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corneal onlay or inlay under anbient conditions to the corneal basenent
menbrane or corneal stromal tPIQMEDIGALARHESIVE e in many applications,
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appl i cations. 'y cyanoacrylates and fibrin glues are used
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synthetic onlays or inlays to the cornea. Conventional surgical adhesives are often
15 not suitable for a wide range of adhesive applications. Currently cyanoacrylates
and fibrin glues are used clinically as soft tissue adhesives. However the
brittleness of the cured adhesives, the potential toxicity of their biodegradation
products and the lack of control over cure time are the major drawbacks of
cyanoacrylates. Slow curing, poor mechanical strength and infection risk are

20 disadvantages of fibrin-based glues.

A variety of different methods for the bonding of devices to tissue have

been disclosed in the prior art. For example, U.S. patent No. 5,354,336 describes

a method for sealing lenticules onto a corneal surface comprising the steps of
placing the lenticule to the correct position, applying a polymerizable collagen

25 composition onto the lenticule and the corneal surface to form a collagen coating
over the lenticule and the corneal surface and polymerizing the coating in the
presence of an initiator thereby sealing the lenticule onto the comeal surface.
However said glues have not yet proven satisfactory mainly because of severe
handling problems. For example, the surgeon always has to mix the glue

30 components shortly prior to use. Once the premixing has taken place, only a

limited time period is available for using the glue depending on the glue’s specific

VI

*G00002*




. Hom)éver said glues have not yet proven satisfactory mainly because of
severe handling problens. For exanple, the surgeon al vvay§nhﬁ)s/ bsM X the
g has

gl ue 30 conponents shortly prior to use. Once the prem xin t aken
place, only a limted tine period is available for using the glue
depending on the glue's specific ~lI1~~® 1111 1L LELEE LD 1 LEE 11 1]

* 000002¢urhgtimey s paits imedpiesgute o the Butgesnt & ollpwingpthesaitachmentididhe

cxcessi ratgEtidhe B8k BRETEIN Shst i 1 BT herliEe Bl FubRbE e,
i nhi bi t rdgitfudsom@®! inhibitcthieatorffal Busdtieei 6Bbioldgicalgisshis! Fhrhediisadvanthgess of
the known gl ues are, for exanple, insufficient nmechanical stability and

adhesi vef the knewn idves RES.dpegxampde. dnguficient mechanical istakjlf¥and adhesvei s
not,sangu,sat{:i?ﬂl d not be taken as, an acknow edgnent or any form of
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devices are forned, prostheses, etc. The bulk material would usually be a
solid phase. Surprisingly, it now has been found that a bi onedi cal adhesive

can be for negBiomedical adhesives may be given different names, including "bioadhesive”,
"biological adhesive" and "surgical adhesive" among others. In this specification,

such terms are used interchangeably, and all refer to compositions which are

15 biocompatible and which result in temporary or permanent bonding of two surfaces,
where at least one of the surfaces is biological and/or bonding is in a biological

environment.

The term "bulk material" is used in this specification to refer to biocompatible
organic or inorganic material. This includes for example polymers from which
20 biomedical devices are formed, prostheses, etc. The bulk material would usually be

a solid phase.

Surprisingly, it now has been found that a biomedical adhesive can be formed

with broad applicability and reduced adverse biological reaction.

The present invention therefore relates to a biomedical adhesive comprising

25 multifunctionalily activated functional groups.

In one form of the invention, there is provided a method for -bonding an
inorganic or organic bulk material to a nucleophilic or electrophilic surface including

attaching a multifunctionally activated compound to the bulk material, the compound



.With broad applicability and reduced adverse biol ogical reaction, The
present invention therefore relates to a bi onedical adhesid/& N@Mn@pq sing 25
mul ti functionally activated functional groups. In one formof the

i nvention, there is provided a nethod for bonding an inorganic or organic
bul k material to a nucleophilic or elegtrophilic surface including
attaching a nultifunctionally activated conpound to the bulk material, the
conmpound 2 1 NOV 2006 3 selected to be electrophilic or nucleophilic
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be cal | 6@MPOEBHr-espondi ng" (eg, an activated ester and an ami no group). The
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for the covalent |inkage to form 15 The invention also provides a

bi oadhes¢areesponging: dee camaptivatedwstariand apaMIMRAEAUR)- t he bul k material to a
bi ol ogi cal surface, the bioadhesive conprising a nultifunctionally

acti vated conRound reactable with nucleophilic or electrophilic functional
groups of théhewondidionseie selgated imbeiaseanvenigst @spasgibiendia empergiusep i s
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t he adhabowie3pu NArmbiche prégsurbds cuitabie. dh some cases, there is also desirably
sufficient surrounding fluid to facilitate or permit sufficient movement of the reactive
groups (or the longer molecules to which they are attached) such that they come into

close enough proximity for the covalent linkage to form.

15 The invention also provides a bioadhesive attached to a bulk material for
bonding the bulk material to a biological surface, the bioadhesive comprising a
multifunctionally activated compound reactable with nucleophilic or electrophilic

functional groups of the surface.

The multifunctionally activated functional group is preferably an activated

20 ester or amide.

The inverition also provides a bioadhesive covalently linking a bulk material
with a biological surface, the adhesive being formed by the curing of a

multifunctionally activated functional group.

The invention also provides a biomedical device for attaching to a biological
25 surface by a bioadhesive including a biocompatible organic or inorganic bulk
material to which a multifunctionally activated compound has been bound, the bound

multifunctionally activated compound being capable of being stored anhydrously.



.multifunctionally activated functional group. The invention also provides a
bi omedi cal device for attaching to a biological 25 surfacezbﬁw ¢ 2006

bi oadhesi ve including a bioconpatible organic or inorganic I E mat eri al

to which a nmultifunctionally activated conpound has been bound, the bound

mul tifunctionally activated conpound bdi ng capabl e of being stored

anhydrously. 2-0 NOV 2006 4 The invention is also directed towards a

nmet hod of preparing a device conprising a bulk nmaterial conbined with a
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i nadequate functional groups on its surface, applying 10 surface

functional groups to the surface, covalently a nmultifunctionally activated
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10 surface functional groups to the surface, .

covalently a multifunctionally activated compound comprising at least one
carboxy derivative group and at least one additional functional group that is

co-reactive to the surface functional groups.

The invention further provides a process for applying a bioadhesive to a
15 surface of a biomedical device comprising a biocompatible organic or inorganic bulk

material including the steps of

. if the surface is not nucleophilic or electrophilic, applying nucleophilic or

electrophilic functional groups to the suﬁace,

covalently bonding to the surface a multifunctionally activated compound, the
20 compound selected to be electrophilic or nucleophilic opposite to the

functional groups, and
washing the surface of unbound multifunctionally activated compound.

In a further alternative, the invention provides a process for applying a
bioadhesive to a surface of a biomedical device comprising a biocompatible organic

25 or inofganic bulk material inéluding the 'steps of



. bi oadhesive to a surface of a bionmedi cal device conprising a bioconpatible
organic 25- or inorganic bulk material including the stepg ®NOV® 206NOV 2006
4A i f the surface is not nucleophilic or electrophilic, applying

nucl eophilic or electrophilic functional groups to the surface, covalently
bondi ng the functional groups to a nagﬂ% or synthetic polynmer conprising
co-reactive groups, 5 covalently couplThg to the natural or synthetic
polymer a multifunctionally activated conpound, the conpound selected to
be el ectrophilic or nucleophilic opposite to the co-reactive groups,
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processes (such.as plasma deposition). 2 0 NOV 2006

10 The invention is particularly directed towards a bioadhesive for in vivo use.

The invention can be used to adhere, for example, synthetic materials to which the
bioadhesive multifunctionally activated compound is attached to any appropriate
nucleophilic or electrophilic surface of an animal (including humans). A common
nucleophilic surface to which such articles may be attached is collagen, or any other

15 lysine-rich polypeptide (whether natural or synthetic).

The incorporation of collagen into a device according to the invention is
optional. Collagen may confer other properties on the biomedical device useful or
desirable for its intended purpose. Collagen may be bonded to the biomedical device
~of the invention by the same éurface functional groups as bind the multifunctionally

20 activated compound or otherwise.

The invention has particular application to biomedical devices made from a
bulk material which is strongly hydrophobic. Such materials are known to be difficult
to adhere in a biological environment. As detailed in a preferred embodiment,
hydrophobic surfaces may first be treated by the addition of surface functional

25 groups (such as aldehydes) by known processes (such as plasma deposition).
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car bowyl a3a9hebi des, for exanple -COClI or -COBr; carboxBdi/saueniegdy i des;

| act ones; carboxylic am des; or pref ergbl y carboxylic esters. A preferred

group of carboxy derivative groups are“esters, in 5 particular activated

esters or am des. The reactijive groups ystbe sel ected from | ass, of
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derived from carboxylic acids or amides undergo elimination reactions with

nucleophiles to form stable adducts as follows:

10 General reaction (1) describes the elimination reaction of nucleophiles (Nu) with
an active ester (AE). General reaction (2) describes the elimination reaction of

nucleophiles (Nu) with a reactive group (XG).

Y ' Y
\/\,l O\ Z— Nu ‘/\| NU\
A’\H/ AE e -2 + ApoH D
Y 0 ’ \lr' 0
l XG Z—Nu M o Nu
"\’W\[r - Z + XGH : (2)
o) O
in which
15 - X= halogen;

Y= H, alkyl, or optionally active ester or reactive group;'
Nu = nucleophile (e.g. amine, thiol)

These reactions can be applied as a curing reaction for adhesives, when di-
or poly-functional reagents are used. Thus, if Z contains more than one

20 nucleophilic group and Y contains more than one active ester or reactive group,



6 then a cross-linked polyner results that has the properties of an
adhesive. If the substrate to be glued contains nucleophilic groups (e.g.
am nes in collagen-coated articles or ophthalmc tissue), then direct
bonding to the active ester or reactive group can occur %ﬂdwﬂh@mﬁ

formuMNR PBMW780t s as a bi oadhesive. 5 The reactive gr oupBCEAUORBOGIA t he form
of a nmultifunctional dendritic polynest, a nultifunctionalized conb |ike
polymer, the termnating ends of a linear polyner or other nultifunctional

Fol | ouethen & crosieinaR pohnsT Teoplip thay o thp flopeptiedtoh o 3B Ik 22, ¢
pol ymer g t& 'tg%ep@h)éﬂ%rontgi@ ﬁlﬁﬁﬁﬂmﬁc grotips QEQQ-%'F@Mh cyragen-coatsd ul
conp nabl'es t
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i nert Bﬁ%@o‘%ﬁjhppwream?ﬁ]ee [ lﬁ%t“?'hﬁaé\ﬁ-ﬁ ?ﬁ’éo NGSNGty and to result in
porosity after 15 leaching. An activated ester or amde is, for exanple, a
radi cal of fornmula 2 0 NOV 2006 WD Q3/ %97?, 59 PCT/ AU(h?,{ 00?12 "
5 The reactive groups can be in the form of a multitunctional dendritic
polymer, a multifunctionalized comb like polymer, the terminating ends of a linear
polymer or other multifunctional polymer where there is at least one reactive group

per polymer chain as follows:

T \AANN\ANAANANNANMT

Linear polymer

Dendrimeric polymer Comb like polymer

T =reactive group

10 _~_-~_ = optional spacer

Careful choice in the spacer component enables the synthesis of a
bioadhesive that supports or inhibits cell growth, or is biodegradable or non-
biodegradable. The bioadhesives can also contain other materials, such as inert
biocompatible fillers, to improve the viscosity and to result in- porosity after

15 leaching.

An activated ester or amide is, for example, a radical of formula
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(9) (RyobshoAspreferred carboxy derivative group according/AlﬂBkn(,elzi nvention
is an o activated ester group of formula (g), (e) or, in particular, of

formula (h). Miltifunctionally activatfed conpounds are, for exanple,
conpounds of fornmula R :D R12 (J)' 15 wherein Dis a bivalent organic
radi cal, which may be substituted, fo N\Qxanpl e, by one or | re carboxy or
carboxy ¢erivat=e groups; 2 0 2006 "N i's a carboxy'-deriyative
group; and, R a fyther reactilmg_ anpl e a carboxy, a

(@) (b) ()
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(9) (h) | (i)

A preferred carboxy derivative group according to the invention is an

16 activated ester group of formula (g), () or, in particular, of formula (h).

Multifunctionally activated compounds are, for example, compounds: of

formula

13 D Ri2 )}

15 wherein

D is a bivalent organic radical, which may be substituted, for example, by

one or more carboxy or carboxy derivative groups;



_isocyanato, isothiocyanato or epoxy group. Exanples of bivalent organic
radicals D are, for exanple, an optionally 5 branched Cl-Cl2-al kyl ene; a
radi cal of dendrinmer or star burst polyner; a radical of a28di0¥efldfl ene

gl ycol; a radical of a polyvinyl al cohoé, for exanple, a polyvinyl alcohol
wi th pendant pol yneri sabl e groups as described in WO 96/ 24075; or a

radi cal of a hyperbranched pol yester resin as described by M Johansson and
A, Hult in Journal of Coatings Technol ogy, 67, No. 849, 35 (1995). Dis

preferably a I,k valehdxy daehineaiveafroappaget hyl ene glycol, for exanple a
radical of fornmula -CH2- CH2- (O CH2-CH2)f-, wherein f is an integer of, for
exanple, from2 to 250. R12 is a carboxy derivative group, wherein the

above gi ven neanigasuftRer reddtilerRoGE SfoRRRAMpIRE TarSoxy) degBary telivative,
preferably a carboxy derivative group, wherein the above given neani ngs

and pr ef ésegyeaateippthiocyRatoRBRPAIPUPRI2 15 and R13 are identical. In
one enbodi nent, the nultifunctionally activated conpound is polyethylene
glycol that is di-substituted with succinimdyl propionate, succinim dyl
succi nate or dixamplei efy bivelandi erganigeradieals e aeoviar ¢xampie, aesoptionaligse

functi ongl [o .~ 20 f i I i_on und
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nature of the reactive groups bein present in conmpound (j) and at the
nat ural cHcaRalt with iR?nﬁ’éﬂilrP@FYme?%éE@‘F%§Sa¢%SC”IPRQ\AH Y 2495y, ¥xanpl e,

natural . . | o
conpound ARk e VR Pidster fovil 86 JSeABLd by . B8RSR AR A, 1
coupl ed thultimdoumal ob Cominghdtechnploigymé7, NonB4BnB&d1986). ibjs prefertabty a
0 O B S e, P erle o By 9 0
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am dati on reéctl on in'the presence of an activating agent,

R1i2 is a carboxy derivative group, wherein the above given meanings and
preferences apply. Ri; is independently preferably a carboxy derivative group,
wherein the above given 'meanings and preferences apply. Most preferably, R;,

15 and R13 are identical.

In one embodiment, the multifunctionally activated compbund is
polyethylene glycol that is di-substituted with succinimidy! propionate, succinimidyl
succinate or succinimidyl succinimide, or the known derivatives of these functional

groups.

20 The method of attaching a multifunctional compound of formula (j) to a bulk

material surface provided with a natural or synthetic polymer comprising co-

reactive functional groups depends on the nature of the reactive groups being
present in compound (j) and at the natural or synthetic polymer. The reactions are -

known per se, for example, from textbooks of organic chemistry.

25 For example, in case that a compound of formula (j) with a carboxy, amide
or ester group Ry3 is to be coupled to a natural or synthetic polymer containing
amino, thiol or hydroxy groups, the reaction may be carried out under the

conditions that are customary for ester or amide formation. It is preferred to carry



Cfor exanpl e N-ethyl-N -(3-di nmethyl am nopropyl)carbodiimde (EDC),
N-hydroxy succinimde (NHS) or N, N -dicyclohexyl carbodiigp¢gy(78C) - In

case thgp ¢3pseapound of fornula (j) with an anhydride gr%q/{%%ml §,t0 be 5
coupled to a natural or synthetic polyner containing am no, POl

“hydroxy groups the reaction nmay be carrd ed out as described in organic
t ext books, for exanple in an aprotic solvent, for exanple one of the

above- memriut aine éstgrfiiationssr amidagionatesktiohdimRe Presendd efahcautivaBng &igunr €
to about 100C. In case that a conpound of fornula (j) W an activated

th
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20 such asmig¥Riurédbm Modrmttbirpeyatue télapeuP10@WEn a | ower al cohol or water,
at - a tenperature of fromO to 100C, preferably fromO to 50C and

particularly preferably at roomtenperature, optionally in the presence of

a catal yst, fqp cAeafidtea &drRpdirad Yof dBHARIS UF Wiflks aht A&aXe&Esh6r BF amide
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In case that a compound of formula (j) with an isocyanato group Rss-is to be

15 coupled to a natural or synthetic polymer containing amino or hydroxy groups, the
reaction may be carried out in an inert organic solvent such as acetonitrile, an
optionally halogenated hydrocarbon, for example petroleum ether,
methylcyclohexane, toluene, chloroform, methylene chioride and the like, or an
ether, for eXample diethyl ether, tetrahydrofurane, dioxane, or a more polar solvent

20 such as DMSO, DMA, N-methyipyrrolidone or even a lower alcohol or water, at a
temperature of from 0 to 100°C, preferably from 0 to 50°C and particularly
preferably at room temperature, optionally in the presence of a catalyst, for
example a tertiary amine such as triethylamine or tri-n-butylamine, 1,4-
diazabicyclooctane, or a tin compound such as dibutyltin dilaurate 6r tin

25 dioctanoate. In addition, the reaction of the isocyanato groups with amino groups
may also be carried out in an aqueous solution in the absence of a catalyst. It is
advantageous to carry out the above reactions under an inert atmosphere, for

example under a nitrogen or argon atmosphere.

In case that a compound of formula (j) with an epoxy group Rz is to be

30 coupled to a natural or synthetic polymer containing amino, thiol or hydroxy
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conposites or blends of said materials. Sone exanples of polynmers are

pol yadd$ﬁeip§r9fand pol ycondensati on pol ynmers (pol yurethanes, epoxy resins,
pol yet hers, polyesters, polyam des, polycarbonates and pol yi m des); vinyl
polyners (polyacrylates, 20 pol ynet hacryl ates, polystyrene, polyethylene,
pol yacryl ani des amgovidinggankipatedigalr ewtevegmprisingoa, bipsbmpiatible acganice and

pol yacryl oni trile). elast I. sidicaqn | vbut adi.ene _and
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chitosan and the like). Another preferred group of bulk naterials are those
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may conprise Tor exanpl e polysil oxanes, perfluoropol yethers (PFPE),
fluorinated poly(neth)acrylates or equival ent fluorinated polynmers derived

covalently coupling a multifunctionally activated compound

comprising at least one carboxy derivative group and at least one additional
functional group that is co-reactive to the co-reactive groups of the natural

or synthetic polymer.

15 Examples of bulk materials that may be coafed according to the process of
the invention are natural or synthetic organic.polymers, or laminates, composites
or blends of said materials. Some examples of polymers are polyaddition and
polycondensation polymers' (polyurethanes, epoxy resins, polyethers, polyestefs,
polyamides, polycarbonates and polyimides); vinyl polymers (polyacrylates,

20 polymethacrylates, polystyfene, polyethylene, polyacrylamides and halogenated
derivatives thereof, polyvinyl acetate and polyacrylonitrile); elastomers (silicones,
polybutadiene and polyisoprene); or modified or unmodified biopolymers
(collagen, cellulose, chitosan and the like).

Ano"ther preferred group of bulk materials are those conventionally used for

25 the manufacture of biomedical devices, e.g. contact lenses, intraocular lenses or-
artificial cornea, which are not hydrophilic per se. Such materials are known to the
skilled artisan and may comprise for example polysiloxanes, perfluoropolyethers

(PFPE), fluorinated poly(meth)acrylates or equivalent fluorinated polymers derived
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acrylic acid, acrylic acid, acrylam de, N, N-dinethyl acrylanide, vinyl
al cohol, vinyl acetate and the |ike, polyal kylene glycols such as

. hyl ene/pol ypr apyl ene
B yool bl ock nafer prehSinkll’ SRS O6, bESRbENSe, ROVIRLE [ adinee Y con.
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Etafilcqn, Hefilcqn, Vifilcon, Tetrafilcon, Perfilcon, Droxifrlcon,
Di mefil 38?1?9?'384*%'9 GHe MAFPPB%, PREISS: | $BfE JydEppalic| gwps, e.g. carboxy,

15 carbamoyl, suifate, sulfonate, phosphate, amine, ammonium or hydroxy groups,
are inherently present in the material. Such materials are known to the skilled
artisan and comprise for example polyhydroxyethyl acrylate, polyhydroxyethyl
methacrylate (HEMA), polyvinyl pyrrolidone (PVP), polyacrylic acid, polymeth-
acrylic acid, polyacrylamide, poly-N,N-dimethyl acrylamide (DMA), polyvinyl

20 alcohol, copolymers for example from tWo or more monomers from the group
hydroxyethyl acrylate, hydroxyéthyl methacrylate, N-vinyl pyrrolidone, acrylic acid,
methacrylic acid, acrylamide, N,N-dimefhyl acrylamide, Vihyl alcohol, vinyl acetate
and the like, polyalkylene glycols such as polyethylene glycols, polypropylene
glycols or polyethylene/polypropylene glycol block copolymers. Typical examples

25 are e.g. Polymacon, Tefilcon, Methafilcon, Deltafilcon, Bufilcon, Phemfilcon,
Ocufilcon, Focofilcon, Etafilcon, Hefilcon, Vifilcon, Tetrafilcon, Perfilcon,

Droxifilcon, Dimefilcon, Isofilcon, Mafilcon, Nelfilcon or Atlafilcon.

An even more preferred group of bulk materials are, for example, porous

polymers with improved wettability and cell growth ability as described in US

30 6015609, WO 97/35906, WO 97/35905, WO 00/49058 or in WO 00/15686.
' Polymers i'ncorporating charged units or zwitterions (such as described WO

00/15686) are also useful in this invention, and the contents of that specification
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crosslinking conbnomer is used, the anmount used I's in the range "of from
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Q - CHz — (CF2)q -CH2 - Q (k),

15 wherein for Q the above given meanings and preferences apply, and q is an
integer of, for example, from 1 to 20 and preferably from 1 to 12, are the preferred
additional crosslinking comonomers. If a crosslinking comonomer is used, the

+amount used is in the range of from 0.01 to 40 % of the expected total weight of
polymer, preferably the comonomer is in the range of 0.1 to 30 %, and more

20 preferably in the range of 0.1 to 20 %. Preferably the polymerization mixture does

not contain a crosslinking monomer.

The preferred bulk materials of the invention may be obtained by
copolymerizing one or more PFPE macromonomers, one or more charged
monomers or a suitable precursor thereof and optional further comonomers and/or

25 additives to afford a transparent polymer in the presence of a suitable initiator.
Standard methods well known in the art fo'r'effecting polymerization may be
utilized, with free radical polymerization being preferred. Free radical
polymerization can be simply carried out by radiating (using ultra-violet light)
monomer mixtures containing a UV initiator, such as benzoin. methylether, in an

30 appropriate container or vessel. The mixture is irradiated for a sufficient time to
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trea edum?%ngwgg@ln?%@%ent In order to convert the precursor 5 units
into zwitter-ionic units. The polynerization m xture can be converted to a
pol ymer neat T?‘r inl t he. ﬁresefr;ge of _one ar _nore zol_venis. Wi Ite t he
structure of {'RePUNMEEFEHPY TOFiR.Cal B& (RAYSTHET IR 3PRIIpe REat PhiT Rt
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conononer al so has an effect. Useful solvents include 1o those selected

f r om t hpolysnerizgtiog olbdyeehasethieemost sigifieant, effectcor tharesullinponedutusd

I ts. . Fl inated hbcul arl I d,. theirt '
combi natiesATErP ORIt BRrbrBrforraeb s8d A il Uisrd et ingide o,
the 1l agse aNevted Fropapaid afdipwilesi €labses: Sodsterd, e, atharas ahd
bet ween 0-70% w w, particularly 30-80%w w, especially 55%in the
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t ri chl oapbve fik uesmsdidipn eesirablep e Idivanti carichtaltivhgest betiwderfD-70% w/w,
perfluoro-1, 3- dinet hgl cycl ohexane, 2,2, 3,3-tetrafl uor-1-propanol,
2' 3", apagicuary 3080 NMba&SPSEIREIN09S % 1in the 1 polymenzatios- nixtusenaERli one,

2", 35 4desiraBle. Preferred solvents include acetates, particularly isopropyl acetate and
tert-butyl acetate, 2-(tﬁﬂuoromethyl)-2-propanol, chlorofluoroaikanes, particularly
triéhlorotriﬂuoroethane, and perfluorinated alkanes, such as perfluoro-1,3-
dimethylcyclohexane, 2,2,3,3-tetrafluor-1-propanol, 2',3.4.,5,6-
pentafluoroacetophenone, 1,1,1-trifluoro-3,4-pentadione, 2',3.45,6-

20 pentafiuorobenzyl aicohol and the like. A particulaf preferred solvent is water or an
aqueous soiution comprising, for example, one or more organic solvents, for
example a C4-C4-alkanol such as methanol or ethanol, or a fluorinated alkane.
Water may be 1 to 70 % w/w, preferably 210 50 % wiw and particularly preferably
3 to 30 % w/w, in each case based on the entire formulation.

25 The bulk materials may form porous substrates. Porosity may be provided
by the inherent porosity of the material. Alternatively, pores may be introduced into
the polymers by various procedures such as those disclosed in PCT applications
WO 00/15686. In case of porous bulk materials, a polar solvent, for example
water, a C4-Cs-alkanol, and/or a surfactant, preferably a fluorinated surfactant,

30 -may be incorporated into the polymerization mixture. The use of surfactants is an
effective means of controlling the size and density of the pores. Non-ionic

surfactants containing fluorine are preferred. Particularly preferred surfactants
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The surface material may inherently .
contain functional groups or

The surface of the bulk material may inherently contain functional groups or
15 may be provided with covalently attached functional groups, for example, by
plasma deposition, particularly .if it is hydrophobic. The method of coating a
surface by plasma deposition is known to the skilled artisan and is described in,
e.g. WO 98/52620 and WO 00/29548. Typical examples of reactive groups being
introduced to the surface of the bulk material by plasma surface preparation
20 include aldehyde groups, amino groups, hydroxy groups, carboxy groups,
carbonyl groups, sulfonic acid groups, sulfonyl chloride groups and groups able to
be replaced by amino or hydroxy groups, such as halo groups. Aldehyde groups,

thiol groups, amino groups, hydroxy groups and carboxy groups are preferred.

Examples of the natural or synthetic polymer used are cell-adhesive

25 (glycoproteins like collagens (various types), fibronectin, vitronectin, laminin,
poly(ethyl imine), amino dextran, PAMAM dendrimers, poly(allyl amine), poly(vinyl
alcohol), poly(arylic acid) and poly(methacrylic acid). Collagen and collagen-like
proteins are preferred. The coupling of cell-adhesive glycoproteins to plasma
polymers covalently bound to the underlying bulk material is known and described,

30 for example, in WO 00/29548.
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ext gndedﬁ}f)%rro?(%'ﬁéuw PH%%b? og‘én"gpnaéd%%%fg 9";2{'\% W.’tﬁgﬂ‘&tfﬁ)n&"'%i c?r?g'éf?t?a
devi ce, E&mhpexAdp!Al enthedeaddvdritagds RaturaMBepplehdt 6878 dbptacdiIEnsdW bistist
placing it in water for a short period, typically for” 1o about 1 to 10

m nutes als@ paratheubiomedicel rapulgings @csataing tehithe: invertidf iasi enentianade-
hydrqge ngolpe.t he bul k material and the coating (so as to re-activate the

In a further preferred form of the invention, biomedical devices (such as
corneal inlays and -onlays or lenticules) are forméd from a polymer as described
above, and then dried and stored in anhydrous conditions. This maintains the
multifunctionally activated compounds’ unreacted reéctive groups such that they

20 can bond to tissue upon implantation or affixation of the device to tissue, after re-

hydration to increase polymer chain mobility.

The biomedical devices of the present invention such as in particular
corneal onlays and inlays may be fixed on the cornea by just placing the device in
intimate contact with the corneal fissue for a certain time period, for example for

25 about 5 to 30 minutes and especially for 10 to 20 minutes. Such onlays and
inlays are easier to handle, since the use thereof does not involve, for example, a
premixing of glue components or time. pressure upon the surgeon due to specific
curing tirh_es of the glue components. In addition, no tedious removal of excess
_glue after fixing onto the cornea is necessary, and the previous problem of

30 inhibition of overgrowth by glue residues does not exist.



. hydrolytically unstable functional groups of the nultifunctionally
activated compound). Al of these advantages naturally apBINOVh&W6only to
cont agyologsese but al so to other bionedical noul di ngs G §lisRge L0 the

i nvention as nentioned 15 before. In a further preferre orm o? t he

i nvention, bionedical devices (such asi6corneal inlays and onlays or

l enticules) are formed froma pol yner as descri bed above, and then dried
and stored i Prefdrgdiyputhecomthcal previdhsly prepdradnfort the attabhmfembodfi anal |y

activated conpounds' unreacted reactive grou such that they 20 can bond
to tissQBlAYpHT BAINRIR BYiTeMAHNghe ehithelel Gell nveeYitBe G0 b FeTaRIPGer
re- hydrakiQn ' N 110] o TV IN VS Y i LCces
A R A R RS o e Sl A i
may be ftoreth sarfhbe atal thealdnticuies Brepldaiedngith reairgieai sponges onthaerdike. toist act
with the corneal tissue for certain ti periqd, for exanp]e for 25 about
5 t 0 530 d@stiables taiminiEiRe: e %yﬂgo@nqoalf HhyBRNnifie: dentisule, % e cargea

i nl ays S| l~e1, 481 ' +hEor
examl e R ek B o B P e R R b MR b eon
due to spEmbfare usingi agollingrastion withea glurgicaldnpivomens. Suchanhibys providea

t edi ous renoval of excess Pgl ue after fixing onto the cornea i s necessary,

~and the n&MéW‘ét@‘stctW%'lS’fse'IWRJ inG 3 oRIMERl INAB: ORYPeR SURCR WhicH ISeR8% tAues
does M0l 2o NEN AR D ISURH TSR CHALRDI 0081y L8 Risber 30l

the cornea Is’previo prepared for the attachnment o ay, for
exanml e méghareéoallyi stablehéixation loflthalimpént draylee coafiea e obtaimed wWhick dastpi ng
and/ or shing the eye, for anpl e i.th ethanol/water mxtures. ldeally
fhe Ccoried petpR.T s sutiRlertat Pl bibolial Bacion foTargrE L S aHEES or
the 1i kephid ndys irRIERS HeABhEndOtdThibWitRE dotelibilédlisaathedbleR RrdReVdritAe

| enticule and the cornea surface. Excess fluid and air nay "be renoved by
appl yi ngmpiars sundethais fixdt int @ persietebt manngsi ng a rolling action with a
surgical instrunment. Such onlays provide a new route towards inplanting a

corneal onlay onto a cornea which is easy to
' The invention is particularly suitable for comeal inlays where cell growth

15 ability is less important. Cell growth ability may be impeded by higher charged
unit content, such as over 10% w/w, although this may be overcome by surface
modification of the inlay (eg collagen attachment). The inlay may be implanted
using known techniques. For example, an incision-_may be made in the stroma,
into which the re-hydrated inlay is placed. The inlay then attaches to the stroma

20 through reaction of the re-activated functional groups of the multifunctionally
activated compound with no additional material being required. Polymers with

charged unit content of around 20% are useful for this application.

The present invention is further described by the following non-limiting
- examples. If not specified otherwise, all parts are by weight. Temperatures are in-

25 degree Celsius.

Example 1: Preparation of a self-hydrating PFPE material

The following formulation was prepared in a glass vial furnished with a
stirrer. The components were added in order of decreasing hydrophilicity and
30 mixed well, prior to the addition of the photoinitiator. After the addition of the



. perform does not affect the wearers vision, and is safg &é}/%ﬂrtlcul ar,

1o nechani cal |y stable fixation of the inplant on the c ron Bobt ai ned
whi chMEEYE7¥or a period of tinme sufficient for normal PEI/OPBYIMER  functi on
to recover after surgery. This may ingl ude the chance to allow the
epithelial cells to recover, grow over the inplant and thus fix it in a
per si st : . I i | r nl ays
wher e c‘gtﬁ(%togr(l)v\? P(D]f-gg %Lgi ﬁgy%@é@al%ﬁﬁ) gﬁhéfe%eﬁ)rt §%Hhépﬁv ﬂ'fTﬁttq{;a SImay be
i npededThy rbsgiting sdnmkged«awthim plactdrin, pcﬁymbpg&rmmuﬁdﬁ’/ammolwhehm@h :

th b f d f t f h |

at't achriait) MOVReUPAPBHaRAHRTo RS iDEH SHEsTHg: kRbIRMPSdRTYIRE ForTe

exam eqoihd 83561 i BBl T sl 20 SRR i eiichRoldP i gl al e
aced. e e

inlay i nllay then attaches to t oma 20 rough reaction
of the Wm{@cahdapﬁbémrthmmgml aglgenpsalofextrhetmrml prdasacire otaal |reyn0\aa:tanyat ed

d th ddit | b h d
O inBbly MemSaAaAIPeDaN S o T a o uE o stardl 3 i 4R T Seakingdacar o
i nventi ﬁn Hﬁa EHr%cﬂ@énfjgﬁ&‘i afge%hyeﬁ Re ([%lF"cS’iWP ”‘?C‘T‘PiE rgmmnbhg%r gEempies. | f
y we . 25

not speC| erw se parts are eratures are In

degr ee (ENA)sltben 26x 2dphreimimeRiep & aatapmp;dfacetmela‘ndwmbmquegnt PAPErswndor al
Thefollovvlngforrrul tion repared in | ass, vi al, furnishe jth a
ot v or 217 BopBiRtAEECher Dea BRGETS wrthefdh Tadeatedsomd AvARhAPIVERE Ly
and ;30¢ metPERBI d Etidil 38141 34 8, 5ol enaRakIEr 13 31 hrybogs T he
add|1t| onﬁ%l)ﬁf&éj metPi h8f 006 WO 83/ 0977@9 PéT/ AU03/ 00612K 2

phot oi nethaﬂah/we(t@af%mﬂll lllfh725% ethanol/wiatey (Ras 24 dn), |theecpurerwaater ar sakme fi ve
m nut es The r | t solutigon was th nplacedl ol ypro ne noul ds
and pol erl’éedezs‘/#]o ‘hour s For tarﬁ?'ﬁ?radpatl 8#’%&@0&‘&@8 ?ﬂﬂ?‘bv

Il anps  ( fdAVEdMsolverTBsuri2etanter s (20 mm di aneter disc 50 to 250 m crons
thick) were renoved fromthe 5 nold and placed through a general extraction
procedure to renove any unpol yneri sed conponents. This procedure consists

of a 2 x 24 Bysaa4b89 tos Bsed a combination of Part A and Part B for polymerisation

15 as follows:

Part A consisted of (parts by weight):

PFPE macromonomer #1 45
PFPE macromonomer #2 0.5
Ethanol 2.5
20 PFDMCH 3.0

Pat B consisted of a 50% (w/w) soluton of [2-

(methacryloyloxy)ethyl]dimethyl(3-suIfopropyl)—ammonium inner salt (zwitterion) in

water.

Component Amount
Part A . 1.749
PartB 0.143

Zonyl FSK -

Surfactant

0.1841
Darocur 1173 0.0024




_ fluorinated solvent such as Vertrel XF (DuPont), TCTFE (él rlch&9 or HFE
7100 (3M, then 2 x 24 hr inmmersion in isopropyl acetat 0 sequent

i Mmer MORB/P31? 2 x 24 h in nmethanol. The pol yners wer e REEAUM/GEX ed by a

graded solvent. 1o change from net hangl to ethanol (2 x 24 hr), 75%

et hanol / wat er (2 X 24 hr), 50% ethanol”/water (2 x 24 hr), 25%

et hanoll‘m'rm *¥—24—h—th pure water or saline (2 x 24 hr). This

assi st M %ét. g ur%7of5ymer| sed nononers/solvents/surfactants.

Exanpl ¢ combi natji on of Part A and Part B for polynerisation

15 as flo tﬂle é‘é;rﬁfnt coebsted of (parts by weight): PFPE nacrononomer #1

4.5 PFPE ma nononer _#2 0.5 j(Ethanol 2.5 20 PFDMCH 3.0 Part B consi sted

of a 50%6vdsiy (m_gd;tlu onQog14 2-
(et had ' (3-sul fopropyl)-amoni uminner salt

(zwitterion) in water. Conmponent Anount Part A 1.749 Part B 0.143
Surfactant Zppyilankikn di abbfidviafign@cur 1173 0.0024 2 0 NOV 2006 WD

03/ 097759 PCT/AUO3/00612 18 EWC (%9 27.5 Optical Carity 95.6 . (/U)
Porosity (A280) 0.815

PFPE macromonomer #1: perfluorinated macromer obtained by

endcapping a perfluoropolyether diol (Ausimont, Italy, My, = 2000) with
5 isocyanatoethyl methacrylate as described in Chaouk H. et al., J.Appl.Polym.Sci.,
2001, 80, 1756;

PFPE macromonomer #2: perfluorinated macromer obtained by
endcapping” a perfluoropolyether diol (Ausimont, ltaly, M, = 1000) with
isocyanatoethyl methacrylate as deécribed in Chaouk H. et al., J.Appl.Polym.Sci.,

10 2001, 80, 1756;

Zonyl FSK, FSA, FSO1OO and FSN100 = non-ionic fluorinated surfactants
(DuPont); '

Darocur®1173 = photoinitiator (Ciba Speciality Chemicals).
PFDMCH = perfluorodimethylcyclohexane

15 Equilibrium water contents (EWC) (expressed as percentages)'and porosity
" measurements are measured as reported by Chaouk H. et al, J. Appl. Polym. Sci.,
2001, 80, 1756.

Optical haze (%) is measured using a Gardner PG-5500 digital photometric

unit. Optical clarity is calculated by subtracting optical haze from 100 %.
20 Example 2: Surface modification of a “self-hydrating” bulk material

The formulation of Example 1 was covalently coated, both sides, with type 1
collagen according to the procedure disclosed in WO 00/29548. The collagen_



Expl anati on of abbreviations: PFPE nmacronononer #1: perfluorinated macroner
obt ai ned by endcapping a perfl uoropol yether diol (Ausi nﬁntNOVI Quasy, M, =
2000) wi ¢3me7m2ei SOCYanat oet hyl methacrylate as described, H et
al., J.Appi.PolymSci., 2001, 80, 1756 PFPE macrormnorrer #‘3 per uori nat ed
macr omer obtai ned by endcapping a p& fluoropol yether diol (Ausinont,
Italy, MH, = 1000) with isocyanatoethyl nethacrylate as described in

Chaouk tbakid Materidls Avple FPriryexdieanged 1On2@PbspRate ﬂ;ﬁﬁéredzsaﬂ}de [9BS) RSA,
FSOL00 and FSN100 = non-ionic fluorinated surfactants (DuPont

Dar ocur Miig1water, ghen d0R% ehanol (emdoan@b@a?%ﬁomtyleu?é}ﬁ ea¢@p'tﬂlep#9ﬁ/¢hfe&

per | uor ol TEk ) c4e) oNexanGidS Jt i b WO YahSlereondanl e SR r{.ﬁﬁc&essed

Chaouk HroMibnate) sbluﬁw'(58fqh§rrsn§@rwater2paﬂfme?r§; dlsefvedOnt i1C2Imhar el IE
measured using a Gardner PG 5500 digital photometric wunit. Optical ¢ arlty

i s cal catatositrity) wete eddetiny each il theaaeetpniifel equilibied:calpoen 2coated f ace

hes. oviimBaliyodbble EhAbs i seBlafe TS, after 205ni AL bRlcdPafhe o T he
pr ocedusgnfhies (5a8Ids1 B PR Thdporatedctel daaess Lisind\aVratanp evifbR097759
PCT/ AU03/ 00612 19 coated naterials were then exchanged from phosphat e

buf f er ednednema gavBplest ¢t 51@)Ima®thﬁt@?cesﬁh@ﬁ3§|0ﬁ%re$ eHen raﬁmveﬁnwnthya

ot " poPetEn, Pon BB i Tl ERs R 1S hBEE itk Y SBRT PO Bty g
SheafgnashakER| beTers . reﬂ'io%@ \e@dess doclonitrilef sslutiod mtaognpétté e)rheeﬂwee@dded
to each of the acetonitrile eqU|I|brated col | agen coate sel f - hydrati ng

pol yner SgEme®s(samplepadtd, @) weres thant evaporated ute dryness cusingi én rotary
evaporator. All samples were stored under vacuum over P>Os until used, in this

case seven days later, although lenticules made in this manner could be stored

much longer.
15 Example 3: Adhesive testing of a “self-hydrating” biomedical device

The dried surface-modified lenticules of Example 45 are hydrated by
placing them in water. The use of hot water sped up the hydration process. The
hydration process may be performed using PBS instead of water or aqueous
mixtures. Once hydrated, the lenticules were surface dried using lint-free tissue

20 ‘paper and then placed on a freshly debrided bovine cornea. Excess fluid and
bubbles were expelled from under the lenticule by gently wiping across the
anterior surface of the lenticule. The lenticule was allowed to cure for 15 to 19
minutes before the adhesion was assessed using a vacuum tester (a detachment
threshold > 5.5 means that the adhesion is greater than what was able to be

25 tested using the vacuum tester):

Sample | hydration time | curetime [detachment

(minutes) (minutes) threshold
2 16 >55
2 15 >5.5

2 15 >55




safrpl es (sanples 1,2,3) were evaporated to dryness using a rotary

evaporator. Another 3 sanples (4,5,6) had the excess cross%'grﬁbﬁr @é)l ution
renmovegowsllya pipette. Dry acetonitrile (2 nml) was added e%u vial s
and they were gently lo shaken before renpving excess ac&tBAFIYIPE sol uti on

with a pipette. The three sanples (sapples 4,5,6) were then evaporated to
dryness using a rotary evaporator. Al sanples were stored under vacuum
over P205 until used, yn this™ case seven dapgs rayer.. afgfoggh lenticul es
made in this mannef_could be stored much |onger. (15 EXanpl e 3: Adhesive
testing of a "selfthyd®@ating" bid@edica| devi‘ce The d3ied surface-nodified
| enticul es of Exanple45—arpe-hydrated by placinglthemin ter. The use of
hot wat er sped up {he dration d¥ocess Thé® hydr at i®0h.Pro¢ess may be
perfornmed usi ng PBSTrnstead of —water—or agueous—m—xtures—Once hydrat ed,
the lenticules were surface dried using lint-free tissue 20 paper and then
pl aced on a freshly debrided bovine cornea. Excess fluid and bubbles were
expel | e upder. the | enti.cul.e by nt | i p Nng across the anterior
surface%d{g'ﬁﬁ]ee #‘e’ﬁgh‘éﬂl\/g.m%'gc? %Péﬂ?& \Kﬂgla\évieﬁt%ed to cure for 15 to 19
m nut es before the adhesi on was assessed using a vacuumtester (a

det achnent E:hreé%%)l d > 5.5 peans that the adhesion is greater than what
was able to B&IVEYlgae @ Ve difsuecinimigih Dé%ﬁ'@ﬂ?’f.G)Séﬁgl gy Shessroaten me

So 5 o 3B RS uiesh P Eerqi e ERYohd 1BR M Paver B Rucisp it 305 >
5.5 % Betdnds by igdrdll Afixihg. A hydrated but surface dried double sided coliagen

coated perfluoropolyether lenticule was cast in a contact lens mould. The concave

cup of the lenticule was filled with poly(ethylene glycol) di(succinimidy! propionate)
solution. After two minutes the solution was removed by pipettor and the excess
poly(ethylene glycol) di(succinimidyl propionate) solution was removed by washir;g
10  the modified lenticule for 4 minutes in water (for irrigation, 25 ml, Baxter producté).
The lenticules were then surface dried using lint free tissue paper. The modified
lenticules were then placed on a freshly debrided feline cornea. Excess fluid and
bubbles were expelled from under the lenticule by gently wiping across the face of
the lenticule. The lenticules were allowed to cure for 10 minutes before
15 antibacterial cream is applied to the eyes and the cat is allowed to ‘gain
consciousness.  Six lenticules adhered to feline cornea for between 14 and 90
days. In one case, the epithelium completely covered the lenticule by day 12 post-
implantation. The lenticule remained adhered to the cornea and fully epithelized
béyond day 90. After adhesive failure the wound beds re-epithelized within a
20 normal time period indicating the adhesive did not induce permanent damage to

the cornea.

It will be understood that the invention disclosed and defined hereih extends
to all altemative combinations of two or more of the individual features mentioned
or evidence from the text or drawings. All of these different combinations

25 constitute various alternative aspects of the invention.



Exanpl e 4: Adhesive nodification prior to inplantation Poly(ethylene
glycol) di(succinimdyl propionate) (50 ng, Shearwater Polynezg»mvagmg

di ssolved in water for irrigation (125 |, Baxter products) within 30
seconds by vigorous m xing. A hydrated but surface dried doubl e sided
col I agen coated perfl uoropol yether |entyicule was cast in a contact |ens
nmoul d. The concave cup of the lenticule was filled with poly(ethyl ene

gl ycol) di(succinimdyl propionate) solution. After two mnutes the

sol uti oClximgs:r enoved by pipettor and the excess poly(ethylene glycol)

di (succi ni mdyl propionate) solution was renoved by washing 1o the nodified
lenticule for 4 mnutes in water (for irrigation, 25 m, Baxter products).
The | entyi cul esmei&d Fdreorsding ageindrdvc @ssiomgarhib Hulk heRefialSlUe nparRephiliEhe
nodified lenticules were then placed on a freshly debrided feline cornea.
Excess fl ui doastectigpbiicssiriasednelugidiol ed from under the lenticule by gently
W ping across the face of the lenticule. The lenticules were allowed to
cure for 10 m nutes before 15 antibacterial creamis applied to the eyes
and the cat r#aehingwednubifépgtionaly aativaiesnesmpogng toethe dulkesnaterial etfiet o

feli f bet 4 and, 9 . : t.h itheli
conpliot ol y cBOEPRURAIRETBRY (@ AF By aR ey HREOfEPEhasieigiRe pgase”

| enticul e remai ned adhered to the cornea and fully epithelized beyond day
90. Aft d ive-, fail t he,. 1d heds re-epitheli .t hi 0
oo oG e PR ER.ATFRAEE W I st e
to the corngadet fcowgitibneepémqﬁrn@t esvhIERATinkdiR ibRWeSEh QRe KMiffdc@S8Hd aRd

defined herein extends to all alternative conbinations of two or nore of

t he i ndi vi dusulfifuaciienallyaativataseepmpeurd i dence fromthe text or draw ngs.

All of these different conbinations 25 constitute various alternative

aspects of the invention. 2 0 NOV 2006 21 Clains: 1 A nethod for bonding

an i nor gani c Aomethedhaiccoldink tarataémi hiin which thecbelbsphataral combénest witbphel i ¢

surface 1 nc! udhfgi ALAAR a0 A bbhb80RA 8"8bhyardRid YRI6E SSHBRHAG he the
surface.

3 A method according to claim 1 or 2 in which the multifunctionally activated

compound includes an activated ester or amide.

4 A method according to any one of the claims 1 to 3, wherein the

15 multifunctionally activated compound is of formula

13 D R12

wherein

D is a bivalent organic radical, which is unsubstituted or substituted by one or

more carboxy or carboxy derivative groups;
20 Rz is a carboxy derivative group; and

Ri3 is a further reactive group selected from the group consisting of a

carboxy, carboxy derivative, isocyanato, isothiocyanato and epoxy group.



5 i:orrpound selected to be electrophilic or nucleophilic opposi Eﬁﬁ él% tfflﬁﬁ
surface; then contacting the nultifunctionally activated conp R \\An t he

surface wunder conditions permtting coval ent |inkage between the surface
and the multifunctionally activated conmpound . 2 A nethod according to
claimi1 in which the bulk material co®ined with the 10 nultifunctionally
activated conpound is dehydrated before cont actl ng the surface. 3 A nethod

accordi gg to.claimil or 2.in vvh% he mul tifunctional activat ed
i ﬂéfd

compound i ncfudedhedh ageerding &y , Whergif Hels an APHRRAYILRREBRHiGrgCr0 any
one of the chiyhel & Fadicathsr 8l Behfimel SoruldidutC bofRd % tfda
conmpound is of forrrul a R!Lc e\/\/nergl n Is a gp?a I"'ent oar ﬁﬁecéﬁrﬁd. cal ,
whi ch i s unspblyethylersi gjyc@uta;tnadlﬂaédofoy! qmdyvmyl atookolc avrbax yadicak axf baxy
derivative gb g% %E%i I s @, car boxy derivative group; and R13 is a
further reactVR¥ 6?’6 RY'EET gﬁlreﬁj%mthe group consisting of a carboxy,
carboxy derivative, |socyanato i sot hi ocyanato and epoxy group. 2 0 NOV
2006 _ 22 5 A, net daccor claim4, wherein D is an_ optionall

br anhed Cl1- él?‘eq )ﬂcé;lqé gtP 'lalfaaé’o\”hsr?i@ 'Fn%rraglcagtoér;@.??yﬁ?hiﬂép?rrer;
a radical of g,copol yet hyl ene glycol; a radical of a polyvinyl alcohol; or a
radi cal of a” "hyperbranched polyester resin. 5 6 A method according to
claim5, wherein Dis a radical of a polyethylene glycol. 7 A nethod
accor di By t 0 ARREHRRPaorBld 153k offe B Eigfns e i€, HACh an
activated ester gr ou% O8r 9 gE‘ﬂﬁﬁdoaccor |ng to d;?r?vﬁe%wngﬁe?e@ﬁ a?%e

mul ti f unct i orathpanativatedeestedgracpnpound is pol yet hyl ene gl ycol that is

di -substituted with succinim dyl

8 A method according to claim 1 or 2 wherein the multifunctionally activated
10 - compound is polyethylene glycol that is di-substituted with succinimidyl
propionate, succinimidyl succinate or succinimidyl succinamide, and is first

reacted with nucleophilic groups on the surface of the bulk material.

9 A method according to any one of claims 1, 2, 4, 5 and 6 in which the

multifunctionally activated compound includes a carboxy derivative group

15 selected from the group consisting of:
N (o]
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propi onate, succinimdyl succinate or succinimdyl succinamde, and is_.
first reacted with nucleophilic groups on the surface of the Kb NOV 2008
material. 9 A nmethod according to any one of clains 1, 2, 4, 5 and 6 in
which the nultifunctionally activat egscorrpound I ncl udes a car boxy
derivative group 15 selected fromthé&“group consisting of: 0 O NN O I-N
ONX®R -11-0-NON/ FFOOO -I1-0F -1l1-ON~~1 11
O O G - Ch2- alsk - O b : 6 23 10 A
method dgcor LU AFArdng o o phicH Beibartoy et BT (7 0
-11-O-N O 11 A nethod according to any one of clains 1 to 10 in which the
bulk material conbined with the multifuwnctionally activated conpound is
washed to renove 5 excess multifungtionglly activated conpound before
contacting the surface. 12 A nethod|accofding to any one of claims 1 to 11
in which a natural or o

Il FFN

11 A method according to any one of claims 1 to 10 in which the bulk material
combined with the multifunctionally activated compound is washed to remove

5 excess multifunctionally activated compound before contacting the surface.

12 A method according to any one of claims 1 to 11 in which a natural or

synthetic polymer comprising co-reactive groups is -first bonded to the bulk

material.
13 A method according to claim 12 in which the natural or synthetic polymer is
10 selected from the group consisting of cell-adhesive glycoproteins, fibronectin,

vitronectin, laminin, poly(ethyl imine), amino dextran, PAMAM dendrimers,
poly(allyl amine), poly(vinyl alcohol), poly(arylic acid) and poly(methacrylic

acid).

14 A method according to claim 13 in which the natural or synthetic polymer is

15 collagen.

15 A bioadhesive attached to a bulk material for bonding the bulk material to a
biological surface, the bioadhesive comprising a multifunctionally activated
compound reactable with nucleophilic or electrophilic functional groups of the

surface.

20 16 A bioadhesive according to claim 15 .in which the multifunctionally activated
compound is bound to a natural or synthetic polymer bound. to the bulk

material.

17 A bioadhesive according to claim. 15 or 16 in which the multifunctionally

activated compound is of formula



. synthetic polyner conprising co-reactive groups is first bonded to the bul k
material. 13 A nethod according to claim12 in which the naturglo RV 2006
synthetic polyner is 10 selected fromthe group consisting of

cel | -adhesi ve gl ycoproteins, fibronectin, vitronectin, |amnin, poly(ethyl
imne), am no dextran, PAMAM dendrinmekg, poly(allyl anmine), poly(vinyl

al cohol ), poly(arylic acid) and poly(nmethacrylic acid). 14 A nethod
according to claim13 in which the natural or synthetic polynmer is 15

col agen. 15 A bioadhesivegattached to a bul kematerial for bonding the bul k
material to a biological sutface, the bioadhe®i veggonprising a

mul tifunctionally activated conpound reactable w th nucleophilic or

el ectrophilic functional groups of the surface. 20 16 A bi oadhesive
according tougkddid 15 . in which the nultifunctionally activated conpound
is bound to a natural or synthetic polyner bound, to the bulk wmterial. 17
A bi oadhesi ve according to claim 15 or 16 in which the nultifunctionally
activated co oy f : NGV ! i.n D
is a bival enpp%,;%gw:aéﬁen?gr é@ﬁ?‘,"‘*‘@ﬁ%‘éﬁ’ ||s ISnsu ??ﬁ?‘ﬁ%gr(%‘%ﬁﬁﬁl ?){I\?@%%By one
or nore car hwrg carboagrdrooarbadey deavative groopgps; 5 R12 is a carboxy
derivative group; and R13 is a further reactive group selected fromthe
group consisting of a carboxy, carboxy derivative, isocyanato,

I sot gi ocyanaRg, &l catboxy dgrivdtive dfbup; kindnedi cal device for attaching to a
bi ol ogi cal surface by a bi oadhesive including a bioconpatible organic or
inorganic bulk material to which a 10 rmultifunctionally activated conpound

has been boupd, ithg faethed reactive group selected from the group consisting of a

carboxy, carboxy derivative, isocyanato, isothiocyanato and epoxy group.

18 A biomedical device for attaching to a biological surface by a bioadhesive
including a biocompatible organic or inorganic bulk material to which a

10 multifunctionally activated compound has been bound, the bound
multifunctionally activated compound being capable of being stored

anhydrously.

19 A biomedical device according to claim 18 in which the multifunctionally

activated compound is of formula

15 13 G)
wherein

D is a bivalent organic radical, which is unsubstituted or substituted by one or

more carboxy or carboxy derivative groups;
R12 is a carboxy derivative group; and

20 Ris is a further reactive group selected from the group consisting of a
carboxy, carboxy derivative, isocyanato, isothiocyanato and epoxy group, one

or more of the groups being hydralytically unstable.



. multifunctionally activated conpound bei ng capabl e of being stored
anhydrously. 19 A bionedical device according to claim18 in whi CIU‘BVheZUUG

mul ti functionally activated conpound is of fornmula 15 R13 D RlZ

wherein D is a bivalent organic radical, which is unsubstituted or

substituted by one or nore carboxy or _carboxy derivative groups; Rl2 is a

carboxy derivative group; and 20 R13 28 a further reactive group sel ected

fromthe group consisting of a carboxy, carboxy derivative, isocyanato,

nydr al y2) cal FyPOREC SevBerRiorgds bial 38 & 1 Bt S ETIEd natud ai ng
to claim 18 gf S)'lr&héﬁlé Ebifné?miﬂg%dﬂ@ea?ctﬂétgibaﬂ)s. or synthetic polyner having
co-reactive groups. 2 bi onedi cal device according to claim19 or 20,

‘wherein Dis an optionally branched Cl-Cl2-al kyl ene; a radical of a

dendri npg or ASEiéFnéQﬁ{fa?tde‘?/R!e)’hﬁ@édrdﬁag @ Eiagh ol o:?ﬁO?wﬁ@PéﬁﬁttblYé @H%Jﬂlo‘xﬁ%ﬂ% a

radi cal of a polyvinyl alcohol; or~a radical o a hyper branched pol yester

resin. 22 A branobeédc@i-Cdealkytenss @oratliea) afoa deadniner, ornter durstipolgmer;radi cal
of a_ polyethyl.ene.al ycol, 23 A bigonedical, device ac ding to an ne of
ol ai s’ 19" ¢ or el Koty iEhe e doBiada) 6°E RO AINOR B Y oup.
24 A bi onedi ‘é&iyp@ﬁyﬂaﬁ@h@@F@r kg résincl ai m 18 or 20 wherein the

mul ti functionally activated conpound is polyethylene glycol that is

di -substituted with succinimdyl propionate, succinimdyl succinate or

succi ni pbdyl asWisrhédiBhid8evic@Ndcddrding’ & difacad whéreimus!ligophiabical Grogps on
the surface of the bulk 15 material”. 25 A bi onedi cal device according to
any one of cpalyethyl®e glycol21 and 22 in

23 A biomedical device according to any one of claims 19 to 22, wherein Ry; and

10 R43 are each an activated ester group.

24 A biomedical device according to claim 18 or 20 wherein the multifunctionally
activated compound is polyethylene glycol that is di-substituted with
succinimidyl propionate, succinimidyl succinate or succinimidyl succinamide,
and is first reacted with nucleophilic groups on the surface of the bulk

15 material.

25 A biomedical device according to any one of claims 18, 20, 21 and 22 in
‘which the multifunctionally activated compound includes a carboxy derivative

group selected from the group consisting of:

o
N
i A i,
0 NO; —'—o0- NO, v
F, F 0
0
1L, F oy
| (o} e}
20 F F N\N —|—O‘—I'O—C1-C12-alkyl



. Whi ch the mul tifunctionally activated conpound includes a carboxy
derivative group selected fromthe group consisting of: NO O Z)O\NOV- 1006 N
N 10--ONR2 OGO NOFO OO F -1I-ONIIlI Il 20FFNO -O0d-C12-al kyl 2
0O NOV 2006 26 O NNOO -11-0-N/ OQIl -1I-ONN N O 26 A bi onedi cal
device according to claim25 in which %6ne carboxy derivative group is O O
-11-0-N O 5 27 A bionedical device according to any one of clains 18 to 26
further compri sing a natural or synthetic polynmer. 28 A bionedical device
according to #ny one "laims 18 to 27 \stored anhydrously prfor to use
wherei n one ofl_gore, of the groups Qof the\ nultifunctionably c I vat ed

evi ce accord n ny one of
clainms 18 to 28, 7N ce bei ng '8_6' t hallm ¢ devic actN‘I—E‘ns a

corneal onl ay, e or an |ntraocu éns

26 A biomedical device according to claim 25 in which the carboxy derivative

group is
Q

-

5 27 A biomedical device according to any one of claims 18 to 26 further

comprising a natural or synthetic polymer.

28 A biomedical device according to any one of claims 18 to 27 stored
anhydrously prior to use wherein one or more of the groups of the

multifunctionally activated compound are unreacted.

10 29 A biomedical device according to any one of claims 18 to 28, the device being
an opthalmic device, a contact lens, a corneal onlay, a corneal inlay, a

lenticule or an intraocular lens. .

30 A process for applying a bioadhesive to a surface of a biomedical device
comprising a biocompatible organic or inorganic bulk material including the

15 steps of

if the surface is not nucleophilic or electrophilic, applying nucleophilic or

electrophilic functional groups to the surface,

covalently bonding to the surface a multifunctionally activated
compound, the compound selected to be electrophilic or nucleophilic

20 opposite to the functional groups, and



. 30 A process for applying a bioadhesive to a surface of a bionedical device
conprising a bioconpatible organic or inorganic bulk materi al iqfhéﬁknﬂw%he

15 steps of if the surface is not nucleophilic or electrophilic, y

nucl eophilic or electrophilic functional groups to the surface, covalently

bonding to the surface a nultifunctionally activated conpound, the

conpound sel ected to be el ectrophilic2dr nucl eophilic 20 opposite to the

functional groups, and 2 0 NOV 2006 27 washing the surface of unbound

mul tifunctionally activated conmpound. 31 A process for applying a
bi oadhesive to a "é&:@‘eo?rurgao@i‘?f ougd ’H@\VF‘H@“OBBII%?@H%% SOHPeEBdpat i bl e
organic or inorganic bulk material including the steps of 5 if the surface

is not nucleqgphilic or electrophilic, applying nucleophilic or, _
el ect rophi | | & PIRFESSoREIZRANND R biradhesiver i @esukarm ot bjoraediaahgdeyire

functional g . ; eLl ¢ : (R -reactive
ar oups. - covar S, 3 akeBatigk Gahlechl orahikRik APk dRa e

mul tifuncti ostEpsyofacti vat ed conpound, the conpound sel ected to be

el ectrophilic or nucleophilic opposite to the co-reactive groups, washing
the natural or synthetic polyner of unbound nultifunctionally activated

compaeund. 32 A pirifobessuraceds tioh@utieophiicror¥ectrophllic, lyindntiigophilic or
mul ti functional conpound, 15 is of formula R13 D R12 (i) wherein Dis a
bi val ent or gani c & diopailic fyactianal greppaesthetswidgeor substituted by one or
nore carboxy or carboxy derivative groups; 20 R12 is a carboxy derivative
group; and ) )

covalently bonding the functional groups to a natural or synthetic

polymer comprising co-reactive groups,

covalently coupling to the natural or synthetic polymer a
10 multifunctionally activated compound, the compound selected to be

electrophilic or nucleophilic opposite to the co-reactive groups,

washing the natural or synthetic polymer of unbound multifunctionally

activated compound.

32 A process according to claim 30 or 31, wherein the multifunctional compound

15 is of formula

)
wherein

D is a bivalent organic radical, which is unsubstituted or substituted by one or

more carboxy or carboxy derivative groups;

20 R12 is a carboxy derivative group; and

R43 is a further reactive group selected from the group consisting of a

carboxy, carboxy derivative, isocyanato, isothiocyanato and epoxy group.



.R13 is a further reactive group selected fromthe group consisting of a

car boxy, carboxy derivative, isocyanato, isothiocyanato and epoxy groMR’ 2&]6
0 NOV 2006 28 33. A process according to any one of clainms 30 to

wherein the bioconpatible organic or inorganic bulk material is a PFPE

pol ynmer. 34. The use of a bionedical device according to any one of clains

18 to 29 as an intraocular lens for t28 inplantation into or onto the
cornea. 5

33. A process according to any one of claims 30 to 32, wherein the biocompatible
organic or inorganic bulk material is a PFPE polymer.

34. The use of a biomedical device according to any one of claims 18 to 29 as an

intraocular lens for the implantation into or onto the cornea.



