WO 2011/ 012715PCT/ EP2010/ 061155 1 Bi odegr adabl e pol yet hyl ene gl ycol based
wat er -i nsol ubl e hydrogel s The present invention relates to bi odegradabl e
pol yet hyl¥aaoty/ogzdb based wat er-insol ubl e hydrogel s. 5 PR&/EPAMOME116H
further relates to conjugates of suchlbi odegradabl e hydrogels with affinity
| i gands or chel ating groups or ion exchange groups, carrier-linked prodrugs
in which the bi odegradabl e hydrogel of the present invention is the carrier
and pharmaceuti cal conpositions thereof as well as their use in a
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for pharmaceutical applications such as wound cl osure, tissue engineering
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for many in vivo applications. In particular for 20 safety reasons, it is
st r ongl VhgJF eedh ? BgdicadNedygi neer bi odegradability into the PEG hydrogel if it
is intended for use in humans. Bi odegradability may be introduced into a
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appl i ed @@afhe pol ynerizati on of hydrogels from PEG based macronmers (WO A
2008/ 125655). 30Alternatively, condensation- or |igation-type reactions for
hydr¥gel pol ynerization relying on ester, carbanate, carbonate or imne
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(WO A 0199414262 )Hees, deghadablePES basedBydko@ 03¢ OS323BANhichebove cantiled mlflids (WO A
99/ 14259). WD 2011/012715PCT/ EP2010/ 061155 2 In contrast to the formation
of hydrolytically labile bonds during the pol ynerization step,
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di nrensi onal network fornmed by hydrolytically stable am de bonds.

Bi odegradati on nay then proceed through hydrolysis of the ester groups

pr ovi dedpiff¥redt tyb@a$ teabtiths @fay bl émplopdd fongeridarhiag tha attuampulyinieiedtfoastpeahdithé 0

t he hydrogel network. 10Bi odegradahbhl e PEG based hydrogel s generated t hr ough
ami bofaice gf E’F&\tm%ﬁatf?&fhﬁ@'sw %«T}g_rlngeps the structure of the macromer starting materials. For

instance, radical polymerization has been used widely in PEG-based resin manufacture and for the
creation of biocompatible hydrogels (see e.g. EP-A 0627911). Also addition reactions have been

applied in the polymerization of hydrogels from PEG-based macromers (WO-A 2008/125655).

30 Alternatively, condensation- or ligation-type reactions for hydrogel polymerization relying on ester,
carbamate, carbonate or imine formation have been described. These linkages may be used to
engineer degradability into the hydrogel by means of labile aromatic carbamates (WO-A 01/47562)
or carhonates (US-A 2003/0023023), esters or imines (WO-A 99/14259).



fromtwo different macroner starting materials, a macroner providing nore
than 2 amno functionalities suitable as backbone reagent, and a different
macr omer Weuallo2named crosslinker reagent, providi ng aPCIr&R2100%dSS
activated carboxyl functionalities. BRodegradabl e ester bonds may be
incorporated into one of the nmacroners |ike the crosslinker reagent. In
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al bum n macroner from degradabl e PEG based hydrogels. In 25 that study,

| abel edthsstaries maeips nawinearperaiad inta g hydrogsl BetWedor t oget her with 4- arm PEG
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profiles are recorded in buffer (at pH 7, at 37C) over time and
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of reactive functional groups based on the total anmount of reactive
functional groups in the hydrogel. It was now surprisingly discovered, that
reacti ve bi odegradabl e PEG hydrogel s can be engineered in



30 such a way that the rel ease of backbone noieties carrying functional
groups (90% or nore) occurs within a very short tine franme conpared to the
pr ecedi ngvbaglipnaaé during which the first 10% of backb®GE/EPRII8H06HSS ar e
rel eased. WO 2011/012715PCT/ EP2010/ 061155 4 copol yners, and is insoluble
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chains of the network are connected in such a fashion that pores exist and
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less than the time period for the release of the first 10 mol-% of reactive functional groups based on

the total amount of reactive functional groups in the hydrogel.

It was now surprisingly discovered, that reactive biodegradable PEG hydrogels can be engineered in
30 such a way that the release of backbone moieties carrying functional groups (90% or more) occurs

within a very short time frame compared to the preceding lag phase during which the first 10% of

backbone moieties are released.

The term “hydrogel” refers to a three-dimensional, hydrophilic or amphiphilic polymeric network

35 capable of taking up large quantities of water. Such network may be composed of homopolymers or



structure is referred to as "linkage". For exanple, the reaction of an

am ne group with a carboxyl group results in an am de |inkage.

"React i veWwPp2Atl{i1g1Hal groups" are chemi cal functional gr&aGpEred1ohyShbackbone
noi ety, whi ch are 10connected to the hyper branched noiety. " Functi onal
group is the collective termused for reactive functional group”,
degradabl e interconnected functional rou on e functi I
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2011/ 0127 [ EP2010/ 061155, 6 erm "pol yneri zabl e functional group”
refers t%%ﬁrﬂgms (C:%Tb'?ﬁ'r?(r:' &‘Sheé’f n&rr%u;l)'g whi ch participate in a ligation-type
pol ymeri zation reaction and are part of the crosslinker reagent and the

backbone reagent. 5A backbone npi et e a spacer i ety which at
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known to the person skilled in the art. For exanple, activated forns of
car boxyl groups include but are not |limted to active esters, such as
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pH 7.4.

25 Permanent linkages are non-enzymatically hydrolytically degradable under physiological conditions

(aqueous buffer at pH 7.4, 37°C) with half-lives of six months or longer, such as, for example, amides.

The term “reagent” refers to an intermediate or starting reagent used in the assembly process
leading to biodegradable hydrogels, conjugates, and prodrugs of the present invention.

30
The term “chemical functional group” refers to carboxylic acid and activated derivatives, amino,
maleimide, thiol and derivatives, sulfonic acid and derivatives, carbonate and derivatives, carbamate
and derivatives, hydroxyl, aldehyde, ketone, hydrazine, isocyanate, isothiocyanate, phosphoric acid

and derivatives, phosphonic acid and derivatives, haloacetyl, alkyl halides, acryloyl and other alpha-



under physiol ogi cal conditions without enzymatic activity.
"Non-bi ol ogically active linker" nmeans a |inker which does not show the
phar macolw@i2erlo1gfifect s of the drug (D-H) derived from PRE/HEFRO0OGIISAI | vy
active noiety. 20 The terns "spacer", 5"spacer group”, "spacer nol ecul e",
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| i pids, nucl eosides, oligonucleotides, polynucleotides, nucleic acids,
cells, viruses, Iiposones, m croparticles and mcelles. O asses of
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whi ch ar eloe,%ﬁrqdaelﬁ- injercapnegled fgctional grourry dnisrrogrected; hiodsgragapls g‘r"Fﬁ""P'sgrﬁ‘é"ed to

si pl i f Yinfi GhRFGAGR tddFulBBbR | /30 Di¥e BRABMINRhodsiySt i NY reagents, starting
mat eri al s or hypot heti cal arting materials well known in the art, and

wher8by "in bound fornm neans that for exanple one or nore hydrogen

radi cal §\ ’(:?rgg%a;ceo g{lc(a%‘fraﬁ?%éouﬁggo?npq%% aYtaa“ﬁnr]cg ?Jnd%?@ée%&ﬁ?%ﬂo?ﬁo&%ﬁ H)Q: g/r%@%?o%?t in

t he reagen erral’s are pre € nole
under st aadl at geddhargnt linlkage edringcting theraffiatty #gand @mehelstingggrgud tomei hyperbrantheds
refer to nacrﬂ@ehegular entities known to exhibit variabilities with

respect MUEHB bongENYY- chai n

25  The terms “blocking group” or “capping group” are used synonymously and refer to moieties which
are irreversibly (especially permanent) connected to reactive functional groups to render them

incapable of reacting with for example chemical functional groups.

The terms “protecting group” or “protective group” refers to a moiety which is reversibly connected
30 to reactive functional groups to render them incapable of reacting with for example other chemical

functional groups.

The term “interconnectable functional group” refers to chemical functional groups, which participate
in a radical polymerization reaction and are part of the crosslinker reagent or the backbone reagent.

35



| engt hs or degree of polynerization, or the nunber of functional groups.
Structures shown for 20backbone reagents, backbone noieties, crosslinker
reagent s, wandiigrads!| i nker noi eties are thus only repres®iTaPRUMO/06MATD] es.
The term "wat er-sol uble” refers to de@gradati on products of the

bi odegr adabl e hydrogel of the invention separated from water-insoluble

degradat] on pr,oducts filtration. 25 A rea t or noiety may he.ljnear or
br anc heag.‘e Yef ri'[")t B y’?“é%ﬁ%f”"&?""ﬁ‘[ﬁ“@f"y refefs 19 ?X}S’"‘E‘gfﬂ{‘ﬁ%&f‘a'ﬁ"d‘ﬁfyé",’ h%%tpalbtk,c'platef'%r red
to as aalighRattyfeca@ndrizfionniRh&@bl -and fard bt bEME &RdssiMkerehghy ahtBtheMBckbohBan
two termnal groups, it is considered to be a branched or multi-functional

r eagent "e#8eMoi ety. 30Starting material s Bi odegradabl e hydrogel s of the
present invention nay either be polynerized through radical polynerization,
ionic polymerization or ligation reactions. WO 2011/012715PCT/ EP2010/ 061155
8 i n¥entibarkbane moietysehy cooipnige ansacemmeietysyhichat ope esd Isicairientgd rvo tentackbone whi ch
are referred to cross]inker reagents. - and a multi-functional

nacr ono ﬁg ?““ﬁ%@ﬁ“ﬁ?“”%ﬁ%hPéHmﬁﬁ%ﬁgmﬂﬁgkbone reagent. The crosslinker
reagent carries at |least two interconnectable functional groups and the
backbone reagent carries at |east one interconnectable functional grpup and
at | eastfheismcifieryativgs” geigriclo] dsancalfugetipnalngreypsi ity syhstiditryith protecting

parti ci gad/Br hdtividoR gPRUpY BEId ZBldtroPhEBr a LAlspdnaRg chéthital SiHctiRNEES WhigRY OF
may not be present. Useful 1 nterconnectabl e functional groups include
but 1@r e aredtnovinid thecherson skitiidda theyarp dbrerempleasdtivatgd fupms of ¢akleoxvl gigups include

Viny! - DZEnGe. ARt LG AE! AT 08 ARIIBPLA! Son: SRS DRI AT HENA R,

i oni cal I'y ﬂﬁpo ynerlza%fe groups RCRIG ane,’ aziridiiné, ‘and 'oxi rane.” In
an al t epashfloseopteny este) bzabeepaiaafl estr, atyh Ralbgenidieg mackaidrayinyndtrizglanhwlides, di ng
to the invention is generated through chem cal ligation reactions. In such
react i oRY! M€t arting material is at |east one macromol ecul ar starting
material with conplenentary functionalities which undergo a reaction such

15 as a condensation or addition reaction. In one alternative, only one

mac Abno(Tee tdrar “nengnrymatjcalfaclepvalle linker()sefars tatinkers ithat aren bydselyicalivt destadgble onal
backbon . - Sl gpgp - pol yneri zabl e functi onal groups.
AIterna??@%ﬁﬁ%ﬂ%ﬁmgﬁgpégégQﬁ?gw&% ortﬁgégﬁ' cronol ecul ar starting materials
one of these starting 20 nmaterials is a crosslinker reagent with at | east

mat er i a NPEDRORHE AL PTG EBe (P HEFLPOe TUHBE PO SR RbBIE® o
r eagent theAdrG@ (DS MRFivesl fitn the BISTORRAIVQELNRGhE®Y | zabl e functional groups.

Sui t abl e pol ymeri zabl e functional groups present on the crosslinker reagent
i nclde primary and

The terms “spacer”, “spacer group”, “spacer molecule”, and “spacer moiety” are used

interchangeably and refer to any moiety suitable for connecting two moieties, such as Ci.50 alkyl, Cy50

alkenyl or C,.5palkinyl, which fragment is optionally interrupted by one or more groups selected from

-NH-, -N(Cy4 alkyl)-, -O-, -S-, -C(0)-, -C(O)NH-, -C(O)N(C,.4 alkyl)-, -O-C(O)-, -S(O)-, -S{0),-, 4 to 7
25 membered heterocyclyl, phenyl or naphthyl.

The terms “terminal”, “terminus” or “distal end” refer to the position of a functional group or linkage
within a molecule or moiety, whereby such functional group may be a chemical functional group and
the linkage may be a degradable or permanent linkage, characterized by being located adjacent to or

30  within a linkage between two moieties or at the end of an oligomeric or polymeric chain.

The terms “drug”, “drug moiety”, “biologically active molecule”, “biologically active moiety”,
“biologically active agent”, and the like are used synonymously and mean any substance which can

affect any physical or biochemical properties of a biological organism, including but not limited to



25 secondary am no, carboxylic acid and derivatives, nmaleimde, thiol,
hydr oxyl and ot her al pha, beta unsaturated M chael acceptors such as

vi nyl sul fyeeotywaeps, preferably termnal primary or sec@®QdaPRIQMHHNES
carboxylic acid and derivatives, nalemde, thiol, hydroxyl and other
al pha, beta unsaturated M chael acceptors such as vinyl sul fone groups.

Sui tabl e pol yneri zabl e functjonal groups present in the backbone reagent
Uhc! aoie VStHES agera neh RiPHE g P RS 1B PeREOaa e R, PRSP SRTE el d
30and degdiataiel BSde dmls@ﬂsfﬂnaﬁnteh&écﬂior dié’@ﬁdﬁ@&\!rje, AftigatRhNedatRbm) e 1pbe‘%ﬁtion_ of
unsaturated M chael acceptors |ike vinylsulfone groups. Preferentially,
a backbdiseasgdn dwuanssor pther enimpls.zerdtopgtheryisergphanasy iweieal 9g neantad wellibging i ch
at | eas e - a I i i i ordi THan

o o or  ByatsCEr HTROEREMOS of HEbERALAR SRS, ndfROTok ] Mot IR 1o, e
a br ancipeptiges, grateing, eozymekisoiall mblebdadtugs (eige eomieGridiadrugs) ayey tigids, ouclagsides,

2011/ 012715PCT/ EP2010/ 061155 9 chai.ns tend. Such branching cor.es

conpr i s EIRRUTEAE PAVHESBIgE, MR P g s RofTires, TParediesr RRrpe DER AT oo ¢ of
tri pent @ekek BF biblegicallh Q¥ lay&ifes thaCare SUEIHRIE, use GHith the InveritionGicnaie, burargidrol |

gl ucose, cellulose, anyloses, starches, hydroxyal kyl starches,

pol yvi nyiméiee dmotnsbiotiesx fyngisidss, arjjkplagerandnt-BllanyPatAY esisc Bt MM PERBhpr i se
i n bound, LRk AentSanfah AR TBRRShoHHE Resisro M thdtbis NReroid liaRA MO Bk e like. 5
acid, trilyslne, tetraPyS|ne, pent al ysi ne, hexal ysi ne, heptalysine,

oct 4Pysi ne, nonal ysi ne, decal ysi ne, undecal ysi ne, dodecal ysi ne,

tridecalysine, tetradecalysi.ne e decal.ysine ofr. ol

pol yet hﬁ‘%ﬂlgf' ik n'é‘tst’?u'bdgf)gln\}i ryingir?l“}rnlerés}%r rsg?'g¥léc lfnf‘/s, W'E'ﬁhegr%gg'lrtléﬁél n glE:r(T)"r)leecuelex't ends
t hree t ahé bhasemin Rizod Baaeds @Rl YarEimplify edfedenc, tormdictie b@ hamiap oy listihg rdagents,t 0
eight. Preferred _branching cores may conprise pent erét hritol, tri Lg/sidne,

t et r al y<$i3REne pipfaly grshvpatheticalsipriae Fiaterigls well kpwmm e ag angovliaeelye in boun

| ow- ol G aheal kit orFdkhmplR he Br YR hitfogehhMEIN @AY, Yok Bk P nordladinatig dror m
Preferably, the branching core extends t%r ee to sixteen PEG based polyneric
chailfs, prajedingsewlpy rrBjept ingha reagentsiog artinpmatesiplg Breynot preprntinghe B@iepol yrer i ¢
chain is a suitably substituted poly(ethylene glycol) derivative. 15 The
term "pol y(et hyl ene glycol) based pol yneric chain" or "PEG based chain"
refers tio iarundbisgod thiat poil yesgente anol ewidtias @harising Rrobfreriabpietisugbfer to

pol y(et hyl ene gl ycol) based polyperic chajn i.s connected to a branpching
core, i t"¥"l°5°"éf"‘gzﬂ%r ep ?“"BWP )}E’e‘%{‘%lte"ﬁ@a%‘r‘%w% Eaﬁ%q%?o Spolegiiae H"efﬁﬁg 8 ni nus
i s connggigfd droddgRe dFpdleltriRdioR 06ethaNfintbRe of fietiodaP g@upy BeuEuRE Ghewn for
dendritic noiety. It is understood that a PEG based chain may be term nated

or 28t erackbperireagenis kyakbene ragichiesiressikenisagentiapnd crasshider maietigs aip thys only

het eroatrgﬁgSe &%V{Qg Leal functional groups. 25If the term "poly(ethylene
gl ycol ) based polynefic chain" is used in reference to a crosslinker

reagent, it refers to a crosslinker noiety or chain conprising at |east 20

wei ght % et hyl ene gl l, ieties. eferred structures risin

PEG baseﬂ]e ﬁShnﬂ?ﬁegsol‘&’% n@é&f"eﬁ%ﬁ’?{g{'?? BFﬁdé{gﬁroiﬁE%i l?ae%%raggpgyg r°§ﬁ??%5ﬁee f or
backbonegnveregtRbsrat@l Grofldtér-indolibRidezdadtionptdduets bifiltrafier. | nst ance, detail ed
in the products |ist of JenKem Technol ogy, USA (accessed by downl oad from

wwi.fenkenusa. com on July 28, 2009), 4ARM PEG Derivatives (pentaerythritol
core), §ARMR ﬁfw YRl by fieak YD ARhYE Rihd e GR2hEdr m&%ﬁéwo!?gﬁamm&t, itwes

(tripentaerythri core). Most preferred are 4arm PEG Am ne )
( pent aerryfietred toks e dinedr rasgéntian mpRBGIChe repgght ¢rpmoietychag trhare tthdn ver Yminglar m

PEG Am h | y. ,n 35 8 .PEG.Car b h I i ,
e RSS2 P PRI B Bt ohegl yoor n core)

30  Starting materials
Biodegradable hydrogels of the present invention may either be polymerized through radical

polymerization, ionic polymerization or ligation reactions.

In case the biodegradable hydrogel of the present invention is processed through radical or ionic

35 polymerization, the at least two starting materials for the biodegradable hydrogel of the present



WO 2011/ 012715PCT/ EP2010/ 061155 10 PEG Car boxyl (tripentaerythritol core).
Preferred nol ecul ar weights for such multi-arm PEG derivatives in a
backbone wWoaguriti2ase 1 kDa to 20 kDa, nore preferably 1PKDEPR@ODGIIEDA and
even nore preferably 1 kDa to 10 kDa.8lt is understood that the term nal
am ne groups are further conjugated to provide interconnected and reactive
functronal grougs of a backbone noiety. 5 The terns "branchi ng_core" and
"core" HMENHROCAE crsinking mpEIBIoPo et O itfgselinkipe maratre ey Ht rgglyo as
provi degroRghhidrerbige Al | -Sankl U multiordAdtio B4 O HRgromBh&hé& allch .is %?&Fédj@nﬂrlbicktﬁbngm ety
has a nol ecul ar weight in the range of fromO0.4 kDa to 4 kDa, nore
pr ef er atagens. Fhel gossiieker aseazerrttramepraéﬂe@ﬁtamwmteé@@newﬂijn@twaherpertSyarﬁ'a@eat
| east 3 at
oot 63 Rr S Al B0k B0k hoRBTRble R B WS B3t Il g Prered,
| eass 7frb1tﬂm1ahgmg|swamhl isatot IrreasiEdtBo pmtrymie irzthb lpelyenizatiowsiap. Ayldiiopa diment at
nost 31 branchi ngs and i poI nerrzable functional groups. 15Exanples for
such deMPPPPFE MACEMFEROt F@“?']iysrne tetral ysi ne, pental ysine,
hexal ysi ne, heptal ysi ne, octal ysine, nonal ysine, deca |ysine, undecal ysine,

dodecal ysine, tridecal ysine, tetradecal ysine, pentadecal ysine,
hexadec &gyl ﬁ?rcméﬁﬁ%MFWhgouﬁﬁc'@éH@cB‘I‘ty%ﬂf Mot lingadkde cadispdy RRlYMeiZAPlehi ne,

and di agrecrara?rrtevrr@ A denxa Rl fe, aeryﬁﬁrxtraer nrtrtﬁjcns eqqeﬂeaqrahtde mar%rrta.r;s are

trilysine, tetralysine, pentalysine ysi ne, epta ysi ne, nost

pr efler r @dlytneiiiapigroeps tﬂemetblyesaz\reimﬂr, ambpdrateysi ne i n bound 20 form The
crosslinker reagent may be a |linear or branched nol ecule and preferably is
a linear nolecule. If the crosslinker reagent has two pol ynerizabl e

functi onfbhn gitbdiRe methddSofrpedparation, the bR8egtadabiengadrogelr e ting k(ﬁfhenﬁ&gﬂdiﬁ i5; if
t he crosslinker reagent has nore than two pol ynerizabl e function gr oups
it 25i s seraidipdHreughichemnisal satign seacHuY- 18 SUAIPIGHREY t*}eéé?gj%?&““ate%@'(‘fra&z“?ﬁr WRer

reagent pi3rohfidtiRAkSsHndhate vﬁ@tlcﬁm%feh%ﬁgrﬁun&ﬂﬁilhﬁpﬁnlclgﬁﬂé% #¥BsLtBR Yuch
conprise no biodegradabl e group or nay conprise at |east one biodegradable

bond5 Pre# eenalghsption draedditios eaitivkieln one altrenative.mimfyrang @wcrgmolegeiat stastieg material
bi od d Rl & t f
io egl’ ada ,ﬁgﬂgglhé{%dmm%ﬁc‘ E&eil%%‘wﬁ’éﬁ‘é te Pgen? rc%ﬁl?) i l%%nurn G BBry&ng%bré S 0

a poly : reagen ecu ar weight 1n the
range oﬁmkn@mmﬁﬁuﬁa to 5 kDa, nore preferably, frontO 5 kDa to 4 kDa, even
nore preferably from1l kDa to 4 kDa, even nore preferably from1l kDa to 3

kDa. WD 2011/012715PCT/ EP2010/061155 11 In addition to oligoneric or

pol yIer ingefmb@ed, iltheNGsd #3GE6RF ford MbcrdRbREYAS artiRg Baterial @S lof Mkdsa Gtafti@gent s
may be used, especially when hydrophilic high-nolecul ar weight backbone

moi @0i ednaterilsiiserosstinker rRagenit with gt leasi e ideyinabrplymerEtigfungtipnal groups and the

other starting material is a homomultifunctional or heteromultifunctional backbone reagent, also

comprising a number of polymerizable functional groups.

Suitable polymerizable functional groups present on the crosslinker reagent include primary and
25 secondary amino, carboxylic acid and derivatives, maleimide, thiol, hydroxyl and other alpha,beta
unsaturated Michael acceptors such as vinylsulfone groups, preferably terminal primary or secondary
amino, carboxylic acid and derivatives, maleimide, thiol, hydroxyl and other alpha,beta unsaturated
Michael acceptors such as vinylsulfone groups. Suitable polymerizable functional groups present in
the backbone reagent include but are not limited to primary and secondary amino, carboxylic acid
30 and derivatives, maleimide, thiol, hydroxyl and other alpha,beta unsaturated Michael acceptors like

vinylsulfone groups.

Preferentially, a backbone maiety is characterized by having a branching core, from which at least
three PEG-based polymeric chains extend. Accordingly, in a preferred aspect of the present invention

35 the backbone reagent comprises a branching core, from which at least three PEG-based polymeric



5 n one enbodi nent, crosslinker reagent conprises nononers connected by

bi odegr adabl e bonds, i.e. the crosslinker reagent is formed from nononers
connect edwpyoni/aaagr adabl e bonds. Such pol yneric crossl PAKEP20I8AGHAT S may
contain up to 100 bi odegradabl e bonds%9or nore, depending on the nol ecul ar
wei ght of the crosslinker reagent and the nol ecul ar wei ght of the nononer
units. npl es for such crosslinker reagents nay conpri.se

hel o) oIS Ry ROt PEnCuTE D B 4TS WG BT @ Ut Sige DR S IEePY ks
r eagent gedbéryiRRtal, PapestaeIBioRT RdxblyceRi, B605L GoRiton THittdl8 e mBRiioh agleddse,

nol ecul ar chain. Preferably, the pol (ethylene chol) based crosslinker

r eagent sellwfase apiasesa siaeshes hydravyatiod i ?"@P'ﬁ@'y&@h'ﬂ'é@toéd dettRPese R8s Yini t s,
wherein i ) se at
oast lriEnRELHiapCofpfecn YEMORPRAL of BIESRARE, WAHSE ol ARG MamiFIRRIL
rangé ofaciflr wigsidet tetrd@<ne, peathigsiad | hexdlysiom Hdptalysing) octalysides matyjlyys;net thecalysine,

I th I based | ts h ht i
Phe’  angeGRmk SeALoIERE, | BeBRae ARVEIESHITE. 0P SErAer (o TROFTshe

reagent pofethileNdiminds, pbigifyandindso il l ustrate the term nol ogy used. 20 From a
central branching core (C)) extend four PEG based polyneric chains (thin
black I'ine), at which ends hyperbranched dendritic noieties ("Hyp"; ovals)
are att % agbuy,tn@br?mﬁ{gtew&taﬁaﬂs lRRGS Likb&n ﬁﬁ@etéoeﬁom@nuhm MBRpreralbg
functional groups white circles), which only a selection is
shovfl, ifow. toaeighipeirtfemer Heahcdegidoies | roawmorepiysecmnbaqrﬁteewhdrlb'smea@tﬁalvene,
functlonal oups_.than tho shown i.n Fi o] :
exenpl arpy tgg%rstesl ﬁeﬁ(ﬁlésm rea gaﬁ sipe “pr 0| dystnlgorltovt’ Q%Fe lél%f?We? hg P?;‘Ii.' K\@%%Igééhne,
funct i onedengeBtiipriol(is BRI fodid. ﬂ’&f@rbﬂilﬁltﬁébrandhﬁ@&ﬁtel extenugtwrwtgem@n IREG-based
conprises one Qor_nore blodggradable %gnkages (white arrows) which Q@ggrise

a bi oded@PYESHE ehainsepre prsfgreRlkiophiogieht- BERierably. 2 RECHIA RO @eﬁsctm"waéaf' bl e

bond. Ifsu&ggj@eﬁﬁm&hwmgegryc&e@@ﬁm@ are used for biodegradabl e hydrogel
synt hesi s, bi odegradabl e |1inkages are fornmed through the reaction of a

pol yaeri zabl e functional group of the crossllnker reagent with a

D011/ 01298 s P Y BNE sy RHe oA 0 e BB Thein e to om ol or
bi odegr adibedc nblekdayehaiar ossl i nker reagent 2C conprises two bi odegradabl e

| i nkages and crosslinker reagent 2D conprises four biodegradabl e |inkages.
The noi ety between the pol ymerizable group and the first biodegradabl e bond

i's refemt&erablQ, saéh FoIRSBRAERS ghRBY based bafth@r&t&dinimcotwh@aai tofatirathing eare St isaker
noi eti es by asterisks, where applicab Reacti ve blodegvadable hydr ogel

The ZPeadlﬂeareob(E@ttv@ge ghiea) céa'nydmgélonetermﬁes [sicernestedite therranshing gorg and the
mul ti-f Lblﬂfetr'tgnéilh ﬁEﬂE&’ ro‘eﬁ&rltlclrg n?tng Jnt]@rtsto'oa tﬁ&nprﬁEé%gste@rﬁH }h%y be

functional groups an I'nt erconnect ed functi onal groups In

t hr ee- diterpristexh at mnterum@d bk elitylnaxt aryixgrewws| ¢ iohdlyi substiiited . wnth hé&thratogmcandy e
blodegra abJef g i s conposed of backbone noieties interconnected by
hydr ol yt"¢8f'y u ﬂﬁe bonds and the backbone noieties may be |inked

t oget her through 150rossllnker noi eti es.

25 If the term “poly(ethylene glycol) based polymeric chain” is used in reference to a crosslinker
reagent, it refers to a crosslinker moiety or chain comprising at least 20 weight % ethylene glycol

moieties.

Preferred structures comprising PEG-based polymeric chains extending from a branching core
30 suitable for backbone reagents are multi-arm PEG derivatives as, for instance, detailed in the
products list of JenKem Technology, USA (accessed by download from www.jenkemusa.com on July
28, 2009), 4ARM-PEG Derivatives (pentaerythritol core), 8ARM-PEG Derivatives (hexaglycerin core)
and 8ARM-PEG Derivatives (tripentaerythritol core). Most preferred are 4arm PEG Amine
(pentaerythritol core) and 4arm PEG Carboxyl (pentaerythritol core), 8arm PEG Amine (hexaglycerin

35 core), 8arm PEG Carboxyl (hexaglycerin core), 8arm PEG Amine (tripentaerythritol core) and 8arm



I n one enbodi nent, the backbone noieties of the reactive bi odegradabl e
hydr ogel nmay be |inked together directly, i.e. w thout crosslinker

noi et i es. WohRe11pasbr anched dendritic noieties of two bREKFEPAE 061183 | es of
such reactive bi odegradabl e hydrogel wWay either be directly Iinked through
an 20 interconnected functional group that connects the two hyperbranched

dendritic noieti e&., Al ternatij vel i*/nf t Wo C’%ﬁ)ﬂgrb anch%d gendr'hti c..noi eties of
two di f FEF PPYc BRsnEReRphrdeh eye refpiee FUBhEEEY "Uhr'ts gﬂuq'iﬁﬁms%gféer
NDi et i egeHRBAsIH 8 Badkborebgtn®EeANKIRACH ©H KbaNRérk PRebrabip 1&DY to 15 kbY eiesahl v,
the reactive bi odegradabl e hydrogel is conposed of backbone noieties

i nt er commse peaferalyt kRadioold, khae 4 isyundergioad dMtethg derainah Apinengrowscars drréher

nmoi etie j - r ; j TR AL erm

bi odegrgg{géﬁ% gidotp Iﬁﬁgﬁ%%ﬁé{c%ﬁ%@s%%gg% ﬁé‘“@g‘?ﬁ‘;‘ﬁg@cﬁdges nfﬁﬁ%{:}es that are
non- 5enzymatical ly hydrolytically degradabl e under physiol ogi cal conditions
(aqueous, buffer at pH 7.4, 30 37C) wiith half-1ives ranging fromone hour to
three msm‘f fggms iqﬁ?:']cﬁ'g%?mﬁu?"dafoée nalf% uﬁeidllﬁq?rélgangf)a,bllyaconi tyl's, acetals,
carboxylic anhydrides, esters, imnes, hydrazones, nal eanm c acid am des,
ortho esters, phospham des, phosphoesters, phosphosilyl esters, silyl
esters, Talhveaipranahsd eleqdriticrmetatyi RrovidasRahesable: dipstional siones tiefP@bly, *%hd t he
li ke. Prd@ﬁ(frft&:%iéé{: R&%@Q&Mr%{egh%%@ angd 6f fcth B4%Da §R 4 REAFASE preferably 0.4
phosphoesters and sulfoni ¢ aclid esters and nost preferred are esters or

car BOnatkgs to 2 kiR. Pefeiablyl 2ath SPGFHERPRENDHR B1IeEHE 3 beanchingsaad et least hipoldwgrizablabl e
hydr ogel.s of the present inyentiaon, th drol vsis .rat. f

bi odegr 5‘55@?’5’1-' BOHEs @ (g{’k/\%%sﬁ\égg@l? Uhgs aﬂgfsgﬁgrgeéﬁahég?%@g?aﬁ)ﬁT(onejpgﬁlr)elfg{eideag is

i nf | uenaeeet Dhrad@iirgt Bad@&deddys bblgmerizatie Funatichat grpepsaihd abmost Gt etlarabiogssanid 32t he
spacer noijeties between the hyperbranched noi ety and interconnected

f unct i oRalYMgFggjsduncighal grouRsance by sel ecting from succinic, 5adipic or
glutaric acid for crosslinker PEG ester formation it is possible to vary
the degradation half- lives of the reactive biodegradabl e hydrogel. Each

cr 098! i ikamplesofoe syeh idendrisicmaieties @reniyilvaine,| tet@ysinenperdlysinee hexplysine. \hepi@lyring

degr adab| d Ln. addi 1] t . ] I bi b t he
crossli %ﬁtg'rygﬁr%i @9?@@'"%’&? e%&(l)y%{ﬂg,l %"P%?V%{'Zgr nﬁ%ﬁ%%"%%ggrtgggcg{ygﬁ%okeg?@{%ﬁ%g? each
t er m nupeonfadédalysind, desddetdtyBne nbepeddecdlysink e dcthdecalydiree boxdecatgsinet grntinprandes a
hydrol ytj cal | y degradabl e bond, and addi{ional. bi odegradapl) e. bonds, na

opt i onalamipRbuRyr 'ésaéﬁt EXRMRlese ol r 9 Iﬂr%Eré‘F‘} ﬁﬁi“@ttg?.mﬁ*ﬁ%e%r %rﬁc'fril\ﬂ?@e'b?eg@géwédabI e
hydr ogelpeRRYsif® HeRdy3in@NBepRdlysial Most dréfred trilfsiHRe PerilysifeOsiHebtakgine I bound

noi eties, preferably one. The crosslinker noiety may be a linear or

br ar@hedowbl ecul e and preferably is a linear nolecule. In a preferred
enbodi nent of the invention, the crosslinker noiety is connected to

backbone npieties by at | east two bi odegradabl e bonds. Pref erably,
cr ossl i Mkecrosdlinker reageritanay ba arlinéar oubanched ingiteculerand heeferabiygis adihedrmmigcele. Ma t o

5 kDa, 2 f b 0.5 k 4 kDa f |y f
SR TORTE AT R e S e
enbodi MedsslinRerGe&Bat’ ] iNHRIcrdiBlinkdrYedgemSias dredtham tidpolyildrizable functional groups it

25  is considered to be a “branched crosslinker reagent”.

A crosslinker reagent is terminated by two polymerizable functional groups and may comprise no
biodegradable group or may comprise at least one biodegradable bond. Preferably, the crosslinker
reagent comprises at least one biodegradable bond.

30
In one embodiment, a crosslinker reagent consists of a polymer. Preferably, crosslinker reagents
have a molecular weight in the range of from 60 Da to 5 kDa, more preferably, from 0.5 kDa to 4 kDa,

even more preferably from 1 kDa to 4 kDa, even more preferably from 1 kDa to 3 kDa.



Al ternatively, |ow nolecular weight crosslinker noieties my be used,
especi al | y when hydrophilic high-nol ecul ar wei ght backbone noieties are
used for wWheotigaztisve bi odegradabl e hydrogel 25for mati oRCTIER2@10061155
enbodi ment, nononers constituting thellpolymeric crosslinker noieties are
connect ed by bi odegradabl e bonds. Such polyneric crosslinker noieties my
contain up to 100 bi odegradabl e bonds nor e, E endla&ion t he nn}icular

wei ght &1 aggjlon ¢, oligameric ror Rofvateyic Lrrssiin '@g FEIESRH - rapleqiflar oweiEnt s cressinkiNg n o e r
uni ts. EIRERS %yf@rusw@ap&h@f b Kﬁdromlcq{lg}ﬁ%o@&ﬂar%e@@|bﬁél&bf{@ﬁ|bleﬁeﬁ§r'ed)
based pol yners i s understood that such poly(lactic acid) or

pol y( gl weesl foctha blodgeradabletydragel fsmetioai nat ed or interrupted by al kyl or aryl
groups and that they nmay optionally be substituted with heteroatons and
chem cal functional groups. WD 2011/012715PCT/ EP2010/061155 14 Preferably,
t he 6r 03 bhenk@bodiroentt creslinkeecreBg«bt barppribes pioetbreeralnbry\emeprbeMEydddbje lanﬂdy one
PEG based | ecul ar chain ref r abl t he pol en a

Cr ossl | HRee far e eapest I OEh BE hepRars SOUTHED o eyt byl S

units, %Wh@ﬂ@t%%llﬂéﬁm’a?&tﬂ&a\f ESritd IR Up €N 0D iddegfadatsié bowtslor Giope) Rispendiigroai N
t he poI y(ethyl ene gl yco based crosslinker noieties conprise at | east each

m et hy| éhemg e@‘l"Vc‘M‘F'gfﬁrﬁftt crassinker Feagentand khe melegdsr weishtpd thesmgeorasr Yty m 3
to 100, f | W )
based crEgésrﬁélgsr %pklycrr}o({r%tg} "égr Fﬁg%fy‘& ¥ FJecJFglP m\‘/’\%%cn@a&@n&trﬁﬁey}%{%ﬁg%acg{) )bfg grﬂgm 0.5
kDa 100 olyBars. If used in reference to a crosslinker noiety or a

PEG based pol yneric chain connected to a branching 10core, the term

"PEG based" refers to a crosslinker noiety or PEG based pol yneric chain
conpri sipagerdbly) mesfosﬂiﬂkmé@bﬁts %eemefmy&aeaﬁ pgdfmml/ répéseite@ by ohly dne PEGdesedt 00d
that a PEG based pol yneric chain termnated or int erru&wg ¥ al kyl
or aryl TesylFs e P&ﬁaﬂaply %‘Gﬁfyﬁﬂﬂ}‘ﬂ"é‘ﬁ g\'hﬁc?'hbﬁéf’ EFsinkRreeassats ggatbon
functi ongling'coMPsing! corlnBctld RiRidie! ggmﬁrmeyl WR&HEinOfhet P&} (etrhe;aﬁ'@tgwcaye;agédon

t he crosslinker noiety consists of is sy m*re¥n cal connect ed

t hr d&gh cessslimkeryersdststcomprigs a4 lqabkagacky Weghvlqiﬂ qdmalttilmts chnd at\rfmf-xfyml '?: aw [REEF i

provided, b ti t

oi ety (17 AR RO EoloB, R ARLATE 1635 7 oAbty Ble S MRERGEnd BRE) oyt
spacer nedsslink@Ieagems hale adholécutadwiightdatheomngatodfrem Orbdkdh teb kber abl y bet ween 5
and 8 carbon atons and nmay be substituted at one or nore carbon atom
Preferred substituents are al kyl groups, hydroxyl groups or am do groups or

subst i t Ytneladpie BPa SMPLIRSY:babRBEnOfeaidt B sRdwil Reigald Pldaldstadith@icbaimplopfusag d' s
met hyl ene groups may optionally be substituted by O or NH 250r

al ky20- s fere p cepteibmnchingepeer (O extanddpur RES-hasegorplymsric shaisd Himblagkiipe). #iwhichy t o
6 b K
car O'Lng;r rfﬁcﬁéoea&%;wd%éé%& %Qﬂgsagp'taﬁs%ea.?ggﬁ@g@g%ﬂm&%npﬁtlc

havi ng a |ng core rom h'at Te ree pol ymeric
chai ns ewdietied. cav@qccpolmdiem@bly funatiosal gradpe i(anedl m'@emtcleejf ot lwbicproeb/emselecnvenst ion

t he backbone .noi et a br.anchi ng core whj.ch at epst t hree
PEG: bas SHOBBI g PP bR ena /R cothow B renf i dEhae daype SR Inb L °F
bound f ahswPripg 1.0r ol i goal cohols, preferably pentaerythritol,
tripentaerythritol, hexaglycerine, sucrose, sorbitol, fructose, mannitol,
gl uddse, cellul ose, anyloses, starches, hydroxyal kyl starches,

pol yvi nf@‘”&?@%vﬁs fogreé)te;rﬁ;w croEEYH@lr lr'éa%ﬁlﬁgsln aQHmQﬁ ?@%ﬁr%lﬁ@r%lmcﬂwr Ise

in bound Tormpoly- or oligoani nes suc l'ysine, tetralysine, penta
lysi ne, gnapalsysil mbite tigfesh cloysinkirg, reagents maysomerlseﬂmrymrﬂbl,odftﬁeadablleyekaﬁa

undecal ysine, dedeca, Lrsimea biodegradable bond.

30 Crosslinker reagent 2A comprises no biodegradable bond. If such crosslinker reagents are used for
biodegradable hydrogel synthesis, biodegradable linkages are formed through the reaction of a
polymerizable functional group of the crosslinker reagent with a polymerizable functional group of

the backbone reagent.



35tridecal ysine, tetradecal ysi ne, pentadecal ysine or oligolysines,

pol yet hyl enei m nes, pol yvi nyl am nes. WD 2011/012715PCT/ EP2010/ 061155 15

Pr ef er ablWyO 20h&01pT1dnchi ng core extends three to si xt eenPPEGPRASSHMIIPDI| yneric
chains, nore preferably four to eightl2 Preferred branchi ng cores nmay
conpri se pentaerythritol, ornithine, diamnobuyric acid, trilysine,

tetral ysine, pental ysine, hexal ysine, heptalysine or oI| ol ysi ne,

| ow ol EEassligken[eagghf mepfsesr@ﬁégadwéﬁ’%bﬁ?e“"k?ﬁ prasrlinker gﬁaﬁ?wtt | COMRTissS Gwe
form P%ﬁ@%?&'b}é linkdEs :QfdQFH%anl?é} rEa%Eﬂ MB%BH&sH&Vr Sﬁdégqaaoﬁbpén.ﬁnea@efEG based

pol ynmeric chains, nore preferab four to eight. Preferably, a PEG based
polynmeric chain is a suitably substltuted pol y(et hyl ene glycol) derivative.
Prefera PEG- base i D r reis
@ 11 near Bl RERyF 88 FEhBRE TS aAhe sRe BRAGk Sk oty X ARG .60
conngct epbcé@nHFwndwa&mhthtgjuf&@érﬁ cavsslinkdr eoidtis£by dsteriakshwipeee bppicablieed dendritic
noiety. It is understood that a PEG based chain nay be term nated or
interrupted by al kyl or aryl groups optionally substituted with heteroatons
and chem cal functional groups. 15Preferred structures conprising PEG based
pol yneric chains extending froma branching core suitable for backbone

noi et i eSeaptive biodagradablerhyiregetier i vati ves as, for instance, detailed in the

product f )

br 09U ol Skl wd ST S50084 B ne Ve BRERRER PRI ORteLd Wer,
cora)d, SARMhPHGL EECdnv;atseyaﬁct(vhdulaglbyai egroups @od djtemomheSlaRNuREGdDEraupatn ves
(tripentae gthrlto a%. Most erred are 4arm PEG Am ne 20

( pent aerEs WF%FO%%?Bf H"HHVﬁW%E%quWB§§yI (pentaerythritol core), 8arm
PEG Am ne (hexagl ycerin core), 8arm PEG Carboxyl (hexaglycerin core), 8arm
PEG Amine (tripentaerythritol core) and 8arm PEG Car boxyl

(tri peniTherrpadive thigdegigdeble hwriregely is eepmroresc of at}aC'W@Pﬁh"t‘@e‘?%r ingqreqnggied ibyar m
PEG der i,V e e p ably
oo o YRRy e e kORRCaCBRCDARR plHR: hy 3R, [ Bt Nahn Y
thau5thentﬂmhnmumxan1ne groups of the above 25nmentioned nulti-arm nol ecul es
are present in bound formin the backbone noiety to provide further

i nterconnected functional groups and reactive functional groups of a

backbonen gwd @hyodlrﬁétﬁhhadﬂtldbbﬁ’lﬂbleflw’kﬁtth@Fb%htl\grbmdégraﬁﬁye bﬁircﬁg’emeibd nmed
dendritic noieties. Preferably, each_ dendritic poiety has a nole

wei ght  itegefhes diragthjel- q)fWImOereSShn“{QDg\Oﬂ%le& leBd‘Vp‘?fB'fa@d}?fjé*e@?r&lﬂ '90‘8“91? ?Ilj%ﬁ"’t 0 2
30 kDa. pBu@bsd Ablkdes 736R relRAGY Bl&de%ra'a?élé'ﬁ%r&géfsm%} eitRABE difeckly kel tmgﬁgg%ﬂd at

| east 4 reactive functional groups, and at nost 63 branchi ngs and
r ea@0i vénténgowrtected afungiionalp sroupr tabroosects thedwp Myrsrtupnchedhfendiifis Mmoiqtieast 8

funct i ondpHgfis 895 nisPBTcrRR P uFaRienth o (PRAMEER HRBEonE ofofRE; s be
dendr i t iisteftonr2tied Shrowghiftivb SEacérmdiytids Bepardtat yednylistertennepied ftaicysnahmplety

hexal ysi ne, heptal ysi ne, octal ysine, nonal ysine, decal ysine, undecal ysi ne,
dodecal ysine, tridecalysine, tetradeca |ysine, pentadeca |ysine, hexadeca

| ysi ne, phgphaijenha réa&fﬁ&erlﬁodegﬁéﬁﬁd@ﬁ?drbé@ IsBmpbden A BEkbbNEShBiBtidsIntfrdAbctear M
Exanpl es for such preferred dendritic noieties conprise trilysine,
t et r24l ygbiynleydrolytlcally degradable bonds and the backbone moieties are linked together through

crosslinker moieties.

The term biodegradable or hydrolytically degradable bond describes linkages that are non-
enzymatically hydrolytically degradable under physiological conditions (aqueous buffer at pH 7.4,
30 37°C) with half-lives ranging from one hour to three months, include, but are not limited to,
aconityls, acetals, carboxylic anhydrides, esters, imines, hydrazones, maleamic acid amides, ortho
esters, phosphamides, phosphoesters, phosphosilyl esters, silyl esters, sulfonic esters, aromatic
carbamates, combinations thereof, and the like. Preferred biodegradable linkages are esters,
carbonates, phosphoesters and sulfonic acid esters and most preferred are esters or carbonates.

35



5pent al ysi ne, hexal ysi ne, heptal ysine, nost preferred trilysine,

pental ysine or heptalysine in bound form It is preferred that the sum of

i nt er conroO2etl/MaMSt i onal groups and reactive functi onalPCEEFAP/06f153
backbone noiety is equally divided byl3t he nunber of PEG based pol yneric
chains extending from 10 the branching core. For instance, if there are 32
i nterconnected functional groups and reactive functional groups eiﬁgt
groups fayeastve rinsrgradehly, hwdreeihroft the pissgnt PEG"(S‘Q%@H‘%(S‘VV%@F'? daten&f e

ext endi gRald-QbbleN Borkie! BetwBd bSekBO nVethBARE GbssHARAMSibkesRI Aliditedildrached
to the termnus of each PEG based polyneric chain. Alternatively, four
groups detgrivieed by hed eembsr adctipeobf eoryiecte®EBNIsinethe FPheerendieties Higiween the

ext endi fromthe re . or. two gr . . Sl -

pol yrmer [EPerisae Boffang et At e O HRGut s 8l rpaieti del e R,
f r ons t hedipic @nglhtafigagdfee cebasinkdr @EG abteofarrhationdnnis ousible idivatyrthd ddégratation balf-s
preferred that the devjation fromthe nmean nunber of the sum of

i nt er cofisof 1 reagtivechiosisgrdlydeeshd reactive functional groups per

PEG based polyneric chain is 20kept to a mninmum The reactive functional
groups may serve as attachnment points for direct or indirect |inkage of an
af fi ni t fadhi gyesstinke meledit isrtgrngnaserh by iableagximeaaighe dydalyticatly degradablsy ?R!‘%E:df‘

carrier :ab(ilﬁ& Q) WeOQFMﬂ?ti%C@:&&ééﬁgﬁ%a% Oolénds, (Eﬁeogrtﬁ)gsginﬂarrgg(ﬂe iegrmg @orJtéilll(Fﬁ')l/rtl?t—ﬁ3

e
| deal |y e reactive tu groups are di sper nogeneous
t hr aaghoblstiegridablecantis. Taud) ieadheigrraidadhbdfethe arvdslinker rosietydiykatoto dbacpbansemiietyn t he

surface of the reactiv i odegr adabl e hydrogel.. ,Non-limting ex | es of
Such s eatTPes ? ntoVisHll Sepfesane BPRD an X Epiacdsbabie RobdsacoiRRRe e
fol | ow Repselieiting dlosdiibizehiod@l groups connected to the hyperbranched
dendritic noiety: carboxylic 30 acid and activated derivatives, am no,

mal ei mde, thiol and derivatives, sulfonic acid and derivati ves, carbonate

and der iyatlyase bfaaé&mreeh@%eﬂﬁ{awﬁma Sne QY%&Eydiﬁf%r@Jgﬁﬁb&dﬁf HBYURRS

hydr azi ne, 1socyanate, 1sothiocyanate, phosphoric aci derivatives,
phodphomoietas,i preteredlydend. Viiei aresslinkha hwiete tnydy, bealakleahat ibdanshedaoolecdlg |andnd

h I - . ] |.at i | i ke. I
{1 uor i aBLereR gy eiete BB FHRLT b Pty PR 5RIOE ekl

vi nyl  kebrneeted tblickibna hiotieshy icastant blodégradable®andss, oxirane, and
aziridine. Preferred reactive functional groups WO
2011/ 012715PCT/ EP2010/ 061155 17 include thiol, naleimde, am no, carboxylic

aci d ang d&gaby.atdsvifRer MALRRAMAN L ABRHF At inV®e rarfgBbPROMI6E DANE 50Uk, Mkl Ves,
al dehyde, and hal oacetyl. Preferably, the reactive functional groups are

pri ’ary peaferably,rapuds kB tachkDee Ryenineore eiefirablyrisem 1dPefte kBei eyen mareyprefaiakly
groups. .5S r [ ve ti ' I j by bei ng
chenoseﬁgcqﬁg@ﬁggggémggggﬁﬁgdﬁﬁﬂtﬁgkggﬁggﬁgﬁﬂgaﬁggﬁéfg#%ﬁﬁ%ﬁ<3na| groups and
further characterized in that the concentration of reactive functional

groups in such reactive biodegradabl e hydrogels is al nost constan ring
The Py - oo oo Rl g e Sk PO Clsairtie Geh Aot gt PPl
reactiveighiilealAdadiee bioRe ShoiedlToreDBsedafofDmt readlive %&dég?ah@olé’\ﬂiyﬂ*bkel
conggnt%g;;gg1of said reactive functional groups does not fal

In one embodiment, monomers constituting the polymeric crosslinker moieties are connected by
biodegradable bonds. Such polymeric crosslinker moieties may contain up to 100 biodegradable
bonds or more, depending on the molecular weight of the crosslinker moiety and the molecular
30 weight of the monomer units. Examples for such crosslinker moieties are or poly(glycolic acid) based
polymers. It is understood that such poly(lactic acid) or poly(glycolic acid) chain may be terminated
or interrupted by alkyl or aryl groups and that they may optionally be substituted with heteroatoms

and chemical functional groups.



bel ow 90% of the original concentration within the first half of the tine
required for conpl ete degradation of the reactive bi odegradabl e hydrogel.
React i ve WOneti/aeds groups may be capped with suitabl e pPCEHEPAI0MAGIISRagent s.
15 Most preferably, the reactive bi oddgradabl e hydrogel of the present
invention is characterized in that the backbone noiety has a quarternary

carbon of form 4, wherein each A is indepe

pol y( et RIARIARY: }"wgé m't?'ﬁg@&ﬂsbfwéﬂrﬁe hBiefFe \fFﬁPFFagfrtef? B bl e b
quart er Ryitulg AERIN Ph-)‘erablPethérBGIg@Ehyféﬁé’ Blyednt bdaed erodeniket Adidties bl hyPdta®bnt he
PEG based polyneric chain is 20covalently bound to a dendritic noiety Hyp,
each demkRinst OMPRENE ethyieps sikepl Lnits, aptrqr\e@sﬁommmg furkher chsmiral dynstipng! groups,

Pr of or it 8 poyEHERCAREN Ho ol AREL Inbeufs BhirRE3) IBROLRR m cthyiene

- (CHg) nwmwzmmn museareintegerlini the Targe & ;fram Bstodl®0j mP.Eegaiﬂy fromt ¥etor Hhge of
from5 funtlonal rou ent | 25I|nk|ngA
and by p Pl AR ey e batpd ORI RBIY S ke ol e T B g

Pr ef er affremblsandeslknd. i ¢ noi ety Hyp is a hyperbranched pol ypepti de.
Preferably, the hyperbranched 30 pol ypeptide is conprised of lysines in
bound form Preferably, each dendritic noiety Hyp has a nol ecular weight in
the rangg, of infé@fh&: 18 althRsiinRerndidtF or 4 Ped-SastiGUH IR Mik E@{ne&e&)%(%athMmED' ety
C( AHyp) 4 can consi st of ﬂe same or different dendritic noieties Hyp and

t hatlOeacbreHp twn”Pbérba#a% eefens i@ prosstieier mpietyFordtEGrimseast golyHygtic cbais Feneryisng

bet ween ?I t20w ﬁ% trr]‘elsh {mo‘e IeIsy of at least 7 lysines, i.e. each

noi ety Hyﬁaﬁ 5 P Yo ‘6:8 ween and 32 lysines in bound form
preferably of at least 7 35lysines |n bound form Most preferably Hyp is

conprised of heptal ysin WO 2011/ 012715PCT/ EP2010/ 061155 18 Pr bly,
there i & aUpErTiAtdhtt aaprf%/ SRR TRREIC R MEY Be FTMIRTSH oR MtRIEHPRe Ry A 'iVF ﬂr?@. ety

and t he saRBEEHtcARI %Eb’stmﬁg’d \ﬁﬁ@ﬁe@%é&om@@ﬁd&%mcﬁlfhﬁc’iuoﬁal@ﬂiuﬁ&ll' ar weight in the
range otg from1 I%a kDa, nmore preferably 1 kDa to 15 kDa and even

nmorddpreferably 1 kDa to 10 kDa. In a reactive bi odegradabl e hydrogel
accor di ng, hn%ferne% e‘m’ik)é%teh{’& 'th Pr@?e%'é&%\% o PheEdr¥ssi g#&g{e@ d;%ﬁ&étzsﬂasl%ywﬁmﬁ'ld"bef

of functlo roups, consis Cer Connec egradabl e’ groups and
reacti veyrﬁﬂen‘rmllytdomtedgihmmgls estE’ir béreis abltyo atphe, suegaaliphatit elrcarbnxydactsmzters

han' 36 PSHcPa PR Tieteg o ererel gt JuPeRiiE e SR BB abr G e

pref er r edrmdghefOomidd sndgor e preferred 28-32 even nore preferred 30-60; m)st
preferred 30-32. It is understood that in addition to the interconnected
f un@Pi onal groups and the reactive functional gr oups al so protective groups

may be %Vﬁ%?cﬁrtboxﬁg akil Ef fheds 9&e¥%§ou§ue§ Q:Bﬁsggto'f% RVEY Vs gmrs h@odi driferBht

ways in tWo. backboné ol et es may I nterconnected in a reactive

bi odegr dedtisee Sharar & garboroitotns @ng meay et substivetad iabnne Ar hrpmecalnlncamthmd Pepéanegdi ti
noi ety nunber of reactiv ungtional groups

(bl ack eEfensee rRuRe iden ThBiE o amice s s pb s R and e hrads s ¢ nat
each hypedrb beuhe RRthatiDdiedrhoxgHId sSe&hylene groups may optionally be substituted by O or NH

25  oralkyl-substituted N. Preferred alkyl is linear or branched alkyl with 1 to 6 carbon atoms.

Preferentially, a backbone moiety is characterized by having a branching core, from which at least
three PEG-based polymeric chains extend. Accordingly, in a preferred aspect of the present invention
the backbone moiety comprises a branching core, from which at least three PEG-based polymeric
30 chains extend. Such branching cores may comprise in bound form poly- or oligoalcohols, preferably
pentaerythritol, tripentaerythritol, hexaglycerine, sucrose, 'sorbitol, fructose, mannitol, glucose,
cellulose, amyloses, starches, hydroxyalkyl starches, polyvinylalcohols, dextranes, hyualuronans, or
branching cores may comprise in bound form poly- or oligoamines such as trilysine, tetralysine,
pentalysine, hexalysine, heptalysine, octalysine, nonalysine, decalysine, undecalysine, dedecalysine,

35 tridecalysine, tetradecalysine, pentadecalysine or oligolysines, polyethyleneimines, polyvinylamines.



20nmore reactive functional groups and permanent |inkages than shown in Fig.
3 and that Fig. 3 is used for illustrative purposes only. Spacer noieties

are i ndi c&Pedimilghsast eri sks, interconnected functional PGTERREI0ASHSShown as
white arrows. Dashed lines indicate tfe attachnent to a | arger noiety which
is not showmn. 25 Fig. 3a illustrates a section of a reactive bi odegradabl e
hydr ogel in which individual backbone noieties are directly interconnected
t hrough an interconnected functional group conprising a biodegradabl e bond.

301 n Fi grefdfably e bR@iddcaRhedddmrdrb tikteerMHGESds@Spdmdrid@hdihsf neregéfelaBgkbone
noi eties are interconnected through two interconnected functional groups

separ at euritp pe%ﬁe&rrgﬁa@@ﬁhlmﬁﬁoaswav compiisg perfgerygtahpiithieadizRiBabyaResid t i c
noi et i e%nl%lmat \Q@traﬁvs eﬁ&%lystﬁ@c@gwﬁnmgﬁ%fyﬁﬁe g @Ilgbﬁglﬁer GSH ﬂ\%ﬁetc@gr WEERUGH two

spacer noieties and one 1Nt er conhect e unct 1 onal "group

2011501 2iésgRCarinePR D a &G thtiss lriLBOtﬁldgforr@dPrafedabB/e thehbranchingecore @xtemfs threedact i ve
bi odegr ad bIe ydr oge n.which two apch nd I I re
|ntercoﬁH§?Pe %ﬂ&ﬂW@FB%§$Tﬁ?é?m' FPB@ q%hﬁ%h ?}epﬁ%¥§mﬁ mn%ﬁ%gﬁﬁ The
cr ossl i pegmeABLIRIN i£8 suiahly Substitatedpoly(ctMEnE glyeol)aderil@et one i nterconnect ed :
functional group (see Fig. 3d and 3e, respectively). 5 Thin black |ines
i ndi cate PEG based pol yneric chains extending froma branching core (not

shown) . Magiablyedich BREbds¥E pORERLhFH IbAfRcRY & 99%&%&% R&MindsRKietRfiedehe

present invention is a conjugate conprising a nodif reactive
bi od@gr @lval) ehdig.defoykith ohe tttrewp&ses@nmnemdetntﬁherbrar@hvas aceteerOkétf pieh&e Ag

comROS e 8L RAGIAORRAR BLLES M LELFSADERLPS pBk N BLLHGA Yo fiFRACAD! o

bonds and ona y car rmanen to's

bl ocki ngntgrraptps by plkydbeadyi groups opti@sally subsnimteﬂlwufuhmtroa:mmk ammﬂtehiioatsfunaﬁ'ﬂie
reactive functional groups of the backbone noieties of reactive

bi odegr &1e hydrogel s serve as attachnent points for spacer nol ecul es,
bl ocki ng groups, protecting groups, or multi-functional noieties.
Protecting groups are known in the art and are used for the reversible
pr ot18ct iPoefersed sHeghres icomprisingcPiCobased gelympsc ahﬁmSn@tgry#rngh@@msa praveling gare A

Su' tabl esaﬁ?gb? it I!)a@ ogg chﬁet egrar@mﬂ?a%*“agé 'dgn\?alt{/éé & fbrsmgtjaﬁc RGIEH MUthe

i s under st ood t y one protecting group or %that two or nore
d| ffer ernroqnctstlnet:dﬂmgiegnrmmlagaw%daqnesseﬂ bysdmAniged ftom wwwerdtemhsarcomqmgonal

8{ ]9 ]E g?;l ng%}ﬁblwgt}%GdﬁerIv%vgg peRtragrtyt rItoI cgregJ rS(Z\HR/F PE%SISTHXIatpv%s t %Qgg cer|n core
and 8ARM-PEG Derivatives (tripentaerythritol core). Most preferred are 4arm PEG Amine

20  (pentaerythritol core) and 4arm PEG Carboxyl (pentaerythritol core), 8arm PEG Amine (hexaglycerin
core), 8arm PEG Carboxyl (hexaglycerin core), 8arm PEG Amine (tripentaerythritol core} and 8arm

PEG Carboxyl (tripentaerythritol core). Preferred molecular weights for such multi-arm PEG-

derivatives in a backbone reagent are 1 kDa to 20 kDa, more preferably 1 kDa to 15 kDa and even

more preferably 1 kDa to 10 kDa. It is understood that the terminal amine groups of the above

25 mentioned multi-arm molecules are present in bound form in the backbone moiety to provide

further interconnected functional groups and reactive functional groups of a backbone moiety.

Such additional functional groups may be provided by dendritic moieties. Preferably, each dendritic
moiety has a molecular weight in the range of from 0.4 kDa to 4 kDa, more preferably 0.4 kDa to 2
30 kDa. Preferably, each dendritic moiety has at least 3 branchings and at least 4 reactive functional
groups, and at most 63 branchings and 64 reactive functional groups, preferred at least 7 branchings
and at least 8 reactive functional groups and at most 31 branchings and 32 reactive functional

groups.



A nodified reactive biodegradabl e hydrogel according to the invention may
be functionalized with a spacer carrying the sane reactive functional
group. FOVO20BlfERT&, ami no groups nay be introduced i nt @CTHP20m086F152d
reacti ve bi odegradabl e hydrogel by cowpling a heterobifunctional spacer,
such as 30 suitably activated COOH (EG 6-NH-fnoc (EG = et hyl ene glycol),
and renovi nﬁ t he fnpc-protect i_n% groug. Sulch reactive bi od?ygr adgbl F

hydr ogelEX@BRles dorr SHeh nesndpte, Raisties g PLses Fxie, (5 A6y RENERPING, BRSNS,
functi ong@ptafsiRelP, octlSife, aSnchalfBhe| Me&lf/sitie,0 WihdedysmeC Odddet)sie NDGIdEdaRSine,
reactive biodegradabl e hydrogel may be further conjugated to drug-I|inker

r eagent detraderaltsineapenjadgcalysinet hexadachlyshe, Hertagecalising, ectademriyringrgioagdecalysing
2011/ 0124 bafie” ek B0 98 {28 L{}erﬁéactiem L Tddliel @Bfmbligkerriljshde g aht e
hydrogel, all remaining reactl v& Funct ona groups nmay be capped wth

sui t 8bl eebtatysike, rgxalysagehdmalysine, aostajreferraditrilysineg péydalysinendr heptalyling in beundt i on,
mul ti-fynctional noieties are coupled to the reactive 5 functional groups
of the pP®™meri zed reactive bi odegradabl e hydrogel to increase the nunmber
of reactive functional groups which allows for instance increasing the drug
| oad of the bi ode%adabl e hydrogel according to the invention. Such

mul ti - f Ui preferead theyithe pus ofiaieresanecdfundional groupy andeactiyp fyrstiona! repRs Qf & ne,
tetral ys VS| Ly Si 5488 ' ' m

| o ol e RIel) Syl VRS b The Rumideigh B Bk pofineh: LseRieng from
noi €y itbe boamphing eate.ofor|iggamesif itherdarandR irdérosnmectey funstienal groupyiaind reactive

mul ti-fynctional noie may be protect W th otect r . ch
modi 1 cduf ig{/"é‘%ie&tﬁgé?%{ésaﬁ'ﬁ’éB%Wr"tﬁ’ﬁgfg}’ ea °fP‘é%E?“ﬁ}PF§Q’P%32‘}%&?}‘§”% G e
groups raienbing Grapprdcon, ipheferdbly Bpmearslod adidrige morgendtachetGbitigieanidussiieadh a
schemati c drawi ng of a section of a nodified reactive biodegr, da%l fha

hydr ogelPEGAa Yetesin EhatRy AltBmatively, fs roupspay e rigKifed geeach op piRdECpsed
reacti veolanit icRia! extnBinR SrofP e doRborinlo r§tﬂﬁ%reaﬁpbﬁﬁ%b@ﬁPE@f—bJ@é@fdﬂwﬁ&iq
groups (bl'ack dots with half-nmon shaped structures). The thin black Iine
i ndil®at ecbains.PEG- based pol yneric chain extending froma branching core (not
shown), the thick black line indicates a spacer noiety, which is attached
to the hyperbranched noiety though a 20permanent bond (white di anond).

VWi t e arif theswmbel af REG-bhstdaiotyorerie cliard ektendibg frovalthgbranghéng ddeesdvesl nbti allew for

indicate the attachnment to | af ger noiety, ich was not fully drawn for
si mpl i ciat“y‘?qué‘sﬁfwg%t&“a&a'ﬁlpégfﬁ?ﬁ{ gljélﬂée 8%";‘%‘,0[‘3?% t eoﬁ}eﬁrbgf‘@{’?ru?l%'ihfosi‘fg'l of
groups ARRiBRRecRIIFBSdioRdl ghdis REEFARIve fINCEIBAEI BRoubS pér FEGIab@PdlyrRidRhiRiisNg a
bi odegr adabl e hydr ogel ofg the present invention, characterized by being

conp®s eckepf tolgdpiRBwAe noi eti es i nterconnected by hydrol ytically degradabl e
bonds and additionally carrying permanent |inkages to conjugate functional
groups, conprising for exanple |igands or chelating groups or ion exchange
groups. Thecesctivenfyingtional S0ugsinmyesgrvacalaitechimedt pajels feroditeci @i indjrecblijkaggefean
functiongl .groups of .the present, invention conprises backbane ieties

|t r cormund By rRlptbeRg PR S PorpRS Rt A e BRH R R LAY §obdk i ng
per manendrodp, BpPBG Eroup, sty Ikgat e functional groups, conprising for exanple

| i gands or chel ating groups or ion exchange groups. WO

201195012715PCT/ EP2010/ 061155 21

Ideally, the reactive functional groups are dispersed homogeneously throughout the reactive
biodegradable, and may or may not be present on the surface of the reactive biodegradable
hydrogel. Non-limiting examples of such reactive functional groups include but are not limited to the
following chemical functional groups connected to the hyperbranched dendritic moiety: carboxylic
30 acid and activated derivatives, amino, maleimide, thiol and derivatives, sulfonic acid and derivatives,
carbonate and derivatives, carbamate and derivatives, hydroxyl, aldehyde, ketone, hydrazine,
isocyanate, isothiocyanate, phosphoric acid and derivatives, phosphonic acid and derivatives,
haloacetyl, alkyl halides, acryloyl and other alpha-beta unsaturated michael acceptors, arylating
agents like aryl fluorides, hydroxylamine, disulfides like pyridyl disulfide, viny! sulfone, vinyl ketone,

35 diazoalkanes, diazoacetyl compounds, oxirane, and aziridine. Preferred reactive functional groups



The reactive functional groups of the backbone noieties of reactive

bi odegr adabl e hydrogel s and nodifi ed reactive bi odegradabl e hydrogel s serve
as attachwendiigoprnss for direct or indirect |inkage of RCTiERAW/0bi1§ANdSs or
chel ating groups or ion exchange groufys or a conbination thereof. I|deally,
the ligands or chelating groups or ion exchange groups are dispersed
honogeneousl y t hroughout the 5hydrogel according.to the invention, and may
or may istudpethiol c@alRimids RO APl afid 1and HVHCP’B‘ﬁél cHRUBIYiIPAY TeVIHES

I nventi Q&barﬁa@r%h@umaﬁ@,ca{me\ﬁwé, HAE hdIQRBdy 1. BFRIDSly, Whd Flictive furitbnat BropLdred to

affinity I'tgand- or chelating- or ion exchange-groups, nmay be capped with
sui t abl @riphoyERIiTREreurs geerrboxylgaciHs, Aokt mieferred prijasiy 8mine SEW@S-at i ng gr oups or

i on exchange groups are characterized in that the concentration of affinity
| i gands or chel ating groups or ion exchange groups in such hydrogel s
accobdi 8gcht attive fumctiend! igesups areathapstereah by dning dbemosglettivelyf addsdssdbled in e t he

time required for c | ete degradation of the hydrogel accarding.to the

i nvent i GFFSeRES opathenfu al(%?&“géﬂg?“”ﬁhﬁéc%ﬁcbﬂﬁ?e‘ﬁéﬁﬁﬂﬁﬁ? R e g&fea“"’e

af fini t yydcligRngiouin e Irédctivibi@de@ B S0l hydréRls8XAIN B EBn B4 ddngdtRE firstkYif dfal |
bel ow 90% of the original concentration within the first half of the tine

r equi r edhe tine egHimddercomplatadrgtadationsf theyeagiiyelbigdreradable Sydrseh to t he
invention. 20ln a hydrogel carrying affinity |ligands or chel ating groups or
i on exchange groups according to the invention, a backbone noiety is
chanact gvibeedinpst constantiehe okightuvotdntnation off @idoeactive figictenahgrogps does not fall

i nt er conngct fupcti ona ro and, conj te. f ti.onal qr c i sing
N g R R L T R R S R B S

t he sumgegraddiion bEMB RREtRbiddgaldbadrageloups and conj ugate functional groups
carrying affinity ligands or chel ating groups or ion exchange groups 25 is
16- 128, preferred 20-100, nore preferred 24-80 and nost preferred 30-60. It
i s undersgt 80dshBiinal ghopd Hal bOLpb& kitPsuitBbIE proetBRcieagkntnct i onal groups and
the reactive functional groups al so bl ocking groups nay be present.
Preflérably, the sum of interconnected functional groups and conjugate

excnanodst Bird Ry TBE el pirelisiatl ot BEfR el sl faPfitdlin 0"
PEG- bas eght [k \Waekbose eltidty hasxt @acemgry cavibont biefdomala ot{Amyp); owbereiogach msisance,
if there are 32 interconnected functional groups a g conj ygat.e functi onal
groups ddepsndsgthug PeiviFthylens gyt bassd rolymess 8??5‘ %F’B‘ﬂa aBth{eHrgﬁo e qramgRary

groups, c&ibghtoyH PeHRBNEMRYcolfeRRKE GRS thY dRAF Bndbf tReridbdsedFelyMasethain is
pol yneric chains extending fromthe core, preferably by means of dendritic

noi @0i esowlanty heund3sa dendiigic meiety Hipseash densisitic PREhAWIVIRH pleast four fURgtional

QIOELi/r 8?%%@%’%”%%%‘585%%?@%&99%3@heggévqglﬁgﬁ%(n%%ased pol ymeri c chai ns

extending fromthe core or two groups by each of sixteen PEG based

polymeric chains. If the n er of PEG hased pol ri i xt endj ng
From ¢ hereFaRuaRyA sdPEePaBRRR T setind TR 1 o - G T TR o P
pref er r adort2h tis drhigteg@Vih Md @Rgd 6fFFON B €0 H® AR RWTD Elienfidal fuRrichENgr&ip covalently
i nterconnected functional groups and conjugate functional groups 5carrying

af fi28i t yinkingyAARSHYPr chel ating groups or ion exchange groups per PEG based
polynmeric chain is kept to a mninmnum Also preferably, the sum of

i nt erconnect ed bi odegradabl e functional groups and perrmanent |inkages to
conj ugatPeeférablgiA awalyp grecopdentla tinked by ah argi@adskage. chel ati ng groups or ion
exchange groups, or 1lOoptionally spacer nol ecules, or blocking groups is
equal to or greater than 16, preferred 20-40, nore preferred 28-32 and nost
pr ef er r egefd@bighe dendritic moiety Hyp is a hyperbranched polypeptide. Preferably, the hyperbranched

30 polypeptide is comprised of lysines in bound form. Preferably, each dendritic moiety Hyp has a
molecular weight in the range of from 0.4 kDa to 4 kDa. It is understood that a backbone moiety C(A-
Hyp). can consist of the same or different dendritic moieties Hyp and that each Hyp can be chosen
independently. Each moiety Hyp consists of between 5 and 32 lysines, preferably of at least 7 lysines,
i.e. each moiety Hyp is comprised of between 5 and 32 lysines in bound form, preferably of at least 7

35 lysines in bound form. Most preferably Hyp is comprised of heptalysinyl.



In the sinplest case, a hydrogel carrying ion exchange groups is identical
wWith a reactive biodegradabl e hydrogel. 15 Suitable |ligands present in
bound f orw0i2a11#1R716degr adabl e hydrogel s conpri si ng conj RGREP2010/46t15DNal
groups of the invention are e.g. affi®ity ligands |like biotin. Further

| igands are for exanple affinity
Iigandslike:4-Aninobenzanidine,3-(2'-Aninobenzhydryloxy)tropane,E-Aninocapr
oyl - p- chl orobenzyl am de, 1- Am no-443-(4,6-d ichlorotriazin-2-ylamino)-4-
20 sul'f 9%5‘!51{1 Q%r@@%ﬂE%Pbrﬂﬂ@%o% Sl Qe hGdrblanched dendritic moiety and the

2-(2' - Am no-4 - net hyl phenyl t hi o) - N, Ndi met hyl benzyl am ne di hydr ochl ori de,
Angi opobsgacemmdietyapt amer s, arot|n0|d acid, avidin, biotin, calnodulin,
cocaet hyl ene, cytosporone B,

N, N- Di hexyl-2- (4-fl uorophenyl )i ndol e- 3- acet am de,

N, NDs pr @mféralﬂy,(c%BW)ma@ph&xltscﬂj)mﬁeugrtdi thb range of ol 2 kD4 tb, 20-kBh pyore grefeally acet am
i de, 5-Fluoro-2'- deoxyuridipne 5 anlnophenyl) nonophosphat e,

S- Hexyl Xpatq ]éthf' APbSYEN Moge @?fei?bliﬁéﬁg?? te 10

25phenyl oxazol i di n-2-yl i dene) - 2- oxazollne 2 acetonitrile, Pro-Leu-Q yhydroxa
mate, 2- (4-(2- (trifluoronethyl)phenyl)piperidine-1-carboxam do)benzoic

aci d, Tin areepthiMe (indasradablechygropelasenndingriocthe twvendion, apaskhaneimpigty s charagtarizedr s

l'i ke ad |

cobal ani %ﬂgsnuglgg bﬂﬂ@&ﬁnﬁ goeuH 5 ycﬁ%?%ﬁg Xt) lg{nggéo%&%}dqﬁodé%?a(a%lp ?%Eeﬂnbzrfﬁgw%

cyt indi nantct'orph@spipat rreferdbdyy | the reomo nt diterodrindeted le@dﬁgndaidergrms dindurch@ve i de

30 glutathion, heng, oam de nagui non anof ur

et byl cOUTST rE P Bl erenier TRAGS, PRAGBY ToTG8 e Gk Ugaplso prferred

3' - phosphasdrse preiardd 24B00ARIvAGH| phétbiad 1RY2 dlEX Alord R ABABE 60; PRYsY friefikiiedi Nes,
pyrroIOQU|noI|ne qui none, riboflavin, streptavidin, tetrahydrobiopterin,

t et r ahy 3P3Rel Fravnsigtstaod thaty 'étaﬂeaﬁwﬁ%m intercqpnastedyfupitional €auRe RPY theatepstive
proteing r@gﬁr i r 506 binding proteins (FKBP), FLAG
tag, grég E%%P%%@Eh “%?Q?% mﬁ tat |Jﬁ S-transferase, 35hemaggl utinin

(HA)LS nal t ose bi ndi ng protein, nyc tag, NusA, proteln C epitope, S-tag,
strep-t WO 2011/ 01 715PCT/EP 155 23 re I NS tri S -
pref er a%%i’reza 'S4 FIN '§t°|v?rl‘,'|lfa‘g(§)ft ri (gz?rﬁesways aryi 'ﬁil] “{P leaccgtﬁnglm '%'rets)'?fgalk’rr%g such
as ant i haeofiea@aemt SreSutivé dloldegradudlealtyidrgelgsfothp Soriseats Bdéntion. )soumibfraamm n a
bi odegradabl e hydrogel conprising conjugate 5 anctlonaI groups of th

i nvent i §8Ndjtis moiegy (Hymy evqj)rf@uwgseééaymbsr eff repciive functionaberaursbla ks%@taf'%ee

like ingbhgankRr mk9§e @hitk ARNRIEN RNY EndiBLBEd Hat eSfehNRbe®XmtRideRoitty @hplidtsi ng
groups are conpl exi ng, groups. Different types of chelating groups are for

exanrpl e nﬂ)rereabmvp;funcdgmal groups-dnd peomanentiingstaes thep seewninigNd Rpd\thaifig. 3ds ¥ cet i ¢
acid, d e |ate, deferriferrichrone, diethylenetriam ne,

2, 3- dlng?ga r%ﬂ%%u?ﬁﬁgﬁbﬁ di mer capt osucci nic acid, 10 di et hyl gl yoxi ne,
2,2 dlpyrldyl Ethylene di am ne, ethylenedlanlnetetra(nethylenephosphonic

aC|d) 1, 2- BIS(2 am no- 5- bronD hepoxy) et hane- tetra etlc cid,
8- hydr o>§9i‘9ﬁr MSfetifare indiggtsd Wt 5&%"5 "%ﬁrFRS‘&F“(tﬁ‘le\lf‘Wﬁ'%ﬁ@I%'B%rﬁr% NS, white
L- m nDSiaA8ws.HabKed liRdsihdiGed Mt Sitadhidheb @ larder Mbietp RARARNWEOINOWAR, Phytic acid,
tartrate, 1,4,7,10-tetraazacycl ododecane-1, 4,7, 10-tetraacet ate,

N, N2& N'-tetrakls(z pyrldylnethyl)ethylenedlanlne triam notriethyl am ne,
i m nodi ace - i 1 N- esent
NinS& ki F}QJR/ oQ:EPHaQ:ﬁbd?l%
Bl e g
moieties are directly mterconnected through an interconnected functlonal group comprlsmg a

biodegradable bond.

30 In Fig. 3b the hyperbranched dendritic moieties of two different backbone moieties are

interconnected through two interconnected functional groups separated through a spacer moiety.

In Fig. 3c the hyperbranched dendritic moieties of two different backbone moieties are
interconnected through two spacer moieties and one interconnected functional group.

35



functional groups of the invention are chem cal functional groups comonly
used attached to ion exchange resins, such as strongly acidic groups, for

i nst ance WOIRPOwi1z714ci d groups, e.g. propylsulfonic 20 RECT&EP2&10/0611§5y basi c
groups, such as quaternary am no groufs, for exanple trinethylammoni um
groups, e.g. propyltrimethylammoni um chl oride; weakly acidic groups, e.g.

al kyl carboxyl | cid groups; or weakly basic, groups uch a riomar
secondar$, 3‘?\%’6&/ ger aloﬁ’r ﬁg?c)tr'o‘ng(?/Irea&meﬂlW%ﬁgEﬁ?ﬁ@? hﬁﬁ"@@fﬁ & %’ﬁﬁ‘ﬁéwg ?'é‘peéﬂgﬁréﬁj?é? ic
dr awi ng gefdrific rRic¥AIIE iftBebirRbte® thraudhYfisaBRér RA1EES] WiiEtTare @idiked afith “4#2The
functional groups. A hyperbranched noiety (oval, "pr"@ conprises a nunber
of per maiPasinkes oipties MAY Py naEPIARTse @bleast PR interepineided Wactionelgropp (sgerfign; ¢y

| i gands e i roups (bl ack ovals) or a spacer noiety (thick black
line). Xg?%fg%bfﬁ?ﬂﬂ?@aie t he spacer noiety; # indicate crosslinker

noi ebi es; dashed lines indicate the attachnent to a larger noiety which is

From o SPaAER Rs® baFae phGE-ERBuFT o ny e erbi e maksER @l o ©

the present invention is a carrier-linked prodrug conprising a

bi odegr adabl e hydrogel of the present invention as carrier, wherein a
nunber of permanent |inkages of the WD 2011/012715PCT/ EP2010/ 061155 24
backbonW(;gf}jeg;‘;a@ﬁveqﬁgdgérag\gbqg},yarotggansi ent prodrug linker to which a
biologically active noiety Is covalently attached. A "prodrug” is ang
conpBfundnothert aspenti ef the eresrit dtvertionfios eanitigate compsing aonedififdi reartjvé bigdegradable

phar e Cglé)r ée(l:agf fe]c er%.gesnt iPJeRﬁornlfgc a%%ri%e%u yéga%in ' & %séaas .ogrb'ﬂa&)oﬁé) %cﬂ%ﬁé‘sng
speci al i zed®non-toxi C protective groups us I'ff a transient manner to alter
or to eliritictvenected by @gdroigidatly ducesa@ble ibesdsi and tabditipaalle ndrryingl peerabrent Mikagesabear | y
al so includes the enhancenent of desirable properties in. the drug and the
suppr es $PASA" BPIEHRSRIGKINB BOURY B@M‘P%@?”pfoerﬁ‘g"tﬂ'g’r“ﬁ%ma PIPY&Sr - 1 i nked
prodrug", "carrier prodrug” refer to a prodrug that contains a tenporary

| i nkage of a given active substance with a transient carrier group that

pr odBcedhé reaciivecuncipgal sranehefthe Apckbenepneieting©b keaqtie) kiodsemdaltie hekosgisFevRat

can be i i i | . j . ;

et | vaFitrieRTBRE gl Grole B ot ity ooy ErofpE Bt ARulceRhd, | oy
react i vendiatieelegr adabl e hydrogel serve as attachnent points for direct

| i nkage through the before nentioned pernmanent |inkages of a drug,
drug-1inker conjugate, prodrug, carrier-linked prodrug or the |ike.

| deal | y prdtb®inB supgale RUWIERLBE oek 4@ hrienked f6rOik Ugaksitsle pfedioh V& Ich@dical
honngeneously t hroughout the hydrogel, and nmay or may not be present on the

sur 28c e fgictienabeneyeirdigag svathess BiosRFsEsoA sYitablepretheting group forrastieg nsignaltistlsi ve
functioqﬂhhg&gugg_mhich are not connected to a transient prodrug |inker or
to a spacer connected to a transient prodrug |inker nay be capped with

sui tabl e bl ocki ng reagents.

It is understood that only one type of protecting group or that two or more different protecting
groups may be used, such as to provide for orthogonal protection, i.e. the different protecting groups

25  may be removed under different conditions.

A modified reactive biodegradable hydrogel according to the invention may be functionalized with a
spacer carrying the same reactive functional group. For instance, amino groups may be introduced
into the modified reactive biodegradable hydrogel by coupling a heterobifunctional spacer, such as

30  suitably activated COOH-(EG)s-NH-fmoc (EG = ethylene glycol), and removing the fmoc-protecting
group. Such reactive biodegradable hydrogel can be further connected to a spacer carrying a
different functional group, such as a maleimide group. An accordingly modified reactive
biodegradable hydrogel may be further conjugated to drug-linker reagents, which carry a reactive
thiol group on the linker moiety.
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Preferably, the coval ent attachnent formed between the reactive functional
groups provided by the 25 backbone noieties and the prodrug |inker are

per mmnentwpentd#1238i t abl e functional groups for attachmPOU/EFROIIE11FTF odr ug
| i nker to the hydrogel according to t¥e invention include but are not
limted to car boxyl iC aci d and derivatives, carbonate and derivatives,

hydr oxyl , |ne am ne, nma m c acid and derivatives, ketone
ani no, Wé% 'ei‘ FRagive g‘H‘d}(é %H"? ﬁyféogeg@ﬁﬁergalwpgjfeg&gp fngri P?ﬂq REPuBt gy Ef nker
conj ugag%e@mﬁggﬂagﬁ bldekihd¥@ageRent i on, a backbone noiety is characterized
by a nunber of hydrogel -connected drug-Iinker conjugates; functional
groups, conprising bi odegradabl e interconnected functronal groups; and

Opt I or‘lalll'l % qift@ﬁﬂ#r\%gen%o(a t oPﬁrEfrﬁlgﬁthnymu qﬁnc%rUﬁQlQrfor&'e?Qr@% L)‘%he reactlve

i nt er connec uncti o gr oups |n er conjugates and cappi ng groups
i s 16- 18Bctigprabgmupsect tB@pﬂnl?ﬁhprrzedrreaqnvebedeMaBIé f%rogeictonurseasgrtm‘ eymbked 080- 60.
WO 2011/ 012715PCT/ EP2010/ 155 Pr ef era t sum i nt er ect ed
functi oﬁ'é‘lct'vgﬁ’rlfgﬂl%'gna BIAYPD Y, gic 8@9W1§e8f @&aﬁﬁﬁdﬁcrf%/r‘?ﬁé& ¢ AyRq eﬁf é'ée cara)%l ng

gr oups  @fdragdp AEdoRMEELoNE Bivéntich. SGehambYi-fahctibAke Gndities hh&ymmhﬁ’fpr@éd 6isihas ed
pol ynmeri c chains extending fromthe branching core. For instance, if there

are 32 diwsioec Hivsiset Eraivainet pestalisingr Beraysingyhaptaisine.c B Alisofvsine.dlowghelpsyhas -

conj ugagf pﬁ b5 PR B! erhgnruugruﬁer@ﬁarmaretv% dniphioad staghindY iredsid of

t he four G ase polymeric c alns extending fromthe core, preferably by
nmeand8 oforgeptiangihe suth imedti-uigctimnalatdietd maypbe pretectadmithupsotafting BIPPEG- based
polynmeric chain. Alternatively, four functional groups may be provided by
each of eight PEG based pol ynmeric chains extending fromthe core or two
groups lnyswAedbdiied séactieciioddziadBas girggl, \alleémainiag) adadiive fliictioha groupb evay bé

PEG based pol ymeric chains extending fromthe branching core does not allow
for an &¥RPEA wWithguitpblelqcljng feggents:t i s preferred that the deviation fromthe
mean nunber of the sum of interconnected functional groups,

hydr ogel - connect ed drug-|inker conjugates and cappi ng groups PEG based
pol yher iFigureibshews 9 skiematic drawing ofianigation] of asmedifiedarepgtive blodegradab grfwdroagjsﬁ\
accordl HENGLE My b se

5" (90 Mg iahenE R ) cdrorRESS e of o PhRB e e e AR
backbonepaiei mbleases(or blbdkiff groayss (blaaedbtqowwm balf- Fﬁbors shaged Sieucturés).e Vieedthimyblack
adjusting the carr | i nked 's half - e versus e hyd el .

e adatltoolgntas PEEbaser PP Mein GETHBE oA PRI SRt ReB S i
rever si plagk lihd fAgstet @ dpacer thabt9givkieh lisyattsehéd/ & Wl BlpgrbraniRed rdfe@) edluyh an
such a fashion that after cleavage of the Iinker, the biologically active
moi @0y ipsrmaseriwad (White sirmandio Wihite apowdipsirataintaseqnapsredfungtionl@FauRs. | i nki ng
agents or linking groups that may be applied for this purpose are descri bed
by B. Testa et al. (B. Testa, J. Mayer, Hydrolysis in Drug and Prodrug

Met abol iDashedWiésaydicteHhe 20@Binent2b allargdc@rdiegty, Which kran gotgfulindudwn for simkliity.
structure” or "linking agent"” refers to the noiety which on its one end is
attached to the drug noiety through a reversible |Iinkage and at anot her end
is attached through a permanent bond to either a spacer nolecule
permanent|y attached to a hyperbranched dendritic nmoiety or is directly

at t #&heBiadngradaple hyd 'i@é? IrERveRTEing BRENER TS NPl BB ched dendritic noiety. 30

't is alg0mer ﬁsfp@{’]c o thet gt Fs[en{ RGentiBh gl’d éoYr ug;tetcbrﬁprllﬂlﬂkl@l&o&égﬁd%lﬂ h§arbgdret ﬂr%

attached to t ydrogel according e invention after cleavage of the
bi odegr merhternwnmloa,gdwamcmmzedﬁév memgotgxrtpa!iddyO‘iabaqkb@emp@tlys Ilrltélrccnr‘riilectlwI ixer is

a casca dru rred for the i

ermmi - SvaBMY frap PR pradaapb ot hias RmeiS it Pyt fgha
2011/ 01%/olipBCombRakELar BxabibibligdhdsRirehelstadl grourisrme idnr exolsinge groppD dedogdihghyleer i s
attached to the biologically active noi et@géasgo%#t o-cl eavabl e functi onal

gr odf. Ibr‘oéf‘-‘%fﬁdaﬁﬂ'eyhydf%%‘ qoMRKdins fpnueats functip B pEssEnt dwventiny cEpyses
CoNsequeREBohd) FofkYidé %&%odnbak@rbydryue)m@ar@ d:e@raahrﬁé Yohd¥K &l RARGHnHE, cHiafgb! e

of releasing drug fromthe conjugate and in such a way that the release is
pr edoni mamadngntlinkeged éntconipgate funstiens! groubs xomgesing for [pxarnple tigands or chelating

groups or ion exchange groups.



5 The ternms "auto-cl eavable"” or "hydrolytically degradabl e" are used
synonynously. Preferably, the |inkage between prodrug-Ilinker and bioactive
noi ety i swhydndgligtiscal | y degradabl e under physi ol ogi cal PCOARRA10O6ESE aqueous
buffer at pH 7.4, 37C) with half-lived ranging fromone hour 10 to three
nont hs, include, but are not limted to, aconityls, acetals, am des,

car boxI i c anhydrides, esters, imnes, hydrazones, mal eam c acid a

ortho edhereactiverfyacinnatienues of Hisshanihore Mt'ebﬂﬁ?ﬁﬁb’§|q'%¢legré§“tbéer kydroge Sﬁng
esters, nidited Qé&tl@sﬁlﬁe%radﬂlpWb&ls%&@%%&%me%ﬁ%t?%'oﬂ@& dr ereQfiinkaaed the
| i ke. Preferred biodegradabl e |Iinkages between prodrug |inker and

bi ol ogi @&Bﬂfplt\ah&andﬁ@rmleungssoumpr iontexghaess gremps OF aeneinationjthiraefeldeally, the

primary .o m. n r rs
D sut AgieE ob e i BB gFlgR dBuhgs BB De oL Rk RRencks NASHABECHE

Pr ef or r eldroge) degrdrgabltiee invenkiagaad bl wemay potdarpreseht orkide serfite bf tledydrogd! | y
active noieties intended for transient Ii nkage via a primary or aronatic
am no grPERFInE @ BEINFIEOY, carbamates. An "aut o- cl eavabl e functional group"
conprises a hydrolytically degradable bond. 20 If the auto-cleavable
linkage is formed together with a prinmary or aromatic am no oup of the
bi ol ogi ®ReMmpipingedctjve fmt@ﬁq) grospewhighpratnet eannediediio Ajfiniy hsang- Wr%?'é?"?geﬁr ion
After | I | ei m do group-contai ni ng
hydr oge%%g'cﬁl r%&% CIH},Q(} E%glwﬁt\%gﬁ'{t#%ﬁr}l&k%?réagnéﬁl ng functional groups are
capped with sui tabl e capping reagents to prevent undesired side- reacti ons.
Fi gure ho a.sc evant secti of . g

accor di rﬁ?@%\ %'I%"?aﬁ ﬂfl%ﬁat%rﬁi‘?‘ipgl%dO'b§?‘%ﬁ?€§n¥mV'?snyggcggraﬁtfr'{eﬂe'x%é%k ¥8ne
nDi et i egoNdehitatibnt sfadtinigMigafdsOsH eh@lakihg) k@ups or i @*&hﬁ\g@%r&]p@h@gu@ﬁh\}dmgaet ive

noiety is covalently attached. A hyperbranched npiety (ov "Hyp")
conpr i s@§copdipgieribninvensiends imestcensianh Auingshe first ealt ‘Pfé?e tme r‘ﬂ“&?ﬂsfoé ﬁ?mFﬂ?‘Sdr ug

| i nker 3,13 AG4ioR of @Why ﬁgg@a& ﬁ,%rtomglng;e;{t,((nt hick black line). The thin black

line in ates a PEG base meric chain extending froma branching core
(notl5shown) . Dashed l i nes |ndi cate the attachnent to a larger noiety, which

Ll 201 /0127 5PCT/ P201 6 )
the o r dee FgaERpme M st SREEATEof 17 Al Bt Bl pllR "

noi ety, ewhﬁh@agrob‘psgioeﬁbotsfamwo\mmmﬂ|tmeecrﬁguda| BdeReradibn tnhﬁmtﬂhalﬁﬁdt @alf opthedr ug

i nker to the per branched noi ey . 6b the transient prodrug |inker

i s coupltEf rF?b”'Eeﬁéorﬁ9'ﬁe'ﬂ?rd§ﬁr@ﬂ§t?“r?6m$thydrf’gﬁ] 8ergring e hedRrertiN ety (thick grey

line), which is coupled to the transient prodrug Iinker through a permanent
5bond (white dianond). In each case, the drug noiety (large white circle)

i s @6uplled hydrogd samyingnaffieityt igpndsdr gbelatinglgequps Br isngychangs graersraseraing 1@ thekage

(uni e Sty CRAKAIAMAS WISAOLNRLG HEALALRLONORN TSI o

degradatl on o rogel' according t I nven on |
r eact i onntakrefirected functional groups and conjugate functional groups comprising affinity ligands or

chelating groups or ion exchange groups. Preferably, the sum of interconnected functional groups
and conjugate functional groups carrying affinity ligands or chelating groups or ion exchange groups
25  is 16-128, preferred 20-100, more preferred 24-80 and most preferred 30-60. It is understood that in
addition to the interconnected functional groups and the reactive functional groups also blocking

groups may be present.

Preferably, the sum of interconnected functional groups and conjugate functional groups carrying
30 affinity ligands or chelating groups or ion exchange groups of a backbone moiety is equally divided by
the number of PEG-based polymeric chains extending from the branching core. For instance, if there
are 32 interconnected functional groups and conjugate functional groups carrying affinity ligands or
chelating groups or ion exchange groups, eight groups may be provided by each of the four PEG-
based polymeric chains extending from the core, preferably by means of dendritic moieties attached

35 to the terminus of each PEG-based polymeric chain. Alternatively, four groups may be provided by



mul ti tude of degradable bonds is cleaved resulting in degradation products
whi ch may be water-sol ubl e or water-insoluble. However water-insoluble

degr adat 10 2prigdedts may further conprise degradabl e boRa3/EPROWI6LISE hey can
be cleaved in that water-sol uble degr2dati on products are obtained. These
wat er - sol ubl e degradati on products nmay conprise one or nore backbone
noieties. 15 It is understood that rel eased backbone noieties ,. for

i nst anc &3y efgb PRGRaseq polvpsijcshRibsRrtanding faedhe gore 91 BYAETRYPSY ef"ﬁ%é?‘teﬁpoups
or affi pkgyaQu ABLh@hs. B A" MlBntek DK PEGRERHATAMRR REiRE dRbadidNfloh@e al so
wat er - sol ubl e degradati on products may conpri se degradabl e bonds. The

st r uct ubeanching edre degsanet hilavgfor ep equabgisiributiend itge pigfasied chat kg Aeviating ferphanched

Conar | rfealHufiePBe 8 ARFoMRISdREAl FAGRAS: L Bub o URRENARAG AT |1 ©

noi eti es can Inferre rom the correspondrng desc Ions provided in

t he Sectchroyisg afinigiigangs bhehetdtifid grogmtor lydxdgegesgradps pheP Eorlasaitolymevie abdimia. | t
is understood that the structure of a degradant depends on the type of

hydr ogeeRRBPHRE™t 0 t he i nvention undergoi ng degradati on. 25The tot al
anount of backbone noieties can be neasured in solution after conplete
degradation of the hydrogel according to the invention, and durin

degr adatAlserprefenabltthesisn off intsesounsicted hipdrgyadablefepgtiap 8ras inddmnrewn&g’r'ragfé
separ at . I C I - i an be
quant 1 15 HPERE Ak SRE b contlshas e e glolod O o AR BrlE 7

r el dasedpfioraly $dacer mvjatnlesj@r bladdrgratoupg istequal heor gneasertthaml6, prefeyad 34D, robypect
may be separa fromexcess of buffer 30 of physiological osnolality
by sedi r?é‘ﬁ?ré‘?‘{%%z@f'gg‘é’ﬁé(ﬂrféﬂﬁgﬁ'g%. Centrifugation may be perforned in such
way that the supernatant provides for at |east 10% of the volunme of the
swol | en hydrogel according to the invention. Sol uble hydrogel degradation
product 4" rBeePPIesh @ffe hdldoer @UiBe o HHEhapse 8FoURtdh "Zf‘é‘aﬁgre%ﬁhtai BRCYE
centri f%gﬁg%,gghéﬁ;et@gr geVO 2011/ 012715PCT/ EP2010/ 061155 28 Preferably,

wat er - sol ubl'e egraé’ati on products nmay be separated from water-insol uble
degriddati on products by filtration through 0.45 pmfilters, after which the
wat er - sQl ubl e. degr adat.i.o rqducts can b u Ln f . 0,

vat or - sor i€ eEEeReRl BRoB SRS Hidbe el WRlokB chnislpe it HiHktonai

wat er - i psslps bt thedR@htdindre @, pffiaiy BdaddDike dbickDirbirthet ligahdo &recforceamplef affyatyi on
and a filtration step. 5 Water-soluble degradati g)n roduct s co,ngri Si one
or nor e 'BA¥Rboliks: not-dpingkenzzrpidingy e@‘f%ﬁ?’%‘"%@f"élﬂ[y XVERBANS! | FfIPIBOBP ¥R
super natfitonkRzyRiideabl € separation and/ or1-nmmoy4ug%b-dmﬁroma&in-fﬂsmina)szt-ance
t he backbone noieties may carry groups that exhibit UV absorption at

wav &0engtiferhamdamingjertbraadieeneadadpein prothifet s d&(FdminoxdinsithylirbemdhiodNdt-i on.
Such sel i - ab i QI OMDS 0 r ral n{s.:0f the
packbond TP Etne TR, DRorbRtn L sBmals; WEAHOR o TRRIE"HEIR e
by at t achimedulirt, @odabthylesa cdytoggorbnen 8t NoWBihexglk 2 (4pftuclophamdjinslolef3-aetamixte; &,M-i ng

systens such i hdoy| . Figure 7 shows. a _schengtic draw of _,
07Tt or orPaBG LAt AdaRtiors Rt e B G A eon 15 pr SHHE 25t

Fi g. 7a deBspdhidifie f 5OMahtipHlegl)adaériophosphatd, 3-Regor-gdatiicheny @pgPhes@bi(a- Ng
conj ugate functional groups. Froma central branching core (CD) extend four
PEG25as ddtepipxpralifing-viifieniehd-oxazpling-2acgioritiilen e s fro-lgy-Ghni c Avespiagatty perldf ddiched
dendri t!(E‘ﬁﬂﬁ?ﬂoﬁkh&@pt&éﬁ%ﬁé&idﬂ&%k%boi?afn@c%én@&@ed- Sai @ﬁiﬁy per br anghgdnyi(m-

dendritic noietl I'n a nunber of 'pernmanent |inkages (white di anonds)
to ei t hamisqphemt)ammbeitinechlqrids;t Brocerkih 1 cofastare tikeu gdeanesin Stiphvspimtefstadanasyl

| i gands orh_chel ating. gr Qf#;ps i&ﬂbl.ack 200vaIR). Dashe%hl i nes i ng cate t
at t achnefgteeng ?Sé?rg'érac iC8P3ATAT e Y Mot SHOUT'® h BN Mar PERYF adrat i on
product @énzing. F42b, eRREIHet EiphbpPhatehe TR adabiwRrRotde, Xlkindad@dle Ginadabtide

prodrugs. Froma central branching core (C)% extend four PEG based
pol y’%‘i’er igdyt@th'gpnger(\g,h]ippami%Knenaqumone, methanofuran, methylcobalamine, molybdopterin,

NAD+, NADP+, nucleotide sugars, 3’-phosphoadenosine-5’-phosphosulfate, pyridoxal phosphate,
polyhistidines,  pyrroloquinoline  quinone, riboflavin, streptavidin, tetrahydrobiopterin,
tetrahydromethanopterin, tetrahydrofolic acid, biotin carboxyl carrier protein (BCCP), chitin binding
protein, FK506 binding proteins (FKBP), FLAG tag, green fluorescent protein, glutathion-S-transferase,

35 hemagglutinin (HA), maltose binding protein, myc tag, NusA, protein C epitope, S-tag, strep-tag,



| ines), at which ends hyperbranched dendritic noieties ("Hyp"; ovals) are
attached. Said 25 hyperbranched dendritic noieties contain a nunber of
per manentWDi20KIAJ@ESt 0 ei t her spacer noieties (asterisk) POA/EPROISHAIST
noieties (white rectangle) which are Bonnected to transient prodrug |inkers
(bl ack arrow) It is understood that said spacer noiety is optional and
depends an dro pr o t. Dashed |lines .indicate_the a{_ft chment to a
| ar ger ﬁ‘?j?réf*%}l‘ Eﬁ"reg ﬁe?erglr%%ﬁ g ettited [ieRnEy 80A"Y Fraro r‘?é"tﬁ'%eurcﬁraénched
dendr i tragt,gmyergg,e@,tsof t he degradati on products conprise nore permanent
linkages to spacer noieties, conjugates or transient prodrug Irnkers t han
shown in Fi gures 7a and 7b. Brief description of the draw ngs
2011/01 %@
reagent %Z'%%Er ARCAI %Qé%?pl&%ﬁ.ﬁ%ogl act’ﬁllr}l?rg{ag agﬁgag%)ﬁéer{\re?r C cﬁgrgznte

" Hy p5/ ovaictioray grengsrofitietiedéntienate ietgl ioningioeps/capaabi interacting \itlr ubstrate like in

pol yneri zabl e unctro al grou ashe in ndicate the attachnent to a
o er s B obf Bh SR anest meH-OME Sameles SEslaing E2i &F SoRpBa% Froves
r eagent @,ffearmwpey\dmch@amgrg%@sar@%g@mﬁmaabl e functional group; 5white arrow
bi odegradabl e |inkage; asterisk: spacer noiety connected to a backbone

noi ety arRdbigwidvhels bgﬁéﬁ"&"@ée@oﬁﬁ@é'ﬁ%ﬂr"‘% Nertettagestic asidy MgfervPeing. MEVG e 3
shows a yaRNFEREAGMEY ChidihGbhfiarthd, | efﬁ&it’n Y@}ft%al—;g'omoph dﬁrﬁ\é}cm&lﬁm B, eti es
may be interconnected In a reactive |o§egra abl e hydrogel. "Hyp"/oval':
hypéfbr aivedtimdglybxingr i2t%-dipymidybt fthylehe adiardiog,: et’rulaoedlwnétandmeﬂwl@he@ommcm| te
di anond er ster e Let

R L I L e LT

whit e alihindsiacetdié, eintifoun@etigibhbsphoiit creml), Qhmtgssie, #utnmtmsﬂatmkeasxaram et,10- th| n
bl ack |ine: PEG based polyneric chain; dashed |ines jindicate the attachnment
to a | aPhenantaling y F\Wﬁ"chaF'g B traBond 4 T 0g 6 eazacysindraecaped b ke aacsiale ng
of a o NeQ-tkeaG- yﬁ.d%@@%mﬂamdeaméir Q@hinotriEthPamMeéal imildaRER! ansdied
dendritic noiety; black dot wth half-moon shaped structure: reactive

f undbi onkibured 2epicolyfpmnimmdi fi ed wit h spacer nol ecul es, bl ocki ng groups or
protecting groups; white arrow. interconnected functi onal group; thin black
| i ne: PEG based polyneric chain; white arrow. interconnected functi onal
group; amierchah!ge gRJUPE @Fesamt attwuod)riomctreai tﬁadegabamd(bmegeﬂrmbmprysnmncbnwgamhe

ot her sr de connect ed tho a crosslinki.ng_noi ett/ #: cross |nk€ ngé %%‘%/’
dashed [fneHEN3 BERURS,PTENE fventiancace fRefical fungtionat grapps MR FL A LeA R 'Bhown.
20Fi gur @xchafgdeBins suth RS SRdrighy iR\ dUs, Fbr istined s@iEidlc AR@GASUSS, . bRopYidefonic

i nvention conprising conjugate functional groups. "Hyp"/oval: hyperbranched
dendPi t iagidneirangly; bagk REUPHVRKCh aE GHPEEALYePinn EIIUPRalor GIasIRYE trifRethiaramanignd -

per mane n { b iety and
n The SIS SF prORARIERFIarRAREY B NecpREBKTToLS. 8o 200 JEMMENTE oFk

noi et y; gtdups; obvaally Hasin group6ich as piimpp|sycopdarg, anH@ir kgrnataslky dminorgesips.ndi cat e
the attachnent to a larger noiety which is not shown.

Figure 5 shows a schematic drawing of a relevant section of a hydrogel comprising conjugate

25  functional groups. A hyperbranched moiety (oval, “Hyp”) comprises a number of permanent bonds
(white diamonds) to either conjugates such as affinity ligands or chelating groups (black ovals) or a
spacer moiety (thick black line). Asterisks indicate the spacer moiety; # indicate crosslinker moieties;
dashed lines indicate the attachment to a larger moiety which is not shown. Thin black line indicates
a PEG-based polymeric chain extending from a branching core (not shown).

30

Hydrogel Prodrugs
Another aspect of the present invention is a carrier-linked prodrug comprising a biodegradable

hydrogel of the present invention as carrier, wherein a number of permanent linkages of the



25 Figure 6 shows a schematic drawi ng of a hydrogel conprising pernmanent

| i nkages to transient prodrug |inkers, either directly (Fig. 6a) or

i ndi r ect IWO2htigygHsa spacer noiety (Fig. 6b). "Hyp"/ovalPCTHppeolosHAThed
dendritic noiety; white dianond: pernanent bond; asterisk: spacer noiety
connected to a backbone noiety and on the other side connected to a
crosslinking noiety; white rectangle: spacer; white arrow. interconnected
funct i oRagkbepeoIgietiey axisk vty Hiansigny jpeedrug tnkge toihica 3bjeiopicqlly - actiye gotely. is
crossli pkaientiPhigiched. dashed lines indicate the attachment to a |arger noiety
which is not shown. Figure 7 shows schematic drawi ngs of degradation
products, either fromthe degration of a biodegradabl e hydrogel conprising
conj ugat,e .[f Lonal_ gr | Qe 7 r a j.on «a hydr oge
prodrug A( FP%@F b) ﬂ 5"%r golrf'q ".“ﬁég: g‘SF el?wdte %roﬁg b@é&%ﬂ‘%{ﬂ%&rﬂP Htggsee)g‘tbﬁo gy)r{rigr iC
chai B; Pbarhhapdléginab kffedny Pesdoigd rvah ebusdien diewéd as aitlge tcgntainimig t spedhliaetd neh-toxic

per manent bond; asterisk: spacer W) 2011/012715PCT/ EP2010/ 061155 30hnniety
connect EEPIEEVE BIRYRKEEAY FUPRISPT TRENS O i BiihEIMOrEnHGIARE PEReTSS I the
crossl i pkieROmBRERL. Yhis Rledh<aldMadiudes i dhdaicBmbmtriF ldesiable pBdpRkts inhk ldfug and
rectangl e: spacer; black arrow |inker; dashed lines indicate the

at t achméh suppregsianf yedesirablesirgpaiiigsch i s not shown. Figure 8 shows the in
vitro rel ease kinetics of conpound 9 at pH 7.4 and 37C. 5Figure 9 shows an
in vitro degradation of compound 15 at pH 9 and 37C. Figure 10 shows an in
vitro dabe soms i“cnriepdinksoinpadrngt, 1carrer pradiogg!’ irefat s pratruglthat .cdntainel a 3graporfiygur e

11 shows an in vitro degradati on of conpound 5 at pH 9 and 37C. Figure 12
shove ainiae vt VB8 A BYBIEY BB ormeto s e gfya uth Propces i, -
shows t hayspdaieiBcosd ghatrh&cskifdticqppsRenes dnd Bat tdh Heddasilyl@berdrie vild, whapsy the
phar macoki netics of conpound 19e in rat. Figure 15 shows a graph plotting
force véydaltic ¢leax8¢si ng a 30 G needle. Data points: black squares =

et hyl ene glycol; black triangles = water; black dots = hydrogel insulin
prodrug. The present invention provi des bi odegradabl e pol y(ethyl ene gl ycol)
(PEGp basedrewdiverfunstiwoalublogps D6 #hyeactve | bindegiadabies rhydropgGoh amasiifiedr reactive
"PEG based" a derstood her.ei ans._ that. t S Mt .

chai ns. HPopRaRRIaTEH e g tachmPl Woiet R b B R RIS plfhtret

wei ght , perfednenalikygeatoflaedag, d?og4dinkbnsaqugate, phoairdg) catiernkegd proafugt drethhlile.ogel
according to the invention. The. renmi nder can be de up of other, polyners.
The ter eaB\bF*}‘fh@fj’ogﬂégﬁ?qcﬁés‘“%"Wﬁ?réBWP%atm?'F%eéﬁggf’mP aysivt mé‘F'PqE‘H r al
uni ts coPMeediSdMay 6h@EY fctlbe BRIEER oh theutthdd@Ehe Hylifogel laddordiy @R R¥bntion.
crosslinked” 20 or dendrineric way or a conbination thereof, which can be
of &Pnthetic or biological origin or a conbination of both. Exanples

i ncl ude, . ar te ll.m I ryli i ole] ,

pol y( aciTAmrREsc R fuhlsp g MR8 ol A chirebeeih Licanaf hdchlel A o

pol y( amisparanianascted tp altsapsient peodadg linkgr,may bk ydppet with sdtable, biqukihg (eagqnés. t ani de) ,
pol y(butyric acid), poly(caprolacton), poly(carbonates),

pol y(cyanoacryl ates), poly(dinethylacrylam de), poly(esters),

pol y( et hpydrerasly, the edvileft dhdchiént it bptwedP Bl ¥4 @O UnEMaRfd e brovided by the
pol y(et hyl oxazoline), poly(glycolic acid), polg(hydroxgethyL acryl ate),
25  backbone moieties and the prodrug linker are permanent bonds. Suitable functional groups for
attachment of the prodrug linker to the hydrogel according to the invention include but are not

limited to carboxylic acid and derivatives, carbonate and derivatives, hydroxyl, hydrazine,

hydroxylamine, maleamic acid and derivatives, ketone, amino, aldehyde, thiol and disulfide.

30 In a hydrogel carrying drug-linker conjugates according to the invention, a backbone moiety is
characterized by a number of hydrogel-connected drug-linker conjugates; functional groups,
comprising biodegradable interconnected functional groups; and optionally capping groups.
Preferably, the sum of biodegradable interconnected functional groups, drug-linker conjugates and
capping groups is 16-128, preferred 20-100, more preferred 24-80 and most preferred 30-60.

35



pol y( hydr oxyet hyl oxazol i ne), pol y(hydroxypropyl net hacryl am de),

pol y( hydr oxypropyl nethacrylate), poly(hydroxypropyl oxazoli ne),

pol y(i m n¥0a2pbdnatiés), pol y(N-i sopropyl acryl am de), pol PCrapeeio/0adsd) ,

pol y(l actic-co-glycolic acid), poly(n#thacrylam de), poly(nethacrylates),
poly(nethyloxazoline) pol y(propyl ene funarate), pol y(organophosphazenes),

poly(or 30 pol y(oxazol.i nes pol opyl en | ycol ), .

pol y( SI ‘é)t € %5‘8] WF%PW!?&‘?Q?‘)"“‘ F%’%’WS ﬁ\f‘% %L‘f’?@%iﬁea‘a‘z{gﬁ}/@\?f %ﬁﬂ"ﬁﬁﬁeﬁes) ,
pol y(vi aud epbiny g@hbﬁsf)a, baRkHo)ié Woteyy 9 ¥guaNy HRB@ by thei lumbenerPEGIbab@nisbhtiric

aci ds, desmmucleic acid, albumns, antibodies and fragnents thereof, bl ood
pl asma Bhansextendis fopyie dranshing £9ra, For drstange, if there are 3R dptgfcprpected functional

pol yaSpglrotuBst %ydfb@’a%ghﬁgc@aa&r‘a Lmeplc@%é'!ﬁes Eﬁcf'e%p‘i}rg fdtps, %Yéh@%@gerﬁay be

fl avoproteln ycopr ot ei ns, ennprotelns poprot el ns, netall oproteins,
phyt Bchpovigsd bsﬁpdinas‘ghematthéGmssedqq@Mmsc claagmre;xt@gmg o) twqgrmat@erablv by

ar abi nans bi nogal act eenan 11/ 15PCT/EP 1 61155
31 cel | Teauh of APBR- RGP anfird 38 SR Bt f it REGRIRECITITE L. el

ot her can&ahwéryatoar ﬁ:a&&ﬁ‘apgabqp@mas/ beqim\ﬁd@aan,eadewtemn PEGiBa’s‘ed ipBlymeged ehaing,
hyaluronlc acid and derivatives, mannan, pectins, rhamogal acturona S,

st ar ch, eHgefieadam fhp|coterog twp groyRs by each-af ixtes BEGrRsed p%waerf&ﬁhe'm dikg p
deri vat ¥ pg-bises %fymeﬁc 'cifuan% ARANAIErdr® R G3RMHingSré dBEORBY b fof aft eamdr ug,
|t may be referred to by the term"carrier Mor eover the term

watler - distsiphtion, éis prefesried thas the daxiatipm b thdmeen oimban of tiwaumyofarrt@@@mem%éd
nmol ecul r i
nyclr oger il Blolps PidRoRE bifEl WhARke AGRRRAELtnd GrbliE grolfE Bl o012
wat er obowmumnmﬁmmuébemaomnmhy5|ologlcal osnnlallty may take up a
substantial anobunt of water, e.g. up to 10-fold on a weight per weight
basis, and is therefore swell able but after renoving excess water stil

retai ns f igh BAMELIRRA Frbdrkd dcbordifg tPthd Rlvemtithh, R isShaiRMie thbCdimsNaparugivledse of

any geonetry and it is understood that such an individual hydrogel object
accabdi )98 %) hasecsuried hefosma significentrmaeuphaf rglepsecpfalie backhang Imoigtiss kcifl @) has
consi st n i (o] |

ot hor conen HacE TRPEETRS ARETAD FRkthe HE IR IRIed BolRERIRISR, 102208
hydrogehwko@ﬂumﬁmpneshmnmsnvent|on may either be pol ynerized through

radi cal polynerization, ionic polynerization or ligation reactions. 20 In
case the biodegradabl e hydrogel of the present invention is processed

t hr ough 1 i@ @ret@redOfor tHRNinkinB QLIRS ifdrt & GeversibClirkbgd ®aHb bidMkicalasdtive ghoiety,
materials for the biodegradabl e hydrogel of the present invention are

cr 028 i RraferabIECHBTRRPIRY atgftetfleivags re'red@k%ﬂ\sr?@r'%'ca"»«mr'@d"%tﬁté igreleasefed to
as cr OS? ar! i odffﬁagcgn\t R varlé'%yngf ﬁﬁéﬁ“ttllhklaé‘%ms%?ﬂﬁklrfﬁ%m & be Whiied £dr S

referre s backbone 25 reagent. The crosslinker reagent carries at
| east t wis purpesecarnwestringd by Bursth iebRkI(B.glestaps Mawdr, t Hvdrdiysiskib dines arshBrodrtug

carries connectabl e functional group and at | east one
chenicapﬂ%ﬂW§ |0H% %Ebggﬁghhlch is not intended to participate in the

pol ymeri zati on step. Additional diluent nononmers nay or may not be present.
30Useful interconnectapl e functional groups include but are not limted to

radi2éal I'Ynkssl yHREIE BEPe “BRSTFEUCHUr& cory TIRKNE, ag@'i‘tny‘?ferﬁé?lE’??rf@°'e“é(d'¥*$ﬂha"c“éts one

acryl amedg is srichacy @E%ruﬁkﬂﬁpfﬁéﬁmadﬁvéﬂgle'Iﬂ &@‘%‘nh Yot RAGIHBEEALZ BRIBCHRHOUPS
| i ke oxetane, aziridine, and oxirane. WD 2011/012715PCT/ EP2010/ 061155
through a permanent bond to either a spacer molecule permanently attached to a hyperbranched

dendritic moiety or is directly attached through a permanent bond to a hyperbranched dendritic
moiety.

30
It is also preferred that the majority of the linker structure remains attached to the hydrogel
according to the invention after cleavage of the biodegradable linkage with the biologically active
moiety. If the linker is a cascade prodrug linker, it is preferred for the activating group to remain
stably bound to the hydrogel according to the invention.
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32 macronol ecul ar starting material with conplenentary functionalities

whi ch undergo a reaction such as a condensation or addition reaction. In
one al t erwat2oué12dal y one macronol ecul ar starting mat er PEN/EPZ010HESS whi ch
is a heteronultifunctional backbone r®agent, conprising a nunber of

pol yneri zabl e functional groups. 5 Alternatively, in the case if two or
nore macronol ecul ar starting materials one of these startin terials is a

crossl i RE&rabhedh Hangignt progrig linket 'Stmche&etﬁttf‘ﬁa’l'm%?&)/n%ﬁt‘?’%Hl??eéy VAR AP BRal
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der i vat if (e M$gLIOqRa err?"ﬁrytlyldro"ﬁk‘;%‘?/gﬁ%f?%a’%d aEf’ttﬁg‘fsya? UH%t a unsat urated 15

M chael acceptors such as vinylsul fone groups. Suitable pol ymeri zabl e

functional groups present in the backbone reagent include but are not

| i mi t ed Peederpbly.nte Jinkegel bgewncpa?cyuerﬁkﬂbanobapmw IMaietyds Bydsalvicallyy depsrdpkies,

mal ei m t
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chan@ct ¢ kiwee moythsaucludy, dubaramohiimged by, @ ;orﬁwlsmomtaisc hmiges, Icewsxllcmmhetldes

PEG—base mer i, c, chai ns xtend Accor di rre

the pr e§%ﬁ r%r{)%smhquzopﬁse %%ﬁ%d A ég)eé'n? R@"o%ﬁ‘? ﬁosgﬁ MNdese Iﬁ’r ﬁ‘geéfeés' from

whi ch atphés@a@sﬁ|y|tebt@Qesrra&&ebasmnmektyrﬁpérbmaadmrmaeast @ﬂdnnaﬁuﬂshh@’éeﬂﬂa’m thg

cores nag be co ri sed of poly- or oligoal cohols in bound form preferably

pent aer YikaPrefere *e'?qega#?%le F'S}‘@ﬁ‘?ﬁ hegweenpeediye Jioker @pd b'O?atS?'tmﬂves'aP'sr'%Sdrot

fruct OS%tema%r @Jans.eZé 19kt ORL a GrithdryloP SPomARYARAS Sroupt Ak CliRSs, Awdhasyal kyl

starches, polyvinylal cohol’s, dextranes, hyual uronans, or branching cores
may 1be @br:qphoe‘@ds erﬁqoellfpmccﬁcrdortsmgeand mest er%sarerenietﬂwrneagbortatean?rﬁ@br@ﬂyr| c

acid, tril ine al n i
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pol yet hyl enei m nes, pol yvinylam nes in bound form 30 Preferably, t he

branching core extends three to sixteen PEG based pol yneric chains, nore

pr ef er alphYaft0\leataBle Rl Bibnal E&@B’%ﬁ@ﬁse@%ﬁ%@hfﬁllf@ég@aﬂaﬂ@ﬁorﬂﬁ conpri sed of

pentaerythritol, trilysine, tetralysine, pentalysine, hexalysine,

hept28l ysi ne or oligolysine | ow- nol ecul ar wei ght PElI, hexagl yceri ne,

tripent t Ly, Lo ds
1 2ot S ek d WRBHOS 501 o Rl APRAN. BBR B R0
chai ns, biviogialyraefiemaditty, £ @tranate aiagite.grdtpds @efabky.,, a PEG based pol yneric
chain is a suitably substituted pol y(ethylene glycol) derivative.
Preferably, such PEG based polymeric chain connected to a branching core is
a li neamr@prby&@grhyhmgamﬁereby ke toGh@maleinfifio Yo Ls-borRaIRnERdirdge| &osraRg tethet O
the branching core and the other to a hyperbranched dendritic noiety. It is
und@pst dyantiqiapll enpriniggrfincionplEgroyessg cepreﬁdnw'rlhyu'@e'euépwm&aéa“bro prevent
'nterr“HB&QrQ¥m&J&&&mﬂf aryl groups optionally substituted with heteroatons
and chem cal functiona groups. 10If used in reference to a crosslinker
reagent or a PEG based polyneric chain connected to a branching core, the

term"PEG b d" refers a.cr Gba

chai n_ cOlRHR SRRy 2ottt oG el EorgPa ALY o bl odRe ORI,
st r uct urcempGsMigeraaregt itfkepdlas ad uaalbwwmbrén@shatmstremaeenﬁroagrgfnhmmawlnrcanchr ng
core 15 suitable for backbone reagents are nmulti-arm PEG derivatives as,
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core) ambiSARMcIPEI@kDoe) The thnelsiaco<tlrne rdisetasa PEGrbased bolgmeric) chailestendingfrem ped
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fully drawn.
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20 core), 8arm PEG Carboxyl (hexaglycerin core), 8arm PEG Am ne
(tripentaerythritol core) and 8arm PEG Carboxyl (tripentaerythritol core).
Pr ef err eawebBduRds wei ghts for such nulti-arm PEG der i PETIBPR&10/0M11385
backbone reagent are 1 kDa to 20 kDa,2nore preferably 1 kDa to 15 kDa and
even nore preferably 1 kDa to 10 kDa. It is understood that the term nal
am ne groups are further conjugated to provide interconnected 8‘£ reactive

functi ofiguregpd s ghe Alingetckibeasenbili@gent PEodrvgs IRKSF iy they PLASENRREYET B1°8Y: and

"core” hRrdds et bR lRIGhanpeRRt Ynka-g@%f m@oﬁﬁrmeﬁflﬁ*b@ﬂng%ﬂg* iol ihe HyPérBialiched
provi des polyneri zabl e functional groups. Preferably, each dendritic noiety

has a noheiewimaFigvisi thttransientrsodrug fjekenfs dopplad G0 thekibmerbpnghadpmoietyiheough a

prefera P # nARSh
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| east 7 branchln d t nerlzable functional groups and at
most 31 PERUERIiK 8§m aH QQd Wﬁf'@ e AWk onal groups. WD
2011/012715PCT/EP2010/061155 34 Exanpl es for such dendritic noieties are
trilysine, tetralysine, pentalysine, hexalysine, heptal ysine, octalysine,
nonal ysi ne, decal ysi ne, undecalysine dodecal ysi ne, tridecal ysine,
tetrade | Ne, adsead decal ysi ne, heptadecal ysi ne,
octadecgﬁ%éﬁﬁg? W%%ggec Mﬁ§n§8¥ﬁ$¥ i ne, and di am nobutyric acid.
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The cr osslublekaTwdt@asNibleTMewBRr Avatéri@RIubRI deRfaaBEdE ol £ Ridy wared cpmpdiser abl y
is alinear nolecule. If the crosslinker reagent has two polynerizabl e

f unct i orfiggragalirhandsiso that hey <pp dig qleaveqs iy thet jwagerrsolyble rd@g@fj?tfﬂ@eﬁ’mi’%yﬁt
if the qpsald Hless 5@@%)%1{!) {}é’eé EprbA\RE rﬁ%o%h%ﬁe'&ﬁ@r@b&%@'nﬂf@’es

groups it 1Is consli ere anched crosslinker reagent”

crosisl i nksrunderatgemthat eelqaeedrbaqbttoed nb);etlemapcfblylnetanczabﬂ eerfrlamlmnraugag&ddaps
and may bi odeqgr adabl ro .

b1 odegr A0SR & BEKAS P BFaFaBe ST @b e RS 2BRhe] erPlankBEiba i ang

| east onRathisodagsraslalle dedvadadion brﬂdmwﬂmﬂhmﬁg;adabl@bml i nker reagent
consists of a polymer. Preferably, crosslinker reagents have a nol ecul ar
weight in the range of from60 Da to 5 kDa, nore preferably, fromO0.5 kDa

to 4 kDaI'he@N@cﬂur@Péﬁh@Bt%f\&lr &b, PEERAsdd &R cflaikdRypePISRthEPEhdRTiEhEiead! Y
from1l kDa to In addition to o Wg{orrerlc or polymeric crossllnklng

r eagd®nt snd| mwemﬂ eticanhaﬂ m/etrtghhvngrb:ss@hednde iticemgietiess campepifajeeddfrom the

espeC|aII t §q§ e
used for® rﬁ%‘g(ﬁ %ﬁ%&ﬁﬁ % r(éylgé e'grtg%g %‘éf\r@@g%fksd@%gor I négggﬁ{hhgﬁesgﬁt
i nvent i damvenfid. nt anendentyodith@nthe souctas! afnkaegramgelamendmmprthesea\aoerm‘rhydmgel
connected by bio e radabl e, bonds pol ymeric crosslinker reagents may

cont ai n AP"t'68 V%@@Pﬁ%ﬁﬂ'@dﬁgﬁa@% nmore, depending on the nol ecul ar

wei ght of the crosslinker reagent and the nol ecul ar weight of the mononer
units. Exanples for such crosslinker reagents may conprise poly(lactic
aci B orThedotal amauebef kackkong mojpliseepniis| epsyred in solution after complete degradation of

the hydrogel according to the invention, and during degradation, fractions of soluble backbone
degradation products can be separated from the insoluble hydrogel according to the invention and
can be quantified without interference from other soluble degradation products released from the
hydrogel according to the invention. A hydrogel object may be separated from excess water of buffer
30 of physiological osmolality by sedimentation or centrifugation. Centrifugation may be performed in
such way that the supernatant provides for at least 10% of the volume of the swollen hydrogel
according to the invention. Soluble hydrogel degradation products remain in the aqueous

supernatant after such sedimentation or centrifugation step.



30 Preferably, the crosslinker reagents are PEG based, preferably
represented by only one PEG based nol ecul ar chain. Preferably, the

pol y( et hyWoreligli9asl ) based crosslinker reagents are hy®CHFEReNOM6TRAI NS
conprising ethylene glycol units, wheein the poly(ethylene glycol) based
crosslinker reagents conprise at | east each methylene glycol units, and
wherein mis an integer in the range of from3 to WO ) )
2011/ 01 Prefepily/ vatersoybBaiegradation pidtycts prag e sepsrafed frgmwateriinsolpble degradatiogp| v,

wer ght. PR ey IRl Fpdes Ll R A e FENA Solll SrofRieR i1t
backbonean bafpend in tiae fbvgtimroigh. Aiatrrrselulile tdegradidtios praaduets infag atse beaiseraratep/fremed. 5
F tral hi 9 t end f I h

(t hi ' bIZERE P Bl epan SpaGrie ey AP e e HERAPT L6 HOTLPT Pty pr:
oval g) are attached. The hyperbranched dendritic noieties carry

pol ymeri zabl e functional groups (small white circles), of which only a
sel ect i d¥atprssoliblegegradation :aowgeqoawaﬁ%@af YAereibaribopMeieec mdetesiable By e

reactive,f ie’&ﬁ:\é'a(ﬂ&@ts af QEJI\S lﬁagﬁﬂtahhcw %uﬂb‘fé"‘@eda&tlgh gmd,ﬂo-r ahQiyfic éaglrﬁe%o%ssﬂf?ws
enpl a er

four ex ry crosslin eagents. In addition to their polynerizable
f unct i onrsstange thepgwckbeonaaimbietied may @ry graipy that exbédt Y\hibisniptie apearelsngthy where

by odogmsaden B aroodueps SRRk b phBIARE R R ALLE SR AR, | 2°

bondo | fhestrattutal emsdoherktebf the dgekbbse mbnetytmadasfm.dé\ymd@@eknasyonﬁmﬂueed into
according to the invention, biodegradable Ilnka%fs are formed through the
reacti of %‘?acﬁb“ﬁSP%‘éﬁ‘f‘E‘a'b‘]té itg {fﬁﬁt{"P&HﬁPm@F%Bb"%‘f/ eARs of PERcatic AREFYSTERS g ¥Rt
with a pelnipREikad! e functional group of the backbone reagent.

20Crosslinker reagent 2B conprises one bi odegradabl e |inkage, crosslinker
reagent 2C conprises two bi odegradabl e |inkages and crosslinker reagent 2D

pol yer PRl bR B AR Aty SARRTy scorad i IPUEEY. HEQERRe) Warpdaten

sSpadsr rppodeicty ol Eigmacme&dtstfoorm tllnadé@nméommf atbjodiglddiﬂﬂb hyrrogsl lharyigg chpjugate

connected to crosslinkin noiety a is indic in the different
cross! | MsHoMDEBPREronya SEEf PeRe A 2 sen b PhsPred oV oe i FFRabi o
hydr ogelpidci inesg, &MRER BRA hyptenﬁadauaf BERkitia GoMtidk ﬂg-lvgﬂ $VaR) bRVARIcha SaR a
mul ti-functionalized naterial, i.e. a 30 biodegradabl e hydrogel conpr|5|ng

r eact i vewperhenshsd alengritisupaietigscroniaine? @swh@rc@femfrmaw ilipkpges Hyhitgpiamaends)

three- d'eqﬁgpé &?lmo%rUQ? Hen g H at cll1§ L nftf'll rchg%& é?é(tﬂfs?ﬂ?ék i's
PO PRohlgret fich 39 sk PRl S

al so referred to as re roge e reactive

f unoi oraabls)glbashpx‘sllr&emdeatashmtaduhmtrta Iprmenmelefyowhldhnslwtshawn i ndirect |inkage
of an affinity ligand, chel ating group, ion exchange group, a drug,

prodrug, carrier-linked prodrug, blocking group, capping group or the like.

VO 2011/10d 2Xekbitsry dEE2dbt0A QRoiletoof 3. I76 ealbty froth Be BeRadative of & Rgdrbgen adrn@igoups
are di spersed honogeneously throughout the hydrogel according to the

i nvent i drodragsd Fiegyd 6?ntwh9ran6vnsb@r$)£@é@mndofﬁwt PiEe-8aseqd Relymeric f'ﬁé‘s (i blpcke

bi odegr aflag ‘ét hyidero QRbs é}bllahmeﬁ' %dﬁﬁ@rm&@ﬁes {“H5HC NoVaRPGld ViRtabhEaC tdapnal
groups inc but are not limted to the follow ng chem cal functional

gr o?ss duperbeneutdidendritic Mojeties tantaie & eemiks ofipdrimapent linkages to either spacer moieties

(asterisk) or to spacer moieties (white rectangle) which are connected to transient prodrug linkers
(black arrow). It is understood that said spacer moiety is optional and depends on hydrogel product.

Dashed lines indicate the attachment to a larger moiety which is not shown.
30 It is understood that the hyperbranched dendritic moieties of the degradation products comprise
more permanent linkages to spacer moieties, conjugates or transient prodrug linkers than shown in

Figures 7a and 7b.

Brief description of the drawings



5 noiety: carboxylic acid and activated derivatives, am no, malei m de,
thiol and derivatives, sulfonic acid and derivatives, carbonate and

deri vati We9,20tlanpafat e and derivatives, hydroxyl, al dehpPa@®/EPREVONESS

hydr azi ne, isocyanate, isothiocyanate}® phosphoric acid and derivatives,
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starche roxya pol yvi xt ra
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or oligolysines, et hyl enei m nes, pol yvinylamnes in bound form 20
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chai ns, @ whreferably four to eight. Preferred branching cores may be
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a hydrogel prodrug (Fig. 7b). ©: branching core; thin black line: PEG-based polymeric chain;

35  “Hyp”/oval: hyperbranched dendritic moiety; white diamond: permanent bond; asterisk: spacer



25 extends three to sixteen PEG based pol yneric chains, nore preferably
four to eight. Preferably, a PEG based polyneric chainis a linear

pol y( et hywoereligligasl ) chain, of which one end i s connecP€d/EPOIE118F anchi ng
core and the other to a hyperbranchedtdendritic noiety. It is understood
that a polymeric PEG based chain may be terminated or interrupted by al kyl
or aryl groups opti ona:bg( substituted with heteroatons and chem cal

funct i orf3tiety copiseted tpppagkhensyngiety andbeestieather sifs opeacred @R 95 nking MOiRt ap) v
substi t yied o Y64 jlﬁ@ét@ﬂﬂctwn){lc%b g%ﬂlt\é%dtM%Ie( B 3padrrow: inREreHAMEE thes

structures for correspondin based polyneric chains ext endi ng froma
br anchi riflicats the adarheaienictd allaig%irmﬁtkwtmfelsnoﬁ seynare nul ti-arm PEG derivatives

as, for cg&ﬁté‘%.%ﬁs hgq”\rh\ﬂ#r!) ?eqleas@klﬁaﬁs %chrngg&h%tgsat 54ua|91£j/ 39“3\%Kem Technol ogy, USA

(accesse m WAL | en a.comd
2011/5012%1:%5655’30&:@&&:&&@56&% 02 &mdD6D)5 atlelIE\AnBEGCDer i vatives
(pentaerythrit core 8ARM PEG rlvat ves (hexa and

SR PG 10 BPYAN Vo pantagr 917 mpetsm‘ ’édwé{“r’ R AdE Sy, o ar m PG
A ne ( Rkear KbRS dntif lite @egrhd06 ofiedr HIandl37{pent aerythritol core),
8arm PEG Am ne (hexaglycerin cor e% ar m P Car boxg (hexagl ycerin core),
8ar m PEEigarg Reshpws ange mitradlegradation of compoand Hadt 8P ME3PEG Car boxyl

(tri pentﬁpyfﬂhbagghe ﬁl)? okdeBEsoF E&hbJIRg @&qh% wei ghts for such nmulti-arm

PEG derivatives In a Bone noi ety are 1 to 20 kDa, nore preferably 1
k Da 100 fi‘gukd}asanwlsmaeharnlacafkurptuefoéccahxbo;andlsmaratto 10 kDa. It is understood

that the .ter n are further c uga ro

i er conitues Revaie® Pl pRORERIrEYeFas S vgie R 0 SRR E et nfe i egoretan ¢ i s
pr ef er r ethyidnaglytdilak thagled NG BRBERbhyidupelihai@progfulgups and reactive
functional groups of a backbone noiety is equally divided by the nunber of
PEG based pol yneric chains extending fromthe branching core. If the nunber

of PEG bgefl.em w@ﬁ.bﬁ pfr‘mde@%.o%ég@@éy@gow(@@,mer.@gwgzﬂg{wﬂB&e&%%erd&%ﬁmram

allow for an equal distribution, it Is preferre e deviation from
t he vearhydiestisr Thef tetrhe'PE@ nha@Efd"omt’l%ElGd@neﬂécaseuhdarﬁdoqdeweihvleeéru ribati theamagr oups

per PEG D ap%?t?o c())fI of é Iaf:ns dsrc\nﬁieé? dcotd® ngatolﬁ%e .R}eﬂ%ﬂéﬂ |sM€ I abp E@%%&%@é n%’l.’t the

sum of |n er connec unct rona

is equal;irgfeudbwladedsttzwt b&edlbﬁbl&rtom‘l welgtt bfa:hedyqnﬁgeyﬁabmngcdoahmmvemoenmeng
fromthe branching core. For i ns[yance if ther e 32 inter co[}g@ct ed

functi oﬁé‘?‘aiaﬁ’%lfﬁ%g%ﬁ‘ad? B 8% TORL ROYYATErS: B'Ff‘a'ie”@rB‘ﬂ\ﬁBe’r desgires FINYr YT RESF e

provi dedyt Bypesifatuétutall GnifsQUAneEIePLD 8RBHlcaP BONIRI & finedh) Rirdiar SrhRAEH, Rbsdiihri t he
core, preferably by means of dendritic noieties attached to the term nus of

eac ROPE@r tsgBdrimesis| waveqrj accamidriation Mereafnwlich, ednybe efoiypthgtic apkiolegigal 9EBIPro6\ ded
by each f t t wo
o oups. 5gmuRaft or bif, SRR LRUUIE th kWl EIONRNE L) ARl
functi ormly(ay_rydnnpd;esnmomwkypnxwvbaiwderbyptdﬁamrdlet)j @olvtanmioammes)Pmely(anam weidgbach

dendritic, noie as nol ecul, ar in t r 4
oo ot Pl PR PR chclele o Rt M STy
has at '&w%ya&ama&@h'pegmu@adylﬁwlérﬁa@t péiy(eSraR], | pofy(dthiiérie), qdw(etsﬂmp@ycomnd at
nost 63 branchings and 64 reactive functional groups, preferred at |east 7

br ar?&hi rfgy(eah\der&t gxigakt palyfethioxpapline).u rvo(gyealic g?%pspoé%wdé&xv%@t agylate).
TN T e e R i e e e o
hept al ysmtbacryme)alppb'(hvéroxmomloysziohm), delg(ahiysdart®natasid @ol(Nyisopmepylacrylamide),
e o 2P A 558 SR EARGET, o Anaditag e
poly(methyloxazoline), poly(propylene fumarate), poly(organophosphazenes), poly(ortho esters),

30 poly(oxazolines), poly(propylene glycol), poly(siloxanes), poly(urethanes), poly(vinylalcohols),
poly(vinylamines), poly(vinylmethylether), poly(vinylpyrrolidone), silicones, ribonucleic acids,
desoxynucleic acid, albumins, antibodies and fragments thereof, blood plasma protein, collagens,
elastin, fascin, fibrin, keratins, polyaspartate, polyglutamate, prolamins, transferrins, cytochromes,
flavoprotein, glycoproteins, hemoproteins, lipoproteins, metalloproteins, phytochromes,

35 phosphoproteins, opsins, agar, agarose, alginate, arabinans, arabinogalactans, carrageenan,



35in bound form Exanples for such preferred dendritic noieties are
conprised oftrilysine, tetralysine, WD 2011/012715PCT/EP2010/061155 39
pent al ysiWe,20hénal1§si ne, heptal ysine in bound form nosPCHEPRLE0HOEHSS
trilysine, pentalysine or heptal ysinel ornithine, diamnobutyric acid in
bound form Mst preferably, the reactive biodegradable hydrogel of the
present invention is characterized in 5 that the backbone noiety has a
quar t er Rellpsearaskameshyl festiviptea hudrarRyapyl meplviceldyiose canch otkey §arbﬁh\é’%"’éﬁaéﬁ€f’| y a
pol y(et ﬁx»&%@% glln%gé?t)dew, GeRfhY BRSNS h?zn@loﬂlcta% famidddd N atiek, aﬁ:@rﬁgnt Becki h?
guarter y carbon by a pernmanent coval ent bon and the distal end of the
PEG- bas ethinpokglaeturotanshatarch diydrowealighistaychbowlan, od aopdyrders tand ﬁmpmn}lldelgip,
each dendr.i ty Hyp having at |east four functional groups
represeftif Vefsﬁgvfﬁt erconnect ed functional groups and reactive functional
groups. 10 Preferably, each Ais i ndependently sel ected fromthe formul a
-(CH2) n1( OCH2CH2) nX-, wherein nl is 1 or 2; nis an inte in the range of
from5 ff@Polymesjs@rerentas 3 PRAMOIRtE &2 F’F‘Eﬂﬁ%&rit(ﬂ?ﬁé(lbe@“rfﬁru‘?ﬁ SNVE ] ﬁ'i"l‘ yaIMeRki ng A and
Hyp. 15Preferably, A and Hyp are covalently |linked by an am de |i nkage.
Preferably, the dendritic noiety Hyp is a hyperbranched pol ypepti de.

Pr ef er aiMoreovehthe tgrpeiwatesrinshigble p@l@p@pﬂtw@éahlﬁ)ﬁfrmer@esnsloy@'iyr\?éosislmkmﬁldaﬁ% rm

Pr ef bl

of °1 r omPgiprf BER g Ehutoet B G o P 8RR, (1R GG ac e hOnb B RIST,
can 180 cadpenddd ioh ldrfessplieofowatel éif aguenis bd&ferdsfi phiygologidabbdnedalikyypayatale upat

each can be chosen i ndependent | ach noi et consi sts .of b tween 5
and 3I2-|y E%sfar’l‘é@' amguet of X3fey 85 % 19 é%g’t' on Iay‘g?‘ﬁ'gs‘}/erwegght g’éﬁ?ﬂ H‘gl'%ffﬂ? "6 i s
conpri segeipblelRt 408 RerRoviEtxdes WS A Fethis R PAGkidaPstdBilitPs RS R Al ashafe. sdchl east

7 lysines in bound form NMost preferably Hyp is conprised of heptal ysinyl.

25The r shaveinay hefof puylspametryans feis padeestoasithat %?Mp@dlad@ébmmbom@ag@mdmgmr e
speci fi ' {i‘ltljteym?gntl R’ tw t;e otnggergc?) é@ﬂéll& mécﬁlefc%nﬁ&'ng%mcorgﬁ&\gpé vmerem each .

pol yet hyl eneg based Cr0ss reagents resufts in a permnent am de
bonds comp&?reefec«atnhgted fﬁ(e&eh—lytpyrmothnattmm@hmhanlcmD@st in the range of
from1l kDa to 20 kDa, nore preferably 1 30kDa to 15 kDa and even nore
preferably 1 kDa to 10 kDa. WD 2011/012715PCT/ EP2010/ 061155 40

Bi odegr aekadid rityriadf t he hydrogel s according to the present invention is
achi eved by introduction of hydrolytically degradabl e bonds. 5The terns

" hydr ol \BiqdegPiaplel Byiregeipthe Prssestdpyeatiammay qither o Robimarizeds trgueh) edisaln| e |

"aut o- polymerization, ionic polymerization or ligation reactions.

20
In case the biodegradable hydrogel of the present invention is processed through radical or ionic
polymerization, the at least two starting materials for the biodegradable hydrdgel of the present
invention are crosslinking macromonomers or crosslinking monomers - which are referred to as
crosslinker reagents - and a multi-functional macromonomer, which is referred to as backbone

25  reagent. The crosslinker reagent carries at least two interconnectable functional groups and the
backbone reagent carries at least one interconnectable functional group and at least one chemical
functional group which is not intended to participate in the polymerization step. Additional diluent

monomers may or may not be present.

30  Useful interconnectable functional groups include but are not limited to radically polymerizable
groups like vinyl, vinyl-benzene, acrylate, acrylamide, methacylate, methacrylamide and ionically

polymerizable groups like oxetane, aziridine, and oxirane.

In an alternative method of preparation, the biodegradable hydrogel according to the invention is

35 generated through chemical ligation reactions. In such reactions, the starting material is at least one



cl eavabl e", or "self-cleavage", "self-cleavable", "transient" or

"tenporary" refers within the context of the present invention to bonds and
| i nkages Whi2ohi/@edsnon-enzymati cal ly hydrol ytically degPe@dpReon61165 eavabl e
under physiol ogi cal conditions (aqueoy?s buffer at pH 7.4, 37C) with

hal f-1ives ranging fromone hour to three nonths, including, but are not
limted to, aconi t¥ acetals, am des, 10 carb _ésltl C anrglﬁd“ des estﬁrs,

i M nes, "RYMRESHIStartng matkfial wathicomplpmgriary Tipdtinpplities wiich undriee gegrfigrsic

phos ph0§§$ @Jn%ensﬁmrw&hbry lea&h R Sne Aldrdtive Dhiglohe matlomBRtWartdrigimatafifimat i C
carbamates, combi nations thereof, and the [ike. If present in a hydrogel
accor di isgised whigh is nhéﬁﬁqumh’ﬂfa@tléeig backhenecrepgent ce@AEns: 2ounpken of PQJYT&?”Z@%/‘Gup
15pr ef e?J %g rpill%g%gr adabl e Iinkages are esters, carbonates, phosphoesters
and sulfonic a esters and nost preferred are esters or carbonates. WO
20116012715PCT/ EP2010/ 061155 41 Permanent |inkages are non-enzymatically
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bonds. PHeps@rtingHoieTRbig 2 hememyitituepinnal eroheserpmyitijinciional packipqnegagent, also
bi odegr i Jher directly, i.e. wthout
crossli %E'QBJ'S% i et ﬁgg%ffﬁg%ﬁﬁzggﬂ%@gﬁ&ﬁ %g?endri tic noieties of two backbone

noi é0i es of such reactive b| odegr adabl e hydrogel may either be directly

l'i nked th h 1 d f I h
nypor or SHERECPaTaFRLT Rt praces wetelf angche SroptnfitReded Rt AR EiRdy hd * "0

dendri t isécoR@drgam@d, edrbdxyit aindf drr it atlvag; kkutanaidapine, maronmanbethemamhs bemect ed

t hrough two spacer noieties connected to a backbone noi ety and on the other
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t oget her through crosslinker noieties, each crosslinker noiety is

ter riﬁnaﬂ\edwabyacaepwreats:m aswinylotilfone groupsl ISQlItEWQ RdYrerizehe) fundidnakberpunsdisesepiyin
ddltlont rm.nat.i e l o r i may

contain 'f'e B’a[ck e s aéarét 'P%Ilu ab ug % gm‘%‘% K Er earctangne&g&faﬁ he#\grcgss Frcﬂ?g@

noi ety lahdh Hed/atuﬁs,anélaaimoﬂm)l,nwumw a6d bt slﬁISa ethyidbatarated Budhbel adegroadiide| e
bond, and ad%l tional biodegradabl e bonds may optionally be present in the
20cr oss VW NEBIOUPY. Preferably, the reactive biodegradabl e hydrogel is

conposed of backbone noieties interconnected by hydrolytically degradabl e
bonds and the backbone noieties are |inked together through crosslinker

moi @0 edrefergntily a kagkhone ceagensdegharagianies bw@wngélbramvnc errealrem whish gt leagr e

differe er
S T R R S

nol ecul ehe batklaaomrrea‘gentr@drpesdscmbrmmhmgmbret ftemwvmmmtnmt thréeePE&b:ase;d paiycegric

noi ety | connect to backbone noieties b

i od |
bonds. SBATREREEL Y9 AR PAGaRT S TReEed Foo T cdleorpa e B Tom

non- enZ)b?@f&r'aB@'ﬂeﬁtabr)ﬁdfri@él,\’frlpﬁﬁbénhhﬁ&ﬂ,rI%Slé’él‘}c@rlwdﬁd’roﬂéhy&bﬁélOﬂuétade, anRAcltdl,i ons
(aqueous buffer at pH 7.4, 37C) with half-lives ranging fromone hour to

t hr @28 meheess, selulpssd eamyeses.astarghgs,  hydrpxvalylt éta“éi‘éianP?'YY'%V'H'@&'B'F'aId:?X"a“eS'
car boxyly ?&allﬂgmﬁr&d hﬁ%t(%l’r% hf%@%&m pieegr |E@=Jnﬁﬁ<f9 SicRGE @rrﬂiﬁﬁn@?s
5p

ortho esters osphoesters osp osi | esters, Iyl
esters, daniuﬁcdmtmc esd;l@r drilysinep rtettialysioar lpantalysise, dexdbisinet men'@lvsme Octalvsme,

nonalysine, decalysine, undecalysine, dedecalysine, tridecalysine, tetradecalysine, pentadecalysine or

oligolysines, polyethyleneimines, polyvinylamines in bound form.

30
Preferably, the branching core extends three to sixteen PEG-based polymeric chains, more preferably
four to eight. Preferred branching cores may be comprised of pentaerythritol, trilysine, tetralysine,
pentalysine, hexalysine, heptalysine or oligolysine, low-molecular weight PEI, hexaglycerine,

tripentaerythritol in bound form. Preferably, the branching core extends three to sixteen PEG-based



WO 2011/ 012715PCT/ EP2010/ 061155 42 thereof, and the |ike. Preferred

bi odegradabl e |i nkages are esters, carbonates, phosphoesters and sul fonic
aci d est eve20nd121§t preferred are esters or carbonat es PCT/EPRYIgf0er1abl vy,
crosslinker noieties have a nol ecul ar33wei ght in the range of from60 Da to
5 kDa, nore 5preferably, fromO0.5 kDa to 4 kDa, even nore preferably from1l
kDa to 4 kDa, even nore refe ably .enbodj ment ,
a cr ossPPHPETC ShBIneMPre Brs r%bc'\‘sc’ﬁrfm&'b Sﬁﬁeé?bﬁy'apl:'g bﬁsegcﬂ’aiyf“ie%gl"’@ 9 TYRREr i ¢
or pol yg@Jshﬁ;t&f&WthMe%ﬂlc&Pde%étﬁ& | ow- nol ecul ar wei ght crosslinking

noi eties nay be used, especially when hydrophilic high-nolecular weight
backbone noieties are 10used for the fornmati on of a bi odegradabl e hydrogel
accor di rﬂEeférg% Hlf%%tséoo Iy Jrl’ct‘fc {)ﬁ%r@(\ﬁct&p% Ph aXéhﬂgQ% e%ggllg%a“ﬁglk/@etmﬁ@d
crosslinker fi'es are rocarbon charns conprising ethylene glycol

uni ts, glytolodhain) of whizhpne Bnmlgcdrmettbdato tbé brancrdrg CbmdlthHMhergD@lhpﬂgfth@Eél n

t he poI Y, | ene d_crosslinker AS4 each
m et hyl gé%érﬁfY'y'Ei’)'Ftytu ugdfg’t ethat A Pﬁ'Y'Befﬁn""fH;{’aéa 2 rd"emat fom 3
to 100, iReriRéRD) Mol bodRIHodpd oftbonaly Ribaitadal w.thtria&ermw{ atdhyubmma fghctiond!)
based crosslinker noieties have a nolecular weight in the range of fromO0.5
kDa to Bri¥pm. If used in reference to a crosslinker noiety or a

PEG based pol ynmeric chain connected to a branching 20core, the term

"PEG based" refers to a crosslinker noiety or PEG based pol yneric chain
conppi silfngsedtin| refesnce Mo \geirgsstinkes eealgyﬂtetvrea Q’Eﬁ@ez’iednml\emeir'@schaihmoon@ted to a
enbodi MONOMNES S, Con, uting.th ric cro re
connect STEYRBFaaDS 1S PEC B rera b HorUer Frotay SERietobts Pl haf
cont ai ncbklaprtismgla@@ahlzod@gha%a&beneﬁydamdsuw more, dependi ng on the

nol ecul ar wei ght of the crosslinker noiety and the nol ecul ar wei ght of the
nmononmer units. Exanples for such crosslinker noieties are poly(lactic acid)

or poly(pgdeyeey Et?ucﬂﬁésd):orhﬁ%ﬁlg FESLDASES Dolytbrid Shdiid8k&idMRIfréad biddeting core
poly(lactic acid) or y(glycolic acid) chain may be term nated or

i nt br upwmlebgorahaklgbbnweaamts g owaran BEG iativativesyaspigr ioganagndeteiledpia the
bstityt ferably,
substityle Ilgthof Je%tl( %%Eh(?\%g\gé%b«g %%?aallalr e#&@ﬁg%%ﬂi Wi ngu%QBchﬁmJ I';ylla y

the cr of519RR m)le ies are 'y repr sent y only one
PEG based, mmbpaukmrPEG Hridativey (@éeuaerbihyitol tcdsre), [BARNI(REGDArieateg | heraglyrerinacoes)
crossli nk romoieties are hydrocarb conpri

units, i SARMPLe dsmatives iy 'pFﬁ'iaF'P{g\“t‘g caﬁ"oslt uﬂ@?‘ﬁr%ﬁa?erteg %rﬂb?Egll\%%f%lgi n

the pol 6&&Mtﬁﬂﬁl @ref GRE harRAERCCaPE P p RdeRythiNBI @d) Csar PRB Anfie (bxakResh each
m et hyl ene 35gl ycol units, wherein mis an integer in the range of from3

to 200, cprebfiarmiBEG Cobomil {itexagycerin corgloBarpnRECOARINE Sien eyt cehan sem
Pr ef
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nol ecul ange of " f'rom
derivatives in a backbone reagent are 1 kDa to 20 kDa, more preferably 1 kDa to 15 kDa and even

more preferably 1 kDa to 10 kDa. It is understood that the terminal amine groups are further
conjugated to provide interconnected and reactive functional groups of a backbone moiety.
25

The terms “branching core” and “core” are used interchangeably.

The hyperbranched dendritic moiety provides polymerizable functional groups. Preferably, each
dendritic moiety has a molecular weight in the range of from 0.4 kDa to 4 kDa, more preferably 0.4
30 kDa to 2 kDa. Preferably, each dendritic moiety has at least 3 branchings and at least 4 polymerizable
functional groups, and at most 63 branchings and 64 polymerizable functional groups, preferred at
least 7 branchings and at least 8 polymerizable functional groups and at most 31 branchings and 32

polymerizable functional groups.



In a preferred enbodi nrent of the present invention the crosslinker noiety
consists of PEG which is 5 symmetrically connected through ester bonds to
two al phavoeftga2abi phati c di carboxylic spacers provi de#CHEPREOODOIAR

noi eti es connected to the hyperbranch®d dendritic noiety through pernmanent
am de bonds. The dicarboxylic acids of the spacer noieties connected to a
backbone noi etP/ and on the other side 10 is connected to a crosslinking

noi ety d¥#Hapley foppuch depdritis reaigties gretridysine, taalysingy BedRlvNey heyalveiae eptalysipe. g
carbon af OFEinANdofRX%inEe dRERRIE! WnB&aRlin® NBoddkalfiHe® FAEARINE! RMadEaRtifs, M €d
substituent's are alkyl groups, hydroxyl "groups or am do groups or

subst i t weeddenalysite, dreradesalysBacheptadecalysinef ottadecalysineh aonadechlysiae.borighing aadi d' s
met hyl en r QuUPS. Ay tignally be substituted by .0.or N . .

o ko - s (petnetiBEe . RRnER o PR e at e o rhetia, erabee 1 1o
6 casborpentalytifie, hbkalysihef dpedd)siie, rbet heeférfedatriysiné garialysiagbcleepidysthe perhitkieg) t he
hyper branched dendritic npjiety and the spacer noiety connected to a

back bondiamipehuyris add Bbopntfolfher side is connected to a crosslinking

noi ety. 200ne preferred crosslinker nmoiety is shown bel ow, dashed I|ines

i ndi cate interconnecting bi odegradabl e |inkages to backbone noieties: 0 no
wher ei n The icrosginker rrageydmayfbefadipear r bang@d nidecpie ape arefdraldy isia dineay madpsblee If

hydr ogel ' i t j e bone
o ot et sirasindt e RS ns B Bofinelidfie RABHA BT P BelErBERIEET, JREE TOC,
and 10y peratlink@ragentOf theenssliakiraeagant Had mokeethBictcestyenericatldofoxstiopal@ngups For

i nstance, by selecti r),g frogl suti_ci(ni c, agipic or glutaric acid for PEG ester
f or mat i dheonpidered o "pragched cipsslikerXedBBar adat i on hal f-1ives of the

30bi odegr adabl e hydrogel according to the invention. WD

2011/ 012715PCT/ EP2010/ 061155 44 reactive functional groups in a )

wat er - i rfsepeshinker Faagens determinpted oy dwamelymedmblefundiiaer! gEpueh 2P May LOPRIFFE Ponal
group ps§f i i I j o t of
yar ogertiodRh AR bEr bl ey R EeERRT o BleAdRbie bond TriiSB PR PR, Ce
am ré grreagest @mptises ahlgakt ogebiodegrhdghlbbaguent f noc- det erm nati on as descri bed
by Gude, M, J. Ryf, 5et al. (2002) Letters in Peptide Science 9(4):
203-206. For determi nation of maleimde content, an aliquot of hydrogel
beads can ohe ehipofiieht, a&dossiifeM@bgEne dorists. of ANPSINIREr. Blefeitalidy, cBdsslifketr reggeihtscan
be reacted with excess nercaptoethanol (in 50 mM sodi um phosphate buffer,
30 min dRvearmolegHy W‘Pé&h&a‘df‘%@f‘ﬁﬁa?fé'IO"b‘é%q}ﬁﬁtkPBr{“%réﬁreﬁeéa'?i\étf"@&‘gﬁk%‘WéIkPi"ran
test (E évgﬁﬁlpre%refl?rab@tfmm 1 kDalth @Qbﬁmenprn@rﬁ W&Lbl fréf@kpa fo 3 &% 95) . 10
Preferably, 1n a reactive biodegradabl e hydr ogeY the | oading is between
0.020to 2 mmol /g, nore preferably, 0.05 to nol/g reactive bi odegradabl e
hydr OgelIr'1 addition to oligomeric or polymeric crosslinking reagents, low-molecular weight crosslinking
reagents may be used, especially when hydrophilic high-molecular weight backbone moieties are

used for the formation of biodegradable hydrogels according to the invention .

25 In one embodiment, crosslinker reagent comprises monomers connected by biodegradable bonds.
Such polymeric crosslinker reagents may contain up to 100 biodegradable bonds or more, depending
on the molecular weight of the crosslinker reagent and the molecular weight of the monomer units.
Examples for such crosslinker reagents may comprise poly{lactic acid) or poly(glycolic acid) based
polymers.

30
Preferably, the crosslinker reagents are PEG based, preferably represented by only one PEG based
molecular chain. Preferably, the poly(ethylene glycol) based crosslinker reagents are hydrocarbon
chains comprising ethylene glycol units, wherein the poly(ethylene glycol) based crosslinker reagents

comprise at least each m ethylene glycol units, and wherein m is an integer in the range of from 3 to



Figure 3 gives a schematic overview of the different ways in which two
backbone noieties may be 15 interconnected in a reactive bi odegradabl e

hydr ogel WO 20hi€01pH8sent i nvention. A hyperbranched dendPCTiEP2ew0i06t1§5 (" Hyp",
oval ) conprises a nunber of reactive Functional groups (black dots) and a
per manent |inkage (white dianond). It is understood that each hyperbranched
noi ety conprises nore reactive functional groups and pernanent |inkages

t han shdff preferaply from 1949 79.{Pxgferpbly, thespqlylethulgne giyspl) pased Sropsiipkey reageisave
only. 20, RRAGEKeBRiPine$5nes BIRGH bSUDE & Skdackbone noi ety and on the ot her
side connected t0 a crosslinking noiety are indicated with asterisks,

i nterconnected functional groups are shown as white arrows. Dashed |ines

i ndi cate_the c i A i i : i 3a
11 ust r drcisifi F EHen oo e BRhinin MRl ouBhe Wi oo

i ndi 8i dwedm basrithabirendiigebied®) antenddoureREGIbasddriobameain tiedrts ¢idhirt biaok ligd), awhich

i nterconnected functjonal group conprising a biodegradabl e bond. . In
Fi g, b ePRuhYAsHETShe SRNeEE EIETRS | BV P ate Yo THe PvRs BREChSH deniis

nDi et i e§naidRs I bOYROMABE tttribhkl QHAPs (Rl HIRT GelRE)E6T RFich WAy td @natiordisoups
separated through a spacer noiety. In Fig. 3c the hyggrbranched dendritic
noi et i eshen, f-ao hyperbeanshrd deaditisahrietspraprises mared eaghive Reinalareps thandiem t wo
spacer q@&@#%g@ gonnected to a backbone noiety and on the other side
connected to a crosslinking noiety and one interconnected functional group.
WO 2011/ 012715PCT/ EP2010/ 061155 45 Fig. 3d and 3e show a section of a

reactive, bi odegradabl e hydrogel .in which two hyperbranched dendriti.c

noi et i eg:'gé{Feeg isﬁ?"g‘?fgﬁrnﬂgg%gw &ﬂ?s KGR EegLE 'Y ﬁﬂ‘gﬁ&h{ﬂ |ré’§ﬁ'"\%'fa(?ﬂe %‘Pcet'or'}%lr ked
Wi th " 1kroupd [ithal WABSEICRKE Eroiiiig resze B Yna torfiftisefi6rie of @1HRS hisdeghidable Btidagaane
interconnected functional group (see Fig. 3d and 3e, respectively). 5 Thin
bl ack | i(whiée arryyst whieh eopmriseia Bigdesindobla PeRY- chai ns ext endi ng from a branchi ng
core (not shown). Modified reactive bi odegradabl e hydrogel 10Anot her aspect
of the present invention is a conjugate conprising a hydrogel of the

pr esdnt Crosglnker @agent PA caprises ne diotserasabladpoodipaisk drosflinkex skagente arrused ifers

i nterconnected by hydrolytically degradable . dit ] carrying
per maneﬁ}ysrloﬁ ksgaée(\gs'%lgccgbdg"cge?o %I 'g\éel?g%ns,db'%‘#eggggbﬂgS"Bfr?aggspg,% %&*&?@?‘i‘ﬂ”ﬁ%‘ g{eoups,
or nul t iredctiog tof G pdlyrmerizable eanctibbal oupe aF tthev erobdlinicdr i redgeht Quithup polyetitable
backbone npieties of reactive biodegradabl e hydrogels serve as attachnent
poi nts fieRctiopplgrorp aithe begkhene rgassetki ng gr oups, protecting groups, or

mul ti-functional noieties. Protecting groups are known in the art and
are used for the reversible protection of chem cal 20functional groups
duri2fg Syessknker reaganb 2@ serpprisepora biedsgradalpe dnkase,icragslpkerupadent 2GeAnpgises two

funct | Onﬁl(;uje rjagasnlé l(ﬁ)\rksgég gﬂéw&sﬂ{kgmagrent %J% #O{A-ep%séy}g&:bﬁdggrgde}b}fﬂnk%g.y one

protecting group WO or note rent p I'ng groups nay be

used, such as to provide for orthogonal protection, i.e. the different

r i_n r r v nder, differ ndi t i

protect Thg rrgoi&v%setwrgg tEg pglgmeerri;[a)blgdgrouupda?\d tﬂe firs%‘ b(lao tegrggab?e lgon%ng referred to as
spacer moiety connected to a backbone moiety and on the other side connected to a crosslinking

25 moiety and is indicated in the different crosslinker moieties by asterisks, where applicable.

Reactive biodegradable hydrogel
in one embodiment, the hydrogel according to the invention is a multi-functionalized material, i.e. a
30 biodegradable hydrogel comprising reactive functional groups and interconnected functional groups
in a three-dimensional crosslinked matrix swellable in water. Such hydrogel is also referred to as
reactive biodegradable hydrogel. The reactive functional groups serve as attachment points for direct
or indirect linkage of an affinity ligand, chelating group, ion exchange group, a drug, prodrug, carrier-
linked prodrug, blocking group, capping group or the like.
35



A nodified reactive biodegradabl e hydrogel according to the invention may
be functionalized with a spacer carrying the sane reactive functional
group. FOVO20BlfERT&, am no groups nay be introduced i nt @CTHP20m006F152d
reacti ve bi odegradabl e hydrogel by co¥pling a heterobifunctional spacer,
such as 30 suitably activated COOH (EG 6-NH-fnoc (EG = et hyl ene glycol),
and renoving the fnoc-protecting group. Such reactive bi odegradabl e

hydr ogel'deé% the reasiveh &nckiyiah et ateo dispesteclamessreaysin ghepuehaul dhe hydrogel
functi 0@@48 WP th E\?ghtﬁﬁ af! ¥ mgy WO, préRnf o AheisNAh% BPtHef fegtlive
reactive egra a ydrogel may be further conjugated to drug-Iinker
r eagent @;odegradﬂhledwdnogela!\lqrdamtlmaﬁaamhlemf sgduagrtlmfuntt@nhhglm@s inglyfdebyt are NYO
2011/ 012715PCT/ 10[ 06 155 4 nodi f react r

hydr og ei?' ]’t (t:TtE gg‘\&c? gct][ ﬁlc%ro%;h afon ?‘%%d go ?rhay'h ertpr%ar%)cﬂgcg d@&?ﬁ

sui t gbl aqdidtpcdamag/he eagendl Sctivhtiad aBrivakite| mambvmmenrfb@dltmarmd mbmtdnvs bulfeeiat i on,
mul ti-functional noieties are coupled to the reactjve 5 functi on%%er&roups

of the PO At rdeswivese seibPate Bf“é)d’é@‘fa&tﬂ%fb%bﬁ?ﬂ?c?@gldef't‘ﬁti"ﬁscrhéé%ré’éy't frrber

of reactiyRe fW@ﬁilh@%EyagitQQRﬁmW%e FhbWsrid £1d dnaleAlttfed, PRdsprRvicHidtaag dr ug
| oad of the biodegradabl e hydrogel according to the invention. Such

mul ti - f dAcdvatiossahaleasktel inlke hatidesbrendayhpid efber @phaties) nesatuddtey giidhael aceapiaisi ne,

| owe ot anjiag SRR S o G SR L Do Bl vy

noi aby (kémspé mBa&salkay\ss m&marctetlvbwmbohmdsrmxnr:hﬁmnﬂ@nuabhhy Prsfa:rhd maktive- fuoationalonal
noi ety na rot rotecti nmodi reactive

bi odegr & Bf‘ @C e’F‘gj]e'al"i POIRg; ?ﬁr?@a&é’g@tqnaéjef Yﬂli'(‘f?sf 6?{3 praliy B’IU‘S‘S ervaYY ehe

capped \emtbbmwahalaémamg.cmmgdé QAd Rilbatetyll PRIFEHIBIR, the FROWR fancliBRd BRfupSare
drawi ng of a section of a nodified reactive biodegradabl e hydrogel. A

hyper br RHERBIRNHEN &eYps 06 @IPoxyhicagigs, ynasbifplelTsé Brimani AmBRETBPsT eact i ve
functional groups nodified with spacer nol ecul es or bl ocking groups (bl ack
dots with hal f-nmoon shaped structures). The thin black line indicates a
PEGibas édcrpebopneflhctuoohlegrarupemte@hdiaagnzhd byrbaingrhamoselettivehoaddressabte istt@wn) t he
t hi ck bl ack I| art spacer I es _connect

backbon® b7%E® Ogﬁr '6 'OPﬁgmﬁPWé}dqmﬁr %gﬂﬁg%ng%a@%t%e cgn%ernggg?rl %ﬁ?aﬁg\'eﬁm ety,
whi ch i $urﬁh&rﬁa¢§k@dpst|@sdch%abﬁﬁ@@'dﬂ@@ﬁ@i%yﬂﬂig@l&}éatdi&tl@fihstanmfnf’@.ﬂﬁﬁ?sthﬁlﬂﬁf
(white dianond). Wiite arrows indicate interconnected functjional groups.

Dashed [theirge requiredfpecompletadesadatieal theohvgraeghager dingiodhs NvVelEh was not
fully drawn for sinplicity. 25 Bi odegradabl e hydrogel s conprising conjugate
functional groups Anot her aspect of the present invention is a conjugate
conBpi siTng>ed’abiqsdeglstad%ibhewhyutr @yedntigtion hibsajst eegdive funvtional Boups dersmet fallr i zed
by bein 0 ed. of bone ieti. nt.er.conn y IO

dogr adadrRHanas e Bial Frerary T iR R g PR ShE e e el by o
f unct i ori@gradation of the reactive biodegradable hydrogel.

Reactive functional groups may be capped with suitable protecting reagents.

25
According to this invention, the hydrogel is composed of backbone moieties interconnected by
hydrolytically degradable bonds and the backbone moieties may be linked together through

crosslinker moieties.

30 Preferably, the backbone moiety has a molecular weight in the range of from 1 kDa to 20 kDa, more
preferably from 1 kDa to 15 kDa and even more preferably from 1 kDa to 10 kDa. The backbone

moieties are preferably also PEG-based comprising one or more PEG chains.

it is understood that a polymeric PEG-based chain may be terminated or interrupted by alkyl or aryl

35  groups optionally substituted with heteroatoms and chemical functional groups.



30 groups conprising for exanple |ligands or chelating groups orion exchange
groups. Accordingly, a biodegradabl e hydrogel conprising conjugate

functi onavogppa716f t he present invention conprises ba®kKb@EP1MI6EHSS es

i nterconnected by hydrol ytically degr¥dabl e bonds and additionally carrying
per manent |inkages to conjugate functional groups, conprising for exanple

| i gands or chel ating groups or ion exchange groups. WO

2011/ 012715PCT/ EP2010/ 061155 47 The reactive functional groups of the
backbong, Il v dQéra{a%ﬁeCﬂyH% el QAGEY @qﬁpIn@erﬂ%qr?&%kbﬁ)n@%@@@'cﬁé@&dz@@“ lve
bi odegr adabl € hydrogel s servé as attachment points for direct or indirect

| i nkage bph nambafcfffumcwwal grgmsdcommstmg@r mtercrgmgqtemlpocdﬁgradebie ésoctienabgrogpsang or a

nkageb o _
o natd el (FLERY e B ribanli s S TR S oPier B Blebk et RbBRad arddR

accopdi aad teactiiedunciivieal gtodps is aGahl HEyr gréatava:u\ams diéfeﬁbESLGFlIZS,Op‘refehed soHibéaace of
the hydrogel according to the inventio emai ni ng reactive

functi oA4P PEfSIRILOWN 'E‘ﬂfed}’%fe%‘{ 24:8h ﬁE&f‘é’&* Prﬁfeéflef’ i2BPE FV§N 'aafﬁcPrefsvedc%‘POat i ng-
or ion I0RXGhAREE 385ELUPR und@toRtEtha ARG LY fthe HitdetHnRctBd Amkiidial Sre@EnE'S -
Such affinity Iigands or chelating groups or ion exchange groups are

char act &he readive functipnal grovps slompretectivetsreyps ofay b¢ priepdnty | i gands or chel ati ng
groups or ion exchange groups in such hydrogels according to the invention
is alnost constant during the first half of the tinme required for conplete
15dagr adedférontiatly, at aekHoyid imagy is charatterized lbibating @ beinetiing’ caré) dronvewgial at least
concentration of said affini Ilgand or .chel ti ro change
ar oups. duE b S cshmoesn ReFdR g AareTe B Ao ST MR e
first hadd bRkodnB @edgbiErofPfists aaffardching COMPIrsth AvitAGH ddad thalk rb-Habey dunveige!
according to the invention. 20 According to this invention, the

bi odegr stk extengde Pushiranching cprsh mpy driompaisas ¢fm%w|%ﬂa$0a§emjw baund dpbs ed
of back e I r e In
2 hydr oy el B ERRE AR Mootk el S, YorbE PR e dER e
groups glcaedi aefultse, t:heylék'és i mamhbs,ohydrexyhi&\dklskambesmpdtnynwad;cot)dar alcxtmnezed by
a nunber oﬁ functi onal S|st|ng b terconnect ed %'Odqguﬁne
funct i ofYYPHIFS 3"%‘ Beét"éa‘ﬁ‘ hEYTRIRET OfP8MLST REEPATINSY Y a3 TRITRI)S

| i gands damisdbatyat i ad, grtmvsm& Ofetia§in& X pBREYEnG " GeEsinE)Y Sleplafbihy), ottagsise)m of

i nterconnect ed bi odegradabl e functional groups and conjugate functi onal
groups EaRHVFNGolestlYSnG ?’iﬂqul\(jﬁ]ﬂ(Fé’dB‘ia'Vé'ﬁ%It%\‘i!qcﬁ‘és'&Wﬁgecﬁ S'P%He@i@ﬁﬁhﬁ'@ Yr oups
is 16-1 80 and nost 30preferred

30- 60. I%lﬁ %|¢§rng§]§g|§§%;% ntlﬂgsf p?@ﬁ@&ﬁuﬁsﬁlﬁoﬁgd t%ﬁrg i nterconnected functional
grodfs and the reactive functional groups also blocklng groups may be

present. ef?raﬁx,qﬁe branchYn’ c'E)rh %xtseHcrlg reeltcr>] Elﬁ% %et?%sgagp rrpe(%llclcﬁ)é1 5 épa{ecw&graggup

conjugat onal S carr Ing a or c

or ion gxehen@gghgr Bﬂdﬂi&reﬁf bﬁn&]ﬁhgkb@rﬁe e Gabycdrﬁprfséwadfl yerdaerytileadl, bgrrnaﬁihdqe
nunber of PEG based \éﬁErIC chai ns extendlqg fromthe branchlqg . For
i nst anc&iamipobulyse éc'dv@' 1¢.1%etralysings Bentalsnm 16X nes Beralysine or oligolysine ow-

molecular weight PEl, hexaglycerine, tripentaerythritol in bound form. Preferably, the branching core

25  extends three to sixteen PEG-based polymeric chains, more preferably four to eight. Preferably, a
PEG-based polymeric chain is a linear poly(ethylene glycol) chain, of which one end is connected to
the branching core and the other to a hyperbranched dendritic moiety. It is understood that a
polymeric PEG-based chain may be terminated or interrupted by alkyl or aryl groups optionally
substituted with heteroatoms and chemical functional groups.

30 Preferably, a PEG-based polymeric chain is a suitably substituted polyethylene glycol derivative (PEG
based).

Preferred structures for corresponding PEG-based polymeric chains extending from a branching core
contained in a backbone moiety are multi-arm PEG derivatives as, for instance, detailed in the

35  products list of Jenkem Technology, USA (accessed by download from www.jenkemusa.com on July



are 32 interconnected functional groups and conjugate functional groups
carrying affinity ligands or chelating groups or ion exchange groups, eight
groups neyoRelmamsded by each of the four PEG based polPgwgPRel0OhEHPHS
extending fromthe core, preferably 8 neans of dendritic noieties attached
to the termnus of each PEG based pol yneric chain. Alter natively, f our

b i ded by 5 each of ejght PEG h
et enai A8 PaPANEPEE Derpevasae b eorel BN LG e AN gl corl

pol yIer by GARMISEG UerlHiﬁesm(‘(r“Bﬁtaé?{lthPﬁﬁ'cQ?’e‘-’)eq{/ld%@'M@‘I@l‘rb& afr@a«id’ﬂﬁ oG enflin g
fromthe branching core does not allow for an equal distribution, it is

pr ef er r érentanenthritel corgbandAardPEE CarboH Epeptagrythiithsare).$armp REG Aminedhexaglycerin
interco g&ﬁftg% Eé&‘E&rbﬁQF‘Lt e gemmaeaﬂeg Cé%%%étﬁn Rﬁ gﬁbénwyth%p&wa &a'gayh Ng

affinit gands or c group i on exchange groups per PEG based
pol ysrer PEG dlaghosyli Bruﬁb@taep/tthrttoi corei mrefemed Adauler ewmhm)lfqr, suchemgltirrmof PEG-

con] ugaBEVPUIREHT BROURITREEE PR 7Y Ko aere protaleg R o Fo HpLl iy

exchangeopd prHdSablPl KDRT toOTHAKDAY HSPAMBErstoBY @Kdi| RS terfinablamirel grgur oel Porthied
equal to or greater than 16, preferred 20-40, nore l1l5preferred 28-32 and

most pr €9nyEatad taprogide intercqnmacted A readtive iyagtional eraps BiAtackbepe oY i on
exchange groups is identical with a reactive bi odegradabl e hydrogel .

20Pr ef erably, each dendritic noiety of a backbone noiety of a bi odegradabl e
hyda@gelt icprefaried ithag theoswruefduterchbunected dunstionpl enopps dndgeartiveé huastiona! gseunsehr ngs

and at bi ode d rm K 5
br anchi REROaNd™ b s augILauBrE LR RPN ER et PR e TR R Eh g A Y, [
branchi agsoraitling ctre aclegmasdbr of PeGHARE ppigmBndichains bxte:kca@fsomheamncbmgtdry 15
br anchi ngs and 16 bi odegradabl e and/ or  permanent, |ink 25 Suit bI

| i gands 9pesevEAtow fr BREHE! IBFRAYtoR. 'é'stﬁ’i“?f%‘p‘ffrtéiatatﬁla ée‘ﬁi}tﬂ’f@%& Eheeaﬁ?w‘r’@g

conj ugate squmtldtQ'@@‘ne&@Qh'&ﬁreQJtNE ARClidNERb IR PePPES-Kasél pcﬂyfrﬁérﬁlcﬁéfn Is'k&ﬂﬁé‘ﬁ like
biotin. Further ligands are for exanple affinity |Iigandslike:

4- Adb nolemmam: di ne, 3- (2' - Am nobenzhydryl oxy)tropane, E- Am nocapr oyl - p-
chl or obenzyl am de, 1- Am no-4-[ 3- (4, 6-di chl orotri azi n-2-yl am no)-4- 30
sul f ophenyl am no] ant hr aqui none- 2- sul f oni ¢ aci d,

2- (2" - Andone preferaiey, lhyd thedsfyhttehbm)ecwd MNedl reattivel fireatizyd] groupeofdi agkhone oty e,

égg;g.f) ﬁ}ggﬂg 9‘&;3 gg a}er%,egwébego IIE(E' %sgd %glly%erlcat\:/hla%ls rtlzi(tendlng “ro:’n tﬁe |brang”nng core.

N, N- Di hegyihsiandedif fHe\@ér@QﬁqﬂﬂcMrﬁ@l@H QundticvaE rdlbLihd reactive functional groups, eight
N, NDi pr opy1- 2- ( 4- chl orq(ﬂ)ghen 8-di chl oro-i mdazo[ 1, 2- awgyrl di ne- 3-acetam

i de 205- Brayes mazbe P@é!ﬁ’ﬂ e qﬁthe( ﬁ?“'aﬁﬁ%@ﬁﬁféﬁ‘glvwﬂmﬁ‘é'ﬁﬁ%tﬁ fegfrom the core,
S- Hexyl “eﬂg’gfﬂ% g*FHeQ ﬁenec) ﬁ]i%lg rh\ﬂar:ﬁed(t% the terminus of e?ch PEG- based poI meric

35pheny| oxazo oxazol 1 ne-2-acetonitrile, Pro-L yhyd
roxa nakhgi- /(It’én(aﬁvely,MQQQWS%&W?&SB@VMEPN]&&HOG&QE& PG-based ponmerlc chains

& noph G ORGP EATGPT o SauT T erT [EC BPAETPE | RE adenos: n
tri phosphate, s-adenosyl
25  Such additional functional groups may be provided by dendritic moieties. Preferably, each dendritic
moiety has a molecular weight in the range of from 0.4 kDa to 4 kDa, more preferably 0.4 kDa to 2
kDa. Preferably, each dendritic moiety has at least 3 branchings and at least 4 reactive functional
groups, and at most 63 branchings and 64 reactive functional groups, preferred at least 7 branchings
and at least 8 reactive functional groups and at most 31 branchings and 32 reactive functional

30 groups.

Examples for such dendritic moieties are comprised of trilysine, tetralysine, pentalysine, hexalysine,
heptalysine, octalysine, nonalysine, decalysine, undecalysine, dodecalysine, tridecalysine,
tetradecalysine, pentadecalysine, hexadecalysine, heptadecalysine, octadecalysine, nonadecalysine

35  in bound form. Examples for such preferred dendritic moieties are comprised oftrilysine, tetralysine,



met hi oni ne, ascorbic acid, cobal am ne, coenzyne A, coenzyne B, coenzyne M
coenzyne &, coenzyne F420, cytidine triphosphate" flavin nononucl eoti de,
flavin ad¥@i2ad/dRhéacl eotide, 5 glutathion, hene, |ipoanPd&EPREAAGLIShONE,

met hanof ur an, net hyl cobal am ne, nol yb¥opterin, NAD+, NADP+, nucl eotide
sugars, 3'-phosphoadenosi ne-5'-phosphosul fate, pyridoxal phosphate,

pol yhi stidi nes, pyrroloquinoline quinone, riboflavin, streptavidjn,

t et r ahy @PUBYIRR hedlysinest Hﬁi)’a'f‘%rfﬁ?li‘?&ﬁ%;ff’@?'i Fost BfefelFRiq FraYsEe (Pe%tt@lyﬂ',‘e B otin
car boxy e @l &b briRhiRk Sidmik bRk acié idoLRd BFMJi Ng protein, FK506 bi ndi ng
proteins (FKBP), FLAG tag, green fluorescent protein,
glutathion-S-transferase, 10 henmagglutinin (HA), nmaltose binding protein,
nyc tag, A i - eni-t - - +hi 0 J1i.azi nes
™ B ef oMl B ool Bibd R gautt hidboecPbf R dhdn hilhBE fbufReric B, O
suchsas tigatthé adykbbiiea groiny has Sujuasbinerycdaebont ofnfprigule UGIs-Hpp)e Selmdrein reafodnid f or m

in a biodegradabl e hydrogels c ri,si conjugate 15 functignal groups of
the | nvaRePgReae roiyethyighs dvegl Beisd PeuBati Celrermipal 2tes Y R RUa T TBY at o
li ke inchB6n bYrapnafdht iBThIEX GOANGRI IR BiktaPbnd 6¥ bR PEEXGIR B6ly@éricCiRlinisi Ng

groups are conplexing, groups. Different types of chelating groups are for
exanpl e:ccowzlently bousd te gl gendritic moiety Hyp, each dendritic moiety Hyp having at least four unctional

1,2-bis(2-am : - Lo N 5 r i i oxani ne
reayl at EOUREI R AR el RERBRckbrklork! rb s ARG clibhal B
2, 34di mer capt o- 1- propanol , di nmercaptosuccinic acid, 20 dinethylglyoxine,

2,2 -dipyridyl, Ethylepe djamn t.hyl enedi am e yl. enephasphoni c

coi o) Do est e itRgerlenfie B L PR IR KRR R e8]

8- hydr oxy 0hi ROdn iRRgerl iFtROAKGCEH fedre 5 tb DN X IR dhgphIoRdtioRAl Grapi d@yalently

L-m nosine, nitrilotriacetate, oxalate, 1,10- phenantrol i ne, phyti caci d,

tartrat dnkingA gndiitybt et r aazacycl ododecane- 1, 4, 7, 10-t et r aacet at e, -

N, NN, N -tetraki s(2-pyridyl methyl)ethyl enedi am ne, triam notriethylam ne,

i m nodi acetic acid, 25thiourea, 2-picolylamne. |on-exchange groups present

i N Bound®réfermbly,i Aand Hyp extagvaiatdlp linkeH pvipoeypide lideapr i si ng conj ugate functi onal

groups of the invention are chem cal functional groups commonly used

attached to ion exchange resins, such as strongly acidic groups, for

i nst ancwrauhbw,ruw dérdiritlc GoRUI%p i€a gypeﬂfrmy#cspdl\fp@ﬁiidiel. Prateraity, ch: r:yperbrag_tr;edbasi c

groups, such as quaternary am no_groups, for exanple trinet ammoni ym

gr oups, PelvRertide SpYPTSEs ieiph i b&Hﬁq)fﬂ%ﬂn? 'gfs’ﬂrac?llyr 8?—)‘? %n@(rélcw%lv &VEX@%'HB@,C‘H%. g.

al Kyl caidpmx i the raagd 6k fEnPHR%Da & 4 N2 K lidurladGided IR 4 BSckbSMCKoidEy APA-HPR) dan

secondary, and/or ternary al kyl am no groups. WO

2012001 Z30¢P0F/ thp2ame/ o6 diffgeent glepdifiict moigiiesntvid #nd tthatepachellyic 63) g h8@¥"such

as affin i . i ( ) I ety

connect debedsHALER Moy Bl s B AREer s RE WRE, Ber i ToRR RS e

cr ossl i nkieagh moiegt Hyp(id doinpkisdal cd btwelen 8 hnd Fslyds dikisound fhroaprefesghycafat leastdt | es

connect d'to'ﬁﬁb%f bone nDiF%¥ %&d_on t he o% er side connected to a

crossl i NINsgnporRe form Mostprefecaply Hyp scamprised oF BRSNS . dashed | nes

5indicate the attachnment to a larger nmoiety which is not shown. Thin bl ack

|l ine indicates a PEG based Polyneric chain extending froma branching core
u

( not25s hd'\nﬁ)reaction of polymerizable functional groups a backbone reagent, more specifically of Hyp with
the polymerizable functional groups of polyethyleneglycol based crosslinker reagents results in a

permanent amide bond.

Preferably, C(A-Hyp), has a molecular weight in the range of from 1 kDa to 20 kDa, more preferably 1
30 kDato 15 kDa and even more preferably 1 kDa to 10 kDa.

One preferred backbone moiety is shown below, dashed lines indicate interconnecting

biodegradable linkages to crosslinker moieties and n is an integer of from 5 to 50:
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hydrolytically degradable bonds.

The terms “hydrolytically degradable”, “biodegradable” or “hydrolytically cleavable”, “auto-
cleavable”, or “self-cleavage”, “self-cleavable”, “transient” or “temporary” refers within the context
of the present invention to bonds and linkages which are non-enzymatically hydrolytically degradable
or cleavable under physiological conditions (aqueous buffer at pH 7.4, 37°C) with half-lives ranging
from one hour to three months, including, but are not limited to, aconityls, acetals, amides,

10  carboxylic anhydrides, esters, imines, hydrazones, maleamic acid amides, ortho esters,

phosphamides, phosphoesters, phosphosilyl esters, silyl esters, sulfonic esters, aromatic carbamates,

combinations thereof, and the like.

If present in a hydrogel according to the invention as degradable interconnected functional group,
15  preferred biodegradable linkages are esters, carbonates, phosphoesters and sulfonic acid esters and

most preferred are esters or carbonates.



In a hydrogel carrying drug-Ilinker conjugates according to the invention, a
backbone noiety is characterized by a nunber of functional groups,

conpri si NyOi2ptiénzdAnect ed bi odegradabl e functi onal 15 gPOUFP2EAM61155

hydr ogel - connect ed drug-|inker conjugftes, and optionally capping groups.
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25
The reactive biodegradable hydrogel may contain one or more different types of crosslinker
moieties, preferably one. The crosslinker moiety may be a linear or branched molecule and
preferably is a linear molecule. In a preferred embodiment of the invention, the crosslinker moiety is
connected to backbone moieties by at least two biodegradable bonds.

30

The term biodegradable bond describes linkages that are non-enzymatically hydrolytically
degradable under physiological conditions (agueous buffer at pH 7.4, 37°C) with half-lives ranging
from one hour to three months, include, but are not limited to, aconityls, acetals, carboxylic
anhydrides, esters, imines, hydrazones, maleamic acid amides, ortho esters, phosphamides,

35 phosphoesters, phosphosilyl esters, silyl esters, sulfonic esters, aromatic carbamates, combinations
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moiety.

20 One preferred crosslinker moiety is shown below; dashed lines indicate interconnecting

biodegradable linkages to backbone moieties:

T S

wherein n is an integer of from 5 to 50.

25
In reactive biodegradable hydrogels, the hydrolysis rate of the biodegradable bonds between
backbone moieties and crosslinker moieties is influenced or determined by the number and type of
connected atoms adjacent to the PEG-ester carboxy group. For instance, by selecting from succinic,
adipic or glutaric acid for PEG ester formation it is possible to vary the degradation half-lives of the

30 biodegradable hydrogel according to the invention.

In a reactive biodegradable hydrogel the presence of reactive functional groups can be quantified

according to methods well known in the art, e.g. for solid phase peptide synthesis. Such presence of
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het er oafgdjumy RYasphate Prten, 30 Gtin RERBYr aad rEszpteethared sensymption catinbe HelPdEbR%: R7
and R8 ayg,8a& feihRASR eNAa N diotneR PRbRAolf 1661, §,48.08f.oup consi sting of

hydr ogen, substituted or unsubstituted I'inear, branched or cyclical alkyls
or heteroal kyls, aryls, 25substituted aryls, substituted or unsubstituted
het er oa S...carboxyal kyl aroups,.. al kyl carbanyl S ' yl

or oups. PR § P Ko i BR ol GEIRE0 iy eReBRo 0 B TR kS
hy dr ogeprefealihs DIob Wi @ol/Pieattivs bibdégridabledydrogetar , branched or cyclical al kyls
or heteroal kyls, aryls, substituted aryls and substituted or unsubstituted
heteroaryls; 30Rl represents the biodegradabl e hydrogel of the present

i nvent i BPyre 3 gives a schematic overview of the different ways in which two backbone moieties may be

15 interconnected in a reactive biodegradable hydrogel of the present invention. A hyperbranched
dendritic moiety (“Hyp”, oval) comprises a number of reactive functional groups (black dots) and a
permanent linkage (whité diamond). It is understood that each hyperbranched moiety comprises
more reactive functional groups and permanent linkages than shown in Fig. 3 and that Fig. 3 is used
for illustrative purposes only.

20
Spacer moieties connected to a backbone moiety and on the other side connected to a crosslinking
moiety are indicated with asterisks, interconnected functional groups are shown as white arrows.

Dashed lines indicate the attachment to a larger moiety which is not shown.

25  Fig. 3a illustrates a section of a reactive biodegradable hydrogel in which individual backbone
moieties are directly interconnected through an interconnected functional group comprising a

biodegradable bond.

In Fig. 3b the hyperbranched dendritic moieties of two different backbone moieties are

30 interconnected through two interconnected functional groups separated through a spacer moiety.

In Fig. 3c the hyperbranched dendritic moieties of two different backbone moieties are
interconnected through two spacer moieties connected to a backbone moiety and on the other side
connected to a crosslinking moiety and one interconnected functional group.

35
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selected fromthe general formula ot (IIl), (IV) and é\o are preferred:
R7 R5 CciRsslinker moieties may or may not comprise at least one interconnected functional group (see Fig.

3d and 3e, respectively).

Thin black lines indicate PEG-based polymeric chains extending from a branching core (not shown).

Modified reactive biodegradable hydrogel

10  Another aspect of the present invention is a conjugate comprising a hydrogel of the present
invention, characterized by being composed of backbone moieties interconnected by hydrolytically
degradable bonds and additionally carrying permanent linkages to spacer molecules, blocking

groups, protecting groups, or multi-functional moieties.

15  The reactive functional groups of the backbone moieties of reactive biodegradable hydrogels serve
as attachment points for spacer molecules, blocking groups, protecting groups, or multi-functional

moieties.

Protecting groups are known in the art and are used for the reversible protection of chemical
20  functional groups during synthesis processes. A suitable protecting group for amine functionalities is

the fmoc group.

It is understood that only one protecting group or that two or more different protecting groups may
be used, such as to provide for orthogonal protection, i.e. the different protecting groups may be

25 removed under different conditions.

A modified reactive biodegradabie hydrogel according to the invention may be functionalized with a
spacer carrying the same reactive functional group. For instance, amino groups may be introduced
into the modified reactive biodegradable hydrogel by coupling a heterobifunctional spacer, such as

30 suitably activated COOH-{(EG)s-NH-fmoc (EG = ethylene glycol), and removing the fmoc-protecting
group. Such reactive biodegradable hydrogel can be further connected to a spacer carrying a
different functional group, such as a maleimide group. An accordingly modified reactive
biodegradable hydrogel may be further conjugated to drug-linker reagents, which carry a reactive
thiol group on the linker moiety.
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In such modified reactive biodegradable hydrogel, all remaining reactive functional groups may be

capped with suitable blocking reagents.

In an alternative embodiment of this invention, multi-functional moieties are coupled to the reactive
functional groups of the polymerized reactive biodegradable hydrogel to increase the number of
reactive functional groups which allows for instance increasing the drug load of the biodegradable
hydrogel according to the invention. Such multi-functional moieties may be comprised of lysine,
dilysine, trilysine, tetralysine, pentalysine, hexalysine, heptalysine, or oligolysine, low-molecular
weight PEIl in bound form. Preferably, the multi-functional moiety comprises lysine in bound form.

Optionally, such multi-functional moiety may be protected with protecting groups.

In such modified reactive biodegradable hydrogel, all remaining reactive functional groups may be

capped with suitable blocking reagents.

Figure 4 shows a schematic drawing of a section of a modified reactive biodegradable hydrogel. A
hyperbranched moiety (oval, “Hyp”) comprises a number of reactive functional groups modified with
spacer molecules or bldcking groups (black dots with half-moon shaped structures). The thin black
line indicates a PEG-based polymeric chain extending from a branching core (not shown), the thick
black line indicates part of the spacer moieties connected to a backbone moiety and on the other
side connected to a crosslinking moiety, which is attached to the hyperbranched moiety though a

permanent bond (white diamond). White arrows indicate interconnected functional groups.

Dashed lines indicate the attachment to a larger moiety, which was not fully drawn for simplicity.

Biodegradable hydrogels comprising conjugate functional groups

Another aspect of the present invention is a conjugate comprising a biodegradable hydrogel of the
present invention, characterized by being composed of backbone moieties interconnected by
hydrolytically degradable bonds and additionally carrying permanent linkages to conjugate functional
groups comprising for example ligands or chelating groups orion exchange groups. Accordingly, a
biodegradable hydrogel comprising conjugate functional groups of the present invention comprises
backbone moieties interconnected by hydrolytically degradable bonds and additionally carrying
permanent linkages to conjugate functional groups, comprising for example ligands or chelating

groups or ion exchange groups.
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The reactive functional groups of the backbone moieties of reactive biodegradable hydrogels and
modified reactive biodegradable hydrogels serve as attachment points for direct or indirect linkage
of an affinity ligand or chelating group or ion exchange group or a combination thereof. Ideally, the
ligands or chelating groups or ion exchange groups are dispersed homogeneously throughout the
hydrogel according to the invention, and may or may not be present on the surface of the hydrogel

according to the invention.

Remaining reactive functional groups which are not connected to affinity ligand- or chelating- or ion

exchange-groups, may be capped with suitable blocking reagents.

Such affinity ligands or chelating groups or ion exchange groups are characterized in that the
concentration of affinity ligands or chelating groups or ion exchange groups in such hydrogels
according to the invention is almost constant during the first half of the time required for complete

degradation of the hydrogel.

To be “almost constant” the weight concentration of said affinity ligands or chelating groups or ion
exchange groups does not fall below 90% of the original concentration within the first half of the

time required for complete degradation of the hydrogel according to the invention.

According to this invention, the biodegradable hydrogel comprising conjugate functional gorups is

composed of backbone moieties interconnected by hydrolytically degradable bonds.

In a hydrogel carrying affinity ligands or chelating groups or ion exchange groups according to the
invention, a backbone moiety is characterized by a number of functional groups, consisting of
interconnected biodegradable functional groups and conjugate functional groups comprising affinity
ligands or chelating groups or ion exchange groups. Preferably, the sum of interconnected
biodegradable functional groups and conjugate functional groups carrying affinity ligands or
chelating groups or ion exchange groups is 16-128, preferred 20-100, more preferred 24-80 and most
preferred 30-60. It is understood that in addition to the interconnected functional groups and the

reactive functional groups also blocking groups may be present.

Preferably, the sum of interconnected functional groups and conjugate functional groups carrying
affinity ligands or chelating groups or ion exchange groups of a backbone moiety is equally divided by

the number of PEG-based polymeric chains extending from the branching core. For instance, if there
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are 32 interconnected functional groups and conjugate functional groups carrying affinity ligands or
chelating groups or ion exchange groups, eight groups may be provided by each of the four PEG-
based polymeric chains extending from the core, preferably by means of dendritic moieties attached
to the terminus of each PEG-based polymeric chain. Alternatively, four groups may be provided by
each of eight PEG-based polymeric chains extending from the core or two groups by each of sixteen
PEG-based polymeric chains. If the number of PEG-based polymeric chains extending from the
branching core does not allow for an equal distribution, it is preferred that the deviation from the
mean number of the sum of interconnected functional group and conjugate functional groups
carrying affinity ligands or chelating groups or ion exchange groups per PEG-based polymeric chain is

kept to a minimum.

Also preferably, the sum of interconnected biodegradable functional groups and permanent linkages
to conjugate functional groups carrying ligands or chelating groups or ion exchange groups, or
optionally spacer molecules, or blocking groups is equal to or greater than 16, preferred 20-40, more

preferred 28-32 and most preferred 30-32.

In the simplest case, a hydrogel carrying ion exchange groups is identical with a reactive

biodegradable hydrogel.

Preferably, each dendritic moiety of a backbone moiety of a biodegradable hydrogel comprising
conjugate functional groups has at least 3 branchings and at least 4 biodegradable and/or permanent
linkages, more preferably 5 branchings and 6 biodegradable and/or permanent linkages, most
preferably 7 branchings and 8 biodegradable and/or permanent linkages or optionally 15 branchings

and 16 biodegradable and/or permanent linkages.

Suitable ligands present in bound form in a biodegradable hydrogels comprising conjugate functional
groups of the invention are e.g. affinity ligands like biotin. Further ligands are for example affinity
ligands like:  4-Aminobenzamidine,  3-(2'-Aminobenzhydryloxy)tropane, &-Aminocaproyl-p-
chlorobenzylamide, 1-Amino-4-[3-(4,6-dichlorotriazin-2-ylamino)-4-
sulfophenylaminojanthraquinone-2-sulfonic acid, 2-(2'—Amino-4’-methy|phenylthio)-N,N-
dimethylbenzylamine dihydrochloride, Angiopoietin-1, aptamers, arotinoid acid, avidin, biotin,
calmodulin, cocaethylene, cytosporone B, N,N-Dihexyl-2-(4-fluorophenyl)indole-3-acetamide, N,N-
Dipropyl-2-(4-chlorophenyl})-6,8-dichloro-imidazo[1,2-a]pyridine-3-acetamide, 5-Fluoro-2'-
deoxyuridine 5'-(p-aminophenyl) monophosphate, S-Hexyl-L-glutathione, (S,S)-4-Phenyl-a-(4-

phenyloxazolidin-2-ylidene)-2-oxazoline-2-acetonitrile, Pro-Leu-Gly hydroxamate, 2-(4-(2-
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(trifluoromethyl)phenyl)piperidine-1-carboxamido)benzoic acid, Trimethyl(m-
aminophenyl)Jammonium chloride, Urocortin Ill, cofactors like adenosin triphosphate, s-adenosyl
methionine, ascorbic acid, cobalamine, coenzyme A, coenzyme B, coenzyme M, coenzyme Q,
coenzyme F420, cytidine triphosphate, , flavin mononucleotide, flavin adenine dinucleotide,
glutathion, heme, lipoamide, menaquinone, methanofuran, methylcobalamine, molybdopterin,
NAD+, NADP+, nucleotide sugars, 3’-phosphoadenosine-5’-phosphosulfate, pyridoxal phosphate,
polyhistidines,  pyrroloquinoline  quinone, riboflavin, streptavidin, tetrahydrobiopterin,
tetrahydromethanopterin, tetrahydrofolic acid, biotin carboxyl carrier protein (BCCP), chitin binding
protein, FK506 binding proteins (FKBP), FLAG tag, green fluorescent protein, glutathion-S-transferase,
hemagglutinin (HA), maltose binding protein, myc tag, NusA, protein C epitope, S-tag, strep-tag,
thioredoxins, triazines — preferably 2,4,6-trisubstituted triazines -, affinity scaffold proteins such as

antibody fragments.

Suitable chelating groups present in bound form in a biodegradable hydrogels comprising conjugate
functional groups of the invention are e.g. ionic groups capable of interacting with a substrate like in
the form of an ion exchange material. Other examples of chelating groups are complexing, groups.
Different types of chelating groups are for example:

2,2’-bipyridyl, 1,2-bis(2-aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid, deferoxamine mesylate,
deferriferrichrome, diethylenetriamine, 2,3-dimercapto-1-propanol, dimercaptosuccinic acid,
dimethylglyoxine, 2,2’-dipyridyl, Ethylene diamine, ethylenediaminetetra(methylenephosphonic
acid), 1,2-Bis(2-amino-5-bromophenoxy)ethane-N,N,N’,N’-tetraacetic acid, 8-hydroxychinoline,
iminodiacetate, iminodi(methylphosphonic acid), L-mimosine, nitrilotriacetate, oxalate, 1,10-
phenantroline, phytic acid, tartrate, 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetate,
N,N,N’,N’-tetrakis(2-pyridylmethyl)ethylenediamine, triaminotriethylamine, iminodiacetic acid,

thiourea, 2-picolylamine.

lon-exchange groups present in bound form in a biodegradable hydrogels comprising conjugate
functional groups of the invention are chemical functional groups commonly used attached to ion
exchange resins, such as strongly acidic groups, for instance sulfonic acid groups, e.g. propylsulfonic
acid; strongly basic groups, such as quaternary amino groups, for example trimethylammonium
groups, e.g. propyltrimethylammonium chloride; weakly acidic groups, e.g. alkyl carboxylic acid

groups; or weakly basic groups, such as primary, secondary, and/or ternary alkyl amino groups.

Figure 5 shows a schematic drawing of a relevant section of a hydrogel comprising conjugate

functional groups. A hyperbranched moiety (oval, “Hyp”) comprises a number of permanent bonds
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(white diamonds) to either conjugates such as affinity ligands or chelating groups (black ovals) or a
spacer moiety connected to a backbone moiety and on the other side connected to a crosslinking
moiety (thick black line). Asterisks indicate spacer moieties connected to a backbone moiety and on
the other side connected to a crosslinking moiety; # indicate crosslinker moieties; dashed lines
indicate the attachment to a larger moiety which is not shown. Thin black line indicates a PEG-based

polymeric chain extending from a branching core (not shown).

Hydrogel prodrugs

" Another aspect of the present invention is a carrier-linked prodrug comprising a biodegradable

hydrogel of the present invention as carrier, wherein a number of permanent linkages of the
backbone moieties exist with a transient prodrug linker to which a biologically active moiety is

covalently attached.

A “prodrug” is any compound that undergoes biotransformation before exhibiting its
pharmacological effects. Prodrugs can thus be viewed as drugs containing specialized non-toxic
protective groups used in a transient manner to alter or to eliminate undesirable properties in the
parent molecule. This clearly also includes the enhancement of desirable properties in the drug and
the suppression of undesirable properties.

The terms “carrier-linked prodrug”, “carrier prodrug” refer to a prodrug that contains a temporary
linkage of a given biologically active substance with a transient carrier group that produces improved
physicochemical or pharmacokinetic properties and that can be easily removed in vivo, usually by a

hydrolytic cleavage.

The reactive functional groups of a reactive biodegradable hydrogel or modified reactive
biodegradable hydrogel serve as attachment points for direct linkage through the before mentioned
permanent linkages of a drug, drug-linker conjugate, prodrug, carrier-linked prodrug or the like.
Ideally, the hydrogel-connected drug-linker conjugates are dispersed homogeneously throughout the
hydrogel according to the invention, and may or may not be present on the surface of the hydrogel

according to the invention.

Remaining reactive functional groups which are not connected to a transient prodrug linker or to a

spacer connected 1o a transient prodrug linker may be capped with suitable blocking reagents.
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Preferably, the covalent attachment formed between the reactive functional groups provided by the
backbone moieties and the prodrug linker are permanent bonds. Suitable functional groups for
attachment of the prodrug linker to the hydrogel according to the invention include but are not
limited to carboxylic acid and derivatives, carbonate and derivatives, hydroxyl, hydrazine,
hydroxylamine, maleamic acid and derivatives, ketone, amino, aldehyde, thiol and disulfide.

After loading the drug-linker conjugate to the maleimido group-containing hydrogel, all remaining

functional groups are capped with suitable capping reagents to prevent undesired side-reactions.

According to this invention, the biodegradable hydrogel according to the invention is composed of

backbone moieties interconnected by hydrolytically degradable bonds.

In a hydrogel carrying drug-linker conjugates according to the invention, a backbone moiety.is
characterized by a number of functional groups, comprising interconnected biodegradable functional
groups and hydrogel-connected drug-linker conjugates, and optionally capping groups. This means
that a backbone moiety is characterized by a number of hydrogel-connected drug-linker conjugates;
functional groups, corﬁprising biodegradable interconnected functional groups; and optionally
capping groups. Preferably, the sum of interconnected biodegradable functional groups and drug-
linker conjugates and capping groups is 16-128, preferred 20-100, more preferred 24-80 and most
preferred 30-60.

Preferably, the sum of interconnected functional groups and hydrogel-connected drug-linker
conjugates and capping groups of a backbone moiety is equally divided by the number of PEG-based
polymeric chains extending from the branching core. For instance, if there are 32 interconnected
functional groups and hydrogel-connected drug-linker conjugates and capping groups, eight groups
may be provided by each of the four PEG-based polymeric chains extending from the core, preferably
by means of dendritic moieties attached to the terminus of each PEG-based polymeric chain.
Alternatively, four groups may be provided by each of eight PEG-based polymeric chains extending
from the core or two groups by each of sixteen PEG-based polymeric chains. If the number of PEG-
based polymeric chains extending from the branching core does not allow for an equal distribution, it
is preferred that the deviation from the mean number of the sum of interconnected functional
groups and hydrogel-connected drug-linker conjugates and capping groups per PEG-based polymeric

chain is kept to a minimum.
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In such carrier-linked prodrugs according to the invention, it is desirable that almost all drug release

(> 90 %) has occurred before a significant amount of release of the backbone moieties (< 10 %) has
taken place. This can be achieved by adjusting the carrier-linked prodrug’s half-life versus the

degradation kinetics of the hydrogel according to the invention.

“Linker”, “linking group”, “linker structure” or “linking agent” refers to the moiety which on its one
end is attached to the drug moiety through a reversible linkage and at another end is attached
through a permanent bond to either a spacer molecule permanently attached to a hyperbranched
dendritic moiety or is directly attached through a permanent bond to a hyperbranched dendritic

moiety.

It is preferred for the linking agent to form a reversible linkage to the biologically active moiety,
preferably in such a fashion that after cleavage of the linker, the biologically active moiety is released
in an unmodified form. A variety of different linking agents or linking groups that may be applied for
this purpose are described by B.Testa et al. (B. Testa, J. Mayer, Hydrolysis in Drug and Prodrug
Metabolism, Wiley-VCH, 2003).

It is also preferred that the majority of the linker structure remains attached to the hydrogel
according to the invention after cleavage of the biodegradable linkage with the biologically active
moiety. If the linker is a cascade prodrug linker, it is preferred for the activating group to remain

permanently bound to the hydrogel according to the invention.

Preferably, the transient prodrug linker is attached to the biologically active moiety by an auto-
cleavable functional group. Preferably, the linker has self-cleavable properties and as a consequence
the hydrogel-linker-drug is a carrier-linked prodrug, capable of releasing drug from the conjugate and
in such a way that the release is predominantly dependent upon the self-cleavage of the linker.

The terms “auto-cleavable” or “hydrolytically degradable” are used synonymously.

An “auto-cleavable functional group” comprises a hydrolytically degradable bond.

If the auto-cleavable linkage is formed together with a primary or aromatic amino group of the

biologically active moiety, a carbamate or amide group is preferred.
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anfitrypsins,” aprotinin, asparaginases, biphalin, bone-morphogenic proteins, calcitonin (salmon),
collagenase, DNase, endorphins, enfuvirtide, enkephalins, erythropoietins, factor Vlla, factor Vill,
10 factor Vllia, factor IX, fibrinolysin, fusion proteins, follicle-stimulating hormones, granulocyte colony
stimulating factor (G-CSF), galactosidase, glucagon, glucagon-like peptides like GLP-1,
glucocerebrosidase, granulocyte macrophage colony stimulating factor (GM-CSF), chorionic
gonadotropin (hCG), hemoglobins, hepatitis B vaccines, hirudin, hyaluronidases, idurnonidase,
immune globulins, influenza vaccines, interleukines (1 alfa, 1 beta, 2, 3, 4, 6, 10, 11, 12), IL-1 receptor
15  antagonist (rhiL-1ra), insulins, interferons (alfa 2a, alfa 2b, alfa 2c, beta 1a, beta 1b, gamma 1a,
gamma 1b), keratinocyte growth factor (KGF), lactase, leuprolide, levothyroxine, luteinizing
hormone, lyme vacciné, natriuretic peptide, pancrelipase, papain, parathyroid hormone, PDGF,
pepsin, phospholipase-activating protein (PLAP), platelet activating factor alcetylhydrolase (PAF-AH),
prolactin, protein C, octreotide, secretin, sermorelin, superoxide dismutase (SOD), somatropins
20 (growth hormone), somatostatin, streptokinase, sucrase, tetanus toxin fragment, tilactase,
thrombins, thymosin, thyroid stimulating hormone, thyrothropin, transforming growth factors,
tumor necrosis factor (TNF), TNF receptor-IgG Fc, tissue plasminogen activator (tPA), transferrin, TSH,
urate oxidase, urokinase, vaccines, plant proteins such as lectins and ricins,
acarbose, acivicin, alaproclate, alendronate, amantadine, ambrisentan, amikacin, amineptine,
25  aminoglutethimide, amisulpride, amlodipine, amotosalen, amoxapine, amoxicillin, amphetamine,
amphotericin B, ampicillin, amprenavir, amrinone, anagrelid, anileridine, antibiotics, apraclonidine,
apramycin, arsen(lll)-oxide, articaine, atenolol, atomoxetine, avizafone, baclofen, benazepril,
benserazide, benzocaine, betaine anhydricum, betaxolol, bleomycin, bosentan, bromfenac,
brofaromine, busulfan, calcitonin, carvedilol, cathine, cathinone, carbutamid, cefalexine, celexoxib,
30 ciprofloxacin, cladribin, clinafloxacin, clofarabin, dasatinib, deferoxamine, delavirdine, desipramine,
daunorubicin, dexmethylphenidate, dexmethylphenidate, diaphenylsulfon, dizocilpine, dopamin,
dobutamin, dorzolamide, doxorubicin, duloxetine, eflornithine, enalapril, epinephrine, epirubicin,
ergoline, ertapenem, esmolol, enoxacin, ethambutol, fenfluramine, fenoldopam, fenoterol,
fingolimod, flecainide, fluvoxamine, folic acid, fosamprenavir, frovatriptan, furosemide, fluoexetine,

35 gabapentin, gatifloxacin, gemiflocacin, gentamicin, grepafloxacin, hexylcaine, hydralazine,
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Preferably, the linkage between prodrug-linker and bioactive moiety is hydrolytically degradable
15  under physiological conditions (aqueous buffer at pH 7.4, 37°C) with half-lives ranging from one hour
to three months, include, but are not limited to, aconityls, acetals, amides, carboxlic anhydrides,
esters, imines, hydrazdnes, maleamic acid amides, ortho esters, phosphamides, phosphoesters,
phosphosilyl esters, silyl esters, sulfonic esters, aromatic carbamates, combinations thereof, and the
like. Preferred biodegradable linkages are esters, carbonates, phosphoesters and sulfonic acid esters
20  and most preferred are esters or carbonates for biologically active moieties or drugs not transiently

linked via a primary or aromatic amino group.

If the auto-cleavable linkage is formed together with a primary or aromatic amino group of the
biologically active moiety, a carbamate or amide group is preferred.

25
A preferred transient prodrug is described in WO-A 2005/099768 and thus is selected from the

general formula (1) and (l1):

Y T
v; @ —Y T
Nu-W-Y, A" R3



WO 2011/ 012715PCT/ EP2010/ 061155 59 Prodrug conjugates of this type are
descri bed in European Patent application EP-A 08150973. "Alkyl" nmeans a

st rai ght -wha2n/ae718r anched carbon chain. Each hydrogen @&CTaR2@blogiisEar bon
may be replaced by a substituent. 5 " 4 al kyl" nmeans an al kyl chai n havi ng
1 - 4 carbon atons, e.g. if present at the end of a nolecule: nethyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl tert-butyl, or
e.g. -CH2-, -CH2-0-12-, - [RI‘IIIHCI-I%%/;MCI—IZ-CI—IZ-CI—IZ-, -CH(C2H5) -, -C(CH3) 2-,
when two noieties a nol ecul.e areR%i nke«d by the al kyl group. Each
hydrogen of a G .4 akkyl py | be repdl aced by a substituent. 10

al kyl" means an al kyl i =Y Tbon atons, e.g. if present at
the end of anNwmhacwe: CA's eL hyl , ethyl, n-propyl, isopropyl,

n- butyl, isobutyl, sec-butyl; tyl, n-p@htyl, n-hexyl, or e.g. -CH2-,
-CH2- CH2-, -CH(CH3)-, -CH2-CH2-CH2-, -CH(C2H5)-, -C(CH3)2-, when two

noi eties of a nolecule are |inked by the al kyl group. Each hydrogen of a
Cl-6 al kyl canhbem Xay, ey, NepY.aRE ®283, R4 1A WS, lahdi ¥ forMaRQN) @ha gl) have' BB

al kyl" means an al kyl chain having 1 to 18 carbon atons and "C8_18 al kyl "
nmeans an al k{allowiHgn§amB&i ng 8 to 18 carbon atons. Accordingly, "CO al kyl™"
meang an al kyl I I ; b I < ans
2 branched of "Cbe ahan ey fomeline Hal Rty ek ety Which e pbndd (st T
present at t b stducss showmindonuda (1)-aBHHCHR form@-CHP(H9)-N=; CRIRCSHNEHR(C=0)-

- CH=CH CH2- ), -CHE +=CH2, or e.g. -CH=CH, when two noieties of a

nol ecul e ar (Sﬂﬁioﬁfégg’f%%kgg%l kenyl group. Each hydrogen of a C2_60 al kenyl
carbon may be régeden @dpdryr moigtypsti tuent as further specified. Accordingly,
25 the term"al kenyl" relates to a carbon chain with at |east one carbon
carbon doubl & H¥acachyidependently regrgsenb®. SRINES: i pl e bonds may occur. "C2_50
al kygyl " nmeaRgregred@d6pegl or unbranched al kynyl chain having 2 to 50 carbon
atons, e.g. it present at the end of a nol ecul e: - CH2- C=- CH, CH2- C=C- CH3, or
e. g. when 30 {'mieOntiRGepi €4RBDM8KE nol ecul e are |inked by the al kynyl group.
Each hydr ogep igB 35.C2_50 al kynyl carbon may be replaced by a substituent as
further specifi ed. YAccor di ngly, the term"al kynyl" relates to a carbon

chai m wi t h atv, lepskents®@, NR&rdpaaiRI@BHon tri ple bond. Optionally, one or nore
doubl e bonds pay occur. WD 2011/012715PCT/ EP2010/ 061155 60 " 7

cycl oal kyl " &° 'XEES_E?‘Sc%‘P%%{Y ﬁ??“?‘?%(@m Y%Eaﬂ%"pac?f?ﬁ"?gc°é?‘(&5‘?ge8h§cﬁ’ﬁmﬁt§\9i?{g 3
to Fscarbon ahqubBtitutel lifdr, Bhch@Vér Gaich QlRyIGR hBRIbatkILEIb s el Sutatuied &ls,| east
partially saturated, e.g. cyclopropyl, cyclobutyl, cycl openté[e, cycl ohexyl ,
cycl ohexenyl suksfisteshenuyqubstituted, heleaasye fyaio eroeRse INBE] REPUPE d1I98eNsas oo

repl aced by | . %Ff ldoalRi erotms. 7/ cycl oal kyl
ring" also i E@Hgggsrb%&?lg%l&?ﬂgﬁf%@éﬂ? @Qﬁgéra@@gdﬁgﬁgo%g rgr S5nene.
Accor di ngl y, RAC@8presentsca madidty Isélecredi fromatheygrbumakdngistigaof gir@enosupstituted or

unsubstituted linear, branched or cyclical alkyls or heteroalkyls, aryls, substituted aryis,

20 substituted or unsubstituted heteroaryl, substituted or unsubstituted linear, branched or
cyclical alkoxys, substituted or unsubstituted linear, branched or cyclical heteroalkyloxys,
aryloxys or heteroaryloxys, cyano groups and halogens;

R7 and R8 are each independently selected from the group consisting of hydrogen,
substituted or unsubstituted linear, branched or cyclical alkyls or heteroalkyls, aryls,

25 substituted aryls, substituted or unsubstituted heteroaryls, carboxyalkyl groups,
alkylcarbonyl! groups, carboxamidoalkyl groups, cyano groups, and halogens;

R6 represents a group selected from hydrogen, substituted or unsubstituted linear, branched
or cyclical alkyls or heteroalkyls, aryls, substituted aryls and substituted or unsubstituted
heteroaryls;

30 R1 represents the biodegradable hydrogel of the present invention;



carbon atons and C3-10 cycl oal kyl having 3 to 10 carbon atons. Accordingly,
"C340 cycloal kyl"™ neans a cyclic alkyl having 3 to 10 carbon atons, e.qg.
C3. 7 cyclwalryor2agcl opropyl, cyclobutyl, cyclopentyl, ®¢EIEFRERPH11SS

cycl ohexenyl, cycl oheptyl, cyclooctyl3 cycl ononyl, 10cycl odecyl. The term
" C340 cycloalkyl" al so includes at |east partially sat ur at ed carbonDno- and
- bicycles. " 0 neans flu hl or bro odo. rally
oref er red t hil FRERGEEO0 s s sASted or sasubRtfiga YNGaE hoarcheor ekeR

het er ocycl ylalkﬁf arfls, t QibdtitiRRA RS SubfitRE® GY QUnSubsHREdS lireaf, | Bignched lor 4yclital 6 or
7 ring atons that may contain up to the maxi num nunber of doubl e bonds
(aromatic or hﬁGWBBW&ﬁﬁW'@t?q HyneRFEHteddereRarys partially or un-saturat ed)
wherei n at i up to 4 ring atons are replaced by a
heteroaton1sgﬁgégegﬁ?ﬁggg?ﬁkmg}oup consi sting of sulfur (including -3(0)-
-S(0%21, 20 oxygemnmnﬂvnrapmywauﬂﬂQCBGM|ng =N(0)-) and wherein the ring is
linked to the rest o arbon, or nitr | es
for a 4 to 7ghéﬂ%g$8 ﬁé?%pnﬁvgﬁg? F@mgﬁql Hmﬂbonoxe gﬁgumpﬁ gﬁgéﬁ uran
t hi ophene, pyétecgie. pyrroline, imdazole, imdazoline, pyrazole,
pyrazol i ne, oxazol e, oxazoline, isoxazole, isoxazoline, thiazole,

t hi azol i ne, isothiazole, isothiazoline, thiadiazole, thiadiazoline,

t et rahydrof uran, tetrahydrothi ophene, pyrrolidine, imdazolidine,
pyrazol i di ne, 25 oxazolidine, isoxazolidine, thiazolidine, isothiazolidine,
t hi @i aAobthel meferrsdmlfodrtméthewyfrsam invéntigris dwrﬂm in Q- Aéﬂ%iiﬁéw Aygcordingly,
|n1dazoI| azine,

pi peri di necejgopow'n%%'ruft% e@%elg &%{Jr%%rsolﬂe&%[\ ?rﬁﬁé‘ér@f\]lyﬁ(ulf)gg%ﬂdg{/)ﬁe prfg#ee?r(rggzol i di ne,

di azepane, azepine or honopi perazine. 30"9 to 11 nenbered heterobicyclyl”
or "9 to 11 nenbered heterobicycle"” neans a heterocyclic systemof two
rings with 9 to 11 rRhgRitonms, where at | east one ring atomis shared by

both rings andkz contain up to the maxi mum nunber of doubl e bonds

(aromatic or non-aro tf\\éln 4wpich is fully, partially or un-saturated)
wherein at |east one i é Qalub_rp 6 ring atons are replaced by a

het er oat om sel ect ed g&120R44 roup consisting of sulfur (including -5(0)-

-S(0) 21, oxygen and B5ni (i ncluding =N(0)-) and wherein the ring is
linked to the Yes¥ of the nDI ule via a carbon or WO

2011/ 012715PCT/ EP201®Y08%155 61 nitraggn atom Exanples for a 9 to 11

menber ed het erobicycle are indole, indoline, benzofuran, benzothi ophene,
benzoxazol e, benzi soxazol e, benzothi azol e, benzi sot hi azol e, benzi m dazol e,
benzgm dazol i ne, quinoline, quinazoline, dihydroquinazoline, quinoline,

di hydr oqui nol i ne, tetrahydroqui noline, decahydroquinoline, isoquinoline,
decahydroisoquinoline,TB t et rahydr oi soqui nol i ne, di hydroi soqui noli ne,
benzazepi ne, purinegprypteridine. The term9 to 11 nenbered heterobicycle
al so includes_spirolstfuctures of two rings |like 1, 4-dioxa-8-
azaspiro[ 4. 5] decanejor rldgaqgheterocycles i ke

8-aza- bi cycl of 3. 2. 1F%CF% ferably, one or nore further optional
substituents are |nﬂ@p@m ently selected fromthe group 10 consi sting of
hal ogen; CN; )e C(G¥R9; C(0) N(ROR9a); S(0)2N(R9R9a); S(O)N(R9R9a)
S(0) 2R9; S(0)RO; N( 0) 2N( R9aR9b); SR9; N(R9R9a); NO2; OC(0)R9

N(R9) C(0) R9a; N(R9) S(0)2R9a; N(R9)(8(0) R9a; N(R9) C(0) OR9a;

N(R9) C(0) N(R9aR9b); OC(O)N(ROR9a); T; Co al kyl; C2-60 al kenyl; or C2_60

al kynyl, wherein T; Cl1_60 al kyl; C2-60 al kenyl; and C2-60 al kynyl are
optionally substituted with one or nore R10, which are the sane or
different and wherein Cl1.50 al kyl; C2.60 al kenyl; and C2_60 al kynyl are
optionally interrupt®d 15 by one or more groups selected “fromthe group
consisting of T, -C(¥)Ors -0- -C(0)-; -C(O)N(R11)-; - S(0)2N(R11)-

-S(0) N(R11) -; -5(0) 2 : 4S(0) - -N(R11)9(0)2N(R11a)-; -5-; -N(Rll)-;
-0C(0)R11; - NFRIT 1 )-\ R11) S(0)2-; -N(R11)S(0)-; -N(RL1)C(0)0-;
-N(Rll)C(O)N(lllla)-$8aﬁ@ OC(O) (Rn. Rna); R9, R9a, R9b are independently
selected fromthe g&gup g Tof H T; and C150 al kyl; C2_50 al kenyl ;

R3—O

R11 RO V),



20 or C2-60 al kynyl, wherein T; Cl1_60 al kyl; C2_50 al kenyl; and C2_60

al kynyl are optionally substituted with one or nore R19, which are the sane
or differwat2oad2imierein C1_50 al kyl; C2-60 al kenyl ; an®CTEPZQ0AbKYHyY| are
optionally interrupted by one or nores7groups selected fromthe group
consisting of T, - C(0)0-; -0-; -C(0)-; -C(O)N(R11)-; -S(0)2N(R11)-;
-S(O)N(R11)-; -S(0)2-; -S(0)-; -N(R11)5(0)2N(R1la)-; -S; - NR11)-;
-0C(0)R11; -N(R11)C(0)-; -N(R11)S(0)2-; -N(R11)S(0)-; -N(R11)C(0)O0-;

- N(R11) C( 0) N{hdbikars; k2, ®30Ra, rs, 3800, REMNMIRRIA RAL RN, X ahé T 961 BEHAS (1) GWMahge
group consi sting ofwg)henyl " “napht hyl; i ndenyl; indanyl; tetralinyl; c3-10
cycl oal kyl ; &)thavertherioliowinghedndtger ocyclyl ; or 9 to 11 nenbered

het er obi cycl yl, rei i ional ly substituted with one or nore II1I,
whi ch are th)ef'Sgggn\gglggkﬁl?/;?tggg‘%&?‘}'BO Rl i s hal ogen; CN, oxo (=0); COOR12;

g(?é)zsR%(ZO) ﬁ(léisza)sg&)gr\gﬁmg?naaas;a1s(vm;)2N(R12R12a); S(0) N(R12R12a); S(0)2R12;
; ¢ 2aR12);  SR12; N(R12R12a) : , 0)R12:

N(R12) C( 0) RLZ& %%'Fﬂkf; %reylf%ﬁ‘?'emz%mﬁlﬁﬂsﬁ%{?gw%%& @cq% ey feteratom

N( R12) C( 0) N( RIrdaRheBIree SE&thNaRd2RAZRN;; or G _6 al kyl, wherein C1-6 al kyl

is optionally substituted with one or nore hal ogen, which are the sane or
35di f f er ent ; R13Y seiectedofigm saiptitytebo0 ror-adtintedeinepy pranchadaor eyphoal piky or

consi sting of iy ays st MG RRRHRRY G HoRSBERAG I REAER, DT 1P
subg0i t ut ed WRRtahd 8herecelented indepdndgmty, fronn hydnogen cacyhgroupaner muetedingfeequpn for
hydroxyl groups;
R4 to R12 are selected independently from hydrogen, substituted or non-substituted
linear, branched or cyclical alkyl or heteroalkyl, aryls, substituted aryls, substituted or non-
substituted heteroaryls, cyano, nitro, halogen, carboxy, carboxamide;

15 R1 is the biodegradable hydrogel of the present invention.

In yet another preferred embodiment, a preferred structure for a prodrug of the present invention is

given by a prodrug conjugate D-L, wherein

20
-D is the biologically active moiety; and
-Lisa
non-biologically active linker moiety -L* represented by formula (V1),
?33 (|? R1 R1a
2 1 \
RS/NXXZ\'?I/X\X%T‘\/ V1)
2 a
R R *
25 H O ,

wherein the dashed line indicates the attachment to a primary or secondary amino
group of an amine-containing biologically active moiety D by forming an amide
bond; and wherein X, X, X%, R%, R®, R% R%, R} and R* of formula (VI) have the

30 following meaning:



5 The term "interrupted"” neans that between two carbons a group is inserted
or at the end of the carbon chain between the carbon and hydrogen.

12 is a swOgh”/dkdfm cal bond or a spacer. In case L2 isPaETHPaCONF115E | s
preferably defined as the one or 10no¥e optional substituents defined
above, provided that L2 is substituted with Z. Accordingly, when 1.2 is

ot her than a single chem cal, bo i Ll 6

C(0) N(ROR9a) ; oj‘?rﬁén gbé! RY); 9(‘35*&3 k@‘iﬁ&ﬁf}’ CER ;E(i?zgr‘ )éi('bj“Rb'z'(R% N(R')-

N( R9) S(0) 2N( R9aR9pR? ?F{g R@;:(O)RQ N( R9) C(0) R9a; N(R9) S(0) 2R9a;
N(R9) S(0) R9a; N(R9 C( R9a N(R9)C( N(R9aR9b); OC(0)N(ROR9a); T, Co

al kyl; C2-50 15 al kenyl or C2-50 al kynyl, wherein T; C1-50 al kyl; C2_50

al kenyl and C2-50i; ﬁ) are optionally substituted with one or nore R10,
whi ch are the sarre or different and wherein Cl_50 al kyl; C2-50 al kenyl; and
C2-56 al kynyl are optionall y |nt errupted by one or nore groups sel ected
fromthe group copsi stk ng 7a 9] -0-; -C(0)-; -C(0)N(R11) -

- S(0) 2N( R11) - -s? 5%@1) °rC(de‘o E(Rq‘ 35(0) -N(R11) 5( 0) 2N( R111-; “S-: -
N(RL1)-; -0C(0)R11l; -N(RL1)C(0)-: -N(RL1)S(0)2-: -N RL1)S(0)-

-N(R11 0) O- 0 N( 1111 Rllllll
R9(b arZacl( néepende%ﬁ%?%ﬁecée rfﬁ?Z)'FﬁétW%engrRmfp 'i?c%‘gl'%t?rﬁg"%ige ent2*-“‘*‘]"“‘35nd

C1_50 alkyl; C2- 5Q’om the group consisting of H; and Cy4 alkyl; or
10
Optionally, one or more of the pairs R®/R*, R™/R™, R*/R*, R*/R®, R*/R* form a
chemical bond;
Optionally, one or more of the pairs RY/R*, R%/R?, R*/R®, R®/R™, R’/R™, R*/R® are
15 joined together with the atom to which they are attached to form a Cs; cycloalkyl; or
4 to 7 membered heterocyclyl;
Optionally, one or more of the pairs R*/R*, RY/R®, R'/R%, R*/R®, R’/R®, R*/R® are joined
together with the atoms to which they are attached to form aring A;
20
Optionally, R}/R* are joined together with the nitrogen atom to which they are
attached to form a 4 to 7 membered heterocycle; |
A is selected from the group consisting of phenyl; naphthyl; indenyl; indanyl;
25 tetralinyl; Cs.40 cycloalkyl; 4 to 7 membered heterocyclyl; and 9 to 11 membered
heterobicyclyl; and
wherein L' is substituted with one group L>-Z and optionally further substituted, provided
that the hydrogen marked with the asterisk in formula (V1) is not replaced by a substituent;
30 wherein

L% is a single chemical bond or a spacer; and

Zis the according to the invention.

35



al kenyl; or C2_50 al kynyl, wherein T; C1.50 al kyl; C2_50 al kenyl; and C2_50
al kynyl are optionally substituted with one or nore Rw, which are the sane
or differwat2oad2imMierein Co al kyl; C2-50 al kenyl; and CRCHREP2B&I0kMAY| are
optionally interrupted by one or nor e59gr oups sel ect ed fromthe group

consi sting of T, - C(0)0-; -0-; -C((O)- C(O) N(Rll) -S(0)2N(R11)-,
-S(0)N(R11 -S(0)2- -5(0) - N Rll 2N(R111- -

-00(0) RPL fuw’m&atamh's tvaﬁfsacéé R ‘fféfftﬂ'cam" RSP o

-N(R11) C(O)N(R1ll a)-; and - OC(0) N(R 30T is selected fromthe group

consi sting of phenyl napht hyl ; i ndenyl; indanz ; tetralinyl; C3-10
cycl oal Kkyl” meprs arstiaighbehaiscorihsanshestsachop] chaipy Eagh hydrageniat ap alkgcrarbon may be
het er obi is optionally substituted with one or nore R10,
whi ch ar%ﬁf{cﬁ%bga%‘g\%@é’ﬁifferent; [11 is Z; halogen; CN, oxo (=0);
COOR%2; OR12; C(0)R12; C(0) N R12R12a) S( 0)2N( R12R12a); S(0) N R12R12a)
358(0)2R12 S(,0 R12 0 2N( R12b SR121

Bn)apaisz vmi g Do 0 Bk PrSh T BisR B Eaecu

methyl, ethyl, n- propyl, xsopropyl, n- butyl, |sobutyl, sec-butyl tert-butyl, or e.g. -CH,-, -CH,-CH,-, -
CH(CHs)-, -CH;-CH,-CH,-, -CH(C,Hs)-, -C(CH3),-, when two moieties of a molecule are linked by the
alkyl group. Each hydrogen of a C,4 alkyl carbon may be replaced by a substituent.
10

"C.¢ alkyl" means an alkyl chain having 1 - 6 carbon atoms, e.g. if present at the end of a molecule:
Cy.4 alkyl, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl; tert-butyl, n-pentyl, n-hexyl,
or e.g. -CH;-, -CH,-CH;-, -CH(CH;3)-, -CH,-CH,-CH,-, -CH(C,H;5)-, -C(CH3),-, when two moieties of a
molecule are linked by the alkyl group. Each hydrogen of a C;¢ alkyl carbon may be replaced by a

15 substituent.

Accordingly, “Cy.1g aIkyl". means an alkyl chain having 1 to 18 carbon atoms and “Cg ;5 alkyl” means an
alkyl chain having 8 to 18 carbon atoms. Accordingly, “Cy_5o alkyl” means an alkyl chain having 1 to 50
carbon atoms.
20
“C,.s0 alkenyl” means a branched or unbranched alkenyl chain having 2 to 50 carbon atoms, e.g. if
present at the end of a molecule: -CH=CH,, -CH=CH-CHj;, -CH,-CH=CH,, -CH=CH-CH,-CH;, -CH=CH-
CH=CH,, or e.g. -CH=CH-, when two moieties of a molecule are linked by the alkenyl group. Each
hydrogen of a C,.p alkenyl carbon may be replaced by a substituent as further specified. Accordingly,
25  the term “alkenyl” relates to a carbon chain with at least one carbon carbon double bond. Optionally,

one or more triple bonds may occur.

“C,.50 alkynyl” means a branched or unbranched alkynyl chain having 2 to 50 carbon atoms, e.g. if
present at the end of a molecule: -C=CH, -CH,-C=CH, CH,-CH,-C=CH, CH,-C=C-CHj, or e.g. -C=C- when
30 two moieties of a molecule are linked by the alkynyl group. Each hydrogen of a C,.5, alkynyl carbon
may be replaced by a substituent as further specified. Accordingly, the term “alkynyl” relates to a
carbon chaim with at lest one carbon carbon triple bond. Optionally, one or more double bonds may

occur.



N(R12) S(01 , 2R12a; N(R12) S(0) R12a; N(R12) C(0)OR12a;

N(R12) C(0) N(R12aR12b); OC(0) N(R12R12a); or Cl1_6 al kyl, wherein C1_6 al kyl
i s opti oMsiDI29114URESI tuted with one or nore hal ogen, whi CATAPRIVIIEIISANE OF
different; 5Rua, R12, Rl2a, -1213 Kar@® independently selected fromthe
group consisting of H Z, or G _6 al kyI wherein C1_6 alkyl is optionally

substituyted with on nore h o ’ he same or, different:
pr ovi deg 3t7rf&$'°a§}?(b °61? C3R9VC'°|%5)Q ”"%9'8 anga CYPQ'E ah]‘ﬂf[l‘a'" Ming P/ CapppR atqeyy, Which

H 0 RL nuy have_carf¥aRRarboNdeuble bonds bein atdéasrpa% saturRtel é% chcloprepyl, I;ycldbw&l
.., H1 H wherein Ris H or alx{X(lsNH’ O; or S; and Fe, Ria,

R2, R2acvqpentgh 6?YC'°h¢XVLKCV§dOh%@vh)@ldﬁ@RPévl e rdioBey0ha cydRalheBbPmBRY e 5
Even mor, %IJ‘%& fb? s%gsti%tsgn'r' clthg t&rth f.(_03 %WarWIl' dr € &!)cyc%aﬂ(ypr%g@ %ﬁs@qngllfd@moﬁ&k%d group

consi st
5 blcycles like norbonane or norbonene. Accordingly, "Cs 5 cycloalkyl" means a cycloalkyl having 3 to 5

carbon atoms and Cs_y9 cycloalkyl having 3 to 10 carbon atoms.

Accordingly, “Cs.10 cycloalkyl” means a cyclic alkyl having 3 to 10 carbon atoms, e.g. Cy; cycloalkyl;
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl, cyclooctyl, cyclononyl,
10  cyclodecyl. The term “Cs44 cycloalkyl” also includes at least partially saturated carbomono- and —

bicycles.

"Halogen" means fluoro, chloro, bromo or iodo. It is generally preferred that halogen is fluoro or
chloro.

15
"4 to 7 membered heterocyclyl" or "4 to 7 membered heterocycle" means a ring with 4, 5, 6 or 7 ring
atoms that may contain -up to the maximum number of double bonds (aromatic or non-aromatic ring
which is fully, partially or un-saturated) wherein at least one ring atom up to 4 ring atoms are
replaced by a heteroatom selected from the group consisting of sulfur (including -S(0)-, -S(0)-),

20  oxygen and nitrogen (including =N(0Q)-) and wherein the ring is linked to the rest of the molecule via a
carbon or nitrogen atom. Examples for a 4 to 7 membered heterocycles are azetidine, oxetane,
thietane, furan, thiophene, pyrrole, pyrroline, imidazole, imidazoline, pyrazole, pyrazoline, oxazole,
oxazoline, isoxazole, isoxazoline, thiazole, thiazoline, isothiazole, isothiazoline, thiadiazole,
thiadiazoline, tetrahydrofuran, tetrahydrothiophene, pyrrolidine, imidazolidine, pyrazolidine,

25 oxazolidine, isoxazolidine, thiazolidine, isothiazolidine, thiadiazolidine, sulfolane, pyran,
dihydropyran, tetrahydropyran, imidazolidine, pyridine, pyridazine, pyrazine, pyrimidine, piperazine,
piperidine, morpholine, tetrazole, triazole, triazolidine, tetrazolidine, diazepane, azepine or

homopiperazine.

30 "9 to 11 membered heterobicyclyl" or "9 to 11 membered heterobicycle" means a heterqcyclic
system of two rings with 9 to 11 ring atoms, where at least one ring atom is shared by both rings and
that may contain up to the maximum number of double bonds (aromatic or non-aromatic ring which
is fully, partially or un-saturated) wherein at least one ring atom up to 6 ring atoms are replaced by a
heteroatom selected from the group consisting of sulfur (including -S(O)-, -S(0),-), oxygen and

35 nitrogen (including =N(0O)-) and wherein the ring is linked to the rest of the molecule via a carbon or
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nitrogen atom. Examples for a 9 to 11 membered heterobicycle are indole, indoline, benzofuran,
benzothiophene, benzoxazole, benzisoxazole, benzothiazole, benzisothiazole, benzimidazole,
benzimidazoline, quinoline, quinazoline, dihydroquinazoline, quinoline, dihydroquinoline,
tetrahydroquinoline, decahydroquinoline, isoquinoline, decahydroisoquinoline,
tetrahydroisoquinoline, dihydroisoquinoline, benzazepine, purine or pteridine. The term 9 to 11
membered heterobicycle also includes spiro structures of two rings like 1,4-dioxa-8-

azaspiro[4.5]decane or bridged heterocycles like 8-aza-bicyclo[3.2.1]octane.

Preferably, one or more further optional substituents are independently selected from the group
consisting of halogen; CN; COOR®; OR%; C(O)R% C(O)N(R’R™); S(O):N(R°R™); S(O)N(R°R®?); S(O),R’;
S(O)R%; N(R°)S(0)N(R¥R™); SR®; N(R’R™); NO; OC(O)R’; N(R°)C(O)R®; N(R’)S(0);R™; N(R’)S(0)R™;
N(R®JC(O)OR®; N(R)C{O)N(R*R®®); OC(O)N(RR*); T; Cy.50 alkyl; C.50 alkenyl; or C, 5o alkynyl, wherein
T; Cus alkyl; C..50 alkenyl; and C,.5 alkynyl are optionally substituted with one or more R, which are
the same or different and wherein Cy.5o alkyl; C,.5o alkenyl; and C,.s alkynyl are optionally interrupted

by one or more groups selected from the group consisting of T, -C(0)O-; -O-; -C(O)-; -C(O)N(R™)-; -

S(0),N(R™); -S(O)N(R™)-; -5(0)2=; -S(0)-; -N(R™)S(0),N(R™™*)-; -S-; -N(R™)-; -OC(O)R™; -N(R')C(0)-; -

N(R™)S(0),; -N(R™)S(0)-; -N(R™)C(0)O-; -N(R™)C(O)N(R™**)-; and -OC(O)N(R"'R"?);

R®, R%® R are independently selected from the group consisting of H; T; and Cy.s; alkyl; Cy50 alkenyl;
or Cy.sp alkynyl, wherein T; Cys; alkyl; C,50 alkenyl; and C,.50 alkynyl are optionally substituted with
one or more R, which are the same or different and wherein Cy5 alkyl; C,.5o alkenyl; and C,.5o
alkynyl are optionally interrupted by one or more groups selected from the group consisting of T, -
C(0)0-; -0-; -C(O)-; -C(O)N(R™)-; -S(O);N(R™)-; -S(OIN(R™)-; -S(O)z; -S(0)- -N(R™)S(O)N(R™)-; -5-; -
N(R™}-; -OC(O)RY; -N(R™)C(0)-; -N(R™)S(0)z~; -N(R™)S(0)-; -N(R)C(0)O-; -N(R™)C(O)N(R™)-; and -
OC(O)N(R™R™);

T is selected from the group consisting of phenyl; naphthyl; indenyl; indanyl; tetralinyl; Cso
cycloalkyl; 4 to 7 membered heterocyclyl; or 9 to 11 membered heterobicyclyl, wherein T is

optionally substituted with one or more R', which are the same or different;

R is halogen; CN; oxo (=0); COOR':; OR™: C(O)R™:; C(O)N(R™R™®); S(0),N(R™R™); S(O)N(R“R™?);
S(01R™; S(OJR”; N(R™)S(OLN(R™R™); SR N(RVR™); NO; OC(OR™; N(R™)C(O)R™;
N{R™?)S(0),R™?; N(R™)S(0)R™?%; N(R™)C(O)OR™; N(R)C(O)N{RPR™®); OC(O)N(R™’R™®); or Cys alkyl,
wherein Ci alkyl is optionally substituted with one or more halogen, which are the same or

different;
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N HN 1 ON OO0 HI 5H*H* wherein R has the neaning as indicated above.

10Fur t herwprefigriedd prodrugs of the present invention aPETHEPPIIOSENISRd by a
drug |inker conjugate DL, 62

RY, R™ R™, R™, R™ are independently selected from the group consisting of H; or Cys alkyl,
wherein Ci alkyl is optionally substituted with one or more halogen, which are the same or

different.

The term “interrupted” means that between two carbons a group is inserted or at the end of the

carbon chain between the carbon and hydrogen.

L% is a single chemical bond or a spacer. In case L* is a spacer, it is preferably defined as the one or

10  more optional substituents defined above, provided that L? is substituted with Z.

Accordingly, when L? is other than a single chemical bond, L>-Z is COOR®; OR%; C(0)R®; C(O)N(R°R™);
S(0)N(R°R”); S(OJN(R’R™); S(0);R’; S(O)R®; N(R®)S(0),N(R*R™); SR®; N(R°R™); OC(O)R’; N(R°)C(O)R;
N(R®)S(O),R”; N(R’)S(O)R*™; N(R°)C(O)OR™; N(R’)C(O)N(R*R™); OC(OIN(R’R™); T; Ciso alkyl; Coso
15  alkenyl; or C,5 alkynyl, wherein T; Cy_s50 alkyl; C,.50 alkenyl; and C,.s50 alkynyl are optionally substituted
with one or more R*, which are the same or different and wherein Cys; alkyl; C,.5o alkenyl; and Cy.59
alkynyl are optionally interrupted by one or more groups selected from the group consisting of -T-, -
C(0)O-; -0-; C(0)-; -C(OIN(R™)-; -S(0),N(R™)-; -S(O)N(R™)~; -S(O)z; -S(O)-; -N(R™)S(0):N(R™)-; -S-; -
N(R™)-; -OC(O)R™; -N(R™)C(O)-; -N(R™)S(0)~; -N(R™)S(0)~; -N(R')C(0)O-; -N(R™)C(O)N(R™)-; and -
20  OC(O)N(R"R™);

R®, R® R® are independently selected from the group consisting of H; Z; T; and Cy.so alkyl; Coso
alkenyl; or C,.50 alkynyl, wherein T; Cy.50 alkyl; C,.50 alkenyl; and C,.5 alkynyl are optionally substituted
with one or more R™, which are the same or different and wherein Cy, alkyl; C,.o alkenyl; and Cy.50

25  alkynyl are optionally interrupted by one or more groups selected from the group consisting of T, -
C(0)O-; -0-; C(0)-; -C(OIN(R™)-; -S(0);N(R™)-; -S(O)N(R™)=; -S(0);~; -5(0)~; -N(R™)S(O)zN(R™)~; -S~; -
N(R™)~; -OC(O)R™; -N(R™)C(O)-; -N(R™)S(O)-; -N(R™)S(0)-; -N(R™)C(0)O-; -N(R™)C(O)N(R™)-; and -
OC(O)N(R"R™);

30 T is selected from the group consisting of phenyl; naphthyl; indenyl; indanyl; tetralinyl; Csq0
cycloalkyl; 4 to 7 membered heterocyclyl; or 9 to 11 membered heterobicyclyl, wherein t is optionally

substituted with one or more R, which are the same or different;

R is Z; halogen; CN; oxo (=0); COOR™; OR™; C(O)R™; C{O)N(R™R™); S(O),N(R™R™**); S(O)N(R™R™);
35  S(0),R™:  S(O)RY; N(R™S(0),N(R™R™®); SR N(RZR'™); NO,; OC(O)RY; N(R™)C(O)R™



wherein WO 2011/012715PCT/ EP2010/ 061155 69 D is an aromatic am ne
containing biologically active noiety; and L is a non-biologically active

| i nker coNOapNi/Mg71Si )a noi ety LI- represented by fornul CTWIPRY10/06063/1 1),
wherein the dashed |ine indicates thes3attachment of Li to an aromatic am no
group of D by form ng an am' de bond; and wherein X, R, and Ria of formula
10(vil) haye thg, f S . t,J) o)
mterru;’)‘i‘%ﬁs(@ﬂf‘ﬁ )5( B(tRoEﬁSg)%é‘u?( 1@&(98?‘% ﬁh%(")&‘fftﬁ aPkéﬂalkyl
-C(0) - Qherefd QWVI |§-55§|on§ms&m%@e\ﬂi@?'%é Yor $§dr€ HaRger, 'Rt 418 tE GbiRe or
consi sting of and kyl; optionally, Li is further substituted.

20i i) a wiffecany; L2, V\/m ch i's a chem cal bond or a spacer, and 12 is bound to
a carrier group Z representing the hydrogel of the present invention,
wherein Li is substituted with one L2 noiety. More preferably, X in formla
(V1Y imc] a’d@a”on’é"’ aP* sradndepbhdewily spldcteaigfinen tise gmhencﬁismtlﬂd‘l@‘ HES hedleleilkyé 25

onther| i.de i ndjcates the attachnent t ormn
ani de bd‘ﬂ’ E Pk 'SaPBﬁ‘Pé‘?{'Vcs‘ﬁ’FﬁWE?%g‘P’ghB"%Pr H'4h a{oﬁ%n dﬁgﬁeﬂ%lﬁaﬁéargﬁ
| ef t halaﬁfesér@le i ndicates the attachnent to the rest of X and wherein L| is
optionally further substituted: WD 2011/012715PCT/ EP2010/ 061155
provided that one of R®, R%®, R®®, R™?, R™, R™?, R, R'®, R is Z.
10

Preferred structures for formula (V1) are selected from the group consisting of




70 More preferably, X in formula (VII) includes one of the follow ng
fragnments, wherein the dashed line on the right hand side indicates the
att achmerwoab11012118 D by form ng an am de bond with t hePaTgP2QI0H6HAS NO
group of D and the dashed line on thesd eft hand side indicates the

attachnent to the rest of X More preferably, L is a non-biologically
active linker containing i)a noiety L1 represented by formula (VII1), 10 0
NX2- X1') (IR 2a0(vim o wherein the dashed line indicates the
attachmept- an aglomatic am(po group of D by forging an am de bond;
and wher eigf X2, arfd R2a havg the fol | owing meani ng: X1 is

ed fromC3 7 ¢
ht hyl , |ndenyl
is acrﬁbmcal

|, 4to 7

tetraglsd nyl, or 9
gl ected from
>~(R&R4a) ,

C(R1Rla) or a cycl i O fragrrent
menber ed heterocyclyl, phenyl,

to 11 nenbgred het erobl cyclyl; bond| or

( R3R3a) ,!N( R3)(2 a) - C( R4 & - N(R4p;
C( R3R3 swherein’in S d=l's a cyclic H*agﬁFerﬁ*f X2 is a
chem caI BonEf @( R3a) N( R3) or O; 50§1| onally, in, case X1 is a cyclic

fragnment and X2 is C(R3R3a) the order of the X1 frdgnment, angy the X

fragment we*hin L1 may be chang WO ,220114{,01271%’ Q85 #1 RI -,
R3 and R4/,hre kndependenif |y se eNT/rthzgRgroupn ogsi gt'i ng of JH, Cl4
al kyl arfi z-aNﬁ?SR , < R® sa 0 R™ o
R R2 H* . [ »
NHR s N X2 0
o R 2a>( /N
R 2 H*
Rsa R
N " F,‘4 R* 0 0
3/ ~— | H
R R2a>(2 */N\n/N1 1 RS/N>(X2\ N%
H R Ra .Rza Rz H*/ R1 R1a
| o R1 R1a o R1 R1a ﬁ R1 R1a
Il ‘ H Iy . H,N X p
/N\/\N/X\X><”/\< /N\/\N/X\X % 2 \/\I;l/ ~x
| .
by ) b o H 0
1
I O R1 1a ﬁ R1 R1a C R1 Ra
[ 1 . X! .
/N\)\N/XLX><H/( \N/\/\I;I/X\X><ﬂ/< N/\/\’?l/ \X><”/(
Py 5 | H* o) H* O



Rla, R2, R2a, K-3a, - Rda and R5a are independently selected from
the group consisting of H and Cl4 alkyl; optionally, one of the pairs

R2a/ R2, REO/2RB#12R2a/ R4a are joined to forma 4 to 7 neRb@mPdoiancliéast
partially saturated heterocycle; RS i® C(O)R6; R6 is Cl.4 alkyl;

optionally, one of the pairs R anda, R3a/Rd4a or Rlar3a K forma chem cal

bond; optlonal Icy is further substituted. ii)a noiety L2, which is a
cheni cal roaq cer, and L2 is boupd to a carrier roH.p Z
20represeptt ogel the @ sAnt |nv<;\| on, \ft?n inLi- is
substituted w tip one L2 rml [ Stituted.
25Nbr e preferab the noi ety Ll |Hs seI ted from |'=Prefer bly, in formula
(viin) RI FRSa Rda and e are independently selected fromthe
group COI’ISI stl ng l., angos Cl kyI V\D 20;1/%2715P /EP2010/ 061;1555 72
i)a noi ety rtepr sef ed by fOIN Na (IXf e ‘
\ N\/\N/X\ >§‘/‘\f
1 1a H* (0] H* (o]
r\\l ﬁ‘ R><;;v H\)OJ\
TN S
H N\/\I}I/X\X
(|?R1 H1a H*1 R1ao
H N/X1\X>§ﬁ< \ (l)?(1 R /=N $I)R1 R'e
<j/\t',* 5 S NTTX R—N__~ N/XLX

H* o}

wherein R is H; or Cy4 alkyl; Y is NH; O; or S; and RY, R™, R%, R%, R®, R, R*, X, X", X’ have the

meaning as indicated above.

Even more preferred structures for formula (V1) are selected from the group consisting of

10



21, N X HO(IX), 5 wherein the dashed |line indicates the attachnment of 1 1
to an aromatic amno group of D by form ng an am de bond; and wherein X1,
X2, and RxOgbifgemal a (I X) have the foll owi ng nmeani ng 10XI/EP0ICORIRIA) or a
cyclic fragnment selected from C3_7 cy®l oal kyl, 4 to 7 nenbered

het erocycl yl , phenyl, naphthyl, indenyl, indanyl, tetralinyl, or 9 to 11
menber ed heteroQLcycIon wherein in case X1 is a cyclic
fragment, said cyclic ffagnment is incorporated into 1.1 via 15two adj acent
ring atonmspyanet ~Nag At om of X1, whichyis adjacent to the carbon atom of
the am de bond, ig also a carbon atom X2/is a chem cal bond or selected
from C(R3R31, N( E(RBR3a) - N(R4), N(3) - C(R4R4a),
C(R3R3a)-0, or 'FfQ erein ig cg X1 is a ayclic flfagnent, X2
is a chem Ra), or 0; N ' < in case Xl
is a cyclicHfragneit and X2 iHgN R3a), d he ordef of thg& X1 fragnent and
the X2 fragnent wthin 1 1 may be changed and the cyclic fragnent is

25i ncorporated inty L1 via two adjacent ring atons; Ill, R3 and R4 are

i ndependently sel ected fromthe group consisting of H Cl.4 al kyl and
-N(R5R5a); WD 2(011/012715PCT/ EP2010/ 061155 73 R5 is C(O)R6; R6 is

Cl_4al kyl; 5 op I loy, one of the pairs Rla/R4a, R3a/R4a or Ria/R3a form
a chem cal an%; a] moijety L2, which is a chem cal bond or a spacer, and L2
IS boundgmﬁ\a/b I oup Z representing the bi odegradabl e hydroge

according to thegi nvention,




10wherein L1 is substituted with one L2 noiety, provided that the hydrogen
marked with the asterisk in formula (1X) is not replaced by L2; optionally,
L is furtWerosuigtist uted. 15More preferably, the noi etyPCI/EP201985HEE ed from
"Aromati c am ne containing biologicaldly active noiety D' neans the part

(rmoi ety or fragment) of the drug |inker conjugate D-L, which results after
cleavage in a drug D-H (active agent) of (known) 5biological activity. In

addition, the subterm "aromatic am ne cont ai " means tha e respective
WD 2011/ 012715PCT/ EP2010/ 061155 75 noi ety D ously p
correspondi ng drug D-H contain at | eas}\ one aro | cQg\I\ agment ichis
substituted with at | east one am no gr oW~ ™~ Oof the
aromatic fyragment of D forms taqgether h the carbon | -fragment (- 5
C(0)-) o rght hand si

bond wit

heysir ug |i nker
and L of tpe

(as depicted in forrmula (I an am de
e D L. Bysequence th parts D
ug |linker conj - are CoR ﬂ_ed ( hemc ,,,, ound) by
an am de fraggent of the gener strucmre Y1- C(O) N(R) i nidi cates the
remai ni ng part 36 "Nhe R ety Ltw and Y2“hniar ﬁ@s t he 5 franf cof r agment  of
D. Ris a substituent such as Cl.4 al Ky r p{ef erably drogen. For
exanpl e, said amde bond is indisated within forrmula (1) by 10t he dashed

| i ne added di agonally on this " Non-bi ol ogically active linker" neans
a |inker which does no ow t Rephwrmacol ogi cal effects of the drug (D-H)
derived fromthe biol o@g ackivg noiety. 15 As indicated above, the
X1-fragment of the noiet )*‘eproesent ed by formula (1 X) may al so be a
cyclic fragment such as C3_2 &ycl| oal kyl, phenyl or indanyl. In case Xl is
such a cyclic fff msnt the resg tive cyclic fragment is incorporated into
L1 via two adj a L at ons \( of-. #id cyclic fragment). For exanple, if
X1 is phenyl, thg p en@ragmeni off L1 is bound to the X2 fragment of 11
via a fir ( e Niog~pt o B eing in a-position (adjacent) to a
second (phenyl ) rlng atom whigh itself is bound to the carbon atom of the
car bonyl -fragnent on the right hand side of according to fornmula (1X) (the

carbonyl fragment ich forns together with th omati ¢ am no group of D
an am de bond). ~"AI kyl" me a straight @I n. or branched carbon
chain (unsubstitut ed /)\’ Opt , each 2 dtré/gen OriH I kyl carbon
may be r l\a’\ed’\mm ubé\b‘/puent " CllA aI eagsoan ab ”R’ having 1
to 4 car at onsy (unsubs m/ehv a “al e|g |f prﬁe t at the end of
a nol ecul e: nethyl, ethyl, n- proPpyI is pyI utyl, |sobut‘§/l

CH- CH2- ,

sec-butyl tert-bu or e.g. - - CHz2- CH2- (CHB) -
-CH(C2H5) -, - when two tles of a a

. O
o O H,N N/\ o,
., 2 (¢] K/N
H,N "NAO O \/\NAO
| |
H* H*
NH .
[¢] k/N (o]
H,N | o o} \/\“,‘ 0
H* H*
O (0]
N !
| AN | X N7 X
= 0] N/ (0] l = 0 N~ O



30 nol ecule are linked by the al kyl group. Optionally, each hydrogen of a
Cl 4 al kyl carbon may be replaced by a substituent. Accordingly, "Cl 50
al kyl " nme&Q20801a11kyl chain having 1 to 50 carbon at onsPCTP2010/061155

2011/ 012715PCT/ EP2010/ 061155 76 CH=CH8, - CH=CH CH2- CH3, - CH=CH CH=CH2, or
e.g. -CH=CH, when two noieties of a nolecule are |inked by t he al kenyl

group. Cptlonal y eac hydr ogen I a C2{§0 al kenyl carbon be replaced
by a substltuen f ur her speC| |ed4 A ordlhgly, Ee te aIkenyI
rel ates tq Lpgﬁe e bond.

CptlonaIIM one ot nore tr| e bond may occur. 30 al kynyl" neans a
branched or unbr a&iched aIkynyI chain having 2 to 50 carbon at ons
(unsubstlﬂuted C 0 aI nyl), e.g. if present at the end of a nol ecul e:
CCH, CH23CH2: 40.----CCH3, or e.g. -C=C when tw noieties of
a nDIecure\afe\ I n e he al kynyl group. Optionally, each hydrogen of a
C2_50 al kynyl qarbon nay be replaced by a substltuent uyther
10speci fi gd. Accmrdlnglyo the ern1 a@kyn "orel s to rbon chain with
at | est oap Wdhyg rbo tr| %;jtﬁ o @or e doubl e bonds
may occuf . o cIo C3N7 cycl oal k r|ng Hneans a cyclic alkyl

chain haV|ng 3|¥0 7 ca bon atons mhfch nay have car bon rbon doubl e bonds

being at least p tlallyosaturated (dhsu ed C3 7 IoaIkyI), e.g.
cycl opropw [;S%;LQhexe

cycloheptyl Cp |onaIIy, eac hydro en Df a cycl 0 CAYDON nay be

repl aced by a sidbstituéent. The ternt™ C3 7 cycl oal kyl" or "C3.7 cycl oal kyl

ring" al so includes i dged bi cycl es |ike norbonane (nor boggnyl) or

nor bonene (norbonenyl). Accordingly, " cycl oal kyl " neans|a cycl oal kyl

having 3 to 5 carben atons. 20" Hal oge means fluoro, chl©dro, brono or

iodo. It is gener |y preferred that khal ogen is fluoro chloro. "4 to 7

menber ed heter@ﬁ cIy M "4 to 7 ne ,edcheterocyche nmeblds ring with

4, 5, 6 0@ at hat may Eo&tal /XQL)NH#Jtl/JEgr of doubl e

bonds (qZEEEtIC or [[non- arongizl s Nully, fartvalTy or

un- sat ur ) wher@n at le one r| gatomtﬂs\yd4r|n@atoms are

repl aced by a heteg&aton1selected frggm t he group consisting of sul fur

(including -S(0)-,7-5(0)2-), oxygen jand nitrogen (including =N(0)-) and

wherein the ring #s linked to the yest of the nolecule via a carbon or

nitrogen atom (unsubstituted 4 t@ nmenber ed heterocyclyl). For the sake of
f

conpl ete s P Nmndicat tiar, anple, in case X3- is 4to 7
menber ed{_he erdpyc éﬁgB\LeN ecti yewaddi tional requirenents of X1 have
to be conalde e neajps that in this case the respective 4 to
7 menbere heteromyclyl |5/hncorpd?ated into via two adjacent ring atoms

and the ring atomof said 4 to 7 nmenbered heterocyclyl, which is adjacent
to the carbon om of the e bond, is a a carhon atom \

2011/ 012715PCR ER2Q10/ 0611 es fo 4 t o7 _nenberled et erocycl es
are azetlb 0X ¢ tane! t i fQV/ th|-p ene, pyrrlole, pyrlroline,

i m dazol &, |nﬂda90llné' ym , pyrazollhe oxazol e, kafbll-e

i soxazol e, |sdx, ollne thna thlazollh sot hi azol e, H% hi azol i ne,

t hi adi azol e, t w azoI i ne, fte rahydr of ur an rot hi op*
pyrrolidine, a olldqne olﬁ In [rgl eN/\poxazu |gf ne,

t hi azol i dir \¢J\ N\/f\N N\/”\N

5 H* * Hw

wherein R has the meaning as indicated above.

10  Further preferred prodrugs of the present invention are represented by a drug linker conjugate D-L,

wherein



5 i sot hiazolidine, thiadiazolidine, sulfolane, pyran, dihydropyran,
t et rahydropyran, i m dazolidine, pyridine, pyridazine, pyrazine, pyrimdine,
pi per azi ®0 2pi1par11di ne, nor phol i ne, tetrazol e, triazol epPCTPayOI0pUShe,
tetrazolidine, diazepane, azepi ne or ®onopi perazine. Optionally, each
hydrogen of a 4 to 7 nmenbered heterocyclyl may be replaced by a
substituent. 10"9 to 11 nenbered eﬁetoﬁgﬁ¥chxl" or "9 to 11 nenbered
het er obi cycl &S eAprEatic aiiesopR{nng; bioloairalv A MPIR: 39ngs with 9 to 11 ring
atons, where at |east one ring atomis shared by both rings and that nmay
contain up to the maxi mum nunber of doubl e bonds (aromatic or non-aromatic
ri ng whi ch i &isfanopypiologigally agtivelinker capfaidigur at ed) wherein at | east one ring
atomup to 6 ring atons are replaced by a heteroatom sel ected fromthe
group consisting of sulfur (including -S(0)-, -S(0)21, oxygen and 15
ni tregen (includiilg =Né6piety lArepresheee byformhaa tMiihg i s |inked to the rest of
the nol ecule via a carbon or nitrogen atom (unsubstituted 9 to 11 nenbered
het er obi cyclyl). For the sake of conpleteness it is indicated that, for
exanple, in case X1 is tgtall nmenbered heterobicyclyl, the respective
addi ti onal requirenent f/ X1 have to be considered as well. This neans
that in this case the citrve 9 to 11 nenbered heterobicyclyl is
incorporated into 1 1 a tyo adjacent ring atons and the ring atom of
20said 9 to 11 nenbered hetgrogbgyclyl, whi ch is adjacent to the carbon
atom of the am de bond, is al so'a’carbon atom Exanples for a 9 to 11
menber ed het er obi cycl ewdérinithél@dshed linddidates thdtachheritanL' tbanzenfatiophioe,
benzoxazol e, benzi soxazol e, benzothi azol e, benzi sot hi azol ¢, bepzi m dazol e,
benzi m dazol i ne, 25qui BOMP AED by fArmEg an ARide bandi\Aad dharem% &1 iaRd R 9fifaTBI e ne,
di hydroqui nol i ne, tetr ahyRnewH BRlvilEmedifganydr oqui nol i ne, i soqui noli ne,
decahydr oi soqui noline, tetra hyd roisoquinoline, dihydroisoquinoline,
benzazepi ne, purine or pteridine. The term9 to 11 nenbered heterobicycle
al so includes Spiro stguctures q ] | i
1,4-dioxa-8-azaspiro[4%53hé%ah@E%WF%ﬁpaaggaﬁggé§%8¥gp%grFPE%ng”saedm’
8- aza- bi cycl o[ 3. 2. 1] octframeNH-Om(C,Q BKRYI)-y-0-, 60 ohyotd)aigen of a 9 to 11 nenbered
30het erobi cyclyl may be replaced by a substituent. The non-biol ogically
active linker L contains a noiety 1.1 represented by fornula (1X) as
depijgt ed and defined aRoyfp r¥Yre{MREMIIYNtyIBREPFEMYhgrdup Eondigtidg e aAd C -
follows. WD 2011/012715PCT/ EP2010/ 061155 78 wherein in case Xl- is a
cyclic fragnment, said €Eydkiic fragment is incorporated into LI- via two
adj acent ring atons; 5X2 is a chem cal bond or selected from C(R3R3a),
N(R3), 0, C(R3R3a)-0 or C(R3R31-C(R4R4a); R3 and R4 are independently
sel ected fromH, Cl_4abjudnally L'-NyURBESaDstituibdr, R3a, | ea and 115a are
i ndependently selected fromH or Cl..4alkyl; 10 R2 is Cl4 alkyl; R5 is
C(O0)R6; 15R6 is C_4dalkyl; 1 i

20 ii) a moiety L%, which is a chemical bond or a spacer, and L* is bound to a carrier

group Z representing the hydrogel of the present invention,

wherein L' is substituted with one L> moiety.

More preferably, X in formula (VI1) includes one of the following fragments, wherein the dashed line
25  on the right hand side indicates the attachment of L' to D by forming an amide bond with the
aromatic amino group of D and the dashed line on the left hand side indicates the attachment to the

rest of X and wherein L* is optionally further substituted:

7*0/\[]'\/ (Vlla) TAN/\H‘&/ (Vlib)
H
0 o}

30



More preferably, the noiety L s selected from WO

2011/ 012715PCT/ EP2010/ 061155 80 L1 is substituted with one L2 noiety,

pr ef er ablWORR11V®@2Eabstituted with one L2 noiety, i.e. tRETHERRGNIGUSS on of
L1 preferably occurs at R2. 5 In yet ®Wnother preferred enbodi nent, the
preferred structure for a prodrug of the present invention is given by a
prodrug conjugate D-0 10wherein is a hydrox roup- cont aj n| ng

bi ol ogi M4QrePr ?fﬁ'?'\(/é("hfﬂ”é’t’? (le"EWd?%O’E&JmEJH"Q%“& meH Se‘f" roinithe dAskad tnge

oxygen @f, th@?lgmﬁjéng)g@e IQ&E’H& th@%@tamn?'op L’Ztoolf) bﬁ/CthWJlgar( ganuﬂ%nﬁ Réth the
fol | ow ng neani ng: C(0)-X-21; C(0)0- X- C(S)-x-Z

S(0) 20- xrcmlatlcgmy)mqa_‘p)‘ D)Q,nzme dari{ediing orxthefaft ha@@@ﬂg)r(d@m); Ir)e.ag@chment to the
C(O)N(R%txf)él P(=0) (OH) O X-Z1; P(=0)(0OR1)0-X-2Z1; P(=0)(SH) O X-71;

P(=0) (S s) Z1; P(=0)(O0R1)-X-Z1; P(=S)(OH O X-21; P(=S)(0R1)0- X-Z1;
P(=Sp( OH) N(R1) - X: Z1; P(=S)(0OR1) N(R2) X-21; P(=0)(OH) N(RL)-X-Z1; or

P(=0) (OR1) N( R2) - X- Zl; 20R1, R2 are independently sel ected fromthe group
consisting of C1_6 alkyl; or Ile, R2|joi ntly forma CL_6 al kyl ene bridgi ng

group; X% (XA) ) n2; m endently 0; or 1; xO0A
is TO \n/\ox\‘ﬁ/ |s"g£br anéﬁ\gﬁmmncﬁ&ggm_lo al kyl ene group
which is un?ubstltu?ed or substituted 30vmth00ne or nore R3, which are the
same or different; R3 is halogen; CN, C(0)R4; C(0)OR4; OR4; C(0)R4,
C(0) N(R4R4a); S(0)2N(R4R4a); S(0) N(R4AR4a); S(0)2114; S(0)114,
N(R4) 5(0) 2N( RdaR4b) ; sR4; 4a N(-4-); . .

ﬁ/\ﬂ/ (ViIbb)

0

More preferably, L is a non-biologically active linker containing

i) a moiety L* represented by formula (VII1),

10

| 2a
R 0 (v,

wherein the dashed line indicates the attachment of L* to an aromatic amino group
of D by forming an amide bond; and wherein X%, X*, R, and R* have the following

15 meaning:

X! is C(R'™R™) or a cyclic fragment selected from Cs; cycloalkyl, 4 to 7 membered
heterocyclyl, phenyl, naphthyl, indenyl, indanyl, tetralinyl, or 9 to 11 membered
heterobicyclyl;

20
X2 is a chemical bond or selected from C(R®R*), N(R®), O, C(R*R*)-C(R*R¥), C(R’R*)-
N(R%), N(R?)-C(R'R*), C(R®*R®)-0, or O-C(RR*),

wherein in case X' is a cyclic fragment, X is a chemical bond, C(R*R*'), N(R®?) or O;

25 optionally, in case X is a cyclic fragment and X? is C(R’R*), the order of the X*

fragment and the X* fragment within L' may be changed;



K KNO2; OC(0)R4; N(R4) C(0)R4a; N(R4)S02R4a; N(R4) S(0)Réa;

N(R4) C(0) N(R4aR4b); N(R4) C(0)OR4a; OC(0)N(R4R4a); or T, WO

2011/ 012’ WORCI/EPAS10/ 061155 81 R4, |ea, 124b are indep@&ndareop/osdbect ed
fromthe group consisting of H 14); T14 al kyl; C24 al kenyl; and C24

al kynyl, wherein Cl4 al kyl; C24 al kenyl; and C24 al kynyl are optionally
substituted with one or nore R5, which are the sane of different; R5
is halogen; CN;, C(0)R6; C(0)OR6; OR5; C(0)126; C(0)N(126R6a);

S(0) 2N(R6R6a) ;  S(R) , AfRPieleeled krb&bthe Blotig EonaisgZdiHREa bilkohy  Se;
N( R6126a); NO2: o&mm%a}e X Q%Rﬁseé&%%somg«g gN( Ra)sgahd & "

N(126) C(0) N( 126a12'8(B%R53)N( 126) C( 0) 0126a OC( 0) N(126126a) ; R6, K
R6b are i ndependently selected fromthe group consisting of H Cl..6 alkyl;
C2..6 al kenyl; and C2_6 al kynyl, wherein Cl.6 al kyl; C2_6 al kenyl; and C2_ 6
al kyayl are opti on’é,lﬂz,yRZSBﬁsﬁ andtRéachre/\inUépeﬂxﬂmmies@ectmfrcan tt&lgugfprcpnsrdunghf tar e
the sanme of differe ({1@ i s phenyl; naphthyl; azul enyl; indenyl; indanyl;
C3_7 cycl oal kyl ; 43l her ed heterocycl yI or 8 to 11 menbered

het er obi cycl yl , wherel nT, is optlonally substit ut ed with one or nore R7,
whi ch are the sanme or dlfferent 3a§% ogen; CN; ; ORS; C(O)R8
C(0) N(R8R8a) ; 5(0))@@(@%8@90“@(@)@8 R é‘)%ﬂsw'@éoﬂ@maﬁﬂ

N( R8) S( 0) 2N( R8aR8 ; N( R8) C( 0) R8a;

N( R8) S( 0) 2R8a; N( %Tg?@%&%%y&@%ﬁamrg% § o( 0) N( R8aR8b) -
OC(ApN(R8R8a); oxo (=0), where the ring is at |east partially saturated,
Cl15 al kyl; C2.6 alleegq;q2 g.or C2..6 al kynyl, wherein C1_6 alkyl; C2_6

al kenyl ; 20and C2 §/nyl are optionally substituted with one or nore R9,
whi ch are the sanme or different; R8, R8a, R8b are independently

sel ected fromthe group consi stl ng of H Cl1_6 alkyl; C2_6 alkenyl; and C2_6
al kynyl , wherein &UsE@4|: C2..6 alkenyl: and C2_6 al kynyl are optionally
substituted with 250one or nore 111 which are the sanme of different; R9,
R1 are independently selected fromthe gr oup consi sting of hal ogen; CN;
C(0)IR11; C(0) OR11opt@Raty, o &)eldairs &M IRTYRIRE REJR™ fornny chanriet banda)

S(0) N(R11R11a); S(0)2R11; S(0)R11; N(R11) &( 0)2N(R1I aRl'1)); SR11;

N(R11R11a); NO2; OC(0)R11; N(R11) C(0)Rlla; N(R11l)SO2R1la; 30N(

Ri1)S(0)Rll a; N( Rbagidoamy, MNis fatrthefubdtityted( Ri | ) C(0) 0 Rua; and OC(0) N(R11R111;
R11, 1111a, Rl b are independently selected fromthe group consisting of H,
Cl 6 alkyl; C2-6 al kenyl; and C2_6 al kynyl, wherein G _6 alkyl; C2_6

al kenyl ; and; aa{erxWI wikEtis @RhdraBRbb &lab.ssdeﬁ Hﬁ@glﬂciuhded"'@c&fer@ﬂf@

hal ogen, whic are the same of different; WO 2011/012715PCT/ EP2010/ 061155
82 20 is a bi odegr@dﬁbv'@gﬁwfﬂ\@g@?'%M@ﬁeh”gm{e@t'?me present invention, which

I's covalently att %%Qr%g\ Esai)stltuted with one L* moiety;

optionally, L is further substituted.

25  More preferably, the moiety L is selected from

o o H Q T it
RZ\'\N )J\/ O\)J\ R2 NN /d‘*x.«/N*v»fﬁ“':";._ R ‘\r\r"lg\‘»/"M‘w’jj}‘i ,
| : .

Preferably, in formula (ViIl) R, R?, R*, R*, R* and R™ are independently selected from the group

consisting of H, and C,_, alkyl.

35 Inanother preferred embodiment, L is a non-biologically active linker containing



Such a hydroxyl -containing biologically active noiety D may be, for
exanpl e, paliperidone. 5 Preferably, Zis C(0)-X Z1; C(0)0-X-21; or

S(0) 2- X- 20 2nova2psef erably, Z is C(0)-X-Z1; or C(0)0- XPCZEP2HVOAIADI €
preferably, Zis C(0)-X-Z1. Preferabl®, X is unsubstituted. 10 Preferably,
m is O and n2 is 1. Preferably, X0-z0 is 1-1 K
R2) CH2-e, wherein Rl, R2 are independently selected fromthe group
consisting of Hand Cl1L 4 alkyl, provided that at |east one of Rl, R2 is

ot her than Hj or G&ldkvE We%&wW@@%?ﬁﬁm&é@X§§ 3, 4, 5 6, 7 or 8 Preferably,
the carrier Z1 is covalently attached to X via am de group. |In another

preferred enbodinent, L is a non-biologically active |inker containing 20
i)a noiety L1 represented by formula (XI), 25wherei n the dashed |ine
i ndi cates the attachnment of L1 to theparomatic hydroxyl group of the drug D
by form ng a carbamate group; ang wheflein Rl, R2, R2a, R3, R3a and m of
formula (XlI) are defined as foIWBMﬁQ egéx cted fromthe group
consisting of CIA alkyl; heteroal Kyl ; ycl oal kyl ; and WD
2011/ 012715PCT/ EP2010/ 061155 83 R3 H* O (IX)
5
wherein the dashed line indicates the attachment of L' to an aromatic amino group
of D by forming an amide bond; and wherein X', X%, and R* of formula (IX) have the

following meaning

10 X! is C(R'R™) or a cyclic fragment selected from Cs; cycloalkyl, 4 to 7 membered
heterocyclyl, phenyl, naphthyl, indenyl, indanyl, tetralinyl, or 9 to 11 membered
heterobicyclyl,

wherein in case X' is a cyclic fragment, said cyclic fragment is incorporated into L via
15 two adjacent ring atoms and the ring atom of X', which is adjacent to the carbon

atom of the amide bond, is also a carbon atom;

X* is a chemical bond or selected from C(R°R*), N(R®), O, C(R’R*)-C(R'R™), C(R*R*)-
N(R%), N(R})-C(R'R®), C(R®*R®)-0, or O-C(R’R™®),
20

wherein in case X! is a cyclic fragment, X? is a chemical bond, C(R*R*), N(R®) or O;

optionally, in case X is a cyclic fragment and X* is C(R*R®), the order of the X'
fragment and the X* fragment within L* may be changed and the cyclic fragment is

25 incorporated into L* via two adjacent ring atoms;

RY, R? and R* are independently selected from the group consisting of H, C;.4 alkyl and

30 R™, R?, R®, R™ and R™ are independently selected from the group consisting of H,

and Cy4 alkyl;



\N R3 R2, KR3, R3a are independently selected from hydrogen, substituted
or non- substituted linear, branched or cyclic G .4 alkyl or heteroal kyl; 5
mis i ndeyordailias2, 3 or 4; ii)a noiety L2, which is &CxhPa104b116Hnd or a
spacer, and L2 is bound to a hydrogel73of the 10present invention, wherein
LI is substituted with one L2 noiety, optionally, L is further substituted.
15 In yet another preferred enbodinent, L is a non-biologically active
| inker containing i)a noiety 11 represented by formula (X11), 20 R4R4a /
WO 2011/012715PCTQ§3%%%@/061155 84 wherein the dashed line indicates the
attachnent of L1 to an aliphatic am no group of the drug D by formng an
am de bond; and wherein Xi, Rl, R2, K-2a, R3, R3a, R4 and Rd4a of fornula
(XI'l) have the fo&&o&ﬁnﬂ nmeani ng:

is Ci4alkyl;

5
optionally, one of the pairs R®/R®, R*/R* or R'*/R* form a chemical bond;
i) a moiety L2, which is a chemical bond or a spacer, and L2 is bound to a carrier group Z
representing the biodegradable hydrogel according to the invention,
10 wherein L' is substituted with one L*> moiety, provided that the hydrogen marked

with the asterisk in formula (IX) is not replaced by L%;

optionally, L is further substituted.

15  More preferably, the moiety L' is selected from



5X1 is selected fromO, Sor CHRa, Ill and R ndependently selected from
., F2 ta, 10 R3, R3a are independently selected fromH Cl 4

H, OH,
al kyl ,

Preferably, one of the pair R3/R3a is/H and the other one is selected from

CH3 R2
arMiORB11R82711§ sel ected from O HO \, OH 0 NH2 \ NH2 PCTEPRMB/ONHZS NH

R5. Preferably, one of R4/114a is H.

5

(o]
R Q@  Rr NHR® O R , 7 f
H* ’ 3 */ ,’ 4 * 7 4
H 5 u .
o 4 1 O NHR H W)
(if) (i)
O
N
2 o o \\
R\N/IJ\/\)L\ H\N/U\/N\)LI\
/ ’ / _ S o ' R o
H* \J * Vi N (o]
v) H (vi) e’ (vii) / (viii)

g 0 I
NoH ’
s 0O R? ’ ! . s
4w A" o )
H* H*

“Aromatic amine containing biologically active moiety D” means the part (moiety or fragment) of the
drug linker conjugate D-L, which results after cleavage in a drug D-H (active agent) of (known)

biological activity. In addition, the subterm “aromatic amine containing” means that the respective



WO 2011/ 012715PCT/ EP2010/ 061155 85 Optionally, one or nore of the pairs
R3/R3a, Rdmia, R3 J.-.4

/[ K may i ndependdaptisy form one or nore cyclic fragnents PEr&FPe@d/osfrioi C3 7
cycloal kyl, 4 to 7 nmenbered heterocycldyl, or 9 to 11 nenbered

het er obi cycl yl . 50pti onal | y, R3, R3a, R4 and Rd4a are further substituted,

sui tabl e substltue Cl- 6alk , al ken suc s, C2 6
Sl kel TrOetBiapH Sae e corrsspet BAA IR EOuapIet g ons AL BB GERent which
het er oaliky(bstith@b ¥itaatl k&R ¥he anhiRd glog@! kynyl, heteroaryl (such as aromatic 4
to 7 menbered heterocycle) or halogen noieties. 10ii)a moiety L2, which is

a chemical bond or a spacer, and L2 is bound to a hydrogel of the present

i nventi Gfe a )é\ﬂglss%bﬁltdelnt of @S & tﬁld%rﬁgwtv&f bﬁo%ﬁo&&hﬂﬁmﬁ? célrﬁﬂmafs@ééié W L

is further t1tuted. abl' e sUbstituents are suc _6alky1l)
, al benyd(O¥sarcthe sightC@nd sicé bﬂﬁYdS)deaictey rlyforrqmsla(tll)i asan@k iBondvwithin/th drugrlipker( such

henyl het | k
2 onat 1 eohiugese b BihoideatientE B BRAFEP P RGO are Bkt ulRED Rl oRl Rt her
pr ef er r geheaiidNglbomaf by &n biida fﬂagﬂerhldaltmggernadal strieliré vec(D)-Nirgv?. vbmbiRates tig i) a

noiety L1 represented by formulg (XI11), R2 R3 R3a Rl a OR4 SO(X”@h
wher ei n r?'ﬁé'”t!?é%’é%f’fltﬁ‘%@oieFYd-l emggm{qugesalgqagetﬁmqf{agmenqu 8§ ishsubsBHeRt S¥hami no

gr OUpRBOfastcheaIWI U%)rg‘e%lyf%mgm F@lne)éfﬁ})@e sarPdtfide BO |¥"ﬂl@fc§ﬂe3 V\R:'hm falnﬁxla fdy R2a,

R3, da of Tformula (XII are defined as fol
20111001 2¥id 84308d IFe20d<3V didgzbnadlg o8 Ehis bond.

“Non-biologically active linker” means a linker which does not show the pharmacological effects of
the drug (D-H) derived from the biologically active moiety.
15
As indicated above, the X'-fragment of the moiety L' represented by formula (IX) may also be a cyclic
fragment such as C; cydoalkyl, phenyl or indanyl. In case X" is such a cyclic fragment, the respective
cyclic fragment is incorporated into L' via two adjacent ring atoms (of said cyclic fragment). For
example, if X* is phenyl, the phenyl fragment of L* is bound to the X* fragment of L* via a first (phenyl)
20 ring atom being in a-position (adjacent) to a second (phenyl) ring atom, which itself is bound to the
carbon atom of the carbonyl-fragment on the right hand side of L' according to formula (IX) (the

carbonyl fragment which forms together with the aromatic amino group of D an amide bond).

“Alkyl” means a straight-chain or branched carbon chain (unsubstituted alkyl). Optionally, each

25  hydrogen of an alkyl carbon may be replaced by a substituent.

"Cy.4 alkyl" means an alkyl chain having 1 to 4 carbon atoms (unsubstituted C;4alkyl), e.g. if present
at the end of a molecule: methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl tert-butyl, or
e.g. -CH,-, -CHy-CH,-, -CH(CHz)-, -CH,-CH,-CHy-, -CH(C;Hs)-, -C(CHs),-, when two moieties of a
30 molecule are linked by the alkyl group. Optionally, each hydrogen of a C, alkyl carbon may be
replaced by a substituent. Accordingly, “Cys, alkyl” means an alkyl chain having 1 to 50 carbon

atoms.

“C,so alkenyl” means a branched or unbranched alkenyl chain having 2 to 50 carbon atoms

35  (unsubstituted C,.5o alkenyl), e.g. if present at the end of a molecule: -CH=CH,, -CH=CH-CH3, -CH,-



81, Ria, 82, F13, R3a, R4 and Rd4a are independently selected fromH and
Cl 4 alkyl, optionally, any two of Rl, Ra, R2, R3, R3a, R4 and K-4a

may i ndepEfaentdi97ifor m one or nore cyclic fragnents sel @TAR201000MIC3_7
cycloal kyl, 4 to 7 nmenbered heterocycléyl, phenyl, naphthyl, indenyl,
indanyl tetrali nyI or 9 to 11 nenbered heterobicyclyl, optionally, Rl, K
R2, R38, R4 a |l ea are further substltuted swtables bstltu nts are

al kyI §UCW2asCHCFH éHa%erH SrHEERET Wil Ge-Chothenstweongetssiof admolegurs 3g,
such as jigkielbydse fienfl g‘%dﬁ' Oftionallyy kach %W—?Bgeﬁ%fﬁh?ﬂﬂkenyh&?&f%y‘ﬁé' replaced by a

het er oal kene; heteroal kine; heteroaryl such as aromatic 4 to 7 nenbered
het er ocyehistituept a%fartbqawewﬁﬁdeﬂc@sdmalw he teon alenyd relaieis de aj cgrban ch@iRwétil atbond

a Sp%@{qne%@r‘go* aﬁc{ c{ogﬁgg BRHOAAN\PEQéJ@Jm&Et&d”@bM%S %cchrnvent ion,

15where| n 'S su one lety, I ona Lis further
subsski tuted; Suitable substltuents are al kyl (such as Cl16 aI kyl) , al kenyl

pheny! ) CiePRYOA] RFET RAVRFS REApheniiet cOaPIIRY B o1 o Fr et dias

aromat i quréu:ss@t&emegpakﬁﬁn@g o .%géqat 80 thelenB F QGRElediR atdcps-cHREafg G- one
of R4 or 848 is H. 25 Another preferred prodrug |inker is described in US

pat ent NsCH38L&3¢-CHHge b8l Crakerhen tivg mpigiien oty wblegile ate|lipkedchy; the alkynykegrpup.

2011/ 01 Sl 8 ol SEBEST SRAH citbor el be Fedidbeddoy *Hnlfhuerdtas ik 10

10  specified. Accordingly, the term “alkynyl” relates to a carbon chain with at lest one carbon carbon

triple bond. Optionally, one or more double bonds may occur.

"Cs, cycloalkyl" or "Cs; cycloalkyl ring" means a cyclic alkyl chain having 3 to 7 carbon atoms, which
may have carbon-carbon double bonds being at least partially saturated (unsubstituted Cs;
15  cycloalkyl), e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl. Optionally,
each hydrogen of a cycloalkyl carbon may be replaced by a substituent. The term "Cs; cycloalkyl" or
"Ca.7 cycloalkyl ring" alﬁo includes bridged bicycles like norbonane (norbonanyl) or norbonene

(norbonenyl). Accordingly, "Ca.s cycloalkyl" means a cycloalkyl having 3 to 5 carbon atoms.

20  "Halogen" means fluoro, chloro, bromo or iodo. It is generally preferred that halogen is fluoro or

chloro.

"4 to 7 membered heterocyclyl" or "4 to 7 membered heterocycle” means a ring with 4, 5, 6 or 7 ring
atoms that may contain up to the maximum number of double bonds (aromatic or non-aromatic ring
25  which is fully, partially or un-saturated) wherein at least one ring atom up to 4 ring atoms are
replaced by a heteroatom selected from the group consisting of sulfur (including -5(0)-, -S(0).-),
oxygen and nitrogen (including =N(O)-) and wherein the ring is linked to the rest of the molecule via a
carbon or nitrogen atom (unsubstituted 4 to 7 membered heterocyclyl). For the sake of
completeness it is indicated that, for example, in case X' is 4 to 7 membered heterocyclyl, the
30 respective additional requirements of X* have to be considered as well. This means that in this case
the respective 4 to 7 membered heterocyclyl is incorporated into L* via two adjacent ring atoms and
the ring atom of said 4 to 7 membered heterocyclyl, which is adjacent to the carbon atom of the

amide bond, is also a carbon atom.



87 wherein the dashed line indicates the attachnment of L1 to a functional
group of a drug D, wherein such functional group is selected from am no,
car boxyl ,wphesighatié, hydroxyl and nercapto; and wher ei nPRT/EPRRIO/ORASANd R4
of fornmula (XIV) are defined as folloWs: 5 Rl and R2 are independently

sel ected fromthe group consisting of hydrogen, alkyl, alkoxy, alkoxyalkyl,
aryl, al karyl aral kyl, hal o '

nitro, -503H, - SOZNHR5 a ni um
car boxy[Examiies for a 4ig 707-‘36@%‘39 Petewcvgigs arﬁﬁﬁt'ﬁ@ea?’@tﬂ"ﬁ'd@ffé%gﬁf t@gﬁﬂ‘gﬂ? "ed
from t hey@siI0URySAME) %lHE‘ﬂleOflmméﬁleiﬁg,eByra%llé<Yﬂ az8id, afxifiole, |dx)aibllﬁ@| E&)bézdl@
which is a chem cal bond or a spacer, ZWI s bound to a of the

present isoxazeline B\'ﬁm'ish@ﬁé'r‘éllwthi!_ZO!es'S@hl@g{"M'Gh'é‘éjawet Hiageoling, tﬁﬂ?*é’gspfura"
opti onal, Stk e r hs er
descri be%ityahxbmﬂﬁ(’ph ﬁé? ﬁrr?nlagga& Jg%%ﬁﬂea% é(%ﬁl%vm&f éxa%ﬁ 8 'rgv(g(gm%{%gi\mgmha'%
20025089%sp88azolilind) thiadiastlidine,i Sulffolasb,owan ndrhwdrnwran,(t)é’tf)lhydropy(a)(,\/)mldmwee,n t he

dashed line indicates the attachment. L tg a functi n[a qLou drug
D, and WHEYRS PYRdaziRe, pYIFZ'"e'(fV” '"eRR'perﬁﬁ"e s ppAperidipe, W°IEE§‘ "6 %tfazg'&r EHTF%
are def ithgdlidise, fé@ﬂak&‘ﬁﬁne, diddEpat laké St o iopip &RZRd. @pliérdalip ach hydrogen of a 4to

7 membered heterocyclyl may be replaced by a substituent.

10 "9 to 11 membered heterobicyclyl" or "9 to 11 membered heterobicycle” means a heterocyclic
system of two rings with 9 to 11 ring atoms, where at least one ring atom is shared by both rings and
that may contain up to the maximum number of double bonds (aromatic or non-aromatic ring which
is fully, partially or un-saturated) wherein at least one ring atom up to 6 ring atoms are replaced by a
heteroatom selected from the group consisting of sulfur (including -5(0)-, -S(0),-), oxygen and

15 nitrogen (including =N(O)-) and wherein the ring is linked to the rest of the molecule via a carbon or
nitrogen atom (unsubstituted 9 to 11 membered heterobicyclyl). For the sake of completeness it is
indicated that, for exarriple, in case X' is 9 to 11 membered heterobicyclyl, the respective additional
requirements of X" have to be considered as well. This means that in this case the respective 9 to 11
membered heterobicyclyl is incorporated into L* via two adjacent ring atoms and the ring atom of

20 said 9 to 11 membered heterobicyclyl, which is adjacent to the carbon atom of the amide bond, is

also a carbon atom.

Examples for a 9 to 11 membered heterobicycle are indole, indoline, benzofuran, benzothiophene,
benzoxazole, benzisoxazole, benzothiazole, benzisothiazole, benzimidazole, benzimidazoline,
25 quinoline, quinazoline, dihydroquinazoline, quinoline, dihydroquinoline, tetrahydroquinoline,
decahydroquinoline, isoquinoline, decahydroisoquinoline, tetrahydroisoquinoline,
dihydroisoquinoline, benzazepine, purine or pteridine. The term 9 to 11 membered heterobicycle
also includes spiro structures of two rings like 1,4-dioxa-8-azaspiroi4.5]decane or bridged
heterocycles like 8-aza-bicyclo[3.2.1]octane. Optionally, each hydrogen of a 9 to 11 membered

30 heterobicyclyl may be replaced by a substituent.

The non-biologically active linker L contains a moiety L* represented by formula (IX) as depicted and

defined above. Preferably, the moiety L' is defined as follows.

35 X" is C(R'"R™), cyclohexyl, phenyl, pyridinyl, norbonenyl, furanyl, pyrrolyl or thienyl,



88 L1 is a bifunctional linking group; V1 and Y2 are independently 0, S or
NR7; 5 R1-7 are independently selected fromthe group consisting of

hydr ogen,WQR0B/HRHK§| s, C3- 12 branched al kyls, C3_8 cyclPOIEPRI19/061035 6
substituted al kyls, C3-8 substituted ®ycl oal kyls, aryls, substituted aryls,
aral kyls, Cl1_6 heteroal kyls, substituted Cl1_6 heteroal kyls, Cl1-6 al koxy,
phenoxy, and Cl.6 heteroal koxy; 10 Ar is a noiety which when included in
formula XI fornms a nultisubstituted aromatic hydrocarbon or a

mul ti - substi tynersh iR edsexOs Y e} diCiraBnRR said cyclic fragment is incorporatedntb $* vid fwder a
chem cal bond or a noiety that is actively transported into a target cell,
a 15hydr opholsfiacanbiingaiomgsr a conbi nati on thereof. Another preferred prodrug
| i nker for use with pol ynucl eoti de drugs, such as oligonucleotides, is
described in WO- A 2008/ 034122. Such linker L is a shown in fornula (XVI):
20 R y ( XV} is awheetiesil hond, or Bllect&PfrorRB(R*HR), N(R%), 0, T{RFR** ML or OR’RY)-&RBR s of
formula (XVI) are defined as follows: Ais a capping group or R Yi 2 Rl14-X1
Rt3 R1L is a hydrogel according to the present invention;

RY, R® and R* are independently selected from H, C14alkyl or -N(R°R>®);

R™, R*®, R* and R are independently selected from H or Cy4alky};

10
R?is Cy4 alkyl;
R® is C(O)RS;
15 R®is Cialkyl;

More preferably, the mbiety L' is selected from



WO 2011/ 012715PCT/ EP2010/ 061155 89 L1 and L'1 are independently sel ected
spacers having a free electron pair positioned four to ten atons from
C(=Y1) orwgQreM/m}71spreferably from about 4 to about 8, RAA/EPRE/0pYISES er abl y
fromabout 4 to 5 atons fromC(=Y1) o® C(=Y'3.); 5L2 and 1-'2 are

i ndependent|y sel ected bifunctional linkers; and 1"1 are independently O,

S, or NR5; X and X' are independently 0 or_S; 10 R2, 11'2, R3, 11'3, and R5

are indefendent |y select efufnom anb\ng hydro gen, C]6 jl@iyl , - 6 al kenyl,
C2_6 al ky 9 \@Q[%&Qd/u%lkyl Mloalw bst it ut ed
alkyl, ¥ 6 substl t'utred | keny di 6o sulgd®i t ut edudl ky , C3-8 substituted

cycl oaI kyl , (Q/I, subst ¢ ut(ﬁ)d aryl het§roaryl sustituted heteroaryl, Cl1_6
het er oal kyI, substituted Cl1-6 15 heteré Iky{I Cl-6 alk , aryloxy, Cl 6

het er oal kox het er oar yl oxyg cz 6pal kanoyl ryl carbo I} C2 6 a
Ikoxycarﬁow oxy®&r blanyH, al kanoy¥oxys a ryl c

riyonyl oxy, C2_6
substitutel a Eanoy " subfti tyted aryl cat o C2_B. 31 Ot ut.ed

al kanoyl Bxy, WUbstituted” aryl g‘ﬁ?ycar bonyl ./ C2. 6(\s)ubst ?'ut ed (@)l ka noyl oxy
and substituted aryl carbonyl oxy, or R2 toget her vvlth R3 and 11' 2 toget her
with 11' 3 indgpendently forny20a substituted or unsubstit@ted non-aromatic
cycl ohydrocar at | east thyred carbons; i 11' 4 are

i ndepende g €| ect ed hudkgot | desd"deri vativ hereof; 25(p) and
(p') are rndepeddentty 2 O/ osi t Ve nt,eger, prefer bly zero or an

i nt eger from aboufx) 1 to about- 3, (XErDre pr em\'%tbl()a)zero of”Iy art® (q) and
(q') are independently zero or 1, H provi ded that R3is a
substituted or unsubstitut ed hydr oar bon having at |east three 30carbons

vvhenR2|s?z andr’f uit her vde t h@t L1|s ' the sane as C(R2) (R3).
WO 2011/ 012 mPCT,z, EP4010/ 06*1\1 r ON o y

R R1 a
O
(xii) (XIV)

R /% (xv)

(xxiv) (xxv)
R\ 'lqa 0 H
, R
P .
5 R" R R
(xxwiii) (xxix)
wherein

R® is C(O)R%;
5 R, R™, R%, R® and R® are independently from each other Cyalkyl; and



(XVI1), wherein the dashed Iine indicates the attachnent of the linker L
to the amne group of a drug D, and wherein Z, L and Ar of fornula (XVII)
have t he woeani1g2ds follows: 5 Z is a hydrogel accordi ngCTEP2MIO/OprIESent
invention; L is a covalent |inkage, Meferably a hydrolytically stable

| i nkage; 10Ar is an aromatic group; Another preferred prodrug |inker for
use with heteroaromati c am ne-containing biologically active noieties is
described in the US-patent 7393953 B2. Such linker L is a shown in Formula

(XVI'11) i is substituted with one L> moiety, preferably R? is substituted with one L* moiety, i.e. the

substitution of L* preferably occurs at R%.

5
In yet another preferred embodiment, the preferred structure for a prodrug of the present invention
is given by a prodrug conjugate
D-0-2°(X),

10 wherein
D is a hydroxyl group-containing biologically active moiety which is coupled to the moiety Z°
through the oxygen of the hydroxyl group; and wherein Z° of formula (X) has the following
meaning:

15 2% is C(0)-X%-Z% C(0)0-X°-Z%; S(0),-X°-Z%; C(S)-X°-Z%; $(0),0-X°-Z"; S(0),N(R")-X’-Z"; CH(OR")-X"-
Z%; C(ORY)(OR?)-X°-Z; C(O)N(RY)-X’-Z*; P(=0){OH)0-X’-Z*; P(=0)(OR")0-X’-Z"; P(=0)(SH)O-X’-Z";
P(=0)(SRYO-X’-Z; P(=0)(ORY)-X’-Z%; P(=S)(OH)0-X>-Z; P(=S)(ORY)0-X’-Z*; P(=S)(OH)N(R")-X’-
7% P(=S)(ORY)N(R?)-X’-Z; P(=0)(OH)N(RY)-X’-Z*; or P(=0)(OR*)N(R*)-X"-Z%;

20 RY, R are independently selected from the group consisting of C1¢ alkyl; or R*, R? jointly form
a Cy¢ alkylene bridging group;

X" is (X" )t (X )2
25 m1; m2 are independently 0; or 1;
X?is 1%
X% is a branched or unbranched Ci.4o alkylene group which is unsubstituted or substituted
30 with one or more R?, which are the same or different;

R® is halogen; CN; C(O)R%; C(O)OR*; OR*; C(O)R*; C(O)N(R*R®); S(0),N(R*R™); S(O)N(R*R™);
S(0);R%; S(O)R% N(RY)S(0),N(R**R™); SR* N(R*R*); NO,; OC(O)R* N(R*)C(O)R*; N(R*)SO.R®;
N(R*)S(0)R™; N(R*)C(O)N(R*R™); N(R*)C(O)OR™; OC(O)N(R*R*); or T

35



15 R1L1 (XVI11), wherein the dashed line indicates the attachnment of the
linker L to the heteroaromatic am ne group of a drug D; and wherei nand p of
formul a (WOI2011)01RAFe t he nmeani ng as 20follows: Rl is a RgAEPIEN/06f15% he
present invention; is o, s, or NR2; 28 pis O or 1 L1 is a bifunctional

| i nker, such as, for exanmple, -NH(CH2CH20)n(Cl -12)nNR3-,

30- NH( CHZCHZO) ngta( 0),- WO 2011/ 012715PCT/ EP2010/ 061155 91 1NH{: zﬂ(??)OC(O)
O( 0) ( C114115fnNHORO) TreasiRpgndrntiyselected; fegn teg-grpge consisting of H; T Cug alkyl; Cos

0) (CR4AR5) N 2 1- - v ,
g(( Og (NH( CR4??5)§§81Y| 5an@(@) é@l‘ %@@}\( &4 a]rl%) W alken\ﬂ:( Q)oocz(llqw (O Nﬁ%bnally
substituted Wlth one or more R which are the same of different;

R® is halogen; CN; C(O)R%; C{O)OR®; OR®; C(O)R%; C(O)N(R°R®); S(O).N(R°R®); S(O)N(R°R®);
5 S(0),R% S(O)R%; N(R®)S(0),N(R®R®); SR®; N(R®R®); NO,; OC(O)R®; N(R®)C(O)R®"; N(R®)SO,R™;
N(R®)S(O)R®; N(R®)C(O)N(R®R®™); N(R®)C(O)OR®*; OC{O)N(R°R™);

R®, R®, R® are independently selected from the group consisting of H; Cy¢ alkyl; Cy. alkenyl;
and C,. alkynyl, wherein C,¢ alkyl; C,. alkenyl; and C,. alkynyl are optionally substituted with

10 one or more halogen, which are the same of different;

T° is phenyl; naphthyl; azulenyl; indenyl; indanyl; Cs; cycloalkyl; 3 to 7 membered
heterocyclyl; or 8 to 11 membered heterobicyclyl, wherein T°, is optionally substituted with
one or more R’, which are the same or different;
15
R’ is halogen; CN; COOR®; OR%; C(O)R®; C{O)N(R®R™); S(0),N(R®R®); S(O)N(R®R®); S(O).R%;
S(O)R® N(R®)S(O),N(R®R®®); SR® N(R®R®); NO, OC(O)R%; N(R®)C(O)R®; N(R®)S(O),R®%
N(R®)S(O)R®; N(R®)C(0)OR®; N(R®)C(O)N(R®R®); OC(O)N(R®R®*); oxo (=0), where the ring is at
least partially saturated; C.¢ alkyl; C,.s alkenyl; or C,¢ alkynyl, wherein Cy¢ alkyl; C, alkenyl;
20 and C, alkynyl are optionally substituted with one or more R®, which are the same or

different;

R?, R®, R® are independently selected from the group consisting of H; Cy.¢ alkyl; C6 alkenyl;
and C,. alkynyl, wherein C.¢ alkyl; C, alkenyl; and C, alkynyl are optionally substituted with

25 one or more R, which are the same of different;

R%, R™ are independently selected from the group consisting of halogen; CN; C(O)R™;

C(O)ORY™; OR™; C(O)R™; C(O)N(R™R™?); S(0),N(R™R™); S(O)N(R“R™); S(O).R'; S(O)R™;

N(R™)S(0),N(R**R™®); SR™; N(R™R™); NO, OC(O)R™; N(R™)C(O)R™; N(R™)SOR™;
30 N(R™)S(0)R™; N(R™)C(O)N(R™*R™®); N(R™)C(O)OR™?; and OC(O)N(R*'R™);

R™, R™, R™ are independently selected from the group consisting of H; Cy¢ alkyl; Cy
alkenyl; and C,¢ alkynyl, wherein Cy¢ alkyl; C,¢ alkenyl; and C,¢ alkynyl are optionally
substituted with one or more halogen, which are the same of different;

35



C(0) NH(CH2CH20) n-, 15R2, R3, R4, R5, R7 and 118 are independently sel ected
fromthe group consisting of hydrogen, 6 alkyls, C3-12 branched al kyls, Cm
cycl oal kyw®,200101871§ubst i t ut ed al kyl s, Cm substitut ed cy®CoalPR0H61185y| s,
substituted aryls, aralkyls, Cl1 6 het®roal kyls, substituted C1_6

het er oal kyl s, Cl_ 6al koxy, phenoxy and Cl..6 heterQal kKOXY; 20R6 is sel ected
fromthe group consisting of hydrogen, Cl..6alkyls, C342branched al kyl's,

C3- 8 cycl oal Kyif & biodggradahls bydrogel agsoringyie the prgseatipiention, wbigh syevalpatiky| s,

aryls, subst Eft&tth@&jto%!“yl s, aralkyls, Cl _6heteroal kyls, substituted

Cl Ahet eroal kyl's, G _6al koxy, phenoxy and G _6het eroal koxy, NO2, hal oal kyl
and hal ogen; WD 2011/012715PCT/ EP2010/ 061155 92 The bef orenenti oned

| i nkers .are suitable for use . with.a nu r _of hiologigcall. i ve noieties.
sul t ab 0 g Ap e ol chlieGy Ry B s s Jel o RRE e RE o

ol i genucl eoti des, or small nolecule biologically active noieties. 5The

bi ol ogically active ety ma onpris n am ne, hydgoxyl, ,carbg

phosphat’ ée,ferakly,rﬁg fsc%ﬁ)gg'zg r‘%‘i’)ﬂ’x’?ﬁ egg(Pbr@-&?%ﬂf? prefreehly, & ﬁ”&h?‘txio‘éé oﬁﬁ@(%'éo'

conj ugatze_qvgnqm;,lg%rgfgrgmﬁizegt@rxa@( ug linker through a linkage forned by an

am ne, such as an aliphatic or aromati c am ne; hydroxyl, such as an
aliphatic or 10aromatic am ne; carboxyl; phosphate; or nercapto group

provi de%rqurgélgﬁ(ggiuﬁéq%gitﬁf%ldl y active noiety. Suitable aromatic am ne

cont ai ni ng icalTy active noieties D are, for exanple, (-)-Carbovir,
()- 10 o . . -
:—|y(m;;1| n,PQférl;B\r/’cr#ﬂsig ghéjr%zgs)l-. Pi cunet erol , (R) - Am nogl ut et hi m de, (R) - d enbut ero

Am nogl ut et hi m de, (S)-d enbut erol, [ 6- p-am nophenyl al ani ne] - angi otensinl 1, 10
‘- 15 Denet hoxystreptonigrin, 17-Am nogel dananycin, 1-Am noacridine,

1- Deaza&mierable, “XZRis BIR'R’JCHZ, Nkhepgin R, B Frepinderendentlyi glested from the group

2, 7-Di . ihe - A NAa- - kg < 1\N i dine,
2" ari no PAMALRE B! YISl ARG Rl LR YRR b B or G e

Chl dsoaadndgj 5@, 7 @B- Deoxyxyl ot uber ci di n, 2-Sul fani | am doi m dazol e,

3, 4-Di am nocoumarin, 31- Am no-41-nethoxyflavone, 3-Am noacridine,

3- Ami nopi col i nic acid, 3-Deazaguanine, 4'- 20 Am nofl avone,

4- Ami nopyeredbipahe Eatridh@Pis chralRRilydraichddtb Xevia SmiddgapDL- Tr ypt ophan, 5-

Am noni coti nam de, 5 -AMP, 5'-ATP, 5-Chl orodeoxycytidine, 5'-CMP,

5-Di nmet hyl am | ori de, 51-CDP, 51- GW, 5'-GIP, 5-1odotubercidin,

5- Met hyl j A LG nafHAH idhARing®- AM not hyni ne,
o Bonzy 1 Hiomm e BRIl PR noR LA A okt chine

Di hy@r oneopterin, 7- Am noni netazepam 7-Methoxytacrine, 7-Methyltacrine,
9- Deazaguani ‘rge, 9-ali>nh<|aer}eEJ}glrgsdg%i ne rmlzxfa ),(Alfjacavi r, Acadesi ne, Acedi asul fone,
Acefurtiam ne€, Acet yc1 Y:oen%yr?e /g\ yK’m C (Sv ‘r, Actimd, Actinomycin,

Acycl ovir, Adefovir, Adenallene, Adenine, Adenophostin A, Adenosine,
Adenosi ne nonophosphat e, Adenosi ne tri phosphate, Adenosyl honocystei ne,

Adi teren, Afloqual one, Al am fovﬂzsr, ngidn, ;Al fuzosin, Allithiam ne,

Al pi ropride, Amanozi ne, AnbasilTde, ai ney {Andoxovir, Ameltolide,

Anet hopterin, Anfenac, Anflutizol cl j e Am dapsone,

30Am fanpridine, Amloride, Am naeri m [oa(':ri di ne, Am noanti pyri ne,

Am nobenzoat e, Am nogeni stein, Am nogl utethim de, Am nohippurate,

Am noi satin, Am nometradi ne, Am noni p Am nophenyl al ani ne,

Ani nopot ent i di ne, Aminopterin, Am nopurval anol A, i noqui nuri de,

Am nosal icylic Acid, Am phenazole, Am phenosine, Am sonetradine,

Am sul pride, Amterol, Am exanox, Ammelin, Anonafide, Anbxecai ne,

AnpiSni done, Anpheathhieini the, dasidnliednditatesethe Attechameny iof L' mrtherdromaticAmydraxgne,

AMT,  Ant hami ne, 'g‘rnc}ulp%?lthee’ drﬁ‘gn g"b%ltfg%clr%gna é‘irbamate group; and wherein RY, R?, R?, R?, R®

and m of formula (XI) are defined as follows:

R'is selected from the group consisting of C. alkyl; heteroalkyl; Cs_; cycloalkyl; and



WO 2011/ 012715PCT/ EP2010/ 061155 93 Ani |l eri di ne, Apadenoson, Apracl oni di ne,
Apricitabine, Arafluorocytosine, Aram ne, Arazide, Aristeronycin,

Ar pri nociNO 266023181 n, Ascensil, Aspicul anycin, Atoli dePCRAERROIN/061155
Azacitidine, Azaline B, Azanulin, Azai dazole, Azepexole, Aztreonam

Baqui | oprim Basedol, Batanopride, b-D- Adenosine, Bem tradine,

Benfotiam ne, Bentiam ne, Benzam |, Benzocaine, Betoxycaine, Binodenoson,
Bi opterin, 5 Bisbentianiner Blasticidin, Bleomycin, Bleonmycin Al, Bleonycin
A2, Bl eonycin A5, "8l eo BFn A6, Bl eonycin DVAZ, Brodl noprim Bromc enac,

Br onobut erol , Bronopt ropi ri mne, Buciclovir, Bunazosin,

Butyryl thiam ne dis Cadeguonyci n, CAMP, Candi cidin, Capadenoson

Car bani | i de, Car bqéne rbovir, Carbutam de, Carunonam CDP-dipalmtin,
Cef capenepi voxi |, fclliBFhim Cef daI oxi me, Cefdinir, Cefditoren, Cef enpi done,
Cef epi me, Cefetanet, Cefetecol, Cefixime, 10 Cefl upr enam Cef mat i | en,

Cef menoxi me, Cefodi zinme, Cef osel is, Cefotaxinme, Cefotiam Cefozopran,

Cef podoxi ne, Cefqui nome, Cefrom Ceftazidine, Cefteram Ceftibuten,
Ceftiofur, CeftioReRE,R BETare prembeder@yfelectekirors hydiegenotibpitated or @af t ri axone,
Cef uzonam Cent azol one to or Q ro ne, Cidofovir,

G fost odi ne, G patPSHT eﬂgeea@bég%}'?(g‘gcy@/gﬂ?%‘ ,anone C af or an,

Cl ebgpri de, C enbuterol, C enproperol, dofar abl ne Cl or sul on,

Coel ent er am ne, Coenzyrre A, 15 Col chicam d, Coumarin 10, Coviracil,

Cr ot onosi de, Cycl @bﬁ'ﬂdwe"@‘é'v&b?lﬁ”‘a Oycl ocl enbut erol , Cycotiam ne,

Cytal |l ene, Cytarabine, Cytarazid, Cytidine, Cytidine d| phosphat e,
Cytidoline, CytosineD(+)- Neopteri n, Dactinomycin, D Anethopterin, dAWP,
Danvar, Dani qui done, Dapsone, Dapt onycin, Daraprim Darunavir, DATHF,

Da i d dCTP. DBebr di b Deg| LAe,
Dot sopr opy! hJbr ox Te1R e ket o BSpsp e O 8 G BRGATH e

Deoxgadenosi ne, 2@rebEfbxiedtion, Deoxycyti di ne, Deoxyguanosi ne,
Dephosphocoenzynme A, Dequal i ni um Desbutyl bunet ani de, Descicl ovir,
Desoxym noxi di |, dGW, dGIP, Di acethi am ne, Di am noacri di ne, Di averi di ne,
Di chl or obenzm,lem DisGIsBfREELRPEHeaX RbRty, DI chl or ophenar si ne,

Di deoxycyti dine, Di hydrobiopterin, Di hydrofolic acid, Dinethialium

D net hocai ne, Di net hyl msthotrexate D nalin, DL-5,6,7,8-Tetrahydrofolic
aci d, DL-Met , Dovitinib, Doxazosin, Draflazine, 25
Edat r exat e, Eﬁ ?rf\?}g?’rﬁlé elg%%ﬁ{cﬁ(afabl ne, Entricitabine, Entecavir,
Enviieadene, EpC| tabl ne, Epiroprim Eritadenine, Etanterol, Ethacridine,

Et haden, Ethylisopropylam | oride, Etoprine, Etoxazene, Etravirine,
Etriciguat, FAD, Fanticlovir, Fazarabine, Fenanol, Fepratset, Fiacitabine,
Fl ucyt osn yet andthergheeferreddnutebainadat, ids a dantbidlydicatly auvtiye Fraer @ntainirgg,  For nyci n A,
Fosanprenavir, Fural azine, Fursultiamne, Furyltriazine, Ganciclovir,
Gancycl ovir, Gastracid, Gentitabine, Gracodazole, 4 oxinonam 30

G ybut hi azol i) GSKa%,émblr&;rg@me&b{,forﬁsig@ai)nh| bitor Xl I, Guanine, Guanine
ar abi nosi de, Guanosi ne, Hexyl PABA, Hydroxynethyl cl enbut erol,

Hydr28xyproca| ne, Hydroxytrianterene sulfate, |bacitabine, I cl aprim

| mani xi I, I'mquinmod, Indanocine, |obenzam c acid, |ocetamc acid,

| onegl am ¢ acid, | orregl am®aci dt* pi dacrine, Iram ne, Irsogl adine,

| satori bi ne, | sobut amben, |3Qri tm)n, | sosepi apterin, Ketoclenbuterol,

Ket ot rexat e, Kopexil, Lani vudi NBya Lanotrigin, Lanotrigine, Lantidine,
Lappaconi ne, O
35Lavendanyci n, L- Cyti'gi iRdom de, Leuci nocai ne, Leucovori n, L- g- Met hyl en
e-10- WO 2011/012715 CT/ B201 061155 94 deazaam nopterin, Linifanib,

Li nt28pri de, Li sadi obﬁ , Lodenosine, Lomeguatrib, Lonetrexol,
Loxori bine, L-S- Adenosyl M2me, Mabut erol, Medeyol, Ml arsenoxyd,

Mel arsoprol B, Mesal azi p€, Met abut et hami ne, Met abut oxycai ne, Met ahexani de,
Met azosin, Methioprim RVethotrexate, Methylanthranilate, Metioprim

Met ocl opram de, Metoprine, M noxi %HRIU M rabegron, 5 Mtonycin, Mvobulin,
Mocet i nostat, Monocain, Msapride t amycin,

N- ( pAm nophenet hypspi roperi dol, N642-(4-am nophenypet hyl i adenosi ne Rol e,
NAD+, NADH, NADH2, NADP+, NADPH2, Naepai ne, Nam nterol, Naretin,

Nebi38r azi ne, NECA, Nel arabi ne, Nel zar abi ne, Neol ami n, Neotropi ne,

Nepaf enac, Nerisopam Neurofort, Nifurprazine, N nustine, Ntrine,

NMet hyl t et rahydrofolic acid, Nolatrexed, Nom fensine, Norcisapride,

N- Pr opi onyl procai nam de, N 10 Sul fanilyl norfl oxaci n, o-Am nophenyl al ani ne,
Cctotiam ne, A anufl oxacin, Onmetoprim Othocaine, Oxi nonam

Oxybupr ocai ne, p-Am noanti pyrine, p-Am nobenzoate, p-Am no-D phenyl al ani ne,
Pancopri de Par sal m de Pasdr azi de, Pathocidine, Pelitrexol, Penet rexed

-~ 1 -~ 1 I o -~ = -~ l-\l__,____._... o




35Val t orci t abi ne, Vel nacrine, Vengicide, Veradoline, Vidarabine, Viroxine,
Vitaberin, Zalcitabine, WO 2011/012715PCT/EP2010/061155 95 Zhengguangmnyci n
B2, Zi nviwoxpme1246r banyci n, Zoxazol am ne, ()-Saxit oxi nPCZAER2106OpESF M di ne,
6- Fornyl pterin, 8-13-Neurotensin, 8-8fhi oguanosi ne, 9-Deazaguanosi ne,

9- Desar gi ni ne- bradyki nin, a4- 10-Corticotropin, Afamnelanotide, Agmatine,

Al arelin, Anbazone, Am|oride, Am nopterine, Anpyrim ne, Angiotensin,

Angi ot ensin I, An¥herelribe ashed lingindicates theatigchment ofin e Fngliphatikagiing geur of

Ar gi prestoci n, - ASHcES] Dby BHkhORPRLELI: and MdiAs, ki, kBRIZYI ke gt Biaeraa,
Bet acyam ne, Bisindoly maY elmde I X, Bivalirudin, Blasticidin's. Bl eonyci n
B2, Bonbesin 14, RumolafXihhavedhofotiewing @aarningori de, Carperitide, Cecropin P 1,
Cetrorelix, G lengitide, Creapure, Cyanoginosin LR, Cyanoviridin RR

Dal ar gi ne, Danvar, Deazaam nopterin, Defensin HNP 1, Deslorelin,

Desnepr essi n, Dezagissekédie) frdh O}H arceirRét hot r exat e, Di hydr ost rept onyci n,
Dimaprit, Dinethylam |l oride, D mnazene, DL- 10 Met hotrexate,

D Met hotrexate, Ebrotidine, Edatrexate, Eel Thyrocalcitonin, Elastatinal,
El catoni n, Ent er Oft #diA® arEMYbURY&Hth selEREd oAt b &H, Et hyl i sopropyl ami | ori de,
Etilam de, Etoprine, Fanotidine, Flupirtine, Furterene, Galanin, Giegin,
Ghrelin, ducagon, Gonadoliberin A Guanethidi ne, Guanfacine, Guanoxan,
Guanyl t hi our ea, SRAr 44 4a 1 di ' ' S lin,

Honoar gi ni ne, | c%i'l@aﬁ# ng? %F&??ﬁglpggd&ﬁ}%gg!e?%g&#ﬁ& I%%%#é’?%%ﬁdi ne, Kallidin
10, 1Benpti de, Ketotrexate, 15 Kiotorphin, Lactoferricin, Lamfiban,

L- Bradyki nin, Leucoyerin, Leucovorin A _Leupept|n, yprolide, Lonetrexol,
Lutrelin, mChl orﬁpﬁeﬁﬁ ipfepgY "H)é?dq\%qﬁatﬁ’ﬂ H’eﬁ‘rj‘alkﬂ'la&hgt an 11, Mel anotropin,
Melittin, Metformn, Methotrexate dinethyl ester, Methotrexate nonohyd
rate, Methoxtrexatg, Methylisothiourea, Metoprine, Macalcin, MBG

M noxi di |, M togu8zésdected fdhul i n, M vobulin isethionate, Moroxydine,

Naf arelin, Neotine, Nesiritide, Netropsin, Neurotensin, N 20

Met hyl t et rahydr of ol at e, Noci ceptin, Nol atrexed, Novastan, Panam din,

Pat hoci di ne, Pebac;—Ptl desi ne;— Pel i trexol, Penetrexed, Pentam dine,

Peram vir, Phenform ne, Phenyl bi guani de, Pi g gal anin, Pinmagedi ne,
Piritrexim Pitressim\ Porcineangi ot ensi nogen, Porcine gastrin-rel easing
hor mone, Porci ne neur ofldpti de Y, Qi @ atrexate, Protein

Humani n, Proteinase inhibitor E in, Quinespar, Rat
atriopeptin, Rat atrifopeptin am di pgy Rinorphin, 25

Saral asin, Saxitoxin, gfnorelin i oyrea, Spantide,
Stallinmycin, Stilbamdine, Strep in A, Substance P free acid,

Sul f aguani di ne, Synthetic LHrel \g hor none, T&P 1 i nusti ne, Teproti de,
Tetrahydropol i ¢ acid, Thronbin

receptor-activating peptide-14,\Th geftin, Tioguanin, Tiotidine,
Vi oiy

Tirapazam ne, Tria en, Trimetfexate, Trypt <NF¢2| in, Tuberactinomycin B,

WE‘X, m n My Xenopsi n, Zanam vir,
erably, swW e7drugs with aromatic
pm the |ist coRfaining (- )-Drafl azine,

am ne groups may be besselecte (

(-)-1ndocarbazostatin B, (+)-( Pram pexol eN (R)¥(+) - Terazosi n,

(R -Ganciclovir Cyclic’Phos ate, (R -Sufinosine, (R)-Zacopride,
17- 3

Tuftsin, Urepearl, ci din,
30Zeoci n, Ziconotide, Zol adex.

(S)-Sufinosine, (S)-ZaCopride rpchl ori de, gel danamyci n,

2- Am noari st er omyci n, \2- Am nonefl akoci n A,‘Nh‘l_i)tiopro [ nam de, 3- WO
2011/ 012715PCT/ EP2010/ 155 96\Deazaadenosi ne; Anmi n licylic Acid,
4- Chl or ophenyl thi o -Immuci | N'n-A, 5"- HononepNanggin A,

5-Am nosalicylic Acid, Axinocahpt ot heci n, Abacavl Wgfi nate, Abacavir
Sul fl&t e, Abanoqui| Mesilate, Acadesine, Acriflavine, Acyclovir, Acyclovir
El ai date, Acyclovir O eate, Adefovir, Adefovir D pivoxil, Adenetionine
Tosyl ate Sul fate, Adenal | ene, Aden stin A, 5Adenophostin B, Adenosi ne,
Af | oqual one, Agel iPrelerphlv.gng ckihg pair R Qg'lsi"lfa@i]I the q_’ﬁqﬂ?ﬂ? géﬂ??f?‘?@‘é’f‘ Rﬁl am fovir,
Al fuzosin Hydrochl ori de, Anbasilide, Ambroxol Nitrate, Andoxovir,

Anel tol i de, Amezi nium Met hyl sul fate, Anfenac Sodium Am |l oride

Hydr ochl ori de, AniPree/pblv.enaofR (e’ is Bni sul pri de, Anpxanox, Anprenavir,

Amp gi n, Anrinone, Ansel am ne Hydrobrom de, Antham ne, Anakinra,
Apadenoson, Apl oni di ne Hydrochl oride, Apricitabine, Azacytidine,

Azal anstat, Aztreonam 10Aztreonam L-Lysine, Bal apiravir Hydrochl oride,
Batracylin, Belactin A Benzocai ne, Bi nodenoson,



Bl eomycin A2 Sul fate, Brodinmoprim Bronfenac Sodi um Bromhexine

Hydr ochl ori de, Bunazosin Hydrochl ori de, Capadenoson, Capeserod

Hydr ochl avpael1/a@ariBovi r, Car boxyam dotri azol e, Car unonal®RCEFRRUG{06138% capene
Pi voxi | Hydrochl ori de, Cefdal oxinme, @8fdal oxi me Pentexil Tosilate,

Cefdinir, Cefditoren Pivoxil, Cefepine, Cefetanet Pi voxi |, Cefetecol,

Cefi xime, Cefluprenam 15Cef matl | en Hydroch I30r| dqa ; at e Cef menoxi nme

Hydr ochl ori de, Cef8Henailyreone camsae of He mabeRUR R| gag;indegendenthetosaxi me
Sodi um Cefoti am t X I

Hydr ochl ori de, Fﬁgz(%rngor{e Q%e'?oﬁ%gﬂregﬁ %I&/éé{regm o?‘%&e&&%ﬂgblﬁ%}t h%?fbgrggom me
Proxetil, Cef qui nbeterocyobd,toa td 1limeemi@eéd eexérdbioyelyl- Cef t er am Pi voxi |,

Cefti buten, Ceftobiprole, Ceftobiprole Medorcaril, Ceftrazonal Bopenti |,
Ceftrazonal Sodium Ceftriaxone Sodi um Centananycin, 20C brostatin 1,

G dofovi r, G mat eoptionafly, RP m&m“ladekﬂytirfmgm sultituta; mutaﬁlbpabﬁuyiehusa& alkyl

G sapri de Hydrate, Citicoline, Cadribine, Citocine, Cofarabi

C opi dogr el Sul f afsuch asfeealfvlratkenhisuch as Gzs alkanyl) i alkyngd (epeh 8¢ Fas 21k @t Ylosi n,

Cyt ar abi ne, Cytar gh&m& p@ﬁﬁsﬁ@é@alk@ﬁgéﬁ'&rﬂéﬁ% Mhetérsdigail I%_rterom?(gdcﬂ@gyc' n,
DADME- | nmruci |1 n- Dapropterin D hydrochloride, Dapsone Dar buf el one

Mesi | at e, Dar unavimomabed &f 7 vgmbéred hébeacysfebeidialogen maietie. um Deoxyvariolin B,
Desacet yl vi nbl asti nehydr azi de/ Fol ate 25Conj ugate, Detiviciclovir D acetate,
Dexel vuci t abi ne, Dezocitidine, D adenosine Tetraphosphate, D averidine,

Di chibor obenzapr i ma midiety BowisicH ine cdaiestiband dda gsaary syt U tiboend tla-Hyogél-obBe
Docosyl G dofovir, Dovitinib Lactate, Doxazosin Mesylate, Draflazine,

DTPA- Adenosy! cobaP%R IVEREAof | oxaci n Hydr ochl ori de, Ei cosyl G dofovir,

El acyt arabi ne, El petrigine, Elvucitabine, Entricitabine, Entecavir,
Entinostat, Epinastine Hydrochloride, F)I roprim Epofolate,

Et hyl t hi o- DADNVE- | Whereln ' [sisubstitutes! ‘Eﬂmm} @okelvdi ne, Etravirine, Etriciguat,
Fanticlovir, Filarizone, Flucytosine, Fludarabine Phosphate,

Fl uor obenzyl trianterene, Fluorom noxidil, Fluoroneplanocin A Flupiritine
Mal aat e, Fol i ni c Aptichaly-bsdunpreesubstitute@al ci um Fosanpr enavi r Sodi um
Freselestat, Ganciclovir, , Ganciclovir Elaidic Acid, Ganciclovir

Monophosphat e, Ganci cl ovir Sodi um Gentitabi ne, Gentitabine El aidate,

G rodazol e, Hepavkiiitale sugfwtsaed allMEudVEs ¢l #kyl) HexagEeyth aSTdafkemily,,
Hexadecyl oxypropyl - G dof ovir, 35Hydroxyakal one, |clapri | m qui nod,

| munosi ne, | ndand®ynyblsughas Sesapkynylh arél (uch Pgmwi@ﬂem&m etemkenvl

2011/ 012715PCT/ EPEOLOAAGHHoteran) BOBAS 3Rl 167 rleRBRRFElckdc)Se B halogen
Lanmi vudi ne, Lanotrigine, Lenalidom de, Leucettam ne A, Leucovorin Calcium
Lev@0Oeucovorin Cahoieties. Li bl omycin, Linifanib, Lintopride, Lirexapride,
Lobucavir, Lodenosi ne, Loneguatri b, Lonetrexol, Loxoribine, L-Sinmexonyl
Honocyst ei ne, Lynphostin, Mabuterol Hydrochl oride, Mkal uvam ne A,

Makal uvamyet@ndiheryadsadret/@nibodandnt, LMb&ksdntbislogically Sctive Mxaagintaatg Di al anet i |,
Meriolin-3, Metazosin, Methotrexate, Methylthio-DADVE-Immucillin-A,

Met ocl opram de Hydrochloride, Mdoriamn, Mnoxidil, Mrabegron, Mtonycin,
M vobulin | sgthi ogaidet (ng&ggeﬂ%tbgrformum(g\npbrom de, Mdsapride Citrate,
Mozenavir Mesil ate, Yda205| n, Nel zar abi ne, Nepafenac, Nol atrexed
Hydr2gchl ori de, NO Mesal ami ne, Nor ar i st er onycin, 06- Benzyl guani ne,

A anuf | oxaci n, O anufl oxacin Mesilate, Omacicl ovi r, Oxyphenarsi ne,

Pal auAni ne, 10Pancopi de, RPegdeg 351e Pelitrexol, Penetrexed Di sodium
Penciclovir, Penicil]iin G Pr C fepl onycin, Picuneterol Fumarate,

Pi mel oyl ani I i de O- NEB - ME- DAPY Pral atrexate, Pram pexole
Hydr ochl ori de, Prazosi Hyd OCh|'%I’I de, Prefolic A, Preladenant,

Procai nam de Hydroch qri & OProcaj,ne Hydrochl oride, Prucal opride,
Prucal opri de Hydroch e, Prucal opride Succinate, Pyriferone,
Pyri3fet hani ne, Qi nel or ane Hydr ochl or 8, Razaxaban Hydrochl ori de,
15Regadenoson, Resi qui nod, Retigabine Hydrochloride, R luzole, Riociguat,
Rociclovir, Runycin 1,

wherein the dashed line indicates the attachment of L' to an aromatic amino group

of the drug D by forming an amide bond; and wherein R*, R, R, R%, R?, R*, R" and
R* of formula (Xll) are defined as follows: '
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Runycin 2, Sanpirtine, Secobatzelline A Secobatzelline B, Silver

Sul f adi azi ne, Sipatrigine, Sonedenoson, Sotirinod, Sparfloxacin, _

St yl oguarW@i2ae/018ufi nosi ne, Surfen, Synadenol, SynguanolPCTEReEHINEES ne,
Tacrine Hydrochl ori de, Tal anpanel, Ta86i pexol e Di hydrochl ori de, Tal opterin,
Tenofovir, Tenofovir DF, Terazosin Hydrochloride, Tetracosyl G dofovir,
Tezaci tabine, TGP, ; TL.m,rdi ne 200 et hanesul f onat Tar ci t.abi pe, . Trantinterol
Hydr ochl ori de, Tr BC%_O:R/'& M AR af iRr’rﬁ’f%@??PePgﬁd‘Fq}Séﬁ?%‘ﬂ iy hﬂ]ﬁs ﬁ’é?y()élXat e

d ucuronat e, Troxacitabine, Trybizine Hydrochl oride, Valacyclovir,

Val ganci cl ovir Hydrochl ori de, Vajzo%ﬁczi choggi r, Stearate, Valopicitabine,

Vel nacri ne Mal eat ePtiopgllvorrydivaef R28S R’ RbRe. Rirang & vinvHnggpendintie fsnig %fmy be
selected fromthe olQ: LS I i di ' [ | X
hcetat o. Pl ounet ora” Mol anime c0feg fORL TRl B Ehah e SRAEBhR,
(+)-5(23, 24) - Di hypheoyli sapbthg; imdénytl indaifyh; jtettRpyl Rir&rtd pemembered heterobicyclyl,

(R -(+)-Am odi pine, (R -(+)-Terazosin, (R)- Ganciclovir Cyclic Phosphonat e,
(R) - Sufinosine, (R)-Zacopride, (S)-(+Norketam ne, (5)-Oxiracetam
(S)-Sufinosine, (&tohabmRY, RER:HYICYHRhAGR*Tsre frtH2YbUDsHIA(A; Sitbisie anBBtubhts
[ ARG(Me) 9] Ms-10, [D- 30TYRL, ARG(Me)9] Ms-10, [DTYRL, AzaGY7, ARG%I\%EQ]
MB-10, [D-TYR1] Mge gyl juck P{@qz'mb#%ﬁ@ﬂ:]%%ﬁéﬁi}bﬁ%?z-@fk%bﬂ‘f‘"%?ﬂbfé UGS 10,

1111 N-Pent et r eot | g8 alidns: Eﬁg)éycﬂcgs'pﬂgm'H@té?yﬂyg%la{e%dli@ﬁe; heteroalkine; heteroaryl

17- Ani nogel dananycin, 19-0-Met hyl gel danamycin, 1-Methyl-D- Tryptophan, 21-
Anmi Adepot hi | one Bsuckaggrpmatia4 tot7enemmhecddrheterogiplei g halpgenmowietiesA,

3- Chl or oprocai nam de, 3- Deazaadenosi ne, 3-Matida, 4-Am nosalicylic Acid,

4- Chl or ophenyl t hi o- DADME- I mruci | in-A, 5,4 - 35D epi ar bekaci n,

5" - Hononepl anpci na Apieby IAMHKSEd cheyidathofd iotla sfR¢dR) aridl LTie boirdiao & lhiydrbgel of the
Hydrochl ori de, WD 2011/012715PCT/ EP2010/ 061155 98 99MIC- C( RGDFK*) 2Hyni c,

9- Ami nocanpt ot hecPBSe"ASIEBY Pseudoagl ycone, Abacavir Succinate, Abacavir
Sul fate, Abanoquil Mesilate, Abarelix, Acadesine, Acriflavine, Acyclovir,
Acyclovir El aidate, Acyclovir O eate, Acyline, Adefovir, Adefovir

Di pithoxi |, Adenet Wheteind iFaubstitited vaihongLemoitienal | ene, Adenophostin A,
Adenophostin B, Adenosine, Aerothricin 1, Aerothricin 16, Aerothricin 41,
5Aerothricin 45, Aerothricin 5, Aerothricin 50, Aerothricin 55,

Af | oqual one, Agel oitenally, D Actheadubstittgel | f eri n Di hydrochl ori de, Al adapcin,
Alam fovir, Al atrofloxacin Mesilate, Al endronic Acid Sodium Salt,

Al estramnusti ne, Alfuzosin Hydrochloride, Aliskiren Fumarate, Alogliptin
Benzoat e, Al phaMetiibReueptRARRFE AN (sAhRB 8; MKy INYaikenyIR§ueR BEG) ., alkbhygeci di n,

Al vespi nmyci n Hydrochl ori de, Amant adi ne Hydrochl ori de, Anbasilide, Anbazone,
AbPBxol N trat e, alietirush s Cz.sAlREMIATYIdwich appteaylls betgtoalkynsteraplkany!

Met hyl sul fate, A i ) e | } J

Am | ori de Hydroc m‘%?'?’g'émgw%éﬁﬂqé?ﬁ%siﬁmﬁggﬁ‘% 2???%%2‘1&5%&335%% |eP1e,

Am nol evul i ni ¢ Acimdietiexyl Ester, Am nol evulinic Acid Methyl Ester,

Am sul pride, Am odi pi ne, Am odi pi ne Besyl ate, Anpxanox, Anoxicillin Pulsys,
Amphotericin B, Anpicillin Sodium Anprenavir, Anmpydin, Anrinone, Anrubicin
Hydrochl ori de, Aneefeably)onddi®k’ obr'oigHde, Ant ham ne, Anakinra, Ananorelin
15Hydrochl ori de, Anati bant Mesil ate, Angi opeptin Acetate, Anisperinus,

Ant Z8oni st-G_ Antide, Antide- 1, Antide-2, Antide-3, Antileukinate,
ApadenosnBihe ARleXRRa brodils ARNed isngeskiidl G s Qath® NoARRBAIZ Qb 1hkePRIS ASMRI € 2,
Apopt ozol e 3, Apricitabine, Arbekacin, Arbekacin sulfate, Arborcandin A

Ar bor carbitilagicBlly astivedinkerreditain®g Ar bor candi n D, Arborcandin E, Arborcandin F,
Ar gat r oban Monohydrate, Arginesna, Arginine Butyrate, Argiotoxin-636,
Arnodafinil, Arotinolol Hydrochloride, Arterolane 20Mal eate, Aspoxicillin,
At enol ol , At @si baamokity Elreutésented Ay tormblilaiXiv)Azacyt i di ne, Azal anst at,

Azar onmyci n SC, Azel nidi pine, Azetirelin, Azodicarbonam de, Azoxybacilin,

Azt reonam Aztreoim L-Lysine, Az Fani de A Bacl of en, Bactobolin,

Bal api ravir Hydrochleftde, Baltizfyci n, Barusi ban, Batracylin, Belactin A,
Bel actosin A, Bel ac
Benzocai ne, Besifl oxa
Bl eonycin A2 Sul fate,

i3 om cin B, Benexate Cycl odextrin,
A ori de, Beta-Anyloid (12-20), Binodenoson,
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25Bogorol A, Bohol nycin, Brasilicardin A Brenelanotide, Brivanib

Al ani nate, Brivaracetam Brodi nmoprim Bronfenac Sodi um Bronhexine

Hydr ochl avpael1/@edst al | i ci n Hydrochl ori de, Bunazosi n Hy@#CHaRR@0I06ESS
Buserelin Acetate, Butabindi de, Butamdi ne, Buteranol, Cabin 1,

Cal ci um Li ke Peptide 1, CalciumLike Peptide 2, Canbrescidin 800,

Canbresci din 816, Canbr esci di n 830, Canbresci d| n 844, Canostat, Canf Psan‘i de
Hydr ochl ori de, CaHQﬂéWo’@SﬁaSh%ﬂjé"sEﬁdﬁﬂte%ﬁfﬂﬁhrﬁ??td’é L" oy fupsrionahgroup o
30Caprazanycin A g&aR) dRSEHGubh AnctieRR AARTY &idtidd fr&agﬁl%amlfdxﬂ }ﬁmsphate,
Caprazanycin F, Capronorelin, Carafiban Mal eate, Carbachol, Carb anazepi ne,
Carbet oci n, Car bobvdroxvmldbme(wvm,@m whergio|RS RZ,(&@F%qufd@"FﬂPdXWtWIGdﬁf'@é as

Cari sbamate Carp i ne, Carunpnam Sodi um Caspofungi n Acetate, Cefaclor,
Cef canel Dal oxate q@é‘gr ochl ori de, Cefcapene Pivoxil Hydrochl oride,

Cef dal oxi ne, Cefdal oxi ne Pent exi | Tosi | ate, Cefdinir, Oefdi toren Pivoxil,

Cef epi e, Cefetanet Pi \IZOXI |, Cefete @?{Cef xi me, Cef |u m CeflknFti | en
Hydr ochl ori de HydFa?™ R'as¢ WEWP?I‘E'V%'GF‘S PBY 18 §rOUPSPRSHB of (igrogen ik
2011/ 012715PCT/ EPBRAA/ ARaday1o8yiSatbiyardiel adhcgeAEnisbrelsor, Z5omHBodiniss,
Cefoselis Sul fate, Cefotaxine dium Cefotetan D sodium Cefotiam Hexetil,
Cef ot i am Hexeti| Bijpoesgm W'PQXVE'; PQ?@L@M @PR:Hydr ochl ori de, Cefoxitin,

Cef ozopran, Cefozopran Hydrochloride, Cefpirome, Cefpodoxinme Pr oxeti | ,

Cef prozil, Cefprozil Mnohyd rate, Cefquinome, Ceftaroline, Ceftazidinme,
Cef t16r am Pi voxi | , Ro&f tdndiR>eane inBependent|yr seleeted Geint tiei growg eonskgovfdarfdgen,
Ceftrazonal BopentliEl ge%i‘r azonal Sodium Ceftriaxone Sodium Ceftrizoxine
Al api voxi |, Cef ur 8% furoxime Axetil, Cefuroxinme Pivoxetil,

Cent ananyci n, Cephal exi n Monohydrate, Ceranapril, Ceruletide Diet hyI am ne,
Cet ef | oxacin, Chlorofusin, Chloroorienticin A, chl oroorienticin

Chl or ot et ai nii) i bp B9feax i rivhich ign ehemmisal hondor p sracer e LSisdpurd t°®hV%fﬁg‘?'Pf e,

G materol, G nitapeideifgdinoen Tartrate, Cpanfylline, G rcinam de,

Ci sapride Hydrate, G spentam n, Citicoline, Gtrullinycine A 10d adri bi ne,
Cl i t16ci ne, d of arabi ne, C opi dogr el Sul fat e Compound 301029, Counam di ne
Gammal, Coumam di n etil Hydrochl oride, Cycallene,
Cyclic-Ci dofovir, |nos'3|§1‘br§igug)e&"g* Qtnﬁeonr?f'gl'rehyde A, Cycl ot hi alidine,

Cygal ovi r, q/perrym n, Cysmethynil, Cystamidin A Cystam ne, Cystazosin,
Cystocin, Cytarabine, Cytarabine ch osfate, Cytaranycin, Cytochlor,

Cyt omodul i n, Dabi @%H"r"aW L'Slfﬁéfﬂlebﬁith&HteE{ exilate, Dacopafant, Dactinicin,
Dacti nonycin, Dactylocycline A 15Dactylocycline B, DADME-Inmmucillin-G

Dal argi n, Danegapti de Hydrochl ori de, Dapropterin D hydrochl oride, Dapsone,
Dar BOf elAoathenpreferrad erodrygrinkes m@isqﬁlbeﬁ/tﬂﬁbwtﬂwad@nal@eﬁlicampamth the anmg
Daunoru t ri soqui ne Sulfate,
Decahyd?g%g%gg%\élﬂ%ﬂk%%ecap ‘g’ﬁl?nn#ogﬁje? Q%gxam' ne, Degarelix Acetate,

Del af | oxaci n, Delta-Am nol evulinic Acid Hydrochl oride, Deltibant,

Denagl i ptin Hydrochl ori QE Deni bul i n Hydrochl ori de, Denufosol Tetrasodi um
20Deoxynet hyl sper gual i n; " Deoxyneganyci n, Deoxyvariolin B,

Desacet yl vi nbl ast iRfetiyd+azi de/ F%)I ate Conjugate, Des-F-Sitagliptin,

Desgl ugastrin Tromet ham ng, elvl n, Desnopressin Acetate,

Det i%vi ci cl ovir Diacetate, i 4[&bj ne, Dexi buprofen Lysine,

Dext r oanphet am ne Sul f at ,XD§zoci tidine, D adenosine
Tetraphosphat e, Di averi difeg, chl orobenzopr| m Di cl oguam ne Ml eat e,

Di demmin X, Didemnin Y,AD deoxXytyR% di ne, Difurazone, Dilevalol, Dilevalol
25Hydr ochl ori de, Di sernolide, gzsopyr am de Phosphate, DI -VAL- L- DC, Docosyl
Ci dofovir, Dolastatin 14, Dol astatin C, Donitriptan Hydrochl oride,
Donitriptan Mesilate, Dovitinib Lactatws) Doxazosin Mesyl ate, Doxorubicin
Hydr ochl ori de, Doxycycline Hyclate, D-Penicillamne, Draflazine, Droxidopa,
DTPARdenosyl cobal amin, Ebrotidi ne, Ecenofl oxacin Hydrochl oride, Efegatran

Sul fate Hydrate, whlar%fmg H!\sﬂgd line indicates the attachment of L to a functional group of a drug
D; and wherein X, Ar, L1, Y5, Y5, RY, R%, R®, R* R®, R® of formula (XV) are defined as

follows:

35 R'is a hydrogel of the present invention;



Hydrochl ori de, Egl umegad Hydrate, Eicosyl C dofovir, Elacytarabine,

El astatinal B, Elastatinal C, 30El petrigine, Elvucitabine, Entricitabine,
Enal ki r ertvORA1IgM2115 Eni pori de Mesil ate, Entecavir, Enti RETERR(10BIIAAStI ne
Hydrochl ori de, Epiroprim Epirubicin 8ydrochl oride, Epithalon, Epofolate,
Epostatin, Epsilon Am nocaproic Acid, Erenomycin, Eribulin Mesylate,
Erucam de, Esafl oxaci ne Hydrochl ori de, Eslicarbazepi ne Acetate, Etaquine,
Et hanol am ne, Ethylthi o- DADMVE-Imrucillin-A, Ethynylcytidine, Etravirine,
Etriciguat, Exal am,ggb,ﬂﬁ%ggnanﬁ“nggmggat ecan Mesilate, Ezatiostat

Hydr ochl ori de, 35Fanti ¢l ovi r, Fanotidine, Fanotidine Bismuth Ctrate,

Favi pi ravir, Feglynycin, Fel bamat e, Fenleuton, WO

2011/ 012715PCT/ EP2010). S r at Fi dexaban, Filam nast,
Filarizone, Fi ngolg’rajr?ggo%% 2 %gPIJCI‘gzg ﬁhCyt osi ne, Fl udarabi ne Phosphat e,
Fl uosobenzyl tri ant erene, Fl uor om noxi dil, Fluoroneplanocin A, Flupiritine

Mal eat e, Fl uvirucip B2, Fluvoxam ne | eate, Folinic Acid, Fortim i A,
Fosanprenavir Cal & '"ﬁ@?&ﬂ?ﬁ?'@éﬁﬁ%t?‘]\%?fa%ﬁm%%@ﬂw& ﬁhyﬁr‘aﬁ?ﬁtéﬁﬂn}kys
Fradafiban, Fr ese'ﬁ&&lﬁhed Ekﬁw@;grdyaaaws E}g@@&hmtéwalky'ifugmbmtma cfdbalRppt i de,
Gabadur, Gabapentl n, Gabexate Mesilate, Gal arubicin Hydrochloride, Galmc,

Gal non, Ganci cl oviawis, substittadcindsyiaraliisa Ce hetexealig/ls, ehstiiugadotis hetaediylioSishat e,
Ganci cl ovir Sodi u Acetate, Garonefrine

Hydr ochl ori de, Ge%?’?a@&erngw %‘éj ne? Féatér?hﬁe( | ai date, Gem floxacin Mesilate,

G | ani de, G rodazole, G aspinod, G ucosam ne Sulfate, 4 udopa a ut at hi one
Monoet hyl ester, G ut at hi.one 0 ter ci he- aI an,
G ycopin, 10G ycof*hlSGHRYFYvhG ﬁ'\c‘hf dg{{f’}% '%'qg%éﬁﬁ ultizy Sb\ﬁuﬁed

Ant agoni st-116, thpa&rﬁ—dq,rd’mmlthjbgacateagetBamdhdgraup,Guanabenz Acet at e,
Guanadrel Sul fate, Guanethi di ne Monosul fate, Guanfaci ne Hydrochl ori de,
Gusperinus Hydrochloride, Halovir A Halovir B, Halovir C, Halovir D,

Hal ovirt E, Hayum Giidhifg ;&xmam Rd 6 a mBRWHIHGE SLriledy trAiRYSHEAGAR alfarget cell

Hel vecardin A, Hel \I/eéa(rer In B He0 a\g/}:?mB wlf(lept amlﬁa\f ' I\%’ Am d aae reetcel
HexasD- Ar gi ni ne, Hed«aptmbwm@td@frewmbmmnahteegﬂ oxypropyl - G dof ovi r,

15H stam ne Di hydrochl oride, Hi staprodifen, Hi strelin, Hstrelin Acetate,
Human Angiotensin |1, Hydrostatin A Hydroxyakal one, Hydroxyurea, Hypeptin,
| but anoren Mesilate, |catibant Acetate, Iclaprim |Icofungi pen | dar ubi ci n

Hydrochloride, |latreotide, |lonidap, Inetit, |mdafenacin, l'lfg%zgml
| i qui motheppERierEsdnerodiugdiakar A5 Hes, W'I”h@9'<¥'l“icl?PH‘ée dmﬁaa?ﬂﬁb?m"gor HESa 5l

Hydr ochl Qid-fied inVid6 26868 /03 199 8L ERMKer LT 4 gﬁowh@mformpmguane[ 1311],
| odor ubi dazone (P), lotriside, Isepamcin Sulfate | sobat zel I i ne A,

| sol?t zel line B, |sobatzelline C, |sobatzelline D, |sobutyram de,

| sodoxor ubi cin, |sopropam de |odide, |Ispinesib Mesylate, Istaroxineg,

Jant hi nonycin A Janthlnony0|n B, Jaﬁﬁhlnony0|n C, Jaspine B, Kahal alide F,
Kai t ocephal i n, q@gﬁ, gar C|n]BJjK K anosin A, Katanosin B,
Kistamcin A L-4 'Vislahe? Ipatset|al ol chl oride, Labradim |, Lagatide,
Lam fi ban, Lam vudi ne, Lam)trlglnﬁ,,13 Lanlcenlne 2(9) - FwdroxySUCC|nate,

Lani ceni ne Hydr ochl ori de, Lanomyc 25Larazq& ge Acet ate, Lazabem de
Hydrochl ori de, L-Dopa Methyl Ester Fydrochlorld L- Dopami de, Lecirelin,
Lenal i dom de, Lenavierein ARy, Hydadeth, 81, Kcteandlpaﬂcﬁca"trmarﬁ(\ﬂbamdeﬁ_redeefwmw

Cal cium Leuprolide Acetate, Leurubicin, Leustroducsin A, Leustroducsin B,
Leustroducsin C, Leustroducsin H, Levetiracetam Levodopa, Levodopa

3-0- G ucosi de, Lewagdogmpihg@rotbueosi de, Levol eucovorin Cal ci um

L- Hi stidinol, L-Honothiocitrulline, Liblomycin, Linagliptin, Linifanib,

Li ntopride, Lirexapride; Sﬁﬁgrlnllast Li si nopril, L-Lysine-D Anphetam ne
D nesyl ate, Lobophorin %r obucavir,; Lodenosine, Loloatin B, Loneguatrib,
Lonet rexol , Lonaf aRhiX; r%efz rcirate, Loviride, Loxoribine,

LSi mexonyl Honocysteine, L4{Thiocitrulline, Lynphostin, Lysobactin,
th%%erol Hydr ochl ori de, R,

R: is a hydrogel according to the present invention;



Makal uvam ne A, Makal uvam ne A, Makal uvam ne B, Makal uvam ne C, Mnagl i nat
D al anetil, Matristatin A2, Ml agatran, Ml anotan |Il, Menmantine

Hydr ochl avpael1/0verdo- Pept i de A, 35Mepr obamat e, Meri ol i nP8T/HYRI19A611685 N,

Met ar am nol , Metazosin, Metformn Hyd9ochl oride, WO

2011/ 012715PCT/ EP2010/ 061155 101 Met hotrexate, Methyl Bestatin, Methyl dopa,

Met hyl t hi o- DADME- | nmuci | | i n- A, Met ocl opram de Hydrochl ori de, yrosi ne,
Mexi | etine Hydr ochi®filgere npepepdeny selegsed tRRFerneneg 7 e "r"?Fém"thﬂ@Bf'té?ﬂeH
Mdoriam n, MIacgjpidenlabhs fbs: C(Md Sy 2 prLi%Hbly Ao @B&dtﬁr@r’about 8, and
Hydrochl ori de, M nanmestane, M nocycli ne rochl oride, M noxidil,

M rabegron, M tonwstmrefmablair@mboum tvétammsrfrqnsé(rm or&t%;); 5M zor i bi ne,

Mocet i nostat Di hydrobrom de, Mdafinil, Mdafinil Sulfone, Menonycin A
Chloride Bismuth Salt, Mfegiline, Mof egi | i ne Hydrochl oride, Mnam docin,
Monodansyl Cadavetjane]’, Menidepeidentlylseiecial piflliretienal Mkesapri de Citrat e,

Moxi | ubant, Moxil ubant Mal eate, Mozenavir Mesil ate, M Phenyl ene Et hynyl ene,
Mur am nom cin A, Muram nomicin B, Muram nom cin C, Miram nom cin D,

Mir am nom ci n El, yMaganiapORddpkiddaty oM baRnoni cin F, Muranmi nonmicin G
Muram nom cin H, 10Muram nom cin |, Mram nom cin Zl Mur am nom ci n Z2,
Miram nom cin Z3, Muram nom cin Z4, Miranyl D pepti de C, Muirei donycin A
Mur ei donyci n B, i donycin D, Mycestericin E, Mriocin,
Naf anost at Mesyl %aﬁd g%?yaﬂé e%eﬂwpg)tg Nagl i van, Nam tecan, Napsagatran,
Nebasti nel, Nebracetam Fumarate, Nel dazosin, Nel zarabi ne, Nenopnoxaci n,

o e o 2 B0 S Al SASH S D PR AR PR S ™

Trifluoroacetate, ; Nedriyl, 0, Caikynyil £f 8 bRanciaCaMyl) icag byiohikyINOGaubdtiaged alkyl, Ca
Nocat hiacin 11, Nocathiacin |V, NO Gabapentin, Nolatrexed Hydrochloride,

NO- Mesa! ani ne, Né‘tbavﬁuiﬁderalkﬁwl K26 1uRssiEHted agndefzy | yhsiitited cvdealkibmiside A,
Cct acosam cin A, g%})e%agqc r€o Stuted C,.
Qgl uf ani de Di sodi um II EQSEF Eyf’%létﬁ&%?%teg%ﬂ fe ?F%g?@?%%egjé%aﬁts
A r ddi pi ne Hydr ocheterdatkgl, Cxratkoxd, aryloxy, @mbrhaﬂemaimxv, 2eCGrrbarglbx, i Gas alkanoyl,

d hl d On O
v ochlor . UGS Rl Bs Rl iy SHSRRALE Ao 0

Car boxyl at e, Gsel tamubstitutdaosigdrayie, suﬁatuammab,mrboawercapaumsntdy@u Qﬂ(hh(ﬁ/tdxyle
Ovot hiol A, Oxazofurin, Oxcarbazepine, Oxiglutatione Sodi um Oxiracet %
Oxol i de, Oxynor, WBW%r?V'ﬁé’C“@ﬁ%‘ el fx, SERREHYRRAA%NOMIOh| eyl opubstitite

Tryptophyl lin-1, BarGidomfldxybrR, P@Bweamtﬂkpﬁqdwt% tRer Wit PULANG geﬁdenﬁamanwm n
B, Pam dronate Sodium Pancopride, Papuam de A 25Papuam de Papuam de C,
Papaam de D, Par agisubstitutee oo npswpstituted FnamarcmmtncdéclofwdwwhwFwtalwaenabiﬁ;&tu n
A2, Paul onycin B, éa%w%gl n C, Paul onycin D, Paul onycin E, Paul omycin F,
Pazuf | oxaci n, PazIToRRaI s Mesi | at e, PEG Vanconycin, Pelagiomcin C,

Pel desi ne, Pelitrexol, Penetrexed Di sodium Penciclovir, Penicillin G
Procai ne, Pentam d| ne A uconat e, Pent am di ne |set

Lactate, Peplonyci Rpan Iiie‘\'aé?ri gRendestly selegiedRal ”ﬂe%f#ﬁﬂﬁe{ﬂ’a&‘t"%‘c‘ therdof! e

30Phakel l'i statin 5, PHE-ARG Beta- Napht hyl ani de, Phenternine; Phortress,
Phosphol i ne, Pibutidine Hydrochloride, Pineloylanilide 0-Am noanilide,

Pi r @8et am Pi r ar ulth) @nch(p')Rre/iafgrendeantly gero pr x pesitive integor pesferably paro pedn BiPEST A,
Pluraflavin B, Pl o S A3, Plusbacin A4,

Pl usbacin Bl . Pl udb g‘%ﬁh”‘s@ ° @l}éb@m ﬁg@%b;ﬁ%@%ﬁ%ﬁh@m PMEO- 5- NE- DAPY,
Pneunocandi n AQ, Pneurmcandl n BO Pneunocandi n BO 2- Phosphat e, Pneunpcandi n
DO, Pol aprezi nc, Pc}'aXS'lq are mc(]iependently zeroorl,

provided that R; is a substituted or unsubstituted hydroarbon having at least three

30 carbons when R, is H, and further provided that L, is not the same as C(R;)(Rs).

Another preferred prodrug linker for use with amine-containing drugs is described in WO-A

2001/47562. Such linker L is a shown in Formula (XV1l):



35Pol ymer Bound Human Leukocyte El astase Inhibitor, Poststatin, PPI17-24,
Pradimcin E, Pradimcin WD 2011/012715PCT/ EP2010/ 061155 102 FA- 2,

Pr al at r exdiDe11R12mspexol e Hydrochl ori de, Pranedi pi ne TaPCT&P2)10R6HIDSI N
Hydrochl ori de, Prefolic A, Pregabalim0 Prel adenant, Prinaqui ne Phosphate,
Probestin, Procai nam de Hydrochl oride, Procaine Hydrochl oride,

Pro-Di azepam Prostatin, Prucal opride, Prucalopride Hydrochloride,

Prucal opride Succinate, Pseudonycin A, Pseudonycin B, Pyloricidin B,
Pyr adi zomyci zi g de _EgLra2| noyI guani di ne, Pyrl f erone,

Pyri met ham ne% QJElyjnﬁgl orane| Hydr ochloride, R-(+)- Am noi ndane, Ral finam de,
Ramopl anin A 1, Ranoplani @ A 2, lanin A" 3, Ranorelix, Ravidonycin

N- oxi de, Razaxaban Hydrochl ori de, Rebl ast ati n, Regadenoson, Rel covapt an,
Remacem de Hydrochl ori de, Resiquinod, Restricticin, Retaspimcin

e o e SRS FRBFBRBI D e SRR A7,

Ri bavirin, RpbandwhereilZ,c@a&ABdfEorEiuts (XWRI) Bavdi thé MemiitnRésibhve: t rans, Ri baV| ri n
El ai date, Ribavirin Oeate, Ri|nmazafone Hydrochloride D hydrate, Riluzole,
Ri neé€al i b Hydrochl oride, Rimeporide Hydrochl oride, Riociguat, Ritipenem
Acoxi |, Roba&gsodt,@ygmlgm%&m,l,%|t|¢@pregqpﬁl,§,%§.n Tartrate Hydrate, Rociclovir,
Ronurt i de, Rotigaptide, Roxifiban Acetate, Ruboxyl, Rufinam de, Runycin 1,
Runycin 2, Sabarubicin Hydrochl oride, Sabi poride |\/ESI | at e, Safi nam de

Rumyci n 2, Sabar ubi si n | _ bsilate. Safi nam de
Saqui navi 1, Seera AR PSR SRR TR | e Sar domoet de

Saussureanm ne C, Saxagliptin, Secobatzelline A, Secobatzelline B,

Segl itide, Selank, Seletracetam Senmapinod Hydrochl oride, Senicapoc,
Sepilffost at I\/Ié\élslaﬁf“é’mag%%r%?«etl ne, Seraspeni de, Sevel aner Carbonat e,

Sevel aner Hydrochl ori de, Shepherdin, Sibrafiban, Silodosin, Silver

Sul f adi azi ne, Sipatrigine, Sitafloxacin Hydrate, Sitagliptin Phosphate
20Monohydrat e, S-Nitrosogl ut at hi one, Sofigatran, Sonedenoson, Sotirinod,
Spa rfl i I r LN D,
Sphi ngo%ﬁ%ﬁﬁpf@%ﬁﬁﬁ%drrbén féﬂag% Eg |h%1£eeraE) m@%ﬁe&fgb{%bléggaﬁlgslﬁg\)ﬁyci n,
St yl oguamiietien® deﬁubahaﬂmellﬂ%(a&nlﬂawﬂmz Sachilinker LB sheywh il Fospda [Xv]I):Sul f ost i n,
Sul rigazom ne, Sultamcilline Tosylate, Sunflower Trypsin Inhibitor-1,

Sur f Synadenol , Synguanol, Tabi norelin, Tacedi naline, Tacrine

Hydrochl ori de, Tageflar, Tal abostat, Tal agl unetad Hydrochl ori de,

25Tal anpanel , Tal i pgxvlje Di hydrochl oride, Tallinustine Hydrochloride,

Tal opterin, Taltirelj Tanespi myci n, Tanogitran, Targinine, Technetium
(99MrQ) Depr ot-+de, ipl ani n- A2-1, Tei copl ani n- A2-2, Tei copl ani n- A2- 3,
Tei copl ani n- A2 3, Te' C E)I ani XAy, O TeI avanci n Hydr ochI oride, Telinavir,
Tenozol onmi de, Terurtide, Teni dap, Teni dap Sodi um Tenofovir, Tenofovir DF,
Terazosin Hydrochl oride, Tetracosyl G dof ovir, Tetracycline Hydrochloride,
Tetrafibricin (o) i N, A, . i i

Thrazari ne, J%?{An&%ﬁé#w@ﬁg%g%?%ﬁ% # rr'ﬁgnt O-F%)e JIJ Q%%ﬁlﬁgz%&h&f ni ne
Hydr ochl or i damink gnoupdif Bl rdgi mthbeﬁlthgngth,and'p bf)tzbepmlewur) havE tpe fnaamngnas
TNFAl pha Prot e se Enzyme Inhibitor, Tobranycin, Tocainide Hydrochloride,
Tok&Pani de Af la1}’éﬁ’rsr0penern Topostatin, Torcitabine, Tosufl oxacin,

Tosuf | oxacin Tosilate, Tranexam c ACI d, Trantinterol Hydrochloride,

Tranyl cyprom ne Sul fate, Trelanserin, Tresperimus Triflutate, Trichonycin
A, 35TriciriBke thTP%QinﬁthWéemesfpiWat e, Trientine Hydrochl oride,

Trimazosi n Hydrochl oride, Trimetrexate

Y, is 0, S, or NRy;
25
pisOor1l

L, is a bifunctional linker, such as, for example,
-NH(CH,CH,0).(CH;),NR5-,
30 -NH(CH,CH,0),.C(0)-,



WO 2011/ 012715PCT/ EP2010/ 061155 103 d ucuronate, Trinexautide, Trim dox,
Trovaf | oxaci n, Trovafl oxacin Hydrate, Trovafl oxacin Hydrochl oride Mesyl ate,
Trovaf | oX¥0i2011¥88115at e, Tr oxaci t abi ne, Trybi zi ne Hydr oc RCHAEPAEI/OTLIBASL ri ne,
Tuftsin, Tyroservatide, Tyrphostin 471 Ubeni nex, Val acyclovir,

Val ganci cl ovir Hydrochl oride, Val nemulin, Valomaciclovir Stearate,

Val ononycin A, Val op| ci tabi ne, Val prom de Val rocem de, 5Vam cam de,
Vanconyci n FWWS%#&‘]@@ Vancor esnyci n, Vapitadi ne Hydrochl ori de,

Var espl adi b, é(@ (ESR)) @qjllce;){\@ Rh% Ry-, Var espl adib Mdfetil, Velnacrine Mleate,
Venor phi n, at rrn azodone Hydrochl oride, Vi ndesi ne, Viram di ne

Hydr ochl ori deC(OM(ﬂzbthrrym n-B, Vitam n B3, WPeptide, Xenilofiban,

Xyl ocydi ne, Bﬁ@g Zi | euton, Zoniporide Hydrochloride, Zorubicin
Hydrochl ori de bi e secondary am ne-contai ning biologically active
noi esi es may me)l\s-mracmm,(cfkrzpm3t he group consisting of

(+3-0- Acetyl s | i ne h drochl oride, (-)-3-0-tert-Boc-spectaline

hydr ochl ori de & r'oI ol, (-)-Norchloro-[18F]fl uoro-honoepi bati di ne,
(-)- Sal but ano¢ Om(.qldfpgp; Ioorl de, (-)-Salneterol, (+)-(S)-Hydroxychl oroquine,
(+)-Isamoltan, (+)-R-Pram pexole, (R)-(+)-Am odipine, (R-Cevidipine, (R)-
NSP- 307, (R)- q@)Qﬁ@lﬁBﬂhﬁ’e (R) - Thi oni soxetine, (S)-d evidipine,

(S) - N-Desnet k%é% g tgyne, (S)- 15Norenopanil, [99Tc]Denpbesin 4,

[ GLulO, Nlel7 (?:? a%cl,’k eatic pol ypepti de(2- 36) [ NLlel7, N1e30] - Pancreati c
pol ypepti de(2- 36 2 Tpg4] Vanconyci n agl ycon,

15bbet aMet hoxyay ddam noeet hcat hi none, 4, 5-Di ani |l inophthalim de,

4- Hydr oxyat onoxet i é}l | irapidil, 7-0xostaurosporine,

99milc- ¢ ( RGDf K*) pseudoagl ycone, Abacavir succinate, Abacavir
sul fate, Abareli car bose, |Acebut ol ol hydrochl ori de, Acecl of enac,
Acylipne, 20Adaph i prol ol nal eate, Adaprolol oxal ate, Adecypenol,
Adrogol i de hydrochl or| de, Aglaiastatin C, Al chem x, Alinidine, Al kasar-18,
Al m noprofen, Al al ha Met hyl epi nephrine, Al prafenone

hydr ochl ori de ﬁyd o@hl ori de, Al prenoxime hydrochl oride,

Al tronycin A —A i myci n hydrochl ori de, Anbroxol nitrate,
Anf ebut anone hyd Am begron hydrochl ori de, Am fostine hydrate,
Ani neptine, Am npdapdin, |ARijgochinol, Anmitivir, 25Am odipine, Anodipine
besyl ate, Anocar zi ne, Amodi aqui ne, ;Anosul al ol hydrochl ori de, Anoxapi ne,
Ansacri ne, Anabasi ne hydrochl ori de, Anisperinus, Antide-1, Aranidipine,

Ar apr of en, Arbutam ne hydrochl oride, Ardeemn, Arfornoterol tartrate,

Ar gat r oban nonohydrate, Argiopine, Arotinolol hydrochloride, Asperlicin E,
Atenol ol , Atevirdine nesyl ate, Azathioprine, Azelnidipine, Azepinostatin,
Bal amapi nod, Bal hi nyci n, Bal of | oxaci n, Bal of | oxaci n di hydrate, Banbuterol,

Bamijsast i ne Ry Gt &, &s, R3AndRPXABEFeABEtly BaOQaNESR B foupRdhiistin 8t hydReRicdi pi ne
hydrochl ori de, Batoprazine, Batzelline A Batzelline B, Batzelline C,

Becanpanel , Ieﬂ@ho&im breaghed aﬁﬂMSnéas&VQ‘%ﬁlkéllsr Bef SyRstiBedh plylec fisofybgidtuted
Belactin B, d kvl
Bendr of | unet h éﬁ@ﬁ%ﬂ%ﬁ%ﬁ%@rﬁrﬂggra@ﬁ orl %Er‘oa‘légl’% %ﬂjéﬁdret h%tr?g)gw(s)rcllde
Bet axol ol hydalboly] phenay anBemhateadatkoxyhydr ochl ori de, Bi emi di n, Bi f enel ane
hydr ochl ori de, Bi nospirone nesyl ate, Bi oxal onycin al pha 1, Bi s(7)-cognitin,
35Bi santrene hydrochl oride, Bisnafide nesilate, Bisoprolol fumarate,

Bi t got er ol npgigls@léRed RdrE EBLEAUD cORsistELIAYArbEER], 2/ LI Td; BB R iy 656 5 104
sul fate, Bohol mycin, Bopindol ol, Bosutinib, Brinazarone, Brinzolam de

Bul aqui ne, BEYRkNEdes SuBstituied alyls, Crsubstityted eycloalkyls pprs sybstitiied ayylsr 3alkYlor i de,
Cal daret hydrat rﬁzter&ﬁi&}ls ﬁmhtltgehtm HREdbMEAAE, {%&% &&h&bas heferbaiiE NO,

hydr ochl ori de,” Carteol 0 rochl ori de, Calrs\a; spo ungi n acet afe,
Ceftaroline mebalmlbnthhﬁéqat\,e Ceftizoxi ne sodium Ceftobiprole, Celiprolol

hydr ochl ori de,

25 n and q are selected independently from each other and each is a positive integer.



5Cer ebrocrast, Cerul etide diethylam ne, Cevipabulin, Chinoin-169,

Chl opt osi n, Chl ordi azepoxi de hydrochl oride, Chloroorienticin A,

Chl or oor ieaR0tiM2BS Cil azapril, Cilnidipine, G |uprevir PCTEPAION6I11SS
Ci nacal cet hydrochl oride, G nnanycin,92C profl oxaci n hydrochl ori de,

G profloxacin silver salt, Cevidipine butyrate, CI i tocine,

Cl openphendi oxan,  d oranol ol hydrochl oride, C ozapine, Conantoki nR,

Conophy ¢ bréorementionsd finkersaeq %uaetée foppesryith aumber eifiRlpaitalivartivpapietgse

Dabi gat kgnnielfdibdialy &ﬂvéﬂ&Eﬁé&'aL@ﬁ&ype%e?%\’&@iﬁb Bhgcmﬁﬂédﬂdéi Bﬁsmm&ﬂfeer In

di hydrochl oride, Dasantafil, Debronosherm |am ne, Decaplanin, Degarelix
acet at eb!ODsICthraFﬂlvehwﬁrttﬁéhl oride, Delavirdine nesilate, Del fapra2| ne
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succinate, Dexamethasone, Dexamethasone beloxil, Dexamethasone cipecilate, Dexamethasone
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Dexylosylbenanomycin A, D-Fluviabactin, DHA-paclitaxel, Diadenosine tetraphosphate, Diazaphilonic
acid, Diazepinomicin, Dicoumarol, Dictyostatin 1, Didemnin X, Didemnin Y, Dideoxyinosine, Dieckol,

35 Diepoxin-sigma, Diflomotecan, Diflunisal, Digalactosyldiacylglycerol, Digoxin, Diheteropeptin,
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30  Eriocalyxin B, Eritoran tetrasodium, Ersentilide, Ersentilide hydrochloride, Ertapenem sodium,
Eryloside A, Eryloside F, Erythritol, Erythrodiol, Erythromycin, Erythromycin Acistrate, Erythromycin
salnacedin, Erythromycin stinoprate, Esafloxacin Hydrochloride, Esculeogenin A, Esculeoside A,
Esmolol hydrochloride, Espatropate hydrate, Esperatrucin, Estetrol, Estradiol, Estradiol acetate,
Estren, Estriol, Etalocib sodium, Etamsylate, Ethanolamine, Ethinylestradiol, Ethyl gallate, Ethylthio-

35  DADMe-immucillin-A, Ethynylcytidine, Etiprednol dicloacetate, Etoposide, Etoposide phosphate
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35 cidofovir, Hexafluorocalcitriol, Hidrosmin, Himastatin, Histrelin, Histrelin acetate, Hongoquercin A,
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hydrochloride hydrate, Leptofuranin A, Leptofuranin B, Lersivirine, Lestaurtinib, Leuprolide acetate,
Leurubicin, Leustroducsin A, Leustroducsin B, Leustroducsin C, Leustroducsin H, Levalbuterol
hydrochloride, Levobetaxolol hydrochloride, Levobunolol hydrochloride, Levodopa, Levodopa 3-O-

glucoside, Levodopa 4-O-glucoside, Levodropropizine, Levofloxacin, Levonadifloxacin arginine salt,



30l n anot her enbodi nent, the nulti-arm PEG derivative is a tetra- or octa
carboxy PEG In this case, the dendritic noieties nmay be generated from

gl ut am c WP 288PERTISc aci d, and the resulting backbone r@agaweoeilas carry
32 carboxy groups. It is understood tibat all or a fraction of the backbone
reagent's reactive functional groups may be present in a free form as

salts or conjugated to protectin roups. It is understqod that, due to
practi céFVW%H?:l‘é‘g?{sL_eY%Bh%QUR'B@FFe L‘f"g‘ég‘é‘ﬂ't EE'”H%H?B%’}’ L’('S'fSt‘g'ﬂP'y'é'i(’%W@%c"bL'Forﬁﬁ'(} arm
will beg WRQnLiﬁdizéﬁataD%aﬁl%Ytea'ﬂ“adéIWir%prrzﬁ, Bhéstin, ApRMAYGINEY, Bbdrmaivea, WO
2011/ 012715PCT/ EPZ010/ 061155 136 5Synthesis of the crosslinker reagent
starts fliqowitia abipsideakisabpiibeviithhspgrmip peid B magneasisimpatt, Lobatemidg Cr lobatamide Fr o 5 kDa,
nore pr rabl.y, f . 6 k Dy ' | Sci [ f | hal f ester of
a dicar E{’)@ofﬁ?@n&él&%?&%?&gﬂlﬁ |ao| ¢ é’éﬁ%"’%?déé‘?ﬂﬁ%?‘?é*tg‘c‘?g‘?’“%gﬁcg’r red

pr ot 8ct ihpdroghiaritie, loaretrbadl,fLogebty, Ldpiranig tLb@repas, tdnmetaeepay, Larnayicompl.osartee,
resulting bis dicarboxylic acid PEG ha|f esters are canverted.into npre
Feact | vASeRPD B S L ARG fiRP R diaLEaponary biveared SPOHRDT M ELY e,
pent af | YQhRBIESPYHidiMimNerahfidtysto @ e S aldIYL i a iR, BumiR®s D, Rusficer ed

N- hydr oxysucci ni nde esters, of which a preferred structur is shown bel ow.

0 0 0 ductotrray, Lujgptip.durTerbisElueanpielidreRrraint Yigbutesoldwdropfleridey MacaygiimyFit B .om 2
to 4, arIWa.cﬂJc. i) M i 0@#r ] %M, aH8Gssi MU L MABEL EOEIRY MaRallfnide®d,! oW ng
st r et arecfee@rdl MRt sobporb@llon 1), fratifhessia i

10  Makaluvamine E, Malonoben, Maltolyl p-coumarate, Manitimus, Mannopeptimycin alpha,
Mannopeptimycin beta, Mannopeptimycin delta, Mannopeptimycin epsilon, Mannopeptimycin
gamma, Manoalide, Manumycin A, Manumycin B, Manumycin C, Manumycin E, Manumycin F,
Manumycin G, Manzamine F, Marbofloxacin, Maribavir, Marimastat, Marinopyrrole A, Marmelin,
Maslinic acid, Masoprocol, Mastprom, Matteuorienate A, Matteuorienate B, Matteuorienate C,

15  Mazokalim, Medicarpin, Mefloquine hydrochloride, Megovalicin A, Megovalicin B, Megovalicin C,
Megovalicin D, Megovalicin G, Megovalicin H, Melevodopa hydrochloride, Mellein, Meloxicam,
Meluadrine, Meluadrine-tartrate, Memno-peptide A, Mepindolol sulfate, Mepindolol transdermal
patch, Meptazinol hydrochloride, Meropenem, Mesalazine, Metaraminol, Metesind glucuronate,
Methanobactin, Methoxatone, Methscopolamine bromide, Methyl bestatin, Methyl gallate,

20  Methyldopa, Methylnaltrexone bromide, Methylprednisolone, Methylprednisolone aceponate,
Methylprednisolone suleptanate, Methylthio-DADMe-immucillin-A, Methysergide maleate,
Metildigoxin, Metipranolol, Metirosine, Metoprolol Fumarate, Metoprolol succinate, Metoprolol
tartrate, Metrifonate, Metronidazole, Micacocidin A, Micacocidin B, Micafungin sodium,
Michellamine B, Michigazone, Microbisporicin A2, Microcolin A, Micronomicin sulfate, Midecamycin

25  acetate, Mideplanin, Miglitol, Miglustat, Milataxel, Milbemycin alpha-9, Milrinone Lactate,
Mimopezil, Minerval, Minocycline hydrochloride, Miporamicin, Mipragoside, Miproxifene,
Mirabegron, Mirodenafil hydrochloride, Misakinolide, Misoprostol, Mitemcinal fumarate,
Mitoxantrone hydrochloride, Mivazerol, Mizoribine, Modecainide, Modithromycin, Moenomycin A
chloride bismuth salt, Mollugin, Mometasone furoate, Momordin Ic, Monamidocin, Monlicin A,

30 Monogalactosyldiacylglycerol, Monohydroxyethylrutoside, Monophosphoryl lipid A, Montelukast
sodium, Morphine Glucuronide, Morphine hydrochloride, Morphine sulfate, Motexafin gadolinium,
Motexafin lutetium, Moxidectin, Moxifetin hydrogen maleate, Moxifloxacin hydrochloride,
Mozenavir mesilate, Multiforisin A, Mumbaistatin, Mupirocin, Muraminomicin A, Muraminomicin B,
Muraminomicin C, Muraminomicin D, Muraminomicin E1, Muraminomicin E2, Muraminomicin F,

35 Muraminomicin G, Muraminomicin H, Muraminomicin I, Muraminomicin Z1, Muraminomicin Z2,



Al ternatively, the bis-dicarboxylic acid PEG half esters may be activated

I n the presence of a coupling agent such as DCC or HOBt or PyBOP. 5 In an
al t er nat iWe 2entygdiifent, t he backbone reagent carries caPbdEPROIGIOGUPS and

t he correspondi ng crosslinker reagenti2iwoul d be sel ected from

est er-contai ni ng am no-term nated PEG chai ns. Backbone reagent and
crosslinker reagent nmay be polynerized to formthe hydrogel according to
the 10 Mw;erwmraﬁm@%,ﬂ%gammm 4eMyragivbeirgrside feYureidomygin AAflyreidorytinkst i ng t he

desi r ed \fEQUGRIRTEMuYei %ﬁ%’wﬁ&?&&%@ﬁ EAr ?Joﬂﬁ&h'F%@r‘étdBﬂbMﬁEeM @a‘i’é?rlllge
ke eSS

functional groups, bone and crosslinker are dissolved In
sui t abl &, Mmlsigaclmli, Mycplactame &Wolpﬂpmﬁlwcmee@atsdﬂquﬂ, Mmoghﬁnomaéfder abl y

St v or S8R s B BB Bt ALl B0 Y 4 PRSI RESARY <31 )

t he mdditid QﬂVt&BlllﬁlaﬁdJrlnbﬂhbﬂ eetebmolblpmcﬂfl‘ﬂﬁlﬂﬁ&bdéc{dwcl-\&m NNG-Odidecyll B-methyl-DGJ,
tetramethyl et hyl ene diamne. After stirring for an appropriate_ anpunt of

time, t Héam'é@eﬁ Wabilpre, Neficaiyicelghing), N-Acetdsparamvein AbeN-Aretdtre ™S ABAY aceti ¢

aci d ansicé&%&&amﬁmxzbﬁmx@a@ NB@IM eSS din HeaheNardpidh, kifacbindRatREinaccor di ng
to particle size by mechanical sieving. Optionally, protect Ibg% groups may
J

beI ren”;)\g@fdma,tNagﬁﬁt@, Yelhgrhinedytrpckiprids, Nelfusfing edreehinside.MEAlylssobolging, i nvent i on,
mul ti - f J f
! %@E&#&Q%m&%h?%ﬁ%%@%gﬁaa@g@]‘l eh‘i, 9 grlJeeﬁ‘%lHnH&e I\Hprﬁttel:%?lh%ps g&gfsog

t he pol ynerized reac 0 I'ncrease e nu
reaadi va, Namarhydnmi INaggaow s cvﬂupsdmwinlu;)mmémrol marmscd! mdvenoﬂnngI -Gyolapenafl- t he

blodegradable h drogel according to t I nve It|-funct|onal
moi et | e&3ZABeHY bbﬁaﬂg'fed@%"ﬁ@“"ﬂﬁcgﬁﬁw\'%ﬁ 't\'g'[t al?('r(%ef'i B8Y28f | ysine,

di lysi n@«eazarab.hwenﬁmd&a&ﬁmka&@Imonm@ﬁ\a{wﬁdmaem h&&ah\‘ﬁgeﬂ@sdefmpt al ysine, or
250l i golmém ne, | ow nol ecul ar wei ght PEI, ornithine, diam nobutyric acid.

Prefera 9C'mtct$é"qfiﬁpt'34 qum@mal&qamewwﬁyarw@m m%@te ¥eamvsBracridigih hydr ogel
accor dl RpddiudnfRiep srxw&umegg%n&fo Lwlerf?meﬂaﬁaltwﬁw|tnereta%.na%ésb@ﬁﬁry' ng the

same reactive t1onal stance, am no groups na
I nt A6dudetiimicin mlfaiteeNemddnhe dduFePern digerotee ubiiadrak dNeathésingcit  O¥- bgetOSbl}ol,coupl I ng

and r ombUersUe R sat RRGEer T e Beto ds T i34 dnecerlin et s

138 In W’tﬂ)[ﬁé”ﬁbﬁﬂﬂldmmqnyladedwgga&qmﬁwmmmw|<fh@AdeS@ﬂﬁdc}h I,l’mﬁﬁﬁ\e\dm\mth a
reactive bi odegradabl e hydro to forma coval ent transient |inkage

resul ti Mgeathiagin by eateacingy, d\bg’%}é‘ -betaGienantre YOthdrortisane; '\!ﬂlﬁ‘d"S‘ﬂE‘Ff NPansi ent
| nkage \RghuRg, iyt OdRgERIRR YGRS Rlr RS No@ydch i nven i on

is prefera a carbamate, ester, am de or carbonate. In another
enbadi nmottomaardnongh\cqubtmdd Nostowcioseptdemluyattheednlm NO-disedaorychelicagid iN-a

fashion tpnoyl B-@ﬁjcosamine, N-tert butyl isoquine, Nubiotic 2, Nutlin-2, Obelmycin H, Qberadilol,
Oberadilol Monoethyl Maleate, Obeticholic acid, Ochromycinone, Ocimumoside A, Ocimumoside B,
Octacosamicin A, Octacosamicin B, Octreotide Acetate, Octyl gallate, Odapipam acetate, O-
Demethyichlorothricin, O-Demethylmurrayafoline A, Odiparcil, Oenothein B, Ofloxacin, Okicenone,

25  Olamufloxacin, Olamufloxacin mesilate, Olanzapine pamoate, Olcegepant, Oleanolic acid, Oleoyl-L-
Valinol amide, Olsalazine sodium, Omaciclovir, Ombrabulin, Ombrabulin hydrochloride, Onjixanthone
I, Onjixanthone I, Onnamide A, Oolonghomobisflavan A, Oolonghomobisflavan C, OPC-17083,
Opiorphin, Opipramol hydrochloride, Orbifloxacin, Orciprenaline sulphate, Orienticin A, Orienticin B,
Orienticin C, Orienticin D, Oritavancin, Orniplabin, Ornoprostil, Ortataxel, Orthosomycin A,

30 Orthosomycin B, Orthosomycin C, Orthosomycin D, Orthosomycin E, Orthosomycin F, Orthosomycin
G, Orthosomycin H, Ospemifene, Osutidine, Oxaspirol A, Oxaspirol B, Oxazepam, Oxazofurin,
Oxeclosporin, Oximidine Ifl, Oxiracetam, Oxitropium bromide, Oxolide, Oxprenolol hydrochloride,
Oxymetazoline hydrochloride, Oxymethacyl, Oxymorphazole dihydrochloride, Oxymorphone
hydrochioride, Oxynor, Oxyphenarsine, Ozarelix, Ozenoxacin, Pachastrissamine, Pachymedusa

35  dacnicolor Tryptophyllin-1, Paciforgine, Paclitaxel, Paclitaxel ceribate, Paecilaminol, Paeciloquinine A,



| i nkage between drug conpound and spacer is a covalent transient |inkage
such as a carbamate, ester, am de or carbonate |inkage, and is subsequently
react ed Wohotig2réacti ve bi odegradabl e 10hydrogel for mPETHEPRUOOGI1&ECor di ng
to the invention. In yet another enbdd nent, a drug conpound is first
conjugated to a linker in such a fashion that the |inkage between drug
conpound and | i nker a_ coval ent transient kage, such a_carbamat e,

ot b BaR RS PR TRALrOY RZBHION TG Pl BEamrer ARG B ¢ o

react i veala@f PoIrAdaPbendpiicD BthacusidesP Mchtidtati MShiundpiREaAkd] ParErdtBtatine
i nvention. Further, such blodegradabfe hydrogel according to the invention

may be Bdrrveiicohesphatesodjyrm raltaPasinenerp, Rannariy Prgtethine.PReyastide A @apyamide B,
fuan[ ! Oggéuaw& Pé&%ld@rDoyé Fﬁ%%P;r t%&%%@ﬁq%h@aﬂ}xpﬁé??&‘ol according to

the invention I nstahce e reactive functional groups may be
intr Bducblenlnfumanatd, Pseorﬂﬁ)mv:yrd ngworm@caa‘tellancge APatdilezolerB; Eatellaaole By Patenilphd, ng a

b1 oclogr SR eHHIBE" 30 CHIAG & b Aare i SR S R PR v

bi odegr paanbciRyrhE@RAciCRABsINE, Fenbiadoin) PEGAOY00PAtIREke!, pE@boumPédmkarpEGeagent s,
carrying a reactive thiol group on the linker noiety to forn1carr|er-llnked

pr odr ug$orieREdFR Mgtoths cnhRE praaeaspYcing FFWHF?PF Salorusigaf %qna%tefala Peitputaipd sulfate,
drug-li %ﬁacu&we&m@ Jieqtafzgﬁhw%ug ﬂ’e@n%itﬂqﬁl WRplBhAein FeBtiBaRapM 8 i ng
a rogel

nmodi fi ed reactive egra | e hy remai ning reactive functiona
grodps &eembdpPeadyauintin, Raviciazims, Eerblvlcadmhmi@eirrdwgmmesPersmd’htrasgsmslowqﬁlﬁé{qwano|

fﬁvg:n? Ygg%ptgﬂf‘ic'“ Jha% ?‘I grﬁlﬁgaﬁ\leg av%lls'tqatm 8p5ha§§c§lﬂst§t§jrn geHba%Q!g.“”grﬁ‘é of the

11n ere the nor et conprises a

di sul fi abaer(oclﬁiasm)A Phanpaggurand thmdilamae frfeaatet, hhlm{opgﬂ@uphlosofamﬂmemad to the
i nker noiety, are reacted wth a na ei m de-functionalized hydroge

t enper atiPBCtin &y Chomactin®,phempigdden. hpemepsighajesin, fgraoxszals Ah gr(ﬁ’o‘éﬁzo'g&om
t errper atpHpholing, ﬁ\tltb‘rhfs&@ﬁ%yﬁ%%lﬂh@saﬁ&ia@é 'PQE'athﬁnopbﬁcamgterowﬁrfa%té‘bl y pH

2.5-4.5, nore preferabl 0. Subsequent | g a resulting
dr ug}5l i ﬁid@bemym Bg@lcrobmm agalp@St, Emtirplelal?@@plva'rtqqera mmwpmoempﬁpqx)éilg%t

conpoun f ai ni ng
corrpoung,'rgfq' th @%’Hgfﬂhgﬁba\mpre eernaogcfn?? 6\{0? E'L'%/r%\rmc'tgg é(%(%rln éh:?perat ures
WO 2011kﬁma&kﬂncmkEaﬂmmeAﬂ&mkﬁsmﬁﬁgPbatmmemcnmmumbmnnBPBUHnGMaﬁﬂ 4C, nnre
preferr n1te rature, ered agueous tion

P ot or itptaseris; Belenah Pesnamcias Heaity Plstisast BHGSS, POrtbyieR. Mrafiitl
enbodi ”ﬁ’mrafﬂfnntEhlﬂudbEW@M |PQ1'§bacWAL29PIh§bB«l’i|€A3 PRRbAGAHCBIushENRBE PlIBacivB2Y NDI ety
5 conprises a dlsulfldg4%BS-S- | i nkage and where a mal ei m de group is

conrRBct fHiskasingBIePlusbagia purpgeandin 0, Paewmasandip B, Preumacandin Bi-phasphate z ed
hydr Ogean@lﬁﬁ&Eﬂd E%O ) dérﬁ\?lldt r?B&Z%ﬂaé’iglrptggfﬁng{ea&Wkgﬁ)erGEVﬁ)%err E&%nd human

t enperature an more preferr tehperature, in a fered
aqueous lasibaytd dastasé |anH|tar BonapestdtePapblofiugnenE, EPoélac5naznia,rP951mhdf Retabiby pH

5,04 O BB PO o R L RIS A o P B g

Pradimicin FL, Pradimicin FS {(+)-enantiomer), Pradimicin L, Pradimicin Q, Pradimicin S, Pradimicin T1,

25 Pradimicin T2, Pradofloxacin, Prasterone, Prednicarbate, Prednisolone, Prednisolone acetate,
Prednisolone farnesylate, Prednisone, Prefolic A, Premafloxacin, Premafloxacin hydrochloride,
Preussin, Prinaberel, Prisotinol, Pristinamycin IA, Pristinamycin lIA, Proamipide, Probestin, Probucol,
Procaterol Hydrochloride Hemihydrate, Prolyimeridamycin, Propafenone hydrochloride, Propeptin T,
Propofol, Propranolol hydrochloride, Propyl gallate, Prostanit, Prostatin, Prostratin, Protocatechuic

30 acid, Protocatechuic aldehyde, Proxodolol, Prulifloxacin, Prulifloxacin Hydrochloride, Prulifloxacin
Mesylate, Pseudoephedrine hydrochloride, Pseudohypericin, Pseudomycin A', Pseudomycin B',
Purpuromycin, Purvalanol A, Pycnanthuquinone A, Pycnanthuquinone B, Pyloricidin B, Pyridavone,
Pyrindamycin A, Pyrindamycin B, Pyripyropene A, Pyripyropene B, Pyripyropene C, Pyripyropene D,
Pyrrolosporin A, Quartromicin A1, Quartromicin A2, Quartromicin A3, Quartromicin D1, Quartromicin

35 D2, Quartromicin D3, Quercetin-3-O-methyl ether, Quetiapine fumarate, Quinagolide hydrochloride,



10 mal ei m de group, preferably a mal ei m de-contai ni ng conpound of 100-300
Da, eg N-ethylnmal ei mde, at tenperatures between roomtenperature and 4C,
nor e prefwored/d@e71soom tenperature, in a buffered aqueoR€STE&EFRUVIO6HSDf pH
2-5, preferably pH 2.5-4.0, nore prefieg¥s ably pH 2.5-3.5. 15l n anot her
preferred enbodi nent of the invention, drug linker conjugates where a free
thiol group.is connected to the dnker noi et react |

h
mal ei m GENdiRFe CHigARane AN RORAPER &1 tﬁ?""f'é%?sé{%/tﬁfrgg BB O'P‘eV\%%ﬁt gnperat ure

and 4C, toRdr6diRé, Rbfahdersh, ailoiuﬁmmaruaé RelGtrexed, Rallndinetapsbs@siampyUs sol ution
of pH 5.5-8, preferabl p 5-7.5. Subsequently, a resulting
dr ug- | | RREPRIFRP 691e$armeﬁnug°a% &ameplania At3eRergreli %P"l"B%“H%IRé@RHZéﬁe' Re@AYYRIN.

Comounga\g?%ir@%g%egﬁmomﬂ ﬂfz@#ﬁ“ mZ(erglrhﬁy (ﬁr uéh Birkid t&ratnt&ﬁ%edﬁtgm@a' ni ng

conpoun nmost’ preferably mer capt oet hanol "at tenperatures
bet ween RelmlastatireﬁwdatomreRanﬂxremnesmes%epnmsolr ReinceliflezivavalionateRepandid, in a

buf f | i tor ab A
ot of o1 1 dgP Bia B sk e Pistels Gt RRsrid o brdbe’ o

mal ei m ql(@vﬂfo@hltl@, ReSerofy€if ANRobREYah6eside e Rhodidegdnosie Btﬁhpdca‘raermmﬁdrﬁihcw;ﬁt, h a
thiol -functionalized L]%glro el according to the invention at tenperatures
bet ween Rhednstredippysindy fhedesirgriamycinBy Ribayirias Ribavistp eigosengts Hsy RIBYUIAGFRS n a

buf f er e‘iraﬁg WRQkAN SIGMe! Bbavih e Rﬁa’b%tm Wf@lgﬁlr ﬁmm)éxip RitSnpicid - RfapeniRs equent | y,

t he correspondi ng resu1 ting drug-linker-hydrogel conjugate is treated with
a | a# miifedminaRiimekalyghbercibydsaterfimexsioei &mn’gr@hmpwpmﬂdde‘“meipmt'ﬁ!ﬁnémerabI y a

mal ei m Czlagoxqof{] %wr Ir{lgasg ffq??\ r}gatgfRI%E%BFO?tOQ%f%ggaclg%gHg?ﬁ ar r(ﬂﬁhgl m de at

terrper atares vvéen I’ era room
t enper atRafl€ponids, ra:ftbwnidarpem“aweaumkaelRnkutaam/cmf Rilididstabin &, Ropruetide; abl y

6.5-7.5. WD 2011/012715PCT/ EP2010/ 061155 140 .reacti

f or mul a Reayinimex,Resanfasta! sqdiumy R°§€fV'F'6?)rR@§ESWP§A&°g§%’5‘r@ g‘fsgl pg’fﬁ‘dﬁf’ﬁj '?'8 g«yp or
a precursahfuidxineyfos@statid caldism, RoSiladtadt RdRRCRbEAbtidelREtigbBORoGTI@HP, W th a
conmpound of formula Hyp'-X2, wher ei n Hyp' - X2 represents before its

5bi 481 n@ismuthcitate Roxindele Megiatey Roxifhronaysia, Bubiginona AL Rubisispee A% Bubigingne B1,
functio C

resul ti @L@%%ouhg&} {egé?ﬁ R¥%§|m¢éa"ﬁl g%ﬂe&%)in %%@9% Hfﬁé;ircﬁ?ﬁgt)ogﬂgﬁ&; eld a
conpounduotycif &y Runyein G Russtppelih A) Sakiangpicitt hydeablbrideo SafingdicSaintelin, Saintopinénal

100 OUDS e EGAChAR, 05l | SRl UL CHETLSRL M oPR SRR ST (P

crossl i Rleite, BhREIIESUcidBRTARIL, s%ﬁﬁ@b&zbiaac.ersaﬁ@hhamﬁﬁae ASeiRiRRmidesmgent i s
used in a sub-stoichionmetric amunt conpared to 15the total nunber of

f un@di orfalinagyidsifh SalispsneraminesSalinhgnyihalamide, Stipateserimeterslineigte st
I nventi QBwianolic acid L, Samaderine X, Sampatrilat, Sanfetrinem, Sanfetrinem cilexetil, Sanfetrinem
sodium, Sanglifehrin A, Sanglifehrin B, Sanglifehrin C, Sanglifehrin D, Sapacitabine, Saptomycin D,
Sapurimycin, Saquinavir, Saquinavir mesilate, Sarcophytol A, Sarcophytol B, Saricandin,
Saussureamine D, Saussureamine E, Sazetidine-A, Scopinast fumarate, Scopolamine, Scyphostatin,
25  Secalciferol, Secobatzelline A, Secobatzelline B, Secoisolariciresinol diglucoside, Securioside A,
Securioside B, Seglitide, Selamectin, Selank, Selodenoson, Semagacestat, Semduramicin,
Semorphone hydrochloride, Seocalcitol, Seprilose, Sergliflozin etabonate, Serofendic acid,
Sessiloside, Setamycin, Setazindol, Shepherdin, Shishijimicin A, Shishijimicin B, Shishijimicin C,
Sialosylcholesterol-Alpha Sodium Salt, Sibanomicin, Sibenadet hydrochloride, Sibiskoside, Sildenafil
30 citrate, Silodosin, Siltenzepine, Silychristin, Simotaxel, Simvastatin, Sinomenine, Sitafloxacin hydrate,
Sitostanol ascorbyl phosphate, Sivifene, Siwenmycin, Sizofiran, Smilagenin, Socorromycin, Sodium
cromoglycate, Sodium oxybate, Solabegron hydrochloride, Solpecainol hydrochloride, Sonedenoson,
Sootepenseone, Soraprazan, Sorbicillactone A, Sorivudine, so-Simvastatin-6-one, Sotalol
hydrochloride, Sparfloxacin, Sparoxomycin Al, Sparoxomycin A2, Sperabillin A, Sperabillin B,
35  Sperabillin C, Sperabillin D, Sphingofungin F, Spinorphin, Spinosulfate A, Spinosulfate B, Spirocardin



(d) reacting remaining un-reacted reactive functional groups (representing
the reactive functional groups of the backbone conprised in the reactive
bi odegr adsibl2e11/@Q71Rydr ogel of t he present invention) in PRE/ERRU0OGHSS
backbone of step (c) with a coval ent 12bnjugate of biologically active

noi ety and transient prodrug |inker or first reacting t he un-reacted
reactive functional .groups with the Il ent. prod rég | inker a

subsequé‘n?ﬂ'rﬁc"\‘/(ﬂ‘f‘ﬁ P EXIC Bﬁfue%#é\}'"éc%ﬁ"\v OFFHR PyPPISY %?BBQ%BH'QPI y cappi ng

remai Ni BEorgReatiRACIBAGISRRTS, SYhalstabin 1] POAdist &0 BorkRtalih 6) SPodgistatds, ug of the
present Invention. Specifically, hydrogels of the present invention are

synt hesiSpengistasinBotpoagisatingd) Seareditirik Aptofaravdin SpeaRmipplekBsniurledaiéh:  and
crossli @&%ﬁy@%gﬁg%%c&@% o2in', §t§91 b&kirRc, | @arcmoa{mcng« aﬁ%ﬁ’ﬁxa‘i’%{ gfabﬂf Stzmi,z.a 0

1.05:1. ne reag Nt an Cross reagent are dissolved in
DVSOht 0 Sivuding Stetdrarhaain Anbteleramanoin 8eSteneainiAp$teehin, Sterebd Oy Sweptorhin, i,

refe ly 7. 0 0O n f bly 10.to 5 100
P o Dt pas S Behris TR eeh Syion L STy R 5T 1 " 20
% (vol . sulbhdNind, SuMircih €/ Julopeiint) pLiIBpenghestadebxSuRBazoding-DA) are added to the
DMSO sol ution_cont ai ni ng crossllnke%HMFﬁgent and backbone reagent and the

m xt ur e SHighegyiexesyigigeyialycee!, Sulpeostong purfloxgarRsin intHRitoRL,GUBIAERSE o) i di f i es
W thin | aetéﬂumaéndmmeaﬁe %mwgwmkgﬁs@wmmm@ dyRSuchBY§RAELABI, | S

preferab y comm nuted by rnechani cal processés such as stirring, crushlng,
cut 1Png Spriasesii AgyriaspsimB,| Syiigrysin Grisizyelot TeavalgitolyTagapenem givoxil, Taccalgnglidedrul si on
ponneeratlon

and t he TES%I [Eaﬁlg%rgstgﬁéeﬁar |wan€|%mcﬁ’la?/osneerseana a%ngi\ 1Iapa g/géSn%eBr sed phase

ase bac one feagent and
crossli rrklealhawmgentaluwgeomauedgromh\aircrcabnae amhaeﬁtawmanearem eamaﬁdaan g to

1.05:1 and are dissolved in DVSO.tgo give a.to_give with a
concent ramplrizing Hygrachlotds, Jansspimygip Tﬁ@dowl&?%a%r aﬁaﬁélvg@dﬁaﬂ% FETAB8

and nosty ﬂi’s&unﬁ'%gl'ﬁéuéﬂy&ﬁo@gh&ic 9@6 T%@c@m%m ThaydhRnReThididoMS TRDHR, | S any
solvent, that is not mscib DMSO, not basic, aprotic and shows a

vi sdbsi tTyblp@mer T@mmnem@ﬂqxawls Tehme@ﬁ@rpafsmy TehufedonegTagadenosos, TesknewiuadicBP@ wi t h
B L o i L T A L
hydr oc athdrocheride, &Itﬁ\mdihe IeamdvmnTeammm/.cunwmnaflpxwmewabtworndehénmépaent is n-
20hept arlremoporfln Tempol, Temsirolimus, Temurtide, Tenidap, Teniposide, Tenoxicam, Tenuifoliside A,
Tenuifoliside B, Tenuifoliside C, Tenuifoliside D, Terbutaline sulfate, Terestigmine tartrate,

20 Terfenadine, Teriflunomide, Terlakiren, Ternatin, Terprenin, Terreulactone A, Terreulactone B,
Terreulactone C, Terreulactone D, Tertatolol hydrochloride, Tesetaxel, Testosterone glucoside,
Tetracosyl cidofovir, Tetracycline hydrochloride, Tetrafibricin, Tetragalloylquinic acid,
Tetrahydrocortisol, Tetrahydrocurcumin, Tetrahydroechinocandin B, Tetrahydroswertianolin,
Tetrahydroxyquinone, Tetromycin A, Tetromycin B, Tetronothiodin, Texenomycin A, Tezacitabine,

25  Tezosentan, Tezosentan disodium, Thenorphine, Theopederin D, Theoperidin E, Theophylline
rutoside, Thermozymocidin, Thiamet-G, Thiamphenicol, Thiarubrine E, Thiarubrine F, Thiarubrine G,
Thiarubrine H, Thiazinotrienomycin B, Thiazinotrienomycin F, Thiazinotrienomycin G,
Thiazohalostatin, Thielavin G, Thielocin B3, Thiofedrine, Thiomarinol, Thiomarinol B, Thiomarinol C,
Thiomarinol D, Thiomarinol E, Thiomarinol F, Thioviridamide, Thioxamycin, Thrazarine, Thymaliene,

30 Thymectacin, Thymopentin, Tidembersat, Tienoxolol hydrochloride, Tigecycline, Tilisolol
hydrochloride, Timolol hemihydrate, Timolol maleate, Tipelukast, Tipranavir, Tiqueside, Tisocalcitate,
Tixocortol buryrate propionate, Toborinone, Tobramycin, Tocotrienol, Tokaramide A, Tolcapone,
Toloxatone, Tolterodine Tartrate, Tolvaptan, Tolytoxin, Tomatine, Tomeglovir, Tonabersat,

Topixantrone hydrochloride, Topotecan Acetate, Topotecane Hydrochloride, Topovale, Topsentine

35 B1, Torcitabine, Torezolid, Tosedostat, Tosufloxacin, Tosufloxacin Tosilate, Trabectedin,



To forman emul sion of the di spersed phase in the continuous phase, an

emul sifier is added to the continuous phase before adding the dispersed.
phase. THEO26bWUMe716f enmul sifier is 2 to 50 ng per nL di PEEEPRUHHESE, nore
preferably 5 to 20 ng per nL di spersd® phase, nost preferably 10 ng per niL
25di spersed phase. The emul sifier has an HLB-value of 3 to 8. Pref erably,
the emulsifier is a triester of sorbitol and a fatty acid or

pol y( hydragdgspmideatrens-Resyemtrgh Jraptinternl Pediechiprige. Jravorrgsh U@’éﬁ’tp?d"d\B?’@pi?%f erably,
the ew'n%'sytlétngréc%drﬂ@ Loty elraraye, fn%bFo\étnﬁlcalémarBf&Wﬁet {ﬂﬁébt%%llgb?f G
conjugate, wth a |inear poly(ethylene glycol) a 30nol ecul ar weight in
t he ran@'earotﬂmﬂmmmﬂmﬁd«I'_Daam@n(ﬁoﬂelbaxa&mmpngyIGWdlﬂQm'nyfCa?myﬂ"h&\)|T69h°éﬂm'l‘Q of a

mol ecul q.r icife TO‘ q}l}}.lrlb Fll%trngrl% ﬁée.l&lgn@'{atg nglng %iﬁzta 8 rl‘ié%t&\% ﬁﬂ\?F‘iX,end of the

chai n. MBSt pre ne gl yco

di polsyhydnhemstﬂ,tmaheiﬁbj Teiptehi, CI'hptBRIfLST r(o@ithiahé),lTrdDE’ﬂiﬁacnﬂ darovefloxAcih byedte P135,
Croda Internati ona 21 WO 2011/ 0%2715PCT/ EP2010/ lfSka? 2 sl lar to
stirrer dravgfigradnh Vldé‘ﬁf"@f' e MRYBIS T gvatioxeunesiate ERRFEDRGHSY ﬁﬁ'y‘f\)i' cht echni k

GrbH,  GipBHHE) Tub&BRESmiting PitRRIcdn§/iiial Bibefabtoh§8h ©f Tubkfabtotyeth 8 MibREerfn 50 to
90 % of the reactor dianeter. Pref erab , stirring is initated before

addi t i o, Bibulysie Adiubplisin B upysieC, TSTHFQSP|eTUf§1§eB{!Pth@”‘éI@t‘ At laghrgmygin 8, 7 i s.
The di s C, tion of
The i shapBGecPhRNEnbTaS TR Bl L FAMABTE T Abllifin SRGbbRGCR AERkA, | On 0

to 40% A&O,d‘ympemtlanGeTmpﬂptlyAQUyrk)ser%%dTyrphhﬂmtl!dIlaﬂen'rrwclﬂlirmn, Wiflbxaaw, The
m xture of disps r.and continuous phase is stirred for
5 1o 50 UiramisePaA oA R gd RMSRBEYES URBCEPrE YRS RERSR 81 5 1o 10
equi val edoledyyeott dcrfl UbipRIAC DstaiFiddsulmpr ¢ ovarg, VaginieRsh, valganzicleise are added
to the nixture of 10di spersed and cont] huous hase The base is aprot| C,

non nuclhgdpeiieride, angmubn, O/BloéomYF"t%é/aBP'§'ﬁ@l"§eV%W§§@ Vaeempyndlydtpchiptide, hase | s
aprotic, R&P%Wak SRR GE:Heﬁliol Wehi hol§l0{/é”3l)@ptinnv&gfl&agh %ﬂaﬁﬂopbéﬁ&nﬁ@d DVBQ.

Mor e pre era ase I's aprotic, non nuc lic, well soluble in
bot H5di s\mﬁmvplhssreg,mmmaenanpqm Vierniaket tdcbchloride, Mﬁntlclllatms‘«(extbrr@f erably,
the basgléewaglﬂ Ylt%usgaémi Vln%xg?]tfm {/hg smeh%n OSIET% qm%gmgyﬁ Qm Ia‘?’wc{n“ ng in

the pre ngswr

dr opl et siquidatihSmamse m}aaﬁ:moadeevharadﬁaml Wufanbuegzmm \G9cosS Mtnévednrdy,dr ogel
beads according to the invention which can be coll ect edaqa}nd fracti onat| on

accor di Ygelpwosh. Meslibese, ¥plingpsegn, Vigtpristin VpreloxingWDertidsmistspdie! A WisdeRdioliac hi ne

Wi th a 1HJagtié) dafordrl ﬂm’iﬂrﬂ@%nihga%'e%% RASHh SRR N, RAneRoARBAih Xeh6ulee @O di ng t o
the invention. 20 Bi odegradabl e hydrogéls of the present invention are

obt @Pnedidamie, X\rh@v@tb@\)!eta&@mmn B)é\dntpmaa prhoflexagin hidre¢hieride Zahaim®, gaicitabine,
m cr o- pzir %noﬁﬁe é ﬂ1rp Ea%(?é’n ﬁaq%%gt’ B? lea% %mq\gw&{lﬁgﬁc{e%ﬂe&h&ohﬂ?‘m Ive
e roge ar ng, mesh or a

blodegraa s as Icle su a coa
st ent OI’ZelﬁaréﬁtaItrZk]lmtndhhé;|ZHaschleH),}ﬂlm‘tabB.bcbr§ampbdiB}, Zorubiteghyddakibeden yauqgddr s

conpris nctional rou s 250 0 I-connected dru
|I$el’ ﬁf"%’d‘ Bloeg‘hj% 1Y, ZPUCAFNF RER "ﬁ'ie “r?[oe?’gﬁ'é‘w' %ra?rﬁ Yeheads which gan

be adm ni stered as subcut aneous or intraruscular injectably by neans of a
standard syringe. Such soft beads may have a dianeter of between 1 and 500
mi cr2dnetSeitableragsayitispiboxd gHPUNBLRefealagpd o dheistrontainngir sybergc adhjltiyat e

functi ongl, ALAHRSaRL snsm 3 Eaarﬂ%n f g{ﬂklas %@g@gﬁ%gmrmﬂp' i nker

prodrug conj ugat es h ve a ter o ween 0 micronmeter if
30sus pertedaroplqainic asd),t(aﬂnd:anamuﬂo[u$1||h0m?mPra11,|Tw14]bbuibém, [90YDBOTAGAefubstatdey a

di amet erP2 %Lléﬁ-@%%gq]ég%ﬁg\?%% gg?ycon (ilﬂ ngterﬁgfreor{%gtﬂ%e% Eét %oywefﬁlc%c%nﬁl er of

bet ween
Methoxypinusolidic acid, 1-Methyl-D-tryptophan, 3,5-Dicaffeoylquinic acid, 3-MATIDA, 3-O-

30 Acetyloleanolic acid, 4-Aminosalicylic acid, 6alpha-Fluoroursodeoxycholic acid, 6-Carboxygenistein, 7-
Chlorokynurenic acid, 8-Carboxy-iso-iantheran A, 99mTc-c(RGDfK*)2HYNIC, A-42867
pseudoaglycone, Aceclofenac, Acemetacin, Aceneuramic acid sodium salt, Acetyl-11-Keto-Beta-
Boswellic Acid, Acetyl-Beta-Boswellic Acid, Acetylcysteine, Achimillic Acids, Acipimox, Acitazanolast,
Acrivastine, Actarit, Adapalene, Adarotene, Ademetionine tosylate sulfate, Adxanthromycin A,

35  Ajulemic acid, Alacepril, Aladapcin, Aleglitazar, Alitretinoin, Alminoprofen, Alogliptin benzoate, alpha-



Preferably, such beaded bi odegradabl e hydrogel s conpri sing conjugate
functional groups or the bi odegradabl e hydrogel -connected drug-1i nker
prodrug cf20yateEscan be adm nistered by injection 35t REGEFROIQ/0EHEHI €
smaller than 0.6 mminner dianmeter, peeferably through a needle snaller
than 0.3 WO 2011/012715PCT/ EP2010/ 061155 143 mm i nner di aneter, nore
preferably through a needle small than 0.25 mminnper dianeter, even re

pr ef er athinglepis Peagwha Lipaic afid alphaiMetbyitrypiophan, Alarestadi Adienigidipndfusscengjn aci

pref er aly X idypaiQfardte, DeREIGIdS FMihediR@&AnfinckBprBRakid MekindlbamE &g SIt is
understood that the terms "can be admi nistered by injection", "injectable"

or "inj éwdramlwtt‘yﬂ(mle*a@px Pooxicitio mvdeats, dmpbsteficic Bnsilargtene Aalintger t ai n f or ce
appl i ed n 1, S C daft I
accordi ng { '8 e gﬁt\'flea'%rrl'"g%’ %‘\%\%Qﬁ@ﬁ‘cﬁﬁkﬁam‘qui%‘mZ\pBg%ﬁ%g n c‘%h&é%%‘%gﬁ i on
(W vy anﬂbrﬂhy(ﬂateﬂrrglﬁlleﬁhat mgliasta ArtepilliveC, V\ﬁe:dlhetep&ruwlgmgia rAstasteeosidd] Asimticer
connected to the outlet of suchs rin and the ti rrerof%redto extrude a

cert ai n 391 AFREINASPRRNIR ASRBIH AT 'B'”H@d’%té'géqn Aepartain SN B YR Y Rvent i on

fromt h@xt:%!édtﬂgﬁzafr&ﬁﬁm ARRicRRIARpinbsathY, AfEartad, Ao, AftFechahect abi lity,
a vol unme of m of bi odegradabl e hydr oge accor di ng to the invention

swol | en Azhemﬂérlﬁ"@, Azvewmidat; Baalqfern Baffloraycin %%@'C@%B@WW'%%&@&H% ned in a

ot ot ARROUGER ot 8kl fafi G Hafio e fuckp SR T AR, B CHIRC 0" et on.

Pr efi@r alfeyanonjigcA,dendriomicin B, Bandstaeme\dBémstam IblBedazgpramdrb@Idwld,rBBgﬁiOC\aomor di ng
to the inyention I n water atiop of ca.

20Anot he PERsaDe BT @RS ERE T B arsh Bt ReBaet el el ¢ on
conpr i sivy@rosy btelResibub/raersehnifrob) f@t%ﬂ&ﬁl&holédﬂé’rerﬂoﬂﬂﬁ\ [k, Bvipiat,maceut i cal
salt thereof toggt her with a pharmaceutically acceptabl e exci pi ent.

Yet anotBestroteapetafibrte, Rargiess Birstinenbigiesinmpse %m%ﬁrﬁﬁnfbg%rn B'Ptsﬂwh'ad%v"? he

present A B%{(.eﬁ'éléc%lmw B@rr&égﬁhﬁa%m A, %sﬂﬁ&f&ggsblrehgﬂn&idet ﬁ}@wfbﬂﬁ%mxyhc

i nventi on use as i canent. |I'n case the hydrogel prodrugs accordi ng
to tihe iacideBicillomine BumsitanidenBungeolivetie, Bapiedorphioe hemisilipatgrBswprenorphing-Viahvent i on

al so COE&%E@ tsln%uf?n,par acnﬁlﬁ%ﬁjé c[‘:]rn]gtr rHi(t:yezgl;[wfdcadaL)M 1O&adrc§ﬁ8}<acﬂll ogi cal l'y

accept ab err p(har maceuti cal'l Zabl e salts.

Thus, t h@dmyldmgaetaumtaﬁm,t@ammcmrcdlbiagmtopcalﬂsianaﬁ cawml.kmpm I;IC[aIcmmtlike n
aci d| C groups can be used accordin

t th t f
al kal i rRsPHge %&P'P%"m%l‘i‘%@'ﬂ@r%%qﬁch%ﬂﬁg"ﬁs'@aﬁf Eg'gg?rl’%‘ge Eaﬁ%ig'?ﬂréﬁ’r‘,%al ts I\/br e

preci se @XaERlaRsS collerigd! ehlcigid! datpkdie, @Qlﬁje%%'n%ﬂnaéla&ﬁ CaR&Sxa8 Tt Wahfodtainfde
calciumsalts, nmagnesiumsalts or salts with amonia or or gani ¢ am nes such

as, Zor Mﬁ@n*rdb@de eanngrioaiei patassiwn Hanwramicing, Canrazamieim Bl @afagamysin Gimi no aci ds.
50O AR, ARG o LRI MBI, PO R e
be used @esiordefaexinndnbbydrate,defhuperazane sdrburh,@efeandl, Cefdaloxime, Cefdlnlr Cefetecol,
Cefixime, Cefmatilen hydrochloride hydrate, Cefmenoxime hydrochloride, Cefminox sodium,
Cefodizime, Cefonicid sodium, Cefoperazone sodium, Cefoselis sulfate, Cefotiam hydrochloride,
25  Cefoxitin, Cefpimizole sodium, Cefpiramide sodium, Cefprozil, Cefprozil monohydrate, Ceftaroline
fosamil acetate, Ceftazidime, Ceftibuten, Ceftobiprole, Cefuroxime, Ceranapril, Cerivastatin sodium,
Ceruletide diethylamine, Cetefloxacin, Cetirizine hydrochloride, Chenodeoxycholic acid, Chinoin-169,
Chlorambucil, Chloroorienticin A, Chloroorienticin B, Choline fenofibrate, Choline thioctate,
Chrolactomycin, Cilastatin sodium, Cilazapril, Cilengitide, Cilomilast, Ciluprévir, Cinaciguat, Cinalukast,
30 Cinatrin A, Cinatrin B, Cinatrin C1, Cinatrin C2, Cinatrin C3, Cinnatriacetin A, Cinnatriacetin B,
Ciprofibrate, Ciprofloxacin hydrochloride, Circinamide, Cispentacin, Citrullimycine A, Clavaric acid,
Clavulanate potassium, Clinofibrate, Clopidogrel Sulfate, Colletoic acid, Complestatin, Conagenin,
Cosalane, Creatine phosphate, Cyclocreatine, Cycloplatam, Cyclothialidine, Cytomodulin, Cytosporic
acid, Dabigatran, Daglutril, Dalargin, Dalbavancin, Danegaptide hydrochloride, Danofloxacin,

35  Darinaparsin, Darusentan, Daurichromenic acid, Davunetide, Decahydromoenomycin A, Decaplanin,



WO 2011/ 012715PCT/ EP2010/ 061155 144 their addition salts with inorganic or
organi ¢ acids. Exanples for suitable acids include hydrogen chloride,

hydr ogen Woemidd2719hosphoric acid, sulfuric acid, nitri ®@CRFPAY10/061155

met hanesul foni ¢ aci d, ptol uenesul f onil27 aci d, napht hal enedi sul foni ¢ aci ds,
oxalic acid, acetic acid, tartaric acid, lactic acid, salicylic acid,
benzoi c aC|d formc aC|d prapi oni c aC|d pivalic aC|d dlethylacetlc

aci d, nmReeatomicie APecatramjeip Bripeferasiioy Deb‘if'Pr’@F'F‘cDeéiﬂ”HHVdF%ﬁ'?E’F Ae, Dgibant, gl ei ¢

aci d, Web@la‘?&érﬁycmsHéJ@%th&l@@anlaWBXJaEEtﬂﬂhQQs‘nﬁe@Wagldeﬁélb’t@QBHj&ga?é;' d,
ascorblc acid, isonicotinic acid, citfic acid, adipic acid, and other aC|ds
known t @esfhm—mpmmes Qesf¢redlordan®he"rar Pesglugastringranyathasgjed, me'df?’ﬂ@s accordi ng
to the i ntion usl n I t he

ITD| ECU| eDn I'O err\],vDZeI)_(]l pro ysme,l %’e&( e?cgprgflen lﬁ%xk SOCPr?fggﬁlothggt %Xlggog)r(?gl? b'f.'

ment poné@inej mmtomaﬂeh $/siae, dmtempnefﬁn (négmmtne,rme&naa:profEherommtl ve sal ts can
be obtai ned by customary 10 net hgds which are known to the person skilled

in the &exloxiglymidesRexpemedalar.dexyo-Cigrpfibrate, R@‘V{%\Qgeé‘aﬂ?’f“ﬁ'% DBFYaNRi ¢ or

I nor ganipga Ahileni@4cid) BR€aldipho? cﬁehmb.fmﬁ.sﬂlmmfo%amanth%m.byom@mgeef@h@mge or

cation exchange with other salts. The present invention also includes al

sal t s of8, Pihedrpisestrvied Ditwkiotipoic asig, Rigalazine, Bigiladieyariotanelisediumcaompenckaiel ity, are
not dir I u t c used, for
exanpl e%qstompﬁt’{wsgr}gd&({ugéﬂf I§oeh'[’{eﬁerﬁrbgg{ﬁx%ea(;F SFH §C|P}x' DOWEOG'E > Btjraelgge ation of

15phar mogeasadaabylgpbalenmpba@bingeis Blydesnicid AgEchisat Bmduph,aﬁtarmﬂexstclndwddoyhlameept abl e"

DA, (USEERITTG PR O BB SN D, L b1 DBk B el s,

pr ef er alpbyimethdihyararselamBiid €N aBABAY tiafadnal®) FROSiNA! O/ElsibiRa) btréfifopdg - MO e
active ingredients, and one or nore inert mgredl ents, as well as any

product Okfies ElvisearvirsEmiirasanckrnalapgkmalente. Eazianrl nitraieoFRalagrilah Aafumafungin,

conpl exgfiR0n @), ﬁg&{lﬁﬁﬁtén%ktiﬂlﬁ ekﬁ)(asilmb PhiabY 1B, Enkasti 9D'E'ﬁg£sﬁﬁl\/§%§loxd?i'e from
di ssoci ation of one or nore o e |ngre lents, or from other types of

r eadbi orEsoxacinj Fraserten,Eorudloxingipeirestat Pipidioxgiandis 228 A, Etgdl@dnenacbc acid B,

Accor di ngl ceutl .COMOSI L resent

encompaddiey BRR! FREHshaRou R HRRal P Rln S e LR

i nvent i Gptaipos Eptastatimodiitim, epdakt;gnﬁwecnemaa@Iem.fwaque)mmatste(nprmmﬁm| cally
acceptable carrier). The term "exci EI ent" refers to a diluent, a#auvant or

‘vehicle EfepnefHoanM Fraipioafibaisyntider Feflamcein tiydrarhioridecksonasinad, bacyHetdst i cal
exci pi eMtal&ifsoBfimS EBBSIAE Elrbti! Eitane SAEC EveRimithl BhsufRteRtimte gld@@rloh‘iqe ng those
of petroleum aninal, végetable or synthetic origin, including but not

| i m20ed Fanﬂo;ﬂemmthvdmthIormylbeanmoﬁalrghtmrnEaf@nenemIsodlsresFaﬁﬁéJeeﬁoh hgdrechidride) i ke.

Wat er i exchpi nis

adr ni sy ef gl SRR e Db S F IR R BRI, = o
when the.qammeﬂbﬂaaalhydmmmmetﬂlewuaus Riatbiorfein] Bcbremedsadm aMmsmusJ y. Saline

sol uti ons and 35aqueoqus_dextrose and cer oI sol uti ons ref erabl
enpl Oyed: uggxqpfc&en glu&tgpﬁpé:ﬁ{vgst?tmsoamngE(%/laﬁ|ag Fopgiaparinux so um F%sfosa? y
2011/ 012/:kafah/ BRI, Plibiteie Irirpromh, 1l gebfide, Bhhddah GBLAPRAGHT BRIk

excipients include starch, glucose | act ose, sucrose, mannitol, trehal ose,

gel &5i n enpgarhil, Gahue@tm,fqadabemcaq'd|dr<newmme:@ltg@dob@t5&|G}ﬁv@ﬂeé'aﬁa# erisogjupsalt. ol
nDnoste r pyl ene,
oot b B AU S Bk NS i ROGEY! o,
cont al n Gantbogic acia) GBamendxizoleatvinmegLinrlendmAdids Gangfrogyeig aiphs, Gapéﬂrcﬁny&nmefem; i ng

T e

(2-(N- Wem?ﬂﬂxbd‘i@%@illﬁﬁnééﬁéﬂa@rﬂéthMMél)Glmé?cécaﬁa(ﬁinﬁl@tﬂlb mlapmﬂfde@mml&taml ke
Tween, pol oxaners, pol oxam nes, CHAPS, IG%(ewg or amino acids like, for
eng

exarddl e pogasy@mr@u&qpyfsﬁlwéth'w MangethyliEster, MepoisapreryhEstesHydneke t he
form of S i I sul es

pouder s e R P BERE B TS, ARmI PR Erosl b o R ost ¢ on
can be f@epaﬂbmcmdwdwcmomlep@%MSt Batgrumadiokin iy Batetuimardiakin B iehecardmid exci pi ents

Suoh 53 HelvermiE B bdrictiegrl st ShiHinahereut A bl helt (" ¢ oXc LBl o S

st ear at edonfoiridiabidm s ABEol f@cin ASHdNgbQREin BIRURAR bhgdteRIIN Rgdleron&t sodilmr,anpl es
of suitable ghar maceuti cal excipients are described in "Rem ngton's

Phar3®ac dlydrosatin Aclbenietes: 'caégbarEavvtaWdFQfWﬁ'pesdewpebﬁﬂmh"spe"qum%ont ain a
therapeutically effective amount of the 15 therapeutic (drug or active
ingredient), preferably in purified form together with a suitable anount
of excipient so as to provide the formfor proper admnistration to the
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25 Exanples Materials and Methods 30 Material s: Side chain protected
Exendin-4 (J. Eng et al., J. Biol.Chem 1992, 267(11), 7402-7405) on Rink
am de resW 2H#1¥86ai ned from Peptide Speci alty Labor at @CT&#P2@1061155

Hei del berg, Germany. Human insulin wdgs obtained from Bi ocon Ltd.,

Bangal ore, India. WD 2011/012715PCT/ EP2010/ 061155 146 Am no 4-arm PEG5000

was obt ai ned from JenKem Technal o n . R China). Am no 4-arm
PEG2000 'Wéjépr'f'ﬁqaﬁﬁU‘Vf’PSW?@ee'é’W“}%é’E '{SE‘ %wwgfoawﬂsmdew%m”’[nﬁe%a% i na,
USA Indobufen, Indole-3-propionic acid, Indometacm Indomethacin trometamol, Indoxam, Indynaprost,
N-(3-mal ei m doprop )-21-am no- 10, 13, 16, 19- hexaoxa- henei cosanoi ¢ aci d

NHS est drogaivan, Irosiglsx, |W®"Mé°¢ﬂﬁ'ﬁt§@ﬁéﬂﬂzﬁﬂdﬁﬁ|@38ﬁé&d GB(’HHSt Balukqshsod@e} nany .
2- Chl or qgarsltél%é‘r{)w gﬁrjﬁ f\{)(gishﬂq_ts Ha\g&gtlﬁéglégm?{ot Méﬁud@,ek o R Mer ck

Bi osci ences Ger many, stat ed ot herw se.
Fnoc5As p(a@&mmryx \Kam:rmb/tmlma(bpﬁmmmm Ketoprafen, IBUGEofdo iysine, Betoralan; Ketpeplac

STrityl- d (Trt d f 10P|P d
(Fr ance) oMGHArg o S G TR e ey Ko SR ST R Che e iy

Tauf ki r qBgifibakbAtRiBYeptin, Lapaquﬁﬂit b&t&@,&%ﬁz&W@bE@SﬁeﬁLaV@ﬁ)ré}ﬁI Latairorek sﬁdﬂum L-
2-Chlorotrityl chloride ( CP% resin wth a | oadin 3 15mmmol / g.
Syr i ngesChisgUif #isk Eenapenemoydipshleride, laﬁ‘i‘épeff\el“t"gd(ﬁé?'é”‘ifg%raé% LevacabpftdR vessel s.

Loadi ng roEF\SrlJé [&Bce%ﬁ}ﬁ'@dﬁﬁlr&htoﬂaé b réﬁ:réﬁﬁa?até’ %\‘56365? Qe\f’éGG&rﬂd)%&césﬂje

manuf acturer' s 1 nstructions eprotection:” 20For Fnoc protecting-group
r enoidal , Levdviopa e@rglucwaée,agmﬂataed, bmlqmdlﬂw@b@Grg(rWaAGk?)L-FtﬂnpéhIdeibfleDBU/ DVF (two

AL e N E AT S T
(v/v) (s, LihdtBsban, Linfitript, 1 poRex), Lisinchriariiael chtnhtembﬂoéﬁe&ﬁlchtldrB&)agnesmm
salt, Loloatin B, Lomefloxacin hydrochloride, Lometrexol, Longestin, Lonidamine, Loracarbef hydrate,
Lorglumide, Lotrafiban, Loxiglumide, L-Simexonyl homocysteine, L-Thiocitrulline, Lubiprostone,

15  Lumiracoxib, Lu-Tex bis{gluconate), Lysinated-betulonic acid, Lysine acetylsalicylate, Macrocarpin B,
Madecassic acid, Maracenin A1, Maracenin A2, Maracenin B1, Maracenin B2, Maracenin C1,
Maracenin C2, Maracehin D1, Maracenin D2, Marbofloxacin, Maslinic acid, Matristatin A1,
Matristatin A2, Matteuorienate A, Matteuorienate B, Matteuorienate C, Mebrofenin, Meclinertant,
Mefenamic acid, Melagatran, Memno-peptide A, Meptazinol-Val-carbamate, Meropenem,

20  Mersacidin, Mesalazine, Metesind glucuronate, Methanobactin, Methotrexate, Methoxatin,
Methyldopa, Methylenolactocin, Methylhomoindanomycin, Metiapril, Metirosine, Micacocidin A,
Micacocidin B, Midafotel, Midoriamin, Milrinone Lactate, Minerval, Mipitroban, Mispyric acid,
Mixanpril, Moenomycin A chloride bismuth salt, Moexipril hydrochloride, Moexiprilat, Mofezolac,
Momordin Ic, Monamidocin, Monoethanolamine oleate, Montelukast sodium, Morphine

25  Glucuronide, Moxifloxacin hydrochloride, Mumbaistatin, Mupirocin, Muraglitazar, Muraminomicin A,
Muraminomicin B, Muraminomicin C, Muraminomicin D, Muraminomicin E1, Muraminomicin E2,
Muraminomicin F, Muraminomicin G, Muraminomicin H, Muraminomicin |, Muraminomicin Z1,
Muraminomicin Z2, Muraminomicin Z3, Muraminomicin Z4, Mureidomycin A, Mureidomycin B,
Mureidomycin C, Mureidomycin D, Mureidomycin E, Mureidomycin F, Mureidomycins,

30 Mycaperoxide A, Mycaperoxide B, Mycestericin E, Mycophenolic acid sodium salt, Myriceric acid A,
Mytolbilin acid, Nadifloxacin, Nafagrel hydrochloride, Nafagrel hydrochloride hemihydrate,
Nagstatin, Napirimus, Napsagatran, Napsamycin A, Napsamycin B, Napsamycin C, Napsamycin D,
Nateglinide, Naveglitazar, Nebostinel, Nemonoxacin, Neu5Ac2en, Niacin, Niglizin, Nileprost beta-
cyclodextrin clathrate, Nooglutil, Norfloxacin, Norfloxacin succinil, Obeticholic acid, Octacosamicin A,

35  Octacosamicin B, 0-Demethyichlorothricin, Ofloxacin, Olamufloxacin, Olamufloxacin mesilate,



Standard coupling condition for acids: Coupling of acids (aliphatic acids,
Frmoc-am no acids) to free am no groups on resin was achi eved by agitating
resin w tWoodgidfisaci d, 3 eq PyBOP and 6 eq DI EA i n relPETEFROO6FISREe am no
groups on resin 30(cal cul ated based d® theoretical |oading of the resin) in
DMF at roomtenperature. After 1 hour resin was washed with DVMF (10 tines).
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cont ai ni ng product wereé l'ized For hydrogel beads, syringes
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Pregabalin, Premafloxacm Premaﬂoxacm hydrochloride, Prezatide copper acetate Proamlplde

Probenecid, Probestin, Procysteine, Proglumide, Propagermanium, Propofol hemisuccinate,

Prostatin, Prostratin succinate, Protocatechuic acid, Protoporphyrin IX gallium(lil) complex,

20  Prulifloxacin, Prulifloxacin Hydrochloride, Prulifloxacin Mesylate, Pseudomycin A', Pseudomycin B',
Pycnanthuquinone A, Pycnanthuquinone B, Pyloricidin B, Pyridazomycin, Pyrrolosporin A, Quiflapon
Sodium, Quinapril hydrochloride, Quinlukast, Rafabegron, Ragaglitazar, Raltitrexed, Ramatroban,
Ramipril, Raxofelast, Razupenem, Rebamipide bismuth citrate tetramethyledamine, Rebamipide
bismuth L-tartrate tetramethyledamine, Repaglinide, Resobene, Reveromycin A,

25 Rhododaurichromanic acid A, Ridogrel, Robenacoxib, Rocagloic acid, Rolafagrel, Romazarit,

"Romurtide, Rosaprostol sodium, Rosuvastatin calcium, Rosuvastatin sodium, Rufioxacin Gluconate,
Rufloxacin hydrochloride, Rumycin 1, Rumycin 2, Salazopyridazin, Salcaprozic acid sodium salt,
Salicylazobenzoic acid, S-Allyimercaptocaptopril, Salmisteine, Salvianolic acid L, Samixogrel,
Sampatrilat, Sanfetrinem, Sanfetrinem sodium, Sapurimycin, Sarpogrelate hydrochloride,

30 Saussureamine A, Saussureamine B, Saussureamine C, Saussureamine D, Saussureamine E,
Scabronine G, Scopadulcic acid B, Securioside A, Securioside B, Selank, Semduramicin, Seocalcitol,
Seratrodast, Serofendic acid, Sessiloside, Shepherdin, Sialosylcholesterol-Alpha Sodium Salt,
Sitafloxacin hydrate, S-Nitrosocaptopril, S-Nitrosoglutathione, Sodelglitazar, Sodium cromoglycate,
Sodium oxybate, Sofalcone, Solabegron hydrochloride, Sorbicillactone A, Sparfloxacin, Sphingofungin

35  F, Spinorphin, Spirapril, Spiriprostil, Spiroglumide, Spiroximicin, Squalestatin |, Stachybocin A,
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Stachybocin B, Stachybocin C, Staplabin, Starrhizin, Sterenin D, Subtilopentadecanoic acid,
Succinobucol, Sufotidine bismuth citrate, Sugammadex sodium, Sulfasalazine, Sulindac, Sulopenem,
Sulukast, Sunflower trypsin inhibitor-1, Susalimod, Tafamidis meglumine, Tageflar, Talaglumetad
hydrochloride, Talibegron, Talibegron hydrochloride, Talopterin, Taltobulin, Tamibarotene,

5  Tanogitran, Tanomastat, TAP-doxorubicin, Tarenflurbil, Targinine, Tazarotenic Acid, Tebipenem,
Teicoplanin-A2-1, Teicoplanin-A2-2, Teicoplanin-A2-3, Teicoplanin-A2-5, Telavancin hydrochloride,
Telmesteine, Telmisartan, Temafloxacin hydrochloride, Temocapril hydrochloride, Temurtide,
Tenosal, Terbogrel, Terestigmine tartrate, Terikalant fumarate, Tesaglitazar, Tetomilast,
Tetradecylselenoacetic acid, Tetrafibricin, Tetragalloylquinic acid, Tetrahydroechinocandin B,

10  Tetronothiodin, Tezampanel, Thermozymocidin, Thiazohalostatin, Thielavin G, Thielocin, Thielocin
B3, Thiofoscarnet, Thioxamycin, Thrazarine, Thymic humoral factor gamma-2, Thymopentin,
Tiagabine hydrochloride, Tibenelast, Ticolubant, Tilarginine hydrochloride, Tiliquinatine,
Timodepressin, Tipelukast, Tiplasinin, Tirofiban hydrochloride, Tisartan, Tolfenamic acid, Tolmetin,
Tolrestatin, Tomopenem, Tosufloxacin, Tosufloxacin Tosilate, Trandolapril, Trandolaprilat,

15  Tranexamic acid, Tranilast, Treprostinil diethanolamine, Treprostinil sodium, Tretinoin,
Triacetylshikimic acid, Trichomycin A, Triflusal, Trimexautide, Trimoprostil, Tripterin, Tropesin,
Trovafloxacin, Trovafloxacin hydrate, Trovafloxacin hydrochloride mesylate, Trovafloxacin mesilate,
Tubelactomicin A, Tuberactomycin D, Tuberactomycin E, Tubulysin A, Tubulysin B, Tubulysin C,
Tucaresol, Tuftsin, Turbinaric acid, Tyroservatide, Ubenimex, Ulifloxacin, Uncarinic acid A, Uncarinic

20 acid B, Unoprostone, Ursodeoxycholic acid, Ursolic acid phosphate, Utibapril, Utibaprilat, Vadimezan,
Valonomycin A, Valproate Semisodium, Valproic acid, Valsartan, Vancomycin hydrochloride,
Varespladib, Vebufloxacin, Vedaprofen, Veliflapon, Verlukast, Vinaxanthone, Viquidacin,
Viranamycin-A, Viscosin, Vitilevuamide, Voreloxin, W Peptide, Xanthofulvin, Zabicipril Hydrochloride,
Zabiciprilat Hydrochloride, Zabofloxacin hydrochloride, Zaltoprofen, Zanamivir, Zaragozic acid D3,

25  Zenarestat, Zofenoprilat, Zofenoprilat arginine, Zolasartan, Zonampanel.

Suitable drugs with a phosphate group may be selected fromt the group consisting of Adenophostin
A, Adenophostin B, Atrinositol, Buflomedil pyridoxalphosphate, Cytostatin, Fludarabine phosphate,
Fosfluconazole, Fosfonochlorin, Fosfosal, Fosopamine, Fosquidone, Fostamatinib, Ganciclovir

30 monophosphate, Genistein-7-phosphate, Hydroxyphoslactomycin B, Leustroducsin A, Leustroducsin
B, Leustroducsin C, Leustroducsin H, Mangafodipir trisodium, Menadiol sodium diphosphate,
Miproxifene phosphate, Monophosphoryl lipid A, Phospholine, Phosphosalsalate, Pneumocandin BO
2-phosphate, Tafluposide, Triciribine phosphate, Ursolic acid phosphate.
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Suitable drugs with a thiol group may be selected fromt the group consisting of Acetylcysteine,
Antileukinate, Argimesna, Bucillamine, Butixocort, Captopril, Dihydrolipoic acid, Gemopatrilat,
Glutathione monoethyl ester, Glutathione monoisopropy! ester, Midoriamin, Omapatrilat, Ovothiol

A, Ovothiol B, Ovothiol C, Penicillamine, Rebimastat, Shepherdin, Zofenoprilat, Zofenoprilat arginine.

Figure 6 shows a schematic drawing of a relevant section of a hydrogel comprising permanent
linkages of the backbone moieties with a transient prodrug linker to which a biologically active
moiety is covalently attached. A hyperbranched moiety (oval, “Hyp”) comprises permanent bonds
(white diamonds) to either the transient prodrug linker (black arrow) or a spacer moiety connected
to a backbone moiety and on the other side connected to a crosslinking moiety (thick black line). The
thin black line indicates a PEG-based polymeric chain extending from a branching core (not shown).

Dashed lines indicate the attachment to a larger moiety, which was not fully drawn.

Figure 6a shows the direct linkage of a transient prodrug linker to the hyperbranched moiety,
whereas Fig. 6b shows an indirect linkage of the transient prodrug linker to the hyperbranched
moiey. In Fig. 6b the transient prodrug linker is coupled to the hyperbranched moiety through a
spacer moiety (thick grey line), which is coupled to the transient prodrug linker through a permanent
bond (white diamond). In each case, the drug moiety (large white circle) is coupled to the transient

prodrug linker through a biodegradable linkage (white arrow).

Hydrogel degradation

The degradation of the biodegradable hydrogel according to the invention is a multi-step reaction
where a multitude of degradable bonds is cleaved resulting in degradation products which may be
water-soluble or water-insoluble. However, water-insoluble degradation products may further
comprise degradable bonds so that they can be cleaved in that water-soluble degradation products
are obtained. These water-soluble degradation products may comprise one or more backbone
moieties. It is understood that released backbone moieties may, for instance, be permanently
conjugated to spacer or blocking or linker groups or affinity groups and/or prodrug linker
degradation products and that also water-soluble degradation products may comprise degradable
bonds.

The structures of the branching core, PEG-based polymeric chains, hyperbranched dendritic moieties
and moieties attached to the hyperbranched dendritic moieties can be inferred from the

corresponding descriptions provided in the sections covering the different hydrogels of the present



Backbone reagent I g was synthesized from Ami no 4-arm PEG000 | a according
to follow ng schene: [ PEGL250 la NH2 ]4 Boc-Lys(Boc)-OH EDC, HOBt, DVSO,
Col I'i di néMaI20DVgxHAe/ MeOH [ PEGL250Lys(Boc)2 1 | b [ PEGREFOR2IPH(NER) 2] i C
Boc- Lys(Boc) - OHHCI Di oxane/ MeOH [ [ BRBGL250- LysLys2(Boc) 4

14PEGL250- LysLys2(NH2) 4 idl e Boc-Lys(Boc)-OH

invention. It is understood that the structure of a degradant depends on the type of hydrogel

according to the invention undergoing degradation.

The total amount of backbone moieties can be measured in solution after complete degradation of

5  the hydrogel according to the invention, and during degradation, fractions of soluble backbone
degradation products can be separated from the insoluble hydrogel according to the invention and
can be quantified without interference from other soluble degradation products released from the
hydrogel according to the invention. A hydrogel object according to the invention may be separated
from excess water of buffer of physiological osmolality by sedimentation or centrifugation.

10  Centrifugation may be performed in such. way that the supernatant provides for at least 10% of the
volume of the swollen hydrogel according to the invention. Soluble hydrogel degradation products
remain in the aqueous supernatant after such sedimentation or centrifugation step, and water-
soluble degradation products comprising one or more backbone moieties are detectable by

subjecting aliquots of such supernatant to suitable separation and/or analytical methods.

15
Preferably, water-soluble degradation products may be separated from water-insoluble degradation
products by filtration through 0.45 um filters, after which the water-soluble degradation products
can be found in the flow-through. Water-soluble degradation products may also be separated from
water-insoluble degradation products by a combination of a centrifugation and a filtration step.

20

For instance the backbone moieties may carry groups that exhibit UV absorption at wavelengths
where other degradation products do not exhibit UV absorption. Such selectively UV-absorbing
groups may be structural components of the backbone moiety such as amide bonds or may be
introduced into the backbone by attachment to its reactive functional groups by means of aromatic
25  ring systems such as indoyl groups.
Figure 7 shows a schematic drawing of different degradation products. The exemplary degradation
product of Fig. 7a results from the degradation of a biodegradable hydrogel carrying conjugate
functional groups. From a central branching core (©) extend four PEG-based polymeric chains (thin
black lines), at which ends hyperbranched dendritic moieties (“Hyp”; ovals) are attached. Said
30 hyperbranched dendritic moieties contain a number of permanent linkages (white diamonds) to
either spacer moieties connected to a backbone moiety and on the other side connected to a
crosslinking moiety (asterisk) or to conjugates such as affinity ligands or chelating groups (black

ovals). Dashed lines indicate the attachment to a larger moiety which is not shown.



[ PEGL250LysLys2Lys4(Boc)5 if [ PEGL250LysLys2Lys4(NH2)8 Ig 5 For

synt hesis of conpound I b, 4-Arm PEG000 tetraamne la (MNca. 5200 g/ nol,
5.20 g, IWOQondR71SHCI salt) was dissolved in 20 nL of PVBE@PLENKYUSDUS) .
Boc-Lys(Boc)-OH (2.17 g, 6.25 mml) 183 105 nL of DMSO (anhydrous), EDC HCI
(1.15 g, 6.00 nmmol ), HOBtH20 (0.96 g, 6.25 mmol), and collidine (5.20 ni,
40 mmol ) were added. The reaction mxture was stirred for. 30 min at RT. The
react i oAhdreXaMplasy degsadation, produatiof fiig1 Zteswlts feam thecdRerrdatinn efhbvdses! RE¥MB

wi th 600 3ydf FrBmla J:}n I%?%nc@%g)a)rel {8)i xkenll ]fod?)PE\?\lo)oa;eMm\gﬁc(c%aim (thidNdhacit/ 1

(v/v) brine/water (4 x). Aqueous |ayers were
2011/ 01 sl PET/wERP0 @0dsO breBiFariched rdepstiiticamadstieni (' Hyr50@vals) afe Btamhedy §aidi ¢

phases re dried. over. Na2sSO4 Ll ter % - % ' %Iﬁ . of

Crude. pl BittephoEe 4Rl KBIonla!d il Slinr FYRRERALER ) Bufh el

Yi el 8 3.c8megted 2OYPpackidrermaas agd asthy oftie® Sid€ torinbeted to a crosslinking moiety (asterisk)
or to spacer moieties (white rectangle) which are connected to transient prodrug linkers (black
arrow). It is understood that said spacer moiety is optional and depends on the type of hydrogel

according to the invention. Dashed lines indicate the attachment to a larger moiety which is not

shown.

10
It is understood that the hyperbranched dendritic moieties of the degradation products comprise
more permanent linkages to spacer moieties connected to a backbone moiety and on the other side
connected to a crosslinking moiety, conjugates or transient prodrug linkers than shown in Figures 7a
and 7b.

15

Synthesis of biodegradable reactive hydrogels
Biodegradable reactive hydrogels may be prepared by a variety of different methods. Such methods
are described e.g. in WO-A 2006/003014. One particular synthesis process based on either radical or
20 ionic polymerization is based on using a crosslinking macromonomer or crosslinking monomer - the
so-called crosslinker reagents, - carrying at least two interconnectable functional groups and a
functional macromonomer — the so-called backbone reagent. The backbone reagents carries at least
one interconnectable functional group and at least one chemical functional group which is not
intended to participate in the polymerization step. Additional diluent monomers may or may not be
25  present. Copolymerization of these components results in a hydrogel according to the invention
containing reactive functional groups provided by the backbone moiety. In order to ensure that the
reactive functional group is available for reactions after completion of the polymerization, the
conditions for the interconnecting polymerization are chosen such that the reactive functional
groups are not modified. Alternatively, the reactive functional groups may be protected by use of a
30 reversible protecting group known to the person skilled in the art, which is removed after the
polymerization. Useful interconnectable functional groups include but are not limited to radically
polymerizable groups like vinyl, vinyl-benzene, acrylate, acrylamide, methacylate, methacrylamide
and ionically polymerizable groups like oxetane, aziridine, and oxirane.
In an alternative method of preparation, the biodegradable hydrogel according to the invention is

35 generated through chemical ligation reactions. In one alternative, the starting material is one



M5: mz 1294.4 = [ Mt5H] 5+ (cal cul ated = 1294.6). 5 Conpound 1c was obtai ned
by stirring of 3.40 g of conmpound |Ib (0.521 mml) in 5 nL of nethanol and 9
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The product was used in the the next 18 ep wi thout further purification. Ms:
mz 1151.9 = [ M#51-1] 5+ (calculated = 1152.0). 10 For synthesis of conpound
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further purification. Ms: nfz 969.6 = [ Mt7H 74 (cal cul ated = 969.7). 30For
the synthesis of conpound if, conpound le (3.55 g, 0.48 mmol) was dissol ved
in 20 msuiedbldPobheiauiy/finaiondl.grddQe pleyst B the-ctddslinkerIeaggnt tﬂﬂud@ temmhal piimary8. 8
mL of DMBO (anhydrous), EDC HCl %2 76 .9, 14.4 npol ), H 0’&§.%?dﬁ, 14. 4
mol ), &8 SfEP'G'aWLa’B'PO'CS?"P?’HI'%éC' stdtﬁﬁt'\)esmgtats"%taeeﬁ“o TREOYL AT her

M Xt ure Jpas, b%'uﬁgﬁtﬂatfeg th@Qeerchp%rs FKE- vmylsulfoneghﬁlp§ 8a@i€dbleblyMerikabiEful@dnal
diluted with 800 mL of DCM and washed with of 0.1 N H2SO™4 (2 x),

35brlbne gfoups presant i the hec@pr(ezeas)ent inghetle but are wpiimitadite eyimpany apd gegondary asgin@ous
| m. of
N & BRI oKL WL BB LAR YRt of

crude praoghpadrs like vaglswohegloesss oi | . Product was di ssolved in DCM and
precipitated with cooled (- 18 C) diethylther. This step was repeated tw ce
and the precipitate was dried in vacuo.

If the crosslinker reagent polymerizable functional groups are used substoichiometrically with
20 respect to backbone polymerizable functional groups, the resulting biodegradable hydrogel
according to the invention will be a reactive biodegradable hydrogel with free reactive functional

groups attached to the backbone structure, i.e. to backbone moieties.

25  Synthesis of hydrogel prodrugs
The hydrogel prodrug of the present invention can be prepared starting from the reactive
biodegradable hydrogel or the modified reactive biodegradable hydrogel of the present invention by
convenient methods known in the art. it is clear to a practitioner in the art that several routes exist.
For example, the prodrug linker mentioned above, to which the biologically active moiety is
30 covalently attached, can be reacted with the reactive functional groups of the hydrogel of the

present invention with or without already bearing the active moiety in part or as whole.

Optionally, a prodrug linker may be first conjugated to a biologically active moiety and the resulting
biologically active moiety-prodrug linker conjugate may then react with the biodegradable hydrogel’s

35 reactive functional groups. Alternatively, after activation of one of the reactive functional groups of



S5Yield 4.72 g (82% col ourless glassy product If which was used in the next
step without further purification. M5 mz 1505.3 = [ M+8H] 8+ (cal cul ated =
1505. 4) . WO 2BHAHRUAe reagent 1g was obtai ned by stirri n@C/EPAIONOFTIAS of
conmpound If (MWNWca 12035 g/nol, 104.7238, 0,39 mol) in 20 nL of nethanol
and 40 nL of 4 N HCI in dioxane at RT for 30 mn. Volatiles were renoved in

Yield 3.91 100 9 | duct backb 1g. M5
6772 = avpseiie) i5kéh 8o Liiekbulo s9niiale. Mo b9 foniaGrd i HCiURREY 84bEnt 1n
VI 20111y hORETAERA 4R PALS B Sk R BRRARM SN2 Mt Bl S e

Backbone reagent 1h was synthesized as described for 1g except for the use
of 4- ar mermeved bP ashingtaed filttionmaftar GorEEH DY thebipiggicaly active gnoipty-to the Byoqas!:

(Ca' g“' %gs#d 5rodrtg timder. DRSS 1afee DY G SofThe RSS! LAKRIng G ARENas: 2€

5 the biologically active moiety remains bound inside the biodegradable hydrogel according to the
invention by the covalent attachment of a suitable chemical functional group present on the

biologically active moiety to the second chemical functional group of the prodrug linker.

Preferably, the covalent attachment formed between the reactive functional groups provided by the
10  backbone moieties and the chemical functional groups of the prodrug linker are permanent bonds.
Suitable reactive functional groups for attachment of the prodrug linker to the reactive
biodegradable hydrogel include but are not limited to carboxylic acid and derivatives, carbonate and
derivatives, hydroxyl, hydrazine, hydroxylamine, maleamic acid and derivatives, ketone, amino,
aldehyde, thiol and disulfide.
15

A preferred process for the preparation of a prodrug according to the present invention is as follows:

A preferred starting material for the backbone reagent synthesis is a 4-arm PEG tetra amine or 8-arm
PEG octa amine, with the PEG reagent having a molecular weight ranging from 2000 to 10000 Dalton,
20  most preferably fom 2000 to 5000 Da. To such multi-arm PEG-derivatives, lysine residues are coupled
sequentially to form the hyperbranched backbone reagent. It is understood that the lysines can be
partially or fully protected by protective groups during the coupling steps and that also the final
backbone reagent may contain protective groups. A preferred building bIock is bis-boc lysine.
Alternatively, instead of sequential additions of lysine residues, a dendritic poly-lysine moiety may be
25  assembled first and subsequently coupled to the 4-arm PEG tetra amine or 8-arm PEG octa amine. It
is desirable to obtain backbone reagent carrying 32 amino groups, consequently seven lysines would
be attached to each arm of a 4-arm PEG, or five lysines would be attached to each arm of a 8-arm

PEG.

30 In another embodiment, the multi-arm PEG derivative is a tetra- or octa carboxy PEG. In this case,
the dendritic moieties may be generated from glutamic or aspartic acid, and the resulting backbone
reagent would carry 32 carboxy groups. It is understood that all or a fraction of the backbone
reagent’s reactive functional groups may be present in a free form, as salts or conjugated to
protecting groups. It is understood that due to practical reasons the backbone reagent’s number of

35 lysines per PEG-arm will be between six and seven, more preferably approximately seven.



Crosslinker reagent 2d was prepared from adi pic acid nono benzyl ester
(English, Arthur R et al., Journal of Medicinal Chem stry, 1990, 33(1),
344- 347) WAROBRE®DO0 according to the foll ow ng schene: PCWBP2010/061155
2011/ 012715PCT/ EP2010/ 061155 A soliaéion of PE&R000 (2a) (11.0 g, 5.5
mmol ) and benzyl adipate half-ester (4.8 g, 20.6 nmol) in dichloronethane
(90.0 nmL) was cooled to OC. Dicycl ohexyl carbodiimde (4.47 g, 21.7 mmol)
was 5added followed by a catalytic amount of DVAP (5 ng) and the solution

was st i nrRste@éfbRhdoRNRAdR issRAFMbdI&RM t enper at ure overni ght (12 h). The
flask was stored at +4C for 5 h. The solid mas filtered and the sol vent

conpletely renoved br—destlllatldh B The resid s dissolved in
1000 mL 1/1(v/v) ether/ethyl acetate a ored at RT for|2 hours while a
noved by
ored in a

il

filtered t hr ough

er cake was dried
product was used

= [ M+3F1] 3+

O-bis-adipic

in ethyl acetate

The sol uti on was

ad ceased (5-12

ved by filtration
in vacuo. Yield:

10tightly closed flagk at -30C in the fredzer
crystallisation was ¢onplete. The cryst

a glass frit and mes1ed mnth cool ed e}h r
in vacuo. Yield: 1C-~6 g ol orl ess
w t hout further pur|1|cat on ih Phe next (st ep. " mz 813.
(calculated = 813.3) (15 In a 500 m gl ass |aufjoc] ave PEQX0
aci d- bi s-benzyl estef 2b (13.3 g, 5.5 mmol N di ssol ved
(180 M) and 10% Pal | adi um on charcoal (0. Jidj 2 added.
hydr ogenated at 6 baf, 40C until consunption ydr ogen
h). Catalyst was WO[2011/012715PCT,LEP2010/ 061158 153 re
through a pad of Celite(r) and the sol vent was eyaporat ed
12.3 g (quantitative] 2c as yellow sh oil. The pmMbgduct wasgqused w t hout
further purification—Tmthe next step. M5 mz 753.1 = H 3+ (cal cul ated
= 753.2) 5A solution of PE&000-bis-adipic acid half ester 2c (9.43 g, 4.18
mol ), N hydroxysuccinimde (1.92 g, 16.7 mmol) and

di cyel OQ?MHésﬁbad’fb@éjtrbﬁlnd@r tedgéhd sthrts ¥om/a iAEal PEG Wit 2 midlecofar Weigh( angiygifroms)
was stirred over night at roomtenperature. The reaction m xture was cool ed

to 0 C &Adofrkde ’B?rﬁzﬁfféefﬁb!x frP'i“IOtGe‘ioe?d‘Déf whicihegstogfied wthadielfesiar ofaieaROYEsi due
was r e%&halnbétééﬂ% id S Tor ngl‘gtarlcy L&d. dPrel%rrZ@ lgﬂﬂ)téc%ﬁg/%ro%ﬁ QSShdIfNESdr fBﬁﬁ’sgii%Htls d4d as

col orl ess soli 3+ (calcul ated =
benzylic group. The resultlng bis dlcarboxyhc aC|d PEG half esters are converted |nto more reactive

smal | amount of a flaky solid was forned. |The Lid mes r
filtration through a|pad of Celite(r). 'Hmisol tion

carboxy compounds such as acyl chlorides or active esters, e.g. pentafluorophenyl or N-
10  hydroxysuccinimide esters, most preferred N-hydroxysuccinimde esters, of which a preferred

structur is shown below.
o 0O 0 o o ©
o )LMJL
iN—oMo/\/[’ Vﬂ:o A o—m>|
(0] O

wherein each m independently is an integer ranging from 2 to 4, and
g is an integer of from 3 to 100.
15

More preferred is the following structure:



2e was synt hesi zed as described for 2d except for the use of glutaric acid
I nstead of adipic acid Ms: nfz 764.4 = [ Mt3H] 3+ (cal cul at ed 764.5). 2f
was synt Wei2ptd1a85descri bed for 2d except for the use BCTRRBB006i1ASt ead of
PEG000 MS: mz 997.5 = [MtH] (cal culldted = 997.8) Synthesis of 2g WO
2011/ 012715PCT/ EP2010/ 061155 154 2g n - 22 2g was synthesi zed as descri bed
for 2d except for the use of PEGLO0O instead of PE&QO00 MS: niz 7.4 =

[ MF2F1] 2+ (gal culgted = 690 3) 5 Exanple 3 Prepalﬁllz:Az;gﬁizrog beads
3a, 3b, 3c/ 3d, afjd 3e cont|pi ning free_am no.groups A sol utlfon of 5 nmg 1g
and 866 - s/‘adﬂ.a{d’(? S %) oArjacel

10P135 (Qroda International c) in 60 nL hept'ane. The m xture wa irred
at 700 rpm\Wwth a customnetal stirrer for 10 min at RT to forma
suspension.gl. 0 nL N,N,N , N -tetranet hyl et hyl ene di am ne (TMEDA) Qvas added
to effect polynerization. Afterd2 42 the stirrer speed was reduced to 400
rpmand the m xture was stirred for additional 16 h. 1.5 nL of acetic acid
wer e added and then after

Alternatively, the bis-dicarboxylic acid PEG half esters may be activated in the presence of a coupling

agent such as DCC or HOBt or PyBOP.

In an alternative embodiment, the backbone reagent carries carboxyl groups and the corresponding

crosslinker reagent would be selected from ester-containing amino-terminated PEG-chains.

Backbone reagent and crosslinker reagent may be polymerized to form the hydrogel according to the
10  invention using inverse emulsion polymerization. After selecting the desired stoichiometry between
backbone and crosslinker polymerizable functional groups, backbone and crosslinker are dissolved in
DMSO and a suitable emulgator with an appropriately selected HLB value, preferably Arlacel P135, is
employed to form an inverse emulsion using a mechanical stirrer and controlling the stirring speed.
Polymerization is initiated by the addition of a suitable base, preferably by N,N,N,N‘-
15 tetramethylethylene diamine. After stirring for an appropriate amount of time, the reaction is
quenched by the addition of an acid, such as acetic acid and water. The beads are harvested, washed,
and fractionated according to particle size by mechanical sieving. Optionally, protecting groups may

be removed at this stage.

20 In an alternative embodiment of this invention, multi-functional moieties are coupled to the reactive
functional groups of the polymerized reactive biodegradable hydrogel to increase the number of
reactive functional groups which allows to increase the drug load of the biodegradable hydrogel
according to the invention. Such multi-functional moieties may be provided by suitably substituted
derivatives of lysine, dilysine, trilysine, tetralysine, pentalysine, hexalysine, heptalysine, or

25  oligolysine, low-molecular weight PEI, ornithine, diaminobutyric acid. Preferably, the multi-functional

moiety is lysine.

Further, such hydrogel according to the invention may be functionalized with a spacer carrying the
same reactive functional group, for instance, amino groups may be introduced into the modified
30 reactive biodegradable hydrogel by coupling a heterobifunctional spacer, such as suitably activated

COOH-(EG)s-NH-fmoc, and removing the fmoc-protecting group.



10 min 50 nL of water were added. After 5 mn, the stirrer was stopped and
t he aqueous phase was 15drai ned. For bead size fractionation, the

wat er - hyawoegell/gedpgensi on was wet - si eved on 75, 50, 40, PSZ/ERA@O0RE11§5n St eel
sieves. Bead fractions that were retdBhed on the 32, 40, and 50 gm si eves
wer e pool ed and washed 3 tinmes with water, 10 tines with ethanol and dried
for 16 h at 0.1 nbar to give 3a as a white powder. 20 3b was prepared as
descri bed for 3a except for the use of 300 ng 1g, 900 ny 2d, 10.8 m DWVSO,

1.1 M IVehAen®Bdméntd a”(‘lru@%@rhg&unaclhﬁb be dlrectly%a&@@ \Aﬁ)th%)%ae GedBiodFaiabiped
for 3a except for the use of ny 350 ng 2f, 2.9 m DWSO, 1.6 m

25 TVEDAhydrogel o feroes icovalant draasientalinkader rrelsui@wgspeaabvdfpgei@mmaomw@wgvmthe

B 5P BBy S, FEianEripeils KRR, i, B s Wit Mbcortihg O,
rpm s Wavetkioh/igreféieb G tabaateDésto lihhide drixarbanatet hen after 10 min 50 m of

wat er and 50 nlL of saturated aqueous sodium chloride solution were added.
Am no group content of hydrogel was determ ned by conjugation of a

f moc- aminghoditdr ArmibBdibnBAY, b HRR coOMPbI igFiRHEMjugtel REa b%éﬂﬁ@hch@"ﬁsfﬁ&bﬁ\@ﬂﬂh@nt
f noc-determ nation as described by Gude, M, J. Ryf, et al. (2002 Letters

in Pept |IIG@ES@P@WG@ doyeAPMPROBL FIEGSPadEds & KPVRISNE FAUSENE dRRER BUcha® a FEDAMAS ous
hydr ogel g W&l 8y tfgarrmngf‘ed?}kg eb%mpzﬁt %MZBS% gntﬁ‘? re@Q8d Jith (AT Qdclve SiBuderRAREE 4

Preparation o erm &t ion ogel beads 4a, 4b, 4c, and 4d,
and 1det @ydroge farmra ppddragdoeonding & thebwentiont | on 15A sol uti on of 600 ng

Mal - PEGG-NHS (1.0 nmol) in 4.5 nmL 2/1 (v/v) acetonitrile/water was added to
200 nmg dry hydrogel beads 3a. 500 pL sodi um phosphate buffer (pH 7.4, 0.5

M was aghednstiét elribBdifidhit) 8 ARigRBMPEIMdadirttabmidgdtad toI0inkdr i Alkh & QBITLN that the
tenperature. Beads 4a were washed five times each with 2/1 (v/v)

acet oni tinkagepeweet druggamraypy andtrkariag evelent tapsigrilinkass s ah? taPIeAtGSErEr/ TFA.
For det %anﬂ car%gnaﬁg n&%h Wy %esuﬁﬁaﬁé‘ﬁ'ly ’reﬁféd%l’choé'%ctﬂfe bmﬂgérgt%%ie Iﬂ@ 8l a was

| yophi |'i Zed wel ghe out Anot her aliquot of hydrogel a was
readsed fmmpremessommgctapteo@otehMI (in 50 mM sodi um phosphate buffer, 30
mn at RT), and nercaptoethanol consunption was detected by Ell man test
(El''man, G L. et al., Biochem Pharmacol., 1961, 7, 88-95). Ml ein de
cont ent FuABerf@tIebiidpeAable hakogkl dBomimgltd ehediiventiyrdhaged functionalized with a spacer

carrying a different reactive functional group than provided by the biodegradable hydrogel according
to the invention. For instance, maleimide reactive functional groups may be introduced into the
20  hydrogel according to the invention by coupling a suitable heterobifunctional spacer such as Mal-
(EG)e-NHS to the biodegradable hydrogel according to the invention. Such modified reactive
biodegradable hydrogel can be further conjugated to drug-linker reagents, carrying a reactive thiol

group on the linker moiety to form carrier-linked prodrugs according to the present invention.

25  After loading the drug-linker conjugate to the functionalized maleimido group-containing modified
reactive biodegradable hydrogel, all remaining reactive functional groups are capped with suitable

blocking reagents, such as mercaptoethanol, to prevent undesired side-reactions.

In a preferred embodiment of the invention, drug linker conjugates, where the drug moiety
30 comprises a disulfide (-S-S-) linkage and where a free thiol group is connected to the linker moiety,
are reacted with a maleimide-functionalized hydrogel at temperatures between room temperature
and 4°C, more preferred at room temperature, in a buffered aqueous solution of pH 2-5, preferably
pH 2.5-4.5, more preferably pH 3.0-4.0. Subsequently, a resulting drug-linker-hydrogel conjugate is
treated with a low molecular weight compound comprising a thiol group, preferably with a thiol-

35 containing compound of 34-500 Da, most preferably with mercaptoethanol at temperatures



254b and 4c and 4d were prepared as descri bed above except for the use of
3b and 3c and 3e, respectively. Loading 4b: 0.14 mol/g Loading 4c: 0.9
nmol / g Losieizapg/Ma7150. 13 nmol / g 30 Exanpl e 5 Prepar at i onPOf/EPAQIOI0G11aT et | C
acid | abel ed hydrogel 5 WD 2011/012723%PCT/ EP2010/ 061155 156 beads 3d in a
syringe equipped with a filter frit. The suspension was agitated for 1 h at
roomtenperature. 5 was washed five tinmes with DMF and incubated 5 mn with
a sol ut Pehvesn reprptemperaturg@pd 4Gy @ore,prefaged gh/roost teMRSFAtYEnt & bffgred aayeqs s
washed fy ntdfgﬁfz-%temwwi.s.x.@,@bmefwawgqlzcstﬁ.szrorret hane, five tines

wi th ethanol and dried 1 n vacuo. Exanpl e Preparati on of desthiobiotin
conj ugat ed hydrogel 6 Desthiobiotin conjugated hydrogel 6 was prepared from

3b and estqgobi tin as descri for.5 exc & for. ﬁ qnﬁg$iotin
and- o Hthed P AsdRRGE ob % o Bhuch, B85 TPl Akl WDt AR
| i nker reapeas a disylfid0-INC NpiKadd dNd wheddshmmleinidddrieis Chhngdtbd tante lidked inoimp| ) |
H2N- ( CH2) 2- N&CI—B) -boc (36 1L, 0.34 mmuol), HATU .g156, ng
are reacted with a thiol-functionalized hydrogel according to the ihvention at' temperatures between
room temperature and 4°C, more preferred at room temperature, in a buffered aqueous solution of
pH 2-5, preferably pH 2.5-4.5, more preferably pH 3.0-4.0. Subsequently, the corresponding resulting
drug-linker-hydrogel conjugate is treated with a low molecular weight compound comprising a
10 maleimide group, preferably a maleimide-containing compound of 100-300 Da, eg N-ethyl-
maleimide, at temperatures between room temperature and 4°C, more preferred at room

temperature, in a buffered aqueous solution of pH 2-5, preferably pH 2.5-4.0, more preferably pH
2.5-3.5.

15 In another preferred embodiment of the invention, drug linker conjugates where a free thiol group is
connected to the linker moiety, are reacted with a maleimide-functionalized hydrogel at
temperatures between room temperature and 4°C, more preferred at room temperature, in a
buffered aqueous solution of pH 5.5-8, preferably pH 6.5-7.5. Subsequently, a resulting drug-linker-
hydrogel conjugate is treated with a low molecular weight compound comprising a thiol group,

20  preferably with a thiol-containing compound of 34-500 Da, most preferably with mercaptoethanol at
temperatures between room temperature and 4°C, more preferred at room temperature, in a

buffered aqueous solution of pH 5.5-8, preferably pH 6.5-7.5.

In another preferred embodiment of the invention, drug linker conjugates, where a maleimide group
25 is connected to the linker moiety, are reacted with a thiol-functionalized hydrogel according to the
invention at temperatures between room temperature and 4°C, more preferred at room
temperature, in a buffered aqueous solution of pH 5.5-8, preferably pH 6.5-7.5. Subsequently, the
corresponding resulting drug-linker-hydrogel conjugate is treated with a low molecular weight
compound comprising a maleimide group, preferably a maleimide-containing compound of 100-300
30 Da, eg N-ethyl-maleimide, at temperatures between room temperature and 4°C, more preferred at

room temperature, in a buffered aqueous solution of pH 5.5-8, preferably 6.5-7.5.

A particularly preferred method for the preparation of a prodrug of the present invention comprises

35 the steps of



0.41 mmol ) and DI EA (214 pL, 1.23 nmol) were dissolved in 1 m DWMF. The
m xture was stirred for 1.5 h at RI, acidified wwth AcOH (100 pL) and
purified WO 2RR/HPLE. Yield: 119 ng (0.23 nmol) M PCT/EP2010/061155
Froc- Asp( Ove) CO(NH( CH2) 2N( CH3) - boc) : 1z 548.4 = [ MtNa] (cal cul ated =
548. 3) 20 Fnoc- Asp(Ove) CO( NH( CH2) 2N( CH3) - boc) (119 ng, 0.23 nmol) was
dissolved in DVF (1.0 m ), piperidine (50 pL) and DBU (15 pL) were added
and the m xture was stirred for 45 mn at RT. AcOH (100 ) was added and

NH2- Asp( Ove) §r5§3( NHGHRE 2NCShBbund @€ Forkafk C{lef | @fleRln KRB HE’!HGsenf@ Rldford &s rrg
(0.18 mol, TFA salt) 25MS NH2- Asp( Ove) CO( NH( CH2) 2N(CH3) -boc): m z 326.2 =

[ MtNa] (cal cul at eb!ndin%%HW)or@ -PTRGUESPT afePaa9e oh s datiiiplle eamicy| fingtiong| gr@upze
mmol ), (Pfp0)2C0 &,ﬂ:@% &%pogndzé t FOTRLY FRPHC Rhbief &?17% eﬁbnts byd befor@ls were

di ssol ved i n DVSO m xture was stirre and "af t er war ds
adde8 to a sol uti bindiod td\A-lﬁFd\alp(:M)cﬁB&NHQcD@%ﬂlslélféld&)chbmcc)ﬂ fam3iona) gradip 18
nmmol) in DMF (1.0 n1_t) gﬁghe m xture was stirred for 1 h, acidified with
ACOH (100 pi) and™t"hdp) 5cONH Asp( OVe) CO{ NH( CH2) 2N( CH3) - boc) was
purified by RP-HPLC. WD 2011/012715PCT/ EP2010/ 061155 157 Yield: 61 ng
(0.09 mmol) MS Trt S(CH2) 5CONH- Asp( Ove) CO( NH( CH2) 2N( CH3) - boc): mz 698.5 =
[ MFNa] (cal clat eaotwn@'yse@}mgthmsgc 28 SN e OrR Y BRSPS - boc)

(61 gy, 0.09 mmol ), pas agsoﬁeaeunwe& foftu AR tARRE FRRad Yol cmmautfuﬁ?do.cﬁ 3

ng, 0.18 mmol) was added and the m xture was stirred at 60C for 1
(5019l ..) was addedupsnd 7 was purified by RP-HPLC. Yield: 53 ng (0.08 rrrml)
MS 7: n12 684.4 = [MtNa] (calculated = 684.3 g/nol) 10 Exanple 8

(c) reacting the at least four chemical functional groups of the resulting compound from
step (b} with a poly(ethyiene glycol) based crosslinker precursor reagent, wherein the
crosslinker precursor reagent is used in a sub-stoichiometric amount compared to

15 the total number of functional groups of C{A-Hyp), to yield a hydrogel according to

the invention;

(d) reacting remaining un-reacted reactive functional groups (representing the reactive

functional groups of the backbone comprised in the reactive biodegradable

20 hydrogelof the present invention) in the hydrogel backbone of step {(c) with a
covalent conjugate of biologically active moiety and transient prodrug linker or first

reacting the un-reacted reactive functional groups with the transient prodrug linker

and subsequently with the biologically active moiety;

25 (e) optionally capping remaining un-reacted reactive functional groups to yield a prodrug

of the present invention.
Specifically, hydrogels of the present invention are synthesized as follows:

30 For bulk polymerization, backbone reagent and crosslinker reagent are mixed in a ratio amine/active

ester of 2:1 t0 1.05:1.

Both backbane reagent and crosslinker reagent are dissolved in DMSO to give a solution with a
concentration of 5 to 50 g per 100 mL, preferably 7.5 to 20 g per 100 ml and most preferably 10 to 20
35 gper100 ml.



Synt hesis of |inker-exendin conjugate 8 aHi sl N-Exendin NH O OSH 8 157 (22
ng, 33 gnol), PyBOP (23 ng, 44 grnol) and DI EA (31 pi, 0.18 nmol) were

di ssol vedWPr0DME2T1I600 gL) and i medi atel y added to 220 RGT(EP2010/06105§ resin
bound, side chain protected exendin M#th free Nterm nus. After incubation
for 1.5 h at RT, the resin was washed with 10x DMF, 10x DCM and dried in
vacuo. The product was cleaved fromthe resin and purified by RP-HPLC
Yield: 15.2 ng 20M5 8: niz 1496.7 = [ Mt31-1] 3+ (cal cul ated = 1497) Exanple
9 Prepangkial pfifmencaiish, B1é 1dv% %r.mﬂ,rh@ﬂeienpd’n%ﬁwhﬁemmgﬁﬁ MEDA[HOO pi
suspended i n acetonitrile/ water/ TFA 1/1/0.001 (v/v/v), 7.3 limo! naleimndo
25 gr oupddedia sheReisolusion cendtining erpsstifkepseagrit and hagkhone raaget agd themigduieds 3. 4
gnol ) i | i |t gl . : AL V) ... Phosphat e buffer
(300 pL?hag(%fo’.r&}m 8&%% %Fd I\%\g5'!3g‘éﬂﬁt&ﬁ%‘[ﬂgﬁﬁ%{l'é@%%‘%gﬁhm%gsjtlxénnc%nﬂgf ed at RT for 15
m n. sConpl ete consunption of thiol was confirmed by El!nman test.

Ve t oet h | (10 gL, 146 ) . ded and t J i bat ed at
e for Banhroesigord gt nepr ks Ay CTOmDr ALy TR PR ELERP TFT B vat or
171 (vl @irriﬂ%@nﬁhiﬂ ,%dttihggt%iséng%rﬁﬁi@ﬁh,ﬁhd itfbrally s\&n

2011/ 012715PCT/ EP2010/ 158 Exanple 10 Synt ﬁesi s of linker reagent 10d
5Li nker reagent 10d was synt hesized according to the foll ow ng schene: 1.

Mt Cl For emulsion polymerizatio%; thmwﬁmi&tuﬁ%%priﬂ;& o$ the dispersed phase and the

10  continuous phase.

For the dispersed phase, backbone reagent and crosslinker reagent are mixed in a ratio amine/active
ester of 2:1 to 1.05:1 and are dissolved in DMSO to give a to give a solution with a concentration of 5

to 50 g per 100 mL, preferably 7.5 to 20 g per 100 ml and most preferably 10 to 20 g per 100 ml.

15
The continuous phase is any solvent, that is not miscible with DMSO, not basic, aprotic and shows a
viscosity lower than 10 Pa*s. Preferably, the solvent is not miscible with DMSO, not basic, aprotic,
shows a viscosity lower than 2 Pa*s and is non-toxic. More preferably, the solvent is a saturated
linear or branched hydrocarbon with 5 to 10 carbon atoms. Most preferably, the solvent is n-

20  heptane.

To form an emulsion of the dispersed phase in the continuous phase, an emulsifier is added to the
continuous phase before adding the dispersed phase. The amount of emulsifier is 2 to 50 mg per mL
dispersed phase, more preferably 5 to 20 mg per mL dispersed phase, most preferably 10 mg per mL

25  dispersed phase.

The emulsifier has an HLB-value of 3 to 8. Preferably, the emulsifier is a triester of sorbitol and a fatty
acid or an poly(hydroxyl fatty acid)-poly(ethylene glycol) conjugate. More preferably, the emulsifier is
an poly(hydroxy-fatty acid)-polyethylene glycol conjugate, with a linear poly(ethylene glycol) of a

30 molecular weight in the range of from 0.5 kDa to 5 kDa and poly(hydroxy-fatty acid) units of a
molecular weight in the range of from 0.5 kDa to 3 kDa on each end of the chain. Most preferably,
the emulsifier is poly(ethylene glycol) dipolyhydroxy stearate, Cithrol DPHS (Cithrol DPHS, former

Arlacel P135, Croda International Plc)

35  Droplets of the dispersed phase are generated by stirring with an axial flow impeller with a geometry



I\ENHWt 1 CGa 1.BH3. THF 2. boc20, DI EA 3.HC aq yoc Trt SW"NNH 10c dnob 2,
4- di met hoxybenzal dehyde NaCNBH3, DCM MeOH yoc TrtSNNH 2 1 Qb 1) A b-TCP
resin! p-wotegghengl chloroformate 2) DCM HFI P 10d BgmiERes0H6aps | i nker
reagent intermedi ate Sa: 4-Met hoxytril#yl chloride (3 g, 9.71 muol) was
di ssolved in DCM (20 nlL) and added dropwi se to a 10 sol ution of
et hyl enedi amne (6.5 n, 97.1 mol) in DCM (20 nlL). After two hours the
sol ut i onimilastosers gudhas tsoigh kteryie, Bropeller (EXATO Riihry unddisehiachaiGikHee ti nes
W th 30/eh b X)) mb% bR& it siflidr ¢ with #dibRGtek 3B0TS 9PRGHhe P Bamettrt
brine (§%r niy_rgy”'r?ﬁséboréan%% p ase(g?\e;{/asI d‘ﬁ'e Sver Na2SO4 aﬁd vcc))l at i Iees wer e
r enoved Pefelebly, rstding sdnifatesdeiore additicnlyf therlispersed\htase Stirerspead i et treilat e
(3.18 g, /9ﬂ"%6 m’role). 15. - .
m/s. The dispersed phase is added at room temperature, and the concentration of the disperse

5 phase is 2% to 70%, preferably 5 to 50% , more preferably 10 to 40%, and most preferably 20 to 35%

of the total reaction volume. The mixture of dispersed phase, emulsifier and continuous phase is

stirred for 5 to 60 min before adding the base to the effect polymerization.

5 to 10 equivalents (referred to each amide bond to be formed) of a base are added to the mixture of
10  dispersed and continuous phase. The base is aprotic, non nucleophilic and soluble in the disperse

phase. Preferably, the base is aprotic, non nucleophilic, well soluble in both disperse phase and

DMSO. More preferably, the base is aprotic, non nucleophilic, well soluble in both disperse phase

and DMSO, an amine base and non-toxic. Most preferably, the base is N,N,N’,N’-

tertramethylethylene diamine (TMEDA). Stirring in the presence of base is continued for 1 to 16 h.

15
During stirring, droplets of dispersed phase are hardened to become crosslinked hydrogel beads
according to the inventibn which can be collected and fractionation according to size is performed on
a vibrational continuous sieving machine with a 75 um and a 32 um deck to give hydrogel
microparticles according to the invention.

20

Biodegradable hydrogels of the present invention are obtained from the above-described
preparation method in form of micro-particles. In a preferred embodiment of the invention, the
reactive biodegradable hydrogel is a shaped article such as a coating, mesh or a stent or a
microparticle. Most preferably, the biodegradable hydrogels comprising conjugate functional groups
25  or the hydrogel-connected drug linker prodrug conjugates are formed into microparticulate beads
which can be administered as subcutaneous or intramuscular injectably by means of a standard
syringe. Such soft beads may have a diameter of between 1 and 500 micrometer. Preferably, such
biodegradable hydrogels comprising conjugate functional groups or the biodegradable hydrogel-
connected drug-linker prodrug conjugates have a diameter of between 10 and 100 micrometer if
30 suspended in an isotonic aqueous formulation buffer, most preferably a diameter of between 20 and

100 micrometer, most preferably a diameter of between 25 and 80 micrometer.

Preferably, such beaded biodegradable hydrogels comprising conjugate functional groups or the
biodegradable hydrogel-connected drug-linker prodrug conjugates can be administered by injection

35 through a needle smaller than 0.6 mm inner diameter, preferably through a needle smaller than 0.3



The Mrt-protected internediate (3.18 g, 9.56 mmol) was dissolved in
anhydrous DCM (30 nL). 6- (Trityl nmercapto)-hexanoic acid (4.48 g, 11.47
nmol ), PYWBORO(1®187A5g, 11.47 mmol) and DI EA (5.0 nl, 28. @8TMmEPAI1P/0WESE added
and the m xture was agitated for 30 rith at RT. The solution was dil uted
with diethyl ether (250 ml) and washed three tinmes with 30/ 1 (v/v)
brine/0.1 rvi NaOH sol ution éSO WO 2011/ 012715PCT/ EP2010/ 061155 159 ni
each) afun baerdiapetey, mpferpsefersply thrpushaneedie gaal| waphds BminRerdiEMmeerRYeP Na2504
and vol YL i
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( cal cul amneefllesnTiZhad)O0. 1&§n@ynmh¢snnsteof | i nker reagent internediate 10b: To a
solution of 10a (3.19 g, 4.53 mml) in anhydrous THF (50 nL) was added

BH3- THF (1 NA solution, 8.5 nL, 85 mmol) and the solution was stirred for
16 heur & igdind&ktooli that krertefdid3d cabtlfe aginirisiéres by Mfetton”, “Ijectdble” bA ineabilityasfendded
and stirred for 16 hours at RT. The reaction was quenched by addlt on of 10
met hanolt© § genepingtipn offagtorgisugbian § certaitiproe feplied &9 mBlupser gia syongexopRine heys added
and the bﬁ)%én”éda%ﬂe H@Sed] %@Jo?ﬁ,gtte tﬁeameumo@muéﬁ fnraneekdfaps cetrﬂfn%n&‘ﬁﬂﬁﬁon (W9

m xture was diluted wth ethyl acetate (300 nL) at RT, washed with

sat ur at @od atzcpediain tenhiePCAR, & adedlejoda gifen mnqcol@mm)r comnected taitha outkt ohgigkous
NaHCOB sal ut i %!g;% and
vol at i Ie’é"n\ﬁ/efraggte'%é "%o(errég "Efmf% éXt;nga% gr{r]‘g)gusnﬁér‘%%ﬁe pddm?ﬂgd\{g% e a

i nt &orredwmba\veﬂuQ\Zrog)theiﬁunEé\mra@mlee neatiler nredi at e was di ssolved in DCM (5
m), Boc20 (2.97 g, 13.69 mmol) dissolved in DCM (5 nlL) and DI EA (3. 95 m.,
22.65 Mol ) were added and the mi xture was agitated at RT for 30 min. The
Mt Xt ur , yasr 18 Prdvide &8t ikl¥ctddiing B veRMRIBRL AU LARBYe Faaasabwdragel fRo@inddemBoc- and
Mt - protected internediate (3 g). 20MsS: rniz 791.4 = [M+H], 519.3 =

[ M Mt +vertion) swallentip water wopicongentrgtion qfjat leasy §%EwW4Y) prd copiainepn a sysaseiwiing t o a
solutio Ie (45
) - nd Pingtn 2 Beec Bk ity B B Bl oo B e (S Qs by ® L5
hounSat apfilyingsafosepfiesd thyn 50 eavtpkd val ue of the reaction m xture was adj usted
to 5.5 by addition of 5 M NaOH 25 solution, acetonitrile was renoved under
reduced pressure and the aqueous solution was extracted with DCM (4 x 100
m.). Thef&anpineablifydashkvilBeebiolRFRaBlE hfogy &icotimg B hean@ntiod siloildras  wer e
renoved under reduced pressure. Crude 5b was used w thout further '
puri f i caatesio a sqneemration gbcagloPIwig. ol ). MS: miz 519.3 = [M+H (cal cul at ed
= 519.8 g/ nol).

20  Another aspect of the present invention is a pharmaceutical composition comprising a hydrogel
prodrug of the present invention or a pharmaceutical salt thereof together with a pharmaceutically

acceptable excipient.

Yet another aspect of the present invention is a hydrogel prodrug of the present invention or a

25  pharmaceutical composition of the present invention for use as a medicament.

In case the hydrogel prodrugs according to the invention contain one or more acidic or basic groups,
the invention also comprises their corresponding pharmaceutically or toxicologically acceptable salts,
in particular their pharmaceutically utilizable salts. Thus, the hydrogel prodrugs according to the
30 invention which contain acidic groups can be used according to the invention, for example, as alkali
metal salts, alkaline earth metal salts or as ammonium salts. More precise examples of such salts
include sodium salts, potassium salts, calcium salts, magnesium salts or salts with ammonia or
organic amines such as, for example, ethylamine, ethanolamine, triethanolamine or amino acids.
Hydrogel prodrugs according to the invention which contain one or more basic groups, i.e. groups

35  which can be protonated, can be present and can be used according to the invention in the form of



30 Synthesis of linker reagent internediate 10c: 10b (780 ng, 0.98 mmol,
-65% purity) and NaCNBH3 (128 ng, 1.97 mmol) were dissolved in anhydrous
met hanol WO0H01271A sol ution of 2, 4-di net hoxybenzal dehy #€T(EP2B0fg1153. 17

mmol) in DCM (2 m.) was added, and tHé4 m xture was stirred for 2 h at RT.
The sol vents were evaporated under 35reduced pressure, and the crude

product was di ssolved in DCM and washed with saturate
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was renoved by filtration and the resin was washed with THF (5 tines)
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reagent sol ution was renov 'tration and the resin was washed with
DCM105 tnnetmm)s whikherd knokwa rto Vb&soe(ﬁloeaiakkid ih therart Irke, f@BexaEwlerbvacndtapmglth&Sedﬂtby

RP- HPLC.  Product fract % \/\ﬁ ht to pry %ddltlon }Qf saf t%g
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oCAl-conjugated insulin-linker conjugate 111
15  pharmaceutically acceptable salts.

The term ”pharmaceutiéally acceptable” means approved by a regulatory agency such as the EMEA
(Europe) and/or the FDA (US) and/or any other national regulatory agency for use in animals,
preferably in humans.
20
"Pharmaceutical composition" means one or more active ingredients, and one or more inert
ingredients, as well as any product which results, directly or indirectly, from combination,
complexation or aggregation of any two or more of the ingredients, or from dissociation of one or
more of the ingredients, or from other types of reactions or interactions of one or more of the
25  ingredients. Accordingly, the pharmaceutical compositions of the present invention encompass any
composition made by admixing a compound of the present invention and a pharmaceutically

acceptable excipient (pharmaceutically acceptable carrier).

The term "excipient" refers to a diluent, adjuvant, or vehicle with which the therapeutic is
30 administered. Such pharmaceutical excipient can be sterile liquids, such as water and oils, including
those of petroleum, animal, vegetable or synthetic origin, including but not limited to peanut oil,
soybean oil, mineral oil, sesame oil and the like. Water is a preferred excipient when the
pharmaceutical composition is administered orally. Saline and aqueous dextrose are preferred
excipients when the pharmaceutical composition is administered intravenously. Saline solutions and

35 aqueous dextrose and glycerol solutions are preferably employed as liquid excipients for injectable



NANNam I nsulin H H 11b 25 Synthesis of protected insulin |inker conjugate
11a bocO Nam I nsulin H dnob WO 2011/ 012715PCT/ EP2010/ 061155 161

Li nker resi@ent1/010dswas di ssolved in DCM (20 ng/ nL) and RECTIBP2M10H61A5E h
carbodiimde-resin (1.9 mvol /g, 10 ed4j for 1h. The solution of the
activated linker reagent was added to a solution of insulin (1.2 eq.) and
DIEA (3.5 eq.) in DMSO (100 ng insulin/nlL), and the m xture was shaken at
RT for 49ufians. Suiable sheireacewtiopbexcipientsi inFleds siptch, BlUeoss: dacieseq sucpase: Meiiphs

evapor attr%ﬂalgsféd BElathr e e RbGS ShAiE ’sm?{' Eel l\L%ETuﬁP&ng@t BiJcePdi %&Eﬁst@ﬁ#ate talc,

insulin-Tin conjugat e 11a Wwas RP- HPLC. 'Lyophi I i zed 11a was

t r eat ed sedigrh c&ulqmdectdrree skfm 9@"919'#@#(2, pmbv,lénﬂ’, \g)VCMFWPleTFethm @nd tth¢ dkdrylhei | ane
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it waceppobiity. Bt ket el Febl Flive oafulS St bE ISR ohtsuhA

W conj woméreg dgasts) like; kdrrﬂﬁﬁﬂhpléomethge,tﬁcdﬂabe vms qawunﬁue;edhdsﬁbate RH’EHHE’L(G(Z-
Yield: 139 ng (0.023 n’m)I‘? frome62 '\S) linker |lad M5, nifz

1524, 45 hydrpyyethy|)l4-pigerazineg ha@eéelfm'%@ B (2- WH“‘ERMﬁ?)étth‘fsﬂf‘éb‘a?%ﬁ)q Y38t

i nsul i nbidieetdyet Ok TRERD bbiBxahterd poloxamines, CHAPS, Igepal, or amino acids like, for

example, glycine, lysine, or histidine. These compositions can take the form of solutions,
suspensions, emulsions, tablets, pills, capsules, powders, sustained-release formulations and the like.
10  The composition can be formulated as a suppository, with traditional binders and excipients such as
triglycerides. Oral formulation can include standard excipients such as pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate,
etc. Examples of suitable pharmaceutical excipients are described in "Remington's Pharmaceutical
Sciences" by E.W. Martin. Such compositions will contain a therapeutically effective amount of the
15 therapeutic (drug or active ingredient), preferably in purified form, together with a suitable amount
of excipient so as to provide the form for proper administration to the patient. The formulation

should suit the mode of administration.

Yet another aspect of the present invention is a method of treating, controlling, delaying or
20  preventing in a mammalian patient, preferably in a human, in need of the treatment of one or more
conditions comprising administering to said patient a therapeutically effective amount of a hydrogel
prodrug of the present invention or a pharmaceutical composition of the present invention or a

pharmaceutically acceptable salt thereof.
25
Examples

Materials and Methods

30
Materials: Side chain protected Exendin-4 (J. Eng et al., J. Biol.Chem. 1992, 267(11), 7402-7405) on
Rink amide resin was obtained from Peptide Specialty Laboratories GmbH, Heidelberg, Germany.

Human insulin was obtained from Biocon Ltd., Bangalore, India.



12 Dry mal ei m de functionalized hydrogel 4a (82 ng, 10.3 1.1.nol mal eimdo
groups) was filled into a 20 syringe equipped with a filter. A solution of

i nsul i n- IWoker/aip118l 11b (27.8 ng, 4.6 p.nol) in 1.0 nlLPCT/EP2010/061155
acetonitrile/water/ TFA 1/1/0.001 (v/vA¥) was added and the suspensi on was
incubated for 5 min at RT. Acetate buffer (0.4 ni, pH 4.8, 1.0 M was added
and the sanple was_ i ncubat ed %%GRT for

noni t or SEINRA-RIN Fr'éﬁ?op%&‘?s obiigrg gam J\‘?\&'ge%%ch%‘gogfo %TP Ens\npéhllﬁagilﬁtoﬁ%iﬁ%v?%f'fml

(V/VIV) pR&RIOWat bHthiRéIVRIR EledtiRPEEWorks, WiRRSn Ydidnk) Nbrth/CBrofh UBR (V/ v/ v/Vv) 1.0
M sar cosi ne 25pH 7.4/ acetonitrile/ 0.5 M phosphate buffer pH 7.4/ water.

Finally, the hydrogel was suspended in the sarcosine sol ution and i ncubat ed
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2011501NH$BRGBbEmE6ﬁ@hﬂ&hﬂﬁ&nEGQBﬁxambhamWS Synthe5|s of pram pexol e |inker
conjugate 13b 5Synthesis of pram pexole glycin internedi ate 13a 13a
Boc-@y-OH (659 ng, 3.76 mmol ), PyBOP (2.35 g, 4.51 mmol) and N net hyl

mor phol a@idréridyf dﬁiendé”reﬁn MARTY aNar 8midbSSidsV @drd MroRVIMRrii BiditidncefranbHyexol e
di hydrochl oride (2 , 7.52 mmol ) was 10 added, and the m xture was
sti rr ed SehyyalbachyTs, /ﬂef@?“yctﬁﬁﬁ’i Betad PHREViFS FMopAsBHLPMe wagL8taied §oBHBIEER 300

m‘ 1 M hgOg | nehd itz fEhlr §tTﬁ®l-WepcaB§§éxané\E'dachXt(fr@m(fl Whst Bofafald (Bong 70

The co organi ¢ phases were dried over 504, the solvent was
evapOraPeNPmmueﬂWmeduced pressure, and the re5|due purified by RP-HPLC.
After lyophilisation 721 ng (1.49 mmol, TFA salt) of the Boc protected
derivative were obtained. 15M5. niz 369.2 = [M-H], 737.4 = [ 2MtH|
(cal cul alletheFchzaficals wphdmdm SighaALDRICH diegpiie GabHj Tanfkirthea, Gartnanyredi at e was
dissolved in 3 rvi nethanolic HCI (10 nL), concentrated aqueous HC (400
pi) was added, and the m xture was agitated for 4 h. The solvent was

r emoved syRegiask @fmn@g vwsep%%rneedamzieﬁr@raeﬁ@: eHidrRid (TeP) wadih Qith W Bhdlng 60937
(1.44 mol, double HC salt)
15 mmol/g Syringes equipped Wlth polypropylene frits were used as reaction vessels.

Loading of the first amino acid to resins was performed according to manufacturer’s instructions.

Fmoc deprotection:
20  For Fmoc protecting-group removal, the resin was agitated with 2/2/96 (v/v/v) piperidine/DBU/DMF

(two times, 10 min each) and washed with DMF (ten times).

Mmt deprotection:
For Mmt protecting-group removal, the resin was treated with HFIP/DCM 1/9 (v/v) (15 times, 1 min
25  each) and washed with DCM (ten times).

Standard coupling condition for acids:

Coupling of acids (aliphatic acids, Fmoc-amino acids) to free amino groups on resin was achieved by

agitating resin with 3 eq of acid, 3 eq PyBOP and 6 eq DIEA in relation to free amino groups on resin
30 (calculated based on theoretical loading of the resin) in DMF at room temperature. After 1 hour resin

was washed with DMF (10 times).

Cleavage protocol for 2-chlorotrityl chloride resin:
Upon completed synthesis, the resin was washed with DCM, dried in vacuo and treated two times for

35 30 minutes with 6/4 (v/v) DCM/HFIP. Eluates were combined, volatiles were removed under a



20M5: mz 269.1 = [M+H] (cal cul ated = 269.4). Synthesis of 13b TrtS2

1. 4-nitrophenyl chlorofornnate 2.13a 3. deprotection 13b

256- ( Tri tWDrzetigaptis) hexane- 1-amne (1.21 g, 3.22 nmol) XAdA/ER00060pheny|
chl oroformate (0.78 g, 3.86 mml) wend’ suspended in dry THF (15 nL). D EA
(841 tL, 4.83 mmol) mas added and the resulting solution was stirred at
roomtenperature for . After ification addition qof acetic acid
the WO"SPEE) étI%aﬁlBP’t’Pf‘EP?”o‘ﬁfl 6‘6 'f%%yl'%’e.“""é& b fr?/%tgnse?}’é‘ﬁ%?'%ﬁ Bty
reduced cphemedsd lyaphflzddhe residue was purified by RP-HPLC. 1.21 g (2.25
mmol ) p-nitrophenyl carbamate were obtained after |yophilisation. The
carbamate (801 ng, 1.48 mml) was dissolved in DVMSO (4.4 nlL) and added

dr opwi sg_I I r f 800
1L Bp GG POl Qi el et o e bri R ding HE sk o0
4.5 B atorradmngerqsner(antmey DEJDGN( (Somhdoeum)rﬁﬂmﬁtep)wastpteefosnddmlcm themeesiditdlut ed
with 0.5 rvi | ution 2 and e racted with DCM (6 x 70 nmL). The
conbi nedF%Y"@%ﬁt‘Pﬁd tﬁérggrf?/ﬁﬁw Btglsé‘ eﬁU%’tthﬁ%Eﬂreaf [f8%sol vent was evaporat ed

under reduced pressure, and the conjugate was purified by RP-HPLC to obtain
254 mg (0.323 mol, TFA salt) of the trityl protected 10i nternedi ate. Ms:
mz 670. 3*““TNW#$“F@aIculated = 670.0 g/nDI) For deprotection the

i nter maq-'{gg-tP? ¢ (A4 8ofon 9 1656 )mdeé:Oxh(f" ? {2k drdbillAGH Bod éDﬁb)SuQ:BQm-ﬁﬁﬁr ( 240

pl) for mn at roomtenperature atiles were evaporate

pur i1Di eddisch RRmARH@Cch, Germany) connected to a Waters 600 HPLC System and Waters 2487
Absorbance detector. Linear gradients of solution A (0.1% TFA in H,0) and solution B (0.1% TFA in

acetonitrile) were used. HPLC fractions containing praduct were lyophilized.

For hydrogel beads, syringes equipped with polypropylene frits were used as reaction vessels or for

15  washing steps.
Analytics:

Electrospray ionization mass spectrometry (ESI-MS) was performed on a Thermo Fisher Orbitrap

20  Discovery instrument equipped with Waters Acquity UPLC System.

MS spectra of PEG products showed a series of (CH,CH,0), moieties due to polydispersity of PEG

staring materials. For easier interpretation only one single representative m/z signal is given in the

examples.

25
Size exclusion chromatography (SEC) was performed using an Amersham Bioscience AEKTAbasic
system equipped with a Superdex200 5/150 GL column (Amersham Bioscience/GE Healthcare)
equipped with a 0.45 pm inlet filter, if not stated otherwise. 20 mM sodium phosphate, 140 mM
NaCl, pH 7.4, was used as mobile phase.

30

Example 1

Synthesis of backbone reagent 1g and 1h



15Yield: 167 ng (0.31 nmol, TFA salt). M5 mz 428.2 = [MH] (calculated =
428.6 g/ nol) Exanple 14 20Synt hesi s of hydrogel -1i nker-pram pexol e

conj ugat evo2a11ana7134b Mal ei m de-derivati zed hydrogel m eCHFRLA0OHFBESS 4a (100
4. loading 30 p.nol/nL, 3 gnol) were l#®&acted with conpound 13b (2.3 ngy, 4.3
gnol) in 1/1 acetonitrile/water (420 pi) and 0.5 im 25 phosphate buffer pH
7.4 (52 gt) for 10 nln at RT Ip hydr ogel was washed 20 tinmes with 1/1
acetonitrifefwater. I-'Iaelmdes wherejreacted with

2- mer capt get hanol (34 111 mmol) in 1/1 dcetonitrile/water (3 nL) and
0.5 NA phgsphate buffer pH 7. 4 0.4 M) for 10 |nmin at RT. The | oaded

hydr ogel was washed 20 tinmes wbdh 1/) acet trlile/water, 20 tinmes with
phosphat e |buffer pH 7.4 and |nc bat dinthe sgme buffer (1.5 mM) at 37 C
30Pr am peXol e | oadi ng 1l4a: 27 2011/ 013715PCT/ EP2010/ 061155 164

H gh | oadqd pranlpexole Ii nker 4 waq prepared as descri bed above
except Kb{ t ﬁ? b and 1 mg M. |Pram pexol e | oadi ng 14b: 152
ng/ g 5 Exgnpl e 15 ar at i pt oet hangl bl ocked mal ei m de
derivatizgd hydrogel beads 15 2 a sol utign of nercaptoethanol (0.7 M
in 1/1/0.d01 acetonitril e/ water/JFA v/v)) wgds added to 100 ng 4b
suspended |in 1/1/0.001 acetonitril &7 %ér/TFA (fv/viv). The solution was

adj usted tjo 10pid 7.0 with phosphateobyffergpeH|7.4, 0.5 M and the m xture
was agitatled forr 30 m npaig RT. 15 was \Wwashed wifth acetonitril e/ water/ TFA
1/1/0.001 |(10 tines). Exanple 16 Rel egse kinetijcs in vitro

15Dr ug- | i nker - hydrogel 9, 12, and 14a,Nkespecti|gel y, (contai ning

approxi matefy 1 ng drug) were T

Backbone reagent 1g was synthesized from Amino 4-arm PEG5000 1a according to following scheme:

Boc-Lys(Boc)-OH

EDC, HOBt,
DMSO, Collidine HCI Dioxane/MeOH
[ PEG1250 NH ] —— [ PEG1250 Lys(Boc), ]4 —_— [PEG1250K Lys(NHz)z]4
1a 1b 1c

Boc-Lys(Boc)-OH

HC! Dioxane/MeOH
R [ PEG1250

Boc-Lys(Boc)-OH
LysLys,(Boc), ] —- [ PEG1250
4

LysLys,(NH,), ]4 —_—

HCI Dioxane/MeOH
LysLys,Lys,(Boc), L _— PEG1250

[ PEG1250 LysLys,Lys,(NH,) ]4

1f 1g

For synthesis of compound 1b, 4-Arm-PEG5000 tetraamine 1a (MW ca. 5200 g/mol, 5.20 g, 1.00

mmol, HCl salt) was dissolved in 20 mL of DMSO (anhydrous). Boc-Lys(Boc)-OH (2.17 g, 6.25 mmol) in
10 5 mL of DMSO (anhydrous), EDC HCI (1.15 g, 6.00 mmol), HOBt-H,0 (0.96 g, 6.25 mmol), and collidine

(5.20 mL, 40 mmol) were added. The reaction mixture was stirred for 30 min at RT.

The reaction mixture was diluted with 1200 mL of dichloromethane and washed with 600 mL of 0.1 N

H,S0, (2 x), brine (1 x), 0.1 M NaOH (2 x), and 1/1 (v/v) brine/water {4 x). Aqueous layers were



suspended in 2 mM 60 nmM sodi um phosphate, 3 nM EDTA, 0.01% Tween-20, pH
7.4, and incubated at 37 C. Suspensions were centrifuged at tinme intervals
and superwanan{o1dEs anal yzed by RP-HPLC at 215 nm and EBCTNMB2{06061195 and 12)
or by absorbance neasurenent at 263 a9 (for 14a). UV-signals correlating to
| i berated drug were integrated (9 and 12) or directly used (14a) and

pl otted agai nst 20i hcubation tine. Curve-fitti n sof t lied to

est i mat EHRebYERIIAPI RSV Qraanic/pbasst werg dsigd ave Wﬁﬁ%,‘yﬁgreﬁgp@ge\{a ateddp 14

d, 18 dgyvaBd g%f@u&\@ﬁr%d&t@i@ﬁsr@oﬂ;ﬂgssfo@mo% omrd 1ARSL pliftfed ya@®Reeti vely. In vitro
rel ease klnetlcs of at pH 7.4 and (gls shown in Figure 8. 25 Exanple 17

In vit rdleu@g&%ié-‘é%)cmlodessBBSSauorqﬂHfltgband 37C Accel erated hydrol ysis of

hydrogel ussﬁzgﬁgla=W%5@E+f(%%§j@%db_ylzbgg ubating 5 ng 15 in 2.0 M 0.5 M sodium

borate D Sanpl es were taken at tinme intervals and
anal yzed by size excl usi on chromat ogr aphy. UV-signals corresponding to

hydr ogel rel eased wat er - Iuble egrad tion 30p cts c ne or
nore balRBBAHE %r?ﬁi"‘@f P%té'"? Y?tgg S ¢ 6°'F‘B%{E‘fjll®g6j${ﬁf5?‘f’ﬁﬂg$ mSPE@S@? Uer e
i nt egr abrglo andrRINOGE fldisAL BBRT 1‘099?5191@{ VEIRtilkd WEre réMiévettii@vaduo. THE plddi® waer i od
for the conpl ete degradation of the hydrogel by hydrolysis of the

degr adatybes inthedBe next gemuiteout dsthappusifiRtigPadat i on products conprising one or
nor e baq‘}fsb%?rén@be M$§?]“ﬁ§a|cfu8%qa¢ 119, Q? 94 hours which is 1.45 fold | onger

than the ti erl ease of the first 10 nol - % of water
35sabubl e degradatlon products conprising one or nore backbone nDieties

e 1 a SSRGS T1PBbourd T 28 OB S L AUNERN SR Sitin S et RS

found t QaringdrBbs) mgseocﬁegqm)mil&@rﬁmun i 15 e 0nBdairihgdroad), 155 @EDcthl7(84 and
37C Hydrol ysi s of drogel beads 15 was affected by incubatin mg 15 in
2.0 m mmolhm?-écs& HefP & aod); angl g Eb?fkw"me#i"&@O')@'?ereadMnﬁree@ Hope

t aken atrrrn(tb%%vds@ﬂr‘?éd%@#@rﬁﬂ%t 1al yzed by SEC (see Materials and Methods).
UV-signal's corresponding to hydrogel rel eased water-sol uble degradation

pr odict feaninpribginagvas diuted with Be) b ORMaNd washegtvithsi00awr af@sipd HehOa . X) rine
reactl V?l x), 0.1 M NaOH (2 x), and 1/1 (v/v) brine/water (4 x). Aqueous layers were reextracted with 800 mL

of DCM. Organic phaseS were dried with Na,;SQ,, filtered and evaporated to give a glassy crude

product.

Product was dissolved in DCM and precipitated with cooled (- 18 °C) diethylether. This procedure
20  was repeated twice and the precipitate was dried in vacuo.

Yield: 4.01 g (89%) colorless glassy product 1d, which was used in the next step without further

purification.

MS: m/z 1405.4 = [M+6H]® (calculated = 1405.4).

25 Compound le was obtained by stirring a solution of compound 1d (3.96 g, 0.47 mmol) in 7 mL of
methanol and 20 mL of 4 N HCl in dioxane at RT for 15 min. Volatiles were removed in vacuo. The
product was used in the the next step without further purification.

MS: m/z 969.6 = [M+7H]"* (calculated = 969.7).

30  For the synthesis of compound 1f, compound 1e (3.55 g, 0.48 mmol) was dissolved in 20 mL of DMSO
(anhydrous). Boc-Lys(Boc)-OH (5.32 g, 15.4 mmol) in 18.8 mL of DMSO (anhydrous), EDC HCI (2.76 g,
14.4 mmol), HOBt-H,0 (2.20 g, 14.4 mmol), and 10.0 mL of collidine (76.8 mmol) were added. The
reaction mixture was stirred for 60 min at RT.
The reaction mixture was diluted with 800 mL of DCM and washed with 400 mL of 0.1 N H,S0, (2 x),
35  brine (1 x), 0.1 M NaOH (2 x), and 1/1 (v/v) brine/water (4 x). Aqueous layers were reextracted with



10f uncti onal groups) were integrated and plotted agai nst incubation tine,
see Fig 10. The tine period for the conplete degradation of the hydrogel by
hydr ol ysiwogb11ftie71degr adabl e bonds i nt o wat er - sol ubl e d@gra®ae10OM 13F oduct s
conpri sing one or nore backbone noi etlfes was found to be 117 days which is
1.43 fold longer than the time period of the release of the first 10 nol-%
of water sol ubl e degradation products conprising one or nore backbone

moi et i e80Q fHi FHPPbrOredpopbrses wererdried 1ayer, YepS Qg ditered tanf jexprorgied e 8ive ceyde 1o

mol - % of, Jeagk by&idieadyi onal groups) which was found to be 82 days. This
ratio of 1.43 is essentially identical to the value of 1.45 (see exanple
17) f or Ptddgctawasedissolued it BOVidint i poeripitated piittocaptesvi—r§ Ch diethylibes| Ehigsted was
conditions_can be used far.the degradation analysis of hydrogel sanples. 20
Exanpl eri@aﬁeﬁt‘("fl’: ?"é’scg%ﬁ'}ega'éﬂt?‘gﬁs% d?‘g’tcuopH 9 and 37C Hydrol ysis of hydrogel
beads 5 viaais4.21 £481%)Ctolvyirliesd GlHest producd 1fwhioh iwas 2s€d il the .next\t&o ditbioat Fontiedre
buffer, pH 9.0 at 37 C. Sanples were taken at tinme intervals and anal yzed
by SEC PYdficatigterial s and Methods). UV-signal's at 280 nm correspondi ng to
hydr ogelyg: gl/£e596 4 -wRit-8iqedidiRte degsadat i on 25products cont ai ni ng

i ndol e-acetyl | abelled reactive functional groups conprising were

i ntegrated and plotted against incubation tinme, see Fig 11. The tinme period
for the e tion qf the.hy | hQy r ol Vs

degr ad abB %%EEJ(,)E” Efgg?ﬁg g %&gtdg ?g‘-ﬂqsegl bLY b#@”r%eg E‘g%g)tni %ncog%glgﬁc%ﬁm%rj%glﬁn%/mg }ie or
nor a0baakegne 39minet)ire20 o pmethamg anddDine oft BtHA inl didxehd B RTferaddtmiud/olatiles
functional groups was found to be 75 h which is 1.44 |onger than the 30tine
peri od &Fr%'%gmy%f'aagcg%f the first 10 nol - % of indol e-acetyl |abelled

reacti VQiefd,lg_’)@{[é(Qm%%l gy produktivadkobmsreb@uttg. t o be 52 h (figure 11) Exanple
20: Synthesis of pali [_)Igrl done dicarboxylic acid hem esters Ceneral

pr ocedus: mér 9%\ATt INESHE " (Ealcyiaied p®F7dlone- esters: WO :
2011/ 012715PCT/ EP2010/ 061155 166 Pal i peri done (1 eq) was dissolved in dry
DCM and tritethylamne (4.4 eq), a catalytic anount of DVAP and the

sui 1abl éyrahesisiof bachborereagent(th eq) were successi vely added. The reaction

m xture was then allowed to stir for 1 h at roomtenperature. Volatiles
were renmoved and the resulting mxture was diluted with ACNwater 1/1 +
0.1% TFA and acidified until pH reached about 4. The respective 5product
was purified by RP-HPLC and HPLC fractions containing product were

| yophil i zed. Synthesis of internediate (16a):



16a 16a was synthesized as described according to the general
procedure for the synthesis of 10pali peridone-esters from50 ng of

pal i peri dAe0rid2Adi pi ¢ anhydride to afford a white sol PET/EPR@®61168 ny
(0.102 mmnol, 87% TFA salt). Ms: m 45655.3 = [ M+H] . (cal cul at ed = 555. 6)
Synthesis of internediate (16b): ilo 0/ 16b 16b was synthesized from 130 ny
of paliperidone and suberic anhydride according to the general procedure,

| eading to a white solgd. Yield: 93 ng (0.133 nmol, 743% TFA salt). Ms: nmz
583.3 = [ MtH (calcuIaEquEGggé_l}_SMggh9§ gSqN %rnediate (16¢c): 16¢c
16c was synthesized frlom 500 ng of pal'i perj inmelic anhydride to
yield a white solid. WO 2011/012715PCT/EP2010/061155 167 Yield: 483 ny
(0.799 nmol, 68% HC salt) {HWS: nz 569.3 = [ M+tH] (cal cul ated = 569.7)

H,N NH2 —

ek
vvwmwﬁj

1h ) *8 HCI
n~11

NH, 4

Backbone reagent 1h was synthesized as described for 1g except for the use of 4-arm PEG2000

instead of 4-arm PEG5000.
MS: m/z 719.4 = [M+8H]®* (calculated = 719.5).
Example 2
10  Synthesis of crosslinker reagents 2d, 2e, 2f, and 2g
Crosslinker reagent 2d was prepared from adipic acid mono benzyl ester (English, Arthur R. et al,,

Journal of Medicinal Chemistry, 1990, 33(1), 344-347) and PEG2000 according to the following

scheme:



5 Exanpl e 21 Preparation of hydrogel beads (17a), (17b), and (17c)
containing free amno groups A solution of 720 ng 1g and 1180 ng 2d in 7.3
nmL DVSO \Wai® 2atd8d7150 a sol ution of 300 ng Arl acel P135 PCradacibsdsmat i onal
Plc) in 60 nL heptane. The m xture wd8§stirred at 1200 rpmwi th a custom
10netal stirrer for 10 mn at RT to forma suspension. 2.6 nL

N, N N, N -tetranet hyl et hyl ene diam ne (TM FDA) was added to effect

pol yreri zatgd After 2 h, the stirrer speed vvas reduced to 500 rpm and the
m Xt ure was rreg f addi tjlonal H6 h.H o é§ c acid were added and
then after 10" mY 5Qf nL>0f t ®H wer e added. n, the stirrer was

st opped and the aquewmus phase was drai ned. 15Fcﬁa bead size fractionation,
t he wat er - hydrogel suspension was wet-sieved on 75, 5Q,..40, 32 and 20 p.m
steel sieves. Bead fractions that wske pabahggd on the 32, 40, and 50 gm
Si eves were pool ed and washed 3 ti Nﬁ1 water, 10 tines with ethanol and

dried fqg h at 0.1 nbaroto give 17a as a;vx/mte powder . /b was

pr epar ed de%ﬁw/@éﬁe@t for the u e o 960 | 886 ny 29,
6.7 nml DVBG, 2 \ 0 acet i wQGaci tiTring speed of 1500
rpm 17c was premared as described for 17a exceBP ch t he use of 1200 ny
1h, 1300 ng 2f, 9.9 mM DWsO, 6.1 ml TMEDA, 9.4 ml acetic acid and a
stirring speed of 1000 rpm Exanpllje 22 Synt hesi s of Ado-nodified hydrogels
(18a), (18b), and (18c) and Lys- lelepé@ R{PHASGEY  (18d): Ado-nodifi ed
hydrogel s (18a, 18b, 18c): Hydrogel NH2 WO 2011/012715PCT/ EP2010/ 061155 .
168 Fnoc- Ado- OH coupl i ng then perforrredOby agitati ng 17a, 17b, and 17c,
respectively, wdnh 0- &oP and 8. 75 eq of

DI PEA in DMF (usi 02mmIPrrL c-Aden @—Iconfzntr tion). After 45 nin,
hydr ogel was wash@d with DM (10 tinmes), then w DGM (10 tines).

Frmoc- deprotecti on was achi eved by agitating the hydrogel two tines with a
96/ 2/ 2 5DWVF/ pi peridi-ne/DBU (v/v) splution for 5 mn each. 18a, 18b, and
18c, respectively, was then washedrvmdda W dcl0 times) and ethanol (10

times) and f?nally dried |n vacuo.y Lys rmdl fied hydrogelQ(18d): 0
Hydr ogel 2 10H NH2 ;j

NOW/\/\/U\/\/[/\/ﬂ\/U\/\/\WON

A solution of PEG2000 (2a) (11.0 g, 5.5 mmol) and benzyl adipate half-ester (4.8 g, 20.6 mmol} in
dichloromethane (90.0 mL) was cooled to 0°C. Dicyclohexylcarbodiimide (4.47 g, 21.7 mmol) was
5 added followed by a catalytic amount of DMAP (5 mg) and the solution was stirred and allowed to

reach room temperature overnight (12 h). The flask was stored at +4°C for 5 h. The solid was filtered
and the solvent completely removed by destillation in vacuo. The residue was dissolved in 1000 mL
1/1(v/v) ether/ethyl acetate and stored at RT for 2 hours while a small amount of a flaky solid was
formed. The solid was removed by filtration through a pad of Celitee. The solution was stored in a

10  tightly closed flask at —30°C in the freezer for 12 h until crystallisation was complete. The crystalline
product was filtered through a glass frit and washed with cooled ether (—30°C). The filter cake was
dried in vacuo. Yield: 11.6 g (86 %) 2b as a colorless solid.The product was used without further
purification in the next step.
MS: m/z 813.1 = [M+3H]** (calculated = 813.3)

15
in a 500 mL glass autoclave PEG2000-bis-adipic acid-bis-benzyl ester 2b (13.3 g, 5.5 mmol) was
dissolved in ethyl acetate (180 mL) and 10% Palladium on charcoal (0.4 g) was added. The solution
was hydrogenated at 6 bar, 40°C until consumption of hydrogen had ceased (5-12 h). Catalyst was



Hydrogel 17a in a syringe equipped with a polypropylene frit was washed
with 1% diisopropyl ethylam ne solution in DM and ten tinmes with DVF.

Froc- Ly s (Woweed/aaeyisoupl i ng was then perforned by agit at iPRE/EPZHOMGTIRS 3.5 eq
of Froc-Lys(Fnoc)- OH, 3.5 eq of PyB@® and 8.75 eq of DI PEA in DMF (using
0.2 mml /L fnoc-Lys-OH concentration). 15After 45 mn, hydrogel was washed

vm'thDIVF W t M (10, ti Fnoc- depr ot ecti gn S

achi eved® gveaéﬁﬁr@ ?{btt"{ hmﬂe{mﬁ”@g tr ?Pﬁ@nwesrﬁvap%?%"z'am Vida!'s g
DIVF/ pi p%daﬂhﬁﬁ(/%s(y%ﬁd@istﬁ&ﬂ THel PEUULONasusEl WitlRAE furthdSshirinestioh Hahe HBG Begl Wi t h
DMF (10 times) and et hgnol ﬁlo times) and finally dried in vacuo. 20

Exanpl e MS Mgy Ar3Hlesiver30t " (saleulased + @3- | i nker - hydrogel (19a), (19b), (19c),
(19d), (19e), (19f) and (19g): r" Ado-/Lys-nodified hydrogel, ON. T
General protocol for paliperdione-linker coupling: 2518c (1 eq am ne

cont ént A sausionel REG2@DOHit-alipic &xjd hialf geten2p (D AP e.dl. 18 rorolh Moidyqpyopgimive (1928, and

o PEA | Hod el oo S oo (57 Eorsropienlihds ty Rt ede TaerokdrFm

concent rsﬁiré&é\/eaﬁlgl&@t rdURh teptpRRtR e TRE reb@@on rhiRfurewhs cooled to 0 °C and precipitate was
Pal i peri done-1inker-hydrogel 19a was washed wi th DV g8 times), then with a

96/ 2/ 2 \f&‘tﬁfeE)IVﬁ/%'\ﬂ)é’ﬁwaH@PBB@‘%Wﬁ??®H“@1@CY$W§§ fropdBR furt her washed with
DMVF (10 YEe'I ﬁ?i?]’%t'lo ré%é,nza Wrié’?stsﬁdd 1/1 + 0.1% TFA solution (10
one

tinmes). ng was et erm ned by total hydrolysis of
pal |1per|Mﬁ)nd2817rﬂ<=eﬁf\4+ﬁylﬂrbgeﬂats<aﬁ§17é§ at 5pH 12 for 4 h at 37C and
quantification of released paliperidone by UPLC and detection at 280 nm

Synthesis of 2e

o o) 0 o) 0 Q
O /U\/\)j\
|::§N—0J\/\/U\o/\/P \/\]n\o o—N;\,j
© | n~ 45 ©

2e
15

2e was synthesized as described for 2d except for the use of glutaric acid instead of adipic acid

MS: m/z 764.4 = [M+3H]** (calculated = 764.5).

Synthesis of 2f

O
O O
—O\[l/\/\)J\O/\/[/O\/ﬂ}O)]\/\/\WO_N
o) 2f O o)

20 n~1i4

2f was synthesized as described for 2d except for the use of PEG600 instead of PEG2000
MS: m/z 997.5 = [M+H]" (calculated = 997.8)

25
Synthesis of 2g



using a paliperidone calibration curve. 19b, 19c, 19d, 19e, 19f and 19g,
respectively, were synthesized as descri bed above except for the use of
hydr ogel wWece01118271518b, 18a, 18d and 18d, respectively, PEREPRAIIOpHASTI one
ester 16b, 16a, 16a, 16c, 16a and 16d34 respectively. 10Loadi ng of different
pal i peri done-Ilinker-hydrogel conjugates is sumrarized in table 1: Table 1
Pal i peridone- Pali peridone Conpound Hydrogel linker Yield (ng) |oading (%
w w) 19a 18¢? 16a 15 27% 19b 18c 16b QA

(o]

2g n~22

2g was synthesized as described for 2d except for the use of PEG1000 instead of PEG2000
MS: m/z 697.4 = [M+2H]** (calculated = 697.3)

Example 3

Preparation of hydrogel beads 3a, 3b, 3¢, 3d, and 3e containing free amino groups

A solution of 275 mg 1g and 866 mg 2d in 14 mL DMSO was added to a solution of 100 mg Arlacel v
10  P135 (Croda International Plc) in 60 mL heptane. The mixture was stirred at 700 rpm with a custom
metal stirrer for 10 min at RT to form a suspension. 1.0 mL N,N,N’,N’-tetramethylethylene diamine
(TMEDA) was added to effect polymerization. After 2 h, the stirrer speed was reduced to 400 rpm
and the mixture was stirred for additional 16 h. 1.5 mL of acetic acid were added and then after
10 min 50 mL of water were added. After 5 min, the stirrer was stopped and the aqueous phase was
15  drained.
For bead size fractionation, the water-hydrogel suspension was wet-sieved on 75, 50, 40, 32 and
20 um steel sieves. Bead fractions that were retained on the 32, 40, and 50 pm sieves were pooled
and washed 3 times with water, 10 times with ethanol and dried for 16 h at 0.1 mbar to give 3aasa
white powder.
20
3b was prepared as described for 3a except for the use of 300 mg 1g, 900 mg 2d, 10.8 m{ DMSO, 1.1
ml TMEDA, and 1.6 ml acetic acid.

3¢ was prepared as described for 3a except for the use of 322 mg 1h, 350 mg 2f, 2.9 ml DMSO, 1.6 mi
25 TMEDA, 2.4 ml acetic acid and a stirring speed of 1000 rpm.

3d was prepared as described for 3a except for the use of 300 mg 1g, 810 mg 2e, 6.3 m| DMSO, 1.1
ml TMEDA, 1.6 ml acetic acid and a stirring speed of 1000 rpm.

30 3e was prepared as described for 3a except for the use of 1200 mg 1g, 3840 mg 2d, 28.6 ml DMSO,
425 mg Arlacel P135, 100 mL heptane and 4.3 ml TMEDA. For workup, 6.6 mi acetic acid were added



59 33% 19c 18a 16a 52 24% 19d 18b 16a 245 18% 19e 18a 16¢ 104 23% 19f 18d
16a 170 38%
WO 2011/012715 PCT/EP2010/061155
155

and then after 10 min 50 mL of water and 50 mL of saturated aqueous sodium chloride solution were

added.

Amino group content of hydrogel was determined by conjugation of a fmoc-amino acid to the free
5  amino groups on the hydrogel and subsequent fmoc-determination as described by Gude, M., J. Ryf,

et al. (2002) Letters in Peptide Science 9(4): 203-206.

The amino group contents of the various hydrogels were determined to be between 0.13 and 1.1
mmol/g.

10

Example 4
Preparation of maleimide functionalized hydrogel beads 4a, 4b, 4c, and 4d, and determination of
maleimide substitution
15 A solution of 600 mg Mal-PEG6-NHS (1.0 mmol) in 4.5 mL 2/1 (v/v) acetonitrile/water was added to
200 mg dry hydrogel beads 3a. 500 pL sodium phosphate buffer (pH 7.4, 0.5 M) was added and the
suspension was agitated for 30 min at room temperature. Beads 4a were washed five times each
with 2/1 (v/v) acetonitrile/water, methanol and 1/1/0.001 (v/v/v/) acetonitrile/water/TFA.
For determination of maleimide content, an aliquot of hydrogel beads 4a was lyophilized and
20  weighed out. Another aliquot of hydrogel beads 4a was reacted with excess mercaptoethanol (in 50
mM sodium phosphate buffer, 30 min at RT), and mercaptoethanol consumption was detected by
Ellman test (Ellman, G. L. et al., Biochem. Pharmacol., 1961, 7, 88-95). Maleimide content was

determined to be 0.13 mmol/g dry hydrogel.

25 4b and 4c and 4d were prepared as described above except for the use of 3b and 3¢ and 3e,
respectively.
Loading 4b: 0.14 mmol/g
Loading 4c: 0.9 mmol/g
Loading 4d: 0.13 mmol/g
30
Example 5

Preparation of indole acetic acid labeled hydrogel 5

A solution of 15 mg 3-indole acetic acid (87 umol), 14 uL N,N'-diisopropylcarbodiimide (87umol) and
35  27mg 1-hydroxybenzotriazole hydrate (174 uymmol) in 0.4 mL DMF was added to 15 mg dry hydrogel



199 18d 16¢c 177 38% Pali peridone-linker hydrogel was suspended in PBS
buffer. 15Pali peri done concentration in paliperidone-Ilinker hydrogel
suspensi ONO2MNO127139f : 100 ng/ M 19g: 112 ng/ M Exanpl e PRA/EPRO1G/0¢1165 O
rel ease kinetics In vitro release stud es at pH 7. 4:

Pal i per di one- | i nker-hydrogel sanples (19a through 19g, respectively) (in

dupllcate contai ning a _ro i teI 0, 85 al i erldon shed three
times wP F%‘F Spid . %Syﬁ'ﬁges Bﬁg fmf%g'tnme §’p Eﬂ)‘i”ﬁs @Y °IFV\% f283™ and
filled- ynddathred SvashfashEd f.m.rﬁ&rwbumeﬁd incaBHRES M ivih uarssmhaienb@gsm 37 C
and aliquots of supernatant were anal yzed at various tinme points by UPLC

and det gipefidne it PEOMMat rpemy emeasptuees b ovadiwishaddive dimes yéth '%M'f ifiye Fimgo B wer e
'ntegra%ﬁgmgﬂﬂﬂﬁﬁkfRSEhQ?Wﬁh Mﬂgmj%{h%pé&6@12715PCT/EP2010/061155 170

cal cul ate conpari son mnt cali bration curve. Amount rel eased
pal i perdone was plotted versus tine and half-life of release was determ ned
usi ng c%rve-fbttlng software assum ng first-order rel ease kinetics.
xample
Preparation of desthiobiotin conjugated hydrogel 6
Desthiobiotin conjugated hydrogel 6 was prepared from 3b and desthiobiotin as described for 5
except for the use of desthiobiotin and 3b instead of indole acetic acid and 3a.
10
Example 7

Synthesis of linker reagent 7

15  Fmoc-Asp(OMe)OH (150 mg, 0.41 mmol), H,N-(CH,),-N(CH;)-boc (36 pL, 0.34 mmol), HATU (156 mg,
0.41 mmol) and DIEA (214 pL, 1.23 mmol) were dissolved in 1 mL DMF. The mixture was stirred for
1.5 h at RT, acidified with AcOH (100 pL) and purified by RP-HPLC.
Yield: 119 mg (0.23 mmol)
MS Fmoc-Asp(OMe)CO(NH(CH,),N(CHs)-boc): m/z 548.4 = [M+Na]" (calculated = 548.3)

20
Fmoc-Asp(OMe)CO(NH(CH,),N(CHs)-boc) (119 mg, 0.23 mmol) was dissolved in DMF (1.0 mL),
piperidine (50 pL) and DBU (15 pL) were added and the mixture was stirred for 45 min at RT. AcOH
(100 pL ) was added and NH,-Asp(OMe)CO(NH(CH,),N(CH3)-boc) was purified by RP-HPLC.
Yield: 73 mg (0.18 mmol, TFA sait)

25  MS NH,-Asp(OMe)CO(NH(CH,),N(CH3)-boc): m/z 326.2 = [M+Na]" (calculated = 326.2)

6-Tritylmercaptohexanoic acid (102 mg, 0.26 mmol), (Pfp0),CO (103 mg, 0.26 mmol) and collidine
(170 pL, 1.31 mmol) were dissolved in DMSO (1 mL). The mixture was stirred for 1 h and afterwards
added to a solution of NH,-Asp(OMe)CO(NH(CH,),N(CHs)-boc) (73 mg, 0.18 mmol) in DMF (1.0 mL).

30 The mixture was stirred for 1 h, acidified with AcOH (100 pL) and TrtS(CH,)sCONH-
Asp(OMe)CO(NH(CH,),N(CHs)-boc) was purified by RP-HPLC.



5In vitro rel ease kinetics of 19a is shown in figure 12. Half-life tines of

ot her

hydrogel |inkers nentionned in Table 1 are disclosed in the foll ow ng

t abl e (TawDeoRyo127Mable 2 Ref. t112 (d) 19a 17 19b 53 19CTHFP20198615S5 19e 28
19f 28 199 44 10 157

10

15

20

25

30

Yield: 61 mg (0.09 mmol)
MS TrtS(CH,)sCONH-Asp(OMe)CO(NH(CH,),N(CHs)-boc): m/z 698.5 = [M+Na]" (calculated = 698.3)

TrtS(CH,)sCONH-Asp(OMe)CO(NH(CH,),N(CHs)-boc) (61 mg, 0.09 mmol) was dissolved in 9:1
dioxane/H,0 (1.0 mL), LiOH (4.3 mg, 0.18 mmol) was added and the mixture was stirred at 60°C for 1
h. AcOH (50 pL) was added and 7 was purified by RP-HPLC.

Yield: 53 mg (0.08 mmol)

MS 7: m/z 684.4 = [M+Na]" (calculated = 684.3 g/mol)

Example 8

Synthesis of linker-exendin conjugate 8

oHis1

o)

H H .
/NwNMN—Exendln
H =

NH O

8

7 (22 mg, 33 umol), PyBOP (23 mg, 44 umol) and DIEA (31 pL, 0.18 mmol) were dissolved in DMF
(600 pL) and immediately added to 220 mg (22 umol) resin bound, side chain protected exendin with
free N-terminus. After incubation for 1.5 h at RT, the resin was washed with 10x DMF, 10x DCM and
dried in vacuo. The product was cleaved from the resin and purified by RP-HPLC.

Yield: 15.2 mg

MS 8: m/z 1496.7 = [M+3H]** (calculated = 1497)

Example 9

Preparation of exendin-linker-hydrogel prodrug 9

Hydrogel 4b (600 pL suspended in acetonitrile/water/TFA 1/1/0.001 {(v/v/v), 7.3 pmol maleimido
groups) was added to a solution of exendin-linker-thiol 8 (15.2 mg, 3.4 pmol) in 500 pL
acetonitrile/water/TFA 1/1/0.001 (v/v/v). Phosphate buffer (300 uL, pH 7.4, 0.5 M) was added and
the sample was incubated at RT for 15 min. Complete consumption of thiol was confirmed by Ellman
test. Mercaptoethanol (10 uL, 146 umol) was added and the sample was incubated at rt for 10 min.
The hydrogel 9 was washed (10 times) with acetonitrile/water 1/1 (v/v) and stored in 0.1 % AcOH at
4°C,



Exanpl e 25 Pal i peri done pharmacoki netics study in rat The

phar macoki netics of 19c was determ ned by neasuring the plasnma paliperidone
concent r avPpap111BaTIBer subcut aneous application of a si nGCEEFeES/06NED rat s.
One group consisting of 5 male Wstansgats (200-250 g) was used to study
the plasma paliperidone |evels over a period of 28 days. Each of the

ani mal s recei ved a single subcutaneous injection of 500 [tl. 19c suspension
in acetate buffer pH 5, containing 7 ng paliperidone (14 ng

pal i perigdgagéad) - Per animal and time point 200 gl of blood was wi thdrawn
sublingually to obtain 100 pi Li-Heparin 20 plasma. Sanples were collected
bef or e pphedseafilinkersengentfl0dr 4h, 2, 4, 7, 11, 14, 18, 21, 25 and 28 days
post injection. Plasna sanples were frozen within 15 mn after bl ood

wi t hdrawal and stored at - 80C until assayed. The quantification of plasna
pal i per iLohberereagenicidd wasbyinthesizeteatenrdiag to teelfolowing sihapea Wat ers Acquity UPLC
coupled to a Therno LTQ Orbitrap Di scovery nass spectroneter via an ES|
probe and with 25Waters BEH C18 (50 x 2.1 nm|.D., 1.7 vmparticle size) as
anal ytical colum (nohileicphase A: 10 nM amoni um formate pH 4.0, nobile

phase B: acetonitrile, I 5-45Q~he~gradi ent system COW a W
2011/ 012715PJ@EG;029§29@5—1—7—1——H%HH&1@ em—t Q- % B in 4

nin, an isé¥atic washi ng phase with 95%B (1.5 mn), d a reconditioning
phase (2.5 min) with a flowrate of 0.25 nL/m n. Detggtion of the ions was
performed in the selected reaction nonitoring (SRM node| noniBagTHrg the
transition pairs at the mz 427.2 precursor ions to the z 2@%oclomexduct
ion ions for paliperidone and miz 376.1 precursor 5ions yo theHelz 165.1
product ions for the internal standard (IS) hal operidol. Blood sanples were
obtained followng s.c. injections of hydrogel -paliperidone into

hepari ni zed tubes at di fferent2 #dimsthpxypenealdenydeasnma was har vest by
centrifuging the bl odd® and st NENBHe BZMMeRH - 80C unti | anal ys|s. After
addi t i onTraf agKASH NBi , O—S—MNaOH—ttre t Mas@d>pl asffa ~SanpresNd, 95
pL) were spiked with 220 pgothal operidol (10 pi of an agygpus hal operi dol
solution c= 22 pg/ pi) Y¥ and extracted with diethyl ether (2 x 500 pl).
The aqueous | ayer was frozen in a liquid nitrogen bath and the organic

| ayer was transferrgd thebdcBeparate tube. The solvent of the conbined
organi ¢ phase was r ncﬁgéfdmi‘%y‘a stream of nitrogen at 40C and the residue
was dried in vacuo. [THEPEET¥es at different time points were dissolved in
nobi | e phase A: nobi lye PREMEFE = 7:3 (v/v) (100 4) and aliquots (15 pL) were
injected into the HPLC- M5 system 15The calibration curve was acquired by
plotting the peak argg, of paliperidone against the nom nal anount of
calibrati oW&.\}Qekeé%ﬁéHwere fitted to |inear regression

anal ysi sTigsi g X27as”welNghfNi ngf fact or. The pal i peri done peak areas of
the quantification experi s & different tinme points were weighted
relatively to the ratiyggmean peak area 1S of all experinents/ peak area |S.
The resulting 20peak areas were used to cal cul ate the paliperidone

concent Syrthesis of finkepteagarg gviermedigterda: 1) . No burst of pal i peri done and a
sustain 0alJ j [ . . lts
are shoueBoRER dlonBEtd £ AR EE st Bolfito BRTSH Sfheo MiPulEW's
desdoi badlufior oflQylenétiemineg6Lb g, 9i7.& nedudjvim DCM (20 eni). Miter @ hours the solution was

poured into diethyl ether (300 miL) and washed three times with 30/1 (v/v} brine/0.1 M NaOH
solution (50 ml each) and once with brine (50 mL). The organic phase was dried over Na,SO, and
volatiles were removed under reduced pressure to obtain the Mmt-protected intermediate (3.18 g,
9.56 mmol).
15

The Mmt-protected intermediate (3.18 g, 9.56 mmol) was dissolved in anhydrous DCM (30 mL). 6-
(Tritylmercapto)-hexanoic acid (4.48 g, 11.47 mmol), PyBOP (5.67 g, 11.47 mmol) and DIEA (5.0 mL,
28.68 mmol) were added and the mixture was agitated for 30 min at RT. The solution was diluted

with diethyl ether (250 mL) and washed three times with 30/1 (v/v) brine/0.1 m NaOH solution (50



Exanpl e 26 Alternative synthetic route for Ig For synthesis of conmpound
| b, to a 45 C suspension of 4-Arm PEGO00O tetraamne (la) (50.0 g, 10.0
nmol ) i n WeQom012f1Si Pr OH (anhydrous), boc-Lys(boc)-0Su PLEER2¢10/0605D Mol )
and D EA 30(20.9 L, 120 nmol) were d8ded and the m xture was stirred for
30 mn. Subsequently, n-propylamne (2.48 nL, 30.0 mmmol) was added. After 5
mn the solution was diluted with 1000 nml of dBE and stored ove[nl ht at

=20 C winthfaeh) 28t Ppee with brims AP Hnthestrganiomhasy west dried Qver Ve 304 Melatilgs were

decant eqeRbved @RGEr MRS HETure 308 Wik p@ried 8 HasWERBmaRzRpAgided and after 1 min
WO 2011/ 012715PCT/ EP2010/ 061155 175 shaki ng the pr oduct was col |l ected by

filtratiYietd: 5P &R mamgll.ass filter and washed with 500 nL of cold MIBE. The
pr oduct r_ Yield: 65.6 g (7499 |Ib as a white
| unpy sWﬁ'/gf\%%dMHﬁ%Iag& %SAQ H 7 (cal culated = 937.6). Conpound |c
was 6btained by stirring of conpound |b fromthe previous step (48.8 g,

7. 44 mml}g% in }glg(rrL of ngro anol at 40 C. A mxture of 196 mlL of

2- propar? thegis ot akenreageng intermedidte 4fib:or i de was added under stirring within
1-2 m n.1o hREILESH sit108 (B, W4S§Hnﬁcﬂﬂn§ﬁhyﬁﬂ>u§:ﬂfllﬂ(f503rﬁ. Whdaded BBOMIFEd miseludion,- 30 C
overnight without stirring. 100 nL of cold MIBE were added, the suspension

was shal8&mk &5 mmel) andithe sobisior avas stired for 26 howe atRT. Fyehes BHITHE (LsobEPM ect ed
by T 1t At 00 hERUELadied b RPdirkh idrak gé‘xﬁgae’ﬁsﬁf‘equtanW%Q(guem:hegfbé(a@&ﬁmeE

The pro uct was red 1 n vacuo Yield lc as a
whi t16 pcnwﬂmhow&xm)lw@dlmeﬂwl eihﬂﬁ&dtbn{ﬂ‘e‘lﬂemu}lﬁl niroel) wad added and msdmﬁonFor
synthesis of c |on of .l c fromthe step
(19.0 g, aégi% %Fﬁj xaHd %r%ﬁo%hw&agﬁ greg\&)agdutgd W|t eth(I acet? e idoor'ﬁl?fs

g, 37.7 amDlwastadvithlsERrdtdd} aduedls Na/ 503450mﬁ61|\ )2 xeaod rﬂlma\dﬁatﬂratéd; a\w@us Namcce,d f or
30 min at 45 C. Subse quently, n-propylamne (1.56 ni, )t was
added. Aplten B +iQQ mHeTwrawfowh%yawm et HeaB M W'aéﬂﬂﬁ Vvﬁ_e gYaregtes e

and CentrédJcE@ﬁE%Qre(tgggtglnrfh crudelarfh&ihteHREdipe iz:P tate was dried in vacuo for
1 h and di ssol ve THF. 200 nL of diet yI et her were added and the

prodéct was cool ed to -30 Cfor 16 h without stirring. The suspension was

filtered,thr ouqu& HlBS5ad dil B|‘3£d1.gr®v¥‘§gnﬂ‘?dso‘é‘ﬁcf(9 9:5%01% r%ﬂlloﬂ dl¥dReu il Bém

pr oduct vvasmd]r I n vacuo
(5mL) and DIEA (3.95 mL, 22.65 mmol) were added and the mixture was agitated at RT for 30 min.

The mitxture was purified by flash chromatography to obtain the crude Boc- and Mmt-protected
intermediate (3 g).

20 MS: m/z791.4 = [M+H]", 519.3 = [M-Mmt+H]" (calculated = 791.1).

0.4 M aqueous HCl (48 mL) was added to a solution of the Boc- and Mmt-protected intermediate in
acetonitrile (45 mL). The mixture was diluted with acetonitrile (10 mL) and stirred for one hour at RT.
Subsequently, the pH value of the reaction mixture was adjusted to 5.5 by addition of 5 m NaOH
25  solution, acetonftrile was removed under reduced pressure and the aqueous solution was extracted
with DCM (4 x 100 mL). The combined organic phases were dried over Na,SO, and volatiles were
removed under reduced pressure. Crude 5b was used without further purification.
Yield: 2.52 g (3.19 mmol).
MS: m/z 519.3 = [M+H]" (calculated = 519.8 g/mol).
30
Synthesis of linker reagent intermediate 10c:
10b (780 mg, 0.98 mmol, ~65% purity) and NaCNBH; (128 mg, 1.97 mmol) were dissolved in
anhydrous methanol (13 mL). A solution of 2,4-dimethoxybenzaldehyde (195 mg, 1.17 mmol) in DCM
(2 mL) was added, and the mixture was stirred for 2 h at RT. The solvents were evaporated under

35 reduced pressure, and the crude product was dissolved in DCM and washed with saturated NaCO;



Yield: 21.0 g (80% id as a white M5: mz 1405.4 = [M1-60+ (cal culated =
1405. 4). Conpound | e was obtai ned by dissol ving conpound id fromthe

previ ous WOep11(o13716 g, 1.86 mMmol) 30 in in 3 N HC in mPCRARe01008MUSHL, 243
mmol ) and stirring for 90 mn at 40 @0 200 nL of MeOH and 700 ml of i PrCOH
were added and the m xture was stored for 2 h at -30 C. For conpl eteness of
crystallization, 100 nL of MIBE were added and the suspension was stored at
-30 C ovelitigryhbe aaysepsphassiwas srtfpciafsiregiimes W REM anddhe pIpRIpRY ‘lﬁf’"\'ﬁa@a?ﬁaken
for 1 mypaQdstel! diftf Githe! BRQHBNEr dgBbR3Rd Ebr{cteﬁﬂat@d"Qnd@-sr@cﬁﬁed\’BFéasulQQlomwa@f
cold MIBE. The product was dried 1n vacuo. WO 2011/012715PCT/ EP2010/ 061155
173 i elpdrifieddySlagh chogegpodraphy ysing BN eed MeQdaselwg®is.mi z = 679.1 = [ MF10H]"
(cal cul — the synthesis of conpound if, to a 45 C ‘
suspens?%ﬁal'jg 3'?%&‘#%%""@% previous step, (8.22 g, 5 1.12 mmol) in 165 nl

2- pr spamas: mfe66d.3addmetHP o caldujasddoogep-985u (11.9 g, 26.8 mml) and D EA (9. 34
m, 53.6 nmml) and the m xture was stirred for 30 mn. Subsequently,
n-propylamne (1.47 m, 17.9 mmol) was added. After 5 mn the solution was
cool ed tspnthds EIRKRF redgemt 16c1€N 165 nL of col d MIBE were added, the

suspensi on was shaken for 1 mn and filtered through a glass filter.
Subs equémEr-Rib-lpaged TCR fesin (8Pee, TR Mrpdinas daprotected Wi PMHA/pigeriding warseith pr oH

4:1 and : dri i edhd O i 16 h.
Vel dr Py At pORE hell Gl ardh B Ihk B ted Qi BMAud e 2,
[ M+8B] 8-hitfaphemn kldorethrmateq8&: Mg, .1.815Baclk bahepllidgrg@9duLl 30 warsol)ab taahyseehsIyiF

di | vi 4Ar TPECGH - L 2L b 8)4 (1f S.. 1. | ) in 30
mLof | MGG BaER Ry} BT THe bRy iseoph i (skiche® PY SBrlen S8 T B oo oc
to 0 O) wieitedaditte THI5E tithét) Befdiena adiGkidnheF antite H{4BO0 WizS0.V edinlieghd AEA €r23%AL, mi n,
3 NHC in methanol (200 ni, 600 mmol, cooled to 0 C) was added within 15
mi n and tHBMebinAhiordSIF & e addsd. After shakingifor IS yAt REHRR FeaBaIt golutignavas
product sabdkin) RidBon Mdehk FHSE%aquaWeH_IQV#‘g%MTaS_tNeSF PhhiiBFas@RdvedGrom the

centrifugated at 3000 rpmfor 1 mn. precipitate was dried in vacuo for
1 h 1&nd ressdarsiwrifiescoyi RR-HROC rArodyit fidsOehs warebriopght 40 eidi6 Wi addition®f sat. ask NatilQd MTBE

D oducr LD [ Eb Arbales fhedegiithgc bR Vs Yardhioled o 8RN 3fea,
MS: M Z agueoli®Nall nihiEM,] Btl the abwaouaiager wasldbrdctad withSD@R.aThel @mBihed organic

Derivati_zation Procedure for multi-anm no functionalized PEGs, including |Ig,
for analffpsiians yigrepesntrated fadungspiod o inee - F85et1%nhal i zed PEG derivati ves
wi th nulyidiphso Api 199 hyps are difficult to analyze by RP-HPLC,

20  MS m/z 798.41 = [M+H]", (calculated = 798.41).

Example 11

Synthesis of 0lAl-conjugated insulin-linker conjugate 11b

0]
H
oAl i
HS/\/\/\/N\/\NJLN><"/N Insulin
H H o)

11b
25

Synthesis of protected insulin linker conjugate 11a

boc o)

|
Tn\S»\/\/\/N\/\N/U\N><n/N“A1-InsuIin
| H
dmob O

11a



30 since they typically elute early, show broad peaks, and have a very weak
absorption by UV detection. Therefore, the purity of these PEG derivatives
cannot bev@izpadtpISanal yzed by RP-HPLC as inpurities ar @CTEpReaiobmshot
resolved fromthe main peak. Derivatilghti on wi th 3-nethoxy-4-nitrobenzoic
acid yields in aromati c am des whi ch show sharper peaks and a better

resol utio on RP-HPLC gnal . Furthernore, UV detectjon .34

i T ows. HBFerafeRgRSE 08| Wes BSClRari; PN HeP BREH i FOVIFD JBH CHPRIT B

di ffer eqio mRARGEED d)G6CIH. ThélsdidiRn dRtHRQtivkicd inkErrebgeftlwidde® td ¥ adlition.of WO
2011/ 012715PCT/ EP2010/ 061155 174 3- Met hoxy-4-ni trobenzoic acid

N-succi HisHindyi2 egd @ad DIEAd3-8 g VISR HOP merinsglinfierh arY the-mixturoweyaies A& d,

N- hydr oxysicqinn i i nd

N Yl Rkl s BRI BT V) Bl UL B0

f uncsi opedssure AndPHLS-tehjuated proteded InSlﬂlﬂ-Imketco:ﬁjugEl‘éBﬂh mas purdied byRR-BPLC eagent
solution: 5 ng 3-Methoxy-4-nitrobenzoic acid N-succinimdyl ester are

di ssolved in 654 of DMSO 10To 25 'IL PEG solution the derivatization

reagent | gophiitkddomal @aseﬁea@&f with @ematir& @f 96a0RY2 AFGvA) HSPPIFARYtetgthyRiEnee (3
per free am no group) was added and the m xture was shaken for 15 mn.

580 | LL (dmi/deemgsf 11e) foé 45mtn AREnTIBgeAcHPN Mixture was dilutedwithwpter, aediglbvolatitest he
t t
a1 R RO Lol e, B2t iaret{iy R it P o gl 3B i pted .\

/ waoer by Rp+HPEd. uor oacetic acid (TFA) 90:10:0.1 (v/v/v) and anal yzed by
reverse 15phase UPLC (eluent: 0.05 % TFA in water / 0.04 % TFA in
acetonitrile). Exanple 28 Synthesis of paracetanol conjugate 20 2020

Par acet ieR: 149lmgTon23 nies) febin® 60y @078 Mnd)) IIvkerlod THE and

ni trophenyl - chl oroformat (1.1 mmol) and DIEA (1.1 mml) were added. After
30 min, M%Wbl%’:ﬂé%ﬁ‘étw ifﬁicwét)eﬂréégﬂ%t hyl am ne (2 mmol) was added and
reaction mxture was stirred at roomtenperature for 30 mn. 20 was
purified by RP- 25HPLC. Yield 83 ng (14%. MS: nmlz = 351.26 [M+H]. 30
Exanpl e Egnglg b2 hesi s of |inker-paracetanol conjugate 21 WO

2011/ 01%715Pg;|;4‘ 0}:’20 0/ OE grogel prodrug 12

repara insufin-lin
Q
0]
hydrogeI—N?S/\/v\/H\/\NJ\N%l/N“’“-Insulin
0 H H 9

12

Dry maleimide functionalized hydrogel 4a (82 mg, 10.3 umol maleimido groups) was filled into a
20  syringe equipped with a filter. A solution of insulin-linker-thiol 11b (27.8 mg, 4.6 pmol) in 1.0 mL
acetonitrile/water/TFA 1/1/0.001 (v/v/v) was added and the suspension was incubated for 5 min at
RT. Acetate buffer (0.4 mL, pH 4.8, 1.0 M) was added and the sample was incubated at RT for 1 h.
Consumption of thiol was monitored by Ellman test. Hydrogel was washed 10 times with
1/0.43/0.001 (v/v/v) acetonitrile/water/TFA and 2 times with 1/1/0.2/0.25 (v/v/v/v}) 1.0 M sarcosine
25  pH 7.4/acetonitrile/0.5 M phosphate buffer pH 7.4/water. Finally, the hydrogel was suspended in the
sarcosine solution and incubated for 2 h at RT.
Insulin-linker-hydrogel 12 was washed 10 times with acetonitrile/water/TFA 1/1/0.001 (v/v/v) and
stored at 4°C.

30 Insulin loading of 12: 175 mg insulin/g insulin-linker-hydrogel



175 -yNH 21 0 To a solution of 20 (17 prol) in DMF (300 iii) were added
solid succinic anhydride (65 p.nol) and DIEA (173 p.nol), and the m xture
was stirrwe 2at11/8071€ for 50 min. 21 was purified by RP-HPCUEPWIQIOMNISY. 7 ny
(79 9%9. 5 Exanmple 30 Synthesis of hydsdbgel - paracetanol conjugate 22 10100
nmg am ne-functionalized hydrogel 3e (0.13 nmmol amine/g dry hydrogel) was
suspended in DVF. A solution of 21 (6 lino!), PyBOP (22 'nop and DI EA (31
lino!) EX¥MMNEI30.5 nl) was added, and the mixture was shaken at 22 C for 2
h. The resulting | oaded hydrogel was washed with DMF (10 tines),

di chl oronet hane (10 times) and ethanol (5 times) and was dried in vacuo. 15
Exanpl e Sgth&jsnf peasiipexofe linkericonjugate 33et anol conj ugate 23 000 OA(L) OH 23 To
a solution of 20 (17 vnol) in DMF (300 pl) were added solid glutaric
anhydride (79 linmo!) and DIEA (173 iinol), and the m xture was stirred at
60 Csf osyrithesiFion pradhiensls glpdin intdraddibg 18%°- HPLC. WO

2011/ 012715PCT/ EP2010/ 061155 176 Yield: 6.4 ng (64 % . Exanple 32 Synthesis
of hydrogel - paracet anol conjugate 24

0 H
S N
HZN\)L;'}_QN:O/

13a
Boc-Gly-OH (659 mg, 3.76 mmol), PyBOP (2.35 g, 4.51 mmol) and N-methyl morpholine (4.14 mL,
37.6 mmol) were dissolved in DMSO (20 mL). Pramipexole dihydrochloride (2.14 g, 7.52 mmol) was
10  added, and the mixture was stirred for 1 h. After complete reaction the solution was diluted with 300
mL 1 M NaOH solution, saturated with NaCl, and extracted with DCM (8 x 70 mL). The combined
organic phases were dried over MgSO,, the solvent was evaporated under reduced pressure, and the
residue purified by RP-HPLC. After lyophilisation 721 mg (1.49 mmol, TFA salt) of the Boc protected
derivative were obtained.
15  MS: m/z 369.2 = [M+H]", 737.4 = [2M+H]" (calculated = 369.5 g/mol).
For boc deprotection, the intermediate was dissolved in 3 M methanolic HCI (10 mL), concentrated
aqueous HCI (400 L) was added, and the mixture was agitated for 4 h. The solvent was removed
under reduced pressure and 13a was dried in vacuo.
Yield: 490 mg (1.44 mmol, double HCI salt).
20  MS: m/z 269.1 = [M+H]" (calculated = 269.4).

Synthesis of 13b
1.4-nitrophenyl chloroformate
2.13a H H 0 H
3.deprotection S NN
NH /\/\/\/N N
Trs” NN HS g \)]\N—<\ U
BN

(o}

13b

25  6-(Tritylmercapto)hexane-1-amine (1.21 g, 3.22 mmol) and p-nitrophenyl chloroformate (0.78 g, 3.86
mmol) were suspended in dry THF (15 mL). DIEA (841 uL, 4.83 mmol) was added, and the resulting

solution was stirred at room temperature for 2 h. After acidification by addition of acetic acid the



000 OANV\/?NN)L./.)(N, Hydrogel 5 24 80 ng am ne-functionalized hydrogel
3e (0.13 mmol am ne/g dry hydrogel) was suspended in DMF. A solution of 23
(5 gnol ) ,wepeBOR1gS |[ino!) and DIEA (27 |inp') in DVF ( @CH/EPR)10MM6ES5Added,
and the m xture was shaken at 22 C fds33 h. The resulting | oaded hydrogel
was washed with DMF (10 tines), dichloromethane (10 tines) and ethanol (5
tinmes) and was dried in vacuo. 10 Exanple 33 Re| ease of paracetanol _in

vitro Solygpmageyarpratedcwndghnduced jreng e endibe sesiflue wvagopefiad kysR-HRG- 141 80 mv
sodi um phasphal) 94nltmﬂhgnyﬂcar@JHQté WERBtaREd Bferdyophilisaibhguot s of the

supernatant were anal yzed by RP-HPLC at 242 nm and MS for 15rel eased
paracetanol. MS showed rel ease of unnodified paracetanol. t112 (22) = 19 d.

2011/ 0139 et eis5h Bk Fudod A B s i AR BB R e f e

| oaded eéititonlofal3h (90tnid, 1yl niRsl) dnd(BIEA B0, 4.60@A0N) G DRSO §7 nianu’tmwmf S
instructions. The resin was washed wi th dichloronethane (7 tine

DMF (7
times) ARYMATWRMES BRateriARa-p h & reqmiRiperatre oYRAN QFPlsTe Eattiop;tss Hldtion was
di hydr Ofahutea bid démahiammnon%& oy 4R SRRLLd WHRSBEM 16 90! IhedddfhbifleEA

(3.13 mol ) in dichloronethane (3 nL) was added to the resin and incubated
for 15 hrgahuqmbasneweratdeetzevms% theselderft mapretaneratasiginderygdused bressyre, afd the

so1 Ut OloflgaE b fihnlh by REAILCH HRATTELADT 43 b, KT SPRRLG Db BEeedD,

m n. onhce n
conbonednahuab&s under a strean1of nitrogen. Product 25 (yield 2 % mas

10purt o Y6783 S VRS At B Y82 o[- HPLC VB

For deprotection the intermediate (248 mg, 0.32 mmol) was incubated in HFIP (6 mL) and TES (240
pL) for 30 min at room temperature. Volatiles were evaporated, and 13b was purified by RP-HPLC.

15  Yield: 167 mg (0.31 mmol, TFA salt).
MS: m/z 428.2 = [M+H]" (calculated = 428.6 g/mol)

Example 14

20  Synthesis of hydrogel-linker-pramipexole conjugate 14a and 14b

o H

N N N
H H o

6]
14a/14b

Maleimide-derivatized hydrogel microparticles 4a (100 pL. loading 30 pmol/mL, 3 pmol) were
reacted with compound 13b (2.3 mg, 4.3 pumol) in 1/1 acetonitrile/water (420 uL) and 0.5 M

25  phosphate buffer pH 7.4 (52 pL) for 10 min at RT. The hydrogel was washed 20 times with 1/1
acetonitrile/water. Remaining maleimides where reacted with 2-mercaptoethanol (34 uL, 0.48
mmol) in 1/1 acetonitrile/water (3 mL) and 0.5 m phosphate buffer pH 7.4 (0.4 mL) for 10 min at RT.
The loaded hydrogel was washed 20 times with 1/1 acetonitrile/water, 20 times with phosphate
buffer pH 7.4 and incubated in the same buffer (1.5 mL) at 37 °C.

30  Pramipexole loading 14a: 27 mg/g



Exanpl e 35 Synthesis of Cetirizine hydrogel conjugate 26 15 100 ny

am ne-functionalized hydrogel 3e (0.13 mmpl am ne/g dry hydrogel) was
suspendedWPrRODNE2T18. 6 nmL). A solution of 25 (7.1 gnol), PEYBERI0ABI1§HDI ) and
DI EA (28 gnmol) in DVF (0.6 m) was adéed to the hydrogel suspension, and
the m xture was incubated for 3 h. The solution was 20di scarded, and the

hydr ogel  was shed with 7 tines) and et hanol (5. tines nd dried in
vacuo. @Sgﬁ?ﬂd\éﬁg'@W?H' ﬁ%ydﬁ%qeg%@g”%sr?“?ﬂaferd@s 8%:E eé’e??@"%‘?xcé%??rrtpif‘??eo from
26 was @gaRMABb bsRM ipachydrol ysis in 60 nM sodi um phosphate buffer at pH
7.4 and 37C. Unnodified Cetirizine is released as assessed by RP-HPLC MS.
ti p= 31 Prmipsxaleitading 14b:\i52 p@fe/ 012715PCT/ EP2010/ 061155 178 Synt hesi s of
Li nker reagent 27f Linker reagent 27f was synthesized according to the
fol |l ow ng procedure:

5 Example 15

Preparation of mercaptoethanol blocked maleimide derivatized hydrogel beads 15

2 mL of a solution of mercaptoethanol (0.7 M in 1/1/0.001 acetonitrile/water/TFA (v/v/v)) was added

to 100 mg 4b suspended in 1/1/0.001 acetonitrile/water/TFA (v/v/v). The solution was adjusted to
10  pH 7.0 with phosphate buffer (pH 7.4, 0.5 M) and the mixture was agitated for 30 min at RT. 15 was

washed with acetonitrile/water/TFA 1/1/0.001 (10 times).

Example 16
Release kinetics in vitro
15  Drug-linker-hydrogel 9, 12, and 14a, respectively, (containing approximately 1 mg drug) were
suspended in 2 ml 60 mM sodium phosphate, 3 mM EDTA, 0.01% Tween-20, pH 7.4, and incubated at
37 °C. Suspensions were centrifuged at time intervals and supernatant was analyzed by RP-HPLC at
215 nm and ESI-MS (for 9 and 12) or by absorbance measurement at 263 nm (for 14a). UV-signals
correlating to liberated drug were integrated (9 and 12) or directly used (14a) and plotted against
20  incubation time.
Curve-fitting software was applied to estimate the corresponding halftime of release.
In vitro half-lives of 14 d, 18 d, and 8 d were determined for 9, 12, and 14a, respectively. In vitro

release kinetics of 9 at pH 7.4 and 37°C is shown in Figure 8.

25  Example 17
In vitro degradation of 15 at pH 9 and 37°C
Accelerated hydrolysis of hydrogel beads 15 was affected by incubating 5 mg 15 in 2.0 ml 0.5 M
sodium borate buffer, pH 9.0 at 37 °C. Samples were taken at time intervals and analyzed by size
exclusion chromatography. UV-signals corresponding to hydrogel released water-soluble degradation
30 products comprising one or more backbone moieties (corresponding to reactive functional groups)
were integrated and plotted against incubation time, see Fig 9.
The time period for the complete degradation of the hydrogel by hydrolysis of the degradable bonds
into water-soluble degradation products comprising one or more backbone moieties was found to be
94 hours which is 1.45 fold longer than the time period of the release of the first 10 mol-% of water

35  soluble degradation products comprising one or more backbone moieties {(which corresponds in this



TrtS 5 To a solution of N Mthyl-Nboc-ethylenediamne (2 g, 11.48 mmol)
and NaCNBH3 (819 ny, 12.63 mml) in MeOH (20 nlL) was added

2,4, 6-triwoenhoxypdazal dehyde (2.08ng, 10.61 nmol) port i @ATHEPZE/OFHSES m Xt ur e
was stirred at RT for 90 mn, acidifited with 3 MHCl (4 nL) and stirred
further 15 10 min. The reaction m xture was added to sat ur at ed NaHCC3

solution (200 nL.) and extracted 5 x with CHZCI onbi ne ani
phases Mf@gedmaéﬂ'abvewem%&m%m# FRACS) V'é‘ﬁ‘f’ga 'Hg’tt;}”éi H"‘?g g%\%ﬁo.
The resybikng N-Methyl -N-boc-N -t nob-et hyl enedi am ne (27a) was conpletely

dried in high vacuum and used in the next reaction step wthout further
purification. Yi eId 3.76 g (11.48 mmol, 89 %purity, 27a : double Tnob

pr ot eCt%gT%{g% =8 :1) 15M5:mz 355.22 = [M+H], (cal cul ated = 354.21).
WO 2011 CT/ EP2010/ 061155 179 To a solution of 27a (2 g, 5.65 nmol)

i N Ch2Clivifra degradatiGOd 15 at p84.4pndB2°C3 mmol ), N- Frioc- N- MeAsp( OBn) - OH (2. 08 g,

4.52 | |i di ne .65 20. 34 |) were_added. N

m xture "\Xé(é’ﬁl@f iofﬁ’éplﬁ Lpe@gﬁsa“t’asgﬁedaglbﬁt'écéfng%/)ﬁ")ﬁﬁ Eﬁféﬂﬂci((gg'b-[ﬁ%"r@%‘g‘} Q‘/{ﬁg hed
3 X W t Bhékphatt] AR DTALRE 7 at 32P S@mPledrivérd thieh A€ tind Mleihl} andldrRIy26iUSEES
phases were re extracted with CH2C12 (100 m ). The 5conbi ned or gani c phases

were driled WaterialnagndoMethqds): r@¥-ggnatsn gorreseonding; & dveeae! e Fiasec gvates-salublsl ume
of 24 [ 1 48 %
6. 66 ngF%rg{%:o WO%ES é‘gﬁ&'sﬁ%&% Ec>(ca C&Pg@g%l ?&;ég%b r%kngfll'g‘éat%s[)eiqﬁtgv% on 0(1Z
27b 1?? Mcgqnahm)jupsﬂwért mtagrhtggeigd ploiﬁed\égﬁllmcnmbmnmm @tﬁg 0H in THF (60 nl)
DBU . V. e e tion tirr for \ t R,
di | ut eﬁw"’ﬁﬂrfe &ﬂi‘&flﬁr '}‘ﬁﬁﬂ“ﬂf d&ﬁﬁ"%)&&ﬁﬁ@’%“@%ﬁ'paﬁﬁ’s‘fyﬁ ‘%?*iez‘%éﬁf‘%’%?ﬂgh&‘rﬂ%) and
3 X wit hntbwat%es&l&ﬁ@de“grédatﬂm@roa«qmu@nﬁm&nW@barcabmhfomkedawbm o2 C12

(100 mt). The conbi ned organi c phases were dried over Na2SO4 and fi | trat ed.

27¢ was 113 S?Vét"‘é‘éfh dpbt? flddpraentien thegimg preiod of thereleass of Usee‘tﬁst 1A makee of yfer
reacti oy kb h@%&daftlHﬁ g)ltb‘aﬁct;éﬂ%ﬁris%é 6Ad brorﬂore M@cﬂbﬂﬁ@mé@f}es?(%hmh EMé‘q)onds in this

(cal cul ated mmol , crude) was di ssolved in MeCN
(26 1A1) hadrdgeCapterigBo e fiyst mmvmfrma):tweéuncﬂpmaﬂ giones) whish whasloundiodeB2iddys( 2. 12

g9, 5.42 Tm;n?at} g’fnlc.j43 |9 Ie s'eﬁltlanlg uo(e%tlgé?tdhqh’e v%ﬁ)fle Q)? 1'IE?£e)e e%&e qgl)dﬁg the accelerated
conditions at pH 9 showing that accelerated conditions can be used for the degradation analysis of

hydrogel samples.

20 Example 19
In vitro degradation of 5 at pH 9 and 37°C
Hydrolysis of hydrogel beads 5 was affected by incubating 5 mg 5 in 2.0 ml 0.5 M sodium borate
buffer, pH 9.0 at 37 °C. Samples were taken at time intervals and analyzed by SEC (see Materials and
Methods). UV-signals at 280 nm corresponding to hydrogel released water-soluble degradation
25  products containing indole-acetyl labelled reactive functional groups comprising were integrated and
plotted against incubation time, see Fig 11.
The time period for the complete degradation of the hydrogel by hydrolysis of the degradable bonds
into water-soluble degradation products comprising one or more backbone moieties comprising
indole-acetyl! labelled reactive functional groups was found to be 75 h which is 1.44 longer than the
30 time period of the release of the first 10 mol-% of indole-acetyl labelled reactive functional groups

which was found to be 52 h (figure 11)

Example 20: Synthesis of paliperidone dicarboxylic acid hemiesters

General procedure for synthesis of paliperidone-esters:



20 The reaction m xture was stirred for 4 h at RT, diluted with CH2C12 (400
m) and washed 3 x with 0.1 MH2SO (100 m) and 3 x with brine (100 m).
The aquedWi® 2pHAdEESWere re extracted with CH2C12 (100 nPLCI/EPR@EM6HBS ned
organi ¢ phases were dried over Na2SA¢6filtrated and 7i was isol ated upon
evaporation of the solvent. Product 27d was purified using flash

h t hy. Yield:2.63 62 % 94 % i . 2BME: 856.41 = [ MtH],
(cal oul SHleghddrec g ras #scabg O v BmmasBispiarles B4 sal73 cRbHs SPRUTt B G
(33 nL) pip didQhé dhtable)cyMRanidrigs (]J—éq()]_\'l‘le(*eztﬁ.%célgvel hédd%_a. THEGActian thiitlve was

reaction mxture was stirred for 70 mn at RT. e mxture was diluted with
CH2C12 (hemrlipved torstir {oad head ropny tapnerptare 1 Valatigs Seae (5pved Indsihg repulkingmMbiuBr i ne
(50 m) 9 -0 | 2 . The
Combi neds5 AR BRURENEN wRle B2 EL RNl B RIRLARG S fichy SREL et
I sol at egratinorwas payifeddly IRBHPOE artdiHPLE fhatiens confaidngmasdystiwerkivedhilidng f | ash
chromat ography. Yield:2.1 g (88 %9 Ms:nmlz 878.4 = [ MtNa], (calculated =
878.40). WD 2011/012715PCT/ EP2010/ 061155 180 To a solution of 27e (170 ny,
0. 198 mMphthesisivf ddmndaigte16apM (4 L) were added DCC (123 ng, 0.59 mmmol), and
a catal ytic anount of DMAP. After 5 m n N-hydroxy-succinimde (114 ng, 0.99
nmol ) was added and the reaction fixture was stirred at RT for 1 h. The
reacti on mxtyre was filtered, gte sol vent was renoved in vacuo and the
resi due was§ ta j B -axt e plus 0.1 % TFA (3.4 5 m). The

, i fied b - HPLC. RProduct fractions were neutralized
with 0.5 MpH¥.4 phosphat/é buffer and €oncentrated. The renmi ni ng agueous
phase was extracted with BCM and 27f was i sol at ed upon evaporation of the
solvent. Yield:154 ng (829 MS:mz 953.4 = [ M+H], (calculated = 953.43). 10

Exanmpl e 38 Synthesis of N29-insulin |inker conjugate 28 Q HNN29-1nSU in H
16a was synthesized as described according to the general” procedure for the synthesis of

10  paliperidone-esters from 50 mg of paliperidone and adipic anhydride to afford a white solid.
Yield: 68 mg (0.102 mmol, 87%, TFA salt).
MS: m/z 555.3 = [M+H]".(calculated = 555.6)

Synthesis of intermediate (16b):

(6] .
: o
L 4 o/ N ) H

15 16b
16b was synthesized from 130 mg of paliperidone and suberic anhydride according to the general
procedure, leading to a white solid.
Yield: 93 mg (0.133 mmol, 43%, TFA salt).
MS: m/z 583.3 = [M+H]" (calculated = 583.7)
20

Synthesis of intermediate (16c):
(0]
F
(o]
%%
/ OH
o—N 0/
16¢

16¢ was synthesized from 500 mg of paliperidone and pimelic anhydride to yield a white solid.



Nve O O 28 HS 15Insulin (644 ng, 0.111 mmol) was dissolved in 6.5 nL of
DVBO. 3 nL of cooled (4 © 0.5 Msodiumborate buffer (pH 8.5) and 27f (70
ng, 0.073wonpl1yo1ps2.5 nL of DMSO were added and m xt ur @CREP2610/06¥1881 for 5
mn at RT. 400 pl AcOH were added andéprotected insulin conjugate was
purified by RP HPLC. Yield: 172 ng (0.025 mmol). 20Ms: mz 1662. 27 =

[ MrdH 4+ (cal cul ated = 1662. 48) . Renpbval of protecting groups was affected
by tr eat'i¢Eh#83Jre (O/8R mmal 8% ¥ &dlct fractions with 6 m of 90/10/2/2

(vivivlygs: H gﬁgﬁ%lﬁfl(m[g{edfz%g.i at RT. N29-conjugated insulin-Iinker
conjugate 23 was purified by RP HPLC. 25Yield: 143 ng (0.023 mml). MS: mz

1531. 46 = [ Mt4H] 4+ (cal cul ated = 1531.71). Exanple 39 Preparation of

i nsulin-linker-hydrogel 29 WD 2011/012715PCT/ EP2010/ 061155 181 529 was
prepared as foll ows: A suspension of maleimde functionalized hydrogel 4d

i N pbl 2ekankfilé 21 0. 01 % Tween-20 (58.3 nL, 958 linol nal ei mdo groups) was
added to a solid phase synthesis_reactor. A salution of

i nsul i nPrepaREPn pfivdrosekhepds (373} (17h)qnd (17chsontainingfree qmpino 8r9UBs o4 Tyween- 20 was
added to 4d. The suspension was incubated at RT for 5 mn. Succinate buffer
(4.8 n., pH4.0, 150 MM 1 nM EDTA, 0.01 % Tween-20) was added to yield a
pH of 3Agoltieh ofi7a0 sgdpend118a me2d in 13 b AMS® was apdeditg @ salotden ¢fi3p0 mg Arlacel

P135 (Croda International Pic) in 60 mL heptane. The mixture was stirred at 1200 rpm with a custom
10  metal stirrer for 10 min at RT to form a suspension. 2.6 mL N,N,N’,N’-tetramethylethylene diamine
(TMEDA) was added to effect polymerization. After 2 h, the stirrer speed was reduced to 500 rpm
and the mixture was stirred for additional 16 h. 4 mL of acetic acid were added and then after 10 min
50 mL of water were added. After 5 min, the stirrer was stopped and the aqueous phase was
drained.
15 For bead size fractionation, the water-hydrogel suspension was wet-sieved on 75, 50, 40, 32 and
20 pum steel sieves. Bead fractions that were retained on the 32, 40, and 50 um sieves were pooled
and washed 3 times with water, 10 times with ethanol and dried for 16 h at 0.1 mbar to give 17a as a

white powder.

20  17b was prepared as described for 17a except for the use of 900 mg 1g, 886 mg 2g, 6.7 ml DMSO, 3.2
ml TMEDA, 5.0 ml acetic acid and a stirring speed of 1500 rpm.

17¢ was prepared as described for 17a except for the use of 1200 mg 1h, 1300 mg 2f, 9.9 ml DMSO,
6.1 ml TMEDA, 9.4 ml acetic acid and a stirring speed of 1000 rpm.

25
Example 22
Synthesis of Ado-modified hydrogels (18a), (18b), and (18c) and Lys-modified hydrogel (18d):
Ado-modified hydrogels {(18a, 18b, 18c):

0]
HydrogeI\N/U\/O\/\o/\/NH2
30 H
Hydrogel 17a, 17b, and 17c, respectively, in a syringe equipped with a polypropylene frit was washed

with 1% diisopropylethylamine solution in DMF and ten times with DMF.



Consunption of thiol was nonitored by Ell man test. Hydrogel was washed 10
times with succinate buffer (pH 3.0, 50 MM 1 mM EDTA, 0.01 % Tween-20) and
2 times WoOROBWMRTIAat e buffer (pH 3.0, 50 nM 1 nmM EDTAPCU/EP201960FSEN- 20)
containing 10 mM nercaptoethanol. Finedly, the hydrogel was suspended in
the nmercapt oethanol containing buffer and incubated for 3 h at RT. 15

I nsul i n-Iinker-hydrogel 29 was washed 10 tinmes with succinate buffer él

3.0, 50 FReE-Ado-Qkicaypfing was then pgriqured by agitatipgil 7e, 17hrard et Iesregienwite 7 3E

buf fer  (hhet-Rio-3 3@4 §r5py%2a'ﬁdi §|?§|e9%PDIPQAQ11DI%:T 5. 2Rhol/hi$Hbé-Add-0adi g
of 29: 18.7 mg insulin (}m_ i nsulin-linker-hydrogel suspension 20 Exanple 40
| nj ect alsphdeniyatipin).AftsaS min] iydtogel-way dashgd with DT (L@ times) Sher with DCM (10 times

i nsulin-linker roe rodrg 9 d siz rhut flam 3 vm
18 g i RERFARY ﬁ?e\él Msu Fi e bhyoé't%'zﬁ t%?oﬁyﬂggeqsuis“genﬂgﬁ%n)w'ﬁ‘a 2962?/2

exc hangEDMH/ﬁbél'le/lﬁBLD(vM@@uﬁdanoreﬁimﬁh/e‘aEH 484, 16b, i 18D regpdctivity) miat then whthed/ L
trehal ose di he/drate 0.05% T (25)% The i nsul i n-1inker-hydrogel 25

pr odr ug YROMAHEP Hreglaad F‘ihf’"l'oéﬁmm d fingly deied iNYBXO(| ength 57 ) via a 20 G
needl e. The 20 G needl e was replaced by a 30 G needl e and placed into the
syringe nounting (Aqua Conputer GrbH& Co. KG and the neasurenent was

st art ed lys-midifiephhysiregel (18d)ocity of 172 mminin (equals 50 pt/s) (Force test
stand: Multitest 1-d, Data recording software: Eval uat Enperor Lite, Version
1.16-015, Forge Gauge: WD 2011/012715PCT/EP2010/061155 182 BFG 200 N (all
Mecnesin Ltd., ). Experinments with increasing piston velocities shown in
the tablgydrgblow Aer e cakyiag,out with a new insulin-linker-hydrogel prodrug
sanpl e. The exﬁeriéments w th water and ethyl ene glycol were carried out
accopdingly. For &, of the experinents the same 30 G needl e was used.
Force versus flow using a 30 G needle is shown in Fig. 16. 5 Flow /

(sec/ mL)HvEToge) /273 1101 3/ Swinge vequirsiedy Wish i Belypropyienemfil yasFypghed) wish( &t er )

Force I isdpkdietiyRindidd YoRkion OISR erPiRC Weh o, Force / N (ethylene glycol)

Fmoc-Lys(Fmoc)-OH coupling was then performed by agitating 17a with 3.5 eq of Fmoc-Lys(Fmoc)-
OH, 3.5 eq of PyBOP and 8.75 eq of DIPEA in DMF (using 0.2 mmol/mL fmoc-Lys-OH concentration).
15  After 45 min, hydrogel was washed with DMF (10 times), then with DCM (10 times).
Fmoc-deprotection wasv achieved by agitating the hydrogel two times with a 96/2/2
DMF/piperidine/DBU (v/v) solution for 5 min each. 18d was then washed with DMF (10 times) and

ethanol (10 times) and finally dried in vacuo.

20 Example 23
Synthesis of paliperidone-linker-hydrogel (19a), (19b), (19c¢), (196), (19e), (19f) and (19g):

/\
Ado-/Lys-modified hydrogel .
N % \ I;o
\T/ \1
19a, 19b, 19c, 19d, 19¢, 19f, 19g \r‘il’“'l
2N
YL o
¢
5
F

General protocol for paliperdione-linker coupling:
25  18c (1 eq amine content) was weighed into a syringe equipped with a polypropylene frit and agitated

with 3 eq of paliperidone-ester 16a, 3 eq of PyBOP, and 7.5 eq of DIPEA in dry DMF (using 0.2
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mmol/mL concentration of paliperidone-ester 16a) for 2 h. Paliperidone-linker-hydrogel 19a was
washed with DMF (8 times), then with a 96/2/2 v/v DMF/piperidine/DBU solution (10 times), then
further washed with DMF (10 times) and finally with a ACN/water 1/1 + 0.1% TFA solution (10 times).
Paliperidone loading was determined by total hydrolysis of paliperidone-linker-hydrogel samples at
pH 12 for 4 h at 37°C and quantification of released paliperidone by UPLC and detection at 280 nm
using a paliperidone calibration curve.

19b, 19¢, 19d, 19e, 19f and 19g, respectively, were synthesized as described above except for the use
of hydrogel 18c, 18a, 18b, 18a, 18d and 18d, respectively, and paliperdione ester 16b, 16a, 16a, 16c,
16a and 16c, respectively.

Loading of different paliperidone-linker-hydrogel conjugates is summarized in table 1:

Table1
Paliperidone- Paliperidone
Compound Hydrogel Yield (mg)

linker loading (% w/w)
19a 18c 16a 15 27%
19b 18c 16b 59 33%
19c ~ 18a 16a 52 24%
19d 18b 16a 245 18%
19e 18a 16¢ 104 23%
19f 18d 16a 170 38%
19¢g 18d 16¢ 177 38%

Paliperidone-linker hydrogel was suspended in PBS buffer.

Paliperidone concentration in paliperidone-linker hydrogel suspension (w/v):
19f: 100 mg/ml

19g: 112 mg/ml

Example 24

In vitro release kinetics

In vitro release studies at pH 7.4:

Paliperdione-linker-hydrogel samples (19a through 19g, respectively) (in duplicate) containing
approximately 0.85 mg paliperidone were washed three times with pH 7.4 phosphate buffer (60 mM,
3 mM EDTA, 0.01% Tween-20) and filled-up to 1.5 mL using the same buffer. Samples were incubated
at 37 °C and aliquots of supernatant were analyzed at various time points by UPLC and detection at

280 nm. Peaks corresponding to released paliperidone were integrated and paliperidone amount



20 50 172 3 17 27 Exanple 41 10Preparation of hydrogel beads (30) and
(30a) containing free am no groups A solution of 275 ng 1g and 866 ng 2d in
14 ni DVBYOwas/Hddéd to a solution of 100 ng Arlacel PlBET(ER2OIAA611S5
International Plc) in 60 nL heptane. 1The m xture was stirred at 700 rpm
with a customnetal stirrer for 10 mn at 25 Cto forma suspension. 1.0 nl

N, NN N,N -tetramet hyl -ethyl ene- 15 di am ne was added to effect

bl y et e BV Srirapscs with 4 adbrafien Sofe. ApBwtl oo BliReBige BHBBFDIRHG t he
m Xt ur e tineSng half-fife df fefascadlshi detePmidled déindcurvk-fRtind sofivarGeduntingdfirbichri@réleddded
and then after 10 mn 50 nL of water were added. After 5 mn, the stirrer
was st opipetcsand t he aqueous phase was drained. For bead size fractionation,
t he wat er - hydrogel suspension was wet-sieved on 75, 50, 40, 32 and 20 20 gm
mesh steel sieves. Bead fractions that were retained on the 32, 40, and 50
pm sb ev ésvithe reteapolinetids efrida isabdvedindgered®s with water, 10 tinmes with ethanol
and dried for 16 h at 0.1 nbar to give 30 as a white powder. WO

2011/ 012715PCT/ EP2010/ 061155 183 and then after 10 min 50 nL of water and
50 nL ofHaB-ateltiradsad o@tigr BPdISged Dhkietyerttlonnddlia TaBIk Utdre BistMesee irathdedllowingfablao
group content of hydrogel was determ ned by conjugation of a fnbc-am no

aci d to (ke %ree amino groups on the hydrogel and subsequent

fmoc-determ nation as described by GyggeaM, J. Ryf, 5et al. (2002)

Letters in Peptide Science_9(4): 203-206. The amno group content of 30 and
30a was determ ned to be bet meeRefO. 11 and 0.16 nmolig. Abbreviations:

ti2
19a 17
19b 53
19c 19
19d 15
19 28
19f 28
19g 44

10

Example 25

Paliperidone pharmacokinetics study in rat

The pharmacokinetics of 19¢ was determined by measuring the plasma paliperidone concentration
15  after subcutaneous application of a single dose into rats.

One group consisting of 5 male Wistar rats (200-250 g) was used to study the plasma paliperidone

levels over a period of 28 days. Each of the animals received a single subcutaneous injection of 500

L 19c¢ suspension in acetate buffer pH 5, containing 7 mg paliperidone (14 mg paliperidone/ml). Per

animal and time point 200 pt of blood was withdrawn sublingually to obtain 100 pL Li-Heparin
20  plasma. Samples were collected before application and after 4h, 2, 4, 7, 11, 14, 18, 21, 25 and 28

days post injection. Plasma samples were frozen within 15 min after blood withdrawal and stored at -

80°C until assayed.

The quantification of plasma paliperidone concentrations were carried out using a Waters Acquity

UPLC coupled to a Thermo LTQ Orbitrap Discovery mass spectrometer via an ESI probe and with
25  Waters BEH C18 (50 x 2.1 mm 1.D., 1.7 um particle size) as analytical column (mobile phase A: 10 mM

ammonium formate pH 4.0, mobile phase B: acetonitrile, T = 45°C). The gradient system comprised a



10 ACNacetonitrile AcOHacetic acid

Acp- OH4- ( 2- am noet hyl ) - 1- car boxynet hyl - pi per azi ne

Ado8- am rWOPB/MRTRa- oct anoi ¢ aci d 15Boct - but yl oxycar boR¢II/EP2010/061155

DBU1, 3-di azabi cycl o[ 5. 4. 0] undecene DION, N - di cycl ohexyl carbodiim de

DCMWi chl or oret hane DI PEAdi i sopropyl et hyl am ne 20DVAPdi net hyl am no- pyri di ne
DVFN, N- di net hy] f oy mam de DNVEOd| et hyl sul f oxj de . . .

EDC1- Et Wa_r g[a%ltgphi!i’r%fl%% Ba%SHgbﬁ g\gw%c%{ﬁ%mt%c maépmg phase with 95% B (1.5 min), and
EDTAet hyl @B&ditRNinE Phede’ @2LC /i) GuvifiC b FodORES bPL2BI RIYRIA. | Bet&Ebh 6Btk ons was
Froc9-f | uor enyl met hoxycar bonyl
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| Sintern sta
5  jons to the m/z 165.1 product ions for the internal standard (IS) haloperidol.

Blood samples were obtained following s.c. injections of hydrogel-paliperidone into heparinized
tubes at different time points. Plasma was harvested by centrifuging the blood and stored frozen at -
80°C until analysis. After addition of ag. NaOH ( 50 puL, 0.5 M NaOH) the thawed plasma samples (~
95 L) were spiked with 220 pg haloperidol (10 pl of an aqueous haloperidol solution c= 22 pg/ pL)

10  and extracted with diethyl ether (2 x 500 pL). The aqueous layer was frozen in a liquid nitrogen bath
and the organic layer was transferred to a separate tube. The solvent of the combined organic phase
was removed in a stream of nitrogen at 40°C and the residue was dried in vacuo. The residues at
different time points were dissolved in mobile phase A:mobile phase B = 7:3 (v/v) (100 ulL) and
aliquots (15 L) were injected into the HPLC-MS system.

15  The calibration curve was acquired by plotting the peak area of paliperidone against the nominal
amount of calibration standards. The results were fitted to linear regression analysis using 1/X? as
weighting factor.

The paliperidone peak areas of the quantification experiments at different time points were
weighted relatively to the ratio mean peak area IS of all experiments/ peak area IS. The resulting

20  peak areas were used to calculate the paliperidone concentration in rat plasma (ng m?).

No burst of paliperidone and a sustained release of paliperidone over 28 days was observed.

The results are shown in Fig. 13.

The pharmocokinetics of 19e were measured as described for 19¢. The results are shown in Fig. 14.
25

Example 26

Alternative synthetic route for 1g

For synthesis of compound 1b, to a 45 °C suspension of 4-Arm-PEG5000 tetraamine (1a) (50.0 g,

10.0 mmol) in 250 mL of iPrOH (anhydrous), boc-Lys(boc)-OSu (26.6 g, 60.0 mmol) and DIEA

30 (20.9 mL, 120 mmol) were added and the mixture was stirred for 30 min.

Subsequently, n-propylamine (2.48 mL, 30.0 mmol) was added. After 5 min the solution was diluted
with 1000 mL of MTBE and stored overnight at -20 °C without stirring. Approximately 500 mL of the

supernatant were decanted off and discarded. 300 mL of cold MTBE were added and after 1 min



LCVBmass spectronetry-coupled liquid chromat ography Lyslysine

Mal 3- mal ei m do propionyl WD 2011/012715PCT/ EP2010/ 061155 184

Mal - PEGS-WBISNEI(@B21H8l ei mi dopr opyl ) - 21- am no-4, 7, 10, 13, 16 PCYARKAONEHSHenei cos
anoi ¢ acid NHS ester IHAG-ner capt oheX@hoi c acid Mt 4- et hoxytrityl 5 MSnass
spectrum MMl ecul ar mass n. d. not determ ned NHSN-hydr oxy succini m de
PEGool y( et hyl ene gl ycol) L ! )

0Py BOPSEAEithT Brpiic wes Salesisd o irationyFhroueh eless RGN RGith 500 mL of cold

hexaf | uqimRheRRRRLE WRFSNIsuB%Sr 181Ut e RP- HPLCr ever sed- phase hi gh
performance |iquid chromatography Riroom tenperature SECsize excl usion

chromat ogr aphy 15SRMsel ected reaction nonitoring TCP2-chlorotrityl chloride
FESIN  vield: 65.6 g (74%) 1b as a white lumpy solid

5  MS: m/z=937.4=[M+7H]" (calculated = 937.6).

Compound 1c was obtained by stirring of compound 1b from the previous step (48.8 g, 7.44 mmol) in
156 mL of 2-propanol at 40 °C. A mixture of 196 mL of 2-propanol and 78.3 mL of acetylchloride was
added under stirring within 1-2 min. The solution was stirred at 40 °C for 30 min and cooled to

10  -30 °C overnight without stirring. 100 mL of cold MTBE were added, the suspension was shaken for
1 min and cooled for 1 h at -30 °C. The product was collected by filtration through a glass filter and
washed with 200 mL of cold MTBE. The product was dried in vacuo for 16 h.

Yield: 38.9 g (86%) 1c as a white powder which
15  MS: m/z = 960.1 [M+6H]® (calculated = 960.2).

For synthesis of compouhd 1d, to a 45 °C suspension of 1¢ from the previous step (19.0 g, 3.14 mmol)
in 80ml 2-propanol were added boc-Lys(boc)-OSu (16.7g, 37.7 mmol) and DIEA (13.1mL,
75.4 mmol) and the mixture was stirred for 30 min at 45 °C. Subsequently, n-propylamine (1.56 mL,
20  18.9 mmol) was added. After 5 min the solution was precipitated with 600 mL of cold MTBE and
centrifugated (3000 min™, 1 min) The precipitate was dried in vacuo for 1 h and dissolved in 400 mL
THF. 200 mL of diethyl ether were added and the product was cooled to -30 °C for 16 h without
stirring. The suspension was filtered through a glass filter and washed with 300 mL cold MTBE. The
product was dried in vacuo for 16 h.
25
Yield: 21.0 g (80%) 1d as a white
MS: m/z 1405.4 = [M+6H]®* (calculated = 1405.4).

Compound 1e was obtained by dissolving compound 1d from the previous step (15.6 g, 1.86 mmol)
30 inin 3 N HCI in methanol (81 mL, 243 mmol) and stirring for 90 min at 40 °C. 200 mL of MeOH and
700 mL of iPrOH were added and the mixture was stored for 2 h at 30 °C. For completeness of
crystallization, 100 mL of MTBE were added and the suspension was stored at —30 °C overnight.
250 mL of cold MTBE were added, the suspension was shaken for 1 min and filtered through a glass
filter and washed with 100 mL of cold MTBE. The product was dried in vacuo.
35



TEStriethyl silane TMEDAN, N, N', N'-tetramet hyl ethyl ene di am ne

Trob2, 4, 6-tri met hoxybenzyl 20TFAtrifl uoroacetic acid THFt etrahydrof urane
TMEDAN, N, WO 2pMigrietianet hyl et hyl ene di am ne UPLCul tra per POTHFRRACIO/O0b116%1 d
chromat ography Uwvul travi ol et 25VI Svi dé&l WO 2011/ 012715PCT/ EP2010/ 061155
185 Patent clains 1. Biodegradabl e poly(ethylene glycol) based

wat er -i nsol ubl e hydrogel conpri sing backbone noieties which are

i nt er coXigle1BHe BPhlgAsGIWhte®aVisr degr adabl e bonds, the backbone 5 noieties

further \gopps i §ioNd ARG albdisted L g7Rl). groups, wherein the water-insol uble
hydrogel 1s further characterized in that the ratio between the tinme period

for the conpl ete degradati on of the hydrogel by hydrolysis of the
d dabl e b A ; | 2o ' LS
€gra a*ﬂ etheosvﬁﬁesllsnrgfo co 'I[gl)grgd[ EfgltéJ IQ £ Qeg%p% 9&(\) (rgpilﬁ rfr%gmuﬁ]tej)rg\ﬁ rs'{%[elfk?%é)é;e or

more backbone!nor et es ne perio e reledse o t 10
ol - 86 oft.19@ineul} 0l EBdhE 2cpegraaslaiverenadaed diveLgs(lmeiPSu $11r8g, 0268 mmolyame  DIEA

10backbone npi eti es fased on the total amount OL backbone m?i et s7i n]fthe
hydr ogel®-$4myPa§mpoll githa miye wat e forP mig.SubseAuently, n-BropYiRrape et/ 8
clai m 1;79haha8) Rad d8edYidePb Yih 8R! olitise dhddritldeoRapesorne, arhaet ol of e t he
group consi sting of aconityls, acetals, carboxylic anhydrides, esters,

i mi nes, M¥PErweremsded, 1thagiusnensien aes dhaliendies 1 roipt 3 Blsared shropstoa piashifites,
phospho Y .y . . i rggmati c
Car banas B kp SRS Shlskes Spkfdyioly p M EhG NBe) R £1 BT B00 TR

t he 10 eacdid MIBE Uithe prodnetlwag dedds vaoue fsdb 8ct ed from t he group consi sting of
carboxylic acid and activated derivatives, am no, naleimde, thiol,

sul fonic acid 20 and derivatives, carbonate and derivatives, carbamate and

deri vat ivieRs 12 8Y M@X30 %) Blaglepaieipaliok@irdiyRolichydr azi ne, i socyanate,

i sot hi ocyanate, phosphotic acid and derivatives, phosphonic acid and
deri vat Mfe8/z 1pb dadMrghl” (calqulptedai5088k, acryl oyl and ot her al pha-beta
unsaturated m chael acceptors, arylating agents |like aryl fluorides,
hydr oxyl am ne, disulfides |ike pyridyl disulfide, vinyl sulfone, vinyl
ket dhe, Bdikhemradagendslg wasagtwaioet by diseotying Al PEG X DabhysLysahivsi(boclg). (1f) (15.5¢g,

1.29 mmol) in 30 mL of MeOH and cooling to 0 °C. 4 N HCl in dioxane (120 mL, 480 mmol, cooled to
0°C) was added within 3 min and the ice bath was removed. After 20 min, 3 N HCI in methanol
(200 mL, 600 mmol, cooled to 0 °C) was added within 15 min and the solution was stirred for 10 min
at room temperature. The product solution was precipitated with 480 mL of cold MTBE and
20  centrifugated at 3000 rpm for 1 min. The precipitate was dried in vacuo for 1 h and redissolved in
90 mL of MeOH, precipitated with 240 mL of cold MTBE and the suspension was centrifugated at
3000 rpm for 1 min again. The product was dried in vacuo
Yield: 11.5 g (89 %) as a pale yellow flakes.
MS: m/z = 1104.9 [M+8H)]?* (calculated = 1104.9).
25
Example 27
Derivatization procedure for multi-amino functionalized PEGs, including 1g, for analysis on reverse
phase HPLC.
Amino-functionalized PEG derivatives with multiple amino groups are difficult to analyze by RP-HPLC,
30 since they typically elute early, show broad peaks, and have a very weak absorption by UV detection.
Therefore, the purity of these PEG derivatives cannot be directly analyzed by RP-HPLC as impurities
are typically not resolved from the main peak. Derivatization with 3-methoxy-4-nitrobenzoic acid
yields in aromatic amides which show sharper peaks and a better resolution upon RP-HPLC analysis.
Furthermore, UV detection at 340 nm allows for direct relative quantification of amino group content

35 of different species present in the amino-functionalized PEG derivative. -



25aziridine. 4. Hydrogel of any of clains 1 to 3, wherein the backbone

noi ety has a nol ecular weight in the range of from1l kDa to 20 kDa.

305. Hydr ay©l20ufo1ary of clains 1 to 4, wherein the backb®GEEPeII8H06HSS ar e

| i nked together through crosslinker M eties, each crosslinker noiety being
term nated by at |east two of the hydrol ytically degradabl e bonds.

6. Hydrogel of claimb5, wherein the crosslinker noieties have a nol ecul ar
weight in the range of WO 2011/012715PCT/EP2010/061155 186 7. Hydrogel of

cl ai m 5 300efoxy M BtrEbdhzAasd RisQEMmirhiti @EteFRALIyMthkSizeBifonbDREREhoxPa-nithodegr| of
claim?7, wherein each crosslinker noiety is represented by one PEG based

mol ecul afidc Welivdroxysgecinifpige otpel disyclahryyicgrbodinaidensin 1dighioramethaee ane rugifisd by
backbong \;gpg %% [@rises in sumat |east 16 interconnected bi odegradable
and reactive Y unc |onal groups. 10. Hydrogel of claim9, wherein the
backlbone noi ety has a quarternary carbon of fornula C(A-Hyp)4, V\,her ei n each

Ais in endent | p et h | ene co nal |y
attac heg’%géolf"ﬂ@ q &? nég raBB'F‘P g'ﬂ}lﬂ 'Féf ﬁgcﬂt'gcdé%%}%é;nfn %@H!j QMSP

di st al %ﬁv&fzaﬁdﬂereiéen@@owm 1 C5 @R A-RethdxyPMdoBEaIzbY de@u N@u&cﬂnraldﬁeéﬁﬂéﬁ frieC

noi ety p, each dendritic noiety Hyp having at |east four functional

groups rdspeheasdn b WPfOMSO: nt er connect ed and reactive functional groups. 11.
Conj ugat e conprising a hydrogel of any of clainms 1 to 10, characterized by
bei ng conposed 20of backbone noieties interconnected by hydrolytically
degri@dalibe2han #EG-sataticad thet deyivatidatiorc aeagymtng)llspac@r eqrdee digeeamiop grdwnt kindg

groups. 12. Copjugate risin e n f clains ,
Ohar ot dpsp B Dan e T bl 3l Yunc Aot 3s o O o8 e s B s
hydr ol ytrig aeldomdegfeaﬂabllean@mds;oapdofadxmwaona«bdrya&ﬁa and yHengixques wasshakten

l'inkages to |igands or chelating group 13. Carrier-linked
conpri sif ﬁrgfuﬁh‘?f%?r’wa'éfes dp “hﬁg/thGP‘%B‘i'O&‘i "f’resre geigified with 3 ki of 3ceHg ac'%ﬁ@r‘g gé(‘”'i’?unber

01; . grer ma:as %1 gl; haraRR AlattheurRasERNE P TRA) 1004 Bv/W drld aRallZedbyir8ldtse
u I
P 15 J phase UPLC (eluent: 0.05 % TFA in water / 0.04 % TFA in acetonitrile).

Example 28

Synthesis of paracetamol conjugate 20

20 20

Paracetamol (1 mmol) was dissolved in 10 ml of THF and nitrophenyl-chloroformate (1.1 mmol) and
DIEA (1.1 mmol) were added. After 30 min, N,N-bis[3-(methylamino)propyl]methylamine (2 mmol)
was added and reaction mixture was stirred at room temperature for 30 min. 20 was purified by RP-

25  HPLC.

Yield 83 mg (14%).
MS: m/z = 351.26 [M+H]".

30 Example 29

Synthesis of linker-paracetamol conjugate 21



L to which a biologically active noiety Dis covalently attached. 30 14.
The carrier-linked prodrug of claim 13, wherein the biologically active

noi ety D WO 2a11dk¥pepti de, protein, oligonucl eotide, or PSKEPROIGIOEESUI
biologically active noiety. 15. The d&rier-linked prodrug of claim 14,
wherein the biologically active noiety D conprises an 35am ne, hydroxyl,
car boxyl, phosphate, or nercapto group and the non-biologically active WO
2011/ 012715PGf/ EP2010/ 061155 7 linker L forns together with said am ne,
hydroxyl, cg R pto group a conjugate D-L. 16. The
carrier-linked |prodrug of any of clfaim13 to 15, wherein a |linkage between
Dand L i bcar bamat e, carbonate, "am de or ester |linkage. 17. The
carrier-lilpkgd prodrug of any of clainms 12 to 14, wherein the transient
prodrug linKer L conprises a noiety L1, which is substituted with a noiety
L2 and BHNn L2 is bound to a carrier group Z, which is the hydrogel of
any of cldins 1 to 1021 18. The carrier-linked prodrug of claim 16, wherein
L2 is att&®hed to Z via a termnal group having the follow ng structure
wher ei nTb heolditsiod @0 (17 pesl)imDIME (800 pt)iverasddad botid sticcinge apRydaide (6B, urrodispdct i vel y.
19. The carrier-1inke rodrug of cl aj 7, wherein the hiologically active
noi ety @&ﬁ&(g]%ﬁ“ﬂha%tﬁﬁg‘ﬁtﬁmﬁf ﬂgre&ﬁﬁé%é?'aoﬁm hzg hSd QH%fi'eBrW RB%ISE(?UQ | i nker
i's a nowpl phagi(@eedk).y active linker L containing 20i)a noiety Li
represented by formula (M11), 20 N X 1 2a(MV1l),

wher @i n the dashed line indicates the attachment of Li to an aromatic ami no
group 25of the biologically active noiety D by form ng an am de bond;

Example 30

Synthesis of hydrogel-paracetamol conjugate 22

H
OJLT/\/\T/\/\TJ\/\“,MHY drogel

NH
\g/ 22

10 100 mg amine-functionalized hydrogel 3e (0.13 mmol amine/g dry hydrogel) was suspended in DMF.
A solution of 21 (6 umol), PyBOP (22 umol) and DIEA (31 pmol) in DMF (0.5 mL) was added, and the
mixture was shaken at 22 °C for 2 h. The resulting loaded hydrogel was washed with DMF (10 times),

dichloromethane (10 times) and ethanol (5 times) and was dried in vacuo.

15 Example 31

Synthesis of linker-paracetamol conjugate 23
0 0

0]
O/U\T/\/\T/\/\'il’u\/\/lLOH

NH
b4

To a solution of 20 (17 pmol) in DMF (300 pL) were added solid glutaric anhydride (79 pumol) and

23

DIEA (173 umol), and the mixture was stirred at 60 °C for 50 min. 23 was purified by RP-HPLC.



X1 is CCRRa) or acyclic fragnent selected fromC3:7 cycloalkyl, 4 to 7

menber ed heterocyclyl, phenyl, naphthyl, indenyl, indanyl, tetralinyl, or 9

to 11 neriwered/tetér obi cyclyl; WO 2011/ 012715PCT/ EP201@CUAEP2EHS/04885 X2 is a

chem cal bond or selected fromC(R3R3&, N(R3), 0, C(R3R3a)-C(R4R4a),

C(R3R3a) N(R4), N(R3)-C(R4R4a), C(R3R31-0, or 0-C(R3R3a), wherein in case
is a cllcfra nt, X2 is a chem cal bond, C(R3R3a), N(R3) or 0; 5

optl onal |ei)/j 14r‘|“5’t,‘3 ‘Xi is a cyclic fragnment and X2 is C(R3R3a), the order

of the Xi fragnent and the X2 fragnment within Li nay be changed;

R3 and R4 are independently selected fromthe group consisting of H CA

al kyl af@emmeB® R5R5a): Rla, R2, R2a, R3a, -4a K and Rsa are independently

sel ecte LiShld H, and Cl-4 al kyl; 15 optionally, one
of the g&tr‘g{%fayﬁggé?gg %gﬁbﬁ%jg%t%a /K are joined to forma 4 to 7

menber ed at ast part| ally sa@uratedheterocycle; RS is CO)R6; 20R6 is
C _4al kyl; o oAl A 80eQf Raogbh, R3a/R4a or Ria/R3a forma
cheni cal boﬂd IF)ptl onﬁi ly, LN is furth substituted. 25

\n/NH

O 24
5
80 mg amine-functionalized hydrogel 3e (0.13 mmol amine/g dry hydrogel) was suspended in DMF.
A solution of 23 (5 umol), PyBOP (19 pumol) and DIEA (27 umol) in DMF (0.5 mL) was added, and the
mixture was shaken at 22 °C for 3 h. The resulting loaded hydrogel was washed with DMF (10 times),
dichloromethane (10 times) and ethanol (5 times) and was dried in vacuo.
10

Example 33

Release of paracetamol in vitro

Hydrogel-paracetamol conjugates 22 and 24 were dissolved in 60 mM sodium phosphate, pH 7.4,

and incubated at 37 °C. Aliquots of the supernatant were analyzed by RP-HPLC at 242 nm and MS for
15 released paracetamol. MS showed release of unmodified paracetamol.

ty, (22) = 19 d.

1,2 (24)=154d.

Example 34

20  Synthesis of Cetirizine-ester 25

e ONoJLoJ\)LOH

g

Cl

25



ii)a moiety L2, which is a chem cal bond or a spacer, and L2 is bound to a
carrier group Z representing the hydrogel of any of clains 1 to 10,
wherei n LWO20sl/deBStituted with one L2 noiety, provi ded PCHAP201680611§3r ogen
marked with the 30asterisk in fornmuld7{VII1I1) is not replaced by L2;
optionally, L is further substituted. WD 2011/012715PCT/ EP2010/061155 189

20. The carrier-linked prodrug of claim 17, wherein the biolo cal active
noi ety B AEHPYibylEC éc'?ar(q ?\%F‘V‘%rwaéé??&ﬁ@&f“&? IR EesiniOrie ”&’Hg' éCCBFdé'fgetPr ed

struct urngiRkrferRiRBlddn@f the present invention is given by a prodrug
conjugate D-L, wherein 5D is the prinary or secondary aliphatic

am ne-containing biologically active noiety; and L is a non-biologically

act | ve \inDiseln UL Shtheavhel SPASRERNAE 1Y ROTHTE (\Vihes) gnd dchoromettane (7

wherein t ne i ndicates e 'at hrrent to
seconsdartynes). Apblatiorcof Cetimdinealilgaiceplonde (126 nbmn) oyl (¢ab hymﬂ)CHO&e(umm&ngl dng

form ng an mdebnd X is RAR4a R4 RARAa

C( R5R5a)2 %9(?@4%%4’3?10 ¢ figaleyo Cé?é‘FR(r{% gd")ﬁﬂ%a) Rﬁ‘i%ﬁi’?}?‘? O ERsa)
20X1 i s |fterrediaté 5 wi2 deavdd( Fdhy tHel f&ln bPT addtioh 7of B7§ﬂut@ﬁ%f HWaIZmL) in

Rl, Ra, R2, Da D3 113, R3a, R4, Rd4a, R5, R5a, R6, R7, R7a, | ea are

i ndepen(ﬂé}htqfw@b@f@dﬁét}) pRchipcybiation &y 19 umin.cbissste WAy repeated Omﬁda'@la'h"‘%ﬂtk‘iﬁl or
Opt i Onalvlléf? réfived '?r m%@ c{?rtlglhgbeelgéacbsr SndS st oFhiEBRR: PR3AG4 B3 TyielRIS%)RRR

R7al - K8 Gfma ch
10  purified by RP—HPLC and analyzed by RP-HPLC-MS.

Example 35
Synthesis of Cetirizine hydrogel conjugate 26

0 0
/\/O\)L /l\/u\ -Hydrogel
QO

¢

Cl 26
15

100 mg amine-functionalized hydrogel 3e (0.13 mmol amine/g dry hydrogel) was suspended in DMF
(0.6 mL). A solution of 25 (7.1 umol), PyBOP (23 pmol) and DIEA (28 umol) in DMF (0.6 mL) was
added to the hydrogel suspension, and the mixture was incubated for 3 h. The solution was
20 discarded, and the hydrogel was washed with DMF (7 times) and ethanol (5 times) and dried in

vacuo.

Example 36
Cetirizine release in vitro '
25  Release of Cetirizine from 26 was accomplished by hydrolysis in 60 mM sodium phosphate buffer at
pH 7.4 and 37°C. Unmodified Cetirizine is released as assessed by RP-HPLC/MS.
tip=31h.

Example 37



300ptionally, one or nore of the pairs R/R a, R2R2a, Rdmia, R5nba, R7nva,
R8r 8a

K are joiweaotiggetier with the atomto which they are aPCRIRRO006115Hr m a
C3_7 cycloalkyl; or 4 to 7 nmenbered Héterocyclyl; WD

2011/ 012715PCT/ EP2010/ 061155 190 Optional ly, R3/R3a are joined together
wth the nitrogen atomto which they are attached to forma 4 to 7 nenbered
heterocﬂ'?tﬁes'%%'-inge’é'ﬁﬂgéﬁ*t@& fromthe group consisting of phenyl; naphthyl;

| ndeny| yinkdtdagighizrt hd hineited B o6 W 19 prockale@: 7 meber ed
heterocyclyl; and 9 to 11 nenbered heterobicyclyl; and wherein L1 is
substituted with one group L2-Z and optionally further substi tuted,
provided that the hydrogeny,marked with the asterisk in formyla (VI) is not
repl aced by a sqfﬂ%tl tuent; 10wher %h” ﬁ S S| ngl e !chem o bond or a
spacer; and~< i8ithe hydooge 1tV a4

carrier-| %ked prodfug of C|I:§I m017 V\/nerel n the biologjcelly I;?ct 'o e noiety
D conpri sésc a hydroxyl gmedp and the structure for the prm&mg\l S given by

a prodrug co Jougate of formula (X) 20D-0-2 (X), wherein 27b Dis
a hydr oxyl up-containing bi ol ogically active nmoiety which is coupled to
the noiety Z 25through the oxygen of the hydroxyl group; Zjs| C(0)-X-2Z";
C(0)0- X-Z1; S(P)2-X-Zh; C(S)-X%X-Z1; S(0)20-X-Z1; S(0)2N(R1)- X— 1 CH(CRl) X-
Z1; C(OR1) (QR2Y~X2&]; - X- 215 6. RE QoS OX—21 P(=0) ('OR1) O- X—Zl
P(=0) (SH) O X- 21; ,P(£0) ( SR1) 0- X- Z1; P(ha;&)o(c |P( =9) (

P(=S) (OR1) 0- X- Z1; "B FSH)‘N(Ri) X- JoRme p(= S)(CLlLF)\N(/RQ)\J
P(=0) (OH) N(R1) - X-Z1; gr P(=0) (0OR1) N(R2) - X- 21;
27d

Tmob

TrtS LiOH
N OH N
boe” \/\N)W \/\NJ\/H( )i/>
Tmob N Tmob
[0} N\ O (¢) N
DCC, NHS
27e 27t
TrtS TrtS

To a solution of N-Methyl-N-boc-ethylenediamine (2 g, 11.48 mmol) and NaCNBH; (819 mg, 12.63
mmol) in MeOH (20 mL) was added 2,4,6-trimethoxybenzaldehyde (2.08mg, 10.61 mmol) portion
wise. The mixture was stirred at RT for 90 min, acidified with 3 M HCI (4 mL) and stirred further 15
10  min. The reaction mixture was added to saturated NaHCOj; solution (200 mL) and extracted 5 x with
CH,Cl,. The combined organic phases were dried over Na,SO, and the solvents were evaporated in
vacuo. The resulting N-Methyl-N-boc-N’-tmob-ethylenediamine (27a) was completely dried in high
vacuum and used in the next reaction step without further purification.
Yield: 3.76 g (11.48 mmol, 89 % purity, 27a : double Tmob protected product = 8 :1)
15 MS: m/z 355.22 = [M+H]", (calculated = 354.21).



R1, R2 are independently selected fromthe group consisting of ClL 6 al kyl;
or RI, R jointly forma Cl1_6 al kyl ene bridging group; WO

2011/ 012 WOeRON/E#PAS10/ 061155 191 m; nR are i ndependent PETEP2@I0/06115SX0A i s
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OC( 0) R6yiel R6) 00) R M;%ss@m MR6) 5(0) Réa;  N( R6) C( 0) N( R6aR6b) ;

N( R6) C(0) OR6a; OC(0) ﬁlé 20 -6 6a 6b R, Rindependently ndependently
sel ect edﬂﬂ‘romthe”ﬁﬂﬂﬁéSGdH%Hbt(F&\@"a@?d +79587)-6 al kyl; C2_6 al kenyl; and C2_6
al kynyl, wherein Cl 6 alkyl; C2_6 alkenyl; and C2_6 al kynyl are optlonal |y

substitut ed with one or nore hal ogen, whi ch are the same of different; 25T
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extracted with CH,Cl, (100 ml). The combined orgamc phases were dried over Na,SO, and filtrated.
27c¢ was isolated upon evaporation of the solvent and used in the next reaction without further

15  purification.
MS: m/z 574.31 = [M+H]*, (calculated = 573.30).

27c¢ (5.31 g, 4.51 mmol, crude) was dissolved in MeCN (26 mL) and COMU (3.87 g, 9.04 mmol), 6-
Tritylmercaptohexanoic acid (2.12 g, 5.42 mmol) and collidine (2.35 mL, 18.08 mmol) were added.
20 The reaction mixture was stirred for 4 h at RT, diluted with CH,Cl; (400 ml) and washed 3 x with
0.1 M H,S0, (100 ml) and 3 x with brine (100 ml). The aqueous phases were re extracted with CH,Cl,
(100 ml). The combined organic phases were dried over Na,SO,, filtrated and 7i was isolated upon
evaporation of the solvent. Product 27d was purified using flash chromatography.
Yield: 2.63 g (62 %, 94 % purity)
25 MS: m/z 856.41 = [M+H]", (calculated = 855.41).

To a solution of 27d (2.63 g, 2.78 mmol) in i-PrOH (33 mL) and H,0 (11 mL) was added LiOH (267 mg,
11.12 mmol) and the reaction mixture was stirred for 70 min at RT. The mixture was diluted with
CH,Cl, (200 ml) and washed 3 x with 0.1 M H,SO, (50 ml) and 3 x with brine {50 ml). The aqueous
30 phases were re-extracted with CH,Cl, (100 ml). The combined organic phases were dried over

Na,S0,, filtrated and 27e was isolated upon evaporation of the solvent. 27e was purified using flash

chromatography.
Yield: 2.1g(88 %)
MS: m/z 878.4 = [M+Na]", (calculated = 878.40).
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Cl 6 alkyl; C2_6 al kenyl; and C2_6 al kynyl are optionally substituted with
one or nore R9, which are the sanme or different
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al kyl; C2-6 al kenyl al kynyl, wherein Cl-6 al kyl; C2-6 al kenyl;
and C2_@ield: kynyl éﬁ%méﬁﬂ%bnally substituted with one or nore hal ogen, whi ch
are the me of d d according of any of claim1 to
10, which'is covahg %?ngAQE%hg§CQNQ§‘§9%&%2 The carrier-linked prodrug of
cl ailm 17, wherein the biologically active noiety D conprises an aromatic
hydr oxyl %ﬁﬁug and wherein the prodrug linker is a non-biologically active
|i nker (B £ ?ning 20i )a noiety L1 represented by formula (Xl),

Synthesis of N®#-insulin linker conjugate 28

eB29_ i
HN A~ - NeB29-Insulin
H  NMeO
o
28
HS

15  Insulin (644 mg, 0.111 mmol) was dissolved in 6.5 mL of DMSO. 3 mL of cooled (4 °C) 0.5 M sodium
borate buffer (pH 8.5) and 27f (70 mg, 0.073 mmol) in 2.5 mL of DMSO were added and mixture was
stirred for 5 min at RT. 400 puL AcOH were added and protected insulin conjugate was purified by RP
HPLC.

Yield: 172 mg (0.025 mmol).
20 MS: m/z 1662.27 = [M+4H]" (calculated = 1662.48).

Removal of protecting groups was affected by treatment of lyophilized product fractions with 6 mL of
90/10/2/2 (v/v/v/v) HFIP/TFA/TES/water for 1h at RT. N®*-conjugated insulin-linker conjugate 28
was purified by RP HPLC.

25  Yield: 143 mg (0.023 mmol).
MS: m/z 1531.46 = [M+4H]* (calculated = 1531.71).

Example 39

Preparation of insulin-linker-hydrogel 29



R1

10

15

20

25

R3 N R3a R2
WO 2011/012715 PCT/EP2010/061155
181
o]
HN\/\N N81329 Insulin
NMe O

29
hydrogel—-N>;P\

29 was prepared as follows: A suspension of maleimide functionalized hydrogel 4d in pH 2.5 HCI, 0.01
% Tween-20 (58.3 mL, 958 umol maleimido groups) was added to a solid phase synthesis reactor. A
solution of insulin-linker-thiol 28 (117 mL, 460 umol) in 2.5 HCIl, 0.01 % Tween-20 was added to 4d.
The suspension was incubated at RT for 5 min. Succinate buffer (4.8 mL, pH 4.0, 150 mM; 1 mM
EDTA, 0.01 % Tween-20) was added to yield a pH of 3.6 and the suspension was incubated at RT for
90 min.

Consumption of thiol was monitored by Ellman test. Hydrogel was washed 10 times with succinate
buffer (pH 3.0, 50 mM; 1 mM EDTA, 0.01 % Tween-20) and 2 times with succinate buffer (pH 3.0,
50 mM; 1 mM EDTA, 0.01 % Tween-20) containing 10 mM mercaptoethanol. Finally, the hydrogel
was suspended in the mercaptoethanol containing buffer and incubated for 3 h at RT.
insulin-linker-hydrogel 29 was washed 10 times with succinate buffer (pH 3.0, 50 mM; 1 mM EDTA,
0.01 % Tween-20) and 6 times with succinate/Tris buffer (pH 5.0, 10 mM; 85 g/L trehalose, 0.01 %
Tween-20).

Insulin loading of 29: 18.7 mg insulin/mL insulin-linker-hydrogel suspension

Example 40

Injectability of insulin-linker-hydrogel prodrug 29

5 mL insulin-linker-hydrogel prodrug 29 (bead size distribution from 32-75 um, 18 mg insulin/ml
insulin-linker-hydrogel prodrug suspension) was buffer exchanged into pH 5.0 succinic acid/tris (10
mM, 40 g/L mannitol; 10g/L trehalose dihydrate; 0.05% TWEEN-20). The insulin-linker-hydrogel
prodrug suspension was filled into a 1 mL syringe (length 57 mm) via a 20 G needle. The 20 G needle
was replaced by a 30 G needle and placed into the syringe mounting (Aqua Computer GmbH&Co. KG)
and the measurement was started with a piston velocity of 172 mm/min (equals 50 pL/s) (Force test

stand: Multitest 1-d, Data recording software: EvaluatEmperor Lite, Version 1.16-015, Forge Gauge:
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BFG 200 N (all Mecmesin Ltd., UK). Experiments with increasing piston velocities shown in the table
below were carried out with a new insulin-linker-hydrogel prodrug sample. The experiments with
water and ethylene glycol were carried out accordingly. For all of the experiments the same 30 G

needle was used. Force versus flow using a 30 G needle is shown in Fig. 16.

Flow / Flow / Velocity of Force /N | Force / N (insulin-linker- | Force /N
(sec/mL) (pL/sec) piston / (water) hydrogel prodrug 29) (ethylene
(mm/min) glycol)

6 167 573 13 36 83

8 125 430 10 29 62

10 100 344 17 24 51

15 67 229 4 22 35

20 50 172 3 17 27
Example 41

Preparation of hydrogel beads (30) and (30a) containing free amino groups

A solution of 275 mg 1g and 866 mg 2d in 14 mL DMSO was added to a solution of 100 mg Arlacel
P135 (Croda International Plc) in 60 mL heptane. The mixture was stirred at 700 rpm with a custom
metal stirrer for 10 min at 25°C to form a suspension. 1.0 miL N,N,N’,N’-tetramethyl-ethylene-
diamine was added to effect polymerization. After 2 h, the stirrer speed was reduced to 400 rpm and
the mixture was stirred for additional 16 h. 1.5 mL of acetic acid were added and then after 10 min
50 mL of water were added. After 5 min, the stirrer was stopped and the aqueous phase was
drained.

For bead size fractionation, the water-hydrogel suspension was wet-sieved on 75, 50, 40, 32 and
20 um mesh steel sieves. Bead fractions that were retained on the 32, 40, and 50 pm sieves were
pooled and washed 3 times with water, 10 times with ethanol and dried for 16 h at 0.1 mbar to give

30 as a white powder.

30a was prepared as described for 30 except for the use of 1200 mg 1g, 3840 mg 2d, 28.6 m| DMSO,
425 mg Arlacel P135, 100 mL heptane and 4.3 ml TMEDA. For workup, 6.6 ml acetic acid were added
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and then after 10 min 50 mL of water and 50 mL of saturated aqueous sodium chloride solution were
added.

Amino group content of hydrogel was determined by conjugation of a fmoc-amino acid to the free
amino groups on the hydrogel and subsequent fmoc-determination as described by Gude, M., J. Ryf,

et al. (2002) Letters in Peptide Science 9(4): 203-206.

The amino group content of 30 and 30a was determined to be between 0.11 and 0.16 mmol/g.

Abbreviations:

ACN acetonitrile

AcOH acetic acid

Acp-OH 4-(2-aminoethyl)-1-carboxymethyl-piperazine

Ado 8-amino-3,6-dioxa-octanoic acid

Boc t-butyloxycarbonyl

DBU 1,3-diazabicyclo[5.4.0lundecene

DCC N,N’-dicyclohexyl carbodiimide

DCM dichloromethane

DIPEA diisopropylethylamine

DMAP dimethylamino-pyridine

DMF N,N-dimethylformamide

DMSO dimethyisulfoxide

EDC 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimid

EDTA ethylenediaminetetraacetic acid

eq stoichiometric equivalent

Fmoc 9-fluorenylmethoxycarbonyl

HATU 0-(7-Azabenzotriazol-1-yl)-N,N,N’,N'-tetramethyluronium
hexafluorophosphate

HFIP hexafluoroisopropanol

HOBt N-hydroxybenzotriazole

1S internal standard

LCMS mass spectrometry-coupled liquid chromatography

Lys lysine

Mal 3-maleimido propionyl
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Mal-PEG6-NHS

MHA
Mmt
MS
MW
n.d.
NHS
PEG
PyBOP
rpm
RP-HPLC
RT

SEC
SRM
TCP
TES
TMEDA
Tmob
TFA
THF
TMEDA
UPLC
uv

VIS

PCT/EP2010/061155
184

N-(3-maleimidopropyl)-21-amino-4,7,10,13,16,19-hexaoxa-heneicosanoic
acid NHS ester

6-mercaptohexanoic acid

4-methoxytrityl

mass spectrum

molecular mass

not determined

N-hydroxy succinimide

poly{ethylene glycol)
benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate
rounds per minute

reversed-phase high performance liquid chromatography
room temperature

size exclusion chromatography

selected reaction monitoring

2-chlorotrityl chloride resin

triethylsilane

N,N,N’,N’-tetramethyl ethylene diamine
2,4,6-trimethoxybenzyl

trifluoroacetic acid

tetrahydrofurane

N,N,N’,N’-tertramethylethylene diamine

ultra performance liquid chromatography

ultraviolet

visual
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Claims

Biodegradable poly(ethylene glycol) based water-insoluble hydrogei comprising backbone
moieties which are interconnected by hydrolytically degradable bonds, the backbone
moiéties are characterized by Having a rﬁolécular weight in the range of from 1 kDa 1o 20 kDa
and having the structure C*-{A-Hyp),, wherein

C* is a branching core,

A'is a poly(ethylene glycol} based polymeric chain,

Hyp is a hyperbranched dendritic moiety,

% i5 an integer of from 3 to 16;

and wherein the hyperbranched dendritic moiety further comprises reactive functional

groups and interconnected functional groups.

Biodegradable hydrogel of claim 1, wherein the backbone moieties are linked together
through crosslinker moleties, each crosslinker moiety being terminated by at least two of the

hydrolytically degradable bonds.

Biodegradable hydrogel of claim 2, wherein the crosslinker moleties have a molecular weight

in the range of from 0.5 kDa to 5 kDa.

Biodegradable hydrogel of claim 2 or 3, wherein each crosslinker moiety is PEG based.

Biodegradable hydrogel of claim 4, wherein each crosslinker moiety is represented by one

polylethylene glycol) based polymeric chain.

Biodegradable hydrogel of any of claims 1 to 5, wherein each backbone moiety comprises in

surn at least 16 interconnected biodegradable and reactive functional groups.

Biodegradable hydrogel of ¢laim 6, wherein the backbone moiety has a quarternary carbon

of formula

C{A-Hyp)s,

wherein each A is independently a polylethylene glycol) based polymeric chain terminally
attached to the quarternary carbon by & permanent covalent bond and the distal end of the

polymeric chzin is covalently bound to a dendritic moiety Hyp, each dendritic moiety Hyp
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having at least four functional groups representing the interconnected and reactive

functional groups.

The biodegradable hydrogel of claim 7, wherein the backbone moieties comprise a branching

cére of the %ollowing formtila:

Aol

wherein the dashed line indicates attachment to the remainder of the backbone moiety.

The biodegradable hydrogel of claim 8, wherein the backbone moieties comprise a structure

of the following formula:

Ao Ot T

wherein n is an integer of from 5 to 50 and the dashed line indicates attachment to the rest

of the molecule.

The biodegradable hydrogel of of claim 8 or 9, wherein the backbone moiety comprises a

hyperbranched molety Hyp of the following formula:

5 .
NH HN f/
NH
0 N o /
; N N ©
HN H N %
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wherein the dashed lines indicate attachment to the rest of the molecule and carbon atoms

marked with asterisks indicate S-configuration.

The bicdegradable hydrogel of any of claims 8 to 10, wherein the backbone moieties

comprise st least one spacer of the following formula:

wherein one of the dashed lines indicates attachment to the hyperbranched moiety Hyp and
the second dashed line indicates attachment to the rest of the molecule; and

wherein m is an integer of from 2 to 4.

The biodegradable hydrogel of any of claims 8 to 11, wherein the backbone moieties
cornprise at least one spacer of the following formula:

O

0
%K/\O/P\/Oﬂg/\ﬁflk/\*

f

wherein the dashed line marked with the asterisk indicates the bond between the hydrogel
and the N of the thiosuccinimide group of claim 17,
wherein the other dashed line indicates attachment to Hyp, and

wherein p is an integer of from 0 to 10.

The biodegradable hydrogel of any af claims 8 to 12, wherein the backbone moieties are

linked together through crosslinker moieties comprising the following structure

Ao FordoX

wherein

g is an integer from 3 to 100;

Conjugate comprising a hydroge! of any of claims 1 to 13, wherein the hydrogel is composed
of backbone moieties interconnected by hydrolytically degradable bonds and additionally

carrying permanent tinkages 1o spacer molecules or blocking groups or combinations thereof.
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Conjugate comprising 2 hydrogel of any of claims 1 to 13, wherein the hydrogel is composed
of backbone moieties interconnected by hydrolytically degradable bonds and additionally

carrying permanent linkages to ligands or chelating groups.

Carrier-linked pllodrug comprising a biodegradable hydrogel of any of claims 1 to 13 as
carrier, wherein a number of permanent linkages of the backbone moieties exist each with a

transient prodrug linker L to which a biologically active moiety D is covalently attached.

The carrier-linked prodrug of claim 16, wherein the biclogically active moiety D is a

polypeptide, protein, oligonucleotide, or small moiecule biologically active moiety.

The carrier-linked prodrug of claim 17, wherein the biologically active moiety contains an
amine, hydroxyl, carboxyl, phosphate, or mercapto group and the non-biologically active
linker L forms together with the amine, hydroxyl, carboxyl, phosphate, or mercapto group a

conjugate D-L.

The carrier-linked prodrug of any of claim 16 to 18, wherein the transient linkage between D

and L is a carbamate, carbonate, amide or ester linkage.

The carrier-linked prodrug of any of claims 16 to 19, wherein the transient prodrug linker L
comprises a moiety L, which is substituted with a moiety L* and wherein L* is bound to 2

carrier group Z, which is the hydrogel of any of claims 1 to 13.

The carrier-linked prodrug of claim 20, wherein L2 is attached to Z via a terminal group having

the following structure

>‘S/¢‘11—-

[+}

?

wherein the dashed lines indicate the attachment to L” and Z, respectively.
The carrier-linked prodrug of claim 21, wherein the biclogically active moiety D comprises an
aromatic amine and wherein the transient prodrug linker L is a non-biologically active linker L

containing

i) a moiety L* represented by formula (VIIl),
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wherein the dashed line indicates the attachment of L* to the aromatic amino group

of the biologically active moiety D by forming an amide bond;

x* is C(R'R™) or @ cyclic fragment selected from Cs cycloalkyl, 4 to 7 membered
heterocyclyl, phenyl, naphthyl, indenyl, indanyl, tetraiinyl, or 9 to 11 membered
heterohicyclyl;

%2 is a chemical bond or selected from C{R'R®™), N{R®), O, C(R*R*)-C{R'R™), C(R’R**)-
N(RY), N{R®)-C{RR"™), C(R*R¥)-0, or O-C(R’R™),

wherein in case X! is a cyclic fragment, X* is a chemical bond, C{R’R™), N(R®} or O;

optionally, in case X! is a cyclic fragment and X* is C(R®R®), the order of the X*

fragment and the X? fragment within L* may be changed;

R*, R® and R® are independently selected from the group consisting of H, C1.4 alkyl and

_N(RSRSB);

R® R%, R, R®, R™ and R are independently selected from the group consisting of H,

and C,.5 alkyl;

optionally, ane of the pairs R®/R%, R™/R®, R®/R™ are joined to form a 4 to 7

membered at least partially saturated heterocycle;

RS is COIRS;

R%is Cy.qalkyl;

optionally, one of the pairs R™/R%, R¥/R™ or R*¥/R* form a chemicai bond;

optionally, L' Is further substituted.
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ii} a moiety L, which is a chemical bond or a spacer, and L? is bound to a carrier group Z
Y

representing the hydrogel of any of claims 1 to 13,

wherein 1! is substituted with one L? moiety, provided that the hydrogen marked with the

asterisk in formula (VIll) is not replaced by L%

optionally, L is further substituted.

The carrier-linked prodrug of claim 21, wherein the biologically active moiety D comprises a
primary or secondary aliphatic amine and a preferred structure for a prodrug of the present
invention is given by a prodrug conjugate D-1, wherein

D is the primary or secondary aliphatic amine-containing biologically active moiety; and

Lis a non-biologically active linker mojety -L! represented by formula (VI),

l}fa (|:|) R1 R
N @ X |
3. ~y e ‘ (vi),
R 27<R23 NTX
R H* O

wherein the dashed line indicates the attachment to a primary or secondary aliphatic amine

group of a bialogically active moiety by forming an amide bond;

X is CR'R™); NRY; O; CRR™)-C(R’R™); C(R*R™)-C(R*R™); C(RR™)-N(R®); N(R®)-CIR*R*);
C{R*R™)-0; or O-C[R*R™);

X! is C; or S(0);

Xis C{R?, R); or C(R”, R™)-C(R®, R™);

RY, R, R%, R, R®, R®, R%, R, R®, R™, R, R’, R”, RE, R® are independently selected from the

group consisting of H; and Cy.4 alkyl; or

Optionzlly, one or more of the pairs R%/R*, R™/R™, R®/R*, R¥/R™, R7/R® form a chemical

bond;
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Optionally, one or more of the pairs RY/R™, RY/RY, R*/R™, R*/R™, R'/R", R®/R® are joined
together with the atom to which they are attached to form a Cyy cycioalkyl; or 4 to 7

membered heterocyclyl;

Obﬁonally, one or more of the p-airs RY/R®, R/R®, RY/RE, R*/R®, R7/RE, RY/R® are joined together

with the atoms to which they are attached to form a ring A;

Optionally, R¥/R® are joined together with the nitrogen atom to which they are attached to

form a 4 to¢ 7 membered heterocycle;

A is selected from the group consisting of phenyi; naphthyl; indeny!; indanyl; tetralinyl; Cz.1a

cycloalkyl; 4 to 7 membered heterocyclyl; and 9 to 11 membered heterobicyclyl; and

wherein L* is substituted with one group L%-Z and optionally further substituted, provided
that the hydrogen marked with the asterisk in formula (VI} is not replaced by a substituent;
wherein

L*is a single chemical bond or a spacer; and

Z is the hydrogel of any of claims 1 to 13.

The carrier-linked prodrug of claim 21, wherein the biclogically active moiety D comprises a
hydroxy) group and the structure for the prodrug is given by a prodrug conjugate of formula
(X)

D-0-2°(X),

wherein

D is a hydroxyl group-containing biologically active moiety which is coupled to the maiety 2°

through the oxygen of the hydroxyl group;

2% is C{O}X"-2%; C(O)O-X-Z% 5{0),-X"-2% C{S)-X%-Z*; ${0),0-X°-2% S(O),N(RY)-X°-2% CH{ORY-X"-
7% C(OR™HORY)-X*-Z; CIOIN(R?)-X"-Z%; P(=0)(OH)O-X"-Z%; P{=O)ORY0-X-2%; P(=0)(SH)O-X°-2%
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P{=0)SRYO-X"2Z"; P{=O)ORY)-X"Z" P(=S)(OH)O-X*Z%; P(=5)(ORYO-X’Z% P{=S)(OHIN{RY-X’-
7% P(=S)HORYIN{RY)-X’-Z"; P(=0)(OH)N[RY)-X®-2; or P(=0}OR*N(R?)-X°-Z%

RY, R? are independently selected from the group consisting of Cy.¢ alkyl; or R, R? jointly form

a .CI_B alkylene bridg‘ing‘group;

X7 5 (X - (X )enzs

ml; m2 are independently 0; or 1;
X% is T

X™ is a branched or unbranched Ciqp alkylene group which is unsubstituted or substituted
with ane or more R, which are the same or different;

R is halogen; CN; C(O)R%; C{OJOR"; ORY; C{O)RY; COIN(R'R™); S{O):N(R'R™); S{OIN(R'R™);
S{0)R%; S{OIRY; N(RSIORN(R™R™); SR N(R'R™); NOy; OCIOIRY; N(RYCIOIR™; N{R*)SO,R™;
N(RYS(0)R™; N{R*IC(OIN(R™R™); N{RY)C(O)OR®; OC{OIN(R*R™); or T%

R%, R™, R® are independently selected from the group consisting of H; T% Cy alkyl; Cos
alkenyl; and Cpy alkynyl, wherein Cy4 alkyl; Cy4 alkenyl; and C,, atkynyl are optionally
substituted with one or more R®, which are the same of different;

R® is halogen; CN; C{O)R®; C{OJOR%; OR®; CIO)R% C(OIN(RPR®); S{O}N(RPR™); S(OJN(RERE);
S{0):R% S(OJR®; N{R®)S(O).N(R®R™); SRE: N{RSR™); NOy; OC(OJRS; NIRP)C{OIR™; N(R®)SO,RE;
N(R®)S{O)R®; N{R®)CIOIN(R™R®); N(R®)C(O)OR®; OC(O)N(RPR®);

R®, R®, R® are independently selected from the group consisting of H; C,.g alkyl; Cp alkenyl;
and Cy.s alkynyl, wherein Cy.q alkyl; Cy. alkenyl; and Cy.q alkynyl are optionally substituted with

one or more halogen, which are the same of different;

T is phenyl; naphthyl; azulenyl; indenyl; indanyl; Ca; cycloalkyl; 3 to 7 membered
heterocyclyl; or 8 to 11 membered heterobicyclyl, wherein T°, is optionally substituted with

one or more R’, which are the same or different;

R” is halogen; CN; COOR%; OR®; C{O)R®; C{OIN(RPR™); S[O)N{R’R®); S(OIN{RER™); S(O),RE;
S(OR% N(RY)S(ORN(R™R™); SR N{R*R™); NO; OC(O)R:; N(RYC(OJR®™; NIR®)S{0),R™
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N(R®IS{0)R™; N(R®IC(O)OR™; N{R}C(O)N(R™R™); OC(OIN{RER®™); oxo (=0}, where the ring is at
least partially saturated; C,s alkyl; Cy¢ alkenyl; or Cpg alkynyi, wherein Cyg alkyl; Cog alkenyi;

and Cy¢ alkynyi are optionally substituted with one or more R°, which are the same or

different;

R%, R®, R™ are independently selected from the group consisting of H; Cy.s alkyl; Ca.g alkenyl;
and Cyg alkynyl, wherein Cys alkyl; Co. alkenyl; and Co5 alkynyl are optionally substituted with

one or more Rm, which are the same of different;

R%, R are independently selected from the group consisting of halogen; CN; C{O)R'%
C(O)OR™; ORY; COIR™; C{OIN{RMR™); S(OLN(R™R™); S{OIN(RMR™); S(0)RY; S(OJRY;
N(R™)S{0),N{R™R™); SR™; N(R™R™); NOy; OC(OJR™ N(R™)C(OR™; N(R™)SO,RM%:
N{R*)S{O)R™™; N(R™)C{O)N(R™R™™); N[R™)C{O)OR™?; and OC(OIN(RM™R™);

R™, R™, R™® are independently selected from the group consisting of H; Cug alkyl; Cag
alkenyl; and C,¢ alkynyl, wherein C,; alkyl; Cas alkenyl; and C,s alkynyl are optionally

substituted with one or more halogen, which are the same of different;
Z'is a hydrogel of any of claims 1 to 13, which is covaiently attached to x°.
The carrier-finked prodrug of claim 21, wherein the biologically active moiety D comprises an

aromatic hydroxyl group and wherein the transient prodrug linker L is a non-biologically

active linker L containing

i) a moiety L represented by formula (1),
O
RS R2 >\ :
\N N
/ |
R R2e m R

(X1},

wherein the dashed line indicates the attachment of L* to the aromatic hydroxyl

group of the biologically active moiety D by forming a carbamate group;
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Rris selected from the group consisting of Cy.y alkyl; heteroalkyl; Cy7 cycloalkyl; and

R? R2?
~N
%
R3a R

R% R® R®, R* are independently selected from hydrogen, substituted or non-

substituted linear, branched or cyclic Cy4 alkyl or heteroaikyl;

mis independently 2, 3 or 4;

a moiety 1%, which is a chemical bond or a spacer, and L2 is bound to a hydrogel of

any of claims 1to 13,

wherein L! is substituted with one L? moiety;

optionally, L is further substituted.

Pharmaceutical composition comprising a prodrug of any of claims 16 to 25 or a

pharmaceutical salt thereof together with a 'pha rmaceutically acceptable excipient.

Prodrug of any of claims 16 to 25 or the pharmaceutical composition of claim 26 foruseina

medicament.

A process for the preparation of a hydrogel of any one of claims 1 to 13 comprising the step

of

{a) reacting a backbone reagent having the formula
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H,N NHZ —_

NH,

3)3
C‘v{\/\’}’\/w)\*j

o]

NH, 4

wherein n is an integer from 3 to 100;

with & crosslinker reagent of the following formula
o o o o g
0 M
éNhoMo/\* \/ﬂ:o g o—wb
0 0

wherein

g is an integer from 3 to 100;

each m independently is an integer of from 2 to 4;

in a ratio amine/active ester of 2:1 to 1.05:1, preferably resulting in a hydroge! loading of
0.02 to 2 mmo! amine per g hydrogel; and wherein the reagents are dissolved in an

aprotic soivent in the presence of a suitable base.

The process of claim 28, wherein the aprotic solvent is DMSO and the base is NN, N, N'-

tetramethylethylene diamine.
Hydrogel obtainable from a process of claim 28 or 29,
Hydrogel of any of claim 1 or 30 in the shape of a coating, mesh, stent or microparticle

obtainable by comminution by mechanical processes such as stirring, crushing, cutting

pressing, or milling, and optionally sieving.
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Process of claim 28, wherein the reagents are dispersed in an aliphatic hydrocarbon in the

presence of a suitable emulgator.

Process of 32, wherein the aliphatic hydrocarbon is n-heptane amd the emulgator is

poly{ethylene glycol) 30 dipolyhydroxy stearate.

Process of any of claims 28, 29, 32 or 33 further characterized by harvesting microparticles,

washing and fractionating according to particle size by mechanical sieving.

Process for the preparation of a pradrug of any of claims 16 to 25, comprising the steps of
{a) reacting a hiologically active mofety with the hydrogel from claim 30 to form a transient
linkage and removing unreacted biologically active maiety by washing and filtratfon;

(b} optionally, capping unreacted reactive functional groups with z suitable capping reagent

and removing unreacted capping reagent by washing and filiration.

Process for the preparation of a prodrug of any of claims 16 to 25, comprising the steps of

(a) connecting a spacer reagent with a biclogically active moiety, resulting in a biologically
active moiety-linker conjugate;

{b) reacting the biologically active moiety-spacer conjugate from step {a) with the reactive
functional groups of the hydrogel of claim 30 and removing unreacted biclogically active
moiety-spacer conjugate by washing and filtration;

{c) optionally capping unreacted reactive functional groups with a suitable capping reagent

and removing unreacted capping reagent by washing and filtration,

Process for the preparation of a prodrug of any of claims 16 to 25, comprising the steps of

(a) connecting a linker reagent with a biologically active moiety, resulting in a biologicaily
active moiety-linker conjugate;

(b) reacting the biologically active moiety-linker conjugate from step {a} with the reactive
functional groups of the hydrogel of claim 30 and removing unreacted bioclogically active
moiety-finker conjugate by washing and filtration;

(c) optionally capping unreacted reactive functional groups with a suitable capping reagent

and removing unreacted capping reagent by washing and filtration.

Process for the preparation of a prodrug of any of claims 16 to 25, com prising the steps of
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derivatization of the hydrogel of claim 30 by reacting said hydrogel with N-(3-
maleimidopropyl)-21-aminc-4,7,10,13,16,19-hexaoxa-heneicesanoic acid NHS resulting
in a2 maleimide-functionalized hydrogel and removing unreacted N-{3-maleimidopropyl)-
21-amino-4,7,10,13,16,19-hexaoxa-heneicosancic acid NKS by washing and filtration;
connecting a linker reagent with a biolo-gically active moiety, resulting in a biologically
active moiety-linker conjugate, wherein the linker comprises a free thiol group (-SH);
reacting the biologically active moiety-linker conjugate from step (b) with the
maleimide-functionalized hydrogel from step (a) at temperatures ranging from rocm
temperature to 4°Cin a buffered aqueous solution with a pH ranging from 5.5 to 8 and
removing unreacted biologically active moiety-linker copjugate by washing and
filtration;

capping unreacted reactive functional groups with a thiol-containing compound of 34-

500 Da and removing unreacted capping reagent by washing and filtration.

Process for the preparation of a prodrug of any of claims 16 to 25, comprising the steps of

(a)

{b)

{c)

(d)

derivatization of the hydrogel of claim 30 by reacting said hydrogel with N-{3-
malefmidopropyi}-21-amino-4,7,10,13,16,19-hexaoxa-heneicosanoic  acid NHS ester,
resulting in a maleimide-functionalized hydrogel and removing unreacted N-{3-
maleimidopropyl}-21-amino-4,7,10,13,16,19-hexaoxa-heneicosanoic acid NHS ester by
washing and filtration;

connecting a linker reagent with & biologically active moiety, resulting in a biologically
active molety-linker conjugate wherein the linker camprises a free thiol group {-SH) and
wherein the biologically active moiety comprises a disulfide {-5-5-) linkage;

reacting the biologically active moiety-tinker conjugate from step (b) with the
maleimide-functionalized hydroget from step (a} at temperatures ranging from room
temperature to 4°C in a buffered aqueous solution with a pH ranging from 2 to 5,
wherein the linker is connected to a thiol group and the biologically active moiety
comprises a disulfide (-5-5-} linkage and removing unreacted biologically active moiety-
linker conjugate by washing and filtration;

capping unreacted reactive functional groups with a thiol-containing compound of 34-

500 Da and removing unreacted capping reagent by washing and filtration,

Precess for the preparation of a prodrug of any of claims 16 to 25, comprising the steps of

(a)

derivatization of the hydrogel of claim 30 by reacting said hydroge!} with a low molecular

weight spacer reagent comprising a protected thiol group, resulting in a thiol



IP-TEMP
Rectangle


10

15

20

25

30

35

41.

42,

43,

(b)

(c}

(d)

(&)

198

functionalized hydrogel, wherein the thiol group is connected to a protecting group and
removing unreacted spacer reagent by washing and filtration;

deprotecting the thiol-functionalized hydrogel from step (a); and remaving the released
protecting group by washing and filtration;

connecting a Iihker reagent with a biclogically active moiety, resulting in a bioldgically
active moiety-linker conjugate wherein the linker comprises a maleimide moiety;

reacting the biologically active moiety-linker conjugate from step {c) with the thiol-

functionalized hydrogel from step (b} at temperatures ranging from room temperature

to 4°C in a buffered aqueous solution with a pH ranging from 5.5 to 8 and removing
unreacted biologically active maiety-linker conjugate by washing and filtration:
capping unreacted reactive functional groups with a maleimide-containing compound of

100-300 Da and removing unreacted capping reagent by washing and filtration.

Process for the preparation of a prodrug of any of claims 16 to 25, comprising the steps of

{a)

(b)

(]

{d)

(e)

derivatization of the hydrogel of claim 30 by reacting said hydrogel with a low molecular
weight spacer reagent comprising a protected thiol group, resulting in a thiol-
functionalized hydrogel, wherein the thiol group is connected to a protecting group and
removing unreacted spacer reagent by washing and filtration;

deprotecting the thiol-functionalized hydrogel from step (a); and removing the released
protecting group by washing and filtration;

connecting a linker reagent with a hiclogically active moiety, resuiting in a biologicalty
active moiety-linker conjugate wherein the linker comprises a maleimide moiety and
wherein the biologically active moiety comprises a disulfide {-5-5-) linkage;

reacting the biologically active moiety-linker conjugate from step [b) with the thiol-
functionalized hydrogel from step (a} at temperatures ranging from room temperature
to 4°Cin a buffered aqueous solution with a pH ranging from 2 to 5, wherein the linker is
connected to a thiol group and the biclogically active moiety comprises a disulfide {-5-5-)
linkage and removing unreacted biologically active moiety-linker conjugate by washing
and filtration;

capping unreacted reactive functional groups with a maleimide-containing compound

of 100-300 Da and removing unreacted capping reagent by washing and filtration.

A pradrug obtainable from the process of any of claims 35 10 41.

A process for preparing a needle injectable prodrug comprising the step of
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{a) preparing a prodrug according to the process of any of claims 35 to 41 in the form of
microparticles;

(b} sieving the microparticles

(c) selecting a fraction with a prodrug bead diameter of between 25 and 80 pm.

(d). suspending the bead fractié:n of step (cj in an agueous buffer solution suitable for

injection.
Needle injeciable prodrug obtainable from the process of claim 43.

Prodrug obtained from claim 43, injectable through a needle with an inner diameter of less

than 300 pm.
Prodrug of claim 45, injectable through a needle with an inner diameter of less than 225 pm.

Prodrug of claim 45, injectable through a needle with an inner diameter of less than 175 pm.
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