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dt ocr os¥ i nked pol ymer s The invention relates to a novel proce_z
g ‘manuf act ure of noul di ngs, especially contact |enses, in W&

Ph s_f.or
th i ubl e
priéfablymer conprising crosslinkable groups is cross- linked in solution,
and- &l so to noul di ngs, especially contact |enses, obtainable in accordance
wi t-h that process. The present invention relates also to novel
prepolyners that can be used in the process according to the invention,
especially to those based on polyvinyl al cohol that conprise cyclic acetal
groups and crosslinkabl e groups, to crodslinked polyners, either hono- or
co-pol ymers of those novel prepolyners, to processes for the preparation of
the novel pre- polyners and the hono- and co-pol yners obtai nabl e therefrom
t o noul di ngs nade fromthe said honb- or co-polyners, especially contact

| enses made fromthose hono- or co- polyners, and tospnosggses for the
manuf acture of contact |enses using the said honpo- or co-polyners.

Cont act | enses based on polyvinyl alcohol are already known. For exanple,
contact |enses conprising polyvinyl alcohol that has (neth)acryl oyl groups
bonded by s are disclosed, for exanple, in EP 216 074.
Cont act Ieﬁggg&%ggéﬁiToﬁgggﬁgggnyl al cohol crosslinked w th pol yepoxi des
are described in EP 189 375. Al so already known are sone special acetals

that conpri Sen<in0&iHohMaRt & DEAMPSrocess for the manufacture of mouldings, especially
contact lenses, in which a soluble prepolymer comprising crosslinkable groups is cross-

linked in solution, and also to mouldings, especially contact lenses, obtainable in
accordance with that process.

The present invention relates also to novel prepolymers that can be used in the process
according to the invention, especially to those based on polyvinyl alcohol that comprise

- cyclic acetal groups and crosslinkable groups, to crosslinked polymers, either homo- or
co-polymers of those novel prepolymers, to processes for the preparation of the novel pre-
polymers and the homo- and co-polymers obtainable therefrom, to mouldings made from
the said homo- or co-polymers, especially contact lenses made from those homo- or co-
polymers, and to processes for the manufacture of contact lenses using the said homo- or
co-polymers.

Contact lenses based on polyvinyl alcohol are already known. For example, contact lenses
comprising polyvinyl alcohol that has (meth)acryloyl groups bonded by way of urethane
groups are disclosed, for example, in EP 216 074. Contact lenses made from polyvinyl
alcohol crosslinked with polyepoxides are described in EP 189 375.

Also already known are some special acetals that comprise crosslinkable groups.
Reference is made in that connection, for example, to EP 201 693, EP 215 245 and

EP 211 432. EP 201 693 describes, inter alia, acetals of unbranched aldehydes having
from 2 to 11 carbon atoms that carry a terminal amino group that has been substituted by a
C;3-Cya-olefinically unsaturated organic radical. That organic radical has a functionality
that removes electrons from the nitrogen atom, and also the olefinically unsaturated
functionality is polymerisable. Also claimed in EP 201 693 are reaction products of the
above-characterised acetals with a 1,2-diol, a 1,3-diol, a polyvinyl alcohol or a cellulose.
Products of that kind are not, however, expressly described.

Inasmuch as one of the acetals according to EP 201 693 is mentioned at all in connection



Ref erenceé“ls made in that connection, for exanple, to EP 201 693, EP 215
245 and EP 211 432. EP 201 693 describes, inter alia, acetals of unbranched
al'dehydes having from2 to 11 carbon atons that carry a term nal am no
group that has been substituted by a CJerr]-(err]-olefinically unsaturated
organic radical. That organic radical has a functionality that renoves

el ectrons fromthe nitrogen atom and also the olefinically unsaturated
functionality is polynerisable. Also clajned in EP 201 693 are reaction
products of the above-characterised acetals with a 1,2-diol, a 1,3-diol, a
pol yvi nyl al cohol or a cellulose. Products of that kind are not, however,
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- mouldings made from the said homo- or co-polymers, especially to contact lenses made
from those homo- or co-polymers, and to processes for the manufacture of contact lenses

using the said homo- or co-polymers.

The prepolymer according to the invention is preferably a derivative of a polyvinyl
alcohol having a molecular weight of at least about 2 000 that, based on the number of
hydroxy groups of the polyvinyl alcohol, comprises from approximately 0.5 to approx-
imately 80 % of units of formula I

NN N
0 0
N cH -~ {0

| A
AN

wherein g

R is lower alkylene having up to 8 carbon atoms,

R!is hydrogen or lower alkyl and

R? is an olefinically unsaturated, electron-attracting, copolymerisable radical preferably
having up to 25 carbon atoms.



The prepol ymer according to the invention is preferably a derivative of a
pol yvi nyl al cohol having a nol ecul ar wei ght of at |east about 2 000 that,
based on the nunber of hydroxy groups of the polyvinyl alcohol, conprises
fromapproximately 0.5 to approx- imately 80 % of units of fornula I

[err] wherein Ris | ower al kylene having up to 8 carbon atons,

Rl err] is hydrogen or lower alkyl and R err] is an olefinically
unsaturated, electron-attracting, copol¥ner|sable radi cal preferably having
up to 25 carbon at ons.

-3 - R2 is, for exanple, an olefinically unsaturated acyl radical of
formul a R[err] CO, in which R3is an olefinically unsaturated
copol yneri sahl e radi cal havin g from2 to 24 carbon atons, preferably from 2

to 8 car bon Ratibigr exagpke fq‘é\P\e?"ﬁS?*lé‘f wisayrajed Whﬁaﬂlcﬁb(‘flfo‘ii‘é}l%g rCO-, in which

R3 is an olefinically unsaturated copolymerisable radical having from 2 to 24 carbon
atoms, preferably from 2 to 8 carbon atoms, especially preferably from 2 to 4 carbon
atoms. In another embodiment, the radical R? is a radical of formula II

-CO-NH-(R*-NH-C0-0)-R%-0-CO-R® (I)

wherein

q is zero or one and

R* and R are each independently lower alkylene having from 2 to 8 carbon atoms,

arylene having from 6 to 12 carbon atoms, a saturated divalent cycloaliphatic group

having from 6 to 10 carbon atoms, arylenealkylene or alkylenearylene having from 7 to 14
-carbon atoms or arylenealkylenearylene having from 13 to 16 carbon atoms, and

R3 is as defined above.

The prepolymer according to the invention is therefore especially a derivative of a poly-
vinyl alcohol having a molecular weight of at least about 2 000 that, based on the number
of hydroxy groups of the polyvinyl alcohol, comprises from approximately 0.5 to approx-
imately 80 % of units of formula 111

\CH/CHz\CH /CHZ\

o} o)
N (110
R‘l
le — N
~N [CO-NH-(R*-NH-CO-0),-R5-0},-CO-R®

wherein

R is lower alkylene,

R!is hydrogen or lower alkyl, .

p 18 zero or one,

q is Zero or one,

R3 is an olefinically unsaturated copolymerisable radical having from 2 to 8 carbon atoms
and



atonms. In another enbodinent, the radical R2 is a radical of fornula Il
-CONH(Rerr]-NHCOOT[err]-Rerr]-OCCORerr] (I1) wherein q i s zero or
one and Rlerr] and R err] are each independently | ower alkylene having from
2 to 8 carbon atons, arylene having from®6 to 12 carbon atons, a saturated
di val ent cycl oal i phatic group having from6 to 10 carbon atons,

aryl eneal kyl ene or al kyl enearyl ene having from7 to 14 carbon atons or

aryl eneal kyl enearyl ene having from 13 tq 16 carbon atons, and R err] is as
defi ned above. The prepol ymer according to the invention is therefore
especially a derivative of a poly- vinyl alcohol having a nol ecul ar wei ght

of at |east ﬁ‘bMRQar@QQcﬂllﬂép n@@a@l?%»@&aﬁl&&d@%@i% ﬁ% ?w@worwt&&aps of the

pol yvi nyl al cohol ri ses from ap Prom mately 0.5 prox- imately 80 %
of units of qr&eﬁghévmg rom 6 to 12 carbon'a onEsea,siturated dnalent cwl@,l@hwcgrp@ | ovver

al kyl ene, R[gividg ﬂr@mlasmano@mo@awh@w@meaw leneforiafky?eRbstyRhe PAVEng Mo 18940 Of
one, Rerr] is an ol efini cal |l¥ unsa t e (t: Pno{ rls%ble radi cal havi ng
& Kyl ro to

from?2 to 8 %p%q{ 0§ grry eneary ene aving arbon atoms.

Lower alkylene R preferably has up to 8§ carbon atoms and may be straight-chained or
branched. Suitable examples include octylene, hexylene, pentylene, butylene, propylene,
ethylene, methylene, 2-propylene, 2-butylene and 3-pentylene. Preferably lower alkylene
R has up to 6 and especially preferably up to 4 carbon atoms. The meanings methylene
and butylene are especially preferred.

R! is preferably hydrogen or lower alkyl having up to seven, especially up to four, carbon
atoms, especially hydrogen.

Lower alkylene R* or R’ preferably has from 2 to 6 carbon atoms and is especially
straight-chained. Suitable examples include propylene, butylene, hexylene, dimethyl-
ethylene and, especially preferably, ethylene.

Arylene R* or R is preferably phenylene that is unsubstituted or is substituted by lower
alkyl or lower alkoxy, especially 1,3-phenylene or 1,4-phenylene or methyl-1,4-
phenylene.

A saturated divalent cycloaliphatic group R* or R’ is preferably cyclohexylene or cyclo-
hexylene-lower alkylene, for example cyclohexylenemethylene, that is unsubstituted or is

" substituted by one or more methyl groups, such as, for example, trimethylcyclohexylene-
methylene, for example the divalent isophorone radical.

The arylene unit of alkylenearylene or arylenealkylene R* or R is preferably phenylene,
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit thereot '
is preferably lower alkylene, such as methylene or ethylene, especially methylene. Such
radicals R* or R? are therefore preferably phenylenemethylene or methylenephenylene.
Arylenealkylenearylene R* or R’ is preferably phenylene-lower alkylene-phenylene
having up to 4 carbon atoms in the alkylene unit, for example phenyleneethylene-
phenylene. ’



-4 - Rlerr] and Rlerr] are each independently | ower alkylene having from
2 to 8 carbon atons, arylene having from®6 to 12 carbon atons, a saturated
di wal ent cycl oal i phatic group having from6 to 10 carbon atons,

aryl eneal kyl ene or al kyl enearyl ene having from7 to 14 carbon atons or

aryl eneal kyl enearyl ene having from 13 to 16 carbon atons. Lower al kyl ene
R preferably has up to 8 carbon atons and nay be straight-chained or
branched. Suitable exanples include octylene, hexyl ene, pentylene,

butyl ene, propyl ene, ethylene, nethylene,” 2-propyl ene, 2-butyl ene and
3-pentylene. Preferably |Iower alkylene R has up to 6 and especially
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unsubsti t ut I'S subs one or nore nethyl groups, such as, for
exanpl e, trinethylcycl ohexyl ene- nethyl ene, for exanple the dival ent

i sophor one r agiyeAdikyl has especially up to 7 carbon atoms, preferably up to 4 carbon atoms, and s,
for example, methyl, ethyl, propyl, butyl or tert-butyl.

Lower alkoxy has especially up to 7 carbon atoms, preferably up to 4 carbon atoms, and is,
. for example, methoxy, ethoxy, propoxy, butoxy or tert-butoxy.

The olefinically unsaturated copolymerisable radical R haviﬁg from 2 to 24 carbon atoms
is preferably alkeny! having from 2 to 24 carbon atoms, especially alkenyl having from 2
to 8 carbon atoms and especially preferably alkenyl having from 2 to 4 carbon atoms, for
example ethenyl, 2-propenyl, 3-propenyl, 2-butenyl, hexenyl, octenyl or dodecenyl. The
meanings ethenyl and 2-propenyl are preferred, so that the group -CO-R? is the acyl
radical of acrylic or methacrylic acid.

The divalent group -R*-NH-CO-O- is present when q is one and absent when q is zero.
Prepolymers in which q is zero are preferred.

The divalent group -CO-NH-(R“-NH—CO-O)q~R5-O- is present when p is one and absent
when p is zero. Prepolymers in which p is zero are preferred.

In prepolymers in which p is one the index q is preferably zero. Prepolymers in which p is
one, the index q is zero and R> is lower alkylene are especially preferred.

A preferred prepolymer according to thesinvention is therefore especially a derivative of a
polyvinyl alcohol having a molecular weight of at least about 2000 that, based on the
number of hydroxy groups of the polyvinyl alcohol, comprises from approximately 0.5 to
approximately 80 % of units of formula III in which R is'lower alkylene having up 10 6
carbon atoms, p is zero and R3 is alkenyl having from 2 to 8 carbon atoms.



The arylene unit of al kyl enearylene or aryleneal kylene Rlerr] or Rerr] is
preferably phenyl ene, unsubstituted or substituted by | ower al kyl or |ower
al koxy, and the al kylene unit thereof is preferably |ower alkylene, such as
nmet hyl ene or ethylene, especially nethylene. Such radicals R err] or Rerr]
are therefore preferably phenyl enenet hyl ene or net hyl enephenyl ene.

Aryl eneal kyl enearylene R err] or Rerr] is preferably phenyl ene-I| ower

al kyl ene- phenyl ene having up to 4 carbon atons in the al kylene unit, for
exanpl e phenyl eneet hyl ene- phenyl ene. -6-

-5 - The radicals Rlerr] and Rerr] are each independently preferably

| oner al kyl ene having from2 to 6 carbon atons, phenyl ene, unsubstituted or
substituted by | ower al kyl, cyclohexylene or cycl ohexyl ene-1ower al kyl ene,
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atons, and is, for exanple, netHoxy, ethoxy, propoxy, butoxy or
tert - but oxy.

A further preferred prepolymer according to the invention is therefore especially a deriv-
ative of a polyvinyl alcohol having a molecular weight of at least about 2000 that, based
on the number of hydroxy groups of the polyvinyl alcohol, comprises from approximately
0.5 to approximately 80 % of units of formula III in which R is lower alkylene having up
10 6 carbon atoms, p is one, q is one, R* is lower alkylene having from 2 to 6 carbon

. atoms, phenylene, unsubstituted or substituted by lower alkyl, cyclohexylene or cyclo-
hexylene-lower alkylene, unsubstituted or substituted by lower alkyl, phenylene-lower
alkylene, lower alkylene-phenylenc or phenylene-lower alkylene-phenylene, R is lower
alkylene having from 2 to 6 carbon atoms and R? is alkenyl having from 2 to 8 carbon
atoms.

The prepolymers according to the invention are derivatives of polyvinyl alcohol having a
molecular weight of at least about 2000 that, based on the number of hydroxy groups of
the polyvinyl alcohol, comprises from approximately 0.5 to approximately 80 %,
especially approximately from 1 to 50 %, preferably approximately from 1 to 25 %,
preferably approximately from 2 to 15 % and especially preferably approximately from 3
to 10 %, of units of formula III. Prepolymers according to the invention which are
provided for the manufacture of contact lenses comprise, based on the number of hydroxy
groups of the polyvinyl alcohol, especially from approximately 0.5 to approximately 25 %,
especially approximately from 1 t0 15 % and especially preferably approximately from 2
t0 12 %, of units of formula III.

Polyvinyl alcohols that can be derivatised in accordance with thé invention preferably
have a molecular weight of at least 10 000. As an upper limit the polyvinyl alcohols may
have a molecular weight of up to I 000 000. Preferably, the polyvinyl alcohols have a
molecular weight of up to 300 000, especially up to approximately 100 000 and cspecially
preferably up to approximately SO 000. ’



The ol efinically unsaturated copol ynerisable radical R err] having from2
to 24 carbon atons is preferably al kenyl having from2 to 24 carbon atons,
especially al kenyl having from2 to 8 carbon atonms and especially
preferably al kenyl having from2 to 4 carbon atons, for exanple ethenyl,

2- propenyl, 3-propenyl, 2-butenyl, hexenyl, octenyl or dodecenyl. The

meani ngs et henyl and 2-propenyl are preferred, so that the group -CO R err]

is the acyl radical of acrylic or nmethacrylic acid. The dival ent group
-Rlerr]-NHCO O is present when q is oe and absent when g is zero.
Prepolynmers in which g is zero are preferred. The dival ent group
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hydroxy groups of the polyvinyl alcohol, conprises from approximtely 0.5
to approximately 80 % of units of forrrula [1l in which Ris |ower alkylene
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pol yvinyl al t?y%n?xlyethy?gg)ryla Z?ﬂyl Ell%g?loalpf yrene or snmﬂXr customarily used comonomers.

Commercially available polyvinyl alcohols may be used, such as, for example, Vinol®

. 107 produced by Air Products (MW =22 000 to 31 000, 98 - 98.8 % hydrolysed),
P'olysciences 4397 (MW =25 000, 98.5 % hydrolysed), BF 14 produced by Chan Chun,
Elvanol® 90 - 50 produced by DuPont, UF-120 produced by Unitika, Moviol® 4-88,
10-98 and 20-98 produced by Hoechst. Other manufacturers are, for example, Nippon
Gohsei (Gohsenol®), Monsanto (Gclvatol®), Wacker (Polyviol®) and the Japanese
manufacturers Kuraray, Denki and Shin-Etsu.

As already mentioned, it is also possible to use copolymers of hydrolysed vinyl acctate,
which are obtainable, for example, in the form of hydrolysed ethylene/vinyl acetate
(EVA), or vinyl chloride/vinyl acetate, N-vinylpyrrolidone/vinyl acetate and maleic acid
anhydride/vinyl acetate.

Polyvinyl alcohol is usually prepared by hydrolysis of the corresponding homopolymeric
polyvinyl acetate. In a preferred embodiment, the polyvinyl alcohol derivatised in
accordance with the invention comprises less than 50 % of polyvinyl acetate units,
especially less than 20 % of polyvinyl acetate units. Preferred amounts of residual acetate
units in the polyvinyl alcohol derivatised in accordance with the invention, based on the
sum of vinyl alcohol units and acetate units, are approximately from 3 to 20 %, preferably
approximately from 5 to 16 % and especially approximately from 10 to 14 %.

The compounds comprising units of formula III may be prepared in a manner known per
se. For example, a polyvinyl alcohol having a molecular weight of at least about 2000 that
comprises units of formula IV



0.5 to approximately 80 % of units of fornmula Il in which Ris |ower

al kyl ene having up to 6 carbon atons, p is one, qis zero, Rerr] is |ower
al leyl ene having from2 to 6 carbon atons and R3 is al kenyl having from2 to
8 carbon atons. A further preferred prepolynmer according to the invention
is therefore especially a deriv- ative of a polyvinyl alcohol having a

nol ecul ar wei ght of at |east about 2000 that, based on the nunber of

hydr oxy groups of the polyvinyl alcohol,, conprises fromapproximately 0.5
to approximately 80 % of units of formila IIl in which Ris |ower alkylene
having up to 6 carbon atons, pis one, qis one, Rerr] is |ower alkylene
having from2 to 6 carbon atons, phenyl ene, unsubstituted or substituted by
| ower al kyl, cycl ohexyl ene or cycl o- hexyl ene-| ower al kyl ene, unsubstituted
or substituted by | ower al kyl, phenyl ene-1ower al kyl ene, |ower

al kyl ene- phenyl ene or phenylene-lome@H@#kmhgne ppenylene, Rlerr] is |ower

al kyl ene having from2 to 6 carbon atons an ﬁ?err] is al kenyl having from
2 to 8 carbon atons. The prepolynmers according to the invention are
derivatives @hy potesviedwithalpp@Rhaté1d\iond0.3 (6B &C Bht oneAiimtRE ofllydr®ast

about 2000 t hat ed on tEe Funber f hgdrox %ggrﬁi ob t he pol yvinyl

al cohol , con®PPRSY the CHMRAYRH 8 formula Ly, of & WEV%%B rRaledMy 80 % especial ly
approximately from1l to 50 % preferably approximately from1l to 25 %
preferably approximately from2 to 15 %and especially preferably
approximately from3 tqg 10 % of junits of fornmula I1l. Prepolyners
according to the inventfion which|are provided for the manufacture of
contact |enses conprise_based oo the nunber of hydroxy groups of the

pol yvi nyl al cohol, esped?ahhy,?fonlapproxinately 0.5 to approxi mtely 25 %
especial ly approxi mately from1 to 15 % and especially preferably
approximately from2 to 12 % of Rts of fornula I11. Pol yvi nyl al cohol s
t hat can be derivatised in ﬁccoNééEce with the inveption preferably have a
nol ecul ar wei ght of at |east 10 00 KX%HHéﬁ'Nmi%%Omf%ﬁﬁw@¢Q§ pol yvi nyl

al cohol s may have a nol ecul ar weight of up to 1 000 000. Preferably, the
pol yvi nyl al cohols have a nol ecul ar wei ght of up to 300 000, especially up
t o appr oxi neieyhici00 000 and especially preferably up to approximately 50

000. R’ and R" are each independently hydrogen, lower alkyl or lower alkanoyl, such as acetyl
or propionyl, and the other variables are as defined for formula II1, especially in an acidic
mediom.

Alternatively, a polyvinyl alcohol having a molecular weight of at least about 2000 that
comprises units of formula IV may be reacted with a compound of formula VI

R R"
L
N ch (VD)
L
“\H

in which the variables are as defined for the compound of formula V, especially under
acidic conditions, and the cyclic acetal obtainable in that manner may then be reacted with
a compound of formula VII

OCN~(R*-NH-C0-0)-R®-0-CO-R® (VII)



-7 - Pol yvi nyl al cohols suitable in accordance with the invention usually
have a pol y(2- hydroxy)ethyl ene structure. The pol yvinyl al cohols

dewi vati sed in accordance with the invention may, however, also conprise
hydroxy groups in the formof 1,2-glycols, such as copol yner units of

1, 2-di hydr oxyet hyl ene, as may be obtained, for exanple, by the alkaline
hydr ol ysis of vinyl acetate/vinylene carbonate copol yners. I n addition,

t he pol yvinyl al cohols derivatised in accordance with the invention may

al so conprise small proportions, for exgﬁple up to 20 % preferably up to 5
% of copolyner units of ethylene, propylene, acrylam de, nethacryl am de,

di met hacryl am_ de (dr - et acrylate, methyl t hacryl ate, nethyl
acryl ate, et]ﬁyvr 1%%?%'%{1) QGW%E%%E‘EF?@%%%O}“ %? 8§%Q]H%‘acr ylate, allyl

al cohol, styrene or simlar customarily used conononers. Commercial ly
avai |l abl e po i I . , . . r ly,107
produced by édﬁérlljn&w&lfﬁgge mgﬁéggg&%@?%cg?&%&g@@gg&% Cé’gﬁ’g”@ﬁ“&\ﬂé%s‘}a’d)
Pol ysci encesad3gpnpowndoDBrpoig, Vigeysbouetsiert witly 8 eappousr of forp dHd by Chan
Chun, Elvanol 90 - 50 produced by DuPont, UF-120 produced by UnitiKka,

Movi ol 4-88, 10-98 and 20-98 produced bé&l-sloechst. O her manufacturers are,

for exanple, N ppon Gohsei (Gohsenol )>§-C sdiiy (Gelvatol), Wacker
(Pol yviol) and the Japanese manufacturers Kuraray, Denki and Shin-Etsu.

As al ready nenti.ange, |t is als ossi bl e to ol yners . hydrol ysed
oyl acet atB W ERis ot ckip e akPEt R TR L5 § SRR pHER RS R AR vsed
et hyl ene/ vi ngrbupdet exampleEdwgrified or estenyflicddiyidordydit exanyple haegeat especially

N-vi nyl pyrro&ﬂl(ﬂxﬂ.[&'e/vi nyl acetate and mal ei c acid anhydride/vinyl acetate.

Pol yvi nyl al cohol is usually prepared by hydrolysis of the correspondi ng
honopol yneri ¢ pol yvinyl acetate. In a preferred enbodi nent, the pol yvinyl

al cohol der i @ahpsffds bNfoRGERN BNGEICK idlzdrh Brel KAV RAL foP Bx HPIV TloREEP beF893.han 50
% of - pol yvi nyl acetate_uni ‘E?D%U esglgm al I.g ss. than 20 % ?L‘) \%ol y%lén I
acetate uni teomBrgR pF R ul S Asy ceuber P in EomPB £ S PRIAY ol yvi ny!
al cohol der i s s¢, or aacisy gloputad v af Marddeeknowrepdr is@Mn basgtt afa dohposmdn of
vi nyl al coho | G e unit _ rQXxi Vo I . 20 %
preferably a%fﬁﬁ@#lﬁaﬁg%yﬁqlrg%ﬁ%etwom i%m%ﬂ%go& ?@E Egélfigﬁa? <'§16‘;I)1 p" FOx Ir%ré):fgl y from
10 to 14 % compound of formula VII in which q is one is the reaction product of isophorone diiso-
cyanate with 0.5 equivalent of hydroxyethyl methacrylate. Compounds of formula VIII are
known per se; a typical representative is methacryloyl chloride. Compounds of formula V
in which p and/or q are 1 can be prepared in a manner known per se from the above-
mentioned compounds, for example by reaction of a compound of formula VI with iso-
cyanatoethyl methacrylate or by reaction of a compound of formula VI with isophorone
diisocyanate which has previously been terminated with 0.5 equivalent of hydroxyethyl
methacrylate.

" Surprisingly the prepolymers of formulae I and Il are extraordinarily stable. This is
unexpected for the person skilled in the art because, for example, higher-functional
acrylates usually have to be stabilised. If such compounds are not stabilised then rapid
polymerisation usually occurs. Spontaneous crosslinking by homopolymerisation does not
occur, however, with the prepolymers of the invention. The prepolymers of formulae T and
III can furthermore be purified in a manner known per se, for example by precipitation
with acetone, dialysis or ultrafiltration, ultrafiltration being especially preferred. By means
of that purification process the prepolymérs of formulae I and III can be obtained in
extremely pure form, for example in the form of concentrated aqueous solutions that are
free, or at least substantially free, from reaction products, such as salts, and from starting
materials, such as, for example, compounds of formula V or other non-palymeric
constituents.



The conpounds conprising units of formula Il may be prepared in a manner
known per se. For exanple, a polyvinyl alcohol having a nol ecul ar wei ght of
at «l east about 2000 that conprises units of formula IV

- 8 - -CH(OH)-CH err]- (1V) may be
reacted with approximately fromO0.5 to 80 % based on the nunber of hydroxy
groups of the conpound of fornmula IV, of a conpound of fornula (V)

[err] in which R and R' are ?gch i ndependent |y hydrogen, | ower
al kyl or |ower al kanoyl, such as acetyl “or propionyl, and the other
variables are as defined for formula I11, especially in an acidic nedium

The preferred purification process for the prepolymers of the invention, ultrafiltration, can
be carried out in a manner known per se. It is possible for the ultrafiltration to be carried
out repeatedly, for example from two to ten times. Alternatively, the ultrafiltration can be
carried out continuously until the selected degree of purity is attained. The selected degree
of purity can in principle be as high as desired. A suitable measure for the degree of purity
is, for example, the sodium chloride content of the solution, which can be determined
simply in known manner.

The prepolymers of formulae I and III according to the invention are on the other hand
crosslinkable in an extremely effective and controlled manner, especially by photocross-
linkine.

- The present invention is therefore also directed to a polymer that can be obtained by
photocrosslinking a prepolymer comprising units of formula [ or III in the absence or
presence of an additional vinylic comonomer. Those polymers are water-insoluble.

In the case of photocrosslinking, it is appropriate to add a photoinitiator which can initiate
radical crosslinking. Examples thereof are familiar to the person skilled in the art and
suitable photoinitiators that may be mentioned specifically are benzoin methyl ether,
[-hydroxycyclohexylphenyl ketone, Daracur 1173 or Irgacure types. The crosslinking can
then be triggered by actinic radiation, such as, for example, UV light, or ionising radiation,
such as, for example, gamma radiation or X-radiation.

The photopolymerisation is suitably carried out in a solvent. A suilable solvent 1s in
principle any solvent that dissolves polyvinyl alcohol and the vinylic comonomers
optionally used in addition, for example water, alcohols, such as lower a.lkanols,. for
example ethanol or methanol, also carboxylic acid amides, such as dimethylformamide, or
dimethyl sulfoxide, and also a mixture of suitable solvents, such as, for example, a
mixture of water with an alcohol, such as, for example, a water/ethanol or a water/-
methanol mixture.

The photocrosslinking is carried out preferably directly from an aqueous solution of the
prepolymers according to the invention, which can be obtained by the preferred purifica-
tion step, ultrafiltration, where appropriate after the addition of an additignal vinylic
comonomer. For example, an approximately 15 to 40 % aqueous solution can be photo-



Alternatively, a polyvinyl alcohol having a nol ecul ar wei ght of at |east
about 2000 that conprises units of fornmula IV may be reacted with a
cogpound of forrula Vi [err] in
whi ch the variables are as defined for the conpound of formula V,
especially under acidic conditions, and the cyclic acetal obtainable in
that manner may then be reacted with a conpound of fornula VII
OCN-(Rerr]-NH-COOferr]-Rerr]-OCORerr] (Vi) :

-9-  in which the variables are as defilhed for the conpound of fornula V.
Al ternatively, the product obtainable as described above froma conpound of
formula IV and‘q.%qypound of formula VI may be reacted with a conpound of
fornul a (VI | fFyssinked. X-CORerr] (MI1)

The process for the preparation of the polymers of the invention may comprise, for
example, photocrosslinking a prepolymer comprising units of formula I or III, especially
in substantially pure form, that is to say, for example, after single or repeated ultra-
filtration, preferably in solution, especially in aqueous solution, in the absence or presence
of an additional vinylic comonomer.

The vinylic comonomer which, in accordance with the invention, may be used in addition
in the photocrosslinking, may be hydrophilic or hydrophobic, or a mixture of a hydro-
phobic and a hydrophilic vinylic monomer. Suitable vinylic monomers include especially
those customarily used in the manutacture of contact lenses. A hydrophilic vinylic
monomer denotes a monomer that typically yields as homopolymer a polymer that is

- water-soluble or can absorb at least 10 % by weight of water. Analogously, a hydrophobic
vinylic monomer denotes a monomer that typically yields as homopolymer a polymer that
is water-insoluble and can absorb less than 10 % by weight of water.

Generally, approximately from 0.01 to 80 units of a typical vinylic comonomer react per
unit of formula I or II1.

If a vinylic comonomer is used, the crosslinked polymers according to the invention
preferably comprise approximately from | to 15 %, especially preferably approximately
from 3 to 8 %, of units of formula [ or III, based on the number of hydroxy groups of the
polyvinyl alcohol, which are reacted with approximately from 0.1 to 80 units of the vinylic
monomer.

The proportion of the vinylic comonomers, if used, is preferably from 0.5 to 80 units per
unit of formula I, especially from 1 to 30 units per unit of formula I, and especially
preferably from 5 to 20 units per unit of formula L.

It is also preferable to use a hydrophobic vinylic comonomer or a mixture of a hydro-
phobic vinylic comonomer with a hydrophilic vinylic comonomer, the mixture comprising
at least 50 % by weight of a hydrophobic vinylic comonomer. In that manner the
mechanical properties of the polymer can be improved without the water content falling
substantially. In principle, however, both conventional hydrophobic vinylic comonomers
and conventional hydrophilic vinylic comonomers are suitable for the copolymerisation



in which R3 is, for exanple, alkenyl having from2 to 8 carbon atons and X
Is a reactive group, for exanple etherified or esterified hydroxy, for
exanpl e hal ogen, especially chlorine. Compounds of fornmula V in which p
is zero are known, for exanple, fromEP 201 693. Conpounds of fornula VI
are al so described therein. Conpounds of formula VIl are known per se, or
can be prepared in a manner known per se. An exanple of a conpound of
formula VIl in which qis zerois |socyanatoethyl nmet hacryl ate. An exanpl e
of a conmpound of formula VIl in which gl3s one is the reaction product of

i sophorone diiso- cyanate with 0.5 equivalent of hydroxyethyl methacrylate.
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the form of concentrated aqueous sol utions that are free, | east

subst anti al I%ﬁO?‘Pef@fe’ﬁ‘af‘tPrlﬁ RERIEEBF pr oduct's, such as salts, and from

starting materials, such as, for exanple, corrpounds of formula V or other

non- pol ymeri Exdns qesstoltsldl He hydrophobic vinylic comonomers include methyl acrylate, ethyl
acrylate, propyl acrylate, isopropyl acrylate, cyclohexyl acrylate, 2-ethylthexyl acrylate,
methyl methacrylate, ethyl methacrylate, propyl methacrylate, vinyl acetate, vinyl prop-
ionate, vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chloride, vinylidene
chloride, acrylonitrile, 1-butene, butadiene, methacrylonitrile, vinyltoluene, vinyl ethyl
ether, perfluorohexylethylthiocarbonylaminoethyl methacrylate, isobornyl methacrylate,
trifluoroethyl methacrylate, hexafluoroisopropyl methacrylate, hexafluorobutyl meth-
acrylate, tris-trimethylsilyloxy-silyl-propyl methacrylate, 3-methacryloxypropyipenta-
methyldisiloxane and bis(methacryloxypropyl)tetramethyldisiloxane.

Suitable hydrophilic vinylic comonomers include, without the list being exhaustive,
hydroxy-substituted lower alkyl acrylates and methacrylates, acrylamide, methacrylamide,
lower alky! 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-acryl-
amido-2-methylpropanesulfonic acid, N-vinylpyrrole, N-vinylsuccinimide, N-vinylpyrrol-
idone, 2- or 4-vinylpyridine, acrylic acid, methacrylic acid, amino- (the term “amino” also
including quaternary ammonium), mono-fower alkylamino- or di-lower alkylamino-lower
alkyl acrylates and methacrylates, allyl alcohol and the like. Hydroxy-substituted C,-Cy-
alkyl(meth)acrylates, five- to seven-membered N-vinyl lactams, N,N-di-C,-C,alkyl-
(meth)acrylamides and vinylically unsaturated carboxylic acids having a total of from 3 to
5 carbon atoms, for example, are preferred.



The preferred purification process for the prepolyners of the invention,
ultrafiltration, can be carried out in a manner known per se. It is

pogsi ble for the ultrafiltration to be carried out repeatedly, for exanple
fromtwo to ten tinmes. Alternatively, the ultrafiltration can be carried
out continuously until the selected degree of purity is attained. The

sel ected degree of purity can in principle be as high as desired. A

sui tabl e measure for the degree of purlﬁi for exanple, the sodium
chloride content of the solution, which tan be determ ned sinmply in known

manner . The prepolynmers of formulae I and 111 according to the invention
are on the other hand crosslinkable in an extrenely effective and
control |l ed manner, especially by photocross- |inking. The present
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The crosslinki ng can then be triggered by actinic radiation, such as, for
exanple, UV | I? or ionising radiation, such as, for exarrpl e, gamm
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the invention. Further examples of mouldings according to the invention, besides contact
lenses, are biomedical or especially ophthalmic mouldings, for example intraocular lenses,
eye bandages, mouldings that can be used in surgery, such as heart valves, artificial
arteries or the like, and also films or membranes, for example membranes for diffusion
control, photostructurizable films for information storage, or photoresist materials, for
example membranes or mouldings for etch resist or screen printing resist.

A special embodiment of the invention is directed to contact lenses that comprise a
polymer according to the invention or consist substantially or wholly of a polymer
according to the invention. Such contact fenses have a wide range of unusual and
extremely advantageous properties, which include, for example, their excellent compat-
ibility with the human cornea, which is based on a balanced relationship of water content,
oxygen permeability and mechanical properties. The contact lenses according to the
invention furthermore exhibit a high degree of dimensional stability. No changes in shape
are detected even after autoclaving at, for example, about 120°C.

Attention may also be drawn to the fact that the contact lenses according to the invention
can be produced in a very simple and efficient manner compared with the state of the art.
This is as a result of several factors. First, the starting materials can be obtained or
produced at a favourable cost. Secondly, there is the advantage that the prepolymers are
surprisingly stable, so that they can be subjected to a high degree of purification. It is



prepol yners according to the invention, which can be obtai ned by the
preferred purifica- tion step, ultrafiltration, where appropriate after the
addition of an additional vinylic conononer. For exanple, an approxinmtely
15 to 40 % aqueous sol ution can be photo- crosslinked. The
process for the preparation of the polynmers of the invention may conpri se,
for exanpl e, photocrosslinking a prepolyner conprising units of fornula I

or Ill, especially in substantially pure form that is to say, for exanple,
after single or repeated ultra- filtratidn, preferably in solution,
especially in aqueous solution, in the absence or presence of an additional

vinylic conmonongr . The vinylic compnoner whic | n_accordance with the
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seen that the mouldings according to the invention are especially suitable as mass-

produced articles, such as, for example, contact lenses that are worn for a short time and

then replaced by new lenses.

The present invention also relates to the manufacture of mouldings according to the
invention, especially contact lenses according to the invention. In the following, those
processes are illustrated using the example of contact lenses, but the processes can,
however, also be used for other mouldings according to the invention.

The contact lenses according to the invention can be manufactured, for example, in a
manner known per se, for example by the so-called Full-Mould process in a static mould.
The mould used may be, for example, a conventional "spin-casting mould”, as described,
for example, in US-A-3 408 429, or a static mould, as described, for example, in

US-A-4 347 198.

It has been ascertained in accordance with the invention that the process described above
with reference to prepolymers comprising units of formula I can be applied generally. The
present invention therefore relates to a novel process for the manufacture of polymeric
mouldings, especially contact lenses, in which a water-soluble prepolymer comprising
crosslinkable groups is crosslinked in solution, and t0 mouldings, especially contact
lenses, obtainable in accordance with that process. The mouldings obtainable in that
manner by crosslinking are water-insoluble but are swellable in water.

In detail, the process for the manufacture of mouldings, especially contact lenses,
comprises the following steps: ’



from3 to 8 % of units of fornmula I or 111, based on the nunber of hydroxy
groups of the polyvinyl alcohol, which are reacted with approximately from

0. to 80 units of the vinylic nonomner. The proportion of the vinylic
conmononers, if used, is preferably from0.5 to 80 units per unit of fornula
|, especially from1l to 30 units per unit of fornmula I, and especially
preferably from5 to 20 units per unit of formula I. It is also

preferable to use a hydrophobic vinylic,comonomer or a mixture of a hydro-
phobi c vinylic comononmer with a hydrophi'tic vinylic conmononer, the m xture
conprising at |east 50 % by wei ght of a hydrophobic vinylic conmonomer. In
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' +polymers, apply also to the process comprising steps a), b), ¢) and d) described in the
above paragraph. This statement applics to all cases in which the detailed explanations and
preferences in connection with prepolymers comprising units of formula I can sensibly be

applied to the process described in the above paragraph.

The decisive criteria determining the suitability of a prepolymer for use in the process
according to the invention are that the prepolymer is soluble in water and that it comprises
crosslinkable groups.

The preparation of a substantially aqueous solution of a water-soluble prepolymer that
comprises crosslinkable groups can be carried out in a manner known per se, for example
by synthesis of the prepolymer in an aqueous solution followed, if necessary, by
purification, or by synthesis of the prepolymer in pure form and dissolution thereof in a
substantially aqueous medium. ‘

In accordance with the invention, the criterion that the prepolymer is soluble in water
denotes in particular that the prepolymer is soluble in a concentration of approximately
from 3 to 90 % by weight, preferably approximately from 5 to 60 % by weight, especially
approximately from 10 to 60 % by weight, in a substantially aqueous solution. Insofar as it
is possible in an individual case, prepolymer concentrations of more than 90 % are also
included in accordance with the invention. Preferred concentrations of the prepolymer in
solution are from approximately 15 to approximately 50 % by weight, especially from
approximately 15 to approximately 40 % by weight, for example approximately 30 % by



atons, for exanple, are preferred. Exanpl es of suitable hydrophobic
vinylic conononers include nethyl acrylate, ethyl acrylate, propyl

aceyl ate, isopropyl acrylate, cyclohexyl acrylate, 2-ethyl hexyl acryl ate,
met hyl nethacryl ate, ethyl nethacrylate, propyl nethacrylate, vinyl
acetate, vinyl prop- ionate, vinyl butyrate, vinyl valerate, styrene,

chl oroprene, vinyl chloride, vinylidene chloride, acrylonitrile, 1-butene,
but adi ene, nethacrylonitrile, vinyltoluene, vinyl ethyl ether,
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nono- | ower gt;é ijn no- or di-Ilower al kylam no-1ower al kyl acrylates and
met hacryl at es al 'yl al cohol and the |ike. Hydroxy-substituted
Cerr]-Cerr]- alkyl(nmeth)acrylates, five- to seven-nenbered N-vinyl
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met hacryl am l"acr
of an especially suxt.able salt solution is a syntheuc prufcrably buffered, lacrimal fluid that

in respect of pH value, osmolarity and constituents is similar o natural lacrimal fluid, for
example a sodium chlonide solution that is unbuffered or that is buffered, for example, by
phosphate buffer, and that has an osmolarity that corresponds to the osmolarity of human
lacrimal fluid. '

The viscosity of the solution of the prepolymer in the substantially aqueous solution is,
within wide limits, not critical, but the solution should preferably be a flowable solution
that can be deformed strain-free.

The molecular weight of the prepolymer is also, within wide limits, not critical.
Preferably, however, the prepolymer has a molecular weight of from approximately
10 000 to approximately 200 000.

The prepolymer used in accordance with the invention must furthermore comprise ¢ross-
linkable groups. "Crosslinkable groups” denotes customary crosslinkable groups well-
known to the person skilled in the art, such as, for example, photocrosslinkable or
thermally crosslinkable groups. Crosslinkable groups such as those already proposed for
the preparation of contact lens materials are especially suitable. Those include especially,
but not exclusively, groups comprising carbon-carbon double bonds. To demonstrate the
large variety of suitable crosstinkable groups, there are mentioned here, merely by way of



vi nyl pyridi ne, vinylpyrrolidone, glycerol nethacryl ate,

N- (1, 1-di net hyl - 3- oxobutyl )- acrylam de, and the |iKke. Preferred

hydr ophobi ¢ vinylic conononers are nethyl nethacrylate and vinyl acetate.
Preferred hydrophilic vinylic conononers are 2-hydroxyethyl nethacryl ate,

N-vinyl - pyrrolidone and acryl am de. The pol yners according to the
i nvention can be processed in a manner knomn per se into noul di ngs,
especially contact |enses, for exanple by carrying out the

phot ocrossli nking of the prepolyners actbrding to the invention in a
sui table contact |ens nould. The invention is therefore also directed to
moul di ngs t hat CB$S|st substantlally of a accordln
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properties, which include, for exanple, their excellent conpat- ibility
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result of sev terials can be obtai ned or

produced at %0 agg %85?9"0&5}}&%%8“?“ \Erh%t'hgrep t he advantage that the

prepol yners are surprisingly stable, so that they can be subjected to a

high degree gf, [H%dlifnjngraﬁskgﬂr ackbrdbie with the invention preferably camprises crosslinkable
groups in an amount of from approximately 0.5 to approximately 80 % equivalents, based
on the equivalents of monomers that form the polymeric basic structure, especially
approximately from 1 to 50 %, preferably approximately from 1 to 25 %, preferably
approximately from 2 to 15 % and especially preferably approximately from 3 to 10 %.
Also especially preferred are amounts of crosslinkable groups of from approximately 0.5
to approximately 25 % equivalents, especially approximately from 1 to 15 % and
especially preferably approximately from 2 to 12 %, based on the equivalents of
monomers that form the polymeric basic structure.

As already mentioned, an essential criterion for the suitability of a prepolymer for the
process according to the invention is that it is a crosslinkable prepolymer, but the pre-
polymer is uncrosslinked, or at least substantially uncrosslinked, so that it is water-soluble.

In addition, the prepolymer is advantageously stable in the uncrosslinked state, so that it

can be subjected to purification as described hereinbefore in connection with compounds
comprising units of formula I. The prepolymers are preferably used in substantially pure
form in the process according Lo the invention. The prepolymers can be converted into a

substantially pure form, for example in the manner disclosed hereinafter..



-14- t herefore possible to use for the crosslinking a material that
requires practically no subsequent purification, such as especially a
compl i cated extraction of unpolynerised constituents. Al so, the

pol ynmeri sation can be carried out in aqueous solution, so that a subsequent
hydration step is not necessary. Finally, the photopol ynerisation occurs
within a short period, so that the process for manufacturing the contact

| enses according to the invention can b? organlsed to be extrenely
econom cal fromthat point of view al so: 8- of the advantages nentioned
above naturally apply not only to contact Ienses but al so to other
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the solution, which can be determined simply in known manner.

In a preferred embodiment of the process according to the invention there is used or
prepared in step a) a solution of the prepolymer that is substantially free from undesired
constituents, such as, for example, free from monomeric, oligomeric or polymeric starting
compounds used for the preparation of the prepolymer, and/or free from secondary
products formed during the preparation of the prepolymer. It is also preferable 1o carry out
the process according 10 the invention without the addition of a comonomer, for example a
vinylic comonomer.

On the basis of one of the two measures mentioned in the above paragraph, and especially
on the basis of a combination of the two measures mentioned in the above paragraph, the
solution of the prepolymer used in the process according to the invention is one that
comprises no, or substantially no, undesired constituents that would have to be extracted
after a crosslinking operation. A particular feature of this preferred embodiment of the
process according to the invention is therefore that the extraction of undesircd constituents
following crosslinking can be dispensed with.

The process according to the invention is therefore preferably carried out in such a manner
that the substantially aqueous solution of the water-soluble prepolymer comprising ¢ross-
linkable groups )



crosslinkabl e groups is-crosslinked in solution, and to noul di ngs,
especially contact | enses, obtainable in accordance with that process. The
nowl di ngs obtainable in that manner by crosslinking are water-insol uble but
are swellable in water. In detail, the process for the manufacture of
nmoul di ngs, especially contact |enses, conprises the follow ng steps:

- 15 - a) the preparation of a substantially aqueous solution of a

wat er - sol ubl e prepol ynmer that conprises c¢rosslinkable groups, b) the

i ntroduction of the solution obtained |H§o a noul d, c) the triggering of
t he crosslinking, d) the renmoval of the moulding fromthe nould
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$0 that the extraction of any undesired constituents in the further course of the process can
be dispensed with.

One additive that is added, where appropriate, to the solution of the prepolymer is an

initiator for the crosslinking, should an initiator be required for crosslinking the cross-
- linkable groups. That may be the case especially if the crosslinking is carried out by

photocrosslinking, which is preferred in the process according to the invention.

In the case of photocrosslinking, it is appropriate to add a photoinitiator which can initiate
radical crosslinking. Examples thereof are familiar to the person skilled in the art and
suitable photoinitiators that may be mentioned specifically are benzoin methyl ether,
1-hydroxycyclohexylphenyl ketone, Daracur 1173 or Irgacure types.

Methods that are known per se, such as, especially, conventional metering in, for exampie
by dropwise introduction or injection moulding, may be used to introduce the resulting
solution into a mould. Suitable moulds are generally customary contact lens moulds as

~ known in the state of the art especially for so-called "Full-Mould" processes. Appropriate
moulds are made, for example, from polypropylene, but quartz, sapphire glass and metals,
for example, are also suitable materials. In addition, the moulds used in the semi-mould
process are also suitable, that is to say moulds that ultimately form only one side of the
contact lens, whilst the other side is formed by a subsequent treatment, preferably by
turning processes. The mould used may also be, for example, a conventional "spin-casting
mould", as described, for example, in US-A-3 408 429, or a static mould, as described, for
example, in US-A-4 347 198. .

The crosslinking can be triggered in the mould, for example by actinic radiation, such as,
for example, UV light, or by ionising radiation, such as, for example, gamma radiation,
electron radiation or X radiation. The crosslinking can where appropriate also be triggered



The decisive criteria determning the suitability of a prepolynmer for use
I n the process according to the invention are that the prepolyner is
sokbuble in water and that it conprises crosslinkable groups. The
preparation of a substantially aqueous solution of a water-soluble

prepol yner that conprises crosslinkable groups can be carried out in a
manner known per se, for exanple by synthesis of the prepolyner in an
aqueous solution foll owed, if necessary,, by purification, or by synthesis
of the prepolyner in pure form and dis: %1ution thereof in a substantially
aqueous nedi um In accordance with the invention, the criterion that the
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Since the solution of the prepolymer preferably does not comprise any cxtractable constit-

-uents, the crosslinked product, too, does not comprise ény extractable constituents. Since
the crosslinking is carried out in a substantially aqueous solution, subsequent hydration is
not necessary. Those two advantages mean, inter alia, that a complicated after-treatment
of the resulting mouldings, especially contact lenses, is dispensed with. The contact lenses
obtainable in accordance with the process according to the invention are therefore,
according to an advantageous embodiment, distinguished by the fact that they are suitable
for their intended use without extraction. "Intended use" in this context means especially
that the contact lenses can be used in the human eye. The contact lenses obtainable in
accordance with the process according to the invention are, according to an advantageous
embodiment, also distinguished by the fact that they are suitable for their intended use
without hydration.

The process according to the invention is therefore outstandingly well suited to the
economical manufacture of a large number of mouldings, such as contact lenscs, in a short
time, The contact lenses obtainable in accordance with the process according to the
invention have inter alia the advantages over the contact lenses known from the state of
the art that they can be used for their intended purpose without subsequent treatment steps,
such as extraction or hydration.

In the following Examples, unless expressly stated otherwise amounts are amounts by
weight, and temperatures are in degrees Celsius. The Examples are not intended to limit
the invention in any way, for instance to the scope of the Examples.



exanpl e, glycerol. Solutions of the prepolyner in water or in aqueous salt
solutions are preferred. The aqueous salt solutions are advantageously
sokutions of physiologically tolerable salts, such as buffer salts
customary in the field of contact |ens care, for exanple phosphate salts,
or isotonising agents customary in the field of contact |ens care, such as,
especially, alkali halides, for exanple sodiumchloride, or solutions of

m xtures thereof. An exanple of an espeC|aIIy suitable salt solution is a
synthetic, preferably buffered, lacrimPlfluid that in respect of pH val ue,
osnolarity and constituents is simlar to natural lacrimal fluid, for

exanpl e a sodi um chl oride sol.ution that unbuffered or. that
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Those incl ude especia ustvely, groups tonpri sing
car bon-car bon doubl e bonds To denDnstrate the large variety of suitable

crosslinkabl gxghQEAS): s¥eS 6 AliBodtBAldeAPRMUIMGMGIacttRIRé Fisstveday 196 ml of

deionised water and cooled to 5°C with ice. Subsequently, SO ml of methacrylic acid
. chloride and 50 ml of 30 % sodium hydroxide solution are simultaneously so added over a

period of 40 minutes that the pH value remains at 10 and the temperature does not exceed
20°C. When the addition is complete, the remaining content of aminoacetaldehyde
dimethylacetal is determined as 0.18 % by gas chromatography. The amine is reacted fully
by the further addition of 2.2 m! of methacrylic acid chloride and 2.0 ml of 30 % sodium
hydroxide solution. The solution is then neutralised with 1N hydrochloric acid (pH = 7).
The aqueous phase is extracted with 50 ml of petroleum ether and washed with water. The
petroleum ether phase contains 3.4 g of secondary product. The aqueous phases are
combined and yield 402.8 g of a 20.6 % solution of methacrylamidoacetaldehyde
dimethylacetal. According to a gas chromatogram, the product is 98.2 %.

Example 2: 10 parts of polyvinyl alcohol having a molecular weight of 22 000 and a
degree of hydrolysis of 97.5 - 99.5 % are dissolved in 90 parts of water, 2.5 parts of meth-
acrylamidoacctzildehyde dimethylacetal are added and the mixture is aciditied with

10 parts of concentrated hydrochloric acid. The solution is stabilised with 0.02 parts of
2,6-di-tert-butyl-p-cresol. After stirring for 20 hours at room temperature, the solution is
adjusted to pH 7 with 10 % sodium hydroxide solution and then ultrafiltered seven times
using a 3kD membrane (ratio 1:3). After concentration, an 18.8 % aqueous solution of
methacrylamidoacetaldehydo-1,3-acetal 6f polyvinyl alcohol having a viscosity of

2240 cP at 25°C is obtained.

Example 3; 10 parts of the solution of methacrylamidoacetaldehydo-1,3-acetal of
polyvinyl alcohol obtained in accordance with Example 2 are photochemically crosslinked
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pressure and with air draft yields a 30.8 % solution having a viscosity of 3699 cp.

Example 5: 66.6 g of deionised water, 3.3 g of monomeric 4-methacrylamidobutyr-
aldehyde diethylacetal and 20.0 g of concentrated hydrochloric acid (37 % p.a., Merck)
are added to 133.3 g of a 15 % polyvinyl alcohol solution (Moviol 4-88, Hoechst) and the
mixture is stirred at room temperature for 8 hours. The solution is then adjusted o pH 7
with 5 % sodium hydroxide solution. After ultrafiltration of the solution using a
3-KD-Omega membrane produced by Filtron, the sodium chloride content of the polymer
solution being reduced from 2.07 % to 0.04 %, a 20 % polymer solution of the methacryl-
amidobutyraldehydo-1,3-acetal of polyvinyl alcohol having a viscosity of 400 cp is
obtained. The inherent viscosity of the polymer is 0.332. The nitrogen content is 0.41 %.
According to NMR investigation, 7.5 mol % of the OH groups are charged with acetal
groups and 7.3 mol % of the OH groups are charged with acetate groups.

Example 6: 2.4 ¢ (14.8 mmol) of aminobatyraldehyde diethylacetal (Fluka) and 20 g of
concentrated hydrochloric acid (37 % p.a., Merck) are added to 200 g of a 10 % polyvinyl
alcohol solution (Moviol 4-88, Hoechst). The solution is stirred at room temperature for
48 hours and then neutralised with 10 % sodium hydroxide solution. The solution is
diluted to 400 ml. 200 mt of the solution are further processed in accordance with



substantially pure form for exanple in the manner di sclosed hereinafter..
Preferably, the prepolynmers used in the process according to the invention
cam be purified in a manner known per se, for exanple by precipitation with
organi ¢ solvents, such as acetone, filtration and washing, extraction in a
suitabl e solvent, dialysis or ultrafiltration, ultrafiltration being
especially preferred. By neans of that purification process the pre-

pol ymers can be obtained in extrenmely pwe form for exanple in the form of
concentrated aqueous solutions that are“free, or at |east substantially
free, fromreaction products, such as salts, and fromstarting material s,

such as, for %@Ip e r 4.1 oy f
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i nvention there is used or prepared in step a) a solution of the prepol yner
that is substantially free fromundesired constituents, such as, for

exanpl e, frcBxampleinbd&ddiemolpf Fuseeyanatasthyberthaerylate ase addodrig 200 mbelihas
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. vinyl alcohol having a viscosity of 2320 cp. The inherent viscosity of the polymer is

0.390. The nitrogen content is 1.9 %.

Example 8: 0.7 % Darocur 1173 (based on the content of polymer) is added to the 30.8 %
polymer solution according to Example 4 having a viscosity of approximately 3600 cp.
The solution is introduced into a transparent contact lens mould of polypropylene and the
mould is closed. The solution is irradiated for 6 seconds from a distance of 18 ¢cm using a
200 watt Oriel UV lamp. The mould is opened and the finished contact lens can be
removed. The contact lens is transparent and has a water content of 61 %. The modulus is
0.9 mPa, the flexural elongation (DIN 53 371) 50 %. The contact lens is autoclaved for 40
minutes at 121°C. No changes in shape can be detected in a contact lens treated in that
manner.

Example 9: 0.0268 g of Darocur 1173 (0.7 % based on the polymer content) and 0.922 g
of methyl methacrylate are added to 10.00 g of a 27.1 % polymer solution according to
Example 7. After the addition of 2.3 g of methanol a clear solution is obtained. That
solution is irradiated for a period of 14 seconds analogously to Example 8, using a

200 watt Oriel lamp. A transparent contact lens having a water content of 70.4 % is
obtained. g

Example 10: 1.04 g of acrylamide and 0.03 g of Darocur 1173 are added to 12.82 g of a
24,16 % solution of the prepolymer of Example 4. The clear solution is then irradiated for
14 seconds analogously to Example 8, using a 200 watt Oriel lamp. A contact lens having



on the basis of a conbination of the two neasures nentioned in the above
paragraph, the solution of the prepolynmer used in the process according to
the invention is one that conprises no. or substantially no, undesired
constituents that would have to be extracted after a crosslinking
operation. A particular feature of this preferred enbodi nent of the process
according to the invention is therefore that the extraction of undesired
constituents follow ng crosslinking can,pe dispensed with. The process
according to the invention is therefore“preferably carried out in such a
manner that the substantially aqueous solution of the water-soluble

pr epol ymer CQW&Ee'r@MIQntQJt@&i‘% id SHEARdEL 9roups
19 aa) is, before being used further in the process according to the

i nventi on, subjected to a purification process in which undesired
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' nvention. phase is saturated with sodium chloride and extracted three times with 500 mi of tert-butyl
methyl ether. The organic phase is dried with magnesium sulfate, filtered and concentrated
using a rotary evaporator. The resulting 882.2 g of yellowish oil are slowly stirred into

2000 ml of petroleum ether at -10°C by means of an Ultraturax. The product crystallises,

and is isolated by filtration and dried. 713.8 g of methacrylamidoacetaldehyde dimethyl-
acetal (86 % of theory), melting point 30-32°C, are obtained; the product is 99.7 %

according to GC.

Example 12: 40 g (1.0 mol) of sodium hydroxide are dissolved in 100 g of water and 200 g
of ice in a 1-litre reactor having a stirrer and a cooling system. The sodium hydroxide
solution is cooled to 10°C, and 105.1 g (1.0 mol) of aminoacetaldehyde dimethylacetal
and 10 mg of the inhibitor 4-hydroxy-2,2.6,6-tetramethylpiperidin- I-oxide are added.
99.5 g (1.1 mol) of acrylic acid chloride are slowly added to that solution at 10°C over a
period of 2 hours. The pH value drops slowly and ultimately is adjusted to 7. According

" to GC, amine is no longer present. The reaction mixture is saturated with sodium chloride
and extracted three times with 200 ml of tert-butyl methyl ether. The organic phase 1s
dried, filtered and concentrated using a rotary evaporator, The resulling oil is extracted
three times with petroleum ether and then dried again using a rotary evaporator. 130 g of
acrylamidoacetaldehyde dimethylacetal (81 % of theory) are obtained in the form of an
oil; the product is 99 % according to GC.

Example 13: General preparative method for the reaction of PVA with acetals or
aldehydes for the preparation of reaction products having a high acetate content

300 g of PVA (for example Moviol Hoechst 4-88) are placed in a 2-litre double-jacket
reactor having a stirrer and thermometer, 800 g of deionised water are added, and the



In the case of photocrosslinking, it is appropriate to add a photoinitiator
which can initiate radical crosslinking. Exanples thereof are famliar to
the person skilled in the art and suitable photoinitiators that may be
mentioned specifically are benzoin nethyl ether, 1-hydroxycyclohexyl phenyl
ket one, Daracur 1173 or Irgacure types. Met hods that are known per se,
such as, especially, conventional netering in, for exanple by dropw se

i ntroduction or injection noulding, may,be used to introduce the resulting
solution into a nould. Suitable noulds @ e generally customary contact |ens
moul ds as known in the state of the art especially for so-called
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actini ¢ radiaegtionsidsuch as, for exarrpl e, W light, or by ionising
radi ati on, such as, for exarrpl e, gamma radiation, electron radiation or X

radi ati on. The crossl I nking can where appropriate alsqg be triggered
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out to a residual sodium chioride content of 0.004 %. Before the purification is complete,

- the solution 1s adjusted to pH 7 with 0.1N sodium hydroxide solution. Concentration

yields 1995 g of a 14.54 % polymer solution (92 % of theory); N-content (Kjendahl deter-

mination) = 0.683 %, acetate content (ascertained by hydrolysis) = 2.34 meq/g, inherent

viscosity: 0.310, double bonds: 0.5 meq/g (ascertained by microhydrogenation), free

hydroxy groups (ascertained by reacetylation): 15.3 meqg/g, GPC analysis (in water):

Mw=19 101, Mn=7 522, Mw/Mn=2.54.

The isolation can also be carried out by means of precipitation: the reaction mixture is
adjusted to pH 3.6 with triethylamine and precipitated in acetone in a ratio of 1: 10. The
precipitate is separated oft, dispersed twice with ethanol and once with acetone, and dried.
The product so obtained has the same properties as the product obtained by ultrafiltration.

Example 14: General preparative method for the reaction of PVA with acetals or
aldehydes for the preparation of reaction products having a low acetate content.

300 g of PVA (for example Moviol Hoechst 4-88) are placed in a 2-litre double-jacket
reactor having a stirrer and thermometer, 800 g of deionised water are added and the
mixture is heated to 95°C with stirring. After one hour, everything has dissolved to
produce a clear solution which is cooled to 20°C. 27 g (0.155 mol) of methacrylamido-
acetaldehyde dimethyl acetal (from Example 11), 200 g of concentrated hydrochloric acid
(37 %) and sufficient deionised water (in this specific case: 673 g) are added to produce a
total of 2000 g of reaction solution. The mixture is stirred at 20°C. After 20 hours, a
sample of the reaction solution is titrated with sodium hydroxide and the degree of



The renoval of the noulding fromthe nould (disnmoul ding) can be carried out
in a manner known per se. \Wiereas in processes that have been proposed in
the state of the art it is usually necessary at that point for severa
purification steps to follow, for exanple repeated washing and extraction,
and al so steps for the hydration of the resulting noul dings, especially
contact | enses, such steps are not necessary in the process according to

t he inventi on. Since the solution of the prepolyner preferably does not
conprise any extractable constit- uent s 26the crosslinked product, too, does
not conprise any extractable constituents. Since the crosslinking is
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The isolation can also be carried out by means of precipitation: the reaction mixture 1§
adjusted to pH 3.6 with triethylamine and precipitated in acetone in a ratio of 1:10. The
precipitate is separated off, dispersed twice with ethanol and once with acetone, and dried.
The product o0 obtained is comparable with that obtained by ultrafiltration.

Example 15: Manufacture of contact lenses

0.3 % (based on polymer content) of the photoinitiator Irgacur 2959 is added to a 30 %
solution of the polymers listed below. The solutions are irradiated for 6 seconds in a trans-
parent contact lens mould of polypropylene using a 200 W Oriel UV lamp (150 mW/cm?).
The lenses are removed from the mould. They are transparent and have the properties
listed below.

Examples 15a) to 15j): reaction products of PVA (4-88) Mowiol Hoechst, 12 mol %
residual acetate, Mw = 19 115, Mn = 7887, Mw/Mn = 2.43, inherent viscosity = 0.358, in
accordance with the preparative methodof Example 13 or 14, isolation by ultrafiltration:

15 a): 30 g of acetal from Example 11, preparative method according to Example 13,
acetic acid addition: 700 g, inherent viscosity: 0.278,
prepolymer data (sol): N content: 1.34 %,



-21 - Exanpl e la): Over a period of 4 hours, 104.5 parts of nethacryl oyl
chloride dissolved in 105 parts of dichloronethane are added dropw se at a
maxd num of 15[ err]C, while cooling with ice, to 105.14 parts of

am noacet al dehyde di met hyl acetal and 101.2 parts of triethyl- amne in 200
parts of dichloronethane. Wien the reaction is conplete, the dichloro-

net hane phase is washed with 200 parts of water then with 200 parts of IN
HCl solution, and then twice with 200 parts of water. After drying with
anhydr ous magnesi um sul fate, the dichl ofbnet hane phase is concentrated by
evaporation and stabilised with 0.1 %of 2,6-di-tert-butyl-p-cresol, based
on the reaction product. After disti]l a]tci on aggzgo%erg] C/10[err] nbar, 112 g
of net hacryl am doacet al dehyde di net H‘fff"ﬁ SRt Jr ¥W& ned in the formof a
colourless liquid, boiling point 92[aectafcCod@ptet?9 phoitar (65 % yield).

Exanpl e 1b): 52.6 g of am noacetald d ' r i ssolved in
150 m of deionised water and cool eg\q%(’o%%w%%\ﬁfﬁhﬂ%ﬁ %}gsequently, 50
m of nethactids eomentd chl ori de and 380% m thefsol3matesesweh in A8 iyl imiiede! $akut i on
are simultaneously so added over a period of 40 m nutes that the pH val ue
remains at 1 ar_u;lg the tenperature does not exceed 20[err] C. _When the

addi tion is SoMpPELer aeqid framExamplg 1 gierasativemmeshndasaerding tg Exgmele 13,

di met hél ?cleltaiegi: scigeﬂf.tim:md gaglg_@rciﬁvi%o?uy:@aﬁachr?nat Oﬁr aphly_. The gm' ne is
reacte u t urther additi of 2. of methacrylic aci

chl ori de andyrfp YWFF%W @6”% sodi um %8‘?%‘?&%‘0‘@6%’ ution. The solution is then
neutralised with 1N hydrochl oric aciadetglpidnten?).45The/@aqueous phase is

extracted with 50 m of petrol eum eta@@t?te%ﬁ]te}{\(a@jlﬂﬁ)‘i]%"’ith wat er. The
petrol eum et her phase contains 3.4 of secondary product. The aqueous

phases are cHWHfAEHEMnd yi el d 402. 8 3§ bin die 30 o8l 283 %fin the gel state.
nmet hacr yl am doacet al dehyde di net hyl acetal. According to a gas chronmat ogram

the product s 98.2 % anple 2: 10 parts of polyvinyl alcohol having a
ol coul ar - wel Sk ZHE o sces OB le 4 Qubiratiy el codine s ERRTRlad 35 vf ar o
di ssol ved i nac8fic peid addiddn:Wad &( inhdreht Wsdokisy: @331t h- acryl am doacet al dehyde

di net hyl acetﬁjﬁk}@&@g ‘{ijﬂgf{%gﬁnd the m )ﬁ§<fﬂu%'iti§%§ff%qi fied with 10 parts of

concentr at ed acid. The's §'stabilised with 0.02 parts
of 2,6-di-tert-butyl-p-cresol. Afteracegslqonienty 0f4A@rm@@Pg.hours at room
temperature, the solution is adjustegdet@ BHedi: Y 5hol9,, % sodi um hydroxi de
solution and then ultrafiltered seven tinmes usin menbrane (ratio

a 3kD
1:3). After concentration, an 18.8 M We s N@‘b!gaﬂ’é‘fﬁw@ﬂ"f 2.34, _
met hacryl am goidsesra¢dehydo- 1, 3- acet3al% of the@blysvitddsul® if Q13| % aihegl Qate.

viscosity of 2240 cP at 25[err]C is obtained.
15 d): 30 g of acetal from Example 11, preparative method according to Example 13,
acetic acid addition: 500 g, inherent viscosity: 0.327,
prepolymer data (sol): N content: 0.753 %,
acetal content: 0.54 meqg/g,
acetate content: 12.5 mol %,
Mw: 19 463, Mn: 8064, Mw/Mn: 2.41,
solids content: 30 % in the sol state results in 30.0 % in the gel state.

15 e): 56 g of acetal from Example 11, preparative method according to Example 13,
acetic acid addition: 1000 g,
prepolymer data (sol): N content: 1.208 %,
acetdl content: 0.86 meqg/g,
acetate content: 26 mol %,
solids content: 30 % in the sol state results in 36.7 % in the gel state.

15 1): 24 g of acetal from Example 11, preparative method according to Example 14, no



Example 3: 10 parts of the solution of nethacryl am doacet al dehydo-
1,3-acetal of polyvinyl alcohol obtained in accordance with Exanple 2 are
phet ochem cal ly crosslinked

- 22 - by addi ng 0.034 parts of Darocure 1173 (Cl BA- GEl GY) thereto. The
mxture is irradiated in the formof a 100 mcron thick |ayer between two
glass plates with 200 pul ses of a 5000 watt irradiation device produced by
Staub. A solid transparent filmwth a ilglids content of 31 % is obtained.
Exanple 4: 110 g of polyvinyl al cohol (WMbviol 4-88, Hoechst) are dissolved
at 90[err]Cin 440 g of deionised water and cooled to 22[err]C. 100.15 g of

20.6 % I X! § t al dehyde di net hyl t al
355 g of contuntsara R e R B0 b Verck) and 44.7 g of

dei oni sed waﬂ@POlaiméréd@I@@l)t her et 0. THeomenit UpEo ‘i’/es stirred at room

tenperature for 22 hours and then adj.-pst&fdne dedeWith a 5 % NaCH
solution. The solution is diluted to gél(iqﬁres O&i—dt hccg%I oni sed wat er,

filtered and ultrafiltered using a RBERBeORBEAt AdMeldhe produced by Filtron.

After the three-fold specinen vol unqv[b,a§7 m@r rm@t(,adg Nmmﬁm ugl on is
concentr at ed 6 of a 17.9 % sol gﬁ e met hacr \y}og)t/ It
acet al dehydo¥*'f? § 'H’t al of pol yvi nyﬁo A1 B SP sr‘u%{?/f"ﬁb“sdm 647 the &6t s8%0 cp

are obtai ned. The i nherent vi scosity of the polymer is 0.319. The nitrogen

content is 0,969 [ n t o
groups have E) ¥ @(%etcf % %tgsile an rr[}l1 ﬁ{}%é#'ht?% rh%ﬁ?dg%%%@ atéoeﬁggwg{lqé%
Concentrati oweéﬁatlﬁéd@M}QEOus poI ymer sol ution under reduced pressure and

wth air dra%,te Myﬁllcp@; @(s38: 8 % sol utNggmgmvl Qg%a viscosity of 3699 cp.
Exanple 5: 6 g of deioni sed water nonomneri c

4- et hacryl ami dobutyr- al dehyde di etaﬁWb‘é\@?%‘F Ofifmedse0 g of concentrated
hydrochloric acid (37 % p.a., Merck)acehae cdd@dadeisandl38, 3 g of a 15 %

pol yvi nyl al cohol solution (l\/bvi ol 4-88, S e juxture is
stirred at roomtenperature for 8 hdd¥s!8 %ﬁ%ﬁbf‘?%w@“t% adjusted to
pH 7 with 5 8élsledomtenthydr oxi de sol ut30cd.in hietsel state tasals int36&t %om thefget $tate.

sol ution using a 3-KD Orega nenbrane produced by Filtron, the sodium

chl oride content of the polyner _
15 h): 27 g of acetal from Example 11, preparative method according to Example 14, no

acetic acid addition, inherent viscosity: 0.31,
prepolymer data (sol): N content: 0.638 %,
acetal content: 0.53 meqg/g,
acetate content: 2.9 mol %,
Mw: 19 101, Mn: 7522, Mw/Mn: 2.54,
solids content: 30 % in the sol state results in 30.0 % in the gel state.

15 1): 31 g of acetal from Example 12, preparative method according to Example 14, no
acetic acid addition,
prepolymer data (sol): N content: 1.41 %,
acetal content: 1.00 meq/g,
acetate content: 6.2 mol %,
solids content: 30 % in the sol state results in 37.0 % in the gel state.

15 j): 23 g of acetal from Example 12, preparative method according to Example 14, no
acetic acid addition, inherent viscosity: 0.352,
prepolymer data (sol): N content: 0.62 %,

acetal content: 0.44 meq/g,

acetate content: 5.8 mol %.



sol ution being reduced from2.07 %to 0.04 %a 20 % pol ynmer solution of the
nmet hacryl - am dobut yral dehydo- 1, 3-acetal of polyvinyl alcohol having a
vigcosity of 400 cp is obtained. The inherent viscosity of the polyner is
0.332. The nitrogen content is 0.41 % According to NVR investigation, 7.5
nmol % of the OH groups are charged with acetal groups and 7.3 nol % of the
OH groups are charged with acetate groups. Exanple 6: 2.4 g (14.8 muol)
of am nobutyral dehyde di et hyl acet al (Flgga) and 20 g of concentrated
hydrochloric acid (37 %p.a., Merck) aré”added to 200 g of a 10 % pol yvi nyl
al cohol solution (Mviol 4-88, Hoechst). The solution is stirred at room

tenperature r R , LAl Jrph W 9 j xi de -
sol ution. Thg%ﬁéﬁgﬁ !.5.(;@ tlﬁslgé)? B%F@%n{bgé%ﬁg Ortﬂ : @0§%ﬁ%?léi ﬁgg'shgrn}lj ?{]%Fl%ar e
further procesided acelaigeMor d48080mnE 19 600, Mw/Mn = 2.5, inherent viscosity = (.546,

- 23 - ExagmbRiide 10dhEBrefarkve : Liof 13GhehiRhRRI de_ (Fl uka)
is added to ﬁ%(ta) r"(?agn%(a)i nLi Sgazr(%o e]nTﬁg?d %%?dgg?%??g%déwg b?ﬁle[ th 2%/[alnue i's

mai ntai ned at 10 with 2N sodi um hydroxi de solution. After 30 m nutes at

r oolm t errpler alﬂkﬁSStghilf a@éthlifﬁqrﬁﬁk&tﬁ%leﬂ 1;%% fcidBelitihe 48@|g,u'([j i Ondi E pt;_r : fied
anal ogously to Exa  ysing a 3- a rane produced by Filtron.
Concentr at i Owep&ép&”@daﬁa%% % pol y C%?rgt}'gﬁg‘:gf t he met hacryl -

am dobut yr al dehydo- 1, 3-acetal of pakylcmtenalOchmtg/fiavi ng a viscosity of
2920 cp. The inherent viscosity of t I ol .#435. The nitrogen
content is 0.59 % Example 7: 1. 3%&@%@%?‘)95%& bfﬁll socyanat oet hyl

nmet hacrylate are added to 200 m of the polynmer solution of Exanple 6 and
the pH mai nt g e gbf%&m&n\ BRnRRd] 1A RIAERi0ROUIH § Aherdt VREQsk: M nut es
at roomterrpersture the solution'is neutralised wih 2N hydro- chloric acid
and ul trafil?éPd anal ogously to Exanple 6. Concentration yields a 27.1 %
pol(ymer ﬁol Upr:epdil?rmﬁrhﬁél(w(sol):d 'b I\llconter:jt:O.747 %, of | |

4- (2- et hacryl oyl et hyl - ur ei do) butyral de -1,.3-acet of poly- viny

al cohol having a viscosity of 2320 (f‘ﬁ(? a%é‘?ei“ﬁﬁ)e%r“erﬂ?q/g’i scosity of the

pol ymer is ©0.390. The nitrogen cont ent¢taiesofitedt: 98.6 mol %,

Mw: 44 334, Mn: 17 293, Mw/Mn: 2.56,
solids content: 30 % in the sol state results in 30.5 % in the gel state.



Exanple 8: 0.7 % Darocur 1173 (based on the content of polynmer) is added to
the 30.8 % pol yner solution according to Exanple 4 having a viscosity of
approxi mately 3600 cp. The solution is introduced into a transparent
contact |ens nould of polypropylene and the nould is closed. The sol ution
is irradiated for 6 seconds froma distance of 18 cmusing a 200 watt Ori el
W | anp. The nould is opened and the finished contact | ens can be renoved.
The contact lens is transparent and has_a water content of 61 % The
nodulus is 0.9 nPa, the flexural elonga8®on (DN 53 The—cont act
lens is autoclaved for 40 mnutes at 121[err]C. Nd 6h% Eg }ﬁwssﬁﬁfe can be
deteCtedll1ébC0nt ct lens treated in that manner | BHUAGED: 0 0268 g of
Dar ocur 1173—@@&?1&¥B§§éﬂ-0n t he pol ymer content) and 0.922 g ofTEt hyl

nmet hacryl ate are added to 10, 00 g of a 27.1 @6po|yner sol ution according to

Ex le 7. t f t t
bt oy ned. - Thiat® BBPRRBHOY BaRP i da e dpiog arT oumBiey FECRByaE o ©
anal ogously to Exanple 8, using a 200 watt Oriel lanmp. A transparent
tact |
contact | ensyli i BB afeoldsy i ke MRty AP a0
24.16 % sol Lﬁqnmﬂlsé‘fbf@tffé‘ﬂ gﬂOWﬁer of Exanple 4. The clear solution |s then

irradiated for 14 seconds anal ogously to Exanple 8, using a 200 watt Ori el

| anp. A cont | ensg havi
- 24 - téermeraﬁt Ogg‘céﬂlu&m%op@‘t?Sﬂ'&Pﬁéla)u‘d Exanple 11: 220 g

mol ) of SOdI um hydr oxi de are dissolved in 300 g of mterlﬂl’mnﬂﬂ)mmmmﬂ
ina 3-litre Q rrer and a cooling syst
hydr oxi de socl)t e?‘%‘ﬁgve’%&coéﬁg%fgt&n&ﬂf%rr] C and 526 g (5.0 mol) “of" "
am noacet al dehyde di net hyl -

d) the removal of the moulding from the mould (dismoulding).

< 2. A process according to claim 1, wherein the moulding is a contact lens.

3. A process according to claim 1, wherein the substantially aqueous solution of the
water-soluble prepolymer comprising crosslinkable groups is free from undesired
constituents or,

before being used further in the process according to the invention, is subjected to a
purification process in which undesired constituents, such as especially monomeric,
oligomeric or polymeric starting compounds used for the preparation of the prepolymer, or
secondary products that have formed during the preparation ot the prepolymer, are
substantially or completely removed.

4. A process according to claim 1, wherein the substantially aqueous solution of the
water-soluble prepolymer comprising crosslinkable groups is used without the addition of
a comonomer, especially a vinylic comonomer.

5. A process according to claim 1, wherein an initiator for the crosslinking is added to the
solution of the prepolymer.

6. A process according to claim 1, wherein an extraction following the crosslinking is
dispensed with.

7. A process according to claim 1, which comprises the following steps; . ~——~—

Th]s She
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acetal and 50 ng of 4-hydroxy-2, 2,6, 6-tetranethyl pi peridi n-1-oxide (radical
inhibitor) are added. 548.6 g (5.5 nol) of nethacrylic acid chloride are
slewy added at 10[err]C to the solution over a period of 3.5 hours. Wen
the addition is conplete, the pH value drops slowy to 7.2 and am ne can no
| onger be detected by GC. The reaction mixture is extracted with 500 nl of
petroleumet__"’ r to renove inpurities, [THE" IS
sat ur at ed vvrI' mnm‘un:mr&ﬂ de and extracted three ti'he3 of
tert-butyl methyl ether.s The organic phise is dried|with ﬁﬁnd-ﬁgg@ums | fate,
filtered and concentrat ed using a rotary evaporator. The resulting 882.2 g

of yellow s 2 N etb at
10[err] C byrbr)r@ s %ﬁa Wd sp@{t%nrugfjg éI“néusp \gho&orpgr aé‘tr' f Pcepsglg8 i é‘“

i sol ated by Cbmprls%tqr@ﬂﬁllakﬂblecﬁrwau 713.8 g of net hacryl am doacet al dehyde

di nret hyl - acetal (86 % of theory), nelting point 30-32[err]C, are obtained;
the product is 99.7 % accardi ngl to GC. Example 12: 40 g (1.0 nol) of

sodi um hydr G thé PHFIEICa089% thab spptipmig sergovsr undasiesd canvityents. sHchs peciahy a
1-litre reaghéfonbri¢i & Sgo@he%t:'of g&Sm@ﬂQst@rtﬁ@QbhlzguxﬁM%%&f%r e QrgartigAohdr oxi de

solution is cooled to 1 an of am noacet al dehyde
di met hy! acetPEFPOLYBEr BF %J;‘B#“)%m@d‘icr‘ﬁfpﬁtﬂ%? fotm ofthe y

gidurmo the preparation o

4- hydr oxy- 2,plefalyanéret r amet hyl pi peri di n- 1- oxi de are added. 99.5 g (1.1 nol)
of acrylic acid chloride are slowy added to that solution at 10[err]C over
a period of 2 hours. The pH value drops slowy and ultimately is ad usted
to 7. Accor dbhyithout®d® additioneofiagonondmeger present. The reaction mxture is
saturated with sodium chloride and extracted three tines with 200 m of
tert-butyl nethyl ether. The organic phase is dried, filtered and

concent r at ed (RS iRFOduCHigR af Sheé%lg% eftained inta modld (@}SH’QUW‘L is extracted
three tines with petroleumether and then dried again using a rotary

evapor at or of acry | am dpacet al dehyde di met hyl acetal (81 % of theory)
are obtai nec?}ﬁ}?(ﬂﬁ r*"er%rlﬁ‘fc %sr‘cif)‘glf P& t he product is 99 % atkioShekt Hes Heen Noflaced

Exanpl e 13:. General preparative nethod for the reaction of M’m 'lﬁﬂ!}:
or al dehyde D n products havi
cont ent 3%“%%%“%&}%? %&Eely(@n{) 1{{}2\%@ (PHoechst 4-88) a

2-litre doubl e-jacket reactor having a stirrer and thernoneter, 800 g of

dei oni sed waf @l praéRs adeHng ®Ghihe wherein the moulding is a contact lens.

9. A process for the manufacture of a contact lens according to claim 8, wherein the
purification is carried out by ultrafiltration.

10. A process for the manutacture of a contact lens according to claim 8, wherein a
crosslinking initiator is added to the solution and wherein the crosslinking i3
photocrosslinking.

11. A moulding, especially a contact lens, obtainable in accordance with the process of
claim 1.

12. A contact lens according to claim 11, which is suitable for its intended use without
extraction.

13. A contact lens obtainable according to any one of claims 8§ to 10, which is suitable tfor
its intended use without extraction.

14. A prepolymer that is a derivative of a polyvinyl alcohol having a molecular weight of
at least about 2 000 that, based on the number of hydroxy groups of the polyvinyl alcohol,



- 25 - m xture is heated to 95[err]C wth stirring. After one hour,
everything has dissolved to produce a clear solution which is cooled to
20ferr] C. 27 g (0.155 nol) of nethacryl am do- acet al dehyde di net hyl acet al
(from Exanpl e 11), 440 g of acetic acid, 100 g of concen- trat ed
hydrochloric acid (37 % and sufficient deionised[Vg g(,m h-s—sfecific
case: 333 g) are added to produce a total of 2000 d"b’f ‘Jrf“"c orBEEBI[ut i on.
The nixture is stirred for 20 hours at 20[err]C The cHH#RGACED t he |acetate
content can be ascertained by titrati on%f the acetic acid. rsoration can
be carried out by neans of ultrafiltration: the reaction m xture is cool ed

to 15[err]Canda sted ta pH.3 W th aqueou 5 9% . The pol yner
sol Ution is CPWP&%E"%WRXBV “‘%108.‘915qu8’§‘?’]€‘+%?¥ gq %ﬁﬁﬁﬁmﬁﬂ'}“ﬁlﬁgd by means
of ultrafiltration. The ultrafiltration is carried out using a 1-KD Onega
menbrane produced by Filtron. Utrafiltration is carried out to a residual
sodi um chloride content of 0.004 % Before the purification is conplete,
t he so], n.is.adjusted to p 7“h/t, hydr oxi de sol uti on.

&M%, 54 %

Concenglm ﬁnmﬂimﬁu 95 g of yrrer sotution (92 % of theory);
N- cont Kk er - mnat on) = 0.6B3 % acetate content

(ascert &i ned 'by *hydrofysis) = 2.84 meqg/g, {nherent viscosity: 0.310, double
bonds: 0.5 neqg/g (ascertained by m\grﬁey,d'rogenatl on),(1f ree hydroxy groups
(ascertained by reacetylation): 15 g/g, GPC analysis (in water): Mm=19
101, Mh=7 522, Mw~ Mh=2. 54. The i soljati onaeari al so be carried out by neans
of precipitation: the reaction m xtuge_isy&djusted to pH 3.6 with
triethylam ne and precipitated in acetone ﬁ\@ ratio of 1:10. The
precipitate is separated off, dispersed twice with ethanol and once with
acetone, and dried. The product so obtained has the sane properties as the
product obt gjfpednby ult rafi I t rati on. Exanpl e 14: General preparative

met hod for tl{;e reagjﬁ 8 % cet al s or al dehydes for the

pr epar at i on of IPEerAliiene EﬂH‘ed‘tpéo &010R8 AW@MSow acetate content. 300 g of
PVA (for exaﬁnkﬁyd{bgarmrlbbmmaﬂd 88) are placed in a 2-litre doubl e jacket

react or havi e
added and tﬁ{kq ?(?lte mxc Eurag&{ gB g&{) trtr]aég)n«’, ??P%s‘h“r”r‘?%%ﬁ%f“r@% ‘rﬁ@gl hour ,
everyt hi ng Hnsmgluse@%eﬂbomatpmduce a clear solution which is cooled to

20[err]C, 27 g (0.155 nol) of methacryl am do- acetal dehyde dinethyl acetal

(from Exanpl e 11), 200 g of concentrated hydrgchl oric acid
15. A prepolymer according to claim 14, wheréin R? is an olefinically unsaturated acyl

radical of formula R3-CO-, in which R3 is an olefinically unsaturated copolymerisable
radical having from 2 to 24 carbon atoms, preferably from 2 to 8 carbon atoms, especially
preferably from 2 to 4 carbon atoms.

16. A prepolymer according to claim 15, wherein R? is alkenyl having from 2 to 8 carbon
atoms.

17. A prepolymer according to claim 14, wherein the radical R? is a radical of formula 11

-CO-NH-(R4-NH-CO-0)-R5-0-CO-R®  (II)
This Sheet Has Been Repl
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q is zero or one and

R* and R are each independently lower alkylene having from 2 to 8 carbon atoms,
arylene having from 6 to 12 carbon atoms, a saturated divalent cycloaliphatic group
having from 6 to 10 carbon atoms, arylenealkylene or alkylenearylene having from 7 to 14
carbon atoms or arylenealkylenearylene having from 13 fo 16 carbon atoms, and

R3 is an olefinically unsaturated copolymerisable radical having from 2 (0 24 carbon



(37 %9 and sufficient deionised water (in this specific case: 673 g) are
added to produce a total of 2000 g of reaction solution. The mxture is

stierred at 20[err]C. After 20 hours, a sanple of the reaction solution is
titrated withsodi droxide and the degree gf—

- 26 - h

APl PVA i s ascertained: |JI—T@I‘S SREEDBMASHBAENG, acetic
acid = 0. 26 ml 'gli @ndi ng to 3.5 nmol % nesi duREPLACED at e. [The
reaction m Xtute dSu rr f or afurthg 2 hours a dtitrated

again. HO = 1.034 neq/g, acetic acid =07277 meqg/g, corres- ponding to
2.93 nol % residual acetate. The isolation can be carried out by means of

oH 7w th acebtd REEpRTEh o Felh fiony, SRRy bRl T 2 B3 %PYey of 2

0.45 [err] m&pmser and purified by nmeans of ultrafiltration. The
ultrafiltration is carried out using a 1-KD Orega nenbrane produced by
Filtron. Utrafiltration is carried out to a resjdual sodiumchloride
content of Ol&doprpolymenacgoigingdo tieirgd4om pish isvederyativeaf grpopaeyiaisehatneor v)
ar e obt ai nedhavikeCOombrBbad WeiendEt 1@ aB6II2000 tRANbased dn (Helmfabere Ll @RirSxcONt ent

(after titration) = 0.60% /g corresponding to, 2.91 | % inherent

vi scosity: Ogrg‘épf?Otd%fﬁﬁq}é“mgob?@ﬁmﬁéﬁﬂ@“( QB lrifé)g? WPP{OX‘mamY%O%
m cr ohydr ogestatnito o) forfnkdilhydr oxy groups (ascertai ned by reacetyl ation):
18. 13 nmeqg/g, GPC analysis (i'n water): Mwv = 22 007, M = 9 743, M~ Mnh =
2. 26. The isolation can al so be carriéd out by means of precipitation:
the reaction mxture~s_ adi %17 to pt¥tB.6 with triethyl am ne and
precipitated in acet(?n\éJHn a r:%g“'of 1:1\(% The precipitate is separated
of f, dispersed twice wiih ethanol|and once with acetone, and dried. The
product so obtained is gonparabl e?with that obtained by ultrafiltration.

Exanpl e 15: Manuf acture o.f\%ﬂnt/ac | enses (1D
| 3
R—nNZ"
N [CO-NH—(R"'—NH-CO-O)q-Rs—O]p-CO-R3 ‘
wherein
R is lower alkylene, This Sheet Has Been Replaced
i, [

p is zero or one,

q 18 zero or one,

R? is an olefinically unsaturated copolymerisable radical having from 2 to 8 carbon atoms
and

R*and R” are each independently lower alkylene having from 2 to 8 carbon atoms,
arylene having from 6 to 12 carbon atoms, a saturated divalent cycloaliphatic group
having from 6 to 10 carbon atoms, arylenealkylene or alkylenearylene having from 7 to 14
carbon atoms or arylenealkylenearylene having from 13 to 16 carbon atoms.

19. A prepolymer according to claim 18, wherein R is lower alkylene having up to 6
carbon atoms, p is zero and R? is alkenyl having from 2 to 8 carbon atoms.

20. A prepolymer according to claim 18,"wherein R is lower alkylene having up to 6
carbon atoms, p is one, q is zero, R® is lower alkylene having from 2 to 6 carbon aloms

and R? is alkenyl having from 2 to 8 carbon atoms.

21. A prepolymer according to claim (8, wherein R is lower alkylene having up t0 6



0.3 % (based on polymer content) of the photoinitiator Irgacur 2959 is
added to a 30 % solution of the polyners |listed below. The solutions are
i rradiated for 6 seconds in a trans- parent contact |ens nould of

pol ypr opyl-ene—tsi-rg—a=260-WOiel UV lamp (150 mWcnR). The |lenses are

renoved: from the no They are transparent and-have: LM*EIW' es |isted
b 1l wﬂﬁ m 15)): reactlon products’ "of * F’V @ér Jbwi ol

bel ow.
al acet at e, z 19 115{ M '“EPQ ‘
e

Hoechst *11 D MN/ ME = 2. 43,
i nherent vi sc05|ty 0.358, in accordance with the preparative nmethod of
Exanmple 13 or 14, isolation by ultrafiltration: 15 a): 30 g of acetal

from Exanpl eczﬂ'ﬂon ﬁéxﬁ?%{ @bh¥§ 1%&@‘?@' 1@8@% gl'l&ﬁrr]ée Ra (s té’ra’c %ﬁtdlo?n sacid

addi tion: 700 erent Visc
N cont ent : ml@gyk%]e unsubstituted or subsu uted by lower alkyl cyc ohexylene nr cyclohexylene- 27 -

ac et al . cont el'btver Qk?ﬁn@%ﬁlﬂmuutﬂd or substituted by lower alkyl, phenylene- lowcr aﬁ@@n@t e
cont en

Corner 5 2. 18y piepespbiene or phenylenc-lower lkylene-gheaylonte 1,5 i el °
results in 3avingfrom 2tthé cgebonatomtseand R3%ibaliynyl Rdvigg frbmaXet8adarfonauonk anpl e
11, preparative nethod according to Exanple 13, acetic acid addition: 300
g, inherent viscosity: 0.329, prepolynmer data (sol): N content:
0.64 % 22. A prepolymer according to claim 14, which acederivadunefarpolyvdnyl Blovbey g,
acetate contgRine agmBRkul@ w&qhﬂ (qsat ﬁ:‘agltaﬁeﬁt 2000 that, based on the number 3€hydrbky t he

sol state results in .5 %N
groups of the polyvmyl alcohol comprlses from approximately 1 to approximately 15 %

of units of formula L.

23. A polymer, obtainable by photocrosslinking a prepolymer according to claim 14 in the
absence or presence of an additional vinylic comonomer.

24. A polymer according to claim 23, obtained by photocrosslinking a prepolymer accord-
ing to claim 14 in substantially pure form in the absence or presence of an additional
vinylic comonomer.

25. A polymer according to claim 24, wherein the prepolymer 1s converted into a substan-
tially pure form by a single or by repeated ultrafiltration.

26. A polymer according to claim 23, obtainable by photocrosslinking a prepolymer
according to claim 14 in the absence of an additional vinylic comonomer.

~ 27. A polymer according to claim 23, obtainable by photocrosslinking a prepolymer
according to claim 14 in the presence of from 0.5 to 80 units of an additional vinylic co-
monomer per unit of formula 1, especially from 1 1o 30 units of vinylic comonomer per
unit of formula I and especially preferably from 5 to 20 units per unit of formula I.

28. A process for the preparation of a polymer according to claim 23, which comprises
photocrosslinking a prepolymer according to claim 14 in the absence or presence of an

additional vinylic comonomer. :

29. A process according to claim 28, wherein the prcpolymer is used in substantially pure

form.

This Sheet Has Been R
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1560): 24 g of acetal from Exanple 11, preparative nmethod according to
Exanpl e 13, acetic acid addition: 700 g, inherent viscosity: 0.331,

pr €pol yner data (sol): N content: 0.58 %

acet at——tontent: 0.42 neq/ g, acetate
cont ey ;";HT 18 861, M
8051; }} ﬂjﬂlﬁj HHI ids content: jlie 5“‘EBD sol state
results ien I'n the gel state. 1?5 d: 3 of R Exanpl e
11, preparative nethod according to Exanple 13, ace I ddifti on: 500
g, inherent viscosity: 0.327, prepolynmer data (sol): N content:
0.753 % 30. A process accordm«7 to claim 29, wherein the ﬁ%ﬁ@bc?%Q%ﬁ%rtadQntéﬁ sHﬁs‘MxQ
acetate content 463,
Mh: 8064, Mba: Puze wim byt single i ieprated ultrafiltration. 30 %in the soI
state results in 30.0 %in the gel state. 15 e): 56 g of acetal from
Exanpl e 11, parative t hod ,accqrdin 3. aceti.c ac

madr i on 10H0 Atoges Gy kR 1 amch is Carie @R seliouh Espesianb g aqueous
acetal cont esolutiod. 86 neq/ g, acetate
content: 26 nol % solids content: 30 %in the sol state

results in 36.7 %in the gel state. 15 f): 24 g of acetal from Exanple
11, preparat3dé metiting cassigingisnpstansiakiy afrp pelymar aggerding to claim 23.
- 28 - acetic acid addition, inherent viscosity: 0.321,

33. A moulding according to claim 32, which is a contact lens.

34. A process for the manufacture of a moulding according to claim 32, which comprises
photocrosslinking a prepolymer according to claim 14, in the absence or presence of an
additional vinylic comonomer, in a closed mould.

35. A process for the manufacture of a contact lens according to claim 33, which
comprises photocrosslinking a prepolymer according to claim 14, in the absence or
presence of an additional vinylic comonomer, in a closed contact lens mould in the
Full-Mould process.

i
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Sr epol ymer data (sol): N content: 0.659 %

acetal content: 0.46 neq/g, acetate
content: 5.9 nol % Mv. 27 121, Wnh:
6490, Mw Mh: 4.18, solids content: 30 %in the sol state

results in 30.0 %in the gel state. 15 g): 48 g of acetal from Exanple
11, preparative nethod according to Exanple 14, no acetic acid addition,

prepol yner data (sol): N;ﬁzqngrg iE HR"S géE\f‘

acetal content: 0.88 neq/qg, i acetate
content: 6.6 nol % j REPLACED My 18 833, Mh:
7047, MwW Wn: 2.66, solids content: 30 %in the sol state
results in 36.7 %in the gel state. 15 h): from Exanpl e
11, preparative nmethod according to Exanple 14 %w&ggg@%am d additi on,
|nher ent viscosity: 0.31, prepolyner data (sol) N content: 0.638
% acetal content: 0.53 neq/g,

acetate content: 2.9 nol % My 19 101,
Mh: 7522, Ehptoerosslirded polymers cont ent : 30 %in the sol
state results in 30.0 %in the gel state. 15 i): 31 g of acetal from
Exanpl e 12, preparative nethod according to Exanple 14, no acetic acid
addi tion, tymar data (sol): N content: 1.41 %

acet al content 1. 00 neq/ g, acetate
content: e sol

coat ot esyTieMvRnash BRigs5a AR Hloess fog the magufacture of mopiiRes biabeliy, o
Exa_rrp! e 12contace feases; invehinke & haldblaoepoblinmay com piEsiagrprosslibéablegrompetsicoosaci d
addi ti on, lgigé%rﬁ Qb1uMbeS GRE hisY to Boatngs ngﬁ'&%ﬁ&%ﬁta&%r?seg %ﬂln%nable in accord-N

content: 0.44
meq/ g, ance w1th that process. The present invention relafescalsn @ n@bﬁmﬂolyn@rgt%un%e

used in the process according to the invention, especially derivatives of a polyvinyl

, alcohol having a molecular weight of at least about 2000 that, based on the number of
hydroxy groups of the polyvinyl alcohol, comprise from approximately 0.5 to approx-
imately 80 % of units of formula I

_ o NN
This Sheet Has Been Repl (I) ~ - l )
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wherein

R 1s lower alkylene having up to 8 carbon atoms,

R! is hydrogen or lower alkyl and

R?is an olefinically unsaturated, electron-attracting, copolymerisable radical preferably
having up to 25 carbon atoms, to crosslinked polymers, either homo- or co-polymers of
those novel prepolymers, to processes for the preparation of the novel prepolymers and the
homo- and co-polymers obtainable theret‘rérﬁ, to mouldings made from the said homo- or
co-polymers, especially contact lenses made from those homo- or co-polymers, and to
processes for the manufacture of contact lenses using the-said homo- or co-polymers.



% 2120 1 Jﬂo:
- 29 - Exanmples 15 k) to 15 1): Reactlon products of PVA (8-88) I%V\n ol
!—bechst, 12 mdl % resi dual acet at e, = 49 000 Myee: kB0 MaeNS = 2605,

i nherent viscosity = 0.54 "g(:'cordrﬂg‘ TO—%'TT prepar"@,tw gﬁdﬂetb&}d{ .of 1dExagvyl.e.
13, isolation by ultrafil { r BT GRY Qih b3 g aﬁﬂaw«kal - EapERRRDbesclil
acetic acid addition: 400 g,, prépol Vn‘ér ta (sply: 2 Nswnt en paged3l.
% o7 FE rm:eka contafﬁft
acetate content: 8.9 nol % '151) § acetarl ‘fTom

4 n:qug _-_ ﬂsgfd -

‘Exanpr e 14 acet ic

aci d addi Whahis cledPedjs. i nher eﬁt Vi scosﬁy 0 495[ ﬁr epol ymaﬁrm;j ta :
N content: 0.747 % l _ L U ot L_cicm AL
rrMevq/ 24 a3 B T Jeetate content: 13.6 nol %

e f%@n hé, dehigtogin@itises the following steps; 30 % in
t he sol fat gfbcgg ot?s |ﬂ%y&ur e Et]I g P

%in the gel state, cl ai ned
i s: 1. #) peparngsan aquecks seiliar ef@ water-grluble RERPYMEE COMRISING %??Ei?'faz’&‘s t he
ol | O NOgRliBEdeftin feThasd fiferd iRCHERYS 86kt Aeroef nab Bisheuringd Ub! e
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“b) introducing the solution obtained into a mould,

¢) triggering the crosslinking, and ! |!|IIICI mlﬂ "IMH "IISI " I!II

d) opening the mould such that the moulding can be removed.

2. A process according fo claim 1, wherein the moulding is a contact lens.

8. A process according to claim 1, wherein the agueous solution of the water-soluble
prepolymer comprising crosslinkable groups is free or substantially free from monomeric,
oligomeric or polymeric starting compounds used for the preparation of the prepolymer, and
secondary products that have formed during the preparation of the prepolymer.

4. A process according to claim 1, wherein the aqueous solution of the water-soiuble
prepolymer comprising crosslinkable groups is used without the addition of a comonomer,
especially a vinylic comonomer.

5. A process according to claim 1, wherein the crosslinking step c) comprises triggering the
photocrosslinking in the presencs of a photoinitiator for a time period of less than five
minutes or preferably less than 1 minute.

8. A process according to claim 1, which comprises the following steps:

a) preparing an aqueous solution of a water-soluble prepolymer that comprises
crosslinkable groups, which is free or substantially free from monomeric, oligomneric or
polymetic starting compounds used for the preparation of the prepolymer, or secondary
products that have formed during the preparation of the prepolymer, and which is used
without the addition of a comonomer,

b} introducing the solution obfained into a mould,

c) triggering the photocrosslinking for a period of less than 5 minutes, and



previously, b) introducing the solution obtained into a nmould, c)
triggering the crosslinking, and d) opening the nmould such that the
noul di ng can be renoved. 2. A process according to claim1l, whé&
nmoul ding is a contact |ens. 3. A proces8 -according to claimZ,
t he aqueous sol ution of the water-sol uble prepol ymer conprising
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5. A process according to claim1l, wherein the crosslinking step c)
conprises triggering the photogcrosslinki i n the. presenc f
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conmpounds used for the preparation of the prepolyper, or secondary products
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used wit ho%oésﬁﬁdﬁ%ﬂgfaid?ﬁkéﬁdeﬁ 1S HERMABR, D) introducing the solution
obtained into a nould, c) ' '

triggering the photocrosslinking for a period of

| ess than 5 m nutes, and
31 10, A moulding, especlally a contact lens, obtainable in accordance with the process of

claim 1.

11. A prepolymer, that is a polyvinyl alcohol having a molecular weight of at least about
2000 that, based on the number of hydroxy groups of the polyvinyl alcohol, comprises from
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\[co- NH— (R*NH-C0-0), - R*-04--CO-F°

wherein R is alkylene having up to 8 carbon atoms,

R’ is hydrogen or alkyl having up to 7 carbon atoms,

p Is zero or one, q is zero or one,

R® is an olefinically unsaturated copolymerisable radical having from 2 to 8 carbon atoms,
and R* and R’ are each independently lower alkylene having from 2 to 8 carbon atoms,
arylene having from 6 to 12 carbon atoms, a saturated divalent cycloaliphatic group having
from 8 to 10 carbon atoms, arylenealkylene or alkylenearylene having from 7 to 14 carbon
atoms or arylenealkylenearylene having from 13 to 16 carbon atoms.



d) .opening the poul d such that—t+he noul ding can be renoved frdm“’the'mmd
7. ‘A process accordl ng to claim®6, wherein the noulding is a cont’“act tengy—
8. A process fggyis uﬂmmse of a contact |ens according to C|cﬁ.hm i’ !
wherein the aq mmlm a pure a@2eous solution or a soliutd on Ih a’n‘ i
artificial lacremat Y4 uifd, Swhich is buffered. 9. A process ﬁor ‘the " —
manuf acture of a contact Iens according to claim7, wherein aicrosslinking
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pr epol yner p i laato arslmslsalk;nylmy.hngfroum)io &earborpaiamsol ecul ar wei ght of at
| east about 2000 that, based on the nunber of hydroxy groups of the
pol yvi nyl al cohol, corrpri ses fromapproxinmately 0.5 to approxi mat el y 80 %

of units of{af Arplﬁéﬂoﬁ/rhérlaccordmg to claim 1§ awhidrein R is alkylene hading up td=6 carbah kiomesne

having up tgo 8 carpon a S rogen,or
car bog a!to oRdS Ope, &ISZ8f% I‘S %JHQR‘L” 4 ngé‘?%gé? g&ﬁ@“‘ﬁ?%?¥?“{?"aﬁﬂ‘8r‘@ﬁ‘ﬁﬁ‘r‘%a| ly
unsat ur at egropPP e ¥ BBibos akdnes.r adi caI having from2 to 8 carbon atons, and

Rlerr] and R err] are each independently | ower alkylene having from2 to 8
carbon atons, arylene having from6 to 12 carbon atons, a saturated

di valent c I f
el ﬂ?@oﬁm{aﬁc%.a 1 eramm \&%iﬁﬁi@ai@ieﬁéhmﬁg '8 carbon atoms,

aryl eneal kyl en nearyl ene having from /7 to 14 carbon atoms or
aryl eneal kylie nea.rq/ism Raisialiylenedaving fro 2 b & earBematamsnihenylene, unsubstituted

or substituted by alkyl having up to 7 carbon atoms, cyclohexylene or cyclohexylene—
alkylene having up to 7 carbon atoms in the alkylene portion, unsubstituted or substituted
by alkyl having up to 7 carbon atoms, phenylene-alkylene, alkylene-phenylene or
phenylene-alkylene-phenylena each of which having up to 7 carbon atoms in the alkylene
portion, R® is alkylene having from 2 to & carbon atoms and R® is alkeny! having from 2 to 8
carbon atoms.

15. A prepolymer according to claim 11, which is a polyvinyl alcohol having a molecular
weight of at least about 2000 that, based on the number of hydroxy groups of the polyvinyl
alcohol, comprises from 1 to 15 % of units of formula |il,

16. A polyiner, obtainable by photocrosslinking a prepolymer according to claim 11 in the
absence or presence of an additional vinylic comonomer.

17. A polymer according to claim 18, whersin the prepolymer is previously converted into a
substantially pure form by a single or by repeated ultrafiltration.

18. A polymer according 1o claim 16, obtainable by photoerosslinking a prepolymer accord-
ing to claim 11 in the absence of an additional vinylic comonomer.

19. A polymer according to claim 18, obtainable by photocrosslinking a prepolymer accord-
ing to claim 11 in the presence of from 0.5 to 80 units of an additional vinylic comonomer
per unit of formula lfl, especially from 1 to 30 units of vinylic comonomer per unit of formula
I and especially preferably from 5 to 20 units per unit of formula i,



12. A prepolynmer according to claim1l, wherein Ris aIkerne haV|
6 carbon atons, p is zero and Rlerr] is alkenyl having from2 {o
at ns. 13. A prepolyner according to claim1l, wherein Ris élkylene )
having up to 6 carbon atons, p is one, Qqags zero, Rerr] is alkyleﬁeahav;mg"
from2 to 6 carbon atons and Rlerr] is al kenyl having from 2 to g.carbon
at ons. 14. A prepolyner according to claim1l, wherein Ris alkylene I

havi to 6 carb | K h
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havi ng 7/ -car bon atons 1 n the al kyl ene portion, unsubstituted or
subst i tut e&d@ma MW ERMONPMAS t 0 7 carbon at ons, phenyl ene- al kyl ene,
al kyl ene- phenyl ene or phenyl ene- al kyl ene- phenylene each of which having up
to 7 carbon atons in the alkylene portion, Rerr] is alkylene having from2
to 6 carboRlahoimresnacerdng }o plgimy® mrelmmm@oqlsrr@ﬁwszpwosslbmmﬁeﬁtm
15. A prep ol yvi nyl al cohol havi ng
a nol ecul a?hﬁ?ﬁtﬁggﬁf Hﬁbg smgﬁéoﬁ%%%&%ﬁat, %‘sogd on the nunber of
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of formul a,bl
pr epol yner 220%:‘ r%Fer%lgaF éﬁér@ﬁé&ﬂ}&%@ ?(g%&qghgrgg%gﬂtgﬁrs& sén Qf“{)% fqueous
addi ti onal soluiigth.i c conononer. 17. A pol ynmer accor d| ng to claim 16,
wherein the prepolynmer is previously converted into a substantially pure
formby a single or by repeated ultrafiltration.

23. A mouiding consisting substantially of a polymer according to claim 16._

————— e

24. A moulding according to claim 25, which i & contact s | !"llli llllﬂ mu I!lll I

25. A process for the manufacture of a moulding according to claim 24, which comprises
photocrosslinking a prapolymer according to claim 11 in a closed mould. .



18. A polynmer according to claim 16, obtainable by photocrosslinking a
prepol yner accord- i'ng to claim1l in the absence of an additjonal-vi
conononer . 19. A polynmer according to claim 16, obtainable byi:Fi;
phot ocrossl i nking a prepol ymer accord- ing to claim1l in the presence.of.
fromO0.5 to 80 units of an additional vinylic conononer per u'ni';?t .{pf@ f.or.mul a
111, especially from1 to 30 units of vinylic comononmer per ynijt. ‘of forntifa
1l and especially preferably from5 to 20 units per unit of r}'f ormi-a~thde ¢
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33- 20. A process for the preparation of a polymer according to claim1l6, :
whi ch conprises photocrosslinking a prgpol yner according to craimrit-+a-t-he.. . . :
absence or presence of an additional vinylic conononer. 21. A process
according to claim20, wherein the prepolynmer is previously converted into

a substantially pure formby a single or by repeated ultrafiltration. 22.

A process according to claim20, which is carried out in solution,

especially in aqueous sol ution. 23. A nmoul ding consisting substantially

of a pol ynerPh%?&%giggeé oO]cI %Ir;n 16. 24. A noul di ng according to claim 23,

which is a contact — A process for the manufacture of a noul di ng
according to claim 24, which conprises photocrosslinking a prepolyner
according t qqk@lefn 11 in a closed noul d.

The invention relates to a novel process for the manufacture of mouldings, especially
contact lenses, in which a soluble prepolymer comprising crosslinkable groups is cross-
linked 1in solution, and also to mouldings, especially contact lenses, obtainable in accord-
ance with that process. The present invention relates also to novel prepolymers that can be
used in the process accordirig to the invention, especially derivatives of a polyvinyl

, alcohol having a molecular weight of at least about 2000 that, based on the number of
hydroxy groups of the polyvinyl alcohol, comprise from approximately 0.5 to approx-
imately 80 % of units of formula [

~en /CHz\CH PN
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wherein

R is lower alkylene having up 1o 8 carbon atoms,

R!is hydrogen or lower alkyl and

R2 is an olefinically unsaturaled, electron-attracting, copolymerisable radical preferably
having up to 25 carbon atoms, to crosslinked polymers, either homo- or co-polymers of
thosc novel prepolymers, 10 processes for the preparation of the novel prepolymers and the
homo- and co-polymers obtainable therefrom, to mouldings made {rom the said homo- or
co-polymers, especially contact lenses made from those homo- or co-polymers, and 1o
processes for the manufacture of contact lenses using the-said homo- or co-polymers.



