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application 5 CORONIS GrbH Am Kl opferspitz 19,
Martinsried Polymer conposition with a high reHl , W‘l‘“”ﬂ”m
index 10 Description The invention concerns t he__qsgpsg*

of a polyner conposition with a high refractive indéex

i Muaijudit hal nol ogy and zetprme@ﬁbéﬂgogbehprpductitpn of

the 15 polyners. In rdance with the invention

tﬁgFéefgre provi ded po(ﬂ\a%rf’ '@gﬁﬁ%éﬁ/\”@ns with a high

r Rpplacnty/Prbpeletors Whi ChRONES e bHcul arly suitable for
eye Inplants. In particular intraocular |enses

use. for tic

(‘3 S refor neal i npl areW apRéeatiopr ost heses and so
forth are to be considered as eye inplants. 20

I ntraocul ar | enses have already | ong been known. They
& CROINI§i GallH; i nserted into the eye and repl ace the

nat ural f ih order to restore the

v'?éni %ﬁp{%rggﬁﬁgtgi'g%elsglﬁﬁﬁﬁ{be roma cl ouded or

damaged | ens. The natural |ens has tg be repl aceg i f

it was danm for exanple in an accident or, an

this is geng':’;‘ngrt%@”%ng%@n with peiglarefrastive indexd due

to a cataract. 25 Intraocul ar | enses can be produced

fromhard or soft polynmers. Hard polyners have the

advant age that they are ne&esariptibhy stable and good

to process. They are however difficult to use. The

intraocular lens is generally pushed into the eye,

af t erThe nvegitioal c¢mnﬁrss¢hehmel lo€ en pniagﬁel% lk:bnjpasition with a high
ore esirable for the ns to be exi ble so

:'%g'{a%@ﬁé 'Pﬁlgfs'f‘o?]p I'5R198Y,Nd s RRFES3FPTashe dEerkstion of the

Ifolymerqol ymer used for the lens is so elastic that

the l.ens ca

In accopdaPnece with the invention there are provided polymer
compositions with a high refractive index, which are particularly suitable for
use for eye implants. In particular intraocular lenses (IOL), corneal implants,
keratoprostheses and so forth are to be considered as eye implants.
Intraocular lenses have already long been known. They are surgically
inserted into the eye and replace the natural lens of the eye in order to
restore the vision to a patient suffering from a clouded or damaged lens. The
natural lens has to be replaced if it was damaged for example in an accident
or; and this is generally the case, if the lens is clouded due to a cataract.

Intraocular lenses can be produced from hard or soft polymers. Hard
polymers have the advantage that they are mechanically stable and good to
process. They are however difficult to use. The intraocular lens is generally
pushed into the eye, after a surgical incision has been made. It is therefore
desirable for the lens to be flexible so that the incision can be kept as small
as possible. If the polymer used for the lens is so elastic that the lens can be
folded or if the material is so flexible that it can be rolled up, the incision can
be made even smaller. That is advantageous and desirable so that damage

to the eye is minimised and healing takes place more quickly.
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folded or if the material is so flexible that it can
be rolled up, the incision can be nmade even snmall er.
That i s advantageous and desirable so that danage to
the eye is m ni m sed and healing takes place nore
quickly. "a- 2 Soft |enses c%n be inserted well, but
they frequently lack stability*“ respect of shape

| I t have such el asti
or opertraERselEad %t*wagaﬁé”ﬁgﬁd%ﬁeveaa eguentyglagk stability in

tceg;@tehErofoshapél ed u@dmbut intPlodNgr Qbheds hanst h%%eguch elastic
n inserted, resune their original

Wé&?@g%lﬁ% RN FRe &Nk '? tl”sfﬁ’aﬁ%" berfeldast kagesner @lr rolled up, but
| o rtReCOtrRIr ham® eaftBR Mg Hé%ne?fﬁ%gt'%:dvec'h\égsgshn?@%%w original

may al so not have a menory e suitab
fiﬂaﬂ%@rr‘%@bs@l @talre‘ﬁ’@é§hﬂ9§t Thaenateriat folmlrttt-:acn:ular lenses may not

ORISR Lo, OO 8 FURpPREBSEN S poymers

t@lt@le nﬁn'rtlettaomﬁlarntamsebenaygt itheeeford fugitenk! )éomtﬁlrli‘atnon of
The action of an optical |ens,

r%fu &%‘?’Pﬁri‘ggg(%%o%@??we% s correspondi ngly greater

the rmrferththeSlS@ﬁtlélct'éq{ﬁrérﬁéﬁ% fé*r‘ &f §6I§n{s{r°WhHﬁa¥s Eé be inserted
medi um  Accordingly, ens can

di
E‘? zﬁé:ﬁ%’énﬁ;ggys%fﬂpﬁﬁe'v higherafragtive tndexr dheaactiare of an optical
st bt SO SR e e o
rtaﬁge'efﬁacaéemeeﬁea 4itffensd ftor516 satt loft thet rswcm.lnﬁilng medium.,

SRR, [OOSR B Pl L6 ANE e reracte

dndéx ofilthe imatiesial 6ramsetith iTIaRRRRY Nﬂovﬂ@'rﬂa\"f@h%ls g\éﬁé}any have
ve index (nmeasured in relation to vol une)

r*?oF r?"raFCt I ndees infhe rangecphPatwiran dabt andob 5k $Cuth¢temtraocular

demstist ntade Prord hRISENBIateHalkaR &t frey rE"é@varyOQHf(‘:‘(' c?-ﬂa\é’éver the
lants is transparency. Suitable polyners
ﬁé\%eénﬁﬁglﬁnée'gr ée gnore ghfficuttr knispter érreyt. Transpacént polymers

AR S FRLEL PR UENESNER FllARSTLD el dr SR than 1,60
are therefore desirable.

A further condition for a polymer suitable for the production of eye
implants is transparency. Suitable polymers must have a high degree.of light
transparency, in which respect certain wave ranges can possibly be filtered
out by the additional of suitable ingredients.

The glass transition temperature is also a parameter to be borne in
mind. It must at any event be below 37°C so that the lenses are processable
at body temperature. A glass transition temperature in the region of less
than 15°C is considered to be suitable and a temperature of less than 10°C is
considered to be desirable.

Acrylates and methacrylates have already long been used for the
production of intraocular lenses and eye implants, because of their good
compatibility. It will be noted however that homopolymers of the monomers
which are usually employed have inadequate strength properties and their

refractive index is generally too low. The attempt has therefore been made
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The glass transition tenperature is also a paraneter
to be borne in 25 mnd. It nust at any event be bel ow
37C so that the lenses are processable at body
tenperature. A glass transition tenperature in the
region of less than 15C is considered to be suitable
and a tenperature of less than 10Cis considered to

bgy dgsipradhd e. th6§éy|;§\"o§%r@%§ rHé{jE ?5%/ t% ve 4l rgadgre very

| ong been used for th f aocu

. | Bveswsdiffecerdyapproptiaes i tha{craapectof the| r good

he noted however that
romopit aete retallng Rdfelc o BREL Arobdeed ket phenyi-bearing
eaplytates almaivmethmdgmnes enast bengiéd Dld?ﬁﬁfnta*ti%ﬁsaj’fdﬁd?@bﬁoblc and
L,ve index is gener y too |low The attenpt

t%’é‘ﬁrngf'Q B%QROHﬁa%S ayet S? rﬁﬁ%\/@m%\é%d ;Spolmartea,dwtageous

Conpleyties itdath®maldiniie IR Y& ¥exalslY gpfﬁf}eé@é‘@n discloses a
agp roaches in that respect. To increase refract

rial; for 1s9& m@pcpl,lajplggggs,t Whichpiseobtiireshby nxylymerlsatlon of a

ryl S be Co |on
gﬂd‘hJong§thﬁ:d@ épSyh@ I?ole c c'lc()s?r*g%%cent ﬁ%@é CJIy an
b kwil( Wﬁﬁ@ﬁ'at@ alnldparcroaﬂmkabmgﬂfmmnmroﬂe'fd h¢6rd|:xbnltd‘lmonomer
BB Jor b EDIBLfpETod SR Bt I3 Sacryite can

ot aomedabwle)qirwmtdmthﬂna@'fyla?te try&hiomby |df th@ORRAEFial is to be
wi th an omatlﬁg&math acryl ate, an

dm&m(ﬁ% ) Rer3ku meshipGy@tessi i nkabl e nononer. The
hydr ggi- Ibkeﬁrlﬁgmfatéé) a?érblg’@né{ 850%@@ lE% 0 667 966, wherein an

(meth)acrylanide and the aro IC )acrylaté can
@évkaﬁaéaan@r@ppn@mﬁ/ isoxpattiped awith| ene orFtwesi foirtHerycafiponents

SR SHBrdS eP, VIEBEDY ddres coppyrps, whicn ar
F;'ﬂg@@g.@dof anawybgﬁ@?p%ermglrmrel maomer ghedlesetdrtd hydrophilic,
‘?l‘? %ﬁggtar ﬁlgr%w ﬁg%l.ﬂp tregrlggfggr&éatt\éggr dnggpcg‘glgt% dg produce

d:eﬁwnetsawumoa)oligmmﬁaM@fmd%&e EPegia 88 P ®F ﬁ?d(}) e%'copolymer:smg
acr nmononer and a second rop

%qg§$Rb$@é:f‘g nWG%/%x@/a'@FB/uBU eyt ﬁﬁ'@)’léﬁ,& 9m@ta@ acryl methacrylate
PetHiRs Mdridrer J&v@%qe%sgsém%@ﬁ? d:h a high
9 progose

refractive i ndex S copol yneri si ng
EP 1 077 952 discloses a polymer composition in which a special

benzotriazine monomer is used in combination with acrylamides to improve
the properties.

What is common to all polymers mentioned in the state of the art is
that they are made up of at least three monomers to achieve an optimum
combination of refractive index and mechanical properties.

None of the previously known materials is satisfactory in regard to a
combination of good mechanical properties and high refractive index.

Therefore an object of the present invention was to provide a polymer
composition which unites excellent mechanical properties with a high
refractive index, preferably over 1.56. A further object was to provide a
polymer material which on the one hand is so elastic that it can be folded
and rolled and on the other hand is of such a strength that it is mechanically
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at least two nononers, nanely an aryl acrylate and an

acryl nmethacrylate. 20 A third nononmer serves to

crosslink the polyner. EP 1 077 952 discloses a

pol ymer conposition in which a special benzotriazine

nmonomer is used in combinationith acrylamdes to

i nprove the properties. What is common to all

petapien s tﬁE”éVé?n&qful-trF\e“lfb'é&aBﬁtﬂé tih@er"?ﬁén'%vaszsﬁé halovide a
they are made up of at |'east three nonomers t6 achi eVs
amaptirhuwhicdontsi nkiciagicalty r edmpetiblee andexwkiod can be easily
NMRERAR roperties. None of the previously known
materials I's satisfactory in regard to a conbination

of goAdcordutmt tad inveopienta pslyaner borposRionagiised which is made

index. . Therefore.an object of the present invention
e o

i YU 3R YARIMEP 3 HiB.ifeTBHIAkNI ch unit es

excel l ent mechani cal properties with a high

refractive index, preferably over 1.56. A further:
object was to provide a po|lymer material which on the
one hand is SOR8l asti c thadR it can be folded and
rolled and on the other hgnd is of such a strength
that it is nechanicallywtipd_\stapglke in the eye. A
further obje of th ?%v ﬁ?iaﬁ wgs to provide a

mat eri al i fologidally gonpati bl e and whi ch
can be easily mafuf act ur e4.— cording to the
invention a polyn€® conposition is used which is nade
5 up of at |east one main nononer a) of the formnul a:
Ra Rb X- R- Y- A" Y- Arz 10 0O wherein X can be

Ay RENR % c%ﬁr g%&gg c Sor NR respectively, Ris a

straight, "cyclic hydrocarbon residue with
1Y tanec@y Basr NRC respectively,

R is a straight, branched or cyclic hydrocarbon residue with 1 to 6 carbon
atoms,
R? is hydrogen or a methyl residue,
R® can be hydrogen, C1-Cs alkyl residue or Y-Ar?,
R is hydrogen, a straight, branched or cyclic hydrocarbon residue with 1 to
6 carbon atoms or an aryl group, | |
Ar', Ar? and Ar® are respectively independently of each other an aryl group
which is bonded to Y by way of a bond or by way of (-CH3)n, wherein n can
be 0, 1, 2 or 3, and wherein the aryl group can be substituted with 1 to 4
substituents, selected from C,-Cs alkyl, C,-Cs-alkoxy, mono- and
disubstituted amino, wherein the substituents can be selected from residues
R as defined hereinbefore,

b) a crosslinking monomer, and

c) optionally further monomers for adjusting properties such as
refractive index, surface properties, glass transition temperature, strength
properties, UV absorption or for colouring,
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15 atons, Ra is hydrogen or a nethyl residue, Rb can

be hydrogen, Cl1-C5 al kyl residue or Y-Ar3, R is

hydrogen, a straight, branched or cyclic hydrocarbon

residue with 1 to 6 carbon atonms or an aryl group, 20

Ar', Ar2 and Ar3 are respectivey independently of

each other an aryl group which is bonded to Y by way

otvhérémn r n
ey Qo ET oo 1) CBETREd 1 BR"amRint of at least

s%@%‘q by weighivi priefarabily at |®a,ﬂ§s40°(ou@ﬂweigls1el;m'tietuilaﬂqueferably at

al koxy, nono- and disubstituted
g#ia%?avﬁ%&el nbpﬁg substituents can be selected from.
resi dereferabby Rhe as)nui;mdiwrrdsdubed edsnhfnen®er B) ae those in which Ar

§%§ é‘] a nonomner E)%“{?ptl onaII further _

IEElY oF eSS fi Rﬁe’b %SWQ'GBh O, df PRCE iSpbstituents,
i Me&edwommypm@%md@&esqhﬁb%s transit I on

tenperature, strength properties, UV absorption or

for cHIouPIRIING  GpEPSURdshearitai Rartimdanly areferably used as

CcoRhahed: in an anount of at |east 20% by weight,

preferably at |east 40% by wei ght, particularly
preferably at east 60% by wei ght. Preferably the
compounds use nononmer a) are those in which Ar 5

respectivel yp'deriot es a gheng, resi due which has 0, 1
or 2 Q\ujﬂ@n sel ected fromal kyl and al koxy
resi dueg. The foI ng conpounds are particularly
preferag ly u rmnorrers C18H1804 0 a,s \\
C18H1802S2 | Cl SH

/\H/O\/L/ \O CisH130,S,
YLD e

gaens

? CisH304

/\(O\E\SO
(o)
T Ci8H,30,8;

It was surprisingly found that the material according to the invention is
particularly well suited to use in the eye as it combines useful properties
which were hitherto not available in that combination. The material
according to the invention has a very high refractive index which allows it to
manufacture eye implants of very thin cross-section which satisfy the optical

demands. Furthermore the polymers according to the invention can be used
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O 1203 - 0 C18H1804 0~'YS \ 0 C18H1802S2 10 It was
surprisingly found that the material according to the
invention is particularly well suited to use in the
eye as it conbines useful properties which were
hitherto not available in that ionblnatlon. The
material according to the invention has a very high

it t acture eye )
N e R S e —
omeafalmc:&ls pdepmmdas soRtivat e rptraotiar ped 98edah BE G etdin a very

b d 6 r the manuf acture of
eI R 53l o e sevices
psoderas ecorgact hHahsdd)e kerdtbppsdthated, e%ﬁ?ea@""ﬂﬂé? or |nlays The
i nsert Ié(n a very careful fashion.

al WS Vf’ bPBt'WmoE’W"Bﬁﬁt%@I Recwelvseteby Esmohmtasatlon of the
CAUrfthetsenses, keratoprostheses, corneal rings or

inlays. The 5 respectively optinmum properties can be

vel |~ See nglyraecmteﬂahamcroodmglm theo ovention Ehehade up from the

pQBM\'Z@ éWﬁ évozl m%%%?rﬁeﬁr BAEI%QI nve tl n2 Mldsc)nag curgsshnklng

fromt he nenti o
optonomagr - c'ylonMrob)SHntkiu@g almyy@rraé usé‘@“w'fgichQVf adequate

h d te 10 st |
Ry B RsRE S thamma b PARETer & SubARHRIarI3danaerom the
u@orﬁpOl‘T&arﬁﬁ%) é@n@@n@rﬁ‘élna}n&ﬁ)rﬁ@ﬁ WWePenHDBP'TEE]st g@gfoebv weight,

Ieasb % b preferably | east 40

m%reéﬁr i\h@t 'Eﬁ?tt ﬂ@?a’cr @M yem*éfmchmaytnmlarlemm@%y lay least 60%
0

gener a?ﬁ)cfoftﬂ]‘% mgﬁ{%rl% ?%%@égf%qlftﬁprét ﬁgﬁoﬁﬁ% %gllg giﬂﬂeéﬁl smaller

cRiPPOrtiens of pecthar pramoenerisewhidr montribdteespediaingropdriies form
b:‘élg Eeed enbodi nrent which is referred to as a
qhorm o'I['ymsr the polyner material substantially

conprinsg prefemnoetentodimeat eiich #Sreferred to as a 'homopolymer' the
polymer material substantially comprises monomer a), wherein, as
mentioned above, monomer b) is also used for crosslinking purposes.

The term homopolymer is used here to denote a polymer material in
which monomer a) forms the substantial proportion, that is to say more than
85%, particularly preferably more than 90% of the monomers.

In a further preferred embodiment the polymer is formed from
monomer component a), crosslinker b) and optionally further monomers c)
as well as a further proportion of a monomer d) which is copolymerised to
achieve particular properties. The additional monomer d) used for
copolymerisation replaces a part of monomer a) and must be compatible
with the compounds used as monomers a) and b). In an embodiment the
additionally added monomer d) is @ monomer with a structure as shown in
formula I but which is substituted on the arYl residues, at least in part, with
halogens, in particular fluorine, iodine or bromine atoms.

The balance of the material is formed by crosslinkers and optionally one

or more additional components selected from the group consisting of UV
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menti oned above, nonomer b) is also used for
crosslinking purposes. The term honopol yner is used
here to denote a polymer material in 20 which nononer
a) fornms the substantial proportion, that is to say
nmore than 85% particularly preferably nore than 90%
of the nononers. In a further p7reeferred enbodi nent the

o éw‘l‘% ii%e“@; n%%ﬁo%%ﬂ nall r‘%ﬂﬁp@%”%ém?e;s c) & mpounds,

wd}/éstalsﬁfsa chomtomentp W biten gRfendpriRReIES, FHd ¥hiFsHhi S
copol ynerised to éS achi eve particular properties. The

addi t FoifalOWB KR OdJOSFRIA tPoFOPRYSTiREItheatmemmers which are
r aplalbesmplppdd |rpﬁ15f8ﬂﬁf§eﬂ'or@yeai'ﬁ§’plgH§ é?&g‘?@??% tmaterespect are

the conpounds used as$ nononers
e%galfﬁ%ﬂf' ip hRe spagdifieAditaratyreiddedmentoner d) is a

NDNOMERe Whitddeft SH/E@EHHG Iﬁesre%]—%v\@sgg gugélguniqa}' :rg%tgpal nwhich is

which is substitute e ar
piitabl@iasa fatdatie d@é.nenatenapandlwlnlllcarlnfiaml@rhb@dlment can be so

|
B R R L e ot e ™ seomaer 2) and
ad’d!sslurd(erl b¢ommreeutéd Sﬂfhéﬂtréduééﬁ@rt BEmHAHP dlff,cultles such as

b bent conpounds,
C'?'Sist' '§ﬂtN€§fﬁB a Zggst uf f s, n.(F:)orrponents
whi ChTh’é belyreévE&sm bgﬁ%htéc%%r Iﬂﬁe othe |R(/%Htl0lj1tlrl1‘10$[%re§nbod|ment

however al so possible to copo rise ot
v U Be agkemappylyeng wjnezm ISrsubstaammaallysn’faME |y enly of monomer

lLLant egt._are 5.to
:gnpfﬁg érg)esgl |ed%Y<1 r#eraFu & d@g ﬁQWteger'l’hé’eﬁ%eme crosslinking
i mespties— ttherpeﬂymer woeposithel yaesrdiwg 6 ithk iWhbstion Tan also be
SMEbIeasaf dablel(lmaterlal and which in an
n‘% g YR FEOR Al 8"0’196“%?& Ns@aY t994€, Suprasahnkiag| gnonomer is

mﬂcyesi;awy, NRINIOIES Scopolinen®éd aitliitHe rBbASAErEENE)o tloﬁally the
That reduces or elimnates difficulties

j{%’%hfﬁ r% QPEL/ cheni cal et er ogene| ty. The pol yner

onpgsi 4¢cen
grrbngd?rrednt déigtgé;ﬁ?ﬂhmug\é th f?ﬁlgnng\gg ﬂe?ﬁr mgﬁ%lﬁﬂnlesrs is also used to

Sc{%v@ltgnmagq:m@lsnmﬂ@cmm@m obfmauaedreﬁrorra)tvxmdiifferent monomers
he

gcgé |hﬁk€od thet ThVERBBABLN) at TRYEY She chStlides- [he 4 least one

monomer accordlng to the invention, a crosslinker and at least one further

i

|

The polymers used according to the invention can be both statistical

monomer.

polymers and also block copolymers, wherein blocks of monomers according
to the invention and blocks of other monomers can afford advantageous
properties.

Those compounds which have at least two bondable functional groups
are used as crosslinking monomers. Examples of suitable functional groups
are vinyl, acrylate, methacrylate, hydroxy and thiol groups. Suitable
crosslinking compounds are divinylbenzene, -dithioresorcin, bisphenoI.A-
methacrylate. In accordance with the invention, as crosslinking monomers it
is _possible to use the per se known compounds, inter alia any compound

terminally ethylenically unsaturated with more than one unsaturated group.
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nonomer - the pol yner conposition according to the

i nvention can al so be 15 nmade up from further
nononers. I n any case, a crosslinking nononer is
necessary, which is copolynerised with the nononer a)
and optionally the further nononers. |In accordance
with the invention, the tern1cdbo|yners is al so used

te . ote materials which were polynerised fromtwo
d.ngthQ*nt ORISRt or ATGIKNOWN FRetheman skiledria the art in

athikefisld ane ©Ie0$SdAdHEFs Qfsuétly'&ﬂﬁtqy%@ecgﬁ’r%g@rb used for the
n at efeast

accor ding to the invention, a crosslinker a
oRRYMESRECOrdinadRethe myenpieny Fepmnles of koowndenogstirkers are for

t BRampyent 4 C ot R; .1 stical ol yjrers an
al s% @I ockt%po@ﬁe%é) \/\E@é@#% loc%ganoo Orne\regm(']lene glycol
adtoethasyylatess t diethgenaveglycoin didetiazeyatef atijier methacrylate,

s, can. af f. dvant ageous praoperties. Those
2@%3%5& Jﬁd%'%amﬁf@hé'ﬁgeg@g%fiﬁ?nféa P RBehAadel ST EHATIsE; hexane-
gilgf;;rpkal a;e udietethscryates! i nki rlﬂ.lt_ﬁﬁ@?ﬂat&ol Fxf‘”plﬁl%e%acrylate;
sHita cti.an oups _are_ vinyl, acrylate, .
e S S DR A D ol Chwiaeein 30 = 1 to 50
cand SCHRKE aPovod &) Ny.E . _
di t-hi reso(:{g?a(r)l, Uﬁi 2ph§10 tA-f@(ne?Fégﬁafg?gé’ Yvr?erem t=3to 20,
a%r&%rtggrfé’.ér%mﬁ‘dt% acrwleiast d?\E,SIEiB@l\CrthSdegThEng‘ polymerisation of
MO indingi r. se_known
conp%?%glgfgl?%tcér Iai | go’gﬁsyc} g%'#%%ﬁg%t&gﬁﬂﬁg??average molecular
evRighérs ahput/40Asabouta6ed onj tiostprefdrbaly, @beut 1000.

unsat r 8 ui t abl e cross|inking agents

are k%%sﬁggtggg%ﬁo%ﬁlels&feiatht"F}‘@e L?WF’He" {frA sompemad of the
dodowire fornauters isiased by theR-eydwkean al so be used for

the polynmers according to the invention. Exanples of

known crosslinkers are for exanple the follow ng

bi functi onal cospoonds: t1hyl ene glycol~5

di met ha | at e/ /01 ANyl erR!_glyco L et | at e;

al lyl rre% FYNS ne-‘:{, 3)-\5i ol dijmetRacryl at e;

pr opane- 2, '

et hacryl at e; hexane- 1, 6-di ol

di met hacryl ate; butane-1, 4-di ol di nethacryl at e;

CH2=C( CH3) C(=0) O ( CH2CH20) n- C( =0 C( CH3) =CH2, wherein n

wHich catb@ach of the two ends bears a respective terminally unsaturated

group, wherein Y can denote O or S, Ar is an aromatic, in particular phenyl
residue which can be substituted with 0 or 1 to 4 substituents which are
selected from C;-Cs alky! residues, C,;-Cs alkoxy residues and halogens,
wherein n can be an integer of 1 to 4 and preferably 1 or 2, wherein R! and
R?is a bond or a (CH,)m residue wherein mis 1, 2 or 3.

Particularly preferably the following compounds are used as the
crosslinker:
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and CH2=C(CH3)C(=0O O (CH2)t O C(=0) C(CH3) =CH2, wherein
t =3 to 20, 10 and the correspondi ng acryl ates.
Desirably the degree of polynerisation of the
crosslinking conpound is so selected that the
nunber - aver age nol ecul ar meigqa i s about 400, about
600. or, nost preferably, about “1000. Particularly good
properties are achi eved however if a conpound of the
following formula Il is used as the crosslinker: 15 R
Y Ar-R2 whic cach of the two ends bears a
respective uos ielliad ed group, wherein Y
can deQ\Fe S, Ar is\an aromatic, in particular
phenyl g1 due whic

\ be substituted with O or
1to4subst|tuents whi § 2 selected from Cl-C5
al kyl residues, Cl-C5 alkexy residues and hal ogens,

wherein n can be an integer \of 1 to 4 and preferably 1
or 2, yherein Rl and R2 is/a bond or a (CH2)R

residu erein mis 1, 2 or 3. Particularly

prefer the foll ow ng corrpounds are used as the 25
crossli 9 S C18H18S H /I s C6HES2 (C24H22S2 SH
It was fou hat , g t he nononer g« a)
according to t en pol ynmers wit

refractive in *f ar above 1.55 are gf odycedy,s, 5

The refractive dex can be up to 1.6 and ghove. In a
parti cul ar CysHpsSef err ed enbodi nent nononer¥ are used in
whi ch Y denotes sul phur. Those nononers produce
polymers with a refractive index of over 1.6. In
general only one kind of crosslinking nononmer is used

for tiewaBOofoURS tASEOWHeRd utsf?%f Rfel MENTMEL: 5taéc%rding to the
however al so possibl'e to us

invention, polymers with a refractive index of far above 1.55 are produced.
The refractive index can be up to 1.6 and above. In a particularly preferred
embodiment monomers are used in which Y denotes sulphur. Those
monomers produce polymers with a refractive index of over 1.6.

In general only one kind of crosslinking monomer is used for the
polymer according to the invention. It is however also possible to use a
combination of various crosslinkers. For example, it is possible to use a
mixture of various monomers of the formula II or a mixture of monomers of
the formula II with one or more usual crosslinkers.

In general terms the total amount of the crosslinking component is at
least 0.1% by weight and in dependence on the nature and concentration of
the remaining components and the desired physical properties, it can be in a
rahge of up to 20% by weight. The preferred range of concentration for the
crosslinking component is 0.1 to 15% by weight. If the amount of crosslinker
is excessively low the elastic properties of the polymer can be adversely
affected. If on the other hand the proportion of the crosslinking component
exceeds 20% by weight the polymer can be too brittle for the intended
purpose of use.



10

15

20

25

30

10 conbi nation of various crosslinkers. For exanple,
it is possible to use a m xture of various nononers of
the formula Il or a mxture of nononers of the
formula I'l with one or nore usual crosslinkers. In
general terns the total anount &fe_the crosslinking
conponent is at |least 0.1% by ight and in

d trat f 15t
ot AT CRARb AP ingRe dicrioBy ARpaRil and methacrylates

‘precapebé istisky. Thatastibidness & H%’éﬂ%ﬁfag‘él%u%%zt@/ﬁﬁ%f | [ise as an eye

t h f d range of concentration fo
C.Jrg%@‘mtnln %@ gﬂggrﬁlgrﬁn 1QLpag, w Bemmme@ngiﬁrolhﬁ upeor folded,

anpeN§urfdced’ 966k 'tBk%éch ' éth%?‘cﬁ't%gkyarleo‘ﬂ& ht??%)e ?t%ecparate To

properties of the polyner can be adversel
| infE4EnRagethsy ﬁﬁa%ﬁﬁpn&r@epmgbatpa}mm aohaapOSItlon accordmg to the

0% ht
CURSSHISH 0% ORERER) 20 £YIEREE AT U5 Al W Sumir to en
ofmeramer ap but—ly‘d'ndplaames atole,aseogerfmtiﬁml?oatfdnﬁ%k a perfluoro group
oo BB R e STA ThlobR SRRt efabeobouded se th aryl residue

epe posgibntto ithepalkylceb/iporendn InOla BefeMBan ¢ dlment the
r folded, the surfaces stl

[l ed
o BPRPBesact miatie e, 4ad és SUEN duByonameopiNGh & struckirally identical
| 84 [tHeN&RIk MBosen gﬁoc?utpmﬁ’(ﬁ'[;a'seé Ripsti B?er&owgﬁ‘{alogen or fluorine

conposition according t nvent I on

p85ANHI eSeeh add cembingtien r®nedeantiigeshsclasi thei mhbasmers are
n r bu mhlch c rripes at | east on

fFor‘h ?F}'g@t@&ﬁoré’ﬂ%hpeétpﬁo?o gr ot §% BSWPFEeﬁ‘PatE”als If

ThelogboatemmmmnenstammSetathé)oréﬁ;m«ﬂnoﬁ therédesiiY not be above
conponent. In a

SRS R RSP B8 e ST oD S e of 5 o

| 8%sischrefiemedoner which is structurally identical to

the ngin non msr but which as a substituent has _
haI ogﬁﬁh&m (RSP HeStickingas. ocsues, i @ direferaed embagiment either a

APMABrBOR AWStRS IR ARRBIRESaff a f&%p@?ﬂ.ﬂ %fV%htehcc?%ymensmg

ot her and | ead to honbgeneous’ mat e
hEOH@ERIt @H Ofenpranastian eofuthedmidne nperspay &ndrtheheobaofers d) can

SRRl Nyl Tohy 1o ot L1 respeet o
pref eltr ey further be useful to employ a proportion of a monomer in
accordance with formula I in iodinated or brominated form. Iodinated and
brominated compounds increase the refracti\)e index of the material
polymerised therefrom and are therefore advantageous. _

The proportion of the halogenated monomers, preferably fluorinated
monomers, if present, is in a range of 0.05 to 10% by weight with respect to
the weight of the overall polymer composition. Preferably halogenated
monomers are included in a.proportion of 0.1 to 3%. If the proportion of the
halogenated monomer is excessively high the refractive index is excessively
influenced. On the other hand, with an excessively low amount, the influence
on the surface properties is too low to be perceptible. Depending on the
main monomers used, the nature and amount of the halogenated monomer

can be adjusted by the man skilled in the art in a few routine experiments.
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I f the problem of stickiness occurs, in a preferred
enbodi nent either a proportion of the main nononmer a)
or a proportion of the copolynerising nononmer d) or a
proportion of the nononers a) and the nononers d) can
20 be copolynerised in fluorlngﬁed form It may
further be useful to enploy a oportion of a nononer

i At b i n_iodinated or ,
or o At S rer ol b7 e "Ro gRetaretLahpaiauging to the
| mvesdion it lie poesiblecte veentiuleingredidnes WEHiel iadé known for that kind

' h f nd th f or e advant ageous.
DB YRR A SRR s el g sdvaniaqeous o
padditivablarefgaipmierigt @ dnto MO I_fyﬁaeﬂsfarﬁf S8EAbt al:léeﬂ%eﬁarately SO

nge of 0.05 to 10% by weight with respect to t
\?B?%rﬁma?mﬂ SR e %@CV OUtonposi tion. Preferabl %/
hal o i 0 ' d. | L4 on _Q
01 o e Rl Su e stehtes 87z TlieBGERAEY ¢ aBlaed to tne
nBIféREs! {1 bexpelyaiarised. lajh cdmepoehdaetticte aradexivisable by heat

' L nf the other hand, with an
a8 Y B HMPA “Fie. AP &Y JiTEneerd e 4@8d for the
pE@pePsitios accordimg twthe ibﬁem@.entiﬁdlgme@ﬂ,%{é@g?gtﬂﬁé‘é region of
i ] , .t nat ure an anoun Lo
OB BP0t Guiesimb v e OV iitors,

SRindreéotel Bithbe bMié lightainiteyYob® Ul hies §P§°Q'h'bW?1ngﬁ.r selto the man
%@u t.her, ingredients for the polymer materi

74i Agthe dTheOl FPEMAWNS Bctivatadieiwite IR baathsoor heat are

i bl Seqvhi ch are known for that kind of polyner
s@ggﬁ gnuc?}eas initiators, dyestuffs and so forth. In

generfyefeired thedmeai \inkiakors pod yfmeréwdpientgnidwt & tnds with peroxy
S are_not _added separ at 0 a )
Q%Irsrp%%dsa%%rqnota e F'g)é’gﬁgaer y.'EF%WHIEF?@%Q?tSn ignd  di(tert.-
Unityldyglobieayt)pdrdxy dicarbonsteat ahishhi afe | freaddadyt Quddle for the
t rtni | _.0 be%. ol ynmeri sed. Both conmpounds which are _
B rsisalign 0§ 1HEabCTiandnseso SiimblR RASHaiRitHoR are those which
' | et hC tri0 .
recor im0 X SBRE MATE  Bhosphine
%rF%gpciléﬁqfhéué?ea@eh@m%QWyphfmnhj@l@ QK/dﬁbSO][ particular 2,4,6-
L o9 . | Nt Ther ef o .
eyt ueb?'?g‘h*feﬁvii Aeesine e Il e ciides iy per se
tka@wiamounts, for example in a typical embodiment in an amount of 5%

by' weight or less.

UV absorbers are frequently added for polymers which are used in the
eye to protect the eye from damage due to UV radiation. Benzene triazol
compounds are frequently selected for that purpose. A known reactive UV
absorber is for example 2-(2'-hydroxy-3'-methallyl-5'-methylphenyl)benzene
triazol. UV absorbers are typically present in an amount of 0.1 to 5% by
weight.

The nature and amount of the above-mentioned, optionally additional
components are determined by the desired properties of the finished
ophthalmic implant. Preferably ingredients and the proportions thereof are

so selected that the polymers of the present invention have the desired
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skilled in the art or conpounds activatable with IR
beans or heat are preferably used. Preferred thernal
initiators are for exanple conpounds with peroxy 15
resi dues such as t-butyl (peroxy-2-ethyl)hexanoate and
di (tert. - butylcyclohexyl)pergé¥Q|carbonate_mhlch are
frequently used for the poly i sation of intraocular

|66§§§l a?\’dt?fbé&afﬁhf%oglgbﬁé& e’ Swif :ﬁ'dt ho?sr elg(gﬁarﬂtgnals of the

usual | y enpl oyed azo conpou
VAR @erﬁsh@%ﬁm%padmtdalwemahmd@rwehnaaet@m oyl ,
ul ar

?Plofrglti’fh ﬁ%rgg(nbga;faahpﬁgeﬁ; ng] ggahq h%‘r%ggvdselndpm ipitheqdry state of at

af&asaddeﬁblnlfpea bighekn@roparmmt &f E@Irphgﬁﬂgélrﬁtg "mBnomers is
amount of 5% b

tégllg%%w gxggoogygntih Ia%@%?rﬂ%lm dipgdedée ﬂyﬂdﬁnﬁommalso possible
wto attadr eaIUl%g(bflrﬁOIté‘ﬁhar?Y%d %ﬁ’iEHtu%%réélﬁaﬁé/%i%f P4,

damag ﬁ?{due to UV radi ation. 'Benzene'tri azol
conpotod Y& PPEQ@J@?Wt%IMtcethmh ar‘eahanerfﬁmﬁanat‘ierlals with

k t e f exa
2@?‘@?@%}&/@?&?5@5% B?I%g{ Itiy O5aﬁ'en§%$ﬁﬁsaﬂ eﬁ}lqerbémrp@tlcs of the
t $araeorefrastiveh spower swhich taypi mddhey ﬂBbl?}SGﬁbtérghlﬁnwntrl*]\ a higher
The nature and anou
VG follex, TReider %}]eﬁ BBH&W%?@&%%E@A theggorrespondingly
CSJ‘n‘pH)erevwlis the éndeloer B¢ Wiy tdrewARS #Hd ] P%@rlg'lﬁﬁogtjced into
ttﬁ% finished ophthalmc inplant. Pr efera

redi‘ents and the proportions thereof are so
sel ectred pdigindrhaiseal WERbRHiRg thHetis eﬁ\% tioRY §{4s! oand_l\_/zfmtageous

have the desired optical and” nechanic proper Ped

VRFERHERIePIGRErtias &Y bse OcﬁfthEhrewonprresrera) anﬁeh)t IIﬁl’partlcuIar the
I le r. The

e B Er ey Phef o skl riiSEot Jnpd€ (RbGeszomn oefe by does not

qirgaks, Eﬁ‘aralr Sﬂllémenllt(i@folkifeda)r’mogbdr proportion of

dt th
vt o7 aP 8 (PR PRBRIRe theyhiesenerivas pgner compositon s

poedi hxhethé Oaradal afn opRk@Abg PP SurpbRhgly 6 gev"'?a'b%t}e'o‘sescnbed
particul ar| E tﬁreferred For a gi ven opt ical

&'xregr-wp@ FePPREEL®T HRFRERAEY ifar ophthaimia applications such as
ek rachb \t@xicg?e%u&fabiéehfé%én% PrEp RS hY SLaBKCHexibility

t han optics
and a high refractive index. The polymer composition can therefore be used

in many cases in the ophthalmic field for any kind of ophthalmic device. Use
as an implant, in particular a corneal implant or an IOL, and in the form of
contact lenses, keratoprostheses, corneal rings and corneal inlays etc is
particularly suitable.

Intraocular lenses which are constructed from the materials of the
present invention can be made up in per se known manner, the structure
depending on whether they are rolled or folded to give a small cross-section
which can fit through a relatively small incision. The intraocular lenses can
for example be of a one-piece or multi-piece structure and have optical and
haptic components. The optical part is the part which serves as the lens. The
haptics are fixed to the optical portion and hold the optical portion in its

correct position in the eye. The optical portion and the haptic or haptics can
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same refractive power which are made frommaterials
with a higher 10 refractive index. The thinner the
optic menber can be, the correspondingly smaller wll
the incision be, by way of which the inplant is
introduced into the eye. The qglyner used according
to the invention has advantageolUs nechanica

prﬁéoﬂrme%sfrgﬁweﬂ?éeggﬁne egl T &oﬁrgﬁgzqﬁgﬁp%ﬁg évtlgere[ﬂﬂ m@terials. In

particul ar t 'S su
mige Cﬁﬁéroéfarno}@lgmmmmlsl nefelved todds muledtecd, &Rk dHtlcaI portion and

d. A di tot
" Bhk MR o hobficn, 8ri8eR Tt sERoREFnaRd dbAp bR RastGssare fixed to
uske optnctah@oaﬂ‘@r& Oi thehddel Gplao&ﬁ(e- PRSPl Xptl!:z!ﬂeportlon and
scribed polyners unite e properties
E@%i‘?&f‘ﬁsﬁﬁ feﬁﬂﬁﬁa%/ mpalﬁmfifrcaﬁhamm sndhprasegdng @f the optical
OboRgor @H&tﬁé’ha?@ith@%f?ed@&hﬂ% Rérop/\ﬁ‘{ut:ﬁ e%a\ééjflﬂﬁmﬂgn to the

suitable flexib and a h Practive. |
p@%ﬁ'ﬁ'”@@r‘@)é@?@rbn can therefore be used in many

oot harey ¢ RUOpRbE AAE e HdBBnERY pShieracemagsiions can be
cgrcm;eqedu W}!ﬂhathe @nombﬁ_acemdjlmql tbh@lel;ﬂ'gln@g@%gr ;Iggat Aylrophobic

R Ler ERBLARL BRI o) EPh Peceracesred Spia Patasomer or with
|ﬁm;m hidvbphsisicc @BRidnsRA@d, f 110 thurBBhAE! B e RBterial is

t be nmade up 1 n ‘per
ARG thSnatomer o cocaepesanghoinnsideis comjyeeised with 3

rﬁildjr%%hﬂrc AriIndeserdt R h hvforaefémhael ?5@%% ac'ﬁ%tﬁlry g, or mgthacrylate

can fit t roughare I NCi Si
i Withdwdipsy grewr®s can 30 for exanpl e be of a

one- pA?GPch@F %Pér‘h'et@ \%ﬂ gtﬁqurg%nt grtlpw%\/[grol% tgségrqropertles of

and haptic orrponents
V\W@'Mh"%ér\l%s the tdiasd enrsans'lfitm b@mbleﬁétuaée Theedla®s transition

Itt{égneégngg%L n?%gbc?? 5ﬁ2 J-F’i'th'gt g th thr@%%:;ﬂqplgrg% Itlgg,gltl;@ntransmon
alempdfretlhmpts @/eo,v Higipt thes m‘a?tér@l e Hrifigest fbroﬁg‘ Ee?flperature and
can conprise different rials.

0 PRt e, ot foe NRPE htrRgsitienctemperatuae is very low the
B ot O ks BEY SL ARSI, heffore,or o
fasxeyetipplants, polymers are desirable which have a Tg of 15°C or less,
preferably 10°C or less, as in that case polymers are obtained which can be
well processed and which nonetheless still maintain their elastic properties at
body temperature. In order to set an optimum giass transition temperature
with the polymer made from the above-specified monomers, a monomer is
preferably added, which sets the glass transition temperature into the
desired range. Monomers suitable for that purpose are known to the man
skilled in the art and the appropriate monomer and the amount thereof to be
used can be established in a few routine experiments.

Eye implants according to the invention can be still further improved by
adding nanopigments as are known per se to the polymers. It is known from
DE 101 29 787 to incorporate optical components into materials for eye

implants. Optical components used are substantially transparent fillers with a
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the optical portion. In the case.of a one-piece |ens
the optical portion and 5 the haptics are fornmed from
pol ymer. Shapi ng and processing of the optical _
portion and the haptic is effected in a manner which
is well known to the nan skiIH%d inthe art. Both
hydr ophobi ¢ and al so hydrophiliC pol yner conpositions

] 1 i e n accordi to the
cHe, conatire it Tabhe RGeS, AR Bl ana or -
mpasctige siye ahrwihieh pﬂuhxs(aa;r&;tdidIyasoaildfl’rmrm:latlﬂeyFfﬁt{c]:_uliasgr iMithé component
f habj ononopers. , rophilic )
408 DAL SBRNG DR Bl e B PGS iegron density
t ovhitte leausetd aonincreabepEOtafFRLIVECIACL! that higH eRRBIdA Bensity can
noner. whi.ch for exanple can be an acryl ate or
23Fh

aehigred PY Wqdeshiivex prerdiffislt 1o dissalvehaith highly charged

' bfe PO th Ln ,
e ol PO, Hgh 16 ACERR o and it
t ERPWCMNGSe. Teee gheavy tmabali idootpouretspeaarat m ecrystalline and in

BETSE ISCARILY) S BElE AP ehnbl o ot

glass transitio
mgeemaaktds @luminateat drodjtahergser ather ehea\dy FRBs are fixedly

i f the gl -t ition tenperature is _ )
v EFBFARH! Rotey hilfal PR e oty dsbedcess iy the biological
usnediutreopitfeatye.€the fiersethirgforé Ao HGtCadAs s8N Caffect the biological
i Ianl&. . OIP/ rs are desirable which have a T9 of T
1%%”(913 'E’Q@ 0 %F%BPW@O@@PW@@%W%@”% orhamplaats enaterial in
PRlhydretiSe\RE Fe QMtAbLNESH ;M“'rfrlglgl ta@tlt?@ﬁtg}éfrebértf& e?fcﬁ’?ﬁ,e% Sglq:icular as

|
whi ch nonet hel ess stil aln el as
phaperartistesat A fidey wbinheriat preferdbly oused iso ratite.ahat filler is

j ' t it i . rature 25 wth the
BB e SARRHS S0 R HlsSaNorinranelly stable and thus
neutodiavable. Jirisf @lsakdvailaditeth ﬁéﬂatigblﬁlﬁrgetMOgh%S.sThat filler can

|t y t . ntqg the desired range. _
M aTancs e Fabresrystaiin Torm fead Epethesoln fradused technically
nwith akpartre isizel B8 \hichaprhctiRgIY Qiﬁht %tﬂé?”iﬁ%ﬁuaed in the
and the anmount thereof to be wused can be establishe
i FPTRPPRGNY BlAteH@l experi nents. 30 Eye inplants

accorgi inbNeqb, j ape bee st LI & f .
oy ourea, LAr 00 N CRESt: B Bt 1% pergate witn o
tefEardivgoindexr of nt=i &.5ntwn refrantiveEntieg @O tA87adrglate can be

| REALRRUALS P8I Wlth‘éoﬁw&?eﬂ\t %hétntw%yn?tt = ip%!sssibreorto Shrease the

effective refractive index difference between the eye implant and the
surrounding aqueous humour by a factor of 2 to 3.5. That makes it possible
to produce for example intraocular lenses of reduced thickness and with an
improved foldability.

In a preferred embodiment therefore up to 20% by weight and
preferably 5 to 15% by weight of nanoparticles, as described above, is added
to the polymer which is to be processed to give an IOL. |

A further subject of the invention is a process for the production of the
polymer composition according to the invention. Processes for the production

of acrylate and methacrylate polymers are known per se. In particular bulk
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i mplants. Optical conponents used are substantially
transparent fillers with a 14 higher refractive

i ndex than that of the surrounding material and of a
particle size at which substantially no Iight scatter
occurs in the conponent naterl | . The optically clear
or transparent filler has a h| el ectron denS|ty

oa creased refractive
hi gﬁnT'F ron denrgsr!cpy c% dIsipl aeﬂ{y@v’é'bsaﬁ?noxp grably emulsion
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nanoparticl es
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can thus be produced techni

aturiffrc Rolymerisesamith momorgtancsmrasslmkers rrhéulc@a\ogenenty of the
20% by vol une
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i ndexIndl hécvrdanee baliteethd heh R RidnPHRM adid t&%vgded polymer
surroundi ng aqueous hurour by a factor of 2t

THPPRRNe’s | W sFYNRINEs gapdhr xggbanicat prapepties with a  high
irefrizRa0HE iRk ES6S Eglyrp?@lléc@aqw PQ pcrggﬁéé%i}g%n%mpqe #shion, using

i nproved foldabilit na prere

 tUReEPEPGESERSt 0 20% by wei ght and

The polymer compositions according to the invention are particularly
well suited for use as corneal transplants and intraocular lenses. Subject-
matter of the invention is therefore also the use of a polymer composition,
as defined hereinbefore, as a corneal implant or an IOL.

The invention is further described by the following Examples which
however are in no way to be interpreted as limiting.

The products obtained were investigated with 'H- and 3C-NMR
spectroscopy. An INNOVA 500 spectrometer (Varian Inc) was used and the
measurements were carried out on that spectrometer at room temperature
(21°C) with the following measurement frequencies: 'H-NMR: 499.84 MHz,
*C-NMR: 125.69 MHz. CD,CL, and CD;0D were used as solvents.
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preferably 5 to 15% by “wei'ght' of nanoparticles, as
descri bed above, is added to the polyner which is to
be processed to give an 10.. 30 A further subject of
the invention is a process for the production of the
pol ymer conposition according to the i.nvention.
Processes for the production ofe acryl ate and

net hacryl ate polynmers are known per .se. In particular
bul k a 15 polynerisation and emnul sion pol ynmerisati on,
preferably emnul sion polynegkgﬁhh@nl are consi dered
fg{ the ﬁroduction of eye inplants. In a preferred

e ' Sfpnoners are converted into prepol yners
using an initiator | and freed as far as possible of
their residual nononer 5 content. The prepolyners are
then converted to the final _polynmer in the presence of
an initiator Il, optionally Wth the addition of
nmonomer s which influence cerfain properties. The
initiators I and Il can be @hetsame or different,
dependi ng on the nature oFJgQgs ppQners used and the
desired properties of thle pol yn# Preferably
initiator | and ini## S |1 areN e sane. 10 That

ki nd of nmethod | ead la very | ow residual nononer
content, which is nt ag@&l_,ls-ozfsor t he pl anned use.
Furt her nore honogenous rra_twargguﬁ?s“ﬁge af forded by using
a two-stage process®i§P24Hi §185:9 apuisytemzs are produced
ina first stage and they are then further

p ri ith nononeric crosslinkers. The
hglnnggggnée??& Pco)ﬂp"%g' {2 E]q?%ﬂu 2sWeighthpor t ant
paranmeter for use as an eye inplant. Non- honbgeneous
rggio&s in a Polyner |l ead to optical flaws, which is
noCaCHOBPAUYBEO™ or eye inplants. In accordance with
the invention there are provided pol yner conpositions
whi ch conbi ne good nechani cal properties with a high
20 refractive_gndex. Those pQ e produced in
a sinple fashusi ng ustL - The pol yner
conposi ti ons ageordi AR LA _
particularly mellggE?rgg‘ or use as cor

transpl ants and intrad®l ar | enses. Subj éct -

CysH.60S;. CiMsCIO
Mos,_g?w.':ﬁfaz M°|-99$:6: 104,53

THF/N, | + CHiMacCl
At - CHa
Y - MgCl,

CyoHag0,S, |
R e
C.6624: M. 85 0.9,29; 5. 18,62

(In the above Mol.gew. means molecular weight)
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35

matter of the invention is therefore also the use of a
pol ymer conposition, 25 as defined hgrelnbefore,_as a
corneal inplant or an IOL. The invention is further
descri bed by the foll ow ng Exanpl es which however are
in no way to be interpreted as Ilmtlng The products
obt ai ned were investigated witH71H and 13C NMR

éé £2PY- An | NNOVA 500 spectroneter (Varian Inc)

ué%'i *nd the 30 measurenents were carfri ed out on

thMMthapmwlcnm@@de at roomtenperature (21C) with the
foll ow ng nmeasurenent frequencies: 1H NVR 499.84 Mz,
13C-NVR 125.69 MHz. CD2CL2 and CD30D were used as

solvends. 16 Example 1 Synthesis of 10 XO .
01 O2$2 WMol .gew.: 344,49 C. 6624; H 5,85; 0.9, 9;

18,2 20 (In the above Ml .gew. neans nol ecul ar

wei ghFQ Reactl on equation 25 R Cl C, sHt e052
1.0

Mol C+ .gew. : 276,42 .gew, :1.0!,53 35 THE | N2
+ CH-MyC R'l-CH4 Mycl 2 0 45 0

Methylmagnesium chloride

Experimental part
(2-Methacrylic acid-2-phenylsuIphanyl-i-phenylsuIphanylmethyl-
ethylester)

' 1,3-Bisphenylsulphanyl-propan-2-ol was reacted with
methylmagnesium chloride and methacrylic acid chloride in equimolar
proportions (proportion 0.03618 mol respectively).

1,3-Bisphenylsulphanyl-propan-2-ol (MW = 276.42): (10g = 0.03618
mol) was dissolved in THF which had been previously distilled over Na/K.
Added to that solution was 0.03618 mol of methylmagnesium chloride
[Acros, 22% by weight solution in THF] (MW = 74.79) = (2.71g
(corresponds to 12.32g of a 22% by weight solution)). That solution was
then slowly added to the following solution through a dropping funnel:
0.03618 mol of methacryloy! chloride [97.0% (GC)] (MW = 104.53) =
(3.78g (that is to say 3.899g of the 97.0% preparation)) in about 100 ml of
THF. The reaction solution did not heat up noticeably, cooling was not
required; the solution remained clear, slightly yellowish. Stirring was
effected at room temperature in a nitrogen atmosphere. The reaction was
monitored by way of DC. The mixture was then heated for about 2 hours at
45 to 50°C. Stirring was effected overnight at room temperature in an N,
atmosphere. Filtration of the reaction solution was effected over a G3 frit
which was coated with alumi'nium oxide [Acros, aluminium oxide, activated,
basic] and sea sand and which was previously formed into a paste with THF.
The THF was then removed on the rotational evaporator and the product

then further cleaned with column chromatography.
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55

C79H200z52. Mol gew.:3.9,44;13 55 C 66,24: H 5:65:
029; S.18,62 (In the above Ml .gew. neans nol ecul ar
weight) S 17 Reagents: Methacryloyl chloride O 10
Met hvl magnesi um chl ori de Experinmental part 15
(2-Methacrylic

aci d- 2- phenylsulphanyl-l-phenylsulphanylnethyl

et hyl ester) éxa"m% senyl sul phanyl - propan- 2-ol was
reacted with nethylnagne3|unlchlor|de and net hacrylic
adynthasisiofe in equinolar  proportions (proportion

0. 03618 nol respectively). 20
1, 3: Bi sphenyl sul phanyl - pr opan-
= 0.03618 npol) was disso
previously distilled over
sol ution was 0.03618 nol of
[ Acros, 22% by‘Wﬂ %ol utio ‘
(2.71g (correspon st ¢ of a 2R%ABy m5|ght
solution)). That solutio g 25 then sliowy added to
the followi ng solution tMough a droppi ng funne
0.03618 nol of methacryl oyl chloride [97. O@b(CID] (MV
= 104.53) = (3.78g (that is to say 3.89g of the 97. 0%
preparation)) in about 100 mMl of THF. The reaction
solution did not heat up noticeably, cooling was not

r éputhecaboved Blos glewt, irﬁélaﬁﬁmij'lgﬁﬂapl,\%@ght yslightly
yellowish. Stirring was 30 effecte room
tenperature in a nitrogen atnosphere. The reaction was
NReaktiotfeQuatmh 0f DC. The m xture was then heated

for about hours at 45 to 50C. Stirring was effected
over ni ght at roon1tenper8hure in an N2

saanclies

Mol.gew. : 278,42 Mol.gew. : 108,53

+ N(CaHsh
= HN(C,Hg )Tl

-ol (MW= 276.42): (10g
n THF whi ch had been
Added to that

pgnesi um chl ori de

C1gl 1200,S;
Mol.gew. : 344,49
C.66,24,H.685,0.9.29: 8. 18,62

(In the above Mol.gew. means molecular weight)

Chemicals

Methacryioyl chloride (as defined hereinbefore)

Experimental part
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15

20

25

atmosphere. Filtration of the reaction solution was
effected over a & frit which was coated with

al um ni um oxi de [Acros, alunm nium oxide, activated, 35
basi c] and sea sand and whi ch was previously forned
into a paste with THE. The THE gwas t hen renoved on
the rotational evaporator and tﬁe product then

furthar | hro
Exanplqe3%|§ynt hes”EHaﬁ% g,r%a 5 C?gﬂzw(ﬁgsggacteg with methacryloyl

Mehlayide. : Tra foliowing (eagemlhse m@vpuwmhtogamrevﬂmggy '\r/wglated 250 mli
”‘Ehleé:eubgéké!gb%ﬂ{)gn fg%}( tclg%%ﬂeeg%%fqbggN%t%ductlon 0.03 mol of

t met{h@z:HBb\BthhIoﬂdéQ3(88|g@9711%29§Mbut §64’n|48f %hltﬁtoﬁﬁ'egdfprewously
62 50 (In the above

1 .
néjéﬁ?gf%ﬂm'@g%a%g Eﬁ/e? yﬁr)t Brete c&fl d,3- blsphenylsulphanyl -propan-2-ol
(0.030 mol) and 2.94g of triethylamine (0.030 mol) (99% by weight) were

added to a dropping funnel. The solution from the dropping funnel was
allowed to drop slowly into the three-necked fiask. As the reaction was not
exothermic no cooling was required. A white deposit of (NEt3;)HC! was
formed. Stirring was continued at room temperature for 1.5 hours and the
resulting deposit, about 2.8g (NEt;)HCI, was then filtered off and then the
THF removed on the rotational evaporator. That gave a yellow viscous liquid.
The raw yield was 14g. To clean the product obtained the liquid obtained
(14g) was dissolved in about 50 ml of CH,Cl, and then shaken out with 5%
NaHCO;-solution. An emulsion was formed, which was broken by | the
addition of NaCl. Drying was then effected over Na,SO; and then
concentration was effected on the rotational evaporator and then with a
hybrid oil pump. The result obtained was a yellow viscous liquid in a yield of
about 9g, which corresponded to 0.0267 mol or 89% of the theory. The
product was then also chromatographically cleaned.

'H-NMR for C,9H2,0,S; (molecular weight 344.49) in CD,Cl,

'H-NMR: 499.84 MHz in CD,Cl,

7.36-7.34 ppm (4 H, m, H3), 7.27-7.24 ppm (4 H, m, H2), 7.19-7.17 ppm
(2 H, m, H1), 5.90 ppm (1H, m, H9), 5.48 ppm (1H, m, H9’), 5.12 ppm (1
H, m, H6), 3.29 ppm (4 H, m, H5), 1.80 ppm (3 H, m, H8).

13C-NMR: 125.69 MHz in CD,Cl,

166.66 ppm (C7), 136.22 ppm (C4), 135.73 ppm (C8), 129.89 ppm (C3),
129.28 ppm (C2), 126.70 ppm (C1), 126.09 ppm (C9), 72.17 ppm (C6),
36.53 ppm (C5), 18.16 ppm (C10).
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Met hacryl oyl chloride (as defined hereinbefore) 55
Experinental part 19 1, 3-Bi sphenyl sul phanyl - pr opan-
2-ol was reacted with nmethacryloyl chloride. The

foll ow ng reagents were put into a previously heated
250 M three-necked balloon flask with condenser and
N2 introduction: 0.03 nol of r?tothacryl oyl chloride
(3.88g9, 97%, about 6Q m of inhibitor-free,
previously 5 distilled PP 3 solvent. 8.29g of

1, S3rrithastis of| sul phanyl - propan-2-ol  (0.030 nol) and
2.94g of triethylamne (0.030 nol) (99% by wei ght)
were added to a dropping furmelk __dhe solution from

t he droppi ng funeghsoies allowed[to drop slowmy into
the three-neckelf!'#a¥¥” As the r act| on was not
exotherm c no cooling [ e deposit of
(NEt 3) HCI was 10 forned 'g“tlrrlng was |nued at
roomtenperature for 1.5d8urs and thes g2sulting
deposit about 2.89 (NEt3)HClI, was then filtered off

gl"l] F ve 1HE renmoved on the rotati onal

2 BPVE Mphgtya Beans anleghlar &gkt i qui d.  The

raw yield was 14g. To clean the product obtained the
Og obtai ned (14g) was dissolved in about 50 nm of

Ch%@ UL §AUR P haken out with 5% 15 NaHCCB-sol uti on.

An enul si on was forned, V\,hl ch was broken by the

addition of NaCl. Dryigg was then effected over Na2SO4

‘and t hen concentr%tl s effected on the rotational

evapor ator an i d Qi The
result obtai ngd s a yeIIo -cous li dinayield
of about 9g, |ch cor r espomn %d to 0.0267 nol or 89%
of the theory. The™'8%- Fﬁduct vvas t h&ptegr ¥g

chromat ogr aphi cal I'y cl eaned for Cl9|—|200282
(ol ecul ar wei ght 344.49) in hEgL NVR: 499. 84
MHz in CD2CI2 7.36-7.34 ppm ( H 7.27-7.24
pm(4HmH2)719717pm(2HmH1)590
ppm(lH, m H9), 5.48 ppm( , 5.12 ppm(l
25 H m He), 3.29 ppm (4 H, m .80 ppm (3 H, m
H3) . 0

W\@

Mol ew.33047
C. GS,‘Z'H.549'O B,68:8.19.41

(In the above Mol.gew. means molecular weight)

Reagents
Acryloy! chloride

Experimental part
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13C-NVR: 125.69 Mz in CD2Cl 2 166.66 ppm (C7), 136.22
ppm (C4), 135.73 ppm (C8), 129.89 ppm (C3), 129.28
ppm (C2), 126.70 ppm (Cd), 126.09 ppm (C9), 72.17 ppm
(C6), 36.53 ppm(C5), 18.16 ppm (Cl0). 20 Exanple 3
Synthesis of 5 C aHta~ I\/bLge 330.47 0 y-,Nz Si-,,~
S (In the above Ml .gew. neans ?fo

| ecul ar weight) 15

ggaglt U@.fh qc_léf_"t ;%%v%%ké%%ege%régﬁwﬁ\ egbk;agkyv'vx;iéh sgPndenser

Camj NmodmlomeWOBSﬁoIMf aeryl6%l 4Rloride 5§*dé?m'e% R8reinbefore

8?;1 9%571 g}ﬁ%‘f&{%#{%&%&% Inglfelrrrw?ubel%or free THF (previously

dlstllled) as solvent were put into the flask. 8.299 of 1,3-
bisphenylsulphanylpropan-2-ol = 0.030 mol and 0.030 mol of triethylamine
[99%] (4.1 ml) were put into a dropping funnel. The solution was allowed to
drop slowly out of the dropping funnel. As the reaction is not exothermic no
cooling is necessary. A white deposit of (NEt;)HCI was formed. Stirring was
effected for a further 1.5 hours at room temperature and then the deposit
was filtered off and the THF removed on the rotational evaporator. The result
obtained was a yellow viscous liquid in a yield of about 9.5 g. For cleaning
purposes the product was dissolved in 50 ml of inhibitor-free THF and filtered
ovef an Alox frit to remove possible inhibitor residues. The THF was removed
on the rotational evaporator and residuai THF then removed with a hybrid
pump (1.5 to 1.5 mbars). The result obtained was a yellow viscous liquid in a
yield of about 6.8g, which corresponds to 0.02067 mol or 68.9% of theory.
'HNMR for Ci5H200,S, (molecular weight 344.49) in CD,Cl, 7.33-7.37 ppm (4
H, m, H3), 7.24-7.29 ppm (4 H, m, H2), 7.16-7.21 ppm (2 H, m, H1)
6.225 ppm (1 H, dd, *3(7',6) = 17.1 Hz, 2)(7’, 7) = 1.22 Hz, H7' (trans))
5.93 ppm (1 H, dd, 21(6,7) = 10.5 Hz, ?3(6,7") = 17.3 Hz, H6)
5.755 ppm (1 H, dd, 23(7,6) = 10.4 Hz, 2)(7,7") = 1.22 Hz, H7(cis))
5.13-5.15 ppm (1 H, m, H5) |
3.27 ppm (4 H, m, H4).

Example 4

Synthesis of

. CyatiyeO8
Mol. §:J°275142 ‘/ \O

(In the above Mol. gew. means molecular weight)



55 Experinmental part S 21 Using a previously heated
t hree-necked flask with condenser and N2 introduction,
0.03 nol of acryloyl chloride as defined herei nbefore
(2.828g, 96% by weight) and 50 to 100 m of
inhibitor-free THE (previously __distilled) as solvent
were put into the flask. 82992& 1,3 5

bi lefetn propan-2-ol = 0.030 nol and 0.030
m)'? 0 .Séq‘ﬁg‘ﬁ% [99% (4.1 ml) were put into a

dr oppi ng funnel The solution was allowed to drop

slowy out of the dropping funnel. the reaction is
not exotherm c no ing is necespary. A white
deposit of (NEt3) $tor ned. BTN I ng was
effected for a furth 1.5 hours @t rgom tenperature

and then the deposibigdQ v fi| maLad 18dde and the THE
renoved on the rotational evapprator. The result

obt ai ned was a yel | ow vi scous | ifgiiikd in a yield of
about 9.5 g. For cleaning purpd¥®s the product was
dissolved in 50 m of inhibitof-free THE and filtered
over an Alox frit to renove g‘g)ﬂssi bl e i nhibitor

resi dues. The THE was renove ‘ on the rotational

evaporat or and resi duak, emayed with a hybrid
15 punmp (1.5 to 1.55). The reobtained was a
yel l ow viscous |iquithn a vyield okz#bout 6.8g, which

corresponds to 0.02067 nol or 68.9% of theory. 1HNWR
for CLOH2002S2 (nol ecul ar , vf w 344.49) in CD2Cl 2
7.33-7.37 ppm (4 H, meshfisyé o a39 ppm (4 H m
H2) , 716721ppm(2H m H) 6.225 ppm (1 H, dd,
23(7°,6) = 17.1 Hz, 23(7', 7) = 1.22 Hz, Hr' (trans))

2 3 dd, 23 5 Hz, 23(6,7') =
@”Eth%zabo% "'%' 98- Hb‘?ﬁf‘(sganzgfdwar we[ghty) = (10 4 )Hz
2Bedgénts= 1.22 Hz, H/(cis)) 5.13-5.15 ppm (1 H m
Hﬁ)ﬂoghggolp[pggéoi]H, m H4). 25 Exanple 4 Synthesis of

1,3-Dichloropropan-2-ol [99%]

Sodium hydroxide, pellets with 99.998%

Experimental part

The following were firstly added in an N, atmosphere to a 50 ml three-
ne.cked flask with condenser, dropping funnel and N, introduction: 0.05 mol
of 1,3-dichloropropan-2-ol [99%] (6.449g) dissolved in 100 ml of methanol.
The followihg were introduced into a dropping funnel: 0.1 mol of thiophenol
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MoL 10' 1142 35 (In the above Mol. gew. neans nol ecul ar
wei ght) 22 Reaction equation 5 OH 2\ / SH

Mol : gew.: 110.18 Mol .gew.: 128.90 NaOK |IWON 114z0
15 OH 1401. gew~: 276.42 25 C. 65,18; H 5.83: 0.5,79.
S. 23,20 (In the above Ml . gew.,,neans nol ecul ar

wei ght) Reagents Thi ophenol [§§8°/<i H 35

R SSEAT Nest oRspol oSy, ki o bl wen 0.1
Tiveolfofl Na@Hn gheeniat e wib sladgedtoppednnttid MERBRMSopropan-2-
t 1 3oRRidH. Alﬂére%éﬁrgaesﬁé?%nfpl rg'nzogl}y?% &]@dcgre]ggnasﬁ(;@réd, the result-was a
droppi ng runnel e aal oA
white deposit with a slight pink coloration and the reaction solution increased
in temperature. A further 50 ml of methanol was added and heating was
effected overnight under reflux (70°C). The progress of the reaction was
tracked by way of DC, with CH,Cl, being used as the running agent and
thiophenol as the comparison. On the next day the reaction solution was
clear, slightly greyish and mixed with oily beads. The reaction time was
about 20 hours at 70°C.

The solution was firstly concentrated on the rotational evaporator and
then shaken out with CH,Cl, (three times with about 100 ml) and dried over
Na,S0O,. Concentration was then effected firstly on the rotational evaporator
and then on the hybrid oil pump (p = 1.8 - 1.6 mbars, T = 30°C).
Characterisation:

1,3-Bisphenylsulphanyl-propan-2-ol: 13.63g of a yellowish oily liquid
(0.0481 mol); yield 98.6% of theory with respect to 0.05 mol of 13-
dichloropropan-2-ol;

'H-NMR: 7.32-7.35 ppm (4 H, m, H3), 7.24-7.29 ppm (4 H, m, H2), 7.17-
7.21 ppm (2 H, m, H1), 3.78-3.82 ppm (1 H, m, 2)(5,6) = 3.7 Hz, H6), 3.18-
3.22 ppm (2H, dd, ?](4,4") = 13.9 Hz, 2)(4,5) = 4.9 Hz, H5), 3.01-3.05 ppm
(2'H, dd, °)(4',4) = 13.7 Hz, 2)(4',5) = 7.3 Hz, H5"), 2.71 ppm (1H, d,
?J(6,5) = 3.4 Hz, -OH)

*C-NMR: 125.69 MHz in CD;0D

137.51 ppm (C4), 130.50 ppm (C3), 130.02 ppm (C2), 127.17 ppm (C1),
70.08 ppm (C6), 40.45 ppm (C5).

Example 5

Synthesis of

CisH1e0S,
Mol.gew.: 275,42
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of 1, 3-dichl oropropan-2-ol [99% (6.449g) dissolved in
100 M of nethanol. 55 The foll ow ng were introduced
into a dropping funnel: 0.1 nol of thiophenol O 23
[98%, (11.018g) dissolved in 50 n1 of distilled

wat er, together with 0.1 nol g} the m xture was
slowy dropped into the 1, 3-di 4loropropan 2- ol
solution. After 2/3rds of the m xture had been added,
the result was a white deposit wth a slight pink
coloration and the reaction solution increased 5 in
tenperature. A further 50 m of nethanol was added and
heati ng was effected overni ght under reflux (700C).
THEN phegbess Mdl.deve. means imdlevarr vidigaked by way of
DC, with CH2CI 2 being used as the runni'ng agent and

t hi ophenol as the conparison. On the next day the

r qeeddtion *Qudtion Wwas clear, slightly greyish and

m xed with oily beads. The reaction tinme was 10 about
20 hours at 70C. The solution was firstly concentrated

on the rotational evaporator and then shaken out wth
CH2Cl 2 (three tineg h about 1OQ¢, ogried over
Na2SO4. Concentrat’i as> hen* effecte fifstly on the
rotati onal evapor t hen on the~hybrid oil punp
(p=1.8- 1.6 nbgiog&w qm’quC) 15 M98t @824 i sati on:

1, 3- Bi sphenyl sul phanyl - propan- Rmeds 13. 63g of a
yellowish oily liquid (0.0481( f8P); yield 98. 6% of
theory with respect to 0.05 of 1, 3-

di chl oropropan-2-ol; "H NVR 7.32-7. 35 ppm (4 H m
H3), 7.24-7.29 ppm (4 H m H2), 75L7- 20 7.21 ppm (2
H m HL), 3.78-3.82 ppm (1 H, mr33(5.6) = 3.7 He,
H6), 3.18- 3.22 ppm (2H, dd, 23(4.4') = 13.9 Hz,
23(4,5) = 4.9 Hz, H5), 3013 5 pPpm (2 H dd,
23(4',4) = 13.7 Hz, 23(4 ,

(1H, d, 23(6,5) ='3.4 H
CD30D 25 137.51 ppm (C4), PP (C3) 130. 02 ppm
(C2), 127.17 ppm (d), 70. Q;8$,_p (C6), 40.45 ppm

( CB) . . l\'rlt:tlfg;.ew.':B 276,42

(In the above Mol.gew. means molecular weight)

Reagents

Thiophenol (as in Example 4)

243-Dichloroprooan-1-ol [97.0% (GC)]

CI/Y\OH

Ci

Sodium hydroxide, pellets 99.998%

Experimental part
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Exanple 5 30 Synthesis of H Cl1 SH 80S2 Moi gew. :
276:42 24 (In the above Ml . gew. meians nol ecul ar

wei ght 5 Reaction equation 10 2 ~ | sy ; ~ oar

Mol .ggez/v. ; 110.16 Mol .gew. :128,98 WON / H20 20 OH 30
ClsH160S2 Mol . gew. 1276.42 35 (J.n the above Ml . gew
nmeans rml ecul ar wei ght) Reagent’s: Thi ophenol (as |n

cl or 8 4580 i I ARERT" raf e daed ol b condenser, 2

Exdseppimsnfunnalaand 2%, llhB‘DdgCtﬂbrs,OO 03 bl @F- nACURAIoropropan-1-ol

Flrag, e PiResadt f1Muids G9898050 rd of methanol was introduced in an
N, atmosphere. 0.1 mol of thiophenol [98%] (11.018g) dissolved in 50 ml of
distilled water and 0.1 mol of NaOH (4.0g) dissolved in 50 ml of distilled
water were added to a dropping funnel. That solution was slowly dropped
into the 1,3-dichloropropan-2-ol solution. The result was a slightly pink
coloration and the reaction solution increased in temperature. The progress
of the reaction was tracked by way of DC, wherein CH,Cl, was used as the
running agent and thiophenol as the comparison. A further 50 ml of
methanol was added and heating was effected overnight under reflux (70°C)
On the next day the reactlon solution was clear, slightly greyish and mixed
with oily beads. The reaction time was about 20 hours at 70°C.

The solution was firstly concentrated on the rotational evaporator and
then shaken out with CH,Cl, (three times with about 100 ml) and dried over
Na,S0,. Concentration was then effected firstly on a rotational evaporator
and then on the hybrid oil pump.

The result obtained was 12.85g (0.0465 mol) of a yellowish oily liquid.
That corresponded to a yield of 93% of theory with respect to 0.5 mol of
2,3-dichloropropan-1-ol.

Characterisation:

The product was investigated with 'H-NMR + 3C-NMR in CD;-OD. There
was an isomer mixture with ca. 80% of the compound with 20% of the
propan-2-ol derivative.

The refractive index was determined at: n = 1.6255/T = 25.3°C

Example 6

VA\@\/\@/S : ' h

Synthesis of

. CoaqHanS,
Mol.gew.: 374,58
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droppi ng funnel and N2 introduction, 0.05 nol of
2,3-dichloropropan-l-ol [97% (GC) (6.449g)] dissol ved
in 100 mM of nmethanol was introduced in an N2
at nosphere. 0.1 nol of thiophenol [98% (11.0189)
di ssolved in 50 mM of s distilled water and 0.1 nol of
NaOH (4.0g) dissolved in 50 m distilled water
were added to a dropping funnel. That sol ution was
slowy dropped into the 1, 3-dichloropropan-2-ol
solution. The result was a slightly pink coloration
RPHEF% peac n sol ution increased in tenperature.
§ra¥s MY 9qhemeans melscuias weigeRed by way of
DC, wherein CH2Cl 2 was used as the 10 runni ng agent
n&dﬁfﬁfw o'ehenol as the conparison. A further 50 m of
alRRd and heati ng was effected overnight
under refI ux (70C). On the next day the reaction
solution was clear, $Hightly greyish and mxed wth
oi |y beads. The reaggon tine was abqut 20 hours at
70C. The solution i rstlys+cencéit rgfedyon the
rotational evaporat 15 then shakgp laut _w th
CHzClz (three tines with h>"About 100 m ) and dried over
Na2SO4. Concent r at®Sf 8524 hen ef f ecMebaa 199621y on a
rotati onal evaporator and then on the hybrid oil
punp. The result obtai ned wasi 12.85g (0.0465 nol) of a
yel | owi sh oi Iy liquid. &Th4t jcops@esponded to a yield
of 93% of theory with respect to 0.5 nol of 20
2,3-dichloropropan-|-ol. Chafacterisation: The
product was investigated with 1HNVR + 13C-NWMR in

CD3-0OD. There 2 @ oner m xture vvi \80% of

the conpound with 20 th 25

derivative. The refra a>~derer’m ned at: rl
= 1.6255/ T = 25.3C Exarrpl e G\QOIS}/nt hesis of \ / S
czakKvS2 | Mol .gaw.; 314.56
CuH::S:
Mol.gew.: 374,58

C.76,96: H, SSZS 17,42

(In the above Mol.gew. means molecular weight)

Reagents
Benzene-1,3-dithiol, 99%

4-Vinylbenzyl chloride, technically 90% (GC)

Experimental part

Using a 250 ml three-necked flask equipped with a condenser, a
dropping funnel and N, introduction, 0.01 mol of 1,3-dithiobenzene [99%]
(1.437g) and 0.02 mol of NaOH (about 0.8g) dissolved in about 30 ml of
water were introduced into the flask.

The result was a colourless crystalline deposit. The mixture was heated
to 40°C and 80 ml of methanol was added. The result was a milky solution.



10

15

20

25

30

26 (In the above Mol .gew. neans nol ecul ar wei ght)

[ [ : 142,24
Reaction equation 10 1 2 G/ / | NMdl.gew: 1 :
Mol . gew.: 157.67 T-70'C N Ml~tnHnot 20 30 C2H'S3

Mol . gew.: 374,56 C. 76,96: H 5,92; S. 17,12 (In the
above Mol .gew. means nol ecul ar weight) Reagents 40
Benzene- 1, 3-dit h| oI 99% 4- Vi nyq benzyl chl ori de,

t al t Using a 250 ni
P S8 0 R bRl ol s
dragigdedngar uemllsna:mdbgl?gl mb,rlrﬁgggtpnoaq,rqgg,boc% 'H?éﬁo‘i’ve? t,qan_Fmalmng
BB ki Sao Ster o o wesnart we
i RiddeduTRE rhixtgrd wgsfHe%%Jsd td MeE &Y fhe ‘ﬁ@ﬁee@ Sli?clg)é)ru{?éux overnight

rystalline deposit. The m Xxture was eat
S4HDRGE B5°6). AdieRaR3l howrs aficedctidhetimesthé mastion solution was

cH 1S ol el lafle S Whh Bl on cach
b @ceRsidO). nEE Cbmbumetbletfh]érbghs% \éﬁr%:tﬁgre]%@k?m&ﬁt f‘rséld with 80
nfrﬂg& tllnoﬂgmﬂ vvgs g‘éﬁ‘. dl'?ﬁ#ﬁeﬁ’n wagere andstheradeied: over sodium
76@phnte Bhdncdrerhtraneeor 8frotati s dVagBtator (35°C, p = 700 - 750
mbars).
1.82g of a yellowish oily liquid was obtained. Methanol was added and

heating to 66°C was effected. In that case almost everything was dissolved
and the yellow colour disappeared. Hot filtration was then effected and the
filter slightly heated. In that case colourless needles immediately
precipitated. Suction removal was effected over a G3 frit and drying was
then effected on a hybrid oil pump (first p = 120 mbars, then 0.12 mbar).
The yield was 0.76g (0.00203 mol), which corresponded to 20.3% of theory.
'H-NMR: 499.84 MHz in CD,Cl,

7.33 ppm (4H, d, ?J(4,5) = 8.1 Hz, H4), 7.22 ppm (4 H, d, 23(5,4) = 8.1 Hz,
H5), 7.185-7.20 ppm (1 H, m, H11), 7.01-7.16 ppm (3 H, m, 2 H9, 1 H10),
6.68 ppm (2 H,q, 3(2,1") = 11.0 Hg, ?J(2,1) = 17.6 Hz, H2), 5.73 ppm (2
H, dd, ?3(1,1') = 1.0 Hz, 2)(1,2) = 17.6 Hz, H1), 5.22 ppm (2 H, dd, 3(1’,2)
= 11.0 Hz, 2)(1’,1) = 1.0 Hz, H1'), 4.05 ppm (4 H, s, H7),

*C-NMR: 125.69 MHz in CD,Cl,

C3 137.42 ppm, C6 137.25 pPpm, C8 136.87 ppm, C2 136.58 ppm, C11
130.23 ppm, C10 129.33 ppm, C5 129.26 ppm, C9 127.59 ppm, C4 126.53
ppm, C1 113.93 ppm, C7 38.56 ppm.

Example 7

1.0g of the monomer of Example 1 was mixed with 0.2% of Irgarcure
2022 and filled between two silanised object carriers which were separated
by a spacer of a thickness of 0.9 mm. Photopolymerisation was effected for 2



5 (about 65C). After 23 hours of reaction tine the

reaction solution was filtered off and extracted wth

ether (three times with 80 nml on each occasion). The

conbi ned et her phases were then shaken out firstly

with 80 m of in NaOH and then with distilled water

and then dried over sodium sul%%ate and concentrated

0 i Qn evaporator (35C, = 700 - 750 10

nw‘g(-]adr?hsr;% %Hs@@%?‘%pﬁm m&hs% W | ﬁmpq&fdtfw@sb@mdai'semr Actinic'
tBenpe Tl W = heptd f,gc . -

I rhft Qﬁat case al ﬁ:gta'gger yt hidnrgg\';\%dsqaglgé;so vggé 1§n‘%l%?'h%ross“nk'”9

yel'| B A'UURT avaapdeievd btthei pddiiononfwa tdfeathylene glycol

efdieetigsergndet he filter slightly heated. In that case
col ourl ess needles imediately 15 precipitated.
Suction renoval was effected over a G3 frit and drying
was then effected on a hybrid oil punp (first. p =
120 nbars, then 0.12 nbar). The yield was 0.76g
(0.00203 nol), which corresponded to 20. 3% of theory.
"H-NVR 499.84 MHz in CD2ClI2 7.33 ppm (4H, d, 23(4,5)
8.1 Hz, HW4), 7.22 ppm (4 H, d, 23(5,4) = 8.1 Hz, 20

H5), 7.185-7.20 ppm (1 H m H11l), 7.01-7.16 ppm (3 H,
m 2 H9, 1 H10), 6.68 ppm (2 H, q, 2J3(2,1') = 11.0
Hz, 23(2,1) = 17.6 Hz, H2), 5.73 ppm (2 H, dd,
22(1,1") = 1.0 Hz, 23(1,2) = 17.6 Hz, Hl), 5.22 ppm (2

1
H dd, 23(1',2) = 11.0 Hz, 23(1',1) = 1.0 Hz, H1'),
4.05 ppm (4 H s, H7), 13C-NVR 125.69 M#z in CD2Cl Z
25 C3 137.42 ppm C6 137.25 ppm C8 136.87 ppm C2
136.58 ppm Cl11 130.23 ppm C10 129.33 ppm C5 129.26
ppm C9 127.59 ppm C4 126.53 ppm Cl1 113.93 ppm C7
38.56 ppm Exanple 7 1.0g of the nononmer of Exanple 1
was mxed with 0.2% of Irgarcure 30 2022 and filled
bet ween two sil ani sed object carriers which were
separated by a spacer of a thickness of 0.9 nm
Phot opol yneri sation was effected for 2 28 hours in
an N2 atnosphere with a UV |l anp of the brand ' Super
Actinic’



(Lanpe TL-D15W 03, Xnmax = 420 nm radiation distance
18 cm). Crosslinking of the polyner was achieved by
the addition of 3% of ethylene glycol dinethacrylate.
529 CLAIM5S 1. Use of a polyner conposition obtained
by pol ynerisation of at Ieast %pe mai n nononer a) of
the formula: Ra Rb X- R - Y-Al rz O
wrargms X can be 0 or NR, Ycan be 0, Sor NR
respectively, Ris a stral ght, branched or cyclic
hydr ocarbon residue with 1 to 6 carbon atons, Ra is

gydzgqglfliéﬁ ofgrsfl% E@eg{c%&%ﬁtlo ob%glnﬁgiq%ég[ﬁggnsatlon of at least

stOngi gain Manomeered) of thog fdrinculbydr ocar bon resi due with
1to 6 carbon atoms or an aryl group, Arl, Ar 2 and
Ar3 are respectively independently of each other an
aryl group which is bonded to Y by way of a bond or
by way of (- al, wher ei nF{: can be 0, 1, 2 or 3, and
wherein the aryl group can, be substituted with 1 to 4

substituents, gelected fro Cl G5 alkyl, C -GC5-al koxy,
nmono- and di sybstit ut ed ~am mo! Y whdr ei n the .
substi t uentszeambe el ectpd fromresidues R as

defined her®inbefgre, b) aycrggélinking nononer, and
c) optionally fur &wer nmononers for adjusting

properties such as
wherein X can be O or NR¢,

Y can be O, S or NR® respectively,
R is a straight, branched or cyclic hydrocarbon residue with 1 to 6 carbon
atoms,
R? is hydrogen or a methyl residue,
R® can be hydrogen, C1-Cs alkyl residue or Y-Ar3,
R®'is hydrogen, a straight, branched or cyclic hydrocarbon residue with 1 to
6 carbon atoms or an aryl group,
Arl, Ar? and Ar?® are respectively independently of each other an aryl group
which is bonded to Y by way of a bond or by way of (-CH;)., wherein n can
be 0, 1, 2 or 3, and wherein the aryl group can be substituted with 1 to 4
substituents, selected from Ci-Cs  alkyl, C;-Cs-alkoxy, mono- and
disubstituted amino, wherein the substituents can be selected from residues
R® as defined hereinbefore,

b) a crosslinking monomer, and

c) optionally further monomers for adjusting properties such as
refractive index, surface properties, glass transition temperature, strength
properties, UV absorption:and/or for colouring,
for ophthalmological devices.

2. Use of a polymer composition according to claim 1 wherein in
monomer a) Y denotes S.



refractive index, surface properties, glass transition
tenperature, strength properties, UV absorption
and/or for colouring, for ophthal nol ogi cal devices. 2.
Use of a pol yner conposition according toclaim1l
wherein in nonomer a) Y denotsg 30 3. Use of a
pol ymer conposition accordi ng cIa|n11 or claim?2
wherein one of the follow ng conpounds is used as the
nononer a): Cl8H1804 / vs \\ C18H 802S2 . Il o ~/

I 1 /3 l¢95|—df2®3poWrﬁéBHbﬁﬂﬁosntloQ&éord@gCtASHaiItﬁO%Sgr claim 2

0 xt ure Use according to one of
p?vehé%éginn%n% 95}% %?ﬁf?éﬂ“eﬂﬁiommﬁ's Ygedres Eheusnomser a):
nmonomer c). 5. A polymer conposition according to one
of the preced | ai s characterl sed in that a

corrpound of oI I ovm gymula Il is used as the
crossl %fgi/ oner %\r“ R2 31 which at each of
t he t'wo Jends be% respectlve termnally unsaturated
group, Wherei denote O or S, Ar is an aromatic,
in particul ar/’@nyl resi due which can be substitut ed
with O OE\L substituents which are

\O Ci5Hi30,8;

0D e
Ve
/\[0(0\(\ CsH50,4

<

SR ety

% C5H,350,8,

or a mixture thereof.

4. Use according to one of the preceding claims wherein POEMA or
HEMA is used as monomer c).

5. A polymer composition accofding to one of the preceding claims

characterised in that a compound of the following formula II is used as the
crosslinking monomer:

\ R'—Y—Ar—R? h



sel ected from C1-C5 al kyl residues, Cl-C5 al koxy

resi dues and hal ogens, wherein n can be an integer of
1to4 and is preferably 1 or 2, wherein RL and R2 is
a bond or a (CH2) mresidue wherein mis 1, 2 or 3. 6.
Use according to one of the prsﬁeding cl ai ns
characterised in that one of e foll ow ng conpounds

; t I i nki : C18H18S \ / S
SRS el Sl BSRA DI Bl TR e R psaturates
poecieli wherdiai Yrsan hibrate @ ioses! AR i4 BAtaroRatR A rtiRYIar pheny
|_§e¥éegenti {jn. a %rFoEortlon of at |east 30% by weight.
gL NGR (Faly PEoSWestitgted math QG @sdl g €1 sihatituents which are
chaleatsdke ficradci iT.t Bady| |y h refr '

[ ngex of 1.60 cE)r 5rrprey. 5&%65%, O?ngp%?‘t?gér P%sg&n%%ési\éﬁdorqalogens'
alOSFYINY @B Baéromtegen af 11ta ¢ 8ndds arefergblyi idrad} wherein R!

| Bn@®Lis QUDGHd Br ROICIE]. k& e,agcording to

one of clains 1rt8(rgzzrﬁz§lreglg g%@%#)'? rmuf%ét e

conposition is used for contact Ienses,

ker at @pksst arsoedingctr weal off tgpreceding! @¥indichbeteridd in that

1 for the production of a polyner.

cone Bt B SR oGk gk BheRercersinkipcomanesrer:
characterised in that a prepolynmer is -produced from
nononer a) e nhal | y Gypygsrer b) in the presence

of the inifj
optiona A her nonope and initiator Il are
added to the prepol yrrert he m xture is

pol ynerised. 12. A process=/@according to claim11l
characterised in that the iNitiators wused in step 1

and in/step 2 are the sane./13. A process according to
claimil_or claim12 charalterised in that the

initia ys an initiator activatable by |ight.
f‘@J "
d _
b’ é\ Cebe
CZ4H2282 SH

7. Use according to one of the preceding claims characterised in that
the monomer a) is present in a proportion of at least 30% by weight.

8. Use according to one of the preceding claims characterised in that
the polymer has a refractive index of 1.60 or more.

9. Use of a polymer composition according to one of claims 1 to 8 as an
eye implant, in particular a corneal implant.

10. Use according to one of claims 1 to 9 characterised in that the

composition is used for contact lenses, keratoprostheses, corneal rings or
inlays or IOL.
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11. A process for the production of a polymer composition as defined in
oné of the preceding claims characterised in that a prepolymer is ~produced
from monomer a) and optionally monomer b) in the presence of the initiator
I, the crosslinking monomer c), optionally further monomers and initiator II

are added to the prepolymer and the mixture is polymerised.

12. A process according to claim 11 characterised in that the initiators
used in step 1 and in step 2 are the same.

13. A process according to claim 11 or claim 12 characterised in that

the initiator is an initiator activatable by light.



