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I 5 Polynmer conposition with a high refractive index
Description The invention concerns the use of a

pol ymer conposition with a high 10 refractive index

i n opht hal nol ogy and a process for the production of
the polyners. In accordance with the invention there
are provided polyner conposiltions with a high
refractive index, which are particularly suitable for
use for eye inplants. In particular intraocular |enses
(1), corneal inplants, 15 keratoprostheses and so
forth are to be considered as eye inplants.

I ntraocul ar | enses have already | ong been known. They
are sur gi caPplymemeampesitiontwith kehigherefiradtivepndex t he
natural lens of the eye in order to restore the
vision to a patient suffering froma cl ouded or
damaged | ens. The naturalDéseniptioas to be repl aced if
it was danaged for exanple in an accident 20 or, and
this is generally the case, if the lens is clouded due
to aTeatiavéstion lcohtaosutiay ub@r‘dfeé polymiee wrﬁﬂélﬁﬂdnf\&ﬁma high

rd or s Hard pol yners have t

(Ao Bl CRBShSlmo BRE A BuPTaFSst 28T chanaragiisiion of the
bOlynidrecess. They are however difficult to use. The
|ntraocular lens is generally pushed into the eye,
af t el a25¢nTgreae iWith sitb® Hakeryéwnh Heere ere j provided polymer

%ﬂg?@gl%‘i%ﬁs?ﬁltﬁieash @Lﬁgé&Lvé Iﬁ% e'%?hl ﬁ’ a@@sﬁér?%bﬁbﬁ/ SQtable for

he 1 nci sion Tcan
use foreeymimpptantssbu pamcwmldtmuiasr Isosﬁ mu)c doha¢al implants,

b ReRa" S SRR ok MBI R dF A ol
beracuidarevensesreidvar .alféatly ilsngdbeen akreows. amby are surgicaIIy
REBhERDh Sl BT RT3 0Eogh e PobYS Lt e e Porcer 1
restorld thel VisiMdnl #d & MalkidntisLffeting 008 2foudled 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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Soft | enses can be inserted well, but they frequently
| ack stability in respect of shape. In addition

i ntraocul ar | enses nmust have such elastic properties
that on the one hand they can be fol ded together or
rolled up, but on the other hand, after having been

i nse y._resune thej rigl.n pe_.an s e
ottty 1eneSabes e bt Beo et FEBRGHAY Tp G SBaiiey in
respeattt of bma@eceB?iadﬁlit}"orsdﬁtraaglcilalfr?benab§ommt Iﬁlave duch elastic
menory, effect. Polynmers  suitable r .intraocul ar

Pepetie Het phane: G handiBey @ors FRldeaoaethar A alleg up, but
SANEHAGLREOhYENB! AR h8Ping béel iRSErESS BNty 'C?’Esumg their original
requi renent for a Eotlfymsr which 1s to be Inserte 10

a

sheee @nd aye retain thaf shapenkhe matgriak tfrrintraiogelar hereses may not
RS SRFSARIE' o, SRR gl Do abhfe % FEEHHE' BHREE potymers

corréespondingly ¢ _
seltablet ifge intckcuthrf flensed rmst hidereforehaimite roucsibihation of

medi u Accor di ngl a |l ens can be correspondi ngly
WHQLHREY,COP?r@dvﬁ%aﬁ\gP?[?Rf’éf'Féf ractive index of the

mat epl AlrthdroBs 3t reluire nig@ftefor K PYly MRt akhizhSis to be inserted
generally have 15 a refractive index 1n the range of

Fepvideneye 45 asufficient!s higmaefreativadodesr Theaaen ahi@a optical
J Lalk f e
[T RSk ARy bR oATAGH; greatey, the more

the i sefractives eindexTr diffepar érampdhgbeoé thet lsuarounding medium.
refr ive_index (measured in relati.on to volu f .
AGrefihalk: 2! 1B0% ahcBe rarapRoinaLy et s WP Rererractive
ek of e fridtedlapRoymwhicittishhadé OKnble piketislsi gehedhlly have
eye_inplants is Eransparency. Sui t abl e pol gmsrs nmust
RUFEra5tINE JROBR Gh SBe GRNBE Gt DetivesRs b ARy 1-bR Snihat intraocular
[5RECinaiRr trahi thBYE hafdfsls GANsP RS FobYvRE El‘\i'&:[(rﬁg-%ever, the

out by the additional of suitable ingredients.

Enigker thedens iisnthe Mereadiffieuit St ds 40 wsesl: ah@nsparentbeolymers
i 5 T . eV I

DR ke ThEEy edUitath ARGV nan 160

aegrpeerafeneedeshajlless transition tenperature in the

0 Rk BBob 5 VIO UG K e TS of eve
bepldess isatraesp@enclyateitabidpoyhiaernilst Ravdavigighl defdy of light
Lr%ggpgse%%yysfr?dwl'fﬁ% rterslgect 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 te.mperature 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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30 production of intraocular |enses and eye inplants,
because of their good conpatibility. It wll be noted
however that honopol ynmers of the nononmers which are
usual |y enpl oyed have |nadequa§e strength properties
and their refractive index is generally too |ow. The

Bte@%ro%s {I'tbesreef I%(ﬁ%%?ggt:‘reﬂ oﬁglir%ela?g{lgx.e ‘rﬂﬁg«%y are very

properties by copoly very
andriyediffgreappppesdubesiin thbatespegpect . To i ncrease
refractive power, it has been proposed that

pheny P-1BEERASRreftactiyepouen Jt hast propessdniptphenyl-bearing
ae Al atds0amd rﬁﬁéﬂh%swefeshmryow@%éa @Bﬂwblﬁaﬁéh% 8PMydi&phobic and

conponents have also been enployed to |rgp
audsenhitie sosnpangidst have aisa heehee®piaded Tuspast advantageous

n?{?%)rlgi% stto %h%ggnach?lmﬁ %ﬁhgsﬁﬁb?xa@deerélﬁl 0 'd¥s P4 discloses a

cul ar Tenses
podtemal ferasofbrintrboaulahyemsgshiwhich nmmdmmnemﬁ b;h patlymerisation of a

t th te IkI th acr aeand
B L8 fie b OhaMSer . WISHE "yl oA PTE oot Ip LAk, an
Be aheBVaEB) I8t 5BE D @Fds)éhﬁmtﬂé rﬂBﬁloH& %@Wdr@f)hlllc monomer
(nmeth)acrylate can be for exanp Bhenyl oxyet h

sapyhefer eFP@bPI'%(mftt?)QﬁrY{%'dﬁa@'é‘ﬂ ithe argrmastlcbémeth)acrylate can
i

GRPIG SRt DR LA 1 ) BORE Bterl 1 to b

ampreved bydhe iatigy| Coepo)aenylates conbi ned with one or two

furt t 15 t.hout 74 .

B ML I Y

arylLb@rr]mTJg)d@womtaisr ybnmﬁxﬁwrwuartdn@ o%e@mb leurther components
ophi |, c rti X ear |

WERAE L v orouiRacl (G4 Py Pl B SCIoRs) ropaiTiers which are

h&de LB 6ra8H Iakg! {;ﬂﬂﬁi‘-begpng ék$§l ﬂrﬂ%oﬁﬁ&pﬁﬁ&% second hrdrophlllc,

COpO| nmerisin | east two nonomner s, nanel y an ar
Hbr%ﬂ"éﬁ'@aérﬂay ﬁxacgmum@ﬁﬂaaeya%wl@te o0 methcrdate. To produce

%W?'HEFS \ﬁﬁ:ﬁvaeﬁlg{/ Hr S atR)e |'P||8e$(hEPQPL1\AE?1£9h7 EPS%oggIZao%%%lmerising

di scl oses a PO conposli tiron In
peeastrivey |nnqumamrmamslyue@@rvhacrm+nﬁenamd @n atnyh methacrylate.

cw# ﬁ%%ér SIBLOYE o LhR R aREHTgs: What s common

Ner? of the art is
077 952 discloses a polymer composmon 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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25 that they are nmade up of at |east three nononers to
achi eve an optinmum conbi nation of refractive index
and mechani cal properties. None of the previously
known materials is satisfactory in regard to a
conbi nati on of good nechani cal "properties and high
e [ bj t rese
SERHETh ShE £2ETA ryrdiFDREE oP B BbnBhnoFef 0" Brovice
MBtehaUnwmd'\ em:eblodaunglca’nk;chanmpﬂtluw oRewt | whichi td:ara be easily
Eg} refr ctive index, preferably over 1.56. A
Hartusefect was to provide a pol ymer material
whi Chc@é\*o‘irﬁ?t@'ﬁﬁe aRshtich 8 Qo mel icempwaition |sC@§7e&’Wh|ch is made
f ol ded roll ed and on the other hand is of such
yprofraftinasthene maingnasemeti0f thesforawddl e in the eye.
A further object of the invention was to provide a
mat eri al which is biologically conpatible and which
can be easily nanufacture% According to the
i nvention a ppglaymer con‘poRtl on is used which is nade
5 up of at Ieast one na|$|nononer a) of the fornula:

Ra-Rb X - R Y Al@O wherein X can
be 0 or NR, can b )(S NR respectlvely, Ris a
strai ght, d/o% cycI [ c hydr ocar bon resi due with

1 to 6 carbon 1Ep| at ons, Ra-i/srzhydrogen or a nethyl
resi due, Rb can hydrogen, O -C5 al kyl residue or
Y-Ar3, R is hydrogen, a straight, branched or cyclic
hydrocarbon resi due with 1 to 6 carbon atons or an

group , Ar2 and Ar3 are respectively
Wﬁ&é%'@r?&léﬁf‘ltiﬁ @foreHE\fz other an aryl group

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, _
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 (-CH;),, wherein n can
be 0, 1, 2 or 3, and wherein the aryl group can be substituted with 1 to 4
su_bstituents, 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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which is bonded to Y by way of a bond or by way of
(-CH2)r,, wherein n can be 0, 1, 2 or 3, and wherein
the aryl group can be substituted with 1 to 4
substituents, selected fromC,:C5 al kyl, C, -C5-al koxy,
nono- and di substitut ed am no, wherein the

g}#%?% Y n be sel ect3d fro r.esi,dues R f at least
R I REE BPadReT” T/ ok RRHG Mo AZp S of at leas
2P Y0 blyi we@hltypfefétilﬂv ardeese468%d by vaelighst pagicularly preferably at

ro ertoi 33/ such as refractive index, surface
%‘rﬁgérot/P WEIdEs transition tenperature, strength

Pr oppFdfeRibly WHeBSAPBUEE LBk & riOhGHEF Y are tHHb“erﬁi Which Ar
the main nonomer a) is contained in an anbunt of

respsctivelyygdepoirs ghphepykfresidbeywhich dwst 040Dodsy 2 substltuents
i Weulanl at | east 60% by
R T :

€ ‘cofmpounds used as nonomer a)
ar e Thesefollowiig cltoAtipoundses peet ipagtiguldelyot peefargbignylised as
residue which has 0, 1 or 2 substituents, selected
MYMBFRYyI and al koxy residues. The fol | owi ng

conmpounds are particularly preferably used as
nMononers: ci@wm Il a~ C18H1802S2 o C15H1203 /I

0 Cl SH1804 O C1§H1sQ2S2
1811184
/\“/O\/L/

e

/\I]/O\/T\/ CisH15058;
0

e '

o s CysHy,0;3

e

? C18H1804

/YO\(\S/O
(o)
% Ci5H ;3058

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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10 It was surprisingly found that the materi al

according to the invention is particularly well

suited to use in the eye as it conbi nes usef ul

properties which were hitherto not available in that

conbi nation. The material according to the invention

l?@ls V%¥nnfa%t]urreefcffa%ir\$8guIgpqén% ch \%Hic%ws 'IIIa\}e superior
SctUr e Cross-section

wh'eaﬂarmail |p$i)pe|tth§s srpthaieﬁhehﬁtr@enalaﬂdenﬁﬂ térebetnsettbe in a very

BRIy SRt uree GBI Rers.ate Plsp FiiRae e apbthalmic devices

%U@I@W@rcorﬁﬁ@bﬂ%hﬁé KePPRIprbSthess,! RdrnédNe rings or inlays. The
i ntraocul ar | enses can be inserted in a very “careful

respacsivelyrioptigipnerapasties sfasy beumedopet fur aoegrapination of the
c devices such as contact |enses,

kerat oprost heses, corneal rings or inlays. The 5

resp§bei Mdi/mewpnnianenialpamwdirigetao the ibeemddh isehadg wp from the

t no s., \The pol r te i .
2000 HROERSS SRR o+ D) etined PR crosslinking
ahmkﬁnEBMIm&ﬂdrﬁ@nWELS nﬂ)st B)w tSHOtus!éﬂia|tha@ﬁlevé\ adequate
crossl i nki ng - nust al way

a?éu“ttvcama@ﬁpswe °5§8aast Ehgcpoévr@@ruﬁtsy'bﬁwm@élp{emadswp from the
nemeaf%'syﬂ?ﬁf] 3irs YRGSk 2y V\e,f-]r'é?rqeatu Peafsrtoﬁ‘b“/qu)a'o/welght

onent a e nmaln m)norrer erein at | east
@eatyhtat le@st ey waightasd ma)ﬂ?beiarW\elpghﬁerabid at least 60%

ngnoéﬁéﬁé%f '){? g'ﬁ?i"i%ﬁ"%& ?’%@?W@mﬁg@]on%mmgﬁgr LI Senera(? smaller

prapdreions pofo fartheo maondmiens twisich neurinibuse Vdpechal properties form
g }.) but e special properties form 15 the bal ance. In
Fed enbodi ment which is referred to as a

horrmel Nifeérrel f@nba@dnymrwmhegl refery88bady bahbb‘\opolymer the
conpri ses nonoper .a), wherein, ment i oned above,

RENGRRT B)atedal) substasHatiyr C@P’(‘Efﬁﬁ%kfﬂ@%@'boébs wigeein, as
AR MRS WETBhohSme &) i9I% Lgeaﬂ%w&%sanmhg;ﬂggﬁose .

material in 20 which nononer a) forns the su tra _
pr opdheitenm bhmopolymer dayusedr berende deg®yg a polymer material in

R Firtihar B 808 Bl sBEntARB-AfRl, WG AV frore than
BSP/bTepiarltrcutarly preferably more than 90% of the monomers.

In a further preferred embodiment the polymer is formed from
monomer component a), crosslinker b) and optiolnally 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 a 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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nmononer conponent a), crosslinker b) and optionally
further nononers c) as well as a further proportion
of a nononmer d). which is copolynerised to 25 achi eve
particul ar properties. The addjtional nononmer d) used
for copolynerisation replaces a part of nonomer a)

co Wit 0 used as
ﬂgﬂgr%reb%r a%t %ba{ﬁ%s %ég E{H%t%ﬁggg dditi onatfqrppounds
dgtdstliffsp comgpondnts svhichraltemgives properties Ushdise fasth.
sho in formnul | but, which is substituted on the

aryl It 5sPOEXET 3{S9 RAsRblentsprRolyMerise amennggemersivhich are

P3Gl ehiloyedit indteriafdidieeys nﬁbl%'ﬂiwee)@érﬁ'a’l‘es ih®at respect are
bal ance of the material is forned by cross kers and

spbedaundyndhe specifiegr litesatdire idosHmenddponent s sel ect ed

fro e [ li.0 r
CommhBSE R FRRTLBH, perliold hss, BRIVREE RSflral whin s
soitpolecas @ ﬁdidaﬂ:ieal@lerm@evnah apndowbrdh’ esanaammdnﬁent han be so

s ho al so po ble to _copol yneri se othe
RIVSRRPSE e sSsB08ELY) Gl pRE, SadiGmets or | docomsr @) and
ebtssslinkérbl S+ @péarrale@s Thatt Rfuckesheelinfh8tesSdifficies such as
found in the specified |literature docunents. The

ph¥sieal chemiaal |h6’ﬁe’iqgéf‘6ft&$re uses a pol yner materi al
m: gﬂhé olﬁHbF Qghﬁ)o‘%ﬁlcﬁ'\ Beécg‘gmsggtd E)P“T PRI, iR embodiment,

enbo nt can mer 1 sed t hat
Salb§ha$nb|8aa hpnmopoly meo Wflinbrimsubstambabmade uamhly of monomer

7L SRR RS T3, T el ' bssinking

hﬁir&fmeleHeUrEypoﬂ?hﬁerpOthﬂBEltmnlmlrﬂ|In@ntcﬁch‘e)IirWeﬁﬁlercan also be
t he, i nve n an enbodi can thus be_ a
RS Oy Har AHTtBAT TR0SARe ST Ay CAtkica (3o8sinking monomer is

- ABEEIERIy, a«)h.@m& ebPSIFdHRY WithNtHED RS MEB) a) Y ¥BEionally the

besi des the crosslinking nononmer - the pol yner
sMON@M&Ecording to the invention can also be 15

g'ragglsrlﬁ‘?ﬁ&?tﬁ:’g@nﬁgg\gﬁg:th@ofﬁ@ﬁgégsglﬁ‘@%@y Cé’tﬂﬁzllér%ers is also used to
depotey rreate:ws wwhicht Meerﬁonomeragedarfobmptmndiffqrenhemonomers
%F’&w@ cop rlﬁV?l’IPOI’icgﬁ){% W élqeta%ssl Iopna‘nt least one
monomer accordmg to the |nvent|on a crossllnker and at least one further
monomer.

The polymers used according to the invention can be both statistical
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, bisphenol 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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denote materials which were polynerised fromtwo

di fferent nononers 20 according to the invention and
at | east one crosslinker or at |east one nonomner
according to the invention, a grosslinker and at | east
one further nononer. The polyners used according to

' LO0: b S i,Sti I rs,. ) .
SPRabl croslisfii orabeliis. > 5P Kfoutitto sPe AR ki BRfin the art in
this ofielidngnd 2the ondhemieny arsuatiy amgbld}eat lcanoblsot ber used for the
nmopnoner s_can af ford advant ageoqus  properties. Those
B Be RN b DVaReass Baealen aiinows fiasebnkers are for
gkatipie atie USRIloMNg! OBHuUNRKbASI NRABSSndSXamngthorenel  glycol
sui tabl e functional groups are vinyl, acrylate,
dEnathagylate, sigthylepeanalyerl oldigethassylatei t ablye 3uethacrylate,

i_Rkd_Ng. CH: L vinyl ben € . _
o 23, ol SFRRHRERNBLS,  HME 2R R dimethacrylate; hexane
Adedialance wdinmethlaerylategnt i on, baarne-bdgkidialki ng dimethacrylate;

BROBETERIC o0 B EPEC) BRI R oA n = 1 0 50

ehbytHEEi:CQdZIHy)GQEk@@(@ﬁ?}_do%ﬁt:to)’c(mb?Q@H_ZPW%erein t = 3 to 20,
unssﬁ%}urat ed group. 8 Suitable crosslinking %?ents are
RABVie: EorREPRRHNG Ia9rY ledes-nDepisaklyt the, degrges of jpalymgrgation of

tRE cPRYAARING étgrﬁﬁbbbfd ¢4TBb QLRALLEF R &Y ﬁ%xgﬁﬁbﬁd%iééﬁ%molecular

pol ymers acCording to the invention. np

wreigy! is rabous 490s about 6600 | reostherefetdbdyy akput 1000.

b PRS0 SBUEUBE L Y SBBCORY By sampoun of the
fdlloing¥oiraalayllat aisedpaotianerobsinkirol  di et hacryl at e;

propane- 2, 3-di ol di nmet hacryl ate; hexane- 1, 6-di ol
di met hacryl ate; butane-1, 4-di ol dinethacryl ate;

CH2=C( CH3) ( O n-C(=0 C(CH3)¥CH2, wherein n
=1to R‘—Y—Ar—RZQf\ |

= C(=0) C(CH3) =CH2r WRwrein t =
3to 20, 1 correspondi ng acryl ates. Desirably

the degree of polynerisation of the crosslinking
compound is so selected that the nunber-average

whlieht @k agachvef gihle two adridy béBPs aab@sfectile tirmiRBBY unsaturated
referagl . apout 1000. Particularly good properties
Bratin,cHhetkin TheaReNate G Ok shpduikiaBratoRatic, In particular phenyl

residue which can be substituted with 0 or 1 to 4 substituents which are
selected from C;-Cs alkyl 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 m is 1, 2 or 3.

Particularly preferably the following compounds are used as the

crosslinker:
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followng formula Il is used as the crosslinker: 15
R-Y-Ar-R2 which at each of the two ends bears a
respective termnally unsaturated group, wherein Y
can denote O or S, Ar is an argmatic, in particular
phenyl 20 residue which can be substituted with 0 or 1
to 4 substituents which are selected from Cl-C5 al kyl
resi dues, Cl-C5 al koxy residues and hal ogens, wherein
n can be an _jnteger of 1 to 4 and preferably 1 or 2,
bGrHbisBr a (CH2) m resi due

xd as the 25 crosslinker: 9
H22S2 SH It was found

rs a) according to the
efractive index of far

The refractive i ndex can
0.1.6 and 'above. Ih a particularly preferred
nmononers are used in which Y denotes

sul phu hose nononers_proguce polyners with a
refracti ve.igdex of over 3 - In general @nly one Kkind
of crosslinkipg~noOngne used for the oI ynmer

fvention. It is hovvev Al S @ H,S,
10 conbi nati on of va

s C18H gS H {
that, when using the nokesg
inventlon polyners with a

crosslinkeLd,,$or exanple, it is possible’tosuse a
m xture of various nmononers of the fornmula Il or a
m xture of mononers of the formula Il with one or

nore usual crosslinkers. In general terns the total

anpugpf vﬁa[ tfgl?n(?rt% g legéﬁ]guﬁﬂgpﬂ%: nghgm%ﬁ's %)eaaschpdi%a/oto the

by wei and in eben ence o ture an
(m/remllmh; giolymerd 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
range 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.
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15 the remai ni ng conponents and the desired physical
properties, it can be in a range of up to 20% by

wei ght. The preferred range of concentration for the
crosslinking conmponent is 0.1 .to 15% by weight. If the
amount of crosslinker s excessively low the elastic

P8 5 AR TR 3Pl Ses 8! lnacryins
canssd stikkngTieanpucidnés2 (G disadedstatFyubyinvedrgfst ot hee as an eye

BRPIRFE: 1) et aRci LOborsmihen Agarapant g POl a or folded,

e Y A Es280cBbNBEEYN | AHeP &30 hRisShFE Yot &8 to separate. To

stickiness is disadvantageous in terns of use as an
&yftuericepihgnsurface prepdrtigs af the pelymar, caaspositien acgerding to the
k .S u £y f faces. stic
LBy oL B, B £ ol GRS o e
inmdriaraac a) tiue vehich aaerigs apbrdst emedludrivee ptomineTa perfluoro group

conposj tion accordjng.to the. invention, it is .
5ok SibaitignEaiRe i insosuningRBY <ap thpended Yo the apy! residue
P bbssiblyoneMhed)allbpt cOMpdher! I IrfSa apréfeasdd ®ifibodiment the
fluorine atomor a perfluoro group as a substituent. ]
fiverinptrd menIes Useddntsuchr? FromRgeavhieh ihstraciyrally identical

hdUg -0 il : | ky :
LE ST mBRaFIGH ol 5 @ BULuSSIEIERETas hlofen or fuorine
iasormac hSechm aoneambimiationi ds stadvantagddus i akenthiecamonboners are

RamsgE e W Lorastt. ol rer®s Badh o RGeS, materials. 1t
adufydnag@@mor&&nél%ear@nga@rtﬁeq;"re?omrf)aiédle?e should e&che above
S nateri als.

ot her and | ead to honpgeneou

HQf’/bé’é(n‘é(?lQ@tﬁ%'ﬁ'M@?Be%%@ ‘Ebeeﬂmt%‘é‘t A FoMonemerse Ae@nge of 3 to
8bow drdratrde above 15 10% by weight with respect to

the ampunt of all nononers. A range of 3 to 8%is

pr ef & taipraflernef pHieness grcusts; dRinpeafegedgrgbodiment either a
E{F)@ﬁ@r&i%ﬁg?ﬁqpé’drhgﬁpﬁn&ﬁ&rhﬁ opgogggp:gﬁrﬂﬁno&f the BBbymerising

noner or a proportion of th ynmeri sing
menameer d) ara propopmn obthefmomemenharers the ameharhers d) can

BRI eT, PR R ERB ™ Loe Lo ot el

of altmenmayefurther 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 refractive 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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accordance with formula | in iodinated or brom nated
form lodinated and brom nated conpounds increase the
refractive index of the material polynerised
therefrom and are therefore adyantageous. 25 The
proportion of the hal ogenat ed nononers, preferably

0. 05755 T 30et ToERaRfes,ifbr WS CBby b ' Pl idl 8o Siing o the
iheendicer @lis poskibie to cnepdsn tingredidiitsfvehiahl are known for that kind

G PANGGHSYEISTR I 35 R EIRSH <of OXEREU T AT B ERgPEY. In general all

FRARRSS dre @é‘lgﬁﬁa?ris‘é@' Mtchlug@ ag)ixﬂné@‘ 5AG Hrd et HtRted §eparate|y s0
excessively 30 influenced the other hand, wth

thatecynpeyids sanadbbedeaches o | uence on the surface
pr op95 n‘?érléasclc;rpﬁ)s lugw’aﬁyp ) ﬁ%gﬁr%%‘l |datoPe\9ﬁfEﬂ' %g %&]ed to the

i N nononers used at’'ure and anount
mateglehad)ebia pohmnemsed:alﬁotkbecami‘;posmdd Whlmhaemalvatable by heat

dint rt tn,a few routine riments
A6t BEPNERmPRGPES: whic” p6f 0 Apis By R PR; be Used for the
@6ATYORItth becdrding tYethd Mventiohs AP pdiyrhers Qséf@rihlﬁh@ region of
i ngredi ents which are known for that kind of polyne

5he eymaananaly inqlude opBsorhpestibfg Sndreirallertor vse Uvnlmtlators
gﬁ@?éf@l'e aith aaragﬂh'et ||yﬁt°' n"i‘i"tlgt&%l WIREH sfd Ikr%\gn ;E&' se to the man
adde t'hat

ol yners and are no separately
skiteduindsheaartoior beonpauhdsl amtvat@blleymth dRt ibeanis or heat are

#H%J%II,% sqs%rted by an initiator which is added to the
V be pol ynerised. Both conpounds which are

act i Ped¢fahled biyermealt initiatbral s Wmahttﬂevt&mboah@s with peroxy
act.ivatabl e by |i ght used. for 5 conposi tion

ERYAHES ngSHEN t hé@Si nvis F%EP"—"’%V' ] hexpnapte, @pd  di(tert.-

bawleyblsmeﬂﬁ)ﬁa@xw@am@ I\Nh.lcnclmze 7Y, QQﬁ@?bes%d for the
is undesirable to use UV initiators. her ef ore

EPUIRRMIEALAD Pf dHEARGHIRT (NGES: BHItEReap BoTOIIHALqTE aréethose which
Eh@ UQBQII)E%K%IB%H istich R &d c&n %ﬁﬂ'@ Uﬂﬂ'se??fﬂgéaﬁﬂ%eahosphme

eans or heat are pre erab y use referre
pmemlomnﬂttndat sush aae Benzowk phsphomwmudels inv particular 2,4,6-

ARGz 9ieeEw i telihe, qrits:nlptets; pre added in per se
kubwhcamlouhsgyﬁo)—parmykéi itaa ypidat eshbedinsare ihr agumbdlint of 5%
B?fevgelgﬁg or Iess

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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pol ynerisation of intraocular |enses. Suitable
photoinitiators are those which are usually enpl oyed
such as azo conpounds, for exanple MAI B, phosphine

oxi de conpounds such as benZOﬁg phosphi ne oxide, in
particular 2,4,6 20 trinmethyl bénzoyl di phenyl phosphine

BBHER 3 & et T aRPPEsT Bl TmatR” Se e B of the

byeswritghvention gasticulbtinisaitabry B:rars@ ihrttgueyd.l y added

for | ymers whic e n eye  t rotect th
Loe PRE s aalerialpraferahy has areEacve/ndabin hadpl State of at
?e%sfeornoeandff S ehg/re&uewp)srﬁ&# e%?e@ufﬂfurtﬁ@émpgﬂ R5ifomers s

A known reactive absorber is for exanple

polymeriseft bx gi\g theemaierial agrordisthta thehémwantiopeit ieatso possible
6 SR valdes BORPE EiaR 1060 YRR L REESERY Adrdfleq

anount o natrure anount
of t Rer abg)ver-\ rmmttiabdradneuep,t optrlled Whickddiré noadd frod? materials with

SomoneRLs, oS detelmnedoby {he desifed, OperLl eS 01, or the

lsaﬂfeed'keﬁrétﬁvén?owfé@ WHIOT die0HRall8CFdRh Alfteri8® with a higher
sel ected that | ymers of the present invention

refractivee ingex. rie lfznn@ptth@aqpta:nmquaﬁar@dqe,ﬁh@p@rfewndmgly
WhRr Wheﬁhtehﬁ'nc%ﬁrﬂeal t%y Was)i Be wfﬁ?1 %ﬁ@tlnﬁﬁlﬁﬁmé Mtroduced into
ul ar for

partic suitable”’

hie eyeal preferably has a refractlve |ndex in the dry
state,_of a | east ILf a hi .proportion of

SuroRnf. BRlymRE e Afcorting 8 SRS 1RVRA0S , Ags O ayaptageous
f’f?édﬂaln&ialaﬁﬁpéﬂidsgb?mslehﬁf tlﬁwenémaﬁeré al)Sartd 9. In particular the
EOSSI ble to attain values of nore than 1.60, which is

aMmeiListgh piatedP cave fPIaNtgMade SRerefeemapaneially, does not

BREAIC Se¥h bF BphE. @h@ﬂqe.é Fd?&é%?%llé’&s with a
refractive i ndex of below 1 are necessarily thi cker

t hanAéié)Qrde & thadnveatien the raé)@ws%v@emmd Rely Breragamposition is
L Ot'ﬂe"aatr 5' %Ifso@hfﬁbn@ @”ersbu}[}n%ﬁf r?Ctthgea'ngg)%escrlbed

pomme&';smimtgh; p?*gparti&sr neu:éslsat)héorr ophthamibaeppbgatiens such as
ow Vc\)ll?"r(m:oh té glt{',ngbl lgle EB%QFB?gpé&es sm}crp\ease%uitable fiexibility
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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The pol ynmer used according to the invention has

advant ageous nechani cal properties by use of the
nononers a) and b). In particular the 15 polyner is
such that an eye inplant nade Bherefronlgenerally does
not break, tear or split mheﬂ is folded or rolled.

ccordi to the invention the above-descri .
6 TRHCRATh ™ Lo TV Bl ol eaanofcogeﬁa%%ﬂtfﬁ%%ﬁ haterials. In
the pases bﬂehylou Whidhbigwefélead tb krdmupplpye®y, Therdgtieal Bertion and
operties necessa f or ht hal m ¢ i cations_ such
B&e GPHER o aRRcs 85%6”@@)9 sgaﬁﬁaéshyeaﬂiéﬁsﬂﬂ@& haptics are fixed to
BHORPEIChEPORSH) BS tﬁéléa%el &f bl 6rd-Piddel ensathe Bphit&Nportion and
refractive 1 ndex. The pol §ner conposition can

theehaptice ape fogwead ﬁl'thmrmﬂ mels &haping [Redopracesasingcof the optical
F)bﬁ.{djn faﬂﬁ ﬁ‘@/hgpﬂg .?fef?é)&éa%”é %gﬁ?‘{apmhlgﬁq%nﬁéb@ﬂown to the

ant’, a corneal
muhskllledilmftberamf contact | enses, keratoprostheses,
corn ri ngs and. corne i nl ays Ici 25 .
or L Both b oafrbissrad “alse  Rudopalii phbeactycompasitions can be

p RS dedC Vi fﬂé%éﬁ&n@% Acc8tdingftot fie iMV&RRIH. If a hydrophobic
I nvention can be nmade up in per se known manner, the

pebymerisevapkgse MANRMoN alsan e Prorgssed @Sr@IHOG@DleYmer or with
fLﬂthou hﬁgjrggr‘g% veﬁ‘ﬁ'k Fslsngfg 'olﬁyndr ﬁﬁe“ll nt'r a matenal Is

Wan&;ed; tbearma0oifer aa)xaoq:drdlrtgetcn)tha ioventore de copolymerlsed with a

[ti-pLece struct have optical _and tic
ButssiBi Eormmee i onarenpls Bon Whieh som BB pethacrytate
amhtm}ﬁjﬁogp rolps. haptl cs are fixed to the optical
portlon hol d the optical portion in its correct

posi fif9rt eﬁ Rafamsfer Wm@h spimeartapbfer e Rrecessing properties of

Bal%h&sor.sh%@ C8lagaN thansifienf QerRsbrhf i t h%esaa%ss transition
%{@ymﬂ can conprise different materials. In

eetﬁtum] inftyengescine Hexibjlity refdtheo materal 1 if- t@eeg@ss transition

l; [ apd Pl p
LOARERLERS Y AR BB bl TPRUSE Biberpiure anc
oarnc &&mperatuoe,. if rthteheglassseraﬁsmomnmmpmaeuweens veey low the

ﬁ'ﬁa‘iéﬁgf C rgrﬁéé)r%ﬁafag% ‘5#8 %scsggaéjtn %%@%8%@%31 {'Ipnerefore for use
B@fdyeorrnﬁmhtﬁ hﬁolvménscaré dfefsfrEBIeGdJHufh Ehawenaerg Whi1FC or less,
preferably 1'2)(3(\(‘\.mort I%stshgs int at?iga!scla %%Iyllrpmelt’shgre obtained which can be
well processed and which nonetheless still maintain their elastic properties at
body temperature. In order to set an optimum glass 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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Bot h hydr ophobi ¢ and al so hydrophilic polyner
conpositions can be produced with the nononers
according to the invention. |If a hydrophobic 10

pol ymer i s wanted nonomer a) qgn be processed as a
honopol ymer or with further hydrophobic conononers. If

. r [ 0 i 1S ed,.t he noner
fiohed cBharlys, BRI Ehadadr o |« b iRy dcaipRRF na of 2
pachicelsizd at mﬁmmubiutdratallfyonohebﬁmgmcett@amdaeram th('ao\ component
| t t it o1
FUAtEHa- P SRECEI GRCtn WanRBRIRK o dios Adiah electron density
WHIGE RS R0t P BANRELdREd HefrRBVETREEX] FhhPRigH 8fttron density can
transition tenperat ure.ht ;ggfc?il ass transition

benpehiaved &y akidasnwibic Eiqudti Lo tdisslve havith highly charged

eriale. | I sitign .t re j el Vi
PR morn BI040 TSt i, SRR, il A Yorsmury
compouedper Bhages, hedvyt heetdlasonpantdst iare tienpeysadlline and in

ertiidn | RenvstalitRy Hebosttec ore; [ xamBl se silcates,

?@ﬁhaﬁét‘es,p%ht)’rﬁﬁ{aﬁ:eé" rdaghbhatdse WHeChhéawe metdisofare fixedly
5C or less, preferably 10C or less, as in that case

foegrated iar dekivtae Mathixchnd Afeprot disisplvedoput e dharfiological
m&@mnwgyllésﬁwdéﬁpérls {F@r?fo"ﬂerbc} R&i Ed\%réét}} &ffect the biological
properties at’ body téenperaturé. 1n order t 28t “an

opmipatibiliy afsthter arasispaoentt eorpeoaent en@terial tdr in@ant material in

l r made fra he. above- cifie n rs, a .
RBiethEey 8% i BLLT i 2065 ARFFb e Lpf BT B Gn . particular as
hangsartichas. t AnPidleat WwhecH o préreralsigsiused TAndeile. That filler is
Mononers_suitable for that purpose are known to

h
Rigsompatioielt if et ane UL HE Ssob BeBMNTable and thus

aobddfaaaDinis Liker 8ilabhe e re%&oﬁ%lf@é}ggea%hﬂ@.i $h&dfiller can

in a few routine experinments. ye | nplants

e cdarasiigdti® npeoenysEaitine foraname aani thus betpraduced technically
VA BuBeie SEOTROMRAPLATRAS 59 B S8 Befndied i ne
compopentitieatepal.cal conponents into materials for eye

| 2L Ach. M o SURIERS P IERIES FHBPATS Mg wi
tdfeactiveatinddx tdfiensar noBindhe grefidceivealndexd obfthe acrylate can be
E@E%égcelqeﬁg {ﬁgsgénpv\@\l?g%{lgyblsg atnta{: au/zlny ip ci)s lp;ogsrs].itblg Ct%t }n%rrease 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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material. The optically clear or transparent filler
has a high electron density which |eads to an

i ncreased refractive index. That high electron density
can 5 be achi eved by oxi des mqgch are difficult to

di ssolve, with highly charged “cations, for exanple by

vy netal . in particular, | ead and bi.snuth .
@g’ﬁﬂﬁﬁﬂﬁ%t.'onrhoseéoq‘f{eavy %?'5\0%0%"&[5‘?1%%5%?0@4 Rreferably emulsion
poyghatisatien,aard domsideretiifortiae pradectiornsbiieyeé iblants.
deposited form, for exagﬁl e as silicates, er manat es,

al unia BEefsFrad eapAdUEEnt FROMIAGYS REE HoBVEFECs inke Argpolymers
Qi bR REr ITNahdFrédy SstfarB Po¥sBE oRltBelFofesidual monomer
di ssol ved out in the biological "nmediumof the eye.

Thetent) [Thes prerolgmeare are Hen sovwesedy taifthecfinahpolymer in the
. i c . bl _ o .
Brestterat an RIRARE Tt bblfofeif MR SRERRIGEH (FoMBABRErs which
thfliariceutedaim propettiesdi Bie iihitiatdrgdr tihdl H fcannbei the same or

BPrsF L oo ST a7 A 5751 1 Gforiels fsbd and the desired
k ! Ptdfkﬂh@b;ladwm'ez. FhF@“EFatﬂVaniaftf)F eWnd infistoP 3PYE the same.

hermal |y stabl e an us autoclavable. It is also o
Ahat kind ef metheddeadety a wereloxrrpesidyal memomen eentephnwhich is

[ j line formand can thus be
%rag%uc@gopggﬂt}m@aﬁ y evwﬁsl%%'a particle size at which
pr ac Fudheryone Hangbgersmest treaterialsi aduaédrded tHlyeusing a two-stage
component material,. 20 When usi ng,20% vol ume qf
PO THowiTED sk BpIyriars At E SR CE 17 et SEgi Endthey are then
rdear @blymerided withembabield ¢RogsliARrsOf THOGoredydri® of the
can be, increased to 1.78 by the filler. In that way

MatesiahJssPp| dMPOriantr PAERMEHS fof fesd i3 Fefe¥Rtimplant. Non-

- hefgeieblier pasiBnYeiRE D oliyIRelYIRalMBd a@ﬁti@d’ldﬂﬁng, 5which is not

surroundi ng aqueous hunour by a factor of 2 to
PRegPtABlEOriayeiFiRlapte 25 to produce for exanpl e

i ntraoc e rreduc ek a W
o SRR yth [RESRIHIbACIRER AR HOR polymer
compalsiiansupvihich2@ebineeigght anechaniedlemabperttest ovitb%a high

BB s, ARV i o e BRI ER 2 oe. vi
abudlGbrocgfses.f urt her subject of the invention is a

process for the production of the ol yner conposition .
accoﬂ'g?n@"'b’ﬁ‘qr heONRPEIRONS n2Cqer 6@@s§<§sth1eowvteﬁgon are particularly

WeRdsGité®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,
13C-NMR: 125.69 MHz. CD,CL, and CDsOD were used as solvents.
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of acrylate and nethacryl ate polynmers are known per
se. In particular bulk 15 polynerisation and enul sion
pol ynmeri sation, preferably emul sion polynerisation,
are considered for the productgon of eye inplants. In
a preferred enbodi nent mononer' are converted into
prepol yners using an initiator and freed as far as
possi bl e of their residual nnnoner 5 content. The
prepolyners are then convegExa&ghgle 1he final polynmer in

the presence of an initiator Il, optionally wth the
nthests mononmers which influence certain
properties. The initiators | and Il can be the sane or

di fferent, depending on the nature of the nononers
used and the desired propgrties of the polyner.
“Mnitiator Il are the sane.
*to a very | ow residual
nmononer content, which is $ad®antageous for the

pl anned use. FurthernDreEhEngl s Materials are

af forded by using a_two-ptage I ss in which
prepol yners are prgtioepd® %g¥ stage and they are
then further polyﬁ='I:ed Wi th nononeric crosslinkers.
The honogeneity of Nghe 15 Bﬁhﬁb's%l_"_ I's an inportant
parameter for use as an ewsegew!r t . Non- honpbgeneous
regions in a pol yne® F%%fd”t%ﬁso%ﬁl’@a? 18.62ws, which is
not acceptable for eye inplants. In accordance Wi th

e |nv nt| there are pr conposi tions
Wit he BB Rt bR At oiteifes wiih e hi oh
20 refractlve i ndex. Those polynmers can be produced in
a sinple fashion, using wusual processes. The pol ymer
Reacsion e@yati®Ror ding to the invention are
particularly well suited for use as cor.nea
transplants and i ntraocul ar | enses. Subject- matter of
the inventionzg therefore al Q. of a pol ymer
conposition,; _ B 8., as a cornea
i mpl ant or arw® e ARE A ¥- t 2t wEFdescri bed
by the foll ow ng é&a ]Ies whi ch howevergfare i n no way
to be interpreted as Pniting.

o ‘CHCI0
.‘QM.‘?"J 13 505142:: Mol.gew.: 104,53

THE/N; | % CHiigll

RT

c,,Hz,ozs,
. Mol. gew.: 344,49
C. 6624 1. 585 0 9..9'5 1852

(In the above Mol.gew. means molecular weight)
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The products obtained were investigated wth 'H and
13C-NMR spectroscopy. An | NNOVA 500 spectroneter
(Varian Inc) was used and the 30 nmeasurenents were
carried out on that spectroneg?r at roomtenperature
(21C) with the follow ng neasurenent frequencies:
% 499.84 MHz, 13C-NWR 125.69 MHz. CD2CL2 and
v%r‘e used as solvents. 16 Exanple 1 Synthesis
deth8cr@loyd chigride 200i 5i . Mol gew. 34449 'C. 66.24: H.
5,85; 0..929; S 18;62 20 (In the above Ml . gew
nmeans nol ecul ar weight) Reaction equation 256 s OH C
1 Q ;dbl:gew .276.4Z Mol .gew..: '10453. 35 THE /; N2.
NCX3wCG CH4; RT Mg 045 . Y, GC-sli~pQzs2 ..

Methylmagnesium chloride

Experimental part
(2-Methacrylic acid-2-phenyilsulphanyl-1-phenylsulphanyimethyl-
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 methacryloyl chloride [97.0% (GC)] (MW = 104.53) =
(3.78g (that is to say 3.89g 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 aluminium 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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C. 6524. H5 85:0 9,29,5.18,62. 55 (In the above
Mol . gew. neans nol ecul ar weight) 17 Reagents:

Met hacryl oyl chloride C' 10 Methyl magnesi um chl ori de
Experimental part 15 (2- Metha ?ylic
acid-2-pheny|su|phanyl-l-phena sul phanyl net hyl -

et hyl ester )Eﬁgan% F‘lhilphenyl sul phanyl - propan- 2-ol was
reacted wt y1 magnesi um chl ori de and met hacrylic
Synthesisofde i n equinol ar proportions (proportion

0. 03618 nol respectively). 20

1, 3- Bi sphenyl sul phanyl - propa® 2-ol (MW= 276.42): (10g
= 0.03618 nol) was dissokvedin THF which had been
previously distilled over Nh/KQ Added to that

sol ution was 0.03618 nol of' net i

[ Acros, 22% b sﬁko ﬁi solutl
(2.71g (corr'ésy
solution)). That solutl
the follow ng solution ® -ugh a droppi ng funne

0. 03618 nol of nethacryloyl chl ori de [97.096(CI3] (MwV
= 104.53) = (3.78g (that is to say 3.89g of the 97. 0%
preparation)) in about 100 ml of THF. The reaction
solution did not heat up noticeably, cooling was not

t slightly
yﬁﬁﬁ% Sg%Végfﬂ MPrh85n§§§ﬁbF®gE?£d ) room
tenperature in a nitrogen atnDsphere. The reaction was
E()ﬁrsic;ored %\é‘?ﬁ of DC. The m xture was then heated
199,89 s at 45 to 50C. Stirring was effected
overnight at roomtenperature in an N2 atnosphere.

Filtration of the reactpUn solutlon was efif ect ed over
a G frit - = ,ldﬁ 0

d

| -cessaner

‘Cagl 1200257
Mol gew. ; 49

C;66,24;H:5,85./0: 9,29:/5:18,62

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

Chemicals

Methacryloyl chloride (as defined hereinbefore)

Experimental part
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whi ch was coated w th al um ni um oxi de [ Acr os,

al um ni um oxi de, activated, 35 basic] and sea sand and
whi ch was previously forned into a paste with THF.

The THF was then renoved on tqg rotati onal evaporator
and the product then further ¢l eaned with col um

h | h Q .
Gl L S L —
Eblorigiew. Theémimvmbleuisd?%hggv%’gt ?\J/ET ZrﬁtoRaaprtei(\)/?usaQq ‘"ﬁf‘{;@‘“ 250 ml
| - :
%'[(e@ng;@é @§k with conslepsey a?yg| Ny dtrodudtionig0.03 mol of
Fhetﬁgc%/foyh' crﬁ‘oﬁée (@ 8899 Q?ﬁ’/o),sabélg)t 6bMi Bﬁlrﬂﬁ&‘(@r free, previously

gew. neans nol ecular weig Chem cal s
dIStI”ed THF as a solvent. 8299 o 1,3-bisphenylsulphanyl-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 flask. As the reaction was not
exothermic no cooling was required. A white deposit of (NEt3)HC|I was
formed. Stirring was continued at room temperature for 1.5 hours and the
resulting deposit, about 2.8g (NEt3;)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%
NaHCOs-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 CygH,00,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).

C-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 - propan-
2-ol was reacted with nmethacryloyl chloride. The
foll ow ng reagents were put i?Po a previously heated
250 m  three-necked ball oon ask wth condenser and
N2 introduction: 0.0 ?é 3 nmet hacryl oyl chl ori de
(3.88g, 97%, about PSY 3 nhi bi tor-free,
syathesis pf5 distilled THE as a sol vent. 8.29g of

1, 3- bi sphenyl sul phanyl - propan-2-ol (0.030 nol) and
2.94g of triethylam ne (0.035-xpt? (99% by wei ght)
were added to @.elgoeppi ng funnel. The solution from
t he dropping fH#erei3844s allowe® to drop slowy into
the three-necked fl ask. $he - , 's not

O

exot herm ¢ no cooling jas requi'uzred'. A te deposit of
(NEt3) HCl was 10 formetheStirri ng was~c#mt i nued at

roomtenperature for 1.5 hours and the resulting

it bout 2.8 NEt 3) HCl |, .t filt d off
DD, Ve MO1 g TokB0s e RCuIRE WeiohDh onal < O

evaporator. That gave a yellow viscous liquid. The
raw yi el d was_14g. To clean the product obtained the
R%%t?"b@%aﬁ&ﬂ (14g) was dissolved in about 50 m of
CH2Cl 2 and then shaken out with 5% 15 NaHCG3- sol uti on.
An enul sion was fornegd,, which was broken by the

addi tion of NaC . Dryifng ywas then effected over Na2SO4
and t hen co SHtr Ohowasy vect gd On Bhegr ot ati onal

evaporator a __ [ np. The

¢]
result obtaind& was a yell ow~1 scous Jjquid.in a yield
of about 9g, whi d‘ﬁ"”é‘ﬁ#é’sponded to dl"tf%é'?gsﬁol or 89%
of the theory. The 20 produdtyyashen al so
chromat ogr aphi cal 'y cl eaned. | i8R f@r Cl9H2002S2
(ol ecul ar wei ght 344.49) in{CD2CI2"7 1H NVR 499. 84
MHz in CD2CI2 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(m Ho'), 5.12 ppm (1
25 H m He), 3.29 ppm(4 H mo H5), 1.80 ppm (3 H m

H8) . y
Ciata0:S3

.. . Mol.gew. 33047
€. 6542;H, 5,48, 0. 9,68; S.19.41

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

Reagents

Acryloyl chloride

9]

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 (d), 126.09 ppm (C9), 72.17 ppm
(C6), 36.53 ppm (C5), 18. 16'\/2 m (C10). 30 20 Exanple
3 Synthesis of 5 CteHt a0~ I':gew_ 330.47 ,0 (In the

soouBelt] 0 PSRBT 504 Rl JE i goncerse

gnHII\I(\IQZhB’))EG&tioﬂ,O om3 4ﬁoICDH a:%ﬂoyl\/tahlcgem a§3@ef4lﬂecC hereinbefore

(815252 WS A SBeteghed mhisF GRS SR Ty dpreviously
didtivedyle a$ Solxmer Iwaaat abuparinto 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
over an Alox frit.to remove possible inhibitor residues. The THF was removed
on the rotational evaporator and residual 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 Ci9H»00,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, %J(6,7) = 10.5 Hz, 2)(6,7') = 17.3 Hz, H6)

5.755 ppm (1 H, dd, ?)(7,6) = 10.4 Hz, 23(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

| CysHyg03; -
Mol.gew: 276 42

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



21 Using a previously heated three-necked flask with
condenser and N2 introduction, 0.03 nol of acryl oyl
chloride as defined hereinbefore (2.828g, 96% by

wei ght) and 50 to 100 m of i DB ibitor-free THE
(previously distilled) as sol'vent were put into the

£ 1,3 5 bi sphenyl sul phanyl propan-2-ol =
8%?@&'&%&%“030 mol of triethylamine [99% (4.1
m) were put into a dropping funnel. The sol ution was
allowed to drop slowy out of theg gropplng funnel . As
the reaction is not=exothermc no. coollng IS
necessary. A whitxdepessd, of «( NEF 37 was formed.
Stirring was eff et # for a furghergl. 5 hours at room

tenperature and thagewt R0, @epopivbigdQ 1o@eo fil tered of f
and the THE renpved on the rofat| onal evaporator. The

result obtained was a yell oWy ous liquid in a
yiel d of about 9.5 g. For clehantfg purposes the
product was dissolved in 50 nf of inhibitor-free THE
and filtered over an Alox frit to renove possible

i nhi bitor residues. The THE y 's rem)ved on the
rotati onal evapor at gragee~pesididal AARE t hen renoved
with a hybrid 15 pu . : -zS) The result
obt ai ned was a yel l'ow” i scous liqudin a vyield of
about 6.8g, which corresponds to 0.02067 nol or 68.9%
of theory....,. 1HNMR for c@sR002S2 (nol ecul ar

wei ght 344.49) in CO2GAQetAssErsZsnpm (4 H m H3),
7.24-7.29 ppm (4 H m H2), 716721 ppm (2 H m H1)
6.225 ppm (1 H dd, 23(7',6) = 17 1 Hz, 23(7', 7) =
1.22 Hz, Hr' ﬁtrans)) 20 5.93 ppm (1 H, dd, 2J(6 7)
{tn thegboye Mo e)Nﬂf?ﬂ%m@ecwey@'g@@ ppm (1 H, dd,
R¥abats— 10.4 Hz, 23(7,7") = 1.22 Hz, H7(cis))

5.1 515pm(1HmH5)327ppm(4HmH4) 25
Eﬁaaqﬁg_h&gﬁ%dqesu s of Cl5H16032 H

Sodium hydroxide, pellets with 99.998%

Experimental part

The following were firstly added in an N, atmosphere to a 50 mi three-I
necked flask with condenser, dropping funnel and N, introduction: 0.05 mol
of 1,3-dichloropropan-2-ol [99%] (6.4499g) dissolved in 100 ml of methanol.

The following were introduced into a dropping funnel: 0.1 mol of thiophenol
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Il $. $. Mol.gew27%$42 ,~.. 35 (In the above Ml . gew
means nol ecul ar weight) 22 Reaction equation 5 OH

N. +-.. 2 Mdl:gew: 11.0 Mol.gew. :128.80 NaCH |
MOH IH0 15 OHS | i cSH,e()éé Mol . gew. : 276,42 : ...
G 6518H. 5,830.5.70; t 423-P (I'n the above Ml . gew.

RGO
hyslrafNaRH; pled Ineiksursg Whs $0WIYEIoppedErtrethare (3-alicHardpropan-2-
ol solution. After 2/3rds of the mixture had been added, the result was a
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,S0,4. 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); vyield 98.6% of theory with respect to 0.05 mol of 1,3-
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, ?J(5,6) = 3.7 Hz, H6), 3.18-
3.22 ppm (2H, dd, %J(4,4’) = 13.9 Hz, %)(4,5) = 4.9 Hz, H5), 3.01-3.05 ppm
(2 H, dd, %3(4',4) = 13.7 Hz, %)(4’,5) = 7.3 Hz, H5), 2.71 ppm (1H, d,
23(6,5) = 3.4 Hz, -OH)

13C-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

- 0S,
Mollgew.2276:42




10

20

30

35

40

45

The followng were firstly added in an N2 atnosphere
to a 50 m three- necked flask with condenser,
droppi ng funnel and N2 introduction: 0.05 nol of

1, 3-di chl oropropan-2-ol [99% ,6.449g) dissolved in
100 M of nethanol. 55 The folTow ng were introduced
into a dropping funnel: 0.1 nol of thiophenol 23
[98%4, (11.018g) dissolved in 50 m of distilled
water, together with 0.1 nol of NaOH the m xture was
slowy dropped into the 1, 3-dichl oropropan-2- o
solution. After 2/3rds of the m xture had been added,

(e th@sBble WIS dhw WhichAs 1RBRELfar WéiBng 11 ght pink

coloration and the reaction solution i'ncreased 5 in

tenperature. A further 50 ml of nethanol was added and
!ﬁ@ééﬂ% {"f‘ect ed overni ght under reflux (70C).

e progre the reaction was tracked by way of
DC, with CH2CIZ bei ng used as the runni ng agent and
t hi ophenol as the conparison. On the next day t he

reacti on sol ution_ y
mxed with oily b#Q 10 about
20 hours at 70C. Thes g{d on was f l._r&I_ ..concentrat ed
on the rotational M%?fé‘po? and Mokt B Ren out with
CHzCl z (three tines with about. w69 M) and dried over
Na2SO4. Concentration was thefi8 ected firstly on the
rotati onal evaporator and thgn on the hybrid oil punp
(p=1.8 - 1.6 nbars, = 30C). 15 Characterisation:

1, 3- Bi sphenyl sul phanyl - pr opan- 2- oI~'-H- 13.63g of a
yellowish oily liquid (0.0481 (3 yi el d 98. 6% of
theory with respect to 0.05 nol Jjof 1, 3-

di chl oropropan-2-ol; 1H NWR 7_32. .35 ppm(4 H m
H3), 7.24-7.29 ppm(4H JH29, A
H m Hl), 3.78-3.82 ppmel____:_ (5, 6) 3.7 Hz,
H6), 3.18- 3.22 ppm (2H, dd# ) :139Hz,
23(4,5) = 4.9 Hz, H5), 30130§ppm (2H dd,

23(4'.4) = 13.7 Hz, 23(4' 5fdbs 2,71 ppm
(1H d,  23(6.5) :34sz§fgw BIRGR 105, 66 MO I
CD30OD

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

Reagents

Thiophenol (as in Example 4)

2,3-Dichloropropan-1-ol [97.0% (GC)]

Sodium hydroxide, peliets 99.998%

Experimental part
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25 137.51 ppm (C4), 130.50 ppm (C3), 130.02 ppm (C2),
127.17 ppm (d), 70.08 ppm (C6), 40.45 ppm (C5).
Exanple 5 30 Synthesis of ............... aN Cista2
Mol gew: ; 276;42 24 (In the a gve Mol . gew maans

nol ecul ar weight) 5 Reaction™@quation

0 i, o002 Il P ARHBGY 438 Beorgsrer
dropping Blmed add . e wtrogacttoripDedSiIraol WEi @fB-Hichloropropan-1-ol
Eszgg?éﬁpggg/g$%§§%|§é%§e% gqaa%f? %e&hwlcwas 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 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 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

Synthesis of

Cza”zzsz
‘Mol.gew: ! R X 56
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45 Sodi um hydr oxi de, pellets 99.998% Experi nent al
part 25 Using a 500 m three-necked flask equi pped
with a condenser, a dropping funnel and N2
i ntroduction, 0.05 nol of 2, 3-gdichloropropan-I-ol
[97% (CGC) (6.449g)] dissolvedn 100 m of nethanol
was i ntroduced in an N2 atnosphere. 0.1 nol of
t hi ophenol [98% (11.018g) dissolved in 50 m of 5
distilled water and 0.1 nol of NaOH (4.0g) dissolved
[ 0 istilled water re added to a dropping
Imee SbeveMaucien Gearsandiesuly SGBbed i nto the
1, 3-di chl oropropan-2-ol sol ution. The result was a
slightly pink_ coloration and the reaction solution
iReactier @quatieRper at ure. The progress of the
reacti on was tracked by way of DC, wherein CH2Cl 2 was
used as the 10 runnl__er*rg agent and thi ophenol as the
conpari son. A furthe¥, was added and
heati ng was effectf
the next day the r's vs %g sol ution wasksglew(_slightly
greyish and mixed wth>dily beads. The""ﬁﬁt,.ea('i"tl on tine
was about 20 hour®'®t:B€% The sol ubfem el i rstly
concentrated on the rotationgal evaporator and 15 then
shaken out with CH2Cl 2 (thre times with about 100 m)
and dried over Na2SO4%; Béncenfidijon was then
effected firstly on a rotati bnal ‘evaporator and then
on the hybrid oil punp. The Yesult obtained was 12. 85g
(0.0465 nol ) of ayellovvlsh oily liquid. That
corresponded to 2N, 0of 93% of t heopF Wit respect
to 0.5 mol of 20 2»3__d chl,
Characterisation: T pr S
1H-N|\/R+1SC-NI\/R|nCD8CD re was an isoner
mxture with ca. 80%of the co ound with 20% of the
25 propan-2-ol derivative. el fractlve i ndex was
determned at: rl = 1. 6255/ ,gw

C. 76.96:H, 5,92; s 17_1_2_,

Or 0pr opgan- 1

Tgated with

(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.
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Exanple 6 30 Synthesis of C24H S2 Moigew. .: S/ 4: 26
(I'n the above Mdl.gew. neans nol ecul ar wei ght)
Reaction equation $1.1 10 Mol .gew. : 142. 24 Mol . gew :
752;67 T - TO C 'nmVOIt N7 ()5 N2 ranol 20 30
Mbl . gew.: 374,56 C. 76.96: H. 25,92; S. 17:12 (In the

3BRsC 02 SR, 1o - BVR G, PRRb] oy BPPRL (F85240) was
bddea) cal |emBliod GpingEXpenedremhalorger ttoUsdisiive 25@ remaining
three-,neckﬁd fl ask equi pped wi.th a condenser,

45
RFRRRTEAG 9T 5ARI 4y IRENEY]: FUATIEE: anfurher BipMmlgef methanol was
ddded] The gﬁjﬁﬁg@ﬁaﬁ%"&ed td -ﬁ@%oﬁﬂ%ngl?@& RberfeB R ernight

%about 0. 8¢9 i ssolved in about 30 m water were
MoWd658Q@).i Aftert B3 howrsk of Tieacties utimendbe areastioor belsition was

SRR 4 "G B M e MR % on eacn
pttdsjorsp| THe camb2ied Bblker PhBReswlerefthénviirademeoay firstly with 80
%‘W 8{ il%eNEBI-P%?'\ gﬁéno%ég)diéﬂﬁféd water and then dried over sodium
sulphate and concentrated on a rotational evaporator (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, %3(4,5) = 8.1 Hz, H4), 7.22 ppm (4 H, d, 2(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, %J(2,1") = 11.0 Hz, 23(2,1) = 17.6 Hz, H2), 5.73 ppm (2
H, dd, 23(1,1") = 1.0 Hz, ?J(1,2) = 17.6 Hz, H1), 5.22 ppm (2 H, dd, %1(1’,2)
= 11.0 Hz, 2J(1’,1) = 1.0 Hz, H1'), 4.05 ppm (4 H, s, H7),

3C-NMR: 125.69 MHz in CD,Cl;

C3 137.42 ppm, C6 137.25 ppm, C8 136.87 ppm, C2 136.58 ppm, Ci11
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



added, an emul sion being formed. In order to dissolve
the remaining proportion of the 4-vinyl benzyl
chloride, a further 60 m of nethanol was added. The
m xture was heated to 70C and %hen kept under refl ux
overnlght 5 (about 65C3 Afte? 23 hours of reaction

PP B i el Sohipe bR U achey BF, s raBR” csper Actinic

omsemmswa:pmgpemm Imeer, lrﬂm wmtantd_nes @h)lkerfbssllnklng

t firs with 80, m of in

stthlel IPQLY%%& avasfhigsd éBeo@%?'t'§8dpﬁn$°/%lﬂfpﬁ%{tyée”e glycol
anﬁeggﬂfg gtgated on a rotational evaporator (35C, p =

00 10 nbars). 1.82g of a yellowish oily liquid
was obtai ned. Methanol was added and heating to 66C
was effected. In that case al nbost everything was
di ssol ved and the yell ow col our di sappeared. Hot
filtration was then effected and the filter slightly
heated. In that case colourless needles i mediately 15
preci pitated. Suction renoval was effected over a G3
frit and drying was then effected on a hybrid oi
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 CD2ClI 2 7.33 ppm (4H,
d, 23(4,5) = 8.1 Hz, H4), 7.22 ppm (4 H, d, 23(5,4) =
8.1 Hz, 20 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
g, 23(2,1') = 11.0 Hz, 23(2,1) = 17.6 Hz, H2), 5.73
ppm (2 H, dd, 23(1,1') = 1.0 Hz, 23(1,2) = 17.6 Hz,
H1), 5.22 ppm (2 H, dd, 23(1',2) = 11.0 Hz, 23(1',1)
= 1.0 Hz, H1l'), 4.05 ppm (4 H s, H7), 13C-NWR 125.69
Mz in CD2CI 2 25 C3 137.42 ppm C6 137.25 ppm C8
136. 87 ppm C2 136.58 ppm Cl1 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.Qg of the
mononer of Exanple 1 was m xed with 0.2% of Irgarcure
30 2022 and filled between two sil ani sed obj ect
carriers which were separated



by a spacer of a thickness of 0.9 mm
Phot opol yneri sation was effected for 2 28 hours in an
N2 at nosphere with a UV | anp of the brand ' Super
Actinic' (Lanpe TL-D15W 03, )§r§'ax = 420 nm radiation
di stance 18 cm. Crosslinking“ of the polynmer was
g?iﬁﬁed by the addition of 3% of ethylene glycol
crylate. 5 29 CLAIMS 1. Use of a pol yner
conposi tion obtained by polynerisation of at | east

one in_mononer a) of the.formyla: Ro X - R- Y -
n Ty URelB 8 By s Spminbeiti G Rtaing oy Revimrisation)gf at least
OneSnain MdnoheEPECHf il Jornfuiles a straight, branched or
cyclic hydrocarbon residue with 1 to 6 carbon atonms,
Ra is hydrogen or a nethyl residue, Rb can be
hydrogen, O -C5 al kyl residue or Y-Ar3, R is
hydrogen, a sfaai ght, brapbhed or cyclic hydrocarbon
residue with to 6 carbpn atonms or an aryl group,
Arl, Ar 2 and|Ar3 are resBectiveI 1i ndependent |y of
each other an|aryl gro&p—th-i?fh—ié’ bonded to Y by way
of a bond T (- ),,, wherein n can be O,
1, 2 or 3 ~and | rein the(gr group can be
substituted wth to 4 substituents, selected from
Cl-C5 al kyl, C,-@&5-al koxy, nono- and disubstituted

mﬁ@gweg&%eaenotgref\lﬁg{bst ituents can be selected from
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 hydrogén, 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,
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 (-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 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 and/or for colouring,

for ophthalmological devices.

2. Use of a polymer composition according to claim 1 wherein in

monomer a) Y denotes S.



R as defined hereinbefore, b) a crosslinking nonomer,
and c) optionally further nononers for adjusting
properties such as refractive index, surface
properties, glass transition tgnperature, strength
properties, UV absorption and/or for colouring, for
opht hal nol ogi cal devices. 2. Use of a polyner
conmposition according to claim1l wherein in nononer
a) Y3dedstesf @ pdlymar ddsmpositianpatyoreing awpeiditn dn or claim 2
accordin tg cl ?iml, or cl aimg wher ej n oge of the

96\ Age ObAPB IARWING qrIBROWRAS [feUsRihBRERe gonomer a):
C18H1804 Il 111 0O AO C18H18(2S2 o o I / \ C15H1203
o C18H1804 S C18H1802S2 or a mxture thereof. 4.
Use accordi t.o0” one of .the,preceding claims wherein
POEMA or . H is used a%§ 'Adhoner c). 5. A pol ynmer
corrp(sﬁfi on a cg to one of the preceding clains
characteri sedAv<bat a conmpound of the follow ng
formula Il id as the crosslinking nononer:
R-Y-Ar-R2

/\IrO\/L/ CigH;30,S;
0

/\"/ ,
! C15sH)20;

e
o

e

? CIBHlSOZSZ

or a mixture thereof.

4. Use according to one of the preceding claims wherein POEMA or

HEMA is used as monomer ¢).

5. A polymer composition according 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



31 which at each of the two ends bears a respective
termnally unsaturated group, wherein Y can denote O
or S, Ar is an aromatic, in particular phenyl residue
whi ch can be substituted wth or 1 to 4 substituents
which are selected from Cl-Cg’ al kyl residues, Cl1-C5

k resid h i N,.N.c n
Ay SRh G M P IBR g, ApfarPeyle SRR BY ungpturated
gnolg2wherein bordn aderoté @Sy Asiislae. amdmeaee,nimmpaicllar phenyl
2 qgr 3. 6. Use according.to one of the precedin ,
Erslivg whishacan tes SuoRIIERG VRS st L1tk 4 SHPRHLRgES which are
SEIEREA FRorfl € @e%nﬁg Féﬁd@és‘)ség@kbﬂ&)x@%’é@ﬁés Sand halogens,
Cl8HI8S H S [ C6HES2 C24H22S2 sH 7. "Use accordi ng .
wheseid Bfcanbe @rediiggry of| hiters? @ndriacRreferadly ilnor Ratwherein R

[ L 8S : t.L QN 50 t | east

3BT, Sahend brs (igRTRss 5 AnB R & 23
- preceding clainms characterised in that the polyner
has 6. 1Uzkr acdarding nolexneobf thépreceddigeclathms Wdmrattedised in that

oly copposi tion accqrding tg one of clains 1 to 8
BEeh the feloWRIGFRMPPHNES AFF daed asthecassinkiRgimeRomer:
10. Use according to one of clains 1 to 9
characterics Lr at t hec,;B@®position is used for
contact | ¢ kerat opy ost heses, corneal rings or

Z A PRocess for the production of
a pol ymer conposition # ined in one of the
precedi ng cl ai ns characterysed in that a prepolyner is

-produced from nononer a) \and optionally nononer b)

in th/presence of the ini}/ ator |, the crosslinking
nmononey c), optionally further nononers and initiator
Il dded to the prepolyner and the m xture is

pol y d. 12. A process agcording to claim11l
characteri inthtiators H
S @ C6H652
SH

C24H,S,

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.



&

used in step 1 and in step 2 are the sane. 13. A
process according to claim1l or claim12
characterised in that the initiator is an initiator
activatable by |ight. 30

11. A process for the production of a polymer composition as defined in
one 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.



