WO 00/ 55214 PCT/ EPOO/ 02537 Hydrophilic Macronol ecul ar conpounds Fi el d of
invention 5 The present invention relates to photocrosslinkers providing a
conbi nat i 0 off’5521hot oi ni ti ati ng and crosslinki ng processes pcamPob/e2sact i ng

i n an aqueous environnment and being activated by visible light. 10
Background of invention The WV curing of resin fornmulations is wdely used
in industry as the setting process for coatings, adhesives, and nore
recently paints. Such forrmul ati ons nay conprise a conbination of vinyl,
usual |y acryl ate, nononmers and crosslinkers, together with a 15

photoi nitiator. O her poHgdbiphiboMsicidmeletwlaptompeuddy nul ati ons i ncl ude
crosslinkers and vehicles. In general an advantage of photocurable
formulations is that the nmononers act as their own vehicle, and the use of
sol vent igelakyinNeadionWhi ch has environnmental advantages. Advances in the

t echnol ogy of photocuring, inprovenents such as, those in UV 20 | anps,
catiofhic initiators for epoxide-based fornul ati ons, water borne coati ngs,

and many nayel nonomers has ena r oducti on cess taq penetrate a
number of i ﬁ%%?lie%%t 1y ﬁ?ﬂ ﬁiatt‘fﬁﬁorpé g)&IO[S erSF‘ﬁ8Y18}5’§I a\f%é’ﬁ?l AN is now used
i n phot op@siopditiati andrdréysBaking bfdtdést S capablefcGhOR LeMisGRvirb@hent and

phot ol i t hogr aphy, magnetic recording nedia, glass-fiber |amnates, and for

medi cal é@V@é@va@%bb8$&ﬂ¢9Qﬂor dental and ophthal m c applications. 25

Eur opean Patent 0800 657 describes a photoinitiator Iinked to a macromer
structure which together with a copol ynerizabl e nononmer and a crosslinker
i s capablBackgroundgpfdnvgmionner i zati on product, such as an ophthalmc |ens
that retains photoinitiator radical in the resulting network. This is
advant ageous i n nedi cal applications wherein such potentially har nf u

radi cal s mugfe D& G gfdflrés‘fn ﬁ)‘?&hfaﬁbh?g W1H§%\§&f m ihdll %r eCt y ] %&tlﬂ{gcég pt 30

be applicable for ducing a polymerized” product e capsul ar
bag in t Her @ptngs, adheswes and more recently paints. Such formulatlons may comprise a

combination of vinyl, usually acrylate, monomers and crosslinkers, together with a

15 photoinitiator. Other possible constituents of the formulations include crosslinkers and
vehicles. In general an advantage of photocurable formulations is that the monomers act
as their own vehicle, and the use of solvent is obviated, which has environmental
advantages.

Advances in the technology of photocuring, improvements such as, those in UV

20  lamps, cationic initiators for epoxide-based formulations, water borne coatings, and many
novel monomers has enabled this production process to penetrate a number of important
manufacturing sectors. Photopolymerization is now used in photoresists for printed
circuits and microelectronics, for photolithography, magnetic recording media, glass-fiber
laminates, and for medical devices, especially for dental and ophthalmic applications.

25 European Patent 0800 657 describes a photoinitiator linked to a macromer structure
which together with a copolymerizable monomer and a crosslinker is capable forming a
polymerization product, such as an ophthalmic lens that retains photoinitiator radical in
the resulting network. This is advantageous in medical applications wherein such
potentially harmful radicals must be carefully controlled. However, this system would not

30  be applicable for producing a polymerized product directly in the capsular bag in the eye

since it is not directed to photoinitiators activated by light in the visible range.
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since it is not directed to photoinitiators activated by light in the

vi si bl e range. CONFI RVATI ON COPY WD 00/ 55214 PCT/ EPOQ 02537 2 For the

medi cal ayploossaitons of photopol ynerization it is usual torerpPay2si7si bl e
l'ight, rather than UV, to effect the cyre of the resin fornulation. The use
of visible, wusually blue, Iight avoids exposing patient and dentist or
surgeon to harnful irradiation. Increasingly, the nerit of this approach
is being recognized for industrial practice, where 5 operatives al so need
prot ection ﬁorrg}ﬁﬁ wedicelrpptcations ef photerplWasnaton ivs usyal foseraplenaiside er i sti ¢ of
al nost al; J s 10 f ] -f OF i oned types
of appli ggl%ti’ %)aﬁlhe{?ﬁ%atnaﬂtjgé? é;afﬁetgp@re gglgel I ﬁ%ggm?@gﬁlﬁﬁiTrEIS%%‘?BfﬁgmepoI ymeric
bases, whsuahlly bbuestiphtutveidsleapesiag paigat amlr deatifti dr aafgsowfo lidmfafinadiaret.i oned
industrial products confers inportant advantages upon them Cross|inked

pol yrer sﬁ}%%’émfg’ . &F%‘EF%?Ofréﬁ\?iaPﬂﬁ’ﬁgHS INgdeepen{ze ‘érrlafi‘éﬁ”éalé’ﬁ%?tlﬁﬁi"élﬂeﬁ? e)

reSi S angfora$RlsUBAneEE Pt AI3G G rol SHoBB BRHR0A 1o MR A ERANI cal stability,

t han equi\ﬁ;eariaentS Iinneear §poI yners. g'rhoilsg:gg g%peci 3?1?y so for where the

equi val ent Ik isrechargstdristie of aln®spalb die dllpyf thh biropditynenseddbr on they have an

hot opol JEPISLNOET BASEE LRy eHiRA e HY 77 SRy G Tor ¢ he resi n,
coating gslyaRkik ibagsSWhicERonARud ehe/doatifes, Of arfifdttd Fthe SfopsSdrtidk&l , Wwhich is

characterized by having two or nore crosslinkable acrgl ate or vinyl
f unct i oniduptpial prefucts eerHeisamporentdyantages ypon thikinn §resphidiedpolyners paveymer  of

| ow nol ecul i : crosslinker copolynerizes with the nonongers of
the 10r eieaft st dMsnaliEe SRRERNET SR mpRREr FRRREE sl hiSalREB of Che
present HinveRionenandrmsdhdeicaBEdIN®| ©at bquivaenmeadso Y TIAS is espscially
hydrophi l i ¢ photocross]inkers for a great nunber of different polyneric
systens SHiBUheEthgican valsathnesnolygebus Prodiced by sBotpprly mgrigationthey vi nyl i c,
acrylic ﬁ%dﬁ%%@%ﬂ-ﬁysﬁﬁﬂﬁ”&ﬁﬁt&r@ aqueous sol ution and thereby retaining
t he photoactive radical “in the '

Crosslinking is introduced into photopolymerized products by including in the

15 formulation for the resin, coating or gelling system, an acrylate, or similar, crosslinker,
which is characterized by having two or more crosslinkable acrylate or vinyl functions. In
some formulations this crosslinking species is a polymer of low molecular weight. The
crosslinker copolymerizes with the monomers of the formulation to produce a network
structure.

20 It is an object of the present invention provide macromolecular compounds which act
as hydrophilic photocrosslinkers for a great number of different polymeric systems
provided with functional groups for crosslinking or with vinylic, acrylic and methacrylic
monomers in aqueous solution and thereby retaining the photoactive radical in the
crosslinked network.

25 It is another object of the present invnetion to provide stable hydrophilic
photocrosslinkers capable of being activated at wavelengths greater than 305 nm.

It is a further object of the present invention to provide photocrosslinkers with
capability to act in aqueous solutions, especially on hydrophilic polymers or water-
soluble macromolecular particles made thereof having functional groups for crosslinking.

30 It is a still further object of the present invention to provide photocrosslinkers with



crosslinked network. 25 It is another object of the present invnetion to
provi de stabl e hydrophilic photocrosslinkers capable of being activated at
wavel engtwe igse2aer than 305 nm It is a further object ofctheopnresent
invention to provide photocrosslinkers,with capability to act in aqueous
sol utions, especially on hydrophilic polynmers or water- sol uble
macr onol ecul ar particles made thereof having functional groups for
crosslinking. 30 It is a still further object of the present invention to
provi de pHFEed BlIPachEy 100 Yorronrzreion 95 mpaomETIRRAONOAE 3Fuewis epltineed

hot oact i Vi [ S] .0 rt olymer in agueous sel ution)
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modi f i catliepi®tahitiatdd eompoheit and ihetedy redurp@n@iipositidniliiife Dyaize dhd biher
conpositional drift, Draize and other environnental hazards. 5 The
i nvent i oRYEORReEE hagddhel ow wi || expl ain how the mentioned objects are net

i 25 01 SCUPR 0l A Shesaeh BUBWAARE AP R0 IROGEARELEBoRlsLiemLvent T on 1
o The present invention pertains to macronol ecul ar hydrophilic

phot ocr osdiile nksenssitpafnirthgr ebvigsradvadtagesr nula (A )" (B )m(C) p, wherein (i) A
B and C are units of substituted ethyl ene groups in the macronol ecul ar
structure; 15 (ii) A B and C are randomy distributed and the unit C
carries e G R iV &idn (111) n =0-98 nole % in = 0-98 nole % n+m
= 50-98 nole % and p = 0.5-50 nole % \Wen the photoactive groups of units
C are exposed to light of determ ned wavel engths above 305 run, radicals

ana A1 e Ees Ul oF oL B e R RE R O B Phhero PTGk &R BT Sene - 20
final stgaﬁkgﬁﬁnﬁ§m§ghmg;ﬁ{@%gﬁ@bmﬁme phot ocrosslinker further preferably
further conprises functional groups for
(1) A, B and C are units of substituted ethylene groups in the macromolecular
structure;
15 (ii)) A, B and C are randomly distributed and the unit C carries a photoactive group;
(i) n=0-98 mole %, m = 0-98 mole %, n+m = 50-98 mole % and p = 0.5-50 mole %.
When the photoactive groups of units C are exposed to light of determined wavelengths
above 305 nm, radicals are generated which are retained on the macromolecular
photocrosslinkers and will react to form a crosslinked network structure. Preferably the
20  final structure is solid article.
The photocrosslinker further preferably further comprises functional groups for
crosslinking. Such groups are conventionally vinylic, acrylic or methacrylic groups and
their nature and introduction on polymeric backbone are well known to persons skilled in
the art and will be referred to as “functional groups for crosslinking”.
25 According to one aspect of the invnetion an aqueous composition of the
photocrosslinker in a suitable amount can be directly crosslinked into the final solid
product upon sufficient irradiation. In another aspect the aqueous composition for
crosslinking into a solid article comprises suitable amounts of the photocrosslinker and a
hydrophilic polymer carrying functional groups for crosslinking. The photocrosslinker in

30  such a system will thereby replace the conventional combination of crosslinker and



crosslinking. Such groups are conventionally vinylic, acrylic or

met hacrylic groups and their nature and introduction on polyneric backbone
are wel | wWo®sszie persons skilled in the art and will be pef/epoomdsizo as
“functional groups for crosslinking". 25 According to one aspect of the
i nvnetion an aqueous conposition of the photocrosslinker in a suitable
anount can be directly crosslinked into the final solid product upon
sufficient irradiation. |n another aspect the aqueous conposition for
cr ossl i nRhefginitigter. Applrable hydrpphilic pelirpersswish suitablenfuactionslieansreadilyt bee

hot ocro b . . i) I v ng functi ona roups for
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t he convexdmpiaa weddbt vahidedvabisf to @ipdsy poliu@ersandind@ Q61 BaERNAi RCHARREG 02537
4 photoinitiator. ApFIicabIe hydrophilic pol ymers with suitable functional
can r eadidgx R be pecshiablssunttapchianlegrsst fe g fwdhes shitabls examploagysese of

crosslinkj Ir td F : Lvable to
enpl o:§/ pg?@g%ﬁ&ﬁa%%&aé@d’? ?P rg ﬁgﬁ{l‘f y ﬁlg%) Iﬁ%%%dr%%?%lgsepﬁll ng(gg‘?l%co be
accept abbelyaers avcomimcgfoathe [reeraasonahBatantf Applivetios BCTAIH/EYafidhe satjueous 5

conposi tions of water-soluble pre-fornmed functionalized particles of
hngophiF?@ﬁmﬁEP?ﬁQ?gwéE@ﬁPHWﬁéﬂFﬁ’&ﬁgﬁPﬁP§F§H$F@ﬁ§P%P§F@ VeddRi cat i on

PCT/ EP99¢ 0 gdtiond, préFedbly dn aqf!g&isrl%_frlp%§iﬁ§ﬁ furfer EQRPREIRS 8kad: Bgfnt ion, the

phot ocrosslinkers can bé enployed in a conposition, preferably an aqueous
conposi t Fepvlymertitable Yoy, iasiyhig onmethagsic emmomeo foich memorwid @dvi nyl i ¢,

acrylic oqr t hacrylic.monomer. Such nmoponer s, an 0 conbjnati.o t her eof
e T Com BT kS R VRS s L AR B 4o EPET Ol i ey
detail. HétailSlt id)BR¥RIT, toltR UdEerdidde tisd: BRchHobwiross ke Rl @R oh idRionHy | |
repl ace conventional crosslinking agents and their conbination with

phot oi ni efoaslivkeng agesiscnd Sheit combingtion; withplerpipitisiass &y sl sysiemst he . .
oot oact v, S5V ke BIRIOR ARFLLISEL IR fgRRIRgEE 1o o de. 11
exposur ecarhpnsesd phiadphingbkideMarcedgrne bercadit Yhe debessplyahdiagih foteer@dshiblfing S an
acyl 15 or froré}lr t?lg lexgcps?xfepct]fi vqgiblgxl}g?lg ‘More preferably, the photoactive group is an acyl- or
aroyl phosphine oxide.
According to a preferred aspect, the photoactive group is linked to the ethylene

groups of units C of the photocrosslinkers by a linking group comprising a phenylene
group. Optionally, such a phenylene group is substituted in order to obtain more stability.
20 The photoactive group can also be linked to said the ethylene groups by means of a

linking group comprising a group having the structure —O-C(O)-NH-, i.e. a urethane

bridge. Preferably, such a linking group has a structure of -O-C(O)-NH-Ph-, wherein Ph

denotes an optionally substituted phenylene group.

According to one embodiment of the invention, the photocrosslinkers comprises

25  substituted ethylene units A, B, C of a macromolecular photocrosslinker in according to:
A= -CH,-C(R'R?)-, B= -CH,-C(R'R?)-, C= -CH,-C(R'R*)-, wherein

R' is hydrogen or methyl;
30



According to a preferred aspect, the photoactive group is linked to the
ethyl ene groups of units C of the photocrosslinkers by a |inking group
conpri si nv@0¢FRHy| ene group. Optionally, such a phenyl en®cgrEPo@0is37
substituted in order to obtain nore stgbility. 20 The photoactive group can

al so be linked to said the ethylene groups by neans of a |inking group
conprising a group having the structure -O-C(O-NH, i.e. a urethane

bri dge. Preferabl such a |inking ou ?Iﬁhas a structure of -O C(O) -NH Ph-,
wher ei n Ph 15 gER( )anCSbQHdﬁ%ﬂP '§%B§ ¥ pHe b eOGrasadactamcor di ng to

one enbo% t of the invention, the photocrosslinkers conprises 25 _
substi t uted ethylene units A, B, C of a macronol ecul ar photocrosslinker in

according to: -CH2-C(RIR2)-, B= -CH2-C(R R3)-, C -CH2-C(RIR4) -,
wherein is 4 PCT, 02537 5 R is
- CON( M) %3 a%@@g?zoq%@gg@ é%@g%@aé‘ga%}'b@ﬂz%ﬁ %O oct Btamyr oup; R3
i's - CON( Medp whSBRRAGREIR'R? he 1@@@&%@'&2%@18%%% Bl Hldss 9 Oup
when B is 2-C(R R3)- with the prOV|so that R2 and are not t e same

unl ess F&Za@ddmsﬁ)lsl agH, and R4 is -RSC(O P(O R6R or - R5P( 0 R6OC(O) R

conpr 1 51 5 BRI PREEREY shoror O RTICHNST pRadtbin k™ RE PR el P
met hoxy pheitlg,sashie r@euifwfmfagmglmuﬁs rcbﬂi%Ithﬂé}Sﬁ&%ﬂ‘Mheth%hMl Odlmaﬁi%hen}ﬁ

di net hyl ol phenyl, trinethyl ol phenyl or styryl radicals
R8C( O P( c.t»lmRﬁRXmileny\Ihmeﬂquypi@nahdlmetbowpélemﬁetrm@wghml rmehﬁlnuaheﬁylabove

but Rﬁ ' ?%gfogﬁf%nyp’[r%%ymg& &l’or\@gr%l Ta 1c§é drs the SaneNgSaRgne?ES| RLO. In

t he genera above not roxyl group, group
and Ph i R4 sphéayo)}qowﬁRmImeﬂeacR%mmch%pe thy phgabs R i’ aad RéayvecyglR®c ring

structur &;s g ]:grollllp —0-C(0)-NH- R"!, wherein R"! is the same as R’ and R'°.
In the general formula above, -OH denotes a hydroxyl group, Me a methyl group
-and Ph is a phenyl group. The lactam group typically is a heterocyclic ring structure of 4
15 to 7 atoms of which at least one is nitrogen. A suitable such lactam group provides a N-
vinyl-pyrrolidone structure as one of units A or B on said ethylenic backbone. It is also to
be understood that besides the mentioned substituents functional groups for crosslinking
can be added to the macromolecule in accordance with conventional methods.
In one advantageous embodiment, the photocrosslinkers, R and R® according to
20 above are selected so as to form a water-soluble molecule.

Suitable units A and B in the general formula (A )o(B )m(C), are selected among, but
not limited to, N-vinylpyrrolidone (NVP), 2-hydroxyethylmethacrylate, N-N-dimethy]-
acrylamide and vinyl acetate. The vinyl acetate referred to preferably will be hydrolyzed
conventionally to vinyl alcohol. It is also referred to Table 1 below in the exemplifying

25 part of the description for a number of specific photocrosslinkers based on such units (or
co-monomers) and 4-vinylbenzoyl-diphenylphosphine oxide (VBPO) as a photoinitiating
group. Accordingly, VBPO units constitute units C in said general formula above. Some
especially suitable water soluble, blue light activated photocrosslinkers according to the
present invention comprise NVP together with vinyl acetate units, N,N-

30  dimethylacrylamide units alone or together with 2-hydroxyethylethacrylate units, all



15 to 7 atons of which at |east one is nitrogen. A suitable such |actam
group provides a N vinyl-pyrrolidone structure as one of units A or B on
sai d et hywEnosstidackbone. It is also to be understood that PoegEPaE®RSIhe
menti oned substituents functional grougs for crosslinking can be added to
t he macronol ecul e i n accordance with conventional nethods. In one

advant ageous enbodi nent, the phot ocrosslinkers, R2 and R3 according to 20
above are selected so as to forma water-sol ubl e nolecule. Suitable units A

and B i ncPRBingd Nathay BPOruais aTl(eAe phetecrpsslinkers dempastelq igh senvergioyratbut  not
I d
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referred to Table 1 beI ow.in the ex g 25 part of the d scrlptlon
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phot ol ni t| ating” group. cordingly, VBPO units constitute units Cin said
gener al RO rhas mthihenngext Smferabb'dqaexmlrmiOIdyce;iLhytIawmgmmcganas@kuhstmuedbI ue |ight

t t ed, phot ocrosslinkers. acco n 0.t d nyention co rlse
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al one or &g@bh %rmé’é!r&rﬁol%cﬁlﬁfjﬁ&ku&{ek[)& REagey! aherediulifs.C ﬁinle BAEh 00/ 55214
PCT/ EPO0/ 02537 6 conbined with VBPO units. These photocrosslinkers

denonst r &tlectpd ghunitsny end Boss sharve. T}(m@dimmch ta@apldioyﬁépmpam véupltadbdohgl hi gh

st abi |t us_sol utlon Th| ssl i nkers can be

pr epaé ed B&p%%ﬁ’vg Oy ALHONPLET &% ?Och?' yrrerl Fc%ﬁé%e’,é@g%? g‘ia n dtelég o4k _
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-0CO - NH-R8 wherein R, RO and R are as above. The

radi cal cepPlyast ‘i’f)ﬁ\l{’ﬁlaéldé’mﬁ’tl asatatp PEPRlY GBI aB&&R)-i nt r oduced by reacting
ooanat e SV PO L, AOMPOUEERIRM AR e
(A MB) m(:ﬁ)ssimkah aewvark tﬁmnt an @daamdnqmmosebmpt@dg a§ohutuctc8ss],ml@nd B, as
above Ty clo(r: n ¥0 absoléf(é y irra ?aﬁlﬁg %thcl?%giéggm\é Iar%valve engt?x of about 305 nm for

a time sufficient to form a solid article. As earlier mentioned such a composition further

may comprises one or several copolymerizable vinylic, acrylic or methacrylic

monomer(s), or a hydrophilic polymer provided with functional vinylic, acrylic or

methacrylic groups, or combinations such monomers and polymers.

20 The present invention is especially useful for the production of ophthalmic lenses,
particularly, where biocompatibility conferred by hydrophilic compositions is
advantageous. A particularly suitable application of the inventive photocrosslinkers is to
use them in the preparation of intraocular lenses produced directly in the capsular bag of
the eye after surgically having removed a defect natural lens. The photocrosslinker will

25  then be a part of an ophthalmically acceptable composition having a suitable viscosity
and fluid characteristics for being injected into the eye with conventional equipment.

The photocrosslinkers according to the present invention provide for a combination of
photoinitiating and crosslinking processes. It is an important feature of the present

invention to effect this combination of function by attaching photoactive groups to a

30  polymeric or macromolecular structure. The photoactive groups, when exposed to light of



10 units derived froma nonomer or copolynmer of vinyl acetate, which has
undergone a conventional hydrolysis step. An exanple of such a

macr onol ewol@ssackbone is a copolymer of NVP and vi nyl apet/sp@/cs37
poly(vinyl acetate). The invention furjher relates to a nethod of formng a
macr onol ecul ar crosslinked network from an aqueous conposition conprising
a photocrosslinker 15 according to above, by irradiating with |ight

exceedi ng a wavel ength of about 305 nmfor a time sufficient to forma
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macr onol ecul ar structure. The photogactive groups, when exposed to |ight of
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lower crosslink density than sections formed earlier. Improving the homogeneity of
crosslinked networks is a subject receiving greater attention as the technical demands
imposed on industrial products increases. Homogenous networks have, for example,
higher fracture toughness and better optical properties heterogeneous networks. The
20  shrinkage occurring during their formation is more uniform allowing for more precision
in castings. The benefits of using a photocrosslinker as a network former, as compared
with a combination of photoinitiator and crosslinker, arise because the radical species
they produce act as crosslinkers via the polymer chain to which they are attached. Further
such radicals are generated throughout the setting phase, their concentration being
25  controlled by the photoinitiating species’ quantum efficiency and the intensity of the
light, which may be modulated during the setting, in addition to its concentration. This
distinction results in the formation of networks having a more controlled and
homogeneous structure.

Retaining photoinitiator residues in the network of a medical product, such as a

30  contact lens or a dental filling has desirable physiological implications. Further



5 phot ocrosslinkers confers distinct advantages, both chem cal and
environnental, as conpared with the conbination of a separate

phot oi ni twatess2and crosslinker. In a chemical context theraISEPD02587

phot ocr ossl i nker gives opportunities t? produce networks that are nore
honogeneous than those produced by photocuring conventional photocurable
systens. The |atter systens, involving as they do, conbi nations of
mononer s, have 10 structures dependent on the reactivity ratios of the
nononer sPagtacressbiakerss hreguse ofFheis polymesric, escangpmolechlan nebiae riggnerei ng
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because %‘gc‘% agfeh%\ﬁltbrn{e%%faﬁ% {hf}gh‘%ﬂggéllr“%g |t181§a1 i%ﬁO%gl ngelfse‘gféltc f|n \%lfftkenso Y0¥t he
conponentgusetkinantl diinplikrétaiion Qi ves rise to conpositional drift, the change
of the average unit conposition during the course of a polynerization, and
this in rel WithBythe gontextod thg Rresepbinyertsan, itk Bpssiigio %‘?Stﬂﬁgta sections of a
net wog k ] ] ri C , . g i nk
Gonsiy PRomtRnRb ity dokg il dr b0 T oo Bt of SOBERGR,

cr ossl i ngketoimdtiarmr dodl a onsergishpleabdsstiakai Xitagagvednitee invtitert i on as the
techni cal , demands. i nposed on indystrial  products, i ncreases. Honbgenous
net wor ksph%f%r?SS?l&#eréfaﬁEF gsed 1 icgwgwap?%@ PEORBHIRRISNOKHIIBIN OBR opt i cal
proper ti gsnReh&HAIRRARME: RONOFKShdesifodAR ALIHYBYSKARE M FirRfAE] Ng_their
formation is nore uniformallow ng for re precision in castings. The
benef i t ssystenusfongrasslptkingcr ossl i nker as a network former, as conpared with
a conpi nation of otoipitiat and crosslnker., arise because.the radical
apectls 't HEgepe sEB B Al oL PoriRaRE il SRl PheP SRR ch
they ar edaictibédRéteinfiof ﬁ)}li'tﬁéacti%'§ﬁté@@ﬂe§ﬁdr§iv@ﬁ@vﬁﬁﬂ@ﬁ?ﬁﬁﬁh}xWWB@W[ t he
setting phase, their concentration being 25 controlled by the

phot oi ni equgdly g syyieras wspongiverie U Belt g9 ibaeyesantdnydnéion it eisty genstalt he

l'i ght, V\gépq aﬂi%){;hbe nodul at ed during the setting, in addition to its
concentrati on. iils distinction results in the formati on of networks
having a nore controll ed and honogeneous structure. Retaining

phot oi ni ti ator. residues, _i.n the network of a nedical product, such as a 30
cont &ct Pstpdlegangd exemplifyipg descriptipnofdhe Inveptign physi ol ogi cal i npl i cati ons.
Furt her WD 00/55214 PCT/ EPOQ 02537

Example 1

PHOTOCROSSLINKER POLYMER PREPARATIONS
20
Table 1

photocrosslink | VBPO | Comonomer | Comonomer

ers (mole%)| 1 (mole%) | 2 (mole%)

1
P31-1 3.5 HEMA(5) | NVP(91.5)
P32-1 3.5 VAc(10) NVP(86.5)

P40-3 4 DMA(96) none




8 phot ocrosslinkers because of their polyneric, or macronol ecul ar, nature
are nore acceptable, environnentally, than many conventional crosslinkers
whi ch ar eWom9sm2ido cause skin and lung irritation. Wthi npCheErPaonszxt of
the present invention, it is possible 0 substitute a 5 photocrosslinker,
either conpletely, or partially, for a conbination of a conventi onal
photoinitiator and a conventional crosslinker. Alternatively, the inventive
phot ocrosslinkers can be used in conbination with a conventional
photoiniti atgfy@r a| convepty k riosslinpker jas will be understood by
practitionergﬁggilled ?ﬂ fagﬁgﬁg}%ﬁg s§§?§ns for crosslinking. 10 Persons

skilled ﬁ art (wml]l als recj ate that |the inventive
photocrossll {é}s as esc*i@gﬁﬂﬁéfe'n WBPephqtoactive systens responsive

to visibre right TRy be applfed equalftTy to systens responsive to UV |ight,
so the present invention is of very general applicability. 15 Detailed and
exenpl i f Vihadoltesiog ifxmplesalesdribe thapreparatoon offBERAB & PHOPHOTRATROSSLI NKER
POLYMER PREPARATI ONS Table. 1 ot r.osslin PO Conpnoner Conononer
ers (ol SSMAATRB) 80 Pi&(‘ﬁeﬁpé%vebfgg 1goRe mﬁ%ﬁB CHEASIENE)  p32-1 3.5
VAC( 10) MURioBosSiinkeRASH A, RIALOR)1-0005mWRyRBRAS ehoBHAERRE 8R730ca O PA4O- 4
4 PEMA(96) none

5  (Examples 1E and 1F).

Example 1A

Photocrosslinker Copolymer employing N-Vinylpyrrolidone and Vinyl acetate

10
This preparation, on an 8g monomer scale, used monomers in the molar ratio:

86.5 parts N-vinylpyrrolidone (VP): 10 parts vinyl acetate (Vac): 3.5 parts
vinylbenzoyldiphenylphosphine oxide (VBPO).
Methoxydiphenylphosphine, 0.520g, was weighed to a dried 100ml twin-neck

15 flask, with one neck septum sealed, and coated in aluminium foil to exclude light.
Toluene, 3 ml, and a magnetic stir bar were added and the flask flushed with dry nitrogen.
The stopcock was briefly removed and 4-vinylbenzoyl chloride, 0.409g, added, the flask
being again flushed with dry nitrogen, then placed in a bath at 65°C, with magnetic
stirring.

20 After 15 minutes, the other monomers: VP, 6.620g, and Vac, 0.595¢g, were diluted
with a previously prepared solution of azobisisobutyronitrile (AIBN), 0.080g in 8ml
toluene, and the mixture injected to the flask and rinsed in with a further 4ml toluene.
The polymerization mixture was heated at 65°C with magnetic stirring for 8 hours,
yielding a clear pale yellow solution, which was precipitated, in subdued light, to diethyl

25  ether. The supernatant was discarded and the pale sludge-like precipitate taken up in
30ml methanol and reprecipitated to ether as a curdy precipitate. The supernatant was
decanted, and the polymer product dried to constant weight under vacuum at 35°C .

Yield was 5.751g (72%) of friable pale yellow polymer. Elemental analysis gave 0.65%



P41-1 6 DVA(94) none The foll owi ng Exanpl es descri be the preparation of
P32-1(3), P40-3 & P41-1 (conparison), and P40-4 respectively. In addition
exanpl es WOMASAIAati ng phot ocrossl i nkers of DVA and PCT/EP00/02537
4-vinyl -2, 6-di net hyl cbenzoyl phosphi ne gxi de are added 5 (Exanples 1lE and
1F). Exanpl e 1A Phot ocrosslinker Copol ymer enploying N Vinylpyrrolidone and
Vinyl acetate 10 This preparation, on an 8g nononer scale, used nononers
in the noplar ratig: 86.5 parts Nvin qup rrol i done &V_Eé/ 10 parts vinyl
acet at e FPvaiyespgnding g 6-%%&93%%@%6 Oémg}{aamépl o D cotasespuBhay .

Met hoxydi yi i-he L \Wel { ri hRs heck

15 11 aek aro Lo MR andnER thealt O HELABEE 4 Duffbrt” SBE o8Pt p b0 T

excl ude IMgHt03,0000Mhénenplids ahyumaeachvaragaghahilengsi off caiB0 unis ewrlilded and t he
flask flushed with dry nitrogen. The stopcock was briefly renoved and

4-vi nyl b@ﬁ%&?ﬁ?m&ﬁ%ﬁsm&& 4-409g, added, the flask being again flushed with
dry nktrogen, then placed in a bath at 65C, with magnetic stirring. 20
After 15 m nutes, the other nononers: VP, 6.620g, and Vac, 0.595g, were

di | uted BEmaniplelPBrevi ously prepared sol ution of azobisisobutyronitrile
(AIBN), 0.080g in 8mM toluene, and the m xture injected to the flask and
rinsed in with a further 4nml toluene. The polynerization m xture was

heat ed atphBRGroMAkeFRBPSier Shploy iR ety I IEmid(De! di ng a cl ear pal e
yel [ ow sol ution, whi capeh L e A ght | to diothyl 25

et her. The supernatant was di scarded and the pale sludge-like precipitate
t akeri0up In this @0mipleet-vianhenzoyddiplemy dopphtiat @dde (VBPORH mel% weasr dy

precipitate.. The s t ant ecant and the pol ynmer product dried
Lo const SAEOReRRR WHASN ifg@ﬁwaﬁ{ﬂ%‘%@e B PR el B2 758518000 of friable
pal e yel | ow paisiBkydifcadBRb&hiRNe4% SE SvA3aVEaldas ¥oded 094 Bsoddtt Quickfit
PCT/ EPOO/ 02537
tube, and 2.5ml dry toluene added. The tube was then wrapped in aluminium foil to
exclude light. 4-Vinylbenzoyl chloride, 0.368g, and a magnetic stir bar were added, and
15 the tube septum sealed, N, flushed, and placed in a bath at 65°C with stirring. After 15
minutes a solution of DMA, 5.26g, and AIBN, 0.060g, in toluene, 5Sml, was injected by
syringe and rinsed in with a further 3.6ml toluene. The mixture was stirred 6h at 65°C,
yielding a viscous orange-yellow solution, which was diluted with methanol and
precipitated in diethyl ether. The product was reprecipitated from methanol to ether, and
20  vacuum dessicated at room temperature. Yield, 2.56g (43%) of friable pale yellow

polymer, analysis 0.82% P corresponding to 8.8%ww VBPO units (0.265mmol/g). GPC
using poly(ethylene glycol) standards gave Mn 25,000; Mw 100,000 .

Example 1C
25

Photocrosslinker Copolymer employing N-Dimethylacrylamide (1)

Example 2B was repeated on a 12 g scale, but with monomer ratio 6 mol% VBPO (2.12
2), 94 mol% DMA (9.89 g), with 0.120 g AIBN, 22.3 ml toluene, and polymerization
30  time extended to 8h at 65°C. The yield was 7.17g (60%) of yellow polymer, analysis



10 P, corresponding to 6.9%w VBPO units (0.209muvol/g), and 10.70% N,
corresponding to 84.5%w VP units, and thus a nean unit mass of 115

Dal t ons. BEONfaMd Mh 32, 000, Mwv 103,000. This inplies a npabEPo@n2eI7age
chain length of ca.280 units, with ca.y;, photoactive units per chain. 5
Exanpl e 1B Phot ocr ossl i nker Copol ynmer enpl oying N-D nmet hyl acryl am de (1) 10
In this exanple, 4-vinylbenzoyl di phenyl phosphi ne oxi de (VBPO, 4 nol% was
copol ynerized with N, Ndinethyl acryl ani de I(J'Dl\/lﬁ\) 96 nol % on_a 6g scale.

Met hoxydilﬁ?e/hylcﬁ%%&ﬂ‘?ﬂ%,md@@é@@’,‘"’ %2&8%9&@ BNgLe) S PG gavg Mni298Randui ckfi t
tube, and d-&@hodry toluene added. The tube was then wapped in alumnium
foil to exclude |ight. 4-Vinylbenzoyl chloride, 0.368g, and a nmagnetic
stir bar were added, and 15 the tube septum sealed, N2 flushed, and pl aced
in a batttat"CéS Wi th stirring. After 15 mnutes a solution of DVA, 5. 26g,
and Al BN,“¥! BED in toluene, 5nl, was injected by syringe and rinsed in
with g further 3.6m toluene. The mxture was stirred 6h at 65C, yielding
a viscous orange-yell ow sol ution, which was diluted with nmethanol and

pr eci pi t dhetbcrasskinker Kippolytiee empiblyengpl-Bhienyletind snatkqrdetepi t at ed f r om net hanol
to ether, and 20 vacuum dessi cated at roomtenperature. Yield, 2.56g (43%
of friable pale yellow polyner, analysis 0.82% P corresponding to 8. 8%w

NP 25000 My 100 Do e e el o rer Spl oy g
N- Di et hypeelyyietiredieith Rpherylathyl mcthBenidate (RINGAL.AS ool onz @ selek e, but wi th
ABN U225 m ettt Plgd bRt b b At el 8
The yi el dubw@and2.5%9 dtpenefadyel. I'Thy thsd Whethen ARGIPEE i aluminium foil to
exclude light. 4-Vinylbenzoyl chloride, 0.204g, and a magnetic stir bar were added, and
the tube septum sealed, N, flushed, and placed in a bath at 65°C with stirring. After 15
minutes a solution of PEMA, 5.60g, and AIBN, 0.060g, in toluene, 5Sml, was injected by
15  syringe and rinsed in with a further 3.6ml toluene. The mixture was stirred 6h at 65°C,
yielding a fairly viscous pale yellow solution, which was diluted with chloroform and
precipitated to methanol. The product was reprecipitated from chloroform (with THF
added to clarify the solution), and vacuum dessicated at room temperature. Yield, 4.67g
(78%) of friable pale yellow polymer, analysis 0.48% P corresponding to 5.2%ww VBPO
20 units (0.155mmol/g). GPC in THF using polystyrene standards gave Mn 49,300; Mw

108,500 .
Example 1E

25 In this example, 4-vinyl-2,6-dimethylbenzoyldiphenylphosphine oxide
(VDMBPO), 4 mol%, was copolymerized with N,N-dimethylacrylamide (DMA), 96
mol%, on a 12g scale.

Methoxydiphenylphosphine, 0.979g, was weighed to a dried flask and Sml dry
toluene added. The flask was wrapped in aluminium foil to exclude light. 4-Viny-2,6-

30  dimethyllbenzoyl chloride, 0.885g, and a magnetic stir bar were added, and the flask



WO 00/ 55214 PCT/ EPOO/ 02537 11 1.49% P corresponding to 16.0 %w VBPO (0. 48
1 mmol /g). GPC gave Mh 12 000 and Mwv 88000. Exanple 1D 5 Photocrosslinker
Copol ynerwompbspti ng 2- Phenyl et hyl nethacrylate In this exanpi/EP00/02537
4-vinyl benzoyl di phenyl phosphi ne oxi de (,VBPO), 4 nol % was copol ynerized

wi th 2-phenyl et hyl nethacrylate (PEMA), 96 nol% on a 6g scale. 10

Met hoxydi phenyl phosphi ne, 0.271g, was weighed to a dried 24x150nm Qui ckfit

tube, and 2. 5ml dr t ol uene added, The tube was then vvrapped in alum nium
foil to SePRENsepd ﬁ/\brﬂus herl, onéplasechingy atle py & € eth Birppg gAftgn S minsiemet i c

stir bar A t u 2 aced in
2 bath af° W‘E@%W y PPfbog 8 GRS OSERY R GREAE Db RS AR 250

and Al Bl\hnd)mﬁ)sﬁﬁgn wiith atfofthﬁf&nl tBYtﬂ:neV\EBemmtﬁetv@d shpred.shay65°m391e&hﬁlg Bi nsed in
with a further 6l t ol uene.  The Xt ure was stlrreﬂ?Gh at, 65C, . yielding

a fairl yVW%d’l&l@ Ysalow v&tiwéwbms jutegdyith2Quakethanof prehiprgeipHate i of or m
and pr e&eﬁi(yi alhed i 1%% S rep F&?@tgﬂgﬁ% ol B ;%&Ae%g@b&%uﬁf om

chl orof orm th THE to C I on vacuum dessi cat ed
at room dc—sspetredtawo&am témpledmrd &igd, S(SIQA)? 16%) dif ftigtdé palpaklkow eblyowrpol yrrer

' TLE LS b TP e e G RO RS 3 OB RO e (BO8TE o o LE

25 In this exa /b@lynﬂﬁ* waglwat& s@lugle%ti@%\b@d‘é&ﬂléﬂt BZ@@W&W%%%&' de
(VDVMBPO), 4 nol % was copol ynerized with N, N-di net hyl @cryl am de (DVA), 96

mol % ono‘a:rlmgcmm of a yaat ﬁ@w@ﬁmhémeémspmsn@bleoiegrﬁg@ inphetoaeiighed to a
dri e and y e added. The flask was wrapped in al um ni um
foi T o BB6 BN 1\?‘%1996 ‘Q’faﬁ&%g

Example 1F

Example 1E was repeated employing VDMBPO 5 mol and DMA 95 mol%.
15 Yield was 43% of pale yellow polymer, analysis 0.86% P corresponding to 10.0%ww
(2.97mol%) VDMBPO units (0.278meq/g). GPC gave Mn 7,000; Mw 32,500.

Example 1G

20 Example 1F was repeated employing VDMBPO 5 mol% and DMA 95 mol%.
Yield was 55% of pale yellow polymer, analysis 0.73% P corresponding to 8.5%ww
(2.49mol1%) VDMBPO units (0.236meq/g). GPC gave Mn 5,600; Mw 24,000.

EXAMPLE 1H
25
1,3,5-trimethylbenzoyl-styrylphenylphosphine oxide (TMBSPO), 4 mol%, was
copolymerized with N,N-dimethylacrylamide (DMA), 96 mol%, on a 12g scale.
First methoxystyrylphenylphosphine, 0.800g, was weighed to a dried flask and
Sml dry toluene added. The flask was wrapped in aluminium foil to exclude light. 1,3,5-
30  trimethyllbenzoyl chloride, 1.061g, and a magnetic stir bar were added, and the flask
septum sealed, N, flushed, and placed in a bath at 65°C with stirring. After 15 minutes



30 di net hyl | benzoyl chloride, 0.885g, and a magnetic stir bar were added,
and the flask WD 00/55214 PCT/ EPOQ 02537 12 septum seal ed, N2 flushed, and
pl aced i nwa@obashidat 65C with stirring. After 15 m nutes a peokedoioess7of DVA,
10.426g, and AIBN, 0.121g, in toluene,39.3m, was injected by syringe and
rinsed in wwth a further 8m toluene. The m xture was stirred 8h at 65C,
yielding a viscous pale yellow solution, which was diluted with 20mn

et hanol and precipitated in 5 diethyl ether. The product was reprecipitated

fr om et haHspqueatiy@sahiiion oA BMAc LA [eded Sitelapbiolugne B iRkt 20eiré.0 Yi el d,
8.53 719 frl - V.S P. di
Co. o 7ot QoWEhs S YRR e e P b Pifyre SRR BR L, HiA@RE 83 PDT MO

sol ubl e aiRdowshanegtliexcelbtm whictirvadsydilueedsyib20mt gthartod ahdprecipitetedtie cour se

of a year the product showed no neasurabl e decrease |n photoactivity. 10
GPC gavedighys etgn; Thprodugoins raazaﬂﬁawéeff ?fomlmogtol @lhwgﬁler,@agé@@a%m oyi ng
VDVBPO 5 M, Pe. i SYRSE ghed Qi 19m¥ElahQYsipolgyoEr |

anal y"?i Sdé(;é%c %)a%tcor r%?’ﬁﬁdégpﬁg%?‘ggiﬂ&sgwwv (2. %7#0% ?I\n/DI\’/gPO%ulni ts

(0. 278nmef/cgirespeRAingaw é 0 MowwdR80mivive BEMERPO uissahRéme@eR (G gayd Mnl F was
repeat ed lo |§ﬁ é/ PO 5 nol % and DVA 95 nol % Yield was 55% of pale

yel | ow p8w 99sis 0.73% P corresponding to 8. 5%w (2.49m01% VDVBPO

uni ts (0. 236magé Gxperfdiiat 9N tepihted cRPRyIMNT RIS SEXAMPATE DMA 895
1,3,5-trimethyl benzoyl -stfyr%/I phenyl phosphi ne oxi de (TMBSPO), 4 nol % was
copol ymemotiéd Yigld wabl78aifmateyellavrgolemerdangl yig). 4396 eastepporshingto1 2g scal e.

First nmethexystyryl hine, 800g, i L/ dil fl ask

and St ooV T T R R 2, S5 el SRR REob R S

excl ude |i ght Finkll$, fhe experiment was repeated employing TMBSPO 4 mol% and PEMA 96
mol%. Yield was 68% of friable pale yellow polymer, analysis 0.56% P corresponding to
5.4%ww TMBSPO units (0.149mmol/g). GPC gave Mn 19,000 and Mw 165,000.

15  Example 11

This example illiustartes the preparation of photocrosslinkers having photoactive agent

linked to the ethylene backbone by a group comprisng a urethane bond.
20 1 Hydrolysis of poly(N-vinylpyrrolidone-vinylacetate) 60:40]

For this preperation, poly(NVP-co-VAc) 60:40 (Polysciences Inc., Mw 100,000;
40 g , 0.16 mole acetategroups) was dissolved under nitrogen in methanol (200 ml) and
heated to 40°C. To this solution NaOH (6.4 g, 0.16 mol) in distilled water (8.0 ml) was

25  added. After one night of reaction the solution was cooled to RT and neutralised with

hydrochloric acid (33% aquous water solution). The polymer solution was separated from
precipitated salts and dialysed (Spectrapor 6 dialysis tubes, MWCO: 1000) against
frequently refreshed distilled water for two days. After dialysis the polymer solution was
concentrated with a rotary evaporator and diluted with methanol (150 ml). It was

30  precipitated to 1 liter of diethylether. The precipitated poly(NVP-co-VA) 60:40 was



30 trinethyll benzoyl chloride, 1.061 g, and a magnetic stir bar were added,
and the flask septum seal ed, N2 flushed, and placed in a bath at 65C with
stirring.wWofn/&52145 m nutes WO 00/ 55214 PCT/ EP00/ 02537 13 mumERmuwesstl y a
solution of DWVA, 10.241 g in 15 nL of,,toluene, and AIBN, 0.120g in 5.0 nL
of toluene, were injected by syringe. The m xture was stirred 8h at 65C
yielding a viscous pale yellow solution, which was diluted with 20mL

et hanol and precipitated in diethyl ether. The product was reprecipitated

from et prwvdsired andydreadayes BHeAPEN R | den Gregesekiat 40 Eding vaconm qvenper at ur e.

Yiel d was _55% of _pal e vel | ol yner nal ysi .87% P corresponding to

10, 4% oL o 8 FptBa i oBat .“?ng’ﬁé"&?éa?ﬁéc gave M1 9,000; Mw

35, 000. The experinment was repeated enpl oying TMBSPO 2.5 nol % and DVA 97.5
mol % Yield was 79% of pal e yellow polymer, analysis 0.43% P corresponding
to 10 52 19%awSYheEGmf| 4ysornperrdevicrhepyiphosphirearidy (IBESE gave Mh 15, 000; Mw
94,000. Finally, the experinent was repeated enpl oyi ng TMBSPO 4 nol % and
PEMA 96 nol % Yield was 68% of friable pale yell ow polyner, analysis 0.56%
P cor r espondThyg r¢aetioh whlyer fIMMBIROsuduied light trdi@naminkg)nitréget agavshble. 19, 000

and Mwv 165, 000. 15 anple 11 This exanple il]justartes the preparation of
phot ocr 62 &P Pﬁ%ﬁirée%‘ggﬁieﬁ@d(p%%@%&?QVQI%@HPhOSPhWR%d? -1 He ’&-&ngﬁe backbone

by a gr ﬁHI&sFQ\FHQrahé&% _fﬂld’w&it QR ?ro%g'%%e_ g%ﬁf ,Q0%31 )8 The flask was

of pol y(N-vinyl pyrroli done-vi'nyl acet at e For t’his preperation,
pol y( NVRrapped/Aciludinidd foPotioyshieldthe esaction fromMutdph@0ie temPergture @ad 6 nol e

t at di | ved d itr I, t.h | (200 ni d
heatod fiedsess o N 3y drerIuic AJoridy Do 1961 G OPH CciTsekb od wet er
8.0 m [ eqct i ' | ed
(80 m Lqsag, 25.adaethn o 15i, A% 0L oA BACHLAT EBoaPhULHRAYER, c0l

to RT and n a ric aci aquous wat er solution).
The pol svapprasal, and the preducs eparcrtieadd fas o palepreBowpblidt idlds 81103 aBtPudi al ysed

(Spect rﬁﬁ%gig w%hall}%{ﬁ'l\/fR tlrllJ BﬁSO-gé sgéwe::l'cp é(l) ’g)pic%Pgelltpe% for the photoinitiator (PI)
in the aromatic region of the spectrum, while the absorptions for the starting products had
15 virtually vanished. This product was directly used without further purification in the next

step.

3 Synthesis of 4-isocyanato-3,5-dimethylbenzoyldiphenylphosphineoxide
The reaction in example 2 was repeated with 4-isocyanato-3,5-

20  dimethylbenzoylchloride instead of 4-isocyanatobenzoylchloride.

4 Synthesis of photocrosslinker by modification of poly(NVP-co-VA) 60:40 with
IBPO

25 This reaction was performed in subdued light under an inert nitrogen atmosphere.
To an oven dried threeneck flask 2 g of poly(NVP-co-VA) 60:40 was added and
dissolved in 50 ml of dimethylacetamide (DMAA) at 40°C. Now 10 ml of DMAA was
added to the reaction flask with the previous prepared IBPO, and the resulting light
yellow solution was added to the poly(NVP-co-VA) 60:40 solution. After a reaction time

30  of one night it was precipitated to diethylether (350 ml). The light yellow sticky polymer



frequently refreshed distilled water for two days. After dialysis the

pol ymer solution was concentrated with a rotary evaporator and dil uted
with nmet hWedio/s62130 m ). It was 30 precipitated to 1 |iter PETAPardrygizet her.
The precipitated pol y(NVP-co-VA) 60: 4Q0; was WO 00/ 55214 PCT/ EPOO/ 02537 14
powdered and dri ed over SICAPENT (Merck) for one week at 40C in a vacuum
oven connected to an oil punp, until constant weight was reached. 2

Synt hesi s of _4-isocyanat obenzoyl di phenyl phosphi neoxide (IBPO 5 This

react i onVesdsdisenty st 4asin mrﬁosrab@ﬁ}@erhm Rid grpgesiPitgied S0P mi of dydaretheos pher e.

To an o i i ; j: i 1779 ,
6. 65%10. 1% I%ryé@g') %%gﬁ%g%éééﬁﬁ%ﬂ%gﬁ 9 Lt é? lr%a}hﬁyi!g :H gt ?‘glﬁggcﬁ&r‘%% 10 n
). The fdwaalat 96C. Aiginpetiownrubbeuypolyrr fvas ketri¢vedstiedd:d .80g (PE&3.tWah from
outer light. The ten(ﬁerature was 10 raised to 65C. Now

4- i socyanatNOHR iy BMYG a6t was found that the IBDPREyhadsreagisd with thoprpolymerpgs eq. )
vas addegqif dbnd Wes bsthdild o5 29 hiticR. 162661008  LhdiBiRla WherUari e, Sol vent
was ‘evaporated, and the product was retrieved as a pale yellow solid.
Yiel d: (Qelds®i2gnate®ld Ufter Blnalight isradiatibn inHiNbRetimeDVB®rd & wdsaliesdlvadtiy pi cal
pattern for the photgi niﬁiator SPb%k in the aromatic region of the

spect r uriatfhiogethehwith gPOIRSIISLOSB ke he starting products had 15 virtually
vani shed. This product was directly used without further purification in
the next step. 3 Synthesis of 4-isocyanato-3,

5- di met hy| benSeyhadispif gmptqrnes fiken dp xiodéficalibe of @ab(VBR-corV Dxdhl witk was
repeated w tB@% &cyanat 0-3,5 20 di net hyl benzoyl chl ori de i nstead of

4-i s]é)cyanat o] ?/) chloride. 4 Synthesis of photocrosslinker by

nmodi fication of pol y(NVP-co-VA) 60.40 with [BPO 25 This reaction was

performed in subdued |ight under an inert nitrogen atnosphere. To an oven
dri ed t hr eenethe fepetigin ip egamplegovey m@i@bwm}Dk@é. 1’4@ ingtesd 96 HAO aignilar

yields and results could be achieved.



di ssolved in 50 m of dinethylacetam de (DMAA) at 40C. Now 10 ml of DVAA

was
resul ti ngWpioghs214yel | ow sol uti on was added
sol uti on.
di et hyl ether (350 m).

reprecipitated to 300 m of diethylether
Buchner f

yell ow r Eﬁgﬁ%{
DVMSO- d6 it

i f ound
its contgntf wa [ %ﬁ:@-
wat er swel|l a elast c matler|

experinme where |

in mate

added to the reaction flask with the previous prepared |IBPO and the

to the pol y( NVPPCDERN0280: 40

After a reaction tinme 30 of ;gne night it was precipitated to
The light yellow sticky pol yner WO 00/ 55214
PCT/ EPOO/ 02537 15 was redi ssolved again in 30 m of nethanol

and
The pol ynmer was collected over a
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It p od
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r epeat ed wltﬁo%"@?)% Vﬁg)t@é“& of
achi eved. WO 00/ 55214 PCT/ EPOO/ 02537
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O P-OV 0O 0O Od P=0O nethoxydi phenyl - 4-isocyanato phosphi neoxi de
benzoylchloride 0 IBPO OOC\ NN 0O Od OP=0

4-1 socyanwio03584di net hyl 0 benzoyl chl ori de | DVMBPO WO 00/ B&EP/E#00/02537
PCT/ EPOO/ 02537 17 Exanple 2 5 The fg}jl owi ng exanples refer to

phot opol yneri zati on including the inventive
w th phot opol ynerization with commercially avail abl e

Exanpl e 2A

10

15

20

25

30

Example 2

The following examples refer to photopolymerization including the inventive
photocrosslinkers compared with photopolymerization with commercially available

photoinitiators.

Example 2A

The state of the art photoinitiator Irgacure 1800 (ex Ciba-Geigy, 10.0 mg) was dissolved,
in subdued light, in 2-hydroxyethylmethacrylate (HEMA, ophthalmic grade ex
Polysciences, 970 mg) and 1,6-dihydroxyhexane diacrylate (HDDA, ex, 20.0 mg), and a
10.0 mg sample pipetted into an open DSC aluminum sample pan. The sample pan,
covered with a cover-slip of thin glass, was placed in the sample position of the head of a
TA Instruments Differential Photocalorimeter (DPC). The temperature of the head was
allowed to stabilize under N, at 37°C (or in some cases 23°, and the sample irradiated

with blue light at an intensity of 8-9 mWem™.

The area of the polymerization exotherm was determined by conventional computation
and the Jg"' of monomer calculated. From the Jg™ the percentage conversion of monomer
to polymer was calculated using a literature value for the latent heat of polymerization of

the monomer, AH,,. The findings are collected in Table 2.

Using the same composition as was used for the DPC tests discs (2mm thick x 16mm
diameter) of polyHEMA were cast in PTFE casting cells. About 500mg of the mixture of
monomers and photoinitiator were introduced into the cell which was closed with a glass

slide and irradiated with blue light, either from a blue light dental gun, or from a

phot ocr ossl i nkers conpar ed
photoinitiators.

10



The state of the art photoinitiator Irgacure 1800 (ex C ba-Ceigy, 10.0 ng)
was di ssolved, in subdued light, in 2-hydroxyethyl nethacryl ate (HEMA,

opht hal m wogasd4ex 15 Pol ysci ences, 970 ng) and 1, 6-di hydroryheass

di acryl ate (HDDA, ex, 20.0 ng), and a;310.0 ng sanple pipetted into an open
DSC al um num sanpl e pan. The sanple pan, covered with a cover-slip of thin
gl ass, was placed in the sanple position of the head of a TA Instrunents
Differential Photocal orineter (DPC). The tenperature of the head was

al | owed RrepuEgtayilishs senpsafer (Blos Novarpes)(ioF 3itsone cases 23, and the sanpl e
irradiated 20 with blue light at an intensity of 8-9 mMAdm 2. The area of
the pol yneri zati on exot herm was determ ned by conventional conputation and
the Jg iExdmpler2Brer cal cul ated. Fromthe Jg-1 the percentage conversion of
nononer to polynmer was calculated using a literature value for the | atent
heat of polynerization of 25 the nonomer, AHp. The findings are collected
in Tapl ey mgﬁbag&cﬁ%eémxé}ﬁﬂpgﬁd&féﬂ@ %Rk RH tHfeiait BERDRR tests discs
(2mmthic 6mm di aneter) of pol yH RA were cast 1 n PTFE casting cells.
About SQQNgnoﬁwnhéAwuntDP@(@iBAﬁﬁnUMng)mm@a®hﬁhgmxw¢1&xbr wer e introduced
into the cell which was closed with a glass 30 slide and irradiated with
blue light, either froma blue |ight dental gun, or froma WO 00/55214

PCT/ EPOOLQaRpic 218 proprietary |ight generator (Efos Novacure), for 3mn.
Exanple 2B 5 The method described in Exanple 2A was repeated using with the
state of the art photoinitiator Lucirin TPO (ex BASF, 10.0nm) instead of

cpath earianngosERRBetH Giieic A8 TRt dRtY HEMA AP, e B %500, o

phot ocr ogsll, imdtead odbgadate mgoa @ phb®cfossiatket adcovding ioohe pR3dnt idvensiee (AHLI el.

for conposition, 100.0nD) |l e 2D
1, see Tablel. for composmon 100.0mg)

Example 2D
15
The method described in Example 2C was repeated using a photocrosslinker according to

the present invention (P32-1, see Table 1. for composition, 100.0mg).

Example 2E
20
The method described in Example 2C was repeated using a photocrosslinker according to
the present invention (P40-3, see Table 1. for composition, 100.0mg).
Example 2F
25

The method described in Example 2C was repeated using a photocrosslinker according to

the present invention (P41-1, see Table 1. for composition, 100.0mg).

Example 2G
30



15 The nethod described in Exanple 2C was repeated using a photocrosslinker
according to the present invention (P32-1, see Table 1. for conposition,
100. Ong) . Wbatsgdle 2E 20 The net hod descri bed in Exanpl e 2eCmREBONVR§BIat ed
usi ng a photocrosslinker according to4gthe present invention (P40-3, see
Table 1. for conposition, 100.0ng). Exanple 2F 25 The nethod described in
Exanpl e 2C was repeated using a photocrosslinker accordi ng to t he present

invention (P41-1, see Table 1. for co OS|t|0n 00. Onm).. | e ZG 30 WO
00/ 55214 b@pﬁmﬁé@eeezwmf@anmé%ew SPARI ST AP GiOE %raﬁ IdHE Pepeat ed

using a C t et 2-1,
100. Omg)tﬂ?ﬁltseftg éég 'tIPKS%E;czﬁir:el%?'cSngb’? lﬁ&ead JT‘?%%E&%QQF)O vvater%()gg(g)(rrrg and no
HDDA. S\Estanmmn@HnAmoEH]aDﬁl.e 2G, u5| ng P40-3 (50.0nmg) to replace P32-1,
and HEMA (500.0ng), water (450.0ng). 10 Exanple 21 As Exanpl e 2H using
P41-1(50.0ng) to replace P40-3. Exanple 2J 15 The nethod described in
Exanpl e @ﬁﬂ(\m Fgepeat ed using 2-phenyl ethyl acryl ate (PEA, 990. 0ng, ex
Pol yner & Daj ac Laboratories) instead of HEMA and no HDDA.

As Example 2G, using P40-3 (50.0mg) to replace P32-1, and HEMA (500.0mg), water
(450.0mg).

10 Example 21

As Example 2H using P41-1(50.0mg) to replace P40-3.

Example 2J

15
The method described in Example 24 was repeated using 2-phenylethylacrylate (PEA,
990.0mg, ex Polymer & Dajac Laboratories) instead of HEMA and no HDDA.
Example 2K

20

The method described in Example 24 was repeated using instead of Irgacure 1800 a
photocrosslinker (P40-4, see Table 1. for composition, 100.0mg ) and PEA (900mg) but
no HDDA or HEMA.

25  The % conversions of monomer to polymer in Table 2., Examples 2A and 2B, the
commercial photoinitiators, and the photocrosslinkers, Examples 2C to 2E, are
comparable showing that the photocrosslinkers behave as efficient photoinitiators,
especially giving regard to the concentrations of photoactive species, the acylphosphine
oxide (shown in Table 1) Further when these findings are compared with Examples 2G to

30 2l the comparison reveals that correctly designed photocrosslinkers (Examples 2H and



Exanpl e 2K 20 The net hod descri bed in Exanple 2A was repeated using instead
of lIrgacure 1800 a photocrosslinker (P40-4, see Table 1. for conposition,
100. Ong )Wexrnd/sPHEA (900ny) but no HDDA or HEMA. 25 The % cpomep@imss of
mononer to polyner in Table 2., Exanpl,gs 2A and 2B, the conmerci al
photoinitiators, and the photocrosslinkers, Exanples 2C to 2E, are

conpar abl e showi ng that the photocrosslinkers behave as efficient
photoinitiators, especially giving regard to the concentrations of

phot oact 71} 6XkiE dP8% ConNersiony ¥ iReVateli de (shown in Table 1) Furt her
when these findings are conpared with Exanples 2G to 30 21 the conpari son
reveals that correctly designed photocrosslinkers (Exanples 2H and WO

00/ 55214F #Ghé EEMﬂ%&]bcryZﬁe %hoe»ehﬂiai;ﬁoﬂa@ﬂ%lﬁﬂaevEMMpHmdi ongel ution in
wat er. For t et hyl acry mononer the photocrossljnker, P40-4,
based onPBE nyrﬂ%'iw %t‘%aalé‘? y‘Fré{te icigrt agpg 0‘\9&149’“%? PRIPRHRE G¥argples

phot of ni a{dozK)(gaoﬁgqrob%co% &% mchofrbr AbIZ:: gewas fiak0s6:s puRep! on of
nononer to pol yner as judged fromthe heat of rrerl zation (based
on exper omymbﬂlgatldat(basnd nB dxrimentalhideterfined [ﬁﬂyﬁ)al‘l son of the

conpl eteness of blue |ight photopol ynerisation of HEMA, HEMA in water, &
PEA usi ng | ow nol ecul ar wei ght photoinitiators and 10 photocrosslinkers Ex.
For mul at | 3 active
(Jg') t.%%ﬁzkﬁ%oof“f‘ﬁ‘gir% &JB 1€ie868<g§fb\f§[Au% L ?lﬁ%% ?% %g%(fﬂ%i?% 51 351
3.5 80 HBMEMARMRE), HDIBE(AQI)STEQOW mn2ledflaBB@ight ﬂl(ﬁ@mtﬂ@rHEMA( 90) P31-1(10)[ 2. 0]

308 160 70photocrosslinkers

Ex. Formulation® Heat of Polym. | Polym. Conversion
No. (wt%)[m.eq photoactive Jegh time (min) %
ingredientb/ 100g]
2A |HEMA(97)HDDA(2)I1800(1)[0.51 351 3.5 80
]

2B | HEMA(97)HDDA(2)TPO(1)[2.9] 357 1.5 82

2C HEMA(90)P31-1(10)[2.0] 308 6 70

2D HEMA(90)P32-1(10)[2.3] 309 3 71

2E HEMA(90)P40-3(10)[2.7] 307 2 70

2F HEMA(90)P41-1(10)[4.8] 361 1.5 82

2G | HEMA(60)H,0(30)P32-1(10)[2.3] >275 >7 >63

2H | HEMA(50)H,0(45)P40-3(5)[1.4] 452 7 100(approx.)
21 HEMA(50)H,0(45)P41-1(5)[2.4] 454 6 100(approx.)
2] PEA(99)I1800(1)[0.51] 455 2.5 100(approx.)
2K PEA(90)P40-4(10)[1.6]} 456 3.5 100(approx.)




2D HEMA(90) P32-1(10)[2.3] 309 3 71 2E HEMA(90) P40-3(10)[2.7] 307 2 70 2F
HEMA(90) P41-1(10)[4.8] 361 1.5 82 2G HEMA(60)H20(30) P32-1(10)[2.3] >275 >7
>63 2H HBIVA(BEB2H20(45) P40- 3(5)[1.4] 452 7 100(approx.) 21PCT/EP00/02537

HEMA( 50) H20( 45) P41-1(5)[ 2. 4] 454 6 10Q¢approx.) 2J PEA(99)11800(1)[0.51]
455 2.5 1 00(approx.) 2K PEA(90)P40-4(10)[1.6] 456 3.5 100(approx.) WO

00/ 55214 PCT/ EPOQ 02537 21 aPhotocrosslinkers, and nononer HEMA, as Tabl e
1.: commercial photoinitiators 11800,

bi s( 2, 6-di met hoxybenzoyl)-tri net hyl pentyl phosphi ne oxide (25% + 1-hydroxy-

cycl ohex 0 X.. G ha- Cei ]
1,3,5-t r?ﬂ?@%%ﬁ@ﬁ%@ ?ﬁ‘lﬁ %ﬁﬁéﬁ%ﬁ%%?ﬂﬁ éi%g% fééw?t’ﬁ%icﬁ? hgélﬁé‘(‘}%é%&&sm :

mononer RBAY, Ks@ltediyletidyybacoyl)atimethyipeasilphokptiindDbae (2841 hydraiyel
diacrylate bmeq. of acylphosphine oxide/100g of fornulation. Exanple 3
10 Exarrp%%of*eéylp&w keteps ﬁ7é§5§rga6\§seal?$8f>é§ (%W'g‘ﬁ’&yéas 15 Using t he

for at irpps S G ﬁE@If:Jh : 2 sting nethod
desg}% begﬁphlgxgzﬁr{)*ée%ﬁgk%ggéﬂ H\/%\/Ielgg p eglgr%gqea(%ggﬁ%l?tg%% g%xsl@?gacure 2959
(ex Ci bamGebgyr PRA, D-phey)ylethglactykso lcvasslinkien HEUbA Ut ah-il fhdiohdiaciyiat@-

hydr oxyeg hyl net h | ate (H opht hal.m ¢ grade ex Pol ysci ences, 550.0 ng)
and wat ép-*f. (ﬁcgl%héﬁp%“ﬁe‘i’?gegmo@s&?ml?tmnck x 16nmm di aneter) of pol yner
were cast in PTFE casting cells. About 800ng of the m xture of nononers

and photoinitiator were
Example 3

10

Examples for Gelation Tests:
Examples 3A and 3B

15 Using the formulations described above in Examples 2J and 2K and the casting method

described in Example 24 discs were prepared.
Example 3C

20  Irgacure 2959 (ex Ciba-Geigy, 10.0 mg) was dissolved, in subdued lighting, in 2-
hydroxyethylmethacrylate (HEMA, ophthalmic grade ex Polysciences, 550.0 mg) and
water (440.0 mg). Test discs (2mm thick x 16mm diameter) of polymer were cast in
PTFE casting cells. About 800mg of the mixture of monomers and photoinitiator were
introduced into the cell which was closed with a glass slide and irradiated with light from

25  aproprietary light generator (Efos Novacure), for 3 min.

Example 3D
As Example 3C with Irgacure 2959 (30.0 mg), HEMA (540.0 mg) and water (430.0 mg).



introduced into the cell which was closed with a glass slide and irradi ated
with light from25 a proprietary |ight generator (Efos Novacure), for 3
mn. Exawo /5304As Exanple 3C with Irgacure 2959 (30.0 ngpcrieddn6540. 0
ng) and water (430.0 ng). WO 00/55214 PCT/ EP00/ 02537 22 Exanple 3E As
Exanple 3C with P40-3 (100.0 ng) replacing Irgacure 2959, HEMA (500.0np),
and water (400.0ng). 5 Exanple 3F As Exanple 3C with P41-1 (70.0ny)

repl aci ng Irgacure 2959, HEMA (510.0ng), and water (420.0ng). 10 Exanple
3G As Exgﬁﬁﬁﬂﬂqﬂihm th P40-4 (50.0ng) replacing Irgacure 1800, PEA
(900.0ng), and additional crosslinker, CE7-2

(2- phenyl et hyl net hacryl at e/ 2- hydroxy-3 15 acryl oxypropyl net hacryl ate

copol yneAs|[HaRpl. 3C withe4028 (10D.0 hE) OpBing Lipsarshes B HIFWS ARSBUDLE:) 3adwi t h

| rgacure 1800 QFl.Ong) repl aci ng P40-4, PEA (940.0ng), and 20 crosslinker,
CE7-2 (2vBieMAVAMY) met hacr yl at e/ 2- hydr oxy- 3- acryl oxypr opy! net hacryl at e
copolymer [0.9:0.1 nole ratio], 60.0ng). Exanple 31 25 As Exanple 3B with
PEA (750.0nmg), and photocrosslinker, P40-4 (250.0ng). In Table 3. are

col | ect eBxainple ¥St s made to check the gelation of the different

formul ations. Were a conposition is gelled it does not dissolve in
solvent, but swells to an extent related to its crosslink density.

Uncr ossl| zBk&Emb&EYIQ Wit PATEN &0BnSS ebpleing Irgacure 2959, HEMA (510.0mg), and
water (420.0mg).
10
Example 3G

As Example 4C with P40-4 (50.0mg) replacing Irgacure 1800, PEA (900.0mg), and
additional crosslinker, CE7-2 ( 2-phenylethylmethacrylate/2-hydroxy-3-
15 acryloxypropylmethacrylate copolymer [0.9:0.1 mole ratio], 50.0mg).

Example 3H

As Example 3G with Irgacure 1800 (21.0mg) replacing P40-4, PEA (940.0mg), and
20 crosslinker, CE7-2 ( 2-phenylethylmethacrylate/2-hydroxy-3-acryloxypropylmethacrylate
copolymer [0.9:0.1 mole ratio], 60.0mg).

Example 31

25 As Example 3B with PEA (750.0mg), and photocrosslinker, P40-4 (250.0mg).
In Table 3. are collected the tests made to check the gelation of the different formulations.
Where a composition is gelled it does not dissolve in solvent, but swells to an extent

related to its crosslink density. Uncrosslinked (sol) polymers dissolve.

30



30 WO 00/ 55214 PCT/ EPOQ 02537 23 Exanpl es of nononers phot opol yneri zed
with conventional photoinitiators of |low nolecular weight, nos. 4A, 4C and
4D di ssolwedorssadi |y in the appropriate solvent, water fopcpebookdedds, and
acetone for pol yPEA. Exanple no. 4B showed an internediate behavior and

di ssolved partially in acetone | eaving sonme residual gel. Increasing the 5
proportion of photocrosslinker to 25% (3.9m eq. of acyl phosphi ne oxi de,
Exanpl e 41 or, adding separate crosslinker, CE7-2 (Exanple 4G see bel ow)
pr oducedimmtlmé mmqnbp@toxgéymem:@?l vpith @plwémymmmmmtqrs ofilpsat ur at ed and

PEA m SCI o

ohanyl othg FaupRRER B PRy TREAD 8ol readinin S5 FBrptiels P EHE 0. 1
nol e r atfbﬂ}bolyHMA emall Ry©de &8 palyTUPN Examplany 48rheskd akK iterntedidie

phot ocrosslinker. P40-4, in_Exanples 4G and 4H That CE7-2 is an effective
cross- | ib¢ @flomdC}aﬁﬁ@é‘@ﬂmayt#?élw&éeptwplemng SRIporestduak &4 Ingreasivgidte no. 4H,

wher g | agll%}iibx‘i‘@% obid 8%&%8%93%%99% é}fat Ilgﬂoséhﬁlle%§ldeaE%héIIQQIB oduct

upon ir Ion e products up irr re transparent ge ‘I ed 15
el ast oneddingfsepargte aresstialatrj GVE7-2r(HeamplRi4%i] séethelow) prioledediacetono peolubis t o

PEA/ PEMA copol yners. Exanples 3E and 3F whi ch used photocrosslinkers to
repl ace &bnvent | onal photoinitiators for HEMA/ wat er conpositions were
gelled and did not dissolve in water, 20 unlike exanples 4D and 4E. Table
3. CGelation tests on photopol ynerized materials, shewi ng effect of

phot ocr c@é”!-iln:kpmls(PEMA NichFe nnsateaticd and Rﬁ%misa'ibieebcingfa c8pdlymat oomment s 3A

Di 5541 v bR RSy R by R 2e T e B e 3o Trdid ol 4 10)
was employed as a supplementary crosslinker to the photocrosslinker P40-4, in Examples
4G and 4H. That CE7-2 is an effective cross-linker for photopolymerized PEA is
demonstrated in example no. 4H, where in combination with Irgacure 1800 it also yields
a gelled product upon irradiation. The products upon irradiation are transparent gelled
15  elastomers of high refractive index (RI>1.54), similar in properties to PEA/PEMA

copolymers.
Examples 3E and 3F which used photocrosslinkers to replace conventional
photoinitiators for HEMA/water compositions were gelled and did not dissolve in water,

20  unlike examples 4D and 4E.

Table 3. Gelation tests on photopolymerized materials, shewing effect of

photocrosslinkers

Ex. No. Formulation (wt%)" Effect of Solvent Comments
3A PEA(99)I1800(1) Dissolves in Acetone Not Crosslinked
3B PEA(90)P40-4(10) Dissolves & Swellsin |Lightly Crosslinked

Acetone

3C HEMA(55)H,0(44)12959%(1) Dissolves in Water Not Crosslinked




3C HEMA(55) H20(44)129592(1) Dissolves in Water
PCT/ EPO0O/ 02537 24 3D HEMA(54) H20(43)12959(3) Dissolves in Water

Not

Not Crosslinked WO 00/55214

Cr ossl i nkwo 00BB1HEMA( 50) H20( 40) P40- 3(10) Swel I's in Water Qromepbionzsd Gel
3F HEMA(51) H20( 42) P41-1(7) Swells in

PEA(90) CE7- 2(5) P40-4(5) Swells in Acetone Crosslinked Gel
PEA(94) CE7-2(6) 11800(2.1) Swells in Acetone Crosslinked Cel

ter Crosslinked

CGel 3G
3H

31

PEA(75) P40-4(25) Swells in Acetone Crosslinked Gel See Tables 1. & 2., and
text fpr ek h%@,} izs cogg :
21 2959p2-hydr bx A{\ﬂgl{%)x@g?% J? b1 opisohves i Warery, |, Not Crosslinked
crossl nlg’e[%s )i‘i 2@ r..swol | dr | s (4 4
confirfred’ by ﬁ%@gg? 26X P%@gﬁﬂt E% ﬁg‘%@ The 6131%@2%1 ped in
Exanpl F2ZA Was Tepeated _usi n TNe_fol T ow ng_fornut ati ons: |—orrm| arions (w
% 4A. | watler BH)ER‘M@IQJ'&%% 14K apcor PYs B ARTe 1F 2@50551@“\%1
(80) / ppotocropstHnker—accordinmgExanpte—1H20)—15—4¢€:
HEMA( 4b) /3@t ef (ﬂA@ﬁhﬁ?EﬂrE@E‘lQ Al@er pccdiviillsgn Beeteranpl p CEEAGked 4RI
HENVA( 4p)-+wat-ef{(35)photocrosstHnker—pecording—to—Exanplp—1F 20— 4E
HEMA( 4p) /33t ef ( PRN(PHTBYC2(6H$RO01RE) pcc@whlRIn Bxaiznt e lH( CHdsslirfkled Gel
HEMA( 4p) /L H20(R5) 20 The coherent and|lclear gels resulted fromthe
i rradi htign of the HEyjpabigps) Wi th| bl Usavénsgm\cet%ﬁsl t heCfosélﬁh@H'Gé@
crossl |nked nature was characterized in two ways. The fjrst nethod wa$ to
measure the stress relaxation of the networks, using a Rheonetrics RDA-
11, and the second, s to. measure the smli nf; of the gels in
wat er . WD 00/ 55214 a% %223 text for an explanation of materials codes
212959, 2-hydroxy-4’-hydroxyethoxy-2-propiophenone (UV curing)
5  The crosslinked structure of the water swollen hydrogels (4E and 4F) was confirmed by
stress relaxation tests.
Example 4
10 The method described in Example 2A was repeated using the following formuiations:
Formulations (wt %)
4A. water (80)/photocrosslinker according Example 1F(20)
4B. water (80)/photocrosslinker according Example 1H(20)
15  4C. HEMA(45)/water(35)/photocrosslinker according to Example 1C(20)
4D. HEMA(45)/water(35)/photocrosslinker according to Example 1F(20)
4E. HEMA(45)/water(35)/photocrosslinker according Example 1H(20)
4F. HEMA(45)/H20(35)
20  The coherent and clear gels resulted from the irradiation of the formulations with blue light, and

their relative crosslinked nature was characterized in two ways. The first method was to measure

the stress relaxation of the networks, using a Rheometrics RDA-11, and the second method used

was to measure the smiling of the gels in water.



25 Stress Rel axation Tests-Method The RDA-11 was set up with the 16nmm
gel | ed sanpl e danped between parallel plates of 25 mm heated to 35C, and
a strainwoogestapplied. During the test the instrunment nescSUERES/0R33e 5
i nst ant aneous stress necessary to naiggtain 35% and plots the instantaneous
shear nmodulus (G) against logt. In Table 3, the percentage reductions in
the nodulus G for the fornulations 4A to 4F between i = 10 and 100 s are

conpared as (G 10) - 100)/ G 10))x 100 both before and after swelling in
wat er . ?ﬁ?sﬁg?ﬁﬁp§jéﬁgikwwpthat t he photocrosslinked gel possess coherent
network structures. 10 Table 3. Average Stress Rel axations of

Phot ocr gss| i.nked Formnul ations 4A to 4F, asyred at 35C Average 4A 4B 4C
4D 4. afhe RpReSovisgraieatihe 1 ap nghvle danied Joqreq! o PGP LS NB
swel | i ngeatdira S sMCabAE stdinSEiB0Bebplied. Dudngthe Rstlle BstABucht msavatek theg di sc2
After 21.4 17.4 smelling discl After 19.1 19.0 13.0 12.4 NQH EMFIIing-
measir aHisEntapgous siress necessary to maintain 35%, an plots the instantaneous shear modulus (G1

against log t. In Table 3, the percentage reductions in the modulus Gi for the formulations 4A to

4F between i = 10 and 100 s are compared as (G(10) — G(100)/G(10))x100 both before and after

swelling in water. The results confirm that the photocrosslinked gel possess coherent network

structures.

Table 3. Average Stress Relaxations of Photocrosslinked Formulations 4A to 4F,

measured at 35°C

Average 4A 4B 4C 4D 4E 4F
stress
relaxation
Before No result 49 34 No result Not
swelling- measurable
discl
Before 9.3 15.5 10.9 294
swelling-
disc2
After 21.4 17.4
swelling-
discl
After 19.1 19.0 13.0 12.4 Not

swelling- measurable
disc2

15
Swelling Test Method

Samples discs from formulations 4A through 4F were weighed, immersed in water for 24 hours
at 20°C, dried, and reweighed. Table 4 compares the water absorbed by each formulation on a

20  percentage basis.

Table 4.



15 Swelling Test Method Sanpl es discs fromfornul ati ons 4A t hrough 4F were

wei ghed,

immersed in water for

24

hour s

at 20C, dri ed,

and rewei ghed.

Tabl e 4 cwoparsesst he wat er absorbed by each fornmul ati on onpar/EB@/q@sscent age

basi s.

measur abl e

Tabl e 4. WD 00/ 55214 PCT/ EPOQ (g
25C by photocrosslinked gels Water 4A 4B 4C 4D 4E 4F absorbed (w
| 222 191 Not

79

Disc2 130 219 230 172 255 Not neasurabl e

was observed that upon irradiation with blue Iight,
pr epar edPAFEREEIVater @56@5‘? MR Er by phefocrpshinkgskeelfel “and that no discs suitable

for any neasurenents were forned.

ot her f
results
4A>4C<4
1. Macr
(A)n(B

10

the formul ati on

537 26 Percentage water absorbed at

D sc
51t

Sati sfactory discs were prepared from

rmul ations and stress relaxation results and the water absorption
Wetce i n st eemrent| W th t hg ¥equence*Prost hiGBly crosslinked
Faserhed  hj ghly crosslinked.| 10 WO 00/ 55214 PCT/ EPOQ) 0R537 27 O ai ns
pftd|”cul ar hydrophilic photlocrosslinkers having a general formula 5
Pt p 222 191 Not

measurable
Disc2 130 219 230 172 255 Not

measurable

It was observed that upon irradiation with blue light, the formulation prepared without a

crosslinker (4F) did not gel and that no discs suitable for any measurements were formed.

Satisfactory discs were prepared from other formulations and stress relaxation results and the

water absorption results were in agreement with the sequence: most highly crosslinked

4A>4C<A4E least highly crosslinked.



capabl e of producing, upon exposure to light, crosslinked networks, wherein
(i) A, Band C are units of substituted ethylene groups in the

macr onol eswo ewss2M0 structure; (ii) A B and C are randoml y pdirgipos/bnssed and
the unit C carries a photoactive grougy; (iii) n =0-98 nole % m= 0-98
nole % n+m = 50-98 nole %and p = 0.5-50 nole % and when said

phot oacti ve groups are exposed to |ight of determ ned wavel engths above 15
305 nm radicals are generated and retained on the macronol ecul ar

phot ocr o§¥imSkers and reacting so as to acconplish a crosslinked network
structure. 2. Photocrosslinkers according to claim1l characterized in that
sai d photoactive group conprises a phosphine oxide. 20 3.

Phot ocr os.Nadrkriofecalae by dhophilit hetoaiorsliikeRRdmainp erdenad] fonmulmat t he

phot oactive group is an acyl- or aroyl phosphine oxide. 4.

Phot ocr ossl i nkers according to claim3 characterized in that the

phot oact RO is 25 linked to the ethylene groups of units C by a
Iink?ﬁg g%gﬁ%)%§§%rising a phenyl ene group, said phenyl ene group being
optionally substituted. 5. Photocrosslinkers according to claim3
characteriz i.-n that the photoactive group js. |linked to the ethylene
groups O$ap&ﬁk%t0§ p@‘&?mﬁ’ PP%E?’W@S‘E? %%Bg%o?%?sﬁgk?ggneéwﬁ%u B‘?{S\pi ng the 30
structure WO 00/55214 PCT/EPOQ 02537 28 -OC(O-NH. 6. Photocrosslinkers
according to claim5, wherein the |linking group has the structure of

-0 (O - (%H PhA, Bandreine upkis gbsibseitegretingencarannsyin shepma¢romotegulsheny| ene
grougj 57. P gngq;psslinkers according to claim1l, wherein the ethyl ene
unit& A, B, COI*WRe nmcronol ecul ar structure conprises substituents in
accordan@g W BhB and C are randomly distributed and the unit C carries a photoactive group;

(iii) n=0-98 mole %, m = 0-98 mole %, n+m = 50-98 mole % and p = 0.5-50 mole %;

and when said photoactive groups are exposed to light of determined wavelengths above
15 305 nm, radicals are generated and retained on the macromolecular photocrosslinkers and

reacting so as to accomplish a crosslinked network structure.

2. Photocrosslinkers according to claim 1 characterized in that said photoactive group
comprises a phosphine oxide.

20
3. Photocrosslinkers according to claim 2 characterized in that the photoactive group is an

acyl- or aroyl phosphine oxide.

4. Photocrosslinkers according to claim 3 characterized in that the photoactive group is
25  linked to the ethylene groups of units C by a linking group comprising a phenylene
group, said phenylene group being optionally substituted.

5. Photocrosslinkers according to claim 3 characterized in that the photoactive group is
linked to the ethylene groups of units C by a linking group comprising a group having the

30 structure



A= -CH2-C(R R2)-, B= -CH2-C(R R3)-, C= -CH2-C(R R4)-, wherein 10 Rl is
hydrogen or nethyl; R2 is -CON(Me)2, -CO2CH2CH2OH, - OCOCH3, - OCOCH2CH2Ph,
-OH or a waaiamisgroup; 15 R3 is -CON(Me)2, -CORCH2CH2CH, p&FeRiti2537

- OCOCH2CH2Ph, -OH or a lactam group wgen B is -CH2-C(R R3)- with the
proviso that R2 and R3 are not the same unless R2 and R3is -OH and R4 is
-R5C(OP(O R6R7 or -R5P(O RGOC(O R, wherein R5, R and Rare selected 20
anong sane or different aryl groups conprising phenyl, methyl phenyl,

di met hy| pA€A{);NHt.r i met hyl phenyl , net hoxyphenyl, di net hoxyphenyl ,

tri met hoxyphenyl, nethyl ol phenyl, dinethylolphenyl, tri met hyl ol phenyl or
styryl radicals, or R4 is - R8C(O)P(O) ROR10, wherein RO and R10 are the

same as RFhoReré’iniRes &b;@)fding tudlaiffBs, wiseréin icOlikindpi6(HhadNe siictuthgr ei n R’
1is the sane as RO and R10. 25 8. Photocrosslinkers accor di ng to claim?7,

wher ei n @C&Q&I‘%Par»é?vfseéfrléé’b@@n@ss asoptonally aybstitwipg Rienylsne BIodProl ecul e. 9.

Phot ocr ossl i nkers according to claim7, wherein said |actamunits together
with units A 30 or B constitute N-vinylpyrrolidone units. WO 00/55214
PCT/ EPOTY .(Fb8xtro2Bnldds ad%bndimgtoo:sl&ihi hleelieseia cloosthlylage drdtscA,88,1Q éf theher ei n at

| east one of and R3 is droS%/ Y 11. Phot ocrossl | nkers according to
cl ai m 7, TRFEOFEYGTY, risgu‘f@”(ﬂ‘i‘?é’r £5 BIOFHYFS I@Cf’%rd%‘f?y‘i‘” ‘5 al cohol . 12.

Phot ocr ossl i nkers according to claim?7, wherein R4 is -
O C( O - NH R8- C(O)P(zo) ROR .
A= -CH,-C(R'R?-, B= -CH,-C(R'R?)-, C= -CH,-C(R'R*)-, wherein

10

R! is hydrogen or methyl;

R?is -CON(Me),, -CO,CH,CH,0H, -OCOCH;, -OCOCH,CH,Ph, -OH or a lactam
group;

15
R’ is -CON(Me),, -CO,CH,CH,OH, -OCOCHj3, -OCOCH,CH,Ph, -OH or a lactam
group when B is -CH,-C(R'R?)- with the proviso that R* and R? are not the same unless
R* and R’is -OH ; and
R is -R’C(O)P(O) R°R or -R® P(O)R60C(O)R7, wherein R®, R® and R’are selected

20 among same or different aryl groups comprising phenyl, methylphenyl, dimethylphenyl,
trimethylphenyl, methoxyphenyl, dimethoxyphenyl, trimethoxyphenyl, methylolphenyl,
dimethylolphenyl, trimethylolphenyl or styryl radicals, or
R* is — R®.C(0)P(0) R°R"°, wherein R® and R'? are the same as R®, R® and R7above, but R®
is a group —0-C(0)-NH- R"!, wherein R"" is the same as R’ and R'°.

25
8. Photocrosslinkers according to claim 7, wherein R? and R? are selected so as to form a

water-soluble molecule.

9. Photocrosslinkers according to claim 7, wherein said lactam units together with units A

30 or B constitute N-vinylpyrrolidone units.



10 13. Photocrosslinkers according to claiml or 7 provided with functional
groups for crosslinking. 14. Photocrosslinkers according to claim13

provi ded wade/sbuiact i onal groups sel ected anong vinylic, aecykEpe/@sst

met hacrylic groups. 15 15. A nethod of_ prepari ng a photocrosslinker froma
hydr ophi li ¢ macronol ecule (A )n(B )n%%)P (i) A, Band C are units of
substituted ethylene groups in the macronol ecul ar structure; 20 (ii) A B
and C are randomy distributed and at least the unit C carries a hydroxyl
group; (iii) n =0-98 nole % m= 0-98 nole % n+m = 50-98 nole % and p =

0. 5-50 % _ by.reacting.said, mcronnl ecule Wth i y.ana
subst t uteangRestitERa kadR AT g MR Sl S AP KR P
ROR10, wherein R8, RO and R10 are sel ected anobng 25 sanme or different aryl
gr oups congrising phenyl , npthylfhen |, dinmethyl phenyl, . trinethyIPhenyI,
met hoxy pHe khptocigisstikiersagperding to ctaimpe thesejibAdn )i vinppy rolidansn By viny
dine%hquhﬁgfnyl, trimet hyl ol phenyl or styryl radicals. 16. A nethod of

. ailc . .
form™ng a nacronol ecul ar crosslinked network froman aqueous 30
conposition conprising a photocrosslinker according to any of clains 1 to

14 by WO 00/55214 PCT/ EPO0/ 02537 .30 irradiating wth lj ding a
wavel engt Phptograsslinkstssacaordpmgto glaim e Whgtein Bj 5y O&O)TW%%C@%?@) article.
17. A meghod according to claim 16, wherein said conmposition further

conprises at least 5 one copolynerizable vinylic, acrylic or nethacrylic
mononer. 18. A nethod according to claim 16, wherein said conposition

fur e SOMLLSes. /L oL G, R VU 1% Sel AL LHBSLAORY! Vi e

acryl¥ c
crosslinking.

14. Photocrosslinkers according to claim 13 provided with functional groups selected
among vinylic, acrylic and methacrylic groups.
15

15. A method of preparing a photocrosslinker from a hydrophilic macromolecule

(A (B Im(Cp
(1) A, B and C are units of substituted ethylene groups in the macromolecular
structure;

20 (i) A, B and C are randomly distributed and at least the unit C carries a hydroxyl
group;

(iii)  n=0-98 mole %, m = 0-98 mole %, n+m = 50-98 mole % and p = 0.5-50 mole %;
by reacting said macromolecule with an isocyanate substituted photoactive agent having
the structure -C(O)=N-R%-C(0)P(0) R’R'’, wherein R®, R?and R'" are selected among

25  same or different aryl groups comprising phenyl, methylphenyl, dimethylphenyl,
trimethylphenyl, methoxyphenyl, dimethoxyphenyl, trimethoxyphenyl, methylolphenyl,
dimethylolphenyl, trimethylolpheny! or styryl radicals.

16. A method of forming a macromolecular crosslinked network from an aqueous

30  composition comprising a photocrosslinker according to any of claims 1 to 14 by



10 19. A nethod according to claim 18, wherein said hydrophilic polyner
forms discreet crosslinkable units in formof water-soluble particles. 20.
A et hod WOOS81IAg to any of clainms 16 to 19, wherein an optr/BRéa26371 ens i s
produced from said conposition. 15 21.,,A nethod according to any of claim
20, conprising the steps of injecting said conposition into the capsular
bag of the eye and crosslinking it into a final |ens product by

i rradi atjon, of a wavel ength exceeding 305 nm_ 20 23. An ophthalmcally
accept ablrediging gdth Bgi cxenegingsi weyclameth{abesl Wosim ey ime geldisiedt 9y to any
of cl ai : agying a refractive index of at least 1.39 and a suitable
viscosi?@m%giﬁgégﬁ?%%ted t hrough a standard cannula of 15 Gauge, or finer.
24. The use of photocrosslinkers according to any of clains 1 to 15 in an
gggt 2? | tm h'za}élél _tho%lSacggr%?npgttgl?:lla?mcl%%)v e:srlegnI s%?d Eo?rrlpolsirgo?lcftu}t}?enr clo?r}p?is;[:shaet lecaasP sul ar

5  one copolymerizable vinylic, acrylic or methacrylic monomer.

18. A method according to claim 16, wherein said composition further comprises a

hydrophilic polymer provided with functional vinylic, acrylic or methacrylic groups.

10 19. A method according to claim 18, wherein said hydrophilic polymer forms discreet

crosslinkable units in form of water-soluble particles.

20. A method according to any of claims 16 to 19, wherein an ophthalmic lens is
produced from said composition.

15
21. A method according to any of claim 20, comprising the steps of injecting said
composition into the capsular bag of the eye and crosslinking it into a final lens product

by irradiation of a wavelength exceeding 305 nm.

20  23. An ophthalmically acceptable composition comprising the photocrosslinkers
according to any of claims 1 to 15 having a refractive index of at least 1.39 and a suitable

viscosity to be injected through a standard cannula of 15 Gauge, or finer.

24. The use of photocrosslinkers according to any of claims 1 tol5 in an ophthalmically

25  acceptable composition for injection into the capsular bag of the eye.



