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WD 96/ 31791

PET/ EP96/ 01255 Pol ysi | oxane-canprising-perfl] uoroal kyl et-hers—and-the
preparation and use thereof The present invention describes a
ffee-radical -pol yneri zabl e macroner of the fornula:l) based on an
uAsubstituted or symetrically substituted perfluoroal kyl ol ymer
conpri si ng WO®3Mduct of the pol ymerization of a novel éﬁ@ﬁzyngﬁfone or
together with at | east one vinylic conononer, a process for the
preparation of a macronmer and a pol ymery nnuldingsj contact |enses,

conmeal inplants and bi onedical articles nade froma  polymer; and articles
coated with a macroner of the fornmula (1) or a polynerization pr oduct

t her eof . KadyNilogdne compriting pérfladroalikalsthits, andihg prdparadon mel wsediepsdf and a
hi.gh sil oxane content are known and proven since they generally have the
hi gh oxygen erneablllty necessary for a_ contact-lens material and_in

addi tion ar eThecpseseqt inventien describes afesadical-polymerigable macramgr of the fagmulagBo
tear fluid, el &l dnsatsititutéd of spinmerricalty subsitited pedfiacioalkybdtherd Fﬂ?mén on.

Hovever , the %ﬁiﬂg%ﬁ%ﬁ& 8?&83@%&9&&%@ Bf £fidve Jnﬁ&oﬁu%?%@&l Qi Swift0 De

accept ed: | 058" ens wear er ow ng o fechani cal
rigidity, reaideastong vinyliccomanpmes, #:apRss for he; preparation ofia macromshiand . of t he

][rat eri alOI Useﬁblyrfierf Mbildings, contatidnses; 8medl 1PAAS 2hd Blosheticay aiﬁb‘lds&ﬁdb‘fﬂiml a: ndex
or good optica e Iﬁﬁ vely | ow
refractive Hmp&%oﬁﬁ‘gﬁ%‘%wﬁ‘w‘ r@f??@*“ﬂgg IE&% F‘@%‘f’g"?ﬁ#’
refractive imdm&ema are thus al so | ess confortable to wear.

Furthernore, suction cup effects can occur on the | enses, restricting

mobility on fthe nes nt. 4-168 11 SR)
descri b)es 38? “é‘i?i%“é““‘t‘%@%"&%&?@&%ﬂ“@?g ‘b%ﬁ‘ggéMBf %#Vrrers

- conprising thmpra@dmveoﬁm@m@et sereraliyhaye the high onygenfpsmeabémamps;m Ayl
met hacryl at ecoptdehicas MBeHAEE i kddition tide MOQTY rRsiRtantld degonin t@ihE'ﬂfdh idsahi ch

be bond t

Tore or 1 ot A, St feditaln R0 %\‘mﬁw@%téﬂa‘iwﬁ%@aﬁs gome o,
is stated thmlowhusdesadegywmmsmqmw have tgpnampwﬂdossmfeomﬁurtfor EP O
Sort | uar oal Koy ComaHIC!RIS Suldg ‘“‘*‘“‘"“*“@W“‘m“i‘mﬁﬂ Ee A
proauct on fepariiafin bR e ol B el
vinyl nononeqgices are tificked thah ¥ftite Bmsg:ketahaély fargpeeﬁhctﬁe%mls andae urRAIResi tion

gi ves a macr nerized, "iJ eswedtoeher W|th at
| east one vi ﬁ%‘m’\?@%&%@ﬁﬁ"(é’f‘h Syeaion cip “':u B GRA PSR P Eﬁ"
subst ant i al | sestriceisg mobilitytdngheigybesi red properties indicated above.

Japanese Patent Application 04-168 116 (JSR) describes, for example, the preparation of
oxygen-permeable polymers comprising the product of the copolymerization of, for
example, methyl methacrylate with a macromer built up from a perfluoroalky! ether,
which may be bonded at each end to an unsaturated polymerizable group via one or more
siloxany! units and a plurality of bivalent hydrocarbon radicals. It is stated that these
polymers can be used as ophthalmic material.

EP 0 379 462 describes ethylenically substituted macromers which contain perfluoroalkyl
ether and polyalkyl ether segments and are used for the production of polymers and
ophthalmic devices, such as intraocular implants and contact lenses, and furthermore
crosslinked polymers with vinyl monomers.

It has been found that a novel and balanced composition gives a macromer which can be
polymerized, if desired together with at least one vinylic comonomer (a), to give a
material which is substantially free from the undesired properties indicated above.
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present invention relates to a macromer of the fornula (1)
P1-(Y)m (L-X1)p-Q (X1-L)p-(Y)m P1 where each P1, independently of the
others, is a free-radical -pol yneri zabl e group; each Y, [ ly of

t he ot hers, WOPSBEBANHCOO , - CONHCONH-, - OCONHCO- NHCO\IH%M& :
-CONH-, -NHCONH-, -COO, -0CO, -NHCOO or -OCONH-; m and p,

i ndependently of one another, are O or 1; seach L, independently of the
others, is a divalent radical of an organlc conpound having up to 20 carbon
at ons; each X1, independently.of the others, is -NHCO, -CONH, -NHCONH ,
-C0O, - Co- -NHCOO- or -OCONH; and Qis a bivalent poI yner fragnent

C?E)SLS;i ?ZI%ZO]E &E’% ?Zﬁ‘@é@‘f}“‘“@ﬂ“ﬁ’%"é{ﬁ“""%"‘?’é (§<)+y IS a nunber in the

range from1l0 to 30; each Z, independently of the others, is a divalent

rradi cal havi r}g(upmtnxl),,m (KoY )ptRyms or a bond; each E, ir‘(dlppendently of
the others, is -(OCH2CH2)q, where q hasavalue of fromO to 2, and where

the link -Z-E- represents the sequence - OCH2CH2)g-; .and k is O or 1;
(b) [err] , vwhereeashPg, independeatvef the gthers, *BW%F‘R°W%¥WWW¥|Q up

to 20 carbon 1ﬁl§?im=nﬁﬁoﬂﬁ90&ieﬁf ist-CONHQOO--HCORHCORR-, RICONHCOBY,

R0, o and RINHGARC0-ARFICIS, ookA- Nty d%@@%n@wg%ca's -

cyanoal kyl ; aﬂmNﬂﬁﬁ)Nﬂmmﬂm& %P@f@fmﬁp’éhﬁa@
havi ng up to gihers,as D@Ralehaadical of h orgalic comipb undhﬁlﬁﬁ@ﬂdﬁ%k}drbﬁﬁaﬁhﬂ;&hhers

I's - NHCO, H with the
provi so that %\Ié‘hdegee"w 30‘%?@%)]‘@ éccs)ggi;ir\rl’eﬁ[q% Iﬁﬁat@t\f‘e toit; and

each segnemNH Qi3 biyplenypplymer fegmentconsisting of the peEmenih e r
of segments (b) in the poI ynmer fragment Qis preferably greater than or.

cegments. ?a§ “@tzﬁgﬁ? CrR OREATIRER), *aﬁfﬁe%?% Vel 215 €l o SRR
1:2 or 1:1. from 10to30;eachZ, mdependently others,is a dwalem radical havmg up to
12 carbon atoms or a bond; each E, independently of the others, is -(OCH,CHy),-, where q
has a value of from 0 to 2, and where the link -Z-E- represents the sequence
-Z-(OCH,;CHy) - and k is O or 1; :

-2-  .—-The

(b) -Alk— Sl‘{ Alk~ | where n is an integer from 5 to 100; Alk is alkylene having up

to 20 carbon atoms; 80-100 % of the radicals R, R,, R3 and R, independently of one
another, are alkyl and 0-20 % of the radicals R;, Ry, R; and R,, independently of one
another, are alkenyl, aryl or cyanoalkyl; and

(c) X5-R-X,, 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 proviso that each segment (a) or (b) has a segment (c) attached to it; and each
segment (c) has a segment (a) or (b) attached to it.

The number of segments (b) in the polymer fragment Q is 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 Q is
preferably 3:4, 2:3, 1:2 or 1:1.
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nolar ratio between the nunber of segnents (a) and (b) in the pol yner
fragment Qis nore preferably 2:3, 1:2 or 1:1. The mean nol ecul ar

wei ght of the polyner fragnent Qis in the range from abo%g_réig,g‘gm% about
20 000, pr a1 in the range from about 3000 to about

particularly preferably in the range from about 5000 to about 12 000.
The total nunmber of segnments (a) and (b) ;J,” the polyner fragnment Qis
preferably in the range from2 to about” 11, particularly preferably in
the range from2 to about 9, and in partlcul ar in the range from2 to
about 7. The smallest polymer unit Qis preferably = conposed of one

perfl uoro segment one sil oxane se In
a preferred 'g ?bﬁ‘l‘""f"hﬁ' s s?%’%ﬂ'ﬁfeéfgrsa(gﬂﬂqg%p%?%ﬁfe ﬁg?as a
conposi tion mnrdprdeabb«ﬁ;hdr&oﬂnbd rati os, the polyner fragnment Qis

t:enm nat ed at each end by a sil oxane segnent (b). I n another preferred

Tt he. above R mprBele e OF e polvitt Fepnds LT i B Fandf Brofh eSS | 0"
end by a per dBouo20000; groforsbly m)tharaﬂgafrommtm tagbgubl 5 Q00 particmdarly segnent
(b). Sai d yol glt:gg{.]ﬁ éﬂ’o A aBbit 3080 AB8hy1¥Y0f ragnment Q al ways

Bove ai 5\/

correspond a to a mean statistical conposition. This neans
that, for exanple, even individual block copol yner radicals containing

i denti cal lremfo'mmummrtoc' sepneentsi(a) and«b) in sle pobympr fmgmbat Q isrpréferablyds the
statistica t H-,
“\HOD  or -%%%ﬁ“p‘%?#%&?} i spiElarly fdtemaply in ﬁ‘&%‘mf’mﬁﬁ“‘m The
X2- R- X2 segnﬁ%ﬁ‘c ar ip therrapgerom 219 E.étl h&é?‘?%ﬂ”??‘&ﬁﬁ‘ﬁ"‘cﬁ?‘% Wie, where

each X2, | colnpusedefdreyperfluotdsegmeindy), onessilokiiEbimeont (ild@Dke sgme@UCNH-, in
parti cul ar -NHCOO or - OCC]\I ) Z | S pref erably a bond, |ower alkylene
or -CONH-aryl ene, in which a CF2 group. Z

is particul af® ?P'EWQFQBP‘}‘“\‘%F"%W‘ENQG W%&YW?W&FE’ B3 ene. qis
pref erabl y Ocorpositicn in theZboyemientionedaatios, the pblgmedfragnitnoQ i€ tefminated at cach

end by a siloxane segment (b).

In another preferred embodiment of the polymer fragment Q, which preferably has a
composition in the abovementioned ratios, the polymer fragment Q is terminated at one
end by a perfluoro segment (a) and at the other end by a siloxane segment (b).

Said compositions in 2 bivalent polymer fragment Q always correspond above and below
10 a mean statistical composition. This means that, for example, even individual block
copolymer radicals containing identical recurring units are included, so long as the final
mean statistical composition is as specified.

X, is preferably -NHCONH-, -NHCOO- or -OCONH-, particularly preferably -NHCOO-
or -OCONH-.

The X,-R-X, segment is preferably a radical derived from a diisocyanate, where each X,
independently of the other, is -NHCONH-, -NHCOO- or -OCONH-, in particular
-NHCOO- or -OCONH-.

Z is preferably a bond, lower alkylene or -CONH-arylene, in which the -CO- moiety is
linked to a CF, group. Z is particularly preferably lower alkylene, in particular methylene.

q is preferably 0, 1, 1.5 or 2, particularly preferably O or 1.5.
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perfl uoroal koxy units OCF2 and OCF2CF2 with the indices x and y in segnment
(a) can ei ther have a randomdistribution or be in the formof blocks in
a‘chain. The sum of the i ndices x+y is preferably a nunber in the range
from10 to W99 cul arly preferably from 10 to 15. ThECFEPISLISSy | g
preferably in the range from0.5 to 1.5, in particular in the range from
0.7 to 1.1. A free-radical -pol ynerizable group P1 is, for exanple,

al kenyl , al kenyl aryl or alkenylaryleneaﬂkyl having up to 20 carbon atons.
Exanpl es of al kenyl are vinyl, allyl, | - propen-2-yl, 1-buten-2-, -3- and
-4yl , 2-buten-3-yl, and the i somers of pentenyl hexenyl octenyl

decenyl and undecenyl Exanp| es_of al | ar ar.e vrnylpheny

vi nyl napht hyl Therpeefiiogaalsey ynits QEF eyﬂéﬁ?@ N&h shepdiges 4 andy-inssgmens (3 can
or prI nyl tmme:yﬂavearada&mlcﬁsmﬁbambéipthuoanysfbbcksahhlchaih.anulsuinawmg up to
12 car bon at on
e Yliged ayur. ﬂ%&eﬂdﬂyﬁnmﬂﬁéﬁf{h@m&e ?th.efhv 2 aagpr&mg p&&vﬁmgm

in par car

preferably -déww 15. MWXNFMPF‘ I‘P 5, jgarticulsr in therange
parti cuI arly mmbartabuy - COO-, OCO - NHCO or - CO\IH— In particular -COO
or - In a preferred enbodi rrent the indices mand p are not
srrrultaneousl zero pis zero, m _is preferably 1 L is preferably
al kyl ene, yK adical-pelymsrizablegroun Buis. feexample; slkenyl, alksnylasyl okvi ng 6 t o
20 car boln atqnm | 1Hﬁvhfgn@maokatbmmylmmmeﬁbf<amﬁ9mﬂn9nwllkyl ene
or aryl eneaf i val ent
radi cal havi ngh&gg oyié '()°h'3'af'1“P y%sé‘?%r%’gr l%ef}?éa% > di val ent
radi cal havi rlgxarylmmybmm and yndecenyl, Examples ehl !mlmm‘gnyln anyl,

furthernore %hyrhm&wbr dAlyypheny. hﬂ&idi\ﬁalékﬁf allenldrylenedlRyl i96-DHE, orA
particul arl yngv @x £ nmeani ng of is lower alkylene, in part i cul ar
| ower al kyl e Y ﬂd’ up to 4 car bon at ons. The divalent radical Ris,

for exanple, alkylene, aryl ene, alkylenearyl ene, aryl eneal kyl ene or
aryl eneal kyl epea picfaiily Bikeny) or alkedyfardithadiag Gp b B ciffon atonfs2partiadiady bi val ent

g;g: 82: lehg'ﬁl [ %ﬁg&p%% ‘@ag'fr%y"quﬁ Q:aﬁ)%ﬁ 98915?’5%%0&51’ alkenyl having up to

n atoms

Y is preferably -COO-, -OCO-, -NHCONH-, -NHCOO-, -OCONH-, -NHCO- or -CONH-,
particularly preferably -COO-, -OCO-, -NHCO- or -CONH- in particular -COO- or

In a preferred embodiment, the indices m and p are not simultaneously zero. If p is zero, m
is preferably 1. |

L is preferably alkylene, arylene, a saturated bivalent cycloaliphatic group having 6 to
20 carbon atoms, arylenealkylene, alkylenearylene, alkylenearylenealkylene or
arylenealkylenearylene.

In a preferred meaning, L is a divalent radical having up to 12 carbon atoms, particularly
preferably a divalent radical having up to 8 carbon atoms. In a preferred meaning, L is
furthermore alkylene or arylene having up to 12 carbon atoms. A particularly preferred
meaning of L is lower alkylene, in particular lower alkylene having up to 4 carbon atoms.

The divalent radical R is, for example, alkylene, arylene, alkylenearylene, arylenealkylene
or arylenealkylencarylene having up to 20 carbon atoms, a saturated bivalent
cycloaliphatic group having 6 to 20 carbon atoms or cycloalkylenealkylenecycloalkylene
having 7 to 20 carbon atoms. :



having 7 to 20 carbon atons. WD 96/ 31791
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preferred nmeaning, R is alkylene, arylene, alkylenearylene, aryleneal kyl ene
or aryl eneal kyl enearyl ene having up to 14 carbon atons or a saturated

di val ent cycl oali phatic group having 6 to 14 carbon ato

preferred B! R is alkylene, arylene, alkylenearylegzwz?waauﬁw

aryl eneal kyl ene having up to 14 carbon atons or a saturated dival ent

cycl oali phatic group having 6 to 14 carbgn atons. In a preferred

meani ng, R is al kylene or arylene having~lp to 12 carbon atons or a
saturated bival ent cycloaliphatic group having 6 to 14 carbon atons. In a
preferred neaning, Ris alkylene or arylene having up to 10 carbon atons or
a  saturated bivalent cycloaliphatic group having 6 to 10 carbon atons.

In"a particularly preferred neaning, Ris a radical derived froma

di i socyanat #n a preferred nseaning, R iscilicylore carpleds, @lkylensaylposm atylenealkylene or

2,2, 4-trime i’gﬁ‘g%aﬁ' PeTae s i
phenyl ene 1% I'1S0C l&e%hﬁgﬁgne 2, 4- ﬁﬁ%cyanﬁ%‘}éﬁwdﬁwueﬁgmaﬁ ¢
2,6-dii socy&ﬁ&‘? avnﬁg ‘i)"%l' DAY socyanat e, isophorone diisocyanate or

cyclohexane 1, 4- d||socyanate In a preferred neaning, n is an integer
from5 to 79 gﬁig I Eédh(?i 28.
In a prefer re%i rreanl n é QWQ}A *Y%?%itlg Igﬁe&gar&%ge p t| cﬁ?gfrl)g 90- 100
% of the WHR& &ﬁvmawm dixalanEyCiopinbatn onR hiving 6 g SR her

| oner al kyl atomsl ng up to 8 carbon atons, particularly preferably | ower
al kyl having up to 4 carbon atons, especi ally Iower alkyl having up to 2

carbon atons. A further particul arly preferred meaning of R, R2, R3 and
R4 is nethylna MweémmsrRMkﬁmqﬁgrywm%ubm?eqagmn;mmsl‘a‘a% in

particul ar Gathfethbiviient Byrloafighatia|gtouprikyvinBs, to B8 carbon &témer e, i ndependent |y of
one anot her, |ower al kenyl, unsubstituted or |lower alkyl- or |ower
al koxy- subst i t ut ed phenyl or cyano(l ower alkyl). Arylene is preferably

phenyl ene orn pareferodimesaingyR isskylene o5 anylencibaving up ko 10:Caskon atomsar apy
- saturated bivalent cycloaliphatic group having 6 to 10 carbon atoms.

In a particularly preferred meaning, R is a radical 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-diisocyanate, m- or p-xylene diisocyanate, isophorone diisocyanate or
cyclohexane 1,4-diisocyanate.

In a preferred meaning, n is an integer from 5 to 70, particularly preferably 10 to 50, in
particular 14 to 28.

In a preferred meaning, 80-100 %, preferably 85-100 %, in particular 90-100 %, of the
radicals Ry, Ry, R; and R, are, independently of one another, lower alkyl having.up to
8 carbon atoms, particularly preferably lower alkyl having up to 4 carbon atoms,
especially lower alkyl having up to 2 carbon atoms. A further particularly preferred
meaning of Ry, Ry, R3 and Ry is methyl.

In a preferred meaning, 0-20 %, preferably 0-15 %, in particular 0-10 %, of the radicals
R, Ry, R and R, are, independently of one another, lower alkenyl, unsubstituted or lower
alkyl- or lower alkoxy-substituted phenyl or cyano(lower alkyl).

Arylene is preferably phenylene or naphthylene, which is unsubstituted or substituted by
lower alkyl or lower alkoxy, in particular 1,3-phenylene, 1,4-phenylene or
methyl-1,4-phenylene, 1,5-naphthylene or 1,8-naphthylene.



-

| ower al kyl or | ower al koxy, in particular 1,3-phenylene, 1,4-phenylene or
net hyl - 1, 4-phenyl ene, 1.5-naphthylene or 1,8-naphthyl ene. WO
96/ 31791

PCT/ EP96/ 01255 . . -6- Aryl
is a carbocyclic aromatic radical which is unsubstituted Ljut ed
preferably 96/333%er al kyl or |ower al koxy. Exanples are W yl,
xylyl, methoxyphenyl, t-butoxyphenyl, naphthyl and phenanthryl. A
saturated bivalent cycloaliphatic group s preferably cycloal kyl ene, for
exanpl e cycl ohexyl ene or cycl ohexyl ene(l ower al kyl ene), for exanple

cycl ohexyl enenet hyl ene, which is unsubstituted or substituted by one or
nore | ower al kyl groups, for exanple nethyl groups, for exanple

t.ri met hyl cycl ohexyl enenet hyl ene, for exanple the bival ent isophorone
radi cal . For the purposes of the present invention, the term"lower" in

connect i on whryhisragarhogyalic aramatis wiich is wnsubstityted or substigitedprafembly byenot es
Fn particul ﬂbwcfﬂﬂ&l%ﬁlﬁr&ﬂkﬁmﬁl&s are PHeryd, wipl, k ﬁmafda eAyIp s,

preferably hav Lower a has, in particular,
up to 8 car H??Ptﬂg'gﬁ@y{ 6?@?‘@’? &%%“%‘4 car bon atoms, and s, for

exanpl e, nethyl ethyl, propyl, butyl, tert-butyl, pentyl, hexyl or

i sohexyl . aﬂq»m; Eytidal ﬂ&ccged §pratepibly eyuban@knbefoﬁé:{ &ht chain or

branched. SUI t le. exa e I ene
DUyl o @%ﬁéene@rﬁ “g'ﬁé%‘“ W R m’%%%ﬁﬁ&??%%&“%@ﬁiww@
3- pentyl ene whlch Lsombsatumoembsnmmmnenemnwpwg alkyl grougs. forrexamplgt om;

particul arl ymehef QB@;Q' wraﬁnme itetiiyldiibhaskyliRmeRglché, For e%ﬁllnpleﬁﬁ@ﬁﬁﬂérﬁd

meani ngs of JO&E al ne are propylene, ethylene and nethyl ene. The
aryl ene unit? ﬂ%‘?‘f’garyl ene or aryleneal kyl ene is preferably phenyl ene,

unsubstituted or substituted by |ower alkyl or |ower alkoxy, and the

al kyl ene uni godihep esbﬁh@ﬁﬁEéiﬁ ﬁhhﬂh#n%&rﬁ"’kd@&fﬁ’mﬁ%ﬁoﬁmisw or

et hyl ene, art| ul ese radi cals are therefore preferably
phenyl enerretﬂ%‘ Sso a‘ﬁ%‘[@ﬁﬁ‘ﬁ%ﬁﬁm Aates, in parchlar, ?ﬂ?ﬂ)‘i?’ ﬁlfp

particul ar, bayitgupto@xatbon awnanprefepably Bavirg up tag cazbor atomsbon at ons, and is,
for exanple, nmet hoxy, ethoxy, propoxy, butoxy, tert-butoxy or hexyloxy.

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

Alkylene has up to 12 carbon atoms and can be straight-chain or branched. Suitable
examples are decylene, octylene, hexylene, pentylene, butylene, propylene, ethylene,
methylene, 2-propylene, 2-butylene and 3-pentylene.

Lower alkylene is alkylene having up to 8 carbon atoms, particularly preferably up 1o
4 carbon atoms. Particularly preferred meanings of lower alkylene are propylene, ethylene
and methylene.

The arylene unit in alkylenearylene or arylenealkylene is preferably phenylene,
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit therein
is preferably lower 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.

Arylenehlkylenearylene is preferably phenylene(lower alkylene)phenylene having up to 8,
in particular up to 4, carbon atoms in the alkylene unit, for example phenyleneethylene-
phenylene or phenylenemethylenephenylene.



Aryl eneal kyl enearyl ene is preferably phenyl ene(lower al kyl ene)phenyl ene
havi:ng up to 8 __in particular up to.de.carbopr-atons in the.aHeere—tat-t—
for exanple phenyleneethylene- phenyl ene or phenyl enenet hyl enephenyl ene.
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preferred W@ M®Ent is a macroner according to formul a (Ffmﬁﬂ%WéFﬁ Pl is
i nde- pendenly of the other |ower alkenyl, Y is independently of the
other -COO or -0OCO, L S |ndependentLy of the other I|ower al kyl ene, X1
I s i ndependently of the other -NHCOO or-OCONH-, p and mare |; the

pol ymer fragnment Q has up to 3 segnents (a), up to 4 segnent s (b) and up
to 6 segnents (c), wherein in segnment (a) the sum of the indices x+y i's
in the range of 10 - 15, Z is |lower alkylene and k is 0, wherein in segment
(b) Alk is | ower al kyl ene, the radicals RlL, R2, R3 and R4 are each
|ndependentm«pmfermd@mmnmtismmcmmmmdlaa&pﬁmglal(mthn@mmmdsf 14 - 28,

andb\ﬂherte' N PeRdEiRy f&ﬁk&ﬁe}l&dralklah HYY e5iade W Tdeendsil ?nmeotﬂeam:w SR00D-18
carbon ato r.a al en al i.phat |
carbon at orrrrgsg'%fﬁﬂ"“ii"‘ry ail"ﬁﬁ-@gﬁ\i %—8 wl&ﬂ!ﬁf‘ﬂ&% ‘P@F gg‘%odl ment

is a macrorrmr MpgndmmimBolmthtﬁmunsﬂM@cms(qislmﬂtIy of
t he ot her

S |ndepende ?ﬁh Grﬁghﬂﬂ‘ﬁl?é)n Iiléﬂrfngff ?(g?}hr@]%fémgg:@e&mﬁéespf t he .
ot her -NHCOOsm msee&&r 5e éﬁﬁ"‘ﬁ?’i’@‘im‘ﬁ]’é Uh‘?'ﬁ’é‘ﬁ“?? {%Aé’ﬁas one
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Another preferred embodiment is a macromer according to formula (I) wherein P, is inde-
pendently of the other alkenyl having up to 4 carbon atoms, Y is independently of the
other -COO- or -OCO-, L is independently of the other lower alkylene, X, is independent-
ly of the other -NHCOO- or -OCONH-, p and m are 1; the polymer fragment Q has one
segment (a), 2 segments (b) 2 segments (¢), wherein in segment (a) the sum of the indices
x+y is in the range of 10 - 15, Z is lower alkylene and k is 0, wherein in segment (b) Alk is
lower alkylene, the radicals Ry, Ry, R3 and R, are each independently of the others lower
alkyl and n is in the range of 14 - 28, and wherein in segment (c) R is alkylene or arylene
having up to 14 carbon atoms or a saturated divalent cycloaliphatic group having 6 - 14
carbon atoms, and X is -NHCOO- or -OCONH-.

Another preferred embodiment is a macromer according to formula (I) wherein P, is inde-
pendently of the other lower alkenyl, Y is independently of the other -COO- or -OCO-,L
is independently of the other lower alkylene, X, is independently of the other -NHCOO-
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havmg up 1o 4 carbon atoms and nisin the range of 14 - 28, and wherein in segment (c) R
is a saturated divalent cycloaliphatic group having 6 - 14 carbon atoms, and X, is
-NHCOO- or -OCONH-.

The macromers of the formula (I) can be prepared by processes known per se, for example
as follows:

In a first step, a perfluoropolyalkyl ether derivative of the formula (IV)
Xa-(E)-Z-CF5-(OCF2)-(OCF,CF;)-OCF;-Z~(E)y-X3 vy

in which X3 is -OH, -NH,, -COOH, -COCl, -NCO or -COOR;, where -COOR; is
generally an activated ester in which Rs 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 the formula (V)

X4-R-X4 ™)

in which R is as defined above and X is a functional radical which is coreactive with an
X3 and is preferably -OH-, -NH,, -COOH, -COCl, -COOR; or -NCO,
in the presence or absence of a suitable catalyst, where the reaction of X; with X, gives a



Is preferably reacted with two equival ents of a bifunctional radical of the
formul a_(\) X4- R-X4

(V) in which Ris as defined above and X4 is a functional radical
which is coreactive with an X3 and is preferably -O+, -NH2, -COCH,

-€0C, -COOR5 or - NCO, in the presence or absence of aﬁ%@%ﬁﬁ
catal yst, WRPSHHNe reaction of X3 with X4 gives a 791

PCT/ EP96/ 01255 - 9- group
X2; after which a reactive derivative of_ghe fornula (V)

X4- R- X2- (E) k- Z- CF2- ( OCF2) x- ( OCF2CP2) y- -Z-(BE) k- X2-R- X4 (V) S

obt ai ned which is then preferably reacted with two equivalents of an [err],
co-substituted sil oxane of the formula (VI1) [err] where the

vari ables Rl, R2 Rd. . n, X . Ak gr ,ned above, in the
presence or gﬂ&%%@@@f wﬁicgair?ogéyeg&glgﬁgey@tﬂ?e @?‘Vﬂﬁ@g conpound of the
formula (VII) X3-Si | - X2- R- X2- PFPE- X2- R- X2- Si | - X3

(ML) i nmxpﬁMf(@ﬁ@%%?m@(Wm WBCF2- Z- (B) k, Sil

is the sil oxane radi ca - and the other variables are as
defi ned above; after V\/ni_ch t he reacti'\{e inter.rredi ate of the _forrrul a
(VI11) is prisfobtainedywhicheis thou pyifernbly yacted withdve gquivalenss ofancmpsubstituted t he

E?W a (1 XagiicRhnd 30 formula (VD) Pl-(Y)mL-X4
a

B:IZ Ry
XgAlk—- S OSH AlkX, (VID
Rad Ry
n
where the variables R, Ry, R3, Ry, n, X3 and Alk are as defined above,
in the presence or absence of a suitable catalyst, giving a compound of the formula (VIII)
X3-Sil-X5-R-X5-PFPE-X5-R-X5-8il-X; (VI
in which PFPE is (E)k-Z—CF;-(Obe)x-(OCF2CF2),-OCF2-Z-(E)k, Sil is the siloxane

Ry [ Rs
radical - Alk— SF{}?} Alk= and the other variables are as defined above; after which
Ry | R,
n

the reactive intermediate of the formula (VIII) is preferably reacted with two equivalents
of a compound of the formula (IXa) or (IXb)

Pi-(Y)mL-X4 (IXa)
Py-Y, (IXb)

in the presence or absence of a catalyst, to give the macromer of the formula (I)
P-(Y)-(L-X)p-Q-(Xy-LYp- (Y)Py @

in which Y, is a functional radical which is coreactive with X5 and is preferably -OH,
-NH,, -COOH, -COClI, -COORs, -CONCO or -NCO, and the variables are as defined
above, and in which X, is formed from the reaction of X, with X, and Y is formed from

the reaction of Y, with Xj.

The starting materials of the formula (IV) for the preparation of the perfluoroalkyl ethers



P1-Y2 (1 Xb) in the
prresence or absence of a catalyst, _to give the—macronmer of the formula (1)

Pi,-(Y)rT(L-Xl)p-Q(Xl-L)p-(Y)mPl () in
which Y2 is a functional radical which is coreactive with X3 and is
preferably - OH, - NH2, -COOH, -COCl, -COOR5, -CONCO or Nﬁrrfﬂggn

vari abl es” ar¥©, z?gnﬁgh ned above, and in which X1 is forne om #@?_

reaction of X3 with X4 and Y is formed from the reaction of Y2 with X3.
The starting materials of the formula (1\)of.or the preparation of the
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1, 6-diisocyanate; diols, for exanple gI ycoI and cycl ohexane- 1, 2-di ol ;

di carboxylic m nes,
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have di f f er enfor examplepipia gcidandmaleie acid; djamines, forexaaple ptylonedianine and
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2, 4-dii socyanate. The advant age of using bifunctional derivatives of the
formila (V) OfPre%rfaIl 1§ Elj‘lexg E)atﬁfl.lin&ott% de?xvsmg o{’ t}ﬂg f&rnl%iart\/) which have different
reactivities irrespective of the nature of their functional radicals X,. 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-wrimethylhexane 1,6-diisocyanate and toluene 2,4-diisocyanate. The advantage of
using bifunctional derivatives of the formula (V) of different reactivity is that the chain
length of the polymer Q (number of segments (a), (b) and (c)) is easily adjustable and
controllable.

o,w-substituted siloxanes of the formula (VII) are likewise commercially available, for
example a,@-hydroxypropyl-terminated polydimethylsiloxane KF6001 from Shin-Etsu.

The novel compounds can be prepared in the presence or absence of a solvent. It is
advantageous to use a substantially inert solvent, ie. one which does not participate in the
reaction. Suitable examples thereof are ethers, such as tetrahydrofuran (THF), diethyl
ether, diethylene glycol dimethyl ether or dioxane, halogenated hydrocarbons, such as
chloroform or methylene chloride, bipolar aprotic solvents, such as acetonitrile, acetone,
dimethylformamide (DMF) or dimethyl! sulfoxide {DMSQO), hydrocarbons, such as hexane,
petroleum ether, toluene or xylene, and furthermore pyridine or N-methylmorpholine.
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adj ustabl e and controllable Jerrlasubstituted sil ox

formula (VMIl) are likewi se cormercially available, for exanpl e
[‘err]-hydroxypropyl -term nat ed pol ydi net hyl si | oxane KF6001 from Shi n- Et su.
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sol vent. | WQ%B119) 4\ ant ageous to use a substantially inert Solfvent, ie. one
whi ch does not participate in the reaction. Suitable exanples thereof are
ethers, such as tetrahydrofuran (THF), djgthyl et her, diethylene glycol

di nret hyl ether or di oxane, hal ogenated hydrocarbons, such as chl orof orm
or nethylene chloride, bipolar aprotic solvents, such as acetonitrile,

acet one, di et hyl f onnam de (DMF) or di nmethyl sul foxide (DVBO),

hydr ocar bons, such as hexane, petrol eum et her, toluene or xylene, and
furthernore pyridine or N-nethylnorpholine. Wb 96/ 31791

PCT/ EP96/ 0148 %the preparation of poveheompaunds. thei reactants age sdvanagroysly smployediin
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added. Tradded.esent i nvention furthernore relates to a pol yner conprising
a product of the pol ymeri zati on of at |east one conpound of the formula

(1) as defingd above and, Lf desired, at |east one.vinylic cC noner (a).
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to 30 % based on the total” polyner. In a preferred polyner conprising a
product of the polynerization of at |east one conpound of the formula

(1), conononisrthe pryferred edmspositioniofia nireel popojyracr, the propontion pp weight ofa A
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bi omedi cal materials.
In a preferred polymer comprising a product of the polymerization of at least one
compound of the formula (I), comonomer (a) is absent and the polymer is a homopolymer.

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 taken to mean a monomer which typically gives a
homopolymer which is insoluble 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 homopolymer which is soluble in water or can absorb at least 10 % by weight of
walter.

Suitable hydrophobic comonomers (a) are, without this being an exhaustive list,
C;-C,galkyl and C;3-C,gcycloalkyl acrylates and methacrylates, C3-C;galkylacrylamides
and -methacrylamides, acrylonitrile, methacrylonitrile, vinyl C;-C,galkanoates,
C,-C,galkenes, C,-Cghaloalkenes, styrene, (lower alkyl)styrene, lower alkyl vinyl ethers,
C,-Cjpperfluoroalky! acrylates and methacrylates and correspondingly partially
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Suitable hydrophilic comonomers (a) are, without this being an exhaustive list,
hydroxyl-substituted lower alkyl acrylates and methacrylates, acrylamide,
methacrylamide, (lower alkyl)acrylamides and -methacrylamides, ethoxylated acrylates
and methacrylates, hydroxyl-substituted (lower alkyl)acrylamides and -methacrylamides,
hydroxyl-substituted lower alkyl vinyl ethers, sodium vinylsulfonate, sodium
styrenesulfonate, 2-acrylamido-2-methylpropanesuifonic acid, N-vinylpyrrole,
N-vinyl-2-pyrrolidone, 2-vinyloxazotine, 2-vinyl-4,4’-dialkyloxazolin-5-one, 2- and
4-vinyipyridine, vinylically unsaturated carboxylic acids having a total of 3 to 5 carbon
atoms, amino(lower alkyl)- (where the term "amino” aiso includes 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
-methacrylamides and vinylically unsaturated carboxylic acids having a total of 3 to

5 carbon atoms.

Examples of suitable hydrophilic comonomers (a) are hydroxyethyl methacrylate
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al kyl am no) (1 ower al kyl) acrylates and nethacryl ates, allyl alcohol and
the like. Preference is given, for exarrpl e, to Nvi nyI 2-pyrrolidone,

ccrytam e, Ao YRS RO i Pt el 2

- met hacryl anpmpsslmdncxvlatg/hydcmhlopda (IEl& Adfoc axmﬂcyfrom NipparO#avi ng a

total of 3 t&meﬁ- d o ngﬁmmimt P Hintethyidhinge ﬁk&@. iahﬁdc
g%;-r;) Eggg; 8 1(2 X\eélocr}/l%m Xe, NIW dm?et{n%ac%yl%mlde (DMA), al

(HEMB) , hydrmyhyh&he,mmmmahyﬁmwﬁ;b@yietlat-ﬁﬂxabmyl)acrylmmﬂb.yI ammni um

from N ppon NTLESERRGR O, REOER, ety iraiBiddhiite: o = ©

di et hyl am noet hyl met hacryl am de, acryl am de, nethacryl am de,

NN- di et hyl aErejdrmdihgtdroﬁﬁiliA):mhaﬂdmdrs @) mlﬁdiydroxymimmmmam,e, gl ycer ol

met hacryl at eg; I ypropylmethacryl
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known per se™OPSRETs (ibe igmmanogies herg also i amagrofRer ascopiing spythe definition 5| 5o
including a oﬁmamulaa@mwdrpomﬂeﬁzimmﬁomcﬁsmmy mﬁep&rmnf&ﬂmlhr&théhj)t.) by a
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Doty o nERpEE il HeABBlochlodedindioatlls VotmedWial ghddi ol .,
of a  free- fraetradial fosmes: Examples,ofisuch frec-radical forraers arg grodidsotugyrpgifile o; o
azodi i sobut y (AIBN){ pdtasxun(ﬁr&%sum‘e,aﬁsenwl pefoﬂidemﬁwgﬁﬁp&oxzdzmrwhn

peroxi de, hy iﬁﬂgﬁ“ﬂﬁ gm arrpl e,

sai d conpoundlS “are Wwar r’reﬂa i @ radl c “m#g %E%%Arlr% syS| S, and can

t hen initi at Bomplysis.cand cpn ten ipitiate. foraxpmple; a_,pplymenzqn%| ymeri zation reaction
can partlcul arly preferably be carried out using a photoinitiator. I n

this case, 3)0? zgﬁn?& TREHON T paAbiaY frefetibfifbe daftidd¥it using a photoinitiator.

phot opol yneri
In this case, the term photopolymcnzanon 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-hydroxycyclohexyl-
phenyl ketone, Darocur and Irgacur products, preferably Darocur 1 173® and

Irgacur 2959®. 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 EP 0 632 329. 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
solvents are in principle all solvents which dissolve the monomers used, for example
water, alcohols, such as lower alkanols, for example ethanol or methanol, furthermore
carboxamides, such as dimethyiformamide, dipolar aprotic solvents, such as dimethyl



appropriate to add a photoinitiator which can initiate free-radical

pel ymeri zation and/aor _ crosslinking by usingldight. Exanples thereof are
custonmary to the person skilled in the art; suitable photoinitiators are,
in particular, benzoin nethyl ether, 1-hydroxycycl ohexyl - phenyl ket one,
Darocur and |rgacur products, preferably Darocur 1173[err] é%ﬂm% acur
2959[err]. MWWt abl e are reactive photoinitiators, whi Kﬁ{]

i ncor porated, for exanple, into a nacroner, or can be used as a specific
conononer (a). Exanpl es thereof are giyﬁg_in EP 0 632 329. The

phot opol yneri zati on can then be initiated by actinic radi ation, for
exanple light, in particular UV Iight having a suitable wavel ength. The
spectral requirenents can, if necessary, be controlled appropriately by

addi ti on of- suj.table oLosensitizers. A bol ynerization can be carried
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furthernore lcar ngam des, .Slﬁll(x;eh Fvafll 0B %%@émm dgm ld| pol ai th%‘erot iC
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sul foxi de or nethyl ethyl ketone, ketones, for exanple acetone or

cycl ohexanone, hydr ocar bons, . for, exagpl e | uepe, ethers, for exapple
TUE, Cdli ot hosey BelFRHaRepotk R desive, e ederted By addiiio st achmsminiingaestisdth) o
t ri chl or oet hamampleagolyussaturated comzonooier ¢h). Inalis case, thotemn otosslinked palyaers s

m xt ures of Rgeg2n al cohol, for exanple a water/ethanol or -

wat er / met hang?éﬁigl?ur e. A pol yner network can, if desired, be reinforced
by addition of a crosslinking agent, for exanpl e a pol yunsat ur at ed
conononer ( b)Thelinvehtiorsthemfore furthermore relatesao a kerasslinkeg polymrer comipsising theef er abl y
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at | east one pol yunsaturated conononer (b). Exanpl es of typical
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proportion by
The amount of the polyunsaturated 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 (.1 %, preferably in the range from 2 t0 0.1 %.

A preferred embodiment relates also to a polymer which comprises the polymerization
product of the following components in weight percent based on the total weight of the
polymer:

(1) 45 - 65 % of a macromer according to the main claim,

(2)15-30% of a hydrophbbic monomer, and

(3) 10 - 35 % of a hydrophilic monomer.

Another preferred embodiment relates also to a polymer which comprises the
polymerization product of the following components in weight percent based on the total
weight of the polymer:

(1) 45 - 65 % of a macromer according to formula (I) wherein P, is independently of the
other lower alkenyl, Y is independently of the other -COO- or -OCO-, L is independently
of the other lower alkylene, X, is independently of the other -NHCOO- or -OCONH-, p



wei ght based on the total polymer and is in the range from20 to 0.05 % in
particular in the range from10_ta.0 -1 % goreferably in the—+rearge—from2—
to 0.1 % A preferred enbodi ment relates also to a pol yner which
conprises the polynerization product of the follow ng conponents in

wei ght percent based on the total weight of the pol ymer : - 65 %
of a macr oMW, ding to the main claim (2) 15 - 30 %qmg%rophobi c
nononer, and (3) 10 - 35 % of a hydrophilic nononer. Anot her
preferred enbodi nent relates also to a ppl ymer which conprises the

pol ymeri zati on product of the follow ng Conponents in weight percent based
on the total wei ght of the pol yner: (1) 45 - 65 % of a nacroner
according to formula (1) wherein Pl is independently of the ot her | ower

al kenyl, Y is,independent | f th t her - [P , | .S | ently
. of the ot he”™ B&¥ E)’a %H? @%‘:P ﬁ“gqﬁ'ﬁﬁg%éon%ﬁqeﬁm&)% 404‘#3?’“% plﬂlwgor
-OCONH-, p to 6 segments\ig), 9besginzig scgment (a) the sum of the indices x+y is in the range of 10 -
PCT?EP96/ 013527 js lower alkylene and k is 0, wherein in sesment (b) Alk is lower alkylene) e and
¥

mare 1; the po fra t has t.0 ts,(a up t.o .4.segnments

(b) and up m‘ﬁ@&&g%ﬁ%ﬁ s‘ﬁﬂg‘ﬁpﬂf MWE%W‘WE%

i ndi ces x+y rangeiofi 14 h28,rand whexsin i Gegment () R ig alkylehooxarylandhavinguptnd4k i s O,

wherein in ' . : ink 8di Atom2ZandR3 and

R4 are eachzgﬂgeréa%gg@t;‘ %ﬁ%édﬁg %’glrl&s?“ gﬂv\ﬁrgr% E‘;?"“%ﬁd lg%ihr?o?n t he range
3 T

of 14 - 28, irent (c) R is alkylene or arylene having up
to 14 car [{2nlat 30 oba hpdrophiobicanenbmtiryamident cycl oal i phati ¢ group having 6

- 14 carbon (8§ Q535 B¢ ﬂcmghm - or - OCONH-, (2) 15 - 30 % of a
hydr ophobi c(?})tonomar, a?l . %3‘? 10 -35 % of a hydrophilic nononer.
Anot her preferred enbodinent relates also to a polynmer which conprises the

pol yner i zat i Another préferted embbdimehtielatesialsg ta @ pplymenwhich comprisghitheper cent based
on the total Izﬁtmn ' O“ﬁ% 5 0 _
~accordi ng té’opgr(ﬁ apﬁg‘{ﬁﬂg‘g%’“ﬁ?’}%" | %ﬁaggf&;{%@&}tﬁgﬁ%t Eeru} ower

al kenyl havi"r‘Fgg'L'lgFEbG Gt oms, Y is independently of the other -COO or
-OCO-, L is (tydfepeSbofamacroiner ecordifigto formula (Duvhigrein Ry ivindepegdantlyiofthé car bon
atons, X1 '%:her?&ﬂz?ﬁﬁ_:@ﬁ’ﬁ’ﬁ&g}{ﬁﬁ di‘é—a%rﬂ?&fsﬁ?%&dﬁ:giydf nceiﬁt(%‘ mare

1; the pol ymer_ fragnent ne segrent
up to 2 seg@%v’f&)‘f’dﬁﬂﬁm

}ly,a ql}g - alkylen€ having utp?‘.o 4 carbon atoms, ,b 1)3 and
independently of the other -NHCOO- or -OCONH-, p and m are 1; the polymer fragment
Q has one segment (a), up to 2 segments (b} and up to 2 segments (c), wherein in segment
(a) the sum of the indices x+y is in the range of 10 - 15, Z is lower alkylene and k is 0,
wherein in segment (b) Alk is lower alkylene having up to 4 carbon atoms, the radicals R;,
Ry, Rj and R, are each independently of the others lower alkyl having up to 4 carbon
atoms and n is in the range of 14 - 28, and wherein in segment (c) R is a saturated divalent
cycloaliphatic group having 6 - 14 carbon atoms, and X, is -NHCOO- or -OCONH-,
(2) 15 - 30 % of a hydrophobic monomer, and
(3) 10 - 35 % of a hydrophilic monomer.

Another preferred emboditment relates to a polymer which comprises the polymerization
product of the following components in weight percent based on the total weight of the
polymer:

(1) 50 - 60 % of a macromer according to the main claim,

(2) 20 - 25 % of a hydrophobic monomer, and

(3) 15 - 30 % of a hydrophilic monomer.

Another preferred embodiment relates to a polymer which comprises the polymerization
product of the following compor=nts in weight percent based on the total weight of the
polymer: .

(1) 50 - 60 % of a macromer of formula (I) according to the definition in the main claim,



(a) the sumof the indices x+y is in the range of 10 - 15, Z is | ower
al:kylene and k is O, wherein_in segnent (b) ALk is | ower alkylene having
up to 4 carbon atons, the radicals Ri, R2, R3 and R4 are each

i ndependently of the others |ower alkyl havi ng up to 4 carbon atons and n

1§ in the range of 14 - 28, and wherein in segnent (c) R t urated
i He st Pemisoplid,

di val ent Iphatic group having 6 - 14 carbon atons

- NHCOO or - OCONH- (2) 15 - 30 % of a hydrophobi ¢ nononer, and (3) 10
- .35 % of a hydr ophi lic nononer. Anot h‘e% preferred enbodi nent relates to
a pol yner which conprises the pol ynerization product of the follow ng
conponents in weight percent based on the total weight of the pol ynmer:
(1) 50 - 60 % of a macromer according to the main claim (2) 20- 25 % of

a. hydr ophobi ¢ .nonoger, and 3), 15 - yvdr qphi Li ¢ oner .
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bbased on the W ?Ebﬁgi{ HGfe cromer
of formula (fl&@%ccor Ing to #’B‘?(%’I o 1| ﬁh{'f%yr&nglﬁr?g@fgm?nﬁ;s@& WO
06/ 31791 segments (a), up 4segments (b) up 06 segments (c), wherein in segment (a) the

PCT/ EP96/ 012 5hm of the indices x+y is in therangeoflo 15, le loweralkylene and k is 0, Wherein in
wherein P1 i “ﬁ%@&’ ently
of the other %eb%&ﬁ’)ﬂﬁ%&%%{}ﬂ% flﬁ% lﬁ?‘aﬂﬁ o‘aher 99

al kyl ene, X1 of thejathrsrlowaralkylpnd n is inghe ’B EFE‘? whereiringepment R m ar e
1; the pol ynmkyidnagfrmlenﬂmi\amgupototldcarboaa@mr&asx(mrhzedldhvalemdycknnmﬁcs (b)

and up to 6 C) Féq) m of the indices
X+y is in th? gn_g}ﬁgg 18 m%ﬁo%s,ﬂld]sfo-&e ene an is 0, wherein in
segnent (b) AR 5 %wE 2 hydreph v#di cals Rl, R2, R3 and R4 are each

I ndependent | 3) 1¥- Sdmwhhmpmmmh&yl and n is in the range of 14 - 28,
and wherein in segnment (c) Ris alkylene or arylene having up to 14 carbon
atons or a saturated divalent cycloaliphatic group having 6 - 14 carbon
atoms, and X2Another prafeared egbodimenpyriates 1@ » polymer which gomagrisgs %aphrmmn
nononer, and prédikt dfthe follBwiigCompoentlift AWeight pertent baxed on theAnal weightiof éeer r ed
enbodi nment r%o .to a polymer which conprises the polynerization product

of the follo 20 onents in wei ght percent based on the total weight of
" the polymer:( g‘l of 2 gactmer agroFding maiRciMi ng to the main claim
(2) 20 - 25 % of a hydrophobic - monomer,

(3) 15 - 30 % of a hydrophilic monomer, and
(4) 0.1 - 2 % of a polyunsaturated comonomer (b).

The novel polymers or crosslinked polymers can be converted into mouldings in a manner
known per se, in particular into contact lenses, for example by carrying out the
photopolymerization or photocrosslinking of the novel polymers in a suitable contact-lens
mould. The invention therefore furthermore relates to mouldings essentially comprising
novel polymers or crosslinked polymers. Further examples of novel mouldings, in addition
to contact lenses, are biomedical articles or in particular ophthalmic mouldings, for
example artifical corneas, intraocular lenses, eye bandages, mouldings used in surgery,
such as heart valves, artifical arteries or the like, furthermore coatings, films or
membranes, for example membranes for diffusion control, photostructurable films for
information storage, or photoresist materials, for example membranes or mouldings for
etch resists or screen printing resists, furthermore particles, in particular microparticles,
capsules, in particular microcapsules, films and plasters for drug delivery systems.

A specific embodiment of the invention is directed to contact lenses which essentially
comprise or consist of a novel polymer or polymeric network. Such contact lenses have a
range of unusual and extremely advantageous properties. Amongst these properties are,
for example, their excellent compatibility with the human comea and with tear fluid, if



(2) 20 - 25 %of a hydrophobic nonomer, (3) 15 - 30 %of a hydrophilic
mononer, and (4) 0.1 - 2 % of a palyunsatucat.sd-comnoner {b}—-Fhe—novel—-

pol ynmers or crosslinked polyners can be converted into nouldings in a
manner known per se, in particular into contact |enses, for exanple by

carrying out the hot opol ynmeri zati on or photocrosslinkin vel
pol y?/rerg i nWOMANRY)| o (F:)on%/act -lens noul g The inventi ongtﬂr%rfégporlgg
furthernore relates to noul di ngs essentially conprising novel polyners or
crosslinked polymers. Further exanples oflppvel nmoul dings, in addition to
contact |enses, are bionedical articles or in particular ophthal mc
nmoul di ngs, for exanple artifical corneas, intraocular |enses, eye
bandages, noul dings used in surgery, such as heart valves, artifjcal
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wi t h t he hunawhiclncontain theanacromeriof the formulal(T) asfessential constitwit den@ haeithe

PCT/ EP96/ 0125gqesired suction cup effect. Furthermore, the novel contact lenses have high‘dirﬁgnsional
necessary after _sui tg%&l&grface treatnment (e.g. coating), which is based

‘on a bal anced bty n en water content, oxygen perneability and
mechani cal and adsorptive properties. This results in high confort and

the absence %ﬂ&gh{:ﬁhh&%wﬁe&ﬁ{aﬁ%% iEflhrSrefef2/th 3 Prdcess to fehlira
favour abl e perngabi ItaY {églg’?ertles W"t{l T ﬁgﬁct to various salts,
nutrients, weivEiaceeRhthaly nEresompatible, in which: by meang gheontact With a Nepog 9t es
(C2 and O2), liduid; andforby means af tpplieationof an emergy sonrcef(A)ndoating is upplicdad the no
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t he novel contact |enses have hi gh dinensional stability and shelf life.

Surface treatnent as is referreq {.0. abgye, in partjcular refers to,
process to remwaavaswﬂe&#mﬁ?ehﬁm rr@dsaﬁ%afmcspttammﬁch, by
means of continakophilichFer example, the lens kriag be doatedntitiva Idyyr ofachydrophilia pplyinesic i on
of an energy .Ge flg] fvefi? ' ! ﬁﬁ g gEﬁ fReE
article, (b) @ﬂ%ﬁ\ﬁcg specl éggarg é‘?ié%?gge. onét ) e ghtri?.gce op%g’ﬁfé;lrs’ticl e,
(¢) thereby producing a monolayer of hydrophilic material. These coating or grafting
processes may be effected by a number of processes, including without limitation thereto,
exposing the lens to plasma gas or immersing the lens in a monomeric solution under
appropriate conditions.

Another set of methods of altering the surface properties of a lens involves treatment prior
to polymerization to form the lens, For example, the mold may be treated with plasma (i.e.
an ionized gas), a static electrical charge, irradiation, or other energy source, thereby
causing the prepolymerization mixture immediately adjacent the mold surface to differ in
composition from the core of the prepolymerization mixture.

A preferred class of surface treatment processes are plasma processes, in which an ionized
gas is applied to the surface of an article. Plasma gases and processing conditions are
described more fully in US 4 312 575 and US 4 632 844, which are incorporated herein by
reference. The plasma gas is preferably a mixture of lower alkanes and nitrogen, oxygen
or an inert gas.



the chem cal nature (e.g. electrostatic charge) of chem cal groups on the
swr face of an article are altered—or (d) thesuwface properties of an
article are otherw se nodified. There are a variety of nethods discl osed
in the art for rendering a surface of a materi al hydr ophi lic. For

exanple, the lens may be coated with a |ayer of a hydrophil
material . A WO%H®Yely, hydrophilic groups may be grafted gﬁ{'gf%&e surface

of the I|ens, t her eby produci ng a nonol ayer of hydrophilic nmaterial. These
coating or grafting processes may be effggted by a nunber of processes,

i ncluding without limtation thereto, exposing the lens to plasma gas or

I mrersing the lens in a nononeric sol ution under appropriate conditions.
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preferably carried out in analogy to the disclosure of H Yasuda, "Plasm

Pol ynmer i zat i onk profértsdsibodimdnt feldics 16 nfvtliing Whick tohiprisé OB bolymessta 319

L?r\tAﬁ;dnovel Tgﬁlﬁﬁnéfz‘iﬁén @&8@{@%@}%‘3&#@ %M{,ﬂ%ga%%ﬂ% one

treated in thewpigktnfhespolymes: Ol - Coal kane (a) and a gas (b) which is
sel ect ed from ¢1h25 969 % ofaGRErshéraeddding td foRAER () Whéreih P,Gx ihdependenng of the

other lower alkenyl, Y is independently of the other -COO- or -OCO-, L is independently
of the other lower alkylene, X, is independently of the other -NHCOO- or -OCONH-,p |
and m are 1; the polymer fragment Q has up to 3 segments (a), up to 4 segments (b) and up
to 6 segments (c), wherein in segment (a) the sum of the indices x+y is in the range of 10 -
15, Z is lower alkylene and k is 0, wherein in segment (b) Alk is lower alkylene, the
radicals R;, Ry, Ry and R4 are each independently of the others lower alkyl and n is in the
range of 14 - 28, and wherein in segment (c) R is alkylene or arylene having up to 14
carbon atoms or a saturated divalent cycloaliphatic group having 6 - 14 carbon atoms, and
X, is -NHCOO- or -OCONH-,

(2) 15 - 30 % of a hydrophobic monomer, and

(3) 10 - 35 % of a hydrophilic monomer,

wherein the surface of said moulding is plasma treated in the presence of a C;-C,alkane
and air.

8t ng
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Another preferred embodiment relates to 2 moulding which comprises the polymer of a
polymerization product of the following components in weight percent based on the total



m xtures thereof. A preferred enbodi nent relates to a noul di ng which

conptijses the polyoer aof 3 pol ynerlzationpeoduct of the—follewhg
conponent’s in wei ght percent based on the total wei ght of the polyner.

(1) 45 - 65 % of a macroner according to formul'a (1) wherein P1 is

i hdependently of the ot her lower alkenyl, Yis mdepend& 4&9 he ot her
-COO or - 31 I S i ndependently of the ot her | ower a% 1is

i ndependently of the other -NHCOO or -OCONH, p and mare 1, t he pol yrer
fragment Q has up to 3 segnents (a), up_ §.4 segrrents (b) and up to 6
segments (c), wherein in segnent (a) the sum of the indices X+y is in the

range of 10 - 15, Zis lower alkylene and k is 0, wherein in segnent (b)
ALk is |ower al kyI ene, the radicals Rl, R2, R3 and R4 are each

i ndependent Ivyc rs | ower alkyl and nis in the range of 14 - 28,
and wherein ﬁ%s f R is al kylene or aryI ene having up to 14

carbon ato msﬂb"rS %of p mackemer gccording wfermla (Ihwherpip By r‘%’&%ﬁ&“ﬂg ofthe 14

ﬁa 3 bon haL OMipthei Rfver alkenyl SavihgiGEXo 4 OsatomtI SNindependenilylds the &ﬁbr%lob- or

ydr ophobi ¢ is
wherein the a”]‘ég%‘fé}g%deaﬁﬁéf%g?%aﬁ?gé?@&l&%@fnﬁ%@ﬁh&r@ﬁ@ prese‘nce of
Cl 1- C4al kandndependgndy of the othegdEHCRO mrepé%wa- am%mmmmgv gmest

PDH di ng whig haf&ﬁ{éég:ﬁé&(at)hmf:lsugiﬁémf@%&.d i Wx@m&gma{t t he
oowngcn})tgnensmyﬁg per gent  Da aﬂyl dko

96/ 31791 (a) the sum of the i x+y i5in rangeo 1s enc and k is

PCT/ EP96/ 01 2#terein in segment (b) Alk is lower alkylene havmg up to 4 carbon atoms, the ragiipals R;,

i ght of t ' f la
\(Nlel) gwhe?ei nh%ip‘. é”. ndme%%:ﬁd#&dm of@n@ﬁm&s%(i!@lhﬁﬂé)ﬁﬂb% ormul a

other | ower kenyl hayi.n to 4
& bt ome -y e B0 14124, AL pheripd) seent FR s Srorpd afbdhett”
i ndependent oncbﬁhpliaac mouphawmg/\éf 14 ¢arhoncatems; and XgisVHEOQ- aO6ONH ons, X1

S i ndepeng jafglgoq,fofralw Rotic mbhdede: adr - OCONH-, p and mare 1; t he

pol ynmer fra nt (a) up to 2 segrrents (b) and up to 2
segment s (c?(g?%e?se%ﬁ’ Pi?ym O the sumof the indices x+y is in the
range of 10 whensip the sudfade@fisaid aiouidingis plaswia kredted in the praseacedfiza CCallgnent (b)
Al Kk is | oweragdlaley! ene having up to 4 carbon atoms, the radicals Ri, R2,
R3 and R4 are each independently of the others |ower al kyl having up to 4

car bon atons and nis in the range of 14 - 28, and wherein in segnent (c)
Ris a sat urMcahbrqufatdrmbodinmt matesphammul@mgmhichmmesme polymenofon

at ons, and ;K?ﬂ of thEfdNdwin nents in erit biased loR RHEABiF
nonomer, ﬁ% 10 - 35 %of ahy rop ilrc rmno%le?% wherein the

surface of s"é?‘ thedOWIRE™s pl asna treated in the presence of a Cl-C4al kane
(1) 50- 60 % of amacromerof formula (I) according to the definition in the main claim,

wherein P, is independently of the other lower alkenyl, Y is independently of the other
-COO0- or -OCO-, L is independently of the other lower alkylene, X is independently of
the other -NHCOO- or -OCONH-, p and m are 1; the polymer fragment Q has up to 3
segments (a), up to 4 segments (b) and up to 6 segments (c), wherein in segment (a) the
sum of the indices x+y is in the range of 10 - 15, Z is lower alkylene and k is 0, wherein in
segment (b) Alk is lower alkylene, the radicals R,, Ry, R; and R, are each independently
of the others lower alkyl and n is in the range of 14 - 28, and wherein in segment (c) R is
alkylene or arylene having up to 14 carbon atoms or a saturated divalent cycloaliphatic
group having 6 - 14 carbon atoms, and X, is -NHCOO- or -OCONH-,

(2) 20 - 25 % of a hydrophobic monomer, and

(3) 15 - 30 % of a hydrophilic monomer,

wherein the surface of said moulding is plasma treated in the presence of a C,-C,alkane
and air.

A more preferred embodiment relates to a moulding which comprises the polymer of a
polymerization product of the following components in weight percent based on the total
weight of the polymer:



Vo
and air. Anot her preferred enbodi nent relates to a noul di ng which
conpri ses the polyner of a pol yneri zati on product. of the foll ow ng
conponents in wei ght percent based on the total wei ght of the polyner
(1) 50 - 60 % of a macromer of fornula (1) according to the definition in
tthe main cl aim wherein P1 is independently of the othe lﬁgskenyl
i s i ndepen¥831783f t he ot her -COO- or -OCO-, Lis |ndepen ently of the
ot her lower al kylene, X1 is independently of t he ot her -NHCOO or
-OCONH-, p and mare 1; the pol yner fragﬂ§pt Q has up to 3 segnents (a),
up to 4 segnents (b) and up to 6 segnents (c), wherein in segnent (a) the
sumof the indices x+ty is in the range of 10 - 15, Z is |ower al kylene and
k is 0, wherein in segnent (b) Ak is |ower aIkerne the radicals Ri1,

R2, R3 and R4 are o |nde enden nis
i'n the rangd!d 1§§e gm é‘*‘#'ﬁf@gﬁ? ! Rlé)%épeﬂ#%m&é’gg' or

aryl ene havm@rumw&r(all@dylcirlmdem@nﬂyofﬂ‘& e@F 9%&%#&“’@%?&1‘49&?‘7 phati c
group havi ng, SREray ik X Fis nfaa Sendenth fmmmcomacom-(ﬁ) 20 -

S e

presence of o 6Geghems (ca.wd:cremmegnem(a)thwm pﬂ@#@#ﬁwsmaﬂl’&ﬁf el ates
to a moul di ngg %&fd%efmkhéﬁﬁ&bo wﬂmuginem(b)nmmmmmﬂﬂwoduct of
e 1ol owt e o R i BB ol e o V51 681

t he pol yne

PCT/ EP96/ 012ﬁ5ge of 14 28, and whercmmsegment () Ris alkylcneorarylene having ypto-14 (1)
45 - 65 % of W Oilers @y-AGRIEHR frbp HEHIED 114 thrtich aoms, and

i ndependently o {f@,ra wer a?' kenyl , \#’s |ndependently of the other
-COO- or - is -NH tly of the other lower alkylene, Xl is

i ndependent | 52)05 Boaoﬂtﬂquroplibﬁmonmer;m\ll—l- p and mare 1; the polyner

f ragnent Qh(’ﬁv\ﬂ etlp to 4 segnents (b) and up to 6

- segnents (c) ereln |n se mant% sum of .t e i ndi ces Xx+ i.n the
range of 10 ¥ hereipghe surface p @r ggri’g“sﬁﬁd“ﬂ ted in the Pﬁ F‘ﬁx'g'é&?gnt (b)
Al k is | oweraial kyl ene, the radicals Rl, R2, R3 and R4 are each
i ndependently of the others lower alkyl and nis in the range of 14 - 28,

car bon- at ons ABPvG B R S P i 10 A B NG SIPHRRL I Boher 1
carbon at onsef alxﬂymeﬂ%nm pmﬂhﬁd)hedollom\mmponel(tﬂn ght pegenybasedon the
hydr ophobi c ﬁg gola(ng} 10 - 35 % of a hydrophilic m)nomer
wherein the surfe}c S nmoul dorgg‘ &naarmwe?etig fsrlln e BLESSUE of a
met hane and 65 ofamacromeracc g to formu 1 Y

other lower alkenyl having up to 4 C-atoms, Y is independently of the other -COO- or

-OCO-, L is independently of the other lower alkylene having up 1o 4 carbon atoms, X is

independently of the other -NHCOO- or -OCONH-, p and m are 1; the polymer fragment

Q has one segmenit (a), up to 2 segments (b) and up to 2 segments (c), wherein in segment

(a) the sum of the indices x+y is in the range of 10 - 15, Z is lower alkylene and k is 0,

wherein in segment (b) Alk is lower alkylene having up to 4 carbon atoms, the radicals R,,

Ry, R4 and Ry are each independently of the others lower alkyl having up to 4 carbon

atoms and n is in the range of 14 - 28, and wherein in segment (c) R is a saturated divalent

cycloaliphatic group having 6 - 14 carbon atoms, and X, is -NHCOO- or -OCONH-,

(2) 15 - 30 % of a hydrophobic monomer, and

(3) 10 - 35 % of a hydrophilic monomer,

| wherein the surface of said moulding is plasma treated in the presence of a methane and

air.

Another more preferred embodiment relates to a moulding which comprises the polymer
of a polymerization product of the following components in weight percent based on the
total weight of the polymer:

(1) 50 - 60 % of a macromer of formula (1) according to the definition in the main claim,



air. Anot her nore preferred enbodi nent relates to a noul di ng which

conprises the polvner of a polynerization product of the—fol-ew-nrg
conponents i n weight percent based on the total wei ght of the polyner.
(1) 45 - 65 % of a macroner according to fornmula (1) wherein Pl is

I ndependently of the other |ower alkenyl having up to 4d§ﬂ_ g IS

i ndependen® ™he other -COO or -OCO, L is indepen w t he

ot her | ower al kylene having up to 4 carbon atoms, X1l is i ndependent |y of
the other -NHCOO- or -OCONH, p and mar:;l ; the polynmer fragnent Q has
one segnment (a), up to 2 segrrents (b) and up to 2 segnents (c), wherein in
segnent (a) the sumof the indices xty is in the range of 10 - 15, Zis
| ower al kyl ene and k is 0, wherein in segnent (b) ALk is | ower alkylene

having up to.,4 ¢ to 1 R4 ar ach
i ndepgndgntl a{’h‘é"&ﬁﬂ‘g@“ %ﬁ‘”%ﬂi’ﬁf’w%a@dﬁ'&] Y@g{ngeaen?%q the q{'gms and n
is in the raﬁ@@ of -QQ0-, Ligindgpendegilyrafithe chpré@gqmﬁwl%)xﬂs F@%‘@&Q‘M‘ﬁt ed

di val ent %6:9&' Nﬂm-%rgocmm}ha aDmbre 1;18e pal aeh 53 i S

NS 0 of - SRR P IS stkipsas ) aﬁ’ﬂﬁ&)@ﬁ#ﬁﬂ%&@?#&f@@w@@ﬂ%m b i
- pl asma tr eatsen of metmmne-yemehmtanac ofckOhakSeZanlgwer alkylene andknaomermne
preferred enbaginps)iAlk H Bweralkflede, fHerhdltdhoR MR, O, £ rdr&@mm of

a pol yneri zatlo uct f the.fol | ow I n_wei ent
based on th&fth °t E}ﬁ! nigin %Wﬁ%?ﬁf%ﬂ'&g%“mﬁﬁ' sf’(gB’F ‘ie)r’glsr onmer
of formula (albylenemanylmghamg tyetockdf cartion iatomsi or atshteratesli divaidns cygloaliphatic WO

96/ 31791 R .

PCT! EP9B/ 01 uphavmg6 14 carbon atoms, and X, is -NHCOO- or -OCONH-, T

wherein Pl i %d@p‘@rﬁ’&éﬁywp’éﬂb“iﬂgnﬁﬂe?“dl ower al kenyl, Y is independently
of the ot her(3) 15303 of n hyddOphilic monememdependent | y of the ot her | ower

al kyl ene, leJ{e;m FeawdVn ce S hikih nd.m
are 1; the po y%@%ﬁ%ﬁ%&auﬂmﬁpﬁﬁlﬁh segnent’s ) up tomfggggrrents
(b) and up t&-6 segnents (c), wherein in segnent (a) the sum of the

i ndi ces x+y is in the range of 10 - 15, Z is | ower alkylene and k is O,

wherein in ot fukeh %anﬁ, R3 and
R4 are each |n e n e‘%ﬂ] Pﬁ*@%ﬁﬂb%@ﬂ@ns@g{ﬁ Bl 'S Fnﬁ{fzfe range
of 14 - !?P?TSPF\‘“? °?¥'5‘°"R these beigg mrtﬂo“‘&?ﬁﬂngl‘i%ﬂhaw ng up
to 14 car boruonlacu‘lmaes a saturated divalent cycloaliphatic group having 6
- 14 carbon atonms, and X2 is -NHCOO or -OCONH, (2) 20 - 25 %of a

hydr ophobi ¢ _nononer,, and (3) .15 - 30 %of a hydr ophi l'i c, nononer,

wherei n t he Hhgrinveation,furthermprs laves ta Gontact anses pssentiallyt comprising gpe pftBe powel of a
met hane and polymers or crosslinked polymers, these being low-water-content, flexible, gas-permeable

(RGP) contact lenses.

Low-water-content contact lenses have usually a water content which is up to 10 percent
by weight of water, based on the total weight of a lens.

Accordingly high-water-content contact lenses have usually a water content which exeeds
10 percent by weight.

All the abovementioned advantages naturally apply not only to contact lenses, but also to
other novel mouldings.

The present invention furthermore relates to the use of a novel macromer of the formula
(1) or a polymer or crosslinked polymer prepared therefrom and described above, for the
coating of a base material, for example glass, ceramic or metal, and preferably of polymer
substrates, for example ophthalmically usable products such as contact lenses, intraocular
lenses or eye bandages, and of medically usable products, for example in surgical or
pharmaceutical systems, preference being given in the latter cases (ophthalmic uses) to



The present invention furthernore relates to contact |enses essentially
conpri sing one of __the novel polyners or crasslinked pol yners, these being
hi gh-wat er - content and soft contact | enses. The invention furthernore
relates to contact |enses essentially conprising one of the novel

pdl ymers or crosslinked polyners, these being | owwater-content. flexible,
gas- per neab|VEO%3IIP) contact | enses. Low wat er - cont ent X fﬁ"&ﬂ?‘ Senses
have usually a water content which is up to 10 percent by wei ght of

wat er, based on the total weight of a |ens,_ Accordingly

hi gh-wat er - content contact | enses have usﬁ%lly a water content which exceds
10 percent by weight. Al'l the abovenenti oned advantages naturally apply
not only to contact |enses, but also to ot her novel noul di ngs. The
present invenﬁion Hurthernnre relates to the use of a novel macromer of the
formul a () ¥ﬁ"m§'ﬁ6P9WEF or crosslinked polyner prepared therefrom and
descri bed above, for the coating of a base material, for exanple gl ass,

geL?hmélcmpgarFrﬂ nsoablie ﬁ?&%ﬁ@bgﬁlﬁ gﬂg??.gmtn&l‘mﬁgggﬁefa?ﬁgglcul ar J“ﬁll enses
olro eye bandagé'g,H“m?B’ ﬁ“ﬁﬂ?ﬁl*?%ﬁf E‘W@J&&@““# i peanimatoglis,i oo

or phar mac eintvir@andsip yivonas medical implants forcsxagplgiimplantableistraipemmeable cases

(opht hal m ¢ Uggmbrah®materials, as tissthe ipladts f&cosmetic surgery, as implants containin
PCT/ EP96/ 01255

. . . o 22 -
hydr ophi | i ¢ cBmeRgEleasing cslis, for sxample isje pilanggthans gelly, ag hreast implants prafs o o5
corneal i npl asmificieljoimtstantlithe like. cor neas and  furthernore as cell-growh
substrates, as materials for fixing and cultivating animal cells invitro

IR IR I T R R DR T

contai ning asodewrited aRbdvealicomealdinplant dfabis eppac be protheced ofing the gamdprocess

cell's, as bregslesirigah aBVR 6 thé productioh iof EHtatk 1dnGsESmEdD Smpldis bdslte
implanted using conventional surgical methods, for example under, in or through the
epithelial tissue of the cornea or into the stroma of the cornea or into other tissue layers of
the cornea. Such implants can modify the optical properties of the cornea, for example in
the sense of correcting a visual defect and/or by modifying the appearance of the eye, for
example the pupillary coloration. A corneal implant can cover the area over the optical
axis which covers the pupil on implantation and provides the ability to see, and '
furthermore the area surrounding the periphery of the optical axis. The implant can have
the same visual properties over the entire area.

It has been found that the flow of high-molecular-weight components of tissue fluid, for
cxample proteins or glycoproteins, e.g. growth factors, peptides, hormones or proteins
which are responsible for transport of essential metal ions through the corneal implant, in
particular between epithelial cells and stroma cells and even behind the endothelium is
important both for survival of tissue and for the ability of tissue to live outside and inside a
corneal implant. A corneal implant is therefore preferably produced with a porosity
sufficient to allow liquid components of tissue having a molecular weight of

> 10,000 daltons to pass through, where flow of components of tissue fluid is ensured in
addition to flow of low-molecular-weight nutrient components, for example glucose, fats
or amino acids or breathing gases between cells on both sides of an implant.

The porosity of a corneal implant is either given by the polymer material from which it is
produced or pores can additionally be introduced into a novel polymer by one of the
numerous known processes, which are described, for example, in WO 90/07 575,

WO 91/07 687, US 5244 799, US 5 238 613, US 4799 931 and US 5 213 721.



The invention therefore furthernore relates to a corneal inplant produced
frsom-a pol yner as_described above _A-cornReab=—i-Aplant of this—t+ype—car—be—
produced using the same process as descri bed above for the production of
contact |enses. Corneal inplants can be i mpl ant ed usi ng conventi onal

surgi cal nmethods, for exanple under, in or through the egk&@ﬁgé Lagt | SSUE
of the corn!ﬂ??ﬂ31°ﬁto the stroma of the cornea or into other tiIssue |ayers
of the cornea. Such inplants can nodify the optical properties of the
cornea, for exanple in the sense of corkgcting a visual defect and/or by
nodi fyi ng the appearance of the eye, for exanple the pupillary
coloration. A corneal inplant can cover the area over the optical axi s
whi ch covers the pupil on inplantation and provides the ability to see, and

furthernore t %ﬁgﬁ}ﬂﬂ,&ﬂﬂ&h&&mtﬁé‘d B35inPihe requithee b&%sx%f'a(iﬂvelq ﬁmt,Iﬁ'e

|rrpl ant can hav e sane VIS ert| s over, entir

It
has been f ourimpiassprefesbly WWVQHH 3‘!’%?‘@?1‘!“ dothes b ga of tissue
fluj dd forh ﬁmﬁbﬁcﬂémh&&mle@ﬂarmmwumorgregner@ammmﬂalhnsm,pass
peptides, hor e
essenti al %ﬁ%ﬁ?ﬁh@k%ﬂéﬁmcorn al%i.l nm. agww&%ﬁp{)%ﬁ*%t ween
epi t hel i al cemsemcmm jand peRetrale dRio therAeRPVEFIES aplifal
i mpor t ant  bot inpldmk. Wuérvtheqim&itybfm&mpmémblmwb@hﬂwtheatabmw to live

outside and in

preferably pr }cgea&&vﬁof' aqg%?n l%%?ﬁmf Wﬁ% F'l%‘ci]’w ggcorrponents
of tissue hawqﬁ@mwtmmmfmemqmswommm 8 %M@%lﬁﬂ%fﬁﬂpﬂpﬁugh
where flow of arCigijime e ﬁ%obmibﬁlhdommmbl?domddauktmn&mgdfow

ari no aci LSCE\'ﬂ?‘M%Pﬁ{“ bl S SRR el B ARG ilifBonidh 0,

The porosity Bie torm pengase abnmmbei%v@mmgpm wbhwq/mmembn al

fromI whi Ich 'trdsﬁmoxﬁraﬁfdﬁﬁﬁéim&raﬁgﬁlaﬁxqﬁﬁguﬁ l‘!‘h&mmém@dhlﬁ&dsizato a
novel po yner one o no

descri bed, Wé%g%faé‘ th?tr?ﬁ\m % %@fﬁ?@yd\i\%ﬁn%ﬁ% US 5
238 613, US MMM and US 5 213 721. W 96/ 31791

PCT/ EP96/ 01255 -23 -
Irrespective pf, which ui St

novel i npl antP tg area °° b‘éﬁ‘lé’ lmpdgg% @w ?&sﬁn@hﬁ%&* |1 ow
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axis of the I npl ant. Where the porosity of the inplant is established by
pores, the arpge gifssiylif the skitfdan@ib b84h Snde tmm%emm%mes

flow of {1 ssts “M R 2 e kit Mang Sﬁwﬁbﬂﬁ sagg e e@&sﬁ%”a&e ree
optical axis, pores having different diameters can be introduced on the one hand in the
skirt and on the other hand over the optical axis. On the other hand, the skirt can be
produced from another material than the material over the optical axis, in which case, as
stated above, the porosity in the skirt should be greater than that over the optical axis. The
skirt preferably comprises an optically clear polymer like one over the optical axis;
however, the skirt can also comprise a material which is not optically clear or be produced
from a porous material which is not optically clear.

A novel polymer can support colonization with tissue cells, for example vascular
endothelial cells, fibroblasts or cells formed in bones; it is not necessary for a specific
surface nature to be present to stimulate celt adhesion and cell growth, This is
advantageous, since the process costs can be kept low. On the other hand, a novel polymer
can be surface-modified by known methods, for example plasma treatment of a surface by
radio frequency glow discharge, as described, for example, in US 4 919 659 and

WO 89/00 220, or by irradiation or by chemical treatment.



an inplant. The pores over the area of the optical axis preferably do not
cause scattering of visible light to an extent which woul d cause probl ens
wi.th respect to visual correction. The term pore used above and below is
taken to nean a pore which has no geonetri cal restrictions and has eit her
a‘regul ar or irregular nor phol ogy. The statenent of a pore siz pes not
mean that WPMHIMHores have the same diameter, but shoul 0"5'@ as a
mean di aneter. In the area outside the optlcal axi s, the cornea

I npl ant can have the sanme porosity as in 4. the area over the optical axis.
This peripheral area of an inplant, which surrounds the area of the
optical axis, is also referred to as the skirt In contrast to the regi on of
t he opti cal axis, it can allow corneal cells to grow in, anchoring the

i mpl ant on the eye. The porosity in the skirt can also be an independent
feature of the material fromwhich the skirt is produced If the skirt is
made fromthéa mad@olmeecmehemmdmxmr&ccmm@nemmmcomppmtsanom§or por es

havi ng dlffeﬁ&yei obasmetmm;s&edf%hmwm ginf he  skirt
her. hand over the

d th t t, | t Kirt
e et e olhgse. A6 e o sl iohl sy -
axi s, in whi ciondmsectinaepidermalgrowth-faesons, muscle fihwe proteins, and/oriderivdtives, agtivoul d be
o opt] cal by TaptnifRimitifes tb dio¥ibhbchin, Jﬂth’&'"'“gib‘“"ms‘f‘%w%"“memr ' he
skirt can al &3V EMF‘E%"E{ tﬁ %Oﬂ“'t 'ﬂ' “sﬁé‘?l'tﬂﬁ‘??ﬂaﬂﬁﬁ
produced f typercan, pfamssarymllsorheahmMDmﬂesa swace podifigation asldesmbedabon novel
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necessary fofmezuaghment fg’el lﬂ? bﬁf% ?‘g"%ﬁlé‘ab‘?"éggmdsl‘% stinulate cell

adhesion and cell growmh. This is advant ageous since the process costs
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particul arl y’[‘HeS giaLrltllples belsol\Jvr sfel%:eeto ut?r}ell' ﬁl%s tthe present invention but are not intended to

restrict its scope in any way. Temperatures are given in degrees Celsius.

Example A1 Macromer synthesis

51.5 g (50 mmol) of the perfluoropolyether Fomblin® ZDOL (from Ausimont S.p.A,
Milan) having a mean molecular weight of 1030 g/mol and containing 1.96 meq/g of
hydroxyl groups according to end-group titration is introduced into a three-neck flask
together with 50 mg of dibutyltin dilaurate. The flask contents are evacuated to about
20 mbar with stirring and subsequently decompressed with argon. This operation is
repeated twice. 22.2 g (0.1 mol) of freshly distilled isophorone diisocyanate kept under
argon are 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 meq/g (theory: 1.35 meq/g).

202 g of the a,m-hydroxypropyl-terminated polydimethylsiloxane KF-6001 from
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type can, if necessary, also be carried out after a surface nodification as
descri bed above. A_ngvel pol yner can advantageously conbine—a—pitH-r-ty—--
of said properties, for exanple the attachnent of cells with good
biostability and resistance to deposits. The mechani cal properties of a
nevel polyner are suitable for use as a corneal inplant, t I a
prefergbl§“ﬁﬁvpﬁ61a nmodul us of 0.5-10 MPa. A nndurEs in sai "?3ﬂg%§%ives a
corneal inplant a suitable flexibility to enable insertion into the eye,

for exanple over the region of the Bowyan nenbrane. A novel pol yner
can furthernore be used as a cell-growm h substrate, for exanple as
cell-culture equi pnent, for exanple utensils, bottles, dishes and the |ike,
furthernmore in bi ol ogi cal reactors, for exanple in the production of
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dissolved in 202 m of freshly distilled tol uene kept under argon, and
The macromer prepared in this way is completely colourless and clear. It can be stored in
air at room temperature for several months in the absence of light without any change in
molecular weight.

Example A2 Macromer synthesis
The first step of the macromer synthesis described under Example A1 is repeated. An
isocyanate titration of the perfluoropolyether reacted with IPDI gives a content of

~ 1.33 meqg/g of NCO (theory 1.35 meq/g).

In a second step, 87.1 g of the a,@-hydroxypropyl-terminated polydimethylsiloxanc
Tegomer H-Si 2111 (Th. Goldschmidt AG, Essen) having a mean molecular weight of
890 g/mol (2.25 meq/g of hydroxyl groups according to titration) are dissolved in 87 m! of
toluene. After the reaction has been carried out as indicated under A1 and the solvent has
been removed, a hydroxyl group content of 0.66 meq/g is determined by microtitration
(theory 0.60 meg/g). The resultant intermediate is in turn reacted with a stoichiometric
amount of isocyanatoethyl methacrylate. Microtitration then no longer shows any
isocyanate groups (detection limit 0.01 meq/g). 0.56 meq/g of methacryl groups are found
(theory 0.53 meq/g). The macromer prepared in this way is completely colourless and
clear and has a long shelf life. '



100 ng of dibutyltin dilaurate (DBTDL) are added. After conplete
henogeni zati on of the solution, all the perfluarapalyether reacted with

i sophorone diisocyanate (IPD) is added under argon. After stirring
overnight at roomtenperature, the reaction is conplete. The solvent is
stripped of f under a high vacuum at roomtenperature. Mcraqtitation shows
0. 36 neq/ g OvOB&MVxy|l groups (theory 0.37 neqg/qg). 13. 7§(§’?§§‘.“§55mml )
of 2-isocyanatoethyl nethacrylate (IEM are added under argon to 247 g of
the [err]-hydroxypropyl-term nated

pol ysi | oxane- perfluoropolyether-poly5|on%ﬁe t hr ee- bl ock copol yner (a

t hr ee- bl ock copol yner on stoichionetric average, but other bl ock I engths -
are also present). The mixture is stirred at roomtenperature for three

days. Mcro |tr ti t hen no Longer shows any i socyanate groups
(detection Ii Rﬂﬂfﬁﬁ"&')’ 934 meq/ g of nethacryl groups are found
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(Th. Col dschni.dﬁmé.(iZg)Essen) havi ng a nean nol ecul ar wei ght of 890 g/ nol
(2.25 meqg/ g of hydroxyl groups according to titration) are dissolved in 87
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Exanpl e A3 Macolouness anddléar andhas alibmg shelfdife.st ep of the nmacromer synthesis
descri bed under Exanple Al is repeated, but using a different

per fl uoropol yet her: Fonbl i nLer rJhBNDO_ TX (from Ausi nont S.p. A, M | an).
This materi al ¥F2- CH2- (OCH2CH2) n-OH (n = 0, 1 or 2).
The The first step of the macromer synthesis described under Example A1 is repeated, but

5.0 g of Fomblin® ZDOL and 2.18 g of IPDI are employed. When the reaction is
complete, microtitration shows an isocyanate group content of 1.31 meq/g of hydroxyl
groups (theory 1.36 meq/g).

The second step of the synthesis described under Example Al is likewise carried out
analogously, the stoichiometric ratio between isocyanate-terminated perfluoropolyether
and hydroxypropyl-terminated polysiloxane being 2:3. After the reaction has been
completed and the solvent has been removed, microtitration shows a content of 0.2 meqg/g
of hydroxyl groups (theory 0.18 meq/g).

The third step of the synthesis described under Example Al is likewise carried out ,
analogously, IEM being employed in a precisely stoichiometric ratio. After the reaction,
free isocyanate groups can no longer be detected (detection limit 0.0t meq/g). 0.19 meg/g
of methacryl groups are found (theory 0.19 meqg/g).

Example B1 Production of contact lenses
13.0 g of macromer from Example Al are dissolved in 5.6 g of ethanol (Fluka, puriss. p.a.)
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material used has a nean nol ecul ar wei ght of 1146 g/nol, and contains 1.72
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The lenses produced in this way are characterized by the following values:

oxygen permeability (O,Dk) 77 barrer (determined by the "wet" method described below),
water content of the equilibrated lenses 32 per cent by weight, elongation at break at 35°C
360 %, modulus of elasticity 30°C 0.5 MPa (measured using a Minimat from Polymer
Laboratories, UK).

"Wet" measurement of the oxygen permeability:

The oxygen permeability of a material is determined by the coulometric method. To this
end, pre-autoclaved lenses are ctamped 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 lenses is frequently given
in the literature as a straight Dk value without further definition and frequently without



menbr ane having a pore width of 0.45 nm under an argon pressure of from1l
te 2-atm The filtered solution_is frozen in_a.flask in liquid nitrogen,
the flask is evacuated under a hi gh vacuum and the solution is returned
to roomtenperature with the flask sealed. This degassi ng operation is
repeated twi ce. The flask containing the macromner/conmononer solution is
then transf WO M1t o a gl ove box with an inert-gas at nospREFEPI S t he
solution is pipetted into dust-free contact-Iens noul ds nade from

pol ypr opyl ene. The nmoul ds are cl osed, t he pol ynerization reaction is
effected by W irradiation (15 mWcn2, ® Tnin.), with sinultaneous
crosslinking. The noulds are then opened and pl aced i n ethanol, causing
the resultant lenses to swell out of the nDuIds The | enses are extracted
for 24 hours w.th constantl shed i.chl or onet hane .and
subsequent | y SHHR&RY TRICEENGY ngcjafﬁw ‘Qr"éd&]ma @¥ed in
phosphat e- buinfeaswemertysi ol ogi cal sallne solutlon in autoclave resi st ant
vials and then autocl aved at 120[err]C for 30 mnutes. Al physical data
measurenents are caryied out on aut ocl aved | enses produced
in this way A4 SOTRIRERYEMeafremensof theoxygsp mwh* fslwymf;B pgwi

per meabi | ity diffdédces:77 barrer (determ ned by the ' nmet hod descri bed

bel ow), wat er content of the equilibrated | enses 32 per cent by weight,

el ongation at break at 35[err]C 360 % nodul us of elastiC| 30[err]C 0.5
MPa (measur ed V¥ EReasWRBEttat  from Pol ymer  Laboratori es, ¥’ "Wt "
measur enent @ diyaeasusegent per neabi lity: The oxygen perneaﬂﬁ%btyxof a
material is determ ned by the coulonetric nethod. To this end,

pre-autocl aved | enses are clanped in a holder and then covered on the upper
side with ExampleBhyor of water. A gas nixture conprising 21 % of oxygen
and ‘79 % of mimmsmamﬁxmamumemﬂmghmtmﬁmm with
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commercially avail abl e contact | enses using this nethod. Ci basoft[err]

(Cl BA- Vi si on, HEMA | ess)%gl'mmmeﬂmmﬂtﬁmanlof approx. 7-10 barrer, and
Excel ens (C BA- Vi si 0Ny Vs TIIRS) i ves a neasurenent of approx. 22 barrer.
Unfortunately, the ox en perneability of, for exanple, contact lenses is
frequently given P PfPMA ure as a strai ght Dk val ue wi thout further
definition and frequentS%oﬁ/Bldmm QA WD 96/ 31791

PCT/ EP96/ 01255 -28 - gi vi ng

any reference_ mat erlfl These are usually values determ ned on dry materi al
(dry neasur A conparative nmeasurenent of the oxygen perneability
of pol ymer BiThelpsowessdescribed under Example Bl for the production of contact lenses is repeated,

but the mixture of conomoners has the following composition (in per cent by weight):

55 % of macromer from Example Al
22 % of TRIS
23 % of DMA

Example B4
Analogously to Example B1 (in per cent by weight):

40 % of macromer from Example Al
30 % of TRIS
30 % of DMA
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di fferences: a) "wet" measurenent
7% barrer b) dry neasurenent

158 barrer Exanpl e B2 The process descri bed under Exanple Bl for the
production of contact |lenses is repeated, but the m xture of conononers

has the follow ng conposition (in per cent by weight): 55 %
of nacrorrerwpr’gﬂﬁﬁarrpl e A 22 %of TRI'S PCT/EPGRIZSS ) 5 o
of DVA 0.5 % of Blener[err] QA Exanple B3 The process
descri bed under Exanple Bl for the prodygf]_i on of contact |enses is
repeated, but the m xture of conononers has the foll ow ng conposition (in
per cent by weight): 55 % of macroner from Exanple Al
22 % of TRIS 23 % of DVA Exanple B4 Anal ogously to Exanple
BL (in per ight): 40 % of macromer from Exanpl e
Al - Eldhn %of TRIS . .30 % of DMVA WO
96/ 31791 Analogously to Example B1 (in per cent by weight):
PCT/ EP96/ 01255 - 29 - Exanpl e
B5 Anal ogously to '! ediE y weight): 30 %
of macronmer from Exgé'gf%}%f’%}o& ﬁxﬁﬁﬁégti% of TRI'S 25 % of
DIVA 45 % of TRIS

25 % of DMA

Example B6
Analogously to Example B1 (in per cent by weight):

40 % of macromer from Example Al
30 % of TRIS
30 % of DMAEMA

Example B7
Analogously to Example B1 (in per cent by weight):

40 % of macromer from Example Al
30 % of TRIS
30 % of NVP

Example B§

The process described under B1 for the production of contact lenses is repeated, but a

60 % by weight solution of the macromer in ethanol is used instead of the 75 % by weight
solution described above. The mixture of comonomers has the following composition (in
per cent by weight):

70 % of macromer from Example A2
20 % of TRIS
10 % of DMA

- Example B9 _
Analogously to Example B8 (in per cent by weight):

65 % of macromer from Example A2
20 % of TRIS
15 % of DMA



Exanpl e B6 Anal ogously to Exanple Bl (in per cent by weight):

40 % of macroner from Exanple Al . 30 %of TRRS -~ 30
% of DMAEMA  Exanple B7 Analogously to Exanple Bl (in per cent by

wei ght): 40 % of macromer from Exanple Al o 30 %
of* TRI'S 30 % of NVP  Exanple B8 The process de under

-
B 1 for the WR¥RI® on of contact |enses is repeated, but gﬂ%@fl wei ght

solution of the macroner in ethanol is used instead of the 75 % by wei ght
sol ution described above. The mixture of gpnononers has the follow ng

conposition (in per cent by weight): 70 % of macromer from
Exanpl e A2 20 % of TRI'S 10 Y%of DMVA Exanpl e B9
Anal ogously to Exanple B8 (in per cent by weight): 65 % of
macroner from Exanple A2 20 % of TRI'S 15 % of DMA
WD 96/ 31791

PCT/ EP96/ 012 %xample B10 - 30-

Exanmpl e B10 Tegrovesyadescibed ander B2 dortthiél prodBickioh @f cordiset Rinssdiciepedted) butont act
| enses is rep&a&o%d pk Buti . .
Yy 'we éﬁ solution of the macromer from Example A2 in ethanol is prepared and,
without addition of comonomers, polymerized and crosslinked by UV irradiation after
addition of the photoinitiator.

Example B11

The process described under B1 for the production of contact lenses is repeated, but a
66 % by weight solution of the macromer from Example A3 in ethanol is prepared and,
without addition of comonomers, polymerized and crosslinked by UV irradiation after
addition of the photoinitiator.

Example B12

The process described under B1 for the production of contact lenses is repeated, but a

70 % by weight solution of the macromer in toluene is used instead of the 75 % by weight
solution in ethanol described above. The mixture of comonomérs has the following
composition (in per cent by weight):

55 % of macromer from Example Al
22 % of TRIS
23 % of DMA

Example B13

The process described under B1 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 comoriomers
has the following composition (in per cent by weight):

55 % of macromer from Example Al
22 % of TRIS
23 % of DMA

Physical measurement data for the contact-lens materials from Examples B1 to B13
{O,Dk value, wet method):



66 % by wei ght solution of the macroner from Exanple A2 in ethanol is
peepared and, w thout addition of-corpremer~s—pol ynerized ang—erosstHrnrked——
by W irradiation after addition of the photoinitiator. Exanpl e B11 The
process described under Bl for the production of contact |enses is
repeated, but a 66 % by weight solution of the macroner f e A3in
ethanol isWP#MM™d and, wi thout addition of conpnoners, {)W@Aed and
crosslinked by UV irradiation after addition of the photoinitiator.

Exanpl e B12 The process described under .81 for the production of contact

| enses is repeated, but a 70 % by wei ght solution of the macromer in
toluene is used instead of the 75 % by weight solution in ethanol

descri bed above. The m xture of conobnoners has the follow ng conposition

(in per cent by weight): 55 % of macroner from Exanple Al
22 %of TRI'S 2390 of-
descri bed under Bl for the production of contact |enses is repeated, but a

70.% by wei gﬁ,;mﬁgé uti qgaef the naoHRVRGe i N OMVeddhgbEl CYCl Blogdiai | oxane is
used i nstead of the 75 % by wejght ,sol ution ig. t hanol dt scri bed above.
The i xt ure BM¥FrpNoFERED fas tlﬁg“?]ol | owi G B8R0 t i onaél per cent by
wei ght ) : [%] 55 % of macroner frdMPakanpl e Al [%] 22
% of TRI'S 23 % of DNA Physi cal neasurenment data for the
contact-lens materrals 1rom Exanples Bl to B13 (02Dk val ue, wet nethod):
WD 96/ 31791

PCT/ EP96/ 012B% 32 77 0.5 3611 -
B2 23.8 110 1.1 160
B3 19.5 110 0.6 130

B4 30.9 - 81 0.3 300
B5 17.1 - - -
B6 14.4 - - -
B7 23 - - -
BS 18 93 1.15 190
B9 53 88 1.25 90
B10 1.6 - - -
B1l 0.7 - - -
B12 30
B13 25
Example B14

About 10 g of macromer from Example Al are dissolved in 3.3 g of ethanol (Fluka, puriss. p.a.).
After complete homogenization of the solution, about 4.0 g of 3-tris(trimethylsiloxy)silylpropyl
methacrylate (TRIS from Shin-Etsu, product No. KF-2801), about 5.9 g of freshly distilled
dimethylacrylamide (DMA), about 0.1 g Blemer®QA (a methacrylate having quaternary
substituents, from Linz Chemie) and about 100 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 glove box with an inert-gas atmosphere, where the solution is pipetted into
dust-free contact-lens moulds made from polypropylene. The moulds are closed, and the
polymerization reaction is effected by UV irradiation, with simuitaneous crosslinking. The



Exampl e Wat er 2Dk val ue Modul us of El ongati on

nunber content ___ [barrer] . elasticity at break_—

[ % [ MPa] [ % Bl 32
77 0.5 360 B2 23.8 110

1.1 160 B3 19.5 110 ‘ 0.6
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3 B13 ] , .25 Ex:al- e Bl4 = About 1 0
macr omer from ’B\‘ﬁ‘?ﬁﬂ’%g‘ﬂp opgned gndplaged dpyispprogangl »ga%#'@'ﬁ Eﬁ‘éﬁ‘"t lengr o s'ﬁﬁ H%E%'I
p.a.). Af t erthe moplde tThe hensespreextratied for@4 hohrs with constamly regilenished isopmppaiol and
3-tris(trinet | | s nmet hacrylate (TRI'S from Shi n- Et su,
product No. K%b%b‘i@ﬂgg%ﬁﬂﬁg%&g}mf reshly distilled di et hyl acryl am de
(DMA), about 0.1 g Blenmer[err] QA (a nethacryl ate having quaternary
substituents, Theunel iehsesGheetuilibratediinaphosphatetaffered physidlogical saline ablation in )
Dar ocur[err ' ' ' d S f bt a
Tof | on monbt arBebyFireitant s and i dmodighen 2 106 o) ok B8 ghicical O 2

from1l to 2 atffasuremenis arcapried oyt AAURGlaysd e8sesy ozen in a flask in |iquid
nitrogen, the flask is evacuated under a high vacuum and the solution is

returned to roomtenpergpiLe Wth ?fﬁﬁ‘"{l@ék seqh&flins P! S degassi ng
fI4as X

operation is repeated twce. The cont ai ni ng, the macr omer/ conononer
solution is then tran§p@e®ed i ntba@er| ove bofl8fHEW an inert- gas

at nosphere, where the s@®ytion is pipetted intMPadust-free contact-|ens
noul ds made from pol ypr%y_,,l ene. Thg, noul ds are (dGOsed, and the

pol yneri zation reaction15 effected by UVirra(?iation, wi th sinultaneous
crosslinking. The - WO 96/ 31791 :
PCT/ EP96/ 01255Example B15 - 32 -

Lenses are prepared in accordance with the procedures described in example B14, but are
subsequently surface treated as follows. The dried lenses are transferred into a plasma coating
apparatus wherein they are plasma treated in a methane/"air" mixture (“air” as used here denotes
79% nitrogen and 21% oxygen) for a period of about S 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 phosphate-buffered physiological saline
solution in autoclave-resistant vials and then autoclaved at 120°C for 30 minutes. All physical
data measurements are carried out on autoclaved lenses.

Water - OyDk value Modulus of
content [barrer] elasticity
[%] [MPa]

21.8 88 1.03

Example B16
Lenses are prepared in accordance to example B1, but the mixture of the comonomers has the

following composition in weight percentages:

60 % of macromer from Example Al
25 % of TRIS
15 % of DMA



noul ds are then opened and placed in isopropanol, causing the resultant

| enses to swell out of the noulds_JIhe lenses are extract edformedhoeHe———
with constantly repl eni shed i sopropanol and subsequently dried in a high
vacuum The dried |l enses are equilibrated in phosphate-buffered
physi ol ogi cal saline solution in aut ocl ave-resi st ant Vi%k&ﬁ@%@ﬂ en

aut ocl avedWR2683err] C for 30 nminutes. Al physical data ment s
are carried out on autocl aved | enses. Wat er O2Dk
val ue Modul us of %gnt ent [ barrer]

el asticity [ %4 It [ MPa]

20. 3 93 0. 96 Exanpl e B15 Lenses are prepared

in accordance with the procedures described in exanple Bl4, but are
subsequently surface treated as follows. The dried | enses are transferred
into a plasma coating apparatus wherein they are plasma treated in a
nmet hane/ " ai Exﬂnl«mﬂe ("air” as used here denotes 79% ni trogen and 21%
oxygen) fory g peht PRk brdincTid i aRtple B uihe MidukSof com ASiers has the |

treatment process have heen di scl osed ?l% H.© Yasuda in "Pl asma
d

Pol yrrer i zat follqwingcompasifion in weight DCrCRRtersy,  F| orj da (1985), pages 319

f orwar d. The plasnma treated contact |enses are equilibrated in

phosphat e- buf f er ed 40P hia&o lg3fple AP/ Uti 0N in autocl ave-resistant
vials and then autoc aveod at ?%I er rﬁ C 1por 30 m nutes. Al physical dat a
measurenents are car ®TIBES on aut ocl aved | enses. Wat er
2Dk val ue Mo B % of DMA cont ent [barrr]

el asticity (% [ MPal

21.8 88 . ) 1.03 Exanmpl e B16, Lenses are
prepar ed i nThelenscd arecguiligrasdin phesphate-buffered physiqlegical, saling solutien i npnoner s
has the f aktbslavergsistantvials dridaben autovkaved bt 120PC for30gwiantes. All physical data 60 %

of nmcroner 5 %of TR S 15 %
of DI/ Heﬂﬂ,@@ﬁ@%% out on autoclaved lenses
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Water O,Dk value Elongation
content [barrer] at break
[%] (%)
24 78 300

Example B18
The lenses of example B17 are plasma treated in analogy to the lenses of example B15

The plasma treated lenses are then equilibrated in phosphate-buffered physiological saline
solution in autoclave-resistant vials and then autoclaved at 120°C for 30 minutes. All physical
data measurements are carried out on autoclaved lenses.

Water O,Dk value Modulus of
content [barrer] elasticity
[%] [MPa]

21.5 95 1.1



Exanple B 17 Lenses are prepared |n accordance to exanple B
mxture of the conononers has the _follow ng cm:m05|t|on |n I Ntm | il"”llll”“l

per cent ages: 50 % of macromer from Exanp

20 % of TRIS 30 % of DVA The | enses are eqwllbrated |n
phosphat e- buf f er ed physi ol ogi cal saline solution |n aut ocl t ant
vials and t NN ¥cl aved at 120C for 30 ninutes. phyng‘}Iﬁ"’éﬁZ‘ﬁg’%
nmeasurenents are carried out on autocl aved | enses. Wat er
02Dk val ue El ongati on _34cont ent [ barrer] at
br eak [ %A 9

24 78 300 Exanpl e B18 The | enses of exanple B

17 are plasnma treated in analogy to the I enses of exanple B 15 The pl asna

treated | ens i brated in phosphate-buffered physiol ogi cal
al i %‘r‘?ﬁ%rfg%"f@

saline sol ut resistant vials and then autocl aved at

120[err] C for 30 m nutes. physi cal data neasurenents are carried out

on aut ocl aved.hmﬁﬁnerofmefomula T Wt er’ 2Dk val ue Modul us

of cont ent [ barrer] el asticity

[% [ MPa] 21.5 95
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'S CLAIMED | %vhere each é . qr?de rtlyO(;i" t!tle othf.];r(s),rmrr:laJ kree gadzcal-polymenzable group; each Y,
independently 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, 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-, -NHCONH-, -COO-, -OCO-,
-NHCOO- or -OCONH-; and Q is a bivalent polymer fragment consisting of the segments

(a) ~(E)y-Z-CFx-(OCFy),-(OCF,CF,),~-OCF-Z-(E),-, where x+y is a number in the range

from 10 to 30; each Z, independently of the others, is a divalent radical having up to

12 carbon atoms or a bond; each E, independently of the others, is (OCH,CHy),-, where q
~ has a value of from 0 to 2, and where the link -Z-E- represents the sequence

-Z-(OCH,;CHyp)-; and kis O or I;

(b) -Alk— Sl—[ Alk— , where n is an integer from 5 to 100; Alk is alkylene

having up to 20 carbon atoms; 80-100 % of the radicals R,, Ry, R3 and R,, independently
of one another, are alkyl and 0-20 % of the radicals R, R,, R3 and Ry, independently of
one another, are alkenyl, aryl or.cyanoalky!; and

(c) X5-R-X,, 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-,
-NHCOQOO- or -OCONH-;

with the proviso that each segment (a) or (b) has a segment (c) attached to it; and each
segment (c) has a segment (a) or (b) attached to it.

2. A macromer according to claim 1, in which the number of segments (b) in the polymer
fragment Q is preferably greater than or equal to the number of segments (a).

3. A macromer according to claim 1, in which the ratio between segments (a) and (b) in



Pl-(Y)m (L-XI)p-Q (X1-L)p-(Y)ymP1

(1) . where each P1, independent|y of-the-others—is a ”'U'”"l’“!,’ ""”U"’

fTee-radi cal -polyneri zabl e group; each Y, independently of thee 0 NS, s

- CO\IHCOO - CONHCONH-, - OCONHCO-, - NHCONHCO-, - NHCO-, -CONH, - NHCONH,
OCO -NHCOO- or -OCONH-; m and p, independently mﬂlﬁﬁ?m her,

are 0 or 1WOSBI®L i ndependently of the others, is a divalent radical of

an organi ¢ conpound having up to 20 carbon atons; each X1, independently

of the others, is -NHCO-, -CONH, -NHCONgy, -COO-, -O, -NHCOO or

-OCONH-; and Qis a bivalent polynmer fragnment consisting of the segnents

(a) -(E)k-Z-CF2(0OCF2) x- (OCF2CF2) - OCF2-Z- (E) k-, where xy is a nunber in the

range from 10 to 30; each Z, independently of the others, is a divalent

radi cal having up .o [ t 1:Po9d; each E, independently of
t'he ot hers, R"gm%m%&apm%'}ﬁﬁ%a vgl ue of from 0 to 2, and where
the link -Z-E- represents the sequence -Z (OCH2CH2) g-; and k is 0 or 1;
(b) [err] m&ﬁmmm-wam immlﬁclmc feih mélebularsweiplivyk tiegpolymehavi ng

up to 20 car on a 0 0)

| ndependent | E@"{imﬁ F’ﬁ f"{ﬁa?&(’m bgm(@é@b‘%%ﬁ% ra&a'cfélﬁo“hl R2,
R3 and R4, ishoupi9femabopt bﬁmﬂan@naﬂ@imfer&hemahk@m from about SPOCPARGK| Ky ;
and (c) X2pfhog2. where R is a divalent organic radical having up to 20
carbon atons, and each X2, independently of the others, is -NHCO, -CONH,
-NHCONH-, -COO-, -0OCO-, -NHCOO or -OCONH; wth the proviso that each
segnent (a) ier(nb()mhasmomnlmmé)mamddhewmlaumrqm{a)@d@bnt (¢)
has a Segmn&cﬁ@knﬁf&‘ eratzt;@ﬁhﬁelr&xgefzbm2ma%utﬂlmﬁfﬁwmmgvmno
claim1, in wh t he nunbet @f S"'ggﬂ‘fe’ﬁ‘tef E]’%‘é‘r{] he polyner fragnent Qis
preferably ¢ ‘Qrg parcy g bt of segnents (a). 3. A
macr onmer according to claim 1 I n which the ratio between segnents (a) and

(b) in 6. A miQoRfef atdRting to claim 1, in which the smallest polymer fragment
PCT/ EP96/ 01255 . il t(b)
pol ymer f r agFAEFREISES: PU stojchiometri aycrage, ong perflugro segment (), one oxane Segmicn

and one segment (c).

7. A macromer according to claim 1, in.which the polymer fragment Q is terminated, on
stoichiometric average, at each end by a siloxane segment (b).

8. A macromer according to claim 1, in which X, is -NHCONH-, -NHCOO- or
-OCONH-, preferably -NHCOO- or -OCONH-.

9. A macromer according to claim Jl.’ in which the segment X,-R-X, is a radical derived
from a diisocyanate, where each X,, independently of the other, is -NHCONH-, -NHCOO-
or -OCONH-, in particular -NHOOO- or -OCONH-.

10. A macromer according to claim 1, in which Z is a bond, lower alkylene or
-CONH-arylene, where the -CO- moiety is linked to a CF, group.

11. A macromer according to claim 1, in which Z is lower alkylene.
12. A macromer according to claim 1, in whichqis 0, 1, 1.5or 2.
- 13. A macromer according to claim 1, in which qis 0 or 1.5.

14. A macromer according to claim 1, in which the indices x-+y are a number in the range
from 10 to 25, preferably 10 to 15.



4. A macroner according to claim1, in which the mean nol €cul ar wei ght of
the polymer fragnent Qis in the range from_about 1000 t mwmmmw“m
preferably in the range from about 3000 to about 15 000, :
preferably in the range from about 5000 to about 12000. * 5.5 Atmalr oner
according to claim1, in which the total nunber of segnents (a) and (b) in
the pol ymer WO&6@@% Qis in the range from2 to about 11, ‘Hé"é‘%‘@?'&’é’-ﬁ in
the range from 2 to about 9, in particular in the range from2 to about

7. 6. A macroner according to claiml n which the smallest polyner
fragnent Q conprises, on stoichionetri c39verage one perfluoro segnent
(a), one siloxane segnent (b) and one segnent (c). 7. A macroner

according to claim1l1, in which the polynmer fragnent Qis term nated, an

stoi chionetric average, at each end by a. sil oxane se mant
mcromer  accobHiAgaeromer ageoriing “Pﬂ%?'dﬂ‘”kfh the rafip, m&g%fpm&.how

- OCONH-,  pr ef rpakicplar MHEORNge from Ol 1. Q. A macroner accor di ng to claim
1, in whi ch t he segnent X2-R-X2 is a radical derived froma diisocyanate,

where each X2, |ndependently of the ther NH or. .
COOONH-, in pig-tA macramet Kcpding ‘BF‘“‘ prhich "S'e gg“ﬁ‘ém‘mczgﬁém?my to

claim 1, in V\ﬂkeﬂyl,&meaymybmmkenbhmeneakmegmnomemmyl ene, where the
-CO noiety is linked to a CF2 group 11 A macromer according to claim

1, in which Z is |ower alkylene. macrooner accqording to claiml, in
which q is 0, 11 A magoger sccordingga clajm ﬂrezemﬁa&e‘!s?mﬁfgamyw. AYINE YRR whi ch

q is 0 or 1.512 carbdrflators, PReTerablp alkefyl havihg gp too8 cdrbon atdms, impasticutdt allieyli ndi ces
X+y are a nu aGVrm'n ttorye [3146ms. from10 to 25, preferably 10 to 15.
W 96/ 31791 gtp

PCT/ EP96/ 01255 -36 - 15.
A macromer ac¢grAlimasrohier &dcdidifighto clafin W in@idh e iv 00, 0004, SNHOONEB, I ange

from0.5 10 1.88000-, -OCONH-, -NHCO- or -CONH-, preferably -COO-, -OCO-, -NHCO- or
-CONH-, and in particular -COO- or ~OCO-.

19. A macromer according 1o claim 1, in which the indices m and p are not simultaneously
Zero.

20.A macromer according to claim 1, in which L is alkylene, arylene, a saturated bivalent
cycloaliphatic group having 6 to 20 carbon atoms, arylenealkylene, alkylenearyiene,
alkylenearylencalkylene or arylenealkylenearylene.

21. A macromer according to claim 1, in which L is alkylene or arylene having up to
12 carbon atoms.

22. A macromer according to claim 1, in which the divalent radical R is alkylene, arylene,
alkylenearylene, arylenealkylene or arylenealkylenearylene having up to 20 carbon atoms,
a saturated bivalent cycloaliphatic group having 6 to 20 carbon atoms or
cycloalkylenealkylenecycloalkylene having 7 to 20 carbon atoms.

23. A macromer according to claim I, in which R is alkylene, arylene, alkylencarylene,
arylenealkylene or arylenealkylenearylene having up to 14 carbon atoms or 2 saturated
bivalent cycloaliphatic group having 6 to 14 carbon atoms.

24. A macromer according 1o claim 1, in which 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 particular in the range from0.7 to 1.1. 16. A macro

clraimi1, in which the free-radical-polynoerizable group P1 ”m' mmﬂm, ,I —
al kenylaryl or al kenyl aryl eneal kyl having up to 20 carbon atons. t

macromer according to claim1, in which Pl is alkenyl or alkenylaryl haV| ng
ug to 12 carbon atons, preferably al kenyl havi ng up to 8 ons, in
particul ar WPRER®Y  having up to 4 carbon atons. %W&
according to claiml1, in which Yis -COO, -0OCO, -NHCC]\IH-, - NHCOO-
-OCONH-, -NHCO or -CONH, preferably - , -0OCO, -NHCO or -CONH-, and
in particular -COO or -0CO. 19. A necroner according to claiml, in
whi ch the indices mand p are not sinultaneously zero. 20. A macr oner
according to claiml1, in which L is alkylene, arylene, a saturat ed bi val ent
cycl oal i phat grou haV| .6 to 20 ca at onrs | eneal

o Ky P anear yi & matiEmgcy SR 35 D s S i P R abiyclo

21. A nacronerSOanmmhulagleZE aiml, in which L is alkylene or aryl ene
having up to 12 carbon atons. 22. A macroner according to claiml, in

Br'y1 oneal kyl Ve BaceHGT SReigp e o P KUK i peese 1O Bt

sat urated bi maicalsmlcgf,lkgahd Bb,andeq:clyimﬂpofmiangh& am 1@Geratkybbaving upme or

%glrgsr:aryggggr | nllﬁt&g‘g I m I N ‘v‘@ CE qu} Eyl ene, aPﬁflene 23 A
al kyl enear y| BR#! ?3’ é‘%&'&ﬂ‘ﬁ(’g"ﬁ r§/Ft8WéfaI kyl enearyl ene having up to

14 carbon atons or a saturat ed bi val ent cycl oali phatic group having 6 to

14 b t R i
al kyl ene, ar 1 an® T@h@%?gﬁf&f“gfﬁ% Wé%?aﬁm*ﬁ’gﬁmﬁ%m' 14
car bon atoms“é?c‘“&l%a o @E%W“ﬂ&@f%m &% pfE Iy aikenylphenplgvitich o 14

car bon at onsis unsubstituted of\éhiidfitute ¥ dower alkyl or lower alkoxy, or cyano(lowcr a]kyl)
PCT/ EP96/ 01255

28. A macromer according to claim 1, wherein P, is independently of the other lower
alkenyl, Y is independently of the other -COO- or -OCO-, L is independently of the other
lower alkylene, X, is independently of the other -NHCOO- or -OCONH-, p and m are 1;
the polymer fragment Q has up to 3 segments (a), up to 4 segments (b) and upto 6
segments (c), wherein in segment (a) the sum of the indices x+y is in the range of 10 - 15,
Z is lower alkylene and k is 0, wherein in segment (b) Alk is lower alkylene, the radicals
Rj, Ry, Ry and R, are each independently of the others lower alkyl and n is in the range of
14 - 28, and wherein in segment (c) R is alkylene or arylene having up to 14 carbon atoms
or a saturated divalent cycloaliphatic group having 6 - 14 carbon atoms, and X, is
-NHCOO- or -OCONH-.

29. A macromer according to claim 1, wherein P, is independently of the other lower
alkenyl, Y is independently of the other -COO- or -OCO-, L is independently of the other
lower alkylene, X, is independently of the other -NHCOO- or -OCONH-, p and m are 1;
the polymer fragment Q has a segment (a), up to 2 segments (b) and up to 2 segments (c),
wherein in segment (a) the sum of the indices x-+y is in the range of 10 - 15, Z is lower
alkylene and k is 0, wherein in segment (b) Alk is lower alkylene, the radicals Ry, Ry, R;
and R, are each independently of the others lower alkyl and n is in the range of 14 - 28,
and wherein in segment (c) R is alkylene or arylene having up to 14 carbon atoms or a
saturated divalent cycloaliphatic group having 6 - 14 carbon atoms, and X, is -NHCOO-
or -OCONH-. |

30. A macromer according to claim 1, wherein P, is independently of the other atkeny!
having up to 4 carbon atoms, Y is independently of the other -COO- or -OCO-, L is
independently of the other lower alkylene, X, is independently of the other -NHCOO- or



25. A macroner accordi ng toclaiml, inwhich nis an inte rom5 to 70,
preferably 10 to 50, in particular_14 to 28. __26. A mac ﬁmu(uﬂﬂlnyﬂum"lo
claim1, in which 85- 100 % in particular 90-100 % of th

R2, R3 and R4, independently of one another, are |lower al kyl having up to
8 car bon atoms, preferably | ower al kyl having up to 4 carbon_atons

particul arl ywaasg8t®ably | ower al kyl having up to 2 carbon PCTREIOMI2SS 57
macromer according to claiml1, in which 0-15 % in particular 0-10 % of
the radicals Rl, R2, R3 and R4, independegtly of one another, are |ower

al kenyl, phenyl which 1is unsubstituted or substituted by |ower alkyl or

| oner al koxy, or cyano(l ower alkyl). 28. A macroner according to claiml,
wherein P1 is independently of the other |ower alkenyl, Y is independently

o e S GEPNE AR RIS ok o R fesrl 2

1: " the pol ymgmqnﬁgﬁb wherein i seament (8) thesumaf thedndiggs xyis tndhqragwféﬁt-é {b)
and up to 6 zeigm alkyRne anil 16k O] Whérkin S ggaieht (GRAIK 8 doveer Alkglent, ke ﬂao:dalees

sement (b) AR 1E Rp 31 R e on indepeiienity 6 08 ot Wifer Ayt bnd Tishn WRBLELF 0,
i ndependent | y 161’- 28mdamrsm|semmén Ris alkylene or arylene having upig 44 srbon afoms g
and wherei n i @ g egaarh dvalentty cmanﬂlmbmpm“agmweuwms,@dn?,sm car bon

atons or a S%@Eﬁf t cycl oal i phatic group having 6 4 carbon
atons, and X2 ﬁé@a 29. A macroner according to claim
1, wherein Pl is independentl y of the other lower alkenyl, Yis

:ndepenfiﬁnltlyswf?(&mrdam dmm-lfmremt lp l1§md€biﬁm§%ﬂﬂkbdﬁﬂd»kﬁ ot hegI
ower a ene nae an
mare ot ho Highi s HGE %*Lhﬁs&gf-&é%e#- WW%%@E&*&
and up to 2 smmm)xnsmm yrofd .nﬂ@mmﬂées
X+y is in the tﬁ@ﬂﬂﬁn&fﬁakﬁlcntéﬁasazsegﬁ)eﬁtq (araﬁdkpm&mem(al nin

t (b) A | | 4 h-
et ) A e i o R, %sy%srmof@nﬁ%ﬁf e o
and wherein i mllyévgmkéii).“Remnmlmm@)@kmlwm;%ﬁdpﬂs@:mm&r bon
atoms or a S%h&'Rilh&lhéiHﬁaih NéndG)4s inihé rad Pgé;nA-mwwmbmm eMcmisbon
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atons, and X2 na | ai m
T CWherein p1ay lﬁnﬁaacoﬁr&sﬁf LY A RRORER R o Pt o
atons, Y is i Wmﬁylwhpnemsmxmﬂm oOCONH:.s | ndependent |y

of the other |ower al kyl ene, X1 is independently of the other -NHCOO or

\IQKC)T/Q E{DS é/7 8 i o5 gz. A macromer according to claim 1, wherein P, is independently of the oglgzr lower

alkenyl having up to 4 C-atoms, Y is independently of the other -COO- or -OCO-, L is
independently of the other lower alkylene having up to 4 carbon atoms, X, is independent-
ly of the other -NHCOO- or -OCONH-, p and m are 1; the polymer fragment Q has a
segment (a), up to 2 segments (b) and up to 2 segments (¢), wherein in segment (a) the
sum of the indices x+y is in the range of 10 - 15, Z is lower alkylene and k is 0, wherein in
segment (b) Alk is lower alkylene having up to 4 carbon atoms, the radicals R;, R,, R and
R, are each independently of the others lower alkyl having up to 4 carbon atoms and n is
in the range of 14 - 28, and wherein in segment (c) R is a saturated divalent cycloaliphatic
group having 6 - 14 carbon atoms, and X, is -NHCOO- or -OCONH-.

33. A process for the preparation of a macromer according to claim 1, wherein a
perfluoropolyalkyl ether derivative of the formula (IV)

* X3-(E)y-Z-CF-(OCF5),-(OCF,CFy),-OCF>-Z-(E)y-X3 av)
in which X is -OH, -NH,, -COOH, -COCl, -NCO or -COORgs, where -COORg is

generally an activated ester in which Rs 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,



-OCONH-, p and mare 1; the pol yrrer fragnent Q has a segne
segnents _(b) 2 seg[rents (c), wherein.in segoent (a) the sl]l“l‘@ IIL\EI “lm Im —
er

X+y is in the range of 10 - 15, Z is |lower al kylene and elsn mn
segnent (b) Alk is lower alkylene, the radicals Rl, R2, R3 and R4 are each

i ndependent |y of the others lower alkyl and nis in the ragge

and wher ei nWX)rf hent (c) Ris alkylene or arylene having upm?;mfg?%car bon
atons or a’ saturat ed dival ent cycloaliphatic group having 6 - 14 carbon
atons, and X2 is -NHCOO or -OCONH. 3% A macroner according to claim
1, V\her ein P1 is independently of the other |ower alkenyl, Yis

i ndependent ly of the other -COO- or -OCO-, L is i ndependent |y of the other
| ower al kyI ene, X1 is independently of the other -NHCOO or -OCONH, p and

1; b
;nngrﬁp to 2 sé’gﬁe@é rﬁwmogqﬁﬁ?ln%é?%gﬁ%?é@t sum Of&ﬁ.ﬂﬁ?ﬂ' 3. f:e)s

X+y is in the range of 10 - 15, Z is |ower alkylene and k is 0, wherein in
segnment (b) Ak is | apR-¥} kyl ene, the radicals Rl, R2, R3 (¥nhd R4 are each
methyl and nis in the range of 14 - 28, and wherein in segment (c) Ris

al kyl ene or arylene having up to 14 carbon atons _or a_ saturated dival ent
cyci oal i phat %Wh’gh&}b”ﬁﬂﬁ%% above and X ¢ igafuertiopg) adical whickas careackiug with agy

- OCONH- . igeé¢fenbly -Of: ONH,COBH -ODCH -COOREUrsNCO?1 i s i ndependent |y

of the other . Iy of
t he ot her -d&@%'&@e&b&q’%% epe@ %?Qh%%%sﬁac\ﬁob%g?(”ﬁg@égdé yI ene
havi ng up tosm@dimmfﬁwmﬂvﬁgmm&)@m ulai(YDof t he ot her - NHCOO- or
-OCONH-, p and mare 1; the polyner fragment Q has a segnment (a), up to 2

zegrentz (0 Kot e 2 R O T hra A 2 BRIV e ana K 1 & o,

wherein in segnent (b) Alk is |lower al kylene having up to 4 carbon atons,

the radi calslﬁibmﬁﬁwﬂamrm&n préfeably réed withiepeGoiealehty oPin & BSsubitiged | over
al kyl havi ng ?%%9:@&&12”5 and nis in the range of 14 - 28, and
wherein in s@ {1%‘7 aturated dival ent cycloaliphatic group
having 6 - 14 car bon atons, and X2 is -NHCOO or - OCONH-. 33. A process
for the preparation o cronmer according to claiml, wherein a

per fl uoropol yal k ative of the formula (I1V) - _

X3- (B) k- 2- OF2: ( xa y- OCF2- Z- (E) k- X3 OM)  in which
X3 is -OH, - -NCO or -COOR5, where -COOR5 is generally
an activated ester in Whl ch R5 is al kyl or aryl which is unsubstituted or

substituted by hal ogen or cyano, and the variables Z, E, k, x and y are as
def i ned abovaevhere the variables R;, Ro, Ra, RyV/¥) Xfand 1410 dre as defined above,

PCT/ EP96/ 0123pthe presence or absence of a suitable catalyst, giving a compound of the formula (V) -
X3-8il-X5-R-X,-PFPE-Xo-R-X5-5il-X3 (VIII)
in which PFPE is (E),-Z-CFy-(OCF,),-(OCF,CF,),-OCF»-Z-(E),, Sil is the siloxane

radical - Alk— Sl—[ Alk- and the other variables are as defined above; after which

the reactive - intermediate of the farmula (VII) is preferably reacted with two eqmvalents '
of a compound of the formula (IXa) or (IXb)

P-(Y)p-L-Xy (IXa)
P,-Y, (IXb)

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

P1- (V) LX) Q- (K1 -Lp-(VenPy M



Is preferably reacted with two equival ents of a bifunctional radical of the

E%rmla ™ in which Ris as def |Xﬁe§- ;(gové and X4 is aH“mltmml“""ll””lll
radi cal which is coreactive with an X3 and is preferablty ¥
-NH2, - COOH, - COOR5 or - NCO, in the presence or iatzlggence

of a swtabl\!’oc,’ﬁ‘%TP!/st where the reaction of X3 with X4 gi
group X2, after which a reactive derivative of the fornula (VI)

X4- R—X2(E)kZCF2(OCF2)x (OCCF2) y- OC2- Z- (Bhk- X2- R- X4 (V1) is
obt ai ned which is then preferably reacted wth two equivalents of an [err]
substituted sil oxane of the fornmula (VII) [err]

where the variables Rl, R2, R3, R4. n, X3 and Al k are as defined above,

in the presence or absence of a suitable catalyst, giving a conpound of the
formula (M1 ) X3-Si | - X2- R- X2- PFPE- X2- R- X2- Sj | - X3

(M11) in which Yp, is afune¢tiopgladical which is coreactive with X3 and is preferably -OH,

( Eé-k_ Zl- Cl[:2- ( fﬁ@d X?)OEFM@ ycmié -CONOkor -NQO,iand tHeariablepare1ss defined
radical [err] _.an K n
the reactive ft?ﬁvg'r’ﬁ’ggng?‘aﬁ 11?{93% 'f%‘%loﬂ?;k s'gtp?:@erabl 3%&%% W th

two equi val enthg reaction of Ksa corrpound of the fornmula (1Xa) or (IXb)
P1-(Y)mL-X4 (1 Xa)

PL- Y2 f the eri onof(akféggtone d n
t he presence 8? .%B%lgwgrem&pngmggtmgﬁo t?opo(})’{'{'/e U 0L THore EemRauR P%'ihﬁul a
(1) formulap(]) a5 defined|in siainp 1 and, ifidesiped, at\igast gne vinylic comonomer (a).

(1)

35. A polymer according to claim 34, wherein the proportion by weight of the compound
of the formula (J) is in the range from 100 10 0.5 %, in particular in the range from 80 to
10 %, preferably in the range from 70 to 30 %, based on the total polymer.

36. A polymer according_ to claim 34, which contains no comonomer (a).

37. A polymer according to claim 34, wherein the comonomer (a) is hydrophilic or
hydrophobic or a mixture thereof.

38. A polymer according to claim 34, wherein the comonomer (a) is
tristrimethylsilyloxysilylpropyl methacrylate (TRIS), 2-hydroxyethyl methacrylate,
dimethylaminoethyl methacrylate, trimethylammonium 2-hydroxypropylmethacrylate
hydrochloride, N,N-dimethylacrylamide or N-vinyl-2-pyrrolidone.

39. A crosslinked polymer comprising a product of the polymerization of at least one
compound of the formula (I) as defined in claim 1, if desired at least one vinylic
comonomer (a) and at least one polyunsaturated comonomer (b).

40. A polymer which comprises the polymerization product of the following components
in weight percent based on the total weight of the polymer:

(1) 45 - 65 % of a macromer according to the main claim,

(2) 15 - 30 % of a hydrophobic monomer, and'

(3) 10 - 35 % of a hydrophilic monomer.

41. A polymer according to claim 40, comprising:

(1) 50 - 60 % of a macromer according to the main claim,
(2) 20 - 25 % of a hydrophobic monomer, and

(3) 15 - 30 % of a hydrophilic monomer.
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%E%Li%zgff unctional radical whi éh i's coreact ive with ,!!mwmﬂ""mm o

preferably -OH, -NH2, -COOH, -COC, -COOR5, -CONCO or -NCO, and the
variabl es are as defined above, and in which X1 is fornmed_fromthe
reaction of WaPEMMh X4 and Y is formed from the reaction SETEBIQIER x3.
34. A polyner conprising a product of the polynerization of at |east one
compound of the formula (1) as defined_ igp_claim1 and, if desired, at

| east one vinylic conononer (a). 35. A polyner according to claim 34,
wherein the proportion by weight of the conpound of the fornmula (I) is in
the range from 100 to 0.5 % in particular in the range from80 to 10 %
preferably in the range from70 to 30 % based on the total polyner. 36.
A*pol ymer according to claim 34, which contains no conononer (a). 37. A
pol yner accd%ﬁ@lmefMWS@c‘MPﬂ“PW&omnomr (a) is hydrophilic or
hydr ophobi c go 50- 6D w (bffa&nidmﬁﬁﬁf formula3(®) aeéo:ﬁihb)tm daﬁmﬁbﬁlimge tnamcrllzﬁmm 34,

N, N-di met hyl Meamd@ooroi\koamn amuﬁrrahudmagolymeaﬂagrﬂemmmh nk@d
ESL%B‘ELJS?"%%%@H 3 %Ja%&rggitg@?ﬁ%ﬁ* %E@%%é?**ﬁﬁ pﬁy iﬁiﬂi@ﬁ* &?gifea%
ZlonylAI (r;ol %m%hmlﬁi hﬁ%ﬁﬂﬁ&kkm R; BAdD ﬁ*ee@&m:amﬁahﬁ)aw ng

(1) a5 - 55 oty oudiobg ot ind i) ?Efa%%“?ﬁi% an“@rvﬁ nmeés@fﬁ%%r%of
ahydrophobldkybmmlemmg@ptq carben pms$ Or2 spurated) avelegliphatic 41, A
pol ynmer accopyp dadifg stu&rﬂ&amamhmmmddo &Ooccﬁm% of a nacroner

according to | ai 20 - 25, % of a hydr ophob| ¢ nmononer, and
(3) 15 - 30 %f)gﬁ ggﬁ%f *pﬂ?%he pr» and
(3) 15 - 30 % of a hydrophilic monomer

43. A moulding essentially comprising a polymer according to any one of claims 34 - 42,
44..A moulding according to claim 43, which is a contact lens.
45. A moulding according to claim 44, which is a high-water-content soft contact lens.

46. A moulding according to claim 44, which is a low-water-content flexible,
gas-permeable (RGP) contact lens.

47. A moulding according to claim 43, which is an intraocular lens.

48. A moulding according to claims 43 - 47 wherein the surface of the moulding is plasma
treated in the presence of a C;-Cgalkane (a) and a gas (b) which is selected from the group
consisting of nitrogen, argon, oxygen, and mixtures thereof.

49. A moulding which comprises the polymer of a polymerization product of the
following components in weight percent based on the total weight of the polymer:

(1) 45 - 65 % of a macromer according to formula (I) wherein P, is independently of the
other lower alkenyl having up to 4 C-atoms, Y is independently of the other -COO- or
-OCO-, L is independently of the other lower alkylene having up to 4 carbon atoms, X is
independently of the other -NHCOO- or -OCONH-, p and m are 1; the polymer fragment
Q has one segment (a), up to 2 segments (b) and up to 2 segments (c), wherein in segment
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pal ymer according to clai m 40, corrprl si ng: (1) 50 - 60 %o

formula (1) according to the definition in the main claim wher ei n "P1°% s*
I ndependently of the other |ower alkenyl, Y is independently of the other
-COO or -0OCWO093179% | ndependent |y of the other |ower al kylé QHEPSGP ?58

i ndependently of the other -NHCOO or -OCONH-, p and mare 1; the pol yner
fragment Q has up to 3 segnents (a), up_{9 4 segrrents (b) and up to 6
segnents (c), wherein in segnment (a) the sSsumof the indices x+y is in the
range of 10 - 15, Z is lower alkylene and k is O, wherein in segnent (b)
ALk is lower alkylene, the radicals Rl, R2, R3 and R4 are each

d dent |
ind wior o n 110 Bl sl theldies Y b #0f10] 52 HlopbEb AR 1 e ‘bon
atons or a sawh?—ra'ﬂ‘éﬂsmi@hﬁ"é?é?‘MIaW ?'EV‘“K;;PR)W GRERAn 3Eps, the radicals Bon
atons, and X2Rj,R;abliiRPakre eath indégehlibntly dﬁkoﬂ&rslo%&ﬂkﬂhaﬁnﬁlyﬁlmﬁhmc

nononer, and %

essenti al | y cB arit?msxﬁ%e%eo?lﬁygﬁ%gﬁwm ggémém(c&kdi?flg Hﬁgﬂﬁ%ﬁ

44. A noul di ngy ancrsgmmdmmaiﬁm Asarbmmmm 205 NBEQOr eir@CONHA5 A
nmoul di ng accomllsgm%gﬁﬂmbm‘ﬁ&mﬁm hi gh-wat er - content soft contact

| ens. im44, which is a | owwater-content
fl exible, ﬁé%ﬁﬁf g gg

'l ens. 47. A noul ding according to
cl ai m 43, whi wherpgl thesurfses efseidl meuldiag is plasmagwated imibe presenge ot

clainms 43 - 4girwherein the surface of the noulding is plasna treated in
the presence of a Cl-C6al kane (a) and a gas (b) which is selected fromthe
group consisting of nitrogen, argon, oxygen, and m xtures thereof. 49.
A moul di ng whb@HA bmpflicslenmlmssmaumm sing apolymenaccaading to w@aqgiclvmst he
foll ow ng conpgogpts in wei ght percent based on the total weight of the
polymer: (1) 45 - 65 % of a macromer according to formula (1) wherein P1
is independently of the other |ower alkenyl having up to 4 Gatons, Y is
i ndependent | y SbfThetse of smacromexdf thy formaa()) as defined inhipd-foeenatipg the satfaceot her
| ower al kyl engf fipartifle. up to 4 carbon atons, X1 is independently of the

ot her -NHCOO- or -OCONH-, p and mare 1; the pol ymer fragnment Q has one

segnent (a), gto 2 seg rrents (b) _and up to 2 segnents (c), wherein_ in
segnent 52. The use of apolymeras ed in any one of claims 34 to 42 for coating the surface

of an article.

53. The use of a macromer of the formula (I) as defined in claim 1 for the production of a
moulding.

54. The use of a macromer of the formula (I) as defined in claim 1 for the production of a
contact lens.

55. A corneal implant essentially comprising a polymer according to any one of
claims 34 - 42,

56. A corneal implant according to claim 55 which can be used in surgical implantation on
or in the cornea of 2 mammal, where said implant has an optical property in the region
over the optical axis which is suitable for imparting visual acuity, furthermore has a
porosity which is sufficient to allow components of tissue fluid having a molecular weight
of greater than 10 000 daltons to pass through, with flow of tissue fluid from cells outside
the implant to cells inside the implant being ensured, and where the porosity in the region
over the optical axis is arranged to such an extent that flow of components of tissue fluid
is possible, but ingrowth of ocular tissue is excluded.
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m‘lfﬁg indices x+y is in the range of 10 - 15, Z |Jlllﬂwuﬂulyﬂllgugll

and k is 0, wherein in segnent (b) Alk is |lower alkylene having up to
carbon atons, the radicals Rl, R2, R3 and R4 are each independent|ly of the
ot hers | owa0o %3kt having up to 4 carbon atonms and n is ’F‘F?é’ofzéﬁge of 14
- 28, and wherein in segnent (c¢) Ris a saturated divalent cycloaliphatic
group having 6 - 14 carbon atons, and X2_.is -NHCOO or -OCONH, (2) 15 -
30 % of a hydrophobi c nononer, and (3)'43?0 - 35 % of a hydrophilic nononer,
wherein the surface of said nmoulding is plasma treated in the presence of a
nmet hane and air. 50. A bionedical article essentially conprising a

pol ymer according to any one of clains 4 - 42, 51 e. f

macr oner  of 57-@%?%%@?%#%@"&&7%8@% ‘il’“@? 3? AR 5§ 3’:‘“@5@% ’.'_'ﬁ’ga ; %eco%? face

of an arti Cwith one bPZmorElrempenentsf whictppriomotsr growthcpf tisswe dn the vigiRitydigheof cl ai s
34 to 42 fo t AfKesion imblahc! €. 53. The use of a

macr omer of %ﬂgﬂfg%ﬁ#gﬁl I gs defoigr%gﬁi nbcl aiml for the production of a
moul di ng. 54. The use of a macroner of the formula (1) as defined in
claim 1l for s8h& corned iaplanaceirding tecanytone of tleims. 55 - Fowhere therpoeasity phfhe ant
essentially.c r.L S : i + 3 i - 42,
56. A cor neé?‘%#gﬁpﬁggtc’g? I'n lftcgfc, al rﬁmﬁS&gy\ﬂ?gﬁsgml%{emtﬁ£@éﬂswgﬁr i cal

i npl ant at i oPresein compenents 9f tigsye Huid hgying a ?WF@@%M%I%@@% an
opti cal prOmbﬁ?lﬁlﬂixﬁﬁlﬁltftﬁaMasemﬁmeﬁihliaoﬁt'BMi ch is suitable for
imparting visual acuity, furthernore has a porosity which is sufficient to
al | ow conponents of tissue flujd havjng a m)lrgcul ar, \Aef{]ﬁht % gr eater than
10 000 dal t §8sArcemsalimplantascopdingp clgim b hse the malenty of fIGPTP V] | s

out si de t helidnigidraf froin0l Sahometersso 05 nitwens.npl ant bei ng ensured, and where

the porosity in the region over the optical axis is arranged to such an

extent that flow of conponents of tissue fluid _js possibl but,, i ngr owt h
of ocul ar tiﬁgsﬁgeﬁlgwggmgg_e comprising a polymer accord%ng tg any one of tlains 34 - 43!

61. A medical implant comprising a polymer according to any one of claims 34 - 42.

62. The use of a macromer as defined in'claim 1 for the production of a corneal implant, a
cell-growth substrate or a medical implant.
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corneal inplant according to either of clains 55 and 56, where the i mpl ant
is coated wth one or nore corrpor}%agzﬁ{g I(,prormte growm h g=ti ssue in
the vicinity of the inplant and/ e cell adhesion t ""H".l.‘ I nmpl ant .
58. A corneal g ant aCCOWQHLBWMﬁBkaAﬁ 55 - 5¥Mfere t he
porosity of thAe~ Tnplant is provi dd¥mialBues| ¢ pljcity of pores whose size
i s suf f INTERNATIGNAIN APPIJCATION RITBLISHED BNDER THP 8ATENTE COOPERASION TREATY BMCR | ng

a no & .t han 1J 00 e W
whosg Bﬁ%ﬂﬂ'lﬁ% cmkﬁ*gllegg{nl ngrowt h jof, ﬁlgmg&lwﬁr%al | |rrprrpl g]%mﬁk
acco %ﬁpéﬂﬁrgﬁﬁ where the Hraj fm)pmndnheuﬁmbavelmmmwm1

f.r ontES—rarorreters—to——5Terons: —AceHgrowth—substratecomprTsTHg

a po ummﬁaﬁﬂmilmmnm&y onepo:rm/bms K81 BesignatéPStates: ﬂlﬁsnmelmxam ICNyiZaER,

Com! 5,8 8 ESITRL CcordLng L anpdne oS, I Dbk 0. 0

U
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- . , AR : ﬁ G), Eurasian
impl ant, a cell-growth substrate or a {medi gatat ,KG, xz.mnnunm).
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(57) Abstract

The present invention describes a free-radical-polymerizable macromer of the fornula (f) based on an unsubstituted or symmetrically
substituted perfiuoroalky] ether; a polymer comprising the product of the polymerization of a novel macromer; alone or together with at
least one vinylic comonomer; a process for the preparation of a macromer and a polymer; mouldings, contact lenses, comeal lmplams and
biomedical articles made from apolymarandamclueomd with a macromer of the formula (I) or a polymerization product thereof.




