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(54) Title: EXTENDED WEAR OPHTHALMIC LENS
(57) Abstract '

An ophthalmic lens is disclosed which is suited for extended-wear periods of at least one day on the eye without a clinically significant
amount of comeal swelling and without substantial wearer discomfort. The lens has a balance of oxygen permeability and ion or water |-
permeability, with the ion or water permeability being sufficient to provide good on-eye movement, such that a good tear exchange occurs
between the lens and the eye. Aprefenedlensxsacopolymenuuonpmductofanoxypemmacromermdanlonopermmonmr The
invention encompasses extended wear contact lenses, which include a core having oxygen transmission and ion transmission padlways
extending from the inner surface to the outer surface. -
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‘epithelial cells, to be swept frombeneath the lens and, ultinmately, out-of
the tear fluid. Thus, a contact |ens nust not adhere to the eye so strongly
that adequat gggnt of the lens on the eye is inhibited. porigpbdmzéshere
exist rigid g@ngéerneable ("RGP") contact | enses which have high oxygen
perneability and which nove on the eye, RGP lenses are typically quite
unconfortable for the consuner. Thus, sofi1contact |enses are preferred by
many consuners because of confort. Mreover, a contact |ens which may be
conti nuously worn for a period of a day or nore (including wear during

peri ods of sleeping) require t e ' | yde RGP | enses as
popul ar ext ended-wear candi dwog%%¢aFﬁﬂé§gg®ghe opht hal m ¢
conpatibility and consuner confort requirements in designing a daily wear

soft contact &?(?ROB?UD\’@?"I'FIE JERD, ymers of 2-hydroxyethyl nethacrylate
%&ve oped. Theseqﬁg RN

(HEMR) wer e rophilc polymers nove well on the eye and
provi de sufficient oxygen per rreabl lity for daily wear. Certain soft contact
| enses have heHELDQR THEINVENTION FDA for extended wear periods of up to
about 6 nights of overnight wear and seven days of daily wear. However, the
consuner cannot_ safely and conf ortably wear these pol y(HEMA) | enses for

ext ended perThiziiBvention zelates heopdiy i lepgssandpalvinaric materialy ysafyl inpepticaRdi 1ity s
i nsuf fi ci entaphifiaiiic @its.c MdrLispacifically) this.inventiorerelziesy/to polynidric Matarfalsidndse | enses

TRy result, ilayfedis asgfumrtn@maa@ma T %Bf‘ﬁﬁbrf?%*?*‘@%

bl ood vessel &N cor nea ove oxygen
pol ymer s corifvantiph elaes fo.contactiensgssisaiul as ext pwr cmtaarmspy

si | oxane-cont ai ni ng ‘pol ymers have been di scl osed as having hlgh oxygen

permeabi lity, it Nos. 3,228,741; 3, 341, 490;
3,996, 187; 2 6: %céf%g@h?@ﬁsﬁg\%e% pol ysi | oxanes are typically highly

|Ip0ph|||C The properties (e.g., I|p0ph|I|C|ty, gl ass tranS|t|on
t enper at ur e, A éRRVaFby Df reseQiRR has Béen cUndlicted\n the Kisld iof BisadifsatibRpolyRTars.lThe | n

rovenent . 1 rhoiioy PLnd i BebRmbelfie" opandh brop pgH ”‘e ”S@%ﬁﬁ%ﬁ% the

l'ens of |i piRelymends gesignednin the ﬁen@foaruhatmsnsescmmmgmmmhmn@m
| nter fer es_wohlaoyefbdbla bidbomplttidYand MaF be gendralCadAkd ab GREwAich Mltch 1 0

bl end the d bl d dr oph | d
e ooy Al e i et St B AR g hld OF
pol ymers f oroeptackr dhe phmmmmmwynomgammagppmguatdxmwps thee U. S
Patent Nos. plocdfipatitifty réquirdferis 8t optishimiclditbed 9. However, prior attenpts at

produci ng a true extended wear contact |ens have been unsuccessful ei t her
because of the effect of the -
One ophthalmic compatibility requirement for contact lenses is that the lens must allow

oxygen to reach the comea in an amount which is sufficient for long-term corneal health.
The contact lens must aflow oxygen from the surrounding air to reach the comnea because
the cornea does not receive oxygen from the blood supply like other tissue. If sufficient
oxygen does not reach the cornea, corneal swelling occurs. Extended periods of oxygen
deprivation causes the undesirable growth of blood vesseis in the cornea. “Soft" contact
lenses conform closely to the shape of the eye, so oxygen cannot easily circumvent the
lens. Thus, soft contact lenses must allow oxygen to diffuse through the lens to reach the
cornea.

Another ophthaimic compatibility requirement for soft contact lenses is that the lens must
not strongly adhere to the eye. Clearly, the consumer must be able to easily remove the
lens from the eye for disinfecting, cleaning, or disposal. However, the lens must also be
able to move on the eye.in order to encourége tear flow between the lens and the eye.
Tear flow between the lens and eye aliows for debris, such as foreign particulates or dead
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ext ended- wear | ens on corneal health or because the |ens would fiot move orf
the eye. Thus, there remains a need for an ophthal mcally conpati bl e,
transparent - polymeric material which is suited to extended periods of :
conti nuolMOBEMI¥t with ocular tissue and tear fluid. COBCHENSONE SUVVARY 5
OF THE | NVENTI ON An object of the invention is to provide a materi al

havi ng a bal ance of oxygen perneability, ion perneability, on-eye movenent

and tear exchange, all of which are sufficient for corneal health and

wearer confort during extended periods of continuous wear. Another object

of the invention is to provide an ophthal m c | ens capabl e of extended

cont i NUOUspithel cé!BrﬂoCUéSsmbt #om benedth e 16RE, Vitiatsy, obtGRkGRRT Alid.adverse -

i mpact o u 0,

provi de nrq%gh%é‘énégcgﬁ}ntsbn con ﬁ%éﬁe\?\ga £° w}ﬂ&éﬂgeﬁagﬁ ﬁ’?"%{ﬁ'& O]ivxﬁ.? hout
substantllams%‘héﬁ!elﬁ'ﬂ’ﬂﬂtﬁd on ocuI ar health or-consumer confort. A further .
object of the invention is to provide an ophthal m c | ens capabl e of

ext ended tjinuous r io f 24 h t substantial

cor neal s‘&ﬁ'ﬁ [hﬁ'& e&st \ﬁgﬁgﬁﬁﬁ%&#@%ﬁm c&iﬁ%}l %@f"@?’%&gﬁm‘m provi de a

| ens capaperpedatility and whigh moveon theeyey RGP lensesare wca&ywerummm fasut

-fﬁgﬁﬁ”te't?éc&%ruﬂ%?' T!%)Sebdftéhilté&leﬁgéﬁ ardrefdired By fiahy c?ns\éﬁiets%ﬁ&d Gﬁofﬁ?lhelct of
i nvent i [ OVi orm.n ext ended- wear, 0 almc

lens. St '?;( rag %@Fgf{?fva? %bmﬂ‘n&% tﬁﬂ"‘i‘s@y perled pia o

testing andec(halydmg yneagdmpumnmda of slesping)srequiresceatiforh tevels whichtexclude RGP

ext ended- i&ﬁs%&aspo?&]ﬁﬁédéi&dﬁeﬁ?éaﬁlﬁha@é‘és of .the invention are net by the
various enbodi ments descri bed herein One enbodi ment of the invention is

an ophthalmc lens, suited to extended periods of wear in continuous,
i nti mat e Ioordents batande thophihalmiccompatibility apd corisumed corfifod requirenentsh ays a . —

bal ance Gjgg E%ﬂ?mﬁmﬂ'dohﬁcﬁaﬁs PRy aﬁ@&dolymeré&f h @&Lm&uo mai nt ai n
. good cornea eal tg U@g% vgw ﬁ nls on t d wearer
confort doethagviate (HE ‘ﬁwﬂgBP @"ng'f"mw Ip%ﬂ 8 zat | on,

pr ef er abl gndc;mmdg/smimemoxmn pefmeab)lityor Hailysvear. Certain soft contact ienses have -

been approved by _the FDA for extended wear periods of up 1o about 6 nights of overnight

wear and seven days of daily wear. However, the consumer cannot safely and comfortably

" wear these poly(HEMA) lenses for extended periods of sé&en days or more, because the

oxygen permeability is insufficient. True extended wear (i.e., seven days or more) of these

lenses may result, at a minimum, in corneal swelling and development of surface bicod

vessels in the cornea. -

in order to improve oxygen permeability, polymers containing silicone groups were
"developed. A varisty of siloxane-containing polymers have been disciosed as having high

oxygen permeability. For example, see U.S. Patent Nos. 3,228,741; 3,341,490; 3,996,187; —
" and 3,996,189. However, polysiloxanes are typically highly lipophilic. The properties (e.g..

lipophilicity, glass transition temperature, mechanical properties) of known polysiloxanes

has resulted in contact lenses which adhere to the eye, inhibiting the necessary lens —

movement. In addition, polysiloxane lipophilicity promotes adhesion to the lens of lipids and )

proteins in the tear fiuid, causing a haze which interferes with vision through the lens. -

There have been attempis to blend the desirable hydrophilic properties of hydrophilic
polymers, formed from monomers such as HEMA, with the desirable oxygen permeability of
polymers formed from siloxane-containing monomers. For example, see U.S. Patent Nos.
3,808,178; 4,136,250; and 5,070,169. However, prior attempts at producing a true ™ .
extended wear contact lens have been unsuécessful. either because of the effect of the
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oxyperm pol yneri zabl e materi &l+ “which is capabl e of ‘polymerizing to forma
pol ymer having a high oxygen permeability; and (b) at |east one ionoperm
pol yneri zabl ewdeh 'itl which is capable of polynerizing to fgm%rrer
having a high ion pérneability. Preferably, the |lens includeS™a core’
polymeric material and ophthalmcally conpatible surfaces. In a preferred
embodi ment, the surface is nore hydrophiliggand |ipophobic than the core
polymeric material . Anot her enbodi nment of the invention is a nmethod of
form ng an ophthal mic | ens having hi gh oxygen perneability and high ion
perneability. The nethod includes the step of formng a core material,
havi ng an i-nnextendediwaat lens dnzomeat health or benause thedenstwouid ot navan tomeye.

pathway for ifiyd fnarPRmainsbedlfor dfophtriific éamuﬁnertraﬂéwem dolyRfesigor t are
present fromthe i1nner to the outer%ﬂs J@ﬁg’%ﬂguq referred enmbodi nent, the

met hod i ncl ud@ateyiplyich,is syifpd 1o gxtended pe coptagiavith agulag fisgug @8d .y o
hydrophi | i c tteanfisidhe core. A further enbodi ment of the invention is an
ophthalmc lens conprising a polymeric materi al V\:hi ch has a high oxygen

bilit d h h | i th I i terial
bei ng-for med PRUFSER ANBAMYABY I3t FHEMVERTION me &1  al i hel udi ng (2 at
| east one oxyperm segnment and (b) at |east one ionoperm segnent. The |ens
di spl ba
to maintain gé'?,‘ﬁﬁ?o?gfﬁ“ﬂ&“?"’ﬁrﬂﬁﬁ’%'%%‘a‘%ﬁ@g*#%“? Bﬁﬂ‘ﬁ“ﬁ?% iyt borrieBbiY,
and wear er colepgpermeability, gn-sye mmem change, aliyal which areneytficient fricawmigal

of the inventhéanhlaada:aaﬁrbadfoﬁfdmﬁga&eadmméodcahﬁndwywaer.both an_oxygen
transm ssi on pathway and an ion transm ssion pathway frominner to outer
surface as an extended wear |ens. The nethod includes (a) applying the |ens

to the ocul arAratherabjestefithe invention isto Rigyide an aphthalmic lens capgilpof xiendedi nat e
contact with édMnmnslviﬁar amﬂdswaﬂaistfzomoarsmmba&kua&aaﬁal héaide ﬁﬂ:a&cuar@:ular

wi t hout subst adv e i e

preferred met'ﬁ%&}h oﬁg?'lﬂfﬁ'g %Fi’arﬁgr? Cpgétg%yy {lca%‘%'%ﬁsﬂ"ﬁ 53?%? ?%Hg rﬂgg?n

t he ocul ar ermarmmaomsanmmmmutﬁgbatamalmrse(impacapmopulnghwm orens to
the ocul ar engtns@meEdtmfortnd (f) allowing the lens to remain in intinate
contact with the ocular. enhvironment for a period of at |east an additional
24 hours. In a preferred enbodinent, the lens is worn for a continous
period of at'A&a‘bﬂrd&e@mmamiqmbmngmmh&lmﬂ&dhasgmmmemed:orneal

E?:'Ia'} }5298; O\S % adainicis wiak periods of at ledi) 28 hddré Without substantial corneal swelling or
consumer discomfort, and more preferably, to provide a lens capable of continuous wear of

4, 7, 14 or 30 days or more without substantial corneai swelling or consumer discomfort.

Yet another object of the invention is to provide methods of forming an extended-wear
ophthatmic lens. :

Still a further object of the invention is to provide methods of testing and classifying
ophthalmic lenses as candidates for true extended-wear.

These and other objects of the invention are met by the various embodlments described
herein.

One embodiment of the invention is an ophthalmic lens, suited to extended periods of wear
in continuous, intimate contact with ocular tissue and tear fiuid. The lens dispiays a balance
of oxygen permeability and ion permeability sufficient to maintain good corneat healith, .
adequate movement of the lens on the eye and wearer comfort during extended wear
periods. The lens is formed by polymerization, preferably copolymerization, of (a) at least ...
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OF TERMS |1. CORE_LRPALYMER AND LENS - A _Oxyperm pol ynerizable materials
B. | onoperm pol yneri zable naterial s C. Wight ratio of oxypermto i
i onoperm pol yneri zabl e material s D. Mor phol ogy E. Bul k Water

Cont ent . F. lon and Water Perneability 1. lonoflux lon .
Per neabi | i WP 28282r enent s 2. lonoton |on Per nmea®CIEPY6/01265 ;
Measur enent s 3. Hydrodel | Water Permeability Measurenents G
Oxygen Perneability and Transmi ssibility H. Mechani cal On-eye Myvenent
Par anet ers 1. Tensile Mdul us-4nd Short Rel axation Tine

2. Tangent Delta 3. Paraneter Conbinations 1. Exanpl es of
suitable materials 1. Material "A" 2. I\/aterial "B

3. Material, &y merlzaﬁe YateRaliviHich |Péapréb\dof%ﬂ81 e || BLE

SURFACES IV enses Conta t l'enses V.
NETHODS OFh#yie %QQEMQB@& 'VHH!!%EEQ Z@ at lagst ong-eneRegn ARlvmERERbit Majeralor.
LENSES which is eapable/os paigraerizing to form a polymer having a high ion’ permeability.
PCT/ EP96/ Oﬂ‘?eﬁe':fably. the lens includes a core polymeric material and ophthalmically oomﬁa%ble

surfaces. in a preferred smbodiment, the surface is more hydrophmc and Ilpophobtc than .

the core polymeric material.

Another embodiment of the invention is a method of forming an ophthaimic lens having high
oxygen permeability and high ion permeability. The method includes the step of forming a
core material, having an inner surface and an outer surface, such that at least one pathway
for ion transport and at least one pathway for oxygen transport are present from the inner to
the outer surface. In a preferred embodiment, the method includes treating the surface of
the lens to render the surface more hydrophilic than the core. |

A further embodiment of the invention is an ophthalmic lens comprising a polymeric material
which has a high oxygen permeability and a high ion or water permeability, the':polymeric
material being formed from at ieast one polymerizable material including (a) at least one
oxyperm segment and (b) at least one ionoperm segment. The lens displays a balance of
oxygen permeability and ion permeability sufficient to maintain good corneal health, '
adequate movement of the lens on the eye and wearer comfort during extended wear
periods.

Yet another embodiment of the invention is a method of using a contact lens having both an
oxygen transmission pathway and an ion transmission pathway from inner to outer surtace
as an extended wear lens. The method includes (a) applying the lens to the ocular
environment and (b) allowing the lens to remain in intimate contact with the ocular
environment for a period of at least 24 hours without substantial adverse impact on corneal
health or wearer comfort. A preferred method includes additional steps of (¢) removing the
lens from the ocular environment; (d) disinfecting the lens; (e} applying the lens to the
ocular environment; and (f) allowing the lens to remain in intimate contact with the ocular
environment for a period of at least an additional 24 hours. In a preferred embodiment, the
lens is worn for a continous period of at least seven days without substantial adverse
impact on corneal health or wearer comfort.
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I neeRtton—s—an ophthatnical | y conpatTbter—trTamsparent | ens surted—Tto

ext ended peri ods of continuous contact with ocul ar-tissue and tear fl uids.
"A particularly preferred embodi ment of the invention is an extended-wear
Vi st on COr' I e snveans suited for safe and confortabl e | ong pewEprssoREs

W t hout renova In order. to property describe the invention and to
delineate the metes and bounds of the cl ai ns, a set of basic terns will be
defined at the outset. 1. DEFIN TION O:I'ERI\/S An "ophthalmc |l ens", as

used herein, refers to |l enses which are placed in intimte contact W|th t he
eye ‘or tear fluid, such as contact |enses for vision correction (e.qg.

spherical, tQri j t _ ifd iLan of eye col or,
spner o2l B EnePot BRI BN F Ty ISR BRGSO, o2 °0l o7
ophthal m c healing pronoting | enses), and the like. A particularly
preferred oppidighitioN OFSTERMSN extended-wear contact |ens, especially .
ext ended- wear contact |enses for vision correction. A" poI yneri zabl e

mat érial which is capable of polynerizing to forma polynmer having a high
oxygen per mrelhbCORE\POLYMER ABD LENSI n, refers to nononers, oligoners,
macroners, and t Q?,J!,Egﬁ, b¥leMhdisridiger eof . which are capabl e of

pol ymeri zi ng V\ntA]h' e or un | e gﬁiﬁnrdsl zable materials to form-a pol yner
whi ch di spl ays B+ oneRermaolyma Hlaé’ oxygen diffusion therethrough. For
conveni ence of r@f Weﬁgﬁt&tuobhmemtannaﬂesmwolyindizaﬂeﬁmafmﬁ to herein as

"oxyper m pol yrrerbz%} erials" and the resultant polyners will be
referred to herein a osgqrmpolymars The oxygen transmissibility" of
a lens, as used FrePdkWaterContent; at e at which oxygen will pass through a

speci fi c opht halfi 1onlaft WatédBegmeabilitansmi ssi bility, Dk/t is conventionally

expressed in units Q‘f I%ﬂbfiﬂ%e%lﬁgﬁ%sﬁémmﬁ aver age thickness of the
e

material [in units of I'ng neasured and "barrer” is
defined as: 2. lonoton lon Permeghility,MeasyremeRtgen) (mm) / (cne) (sec) (mm

Hg)] x 10[err] The "3 pwmdnamh Maasu@heﬂtsl ens material does not
depend on | ens kn is the rate at which oxygen
will pass througﬁ m rln?ﬁ&ﬁ@é %‘%&MI ity is conventionally:
expressed i n unitl.sMethanical ©n-eye ntRarameters; s defi ned as:
[(cn err] oxygen) (MY} Yenbife W6duils drideShort Feldhtibn Fimed[ er 1] VO :
96/ 317 2. T t Delta
PCT/ EP96/ 01265 angen

3. Parameter COmbmations .

I. Examples of suitable materials
1. Material "A”
2. Material “B"
. 3. Material “C"
4. Material “D”

. OPHTHALMICALLY COMPATIBLE SURFACES

V. UTILITY
A. Ophthalmic lenses
B. Contact lenses
V. METHODS OF USE AS EXTENDED-WEAR LENSES

VI. METHODS OF MANUFACTURE OF LENSES



- 7- These are the units comonly used in the art. Thus, in order to be
consistent with the use in the art, the unit_"barrer” will. have the ...
nmeani ngs as defi ned above. For exarrpl e, a lens havi ng a Dk of 90 barrers
("oxygen perneability barrers”) and a thickness of 90 m crons (0.090 nm
woul d have_a Dk/t of 100 barrers/mm ("oxygen transmissibility barrers”/mmj.
A "pol yner V28wt eri al which is capable of pol yneri zi @’M%

pol ymer having a high ion perneability", as used herein, refers to .
mononers, oligonmers, nmacroners, and the_Lkike, and m xtures thereof, which
are capable of polymeri zing W|th li ke or unlike pol ymeri zabl e rraterlals to
forma polyner which displays a relatively high rate of ion or water -
perneation therethrough. For conveni ence of reference, these materials wll
be ref er r DESCRIPTIGN OFRFHE PREFERREDEMBODIMENTS mat erials" and the
resultant poI ymers will be referred to herein as "ionoperm polyners". A
"macroner”, as used herein, refers to a polynerizable material which has a

mol ecul ar QRS gmbodimentof the-aresent inventinngs gn opl halmically pempatibie, trasaparentlens as
used her eisuitediicsextetitiaq PBAGAEGT cOhtirlOUE Eontact Avith elIRFfdsue aRd tdap ﬁﬂd@ eaein

han aboutel Bretgey %@'ﬁéﬂﬂ}?éﬁﬁ‘hﬁ%ﬂﬁ@ﬂﬁﬁﬁ%&fﬁﬁ G on of

subst ant i dP'I'SySlUﬁﬂ fas saf lang teamiweag withextireroovahnlg gpdier 3o propery

separat e %&ﬁb&"thefnvanﬁbﬁdﬁdfte QBfirdate 1A0IMEIEY drid 155UnAS bthe cHIfHE %6 ?ﬂﬂﬁact erm
"phase” qg%n %h\? @P@*ﬁ% rraterl al descri-bed is a chem ca pure

subst ance Lft v l n bul k properties differ S|gn|f|cantly

fromthe properties of another phase within the material. Thus, with

respect taq, m%!omepimmponents of a lens, an ionoperm phase refers to-
a region conposed of essentially only ionoperm polyner (and water, when
hydrated), while an oxyperm phase refers to a region conposed of

essenti al IAﬂ “onhthalmic/lens masaisedberein, refers to lenses mbich aleqiared iraintimateccontacei n,

refers to vamrtsaworqéam 'saéH agédntact rantsgmc.@asneahtenem sﬁhet.ﬁur%n@

t f f ace of an
St ol oo B Khiads iciPeS it idlicdich o ay8 o, opfiersinic pio deleregevcste: ¢ wo
regi ons, dsulartissue prateciive davicgs forg. .fWW@IMlmmwmdénsds)thmmeﬂMt he .
ot her, ancbaaeataﬂ brefémtbﬁnmamc@e:eqaaﬁ %Mé?%ﬂta&tﬂ&@ \9%5%5% face of an

ngEI-} Cé::)g 6} Oﬂ%ge -\%rears coniacf Fenses %I’ VlgirO;l Icgl!reech hus, | -8 EL 792

A “polymerizable material which is capable of polymerizing to form a potymer having a high
oxygen permeability”, as used herein, refers to monomers, oligomers, macromers, and the
like, and mixiures thereof, which are capable of polymerizin'g with like or unlike
polymerizable materials to form a polymer which displays a relatively high rate of oxygen
diffusion therethrough. For convenience of reference, these materials will be referred to
herein as “oxyperm polymerizable materials™ and the resultant polymers will be referred to
herein as “oxyperm polymers®.

The “oxygen transmissibility” of a lens, as used herein, is the rate at which oxygen will pass
through a specific ophthalmic lens. Oxygen transmissibility, Dk#, is conventionally -
expressed in units of barrers/mm, where t is the average thickness of the material fin units
of mm]) over the area being measured and “barrer” is defined as:
[(cm’ oxygen){mm) / (cm*)(sec)(mm Hg)] x 10°
The “oxygen permeability”, Dk, of a iens material does hot depend on lens thickness.
Oxygen permeability is the rate at which oxygen will pass through a material. Oxygen
permeability is conventionally expressed in units of barrers, where “barrer” is defined as:
tcm® oxygen){mm) / (cm?)(sec)(mm Hg)] x 10°™° :



an ophthal m c | ens havi ng co-conti nuous phases of oxyperm pol ynmer and

|orre'p€rm—p01—y'ne-r—vm—|—+—h-ave—t-m contt+Avoos—patimays—or sets of cent+hAueds———.

pat hways extendl ng fromthe i'nner surface of the lens to the outer surface

of the |ens. "Mor phol ogy", as used herein, refers to the structure and
rel ati onshi p @fpdkhprphases of a material. "Qoht hal mcally c , as
used herein, refers to a material or surface of a materi al |c may ein

intimate contact with the ocul ar environnent for an extended period of tine
wi t hout significantly damagi ng the ocul ar .gnvi ronment and w t hout
significant user disconfort. Thus, an ophthal mcally conpatible contact
lens”will not produce significant comeal swelling, will adequately npve on
the eye with_blinking to pronote adequate tear exchange, w || not_ have
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heal i ng, eye .col or nodification, or- other ophthal m c applications.
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faces away fpromthe eye dyring wear. The outer suiface, which is typically
substanti al | ONApRR RO ‘al so be referred to as the front curve of -the
| ens. The "inner surface" of a.lens, as used herein, refers to the surface
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PCT/ EP96/ 012 6éacompasses oligomers -9-  "TRI S,
as used herein, refers to 3 nethacryloxypropyltrls(trlnethyI5|ony) 5|Iane
which is

A “monomer”, as used herein refers to a polymerizable material which has a molecular

weight of less than about 800 grams/mol.

A “phase”, as used herein, refers to a region of substantially uniform composition which is a
distinct and physically separate portion of a heterogeneous polymeric material. However,
the term “phase” does not imply that the material described is a chémically pure substance,
but merely that certain bulk properties differ significantly from the properties of another
phase within the material. Thus, with respect to the polymeric components of a lens, an
ionoperm phase refers to a region composed of essentially only ionoperm polymer (and
water, when hydrated), while an oxyperm phase refers to a region composed of essentially
only oxyperm polymer.

A “continuous phase”, as used herein, refers to a region of substantially uniform
‘composition which forms a continuous pathway from one surface of an article to another
surface of an article.

“Co-continuous phases” , as used herein, refers to at least two regions, each of
substantially uniform composition which differs from the other, and each of which forms a
continuous pathway from one surface of an article to another surface of an article. Thus,



represented by CAS No. 17096-07-0. The term"TRI S" al SO I ncl udes di ners of
3- methacryl oxypropyltris(trimethylsiloxy) silane. "Ml ecul ar wei ght" of

a polymeric material (including nononeric or macroneric materials), as used*
herein, refers to the nunber-average nol ecul ar wei ght unl ess ot herw se

speci f i cally neted or unless testing conditions indicate otherw se. A
Ogyper m PoWO§3172bl e Materials Oxyperm pol yneri zabl e natRCIERSOI26E| ude a ~
wi de range of materials which nmay be pol ynerized to forma pol yner

di splaying a relatively high oxygen di ff@SI on rate therethrough. In
addition, these materials nust be relatiVély ophthal mically conpatible.
These oxyperm pol yneri zable materials include, without Iimtation thereto, -
si | oxane- containing nacronmers and nononers, fluori ne cont al ni Nng macr omer s
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si | oxane- ctbnﬂrmensw@aqmtmmstommmmmlmm kyl siloxane groups,
especially dinmethyl siloxanes, are particularly preferred. These macroners

are broadl y,referred_t Il oxanes).. S0, P . The
si | oxane-c ?’ﬁ?ﬁ?ﬂ@ﬂ%@ﬁ?@?g &ﬂ %ﬁ¥%‘§%@ aﬁgﬁéﬁ&ﬁmef @P%%’.s%fanpl es
of suitabl ®atriloxane- cont ai ni ng macroners include, without limtation
thereto, the Materials A, B, C, and D as descri bed herein. . The oxygen
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swel |'s appi4P® %?F% pg %H?"‘#e?fl"fﬂﬂ's of sl eep when the
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However,  appiications.

“Hydrophilic”, as used herein, describes a material or portuon thereof which will more readily
associate with water than with lipids. :

A “hydrophilic surface ", as used herein, refers to a surface which is more hydrophilic and
lipophobic than the bulk or core material of an article. Thus, an ophthalmic lens having a
hydrophilic surface describes a lens having a core material having a certain hydrophilicity
surrounded, at least in part, by a surface which is more hydrophilic than the core.

The “outer surface” of a lens, as used herein, refers to the surface of the lens which faces
away from the eye during wear. The outer surface, which is typically substantially convex,
may also be referred to as the front curve of the lens. The “inner surface” of a lens, as used
herein, refers to the surface of the lens which faces towards the eye during wear. The inner
surface, which is typically substantlally concave, may also be referred to as the base curve
of the lens. B '



a preferred extended-wear contact lens will produce, after wear of about 24
houtrs—rretrudrrg—roerrrat—steep peri egs—coneat—swetr+tng of | es
8% nore preferably | ess than about 6% and nost preferably | ess than about
4% A preferred extended-wear contact lens will produce, after wear of

about 7 days I ng normal sleep periods, conmeal swelli nﬁ,‘;)%ﬁﬁﬁ t han
about 10% nordeg&birzﬂerably | ess than about 7% and nost preferably Fﬁg
t han-about 5% Thus, the extended-wear | ens nmust have oxyperm polynmer in an
anount sufficient to produce oxygen diffus®en pathways fromthe outer

surface to the inner surface of the lens which are sufficient to yield the
abové properties relating to corneal swelling. Preferably, the

ext ended- weay Ns has, a cont i nuo se of ox xt endi from
Che outer scrTFSs sp e iera rotort 7 FupltagyoRmOmREtmAyigE) sfaner which &

Pol yner i zabl ephésented by CAS No.ol7e86:-0p0! Ve teraeTRIS @isodn¢ludes dimerswfid- a wi de
range of mat gighabsi PyHRE{rirRnysilo amecd to forma pol yner displaying a
relatively high 10n diffiusion rate therethrough. In addition, these
‘materials nust be rel at ively ophthal mcally conpati bl e. These I onoperm

_pol y/ mer i zab™olemlar Mieidhs" af agolytheric miatenial includingtmdrionverit bematromeric matesials, and

nmet hacryl ate h r :

met hacryl am ﬁ%‘%ﬁ ?ﬁé@%xﬁmgg E@W#E‘F’aﬁﬂp éyé%o| s§ 23%%""‘52“"
pol y(et hyl en@"tgq’%'t'ﬂ?ss‘P\FtWﬁ?P 8W8R:h as N-vinyl -2- pyrrolidone;
and the |ike and m xtures thereof. Cl her ionopermmaterials are disclosed

I n the speci » gl S A-D, described bel ow. C. Wi ght

Rat i os The r; X orioper m pol yneri-zabl e materials nay vary
substantially, dependlng on the sel ected bal ance of oxygen perneability and
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about 40 wei ¢Hhoridfier Aridly alse vopRinhyirdphiie groipb! € material in the prepoly

meri zation m xture, based on total polynerizable nmaterial weight. Mre

preferably, t he prepol yneri zation mxture will contain about 70.to about 82
wei ght * Preferreghoyypesmpivmers are those formed .from .a siloxane-containing macromer..

PCT/ EP96/ 0 Il 2Iﬁ§cromarg havmgtdialkyl lsiloxar(xje grgups. espaclally dlmethyl siloxanes. ar%%aarﬂculaﬂ?r cent
oxyper m pol yne mat erial and. a ercen
i onoper m pol g‘ tﬁ itk i ?JB'? 5719'? MWF@%&?’W&
wei ght . POMS). The siloxane-containing macromer may also include hydropmlac groups. Examples
of suitable siloxane-containing macromers include, without limitation thereto, the Materials
A, B, C, and D as described herein.

The oxygen transmissibility (Dk/t) of the lens is preferably at least 70 barrers/mm, more-
preferably at least 75 barrers/mm, and most preferably at least 87 barrers/mm. The lens
center thickness is typically more than about 30 microns, preferably about 30 to about 200

- wmicrons, more preferably about 40 to about 150 microns, even more preferably about 50 to
about 120 microns, and most preferably about 60 to about 100 microns.

The oxygen transmissibility of the extended-wear lens from the outer surface to the inner

. surface must be sufficient to prevent any substantial corneal swelling during the period of
extended wear. It is known that the cornea swells approximately 3% to 4% during overnight
periods of sleep when the eyelids are closed, as a result of oxygen deprivation. It is also
known that wearing a typical contact lens, such as ACUVUE (Johnson & Johnson), for a



A wide variety of additional polymerizable materials may be Included in the
m xture prior to polynerization. &oss-linking agents, such.as ethylene. ..
gl ycol dinmethacrylate (EGDMA), may be added to inprove structural integrity®
and nmechani cal strength. Antimcrobial polynerizable materials such as

pol y(quatemary ammoni um) salts may be added to inhibit mcrobial growth on
the | ens mmﬁﬁ&% 2 Also, additional ionoperm nononers or rREYVEPEIR6SNJ
oxypern1po|ynerizab|e materials may be added to adjust the oxygen
perneability and ion perneability of thqotinal nol ded article. An

especi al | y advant ageous pol yneri zable material is TRI'S, which may act both
to increase oxygen perneability and to inprove the nodulus of elasticity.

A preferred prepolynerization mxture will include (a) about 30 to 60
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material s gL to better conprehen
t he |nvent? '%%@Q{emﬁrsgﬁg%%qg ﬁg{%ﬁﬁg{tﬁéﬂ% Specific weight or

vol une perc_ent ages of oxyperm and i onoperm pol yneri zabl e materials are not
t he nost cgl ]d@ﬁp@tﬂaﬁﬁ;.c_p%@'ger in preparing a good extended-wear
ophthalmc lens. Mre I1nportantly, the |l ens nust have sufficient jon .
permeability for good on-eye novenent and sufficient oxygen perneablllty

for good clonerasm pelymerizable; matesialsieciude 2 wigle sange-of maierialawhich may be - \\0O
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pyrrolidone; and the like and mixtures thereof. Other i tonoperm matenals are disclosed in
the specific embodiments of Materials A-D, described below

C. Weight Ratios

The ratios of oxyperm to ionoperm polymerizable materials may vary-substantially, -
depending on the selected balance of oxygen permeability and ion permeability for the
chosen end-use of the molded 'po'lymeric article. Preferably, the volumetric ratio of oxyperm
to ionoperm material (including water) in the fully hydrated lens is about 40 to about 60 to
about 60 to about 40. However, weight percentages, based on the total weight of the lens,
will be defined because weight percentages are more conveniently utilized in lens
fabrication. Prefer‘ably.' the extended-wear contact lenses having substantially only
jonoperm and oxyperm materials will have about 60 to about 85 weight percent oxyperm
polymerizable material and about 15 to about 40 weight percent ionoperm polymerizable
material in the prépolymerization mixture, based on total polymerizable material weight.
More preferably, the prepolymerization mixture will contain about 70 to about 82 weight




| mage di stortion, thereby destroying the value of the lens as a vision
correctron-devree—-—*hus*—f+ﬁ? | ens frst=—trave—a—ne=photogy whi
|l east about 80% nore preferably about 90% visible |ight transm ssion and
‘does not produce any significart undesirable inmage distortion. I n one
preferred enbgidiRpee the lens material has at |east two phaggs Wﬁ%ses
i ncl udi ng at l'east one oxyperm phase and at |east one ionoperm phase ile
there may be two distinct phases, it is believed that there may be a
transition phase, or interphase, in whichithe material composition and the
material properties are a blend of those of the oxyperm and ionoperm

mat eri al s. Thus, there may exi st a di stinct oxyperm phase or pIuraIity of
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PCT/ EP96/ 0126 amount of TRIS bout 10 to 33 weight percent, b
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warrants a diPerRetsress-linkingiagents total prapolymerization mixjure %M%’et he
wat er cont entpreferably, the prepolyrnenzatvon mlxture includes less than about 2 weight percent cross-
linking agent, based on the tolal prepolymerization mixture weight. Even more preferably,
the prepolymerization mixture includes substantially no cross-finking agent. In a particularly
preferred embodiment, the prepolymerization mixture includes no added cross-linking

agent.

The previously described ranges for oxyperm polymerizable materials, ionoparm
polymerizable materials, and TRIS are offered to enable the reader to better comprehend
the invention. However, it should be noted that the specific weight or volume percentages
of oxyperm and ionoperm polymerizable materials are not the most critical factors to
consider in preparing a good extended-wear ophthalmic lens. More importantly, the lens
must have sufficient ion permeability for good on-eye movement and sufficient oxygen
permeability for good corneal health during the extended wear period.




The preferred bul k water content of the hydrated lens will be a function of
the lens material _properties. The_nmaterial properties are dependent on the
prepol ymeri zati on macroners and nononmers and pol yneri zati on conditions.
Thus, the preferred water content for a lons including a |
fluorine-cont ai ning oxypermmaterial may be different fromthat of a lens i
i ncl udi ng WePB2ne- cont ai ni ng oxyperm material . Accor di rRAKE |
general ranges for bulk water content are offered for a bet t er )
understanding of the invention, the invejyion is not generally linmted to

~

specific bulk water contents. One net hod of neasuring the water content
of a lens fornmed in accordance with the present invention, referred to
herein as the " Bul k Technique", is as follows. First the lens is

t hor oughl yDh\Moepholodyn a physi ol ogi cal saline solution, such that the water
inthe lens is in equilibriumw th the surrounding water. Next the lens is
gently bl opted betwe ree b ting cloths to renove surface
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The existence of separate oxyperm and ionoperm phases, rather than a eomplete blend of
oxyperm and ionoperm phases, is believed to be advantageous in promoting the diffusion
of oxygen and ions. Oxygen will diffuse predominantly through the. oxyperm polymer, while
the ionoperm polymer provides a higher barrier to oxygen diffusion. Similarly, ions will
diffuse well through the ionoperm polymer, but the oxyperm polymer provides a higher
resistance to ion diffusion. Thus, one homogeneous oxyperm/ionoperm phase will provide
undesirable resistance to both oxygen and ion diffusion, while two separate oxyperm and
ionoperm phases will provide low resistance pathways for transmission of both oxygen and
ions or water. Thus, the ideal extended-wear lens has a pathway or series of pathways
from the outer surface to the inner surface for transmission of oxygen therethrough, and an
analogous continuous pathway or series of pathways for transmission of water or ions
therethrough. In a particularly preferred embodiment, the lens has two co-continuous
phases, one an oxyperm phase and the other an ionoperm phase, allowing for permeation
of water or ions and oxygen between the front and base curves of the lens.



It is theorized that water perneability is an exceptionally inportant

f eattre—or—af—extentdet—wear | ens—whrctrTrctodes—oxyper m pol yners—suchas
t hose discl osed herein. Si | oxane- contai ning oxypermmaterials tend to
~adhere strongly to the eye, thereby st oppi ng on-eye novenent. The ability
to pass wategddihpegh the lens is believed to allow a sil oxaigayEpsQenés ni ng
polyneric lens to nove on the eye, where the novenent occurs :via forces
exerted by water being squeezed out of the |lens. The water perneability of
the lens is also believed inportant in redBenishing | ens water content once
pressure is renoved. Further, the perneability of ions is believed to be
directly proportional to the pernmeability of water. Thus, ion permeability
is a predict rPQ{k‘Q&ee&gn@yenent However, regardl ess of whether the

wat er per neabi a correct understandlng of the actual on-eye
novenent phenonenon, it has been unexpectedly found that above a certain
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weighing pan and the first wet welght. W, is measured Next, the aluminum pan with lens

is placed in a oven at 36°C for a period of at least 24 hours. After heat treating, the pan
with lens is removed, placed in a desiccator, and allowed to cool to room temperature
(about 22°C). The pan with lens is weighed again to determine the dry weight, Ws. The

- lens is re-equilibrated in physiological saline solution and a second wet weight W: is
determined thereon. The wet weights (W, and W,) are averaged fo yield an average wet
weight, W,.. The bulk water content is determined by the following equation:

Percent water content = (W,, - Wy) / W,, x 100

A preferred lens bulk water content, de'te_rm,ined by the “ Bulk Technique”, is less than about
32 weight percent. More preferably, the iens has a water content of about 10 to 30 weight
percent, based on the total !ens weight. A particularly preferred lens water content is about
15 to about 25 welght percent



The water perneability of a lens may be determ ned fromthe rate of water
pernmeation through_the |lens, fromone surface to another surface. The water .
perneability of a | ens may be determ ned by positioning a | ens between two ~
reservoirs hol ding solutions having known, and different, initial
concentrations of radlol abeled water (e.g., tritiated water), and then
measuri ng NBIRat i on of radiol abel ed water in the " ec RCWERISORS er voi r -~
(the reservoir towards which the net flow of radiol abeled water is

positive) as a function of tine. The rglative ion permeability of a | ens’
may be determined fromthe rate of ion pernmeation through the lens, from
one surface to another surface. The rate of ion perneation may be :
determ ned by positioning a | ens between two reservoirs hol ding sol utions
havi ng kno#n loraanti WaterPeemeabllityi ti al i on concentrati ons, and then neasuring
conductivity in the "receiving" reservoir (the reservoir towards which the
net flow of ions is ositive as_a function of tine. The concentration of

i ons, suchUaexrestedlynt hasbeendeterminadLhatibe ion Aeemeability thipugh the Iees carrelgtes an
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following technique, referred to herein as the "lonoflux Technique", is a
preferred nethod for determnin he lon perneability of a |lens. ThIS
t echni que Higthenrized that wateaeem is B ex¢eptipnaily impartant tbetyemfoe an extepded-
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pass thro th The anmber_ | s co osed of dss tube whi ch: s
i's threadgﬁn‘ '°ﬁﬁ8’e’%?%’%'ﬁéwf?‘58Ph$fé"§%fa'ﬁ'9¥ recei vi ng soI ution. The

gl ass tube includes a centrally located hole of about 9 mmin dianeter. A

lid wh
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seal the eeffein tbqeshhold of ion permeability through a lens, from the inner surface of the lens to
the outer, or vice versa, the lens will move on the eye, and below the threshhold the lens
will adhere to the eye. Thus, the present innovative extended-wear contact lenses provide
a balance between the relatively high oxygen permeab:lny (and associated high b:nding
capacity) of oxyperm matenals with the low bmdmg capacity {high' on-eye movement) of
ionoperm materials. It is believed that this'is accomplished by providing a piurality of
continuous ion transmission pathways for ion and water movement through the lens.

It should be noted that ions may move through the lens via these ion pathways by a number
of means. For example, ions may diffuse through the lens because of concentration
differences from one surface to another. lons may also be forced through the ion pathways
by the mechanical action of blinking, with the concomittent compression forces on the lens
“essentially squeezing water out of the lens. In addition, the charge nature of the surfaces
may provide an electromotive force which drives ion pérmeation through the lens. At times,
one of these driving forces may be larger than the others, while at other times the relative



the inner (concave) surface of a lens and a female portion adapted to nmate

W th—ant—seat—the—etges—of—the out er—eomrexy—surtace of a | ens: —Fhet+ens——
to be nmeasured |Is placed in the |ens-retaining nmenber, between the mal e and
femal e portions: The nale and femal e portions include flexible sealing

rings which g ,g? ol i Oned between the |ens and the respecti pepEPls1ss

fermal e portion. After positioning the lens in the |ens-retaining menber,

the lens-retaining nenber is placed in the threaded |lid. The lid is screwed
onto the glass tube to define the donor ch&ber. The donor chanber is

filled wth 16 mM of 0.1 nolar NaCd solution. The receiving chanber is

filled wwth 60 mM of deionized water. The | eads of the conductivity neter
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dc = concentratlon dlfference [ mol /L] dx = thickness of |ens
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10[err] mmierr or_achi evi m)vement

More pr ef er aghipugh the '?’En@?’?’lﬁ’ﬂe urfacedp gnotheisurace.. Fie wate @P@M.Y'&?éﬂ 1efsout
2.6 x 10[ er r |maytecdetérimined byiositiening alersrbeivesenitivy resenairs hokifngisslutiorist havingn
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Di f fusi on Codévwards which e niet fiow of radicldbeledwateris podiive) by atflrictiorgtf tirkee | ens,
and thereby is a predictor of on-eye nmovenent. 2. |l onoton Measurenent
Techni gue The fol [ owi ng technique, referred to herein as the "l-onoton

Techni que, | Ihareiativerionpermeability ofadengmae dateraingd frarm theate.of jom Repraeation
per meabi | i t y tivough theens, fférm ohe eiiMacaito ahthBrsiPiics. TTHEfute 6HOR pérmpatidn hay be

diffusion of d@&%ﬂ% %{) wgﬁ&\?n&;]feﬂg ggtvi%eh W reservoirs. holding solutions having known,

and different, initial ion concentrations, and then measuring conductivity. in the “receiving”
reservoir (the reservoir towards which the net flow of ions is positive) as a function of time.
The concentration of ions, such as sodium, can be measured accurately using a pH meter
and an ion-selective electrode. lons are believed to be transmitted through a lens, from
inner to outer surfaces and vice versa, primarily by the diffusion of ions through water

. pathways in the lens. lon permeability through a lens is believed to be directly proportional
to water permeability through a lens.

1. lonoflux Measurement Technique

The following technique, referred to herein as the “lonofiux Technique”, is a preferred
method for determining the ion permeability of a lens. This technique may be used to
determine the likelihood of adequate on-eye movement.

. The “lonoflux Technique"” involves the use of a conductometer (LF 2000/C, catalog no.
-300105, Wissenschaftlich-Technische Werkstatten GmbH (WTW), Germany), an electrode
equipped with a temperature sensor (LR 01/T, catalog no. 302 520, WTW), a donor
chamber containing a salt solution, a receiving chamber containing about 60 mi of
deionized water, a stir bar and a thermostat.



The "l onoton Techni que" involves the use of a pH neter (Beckman, VWR

catal og no. BK123142). a VSC-1 Diffusion Cell Drive Console (Crown-Bio, .
Somerville, NJ), a DCB- 100B Diffusion Cell (Crown-Bio), and a 6 cm sodi um”
i on-specific electrode (Mcroelec- tronics, Londonderry, NH catal 0g no.

M -414P) .. The technique is not limted to the aforementioned instruments or,
mat eri al SWQWIM ent instrunents or materials may be us e BCT/EPIG(01265
contact lens is nmounted onto an orifice of the DCB-100B cell chanber, the .
donor chanber. Next, the connecting celi{gchanber (receptor chanber) is

pl aced against the cell chanber containing the contact lens and tightly

cl anped on the clanp holder supplied with the VSC-1 Drive Console. Then, a
phosphat e- buf fered sal i ne (PBS, Mediatech catal og no. 21-031-LV) is placed
into the receptor side of the cell chanber. Stir bars are added to each
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sodi um i ot edges| ofthe outer (convex) surface of & lensaenbr ane area, - i.e., | éns area
exposed to cells . V = vol une of cell corrpartrrent (3 0 n1)
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aver agi ng a nu er of readln 8'6?1' 10 reia OWE}%E&};G
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(t) v ge nlzed ﬁ\e eadA of the conductivity meter are immersed in the:
deionized water of the receiving chamber and a stir bar is added to the receiving chamber.
The receiving chamber is placed in a thermostat and the temperature is held at about 35°C.
Finally, the donor chamber is immersed in the receiving chamber.

Measurements of conductivity are taken every 20 minutes for about three hours, starting 10
minutes after immersion of the donor chamber into the receiving chamber. The lonofiux
Diffusion Coefficient, D, is determined by applying Fick’s law as follows:
D=-n'/{Axdc/dx)

where n’ = rate of ion transport [mol/min]

A = area of lens exposed [mm?]

= lonofiux Diffusion Coefficientfmm?/min}
dc = concentration difference [mol/L}]
dx = thickness of iens {mm]

An lonoflux Diffusion Coefficient of greater than about 6.4 x 10" mm?/min is preferred for
achieving sufficient on-eye movement. More preferably, the lonofiux Diffusion Coefficient is
greater than about 2.6 x 10°® mm?/min, while most preferably, the lonofiux Diffusion
Coefficient is greater than about 1.5 x 10 mm%min. It must be emphasized that the



An | onoton lon Perneability Coefficient, P, of greater than about 0.2 x

10fer+{—chf-er]fsec—s—preferred, —vﬂ-—l—e—g#e-&t—e*—%—h-&n—about 0.-8—%

10[err]/sec is nore preferred.and greater than about 0.4 x 10[err]
cnferr]/sec is nost preferred. It nust be enphasized that the | onoton ion
Peraeability_Coe lent correlates with ion perrreabllltytws,b | ens,
.and thereby i %#’gdl ctor of on-eye novenent 3. Hydrodell ter ﬁ@s
Perrreabl lity Techni que The followi ng technique, referred to herein as the
"Hydrodel |l Technique", is a preferred netht®l-for determ ning the water

perneability of a Iens This technique may be used to determ ne the
| i kel i hood of adequate on-eye nmovenent The Hydrodel | Technique involves
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pl i | 1ipor e21-081-:V) igmiaced mgv reeepigr sideof thegellchamber. Stir bars are added to each
cell chamber. The 6 cm electrode is placed into the PBS saline receptor side. After the
electrode has equilibrated in the PBS saline, the pH meter is placed in the mV'functi_on to
establish the 0 mV point. PBS which has been saturated with sodium chloride is added to

the donor chamber.

The millivolt signal is recorded at 5, 10, 15, 30, 60, 120, and 1 80 minute intervais. The
millivolt signal is converted to a-sodium ion concentration by a standard curve of sodium ion
concentration vs. millivolt signal. The lonoton lon Permeability Coefficient, P, is then
. determined in accordance with the following equation:
in{ 1 - 2C(t)/C(0) ) = -2APt / Vd

where: C(t) = concentration of sodium ions at time t in the receiving cell
C(0) = initial concentration of sodium ions in donorcell
A = membrane area, i.e., lsns area exposed to cells
V = volume of cell compartment (3.0 ml)
d= average lens thickness in the area exposed
P = permeability coefficient



The Chamber | solution is prepared by adding about 6 pl THO (TR53, 1.0
mCi/m activity, available from Anmersham-Australia, |located in North Ryde.
NSW Austral ia) and about 16 pl [err]Cglucose (in ethanol, available from
Anmer sham Australia) to about 12 m of the Cold d ucose buffer sol ution.
Preferably, this solution is used within about 24 hours of preparation. The_
Chanber |1 WO, | s DPBS. b. Apparatus Preparati on ThRCHERNGOI6S have a
vol unme suff|C|ent to hold about 12 ml of solution during testing. Wile the
exact shape of the chanbers is not criti_qél_, bot h chanbers have rectangul ar
cross-sections for ease of construction. The chanbers may be made from a
variety of water-proof rigid nmaterials, preferably clear (e.g., acrylic.

pl ates, FX Plastics, Marrickville NSWAustralia) so that sanples may be
observed during testing. Each chanber has a circul ar aperture of about 7 mm

di anet er amgg%,la?gméﬁgsgmm ‘eﬂﬁ %ersﬁo%gtt&ﬁgﬁﬂ[ %}B&@&Pﬁﬁlﬁed( ~cont act

Wi th sol utions means, such as a set
of rmounti nGVB3P l"ga%"@eﬁe{‘}@gg'ﬁg‘? &gy Wseadings, with@ 'wasemme% t-he other & .
wi th the | emeasornginstcument,saichvas a Mitotoyatnsisrometsr VLES0, beoquivatentmidied! The

symret ri calibnpd, ﬁf] rﬁgnﬁeﬂﬂﬁf éUéfﬁcl@ ﬁmihp "unhtd of & %oﬁ’tp Qnﬁyj’ He%%ﬁ'l{r%de F

manual | y renoved ens posS| |oned acen
aperture a8 slopa of & plot gktime, Ry i 1)- Izc(m)t)ﬁ‘e(%é?@)ers are secured to
one anot her using nounting bolts. About 12 m (V[err]) of DPBS is placed
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Col d[ err] ensthddfol détermining theavdtérgiormiaatiity of 4 leas. Weféchﬁaue ni&?lble@eéu to
Connecti c u%e?rﬂﬂe%h&o% of haddeiate on-eye movement. :

The Hydrodell Technique involves the measurement of the rate of transfer of the
radiolabeled solutes THO (*H-HO or tritiated water) and **C-glucose across the contact lens

* using a two-chamber apparatus. '*C-glucose is used in this measurement technique to
reveal any leak in the system during testing. The lens is mounted between chambers,
which are stirred at a controllable rate. Chamber | contains a solution with a high
concentration of iabeled solute. Chamber i, the “receiving chamber”, contains an identical
solution but without the labeled solute. Samples of the solution in chambers | and Il are
taken at intervals over the test period. The radioactivity in the samples is measured. The
permeability of the lens is calculated from the measured radioactivity, the sample times, the
chamber volumes and the lens area exposed to the solutions. A more detailed description
of the Hydrodell Technique follows.

a. Solution Preparation -
Dulbecco’s phosphate buffered saline (DPBS) is prepared by first dlssolvmg. sequentially,

about 160 g sodium chioride (NaCl), about 4 grams potassium chloride (KCl), about 23
grams disodium hydrogen orthophosphate {Na;HPO,), about 4 grams potassium
dihydrogen orthophosphate (KH.PO,), and about 10 grams sodium azide in a liter of
reverse-osmosis (MilliQ) water. Then, the pH is adjusted to about 7.3 by adding appropriate



Also at tinme t[err], one sanple of about 1.0 m volune is pipetted from
Cha14‘oe|h—r-l—a-nﬁ—o1°re—i—e—n+—-a-l—|-quot ot—BPRBS~s—added— 0 Chanber | —te—+estore
t he vol une. The sanple is pl aced into a plastic counting tube with about 4
m Utim Goldferr] cocktail. internediate tines between to and t[err]

(e.g., every ) es), one sarrple of about 1.0 m volune i W d
from Chanber %gﬁ%ne 1.0 M aliquot of DPBS is added to Cflil'gr er .{l&to
restore the volunme. Each sanple is placed into a plastic counting tube with
about 4 mM Utim Gold[err] cocktail. At1gime t[err], two sanples of

about 0.2 m volune are pipetted from Chanber 1. These sanples are placed
into plastic counting tubes with about 4 n1 Utim ol d[err] cocktail and

about 0.9 m DPBS. | so_at tinme err | es of ab ol u
are pipetted amwmseﬁg?ie’r’m?'!v hﬂ%éfg %FIBHMOI"HP ﬁnsa&*!'%w'th 850
counting t ubewl reverse-censts water) abll aflowed®o Iddgas eithecinadceaw-capped colthinetr enent s
The acti vi ty o %m‘dﬂfoﬁma%\?a%u%? measured by liquid scintillation counting,
or other appropriate technique. Liquid scintillation counting may be

advant ageousl y acconplished by using protocol nunber 6 for [err]H [err]C on
a Tri-Carb LixGold Ghsiosé blffexisolutionls propaesd Kyl &ftfingaboat/o i Igear<eDiglucosdoainaiiter

B, e, B SR SN g AN 4 e

cont ai ni ng a¥auntile®ar 1] to 10[err] cpm[err]C glucose in reversed- osnosis
(MI11iQ water are also prepared. A blank containing MI1iQ water is

prep g;,gg  o1odbe Chamb& P&iuiiod &prepared by adding about 6 4l THO (TRS3, 1.0 mCiml aggiviy,

The scint i | | availaplefrom HmershamAysirglia, icated|imNeartiy Ryde/N§WHAustralia) and ageut 16q4

Ee r2 r]H (" h ) M0igiaéuse il ethanel) évailablefrofi?Alferéhamuelriliay tol afouk e/mi erthéebrg] c
in c a s durin

each count i n éguﬂ}%gﬂn M%%%ngﬁ@qégﬁ“@hﬁg%@rzﬁg'f’ﬁt'ﬂg\%?ng deno?e

t he rel evant Pmprbﬁﬁb?@bﬁdlsﬂuﬂpn&DP b[err] = neasured

activity of blank sanmple in channel 1 b[err] = nmeasured

activity of blagnk s n'pge I n.channel 2 S[err] = nmeasured
activity of tmréﬂ%npleln channel 1 . ‘Slerr] = .
measur ed act iThe chambers haveia voluthe sufficienttahold abautct2miafisolrtion during testing.
”anmlﬁgaé‘éﬁcvsﬁabe%? m%:cﬁaﬁkﬁéﬂ i$ ﬁétr&igbﬁ oM &a\'ﬁbaﬁhﬂ% eéctanguuar |
nmeasure of . s err sa n nn
e 2 oS o ot bt ShaTSelaf T Ciarmiey By bbimadh W vty o
channel 1 water-proof rigid materials, preferably clear (e g., acryhc plates Fx Plastics, Marrickville
NSW Australia) so that samples may be abserved during testing. Each chamber has a
- . circular aperture of about 7 mm diameter appropriate for mounting a lens between the
chambers for contact with solutions held within the chambers. Some affixing means, such
as a set of mounting boits, are necessary to securely affix one chamber to the other with
the lens mounted in between.
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A test contact lens is mounted symmetrically over the aperture of Chamber I1.- Folds and
wrinkies are manually removed from the lens. Chamber | is positioned adjacent the
aperture and mounted lens of Chamber Il, and the chambers are secured to one another
using mounting bolts.

About 12 mi (V) of DPBS is placed in Chamber Il. About 12 r_nl.of the Chamber | labeled
solution is placed in Chamber |, at which point time t=0 is established. Stirrers are added to
both chambers and the stirrer speed is set at about 1200 rpm.



Y[err] = measured activity of test sanple (both [err]H and [err]C) in
channel 2 e. Water Perneability Calculation In order to calculate the
actual activity of a sanple, the nmeasured activities of the isotopes,
[err]H and [err]C, nust first be corrected to renove the

cross-contam nation error due to the presence of both isotopes in one

sanpl e. \WWB®B1M8Xpl ai ni ng the nat hematical derivations, PSS ng
stepwi se procedure is offered as an exanple of one nethod of determ ning
wat er perneability fromthe above rreasu5§rrents (1) Calculate
Slerr],S[err], Slerr], and S[err], fromTtThe follow ng equati ons:

Slerr] = S[err] - b[err] S[err]= S[err] - bf[err] :
S[err] = S[err] - b[err] S[err] = Serr] - b2 (2) Calculate
alerr] anc. eSggm_hgfromthe fol I ow ng equati ons: aferr] =

corr ot e EHEREraraty s s e il o B pe sl L AN g

equat i ons: about 50 mmutes for I@Ibwpger coqt?é; qqspf ang, inutes for low water

af err] (y[ eohlenblenses] hlldo@a@aiesenm{sawr}dtvrmw clerr] =
[(y[err]-b[err]) - a[err](y[err]-bferr])]/(1l-alerr]-alerr])V where Vis
the volune of the test sanple. WO 96/ 31792

PCT/ EP96/ g to = 5 minutes, two samples of about 0.2 mi volume are pipetted from Chagmber |, (4)

fCa: Ic ul at e anattRb oRaRIERGoS of PPESar@added!ic Chainbbr o résisre te volurhé. e'nlidseas
ol I OWs:

V Ia sree d r}th tubes with 'f"“? I?“'co wh
e e e St v

3H in Chanber Il at tine t2, c[err](t[err]) is the concentration of [err]H
i n Chanber tJ t SUr err s the
aver age ccm%oe%%tf‘ gﬁe#ﬁpﬁq]a&?ﬁ Q?&?‘r@%ﬁgfs %\’/A@g%ﬁgﬁﬁm&ﬁr@ [e rl] to
t2 and c| gnqulquomgss is added to Chamber Il to restore the volume. The sample is placed into

a plastic counting tube with about 4 mi Ultima Gold™ cockall, -

At intermediate times between t, and ; {e.g., every 10 minutes), one sample of about 1.0 m!
volume is pipetted from Chamber Il and one 1.0 mi aliquot of DPBS is added to Chamber II
1o restore the volume. Each sample is placed into a plastlc courmng tube with about 4 mi
Ultima Gold™ cocktail. -

Attime 1, two samples of about 0.2 m! volume are pipetted from Chamber . These
samples are placed into plastic countlng tubes with about 4 m! Uitima Gold™ cocktail and
about 0. 9 mi DPBS. :

Also at time ¢;, two samples of about 1.0 mi volume are pipetted from Chamber Il. These
samples are placed into plastic counting tubes with about 4 m! Ultima Gold™ cocktail.

d. Measurements -

The activity of the samples are measured by liquid scintillation counting, or other
appropriate technique. Liquid scintillation counting may be advantageousty accomplished
by using protocol number 6 for *H/*C on a Tri-Carb Liquid Scintillation Analyzer (1900TR,
available from Packard Instrument 00 ). '

Three standards containing about 10* to 10° cpm THO in reverséed-osmosis (MilliQ) water
are prepared. Three standards containing about 10* to 10° cpm “C glucose in reversed-
osmosis (MilliQ) water are also prepared. A bilank containing MilliQ water is prepared.



average concentration of [err]H in Chanber Il over the tine period t[err]
t 0 +fer+—Fhe—ophthatne—tenses of—ore—entedt-ment—of the presenmt—

i nvention have a Hydrodell Water Perneability Coefficient of greater than
about 0.2 x 10[err]cnferr]/sec. The ophthalmc lenses in a preferred
enbodi nent  of ﬁt;g%i',g%/ention have Hydrodel| Water Perneabil it pcrepdsorsesent
of greater thy out 0.3 x IO[err]cnferr]/sec. The ophthalmc lenses in a
preferred enbodi nent of the invention have Hydrodell Water Perneability
Coefficient of greater than about 0.4 x |-®&lerr] cnferr]/sec. G Oxygen
Transm ssibility and Perneability As mentioned earlier, the cornea

recei ves oxygen primarily fromthe comeal surface which is exposed to the

environnment, Jjn_¢ : as ' s ' Cel d
Flow Thus, . The atihicianelvBaruehiigs sre s = by ohd i€ el 8P e L] Ahehl?
peri ods of t¥aedkB8+ 12 KeMand PR ei1§ﬁtK9J>€9©eﬁ(12'c')ipeMmat% stepdardsand ens
to the cornegahRare\tobirted s tMas dirfiy dadh colifting®$ Sarhples, anb the@untarsecei Vi ng
an i nadequat e anou trhgf XYOen i s o hat th QL e sWIA“ v“:‘ In a _
preferred enBYRIRIR%,The o DRI PR FRNEELMERTYeS SApPe A sent opht hal ni ¢
| enses is suffici entbyt=omeasuredactivity oihiank sampleinghgmeliicant anount of '
(r:]or neal swelli n? fr g)Ofe Hbgl,_lfr:é(?getw / Iﬁlﬁdﬂ%ﬂ%&ﬁ%@ c | ens] material wll
ave an oxygen transgissibili . .. 0 east . c rr
oxygen) (mm) / nm cni erﬂ' W??@%W%;&f‘%f@:h”&pﬁe['ﬂgp%fmﬂ , mor
Brefera/bl y at [I_.ﬁast Qémmmmml_'&aﬂmplammamaﬂaeast 87 .
arrers/ mm e oxygel FeRretilityiof s@inddrd!® transm ssibility
of a lens material )@5 ggé%‘e’termf%de)’t(?fb}/ tﬁ'g,? I 'ovyi gaﬁ?’g@gique.- Oxygen
fluxes (J) are nmeasu?®d mgasypdactyty of slagdard; (g‘é?’f'pﬂ.‘a'.a,"" streanms are
mai nt ai ned at about y]&GBReasatedtdctivitylof tastisample dxatimiH andRCpachans t unent

(avai | abl e from Apply, einaasiedAciVR oPRYPALHIIE ot M and WEFh GRameR2Or 01 @) OF
-23 -

PCT/ EP96/ 01265 K -
sim |l ar anal gt Wate datign r stream having a known' percent age of

ater Ref
oxygen (e.qg. 9 | ' f SRSvitls '
about 10 to ?O&éar{%ﬁﬁm fri]ﬁé mﬁ%rﬁ?%ﬁgﬁ%&%ﬁﬁ% .passeéﬁg_{laq%ﬂ%ﬁs'
opposi te si ddi and tempstfitst he carreded-togpmgyp the cressicontaminatipe prpn duedo thehe
bﬁ-r 0 Ir(nat ri c( Ppreséntedf dothlisuiopts iy ohdsaniplé.t Wl_thoﬁ![z=.ss:plainingic the matiienatical délivations,

t hi ckness (t : ' P
det erm ned b%/'eqné“é"s"{ﬁ}ﬁ 4rtl a%éoﬁ?E%réggfﬁn%%ﬁ%%@%to% (r)r&/%%?lgt e nglrng
VL-50, or siWalenpermeability{m the shevemeas@®ments:he neasurenents. The oxygen
concentration in the nitrogen stream (i.e., oxygen which diffuses through

the 1 ens) | 5o askihisheds] 85, BCarRl S0 orh el AR acubbn? ™ 95
S1=8n-b
S12=S8"12-by
Sx=82n-b
S2=82%-b

(2) Calculate a,; and a;, from the following equations:
a2 =82/ Sz
axn =82/8u

(3) Calculate corrected concentrations of °H (*1”) and "C (“2") from the following
equations: '
€y = [(yr by) - 312 (y2- b)) / (1- @2 @20)V
Cz = [{ye- D2} - 821 {y1- D1)} / {1- @2 @20)V

where V is the volume of the test sample.



perneability of the lens material, Derr], is determined fromthe foll ow ng

fornmul a: o _ , Dk = jt/(Plerr]) where: J
= oxygen flux [mcroliters Qerr]/cnferr]-m nute] [errJoxygen =
([err]measured - [err]water vapor) x (¥Jerr] in air streanm) [nm Hg]

= partial pressure of oxygen in the air stream [err] neasured - .
bar onet r i WQEH2r e [ nm Hg] [err]water vapor = O rPCTAPINOI288[ err] C
(in a dry cell) [mm Hg] [err]water vapor = 40 nmHg at 34[err]C (in
a wet cell) [nmm Hg] - t = average %ickness of the lens over the
exposed.test area [mm] where Dk is expressed in units of barrers, i.e.,

[ (cc oxygen)(mm/cnferr]] x [sec/mmHg] x 10[err]. The oxygen
transmissibility (Derr]/t) of the material may be cal cul ated by dividing
t he oxygen perneability (D err]) by the average thickness (t) of the |ens.

or cdi ot oatd  STAEHS el LERTReu ol BF el ol R o RIRRET 0, “arer

perneability through the l'ens, or both the mechanical properties and ion or |
wat er perneabil i ta/zvl,ng;,(i,yza,{(g,)]p R,dapvemrent may be predicted nore
accurately froma conbi nation of mechanical properties and ion or water
permeability. 1. Tensile Mdulus and Short Relaxation Tine Tensile

mechani cawheredh isthe nolympof Gbambenth ¢i(thisithsconcanteationof *H in Chambenil attime

mechani ca,, ity Rhé céifcenttatiint 844 i CharRberlf Rifdeit]) A i8 tefsrba SABRY Scpbbra) § | ens

Bl oy S e Hiq hverge Goncsriration of A Crafbel Fver e tivie pefiod tdo L and 6y s the

PCT/ EPO6/ @Epgd® concentration of °H in Chamber Il over the time pericd tytote,. - 24 - 1.
Cut a parallel-sided strip through the center of the l'ens. A suitable wdth
for the sirip.is.apqut 3.1 nm 2. | rse the test, strip in a

phosphat eﬁﬁﬁﬂ’@?’é’&"’ %{F‘PﬁaiL 5o Wﬁ?ﬂ\mﬁﬁf'&?’ﬁ%&ﬁt Han Nave o Hydpdsl Nyster, | | ty)

for a perPerheabilityloefficiont bigreatetthan aboutds2 i 19 crd/secC(ine ophthaleitiiensesdih

testing W bhbtdrRf dnftinidrit oPthe WVRRfiGhdve HURSIM Watalwdrhidbbifty THefieRnfdf

anbi ent tegger%turgo&aoé)ut 33#%&;0}“ o .
greater than a .3 X107 cim’/sec. The ophthalmic lenses ina preferred embodiment of
the invention have Hydrodell Water Permeability Coefficient of greater than about 0.4 x 10°®
cm?/sec. - ' S '

G. Oxygen Transmissibllity and Permeabiity

As mentioned earlier, the cornea receives oxygen primarily from the corneal surface which
is exposed to the environment, in contrast to other tissues which receives oxygen from
blood flow. Thus, an ophthalmic lens which may be worn on the eye for extended periods
of time must allow sufficient oxygen to permeate through the lens to the cornea to sustain
corneal health. One result of the cornea receiving an inadequate amount of oxygen is that
the cornea will swell. In a preferred embodiment, the oxygen transmissibility of the present
ophthalmic lenses is sufficient to prevent any clinically significant amount of corneal swelling
from occurring. '

A preferred ophthalmic iens material will have an oxygen transmisib'ility. Dk/t, of at least 70
{cm” oxygen){mm)/mm-cm?® x {sec/mm Hg) x 10° or [barrers/mm], more preferably at least
75 barrers/mm, and most preferably at least 87 barrersfmm. ' "

The oxygen permeability of a lens and oxygen transmissibility of a lens material may be
determined by the following technique. Oxygen fluxes (J) are measured at 34°C in a wet
cell (i.e., gas streams are maintained at about 100% relative humidity) using a Dk1000
instrument (available from Applied Design and Development Co., Norcross, Georgia), or



Tensil e nodul us may be neasured by applying a strain rate of about 100% per

m mateto tihetest—strTrpandTrecor dr-g=tire~resutant- st r ess. —However—the

procedure may be used at differing strain rates. Stress relaxation is
measured by applying a constant strain of about 5%to the test strip and
recordi ng thewogRifostnt stress for about 5 minutes. A useful P@W;@I
testing instrunent for this type of testing is the Vitrodyne \ rom

Li veco Bi onechanical Instrunents, located in Burlington, Vernont. 1In order
to anal yze stress relaxation data, a three-28enent Maxwel | -W echert nodel
(a spring and two spring-dashpot elenents in parallel) may be assumed for
the polynmer material. For this nodel the stress relaxation nodulus is given

by the foll = Ele

 er ) exp( - ¢ Sl ppahacal stramept, Ap i pizeary. haviag A koowy peropiabe gt SRYGeT (e s e
nor mal i zed t o209, :aaassedm(ossmne sidy obthedens &t adateofiabout 1A do 2R omPiosin., Whiles
curves may beping zeshmp%su&umsoa mm&uﬂubusa\@aa@@ﬂ&oﬁpfdmae (for

| e, CRIG f h
V(OO =y orr] CHPIORy e RPN pssi surRy Bl 1 sVRBRY Ponsured e85k The,
t he stress r elthicimeso(t) qﬂainaalaas innbe afearbejng. expesed|for téstingri detefrained by meassuring
A It hy
el asti ci ty, ﬁﬁ?ﬁ"%&%ﬁ%r :\m?ﬁ?g@ *@n‘%gggﬁ%t; ‘m’“ﬁ: coré‘érag{"g
well with on-
| ens pr ef er abkiffusesstheough tise lbas) ionisasised Gsihgthe DK1800 #ristrument. Thaoxyigen e
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constant (t[err]) is greater than about 3.5 seconds. More preferably,
t[err] is greater than about 4 second®D W(ngibenprtlcul arly preferred
t[err] is greater than about 4.5 seconds. V\D 96/ 31792

PCT/ EP96/ 01265 - -25 - 2.
Tangent Del ta“LhGF%‘és oxegen Sux (migrolitets PalemBwisnteldy nani ¢ nechani cal anal yS| s

DVA t hod - Strasf) afmnh 8 .e.
'EangZan'[redelot Z) Fg%;%&% %ﬁ{egl %tére %’%%}zgg?{mk corr)g?‘at gg] vvel(: wth

on-eye novenent. |t has ee erve I"ens’ na i al s which nove on the
eye exhibit a di stﬁmmﬁl@a@@emmm RM"E Hal ncr eaS| ng frequency from

about 0.1 to 10 HZPM&W@M?@HQM 34°c W@u@@gﬂ)e[ﬁ"mquynam ¢ nechani cal
- Pwater vapor = 40 mm Hg:at 34°C (in a.wet cell) [mm Hg)
t =-average thickness of the lens over the exposed test area [mmj.
where Dy is expressed in units of barrers,
i.e., [{cc oxygen)(mm)/cm?] x [sec/mm Hg] x 10-10,

a

‘The oxygen transmissibility (D) of the material may be calculated by dividing the oxygen
permeability (D)) by the average thickness (t) of the lens.

H. Mechanical O ) ment Parameters

On-eye movement of a lens may be predicted from the mechanical properties of a lens, the
ion or water permeability through the lens, or both the mechanical properties and ion or |
water permeability. In fact, on-eye movement may be predicted more accurately from a
combination of mechanical properties and ion or water permeability.

1. Tensile Modulus and Short Relaxation Time
Tensile mechanical testing may be performed on lens materials to determine mechanical

properties. A procedure for preparing a test sample from a lens for subsequent mechanical
testing includes the following steps: '



analysis. The tan 8 of a preferred lens material is above about 0.2 at 0.1
Hz and increases ta.about 0.25 or-nore at about 10 Hz. Atan_8 of about 0.3
greater at 10 Hz is even nore preferred. DVA neasurenents may be

determ ned-in accordance with the follow ng procedure. A disk of lens
material hWNOMBIW2di aneter of about 3.0 nm and a t hi cknes<SPCIVEPS&OA26S 0. 50 mMm
is formed. The disk is placed in a Perkin-El nmer DVA-7 instrunment. The disk.
is imersed in a solution buffered to a gH of about 7.2 and held

i sothermally for a period of about 10 m nutes or nore prior to testing, at
a tenperature of about 23 to 35[err]C. The instrument is set to a

conpressi on neasuring node and the strain on the sanple is adjusted to
about 2% t 8- 4%Gutdeparalibl-sided strip trougmibe ¢entespiths lens.TAcultalé widiidfor tife strip

conpr essi O desuttPPHim.2 t0 4 pm Measurenents of the modul us of elasticity
and tan [err] are take uencies of_ about 0.1, about 1, and about 10
i 20 L By e sheest stiPUR S PRASRYRIRregPLAle SOl GpPoRTaRG oRKEIn: of
t he Iens ofiuid bsmetglity) fona period of@boutt24-hwiues befbre tedtingh have a conbi nati on of =

he ab e
ext endocr- wiar oos el & ﬁa‘"ﬁwﬁ‘"ﬁi?&ﬁ“ﬁ pSeSa ol ornd opipe )

of about 12tAmpienttemperature (abe rt time reI axation constant (t[err]) of
greater than about 4 seconds and (c) an lonot.on lon Perneability

Coef fici en

| onof | ux i?’%ﬂ%?‘%ﬁ%@l Cl e@gggrde t%?ﬁ"# ”?W@P‘ﬁ%ﬁ{“&?ﬂ /[ mn.
1. Exanpl ethedest stripang recoring the fesuitant m%rﬂa‘f’a"% theRiocedise

sui t abl e cdifferimgpstaain ratespf t he present ophthalmc lenses is a copol yrrer .
formed fromthe foll ow ng nononeric and nmacroneri c conponents: (a)
about 5 to_about 94 dry wei ght percent of a macroner having the segnent of
t he f or nul §itress relaxation is measured by applyingre corstantsisain obahaut Afdo the feststimpand

WO /96/ 31/7 Svécording the resultant stress for about 5 minutes. A useful mechanical testin instrum\mt
PCT/ EP96/ O ere
PDMS is a 'gl \%%ﬂ? of “’f“"ﬁd‘f tshﬁa t}g'{oqyu? gdzo 'Tooxuan" Ee3° B'Rwh@'cghm ?'gf‘re or

al kyl enoxylogiied B‘ 9‘&{' Yermast 3 carbon atons, DU is a

di ur et hane-cont ai ni ng group, PAO is a divalent poI yoxyal kyl ene, and CP S

| ected f
nunber - avon o6 e el m.'*%{*“@'f%%ﬁf“ oo Wi e WS T
about 60 wEAF§EENE B¥Q aprinardasheat slameniaip pataliel) may beiaseumad for thepplvmer ane: -
(c) about rhafefialaForthisfodsl wutreeeramhomhoamumrgwehtwtﬁéfonmhgeauéﬁahe

nononer; and (d) 0 to EE(ﬁB'é,htE}%%ﬁﬁ’]t fze)%?(%‘lz)' nki ng agent,

Stress v. time curves may be normalized to the maximum (initial) stress induced in the
sampies. These curves may be analyzed by a variety of commerciaily available software
(for example, ORIGIN software) by fitting the double exponential equation:

y{t) = yo + Arexp(-t/t)) + Acexp(-tA)
in order to obtain the stress relaxation parameters yy, t;, Ay, t2, and As.

It has been determined that the tensile modulus (modulus of elasticity, E) and the short

relaxation time constant {t;) correlate welt with on-eye movement. In order to have

appropriate on-eye movement, a iens preferably has a tensile moduius of less than about 3 . !
MPa. More preferably, E is about 0.4 to about 2.5 MPa while a particularly preferred Eis '
about 0.5 to about 1.5 MPa.

A preferred short relaxation time constant (t,) is greater than about 3.5 seconds. More
preferably, t, is greater than about 4 seconds, while a particularly preferred t, is greater than
about 4.5 seconds.



with the wei ght percentages being based upon the dry weight of the polyner

C ohponent-s— —A-preferred—pol ysi | oxare—reerorer—seghrent is d
formul a -« CP- PAO- DU- ALK- PDM5- ALK- DU- PAO- CP wher e

PDVS is a dival ent poly(dlsubstltuted sil oxane); CP is an isocyanatoal kyl
acryl ate or ate, preferably isocyanatoethyl nethacry ﬁhm@@ﬂée t he
ur et hane groﬁgﬁg@ﬁﬁgnded to the term nal carbon on the PAO db%tp; AO is a
di val ent pol yoxyal kyl ene (which may be substituted), and is preferably a
pol yet hyl ene oxide, i.e., (-CH2-CH2-O)[er?3CH2CH2- where m may range from
about 3 to about 44, nore preferably about 4 to about 24; DUis a

di ur-et hane, preferably I ncl uding a cyclic structure, mhere an oxygen of the
uret hane linkage (1) is bonded to the PAO group and an oxygen of the

uret hane linkage (2) is bonded to the ALK group; and ALK is an al kyl ene or
al kyl enoxy gﬁo&ﬁ_ﬂﬁﬁ.%éat | east 3 carbon atons, preferably a branched

al kyl ene gr oygngds mdy @isdbe mﬂwﬁmahwmmaﬁmhmrﬁwsr(bm) meﬂmas A hds nost

preferably a r opoxy
group (e.g. ,bﬁ%??% ecf erﬁcmg%% ? ‘&P%B’gﬂﬁbﬁg% he DU
group can be meshanical jasg mrmlemw \ylﬂb@n-eye movarnenit Bbag MQWQHSQM thedt es,
i ncluding al Ileaisaﬁatenans:whmiowbamweyvemmwmmrumﬁmﬂﬁnamﬁga

L5 G socy ARauelsy pd Aok 14, b el rieds s 4rd Yeska o yrBiti P eRiee
1,2- dii socy&ﬂ&W&y’Eﬂ@H@%sﬂﬁé prqemedjhng mejanabis abovs aheukARat 0.1 Hz and increases
1,4-dii socyar@éMDes%emohé&(aboutﬁmaianaémsm&hmslo} gRAalbRBE10 Hz is more

b 4- t h t oph th 1, l2-

e ke 0 il 6 LA AR

PCT/ EP96/ 01265 -27-

oot oo PR RENqurarbad iy B YENAHOART AL6/daRES WAR 1o folowing pr Frpoogure. A diek

11 socyanat padl lepF mBter @@mm@x el 8f shauf 3 Dwry E6 21 %ep%%o mm is

i sophor one dfdrmadymusk is ma&u&aaPeﬂ(tﬁElrmmmainstremyht) Tive wlisktis immersed in a

%u?ra(rjialt :ocya ||%‘§’e%e{‘nt§. l-f]'bfécl:fgp Ob*&)&bhﬁf&%&ﬁnﬂe ea'?ﬁyfoflhzjc %%Bﬁldl'oet hyl

g AL T Fiimoe,o TRS ARy o 18 BR B PRI of umof 4 Treayimentje |

- geé hyI napht isefte gﬁuombrdbsnodmeasumb%@bmh@hemmplé is adjusted to about 2%
i i socyan %)agaﬁ "f&m‘

4 4' -dii sgcygéng?t‘&é épﬁ% 0X dﬁg?%ﬂ?g.&ﬂl@l&%mzm4

4l | socyanat oha sMeasurEmARS Bf @BH&)‘ @Péeﬂweaew%rsmnﬁ frequensife of Bt 4.

i socyanat opherty abaitheand abou10 Bz, 1 , 4-t ol uene di |l socyanate; and m xtures
thereof. Preferably DU is forned from | sophorone dil socyanate or toluene
di i socyanate, and nore_ preferably,

3. Parameter Combinations

In order to assure appropriate movement of the lens on the eye, one may salect matenals
which have a combination of the above-discussed properties. Therefore, a preferred group
of extended-wear contact lens materials have (a) a modulus of elasticity (€) of about 1.5
MPa or less, (b) a short time relaxation constant {t;) of greater than about 4 seconds, and
(c) an lonoton fon Permeability Coefficient of greater than about 0.3 x 10°° cm®/sec and/or
an lonoflux Diffusion Coefficient greater than about 6.4 x 10°® mm?/min.

I. Examples of Suitable Materials
1. Material “A”

One embodiment of a suuable core material of the present ophthalmlc Ienses isa '
copolymer formed from the following monomeric and macromeric components:
(a) about 5 to about 94 dry weight percent of a macromer having the segment of the
formula o S o
CP-PAO-DU-ALK-PDMS-ALK-DU-PAO-CP



| sophorone diisocyanate, where one isoneric diurethane structure of

| sophorone diisocyanate is defined _above. A preferred Material A macroner

segnent has the follow ng formul a: [err] wherein: Rerr] and -

R2 are lower alkyl (CJerr]-Cferr]), preferably CJerr]-Clerr] alkyl, nore

preferably nethyl; Rerr], R4, Rerr], and Rerr] are | ower alkylene

(Cerr]-C WO9PIMPreferably Cerr]-Clerr]- al kyl ene, nore (RCI/EPOIIANS Clerr] -

Clerr] al kylene, and preferably, where the total nunber of carbon atons in_

Rlerr] and Rlerr], or Rlerr] and Rlerr]_kg_ greater than 4; Rerr] and

Rlerr] are linear or branched al kyl ene or a bival ent cycl oal kyl ene,

preferably bival ent cycloal kylene; Rerr], Rerr], Rerr], and Rerr] are

Cerr]-C2 al kyl ene, preferably C2 alkylene; R err] and R err] are | ower

al kyl ene ( @hererRDMS ds a Hivalept poly{disubistitutjdssilokar@), al kyl ene, nore preferably

et hyl ene; wer al kenyl ene,
AR .&ﬂ@i Mnbk,{ gfotip haliRg bt ﬁéa%@ﬁd?ﬁﬁ%% e 'éﬁ

preferably Clerr err enyl ene;
PCT/ EP96/ 0 aNB-LOH%ain ng group, -28 - m and p,

mdependenPNDus’adMabn&minqalkylewmdnge from about 3 to about 44, nore -
pr ef er abl yca,q g&ﬁoﬁ%ﬂﬁat@ nmgtggc range from about 13 to about 80,
out t %out

nor e preferab 0. a even nore preferably about 24 to
about 30. W@%F@ME%EPM& 9‘3”'&‘1’(&!9’!9&2?39 1o A8.008 | owi ng
preferred procgsabods labout 60weightpepsenty hylslloxy)sllane.

pol y(di net hyl s WI" Hlmfa
hydroxy-sec-b*}fg %%koxya '@ npmrﬁyd oxye propoxy rgﬁ'aaaroups

and having a Qlatingrrentgrosshl mmto 3000 (preferabl y about 2200,

i . e., havi witheoméigitPerceptagis being basadaupondhedlysyeight of the Polythentdmporeahor one
di i socyanate at about a 1:2 nol ar :

A preferred polysiloxane macromer segment is defined by the formula
CP-PAO-DU-ALK-PDMS-ALK-DU-PAC-CP

where PDMS is a divalent poly(disubstituted siloxane);

CP is an isocyanatoalkyl acrylate or methacylate, preferably isocyanatoethyl methacrylate,
where the urethane group is bonded to the terminal carbon on the PAO group;

PAO is a divalent polyoxyalkylene (which may be substituted), and is preferably a
polyethylene oxide, i.e., (-CHa-CHa-0-);,CHoCHo- where m may range from about 3 to
about 44, more preferably about 4 to about 24;

DU is a diurethane, preferably including a cyclic structure,

where an oxygen of the urethane linkage (1) is bonded to the PAO group and an oxygen of
the urethane linkage (2) is bonded to the ALK group;

and ALK is an alkylene or alkylenoxy group having at least 3 carbon atoms, preferably a
branched alkylene'group or an alkylenoxy group having 3to 8 carbon atoms, and most
preferably a sec-butyl (i.e., -CH20H20H(CH3)-) group or an ethoxypropoxy group

(e.g., -O-(CH)2-0-(CHo)g:).

it will be noted that the DU group can be formed from a wide variety of diisocyanates or
triisocyanates, lncludmg aliphatic, cycloallphatlc or aromatic polyisocyanates. These
isocyanates include, without limitation thereto, ethylene diisocyanate; 1,2-
dnsocyanatopropane. 1,3-diisocyanatopropane; 1,6-diisocyanatohexane; 1,2-
diisocyanatocyclohexane; 1, 3-dusocyanatocyclohexane. 1,4-diisocyanatobenzene, bis(4-
isocyanatocyclohexyl)methane; bis(4-isocyanatocyciohexyl)ymethane, bis(4-
isocyanatophenyl)methane; 1,2- and 1,4-toluene diisocyanate; 3,3-dichloro-4,4'-



ratio, using about 0.2 weight percent (based on polydi nethylsil oxane)

di batyttTmdrtatrate—addet—as a catatyst—Fhre—reaetion i s car+i-et—ett—For———
about 36 to 60 hours. To this mxture is added pol y(ethyl ene glycol) having
a nol ecul ar wei ght of about 400 to 1200 (nore preferably about 500 to 700)
at about a 2 ga% 1:1 nolar ratio with respect to the PDVS~ahQih u? 4 to
0.5 wei ght percen i'butyltin dilaurate (based on pol yet hyl ene“gl'yco

wei ght), and chloroformsufficient to ensure substantial m xture
honbgeneity. The m xture is agitated for apput 12 to 18 hours, then held at
a tenperature of about 44 to 48C for about 6 to 10 hours. Excess chl orof orm
i s evaporat ed therefrontat about roomtenperature to produce a conposition
havi ng about 50 wei ercent solids, Then, isocyanatoethyl methacryl ate

i s added to tdigocyp @'?9'\&!' Histtisocyapaippheny) methane; ), 5riisogyanatonaphthalengiect ¢ o
PDMSB. The mi Mr@enaeamluenbddsacwmmm-iswtamamql-s isocydpatet1,33-t 0 20 hours.

The resultin n

corposi ti on es%ﬁM@shW&#ﬁ%@twgﬁ T e hehou
2000 to 10, 00cB-dirgryangia?.2A4-8i4/4) itmethyibexane; 32’ stﬁewanatﬁdiamvlénma@é%

pol ymeric watdﬁso@hnéwﬂmebMﬁmértmﬂatm—t B6-, A 79EKG8-025r amd 2,8he present
nventionis r r; an

acryl ated or dls @ﬁgc y@%‘esnh %Q%@%ﬁﬂé*%m&%@ h&agﬁg' REE

met hacryl oxy (iisgeyanatomethyleygighexgne; 1&%9@'?9%!‘#‘81%”(’!‘@?‘!@%@@‘&'@%&4@ n as
"Tris"); a hméav&némmwm-dnsbeﬁ‘nafoe@é’maethmpmt g3 aidper vyl at e

(rEne) oo Ribbegoinso-Snidalepell A MpHraiaten R ofia bBES 2 Y501, 1
to 90, pref eﬂmgnamphaoylgmerngnﬂ ﬁ’é@lumd"mmtBMImtbm Pctﬁbtﬁb%
3 55 B kot g oyt o i

m)nomarIO and %bpt%’"%@l"tﬁ"%“ageré'?‘ ‘Bﬁ/s‘ﬂﬁ r{c é“t’é‘f sg&P ycross-
| i nki ng agentd!lmgﬁtGMﬂQde on a total dry copolyrrer wei ght. A nore

preferred conposition I ncl udes about 80 to 84 pol ysil oxane nmacroner, about

12 to 15 [ WO 96/ 3
PCT/ EP% / \8?2 erreg mtterial A macromer segment ]has%he following formula: _ 29 - TR 'S,

about 3 to about 4 wei ght percent 2-hydroxyethyl nethacrylate, and about

0.7 to about 1.2 i ght pergent et hyl ene ghycol di hacryl at =T

advant ageous cop YIer s of ﬁhe pr esent mvEntlon mayl| be forrre o] It e
previ ousl y- gJ-yﬁ ax.gg &
nononeri c soI uti on |sF$ dbb S—Eg %JB HEI@A Al ] ?1 BT'J(AE
phot oi nitator .available fr mOba Gelgy Corgoration), and optiogal ECDVA
to the polysil oxane nmacroner solution. The resulting polyner etdins
solution preferably contains about 83 to about 95.wei ght percent

pol ysi | oxane macroner sgl ution, out 5to about 0 vvei ght @ercent Tris,
about 0.5 to about 5 weljght perc out aboutii 1. 0 wei ght
percert DAROCCORRePR§™T ﬁaa— me-wqc—- dhmeent EGDVA.

More preferably, the non mer soI'Etlon cont ai ns aboHt 87 to about 93 wei ght
percent pol ysil oxane macftoner soffuti on, about 7 to“about 8 wei ght percent

Tris, about %hto.about_ 4 wei ght percent HEMA, about 0.3 to about
erein: .

R; and R are lower alkyl (C,-C;), preferably C:-Cs alkyl, more preferably methyt;

Ra, Ry, Rs, and Rgare lower alkylene (C1-Cg}, preferably C,-C, alkylene, more preferably Co-
-Cs alkylene, and preferably, where the total number of carbon atoms in Rs and Rs, or R;and
Rg is greater than 4;
'Ry and Rgare linear or branched alkylene or a bivalent cycloalkylene, preferably bivalent
cycloalkylene;

Rs, Ry, Ri1, and Ry2are Cy-C> alkylene, preferably C, alkylene,

Ris and R, are lower alkylene (C,-Cg), preferably C,-C; alkylene, more preferably ethylene;
and .

Rys and R, are linear or branched lower atkenyiene, preferably C,-C, alkenylene;



0.7 weight percent DARCCUR[ err] 1173, and about 0.3 to about 0.7 weight
percent EGDVA. The_pononer solution is preferably agitated for about-8 to -
about 24 hours prior to the polynerlzatlon step. Contact |enses may be
prepared fromthe nononer solution by applying the nononer solution to
appropriate | ens nolds and applying sufficient ultraviolet (UV) radiation
to initi atwo®eByMeri zation. The ultraviolet |ight nmay be REHEPIPIRES o
period of a few m nutes to about 5 hours, depending on the intensity of

| i ght applied. Subsequent to pol ynerizatjon, the contact |ens may be
extracted with a solvent, e.g., isopropdiol, to renove unreacted nononers.
Thus, generally, one enbodi nent of the present Invention is a nethod of
form ng a nol ded polyneric article suitable for ophthal mc applications

(eSItoeCIt al | o and§R deﬁmﬁbf,odel‘dhbﬂda I?ﬁhly}(rbﬁgélﬁérh?ﬁblﬁt@dt&taﬁaﬁl ‘44, mtore (a) g
contacting_a a I al kanol wi a dil socyanate conmpoun
in the pre%'gwoé%%égoé'?f‘wgﬁo‘lc‘gx st at conditions sufficient to cause .
reaction of maxirange feankabaut 13it Abask BA. rmeresefprably: about BA teshout 69.nd@ven f i r st
M xture;  more groferdbhdiisut Db dbdufiad.i r st m xture with poly(al kyl ene glycol),

a second catalyst, and sufficient solvent to ensure m xture honpgeneity, ’:**
thereby form ng a second m xture; (c) evaporating sufficient solvent
from said 'ﬂm:mwlmmun@mmergmebeasmtmsm byl thel follawirg pratemad peocess. i Ats
content of alﬁﬂ?kﬂonﬂ@ refite \icRt! 5"’0} e;‘:’Hly(dlmethylsﬁGﬁanajjtﬁiblﬂﬁl'lcll RaVieghyiragL Ky |
ry

et hacryl at h| rd mxt ere ourt h xtur e

~containin g\’lg qﬂ%’r Mf é’g, : ’.‘ % end groups and
PCT/ EP96/ OHeddrg a molecular we:ght of about 2000 to 3000 (preferably about 2200, i e3 baving about

(e) addi ngagd fupaat Q]IS*Hﬁeagréﬂds; IérrGacted with isophorone dm at al?]o a1 2molar

3-nmeth I | t

ronorer, 3 °X@%@%p 0,3 gl percis Toasst s o By idireg

fifth m xtadde;l as a catalyst.) Thepteactionjs casridd bulffbhabuuksmtoeﬁd hdues. aTmI:lsanxtumjns
(2200 eyl b e s Guicl B s e |19 2
hydr ophi | |@°@%¥%Wﬁ?&ég}ﬁb§9feﬁ?q|%\1fm '@@H&%MFW%BP ageous
i n the foratwut 04 100.5'weight petnent dibutyltie ditavsate |(basadenmb'etbﬂenmelycmwi9]lﬂer s in
the contacjpd ﬁiib?of‘ol'rﬁ Is@fficibhiGo 'eﬁ£l§3§ul5§i&fﬁiaﬁn&ﬁﬁ€ﬁorﬁ9§ﬁrﬁlﬁt Hhe mb isl0 to

per cent, APRIMRAIPT BHKUF &2 15 4 houf Jpontisy § < spiperadire alpiy m?ﬁwﬂ%md on
]tg';] 2I hggdrﬁmhm huumo:g;‘;} clslteﬂug:m:;:b ll.; meim%bmt:ﬁmw?ts ?(r:r;[ﬂ ;ﬂ

Aproluosds Wfd nt he théth
BRI ooy oot mal oo bR e N

gr eat er thEAL
barr er s/ mPDMS. The mixture is agitated at room temperature for about 15 to 20 hours. The resulting

solution contains a polysiloxane macromer having the composition described above and a
number-average molecular weight of about 2000 to 10,000, more preferably about 3000 to
5000.

An advantageous polymeric material formed from the Material A macromer of the present
invention is a copolymer of the aforementioned Material A macromer; an acrylated or
methacrylated siloxane monomer, preferably methacryloxypropyltris (trimethyisiloxy) silane

| (referred to herein as *Tris"); a hydrophilic monomer, preferably 2-hydroxyethyl methacrylate
(HEMA); and preferably, a cross-linking agent such as sthylens glycol dimethacrylate
(EGDMA). The final copolymer composition includes about 10 to 80, preferably 70 to 90,
weight percent polysiloxane macromer; about 5 to 60, preferably about 8 to 20, weight
percent siloxane monomer; about 1to 30, preferably about 1 to 5, weight percent acrylate

~ or methacrylate monomer; and 0 to about 5, preferably up to about 2 weight percent cross-
linking agent (e.g., EGDMA) based on a total dry copolymer weight. A more preferred
composition includes about 80 to 84 polysiloxane macromer, about 12 to 15 weight percent



2. Materi aI "B" (Polysil oxane-conprising perfl uoroal kyl ethers) The

Me: - ed  by—Formoea—t)— Lerr] where—eaciT PT;

i ndependent |y of the others, s a free-radical - pol yrrer i zabl e group; each Y,
i ndependent|y of the others, is - CONHCOO-, - CONHCONH-, - OCONHCO-

- NHOONHCO- |, P390~ CONH- - NHCONH- COO ., -0CO, - NHCOO- mmmw; m
and p, |ndependent7y of one another, are 0 or 1; each L, independently of
the others, is a divalent radical of an or gani ¢ conpound having up to 20
carbon atons; each X[ err], independently ef9the others, is -NHCO, -CONH,
-NHCONH-, -COO-, -0OCO, -NHCOO or OCO\IH— and Qis a bivalent polyner
fragnment consi stl ng of the segnents:

A LA oM 4 37

- PCT/-EP96/ 012 Gibout 1.2 weight percent ethylene. glycol dimethacrylate. . .-31 - each
Z, independently of the others Is a dival ent radical haV|ng up to 12

carbon atons or Z , 1 ndependent | of t e ot hers,

- (o er 1] CH{1@eiPypnERgats mpiwraoﬁtgngat ipebrgion may tha pepaysie
the |ink -Z- [desecribed palysiloxaﬁémacrsmumrthefollﬁuh@@i{naer ]A]T[oaom@dc[ wluti]:m &fdrmedk
:als kS | g Le 1 h vty ga[dﬁih& }rns%éw:gmocem 17348 BRbtoinit&lB? avalidbié im Cibd GEigy S
Corporatmn), and optionally, EGDMA to the polysiloxane macromer solution. The resulting
polymer precursor solution preferably contains about 83 to about 95 weight percent.

_ polysiloxane macromer solution, about 5 to about 10 weight percent Tris, about 0.5 to about.

5 weight percent HEMA, about 0.1 to about 1.0 weight percent DAROCUR® 1173, and
- about 0.1 to about 1.0 weight percent EGDMA. More preferably, the monomer solution

contains about 87 to about 93 weight percent polysiloxane macromer solution, about 7 to

about 8 weight percent Tris, about 2 to about 4 weight percent HEMA, about 0.3 to about

0.7 weight percent DAROCUR® 1173, and about 0.3 to about 0.7 weight percent EGDMA. -

The monomer solution is preferably agitated for about 8 to about 24 hours prior to the

polymerization step.

Contact lenses may be prepared from the monomer solution by applying the monomer.
solution to appropriate lens molds and applying sufficient ultraviolet (UV) radiation to initiate -
polymerization. The ultraviolet light may be applied for a period of a few minutes to about 5
hours, depending on the intensity of light applied. Subsequent to polymerization, the
contact lens may be extracted with a solvent, e.g., isopropanol, to remove unreacted
monomers. |

Thus, generally, one embodiment of the present invention is a method of forming a molded
polymeric article suitable for ophthalmic applications (especially a contact lens), inciuding
the following steps:

{a) contacting a poly(dlalkylsiloxane) dialkanol with a dnsocyanate compound i in the
presence of a first catalyst at conditions sufficient to cause reaction of said dialkanol with
said diisocyanate, thereby forming a first mixture;

{b) contacting said first mixture with poly(alkylene glycol), a seoond catalyst and
sufficient solvent to ensure mixture homogeneity, thereby forming a second mixture;

(c) evaporating sufficient solvent from said second mixture to generate a third mixture
having a solids content of about 40 to 60 weight percent;

(d) adding isocyanatoalkyl methacrylate to said third mixture, thereby forming a fourth
mixture containing a polysiloxane macromer;



80-100% of the radicals Rerr], Rerr], Rerr] and Rerr], independently of
one another, are alkyl and = 0-20%of the radicals Rlerr], Rerr], .R3.and. /_
Rlerr], independently of one another, are al kenyl, aryl or cyanoaI kyl ;

and [err] where Ris a divalent organic radical having up to 20 carbon
atons, and___each .X2, independently of the others, is -NHCO , -CONH,
-NHCONH-, WQ#B1720c0. | - NHCOO- or OCONH-;  with the PRPGRERIGEL26% ¢
there nust be at | east one of each segnment (a), (b), and (c) in Q that
each segnent (a) or (b) has a segnent (cygattached to it, and that each
segnent (c) has a segnent (a) or (b) attached to it. The nunber of
segnents (b) in the pol yrrer fragnment Qis preferably greater than or equal :
to the nunber of segnents (a). The ratio between the nunber of segnents (a)

and (b) in- Ing-iersaic-iagtmixiure Bunethasndexyplopylistrimetisiysiane 1: 1 The

nol ar rati qﬂals) VEERyUréphilic monoriee a &Bs§ﬁﬂkﬂ%rﬁg§m(a'ﬁd é‘ﬂibt&m.atbﬂ ”6,98.1 :
fragment Q hﬁ {' preferably 2:3, 1.2 or he nean
wei ght of the po yrrer fragment Qis in the range of about 1000 to about o

20000, prefer amy P'ﬁlﬂmswﬂéﬂ@mlmmamgmﬂmdto about 15000, partlcul arly .4
ELﬁLgrag:‘yseg 9"156 &ggw 'fi:’%? ﬁ;%ﬁ@yg.éwﬁﬁfurkggnent marsls pr f%ﬁaﬁ#y I n

t he rangf? PoYMeg B'Q 1 T%//g%'F'éferably in the range of 2to
about 9, and in- particular WO 96/ 31792 -

PCT/ EP96/ Oﬁﬁﬁydrophmccopo rs of the present i inventi ion are especially advanta ﬁb in

t he range ymeThe snal | est ner Rec éls %%oera y

conposed o E"" 'bﬁf?#lfﬁf'@%l rr:? {"Q)U”G?:@ysqwe'!‘aﬁ@ gy Q&ﬁ?ﬁm lons figld thee
segnent ( c)enses have awpleeCanterdaf abdubd d0 teaiioud 50 weighppérpent mbreagemrably@bouhi ch . - -

preferably m%ﬁ | E,pag r |
fragment ’m:f]?rdrir;nsﬁh&%% ﬂﬁend fég@%xane %ﬁ&% weiléﬁi pBPceX{FEe
conposi t i oR&sgdpniofal Dydraphili th&gﬁ@?ﬂ’a'@y :H‘Q\M%‘W‘gﬁeéﬁmﬁﬁ lenshas and
bel ow t 0 an oxygen transmnsslbnmy (Dy/t) of greater than 70 barrers/mm (i.e., {(cc oxygen)(mm)/cm2)

* x [sec/mm Hg] x 10-10), more preferably greater than about 75 barrers/mm, and most

preferably greater than about 87 barrers/mm.

2, Material “B” (Polysiloxane-comprising perfiuoroalkyl ethers)

The Material “B” macromer is defined by formula (1): ﬁkf

P1-Mm-(L-X1)p- Q- Ky -Uyp(V)m-Py - )

where each P1, independently of the others, is a free-radical-polymerizable group;

each Y, independently of the others, is -CONHCOO-, -CONHCONH-, -OCONHCO-,
-NHCONHCO-, -NHCO-, -CONH-, -NHCONH-, -CO0-, -OCO-, -NHCOO- or -OCONH-

m and p, independently of one another, are 0 or 1;

each L, independently of the others, is a divalent radical of an organic compound having up
to 20 carbon atoms;

each X,, independently of the others, is -NHCO-, -CONH-, -NHCON H-, -CO0-, -OCO-,
-NHCOO- or -OCONH-; and : :

Qs a bivalent polymer fragment consisting of the segments

(a) ' ~(El-Z-CF2-(OCF2)-(OCFCF,),-OCF2-Z-(E)y-,

where x+y is a number in the range of 10 to 30;



a mean statistical conposition. This nmeans that, for exanple, even

I ne~Hauat—btock——ecopotyrer—+adi C&F-Smﬂﬁﬂg—l-d'eﬁ-t | cal reeu+tAg—thtts———

are included, so long as the final nean.statistical conposition is as

speci fi ed. X[err] is preferably -NHCONH, -NHCOO or - OCONH,

parti cul arIy {’g&ﬁb ly -NHCOO- or - OCONH-. The X[ err]- 1265
segnent is preferably a radical derived froma diisocyanate, ere each
X[err], independently of the other, is NHCONH, -NHCOO or -OCONH, in
particul ar -NHCOO or - OCONH- . Z |s pregerably a bond, |ower alkyl ene
or -CONH arylene, in which the -CO noiety is linked to a CFlerr] group. Z
Is particularly preferably | ower al kylene, in particular nethyl ene. qis

preferably 0, 1, 1.5 or 2, particularly preferably O or 1.5. The
per f | uor oal. koagcfuz.nmdepeuuqnﬂv of themthegipedivalgnt madicaldhaving up e 1% carhon gtoms or Z
segrent (a) c&rhb@idt her have a random distribution or be in the form of

bl ocks in a chal m,,of I ndi r abl

the range of n% '2@3 'YEL{" Wﬁﬁ%&éﬁﬁq%d‘b’fw eg asig\élue.ﬁéﬁeraﬁtgzx y
i s preferabl yamhwtwreﬂn%lhn}eztﬁ-r@@mmSSWUMCpaZ-{QMz)qf.mdhe range of 0.7
to 1.1 A kif®orfdi cal - pol ynerizabl e group Plerr] is, for exanple,

al kenyl , al kenyl aryl or al kenyl aryl eneal kyl having up to 20 carbon atons.
Exanpl es of al kenyl are vinyl, allyh 1 Rp open 2-yl, 1 -buten-2-, -3- and
-4-yl, 2-but 6953 yl', and the isg §1 b_Q«% ‘?ﬁl—b hexenyl oct enyl ,

decenyl and_undecenyl Exanpl es of &l fenyliafyl" are vrnylphenyl

vi nyl naphthyl or all yI phenyl . An ex Le Bi 1 kenyl aryl eneal kyI i's 0-, m,
or p-vinyl benzyl. - WO 96/ 31792

PCT/ EP96/ 01265 - - -33- P err]

i s preferabl ywﬁPW&ﬁP“W%ﬁ’@ﬁWté’rW havi ng up to 12 carbon ators,

particul arly pikdé akglene/havigup/to 20acarbop atgms;o 8 car bon atons, in particul ar

e "\ BB St AR RS, and o sl s, o £ e
S00D-, - 00O, Or0Rcsf th radiosieyRs, R fg andl denm?nmly of mynqmeu @@:@Jkenvl-r vl pr

preferred enbaﬁamamyl aridie i ndices, mand p, are not sinultaneously zero. If
pis zero, m - _ :

©  XeRXe

where R is a divalent organic radical having up to 20 carbon atoms, and :

each X,, independently of the others, is -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, -
NHCOO- or OCONH-;

with the provisos that there must be at Ieast one of each segment (a), (b), and (¢) in Q, that
each segment (a) or (b) has a segment (c) attached to it, and that each segment {c)has a
segment (a) or (b) attached to it.

The number of segments (b) in the polymer fragment. Q s preferably greater than or equal
to the number of segments (a) The ratio between the number of segments (a) and (b) in
the polymer fragment Qis preferably 3:4, 2:3, 1:2 or 1:1. The molar ratio between the
number of segments (a) and (b) in the polymer fragment Q is more preferably 2:3, 1:2 or
1:1.

The mean molecular weight of the polymer fragment Q is in the range of about 1000 to
about 20000, preferably inthe range of about 3000 to about 15000, pamcularly preferabiy
in the range of about 5000 to about 12000.

The total number of segments (a) and (b)' in the polymer fragment Q is preferably in the
range of 2 to about 11, particularly preferably in the range of 2 to about 9, and in particular



Is preferably 1. L is preferably al kylene, arylene, a saturated bival ent
cycl oal i'phatic group_having 6 to_20 carbon atons, aryleneal kylene,. .
al kyl enearyl ene, al kyl enearyl eneal kyl ene or aryl eneal kyl enearyl ene. -
Preferably, L is a divalent radical having up to 12 carbon atons,
particularly preferably a divalent radical having up to 8 carbon atons. In

a preferreWeydMnent, L is furthernore al kyl ene or aryl cRGI/EPAOI26S up t O
12 carbon atons. A particularly preferred enbodi nent of L is | ower

al kyl ene, in particular |ower alkylene ving up to 4 carbon atonms. The
divalent radical Ris, for exanple, al ky1%ne, arylene, alkylenearylene,

aryl eneal kyl ene or aryl eneal kyl enearyl ene having up to 20 carbon atons, a
saturated bival ent cycloaliphatic group having 6 to 20 carbon atons or

c;r/g :c gflr (I;)él irthairdngk oh2 Waﬂwﬁ’r.kﬂie@mallbﬁ\drdyﬁwﬁ uhi® gﬂg pregﬁrbﬂgiolalzuggé‘ed of bAe &
gr yl eneal keﬂgégbg?&g?nﬁ@hé%ﬁy e%;%&ﬁgﬁ@?ﬁﬁepﬂ%s@nqrg?q% carbon atons or a

saturated divalent cycloaliphatic group having 6 to 14 carbon atons. Ina
par E) i cul ?r inya prefefred enblogifienton ke '|y|ffema ' éﬁ‘lf'b?ﬂtﬁitcﬁbréé?ébﬁ"l‘ﬁs Q%&hﬁgs.{t.% tlg 123
carbon ato . i cycl oal.i I ¢ group havin 0 e
car bon at O@@Lﬁe@%ﬁﬁﬁfﬁgg, ‘ﬁﬁﬁ@mﬁwmm@ﬁ?m atpach epd By@ haviong
up to 10 csllosane seamept ®). a saturated bival ent cycl oal i phatic group having 6
to 10 carbon atonms. In a particularly preferred meaning, Ris a radical
derived fr | i nate.  for. exanple from hexane 1, 6-dii socyanate,

05 hetri e rines R S Eent Bou HePRiriont  fvaa ciriesasnd akous pid aelaw

phenyl ene amean slatigicalaomposition| This meansithat, forexampla eventindividus bdck -

WO 96/ 317 9%gbpolymer radicals containing identical recurring units are | -
PCTEP96/ 01265 4 9 g are included, so long as_tgiﬂ_r_mal

dii socyana'f'ﬁ?"ﬁ?ﬁsg?a'ﬁi’wgf’%fWF&W&: di i socyanat e, isophorone

di i socyanate or cycl ohexane 1, 4-diisocyanate. . . In a preferred neaning, n
i's an i nt egas pletérbip-NHCONH-, PRAEDD! bRIOGORKE hak ﬁ&% Qucdolgticul ar
14 to 28. oéé::' preterred neani ng, 80-100% ;‘)’?Q?Qrgg% y '%"?883% |n&

parti cul ar -100% of the radicals Rerr], Rerr], Rerr] and Rlerr] are,
i ndependent|y of one another, |ower alkyl having up to 8 carbon atons,

Pl Ul o Xys%h saphd sphBrsble bl aeiod o dieeyahll, dhalTBaPRpeCi ol 1Y
¥ .

| | kyl ., h t AT t1cl d .
enbodi ﬁemy";%e;%%ﬂvﬁ?m%mer- NPRONH-"THeAb: of -DEBNIL: In particuiar -NHOOG or | 0 .
-OCONH-.

Zis preferably a bbnd, lower alkylene or -CONH-arylené, in which the -CO- moiéty is linked
to a CF; group. Zis particularly preferably lower alkylene, in particular methylene. -

q is preferably 0, 1, 1.5 or 2, particularly preferably 0 or 1.5.

The perfluoroalkoxy units OCF, and OCF.CF; with the indices x and y in segment (a) can
either have a random distribution or be in the form of blocks in a chain. The sum of the
indices x+y is preferably a number in the range of 10 to 25, partioularly preferably of 10 to

15. The ratio x:y is preferably in the range of 0.5 to 1.5, in particular in the range of 0.7 to
1.1. :

A free-radical-polymerizable group P; is, for example, alkenyl, alkenyaryl or
alkenylarylenealkyl having up to 20 carbon atoms. Examples of alkeny! are 'vihyl'. allyl,
1-propen-2-yl, 1-buten-2-, -3- and -4-yl, 2-butén-3-yl. and the isomers of peritenyl, hexenyl,
octenyl, decenyl and undecenyl. Examples of alkenylaryl are vinylphenyl,

vinylnaphthyl or allyiphenyl. An example of atkenylarylenealkyl! is 0-, m-, or p-vinylbenzyl.



Rlerr], Rlerr] and Rlerr] is methyl. In a preferred meaning, 0-20%

X ar 0-16%—of—ttre—radircal s R er ri—Rrerris
Rlerr] and Rlerr] are, independently of one another, |ower aIkenyI,
unsubstituted or |ower alkyl- or |ower alkoxy- substi t ut ed phenyl or

cyano(l ower al kyl) Arylene is preferably phenylene or naphciEpséifias'hi ch
S unsubstrtm%%’% substituted by |l ower alkyl or |ower alkoxy, In

part-i cul ar 1, 3-phenyl ene, 1, 4-phenyl ene or nethyl-1,4- phenyl ene,

1, 5- napht hyl ene or 1, 8-naphthylene. Aryl-388s a carbocyclic aromatic radical
which is unsubstituted or substituted preferably by | ower alkyl or |ower

al koxy. Exanples are phenyl tolyl, xnyI met hoxyphenyl, t- butoxyphenyl,

napht hyl and_phenant hryl ur at bi valent cycl oal | phatl

preferably c?t'ﬁ@éﬁfﬁp'!ﬁé‘e“w(ﬂ 5@ @W@I"BH‘%J@F@%@" W"Fy@’ﬁﬂ'@?(& E@U\Ner
al kyl ene), falkemknaginguptpd@ casonydtems, e pargitwarcalkenigl Revingupto gicaebontatones] or
substituted by one or nore | ower aIkyI groups for exanpl e nethyl groups,

for exanple trlnethylc cl ohexyl ene | ene, for _exanple the bival ent

i sophor one r %48 Rrgferably t N@Q@ﬁ +NEGQO,,-OGONH-) NUER: pt1CONHrePara  m
"lower" in chsulig preferaiiy tCO0ad0CH- NHDO- orGCONHItend i paiediar] <COOest -OCO-.

ot herwi se, denotes, in particular, radicals or conpounds having up to 8

carbon atons,: preferabl havi nﬂ? Ip.to 4 carbon atons. Lower alk has, in
particul ar, l!irﬂ prefegred gmbagiment '"?JF%%E?%!IS‘B;%“Q‘G'M""@EF%W% 'séﬁ"&-

for exarrple is/ppdfboably 1€t hyl , propyl, butyl, tert-butyl, pentyl, hexyl or

| sohexyl . WO 96/ 31792 '

PCT/ EP96/ 01265 - -35 - Al kyl ene
has up to 12Lisareferabiyaliniengnarylens. wtm.wmmw-mhsmmngga@e bl e .

exanpl es ar ecais&véteme,, arpishedlitAuhe, Alkyloricantene) aIRyishdifdendalidyiehe 8L, pPropyl ene,
et hyl ene, rreth q&l?{é @?fg@yl ene, 2-butylene, 3-pentylene, and the like.
Lower al kyi e?fg R having up to 8 carbon atons, particularly

preferably up-to 4 carbon atons. Particularly preferred meani ngs of Iower

a: Ey: ene ar ?Plléf ‘i‘ﬂ@adﬂiamlﬁi &H&aﬂ%d@l&fﬁt QI&grbon'EiBins'ﬂl hr&ﬁl&lﬂirbfe AT

al kyl eneary enea ne . is _prefera | u e

or substit ut@ﬁﬁﬂ'@ "F@V% La‘é{?%w %of mskl&ap eféﬁggﬁﬁ‘él’ﬁ{“ﬁm g Bﬁ

therein is alkylene or arylene having up to 12 carbon atoms. A particularly preferred embodiment of L
is lower alkylens, in particular iower alkylene having up to 4 carbon atoms.

‘The divalent radical R is, for example, alkylene, arylens, alkylenearylene, ._arylenealkyiene or
arylenealkylenearylene having up to 20 carbon atoms, a saturated bivalent cycloaliphatic.
group having 6 to 20 carbon atoms or cycloalkylensalkylenecycloalkylene having 7 to 20
carbon atoms.

in a preferred embodiment, R is alkylene, arylene, alkylenearylene,' arylenealkylene or
aryleneaikylenearylene having up to 14 carbon atoms or a saturated divalent cycloaliphatic
group having 6 to 14 carbon atoms. In a particularly preferred embodiment, R is alkylene or
arylene having up to 12 carbon atoms or a saturated bivalent cycloaliphatic group having 6
to 14 carbon atoms.

in a preferred embodiment, R is alkylene or arylene having up to 10 carbon atoms or a
saturated bivalent cycloaliphatic group having 6 to 10 carbon atoms.

In a particularly preferred meaning, R is a radicat derived from a diisocyanate. for example
from hexane 1,6-diisocyanate, 2,2 4-trimethylhexane 1,6-diisocyanate, tetramethylene
diisocyanate, phenylene 1,4-diisocyanate, toluene 2,4-diisocyanate, toluene 2,6-



preferably | ower al kylene, such as nethyl ene or ethylene, in particular
met hyl ene. These radicals are therefore preferably phenyl enenet hyl ene or
met hyl enephenyl ene. Lower al koxy has, in particular, up to 8 carbon
atons, preferably up to 4 carbon atons, and is, for exanple, nethoxy,

et hoxy, propoxy, butoxy, tert-butoxy or hexyloxy. Aryleneal kyl enearylene
i s preferaMO63tBRy| ene(l ower al kyl ene) phenyl ene havi ng upPQIErS¢01265
particular up to 4, carbon atonms in the alkylene unit, for exanple

phenyl eneet hyl enephenyl ene or phenyleneggthylenephenylene. The macroners
of the formula (1) can be prepared by prdcesses known per se, for exanple
as follows: In a first step, a perfluoropolyal kyt ether derivative of

formula (1V): [err] in which Xis -OH -NH2, -COOH, -COC, -NCO or

- COOR[ err ]duswmae, -ﬂrhhetr@lxgﬁﬁeﬂiiﬂobyarﬁtb mbhdrahedn datd ot Which RS is
al kyl or %M;hgg 4_@53 tltut ed or substituted by hal ogen or cyano,
and the va B X and y are as defined above, is preferably

" reacted W|th two equi val ents of a bifunctional radical of formula (V):

[err] in inaipidfeded meainglaf is At ﬁamnmﬂ, 24, paributiady ﬁrefdtﬁtﬁ)t 100, nad' cal

V\/mch IS th an X er and is preferably - - NH2,
C(%&Eﬁ&“x% I n the presence or absence WO 96/31792
PCT/ EP96/ 01265 -36 - of a suitable catalyst.

\rmgg re f, ge O:ﬁ rafﬁiéféﬁéu ﬁ.taamﬁg wr?tu’{ngfd @Iréf&rasuy\assa 00% irPpHitictr 901 108%, BhheN @

X4- R- Xr (E)f éﬁqt&) @? ?ﬁ'ﬁfﬁ &Q@PZ‘“{V&‘}‘ PRe gnagher, joyjer alid haying up 9,8 i e
which is toachenaioms pasicylariyprsfesablyiower alig) hawing wplte A carbon atoms, especially -

a, [ err] - suceérialkyl Rebirig dpPRE Gartstn dtSvnsA furthed ;Hrﬁcularly preferred embodiment of R;,

Ra2, Ra and R, is methyl.

In a preferred meaning, 0-20%, preferably 0-15%, in particular 0-10%, of the radicals Ry Re,
'Rsand R, are, mdependantiy of one another, lower alkenyl, unsubstnuted or lower alkyl- or
lower alkoxy-substlmted phenyl or cyano(lower alkyl). :

Arylene is preferably phenylene or naphthylene, which is unsubstituted or substituted by
lower alkyl or lower alkoxy in particular 1 a-phenylene 1 4-phenylene or methyl-1 4-
phenylene, 1 5-naphthy|ene or 1,8-naphthyiene. '

Aryi is a carbocyclic aromatic radical which is unsubstituted or substituted preferably by
lower alkyl or lower alkoxy. Examples are phenyil, tolyl, xylyl, methoxyphenyl, t-
butoxyphenyi, naphthyl and phenanthryl.

A saturated bivalent cycloaliphatic group is preferably cycloalkylene, for example
cyclohexylene or cyclohexylene(lower alkylene), for example cyciohexylenemethylene,
which is unsubstituted or substituted by one or more lower alkyl groups, for exampie methyl
groups, for example trimethyicyclohexylenemethylene, for example the bivalent isophorone
radical.

For the purposes of the present invention, the term “lower” in connection with radicals and
compounds, unless defined otherwise, denotes, in particular, radicals or compounds having
up to 8 carbon atoris, preferably havnng upto4 carbon atoms.

Lower alkyl has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and
is, for exampie, methyl, ethyl, propyl, butyl, tert-butyl, pentyl, hexyl or isohexyl.



[err] where the variables Rerr], Rerr], Rerr], Rerr], n, X[err] and
Al k—are—as—defi ned -above—tn t he presenree—et—ebsence of a suitable—

catal yst, giving a conpound of- fornula (VI II)':' [err] in which PFPE is
(E)[err]-z-CF[err]-(CCF[err])[err] (OCF[err]CF[err])-CCF[err]-Z-(E)k, Sil is

the *si | oxane. a4 k’ﬁﬁ% ﬁ [err] and the other variables gt def i ned
above; after ‘\i/\'/ﬁi C 1e reactive internediate of the fornula ?V?’F?f"qlgs
preferably reacted with two equival ents of a conpound of the fornula (I Xa)

or (IXb): [err] in the presence or absgsnce of a catalyst, to give the
macroner of the formula (1): [err] WD 96/ 31792
PCT/ EP96/ 01265 -37 - in

which Y[err] is a functional radical which is coreactive with X[err] and is
preferably -OH, -NHerr] - COOH, -COC, -COOR err], -CONCO or .-NCO, and the
vari abl es ar eligtenddas opdo #2 oarbon atothsiand can be straight-chain or branched. Suitable

examples are decylene, octylene, hexylene, pentylene, butylene, propyiene, ethylene,
methylene, 2-propylene; 2-butylene, 3-pentylene, and the like..

Lower alkylene is alkylene having up to 8 carbon atoms, particularly preferably up to 4
carbon atoms. Particularly preferred meanings of lower alkylene are propylene, ethylene
and methylene.

The aryiene unit in alkylenearylene or aryienealkylene is preferably phenyliene,
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit therein is
preferably fower alkylene, such as methylene or ethylene, in particular methylene. These
radicals are therefore preferably phenylenemethylene or methylenephenylene.

Lower alkoxy has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and
is, for example, methoxy, ethoxy, propoxy, butoxy, tert-butoxy or hexyloxy.

Arylenealkylenearylene-is preferably phenylene(iower alkylene)phenylene having up to 8, in
particutar up to 4, carbon atoms in the alkylene unit, for example
phenylenesthylenephenylene or phenylenemethylenephenyiene.

The macromers of the formula {1) can be prepared by processes known per se, for example
as follows:
In a first step, a perfluoropolyalkyl ether derivative of formula (IV):

Xa-(E)-Z-CF2-(OCF2)-(OCF,CFo)y-OCF2Z-(E)-Xs  (IV)
in which X is OH, -NHz, -COOH, -COCI, -NCO or -COOR, where -COORs is generally an
activated ester in which R; is alkyl or aryl which is unsubstituted or substituted by halogen or

cyano, and the variables Z, E, k, x and y are as defined above, is preferably reacted with
two equivalents of a bifunctional radical of formula (V):

Xe-R-X¢ )

inwhichRis as defined above and X, is a functionat radical which is coreactive with an X3
and is preferably -OH-, -NHz, COOH, -COCI, -COORs or -NCO; in the presence or absence



which Xerr] is fornmed fromthe reaction of X[ferr] with X[err] and Y is
formed fromthe reaction of Y2 with X[err]. _The starting nmaterial s of K
formula (1V) for the preparation of the perfluoroal kyl ethers are known and
many are comercially avail able. For exanple, U S. Patent No. 3,810,875 and
Eur opean Patent No. 0211237 (U.S. Patent No. 4,746,575) describe such .
conpounds. WOeesKM®t, Italy, nmarkets perfluoroal kyl ether BFFHEPISSAMSs under
t he nane Fonblin, for exanple Fonmblin ZDOL and Fonblin ZDOL-TX. Further
Fonblin derivatives of the formula (1V)gare comrercially available,
including, for exanple, Fonmblin ZDI SCC, "I n which the radical -Z-Xerr] in
the formula (IV) is CONHCerr]Herr](CH err])-NCO Fornblin ZDEAL, in
-which the radical Z-Xerr] in the formula (1V) is -COOR[err]; and Fonblin
ZDI AC, i nofhaiscitableeatalpst) where thé- néhetion]of Xg with X, bivesra igeoupl X4) aftes whish@H.
Bi functi O?éi%i@é‘gérﬂ@{‘v%&wm |)§ubsti tution pattern as per formula V exist
in |arge nunbers anél are co rcially avail able. Exanples include, wthout
limtation thereto: diisocyanates, such as isophorone diisocyanate and
2,2, 4-trinmet hyl hexarRXi-(E)pZOF{OCFaR(0CF CE)pOCF-ZHER-XR-8| yq¥l) and
cycl ohexane- 1, 2-di ol ; dicarboxylic acids, such as adipic acid and naleic
~acid; diamnes, such as, ethyl enedi ani ne and hexanet hyl enedi am ne, diesters,
such as distigined,which isthen preferahly, raagted withdwa equivalents o an gexsubstitutedni ng
vari ous f gilsdahe 6fforrgbia\agy: such as 2- -am noet hanol, nononet hyl mal onat e,
glycolic acid, salicylic acid, glycine and glycine nethyl ester.
~Preference is given to bifunctional derivatives of the fornula (V) which
have different reactivitigs I T IS ective of the nature of their functional
I
3

radicals Xerr]. In tge cbse ofl Fti al radicals Xerr] this is-achieved,
for exanple, thro i T T Pequi rement s Dt he direct vicinity
of a radical X err]. Exarfl s thhefeof are isophorone diisocyanate, 2,2, 4-
tri nmet hyl hexane 1 , 6-diisocyanat€fand tol uene 2, 4-diisocyanate. The

advant age of using bifunctional derivatives of fornmula (V) of different
reactivity is that the chain length of polynmer Q (nunber of segnents (a),

(P) ana . Whbrd tho Gafdres R RUHLOA, B AEhE AR bt dbingn andes)iriB lesbils
siloxanes of formula (VIT) are I't kew se comrerci a aval | abl'e, "tor exanpl e
a, w hydr oRbsanspofas YN FRPRYYNd of forawla (HBH01 fr om Shi n- Et su.
WO 96/ 31792 PCT/ EP96/ 01265
-38 - The novel conpoynds yC i SO i@ the pr nce or absence of a
solvent. It is advantage %gx%o u??%&%‘!%ﬂ ly i ngrit ‘solvent, i.e., one’”
whi ch does not participate in the reaction. Suitable exanples thereof are
et hers, simshiols PFRE is\{E)eZ-CFpH(OCF 4, AOEF CRL), 00K - Z(E) Sil is thiesiidnahe radicl v c ol
di met hyl ether or dioxane, hal ogenated hydrocarbons, such as chl orof orm or
nmet hyl ene chl oride, bipolar aprotic solvents, such as acetonitrile,
acet one, di nmet hyl f or mam de (DI\/F);‘ t hyl sul f oxi de (DMSO),
hydrocarbons, such as hexane, Iﬁp_eét efrier, toluene or xylene, and

yl .

2

EE
i

furthernore pyridine or N—_—rﬁﬁl

and the other variables are as defined above; after which the reactive intermediate of the
formula (VIIl) is preferably reacted with two equivalents of a compound of the formula {IXa)
or (IXb): ' ' '

Py-(Y)m-L-Xs (1Xa)
Pi-Yz (IXb)

in the presence or absence of a catalyst, to give the macromer of the formula (l):

Pt‘(Y)m' (L‘x1)p'Q' (X1'L)p'(Y)m" P1 (')



In the preparation of novel conpounds, the reactants are advant ageousl y

empeyed—A—stoi chi ofetr+e—anount s—Hre—TeactTomtenper at ure tamr DE,—for
exanple, from-30[err]Cto 150[err]C, preferably fromO[err] to room
tenperature. The reaction tines are in the range of about 15 mnutes to 7
days, prefer J’X"'fi bgut 12 hours. |f necessary, the reaction péypiiiRs out
under argon or rogen as protective gas. In urethane-form ng reactions, a
suitabl e catal yst, for exanple, dibutyltin dilaurate (DBTDL), is

advant ageously added. The present Materi-@&7-"B" furthernore relates to a
pol ynmer conprising a product of the polynerization of at |east one conpound
of fornmula (1) as defined above and, if desired, at |east one vinylic
conmononer (a). In a preferred conposition of a novel copolyner, the
proportion by wei.ght of a conmpound of fornmula (I) is in the range of 100 to
0.5% in pariniwhishd; is a functionahregicabihi@Vistcorebidtive witheXscaralis preferahiy cOM.aNble, -of
70 to 30% tbﬁe  RoEN OGS LBRLYTBHNCO, BndthaValiEtiéd 5o cbfifdd dHOVB) dnd drdlifl9 2

product of nerization of | east _one conpoun forrrul
comonomer ( aWhif a WJWB“P%%P@/H%W@”&W% dprmagfrom the reartin® 2 (a)

present in twithXovel polymer can be hydrophilic or hydrophobic or a mxture
t hereof. Suitable conpbnoners are, in particular, those which are usual |y
used in the production of caontact |enses and bi onedi cal naterials.

hydr ophobi ¢ ing matesialsia faraula {IV) dor tae, Arepasation akthe perfiusroaliyiiethers 9"eg| ves
a _hOWpo:c Y MEKnoWn anbl mehyiafe Corrhbieialiyavaiabie. FordxamplenS) PatentR6. 3,8+0,8758rdby
wel 0 S nmean .
 ronomer wEapped BN 5%’%%?3@‘%29%*4 6, £7ARERTBhadry sl SRS T°0!
can absorb aﬁ“ﬁ"é@@t “ﬂm% "Q!‘R’Dﬂlwl ﬂ'mmmwﬂﬂwm%d%noner s
g:[ a) a ]r eq wi tmmpllé FOmMBIRZDOL aridEFomilin ZO0L-TX.- ElrGier Fomishin détvetives of the formula

err err ClO CI
Clerr]-Cer ré@yﬁ@ F%B&'éﬁfﬂy g?'%ﬁdnéﬁ@f'ﬁgé %edgé%blg&?)ﬁgg f"r'?'h'%h the
met hacryl o- nadical -Z'ésa in/thejormglac(i\V) jis COMH-Calrle NEO; Fomblin ZDEAg in yammees

[ err] - er rdabighiGakkiA MSformidiy (I B,-Cbbhéﬂénda*dﬁ}ﬂh}: ZDBAG,'if Which e vabicall -R; in
vi nyl et hers,me%"m"a(| rd'ddﬁrf uoroal kyl acryl ates and met hacryl ates and

WD 96/ 31792

PCT/ EP96/ 01265 - -39 -
%[C)(ra;(raispg?glrr rfI uorgigfl!hwiﬁé'sﬂﬁﬁﬁ?wggr&ﬂrﬂtﬂs et.h I él’irﬁh?ggwgr?ers |
met hacryl at iﬁé M& %V&W&%{Ngﬁg’g usocyanaes. :
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Preference is given to bifunctional derivatives of the formula (V) which have different
reactivities irrespective of the nature of their functional radicals X4. In the case of identical
radicals X,, this is achieved, for example, through different steric requirements in the direct
vicinity of a radical X,. Examples thereof are isophorone diisocyanate, 2,2,4-
trimethylhexane 1,6-diisocyanate and toluene 2,4-diisocyanate. The advantage of using
bitunctional derivatives of formula {V) of different reactivity is that the chain length of
polymer Q (number of segments (a), (b) and (c)) is easily adjustable and controliable.

a,w-substituted siloxanes of formula (VIl) are likewise commercially available, for example
a,w-hydroxypropyl-terminated polydimethyisitoxane KF6001 from Shin-Etsu.
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compound of the formula (I}, comonomer (a) is absent and the polymeris a homopolymer.
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A comonomer (a) present in the novel polymer can be hydrophilic or hydrophobic or a
mixture thereof. Suitable comonomers are, in particular, those which are usually used in
the production of contact lenses and biomedical materials. A hydrophobic comonomer (a)
is faken to mean a monomér which typically gives a homopolymer which is insolubie in
water and can absorb less than 10% by weight of water. Analogously, a hydrophilic
comonomer (a) is taken to mean a monomer which typically gives a homopolymier which is
soluble in water or can absorb at lsast 10% by weight of water. Suitable hydrophobic
comonomers (a) are, without limitation thereto, C,-Cisalkyl and C,-CsCycloalkyl acrylates
and methacrylates, Cs-Ciealkylacrylamides and -méethacrylamides, acryloriitrile, methacrylo-
nitrile, vinyl C,-Cysalkanoates, C-Crsalkenes, C.-Cishaloalkenes, styrene, (lower alkyl)-
styrene, lower alky! vinyl ethers, Cz-Cioperfluoroalkyl acrylates and methacrylates and



The novel poI ynmers are synthesized in a manner known per se fromthe
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I's used. The I nvention, relates to a cross
pol yrer coin?’A’PHg'?he product of ‘the pol ynerization of a macroner- of the
formula (1), if desired with at | east one vinylic conononmer (a) and with at

I east one CogQRMIPhydréBhilic comonomers (a) are, without this being an exhaustive list, hydroxyl-
substituted lower alky! acrylates and methacrylates, acrylamide, methacrylamide, (lower
alkyllacrylamides and -methacrylamides, ethoxylated acryiates and methacrylates, hydroxyl-
substituted (lower alkyl)acrylamides and -methacrylamides, hydroxyl-substituted lower alkyl
vinyl ethers, sodium vinyisulfonate, sodium styrenesulfonate, 2-acrylamido-2-
methylpropanesulfonic acid, N-vinylpyrrole, N-vinyl-2-pyrrolidone, 2-vinyloxazoline, 2-vinyl-
4,4'-dialkyloxazolin-5-one, 2- and 4-vinylpyridine, vinylically unsaturated carboxylic acids
having a total of 3 to 5 carbon atoms, amino{lower alkyl)- (where the term “amino” aiso
inciudes quaternary ammonium}, mono(lower alkylamino)(lower alkyl) and di(lower
alkylamino)(lower alkyl) acrylates and methacrylates, allyl alcohol and the like. Preference is
given, for example, to N-vinyl-2-pyrrolidone, acrylamide, methacrylamide, hydroxyl-
substituted lower alkyl acrylates and methacrylates, hydroxy-substituted (lower
alkyl)acrylamides and -methacryiamides and vinylically unsaturated carboxylic acids having
a total of 3 to 5 carbon atoms.



Exanpl es of typical conononers (b) are allyl (nmeth)acrylate, |ower alkylene
glycol - di-(nmeth)acrylate, poly(iower -al kyl ene) gl ycol -di (neth)acryl ate,

| ower al kyl ene di (neth)acrylate, divinyl ether, divinyl sulfone, di- and
trivinyl benzene, trinethylol propane tri(neth)acrylate, pentaerythritol
tetra(neth)acryl ate, bisphenol A di(neth)acrylate,

met hyl enebWOO6BIM acryl anmide, triallyl phthal ate and di al RAFEBPMESat e,

The amount of conononer (b) used is expressed in a proportion by weight
based on the total polyner and is in thggrange from20 to 0.05% in
particular in the range from 10 to 0.1% preferably in the range from2 to
0.1% 3. Material "C' WMaterial "C' polyners are formed by polynerizing :
pol ymeri zabl e macroners which contain free hydroxyl groups. Macroners which
are built up, for exanple from an am no-al kyl at ed pol ysi l'oxane which is
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sl oxane ptmﬁethyi&brplbnmaﬁw-wnyﬂdwm conposite has the effect of
producing a surprisingly high perneability to oxygen. The present
enbodi nent of the invention relates to a macroner conprising at | east one
segnent ofTherevel@olymess gre\synthesized in a manner known per se from the corresponding

monomers (the term monomer here ailso including a macromer according to the definition of
the formula (1)) by a polymerization reaction customary to the person skilled in the art.
Usually, a mixture of the abovementioned monomers is‘warmed with addition of a free-
radical former. Examples of such free-radical formers are azoisobutyronitrile (AIBN), o
potassium peroxodisulfate, dibenzoyl peroxide, hydrogen peroxide and sodium i
percarbonate. If, for example, said compounds are warmed, free radicals form with

homolysis, and can then initiate, for example, a polymerization.

A polymerization reaction can particularly preferably be carried out using a phatoinitiator. In
this case, the term photopolymerization is used. In the photopolymerization, it is appropriate
to add a photoinitiator which can initiate free-radical polymerization and/or crosslinking by
using light. Examples thereof are customary to the person skilled in the art; suitable
photoinitiators are, in particular, benzoin methy! ether, 1-hydroxycyclohexyiphenyl ketone,
Darocur and Irgacur products, preferably Darocur® 1173 and Irgacur® 2859. Also suitable
are reactive photoinitiators, which can be incorporated, for example, into'a macromer, or
can be used as a specific comonomer (a). Examples thereof are given in European Patent
No. 0632329. The photopolymerization can then be initiated by actinic radiation, for
example light, in particular UV light having a suitable wavelength. The spectral requirements
can, if necessary, be controlled appropriately by addition of suitable photosensitizers.

A polymerization can be carried out in the presence or absence of a solvent. Suitable



[err] in which (a) is a polysiloxane segment, (b) is a polyol segment which
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Xerr]-L-(Y)[err]-Pi (') in which Plerr] is a group which can
be polynerized by free radicals; Y and X3-andependently of one another are
a bival ent radical which contains at |east one carbonyl group; k is 0 or 1;
and L is a bond or a divalent radical having up to 20 C atons of an organic

conmpound. A polglsi | oxane segnent (a) is derived froma conpound of the
formul a (11| oivents are in ppipsipgle At sgiyents which dissolve the monomers used, for example water,
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A polymer network can, if desired, be reinforced by addition of a crosslinking agent, for
example a polyunsaturated comonomer (b). In this case, the term crosslinked polymers is
used. The invention, therefore, furthermore relates to a crosslinked polymer combfising the
product of the polymerization of a macromer of the formula (1}, if desired with at least one
vinylic comonomer (a) and with at least one comonomer (b). '

Exampies of typical comonomers (b} are allyl (meth)acrylate, lower alkyiene glycot
di{(meth)acrylate, poly(lower alkylene) glycol di{meth)acrylate, lower alkylene ..
di(meth)acrylate, divinyl ether, divinyl sulfone, di- and trivinylbenzene, trimethylolpropane
trilmeth)acrylate, pentaerythritol tetra(meth)acrylate, bisphenol A di(meth)acrylate,
methylenebis(meth)acrylamide, triallyt phthalate and dially! phthalate.

The amount of comonomer (b) used is expressed in a proportion by weight based on the
total polymer and is in the range from 20 to 0.05%, in particular in the range from 10 to
0.1%, preferably in the range from 2 to 0.1%.

3. Material “C”

Material “C” polymers are formed by polymerizing polymerizable macromers which contain
free hydroxyl groups. Macromers which are built up, for example, from an amino-alkylated
polysiloxane which is derivatized with at least one polyol component containing an
unsaturated polymerizable side chain are disclosed. Polymers can be prepared on the one
hand from the macromers according to the invention by homopolymerization. The
macromers mentioned furthermore can be mixed and polymerized with one or more
hydrophilic and/or hydrophobic comonomers. A special property of the macromers
according to the invention is that they function as the element which controls microphase
separation between selected hydrophilic and hydrophobic components in a crosslinked end



The al kyl enoxy groups -(OCH err]CH err])mand -(OCH2)p in the sil oxane of
the formula (I'tl) are_either distributed randomy in a |ligand

alk-(CCH err]CH err])[err]-(OCH err])[err]-ORerr] or are disftributed as

bl ocks in a chain. A polysiloxane segnent(a) is |linked a total of 1-50
times, preferably -2-30 times, and in particular 4-10 tines, via a group Z
with a seg¥@®631392 or anot her segnent (a), Z in an "a-Z-a" PEOEPINIRSal Ways
being a segnent (c). The linkage site in a segnent (a) with a group Z is an
am no or hydroxyl group reduced by one hydrogen. 1In a preferred
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def i ned abcﬁ?@f“.entofltgﬁmwﬁ “preferred nmeaning, the radicals R4 and Rlerr]
are 1-50 tines, nore preferably 2-30 tines and in particular 4-10 tines
pendent |y am noal kyl or hydroxyal kyl and the other variables are as
defined above. I n anot her pr efred Teani ng, ther Sji cals Rerr], Rerr],
Rlerr], Rerr],Rerr] and R err] arela total of 1-50%tines, nore :
preferably 2-30 tines and in particul%r 4-10 tinmes, independently both
terminally and pendently am noal kyl or hydroxyal kyl and the other variabl es
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(a) is a polysiloxane segment, i

{b) is a polyol segment which contains at least 4 C atoms,

Z is a segment (c) or a group X,,

(c) is defined as Xo-R-X,, wherein

R is a bivalent radical of an organic compound having up to 20 C atoms and

each X, independently of the other is a bivalent radical which contains at least orie carbonyl
group,

X, is defined as X,, and

{d) is a radical of the formula (lI):

Xa-L-(Y)-Py )]

in which

P, is a group which can be polymerized by free radicals;

Y and X, independently of one another are a bivalent radical which contains at least one
carbonyl group;

kisOort;and S :

L is a bond or a divalent radical having up to 20 C atoms of an organic compound.

A polysiloxane segment (a) is derived from a compound of the formula (1}):



If Zis Xerr], Xerr] is a bivalent group which contains at |east one
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type X err]. ( are the constituent of a further preferred
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relates to a nacroner'o e in which the variables are-
“as defined above.
The alkylenoxy groups -{OCH.CH.)n and -{OCH;), in the siloxane of the formula (it} are

either distributed randomily in a figand alk-(OCH,CHa)m-(OCH,),-OR;> or are distributed as
blocks in a chain. '

A polysiloxane segment-(a) is linked a total of 1-50 times; preferably. 2-30 times, and in
particular-4-10 times, via a group Z with a segment (b) or another segment (a), Zin.an
“a-Z-a” sequence always being a segment (c). The linkage site in a segment (a) with a
group Z is an amino or hydroxyl group reduced by one hydrogen.

In a preferred embodiment, a polysiloxane segment is derived from a compound of the
formula (I1l) in which the radicals R, Rz, Rs, R4, Rs and Rg are a total of 1-50 times, more
preferably 2-30 times, and in particular 4-10 times, independently either terminally or
pendently aminoalky! or hydroxyalkyl, the other variables being as defined above.

In a preterred embodiment, a polysiloxane segment is derived from a compound of the
formula (1lt) in which 95-29% of the radicals R,, Rz, Ry, R4, Rs and Rg independently of one
another are alky! and 5-71% of the radicals R,, Rz, Ra, R4, Rs and Rs independently of one
another are partly fiuorinated alkyl, aminoalkyl, alkenyl, aryl, cyanoalkyl, atk-NH-alk-NH, or
alk-(OCH.CH.)m-(OCH,),-OR;, and in which the variables are as defined above.

in a preferred meaning, n is an integer from 5 to 400, more preferably 10 to 250 and
particularly preferably 12 to 125.



An enbodi nent of the invention furtherrmre preferably relates to a nmacroner
accordlngtoforrmlaLV) [err] In
whi ch the pol ysil oxane segment (a) contains ¢q pendent Ilgand—x_l“s 0, 1 or-
2, g has an average nunerical value of 1-20, preferably 1-10, and in

particul ar. 1-5; and the segnments (b) in a nmacromer according to the fornula
(V) are |i \W@%31M2t ot al (per nolecule) with up to 20, prefechirogoissh up to”

15, and in particular with up to 6 polynerizable segnments (d). An

enbodi mrent of the invention furthernore pref erably relates to a macroner
according to fornmula (V): in whi cii44-1i near sequence is present, x is
0O, 1 or 2, q has an average nunerical value of 1-20, preferably 1-10, and

in particular 1-5, WO 96/ 31792

PCT/ EP96/ 0118 Gfpreferred meaning, thetwotermmal radicals R, and R, are qpi oallyl F\ﬂ the
segnent s (q)1 F’ BE] nb%r accdl%h to the tormula ( S‘ e _—
total (per %8 Scmgﬁe\fﬁ 9 Peferably with up to 15, and I n e
particular with up to 6 poI yneri zabl e segnents (d). An enbodi nment of b

the inventiiganbtiérd prefeffBa theafing, th Pldical Ry arld R A48 S -8t tinfes Riord Freferatitf £90 1 "9 2
to formla (mVI IQnd in particular 4-10 times pendently aminoalkyi or hydroxyalkyl and the other
variables are as defined above.

In another preferred meaning, the radicals Ri, R, Rs, R, Rs and R; are a total of 1-50 -
times, more preferably 2-30 times and in particular 4-10 times, independently both
terminally and pendently aminoalkyt or hydroxyalkyl and the other variables are as defined
above. |

If Zis X1, X, is a bivalent group which contains at least one carbonyl groub. A carbonyl
group mentioned is flanked in any manner, if appr,opriate, by -O-, -CONH-, -NHCO- or -NH-.

Examples of bivalent groups Z are typically carbonyls, esters, amides urethanes, ureas or
carbonates. o

X, is preferably an ester, amide, urethane or urea group, in partlcular an ester or amide
group.

X is defined in the same way as X; and is preferably an ester, amide, 'Urethaiie, carbonate
or urea group, more preferably an ester, amide, urethane or urea group and in particular an
amide, urethane or urea group.

If Z in formuia (J) is X, a polyol segment b is preferably understood as mea‘ninb a polyol
derived from a carbohydrate, carbohydrate monolactone or carbohydrate dilactone. A
carbohydrate is understood as meaning a mono-, di-, tri-, tetra-, oligo- or polysaccharide. A
carbohydrate lactone is understood as meaning the lactone of an aldonic or uronic acid. An
aldonic or uronic acid is, for example, a carboxylic acid formed by oxidation of a mono-, di-,
tri-, tetra-, oligo- or polysaccharide. Examples of aldonic acid lactones are gluconolactone,
galactonolactone, lactobionolactone or maltoheptaonolactone; examplee of uronic acid
lactones are glucuronic acid lactone, mannuronic acid lactone or iduronic acid lactone. An
exampie of a carbohydrate dilactone is D-glucaro-1,4:6,3-dilactone.



[err] in which x is 0, 1 or 2, and the average nunber of segnents (d) per
f orma—-VYH ) is preterabty—+na—the—fange fr

very preferably is in the range from3 to 4. A pol yol segnent (b) is
derived froma polyol which carries no lactone group if the group Zis a

segment (c). s of such polyols are a 1 ,2-polyol, for he
reduced mnd@gﬂ@ T'des, for exanple mannitol, glucitol, sorlf)?'??)’lg-R}grﬁ‘sg
iditol, a 1, 3-polyol, for exanple polyvinyl alcohol (PVA), which is derived
frompartly or conpletely hydrolysed pol yvhgyl acetate, and furthernore

am no-ter m nal PVA tel onmers, am nopol yols, am nocycl odextrins, am nonono-,
-di-, -tri-, -oligo- or -polysaccharides or cyclodextrin derivatives, for
exarrpl e hydroxypropyl cycl odextrin. An abovenenti oned carbohydrate di | act one
can be react ci¢arbehydeatelaplone ragcts, s exsnaplavith 2 pimaty\amine group pr & hydroxy! group
am no-t er m ngjs sbgherit )Wmté?o&hléﬁt&nﬂebyeéteﬂﬁ&{me?ﬁé Rh%ﬁ[ﬁl&%esh&tﬁ@e

central part, rate, co fro i lactaone.

pol yol s of tmoeg‘ﬁwie& o brpterBA PP et o Pasroar e asoding 13 fheygnion

pol yol . As Stch oacramers have droalterating distributioregfrsegmetts)of type{a)enddb) whichsareone
vinylic pol yrime ngﬁf& egment (d), a linkage of a segment (d) via the

bi val ent radica er thereof to an amino or hydroxyl group, of "a segnent
(b), reduced by a hydrogen at om bei ng i ntended. A vinylic polynerizabl e
segnent (d) iThis erciodinerd béthednvehtion prefenabhatelatesoto graactembt of the fafmaulaliivy: 1- 20
times, nore preferably 2-15 tines, and in particular 2-6 tines, per

macr oner nol ecul e accordi ng g_nghe bnventl on. WD 96/ 31792

PCT/ EP96/ 01265 : % -47 - A

vinylic polynerizable segnent (d) i§ incorporated terninally and al so
pendently as desired (as a term nal /pendent m xture) gyeferably 1-20 tines,
nore preferably 2-15 tinmes and in particular 2-6 tinmes, per macroner

nol ecul e accdm which theovasiables arecastdefined abokegr oup P[err] which can be

pol ynerized by free radicals is, for exanple, alkenyl, alkenylaryl

| kenyl aryl 2 | Kk |
o oot of e Gt oty e e Aot reﬁ%érederrvsiatgy

i somers of pémmuwM hexenyl octenyl, docenyl or undecenyl. Exanpl es of
al kenyl aryl are vinyl phenyl, vinyl napht hyl or allyl phenyl. An exanpl e of

al kenyt aryl eneal kyl is vinyl FAVIR
ytaryl | y szﬂJ@,Q_L_II,,q_
d
in which the polysiloxane segment (a) contains q pendent ligands,

Xis0,10r2,

q has an average numerical value of 1-20, preferably 1-10, and in particular 1-5, and
the segments (b) in a macromer according to the formula (V) are linked in total (per
molecule) with up to 20, preferably with up to 15, and in particular with up to 6 -
polymerizable segments (d).

An embodiment of the invention furthermore preferably relates to a macromer according to
farmula (Vl) '

d)
(@ )
" in which a linear sequence is present, '

xis0,1or2,

g has an average numerical value of 1-20, preferably 1-10, and in particular 1-5,



Plerr] is preferably al kenyl or al kenylaryl having up to 12 C atons, nore
preferably al kenyl having up to 8.C atons and_in particul ar al kenyl having
up to 4 C at ons. L is preferably al kylene, arylene, a saturatéd blval ent
cycl oal i phatic group having 6 to 20 carbon atons, aryl eneal kyl ene,

al kyl enearyl ene, al kyl enearyl eneal kyl ene or aryl eneal kyl enearyl ene. In a
preferred W62 L furthernore is preferably a bond. |RETEPS6/01268 I ed
nmeaning, L is a divalent radical having up to 12 C atons, and nore
preferably a divalent radical having up to 8 C atons; In a preferred

nmeani ng, Lfurthernore is al kyl ene or aryP€ne having up to 12 C atoms. A
very preferred nmeaning of L is |lower alkylene, in particular |ower alkylene
having up to 4 C atons. Y is preferably a carbonyl, ester, am de or

ur et hane graAdkhe deynitivts (b in sAhactomer S20)ding BHhe forfily f@% ﬂ{k%‘&:ogi‘g,gver y
fer abl ‘hony! gl ther a hiteh Cent,
e St % nipcbie] i upila B4 hretaranly i o 15,48 e i ariuley with ko S ur ea. oot ef

am de or caclymerzableysegmentsid).e preferably a urethane, urea, ester or amde =&
group, and in particular a urethane or urea group. A vinylic
~pol yneri zahl e segnent s derjved, for exanple, fromacrylic acid,
net hacryl i 2‘"2?6&&%"?@ HQ@WSWW:{HFB?’W@ very pesferably selates /2 magromeer y| at e R
(I EM, al | pbcarding tcafomtda (MIDNy| | socyanate, the isoneric vinyl benzyl
i socyanat es or adducts of hydroxyethyl methacrylate (HEMA) and 2, 4-tol yl ene
di i socyanate (TDI) or ('dg‘ophorone dii sgcyanat e.(IPD), in particular the 1:1
adduct . WO 961 1792 I" .
PCT/ EP96/ 01265 ___ —x -48 - The
i nvention furthernore ?ref}@rabﬂy réTEi’es to a macroner in which a segnent
(d) is incorporated eifher termnallylor pendently or as a term nal/pendent
mixture 5 times. The i®@xention furthefhore pr ef er abl yﬁw | ates to a macroner
in which a segnment (d) is incorporated termnally 5t s. .. -
in which x is 0, 1 or 2, and

-the average number of segments (d) per molecule of the formula (Vll) is preferably in the -
range from 2 to 5, and very preferably is in the range from 3 to 4.

A polyol segment (b) is derived from a polyol which carries no lactone group if the group Z
is a segment (c). Examples of such polyols are a 1,2-polyol, for example the reduced
monosaccharides, for example mannitol, glucitol, sorbitol or iditol, a 1,3-polyol, for example
polyviny! aicohol (PVA), which is derived from partly or completely hydrolysed polyvinyl
acetate, and furthermore amino-terminal PVA telomers, aminopolyols, aminocyclodextrins, -
aminomono-, -di-, -tri-, -oligo- or -polysaccharides or cyclodextrin derivatives, for example
hydroxypropyicyclodextrin. An abovementioned carbohydrate di_lacto'r'ié'_can be reacted, for
example, with preferably 2 equivalents of an amino-terminal PVA télomer to gi\}e a polyol
macromer which carries, in the central part, the carbohydrate compound derived from the
dilactone. Such polyols of this composition are likewise understbod:to be a suitable 'polyol.

As illustrated in formula (f), a segment (b) carries at least one vinylic bolymerizéble segment
(d), a linkage of a segment (d) via the bivalent radical X, thereof to an amino or hydroxyl
group, of a segment (b), reduced by a hydroen atom being intended.

A vinylic polymerizable segment (d) is incofporated either terminally or pendently preferably
1-20 times, more preferably 2-15 times, and in particular 2-6 times, per macromer molecule
according to the invention.



The diradical Ris, for exanple, alkylene, arylene, alkylenearylene,

ar y-eneaaH-ene or aryteneal kyl enearytere=taviro—tp to 20 carbomr—atoms—a—

saturated bival ent cycloaliphatic group having 6 to 20 carbon atons or

cycl oal kyl eneal kyl enecycl oal kyl ene having 7 to 20 carbon atons. In a
preferred nmegl is al kylene, arylene, alkylenearylene, prRaeRkky! ene
or aryl eneal Kyl'enearyl ene having up to 14 carbon atons or a saturated

bi val ent cycl oaliphatic group having 6 to 14 carbon atons. In a preferred
meani ng, R is al kylene, arylene, alkyleneagyl-ene or aryl eneal kyl ene havi ng
up to 14 carbon atonms, or a saturated bivalent cycloaliphatic group having
6 to 14 carbon atons. In a preferred neaning, R is al kyl ene or aryl ene
having up to 12 carbon atons, or a saturated bivalent cycloall phatic group

having 6 to 1AviedicRolymerigakle segment ()% incprparatediammingly and alsopepgently as gesired
ary:-en:a_ hﬁvi N@s @Reritiinal/Bersienbmixtutepreferebly 1-20 imes\trdra prslerably 2 15 time: f_sand Oiln
cycl oal i phat i _ - . y preferre
meani ng, a seéq@%?y'?é%%&mh&@%{agagf%g@%ﬁgbgfr‘%?%tﬁh'exanpl e from

hexane 1, 6-diisocyanate, 2,2,4-trimethyl hexane 1, 6-diisocyanate,

t2 ez r g_met hyl e%gfaupfo-ml %hg;bg@bgmehmﬁ e{bﬁuics@wm%kmt_ plb!&llﬁi;ﬂ{?alkenylaryl or
, 4-di i socyangi e ue - di.i speyana m_ or p-tetramethylxyl en

i 1 socyanat o. kY ahisrEARYavEap 15 30 ©'HPRY Feined or B Gyl iy | Bioben-,

preferred enbdyl nbutend ob-dgabrtyl(Zhuter-3ilanchtheisomersichnentenyk heweny, octenyl,

_?_ Ihl 539}}’?“& e.tdd&ei'i‘ﬁ'tc:?bnddaényl.%_ " talof altbRyiay é?é?iﬁylﬁ?érfyﬁﬁr%?htaﬁmﬁﬂ*of t&l_lyhilh%ﬁyl.
e different, reactivi B uence n rticular, by e spatia _
requi renents Anargele, ﬂ%ﬁ%ﬁﬂfﬂﬂwmm ghbour hood of an isocyanate

group. The average nol ecul ar wei ght of a macroner according to the
invention is prigbricbbi af £ m@ﬂmgfh § merd Brleferibl ery
preferably i p‘t'ﬁé rangl%:m%?a%?ut ? ?Eg%?gg%tZégﬁﬁé? V\%‘e%/ B)Fl)%%nw
PCT/ Ep%/oug'gvmgupto atoms and in particular alkeny! having up to 4 Gatoms. 20, 000, nore
preferably in the range from about 800 to about 12,000, and particularly
preferably i aldabli Q,Fmﬁ :
enbodi nent O;L%E:?t%@??&{eﬂﬁ?agﬁg%e nen?{eagﬂﬁgﬁgglo t gc?lgpeuhﬁgﬁé\ﬁi/ﬁﬁj:
[err] carbon atoms, arylenealkylene, alkylenearylene, alkylenearylenealkylene or
arylenealkylenearylene. -in a preferred meaning, L furthermore is preferably a bond.

In.a preferredmeaning, L is a divalent radical-having up to 12 C atoms, and more preferably. - -
a divalent radical having up.to 8-C atoms: in a preferred meaning, L furthermore is alkylene:

or arylene having up to 12 C atoms. A very preferred meaning of L is lower alkylene, in
particular lower alkylene having up to 4 G atoms.

Y is preferably a carbonyl, ester, amide or urethane group, in particular a carbonyl, ester or
amide group, and very preferably a carbonyl group.

In another preferred meaning, Y is absent, i.e., k is 0.

In a preferred meaning, X; is a urethane, urea, ester, amide or carbonate group, more
preferably a urethane, urea, ester or amide group, and in particular a urethane or urea

group.

* A vinylic polymerizable segment {d) is derived, for example, from acrylic acid, methacrylic
acid, methacryloy! chioride, 2-isocyanatoethyl methacrylate (IEM), allyl isocyanate, vinyl
isocyanate, the isomeric vinylbenzyl isocyanates or adducts of hydroxyethyl methacrylate
(HEMA) and 2,4-tolylene diisocyanate (TDI) or isophorone diisocyanate (IPD), in particular
the 1:1 adduct.



in whichr is an integer from1l to 10, preferably from1 to 7, and in
particular from1 to 3; t is 0 or1, and preferably I; a linear (c-a) chain.
which may or nmay not be terminated by a segnent (b) is present (t=1); and °
t he above preferences apply to the total nunber of segnents (d), which are
preferably bonded to a segnent (b). . A preferred enbodi nent of the

macr oner HWO9%RAW8Ynent sequence of formula (IX): [err] PCHERI§HOI2ESt he
sequence (c-a)-(Z-b)[err] hangs pendently r tines on the segnent (a) and
may or may not be term nated by a segnent(b); r is an integer from1l to 10,
preferably from1 to 7, and in particullaP from1l to 3; t is O or 1, and is
preferably 1; Zis a segnent (c) or a group X err]; and the above :
preferences apply to the total nunber of segnents (d), which are preferably
bonded to a segnent (b). ‘Anot her preferred enbodi nent of the macroner has

oS5 RN SR e A el oy kS 0"

segnent ( apcasporgaiey enuwdemmllapomqmu orasrterminglnepdent nidure G tines. of
segnents (fhe .nm.sﬁmhanme ﬁﬁ‘f’er&lily felat8s Fd matrfdiner in WHISH HSég:ﬁé:ﬂf(aané ed oz
enbodi ment, of the nach r‘]}ag as a segnent sequence of the formula (Xl):
VD 96/ 317dBcorporated temminally 5 times |

PCT/ EP96/ 01265 ~  -50 - [err]

in which tig Giladical® fseﬁ)r Siﬁnﬁlé ddeneSaryfena) rhlkﬁﬁrﬂﬂﬁﬁenﬁr &g?eﬁeil Kyierid or

D Al O pdaryiond Ahig B 35 SAIhaH alor s Stsaiobivalont cyiosighale. (%)
group having 6 to 20 carbon atons or cycloalkylenealkylenecycloalkylene having 7 to 20

carbon atoms

In a preferred meaning, R is alkylene, arylene, alkylenearylene, arylenealkylene or
arylenealkylenearylene having up to 14 carbon atoms or a saturated bivajent cycloaliphatic
group having 6 to 14 carbon atoms.

in a preferred meaning, R is alkylene, arylene, alkylenearylene or arylenealkylene having up
to 14 carbon atoms, or a saturated bivalent cycloaliphatic group having 6 to 14 carbon
atoms. In a preferred meaning, R is alkylene or arylené"having_up to 12 carbon atoms, or a
saturated bivalent cycloaliphatic group having 6 to 14 carbon atoms. -

in a preferred meaning, R is alkylene or arylene having up to 10 carbon atoms, oris a
saturated bivalent cycloaliphatic group having 6 to10 carbon atoms.

In a very preferred meaning, a segment (c) is derived from a diisocyanate, for example from
hexane 1,6-diisocyanate, 2,2,4-trimethylhexane 1,6-diisocyanate, tetramethylene
diisocyanate, phenylene 1,4-diisocyanate, toluene 2,4-diisocyanats, toluene 2,6~ -
diisocyanate, m- or p-tetramethyixylene diisocyanate, isophorone dnsocyanata or
cyclohexane 1,4-diisocyanate.

A preferred embodiment of segment (c) is furthermore derived from a diisocyanate in which
the isocyanate groups have different reactivities. The different reactivity is influenced, in
particular, by the spatial requirements and/or electron density in the: nalghbourhood of an
isocyanate group. Co

" The average molecular weight of a macromer according to the invention is preferably in the
range from about 300 to about 30,000, very preferably in the range from about 500 to about



t is 0 or 1, and the above preferences apply to the nunber of segments (d),

Whi-eh—are—benrded t e—a—segrrent (b)y—Fre~rTattTo of—the nunber of—SEYMENTS
(a) and (b) in a macroner according to the Material."C' enbodi nent of the

invention is preferably in a range of (a):(b)=3:4, 2:3, 1:2, 1:1, 1:3 or

1: 4. The t wyof segnents (a) and (b) or, where appr oiFisfiogorz6$) and
(b) and (c) is1Tn arange from2 to 50, preferably 3 to 30, and in
parti cular in the range from3 to 12. Al kyl has up to 20 carbon atonms and

can be straight-chain or branched. Suitabl-etgexanpl es include dodecyl,
octyl, hexyl, pentyl, butyl, propyl, ethyl, nethyl, 2-propyl, 2-butyl or
3-pentyl. Arylene is preferably phenyl ene or naphthyl ene, which is

unsubsti t ut ed ubstityted by | ower alk r r . _Ln particul ar
S henyl ene20.008 Tk pisterAbly 57 na et rom Hoou) o 3 Biouf 14558 any RafiRiAg oo
or 1, 8- napht hptefarably in the yangedrom akxub t@00ctoiaboar 100RM0. c radi cal, which is
unsubstituted or substituted by preferably | ower alkyl or |ower alkoxy.

Exanpl es are phenyl, . toluyl, xylyl, nethoxyphenyl, t-butoxy- phenyl
naphthyl o pRFelHfré gmoodimantaling raciomey hei & sRamept seRUENes A the Joua VI
preferably cycl oal kyl ene, for exanple .cycl ohexyl ene or cycl ohexyl ene-1| ower

al kyl ene, for exanple cycl ohexyl t ene, which i substituted or
substituted by one or nore Iow%rb%:l @T&éﬂ)’oups, for exgvnglpe met hyl groups,

for exanple tri:nethyl cycl ohexyl enenet hyl ene, for exanple the bival ent
i sophor one r aghivéiidh r is an irtede? from’'1 OV prefsiabli fomato T andin paRticalar fdrANto@N i N

connection w {hq.adi sﬂ!ﬂﬂ: mpounds, unl ess defined otherw se, nmeans, in
parti cul ar, rfa iocagﬁsgﬁdr&co gﬁﬁds having up to 8 carbon atons, preferably

havi ng up to @lipearie:R) ehaismhich may or may gl bederminajed by a segment (b) is present (1=1);
PCT/ EP96/ 0126&nd the above preferences apply to the total number of segments (d), which hre preferathyver

al kyl has, in . Cul to 8 carbon atons, preferably up to 4 carbon
atons, and ig&@egrtggfg#r“ﬁ?ﬁembhet hyl, ethyl, propyl, butyl, tert-butyl,

pentyl, hexyl .or isohexyl . Al kyl ene has up to 12 carbon atons and can be
strai ght - chai A ppéferpécPéifibitlimerit'of thalPharomer has a segment sequence of formula (1X):

b-Z-a-{c-a~{Z-b): (00}

in which the:sequence (c-a)-(Z-b) hangs pendently r times on the segment (a) and may-or -
may not be terminated.by a segment.(b);: - S _ ,

ris an integer from: 1.to0. 10, preferably from 1.to 7,.and in.particular from:1 to 3;

tisOor 1, and is preferably 1; :

Z is a segment (c) or a group X,; and

the above preferences apply to the total number of segments (d), which are preferably
bonded to a segment (b). |

Another preferred embodiment of the macromer has a segment sequence of formula (X):

b-c-{a-ch-B 09

in-which s is an integer from 1 to. 10, preferably from 1 to 7, and in particular from 1 to 3;
B is a segment (a) or (b); and :

the above preferences apply to the number of segments (d}, which are bonded to a
segment (b).

Ancther preferred embodiment of the macromer has a segment sequence of the formula
(Xn:



exanpl es i nclude decyl ene, octyl ene, hexyl ene, pentylene, butylene,

propyl ene, ethylene, _nethyl ene, _2-propyl ene,_2-butyl ene or 3-pentyl.ene. ... ..
Lower al kyl ene is al kyl ene having up to 8, and particularly preferably ’
having up to 4 carbon atons. Particularly preferred exanples of |ower

al kyl enes:. ar rvgyl ene, ethylene and nethylene. The aryl ene unit of

al kyl enear W aryl eneal kyl ene is preferably phenyl en®@CIiRP#1265;
unsubstituted or substituted by |lower alkyl or |ower alkoxy, and the

al kylene unit of this is preferably |owgp_alkylene, such as methylene or
ethylene, in particular methylene. Such radicals are therefore preferably
phenyl enenet hyl ene or net hyl enephenyl ene. Lower al koxy has, in

particular, up to 8 carbon atons, preferably up to 4 carbon atons, and is,
for exanple, methoxy, ethoxyB-(gbhpbaghh butoxy, tert-@toxy or hexyl oxy.
Partly fluorinated al kyl is understood as neaning alkyl in which up to 90%. i
preferably up.to. 70% and in particular up to 50% of the hydrogens are

repl aced b)’"&hlﬁ’arm‘hi"“cmm%'?l"@g%al kyl enearyl ene is preferably
phenyl ene- Is)mmrabggrlfmnet toi), preferablp fromytoun) and irBparticutat fiom ptrd;i cul ar k-
having up tg h}gg{\ Z (EZ in the al kyl ene unit, for exanple

phenyl enet hy &E en ﬂ ne' Or phenyl enenet hyl enephenyl ene. A
nonosaccharfig@o %’ﬂe context of the present invention is understood as
meani ng an the abowedgréfefsncesappiiahe aumbarchdisegments (d)kwhiop are ohdedto a
ketohexose.s aﬁ(@g‘pl es of an al dopentose are,D-ribose, D arabinose,

D-xyl ose or aﬂ"‘ 3. exanples of an al dohexose are D-allose, D-altrose,

D gl ucose, D nmannose, D-gul ose, D-idose, D gal actose,” D-tal ose, - L-fucose

or L-rhamoHe ratixefthé Rembér of skgrhems (d) ane (19)'in a hacrdmeér@@corting tdthe Meibrias TC"

et ohexose S EHRRRGIRe Keidaty Il aroB U Uy ARl CEA Na h ale e,

a disaccharide are trehal ose, maltose, sonmltose, cellobiose, gentiobiose,"
sacchar ose, The total suiw of stighients (@Fand ®) bf, Wharipprspiiate) () @ne ()RRt ) iswse or

sucrose. g&‘ﬁ’&ﬁ 2 1580 Fsiérefibly 3 to 30, and INpearficutit (¥the range,from 3 to 12

PCT/ EP96/ 01 fral totri ose
- may be nmentioned as an exanple of a trisaccharide. Exanples of an

oli gosaCChaNkﬁﬁaﬁumdméa?bﬁitWQndﬁﬁﬁbﬂbﬁ& inGd bfeioRsd. asmﬁbﬁmlamples

furthernore IFQ? S y, e o

Cycl odextri n‘gx%o&%%ecﬂ S'?e%ﬁ @érlrﬁh Y- &8&'-2&’5‘? 'ﬁé‘%} §§H29 Is%r S-eemg ““f

exanpl es are a-, [err]- and =
Arylene is preferably phenyiene or naphthylene, which is unsubstituted or substituted by i
lower alkyl or lower alkoxy, in particular 1,3-phenylens, 1 .4-phanylene or methyl-1 4-

phenylene; or 1,5-naphthylene or 1,8-naphthylens.

Aryl is a carbocyclic aromatic radical, which is unsubstituted or substituted by preferably
lower alkyl or lower alkoxy. Exampies are phenyl, toluyl, xylyl, methoxyphenyl, t-butoxy-
phenyl, naphthyl or phenanthryl.

A saturated bivalent cycloaliphatic group is preferably cycloalkylene, for example
cyclohexylene or cyclohexylene-lower alkylene, for exampie cyclohexylenemethylene, which
is unsubstituted or substituted by one or more lower alkyl groups, for example methyl
groups, for example trimethylcyclohexylenemethylene, for example the bivalent isophorone
radical. C

The term “lower” in the context of this invention in.connection with radicals and compounds,
unless defined otherwise, means, in particular, radicals or compounds having up to 8
‘carbon atoms, preferably having up to 4 carbon atoms.-



y -cycl odextin, derivatives of such cyclodextrins, for exanple

hydroxyproepytcycl odextr+ns;- and bremched—cyctodextrins. . Fhe—reerorers——

according to this enbodi nent of invention. can be prepared by processes
known per se, for exanple as foll ows. In a first step, a polysiloxane
cont ai ni ng agméﬁéﬁ%”pne primary am no- or hydroxyal kyl  gr oUperipeseires €d
with a carbohydrate l'actone, an am de or ester bond being formed and a
conpound of the fornmula (Xlla) or (XIIb) being forned: [err] in which
the variables are as defined above and Z i-st1a group X[ err], after which the
conpound (XII) is reacted with an unsaturated polynerizable conpound of the
formula (XII11): [err] 1in which X[err] is a group which is coreactive

with a hydroxyl or am no group of segment (b), an X err] group of a segnent
(d) accor di nglewerraliyyhiass in parfculas; ‘ﬂbm&ﬁ%@t!‘ §tprpsy PEGfERRDlY YR 4rcaghon ajpms. @4
i s preferabl yis; forekamplé;chithyl) éthyl. profyt] butyl, tefbQlyl, pentylheédyl offisohiekyli s al kyl ,

or is aryl which is unsubstituted or substituted by |ower alkyl or |ower
al koxy, and the other variables are as defined above, after which a

macroner accoAlfyiage bes umto Tsramanatemeang fan ke straight-haip @r brancheds Sujtable

whi ch the segewimigled ifitiuds. Gacyione cutylerc: Hexytene, patitjisne) butyiohebpylene, ethylene,

Y\% 9 6/ 31792 methylene, 2-propylene, 2-butyiene or 3-pentylene. PCT/ , E'_Dg 6/01265
Lower alkylene is alkylene having up to 8, and particularly preferably having' up to 4 carbon
atoms. Particularly preferred éxamples of lower alkylenes are propyiene, ethylene and

methylene.

The arylene unit of alkylenearylene or arylenealkylene is preferably phenylene, which is
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit of this is
-preferably lower alkylene, such as methylene or ethylene, in particular methyiene. Such -
radicals are therefore preferably phehylenemethylene or methylenephenylene;

Lower alkoxy has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and .
is, for example, methoxy, ethoxy, propoxy, butoxy, tert-butoxy or hexyloxy.

Partly fluorinated alkyl is undarstoodf-'_a_s- meaning alky! in- which up to:80%, .-pkqfera_bly upto
70%, and in particular up to 50%, of the hydrogens are replaced by fluorine.

Arylenealkylenearylene is preferably phenylene-lower alkylene-phenylene having up to 8,
and in particular having up to 4 carbon atoms in the alkylene unit, for example
phenylenethylensphenyiene or phenylenemethylenephenylens.

A monosaccharide in the context of the present invention is understood as meaning an
aldopentose, aldohexose, aldotetrose, ketopentose or ketohexose.

Examples of an aldopentose are D-ribose, D-arabinose, D-iylose or D-lyose; exampies of
an aldohexose are D-allose, D-altrose, D-glucose, D-mannose, D-gulose, D-idose, D-
galactose, D-talose, L-fucose or L-rthamnose; examples of a ketopentose are D-ribulose or
D-xylulose; examples of a tetrose are D-erythrose or threose; and examples of a
ketohexose are D-psicose, D-fructase, D-sorbose or D-tagatose. Examples of a
disaccharide are trehalose, maltose, somaltose, cellobiose, gentiobiose, saccharose,
{actose, chitobiose, N,N-diacetylchitobiose, palatinose or sucrose. Raffinose, panose or



Anot her process starts froma polysiloxane (a) which contains term nal
primary am no-"or hydroxyal kyl groups-and is reacted with a_carbohydrate
dilactone to formlinear structures of the fornula (XI'V):

[err] (XI'V) in whichthe

vari abl es. are.as :defi ned and preferred above, after which a conpound of the
formul a (XWO9H™2ecacted with a conpound of the formla (RaBPISOREDgOUS| y
to the above process to give a macroner of the formula (V): [err] in
whi ch the variables are as defined and preferred above. Anot her process
starts froma pol ysil oxane (a) which cont®¥8ns terninal prinmary anmino- or
hydr oxyal kyl groups and is initially reacted with a bifunctional conpound

of the formula (XV): [err] in which X[err] is a group which is

coreactive Yalthtrigsd Way Sébﬂenﬁéne?!ras% SKamipld St tRESEERAHde! s8faf’ OUP Of a

segrrent (c) being,.fo such a.r actlon where X er?.'?ﬁls preferably
- OB pnarie e RIS EBEs. raiafspqcbitooprapss PRy urthgrmass Yok " -

is unsubstlotqoeabcbaﬂdasbsmhtastderW\er al kyl or lower alkoxy, and Ris ol
defined above, after which this internediate is reacted with a poI yol whi ch

Ch by on ¢ nER RS BRI o HanRalaR T Lo, Soma mamplesate Lt he
conpound of Y toielodextrin, Harivalives ofisuch eyciadentring, for examplatydrokymrbpyidyelotiontring, a -

(XI1l1) to gh N@b@néﬁ%ﬁr@%&eﬁi the formula (X): WO 96/ 31792
PCT/ EP96/ 01265 ne: | .54 -

The macromers according to this embodiment of invention can be prepared by processes
known per se, for example as follows.

In a first step, a polysiloxane containing at least one primary amino- or hydroxyalkyl
group is reacted with a carbohydrate lactone, an amide or ester bond bemg formed and a
compound of the formula (Xlla) or (Xllb) belng formed:

(@zb)y (Xia) N
a-@Zbl,  (Xib) | et

in which the variables are as defined above and "Z":"ls a group X,
after which the compound (XII) is reacted with an unsaturated polymerizable compound of
the formula {Xi):

Xe-L-(Y)i-P; N

in which X, is a group which is coreactive with a hydroxyl or amino group of segment (b),

an X, group of a segment (d) according to formula (II) being formed from such a reaction,
- where X, is preferably -COOH, -COOR;, -COCI or -NCO, in which

R is alkyl, or is aryl which is unsubstituted or substituted by lower alkyl or lower alkoxy,

and the other variables are as defined above,

after which a macromer according to the formula (IV) or (V) is formed'

a—X;—b a—tX;—b)q

| ™ - )
d . : - {d)y

in which the segments (d) are incorporated terminally or pendently.



[err] in which s is an integer from1 to 10, preferablyfromlto? and

| N—partt+ettar—i+omIt—+o—3—B-i s a—segment—ftar—or—~—tb)- and t he—above
preferences apply to the nunber of segnents (d) which are bonded to a
segnent (b). Anot her process starts froma bifunctional conmpound of the

forarul a (XV), which is reacted with an excess of pqléﬁ?ilb%@?f (a)
to give an év?c a) sequence I n which the above neani ngs apply, after
which, in a second step, the internmediate is reacted with a polyol which

carries no lactone to give a conpound of tgg.fornmula (XVII): [err] after
whi ch the compound (XVI1) is reacted with the conpound (XIll) to give a
macronmer of the forrmula (VII1): [err] in which r is an integer from1l to

10, preferably froml1l to 7, and in particular froml to 3; t is 0 or 1, and
is preferably 1; in which a linear (c-a) chain, which my or may not be

terninated bmtrree foeess:stails from apolysiRand (afhh»chaaﬁharnb@erﬁhﬁvmrﬁmhﬁrmees

apply to the r to a
segrent (b) h%ﬁﬁﬂ&%ﬁé%%‘é%%%ﬁté?éﬂ%ﬁ%@%ﬂ%ﬁg LR B
reacted in aﬂﬂhesfoﬂ'm{'ﬂaﬁg\ﬂth a conpound of the formula (XII1), the Iactone
function being retained, after which the internmediate is reacted with a
pol ysi | oxane cont ai ni ng at Ieast one am no or hydroxyl group to give a

conpound of the formula (TH&or X(vrbig- [err]
xv)

in which the variables are as defined and preferred above, aftar which a compound of the
formula (XIV) is reacted with a compound of the formula {X!il) analogously to the above
process to give a macromer of the formula (VI):

(d)y
| X W
in which the variables are-as:defined and preferred above.

Another process starts from '-a=pblysiloxane' (a) which contains terminal primar._y amino--or
hydroxyalkyl:groups.and is initially reacted with a bifunctional.compound of the formula
xXv):

XeRXs (XV)

~ in which X, is a group which is coreactrve with a hydroxyl or amino group of segment (a),
an X, group of a segment (c) being formed from such a reaction, where X, is preferably
-COOH, -COOR;0, -COCI or -NCO, in which Ry is alkyl, or aryl which is unsubstituted or
substituted by lower alkyl or lower alkoxy, and R is as defined above,
after which this mtarmedrate is reacted with a polyol which carries no lactone group to give
& compound of the formula (XVI):

b-c-{a-Cls-b " (xvi)
in which the variables are as defined and preferred above, after which the compound of the

formula (XVI) is reacted with a compound of the formula (Xl{f) to give a macromer of the
formula (X): '



WD 96/ 31792
PCT/ EP96/ 01265 - .. ~b5 - in which. .
gistypically 1 or 2, and in mhlch the above meani ngs and preferences ’
ot herwi se apply, and the segnents (d) are incorporated termnally or
pendently.. .. The present enbodi nent of the invention furthernore relates to,
t he i nt er "H@%BEI2Whi ch are novel and whi eh occur during REHEPSEISSHT t he
macronmers according to the invention. The invention therefore furthernore
relates to a conpound of the fornmula (Xlla)

(a-Z-b)[err] (XI'la) in which qis Sreater than 1, (a) is derived
froma polysiloxane as defined by formula (1) above and (b) is derived from
a carbohydrate dil actone. An enbodi ment of the invention furthernore
relates to a conmpound of the forrmula (X |Db): [err] In which Z (b) and q
are as defined and-preferred aeﬁra? but with the prq&iso that . a segnent (a)
I's derived froma conpound of ormula (I11): [err] 1in which nis
an integer from5 to 500; 99.8 - 25% of the radicals Rerr], R2, Rerr],

Rlerr], R an Whlch%ds E?ﬁmtéder naﬁhqpteﬁdewéfaw} frome tar‘roaﬁuern pmzu&b fattn 128@; 0. 2 -

oeoohaond heiebe 5 Splened SR o e of o

al kenyl , arwhwh WMWISSQQ AI k NH2 or
aIk-(G:I—IZCH[err])[err] (G:H[err])[err] OR[err] in which R err] is hydrogen

or |ower al al k |s aI K n m and dent | of one anot her .
are an int & PERGEES Sfﬂ—g‘%ﬂ& p@Bﬁéjgﬁﬁ??ﬂj’“ﬂ{a 1st one primary
am no or hydroxyl group and at least one partly fluorinated alkyl group.
The invention furthernore xeghages to a corrpo%of the forrmula (XVI):

which is reacted with an excess of polysitoxane (a) to give an -a-(c-'a),'-' éequence-, in which
the above meanings apply, after which, in a second step, the intermediate is reacted with a
polyol which carries no lactone to give a compound of the formula (XVII):

b-Za-fcahZb OV

after which the compound (XVIi} is reacted with the compound (XHil) to give a macromer of
the formula (VIlI):

b-Z-a-{c-a}-(Z-b); (Vi)

in which r is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 to 3; tis
O or 1, and is preferably 1; in which a linear (c-a) chain, which may or may not be terminated
by a segment (b), is present {t=1); and the above preferences apply to the total number of
segments (d), which are preferably bonded to a segment (b).

Another process starts from a carbohydrate lactone which is reacted in a‘first step with a
compound of the formula (XIll), the lactone function being retained, after which the
intermediate is reacted with a polysiloxane containing at least one amino or hydroxyl group
to give a compound of the formula (IV) or (V):

a—X;—b a—tX;—blq

d - : (d)x



WD 96/ 31792
PGH-EPS6/81266———tfef+—i N whi eh—e—segfent—tb)—s deri vee—Foma—petyol——

which carries no | actone and the ot her vari abl es are as defi ned and
preferred above. .An enbodi nent of the invention furthernore relates to a

conpound of ”nﬁ la (XVII): [err] in which a segment /EPogoftes | ved
froma polyol f}’g}:‘arrl es no |lactone and the other vari abllt‘ad? are as

defi.ned and preferred above. A siloxane (a) containing at |east one
primary am no or hydroxyl group is, for exsgple, commercially obtainable.
Exanpl es are KF-6002, KF-8003, X-22-161C (Shin Etsu) or GP4 (Genesee).

O her siloxanes can be synthesized with the aid of published processes. A
polyol (b) required for the synthesis is as a rule conmercial ly obtai nabl e.
Exanpl es are gl uconol actone or | actobi onol actone. O herwi se, they can be
synt hesi zed i which §¢s tapndanyﬁ or 2)ahdl inskitich theaboes meariihgs mnse'embeesaotbamb'mg

to the inven SHié %r{?m e of a solvent. A
sol vent whi c%b@g éﬁrge [ ner ‘ﬁqrdiﬂo&raﬁgesqno ggffm pa € in the reaction,

I s advant ageously used. Suitable exanpl es of the_se are ethers, such as
t et r ahydr of umrhe ptebelt)embodindertl iofithe vuesitior aRRemidreicite o ahdiniembdigdies Whithlare

Chi'or i de, " bi e PraRBRBEAL Syl bl Ut michiheactio ™ Helpitdie' ™' "¢

di et hyl f or mam de (DMF) or di methyl sul foxide (DMSO), hydrocarbons, such as
t ol uene or Xywhe iventnthéreford RirtiBrntore velatds ffa Eompdund ohthefarviopimap.  The

reactants are advantageously enpl oyed in stoichionetric anounts for the
preparation of the conpounds according to the invention. The reaction

tenperature can be, for exaf@Zddsfrom -&perr]Cto 1 50[err]C. The range
fromOC to 40[err]Cis a preferred tenperature range. The reaction tines

here are in the.ran rom abqut 15 mnutes to 7 days, preferably in the
regi on of abgh‘?'h'i'ﬁq%oqffgt n%hF ﬂmessary, the reaction is carried out under

argon or ni t (@geis dedvedfrom apolygiaxane'as definal by fareula ()eboveandivant ageousl! y

added for urm)hag%,&gﬁ,ﬁgémmﬂme exanpl e di butyI tin dilaurate
(DBTDL) .

An embodiment of the invention furthermore relates to a compound of the formuia (XIib):

a-(Z-b), (Xiib)

in which Z, (b) and q are as defined and preferred above, but with the' proviso that a
segment (a) is derived from a compound of the formuta (Il):

_ Ié . 74

(1)

-in which n is an integer from 5 to 500;

99.8 - 25% of the radicals R, Rz, Rs, R4, Rs and Rg independently of one another are alkyl
and 0.2 - 75 % of the radicals R, Rz, Rs, R, Rs and R, independently of one another are
partly fluorinated alkyl, aminoalkyl, alkenyl, aryl, cyanoalkyl, alk-NH-Alk-NH; or
alk-(OCH:CHz)m-(OCH,),-OR; in which R; is hydrogen or lower alkyl, alk is alkylene and

m and p independently of one another are an integer from 0 to 10, one molecule containing
at least one primary amino or hydroxyl group and at least one partly fluorinated alkyl group.

The invention furthermore relates to a compound of the formula (XVI1):



WD 96/ 31792 PCT/ EP96/ 01265
-57 -~ The present_invention furthernore relates to a polynmer conprising a _
pol yneri zati on product of at |east one macroner according to the Invention ~
as defined above and, if appropriate, at |east one vinylic cononomer (a).
The preferred conposition of a polyner according to the invention conprises
a wei ght cHiQ2@72\with respect to the total polyner, of a RORERINEI26S )
according to the invention in the range from 100 to 0.5% in particular in
the range from80 to 10% and preferably_jin the range from70 to 30% In~
a preferred polymer conprising a polynerYzati on product of at |east one

macr onmer according to the invention, conononer (a) is absent and the

polymer is preferably a honopol yrer. A conononer (a) which is contained

in a polynmer according to tbe-fare}stiti on can be hydipphi I ic or hydrophobic

or a mxture of both. Suitable conononers include, in particular, those

whi ch are usually used for the preparation of contact |enses and bi onedi cal
mat eri al s. in which,3 seqmpens i) ds derived frama pelyol whiclreagiestnodartone ane:thé otherononer s
whi ch typi galables@ire s défined ano priférted dbovepol yners whi ch are water-insol uble
and can absorb | ess than 10% by weight of water. - Anal ogously, a :
hydr ophi li ¢ conononmer (a) is understood as meani ng a nononmer which

typi cal |y §nembodimentofitagisventiondurthezmere relates tojaicomposndefithe fosaulaiXéi)or can
absorb at |east 10% by wei ght of water. Suitable hydrophobic conononers

(a) include, without this Ii bej exhaustive, Cerr]-Cerr]al kyl and
Clerr]-Cerr]cycl oal kyl acrkj'i'éf{'é'gf% met hacryl at e&(VIIi)]

Cerr]-Cerr]al kyl acryl am des and -net hacryl- am des, acrylonitrile,

met hacr y| oRivitiidtea segniant (Byicdérivediremrd ﬂlﬁ%%%ﬁﬁsr’ﬁdﬂfhr‘ﬂ'wﬁﬂes’ i
| ower alkyl vinyl

- | o-_al t ol | k t ,
ot her &, WYPPRERIn 4 (6B pof BHISERE 486981 o os and ot hacr i at 65 or

correspondingly partly fluorinated acryl ates and net hacryl ates, =

d err] - ( eAbiioxaRé {d) eontamingyat 1sasi oe frimay SRR O g ¥ s and
met hacryl at es acg‘?/-)l Xi}% d%@rr"ﬁ hacé gféc?);% %%’%ﬁ;’g@%e S’ﬁﬁ/ﬁ%@ér bazol e
and Jerr ]’:L°&’8‘P’F'P %@? ke, es,frp @i I 22-161G (Bhin ) ariGP4ci d,
mesaconi ¢ &sngses)dOlhaesilokanes can bk syntbesizesiwittothe iaid afipablished pricessese,
acrylonitrile, (err]-Cdalkyl esters of vinylically unsaturated carboxylic
ﬁgl/?ﬁ ghﬁ\él gﬁolgolf!@rrgsﬁ?eg %Bor;}ggtsg?nrmésisoirs a\élanrme c%%n?errgialgob%ggabb?ex; l Ir?apl%g Ia(lgles
gluconolactone or lactobionolactone. Otherwise, they can be synthesized with the aid of a

published process.

The compounds according to the invention can be prepared in the presence or absence of
a soivent. A solvent which is largely inert, i.e., does not participate in the reaction, is
advantageously used. Suitable examples of these are ethers, such as tetrahydrofuran
(THF), 1,2-dimethoxyethane, diethylene glycol dimethyl ether or dioxane, halogenated
hydrocarbons, such as chioroform or methylene chioride, bipolar aprotic solvents, such as
acetonitrile, acetone, dimethylformamide (DMF) or dimethyl sulfoxide (DMSO),
hydrocarbons, such as toluene or xylene, and furthermore pyridine or N-methyimorpholine.

The reactants are advantageously employed in stoichiometric amounts for the preparation
of the compounds according to the invention. The reaction temperature can be, for
example, from -30°C to 150°C. The range from 0°C to 40°C is a preferred temperature
range. The reaction times here are in the range from about 15 minutes to 7 days,
preferably in the region of about 12 hours. If necessary, the reaction is carried out under
argon or nitrogen as an inert gas. A suitable catalyst is advantageously added for urethane-
forming reactions, for example dibutyltin dilaurate (DBTDL). :



WD 96/ 31792

PC‘I‘I [l T a VAl A a X Ko Yad =y (el
T = JUT UL Z0UJ ) . = JO*~

Exanples of suitable hydrophoblc conononer s (a) i ncl ude nmet hyl acryl ate,
ethyl acrylate, propyl acrylate, isopropyl acrylate, isobutyl acrylate
(IBA), isooct ate (OA), isodecyl acrylate (DA, cyclqggﬁ?gmm
acryl ate, 2-e¥%§l gé%l acrylate (EHA), nethyl nethacrylate, ethy 61265
nmet hacryl ate, propyl nethacrylate, butyl acrylate, vinyl acetate, vinyl
propi onate, vinyl butyrate, vinyl valerat-&7-styrene, chloroprene, vinyl
chloride, vinylidene chloride, acrylonitrile, 1-bytene, butadiene,
nethacrylonitrile vinyl toluene, vinyl ethyl ether per fl uor ohexyl -

et hyl t hi ocar am npet t hacryl at e, orn met hac | at e
£r 1T or oot hy{PeREBRent Mot Jiermate e o AROIRAEY yifigigation product
hexaf | uor obutgfiat (mtdmmaquem@mwﬂnvmﬁ deﬁned above and, if appropriate, at

tris-trinmet hyjggdlohb GiryiicidomdnomeP@y nethacrylate (TR S),
3-met hacryl oxypropyl penta- ~ met hyi di sil oxane and bi s(net hacryl oxypropyl )

t et rramet hyl di si oxane. Pref.erred exanpl es of hydrophobi c conmononers (a)
are net hyl rrel’limefprrad eompdiitiontdT B polyrrier Bhiorditg\to thelinvefiion coRipiisesalweight

acrylonitril qg%ﬁgp% S
i st being cgcnoclz' u5| ve roxy?&ﬂl?b@g??ﬁ?@?%f&n&%? Eﬁ{;%ﬂwg}’es andé]
met hacr yl at esTangR frgmaep 5%!“%5‘ cag i the rangs fegm W’é

- met hacryl ami ﬂagefr&hmwaa%ed acryl ates and net hacryl at es, hydroxyl
substituted | ower al kyl acrylam des and - net hacryl am des,

hydr oxyl - substituted | ower alkyl vinyl ethers, sodium vinylsulfonate,

sodi um st yr erl8@anreferrad rolymercomnriging @dolymasization progyct ptat nNenacravpey

N-vi nyl pyrrol ﬁ:coMngltﬁlﬁelﬂvemiblﬁ Qomdaommer (@) is absbriband the pulymet-is/prefdrably adi -

al kyl oxazol | ogn% - and 4-vinyl pyridine, vinylically unsaturated

car boxylic aci Vi ng total of 3 to 5 carbon atons, am no-I|ower al kyl
“(where the term "anmi no" also includes -quaternary ammoniun), nono-|ower

al kyl ani no- | oxesmendadr (&rwhich is evfained ifva potyrher %tatﬂeyhvmwbﬁw -and

ot M 3, S A e

hydr oxyl - subsheaewhich arewsuallyaised for se greparationelromactiansesiand biomedical

hydr oxyl - subshatetidigd | ower al kyl acryl am des and -neth- acryl am des and
vinylically unsaturated carboxylic acids having a total of 3 to 5 carbon
at ons. Exanpl es of suitable hydrophilic conononers (a) include -

~hydroxyet hyl Arbydiephobiccomon¢mena) is undenstoed asimaaningmanamers wijich tyrigailygive, as

acryl ate, 1trigIRenopoRAEr, Boiihets Wnith are WateRiAsolubleaha ean hissofb lR¥Slthan beriyde
(Blener[err] for e arrpl e from N ppon G 1), dinethylam noethyl

nmet hacryl ate’ T-di met hyl am noet hyl et hacryi am de, acryl am de,
met hacryl am de, N, N-di met hyl acryl am de (DVRA), allyl al cohol,

vinyl pyri di neangiiasGaly, d nydRophiie bomahdiner &) is uhderstood as meaning a monomer which
typicalily gives, as a homopolymer, a polymer which is water-soluble or can absorb at least
10% by weight of water.

Suitable hydrophobic comonomers (a) include, without this list being exhaustive, C;-Chealkyl
and Cs-Cyscycloalkyl acrylates and methacrylates, Cs-Crealkylacrylamides and -methacryl-
amides, acrylonitrile, methacrylonitrile, vinyl C,-C,salkanoates, C-Cisalkenes, C»-Cyghalo-
alkenes, styrene, lower alky! styrene, lower alkyl vinyl ethers, C,-Cioperfiuoroalky! acrylates
and methacrylates or correspondingly partly fluorinated acrylates and methacrylates, C3-Cia
perfluoroalkyl-ethyl-thiocarbonylaminoethyl acrylates and methacrylates, acryloxy- and
methacryloxy-alkylisiloxanes, N-vinylcarbazole and C.-C,zalkyl esters of maleic acid, fumaric
acid, itaconic acid, mesaconic acid and the like. Preferred comonomers are, for example,
acrylonitrile, C,-Caalkyl! esters of vinylically unsaturated carboxylic acids having 310 §
carbon atoms, or vinyl esters of carboxylic acids having up to 5 carbon atoms.
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di met hyl - 3- oxobut yl )acryl am de N-vi nyl - 2 pyrrol i done (NVP) acryli c acid,
met hacrylic acid and the like. Preferred hydrophilic conononers (a) are

2- hydroxye% '{rﬁéhacryl ate, dinethyl am noethyl nethacryl ate,

trinmethyla R$ L) hydr oxypr opyl met hacryl ate hydrochl or i BET/EPI6NI1265

di met hyl acryl am de and N-vinyl -2-pyrrolidone. The polyners according to
the invention are built up in a manner kngwn per se fromthe correspondi ng
nononers (the term nononers here also including a macroner according to the
I nvention) by a polynerization reaction with which the expert is famliar. .
Usual ly, a m xture of the abovenentioned nononers is heated, with the
addition of an agent which forns free radicals. Such an agent whi ch forns

5 L i S Pt e o e

per oxodi sul dlbenzo | “peroxi de

per car bonat &Py {*B\"&b“@ggei‘@ﬁ éMb ndate{OA) isodeeyd
radi cal s ar ecdylwfl(mo.rcyelﬂhewyadsrwatd. ;2athylheayl¢cqﬂate (E1eA), miethyl mamawylate. ethik i at e

I bly b
carri s out et wg&%f*ﬁﬁ%é’%"ﬁﬁ?ﬁ&h&[‘ o, vl @opindio S 10 Y Th -+
this case. buraieyinybealeraie, styreneshlorapreng "UWK?*!“P"K’POY"‘WP%"@!W% acryipajtrile,

free radi cali-tumdneButadiene, evetisate/ionitriie; vingltoloéne) ginhhethy) ethes, feffiuctdhgiyl- | S

bl d
e e .
1 r oxyc | era
Dar gg ur ’ y?-lﬁam rths-ﬁﬂibﬂ@ﬁlwwsi@%bﬁmdmamsmm : w?ymanﬁt ch ’
can be |ncor e used as a
speci al co ﬁ@xerf gw& °ayl)§ﬁérp§§@d§vm§ﬁgse alrJe to be found

in EP 632 329 ‘The phot opol yneri zatlon can then be triggered off by actinic
radi ation, fF@éfe@é’cﬁéSﬁnﬁ)iés' & hydropRobiieédmdiidhitirs (dY ate ﬂ@hrl%etﬁaé‘rﬁlhtb@iﬂA? HFBA,

wavel engt h E&i,‘ C A @I% be controlled accordingly, if
appropri at eH by %% | ohD ﬂH‘g #@o'ﬁﬁ[%osenm tizers. Polynmerization can
be carried out in the presence or absence of a solvent. Suitable solvents

are in pringuiétie Bydroptilic\coRionombisql) FEIBae withoitithis W@n&ﬁﬁ@b hi@roxytxanpl e

And T ur ¢ her AGPaRSd e Sion Bl st ethacryios N Bo PP IR BT Do)
aprotic sol akylasrylamides and -aethacrylpmides, ane@acmetwdmmwmmmxw-
ket ones, f osuBstiEd PweEdkyPylamides ah® matAasIamides HyaroxyLsubstituted lowax ampl ©

hel bgenat ed" aefg%%saﬁwﬁ*wﬁu@ﬁsﬁpW%ﬁ%#@éﬁﬂ§e%ﬁ 2 B es o
suitabl e propanesulfonic acid, N-vinylpyrrole, N-vinyl-2-pyrrolidone, 2-vinyloxazoline, 2-vinyl-4,4-di-
alkyloxazolin-5-one, 2- and 4-vinylpyridine, vinylically unsaturated carboxylic acids having a
total of 3 to 5 carbon atoms, amino-lower alkyl (where the term “amino” also includes
quaternary ammonium), mono-lower alkylamino-lower alkyl and di-lower alkylamino-lower
alkyl acrylates and methacrylates, allyl alcohol and the like. Preferred comonomers are, for
example, N-vinyl-2-pyrrolidone, acrylamide, methacrylamide, hydroxyl-substituted iower
alkyl acrylates and memaéryla'tes, hydroxyl-substituted lower alkylacrylamides and -meth-
acrylamides and vinylically unsaturated carboxylic acids havmg a total of 3 to 5 carbon
atoms. '

W e

Exampies of suitable hydrophilic comonomers (a) include hydroxyethyl methacrylate
(HEMA), hydroxyethyl acrylate, hydroxypropyl acrylate, trimethylammonium-2-hydroxypropyi
~ methacrylate hydrochloride (Blemer®QA, for example from Nippon Oil), dimethylaminoethy!
methacrylate (DMAEMA),‘ dimethylaminoethyl methacrylamide, acrylamide, methacrylamide,
N,N-dimethylacrylamide (DMA), allyt alcohol, vinylpyridine. glycerol methacrylate, N-(1,1-
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sol vents, for exanple m xtureszof water with an al cohol, for exanple a
wat er/ ethanol or a  water/met hanol i xture. | f ‘appropriate, a polyner

networ k can opspsi fied by addition of a so-called crosslb&#&m 25a9ent,
for exanpl e g&(p’gpé/unsaturat ed conononer (b). The invention fu €r nor e
relates to a polymer conprising the polynerization product of a macroner
according to the invention wth, if apprg@riate, at |east one vinylic

conononer (a) and with at |east one conononer (b). Exanpl es of typical
cononorners (b) are, for exarrpl e, allyl(nmeth)acrylate, |ower alkyl ene

gl ycol di (rret h) acryl at e, ower | ene di th)yacryl ate, | ower
al kyl ene  .did Vg WP%({) @Pn%"ﬁg{%mm'@g#ﬁ‘&ms‘?ﬂgﬂ'}éﬁ&%ﬂ' G'Pi"aw'% acid
trivinyl benzeatﬂthénkerret hyl oI pr opane tri (meth)acrylate, pentaerythritol

tetra(neth)acrylate, bisphenol A di (rret h) acryl at e,
met hyl enebi s( et h) acvél am de triall pht hal at e or di al | I @ht hal at e.
te

The ‘amount ofPretered b#reéswwewgn mettwiaminaethy!
respect to thnethadryiie trmtlwmmmndn-emydmxyﬁrowl anetfeactylatehyifiothioride N3G " i n

parti cul ar |rh"hgﬁy‘kgy ﬁé}@ﬁ&"ﬁ%&? f M and preferably in the range from
erla 0

2to 0.1% er Padvant ageous enbodi mrent of the
present invention relates to the use of -a - siloxane-containing macromner

}Mﬁ: fh is fo ; "Rié golyaiereastardiiglioahdivertionarsBiitt dp i dsmmérlkamh per sohonnthet he

ol l owi n Str

about 508 pr‘% ng ngpe%&l‘[e] te%%%n@re}e& He%&l er a§ﬁ§ %&%Wrd%gg

the radical s the tswerytlonmea polymexization reagtion with-which the gxpert isdamilias, Useally &

anolg her, 3 ar a mamoﬂh&mmmma%mms is Heatet] wﬁmarahdmwuﬂmd nﬂ?l'iiel: )
rerera err er.r e I men e

![Oot al nunt%er J%%Sﬂ%‘f gﬂf@r% %ﬁ?ﬁ"%@g@k‘é{’% r‘&%’( 'and R4 is

greater than azossaMyromR[IQ;(Al?N) Pptessigm prfaxodisuliate, dibenzow peraxide, hydw@aprndent | y

of one anot hgferoide'&'so JﬁYdercd?ﬁd?fa&r #ithe/ cérhduntis FeftidriedArébidated, foFexample,

preferably g r'Ldlg|er r al }a{med by homolysis, and can then, for example, initiate a
polymerization. -

A polymerization reaction can particularly preferably be carried out using a photoinitiator.
Photopolymerization is the term used in this case. For photopolymerization, a photoinitiator -
which can initiate free radical polymerization and/or crosslinking by the use of light is
suitably added. Examples of this are familiar to the expert, and specifically, suitable -
photoinitiators are benzoin methyl ether, 1-hydroxycyciohexyl phenyl ketone and Darocur
and Irgacur types, preferably Darocur 1173® and Darocur 2959® . Reactive photoinitiators
which can be incorporated, for example, into a macromer or can be used as a special
comonomer (a) are also suitable. Examples of these are to be found in EP 632 329. The
photopolymerization can then be triggered off by actinic radiation, for exampie light, in
particular UV light of a suitable wavelength. The spectral requirements can be controlied
accordingly, if appropriate, by addition of suitable photosensitizers.

.Polymerization can be carried out in the presence or absence of a solvent. Suitable
solvents are in principle all solvents which dissolve the monomers used, for example water,
aicohois, such as lower alkanols, for example ethanol or methanol, and furthermore
carboxylic acid amides, such as dimethylformamide, dipolar aprotic solvents, such as
dimethyl sulfoxide or methyl ethyl ketone, ketones, for example aceton_é_ or cyciohexanone,
hhydrocarbons, for example toluene, ethers, for example THF, dimethoxyethane or dioxane,
and halogenated hydrocarbons, for example trichloroethane, and also mixtures of suitable
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structure of the Material D macromer follows: ACRYLATE - LINK - ALK
- -ALK-PDAS - ALK - O ALK-UNK - ACRYLATE where the ACRYLATE is sel ected
fromacryl ates and nethacrylates; LINKis selected from urethanes and .
di ur et hanewa 968am™@s, ALK - O - ALK is as defined above ( RIRSIFEPO&912$%er | or
Rlerr]O Rerr]), and PDAS is a poly(dialkyl sil oxane). For exanple, a

Mat erial D macroner nay be prepared by reg&tl ng i sophorone dil socyanate,

2- hydroxyet hyl (neth)acrylate and a pol y(dral kyl si |l oxane) di al koxyal kanol
In the presence of a catalyst. A preferred Material D nacronmer nay be
prepared by reacting a slight excess of isocyanatoal kyl nethacryl at e,
especi al | y isslventantat excnipie mintires of watat with &rcalicoholi foexample a water/ethanol or a

pol y(di al kCWa'iér}‘rRé’tﬁ&ﬁ mikt@ekoxyal kanol . pref erably pol y(di net hyl sil oxane)
di pr opoxyet hano In the presence of a catalyst, especially an organotin

catal yst such as dibutyltin dilaurate (DBTL). The primary resulting
struct ur e i df apprdpiatep apolymer netwerk dan beiintensified !Fj[aﬂdit]onamdsa{caneqcrassﬁnkhg‘ i ned

as foll ows: eRdh ﬁ?ﬂn%{éd] &ia% e Y
Cerr] al kylagent, fa rl;nre ﬂ"?ef era et hyl gﬁgow Rl:arr and are net hyl
or hydr ogen.2 PoFRRI WMFQW ° nateduchota a‘P@"‘?"EQ Wyention ng
t he af or ememithpif appropriate; & eastare vinylic ngnmmnerr(a)randl w:tm al ffeasbone sofonomer (b).

hydrophilic mononmers and a thernoinitiator or a photoinitiator such as

DarocurE[errE]xa1173 A solvent, such as hexanol, is preferabl¥ added to
mples of typical comonomers (b) are, for example, allyl{imseth)acrylate, lower alkylene -

glycol ditmeth)acryiate, poly lower alkylene glycol di(me_th)acrylate, lower alkylene
di(meth)acrylafe. divinyi ether, divinyl sulfone, di- or trivinylbenzene, trimethylolpropane
triimeth)acrylate, pentaerythritol tetra(meth)acrylate, bisphenol A di(meth)acrylate,
methylenebis(meth)acrylamide, triallyl phthalate or diallyl phthalate.

The amount of comonomer (b) used is expressed in the weight content with respect to the
total polymer and is in the range from 20 to 0.05 %, in particular in the range from 10 to
0.1%, and preferably in the range from 210 0.1%.

4. “Material D"

Another advantageous embodiment of the present invention relates to the use of a
siloxane-containing macromer which is formed from a poly(dialkyisiloxane) dialkoxyalkanol
- having the following structure:

B L I 14
HO—HR, ohz—.-T-' _OTi RgOR,—
Rg | Ral,

where n is an integer from about 5 to about 500, preferably about 20 to 200, more
preferably about 20 to 100;
the radicals R;, Rz, Ra, and R,, independently of one anothar. are lower alkylene, preferably
C:-Ce alkylene, more preferably C.-Cs alkylene, wherein in a preferred embodiment, the

'~ total number of carbon atoms in R, and R; or in Ry and R, is greater than 4; and
Rs, R, R;, and R are, independently of one anocther, lower alkyl, preferably Cy-Ce alkyl,
more preferably C,-C, alkyl.
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hom)geni ze the mxture. Preferably, an approprl ate amount of TRIS is added
to lower the nodulus of elasticity to a desired |level. The ionoperm

nmononer or ﬁzmay be selected fromany of the afor engire66126s

| onoper m or Wﬁg lic mononers. Preferably, the ionoperm nononer. is

sel ected fromthe group consisting of acrylates, nethacrylates,

acryl am des, nethacryl am des and m xtures-6hereof. More preferably, the

| onoperm nononers are selected from di methyl acryl am de (DvA) and

nmet hacrylic acid (MAA). A preferred "Material D' prepolynmer mxture, in
wei ght percentages based on total mxture weight, includes about 35 to 80%
Material D macroner, about 6 to 25% TRI'S; about 15 to 35% | onoperm

nmonoener ; abomhememe@tﬁmwbemamra!larmacmmeréelm 10 to 20% sol vent. A
nore preferred "Material D' prepolynmer m xture, in weight percentages based

D macr oner - aboukOB LATE Tl ALR® g8k DEORY- D 30 b ik RO 01

0.2 to 2% net hacrylic acid; about 0.1 to 1% photolnitiator; and about 10
to 20% sol Ve'ﬁherd*thﬁ@(dﬂﬂ.wﬁ% YelBEtBd RbMUryidrs &id mb lai%"seﬂﬂidé”'&ﬂe&bd(ﬁ'&he

in weight perc bas on.total cl ud

Fol | 'ow ng: © a5HRS0 &g cBEeRRR KNAaY %#Méﬁee{wﬁéﬁé}%s about
22 to 26% dlm@-ﬁy)LandﬁDAmmwmlﬂKylsﬂomen% met hacrylic acid; about 0.2 to
0. 6% photoinitiator, and about 10 to 20% sol vent. The prepol yrrer m xture

may be formed into Iens S a ?}Ot her o thal m ¢ devices by an a nunber
0t oennt que Fok RRATIER VieAal Raamer By Do STPRREL eaming opRYPYS dispgyanaie

prepol yner r2-hyroxyethyl (methyaoyylateiant a poly(dialkyisiexérsd) diatkoxyalkemokin the presdrice of
convex nold wst mated with the concave nold half, and an appropriate
anount of radiation is applied to initiate polynerization. Wile
ultraviolet (UV) radiation is preferred, a nunber of other energy sources

known in the ﬁaprbfea'adMite?hI Dswatrdmeranay bprepared bip eeactingla slighf xcesédfer i al D

ht hal m I ' t
(r)rgcr oﬁem g an none |'§B€'o la?e Bw %%W%Lc@%? (@)paiﬂbfgrgr Pgabl e
mat eri al : PO'V(Q'%W%!BWP) d k%'a&@aalt Profprakly pelyidimathisioxanepdipeapesfeghanol, in
(b) about 5 mcap’eeeﬁce%iapmbsﬁdaiaﬁyaaaﬁbamm catdigst saEpas dnsﬁymdndmta 40.

percent iono almc lens is nore
preferably aqggf?i)mlggﬁ nrzgkﬁ%%@uo?éF Q‘QQPJEOV\A ng macroneric and

nononeri ¢ conponents, based on total WEI ght of polynerizable material:
(a) about 50 to about 60 percenta 5 D macroner; (b) about 10 to
about 20 per cent TRIS and

wherein R, and Rayo are defined as follows:

Run: . Rmo:

Tto ﬁ H | | T ﬁ Tm
Hzc=c—c——0'——H9—N —-OClN-—-R1 1——0— -—(:CHZ

|
H

where R; and Ry, are alkylene; preferably C,.¢ alkylene, more preferably ethylene; and Ryp
and R,» are methyl or hydrogen.

The “Material D" prepolymer mixture may be formed by mixing the aforementioned siloxane-
containing macromer with one or-more hydrophilic monomers and a thermoinitiator or a
photoinitiator such as Darocur® 1173. A solvent, such as hexanol, is preferably added to
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(c) about 25 to about 35 percent i onoper m nononer . In a preferred

enbodi nent, the Material D ophthalmc tens is a polynerization product of

t he follpwi ng.- macroneri ¢ and nononeri c conponents, based on total weight
of pol yner iWaBé#¥MMat eri al : (a) about 50 to about GBCPHEPISIONES

Mat erial D nacroner; (b) about 10 to about 20 percent TR S;

(c) about 25 to about 35 percent DWVA, and (d) up to about 2 percent
MAA. I n anot her preferred enbodi nent, %out 0.2 to 1.0 weight percent MM
I s used, together wth the conponents (a), (b), and (c) in the above-cited
anounts. I1l. OPHTHALM CALLY COWPATI BLE SURFACES The ophthal m c | enses

of the pr gs tbinohenizathe anixtofey cPrefereblyl, an appio'pn&te amobhicsf TS sl ddded Y lbWerafie | ar

tissue an ct. In

one preferr%%%gﬁéﬁ?"%ﬁ ahpﬁlf ?ﬁo@k%%ﬁﬁp&r#@g‘gﬁ mﬁﬁgtggtlon

i ncl ude a cé&pelectadfromany o %WWE@WWP%PFWW mﬂm@a%tpfﬁf?f%t

i ﬁug f aCﬁ }Ahhdﬁbnépbnﬁﬁﬁmohjedtmmmﬁelgrﬂmmbbmdﬁa&rw% , Priutieachiit b i@§Ita| f
ydr ophi | i C ility o

the lens w é& ﬁ&h}c&@nﬁ&?& ear c!ﬁ &Q}ggg’&b&a‘@%ﬁﬁ' h| licity

i ncreases, mmgﬁﬁmiﬁéewQQNMWGWBM%W)@MIW%M'I&#GMMMM naceous

matter typically decreases. There are factors other than surface

hydr ophi | i ; whi.ch t te t
doposi t aco et Miing B Brekolyes BooleS R oPisidost Hared Pl gt

mat t er caus Weight inclusies mbeut| 35/t 60%Matetia! ﬂ@aeremg abput flo 25k FRISy about 15 tO

Pr ot ei naceogsxdemspeith modked abbutdR &21% phefoinitiatdt 4rithabott! Ao Sdtkdnit AON t O
| ens. st bTe RSREtRdr Malerel 3 oo e it walopt bvenipges Brred Sl |
Therefore, imbdureansightsoeiedaschifoliewipbi atiot 40/to 55% MatenelDimaceomerr about 8 toons in
deposi ts of 15&orMS! asdut BB 5% divtel rdeaaﬂ@w@aéz«wrﬁahac yiie dicid? aout

t t t d.h t
sL??‘a?f;‘”mf’é%étﬁﬁ'ﬁﬁahwﬁfﬁ#i%esﬁﬁgﬁ.m55{6 P (P re e Yacr,
a vapor or Pprepalyeer mixiure; intweight percensageshased anitatal roiktupmwelght; ingludeathee (1) a
coating is fgNBiing dasdanwa:mmapb nidtrothér: abdit 10 0 1290 TRIS: Hbofi b 28%Ar €
adsor bed ont %éhﬁacsiﬂ e, at?Jut 8 % ‘?‘k e%adryl&:@cndt ra]bol.l(‘f B%rpo%aé% photomltlator and

about 10 to 20% solvent.

The prepolymer mixture may be formed into lenses and other ophthalmic devices by any of
a number of techniques known in the art and disclosed herein. Preferably, the prepolymer
mixture is conveyed into a concave half of a lens mold, the convex mold half is mated with
the concave mold half, and an appropriate amount of radiation is applied to initiate
polymerization. While uitraviolet (UV) radiation is preferred, a number of other energy
sources known in the art and disclosed herein may also be used.

The Material D ophthalmic lens is preferably a polymerization product of the following
macromeric and monomeric components, based on total weight of polymerizable material:
(a) about 45 to about 65 percent Material D macromer;
(b) about 5 to about 25 percent TRIS; and
(c) about 20 to about 40 percent ionoperm monomer.

The Material D ophthaimic lens is more preferably a polymerization product of the following
macromeric and monomeric components, based on total weight of polymerizable material:
(a) about 50 to about 60 percent Material D macromer;
(b) about 10 to about 20 percent TRIS; and




PCT/ EP96/ 01265 - 64- nat ure
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are altered, or (4) the surface properties of an article are otherw se
nodi fi ed. There are a variety of methods disclosed in the art for

rendering a of a material hydrophilic. For exanple, may
be coated w ﬁ&;&ﬁz’yer of a hydrophilic polyneric nmaterial .W&ﬁ vel y,
hydrophilic groups may be grafted onto the surface of the lens, thereby
produci ng a nonol ayer of hydrophilic mater.igal-- These coating or grafting
processes may be effected by a nunber of processes, including wthout

limtation thereto, exposing the lens to plasna gas or imrersing the |ens

in a nmononeric solution under ropriate conditions. Anot her set of
net hods of al't er i Ryakoyb2s %mﬁertm@gemmam@ws i nvol ves treat nent
prior to polyrrerizationtoformtheIens For exanple, the nold may be

reated Wi §oirBRiBd shbofimentthd @lefilh BiMAaim 1844 bhofhRRLAicfi Bhods

irradi ation, ynerz |on
mxture i m‘redmnqnﬁaf%ﬁﬁnﬂ FTE’"%‘PE? @qmmets»t Wﬂﬂéﬁm WP‘Q'E ohpelymerizghle
fromthe coremaferiiihe prepol ynerization m xture. A preferred cl ass of

surface treat rr_ent whi ch an ionized gas
is applied to the aﬁ%ﬁ%@%?%ﬁwﬁwﬁtﬁéﬁ%égg and processing
conditions are dbbahaubQtoghout 2QperpentTRISIS. Patent Nos. 4, 312,575 and

4,632, 844, which @ygbdupg)fmmperngmlaﬁdreference The_pl asma gas is .

preferably a m xt and nitrogen, oxygen or an inert
gas. In a prefe @i'é%l b'g %Iens is plasma treated In the

presence of a mxture of (a) a C[err] al kane and (b) a gas selected from
the group conggotnae &#eﬁsutémmaerﬁrﬁemo QWﬂG'Wet ghf BErcERtMIAK Rusbélt6geter | N

a nore preferred enbodl nent asmg treated in the presence of
a m xture of W@fﬁ&ﬁ&"‘&ﬂ 'ﬁﬂa)’( ) af‘&/“gﬂﬁ*?@% a"aﬁ'ﬁghal m c Lenses The
novel polymers or crosslinked polymers can be converted into ophthal mc
mol di ngs in apy, M!Mmml chﬁ §Fﬂm cular into contact |enses,
for exanple by carryrng ou € phot opol yneri zation or photocrosslinking
of the novel polyners in a suitable contact I'ens nold. Exanples of novel
opht hal mi ¢ noThe opjthalmic lenses of the preseotinvention havesa syrface whichds biocdmpatible with
ocular tissue and ocular fiuids during the desired extended period of contact. inone
preferred embodiment, the ophthalmic lenses of the present invention include acore
material, as defined above, surrounded, at least in part, by a surface which is more
hydrophilic and fipophobic than the core material. A hydrophilic surface is desirable in order
to enhance the compatibility of the lens with the ocular tissues and tear fluids. As surface
hydrophilicity increases, undesirable attraction and adherence of lipids and proteinaceous
matter typically decreases. There are factors other than surface hydrophilicity, such as
immunological response, which may contribute to deposit accumulation on the lens.
Deposition of lipids and proteinaceous matter causes haze on the lens, thereby reducing
visual clarity. Proteinaceous deposits may also cause other problems, such as irritation to
the eye. After extended periods of continuous or intermittent wear, the lens must be
removed from the eye for cleaning, i.e., deposit removal. Therefore, increased surface
hydrophilicity, and concomittent reductions in deposits of biological matter, aliows increased
wear time.

*Surface treatment processes", as used herein, refers to processes to render a surface
-more ophthalmically compatible, in which, by means of contact with a vapor or liq'uid. and/or

by means of application of an energy source (1) a coating is applied to the surface of an

article, (2) chemical species are adsorbed onto the surface of an article, (3) the chemical
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-65 - limtation-thereta, contact lenses for vision correction, contact
| enses for eye color nodification, ophthal mic drug delivery devices, :
opht hal m ¢ wound heal i ng devi ces, and the 1ike. B. Contact Lenses A

specific enbodi nent- of the invention is directed to contact |enses which
conprise c¥O&BY1R |y a novel polyner or pol yneric networ k PCHERS6IRESt act

| enses have a range of wunusual and extrenely advantageous properties.
Anongst these properties are, for exanpl their excellent conpatibility
with the human cornea (if necessary after sSuitable surface treatnent
(coating)) and with tear fluid, which is based on a bal anced rati o between .
wat er content and water perneability, oxygen perneability and mechani cal

and adsor pt inature (s.gpelectrastatic Thargeufichemizcabjrotssson e lsBrideit ahlatRfe 4r8sul ts i n
i gh cont o lanar, i) B3GR Pbpertidsdt aAlanitiy m%:@&%&ﬂ@%ggef fects. Owmng

to their favorable permeability properties wth various salts,
nutrients, water and diverse other conponents of tear fluid and gases

(CQerr] afftied are a]varietylobmethods discloseain tﬁmm réiéfing'@ s6rtdc8©f a niiterial

tual | |
bont rast 2“%@%’““ ot endirgio VRO e may Bl Al vyt 85601 Bdwurtoliig ey
i nnovat i ve Sat¥iaheflierpativelychsieophilis groups smayhe grafted mmm ofthe|ees; i es
and ion per theaéty progucing 4 monsiajer bbhyiivephilicinient) U Thédetdatiig oh

Glases
EﬁéfPe{F?ée'“ﬂmﬁ wsbbﬁewéﬁ.@haéfdz’éﬁﬁﬁ%%@%& il Stab'{”ﬁx e

especi al | 'y thelens torplasma gasaniramersi ¢hnsmmonqnemmnmueam;¢mmygen
per neabi | i ty:ondlﬁonbey to producing a true extended-wear contact |ens. The
hi gh oxygen perneability is required to prevent coneal swelling, thereby

reduci ng the |ikelihood of ocular damage and wearer disconfort during
peri ods of ARpBAtER of methods of alteringtheisyrfagapmpenties oka/leasinibives tréatmentrpsiot o

move on t rr:fetoapmymmﬂémmfm?omew Foeatdniplé %@@lzﬁ@ﬁ%@%&t@& Mﬂ-tn &Haﬁﬁﬁd and
wear er conf gr i 0 extended, .conti nuou
contact wit %cdl? ﬁ%.l’ {oe@sgg sant% Lé(')égﬁﬁ:gfc% iation. @ﬁ]?f ghergy source, thereby

ext ended- we §pusingthe preprlymerzation mixhue W@Q@WM adjacent the moidsurtacs o différdin ar e

cont or t abl ecompasitiohdrofiethsedredsf i prapsipfiert@tién mbéurbhe | ens dianeter is too
smal |, the eyelids wll not cover any portion of the |ens when t he eye is

open. Thus, the eyelids will contact the edge of the lens each tine the
eyelid is cAdsefgredplass of @y%&a@ymtummarqpmmmossesmmmomws
irritation, gﬁenrwblndﬂlﬁmmm&l@@sPﬁbﬁh

orefer od CBAbha B RTFS o o AS7ES ARG 43%%53%5' %mxmw% '+
Pr ef er abl y, hemin kydefesance, Ehg Pisma aaaﬂsanmwm mixture of lower alkanes and nitrogen,
oxygen or an inert gas. :

in a preferred embodiment, the lens is plasma treated in the presence of a mixture of (a) a
C..¢ alkane and (b) a gas selected from the group consisting of nitrogen, argon, oxygen,
and mixtures thereof. In a more preferred embodlment, thelensis plasma treated in the
presence of a mixture of methane and air. : C

iv. UTILITY
A. Ophthaimic Lenses

The novel polymers or crosslinked polymers can be converted into ophthaimic moldings in a
manner known in the art, in particular into contact lenses; for example by carrying out the
photopolymerization or photocrosslinking of the novel polymers in a suitable contact lens
mold. Examples of novel ophthalmic moidings, in addition to contact ienses, inciude without
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to about 16 mllineters, nore preferably about 13 to 15 nm and nost

pref er any about 13.5 to 14.8 nm V. METHODS OF USE AS EXTENDED- VEAR
LENSES The wignéar@gescri bed opht hal mic | enses have speci al '

ext ended- wear contact |enses. Contact |enses having sufficient oXxygen and
wat er transm ssion rates frominner (base curve) to outer (front curve)
surface may be continuously worn for |ong p&si-ods of tinme wthout
substantial corneal swelling or wearer disconfort. The nethod of wear

I ncl udes (a) applying the Iens to the eye and (b) allowing the lens to

remain in inti cant gct _ wi the .eye.and tear fluids for a period of at
| east 24 hour's'p’gﬁﬂﬁﬁle@ﬁ' Jﬂ%‘@’f’%’éc?' {od CBWaEﬁ??F@ﬁIm’ ﬁgﬁﬁ"ﬂ’ or
wear er conf or t modifigatipnaiphthalnic daigdefivery dmm ophtbiaimicomaiinddiealing deivices,)and the
renoving the Igas fromthe ocular environment: (d) treating the l'ens (i.e
disinfecting or cleaning the lens); (e) re-applying the Iens to the eye;
and (f) allowng the lens to remain in intinmate contact with the eye and
tear fluids foB. Soptacthens®ls at | east an additional 24 hours w thout
substanti al adverse inpact on corneal health or wearer confort. In a
preferred enbodi nent, the lens is worn for_ a continuous period of ‘at |east

four (4) days AvsPeriisembagiment of the invention s diregted loreniact inasasyhich compriser ¢ . | n
anot her pr ef er éssentiiiip atouelpolynien or palyraerichetwark. Soch eammlmmemanguiofof

t| t
Gl scontor e rurbbel s Sdthl) dherHiRbaL bioBertip MiichetiBed iffertife dSTOFT
conti nuous perXeAmpls, mrqmtwmmmmmbm@b@qrm {itnecessary-after syitable ng
or wearer di scsiifabé treatiriant/ @batingy)idn withitedrdiiide which ksis#d 6h a Halkcbdratio batwiehn

swel Li g or eleteléln scg@ﬂar%@mma@%ﬁ A eéRrve
| ens may be neRraperties,r Bis bajanceof desirable propastien rgauits inhigh sgmionta absenge af
i onoper m pol y 'ritationldinG afiBrgenic affsots. Twihgy totheiPfavaiableidihadtlitypropartiedwith Rdpect

Phot o i t 1 at olﬁ%ﬁ%w%ﬁaq“nhﬁrﬁg ¥ P Bt %&?E%”?@né% % g ang gpass (CO:
di scl osed abovand Qa),\the sovel contactdensas haveneiiash or visualiynoefiect, oe thenatural i n
initiating pO'MGEbMWﬁWHW%ﬂYBﬂHQMQﬂ%&ﬂHW

Y\ﬁlcl uggoé\gpf? g{féagh Bpresenf:inhovag\P o%dpvpea% Pensgs h r;ecgtler%l%g et':(?lamrI

properties and ion permeability sufficient to. avoid the undesired bmdmg effect..
Furthermore, the novel contact ienses have high dimensional stability and shelif iife.

It must be emphasized that this balance of properties, especially the high ion permeability in
combination with the high oxygen permeability, is key to producing a true extended-wear

- contact lens. The high oxygen permeability is required to prevent cdmeal swelling, thereby
reducing the likelihood of ocular damage and wearer discomfort during per.iods'of extended
wear. The high ion permeability enables the lens to move on the eye such that corneal
health is not substantially altered and wearer comfort is acceptable during a périod of
extended, continuous contact with ocular tissue and ocular fluids.

The preferred extended-wear contact lenses of the present invention are those which are
comfortable over the period of extended wear. If the lens diameter is too small, the eyelids
will not cover any portion of the lens when the eye is open. Thus, the eyelids will contact
* the edge of the lens each time the eyelid is closed. This repeated eyelid-lens interaction
" typically causes irritation, wearer discomfort, and lens dislodgement. Accordingly, the
‘preferred contact lens diameters are those which are sufficiently large to minimize eyelid-
lens interaction and the associated irritation. Preferably, the contact lens has a diameter of
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radi ati on such as mcrowave, thermal, e-beamand ultraviolet. A preferred -~
met hod of initiating polynerization is by application of ultraviolet '
radi ation..- . It has been discovered that the ion and/or water perneability .
of sone of WOR34T3r enenti oned core nmaterials nmay be i ncr ecBEHERIGOI265t | at i ng
and conpl eting polynerization in an atnosphere which is substantially free.
of oxygen. Suitable gases which are readiLky comercially avail abl e include,
without limtation thereto, nitrogen and carbon dioxide. Thus, in a
preferred enbodi nent, the oxyperm and | onoperm pol ynerizable nmaterials are-
pol ymeri zed In an atnosphere-having | ess than about 1 0000 ppm oxygen. Nbre
pr ef er abl y,abbliet torabspt e millimeters LinohietgefelabiyEbout s fo2iBh®, amd @bstgrefé@blyai Ns

| ess than xygen. Even nore preferably, the surrounding -
at rmsphereaég’gﬁ{‘ﬁ% ‘géé)s "han about 100 ppm oxygen, while the nost

preferred oxygen content is less than about 20 ppm In the aforenentioned
enbodi ment ,y.t USE AS EXTENDEDSWEAR ed prior to

pol yneri zati on. The degassi ng may be acconplished by a nunber of techniques
known in the art. One technique for degassing the prepolynmer mxture

i nvol ves t Hbewpbovertlescrived prithaimicriensesinaye sprtial HUlly ayexiended-waer contacte

r epealt ed Uﬂéﬂde?.tdﬁﬁ\tiqli_mﬂéé hairgy ngﬁ@awmﬁrln&hmss?pmaﬁm%aa f he
prepol yner - r P reez - 0 ny.ol. v cooli I e. prepol ynmer
m xture unt‘ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%&gﬁﬁ{'gﬁ P@ﬁé _ %Wﬁ“ﬁ%@d&?ﬂ‘%q‘?fm’%‘ﬁ? i1 fied
prepol ymer timewithout subistastialicornerryvelling or searerdisepmiforth hempthadofweanol yner
tm xth ure u nhhdlude@?a){ﬁﬁﬂﬁﬁg&h_é l‘anaitli"lhg ) tahu le)'dﬂ?\f:iﬁb--ﬁ’n_e wﬁb%hhinsn Hagais| ng

echni que is ) eous in . agl. ratory.s in er .degassi ng.
t echni ques %H%&!nﬁ‘ﬂh‘%?ﬁ!ga?‘!%%9“‘@%‘%53%’%‘&9@?}5?58%&% %‘ﬂﬁﬂ%ﬂ | ens
manuf act ur iadyense iapact on cornedl heaktmen weasencomftrd at nosphere surroundi ng the

| ens nold may include oxygen, under certain conditions. For exanple, if the

nas | ow PaEieseR sl g Fenaiiiefeliane & e yhs e s o miiectier DS 1 ¢

to pol yrer iendrenmeng{(diteanting thedens i e., disinfactiag brcleaning the ans); delreapplipgdhebi ent
ai r W t houlierdsAa ShY &\b; BAE TP AINGWRNG tRE DS fo FEPEITINiitihate BontadtiwiththéeBjd andtedin O

substanti all y.reduce. ion _or water nperr ility . of the final |lens. Thus, in
Sothar pr dbile s Eeion BF alhest3h SigRraTa Mot WinBls sbStmhtl dtversd Fopatliih. o b,
t he f ol | onicomeat hgalth of weanehcomfiodpol yner ni xture i s degassed, (2) a lens

nold half is filled with the prepolynmer m xture, . (3) the nold halves are

ens. “wher d" BRESIRERL e ALl e en £ wplst RE6 Soiorpus Rariolar o lesit ik 1 Barh
oxygen per mwithbut substantial camnesnlswelling priyveanay discamdorti in ariothey praferracierahodithentnce
of oxygen. thdiehtiswéil ki dOnlifuous ‘petidd BY & Idkist Ssveh 1A dalyd Rithout substantial

corneal swelling or wearer discomfort. in another preferred embodiment, the lens is worn

for a continuous period of at least 14 days without substantial corneal swelling or wearer

discomfort. In yét another preferred embodiment, the lens is worn for a continuous period

"of at least 30 days without substantial corneal swelling or wearer discomfort

VI. METHODS OF MANUFACTURE

The ophthalmic lens may be manufactured, géneral!y, by thoroughly mixing the oxyperm
and ionoperm polymérizable materiails, applying an appropriate amount of the mixture to a
lens moid cavnty, and initiating polymerization. Photoinitiators, such as those commercially
availabie phdtoinitiators disclosed above, may be added to the prepolymerization mixture to
aidin initiating polymerization. Polymerization may be initiated by a number of well known
techniques, which, depending on the polymerizable material, may include application of
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nol ds are stored in an inert substantlal |y oxygen free at nosphere, e.g.
ni trogen or carbon di oxide, prior to use. An essential feature of the

manuf acturin oRhifYS of the present innovative lenses is t ce of
hi gh oxygen g'ermegib;?I ity and high ion permeability is achi elﬁg’ﬁ’m@

Manuf act uri ng techni ques and conditions which result in lowering either the
oxygen perneability or the ion perneabilitgzbelow |levels sufficient to
mai nt ai n good corneal health and on-eye novenent during periods of extended
wear are unacceptable to produce the innovative extended-wear contact

‘I enses of the present invention. Preferably, the manufacturin netgod
produces a cOMIBNON SUShas AUTPYEVe: Mo, Sbean shi siiaviplst oA prefirisd At o

| onot on i on Haitiating polyiveyizatioaflis byapplitatioh ofibitraviaiet raGiatiorx 10[err] cnierr]/sec.
More preferably, the manufacturing nethod produces a contact |ens having a
Dk/t of at least 75 barrers/mmand a |onoton Ion Perneability Coefficient

of at |east dthasbeeppisceveredithatthe jonand/orwaterpermenbility ofsgmest pr ef erably
.lorowt desI a cgﬁrambnﬁoaaa ch%\météné!sf beﬁfcr?bea By mitiating &% éomipléting\polyfherization .
onoton |on sec.
The previ ous TS BHeabdrs iR e alishithall reblc @fgﬁ r fefatie 384?.% W'J'ﬁ"n*‘{ﬁé“'{!t Lo
practice t he commensiallyravaiiableineiude, witherddimitationthereto, nitreger-arrbgarpen diendde. st and
speci }‘ ic enb%@ﬁﬁh%rﬁ&%d SfbAIIvienE ﬁaes,rﬁeharaaaﬁombaheﬁaﬁﬁh&.zﬁgletdmt Adds auevwdng
exanpl es is sy [ n es shou Q
Co T e t he POUGRREG] e iRiierd o eqs o sk OB olport Ot Mt vt
accor dance vmmmatmaspnm Qumwiméme m!merizebb matpiial comainsjese ymaaappuwogo pomc.
Vot or | al v B RS, Evén mitto B Rounfitg BhpnEre oonfilnd ledtian 44 100 | ©
"C', and Exarﬂ?ffew&vgwg' ?%pﬁﬁmﬁn?ﬂ'&'ﬁ isjpss than a M%@PBF‘ures are
stated in degrees Celsius unless otherw se specified. Exanples E, F and G

are directed lﬁﬁwe%ﬁr%ﬁﬁ&kb%bﬁdﬁ%f ﬁeaﬂrbﬁélyrhé‘rtﬁ‘)ﬁﬁfe s t%edembrﬁ”d the

| onoton | on Pe b|J|t Coefflplent the | o X lon, Per bili
Coef fi ci ent SEpessing Faay boatremalaned by @ S0mpeE ot dsrhiques known in
respectively thean One techmquefordegassmg the prepolymer mixture anEbMﬂhEuseafasenas of .

pol ysi | oxane ygashg aRd thawi ﬁﬁﬁ iédflﬂm b appYapti @aﬁ@ﬁmi
B R i S T ahin L S e e

prepolymer mixture until the mixture sofidifies, applying a vacuum to .the.solldlﬂed._ -
prepolymer mixture, discontinuing the vacuum, and thawing the prepolymer mixture untit the
mixture is again in liquid form. While this degassing technique is advantageous in a
laboratory setting, other degassing techniques known in the art may be more advantageous
for commercial lens manufacturing processes.

oo
T OIS

Alternatively, the atmosphere surrounding the lens mold may include oxygen, under certain
conditionis. For example, if the lens mold halves seal adequately to one another and the
lens mold material has a low rate of oxygen permeability (e.g., polypropylene), it is possible
to polymerize a degassed prepolymer mixture in a mold surrounded by ambient air without
reaching prepolymer oxygen concentrations sufficiently high to substantially reduce ion or
water permeability of the final lens. - Thus, in another preferred embodiment of double-sided
molding, the lens is formed by the following steps: (1) the prepolymer mixture is degassed,
(2) a lens mold half is filled with the prepolymer mixture, (3) the mold halves are sealed to
one another, and (4) the polymerization is initiated to form the lens, where the lens mold
halves are formed from a material having a low oxygen permeability and steps (2)-(4) may
‘occur in the presence or-absence of oxygen. in this embodiment, it is preferred that the
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Tokyo, Japan) havi ng hydroxyet hyl propoxy end groups with 2 nole

equi val ents (about 21.2 grans) of isophorone diisocyanate (Al drich Chem cal
Co., M| waukee, W-sconsin) in the presence of about 0.2 grans dibutyltin
dilaurate WO (Pfaltz & Bauer, Inc., Waterbury, Conne?ﬂ’%ﬂ?@’?l.“g;fter
about 48 hours reaction tinme, 2.02 nole equivalents (about 38.7 grans) of
pol y(ethyl ene glycol) ("PEG', about .61Qég_rml Vn, Dow Chem cal Corp.,

M dland, M) and about 0.17 grams of dibutyltin dilaurate (about 0.43% by
wei ght PEG are added to 80 grans of the reaction product fromthe prior
step. Sufficient chloroform (A drich Chemcal Co.) is added to the m xture
t o make t hiengimoldsraze bioratge as inest subbtastiatiy okygen-free attnbsphede, @ig./ rittagen or

t enper at ur : tor rs. Next, the mxture is stirred for about 8 N
hours at a ré%qu'ragtaﬁ'rpga@fohggbut 44 to 48[err]C, with the tenperature held "
substantially constant by a surrounding oil bath. The chloroformis then
evapor at edAniessentidfeatue of the masufactiningarethodsefithe pissont imiovatielienses i6 thit a

wei ght sol | | ol % Jﬂtp.gamtg' -1 '585%%5 f A
hou?s. The.%éiérz'i_qbe?lfthﬁg@.orﬁé 10l e equl ?ﬁ%ﬁ'?gt'?'% out @@)&9? %‘%"% @%n@fgaliﬁnge’

i socyanat otechRiguesand cepditionsavhioh negylt infpwering eithen thepxygen permeabilierdhe/ion| ¢
fF’A_)I i's gddmbnﬁyebamwesuffdimtd aintsive gooddorrieal mmrwmm num
oi | and sfi : ten re. 17 haur .

pol ysi | ox aﬁ%ﬁﬁgg’%{' g‘f’%@%@#&%ﬁ‘éﬁrﬂ 5@#&@%&%&#’7‘59 g‘%&ﬁ’é""éﬁf"e@ﬁ%ﬁ ?Xk.ﬂabht
(M) of abedntac tanges)pithe pigsentimestion. The nacromeric solution is then

pol ynmeri zed, in the presence of about 0.5 wei ght percent DAROCCUR[err] 1173

phot oi ni ti r 1.ha- Cej [ | to foum contact..
| enses. Poﬁif&'ﬁé)'gl t@%@gﬁ%ﬁ%g&% ﬁ‘gﬁ%& r%bd‘g égag (%oﬁ?tl '%W ﬂota@ ‘%&g%laélr@r
precur sor barers/mpnand g langtenden:Permeghility Costinient obatdenst 02 xth cm’/sepoMores- 6
{rW cnfe { I ] prefera@tlp|thefhahadtifingbinbl produbes bW@b&%@Qg@y& Bpigast 78t room
enper at ur g, [ . A Qi | [, causes
pol yneri zaﬁrﬁwvae%&méﬂ"d% ﬁ%%gﬁyo%%f’%&?#ﬂgé % tcgﬁsgf.e'ﬁlge havi ng
t he shape mRnyfaciuring methd praferably provides @contast leas baving a Difiotatdenst 87 0 renove
the renmai nhatgersMinvand & iohofon 18P REmABIliG Codiftieht 6f &tdedsP 013 M am?/sbble Product
i s a pol ysil oxane-contai ni ng pol yneric contact |ens. Prior to taking
oxygen perneability neasurenents, the |lenses are hydrated by placing the
| enses i n TeepweMous discleswrewilanableons heving ordinagy skill inithe:art tapraeticethaurs. After
KﬂygrA e;tL IO\O/\? inylémia%c ﬁs&aéma%mﬁmm%gg _ fm&@@méh& ﬁq{ngaeﬁhcgffl&?ﬁd émisddRAéHs! aitﬁhb
| eaner S12%1 E’Eggé’? IPE%" u 'EI' %OI’%I 0 renove
grease and ﬁ’ﬁ%?‘&gsﬁm?? v hh‘g _ atiPreRrE ’ "Ts renoved
by ri nsi ngfolibwing exampies shoujsi nat be eerd jatlimit the sEpppé thefinvsnlion.(J) are neasur ed
at 34[err]Cin a wet cell (i.e., gas streans are maintained at about 100%
et athve Mg Chby Ao S brafgddth WBorkdile WA mafdhhfl damhed A5t Thil, 1V
Examples A-1, A-2, etc. relate to Material “A” as defined above, Examples B-1, B-2, etc.
relate to Material “B" as defined above, Examples C-1, C-2, etc. relate to Material “C", and
Examples D-1, D-2, etc. relate to Material “D”. Temperatures are stated in degrees Celsius

unless otherwise specified.

Examples E, F and G are directed to demonstrating a correlation between on-eye
movement and the lonoton lon Permeability Coefficient, the lonofiux lon Permeability
Coefficient, and the Hydrodell Water Permeability Coefficient, respectively.

EXAMPLE A-1

A polysiloxane macromer is prepared by reacting, at room temperature (about 21°C), one
mole equivalent (about 100 grams) of poly(dimethylisiloxane) dialkanol (Shin Etsu Chemical l



WD 96/ 31792

PCHEP96+-01265— 70—
determ ned as outlined in the: portlons of. the speC|f|cat|on relating to
oxygen perneability and transm'ssibility.

EXAVPLE A-2 wob@diye | oxane macroner is first prepared substpefi®shizss N
accordance with the procedure described in Exanple A-1. A copol ymer
precursor solution is prepared by m Xxing about 180 grams pol ysil oxane-
cont ai ni ng macroner, about 15 grams 3-mett®&ryl oxypropyltris
(trinmethylsil oxy) si | ane (Shin Etsu), about 4 grans 2-hydroxyet hyl

net Hacryl ate ("HEMA"), about one gram et hyl ene gl ycol dinethacrylate

EDGVA" it .
{empor at ur o E3p YOk o4 HAAE Wi oo bhd ghith Wl 2 hdlb BhuidierS iflout
pol ymeri zed 2b2fa5ms)obiroakaronedisecyanpis (W'G%WE’H%{ Milwaukee,Wiseensin) it e
filled with {Hecpresuno vhatoupd.e QrEm©dibatgitid dilaurate datalyay (Fadiet& Bagdh! iné.about 300

t 400

about 3nm)ura¥”a§$%%b§?’?‘ B Ao a8t 46 iufsFedcibn il .02 Rold VB Ebd "

Cher eby al | oRBA@rame oggw{;@ww slycol ({PEGEAhOH10 el Moy DavyChermicaliGes. of

~the nol d. Thﬂldlﬁﬂﬁﬁﬂ) ahdaboui 0. Wﬁﬂﬁs‘“‘f H‘EMWI@WED&W@QWHG}@O
[ e

oo O B o B g BB BB o Bt Afdron
13.6% TRI' S, Sbgmtcammﬁgddgdj\oaweuwe tormake theymixiueg hamageneoust ThisgnixEracsA.
The contact bLgpey fonfpeRdure Yorodtt 1T8Indurs. N&&Sms%&ﬁrewsﬂrib@f&a&wm for

a period suf C|et I thelesnatrlx
BTy hydrat Bﬂ iR S &Wa&z@@m s
about 87 barmmaya@umummwmmrrmmmommmmwmmmqmrtaanlum us
of el asticity gk cﬁﬁé&ﬁraﬁ’oxﬁ)f'ﬁéutso% by weight solids, stirring the mixture at room

e pr ocodur MAHRYR,SSPHF i) EAat, 3bo it 4 2e agubent (s I0ABEE P of

about 19.5 wisbglanatoethylanethaosyigtei (1M Monomer Bolymer, i, FeadBillBRPS) is addedfioou t
33. 5% N, N-di trﬂ)&biﬂ?rﬁf mbEM'U c&%ﬂﬁﬂ%l&ﬂﬁhﬁ:%ﬂiﬁ%d?ﬁbﬁ this

I ool ol o Nl et A

96/ 31792 number-average molecular weight (Mn) of about 4000 grams per mole
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The _m_acromeric ._solution is then polymerized, in the pres_ence of about 0.5 weight bercent
DAROCUR® 1173 photoinitiator (Ciba-CGieigy Corporation, Ardsley, NY) to form contact
lenses. Polypropylene contact lens molds are filled with the copolymer precursor solution.
Ultraviolet light (about 300 to 400 nm) at about é—e mWiem? is applied to the solution in the
mold for about 3 hours at room temperature. The UV light, in conjunction with the
photoinitiator, causes polymerization, thereby allowing the solution to form a contact lens
having the shape of the mold. The lenses are extracted with isopropanol to remove the
remaining chioroform solvent and any unreacted_' components. The prodt.ic't isa
polysiloxane-containing polymeric contact lens.

Prior to taking oxygen permeability measurements, the lenses are hydrated by placing the
lenses in isotonic buffered saline solution for at least eight hours. After hydration, if
necessary because of handling, each lens is cleaned with MIRAFLOW® Daily Cleaner
(CiBA Vision Corporation, Duluth, Georgia) to remove grease and lipids prior to testing.
Excess MIRAFLOW® cleaner is removed by rinsing with saline or purified water.

Oxygen fluxes (J) are measured at 34f’C_ i_n a wet cell (i.e., gas streams are maintained at
about 100% relative humidity) using a Dk1000 instrument. Oxygen transmissibility, Dt is



-71 - EXAMPLE A-4 A contact |ens
S prepared substantially in accordance with the procedure described in .
Exanpl e A-2, but having the final conposition of about 30 weiGht percent s
pol ysi | oxane macroner, about 50% TRI'S, and about 20% NN-di net hyl acryl am de.
Ful 'y hydrated cont act |enses havi ng this conposition have a Dk of about 76
barrers. a WaP#™ntent of about 20 weight percent, and aPODEP6es26sf

el asticity of about 1.3 MPa. EXAMPLE
A-5 A contact lens is prepared substantl.;HIy i n accordance with the
procedure described in Exanple A-2, but having the final conposition of
about 30 wei ght percent polysiloxane macroner, about 40% TRI'S, and about
30% NN- di et hyl acryl am de. Fully hydrated cont act lenses having this

conposi t i ondétemined &koutineslin the gofidnsrof thespeeifivalibe relatingite diygeh pelRstbiliBo

wei ght percgm,,a,%p,gs H’Tf)dul us of elasticity of about 3.5 MPa.

EXAMPLE A-6 A contact Tens is prepared substantially in accordance with

t he procedure described in Exanple A-2, but having the final conposition of
about 30 wei ght percent pol ysil oxane BXAMRLEA.2 about 60% TRI'S, and about
10% N, N-di net hyl acryl am de. Fully hydrated contact |enses having this
conposi tion have a Dk of about 1 10 barrers, a water content of about 8.7
wei ght per cApplysilgxane,macromer, is fisst REsRREed %-!bﬁ?nmﬂvabemor@nee with the procedure
EXAVPLE A- 7destribétiin®xample 1) s prepared substantially in accordance with
the procedure described in Exanple A-2, but having the final conposition of
about 30 wei ght percent polysiloxane macroner and about 70% TRI'S. Fully
hydrat ed coficapelymenprecursnssplstion |xemmbsmwlmmmm@OQMs polysiloxane- 128

barrers andedhtalfihg inag@iier Hboaf 15¢ranis Hméthasiielip (Mimethyisil snane (Shm

the proceduFEch BB dranf Bt eﬁi‘wg i htoutimk Gk e o o

about 30 weglyed! dimethacndatp (ERGMA).and about one gram DAFIOCUR@ 1173 photomitlator at
room temperature for about 16 hours.

The copolymer precursor solution is then polymerized to form contact lenses. .
Polypropylene contact lens molds are filled with the copolymer precursor solution.
Uttraviolet light (about 300 to 400 nm) at about 3-6 mW/cm2 is appiied to the solution in the
moid for about 3 hours at room temperature. The UV light causes polymerization, thereby
allowing the solution to form a contact lens having the shape of the mold. The lenses are
~ extracted with isopropanol to remove remaining chioroform solvent and any unreacted

| components. A preferred resulting polymer contains about 81.8 weight percent -
polysiloxane macromer, about 13.6% TRIS, about 3.6% 2-hydroxyethyl methacrylate. and
about 0.9% EDGMA.

The contact iens is degassed by placing the lens under suitable vacuum for a period
sufficient to remove substantially all gas from the lens matrix. Fully hydrated degassed
contact {enses having this composition have a Dk of about 87 barrers, a water content of
about 19 weight percent, and a modulus of elasticity of about 2.5 MPa.

EXAMPLE A-3

A contact lens is prepared substantially in accordance with the procedure described in
Example A-2, but ha\iing’ the final composition of about 19.5 weight percent polysiloxane
macromer, about 47% TRIS, and about 33.5% N,N-dimethylacrylamide. Fully hydrated
contact lenses having this composition have a Dk of about 49 barrers, a water content of
about 30 weight percent, and a modulus of elasticity of about 2.4 MPa.
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macromer, about 45% TRI' S, 5%f|uoroacry| ate, and about 20%

N, N-di met hyl acryl am de. Fully ‘hydrated contact |enses having this
conposi ti on hwoeses1®s. of about 69 barrers, a water content OfP(ﬁ‘mb'émg&

wei ght percent, and a nodulus of elasticity of about 1.4 Mra.

EXAMPLE A-9 A contact lens is prepared substantially in accordance with

t he procedure described in Exanple A-2, butzhaving the final conposition of
about 82 wei ght percent polysiloxane macroner, about 14.4% TRI'S, and about
3. 7% 2- hydr oxyet hyl nethacrylate. Fully hydrated contact |enses having this
conposi tion have a Dk of about 96 barrers, a water content of about 19

wei ght percent, and a nodul us of elasticity of about 1.8 Mra.

EXAMPLE A-10 A pol ysiloxane macromer iEXAMPRBERe4 substantiall y in
accordance with the procedures described in Exanple A-1, but the

pol yet hyl ene gl ycol has a nol ecul ar wei g!ht of about 660. A contact lens is

prepared subs legs isipreparest substantialjy: hﬂmg@@ﬂmWVMﬁ mﬁbw in
Exi'mpl ;a 2, bUIExbﬁWewztBiEhémﬁg’v\ihegioﬁ/ﬂlm posifion afau%bo:g}ig péqv

pol ysi | oxane 0

nmet hacryl at e, %?‘ﬁb%ﬁg%@ ﬁ"&?@’@i@%ﬁ%f”ﬁ@? '5'9% ¥@{¥%afﬁ9drat ed
contact | ensesontact lengpes having thiaomnosition have-a Bk kaksiut 76 bawers.ia water content of

water cont ent aghutlodvight BeitBiIbid QﬂfoGﬁﬂkofaaﬁthyBP&BHu%sQle' asticity of
about 1.4 MPa. EXAMPLE A-11 A

contact lens is prepared substantially in accordance with the procedure
descri bed in Exanpl e A-2, but having tHEXAMRGE Adbnposition of about 82
wei ght percent pol ysil oxane nmacroner, about 8.6% TRI'S, about 4.9%

Ul Ty hoct b o eRRedens R SRR sB5HRE MR s it i o 7

barrers, a vvatEuampant—%.rtmt bavirgthe fin@Zompogition plaboutaQ weight percentipdlysiioxsne
el asticity of nagier labduf @l TRIS, and abdit 39 NN ddethylacrylamide. Fully! hydrated
PCT/ EP96/ 01265

contact lenses having this composition have a Dk of about 55 barrers, a water content of

about 30 weight percent, and a modulus of elasticity of about 3.5 MPa.
EXAMPLE A-6

- Acontact lens is prepared substantially in accordance with the procedure describad in
" Example A-2, but having the final composition of about 30 weight percent polysiloxane
- macromer, about 60% TRIS, and about 10% N,N-dimethylacrylamide. Fully hydrated
contact ienses having this composition have a Dk of about 110 barrers, a water content of
about 8.7 weight percent, and a moadulus of elasticity of about 2.6 MPa.

EXAMPLE A-7

A contact lens is prepared substantially in accordance with the procedure described in
Example A-2, but having the final composition of about 30 weight percent polysiloxane
macromer and about 70% TRIS. Fully hydrated contact lenses having this composition
have a Dk of about 128 barrers and a water content of about 4.9 weight percent.

. 'EXAMPLE A-8
A contact lens is prepared substantially in accordance with the procedure described in
Example A-2, but having the final composition of about 30 weight percent polysiloxane



EXAMPLE A-12 A contact lens is prepared substantially in accordance with
the procedure déscribed in Exanpte A-1, but the polysiloxane nacroner used
has hydroxy-sec-butyl end groups as opposed to hydroxyet hyl pr 6p6xy end
groups. The fully hydrated contact |ens, after degassing, has a Dk of about
70 barrers, about-a 22 weight percent water content, and a nodul us of

el asti ci ty‘&?’%&?ﬁ 2.4 Mpa. PETEMG0E265
B- 1: Macroner synthesis 51.5 g (50 mmol ) of the perfluoropolyether
Fonblin[err] zZDOL (from Ausinont S. p.A | an) having a nean nol ecul ar

wei ght of 1030 g/ nol and containing 1.961feg/ g of hydroxyl groups according
to end-group titration is introduced into a three-neck flask together with .
50 ng of dibutyltin dilaurate. The flask contents are evacuated to about 20

mbar with sidcioniengaboutiasss ITRIS| 896 fidarosteyiateDamE4tRAlt 20% IN, R giéthylddtigmideer at i on

is repeate S5kt h | St i S or one

di i socyana?‘éﬁ‘)l,(né@%tegéer age(?\(sj%s g@é')gstg% a@%t% ﬁi% JaJ‘PEF'ﬁ'"@ PR & eam of
ar gon. Thewatargentant.af aboyt melghtagucemsalktépqugluewfete{smyp&u»m tadMPag Wit h
a waterbath. After stirring overnight at roomtenperature, the reaction Is
conplete. Isocyanate titration give H%) cqontent of 1.40 rreq/g (theory:
1.35 meq/g). 202 g of the [err]hydf%@ﬂ 9 erm nat ed

pol ydi met hyl si | oxane KF-6001 from Shin-Etsu having a mean nol ecul ar wei ght

of 20009/ nalconthcileneis prepared Bubstaltally mwmassmxﬁmwpra&agké&a%hmmafe

I nt roduced_jnt &%I g‘?ﬁ? Wﬁ h sk c are eva,cuate rox. 0.1

nbar and d%@? Syt {gng e fiag) co ragPP‘oq?‘f'%' Wé’ﬁm&’ Xa0e The

degassed smagromes dboutil44% THISL and abom 7%f2-ﬁydwdyb19\yﬁnathadrylaté tFallyeydrated pt
d

under ar go&ntéﬁihnﬁggﬁ&lﬁﬂmﬁ'd%ﬁp%whévelmBfwe%r%uor%vﬁ%? %@H er

conpl ete hog I zation of the solutio al | react ed
with |soph5?%ﬁgg gi'k)e?’ﬁﬂgt@ ?1551“)"‘?9 slagticlty of Aot LBMRR. After stirring
overnight at roomtenperature, the reaction is conplete. The solvent is
stripped off under a high vacuum at gk ESIp§r ature. Mcrotitrati on shows
0. 36nmeq/ g of hydroxyl groups (theory 0.37neq/q). 13.78 g (88.9 mml) of
2-isocyanat oet hyl nethacrylate (IEM are added under argon to 247g of the
a, [ er r | - hy#polysiloxans iacromer issirepared substantially in accordance with the procedures

pol ysi | oxagésch t é};ésdﬁﬁm I

t hr ee- bl ock co?)%‘fd;rrer o'r?%?o?gm?rgetryé a eratglgése%ﬂtmeggﬁrﬁa I%E&Fuéng ‘hs
are also present). The mxture is stirred at roomtenperature for three
days. A contatt(iergos prispacad substantially in accordance with the procedure described in

PCT/ EP96/ Og:iiiiple 2, but having the final composition of about 81.9 weight percent polydiloxane
macromer, about 13.6% TRIS, about 3.7% 2-hydroxyethyl methacryiate, and about 0.8%
ethylene glycol dimethacrylate. Fully hydrated contact lenses having this composition have
a Dk of about 81 barrers, a water content of about 20 weight percent, and a modulus of
elasticity of about 1.4 MPa. :

EXAMPLE A-11

A contact lens is prepared substantially in accordance with the procedure described in
Exampie A-2, but having the final composition of about 82 weight percent polysiloxane |
macromer, about 8.6% TRIS, about 4.9% fluoroacrylate, about 3.5% 2-hydroxyethyl

methacrylate, and about 1% EDGMA. Fully hydrated contact lenses having this.

composition have a Dk of about 77 barrers, a water content of about 22 weight percent, and

a modulus of elasticity of about 1.3 MPa.



Mcrotitration then no | onger shows any isocyanate groups (detection limt
0. 0Imeqrg) . U. 34meq/ g of mnethacryl —groups—are—teurd—(t heory 0-—34neglg)

The macromer prepared in this way is conpletely colourless and clear. It
can be stored in air at roomterrperature ffor several nonths in the absence
of IFight with change in nol ecul ar wei ght.

EXAMPLE B- 2: I;“/gzgr‘g%? synthesis The first step of the macrom’l@ﬂ?lﬁ&i S
descri bed under Exanple B-1 is repeated. An isocyanate titration of the
per fl uoropol yether reacted with I PD gives %conten't of 1 .33nmeq/g of NCO
(theory 1.35neq/g). |In a second step, 87.1g of the
[err]-hydroxypropyl -term nat ed pol ydi net hyl si | oxane Tegoner H Si 2111 (Th.
Gol dschmi dt AG Essen) having a nmean nol ecul ar wei ght of 890g/ nol
(2.25meq/ g of hydroxyl groups accordi ngEXAMPLE As¥2 on) are dissolved in 87m
of toluene. After the reaction has been carried out as indicated under B-1

and the solvent has . been renpv OX roup t ent S
det er mi ned by W Wﬁ?&ﬁf&ﬁgﬁ?}‘qé&'&%a?’aﬁme‘mgﬁ gﬁ?F?é){'ﬁ?g? g&'ﬂ‘é‘dl ate
is ihn tulrn reMMﬂhMMmemmmdh&hy&wMewgmpsas
met hacryl ate. % PAbRs ps
(detection i néwpﬁé&%)lwnghm ﬁlﬁl@ mﬁﬁgir ratre('i)'(li:as‘ﬁare f'gﬁﬁu
(theory 0.53neip9g5singrhas rq;ﬁE? JBS’BH £5qabayt p#y@{g{g&%ﬁ@e&wﬂ@g@w anda
col our| ess andmoduhssrof adtidityof abdut 2t Mpa| f | i f e.
EXAMPLE B-3: Macroner synthesis The first step of the macromer synt hesi s
descri bed under Exanple B-1 is réﬁﬂ}?&g but using a different

(

per f | uor opol yet her Fomblin[err] B-1oMaoramprgynthessna M | an). This
material is termnated by O CFlerr]-CHerr]-CHCH2)[err]-OH (where n = 0, 1

2 Th t
contains 1. 7898 5 ﬁ‘qlﬁﬁbﬁﬁ"y’?"’grg“&&%@&r Gini® 255, o %uéﬁﬂgrﬁg oA sﬁL“A
i socyanate ti t'?aé(l“E@rf“%ﬁ“ '!'ﬂ'éc‘ﬂ@'rw gob mb?“dr@&iﬁ‘@'ég meq/oof hydaex

conte R_t of 1. Zjiouy egcordinytehd-jroup )itréﬂonaé mﬂ(i,ﬁed intb @ thriee-neciCHua tagetier w&th 50
B o TG g AR e g BBl Ao 2 A S0
t he \andsubsenpently decompressed with argon. This operation is repeated twice. 22.2g
PCT/ EP96/ 012650.1mol) of freshly distilled isophorone diisocyanate kept under argon,a?é'?subsequently
added in a counterstream of argon. The temperature in the flask is kept below 30°C by
" cooling with a waterbath. After stirring overnight at room temperature, the reaction is
complete.. Isocyanate titration:gives an.NCO content of 1.40 méq/g (theory: 1.35 meg/g).

202 g of the a,w-hydroxypropyl-terminated polydimethylsiloxane KF-6001 from Shin-Etsu
having a mean molecular weight of 2000g/mol (1.00meq/g of hydrox;il groups according to
titration) are introduced into a flask. The flask contents are evacuated to approx. 0.1mbar
and decompressed with argon. This operation is repeated twice. The degassed siloxane is
dissolved in 202mi of freshly distilled toluene kept under argon, and 100mg of dibutyitin
dilaurate (DBTDL) are added. After complete homogenization of the solution, all the

* perflucropolyether reacted with isophorone diisocyanate {IPD!) is added under argon. After
stirring overnight at room temperature, the reaction is complete. The solvent is stripped off
under a high vacuum at room temperature. Microtitration shows 0. 36meqlg of hydroxyl
groups (theory 0.37meq/g).

13.78 g (88.9 mmol) of 2-isocyanatoethyl methacrylate (IEM) are added under argon to
2479 of the a,w-hydroxypropyi-terminated polysilomne-perﬂuoropoIyether-pblysilomne
three-block copolymer (a three-block copolymer on stoichiometric average, but other block
lengths are also present). The mixture is stirred at room temperature for three days.



sol vent has been renoved, a hydroxyl group content of 0.63neq/g is

determned by nicratitration (theory 0.58neq/g). The resultant internedi. ate

Is in turn reacted with a stoichionetric anmount of isocyanatoethyl
met hacrylate. Mcrotitration then no | onger shows any isocyanate groups
(detection limt 0.01 meg/g). 0.55nmeq/g of methacryl groups are found

(theory 0. WO9#¥793). The nacroner prepared in this way i s PCIERSOHIY
colourless and clear and has a |l ong shelf life.

EXAVPLE B-4: Macroner synthesis The first step of the macronmer synthesis

descri bed under Exanple B-1 is repeated, Hut 5. 0g of Fonblin/zZDOL and 2.18
g of IPDI are enployed. Wien the reaction is conplete, mcrotitrati on shows
an isocyanate group content of 1.31 meqg/g of hydroxyl groups (theory 1.36

meq/ éﬁ%q I’g&i, S’é&é&i -1l is
i Ee\?\n) se’ car . m?‘%g?\‘g I&*f ghgf‘ow%ya’hk %trﬂﬁﬁfbﬁng? | C rg'ﬂ“?)g@%g’ﬁ?

i socyanat e 934 WHP%%@’?E‘E%@P%B% By pr opyl -t er mi nat ed
pol ysi | oxane_ be| ng 2 3. After the reaction has been conpl-eted and t he

sol vent “hagy, EJ i@%ﬁred% ‘&ﬁé’%gg E%Bhﬁl&ﬁ;ﬂ&ﬂ@nrﬁs&ﬁﬁ& ?lBLr ﬁfcaﬂbgﬁﬁ%ﬂno‘c
amp

hydr oxyl grou ste the's esl s
descri bed 8K& ?é"ﬁe fP"?Q"CE K@M‘%“é@ﬁ?‘?ﬁ?ﬂ%ﬂ "ggh changeii hei ng
enpl oyed |molacphewetgml.y stoichionetric ratio. After the reactlon free

| socyanate groups can no |onger be detected (detection limt 0.01 meq/g).
0. 19neq/ g of nethacryl groups are found (theory 0.19nmeq/g).

EXAVPLE B-5: Production of c&NAMRLE Br mmgwheﬁsrmcroner f rom Exanpl e
B-1 are dissolved in 5 6 g of ethanol (Fluka, puriss. pa.) (70% by wei ght

L) TS AR e S ) e,

No. KF- 280§pcvar|av tbenwluerpeewhe'de !%mrgjneamqqetepma)s

ng of photmmbmﬁony{tsm@[err] 1173 (Ci ba) -are added.  This sol utlon |s
filtered through a Teflon nmenbrane having a pore width of 0.45 mm under an
argon pressure of from1 to 2 atm The filtered solution.is frozen in a
flask in | Infserond step@hlg PHBGFPW@WMMW‘@WﬂH%uum and

t he sol uti yagdrherHeSi2r1IETh ! GoldsthMmidtAG) Esdén) Maving hhnédiﬁnélbém&mgﬂteﬂ Thi's

Se53521 10 S Bkl Sy b pi i MR 7t 7

PCT/ EP96/ O'ojushe. After the reaction has been carried out as indicated under B-1 and thggolvent hag| oy e
box with apeér@iioveda HrEXyRJ6Econtdit 6E0.8bMeq/g is détermingd i rmiotifationNt O
dust-free %6% e/35. THe FosliraftitEmid b RO Yith P0AckéH With & BSichBHfiR 2" ©

cl osed, an
amount of isocyanatoethyl methacrylate. Microtitration then no ionger shows any isocyanate

groups (detection limit 0.01meq/g). 0.56meq/g of methacryl groups are found (theory
0.53meq/q). The macromer prepared in this way is completely colourless and clear and has
along shelf life.

EXAMPLE B-3: Macromer synthesis

The first step of the macromer synthesis described under Example B-1 is repeated, but
using a different perfluoropolyether: Fomblin® ZDOLTX (from Ausimont S.p.A., .
Milan). This material is terminated by O-CF»CH.-(OCH2CH,)~-OH (where n = 0, 1 or 2). The
material used has a mean molecular weight of 1146g/mol, and contains 1.72meq/g of
hydroxy! groups according to end-group analysis. An isocyanate titration of the

_ parﬂuoropolyether reacted with IPDI shows a content of 1 23meqlg of NCO (theory

~ 1.25meq/g).

In the second step, a stoichiometric amount of Tegomer Hi-Si2111 and toluene are again
added. After the reaction has been carried out as indicated under Example B-1 and the

E



pol ynmeri zation reaction is effected by UV irradiation (15mWVcnferr], 5

M A-—wth—siatt tareous—er ossl | nki-rgr—Themoutds—are theﬂ—e-pe-neérﬂP'*

pl aced in ethanol, causing the resultant |enses to swell out of the

moul ds. The | enses are extracted for 24 hours wth constantly replenished
distilled di t hane and subsequently dried in a high W”"‘wf
dried | enseguagr%éwe;gw librated in phosphate-buffered physiol'ggical saline
solution in autoclave- resistant vials and then autoclaved at 120[err]C
for 30 mnutes. Al physical data neasurerents are carried out on

aut ocl aved | enses. The | enses produced in this way are characterized by
the ‘foll owi ng val ues: oxygen per- neability (Dk) 77 barrer (determ ned by
the "wet" net hod descrlbed bel o wat er content of the equilibrated

| enses 32 peRelent has baen temoved B WESORLIIOUR Contetier 463meai s fetermwined O¥ vl us

of -el asti ci ijcrotittation [thedly Dig8meq/o).cFherreslitant ingrmediate iisiatturh resstddovighnge r

Laboratories

oxygen pernegﬁwotmmqf 6unt§§§§% &hg ermgw%gé ﬁﬁfiﬁ@ﬁ HE)EQY' ®

To this end anmseca@nm mit O UNe/PHe. 55?‘?%/9?%!‘19&'}”%@!’%#9
covered on t lisind Wﬁﬂbryfﬂ.si(mequﬁ 'rhmacrom} pmpareain thisivedy is Corpipietelli colouriess and

conprising 21% oof nitrogen is passed continuously
t hrough t he \%E%P% Wﬂvﬁgﬂe s'&\ne/rl ing. The oxygen which diffuses. through
the lens is nmeasured using a coulonetric detector. The reference val ues are

t hose neasured on comerci al | Em@uemmﬁmaggs usi ng this method.
Ci basoft (CIBA- Vision, HEMA | ens) gives a nmeasurement of approx. 7-10

barrer, and Excel ens (CI BA- Vision, PVA lens) gives a neasurenent of
approx. 22 b3he érst stapuhﬂummnmsymsﬁedmigemuw&mphia-y isoepedted, but

exanple, co ns% of F%?Mﬁll'lﬁ)lf 5@@%\% oV IPDI YAY erhploydd) WHeh 458 abtioh isGorfplete,
strai ght Dk \éﬁ @ w FRUt further eflmtlngeggffs’{{g uent | whOUtH&P\“ ng
any referenc Pg %&@Wﬁ%ﬂ? } "8‘;‘@?( & i al
(dry measur a/@6meg/g)A conpar ative neasurement of the oxygen perneability of
polyner B-5 shows the differences: a) "wet" neasurement: 77 barrer, but

b) d t
D avPLE B 6. TS Serondsian.d T Sithests dassTined ndsr Sxampa B it BewsRsaTIg AL | on
of contact | enalegously, mmmminem@motbbbvmmmaﬁ-tatmmmdmaﬁmowm anq

fol | owing_Ccoppsiekrspyentingft fofidioxite Biihg 2is) After the reactiortfds3%ler Léitgisted

55 % of macr 8Atihesolyenthasheen remaved. microtitration shows, a.gontent of Zmeqlg of hydrogyl o %
of DVA groups (tﬂeﬁy%‘mnﬁg):.rrer [err] QA ) |

The third step-of the synthesis descnbed under Example B-1 is likewise carried out
analogously, JEM being employed in a precisely stoichiometric ratio. After the reaction, free
isocyanate groups can no longer be detected (detection limit 0.01 meqlg) 0.19meq/g of
methacryl groups are found (theory 0.1Smeq/g).

EXAMPLE - B-5: Production of contact lenses

13.0 g of macromer from Example B-1 are dissoived in 5.6 g of ethanol (Fluka, puriss. p.a.}
(70% by weight solution). After complete homogenization of the solution, 5.2 g of 3-
tris(trimethylsiloxy)silylpropyl methacrylate (TRIS from Shin-Etsu, product No. KF-2801). 78
g of freshly distilled dimethylacrylamide (DMA) and 160 mg of photoinitiator Darocur® 1173
(Ciba) are added. This solution is filtered through a Teflon membrane having a pore width of
0.45 mm under an argon pressure of from 1 to 2 atm. The filtered solution is frozen in a
flask in liquid nitrogen, the flask is evacuated under a high vacuum, and the solution is
returned to room temperature with the flask sealed. This degassing operation is repeated
twice. The flask containing the macromer/comonomer solution is then transferred into a



EXAMPLE B-7 The process descri bed under Exanple B-5 for the production of
contact lenses is repeated, but-the m xture of conpnoners has the follow ng

conposition (in percent by wei ght) 55 % of macronmer from
Exanple B-1 22 %of TRI'S 23 % of DMA

EXAMPLE B-8 Anal ogously to EXAMPLE B-5 (in weight percent): 40 .
% of macr oW Exanpl e B-1 30 %of TRIS  PCTEPISROI2EY ( of
DVA EXAMPLE B-9 The process

descri bed under B-5 for the production of,contact |enses is repeated, but a
70% by wei ght solution of the macronmer intoluene is used instead of the
75% by wei ght solution in ethanol described above. The m xture of
conmononers has the foll ow ng conmposition (in percent by weight):

55 % of naoglw&hovamhrarﬁummheat&oéphere. where the sdlution & p:iﬂeﬂ into dust-free 23 %
of DVA

descri bed ung lgngn}oulds agegrrog:d%ow rg?ylal?e TﬁéﬁMBtdE Ses |§n¢e§;gfgzs but a
70% by viei grAyRSsZaNIRIRagion s ieciad by kLY w-@epamwgq%y@mb iTSRRERUS|
used i nst eanosslinkifg The Moulds\ire theh opehed amdplacedsih RiHanbl, dmmgnhetbsame The

m xture of \CoBRORRkPot b Houidd), TR leRded &FRREhLEfor b RoB Wi Monbblnty! 91

PCT/ EP96/ 0 replenished distilled dichloromethane and subsequently dried in a high.vaguum. The dried
55 % of MaqemsER'ard équiibrtad ™ ghobpHate-buffered physiaé’gnaél 84liné/sbfation in autoclave- 23 %
of DMA resistant vials and then autoclaved at 120°C for 30 minutes. All physical data

measurements are carried out on autoclaved lenses.

The lenses produced in this way are characterized by_lhe fa'llo‘winb values: axygen per-
meability (Dk) 77 barrer (determined by the “wet” method described below), water content of
the equilibrated lenses 32 percent by weight, elongation at break at 35°C 360%, modulus of
elasticity 30°C 0.5MPa {(measured using a Minimat from Polymer Laboratories, UK).

The oxygen permeability of a material is determined by the coulometric method. To this -
end, pre-autoclaved lenses are clamped i in a holder and then covered on the upper side
with a 2 cm layer of water. A gas mixture comprising 21% of oxygen and 79% of nitrogen is.
passed continuously through the water layer with swirling. The oxygen which diffuses
through the lens is measured using a coulometric detector. The reference values are those
measured on commercially available contact lenses using this method. - Cibasoft® (CIBA-
Vision, HEMA lens) gives a measurement of approx. 7-10 barrer, and Excelens® (CIBA-
Vision, PVA lens) gives a measurement of approx. 22 barrer.

Unfortunately, the oxygen permeability of, for example, contact ienses is frequently given in
the literature as a straight Dk value without further definition and frequently without giving

| any reference material. These are usually values determined on dry material (dry
measurement). A comparative measurement of the oxygen permeabmty of polymer B-5
shows the differences:
a) "wet” measurement: 77 barrer, but b) dry measurement: : 158 barrer

EXAMPLE B-8

The pfocess described under Example B-5 for the production of contact lenses is repeated,
but the mixture of comonomers has the following composition (in per cent by weight):



Physi cal neasurenent data for the contact |ens materials from Exarrpl es B-5

to B=10(Serri Dk value—wet rrethod-)'ﬂ're—pre's-em-ed—t—n TABI-EB—+=

TABLE B- | Exanpl e V\at er Content Modul us of

El ongati on at _ [94 [bar rerj

Elasticity 4

(MPa] wo&?a;ﬁ/jdi B-5 32 PCT/EF)E/01265

0.5 - 360 B- 6 _ 23.8 110

1.1 160 B-7 -¥9-5 110

0.6 130 B-8 30.9 81

0.3 300 B-9 30 B-10

25 LE B-11 About 10.0 grans of

macroner from Exanpl e5§ﬁ°fdp%°’9'?§’sf69'@§dam&g§ grams of ethanol (Fluka,
puriss. p.a.). After eRApdEIRIShonpgeni zation of the solution, about 4.0

grans of 3- tris(tri )silyl propyl nethacryl ate (TRIS from
Shi n- Et su, product n?é%%&%@?\y about 5.9 g. freshly distilled

di met hyl acryl ani de ( D& {ser® QA g. Blener[err] QA (a nethacryl ate

havi ng quat ernary anmoni um s_ubstltuents Li nz Chem e) and about 100 ng of
photol nitiator Darocur[err] 1173 (G ba)ggy @FEEGW The solutionis filtered
t hrough a TEFLON nenbrane having a pore W 0.45 mm under an argon
pressure of fromabout 1 to 2 atm The filtered solution is frozen in a

flask in |iquiThedrbdess 88scribbe uhder EkainplecB:8 forahe prodidiion ofcditf 1en8es s fepeatsd,

e AU g bR S el T o
macr oner / conononmer soPf8fk ekmactomerdrom ExargplieB-td i nto a gl ove box with an

I nert gas atnosphere, 29/qeaermse solution is pipetted into dust-free,

pol ypropyl ene cont act h%@”ﬂﬁ The nol ds are cl osed, and the

pol ymeri zation reacti 8 ect ed by W irradiation, wth sinultaneous
crossl i nki ng. - WD 96/ 31792 .

PCT/ EP96/ 01265 EXAMPLE B-8 =79- The nol ds
are then opened and placed in isopropyl alcohol, causing the resultant

| enses to
Analogously to EXAMPLE B-5 (in weight percent):

40 % of macromer from Example B-1
30 % of TRIS
30 % of DMA

EXAMPLE B-9

- The process described under B-5 for the production of contact lenses is repeated, but a
70% by iveight solution of the macromer in toluense is used instead of the 75% by weight
solution in ethanol described above. The mixture of comonomers has the following

" composition (in percent by weight): :
55 % of macromer from Example B-1
22 % of TRIS
23 % of DMA

" EXAMPLE B-10

The process described under B-5 for the production of contact lenses is repeated, but a
70% by weight solution of the macromer in octamethylcyclotetrasiloxane is used instead of
the 75% by weight solution in ethanol described above. The mixture of comonomers has
the foliowing composition (in percent by wesght)



swel |l out of the nolds. The | enses are extracted for about 24 hours with
nearly continuous ceplenishing of_isopropyl alcohol. Subsequently, the
| enses are dried under high vacuum The dried contact |enses are -
equilibrated in autoclave-resistant vials in phosphate-buffered

physi ol ogical -saline solution, and then autoclaved for 30 m nutes at about
120[ err] C. ¥R9PR neasurenent data for the autocl aved | eRET/ERGOIES ent ed
bel ow:. Dk [barrer]: 93 water content [%: 20. 3%
nodul us of elasticity [Mpa]: 0.96 Caa .

EXAMPLE B-12 Lenses are prepared in acco7|§dance wi th the procedures
described in Exanple B-11, but are subsequent surface treated as foll ows.
The dried | enses are transferred into a plasma coati ng apparatus wherein
they are surface t 552 efimatromentddndxampleB-1 nm xture ("air", as used here,
denotes 79% nitrog%g?gfi-rgé% oxygen) for a period of about 5 m nutes. The
apparatus and plasnma treatnment process have been di sclosed by H Yasuda in

"Pl asma Pol yneri zat233hof DMAadeni ¢ Press, Olando, Florida (1985), pages 319

f orward. The plasnma-treated contact | enses are equilibrated in

2 1 ove b R R Sk R Sl e bifer

measur enment Dijwalue.fwat methodhaeepresentad indABLER: aved | ens is presented bel ow
Dk [barrer]: 88 water content [%: 21. 8% nodul us of
elasticity [Mpa]: 1.03 . T Ba EXAMPLE B-13
Lenses are prepared in accordance vm'th‘ﬁlﬁ.§ Br ocedures described in Exanple

B-5, but t m xture of compnoners has the foll ol

Fz)gg/oce“t A0ep:  Example Mawaterebnteht Bxanpl %@ L 0_%Mod\7.\8s st ;g@zléigaﬁon at

PCT/ EP96/ 011265 %] [barrer  Elasticity _}, . Break

[MPa) [%]
B-5 32 77 0.5 360
B-6 23.8 110 1.1 160
B-7 19.5 110 8 06 | 130
B-8 309 81 o3 | - 300
B-9 30 - :
B10 25
EXAMPLE B-11

About 10.0 grams of macromer from Example B-1 are dissolved in 3.3 grams of ethanol
(Fiuka, puriss. p.a.). After complete homogenization of the solution, about 4.0 grams of 3-
tris(trimethyisiloxy)silyipropyl methacrylate (TRIS, from Sﬁin-_Etsu. product no. KF-2801),
about 5.9 g. freshly distilled dimethylacrylamide (DMA), about 0.1 g. Biemer® QA (a
methacrylate having quaternary ammo_nium sdb_s’tituents. Linz Chemie) and about 100 mg
of photoinitiator Darocur® 1173 (Ciba) are added. The solution is filtered through a
TEFLON membrane having a pore width of 0.45 mm under an argoh pressure of from about
1 to 2 atm.

The filtered solution is frozen in a flask in liquid nitrogen, the flask is evacuated under a high
vacuum, and the solution is returned to room temperature with the flask sealed. This
degassing operation is repeated twice. The flask containing the macromer/comonomer
solution is then transferred into a glove box with an inert gas atmosphere, where the
solution is pipetted into dust-frée, polypropylené contact Ia'ns'molds. "The molds are closed,
and the polymerization reaction is effected by UV irradiation; with simultaneous crosslinking.




EXAMPLE B-14 Lenses are prepared in accordance with the procedures

descriped I EXanpl e B6,wWth the sameCcomomonmer—conposi t i or—but—the
conononers are dispensed into dust free cont act lens molds in anmbient air

at nosphere. EXAMPLE C-1 Reaction
of Ferr]-bis-wglogeEeLpy! - di rret hyI pol ysi | oxane wi th D(+) gl ucop&:m%
d-| act one: Before the reaction, the am no-functionalized

pol ydi met hyl si | oxane enpl oyed for the synt hesis (X-22-161-C, Shin Etsu, JP)
was finely dispersed in acetonitrile, extr&ted and then subjected to

nmol ecul ar distillation. The follow ng reactions take place wth exclusion
of Herr]QO 200 g of purified am no- functionalized pol ydi net hyl sil oxane

(0. 375meq of r Vh( VPO), 3 0Q PO, .V essure

Camoret ry) 5, W TR0 A theft cnspetand pazed iyledniory) paHRY Soushg S Hesiint ensan 9 e
to a sus pensmwell@ht af3hestolgis The lenses arefexDactpd fon abeiit 24 hours withl reatypcantinuous0
m of absol ut | %ich Wt, f rq.@éy;; .
hours unti |l trﬁezﬁg'gﬁ%ﬁfégﬁgwr érgc?gdsggﬁghg?e er%%?{e{)drrlﬁggﬂ g? t earc gg'gt i on
by thin |ayer chromatography (TLC): silica gel i -propanol /H err] O et hyl
acetate 6: 3: IThexiriad comtgctiensies Gex équjlibrated intaeitquiave pésistantviajsid iphosphate-tutfered on

(CPS reagent )pnysibiohieal delife érﬁﬁiéh' &1Y thbA Sutbéﬁféd 813 MinutdsQlt absut 4 26°¢E PHysicad
to dryness and’'t he re5|du%Er rledw‘{}der Pa t(eg 03 nbar) for 48 hours.

213.3 g of [ dPegsuramantdatgiof e avipeiaYRAIBYs is PrRSED yl si |l oxane are

obtained. Titration of the am no groups with perchloric acid shows a
conversion ofpy u@g no groups of. e than 99.8% Reaction of
[err]-bis-3- ? onafi do rogyl di met hvl pol ysi | oxane with I EM The product
obt ai ned abO\)’éat?"z"PQt%t ‘is dissol v@Q@g.‘n 800 ml of absolute THF and the
solution is hm;mﬁdtelaéﬁl{nyl{mi:é}: wi t hotdée addition of catal ytic anpbunts of
dibutyltin dilaurate (DBTDL). 14g (90 mol) of IEMin 20 m of absolute THF
are added dropwi se to this solution over a period of about 4 hours. This
corresponds to a concentration of 1.2 EAMRIE Brt®s of | EM per gl uconani de
unit. The reaction is carried out in the course of 48 hours (nonitoring -of

Solut i on i o daaes B BuhaA ARordHrE dhinfe @*ﬁ%@?%ﬁ%@%ﬁ%‘%ﬂfe BEAL blge

under 3 Pa subsequentsuriacs treatedas llows The dried lenses are transferred into a plasma

PCT/ EP96/ 012Ghbating apparatus wherein they are surface treated in a methan@fair” mixture ("air", as used
here, denotes 79% nitrogen and 21% oxygen) for a period of about 5 minutes. ‘The
apparatus and plasma treatment process have been disclosed by H. Yasuda in “Plasma
Polymerization”, Academic Press, Orlando, Florida (1985), pages 319 forward.

The plasma-treated contact lenses are equilibrated in autoclave-resistant vials in
phosphate-buffered physiological saline solution, and then autoclaved for 30 minutes at
about 120°C. Physical measuremerjt data for the plasma-coated autociaved lens is

presented below: _ _

Dk [barrer]: . 88
water content [%]: 21.8%
modulus of elasticity [Mpa]: 1.03

EXAMPLE B-13

Lenses are prepared in accorqahce with the procedures described in Example B-5, but the
mixture of comonomers has the foliowing composition, in weight percentages:

Macromer of Example B-1: 60%

TRIS: | - 25%

DMA: 15%



(0.03nmbar) for 24 hours, while cooling with ice. 227.2 g of a colourless
rubber-el asti¢ product of high optical transparency renain. _ _
EXAMPLE CG-2 to C 7 Furt her ami no propyl -di net hyl pol ysi | oxanes {PDVS) are -
reacted with a different amount of gl uconol actone and concentrations of |EM
anal ogously-to Exanple C-1. The exanples are summarized in Table G 1

TABLE C-1 WO9%MBIM2 po| y(dinet hyl sil oxane)[ PDVS] pCiEPSsN12@df batch °
Exanpl e Nane Type vh NH[ err] * PDIVS Gu

| EM ' g(mmol g (mmol) g
(mol ) -80- of NHerr]) C1

X-22-161-C term 3400 2 200 13.4 14.0 .

(75)  (75) . (90.0) G2  X-22-161-C term 3400 2

200 13. 4 25.7 ' o . -

(74) (75) (165.0) C 3 _22.161 -C  term 3400 2
200 13.4  29.2 | E"Kg"g'-ZE Bl |

(75) (75) (187.5) C 4 PS 813 pen 1200 1 &5
GP4 Leén8Es are preparél in acoc?rdghce%ﬁh the oceﬁregg scribed ﬂ?}agmle é-%g\gmbthe 3

C7 KF 8003 e
(98) _ nlop%reh?ompos n, but the comonomers are dlspensed into dust-fre

X-22-161- Clamsjrnvﬂsﬁmﬁblelnt@lrmﬂudsntemfrom Shin Et su (Japan), PS813 is a
product from Petrarch-His, GP4 and GP6 are products from Genesee. Am no
groups per nacronmer chain GI u:D(+) gluconic acid d-lactone term term nal
pen: pendent WO 96/ 31792 MPLE C-1 :

PCT/ EP96/ 01265

Reaction of a,m-bis-aminoprobyl-dimemylpolysiloxane- with D(+)gluconic acid d-lactone:

Before the reaction, the amino-functionalized polydimethyisiloxane employed for the
synthesis (X-22-161-C, Shin Etsu, JP) was finely dispersed in acetonitrile, extracted and
then subjected to molecular distillation.

The followmg reactlons take place with exclusion of H.0. 200 g of purified amino-
functionalized polydimethyisiloxane (O 375meq of NHJg, Mn(VPO) 3400-3900 (VPO:
Vapour Pressure Osmometry)). dissolved in 200 mi of absolite THF, are slowly added
dropwise to a suspension of 13 359 (75 mmol) of D(+)g|ueonic acid d-lactonie in 50 mi of
absolute THF and the mixture is stirred at 40°C for about 24 hours until the lactone has
reacted completely. (Monitoring of the reaction by thin layer chromatography (TLC): silica
gel; i-propanolfH.O/ethyl acetate 6:3:1; staining with Ce(IV) sulfate/phosphoromolybdic acid
solution (CPS reagent)). After the reaction, the reactlon solution is concentrated to dryness
and the residue is dried under 3 Pa (0.03 mbar) for 48 hours, 213.3 g of a,w-bis(3-
gluconamidopropyl)-poly-dimethyisiloxane are obtained. Titration of the amino groups with
perchloric acid shows a conversion of the aminb groups of mors than 99.8%.

Reaction of a.w-bis-3-gluconamidopropyl-dimethyipolysiloxane with IEM :
The product obtained above (213 3 g) is dissolved in 800 ml of absolute THF and the

solution is heated to 40°C with the addition of catalytic amounts of dibutyltin dilaurate
(DBTDL). 14 g {90 mmol) of IEM in 20 ml of absolute THF are added dropwise to this
solution over a period of about 4 hours. This corresponds to a concentration of 1.2
equivalents of IEM per gluconamide unit. The reaction is carried out in the course of 48
hours (monitoring of the reaction by IR spectroscopy detection of the NCO ties). The
reaction solution is concentrated and the product is dried in a brown glass flask under 3 Pa



-82 - EXAMPLE C-B  The reaction is
carrredout—Tmaccordance wt h Exanpre—€i—tut—nstead of

acid d-lactone, 75 nmml of |actobionic acid 1,5-1actone, suspended in 50 m
of absolute THF, are added dropw se to a solution of amino-functionalized
pol ydi net hyl s (X-22- 161-C) in 180 ml of absol ute THREREPEH of
DVBO (pur e, 3%‘% #tratlon of the am no groups with perchloric acﬂcfgg

i ndi cates a reaction conversion of 99% (<0.01 nmeq of NHa/g). Here also, a
colourless optically clear nacroner is obgalned.

EXAMPLE C-9 and C-10 The reactions are carried out anal ogously to Exanple
C-1. However, the catal yst necessary for addition of the isocyanate onto

t he hydroxyl oups is varied. Instead of DBTDL, catalytic anounts of

1, 4- di azabl GYBREPSY for 2 ousy whiegaoling Wi loa. 28720 8{2 SPlpUisss piRbPEpiRRic Oee)
ar e ‘added arpoduteoftigtosptical transparendyremdinas descri bed under Exanple C-1. In
both cases, an optically clear, colourless rubber-elastic nacronmer results
in a manner corresponding to Exanpl e C1

EXANPLE C-11 The reaction is carr iE¢AMRKE SndlGdusy to Exanple CG-1. In a
manner corresponding to Exanple C-8, 0.1 nol of |actobionic acid

1.5-1 actone a5

added dr opw%@hgyﬁgﬁgw W%y&i*&fc@%ﬁb%%@@%g%ﬁ r@ﬁ@ﬂ?ﬁgg&ane
(KF-8003) i rglucepoipstons anthenncentratiphiotiRM analogpusly torhmmpie)trie The sxamplesare
reaction ti naminsarizéfinc@®RALC40 about 48 hours. A residual content of 0.07meq
of NH err]/g can be detected, and is reacted conpletely by addi tion of the
correspondi ng nol ar anmount of D(+)gluconic acid d-lactone to the reaction
sol ution. The col ourl ess highly transpdABKHE G oduct has a residual content
of am no groups of <O0.01 rreq/g

EXAMPLE C- 2~ 5Z.09 0 (9.

pol yd| n"et h\Lollnvare(X J' f i
absol ut e THRExample i|ni tNamé vy
I nert gas 4gtnospherje, and
di | act one, |di ssolvdd in 20 m
solution i 4-stirred at room R
a manner cdrraspondixg2e1E<hnpéen. | 3400 \AO
PCT/ EP96/ 03265
-G-2 X-22-161-C | term. 3400
C3 | X22161-C| term. | 3400
' . : (75) (75) (187.5)
C-4 PS 813 pen. 1200: - 1
cs GP4 pen. 3150 26 !
C-6 GP6 pen. 5960 3 3
C-7 KF 8003 pen. 9700 4.7 . 200 17.5 18.2
- {98) {98) (117.4)
Legend:

X-22-161-C and KF 8003 are products from Shin Etsu (Japan), PS813 is a product from
Petrarch-H is, GP4 and GP6 are products from Genesee.

* Amino groups per macromer chain

Giu:D(+) gluconic acid d- lactone

term: terminal

pen: pendent



- 83- C-1. The amne content is 0.1 34neq/g. The term nal am no groups of

the resultting penta-_block macroner_are reacted with gluconol actone in the

following reaction step. 41.84 9 (5.146 neq of NH err]) of the above

macronmer and 0.917 g (5.15 mml) of D(+)gluconic acid d- |actone are

suspended.in 300 .. of absolute. THF and the suspension is stirred under

nitrogen atWO@B¥82 18 hours. The filtered solution is theRCEEREMESat ed

and the residue is dried under 3 Pa (0.03 nbar) for 48 hours. A highly _

vi scous optically clear substance havi Nggf resi dual content of am no groups

of 0.01 3 nmeqg/g results. TRer EXAVMPLE

C- 13 Preparation of an am no- and perfluoroal kyl -functionalized

pol ydi et hyl si | oxane: . 3.0 mM of absolute toluene are added to 15 g of

pol y(di net hyl si | oxane- co-net hyl hydr exampliaex@g) [ Bayer -Sil opren U 230;

10,000 g/rmol; 2.3 mmol of Si-Hgl, and 1.72.g (9.2 nmmol) of

allyl phthalimde [CAS Reg. No. 5428-09-1] are then added. The m xture is

frozen sev@hereactionpis carigdoytinfaceardanse it xample6- 1 hatingleas of D(+lghuconiom

ol Br sol Ui donel 78 FbEH ebioDicARIBcLE!. o WittholbiboRdGth S0 i Ot el 2 0 00°
u LIX . . | . e

3, 220, 972, Ifﬁgn%’%"h%‘?”g@??‘fi‘é)“ F,ﬁ‘iﬁ%’b?‘f?ﬁ'@“ gﬁ“ﬁgﬂﬁp'f%ﬁy&%ﬁ%ﬁﬂgﬁ%&s%ﬁ‘

Si -H) is adétf) B0t rmiofabsalute THFANIRAmId DMK [nure,199%) ATitrationcof thesartinon ti ne

of half angh - Hé 888 indidafd’a efctitini cahvdriiol bPoudY (SOl )

[err] I-I-Nl\/Rggﬂgirpﬁr%&%]bﬁv\fwiagh q@r“‘ onaﬂ_gr sr?c?\}ivts%reso ancegoé)?pgilbﬁelf?!gp@ydrogen

‘atons, is 56IERIEEG colournss ontipqlly cleag! °5’"(°I§.%°‘?M-) of degassed allyl 1 H,

1H , 2H, 2H perfl uorooctyl ether are slowy added and the mixture is stirred

at 80C for 2 hours. A'H NVR spegikpMPBLEOY.F 18 severely weakened

resonance of the Si-H function at 4.6 ppmand an intense resonance at 0.5

ppm which originates from Si-CH2 hydrogen atons. 3.0 M of 1 -hexene are
t hen added The remctians dre cartied buttdnalogously to Bxamplec8sls Howeser, thegratalyst, Whi ch

coul d ot hepuies 5 . i x

acgess. Thé x?‘gre ‘sdﬁ'mraftlgr S _|H@ﬁ?‘%§’£§§i% orsg%rgetdh_er Ealr&?san
hour. The P  eataltic. anpuats of 1,4:gigzabigyeio|2.2.2ogtane RABGO e 4-dimethylamitict i s
purified opyndire EIMAR)are atdedcinditie reattonis comtinbed hghesnﬂbediumet ExampleiChit.

Sl v <k, O il i, AT G e S ST

col ourl ess, clear, VvIscous oduct 1s obtaln led in -
this way i GOFeAPERdingto M’%‘of hexane, 20 ml of nmethylamne [33%in %
et hanol] are added and the m xture is heated to 40C. After 10-15 m nutes, a-#
whi te vol um nous precipitate separ aégﬁMEEE-CAfIt er 30 mnutes, the
suspension is cooled and filtered and the precipitate is washed with a
little W96/ 31792 ' i _
PCT/ EP96/ 0TRé teaction is carried out analogously to Example C-1. in a manner corresponding to

Exampie C-8, 0.1 mo! of lactobionic acid 1,5-lactone is suspended in 50 mi of absolute THF
and the suspension is added dropwise to a solution of amino-functionalized
polydimethylsiloxane (KF-8003) in 180 mi of absolute THF and 20.mi of DMSO (pure, 99%).
The reaction time is increased to about 48 hours. A residual content of 0.07meq of NHy/g
can be detected, and is reacted completely by addition of the corresponding molar amount
of D{(+)gluconic acid d-lactone to the reaction solution. The colourless highly transparent
product has a residual content of amino groups of <0.01 meq/g. '

EXAMPLE C-12

52.09 g (9.78 mmol) of purified amino-functionalized polydimethylsiloxane (X-22-1 61-C,
Shin Etsu JP), dissolved in 110 mi of absolute THF, are initially introduced into the reaction
vessel under an inert gas atmosphere, and 1.14 g (6.52 mmol) of D-glncaro-i_,4:6.3-

| dilactone, dissolved in 20 mi of absolute THF, are added. The reaction solution is stirred at
room temperature for' 15 hours and then worked up in a manner corresponding to Example



-84 - hexane. The filtrate is evaporated and the residue is then dried
under—a hrgtrvacuunr—Ttereaft er, the—eomtent—of—am no gr oups—-s—determ-ned —
by titrimetry (perchloric acid). The resulting macroner is clear and

vi scous. The ami no group content is 78.6%of theory. The tot al yield of

macroner af te.? %ﬁrom&t ographic purification is 75% Wﬁ&sof a
gl uconam de: 9 g (corresponding to an am ne content of 5. this
am noal kyl -substituted product are dissolved in 20 m of dried THF. The
solution is repeatedly frozen, degassed angglet down with argon. Al the
foll ow ng operations are carried out in an argon atnosphere. 712 ng of
D(+)-gluconic acid d-lactone (4 nmmol) are then added. Because of the | ow
solubility of the | actone, a suspension is initially obtained. After
stirring overChd .g'ﬂ‘te minsq:ment]lsp 184reeq/g| The tesming! arhina growps) of the resulling pentaas

been used COIgyeR Fdalled With'diic Bhﬂaétéﬁ%rﬂ'\é‘ﬁﬂmﬁ Pdacfidn dtbg. h?&#oni c

20ain at 500 & a%ﬁwéﬁﬁe%éﬁéﬁ‘%%ﬁﬁﬂﬁgﬁﬁaé el oD slolisogie o d-

Conpl et i on ofladtdre are suspended in ammltobaMMgTHEm thef suspensidrdiy stirred under
chromat ogr ap Wro%gg 55116‘%%%%8 hcfiJl s eqnehfa éoﬂﬁ"noﬁ%lhb ﬁﬁa&é%am 9:9?9&&-49% hyl

acet ate/ wate é s _are devel ope nmeans o
Ce(1V) sul fatdé';ﬁ HB%I?J%M%W& ] H°‘é’61 ﬁasaw V'%ﬂ‘b’s%'ﬁg’m Qai' pYbstancs haying
am no gr oups ayresitoal cantentsof drdrio groupscof 0018andq/gfesults). 1% After filtration
and renoval of the solvent by distillation, a highly viscous clear macromer
with 0.295 nequi val ent of gluconan1deﬁgﬁr an1of macroner i s obtained.
EXAMPLE C- 14 Before t he polynerlzat G yIates enployed i sobut yl
acryl ate (| BARrgpa &R afifoa @ A“LM O ane:.

3- nethacryloyloxypropyl-trls(trlnethyI5|Ionxy)S|Iane (TRIS) are each freed
frominhibitors by distillation. 0.32 g (2.76 mmol) of IBA 0.80 g (8.1
nmol ) of Dm%m'qmowummmﬁdeﬁwgsofamy(m islioxape-go-methyhydro-

\rM?ulnd bot It 0Mgfloxahna) mubbsenfU-Mm.soébim@avmﬁdnomﬂvgl ahd1.7R:gl(b.2anmblpur , .
ile coolin e
to a round- b3 W@Mﬁaﬂaﬁ%%“ﬁ?%%%%%%ﬁﬁﬁy The fuull S rhraf S48
(0.03 nbar) fimes2nd the flask awecuatedandithenirought toroomzemperatuse agaiw| Thatiieskishas
been fl ushed tivdn 16t dddvrf veith d1g6n. owmlwuobsémbﬂhwahonmeaﬁuﬂ@s@ﬂmyst (prepared

Gl ove. boxwi haaR S wilh e Ssola! Eohur o/t Rosilnd et tod fh v

macr oner sol @f Sk isaddedng QM@ isheatad 10:80°CyAfter a;rpaction timejaf halban. DOlGiLQ g

(0.21 mmol) @blokidsaCsléarts slighliy mdaﬁ tﬁamwmsﬁac&uhm%ednb%n r shows
mcroflltratlon ;0 45°fm|n“ ; !180 thls m Xture are |ntroduced
|ntoapolyp RGeS yc

- PCT/ EP96/ 01265 )

Thereatfter, 6.2 g (15.3 mmol) of degassed allyl 1H,1H,2H,2H-perfluorooctyi ether are siowly
added and the mixture is stirred at 80°C for 2 hours. A 'H-NMR spectrum now shows a
severely weakened resonance of the Si-H function at 4.6 ppm and an intense resonance at
0.5 ppm, which originates from Si-CH; hydrogen atoms.

3.0 mi of 1-hexene are then added in order to react the remaining excess of Si-H groups,
which could otherwise cause crosslinking of the polymer when air later has access. The
mixture is further stirred at 80°C for another haif an hour. The reaction mixture is then left
to stand overnight. The product is purified over a silica gel column with hexane/ethyl acetate
(3:2), the solvent is stripped off and the macromer is dried under a high vacuum. A
colourless, clear, viscous product is obtained. The macromer purified in this way is taken up
in 20 mi of hexane, 20 mi of methylamine [33% in ethanol] are added and the rhixture is
‘heated to 40°C. After 10-15 minutes, a white voluminous p_recipitate separates out. After 30
minutes, the suspension is cooled and filtered and the precipitate is washed with a little



- 85- moul d, which is then closed with an appropriate lid of

pol ypropylene.: The mxture is then irradiated with a UV-A nercury high .
pressure lanp in a nitrogen atm)sphere in a UV oven equi pped for this for 5%
m nutes. The |lanmps (5 each of the brand TLK4OW 10R, Philips) are above and
bel ow t he .hol der- i nserted. The irradiation intensity is 14.5 mWcnferr].
The pol ypr W98 oul d i s opened and the finished di scs oPCIERSHI268I €
renoved by soaking by neans of a solvent m xture of nethylene chloride and
ethanol (2:3). The lenses and discs are extracted in ethanol at room
tenperature in special polypropylene cag®-for 48 hours and then dried at
40[ err] C under 10Pa (0.1 nbar) for 24 hours (autoclaving at 120[err]C, 30
m nut es) . The di scs show an E m)dul us of 1. IMPa, a perneability to oxygen

of 183 bar
EXAVPLE C— 8 ﬁg %ﬁw oS e ngBtrseE’%thethduedunderahl pv correspondl ng
to Exanpl e Ue’féﬂ‘i’cwgm er?"l"?? %PQ%'HF&!?@?‘“B?W‘Y (perelieric agidl|  shows

exanples C- 15 to G 19 and the properties of the resulting materials
ggfr;[ gd O&gg fuﬁnﬂg rrll,acF?Emerﬁaclear and vnsc%The amino grm ?rment Tf‘;%é:% %? {hleoBk
Content  The m1 yield of faacsemer aftemegmomatmgm pusification is 76%ar r er |

[ %A Exanpl e percent per cent per cent [ I\/pa] C 15 not C3
32.8 £ . . _ tested C 16 19.9
C 3 Elengration of { gftconamide;, 0.7 .8 C17 251 = C3
39.3 42.33 (correspending to an gmipe contentof 5.47ned) of this aminpalkyl-substituted

gg g gébd%ct are dié@al@ed in 20 ) of dried 19, TheGokition is repeatédly frozendégassed 33. 3

Couend: DVAMEt BPYR i) azaop, Rlihe following gperations are carred out n an argon
3- Met hacr y tmasphener B12Mng of Pix)ohicanic mgid<h-lagtone {4 mimol mes then addad: BecaiseOkA, i n

this exanpiigy IGWisbrubiitydr it ihotbrid]asa8dhklonds initlafly Stainee. AffPetirring overnight at V\O
IQDECSZI-? élzg é /0 Js_g & the solution is clear and the lactone has been used completely The stoichiometric
remammg amount of D(+)-glucomc acid d-lactone (260 mg, 1.46 mmol) is-then added and
‘the mixture is stirred again at 50°C overnight. A trace of unreacted lactone is observed.
Compietion of the reaction is monitored by means of thin layer chromatography on silica gel
plates with the mobile phase 1-propanal/ethy! acetate/water (6:1:3). The silica gel plates are
developed by means of Ce(IV) sulfatelphosphoromolybdlc acid solution. Subsequent
titration on amino groups yields a residual amino content of < 0.1%. : After filtration and
removal of the solvent by distillation, a highly viscous clear macromer with 0.295

mequivalent of gluconamide per gram of macromer is obtained.
EXAMPLE C-14°

Before the polymerization, the acrylates employed, isobutyl acrylate (IBA), N,N-
difne_thyl_acrylamide ({DMA) and 3-methacryloyloxypropyl-tﬁs(trimethylsllyloxy)silane (TRIS)
are each freed from inhibitors by distillation. 0.32 g (2.76 mmol) of IBA, 0.80 g (8.1 mmol) of
DMA and 1.44 g (3.4 mmol) of TRIS are weighed into a 50mi round-bottomed flask and the
flask is flushed with N, for half an hour, while cooling with ice. 1.44 g of macromer from

- Example C-1 are transferred to’ a round-bottomed flask with a nitrogen attachment,
degassed under 3 Pa (0.03 mbar) for 24 hours and then dissolved in 2.7 g of ethancl which
has been flushed with N, for half an hour beforehand. The subsequent preparation of
samples and the polymerization are carried out inside a glove box with exclusion of oxygen.
The above monomer mixture and the macromer solution from Example C-1 are mixed, with
the addition 0of 0.012 g (0'.21 mmol) of Darocur® 1173 and the mixture is subjected to
microfiltration (0.45 mm filter). 180 ul of this mixture are introduced into a polypropyiene-




-86 - EXAMPLE C-20: Uncoated contact lens A
COTtract—tens TS prepared—TTT a manner—correspomdrmg—to—Exanpl e CGH4—usi-ng
t he Exanple C-3 macronmer, with the followi ng conposition in percentages by
wei ght Macroner: 33. 3; . DMVA: +33.3, TRI'S:

33.4. The | epodemired Dk of about 94 and a water content of _ _
wei ght percent. The results are presented in TABLE C- 111 for conpari sion
with coated | ens properties. EXAMPLE C- 21:

Pl asma-treated contact |ens Dried | ensessprepared in accordance with the
procedures described in Exanple C- 20 are transferred into a plasnma coating
apparatus where the lenses are surface treated in a nmethane/"air" m xture
("air", as used here, denotes 79% nitrogen a‘_nd 21% oxygen);_b The apgelx{gat us
and pl asma tTeudMieh s thenclesed with ananprepriate ig.of polypropyiene, Jhg mixtyreipihed
Pol yner i zat i iradiatedavithaniU-ARnersary High preskure aimprin daitfobes ajmospheredn 3 LV oven

f orward. The.drl = t TERSOW) [

aut ocl ave-re%ﬁ"ségaarq?& V@%@%&Bﬁg.sﬁﬂea@ @%S?%aeérhgdgﬁb@f"gl 0 |(§glliag’?l,|? e bre
Sol Gt i on, _anebavR@RY pelowdhe DakeTIRenad. The iradstion inepgitvis 198maNIcRE: The

pl asma-treated autoclaved |l ens has a Dk [barrer] of 90 and a water content

OF 215 Tl Sl ool 8o b e bide 6O WAL

coated |l ens pro

CllIl

Exanpl e soakinghympeans of § gelvent mixturgof mathylene|chioride apd gthapel{2:8hThpdgnses
g' gg and discs 4+ eidfstteifin ethanol at room tempefeture in special polypropylene cagfés for

EXAVPLE C- 2248 g@%f"hﬁ ?Fg‘gﬁ'r4°n°ﬁi“§‘&3’6%ﬁé?'{-g'c??9é%'pzéh'?,?é"ﬁzé"és'ﬁiﬂp 8 120G
with the fol 3G Jiherdises show ap Esnedulys of i tMiTA. @ nerrpeahilily toraxyoarRpiIBBIVA:

32. 898 32. 6% Btrig arid d hat8nes8 SRE A) Bys3\ei ght) and an addition of 0.4% by
wei ght of trinmethyl ammoni um 2- hydr oxypropyl nethacryl ate hydrochl ori de

(Blemer[err] QA, Nippon Ol Corp.). The polynmer has a nodul us of
: T - . EXAMPLE C-15t0 C-19

. Further polymers are prepared in a m_anri,er oorrespon:_iing to Examplé_- éﬁid:(cor_ﬁposiﬁon in
percentages by weight). Table C-li shows examples C-15 to C-19 and the properties of the
resulting materials measured on discs. ' '

... TABLE G-l
Example | Water | Macromer [ Macromer| DMA | TRIS | E | Ok
-Content from weight: weight weight | modulus | fbarrer]
1961 Example | percent | percent | percent | [Mpa] _

C-15 not c3 328 30* 37.2 - -

tested . '

C-16 19.9 C3 32.9 34.3 327 0.7 84
. C17. | 251 _C3 39.3 34.3 36.4 0.9 72
C-18 176 c3 35.7 34.3 30.0 07 | 100

c-19 23.4 c3 33.3 33.3 33.4 0.7 96

Legend:

DMA: N,N-Dimethylacrylamide
TRIS: 3-Methacryloyloxypropyl-tris(trimethyisilyloxy)silane
* instead of DMA, in this example DMEA (2-Dimethylaminoethyl acrylate) was used
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The wat er
0 m nutes' autoclaving at 120C). For conpar
n&, nt_of 20% with a very simlar conononer conposition (no
of é’PrE’P err] @) .
The pol yner is prepared anal ogously to Exanple C 14, but the

> and the

mat eri al

t he pol yner synthesized, neasured on discs is given bel ow

macr oner .

41% | BA

23%

1-vi nyl - 2-pyrrol i done (NVP>ExAMaﬂ€o C-20C0MédaRd dohta’t oA -

di sc har
EXAMPLE

macr oner
wei ght)
clear po

barrer andMAhar dness (Shma, A) of 42

dness (shore A) i
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S

The pol yrre_rr zat ion is carried out
Exanpl e C-Acanthetidensiis preparedfina imannencorresporaling tomnplm-m

&r, it nbSoMolimae

3 rret hacr
*h an E

of . bis

| YHagro

R e

in bul k, which neans wi thout addition of

properties of
Exanple G 7

12% The

in accordance with

Q.Iﬁhg&héEﬁim le
fper cent ages by
oxane.

An optically

| us of 0.4MPa, a perneabili ty to oxygen of 241

i s obtai ned.

EXAMPLES Ggig: t hrough C- 2 Contact | enses are prepared in accordance
with the procedure descri ed |n Exanpl e C-14. ~ The conpositions in weight
per cent aggé’ea!P%s § Bk ptaout 94 anda walar conteptf abayt 20.0\weight nescent.| Be wei ght
DVA resui8lafe presented-lﬁEX\BLE C-Ill for comparision with coated lens proferidd. ~ percent
wei ght wei ght wei ght . . percent

per cent per cent C 26 C- - 36.0 - 8.0 20.0

36. 0 C- 28 C-2 EXAMPI\:;%IC-?': Plasma-g'_egted contact lens, 0 35.0

5.0 C 27 C3 32. 8- 30.0 37.2

Dried lenses prepared in accordance with the procedures described in Example C-20 are
transferred into a plasma coating apparatus where the lenses are surface treated in a
methane/ air” mixiure (“air", as used here, denotes 79% mtrogen and 21% oxygen). The
apparatus and plasma treatment process have been disclosed by H. Yasuda in “Plasma
Polymerization”, Academic Press, Orlando, Florida (1985), pages 319 forward.

The dried plasma-treated contact lenses are equilibrated in autoclave-resistant vials in

phosphate-buffered physiological saline solution, and then autociaved for 30 minutes at
about 120°C. The plasma-treated autoclaved lens has a Dk [barrer] of 90 and a water

content of 21.5%. The results are presented in TABLE C-lt! for compansnon with coated

lens properties.

TABLE C-lli
Example Surface type _ _ Dk [barrer] Water content [%]
C-20 untreated 94 . 20.0
C-21 plasma-treated 90 21.5
EXAMPLE C-22

The synthesis of this polymer cornesponds to Example C-14 with the following comonomer
composmon Example C-3 macromer/TRIS/DMA: 32.8%/32.6%/34.2% (in percentages by
welght) and an addition of 0.4% by weight of trimethylammonium-2-hydroxypropyl
methacrylate hydrochioride (Blemer® QA, Nippon Oil Corp.). The polymer has a modulus of

-
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P :
|BA is isobutylacrylate, DVA is N N-Dinethylacrylam de,
3- et hacryl oyl oxypropyl -tri s(trr met hyl si | oxy) sil ane,
2,2;3,4,4, 4- qu_ﬁgd bg3r obut yl .acryl ate.

EXAI\/PLE C- 28 e polymerization is carried out in accordance W tﬁmé‘(arrpl e
C-14 but with the followi ng changed conobnoner conposition: macroner of
Exanple C1/DVAN TRI'S 33.3% 33.3% 33.3% AB7eptically clear polymer is
obt ai ned. EXAMPLE D-1: Macroner Synthesis 1In a
dry "box under about 200 grams of dry PDMS

nit rogen at nospher e,

di pr opoxyet han Sh su dded t cont gi ner.. | socyan t hyl
met hacryl at e (‘?w HP%%H‘I mﬁm %b%ff? ?"F’rﬁ‘fae%’ Bﬁﬁﬁ?é’q%'m
di al’kanol

is ammtestwtqdwrmcamam@r Fopeamparison, Enatngletc-pe haeawathr isontent of 20%
di | aur at e '( DBTyiin & dérp sirfilar caiisiitine? CompbaRioH (Rb kadifin drBiehér® @A), added to the
container along wwth a stir bar. The container is imersed in an oil bath
atop a stir plate, and secured in place with a clanp. A streamof UPC air

at about 2 psig is passed over the ni xtEXKAMPLENE-23 xture is agitated at room
tenperature (about 22[err]C) for about 24 hours. An iterative procedure

follows in whigh the mxturels natecntent and | E
Lded T 1 he PRPali A RoReY ApRoRHsR 10 Exapls i L e Rshmedestion = S
m xture is stiinbaelk, whiohmears withous addition ofEﬂmnn‘ad‘hempmnmmm domonomers and

si | oxane- cont g, Hb% &s of the pol ﬁm 2
Lens fabrication re ner | Z%Pogmer}ﬁy)?%huerslgecii gn%arsgrggrog(fs%s XI'ng a‘%}out
56 grans of t Hexample @Régaq' ’Bﬁ'i'ExarrpI A®1 about 14 grans of TRI'S, about 29
grams NN-di metiBat acryl am de (DVR), al23%, 1 gram et hacrylic acid, about 0.5

grans Darocur é’?‘fﬁ ﬂ&r@!e tor d about 20 grams hexanol. The -

m xture is agr%a'f' or 3{“’ mnutg's', at room tenperature. Next, the
mxture i s deqERdeitrigi(ANY serjes of zing and thawing steps. The

contai ner is prhecdist handriess (shoredAyis88ogen bath until the mixture solidifies.
A vacuumis applied to the container at a pressure of about 200 mllitorr
or less for about 5 m nutes: ‘Then, the container is placed.in a bath of
roomtenperature water until the mxtu again. This process is
perforned a total of three times. The mixture Is t hen ponrrerrzed to form

contact le NS€SThe polymerization is carried out in accordance with Example C-14 but with the following
changed comonomer composition:
macromer of Example C-7/IBA/TRIS 20%/1 8%/60% and 1% (in percentages by weight) of
. bis(3-methacryloyloxypropyi)tetra methyidisiloxane. An optrcally clear polymer with an E
modulus of 0.4MPa, a permeability to oxygen of 241 barrer and a hardness (Shore A) of 42
is obtained.

Q.0 dndk
=00 W

TRIS is
HFBA i s

EXAMPLES C-25 through C-27

Contact ienses are prepared in accordance with the procedure described in Example C-14.
The compositions in weight percentages are as follows:

Example | Macromer | Macromer | IBA weight DMA TRIS HFBA
weight percent weight weight weight
percent percent | percent | percent

C-25 CcC3 ..36.0: 8.0 20.0 36.0'5' -
c-26 _C2 35.0: 5.0 20.0 .35.0 5.0
c-27 c3 328 - 30.0 a7.2 -
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PCT/ EP96/ 01265 —_— a -89 - The
prepol ynerization mxture i s poured into pol ypropyl ene contact T'ens nol ds
in a nitrogen atnosphere. The polynerization is effected by applying W
radi ati on (about -4-6 mWcnferr]) for a period of about 15 m nutes. The
resul ting fYUPPYSKMrat ed contact |ens has a water cont ent PET/ERISHIS23%
The | ens has a Dk of about 115 barrers and a nodul us of elasticity of
about 2 MPa. EXAMPLE D-3: Lens fabrication
A contact lens is prepared in accordance%\nth the procedure described in
Exanple D-2, with the difference being that the conposition is about 50%
macronmer of Exanple D1, about 20% TRI'S and about 30% DVA. The resulting
fully hydrated contact |ens has a water content of about 20% The |ens has
a Dk of ab a modul us of elasticity of about 1.8 Ma.
EXAMPLE E- %mﬁéﬁﬁ)gﬁﬁéﬁ%mnt act lens is prepared substantially in
accor dance DMA 8 N\NDipetbylaeniamidiescri bed in Exanple A-2. Prior to

.polyrr:srl zatrm:sutsat:hemaé ﬂyllﬁh(wﬁetﬁymlortwfbdtaﬁe degafsed byI cgl;ng thg
prepol ymer unt | e mxture solidifies and is
near |i qui Mi#?%ﬁh &gﬁ“ﬁﬂ@%@ﬁ@ﬁb appl ying a vacuum (about 0.1 mm Hg)
to the solidified prepol ymer m xture, discontinuing the vacuum and :
thawi ng the prepol ymer mixture unti ExXAPLENCguUre is again inliquid form
Thi s degassing procedure is perforned a total of three times on the

prepol ynerization m xture. The prepolymer m xture is cured in a nitrogen
at nospher e The polf/meﬁzatlbe iscearriesinut insaccordainegs with Bxanple c—mmmuomg um

wat er cont gdnga cah%mé&&nmﬁu&ﬁmwﬁemm BO-1/DMATRIZS33 5% P 3885
treated for %8‘0\%57 ﬁ nih tes n nospher e of nmet hane and alr at a 2:1
CH4: air voPd Y, "pressure of the gas is ~about 50

mllitorr. The plasma treat rrent is acconplished in a Plasma Pol yneri zati on

Appar at us LCVD- 20- 400A ( Pl as EsaseLe Beﬂmmwggsetts). The | onoton
lon Permeability Coefficient of the lens is 0.81 x 10[err]cnferr]/sec.

Cinical exam nation shows that the | ens noves on the human eye. See Tabl e
E for a suim&dw hu(undammagaoldmosphere, aboutzoo grams ofdry PDMS dipropoxyethandtX AVPLE
E-2 (Mat eri ce

UEM) }h drerfSUT bt
e e TS ULLA ot o clabs. RLLIEY
percent dibutyltin dilaurate (DBTL) catalyst, based on PDMS dialkanol weight, is added to
the container along with a stir bar. The container is immersed in an oil bath atop a stir plate,
and secured in place with a claip. A stream of UPC air at about 2 psig is passed over the
mixture. The mixiure is agitated at room temperature (about 22°C) for about 24 hours. An
iterative procedure follows in which the mixture is analyzed for isocyanate content and IEM
is added if the PDMS dialkoxyalkanol has not been completely reacted. The mixture is
stirred about 24 hours more. The macromer produced is a siloxane-containing macromer.

EXAMPLE D-2: Lens fabrication

A prepolymerization mixture is prepared by mixing about 56 grams of the macromer from
Example D-1, about 14 grams of TRIS, about 29 grams N,N-dimethylacrylamide (DMA),
about 1 gram methacrylic acid, about 0.5 grams Darocur® 1173 photoinitiator, and about 20
grams hexanol. The mixture is agitated for about 20 minutes at room temperature. Next, the
mixture is degassed via a series of freezing and thawing steps. The container is placed in a

_ quhid nitrogen bath until the mixture solidifies. A vacuum is applied to the container at a

| pressure of about 200 millitorr or less for about 5 minutes. Then, the container is placed in
a bath of room temperature water until the mixture is liquid again. This process is
performed a total of three times. The mixture is then polymerized to form contact lenses.
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P S L Yt et
order to renove oxygen fromthe prepolynmer m xture. The prepolymer m xture
is cured in a nitrogen at nmosphere to fornithe contact |lens. The cured |ens
has: an equi | § ter content of about 26 wei ght percent pchigpodiiibésnd i S
applied to t surface. The |onoton lon Perneability Coefficient of the
lens is - O. 063 x 10[err] cnmferr]/sec. Cinical exam nation shows that the
| ens does not nmove on the human eye. See Te#8<€ E for a sumary of the
results. EXAMPLE E-3 (Material B) A
contact lens is prepar ed substantiall y in accordance with the procedure
described in e B-12.. Prigr ri t 0 | e}
mxture s dedie BRpPOeRFon midiedt PRPd TES bARp e Bl GRS el i & oGl
The - pr epol yneatmospheree The pe'umdzatnnas eﬁes:taglgurammmbh radiation (gbouty-6 mW/cm?)
contact |ens. ?Qg%asﬁw%mﬁwmwshmh mnvhmhwadaﬁﬁ&ﬁaﬁsﬁss@hmi 30

S e nut 65§ SOPUERLAR AL S e & koL gERUL | T Betels g o pqcie ! B AR

rati o. The Ionbanmtzwa?errreablllty Coefficient of the lens is 0.50 x
10[err] cnferr]/sec. dinical exam nation shows that the | ens noves on the

human eye. See Table E for a sunmar f_t res

EXAMPLE E-4 (Material B) A cont E%XM%FE $§ gﬁ'\?ﬂ"%bst antially in
accordance with the procedure described in Exanple B-12. Prior to

pol yneri zatio h@& %B?%q Eédfaa I nt t
freezel/t haw praoce ure %? anp A2 %)“'ﬁ;ﬁe gﬁﬂ@%@%ﬁﬂ% |és)(s Eiredgl'ﬁﬂ'a
ni trogen at no¥pfifference being thatithe soyRpasition is, reapremer of Sxamplg O- 1, about
equi | i bri um waow%ITRIS ahé¢ aboutB0%DMA. ‘Eﬁbmulmgfum&hmatbd e&uhamaIaEatvmtauri ng,
the lens is p Ql‘%h tﬂf@g f

and air at a WE%QZE 6’%3‘%%?{“%% ono \|9t°§/

Coef fi ci ent opfqmtl@rm s 0.47 x 10[err] cnf err]/sec. CI | ni cal exani nation
shows that the | ens noves on the hunman eye See Table E for a summary of

the results. N w E-5 (Material B) A
contact lens is prepared substantially | n acc ance’ with the procedure
described in Exanple B-12. Prior-to polynerization, the prepol ynerization
mture i s degAToREciIEndi® prepRfst silstahtiey & i&bamanémmdmrwedﬁmémeﬁﬁ The
prepol ymer m é}é“’l&e ASZ CHE&% bglyrﬂenzatlon the prepolymerization mixture is degassed by cooling
the prepolymer mixture with liquid nitrogen until the mixture solidifies and is near liquid
nitrogen temperature, then applying a vacuum (about 0.1 mm Hg) to the solidified
prepolymer mixture, discontinuing the vacuum, and thawing the prepolymer mixture until the
_mixture is again in liquid form. This degassing procedure is performed a total of three times
on the prepolymerization mixture. The prepolymer mixture is cured ina nitrogen atmosphere
to form the contact lens. The cured lens has an equilibriurn water content of about 19%.
Subsequent to curing, the lens is plasma treated for about 10 minutes in an atinosphere of
methane and air at a 2:1 CH,:air volume:volume ratio. The working pressure of the gas is
about 50 millitorr. The plasma treatment is accomplished in a Plasma Polymerization
Apparatus LCVD-20-400A (Plasmacarb, Bedford, Massachusetts). _
The lonoton lon Permeability Coefficient of the iens is 0.81 x 10° em®/sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of
the results. |

EXAMPLE E-2 (Material B)

A contact lens is prepared substantnaily in accordance wnh the procedure descnbed in
Example B-10. Prior to polymerization, nitrogen gas is bubbled through the prepolymer
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nitrogen atnosphere to formthe “cont act Iens. The cured | ens has an )
equi libriumwater content of about 30 wei ght percent. Subsequent to
curing, the lens is plasma treated for about 7.5 mnutes in an atnosphere
of nmethar®OM™&r at a 2:1 CH4:air volune ratio. The | ¥
Permeability Coefficient of the lens is 0.35 x 10[err] cnferr]/sec.

Clinical examnation shows that the .ggns noves on the human eye. See Tabl e
E for a summary of the results. EXAMPLE
E-6 (Material B) A contact lens is prepared substantially in accordance
with the procedure described in Exanple B-11. Prior_to polynerization, the
pr epol ynmidurein asdentp xereve dygersiem theoprepolymer mitespes aThecprépalymer/ riktae is o

B oS phe ned IS TBh siméephShPtothaP e Rtact e, i fed hé Had & dauilBpinC0 ST
wat er  C¥HELERNeNt gt\ £§ %{ e Ne&aptin yliﬁ@pP'@rF]fsmp? C&ubsequent |y
coat ed. Trmendatomnm?ertmabimymaﬁniem oftheliens is -0.088 x t0° ¢riffsaceQlinical 1.1 x - &

ﬁO[ err] csdaﬁﬁﬁdtbﬁeﬁowanmns%ns d%é?ﬁbﬂﬁé\]gé)éh ﬁb%ﬁ.ah*&?a. 506 ThRBE BPyes on the ..~
unman eye. 'y/gg |f§~'f" E:)OI’ a summary of_. the resul {'s.

EXAMPLE %’"’7’"‘(‘ A contact lens is prepared substantially in
accordance with the procedure described in Exanple CG-21. Prior to

pol ynmeri zation, the prepol yne ”E degassed by the repeated
freeze/thaw procedure of Exa é?(é E-1 .[?hyat)%e ny mxture is cured in a
nitrogen atnosphere to formt he contact | ens. Subsequent' to curing, the

lens is @Mleﬁsrisptepdmﬂmubﬁhﬁallyﬁ'mmwmmpﬁeﬁﬂﬁtﬁmmﬂlﬁmt hane and

air at aggamiodBl | yﬁ!g@
Coeffi ci ent "0Of the lﬂqoﬂJpo onlgl%ed?erly err l /'sec ré%' eﬁ:a%sgﬁ%gexam nation
shows t HEPeatpd freeredthaw pracedyr yibe peapolymes mbdprefip eurgd ingmary of -
t he resutitrégen atmosphere to form the contact lens. The cured bﬁﬁ%ﬁﬁlﬁnml al @ A

cont act 3 ed re
descri be‘g) Eﬁaww&ggwb%%@r #@Aebx?‘h ?‘ﬁﬁzﬁgl o%% prepol yer i z;t ion _
mxture & ua%gm%wanﬂnes 'P%@Eé"tﬂ&/? H Chle:al yelumeratio, ol e E- 1.
The pr epThe/ionrctonion Rermeibility moeﬁcienm the lehs B0N5Ex 102 pri¥see. WClinicar.m t he

cont act éﬁﬂﬁnatnﬁ“ BRGWAEL thb Tz Hidval on tﬂ%’hdrﬁéﬁeﬂe SUeilbb E for a suminary of

the results.

EXAMPLE E-4 (Material B)

A contact lens is prepared substantially in accordance with the procedure described in ‘“
" Example B-12. Prior to polymerization, the prepolymerization mixture is degassed by the

repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured ina

nitrogen atmosphere to form the contact lens. The cured lens has an equilibrium water

content of about 30 W'eight percent. -Subsequent to curing, the lens is plasma treated for

about 5 minutes in an atmosphere of methane and air at a 2:1 CH:air volumerratio.

The lonoton lon Pémneability Coefficient of the lensis 0.47 x 10° cm%/sec. Clinical —

examination shows that the lens moves on the human eye. See Table E for a summary of

the resuits. i

EXAMPLE E-5 (Material B)
- A contact lens is prepared substantially in accordance with the procedure deéscribed in

" Example B-12. Prior to polymerization; the prepolymerization mixture is degassed by the
repeated freezefthaw procedure of Example E-1. The prepolymer mixture is cured in a
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-92== tTeated for—about—7 5 nmi nutes—Tmamatrmosphere of mrethare—ere—e-———
at a 2:1 CHerrJair volume ratio. The lonoton lon Perneability
Coefficient of the lens is 0.25 x 10[err]*cnferr]/sec. dinical

exam nation sgovesggt the | ens noves on the human eye. See JePkfoghides’ 2
summary of the results. EXAMPLE E-9
(Material C A contact lens is prepared substantially in accordance with

t he procedure described in Exanple C20. R91+ to polynerization, the
prepol ynerization m xture is degassed by the repeated freeze/thaw procedure
of Exanple E-1. The prepolynmer nixture is cured in an air atnosphere to
formthe contagt | ens. Subsequent to curing, _.ihe | i.s not surface

{reat ed. The. MRBPRASAE S A207 the Goptach lepf The Fureg fons s AR satirhd Werer
10[err] cnfer cimiteutcnf aibut 30 veetight percenta tSubseqisatte cutiag, thdiens Brpia&hnatseam forove
on the human 73 inl88 1 af alapherd W Hbiplandlanki 4 af 8344 &ficair volumo rat

EXAMPLE E-1 O l\/a en re are u ant a
accordance wit 6‘8‘&?&’(&? éﬁféﬁ!"?ﬁ"‘&iﬁ%ﬁ §IBF"? é‘

pol yneri zat i oaxamhatoq:rsmWsyhmmezlens mnvesorttheauman dpgaSee‘daﬂlthfhen smaﬂymﬂ .
freeze/ thaw py ¢ of Exanple E-1. The prepolymer mxture is cured in a
nitrogen atnosphere to formthe contact |ens. Subsequent to curing, the

l ens is not surface treated. The lonoton lon Perneability Coefficient of
the lens is 1.4 x 10[err] cnferr]/ EXAMRUE &-& MaterighB) nati on shows that the
| ens noves on the human eye. See Table E for a summary of the results.
EXAWPLE E-1 1 (Material D) A contact lens is prepared substantiall y |n
accor dance wi-#AFontast insisqaenased;sbsiantially in accordange witothe pregedyre degcribed

]pol yme /r It rz] at i OExample B £PPYio 16 polrnbrization]ithd prepolim eﬂﬂﬁﬁﬁﬁ?hrbis déyasmmahed
i £ ogen at mo AR eatmiiRstul ot EpR Bt TP Big Tebohe’ il 8 olidaifg " °
| ens is pl asnaitiogemapsphere ntorm the epntack lens.s Thecurad lensbep ae equlhbnumatah e
and air at a . gdorteftdtabout 30Weight perdbntO The lens is not subsequently coated. _
The lonoton lon Permeability Coefficient of the lens is 1.1 x 10 cm*/sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of

the results.

EXAMPLE. E-7 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
-Example C-21. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is plasma
treated for about 5 minutes in an atmosphere of methane and air at a 2:1 CH.:air volume
ratio. ' E
The lonoton lon Permeability Coefficient of the lens is 2.9 x 10 cm®/sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of
the resuits.

EXAMPLE E-8 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-21. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is piasma
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| onoton Ion Perneability Coefficient of the Iens is 0.61 x 10[err] cnR/ sec.
Cdinical exam nation shows that the | ens noves on the human eye. See Table
E for asu { the results. EXAMPLE
E-12 (Materi ¥ﬂ0 A contact lens is prepared substanti al | pCi/EPs®EzEs dance
with the procedure described in Exanple D-2. Prior to polynerization, the
prepol yneri zation m xture i s degassed by_gzh_e repeated freeze/thaw procedure
of Exanple E-1. The prepolyner mxture is cured in a nitrogen atnosphere to
formthe contact |ens. Subsequent to curing, the lens is plasnma treated for .
about 5 mnutes in an atnosphere of nethane and air at a 2:1 CHerr]:air
vol une rat i treatathtor Rbowd 7ciminatesfeamaminsphere dbawdtiidneiant airak a2PECHREIBVdISMd . 5 X
10[ err] cn{@hf,]/sec Cinical exam nation shows that the |ens noves on the
human eye. for a.s ry of the results.

EXAMPLE E- 1@‘? ioasio f?ﬂE” eabllty togthiglent ot ieng i§0-25 %1183 cenifsen. Glinical 1 y i n
accor dance ewaniination showsthetshe lahssnovies @t the\hinianpye: See’Tably E fdr a simmary of

pol yneri zat y,gRasuftfl® Prepol ynerization mxture is degassed by the repeat ed
freeze/thaw procedure of Exanple E-1. The prepolynmer mxture is cured in an
air atnosphere to formthe contact |ens. Subsequent to curing, the lens is
not surface treated. The | onot EXAMPLEPEO(RRbdrfal ¢y Coefficient of the lens
s -0.001 x 10[err]cnferr]/sec. dinical exam nation shows that the |ens

does not nove on the human eye. See Table E for a summary of the results.
VO 96/ 31792A contact lens is prepared substantially in accordance with the procedire tlessibad - 265

-94 - . Exam_ple C-20. Prior to polymerization, the pTWzaﬁon mixture is degassed by the
repeated freezelthaw procedure of Example E-1. The prepolymer mixture is cured in an air -
atmosphere to form the contact lens. Subsequent to curing, the lens is not surface treated.
The lonoton lon Permeability Coefficient of the lens is 0.008 x 10 cm*/sec. Clinical
exammatlon shows that the lens does not move on the human eye. See Table E for a

summary of the resuits.

EXAMPLE E-10 (Material D)
A contact lens is prepared substantially in accordance with the procedure described in i
Example D-2. Prior to polymerization, the prepolymerization mixture is degassed by the £

repeated freezelthaw procedure of Example E-1. The prepolymer mixture is cured in a
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is not surface
treated. _

The ionoton lon Permeability Coefficient of the lens is 1.4 x 10~ cm%sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of
the resulits. '

EXAMPLE E-11 (Material D)

A contact lens is prepared substantially in accordance with the procedure described in
Example D-2. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is plasma
treated for about 7.5 minutes in an atmosphere of methane and air at a 2:1 CH,:air volume
ratio.



Exanple WMaterial Degassing Curing Surface lonoton In On- eye
at nosphere—treatent—Ferreabi Ht+y—bremrent _ —

CH air Coef fi ci ent pl asma
[10[ err] [ m nut es]
cnferr]/sec _ A - 3-cycle ni trogen
0.81 ] VEDSMWZ freeze/thaw E-2 Bﬂf@rwl-z‘f rogen
ni t rogen no plasm -0. 063 NO bubbl e E-3
B 3-cycle ni t rogen 3 . -93- 0.50 YES
freeze/thaw E-4 B 3-cycle - nitrogen 5 0. 47
YES freeze/thaw E-5 B 3-cycle
ni t rogen 7.5 0. 35 . YES . 32 freezel t haw
E-6 B The lonoton Jory Rermeability;Goeffigient of the,lens js.Q.61,x 10” cm'/gec; Clinical  ygg
freeze/ t haw exantination shows fhat the lens oveg ohehe humari ey Sbe Table E for a summary of
2.9 Yﬁ results : freeze/ t haw E- 8 -~ C
3-cycle nitrogen 7.5 0. 25 YES '
freezel/ t haw E-9 C 3-cycle air no pl asna
0.008 NO freeze/ tEDAMPLE E-1D (Material D 3-cycle
nitrogen no plasm 1.4 YES f reezel/ t haw
E-11 D " 3-cycle nitro 0. YES
freezel/ t haw A comtagtiens is prepgred substa@ljym q;:oordamﬁ \mﬂbgg,procedure dgscnbed in
%- S I YExample D-2. Prior to Folymerizati&rf , SR Srepdipierization mikture is degssed by the

-cycl e air

freeze/thaw repeéated freml@ %i%g&e of Exam&e%oiL The prepolymer mixture is cured in a

PCT/ EP96/ 01 2aitrogen atmosphsireiter fory theconiactdens: Subsequentin caxing theflensisiplasma. t he
| ovest val uetrgdted R absut 5! MiRuBS in@P&iMobphers 8EMmbinghé Bhd &iPat &1 TH . airvelume oV es

on the eye is.0.25 x 10[err] cnferr]/sec. The hi ghest val ue of |lonoton Ion
Permaablllty%efflment for a | ens which bound on the eye is 0.008 x
10[ err] cnf eThq lopcton iathBermeabitityGoatficientofsheless isr b5 kyt0F sm*/aec. | Gimisabn i on

Per meabi | i t YEQbﬁﬁéﬂoﬁ shBWs %emb%nstm@as%h% &h&@&yex éé&[ﬁbrd E foFaSubmaip et .

nore preferably g‘reater than about 0.25 x 10[err]cnferr]/sec.

EXAMPLE E-13 (Material D)

A contact lens is prepared substantially in accordance.with the procedure described.-in
Exampie D-2. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freezefthaw procedure of Example E-1. The prepdlymer mixture is cured in an air
atmosphere to form the contact lens. Subsequent to curing, the lens is not surface treated.

The lonoton lon Permeability Coefficient of the lens is -0.001 x 10™° cm*/sec. Clinical
examination shows that the lens does not move on the human eye. See Table E for a
summary of the results. '



EXAMPLE F-1 (Material C) A contact lens is prepared substantially in
accordance with the_procedure described in Exanple C25. Prior to surface
treatment, the lonoflux lon Perneability Coefficient is determ ned to be
about O mﬂerr]/m n. Subsequent to ion permeability neasurements, the |ens
surface is coated.wi th polyvinylpyrrolidone (PVP) in accordance with the
fol | owi ng PIOS6BIe, using a gl ass plasma reactor equi ppedPCHEM6MI%Txt er nal
ring el ectrode and a 27.13 Mz radio frequency (RF) generator for the
generation of an inductively-coupled, cold glow discharge plasma. Highly
purified argon is used as a plasma g®#4-and as a carrier gas for

N-vi nyl pyrrol i done (NVP) nononer feed. The NVP feed line is | ocated about
10 cm bel ow the gl ow zone. The contact lens is placed in the 20 cm

di aneter plasma reactor at a posit ut 15 cm bel ow t he pl asma gl ow
zone. The reactor is then evacuat eﬁ%‘légbout 30 minutes to about 0.009
nmbar. Subquent to _evacuatjon, the plasma gas flow.is

(standar&Gﬁ@l faGikal T Séghssiight OCannhgi SChasgrtade s madnm [Omeyeir
of abopt™ 0. nbar and}mai nt ali ne or u r ?mﬂt
{'P%q’@ 1e?+$§ﬂ;sﬁ'g*ur 'E -ruéue‘ uct ifon

170 Wals (in orjder to ¢l ean and
10 sccm |t h&Haial flow for

of argpn plasng gas flgw to abou
sccm The tgmtu e oftothe P sour ce

t he NVP nononer] is alsqg set to 1
| i [ %!: 4t about
‘#Mh'&@‘m St ﬂg oo —

—+

(with the carrijer gas RQubbling t
40C. The lensed are

di schafge goyasna (A psqc. i at at@ut O} 35 f84r prlessY®® arid
about 150 Watts ' | errupt| ng|the gl ow d| scharge ard the
carrief FsfcomtToouty purged- Mt n Z0 SCO gon
stream at &2pr anitragerp. )0oNieEeN f ¢r NRRAAMBO| i 1 iln of¥er tlo -

renovelresi dual

nononer| angbpet i Jat ed speciles. The PVP coat ed cdnt act
| enses

fuced—ar|e g gh wettabl e and sh theffol lhay ng |[dynggsc
contacq arRBes, me&ur dd \%‘%ﬁ‘ a KR -q—lanrbur g(,a.NGer many) '%ﬂl i nstrume
WO 96/ 31792 freeze/thaw _ _ — .
PCT/ EPY6/ 65 cycle nitrogen 5 0.47-96 | YES
Unt r eat edoé'% B 8 Treate : Adv#mci ng -
102 freezefthaw Regeei-rer — :
48 E-5 B 3-cycle 23  nitrogen Hys¥&r esi 0.35 YES B3
15 dlinical tgsts sho ﬂg%hme | ens doeg not nove ¢n the eye.| See Tabl g
F for g—surerytof—the—festrts. X . YES
E-6 B 3-cycle nitrogen no plasma 1.1
freeze/thaw — _
E-7 C 3-cycle nitrogen 5 29 YES
E-8 C 3-cycle nitrogen 7.5 0.25 YES
freeze/thaw : ,
E-9 C 3-cycle air no plasma 0.008 NO
freeze/thaw :
E-10 D 3-cycle nitrogen no plasma 14 YES
freeze/fthaw .
E-11 D 3-cycle nitrogen 7.5 0.61 YES
freezethaw
E-12 D 3-cycle nitrogen 5 1.5 YES
freezefthaw
E-13 D 3-cycle air no plasma -0.001 NO
freezethaw




EXAMPLE F-2 (Material C) A contact lens i s*.prepared substanti al I._y in
accordance wtirt he -procedtre descr-Bet—A-—a C26. Priorto surface

treatment, the lonoflux lon Perneability Coefficient is deternmined to be
about 2.8 x 10[err] mmferr]/mn. Subsequent to ion perneability

measur ement s, woldgsiegs surface is coated with polyvinyl pyrrolrigﬂ%a} I n
Exanple F-1. dinical tests show that the | ens does not nove &’e.
See Table F for a sunmary of the results. -

EXAMPLE F-3 (Material C A contact |ens isoprepared substantially in
accordance wth the procedure described in Exanple C27. Prior to surface
treatnent, the lonoflux lon Perneability Coefficient is determned to be
about 9.3 x 1Qferr] . err]l/mn. Subsequent to ion pernmeability

measur ement s. GORSIOEX escts iﬁé"’\é%é'ga QRAT?HQEQMPWW'P?Q lopeiae lons i n
Exanpl e F-1. Eermbabiiity Cosfficient forwhidied lenk endvesion theasyei0.25m\0° om’/sée Thee.

See Table F f = t - . _— .
EXAVPLE P-4 ( (apastVAIIER Yorblon G PEERAbIY Coefficent for & lans which boynd g he sy s
accor dance wi OP08etdaHEEge Ehuse 3CPntaetdens prefesahly bas@nignoton jon Pargeabiiity ace
treatment, thedefficieht greatepthaRabom008ix 10 GEaTsdecs noné preferalsly Gietien tantabolte

about 2.6 x 1 ]/ mn. Subsequent to ion perneability
G o

measur enent s, ens face is coated with polyvinylpyrrolidone as in
Exampl e F- 1. Clinical tests show that the | ens noves on the eye. See
Table F for a sunmary of the resul tBXAMPLE F-1 (WterfpCP1792

PCT/ EP96/ 01265 -97 -

EXAMPLE F-5 (Material C) A contact lens is prepared substantially in
accordance wi Arcantast isns isqtepasedisubstantially in accarsianeg with themosedurs desgribagrin ace
SRR, it Pl i v ok o i s
ﬁeggur ement s. W%%M@m@"@baﬁed wi th pol y\e_i nyl pyrr ol iydone as in
Exanmple F-1. dinical tests show that the | ens noves on the eye. See Table
F for a summaigingdqubfiio idhpénndability measurements, the lens surface is coated with
potlyvinylpyrrolidone (PVP) in accordance with the following procedure, using a glass
plasma reactor equipped with an external ring electrode and a 27.13 MHz radio frequency
(RF) generator for the generation of an inductively-coupled, cold glow discharge plasma.
Highly purified argon is used as a piasma gas and as a carrier gas for N-vinylpyrrolidone
(NVP) monomer feed. The NVP feed line.is located about 10 cm below the glow zane.

The contact lens is placed in the 20 cm diameter plasma reactor at a position about 15 cm
below the plasma glow zone. The reactor is then evacuatéd for about 30 minutes to about
0.009 mbar. Subquent to evacuation, the plasma gas fiow is set to 20 scem (standard cubic
centimeters), the glow discharge is started at a pressure of about 0.15 mbar and maintained
for about one minute at a power of about 170 Walts (in order to clean and activate the lens
surface). After reduction of argon plasma gas flow to about 10 sccm, the argon carrier gas
flow for the NVP monomer is also set to 10 sccm. The temperature of the NVP source (with
the carrier gas bubbling through the liquid NVP) is held at about 40°C. The lenses are
treated for about 10 minutes with a pulsing glow discharge plasma (1 usec. on, 3 usec. off)
at about 0.35 mbar pressure and about 150 Watts power.

After interrupting the glow discharge and the carrier gas flow, the reactor is continuously

- purged with a 20 sccm argon stream at a pressure of about 0.008 mbar for about 30
minutes, in order to remove residual monomer and activated species. The PVP coated
contact lenses thus produced are highly wettable and show the following dynamic contact
angles, measured with a KRUESS (Hamburg, Germany) K-12 instrument:



EXAMPLE F-6 (Material C) A contact lens is prepared substantially in
accordance with the procedure described in Exanple CG-19. Prior to surface
treatment, the lonoflux ion Perneability Coefficient is défermned to be
about 2.7 x 10[err] m{err]/mn. Subsequent to ion permeability
rreasurerrents the-lens surface is coated with polyvinylpyrrolidone as in
Exanpl e F- W @‘?W%al tests shoW that the | ens noves on t PETEP6O1368e Tabl e ”

F for a sutmmary of the results. EXAMPLE
F-7 (Material O A contact lens is prepgred substantially in accordance
with the procedure described in Exanple CG17. Prior to surface treatnent,

the lonoflux lon Perneability Coefficient is determned to be about 7.8 x
[O[err] mm{err]/mn. Subsequent to ion perneability neasurenents. the | ens
surface is coated with pol yvinyl pyrrolidone as in Exanple F-1. Cinical
tests show{that the |l ens noves o’n t he e)ieﬁt:r-TabFe F1or .a_ mary of (N
results. — R 3 o A
contact le ' t ially in18@cordance Wit h theJ)Bacedure
described iin Exanplegediigl3: Pri to surf treatneny, the |ongglux Ion
Per neabi | i T
nm err]/ mi eSI$ 5 | on abilit$B npasirepents _ the I1tne surfacd
is coated with polyvinylpyrrolidone as in Exanple F-1. Cinical tests show
that the le e Table F.fo mmr of t
fesults. . EhinkQGSsts ShowT4ftn8 Terls toes 6t mote "@EIWEESPG ;e 3 migary of ,

cont act Ien@quswﬁepar ed substantially in accordance with the procedure
described in Exanple 8-14. Prior to surface treatment, the |lonoflux ion
Pernmeability Coefficient is 192
PCT/ EP96/ 01265 | - exawrl ¥ e ~98 -
determ ned to be about 1.1 x 10[err] mr[err]/m n. Subsequent to I on

pelr neabi : i tndm&%vmrmpared %sﬁ?uﬂﬂly?#éétﬁﬁ&hdcﬁl\nﬁtﬂ%t it th |
ol yvi nyl py - ni ga St s w a e lens
does not rm\%g'gﬁ'gqggs a@'@"rq%ﬁlé'?%ﬁﬁegﬁ perg cﬁgj Lf"gﬁ'ﬁ'n'ﬁP @ 9%

determined to be about 2.8 x 10° mmzlmm Subsequent to ion permeabmty measurements

the lens surface is coated with polyvmylpyrrolidone asin Example F-1. Clinical tests show

that the lens does not move cn the eye. See Table F for a summary of the resuits.

EXAMPLE F-3 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-27. Prior to surface treatment, the tonofiux lon Permeability Coefficient is
determined to be about 9.3 x 10 mm’lmm Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens does not move on the eye. See Table F fora summary of the results.

Ex_AMPLE F-4 (Material (v))

A contact lens is prepared substantially in _aoeerdanbe with the procedure described in
Example C-18. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined to be about 2.6 x 10° mm?/min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1.

Ciinical tests show that the lens moves on the eye. See Table F for a summary of the
results. ‘



EXAMPLE F-10 (Material B) A contact lens is prepared substantially in

accurtance—wtir—the—procedure descr e = -7. Prio

treatment, the lonoflux lon Perneability Coefficient is determned to be

about 3.8 x 10[err]/mn. Subsequent to ion perneability neasurenents, the

| ens surface ¢ d wi th pol yvinyl pyrrolidone as I n Exanp 3

dinical testg&s?ﬁ'gg’vbft hat the: |l ens noves on the eye. See Tab:P‘gT)éd%urn‘g

sumary of the results. EXAMPLE F-11

(Material B) A contact lens is prepared.gpbstantially in accordance with

t he procedure described in Exanple B-6. Prior to surface treatnent, the

| onoflux Ion Perneability Coefficient is determned to be about 8.5 x

10[err] mmferr]/m n. Subsequent to igon perneability measurements, the |ens

surface-is coated with polyvinyl perEbﬁeF'ﬁéMﬂﬁ"ﬂ@npl e F-1. dinical

test's show that the |lens noves on the eye. See Table F for a sunmary of

the results. ; R - | B)

A cont act IensAF%macrt'gf)'gr'sepcre gaurgg? %%%ne{'ﬂ'{/miar?“gg%or anc@%&%’ég&cﬁéﬁure

described i Exmpla 18- rioripissriacaraamenlcthe onsdisionPermprbilty fopikisnton

mfr[r rrea]b} lity Chdriminddas be aboutded 2107 maf/nin. Subsaduent toﬂorg-péimﬁtﬂﬁim? inleasurements,
err]/ mn. egue 0 . re . | e urface

S cont ed i ¢ HVBERS iR s paebr BT By dEd e e Eliey i, il Yot

that the | ens thaitbelens mones enythe egec Sea dbleF foua summarynfithe resultshe resul ts.

WD 96/ 31792
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TABLE F EXAMPLE - EXAMPLE Faf Material C) | o\or) Ux 1 on

ON- EYE MOVENMENT (Exanpl e reference PERVEABI LI TY

- CLI NI CAL A contact lens is prepared substantiall}ifil&@&drdance with the protSduré édehbed in

%TEM NATI O\IF_EZ(ample C-19. }i%rto suﬂigeztseatment, thg-loznoﬂux Ion&eggegpil%?g?fﬁqiem?s

NO determined to be about 2.7 x 10°° mm®min. Subsequent fo ion permeability measurements,
' the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of_the results.

-EXAMPLE F-7 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-17. Prior to surface treatment, the lonoflux ion Permeability Coefficient is
determined to be about 7.8 x 10°® mm®*min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of the results.

EXAMPLE F-8 (Material B)

A contact lens is prepared substantiaily in accordance with the procedure described in
Example B-13. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined to be about 1.5 x 10° mm®/min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens does not move on the eye. See Table F for a summary of the results.

EXAMPLE F-9 (Material B)

A contact lens is prepared substantially in accordance with the procedure described in
Example B-14. Prior to surface treatment, the lonoflux ion Permeability Coefficient is




F-3 C 27 0.93 x 10[err] NO

F-4 - C-18 2.6 . x |0[err] YES

F-5 C 16 13.0 x 10[err] — YES

F-6 C 19 27.0 x 10[err] YES

F-7 . G117 7.8 x 10[err] YES .

F-8 wWO09/31792 B-13 1.5 x 10[err] PCT/EP96/0)485

F-9 B- 14 1.1 x 10[err] NO

F- 10 B-7 3.8 10[ err] YES

F-11 B-6 8.5 x 10(err] YES

F-12 B-5 71.0 x 10[err] YES *

Al | onof | ux I on Pernmeability Coefficients were determ ned on uncoated

| owest val ug T e S LS i S e o et beper “‘955“'51“2%‘2 '
val u X | |

noves on thg‘ 39'@? agegg?a%vgﬁ '*H%“N"g"ﬁm&?/%ﬁ 'B'F°| Fh‘“’k | on

Per meabi | i t $haCtheflénscdasstnot movenon ﬁnwehmmhlnd%fooe summaryf theresaltss x | o'
m2l min. Thus, a contact |ens preferably has an lonoflux |on Perneability

Coefficient greater than about 1 J nor e preferably greater
than about 2.6 x 10- nmrn2/mn. EMPE& '@18?& gI"Q'B)

EXAMPLE G 1 A contact lens Is prepar ed substantially in accordance with
the pr OcedU'A leh®B Bré ed;%.ﬁﬁe 1:?acol§hﬁnbb'dm f?é!éﬁ}u d ﬁ@ﬁ ity
Coeffi ci ent rtﬁgr ES\)& tro abou‘? YiL %ﬂ% sec‘?ér pee Fcal
tests show Fﬂ%ﬂ'p é\"'@ o S@@‘%SPE“@WH *Mfary of

t he resul t sdetermined to be/umnsa.sxmf mm®/min. Subsequent to ion permeabilny measurements

PCT/ EP96/ 01¢{iq ted with polyvinylpyrrolid i F- j
EXAMPLE G 20 130s Surface s qoated with pryv'"gpg'“ R p%lur‘m Ctnitaldests show

t he proceduF’La thedens meypsian th E?W?—?p @W‘Eﬁ V@SUs- Per neabi lity

Coefficient is determ ned to be about 1 09 x 10[err]cnferr]/second.

i ni cal how t h he | en Tabl for
Cirmess! of he Thou 10°0 1he ! enExARKEE PR ity Seo Teble © Lol
A contact lens is prepared substantially in accordance with the procedure described in
Example B-6. Prior to surface treatment, the lonoflux lon Permeability Coefficient is
determined to be about 8.5 x 10°° mm?/min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinyipyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of the results.

EXAMPLE F-12 (Material B)

A contact lens is prepared substantially in accordance with the procedure described in
Example B-5. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined fo be about 7.1 x 10> mm?/min. Subseguent to ion permeability measurements,

" the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of the results.
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A contact lens i.s prepared substantially in accordance with
Exanpl e G 19. _ lens is surface treated in a
procedure ‘described in Exanple F-1. The

Hydrodel | Water Perneability Coefficient is determned to be about 0.37 x
10 cnferr]/second. Cinical tests show that the |l ens noves on the eye.
See Table G for a summary of the resultsTVABLE F
EXANPLE G 5 A contact lens is prepared substant ially in accordance with
t he procedur Fdescriped_tm | The 1] 5:l rean
Coefficient |s de d tolbe MATRRIALys | 1 J@‘S’F‘}@H\@r] 5&%&0\'@%‘”
Clinical tests show that the I(Emnplwebmet ne PERMESBIITYL| £ G -CLINICAL
summary of the results. _  COE : 6
A contact lephs is prepared s bstar'r‘ﬂngapy in Bccor gﬂ%'emh thenprocedur@
described i nf—Exanple C- 14 he Hydrodell \ater J;EE%MI ityl Coefficientis
determned tp be. abput 0.08|x 10[apeb cnferf]/secongl. Cinigal tesN® show
that the | enp does nove pn the . See | labl Qe a S n
results. . i EA‘E;%&l o\'{vn ' &&8 . &2&118'5 . urrmary_RB the
PCT/ EP96/ 012B5 F-3 c-27 0.98 x 10° -1101 NO
TABLE G - | EXAM: g 4 MATERI AL JRFACE HYRRQDH4 WATER 43
MOVE- PL E—(-Era'n'p'l-e— : pTY ~VENT
-CLNI CAL F8 rofelence “C-18 13.0xMFr) c N - - YES
DETERM NATI ON F-6 nunmberg-19- 27.0 x 10 YES
[cnterr]/sec F-7 17 7.8x10° YES'

F-8 B-13 1.5x10° NO-

F-9 B-14. 1.1 x10° NO

F-10 B-7 3.8 10° YES

F-11 B-§- 8.5x 10°* YES

F-12 B-5 71.0x10%" YES

* All onofiux lon Permeability Coefficients were determined on uncoated lenses.

Considering only Examples F-1 through F-13 of Table F, the lowest value of lonoflux lon
Permeability Coefficient for which a jens moves on the eye is 2.6 x 10° mm®/min. The
highest value of lonofiux ion Permeability Coefficient for a lens which binds on the eye is
1.5.x 10° mm*min. Thus, a contact lens preferably has an lonoflux lon Permeability
Coefficlent greater than about 1.5 x 10" mm?/min., more preferably greater than about 2.6 x
10°° mm?/min. '

EXAMPLE G-1

A contact lens is prepared substantially in accordance with the procedure described in
Example A-2. The Hydrodell Water Permeability Coefficient is determined to be about 0.71
x 10° cm%second. Clinical tests show that the lens moves on the eye. See Table G for a

summary of the results.




G1 A-2 none 0.71 x 10[err] YES

G2 - - ‘B-5 none -~ ___ - --1.09 x 10[err] . YES

G3 B-6 : PVP 0.27 x 10[err] ' YES

G4 C 19 PVP 0.37 x 10[err] YES G5
D2 _.+.none-.. 1.26 x 10[err] G 6 C 14 none
0.08 x 10[ Q9631792 NO Consi dering only Exanpl es RETERPREHh G 6

of Table G the | owest value of Hydrodel Water Perneability Coefficient
for which a | ens noves on the eye is 0.27_x 10[err] cnferr]/sec. The
hi ghest val ue of Hydrodell Water PerrreabiW?ty Coefficient for a | ens which
binds on the eye is 0.08 x 10[err]cnferr]/sec. Thus, a contact |ens
preferably has a Hydrodell Water Perneability Coefficient greater than
about 0.08 x 10[err] cnferr]/sec., mpxaMeELef gably greater than 0.27 x
| O[err] cnferr]/sec. The invention has been described in detail, with
reference to certain preferred enbodinments, in.order to enable the reader
to practi ceAchatactionsis prapavid sybstantialiyl incaccosdapes witinthetprosedurBdescritved i f
TPvent i on, e BIS. TG RRoddh it} RemRABkY et thlarinfiod 106 RBAR 100 1°
’ -8 . ) .
addi tion, a* Eér%ﬁ%&nﬁhﬁ?ﬁifﬂ?ﬁ%ﬂw}%ﬁ t?“? H?Vagf’"&mver é&a?’@@@é&sgm ze
t hat nmany o$urahary gbthesesuls. conponent's, conpositions, and paranmeters may be
varied or nodified to a reasonable extent wthout departing fromthe scope
and spirit of the invention. FUrtheg(‘rg‘mﬁtc' fles, headi ngs, exanple
~materials or the like are provided t ™ he reader's conprehension
of this docunent, and should not be read as |limting the scope of the

present inv ' : E)é& f?@(‘?@ﬂ:& ' RiahsE it ' t he
I nvention aﬂgb e l‘line B the 10 'odenynmgécclbal ns, ,reg‘ggﬁ%‘%}ﬁg{deﬁtméé\bg?g%s and
equi val ent s=X& %brs _ 'gWéP’ﬁ‘@t N & RlAFMs 9asi{a aggardange with the-pracedure

- 102 - desicAbedtn ExampiérF-o Thé biydrodell Water PaxmeapilinpOodthdianit ésoddtormiradiiat i bl e

| nner and 0pg ghoud BZ7ACRP onPbblo kSl ks Sl ke 1 188 RAIRLANRS bdlS Rl

wear In conflnuqQus, 'intimate contact w ocul ar tissue a

said | ens gt?ﬂl? rRsummamvatiha eslts: o i al whi ch has a hi gh oxygen
permeability and a high ion permeability, said polyneric material being
formed from polynerizable material s gQRRIPLE 8% (a) at |ast one
oxyperm pol ynertzabl e material and at | east one ionoperm

pol ynmeri zabl e material, wherein said |l ens all ows oxygen perneation in an
amount suf f Acontatt lers ispreparsdsubstantizity in accordance with the procedure described in

Example C-19. The lens is surface treated in a plasma gas in accordance with the
procedure described in Example F-1. The Hydrodell Water Permeability Coefficient is
determined to be about 0.37 x 10 cm?/second. Clinical tests show that the lens moves on
the eye. See Tabie G for a summary of the results.

EXAMPLE G-5

A contact iens is prepared substantially in a'ccordanc_e'with the procedure desbribed in
Example D-2. The Hydrodell Water Permeability Coefficlent is determined to be about 1.26
x 10* em®/second. Clinical tests show that the lens moves on the eye. See Table G for a
summary of the results.

EXAMPLE G-6

A contact lens is prepared éubstantially in accordanc_e with the procedure described in
Example C-14. The Hydrodell Water Permeability Coefficient is determined to be about
0.08 x 10 cm®/second. Clinical tests show that the lens does not move on the eye. See
Table G for'a summary of the resulits.




heal th and wearer confort during a period of extended, continuous contact
W th—octtar—tt+sste—and—octtar fIw—ds-—a'rrd—wi'rerm-ﬁ—s-&id | ens—aHHows—tor—ot——
wat er perneation in an anount suff|C|ent to enable the lens to nove on the
eye such that corneal health is not substantially harmed and wearer confort
i's accept abl gy ? ?ﬁ a period of extended, continuous cont aci,cw opses| ar
ti ssue and ocular fl uids. 2.. An ophthalmc lens of claiml, erern said
ophthalmc lens is selected fromthe group consisting of contact |enses for
vision correction, contact |enses for eye gghQr nodification, ophthalmc
drug delivery deV| ces, and ophthal m ¢ wound heal ng devices. 3. An
ophthalmc lens of claim2. wherein said ophthalmc lens is a contact |ens.
4. An ophthalmc lens of claim1, wherein said ophthalmc | ens has an
oxygen transmssibility of at |east about 70 barrersinm 5. An ophthalmc
| ens of claim4, wherein said ophthal mc 7iagig §as an oxygen

transm ssibility of at |east about 75 barrers/mm 6. An ophthalmc |ens

of claimb, wiererA—sai-d—ephthali-ec—ers—has—ahR—orger—tFranRsHi-S5st

at l'east. aboyt. EXAMar reMNl‘ERIAL 7 BURﬂkcé;al nHYDRGDELhﬂNATHI mh ON-ENEMOVE-

~sai d pol ynerilc rifal sep ﬁitqﬁi%ﬁ’? pﬁeﬁ Ghy eXtie -CI.INICAL
conti nuously frcﬁﬁah i r*ner sltrf hce Of the épht m c rens ﬁlt
surface of tHe ophthd niréferanse. WO [96/ SOEFF NATION

PCT/ EP96/ 01265 number) - jcm‘/sec] 103 - 8.
An opht hal m ¢ Ieé_i of{ cl aiﬁkl, wnereingng_ai d |pol yr@.ﬂgﬁater.i g conwsses an
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Considering only Examples G-1 through G-6 of Table G, the fowest value of Hydrodell
Water Permeability Coefficient for which a lens moves on the eye is 0.27 x 10° cm*/sec.
The highest value of Hydrodell Water Permeability Coefficient for a lens which binds on the

| eye is 0.08 x 10°° cm®/sec. Thus, a contact lens preferably has a Hydrodell Water
Permeability Coefficient greater. than about 0.08 x 10 cm’/sec 'more:preferably greater.
than 0.27 x 10°® cm?/sec.

—|

The invention has been described in detail, with reference to certain preferred
embodiments, in order to enable the reader to practice the invention without undue
experimentation. Theories of operation have been offered to better enable the reader to
understand the invention, but such theories do not limit the scope of the invention. In
addition, a person having ordinary skill in the art will readily recognize that many of the
previous components, compositions, and parameters may be varied or modified to a
reasonable extent without departing from the scope and spirit of the invention.
Furthermore, tities, headings, example materiais or the like are provided to enhance the
reader’s comprehension of this document, and should not be read as limiting the scope of
the present invention. Accordingly, the intellectuatl property rights to the invention are
defined by the following claims, reasonable extensions and equivalents thereof, as
interpreted in view of the disclosure herein.



10. An ophthalmc | ens om said polynmeric materi al
conprises at |east_one hvvay whi ch _extends conti nuously from
the inner surface of thumm WM to the outer surface of the
ophthalmc |ens. 11. Ah ophtihaly s of claim1, wherein said
polymeric:material..conprises at |east one oxygen pathway whi ch extends
cont i nuous/WOPHM% he | nner surface of the ophthal mc | ensPCEPY681288t er
surface of the ophthalmc lens. 12. An ophthalmic lens of claiml, wherein
said polymeric material conprises a plurality of co-continuous pathways, at
| east one being an ion or water pathway "2t -at | east one other being an
oxygen pat hway, which pat hways extend continuously fromthe i nner surface
of the lens to the outer surface of the lens. 13. An ophthalmc |ens of
claim12, wher ei n said co-continuous pat hways include a continuous phase of
i onoper m pol %(rrerl c material and a continuous phase of sil oxane- containing
pol yneric S 14. An ophthalmc lens of claim 12, wherein said

pat hways have a domain size which is |ess than a size which undesirably

d f
Coaror > 15 Anophiralttic \dhe WG BRSthalfiahl) corhpatiohl ings nfl oLl elieR sed ins
| onot on | onPPBY tp |°!‘§F"@ﬂal’9ﬂ°@§ ohwessin gontinuys, intmate.enntact with oguiartissve |
cnk/ sec. and ocular\ifids Séaid 16RE comprising a polymeric matenal which has a high P%a%

PCT/ EP96/ 01

An opht hal eeart]ag oﬁ"dcq a?h IOE?GI‘MV\% ALl ﬁg'ﬁ%%{f' 3?!“?8%’8
Per neabi | i t?° @GMW@RF%PWQP@HQN than about 0.3 x 10[err] cni err]/sec
17. An opht hal n(aqafﬁagoa& pblymerizatilé iviateiial ahd ens has an.lonoton |on

Pernmeability 0.4 x 10[err] .cnR/sec.

18. An opht hal r?ﬁq ig&sf%% °21°8£| hmili ﬁgﬁmﬂﬁér;g rﬁ‘é{ kl%‘ | ens has an | onof | ux

Di ffusi on Cwheteinsaidhlens allows-axygen permeatierhioan amasnksufiigient tq maintain camesil n .

19. An opht hganh a‘ndlmr%nﬁéraamnb& peMadioP bﬁeﬁdﬁddoérﬁinﬁods%nw Wi Eularx

Di ffusion ngf f 'a?ld% larfundsgraegt er than about 2.6 x 0O mierr]/mn.
wherein said lens allows ion or water permeataon in an amount sufﬁcient to enable the lens
to move on the eye such that corneal health is not substantially harmed and wearer comfort
is acceptable durmg a period of extended, continuous contact with ocular tissue and ocular
fluids.

2. An ophthaimic lens of claim 1, wherein said ophthalmic lens is selected from the group
consisting of contact lenses for vision correction, contact lenses for eye color modification,
ophthaimic drug delivery devices, and ophthalmic wound healing devices.

3. An ophthalmic lens of claim 2, wherein said ophthaimic lens is a contact lens.

4. An ophthalmic lens of claim 1, wherein said ophthaimic lens has an oxygen
transmissibility of at least about 70 barrers/mm.

5. An ophthalmic lens of claim 4, wherein said ophthalmic lens has an oxygen
transmissibility of at least about 75 barrers/mm.

6. An ophthalmic lens of claim 5, wherein said ophthalmic lens has an oxygen
transmissibility of at least about 87 barrers/mm.

7. An ophthaimic lens of claim 1, wherein said polymeric material comprises an ionoperm
phase which extends continuously from the inner surface of the ophthalmic lens to the outer
surface of the ophthaimic lens.



20. An ophthal mc |ens of claim 19 wherein said | ens has an | onof | ux
Di

' mﬁw!l nﬂ “ﬂm—e—aﬂ—-l 0 mP
opht hal mic | ens of clai m ens has a Hydrodel | Vit er
Perneability Coefficient of great er than about 0.2 x 104 cm sec. 22. An

ophthalrnlc claim 21, wherein said |ens has a Hydro
Perneability Sggaﬁ%?C|ent of igreater than about 0.3'x 1 0 cgg#sec
ophthalmc lens of claim?22, wherein said | ens has a Hydrodell Water
Pernmeability Coefficient of greater thapygpout 0.4 x 1 06 cn®/sec. 24.
An ophthalmc lens of claim1, wherein when hydrated, said |l ens has an

equi librium water content of |ess than about 32 wei ght percent when tested
i n accordance with the Bul k Techni que. 25. An ophthalmc lens of claim
24, wherein when hydrated, said | ens has an equilibrium water content of

about 10 to ébRHBp%athowlﬁﬁan&@?& eaama@ﬁaroéﬁbﬁﬁswd*yé%
Bul k Techni g

opht hal | ens, of C m

ydrat ed s apaseenich axtnas SBRHTUPUEY fromihe.anes B B GPREBIGHA IS orhe ot
25 wei ght pesmﬁeboﬁtlnmphhalnﬁcﬂens. accordance with the Bulk Techni que.
WO 96/ 131792,
PCT/ EP96/ 01265
An opht hal mi 8 ABRRhBAING 'SFWflc‘a'W'?eF@PW%%'@W'W%“@BW?’Q@PHS%‘&@“’SW%Er| c
mat feru al Vﬁ“d}-ﬁdﬁhﬁﬁﬁdﬁﬁd’ﬂhﬁﬁﬂ dicludingaatpeaist driecoxyperiraptaseiwhich éxtends bgrqunjsly8| c
sur f ace, e An

frgﬂthfﬁi\?r su @ﬁﬁ%b&éﬁ%& tﬁgé{?‘}g@bbthi??&r#&@a o??t gﬁtﬂﬁlﬁuc len€

ophthalmc lens o I C sur

23. An

hydr ophi | i ¢ apbatjeast pee @apnm endg gontmowqmmﬁ 'enqréﬁéa'@rof hesi m
28, wherein smlhmmmemmmeomabmlmﬁml ied via a plasm
coating process. 30. An ophthalmc Iens of claim?29, wherein sal d plasma

coating is generated in the presence of a mxtuure of (a) a Cl.. al kane
and (b) a ga$0.sanephthaimiciens efieiain owhereinsaidpglymperic material comprises at least one

ion or water pathway which extends continuously from the inner surface of the ophthalmic
lens to the outer surface of the ophthalmic lens.

11. An ophthaimic lens of claim 1, wherein said polymeric material comprises at least one
oxygen pathway which extends continuously from the inner surface of the ophthaimic iens
to the outer surface of the ophthaimic lens.

12. An ophthalmic lens of claim 1, wherein said polymeric material comprises a plurality of
co-continuous pathways, at feast one being an ion or water pathway' and at least one other
being an oxygen pathway, which pathways extend continuously from the inner surface of
the lens to the outer surface of the lens.

13. ‘An ophthalmic lens of claim 12, wherein said co-continuous pathways include a
~ continuous phase of ionoperm polymeric material and a continuous phase of siloxane-
containing polymeric material.

14. An ophthaimic lens of claim 12, wherein said pathways have a domain size which is
less than a size which undesirably distorts visibie light in an amount which is visible to the
eye of the wearer.

15. An ophthalmic lens of claim 1, wherein said lens has an lonoton lon Permeability
- Coefficient of greater than about 0.2 x 10°® ecm?/sec.



-
of nitrogen, argon, oxXygen, air and nixtures thereof. 31. An ophthalmc
| ens of cl aim30, wher \“““m ﬁoatl ng_is generated in the. presence. _
of a mixture of net hang\\ﬂmm An ophthal mc |ens of clai'mi1, ‘
wherein sal d oxyper m polsyneri vabte aterial is a: _Si | oxane- cont ai ni ng

macr oner . .33. - An ophthalmc lens of claim 32, "wherein said

si | oxane- cmm% macromer is a poly(dinmethyl siloxane)PCEERIG§126S nunber
average nol ecul ar wei ght of at |east about 800 and a glass transition

tenperature | ess than about -115 degrees Cel si us. 34. An ophthalmc |ens
of claim 33, wherein said siloxane-cont éu?ﬂng macromer has a nunber
average nol ecul ar wei ght of at |east about 1700. 35. An ophthalmc |ens

of claim32, wherein said polyneric nmaterial is forned froma

pol yner i zabh@ m.zs Mﬁanmmmm 13bah6re.k§asanahph§sérﬁon& A¥8n &.@5@ of a
An opht

| ow nol ecul t co lgN orrer m c
| ens of cl a % %8 (%/"r?@ wei ght  si I oxane cont ai ni ng
nononer is TRI S 37. An opht hal mi c | ens of clai m 1, wherein said

\%I gg;sgllg ggw eAh 8phthaimicAerEsk ddi %awnaehmubﬁah&mmﬁ fonP¥eAiity 9-

PCT/ EP96/ 015g€fficient of greater than about 0.4 x 10° cm/sec. - 106-

(a) about 60 to about 85 wei ght percent oxyperm macromer:; and (b)
about 15 toqgb, ,éﬁd g qn A gngf Dﬁé gﬂg m c
| ens of cl aﬁn@gbp e}r“glnms%fl 'ﬁ khrré@?‘c rraltmé rla ﬁ{m?%urxrre ?'?rggnoa &R%’f
pol yrer i zab®"@eter thap abogtdHx (a) about 70 to about 82 wei ght
per cent oxyperm macr omer ; and ' (b) about 18 to about 30 wei ght

percent iongp rraé‘gr | @F:r lens ?1 citim Jénwﬁé}gfn%ld% ﬁ;‘sﬂgh B&?ﬂxylﬂsﬁn byt

sai d polynerlc ure
conpri si ng: °f9'°at9fﬂ‘a?ﬂ9°‘ﬁ&§)f ‘Q’,G“F'd"\‘m wei ght percent OXyper m macr oner

20. An ophthalmic lens of claim 19, wherein said lens has an lonofiux Diffusion Coefficient
of greater than about 6.4 x 10°° mm?/min.

21. An ophthaimic Iens of clalm 1, wherem said lens has a- Hydrodell Water Permeability
Coefficient of greater than about 0.2 x 10 cm?/sec.

22. An ophthaimic lens of claim 21, wherein said lens has a Hydrodell Water Permeability
Coefficient of greater than about 0.3 x 10 cm®/sec. '

23. An ophthalmic lens of claim 22, wherein said lens has a Hydrodell Water Permeability
Coefficient of greater than about 0.4 x 10 cm?/sec. = .

24, An ophthalmic lens of claim 1, wherein when hydrated, said lens has an equilibrium
water content of less than about 32 weight percent when tested in accordance with the Bulk
Technigque.

25. An ophthalmic lens of claim 24, wherein when hydratéd said lens has an equilibrium
water content of about 10 to about 30 weight percent when tested in accordance with the
Bulk Technique.

26. An ophthalmic lens of claim 25, wherein when hydrated, said lens has an equilibrium
water content of about 15 to about 25 weight percent when tested in accordance with the
Bulk Technique. :



(b) about 20 to 40 wei ght percent |onoperm pol yneri zabl e material; and

(c-)-—a-bo-u-t-—-l—t-ﬁ—-SS—werg-h-t- ed—omthe—t ot al |-eAs—wetght
40. An ophthalmc |ens of ml mll ' sal d polyneric nmaterial includes
|

a pol yner conposi tion having .goo Ofs clarity-and hi gh oxygen
pervweability d?ﬁgﬁ;,pl ng: (a) about 5 to about 94 dry wei Germeéenes of a
macr oner hav?vng the forml a: [err] . wherein: :RI err| -and
Rlerr] are selected from{err]-Cerr] alkyl, Rlerr], Rerr], R5 and
Rlerr] are selected from{err]-(err] al kygsne, Rlerr] and Rl err] are

selected fromlinear or branched al kyl ene and bival ent cycl oal kyl ene.
Rlerr], Rerr], Rerr], and Rlerr] are selected fromderr]-derr]
al kylene err] and Rlerr] are selected from{err]-Clerr] alkyl ene,

Rlerr] and- R4 rAn ephthalmicdens.of ciaim 1 wherein,saishiens eamnrises a soiePolymesis material
m and p, i ndegrraasphthalmicaliyvonmpatibls eurfacevhichis athydrophili@S@tbce Mheréin@aid N i s

about 13 to @%&eé%rehydmphﬂuc%@ng%m 92

PCT/ EP96/ 012 - 107 - wherein
sai d macroner has a nunber-average nol ecul ar melght of 2000 to 10, 000; (b)

about 5 to aWtAt%bﬁﬂﬁlﬁi&HeﬁW%&ﬂﬁwamelﬁ%éiﬂhﬁﬂﬁﬁhiﬁésﬁfﬁcbw Hycbpstitic

si | oxane m)no% ; I(; h ﬁ 891 to about 30 wei ght percent of an acrylate or
nmet hacryl ate 7{"8 dcd#' 0 to 5 weight percent cross-1linking agent;
wherein said wei ght percentages are based upon .the dry wei ght of the

pol yner co ”Féy‘ em éphthalmi@ lens/tt clRith BB akteréin lsﬁﬁﬁtyalfopﬁﬁié‘htiﬁaﬁg codihgi€ applisd vid a

lens is a con 42. An ophthalmclens of claim1, erein said
pol ymeri c mat T°§8§s a pol ymer

30. An ophthalmic lens of claim 29, wherein said plasma ooatmg is generated in the
presence of a mixture of (a) a Ci¢ alkane and (b} a gas selected from the group consisting
of nitrogen, argon, oxygen, air and mixtures thereof.

31. An ophthalmic lens of claim 30, wherein said plasma coating is generated in the
presence of a mixture of methane and air.

32. An ophthaimic lens of claim 1, wherein said oxyperrh polymerizable material is a
siloxane-containing macromer.:

33. An ophthalmic lens of claim 32, wherein séid siloxane-containing macromer is a
poly(dimethyl siloxane) having a number average molecular weight of at least about 800
and a glass transition temperature less than about -115 degrees Celsius.

34. An ophthalmic lens of claim 33, wherein said siloxane-containing macromer has a
number average molecular weight of at least about 1700.

35. An ophthaimic lens of claim 32, wherein said polymeric material is formed from a
polymerizable mixture comprising about 1 to about 10 weight percent of a low molecular
weight siloxane-containing monomer. '

36. An ophthaimic lens of claim 35, wherein said low molecular weigﬁt sildxane-containing
monomer is TRIS.

37. An ophthaimic lens of claim 1, whereln said polymenc material is formed from a
polymerizable mixture comprising:



fornmed by pol ynerization of at |east one macromer of fornula (1): [err]

wgreerggfgar S(r)lr]yn{apflimnﬁu yﬂl‘lm!m v hﬂlgeplefldgnt |y of the ot hers is

- CONHCOO-, - CONHCONH-, * OEON - NHCO\IHCO -NHCO-, -CONH-, - NHCO\IH-
-COO-, -02Q-, - --NHCOO or -OCO\IH— m and p, mdependently of one anot her
are 0 or 1W%Q§@A79E |ndependently of the others, is a di valGHEPSALEE of
an organi c conpound having up to 20 carbon atons; each Xerr],
i ndependently of the others, is -NHCO, -~ NHCONH- COO - OCO-,
-NHCOO- or -OCONH; and le a bival ent p@m&r fragrrent con5|st| ng of the
segnent s: (a)
-(B)[err] z- CFr(OCF[err])[err](OCFZCF[err])[err] OCFlerr]-Z-(E)[err],
‘where xty is a ”%mﬁﬂtd&&dﬂ@%?ﬁ okpdrfh mdibrome afd Z,

wei

|ndependently of .t r alent radlcal having up to 12 carbon
atoms or Z s & MRE? é@fé’ﬁ% Mé‘?ﬂq R OPAmeYt hers, | s

(OCH[err]CHZ)[err] where q has a value of from0 to 2, and where the

link -Z-E fﬁ%ﬁ%ﬁﬂhﬁmﬁ@ﬁnﬁmﬁ@& w%efe@@ﬂ:&bé@c%ﬁ@ﬁw&ie\rﬁns foiMEd frofh d SO OF
1; [err] : PCT/ MD9/ 01265

-108- mrﬁ*@“’&*ﬁ?@ﬁﬂﬁm‘hom 5to 100; Ak is alkylene having up
to 20 carbon at @sammsommumwmmm@maqroﬁ{aiemq [err] and
Rlerr], indepenggng 98 ut86 %E@nt rl&?% mi dnom@r, 20% of the radicals
Rerr], R2, R[e(r@] %dr‘fﬁ Rf&&ﬁi I ndependently Of one ano{her are. al kenyl
aryl or cyanoal kyl ; and [err]
39. An ophthaimic lens of claim 1, wherein said polymenc material is formed from a
polymerizable mixture comprising:
(a) about 30 to 60 weight percent oxyperm macromer;
~ {b} about 20 to 40 weight percent i lonoperm polymerizable material; and
{c) about 1 to 35 weight percent TRIS, based on the totai lens weight.

40. An ophthalmic lens of claim 1, wherein said polyma'rip material inicliides a polymer
composition having good optical clarity and high oxygen permeability, comprising:
(a) about 5 to about 94 dry weight perce"nt of a macromer having the formula:

Ryg— o—a,a—nﬁo—a, rEonaﬂ-‘—ocT—nr—mo—nsons s] s.—-

1 2

i g
—R40R6——ou|i|——aa—-liloo—ﬁ1o§—n1 r-OCIiI—R —0C—Ryg
H H H y
wherein: _ o
R1 and Rzal'E selected from C1'Cs alkyl, }
" Ry, Re, Rs, and Reare selected from C,-Cq alkylene,
Ry and Reare selected from linear or branched alkyiene and bivalent cycloalkylene
Rs, Ry, Ry1, and Ryzare selected from Ci-C2 alkylene.
Rss and Ry are selected from Cy-Cq alkylene,
R,s and Rysare selected from linear or branched lower alkenylene
m and p, mdependentiy of one another, are about 3 to about 44, and

n is about 13 to about 80,



where Ris a divalent organic radicalr having up to 20 carbon atons, and

each—%z—-l—ndﬂependem-l-y—of HEE———CONH- ,  —NHESNH—TE5—
- 0CO, - NHCOO-  or gmm"ﬂﬁm mlallwl sos that there nust be at |east
one of each segnent (a) t hat each segnent (a) or (b)
has* a segrren?, ﬁ% tached to It, and that each segnent (c) p&egnent
(a) or (b) ta to it. 43. An ophthalmc |ens of claim4z2, erein
said lens Is a contact |ens. 44. An ophthalmc lens of claiml, wherein

said polymeric material conprises a pol ynertoz- which polynmer is produced by
pol yneri zing at | east one macromer conprising at |east one segnent of
formula (1) [err] I n which (a) is a polysiloxane segnent. (b) is
a polyol segnent which contains at least 4 C ato %‘ég a se mant (c) or
o Broup X[ err heroiy s3id maciomer hap & SR GRYSFage RoIBRUAr waiht 2800 1045,000;

bi val ent radi (b} abdutSrto about G0 weightpercant df an acrylategu drcmaﬁho@/labdslomneimonmeh
X2 i ndependent I I | east
one car bonyl (&Waﬂgmthga%ﬁ%defgshﬁﬁ&?é'ﬁo?QﬁaE%?aC&M?él sara E:’al of
the fornul a ((¢))‘9'° F@Fﬂh}W“tWS&"WQ)M?QZ -

PCT/ EP96/ 0126&herem said weight percentages are based upon the dry weight ofth@&olymer in
which P[err] § ﬁ\% &P whi ch can be pol ynerized by free radicals; Y and
X[ err] independe P y of one another are a bival ent radical which contains
at | east one car bonyl group;

41. An ophthalmic lens of claim 40, wherein said lens is a contact lens.

42. An ophthalmic lens of claim 1, wherein said polymeric material compnses a polymer
formed by polymerization of at least one macromer of formula (l)

Py -(Y)..,-.(.L-Xy)p-Q‘-o(rL)p‘mnfP1 o

where each P,, independentiy of the others, is a free-radical-polymerizable group;

each Y, independentiy of the others, is -~CONHCOO-, -CONHCONH-, -OCONHCO-,
-NHCONHCO-, -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, -NHCOO- or -OCONH-;

m and p, independently of one another, are 0 or 1;

each L, independentiy.of the.others, is a divaient radical of an organic compound havmg up
to 20 carbon atoms;

each X, independently of the others, is -NHCO-, -CONH-, -NHCONH-, -COO-, -CCO-,
-NHCOO- or -OCONH-; and

Q is a bivalent polymer fragment consisting of the segments:

(@ ~(E)-Z-CF - (OCF2),- (OCF.CF2),-OCF2-Z-(E)-,

where x+y is a number in the range of from 10 to 30;

each Z, independently of the others, is a divalent radical having up to 12 carbon atoms or Z
is a bond;

each E, independently of the others, is -(OCH.CH,),-, where q has a value of from 0 to 2,
and where the link -Z-E- represents the sequence 'Z'(OCHzCHz)q ; and

kisCor1;

B[ m
b) ‘—Alk'—?i O—'?i Alk—
RZ Rl n



k is O or 1; and L is a bond or a dival ent radi cal having up to 20 C
‘atons of an organic c”'m An-ophthalm c |ens of claim44 which
is a contact |ens. mm,"”(!, m c lens of claim1, wherein said
polymeric material corpri‘ses asp whi ch polymer is produced by

pol yneri zi | east one macromer of the formla: [err] wher ei n .
Rlerr] and Vg?&?’-?‘]’”are defined as follows: [err] whePETEPIGH1245

i nteger fromabout 5 to about 500, Rerr], Rerr], Rerr], and Rerr],

i ndependent|y of one another, are |ower alh |l ene, R err], Rerr], Rerr],
and Rl err] independently of one another, ~ “alkyl, Rerr] and Rerr] are
al kyl ene, and R err] and R err] are nethyl or hydrogen. 47. An ophthal mc
| ens of claim46, wherein said polynmeric material is formed by

pol yneri zat i o,ﬁe@fmaaar,qaggrymsfamwre whi ch,” in wei ght percentages based

on total m x 0 out 45 to about 65 percent of a

si | oxane-con F%@eﬂ%@v q{ﬁ){o é"f%?'ﬁfr . WO 96/ 31792

PCT/ EP96/ 01286-100% of the radicals R, Rz, Rs and R,, mdependently of one another,1aye alkyl and
0-20% of the radicals R,, Rz, Rs and R., mdependently of one another, are alkenyl, aryl or o
cyanoalkyl; and

{c) XrR-Xo,

where R is a divalent organic radical having up to 20 carbon atoms, and _
each X, independently of the others, is -NHCO-, -CONH- -NHCONH-, -CO0-, -OCO-,

~ -NHCOO- or OCONH-;
with the provisos that there must be at least one of each segment (a), (b), and (c) in Q, that
each segment (a) or (b) has a segment (c) attached to it, and that each segment (c) has a
segment (a) or (b) attached to it.

43. An ophthalmic lens of claim 42, wherein said Ieer' is a contact lens.
44. An ophthalmic lens of claim 1, wherein said polymeric material comprises a polymer,

which polymer is produced by polymerizing at least one macromer comprising at least one
segment of formula (1)

a—2Z

N

Q05

in which

(a) is a polysiloxane segment,

{b) is a polyol segment which contains at least 4 C atoms,

Zis a segment (c) or a group X,

(c) is defined as X-R-X;, wherein

R is a bivalent radical of an organic compound having up to 20 C atoms and

each X, independentiy of the other is a bivalent radical which contains at least one carbonyl
group,

X, is defined as X», and

(d) is a radical of the formula (ll):

XaL-(Y)-P1 {n



[err] wherein R err] anm as follows: [err] wher e

n is—amrrnteger—fromabott: Rrett4——Rf err], RFerrd—and
Rl err], independently of ollﬂlmwﬂgm, ﬁfﬁ[!!’ovver al kylene, Rerr], Rerr],
Rlerr], and R err], independentl| yt.ofs Oone ot her, are aI kyI R[err] and
Rlefr] are akdy and Rlerr] and Rlerr] are rrethyl

about 5 to abou%?zpercent TRI'S, and (c) about 20 to about Wﬁ%

| onoper m nononer 48. An ophthalmc lens of claim47 which is a contact

|l ens. 49. An ophthlamic lens of claiml, wggein said | ens all ows oxygen
transm ssion in an anount sufficient to prevent any clinically signficant
corneal swelling during a period of extended, continuous contact with

ocul ar tissue and ocul ar fl uids. 50. An ophthalmc lens of claima1,
wherein said | ens produces, after wear of about 24 hours, including nornal

sl eep peri ods, inlwhich B, i@ mbpumoﬁ%aﬁ%rpe epiz&d by 7k radichls; An ophthal mc

 not udi ng. not i?ﬂ%%@é%@??@hdﬂ’f of BnSlp S Bimvafork ek bl oY s 3R,

An opht hal mi c ¢asbenybgrodai m 51, wherein said | ens produces, after wear of
about 24 hour skisigutliugadng nornal sl eep periods, |ess than about 4% cor neal

swel |'i ng. opht h ns,,of . cl aim ereln said period of
ext ended cont ﬁnﬁ&r}?"@ gﬁ'@ graglcaI' haying u&foﬁé&émms ofan organiG S0 92
PCT/ EP96/ 01265

45. An ophthalmic lens of claim 44 which is & contact lens.

46. An ophthalmic lens of claim 1, wherein said polymeric material comprises"a polymer,
which polymer is produced by polymerizing at least one macromer of the formula:

3——R,0Ry Sh{OSl}RaOH

wherein Ry and Ry are defined as follows:
Rico: - Raoo: .

B0 ﬂ Ry2
HpC==C—C~—0—Rg—NCO— ~——OCN—~R, —0~——C—C===CH,

where n is an integer from about 5 to about 500,

Ry, Ry, Ry, and R,, independently of one another, are lower alkylene,
Rs, Re. Ry, and Re.independently of one another, are alkyl,

Ry and R, are alkylene, and

Ric and Ry are methyl or hydrogen.

47. An ophthaimic lens of claim 46, wherein said polymeric material is formed by
polymerization of a prepolymer mixture, which, in weight percentages based on total mixture
weight, comprises:

(a) about 45 to about 65 percent of a siloxane-containing macromer of the formula:



- 111 - 54. An op 1.c lens of claimb53, wherein said period of
ext ended conti nuous conqmgymﬂ! mlﬂm 4 days. . 55. An ophthalmc
| ens of claim54, wherei extended Conti nuous contact is

at | east 7 days. 56. An opht hal mc 'l ens of clai m 55, wherein said
period of :extended.conti nuous contact is at | east 14 days. 57. An
opht hal mi cWQBI®R c| ai m 56, wherein said-period of extendREI/ERINDI2E80US
contact is at | east 30 days. 58. An ophthalmc lens of claima1,
wherein said |l ens has a tensile nodulus of 3 MPa or | ess. 59. An
ophthal mc lens of claim1, wherein sai d Y%@is has a short relaxation tine
const ant of greater than about 3.5 seconds. 60. An ophthal mc | ens of
claim59, wherein said | ens has an | onoton lon Perneability Coef fi ci ent,
P, of greater than about 0.2 x Hg[ EFn], nerr]/sec. 61. An ophthal mc

| ens of claimb59, wherein said llen ha an Ionoflux Di ffusion Coefficient
of greater than abopq%dz.—@bn% 1 62. An ophthalmc | ens
of claimb59, whereinSaid'|ehs Has de I er Perneability
Coefficient of greater than abo . i 10[err]cn{ err]/sec. 63. An
ophthalmic lens of claim1, wherei k~theénpolyneric material has a tan &
above about a 4 An opht hal m ¢ lens of claima1,
wherein sai d' ger'fga Lﬂan (L)rr?o “kgq oh errreabl lity = Coefficient of greater
t han about @@ x 10[err] cnferr]/sec, a tensil|Rwerodul us of 3 MPa or |ess,

and a short relp%aﬁi on tine coEtant of greater {han about 3.5 %econds

Hzc,=c——c—o——ag——-li¢ - —OCN—HRyj :)——c:——c:=c:|-l2
l B

where n is an integer from about 5 to about 500,

Ri, Rz, Rs, and R,, independently of one another, are lower alkylens,

Rs, Rs, Ry, and R, independentty of one another, are alkyl,

Ry and Ry, are alkyiene, and

Ry and R, are methyl or hydrogen;

(b) about 5 to about 25 percent TRIS; and

{c) about 20 to about 40 percent ionoperm monomer

48. An ophthaimic lens of claim 47 which is a contact lens.

49. An ophthlamic lens of claim 1, wherein said lens allows oxygen transmission in an
amount sufficient to prevent any clinically signficant corneal swelling during a period of
extended, continuous contact with ocular tissue and ocular fivids.

50. An ophthalmic lens of claim 1, wherein said lens produd‘es, after wear of about 24
hours, including normal sieep periods, less than about 8% cormeal swelling.

51. An ophthalmic lens of claim 50, wherein said lens produces, after wear of about 24
hours, including normal sieep periods, less than about 6% corneal swelling.

52. An ophthalmic lens of claim 51, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 4% corneal swelling.

53. An ophthalmic lens of claim 1, wherein said period of extended continuous contact is at
least 24 hours.



-112- 65. An ophthalmc |lens of claimI, wherein said | ens has an

| omofTox O Ffusionm Coeffici 19 Sh phdm=about 2.6 X
10[err]mmierr]/mn, a tensi”"mm u'm;"m"m a or less, and a short
rel axation time constant of *greater #han about 3.5 seconds. 66. An

ophthal m c | gnipegiit7ez!l ai m 1, wherein said | ens has a Hydr odel pcryirogb126s
Pernmeability Coefficient of greater than about 0.3 x 10[err]cnferr]/sec., a
tensile nodulus of 3 MPa or less, and a short relaxation tine constant of
greater than about 3.5 seconds. 67. An ophthalmc lens of claima1l,
wherein said | ens conprises a core polynmeric material and an ophthalmcally
conpati bl e surface which is a hydrophilic surface, wherein: said surface is
nore hydrophilic than said core, said period of extended continuous contact
is at least 7 days, said core material has an lonoton lon Perneability
Coef'fi ci ent of 54r anophithaliniolendoftiaim.53, whéincsaid periodiof bxtanded cdntimiobs bontact is
nodul us of 3 Ngﬁb8§4gﬁ§§’ and a short relaxation tinme constant of greater
than about 3.5 séconds; said |lens has an equilibriumwater content of about
10 to about 30 wei ght percent when tested in accordance with the Bul k
Techni que, sai g5] AnopitRaimis e SIRImBA; Wharein said/petiod Vf extenddd coRtMDUS COrRACTS
and said lens %ﬁ@§§7§é$ nded-wear contact lens. 68. An ophthalmc |ens of
claim1l1, where [ iNs conprises a core polyneric material and an
ophthal m cally conpati ble surface which is a hydrophilic surface, wherein:
sai d surface i 8gn R BpiialiRIBhs biCIdiMTS, WAbdintdicperida ofl ekBhdddLoRfinuRYS EoHlad is
conti nuous con%ﬁct |?dat | east 7 days, said core material has an | onofl ux
Di ffusi on Coef #'8#%] 8wigreater than about 2.6 x 10[err] mierr]/mn., a
tensile nodulus of 3 MPa or .less, and a short relaxation tine constant of
greater than abpUhn 3phARfIBASf daiinbe, GRsrelhhicbrid of biibhddd BonuBis ESHAR N
of about 10 to qbo é030 wei ght percent when tested In accordance wth the
Bul k Techni que®'881300BY, has an oxygen permeability of at |east 70
barrers/mm and said lens is an extended-wear contact |ens. 69. An

opht hal mi ¢ | engg Ojn Séllﬁhﬂinie loNd\6H cfilir 15 %ﬁ@@ﬂg@%ﬁ fehsife MBS SHINIBA be

almcally conpaf Ich 1s a hydrophilic

mat eri al and ag pht
surface, wherefm* said surface is nore hydrophilic than said core,. said
peri od of extended continuous contact is at |east 7 days, o

§9. An ophthaimic iens of claim 1, wherein said lens has a short rélaxafion time constant of
greater than .about 3.5 seconds..

60. An ophthalmic lens of claim 59, wherein said lens has an lonoton lon Permeability
Coefficient, P, of greater than about 0.2 x 10 cm®/sec.

61. An ophthalmic lens of claim 59, wherein said lens has an lonoflux Diffusibn Coefficient
of greater than about 2.6 x 10°° mm*/min.

. 62. An ophthaimic lens of claim 59, wherein said lens has a Hydro_dell Water Permeability
Coefficient of greater than about 0.2 x 10 cm%/sec.

63. An ophthalmic lens of claim 1, wherein the polymeric material has a tan 5 above about
0.25 at about 10 Hz. |

64. An ophthalmic lens of claim 1, wherein said lens has an lonoton lon Permeability
Coefficient of greater than about 0.3 x 10 cm?/sec, a tensile modulus of 3 MPa or less, and
a short relaxation time constant of greater than about 3.5 seconds.
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core material has a Hyﬂ“ﬂﬂ{“‘!““‘!\ !\!tﬂ“ abl i ty Coeff|C| ent of greater

t han about 0.2 x 10[er a tensile nmodulus of 3 MPa or |ess,
and a short relaxation tine constant -of greater than about 3.5 seconds,

said | ens M"’;ﬁﬁ”eqw libriumwater content of about 10 t OPEHEPRGOBSSei ght
percent when tested in accordance with the Bul k Technique, said |ens has an
oxygen perneability of at |east 70 barrer and said lens is an

ext ended- wear contact lens. 70. An opht hiﬁ:ﬂc | ens, conprising an inner
and outer surface, wherein said inner surface is adapted to rest

i medi atel y adjacent to the human cornea, wherein said |ens has the

f olt | ow Ng_PIERCAR bt bEIth anfrﬁa nea@omaﬂanwnaboimiﬁi& ie'h|§ ¥ad a@mnsm;@bmpgl&s CBQfﬁéiér'thxf
outer surface suffici SV su i a r r|ng
period of ex9EAKE %%3‘% HY'P??;W’ W%WHPFPP@%&? Sy of
ext ended, cmdaaﬂmﬂnemﬂamoégremtmmmwﬁmwl ar envi ronment and (c)
i on or water perneabi I|ty sufficient to aIIowIens novenent on the eye in

an anmount su ust rn : hea nd arer_ conf /1. An
opht hal ni c Iéé\sx'b?r}ﬂ' %&"Eq ﬂ?éjr ﬁ?ﬁ gﬁéf@ﬁﬂb\e‘% P"F%abg'fy

| east 24 houﬁeeﬁonﬁﬁofgeatqnmmmutﬂacng om"'lsbelmehsuembmnusofasMPdoHeas.
produces, af 4 a YRA reffafiRitithe %smv@m%uggﬁaﬁ%é&b dg, eep peri ods,

| ess than about 8% cor neal swelling almc ens of claim 72
wherein said | ens produces, after wear of about 24 hours, including normal
sl eep peri 0067. Areephthéimic leioaficlaiifti cwherein saiibhs mpnseiéco'@worhcﬁaﬁﬁaﬂ ens

Dl ulhny. oL Skl a1 PR ML el

An opht hal mi ia"i‘ °S1's ® %W'Pfh' IGMePSAK O8.d ext ended period of wear is at

| east 4 dayssaid périod/vf exiehddtbdontinudusicontatt is kbleast 7odaysher ei n sai d ext ended

period of wegfy toie Matrfzitfiks dn f83YBn lon Permeability Coefficient of greater than about 0.3 x
10" cm®/sec, a tensile modulus of 3 MPa or less, and a short relaxation time constant of
greater than about 3.5 seconds,
said lens has an equilibrium water content of about 10to about 30 weight percent when
tested in accordance with the Bulk Technicque, S
said lens has an oxygen permeability of at least 70 barrerslmm. and '
said lens is an extended-wear contact lens.

68. An ophthalmic lens of claim 1, wherein said lens comprises a core polymeric material
and an ophthalmlcally compatible surface which is a hydrophlhc surface, wherein: -
said surface is more hydrophilic than said core,
said period of extended continuous contact is at least 7 days,

~ said core material has an lonoflux Diffusion Coefficient of greater than about 2.6 x 10°®

m?/min., & tensile modulus of 3 MPa or less and a short relaxation time constant of

greater than about 3.5 seconds,
said lens has an equilibrium water content of about 10 to about 30 welght percent when
tested in accordance with the Bulk Techmque,
said lens has an oxygen permeability of at least 70 barrers/mm, and
said lens is an extended-wear contact iens.

69. An ophthaimic lens of claim 1, wherein said lens comprises a core polymeric material
and an ophthalmically compatible surface which is a hydrophilic surface, wherein:

said surface is more hydrophilic than said core,

said period of extended continuous contact is at least 7 days,
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ophthalmc lens of claim M\‘\\ &éns produces, after wear of
about 7 days, including n sILee perl ods, | ess than about 10% cor neal

swelling. 7 hthalmic 1ens of claim 77, wherein said pcgipodhirogsices.
after wear ﬁoa@ght% days, including normai sI eep periods, l'ess than about

7% corneal swelling. 79. An:ophthalmc lens of clai-m 78, wherein said

| ens produces, after wear of about 7 daysjgt+zncluding nornal sleep periods,
| ess than about 5% corneal swelling. 80. An ophthalmc lens of claim?70,
wherein said period of extended wear is at |east 14 days. 81l. An

ophthalmc lens of claim 80, ein said extended period of wear is

East 30 daySha oare Mg i kA0S Biels derrparnity Goemp oL oreated fan abpEh2

per meabi | i t yx § Okgmi/secita tbmtm&ﬂlldsa:fsdmd ontess, aB&Sasﬁmmléthllmc_cdbmmf
claim70, wh | i tensile nodulus of 1.5 MPa or | ess. 84.
An opht hal m §fe?geﬁgﬁgta@o+ﬁ‘§s%ﬁ wherein said | ens has a short rel axation
time const angaidfenghasaneayilipiunhwater content gbabny 0 to wut%welpmmwh%ns of
claim 1, whetested it Accopiangewith theBilicTectinidques a tan & above about 0.25 at

about 10 Hz. g|\a+ n said | ens has an
| onot on 1 on f-?eirneatgégaﬁg%ﬂ Celéeﬁ O'%f“ easg%%%ggaz x 10[err].
cnerr]/sec. sai T‘Yﬁﬂé"‘PMQSF claim 70, wherein said | ens has an
| onof | ux D|ffu5|on Coeff|C|ent of greater than about 1.5 x 10[err]

o " T ARep IR Bobodih okl ke s LR s ©
10[ er r] cn{ er isjadspted to rest immediately adjacent to the human cornea, wherein said lens has the
following properties: '
(a) an oxygen permeability from said inner to said outer surface sufficient to prevent
substantial corneal swelling during a period of extended wear;
{b) ophthaimic compatibility during a period of extended, continuous, mttmate oontact with
the ocular environment; and -
(c) ion or water permeability sufficient to allow lens movement on the eye in an amount
sufficient to sustain corneal health and wearer comfort.

71. An.ophthalmic lens of claim.70, wherein said period of extended wear.is at least 24
hours. |

72. An ophthaimic lens of claim 71, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 8% corneal swelling.

. 73.- An ophthaimic lens of claim 72, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 6% corneal swelling.

74. An ophthaimic lens of claim 73, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 4% corneal swelling.

75. An ophthalmic lens of claim 71, wherein said extended period of wear is atleast 4
days.

76. An ophthalmic lens of claim 75, wherein said extended period of wear is at least 7
days.
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K?égﬁtgﬁé‘f)rlnzgtsfens of Cm““‘““““mu‘\l?“““sal d extended period of 1\}\2:'” |582i ’
| east 24 hours and sai d+oxygeh t¥ansnmi’ssibility is at |east 80 barrers/nm

and wherein said lens has a tensile nodulus of 1.5 MPa or |ess, a short .
rel axati onWOMBMnstant of 1.4 to 10 seconds, and an lo 165
Permeabi lity Coefficient of at least 0.2 x 10[e_rr] cn2/ sec. 90. An
ophthal mc | ens of claim70, wherein salq ext ended period of wear is at

| east 4 days and said oxygen perneabili t§ (Dk) is at |least 90 barrers/ mm
and wherein said lens has a tensile nodulus of 1.5 MPa or |ess, a short

rel axation tine constant of greater than about 3.5 seconds, and an | onoton

| on Per neaby) Amopﬁm&rm Ieh$ b1 ciifn 76, wherir sdld lenk pidhiess, hﬁéﬁ[ﬁéarr]of astut 7 dlys, AN

east 4 ooy fortiplaE obock, Baf e Bobh e SRR sRBINS ' 60" hor 1 o <)

and wherein said lens has a tensile nodulus of 1.5 MPa or |less, a short

Ir glng? ?t i on 7? | AR opPthaliidilen® bf mmmbmam;tﬁ pgogg5?§ aﬁéSFWEFa{ ngfbr :
ux | u X -
mierr]/m ncfuﬁﬁ'nggl%n%%k R?ﬁﬁ?éﬁ %#&Wg\aa%?uﬁeg épel n sai d extended

period of wear is at Ieast 4 days and said oxygen perneability (Dk) is at

| east 90 bagrAn %ﬁmumﬁnmamss Whéreirﬁéh‘id iens p%du&éw aftérivddP S anst Pla
MPa or Iess lan nort Iaxat#n f@ %?’fr; t . of i ter t han about .5
seconds, ugl FNBFB%I(?"F REY | %E&ré‘?? Hg of greater than

about 0. 2 x 10[err]cnferr]/sec. 93. A nethod of using a contact lens as
an ext endegp.\Ra bphtAainic 18As 6f M0 WHbrath saiPpérdd o efiBhded W '|gdgp14 NNET
and outer aurfaces said | ens belng suited to extended periods wear in

cont i nuous %t i mat e contact with ocular tissue and ocular fl ui ds said

l ens conprising a polynmeric material which has a high oxygen perrreabi lity -
and a hi ghs‘r\/ahﬁb htREIERBRY b didim 802 ivFersfi susaes,&sndaatp%ﬁb@& ‘bsarrwatfugspsd from
pol ymer i zaal e ma erial's including: (a) at l'east one oxyperm polynerizabl e;
and (b) a WSeast one | onoper m pol yneri zabl e, wherein said lens allows
oxygen perneation in an anount sufficient to mai ntain corneal health and

wear er CO”éﬂfAnéyﬁthﬁlﬁuaeﬁ@éMﬁn% witbrainash ity kAS bt IWhdt Fpocul ar
ti ssue and, ocul r fluids, and wherein sai d I'ens” all ows"i'on perneation in
an amount S9T9¥I%nt to enable the lens to nove on the eye such that o

coneal health is not substantially harned and wearer confort is acceptable :

during a pgs.i Rﬁoﬂhhaﬂﬁaﬁke& cldifi Yo WHérem éi;&mbﬁ&ﬁaé% sﬁﬁ'rll:&llué aﬁ%lnpa%ﬁ w5

ocul ar f|HIdS sal d method conprising the steps o

84. An ophthalmic lens of claim 70, wherein said lens has a short relaxation time constant
of greater than about 3.5 seconds.

85. An ophthaimic lens of claim 1, wherein the polymeric material has a tan 8 above about
0.25 at about 10 Hz.

86. An Ophthalmnc lens of claim 70, wherein said fens has an lonoton lon Permeablluy
Cosfiicient of at least about 0.2 x 10 ¢ Isec : :

87. An ophthalmic lebs of claim 70, wherein said lens has an lonofiux Diffusion Coefficient
of greater than about 1.5 x 10°° mm?%min.

' 88. An ophthaimic lens of claim 70, wherein said lens has a Hydrodell Water Permeability
Coefficient of greater than about 0.2 x 10 cm®/sec.
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PCFAEPS6+01265 —(—aa—a M@ }enst-e—t-h-e— ocul ar ' ;

(b) allow ng saldlensto contact with the ocul ar
environment for a first periodS 24 hours. 94. A nethod of

cl ai*m 93, fur i | uding the steps of {c) renoving said | We
ol i

ocul ar envi ronmen d) disinfecting or cleaning said |ens;

re-applying said lens to the ocul ar environment; and (f) allomnng sai d
lens to remain In intimte contact with the1gpular environment for a second
period of at |east 24 hours. 95. A nethod of claim93, wherein said first
intimte contact period is at |east 4 days. 96. A nethod of claim 94,
wherein said first and second intimate contact periods are at |east 4 days.

97. A method d89- Anenhthaimiclens oficlaim 70 whereinsaid extended pesiasd of weapisiat ingst 24 5t
| east 7 days. hou%and%d’ﬂiéﬂgdn fangmigeibifty fs at\(4Ht 80 Darrés/fhnd, iana wherdin eaawi\d has

I nti mate contac o) net hod

wherein said f?ﬁ’?? #%a%qcfﬂr 3%? E%g,ﬂ%@ﬁrglag?hqnéug&comtaa%@1 ﬂo °'K’s'
met hod of cl aiandg®, lomtemmnfqmbwlﬂwwunm@@&ml)2|K|1ﬁﬁpm/eunt act periods
are at least 14 days. 101. A nethod of claim99, wherein said first

wher i sat . 190 AP CTEaYDE s of AR D 2810 opBPinenae et it Badl s deys
days. 103. Arendsaidoxygenpermegbility (0k)ds alleast Soibarreisimmadndl whanein pauddensdm; a
about 8% cor ndSy S AL MERE WL, SAORt FRlanSt 508 St grenkt Rt |
said | ens prod%% T@B%ﬁ?‘%ﬂ' H%Mﬂ%?ﬂ?@ WPUBF‘H@%%&HF’"%
peri ods, less t han about 6% corneal swelli ng.
81. An ophthaimic lens of claim 70, wherein said extended period of wear is at least 4 days
and said oxygen permeability (Dk) is at least 80 barrers/mm, and wherein said lens has a
tensile modulus of 1.5 MPa or less, a short relaxation time constant of greater than about
3.5 seconds, and an lonoflux Diffusion Coefficient of greater than about 1.5 x 10" mm?/min.

92. An ophthaimic lens of claim 70, wherein said extended period of wear is at least 4 days
and said oxygen permeability (Dk) is at least 90 barrers/mm, and wherein said lens has a
tensile moduius of 1.5 MPa or less, a short relaxation time constant of greater than about
3.5 seconds, and-a Hydrodell Water Permeability Coefficient of greater than about

0.2 x 10 cm?/sec.

93. A method of using a contact iens as an extended wear lens, said iens having
ophthalmically compatible inner and outer surfaces, said lens being suited to extended

- periods of wear in continuous, intimate contact with ocular tissue and ocular fluids, said lens
comprising a polymeric material which has a high oxygen permeability and a high water
permeability, said polymeric material being formed from polymerizable materials including:
{(a) at least one oxyperm polymerizable; and-
(b) at ieast one ionoperm polymerizable,
wherein said lens allows oxygen permeation in an amount sufficient to maintain corneal
health and wearer comfort during a period of extended, continuous contact with ocular
tissue and ocular fluids, and
wherein said lens allows ion permeation in an amount sufficient to enable the lens to move
on the eye such that corneal health is not substantially harmed and wearer comfort is
acceptable during a period of extended, continuous contact with ocular tissue and ocular
fluids,
said method comprising the steps of:
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An ophthalmc | ens of ‘!!l“}':“‘l&!““i““ ‘“}1 said Ins | ins produces after wear of °*
about 24 hours, includi €ep periods, less than about 4% corneal .
swel |'i ng. 106.. An ophthal mc lens of claim 93 wherein said | ens .
pr oduces, wbwrnlaar of about 7 days, including normal sl BEPEPWOIEES, | ess
t han about 10% corneal swelling. 107. An ophthalmic |lens of claim 106,
wherein said | ens produces, after wear of about 7 days, including nornal

sl eep periods, |ess than about 7% comeal 1€yl | | ng. 108. An ophthal mc

| ens of claim 107, wherein said | ens produces after wear of about 7 days,

i ncl udi ng nor nal sl eep periods, |ess than about 5% corneal swelling. 109.

A met hod ofg)f OappiRg eau@laasmtdcbda%ﬁmmbat/m hi gh oxygen perneability

?(r)urjmhlngha o 'ﬁ’ﬁf %J I t{q i) %a?% o %ﬁ%ﬂ?iﬁ%% from

front curvaemmitb}@laaslk‘\mmrfaces f of ‘bxygen transm ssi on theret hrough,
and (2) at |east one continuous pat hway fromfront curve to base curve

surfaces f r wat e nsm t.h ou nd (b) altering the surface r
of said co é MP@L?J& Oh’ﬂgg 'Hggﬁ Sﬂeesqm%h is more hydrophilic than
said core (n)t emmwng\ﬁd!mﬂwdwlseaﬁlrmmxygen perneation in an anount

sufficient : gh -and:-wearer confort during a period of
ext ended, ééntl nuous con act W|t “ocul-ar tissue and ocul ar fl ui ds, and

wher eby saf@l | EaPPYN teps: tafbe geular enyireament aptunt sufficient to enabl e
the | ens t ¢ noakowing saidieny to remain inlintimatercantadt with aihe deulss envitonmentforat i al | y

har med and gygakseri6d idast 54 AGrEPt abl e during a period of extended,
]
conti nuous cont {' V\naitﬂ ocu?ar tissue and .ocular fluids. 110. A nethod of

claim 109, wherein said ophthalmc |ens ‘has an oxygen perneability of at

| east 70 b@br Armétha of cldirh B3, %mwwmﬁtmmatmcéﬁﬁctpﬁmwmmtddqaht hal ni c
| ens has an oxygen perneability of at least 87 barrers/nm

96. A method of claim 94, wherein said ﬁrst and second intimate contact periods are at
least 4 days. '

97. A method of claim 85, wherein said first intimate contact peribd is at least 7 days. ”

98. A method of claim 98, wherein sald first and second intimate contact penods are at
isast 7 days.

99. A method of claim 97, wherein said ﬁrst intimate contact period"is at least 14 days.

100. A method of claim 98, wherein said ﬁrst ‘and seeond intimate contact panods are at
least 14 days. - :

101. A method of claim 99, wherein said first intimate contact period is at least 30 days.

102. A method of claim 100, wherem said first and second intimate contact penods are at
least 30 days. ' - : :

103. An ophthalmic lens of claim 93, wherein said lens produces, after wear of about 24
hours, including homal sleep periods, less than about 8% corneal swelling.-

104. An ophthalmic lens of claim 103, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 6% corneal swelling.
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112. A nethod of claim 109 II" I"MII ”mtl mat e contact period is at
| east 24 hours. 113. A ne&t hbd 'of *cl & n*112, wherein said intinmte

contact peri by | east 7 days. 114. A nethod of cl ai rpchixosiddps €1 N
said |l ens has an Tonoton lon Perneability Coefficient of at |east about
0.3 x 10[err] cnferr]/sec. 115. An ophthal mic lens of claim 109. wherein
said lens has an lonoflux Diffusion Coeffi¥fi-ent of greater than about 1.5
x 10[err] mmferr]/ mn. 116. An ophthalmc lens of claim109, wherein
said |l ens has a Hydrodell Water Perneability Coefficient of greater than
about 0.2 x 10[err] cnferr]/sec. 117. A nethod of claim 111, wherein said
intimate contact period Is at |east 7 days. - 118. A nethod of claim 112,
wherei n sai d 105t iAmeipbthabmic leos opdlaimotio4, shatein said teng pragiziges, after vieid of aboub2hod

of ol i m 118 nohe irtuing Hofindi disep BBricds, Rlss Han BB 428 8mBkidWIng. et | ng sai d

surface to re sald surface nore hydrophilic than sard coré. =~ 120. An
ophthal m ¢ | ens having ophthal mcally conpatible inner and outer surfaces,
sai d | ens bel06g Anaphthainic lens bécidiedod) svhiecais said lens produnes; after wesy wfabout7i mat e

contact with | o 1 Q‘égh & leds! tHarf shoub #¢ ising a

pol ymeric nat&eéﬁly'e{ h\'/ﬁr%'lgdch g's a thdx!;%etﬁérgperng?;l%i*ﬁﬁ' ang| hi gh ion
perneability, said polynmeric material being fornmed from polynerizable
mat eri al s como7i Anophtialnhie lens obclainpt08; whereirnddiclens prydueds, afteryweat ofapout T a)

at | east one . 1 . At ' Lm segnent ,
wherein said %ﬁgﬁgﬁ'ﬁﬁ o%/sée pe'P&n%)'g#g#an aﬁ?‘g’ﬁ%’h%tgpéslﬁﬁgbi ent to
“mai ntain corneal health and wearer confort during a period of extended,

conti nuous corp8adin ophthaimic léns of clhirs TOR; whibrbirnsaid iehs producss, aftetdveanbatouh7 sai d
ans o moveils Hell ol IR deBos Tedind B siitores) &R? 7177 P
harmed and wearer confort 1is acceptable during a period of extended,
conti nuous copRAR méthbd ofibtming a bictompaitiéllens Havirig high dikyien permeability and high
water permeability, said method comprising the steps of:
(a) forming a core material including: _
(1) atleastone continuous pathway from front curve to base curve surfaces for oxyge:
transmission therethrough, and _
(2) at least one continuous pathway. from front curve to base curve surfaces for water.
transmission therethrough; and
(b) altering the surface of said core material to produce a surface which is more hydrophilic
than said core material, | ' |
whereby said lens allows oxygen permeation in an amount sufficient to maintain corneal
health and wearer comfort during a period of extended, continuous contact with ocular
tissue and ocular fluids, and |
whereby said lens allows ion permeation in an amount sufficient to enable the lens to move
on the eye such that corneal health is not substantially harmed and wearer comfort is
acceptable during a period of extended, continuous contact with ocular tissue and ocular
fiuids.

110. A method of claim 109, wherein said ophthaimic lens has an oxygen permeability of at
least 70 barrers/mm.

111. A maihod of claim 110, wherein said ophthaimic lens has an oxygen permeability of at
least 87 barrers/mm. -
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An ophthalmc | ens of H‘M\“@ﬂ‘\%\ n sai d opht opht haI mc | ens has an oxygen
transmssibility of at *barrers/mm - 122. An ophthalmc
| ens of claim 121, wherein said ophthalmc | ens has an oxygen

transm ssi BYOPQ’%I"QA‘ at | east about 75 barrers/nmm 123. AHCUMMQGM c lens
of claim 122, wherein said ophthalmc | ens has an oxygen transmssibility

of at |east about 87 barrers/mm 124, nﬁg ophthal m c | ens of claim 120,
wherein said |l ens has an lonoton lon Pernedbility Coefficient of greater
than about 0.2 x 10[err] cnferr]/sec. 125. An ophthalmc lens of claim

120, wherein said |l ens has an |onoflux Diffusion Coefficient of greater

than about X415, A méthed 6fclaiml108] WheFei said iktithate SBntal Peniod ¥ 4 1deRN8s Rdurs| ai M
120, wherein said |lens has a Hydrodel |- -‘Vater Perneability Coefficient of

greater than about 0.2 x 10[err]cnferr]/sec. 127. A nethod of screening
an opht hal ni1d3/ Armetheg ofilaimi1ilQ, wherein seickintinatd cortact pedad js at dsast 7 deyshod o
conprising the steps of (a) al | owi ng sald | ens to be fully hydrated by =

£

allowi ng saig.lens to Ll ihrate in -a. saline ti t he

l ens to det 33% %é“#‘?da‘g{t%x?' v?/ﬂp’cﬁh?rg'" ﬂr(',’th%‘? P"? %P%Pﬂéﬁz’b‘}“y Toehtent
transm ssi bldatlyaslﬁboaalitlxn@'ﬁsm/sm) testing thée lens to deternine a factor
which is a function of the ion or water permaablllty of said lens; and '

(d) selecti xte ed.- wear

transni ssi bquﬁt 3"93&3'?‘8&"'%%5 %&F‘“&!ﬂwﬁ ‘M‘Qy&&wm are both
above predetQuefﬁcmﬂoﬂgreatelsthmahdutaﬁeH@%MEﬂlmmhed to ensure good coneal
health and wearer confort when said lens is in intimate contact with a

human eye fqr _a d of conj.inuou ext ended wear of. at | east 24 hours.
128. A screddfn WMBW'%P“%P%‘?‘%’?% whpreinsaid lens has a hydodeltWater ¢y f act or
is the Ionotﬂnmeahlnyeeefﬁﬁahidfbteptwammzx10f2:ﬁ:"'lsécscreen| ng net hod of

cl ai m 128, wherein said lonoton lon Pernmeability Coefficient is greater

t han about 1
. 117 ﬁ metLoJ of]claw% wlrherem said m’amate oontact period Is at least 7 days.

118. A method of claim 112, wherein said intimate contact period is at least 14 days.

119, A method of claim 118, wherein said surface altering comprises plasma treating said
surface to render said surface more hydrophmc than said core. ' 5‘5

120. An ophthalmic lens having ophthalmically compatible inner and outer surfaces, said
lens being suited to extended pariods of wear |n contmuous. mtlmate contact with ocular
tissue and ocular fiuids, said lens compnsmg a polymenc material which has a high oxygen
permeability and a high ion permeability, said polymeric material being formed from
polymerizable materials oompnsmg at least one polymenzable material comprising:

(a) at least one oxyperm segment and

(b) at least one |onoperm segmant

wherein said lens allows oxygen permeatnon in an amount sufficient to maintain corneal
health and wearer comfort during a period of extended, continuous contact with ocular
tissue and ocular fluids, and

wherein said lens allows ion or water permeation in an amount sufficient to enable the lens
to move on the eye such that corneal health is not substantially harmed and wearer comfort
is acceptable during a period of extended, continuous contact with ocular tissue and ocular
fluids.
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P : 120 30—~
screen ng met hod of cI ai \Hmal d i on permeabl I ty factor is the
| onof | ux Di ffusion Coe \“\m% ““L p A screening nethod of claim 130,
wherein sal d | on X on (oefficient is greater tha[},&mﬁm X
10[ err] 7‘?#(# 132. A screening nethod of claim 127, erella'?]ﬁsai d
wat er perrreabl lity factor is the Hydrodell Water Perneability Coefficient.
133. A screening nethod of claim 132, whecreigm-sai d Hydrodel | Water
Permeability Coefficient is greater than about 0.3 x 10[err] cnierr]/sec.

134. A screeni ng nmet hod of cI ai m 129, wherein said oxygen transmssibility
factor is the and the i is 70 barrers/mm . A screeni n'? met hod

of claim 131, 1%&%?9!‘“!&'8 'M@!@"E‘r‘ﬁ%‘lﬁ%@'ﬂﬁﬁ'ﬁ@?@'&&? 1ops has amexvaRn and

the«limt is ﬂﬁhsbﬁﬁﬁbﬁ&ﬁbﬂﬂeastamﬂ)msmm ng nmet hod of claim 133,
wherein said oxygen transmissibility factor is the Dk and the limt is 70

barrers/ nm 137. A pol ynmer conposition having h%jood optical clarity and
hi gh oxygen pb???é&lwmhﬁwf"c leas ppelaia 121 whetgjn said,ophthaimic lensdias aM’W wei ght
percent of a tarshisEilityoNdt kst disout P6 barrers/mm.

123. An ophthalmic lens of claim 122, wherein said ophthalmic lens has an oxygen
transmissibility of at least about 87 barrers/mm.

124. An ophthalmic lens of claim 120, wherein said lens has an lonoton lon Permeability
Coefficient of greater than about 0.2 x 10 cm®/sec. -

125. An ophthalmic lens of claim 120, wherein said lens has an lonbﬂux Dittusion
- Coefficient of greater than about 1.5 x 10"° mm?/min.

126. An ophthalmic lens of claim 120, wherein said lens has a Hydrodell Water
Permeability Coefficient of greater than about 0.2 x 10°° cm®/sec.

127. A method of screening an ophthalmic lens for utility as an extended-wear lens, said:

- method comprising the steps of:
(a) allowing said lens to be fully hydrated by allowing said lens to equmbrate in a saline
solution;

- {b) testing the lens to determine a factor which is a function of the oxygen transmissibility of
said lens;
(c) testing the lens to determine a factor which is a function of the ion or water permeability
of said lens; and
(d) selecting said lens as an extended-wear lens if said oxygen transmissibility factor and
said water or ion permeabiliity factor are both above predetermined limits which are
established to ensure good corneal health and wearer comfort when said lens is in intimate
contact with a human eye for a period of continuous, extended wear ot at least 24 hours.

128. A screening method of claim 127, wherein said ion permeability factor is the lonoton
lon Permeability Coefficient

129. A screening method of claim 128, wherein saad lonoton lon Permeability Coefficient is
greater than about 0.3 x 10° cm®/sec.
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Rlerr] and Rlerr] are sjmnﬁiﬂu“m ]'C[e'rr] al kyl , Rerr], R[err] -
Rlerr], and Rerr] are r] Clerr] al kerne R[err] and .
Rlerr] are selected from Tinear or branched al kyl ene and bi val ent .
cycl oal kyl wosen1™R err], Rerr] Rerr] and Rlerr] are sel RSTEXH126H
Cerr]-C2 al kyl ene, - R[err] and Rlerr] are selected fromCferr]-Clerr]

al kyl ene, Rlerr] and Rlerr] are sel ect gg fromlinear or branched | ower

al kenyl ene, m and p, independently of 2 anot her, are about 3 to about
44, and n is about 13 to about 80, wherein said nacroner has a

nunber - aver age nol ecul ar wei ght of 2000 to 10, 000; (b) about 5 to about
60 wei ght percent of an acrylated or methacryl ated sil oxane nonomner; (c)

and (a) %*‘?"'&”“sg‘g;gﬁ? FisnoBh BRI 127, PR ol By FoepnodBity BElY 08 IoFolE i

per cent agesoﬁfr“émﬁ °\?B n the dry weight of the polymer  conponents.
138. A polynmer of claim 137, wherein said siloxane nononer is

3- et hacryl 139 r of
claim 137y g%ypé ?@%"lﬁ ; Bﬁﬁ %W"L’P‘ﬁ%‘;‘ﬂ 8@% D@Fs'g'épﬂéﬂ&@%?re

(b) 8 to 209meegman QE'FZ(!“Qr | oxane nononmer; (c) 1to 5 wei ght
per cent hydrophr i c nonomer; and (d) 0 to 2 wei ght per cent cross-l I nki ng

agent . S%E ng_about ut 50.
wei ght percent waf e ﬁ’@,fn S#%dm fémwpg%W%ﬁ"i ﬁ\%i @V@‘&" wat er
content is %!mra@eﬂlwaieb"mbn ot percent. 142, A pol ymer of
claim 141, wherein said water content is about 15 to about 22 wei ght

per cent. | 3 0 |.Si N out 80 to_ 84 weight
percent of Sar ?%@F@gﬁ/@%ﬁg &#E' %ﬁéfeﬁ" sdd ‘-Iyérogellawlater Permeability
Coefficient is greater than about 0.3 x 10 cmP/sec.

134. A screening method of claim 128, wherein said oxygen transmissibility factor is the Dk
and the limit is 70 barrers/mm.

135. A screening method of claim 131, wherein said oxygen transmissibility factor is the Dk
and the fimit is 70 barrers/mm.

136. A screening method of claim 133, wherein said oxygen transm:ssrbrlity factor is the Dk
and the limit is 70 barrers/mm.

- 137. A polymer composition having good optical clarity and high oxygen permeability,
comprising:
(a) about 5 to about 94 dry weight percent of a macromer having the formula:

o A, 7] By
e E°““1 Iﬁ P 1“E°R§‘°°T—R7—Tﬁo—ﬂs°ﬂs Tlio %ﬁ——
: H Ry ], Re
O
_R4°Ra—°‘l'i‘— RB—TCO—E1o§;‘R12—°uT‘—R14_°C“'R1s |
H oo | Y

wherein:
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polﬁ of claim 139, cornmm'mu” ﬂwly’t b 15 wei ght percent

acryl oxypropyltris (t ri*met hyl si | ane. 145. A polyner of claim
137, wherein sal d acrylate or nethecrylate conmponent is 2- yl
nmet hacryl at e WO%BIH2 A pol ynmer of claim 140, conprising aboWa out 4
wei ght percent of 2- hydroxyethyl nethacryl ate. 147. A polyner of claim
137, wherein said cross-1linking agent is setiiggl-ene glycol dinethacryl ate.
148. A polyner of claim 147, conprising about 0.7 to 1.2 weight percent
et hyl ene gl ycol di met hacryl ate 149. A polyner of claim 137, conpri sing:

(a) about 80 B 84 wei &ercent pol ysi | oxane macroner; (b) about
12 to about 1 ‘\EB 'W%’i’%"""
met hacryl oxyplﬁapm&.lawmelamdlgdmdmg-ﬁsla&ybne, (c) about 3 to about 4

i 80 o BRI AR A ot Sl b,

wei ght percent Tet ycol di net acry
149 havi ng abdlet ReFimandieareselegied eﬂﬂat er, based on total
pol yner wei ghtﬁ,sandlﬁ,lare‘hdmfddatﬁm Cecsalkylemmrl si ng t he pol yner of claim 137.

152. A cont acta b'8u %f@cw"mhma&%'wg‘%gw%” 80 barrers and a

wat er cont ent contact |ens,
conpri si ng th@p@ﬂ&mepandwamqwo er, %Abos&%embaem- and, conprising the
pol ymer of cl aiigaB&f 1310 aldub80A contact |ens of claim 154, having a Dk -

o eat or than 3heRi kil eBfihe? nbh Rlimb& kVeRige fbiedi eigh?of 50030 16,065
{b) about 5 to about 60 weight percent of an acrylated or methacrylated siloxane monomer;
(c) about 1 to about 30 weight percent of an acfylate or methacrylate monomer; and
(d) Oto 5 weight percent cross-linking agent;
wherein said weight percentages are based upon the dry weight of the poiymer
components. '

138. A polymer of claim 137, wherein said siloxane monomer is 3-methacryloxypropyitris
{trimethyisiloxy)silane.

139. A polymer of claim 137, comprising:.

{(a) 70 to 80 weight percent of said macromer; -

(b) 8 to 20 weight percent of said siloxane monomer;
(c) 1 to 5 weight percent hydrophilic monomer; and
{d) 0to 2 weight percent cross-linking agent.

140. A polymer of claim 137, comprising about 10 to about 50 weight percent water.

141. A polymer of claim 140, wherein said water content is about 10 to about 30 weight
percent.

142. A polymer of claim 141, wherein said water content is about 15 to about 22 weight
percent.

143. A polymer of claim 139, comprising about 80 to 84 weighi percent of said polysiloxane
macromer.
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met hod of formng a _ ,ﬂt"!&@ﬂH!ﬂru cI e sui tabI e for ophthal mc
applications, conpri Shngc (a) contacting a -

pol y(di al kyl si | oxane) dial kanol with.a diisocyanate conmpound in the
presence oW@o@iP®t catal yst at conditions sufficient to cCRCREPIOES on of
said dial kanol with said diisocyanate, thereby formng a first mxture;
(b) contacting said first mxture with poly(al kyl ene glycol), a second
catal yst, and sufficient solvent to ensur® 'm xture honbgeneity, thereby

formng a second m xture; (c) evaporating sufficient solvent fromsaid
second mixture to generate a third mxture ‘having a solids content of

about 40 to 1aQ. ermérﬁmiss coMprisinfliitiuin 1 2 &S Y5 aigREddiddnt et hacryl ate to
said third m%%rr@ ther tfor g{ﬁ rth .mxture containing a

pol ysi | oxand™ ?’E}y( %‘3‘ d fourth mxture

3- et hacryl oxypr opyl tr| s(trinmethylsiloxy)silane (TRIS), a hydrophilic
mononer, a Gi§sH Mlﬁﬁér%cﬁﬁ?ﬁ? Whereth Wh&yﬂééfﬁ%aﬂlﬂﬁr@%ﬁﬂﬁmﬂg a

fifth mixt | aci said fifth mxture into a.nold; and (g) e
appl yi ng Suﬁyﬁ@f‘\g‘%{' to said fifth nmixture to copol ymerize the

pol ynmeri zabl e material contained t her ein, t hereby form ng said pol ynmeric

material int 11362 nﬁﬁétdi»ahm&o eomar.émﬁbmtsmawm 4@&@%9.‘&3&%1@90' ted in
cl ai m 156, rel%’f’@alﬂ pol ymeric article is contact . lens.

158. A rreth 9" Eorrprl sing the steps of: (a) contacting

pol y(di met hyl si | oxane) di al kanol wi th isophorone diisocyanate in the ‘
presence of sgibut e reaction
of said di alflég @Ml}rﬁ&oﬁglgﬁ‘i%f ?‘s"g@'gﬂ?g%fl@'ﬁﬁﬁ'or megt m xture;
(b) contact |q'f§ aeryat: st i xture with pol y(et hyl ene gl ycol ), dibutyltin

di l aurate, and sufficient solvent to ensure m xture honobgeneity; thereby
formng a s n foky |

Cacond i ar A ke of el 47 CURBAIRY e 01 112 B RlAR A HbATyIE ¢
about 40 to%eM percent (d) adding isocyanatoethyl nmethacrylate to
said third m xture thereby form ng a fourth mxture contai ni ng a -

pol ysi | oxanq,;gag\ said fourth mi'xture
tr| rret h sﬁ"{g silane, 2- _hydroxyet hyI i

3- et hacryl ox)yg ttr| S y?
met hacryl at 62 ‘HB éﬁlwelﬂh rRent Polysilaxang, MagroRek: oi ni t i at or, thereby
form ng a fi(®x hbautxzm about Qﬁ)wet@mbmrngﬂmﬂuhciyldwmopymaﬂmelhvbiwq)siwteﬂ; and &
(c) about 3 to about 4 weight percent 2-hydroxyethyl methacrylate; and
(d) about 0.7 to 1.2 weight percent ethylene giycol dimethacrylate.

a st >

150. A polymer of claim 149 having about 15 to about 22 weight petcent water, based on }
total polymer weight. 5

151. A contact lens, comprising the polymer of claim 137.

152. A contact lens of claim 151, having a Dy, greater than 80 barrers and a water content
of about 10 to 30 weight percent.

153. A contact lens, comprising the polymer of claim 139.
154. A contact iens, comprising the polymer of claim 150.

155. A contact lens of claim 154, having a Dy greafer than 80 barrers and a water content ‘
of about 10 to 30 weight percent.
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Zgla;yi ng sufficient radiat l”lll“”"lll‘l“”d“”llmle sai d pol ysi | oxane macrome??)
TRIS, = HEMA, and EGDMA, thetebly forfi n@ said polyneric material into a

nol d¢ed pol V”P\Qb‘imnﬁit i cle. . PCT/EPY6/01268
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156. A method of forming a molded polymeric article suitable for ophthalmic applications,
comprising the steps of: |
(a) contacting a poly{dialkyisiloxane) dialkanol with a diisocyanate compound inthe
presence of a first catalyst at conditions sufficient to cause reaction of said dialkanol with
said diisocyanate, thereby forming a first mixture;
(b) contacting said first mixture with poly(alkyiene glycol), a second catalyst, and sufficient
solvent to ensure mixture homogeneity, thereby forming a second mixture;
(c) evaporating sufficient solvent from said second mixture to generate a third mixture
having a solids content of about 40 to 60 weight percent; |
(d) adding isocyanatoalkyl methacrylate to said third mixture, thereby forming a fourth
mixture containing a polysiloxane macromer,; _
(e) adding to said fourth mixture 3-methacryloxypropyitris(trimethylsiioxy)silane (TRIS), a
hydrophilic monomer, a cross-linking agent and a photoinitiator, thereby forming a fifth
mixture;
(h placing said fifth mixture into a mold; and
(9) applying sufficient radiation to said fifth mixture to copolymerize the polymerizabie

~ material contained therein, thereby forming said polymeric material into a molded polymeric
article.

157. A method as recited in claim 156, wherein said molded polymeric article is a contact
lens.

158. A method of claim 156, comprising the steps of:

(a) contacting poly{dimethylsiloxane) dialkanol with isophorone diisocyanate in the
presence of dibutyltin dilaurate at conditions sufficient to cause reaction of said dialkanol
with said diisocyanate, thereby forming a first mixture;

{b) contacting said first mixture with poly{ethylene glycol), dibutyitin dilaurate, and sufficient
solvent to ensure mixture homogeneity, thereby forming a second mixture;

{c) evaporating sufficient solvent from said second mixture to generate a third mixture
having a solids content of about 40 to 60 weight percent;

(d) adding isocyanatoethyl methacrylate to said third mixture, thereby forming a fourth
mixture containing a polysiloxane macromer,;

(e) adding to said fourth mixture 3-methacryloxypropitris(trimethylsiloxy)silane, 2-
hydroxyethy! methacrylate, ethylene glycol dimethacrylate and a photoinitiator, thereby
forming a fifth mixture;

() placing said fifth mixture into a mold; and
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" {(g) epplying sufficient radiation to copolymerize said polysiloxane macromer, TRIS,
HEMA, and EGDMA, thereby forming said polymeric material into a molded palymeric |



