
EP 0 401 990 B1 Description The invention relates to prepolymers especially
useful as monomers that can be formed into biomedical devices. 5
Heretofore, biomedical materials especially useful commercially as contact
lenses have been based upon polymers and/or copolymers of a select set of
chemistries. Methylmethacrylic acid type chemistries form the oldest type,
the polymers from which poly(methylmethacrylates) (PMMA) have been
surpassed by hydrogel chemistries based upon poly(hydroxyethyl
methacrylate) (pHEMA) or polyvinyl pyrrolidinone (pNVP), and copolymers of
HEMA and NVP. These materials form the basis for most soft contact lenses.
10     Silicone chemistries have played a lesser role in the marketplace,
but have offered higher oxygen permeabilities than their hydrogel
counterparts. They have, however, presented certain performance
characteristics which limit their application - specifically surface
wettability problems. Copolymers employing PMMA types of chemistry have
been employed in conjunction with silicone chemistry and hydrogel chemistry
to produce a wide assortment of materials which have the common is
characteristics of high oxygen permeability and high modulus (rigidity).
These materials have been characterized as hard gas permeable or rigid gas
permeable materials. Urethane chemistries have not been employed
commercially in the contact lens market despite significant work in the
area such as US-A-3,786,034 which relates to hard, hydrophilic polyurethane
material formed from reacting a specific polyol with a polyfunctional
isocyanate. US-A-3,821,186 teaches similar 20  materials as US-A-3,786,034.
US-A-4,136,250 teaches a polymer formed by reacting a high molecular weight
polydimethyl siloxane diol with 2 mole equivalents of isophorone
diisocyanate and then reacting with excess hydroxy-containing monomers.
Essentially, this is a soft segment prepolymer endcapped with ethylenically
reactive endcaps. These materials are relatively weak and in their hydrated
form show low degrees of elongation. 25     US-A-4,309,526 teaches adhesive
compositions which employ low molecular weight polyols reacted with
diisocyanates and short chain cycloaliphatic or aromatic diols, endcapped
with hydrophilic endcaps. Various characteristics such as oxygen
permeability are not mentioned. US-A-4,359,553 teaches polyurethane
diacrylate compositions useful as biomedical materials which are formed by
reacting a diol of MW 200 to 20,000 with 2 mole equivalents diisocyanate
which is then reacted 3o  with diethyleneglycol diacrylate to form the
water soluble polyurethane. Specific applications taught in the patent are
as controlled release matrices. US-A-4,740,533 teaches materials which are
block copolymers of polyoxyalkylenes and polysiloxanes which have no hard
segments. US-A-4,780,488 teaches a prepolymer with only a central soft
segment endcapped with hydroxyethyl 95  methacrylate endcaps or the like.
The art does not disclose polyurethane prepolymers useful as biomedical
materials with the hard-soft- hard or the soft-hard-soft configurations
disclosed herein which are oxygen permeable and still exhibit exemplary
physical strength characteristics. Nor does the art teach that these
prepolymers are useful as biomedical materials. 40     The present
invention provides a prepolymer material consisting of prepolymers
represented by the general formulae: E(*D*A*D*G).D*A*D*E' or
E(CD*G*D-A)*D*G*D*E' 45 



where A denotes a divalent polymeric radical chosen from the group of 50 65
2    EP 0 401 990 B1 4CH2)n'-0-(RPO)n-(CH2)nv- 5                     4CH2)
mt1O_   (RFO) M (CH2)MJL s       ~RS (I         ~~~~~~~~~~~~~I RS
RS wherein 15    RP         denotes a straight or branched alkylene group
with 1 to 6 carbon atoms and n, n' and n" are the same or different
integers such that the sum of n, n' and n" provides for a moiety weight of
said divalent polymer radical between 2,000 and 10,000; RF       denotes a
fluorinated straight or branched alkylene radical with 1 to 6 carbon atoms
and m, m' and i" are the same or different integers such that the sum of m,
m' and ml" provides 20               for a moiety weight of said divalent
polymeric radical of between 400 and 10,000; Rs        denotes an alkyl
radical or a short chain fluorinated alkyl radical with 1 to 3 carbon
atoms; and p         provides a moiety weight of 400 to 10,000; D
denotes an alkylene diradical, an alkyl cycloalkylene diradical, a
cycloalkylene diradical, an 25               alkylarylene diradical or an
arylene diradical, with 6 to 30 carbon atoms; G         denotes an alkylene
diradical, a cycloalkylene diradical, an alkyl cycloalkylene diradical, an
aromatic diradical or an alkylaromatic diradical with 1 to 40 carbon atoms
which may have ether, thio, or amine linkages in the main chain; denotes a
urethane or ureido linkage; and 30    E and E'   denote polymerizable
unsaturated organic radicals represented by the general chemical formula R2
35I R3CH=C  (CH2)W  (X)x  (Ar)y-R'- wherein 40    R1   denotes a divalent
alkylene radical with 1 to 10 carbon atoms; R2   denotes a -H or -CHe
radical; R3   denotes a -H radical or an alkyl radical with 1 to 6 carbon
atoms or a 0 46~~~~~~~~~~~~~~~~ I 45
1l -CY-R4 radical where 



50    Y    is -0-, -S- or -NH- and R4 denotes an alkyl radical with 1 to 12
carbon atoms; X    denotes 0             0 55
11           .  11 -C-, or -0-C- 3    EP 0 401 990 B1 Ar   denotes an
aromatic radical with 6 to 30 carbon atoms; a    is at least 1; w
isOto6; x    is 0 or 1; and 5    y    isOor1. These prepolymers are
especially useful in forming copolymerizates with ethylenically unsaturated
monomers which are known and used in the biomedical materials field. The
resultant copolymers have a combination of oxygen permeability, surface
wettability and physical strength in dry and/or hydrated forms otherwise
unavailable. 10     The prepolymers of the present invention are especially
useful in making biomedical materials due to this combination of physical
strength and high oxygen permeability when copolymerized with state of the
art ethylenically unsaturated biomedical monomers. The combination of
advantaegous properties is achieved due to the specific chemistry inherent
in the claimed prepolymer. The prepolymers of the invention can be
represented by the general formulae: 16 E(CD'AD*G).*D*AD*E' or
E(D'G*D'A):D*G*D'E' wherein A, D, E, E', G. * and a are as defined
hereinabove. 20     The prepolymers upon polymerization form two domains
which can be characterized as hard and soft domains, respectively. The soft
domain generally have glass transition temperatures (Tg 5) lower than room
temperature whereas the hard domains have Tg s higher than room
temperature. Upon polymerization, the hard segments of the prepolymer
associate with one another and the soft segments form the soft domain which
account for the oxygen permeability of the polymeric mass. The combination
of hard and soft 26 segments provides the polymer with superior mechanical
properties otherwise unavailable. The hard segments of the prepolymer are
formed by the reaction of the short chain diol with the diisocyanate. Thus,
in the formulae supra, the "hard segments" are represented by the *D*G*D*
portions of the formulae. Thus termed, formula (i) represents a
hard-soft-hard prepolymer and formula (ii) represents a soft-hard-soft
prepolymer. 90     The isocyanates which can be used in preparation of the
invention include, toluene diisocyanate, 4,4- diphenyl diisocyanate,
4,4-diphenylene methane dilsocyanate, p-phenylene diisocyanate, dianisidine
diisocyanate, 1,5 napthalene diisocyanate, 4,4-diphenyl ether diisocyanate,
4,4(dicyclohexyl)methane diisocyanate, 1,3-bis-(isocyanato
methyl)cyclohexane, cyclohexane diisocyanato, tetrachlorophenylene
diisocyanate, isophorone diisocyanate, and 3,5-diethyl-4,4'-diisocyanato
diphenyl methane. 35     Other diisocyanates which may be used are higher
molecular weight diisocyanate formed by reacting 



polyamines which are terminally capped with primary or secondary amines, or
polyhydric alcohols with excess of any of the above described
diisocyanates. In general, these high molecular weight diisocyanates will
have the general formula 40HO HO0 [O=C=N-R-N-C-X ] 2-B 45 wherein R is a
divalent organic radical with 2 to about 20 carbon atoms, X is -0-, or
-NR'-, where R is -H or a lower alkyl, and B is a divalent organic radical.
The diisocyanate is reacted with low molecular weight diols or glycols such
as 2,2-(4,4 dihydrox- ydiphenyl)propane (bisphenol-A), 4,4-iso-propylidine
dicyclohexanol (hydrogenated biphenol-A), ethoxylated bisphenol-A,
propoxylated bisphenol-A, 2,2-(4,4'-dihydroxydiphenyl)pentane,
a,a'-(4,4'-dihydroxydiphenyl)-p- 6o  diisopropyl benzene, 1,3 cyclohexane
diol, 1,4-cyclohexane diol-1,4-cyclohexane dimethanol, bicyclic and
tricyclic diols such as 4,8-bis-(hydroxymethyl)-tricyclo [5.2.1.02.6]
decane, neopentyl glycol, 1, 4 butanediol, 1 ,3-propanediol, 1
,5-pentanediol, diethylene glycol, triethylene glycol and the like. These
hard segments as mentioned before form hard domains in the final polymer or
copolymer by association via hydrogen bonding with other rigid segments.
The degree of association within the hard 55 domain can be modified by
controlling the amount of hydrogen bonding between the segments by either
1) decreasing the overall weight content of the hard segment in the
prepolymer by increasing the molecular weight of the soft segment or 2) by
decreasing the amount of hydrogen bonding density in the hard segment by
either using relatively soft, longer chained diols, or by using primary
amines or secondary 4    EP 0 401 990 BI amines capped low molecular weight
compounds in conjunction with the dilsocyanates rather than the diols. The
hard segments are then reacted with a relatively high molecular weight
polymer which is a,w- endcapped with two active hydrogens, usually hydroxyl
groups. These segments form the so-called soft segment of the prepolymer.
Various types of high molecular weight polymers can be used including in 5
general polymers of the following formulae a) HO (CH2) (RPO). (CH2) OH; b)
HO (CH2) (RPO)m (CH2) OH; and c) 10 tO                             /
t~~~~~S  F HO  (CH2)1-4   Si-O.S(CH2)01-4 OH Formulae a) represents
polyoxyalkyleneglycols which are generally commercially available in the
molecular weight range called for in the present invention. These diols
include polymers prepared from the epoxides: ethylene oxide 1,2-propylene
oxide, 1,2-butylene oxide, 2,2 epoxydecane, 1,2-epoxyoc- 20   tane,
2,3-epoxy norborane, 1,2-epoxy-3-ethoxy propane,
2,2-epoxy-3-phenoxypropane, 2,3-epoxypropyl- 4-methoxy phenyl ether,
tetrahydrofluran, 1,2-epoxy-3-cyclohexyloxy propane, oxetane, 1,2-epoxy-5-
hexene, 1,2-epoxyethylbenzene, 1,2-epoxy-1-methoxy-2-methylpropane,
benzyloxy propylene oxide and combinations thereof. The preferred polymers
of this class are polypropylene glycols of molecular weights, 2000, 3000
and 



25    4000 and more, and polyoxyethylene polyoxypropylene block copolymers
with molecular weight greater than 2000. Formulae b) represents
polyfluoroethers with a,-active hydrogens. This class of polymers can be
synthesized per the heading of US-A-3,810,874. Generally, these polymers
should have molecular weights between 400 and 10,000 to be useful in the
present invention. 30    Formulae c) represents a,4i-dihydroxyl alkyl
endblocked polysiloxane which for the purpose of the present invention
should have a molecular weight in the range of 400 to 10,000. These
polysiloxanes can be synthesized by reacting a disiloxane of the general
formula 35                                        5H3  CH3 HO  (CH2) 1-4
Si-O-Si  (CH2) 1-4 OH CH3   H3 40 with cyclopolydimethyl siloxane under
acidic conditions. Alternately, the disiloxane can be replaced with
dimethoxydimethylsilane or diethoxy dimethyl silane to produce the
a,w-dihydroxy endcapped polysiloxanes. The endcapping monomers used in the
prepolymer are generally represented by the formula 45 2 R3CHKnC (CH2)w
(X)X () - -r 50 as defined supra. The Stage B reaction product is reacted
with an excess of suitable acrylate or methacrylate esters containing a
hydroxy or amine group on the non-acrylate or non-methacrylate portion of
the monomer to form the endcaps of the above formula. Suitable endcap
monomers include hydroxyethyl 55 acrylate, hydroxyethyl methacrylate,
aminoethyl methacrylate, 3 hydroxypropyl methacrylate, amino propyl
methacrylate, hydroxyhexylacrylate, t-butylaminoethyl methacrylate,
monoacrylate or monomethacrylate esters of bisphenol-A and/or bisphenol-B.
5    EP 0 401 990 B1 The prepolymers of the present invention are formed by
two general synthetic approaches. One approach produces the hard-soft-hard
prepolymer while the second approach produces the soft-hard-soft
prepolymer. Variations of each scheme will be found to be necessary for
specific rigid/soft segment combinations, as illustrated in the examples. 5
HARD-SOFT-HARD PREPOLYMER SYNTHETIC SCHEMES The scheme used to produce this
type of prepolymer employs three stages to produce the final prepolymer.
The first stage (STAGE A) involvs reacting 2 mole equivalents of
diisocyanate with about 1 io mole equivalent low molecular weight diols
described herein. If these diols are represented by the symbol AGA , where
A denotes a hydroxyl radical and G represents the rest of the diol
compound, and the diisocyanate functional compound is represented by ODO
where 0 represents an isocyanate radical, the STAGE A reaction can be
schematically represented as follows: 15 20DO + AGA -* OD*G*D0 



where * denotes a urethane or a ureido linkage. STAGE A produces a
so-called "Hard" segment. As is known to those skilled in polymer
chemistry, the product *D*G*D  is the mathematical average of all reaction
product molecules. The reaction product of the actual reaction will contain
*00 and ODCG*D)a*G*D 20  with c22. Again, the formulae are numerical
averages. STAGE B involves reacting about one half mole equivalent of a
am-diol endcapped long chain polymer with the reaction product of STAGE A.
If AAA represents the long chain diol the STAGE B Reaction is 20D*G*DO +
AAA -- [OD*GDIkA 25 In STAGE C, the reaction product from STAGE B is
reacted with a molar excess of an endcapping monomer which has: 1) hydroxyl
or amine functionality; and 2) some polymerizable unsaturation. If the
endcapper is represented by the symbol EA , where is -OH or -NH2 or -NH-,
the reaction proceeds generally as 30 [OD'G*D*]2A + 2EA - [ED*G*D*]2A
Optionally, STAGE B can be run with molar excess of A to produce multiblock
polymers of the general formula O(D*GWDfA)'D*G*DD where a is at least 1.
This reaction product would be endcapped in STAGE C 35 above.
SOFT-HARD-SOFT PREPOLYMER SYNTHETIC SCHEME The second general synthetic
scheme using the same nomenclature described is represented by the 40
following general formulae: STAGE A 20 DO + AAA - [*D*2A 45 STAGE B 2[*Dn2A
+ AGA - [*D`A`D2G 50 STAGE C [OD*AD*2G + 2EA - [E*D*A*DI2G In general, each
of the reaction stages is run until the reactive step is complete. Reaction
progress in 55 STAGES A and B reactants may be monitored by acid base
titration. The isocyanate content is calculated by the difference of acid
equivalents between a stock solution dibutylamine and its reaction product
with the diisocyanate reaction intermediate. The reaction can also be
monitored by ATR-IR for the appear- ance/disappearance of peaks at 1700
cm-1, which indicates the presence of    EP 0 401 990 B1 0 I' -C-, s  and
2250 cm-' which indicates consumption of -N = C = 0. It is found that the
synthesis of the prepolymer can be run neat or in solution. A wide range of
aprotic solvents can be used to synthesize the prepolymers of the present
invention. Solvents useful in the synthesis include toluene, methylene,
chloride, benzene, cyclohexane, hexane, heptane and the like. Preferred
solvents are toluene, methylene chloride and mixtures thereof. 



10     Reaction of the prepolymer precursors may be accomplished in the
presence or absence of catalysts for urethane reactions, such catalysts
being well known in the art. The first step of prepolymer synthesis where
diisocyanate is first reacted with a short carbon chain (2 to 30 carbon
atoms) diol, particularly where an aromatic diisocyanate is used, proceeds
very rapidly, even in the absence of any catalyst. In fact, during the step
of reacting diisocyanate and short chain diol, temperature control may be
required in order to 15 avoid/minimize side reactions. Preferably, the
first step of prepolymer synthesis in accordance with the present invention
is carried out below about 1000C, most suitably within the range of from
about 600C to about 90 * C. Thereafter, the second step of the reaction is
carried out at comparable temperatures, preferably within the range of from
about 40* C to 70G C. The final step of prepolymer formation suitably is
effected at temperatures of from 20  about room temperature to about 100C,
with a narrow range of from about 400C to about 50 * C being most
preferred. As will be apparent to those skilled in the art, optimal
reaction conditions, such as temperatures and duration, are selected for
each individual reaction system to achieve conditions that produce a
favorable rate of reaction without fostering undesirable side reactions.
Among the suitable catalysts for use in prepolymer formation are tin salts
and organic tin esters, such 25 as dibutyl tin dilaurate, tertiary amines,
such as triethyl diamine and other recognized catalysts, such as 1,4- diaza
(2.2.2)-bicyclooctane (DABCO). The prepolymers of the present invention are
particularly useful as comonomers with ethylenically reactive monomers
useful in the field of biomedical materials. In general, these monomers are
the hydroxyalkyl acrylates and diacrylates such as hydroxyethyl acrylate,
hydroxypropyl acrylate, and the 30 corresponding methacrylate compounds,
including cyclohexyl methacrylate, methyl methacrylate, isobornyl
methacrylate, lauryl methacrylate, triethylene glycol dimethacrylate,
isobuty methacrylate and tetrahydrofur- furyl methacrylate. Other useful
unsaturated reactive monomers are acrylamides, methacrylamides, pyr-
rolidinones, styrene and acrylonitrile and other monomers known in the art
including fluorinated analogs of all of the previously mentioned monomers
and the organo silicone comonomers known in the art. Specific 35
fluorocomonomers include: (2,2,2-trifluoroethyl) itaconate
(hexafluoroisopropyl) itaconate (1 H. 1 H-perfluorooctyl) itaconate (1 H, 1
H, 1 1IH-perfluoroundecyl) itaconate 40     (perfluoro-t butyl) itaconate
(pentafluorophenyl) itaconate (2H, 2H-perfluorobenzyl) itaconate
(pentafluorophenylmethyl) itaconate (decafluorocyclohexyl) itaconate 45
(1 H-perfluorocyclohexyl) methyl itaconate (1,1,1-trifluorolsopropyl)
itaconate 1-methyl-4-(hexafluoroisopropyl) monoitaconate
4-(hexafluoroisopropyl) monoitaconate 1-(1 H. 1
H-perfluorooctyl)-4-hexafluoroisopropyl) itaconate 5o and methacrylate
analogs thereof. Specific organosilicon comonomers include:
tris(2-acetoxyethyidimethylsiloxy)silylpropyl acrylate and methacrylate
tris(2-carboxyethyidimethylsiloxy)silylpropyl acrylate and methacrylate 



tris(3-hydroxypropyidimethylsiloxy)silylpropyl acrylate and methacrylate 55
acrylate and methacrylate functional, fluorosubstituted alkyl/aryl
siloxanes such as: tris(3,3,3 trifluoropropyl dimethylsiloxy) silyl propyl
acrylate and methacrylate tris[3-heptafluoroisopropoxy propyl)]
dimethysiloxy silylpropyl acrylate and methacrylate tfis(pentafluorophenyl
dimethysiloxy)silyl propyl acrylate and methacrylate 7    EP 0 401 990 B1
Other potentially useful organosilicon comonomers include:
p-(pentamethyidisiloxanyl) styrene bis(trimethylsiloxy)
pyrrolidinonyidimethyl 5      siloxy-silylpropyl acrylate and methacrylate.
When used as comonomers these materials can be used from 5 to 85 weight
percent of the final copolymer weight with the balance comprising the
prepolymer portion. Other di-ethylenically reactive monomers can also be
used to effect the mechanical and surface properties. Such crosslinks are
generally employed in the 0.1 to 5 wt % range. 10     The polymers and
copolymers are formed by a free radical mechanism using a wide variety of
known free radical catalysts such as the diacyl peroxides such as benzoyl
peroxide; dialkyl peroxides such as di- tert, -butyl peroxide; ketone
peroxides such as methylethyl ketone peroxide; and peresters which readily
hydrolyze, e.g. tert-butyl peracetate, tert-butyl perbenzoate,
di-tert-butyl diperphthalate, etc. A particularly useful class of peroxy
initiators are the organic hydroperoxides such as cumene hydroperoxide,
methylethyl 15 ketone hydroperoxide, tert-butyl hydroperoxide, etc. The
initiators should be used at a concentration of about 0.01 percent to about
10 percerit by weight of the total formulation, preferably about 0.1
percent to about 5 percent by weight. Another useful class of initiators
comprises carbonyl-containing ultraviolet- activated free radical
generators, such as acetophenone, benzophenone, and the benzoin ethers.
Other suitable UV initiators are known in the art. Initiator mixtures may
also be used. 20     Solvents can be used in the final copolymerization
and/or polymerization process. Solvent choice will depend upon the
solubility parameters of the prepolymer and of the comonomers used, if any,
and should be chosen to allow full solubilization of all polymerizate
components. In certain instances, the copolymerization process should be
carried out without solvent. For instance, when 2-hydroxyethyl methacrylate
(HEMA) is copolymerized with one of the prepolymers formed with 25
polyethylene glycol, use of toluene causes the HEMA to form heterogenous
domains which are not stable under aggressive hydrolytic conditions. Some
of the preferred copolymers are polymerized from the following comonomer
mixtures: 30    COROlymer A            Wt.  %    Component 80
prepolymer of the hard-soft-hard configuration made from 2-hydroxy- 35
ethyl methacrylate, isophorone diisocyanate, neopentyl glycate and
disilanol endcapped polydimethyl- siloxane of molecular weight equal 



to 3000 (INS3H) 20         2-hydroxyethylmethacrylate 45 50 55 8    EP 0401
990 BI Copolvmer B 30-45   INS3H 40-55  tris(trimethylsiloxy)silylpropyl
15-25  methacrylate N-N dimethylacrylamide 10  Copolymer C 30-90
prepolymer of the hard-soft-hard configuration made from hydroxy- 15
ethylmethacrylate, isophorone diisocyanate 1,4-butanediol and disilanol
endcapped polydimethyl- siloxane of average molecular weight 20
of about 3000 (IBS3H) or similar polysiloxane of about 4000 molecular
weight (IBS4H) 25                  10-40  dimethylacrylamide Copolymer D
30-90   IBS4H or IBS3H 20-40  dimethylacrylamide 5-30
tris(trimethylsiloxy)silyl propyl methacrylate 35 Copolymer E 30-90
prepolymer of the hard-soft-hard configuration made from 2-hydroxy- 40
ethylmethacrylate, isophorone 45                 diisocyanate, diethylene
glycol, and the disilanol endeapped polydimethyl- siloxane of molecular
weight 3000 or 50                 4000 (IDS3H and IDS4H, respectively)
20-40   dimethylacrylamide 1-30   tris(trimethylsiloxy)silyl propyl
methacrylate 



55 Various homopolymers and copolymers films can be formed and
characterized by standard testing procedures such as:    EP 0 401 990 B1 1.
Tensile strength (g/mm2) and modulus of elasticity can be measured per ASTM
test method DI 708. 2. Elongation can be measured per ASTM 1708. 3. Initial
tear strength and propagation tear strength can be measured per ASTM 1438.
4. Oxygen permeabilities can be measured by the method reported by Relojo,
M. et al in Contact and 5    Intraocular Lens Medical Journal, Vol. 3,
issued p. 27 (1977) and edge effects can be accounted for per the methods
described by Fatt, et al. in International Contact Lens Clinic, V. 14, p.
389 (1987). 5. Water content can be measured per a gravimetric method. 6.
Refractive index can be measured per typical methods on hydrated samples
using a refractometer. As mentioned, the prepolymers of the present
invention are particularly useful in forming shaped 1o  articles used in
biomedical applications. These polymers and copolymers can be used to make
biomedical devices i.e. shaped articles, such as dialyzer diaphragms, to
prepare artificial kidneys and other biomedical implants, such as disclosed
in US-A-2,976,576 and US-A-3,220,960. The instant polymers and copolymers
can be used in preparing therapeutic bandages as disclosed in
US-A-3,428,043. The instant polymers and copolymers can also be used in
preparing medical surgical devices e.g. heart valves, vessel substitutes,
15  intrauterine devices, membranes and other films, dialyzer diaphragms,
catheters, mouth guards, denture liners and other such devices as disclosed
in Shephard US-A-3,618,231. The instant polymers and copolymers can be used
to modify collagen to make blood vessels, urinary bladders and other such
devices as disclosed in US-A-3,563,925. The instant polymers and copolymers
can be used to make catheters as disclosed in US-A-3,566,874. The instant
polymers and copolymers can be used as semiper- 20  meable sheets for
dialysis, artificial dentures and all of such disclosures as set forth in
US-A-3,607,848. The instant polymers and copolymers can be used in
ophthalmic prostheses and all other uses disclosed in US- A-3,679,504. They
may also be used as a polymeric matrix for controlled release of active
pharmaceutical agents. In the following examples which illustrate the
invention, the properties of such films derived from the 25  claimed
prepolymer and combinations of prepolymers with various comonomers are
described. For certain comonomers which employed "hydrophilic" comonomers,
the films were hydrated to "hydrogel" states- their physical properties
were measured as hydrated. EXAMPLE 1 30 SYNTHESIS OF HARD-SOFT-HARD
PREPOLYMER BASED ON TOLUENE-2,4-DIISOCYANATE 2 mole equivalents of
toluene-2,4-diisocyanate (TDI) were dissolved in toluene with one mole
equivalent hydrogenated bisphenol A (HBPA) in a resin kettle with constant
stirring under nitrogen. This STAGE A 35  reaction was run at 60-90 * C for
2-3 hours in the presence of 0.5 wt%  DABCO" catalyst. One mole equivalent
of polypropylene glycol with a molecular weight of about 1000 was then
slowly added to the reaction mixture and reacted for 2-3 hours at 60-80 * C
under nitrogen. Excess 2-hydroxyethyl methacrylate (HEMA) was added to the
isocyanate terminated STAGE B reaction mixture and then reacted to
completion. 



40     Variations of the above synthesis were run by substituting
neopentylglycol (NPG) for the hydrogenated Bisphenol A, and by substituting
various molecular weight polypropylene glycols for the PPG-1 000. The
resulting prepolymers were homopolymerized between treated glass plates in
the presence of a free radical catalyst, benzoin methylether. The
polymerization was UV initiated in toluene. The solvent was removed by
vacuum and the resultant films were characterized. The results obtained are
reported in TABLE 45  1. The oxygen permeability of the homopolymers
increase as the molecular weight of the polypropylene glycol increased.
EXAMPLE 2 50 HARD-SOFT-HARD PREPOLYMER USING ISOPHORONE DIISOCYANATE (IPDI)
The same basic synthetic procedure as described in the previous example was
employed except that, due to the decreased reactivity of isophorone
diisocyanate relative to toluene diisocyanate, higher levels of s5 reaction
catalyst were used. Reaction conditions and summary of the cured
homopolymer films is reported in TABLE 2. Once again, the oxygen
permeability of the cured prepolymer increased with increasing molecular
weight of the polypropylene glycol polymer. These prepolymers did not
produce yellowed films as the TDI 10    EP 0 401 990 B1 materials did upon
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EP 0 401 990 B1 EXAMPLE 3 4,4-DI-CYCLOHEXYL METHANE DIISOCYANATE BASED
HARD-SOFT-HARD PREPOLYMERS 5     Hard-soft-hard prepolymers were
synthesized per the examples supra except that H12-MDI was used. Films were
cured from 30 * % prepolymer solution in toluene as reported in TABLE 3. In
general, the H12-MDI prepolymers produced films with greater tear strengths
than the TDI or IPDI diisocyanate based systems and were slightly less
oxygen permeable. io EXAMPLE 4 COPOLYMERS OF IPDI BASED HARD-SOFT-HARD
PREPOLYMERS WITH HYDROPHILIC MONOMERS A hard-soft-hard prepolymer produced
with isophorone diisocyanate (IPDI), neopentyl glycol (NPG), 16
polypropylene glycol with a molecular weight of 4000 and 2-hydroxethyl
methacrylate was copolymerized with a hydrophilic comonomer. Various
copolymers of this prepolymer (INP4H) with various comonomers were made and
tested. The general scheme for making the copolymer involved mixing the
prepolymer with the comonomer in a 30-70 wt% solution in toluene in the
presence of a known free radical catalyst. The solutions were placed 2o
between treated glass plates and polymerized. The films were then
physically characterized. 26 30 36 40 46 60 66 13    EP 0401 990 BI O   -t
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04 04 2       N  N  N  N 50    ' Specific hydrophilic comonomers used were
2-hydroxethyl methacrylate and N-2-vinylpyrrolidinone. 55 The
characteristics of these copolymers are disclosed in TABLE 4. Several
interesting features are displayed by the resultant films. In general, the
contact angle of the material was lowered as the content of hydrophilic
comonomers increased, as did water content. However, oxygen permeability
decreased as the water content of the hydrated material increased.
Normally, water 14    EP 0 401 990 BI content and 02 permeability of
hydrogel materials is directly related rather than inversely related.
EXAMPLE 5 5  POLYMER ALLOYS OF POLYMERIZED HARD-SOFT-HARD MATERIALS A
homopolymer of INP4H was prepared and then soaked in a solution of N-vinyl
pyrrolidinone containing a free radical catalyst. The films were then
subjected to UV radiation in order to polymerize the N-vinylpyrrolidone.
Based upon analysis of the extracted parties of the polymerized polymer
alloy, wt% of 1o polymerized N-vinyl pyrrolidinone could be calculated. The
characteristics of these polymer alloys are reported in TABLE 5. 



It was observed that these alloy materials felt much more slippery than the
copolymers made from the same monomer combinations. 15 20 25 30 35 40 45 50
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04  *  *  *  *  *  0 40  EXAMPLE 6 COPOLYMERS OF HARD-SOFT-HARD PREPOLYMER
(INP4H) WITH FLUOROMONOMERS In the interest of producing copolymers with
less lipid uptake values certain fluorinated comonomers, 45
octafluoropentyl methacrylate  (OFPMA) and  hexafluoro  isopropyl
methacrylates, (HFIPMA) were copolymerized with INP4H prepolymers in
various ratios. The cured copolymer films are characterized in TABLE 6. As
the fluoro content of the copolymer was increased the oleic acid pickup
decreased with a concomitant decrease in oxygen permeability. The samples
with 80 wt% fluoromonomer content were too 50  brittle to characterize.
EXAMPLE 7 COPOLYMERS OF INP4H WITH SILICONE MONOMERS 55 Various copolymers
were produced from combinations of INP4H with
tris(trimethylsiloxy)silylpropyl methacrylate (referred to as tris) and
2-hydroxyethyl methacrylate and characterized in TABLE 7. 



17    EP 0 401 990 B1 These copolymers exhibit very good oxygen
permeabilities and oleic acid uptake characteristics as well as vastly
superior tear strengths and tensile moduli with respect to pHEMA. 5 0 ., d^
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HYDROLYTIC STABILITY OF INP4H/HEMA COPOLYMERS 5     Hydrolytic stability
testings of INPD4H/HEMA copolymers formed in toluene were conducted by
subjecting the copolymeric samples to hostile aqueous conditions (either
acidic or basic H20 at elevated temperatures) for extended periods of up to
14 days. These copolymers showed consistent and significant loss df mass
during the hydrolytic testing which indicated that the copolymerization
process was not efficient. 10     Chemical analysis of the extracted
portion revealed that the portion being extracted was largely an oligomeric
product of the 2-hydroxyethyl methacrylate. Subsequently, INP4H/HEMAITRIS
copolymers were produced without aid of a solvent. These copolymers proved
to be hydrolytically stable under the same conditions as the toluene
solution produced polymers had been treated under. 16 EXAMPLE 9 SYNTHESIS
OF HARD-SOFT-HARD PREPOLYMERS USING POLYSILOXANE DIOLS AND COPOLYMERS
THEREOF 20 a,w-bis(hydroxybutyidimethylsily) polysiloxane was prepared by
reacting dimethoxydimethylsilane with
1,3-bis(4-hydroxybutyl)tetramethyldisiloxane in water under acidic
conditions. The average molecular weight of the polymer was about 3100.
Using the general synthetic scheme for hard-soft-hard prepolymers with the
above long chain diol, isophorone dilsocyanate (IPDI), neopentylglycol
(NPG) and 2-hydroxyethyl 25  methacrylate end blocker (HEMA), a prepolymer
was formed (INS31H). This prepolymer was copolymerized with 2-hydroxyethyl
methacrylate in various ratios. The characteris- tics of these copolymers
is reported in TABLE 8. These films were all hydrolytically stable. 9o
EXAMPLE 10 TERPOLYMERS OF INP4H PREPOLYMERS Terpolymers of
INP4HtTRIS/glycerol methacrylate (GM) and INP4HtTRIS/N-N-dimethylacrylamide
35  (DMM) were prepared and evaluated. The characteristics of these films
is summarized in TABLES 9A and 9B. These terpolymers provide soft hydrogel
type materials with excellent oxygen permeability and physical strength
characteristics. 40                                          TABLE 9B
INP4H: TRIS: DMA   02 DK 30:50:20         80 45
25: 50: 25        75 50 55 20    EP 0 401 990 Bi N~o 0~~ ~~~~~~~~~~~ t
<O t 
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EP 0 401 990 Bi EXAMPLE 11 HARD-SOFT-HARD URETHANE SILICONE PREPOLYMERS
WITH "SOFTER" HARD PORTIONS 6     Siloxane containing prepolymers were
produced as before except 1,4 butanediol or diethyleneglycol was used in
place of neopentyl glycol. In general, the homopolymers and copolymers of
these materials had lower modulis and tear strengths than their neopentyl
glycol based counterparts. IBS4H Prepolymer is formed using the general
scheme for hard-soft-hard prepolymers using isophorone diisocyanate,
1,4-butanediol, the a,-hydroxyalkyl endcapped polydimethylsiloxane
described io  earlier with a molecular weight of about 4000, and
2-hydroxyethyl methacrylate. IBS3H Prepolymer is the same prepolymer as
IBS4H except with a lower molecular weight poly- dimethylsiloxane. IDS4H
and  IDS3H  are equivalent to IBS4H  and IBS3H, respectively, except
diethyleneglycol was used in place of 1,4 butanedial. The physical
characteristics of copolymers formed from these prepolymers with
dimethylacrylamide 15 (DMA) and/or tris (trimethylsiloxy)silyl propyl
methacrylate are reported in TABLE 10. All of the prepolymers were
hydrolytically stable. EXAMPLE 12 20 SOFT-HARD-SOFT PREPOLYMERS According
to the general scheme for producing soft-hard-soft prepolymers were formed
using 2- hydroxyethyl- 25 30 36 40 45 50 55 23    EP 0 401 990 B1 E-4
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W   r-4  (A   H          M               U) 50 methacrylate (HEMA),
isophorone diisocyanate (IPDI), neopentyl glycol (NPG) and a disilanol
endcapped 66 polydimethysiloxane with an average molecular weight of about
1500 (Si-1500). The general chemical structure of the prepolymer was
HEMA-IPDI-Si-1 500-IPDI-NPG-IPDI-Si-1 500-HEMA 24    EP 0 401 990 BI
Copolymers of the above prepolymer were formed with N-N-Dimethylacrylamide
and tris- (trimethylsiloxy)silylpropylmethacrylate as reported in TABLE 11.
5  COMPARATIVE EXAMPLE SOFT SEGMENT PREPOLYMER To illustrate the beneficial
properties of the invention a comparative prepolymer was formed from 2- 1O
hydroxyethyl methacrylate (HEMA), Isophorone dilsocyanate (IPDI) and an
a,.-dihydroxyalkyl endcapped polydimethyl siloxane with an average
molecular weight of about 3000 (Si-3000). The structure of the prepolymer
was HEMA-IPDI-Si-3000-IPDI-HEMA 1* Copolymers of this prepolymer with
N-N-dimethyl acrylamide and tris(trimethylsiloxy)silylpropyl- methacrylate
are characterized in TABLE 12. These copolymers displayed much lower tear,
modulus and tensile strength than the copolymers of the present invention.
20 25 
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w~~~~0 55 27    EP 0 401 990 B1                         *       L  M M
Claims Claims for the following Contracting States: DE, FR, OB, IT, SE 1. A
prepolymer material consisting of prepolymers represented by the general
chemical formulae 6 E(*D*A*D*G):D*A*D*E' or E(*D*G*D*A):D*G*D*E' where 10
A denotes a divalent polymeric radical chosen from the group of
4CH2)n'-O-((RO)n -  (CH2t-<- 15                            -(CH 2) mI -- (R
) m  CH2+-m 20                             4CH24   Si-a Rts       RS 25
wherein RP        denotes a straight or branched alkylene group with 1 to 6
carbon atoms, and n, n' and rl are the same or different integers such that
the sum of n, n' and n" provides for a moiety weight of said divalent
polymeric radical of between 2,000 and 10,000; RF        denotes a
fluorinated straight or branched alkylene radical with 1 to 6 carbon atoms
and 30                  m, m' and m" are the same or different integers
such that the sum of m, m' and in" provides for a moiety weight of said
divalent polymeric radical of between 400 and 1 0,000; Rs        denotes an
alkyl radical or a short chain fluorinated alkyl radical with 1 to 3 carbon
atoms; and 35       p          is an integer such that the total moiety
weight of said divalent polymeric radical is from 



400 to 10,000; D         denotes an alkylene diradical, an alkyl
cycloalkylene diradical, a cycloalkylene diradical, an alkylarylene
diradical or an arylene diradical, with 6 to 30 carbon atoms; G
denotes an alkylene diradical, a cycloalkylene diradical, an alkyl
cycloalkylene diradical, 40                  an aromatic diradical or an
alkylaromatic diradical with 1 to 40 carbon atoms which may have ether,
thio or amine linkages in the main chain; denotes a urethane or ureido
linkage; and E and E'   denote polymerizable unsaturated organic radicals
represented by the general chemical formula: 45 R2 R3CH=C (CH2), (X)"
(Ar)y-R' 50 wherein R1 denotes a divalent alkylene radical with 1 to 10
carbon atoms; R2 denotes a -H or -CH3 radical; 55         R3 denotes a -H
radical or an alkyl radical with 1 to 6 carbon atoms or a 28    EP o 401
990 Bh 1 c   L1M 1111 ll 0 11 -CY-R' 5 radical where Y is -0-, -S- or -NH-
and R4 denotes an alkyl radical with 1 to 12 carbon atoms; X denotes o
0 10                                        11            11 -C-, or -0-C-
Ar denotes an aromatic radical with 6 to 30 carbon atoms; 15        a is at
least 1; w is O to 6; x is 0 or 1; and y isO or 1. 2o  2. The prepolymer of
Claim 1 wherein the polymeric radical, A, is selected from (1) a
polyethylene glycol diradical with a molecular weight of at least aboift
2000; (2) a dialkyl endcapped polydimethylsiloxane radical with a molecular
weight of at least 400; (3) dialkyl endcapped polydifluoroalkylsiloxane
polymer with a molecular weight of at least 400; and (4) a fluoroalkyl
ether with a molecular weight of at least about 400. 25 3. A prepolymer
according to Claim 2, wherein the D radical is formed from the group of
diisocyanates 



consisting of isophorone diisocyanate, toluene diisocyanate and
4,4-dicyclohexyl methane dilsocyanate. 30  4. A prepolymer according to
Claim 2 or Claim 3, wherein the G radical is formed from the group of diols
consisting of neopentyl glycol, 1,4-butanediol, diethylene glycol and
triethylene glycol. 5. A copolymer material formed by polymerizing a
comonomer mixture comprised of: (I) the prepolymer described by the general
chemical formulae: 35 E(*D*A*D*G).*D*A*D*E' or ECD*G*D*A)0*DRG*D*E'
wherein. 40           A, D, E, E', G, * and a are as defined in Claim 1,
and (II) an ethylenically unsaturated comonomer. 6. The copolymer of Claim
5 wherein the polymeric radical of component (I), A, is polyethylene
radical with a molecular weight of at least about 2,000. 45 7. The
copolymer of Claim 6 wherein component (I) comprises 15 to 95 weight
percent of the comonomer mixture and said ethylenically unsaturated
comonomer comprises 5 to 85 weight percent of said comonomer mixture. 5o  &
The copolymer of Claim 7 which further comprises a diethylenically reactive
crosslinker. 9. The copolymer of Claim 8 wherein said ethylenically
unsaturated comonomer is chosen from 2- hydroxyethyl methacrylate,
N-vinyl-2-pyrrolidinone, methacrylic acid, dimethyl acrylamide and glycerol
methacrylate. 55 10. The copolymer of Claim 5 wherein the polymeric radical
of component (I), A, is a dialkyl endcapped polydimethylsiloxane radical
with a molecular weight of at least 400. 29    1/1 1111 I Hij 11111 lIi EP
0 401 990 Bi                                     M 11. The copolymer of
Claim 10 wherein component (I) comprises 15 to 95 weight percent of the
comonomer mixture and said ethylenically unsaturated comonomer comprises 5
to 85 weight percent of said comonomer mixture. 5  12. The copolymer of
Claim 11 wherein said ethylenically unsaturated comonomer is chosen from 2-
hydroxyethyl methacrylate, N-vinyl-2-pyrrolidinone, methacrylic acid,
dimethyl acrylamide and glycerol methacrylate. 1la The copolymer of Claim
12 which further comprises 5 to 40 weight percent organosilicon comonomer.
10 14. The copolymer of Claim 5 wherein the polymeric radical of component
(I), A, is a poly(fluoroalkyl)ether with a molecular weight of at least
400. 15. A copolymer formed by polymerizing a comonomer mixture comprised
of: 15       (1) the prepolymer described by the general chemical formulae:
E(*D*A*D*G)UD*A*D*E' or 



E(*D*G*D*A(:D*GGD*E' 20       wherein A, D, E, E', G, * and a are as
defined in Claim 1, and (II) an organosilicon comonomer. 16. The copolymer
of Claim 15 wherein said organosilicon monomer is
tris(trimethylsiloxy)silylpropyl methacrylate. 25 17. The copolymer of
Claim 16 which comprises 20-50 wt % prepolymer (I), and 20-40 weight
percent tris- (trimethylsiloxy)silyl propyl methacrylate. 18 The copolymer
of Claim 17 which further comprises 10-35 weight percent of one of the
following 30     hydrophilic comonomers: dimethacrylamide; glycerol
methacrylate; 2-hydroxyethyl methacrylate; and N-vinyl-2-pyrrolidinone. 19.
A copolymer formed by polymerizing a comonomer mixture comprised of: (I)
the prepolymer described by the general chemical formulae: 35 E(*D*A*D*A);
*D*A*D*E' or E(*D*G*D*A)B*D*G*D*E' wherein A, D, E, E', G, * and a are as
defined in Claim 1, and 40       (11) an ethylenically unsaturated
fluoroorgano comonomer. 20. A biomedical device made from a polymer
comprising the prepolymer of any preceding claim. Claims for the following
Contracting State: ES 45 1. A process for preparing a prepolymer material
consisting of prepolymers represented by the general chemical formula:
ECD*G*D*A)*D*G*D*E 50 where A denotes a divalent polymeric radical chosen
from the group of (CH2)n'-O-(RPO)n - (CH2)n" 55     (CH2)m2'O(RFO)m.(CH2)m.
30    RS         R9 (CH2)1 4    Si-O        Si (CH2) 1.4 R         RI
wherein 10        RP   denotes a straight or branched alkylene group with 1
to 6 carbon atoms, and n, n' and n" are the same or different integers such
that the sum of n, n' and n" provides for a moiety weight of said divalent
polymeric radical of between 2,000 and 10,000; RF   denotes a fluorinated
straight or branched alkylene radical with 1 to 6 carbon atoms and m, m'
and m" are the same or different integers such that the sum of m, m' and
mi" provides for 1s             a moiety weight of said divalent polymeric
radical of between 400 and 10,000; Rs   denotes an alkyl radical or a short
chain fluorinated alkyl radical with 1 to 3 carbon atoms; 



and p    is an integer such that the total moiety weight of said divalent
polymeric radical is from 400 to 1 0,000; 20        D    denotes an
alkylene diradical, an alkyl cycloalkylene diradical, a cycloalkylene
diradical, an alkylarylene diradical or an arylene diradical, with 6 to 30
carbon atoms; G    denotes an alkylene diradical, a cycloalkylene
diradical, an alkyl cycloalkylene diradical, an aromatic diradical or an
alkylaromatic diradical with 1 to 40 carbon atoms which may have ether,
thio or amine linkages in the main chain; 25              denotes a
urethane or ureido linkage; and E    denotes a polymerizable unsaturated
organic radical represented by the general chemical formula: R2 30
R3CH=C  (CH2) w (X) w (Ar) Y-R' wherein 35         RI denotes a divalent
alkylene radical with 1 to 10 carbon atoms; R2 denotes a -H or -CH9
radical; R3 denotes a -H radical or an alkyl radical with 1 to 6 carbon
atoms or a 0 404 40                                ~~~~~~~-CY-R4 radical
where Y is -0-, -S- or -NH- and R4 denotes an alkyl radical with 1 to 12
carbon atoms; 45         X denotes o             0 11            11 -C-, or
-0-C- 50 Ar denotes an aromatic radical with 6 to 30 carbon atoms; a is at
least 1; w isO to 6; x is 0 or 1; and 55         yisOor1; which process
comprises: (a) reacting 2 mole equivalents of a diisocyanate of the
formula: 31    EP 0 401 990 BI                             1  1  1 *DO
wherein D is as defined above, and 0 represents an isocyanate radical, with
about 1 mole equivalent of a diol of the formula: 5 AGA 



wherein G is as defined above, and A represents a hydroxy radical, to form
a product of the formula: 10 *D*G*DO wherein * is as defined above, (b)
reacting the product of step (a) with a molar excess of a ac-diol endcapped
long chain polymer 15       of the formula: *AA wherein A and A are as
defined above, to form a product of the formula: 20 *(D'GVD*A)D-G*DG
wherein a is as defined above; and (c) reacting the product of step (b)
with a molar excess of an endcapper of the formula: 25 EA wherein E and A
are as defined above, to form the desired prepolymer. 30 2. A process for
preparing a prepolymer material consisting of prepolymers represented by
the general chemical formula: ECDGG*D*A):D*G*D*E 35     where A, D, E, G
and * are as defined in Claim 1, which process comprises: (a) reacting 2
mole equivalents of a dilsocyanate of the formula: WO 40       wherein D is
as defined above and * represents an isocyanate radical, with about 1 mole
equivalent of a diol of the formula: *AA 45       wherein A is as defined
above and A represents a hydroxy radical, to form a product of the formula:
[OD*2A 50 wherein * is as defined above; (b) reacting the product of step
(a) with a molar excess of a diol of the formula: AGA 55 wherein G and A
are as defined above, to form a product of the formula: O(D**D*G);-D*AD3 32
EP 0 401 990 BI                        *    1c   L  M1'11S1-1-* wherein a
is as defined above; and (c) reacting the product of step (b) with a molar
excess of an endcapper of the formula: 5        EA 



wherein E and A are as defined above, to form the desired prepolymer. 3. A
process according to Claim 1 or Claim 2, wherein the polymeric radical, A,
is selected from (1) a 10     polyethylene glycol diradical with a
molecular weight of at least about 2000; (2) a dialkyl endcapped
polydimethylsiloxane radical with a molecular weight of at least 400; (3)
dialkyl endcapped poly- difluoroalkylsiloxane polymer with a molecular
weight of at least 400; and (4) a fluoroalkyl ether with a molecular weight
of at least about 400. 15  4. A process according to Claim 3, wherein said
diisocyanate of the formula *DO is selected from isophorone diisocyanate,
toluene diisocyanate and 4,4-dicyclohexyl methane diisocyanate. 5. A
process according to Claim 3 or Claim 4, wherein said diol of the formula
AGA is selected from neopentyl glycol, 1,4-butanediol, diethylene glycol
and triethylene glycol. 20 6. A process for making a copolymer, comprising
preparing a prepolymer of the general chemical formulae:
E(*D*A*D*G)a*D*A*D*E or 25     E(* *G*D*A)D*G*D* E wherein A, D, E, G. *
and a are as defined in Claim 1, by a process according to any preceding
claim, and thereafter polymerizing a mixture of said prepolymer with an
ethylenically unsaturated comonomer. 30  7. A process according to Claim 6
wherein said polymeric radical, A, of said prepolymer is polyethylene
radical with a molecular weight of at least about 2,000. 8. A process
according to Claim 7, wherein said prepolymer comprises 15 to 95 weight
percent of the comonomer mixture and said ethylenically unsaturated
comonomer comprises 5 to 85 weight percent 35     of said comonomer
mixture. 9. A process according to Claim 8, wherein said polymerizable
mixture further comprises a diethylenically reactive crosslinker. 40  10. A
process according to Claim 9, wherein said ethylenically unsaturated
comonomer is chosen from 2- hydroxyethyl methacrylate,
N-vinyl-2-pyrrolidinone, methacrylic acid, dimethyl acrylamide and glycerol
methacrylate. 11. A process according to Claim 6, wherein said polymeric
radical, A, of said prepolymer is a dialkyl 45     endcapped
polydimethylsiloxane radical with a molecular weight of at least 400. 12. A
process according to Claim 11, wherein said prepolymer comprises 15 to 95
weight percent of the comonomer mixture and said ethylenically unsaturated
comonomer comprises 5 to 85 weight percent of said comonomer mixture. 50
13. A process according to Claim 12, wherein said ethylenically unsaturated
comonomer is chosen from 2- hydroxyethyl methacrylate,
N-vinyl-2-pyrrolidinone, methacrylic acid, dimethyl acrylamide and glycerol
methacrylate. 55  14. A process according to Claim 13, wherein said
polymerizable mixture further comprises 5 to 40 weight percent
organosilicon comonomer. 33    15. A process according to Claim 6, wherein
said polymeric radical of said prepolymer is a poly- (fluoroalkyl)ether
with a molecular weight of at least 400. 



16. A process for making a copolymer, comprising preparing a prepolymer of
the general chemical 5      formulae: E(VA*D*G)*D*A*D*E or
ECD*G*D*A(a*D*G*D*E 10     wherein A, D, E, G, * and a are as defined in
Claim 1, by a process according to any one of Claims 1-5, and thereafter
polymerizing a mixture of said prepolymer and an organosilicon comonomer.
17. A process according to Claim 16, wherein said organosilicon monomer is
tris(trimethylsiloxy)silylpropyl methacrylate. 15 1& A process according to
Claim 17, wherein there is made a copolymer which comprises 20-50 wt % of
said prepolymer and 20-40 weight percent of tris(trimethylsiloxy)silyl
propyl methacrylate. 19. A process according to Claim 18, wherein there is
made a copolymer which further comprises 10-35 20     weight percent of one
of the following hydrophilic comonomers: dimethacrylamide; glycerol
methacrylate; 2-hydroxyethyl methacrylate; and N-vinyl-2-pyrrolidinone. 20.
A process for making a copolymer, comprising preparing a prepolymer of the
general chemical formulae: 25 ECD*A*D*A)*D*A*D*E or E(D*G*D*A)B*D*G*D*E
wherein A, D. E, G. * and a are as defined in Claim 1, by a process
according to any one of Claims 1-5, 30     and thereafter polymerizing an
ethylenically unsaturated fluoroorgano comonomer. 21. A method of making a
biomedical device, comprising fabricating said device from a polymer
compris- ing a prepolymer prepared by a process according to any one of
Claims 1-5. 35 PatentansprUche PatentansprU che fUr folgende
Vertragsstaaten: DE, FR, GB, IT, SE 1. Ein Prepolymer-Material, bestehend
aus Prepolymeren dargestellt durch die aligemeinen chemischen Formein: 40
E(D*A*D*G)*D*A*D*E' oder ErD*G*D*A)a*D*G*D*E' in der 45         A ein
bivalentes polymerisches Radikal bezeichnet, ausgewghlt aus der Gruppe von
4CH2)n' -0  (RPO),- (CH2),L .4CH2),   O  (R'O),- (CH2.J so
RJ    RS 4CH  . Si-O-- Si-fCH2)-1. 55 in der 34    EP 0 401 990 B1
I!IIIII 111111 11111 11111 II NI Rp        eine gerade oder verzweigte
Alkylen-Gruppe mit 1 bis 6 Kohlenstoffatomen bezeichnet 



und n, n' und n" dieselben oder verschiedene ganze Zahlen sind, so daB die
Summe von n, n' und n" far ein Mittelgewicht des besagten bivalenten
polymerischen Radikals zwischen 2000 und 10000 sorgt; 5        RF
ein mit Fluor angereichertes gerades oder verzweigtes Alkylen-Radikal mit 1
bis 6 Kohlenstoffatomen..bezoichnet und m, m' und m" dieselben odor
verschiedene ganze Zahlen sind, so daB die Summe von m, m' und m" fUr ein
Mittelgewicht des besagten bivalenten polymerischen Radikals zwischen 400
und 10000 sorgt; Rs        ein Alkyl-Radikal oder ein kurzkettiges, mit
Fluor angereicherten Alkyl-Radikal mit 1 bis 10                  3
Kohlenstoffatomen bezoichnet; und p         eine ganze Zahl ist, so daB das
gesamte Mittelgewicht des besagten bivalenten polymerischen Radikals von
400 bis 10000 ist; D         ein Alkylen-Diradikal, ein
Alkyl-Cycloalkylen-Diradikal, ein Cycloalkylen-Diradikal, ein
Alkyl-Arylen-Diradikal oder ein Arylen-Diradikal mit 6 bis 30
Kohlenstoffatomen bezeich- 15                  net; G         ein
Alkylen-Diradikal, ein Cycloalkylen-Diradikal, ein
Alkyl-Cycloalkylen-Diradikal, ein aromatisches Diradikal oder ein
alkylaromatisches Diradikal mit 1 bis 40 Kohlenstoffato- men bezeichnet,
welche Ather-, Thio- odor Aminbindungen in der Hauptkette haben k6nnon; 20
*          eine Urethan- oder Ureid-Bindung bezeichnet; und E und E'
polymerisierbare ungesatffgte organische Radikale bezeichnen, dargestelit
durch die allgemoine chemische Formel: R2 R3CH=C (CH2)" (X), (Ar),-R in der
so        RI   ein bivalentes Alkylen-Radikal mit 1 bis 10
Kohlenstoffatomen bezeichnet; R2   ein -H oder -CH3 Radikal bezeichnet; R3
ein -H Radikal odor ein Alkyl-Radikal mit 1 bis 6 Kohlenstoffatomen
bezeichnet odor ein 0 S5                                                 -
CY -R4 Radikal, in der Y -0-, -S- oder -NH- ist und R4 ein Alkyl-Radikal
mit 1 bis 12 Kohlonstoffatomen bezeichnet; 40        X o
0 -C-    oder   -0-C- 45 bezeichnet; Ar   ein aromatisches Radikal mit 6
bis 30 Kohlenstoffatomen bezeichnot; a    mindestens 1 ist, w    0 bis 6
ist, 50        x    0 oder 1 ist, und y    0 oder 1 ist. 2. Das Prepolymer
nach Anspruch 1, in dem das polymerische Radikal A ausgewahit wird aus (1)
einem Polyathylen-Glykol-Diradikal mit einem Molekulargewicht von
mindestens ungefahr 2000; (2) einem 55     Dialkyl-abgeschlossenen
Polydimethylsiloxan-Radikal mit einem Molekulargewicht von mindestens 400; 



(3) Dialkyl-abgeschlossonen Polydifluoralkylsiloxan-Polymer mit einem
Molokulargewicht von minde- stens 400; und (4) einem Fluoralkyl-Ather mit
einem Molekulargewicht von mindestens ungefahr 400. 35    3. Ein Prepolymer
nach Anspruch 2, in dem das D-Radikal aus der Dilsocyanat-Gruppe gebildet
wird, die aus Isophoron-Dilsocyanat, Toluol-Dilsocyanat und
4,4'-Dicyclohexyl-Methan-Diisocyanat besteht. 4. Ein Prepolymer nach
Anspruch 2 oder Anspruch 3, in dem das G-Radikal aus der Diol-Gruppe
gebildet 5      wird, die aus Neopentyl-Glykol, 1,4-Butandiol,
Dilthylen-Glykol und Triathylen-Glykol besteht. 5. Ein Copolymer-Material,
gewonnen durch Polymerisation einer Comonomer-Mischung, bestehend aus: (I)
dem Prepolymer, beschrieben durch die aligemeinen chemischen Formeln: 10
ECD*A*D*G)*D*A*D*E' oder EC(*G'D*A)'D'G*D*E' worin A, D, E, E', G, * und a
wie in Anspruch 1 definiert sind, und (II) einem Athylen-ungesattigten
Comonomer. 15 6. Das Copolymer nach Anspruch 5, in dem das polymerische
Radikal A der Komponente (I) ein Polydthylen-Radikal mit einem
Molekulargewicht von mindestens ungefahr 2000 ist. 7. Das Copolymer nach
Anspruch 6, in dem  die Komponente (I) 15 bis 95 Gewichtsprozent der 20
Comonomer-Mischung enth~lt und das besagte Athylen-ungesittigte Comonomer 5
bis 85 Gewichts- prozent der besagten Comonomer-Mischung enth~lt. &  Das
Copolymer nach Anspruch 7, das auBerdem einen Didthylen-reaktiven Vernetzer
enthalt. 25  9. Das Copolymer nach Anspruch 8, in dem das besagte
Athylen-ungesgttigte Comonomer ausgew~hIt ist aus
2-Hydroxylthyl-Methacrylat, N-vinyl-2-pyrrolidinon, Methacrylsdure,
Dimethyl-Acrylamid und Glyce- rol-Methacrylat. 10. Das Copolymer nach
Anspruch 5, in dem das polymerische Radikal A der Komponente (I) ein 30
Dialkylabgeschlossenes Polydimethylsiloxan-Radikal mit einem
Molekulargewicht von mindestens 400 ist. 11. Das Copolymer nach Anspruch
10, in dem die Komponente (I) 15 bis 95 Gewichtsprozent der
Comonomer-Mischung enth~lt und das besagte Athylen-ungesltfigte Comonomer 5
bis 85 Gewichts- 35     prozent der besagten Comonomer-Mischung enth~it.
12. Das Copolymer nach Anspruch 11, in dem das besagte Athylen-ungesfttigte
Comonomer ausgewlhit ist aus 2-Hydroxyathyl-Methacrylat,
N-vinyl-2-pyrrolidinon, Methacrylslure, Dimethyl-Acrylamid und
Glycerol-Methacrylat. 40 1& Das Copolymer nach Anspruch 12, das auBerdem 5
bis 40 Gewichtsprozent eines Organosilikon- Comonomers enthalt. 14. Das
Copolymer nach Anspruch 5, in dem das polymerische Radikal A der Komponente
(I) ein Poly- 45     (Fluoralkyl)-Ather mit einem Molekulargewicht von
mindestens 400 ist. 15 Ein Copolymer, gewonnen durch Polymerisation einer
Comonomer-Mischung, bestehend aus: (I) dem Prepolymer, beschrieben durch
die allgemeinen chemischen Formeln: 50        E(*D*A*D*G):D*A*D*E' oder
E(*D'G'D*A):D*G*D'E' 



worin A, D, E, E', G, * und a wie in Anspruch 1 definiert sind, und (II)
einem Organosilikon-Comonomer. 55 16. Das Copolymer nach Anspruch 15, in
dem das besagte Organosilikon-Monomer ein Tris-
(Trimethylsiloxy)-Silylpropyl-Methacrylat ist. 36    17. Das Copolymer nach
Anspruch 16, das 20-50 Gewichtsprozent des Prepolymers (I) und 20-40
Gewichtsprozent des Tris(Trimethylsiloxy)-Silylpropyl-Methacrylats enthalt.
18. Das Copolymer nach Anspruch 17, das auBerdem 10-35 Gewichtsprozent
eines der folgenden hydro- 5      philen Comonomere enthalt:
Dimethacrylamid; Glycerol-Methacrylat; 2-Hydroxyathyl-Methacrylat und
N-vinyl-2-pyrrolidinon. 19. Ein Copolymer, gewonnen durch Polymerisation
einer Comonomer-Mischung, bestehend aus: (I) dem Prepolymer, beschrieben
durch die aligemeinen chemischen Formeln: 10 E(DkA*D*A)B*D*A*D*E' oder
E(*D*G*D*A)*D*G*D*EE worin A, D, E, E', G, * und a wie in Anspruch 1
definiert sind, und 15       (11) einem Athylen-ungesittigten
Fluororgano-Comonomers. 20. Eine biomedizinische Vorrichtung, die aus einem
Polymer hergestellt wird, das das Prepolymer nach irgendeinem der
vorhergehenden Ansprlche enthalt. 20  Patentansprilche lUr folgenden
Vertragsstaat: ES 1. Ein Verfahren far die Zubereitung eines
Prepolymer-Materials, bestehend aus Prepolymeren dargestellt durch die
aligemeine chemische Formel: 25     E(`D*G*D*A).*D*G*D*E in der A ein
bivalentes polymerisches Radikal bedeutet, ausgewAhlt aus der Gruppe von 30
(CH2)n'O-(RPO).-(CH2)." (CH2)mO1(RFO)m-(CH2)m" Rs      Rs 35
ICH1.4  -Si-0 s     Si CH2)1,.4 RI    RI in der 40        RP   eine gerade
oder verzweigte Alkylen-Gruppe mit 1 bis 6 Kohlenstoffatomen bezeichnet und
n, n' und n" dieselben oder verschiedene ganze Zahlen sind, so daB die
Summe von n, n' und f"l' fUr ein Mittelgewicht des besagten bivalenten
polymerischen Radikals zwischen 2000 und 10000 sorgt; RF   ein mit Fluor
angereichertes gerades oder verzweigtes Alkylen-Radikal mit 1 bis 6 Kohlen-
45             stoffatomen bezeichnet und m, m' und m" dieselben oder
verschiedene ganze Zahlen sind, so daB die Summe von m, m' und mi" far ein
Mittelgewicht des besagten bivalenten polymerischen Radikals zwischen 400
und 10000 sorgt; Rs   ein Alkyl-Radikal oder ein kurzkettiges, mit Fluor
angereicherten Alkyl-Radikal mit 1 bis 3 



Kohlenstoffatomen bezeichnet; und 60        p    eine ganze Zahl ist, so
daB das gesamte Mittelgewicht des besagten bivalenten polymeri- schen
Radikals von 400 bis 10000 ist; D    ein Alkylen-Diradikal, ein
Alkyl-Cycloalkylen-Diradikal, ein Cycloalkylen-Diradikal, ein Alkyl-
Arylen-Diradikal oder ein Arylen-Diradikal mit 6 bis 30 Kohlenstoffatomen
bezeichnet; G    ein Alkylen-Diradikal, ein Cycloalkylen-Diradikal, ein
Alkyl-Cycloalkylen-Diradikal, ein aromati- 55             sches Diradikal
oder ein alkylaromatisches Diradikal mit 1 bis 40 Kohlenstoffatomen
bezeich- net, welche Ather-, Thio- oder Aminbindungen in der Hauptkette
haben k6nnen; *    eine Urethan- oder Ureid-Bindung bezeichnet; und E
ein polymerisierbares ungesattigtes organisches Radikal bezeichnet,
dargestellt durch die 37    aligemeine chemische Formel: R2 R3CH=C (CH2)
(X),, (Ar) -R' in der R1   ein bivalentes Alkylen-Radikal mit 1 bis 10
Kohlenstoffatomen bezeichnet; 10       R2   ein -H oder -CH3 Radikal
bezeichnet; R3   ein -H Radikal oder ein Alkyl-Radikal mit 1 bis 6
Kohlenstoffatomen bezeichnet oder ein 0 -CY-R4 15 Radikal, in der Y -0-,
-8- oder -NH- ist und R4 ein Alkyl-Radikal mit 1 bis 12 Kohlenstoffatomen
bezeichnet; x o                   o 20
.                        II -C-    oder   -0-C- bezeichnet; 25        Ar
ein aromatisches Radikal mit 6 bis 30 Kohlenstoffatomen bezeichnet; a
mindestens 1 ist, w    Obis ist, x     odor I ist, und y     oder 1 ist, 30
und dieses Verfahren Folgendes umfaft: (a) Umsetzung von 2 Mol Aquivalenten
eines Dilsocyanats der Formel *DO, in der D wie oben definiert ist und *
ein Isocyanat-Radikal darstellt mit ungeflhr 1 Mol Aquivalent eines Diols
der Formel: 35        AGA in der G wie oben definiert ist und A ein
Hydroxy-Radikal darstelit, zur Bildung eines Produkts der Formel: 40
*D*G*D* 



in der * wie oben definiert ist, (b) Umsetzung vom Produkt gemaB Schritt
(a) mit einem molaren OberschuB eines langkettigen Polymers mit
aw-Diol-EndabschluB gemaB der Formel: 45 AAA in der A und A wie oben
definiert sind, zur Bildung eines Produkts der Formel: 50
*(D-G9D*A)a*D'G-D in der a wie oben definiert ist; und (c) Umsetzung vom
Produkt gemaB Schritt (b) mit einem molaren OberschuS eines Abschlusses
gemaB der Formel: 55 EA in der E und A wie oben definiert sind, um das
gewUnschte Prepolymer zu bilden. 38    EP O 401 990 Bi
I 1111111 111111 11111 11111 II II * C   L   M   S * 2. Ein Verfahren fOr
die Zubereitung eines Prepolymer-Materials, bestehend aus Prepolymeren
dargestellt durch die aligemeine chemische Formel: E(*D*G*D*A)a'D*G*D*E 5
in der A, D, E, G und * wie in Anspruch 1 definiert sind; welches Verfahren
Folgendes umfaBt: (a) Umsetzung von 2 Mol Aquivalenten eines Dilsocyanats
der Formel OD*, in der D wie oben definiert ist und * ein Isocyanat-Radikal
darstelit mit ungefahr 1 Mol Aquivalent eines Diols der Formel: 10 AAA in
der A wie oben definiert ist und A ein Hydroxy-Radikal darstellt, 15
zur Bildung elnes Produkts der Formel: [OD*2A in der ' wie oben definiert
ist, 20       (b) Umsetzung vom Produkt gemaB Schritt (a) mit elnem molaren
OberschuB eines Diols der Formel AGA in der G und A wie oben definiert
sind, zur Bildung eines Produkts der Formel: 25 *(D*AD*G)*D*A*D* in der a
wie oben definiert ist; und (c) Umsetzung vom Produkt gemaB Schritt (b) mit
einem molaren OberschuB eines Abschlusses 30        gemWB der Formel: EA in
der E und A wie oben definiert sind, umr das gewUnschte Prepolymer zu
bilden. 



35 3. Ein Verfahren nach Anspruch 1 oder Anspruch 2, in dem das
polymerische Radikal A ausgewghIt wird aus (1) einem
Polyathylen-Glykol-Diradikal mit einem Molekulargewicht von mindestens
ungefahr 2000; (2) einem Dialkyl-abgeschlossenen
Polydimethylsiloxan-Radikal mit einem Molekulargewicht von min- destens
400; (3) Dialkylabgeschlossenen Polydifluoralkylsiloxan-Polymer mit einem
Molekulargewicht 40     von mindestens 400; und (4) einem Fluoralkyl-Ather
mit einem Molekulargewicht von mindestens ungefahr 400. 4. Ein Verfahren
nach Anspruch 3, in dem das besagte Diisocyanat der Formel *DO ausgewahit
ist aus Isophoron-Diisocyanat, Toluol-Diisocyanat und
4,4'-Dicyclohexyl-Methan-Diisocyanat. 45 6. Ein Verfahren nach Anspruch 3
oder Anspruch 4, in dem das besagte Diol der Formel AGA ausgewahit ist aus
Neopentyl-Glykol, 1,4-Butandiol, Diathylen-Glykol und Trilthylen-Glykol. 6.
Ein Verfahren zur Herstellung eines Copolymers, umfassend die Zubereitung
eines Prepolymers der 50     aligemeinen chemischen Formeln:
ECD*A*D*G).*D*AD*E oder E(*D*G*D*A).D*G*D*E 55     worin A, D, E, G, * und
a wie in Anspruch 1 definiert sind, durch ein Verfahren entsprechend
irgendeinem der vorhergehenden AnsprUche und nachfolgender Polymerisation
einer Mischung des besagten Prepolymers mit einem Athylenungeslttigten
Comonomer. 39    EP 0 401 990 B1                          lIlc 1
1 7. Ein Verfahren nach Anspruch 6, in dem das besagte polymerische Radikal
A des besagten Prepoly- mers ein Polyathylen-Radikal mit einem
Molekulargewicht von mindestens ungefahr 2000 !st. 8 Ein Verfahren nach
Anspruch 7, in dem das besagte Prepolymer 15 bis 95 Gewichtsprozent der 5
Comonomer-Mischung enthalt und das besagte Athylen-ungesatfigte Comonomer 5
bis 85 Gewichts- prozent der besagten Comonomer-Mischung enthalt. 9. Ein
Verfahren nach Anspruch 8, in dem die besagte polymerisierbare Mischung
au~erdem einen Diathylenreaktiven Vemetzer enthalt. 10 10. Ein Verfahren
nach Anspruch 9, in dem das besagte Athylen-ungesattigte Comonomer
ausgewAhIt ist aus 2-Hydroxyathyl-Methacrylat, N-vinyl-2-pyrrolidinon,
Methacryisaure, Dimethyl-Acrylamid und Glyce- rol-Methacrylat. 15  I1. Ein
Verfahren nach Anspruch 6, in dem das besagte polymerische Radikal A des
besagten Prepoly- mers ein Dialkyl-abgeschlossenen
Polydimethylsiloxan-Radikal mit einem Molekulargewicht von minde- stens 400
ist. 12. En Verfahren nach Anspruch 11, in dem das besagte Prepolymer 15
bis 95 Gewichtsprozent der 20     Comonomer-Mischung enthilit und das
besagte Athylen-ungesattigte Comonomer 5 bis 85 Gewichts- prozent der
besagten Comonomer-Mischung enthalt. 13. Ein Verfahren nach Anspruch 12, in
dem das besagte Athylen-ungesltfigte Comonomer ausgewahit ist aus
2-Hydroxyathyl-Methacrylat, N-vinyl-2-pyrrolidinon, Methacrylsaure,
Dimethyl-Acrylamid und Glyce- 25     rol-Methacrylat. 



14. Ein Verfahren nach Anspruch 13, in dem die besagte polymerisierbare
Mischung auBerdem 5 bis 40 Gewichtsprozent eines Organosilikon-Comonomers
enthalt. 3o  15. Emn Verfahren nach Anspruch 6, in dem das besagte
polymerische Radikal des besagten Prepolymers ein Poly(Fluoralkyl)-Ather
mit einem Molekulargewicht von mindestens 400 ist. 16. En Verfahren zur
Herstellung eines Copolymers, umfassend die Zubereitung eines Prepolymers
der aligemeinen chemischen Formeln: 35 E(*D*A*D*G);D*A*D*E oder
ECD*G*D*A)B*D*G*D*E worin A, D, E, G, * und a wie in Anspruch 1 definiert
sind, durch ein Verfahren entsprechend 40     irgendeinem der
vorhergehenden AnsprOche 1-5 und nachfolgender Polymerisation einer
Mischung des besagten Prepolymers und eines Organosilikon-Comonomers. 17.
Ein Verfahren nach Anspruch 16, in dem das besagte Organosilikon-Monomer
ein Tris(Trimethylsiloxy)- Silylpropyl-Methacrylat ist. 45 18. Ein
Verfahren nach Anspruch 17, in dem ein Copolymer hergestelit wird, des
20-50 Gewichtsprozent des besagten Prepolymers und 20-40 Gewichtsprozent
des Tris(Trimethylsiloxy)-Silylpropyl-Methacry- lats enthalt. 50  19. Ein
Verfahren nach Anspruch 18, in dem  ein Copolymer hergestellt wird, das
auBerdem  10-35 Gewichtsprozent eines der folgenden hydrophilen Comonomere
enthalt: Dimethacrylamid; Glycerol- Methacrylat; 2-Hydroxyithyl-Methacrylat
und N-vinyl-2-pyrrolidinon. 20. Ein Verfahren zur Herstellung eines
Copolymers, umfassend die Zubereitung elnes Prepolymers der 5S
aligemeinen chemischen Formeln: E(*D*A*D*A)*D*A*D*E oder
E(D*G*D*A)B*D*G*D*E 40    I11|1111111 111111 11111 Il1HI EP 0 401 990 B1
* c   L   M   S * worin A, D, E, G, * und a wie in Anspruch 1 definiert
sind, durch ein Verfahren entsprechend irgendeinem der AnsprUche 1-5 und
nachfolgender Polymerisation eines Athylen-ungeslttigten Fluoror-
gano-Comonomers. 5 21. Eine Methode zur Herstellung einer biomedizinischen
Vorrichtung, die die Fabrikation der besagten Vorrichtung aus einem
Polymer umfaft, das ein Prepolymer, welches durch ein Verfahren nach
irgendeinem der AnsprUche 1-5 zubereitet wurde, enthalt. 10 Revendicatfons
Revendlcatlons pour les Etats contractants sulvants: DE, FR, GB, IT, SE 1.
Un materiel prdpolymbre compose de prdpolymbres repr~sent~s par les
formules chimiques gdn~rales suivantes 15 E(*D*A*D*G)*D*A*D*E' ou 



E(*D*G*D*A).*D*G*D*E' oci 20         A represente un radical polymbre
bivalent choisi dans le groupe -(CH2) ' -0- (RPO) - (CH249" -4CH2) m  0 -
(R F) m  (CH40t 25                                               S        s
28~~~~ Rs J  RS 4CH       Si-O4  Si-a*fCHT- ob~~~~~~~~~~~R 30 RP
reprdsente un groupe alkylne lin6aire ou ramifid avec 1 a 6 atomes de
carbone, et n, n' et n" sont des nombres entiers identiques ou diff6rents
tels que de la somme de n, n' at 35                 n" results une moitie
en poids dudit radical polymbre bivalent laquelle est comprise entre 2.000
et 10.000; RF       represente un radical alkylbne fluord lineaire ou
ramifie avec 1 a 6 atomes de carbone, et m, m' et m" sont des nombres
entiers identiques ou diffdrents tels qus de la somme de m, m' et m"
resulte une moitid en poids dudit radical polymbre bivalent laquelle est 40
comprise entre 400 et 10.000; Rs       reprdsente un radical alkyl ou un
radical alkyl fluord de courte chaine avec 1 a 3 atomes de carbone; et p
est un nombre antier tel que la moitie on poids total dudit radical
polymbre bivalent est de 400 a 10.000; 45        D        reprdsente un
biradical alkylbne, un biradical alkyl cycloalkylbne, un biradical
cycloalkylb- ne, un biradical alkylarylbne ou un biradical arylbne avec 6 a
30 atomes de carbone; G        represente un biradical alkylfne, un
biradical cycloalkylbne, un biradical alkyl cycloalkylb- ne, un biradical
aromatique ou un biradical alkylaromatique avec 1 A 40 atomes de carbone
qui peuvent avoir des liaisons 6ther, thio ou amine dans la chaTne
principals; 50        *        repr~sente une liaison ur~thane ou ureido;
et E et E'   representent des radicaux organiques insaturds polym~risables
repr~sent~s par la formu- la chimique g6n6rale: R2 55
I R3CH=C  (CH2)w  (X)w (Ar) yR1 41    I AllIll IIll 11/1 ~~ll EP 0 401 990
B1                                   L RI reprdsente un radical alkylbne
bivalent avec 1 a 10 atomes de carbone; R2 repr6sente un radical -H ou
-CH3; R3 reprdsente un radical -H ou un radical alkyl avec 1 a 6 atomes de
carbone ou un 5 0 



-C-4 10 radical oO Y est -0-, -S- ou -NH- et R4 reprdsente un radical alkyl
avec 1 A 12 atomes de carbone; X repr6sente 0             ~~~0 15
-C-    OU        -0-C- Ar reprdsente un radical aromatique avec 6 & 30
atomes de carbone; :        a est au moins egal A 1; 20     westdeOa6; x
est egal a 0 ou 1; et y est 6gal a 0 ou 1. 2. Le pr~polymbre de la
revendication 1 dans loquel le radical polymbre, A, est choisi entre (1) un
25     biradical polydthylbne glycol d'un poids moldculaire d'au moins egal
A environ 2.000; (2) un radical polydim6thylsiloxane a torminaison dialkyl
d'un poids moldculaire d'au moins 400; (3) polymbre
polydifluoroalkylsiloxane a terminaison dialkyl d'un poids moleculaire d'au
moins 400; et (4) un 6ther fluoroalkyl d'un poids mol6culaire minimal
d'environ 400. 30  &  Un pr~polymbre selon la revendication 2 oO le radical
D est form6 a partir du groupe dilsocyanates comprenant le diisocyanate
isophorone, le diisocyanate tolubne et le diisocyanate 4,4-dicyclohexyl
methane. 4. Un prdpolymbre selon la revendication 2 ou la revendication 3,
oO le radical G est form6 A partir du 35     groupe des diols comprenant le
ndopentyl glycol, le 1,4-butanediol, le diethylbne glycol et le tridthylbne
glycol. 5. Un mat6riel copolymbre form4 par polymdrisation d'un m~lange de
comonombres compos6 de: (I) le pr6polymbre ddcrit dans la formule chimique
g6n6rale: 40 E(*D*A*D*G);*DAD*E' ou E(*D*G*D*A);D*G*D*E' oO A, D. E, E', G,
* et a sont tels que dMfinis dans la revendication 1 et 45      (pl) un
comonombre ethyleniquement insatur4. 6. Le copolymbre selon la
revendication 5 oO le radical polymere du composant (I), A, est un radical
polydthylbne d'un poids moldculaire au moins dgal a environ 2.000. 50  7.
Le copolymbre de la revendication 6 oD le composant (I) comprend 15 & 95
pour cent en poids du mdlange de comonombres et oO le comonombre
6thylbniquement insature comprend 5 a 85 pour cent en poids dudit mdlange
de comonombres. 8  Le copolymbre de la revendication 7 comprenant aussi un
agent de r~ticulation di6thylbniquement 66    rractif. 9. Le copolymbre de
la revendication 8 oO ledit comonombre 6thylbniquement insatur6 est choisi
entre le 2-hydroxy6thyl m6thacrylate, le N-vinyle-2-pyrrolidinone, I'acide
m~thacrylique, le dim~thyl acrylamide 42    et le glyc~rol mdthacrylate.
10. Le copolymbre de la revendication 5 ot Is radical polymbre du composant
(I), A, est un radical 



polydim6thylsiloxane a terminaison dialkyl d'un poids moleculaire d'au
moins 400. 5 11. Le copolymbre de la revendication 10 o0 le composant (I)
comprend 15 a 95 pour cent en poids du m~lange de comonombres et oO le
comonombre 6thylbniquement insature comprend 5 a 85 pour cent en poids
dudit m~lange de comonombres. 1O  12. Le copolymbre de la revendication 11
oO ledit comonombre 6thylbniquement insaturd est choisi entre le
2-hydroxyethyl m6thacrylate, le N-vinyle-2-pyrrolidinone, I'acide
m6thacrylique, le dim~thyl acrylami- de et le glycdrol methacrylate. 1& Le
copolymbre de la revendication 12 comprenant aussi 5 & 40 pour cent en
poids de comonombre 15     organosilicone. 14. Le copolymbre de la
revendication 5 oO le radical polymbre du composant (I), A, est un poly-
(fluoroalkyl)6ther d'un poids moldculaire d'au moins 400. 2  15. Un
copolymbre form6 par polym6risation d'un melange de comonombres comprenant:
(I) le prdpolymbre ddcrit par la formulo chimique gdndrale:
E(*D*A*D*G).*D*AWD*E' ou E(*D*G*D*A);D*G*D*E' 25 oO A, D, E, E', G, * et a
sont tels que dMfinis dans la revendication 1 et (II) un comonombre
organosilicone. 16. Le copolymbre de la revendication 15 oO le monombre
organosilicone est un tris(trimdthylsiloxy) 30     silylpropyl
m6thacrylate. 17. Le copolymbre de la revendication 16 comprenant 20 & 50
pour cent on poids de prdpolymbre (I) et 20 a 40 pour cent en poids de
tris(trim~thylsiloxy)silylpropyl methacrylate. 35 18. Le copolymere de la
revendication 17 comprenant aussi 10 a 35 pour cent en poids de l'un des
comonombres hydrophiles suivants: dimdthacrylamide; glyc~rol m~thacrylate;
2-hydroxydthyl mdtha- crylate; et N-vinyle-2-pyrrolidinone. 19. Un
copolymbre forme par polymrrisation d'un m6lange de comonombres comprenant:
40       (1) le prdpolymbre decrit par la formule chimique gdndrale:
ECD*A*D*A)a*D*A*D*E' ou EC*D*G*D*A'a*D*G*D*E' 45       oO A, D, E, E', G, *
et a sont tels quo dMfinis dans la revendication 1 et (II) un comonombre
fluororgano 6thylbniquement insaturd. 20. Un dispositif biomddical fait
d'un polymbre comprenant le pr~polymbre de l'une des revendications
precedentes. 50 Revendlcatlons pour I'Etat contractmnt sulvant: ES 1. Un
proo6d6 pour la preparation d'un materiel prdpolymbre compose de
prepolymbres reprdsent~s par la formule chimique g~n~rale sulvante 55
E(*D*G*D*A)*D*G*D*E 0o 43   



EP 0 401 990 BI                         I I!IJ111111 1L111 III! B III A
reprdsente un radical polymbre bivalent choisi dans le groupe
(CH2)m'O(RPO)n-(CH2)n" of~~~~~R (CHl2)m'-O-(RFO).-(CH2)m S
'            R        RI I        I .(CHZ)1.   Si-0    Si ICHAI-. 10
RR oO RP   repr~sento un groupe alkylne lindaire ou ramifie avec 1 a 6
atomes de carbone, et n, n' et 16             n" sont des nombres entiers
identiques ou differents tels quo de la somme de n, n' et n" resulte une
moitie en poids dudit radical polymere bivalent laquelle est comprise entre
2.000 et 10.000; RF   represente un radical alkylbne fluord lineaire ou
ramifi  avec 1 a 6 atomes de carbone, et m, m' et m" sont des nombres
entiers identiques ou diff~rents tels que de la somme de m, m' 20
et m" resulte une moiti en poids dudit radical polymbre bivalent laquelle
est comprise entre 400 et 10.000; Rs   represente un radical alkyl ou un
radical alkyl fluor4 de courte chalhe avec 1 & 3 atomes de carbone; et p
est un nombre entier tol que la moitie en poids total dudit radical
polymbre bivalent est de 26             400 a 10.000; D    reprdsente un
biradical alkylfne, un biradical alkyl cycloalkylbne, un biradical
cycloalkylbne, un biradical alkylarylbne ou un biradical arylbne, avec 6 a
30 atomes de carbone; G    reprdsente un biradical alkylbne, un biradical
cycloalkylbne, un biradical alkyl cycloalkylbne, un biradical aromatique ou
un biradical alkylaromatique avec 1 a 40 atomes de carbone qui 30
peuvent avoir des liaisons ether, thio ou amine dans la chaihe principale;
*     repr6sente une liaison urethane ou ureido; at E    reprdsento un
radical organique insatur4 polymerisable repr~sent6 par la formule chimique
gdn~rale: R' 35                                          I R3CH=C  (CH2)
(X)w (Ar) y-R' K. 40 ob R' represento un radical alkylbne bivalent avec 1 a
10 atomes de carbone; R2 reprdsento un radical -H ou -CH9; R3 reprdsente un
radical -H ou un radical alkyl avec 1 a 6 atomes de carbone ou un 45 0
-CY-R4 50 



radical ob Y est -0-, -8- ou -NH- et R4 reprdsento un radical alkyl avec 1
a 12 atomes de carbone; X represento 0                   0 66
-C-    ou        -0-C- Ar repr~sente un radical aromatique avoc 6 a 30
atomes de carbone; 44    EP O 401 990 BI                     111    11111
HIll IIIINI II III a est au moins dgal I 1; w est deO  a 6; x est dgal a O
ou 1; et y est 6gal & 0 ou 1; 6      lequel proc~dd comprend: (a) la
r~action de 2 6quivalents de mole d'un dilsocyanate de formulo: *DO 10
oO D est tel quo defini ci-dessus, et * repr~sente un radical isocyanate
avec environ un dquivalent de mole d'un diol de formulo: AGA 16       oO G
est tel quo defini ci-dessus, et A repr~sente un radical hydroxy, pour
former un produit de formule: *D*G*D 20       o0 * est tel quo d~fini
ci-dessus (b) la r~action du produit de l'6tape (a) avec un polymere de
chaine longue et avec terminaison a,w- diol on exc6dant molaire de formule:
AAA 25 oO A et A sont tels quo dMfinis ci-dessus, pour former un produit de
formule: *(D*G*D*A).*D*G*DG 30        00 a est tel quo dMfini ci-dessus; et
(c) la rdaction du produit de l'6tape (b) avec un excbs moldculaire d'un
terminateur de la formule: EA 35       o0 E et A sont tels quo dMfinis
ci-dessus, pour former lo prdpolymbre d~sird. 2. Un proc~d6 pour la
preparation d'un mat~riel prdpolymbre compose de prdpolymbres reprdsent~s
par Ia formule chimique gindrale suivante 40     E(CD*G*D*A)WD*G-D*E oO A,
D, E, G et * sont tels quo ddfinis dans la revendication 1, lequel procd4
comprend: (a) la r6action de 2 dquivalents de mole d'un diisocyanate de
formule: 45       *DB o0 D est tol quo d6fini ci-dessus, et * reprdsento un
radical isocyanate avec environ 1 dquivalent de mole d'un diol de formulo:
50        AAA oO A est tel quo d~fini ci-dessus et 



A reprdsente un radical hydroxy pour former un produit de formulo: 55
[ODJIA o0 * est tel quo ddfini ci-dessus 45    EP 0 401 990 BI
I I!IIII   II J 1IIII  111 11 (b) la rdaction du produit de I'4tape (a)
avec un diol en exc~dant molaire de formule: AGA 5        oO G et A sont
tels quo dMfinis ci-dessus, pour former un produit de formule:
*(D*A*D*G)-D*ADO 00 a est tel que d6fini ci-dessus; et 10       (C) la
reaction du produit de l'Ntape (b) avec une terminaison en excddant
moldculaire de formule: EA oO E St A sont tels que d6finis ci-dessus, pour
former le prepolymbre ddsird. 15 3. Un proc~d4 selon la revendication 1 ou
la revendication 2 dans lequel le radical polymbre, A, est choisi entre (1)
un biradical polyethylene glycol d'un poids moldculaire d'au moins environ
2.000; (2) un radical polydim~thylsiloxane a terminaison dialkyl d'un poids
mol6culaire d'au moins 400; (3) polymbre polydifluoroalkylsiloxane I
terminaison dialkyl d'un poids moleculaire d'au moins 400; et (4) un 6ther
20     fluoroalkyl d'un poids moldculaire minimal d'environ 400. 4. Un
procede selon la revendication 3 oO le dilsocyanato de la formule *DO est
choisi entre le dilsocyanate isophorone, le dilsocyanate tolubne et le
dilsocyanate 4,4'-dicyclohexyl mdthane. 25  5. Un proced4 selon la
revendication 3 ou la revendication 4, oO le diol de la formule AGA ost
choisi entre le n~opentyl glycol, le 1,4-butanediol, le didthylbne glycol
et le tri6thylne glycol. 6. Un proc~dd pour la preparation d'un copolymbre
comprenant la preparation d'un prdpolymbre des formules chimiques
gdndrales: 30 E(DWA*D*G):D*A*D*E ou E(D*G*D*A):*D*G*D.E oO A, D, E, G, * et
a sont tels quo dMfinis dans la revendication 1 selon un proc~d6 conforme &
l'une 35     des revendications pr~cddentes et polym~risation ult~rieure du
mdlange dudit pr~polymbre avec un comonombre dthylbniquement insatur6. 7.
Un procedd selon la revendication 6 oO le radical polymbre, A, dudit
prdpolymbre est un radical polydthylbne d'un poids moleculaire au moins
egal a environ 2.000. 40 8. Un procddd selon la revendication 7 oO ledit
prdpolymbre comprend 15 A 95 pour cent on poids du mdlange de comonombres
et oO le comonombre 6thylbniquement insature comprend 5 a 85 pour cent on
poids dudit m~lange de comonombres. 45  9. Un proc~d4 selon la
revendication 8 dans lequel le m~lange polymdrisable aussi-meme comprend un
agent de r~ticulation didthylbniquement r6actif. 



10. Un proced6 selon la revendication 9 oO ledit comonombre 6thylbniquement
insaturd est choisi entre le 2-hydroxydthyl m~thacrylate, le
N-vinyle-2-pyrrolidinone, I'acide m6thacrylique, le dim~thyl acrylamide 50
et le glyc~rol methacrylate. 11. Un proc6dd selon la revendication 6 oO le
radical polymbre, A, dudit pr6polymbre est un radical polydimdthylsiloxane
a terminaison dialkyl d'un poids moleculaire d'au moins 400. 55  12. Un
procede selon la revendication 11 oa ledit pr6polymbre comprend 15 & 95
pour cent en poids du m6lange de comonombres et oO le comonombre
6thylbniquement insaturd comprend 5 a 85 pour cent on poids dudit m~lange
de comonombres. 46    W.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1111111 .11111 .~
qllllllollill EP 0 401 990 B1                        *   C   L  M   S  *
13. Un proc6d4 solon la revendication 12 oO ledit comonombre
6thylaniquement insatur6 est choisi entre le 2-hydroxy~thyl m~thacrylate,
le N-vinyle-2-pyrrolidinone, I'acide m6thacrylique, le dim~thyl acrylamide
et le glycerol m6thacrylate. 5  14. Un proc~d4 solon la revendication 13
dans loquel le melange polymdrisable comprend aussi 5 a 40 pour cent en
poids de comonombre organosilicone. 15. Un proc~d6 selon la revendication 6
ob le radical polymbre dudit prdpolymbre est un poly(fluoroalkyl)- 4ther
d'un poids moldculaire d'au moins 400. 10 16. Un proc~d4 pour la
preparation d'un copolymbre compronant la prdparation d'un prdpolymbre des
formules chimiques g6n~rales: E(*D*A*D*G);D*A*D*E ou 15
E(*D*G*D*A).SD*G*D*E ob A, D, E, G. * et a sont tels quo ddfinis dans la
revendication 1, solon un proc6d4 conforme a l'une des revendications 1 a 5
et polymdrisation ultdrieure d'un mdlange dudit prdpolymbre avoc un y
comonombre organosilicone. 20 17. Un proc"dd solon la revendication 16 oO
le monombre organosilicone est un tris(trimdthylsiloxy)- silylpropyl
methacrylate. 1& Un procd6 solon la revendication 17 oO est produit un
copolymbre comprenant 20 & 50 pour cent en 25     poids dudite prdpolymbre
et 20 a 40 pour cent en poids de tris(trim6thylsiloxy)silylpropyl
m~thacrylate. 19. Un proc~d4 solon la revendication 18 ob est produit un
copolymbre comprenant aussi 10 a 35 pour cent en poids de l'un des
comonombres hydrophiles suivants: dim~thacrylamide; glyc~rol m~thacryla-
to; 2-hydroxyethyl m~thacrylate; et N-vinyle-2-pyrrolidinone. 30 20. Un
proc6dd pour la preparation d'un copolymbre compronant la preparation d'un
prdpolymbre des formulos chimiques gdndrales: E(D*A*D*A)D*D*D*E ou 35
ECD*G*D*A):D*G*D*E ob A, D, E, G. * et a sont tols quo d~finis dans la
revendication 1, solon un procd6 conforme A l'une des revendications 1 a 5
et polymerisation ultdrieure d'un comonombre fluoroorgano 6thylbniquement 



insatur6. 40 21. Une m~thode de fabrication d'un dispositif biomrdical
comprenant la fabrication dudit dispositif a partir d'un polymbre
comprenant un pr~polymbre pr~pard solon un proc~d6 conforms I l'une des
revendica- tions 1 a 5. 45 50 55 47    


