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The invention relates to novel crosslinkable prepolymers comprising structural units of formula (1) wherein the variables are as defined
in the claims, to crosslinked polymers, to either homo—polymers or co-polymers prepared from those novel prepolymers, to mouldings
produced from the said homo— or co-polymers, and especially to contact lenses produced from those homo- or co—polymers.
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Crosslinkable polymers

The present invention relates to novel water-soluble block copolymers comprising polyoxy-
alkylene units and having crosslinkable side groups, to processes for their preparation, and

to their use in the production of mouldings, especially contact lenses.

Polymers comprising polyalkylene oxide and having polymerisable end groups and their use

in the production of contact lenses are already known, for example from EP-A-273 763.
Furthermore, there are known, for example from A. Kameyama et al. Macromol. 25, 2307
(1992), H. itoh et al. Macromol. 28, 883 (1995) or H. Itoh et al. J. Pol. Sci. A, Pol. Chem. 34,
217 (1996), polyesters having chloromethy! side groups, polymers derived therefrom that

have side groups comprising carboxy groups, and polyesters having vinyl ether side groups.

Surprisingly, novel crosslinkable polyether-polyester copolymers have now been found,
which are suitable especially for the production of contact lenses.

The present invention relates to prepolymers comprising structural units of the formula
o R, 0]
(0] o
R

wherein R is a radical

R
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o R
[ I ||
—O—EC-—(CH2)—O}—C—NH—(CHZ)Q——O-—-C—C=CH2 (2b)

o o) Ry
n il
—O0—C—R—N I (2¢c) or
N\,
o) R,
o} CH,
N
——O0—C——R;—/N (2d),
Ve

Zis straight-chained or branched C4-Cyalkylene or unsubstituted or C,-C,alkyl- or C4-C,-
alkoxy-substituted phenylene or C;-Cy.aralkylene,
x and t are each independently of the other the number O or 1,
Rs is hydrogen, C,-Caalky! or halogen,
R is hydrogen, C+-C,alkyl, phenyl, carboxy or halogen,
Ry is hydrogen when Rg is phenyl or carboxy, or is hydrogen or carboxy when Rg is
hydrogen, C4-C,alkyl or halogen,
Rs is a C,-Cioalkylene radical, a phenylene radical or a C;-Cqparalkylene radical,
Ry and Ry’ are each independently of the other hydrogen, C,-C,alkyl or halogen,
R, is a radical of the formula
-[CH,-CHR"-0],-CH,-CHR"- (3a) or
-[CH,-CH,-CH,-CH,-0],-CH,-CH,-CH,-CH;- (3b);
or an alkylene radical having up to 20 carbon atoms which may be interrupted by one or
more ester, urethane or ureido groups and/or may be substituted by hydroxy; or a cycio-
alkylene radical having from 6 to 20 carbon atoms; or an arylene radical having from 6 to 20
carbon atoms; or an arylenealkylene, alkylenearylene, alkylenearylenealkylene or arylene-
alkylenearylene radical,
R. is a radical of the formula
-CH2-[CH,-CHR*-0],-CH.- (4) or
-Rs-C(O)-[O-CHR*-CH,],-O-(0)C-Rs- (5);
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or an alkylene radical having up to 20 carbon atoms which may be interrupted by one or
more ester, urethane or ureido groups and/or may be substituted by hydroxy; or a cyclo-
alkylene radical having from 6 to 20 carbon atoms; or an arylene radical having from 6 to 20
carbon atoms; or an arylenealkylene, alkylenearyiene, alkylenearylenealkylene or arylene-
alkylenearylene radical,

R’, R” and R* are each independently of the others hydrogen or C,-C,alkyl,

Rs is an alkylene radical having up to 20 carbon atoms; or a cycloalkylene radical having
from 6 to 20 carbon atoms; or an arylene radical having from 6 to 20 carbon atoms, and

n, m, p and q are each independently of the others a number from 1 to 30,

with the proviso that at least one of the radicals Ry and R; is a radical of formula (3a), (3b),
(4) or (5).

Z as an alkylene radical is preferably linear or branched C,-Cgalkylene, especially linear
C:-Csalkylene and more especially linear C4-Csalkylene. In a preferred embodiment of the
invention, Z is methylene.

Z as a phenylene radical is, for example, unsubstituted or methyl- or methoxy-substituted

1,2-,1,3- or 1,4-phenylene. Z as a phenylene radical is preferably 1,3- or 1,4-phenylene.

Z as an aralkylene radical is, for example, unsubstituted or methyl- or methoxy-substituted
benzylene, the methylene group in each case being bonded to the amine nitrogen. Z as an
aralkylene radical is preferably the 1,3- or 1,4-phenylenemethylene radical, the methylene

group in each case being bonded to the amine nitrogen -NH-.

Zis preferably unsubstituted or methyl- or methoxy-substituted phenylene or phenylene-
methylene or C;-Cgalkylene, especially 1,3- or 1,4-phenylene or C4-C,alkylene, more espe-
cially C;-Cralkylene and most especially methylene.

X is preferably the number 0. t is preferably the number 1.

Rs is preferably hydrogen, C4-Caalkyl or chlorine, especially hydrogen or C-C,alkyl, more

especially hydrogen, methyl or ethyl and most especially hydrogen or methyl.
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Rs is preferably hydrogen, methyl or phenyl and especially hydrogen.

R; is preferably hydrogen.

Rs is preferably a Co-Cealkylene radical or a 1,3- or 1,4-phenylene radical, especially a
C2-Csalkylene radical. Ry and Ry’ are each independently of the other preferably hydrogen,
methyl or chlorine. Ry and Ry’ are each independently of the other especially hydrogen or

methyl.

Each of R’, R" and R* as C4-Caalkyl is preferably methyl or ethyl and especially methyl.

R’ and R" are each independently of the other preferably hydrogen, methy! or ethyl and
especially hydrogen or methyl.

R* is especially hydrogen or methyl and more especially hydrogen.

m is preferably a number from 1 to 6 and especially a number from 1 to 4. q is, for example

a number from 1 to 6, preferably a number from 2 to 4 and especially the number 2.

R in formula (1) is preferably a radical of the formula
-0-(0)C-CRs=CH, (2a’) or
-0-(0)C-(CH2)m-0-(0)C-NH-(CH,),-0-(0)C-CR'=CH, (2b"),
wherein the variables contained therein each have the meanings and preferred meanings
indicated above.

In an especially preferred embodiment of the invention, R in formula (1) is a radical of

formula (2a’) indicated above wherein R; is hydrogen or methyl.

In formulae (3a) and (3b), n is, for example, a number from 5 to 30, advantageously from 5

to 25, preferably from 8 to 25 and especially from 10 to 25.

When R; is an alkylene radical it is, for example, straight-chained or branched C-Cao-
alkylene which is unsubstituted or substituted, for example by hydroxy, and/or, with the

exception of methylene, may be interrupted by one or more groups -COO-, -OCO-,
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-NHCO-O-, -OCONH- or -NHCONH-. R, as an alkylene radical is preferably unsubstituted or
hydroxy-substituted C;-Cyoalkylene, especially unsubstituted C4-Cy.alkylene and more espe-
cially unsubstituted C-Cealkylene. Examples of alkylene radicals R, that are very especially

preferred are methylene, 1,2-ethylene, 1,3-propylene and 1,4-butylene.

R, as cycloalkylene is, for example, 1,2-, 1,3- or 1,4-cyclohexylene which may be substi-
tuted by C-Caalkylene, or is a radical of the formula

(o

R: as arylene is, for example, 1,2-, 1,3- or 1,4-phenylene which is unsubstituted or is substi-

tuted by C4-C.alkyl, C4-C,alkoxy or by halogen, or is a radical of the formula

ES e EN

wherein B is, for example, a group -O-, -NH-, -OCO-, -CONH- or -NHCONH-. R, as arylene
is preferably 1,2-, 1,3- or 1,4-phenylene.

R1 as arylenealkylene, alkylenearylene or alkylenearylenealkylene is, for example, a radical
-CeHs-C1-Caalkylene-, -C4-Caalkylene-CgHs- or -C4-Cialkylene-CgHs-C1-Caalkylene, preferably
the radical -CsHs-CHg", -CHg-CeHs‘ or 'CHz'CeHs'CHz‘.

R, as arylenealkylenearylene is, for example, a radical of the formuia

E S &N

wherein By is straight-chained or branched C;-Csalkylene which is unsubstituted or is substi-
tuted by hydroxy, preferably straight-chained or branched C,-C,alkylene. Examples of suit-
able radicals B, are -CH,-, -C(CHg),- and -CH,-CH-.

R, is advantageously a radical of formula (3a) or (3b) indicated above, or C;-Cyalkylene,
1,2-, 1,3- or 1,4-phenylene or a radical of the formula
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SO
wherein B, is straight-chained or branched C,-C,alkylene.

R; is preferably a radical of formula (3a) indicated above, or C;-Cxalkylene, especially a
radical of formula (3a) indicated above wherein n is a number from 5 to 25 and R" is
hydrogen or methyl, or C4-Cqzalkylene, and more especially a radical of formula (3a) indica-
ted above wherein n is a number from 8 to 25 and R" is hydrogen or methyl, or C-Ce-
alkylene.

In formulae (4) and (5), p is preferably a number from 5 to 25, especially from 8 to 25 and

more especially from 10 to 25.

Rs as an alkylene radical is preferably straight-chained or branched C;-Cy.alkylene, espe-
cially straight-chained or branched C;-Cealkylene and more especially straight-chained or
branched C;-Caalkylene. Examples of alkylene radicals R, that are very especially preferred
are methylene, 1,2-ethylene, 1,3-propylene and 1,4-butylene.

When R is a cycloalkylene or arylene radical, the definitions and preferred meanings
mentioned above for R, apply independently.

Rs is preferably a straight-chained C;-C,alkylene radical.
When R; is an alkylene, cycloalkylene, arylene, arylenealkylene, alkylenearylene, alkylene-
arylenealkylene or arylenealkylenearylene radical, the definitions and preferred meanings

given above for R, apply independently.

Rz is preferably a radical of formula (4) or (5) indicated above, or C,-Cxalkyiene, 1,2-, 1,3-
or 1,4-phenylene or a radical of the formula

E S BN
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wherein B, is straight-chained or branched C;-Calkylene.

R: is especially a radical of formula (4) indicated above, or C4-Cyoalkylene, more especially
a radical of formula (4) indicated above wherein p is a number from 5 to 25 and R* is
hydrogen or methyl, or C4-Cyzalkylene, and most especially a radical of formula (4) indicated

above wherein p is a number from 8 to 25 and R" is hydrogen, or C-Csalkylene.

A preferred embodiment of the present invention relates to prepolymers comprising struc-
tural units of formula (1) indicated above wherein R; is a radical of formula (3a) indicated
above and R; is a C-Cyoalkylene radical. Special preference is given to such polymers in
which R, is a radical of formula (3a) indicated above wherein n is a number from 5 to 25
and R" is hydrogen or methyl, and R; is C,-Cealkylene.

Another preferred embodiment of the present invention relates to prepolymers comprising
structural units of formula (1) indicated above wherein R; is a C-Cyalkylene radical and R,
is a radical of formula (4) indicated above. Special preference is given to such polymers in
which Ry is C-Cgalkylene and R; is a radical of formula (4) indicated above wherein p is a
number from 5 to 25 and R* is hydrogen.

Another preterred embodiment of the present invention relates to prepolymers comprising
structural units of formula (1) indicated above wherein the above-mentioned definitions and
preferred meanings apply to each of R, and R,, and R is the acrylate or methacrylate
radical -O(O)C-CH=CH, or -O(0)C-C(CH3)=CHo.

In addition to the structural units of formula (1) mentioned above, the prepolymers of the

invention may comprise, for example, structural units of the formula
. o R, o)
— R_
o 1 o Y Y (1 a)
0] O
I:(0

wherein Ry is halogen or a radical -O-(0)C-R4 and R, is C1-Caoalkyl, Cs-Caocycloalkylene,

R,

Ce-Cooarylene or C;-Cyoaralkylene.
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When Ry is halogen, it may be, for example, fluorine, bromine, iodine or, especially,

chlorine.

R. as alkyl is, for example, a straight-chained or branched C;-Cxalky! radical which is
unsubstituted or is substituted by hydroxy, preferably a straight-chained or branched
C;-Cialkyl radical and especially a straight-chained or branched Ci-Cgalkyl radical.
Examples are methyl, ethyl, n- or iso-propyl, n-, iso-, sec- or tert-butyl or straight-chained or

branched pentyl or hexyl and, especially, methyl or ethyl.

R, as cycloalkyl is, for example, unsubstituted or C+-Caalkyl-substituted cyclohexyl, prefer-
ably cyclohexyl which is unsubstituted or is substituted by from 1 to 3 methyl groups, and

especially unsubstituted cyclohexyl.

R, as aryl is, for example, phenyl which is unsubstituted or is substituted by halogen, hydr-
oxy, carboxy, Cs-C,alkyl or by C4-Csalkoxy, preferably phenyl which is unsubstituted or is
substituted by chlorine, methyl, methoxy or by carboxy, and especially unsubstituted phenyl.

R, as aralkyl is, for example, phenyimethyl or phenylethyl.

R, is preferably C4-Ci.alkyl, cyclohexyl which is unsubstituted or is substituted by from 1 to
3 methyl groups, phenyl which is unsubstituted or is substituted by chlorine, methyl,

methoxy or by carboxy, or phenyimethyl or phenylethyl.
R, is especially C1-Cgalkyl, cyclohexyl or phenyl.

Preferred constituents of the prepolymers of the invention are those units of formula (1a)

wherein Ry is chlorine or a radical -O-(O)C-R4 and R, is C-Cealkyl, cyclohexyl or phenyl.

The crosslinkable prepolymers of the invention comprise, for example, from 100 to
60 mol. % of units of formula (1) and from 0 to 40 mol. % of units of formula (1a).
Preference is given to such polymers that comprise from 100 to 80 mol. % of units of

formula (1) and from 0 to 20 mol. % of units of formula (1a).
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The crosslinkable prepolymers of the invention can be prepared, for example, by

(a) polymerising a compound of the formula
(6)
oo’ N
o) 0]

with a compound of the formula
X(O)C-R,-C(O)X (7)

in the presence of a catalyst, and

(b) reacting the polymer obtainable according to (a), which comprises structural units of the

o) R, o
0—R—o Y ?L (ta)
o) 0
X

with a compound of the formula
R-H (8)

in the presence of a base, Ry and R; each being as defined above, X being halogen,

formula

X

preferably chlorine, and R being a radical of formula (2a), (2c), (2d) or (2b) indicated above

wherein t is the number 1.

The compounds of formula (1) wherein R is a radical of formula (2b) and t is the number 0
can be obtained, for example, by converting a polymer of formula (1a) prepared in the
manner described above into a corresponding polymer wherein X is hydroxy and reacting
the latter with an isocyanate of the formula O=C=N-(CH,),-O-(0)C-CHR’=CH, wherein R’
and g are as defined above.

The reaction of the diacid dihalide with the diglycidyl compound to form a polyester
according to step (a) is known per se and can be carried out by methods known per se. The
reaction of the acid dihalide with the diglycidyl compound is usually carried out in an inert
solvent, for example in a higher-boiling alkane or alkane mixture, such as petroleum ether,

in a xylene mixture or in toluene, at elevated temperature, for example at from 30 to 120°C,
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preferably from 40 to 100°C and especially from 60 to 100°C, in the presence of a basic

catalyst.

Suitable catalysts are, for example, crown ether complexes, pyridine, quaternary phospho-
nium salts, tertiary amines or, preferably, quaternary ammonium salts. Examples of suitable
catalysts are pyridine, tri-C4-Cjalkylamines, especially tributylamine, and tetra-C,-Cjalkyl-
ammonium halides, especially tetrabutylammonium halides, such as tetrabutylammonium

chloride, tetrabutylammonium iodide or, especially, tetrabutylammonium bromide.

The catalyst is used in the polymerisation reaction, for example, in a molar ratio of from 1:10
to 1:50, preferably from 1:15 to 1:30 and especially of about 1:20, in each case based on
the diacid dihalide. The molar ratio of diglycidyl compound to diacid dihalide can vary, for

example, from 0.5:1 to 2:1 and is preferably about 1:1.

The reaction of the halide-group-containing polyester obtainable according to (a) with the
carboxylic acid of formula (8) is advantageously carried out at elevated temperature, for

example at from 30 to 100°C, preferably from 40 to 100°C and especially from 60 to 90°C,

in an aprotic-dipolar solvent, for example in DMSQ, in the presence of a base, 1,8-diaza-
bicyclo[5.4.0]undec-7-ene (DBU) having proved especially advantageous. The acid is used
in a molar excess, based on the halide-group-containing polymer, and the base is advanta-

geously present in about equimolar amounts, based on the acid of formula (8).

Depending on the chosen stoichiometric ratios and reaction conditions, the prepolymer of
the invention obtainable after isolation in customary manner consists essentially of struc-
tural units of formula (1) indicated above or comprises, in addition to the structural units of
formula (1), structural units of formula (1a) indicated above wherein Ry is halogen. If step (b)
is carried out using a mixture of an acid of formula (8) indicated above and an acid of the
formula ‘

R4-C(0)-0O-H 9)
wherein R, is as defined above, the prepolymer comprises a mixture of structural units of
formula (1), structural units of formula (1a) wherein Ry is a radical -O-(0)C-R4, and, where

appropriate, structural units of formula (1a) wherein Rq is halogen.
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The prepolymers of the invention are crosslinkable but are uncrosslinked or at least
substantially uncrossiinked; moreover, they are stable, that is to say spontaneous cross-
linking by homopolymerisation does not take place.

The prepolymers of the invention are advantageously liquid or readily meltable or water-
soluble; their average molecular weight can vary within wide limits. An average molecular
weight of, for example, from 1000 to 20 000 has proved advantageous for the prepolymers
of the invention.

Furthermore, the prepolymers comprising structural units of formula (1) and, where appro-
priate, (1a) can be purified in a manner known per se, for examplie by precipitation with
acetone, dialysis or ultrafiltration, with ultrafiltration being especially preferred. By means of
that purification process it is possible to obtain the prepolymers of the invention in an
extremely pure form, for example in the form of solvent-free liquids ér melts or in the form of
concentrated aqueous solutions that are free or at least substantially free of reaction

products, such as salts, and of starting materials or other non-polymeric constituents.

The preferred process for purifying the prepolymers of the invention, ultrafiltration, can be
carried out in @ manner known per se. It is possible to carry out the ultrafiltration repeatedly,
for example from two to ten times. Alternatively, the ultrafiltration can be carried out continu-
ously until the desired degree of purity has been achieved. The degree of purity can in prin-
ciple be as high as desired and is preferably so adjusted that the content of undesirable
constituents in the prepolymers is, for example, < 0.001 %, especially < 0.0001 % (1 ppm).
The prepolymers may, for example depending on their synthesis, comprise in addition
constituents that are acceptable from a physiological point of view, for example sodium
chloride, such constituents advantageously being present in an amount of < 1 %, preferably

< 0.1 % and especially < 0.01 %.

As has already been mentioned above, the prepolymers of the invention comprising struc-
tural units of formula (1) and, where‘appropriate, (1a) are crosslinkable in an extremely

effective and specific manner, especially by means of photocrosslinking.
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Accordingly, the present invention relates also to a polymer that can be obtained by photo-
crosslinking a prepolymer comprising units of formula (1) and, where appropriate, (1a), in
the absence or presence of an additional vinyl comonomer. Those crosslinked polymers are

insoluble in water.

in the photocrosslinking, a photoinitiator capable of initiating radical crosslinking is suitably
added. Examples thereof are known to the person skilled in the art, but there may be
mentioned specifically as suitable photoinitiators benzoin methyl ether, 1-hydroxycyclohexy!
phenyl ketone, Darocure 1173 or Irgacure types. Crosslinking can then be induced by
actinic radiation, for example UV light, or ionising radiation, for example gamma radiation or

X-rays.

Photopolymerisation can be carried out without the addition of a solvent, for example when
the prepolymer is liquid or readily meltable, or takes place in a suitable solvent. Suitable
solvents are in principle any solvents that dissolve the polymers of the invention and the
vinyl comonomers that may additionally be used, for example water, alcohols, such as lower
alkanols, for example ethanol or methanol, also carboxylic acid amides, such as dimethyl-
formamide, or dimethy! sulfoxide, as well as mixtures of suitable solvents, for example

mixtures of water with an alcohol, for example a water/ethanol or water/methanol mixture.

Photocrosslinking is preferably carried out without a solvent or substantially without a
solvent or directly from an aqueous solution of the prepolymers of the invention (which
solution can be obtained as a result of the preferred purification step, ultrafiltration), where
appropriate after the addition of an additional vinyl comonomer. For example, photocross-

linking of an approximately 15 to 90 % strength aqueous solution can be carried out.

The process for the preparation of the crosslinked polymers of the invention comprises, for
example, photocrosslinking a prepolymer comprising units of formula (1) and, where appro-
priate, (1a), especially in substantially pure form, that is to say, for example, after ultra-
filtration once or several times, without a solvent or substantially without a solvent or in
solution, especially in an aqueous solution, in the absence or presence of an additional vinyl

comonomer.
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The vinyl comonomer that may additionally be used according to the invention in the photo-
crosslinking may be hydrophilic, hydrophobic or a mixture of a hydrophobic and a hydro-
philic vinyl monomer. Suitable vinyl monomers include especially those which are custo-
marily used in the production of contact lenses. A hydrophilic vinyl monomer is understood
as being a monomer that, as a homopolymer, typically yields a polymer that is water-soluble
or can absorb at least 10 % by weight water. By analogy, a hydrophobic vinyl monomer is
understood as being a monomer that, as a homopolymer, typically yields a polymer that is
insoluble in water and can absorb less than 10 % by weight water.

In general, approximately from 0.01 to 80 units of a typical vinyl comonomer react per unit

of formula (1) and, as the case may be, (1a).

The proportion of vinyl comonomers, where used, is preferably from 0.5 to 80 units per unit
of formula (1), especially from 1 to 30 units of vinyl comonomer per unit of formula (1) and
more especially from 5 to 20 units per unit of formula (1).

it is further preferred to use a hydrophobic vinyl comonomer or a mixture of a hydrophobic
vinyl comonomer and a hydrophilic vinyl comonomer, the mixture containing at least 50 %
by weight of a hydrophobic vinyl comonomer. In this manner, the mechanical properties of
the polymer can be improved without the water content dropping substantially. In principle,
however, both conventiona!l hydrophobic vinyl comonomers and conventional hydrophilic
vinyl comonomers are suitable for the copolymerisation with a prepolymer comprising
groups of formula (1).

Suitable hydrophobic vinyl comonomers include the following, this list not being exhaustive:
C;-Cisalkyl acrylates and methacrylates, Cs-Cysalkyl-acrylamides and -methacrylamides,
acrylonitrile, methacrylonitrile, vinyl C,-C,galkanoates, C,-C galkenes, C,-Cyghaloalkenes,
styrene, Cy-Cgalkylstyrene, vinyl alkyl ethers in which the alkyl moiety has from 1 to 6
carbon atoms, C,-Cygperfluoroalkyl acrylates and methacrylates or correspondingly partially
fluorinated acrylates and methacrylates, C3-Cizperfluoroalkyl-ethyl-thiocarbonylaminoethyl
acrylates and methacrylates, acryloxy- and methacryloxy-alkylsiloxanes, N-vinyicarbazole,
C,-Cyqalkyl esters of maleic acid, fumaric acid, itaconic acid, mesaconic acid and the like.

Preference is given, for example, to C,-C,alkyl esters of vinylically unsaturated carboxylic



WO 98/17704 PCT/EP97/05738
-14 -

acids having from 3 to 5 carbon atoms or viny! esters of carboxylic acids having up to 5

carbon atoms.

Examples of suitable hydrophobic vinyl comonomers include methyi acrylate, ethyl
acrylate, propyl acrylate, isopropyl acrylate, cyclohexyl acrylate, 2-ethylhexyl acrylate,
methyl methacrylate, ethyl methacrylate, propyl methacrylate, vinyl acetate, viny! propio-
nate, vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride, vinylidene chloride,
acrylonitrile, 1-butene, butadiene, methacrylonitrile, vinyitoluene, vinyl ethyl ether, per-
fluorohexylethylthiocarbonylaminoethyl methacrylate, isobornyl methacrylate, trifluoroethyl
methacrylate, hexafluoroisopropyl methacrylate, hexafluorobutyl methacrylate, tris-tri-
methylsilyloxy-silyl-propyl methacrylate, 3-methacryloxypropylpentamethyldisiloxane and
bis(methacryloxypropyl)tetramethyldisiloxane.

Suitable hydrophilic vinyl comonomers include the following, this list not being exhaustive:
hydroxy-substituted lower alkyl acrylates and methacrylates, acrylamide, methacrylamide,
lower alkyl acrylamides and methacrylamides, ethoxylated acrylates and methacrylates,
hydroxy-substituted lower alkyl-acrylamides and -methacrylamides, hydroxy-substituted
lower alkyl vinyl ethers, sodium ethylenesulfonate, sodium styrenesulfonate, 2-acrylamido-
2-methylpropanesulfonic acid, N-vinylpyrrole, N-vinylsuccinimide, N-vinylpyrrolidone, 2- or
4-vinylpyridine, acrylic acid, methacrylic acid, amino- (the term "amino” also including
quaternary ammoniumy), mono-lower alkylamino- or di-lower alkylamino-lower alkyl
acrylates and methacrylates, allyl alcohol and the like. Preference is given, for example, to
hydroxy-substituted C,-Csalkyl (meth)acrylates, five- to seven-membered N-vinyllactams,
N,N-di-C;-C,alkyl(meth)acrylamides, and vinylically unsaturated carboxylic acids having a

total of from 3 to 5 carbon atoms.

Examples of suitable hydrophilic vinyl comonomers include hydroxyethyl methacrylate,
hydroxyethyl acrylate, acrylamide, methacrylamide, dimethylacrylamide, allyl alcohol,
vinylpyridine, vinylpyrrolidone, glycerol methacrylate, N-(1,1-dimethyl-3-oxobutyl)acrylamide
and the like.

Preferred hydrophobic vinyl comonomers are methyl methacrylate and vinyl acetate.
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Preferred hydrophilic vinyl comonomers are 2-hydroxyethyl methacrylate, N-vinyl-
pyrrolidone and acrylamide.

The prepolymers of the invention can be processed in a manner known per se to form
mouldings, especially contact lenses, for example by carrying out the photocrosslinking of
the prepolymers of the invention in a suitable contact lens mould. Accordingly, the inven-
tion relates also to mouldings consisting essentially of a prepolymer of the invention. Other
examples of mouldings of the invention, in addition to contact lenses, are biomedical
mouldings and, especially, ophthalmic mouldings, for example intraocular lenses, eye
dressings, mouldings for use in surgery, such as heart valves, artificial arteries or the like,
and also films or membranes, for example membranes for controlling diffusion, photostruc-
turable foils for information storage, or photoresist materials, for exa;mple membranes or

mouldings for etching resist or screen printing resist.

A preferred process for the production of mouldings comprises the following steps:

a) introducing into a mould a prepolymer comprising structural units of formula (1) and,
where appropriate, (1a) that is liquid at room temperature or is readily meltable and is
substantially free of solvents, in the absence or presence of an additional vinyl comonomer
and/or photoinitiator,

b) inducing the photocrosslinking,

¢) opening the mould so that the moulding can be removed from the mould.

Another preferred process for the production of moulidings comprises the following steps:
a) preparing a substantially aqueous solution of a water-soluble prepolymer comprising
structural units of formula (1) and, where appropriate, (1a) in the absence or presence of
an additional vinyl comonomer and/or photoinitiator,

b) introducing the resulting solution into a mould,

¢) inducing the photocrosslinking, '

d) opening the mould so that the moulding can be removed from the mould.

In the preferred processes outlined above it is in each case especially preferred to intro-
duce the prepolymer into the mould in the absence of an additional vinyl comonomer and

in the presence of a photoinitiator.
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For the introduction of the prepolymers of the invention into a mould, processes known per
se can be used, such as, especially, conventional metering in, for example by means of
dropwise introduction. If vinyl comonomers are present, the above-mentioned comonomers
in the amounts mentioned there are suitable. Vinyl comonomers that may be present are
advantageously first mixed with the prepolymer of the invention and then introduced into

the mould.

Appropriate moulds are manufactured, for example, from polypropylene. Suitable materials

for reusable moulds are, for example, quartz, sapphire glass or metals.

When the mouldings to be produced are contact lenses, they can be produced in a manner
known per se, for example in a conventional "spin-casting mold", as described, for
example, in US-A-3 408 429, or by the so-called full-mold process in a static mould, as
described, for example, in US-A-4 347 198.

The photocrosslinking can be induced in the mould, for example by actinic radiation, e.g.

UV light, or ionising radiation, e.g. gamma radiation or X-rays.

As has already been mentioned, the photocrosslinking is advantageously carried out in the
presence of a photoinitiator capable of intitiating radical crosslinking. The photoinitiator is
advantageously added to the prepolymers of the invention before introduction into the
mould, preferably by mixing the polymers and the photoinitiator together. The amount of
photoinitiator can be chosen within wide limits, an amount of up to 0.05 g/g of polymer and

especially of up to 0.003 g/g of polymer having proved advantageous.

itis to be emphasised that according to the invention the crosslinking can be effected in a
very short time, for example in < 60 minutes, advantageously in < 20 minutes, preferably in
< 10 minutes, especially in <5 minutes, more especially in < 1 minute and most especially

in < 30 seconds.

Opening of the mould so that the moulding can be removed from the mould can be carried

out in a manner known per se.
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When the moulding produced according to the invention is a contact lens and when the
latter has been produced without a solvent from a previously purified prepolymer of the
invention, then it is generally not necessary, after removing the moulding, to carry out
subsequent purification steps, for example extraction. This is because the prepolymers
used do not contain any undesirable low-molecular-weight constituents; consequently, the
crosslinked product is also free or substantially free of such constituents and subsequent
extraction is unnecessary. Accordingly, the contact lens can be converted directly into a
ready-to-use contact lens in customary manner by hydration. Suitable forms of hydration,
by means of which ready-to-use contact lenses having different water contents are obtain-
able, are known to the person skilled in the art. The contact lens is §welled, for example, in
water, in an aqueous salt solution, especially in an aqueous salt solution having an osmo-
larity of approximately from 200 to 450 milliosmol in 1000 ml (unit: mOsm/l), preferably
approximately from 250 to 350 mOsm/| and especially approximately 300 mOsm/l, orin a
mixture of water or an aqueous salt solution with a physiologically tolerable polar organic
solvent, for example glycerol. Swelling of the prepolymer in water or in aqueous salt
solutions is preferred.

The aqueous salt solutions used for the hydration are advantageously solutions of physio-
logically tolerable salts, such as buffer salts that are customary in the field of contact iens
care, for example phosphate salts, or agents for establishing isotonicity that are customary
in the field of contact lens care, such as, especially, alkali metal haiides, for example
sodium chloride, or solutions of mixtures thereof. An example of an especially suitable sait
solution is a synthetic, preferably buffered lachrymal fluid that is adapted to natural
lachrymal fluid as regards pH and osmolarity, for example an unbuffered sodium chloride
solution, preferably a sodium chioride solution that is buffered, for example buffered with
phosphate buffers, and the osmolarity and pH of which correspond to the osmolarity and
pH of human lachrymal fluid. '

The hydration fluids defined above are preferably pure, that is to say free or substantially
free of undesirable constituents. Special preference is given to pure water or to a synthetic

lachrymal fluid as described above.
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When the moulding produced according to the invention is a contact lens and when the
latter has been produced from an aqueous solution of a previously purified prepolymer of
the invention, then the crosslinked product does not contain any troublesome impurities
either. Subsequent extraction is therefore unnecessary. Since the crosslinking is carried
out in a substantially aqueous solution, subsequent hydration is also unnecessary. The
contact lenses obtainable according to that process are therefore distinguished, according
to an advantageous embodiment, by the fact that they are suitable for their designated use
without extraction. In this connection, designated use is understood as meaning especially
that the contact lenses can be inserted into the human eye.

The contact lenses obtainable according to the invention have a range of unusual and
extremely advantageous properties. Of those properties there may be mentioned, for
exampie, their excelient tolerability by the human cornea, which is based on a balance of
water content, oxygen permeability and mechanical properties. Moreover, the contact
lenses of the invention exhibit a high degree of dimensional stability. No changes in shape

were discernible even after autoclaving at, for example, about 120°C.

It can also be emphasised that the contact lenses of the invention, that is to say especially
those comprising a crosslinked polymer of a prepolymer comprising units of formula (1)
and, where appropriate, (1a), can be produced in a very simple and efficient manner as
compared with the prior art. This is the result of several factors. Firstly, the starting
materials are inexpensive to obtain or prepare. Secondly, there is the advantage that the
prepolymers are surprisingly stable, so that they can be subjected to a high degree of
purification. Accordingly, it is possible to use for the crosslinking a polymer that requires
virtually no subsequent purification, such as, especially, the complicated extraction of
unpolymerised constituents. Moreover, the crosslinking can be carried out without a solvent
or in an aqueous solution, so that the subsequent exchange of solvents or the hydration
step, respectively, is not required. F'inally, the photopolymerisation takes place in a short
time, so that the process for the production of the contact lenses of the invention can be

made extraordinarily economical from that point of view also.

All the advantages mentioned above naturally apply not only to contact lenses but aiso to
other mouldings according to the invention. The sum of the various advantageous aspects

in the production of the mouldings of the invention leads to the mouldings of the invention
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being suitable especially as mass-produced articles, for example as contact lenses that are

worn for a short period of time and are then replaced by new lenses.

In the Examples which follow, unless expressly indicated to the contrary, quantities are by
weight and temperatures are given in degrees Celsius. Unless indicated otherwise, mole-
cular weights M, are determined by means of gel permeation chromatography (GPC) [size
exclusion chromatography (SEC)] using DMF as solvent, and are related to the calibration

standard of polymethyl methacrylate (PMMA).

Preparation Examples

Example 1:

(a) 63.7 g of polyethylene glycol 600 diacid dichloride (prepared by reacting polyethylene
glycol 600 diacid with thionyl chloride) are dissolved in 500 ml of toluene. 1.6 g of tetra-
butylammonium bromide (TBAB) and 20.2 g of diglycidy! ether of butane-1,4-diol are added
thereto and the mixture is heated to 90°C, with stirring. When the epoxy groups have
reacted completely (which takes about 2 hours), the product is precipitated from tert-butyl

methyl ether in the form of a yellow oil.

(b) 25.2 g of the product prepared according to (a) are dissolved in 200 ml of DMSO.

19.5 g of acrylic acid and 41.1 g of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) are added
thereto and the mixture is heated to 70°C, with stirring. After 24 hours at that temperature,
300 mi of water are added to the clear brown reaction mixture. The product is extracted
with chloroform and the organic phase is washed first with 0.1N hydrochloric acid and then
with 5 % strength NaHCO; solution. After removal of the solvent, a polymer comprising
structural units of the formula

%yxwwvﬁ
e
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wherein R is the radical -O-(CH,)s,-O- and n = 14, is obtained in the form of a viscous yellow

oil (M = 3000, My, = 4000).

Example 2:

(a) 120 g of diglycidyl ether of polyethylene glycol 600 are dissolved in 100 ml of toluene.
3.2 g of TBAB and 36.6 g of adipic acid dichloride are added thereto and the mixture is
heated to 90°C, with stirring. When the epoxy groups have reacted completely (which takes
about 1 hour), the product is precipitated from tert-butyl methyl ether in the form of a yellow

oil.

(b) 23.5 g of the product prepared according to (a) are dissolved in 200 mil of DMSO. 25.8 g
of methacrylic acid and 41.1 g of DBU are added thereto and the mixture is heated to 80°C,
with stirring. After 24 hours at that temperature, the reaction mixture is diluted with 300 ml of
water and the product is then extracted therefrom with chloroform. The organic phase is
washed with 0.1N hydrochloric acid and then with 5 % strength NaHCO; solution. After

removal of the solvent, a polymer comprising structural units of the formula
0]
/P\/ ° ©
9] n O
O
0o 0]
(O ‘&O

(n=14)

is obtained in the form of a viscous yellow oil (M, = 3800, M,, = 4900).

Example 3: Reaction of 70 g of diglycidyl ether of polyethylene glycol 1000 with 12.8 g of
adipic acid dichloride, with the addition of 1.1 g of TBAB, by the process according to
Example 2(a), and reaction of 26.5 g of the resulting product with 17.4 g of methacryiic acid,
with the addition of 30.7 g of DBU, according to Example 2(b) yields a polymeric oil compri-
sing structural units of the formula indicated in Example 2 wherein n = 23 (M, = 3300, M,, =

4200).
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Example 4: 23.5 g of the product obtained according to Example 2(a) are dissolved in
200 ml of DMSO. 20.6 g of glycolic acid and 41.2 g of DBU are added thereto and the
mixture is heated to 90°C, with stirring. After 24 hours at that temperature, the reaction
mixture is diluted with 300 mi of water and the product is then extracted therefrom with

chloroform.

23.9 g of the product so prepared are dissolved in 170 ml of dioxane, and 0.18 g of N,N-
dimethylcyclohexylamine is added thereto while introducing air. 43 g of isocyanatoethyl
methacrylate, dissolved in 40 ml of dioxane, are added dropwise thereto and the mixture is

then heated at 80°C for 5 hours. At the end of that time, the product is precipitated from

tert-butyl methyl ether, yielding a polymer comprising structural units of the formula
0]
/P\/ © °
o n 0
o}
0] o
> o}

o= o=

NH NH

2 S
_&O _&O
' (M, = 5990, M,, 7350).

Application Examples

Example 5: 1.5 mg of Irgacure® 2959 are dissolved in 0.5 g of the polymer obtained accor-

ding to Example 1. A 0.1 mm thick film is prepared from the clear viscous solution between

two glass plates having spacers. The film is irradiated for 1.5 minutes using a Honle lamp. A
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clear, flexible film is obtained which swells in water to form a clear hydrogel having a water

content of 40 %.

Example 6: 3 mg of Irgacure® 2959 are dissolved in 1 g of the polymer obtained according
to Example 2. A 0.1 mm thick film is prepared from the clear viscous solution between two
glass plates having spacers. The film is irradiated for 1.5 minutes using a Honle lamp. A

ciear, flexible film is obtained which swells in water to form a clear hydrogel having a water

content of 40 %.

Example 7: 3 mg of Irgacure® 2959 are dissolved in 1 g of the polymer obtained according
to Example 3. A 0.1 mm thick film is prepared from the clear viscous solution between two
glass plates having spacers. The film is irradiated for 30 seconds using a Honle lamp. A

clear, solid film is obtained.
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What is claimed is:

1. A prepolymer comprising structural units of the formula

o) R, o)
s ™YY
o) o)
R

R

wherein R is a radical

] _PRq
——0—C—@)——6=C{_ (2a),

R
Ry 7

ﬁ o R

0
I | (2b)
—O‘EC_(CH2);"O C—NH—(CH,);—0—C—C=CH,
t

o o} R,
Il >\“—/
o0—C R;—N l (2¢c) or
o
o] Ry
o) CH,
a4
—O0—C—R;—/N (2d),
Ve

Z is straight-chained or branched C,-Cy.alkylene or unsubstituted or C4-Cjalkyl- or C4-C4-
alkoxy-substituted phenylene or C;-C.aralkylene,

x and t are each independently of the other the number O or 1,

Rs is hydrogen, C4-C,alkyl or halogen,

Rs is hydrogen, C;-Cqalky!, phenyl, carboxy or halogen,
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R; is hydrogen when Rs is phenyl or carboxy, or is hydrogen or carboxy when Re is
hydrogen, C4-Caalkyl or halogen,
Rs is a C>-Cyqalkylene radical, a phenylene radical or a C;-Cy.aralkylene radical,
Re and Ry’ are each independently of the other hydrogen, C4-Caalkyl or halogen,
R, is a radical of the formula
-[CH2-CHR"-0],-CH,-CHR"- (3a) or
-[CH,-CH,-CH2-CH,-O]n-CH,-CH,-CHz-CH,- (3b);
or an alkylene radical having up to 20 carbon atoms which may be interrupted by one or
more ester, urethane or ureido groups and/or may be substituted by hydroxy; or a cyclo-
alkylene radical having from 6 to 20 carbon atoms; or an arylene radical having from 6 to 20
carbon atoms; or an arylenealkylene, alkylenearylene, alkylenearylenealkylene or arylene-
alkylenearylene radical, ‘
R; is a radical of the formula
-CH,-[CH,-CHR*-O},-CH,- (4) or
-R3-C(O)-[O-CHR*-CH,],-O-(0)C-Rs- (5);
or an alkylene radical having up to 20 carbon atoms which may be interrupted by one or
more ester, urethane or ureido groups and/or may be substituted by hydroxy; or a cyclo-
alkylene radical having from 6 to 20 carbon atoms; or an arylene radical having from 6 to 20
carbon atoms; or an arylenealkylene, alkylenearylene, alkylenearylenealkylene or arylene-
alkylenearylene radical,
R’, R” and R* are each independently of the others hydrogen or C:-Caalkyl,
R; is an alkyiene radical having up to 20 carbon atoms; or a cycloalkylene radical having
from 6 to 20 carbon atoms; or an arylene radical having from 6 to 20 carbon atoms, and
n, m, p and q are each independently of the others a number from 1 to 30,
with the proviso that at least one of the radicals R, and R; is a radical of formula (3a), (3b),
(4) or (5).

2. A prepolymer according to claim 1, wherein R is a radical of the formula
-0-(0)C-CRs=CH; (2a") or
-0-(0)C-(CHy)m-O-(O)C-NH-(CH,),-O-(0)C-CR'=CH, (2b"),

Rs and R’ are each independently of the other hydrogen or C;-C,alkyl, and m and q are

each independently of the other a number from 1 to 30.
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3. A prepolymer according to claim 2, wherein R is a radical of formula (2a’) wherein Rs is
hydrogen or methyl.

4. A prepolymer according to any one of claims 1 to 3, wherein Ry is a radical of
formula (3a) or (3b) indicated in claim 1, C;-Cyalkylene, 1,2-, 1,3- or 1,4-phenylene, or a
radical of the formula

SO~
wherein B, is straight-chained or branched C;-Caalkylene.

5. A prepolymer according to any one of claims 1 to 4, wherein Ry is a radical of
formula (3a) indicated in claim 1, or is C4-Cpoalkylene.

6. A prepolymer according to any one of claims 1 to 5, wherein R; is a radical of formula (4)
or (5) indicated in claim 1, C-Cyalkylene, 1,2-, 1,3- or 1,4-phenylene, or a radical of the

formula
S
wherein B, is straight-chained or branched C;-C,alkylene.

7. A prepolymer according to any one of claims 1 to 6, wherein R; is a radical of formula (4)

indicated in claim 1, or is C4-Cyoalkylene.

8. A prepolymer according to any one of claims 1 to 7, wherein Ry is a radical of

formula (3a) indicated above and R; is a C1-Cyalkylene radical.

9. A prepolymer according to any one of claims 1 to 7, wherein R, is a C;-Czpalkylene

radical and R is a radical of formula (4) indicated above.

10. A prepolymer according to any one of claims 1 to 9 which comprises, in addition to the

structural units of formula (1), structural units of the formula
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o R, o
o—h—o \”/ \ﬂ/ (1a)
O 0]
RO

wherein Ry is halogen or a radical -O-(O)C-R4 and R, is C1-Czoalkyl, Cs-Coocycloalkylene,

R,

Cs-Caoarylene or C;-Ciaralkylene.
11. A prepolymer according to claim 10, wherein Ry is halogen, preferably chiorine.

12. A process for the preparation of a prepolymer according to claim 1, which comprises
(a) polymerising a compound of the formula

(6)
S

'e) 0]
with a compound of the formula

X(0)C-R-C(O)X (7)

in the presence of a catalyst, and

(b) reacting the polymer obtainable according to (a), which comprises structural units of the

0 R, 0
0—R—0 \ﬂ/ \ﬂ/ %\ (1a),
0] 0
X

with a compound of the formula

RH - (8)
in the presence of a base, Ry and R, each being as defined in claim 1, X being halogen,
preferably chilorine, and R being a radical of formula (2a), (2¢), (2d) or (2b) indicated in

claim 1 wherein t is the number 1.

formula

X

13. A polymer that is obtainable by crosslinking a prepolymer according to any one of

claims 1 to 11 in the absence or presence of an additional vinyl comonomer.
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14. A polymer according to claim 13 that is obtainable by photocrosslinking a prepolymer

according to any one of claims 1 to 11 in the absence of an additional vinyl comonomer.

15. A polymer according to claim 13 that is obtainable by photocrosslinking a prepolymer
according to any one of claims 1 to 11 in the presence of from 0.5 to 80 units of an addi-
tional vinyl comonomer per unit of formula (1), especially from 1 to 30 units of vinyl comono-

mer per unit of formula (1) and more especially from 5 to 20 units per unit of formula (1).

16. A process for the preparation of a polymer according to claim 13, which comprises
photocrosslinking a prepolymer according to any one of claims 1 to 11 in the absence or

presence of an additional vinyl comonomer.

17. A process according to claim 16, wherein the prepolymer is used in substantially pure

form.

18. A process for the production of a moulding, which comprises the following steps:

a) introducing into a mould a prepolymer comprising structural units of formula (1) and,
where appropriate, (1a) that is liquid at room temperature or is readily meltable and is
substantially free of solvents, in the absence or presence of an additional vinyl comonomer
and/or photoinitiator,

b) inducing the photocrosslinking, -

c) opening the mould so that the moulding can be removed from the mould.

19. A process for the production of a mouiding, which comprises the following steps:

a) preparing a substantially agueous solution of a water-soluble prepolymer comprising
structural units of formula (1) and, where appropriate, (1a) in the absence or presence of
an additional vinyl comonomer and/or photoinitiator,

b) introducing the resuiting solution into a mould,

¢) inducing the crosslinking,

d) opening the mould so that the moulding can be removed from the mould.

20. A process according to either claim 18 or claim 19, wherein the moulding is a contact

iens.
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21. A moulding, especially a contact lens, that is obtainable by the process according to

either ciaim 18 or claim 19.

22. A contact lens according to claim 21 that is suitable for its designated use without
extraction.
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