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DESCRIPTION OF THE RELATED ART -

Materials which are employed for the production of contact lenses and other devices to be
used in an ophthalmic environment must be “ophthalmically compatible®, i.e. must not
substantially damage the surrounding ocular tissue and ocular fluid during the time period of
contact.

One ophthalmic compatibility requirement for contact lenses is that the lens must allow
oxygen to reach the cornea in an amount which is sufficient for long-term comeal health.
The contact lens must allow oxygen from the surrounding air to reach the cornea because
the cornea does not receive oxygen from the blood supply fike other tissue. If sufficient
oxygen does not reach the cornea, cormneal swelling occurs. Extended periods of oxygen
deprivation causes corneal edema and the undesirable growth of blood vessels in the
cornea. "Soft" contact lenses conform closely to the shape of the eye, so oxygen cannot
easily circumvent the lens. Thus, soft contact lenses must allow oxygen to diffuse through
the lens to reach the cornea.

Another ophthalmic compatibility requirement for soft contact lenses is that the lens must
not strongly adhere to the eye. Clearly, the consumer must be able to easily remove the
lens from the eye for disinfecting, cleaning, or disposal. However, the lens must also be
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There have been numerous attempts to blend the desirabie hydrophilic properties of
hydrophilic polymers, formed from monomers such as HEMA, with the desirable oxygen
permeability of polymers formed from siloxane-containing monomers. DE-A-4113292 for
example discloses ophthalmic mouldings produced from polydiorganosiloxane/ poly
(ester)carbonate block copolymers whersin the chemical bonding of the polysiloxane and
poly(ester)carbonate blocks is through an Si-O-aryl bond. The material is said to show good
mechanical stability, flexibility and dimensional stability, high biological compatibility and
should be easily producible. Also it is said not to absorb water and to be suitable for

producing disposable contact lenses. This material, however, may not be crosslinked after
production.

EP-A-386249 discioses oxygen-permeable shaped articles consisting of a block copolymer
of the general formula A-B, A-B-A or B-A-B where 80% by weight or more of the monomer
units constituting segment A comprise an alkyl methacrylate ahd 80% by weight or more of
the monomer units constituting segment B comprise silicon-polymethacrylate monomer
units. The shaped articles are produced from the block copolymer without further chemical
madification by dissolving the copolymer in a solvent, casting the resulting solution and then
removing the solvent therefrom. The shaped article is said to be characterized by having a
high oxygen permeability. if the shaped article is made from a polmer solution prepared with
a solvent having a solubility parameter of 7.3 to 9.2 cal’’2 em 32, it is possible to create a
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polyoxyalkylene units which have a number of beneficial properties. The block copolymers,

however, do not have a controlled and well defined structure of the individual blocks.

JP-A-61-289323 discloses a soft contact lens with high oxygen permeability comprisirig
terminal blocks of an aromatic vinyl compound such as polystyrene, and a middle block of a
conjugated diene polymer such as polybutadiene. These tri-block copolymers do not have
terminal functional groups and possess an insufficient oxygen permeability.

JP-A-58-058519 discloses a contact lens material comprising a copolymer of silicon resin
units having functional groups, e.g., vinyl groups, polyether units having functional groups,
e.g., allyl groups, and silicon resin units having functional groups capable of reacting with
the functional groups of the other components. Also for this copolymer, the structural
arrangement of the individual blocks is not well defined. |

US-A-5,371,147 and US-A-5,314,961 disclose block copolyme'rs,' of a hydrophilic acrylate
type monomier and a hydrophobic silicon-type acrylate having polymerizable terminal
groups. Besides linear crosslinked products also star polymers are disclosed which are
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cosmetic raw material, mould release agent, antifogging agent, antistatic agent, defoaming
agent, textile oil, plastic improver, lustering agent or lubricant utilizing the properties inherent
in the organo polysiloxane.

WO-A-84/29756 discloses interpenetrating networks of polysiloxane/polycarbonate block -
copolymers and methylmethacrylate.

JP-A-05-117390 discloses the introduction of terminal hydroxy! groups on polyoxazolines by
“reacting the living end group with NaOH/MeOH.

The production of di- and triblock copolymers using 2-alkyl-2-oxazolines is further disclosed
by Riffle et al. (l. Yilgor, R.S. Ward, J.S. Riffle, ACS Polymer Preprints, 28(2), 369, 1987;
J.S. Riffle, 1. Yilgor, US-A~4,659,777 (1987); Q. Liu, J. Bronk, A. Verma, J. Wilson, R.M.
Davis, J.S. Riffle, Polymer Preprints, 33(1), 215 (1992); W. Liu, G.R. Wiison, R.M. Davis, J.
Riffle, Polymer 34, 3030 (1993); J.S. Riffle, G. Sinai-Zingde, J.M. DeSimone, AM. Hellstern,
D.H. Chen, l. Yiigor, Polymer Preprints, 29(2), 93 (1988)); Saegusa et al. (T. Saegusa, H.
tkeda, Macromolecules, 6, 805, (1973)); Y. Chujo, E. Ihara, H. lhara, T. Saegusa, S.
Kobayashi, T. Saegusa, Makromol. Chem., Suppl., 12, 11 (1985)) and Litt et al. (M.H. Litt,
X. Swamikannu, ACS Symp. Ser., 286, 231 (1985)). Blocks of polydimethyisiloxane and
polyethylene oxide (S. Kobayashi, M. Kaku, T. Tsutani, T. Saegusa, Pol. Bul., 9, 196,
(1983)) or t?locks of pqubutadiene (T. Saegusa, H. lkeda, loc. cit.) have been used.
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oxazoline or polyisobutyl vinyl ether on partially triflated polymethylphenyisilylene; see Y.
Hrkach et al., Gov. Rep. Announce. index (U.S.) 1994, 94(20), Abstract No. 455,301, 1994,

The overview of the prior art given above shows that, while there is a great number of
documents relating to copolymeric materials comprising oxygen permeable, hydrophobic
blocks or segments and water- and ibn-permeable, hydrophilic blocks or segments which
materials are said to be suitable for the production of ophthaimic devices, especially contact
lenses, there is no teaching in the prior art of ophthaimic devices directed towards the
production of amphiphilic segmented copolymers having a controlied length of the
hydrophobic and hydrophilic segments which for this reason can provide a defined
microphase morphology of the copolymer {eading to a defined and reproducible structure of
the contact lens material. The latter is essential for the achievement of high oxygen as well
as water and ion-permeability and appropriate on-eye mobility of a iens suitable for true
extended wear.
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Still a further object of the invention is to provide mouldings, especially ophthalmic devices
for vision correction including contact lenses and biomedical articles comprising such
materials, e.g., intraocular lenses, artificial cornea and membranes.

Stili a further object of the invention is to provide a contact lens which is suitable for
extended periods of wear, e.g., for a period of up to 30 days, in continuous, intimate contact
with ocular tissue and tear fluid.

The objects of the invention could surprisingly be achieved on the basis of the finding, that
amphiphilic segmented copolymers comprising oxygen-permeable segments and water-
and ion-permeable segments can be "tailored" by controlled polymerization of hydrophilic

- monomets, preferably those specifically defined hereinafter, in the presence of a
hydrophobic polymer carrying initiator groups, preferably those specifically defined
hereinafter, or vice versa, i.e. by controlled polymerization of hydrophobic monomers in the
presence of a hydrophilic polymer carrying initiator groups and that polymerizable
unsaturated groups may be provided within the obtained amphiphilic segmented copolymer
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relatively high rate of oxygen diffusion therethrough.

Similarly, an "ionoperm polymer" is a poiymerizatioh product of a polymerizable material
which is capable of polymerizing to form a polymer having a high ion permeability. These
materials include monomers, oligomers, macromers, and the like, and mixtures thereof,
which are capable of polymerizing with like or unlike polymerizable materials to form a
polymer which displays a relatively high rate of ion or water permeation therethrough.

Another subject matter of the invention is a process for the preparation of a copolymer as

defined above comprising the steps of

a) providing at least one thermally or photochemically activable cationic or radlcal
initiator group on at least one end or pendent from a compound serving as segment
A or segment B in the copolymer;

b) conducting a graft polymetization at the initiator group present on the said segment
A or segment B using a monomer from which segment B or segment A, respectively,
is derived; o

c) optionally changing the monomer and conducting further graft polymerization using

a hydrophobic or hydrophilic monomer which is the same or different from the
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tear fluids. A particularly preferred embodiment of the invention is an extended-wear vision
correction lens suited for safe and comfortable long term wear without removal.

Still a further subject matter of the invention is the use of an amphiphilic segmented
copolymer as defined above for the production of an ophthalmic device for vision correction,
especially a contact lens, and the use of said copolymer or of a polymeric product as
defined above for coating the surface of an article. |

The amphiphilic segmented copolymers are comprised of segments having high oxygen

- permeability and segments having high ion and water permeability. These segments have
as a unique feature in the art a controlled length which is due in the case of the first
segment which is used as a substrate for grafting to the fact that commercially available
products or separately produced polymers having a defined chain length can be used as
starting material, and as regards the growing segment, their chain length is controlled
through the amount of monomers added and the conditions of polymerization. According to
the invention, amphiphilic segmented copolymers are obtained which can be further
processed to materials having a defined microphase separated morphology with two .
interpenetrating continuous phases, said morphology existing in uncrosslinked films as well
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unsaturate group and can thus undergo furt ef polymerization, ptlonally with other vinylic
monomers, or crosslinking reaction with crosslinking agents. The copolymers may also have
more than one polymerizable unsaturated group and can then undergo efficient direct

crosslinking reactions providing fast-curing materials.

The amphiphilic segmented copolymers according to the invention may be used for the
production of ophthalmic devices, especially soft contact lenses. Further non-limiting fields
of use are biomedical matetials and implants, e.g., intraocular lenses, artificial cornea and
membranes. They may also be employed outside the field of ophthalmic devices as
coatings, e.g., on optical fibers, as technical membranes, in drug delivery systems, as films,
sheet materials and moulding for different purposes. :

in all fields of use, as mentioned above, the amphiphilic segmented copolymers of the
invention and the polymeric products obtained by further polymerization and/or crosslinking
therefrom are advantageously used because of their controlied morphology, improved
performance profile, high long-term stability, improved reproducibility and low failure rate.
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in which n is an integer from 5 to 200; Alk is alkylene having up to 20 carbon atoms; 80-
100% of the radicals R4, Rp, Rz and R4, independently of one another, are alkyl and 0-
20% of the radicals Ry, Ry, R3 and Ry, independently of one another, are alkenyl, aryl,
fluoroalkyl or cyanoalkyl. |

In a preferred meaning, n is an integer from 5 to 120, particularly preferably 10 to 100, in
particular 20 to 80.

In a preterred meaning, 80-100%, preferably 85-100%, in particular 90-100%, of the
radicals R1, Rp, R3 and R, are, independently of one another, lower alkyl having up to 8
carbon atorins, particularly preferab(y tower akky! having up to 4 carbon atoms, especially
lower alkyl having up to 2 carbon atoms. A further particularly preferred meaning of Ry, Ro,
R3 and Ry, is methyi. ' '
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pol ymeric products obtained by further polynerization and/or crosslinking
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anphi phialkyd). segnment ed copol ymer of the invention conprises at |east one
‘'segnment A which conprises an oxyperm polyner as exenplified below, i.e. a

pol ymer displ ayin rel atiyel i gh, oxygen diffusion rate therethrough. In
addi t i orﬁc“PF%@%tQél@P?raﬂ@’WB?%tfg t'%‘pWVﬁé‘? » 38 PXyPer pRlYMEs ibSeameRtd oxyper m
pol ymer scoriprisesla pevivosaiikylpbiyethet blek ohEomiwa (Ipol ysi | oxanes, perfl uor oal kyl
ethers, specific unsaturated polynmers and polysul fones. The oxyperm pol yner

may al so contain hydrophilic groups. Accordi ng to one enbodi nent of the
i nventi on, t-@kﬂgﬁgﬁmﬁg)ﬁ(mﬁcﬂﬁﬁ@ﬁﬁg-z-ﬁmonpr i sd8) a pol ysi | oxane bl ock
havi ng term nal al kyl ene groups of Fornula (1) :
in which x + y is a number in the range from 10 to 100; 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 alkoxy, e.g. —(OCHZCHz)q-, where q has a value of from 0 to 2 as a statistical
average, and where the fink -Z-E- represents the sequence ~Z-(OCH2CHy)q-; and kis 0 or
1.

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

- The perfluoroalkoxy units OCFo and OCFoCFa having the indices x and y in Formula (Il) * °
can have a random distribution. The sum of the indices x+y is preferably a number in the
range from 10 to 50, particularly preferably from 10 to 30. The ratio x:y is preferably in the
range from 0.5 to 1.5, in particular in the range from 0.8 to 1.2.

In a further embodiment of the invention, the oxyperm polymer in segment A comprises an
unsaturated polymer comprising repeating units selected from units of formula (IN) and (V)

R,
LT | - _}
| ' -

l {I1I)

I
Rg

o

B R, —
L. - m

wherein Rg is hydrogen, alkyl or trialkyl-sily;



[err] in which nis an integer from5 to 200; Ak is al kyl ene havi ng up to
20 carbon atons; 80- 100% of the radicals Rlerr], R2, R3 andéé?@ 20

i ndepend®@IHIHMO one anot her, are alkyl and 0- 20% of t he X% s R, R2,
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According 1o anot her. odi nrent of the invention, the oxyperm polyner in
segnent A conprises a perfluoroal kyl - pol yet her bl ock of Formula (I1)

-(B)[err]-2z-CF2- (OCF2) x- ( 2CFR)[err]-OCF[err]-Z-(E)k (rn) in
which x + y is a nunber I n 2f ange from 10 to 100; each Z, independently
of the others, r

| CH— - W

S

wherein r and s, independently of one another, are an integer of 1 te 3, but do not have at
the same time the value 1,

or R7 and Rg, taken together, are ~(CHg)p-, wherein p is as defined above;

mand o, independently of one another, are an integer of 10 to 100,000; and

the sum of m and o is an integer of 20 to 100,010.

An unsaturated bolymer containing repeating units of Formula (lit) and/or (IV) comprises
typically a residue Rs, Rg, R7 or Rg as terminal group.

The residues Rg, Rg, Ry and Rg in the units of Formula (llt) and/or (IV) are preferably
selected in such a way that at least 20% of the units comprise an unsaturated carbon-
carbon-bond.

Rs is preferably hydrogen or lower alkyl having up to 8 carbon atoms, more preferably

_hydrogen or lower alkyl having up to 4 carbon atoms, still more preferably hydrogen or lower
alkyl having up to 2 carbon atoms and especially hydrogen or methyl. A further preferred
meaning of Ry is tri lower alkyl silyl and especially trimethy!silyl, especially when Ry is
linked to a unit of Formula (IV).

Rg is preferably lower alkenyl having up to 8 carbon atoms which is unsubstituted or
substituted by lower alkoxy, lower alkoxycarbonyl, carboxy, halogen or phenyl, more
preferably lower alkenyl having up to 4 carbon atoms, unsubstituted or substituted by lower



. is a dival ent radi cal having up to 12 carbon atons or a bond; each E,

j ndepend o he others, is alkoxy, e.g. -(OCH2CH2) [ er rgctT/obene2e3 has a
val ue of to 2 as a statistical average, and where the link -Z-E-
'represents the sequence -Z-(OCH2CH2) [ er ‘,l; and k is 0 or Zis preferably
a bond, lower alkylene or -CONH-arylene,”in which the -CO noiety is l.inked
to a CF[err] group. Zis particularly preferably | ower al kylene, in
particul ar nethyl ene. The perfl uoroal koxy units OCF2 and OCF2CF2 havi ng
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range fromO0.5 to 1.5, in particular in the range from0.8 to 1.2. In a
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.conprises an un P Speatlng unt s Se
uni ts ofsubstitatadby lowey a&qu, (th)oxy. halogesrarjphenyl, mare:preferably dower alkyl ivavinggen,
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al kyl, aspesiatly lowes alkyl havingsup ta4 earbgp afams upsubstityad e suRstiyted Ry halogen
car boxy oripheagen or aryl; alkenyl, unsubstituted or substituted by al koxy,
al koxycar bonyl , carboxy, hal ogen or aryl; or al kynyl, unsubstituted or
substituted by al koxy, al koxycarbonyl, carboxy,

Ry is preferably hydrogen or lower alkyl having up to 8 carbon atoms, more preferably

hydrogen or lower alkyl having up to 4 carbon atoms, still more preferably hydrogen or lower
alkyl having up to 2 carbon atoms and especially hydrogen or methyl.

Rg has independently from Rz the same meaning and preference.

in a preferred embodiment Rg and Ry, taken together, are
-(CHg)p-, wherein p is an integer of 3 to 5, preferably 3 or 4, more preferably Rg and Ry are
taken together trimethylene. :

Rg and Ry in a preferred meaning may also be taken together to form a divalent residue of
Formula (V) wherein r is preferably an integer of 1 to 3 and s is preferably 2.

In a preferred embodiment Ry and Rg taken together are
-(CHo)p-, wherein p is an integer of 3 to 5, preferably 3 or 4. R7 and Rg taken together are
preferably trimethylene.

A preferred meaningof mand o is independently of one another an integer of 10 to
100,000, more preferably 20 to 10,000 and especially 25 to 1,000. The sumof m and o is
preferably an integer of 20 to 100,010, more preferably 20 to 10,000 and especially 25 to
1,000. '

- A preferred unsaturated polymer is a compound containing repeating units selected froi'n
units of Formulae (Ill) and (IV), wherein Rg, R7 and Rg are hydrogen and Rg is lower
alkenyl or lower alkenyl substituted by halogen.
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A preferred unsaturated polymeris a compound comprising alternating repeating units of

Formuilae (1) and (1V), wherein Rg, Ry and Rg are hydrogen and Rg is lower alkyl or lower
alkenyl having up to 4 carbon atoms.

An unsaturated polymer is, e.9., a polymer of a conjugated aliphatic or alicyclic diene, which
may be substituted by halogen or lower alkyl, a polymer of an alkyne or dialkyne, which may
be substituted by lower alky! or trimethyisilyl, a copolymer of a conjugated diene and a
hydrophilic or hydrophobic vinylic monomer, and aiso partially hydrated derivatives of the
mentioned compounds.

Specific eXamples of preferred polymers of conjugated dienes are cis-, trans, iso- or
syndiotactic poly-1,2-butadiene, poly-1,4-butadiene or polyisoprene, poly-pentenamer, poly-
chloroprene and polypiperylen. Preferred examples of copolymers are butadiene- or
isoprene-copolymers with hydrophilic or hydrophobic vinylic monomers, such as
acrylonitrile, styrene, acrylic acid or hydroxyethylmethacrylate. An example of a polyalkyne
is poly-1-trimethyisilyl-propyne.

An especially preferred unsaturated polymer is selected from syndiotactic poly-1,2-
butadiene, poly-1,4-butadiene and polyisoprene.

An especially preferred unsaturated polymer is poly-1-trimethylsityl-propyne.
Another especially preferred unsaturated polymer is poly-1,4-butadiene.

in a further embodiment of the invention, the oxyperm polymer in segment A comprises a
polysulfone compri_sing_ at least one of the structural elements Vla) to VId)
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| ower al l?gés’gé?"b‘gnyl , carboxy, hal ogen or phenyl, and especially | ower

al kenyl having up to 4 carbon atons, unsubstituted or substituted by

‘hal ogen or phenyl. Al ternatively, R6 1Ps preferably | ower al kyl having up
to 8 carbon atons, unsubstituted or substituted by |ower al koxy, hydroxy,
hal ogen or phenyl, nore preferably | ower alkyl having up to 4 carbon atons,
unsubstituted or substituted by | ower al koxy, hal ogen or phenyl, and
especially | ower a%gﬁézhaving up to 4 cargo? atons, unsubstituted or
substituted by hal'dge€W or phenyl . R7 is B ef erabl'y hydrogen or | ower

“al kyl having up to 8 carbon atons, nore preferably hydrogen or |ower alkyl

having up to 4 carbon atons, still nore preferably hydrogen or | ower alkyl
“having up to 2 carbda®Hgtons and especial |y hydrogen or nethyl. R8 has
i ndependently from R7 the sane neaning and preference. in a preferred

enbodi ment R6 and. -q.@lsﬁasdzqget her, areyipgCH err])[err]-, wherein p is an
i-nteger of 3 to 5, preferably 3 or 4, nore preferably R6 and R7 are taken

t oget her trinethyl ene. R6 and R7 in a preferred neaning may al so be taken
together to forma giyalent residue of Fornmula (V) whereinr is preferably
an integer of 1 to 3 and s is preferably 2. In a preferred enbodi ment R7
and R8 taken together are -(CH2)p-, wherein p is an integer of 3 to 5,
preferably 3 or 4. %and R8 taken together are preferably trinethylene.

A preferred neani h‘a' 288nd o is i ndepen 8}1tly of one another an integer
of 10 to 100,000, nore preferably 20 to 170,000 and especially 25 to 1, 000.
The sumof mand o is preferably an integer of 20 to 100,010, nore
preferably 20 to 10,000 and especially 25 to 1, 000.

-R-O-R-SOx-R-R-S0p- Vid)

wherein R in structural element Via) is alkylene or arylene and R in structural elements Vib),
Vic) and Vid) is arylene, especially phenylene. ' '

in one embodiment of the invention, the oxyperm polymer in segment A may comprise one
of the polymers illustrated above. According to another embodiment, the oxyperm polymer
in segment A may comprise more than one kind of polymers as illustrated above, e.g., may
comprise perfluoroalkylene polyether or polybutadiene subsegments (a) and polysiloxane
subsegments (b).

In this case, the number of subsegments (b) in segment A is preferably greater than or
equal to the number of subsegments (a).

The ratio between the number of subsegments (a) and (b) in segment A is preferably 3:4,
2.3, 1:2 0r 1:1. '

The molar ratio between the number of subsegments (a) and (b} in segment A is more
preferably 2:3, 1:2 or 1:1.

The mean molecular weight of segment A comprising subsegments as explained above is
in the range from about 1,000 to about 50,000, preferably in the range from about 3,000 to
about 15,000, particularly preferably in the range from about 5,000 to about 12,000.



A preferred unsaturated polyner is a conpound containing repeating units
selected fromunits of Fornulae (111) and (1V), wherein and_R8
are hyd™E¥924%d R6 is | ower al kenyl or |ower al kenyl %’?‘%?P %
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preferred unsaturated polyner is a conpound corrprl sing repeating units
selected fromunits of Formulae (111) and (IV), wherein Rerr], R7 and R8
are hydr ogen and % is lower al kenyl having up to 4 carbon atoms
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Ff)rk mllula afﬁbdnl 1, puhaaumlrw pﬁfefarb]y infife adtgeforazgo By6UIt@) and @rnﬂar%ulaﬁmhﬁd\/er
al Keny aVvl n

ar bo referred unsat r.at ed is a

cormolRES e Braptrth 2,068 PRENE Bidnap ArlTAY Grmbast & el < 17,
(1 owersubkégrhgrti(ayandioton¥ siloxkneé subsegevenh(y| . A pr ef erred unsaturated
polymer is a conmpound conprising alternating repeating units of Fornul ae
(rrr)y and (1V), wherein R err], R7 and R8 are hydrogen and R6 is | ower
al kyl lom prgmmedmmem Bngmapmwhmmembmhm comppsitiom itcthe aboeet
pon clic diene,

2 hettnef s, e FEls (imiRalelah WS B BY piRiPkre et B o el kyne
or dlalkyne whi ch nmay be substituted by | ower aIkyI or trimethylsilyl, a

copol ya&d cahpesnmfs m@taﬁmeﬁtl ShMheA m@w&m&bt pbnd:awvemﬁdrmlm & nvday | i C
nononer al so_par deri.yvatives

corrpoﬁﬁ:}??caq %B@SF?PB t@?gﬁi/ﬂa@g%% ’S’F &fp '?'8de‘i?6’l' %‘F‘E”@&%&?P&@H&%d di.enes
are C|rad|palsrcanwmmg;m£ent:¢al sgoviing urdtsi are jreiuded], s@longtasdhefisal rmﬂrystatastncal

, 4- but 2 ﬁ Rr % ene, poly-pentenaner, poly- chloroprene and
polyplpe erred exanpl es of copol yners are butadi ene- or

in addition to the at least one segment A comprising an oxyperm polymer, the amphiphilic
segmented copolymer of the invention comprises at least one segment B which comprises
an ionoperm polymer as exemplified below, i.e. a polymer displaying a relatively high ion
diffusion rate therethrough. In addition, these materials must be ophthalmically compatible.

Segment B is made up of hydrophilic monomers which are linked to segment A by a non-
hydrolyzable bond. Specific examples of hydrophilic monomers which are suitable for
segment B are cyclic imino ethers, vinyl ethers, cyclic ethers including epoxides, cyclic
unsaturated ethers, N-substituted aziridines, B-lactones and B-lactames. Further suitable
monomers include keten acetales, vinyl acetales and phosphoranes.

The cyclic imino ethers which may be used as hydrophilic monomers to build up segment B
are cyclic imino ether compounds of Formula (Vi)

N —— (CHa)
o} _ (Vi)
wherein Rg represents a hydrogen atom, an alkyl, hydroxyalkyl or alkenyl group having up

to 22 carbon atoms and optionally containing ether, ester or urethane groups, a cycloalkyl
group, an aralkyl group or an aryl group; and tis 2 or 3.



i sopr ene- copol yrrers wi th hydrophilic or hydrophobi c vinylic nonomers, such
as acrylonit gjglﬁﬁ’gstyrene acrylic acid- or hydroxyethyl met h%&myﬁnogn -

exarrpl e of"Q I kyne is poly-1 -trinethylsilyl-propyne. An especially
preferred unsaturated polymer is selected fromsyndiotacti.c poly-1, 2-

but adi ene, poly-1 ,4-butadi ene and polyi gdprene _An especially preferred
unsat urated pol ymer Is poly-1-trinethylsilyl-propyne. Anot her especially
preferred unsaturated polynmer is poly-1, 4-butadi ene. In a further

oo Shedlc bl SPBBle SRR A0 I otk RTERL REOITEL TR
WO 97/ 49(Mt) wherein Rg is an alkyl or alkenyl group or a hydroxyalkyl group having up to 10, more
PCT/ EP97b%?&'Q§ly up to 4 carbon atoms. Also preferred are their 2-|socyanatoé'tﬁyl methacyrate
adducts on the hydroxyalkyl group. Ifa 2-oxazoline having an alkenyl group in 2 position is
used as hydrophilic monomer, a polymerizable unsaturated group is provided within
segment B (in a side chain) of the amphiphilic segmented copolymer which may serve as
the polymerizable unsaturated group necessary for the final polymerization to obtain a
polymeric product suitable to prepare a moulding, such as a contactlens, orasan
additional polymerizable unsaturated group which offers the possrblhty of direct crosslinking
in the preparatron of the moulding.

The most preferred cyclic imino ether to be used for preparing segment B is 2- -
methyloxazoline.

Other compounds which are preferred for use as hydrophilic monomers in the production of
segment B are vinyl ethers of Formula (Vi)

R10-O-CH=CH»o (Vi)

wherein Rqg is alkyl or alkoxyatkyl having 1 to 10 carbon atoms,
dioxolane, dioxetanes or cyclic ethers of Formulae (IX), (X) or (XI)

O ——CHa (1X) - X)
I | ! | - Ry1HC CHR11
CHz— (CH2)y o
R11HC——CH ORqs X))
CHo

wherein u is an integer of 1 to 3, each Ry1.is independently hydrogen or an alkyl or atkenyl .
group having up to 22 carbon atoms and optionally containing ether, ester or urethane
groups, a cycloalkyl group, an aralky! group or an aryl group and Ry2 is an alkyl, alkenyl or
alkoxyalkyl group having up to 4 carbon atoms.



[err] wherein Rin structural elenent Ma) is alkylene or arylene and R in
structural elenents VIb), Vic) and VId) is arylene, especj | 'ene. -
In one A¥@8U#IEMt of the invention, the oxyperm pol yner in s)gégnéér??ﬁ% may
conprise one of the polyners illustrated above. According to anot her

enbodi ment, the oxyperm polyner in sedBent A may conprise nore than one
kind of polyners as illustrated above, e.g., nay conprise perfluoroal kyl ene
pol yet her or pol ybut adi ene subsegnents (a) and pol ysi |l oxane subsegnents
(b). In this case, the nunber of subsegnments (b) in segnent Ais
preferably greater than or equal to the nunber of subsegnents (a). The
rati o oeweest préferrad niogh etbérssand seting ninyt éthpr, athyl viby! dthersngmethoxy pihyl
preferg offed, 2:3, 1:2 or 1:1. The notar ratio between the nunber of
subsegment s ?é) and (b) in segnent Ais nore preferably 2:3, 1:2 or 1:1.
The nean nol ecul ar wei ght of segnent A conprising subsegnents as expl ai ned

above ﬁ'ﬁeirgl’efbﬁﬁdkga%geéﬁé@@r Bpoilides S rinRizPX9 WheRéin BRER ?fi@ﬁgcllréﬁbﬂah@ the

range from about to aboyt 15, 000, parti cul arl% prefera in the
range theodthgbisdydasnceradkyhha\irg 10 d@groon atoms,gspgeialin sthyleneoxide,

PCT/ EPB/oyietiédxide and butyleneoxide. Also crreferre_d are the hydrophilic glycidyl @thers of The
t ot al unbe‘r RI s‘,‘ubs.eq_.\[rent ?‘y&ab an d(ﬁb) An §§ﬁnent| ,?' & e% ef e{hapl y in the
range oORia (XI) wherein R4 ¢ is hydrogen and Ry is methyl, vinyl, allyl or ethoxyethyl.
in the amphiphilic segmented copolymer of the invention, segments A and B are linked
together through a non-hydrolyzable bond. A "non-hydrolyzable bond" in the sense in which
this term is used in the context of the invention is a covalent bond which is not cleaved by
an ordinary aqueous or solvent hydrolysis reaction, e.g., under acidic or basic conditions.
"Non-hydrolyzable" in this sense are, e.g.,

-C-N-C and -C — C- bonds. Specific examples of bonds which are

hydrolyzable within the meaning of the term as explained abéve are ester, amide and
urethane bonds.

2. Preparation of the Amphiphilic Segmented Copolymers

The non-hydrolyzable bond between segments A and B in the amphiphilic segmented
copolymer of the invention is formed in aécordance with the invention by polymerizing a
suitable hydrophilic monomer (which provides segment B) in the presence of a suitably
functionalized segment A such that a block of units of the hydrophilic monomer grows from
the site of functionalization of segment A or, alternatively by polymerizing a suitable
hydrophobic monomer (which provides segment A) in the presence of a suitably
functionalized segment B such that a block of units of the hydrophobic monomer grows
from the site of functionalization of segment B.

The functionalized segment is also.called “macroinitiator" within the context of this
specification. It is a polymeric compound comprising an oxyperm or ionoperm polymer as
specified above which carries terminal and/or pendant initiator groups | as represented in
the following schematic formulae for a functionalized oxyperm segment A



to about 11, particularly preferably in the range from2 to about 9, and in
particular in the range from2 to about 7. The snaltest SeosERE 3903
preferabIVQ:ﬁ’ﬁ%@ed of one perfluoro subsegnent (a) and/or ‘one 1;9?1 ogoane

subsegnment (b). In a preferred enbodi nent of segnent A which preferably
has a conposition in the above- menti ont¥-ratios, segment A is term nated
at each end by a sil oxane segnent (b). Sai d conpositions in a bival ent

segnent A al ways correspond above and below to a nmean statistical
conposition. This means that, for exanple, even individual block copolyner
radicals containing identical recurring units are included, so |long as the

final nmean statistical gompostttomis as specified. In addition to the at
‘| east one segment A conprising an oy ojyner, the anphiphilic
segnent ed copol yner of the—inventioh conpri at | east one segnent B which

conprises an ionoperm polynmer as exenplified below, i.e. a polyner
‘di splaying a rel ati vel yrgir—tonm—d+{f usi on rate therethrough. In addition,
t hese material t bejophthalmcally conpaji bl e. Segnent B is nmade up
of hydrophi Iq%cmﬁg‘rﬁs'r_s whi rh&arp | IMKe gment A by a non-
hydr ol yzabl e bond. Specific exanples of hydrophilic nononers which are
suitable for segnment B are cyclic imno ethers, vinyl ethers, cyclic ethers
i ncl udi ng epoxi des, cyc{ic unsaturated ethers, N-substituted aziridines,
[err]-lactomds and [err]-lacthanmes. Further suitable nononers include keten
acetates, vinyl acetal eSTang popspfior anes. The cyclic I mno ethers which
may be used as hydrophil]c ojrefs to build up segnent B are cyclic imno
et her conpounds of Formuj a I [err] wherein Rlerr] represents a
hydrogen atom an al kyl y K} yl or al kenyl group having up to 22
carbon atons and option yL.CT I ng ether, ester or urethane groups, a
cycl oal kyl group, an aralkyl grdup or an aryl group; and t is 2 or 3.
wherein A stands for segment A, | designates an initiator group and v is 0 to 20.

The initiator group | may be a thermally or photochemically activatable cationic or a
thermally or photochemically activatable radical initiator group. Specific examples of the
preferred photochemically activatable cationic initiator groups are triflate (-O-SO2-CF3),
-I (iodide), -O-mesyl, -O-tosyl, and -Cl+AgSbFg. The most preferred initiator group is the
triflate group.

The initiator group is linked to the segment, on which it is provided (segment A in the
schematic formulae above) in a way which provides a covalent non-hydrolyzable bond
between the terminal group of the said segment and the first monomer forming the growing
segment (segm';_ent B in the schematic formulae hereinbelow) which is attached to the
starting segmeht during the graft copolymerization for preparing the amphiphilic segmented
copolymer. Grafting means that onto a preformed polymer, other polymer chains are grown
from a monomer either in terminal or in pendant position.

The initiator group | may be introduced into a preformed polymer in a suitable way, for
example through linkage of cationic or thermal initiator groups to functional groups present
on the starting segment. Only the latter method is suitable for providing pendent initiator
groups (see c) in the above schematic formulae). Preferred triftate groups can for example
be introduced by reaction of terminal or pendent functional hydroxyi groups with activated
triflic acid derivatives such as (CF3S0)20.
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exanpl esveP7/49M8 abl e and preferred cyclic imno ethers ar CUERXUTEP nes of
Formula (VI1) wherein R err] is an alkyl or al kenyl group or a hydroxyal kyl
group having up to 10, nore preferabt®up to 4 carbon atons. Al so preferred
are their 2-isocyanatoet hyl nethacyrate adducts on the hydroxyal kyl group.

| f a 2-oxazoline having an al kenyl group in 2 position is used as

hydr ophi | i-c. nononer, pol rizable unsaturated group i rovided within
sbgnonBrall Ramerzatig of AUAOIs hYRieRhile Anomar in theaiasaice sl adwattionakzehi ch
maly segqgm?rg A deshuvry asoviezablides i amphiphilic edgrgemted copolgmeny whitkhmadyhe fi nal
pol ymer i zat i..0

t.0 obtain. a, po rl )yr oduct suitable to prepare a
noul di?ﬁﬁ‘,e"?ﬁ’gﬂlye%e f’fp&%ﬁﬁn&ﬂ& @ﬁ?&"&iﬁa-ﬁgs an additional polymerizable

unsaturated group which offers the possibility of direct crosslinking in

the preparation of the noul ding. The nost_preferred cyclic imno ether to
be used for preparing segngnt B is 2- {met hyl oxazq| i ne. Q her conpounds
which are pPeferred for use as h@drophllc nono s in the production of
segnent . B are vinyl ethers of—Formura (Vi) [erTT— wherein Rerr] is
al kyl or al koxyal kyl having 1 to 10 carbon atons, dioxol ane, dioxetanes or
cyclic ethers gf~Ferrhae ([H>9——er (XI)

b) B A B

c) A

o]l
v

The amphiphilic segmented' copolymers of the invention may thus consist in one
embodiment of one segment A and one segment B only (A-B-type; diblock) or of one .
segment A and two segments B attached to its termini (B-A-B-type; triblock) or may have a
comb-type structure wherein several segments B are pendent from one segment A (which

of course may further carry one or two terminal segments B which are not shown in
schematic formula c¢), above).

In another embodiment the arhphiphilic segmented copolymers of the invention may consist
of one segment B and two segments A attached to its termini (A-B-A-type; triblock) or may
have a comb-type structure wherein several segments A are pendent from one segment B
(which of course may further carry one or two terminal segments A.

ltis also possible to change the monomer during graft copolymerization such that for

" example first hydrophilic segments B are grown on a preformed hydrophobic segment A
and then by using a hydrophobic monomer hydrophobic segments A’ are attached to the
termini of the earlier prepared segments B. Also a different hydrophilic monomer may be
used to produce a different hydrophilic segment B’ at the termini of the hydrophilic
segments B. Again, other embodiments of the amphiphilic segmented copolymers of the
invention may be produced starting from a functionalized hydrophilic segment B. In this



[err] wherein u is an integer of 1 to 3, each Rerr] is independently
hydr ogen ‘&bcﬁ}} kyl or al kenyl group having up to 22 car bgigpré@Rsnsd
n

optional | al ning ether, ester or urethane groups, a cycloal kyl group,
an aral kyl group or an aryl group and 2 is an al kyl, al kenyl or

al koxyal kyl group having up to 4 carborff'atoms. . -~ WD 97/ 49740
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nost preferred vinyl ethers are nmethyl vinyl ether, ethyl vinyl ether and
met hoxy ssédwéanuh "% nSSMeA-and A7 wiIR{<os bRd Be ¥R s&m&m@ﬁmaryenaﬂa@m des of

For mul a wher e ne I S hydrogen and the other 1S hydrogen or

al kyl aéﬁ ”Isf\ %?%éoﬁﬁw X‘;lgal |y et hyl eneoxi de, p?/opylgeneom de
"and but yl eneoxi de. AI so preferred are the hydrophilic glycidyl et hers ?)}‘ .
For mul a4 X I vl ayl, a

or ot hoT)EeRYIETWHich FES b b e EBmRRA DoBalnas AT 2Rl d¥ et on,
segment soleculat weightdy, oHKELot25960hprefarably BER ta 16000 aydimore peefitrablyciofo té
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context o ntion is I*eaved by an
or di nar 9om|weewetﬁn thel sjarting ﬁggmemycgnsber easily icontrolieddy contraliing tha ameuntrof

basi ¢ caffhohie? '(ﬁyd op¥al &M@Hﬁﬂﬁh@)&i&b Glhlchﬁs hadjéd ﬁ)?ﬂﬁ?grﬂft %op&?nﬁenzatrog I thisand

-C-C bonds, {hc exanpl es are yzable wthin the

meani ng“g¥y ﬂ?‘h@‘ eagegg)ﬁgq %?’Pféﬁ‘eéftﬁ%c%ﬁ Ea%lé’tb@rw”gﬂ’i' and ur et hane bonds.

~ The segmented copolymers obtained by grafting suitable hydrophilic or hydrophobic --
monomers onto a starting segment may already contain polymerizable unsaturated groups
in the hydrophobic and/or hydrophilic segments, e.g., if a hydrophobic segment A comprises
a dienpolymer like polybutadiene or polyisoprene, or if the monomer used for making a
hydrophilic segment comprises an unsaturated side chain, for example 2-allyl-oxazoline. {f
no polymerizable unsaturated groups are present or also if such groups are present, it is
possible to introduce polymerizable unsaturated groups by suitable reactions, e.g. at the
end of or also pendent from the growing segments. For this purpose, the graft
polymerization of the growing segment may be terminated after a suitable chain length is
reached and the initiator group present at the chain end is capped for example either by
using specific reagents such as hydroxy styrene, allyl alcohol, HEMA, propargy} alcohol,
allyl amines and propargyl amine, or by using KOH/EtOH or primary amines leaving OH or
-NH- groups or unsaturated groups at the end of the growing segment. Hydroxy! groups
may also be introduced into the copolymers by employing suitable comonomers in the grat
copolymerization, e.g., 2-hydroxy-alkyl-oxazolines. The hydroxyl or NH- groups may then be
reacted, e.g., with an isocyanate carrying a polymerizable unsaturated group. Preferred
examples of such bifunctional compounds are 2-isocyanatoethyl methacrylate ({EM) which
is especially preferred, and vinyl isocyanate, allyl isocyanate, acryloyl isocyanate, styrene
isocyanate, vinyl benzyl isocyanate, propargy! isocyanate and (meth)acrylic anhydride.

In this way, as shown for a specific embodiment in the following reaction scheme, an
amphiphilic segmented copolymer of the invention in which oxyperm segment A and
ionoperm segment B are linked together through a non-hydrolyzable bond and wherein the
copolymer contains at least one polymerizable unsaturated group can be obtained.



2. Preparation of the Anphiphilic Segnmented Copol yners The
non- hydr okgagauegagoond bet ween segnents A and B in the anphiphilic segnented
copol ymer of the o H forfed i n accordance with thePCTHERITO3203 by° '
pol ynerizing a su QES leZ HBRENC] nonoprer (whi ch provides segnent B) in
the presence of a SU|t£E ctional i Z&é& segment A such that a bl ock of

units of the hydrophilic nnnoner grows fromthe site of functionalization

of segment A or, alternatdwe y polynerizing a suitable hyd hobi ¢
mononer (which® roes~ t heapresenegoof a sujtAbly
functionalized segnment B such that a bl'ock of units of the h{drgghobic

nononmer grows fromthe site of functlonallzatlon of segnent —N The
functionalized segment is also called "nmacroinitiator” wthin the context
of this specification. It is a polyneric|ctemseand conprising an oxyperm or

i onoperm pol ynmer as specified above which eegries term nal and/or pendant
initiator groups | as represented in the fgollowi ng schematic fornulae for a
functionalized oxyperm segnent A 97/ 49740

PCT/ EP97/ 03203 ) -19-

e L
AN~ LB NN

N . , . : -

/0
Hllllll IIIIII Hll llﬁill

le/vm/\? “pyer

2 eip. KOWEWOH

zoc./\r‘\('\ (IEM)

& J\" 1 \/\J [’\/ l/\/l_f_T_SJ\/\,{,T\/\}O [ ol

;??S. Polyd1methyls110xane
L Trlfluoromethylsulfonyl

2~ Isocyanatoethyl methacrylate



[err] wherein A stands for segnent A | designates an initiator group and
yis D t%v&w:tsmﬁhe initiator group-| may be a thermally orpqumpsombzasi cat |y
activatable cationic or a thermally or photochenically activatable radical
initiator group. Specific exanples of thg.preferred photochemcally
activatable .cationic initiator groups are triflate (-O SO2-CF3), .

(iodide), -Onmesyl, -Otosyl, and -C +AgSbF6. The nost preferred initiator
group is the triflate group. The initiator group is linked to the
segnent , Tiesm amiphiphilictsegmepteghdopelyniess ghthetinvention car bs phepased in the predenee or
above) i ' Q) t t he
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b
triflate groups can ?or exa be ™ntroduced by reaction of term nal or
pendent functional hydroxyl groups with activated triflic acid derivatives

such as & prdp&Fation of the am fic484fHented copolymers of the mventaon the reactfon
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in the urethane-forming terminal functionalizing reaction, a suitable catalyst, for example
dibutyltin dilaurate (DBTDL), is advantageously added.

3. Polymeric Products

The present invention furthermore relates to a polymeric product obtainabie by further
polymerization and/or crosslinking of at least one amphiphilic segmented copolymer as
defined above and, if desired, at least one vinylic comonomer (a}.

In the preferred polymeric product, the proportion by weight of an amphiphilic segmented
copolymer is in the range from 100 to 50%, in particuiar in the range from 100 to 80%,
preferably in the range from 100 to 90%, based on the total polymeric product.

The polymeric product may be obtained by direct further thermal or photochemical
polymerization or crosslinking reaction of the amphiphilic segmented copolymer without the
addition of comonomers in the presence of a suitable initiator. That is, a preferred polymeric
product is a copolymerization product of one or more amphiphilic segmented copolymer(s)
each of which has at least two crosslinkable groups.
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A comonomer (a) present in the polymeric product can be hydrophilic or hydrophobic or a

mixture thereot. Suitable comonomers are, in parttcular 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 iess than 10% by weight of water.

Analogousty, 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
water.

Suitable hydrophobic comonomers (a) are, without this being an exhaustive list, C1-
Cygalkyl and C3-Cygcycloalkyl acrylates and methacrylates, C3-C1galkylacrylamides and -
methacrylamides, actylonitrile, methacrylonitrile, vinyl C1-C4g alkanoates, Co-C{galkenes,
Co-Cqghaloalkenes, styrene, (lower alkyl)styrene, C4-Cqoalkyt vinyt ethers, Co-
C1operfluoro-alkyi acrylates and methacrylates and correspondingly partially fluorinated
acrylates and methacrylates, C3-C1ppertluoroalkylethylthiocarbonylaminoethyl acrylates
and methacrylates, acryloxy- and methacryloxyalkyisiloxanes, N-vinylcarbazole, C4-
C1oalkyl esters of maleic acid, fumaric acid, itaconic acid, mesaconic acid and the like.
Preference is given, for example, to acrylonitrile, C4-C4alkyl éstersf_as well as perfiuoroalkyt
and siloxanylalky! esters of vinylically unsaturated carboxylic acids having 3 to 5 carbon
atoms or vinyl esters of carboxylic acids having up to 5 carbon atoms.

Examples of suitable hydrophobic comonomers (a) are methyl acrylate, ethy! acrylate,
propyl acrylate, isopropyl acrylate, cyclohexy! acrylate, 2—ethy'|hexyl acrylate, methyl
methacrylate, ethyl methacrylate, propyl methacrylate, butyt acrylate, vinyl acetate, vinyl
propionate, vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chioride, vinylidene
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can be
methacrylates, hydroxy-substituted (lower alkylacrylamides 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 (HEMA),
hydroxyethyl acrylate, hydroxypropyl acrylate, 3-trimethylammonium 2-hydroxy-
propylmethacrylate chloride (Blemer,QA, for example from Nippon Qil), dimethylaminoethyl
methacrylate (DMAEMA), dimethylaminoethy! methacrylamide, acrylamide, methacrylamide,
N, N-dimethylacrylamide (DMA), allyl alcohol, vinylpyridine, glycerol methacrylate, N-1,1-
dimethyl-3-oxobutyl)acrylamide, N-vinyl-2-pyrrolidone (NVP), acrylic acid, methacrylic acid
and the like.

Preferred hydrophilic comonomers (a) are 2-hydroxyethyl methacrylate, dimethylaminoethyl
methacrylate,-tﬁrﬁtethylammonium 2-hydroxypropyimethacrylate chloride, N,N-
dimethylacrylamide and N-vinyl-2-pyrrolidone.
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anphi phiwdoraegeent ed copol yners of the invention can be BEEERIEW2HY, the
presence or absence of a solvent. It is advantageous to use a substantially
inert solvent, i.e. one which -26-

A polymer network can, if desired, be reinforced by addition of a crosslinking agent, for
example a polyunsaturated comonomer (b). In this case, the term crosslinked polymers is
used. The invention therefore furthermore relates to a crosslinked polymeric product
comprising the product of the polymerization and crosslinking reaction of an amphiphilic
segmented copolymer, if desired with at least one vinylic comonomer (a) and with at least
one crossiinking agent (b). .

Examples of typical crosslinking agents (b) are allyl (meth)acrylate, iower alkylene glycol |
di(meth)acrylate, poly(lower alkylene) glycoi di(meth)acrylate, lower alkylene
di(meth)acrylate, divinyl ether, divinyl sulfone, di- and trivinylbenzene, trimethylolpropane' )
triimeth)acrylate, pentaerythritol tetra(meth)acrylate, bisphenol A di(meth)acrylate,
methyienebis(meth)acrylamide, triallyl phthalate and diallylphthalate, o, w-bis(meth-
acryloxyalkyl)-oligosiloxanes such as bis(methacryloxypropyljtetramethyldisiloxane and
perfluoroalkyl- or perflucroalkylether-bis(meth)acrylates.

-

The amount of crosslinking agent (b) used is expressed in a proportion by weight based on
the total polymer and is in the range from 20 to 0.05%, in particular in the range from 10 to
0.1%, pretferably in the range from 5 to 0.1%. - k

The polymeric products are synthesized in a manner known per se from the corresponding
monomers (the term monomer here aiso including an amphiphilic segmented copolymer) by
a polymerization reaction customary to the person skilled in the art. Usually, a mixture of the
above-mentioned monomers is warmed with addition of a free-radical former. Examples of
such free-radical formers are azoisobutyronitrile (AIBN), potassium peroxodisulfate,
dibenzoyl peroxide, hydrogen peroxide and sodium percarbonate. lf, for example, said
compounds are warmed, free radicals form with homolysis, and can then initiate, for
example, a polymerization.

A polymerization reaction can particularly preferably be carried out using a photoinitiator. In
this case, the term photopolymerization is used. in the photopolymerization, it is appropriate
to add a photoinitiator which can initiate free-radical polymerization and/or crosslinking by
using light. Exampiles thereof are customary to the person skilled in the art; suitable '
photoinitiators are, in particular, benzoin methyl ether, 1-hydroxycyclohexylphenyl ketone,
Darocure and irgacure products, preferably Darocure 1173  and Irgacure 2959 . Also
suitable are reactive photoinitiators, which can be incorporated, for example, into a
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4, Final E(roducts

The polymeric products or crosslinked polymeric products can be prepared as mouldings in
a manner known per se, in particular into contact ienses, for example by carrying out the
photopolymerization or photocrosslinking of the polymeﬁc product in a suitable contact-lens
mould. The invention therefore furthermore relates to mouldings essentially comprising the
novel polymeric products or crosslinked polymeric products. Further examples of mouldings,
in addition to contact lenses, are biomedical articles or in particular ophthalmic mouldings,
for example artificial corneas, intraocular lenses, eye bandages, mouldings used in surgery,
such as heart valves and artificial arteries, 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 patrticles, 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 the polymeric product or crosslinked polymeric product comprising
the amphiphilic segmented copolymer of the invention. Such contact lenses have a range of
unusual and extremely advantageous properties. Amongst these properties are, for
example, their excellent compatibility with the human cornea (if necessary after suitable
surface treatment (coating)) and with tear fluid, which is based on a balanced ratio between
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All the above-mentioned advantages apply not only to contact lenses, but also to other

mouldings of the invention.

The present invention furthermore relates to the use of a novel macromer of the formula
above or of a polymeric product or crossiinked polymeric product prepared therefrom and
described above, for the coating of a substrate, for example glass, ceramic or metal, and
preferably of polymer substrates, for example ophthaimically usable products such as
contact lenses, intraocular lenses or eye bandages, and of medically usabie products, for
example in surgical or pharmaceutical systems, preference being given in the latter cases
(ophthalmic uses) to hydrophilic coatings. |

The polymeric products are also suitable for use as corneal implants or artificial corneas
and furthermore as cell-growth substrates, as materials for fixing and cultivating animat cells
in vitro and in vivo, as medical implants, for example implantable semipermeable membrane
materials, as artificial discs, as tissue impiants for cosmetic surgery, as materials for
cartilage repair and replacement, as implants containing hormone-releasing cells, for
exampie islet of Langerhans cells, as breast implants or as arificial joints.
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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, lipids 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 additionélly be introduced into a novel polymer by one of the
numerous known processes, which are described, for example, in WO 90/07 575,

WQ 91/07 687, US § 244 799, US 5 238 613, US 4 799 931 and US 5§ 213 721.

Irrespective of which method is used to form the requisite porosity of a novel implant, an
implant preferably has a porosity sufficient to allow proteins and other biological
macromolecules having a motecular weight of up to or greater than 10,000 daltons to pass
through, for example a molecular weight of 10,000-1,000,000 daltons, but not so large that
entire cells can pass through and penetrate into the area over the optical axis of the
implant. Where the porosity of the implant is established by pores, the area over the optical
axis contains a multiplicity of pores, whose number is not restricted, but should be sufficient
to enable free flow of tissue components between the outer and inner region of an implant.
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furthernore relates to a crosslinked polyneric product conprising the
product of the polynmerization and crosslinking reaction of an anphiphilic
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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.

The polymeric product or cross{inked polymeric product of the invention can support
colonization with tissue cells, f_o'? example vascular endothelial cells, fibroblasts or cells
formed in bones; it is not necessary for a specific surface nature to be present to stimulate
cell adhesion and cell growth. This is advantageous, since the process costs can be kept
low. On the other hand, the polymeric broduct 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 89/00220, or by irradiation, by chemical
treatment or by photochemicatl surface grafting.

The polymeric product or crosslinked polymeric product of the invention can be coated on
its surface with one or more components in order, for example, to promote growth of tissue.
- Examples of such materials are fibronectin, chondroitin sulfate, collagen, laminin, cell
attachment proteins, cold insoluble globulin, chondronectin, epidermal growth factors,
muscle fibre proteins, and/or derivatives, active fragments and mixtures thereof.
Fibronectin, epidermal growth factors and/or derivatives, active fragments and mixtures



The pol yneri.c products are synthesized in a manner known per se fromthe
correspondi n noners (the term nonomer here also,including Pﬁﬂmh:phi l.i c
segnment ed ¥Q %8% r) by a pol yneri zation reaction custonary to per son
skilled in the art. Usually, a m xture of the above-nentioned nononers is
warnmed with addition of a free-radical"$brner. Exanples of such
free-radical fornmers are azoi sobutyronitrile (Al BN), potassium

per oxodi sul fate, dibenzoyl peroxide, hydrogen peroxide and sodi um
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PCT/ EP9 Bhablgdunsertion into the eye, for example over the region of the Bowman memprane.
macronmer, or can be used as a speC| fic conononer (a). Exanples thereof are
gi ven i 632 32 The phot opol yneri zati.on t hen, be i | tiated
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and high permeability for ions and water - may be used for extended periods of wear, e.g.,
up to 30 days. '

The "oxygen transmissibility” of a lens, as used herein, is the rate at which oxygen will pass
through a specific ophthalmic lens. Oxygen transmissibility, Dk#, is conventionally
expressed in units of barrers/mm, where t is the average thickness of the material {in units
of mm] over the area being measured and "barrer* is defined as:

[(cm3 oxygen)(mm)/(cm2)(sec)(mm Hg)] x 10-2
The "oxygen permeability”, Dk, of a lens material does not depend on lens thickness.
Oxygen permeability is the rate at which oxygen will pass through a material. Oxygen

permeability is conventionally expressed in units of barrers, where *barrer” is defined as:

[{em3 oxygen)(mm)/(cm2)(sec)(mm Hg)] x 10-10



4. Final Products The pol yneric products or crosslinked polyneric
products can be prepared as noul dings in a nmanner. known p |

parti cuM¢@ 974878 cont act | enses, for exanple by carrying cf§14§$zdﬂ%3

phot opol yneri zati on or photocrosslinking of the polyneric product in a

sui tabl e contact-lens nould. The inveagi-on therefore furthernore relates to
nmoul di ngs essentially conprising the novel polyneric products or
crosslinked pol yneric products Further exanples of nouldings, in addition
to conigct | ense es .or

bi t ' t I h
oul o1 Fsse MBHRG baits FAMEIOP 560 1 HEAThARGS, iAo B BP onpiteoL e BEbeE
bandaggte, arrrmuéf ghinmrtesediliinave lﬁieg?_b'anmgsl ab defindtbabidvey Bbve@rgie) lehs H) ci al
t , [} I e el} neals . e ranes .
For i fRtiad 8PS et Kok prring PR oA oY en P il Pss PR E S g or
phot or (5090 mmjtvestidihave & Btet 409 barresibme(femygen transmidsibiity BasrerglYrote)r esi st s

or screen printing resists, furthernore particles, in particular
m croparticles, capsules, in.particular mcrocapsules, filnms and plasters:

for driige ouygendranssissibifity of thevexiprdad-weardans tromdhe outer sudagertodhe inser | s

di r ect gehdcd mANRCIUHGONES pMeﬁhaﬁF%én’iihl dorRGATIRWehip Wunﬁ@ﬂf‘é ﬁérzdaf oit he
pol ymeric product aor crossli roduct co

anphi pExtended weak i is fnewp Haf 0‘6 9% ‘éleé p¥ipatelsdy °é‘ ﬁf"éfg?g pyaiight have
ar angggMdsmW whettithe dyehdecare mbeanhfllaee?wt cﬁroapgsrtb d_:lé;ﬁ*waﬁcbm "ﬁg '{als‘ohﬁs e
roperiil es exa ce en CO uman
P onpe” kg et weafih &BlFediontl Girlad ireiroE4 b aST RERHOM Bitiolirslioksrmidty 1"
t ear fimead,canbes tormsalsyeadithgof abobbl Bacikdoweveriap doeeptable extended-was® 97/ 49740

PCT/ EPQ4A348rs will rodu%e, atter wear aboHt 24 hmfrs mcéfud;ag norma! slegperiods, at er
cont ent ani tive properties.. This

resul t §omﬁa¥ﬁvgq\hwle$q thap @%pﬁ@%b@erﬂ:@reéﬁraw ﬂes@atharbabqné"/amnérfg@s{

ef f ect ﬁrefQHbWQeéé)thhh Qipbuf mourpaabﬂeaekmabwehumemms Al ,maner gfigect to
di'verse ot her, co of tear fluid

| t

hnd gavest plepoul ddars IS gTa HesRER oD T SWRIBAA P HARAT e f act ,
_or Vi r 10%, more preféfably, lessithdrhabna 785, aindmeostipedferably lesetmambboat 3%eThes, nea.
| Snseos g 90 ool AL A1 B pEY ™ 20

i nvent P&Q%bd'@ﬁ@h ta vielddbe gbwwnpea@s mi@tmmwwﬁ,a! swelting. r%'a eﬁ#ﬂn thé cup
ef f ect exleHbibdNodPlchs HaB% SEMBhaGs PHRIREDT ORAYEM PANEN SIRENIRIROM the outer

surface to the inner surface of the lens.

The oxygen permeability of a iens and oxygen transmissibility of a-lens material may be
determined by the following technique. Oxygen fluxes (J} are measured at 34°C in a wet cell
(i.e., gas streams are maintained at about 100% relative humidity) using a Dk1000
instrument {available from Applied Design and Development Co., {Norcross, Georgia), or
similar analytical instrument. An air stream, having a known percentage of oxygen (e.g.,
21%), is passed across one side of the lens at a rate of about 10 to 20 cm3/min., while a
nitrogen stream is passed on the opposite side of the lens at a rate of about 10 to 20
cm3/min. The barometric pressure surrounding the system, Pmeagu,ed, is measured. The
thickness (t) of the lens in the area being exposed for testing is dét’e__rmined by measuring
about 10 location with a Mitotoya micrometer VL-50, or similar instrument, and averaging
the measurements. The oxygen concentration in the nitrogen strea_m- (i.e., oxygen which
diffuses through the lens) is measured using the DK1000 instrument. The oxygen
permeability of the lens material, Dy, is determined from the following formula:



stability and .shelf life. The present invention furthernore relates to

contact | enses essentially conprising one of the polyneric wog ro.
‘crossl i nkW@ A4%4%ri ¢ products of the invention, these bei nlgé&g er 23

contai ning soft contact |enses and ophthal mc inplants. The invention
furthernore relates to contact lenses e88entially conprising one of the

pol ymeric products or crosslinked polyneric products of the Invention,

t hese being |l ow water-content, flexible, gas-perneable (RGP) contact

| enses and ophthal mc inplants. Abkr_t abovey nenti oned advant ages apply
not only to contact |enses, but alsd to ¥ houl dings of the invention.
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a polyneric pro escr ove orneal inplant of this type can
be produced using the same process as descri bed above for the production of

cont act TieRfen GRAINEMMsILIING (PRt of Bfdext8nded-wear lens of the invention is preferably at
least 70 barrers/mm, more preferably at least 75 barrer/mm, and most preferably at least 87
barrers/mm. The lens center thickness is typically more than about 30 microns, preferably
about 30 to about 200 microns, more preferably about 40 to about 150 microns, even more
preferably about 50 to about 120 microns, and most preferably about 60 to 100 microns.

Morphology

One requirement of the lens material is that the lens allows a high visible light transmission
from the outer to inner surface of the lens. A lens morphology which includes large phase -
separated regions will reduce visible light transmission and cause substantial undesirable
image distortion, thereby destroying the value of the lens as a vi_sion correction device.
Thus, the lens must have a morphology which allows at least about 80%, more preferably
‘about 90%, visible light transmission and does not producé any significant undesirable
image distortion.

In one preferred embodiment, the lens material has at least two phases: the phases
including at least one oxyperm phase and at least one ionoperm phase. While there may be
two distinct phases, it is believed that there may be a transition phase, or interphase, in
which the material composition and the material properties are a blend of those of the
oxyperm and ionoperm materials. Thus, there may exist a distinct oxyperm phase or a
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PCT/ EP97/ 03203
] Bulk Water Content

The measurement of water content is difficult because the removal of adhered surface
droplets, without affecting the bulk lens water content, is difficult. In addition, water may
| evaporate from the lens surface quickly, thereby lowering the water content from the
equilibrium level. Accordingly, a discussion of the bulk water content of a lens warrants a
discussion of the measurement technique used to determine the water content.

The preferred bulk water content of the hydrated lens will be a function of the lens material
properties. The material properties are dependent on the prepolymerization macromers and
monomers and polymerization conditions. Thus, the preferred water content for a lens

| including a fluorine-containing oxyperm material may be different from that of a lens
including a siloxane-containing oxyperm material. Accordingly, while general ranges for bulk
water content are offered for a better understanding of the invention, the invention is not
generally limited to specific bulk water contents.
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lon and Water Permeability

Unexpectedly, it has been determined that the ion permeability through the lens correlates
well with on-eye movement. As discussed earlier, it is known that on-eye movement of the
lens is required to ensure good tear exchange, and uitimately, to ensure good corneal
health. While the invention is not bound by theory presented herein, it may be useful to
discuss some theory for a better understanding of ways to practice the invention.

Itis theorized that water permeability is an exceptionally important feature for an extended-
wear lens which includes oxyperm polymers such as those disclosed herein. Siloxane-
containing oxyperm materials tend to adhere strongly to the eye, thereby stopping on-eye
movement. The ability to pass water through the lens is believed to allow a siloxane-
containing polymeric lens to move on the eye, where the movement occurs via forces
exerted by water being squeezed out of the lens. The water permeability of the lens is also
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It should be noted that ions may move through the lens via these ion pathways by a number

of means. For example, ions may diffuse through the lens because of concentration

differences from one surface to another. fons may aiso be forced through the ion pathways

by the mechanical action of blinking, with the concomitant compression forces on the lens

essentially squeezing water out of the lens. In addition, the charge nature of the surfaces

may provide an electromotive force which drives ion permeation through the lens. At times,

one of these driving forces may be larger than the others, while at other times the relative

magnitude may reverse. This discussion is presented to clarify that the invention is not

restricted by the method or driving force by which ions move through the lens.

Neither the measurement of water permeability nor ion permeability through an ophthalmic
lens is considered a routine matter of testing in the industry. Accqrdingly. a discussion of
the preferred ion or water permeability ranges warrants a discussion of the measurement
techniques used to determine the permeability.

The water permeability of a lens may be determined from the rate of water permeation
throug!'i the lens, from one surface to another surface. The water permeability of a lens may
be determined by positioning a lens between two reservoirs ho!dirig solutions having known,
and different, initial concentrations of radiolabeled water {e.g., tritiated water), and then
measuring concentration of radiolabeled water in the “receiving” reservoir (the reservoir
towards which the net tiow of radiolabeled water is positive) as a function of time.



[ (cnB oxygen)(m)/(cnR) (sec)(mm Hg)] x 10[err] The "oxygen perneability",
Dk, of a lens material does not depend on |ens thickness. @gesy7/03203

per meabi | WOP74870he rate at which oxygen will pass:through a material.
Oxygen perneability is conventionally ex;)r essed in units of barrers, where
"barrer" is defined as: ' -37f (cnB oxygen) (nm/ (cnR) (sec) (mm
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accept algreparioral de water pereahility thrbugisaverisl produce, after wear of about 24
hours, including normal sleep periods, corneal swelling of |ess than about
8% nore preferably | ess than about 6% and nost preferably |ess than_about
4% A prenefluxdeasurerpepldlegbaigueont act |ens will produce, after wear of '
about 7 days, including normal sleep periods, coneal swelling of |1ess than
about 1Q¢ re preferabl | ess .t han about 7% d,npst, preferably |ess
han abodle TBURWRELECPidle. tateraitib nern A5 s donahu Fernades B f prefBoder i n an
anmount suéthod farrdeteraniming thecion peyrgeability bf atensnThie tychmigliet ay bbaiged fy opert.i es
rel ating 9 Mﬁ!" . Preferabl he .ext ended-wear | ens has a
conti nugjt?g pq'g%@%gb(eoxygeérf%gﬁaﬁ’%%@ﬁ igt'é?\vc#"ﬁ tTromthe outer surface to the
inner surface of the lens. The oxygen perneability of a lens and oxygen
transm siebidridkitix Technig @ InvBN e thé Lis€8¥ a REnductometer (LF 2000/C, catalog, no.

300105, Wissenschaftlich-Technische Werkstatten GmbH (WTW), Germany), an electrode

equipped with a temperature sensor (LR 01/T, cataiog no. 302 520, WTW)), a donor

chamber containing a salt solution, a receiving chamber containing about 80 mi{ of

deionized water, a stir bar and a thermostat.

The donor chamber is specially designed for sealing a contact lens thereto, so that the
donor solution does not pass around the lens (i.e., ions may only pass through the iens).
The donor chamber is composed of a glass tube which is threaded at the end which is
immersed in the receiving solution. The glass tube includes a centrally located hole of about
9 mm in diameter. A lid, which is threaded to mate with the glass tube, holds a lens-
retaining member which includes a centrally located hole of about 8 mm in diameter, The
lens-retaining member includes a male portion adapted to mate with and seal the edges of
the inner (concave) surface of a lens and a female portion adapted to mate with and seal
the eciges of the outer (convex) surface of a lens.

The lens to be measured is blaced in the lens-retaining member, between the male and
female portions. The male and female portions include flexible sealing rings which are
positioned between the lens and the respective male or female portion. After positioning the
lens in the lens-retaining member, the lens-retaining member is placed in the threaded lid.



determ ned by the follow ng techni que.. Oxygen fluxes (J) are neasured at
34[err]Cin a wet cell (i.e., gas streans are nuintained s,t z{‘90%
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instrument. An air stream having a k®8wn percentage of oxygen (e.g., 21%,
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(mm) / cRbyd sec/ m Hg] xI O[err]. The oxygen transmissibility (Dk/t) of the

mat eri a) e cal cul by.di viding the oxygen perneability (D err]) by

t he av@r'aﬁgf’ﬁo@&mg" {[T ‘éﬁ‘x‘l he | ens. The oxygen transmssibility (Dk/t)
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30 ni cHemLonperiratioaifference [mol/L] . .

dx = thickness of lens [mm]

An lonofiux Diffusion Coefficient of greater than about 6.4 x 10" mm2/min is preferred for
achieving sufficient on-eye movement. More preferably, the ionofiux Diffusion Coefficient is
greater than about 2.6x10"6 mm2/min, while most preferably, the lonaflux Diffusion
Coefficient is greater than about 1.5x10-6 mm2/min. It must be emphasized that the
lonoflux Diffusion Coefficient correlates with ion permeability through the lens, and thereby
is a predictor of on-eye movement.

6. Examples

The present invention is further explained with reference to specific embodiments in the
following exmples which should not be construed to limit the scope of the claims. All
temperatures are given in degrees Celsius.

A  Preparation of Macroinitiators

Example A-1
in a 250 mi round bottom two-necked flask provided with a Soxhiet extractor with condenser
and a septum on the second ground joint, the Soxhlet extractor being filled with molecular
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oxyper ) oS LABSE A of e |FMMR data), i.e. > 0.40 mEq trifiate/d.

Example A-2
in a 250 mi round bottom two-necked flask provided with a Soxhlet extractor with condenser
and a septum on the second ground joint, the Soxhlet extractor being filled with molecular
sieve (4 A), 25.6 g (5.49 mmol) a,m-bis(3-hydroxypropyl)-polydimethylsiloxane ({M 15 by
Wacker Chemie, Munich, Germany, purified over a thin-film evaporator, 0.43 mEq OH/g,
M, = 4651) were dissolved in 80 mi hexane and distilled under refiux for 17 hoursin a
nitrogen atmosphere. The solution then still contained 16 ppm water. Subseguently, the
solution was concentrated to 50 mi hexane, cooled to a temperature of 0°C and 3.26 g
(41.2 mmol) pyridine were added. Then 10.25 g (36.3 mmol) trifluoromethanesuifonic acid
anhydride (Fluka Chemie AG, Buchs, Switzerland) were added for 15 minutes and the
mixture was stirred for another 30 minutes at a temperature of 0°C. After the addition of 20
-mi chloroform (water content < 10 ppm), the suspension was filtered off under vacuum
using a G4 glass filter and was then evaporated at high vacuum (0.6 - 2 mbar). The yield
was 15.5 g of an oil of orange colour. This oil was in turn dissolved in 40 m! of dry hexane
(water content < 6 ppm), activated charcoal was added and the mixture was stirred for
about 2 minutes and filtered again. After evaporation of the solution the yield was 15.4 g of
a clear, colouriess oil.
Functionality: > 95% (based on the TH-NMR data), i.e. > 40 mEq triflate/g.
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Functionality: > 95% (based on the 1H-NMR data), i.e.> 1.06 mEq triflate/g.

Example A-4 :

To 100 mi highly purified dry chioroform (Fluka Chemie AG, Buchs, Switzerland) in a dry
250 mi round bottom three-neck flask with a septum 28.7 g intensively dried o,0-
hydroxyethyHunctionalized perfluoropolyether (Fomblin, ZDOL TX, Ausimont S.p.A.,
Bollate, italien) with an average molecular weight of 1146 g/mol were added. The solution
was cooled to ~-60°C.

Then 4.15 g anhydrous pyridine (Merck 7463, 99.5%, Merck AG, Darmstadt, Germany)
were added and subsequently 15.55 g trifluoromethanesulfonic acid anhydride (Fluka
91737, Fluka Chemie AG, Buchs, Switzerland) were slowly added over a period of 15
minutes. The resulting suspension was stirred for 25 minutes at a terriperature of -60°C.
Then the mixture was heated to room temperature and immediately filtered through a G4
glass filter funnel and the resulting salt was separated. After removal of all volatile
components by means of a rotary evaporator ah'd subsequent evacuation to 0.01 mbar a
yellow, slightly oily, clear liquid was obtained. For further purification, this liquid was
dissolved in 80 mi chloroform and a pinch of activated charcoal was added. After 5 minutes
of stirring, the mixture was filtered over Hyflo, (Fiuka Chemie AG, Buchs, Switzeriand) and



blotting cloths to renove surface noisture. The lens is quickly placed on
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Analogously to Example A-5, a polybutadiene diol (PolySciences no. 06508; 0.97 mEq
-OH/g) with an average molecular weight of about 2100 was reacted.

Example A-7
_ Analogously to Example A-5, 5.6 g poiybutadiene diol (Aldrich no. 19,079-9) were reacted
with 2.6 g pyridine and 9.0 g trifluoromethanesulfonic acid. Instead of toluene/chioroform,
. pure chloroform was used as a solvent. The yield of polybutadiene-bis-triflate macromer
was 87%.

Example A-8

10.0 g polybutadiene diol (Aldrich no. 19,079-9; 0.79 mEq -OH/g), corresponding to 7.90
mEq were dissolved in 130 ml dry hexane. The solution was dried under reflux for two
hours over a Soxhlet extractor filled with mofecular sieve 4. Titration according to Karl
Fischer: 15 ppm water. _

Subsequently, the solution was slowly added dropwise to a mixture of 1.76 g isophorone
diisocyanate (M = 222; oorrespondmg to 7.90 mmol) and 10 mg dibutyltin dilaureate. After
the reaction had taken place, the solution was added dropwise to 14.80 g
polydimethyisiloxane diol (Shinetsu KF-6001, 1.07 mEq -OH/g), corresponding to 15.8 mEq
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r eser vofifie %tmgjgvmmha&rﬁemémmmweoﬂ\erramtanm fiishgd; dsocyanaigditration) as
a funct siwowef a tontent of 1.40 mEq/g NCO (theoretical value: 1.35 mEq/g).

202 g of the a,w-hydroxypropyl-terminated polydimethylsiloxane KF-6001 by Shinetsu with
an average molecular weight of 2,000 g/mole (according to titration 1.00 mEq/g hydroxy
groups) were put into a flask. The content of the flask was evacuated to about 0.1 mbar
and unstressed with argon. This was repeated twice. The degasified siloxane was
dissolved in 202 ml freshly distilled toluene stored under argon and 100 mg dibutyltin
dilaureate were added. After complete homogenization of the solution, the entire amount of
the perﬂuoropolyether reacted with IPDI was added under argon. After stirring overnight at
room temperature, the reaction was finished. The solvent was removed at high vacuum at
room temperature. Microtitration showed 0.37 mEq/g hydroxy groups (theoretical vaiue:
0.37 mEq/g).

2)) Syntheslis of the bis-triflate macroinitiator

SUBSTITUTE SHEET (RULE 26)
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towards which the net flow of ions is positive) as a function of tine. The
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dei oni zed wat a ,stir. bar and a thernostat. The “donor chanber is
speci al | y WASQAIReAf or sealing a contact |ens thereto, so that the dofior
sol uti on does not pass around the lens (i.e., ions may only pass through

t he | ens) %%%aig@f chanber is conposed of a glass tube which is threaded
at the eng (! I mmersed in the receiving solution. The gl ass tube
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t he edges (RE6003 by Shin-Etsu, Japan, purified over a thin film evaporator) were dissolved in hexane
and distilied under reflux for 17 hours in a nitrogen atmosphere. Subsequently, the solution
was concentrated to 85 mi hexane, cooled to 0°C and 3.88 g (49.05 mmol) anhydrous
pyridine were added. Then 12.8 g (44.23 mmol) trifluoromethanesulfonic acid were added
over 15 minutes and the mixture was stirred for another 30 minutes at a temperature of 0°C.
After the addition of 20 ml chioroform and thereafter 8 ml of hexane the suspension was
filtered under vacuum using a G4 glass filter funnel and was then evaporated at high
vacuum (0.6 - 2 mbar). The yielding colourless oil was dissolved in 13 m! of hexane again,
activated charcoal was added and the mixture was filtered again. After evaporation the yield
was 20.6 g of a clear, colourless oil.

Functionality: > 85% (based on the TH-NMR data).

B8  Preparation of Amphiphilic Segmented Copolymers

Exampie B-1

2.22 g (26.1 mmol) 2-methyl-2-oxazoline and 6.94 g (1.4 mmol) of the macroinitiator
prepared in Example A-1 were added to 15 ml 1,2-dichlioroethane (water content 5 ppm) at
room temperature. After the solution was stirred for 1.5 hours at room temperature, the
temperature was increased to 40°C. After 48 hours the solution was cooled to room



the inner (concave) surface of a lens and a female portion adapted to nmate
with and seal the edges of the outer (convex) surface of a lens. The | ens
to be newewr7es7éos pl aced in the | ens-retaining nenber, betRGREPHARA| € and
femal e portions. The nale and fenale portions include flexible sealing
rings which are positioned between the-4ens and the respective male or
femal e portion. After positioning the lens in the |lens-retaining nenber,
the |l ens-retaining nenber is placed i-n the threaded |id. WO

97/ 49740.

PCT/ EP9 teopeosure and 5.5 mi 0.5 N KOH/EtOH solution were added. This solution3@s-then The |i d

| s screvgghenbPord o a@ﬁssubgb@é;ﬂy%%ws:ewm nwcugmmefz mbaf. donor

chanber 1s filled wth 16 m of 0.1 nol sol ution. The receiving
chanber is filled with 60 m of deioni zed vvat er. The | eads of the
conduct i WINMRED ppSmE(CHal-WIH@Qd ppin (Cd300N0L)| 33B.8ppaT (>N-CHILCHSAeLY | Ng

chanber nd a IS ad he recei ving chanber. The receiving
chanber 3@@6 in Bgt't"ﬁg ?% the tenperature is held at about

35[err] C F| nal |y, t'ﬁa'atimmdrres;uaaltmmomsténnimigemh;isnO:ﬂBenE@'gei vi ng chanber.
Measur e Ll L S ree
hours, - SeBgun AP 3 HRAK Wi sy eP e Tob Thseclia Btk meRim@R Pehi ' T
‘recei Vi r@%ﬁ&ﬁ&%bﬁsem@n polwelyrang asig stapdayd. Coefficient, D, is determ ned by
applying Fick's law as follows: D= -n"/(A x dc/dx) where n'= rate of ion
transpor%#{ 'ﬁn@ n] A= area of |lens exposed [m®2] D = lonoflux D ffusion
Coeffici mp! 2mi n] dc = concentration difference [nol/L] dx = thickness

of 1Ioens s ;nl pear-shapledulask) 3. § gof ee lﬁﬁerbfmt@t@'rﬁfrepéreﬁ it Ek&rhpleh®en (abgut 6.4
rr r,r r._achi evi.n e nov
vor e pr cnERoKYfe ssBnBR T 711 R ast iR RresBte Tthis, 560, i Rer R AT ahou

2. 6xI O eBudhspB@itrérandhand 3.8@ 1.2 meha) dry|2ymethly2losazdiing webe htided.oThe
Coef f i 1
ef fici gikur ﬁ%va@rs‘ﬁ rat %‘o@%ﬂ t Slsgége%gj%ty tHE & ribiBte % Séft fﬁ\onorrr]ler

enphasi zed that th ono 'clent ‘corre
per neabi¥Vf$ ¢ Q%Péﬁgﬁn?am?qfeﬁ‘s Mﬁad ‘thereby is a predictor of on- eye
novenent .

‘Example B-3

0.5 g of dried mactroinitiator, prepared in Example A-5 {corresponding to 0.33 mEq triflate

ester) were dissolved in dry 1,2-dichloroethane. Subsequently, 1.0 g 2-methyl-2¥oxazo|ine

(corresponding to 12 mmole) were added. The solution was stirred for 30 minutes at room )
. temperature and then for 48 hours at a temperature of 60°C. After the solvent had been

removed at high vacuum, a white, solid tri-block copolymer was obtained.

Example B-4

As described in Example B-3, 2.5 g {0.873 mEq triflate groups) of the
polybutadiene/polydimethylisiloxane macroinitiétor obtained in Example A-8 were dissolved
in 100 ml dry 1,2-dichlorosthane and, after addition of 2.45 g (28.8 mmole) 2-methyi-2-
oxazoline, the solution was stirred for 48 hours at a temberature of 70°C. The obtained
solution was evaporated to a total of 30 mi and subsequently precipitated in methanol.
After the solvents as well as the unreacted monomer had been removed from the viscous
precipitate at high vacuum, 4.8 g of a clear, highly viscous product were obtained (97% of

the theoretical vaius).

Preparation of amphiphilic segmented copolymers having terminal OH-groups

Example B-5



6. Exanpl.es The present .invention is further explained with reference to
specific enbodi nents in the follow ng exnples which should [&’?ﬁg strued
to limt WRPTMIH9e of the clains. All tenperatures are gi ver 6‘3

Cel si us. A Preparation of Macroinitiators Example A-1 In a 250 rri
round bottom two-necked flask provided wd6h a Soxhl et extractor with
condenser and a septumon the second ground joint, the Soxhlet extractor
being filled with nol ecul ar WO 97/ 49740
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anhydr i decopplmv(mletﬁfmmﬁ@“fﬂ!@wW&\pbt‘é\meldand) wer e added over 15 minutes
and the m xture was stirred for another 30 m nutes at a tenperature of 0C
After the_addition of 20 m chl oroform(vvater content < 10 ppm, the
suspensi FxamrlerB-Bt er ed under vacuum usi ng a &4 glass filter funnel and was

then evapny géfsibed iMEgAMBRMBIBM GOf the copolyhenstil ﬁhﬁnyltrﬁlxb inkSgibuphk agn Oi |
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(-CH2-CH2- CH2-), 4.4 ppm(CF3SBCH2-CH2-) Functionality: > 95% (based on
the 1 H NRAmgle®d7 i-€. > 0.40 nEq triflate/g. .
In a 500 mi pear-shaped flask 15.4 g of the microinitiator obtained in Example A-9
(2.85 mmol) were dissolved in 25 ml anhydrous 1,2-dichloroethane and §.82 g (68.4 mmol)
dry 2-methyl-2-oxazoline were added. The mixture was stirr_ed overnight at a temperature
of 40°C. Subsequently, the entire reaction of the monomer is examined by means of
TH-NMR. 11.4 ml of a 0.5 molar ethanolic solution of potassium hydroxide (5.7 mmole KOH)
were added to the solution and it was stirred for one hour at room temperature. Then the
solution was evaporated and all the volatile components were removed in vacuum

{0.01 mbar).

Example B-8

18.4 g Macroinitiator from Example A-10 were dissolved in 60 ml dry 1,2 dichloroethane.
Subsequently 6.1 g 2-methyl-2-oxazoline were added. The solution was stirred for 30 min at
room temperature and then for 48 hours at 40°C. Subsequently 11.6 mi KOH/MeOH

(0.507 N) were added. After 1 hour at room temperature the solvent was evaporated at

120 mTorr for 17 hours.

Example B-9

6.9 g Macroinitiator from a batch analog to Example A-10 were- dissolved in 15 mi dry
1,2-dichloroethane. Subsequently 2.2 g 2-methyl-2-oxazoline were added. The solution was
stirced for 30 min at room temperature and then for 2 hours at 70°C. Subsequently 4 mi
KOH/MeOH (0.507 N) were added. After 1 hour at room temperature the solvent was
evaporated at 120 mTorr over mght



Example A-2 In a 250 ml round bottom two-necked flask provided with a

Soxhl et extractor with condenser and a septum on the second ground joi.nt, .
t he Soxhwetorastapact or being filled with nol ecul ar sieve (RCREPIYE3 g (5. 49
mol ) [err], [err]-bis(3-hydroxypropyl)-pol ydi met hyl sil oxane (I M 15 by
Wacker Chem e, Miunich, Germany, purifi-eg-over a thin-filmevaporator, 0.43
nEg OH/ g, Mh = 4651) were dissolved in 90 mMl hexane and distilled under
reflux for 17 hours in a nitrogen atnosphere. The solution then still

contai ned 16 ppm water. Subsequently, the solution was concentrated to 50
m hexane, cooled to a tenperature of O[err]C and 3.26 g (41.2 mmol)
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anhydride (Fluka Chem e AG Buchs, Swtzerland) were a ed for 15 m nutes
and the m xture was stirred for another 30 mnutes at a tenperature of
O[ err] Cexdhnigfle c-fie addition of 20 M chl orof orm (vvater content < 10 ppm,
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triflat
PCT/ EP9 ;letgggt@g,lre of 0°C. 6.89 g of a colourless solid macromer were obtained._ 40 - Exanpl e

A-3 In am%é@om.tyr oureH h@bﬁmtmaa@qed shb asiﬁertbmgrdjyé abb ulreackay hl et
eXtraCtOCéDX& ? EOQ ser and a se {%é)n thai ond [0 nd j,oint, the
Soxhl et @R im DYy 2 BEnFR, MAXIIWR REARR AL sl peakLens §a0) based &g Rpiysiysne
mrol ) [ asrd sthadarf- bi s( 3- hydr oxypr opyl ) - pol ydi met hyI si l oxane (I M 11 by
Wacker Chenie, Minich, Germany, purified over a thin-filmevaporator, 1.33

nEq OH/ g, Mh = 1503) were dissolved in 70 mMl hexane and distilled under
reflux fExample€s2rs in a nitrogen at nosphere until the water content was 36

ppm Th QH a%gut’x’ﬁ bétiomed Raskd8 b' gP ggeﬁdl-g df af Q\Fﬂp y\ﬁ!ﬁ: &Qﬂféﬂteot éb“pgl rur €
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was then evaporated at high vacuum (0.6 - 2 mbar) at a temperature of 0°C. 18.1 gofa
solid macromer were obtained.
Functionality: = OH titration: 0.05 mEq/g
' double bonds: 0.37 mEqg/g

Example C-3 _

8.5 ml of a 0.5 molar ethanol solution of potassium hydroxide {4.24 mmol KOH) were added
to the reaction mixture obtained in Example B-2 and the mixture stirred for one hour at room
temperature. Then the solvent was evaporated and all volatile components were removed
in vacuum (0.01 mbar). Titration analysis showed a concentration of hydroxyl groups of
1.05 mEqg/g.

The reaction mixture obtained was then dissolved in 14 mi anhydrous dichloromethane and
0.6 g (3.9 mmol) 2-isocyanato ethyimethacrylate and 1 drop dibutyltin dilaureate were
added. The mixture was stirred overnight at room temperature in the absence of light. An



was in turn dissolved in dry hexane (water content < 10 ppm, activated
charcoal was added and the m xture was then stirred for ab&;&. %k)@? ses and
filtered ‘é’&aﬁ"ﬁ.’“ﬂfter evaporation of the solution the yield was g of a
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Example C-5
As described in Example B-4, an amphiphilic segmented copolymer was prepared which
consisted of a central polybutadiene/polysiloxane block and two terminal poly-2-methyl-2-
oxazoline blocks. Instead of the precipitation in methanol, however, the solvent was
completely removed from the product at high vacuum. 10 g of the obtained product were
dissolved in 50 m! dry nitromethane and subsequently the living oxazolinium triflate terminal
group was reacted with acrylic acid and 2,6-jutidine. For this purpose, the nitromethane
solution was reacted as described in the literature (M. Miyamoto et. al., Macromolecules 22,
p. 1604-1607 (1989)) with twice the stoichiometric amount of acrylic acid and six times the
amount of 2,6-lutidine for 24 hours at a temperature of 70°C. After processing as described
with the help of an ion exchange resin, 9.2 g of a clear, highly viscous product with terminal
acryloyl groups were obtained. Titration of the unsaturated terminal groups yields a value
of 0.14 mEq/g, which corresponded to 82.3% of the theoretical value.

Exampie C-6

The reaction mixture obtained in Example B-7 was dissolved in 30 ml anhydrous
dichloromethane and 0.88 g (5.7 mmole) isocyanato ethylmethacrylate as well as a drop of
dibutyitin dilaureate were added. The mixture was stirred overnight at room temperature in



solution was cooled in an ice bath. At a tenperature of O0-5[err]C 2.6 g
absolute pyridine (= 33 mmple) were added. Then 9.0 ¢
trifluor swaeetMeesul foni c aci d anhydride (= 33 nmmole) wer e BERHERMYBW se
for 30 mnutes, which caused a pasty precipitation. After the addition of
20 m tol uene and 20 M chloroform theggolution was stirred briefly and
filtered over a &4 filter. The clear solution was evaporated and dried at
hi gh vacuum A clear, colourless, highly viscous product was obtained. The
content of trifluoromethane sulfonic acid ester was then determ ned by
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7.90 nEq were dissolved in 130 ml dry hexane. The solution was dried under
refl ux fDhus, by caoying ooy the readinihsasiuense pbioxamplés AtS: B-Tvand Gl arcamphiphkilieve

4. Titr

ol uti o v%‘é"h'ﬁ‘?%m?ﬂ“'ﬁﬁe iR e ARG hoblooBRRLARIAS of one S gntents S

‘di i socyawhie mamsmymermb&y%arqugs abthe. WQFWF)SBQWGn@gC@I@DGPBWMQ in

di | aur eat e. After the reaction had taken place, the solution was added

dr opwi se to 14. g pol ydi net hyl si | oxane di ol (Shinetsu KF-6001, 1.07 nEq
“OH g), BXPRESHding to 15.8 nEq WD 97/ 49740

PCT/ EP9 ﬂm&iD&ckcopolymer from example B-8 was redissolved i in72g chtoroformland 0.92- gflﬂ 3 and

t d
stire genﬁggﬁraﬂﬁ&o@@a&eaa\pﬁggq e gﬁe{feédﬂe Rffer'thio' q{agg 8 rfYnG™"
t enper at wa%a@qiecb.ﬂg;{ gqalp!um ygsstuged or 1 hour, ﬂ!tered t rough 0.45 um filter and stripped at
150 mTorr.

Example C-8

The triblockcopolymer from example B-8 was redissolved in 30 mi methylenechloride and

0.73 g (7.2 mmol) of dry triethylamine and 0.567 g (6.3 mmol) acryloyl chioride were added.
~ After 24 hours at room temperature the suspension was filtered over a 0.45 pm filter and

stripped at 150 mTorr.

D Preparation of Films and Determination of the Morphology

Example D-1

4.14 g of the functionalized amphlphmc segmented copolymer obtained in Example C-1 and
0.26 g 1,3-bis(3-methacryloxypropyl)tetramethyl-disiloxane (crosslinking agent) were
dissolved in 4.4 g 1-propanol and filtered under pressure through a microfiiter with 0.45um
pores. 16.9 mg photainitiator (Darocur 1173°, CIBA Specialty Chemicals Inc., Basel,
Switzerland) were added to 6.9 g of the filtered solution. Then the solution was frozen three
times in liquid nitrogen for degassing, the flask was evacuated at high vacuum (1.2 mbar)
then warmed up to room temperature. Then films were cast from the formulation by
removing the solvent thinly spread on a glass surface. After contrasting with OsOy, the
optically clear films show a lamellar microphase structure in the submicron range (< 100 nm)
in Transmission Electron Micrographs. '



trifluoronethanesul fonic acid anhydride (M:=282,13) (corresponding to 65
nmol e) for 30 mnutes. This caused a pasty precigtipd78203Al t er
VB, i

t he addi m toluene and 20 m chloroform the solution was
stirred briefly and filtered over a &4 filter. The clear solution was
evaporated at a rotary evaporator and snﬁ%equently t he remai ni ng sol vent
was renoved at high vacuum A clear, colourless, highly viscous product was
obtai ned. The content of trifluoronethane sul fonic acid ester was then
determ ned by neans of titration: 0.349 nEq triflate groups/g,

corresponding to 97. 5% of the theoretical val ue. Example A-9

Synt hesi sTherokiaingd filspswere diischand degassed uRdergedyend Rigssusa B5d grﬁ;h'rr@dmedz g

(0.1 ol gt uvafght/(m rﬁW/bhEﬁtn'aSQﬁHéQIééﬂe Adlet W@Qﬁhﬁiﬂ? ﬂcheéueafrmnuﬁld 50 ng
dlbutyltln I | gureate were a three neck f drip funnel

Caa' 1| | ErarteR W \5opopRe0l ToP EXUBFePIRPASATS A ened (At Sefbl i . 2oL
(by the Cl@ﬁimﬁ‘ssﬁu%!émh nicfstopy éﬁdwmi)a méuamomoweimbemsdrﬂhembght of

o oups. Rbrier HSG ol e B AeiRouRhey RPmEbtR A Tors RS abs B s
was evacuamnelbe wasibbowt WOnmiaad thatabd rthespwlyoxazghmldnﬂlbs wgs @bblity4 nms t Thessizel

o e OO tne BIrRAPRick SRGBAIRE i o Satrif R ity PG, THE e S PEY arkihbeRip

dr opwi se

t enper at @f theisa rpigeodomeains w&@n it matnxdeeldsmy@aﬂ ]a(blcqmnmussnmrphomyover ni ght
at roomterrperature t he reactlon was finished. Isocyanate titration showed
a content of 1 40 theoretlcal val ue: 1.35 nEq/g). 202 g of the
[err], [ef B‘Sﬂ}ﬁ?'o‘% hi-epsesy pol ydi net hyl si'l oxane KF-6001 by ™

Shi net su W|th an aver age rml ecul ar wei ght of 2,000 g/nole (according to
titratio q Eﬂ/g hydr oxy groups) were put into a flask. The content of
the fl as W% uated to about 0.1 nbar and unstressed wth argon. This

\évas r IeIoeant‘Bﬁg phthedundiohatizghamphiphilic bémaﬂed\wpobgm&S obtaindd iulg Eliﬁﬁaprd Cirashl'y
‘ | st e [ | t n | ureate were
Cdded | abAfS q?n% st @eﬁ%nh\g%%ﬁ%#ﬁ%ﬁf bt ed ‘%ﬁ’sx'f é"ge?ﬁe" VelBount of
the perf Ictasobrpdlny étde i -prepanck éndfiltéret PDHexpressitd shroughle rrmarro@mr wittf 0. 45um
Stirring pav&y W&J@hﬂfﬁh&tﬂﬁﬂﬁi&?ﬁﬁo@wi ‘PIS"td]BArSr?%%fa'lt? ChRicdid e igder, The

sol vent was renove vacuumat ro ure. crotitration
showed 0.S¥tzgtiand) wergaskde é‘i’ 8953 of tha dBewed; solitiop Then the spiutigryvas frozerpthyee
Synt hesi ginmds ik Nguiblinttrdgen§ foadi@gasBmpPihai flasRWais evacuated\Gt Righ 4acutim (1.2 mbar)

PCT/ EP97] lQe‘an\ggrmed up to room temperature. in a nitrogen atmosphere (remaining oxygen content
< 3 ppm) the formulation was irradiated with 15 mW/cm2 UV light in polypropylene contact
lens moulds for 5 minutes. The obtained clear and colourless lenses were left to swell in
isopropanol and were extracted in isopropanol for 2 days and subsequently re-equilibrated
in water. The re-equilibrated lenses were sterilized by autociaving for 30 minutes at a
temperature of 121°C. The physical data were measured on the autoclaved lenses.

The ion diffusion coefficient is 3.93 x 10™° mmzlmin. or, relative to Alsacon NC (as standard,
for determination see page 37 above (lonofiux Medsurement Technique): 1.25 (lonoflux)
OoDk [barrers): 102
Water uptake [% w/w]: 14
E-modulus [MPa]: 1.2
Tear strength [MPa]: 1.1
Elongation at break [%]): 130



-43 - “In a dry 250 ml round bottomthree neck flask with a septum33.2 g
of the hydroxy- term nated pol ydi net hyl sil oxane perfl uoropol et her

tri-bl oo BT/ mer were degasified and dried at "a tenper W%[err]c
and under a pressure of 0.1 nbar. After cooling to roomtenperature 80 n
dry hexane were added and the sol uti ons@uas cooled to O[err]C. Then 2.45 ¢
anhydrous pyridine (Merck 7463; 99.5% were added, subsequently, 8.68 g
trifluoromethanesul fonic acid anhydride (Fluka 91737) were slowy added for
15 minutes. The resulting viscous suspension was stirred at O[err]C for 25
m nut esExampplesiB:24e &Bas t hen heated to roomtenperature, diluted with

anot her A&rdihg ReEREWP r&@vtm&,@h&bﬂehsés fveﬁw'rsmeﬁ (Tabié 18l ahes1t) idrer SO

that the resultin salt renmoval of all volatile
conponehfeRa 3“‘98‘? ?aﬁga%‘rbégvéf‘gchﬁfﬁ Zﬁg at 0.01 mbar, a yellow,
slightly oily, clear |liquid was obtained. Exampl e A-10 Ina 250 mM round
bott om - e'cked flask provided with a Soxhlet extractor with condenser
and a st&hﬁr—gn t he second ground joint, the Soxhlet extractor being filled
wi th nol ecular sieve (4 A), 33.85 g (6.69 mml) [err]

[err] - hydr oxygr | e z ahe (K by
Shi n- Et Lseg‘é\]apan pu?ﬂa(ka)g%ov ehélc!io)‘b’?lﬁﬁén%fd Im eva or‘gei< weng.'%gla)ésol vgd in
hexane land distilled [#%ww] ret lagRnkBw/ W] [houd%wWm] a n tiﬂdbmm:fmgbhere.
Subsequ sql uti wag congentratied to-85 m hexane ol ed tjo
Of[err] %{]&éﬂp,!eg,t,? 4U.g§'%|mu 13 alrjlg‘lg?ur oty Pyt |u7|81Tc wey e auucoufé)|1|crr 12.8 ¢
(44. 23 |rexample Er37 udr on@2Banebul f oBc acild wer 85added| over B4 nut e _and
the m tEifa‘?nM@E—&“ rredti,qr anot he?230 minutesqqt a terrpe)ratﬁlf:}e of Offerr]C.

L o

don ok
After tne auur Lt 1 orr gi LU Ifl |1U'IU1 Orlfranu tIreT ©alr 1<l O 1T UT T TITAAITT the

suspendi®ampe &5 | ¢  ed2Adder vacuB® usidg a Gi5glass|filteRtdinnel dnd was
then evapahgiieg-at N ghzy@cuun (0.@- 2 nbar). The y| Pl di ng sL93ourlegs oil

was di gsotved T3 rexame agar T, getvated—cirarcoat—was—added-jand
the m xtEX3RIBE-T | tprpazg'nm . Aft®r evdporation thel yieldS#% 20 61g of a
clear, |ctampléess oi Eglsctl pbnal i tey: - > 95% (baged on t he [ qred H NWR
data). — B Preparation ol ATpNIpnrTTc Segnented COpPOrymers — EXxanpre B-1
©2.22 g (26.1 mmol) 2-nethyl-2-oxazoline and 6.94 g (1.4 nmol) of the

macr oi NTABREdb prepared in Exanple A-1 were added to 15 ni

1, 2-di chl or oet hane (wat er content 5 ppm at roomterrperature After the

S0l Ut | QR—Was—st-i+F-ed +or—3% HetE-S—at—-08p-t-eAper-atu +-he—t-erpergt ure was
i ncreagdeenso 40[ err]iC. EZMP&]r 18 HaUMpaj he soISﬁ[%()n was Qg&kl[bdrrens] r dom
Example E-2* 0.9 0.8 250 174
Example E-3* 1.6 1.0 210 121
Example E-4 1.7 1.0 170 139
Example E-5 23 13 130 106
Example E-6 1.3 0.4 35 146
Example E-7° - 0.4 34 16
Example E-8 24 1.3 115 123

*) In the formulation ethyl acetate was used as solvent
°} The PDMS-segment with M, = 1500

E = E-modulus

c’F% = tear strength

Sk = elongation at break



WD 97/ 49740 .

PCT/ EP97/ 03203 .
tenperatur‘g W5 11 0.5 N KOH EtC]—I sol uti on were added. % éEPs%, ?Jzta?on
was then stirred for one hour and subsequently evaporated at high vacuum
(0.6 - 2 nbar). [err]H-NMR, O ppm (CHB‘-%i)-, 2.0-2.1 ppm (CH err] CON <),
3.3-3.5 ppm (> NNCH err]-CH err]-N <) Functionality: OHtitration: 0.40
nEq/ g Titration of residual cationic termnal groups: 0.02
nEq/ g GPC F | ecul ar wei ghts,

maxi mum pea téotH tg&’%b@%ﬁ%& gxggogg%%ggha%%r&gﬁéé@@@a Z?andard Exarrpl e
B-2 In a 25 nm pear-shaped flask, 3. 1 of the macroinitiator prepared in

Ex |
(Fuka 25505 mhen: @Bédﬁ%%”@{"'gﬂm(%wq"w% R A B R P ol )
dry 2- met RMOXASR Wi 25e were added. The mixture was stirred at 40[err]C

over ni ght gxfub@Brdeobl wywt he conpl ete reaction of the nononer was checked
by neans of 1 rrple B-3 0.5 g of ‘dried macroinitiator, prepared
in Exanpl é("??eS"?'&tg%r%%ﬁ’o ® ng to 0.33 nEq triflate ester) were dissol ved in
dry 1, 2- disskodaloé2Mpa. Subsequently, 1.0 g 2-nethyl -2-oxazol i ne -

(porrespoﬁam&ga}grewnég% wer e added. The solution was stirred for 30

m nutes a raturé and then for 48 hours at a tenperature of _
60[err] C. Dk:ts@rbarra@a;el&mmomadcmﬁ renmoved at hi gh vacuum a white, solid

tri-blocky % 4B’ Was obt ai ned. Exanpl e B-4- As described in Exanpl e
B-3, 2.5 &?’8 73 rreqrlfIate groups) of the

pol ybut adi ene/ pol ydi net hyl si | oxane macroi nitiator obtained i h Exanpl e A-8
wer e di ss@affple E-g00 nl dry 1, 2-dichl oroethane and, after addltlon of 2.45

28. 8 h d f h
ot s tenp”g"ﬁPéth%?ua%psﬁvﬁee*azc’&'"{‘?&oai W B PR o SO008 o e CEmel
total of abryidxypropyBietramgtiyhdisiloxanedcrisslitidng agerlh)eaddeﬁlmb Dakbtart 1788, C!BA :
sol vent's ap o8l chemidifs MR, BRELESWRRERIRY, (b MARRL RBRYALIAIThUNE Yhscous

propanocl. Half of the formulation was frozen three times in liquid nitrogen, the flask was
evacuated at high vacuum (1.2 mbar) and the solution was then brought back to room
temperature in the closed flask (degassing) before it was filled into polypropylene contact
lens moulds. The other half of the formulation was filled untreated into polypropylene
contact lens moulds. Both formulations were irradiated for 10 minutes with 22.5 mW/cm?2
UV light. The obtained colourless clear ienses were left to swell in isopropanol and were
extracted in isopropanol for at least 30 hours and subsequently re-equilibrated in water.
The re-eqdilibrated lenses were autoclaved for 30 minutes at a temperature of 121°C. The
physical data were measured at the autoclaved lenses and are given in Table 2.

JABLE 2
Lens 0O.Dk lonoflux water extractable
[barrers) [x10™ uptake portions
m¥min) | [Yew/w} [%w/w)
Example E-9 102 2.67 144 11.1
(without degassing)
Example E-9 105 3.30 14.9 10.3
(with degassing)




precipitate at high vacuum 4.8 g of a clear, highly viscous product wer e

obt ai ned (97% of the theoretical value). Prepar ation of an'lpE hilic -
segnent eNOOBMSI4Yer s havi ng term nal OH groups Exanpl e BCB' 93} -
97/ 49740 )

PCT/ EP97/ 03203 -52- - 45 -

Anal ogously to Exanple B-3, 0.5 g dried macroi nitiator of Exanple A-5 were
di ssolved in dry acetonitrile instead of in 1, 2-dichl oroethane and reacted
wth 2- netn%%%é xazol i ne. Then an equi nol ar anmount of a 0.5 N KOH sol ution
in et hak¥P added and was left to stir for 30 minutes. The product was

dried aCohio@bmeﬁWmdh?lSadrwaﬂlder(Dﬂﬁ actlvat ed charcoal was added and

t he progduct vva iltere d i.d, whi ted copol yner
Wit hpt e? iofH %’Eﬁjggﬁ’/ﬁg 'Pﬂtzﬁ?%éﬁm & a%ﬁ@dtﬁeggio}“‘ﬁégb Ded in Exanpl e
B-5, 1 gmtdthylamy\anpdé yApalogtusiy tol2xampde Er1, fthe tormutation mels igadiated amsl obt ai ned

ot o Badisd YR tefls88 Shdiith & hettribhaRe 8 4364 1o bERRGR VLt 7 BERIBEH

Af ter pr002e55| ng an eani n of "a"clear,

col our | a¥s/mp (576 relafivedo P@acéﬁb@)yﬂepkﬂf 88 bﬁ@'ﬁfﬁ &mﬂ al’(ﬁk@dmpgofv%ﬁ 81Pa as

obt ai negey as BO89PEEBNGatioN 4l bPeakO0 M pear-shaped flask 15.4 g of the
mcroinitiator obtained in Exanmple A-9 (2.85 mml)- were dissolved in 25 n

anhydrous 1, 2-di chl oroet hane and 5.82 g (68.4 mml) dry
2- met hy ExampleBait ne were added. The mi xture was stirred overnight at a

f S f th
o exanprTerael BT Tira ARG obpub KBl &g s Bireatmbs B
solduf[ ![ ol-[mh(tmbﬁnyhlqm){fsy;d]pnaw&hemﬁc?lamﬂmSKCMmaMgmslyatrbcEnmme Eht tze)l ut \I/vg 2
and i
ovapor a gﬁrvﬁ@ rﬁ&ta@?ﬁr‘aoéfﬂezagfgd gﬁg‘&%@@%@%ﬁ% thEPGptEP@ of ?Jl L )6\9)8/1
nbar) . lon permeablhty of 0.63 x 10 mm /mm (0.2 relative to Alsacon NC), OoDk of 132 barrers

and an E-modulus of 1.4 MPa as well as 145% elongation at break.

Example E-12

EGDMA as an alternative crosslinking agent: In a formula_tion as desctribed in Example E-5
the crosslinking agent was replaced by the crosslinking agent sthyleneglycoldimethacrylate
(EGDMA). The lenses were prepared analogously to Example E-1. The lenses showed a
water uptake of 9.8 %w/w, ion permeability of 0.44 x 10° mmzl_min (0.14 relative to Alsacon
NC), Ong’of 115 barrers and an E-modulus of 2.6 MPa as well as 90% elongation at
break.

Example E-13

1.56 g of the functionalized copolymer obtained in Example C-3 were dissolved in 0.56 g
ethanol and 10 mg of the photoinitiator Darocur 1173 *,(CIBA Specialty Chemicals Inc.,
Basel, Switzérland) were added. In order to remove the atmospheric oxygen, the flask
containing the solution was frozen in liquid nitrogen, evacuated to 0.01 mbar and brought
back to room temperature. This process was repeated twice. Subsequently, the evacuated
flask was introduced into a glové box filled with nitrogen, in-which the degassed solution of
the macromer was measured with a pipette into polypropylene contact lens moulds. The
moulds are closed and irradiated for 5 minutes with UV light at an intensity of 15 mW/cmZ2.
The moulds were removed from the glove box and opened. The obtained contact lenses
were extracted in isopropanol for 24 hodrs, equilibrated in phosphate-buffered sodium
chloride solution and sterilized by autoclaving for 30 minutes at a temperature of 121°C.



Exanple B-8 18.4 g Macroinitiator from Exanple A-10 were dissolved in 60 n
dey 1,.2 di %9§Igﬁt4§1ane. Subsequently 6.1 g 2-net hyl -2-oxazol i ne were added.
The solution was stirred for 30 min at roomtenperature and PREEPIHI3288 -
hours at 40[err]C. Subsequently 11.6 m KOH MeOH (0.507 N) were added.
After 1 hour at roomtenperature the sol V¥ht was evaporated at 120 niorr
for 17 hours. Exanple B-9 6.9 g Macroinitiator froma batch analog to
Exanple A-1 0 were dissolved in 15 m dry 1, 2-dichl oroet hane. Subsequently
2.2 g 2- mahia\dbtZined adtakiien g s.stirred for 30 mn
at room tenperature aﬂ#]‘g tohe%@%%rda%?ﬁgﬁarcs. at Bé%' éro ??d%gﬁ%gbalﬁ@ﬂ{qrg,etna@ﬁ,a
KOH MeOH ({FieigHptRie 5 Feupandan ionofwnisppesmeabititnof 6 \oH-Bmmentime sol vent
was evaporated at 120 nmTorr over night. WO 97149740

PCT/ EP97/ 03203 : -46 - . C
Rreparati on of Functionalized Amphiphilic Segnmented Copol yners Exanpl e
C-1 In a round bottoned flask, 6.62 g (2.64 nEq) of the anphiphilic
segnent ed copol yner obtained in Exanple B-1 were di ssol ved at room
tenperature in 20 M dry ethyl acetate (water content < 10 ppm and 420 ngy
(2.7 mol ) 2-isocyanato-ethyl nethacrylate (IEM and about 40 ng dibutyltin
di l aureate were added. The solution was stirred for 48 hours in the absence
of light and was then evaporated at high vacuum (0.6 - 2 nbar) for 5 hours
at a tenperature of O[err]C. 6.89 g of a colourless solid nacroner were.
obtained. Functionality: OHtitration: 0.11 nEq/g (27.5% of the OH groups
are unreacted) GPC in THF: 2 peaks, maxi num peaks at 400 (small peak) and
6500 based on pol ystyrene as a standard. :



Exanpl e C—2 In a round bottomed flask, 18.0 g (6.48 nEq -OH) of an -
anphiphilic: segnent ed copol yner obt ai ned I n Exarrpl e B-1 were dissol yed at
roomt enP@HAI4® in 40 mi dry ethyl acetate (water contentt<T/BRY? B’r?}‘ and
1.04 ng (6.7 nmol ) 2-isocyanatoethyl met hacrylate (1 EM_and about 40 ng

dibutyltin dilaureate were added. AfteP445 hours and 69 hours two portions
of 40 ng each of dibutyltin dilaureate were added.: 1 ours,
2 mM methanol were added to the solution, the sol uti Immm‘n HM ,I hrough

a m crof] with 0.45 pm pores and was then evaporat"edcatL himgh svaeuum
(0.6 - ) at a tenperature of O[err]C. 18.1 g of a solid macroner were
obt ai ned. Funct lonality: OH titration: 0.05 rrEq/ g doubl e

ot assi fin y AP efbaptE S ented ehabrter dmidishhy s s bng botifiohy Rnd el OO ©
obt ai ned | nyeﬂam@wmwwemm ASOOTIRriSeS BB IOXMRMTRAIYMSIL atihom
tenper at ur e. sJhéht'eBorhphataltn i £ eans!A ar\@B%ngqu@Hponent s

were renoved in va ; ra
concent r at i olP9§Hhe ﬁ&HPBQé/F "BPJWH?’Wb? 'ﬁf?i“irﬁﬂa&’ e @m%ﬁomamﬁte
obt ai ned was|cabesnedbsipabrgablé ansatumstedgroupr ous di chl ororret hane and 0.6 9
(3.9 mol ) 2-isocyanato ethylnethacrylate and 1 drop dibutyltin dilaureate
wer e added. The mi xture was stirred overnight at room tenperature in the
absence2of | Ag:lopolymer accordingo elaim 97 wherein segment A compnses a polysiloxane of
PCT/ EP97/ 0323 a (! -47 -
| R-spectrum s ovved zhe absence of isocyanate groups in the solution. Then
the m xture was diluted w't ethanQJ ahd slowy filtered over a bed of
al uni ni um oxide with an Betijvity lguel|of 5. The flltrate was evapor at ed
and all volatile conponenjftsiwere r nmov d at 0.01 nbar very solid and
t ough subst ance-waalpbtaisnegt— drt+ aaxat yses showe(&)an anmount of C=C
doubl e bonds of 0.95 nEqg/lg. | The contenf of hydroxy and isocyanate groups
was below the identifica®oh limt gf P.01 nEq/g.

. : B n

_ in which n is an integer from 5 to 200; Alk is alkylene having up to 20 carbon atoms;
80-100% of the radicals R{, Ro, R3 and Ry, independently of one another, are alkyl and O-
20% of the radicals R4, Ro, R3 and Ry, independently of one another, are alkenyl, aryl,
fluoroatky! or cyanoalkyl.

3. A copolymer according to claim 2, wherein n is an integer from 5 to 120, preferably
10 to 100, in particular 20 to 80.

4, A copolymer according to claim 2, wherein 85-100%, in particular 90-100%, of the
radicals Ry, Rp, Rz and R4, independently of one another; are lower alkyl having up
to 8 carbon atoms, preferably lower alkyl having up to 4 carbon atoms, particularly
preferably lower alkyl having up to 2 carbon atoms.

5. A copolymer according to claim 2, wherein 0-15%, in particular 0-10%, of the
radicals R1, Rp, R3 and R4, independently of one another,.are lower alkenyl, phenyl
which is unsubstituted or substituted by lower alkyl or loweﬁ alkoxy, fluoro{lower
alkyl) or cyano(lower atkyl).
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Exanple C-4 In a round bottom three-neck flask made of brown glass 15.53 ¢

(2.64 nEq_HO- s) of the HO-term nated bl ock copol ynmer op&piep&foskés -
Exanpl e B“@%ﬁ*’g%gl ssolved in the absence of light :in 50-—nt—dry

et hyl acetate and, while the solution was_stirred at room .
ng (2.7 mol e) 2-isocyanato et hyl net hac'r§5r ate (IEM and ﬂgﬁiﬁmwmwﬂffﬁr
dilaureate as a catal yst were added. After 48 hours of ir meg  a
solvents as well as excess |EM were renoved fromthe nmixture at a

t enper at ut e of ) T, 10
our s, 1835 o GpElrbpr BRG] cildl ARl antbr ATaffnrsBt aherflchball)
correspondi ng palyesvenafiFormulaileor eti cal value. The titration of the
‘'unsaturated term nal groups yields a value of 0.16 nEq/g. Exanple G5 As
described in Exanple B-4,_an anphi philic seqgnmented_copol ynmer was prepared
whi ch consi sted of a'&%)hIZ’QFZ’&gEFBSr%ﬁ@%ﬁa%w%’f?gﬂgge bl ocklhnd t wo

“termnal poly-2-nethyl-2- oxazoline blocks. Instead of the precipitation in

met hanol , however. .t he sol vent was, conpl et el ed frgmthe oducj,, at
b vacuum 16 WX S airiRinat i we Ao hiim 16 & REE Pt 2l gt rieR ot e
ni t romet hane atilerspissedjvalant pdichkchdving up took2earboniatoms of & band: daeh B, nal

group was rea 6. 9ci:d_ -l utjdine.. F | { he
ni t r onet hane géﬁﬁe&}e:#g%nt\%géﬁﬁégc eg% 'gs%s%@éggdwrﬂérgﬁehalsg‘éaﬁ% lgjfr’gc% Il@l%(azas
Myanoto et. o8 statisliget avasags; thelinioZ-Eprepresenisitbe requaBe)-¥-(ACGHpGHr)ge ant &
stoi chionetriggggpynt of acrylic acid and six tinmes the anmount of
2,6-lutidine for 24 hours at a tenperature of 70[err]C After processing as
described with the hel p of an ion exchange resin, 9.2 g of. a clear, highly
vihscous m.oduafj cdﬁd!)hné:&é'dﬁbﬂﬁ%g MﬁhﬁJwtﬁrw{Eis\w?&\gﬂﬂv@éE len’éi,%r_f-eomﬂh' of

t he unsaturated term.nal .gr S _Vviel, ug_0 , nEq/ g, ic ,
~corresponded tadyig'f'ﬂ%%? ‘&%&H&%ﬂ‘*&'@aﬁe%?ﬂ%é& 9’%§Panp| e C-6 The reaction
m xture obtained in Exanple B-7 was dissolved in 30 m anhydrous

di chl or ot ha , A {gm.j sk ' thacryl ate as wel |
as a dr o[)g?of Qﬁ%ﬂtﬁl tle'ﬁ&&gf&a{fpréa e mgr%ﬁe;rg@@.gweeﬂr%@%ﬁe was stirred
overni ght at roomtenperature in WO 97/ 49740

PCT/ EP97/)3203 copolymer according to claim 6, whersin the indices_X+]y are aTfhber in the8nge
absence of Ilqht-. An LR srchtrurp shgvved t he absence of isocyanate groups in
0, preferably 10 to 30.

t he rom 10 to

10. A copolymer according to claim 8, wherein the ratio x:y is in the range from 0.5 to
1.5, in particular in the range from 0.8 to 1.2. '

11. A copolymer according to claim 1, wherein segment A comprises an unsaturated
polymer comprising repeating units selected from units of Formulae (1) and (V)

R, R, ' '
| ' |— l (IV)
(III) I
R‘ —l |
o]

l ,
R‘Jm —

l i ]

wherein Rg is hydrogen, alkyl or trialkyl-silyl;
Rg is alkyl, unsubstituted or substituted by alkoxy, a|koxy_carbohyl, hydroxy,
carboxyl, halogen or aryl; alkenyl, unsubstituted or substituted by alkoxy,
alkoxycarbonyl, carboxyl, halogen or aryl; or alkynyl, unsubstituted or substituted by
alkoxy, alkoxycarbonyl, carboxyl, halogen or ary; and
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solution. Then the m xture was diluted with ethanol and slowy filtrated
over a bed of alum niumoxide with an activity level of 5. The filt ate was
evapor at @ 2748l | the vol atile conponents were removed attIRPPTNAY

very solTd and tough paste was obtained. Titration anal yses showed a
content o s of 0.25 nE§Bg. The content of hydroxy and

| socyanat Hlmﬂmmsmmnm/ the identification limt of 0.01 nEqg/g. Thus,
by carrying out % het réacti on sequence of Exanples A-9, B-7 and C-6, an
anphi philic 0 mhereln t he \h hohi.c bl ock consi sts of
vari ous subsgﬁrﬁﬁ{%Bdﬁé""gﬁﬂ&én&B NG A} § We'?ydg%ﬁoe oT@l¥gr oups at the

hydr ophi | i ¢ e Bermd 7,aakerbpgethesiane (CHp)5x ainptein i afl intederiobBde Bcopol yner

from exanpl e I I 2 g (6.3 mmol)
of 2- |socyanaF o-sea\t,'\%SR e‘g%é'ig fgﬁg & B?? éﬁw‘%\/‘\éﬁ ergé'@;dé) gﬁ:ﬁp@ ea(r)(\@v\o days 35 nl

et hanol was added, the solution was stirred for 1 hour, filtered through
0.45 pmfilter and stripped 50 mforr.. Exanpl e C-8 The

tribl ockcopol yner from exangl@4B-9 was redi ssolved in 30 m

met hyl enechl ori de and 0.73 2rmmol ) of dry triethylam ne and 0.567 g
(6.3 mol ) acryl oyl chlor] CHAf ter 24 hoyyp at roomtenperature
the suspension was filtere 0. 45 pm filter and stripped at 150
mrorr. D Preparati on of and Determ nation of the Morphol ogy
Exanple D-1 4.14 g of the fu rLaI i zed anphi philic segnmented copol yner
obtained in Exanple C1 and 0.26 g 1

, 3- bi s(3- net hacryl oxypropyl Ytetramet hyl -di sil oxane (crosslinking agenI)
were dissolved in 4.4 opanol and filtered under pressure throug
mcrofilter wWherein ’@Srﬁr Meggn erdly of pge ghethsl. @re AR inipoer el 1de & bﬂ‘ldi%'["é‘r r]

Cl BA Speci al mvg:aeme@g,ﬁe hme the Valgel; Switzerl and) were added to 6.9 g of
the filtered so he SO frozen three tines in liquid
ni trogen for @iéﬁn‘@k eq 'Teé's?{e\/\gg“&a%%’ﬂ PP aﬁdﬁf\ 2RAYSY (1. 2 nmbar)
-then war ned upahd o; indepemaendly af one andthen aré hmintegeref d030 100,0001 drel

.formul ation ' ad on a glass surface. After
~contrasti ng \?\AHQE ﬁﬁ@&?&ﬁ@%éﬂﬁé@ﬁr&fapggo P?ﬁs show a | anel |l ar m crophase
"structure in the subm cron range (< 100 nn) in Transm ssion El ectron

‘M crographs. A copolymer according to claim 11, wherein the unsaturated polymer comprises
repeating units selected from units of Formula (lll) and (IV), wherein Rg, Ry and Rg
“are hydrogen and Rg is lower alkeny! or lower atkeny! substituted by halogen,
preterably lower alkenyl having up to 4 carbon atoms.

13. A copolymer according to claim 11, wherein the unsaturated polymer comprises
repeating units of Formula (V) wherein Rg is tri lower alkylsilyl and Rg is lower alkyl.

14. A copolymer according to claim 11, wherein the unsaturated polymer comprises
alternating repeating units of Formula (1il) and (IV), wherein R, R7 and Rg are
hydrogen and Rg is lower alkyl or lower alkenyl having up to 4 carbon atoms.

15. A copolymer according to claim 11, wherein the unsaturated polymer is selected
from syndiotactic poly-1,2-butadiene, poly-1,4-butadiene and_polyisoprene.

16. A copolymer according to claim 1, wherein segment A comprises a polysulfone
comprising at least one of the structural elements Via) to Vid)
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WO 97/ 49740
PCT/ EP97/ Q

: Q | -#@repor0n26Ene -
obt ai ned f%ﬁrﬁ?’%@e dried and dégassed under reduced pressure and then -

irradiated with Uv-light (15 mWcnR) in_a silica flask. After the -
crosslinking the clear filmwas extracted with i sopropanol:

portions anounted to about 30% Transm ssion electron m crﬁmﬂmﬂﬂgmlf
| anmel | ar nor phol ogy due to which the two pol ymer bl ocks coutd ®agil'y be =
di stinguished from.gogoanot her. The thicknggy of the PDMS | anel | ae was
about 10 nm and that of the pol yoxazoline | anellae was about 4 nm The size
of the lanmellar mcrodomains in the matrix was below 1 pm The

3-di mensi onal arrangesmat of these microdomains within the matrix yields
overal | a bicontinugys cBrdlael 0gy. E Pggparation of Contact Lenses
Exanple E-1 4.14 g gf, ﬁ:@ ??@tlﬁonal i zed a{r/rp'%Zi philic segnmented copol yner
obt ai ned in Exanple @Hgzand 0.26 g

1, 3- bi s(3- et hacryl oxypropyl ) tetranet hyl -di sil oxane (crosslinking agent)
were dissolved in 4.4 g 1 -propanol and filtered under pressure through a

mcrofilter with 0-._‘455%@%_@9 es. 16.9 ng pho{,@znitiat or (Darocur

1173[err], Cl BA Speci alt emcals Inc., Basel, Switzerland) were added to.
6.9 g of the filtered solution. Then the solution was frozen three tines in
liquid nitrogen forpdseags,HenR-685. f | ask ) évacuat ed at high vacuum (1.2
nbar) then warnmed up to ro@mterrp rature. In"a nitrogen atnosphere

(remai ni ng oxygen content < 3 ppn) the formulation was irradiated with 15

MV cn2 WV | i ghihetdin POhsaiueRyAl e MIAGSE alkgined? ahflend &id B inshusar The
obt ai ned cl ear, andtcngSu erﬁssdpgcﬂses re left to SV\@| | in isopropanol and
were extract e§EMENS 0{5 ik 5a %‘9- §PRPAYY PRETYRRSy re-equil i brat ed
in water. The re-equilibrated | enses were sterilized by autoclaving for 30
m nut es a r . -1 ]4C i red on
e oﬁ'ave%%ﬁ@@s# decBidintftblciith] CwnEPéin BBYRBAPA cOAbAsdlD &gﬁzﬂéz The
i on di f f usi onsuykssMEernteaelecied froppalysipxangsefformulan(l) as definetidn plaims 310 5,
Al sacon NC'( aﬁeﬁlhémwjpol&%ue@f%f%%&%tm?as ASFn PR Iatrhs BRBMB, (1h&Gk 'té!i(lo

Measur enent Techni ueg: 1. ) 1X 2Dk [barrers]:
Wt er upt ake P%'W/e\?ﬂ comprising repeating units ¢f Fgsaylag!I}) ppd) (V) as defined in claims
Tear strengt h1f bak, arld polysulfones as definedin@igmtigon at break [%: 130

2

18, A copolymer according to claims 1 and 17, wherein segment A comprises
perfluoroalkyl polyether or polybutadiene subsegments (a) and polysiloxane
subsegments (b).

19. A copolymer according to any one of claims 1 to 18, wherein segment B is derived
from a cyclic imino ether compound of Formula (V1)

N (CHg)

(Vi)

wherein Rg is hydrogen, alkyl, hydroxyalkyl or alkenyl having up to 22 carbon atoms
and optionally containing ether, ester or urethane groups, cycloalkyl, aralky! or aryl;
andtis 2 or 3.

T



WO 97/ 49740 “\“H ““HEM I PCT/ EP97/ 03203
-50 - Exanples E-2 to E-8 Ac e E-1, the contact |enses -
gi ven i nwoety148740 (Tabl e | a and 1b) Were P repar ed, autocl aFSTERTI¥O i bed

and characteri zed: TABLE |a Lens PMOXA Crossl i nki ng

wat er upt ake | onof | ux - 58 - [ % W] agent [ %W w

[ 9 W] (x10[err] nmmferr]/mn] Exanple E-2* 13.6 5.2

7 0.19 Exanpl e E- 3* 22.5 5.2 15
Ex;frpl o Oc. 5 Ae copoé}ymgrzat.;{:ord1 ing to claig 39, whergin the cycllg :mmo]éthler compound isa 2- 1.73
Exanpl e E- 6 alkyl, or 22dikény} oxazoline or 8 2-(hydroxyalkyi)oxazoline or a 2-isocyanatbe®#/l

Exanpl e E-7[ 0 5. 65

Exanpl e E-8 riéthberylage, adduct thereor. ¢ 13 1.22

TABLE | b Lens E[ MPa] R [ Mpa] SR % d err] Dk

[barrers] A EggHiphér &ecbiding to claifh 2o, wheremthe@ cic imino etherco Bund is 2-
174 Exarrple E-"3* %g o cal 0 y 210 a{b 52

Exanpl e E- 4 methyl oxazotine, 2 (hydroxyrmeti)yl)oxazo!me or 2-(hydroxyethyl)oxazolingz g Exarrpl e

E-5 2. 3 1.3 130 106 Exarrpl e E-6
L3 Sy 31, Segment ® fs'

0 4 22. A co%q{ymer according {o any °'E<3frfﬁ?'5’s tg 18 wher tzsgpme t B is'deriyed
115 from a VYl ether of Formula (VIH)

Ryg-O-CH=CH> (i)

wherein Ry is alkyl or alkoxy alkyl having 1 to 10 carbon atoms; or from dioxolane, '
a dioxetane or cyclic ether of Formulae (I1X), (X) or (X1)

O ——CHp (1X) (X)

l i : R4y{HC ———CHR41
CHz— (CHa)y O
R11HC——-—CH ORy2 (X1)

%

wherein u is an integer of 1 to 3; each Ry4 is independently hydrogen, aikyl or
alkeny! having up to 22 carbon atoms and optionally containing ether, ester or
urethane groups, cycloalkyl, aralkyl or aryl; and R{2 is alkyl, alkeny! or alkoxyalkyl
having up to 4 carbon atoms. '

23. A copolymer according to claim 22, wherein the vinyl ether is methyl viny! ether,
ethyl vinyl ether or methoxy ethyl vinyl ether.
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*) In the fornulation ethyl acetate was used as solvent *) The
PDVB- segnent with M = 1500 E = E-nodul us R = tear strepgyfkporoni= -

el origat i orV@E7MY 4%« WO 97/ 49740 e
PCT/ EP9/ 03203 ' _ 51 Addition to
Table la and 1b for Lenses nade from Ex8fple C7:  For um ,mw
Macromer, 50 % w w 1-Propanol, 0.5 % w w Darocur 1173 P lhha

Extractables. 9 % ww Water content 23 % w w E-Mddul. 1.2 Mpa E ongatiB'n’ at

b k: 69 % Dk: 56 b at .48 m hi N . ; 8  Exanpl
Eo 1 1798 of MRBSVIRCAPGIRp L ReTn 5 The ERR S Rin e s tiemre’c. o 66 m 1
, 3-bi s(3-nmeth- acryl oxypropyl)tetranethyl-disiloxane (crosslinking agent)

d 9 . . i : ] D
St zer [%ha, - aRYbr sBkdring ® HlTRa wfoolh BREIMEL el Bty A or |
of the fornul propylen@Edes rozen three times in liquid nitrogen, the flask was

evacuated at high vacuum (1.2 nbar) and the solution was then brought back
to roomtenperature in the closed, flask ef.o

[ degassi n before it was filled
into pol$%r opdIceRYRSHa5earding R cizim ?85‘!""&%‘? ’(’?PWF’P her %fnesmégfvsmma?n on

was filled unvingajiyrsiyl ether,mlhglyciy e of effioxpéthiieiridypethds. Bot h
formul ations were irradiated for 10 mnutes wth 22.5 mWcn2 WV light. The

obt ai ned col ourless clear lenses were left to swell in isopropanol and were
extract e27.i n Asopoigmenatcdrding 4 ahy ane oBdaimait to 18 dwhendin sqgmant B is derived

re-equilibratggdain MalEi H?ﬁ*{?@?ﬁ?&“‘?{}%?ﬁ~‘éﬁm s were autoclaved for 30

m nutes at a ?errperature o';g e physical data were neasured_ at
t he autocl aved | enses and are given in Table 2. = "~ ' : '

28. A copolymer according to any one of claims 1 to 27, which is a di-block comprising
one segment A and one segment B. '

29. A copolymer according io.any one of claims 1 to 27, which is a tri-block comprising
one segment A and two segments B which are attached to the ends of segment A,
or comprising one segment B and two segments A which are attached to the ends of
segment B.

30. A copolymer according to any one of claims 1 to 27, which is a comb-type copolymer
of the Formula (Xil) or (XiF")

- [lé o
SR

wherein the segments B are pehdent from segment A or segments A are pendent
from segment B; and v is an integer of 0 to 20.

A
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TABLE 2

Lens

.extractabl e

portion
102
105
97/ 49740

PCT/ EP97/ 03203

WO 97149740
2. 67 14. 4 11. 1 (wi.thout degassing) Exanple E-9

I

‘““ .l onof | ux wat er
Gwi i [ v TR

3.30 14. 9 -8010. 3 (with degassing) WO

-52 - Exanpl e

Chat of- BxdepRoianef oeBtalit cPGaM ATR) o, il Kby b habE QRoRRASEC el )

to Exanpl e @pdigr funberflwdmnrdtclsegmnats B’rwbi@h ateeqpmedm mecaamle or differenknses

showed a

mjerr]/mn

B S T B o i T

E- nodul us of 2.4 MPa as well as 105% el ongatlon at break. Exampl e E-11

Comonagier TALspol

rﬁeﬂatf:db'i'df% &; a 6 PaIMgSt toB 1, waréﬁ tHex@Ned oRe> Were

added 24 %N/W 3-Ltr si | ox A pr thacr (JRLS).

Anal ogous| yP heallfale %ﬁ%ﬁ%ﬁf&%‘*&b@f R s3BEA B Okt et
The | enses B’M\tcedresemmmheapdakmmémﬁdal&emm i on perrreabl lity of 0.63 Xx
10[err] mmjerr]/mn (0.2 relative to Alsacon NC), (Jerr]Dk of 132 barrers
and an E-nodulus of 1.4 MPa as well as 145% el ongati on at break. Exanpl e

E-12 BIDVA Aprovesafardhe prapacation®f sidopkiymer ageerdingitn aay poe ohiclaimoh a2,

descri bed i
crosslinkin
prepared a

35.

36.

n@%‘ e crosslinking agent was replaced by the
& gent @t hgy%en(g | ycol di-net hacryl ate (EGDMA). The | enses were

| ogoRFeVigingat ne thermallyrarphaiechemically astivable cationic or

b)

d)

radical initiator group on at least one end or pendent from a compound
serving as segment A or segment B in the copolymet;

conducting a graft polymerization at the initiator group present on the said
segment A or segment B using a monomer from which segment B or
segment A, respectively, is derived;

optionally changing the monomer and conducting further graft polymetrization
using a hydrophobic or hydrophilic monomer which is the same or different
from the monomer making up segments A and B to produce further
hydrophobic segments A’ and/or further hydrophilic segments B’,

and if a polymerizable final unsaturated group should be provided at the end
of the growing segment: . |

reacting the segmented copolymer thus obtained or a suitable derivative
therefrom with a functionalized compound carrying a polymerizable
unsaturated group.

A polymeric product which is obtainable by further polymerizing a copolymer
according to any one of claims 1 to 32 through the polymerizable unsaturated
group(s), optionally in the presence of further vinylic comonomers and optionally of
cross-linking agents containing at least two unsaturated groups.

A polymeric product according to claim 34, wherein the vinyl comonomer comprises
at least one hydrophobic comonomer.

A potymeric.product according to claim 35, wherein the hydrophobic comonomer is

selected from methyl methacrylate, TRIS, DSPMA and acryionitrile. ™~
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wat er uptake of 9.8 %W w, ion permeability of 0.44 x 10[err] merr]/mn
(0.14 rel_ati Al sacon NC), 2Dk of 115 barrers and an d’f‘tﬁ]{ﬁ}d o8f 2.6
MPa as VVEWP%)?T&B% el ongati on at break. Exanple E-13 1.56 g of t ﬁz S

functionalized copol yner obtained in Exanple C-3 were dissolved in 0.56 ¢
ethanol and 10 ng of the photoinitiatofDar ocur 1173[eﬂ“llumllml|ﬁﬂm”mty
Chem cals Inc., Basel, Switzerland) were added. In ord

at nospheri c oxygen the fl.ask containing the sol ution was frozetid Ifquid

ni trogen, evacuated to 0.01 nbar and brought back to room tenperature. Thi s

process was repeated tw ce. Subsequently, the evacuated flask was
i ntrodu8éd i Atpplymeliopwdyehadcprdingitoflaim fm,twl'&g%!ﬁ the yinylirogienomer gepagsesd

“solution of LhRJEPSHERRIoNRfc EBashoRér. Wi th a pipette into pol ypropyl ene
contact |ens m)gl ds. I‘?ﬁ{e Hrr}gul ds are closed and irradiated for 5 mnutes

with UV light at an intensity of 15 mWcnR2. The noul ds were renoved from
the gl ogs. lbo]gc\ pﬁ?ﬂnaﬂﬁﬂﬁductﬁb%otﬂmgﬂmdnﬁ@ntv&@relﬂmﬂﬁylmm"ommhfeﬁﬁ ed in

i sopropanol for ou u ted.in at ium
Chior o sol GePERATHE biarRY el mafiagtiast BOMEPriTioges. N tisdethy 5

t enper at ur e aéryletifie (neth)acrylic acﬂmmydréﬂmpy! methacrylate and acrylamsde.

PCT/ EP97/ 03203 -53 - The .

obt ai ned contact |enses had an extractable portion of 3.1 9w/ win
di chl or 8%et hArmslyraenimpieductacsristing toxiaig 3duwhesein thevingissomonomsn

pgzrreabl Lty cQhphses dtdb£dtiohe MYLRIphbbiFdhd at least one hydrophilic comonomer.

40. A polymeric product according to claim 34, which is obiai_nable by further
polymerizing a copolymer according to aﬁy one of claims 1 to 32 through the
polymerizable unsaturated group(s) in the presence of a crosslinking agent
containing at least two unsaturated groups. |

41. A polymeric product éccording to claim 34, which comprises at least one vinylic
comonomer and at least one cross-linking agent.

42, A moulding essentially comprising a polymeric product éc.cording to any one of
claims 34 to 41.

43. A moulding according to claim 42, which is an ophthatmic'-device for vision
correction.

44, A moulding according to claim 42, which is a contact lens.

45. A moulding according to claim 44, which is a water-containing soft contact lens.

46. A moulding according to claim 44, which is !ow-water‘-contént flexible, gas-
permeable (RGP) contact lens.

47. A moulding according to claim 44 which is a highly Oa-permeabie extended wear
lens with favorable water permeability and good on-eye mobility.

""ﬁﬁ‘ii’ﬂ]iiifﬁm [ !iu



An anphi philic segnented copol yrreum uﬂl‘”gmu l (A) at |east one
oxyperm p%%@,, egnent A sel ect et} (bl consisting of a .
pol ysi | ox ; %‘Erfl uoroal kyl ether, an unsafurated pol ynePCEEPOW3203 -

- pol ysul fone; and (B) "at | east one ionoperm polyner segnent B sel ected
fromthe group consisting of (Bl)ea- segnent that is derived froma
cyclic imno ether conpound of Fornmula (VII) [err] wherei n
Rlerr] is hydrogen, alkyl, hydroxyal kyl or al kenyl having up.to 22 carbon
at ons ihonal | ont ai.ni ng_ether, ester or urethane groups,
cycl oal_lff}f , Z’?g rﬁ%t '%l"s Ag4preing to claimyfh havipg azbudk water content dfB2p 30, segnent

Rlerr]-OCH= . .
having 1 to 10 Tarbon at.ons; or from di oxol ane,

that is deri sefetatiyi@io20, tia ' :
el S0 (V11 o R B R P ebbared o e ke iy
a

di oxet ane or

cyclic ether of Formulae (1X), (X) or (X) _ [err] : wherein
u i s an4bnt e@ahodbing dc@oRii ; .1.S. i ndependent |y hydrogen, alkyl or
al kenyl ' havinrbig ugﬁrﬁgﬁ@%whﬁ%ﬁf"%‘gﬁ%wm} |y contai ning

et her, ester or urethane groups, cycloal kyl, aral kyl or aryl; and

2 is abkyl oliding| I : .4 b ;
and e aen el wREH SR kR Roeaplipi tardinn | o ne.

and g, segnent that is derive
[err]-lactone or {'err] - | act ane; wherei'n segnent A and
segnent B are |inked together through a non-hydrol yzable : bond, and

wher ei ns{he KQRGhYIEL SFHS g&&%ﬁgﬁy | east .one pol ynmerizable  unsaturated

gr oup. ) comprising & polymieric product according to any oneé
of claims 34 to 41. - --

52.  The use of a copolymer according to any one of claims 1 to 32 for coating the

_ surface of an article.

53. Theuseofa polymeric product according to any one of claims 34 an

d 41 for coatin
. the surface of an article. ;

The use of a copolymer according to any one of claims 1 to 32.for the production of
, a moulding.

55. Theuseofa copolymer according to any one of claims 1 to 32 for the production of

a contact lens.
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; 2. A copol ymer ‘according to"claim1, wherein segrent
es a pol ysil oxane of " Formula (%) [err] - in

is an integer from5 to 200; Ak is alkylene having up to 20 car bon

_______ 80-100% of the radicals Rerr], R2, R3 and R4, independently of one

Aother, are alkyl and 0- 20% of the_r. |cals R-err], R2, R3 afid§

T
{]

; ndependently of one another, are alk I~, aryl, quoroaIkyI or cyandal kyl .
3. - A copolyner accordin to claim 2, wherein n is anAmteger from5 to
120, preferabl Ho. . Eq,DtN% Wﬁpanta cytor 2040 éo. } 4. A
copol ynmer accordi te clt= , ein 85-100% in par | ar 90-100% of
t he _ ' ' :

I hexane, 0°C, 1h

TIO PoMs |\ _~_~OTf
N
ALY e
|

‘
o ”

¥

PDMS N
o" ' p ot
. y.
l 2 eq.KOH/ EtOH —
REPLACEMENT SHEET
o)
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N —
HO PDMS
X
l 2 oon” 0\;(& (IEM)
”E/ \’ ~ JPDMSK/\{% Rzo
| PDMS:  Polydimethyisiloxane Ry : -CO-NH-CHchz-O-OC-C(CHa)=CH2
IEM:-._ ' 2-Isocyanatoethyl methacrylate - T . Triﬂuoromethylsulfonyl
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radicals Rl,| R2,” R3and R4, independently of one another, are fo%r al kyl

ST R e e

car bon at ons. ymer according to c alm 2, wherein 0-15% in

particular 0-10% of the radical s Rl, [RZ PEMENT ERRTtTy:
of one another, are |ower alkenyl, f)ﬁ nyl L ﬁﬁl S un%%ﬁ%itgged r
\ 0D ion ¥ paged ...
substituted by | ower al kyl or |ower alkoxy, f r r PR r
: ; s na 85»1: D 85
cyano(lower alkyl). . 6. A copol yuEr SI ng Fgcl'ai 7
‘wher eig_gmmrent A conprises a perfluoroal kyl Dragng($h hepecdf-- ko magada
(1) - (E) k- Z- CF2- (OCF2) x- ( q:tﬂddﬁsac Pp@ed )0 paged(.l.] )
in which x +y is a nunber in the range from 10 to 100; each Z, o
i ndependent Ay afiiphighflic segmente@icdpbi§met Sorpling enDAﬁ‘EdOEdkEﬁEIHIhg...llﬁffH‘_lz ;

carbon ato or,a bond; each E, I ndependently of the others, 1S
CCcrpcry [ BV o5 G150 PRI PV 5earBentrA SHREeH 03T B 0roup consiag ditd ot  cal
ave B age; 1t hpolt;sTibkaneZAal:'permi&m&IBﬁ Rttser] %mumtb{d@dﬁéér@\fhﬂm_ Mﬂszr_\éi,fuﬂtdg g

is or 1. . co mer .accordi ng,t0 | lerein Z.is a_.bond,

| ower _al kyl Bt sast o @R8ITBorEOteanivh selcteq from al5 Sioip Gefeisa S niced  t o
a CF2 group(B1) aBsegmenithat jsoderived fraccacytilingmino ethaxicomPoundhef Bormula (Vé) | ower
al kyl ene. 9. A copol yner lqeeer—e{bpg) to claim6, wherein the indices x+y
are a nunber in the range frTm 10 to 50, preferably 10 to 30.

0] (Vi)

9 ' .
wherein Ry is hydrogen, alkyl, hydroxyalkyl or alkenyl having up to 22 carbon atoms
and optionally containing ether, ester or urethane groups, cycloalkyl, aralkyl or aryl;
andtis2or3; .

(B2) a segment that is derived from a vinyl ether of Formula (Vi)

: R10-O-CH=CH, (Vi)
wherein Ry is alky! or alkoxy alkyt having 1 to 10 carbon atoms; or from dioxolane, a
dioxetane or cyclic ether of Formulae (IX), (X) or (Xi)

O—— CHp X)

‘ \ (X R{{HC ——— CHR;;
CHo— (CHz), - _ /0\
RyHC——CH OR; . (X1)

\

wherein u is an integer of 1 to 3; each Ry, is independently hydrogen, alkyl or alkenyl

having up to 22 carbon atoms and optionally containing ether, ester or urethane

groups, cycloalkyl, aralkyl or aryl; and Ry, is alkyl, alkeny! or élkoxyalkyl having up to
4 carbon atoms; and '

(B3) a segment that is derived from an N-substituted aziridine, B-lactone or B-

lactame;

wherein segment A and segment B are linked together through a non-hydrolyzable

bond, and wherein the copolymer contains atleastone polymerizablg unsaturated
group. . . 'REPLACEMENT SHEET
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" 10. Acopolyr"réT accordi ng to cIa|m6 wherein the ratio x:y is in the

rangef m‘m in particular in the range fromO0.8 to 1.2.
“11. |ngto claim1l, vvherelns

unsaturated Lo ymer conprising repeating unlts sggmmfmrts
of Forrrulae(lll) and(IV) [err] wherein Rerr] is

hydr ogen, al kyl or trialkyl-silyl; R6 is al kyl, unsubstituted or

substituted by al koxy, alkoxycarbonyl hydroxy, car boxyl, hal ogen
or aryl; al kenyl, unsubstituted or SUBStit ut ed by al koxy,

al koxycar bonyl , carboxyl, hal ogen or aryl; or alkynyl, unsubstituted or

substituted by al koxy, alkoxycarbonyl, carboxyl, hal ogen or aryl;
and - 1 c 11 1s1* - 57 - R7 and R8,
i ndependent|ly of one another, are hydrogen or alkyl; or .R6 and R7,

taken together, are -(CH2)[err], wherein p is an integer of 3 to 5, or

R6 and R7, taken together, are a divalent residue of Formula (V)

2. A copolymer according to claim 1, wherein segment A comprises a polysiloxane of
Formula {1)

[ ]

LT

— Alk— sli. o— S‘i‘—‘ Alk— (x)
R
2 R

I t— a

in which n is an integer from 5 to 200; Alk is alkylene having up tc 20 carbon atoms;
80-100% of the radicals Rq, Ry, R3 and Ry, independently of one another, are alky! and 0-

20% of the radicals R1, Rg, R3 and Ry, independently of one another, are alkenyl, aryl,
fluoroalky! or cyanoalkyi.

3. A copolymer according to claim 2, wherein n is an integer from 5 to 120, preferably

10 to 100, in particular 20 to 80.

4. A copolymer according to claim 2, whefein 85-100%, in particular 90-100%, of the
radicals Rq, Rp, Rz and Ry, independently of one another, are lower alkyl having up
to 8 carbon atoms, preferably lower alkyl having up to 4 carbon atoms, particularly
preferably lower alkyl having up to 2 carbon atoms.

5.

A copolymer according to claim 2, wherein 0-15%, in particular 0-10%, of the
radicals Ry, Rp, R3 and Ry, independently of one another, are lower alkenyl, phenyl

which is unsubstituted or substituted by lower alky! or lower alkoxy, fluoro(lower
alkyl) or cyano(lower alkyt).
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reinr and s, independently of one another, are an
mtegeriﬂﬂlﬂ mll "i! Muf not have at the sane. t| me the val ue 1:
"R7 and are -(CH2)p-, wherei nSR gg},gmoﬁp%
m and o, independently of ‘one another, are an int eger of ¢ and
the sumof mand o is an integer of~ 2';(9 fo 100, 010. 12. A copol yner

according to claim1l 1, wherein the unsaturated polynmer conprises
repeatlng units selected fromunits of Forrmula (I11) and (1V), vvherein

EI[ E(I;,‘II:IW suﬁs? ﬂ?@?er a%corﬂﬁé?o E%'% ?%Rerag’?se eréggf\ly&l \X}ésrgjs Eﬁyﬁnﬁq)é% i ng up to

4 carbon aD@m@herofl@rmulaﬁ(“o\,opol ynmer according to claim1l, wherein the-

unsat ur at ed pol yner corrpri ses repeati ng units of Fornmula (1V)
wherein RS is tri |ower |SI| and i s_| ower al kyl. 14. A
copol yner accor di T‘E)W%‘C(ﬁﬂd% Ezgfﬁyt% 2résEdur at ed Pl yner conpri ses

al ternating repeating units of Forrrula (1) and (1V), wherein Rlerr],

d R8 d | k
navi ng up. IDWACE % apuker s tirange gom b1, REF eséhr incsgenderi af ier1.

wher ei n t hetHens aé dioatatsht %dl()ﬁl’ﬁéwhg up@d egtcarbon atoms o ByBndyesbhoEact i c
pol y-1, 2- but adi ene

copol yner BFB‘??{BWPS “{q ?]}f‘ﬁﬁsl%t @ﬁ@ﬁaﬁm&gﬁgﬁ %(r)grfr}g'iugepé frﬁ"b%f%/é @Pf one
conpri si ng axdtatistiesltaveragepthet limk -Z18- wepresexts meesmmlescéﬂb}OCldzUHQ)q ;and k
isQor1.

7. A copolymer according to claim 6, wherein Z is a bond, lower alkylene or -CONH-
arylene, where the -CO- moiety is linked to a CF2 group.

8. A copolymer according to claim 6, wherein Z is lower alkylene.

9. A copolymer according to claim 6, wherein the indices x+y are a number in the range
from 10 to 50, preferably 10 to 30.

10. A copolymer according to claim 6, wherein the ratio x:y is in the range from 0.5 to
1.5, in particular in the range from 0.8 to 1.2.

11. A copolymer according to claim 1, wherein segment A comprises an unsaturated
polymer comprising repeating units selected from units of Formulae (l1f) and (IV)

Ry R, R, ‘—\
‘ ! |— (1v)
i (II11) [ _
| R _J REPLACEMENT SHEET
LRn R, —— ©
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wherein Rg is hydrogen, alkyl or trialkyl-silyl;

Rg is alkyl, unsubstituted or substituted by alkoxy, alkoxycarbonyl hydroxy.
carboxyl, halogen or aryl; alkenyl, unsubstituted or substituted by atkoxy,
alkoxycarbonyl, carboxyl, halogen or aryl; or alkynyl, unsubstituted or substituted by
alkoxy, alkoxycarbony!.' carboxyl, halogen or aryl; and



[err]—— wheret-A-R-+n structural elenment VM a) is al kylene or aryl ene

and R i eI enments VIb), Vic) a ene

* especi ﬂ!!m “Em Eﬂl} A copol yner accor REEL%CE&MJ ,_e'-i- n:
segrren or nmore  _ 57 sSubsegnents sel ected from

pol ysi | oxanes of Formula (1) as defined in claims 2 to 5,

per fl uoroal kyl polyethers of Formula (I11) as defined in clains 6 to 10,
unsat ur at ed pol ymers conprising repeating units of Fornulae (111) and
(1V) as dehynrd fg) ridepofiBently of ond knipthel Sreandrageh g ijpnes as defined in

cl ai m 16. mer accor 1 and 17, wherein segment
A conpri seSf RG and R7p@kﬁf‘d‘gﬂ%ﬁ?rkﬂe 159“'281 hﬂ?e’@f“ Fblﬁ"rl anjpteger el tasdibsegment's

(a) and pobyrj Ay L taken togetheh aRgaBVafent Pasidue k¥Formuld (wppol yner accor di ng
to any one of clainms 1 to 18, wherein segnent Bis a segnment (B1)

that is derived froma cyclic i mno ether conmpound of Fornmula (VI1). 20.
A copol yner according to ¢laim19, wherein the cyclic imno ether conpound
is a 2- al kyl, or enyl oxazoline or a 2- (hydroxyalkyl)oxazollne
or a 2-isocyanat oet hyl _néthacr¥1ate adduct t hereof.

(V)

wherein r and s, independently of one another, are an integer of 1 to 3, but do not
have at the same time the value 1; |

Ry and Rg, taken together, are -(CHz)p-, wherein p is as defined above;

m and o, independently of one another, are an integer of 10 to 100,000; and

the sum of m and o is an integer of 20 to 100,010.

12. A copolymer according to claim 11, wherein the unsaturated polymer comprises
repeating units selected from units of Formula (iil) and (1V), wherein Rg, R7 and Rg
are hydrogen and Rg is lower alkenyl or lower alkenyl substituted by halogen,
preferably lower alkenyl having up to 4 carbon atoms.

13. A copolymer according to claim 11, wherein the unsaturated polymer comprises
repeating units of Formula (1V) wherein Rs is tri lower alkylsilyl and Rg is lower alkyl.

14. A copolymer according to claim 11, wherein the unsaturated polymer comprises
alternating repeating units of Formula (lit) and (IV), wherein R, Ry and Rg are
hydrogen and Rg is lower alkyl or lower alkenyl having up to 4 carbon atoms.

15. A copolymer according to claim 11, wherein the unsaturated polymer is selected
from syndiotactic poly-1 .2-butabiene_, poly-1,4-butadiene and polyisoprene.

16. A copolymer according to claim 1, wherein segment A comprises a polysulfone
comprising at least one of the structural elements Vlia) to Vid)

REPLACEMENT Sirit |
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21. A.copol yner_according to cl a| m 20, wherein the cyclic imno ether

~conmpound is 2- “methyl oxazoline, 2-(hydroxy thyl)oxazollne or
' 2- (hydrﬁémﬂn

REPLACE mmm' s Cc L N LACEME’\"" S

A cOpo#ywer according ahy one of clalns 1 to 18, mhereln

segnent B |s a segnent B2 whi s derived froma vinyl ether of
Formula (VII1) or from a di oxol ane, di oxetane or cyclic ether of
Formulae (1X), (X) or (X). 23. A copol yner according to claim 22,
wherein the vinyl ether is methyl vinyl ether, ethyl vinyl ether or
nmet hoxy et hyl vinyl, ether. 24. A co olyner according to claim 22,
wherein the cycll"S er i s oxetane. 9 A copol yner according to claim
22, wherein the cyclic ether is ethylene oxide or propyl enoxi de.

26. A copol yner Qﬁ$ rding to claim22, wherein the cyclic ether is nethyl
gl yci dyl ether, I vinyl glycidyl ether, allyl glycidyl ether or

et hoxyet hyl glycrﬂylﬂé3ﬁb802$¥ 27. AVilpol yner according to any one of
clainms 1 to 18, mhéf in segnment Bis a segnment B3 which is derived
from an N—substltuted3a2|r|d|ne [err]-lactone or [err]-Ilactane. 28.

A copol yner according to any one of clains 1 to 27, which is a di-block
conpri si ng one segnent A and one segnent B.

-R-S05-R-O- Vic)
-R-0-R-805-R-R-S0»- Vid)

wherein R in structural element Vla) is alkylene or arylene and R in structural
elements Vib), Vic) and Vid) is arylene, especially phenylene.

'17. A copolymer according to claim 1, wherein segment A comprises two or more
subsegments selected from polysiloxanes of Formula (1) as defined in claims 2 to 5,
perfluoroalkyl polyethers of Formula (ll) as defined in claims 6 to 10, unsaturated
polymers comprising repeating units of Formulae (llf) and (IV) as defined in claims
11 to 15, and polysulfones as defined in claim 16.

18. A copolymer according to claims 1 and 17, wherein segment A comprises.

. perfiuoroalkyl polyether or polybutadiene subsegments (a) and polysiloxane
subsegments (b).

19. A copolymer according to any one of claims 1to 18, wherein segmentBis a
segment (B1) that is derived from a cyclic imino ether compound of Formula (VIi).

20. A copolymer according to claim 19, wherein the cyclic imino ether compound is a 2-

alkyl, or 2-alkenyl oxazoline or a 2-(hydroxyalkyl)oxazoline or a 2-isocyanatoethyl
methacrylate adduct thereof.

21. A copolymer according to claim 20, wherein the cyclic imino ether compound is 2-
' methyl oxazoline, 2-(hydroxymethyi)oxazoline or 2-(hydroxyethyl)oxazoline.
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29. A copol yner accordi ng to any one of clains 1 to 27, which is a
tri-block conprisi ng - one segnent A an

segnents B which are
attached gment A, m E'Nq-
and t wo s mu re attached to the ends of Szgég&
oy

A cop mer accer ngto any one of clainms 1 to 27, which is a
conb type copol ymer of -th® +ormula (Xl I) or (XII)
- 60 - [err]

wherein the segnents B are pendent from
segnent A or segnents A are pendent from segnment B; and v is an integer

0tozd a copolymer according to any one of claims 1 to 18, wherein segmentBis a

segment B2 which is derived from a vinylether of Formula (VIll) or from a dioxolane
dioxetane or cyclic ether of Formulae (IX), (X) or (XI).

of

23. A copolymer according to claim 22, wherein the vinyl ether is methyl vinyl ether
ethyl vinyl ether or methoxy ethyl vinyl ether.

24, A copolymer according to claim 22, wherein the cyclic ether is oxetane.

25. A copolymer according to claim 22, wherein the cyclic ether is ethylene oxide or
propylenoxide.

26. A copolymer according to claim 22, wherein the cyclic ether is methyl glycidyl ether
vinyl glycidy! ether, allyl glycidy! ether or ethoxyethy! glycidyl ether.

27. A copolymer according to any one of claims 1 to 18, wherein segmentBis a
segment B3 which is derived from an N-substituted aziridine, B-lactone or B-lactame.

28. A copolymer according to any one of claims 1 to 27, which is a di-block comprising
one segment A and one segment B.

29. A copolymer according to any one of claims 1 to 27, which is a tri-block comprising
one segment A and two segments B which are attached to the ends of segment A,
or comprising one segment B and two segments A which are attached to the ends of
segment B. -

30.

A copolymer according to any one of claims 1 to 27, which is a comb-type copolymer
of the Formula (Xif) or (Xil)
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| REPLACENE!\ﬁ, e copol yner accof%&g&io claim 29 or
30, wherei _ obi ¢ segnents A an f m
hydrophilic+s gnwnﬂmch are conposed of the same or ﬁpf%%NT SHEET

nonomers as segnments Aantl B are attached to the ends of segments A or B.

32. A copol yner according to any ormesft clains 1 to 31, wherein the at
| east one pol yneri zabl e unsaturated group is present within any one
of segments A, B, A or B or is present at the end of the term nal
segnent . 33. A process for the preparation of a copol yner according to
any one of clainms 1 to 32, _ conpli sing the steps of
A .
(x1)
el
v
B (Xir)
ol
v

wherein the segments B are pendent from segment A or segments A are pendent
from segment B; and v is an integer of 0 to 20. .
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a)  providi n&EgiquEy@ﬁ S(ifme thermal Iy or photochenical ly activable cationic

. or radi cal i rhl I ator group on dent
“froma conpaurid g4 DEC 1999 i t; serving as seg%me%ﬁgﬁ %]Tt he

copol yner; b) conc ujtl ng a Pr aft pol ynerization at the i nitiator
group presen —sard segnent ; (u ng a
nmonomer from whi ch segnent . B-er amﬁmmu! ml/el y, Is
deri ved, optionally changl ng the m)noTner afd &onducti ng

At ?.@“&%*%ﬁ@? B 2.0 whersip NHHRANGOURSRELSRES T 1

mononer nakdf furthes dydmophitic segments B’ whighoareconipgsed of the same or different
hydr ophobig, m@zr&tgsﬁeé\'nfeﬁ@d/‘ Qhd E rb ARG AREARE 'eln fﬁ‘wﬁé ARy

and if a po yITer | I nal unsa urated group s rovi (?éd at the

end of the grow ng segnent; reacting the
segnegt ed NQWHIW aécBHﬁnd)fbtéHy"lﬁﬁ StlciAms Ui thadi, Wh@@u‘l ih%tét\(é’ast on
therefromw th functionalized conpound carrying a pol ynerizabl e

unsat ur at eRP'\QF?ﬂFﬁb'e unsgir ated,&'ﬁ?ﬂﬂ is RERseOt BB Q0% Weg@eaﬁt%l%aﬂopé by
further padyi presast 2 tfdPed ¥MBE terminal segmaagor ding to any one of clainms 1
to 32 through the pol ynerizabl e unsat urat ed group(s), optionally
in the presence of further vinylic conononmers and optionally of
cr 0ss33.i nkA pepcege hdrahe préparation ®f atcopelyater aecordingab anpiond oftlaimpsi to 32, 35.
A pol yrrerlgor%r?s%bc{heag?c I’(QI ng to claim34, wherein the vinyl conononer

s

conpri ses >33t one hydr ophobi ¢ conononer . 36. A

~ pol yreri c @¥ oduptovigingoatdeasy one theraually a6phatheheminaliytactivgtile oatinstid or conononer
i's sel gedieflich Basd B
acrylonitrile. &l |tfag<59d?§&6‘¥nl\ ?mra é/‘lf'%rrgw%ﬁlerﬁlo%ﬁ?tal\%ccor& ng to claim

34, wherein theswmlamhéﬂféﬁﬁﬁﬁmsgﬁ" he COPOE\ff“qreast one hydrophilic
conononer. p) conducting a graft polymerization at the initiator group present on the said

segment A or segment B using a monomer from which segment B or
segment A, respectively, is derived; . _
c) optionally changing the monomer and conducting further graft polymerization
using a hydrophobic or hydrophilic monomer which is the same or different
. from the monomer making up segments A and B to produce further
hydrophaobic segments A’ and/or further hydrophilic segments B’,
and if a polymerizable final unsaturated group should be provided at the end
of the growing segment;
d) reacting the segmented copolymer thus obtained or a suitable derivative
therefrom with a functionalized compound carrying a polymerizable
unsaturated group.

34. A polymeric product which is obtainable by further polymerizing a copolymer
according to any one of claims 1 to 32 through the polymerizable unsaturated
group(s), optionally in the presence of further vinylic comonomers and optionally of
cross-linking agents containing at least two unsaturated groups.

35. A polymeric product according to claim 34, wherein the vinyl comonomer comprises
at least one hydrophobic comonomer.

36. A polymeric product according to claim 35, wherein the hydrophobic comonomer is
selected from methyl methacrylate, TRIS, DSPMA and acrylonitrile.

. -i":igs\ .



roduct accordi ng' to claim 37, wherein the vinylic

) 38. A Dol I c.-
- cormnm m‘u’mﬁlﬁwect ed from hydroxy et hyl t hacryl ate, N-vinyl
T opyrro N Ty MU Wt hy| - acryl am de, ﬁ i i

id,
di hydroxypropyl” methacryl ate and acrylamde. ~39. 7 WSHE@EM
according to claim 34, wherein the vinylic conononer ) conpri ses at

| east one hydrophobic and at | east one hydrophilic conononer. 40. A

pol ymeric product according to claim 34, which is obtainable by further

pol yneri zing a copol ynmer according to any one of clains 1 to 32 through the
pol yneri zabl e unsaturated group(s) in_the presence of a crosslinking agent
cont ai/ni ng® RPIYMEHS Pradust acrosding i dainyBbupcrein tha yinyl QomeNGmANCMPHERtuCt
accor di ng 4t9e4st dh8hgdrophilit cbmeAsmEr.SES at | east one vinylic

conononer and at | east one cr.oss-1inking agent. 42. A rnoul di ng

essentially conprising a polyneric product according to any one of
cl ai n88.34 Aq@olineric prdduct aéecarding do olgina T pwhieredn the virlvéic somdnomkrish is an

opht hal m ¢ ' VIS] on ti . 4 di ng
accordi ng ?%géé%‘g%ﬁ%%v,d\{m %ﬁyli"éetga%%lﬁfeag{"%ﬁgﬁ&)mhdoﬂfs.ﬁ‘ NA@%% i ng
accor di ng awylemiden(méth)atryidhadid, dihydamgprapyhtmethacndate @nd acoaraide. | ens.

46. A noul di ng according to claim44, which is | ow water-content
flexible, gas- ) permeabl e (RGP) contact |ens.. 47. A noul di ng
accor @8ng Bdpobiregria rradgtiacpordingdo islaim i34, wherai) theadmdigisomoagmended wear
lens with E@r‘daﬁéé%ﬂ & 1¥&d Bhe RGErSRRBHIL ahY afMAsO8RE hidtoshifc ERRbAdrher:
REPLACEMENT SHEET
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40. A polymeric product according to claim 34, which is obtainable by further
polymerizing a copolymer according to any one of claims 1 to 32 through the
polymerizable unsaturated group(s) in the presence of a crosslinking agent
containing at least two unsaturated groups.

41. A polymeric product according to claim 34, which comprises at least one vinylic
comonomer and at least one cross-linking agent.

-42. A moulding essentially comprising a polymeric product according to any one of
claims 34 to 41, |

43. A moulding according to claim 42, which is an ophthalmic device for vision
~correction.

44. A moulding according to claim 42, which is a contact lens.
45. A moulding according to claim 44, which is a water-containing soft contact lens.

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

47. A moulding according to claim 44 which is a highly Op-permeable extended wear
lens with favorable water permeability and good on-eye mobility.
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48. ATcontact lens according to cl ai m 47 having a bulk water content of 5

2., VAR © 25 57 3 REpbace B gLy

clai m 42, Whi%chtis"an®intraocul ar Iggns 50 A moul di ng accor d| ng to

claim42, which is a lenticular corneal inplant (artificial cornea) .
51. A bi onedi cal article essentially conprising a polyneric product
according to any one of clainms 34 to 41. . 52. The use of a

c0p]9|4;3rrer fpamdnm Aczordig weainf 4T having a bullowair &sitemasits @0, he
surrace o

ST ace O P, 161720, pensciaty 10 1d FeioRl pércBR. B 6 edlaFfengocor o 0o 1O

M&h article.
54. The uweegif a copol yner according to any one of clains 1 to 32 for the

producti on of a noul di ng. 55. The use of a copol ynmer according
to any one of clains 1 to 32 for the production of a contact |ens.
49. A moulding according to claim 42, which is an intraocular lens.

50. - A mouiding according to claim 42, which is a lenticular corneal implant (artificial
cornea).

51. A biomedical article essentially comprlsmg a polymeric product according to any one
‘of claims 34 to 41.

52. Theuseofa copolymer according to any one of claims 1 to 32 for coating the
surface of an article.

S3.  The use of a polymeric product according to any one of claims 34 and 41 for coating
the surface of an article.

54. The use of a copolymer according to any one of claims 1 to 32 for the production of
a moulding.

55.

The use of a copolymer according to ahy one of claims 1 to 32 for the production of
a contact iens.
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(54) Titlee AMPHIPHILIC, SEGMENTBD COPOLYMER OF CONTROLLED MORPHOLOGY AND OPHTHALMIC DEVICES
INCLUDING CONTACT LENSES MADE THEREFROM

(57) Abstract

The subject matter of the present invention is an nmphiphmc, segmentcd copolymer of controlled morphology comprising at least one
segment having high oxygen' permeability, at least one segment having high ion and water permeability, the ségments being linked together
through a non-hydrolizable bond, and at least one polymerizable unsaturated group; a process for the preparation of the copolymer;
to polymeric products obtainable by further polymerizing and ophonally cross-lmklng the amphiphilic scgmented copolymer, and to
mouldings, especially contact Jenses and other ophthalmic devices compnsmg a polymeric product of the invention. In a specifically
preferred embodiment, the present invention relates to a contact lens comprising a polymeric product of the invention which is suited for

extended periods of wear.




