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Bi onmedi cal Devi ces Cont ai ni ng Anphi philic Bl ock
Copol ynmers FIELD OF THE | NVENTI ON Thi s i nvention

WO edoaasier 0 silicone hydrogels that contai n anpti/pkiobs/e35152

bl ock 5 copolyners, as well as nethods for their
producti on and use. BACKGROUND OF THE | NVENTI ON

Cont act | enses have been used commercially for vision
i mprovenent since at |east the 1950s. The first
contact |enses were nade of hard materials and as such
0 were sonmewhat unconfortable to users. Mdern | enses
have been devel oped that are nmade of softer materials,
typi cal | yplanflaRdeDsvidd CoRefiding Wnditliphifié BioeR@polymers
hydrogel s. Silicone hydrogel s are water-swollen

pol ymer networ ks that have hi gh oxygen perneability
and ™ BFSTHE $ANPe nore hydrophobic than
hydrophiTic. ers have tried to nake silicone

hydr ogel Thisivaation relates o sitigoae hydegsisthaticentgintgphipbiligibipgk
hydr I i o oFRbcsaaRLs, it has been

di s¢ @gg%&§ﬁ§3%235?%3%E§ﬁ§g§ggéﬁ'fenses can be nmde

nore conpatible with ocular surfaces by applying

pl a kﬁﬂf q Seeopgnd treating the |enses
mﬁt%ﬂggéggbve HQEFE' ﬁ#?c pg?sners. I ncor poration of

i nt er nal Coydetdptsed have hentusergcoagem¢iallysfoc hisms iRNPveEmht since at
pol y-2- o hyl - 2-0xazol j.ne, and I ri | .

S Haiet he BB TSR Re REen DA o VAL A st e
has vheesonihivgiat wsedfortdbigho melse Middarn lemseghtve fhyelr dggblopddahat

pol ymers_have_ been used as_internal t1i agent s

(1 VWS Tpresitop 3 e ol BBGPIY keest oo RS hyarogels
pol Y SBESneNirobels Qﬂef\idt&l-t!wlmlérﬂpcﬁﬁhéﬂhbﬂvdoﬂgs that haedldgh @ygen

m xtures_that contain silicones n_order to 5 ..

sol UAsFRsapity Fdsurires thahgpndg é?ﬂr%?ydlé?ﬂ?ﬁélf i%if'i“ﬁﬁy%ﬂbﬂw
conponenicihdRigdve Bgdus @fike NGB hg@bRALbMA: lehbdiGnore hydrophilic

conponents nust be prepared in_a separate step and
th gﬁ:)y applying hydrophilic goati?lgs thereto. For exaglple, }t %as beere 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-
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
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



subsequently m xed with the remaining ingredients of
the silicone hydrogel fornmulation. This additional step
W@ 2006989pE) | ncreases the cost and the tine itPCHKEN0H/B5152

produce these | enses. Therefore it would be
advant ageous to find a lens formul ation that does not
require the use of surface treatnent to provide eye
wettability and resistance to 5 surface depositions.
SUMVARY OF THE | NVENTI ON The pt2esent invention rel ates
to anphi philic block copolynmers for use in bionedical
devices. o The present invention further relates to
wet t Epnelatien. | Bovvsldiipdaleteel (er tapspinérsasagthatodt embthe time it takes to
si | Oﬁr%@@ce“ﬂ?e@%ﬂ?e@t’ at | east one anphiphilic block
copolyner, and a conpati bilizing conponent. The
present i Theeafiore dnwvduld bestvantedeat£e find addrs if@ane by Gao@ek not
compiatn TR HRARS bt Pen g P SHoHe oy i stance o

5 anounirfacd depogitivrghi | i ¢ bl ock copol yner sufficient to
provide the contact |lenses with a wettable surface.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
I NVeSUMMAR Y TEESNVENTSDNt s of and consists
essent i ald,lll. of o.anphiphilic block copolyners for use
in biome '%&’FGSE‘&\PFV@@%?H TRlaEes i FnRivRIEYS Dlerkisopelymers raige in
f r onmpiambai¥d1 déwcRf a silicone contai ni ng conponent, an
anphi phi | i c bl ock copol yner, and a conpatibilizing

10 conponentlbepreserddnvisaiion frgherdelegto vsttabie dilieere hydwizees,
and sl ' j i r e
o e o ChP et Geest e I A%
anouitpolymen andapirpsiibilizingisbwpdnesbpol yner and a
? 8 ?pnﬁlt Iatb : "Igl'ﬁ Hrdicht SRR thdr Telfte 551!0| silfég&%ﬁyo%gloc%gjtact 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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As used herein, a "bionedical device" is any article
that is designed for use while either in or on

woreovabd4en tissues or fluid and preferably on BCT/US2005/035152

humant i ssues 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 bionedica
devi ces are ophthal m c devices, particularly contact
| enses, nost particularly contact |enses made from
silicone hydrogels. As used herein, the terns "l ens"

andssQRY AidldMExadend 6@hest @éﬁ&esﬁﬁbhﬂﬁ\bhﬂeﬁs nbthaited s Caﬂﬂ&ters
in or on the eye. These devices can %ow

c or mmdanits plentiyslh aphibalmic deviges ek pyABRIPcudf gﬁ?‘?& 8’?4 o bt
fu %Réeg ng,d ;SrXfeHEd GigSEBLd Qe RORARCAMRAIMIO ﬁe\ﬁéefs Sfulticlarigt

I nation of these properties. The term.|lens

| ncbantisslebiss, mhast prstculirh Gloé@“tl@“s%‘ﬂ‘decf&ﬁ‘? sitieone dpdragels.
hard co nAﬁ?slted h&@rﬁeﬁe telML rl@l%ﬁ Yh@¥o h@l@l%ﬂ§ dev@deekdfaMo devices
| enses, ‘ocu I nserts, and optlca inserts. As used
Ih er ﬁ)ltanremh@lntoe omttereye Gnese devisescan @Fﬂyeﬂ?mﬁtl%aé ROTEGCHP I g oupd

eas ne 19 a0d. v, I
e e R e b e e
Vi ac@ﬁlblnqjﬁ)nrmﬁatsmomexsnﬁh@tgnaylﬁw lllsréldnfgblﬁ ésfroatimitgdto soft
i ndex ,det ect i.on u n
ot BSOS A A he P Re S RS, Ffrifers
nﬁr@mi@ﬂmMOmennDnonerlc unit. As used hereln the
phrase u fage treaxnent
exteri or g‘Erggl tﬁ? te et 2ot™P %un%rlr ttsd@%\g ot Rt one
I NV gaIl eﬁza@reegrmtana ap av@aztgelryowdumm:ght of albmp:rlm daan BR800
wettapility of the devi ce. atments whi ¢
f or EgleRs: Haperseed ¥ gf’]H’@“B?aélglé ﬁ]?m]inﬁt\‘?@ﬁ?ﬁlyo??n}gnr Qﬁ i Ve S index

Pl agB@ctioheBtuRBRbfomesd ihélagedigieRfahd gsoneeades ﬁljg(ﬁxmﬂs tl’mhldmg
i ke. However, coatings which pravide properties other

thaﬁthWFrfW‘é‘éF frere £a9f 1pR 9Pe TQROPCHE "yt not linited to

ant i i cr @bj,ali HeRA HAPRrBB YRR uBP R faeskrdabnelf Viness ot the
the present invention. Various mol ecul ar wei ght ran

ar e cyieden sufaqes pEthe devices gf the @}:ﬁg@ﬁ Hygntion are not separately tr ated 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
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
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



10

15

20

25

woredoeosd4ar fornul a and reported in gninol.

havi ng di screte nol ecul ar structures, the nol ecul ar
wei ghts reported herein are cal cul at ed based upon the

pol ymers, nol ecul ar wei ghts (wei ght average) are
measured via gel perneation chromatography refractive
i ndex detection and reported in Daltons or are
nmeasured via kinematic viscosity neasurenents, as
descri bed in Encycl opedi a of -Pol ynmer Sci ence and

Engi neering, N-Vinyl Am de Polyners, Second edition,
Vol 17, pgs. 198-257, John Wley & Sons Inc. and

re Péb‘iJn@Q aﬁJ‘Eﬁélﬁé@Mage S-VAS ASER BRI Seddi@ eliebmVddil naigs.
copolynmer™ iIs used to describe caopol yners having

s e BT alohy Witey s §ens Tns prd BRIl KBS whi ch are
c0mpOs ech cc HBlih Sfe Rri O oSyt 8 usclliedATIEY dobblyiners

bl ock copol'yners herein conprisé silicone blocks and
nonisivinigseqentidllyekenget meoidiics glkblg(é(lg &W@cws@@f smaller

0 ] se silicone blocks
;te P{ﬁﬁ%a%{l]t eﬁilts yfh%: ElﬁﬁﬁiithWoag?(%cfy%'iMe?én Ccﬁhﬁl ili block

con K segments; A-B-A
condrdi mnsngcdnh bekh | The Iblng gorHnasrs @mldw-r?mes@te%by the following

wher ei i f r C

o e Rkl R he Scto SR ACBNL Bblifihe thece
t 0getbliedeginbiite gl —eA-BRAdvitchen n issnnungsy of & bygraﬁtrecon}mnlng
non- h‘\éﬁpkqﬁ able bond is a coval ent bond that is

i nsTYNP 1y cleaved by an ordi nary aqueous or

sol vent Tnecbeghmé A ah@Baid linked ®ggthedtropgh beendekat ipout

6 and about 8. Specjfic

nont¥yRly eE; a”b’f“é1 lé’idéd @%Ol{lilsta%gaée %01?(1[ thaf 15 nsigpificantly

andcleqieh B? @n Bl Saquesisef Solvedt hglrslydntbattiva, ¢.g.laepH Hethveen
non- hydr o

zabl e bond etmeen se
IR PR PR ReBC GO e TR BE Py g b tos
pol yigked 1?1"[1{%%113%61@3'&11&)# CB's@ﬁshbthérﬁ afiDMolRE. in the
presence of a sujtably functi onal i zed ‘%gg E | G hili
macr oi ni Aingedydelyeply bgtisEpsaemsRis dnitdds Bying gaphiphilic
hyd Eéﬁ?ﬂzh{ CopBiidthn 8L R¥Red & )tﬂi@lzﬁigta%uﬁible hydrophlhc
ct

fun nal i zation of the hydrophobic macrqinitiato
Sui @bbmeniadreqiresendet 8 s4itablyi fmqma@zgd ’flfﬁjé?ﬁ?ﬁl”l")maﬁ’fommamr

.ﬁ’.ﬂ gts@c%QEJpa GRck ¥ Ailslo¥ %%9111%pﬁ1ﬁg oRdmérPrd P& 1Y BE
functionalization of the hydrophobic macroinitiator. Suitable macroinitiators
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.

It is also possible to change the monomer during the copolymerization such
that, for exémple, 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 AN’

ForPCT/US2005/035152
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initiator group is linked to the hydrophobic
macroinitiator in a way that provides a coval ent

woemwehgdsdl yzabl e bond between the term nal grpCpUS$005/035152

t he hydrophobic macroinitiator and the first

hydr ophi li ¢ nmononer form ng the grow ng segnment during
the copol ynerization for preparing the anphiphilic

bl ock copolynmer. 5 It is also possible to change the
nmononer during the copol yneri-zati on such that, for
exanple, first hydrophilic segnents A are grown on a

pr ef or med hydr ophobi ¢ segnent B and then hydrophilic
segeBIdeLréWwn ai &ptdraehkgiréphobinsegnemnB by dfulidneowsdrisingr2 or
pr epar ed seggents A. Simlarly, a hydrophilic segnment

AN ERFF T WA YR™ Spr ef or med hydr ophobi ¢ segment B,

by si mul A@dﬂ)@cﬁA H@%Mh&:fihﬁlﬁplﬁll&dlodﬁﬁoﬁ?]lﬁllmdﬂ‘lﬁ@hd:dnlsl@t in one
NoNONer s ccordjn the a i phi bl.ock

oy CEbieR! of AncRATes IS APRRSE A S PG SFehent B (R B-
S e g %@ Ldllﬁo@l@ CorQp %&M&gﬁb@b bRt tvB HyArdBhilip8egments A

or of one hydrophobi c segnent

hy d ﬁ%‘h@fi fodts depvRi kb P "Ates, HeRlagior & predhes @Pﬁ?ﬂﬁmﬂt the
(A %‘ﬂﬁﬁlbﬂlﬂ@ blobk bopalyRfek )nay l:&lsﬁ‘»ﬂglt(hﬁ hy&opiad E@ﬁfent ARemade

anphi I't'c bl ock copol ynmer may consist of on

hyd ffr@mrﬂ ¢rjngorg émmlllmonm%awmﬁhzdra? ql?t?rSégment B (AA’-B-

hyd In6oTRPURI fyRiloa df ©BRORI LhyARPABRL AA’
%g’thdd) 5 )n& i?y ia(!ob(rﬂo g%gﬂé hgdr ophoby?lgzq)segn%g’ﬁ?enﬁiS

andaﬁMbﬂh@dﬁ@@hnmﬂéAséﬁhénﬂ@bhwk)attached toits

term ni 1& IB]ECHI?% F}{h]llp'hﬁ cGocf&“)( cop%qgrbéljs Qfé%lui) an'ﬁgﬁy non-

anphi phi yners are substantia
non pollymﬁazabka MSmsedﬂlgrws,edbSkB@nélwonwbemwﬁlameyns that when

non- E;er Lzgbl e ne % {)lo?rts %%%‘{‘ﬁlﬂg{;@g rp‘iﬁ‘ﬁlnlléxﬁable

bloé er $rare
poI y,ﬂi’ﬁpmm‘;ﬂhj the mpmpmmblsck ¢dpelymmrairq3hb¢rbcratyt1 o hydrogel

CoPOL YRS, SR BRSO L) Ol Rhe o
Th e saRFRMRoRlers beitilg eunt thaowhilenhindodehraegp ] rm‘aﬂmlt bchrdtng
TR A C A IET TGN T TR p—
anphi g 'hk/dh‘égé) InQekx. CWRAbYEIBICidental covalent bonding may be present, it
would not by itself be sufficient to retain the amphiphilic block copolymer in the
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.
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,
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in the hydrogel matrix. Watever incidental coval ent
bondi ng may be present, it would not by itself be

W@ afobiosd4ent to retain the anphiphilic bl ock copol/ysmns/035152

in the hydrogel matrix. Instead, the vastly

predom nati ng effect keeping the anphiphilic block

copol ynmer associated with the hydrogel is entrapnent.

The anphi philic bl ock copolyner is "entrapped",

according to this specificati-gy, when it is physically
retained within a hydrogel matrix. This is done via

ent angl enent of the polyner chain of the anphiphilic

bl Oqi){‘éfﬁﬂ;ﬂy) hytﬂe fangé friinrabdit 0 ycibogesio,000) npore prafertiply kn the range

ot o et bAD 3ol mude ekt pHde Foh b fy aeayesoou

bondp,0go.CRE 18Ag8IPo R or inbit e ghents Aios Aentmmrmto obpolymerlzed

| esser. ext ent hat, makes u :

y BB GAT C LGB e os DDy paigpling th
ol ggdh@lof WedrgtilidMRohdindr R@idhadgRled fo? MRealdpollmaRAtibR In this
about 50, 000, preferably in.the range fron1ab%3t OO to

abouay 35, W@ftwﬁ@nwwr%l il F\ant‘%?é’a%ﬂé(r?@%tr‘ﬂ

1, 0QQ1y}Rri2Ri0l 3Pihe MSbpIRGE ISR isicBmblR®, 1h8 Ageltint BMbhiphilic
abo%tyhggoomto é%ggt RZIOO Tremfength of one o?ﬂb v

s eg sk sopRlmernlve et avesage srolesysr Pight SR ie; Sycjydnat said
st ar, &%Pﬁgh{g&xq 05 ﬁ ot atBnGaR1Be ‘f'@@ﬂog&l formulatlons

cont contro I|ng he anmount of ~hydrophi |
o nomerovehie mttalshbzdxﬁé@ oireed siligenccdygesisglie ﬁmiaéﬂq \wﬂght Pﬁerage

LT SngfNak %ol P 12l AP AE QR Rar e AP ilan B Q066D

be €asily co ol'ymeri Zat1 on of

hy drithid; rrmrermabmbtysbeweo ehpit 60&I00t thebous 3,909 Q@ﬁ Daltons more
anphi_phi 1. e

nol é)ée%?rgll)ly Stlll?{) q¥veen %Elgtcll}ag?])tbé golllhaC E&t ﬁoadt(‘ﬁigg Iﬁ%ltgl)(s ﬁ%&%rfiferably
copabyute Bs,omxptorabmrtétm pm Btlians (ztllowesght [l tatas Ihqldcruclxg @\relght)

formul at i,on n;ﬁlg% ogawgm\(\g {)1%91\ ?ﬂpo m%]; i G GHES %Put 2 to

siliconeH ver ge nol ect

wei gbbutfle wveﬁémepamaimmd"re bteferﬂﬂ)jpaﬂo)dtmfosabbst lg ek mbstan
about 100, 0 | tons; nore preferably. between,about .
oo B S0 BBl B S e S E R rsctve
sti ldompeteppen about 140,000 to about 1,000, 000

Dal t ons, nost preferably apout 18Q, about
500, 000 DaF puREPiLs Ploﬁ\lé?cg’ﬁf 1H§¥°8g%hlafe%}’ij Apsived

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
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
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Sui t abl e amounts of anphi philic bl ock copol yner
i nclude fromabout 2 to about 15 wei ght percent, nore

w@e@besabi y about 4 to about 15 percent, npst PCT/US2005/035152

preferably about 5 to about 12 percent, all based upon
the total weight of all reactive conponents. The

anphi philic bl ock copol yner contai ns hydrophobi c
segnents derived from pol ysil oxanes, such as, for
exanpl e, the product resultingzfromthe step growh

pol ynmeri zati on of am nopropyl term nated

pol ydi net hyl si | oxane (PDM5S) and 4, 4' -

Az olehsif AThesa Bitiv@leebinporards dﬁay temisslatsi thf&:meSl]biytaajobEa number of

2 | s B LR e 6t b Eea e g g pgnine

| réghlﬁsraﬁ&ll 8ﬂ(|ﬁhy1§dol3‘n€b@ﬁ&;}@9ﬂ‘ﬂﬁldfadlﬁqglmmériwﬁubh near

poly i met S1 I oxanes term nal _ react.| ro
Reacriapetgloytipiste %anﬁﬁy%ﬁlSeaﬂu%@F%Hylt?Wﬁﬁaflcﬁﬂ%%ﬁP-bls-
car b@&%k%pr@ﬁylte@améwﬂ&%ﬂaﬁé dicwiorsdiséthylkilank SQLY,anat o,

azo, aci si | ano] and al koxysi 1yl groups. The

si | .t@t@ﬁ@ﬂgidé%bgarﬁa@s‘l beopiseirtraaletie el tolpnedfiweyanate,

Pr i MK or6hiiSocYhnaRe N @%§-Vlh?lté@ﬂﬁle@1§ldﬁgﬂﬁyﬁl@ai n. These
silicone conpounds may thensel ves’ be forned by any of

a numdikacryddxymepHosétrivstulsilon) silsee @eairinpthedisilerapple” art
' nclr{& pﬁ,geﬁa LNALRS Al O, 1&1@%&9@%@%&%@&,;&5@%}@eﬂaner

vin ynerization, fro starting material’s such as
oct amnohythgw]ogmppyé gqrmm@md@aono n-butyl terminated

L S A IORL ARV ELEATEL XA B0l PSR arh bl 5

dic i[trm(‘tnnheﬂhrglsihgody&wﬂsd@ erop¥] vin3 c&bamate; trimethylsilylethyl vinyl
taglt Ef)%r%e : {%l dl Slh S1 met’hgflxh?yl car%zlgak% %&cf'Zé %nﬁ) 9!10% I2 methyl 2-

PS¢ HETonedr T soc
1, 3- Hytlﬁ)xy-BnﬁBl ﬂ.’l@f,? E—tmfai‘mysthdl & [hﬂﬁﬁ]ﬂ}ésﬂyaexy]d1s1loxany1]propoxy]
met hacr Xypr tr| t hyl si | oxy) si | ane;
pentPX ﬁ%?dgg B%& 1 net hacryl ate; and

met hyl di (Atnfdxb]iﬁplb vf gie |r@&yarﬁﬁydtalﬂfo}bicaxgm@ﬁ hydo rsfietred®;as imacro

o nonoret hacr X op t er m nat ed no- n- but
t er %R g}ﬂéaaorﬁ)é%ygpmlw%{%cm %?amlgator 18 sﬁmwn mri*'o 1Xe L.
3- [trls(trlnethylsiloxy)3|lyl] propyl allyl carbamate;

0 (|3H3 CH, ﬁ cH, /cH,\ CH,
HO C(CHZ)Z—C"—N—N—é_(CHz)z -C—NH(CH,);—Si—O+1-Si—0+—Si—(CH,),NII I
N N H3 CH3 X CH3

n

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.

The hydrophobic segment comprises about 1 to about 20 weight% of the
amphiphilic block copolymer and preferably between about 2 to about 15 weight%.
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[tris(trinmethylsiloxy)wlyl] propyl vinyl carbamate;
trimethylsilylethyl vinyl carbonate;

wao eooawsdayt si | yl met hyl vinyl carbonate; and 2- ppOpEsmN®035152
acid, 2-nethyl-2- hydroxy-3-
[3-]1,3,3,3-tetramet hyl -1 -
[trimethylsilyl)oxy]disiloxanyl]propoxy] 15 propyl
ester, and conbi nations thereof. An exanple of the
resul tant hydrophobi ¢ segnent-g-al so referred to as
macro azo initiator or hydrophobic macro azo initiator
is shown in Formulae | . | 20 Under the appropriate
reacti 0nTWﬁBIﬁﬂlﬂ&Sal&dk&obMSﬂﬂh&fﬂh@kﬂoﬁtahﬁ(hydropiﬂbc segments
initiator can beg@hernally hot ol %th? t% eay d
to GEerlst e hydpliic F%%affeeﬁﬂn hae ppffmifed ¢ sgemgpts dgve

I eagloh Y 1yAhtidbs oI Ladtek, Ip@lyﬁmﬂempbmab@m@ erdfuhbsondestr ed
arrphlphlllcbloc copol ymer. 25Thehq%@ﬁgly§g . di
segmlmm@swmaé@n%aﬂmdw%emmzeu gy d¥iBylpyrpeidinone
anp @"@I‘? lohfe polyaseks %Mlﬁ@ﬁol%h@lﬁés%%ﬁﬁ{lwsbﬁm @fd the like.

about t o about 15 weli % The a hilic bl ock

copdisamptes of %tahle iRnEg wéymva ps|yees ukarg @gﬁ%ﬁﬁf@é to polyRplS
of hyd «QBEJ l}}( ﬁi i Eﬁnﬂﬁ% dt 'éﬁlta@fe%yﬁl%bhllhb phledyihes

segrren om oI yam des, polyl actones,
pol yrichridd dst arpmlyirrat?ﬂ mlmwlﬁtﬁﬁ%@mh’meﬁ@@waﬁéi pelhides,

pol des, polylactans, such as poly
(vi %’yﬁ%&%‘%?nd&Pn%ﬁfg&(PVP) ionic polymers, hydrophilic

p ol yacr yFartessmplontyi lnaltatllcm@e pbiemem‘atlalm df WWB upipg the macro azo

o 5 PP O AP LATRE TGP

aci d])andEEKamaﬂoﬁﬁed)f sw tabl e hydr oph| lic polyacryl ates
i nclude but are not |limted to polyacryl ates and
pol ynet hacryl ates, such as pol yHEVA and its anal ogs.

For exanple, by initi @{l ng Ot he pol yper icep of NVP

using the macro — .
anphi philic A— _%Hg: % Z)éo%gl ga% iq_[(ConSP?rul ae

c CH, /CH,\ CH,
—(m—cm)—é-(CHZ)ZC-NH(CHZ)3—§1—0 éll—o §|1—-(CHZ)3NH (CH,),- é~<CHZCH9-

N CH; \CH; / CH,

x=20-150
y +z=150-2,000
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.
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Il and I'll are formed. Il Il x = 20-150y + z =
150- 2, 000 Those of skill in the art will recognize

wao bab/osmabecul ar wei ghts of the hydrophilic segh@nUS200$035152

t he above structures will vary depending on the
reaction paraneters, such as anount of macro azo
initiator present, reaction tenperature, and

hydr ophi Il i ¢ mononer concentration. The preferred
hydrophilic segments are those-that contain N groups
in their backbone or pendant groups. Hydrophilic
segnents include but are not |limted to segnents

derived "[f}{e%f&%dWyB%olémﬁ}é |seg¥ne@téra|i@ﬂhbééqm contain N groups in their
pol y- N-vi nyl - 2- pi peri done, poly-N-vinyl -2- caprol cta
poI Backbarie vy perdanteravps-- Bydrapliiln seemans 5By R W?mste 0

egts @érﬁgﬁ 'ﬁ%ﬁﬂﬁ)l -N- v1ny1 -2-pyrrolidone, poly-N-vinyl-2-piperidone,

po y=N-VvI ny - 2- pi peri done,

pol BQINN\,«ylnylf?.-zp.pm;Qqqe&np poly- ]&-afmybﬁa@qt%Z -caprolactam, poly-N-vinyl-3-

BS: Xlet%’lv%g?élea&%élgMNZ‘JIIF}EM;I?&iﬂ/l%%?GH&HQ poly-N-vinyl-4-methyl-

pol X/Jaamyllactmndmix&NeVlnﬁéwhNZNPmWhv lend pSly-Afyigg:4,5-dimethyl-

Bg: % apé/}'ry 1dor¥: 1rr113>f nﬁ&a%%?r%(i)?N lgcélﬁ{é/th@Xéryl%%hﬁﬁly-N -vinly-N-

pol methyﬁbﬂa«yﬂe rpplyvn'e't itiami’roj/ Ipatye<)ryllmqtct, pplysiethagtylic acid,

ﬁ; g]%)%ﬁ? ro&ye:r}arrl m?&lag Pfa?e en:ng( res a EXE%'iﬁnérQ&HéQF Preferred

y:l\)l?l yolgqnws m;l)dlw g]ymbpldhmpolyﬁ&f@):ompmmgg- Mdly-N-vinylpyrrolidone (PVP),
met hacryl am de I I t .

oAy AT EpEbR: NPT IR PR BT Ll A0

fron*kﬁﬁmg@@@%ﬁm@ﬁbhﬁnﬁ@ngd anphi philic bl ock

copolynmers, it is ex ed t hi | k

copol ynesigy from e ﬁﬁ’%&?‘iﬁﬁly .nﬁm?ﬁ?%ﬁ%‘{}@%r@??}%%me 18%

t haEx bes t}ﬁ%rg' AFRHhRRIYE cblbcﬂﬁkempa»b yibeEiil ih hisiddeton o

a silicone hydrogel fornulati the aggﬂkghlll bl ock

copoioyided tl‘(ag’vh@bgggl by, tcpacp Wer 1 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.

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
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-
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phase separate fromthe reaction m xture and (b)
inparts wettability to the resulting cured polyner. In

w@oove/0ebpdi nents it is preferred that the anpP@phbion®035152

bl ock copol yner be soluble in the diluent at

processing tenperatures. In addition to the

anphi philic bl ock copol yner, the hydrogels of the

present invention further conprise one or nore

sili cone-contai ni ng conponentsoand, optionally one or
nore hydrophilic conmponents. The silicone-containing

and hydrophilic conponents used to make the pol ymer of

t hi SordtAMiaR bbRPoreaincal @av by dedphiliderdupowid the Mipddglitis carsgaents
in the priror art to nake silicone hydrogels. These

t er AE0 kave FiEeRNS-EWRE-ai ni ng conponent  and hydrophi lic
conponenfy &g sfibnddbntdihgycopehdhisysd Hyﬂrobﬁhiﬁb corhpent(s) can

silicone- cont al ni ng corrponent can be songe
hy dbepshpted prieirie PelECHEAdPR [HPTR & p@aﬁlps@ﬁéwbwlé é%r%a‘f%ﬁ?bff?%ed
Song, gk hfe%%'&@ of}&’&ﬁéﬂﬁ@ f&rﬁﬁh«;sbélyﬁ&rtﬁ@mm&élﬁioﬂg When

conponent can have hydrophil roups and the
hy d pepblyiners oz orpromesritase eafh lhla\pée @Teldﬂ@ BlEMEHiZs A lpast one

Fu r tsﬁL g%rle c%n{aﬁn(%&mo&o%? Q*d’]ét R sCREROEE ifis )noﬁ&ﬁier 1n the presence

'ponent can be reacted prior
poI pﬁﬁle idednit,ovherain fhe siicenepropialingmenopter &:@dlthe Wﬂf@hlhc

p0| %)rlngrs %&flﬁelr ITI']C telth eSSﬁQS nta%mqéeéogﬁ{/& et® dn@* Hgfcfr(l;lﬁuhc

s 1 nvention. mers or
mac compsren@l dclige thonorhers,Sngprapfamomend and pppdlymersi ze at

| east on ne-.cont ai ni n r t e
hydrophlglﬁwﬁﬁﬁgﬁ§P P%c?ﬁ%mﬁré%%ﬁgg%ogﬂgﬂ QAa#ﬁQ%[ —Se
wherei-pi] tghﬁtp,slmal rﬁ:(ﬁfcbﬁref; mbamr ougpreniomer Prederably ke Siand
hydroph| |c NoNONES S

B e R

C ORI tvRe1ght Percetd %nﬂmﬁrabmémwmlgﬂ @ercent of the
prepol yners. A silic -containjn one
o &¢ iy

t hattOté ngqurllag weight gt ?.F@CICO%P.IHI cgnP 1belnb seflﬁ ﬁﬁ)lgone-

NN QBRhinidFReMPIRMtsQre BB @bMpEde polittiedadiyctidnaegr&ips such as
and attached are present in the S|I|con contg#
Y}@H?mlde

conprevate. MethagrylaigracniemideemeBacry amiieoty- Ky &ﬁ?nb
?Eg a1 &ty RELESAPLYuY 8ahAPlel HEdic3Re lé‘ﬁitﬁﬂi‘hg B&hs&Bhts Ghich

are useful in this invention may be found in U.S. Pat. Nos. 3,808,178; 4,120,570,
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

polysiloxanylalkyl(ineth)acrylic monomers represented by the following formula:

Formula IV
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total nolecul ar weight of the silicone-containing
conponent. Useful siliconecontaining conponents

wEe@bes|bt y conpri se pol yneri zabl e functi onal BEDUSM05/035152

such as acrylate, nmethacrylate, acrylam de,

met hacryl am de, N-vinyl lactam N-vinylam de, and
styryl functional groups. Exanples of
silicone-contai ni ng components which are useful in
this invention may be found ipiU. S. Pat. Nos.

3,808, 178; 4,120,570; 4,136, 250; 4, 153,641; 4,740, 533;
5,034, 461 and 5, 070, 215, and EP080539. All of the
patents cited herein @ e hereby incorporated in their
entireties by refg?en e. These references disclose
many exanpl es of o ' eyl g < aj_nin
conponents. Further xan%ﬁggz%gﬂﬁgwgggﬁéh °

si li cone-cont ai ni ng noners are

pol ysi | oxanyl al kyl (nmet h)acrylic nonomers represented

by the follow f | a;: .F l.a .l L.
Y o stiod SIUTHahlpvr il Rh iy MU RIS oS s
O oNR¥R4ch RAEAcR4déngepaneayitoged@natted, hydr ogen or

Al ky e e BTy G ) g el goo

10. Exanpdes 10f these pol ysiloxanylal kyl (meth)acrylic
nonomer s_i ncl ude, et hacr, on¥9riﬁgl . .
tris(tri ﬁé@cIWX)F%‘?fIﬂW?)’Olﬁl%éﬁB,a Ivd fectireemljs ey dslde

et hyduie ) %ttﬁs(_trﬁﬁ‘éihylsilox%) silane, pentamethyldisiloxanyl
met hyl di (trine yIS|on%%net acryl oxynet hyl sil ane

] (0]
Vet meadiynehsssylateyandmatsiditimady e imeharrdpnairdnt slange

nost i SSthein ferred.
oLy AR o i
p

pol y( or gBmesgiclasedslips ofrsdisons eaniaininghe@RRoResiSly For nul a

V. LR ail) BBk NnRRER ISR AARRY. Y denotes an

acti'v unsat u group, such"as an ester or am de
of an acrylic or a nethacryFammulcNd or an al kyl or

aryl group Rs R? Rs
| | I
A—(Rg)—?i—[O?i]r;—O?i—(RQ)—A
Rs Rs Rs

sul t

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®, R7 and R® are independently
selected from the group consisting of a monovalent hydrocarbon radical or a halogen
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 O or an integer greater than or equal to 1, and preferable 5 to 400, and more
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15

w@ologrexszat i on) ;

(providing that at | east one A conprises an activated
unsat urated group capabl e of undergoi ng radica

each of R5, R6, R7 and R8 arBCT/US2005/035152
i ndependently selected fromthe group consisting of a
nonoval ent hydrocarbon radical or a hal ogen o

substi tuted nonoval ent hydrocarbon radical having 1 to
18 carbon atons which nay have ether |inkages between
carbon atons; RO denotes a dimxal ent hydrocarbon

radi cal having from1 to 22 carbon atons, and mis O

or an integer greater than or equal to 1, and

pr ef f-aihe1 o300 4086 spabitic BRIMENE BophaitnettrylaxyBdgyl pohe
specific ‘exanple is a, w bjsnethacryloxypropyl

pol Gigethrisgrasp| Hrethe Profeisrd rpmpleds @%PE@V exanmple is

P o TRAEIRATEMN X RR¥honb 8Lty ArREhaeano- n- but y|

t erm nat ed pol ydi net hyl sil oxane) . Anot her useful
cIaB@y@ﬁw§Wﬁﬂ@@n@-containing conmponent s i ncl udes

i | | conegomtalaladit DAt BaRAiRe Simithnbitl iBRUBATROR.-
nmononers of the fo 10%Ang formula:  Fornmula VI Si
whet@itaining vidghmettosatoor BngrcafgpmaRSpongmarsto ghegollowing formula:
siliconeE%%ﬂthning organi ¢ radical; R denotes

hydr ogen or Tower alkyl, and preferably H or nethyl; d
is 1, 2, 3or 4;7rand qfis 0 or 1. i tafl e

si | i cone-contai n| ng oréanic radi calls R inc&yde t he

foll owi ng: - (CHRYeSrTCeHRILHI3—C—Y

(CH2) qSi [ OSi (CH2)}sCH3] 3 ; wherein: R10 dénotes O -

( CI_|2 - O-_ - j i i L - . .
BBy S g oy Beolt s oft-oolpifls BN adical R
at odsioted hiydrogert @ 106 alkyl,iagd firefeRsbliBHor méthyhdds & 2, § 0p4; and q
1, 2,.3

1s0or'l. ASu%erlblg silicone-containing organic radicals R¥ include the following:

—(CHy)Si[(CH2)sCHals ;

——(CH2)qSI[OSKCHo)sCHzls ;

||Q10
—(CHy)g ?iO R10;
R10
e
R10 | R10
—(CHa)g ?iO i—R10
R10 | R10
e
wherein:
R!° denotes

0
I
—(CH,)g—0—C—CH=CH,
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The silicone-containing vinyl carbonate or vinyl
car bamat e nononers specifically include:

wa2®e3\p7- (vi nyl oxycar bonyl oxy) but -1 -yl ]t et r ap€L/0y1005/635152

i | oxane 3-(vinyl oxycarbonylthio) propyl-[tris

(trinethyl siloxysilane]; 3-

[tris(trimethylsiloxy)silyl] propyl allyl carbamate;
3-[tris(trimethylsiloxy)w lyl] propyl vinyl carbanate;
trinmethylsilylethyl vinyl carfpnate;
trimethylsilylmethyl vinyl carbonate, and Anot her

cl ass of silicone-containing conponents includes
compounds of the follow ng formul ae: Fornulae VIT-1X
(*DPA*D*GQ *D'D'E ; E(*D'GD*A)a *D'GD

E( * D* A* DV yrainpiis N o1 anpilsylapdical or %18%9@@15?91%@ Ryiing 110 6
di r agi g aalltomsa@mai f¥doo <¥1‘§'1°@'3k&|4 gigadbcab, 3,a #ycl oal kyl
di radi ca an aryl adi cal or an al yIaryI di radi ca
havi ng 6T Heollﬁon%mlmnnavloﬂ@arb@lﬁ@ potied caRaBpig pronomers

di r adi ¢ A | Biskytane
di r &G gaTHy lgﬁg%r ll’?%églﬁr{z% gﬁg%@&g}#w@lg ﬁtﬁgﬁhgdl cal
haVBm@nﬂotmm%Gmdmnb@nmabbns@anthHh@hﬂhnﬂ éontai n

ether, thio.o i i e ,mﬁﬂ”
den&f‘%@n&eﬂ&ﬁlsé{oﬁgan&m@a ﬁg C%f Eﬁagg[ a i s&g}?h}&wwny”
A dﬁx@@ﬁl&&nyﬁi cﬁbMﬁdtthlththyly]ﬂ]ﬁethyi virgdl carbdnatef trfrmﬂmhsﬂalmethyl
Formula X Rl i,ndependent|y denotes an al kyl or
quBW%‘?UE@WFfﬂ?ed al kyl group having 1 tol0 carbon

at ons mhlch may contain et her |inkages between carbon

at ons; IS %} Ieast ﬁﬁﬁ vi desga noi ety wei ght
of 400 to 10,000; *an 1 |nd¢pendently
CHZ—CH_OC O (CHz) 4_fl— 1_' fl—(c Hz )4CO—CH—CH2

CH, CH3 CH,
25

Another class of silicone-containing components includes compounds of the
following formulae:
Formulae VII-IX

(*D*A*D*G), *D*D*El;

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,

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;

¢ 1s at least 1;
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denotes a pol yneri zabl e unsaturated organic radica
represented by formula: Formula XI R12

WOIBEHEGs  CH2) a- (X) b- (2) z- (Ar) c- R14 wher ei PCT/BID05/635152

hydrogen or nethyl; R13 is hydrogen, an al kyl radica
having 1 to 6 carbon atonms, or a-CO Y-R15 radica
wherein Yis -O,Y-S or -NH; Rl4 is a dival ent
radical having 1 to 12 carbon atons; X denotes -CO or
- OCO; Z denotes -O or -NH1iz-Ar denotes an aromatic
radi cal having 6 to 30 carbon atons; ais O to 6; bis
Oor 1, eis Oor 1; and cis O or 1. A preferred

si | i cong- £QBkak BivAgnGRNRGRE Rdidabof fopmasent ed by t he
followi ng formula: Fornmula XI1US2005/ 035152 - 15-

wher ei nFRIB13 X a diradical of a diisocyanate after
renmoval of the isocyanate group, such as the diradica
of isophorone diisocyanate. Another preferred silicone
cont ai ni ngRhgcrfomer is conpound of fornmula X (in which
X +vyis nunbler in the range of 10 to 30) forned by
t he—reaglt-civefsiHt(Gepeet her, hydroxy-term nated

pol ydi met hyl ¢|i | pxane, i sophorone diisocyanate and

i socyanat optylgmet hacryl ate. Formula X1 O her
silicone-containing conponents suitable for use in
this invention include those described i sWD 96/ 31792

SUCRI! @e ERRRIcS0tEPLH Al bﬂﬂucﬂ@-kly[&tlfuwdaﬂejl group having 1 t010
polyalkyﬁgﬁe et her, diiso n orinated. ...
hy dreghoaatss, wigeh $ey %ﬁ%%@%ﬁ ’t‘ﬂ?éP u?%?saéoé%slﬁ ari’de
gr Og RRd Rgro%degggnmé}?@elgﬁb o320 401%),009; é’a817 oBB aniE]dmdependently

descri be pol ysi |l oxanes MAE a po f%
f | udﬁnpﬁqa@ equ@pgzpa[bledynsaturated organic radical represented by formula:

Formula XI

R12

R13CH=C— (CHp)a— (X)p—(Z);— (Ar)e—R"—

wherein: R'? is hydrogen or methyl; R" is hydrogen, an alkyl radical having 1 to 6
carbon atoms, or a — CO—Y—RDY radical wherein Y is —O—,Y—S— or —NH—;
R is a divalent radical having 1 to 12 carbon atoms; X denotes —CO— or —
0OCO—; Z denotes —O— or —NH-—; Ar denotes an aromatic radical having 6 to
30 carbon atoms; ais 0 to 6; bis O or 1;eis 0 or 1;and cis 0 or 1.

A preferred silicone-containing component is represented by the following

formula:
Formula XII
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side group having a hydrogen atom attached to a
term nal difluoro-substituted carbon atom Such

w@iog®sd4oxanes can al so be used as the sili coneCHOSINE035152

in this invention. The hydrogels may further conprise
hydr ophi i ¢ conponents, such as those which are

capabl e of providing at | east about 20% and preferably
at | east about 25% water content to the resulting |lens
when conbined with the renmairding reactive conponents.
When present, suitable hydrophilic conponents may be
present inanmounts up to about 60 weight % preferably
bet ween about 10 to about 60 weight% nore preferably
bet ween gbout 15 to about S50xwei ghg %pand nor
pr a{—eﬁmay&wsbw&hzmzmewmemoa T.ISP)SF% Fo BTG ATNET g‘f‘l‘f‘*z"*z‘m“:%
% aft basé&d Upon the"wel ght%(?fﬂ a IH réactive )

conponents. The hydrophilic nononers that nmay be used

to make the polyners of this |nvent|o

e
on @/hmeinylﬁﬁ isi axtitatlisalchd @ isliigochunte AlRgreneve é)gﬂ}e 1§5>ﬁgana‘% group,

hydr ophi.l i r ot plefdret cilicaral
gr SUPLSW e Ha&lg?&&r%’?ﬂ%a ed%g%a%l e bondsr?{?cl ude

ac cydthifing mbhmrr il cpmpo‘émlroyf ok (resthfpkes /Y S Tgeber in the

UL S5 TR FumSLU W b RORIPREIH BBAKDy-cemminted

O voRinatelyloxandsdphoiony Hliseyampicand ISRPX?PﬁWtWB@aCMate

double b s. Such hydrophilic nononmers may thensel ves

be Foupya crossl nki ng agents. "Acrylic-type" or
yacrylicecontaining” nonomerjs arge thoge rmnorrers

LG thes @aloybae g oup N ==CRCOX)
Hor CH, Ris H alkyl or c Al OCﬁ?fd’(%F? occhay ocpzcgzo

N which are al so k;\(to pely rize readlly, ch

N, N- di et hyl acryl ami 2~ _hydroxyei-hyl~aery
, glycerol nethacryl at yd)roxye

met hacryl am de, polyethyleneglycol nnnonethacrylate/
met hacrylic acid, acrylic acid and m xtures thereof.
Hydrophilic V|nyI cont ai ni ng nononers which nay be
i ncor por@h&Qilicbhdcdnfining components suitable for use in this Invention

_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
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

components. When present, suitable hydrophilic components may be present in
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hydrogel s of the present invention include nononers
such as Nvinyl lactanms (e.g. N-vinyl pyrrolidone

w@ MRDI46N- vi nyl - N-met hyl acet am de, N-vi nyl - Ne@t/lig1005/035152

acetam de, N-vinyl-Nethyl formam de, N-vinyl
formam de, N2 -hydroxyethyl vinyl carbamate,

N- car boxy- b-al anine N-vinyl ester, with NVP bei ng
preferred. O her hydrophilic nononers that can be
enpl oyed in the invention inehade pol yoxyet hyl ene
pol yol s having one or nore of the term nal hydroxyl
groups replaced with a functional group containing a
po: y‘ﬁﬁﬁﬂlﬁg a;b{o@bdm:v&im o] pre&'ewmp betsretmabloudi® to about 60
pol yet ene co th o

hyd Yo dPorG %gﬂy vy RGO 15 P dhot %{3 Wg}g%bé rite
co mp@éf&hlﬂg st Q&W%ﬁﬁﬂbb&@b't@ alﬁQlUb(b Felghind, alfbesdinlpas the weight of
i ncl ude Eo yet hyl ene egcoI reacted with one or

ol &l TeqhTRcERPRIE U hEraDhiipPPRRRYF Bapmaisad o make the
i so %@%qugttﬁly 1nv9iﬁfoh @%eya]t @Jaﬁ dne b6 nksizabR! doaBIE Ybhdand at least

anhydride, methacryloyl chloride, vinylbenzoy

chl @m Bedropgyiliq m@cuomkl@romoo Expippige ef fan%@pi}&wﬁ Witk
pol %,68 AYIHD4RB b%ds'ma&deta%wfﬂc ﬂﬁéth&?}ﬁm&‘&mxﬁﬂﬂoe

ol e I C groups bonded to thée polyethylene po

t hr cegglictyilankide gumerice malsic, stioh 1mrqpamﬂﬁwayleoo\ﬁn>é@f@mte O-

gro r

o o icarbinele SHLE T GRER 2 VAR A CE R Lo dpuble

in Lboﬁis Bath hydoor®j 1R #AgRiETs miretherpsbbvephé hied apseassbinkingagents.

HSS(r)E)Ifgchrflllc-t::\’/g%{(ogi‘%ﬁr}llhcecorlfr{%%d ng’?lt%c}nsohll%ﬁs a?‘e t?xilj% rggnon%%dcontammg

2- ettm/dcrﬁtc@xca@ol i ER'IBHERCON) t abI e hydr ophi lic

nono i.l]. be ar nt t.0_on il t

Vor agreat it Hae R anbah i 119 R ReRE s Ao by titare aiso

| an]{ﬁiQ@ﬁﬂi}ﬁdylhdfﬁze rdalidy, BOd AR, Naflmemglamhsﬁdet(mww)em i on

i ncl.u lic nmononers s

scr ) DS R S DR ZET g st metihérylamide,
[y@th)j&h@g{*c oMBlbhatdtidcallae, ridtheaNiolacidpichae ayldahémixtures

2 hydr et hyl methacryl am de, N-vinyl pyrrolidone
pheregfnd pol yet hyl enegl ycol nonomet hacryl at e.

Hydrophilic vinyl-containing monomers which may be incorporated into the

hydrogels of the present invention include monomers such as N-vinyl lactams (e.g.
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-B-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
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
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Most preferred hydrophilic nmononers include DVA, NVP
and m xtures thereof. Wien the anphiphilic block

weopolysrer of the present invention are incor pPCHUSH05/035152

into a silicone hydrogel formulation, it may be
desirable to include at |east one a hydroxyl

cont ai ni ng conponent to help conpatibilize the

anphi philic bl ock copol ynerof the present invention

and the silicone containing conponents. The hydroxyl
cont ai ni ng conponent that may be used to nake the

pol ynmers of this invention have at |east one

pol yiBrehd aBlpEndosb @cibanshcanfitinyl Mamborgar (MENCYphdthdoeylic
functional group. Exanples of polynenlzable.gouble
boratgydnirtsl maaerzioyl ghiondaetimabenyeyl ghlogds gf thidilig fo produce a

rgm% rI]y ﬁﬁgﬁuﬁ%m%rdng or BleQirtinat bdl§Mbrizable olefinic groups

V|nﬁlcarbqnate, O vi nyl car bamat e,
al | ydnided toGhe/paiydtadeteyolyahibirongly linking meietips aiflyas carbamate or

N—vuﬁxlanigo doubl e bonds. The hydroxyl containing

con%on ﬁ?pﬁay al so act as a crosslinking agent. In

addi t i orStilhiarthgraxaomylks are e aydopljbo wippirariongle Apyinglearbgmate
hydr oxyl gr.oup. .Thi i JRry,
cecapy pBien 4R, P RY 0 SR RqRRe Bprlore

| ocabashan deelogkdky U.S0PataNy. 4,900p anEkaipibéles axpzoline

hydr oxyl contai ni NONEr s at ' :
bt marasin et e 2 S R e R ppin
2- hyglspsieat layone alanad iatie, ar2- hydr oxyet hyl

nmet hacryl am d

e, 2-hydroxyethyl acryl.ani . .

N- 2- hy dr MQYFaRTRiIe ]i‘%ﬁp%ﬁé%‘ﬁ%%gw Ch ORGSR %?/ﬁed into the
\I’lli gwﬂy&]ﬁf &Qlli@ﬁ@%eﬁt?in{?&fib? XMIDLE@ ﬂydrolfrﬁlﬁci‘naﬁlﬁcyﬂlﬁ g@ich asI N,N-

ydr oxyhexyl ‘methacryl ate, hydroxyocty acryl ate
ettt PRI A PR OB ARSI Rl (e
U S 63-RioxyethOlietRddpylaRidé 3G-vi Hd P),
L Sy 0 S B G et
i nckudieolgethijencalyyd mpappmgBerseiey| at e, and hydr oxyl

function DRI 5y drdphlid GhdABmsislihdRROMA, RiviPaxa Afxtures
functiong#?g?es, gﬁ&ﬁﬂhs t he hygﬁoxyl-functionalized

si | itleoed containing nonomer s di scl osed in MC03/022321,
and the 9@1@9 e! apﬂplhipﬂlﬁ%l&ﬁ DR Dt RR Pk i@ n@dn dr€ast

one activ
incorporated into a silicone hydrogel formulation, it may be desirable to include at
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,
methacrylic, acrylamido, methacrylamido, fumaric, maleic, styryl,
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
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hydrogen and at |east one siloxane group as disclosed
i n W03/022322, the disclosure of which is

w0 pwenpasat ed herein by reference. Specific exBOpUS®OD635152

i nclude 2-propenoic acid, 2- methyl-2-hydroxy-3-[3-]
, 3,3,3- tetranethyl -
[trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester
(which can al so be nanmed (3- Tpropy

met hacryl oxy- 2- hydr oxypr opyl.ogy) propyl bi s(tri met hyl si
oxy) met hyl si | ane), 3- nethacryl oxy- 2-
hydroxypropyloxy)propyltris(trinethylsiloxy)siIane

bi SsodipoliE PGS ﬁ@e@%ﬂyd@o;g& dfoRy.y PHi® BydroxN proapyilay be a primary,
polydlnethyIS|onane acr

( 2 feyendeyoe taiday plsple) ﬁro&pwnd may){)l 0%ied on an alkyl or aryl group.
net a'g&h‘% O H’(H&E}h ﬂ)rﬁ!uhﬁ? Hdﬁ@ﬁl@% rsak inay'] Be uddd Znclude but are not

oxyet - I S-t th
yI ) Bmitsd to @d}ngﬁaﬁ%@tbylanﬁghacry\/ate 2—hydr02(lygl?yl a)c/1|'y?alte! %)%/d%x?ethﬁ
N N Dna gl 28 éré)gy L1V 23 MAL QKRR YArbamate, 2-
Wb e aamhop#’ H% gﬁﬁnethy S|ngaze %h&gﬁ1;fﬁ?%%

g hehxelodxyeﬂmumodea@ow@ ﬂdwgwmppmeﬁaéwwea@édmxyhexyl

et hacr i |
Ol og?ytlfl ]% eol)léydlroxge%/tgf r@éﬂ#&ﬁﬁa%@(ﬁlé} h9ﬁ’1¥)lx§l fihdiohd TRt dA¥srs
hy dﬁﬂﬁngsemyﬂmSqumummiGZQ(i 9’1%%31t5h§/l’-ﬁ T9epi$i314A4&3-and

re rel e

Tt WIEhS AL Bl e e oAl bt

C 0 n'lﬁkﬁifjhyﬁtdxylzﬂuﬁ@umﬁ)lrmmmts includityesia@ing wesilokarerfuhciionalities,

i nclude ab ¢} ent er cent

e e e T

per Wm{?)/ 0208 2T, @ﬁ@’ﬂhfb Yorapaibilizk compaents compefiogist 188t one active

percen nost pref erabl about .2 o 50

per Bulipgen Apd étrlﬁ%ff P’QFeslalﬁ? %’ﬁ groélprﬁﬁihﬁﬁ?ﬁpﬁ moé LO%(Z:%%O %ms r

By 3R oREbtiHAaEh is nnd&)&f@ﬁhekdl@b}hﬁéﬂd’rﬁgel Specfﬁﬁrbaﬁmblleg/of

t hese hydrogel s are made fraom.t q ? E npnp[rer s

I|sﬂ@b@986W§mn@ﬁﬁﬁéﬁ%W§ﬁﬁ9ZﬁWQPFSﬁTé L§§ o&@@m Y

for i@ﬁ}r@fﬂxﬁﬂﬂ)dﬁ?dlé‘lﬂﬁﬂyﬂﬁop@iﬁpﬁﬁl ehte daf also be named (3-

etafilco fmacon, "vifilcon enf con

| | en sfcitiaonip i 2-1mér@<mopy10¥>ﬁ@r0mé %‘éﬁ%ﬁ@‘ﬁgﬁs‘&iﬂ@ 3-

trl -

Sur (el By s ML By RE DRk AR ‘?ﬁhml%*‘%“ bis
methacryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane, 3-methacryloxy-2-
(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,m-bis-3-aminopropyl-
polydimethylsiloxane and mixtures thereof. include 2-hydroxyethyl methacrylate,
3—methacryloxy-Z-hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane), 3-
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
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Cl asses of suitable diluents for silicone hydroge
reaction m xtures include ethers, esters, al kanes,

wa@bdgloddat | des, sil anes, am des, al cohols and PCT/US2005/035152

conbi nati ons thereof. Am des and al cohols are
preferred diluents with al cohols having 2 to 20
carbons, am des having 10 to 20 carbon atons derived
fromprimary am nes and carboxylic acids having 8 to
20 carbon atons. In sone enbadi-nents primary and
tertiary alcohols are preferred. Preferred classes

i ncl ude al cohols having 5 to 20 carbons and carboxylic

aci (%lglﬂayér%t HAsddwn2fle €ax1BAAHALD . re&}nee cémpondnﬂsmrwosut 90
whi ¢ be used include | -ethox

d ii mn‘@ pgpfe&zpﬁly] akauh AH @prcel}t 4o 6‘?% é% 81:rcgnt Orgost preferably, about 20
(PéydMngMhngoggkgﬁol 1-decanol, 1- dodecanol,

tanol, 1-pentanol pent anol , 1- hexang

2 hexanatlienptisgy ﬁW@FnPhB)hﬂWé’@% copp iﬁ’é‘i"ftw&e inglyged Tany\
al ﬁl@ﬂ%ﬁnl%%@&rogé’lg a@éﬂerall% L W(I)gels]a'r@hhﬁ@ef‘@(i)m the hydrophilic

tanol, 2-propanol (g %Eanol et hano
o etbydmerdlissedt abnvd., Cpiranpiali evadelde hydregs! fasmplgiigns melude, but

s e P{rg gtrhmlted?f g’tagllcgf? %G%kﬂt g? 9' genﬁlcon A and lenefilcon A.

ut oxy et ecano decanoi ¢ acid,
oct anoi (:G@f:taﬁy tl@cemcammn@oamtﬁare mixed in a diluent to form a reaction

(4 LSRR AT AR, DRARu it ges hereol and the

uent's |nC
3, 7- di matibysts GF audthbin Gﬂllluerﬂ:s ﬂmdémamcohydrqgeuee@qm mixtures include

1- oct anol tan exanol X g
- o@ii%{ﬁ,o‘fsierss zﬁﬁnﬁ%la &gh{]eg,nm anes2 amrl) eg’t %E ols and cor?blna ions
al carbs. hedideshut él’b@hols drebpitferred d111ientwmdn allcohols havmg 2 to 20

2- et hyl - 2- pen anol 1- but

2 oo myenbamE oo 76 Hboy poi R AR Mihery amines and
aci garb&@h@ﬁélﬂ§h@ﬁﬂgd8 el ol Sﬁmﬁﬂatﬁmacmisonm ethhod@serthygimeaf and
and the'li ke. Mre referQ%HHglluents

3, 7iediane pleghals aggchr gpd Pr classgs 1nﬁ}uged%18§}%s| having 5 to 20
1- Oeﬁrﬁ&ﬁland g-arg(ﬁgrh@ R&Qks haliddanasned car&rd’h@c)ﬁﬁ:{]m

2-oct anol canol, 3-_ nethy pentan%
1- pent anditecifie dp‘é?ﬁt%wbllcﬁ mag pe u%ﬁy’/“}d‘éileéoeﬁl&

t er h*l%?fo%gﬁlmnc%fha%’lt @(gﬁ?l)panél @Uld%ﬂ&hyl 3 octanol, 1-decanol, 1-

pentano but anol
3 3ddciienmdhyll-002&nbht1fnfmllaleZ-B@tt%PIOl IL-hewneb Arhsranali 2qciangl 3-

t herme 18! gntgll‘?oq, zje}tlﬁﬁryl alcohol, fert-butanol, 2-butanol, 1-butanol, 2-methyl-2-
pentanol, 2-propanol, 1-propanol, ethanol, 2-ethyl-1-butanol, SIGMA acetate, 1-tert-

-propanol,

butoxy-2-propanol, 3,3-dimethyl-2-butanol, tert-butoxyethanol, 2-octyl-1-
dodecanol, decanoic acid, octanoic acid, dodecanoic acid, 2-
(diisopropylamino)ethanol mixtures thereof and the like.

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, fert-butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-
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Suitabl e diluents for non-silicone containing reaction
m xtures include glycerin, ethylene glycol, ethanol,

woredokasmab7 et hyl acetate, nethyl ene chloride, PCT/US2005/035152

pol yet hyl ene gl ycol, pol ypropyl ene glycol, |ow

nol ecul ar wei ght PVP, such as disclosed in US

4,018, 853, US 4,680,336 and US 5, 039, 459, i ncl udi ng,
but not limted to boric acid esters of dihydric

al cohol's, conbinations thereafo-and the |ike. Mxtures
of diluents may be used. The diluents nay be used in
anounts up to about 50% by wei ght of the total of all
C Ofm%nﬂmxﬁanbn ethal%l,rﬁaaﬁmaﬁmmmtanbpz oblyt-&-dpdeefuen afebanoic
t he luent is used in anpunts | 1(()ut 45% and
mor aidh peipesiadidy dpIroaRRiLAS “B’é‘i“Wé E}ﬁ‘gﬂhig %nd about
40% by wgb@hterbledtdiBerdtOhdlud®s, mllﬂmtﬁ;ﬂrspmat s dotledahid, 1-
reaction m xture. In another enmbodi nent

c ongrcinpdsl-ectangly | rashiaral) hhemw@,%%lem@r%ﬁﬁﬁm g%ie%?é?ltr 3-
W t g&{g &%{o}’q LAHAS2-pditthollisdy Hﬁﬁﬁ ARYolleSueAaRRI se

addi nts such as rel ease agents. Suitable

r el mamel, agceml afreetmétzaren@@plu%e@yhhautan , 3-rdmagilayl-2-butanol,
debl o¢ k {]g%ege?nol QhixtIPHs €l ?aRd ik Rki ng agents may be

add&d°Ys redction mxture, such as ethylene glycol

di met hacgy tla?lat%glge E%In)mhéoﬁé E@ﬁd?ﬁﬁh?{eﬁétﬁﬁaﬁﬁtures include

tri met hacr cerol trinmethacr tf
c,

pol gletdip| @hsele@,el 513@@1 ethan@t lﬁafé? &thy] LoRkRE éieﬂly{eﬁ%ch ort

po' %{(ﬁt e'%?éyl&{%egl g&%g%faﬁé Qgéo‘l' 163 Snofec iR} RELhETVIVBhAHE
ot her pol yacryl ate and
p0| ymbd@am yB dt0é8,§§3 &Fs4,6808%¢ and U@rﬁé%@ﬁlé&clgﬁb@gg, but not

ﬁ&)ﬁé&e { q%’olﬁlg %Celfl qu?r% 8}‘ Jih ?cﬁ%caﬁdogglg c%ﬁ%}{ﬁtlﬁg i AL AP thE Re.

acrytl a nmol et es

C r oss- | i OkjNg. fOE 8&%{@15%13&@&@ iThe &1%nl§ g'be @EFAUR bdounts up

e.g., f r'om about to about 0.0156 nol e per 100
gr amsabofit 508y Weightad thsontehefallicamperentsdr e irenstion %t’iﬁ‘fr% More

5 ;—h g{eirfeg% ci}lle[ 2 %118&1%%&?%%@5&8 %\égthth 5\50@1945%‘ ahdBore preferably in

ture exce uent any addi ti onal
pr oemssitnbetaecaisabudti 16 hndi abaup#0% by mhp@ﬁ'the tofal pf@l components

structure of th olymsr ) Alternatively, if the
Py AREBR P B GG s ’

In another embodlment, the diluent comprises a low molecular weight
hydrophilic polymer without reactive groups. The diluent may also comprise
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
(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
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and/or the silicone-containing nononers act as the
cross-linking agent, the addition of a crosslinking

W@®eN34467 t he reaction m xture i s optional. EXetpUs®on635152

hydr ophi I i ¢ nmononers which can act as the crosslinking
agent and when present do not require the addition of
an additional crosslinking agent to the reaction

m xture include pol yoxyet hyl ene pol yol s descri bed
above containing two or nore-dierm nal nethacryl ate

noi eties. An exanple of a silicone-containing nononer
whi ch can act as a crosslinking agent and, when

Pr egemhoryldeesoidiet. TiRbdsinking apehth dré osed dif tha usual amounts e.g.,
crossllri e react n nlxture i nc

. ot OAART Y DA BOFJth ORI T Bdlse oS in

reagh 'ré&@tldﬂ HixHAE q'[ﬂb’ réa @ile@bmpaditistaronatytidanpaherehdion
such as, but not limted to, .UV absor.ber, FfﬁiciQ%l
ag empgure sKeephihe ﬂ%pﬁqndeayrﬁ%%@l PIPEESHRPS s yhig go not become

pi g fShe SRPQALYITRKd FARLS.) aRiEbrRARBIY! i ﬂﬁ'}iyal@bhlﬁc ghpesmers
rel ease agents and conblnatlons t her eof ,

pol mﬂéqntlzﬁaetﬂmne-e@ttainl}lg e P‘ftlaéfh@rcrqs§'hﬁlf1é$ ageqh iy addition
in C(IE gsshﬁqﬁ%ﬁj Btet@(fﬁe O:i0h 4R is JHSnd10 YA FIbLFHhly ddphilic

I ni ors I'n es conpounds such ‘as | auryl peroxide,,
be nmoyd>qure whichdan adt sotbe g@yﬂlm}g@g eganbaitaylen present do not require

az Og_ll $hg a0k {) Qktibhd @rossqllﬂgmg Qg ertt fd4Re reh Bt QMRS Bd18de

fred fadrears at noder at vated tenperatures, and
phopdimiyethgleoe pelyss éassr@d@hoxayoatramtwe onmrrdetigRl ox y
ketonﬁ18 ﬁlkox oxyben20|ns acet ophenones,

acylf @ﬁ Fﬁgm‘X|des bi sacyl phosphi ne oxi des, and a
tertuaryAﬂexmmpmﬁmn$ﬂamdék@tﬂmbgnmhmhund@dthmmebﬁaand

e arsinh o A B R heaR RO Obli b e QcRoslrRing
2- hm&@ﬁﬁ&’rtg tHEatdtyibn lnﬁ}hlﬁﬁyﬂc-ludpf @pahisméthacrgloxypropyl

bi s( 2, 6-di_ met hoxybenzoyl) -2, 4-4-tri net hyl pentyl
phogﬁlﬁﬂW@WﬂS&@X%NBAPO)

b' s(2, 4, ond {ehdﬁ%h lﬂMktbﬁr}i@ydohtaﬁhﬁayionﬂ kospériensaxihts, but not

e Oh i oA TS L PO, st s,
pigments, copolymerizable and nonpolymerizable dyes, release agents and
combinations thereof.

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,
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
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di phenyl phosphi ne oxi de, benzoin nethyl ether and a
conbi nation of canphorqui none and et hyl

WA 2q0blod¢46l1 met hyl am no) benzoate. Commerci al |y aRei/Usdob&035152

visible light initiator systens include Irgacure 819,
I rgacure 1700, Irgacure 1800, Irgacure 819, Irgacure
1850 (all from Ci ba Specialty Chem cals) and Lucirin
TPO initiator (available from BASF). Commercially

avai | abl e UV photoinitiators-dxnclude Darocur 1173 and
Darocur 2959 (Ci ba Specialty Chem cals). These and

ot her photoinitators which may be used are discl osed

i N Mokdmabhbe), BReL O MihéRyBESofIPphdnyEshoRadicoaide (Irgacure
Cationic & Anionic Photo olynerlzatlon :%§g Edi

J. \B19G% Yetimetiyiren Ty bk iospiety pege E?f%e&f‘% e
J Ohéﬂ ? o Qle SeRs; behﬁiﬁﬁ YOt et 981 a Mhlﬁﬁhﬁoﬁ of
a

[ nco herei n y reference.. The initiator

use@ﬁmnhomhélon@@r@tqth)’ﬁ 4QNRY-dimethyianene)berspie Qﬂ%ﬁﬁf%a 0
' ni Haﬁ%lﬁe 9@1‘%&&%@1 bﬁfﬁ%{dr %?s‘ién%rlmgﬁdetlffacﬁr% R¢H |I{5g'é101fﬂa X?O@r Bgacure

to” about 2 parts %
1001&9@rh&cofe &léala:galcvre 1fgheHsom Edp presidl zﬁlie@FFaB‘? aftdﬂélcmn

rea f‘d) 1n1t1 of %ﬁe{lﬁbfé%}é{rplﬁ Slfbl clb,’lﬁ} eﬂfgﬂ&ﬂ"@UV photoinitiators

appropri At or vislble or ultraviol et
| | gfmbludds Datoherl 1if® amsDatepe 285 hE imSehialty Shgmistls)z divpssrand

' ni tfb pglatcwl ﬂo S Alncﬁr na%)é Ms%h%re &ﬁotsécﬁﬁl'\p(ﬂu ?éaﬂl l?’?Jxotomltlators

condUe ornitla usi ng, for exanpl e,
e- b&ﬂMeelﬂm&&uﬁ@anomemAaxophd’lhoiopolwnlanmlon,§ Usdidion eV -

preferr d initi | S n
BB s s i Rt Ry RS G PR AR, W sk Sn Ny THE
( | I g GvBicB 19ihEgrporated Heremmt)lreb‘fattenmﬂ Thd initiator is used in the reaction
él 2 %/ng)gtgr)%{cl: L C%O%lgg( A @H%Etg %gtl g]p?) 3{%%%1(2?&({ tl%e rreactlon mixture,
phogphisde axhicte1 {olWBAPQarts b}’ﬂﬂ'élghthﬁr [I)G)(Blﬁaﬁ*fs fofé cbacmte moshomibr.
nerization initiation i s visihle

0
S r e%g]gyfn@gzart@n st ‘gl(s Zea&tl(Bl lfll‘XF%fme B]@H%ts{l/ P%%n%)tﬁg ﬁlgﬂropnaﬁe choice

p ho %Efﬂéapgr Qb er (it asetiigt Sléthdrneansl Mepehdivest the Polymerization
further CO%H ses, consists and consi ?Sfi S essen{“ al |

of anisatpr userh lisynvdblinitisfion rarbeeandudied withoubp RRHAPHFICT
dev hgiﬁg,q&dexgﬁme?& bednf NF&wevER Glen a photoinitiator is used, the preferred

initiators are bisacylphosphine oxides, such as bis(2,4,6-trimethylbenzoyl)-phenyl
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®).

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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conprising at |east one aniphiphilic block copolyner
and fornmed fromthe fornul ati ons shown bel ow. (all

wovbessenr e preceded by the word "about™) ABC PGT/US2005/035152

anphi philic bl ock copolymer SCCis silicone containing
conmponent HM i s hydrophilic nmononmer CCis

conmpati bilizing conponent The reaction mxtures of the
present invention can be formed by any of the nethods
know to those skilled in the-zyt, such as shaking or
stirring, and used to form polyneric articles or

devi ces by known net hods. For exanple, the bionedica
devi ces of the invention nay be prepared by m xing

reactive (‘nrmnnpntc and_the dil IIQI"\'I'(Q\ wi-th—a
po yrrerl zation initiator andWéé’rl ng by appropriate
co IXB rons to fOpgF@ product T can be subgequently
fo anﬁ rnto—the R gprTate SigpRy By T at i ngo_oguiLt i Ng
angd”the |ike. t _g@i%p vely, thefeaction mxg lg()eormay
be| pl aced in a .”Pfodsd"nd subsecqgrgto y cured iiBRp@oth e
appt-opriate—artiel e—vartous—py; es are # LA fo
pro sing the reagr’i on m xt ure5 éd" he produg |89r1)rof
cont act Ieénses, i?b 8.%“ ng sping |ng and st aglss
casting—Spincasti-pg—+etheds c di-setosed—-H—S
Paf 5-1Ros. 3, 408, p29>Shd 3, 660, g% L nd stati 09‘2 Tt i ng
rre1 hods are discl58&#%in U.S. Nos ig E’Zoéf and
97, 266.__The pritd}red method ’Ferr oF A. e At aet

T

uuuul gy—vovuilit aAC L

Iené@E ip amphipkifin hloglneonsbImeFrer of this invention is by
t heSaBligsikepne Fortaing cPPpYiTat hydrogel s, which is
ecoldhisdafitophilie meReBEles pr eci secont rol over the final
shaﬁéllsﬁommbﬁy@g&t)@ﬂoﬂeéhs For this method, the
reaction mxture is placed in a nold having the shape

Of the f 'f%aljeac%%ﬁ }rﬂ;}ﬁgré bihE Bféﬁenlﬂ YRERBRIcan be Rrmed by any of the

er - Sswo reaction mxtureis
su b jrettodslkitow mmdse tsklbﬂtm\mearta pichtap ghalpmg@relising, and used to

T L

Th en, thfs emmhy]nﬁthé bluotnlgéml devisds\of éheiisventiemmayibe 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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with a solvent to remove the diluent and ultinmately
replace it with water, producing a silicone hydroge

waoosnsp4er fi nal size and shape which are quit ePGI/DBE1085/035152

to the size and shape of the original nolded

pol ymer/diluent article. This nethod can be used to
formcontact |lenses and is further described in U S
Pat. Nos. 4,495, 313; 4,680, 336; 4,889, 664; and

5,039, 459, incorporated hereizy-by reference. The

bi onedi cal devices, and particularly ophthalmc | enses
of the present invention have a bal ance of properties

Whi Rt BBk eStht REMNsRaAfelor eléIngtdated Usef Bor. th}gwkhqﬂ[ mp edatticms
include clarity, water content %en ﬁ
andmggne dadacah g %‘HOMﬁaﬂﬁ%fh?éPapéﬁ% eS“ '}‘ﬁ@lcone %mgel
anpiy, R?Wtér-s@voHérpﬂ%/rﬁﬁ?ﬁidytﬂ@fe&tﬂﬁ)‘mmrd«i?? ﬁﬂu REedde bcbrﬂﬁk)lnm g

aids.” I'n the nmanu ure of bionmedi cal devices. such
conwhatbyl thomenomess pelymetizs, fodhrsely miednse bé%lbffnemhéﬁmt‘ﬂ’é‘?“e m

R RLELARE ﬁngl?gg}/e%gar&fuetm"[thgﬁ thR bSymWAB et thixG@W treated

are
t

components are u l ens formul ation, the

fi nivithe dolien wesmowythh diltent anskytimateld refilgopiitoyith water, producing

Erele??r% 1CO e?j?@ﬁ%‘? El&é’lﬁ%? leﬁa%}% anci-ﬁlla hlgﬁgrebﬁltgﬁgllﬂ%% size

or t suppor Tl
| ens)d shspend tlee iginabmplded g@hma@dlmnt@rtm P Bhisoh e gan be used

| e\é@fe 161?18 ngar%g%gse%::ar{tfc? d | ché)scrﬂgelaqnerse%g‘pkoé 4@@@19” at

copolymer 1s addéd tot
r eagbBMBBATH BBYULES; ahd18,08 B, 1m01rpmawt1dnﬂemlslr&@rwe@ i nt o

t he desi cured and .d K

an agq ueoﬁéﬂdtg ?dt“fai)ﬁévé g? RUTIIVAY %gh ]ler} Ié&éégg"g%{eu pg{sem

8}‘ ﬁﬁemmmllsvesa anglé@f)f @Bﬁdi‘ﬁéslvrlﬁmmes th‘e maraptiviufally luseful. Such
ock copo ui t abl e nol ecul ar wei

I ROB P By BB e R ant Sl e

those | egSinbiiarendddithent Qb hiphilicansck cbﬁcﬂfflﬁéla lfﬂay be used as

bet ween | ess t han about 20, 000 In ¢t

enbéelleaking 2idsh &n BepHmplseot g}"&@w%‘%&c%sé?h Pr%‘“g?nt?ét lenses,

US eggd N AITRNAE hifve BBert Qur@DAY aré Ereﬂﬂir%)ly aloeqt £ée fiaahyldl When
anmount s bet ween about 5 and about 20 wt% b @FEF upon
(}

t he siligenslcomeprgts a7 useh & the leas fopmulaieh J1rd it Ases Py Pe
it gc :‘!l;} gbfjt S At Sk heo {BMARTEBthE s fidlds Onéries &xdeRkissciad e

(removed from the mold half or tool supporting the lens) using a solvent, such as an
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
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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These exanples do not |limt the invention. They are
meant only to suggest a nethod of practicing the

WO pwensd4on. Those know edgeabl e in contact | enBEBFUSH05/035152

wel|l as other specialties may find other nethods of
practicing the invention. However, those nethods are
deened to be within the scope of this invention.
EXAMPLES The fol |l owi ng abbreviations are used in the
exanpl es bel ow. Si GVA 2- propem®i ¢ aci d,

2-met hyl - 2- hydroxy~3- [3-[1,3,3,3- tetranethyl - 1-
[trimethylsilyl)oxy]disiloxanyl]propoxy] propyl ester
DVAL Pl febdbyhie Getwleanitdat $dabautppdvttsdesdduton the total
mstﬁa_cr | at e nPDMS 800- 1000 MW ( Ivn)
mnWﬁBﬁlgfafé]P%e%Fi‘yﬁF‘a’ﬁ@ﬂne’ﬂtér n nat ed nono- n- but yl

t er m nat gchrRQky AL RIS Sivk@ioaee N6WIngexamples are included.
2-(2' - hydroxy-5-net hacryl yl oxyet hyl phenyl ) - 2Hbenzot r i a
70| &hescpxangrey dp-npt ku%é itlgfﬂpyengplé rdeppre meant only to suggest a met od
1-h ' i kel 0M1ARdontact lenses as well as other
bi s%g&g&%{%{léﬁlﬁﬁtﬁﬁ% Igil%m& 4- %?)t rimet hyl pentyl
phosyeaiaties owry died 0Ber 18@.%0 o pECtigingibe HyPHoRzYPueshabRer
pho %%mﬁﬁ?e ar b G a MG bl Ok g&?}%@&lﬂli@{nv%oght

hydrophrTic copolyner, a UV fluorescent copol ynmer
conprised of about 97.5/2.5 pol y(Nvinyl -

2-p [ e)-co-(9-vinyl carbazol e) LMAHC Low

nol éé{lﬁ%gf;ﬁ%’sgl ght hydrophilic copolyner, a

UVF | uor eShefiotlowinp eblyreaations aysrisebid tief exatpplgs bow:1

pol y(N-vi nyl - 2-pyrrolidone)-co-(9-vinylcarbazol e) ABC
anphi philic bl ock copol ymer, conprised of

pol wailiaxanebased 2-propenoic acid, 2-methyl-2-hydroxy-3- [3-[1,3,3,3-

tetramethyl-1- [trimethylsilyl)oxy]disiloxanyl]propoxy]

propyl ester

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-
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

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
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hydr ophobi ¢ segnments and pol y(N-vi nyl -2-pyrrolidone)
hydr ophilic segnents | PA isopropyl al cohol D3O

W@ 2006039381 hyl - 3 - octanol TEGDVA tetra(ethyl enePdi/ysmbj/035152

di met hacryl at e EGDVA et hyl enegl ycol di net hacryl ate MVA
met hyl nethacryl ate THF tetrahydrofuran D oxane
1, 4-di oxane DVMF N, N-di nenyl f or mam de DMAC
N, N- di net hyl acet am de PVP | ow Pol y( N-vi nyl
pyrrolidone), -2500 MV Exanplgsl 9-Vinyl carbazol e
(0.79 gm 4.1 mml) (A drich, MIwaukee, W), 2,2'-
Azobi s[ N- (2- car boxyet hyl ) - 2- met hyl pr opi onam di ne]Jtetra
hydrate (0.16 gm tﬁoéﬁ:eﬂﬂ'ﬁébélyﬁ%@ipﬁhﬁﬂf&ﬂblﬁ 90ISAvolyBN-vinyl-
Louis, MJD and freshly d| stilled N
pyrrol i done (NVP) 2(Py5o4deggy-core) 6V1ﬁ¥lfﬂrg’ Z\%Jé Ye added to a
250 pe round bot t QRhibRSiK bREK LaRBENM dobh mrtﬁ'tpblﬁ}'sﬂoxane-
stirrer and nitrogen inlet. Mthyl aIcohoI (19.2 gm
and distilled wat Sased hgdraphpbjc spementaadare iy ‘tﬂﬁfé 2-Pyrf°hd°ne)
reaction mxture. yJhg, mlgg%ﬁ%neg/as degassed using 3
freeze- punp-t haw cycl es an hen allowed to warmto
arrbiHé‘ht t enrper at urnseproPikal¢aigt i on mi xture was heat ed

t GQRC for 16 hoursy Lh §p3_[35t§ﬁdlpl tated three ti mas
u3| ng acetone as a *'SolVeRt to yield a white pol ynme
\A\Azz) ITEMDMMNd gnd pttﬂayaﬂln}émr@wpk) diradtbastylg¢ 166, 000,

an 6, e ul ar wei ghts were

?%éAby gel pggh%ge%?@%ér?\{gn%%hﬁa oge?aphy (GP%)

u3| ngdal y(2- vi nyl pyathydineéhcgtaendar ds and

hexa[f}} uor oi sopr opano| Ihyc?ofura nmobi | e phase. H

Dioxane 1,4-dioxane

DMF N,N-dimethylformamide

DMAc N,N-dimethylacetamide

PVP low Poly(N-vinyl pyrrolidone), ~2500 MW
Example 1

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
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
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
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NVR (D20) delta: 7.0-8.2 (bm 8H, carbazole aromatic
H, 3.4-3.8 (bm IH, - CH2CH ), 2.8-3.3 (bm 2H,

WG@[O@]DW ) 2.0-2.4 (bm 2H - QCH2-), 1.8pPCrT/0S10b$1935152

2H, - CH2CH2CH2-), 1.4-1.7 (bm 2H, -CH2CH ). 5 Exanple
2 9-Vinyl carbazole (Aldrich, MIwaukee, W) (1.9 gm
9.6 nmol ), 2,2'-

Azobi s[ N- (2- car boxyet hyl ) - 2- net hyl propi onam di ne]Jtetra
hydrate (Wako Chem cal s USA, -5t~ Louis, I\/D) (0.56 gm
1.4 mol) and freshly distilled N Vinyl- 0
pyrrolidone (NVP) (52.8 gm 475 mmol) vvas added to a

1L 'b@ly(ﬂdwbﬁbhﬁtmlef) Isﬁﬁ&armmummuwmotsbpm@meas molsiteiphaser 'H

nitrogen _inlet. Mthyl

AR G5 TR0 BaaT B Ciogt bttt e’ s (RS 1L -
deg@‘q‘ﬁ@ﬂl Wsisno @nf, bEEZGOPNORS-S, ham g Yi6th, 231, 20O [CHB, 1.8-2.0
al lowed t© warmto anbi ent terrperature The reaction
ni x{emeFaaSH el )at 46@1@“&%1?1 #Molr)s, then isol ated
by precipitation (3 tines) into dllsopropyl 5 ether to
yield a white polyner with WMh, Mvy, and pol ydi spersity
val deemplf 230, 000, 110, 000, and 3.7, respectively,

US1 NG PObX AU AL RY R ANGSLARLAT A1 9%-} 9.6 mma), 22

hexaf | uor oi sopr opano phase

N- vwrzyblsw-@warrbﬁxnyabyiéd(mwwwmp@mnéme]tmahm@m é\éfakwl}emlcals

(2818,0m 347 B0 ] EWLRATARTRLE AR S o

( 5 Q,@ﬁomzwle S PD(5RiStgma &35 m@@)ms@ﬂéqdl tealld. togud bagom flask

and eimB]«'%/?@a‘Wg}f m'(‘%%pésunr?f avvel}lem%eiwnal\éiae hyﬁgg‘g&&%l_%fg‘%’v °
bot taadsdftb disketioh pm&uie v(IHeImm‘mgmmsi degassed wserg Jafinetze-pump-thaw
nitrogen in t ' ;
RRCR R I R O
for nRatdd RWOPS for tRusl dH isbRRE bl Precipitiiidir (8 tides)ia@ diisopropyl

slightly hazy during the
ether to yield a white polymer W1th 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

N-vinyl-2-pyrrolidone (NVP) (Aldrich, Milwaukee, WI) (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
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
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reaction. The polyner was isolated by precipitation
into diisopropyl ether (three tinmes) to afford 33.4 gm

W@ 3Wopaxeent) of a white solid with Mh, My, PCT/US2005/035152

andpol ydi spersity val ues of 56,000, 186,000, and 3.3,
respectively, using poly(2- vinylpyridine) standards
and hexaf | uor oi sopropanol as nobil e phase. Exanple 4
NVP (73.4 gm 661 mmol), 9-vinylcarbazole (1.3 gm
6.68 nmmol ), VPS- 1001 PDVS (193000 MW rmacroi niti ator
(Wako Chem cals USA, St. Louis, M) (1.9 gm O0.19
mol ), 1, 4-di oxane (94 gnm), and 2-propanol (105 gm

vvas shassedytvanas &38,0ub, 188W0d, alﬁ@BBQfas}ﬁdcﬁﬁéiy,Q@u'g pois-
R magneti c stirrer and nltrogen inlet. e reaction

m xmryl@ywage)§%}i@é% ayl hegaflorqisopiopangl amp };R/P cl es and
then heated at 600C for 48 hours. The clear reaction
m xture turned slightly hazy during the reaction. The
polﬁﬁﬁnaﬂés i sol ated by precipitation into "-butyl

met hy| 087 {1 %&26?1%1%@9 Inﬂyléérﬁ&fofé (@% %%B $1Bs(BRol), VPS-

percent) car el ed” PVP-p xane
anp hD(plhl?H)MS (B0, W&‘@pmmhatw tWake, @ewabﬂfsl“p@ﬂ deowis, MO)

10, 5
o RS BYF PRI 0L 002 108 G0 ) Wl
an d a300 mUresrpﬁmmomeﬂlayk eqlspmg Wmd)ln}e(gzetw snyrblpgndm@trqgel) inlet. The
L AR Som ARG NEX A RL 2 SERLORANEL, AP IRRLF 1BRAMa a
\F/’“\&(Pﬁﬁmir s g axan i’ghﬁ&(’)ﬂg%hlr ﬁNm:ﬂganB’cuiea:ﬂﬂnﬁd pbg}yllyslazwﬂuéing gl:
| t ercent Sl Xan C .
gm 9@@@@5%%16)1901@% WAy iselafen g& BTeélp?tﬁ%?gmﬁ ﬁﬁ%“wl m'%%%félﬂe)f (dree
B/F’Shnile%% aRENG2(310n QBGheMAht) BR&ERIZAL 1dbaled PVPdpolysgeRane

), l-octanol (116 and 1, 4-di oxan

40. 8
gn) amabipbiiablpsk c@@l}gnqgoweth,ﬂ sightPewsat HhO9 po(lysﬂoxane
eqUIHIRET, WY | 1t BAD Fhith (M1§ W, ra%ﬂ p@l@@ls&'rshfy%ﬁl@s bﬂi8&100 ifo@oo,

reacti oh m xture was SUJteC ed freeze- é)un‘pt aw
cyclapé 3 Anugsientvelh esingpolui2- %émrxdaw) stondaelsead The cl ear

reagtj %of&s’é L &oﬁ%ﬂgﬂl houdy during the reaction.
The ﬁ gﬂ@ 'S0 Jﬁt
Example 5: Synthesis of Carbazole-labeled PVP-Polysiloxane Amphiphilic Block
Copolymer with 9 Weight percent 10,000 MW Polysiloxane Block.
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), 1-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
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,
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precipitation into diisopropyl ether (three tinmes) to
afford 35.6 gm (78 percent) of a white solid with M,

wogocasmdepol ydi spersity val ues of 26,000, 73, OPOr/US2005/035152

2.8, respectively, using poly(2-vinylpyridine)

st andards and hexaf| uor oi sopropanol as nobil e phase.
Exanpl e 6: Synthesis of Carbazol e-1 abel ed

PVP- Pol ysi | oxane Anphi philic Bl ock Copolynmer with 9
Wei ght percent 5,000 MW Pol ysidoxane Bl ock. NVP (102.7
gm 924.1 mol ), 9-vinylcarbazole (1.76 gm 9.11
mol ), VPS- 0501 PDVS (5000 MA macroinitiator (10.6

gm redp elet?tvémlsl}% pély@f i 1p ity elandat&Snd hgtluomiddpropanol as

2- proganol was charged to a 1 L round bottom
f | askbidaphapped mnth magnetic stirrer and nitrogen
inlet. The reaction m xture was subjected to 3

freeze-punp-thaw cycles and then heated at 600C f
1 hBample Thiyngiesia pl ¢arheroleonbalsddt (R-Bolysilonans Amplypiil 1'§/B100k

hazy., g&g&% g, e we g L0 ;Ebwmh»maxoxw@esmael ated by

pr ecl on |nt but nethé et her/ hexanes
(t hree tNNWE$)02 bgraf$28rldnsol).5- @m’léﬂlbazp (¢ dhey, 841 gmol), VPS-

T by (o g8 PO SRERSGY RSO

pOl Y133- Z\/QTﬂyérmyZ-PIﬂPMJ (199 gm()laaadshaagwd to alL round bottom flask

hexafluor0| e

r a4 BT é”d Css(%lgﬁfjanél qmggﬁﬁ r{f{l fz@ﬁi COlh)gP]% Wil

i Sts@d}edtdal td @lﬂeEZezpdﬁﬁf Bawicxees dnd @&hlhea?tedl\att6b°(3 far2d Ihnlgs The
shaking, or rolling forﬁgﬂéLeaSt a@gut 3.ho

ke reagiion pRRSORE S Bt dlre,on ot T hSpdtmd e

CONRRRGRILY R ipiakbLinto 5750 LR Eﬁe@rﬁll aBeRkgRt (tRRE GeRt) to
of all reactive conponents, and t_@ di Lyent _an

nmol e8otday2.SEn é]?tpep)gpt) eﬁ:q/pshﬁ%w)hd el M\%Il\@‘ﬁt anﬂ@Pg’&ﬁpngl&? values
reagk h?ﬁ‘od“s N)M %nd 3- B ereﬁﬁ@t%lyv §51 DEMEpRIR) REK@RE and

for approxi mat él'y m nut es u5|ng pr oxi mat el y
40- $BMﬁhwﬁWKTMEmwé@@PN@WIﬁ@ﬁnulatlons wer e pi petted
onto cl ean pol ypropyl ene concave nol d hal ves and
covered with the conpl enentary

Example 7
The reaction components and diluent (-amyl alcohol) listed in Table 2 were

mixed together with stirring, shaking, or rolling for at least about 3 hours at 23°C.,
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 pl of the reaction formulations were pipetted onto clean
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
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pol ypropyl ene convex nold hal ves. The nold hal ves were
conpressed and the m xtures were cured at 55C for

W@bwen3wa7 m nutes in the presence of visible |P@NUS2005/035152

(0.8-5 mMN¥cm 2 using Philips TL 20W 03T fl uorescent

bul bs) as neasured by anlnternational Light

radi omet er/ photoneter). The nolds were allowed to coo
to roomtenperature. The top nold hal ves were renoved
and the |l enses gently renovedsgsi ng tweezers. Lenses
were wei ghed and average wei ghts recorded. Lenses were
t hen washed for 30 mnutes in 100 nL 60 percent

aquUeRLHatenIg ?ﬂ@ﬁmtﬁ&eﬁ}ﬂﬁf&’rﬁztdﬂﬁ IBRGACRE: Wae ilteed t@bkd)l to
di l uents and

hen extracted in 100 percen (g no
by FesmRtemperate- j B ternpldrhalvas Werisfrracied f%%@ Jeag
any v@d Bi@%@z&@ L%Qgésm% @elg&dmﬁaﬁﬂﬁfr&ew&glﬁsﬁﬂe&ﬁ&éﬂ
t anp k copol ynmer. The anphiphilic

bI o@knsgﬁ)wgﬂeyh@r@sbqslg@y 3Q,q@rn@te§ yrhiq&)ég], $@ gerF§iit pgpeous 2-propanol
pr e‘?ci 15y Imrga[g?eldﬁ(ﬁﬁﬁléﬁtaﬁd QiTuchtsRb %e?{‘)ext‘i’etctefdl HPOERE&RE 2-

NONONEr s uor escent probes and
f I u tproesmré by koatinglve j@dolarpitiapthidnt emretike fob W“ﬁbﬁﬁ’rféom 15to

con gO(ﬁ Orllsl'g tOtl'l’?eSaglﬁg theq ga%‘é %f{ﬂe gﬁgiﬁBﬁ]ﬁlb EfOC ' At eﬁfﬂffet r in g

Ions for exa y and
heat, afThe hmp]mphlhubbsk mpobffmeﬁﬂ (M@msyeth@ﬁzqdhe the presence

i, uoggﬁgf%oug S0 R DRl AEE R 00 | o

anpi ners were en co ned with
reaCtlVeTE@ﬂmﬁﬂfﬂﬁ$uﬁﬁﬂmﬂﬂhmen@3myhmdh&empmpmhzbkmk

| enses. The rel ease rs

| Sberemgt Ko o eeun fOBay Bouide: BhEf SuSROIEES such as
fr 0%ﬁé&@mﬁ%t1[gmcintda@1tyr@ﬁlhaatu§tfdagtha eBitkion d2 fiudrEso a0 oPGe
spectrofluoroneter tﬁﬁy tatio

S ormmporst T et Luowspeay HoaledeanaaRiL iR SiraBrE ver

CUr VienQbmBIRA Wb &éabﬁvetﬂoﬁfﬁknﬁmmdﬁﬁdfntﬁb anta E@iﬁac\t\/&ﬁses The
used to correlate the anpunt of ﬂ ilic blo

co p atlgase of sraphipialic WlpdrRopaiaes. lab&?dév i Feggent ?qﬁ@zﬂ e gFpups
%Ilé Inﬁtl’asu\fﬁ 19(9'5 tﬂ&éﬁlfrﬁﬁt}h hicgiaGeRe la)SHﬁﬁadQLka)l Ple

| ow nmol ecul ar wei ght hydrophi l

co pop%ﬁ@ﬂu%rmwid)“@tat@bnﬁﬂé i3, GRIREOR | TGF BEBeT wdth 3 nm).

lcgﬁﬂ;% gch%clﬁgd Aa6GHPEN AR pEHH iR D1dR B Hrfer sthh@rdSR used to
correlate the amount of amphiphilic block copolymer release from lenses. Asa
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.

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

Component




nol ecul ar wei ght of the internal wetting agent, and
anount of internal wetting agent extracted after
WG0E046Ts i n 2- propanol are shown in Tabl e 3pPCTTakioes/@35152
7A 7B 7C 7D 7E 7F Conponent Si GVA 30.5 30.5 30.5 30.5
30 30 HWMHC 6.1 0 0 0 0O O LMMHC 0 6.1 0 O O O ABC ( Ex.
3) 006.1 000 ABC(Ex. 4 0006.1200 ABC (Ex. 5)
00006 0 ABC (Ex. 6) 00O 0O OO 6 DVA 31.5 31.5 31.5
31.5 31 31 WPDWVs 22.3 22.3-322-3 22.3 22 22 HEVA 8.6
8.6 8.6 8.6 85 8.5 Norbloc 0 000 1.5 1.5 Cd 819
0.23 0.23 0.23 0.23 0.23 0.23 EGDVA 0.76 0.76 0.76
0. 765i&MA 0. 75 PVP 4oov 1 Bokl 1 3okl 1 303 1 t-3anyl 30
al cohetwae 29 29 29639 29 percent oTable 8 The resultso
of Expeyigents 7A thgough gk showgt hat tbe reacgion 0
m Xt Wge @myonents apnd theig anmounts mayobe varged 0
subshaptdegld)y. Al lgnses fgom Talle 2 siowed | ow 0
haze,p orgingly, S GVA, ign conbignati ongwith the 0
ot hepp ogient s,

0 0 0 0 0 6
DMA 31.5 31.5 31.5 31.5 31 31
MPDMS 22.3 22.3 22.3 22.3 22 22
HEMA 8.6 8.6 8.6 8.6 8.5 8.5
Norbloc 0 0 0 0 1.5 1.5
CGI 819 0.23 0.23 0.23 0.23 0.23 0.23
EGDMA 0.76 0.76 0.76 0.76 0.75 0.75
PVP low 11 11 11 11 11 11
t-amyl alcohol 29 29 29 29 29 29
percent

Table 3

Ex. # TA. 7B 7C 7D 7E 7F
Extrctn time (hrs) | 100 104 120 121 120 122
ABC M, x 10~ 420 110 186 179 73 81
ABC PDI 2.6 3.7 33 37 2.8 3.6
Wit% ABC extretd | 12 50 25 28 52 48

The results of Experiments 7A through 7F show that the reaction mixture
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
(LMWHC) of Example 2 and lower in molecular weight than the high molecular
weight control (HMWTHC) 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.
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is effective in conpatibilizing anphiphilic block
copol yners. The anphiphilic block copolyners (ABC), as

w@wbhemszed i n Exanpl es 3 through 6, were hi gh@r/UBI905/035152

nol ecul ar wei ght than the | ow nol ecul ar wei ght pol yner
(LMAHC) of Exanple 2 and | ower in nolecul ar weight
than the hi gh nol ecul ar wei ght control (HWMWWHC) of
Exanple 1. The data in Table 3 shows that nol ecul ar
wei ghts in excess of about 102000 are preferred for

t he anphi philic bl ock copol yners when they are

i ncorporated into a contact |ens. Exanple NVP (50. 2
gm Egmprmol ), VPS-100 PDMS (10, 000

gﬁ; r Olaﬂ :jt I aLQQﬁé 6%35%11719103”}/ %%ggg lcﬁa]}/lée(ao 8@0 gﬁ@d'aécgi(?lﬂltlator

roundshet qum(ﬁ%}i AEQIBARB Bt o) &d@g@paﬂoc(mtgmm@ cledghd to a

nltrogen i nl et he reaction m xture was sup ected to

3 f 568 7d- jeunshbatieawilasl éqllégpeéﬁﬂmtfﬁ@ﬁemwaa“éitmmﬁﬂﬁ%ﬂhe

8 NQL-Bon hidGuk WBa bt &aslib 9 @regﬁelﬂukﬂlfpethﬁ\b' ca6h anll ii@hthbated at
hazy éurlng t he reactlon The pol yner was isol ated by

pr ORI ortfwsi Phalat Fsefimopiyiuretied slightlydezy qurias yhet o
44,
gn‘p%r pHOIF i e %PWA’S%? was 1sc|(>:1§tn<§ ?)y ?1%015\(2{%10&)9111%%8% gﬁ%g\ffether (three

pol ytEndsproaierddot gmag; mrwht)toéPB’BerloU/sﬂwKahe ahphipilic Heck

pol ydi Y. ¥ 1 000

resrf@B‘?Sl%‘? (]34}5 S/a Ldjg@&\q V(2 qys\cl)jf”ﬁd pyorC K ?%glgp%hﬁaﬁ thgdn. Mw.
and daeyalyiispdrsitysaniecs pem;oooawumm dnd 30 aﬂapecuEeda,rqsing pOly(2-
NVP (4 PS- 0501 P 000 MW
rmorgteibpiRcr g eptao RO A SRR { 100
gm, and 1l-octanol (44 gm was charged to a 500 nL

round bottom fl ask equi pped with nmagnetic stirrer and
ni t rEgERISh| et . The reaction mixture was subjected to

3 fr €eZ e N0 0toNENY 36V &ings), F1PE-0sh ERDIVER(SBUI0 MW@ﬁﬁﬁofnﬂfator
9 hours. The clear reaction n1xture turnig S"§$ g
haz y(1 §ui Qe Strraol et fiowme (s potipel (44 Fras ghasged to a

Pr ecyoBint@fduaa beﬂﬁk'eﬁ@iﬁﬁé&Wﬂth ﬁ&é’l‘l@’ﬁc §ilrRk 884 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 diisopropyl ether (three
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.

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

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



times) to afford 34 gm (85 percent) of a white solid,
whi ch was a PVP-pol ysil oxane anphi philic bl ock
weopolysrer (4.5 wt % 5, 000 MW pol ysi | oxane bl ocRQT/WE1005/035152
Mh, Mw, and pol ydi spersity val ues of 47,000, 185, 000,
and 3.9, respectively, using poly(2-vinylpyridine)
st andards and hexaf | uor oi sopropanol as nobil e phase.
Exanpl e 10: Lenses contai ni ng anphi philic bl ock
copol ymer from Exanple 9 (no-tkuorophore) were nade as
described in Exanple 7 (Experinment C). The
cureintensity, tenperature, and tine were naintained
4. 0 ;UG temperHre, MindPw e RidbRSned £S RETLMYSI55C, ahenses
with 'ow haze were observed.\What is clainmed is: 1. A
si | ingiowtes, ksrectiyel. leeoprsriith Iy hegeeveare abservéth product of a
reaction m xture conprising at |east one silicone
cont ai ni ng conmponent; at | east one anphiphilic block
copol ynmer; and at |east one hydrophilic conponent. 5
2. The hydrogel of claim1l conprising about 1lpercent
to about 15 percent anphiphilic block copol yner. 3.
The hydrogel of claim1 conprising about 3 percent to
about 15 percent anphiphilic block copolyner. 4. The
hydrogel of claim 1 conprising about 5 percent to
about 12 percent o anphiphilic block copolyner. 5. The
hydrogel of claim 1l wherein said anphiphilic bl ock
copol ymer has wei ght average nol ecul ar wei ght of at
| east about 100, 000. 6. The hydrogel of claim1l
wherei n sai d anphi philic bl ock copol yner has wei ght
aver age nol ecul ar wei ght of between about 100, 000 and
about 2,000,000. 5 7. The hydrogel of claim1 wherein
sai d anphi philic bl ock copol ynmer has wei ght average
nol ecul ar wei ght of between about 140, 000 and about
1, 000, 000. 8. The hydrogel of claim1 wherein said
anphi phi lic copol yner conprises
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about 1 to about 20 wei ght % hydr ophobi ¢ segnents and
about 80 to about 99 wei ght % hydrophilic segnents. 0O

w®200¢k894bydr ogel of claim 1l wherein said anphi pdi/Usm05/035152

copol ymer conprises about 2 to about 15 wei ght %

hydr ophobi ¢ segnments and about 85 to about 98 wei ght %
hydrophilic segnents. 10. The hydrogel of claimS8
wherei n said hydrophilic segnents are derived from
hydr ophi lic polyners sel ectedskromthe group

consi sting of polyam des, 5 polylactones, polyin des,
pol yl actans and functionalized pol yam des,

pol wagtsngsed Rol yi m des, pol yl actans, ionic polyners,
hydr ophi lic Eolyacrylates hydr ophi |.i c
pol ymet hach yiliseriedydiogel comprisiag the ﬁ%acfé?wre%b?%@?%m mixture

t hergQbriskds at TSt dp¢dnResd coﬁfam‘i;ﬂgadoﬂ?)gnéf@ Qf Rhét oﬁ@!uﬁphxphﬂlc

hydrophi lic segnents are derived

rom hydr ophi |
pol yask sorpdyreqst ad af feashopdm by dierbilis C@mgm@%/ ing of

poly- N V,'Z n])ﬂe'k%dro@éflrcff Q ahﬁiq’ragmprlsm about 1 ]i)ercent to about 15 percent
pol y-N-vin eri done, poly-Nviny caprol act am

polynmmmhﬁwbkchﬁEﬂhvﬂ-z capr ol act am
poly- - VB"irﬂ §a155§£mf'craan@'ceﬁgﬁ&%uppﬁ&ce% ¥ Bt 14 peent

met hyl - 2=pi peri
polwnmmmhmybknknamﬁyhﬁz capr ol act am

88: z ﬁ xl - }f hi/d%tg of c hm 93651‘}18111§19g?zﬁ1%m d@}%@cent to about 12 percent

polmnmhmbﬂmmﬁmkobmﬂwpnly N-N-dlnethylacrylan1de
poly-N-vi nh’ﬁ%gcgggeg % @ cel anflerelfx 58 lal P}a{}%ilc %fog’l\ copolymer has

pol yacryli ic ac
pol ydishe ﬁ%ﬁﬁ@écul&%@m ol aateest abent X0QWO@s and

ahr o) n- Exthe RyRPBHAT T WL anghipiie ok Frpper e

hy dr@sadhit la‘lr&ag@%dlé@[a‘i m&@he@ﬂteebve‘eﬁ @nsnut 0, @0cip about 2,000,000.
consi sting_of poly-Nvinyl

N- et hacr'y (TAf¥Eogeh 8 2Rt ]\%\[W?m RE! IQ}BQB:‘%P gﬁ]f gPoLygr bas

comby g h@é?%n cSle 0P Qleiégli%tsoewb%ﬁ @&fut 1463000 Hhe abcydﬂ 1 99€b00.
of claim8 erei n_sai %dro hobi c segnents

derived 8 Thohydiges sbrieim Lwhasy suf smpRipRile sep SF%C?%HSCS
gr OURLGANS hiSdut BY wRghloh REBEphobic 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.

10. The hydrogel of claim 8 wherein said hydrophilic segments are derived
from hydrophilic polymers selected from the group consisting of polyamides,
polylactones, polyimides, polylactams and functionalized polyamides, polylactones,
polyimides, polylactams, ionic polymers, hydrophilic polyacrylates, hydrophilic
polymethacrylates and combinations and copolymers thereof.
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pol ydi et hyl si |l oxanes wth term nal reactive groups.
14. The hydrogel of claim8 wherein said hydrophobic

W@ e@amesids7 are derived from hydrophobi ¢ pol ymerBCT/082088035152

from nmononers selected fromthe group consisting of

oct amet hyl cycl ot etrasi | oxane; 1, 3-bi so

am nopropyl t et ranet hyl di si | oxane;

1, 3- bi s- hydr oxypropyl t et ranet hyl di si | oxane;

di chl orodi net hyl si | ane, 1,1, 3,33-t etranet hyl di si | oxane;

4,4" -azobis(4-cyanovaleric acid) ;

t ol uenedii socyanat e, isophoronediisocyanate;

% 3- bihSV i1 D?/Tﬁeelﬁ}fd&igéll; Bl din d/l&%éiﬂ ﬁjid h}lfdrophilic slegments are derived
nmet hac oxypr pyltris(trimethylsiloxy).silane,; .

pe ntfa%mh%m? LiRobywaes el %&éﬁgﬂ"h%? N Wﬁ& ol gokgN-vinyl-2-
met Ry heliddnt,| JOBERYHS20% Yo hd) I N-OXY B iyt blasthh A5t2y-N-vinyl-

nnnonethacryloxypropyl term nat ed nono-n-buty

t er rirnebwElR- W%}@ﬁt%tﬂﬁ’w %Irqnalkéﬁ)éeth}é -2-piperidone, poly-N-vinyl-4-

[ triSdfiio0Rb bR, Ile?fM\)I-sflﬂythJInag{y@-@%lap@ abih, ?ﬁ&b@%ﬂ/le_’, _ethyl-2-

3-[tris(trimethylsi propyl vinyl carbanate;
tri rmfrrhyql@ﬂa}xrl@pmlﬁ-vmy - délaﬁ Priaipairolidone, polyvmyhmldazole

;E: }hﬁﬁh@ h@ét@%ﬁ}\i%}ﬂg)@( y}l_ fﬁ”ﬁﬁ? A} ﬁeth?ﬁgetﬁmﬁg PRBR|IyEalcohol,
t et rpp)h;@pltyyq: acld polymethacryhc acid, poly(hydroxyethyl methacrylate), mixtures

[tru&g%@yﬁﬁ%&y}ggéﬁ]d|5|onanyl]propoxy] propyl ester

Ions thereof. 15. The hydrogel of claim 1,
wher ei n ﬂheThm’qu}tdlrcpgal fi adailnl Sovkercio pod ryrdeephils Geujents arederived

fro 0 N- vin nvisgel a
ot e A N PR M RRE exoup cqpsistpe of potyN: ¢
cl ai mylpymiMIiﬁienp(ﬂﬂ-le Nsmbuhmyilemﬁtenpcﬂy NI—Vlgyld‘ﬂ')—l’quthmtamsie and

pre;gg%gﬁmegg gg% t be%$%g$eabout 5 percent to about

active conponents. 17.
The hydr agefThohydedgai off claiimtBewidréin b€ hgdrbphobit@egments are derived

o AL A SOTROERL ) 2. BESSSIL a0 agmuy bl een

I eagiolian SRYTFIRRERYs SvithkEmirddl ecabindredgpb. of claim 1

wherein s al ’(Ij‘hg }tlydlroegaelsgf ccl)zgl% SSx!vllle!rglg gaeld ﬁod%ﬁ'loglc seégments 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-methacryloxypropyltris(trimethylsiloxy)silane;
pentamethyldisiloxanyl methylmethacrylate; and
methyldi(trimethylsiloxy)methacryloxymethyl silane; monomethacryloxypropyl
terminated mono-n-butyl terminated polydimethylsiloxane; 3-
[tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-[tris(trimethylsiloxy)wily1]
propyl vinyl carbamate; trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl
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conponent is selected fromthe group consisting of
silicone containing nononers, silicone containing

worewsosmss and m xtures thereof. 5 19. The hydp@yeb200$/035152

claim 1l wherein said at |east one silicone containing
conponent is selected fromthe group consisting of

pol ysi | oxyal kyl (nmet h)acryli c nononers,

pol y(organosi | oxane) prepolyners, silicone containing
vi nyl carbonate nononmers, silggone containing vinyl

car bamat e nononers, and m xtures thereof. 20. The
hydrogel of claim 1l wherein said at | east one silicone

con R/f%'ymaﬂﬂ)ngte CRRAREHEnolchcRIED- %ﬂ‘@ﬂZ-ﬂlﬁl@fﬁkﬂi Be[3g1 BLB3-
consi Sting of a, w bisnmethacryl oxyprop

pol Yetremesyhi [gimeshodryDowd wwmmrgnoa&%?wmwr and
tergl ﬁ&ﬁﬂ)?ﬁﬁ%oﬁ butyl term nated

pon | oxane, mnethacryl oxypropy

|
tri s(t ri %tﬂyuydnoasdwf@lauaﬂaewl@aﬁ@n é@@mpﬁ@biﬁérbéockﬁew%w is
21.

i Sep-vquylg%gd@pom t %BS/kdim\%ﬁl&Qﬂ&ééﬁé)%ﬁhéﬂtsC

conponent ecte e group” consistin
acrylic UbﬁﬂaﬁwﬂmgdnﬁnbneﬂSﬂWNwdﬁﬁbNMmh@CMﬂmnmgCompmwnﬂs

V' n 'eCé;q'%tmaAn“' 1 %9&*% %Out%%{cgﬁ% Lt 5 &Len@ %ra% ?éﬂ?aﬂ

car nonomner s yoxyet ene po
andr@mmhumambmmS thereof 22. The hydrogel of clalm

lwherein ilic

the or oub dBRISPERST BF "N KRG RaRnor el STLSrhE e e
2- h)bd’.fséﬁ()IrEilfatﬂlouaCeq\bvéﬁn&bouth)peleEIﬂho at&iuhﬂbpeyd:fat, dased upon all
2- hydro et hyl nethacrylan1de pol yet hyl enegl yco
nonSHSEFOMPPETE: met hacrylic acid, acrylic acid,

N-vinyl  py.rTied Hyd @53el offstavth N ywheldim®idut lleastomit aiticote, containing
N-vi nyl - N- et hyl aceta de, N-V|n% - fﬂ%? f or.mam de

N- vioPPotient i seleciRet from e gopp Rt cuipigiemopbmers,

Nca rsbfé&%‘cohtaﬁﬁ@%’\h&&oxﬁbrv by hix@Géaheredfeact i ve
pol yet hyl ene po yols ¥droph|I|c wnge carb nat

vi nyl caltbahks ydrsaifetam 1hsraptng 3t 86555156 PSR “Cohtaining
NN QARG Shent ¥ gél@o%ﬂ ﬂréxﬁ tlﬁ:?@&%' c'oﬂﬁstﬁ@ BPH&?@oﬁﬁdkyl(meth)acryhc

conbi nati ons t her eof ydrogel of claim1l
whe mednamess; mlﬂymawﬁpmne) I?f@?ﬁb@’iif‘éﬁ tsﬂlucgnescerl@aﬂwﬂnyl carbonate

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

20. The hydrogel of claim 1 wherein said at least one silicone containing
component is selected from the group consisting of a, @-bismethacryloxypropyl
poly-dimethylsiloxane, monomethacryloxypropyl terminated mono-n-butyl
terminated polydimethylsiloxane, methacryloxypropyl tris(trimethylsiloxy)silane
and combinations thereof.

21. The hydrogel of claim 1 wherein said hydrophilic component is selected
from the group consisting of acrylic containing monomers, hydrophilic vinyl-
containing monomers, hydrophilic vinyl carbonate or vinyl carbamate monomers,

polyoxyethylene polyols and combinations thereof .
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fromthe group consisting of N, N-dinethyl acrylam de,
2- hydroxyet hyl acrylate, 2- hydroxyethyl nethacryl ate,

w@bkopeosab7 met hacryl at e, 2- hydroxyet hyl met hacr pCHDBH05/035152

N-vi nyl pyrrolidone, polyethyl eneglyco

nononet hacryl ate and conbi nati ons thereof. 24. The
hydrogel of claim 1l wherein said hydrophilic conponent

is selected fromthe group consisting of

N, N- di et hyl acryl am de, N vi md7myrrolidone and

m xtures thereof. 25. The hydrogel of claim1l wherein
said at | east one hydrophilic conponent is present in
amount s Qb. @honfdréset of Adinut widdeinedid hydrpgilietvimpodént isHakcted

hydrogel of claiml i.n said at | east e

y crEm e B REHER £t RS gPeLBer R oM SR Baets

t o ahpte S8yoned] HthaBBIAE Nthyddkyetiylendbadiyt@ale,of cl ai m

1 wherein said at | east one hydrophilic¢ conponent i.s

pr eshtethyienegtpiohmonepethpssitte-maethasnaig a6 YRKICHEK Bintinyl

28. Uhelitd! 99&ly1 3 meth AAdmMBENSidY1-Sadty128@8hide/ N-vinyl-N-
m xture optionally further conprises at |east_ one
conpriel @Wﬂd‘?gNé@%é‘?’(ﬁﬁﬁll4enNan;r[1)h351ﬁ‘iMﬁtilyleé‘i‘Xlé%fﬁafﬁ%G‘€'_ 0
and aRAWY sAR RNy PEFE S8 ctiveSolyeBerdd HRTBRE L didbhift Fofn
28 wherein sald conpatibilizing conmponént conprises a

| eastartoneteshy iy bsejhamagsmenomieny by P oxgrolprecRoIABIr30.

The 1 po%ﬁﬁ’i%'ox&foliﬁé AbiY smq}’oﬁllbfhaﬁ@ié‘%heqéﬁfpat i bi l | z1 hg
conponent conprises at |east one hydroxyl containing
monomer &l 8be byllrégebof dléie lgwhaugin etk Bydephile emponent is selected
2- hydr oxyet hyl h e

2- D b B R S SRS Mo ) B, 2-
acr yitydmixglethyl dh@hdeyydategletioy methaerylatecZhipdiomgtethyl fretherylamide,

B e T
met haekyl at e, hydroxyl functional rnonomers including
? I’]lelr ggp e 22[‘ Tl?‘iel: 11}9 rgg% og cl:'lgllgltll \9/ gtlailntsellig %ydrg&qlig coonn?plogg&t L CdeRected
from the group consisting of N,N-dimethylacrylamide, N-vinylpyrrolidone and
mixtures thereof.
25. The hydrogel of claim 1 wherein said at least one hydrophilic
component is present in amounts of about 0 to about 70 weight percent.
26. The hydrogel of claim 1 wherein said at least one hydrophilic
component is present in amounts of about 5 to about 60 weight percent.
27. The hydrogel of claim 1 wherein said at least one hydrophilic component
is present in amounts of about 10 to 50 weight percent.
28. The hydrogel of claim 1 wherein said reaction mixture optionally
further comprises at least one compatibilizing component in an amount between
about 0 and about 90 weight percent.

29. The hydrogel of claim 28 wherein said compatibilizing component

comprises at least one hydroxyl containing monomer or macromer.
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31. The hydrogel of claim28 wherein said
conpati bilizing conponent conprises at |east one

Wh@s039467 cont ai ni ng nononer sel ected from t hePQr/Os®08035152

consi sting of 2-hydroxyethyl nethacrylate, 2-propenoic
acid, 2- nmethyl-2-hydroxy- 3-[3-[I, 3,3, 3-

tetranmethyl -1 -[trinmethylsilyl)oxy]disiloxanyl]propoxy]
propyl ester (which can al so be naned
( 3- et hacryl oxy- 2- -38-

hydr oxypr opyl oxy) propyl bi s(tri nmet hyl sil oxy) nmet hyl si | an
e), 3-nethacryl oxy-2-

hydr oxy prigpyihe xydie 54 I@Yl:l’biirl 3§ Whdrbm shy b&hba@iblﬁzﬁig' BRBenent
bi s- 3- met hacryl oxy-2- 5 droxypropyIOXépropy

pol yEAmRISERAL éqaptd))pg h@dm)gd RERHEER FrosQense oted fiom the group

hydr gyt RﬁrY/ ]yrﬁethacrylate 2-hydroxyeth acrylate 2-hydroxyethyl
propyl bi s(trineth ? y¥ ) et hyl splane ¥+ yEOREY

met hBEWITBRYECh Y@Ow& wrylhmgiemmmdwwgthyloml carpgregie, 2-
yl )Siﬁ%d‘{éxy@t%/p@ 8rbBRe, 2-hydrox rog/yl methac late, h?/cgg)?ﬁexyl

N”-t et raki s(3- met hacry oxyp
- b| smsﬂlmﬁflﬂ@ph}@m]qyg@wmth@rmtbdxyﬂmﬂrfemmaalmnowme@sncludmg

Lher §flone Br lfoxark HEndANIAGE an@LorifldheRoper € N sal d

conpati bi I'l Zi'ng conponent ‘conprises at |east one
hydr oxyl Horfthaihpdmgrl wbelame?d skdreio sad ccﬁmpmbtlizelgqmmpment

¢ ons% ?@rﬂgs] acgﬁeagté)lﬂg ﬂ{zc?)%ﬁ %E‘%Lm%%%mé’r s€ ect’ed from the group
hydr mnylpmtg)gﬂ 2ehwl)qx1yetbyll ntisctylatethypeabic axid) Pratdipyl SHhyadroxy-

e SKY B 001 SR PSP M T Loy R Y R VAR
m xt@whe& daheYsebénarﬁecBG methdetydergcd-cal devi cedconprl si ng
of .cl ai n1c evij ce

PR St S SRS NGRS AR

co npnydmx@grobmexmﬂmmed(mafet@lsabiy)&Laa@ bisk8-ethadioxy-2-
g.a |l ow nol ecul ar

ﬁgimé %ﬁ%ﬁ}tpgﬁrfw&fﬁa?lyw@ﬁaowa& GBACYRPGAd T s

COﬁmmm&k&ah&hobﬁﬁﬁbﬁﬂ@ﬁnﬁﬂﬁ«&ﬂﬁﬁw&ﬁa&@mﬁmgﬁﬂﬁﬁﬂmgﬁent
and at | east qgnhe lic conmponent ). curing the

pr odieasyloxtedyl-Oa thléﬂwﬁmt%llwﬁrp@pﬂo%@iﬂaaarrate and

devi N@J md -tk t@aki g BleRfakiy ety SalydrR PR HloChisl 8 W fopk D
said
polydlmethylsﬂoxane and mixtures thereof.

32. 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, 3-methacryloxy-2-
hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane), 3-methacryloxy-2-
hydroxypropyloxy)propyltris(trimethylsiloxy)silane and mixtures thereof.

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.
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37. The nethod of claim 36 wherein said bionedica
devi ce conprises an ophthal m c device. 38. The nethod

wW@R0061038481 36 wherei n sai d opht hal m ¢ devi ce i SPEI/US2005/035152

silicone hydrogel contact |lens. 39. The nethod of
claim 36 wherein said | ow nol ecul ar wei ght anphiphilic
pol yner has a nunber average nol ecul ar wei ght of | ess
t han about 40,000 Daltons. 40. The nethod of claim 36
wherein said | ow nol ecul ar weisght anphi philic pol yner
is present in amobunts up to about 20 wt % based upon
total weight of the reactive conponents.

36. A method comprising the steps of (a) mixing a low molecular weight
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.

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.



