WO 2011/ 012719PCT/ EP2010/ 061160 1. Long acting insulin conposition Field of
the invention The present invention relates to a pharnaceutical conposition
conpri si myoaniymsubi n conpound, use of the conposition, paTmPRéodenbo
treatment, a kit of parts, as well asiconbination treatnment with a 5 GLP-1
conmpound, such as a G.P-1 agoni st. The pharnmaceutical conposition can be
adm ni stered | ess frequent than current long acting insulins and is
characterized by the rel ease of structurally intact insulin over the ful

ti me peongacthetinadin cathpositish r ati ons wi th substantially no burst of the
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stomach and gastrointestinal system 20 Alternatively, inhalable insulin
dehpvepgekdrBipgh an inhaler into the lungs was comrercially available for
a limted period (ExuberaO, Pfizer discontinued in 2007). This fornulation
provided insulin for a period of hours, still requiring patients to
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in order to be able to predict the plasna gl ucose lowering effect of the

adm nistered insulin, Additionally, in the case of nmultiple adm nistrations
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insulin for a period of hours, still requiring patients to continue injecting a long-acting basal insulin.

Further disadvantages of the inhalable insulin included manufacturing difficulties resulting in a
cost-prohibitive delivery system. As a result, all commercially available insulin formulations must

25  be administered either by subcutaneous or intravenous injection.

The plasma profile of the various available insulins are characterized by having different plasma
profiles. Said plasma profiles can be described by having a maximum and a minimum plasma
concentration which is dependent on the formulation and type of insulin used. It is of high

importance to obtain a plasma profile which is as reproducible from patient to patient and within



Current standard basal insulin therapy consists of daily or twice daily
adm ni strations of long acting basal insulins such as NPH insulin, insulin
gl ar gi ne wo 20ngubkiim detem r. Though devel opnent of newePCirEPadincan@l ogs
has aimed to reduced the variability of insulinotropic effects, the glucose
| owering effect of these long acting fornulations are still characterized
by large inter- and intra- 10 subject variations as described by Heise et
al. (D abetes, 2004 (53), 1614-1620). In this study insulin detemr
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2008( 70yatmgif M\Bag@@af/@-sﬁza@etﬂogmﬁémoﬁ}sm181%1]~s 20 conjugated to a 40
kDa PEG pol yner through a 9-hydroxynet hyl-7-(am no- 3-

mal ei m dopr opi onat e) - fl uor ene- N- hydr oxysuci ni m de spacer nol ecul e.

Hydrol ysis of said spacer nolecule releases insulin with a half life of
approximately 30 hours, neaning that the prodrug nust be adm nistered at

| east every 30 hours in order for the peak to trough ratio to be below 2 at
steady state.



25 O her attenpts of reducing the insulin dosing frequency have been nmade.
Hi nds et al (Journal of Controlled Release, 2005 (104), 447-460) describe a
met hod ofwpreduaemig a once weekly insulin, by first perramaEreétp/0PHGY| at i ng
the insulin nolecule and then subsequently m croencapsul ati ng the PEGyl at ed
insulin in PLGA mcroparticles. PLGA encapsul ation of proteins has been
shown to cause side reactions of the polyner esters with peptide or protein
am no groups. Lactic acid 30 acyl ation products have been observed after
exposutfethoinjtdien fmqwmb;abf mRgint tocabudrt eowdd bs md:dmtécb misis daiikely\ﬂ&t the psychological
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the presence of three disulfide bridges in the nolecule. For instance,
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Such dISU fide reshuffling Is parti
Pharmaceutics and Biopharmaceutics 2008(70), 19—28) and WO 2004/089280). The insulin is
20  conjugated to a 40 kDa PEG polymer through a 9-hydroxymethyl-7-(amino-3-
maleimidopropionate)-fluorene-N-hydroxysucinimide spacer molecule. Hydrolysis of said spacer
molecule releases insulin with a half life of approximately 30 hours, meaning that the prodrug must

be administered at least every 30 hours in order for the peak to trough ratio to be below 2 at steady

state.

25  Other attempts of reducing the insulin dosing frequency have been made. Hinds et al (Journal of
Controlled Release, 2005 (104), 447-460) describe a method of producing a once weekly insulin, by
first permanently PEGylating the insulin molecule and then subsequently microencapsulating the
PEGylated insulin in PLGA microparticles. PLGA encapsulation of proteins has been shown to
cause side reactions of the polymer esters with peptide or protein amino groups. Lactic acid

30 acylation products have been observed after exposure of the formulations to buffered solutions at



25 insulin nolecules are forced into close contact in a random way
("Stability of insulin: studies on the physical and chem cal stability of

i nsul i n iwophavareneuti cal fornul ation", Jens Brange, SpPChg@e)100884). This
intrinsic lability of the insulin nolecule has significantly hanpered
progress in |long-acting depot devel opnent and prevented the use of other

pol ymer formul ations where insulinis WO 2011/012719PCT/ EP2010/ 061160 5
encapsulated in a way simlar to an anorphous precipitate which is well
known haitgl pH. (NseBioechani tu&0degi2zasat fherm pRadut ( £9%) 863-R¢R; fRharm dkdsem$i ve
disulf:ﬁﬁ eﬁﬁh§$9 The rate of side reactions is further influenced by the
concen % insulin, with the rate being higher when insulin is
present in high concentration. It is therefore challenging to fornulate
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t he dose dependi ng on several physiol ogical factors, including pancreatic
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i's not uncompon for tients to reqU|re 40, 11U of inpsulin o r ay.
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shoul d be fornulated in a small volune, for exanple one mlliliter. It is

t her ef BHbsuiapeoybisue. Forthermere stch FFRGylatedsipgylion wilt bty lorer diptibyieu viohme,

formul a}hicﬁrﬂs ot‘ rtaf Bisdd¥EniS: ﬁ%ttfe%ﬁﬁéapop&aue&%ul inis at |east 10 ng/nti,
while still | easing structurally 1 ntact 1nsulin and dlsplaylng a
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exanpl e as being formul ate according to the disclosure.
Howev e frugtipenudijoas andogant lpad ﬁorwlgmptedwtqbi@ glucose response in subJects treated with such

formulation.

Therefore the challenge remains to develop long-acting insulin without compromising the insulin

20  pharmacodynamics effects by permanent attachment of a high molecular weight entity.

The situation is further complicated by the fact that insulin is known to readily undergo side
reactions that are related to the presence of three disulfide bridges in the molecule. For instance,
insulin may be split into A and B chains by disulfide bond cleavage or dimers or oligomers may be
formed due to disulfide interchange reactions. Such disulfide reshuftling is particularly likely, if
25  insulin molecules are forced into close contact in a random way (”’Stability of insulin: studies on the
physical and chemical stability of insulin in pharmaceutical formulation”, Jens Brange, Springer,
1994). This intrinsic lability of the insulin molecule has significantly hampered progress in long-

acting depot development and prevented the use of other polymer formulations where insulin is



25 to provide a formulation with sim/lar pharnmacokinetic profile to native
protein, hence not to provide a sustained rel ease. US2007/0207210 Al

t her ef or ewodaes/metioof fer a solution to reduci ng the dosiPag/Hre@gueney of
insulin. WD 2011/ 012719PCT/ EP2010/ 06X160 6 Definitions Sone rel evant
definitions for understanding the present invention are explained herein
bel ow. As used herein the term"substantially no burst” or "substantially
burstl ess"” (both terns are used interchangeably in the present description)
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"burst” IS intended to nean that upon administration of an insulin
conpoun& 'SRi ch may be a prodrug or an active insulin conpound, the ratio
of the peak concentration of a detectable insulin conpound in blood plasm
during TE‘?Téfqua rlqre 484 (eéar seedk fos moseintorg getingt Preprrationg 19t arsuliy el ccan@wayshor

intra ’ctutrﬁlytl gCtl s\{Yﬁ? tthr&%ﬂ%ﬁ'ﬂhé fré) erR)fd b%tvx%%ﬁ g&ﬁl%%'ﬂ%tl&[é h@%# !1‘3 tHe

conpoun asma a ncentration during t Irst 48
hour s a@frmeetttmanhtmmﬂ maéltratmwbqt\se@ thr hlblneghfmd lowest meslpen esnof codetngetidnnig oeder

| ngyl i, & 8%’9%{1 ioPtoB'l ﬂlﬁlﬁ Meniritls L'b“ AL ’ﬂgnﬁp%foPEp&E%

structura ormo nlnls ére rnsftTn co n case the
insulin conpound is a prodrug, the detectabl e insulin conpound will be the
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the term"a G I's Intended to nmean any G ound, such as
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t hat am@icAnthel@abedntration of insulin is at least 10 mg/mL, while still releasing structurally intact
insulin and displaying a substantially burstless pharmacokinetic profile. Furthermore, as a
consequence, it is an object of the current invention that a single dose of the long acting insulin can

20  be administered as a single injection of the formulation, containing at least 10 mg insulin

compound.

US2007/0207210 A1 describes a method of preparing amorphous microparticles of high molecular
weight proteins, and in particular antibodies. Insulin is mentioned in an example as being
formulated in up to 400 mg/ml according to the disclosure. However, the object of the invention is
25 to provide a formulation with similar pharmacokinetic profile to native protein, hence not to provide
a sustained release. US2007/0207210 Al therefore does not offer a solution to reducing the dosing

frequency of insulin.



WO 2011/ 012719PCT/ EP2010/ 061160 7 (iv) GLP-1 and and am dated GLP-1, (V)
GLP- 1- anal ogues and am dated GLP-1 anal ogues, in which sequences one or
nore am rwoaeildieAasi dues have been repl aced by differenPCarmPaoiaobdesr esi dues
including N-term nal nodifications, (gvi) truncated GLP-1 and truncated
forms that are amdated, 5 (vii) truncated GLP-1 and truncated forns that
are am dated, in which sequences one or nore am no acid residues have been
repl aced by different am no acid residues, (viii) the already known

subst abefigitibhE- 0010( ZP- 10) ( Sanofi - Aventi s Zeal and Pharma), BAY-73- 7977
(Bayer), TH 0318 , BIM 51077 (Ipsen, Tejin, Roche), NN 2211 (Novo Nordi sk),
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administration is 2 or higher.

In respect of detecting an insulin compound in blood plasma, such insulin compound may be the
structural intact form of the administered insulin compound or in case the insulin compound is a
prodrug, the detectable insulin compound will be the intact insulin compound released from the

20  prodrug, such as human insulin, insulin analogs, insulin derivatives, and fragments thercof.

As used herein the term “a GLP-1 compound” is intended to mean any GLP-1 compound, such as
GLP-1(7-37), GLP-1(7-36)NH2, a GLP-1 analog, incl. a GLP-1 agonist. Examples of GLP-1

agonists as used herein are GLP-1, exendin-3 or exendin-4 agonists including but not limited to:

(1) exendin-4 analogues and amidated exendin-4 analogues, in which sequences one or more amino
25 acid residues have been replaced by different amino acid residues including N-terminal

modifications,

(ii) truncated exendin-4 and truncated forms that are amidated,

(i11) truncated exendin-4 and truncated forms that are amidated, in which sequences one or more
amino acid residues have been replaced by different amino acid residues,
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In particular, as used herein, biologically active nDIecuIes i ncl ude any
subst aAsais¢chib@nidelt feon “sltimgma:igi mfaccims@in ¢ontfjogad’i iSnnteiided ad meead intgnt insulin
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addition, the A-chain contains an intramolecular disulfide-bridge. Loss of the intra- or
20 intermolecular disulfide bridges or rearrangements of the two chains, like A-A or B-B homodimers
cause insulin inactivation. Structural integrity is measured by digesting the insulin with a suitable
endoprotease, like, for example endo-gluC, and analyzing the resulting fragments by mass
spectrometry. Absence of signals resulting from single insulin chains indicate intact insulin. As
used herein, the term “prodrug” is intended to mean an insulin compound that undergoes
25  biotransformation before exhibiting its pharmacological effects. Prodrugs can thus be viewed as
biologically active moicties containing specialized non-toxic protective groups used in a transient
manner to alter or to eliminate undesirable properties in the parent molecule. For instance, the
prodrug may be a biohydrolyzable amide and biohydrolyzable ester and also encompasses a)
compounds in which the biohydrolyzable functionality in such a prodrug is encompassed in the

30 compound, and b) compounds which may be oxidized or reduced biologically at a given functional
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pri nci phesmagekinggepronerties andithas canehapasily teparesgevivoj wuilht rvdedrelyioabenyage.
t hr ee- di nensi onal, hydrophilic or
The linkers employed in such carrier-linked prodrugs are transient, meaning that they are non-
15  enzymatically hydrolytically degradable (cleavable) under physiological conditions (aqueous buffer

at pH 7.4, 37°C) with half-lives ranging from, for example, one hour to three months.

Suitable carriers are polymers and can cither be directly conjugated to the linker or via a non-
cleavable spacer. “Insulin-hydrogel prodrug” refers to a prodrug, in which the insulin is transiently
20 linked to a hydrogel carrier. The terms “hydrogel prodrug” and “hydrogel-linked prodrug” refer to

prodrugs of biologically active agents transiently linked to a hydrogel and are used synonymously.

"non

The terms "drug", "biologically active molecule”, "biologically active moiety", "biologically active
agent", "active agent", and the like mean any substance which can affect any physical or

25  biochemical properties of a biological organism, including but not limited to viruses, bacteria,
fungi, plants, animals, and humans. In particular, as used herein, biologically active molecules
include any substance intended for diagnosis, cure, mitigation, treatment, or prevention of discase in
humans or other animals, or to otherwise enhance physical or mental well-being of humans or
animals.

30
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advantageous properties in vivo such as duration of action, onset of action, and the like, or b) is

20  biologically inactive but is readily converted in vivo by the subject to the biologically active

principle.

As used herein the term “a hydrogel” is intended to mean a three-dimensional, hydrophilic or
amphiphilic polymeric network capable of taking up large quantities of water. The networks are
composed of homopolymers or copolymers, are insoluble due to the presence of covalent chemical
25  or physical (ionic, hydrophobic interactions, entanglements) crosslinks. The crosslinks provide the
network structure and physical integrity. Hydrogels exhibit a thermodynamic compatibility with
water which allows them to swell in aqueous media. The chains of the network are connected in
such a fashion that pores exist and that a substantial fraction of these pores are of dimensions

between 1 nm and 1000 nm.



25 Pro. Al'so, Asn at position A21 may be nodified to Ala, Gn, GQu, Qy,
Hs, lie, Leu, Met, Ser, Thr, Trp, Tyr or Val, in particular to Ay, Ala,
Ser, or TWo:2andiprieferably to Ay. Furthernore, Asn at pOIiEPR@0/0BA6MAY be
nodified to Lys or Asp. Further exanphgs of insulin anal ogues are des(B30)
human insulin; des(B30) human insulin anal ogues; insulin anal ogues wherein
PheBl has been del eted; insulin anal ogues wherein the A-chain and/or the
B-chain have an N-term nal extension WD 2011/012719PCT/ EP2010/061160 11
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formally can be derived from the structure of a naturally occurring insulin, for example that of

human insulin, by deleting and/or exchanging at least one amino acid residue occurring in the
20 naturally occurring insulin and/or adding at least one amino acid residue. The added and/or
exchanged amino acid residues can cither be codable amino acid residues or other naturally

occurring residues or purely synthetic amino acid residues.

The insulin analogues may be such wherein position 28 of the B chain may be modified from the
natural Pro residue to one of Asp, Lys, or lie. In another aspect Lys at position B29 is modified to
25  Pro. Also, Asn at position A21 may be modified to Ala, Gln, Glu, Gly, His, lie, Leu, Met, Ser, Thr,
Trp, Tyr or Val, in particular to Gly, Ala, Ser, or Thr and preferably to Gly. Furthermore, Asn at
position B3 may be modified to Lys or Asp. Further examples of insulin analogues are des(B30)
human insulin; des(B30) human insulin analogues; insulin analogues wherein PheB1 has been

deleted; insulin analogues wherein the A-chain and/or the B-chain have an N-terminal extension
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azéfi dPhe &-oxbtane HfZ’rﬁIéZtaan%H qPW arrCHtZﬁPbrﬂéme IﬁSFrZFI@)he' ®Vkkol ha two

| m dazlficd O AABRLADGre IRKELEPIE Y EREO! BARE by BYBAU S C OXABILABEN may be

i soxazol e, 1soxazoline, thiazole, thrazoline, |soth|azole |soth|azolrne
thradr&?&%@ibxh@@@ﬁaﬁélrne t et rahydr of uran, tetrahydrothi ophene, 10
pyrrolidine, imdazolidine, pyrazolidine, oxazolidine, isoxazolidine,

t hi azol i di ne, isothiazolidine, thiadiazolidine, sulfolane, pyran,

di hydr Apys@irheretilethlead:mdr(bpylﬂaﬂ mdans aladbyli Od;ihinél,avipgﬂi @i cagbon p‘gomsdagiiﬁpt;esent

P P82 oftane B ST B BEME A BT b iBOBUS ks, gBLORAC! By

honopi pettazylepentyl, n- hexyl or ¢.g. -CHj-, —CHZ—CHZ—, -CH(CHs)-, —CHz—CHz—CHz—, -CH(C,Hs)-, -
C(CH3),-, when two moicties of a molecule are linked by the alkyl group. Each hydrogen of a Cy6
alkyl carbon may be replaced by a substituent.



15 As used herein the term"9 to 11 nenbered heterobicyclyl” or "9 to 11
nmenber ed het erobicycle" neans a heterocyclic systemof two rings with 9 to
11 ring awomnmsil/oabape at | east one ring atomis shared bycCharhowiongso and
that may contain up to the maxi num nugper of double bonds (aromatic or
non-aromatic ring which is fully, partially or un-saturated) wherein at

| east one ring atomup to 6 ring atons are replaced by a heteroatom

sel ected fromthe group consisting of sulfur (including - 20 S(0)-,

- S( 0) 2A)xcordinglye'Candlkyl’'t mogs ran(eil]rgdldhdihrtgvi:ngl(IODo- )8 antonvatermsiand e s eilkn;g”i s

i nked to the rest .of the l.ecyl e via n itrogen atom

For o geps o R by ik BrSERHpE e, BefBRY, X gk o PR
benzot hinafheres0 datdzawarol e, benzi soxazol e, benzot hi azol e, ben2|soth|azole,
benzi m dazol e, benzi m dazoline, quinoline, quinazoline, dihydroquinazoline,
qui nol i ne, di hydroquinoline, tetrahydroquinoline, decahydroquinoline,

I sogui p@hbd¥enereir hed@EARY,A) Akt BAK iaRanch&f Jraiamhéneaqgaéhﬁ%mﬁ%vm 2 to
di hydroi soqui nol i ne, benzazepine, purine or pteridine. term9 %o 11
nenber 8¢ c#beEeBS. @ﬁclfé’f%ﬁlﬁ%té‘t heendia melspyle -S4 mCéﬂ;C&I Hwacﬁz@%— ixe
é :Zgl B@I(I?(glflgﬁ% 5 %Obﬂlf@hd@ﬁé@ﬁz,%r ebé @%@Pﬁ%ﬁé@%&'&#ﬂ%&ﬂ& K€a molecule are

y | oct ane used herein the termthe term

" phar mhlkeadt byc Hicl 8,1k<aw1: gptuab Fech h:ecbmgena@fpa cﬁze@I atbtyn%\ qatlpul o by rgdacedeiycy such
as the I r » r Lonal .

regul a L@Wg&?ﬁc I@f s&@fﬂeﬁ AE&?dlﬁgﬁ‘ tqu er ag? q&Xtegttor'rg ﬁ%lggﬁ %%Lmth at
201Q/0kﬁibﬁ@@ﬁhﬁﬂ%ﬁi@kﬁﬁm&BﬁuﬂmpmmwusameMemeﬁﬂnphémnénmnﬂgmamnaceutica
conposition"” or "conposition" neans one or nore active ingredients, and one
or nore inert ingredients, as well as any product which results, directly
or i ndiAs @edd hereiit therereOTisnalkigi; meosaltexnahddost vabraag@d aghylahaiafhasiny 2two or
nore of the ingredients, or fron1d|SSOC|at|on of one or nore of the

i ngr edP&Krgon @Pﬂlﬁ’r%ﬁqléf’ﬁé@t el ihesné et p &arlequish sCarHy itk &Ez-@HmC 6Fe or
mor e ot ke d ol &fli eNte-cAGRA B Bb¥kticd bea %%cm@%?yhm%a'bg RO h 1'g9§§)npoun |

the preésént invention enconpass any conposition nade
of 15 hequhemeingen rof en€i- mmllamdl aarpxhammabeutmlmﬂlw aa@tdn@mmablae fevthﬂrpp@xu&led

(pharngpeu [acce rrier q .9 dru r@ [s to
CCOr 1n re atcs to a arbon C a}m Wl at ‘lest .ong car on ¢ OIl I‘i
the drug 1 hn unnndl armacol ogi ¢ y active forn1 suc after

bei ng bmide@@&ﬁhaﬂy,mar mofeydmbledbomjsug@t(&cur Dry conposition” rreans that t he

i nsulin hydrogel prodrug conposition is provided in a dry formin a
container. Suitable methods for drying are spray-drying and |yophilization
(freezesdiyd Rekin healndry. compaRyli @n'@f; dydisalkyinidpy dhegela picadnkgl bisn a
residuE .wat er _content of g maxi num of 10 15 Wbl%referabl | ess than 596and
morP@ pPEFRE A ¥ CFRSR AoRMN VRIS (R RV RiCHEEN-SHBYT SRRy hdkarine gt ereryiallrhe

pref er cRela @t @gdcy@fo fifpyl r&gclb@ut*ly@%ﬁ%ﬂeh@ﬁtdy@lﬂhexyl—W?@l’&héx'eﬁﬁd o RRES . tHaOR"

means t hat the |nsu dr oge mer prodrug c osition was first

fr ozenhﬁdi@lgemﬂfs@em@ﬁkkwcaém @@x b@lr cwébféua splesdifieent. die pymrgansyelipalked ge ed
pressure ﬁ}@foalkgﬁg LAl P g% O Bri B b%eﬂey@kﬁe gﬂﬁoha&rm'no%\ﬁb&g ARLERm BN ch

occur |n t turing process prior I'I'ng the conposition At o
t he fi ais QOloallyldimeens a ¢yiclpalilil havingt3 tod' cal(bbne@m drying) is a dehydration
prggcess, characterized by freezing a conposition and then reducing the
surroundi ng pressure and, optionally, adding heat to allow the frozen water
in theAmaﬂmngbtfﬁﬂmt@wbahmemadkr@cyMy ﬂkﬁanhg 3abild phhseamnmgag Cis
Typlcall t he subli nmed c b subl
BB conStis e Rahle N g R R ey H b Y B 1 B HEoBF Yy na
f or m otycor@apestibi&yl. The term “Csio cycloalkyl” also includes at least partially saturated
carbomono- and —bicycles.
30
As used herein the term "Halogen" means fluoro, chloro, bromo or iodo. It is generally preferred

that halogen is fluoro or chloro.



"Reconstitution solution” refers to the liquid used to reconstitute the dry
conposition of a insulin 30hydrogel prodrug prior to admnistration to a
pati ent iwonerdithereof. WO 2011/012719PCT/ EP2010/ 0611®@0TER201Q0nt186 Ner "
means any container in which the insuhin hydrogel prodrug conposition is
conprised and can be stored until reconstitution. A "therapeutically
effective anount”™ of an insulin conpound as used herein neans an anmount 5
sufficient to cure, alleviate or partially arrest the clinical

mani f eas a‘sdddmseimﬂleaergi Wan 7o drse hatetbdytlyl"oo r‘m)td Tabmbasd héteroaymnmneaasiequat e

to acca h this i def| "theaeu a effectlve

E7 1 ot PR vt s o S S do G’ TP e b R s St pf IR s

di s eals l(amggﬁaticméufoyi-aa@ém Hingaghlblh & foktl girtiaAlR chr g@Aetuddted twéﬁeﬁ:u@ it lehxe ostIBpgCt .
It w e under.st oo t hat et m nin p riare osage. ma e

achi evBa™E Vgt FRALPHE 2 BRIASS taahﬁit%ﬁamfwe 5?@39%@? BGUR Cﬁ%ﬁﬁlflé Efrulfuf
10vel uggcladify tS{@ ] rmo L)f by RAtnPRLBES (it Iddy PO Pand WGt thé rifg lls IKedi N

t he ordi nary ski ? trai ned physician or veterinary. "Buffe or
"buf f efd K Sefetit the rr@qléfrl%e VG EERPBAT st wes Exmplstaiontiat fo t7h@e@bprp¢1 a

desi r efoL3PHGs ErQYa"'éeQJhBQ' G;Eb'tdn)é Rlﬁét%{@tfﬁﬁnb%éﬁ{eﬁe aprold, Ofy AR Eida R UM

phosphat e, 'succinate, hi ‘st di ne, bi carbonate, citrate and acetate,
sul phatreldammqr,awmol@hpmzocﬂ@e cwm]v,aqxezolm,t la@xaa@le,sla@w@lglewglqa@{ﬁzﬂmzomm

may b elsg{h%%ollése%oth%l%]tn%r ! Ci tﬂ%laﬁ%hg " Exgtléa:ﬁg H}I‘&g gL aGElPdITDPI?Oth mb ounds

condi t1ons nost sensitive o
adnd ni pmleidlet ogehhdiding pjrrazdielirtehexapbaim@ as@geqﬂtdmef dnazekémp,l sothia2@lidine,

ant i - cCEIRRTORS guRPRR Brinhe TR vt RORREpERYY Gritfdianfiiing

agent Spyﬂnﬂamv &iyrazing, mmadma,qﬁ@e,razﬁmep@mdlm ﬁf(bi‘phdiﬁye lharagolelutihzoty; triakolplie:,
functions. A "lyoprotectant” is a.nol ecule which, when conbined with a
pr ot ei Ff’trﬁTOhidH]tee‘¥%€ePanes?7§WPf’ PEXIINPSSEINGr event s or reduces chemical and/ or
physical instability of the protein upon drying in general and especially

during lyophilization and subsequent storgg . Exenplary |yoprotectants
i néP udés dgglicsein dedpmas’ Yublr BerdbYrd batembicydd: oam ol lagicadersddytegbicycle

MDNOS Ogjehtiy agﬂlét'érééyéhé‘sﬁ{enhbisﬁa}oqﬁﬂyé‘ 1w1{H3§ ’R)Vi B NASmMS Ue @t IBRE 8hd'8ng At¥@Ltik Opi €
salts such as magnesi'um sul fate; polyols such as trihydric or hi gher sugar

al cohobharedebyghothylinasendl that mey eentdie sp 10 1 Prsimsim menbes pf dubledpnils Gromatisiobi t ol |,
o, TeROLl 05 STF Rl AL EDE. 8 el (PRI SV sl
conbi nang @mslStahmreebtcd bw\@h@t@mvo@nmemwrdnﬁﬂmom@msmg of sulfur (including -
20 S(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. 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,
25  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.

As used herein the term the term “pharmaceutically acceptable” means approved by a regulatory
30 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.



16 "Surfactant” refers to wetting agents that |ower the surface tension of
aliquid. "lIsotonicity nodifiers" refer to conpounds which mnimze pain
t hat can we=unioitTiom cel | danage due to osnotic pressur @eCifPe@wmnnes at t he
injection depot. 5 The term"stabilizejs"” refers to conmpouds used to
stabilize the polymeric prodrug. Stabilisation is achieved by strengthening
of the protein-stabilising forces, by destabilisation of the denatured
state, or by direct binding of excipients to the protein.
10" Ant As aldesidtepﬁtilh inr tage r]ﬂlsr‘hlalcaft'ﬁalscomposta'mn‘l of “Canmpaiton” memssi aniot neu iciet ant S
or other€ﬁ4 ‘f or soluble p %gegs used to coat O{@ﬁ' orb go ﬁltlvely
to theShi{ER sf’f? 4%t ?Of%léle%dﬁ% TS SR ST B Maduct B rﬁS“éSn it¥ &t i on
and t ypﬁlreétlyeﬁsmmbmrﬁtnad@peM§1emOh beagidatén éfanbewaviomeedf ttingryditalbty a
nnnola¥ surfactant is faorpmed at. the interface %qgt ahove the CMC
val ue. 198" Pf&ateqnoqf OBf 8 Bt B rihaggisisntsy ey ofher XTAgHoRSOr é‘ﬁ%‘fﬁ%??s
ascor bhe oRE bidimoRCSHOMhB 8ngrBdEME. ONcBRIingly, Qﬁébﬁuﬂﬁ&utlé@'%@ﬁlpb%nﬁc{ﬂrt% reBaE i N,
pol yet hyl eni m ne (PEl), propyl gallate vitam n E, chelating agents such
aus ci {IFFRICACREMEDTAY Weap o e &y admpixigglayremppEndaefithe present invention and
"Anti ”‘aﬁﬁé?&'a@éuﬁcaﬁ@fa%e%ta%fé é%mﬁféﬁﬂ&pﬁ%a@é&ﬁ%&%%@epﬂ%ﬁécal‘ﬁelri s or inhibits the
growt h of mcroorganisms, 20such”as bacteri'a, fungi, yeasts, protozoans
and/or destroys viruses. "Sealing a container” neans that the container is
cl osed. h pay i e en
the out &Pt " ol Bl i8R i hmp BELESHIG B B8R, PARDCRAR R 8
251@haaﬁa¢emgndahhyﬁamegphabke&mmgmmeant t o enconpass any exci pi ent and/ or
additive, which does not interfere with the effectiveness of the biol ogical
activity of the active ingredient and that, is not toxic to the host to
whi ch I'Dryl @ngdsitioin’Sieme that the instilie hly@foge! pred@e tdriposioe ﬁ§prb01dacnini atgrioedi at e

or starting naterjal used in th assenbl y pracess n rodrug of
the pr BB FEnH r#l%‘ﬂe o s A TR S P Yéﬁ?’é%‘?‘béﬂg ﬂf’%ﬁée@ of

" chem sadh driio&hp&rRan oFiduRin gydeeﬁ@[ Protifigag HexyiubiGy A& dn@Ah raGhdxvatB df 10
derivatives, amno, naleim thiol and derivatives, sulfonic acid and

ded vals wseferablyr lsonter S3ndandanqrg Arefoebly lesy hamale (determinsd; aegerdipgsto Karl

hydr Oxyf{sche@ qﬁ@}ﬂf&@eneﬁ%&ﬁ@i oﬁ‘c}{'ﬁﬁlgﬁ B’% hlh%%ﬂam%ﬁhlhieﬁ%m BENAh&ms that
phosphoric ‘aci d and derivativeS, phosphonic aci'd and derlvatlves

hal oac#wyipsulig|hygiogplatoldess pregdevgy Pwpossloarws dirsieffozan pwhsm@calemhfsafomeﬁﬂé@i
h
m chael, f%?&gﬁitﬁ)'h%’y }{% é’ftdlesul @P%%?V'Thlﬁerﬁﬁ%’d 0%/' J8¢ hcﬁ;’?ﬁelﬁc‘ékltf%%gf’é,}{élad?}lﬁg

disul fid i nyl
d|azoaMhannbmhdwam@acémyhmmﬁwpmmgdswﬁ&xpn@n@ filing the icoiplsiteon intd fheafinal
chgglc f.unctional group is coupled to another chem cal functional group,

thé reslvl1%g 10chem cal structure is referred to as "linkage". For

exanpl e, the reaction of an amne group with a
“Lyophilization” (freeze-drying) is a dehydration process, characterized by freezing a composition
and then reducing the surrounding pressure and, optionally, adding heat to allow the frozen water in
the composition to sublime directly from the solid phase to gas. Typically, the sublimed water is

25  collected by desublimation.
“Reconstitution” means the addition of a liquid to bring back the original form of a composition.

“Reconstitution solution” refers to the liquid used to reconstitute the dry composition of a insulin

30  hydrogel prodrug prior to administration to a patient in need thereof.



carboxyl group results in an am de |inkage. "Reactive functional groups”
are chem cal functional groups of the backbone noiety, which are connected
to the hywerbrizmehed noiety. 15 "Functional group” is tReTEPRIOObIIGE t erm
used for "reactive functional group”, 1¢degradabl e i nterconnected functional
group", or "conjugate functional group". A "degradable interconnected
functional group” is a |inkage conprising a biodegradable bond 20 which on
one side is connected to a spacer noiety connected to a backbone noi ety and
on the“@mhanﬂ§hdamiamomnmemtedwhmhﬂhénmﬁosoﬂmg&nmqkm@b@hymﬁmhést@nmﬁmd
"degradapl e |ntercoE ecte unctional group”, "biodegradable |nterconnected

funct|8 an e S un ﬁ%&ﬁ%%hﬁected bi odegr adabl e functional group" and
interconnected funct|onal group are used synonynously. 25 The terns

"bl ocki,n rou " cappi [foup" .are used synon sly and refer to
moi ot | Ao TN 1%&”@ EFeVoi 15119 O Btk SOE0 ot 160 BF e P B an YPIEHs to
renger st tocaRabli®ief o 8%@&1 thé cfifEal AN Riosl Sffb ¢Akn lilBEE M ak
groups. WO 2011/ 012719PCT/ EP2010/ 061160 18 The terns "protecting group" or

"pr ot eém}@atg%u@n gt gdeqyaty RorceeyPivhi Bis 1 sdofiavk psi BRPPABIHEC EEF!IVD
react i YQofn HefeLAl anﬂfuﬁtél?’ér dafh 5&?95‘% ﬁl%@ﬁ@n‘d%ﬁ@%’v@rﬁ%ﬁh@ ARG M ﬁrg ab Or

exanpl e other chem cal functio roups. 5 The term' |nterconnec
f unct i vallasghowsight endsnard sdie il cﬂ@ﬁ SIihlmtit on&lbegu@srﬁsb,odvmthtﬁt%@mnilg: Apat e

in a radi i i 0 byl | i
r cagenti e HUT it B ARl Rl BB iRl b D R AR or
group"VMeﬁemﬂtﬁbnghéﬁ%@@bmﬁ@ﬂ@ﬂwomahxgﬂodpszﬂwwummﬂpanmhonbﬂmoﬁ@hnumd
Iigatlog Q%p 3, nerlzatlon reaction and are part of the crosslinker

r eagenP AT REC L %bone reagent. For interconnected functional groups, the

ternt"hydrolytlcally degradabl e" refers within the context of t he present

i nvent |, 9 i ges mhgc are non-enzymatically . droI radabl e
under 1BUHyS] uﬁfat REAECRO AP OHE™ E tﬁ}? éf?/al m;stff %?t%dd

hal f -1 Pﬂﬁ%lég%hﬂlynﬂ)lérét@dn wiRrshaky, fof dxBmBR, NBBMRS ,phb@ﬁht@deuccmte attlgldm:t
limted. to, aconltyls acetal s, carboxylic anhydrides, esters, imne

hy dF az Bifedonaiq cistA mdzeriatc oy, nigpichehleridee PRIV ANFiT Helsas Mg(OH), of

phosphegebensy RNARPNRSL | BilreRk E‘Jaﬁam?' Yy bESHRIRd BUhkORi Sid{ohs RéPMALI C
car banat es, conblnatlons t hereof, and the like. Preferred biodegradable

||nkage§$ﬂweﬁoﬁiﬁ@%9Wic esters, carbonates, phosphoest ers and sul fonic 20
acid esters and nost preferred are carboxylic esters or carbonates. It is
understood that for in vitro studies accelerated conditions |ike, for
exanpl eExaquhkeds” BRG toaqmrqmusdsmdfrﬂieﬂsteredetygdd@r wetdthe dhrergpenind agsat, fpjwmorp@s.
connecF fge%ngoalg%&tx bl%. Cc%:nbcrp nlplg(gﬁers,i per{:: ervae nlﬁeso rs}ta?h%er% taﬁﬁ adat Po?lea(%g q%, o|X1dat10n

cr ossl prokdctigh mgenst §r other auxiliary agents. However, in some cases, one eX01plent may have dual

or triple functions.

A "lyoprotectant” is a molecule which, when combined with a protein of interest, significantly

25  prevents or reduces chemical and/or physical instability of the protein upon drying in general and
especially during lyophilization and subsequent storage. Exemplary lyoprotectants include sugars,
such as sucrose or trehalose; amino acids such as monosodium glutamate or histidine;
methylamines such as betaine; lyotropic salts such as magnesium sulfate; polyols such as trihydric
or higher sugar alcohols, e.g. glycerin, erythritol, glycerol, arabitol, xylitol, sorbitol, and mannitol;

30 cthylene glycol; propylene glycol, polyethylene glycol; pluronics, hydroxyalkyl starches, e¢.g.
hydroxyethyl starch (HES), and combinations thercof.



WO 2011/ 012719PCT/ EP2010/ 061160 19 The term "derivatives" refers to
chem cal functional groups suitably substituted with protecting and/or
activati omognowpg7ier to activated forns of a correspondiPol/EPR@0iocabo
functional group which are known to thge person skilled in the art. For
exanpl e, activated fornms of carboxyl groups include but are not limted to
active esters, such as succinimdyl ester, benzotriazyl ester, nitrophenyl
ester, 5pentafl uorophenyl ester, azabenzotriazyl ester, acyl hal ogenides,
m xed Ofurfyamétrefecad wamnminy dgdndaBbat lavesrlthd surfdazionséon oFhdiquelr m
"non-enzymatically cleavable linker" refers to linkers that are
hydrol yti cal | y degradabl e under physi ol ogi cal conditions w thout enzynmatic
act i vi t'igotodiity ModifiisOrefdt ®adohpoatsiwtécH mit@fZe palahs dn rdstk Eonmntblicduntiges not
show tHe har macol ogi cal. effects of the drug (D-H) derived fromthe
bi ol ogf¥HPIYMGLS FrostirsiiErgcesiidhg igjepiiondsgdicer *, “spacer group”, "spacer
nol ecul e", and "spacer noiety" are used 15 interchangeably and if used to
describe a nmoiety present in the hydrogel carrier of the invention, refer
t o any Thoteeny sebiliegp] wfrvio wameuds isad ta webilies Be pelymeye prpdaye. Srbdigatipniiy| |
C2_50 altgRy loy Qenfdicnifly aF thic %Ydtein-‘éﬁbﬁi@in@ TEgLenf ddspARbdRNAlYdchh bRt ed by
one or nore groups seleécted from-NH, -N(Q 4 alkyl)-, -0-, -S, -C(0)-,
- C( 0) NPk by dieohingiay of ekcipiduds|ty the pr@ei@( 0) -, -S(0)-, -S(0)2-, 4 to 7 nenbered
het erocycl yl, phenyl or naphthyl. 20 The terns "termnal"”, "term nus" or
"distal end" refer to the position of a functional group or |inkage wthin
a nol etAhteadworption egants”whferseb ynaguie tonfeunaibi-dovad sugfactapts waythbepratetk enadatilc
functignal group and the |jnkage. be a degradabl.e or pernmanent |.inkage,
char ac BT cBat 4 et AR S R S o RE  batindh Do
noi et i €kowrh cahcehtigti@nahdofpast eldigairelkcpardolonphd yifedt it€ b2 aebidedbut Wcally a
2011/ 012719PCT/ EP 010/.0?116(8 2g The_phr as%s ! hn g/féj}?ag form or "noiety"
refer POPQEYTOf PUEFENES [YRPCH 87 BIPEFTIUYRPAvq BF § f%cul e. The phrase "in
bound forni is used to sinplify reference to noieties by namng or listing
reagents, starting materi gl s.or hypothetical starting materials well known
i n 1P he “@rifatiognproteRiiane pRents) Helsutn AN AN thetei sast e orcide esigHIce MSHEOTdRe: nor e
hydr og ?Iﬁ_ta'ﬂﬁ&’de? BlofothioblycerBl, nRR8, MlydBY1&iRG:! (BB Mpﬁ‘}{allﬂéﬁiﬁﬁﬁﬂ BIcHIBHPS
present in the reagents or starting materials are not present in the
noi et yagants sieh A §Ene pad EQ Hathexdphospbeatgehioglysel aeh et i es conpri sing
polynmeric noieties refer to macronol ecul ar entities known to exhibit
variabilities with respect to nolecular weight, chain

“Antimicrobial” refers to a chemical substance that kills or inhibits the growth of microorganisms,

20  such as bacteria, fungi, yeasts, protozoans and/or destroys viruses.

“Sealing a container” means that the container is closed in such way that it is airtight, allowing no

gas exchange between the outside and the inside and keeping the content sterile.

25 "Pharmaceutically acceptable” is meant to encompass any excipient and/or additive, which does not
interfere with the effectiveness of the biological activity of the active ingredient and that, is not

toxic to the host to which it is administered.

The term “reagent” refers to an intermediate or starting material used in the assembly process

30 leading to a prodrug of the present invention.



| engt hs or degree of polynerization, or the nunber of functional groups.
Structures shown for 10backbone reagents, backbone noieties, crosslinker
reagent s,warndiianessl i nker noi eties are thus only represeararevme/oedanpl es.

A reagent or noiety may be linear or hjanched. If the reagent or noiety has
two termnal groups, it is referred to as a linear reagent or noiety. If
the reagent or noiety has nore than two term nal 15groups, it is considered
to be a branched or multi-functional reagent or noiety. The term

" pol y( hdyrarehghigdduhctivasiegoyd| ryfeer foccactvay !’ acid afiPk@Evhiad eldrictiaesn amiref er s

to an ol | go-, or, .pol i.c_nol ecylar chain. 20Preferabl suc ol.y(.et hyl ene
oy ool SPlsSie Ry bl ek tten “FilhBlsn AR B A TP aer Y cGe SR

| ihnegr ceﬂBeLﬂj{e(teta]ﬁw &ﬁeatcgjiey,ﬁ@wroﬁﬁahlﬂehyaé,hm&ncdg lgaﬁﬁmg,r ésbqamatb,s isotiiveeaiaed to
the branchjng core and the other to a per.br anche endritic. yoiety. It is
under s PERSANYT ﬁl%ﬂé@@ﬁ&%?%ﬁ@ww RV ARl aHinﬁltﬁg? &ty al ky!
or aw .8 QRS QRh-BAR! hnkakRS inkibkRd ddtdphorfiet8lRmb OaEn&Ndike hﬂ?i Corides,
functional groups. 25 WD 2011/012719PCT/ EP2010/061160 21 If the term

"pol y( Bydgneanaing| dieulfifes dike dpysiivl isuifedee namp - sulfeng s wigyl fretops.e dispradkapes. o
crossl ket RagRBhnds! dxifafl 8h$atifdife.Cr 0Ssl i nker noiety or chain conprising
at least 20 weight % ethylene glycol noieties. 5 As used herein the term
"a", "an", and "the" and simlar referents are to be construed to cover
both the singular and the plural, unless otherw se indicated herein or
clearly contradicted by context. Description The present invention rel ates
to | onlf achimgali fugctidnal groepas avimed torndhegatheimmelfinstiom) egrage theBesalting 0

inguli ong..acti formulations of jnsulin or. anal ogs. of |nsulj

oty gnBeS s B LR Ak Bonot BBy e Rl RBP AR B

Opt i matdroxtyhegrobp ewdtghuc esélcilmkiger eby effectively controlled in a sustained
manner during the entire dosing interval. The present inventors have

di scovered that an insulin conmpound can be rel eased froman injectable
depot, such as subcutaneous, continuously in structurally intact form

bet ween_adpi nistratjons . . . .
nReactlve unctlona{ groups” are chemical functional groups of the backbone moiety, which are

connected to the hyperbranched moiety.

15

22 (3

“Functional group” is the collective term used for ‘“reactive functional group”, “degradable

interconnected functional group”, or “conjugate functional group”.

A “degradable interconnected functional group” is a linkage comprising a biodegradable bond
20  which on one side is connected to a spacer moiety connected to a backbone moiety and on the other
side is connected to the crosslinking moiety. The terms “degradable interconnected functional

group”, “biodegradable interconnected functional group”, “interconnected biodegradable functional

group” and “interconnected functional group” are used synonymously.

25  The terms “blocking group” or “capping group” are used synonymously and refer to moicties which
are irreversibly connected to reactive functional groups to render them incapable of reacting with

for example chemical functional groups.



15 without seeing any burst effect. Structural integrity of the rel eased
insulin conpound is provided by a well-hydrated polyner matrix m nim zi ng
i nt er nol evol2aryaaernwact of insulin nolecul es. Further nor eCTRP2@00dNg a
burst of insulin the risk of harnful g§de-effects in a patient is reduced.
The present invention reduces the risk of hypoglycema follow ng

adm nistration due to lack of burst-like insulin rel ease, reduces the risk
of hyperglycem a at the end of the dosing period, reduces 20the injection
fr equemhg/tenam‘@rqﬁeahﬂgcgampb oetiretetblegroups udfem td emelety Whichlsoodryiblasomettad a
patien t her object .of the current .inv ion tag provide.a nove
basal IStk TeRap P BEREE o¥m gnafl oF Ficta AT ok Sherbile BUY ey
basal fumstidrahgdoggl mens and provi des a high | evel of safety by rel easing
structurally intact insulin over the full time interval between injections
and typically, with a peak to trough ratio |less than 2. 25 Further
advantages w |1 be apparent when reading the present description. WO
2011/012719PCT/EP2010/061160 22 insulin conpound in blood plasma for at

| east 3hgidg@n “tnjgcenertyblat fupicspl gtpupouietsrs do gche%ll%efkn%lpn%gr@ups which

char acbﬁ{lblﬁﬁg iRYa }Eh@‘i’dapgo ?ml@ﬁ?dﬁ@ﬁ-%&@tlﬂﬁtahg ] 931"['0? th@ MdsVithkW tddgent or the
substantially no burst of the insulin conpound. Such a concentration wl|l
vary f Pskbenghpasent. t o subj ect and depend on the t herapeutic windowin an 5
i ndi vi dual subject, but in order for a therapeutic effect to be present
during at |least 3 days, e.g. a week (i.e. about 7 days) the concentration
is typically at |east about 10 ng/m, e.g. nore than 10 ng/m .

Ao oOr Crflohn b Ak NG ARASELS f}sfeﬂr@%ﬁ&ﬁwsflr}xﬁ%haq L R
pharnaceutlca onmposition comprising an Insulin co

coneentr atigaionéypegtolyneagttidhOreagiomlane harpagtod rthezcedssblykeh aepery aad @ backbone
pharnacoklnetlc profile in vivo with substantially no burst of the insulin
conpouﬁ ““%n a further aspect the present invention relates to a
pharnaceutlcal conposition conprising an insulin conpound in a
concentration of at least 11 ng/nL to be adm nistered in a single dose of
at least 10 ng of the insulin conpound. As used herein a single insulin
CONPOURE 1d£é&5ﬁ)nhééte@l Aniliohd) gfiiip8 et ©eM ClefEd Aidalip d@fracdablel Rgets mhih&h@@cmmu nd in

a phar euti cal nposi fion is ven in he .insu nd IS
a prod gﬁéﬂe PE??@“&BYF@EW% FOa@sﬂ@ﬁe% \ghlsllé§@@%ﬁ%ﬁt¢?¥>&@ﬁf@%@ll@§ B%b?? B

i ngyl i BhyfsioMBidal BsHduEns BYuBRE Bads: avpHl 7.Ksove) W ith hA1R1ifdstrangdld QbR bAe Aburdo
conmposi tion are subjected to insulin-releasing conditions (aqueous buffer

pH 7. thrg7monts, eleds. huhtaeri neloHanted dhsacanitgy, epeteledogsbyxylipranhydrides, esters,
si gni f{gant h?tﬁﬁz%ﬂése 'nﬁléa&?d“ Al CORQent 6ﬁﬁd OQstér§ é&ﬂéﬁhmﬁeéng%ﬁﬁo&%ﬂ'

amount of released I'nsulin is determ ned der st 0o In the
case ophasphasiylecsicay silyd esfers crufnnic te@tt:rlswom@i%@wmayswmbwmsgh@reof and the

uant |18 I BRI Al i REu e TRON MEULLA! 15 L SREBho LYED S e

concentration o nsul' 1 n-conmpound “I' S at 1%as romi11l
nglkod  hoad 3Gemphdrinosteferrpd @t entbeglylitSesyy arlcatbon&s. s nhderﬂmtelnhaft(f091nprlecb er r ed

b namrfimet B Blsrad Sy SRG P sratr i 3L YRS, fe b i B w7 O

SYri nggracti@l purpedag.ect, such as a human, is preferably less than 1.5 n,
typically 1.0 m or less. WD 2011/012719PCT/ EP2010/ 061160 23

A backbone moiety may comprise a spacer moiety which at one end is connected to the backbone

25  moiety and on the other side to the crosslinking moiety.



In a further enbodinent the ratio of the peak concentration of the insulin
conpound in blood plasma during the first 48 hours after adm nistration,
such as swbecotizmenas or intramuscul ar injection, to thePComEP410/061160
concentration of the insulin conmpoundi4n bl ood plasma after the peak
concentration during the first 48 hours after admnistration is | ess than
2, typically less than 1.5. 5 The above enbodi nents as well as the

enbodi ments to be described hereunder should be seen as referring to any
one of Théerasfhedtsivde'sefdrd edcliveriail fuasione | drowgs saitably nebstfutddheitle plochtingnt s

described herein unless it |.s specified that an enbodinent.relates (o a
ortai fCupelifip HgSar b ssh Py FEREPLAER o T Rt SHOR bR B iond fSubifn
conposhiikabwh $o thy peeéd bkillal i6 eid 40 IFoLekadPld, u@wited Yo I0f catphil giaugs maludasul i n
10 conBound agd.cparacterized b deliyeriqg th% i nsulin conmpound to the
manmmal PR HIYSERiSH AR AdlVE fSteachich s iRy SSiSb RERaRITazY hsich diiEqphpay] ester,
experi patfthordpRerdyl Sitbr hzabsiibiary B0 dbyrBalogéids PRACIBE %‘ﬁhrﬁ&ﬁbaﬁ apiyQbibse 1S
nmeasured in rmammal i an bl ood pl asma, such as hunman bl ood plasma. Pl asna

i nsul i ACYEBAEE9IT at i ons can be measured with commercial ly avail abl e ELI SA
kits by relating the results to a calibration curve obtained from an
insulin standard. 15 For statistical significance the experinent is run
with a suitable nunber of biological and technical replicates and the nean

and e ap, ¥ ahgesn Ak Cal (bRl iher2lS to filerLin 491 Iyt hige!
vari abi ln?%y Iﬁﬁgn ur%lﬁag{b' d(gér?gotg?r@%r %Ehée@coorlrpc%ﬁfot ?Jong?lg@(?wg?%&%%&?e@@by
exhi bi tideg plyspdedical conditmng bvithatticazyofatit egwityhan 2, typically | ess than 1.75,
preferably less than 1.5, or even less than 1.25. 20 In a still further

enhedi ment the conposition is characterized by a continuous rel ease of a
structurally intact insulin conpound over the full time period between

adm ni strations. . "Conti.nuoys rel ease" refers to.,an uni.nterrupte e] ease of
oult ooy iR RS ARERTTRE YR H5 b8P P BBl B R

adm ni gierdaid (OnH) dsivall fbmaké bialeglehlBathetosty. such as about 110 hours,
typically at |east a week, such as 1-2 weeks or even longer. 25 In a stil
further enbodinent the insulin conpound is a prodrug. In a further

enbodi ment the insulin conpound is a carrier-linked prodrug. In a stil
further enbodinent the insulin gonmpound is a gascade prodrug. . WO

2011/ 0The 1'§1¢ST/ BRSO 0/ BT B ThePHFodPRlgeWray B atitfti Sto6ed %S wed

I gyl dint@bilg@sly2andal UddaB defcriB€ la, m@Ety "PRYseREin GRNERIrSRH chrfiePo @R Hven®n, EVEN
be integrated in a depot, so that the depot is functlonlgg as a prodrug. In

a furt i tespoaicisheuitehle fPeapneaing Giip priics. suehas s sy aiCnecklkanyordepot .
The t enm yf,'\!vlhhc)ﬁ ﬁfa%ﬂ{eﬁf i@%ﬁit'ionra {/ﬁﬂ(iél{u%%dﬁ)g%ﬁpgﬁ moferkrgﬁrﬂs Ghedi&fForh D H—,lﬂ?/@lc_’f the

drug, 1.e. insulin, 1s 5 presen t wat er-fraction after adding 1 m of
wat er & @lkyDrd -Gof -Btep6tQ)- mPMYH-, ahdOpar atkiyhg 1 he(@epdi(Of-r oMhe4water. I n

a Stilhw&%&%@ﬁ%%% (%ghggpﬂ‘ﬁggm> ot is a polyner gel, such as a hydrogel
0 e depo

In a further e is a well hydrated polyner matri x.

20

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

25  chain.



The insulin conmpound nmay be contained in the depot in several ways, for
instance the insulin 10 conpound can be bound in a non-coval ent manner or

t he i nsulwo 2eompeound is coval ently |inked to the depot, PaiEPRO1d®POLO Wi t hout
limtation is selected froma polyner,gel, a hydrogel, or a well hydrated
polymer matrix. Non-limting exanples for suitable polynmers are polyners
that are capable of formng quasi-infinite three di nensional well-hydrated
nol ecul ar networks. Such hydrogels are chem cally or physically crosslinked
f unct i dhalphmed ﬁn‘mmdeMmctbnﬁmbkgémeﬁﬁtpamyahkyhmxyMﬁasew pot pfrer krder ke

pol y(propyl e | ycol.) ,or I 4eth gene extr chi t.osa
bvat ot BiRrbuge Ty b Rl Bobs S S e i edes SERIER vCliri B B nne
agar oS esag&@y, ktattiag enateiriaaroc hypdaydﬂlr(:mmﬁﬂyrhatsﬁm wHll kided) in @litchr hite¥hereby “in

car bohydr at e- based nmers, V|n | coho oxazol i nes)

pol y( aﬁ‘ﬁif@ fP‘E’l‘és‘)leanb bEXH! §‘}°r L&Hﬁ%eéé?ch@%%(t g'g )%%B%PWWP&%@HB%)
pol y(aeF dlyrbiegtlt%(\gr&% pre@éﬂtYl{ e "réﬁ Mt sesartiSiihteAds are not present in the moiety.
pol y( hydr oxypropyl net hacryl am de) (HWA),

20pol y(acryl at es), pol y(nmet hacryl at es) | i kepol y( hydr oxyet hyl net hacryl ate),

pol y(or ganophosphazenes), poly(siloxanes), poly(vinylpyrrolidone),
poly(c¥anoacrylates) pol y(esters) such as poly(lactic acid) or

pol y( gltyéolungcraiepdisthat 5| yqapenthGear a@w&@%sgompﬁ@mg(mimemacm@gt}%s Ul 4%

POl Y (Ot RMofcBE it B b XShR: ¥ hli38egin Y848l B G ERRYIBLS, ATt ed
copol yners, cross ed polynmers, rogel s, and 8E copoly omthe
above kmghe@r25§p©b9mebgwnmheseomﬁkymmﬂsrnﬁfmsemwég&wpba&hb@ne;ﬁmmetkes or
cross- L hki et n f 0, nmers
o 835 RN BB AR GRTR OB Rt L SRR B B B RE B o

| n addrdpraentitove@kamgdaeri ¢ or pol yneric cross | i nking noi eties of the

pol yner types |listed above, | ow nol ecul ar cross-Ilinking noieties may be
used, especially when hydrophilic high-nolecul ar wei ght backbone noieties
are used for the fornation of hydrogel prodrug carriers. WO
2011/0%ﬂ%19PCT/EP2010/ 160 2 Mﬁ, to mnimze inter-insulin contact
on t he rfETeBLITAROIPIERAY GeSIB’F O 3&%‘5 LT $PhYi RS des Wﬂ@ﬁ&%ﬁ’@s t he
vel | - hxdicrired ted ¥ MMBarddehXor rhl@mgem@@u@ag&ﬂ&mrﬁkgetms BRraaihh eve deriynal

coval ent linkage of insulin to the p iymsr and by using linkers that cleave
i nlaquesyes énwnélﬁﬁ@ﬁfo '%ftalﬁé%ﬁhF%P”BHtl' nfélloa%r%?wwo Y-structural |y intact
insulin is ensured. S5Preferred is a polyner-linked insulin prodrug that has
essentially no bioactivity, said property causing all insulinotropic
activity to be attributable to released insulin. Thus, by engi neering of
the re p i I _ ot he

1o+ U FESENPAATRILIES pRlol AR PROEMR oo oBMp SRR Ol COR B GNEL oo
r el evanelymgnemplepdhi chpies provi ded by the nol ecul e, and such 10 preferred
functionalities provided by the biogenic amno acids are typically sel ected
from guani di no, i m dazole, indole, carboxy, carboxam de, prinmary and
secondary hydroxyl, phenol, and primary am no. For instance, human insulin
gﬁ‘gotsgg{)c%co !él?’l sHth]? ;/({/'glvficﬁ ﬁla/':c%:%asc ;a)olgﬁtnlcr?cs chafifis tggl}mr%lctcg gmbﬁrgx o dcieoirc rl mary
furthen hemia (pdiy(mhl}tleﬂc@ydobajhhmmfc,\ohﬁﬂomemmhs 9 Icemhebted tdére prandiiitig cearand er

ei t her coval ent to elth r of t he i ne ieties either/or
The N HEIHRE 8 O PErEHERTDIEREHES moichi i Riog Btk RGP aH sy B
CONPOURgminated drNinridpted IKUAIRYI &NR9HIoFRAE obtichaly csdbsﬂ@taf withpieadroasaytaheal |y
acceptabl e salt thereof conprises an 20 insulin |inker conjugate DL,

wher ei Ahoicad finstiei 80P i nsulin noiety; and -L is a non- blologlcally
active linker noiety -LI represented by fornmula (1), WO

2023/ 012719PCT/ EP2010/ 061160



26 X is C(R3R3a); or N(R3); Kila, R3a are independently selected fromthe
group consisting H NH(R2b), N(R2b)c(u..-s)R4 and Cl14 alkyl; 51 2 2a 2b 3
4 R R R ,Wo.2R1R12me i ndependently sel ected fromthe groepTErRe0s6ilng of H
and Ch4 al kyl, wherein LI is substitubed with one L2-Z and optionally
further substituted, provided that the hydrogen marked with the asterisk in
formula (1) is not replaced by a substituent and wherein 10 L2 is a single
chemi cal bond or a spacer; and Z is a hydrogel. 15 In case the conpounds
accordﬁmgeUanémﬂﬂhmykhQgb@ﬂb&mmdqmﬂmmnmnnmm?asm¢MCmmmﬁhasé¢ognnmgﬁm«ihe

Lot col BBl 15 SREpranrE eared SRR RAPEPEaRERERERT WeieiF rdtbilinecry

utilizablieicsal ts. Thus, the conpounds of the fornmula (I) whi ch contain
aci di c groups can be used according to the invention, for exanple, as

al kali metal salts, alkaline earth nmetal salts or as ammonium salts. Mire
preci se exanpl es of such salts include 20 sodiunlsalts potassium salts,

cal ciumsalts, nagneshyghgalts or salts with ammoni a or organic anlnes such
as, 5 ofs axdrisTean the e i 198 > a8 kAo mﬁl%ar rﬁﬂere@fsr?é%tﬂ DerRORYIUSH tsAvADPUR | ds.
CO”DOUEH@%m%ﬁlaF b1 thopImal, %nﬁeks) ot MHVER iE ROk RI R r NG &Jarl%&ﬁragﬁ%d%y%ﬁﬂéﬂs L. e
groups whi ch can be protonated, can be present and can be uséd according to
the invention in the formof their addition salts with inorganic or organic
aci ds. Exanples for suitable acids include hydrogen chloride, 25 hydrogen
brom de, phosphoric acid, sulfuric acid, nitric acid, nethanesul fonic acid,
pt ol uePesauiptioni ¢ aci d, napht hal enedi sul fonic acids, oxalic acid, acetic
acid, tartaric acid, lactic acid, salicylic acid, benzoic acid, formc

aci d, WhOPiQdHt Gnvasiish remtesacbu@ngagdtﬂg ishuBh ngépaﬁﬁbﬂ Coraisl,indiBh Qav&ag@c Bdsal
succinic acid, pinelic acid, funmaric aci mal eic acid, malic acid

sUML® ardmplins 6§ hmg ﬁﬁ@}%/foﬁ%lﬁ’il%ﬁloé ins]i or gnaleasmf dnsylin designsd ¢ Brimicihe dasal

i soni cafshi %ut%ﬁﬂ Qf tHed faaﬁfoFea@& ibGka &ﬁk p@ﬁtuﬁé&l;ﬂtheaﬁlgo@%hﬁéiéefs l?e@ébgseﬂ‘&ﬁ%t 0

t he person skil in the art. If the conmpounds of the fornula

si mul t e9ndiolled in wﬁﬂlaﬁdnma@iedﬂ@mmﬁhe %@@ ¢osggonteyal.n t he nol ecul e, t he
invention also includes, in addition to the salt forns nentioned, inner

sal ts The pRicat rmesntérz%&d §i5do818d thatl icink@BRRGipbR] &albk $clcdEA frorn an injectable
2011/0 2719PCT/E 10/ 061160 27 accaqrdin t.he formula ( can, be

obt ai nEePhySUEl A8 GREFUAISRYHh CARITNRTEH l%rsg‘l%w& iptgct; émp‘é‘it%‘i?ﬁ %dﬁlP’ISTéﬁlqnﬁ t he
artsl i Kz@thoﬁt@éeu?%x%%t Bbfe@ Mtk ﬂﬁeéﬂ?ﬁ§ﬂh¥%@l&s&ﬂnﬁﬂﬁ%ﬁmﬁoﬁfd it ?n%ﬁl@dﬂbﬁ aci d
or base in a solvent or dispersant, or by anion exchange or ion exchange
with ofheelldudeisd molsmer assny MmiBHINOANEMqIE | erast afrfl 1@&1111 smgleclpre
Conpouﬁ?he%orteh@y ?IV%HEQ éa"olfrét)of Yf{@hlﬁhﬁle EYQ Bihab Rl Q¥e- eéed?s}ﬂ{%'r?gﬁ&g 'isc[@éuiced.

conpatibility, dre not dlrectly suitable for use in ceutical s but

whi ch n be used, .for exa e, as.internedi ates. for chem.cal, rea S or
for t hi HPERHY é‘E‘iGBHOIbfedb‘FFé?ﬁf‘a’é‘@ijP? Bwoglycepip EI%W% adnginigtratipp SP%F%E“F% ?
f or mul But@ﬂ DikeRRsulli ré1843k.a6AReHMe kidk &F hyperglycemia at the end of the dosing period, reduces

20 the injection frequency, and provides predictable insulin levels in blood plasma in a patient.

It is a further object of the current invention to provide a novel basal insulin that requires less
frequent injection than current daily basal insulin regimens and provides a high level of safety by
releasing structurally intact insulin over the full time interval between injections and typically, with

a peak to trough ratio less than 2.
25  Further advantages will be apparent when reading the present description.

In a first aspect the present invention relates to a pharmaceutical composition comprising an insulin

compound in a concentration that is sufficient to maintain a therapeutically effective level of the



10 Preferably, in fornmula (1) R is replaced by L2-Z. Preferably, in
formula (1) Xis N(R3). 15 Preferably, in formula (1) X is C(R3R3a) and R3
i's N(R2b)wo@pRa12Apef erably, X is C(R3R3a), R3a is N R2IBCTIEP2010/061160
Preferred prodrugs of the present invemtion conprise an insulin |inker
conjugate D-L, wherein L1 of 20fornula (1) is represented by fornmulae (la),
(I'b), (lc) or (ld): R28 I Il HR3 W 2011/012719PCT/ EP2010/ 061160 28
R2a

insulin compound in blood plasma for at least 3 days, typically at least 80 hours, e¢.g. a week or
more characterized by having a pharmacokinetic profile in vivo with substantially no burst of the

insulin compound.

Such a concentration will vary from subject to subject and depend on the therapeutic window in an

5 individual subject, but in order for a therapeutic effect to be present during at least 3 days, e¢.g. a
wecek (i.c. about 7 days) the concentration is typically at least about 10 mg/ml, ¢.g. more than 10
mg/ml.

Accordingly, in a further aspect the present invention relates to a pharmaceutical composition
comprising an insulin compound of a concentration of at least 10 mg/ml characterized by having a

10  pharmacokinetic profile in vivo with substantially no burst of the insulin compound.

In a further aspect the present invention relates to a pharmaceutical composition comprising an
insulin compound in a concentration of at least 11 mg/mL to be administered in a single dose of at

least 10 mg of the insulin compound.

As used herein a single insulin compound dose is given in mg and concentration of an insulin
15 compound in a pharmaceutical composition is given in mg/mL. If the insulin compound is a
prodrug, the concentration is based on quantitative release of free insulin from prodrug. By methods
well-known in the art, aliquots of a composition are subjected to insulin-releasing conditions
(aqueous buffer pH 7.4, 37°C, or accelerated conditions at elevated pH), until no significant
increase in insulin concentration is observed and the total amount of released insulin is determined.
20 It is understood that in the case of soluble carriers, quantitative release is synonymous to

quantitative hydrolysis.

In one embodiment of the present invention the concentration of the insulin compound is at least 11
mg/ml, such as from 11 mg/ml to 35 mg/ml, more preferred 15 mg/ml to 25 mg/ml, even more

preferred around 20 mg/ml, and even more preferred around 24 mg/ml.

25  The volume to be administered in order to administer an effective dose, for example by a syringe, to

a subject, such as a human, is preferably less than 1.5 ml, typically 1.0 ml or less.

In a further embodiment single dose of the insulin compound is at least 5 mg, such as from 5 mg to

100 mg, more preferred 5 mg to 50 mg, and more preferred 5 mg to 25 mg



ZL2N H* ,N R2b./ 5wherein R, R a, R2, Ra, R2b, R3, R4, = 2,

L Z have the neaning as indicated herein and wherein LI is optionally
further swb=vitwuead, provided that the hydrogen marked WwCTIEPRé1©/0686@ri Sk in
formula (la) to (Id) is not replaced by a substituent. Preferably, LI
is not further substituted (apart fromthe mandatory substituent L2-Z). As
shown in, e.g., fornulae (la) to (1d) one hydrogen is replaced by the group
L2-Z. In general, L2 can be attached to L1 at any position apart fromthe
replachnedhﬁb&wmﬂmdhyﬂrdgemﬁm@fkbﬁpm&l@mamﬁmﬁbmnfﬂkihmﬂmamnubamihpbbod

Prefer one y e v

ra”a r BB <GP, I o PGP S Beah S eiany e of s ERarEgR ot S e U aced
by L2- &jechui,t tetho0s@est kbnddRiyatiod oFrhé Gibalih }oipsdndein Hoks biatié ader the geker al
any substituent e d as far as. the. cleav rinciple is no

af fect & Ce%@svﬂ'?/&tg @fsb‘f Shary T eI iggS frot T pethepel d%“'étﬂ?aflﬁt ed. 20
Preferably, one or nore further optional substituents are independently
sel Bct &b hvaymentbedigrents ps eelsisshd ergbafiménad t!»gl@ndescmtred GoCReter ORMd B RIS

CN:E OR)gg\I(SER%SIER% %3%@%3 gi(égﬁgspe%t E@&gk}%( R9R9a) ORI?‘N(%S‘O %T%df_—@%lts described

N( R9) Shé&ria RO&ss MNERGHSG(6) Raasn Hﬁm)rﬁér@)rfﬁﬂ%tp d\lﬁelﬁgm%pt)cf\l(nlf&@%bf the present
OC(0) N R9R9a) T; C1_50 al kyl; C2_50 al kenyl; or C2_50 al kynyl, wherein T,
ClL 50 HVE¥OD' 2 50 alkenyl: and C2 50 al kynyl are WO
2011/012719PCT/EP2010/061160 29 optionally substituted with one or nore Rm
whi ch 5hephhemsansﬂamnmomﬁ@r6NWPmﬂd'mheMeﬂhd@&E@ﬂﬁBkyﬁnc@@pﬁﬁnahkemwhn and

fc?blgn 0 %orué% fa)&([: %r?gal%éel 1I(Z)ér}f31$y %éllsf& n% é{leb@%tﬁl% c%épg n%&? g}e@gﬁr&%&%&?%fﬁgs%%tf d
-S(0) ZMthMay;th&tsﬁsﬁl)tMIRhﬂ))ourst BS((ﬁb)‘lzﬂ(}ed- S(0)-; -N(R11)S(0)2N(R1 a)-; -S-;
-N(R11)-; -0C(0)R11; -N(R11)C(0)-; -N(R11)S( 0) 2-; -N(R11) S(0)- 5;

- N( Rllinc(( g)lpfurther%%&ﬂqglpﬁ@(pﬁéﬁiﬁlokméﬁ@ rofﬁgs%&lglﬁg% Eljml(nﬁﬁlahﬁgolod@%\asnﬁgb are

i ndependently sel ected fromthe group consistin T, and 0 al kyl;
C2- 50 suckeasyhumapblad Bomal Ripsmh msuhlep@lcnntﬂatloﬂslg@doeam@smed@@t_lseormnwelﬁw and

C2_50 Qv'a‘ﬁ}{ﬂX IEL%& kfeﬂ;}; r%ﬂlﬁhé Yhe results to a calibration curve obtained from an insulin standard.

15  For statistical significance the experiment is run with a suitable number of biological and technical
replicates and the mean and median values are calculated to adjust for biological and technical

variability.

In a further embodiment the composition is characterized by exhibiting a peak to trough ratio of less

than 2, typically less than 1.75, preferably less than 1.5, or even less than 1.25.

20 In a still further embodiment the composition is characterized by a continuous release of a

structurally intact insulin compound over the full time period between administrations.
“Continuous release” refers to an uninterrupted release of insulin.

In a further embodiment the full time period between administrations is at least about 80 hours,

such as about 110 hours, typically at least a week, such as 1-2 weeks or even longer.
25  In a still further embodiment the insulin compound is a prodrug.
In a further embodiment the insulin compound is a carrier-linked prodrug.

In a still further embodiment the insulin compound is a cascade prodrug.



substituted wth one or nore Rl, which are the same or different and
wherein ClL 50 al kyl; C2 50 10 al kenyl; and C2 50 al kynyl are optionally

i nt erruptwo 2by/caeAE9IOr nore groups sel ected fromthe grorpTEPRSISGIIGG Of T,
-¢(0)0-; -0-; -C(0)-; -C(O)N(R11)-; -%40)2N(R11)-; -S(O)N(R11)-; -S(0)2-;
-S(0)-; -N(R11)S(0)2N(RL la)-; -S-; -N(R11)-; -0C(0O)R11; -N(R11)C(O0)-;
-N(R11) S(0)2-; -N(R11)S(0)-; - N(R11)C(0)0-; -N(R11)C(O)N(R1L 1 a)-; and
-0C(O)N(R11 R1 la); 15T is selected fromthe group consisting of phenyl;
napht hith¢ proddgnydy, bd mbtanigteredt atar lijuidyyhch $3 dutopalr @al, by nay betcontdinag irber ed

hetero C .whereiaTis optional ly

Lyl 9t 11. d.h bi | vli
Cobet PR by e dnbSard iy R S bR GPL R nctioint Bt Pigfed ey ot R

i s halogen; CN, oxo (=0); COOR12; OR12; C(0)R12; C(0)N(R12Rl2a);

S( 0) 2N{rRi RhormbogsnothrirRe 2RIGMpound (sgyibRioptaingd@y Rdgpot.

N(R12) s(0) 2N(R12aR121)); sR12;12a N(R12-); KNO2; OC(0)R12; N(R12)C(0)Rl1l2a;
N( R12) $68)etiRl2aly MnRl2dSotiskda; dedt]l ) hRhQRE2Rin NORLE x @LN(iR]l 2aRizh) ;
12a); or Cl_6 OC(0)N(Rl2Ral kyl , erein C1 6 alkyl is optionally.

subst i PR TWie Washéagiondeeaddmeolymhot Wieidh Tapleof dReotsaimiiZo pndgiepsrating the
25RN", 4&iot gomMldwatil2a, R12b are independently selected
fromthe group consisting of H or Ch6 al kyl, wherein C1_6 alkyl is

optionally. tituted with one. or re hal ogen ich are the same or
0P t or B SRR Gkt E et g F s Srralertinu FRot mHblen two car bons. o
group is inserted or at the end of the 30 carbon chain between the carbon

and hy4r ofether envyodz@ent the dorpt GROT¢ EPZIDS) @dim@m@dx.L2 is a singl e cheni cal
bond or a spacer. In case L2 is a spacer, it is preferably defined as the

one or TARIBuRPLbapRIndSHBRSbé toemhed defheNRfotanodeeraPveWw dadinkidle the ihslin

substituted with Z Accordingly, when L2 is other than a si nPI e chem cal
boAd, pempound cmunéy@g neR-69 t manner or the insulin compound is covalently linked to

the depot, which depot without lirnitati,on is selected from a polymer gel, a hydrogel, or a well
hydrated polymer matrix. Non-limiting examples for suitable polymers are polymers that are
capable of forming quasi-infinite three dimensional well-hydrated molecular networks. Such
hydrogels are chemically or physically crosslinked functionalized or non-functionalized
15  polyalkyloxy-based polymers like poly(propylene glycol) or poly(ethylene glycol), dextran,
chitosan, hyaluronic acid and derivatives, alginate, xylan, mannan, carrageenan, agarose, cellulose,
starch, hydroxyethyl starch (HES) and other carbohydrate-based polymers, poly(vinyl alcohols),
poly(oxazolines), poly(anhydrides), poly(ortho esters), poly(carbonates), poly(urethanes),
poly(acrylic acids), poly(acrylamides) such as poly(hydroxypropylmethacrylamide) (HMPA),
20  poly(acrylates), poly(methacrylates) like poly(hydroxyethylmethacrylate),
poly(organophosphazenes),  poly(siloxanes),  poly(vinylpyrrolidone),  poly(cyanoacrylates),
poly(esters) such as poly(lactic acid) or poly(glycolic acids), poly(iminocarbonates), poly(amino
acids) such as poly(glutamic acid) or poly lysine, collagen, gelatin, copolymers, grafted
copolymers, cross-linked polymers, hydrogels, and block copolymers from the above listed
25 polymers. These polymers may serve as backbone moieties or cross-linking moieties and
combination of different polymers as copolymers are possible, provided a high level of hydration of
the molecular network. In addition to oligomeric or polymeric cross-linking moieties of the polymer
types listed above, low-molecular cross-linking moieties may be used, especially when hydrophilic

high-molecular weight backbone moieties are used for the formation of hydrogel prodrug carriers.



5 C(0)N(ROR9a); $S(0)2N(ROR9a); S(0)N(ROR9a); S(0)2R9; S(0)R9;

N(R9) S(0) 2N( R9aR9b) ; SR9; N(ROR91); OC(0)R9; N(R9)C(0)R9a; N(R9)S(0)2R9a;
N( R9) S( 0)Wo"2p11M1RAY C( 0) OR9a; N( R9) C( 0) N(R9aR9b); OC( 0) NPRIRP2)10/08116€C150

al kyl; C2_50 al kenyl; or C2_50 al kynybs wherein T; Cl_ so al kyl; C2_30

al kenyl ; and C2_50 al kynyl are optionally substituted with one or nore R1,
which are the sanme or different and wherein Cl1L 50 al kyl; C2_50 al kenyl; and
C2 50 al kynyl are optionally 10interrupted by one or nore groups sel ected

f rom t Dee gragup néonszesiniendnsolic dontact G ﬁl)eOmoleelﬂar leveCi0Yy spaci@f @1)slhl(1ﬂilib)ecules

-S(0)2 1 N S(0) 2N a
L0 2D S s SN S Db N ARl 7>
- N( RL1}p&3a@hOlinkagdNoRh Iyl (10 )th(@lﬂ'rﬂc)r-and dndsind %E&Nhﬁiﬂﬂ&l& 1@)que&@%v1r&9ﬂent R9b
are |nd en EtIy sel ect eggfrom roup. gonsi s%_i ng of H Z;, T; and Cl1_50
al kyl ; Pal R &QYITECBY O ralfyd NSUNAESY EPH°S; C1_50 al kyI C2_50

Koy el risgry|

al kenyl; and C2_30 al kynyl are opti onaIIy substituted with one or nmore Ri,
whi Eh Breéerteldes sapeywmer- ldlkfea enwhn reodtugvittext dias eSEnthdlyalok YloactiGRy SSridipkopasty ; and

fCr2 or5n0 t ﬁ%lléég &l 6ns(1§1§1ﬁogp i)icoarts} Vi tol.lb%ta?ta%)b %le ?o ase%el&z%jln:?huscfgb?(ﬁ? Y %5%,1 gfc tEle

- S( 0) 2N(da3d propertiS( &)t Rbdug; a h@(l@l):é’rﬁe of Sndpt ove? Che\{ Riik) 15D &N(lsﬁ?lhlna)m be-S-;
- N( Rll%f( QC(0)R1L; -N(RLI) G(0)-; -N(RL1)S(0)2-; -N(RL1)S(0)-; -

N( R11) héﬁvé “N(RL1) C(O)N(RL 1 a)-: and -OC(O)N(R11 RL | a); Tis

sel ected fromthe group consi sting of phenyl ; napht hyl; indenyl; indanyl;
t et r al Imwylin c@8b¢ Qinkydt Ithoahghy bl rdcvapt Yunwémtvétie&:l ptoertded dlo'y&lleymoleaﬂe Santl gsug

g AT UL o8 S bR T BB S s
mj.Zgum 1rﬁ?(d@jd&i,21;1do<[§, @aﬂbl()RiLZRbélﬂ)mdé(pﬁ)xﬁN( zFA]i?sEﬁc&a)Iy h&ﬂﬁxihbhenﬁ( Q@R 2;

0) R12:. Nazi 2 2N(Ru Rt.2: . N
o 0) R TR 5D RSt 8y SOV e s ity
N( R12) €489:08h2R, prNﬁﬁﬂzahdle@dlk(aFﬁﬂ%@R»kabghen&Qﬁﬁﬁ&bw( RPRK2ay amib. CL_6 al kyl ,

wherein C1 6 alkyl is optionally substituted with one or nore hal ogen,
which are the same or different; WD 2011/012719PCT/ EP2010/061160 31 R11,
Rila, R12, Rl2a, K-12b are i ndependently sel ected from

the group caonsisting of H, Z; or G al wherein C1_6 al kyl is
optp onHl # Jurdshenpeditert tw tlﬁulah@nmou%ﬂ%hrﬁ@ﬂ sy dis, prodipe ﬁa%:%elfh% by spel

di ffer epfchmdapLaLibt @d %%1%@ Fkties either/or the N-terminus of either/or the A-chain or the B-

chain of the insulin compound.

In a particular embodiment the prodrug or a pharmaceutically acceptable salt thereof comprises an
20  insulin linker conjugate D-L, wherein
D represents the insulin moiety; and

-L is a non-biologically active linker moiety -L' represented by formula (I),

||Q23 0 R1 R1a
RZ/N\/\NJJ\XKT( ()
ol
25

wherein the dashed line indicates the attachment to one of the amino groups of the insulin by

forming an amide bond;



5 provided that one of RO, R, R, R, R, R,R,R,Ris Z Mre preferably, L2
Is a Cl-20 al kyl chain, which is optionally interrupted by one or nore
groups i miependantiby sel ected from-0-; and C(0) N(| ea) ; PoptEPRIIalobM60
substituted with one or nore groups inglependently selected from OH, and
C(0) N(R3aaR3'); and wherein R3aa, R3 are independently 10selected fromthe
group consisting of H and G 4 alkyl. Preferably, L2 has a nol ecul ar
weight in the range of from14 g/nol to 750 g/nol. Preferably, L2 is
at t ach&ds CRR*yja NRf)er mi nal group selected from/0 ic ,0), Ni-..s,! , 'S
' 15 ; and 1In case L2 has such termnal group it is furthernore preferred
that L2 has a nol ecular weight in the range of from14 g/nmol to 500 g/ nol
cal cul at*ed™wiré hdusenderely stleectad fa e QroRp c3tbidfing e NHIRY'), NRE" ) Cav@*and C,
attachnment fornmed between the |inker and hydrogel Z is a pernmanent bond.
Prefer Vly, the hydrogel Z is a biodegradabl e pol yet hyl ene gl ycol (PEG
based wat er-insol ubl e hydrogel. The term "PEG based" as understood herein
means that, the mass proportion of G ..

R, R R?, R°, R"are independently sclected from the group consisting of H and Cy_4 alkyl,

wherein L' is substituted with one L°-Z and optionally further substituted, provided that the
hydrogen marked with the asterisk in formula (I) is not replaced by a substituent and wherein
10

L’ is a single chemical bond or a spacer; and
Z is a hydrogel.

15 In case the compounds according to formula (I) 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 compounds of the formula (I) which
contain acidic groups can be used according to the invention, for example, as alkali metal salts,
alkaline carth metal salts or as ammonium salts. More precise examples of such salts include

20  sodium salts, potassium salts, calcium salts, magnesium salts or salts with ammonia or organic
amines such as, for example, ecthylamine, cthanolamine, tricthanolamine or amino acids.
Compounds of the formula (I) which contain one or more basic groups, i.c. groups which can be
protonated, can be present and can be used according to the invention in the form of their addition
salts with inorganic or organic acids. Examples for suitable acids include hydrogen chloride,

25 hydrogen bromide, phosphoric acid, sulfuric acid, nitric acid, methanesulfonic acid, p-
toluenesulfonic acid, naphthalenedisulfonic acids, oxalic acid, acetic acid, tartaric acid, lactic acid,
salicylic acid, benzoic acid, formic acid, propionic acid, pivalic acid, diethylacetic acid, malonic
acid, succinic acid, pimelic acid, fumaric acid, maleic acid, malic acid, sulfaminic acid,
phenylpropionic acid, gluconic acid, ascorbic acid, isonicotinic acid, citric acid, adipic acid, and

30 other acids known to the person skilled in the art. If the compounds of the formula (I)
simultancously contain acidic and basic groups in the molecule, the invention also includes, in

addition to the salt forms mentioned, inner salts or betaines (zwitterions). The respective salts



chains in the hydrogel is at |east 10% by wei ght, preferably at |east 25%
based on the total weight 25 of the hydrogel. The renai nder can be nade up
of ot her wpaoeave2and/ or ol i gomers or polyners, such as @CIrgr2010/061160

pol yl ysines. WD 2011/ 012719PCT/ EP20184 061160 32 aqueous buffer of
physi ol ogi cal osnolality may take up a substantial anount of water, e.g. up
to 10- fold on a weight per weight basis, and is therefore swell abl e but
after renovi ng excess water still retains the physical stability of a gel
and a sdraping tBulshfosthelp€l) rary boebtahedby cugeomey mgthaddwhich ks knndets thoedrsbinat
such an .j.ndi vi dual. hydrogel, object .is to be considered as a single nolecule
5 conensiit e SRt s Rek Etead ke Sl G B F o Ba ket el boe b

ﬁt ger g?mmelr)ﬁispmmugh b rn?mglcaikcglaﬁgect&. cafiof @kéeliange twdtht dtha éaléwgmd piesent he
ydrogel may be conposed o ckbone noi etieg ipnterconnect

hydr ol JEFREI §5Q & igs A3 fisine 1@%%@@%%, fopRE Ak Rkt Of%wgefoy IWas a
nol gc UFWsidl\@%i@Moﬁlﬁhtﬂohﬁy,fa@@ﬁ& @feclly QMablckibRudeOin FRaklReut ¥Rk BuPheicRcadby from
1 kDa to 15 kDa and even nore preferably from1l kDa to 10 kDa. The backbone
noi et i Bdarfer perepelcabty aleHecdEIeS. Hais cdeRisahricaiting ofe for thoremEtioshaf ns.

15 In Ehggg&gg&ﬂ?g@&$%$ggmﬁgug-Iinker conj ugates according to the

i nvention, a backbone noiety is characterized by a nunber of functi onal
groups, conprising interconnected bi odegradabl e functional groups and

hydr og rdgsl: j2ugat es, and optional ly cappi ng groups.
Thi s ng%ﬁgg?ﬂgfhggggébggﬁ%& E’?%‘f‘@ﬂ%ggcharacterized by a nunber of

hyde ogel - connect ed drug-1|inker conjugates; functional groups, conprising

bi odeggadahl.e .i nt er cted, functiopal groups; and 20 optionally capping
groups?“g?%I%H%EF?Pﬁﬁﬁggéﬁﬁ?%ﬁe| f%g%onnected bi odegr adabl e functi onal
groups and drug-linker conjugates and capping groups is 16-128, preferred
20- 100 re preferre 4-80.and nost preferred 30-60. Preferably, the sum
of intgFg%ﬂﬁ%d?gﬁmPGﬁgefﬁﬁQ%Jbroups and hydrogel - connect ed drug-1|inker 25
conj ugat es and cappi ng groups of a backbone noiety is equally divided by
the nunber of PEG based polyneric chains,extending fromthe branching
cote. Peicrputinfraula® % wdeB RreandR i nfNRcYr{Rekt ed f uncti onal groups and
hydr ogel - connect ed drug-|inker conjugates and cappi ng groups, eight groups
may be provided‘gé geach of the four PEG based pol yneric chains extending
from t Reefedie X prldRet abRy ihY(RrelakisZ.of dendritic noieties attached to the
term nus of each PEG 30 based polyneric chain. Alternatively, four groups
may be provided by each of eight PEG based pol ynmeric chains extending from
t he coPefarcdipwairgseffs tsseaarientén singtrise an PEGiiasedequalggedd-Lewherein L' of

20 formula (I) is represented by formulae (Ia), (Ib), (Ic) or (Id):
R23 0] R1 1a

R
|
N *
Z_Lz/ \/\ITIJJ\[T]%(
3

H* R O (Ia),

25 H* R (b),



chains. If the nunber of PEG based polyneric chains extending fromthe
branchi ng core does not WD 2011/012719PCT/ EP2010/ 061160 33 al l ow for an
equal di swoi2butdieniy it is preferred that the deviation Pcompredie/onaan nunber
of the sum of interconnected functionag groups and hydrogel - connect ed
drug-linker conjugates and cappi ng groups per PEG based polyneric chain is
kept to a mnimum 5In such carrier-linked prodrugs according to the
invention, it is desirable that alnost all drug release (>90 % has
occurred R& ore agsignificant anount of release of the backbone noieties (<
10 %9 hashtaken pllace. This can be achi eved by adjusting the carrier-Iinked
pr odr ug?s et f >N eversds t he degradation kinetics of the hydrogel
according to the,inyentiton. 10 Preferentially, a backbone noiety is
characterized byrfidvimg a branching core, fromwhich at |east three

PEG based pol ymeric cHains extend. Accordingly, in a preferred aspect of
the present inventionz#he backbone reageqk conpri ses a branching core, from
whi ch at |east three PEG based pol yneric chains extend. Such branching
cores may be conprised of poly- or oligoal cohols in bound form preferably
pentaerythritgl, tripentaerythritol, hexaglycerine, sucrose, sorbitol,
fructose, 1§Fnannit gl ucose, cellul ose, anyl oses, starches,

hydr oxyal kyl- ) wienyl al cohol s, dextranes, hyual uronans, or
branchif'ng tores may,| be npili sed of poly- or oligoanm nes such as ornithine,
di am nobutyric aci " ftN| ysPne, tetral ysine, pentalysine, hexalysine,
hept al ysi ne, oct al ysine, oal ysi ne, decal ysi ne, undecal ysi ne,

dodecal ysi ne, tridecalyaine, tetradecal ysi ne, pentadecal ysi ne or

ol i gol ysi nes, pol yet hyl €nei mi nes, pol yvi ®ddani nes in bound form 20
Preferably, the branching core extends three to sixteen PEG based pol yneric
chains, nore preferably four to eight. Preferred branching cores may be
conpr i sbcenfR paAt BER/, IR, tR0) RY, &F.r# hdvierles meliramd asobditated ereioiaod wheielnyisiine,

tetral ysine ent al ysi ne, hexalysipe, heptalysine. ol i gql.ysi ne

| o o Bisir Ly RGP, R e SBer i h i eto bE M B 9 or m
Pr ef er dld) ¥ not dplabdayahubgituedb core extends three to sixteen PEG based

pol ymeric chains, nore preferably four to eight. Preferably, a PEG based
polyneric chain is a |inear poly(ethylene glycol) chain, of which one end
|5 conpREagly 0 if AR ARIRNGIDIGtE Qlpart &dth hd GafdieY stiRti@ehMPEnbr anched
dendritic noiety. It is understood that a polyneric PEG based chain may be
t erfi nated or interrupted by alkyl or aryl groups optionally substituted

Wi th hakef Ral @S, afdnGBEThea(1dh YRCH) R isAEAHRE by 3R L*-Z.
2011/012719P6T/E%2010/06 i%g(SZ Pr@#g%?eg S@Tuctareéyygi correspondi ng

PEG based pol yreri ¢ chaing extendi ng froma branching core contained in a
bmckboNECHITTAL G G iR 45 fr PR gy {a pomarat i Gtar et AL Hedied o i n
the pr Eﬁu&a Svithi asltas@ﬁgkl Fm&ggaﬁ 98-5‘“%@23%% tﬁ%gy@sg@g gh¥n c(aga\m,l REART, ﬁ&m |
wwy enkemusa..com on July , , rivatives (pentaerythrito
core), RgDAﬁgMngéééméE?Wé’f pylpgiragep ﬁﬁ%awew o frdhes progpys mwﬁbcfﬁoér i vatives

(trypentaerythritol core). Mdst preferred are 4arm PEG Am ne
(pentaerythritol core) and 4arm PEG Carboxyl (pentaerythritol core), 8arm
PEG AnFwighermekall perbf apeeneby furtsr ﬁﬁbwegeéa%b&mynah @hexehgliperrmay bowsey as 8ar m

PEG ATy (E | ARDERACHAIANIE iPhol ke BRLM AEGARDOPXMA 1! is not fyrther
(tripentaerythrito ore). Preferred nol ecul ar Ights tor such multi-arm
PEG- desubstiiedes in a backbone noiety are 1 kDa to 20 kDa, nore 10
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 of the above nentioned nulti-arm
nokecuPesrarle @resendrei forthawpdodad rsobstituchti eard aclkpadentiyoiedicied t feonp tiay gidep

F e kel SORDSShEENT VORSORRE: BIOHPSCAINGERAT! Lt LR}, UBINIRHPS ©f
S(OXR% S(OR’; NR’)S(ORLNR™R™); SR’ NR'R™); NOp OC(OR’; N(R’)C(OR™;
N(R”)S(0)%,R™;, N(R”)S(O)R**;, N(R’)C(0)OR™; N(R*)C(O)N(R™R™); OC(ON(R’R’™); T; Ci.50
alkyl; Cys0 alkenyl; or Cs.s0 alkynyl, wherein T; C;.50 alkyl; C,s0 alkenyl, and C,so alkynyl are




15 1t is preferred that the sumof interconnected functional groups and
reactive functional groups of a backbone noiety is equally divided by the
nunber ofwBBR@1agAM pol yneri c chai ns extendi ng from t hePoraredionglicore. |f
t he nunber of PEG based pol yneric chabfis extending fromthe branching core
does not allow for an equal distribution, it is preferred that the
deviation fromthe nean nunber of the sum of interconnected and reactive
functional groups per PEG based polyneric chain is kept 20 to a m ni mum
Nor e pnlafomaﬁi;bhgostltnﬂaémthmnobr mutted%lg;@sﬂmmreﬁhe axe orehifftremend wheteinoiab aligyloups
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four groups nmay be provi ded by each of ei ght PEG based pol yneri c chains
extending fromthe core or two groups by each of sixteen PEG based
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groups an ranchi ngs and reactive tunctiona
EanrpI elserfybrand itk diengt are |opt1mllguntampa¢ddoyam&}or iedgrofipstselcttyd fmm the group

decal yerBine fabebI ST GRE AR DBf D bR e MRV AT Sl PR ™
s e e e, ST SRl
noi et i ﬁ@g% n&ﬁﬁgsgg%ﬁ\ﬁ# )y§P%®é@N(§I§$§1 ysPne, pent al ysi ne,

hexal ysi ne, hept alysine in bound form nost preferred trilysine,

pent al &m ne or heptal ysine, ornjthine, diamnobutyric acid in bound form
M)é% prl b selpied fromh gichgigh gensistiae (qf gihenyl: prpbthyliewdenyLi ndamti tetelingls Caio

charactgiidA88 i Mo tMAEmbAEd %@@ro@?&iﬂb%@ Whﬁ&ﬂenhfé?ed%e@é%%&ﬁma%ﬁe&ﬁ{ pqp of
fornmul @ C(A-Hyp)4, wherein each s 15 independently a pol’y(ethylene

gl ycol PptmgléSdS%@ﬂltyﬁéwﬂh ophal moredy nivyiadhl aje the sareherdliffgtathe quart er nary car bon

by a permanent coval ent bond and the distal end of the PEG based polymeric

chai n |s covalently bound to a dendritic noiety Hyp, each dendritic noiety
Hyp haRi‘ng htlogmadiNf oxr (FONCEDORAL: @R&upﬁ(oblé%,r @s@)N(RhZ@%heS(DMMREBnZﬁ)ect ed

| ndEpeRREN Ly RoaF SRR T BEhRY R RO RPATk & oy P B T ROdRe Ry 1 S

1 or 2NR“*EOoM'*; nNgdé)S((b)gR%eN(ldh)@@m“a N(RY 5caoooaé?a EIIZ)C(OE)N(RIE?Rézh), cal
Lgcg_} :a??t(nfb)ﬁg(ﬁin COV %{Jﬁgl lgv‘h?{kelﬁagg@ a%glsl_%ﬂlonal y su sgt%!te)c/l wfb}l %Qg olr_iy oré‘,jl re

halogen, which are the same or different;

25 R", R'™ R' R'™ R' arc independently selected from the group consisting of H; or Ci.s alkyl,
wherein C; 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

30  carbon chain between the carbon and hydrogen.



Preferably, the dendritic noiety Hyp is a hyperbranched pol ypepti de.
Preferably, the hyperbranched pol ypepti de conprises lysine in bound form

Pr ef er ablwo 2eaahizdendritic noiety Hyp has a nol ecul ar weCcghPr2010/061160 r ange
of fromO0.4 kDa to 4 kDa. It is underggood that a backbone noiety C(A-Hyp)4
can consi st of the sane or different dendritic noieties Hyp and that each
Hyp can be chosen 30 independently. Each noiety Hyp consists of between 5
and 32 lysines, preferably of at least 7 lysines, i.e. each noiety Hyp is
conpri ed acsingitne«thmmal Boralrod a3Racey $i v Li i dopuiced, if Bmpmferpblgfdefizddl ay ttafonator | east

7 lysines in bau orm refer ris of heptal ysinyl.
VO 201TP5T§§T§%6%F E@@ﬁd&%@ff@‘EB O%ﬁgngy H?Sﬂmg$%85v@%%rizable functi onal
groups a backbone reagent nor e speC|f|caIIy of Hyp with the pol ymeri zabl e
functign ou ol yet hyl ene col base §S|In ent esults
in a pZ\F gy %‘a& b%rfﬁhefs%wa‘%?éﬁwme@A 3}11 §> ) &80 4o 5%pgm

i n thec{angr’eh); fSﬁ@DN”(RP@a) tS’(O?ﬁ(R@R@) fS'(’(DﬁRW%{@)'Rabh\}(Ri)SKB)@NEK?aﬁ@ kéke; and
even nore, greferab Q, k

L R IR A O o I8 A N >§(@aﬁgraaﬂaao@<q>éﬁﬁages
L0 Cr ofgRHOKHR(RPR Y, '@?(oﬁnézm%b ST @) Ienzﬁq% 50 AkedyiINA o Qkr, wherein T; C1.

Bi odegradabi l'ity of the dr ogél € accordi to the present |nvent|on IS

achi evedligy; ¢nt ﬂkkélud;t 4ndrCzo<ﬁ alhyrd’rl eltqqpitle@ﬁlllywubﬁé@rtebablu engyeridere R Weyhich are
201 O}z 9ECY) FERRAPLAPIIONAT. Thad s “Ruliolyt coal Lk dPaadphli

"bi odegrada Tcal &l ea
"sebf - olteapagdy,ont seinbpa:gremsabibeéd frbmrthmgmem‘cdhsmnng ofefpoCaD -; 1 €H©)wi t hi n

- onR e S P EE D @Whemaﬁ@érﬁ@?9§t®ﬁﬁ§f&m“§-°&<ﬁ“‘i :
physi obagoyrl; -Nomﬂja(bmnsw(@ébﬂ(mys Ny H$00)at-NEY T(@)0-3 2GR WCIOINRI'F)-; and

I|ves r gm one hour to three nonths, including, but are not |imted
acéﬁﬂgVﬂgR %Ceials am des, carboxylic anhydrides, esters, imnes,

hydrazones mal eam ¢ aC|d anides ortho esters, phospham des,
phosphoester s, phosph05|lyl esters, silyl esters, sulfonic esters, aromatic

carbanBi-ds - K o AlSi PAaPPsisatly trdgeisgrirons iy qrpw qomklétmgmfi %rle e Cropligylyede ogel

accordm&anﬁObﬁty%oamya twﬂﬁmﬁ§Td@QQ©QBQ|@baﬁaﬁﬁﬁPQBEQE%Qa&&&ﬁ%ﬁ@@ﬁ&nﬁﬁ?Up,
preferred bi odegradabl e l'i nkages are ‘esters, carbonates, phosphoesters and

sul f onbubstiiied vadt erssoramerenst Whick e the darae er diffeems ang whatieHoRad @yl Ca-so
15Per manent. JoheKaogs R Ge3pfofNs VB el dort% IRty b GRl shiécEe 4hAdRPL Gy nder

physi ol ogi'ca
consisting of T, -C(0)O-; -O-; -C(0)-; -C(OIN(R')-; -S(0),N(R'")-; -S(OIN(R')-; -S(0),-; -S(0)-;
20 -NR'MS(OLNR'™)-; -S-; -NR')-; -OC(O)R'; -NR"™C(0)-; -N(R'MS(0),-; -NR'")S(0)-; -

N(R"™C(0)0-; -NR'MHC(ONR'?)-; and -OC(ON(R''R''™);

T is selected from the group consisting of phenyl; naphthyl; indenyl; indanyl; tetralinyl; Cs 0
cycloalkyl; 4 to 7 membered heterocyclyl; or 9 to 11 membered heterobicyclyl, wherein t is

25  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(OIN(R'R'); S(0),N(R'*R'*);
S(O)N(R'’R'™); S(0)%R'%; S(O)R'%; N(R™)S(0),N(R'*R'™); SR'*; N(R'’R'*); NO,; OC(O)R';
NR')COR™™; NR'S(O)R"™; NR')S(O)R'™; N(R'*)C(0)OR'™; N(R')C(ONR'“R'™);
30 OC(O)N(R'R'™); or Cy, alkyl, wherein C alkyl is optionally substituted with one or more

halogen, which are the same or different;



conditions (aqueous buffer at pH 7.4, 37C) with half-lives of six nonths or
| onger, such as, for exanple, am des. 20To introduce the hydrolytically

cl eavabl ewband#i12nivo t he hydrogel carrier of the inventipomEP2éI8/0bE6KbONE
noieties can be directly linked to eagh other by neans of bi odegradable
bonds. In one enbodi nent, the backbone noieties of the biodegradable
hydrogel carrier may be |inked together directly, i.e. w thout crosslinker
noi eties. The hyperbranched dendritic noieties of two 25 backbone nvoieties
of sucR'pROY&Jr, RIADR " dry dtrdegmidentysclet et &pmbtbe gione carsistihg okid:d7;ton Coyglivylan

i nterconnected functional group.that connects the two h rbrapched

denar | PAEto et B8 ugttaput PRIy BE v RO EF Bk EHEH R P dROeE s of
two di tifereant backbone noieties may be interconnected through two spacer

noi eties connected to a backbone noiety and on the other side connected to
a crosslinking noiety separated by an interconnected functional groups. 30
V[)301@&@&@3@gﬁgﬁkﬁ@2gﬁ@ﬁ@@l&@@}sg}kgyﬂhe%;gﬁhkagting degr adabl e bonds, the
crosslinker noieties may contain further biodegradable bonds. Thus, each
end of the crosslinker noiety |inked to a backbone noi ety conprises a

hydrol M&&@Sk&atﬁﬁ%%@!@lg% BRPha AN nRAdL bhaRally laitS dadARlCoriRnd $rdmy

optional |y be present in the crosslinker noiety. referably, the

bi odegindeevtentlyysdiceigé fromafO-i and CO)NGpy swtonsdly ivalskibdesiew it prg ¢ragore groups
i nt i N - ARGk t hria : jeti
|t ercamgsl Bt Bu DBl heald v cingk adedh o i e, BRckRans. R o o

hy d¢ ogedleatarfrane the rgayupeomdiaing o6 Hearar Cinpitleyl.di f f erent types of crossli nker

noi eties, preferably one. The crosslinker noiety may be a |linear or
branched nol ecul e and preferably is a |linear nolecule. In a preferred
enbodi Pefifraldf, I’ hes 4 meRbllboReiglithe the rags bt frk@rl 4nmhetty 75Gg/emhnect ed to
backbone noieties by at | east two bi odegradabl e bonds. 15 Preferably,
crosslinker noieties have a nol ecular weight in the range of from60 Da to
5 kDa, prargblprefiesablod.o £hem RrbinkiRolpkcitckDaoneven more preferably from1
kDa to 4 kDa, even nore preferably from1l kDa to 3 kDa. In one enbodi nent,
a crosslinker iety c ists of a polyner. 20 In addition to oligoneric or

polymeric c | i nki ng i es, |ow nolecular weight crosslinking noieties
may bejug sigaci al 1y /dr ophi | i ¢ hi gh-nol ecul ar wei ght backbone
noi eti es“arelused for thelformati on of a bi odegradabl e hydrogel according

tolghe i nventg on. 25Prefer@bly, the poly(ethylene glycol) based crosslinker
p . an . . P .

noieties are hydracarbon chai ns conprising ethylene glycol units,
optionally conprising further chem cal functional groups, wherein the

pol y(et hyl enge gl ycol ) based crossljnker nojetjes nprise at | east.each m
Dbyt ol yoB Sl gt rtheTE fitleges Tt S C P AP erabin B t o
100, prabeseddn 15 p@iB1 105600:/%01 calugk@rvalows sucherpphygsihy! ene gl ycol ) based
crosslinker noieties have a nol ecul ar weight in the range of fromO0.5

20  Preferably, the covalent attachment formed between the linker and hydrogel Z is a permanent bond.

Preferably, the hydrogel Z is a biodegradable polyethylene glycol (PEG) based water-insoluble
hydrogel. The term “PEG based” as understood herein means that the mass proportion of PEG
chains in the hydrogel is at least 10% by weight, preferably at least 25%, based on the total weight

25  of the hydrogel. The remainder can be made up of other spacers and/or oligomers or polymers, such
as oligo- or polylysines.

<

Moreover the term “water-insoluble” refers to a swellable three-dimensionally crosslinked

molecular network forming the hydrogel. The hydrogel if suspended in a large surplus of water or



30 kDa to 5 kDa. WD 2011/012719PCT/ EP2010/ 061160 39 If used in reference
to a crosslinker noiety or a PEG based pol yneric chain connected to a
branchi ngvoangy/o1ehe term " PEG based” refers to a crossl Po@aP20mioet1go or
PEG based pol yneric chain conprising as |east 20 wei ght % et hyl ene gl ycol
noi eties. 5 In one enbodi nent, nmononers constituting the polyneric
crosslinker noieties are connected by bi odegradabl e bonds. Such pol yneric
crosslinker noieties may contain up to 100 bi odegradabl e bonds or nore,
dependaqgowrbuffeeofiyhlysiolokmnl oamotphity oy takeurcs absthntivk emowrn o€tvyteardg. the 10-

nol ecu wei ght, of the noner, .units. Exappl es far such. crosslinker..

ot oot B3 ol 8 iy R b e TR o Bbore g SRS R e RN RIS YRR R ¢

gnder Stk thbPhysieat Brapivity of agtli &dﬁﬂfiﬁe.cﬂucpellmpégh@ycbﬂ d)ﬂl%n&ogﬁaﬁfbtﬂ%] agh&iip may
e termpate rirnterrupte Qr _ary roups and that they

opt i onanu{‘w% Qabatah 1 mﬁ%ﬂm@%éﬁﬂms AR BN aPLPnéPlg]Sn%Pleglﬁ%ups.

Preger @&isiétin%abﬁccﬁfﬁﬁéﬁ&{ti MR 8in @t bdBSondhtes R5(acbRs @feach ofc tapohcheRfRge Nt ed

by only one PEG based nol ecul ar chain. Preferably, the poly(ethylene

gl ycol YhagedBordsoss| i nker noieties are hydrocarbon 15 chains conpri sing

et hyl ene glycol units, optionally conprising further chem cal functional
groups, wherein the poly(ethylene glycol) based crosslinker noieties

conpr i decqding émtbis ivvepiommthetltygtogplenayl Becaompaseidiod backherreaneictinsiinfergonricpteéer i n

the ra . preferably from 10 to 70. Preferably, the
poly(eﬁﬁg?lﬁ%ﬂgﬁg%%ﬁ%&ﬁégg% crosslinker noieties have a nol ecul ar weight in

theorange of fromO0.5 kDa to 5 kDa. 20 In a preferred enbodi nent of the

present, i.nventi on the cross|inker i et onsi st s_of . PEG, _whi IS

B yrmet PGy hEfhekERe HraF b s B a8 e Mhie S ol bR e s
di car bpxyratty pmcekBa pr 0V kideandoyychaeded progeraidy ebines kDo e kbal The Habléone
hyper branched dendritic jety through permanen i de bonds. 25 The
dicarbB&V??%MEQFg§M%¥a¥%EB§§§ ﬁDﬁBPngEg“ﬁdﬂﬁﬁkﬁgg%FB&a backbone noi ety
and on the other side is connected to a crosslinking noiety consist of 3 to

12 carbon atons, npDst ﬁégferably_betmeen 5 and 8 carbon atons and nay be
suBgt i frut dgdigeclofeybie drne-Enkes cbiMeHeorrcOPings tor the dneiita: jat Raskione gneiety|igy |

01 OUPS chd KUY | I OURRNA! of MRS OURBET eIl Wt HELED WERUARamONe OF
p

more of the 30al i'phatic dicarboxylic acrd s nethylene groups may optionally

be sub$itianabaropys gdokydrpgebronab®yd drugdipken qontugere anPoetienal i gapming Bropes.
2011/ 0130 EBRET AR TSR T Ry W Ay ¥ commected rusctinler 0 g
bet wee porfjigatesy pactiorah ghegs, dendrising chindsigetdybla natetchenesiod denctivnilegrpursoranéct ed
Ergizg t Sggtlko%%?f car]gr)?o;n%t Qéo%@d Pr%flergbtf'y? t et shu%{ of inge%coin%ec A0S etg(?a%aﬁlg fhc RO Sglrdu%ls( I ng
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
25 conjugates and capping groups of a backbone moicty 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, cight 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-
30  based polymeric chain. Alternatively, four groups may be provided by each of cight PEG-based
polymeric chains extending from the core or two groups by cach of sixteen PEG-based polymeric

chains. If the number of PEG-based polymeric chains extending from the branching core does not



50ne preferred crosslinker noiety is shown bel ow; dashed |ines indicate

I nt erconnecti ng bi odegradabl e |inkages to backbone noieties: 0 n O -
wher ei n rwooamienveger of fromb5 to 50. Preferably, theChyreagobiiearri er

i s conposed of backbone noieties intesgonnected by hydrolytically
degradabl e bonds. More preferably, the backbone noieties conprise a
branching core of the follow ng formul a: wherei n the dashed |ine
i ndi cates attachnment to the remai nder of the backbone noiety. Mre

pr ef er altdw for theqiaddikividndonuiiepreesed haphe deviaiostfroucthu meaohurhive of ik lsawiofig

f | a f f 50 d t he dashed
oot e aiisreop Pt el i addhedEe Soieh T Rk Buke GBfeb (S B SPaRtng | 1
backbop@updpe PEGERRRS fodgserit diyipey kvpanchemim@mhet y Hyp. 25 More preferably,

t he backbone noi ety conprises a hyperbranched noiety Hyp of the foll ow ng
formula: WO 2011/012719PCT/ EP2010/ 061160 41 wherein the dashed |ines

I ndi catesyeh tasbmiKed bRJIHRE abR8din@lo thdBvERbLRCiHs ) candlcaRdt Qﬁﬁbs@ﬁlpﬁ@g r@Eded
with asterisks indicate S-confjiguration. 5Pr ef er abl ackbone noieties

are at Cadhi) hpgpeguridebsdare  pigndisani@monnt of felewe pf f@ﬁp@fébp@rrﬁﬁptaes (< 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.

10  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 reagent comprises a branching core, from which at least three PEG-based
polymeric chains extend. Such branching cores may be comprised of poly- or oligoalcohols in
bound form, preferably pentaerythritol, tripentaerythritol, hexaglycerine, sucrose, sorbitol, fructose,

15 mannitol, glucose, cellulose, amyloses, starches, hydroxyalkyl starches, polyvinylalcohols,
dextranes, hyualuronans, or branching cores may be comprised of poly- or oligoamines such as
ornithine, diaminobutyric acid, trilysine, tetralysine, pentalysine, hexalysine, heptalysine,
octalysine, nonalysine, decalysine, undecalysine, dodecalysine, tridecalysine, tetradecalysine,
pentadecalysine or oligolysines, polycthyleneimines, polyvinylamines in bound form.

20
Preferably, the branching core extends three to sixteen PEG-based polymeric chains, more
preferably four to cight. Preferred branching cores may be comprised of pentacrythritol, ornithine,
diaminobutyric acid, trilysine, tetralysine, pentalysine, hexalysine, heptalysine or oligolysine, low-
molecular weight PEI, hexaglycerine, tripentaerythritol in bound form. Preferably, the branching

25 core extends three to sixteen PEG-based polymeric chains, more preferably four to cight.
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).



00 wherein the dashed |line marked with the asterisk indicates the bond
bet ween the hydrogel and the N of the thiosuccinimde group, wherein the
ot her dasweaolvmeripndi cates attachnent to Hyp, and 10 wrer&Pr010/06BH6@N
integer of fromO to 10. Preferably, the backbone noieties are attached to
at | east one spacer of the follow ng fornula: WO

2011/ 012719PCT/ EP2010/ 061160 42 wherein one of the dashed |ines indicates
attachnment to the hyperbranched noiety Hyp and the second dashed |i ne

I ndi caPeferatit saubientfot cortegondgt PEG-bodae parbilnmiulcmainmaxitewhmg é&om mb'remclaing

I nteger _of fr.o

o Preferably, t? ckbone moi eties a
t oget nEreeHiag e Gelions i B AR Yarm AT oG HB YT o rovig s el PERE o
wher ei produdts ligtrofi Jeﬁlegﬁ: Meinorogs, USA X0&essdd bl fdewhlysald biswewjatlemiba. éoie on
bi odegr da % 3 ﬁ$ t Eﬁckbone il eties an rossl.ink noieties is
i nfl ue 9 @5 ﬁ%ﬁﬁﬁg BVHIYRbelP© ﬁy§VEE Sdeogggéﬂé)(égﬁﬁﬁaﬁﬁfacent
to the( H%E%l?b%hﬁ Co@RARPKAR QLA DeFidtivied) &hﬁ@@&ryt@%oﬁ&)'r@ci/ﬂo%rgf%ﬁéﬂ S Qg C,
adeIC or taric acid for PEG ester
mine (pentaerythritol core) and 4arm PEG Carboxyl (pentacrythritol 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 moicty are 1 kDa to 20 kDa, more
10  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 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.

15 It is preferred that the sum of interconnected functional groups and reactive functional groups of a
backbone moiety is equally divided by the number of PEG-based polymeric chains extending from
the branching core. 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 and reactive functional groups per PEG-based polymeric chain is kept

20  to a minimum.

More preferably, the sum of interconnected and reactive functional 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 reactive functional groups, eight
25  groups may be provided by cach 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 cach of sixteen PEG-based polymeric chains.

30
Such additional functional groups may be provided by dendritic moieties. Preferably, cach dendritic

moiety has a molecular weight in the range of from 0.4 kDa to 4 kDa, more preferably 0.4 kDa to 2



15formation it is possible to vary the degradation half-lives of the

bi odegr adabl e hydrogel carrier according to the invention. The total anopunt
of backbowe 20tiiaeiies can be neasured in solution after ®ompPete/odagr adati on
of 20 the hydrogel according to the igyention, and during degradation,
fractions of sol uble backbone degradati on products can be separated from

t he i nsol ubl e hydrogel according to the invention and can be quantified

wi t hout interference from other sol ubl e degradation products rel eased from
t he hylemgﬁéfeabl;@eaﬁhn@nﬂmid eictynhagnt lcast.3 Braimhdres ged aoleja@@ftremi&etﬁdicﬁglaﬂ o the
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vol une of the swollen hydrogel according to the invention. Sol ubl e hydrogel
degr ad8t"Bh products remain in the aqueous supernatant after such
sedinentation or centrifugation step, and water-sol ubl e degradati on

product s conpr|5|n one or nore backbone npieties are detectabl e by
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products do not exhlblt UV absorption. Such selectively UV-absorbing groups
may be truc nts. of _the backbone noiety such m de bonds or
ey peM B%U@Qdﬂfe RoE éalﬁlawfﬁﬁﬁeewt P ETOR e T8 FEAEE ve
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groups. In such hy drogel-llnked i nsulin prodrugs accordlng to the

i ndent IgARenpentlys nebe Fthulpnceely ¢ohk bagsdredymetq chadeiminalattagisd tq the gpartgynaiy s

Occurr@Qb@@%?%%§%n§kﬂﬁb&h&%@%oﬁﬁQMﬁHmQmee&ﬁﬁﬁemQﬁ&Kﬁ&mQﬁ%KHﬂﬁﬁcQﬁgﬁqgat'0“
products §< 10 has taken place. This can be achieved by a justlng
ou

hydr ogedvalently mkleh t¢ asdanfutiq medrty dive. isaghf dendfigic veqiety sHyrh&aviggl ab drabt
degr adﬂfn Qghai(étja 155 rgérese Ergg Jﬂ¥ ﬂ{t&gﬁlne#téc{%%&hdng%%ﬁﬂ% aH{i Peq He fﬂlgctlroﬁ'eﬁ g%u%? ent

i nvention can startin rom-t droge the p

i nvention by convenlent met hods known in the art. is clear to a 20
pragtiti . in the art t tes e t.he drug
Li 2 i’ e?er%eol%, eac aﬁ% f}léiel%enlc’ll ttlly sel (? hgrlmg"fjOgolrr(r:lall)< @%&ﬁceﬁm%(; wherel P

[ nsul | iy, 1 io8 2¢ avlalaanhfegeralhttae hﬁcgeaﬁrfrdme 5r @ailt, edd i Tld’]atchanfcelaﬁlhct\tﬁa]f gmolb i onal

groups of the e f the present invention with or with already
bearin&“?ﬁ@q%egg g%ﬁ insulin, in part or as whole. 25 In a

preferable nmet hod of preparatlon the hydrogel is generated through

chem cal qatlon reactions. The hydrogel nay be formed fromtwo

macr orrBfeéfif%h Bl %TH’LEYI%MW‘?WI@@B}?B%WQ@W@GJH%%%nal ities which undergo a
reagti on such as a condensation or addition. One of these starting
materials is a crosslinker reagent with at | east two identical functional

gr oups Prefgalilndhodamdriticmaiety Hyp wahepirbranhsd golypenside: Rr¢feighlyt the haperbyaedbbdne
r eagenboly&f)'tﬁi@pclrﬁpr sgpﬁlgl'nQ Hlat!ougcﬁ MSPIQF&W teac(flndeihglr‘?tlc moiety Hyp has a molecular

weight in the range of from 0.4 kDa to 4 kDa. It is understood that a backbone moicty C(A-Hyp)s
can consist of the same or different dendritic moieties Hyp and that each Hyp can be chosen
30 independently. Each moiety Hyp consists of between 5 and 32 lysines, preferably of at least 7
lysines, 1.c. each moicty Hyp is comprised of between 5 and 32 lysines in bound form, preferably of

at least 7 lysines in bound form.Most preferably Hyp is comprised of heptalysinyl.



30 crosslinker reagent include term nal am no, carboxylic

deri vati ves,

acid and

mal ei m de and ot her al pha, beta unsaturated M chael acceptors

| i ke vi nyweubfiame719t hi ol , hydroxyl groups. Suitabl e funeCraradionsaeps
present in the backbone reagent includge but are not limted to am no,

carboxylic

WO 2011/ 012719PCT/ EP2010/ 061160 44 acid and derivati ves,

mal ei m de and ot her al pha, beta unsaturated M chael acceptors |ike

vi nyl sul fone, thiol, hydroxyl groups. I f the crosslinker reagent
pol ynmeiThe mla&t@ng]f polysicarablufedicnabstqisattiackbehe teegénlt,ynmﬁe tsﬂsmirfe:alrbyecﬁ HypowBh

nerrz bl oups he resulting hydro be a reactive
: i eTRp g Aot SRtk PrlurEN el P Sual oo BubDGhe
St ruct pérehanégountidabhy,, the prodrug |inker may be first conjugated to
insulin and the resulting i nsulin-prodrug |inker conjugate may then react
hydrogel 's reactive functional groups. Alternatively, after 10

act & vapigialy, Q@f—}l%)ﬂﬂh@ 4 Ht@%hl@ﬁwelggf oUpR Ahgt BE ARIOAr kG kd REEIDa, e
| i nker-h droge conk% be contacted with insulin in the second
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hydrog
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react i Bifistdpl kRate
conjugation of the insulin to the hydrogel -

aqdﬁsmmﬁrermife@blw el‘?ﬁf\/t@d b{Pafiltration after
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Biodegradability of the hydrogels according to the present invention is achieved by introduction of

hydrolytically degradable bonds.



45 reagent's nunber of lysines per PEGarmw || be between six and seven,
nore preferably approximately seven. A preferred backbone reagent is shown
bel ow. 1089nbhiesea9of the crosslinker reagent starts fr®@eT&EPRINDENGIPEG
chain with a nol ecul ar weight rangingsfromO0.2 to 5 kDa, nore preferably
fromO0.6 to 2 kDa, which is esterified with a half ester of a dicarboxylic
acid, nost adipic acid or glutaric acid. Preferred protecting group for
hal f ester formation is the benzylic group. The resulting bis dicarboxylic
aci d PE& hahfs gstderigically dnegnad:ﬂﬂ&”ed‘bioﬂtgradmbteé ore dictdrolgticaly budoayatdgipauteds

such as acy »chlorides or, i » PE tafluoro hen

Ny Bnehleoron TR ef, AR crdiv B RN R iSS HREr M hisaRe Sbus,
whi C/h pf elice fp‘f@fht Sﬁbﬁﬁl})ﬁdtosbdiﬂdl@taﬂdelmlﬁing"I@McﬁbhbeﬂﬁOM\bn edﬁ@natlcc?lly lllydrolytlcally
2011/ 0127 E 061160 46 rein eac ndependent|y i.g a

i nt ege eafaﬁgke g? cunder physigiogicg! qogglgﬁn% (Hlegu Buier i B g 06 Cﬁd@ﬁl@%@re
preger [ied sgihd) BomObde NN StdecUBSMAL inchlifY, ber f8thbl Bhited tN@cdit§ls, acetals,
dlcarboxyllc acid PEG half esters may be activated in the presence of a

coupl i AYidsyesitbosylih antydpdys. syterpioptinesy hpdimeomes. |l a%mamcéir Havdey ordatskrment
the baﬁllﬂgﬁﬁh@mﬂ&a-MIah(ﬁé’t&rs' sﬁ%gl%q)éﬁkrsgs'il?lj&%er@@gfc;nﬂeesfé‘?g El%ﬁﬂlgggérﬂﬁnates

crossl inker reagent woul d be sel ected from ester-contal ning

am no- cenbihsipne eﬁE@ﬁ@h@ﬁhk@ 15 Backbone reagent and crosslinker reagent
may be polynerized to formthe hydrogel according to the invention using

i nverse enul sion polynerization. After selecting the desired stoichionetry
beﬂ&eeHjbamﬁhnmdndngebmmm@hgnhehepwhyﬂnm&Za@h@mgrmupsmn@amhhmnbnanmmqn
crosslinker .are di | v e enmul gat r .wi t.h an

ot opPresTn 3 Seral e Fa SR Sh )RR IO Bl e X angy e
to fOrﬂt@ﬂmﬂbN&fﬁeeﬂﬁ@bﬁﬁﬂﬁmuﬁsng a nechanlcal stirrer and controlling the
stirring speed. Polynerization is initiated by the addition of a suitable
base, preferably by NN, MI\i -tetranethyl ethyl enene diam ne. After
stirring for an appropriate anount of tinme, the reaction is quenched by the
addition of an acid, such as acetic acid and water. The beads are

hat®estPeEmangals Hilageanarer e epeaatiss]! Yacweradvtirg!ly odgsgadeple| andsr ghysiplogical

Tec hgnb&ﬁlltm%’s eXjuBShs HPLE QN 7Y, 32%)RNRt BALIENG JTAURSHIRY: ResLehryed Rt this
S
J example, amides.

20 To introduce the hydrolytically cleavable bonds into the hydrogel carrier of the invention, the

backbone moieties can be directly linked to each other by means of biodegradable bonds.

In one embodiment, the backbone moieties of the biodegradable hydrogel carrier may be linked
together directly, i.e. without crosslinker moieties. The hyperbranched dendritic moieties of two
25  backbone moictics of such biodegradable hydrogel may ecither be directly linked through an
interconnected functional group that connects the two hyperbranched dendritic moieties.
Alternatively, two hyperbranched dendritic moieties of two different backbone moieties may be
interconnected through two spacer moicties connected to a backbone moiety and on the other side
connected to a crosslinking moiety separated by an interconnected functional groups.
30
Alternatively, backbone moicties may be linked together through crosslinker moieties, each

crosslinker moiety is terminated by at least two of the hydrolytically degradable bonds. In addition



WO 2011/ 012719PCT/ EP2010/ 061160 47 In an alternative enbodi nent of this
invention, nmulti-functional noieties are coupled to the reactive functional
groups ofwoOhetipabymeri zed reactive hydrogel to increasePChEP2U0DET6OF
functional groups which allows to incggase the drug | oad of the hydrogel.
Such nmulti-functional noieties may be provided by suitably substituted
derivatives of lysine, dilysine, trilysine, tetralysine, pentalysine,
5hexal ysi ne, heptal ysine, or oligolysine, |ow nolecular weight PEI

Pr ef er abthy, tetiatiog | depgraflabhe boraleathe noiselinket moleyiss may cPutrinhferthershicdegindalslogel
according, tq,the invention na functionalized with a spacer carrying the
Sane. 1 POICET ST SgFDRE ol A Eiieh My b Tgp oo kol AT alRE hro

t he hydydigigticdily degrapdtilegonk) aid hdtitsnabbibidpeidabldalondPae bptichaltn bapreetit @bl y
activated CQCH-(EG 6- NHf noc (EG=et hyl ene gl ycol), and renoving the

f moc- pHGEESHIE YP5Wp.  After loading the insulin-linker conjugate to the
fungtionalized mal ei m do group-containing hydrogel, all remaining

functi onal qroups are capped with a suitabl e blocking reagent, such as

d
15mer c Bt hahobiodessmdableladrosd narest seamgege of bagkborsigoictioy injergpnaeeted by
enbodi ﬂ?(ﬁ&lyﬁéallgf %gﬂa@éﬁ%ﬁdnﬁ@ andfhe 'bgﬁ%t)h@ﬁll)feﬂgsed’re ﬁ%dl{ggéﬂ\%ir ?%B%g\fl' dksBnilct €€

thiol group conhnected to the |inker noiety, is reacte

mal ei ningetitynct i onal i zed hydrogel at tenperatures between roomtenperature
and 4C, nore preferred at roomtenperature, in a buffered aqueous sol ution
of pH 2-5, preferably pH 2.5-4.5, nore preferably pH 3.0-4.0. Subsequently,
t heo 20hcbipdespiabldihndropdsulricr mgy targaih bme drirmdee difeyait oged ofcoossligat @oicses,

treated wi th ner t oet.hanol at tenperatures .bet n _room:t rature and
ac, Pty 87 JRRHOHERY alber iy b & ik of iiiehet BelesluahTe IR i5h o
pH 2- 5lindaf elotscalsl ¥n ppleBerzd 4mBodifidhitenf phiccih @dnd@ibh,ythgddodlibked niwiety it canmdctedrto
preferred enbodi nent of the jnyentjon, ap insulin-linker conjugate carrying
a naleLﬂgB@“@WHﬁﬁ”@Xﬁhgﬁ?Eﬂ)FBX%W%MP*ﬁR “noiety, is reacted with a
thiol-functionalized hydrogel at tenperatures 25 between roomtenperature
and 4C, nore preferred at roomtenperature, in a buffered aqueous sol ution
of IpH 2-5, preferably pH 2.5-4.5, nore preferably pH 3.0-4.0. Subsequently,
the corresponding resulting insulin-Iinker-hydrogel conjugate is treated
with a | ow nol ecul ar wei ght conpound conprising a nal ei m de group,
pr ef er Bisfsratdy reppsslindsctimoicsipi luive h myplesslepwaight isftherpoga o fRopoPMaa taed glga, more
N-et hy| - amlig) g8 o S SEPR iU FNBRRRP b TPES At 4 Ela3N oy AT dfor e 30
preferkgﬂggﬁ&ro%ﬁﬁ%gnpergPure,’Fﬁ§%9§6¥§§?géﬂgqﬁéous sofﬂtion’g?épﬁug?S,
pr ef er aiskoyabpyHr@mI-kDadp 3rbraelnpme feambadimgnty iHc@sBnBerGnoicty\Eonsists of a polymer.
2011/ 012719PCT/ EP2010/ 061160 48
In addition to oligomeric or polymeric crosslinking moieties, low-molecular weight crosslinking
moieties may be used, especially when hydrophilic high-molecular weight backbone moictics are

used for the formation of a biodegradable hydrogel according to the invention.

25  Preferably, the poly(cethylene glycol) based crosslinker moietics are hydrocarbon chains comprising
ethylene glycol units, optionally comprising further chemical functional groups, wherein the
poly(ethylene glycol) based crosslinker moieties comprise at least each m ethylene glycol units,
wherein m is an integer in the range of from 3 to 100, preferably from 10 to 70. Preferably, the
poly(ethylene glycol) based crosslinker moieties have a molecular weight in the range of from 0.5

30 kDato 5 kDa.



Anot her aspect of the present invention is a process conprising the steps
of (a) contacting an aqueous suspensi on conprising mal ei m de-functionalized
hydr ogel wocepropaeti®cl es with a sol ution conprising an i RENIEPR610I0AKEN

reagent carrying thiol groups at tenpeggatures between roomtenperature and
4C in a buffered aqueous solution of pH 2-5, 5resulting in an

i nsulin-1inker-hydrogel conjugate; (b) optionally, treating the

i nsulin-1linker-hydrogel conjugate fromstep (a) with a thiolcontaining
conpouibfdusefl iB4refoeento t@@OcrEBlialtertrmipt@rm U PES- bfsedweiyrrredormaiermmn@tadrm and 4C

i buf f d 0 Anoth t th t
| mvant PaRcEE ot S E St R Rl LB gy St IR ReT A ke s e

SUS pensoraptishiRap (dasi20gvdidhit 04 ethylevet dlwaambiztick. hydr ogel microparticles with a
solution conprising an insulin-linker reagent carrying nal ei m de groups at
t enper atures between roomtenperature and 4C in a buffered agueous sol ution

of pH Br éne érﬁ@d&h&érﬂgmbﬁbrﬁé}s CosHtutiRg i médE0gahke Qﬁulét&@ta?e commbdidd by
optionally, treating the insulin-linker-hydrogel conjugate from step (a

w t h abiedfesndeblgehondn itugh RplygcEe fstHECOMOEDEs MaY 3oTainaDae H08npedegtadilds
bet meﬂoﬂc@%rﬁcﬁgp&?@ﬁdﬂgeoﬁm %Qe&ﬂamég'ﬁtfcﬁf fd c%géh%i?éisméfe{yu&ddotﬂe QolRFHag- 5-

A particularl erred nethod f preparation of an insulin prodrug
of thewmgé%eﬁthq mvmdrdmn&o@mpplﬁsé@ QUIQé capselpkenmofctipy arecpalndpctic @oidpound of

f Or | Bol OIXCI)déd) %\4}@@0@11{%{; é}lsrﬁ%f@%‘g@tﬁaﬁﬁug} %cﬁg(? chik Sd[:ld) Boly(%\%rc%ﬁ& ng to

or-a ecursor i's a suitable I ona
c o] nrp)o undd)athafhonapHeaerkbyptedX®  intemgried by dyyd'or X211 greppmé htias thiely |mab @bmirally bs

bi ndi n r recur X2 is a suitable functional group
Co'r eadt iR Nt ey B S Aoy BB s38rbe1 160 40  (cy reacting the

| east four functl onal groups of the resulting conpound fromstep (b) with a
polyet col ed crossli r wherei n .the react ups
of the w WPS%? g@ élﬂﬂletaeﬁéfed@ﬁ%mg BB GTERTAY %ﬁﬁ{f b%sﬁ’?par ed
tot henfo(kfcallar &l&[fb%ef@&bl&%@ tpbMEethdiet dIRdH baGddospslider Glofetisy Ricdhyldfcxibeh d a
hydrogel ; 5 (d). reacting remaining un-reacted functional groups

(1 &Pr eSS REPFiRES calen glycelumits.ioptanally compasies further dharigs, H@C%ﬁbgnog@d in

the hydnagsl mef on'O&hﬁéﬁ‘eSgl?éolj Béé@&‘%i&ﬂ)nkbﬂ‘m%ﬂﬁeshé’cgﬁﬁ?ﬂé|at ‘Pe%gtk&gﬁ'@n QfhyRhep (c)
with a coval ent. conj'ugate of insulin and transient [inker or first

ru
react i glgcqlnént&nWh@a@tr@ds By Aeseges iathgrag gp el {ipmh3 1t<hé0(£) rragfsiaghyt fra diddar 19y
l'i nker Pfge?éila‘tﬁﬂbtﬁg %U@%ﬂl}%en\@" élpc l)nt?a%d Brosslinker moieties have a molecular weight in the

range of from 0.5 kDa to 5 kDa.

20
In a preferred embodiment of the present invention the crosslinker moiety consists of PEG, which is
symmetrically connected through ester bonds to two alpha, omega-aliphatic dicarboxylic spacers
provided by backbone moieties connected to the hyperbranched dendritic moiety through
permanent amide bonds.

25

The dicarboxylic acids of the spacer moieties connected to a backbone moiety and on the other side
is connected to a crosslinking moiety consist of 3 to 12 carbon atoms, most preferably between 5
and 8 carbon atoms and may be substituted at one or more carbon atom. Preferred substituents are
alkyl groups, hydroxyl groups or amido groups or substituted amino groups. One or more of the

30 aliphatic dicarboxylic acid’s methylene groups may optionally be substituted by O or NH or alkyl-
substituted N. Preferred alkyl is linear or branched alkyl with 1 to 6 carbon atoms.



(e) optionally capping remaining un-reacted functional groups to yield a
prodrug of the present invention. 15Specifically, hydrogels for the insulin
prodrug oVothe/qaeAsent invention are synthesized as fol POREP2HON6GH K

pol ymeri zati on, backbone reagent and ggosslinker reagent are mxed in a
rati o am ne/active ester of 2:1 to 1.05:1. 20 Both backbone reagent and
crosslinker reagent are dissolved in DMSO to give a solution with a
concentration of 5 to 50 g per 100 nL, preferably 7.5 to 20 g per 100 m
and noBtefgatdy,ahabliyya p&ntaoeri2 @mydeplemd HoBvarh the hypEbranicheidendtioy meictyzatd tba, 2
to 10 % (vol..), NN N N -tertranethyl ethyl ene, di am.ne (TMEDA) are .25 added
to thes%%fédn%lzdﬁ‘hf??‘@ﬁteéé%?éﬁ%ﬁ%ﬂ‘b" 18?%‘5’5%%?%&66 PGt SPe tSCEI?Lao‘H SSP@&&% nt
and t heofdtxture is shaken for 1 to 20 sec and |left standing. The m xture
solidifies within less than 1 mn. Such hydrogel according to the invention
is preferably conm nuted by nechani cal processes such

assti r OhBgprefcusi AfssGitkdri RORHESS| SBwAr Bhloli NEhsRIdAREd ARG@LAtY SinRYdoRBectid® For
enul si on pol ynerization, the reaction mxture is conprised of the dispersed
phase hiedegrpisbledinkpgss uizpchlipas soictipg) 2011/ 012719PCT/ EP2010/ 061160 50 For the
di spersed phase, backbone reagent and crosslinker reagent are mxed in a
rati o amne/active ester of 2:1 to 1.05:1 and are dissolved in DVMSO to give
ato give a solution with a.concentration of 5 to 50 g per 100 mi,

pr ef eraﬁﬁom%%ﬁﬂmféo m and nost preferably 10 to 20 g per 100
m . 5 The continuous phase is any solvent, that is not mscible with DVSO,
not basih(e:r,e.na irs%tl'& eaepgff§hogv§0§qvi scosity lower than 10 Pa*s. Preferably,
the solvent '€ *Act i Pl Wth DMBO, not basi c, aprotic, shows a

vi scosity lower than 2 Pa*s and is non-toxic. Mre preferably, the solvent
is a saturated |jnear or .branched rocarbon.with 5 to 10 carhbon atons.
Vost prersriit: hEfiLGinelis e b aRBne ichs: Pesendeetahibraron Gel be

di sper gggadaBR¥0ndsn the continuous phase, an enulsifier is added to the
conti nuous phase before adding the dispersed phase. The anount of

enul sifier is 2 to 50 ng per nL dispersed phase, nore preferably 5 to 20 ny
per m—l\ﬂiré;f?h%fe%a%@& RRaREIbLAPRbicREESRARRE ¥ brhBcHE: RBE ofithe FHIBRALSERhase. 15
The enul sifier hHas an HLB-value of '3 to 8. Preferably, the enulsifier is a
triester of sorbitol and a fatty acid or an poly(hydroxyl fatty

aci d) - pol y(et hy&e[n‘\e\@ﬁ{yb‘ol ) conjugate. More preferably, the emulsifier is
anipol y(hydroxy=fatty @acid)-polyethylene glycol conjugate, with a |inear

pol y(et hyl ene glycol) of a nolecular weight in the range of fromO0.5 kDa to
5 kDa and pol y(%%@I@W-da@hewmwdweg@ttqsrhinﬁrst tothegerngindas gf Be bogkbea meigtyt he
range of fromO0.5 kDa to 3 kDa on each end of the chain. Mst preferably,
the enmul sifier is poly(ethylene glycol) dipolyhydroxy stearate, G throl
DPHS ( Marhproferddbhighe tadrhone maickisce@impPis8s strnCruelal the fodlowétg formalla:Pl ¢) Dropl et s
of the dispersed phase are generated by stirring with an axial flow
inpeller with a 25 _geonmetiry sigihar to s}‘j;_i_,;.rrers such as Isojet, Interm g,
Propel | er (EKATO R i r=""und M schit€chnhk] GtbH, Germany)), nost preferably
simlar to Isojet with a dianeter of 50 to 90 % of the reactor dianeter.
Preferably, stifyi i.s. 1 nit [ it f the dis e.

St ?Irj rer speed ivgﬁ%%? ntlialtf.ﬁtfg%é&%o?#%?osﬁ) %ﬂgh%j{iagg%@éngd&gﬁagésseﬁﬁ‘Esl%ge (tJIFe%’ ﬁgt
room t empéndat offths bakbortch@ictpncent rati on of the di sperse phase is 2%to 70%
preferably 5 to 50%, nore preferably 10 to 40% and nost preferably

Preferably, backbone moiety comprises a hyperbranched moiety Hyp.

25  More preferably, the backbone moiety comprises a hyperbranched moiety Hyp of the following

formula:



30 20 to 35% of the total reaction volunme. The m xture of dispersed phase,
emul sifier and continuous phase is stirred for 5 to 60 mn before adding

t he base wo 20tiiefibect pol ynmeri zation. WO 2011/ 012719PETTEP2000606A160 51
5 to 10 equivalents (referred to eachsam de bond to be forned) of a base
are added to the m xture of 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

sol ubl e in both-dj sperse pliase 5 and DMSO, an ani ne base and non-toxic.
Most preferably, Nhe-base N N, N, N ,N - tertranethyl ethyl ene di am ne
(TMEDA). Stirring'in thelpresence of base is continued for 1 to 16 h.
During stirring, dropl é®s nf diﬁ@érsed phase are hardened to becone
crosslinked hydrogel beads| according to the invention which can be

col lected and fractionation according tdWsize is performed 10 on a

vi brational continuous gsieving machine with a 75 limand a 32 pmdeck to
gi ve hydrogel nicropartﬂggéscgggbnging to the invention. The hydrogel for
the insulin prodrug,ofH:he}présewﬁ“inyqqtion can be obtained fromthe
preparation nmethods ‘in’]orm of nmcr§par%icles. In a preferred enbodi nent of
t he invention, the“ﬁeaéﬂﬂxe 15 hydrgel Y& a shaped article such as a nesh
or a stent. Mst prieféra , bhex'ydroget~$s formed into mcroparticul ate
beads which can be adniniskegﬁd#As subcut aneous or intramuscul ar injection
by neans of a standard syriﬁgeJ@Sumhisoft beads may have a di aneter of
between 1 and 500 microneter. 29 Preferably, the mcroparticles have a

di aneter of between 10 and 100 4t eyoneter if suspended in an isotonic
aqueous formul ation buffer, nost Qreferably a dianeter of between 20 and
100 m croneter, nost preferably a diameter of between 25 and 80 microneter.
Preferably, the mcroparticles can be adm nistered by injection through a
needl e smaller than 0.6 25 mminner dianeter, preferably through a needle
smaller than 0.3 mminner dianmeter|nore preferably through a needle smal
than 0.225 mminner dianeter, even nore preferably through a needle smaller

than 0. 175. [ di t d f bly th h dl |
than 0" TEZRNIT HRGRY lrBrere HGBronda Mosy £ errieath Bl Dnregtes: matl
"I nj ectvahiaktidigks ifi@te 3-onfigga@tibi.nat i on of factors such as a certain force

applied to a plunger of a syringe containing the biodegradabl e hydrogel
according to the invention swollen in aliquid at a

5  Preferably, the backbone moicties are attached to at least one spacer of the following formula:

0O
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wherein the dashed line marked with the asterisk indicates the bond between the hydrogel and the N
of the thiosuccinimide group,
wherein the other dashed line indicates attachment to Hyp, and

10 wherein p is an integer of from 0 to 10.

Preferably, the backbone moieties are attached to at least one spacer of the following formula:



certain concentration (wv) and at a certain tenperature, a needle of a

gi ven i nner dianeter connected to the outlet of such syringe, and the tine
requi red wo 2exitaiede a certain volunme of the 5 bi odegr adabir&rhyidiooyed
according to the invention fromthe syjinge through the needle. In order to
provide for injectability, a volume of 1 nL of the insulin prodrugs
according to the invention swollen in water to a concentration of at |east
5% (W v) and contained in a syringe holding a plunger of a dianmeter of 4.7
mm canwhercaxdrreuafetic dhshed dined adperattirchmant toi the bfpsremtdd nideth Hypppldythag a
force of less than.50 Newton. Preferably . injectabiljty is achieved for an

| nout i eppEiRu R eaPet g PO meAL Sl Bl g G v et er 1o a
concentvhadeina isoh itt@ger b Uof\Vd tv 1, In a further enbodi nent the conposition
is characterized by being a liquid conmposition which upon 15injection forns
a depot. In a further enbodi ment the conposition is characterized by being
adn ni plcedr@dly, Pive I vabIBShE Mbictid Clle Ahk&U RSN BB Eh Odrods RANA S Stk alavink Ntha
further enbodi ment the conposition is for use in the treatnment or

pr evenfallgiingssticiicsease or di sorder associated with insulin deficiency in
whi ch treat nment prevention with an insulin 20conmpound is beneficial,
such as hyperglézg ] e-di tgg&‘inpaired gl ucose tol erance, diabetes
type |, diabeted Bype , syndrir® X. Typically, such disease or disorder
is diabetes type Il. In a further enbodi nent the insulin conmpound is

sel ect elietkmom human or nonhuman insulin or insulin anal ogs and derivatives
or con'g at.es &q§re Ljuﬁpre preferred is human insulin and insulin anal ogs,
such as tor e%anﬁpé Insulin glargine, insulin detemr, insulin lispro,
ingalin aspart, insulin 25 glulisine. Wien adm nistering the insulin
conpound a maxi mum peak concentration is typically reached within the first
48 hours. In a further enbodi nent the peak concentration is reached within

the fi tethyddRBUES 00fhe Bt fadibl @Bdn@NbetfdeihbaaBbok ntdidlict Bl drbdsthket Aodids s of
adm ni str within the f|r§}t6 hours of adm nistrati
T an

tion, e,qg. n. WO
2011/ Oy_szuyzf%éﬁeqd} ‘EF‘@%"I‘B}“’G@ Py glep numbe ype of connected atoms adjacent to tﬁe PEG-ester

carboxy group. For instance, by selecting from succinic, adipic or glutaric acid for PEG ester
15  formation it is possible to vary the degradation half-lives of the biodegradable hydrogel carrier

according to the invention.

The total amount of backbone moieties can be measured in solution after complete degradation of

20  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.

25  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 onc or more backbone moictics are detectable by subjecting
aliquots of such supernatant to suitable separation and/or analytical methods.

30



53 In a further aspect the pharmaceutical conposition of the present

I nvention further conprises a G.P-1 conpound, typically a G.P-1 agoni st.
Such a GWwoXotarpnand is typically selected fromany on@CofEPRBe@611Ed No: 1]
Exendi n-4 5 HGEGIFTSDL SKQVEEEAVR LFI RY.KNGG PSSGAPPPS- NH2 [ Seq | D No: 2]
Exendi n- 3 HSDGTFTSDL SKQVEEEAVR LFI EWLKNGG PSSGAPPPS- NH2 [ Seq | D No: 3]
HGEGTFTSDL SKQVEEEAVR LFI EWLKNGG P 10[ Seq | D No: 4] HGEGTFTSDL SKQVEEEAVR
LFI EWLKNGG Y [Seq | D No: 5] HGEGTFTSDL SKQVEEEAVR LFI EW.KNGG [ Seq | D No: 6]
15 HCEGEErSL, vsHMabhr\iRgtaBhtOAHMNECSsNMR peSeparhied Noni/yatkiCheTrISDier SKOMEEEAVR

LY VLN N2, ] 360,P bR o FRSTFS Rl GhERRAVE, L R ERSISAPEes: M2
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.

For instance the backbone moictics 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

10  ring systems such as indoyl groups.

In such hydrogel-linked insulin prodrugs according to the invention, it is desirable that almost all

insulin release (> 90 %) has occurred before a significant amount of release of the backbone

degradation products (< 10 %) has taken place. This can be achieved by adjusting the hydrogel-
15  linked insulin prodrug’s half-life versus the hydrogel degradation kinetics.

The hydrogel-linked insulin prodrug of the present invention can be prepared starting from the
hydrogel of the present invention by convenient methods known in the art. It is clear to a
20  practitioner in the art that several routes exist. For example the prodrug linker mentioned above to
which the biologically active moiety, i.e. insulin, is covalently attached can be reacted with the
reactive functional groups of the hydrogel of the present invention with or with already bearing the

active moiety, i.e. insulin, in part or as whole.

25 In a preferable method of preparation, the hydrogel is generated through chemical ligation
reactions. The hydrogel may be formed from two macromolecular educts with complementary
functionalities which undergo a reaction such as a condensation or addition. One of these starting
materials is a crosslinker reagent with at least two identical functional groups and the other starting
material is a homomultifunctional backbone reagent. Suitable functional groups present on the

30  crosslinker reagent include terminal amino, carboxylic acid and derivatives, maleimide and other
alpha,beta unsaturated Michael acceptors like vinylsulfone, thiol, hydroxyl groups. Suitable

functional groups present in the backbone reagent include but are not limited to amino, carboxylic



HCGEGTFTSDL SKQLEEEAVR LFI EFLKN-NH2 [ Seq | D No: 10] 54 HGEGTFTSDL SKQLEEEAVR
LAl EFLKN-NH2 [Seq | D No: 11] HGEGIFTSDL SKQLEEEAVR LFI EW.KNGG PSSGAPPPS- NH2

[ Seq | D Nw022{1/6B2HEDGTFTSDL SKQVEEEAVR LFI EWLKNGG PSSGAPPPEPRHAE/0pSeq | D No
13] G.P-1 (7-36) am de HAEGIFTSDV SSYLEGQAAK EFI AWLVKGR-NH2 [Seq | D No 14]
HSEGTFTSDV SSYLEGQAAK EFI AWLVKGR-NH2 10[ Seq ID No 15] G.P-1 (7-37)
HAEGTFTSDV SSYLEGQAAK EFI AWLVKGRG [Seq | D No 16] HAXaaGTFTSDV SSYLEGQAAK
EFI AWLVKGR- NH2 Wherein Xaa is selected fromP, F, Y. 15 [Seq ID No 17]
HXaaEGI¢d S S8 aEGEA A alER AN MdGRehIH21  pha,beta  unsaturated Michael acceptors like

vinylsulfone, thiol, hydroxyl groups.

If the crosslinker reagent polymerizable groups are used substoichiometrically with respect to
5 backbone polymerizable groups, the resulting hydrogel will be a reactive hydrogel with free

reactive functional groups attached to the backbone structure.

Optionally, the prodrug linker may be first conjugated to insulin and the resulting insulin-prodrug
linker conjugate may then react with the hydrogel’s reactive functional groups. Alternatively, after
10  activation of one of the functional groups of the prodrug linker, the linker-hydrogel conjugate may
be contacted with insulin in the second reaction step and excess insulin may be removed by

filtration after conjugation of the insulin to the hydrogel-bound prodrug linker.

A preferred process for the preparation of a prodrug according to the present invention is as follows:

15

A preferred starting material for the backbone reagent synthesis is a 4-arm PEG tetra amine or §-
arm PEG octa amine, with the PEG reagent having a molecular weight ranging from 2000 to 10000
Dalton, most preferably fom 2000 to 5000 Da. To such multi-arm PEG-derivatives, lysine residues
20 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 block is bis-boc
lysine. Alternatively, instead of sequential additions of lysine residues, a dendritic poly-lysine
moiety may be assembled first and subsequently coupled to the 4-arm PEG tetra amine or 8-arm
25 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
cach arm of a 8-arm PEG. In another embodiment, the multi-arm PEG derivative is a tetra- or octa
carboxy PEG. In this case, the dendritic moictics may be generated from glutaric or aspartic acid,
and the resulting backbone reagent would carry 32 carboxy groups. It is understood that all or a
30 fraction of the backbone reagent’s functional groups may be present in a free form, as salts or

conjugated to protecting groups. It is understood that due to practical rcasons the backbone



Wherein Xaa is selected fromT, a-am nobutyric acid, DAla, V, Ay. [Seq ID
No 18] HaEGIFTSDV SSYLEGQAAK EFI AWLVKGG 20 [Seq I D No 19] R- HAEGTFTSDV
SSYLEGQAAKOBR I AMEMBCGR- NH2 Wherein R is sel ected from aceCyEP2@pnegbut amyl ,
N 2- hydr oxybenzoyl, N-trans-3-hexenoykhs WO 2011/012719PCT/ EP2010/ 061160 55
[ Seq I D No 20] HXaaAEGTFTSDV SSYLEGQAAK EFI AWLVKGR- NH2 Wherein Xaa is

6- am no- hexanoyl. In a further aspect the present invention relates to use
of an insulin conpound for preparing a 5 pharnaceutical conposition

conpr i sdapent’s henbres ulfi lysiconpauRBGammawdbrvcebittwartni oiR dndaseves, swfef pefaaily t o
maintain a.therapeutically effective |level of the insulin conpound in bl ood
plasnaam%?mg?mb3§¥?’3 days, typically at least 80 hours, e.g. a week or
nore characterized by having a pharnacokinetic profile in vivo with
substantra%%&bno burst of .the insulin conpound, for treatnment or prevention

of a di'dg¥ aCKpAOS FAgEt ALV REIY Wi th i nsulin deficiency in which
treatnent or prevention with an 10i nsulin conpound is beneficial. Such a
concentration will vary from subject to subject and depend on the

t herapeutic window in an individual subj ect, but in order for a therapeutic
effect to be present during gJt 3Ngays, e.g. a week (i.e. about 7
days) the[concentration is fyplca lyTat ?east about 10 ng/n1, e.g. nore
than 10 1% nmg/m . A preferred conp |on of an insulin-hydrogel prodrug is

given in tthe foll ow ng paragraphs.

AR
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10  Synthesis of the crosslinker reagent starts from a linear PEG chain with a molecular weight ranging
from 0.2 to 5 kDa, more preferably from 0.6 to 2 kDa, which is esterified with a half ester of a
dicarboxylic acid, most adipic acid or glutaric acid. Preferred protecting group for half ester
formation is the benzylic group. The resulting bis dicarboxylic acid PEG half esters are converted
into more reactive carboxy compounds such as acyl chlorides or active esters, eg pentafluorophenyl

15  or N-hydroxysuccinimide esters, most preferred N-hydroxysuccinimde esters, of which preferred

selected structure is shown below.



The conposition of insulin-hydrogel prodrug may be provided as a suspension
conposition or as a dry conposition. Preferably, the pharmaceutica
conposi t iwo 20f1/d1emal i n- hydrogel prodrug is a dry conposiPCir@ar20i18ostiabl e
met hods of drying are, for exanple, spgay-drying and |yophilization
(freeze- 20drying). Preferably, the pharnmaceutical conposition of
i nsul i n-hydrogel prodrug is dried by |yophilization. Preferably, the
i nsulin hydrogel prodrug is sufficiently dosed in the conposition to
provide tierapegicapyy effective amount of igsuli@ for at |east three days
I
Pr

f
in one applicatifjon. re 25preferably, offe a i catNon of the insulin
hydr og p“ﬁgé (S ngbkgikcx [ , gypﬂ rmpceuti cal conposition
of insulli ydr ogel “pr odrug accordin Po the se pnvention contains one

or nore eXgcipients. WD 2011/012719PCT/ EP2010/ 06116 56 Exci pients used in
par ent eral Oconposi tions nmay be categorized as bufféring agents, isotonicity
nodi fiers, preservatives, stabilizers, anti-adsorption agents, oxidation

pr ot ectvharinagenmsndepbsicody fiagliséger mngmp fipnmehfoaiendhg agents, or ot her
auxiliary agents...ln so cases, these ingredients nmay have dual or triple
functi 84! %ﬂfgﬁﬁggf?ﬂﬁﬂs of insulin-hydrogel prodrugs according to the 5
present invention contain one or nore than one excipient, selected fromthe
groups_consisting of: (i) Buffering agents: physiologically tolerated
buf?er§ﬁ¥%mﬁépﬁ?§ﬁﬂaﬁ*b?ﬂ@énﬂﬁgﬁied range, such as sodi um phosphat e,

bi carbonate, succinate, histidine, citrate and acetate, sul phate, nitrate,
chloride, pyruvate. Antacids such as Mg(OH) 2 or ZnCO3 may be al so used.

Buf fering 10capacity may be adjusted to match the conditions nost sensitive
to pH stalylity (ii) Isotonicity nodifiers: to _mnimze paindghat can

result frgm cel damage e to osnotic pressurg differefgces at\ the

i njecti epot L A yceri aquiggkyglchkﬁﬂide e a es. tive
concent|r at Nom® can”be et ef@n ned"by o gr@ usthg ant as€amdd osnol al ity
of 15285>%15 nOsnol / kg for serum (iii) Preservatives and/or antim crobials:
mul ti doselparenteral preparations require the addition of preServatives at
a sufficient concentration taya4bi mze risk of patients beconing infected

upon injection and correspondi ng regul atory requirenents have been
established. Typical 20 preservatives include mcresol, phenol,

meL Y| RALARERy, Shd¥IsPALADEIic REQAPYEG HaAR&Rrs RS YLPRHARENIn GRI QERRY anel

benzyl al cohol”, phenylnercuric nitrate, thinmerosol, sorbic acid, potassium
sor bat equpbegzgsingsugl peDCE I Si0e EpBOPand benzal koni um chl ori de

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.
15
Backbone reagent and crosslinker reagent may be polymerized to form the hydrogel according to
the invention using inverse emulsion polymerization. After selecting the desired stoichiometry
between backbone and crosslinker polymerizable groups, backbone and crosslinker are dissolved in
DMSO and a suitable emulgator with an appropriately selected HLB value, preferably Arlacel
20 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*-tetramethylethylenene 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,

25  protecting groups may be removed at this stage.



(iv) Stabilizers: Stabilisation is achieved by strengthening of the
protein-stabilising forces, by 25destabilisation of the denatured stater,

or by di reototi/metiitng of excipients to the protein. StabPCraEPesompmee an no
aci ds such as al anine, arginine, aspagjic acid, glycine, histidine, |ysine,
proline, sugars such as glucose, sucrose, trehal ose, polyols such as
glycerol, mannitol, sorbitol, salts such as potassi um phosphate, sodium

sul phate, chelating agents such as EDTA, hexaphosphate, |igands such as

di val ebt amatesdativoemsbodanent pf thésl ioventipn, eudti-fyncBOnab trioéties &k teupded totlganiative

nol ecul.es..such as nol.ic derivatives. In additign, oli rs. or. polyners
Such: ATy EibaaRRy B e PR BT R ime Do Hiitest MyBbar it anil e "hia
@_y lbew@&ﬁ@hllo\ﬁ@t@@d&a}a@a_ﬂl"élcﬁﬁ’g?fldaERﬁQhé)w&bg@ﬁs&h xﬁlulli-fg&ﬁldtionadﬁ@ilre@ébs: hy algent S:
In lonl ¢.or [Qn-ioni.c surfactants or other proteins or solu olyners
are USBEVHST Syapi SHRSHREHyRITCE iof direy iy’ flidne et Bntgigne.”
COMPOS hédaBBIng, IRptaGRHROSH 611-[%@[3;81%6,(1@@1@15@11&1‘ weight PERPr&%@b®! the Bhuii BiHcorfai 68)
PEG dodecyl . ether (Brij 35), polysorbate 20 and 80, dextran, polyethylene
gl ycol MmomEaEs hinghi sti di ne, BSA and HSA and 5gel ati nes. Chosen concentration
and type of excipient depends on the effect to be avoided but typically a

monol ayer of surfactant is formed at the interface just above the CMC val ue
(vi) Liethearsgtiohydseged preordens tarihsinvengion mepyfbe dencgionadized pithy sprogi eegrying the

exci pi 0 e tahi li.si . . bond
A g A
used buathotoobibepomdi npacposiuth e efithidgt actinatve GEDQH-(B&aANHHBer Viddi=ftiylene
surfactan?, nino.act'gdﬁﬁ noq;queous sol vents, and ot her peptides.

Tr ehal 85€ " $"HETTEH AT YV S Y CT €KtE"4P r educi ng noi st ure-i nduced aggr egati on
and al so inproves thermal stability potentially caused by exposure of

protei n _hydrophohi c.groups to water. nLtol and sucrose nmay al so.he used,
ei t her 9\5@9/ Job ?ft?/ Hggﬂabﬁlaﬁe_éép%‘gatsrtorlﬁecb%tﬂwaﬁ%e&n etrwﬁ%a%ﬂup-i%%?lﬂ%r
where Ry@bed, éflﬁifdnﬂﬁni@% fRAMa] @houpbl GFOEHpad itk NOWtablR} BHIRACR BN, SubiR las
stability of a lyophilized cake. Mannitol may al so be conbined with

t r dhal BsEartopth#gl.dQ Brejey uadesisedddecispgiionrd with sorbitol or sorbitol used as

the sole protectant. Starch or starch derivatives may al so be used 20(vii)
Oxi dat iron ppfoited ctbodinegent tbe iranbtionx irdaril #1-ikehcagugataariing adeicdhiobgitoop ne,

or opyl “yaeafe hefikeh i et TS Rabinh e Rnshonfiee ik e etsen,

pr Opyl , 1 1 ,, 1 a - 3 , T ,
hexaphp&apbat font RhPelayed bhd 489G i lort \prdfbrredVatSe oS tbinBErstud, itV b DaerSicl Yaqueous
enhancers: re%ard settling of the particles jn the vial and syringe and 25
are us&juiop 8f ¢t Zrd PEkrd >téﬁa%—5%&1%@@%@%@%%~8—ﬁ‘~%fSlth%%ﬂus%Yt»i Fes

andot OcdmkforddlR SUSIRRRShAMna Ak ERydkdel beﬁj_ﬁ%até Iis €troatddOWith OmeRaMBethd81 QYT 1 nge
pl unger). Suitable viscosifiers or vi scosi ty enhancers are, for exanple,
car bontmpgragiesshoryen o feaperie pisl 4°64 moraqyplistpbit reg feaperature.de b buffersé

derivaty NEs JoffiGn BY i 92 glgegé?%fdl QYs'-L?G'rLM‘e%&?erg@%/ B .é'f..'s.ose, HPMC) or

di et hyl am noet hyl cel | ul E or DEAE- magnesi um si |l i cate

(Veegu 30 or ;sodium silicate, hydroxyapatite gel, tricalcium phosphate
gel , xHhneHKs Pf@%ﬂﬁ&@@% qisatq iﬂ%em%f% B ub*réné ,005J|usﬁﬁa%rrycznqo%mleﬁ9@? oxy

aci ds) grodp eonmdste®@R) thé Paller nﬁ[egl; i R&dtdLwLh thiol{fRlefidnaRed RRIydOh &R druRST d)
(PGA) and their copolyners S LGA), terpolyners of D, L-lactide

25" 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 insulin-linker-hydrogel conjugate is treated with a low molecular weight
compound comprising a maleimide group, preferably a maleimide-containing compound of 100 to
300 Da, e.g. N-cthyl-maleimide, at temperatures between room temperature and 4°C, more

30 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.



WO 2011/ 012719PCT/ EP2010/ 061160 58 gl ycol i de and caprol act one, pol oxamers,
hydr ophi l'i ¢ pol y(oxyet hyl ene) bl ocks and hydrophobi ¢ pol y(oxypropyl ene)

bl ocks t ovoeka/upria tri bl ock of pol y(oxyet hyl ene) - PCT/EP2010/061160

pol y(oxypropyl ene) - pol y(oxyet hyl ene) @g&.g. Pluronic0), polyetherester
copol ymer, such as a pol yet hyl ene gl ycol terephthal ate/ pol ybutyl ene

t erepht hal at e copol yner, sucrose acetate 5 isobutyrate (SAIB), dextran or
derivatives thereof, combinations of dextrans and PEG

pol ydi Aebthyl spdcontthe presalt Inxgeion ichpioosanompisingehaytepsalfcohol ( PVA) and
derivatives, polyal kylimdes, poly (acryl am de-co-diallyl di nmethyl annnnium
( DADMA) ) (o PQI¥atiAlY | BT ERlebAONGhERB . BhpRASATHARGLNEARRIOAGK

dermat an sul fate, chondroitin sulfate, keratan sulfate, heparin, eparan
sul f at e, hymlomp@ﬁe;bs Wi salitisngekposing 20 inplinlivksk r@@gﬁloymrﬂng tla@lrgm@édtt of

hydr ophobi c,, )
pol y(l acti de ycoﬁgﬁ? "?‘Et%%ew“gﬁgﬁ‘ﬁﬁg %ISQ% ulffé(;:edBa-qBT%lé l%%hm%nu% %% 2
pol yet hyl enles@hl}gnolanQIBEIB) linker{hgéirpgélmphjugage,r ol i done. Such bl ock copol yners
as well as the abovenentioned pol oxaners may exhibit reverse thernal
gel ation (JQPMMhQTy, (tfréa’dhéj t&d Qﬁs%hﬁuhnk& lto%@[p%rﬁﬁéé[ee floth fsRBI fa) L€ a thiol-
adm ni stration and gel state above so transition tenperature at body
15t enper at u%%ﬁltl@ﬁommueéﬁf 8th)Pa 10 50 @p@tetampﬁgtums beivfern $oany tempsrature wadii f i es
t he per neabjdd | wbg%felggg@fé%g éé‘ﬁltf‘oh%?#ﬁ sty irough the hydrolysis of conponents
of the extracellular rex 1nt ntrastitial space such as but not
limted to hyaluronic acid, a polysaccharide found in the intercellular
space of connective tissue. A spreading agent such as but not limted to
hyal uroni dase tenporarily decreases the 20viscosity of the extracellular
matle i x Aaoticrprspenbdethe gickdntisiventionfis 4 pioesst eenghisugshe §txg)s ot her auxiliary
agents: such as wetting agents, viscosity nodifiers, antibiotics,
hyal ur onigagitacticd @ a@ReuPLARFGsDH BmPasiBY Wl&cﬂﬂh&fohghz%& ingddpd rﬁi@ﬂiph'r@i'cles
hydr oxi de ‘are auxi | i aryagent snecessar yf or pHadj ust nent duf i ngnanuf acture 25
Pref er abl y, Withea solvpos| conmisog #thgudulipn=lingerr sgatnt peastingg nsdnmiien groppe abor
nmor e than o fodi

"excipient” ﬂgﬁlp &Jfa tzl?%%e&e%ﬁ idr?lg{et J e%ﬁhggﬁﬁdeﬁc adj%%g%% ﬁ%fu@%% 5}?0111\%&'[ h’whi ch
t he ther apeltsvslilt:nglsaadmuhnn “Stlgr-dgldroStchnjpges; maceut i cal exci pi ent can be
sterile liquids, such as water and oils, 30including those of petrol eum

anhgal , \(spﬁitféﬁélﬁy %atﬁﬁé%@@ﬁshﬁn ﬁﬁlk&lhgldrogél%uﬁgag fH)'A{ st@@r(a)lxk/ﬂf'ﬂ heghidipiReanut
oil, soybean oil, mneral oil, sesane ol and 't he Water is a

preferred e@a@raﬁﬁ%wmﬁ)@ﬁd phE0 309 dpiat @rm@wm’mmjreméﬁm@@a@@ and 4°C

phar maceut i galy, @&h@%lﬁt&n%@'?ﬁ@t ered orally. Saline and aqueous

dextrose are preferred excipients when the pharnmaceutical conposition is

adm ni stered intravenously. Saline solutions and aqueous dextrose and

gl ycerol solutions are preferably enployed as |liquid excipients for

i njectable solutions. Suitable pharmaceutical excipients include starch,

gl ucosé, pdﬁa'mrﬂanlsqure%meﬂ wsépd d@l th¢ prepamednt of & inpude, prédrogiof thehpatsknt igvdnitiom gel |

soq umcsn[tlerzi;lsreéa{he St]g é/fcerol nonostearate, talc, sodiumchloride, dried skim
TYEErD opyl ene, glycol, water, ethanol and the |ike. The

corrp05|t| on, if de5| red, can also contain mnor anounts of wetting or

emul si fying agents, or pH buffering agents. These conpositions can take the

f orm of soI i 0o s 1l

powder s, ial Ega i gg@gblﬁﬁ f?g%ql?)ggga% the %lﬁl?egk igpe(s:%%%ls{{eﬁ? %}}Scan

be fornul at ed a@ll@l@omsa proeysorwif tHyptand df 'tis ervaitalbi haetmabagupxeilpt ent s

such astrlglycr foroul at i 1

such as phar mcgcu dog algréusla %1”}5’ rr%{ﬁnq}%rﬁ%ﬁ?{%nﬁ %ég%sél{tsaﬁgﬁ%gfo?e £ 8 @h&ﬁé

stearate, sodi umo :Aamatpaercumen ofc}giplantioéesamtglﬁieﬂmmtraagMp]aireact@th Exanpl es

of suitabl e pharmaceutical excipients are described in "Rem ngton's

Phar maceutical Sciences” by EEW Martin. Such conpositions will contain a

therapeuti c@) | y opfibedll irseetigimbu dsultthg thepdune fidpeuty @) insnebemakd firthdr steps

to yield a compound of formula C(A-Hyp)s having at least four functional groups;



15 purified form together wth a suitable amunt of excipient so as to
provide the formfor proper adm nistration to the patient. The formul ation
shoul d suwO 20hv1amde of admi nistration. In a general enipoUiRPRe/ 061160
pharmaceutical conposition of the pregent invention whether in dry formor
as a suspension or in another formmmay be provided as single or multiple
dose conposition. 20 In one enbodi nent of the present invention, the dry
conposition of insulin-hydrogel prodrug is provided as a single dose,

meani ng t hak)t hEeaL"O'IIg thicrae teastrfowhfuodtiondl greurswbphd esultqntaipesnd frem step (b)

phar maceuti cal 5 Thus not her ect of t r sent invention the
oo t1on s pRivi BBl eel PRt ik tRBE it wATRIER S B of
suspensi on corrpgﬁd ctrbssﬁnlteﬁ réagtid latd @bﬁmmasﬁﬁdmﬁﬁdf l;1|t1¢ aﬁouﬂﬁE@tﬁl paﬁ?igi ﬂ‘ogl&t totall
contains nore than _one therapeutic dose. Prefera tiple dose
conposi tion contdRE dreqchysimeiogalezaups sHC gﬁéhmhﬁ?gﬁbVQJ conp05|t|on of
i nsglin-hydrogel can either be used for different patients in need thereof
or is intendend for use in one patient, wherein the remai ni ng doses are
stored aft eld) t hacashipg reamiiigmunoreagted fnpiopel graurs ((Rppasentiedlpegactivpdynctional
2011/ 012719PCT/ %P(%%}% %Jﬁla@@bo@lg cbﬁpﬁs&ﬁtlnq}rle ﬁlﬁf?@é%i opthetﬂ?&eﬂrﬁ§§ﬁt)n)' fﬁvtﬁ@t ion
the conpositions conprised in a container.” Preferably the container is a
dual - chanber syriyfigec! Bsleanic aif| sjept (s vdihya covapns icenjogriaet ordiimgngd gangimt
present inventi i i
syringe and r ec%ﬂos({rlé @P\é N ggg i a|lcghr11é |ﬂ{s lEnr %\I‘j}?}? ﬁl |c{r?1$n:fi1li B gy ?ltgﬁgﬁb@&% t he
duab - chanber symproyes luﬂcePandmubseQuealpphwuhngsuhn,e dry conposition of
i nsul i n-hydrogel prodrug to a patient in need thereof, the dry conposition
is reconstituted. Reconstitution can take place in the container in which
the dry con@psi toptishatlfy chjsng tetralyh @gehctat Aattighal groppsonsiyiddla psadely efsthe n a
vial, syringe, dual-chanber syringe, anpoule, and cartridge. Reconstitution
i s done by addlﬁﬁﬂgﬁﬂw@agﬁ}ned amount of 10 reconstitution solution to the
dry conposition. Reconstitution solutions are sterile |iquids, such as
wat er or buffer, which may contain further additives, such as preservatlves
and? or Sesstficlhaiosels for [ﬂ?e inpinipreding of-th/Rfetsgeinvation AlsgyebBemsd ot foblawp
provi ded as single dose, the reconstituion solution may contain one or nor e
preservative and/or antimcrobial. Preferably, the reconstitution solution
i s st eFpllgpalEperizafion, P@éck@@mm@gem oy cofsslinksiichgenhard rugpsl in p raigramygng/ actize
mul ti pLe.d¢sq 59mRAsition, it is 15prefered that the reconstitution
solution contalns one or nore preservative and/or antimcrobial, such as,
for exanpl e, benzylalcohol and cresol. An addltlonal aspect of t he pr esent
nvg nt 130{}:1 bac g ‘t?otnesreat Q tan?i crossh d Oefa eafl(ii sso VaeEl i rf)l\ﬁé% ! gf%oansso 1'1 1tol1Jltvs’1 a
|nsuI|n ro F &rug conp05|f B rnsalTn rogel oLl
conpos cdsncemtranaﬂ 026 tdh®0) gden lm)()sxﬁlerpedeﬂaylyrveﬁt tods: @k 1D(D1n1eqﬁd mnst(prefemblgsoom
includégg |nﬁ%a ermal , subcutaneous, intranuscular, intravenous,
i nt r a0d%E8ts!004Rld i nt r aperi t oneal .

To effect polymerization, 2 to 10 % (vol.) N,N,N’,N’-tertramethylethylene diamine (TMEDA) are
25 added to the DMSO solution containing crosslinker reagent and backbone reagent and the mixture

is shaken for 1 to 20 sec and left standing. The mixture solidifies within less than 1 min.

Such hydrogel according to the invention is preferably comminuted by mechanical processes such
as  stirring,  crushing, cutting pressing, or milling, and optionally sieving.
30 For emulsion polymerization, the reaction mixture is comprised of the dispersed phase and the

continuous phase.



A further aspect is a nethod of preparing a reconstituted conposition
conprising a therapeutically effective anount of an insulin hydrogel
prodrug, wodooptizamal | y one or nore pharnaceutical ly 25actapre@ioloe1160

exci pients, wherein the insulinis trggsiently linked to a hydrogel, the
met hod conprising the step of contacting the conposition of the present
invention with a reconstitution solution. 30 Another aspect is a
reconstituted conposition conprising a therapeutically effective anount of
a i nsuFomh&yidpagpelphpyepblickigpneasrgentpind orvadlinkeronazcot argroni>edpin a ratacett d/ calvt y
accept abl e .exci pi.ents,. wherejn.t icnsulin is transiently linked to a

yr OBt R5Ea RIS By PHE“FREABIOMSTRE e stk RS et PRISBPO 8T 160
61 Anotlheso apEaod ndf, ptdi@alily ¢3ea0 i peerilindinnt sadshgcRibiod to R0 greuf@@ahuri ng a
dry conposition of insulin-hydrogel prodrug. In one enbodi nent, such
suspensi on conposition is made by (i) adm xing the insulin-hydrogel prodrug
Wi tH Ommfe QntilBHR pBXLIiPhSHoSvent( tHal isthoBMASIcAId WEh BSOSt BAW, YGbEAInd Powt NGl €
or nmultiple doses into a suitable container, 5(iii)drying the conposition
in sai 8 vewsatiyi heer thandOParysBufaraly. tthe selgentds metr missihlg afygé)%@s APnbIsic. ar e
vials, aprihid, V&7 a Yik@bsi hg%e{haﬁir[‘anggﬁd isaﬁH?thHJ(lg.sMo?éqﬁirefe@ﬂﬂlf HR96Svenl & a

Anot her aspect 1s a ki f parts. Wien the adm nistration device is sinply

a hyposkturaicd liggarionbranehid hydraearkan withd tac bhgsrboneatarne Mgt pratgeablya theselicet iand a

contaiﬁgé<&8yprising the dry insulin-hydrogel prodrug conposition for use

with the %yrrnge and a second container conprising the reconstitution

soliation. In nore preferred enbodi nents, the injection device is other than
ar at e .cont ai ne

a sinple hypoderm.c syringe and so the se A th

? cconet BAHEaT RGP RY s ABs 3R aSe e REREHAL A b CAE i khddsg 1006 e

I nj ect canindesi phaseShecdre tabdihg the digerstd @hdse qTethnecupoSerhilgified i3 2t toes0cant@r ner
is in flui.d connection wt e out|let of the injection device. | es of
admi ni B 4eResid gaFcRer met?ﬁ%@ it 5%% pﬁbf"FH FRere P@%@%%%d’é?f?ﬁa@%@%ges
and pepmhﬂigﬁﬁggﬁQkapes. Particularly preferred injection devices are the

pen injectors in which case the container is a cartridge, preferably a
di $posabl e cartridge. 20 A preferred kit of parts conprises a needle and a

cont ai PRE QIR RlsNY HINSVEREBPSkd § NeREGR HlethulPhidrhea BIRREDL sokhlieeatd #n and
optionally further containing a reconstitution solution, the container

bei ng &daprcedor o pelyeydioxyl faHE aqisld-aple(ctimler ealedolyconfugatec Morapreéralily, the
dual - ChAMREL, R¥h! d?o"};gff ol GE oIV oh YNGR RV HHGE S

cartridge cgﬁta? ?%Swé c n%%gg?p§%3%ﬁgﬁhsﬁpﬁn-ﬁy@%oqgk A pitythYIenc

glycol) of a molecular weight in the range of from 0.5 kDa to 5 kDa and poly(hydroxy-fatty acid)

20 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)

Droplets of the dispersed phase are generated by stirring with an axial flow impeller with a
25 geometry similar to stirrers such as Isojet, Intermig, Propeller (EKATO Riihr- und Mischtechnik
GmbH, Germany)), most preferably similar to Isojet with a diameter of 50 to 90 % of the reactor
diameter. Preferably, stirring is initated before addition of the dispersed phase. Stirrer speed is set to
0.6 to 1.7 m/s. The dispersed phase is added at room temperature, and the concentration of the
disperse phase is 2% to 70%, preferably 5 to 50% , more preferably 10 to 40%, and most preferably
30 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.



prodrug as herei nbefore described for use with a pen injector device. The
cartridge may contain a single dose or multiplicity of doses of insulin. In
one enbodwoentl/ap7ibhe present invention the suspensi on ®OoFEPIIMIOGN DT
i nsul i n-hydrogel 30 prodrug does not @ply conprise an insulin-hydrogel
prodrug and one or nore than one excipients, but also other biologically
active agents, either in their free formor as prodrugs. Preferably, such
WO 2011/ 012719PCT/ EP2010/ 061160 62 additional one or nore biologically
act i ve5 agéehtquisleatsgrabetradgo ezmhramiqlﬁlafnémabé @me@pﬂabg@larqoad@dd tmghe firginre of
bi ol ogi,cal |y active ag clude but. are not ounds of

# e

the fofPBHHGE cquLEet SN P PEAS, MUy 6881“[“? 8?‘9 %‘3@‘3% disperse

C|h| or pphmanmﬁlﬁragtyo El&z?dﬁidﬁaprb@d bidhailﬂfbldephﬂgg lwyeliugol uthés, 1nglb(1ctlpldlspd§e plllase and

gl 1 meplLrli and the |1ke iI.1) Meglitinide suc s, 1o Xa e,

repag| PM%% M?ﬁe.ﬁrﬁfer@lﬁctggéﬁw i Rl%m m&&cli@%ﬂ& ¥yl T silible in botfychpgbrg phase

QA usosend NSMISONOhK OfhiGe PBRLT dfd (lgnabx1@nQ\/Ib§t ramw Q§e faxendi MR NL' S
mmetics, and Di peptyl Protease Inhibitors (iv) Blguanldes , such

as, fofrEmapil @hylw Brige AIMEB A Stirngiadhg HPW@%ﬁ ass is sQniRugssior § & 1edanpl e,
rosiglitazone pi oglitazone, troglitazone, isaglitazone (known as MCC-555),
2-[2-[(2R) - 4- hexy1- 3, 4- di hydr o- 3- oxo-2H- 1, 4-

benzoxBriipg stiying.edrhplrip] of sespersad phase tarchardéngd tabdcontvecrpiskisked hydrogel beagyi )
GN2570 i lL.ators,
such B @ S Giop arbich,on beloblicled i Mty d SEERAAL AR TRt
(vioi) oﬂahebrailmu Icommsemsmd:\mm mgclaigewits a, 755 umharelsg 32 qum decntol @ye hdBSsgk]

PTP- 1B '&h'bk%sa/()§§ §4% nVglttors glycogen phosphoryl ase a inhibitors,
f ruct oS8P 5%5 hat d8é %hlbltors and the |ike, (ix) Insulins,
including regular or short-acting, |nternediate-acting, and Iong-acting
Fnsuli ﬁlﬁé hydrogel for the insulin prodrug of the present invention can be obtained from the preparation
methods in form of microparticles. In a preferred embodiment of the invention, the reactive
15  hydrogel is a shaped article such as a mesh or a stent. Most preferably, the hydrogel is formed into
microparticulate beads which can be administered as subcutaneous or intramuscular injection by
means of a standard syringe. Such soft beads may have a diameter of between 1 and 500

micrometer.

20  Preferably, the microparticles have a diameter of between 10 and 100 micrometer if 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, the microparticles can be administered by injection through a needle smaller than 0.6
25 mm inner diameter, preferably through a needle smaller than 0.3 mm inner diameter, more
preferably through a needle small than 0.225 mm inner diameter, even more preferably through a
needle smaller than 0.175 mm inner diameter, and most preferably through a needle small than 0.16

mm inner diameter.

30 It is understood that the terms ‘“can be administered by injection”, “injectable” or



20i nhal ed insulin and insulin anal ogues, such as insulin nolecules with

m nor differences in the natural am no acid sequence (x) Small nol ecul e

m m cs ofwonsuliia7i9i ncl udi ng, but not limted to L-78328CT/EPER10/N4a) and
the Iike, (xi) Na-glucose co-trgpnsporter inhibitors , such as T-1095,
T-1095A, phlorizen, and the like, 25(xii) Anylin agonists which include,
but are not limted to pramintide, and the like, (xiii) G ucagon

ant agoni sts such as AY-279955, and the like. WO

2011/ 0 12jet@PIGT " ER20d 0V 8GIiGDion Df Ifactad didhi na tatadmfarcd adpdibd co agdunigsy, of a

bi oacti ve conpounds y ,be ti-qbesit ents such as orlistat, a

pancr eat s FPRARE PRSI AN ERER ielPE b In  BE SRR sRa i hed gt on o
f?t ; Ob?[r&hbubﬂoaﬁiirz{’t&)_,n (amvga@meaﬂ ﬁ?eﬁ&lﬁﬂé@@é‘rﬁ@fc, ?ﬂdedg&h@)fbhtgﬁen&{nﬁh?eiafxﬁwpt ake
of serotonin, norepinephrine an pam.ne in.the brain, gro actors

i ncr eaSPHEOFLEe ﬂ?@ﬁtspﬁhsyeélg?: g0 HmASTHBRS © Pidy 2 G IR o1 g 5

r el gaspigedrambrr hydr_@%é( NLQRBRAHE itd) BB dinGhHiiSh | florDehdl §%r_ﬁfg§- th SR8 tHRoh&satd. al

bi oactive anti-obesity agents include, but are not Timted to,
appetite-suppressants acting through adrenergic nmechani sms such as

benzphgf grRikNg IBOiﬁQWi'hﬁaaﬂﬁty, RNGIMGRL BF MGnr, A %{ehi}ﬁhﬁfn%b&}{lgs Q&deﬂ%oﬂo,the

si butram ne, p}%enyl‘propanol arfine or, ephedrine; appetite-Suppressant agents
act i nginvhrteughvallen de oriérrdd @ eshriritiomst stitdasta®’ ui/ Paatidneontairied o ex pimge

ser t ralyify oS UE AN DGOl LPUPRL! I ATLAG AR Erurd O RHAPTOSISARL
agents ac nd) rough dopam né nechani sns, €g, apormrpp]hl ne;

appet i beamlyppg e ssandf lagennsS0dewiterg t hr ough hi st am nergi ¢ mechani sns (eg,

hi stami ne m netics, H3 receptor nodul ators); enhancers of energy
expenditure such as beta-3 adrenergic agonists and stinul ators of
uncoupling protein function; leptin and leptin mnmetics (eg, .rretrefl eptin);
nﬁulr ovaf:rdéy njegtabaléfts ris @@@gloedréplawwfsﬁlin nmﬂl;utgsa:jcawfmf;p ?Ié? p;tv%athmmt rars; .
chol ecyst.Pki NN B9 S8 S, @A on- 1 i ke pepti de- - mnetics an
anal ogﬁ%s ea{g}lio %@en@(} n(gf’;%aanol/‘rJ ggjr)ls (eg, dehydroepi andr ost erone and
derivatives such as etiochol andi one), testosterone, anabolic steroids (eg,
oxandr 5t biyefer eppgdincat the qamreigiongheieractisizethPnbeinsc it comosiisn ngng"upon
cytoki AGERrMs 8d&Rtas ciliary neurotrophic factor; anylase inhibitors;
enterostatin agonists/mnetics; orexin/hypocretin antagoni sts; urocortin
ant agoni st.s; bo sin oni sts:. nodul ator.s .of .protein .kinase.A .

cor ¢ P oBL BBt SRR SRR iudl P By Ry R8 S ifecion, such
anphet agdubeutirRgid @tigchniusenis&cri pt m nmetics; cal citoni n-gene rel ated peptide
mnetics; and fatty acid synthase inhibitors. In an alternative enbodi nent,
the in i) r Rl on: i . | ntion
o conty by BhO bR A AR RO PRE et b Rl B Db YET e
i nsul i disord@s agyydated)erithp iredlin glefigerag ninnwiick rtexd tnant @r gatvesnien ivnthnee dnsuher eof
A 8 st p S BB O gR b R S S RSP g bgees

pat i entypt i, dibetds type fle ofndadnieeX. Bypidahiersuctodipasina divasdeb 8elbattatype St ered to t he
sanme patient. In addition to antidiabetic agents, bioactive conpounds may
be ant i, QRS ¥mBIGRR BYGRaAR Qhpbdid®hs: seRcRE Bl bi RARGmLA RidRliA QF

whi ch pnr events the Eir eta govx%l an?g ? sor ptsieo% o?ﬁ)%n:t; or s? ut rrITam'lne,1 an 30
appet i trsulgupptogs sadhtierantvdsrhichijvgatesoheredfe Mosuptetikisd of hweanongwinrand insulin

nor epi Q@ap&@,l n &0 %r %QPM rl.!n%ufup gltmté?ne, insulin detemir, insulin lispro, insulin aspart, insulin

25  glulisine. When administering the insulin compound a maximum peak concentration is typically

reached within the first 48 hours. In a further embodiment the peak concentration is reached within
the first 24 hours of administration, such as within the first 12 hours of administration, e.g. within

the first 6 hours of administration.



brain, growmth factors increasing fat nobilization (eg, growth hornone,

| GF-1, growt h hornone rel easing factor), oxyntonodulin and ghrelin

nodul at orwo 2@t1ae71pot enti al bi oactive anti-obesity WO PCT/EP2010/061160

2011/ 012719PCT/ EP2010/ 061160 64 agentsgszi nclude, but are not limted to,
appetite-suppressants acting through adrenergi c nmechani sns such as
benzphet am ne, phennetrazi ne, phenterm ne, diethyl propion, mazindol,

si butram ne, phenyl propanol am ne or, ephedrine; appetite-suppressant agents
act i nght hrfotigh asfecothe pdagiaccurizgheamyniios WE hhapresput ravzntie, fuktherooomtpirines, a
sertraline, fenfluram ne, Qqr, dexfenfluram ne; appetite- 5 suppressant
agent sb;@t]l W&lﬁoﬁ?d;@@ﬁcaﬁﬁﬁgﬁipﬁgag%gﬁani sns, eg, aponor phine;
appetite-suppressant agents acting through histam nergic nmechanisnms (eg,
hi st anSweh agrhtlicompoyd 13 Bowpllosclavisd droat e oknhancers of ener gy
expenditure such as beta-3 adrenergic agonists and stinulators of
uncoup[3cqaDN®t jeixRndibact i on; leptin and leptin mnetics (eg, netrel eptin);
neur opepti de Y antagonists; nelanocortin-1, 3 and 4 receptor nodul ators;

chol ec al l ; ey e 0 (GP-1) mnetics and
ana%og%@s (ﬁg,S%&a%ﬁ(gl na;AaV%}rfogens %gg}%%gﬁ@ﬂﬁge%?%ndr osterone and

derivatives such as etiochol andi one), testosterone, anabolic steroids (eg,
oxandr b¥egdR)No:Hrfkeadiedoi dal hor mones; gal anin recept or antagoni sts;

cyt oki ne agents such as ciliary neurotrophic factor; anylase inhibitors;
ent er oHISBXGTIFTSDLBISQSIEREARTR CEIE WILKEX GO/ FBROAPESINHANT agoni sts; urocortin
ant agoni sts; bonbesin agoni sts; nodul ators of protein kinase A;

cortic elglqgil%-:j el easing factor 15 mnetics; cocai ne- and

anphetamne-regul ated transcript mnetics; calcitonin-gene related peptide
m nmetics; and fat aci d synthase inhibitors. In an alternative enbodi nent,
t he ingﬁﬁ _Fﬁ>$ QWE&%LWQF}% according to the present invention
is conbined with a second biologically active conmpound in such way that the
i nsal i BeqiPd¥oglel prodrug is admnistered to a patient in need thereof
first, followed by the adm nistration of 20 the second conpound.

Al t er ngigpeIpSDLEK OMEBEARRY AIEgiet Neegnposi tion is adnministered to a
patient in need thereof after another conpound has been adm nistered to the
sane pfsgigﬁé\bdﬁatients in need of treatnent with the long acting insulin
conpos 1l scribed in the present invention are at high risk of

devel opi ng conorbidities. Accordingly, the conbination of the |long 25

act i ngHGHUIETSDaf SK QMEFESASEEFNWIRKNEEY opri at e bi oacti ve conpounds may be
used, e.g., for the prevention, delay of progression or treatnent of

di seasgseqapdNglpjsorders sel ected fromthe group consisting of hypertension
(including but not limted to isolated systolic hypertension and fam i al
dysli pi i i i rt failure, left ventricular
hyg‘Lért Eﬁﬁ%ﬁ%@@@@%ﬂ%ﬁ. a @%gg}g}é@ﬁ%di abetic retinopathy, macul ar
degeneration, cataract, diabetic nephropathy, 30 gl onerul oscl erosis,

chroni E5¢adRaAYo:flai | ure, diabetic neuropathy, syndrone X, prenenstrual
syndronme, coronary heart disease, angina pectoris, thronbosis,

at her oSIBEITATISDL SHOPIBERAAMR LREAYICKINOYH?2 t r ansi ent i schemi ¢ attacks, stroke,
vascul ar restenosis, hyperglycem a, hyperinsulinema, hyperlipidema, WO
2011/ Oé%zljfﬁwé EP2010/ 061160 65 hypertriglyceridema insulin resistance,

i mpair g ucOs]e met abol i sm conditions of inpaired glucose tolerance,
conditions of inpaired fasti rf:% | asma gl ucose, obesity, erectile

dysf unEGESHF TSRS EREERBANB AL 5‘2‘“@499}%5@@@%@?1@? f oot ul cerations and

ul cerative colitis, endothelial dysfunction and inpaired vascul ar
conpl i gvqeD No:9]

HGEGTFTSDL SKQLEEEAVR LFIEFLKN-NH2

[Seq ID No:10]



5Prevention, delay of progression or treatnment of diseases and disorders
sel ected fromthe group above can be achi eved by conbi nation of the |ong
acting i ns0l2on/aemposi ti on of the present invention w tRCREPR@ASE1160E

bi oacti ve conpound selected fromthe ¢gfug classes used for treating said
conditions, including ATi -receptor antagoni sts; angiotensin converting
enzyne (ACE) inhibitors; refill inhibitors; beta adrenergic receptor

bl ockers; al pha adrenergi c receptor bl ockers; cal cium 10 channel bl ockers;
al dost EIGHGE B SSQLEBRBA BRILGYIEFLENeNH? er one recept or ant agoni sts; neutr al
endopepti dase (NEP) inhibitors; dual angiotensin converting enzymne/ neutral
endopefddapand: AGE/ NEP) inhibitors; an endothelin receptor antagonists;
diuretics; statins; nitrates; anti clotting agents; natriure tic peptides;

digitalj ; ingly, in a further aspect

t he prE@ﬁ%fﬁﬁﬁ@ﬁﬂﬂf%hgfﬁ$¥ﬁggH#@ﬁ3§§“8%gaﬁgﬁﬁ§§¥ﬁﬁ conpound for preparing a
phar maceuti cal conposition conprising the insulin conpound of a
concentScatlPd¥:Bi] at | east 10 ng/m characteri zed by having a

phar macoki netic profile with substantially no burst of the insulin

conpoupdDE TR TIDIESK QRHEEN VIR L EVMANL KRGPPSSC Alprrgasgg20r  di sorder associ at ed
with insulin deficiency in which treatnment or prevention with an insulin

compou i enefi cj 0_lL.n one enbodi mrent of the present invention the
concenﬂ%ﬁgﬁgﬁ)o (¥%%?*%%ﬁﬁp%ﬁbonpound is at least 11 ng/m, such as from 11
ng/m to 35 ng/m, nore preferred 15 ng/m to 25 ng/m, even nore preferred
ar oundH@(’ﬁqﬁ/r}%iD,V aLEYRAAKDEIIAYY Y BORelHAr ound 24 ng/ m . The vol une to be
adm ni stered, such as by a syringe, to a subject, such as a human, is
prefer phlpyphassijthan 1.5 m, typically 1.0 m or less. 25 In a further
enbodi nent the disease or disorder associated with insulin deficiency in

whi ch h§%$ﬁg%§ vAGyRT (gggkqﬁqxﬁ&@vgth@§ylin compound is beneficial is

sel ecte rom hyperglycem a, pre-diabetes, inpaired glucose tolerance,
di abet es tépe |, diabetes type Il, syndrome X. Typically, such disease or
di 48r dEYeailR N BY&HES €5HR 11. WO 2011/ 012719PCT/ EP2010/ 061160 66 A stil |

further enbodi nent concerns the treatnent or prevention of hyperglycem a,
pr e- di BREGERFTSDVOSS YEEIGQLUKOBEAVOLEKaReEe, di abetes type |, di abetes type
[1, syndrome X, in a mammal subject, such as a human subj ect. In a
furthersgabag@ fEnt the human subj ect has been di agnosed with pre-diabetes,
i npai red gl ucosée 5tol erance, obesity, hypertension, diabetes type I,

di abet r ' t her enbodi ment the
pharnaE%%%%gﬁFtéByg%ﬁﬂégﬂgxggéﬁﬁégﬁihhg%ﬁh#%Iian bl ood pl asma, such as
human bl ood plasma. In a further enbodi nent the conposition is

char acMdrircedabiy sdgiebirem PgFaY peak to trough ratio of |Iess than 2, such as
|l ess than 1.75, less than 1.5, or less than 1.25. 10 In a still further
enfhedi RQUDMNEIGoNposition is characterized by a continuous rel ease of a
structurally intact insulin conpound over the full time period between

adm ni i I r{h i e full tinme period between
adninig@%%%?@ﬁgﬂ?g%ggLﬁgggvﬁgE§H¥®@6ﬁ§§%?&& such as about 110 hours,
typically a week. In a still further enbodi ment the insulin conpound is
a pr odWhgreisiehis selpetodireny Trarpminpbioar kgidd-Al% Vséilect ed from such descri bed
above represented by fornmula D-L. In a further enbodinent the insulin
conpourgkqiie Nduld]ly contained in a depot, typically a polymer gel, such as a
hydrogel, e.g. a well hydrated polynmer matrix. Typically, a well-hydrated
pol yme X R AA Z i I cul ar contact of insulin nolecules.
In a sP?P?%?ﬁ$?¥§§@3%%g%%%%%?t?ﬁg”ﬁﬁéﬁ|in conpound is covalently linked in
the depot, typically the 20 polyner gel, such as the hydrogel, e.g. the
wel? h ﬂépé§)ﬁﬂlyner matrix. In a further enbodi ment the conposition is
characterized by being a |iquid conposition which upon injection fornms a
depot . R-HAEGTFTSDV SSYLEGQAAK EFTAWLVKGR-NH2

Wherein R is selected from acetyl, pyroglutamyl, N-2-hydroxybenzoyl, N-trans-3-hexenoyl.



In a still further enbodi nent the conposition is adm nistered by injection,
such as subcut aneous or intramuscular. WO 2011/012719PCT/ EP2010/ 061160 67
anal ogs, wochiias2fior exanple insulin glargine, insulin #er@&eelp/osnsul i n
lispro, insulin aspart, insulin glulisine. In a still further enbodi ment
t he peak concentration is reached within the first 24 hours of
adm ni stration, such as within the first 12 hours of adm nistration, e.g.
within the first 6 hours of S5admi nistration. In a further enbodi nent the
conpos(3cqdP Naklher conprises a G.P-1 compound. A still further enbodi nent
is in conbination with a GP-1 conpound. Typically, the insulin conpound
may bepBdmhpEFEESBE SSivi HoEU AN EFEAWERSE&R AN the insulin conpound and the
GL.P-1 conmpound may be adm ni stered simultaneously or sequentially. 10ln a
furthe&Ya%Pe t tge resent invention relates to a nethod for treatnent or
pr event 5HILR841S §a0UaRBeRSPOY; sor der associated with insulin deficiency in
whi ch treatnment or prevention with an insulin conpound is beneficial, such
as hypér glfydkariaspecpthe-pitebleingention rplaics del ugd ot e énsubh spmpemd fdi atvptise @ ype

i ahet t L1, syndr Xoal 0 a. I bj e L n.need .of
t bt nenirgssuPE b MDA s e iR g I Gk PERR S NP EL 6
anount mafntaum aithsayeuticatlg nyficeine level af dlenosaninr @imponnd ibSbibddiplassa sufdt ileseht to
mai ntai,n a therapeutically effective |evel of the insulin conmpound.in blood
o1 oy bk 2HCHS gl b of Wty SR, et B it Bl
nor e Cpaifigciheivoseith fipstaaiilifGoduphaf thaasklinesngoupd, abi tr@trhdéht ¥t prevatitibh of a
substantially no burst of the jnsulin conpound, In a further aspect the
pr esenfliSFass Qhdiseiict apsatiated tgthanydinndidicressy 1 Watcherrinmt B BUrarttosnvidt an
di s8ashs@lin SnSRUAEL bagFREl.ated with insulin deficiency in which treatment
or prevention with an insulin 20 conpound is beneficial, such as
hyper gl ycem a, pre-di abetes, inpaired glucose tol erance, diabetes type I,
di abetes type Il, syndronme X, in a mammal subject in need of such a
treatment or prevention by adm nistration of a therapeutically effective
armount Sudh aepncensgtiomwabyap fraar subicet te swyenerdiddpend of thatthqrengytic wandayy/ipran
char ac J; i [, et i itk Ll o]
R R e e N A
pr evenwican(isf atiopp @ rdgysy denvancenpraterdisapetaly, atilensaiboet 1¢ngouls e.gt wlosr thac &0
diqpetg%ﬁ£ype |, diabetes type Il, syndrone X, in a mammal subject, such as
a human=subj ect. Typically, the human subject has been di agnosed with
pre-di abetes, inpaired glucose tol erance, obesity, hypertension, diabetes
type | A Mpfaped e@snnoyigan pf an igsphgriyees prodye BEIVER (D7 i@ﬁwmmmwh%lleso 68
In a further enbodi nent the concentration of the insulin conpound is at
| east The eahpdsitios WE hsalsn-hyddsgel prodBigthaytt@ p36vitd@Y d¥la suspension composition or as a

dry composition. Preferably, the pharmaceutical composition of insulin-hydrogel prodrug is a dry
composition. Suitable methods of drying are, for example, spray-drying and lyophilization (freeze-

20  drying). Preferably, the pharmaceutical composition of insulin-hydrogel prodrug is dried by
lyophilization.

Preferably, the insulin hydrogel prodrug is sufficiently dosed in the composition to provide

therapeutically effective amount of insulin for at least three days in one application. More
25  preferably, one application of the insulin hydrogel prodrug is sufficient for one week.

The pharmaceutical composition of insulin-hydrogel prodrug according to the present invention

contains one or more excipients.



In a still further enbodi ment the pharnmacokinetic profile is neasured in
manmmal i an bl ood pl asma, such as human bl ood plasnma. 5 In a further

enbodi mrerwotzbt/aemnposi tion is characterized by exhibiti rRgTaEPR@Eal61160 t r ough
ratio of less than 2, such as less thgn 1.75, less than 1.5, or |ess than

1.25. In a still further enbodi nent the conposition is characterized by a
continuous release of a structurally intact insulin conpound over the ful
time period between adm nistrations. In a further enbodi nent the ful

ti me peExéipdntaswkénpadmntnl sdmpdsitons may &t cdtemsizedbo bt ff@thghagants, isddsiash as
about 11Q..hours, typicall week. In a still further .enbodi nt the

Coou i ogsRs LR sitb gt e i Aol i IV SE od T o et b ed
her ei nvistddifRrdwdsdobier crbaiogh sgafs, dbhéhdrnsiiliafy 4eNPOoMNmicScaiay] thyscCagibdicmed in

a depot, ically a polymer gel, such as_a hydrogel, e.g. a | hydrated
pol yrranaﬁ%%{ 9 ﬁ%ﬁ' Qi cHuRdiOnt. TG <PRESS Wb G s hyHees) e ded %W&E? s
coval epichant lnvBkRM cbitaini¥Be dERBE thdnydhe Rib¥nt fiecRAlHoMBIhe gﬁiu s SohGiBtidSoft he
hydrogel, e.g. the well hydrated polynmer matrix. In a fu Fher enbodi nment

the conposition is characterized by being a |iquid conposition which upon
injectipn fRIARind JERCIhhysiologibdllyAoRtdidd brkd RGhaif@IRASH TENeLRE GREPQSH LT ONn

is adm ni stered %y |njec¥|on, such as subcut aneous or 20intramuscular. In a
further enbisdodwptphobighaien bighibenato wpdsinate, histidiad, edttasglartdr asatateu sraphags; N uman
insulin or | N 0 rivati i tes r eof

preferred i%mﬁﬁﬁhﬁyi2§%|?§ﬂ§§55ﬁ%s% ?%igﬁ§|§g%§@§%§%§£% y%?%g%gg%ﬁggﬁgsulin
gl apgi ne, icpuliymaydicedjusted ionmakh thelcosfitians mavssehsitiveas pélrtabilitnsul i n
glulisine. In a still further enbodi nent the peak concentration is reached
within the first 24 hours of 25adm nistration, such as within the first 12
hour s ¢f) adikbttnisity afolddiers: @ GninMizdpdin tthe chn FSult Grdno WeEls darhagedduicnto Sdsmatit on.

In a further enbodiment the conposition further conpris GP-1 ¢ ound.
WO 2011/ plzpfisgwerﬁéggfe%/%m e AR elcri ene ﬁé@%d@fﬂ}@ﬁta@ SXyrRpleY
combi nat i ongféckific Borfebiftratiof LM terthiRl GRtlokMombtie udins b bRuMmedBansitiRy be
adm nistered first or vice versa, and the insulin conpound and the G.P-1

codpound medPbH S AAHILKE ERTSETUE) nul t aneousl y or sequentially. In a further
aspect the present invention relates to a kit of parts conprising a

phar maceutical 5 conposition of any one of the enbodinents as descri bed

her ei n(iihd Rycseovitisgsriad/of entingigiepialss mplidpssrpagtor grapaispersirequais therdditioalof y

tGEI?’- iogg%gﬁr%sghsdtl@essa}f rai ﬁgﬁciexﬁ%ogémggtiiﬁg tmﬁﬁmi%.' ?islg '0% p!lt%&l{sh(?ercorﬁﬁgnﬁfeétgé a

upon injection and corresponding regulatory requirements have been established. Typical
20 preservatives include m-cresol, phenol, methylparaben, ethylparaben, propylparaben,
butylparaben, chlorobutanol, benzyl alcohol, phenylmercuric nitrate, thimerosol, sorbic acid,

potassium sorbate, benzoic acid, chlorocresol, and benzalkonium chloride

(iv)  Stabilizers: Stabilisation is achieved by strengthening of the protein-stabilising forces, by

25 destabilisation of the denatured stater, or by direct binding of excipients to the protein.
Stabilizers may be amino acids such as alanine, arginine, aspartic acid, glycine, histidine,

lysine, proline, sugars such as glucose, sucrose, trehalose, polyols such as glycerol,

mannitol, sorbitol, salts such as potassium phosphate, sodium sulphate, chelating agents

such as EDTA, hexaphosphate, ligands such as divalent metal ions (zinc, calcium, etc.),

30 other salts or organic molecules such as phenolic derivatives. In addition, oligomers or
polymers such as cyclodextrins, dextran, dendrimers, PEG or PVP or protamine or HSA

may be used



Fig. la: UPLC chromatogram of insulin-linker conjugate 12a Fig. |b: UPLC
chromat ogram of insulin-linker conjugate 12b 10Fi gure 2 shows the average
pl asma i ’wol2oniaenieentrati on of animal 1-10 after a si ngCe/EPabo0sER@OUS
dose of test itemha containing 6 ng gasulin into healthy rats over a 2
week period. (error bars are given as standard deviation as derived from
all 10 animals, to values were taken 3 days before dosage.) Figure 3:
Average plasnma insulin concentration of aninmal 1-8 after a single
subcut aneousntiadserptibn tagsits: iManty | ibdiea oc dmhabmic ngrfRtamy drnshdriproteing or kedeble hy
rats over a period of 13 days. (error bars ar iven as andard ..
vt ati o BEhsiepe e P g aet b Efpalit Sy dudie o MR by
Blef OEI e Iclos a(ge;olianéi'gotE’ﬁ lcéhtall(ﬂ?ér_aE@‘lB, polutibn(Phooge m?t(f&),t H"EIE do@cely cthetUBEES)), ?nd
ood gl ucos ve circles) after a sjngle suhcutaneous e
Cest i tem [TUEORBRY W%ﬁ» @X&aw)ﬁ)ﬁ%fepﬁ gliymloP%ﬁ?@Bléfﬁ}se&Pata@A( hﬂﬁ&gfi@aﬁ) ror
bars are gidefinds Chobandarshuaheon aldi Qpe aScxdeidny @hchi oo el offbctad U¥BIvSided O

val ues were taken 4 days before dosage.) Figure 5. Average plasnma insulin

| evel af t erbUat®iGaly a mouplavar oh s tpstanos Eorped ainy? lgersee rlétsatbovec@?rﬁMQmalvw 0 20
healthy rats during the first 24 hours after dosage (burst analysis). 8
rats were devided into 2 groups and bl ood sanpl es for pharmacoki netics were
t aken &t erlaet iandjoberyorseiscthess iDemaUpesze-1an spial tdhang, gropigntaaray scobrierget e f ect
per cei vabl e P i t Latl i rom
al | ani mal sdeﬁt(g?ﬂlé@gtﬁ%?&%%a%\glea bg)eh;ﬁ'%% ?%b?@kbg%%%{gglgg%ee? %érng&gggglg%&)p\(’g&&%r e 6:
Pl agsnma i nswugars eodpaptls atay da ugh ey comgsporels)g @ndivblefods bdva absdetrestaskrved| ack
circles) dufri ng.a t4 tweek. 25 C[{)(gri od after 31 Wetekla/d sglbcut ag((gousr qlo§es .of
8ng/ kg of t&St° T e AR Rt T G ABREIEPArS PR Cet IPHEPs AF & Gf Vén as
st andar d departadulady cHRiceai wddcifig amvisahrk-iBluadd ARk Szatidro ambhise $mpver e thadeein 3
days before dosage.) .Fjgure 7: Average_pl as [ nsulin concentratjon .o

ani mal 1-8 %ﬂiﬁ‘ﬁ iehtig oA RPOBS of Bﬁotwﬁgydraﬁohﬁgrm CTEY fl\ﬂér,mﬁoﬁ
respecti velyy saéb@ may S8 Gc8 UG ARBRUSo/LRbESIct@M Rfin ddntTBAtho@ Winssuch n

formulated in test jtem1ldc into healthy rats over a period of 13 days.
(efPor bar sothiravhgrs ighg datigs of dpagrelisycrass 4raknomn iserdangevdysigt stabiitaprf 2

animals, tq éé_ﬁ?'{iﬁli%% MR %ﬁrﬁilﬁglnmﬂy Q_@M%eQ%Bﬁfrf%d%ﬁﬁgéﬁalosy.\q&ehalose may also be
2011/ 012719P [ EP2010/ 061160 70 Figure 8: Overlay of insulin rel’ease and

hydr ogel depredeedivoith esirbitah 9usemitelj ke ps iy dplsgupteatany. Stayeh o stapth derigefivie
content in &%ML'&-dswker- hydrogel (triangles) and backbone noieties

rel ease (circ s% upon i ncubation of insulin-Ilinker-hydrogel at pH 7.4 and
37C is plotted against incubation tine. Figure 9 shows a graph plotting

fOI‘28 € KV% Su(ﬁxi]zia!lt%vt\ll usoite% oa a,?’gc)ntsG A %gidgﬁt Ds%tcl?‘ Soiil ngr ic Qéig ¢ kctsgleJ al %ﬁlio:nin .
et hyl ene’5¢g ycof; B1°a¢ I%rlgang'l 85 2GaT et BT alk'dot §9'% ﬁyalro’g(g} rnsutin
prodrug. Exgdopihéme Mabeasthiaklycaold nieinh@disethylenimine (PEI), propyl gallate, vitamin E,

chelating agents such aus citric acid, EDTA, hexaphosphate, thioglycolic acid

(viil) Viscosifiers or viscosity enhancers: retard settling of the particles in the vial and syringe and

25 arc used in order to facilitate mixing and resuspension of the particles and to make the
suspension easier to inject (i.e., low force on the syringe plunger). Suitable viscosifiers or

viscosity enhancers are, for example, carbomer viscosifiers like Carbopol 940, Carbopol

Ultrez 10, cellulose derivatives like hydroxypropylmethylcellulose (hypromellose, HPMC)

or diethylaminoethyl cellulose (DEAE or DEAE-C), colloidal magnesium silicate (Veegum)

30 or sodium silicate, hydroxyapatite gel, tricalcium phosphate gel, xanthans, carrageenans like
Satia gum UTC 30, aliphatic poly(hydroxy acids), such as poly(D,L- or L-lactic acid) (PLA)

and poly(glycolic acid) (PGA) and their copolymers (PLGA), terpolymers of D,L-lactide,



Reconbi nant human insulin was obtained fromBiocon Ltd., Bangal ore, India.
10Am no 4-arm PEG 5kDa was obtained fromJenKern Technol ogy, Beijing, P. R
Chi na. NWO-2ndlmeT®dopr opyl ) -21-am no-4, 7, 10, 13, 16, 19- hexampraslhenab€osanoi C
acid NHS ester (Mal-PEG-NHS) was obtggned from Cel ares GrbH, Berlin,
Germany. 2-Chlorotrityl chloride resin, HATU,

N- cycl ohexyl - car bodi i m de- N'-net hyl pol ystyrene, and am no acids 15 were
from Merck Biosciences GrbH, Schwal bach/Ts, Gernmany, if not stated
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em e H T i rchen, asesnt esi s was perfornmed on
2- Chl or ot r i RYYCIRHS #1geo! t?@ﬁi}tm@%@mﬁwﬁ R ge grPAYBCLFYIOY 2GR nges
equs pped W &dbuBQhtY RSAPYY, leQtrdn’ bit aerv&%fl%suﬁl@ﬁoﬁscoﬁl%ﬁﬁﬁé&noﬁ/ 85%@hs$ an®PECRAdI N
of the first afino acid to resins was perforne accoré]%g to manufacturer's

i nstruct i onklydmReiEYlaidsweet: eeellagen. HyfosEhpeolpYiByle @toohr) dmegaTativeshe
resin was d}a@%ﬁ%&@st h I%I\/Igg lél)ﬂ(d\é)cop&ﬂ%[duqaﬂ DB Mt Wo(lj:Alﬁﬁg)) 10

m n each) and washed Wit en tines) noc deprotection of

Frnoc- Ai b- | d@éhednsﬁmonéowwﬁ)epglac(éeminoglyoﬁns| (ﬁivbﬁf»)l ispdd aFndemajap- eifaigas

achi eved by / 20
mn (ot meShbb R AGRTSB, Bkl BRR Rk ot dyelifinth, RbASRLfck 9 -
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washed with rie a Omnut
614 Cviv) TR TR L R o
stream of SPEG)@ggolyaiid] thheoliddael $uchobledkucpopimeiied waksis ahi¢ hbdvethettyoned
RP- HPLC. HPpLo o;agn%?st rlna(ljyngxh?b?tn;eg!crrs]el trlllgmpgl %glléllg(gn ‘\bl\ﬁlawor (fluid state at room temperature

to facilitate administration and gel state above sol-gel transition temperature at body

15 temperature after injection).

(ix)  Spreading or diffusing agent: modifies the permeability of connective tissue through the
hydrolysis of components of the extracellular matrix in the intrastitial space such as but not
limited to hyaluronic acid, a polysaccharide found in the intercellular space of connective
tissue. A spreading agent such as but not limited to hyaluronidase temporarily decreases the

20 viscosity of the extracellular matrix and promotes diffusion of injected drugs.

(x)  Other auxiliary agents: such as wetting agents, viscosity modifiers, antibiotics,
hyaluronidase. Acids and bases such as hydrochloric acid and sodium hydroxide are

auxiliary agents necessary for pH adjustment during  manufacture

25  Preferably, the composition of insulin-hydrogel prodrug contains one or more than one viscosifier

and/or viscosity modifying agent.

The term "excipient" preferably refers to a diluent, adjuvant, or vehicle with which the therapeutic
is administered. Such pharmacecutical excipient can be sterile liquids, such as water and oils,
30 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



conbi ned and | yophili zed. Am ne contai ning products obtai ned as TEA
salts were converted to the corresponding HCl salts using ion exchange
resin (Dwoavawo2DSC- SAX, Supel co, USA). This step was peTfErRomwm6ilG case
the residual TEA was 1lOexpected to inggrfere with e.g. a subsequent
coupling reaction. RP-HPLC purification: RP-HPLC was done on a 100x20 nmm or
100x40 mm C18 ReproSil|-Pur 300 ODS-3 511 columm (Dr. Maisch, Ammerbuch,

Ger many) connected to a Waters 600 HPLC System and Wat ers 2487 Absorbance
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Sweden, 20usi i of age KP- silica cartridges and n-heptane and et hyl
acet at &o14Long, ﬂ%ﬁﬁ "P%G&‘il’{:lf e?f\féPléma&tCEE‘F S@rchy 32‘5%6 ll?ﬁm%%ucwa E6gET Mads,
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for washi ng. steps Analytical methods Anal ytical ultra- perfornance LC

( UPLC) Skiasmibie refseiob drasry leacghycoh v ag cfibang | agidbeliceds syerpsiionnf desvad-¢ps
BEH300 G 8 069 UiThok 2mbunts 39 vl;%nglor erhhl@fﬁ tag&ltse &'Iﬁ—la)ouffgl'llél f%slsgf "l"lllaéggc; Q
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AEKTAbgsirateSysotl@m saccharine, cellulose magnesmrn carbonate, e¢tc. 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 therapeutic, preferably in
15  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.

In a general embodiment a pharmaceutical composition of the present invention whether in dry

form or as a suspension or in another form may be provided as single or multiple dose composition.
20

In one embodiment of the present invention, the dry composition of insulin-hydrogel prodrug is

provided as a single dose, meaning that the container in which it is supplied contains one

pharmaceutical dose.

25 Thus in another aspect of the present invention the composition is provided as a single dose

composition.

Preferably, the suspension composition is a multiple dose composition, meaning that it contains
more than one therapeutic dose. Preferably, a multiple dose composition contains at least 2 doses.
30  Such multiple dose composition of insulin-hydrogel can either be used for different patients in need
thereof or is intendend for use in one patient, wherein the remaining doses are stored after the

application of the first dose until needed.



equi pped with a Superdex200 5/150 G col um (Amersham Bi osci ence/ GE

Heal t hcare) equipped with a 0.45 iiminlet filter, if not stated otherw se.

20 mM sodwormptmagpbat e, 140 mM NaCl, pH 7.4, was used a®CImphita@cphase.

Exanpl e 1 Synt hesis of backbone reageg§ |9 Backbone reagent | g was

synt hesi zed from am no 4-arm PEG5000 | a according to foll ow ng schene:

Boc- Lys(Boc)-COH EDC, HOBt, [ PEGL250NH2 t DVMSO, Col li di ne[ PEGL250

Lys(Boc) 2HCI Di oxane/ MeOH [ PEGL250Kys(NH2) 2] 4 | al bc Boc- Lys(Boc) - OH HCl

Di oxan#él Me@idf BoeetlofshBpejenOHiventRhGhE bahysition A¢ Boo)bPEGL 2 50ityistry BREMNM2Y 414 4

| lde the container is a dual-chamber syringe. Especially the dry composition according to the present
invention is provided in a first chamber of the dual-chamber syringe and reconstitution solution is

provided in a second chamber of the dual-chamber syringe.

Prior to applying the dry composition of insulin-hydrogel prodrug to a patient in need thereof, the
dry composition is reconstituted. Reconstitution can take place in the container in which the dry
composition of insulin-hydrogel prodrug is provided, such as in a vial, syringe, dual-chamber
syringe, ampoule, and cartridge. Reconstitution is done by adding a predefined amount of
10  reconstitution solution to the dry composition. Reconstitution solutions are sterile liquids, such as
water or buffer, which may contain further additives, such as preservatives and/or antimicrobials. If
the insulin-hydrogel prodrug composition is provided as single dose, the reconstituion solution may
contain one or more preservative and/or antimicrobial. Preferably, the reconstitution solution is
sterile water. If the composition of insulin-hydrogel prodrug is a multiple dose composition, it is
15  prefered that the reconstitution solution contains one or more preservative and/or antimicrobial,

such as, for example, benzylalcohol and cresol.

An additional aspect of the present invention relates to the method of administration of a
reconstituted insulin hydrogel prodrug composition. The insulin hydrogel prodrug composition can
20 be administered by methods of injection or infusion, including intradermal, subcutaneous,

intramuscular, intravenous, intraosseous, and intraperitoneal.

A further aspect is a method of preparing a reconstituted composition comprising a therapeutically
effective amount of an insulin hydrogel prodrug, and optionally one or more pharmaceutically
25 acceptable excipients, wherein the insulin is transiently linked to a hydrogel, the method comprising

the step of

e contacting the composition of the present invention with a reconstitution solution.

30  Another aspect is a reconstituted composition comprising a therapeutically effective amount of a
insulin hydrogel prodrug, and optionally one or more pharmaceutically acceptable excipients,

wherein the insulin is transiently linked to a hydrogel obtainable by the method above.



[ PEGL250 HC D oxane/ MeOH LysLys2Lys4(Boc)8 4] PEGL250 ysLys2Lys4(NH2) 2
Iflg WD 2011/012719PCT/ EP2010/ 061160 73 For synthesis of conpound |b,

am no 4- awo2PEEECN9 | a (MW ca. 5200 g/nmol, 5.20 g, 1.00PcwmEPR01biGh11s@l t) was
di ssolved in 20 nL of DVMSO (anhydrousk; Boc-Lys(Boc)-OH (2.17 g, 6.25 mol)
in 5 n of DMSO (anhydrous), [DC HCI (1.15 g, 6.00 mml), HOBt.H20 (0.96 g,
6.25 mmol), and collidine (5.20 nm., 40 mmol) were added. The reaction

m xture was stirred for 30 mn at RT. 5The reaction mxture was dil uted
mﬁth 12@6mm¢a@madﬁdhhqmmmﬁﬁhwmﬂomﬁdtMﬁBhéddWﬁUhmﬁﬂﬁﬂMMg@fm@<$nmoHﬂ$O@f(2

br M d 1/1 (v/v) Dbri.ne/wat 4 x). Agqueous
Iayers1 qpbé%h§§ WQ%W@ Wgéﬁékﬁf QEP»8HW8“%%5 G e dried over
Na2SO4,  f(D)l teﬁ@dlxa@dhemanmn@da@emogmgwﬁ oaegrlﬁf)re(élxb[ﬁem@,r oduct Ib as
col orl ess. . oil und Ib was purifie P-HPLC.. Yield 590
col or | esdiiy| asigaysf"'? QU AU B 10 ﬁlflﬁlefééﬁfwluf wsﬁasﬁm@%
1294. 6) . (ﬁ@anﬂﬁﬂghﬁcMﬁ@o&@ﬁﬁh@ﬁQc&Mmﬁ&*&Mlng of 3.40 g of CO”DOUHd |b
(0.521 mmol) in 5 of nmet hanol and 9 of 4 NHC in dioxane at R for

15 min. W@@atlﬁébmﬂﬁﬁémﬁ@ﬁ%Ved i n vacuo. The product was used in the the
next step w thout further purification.

Suitable containers are vials, syringes, dual-chamber syringes, ampoules, and cartridges.

10  Another aspect is a kit of parts. When the administration device is simply a hypodermic syringe
then the kit may comprise the syringe, a needle and a container comprising the dry insulin-hydrogel
prodrug composition for use with the syringe and a second container comprising the reconstitution
solution. In more preferred embodiments, the injection device is other than a simple hypodermic
syringe and so the separate container with reconstituted insulin-hydrogel prodrug is adapted to

15  engage with the injection device such that in use the liquid composition in the container is in fluid
connection with the outlet of the injection device. Examples of administration devices include but
are not limited to hypodermic syringes and pen injector devices. Particularly preferred injection
devices are the pen injectors in which case the container is a cartridge, preferably a disposable
cartridge.

20
A preferred kit of parts comprises a needle and a container containing the composition according to
the present invention and optionally further containing a reconstitution solution, the container being

adapted for use with the needle. Preferably, the container is a dual-chamber syringe.

25 In another aspect, the invention provides a cartridge containing a composition of insulin-hydrogel
prodrug as hereinbefore described for use with a pen injector device. The cartridge may contain a

single dose or multiplicity of doses of insulin.

In one embodiment of the present invention the suspension composition of insulin-hydrogel
30 prodrug does not only comprise an insulin-hydrogel prodrug and one or more than one excipients,

but also other biologically active agents, cither in their free form or as prodrugs. Preferably, such



15M5: mz 1151.9 = [ Mt5H] 5+ (cal cul ated = 1152.0). For synthesis of
conpound id, 3.26 g of conpound Ic (0.54 mmol) were dissolved in 15 nlL of
DVBO (anhwyorou#i2712. 99 g Boc-Lys(Boc)-0OH (8.64 mmol) i nPCHEPROIDNGED60
(anhydrous), 1.55 g [DC HCl (8.1 mml)}; 1.24 g HOBt.H20 (8.1 mmol ), and
5.62 nL of collidine (43 mmol) were added. The reaction m xture was
20stirred for 30 mn at RT. Reaction m xture was diluted with 800 nL DCM
and washed with 400 nmL of 0.1 N H2SO»4 (2 x), brine (1 x), 0.1 M NaCH (2 x),
and 1/ ddditina) oderarmadrahiodogidally xitiveAgueou s ptaiyey; snonepreferabéxs hatrogd pwididg. 800

nmL of . i h ied with. Na2SO4, filt d ted
To oi verdl tipR@EghCieRHEnsT iitite it il it obtpii oF HRrefivang aBeL ™ ©

precipitated with cooled (- 18 C) diethylether. This procedure was
25repeated twice and the precipitate s dried in.yacuo. Yield: 4.01 g
(89% col orqtl)e§§§%ﬁy&§§%?’ pHEusY 9, SHTRh iR (et QPUEMI hout
furgher purif R8N olipyBde, Biziecpiae ad The[iME61- 1] 6+ (cal cul ated = 1405.4).
Compound | e was obtained by stirring a solution of conpound Id (3.96 g,
0.47 mmol) . nNK gq_wgf n'eéhar}ol 30a1nd 201.rrL of 4 N HCl in dioxane at RT for
15 min. Vol'at MEEIREre KR RLPRIVAEEH e product was used in the the
next step without further purification. M5 mz 969.6 = [ Mt7H] 7 (cal cul at ed
= 969. 7). (MOGrargemlikeppdT] (ERFolond 8’8 e, SHicoschiasuigtee peptide (€Ehpound

i f, conmpound O | ;di i [ i
(anhyar ousy . ts Poduie o IR QU SRTNGR R ERe B lor WY
(anhydrouse, hDC HCl (2.76 nol ),. HOBt.H20 (2.20 g, 14.4 mmol ), and

, , 14.
10. 0 nL of (Vo BIgugdes -(veh 3 FAmRNe (EUQHH8d. The reaction mi xture was
stirred for 60 min at RT. 5 The reaction m xture was diluted with 800 nL of

DCW and washedhiszolflinkd®npd, sofh (sl ot BRBPle, ( Bsig)itazdorel rpoglitazme, thoglitadgidaOH (2

xX), and 1/1 (v/v), brinel/water ( <<Aqu rs Lreextra W th
500 mof Dot o CpRRbee wdicl s DR T Tk R i PR
evapor at ed t obgizseaA-UgEctho0qbetzecht asc eol,anl @sdikei | . 10Pr oduct was

di ssolved in DCM and precipitated with cooled (- 18 C) diethylther. This

step was I&Pegieshzo, and the like,

(vii) Retinoid-X receptor (RXR) modulators, such as, for example, targretin, 9-cis-retinoic

15 acid, and the like,

(vii1) Other insulin sensitizing agents , such as, for example, INS-1, PTP-1B inhibitors, GSK3
inhibitors, glycogen phosphorylase a inhibitors, fructose-1,6-bisphosphatase inhibitors,
and the like,

(ix) Insulins, including regular or short-acting, intermediate-acting, and long-acting insulins,
20 inhaled insulin and insulin analogues, such as insulin molecules with minor differences

in the natural amino acid sequence

(x) Small molecule mimics of insulin, including, but not limited to L-783281, TE-17411,
and the like,

(xi) Na-glucose co-transporter inhibitors , such as T-1095, T-1095A, phlorizen, and the like,
25 (xi1) Amylin agonists which include, but are not limited to pramlintide, and the like,

(xiii) Glucagon antagonists such as AY-279955, and the like.



twice and the precipitate was dried in vacuo. Yield 4.72 g (82% col ourl ess
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g/mol, 4.72 g, 0,39 mol) in 20 nL of nethanol and 40 nL of 4 N HC in

di oxane at RT for 30 mn. Volatiles were renoved in vacuo. Yield 3.91 g
(100 %, glassy product backbone reagent Ig. Ms: mz 977.2 = [ M91-1] 9+
(cal culmidition t§Aiftidbeti? GgeAlst Bionaive vempyumiihety de lanmbwsfty) pgdngp such Roorlistat,

th f f 4- A 0t 1
210" 0°8 g RARE boBgtich MR R AR 4t (o BEe R0 of ShURTTO S 552
g, 60. Gppeielshpmodatlakdidh2dBodofnthe rel@&kéfﬁbée)rotmﬁﬁ elowﬁdleaindQBpa@nﬁ@m thbe

m xture was stjrred for 30 bsequ ropyl m., 30.0
mol ) et hfﬁs&m?cr%asmgr?at H@‘?ﬁaﬁt&ﬁ oy %@%PE@P@B f&['ﬂ i aré gHC \MTBE
ands st gJl&@gin® edHH) IGtyn@imoddln GndM ghROHt mSdulldtérs) nOtheA@@feﬁ‘%dl nasRtiYe alobdsitpf t he
super nat ant_wer e decant ed off and di scarded. 300 of cold MIBE were added
and af pesnISTngligs. SHaRT Agt MRS oRAREHIc-SORPAZS ] 1c8E @HOIES}I Hrqnergig MeFhapiPdugh a
gl ass fidtes b%%h@@ﬁhm%d WedReR0%e) hQIterﬁlmed d"/@Eﬁ ;H&ﬁ Qﬁa‘%ﬂwld{%i Mﬁﬁraﬂﬁﬁeﬁd in
vacuo for 16 h. VYield: 6?5.6 (749 as a solid

2011/ OplxnypraTretPROE 0910 69rhed1Ps thtﬁ‘ﬁlzpp%?dnﬂ &gel[ltMFaPH]lg theoaigle useaqt@@rgic

937.6) 1 EERH %ﬁgl @g é\ﬁﬁaﬁr&aﬁh&%ﬂ??yse&}ahﬁé | GO R OURE Bt f R e

prEVIOUS S
10  suppressant agents acting through dopamine mechanisms, eg, apomorphine; appetite-suppressant

agents acting through histaminergic mechanisms (eg, histamine mimetics, H3 receptor modulators);
enhancers of energy expenditure such as beta-3 adrenergic agonists and stimulators of uncoupling
protein function; leptin and leptin mimetics (eg, metreleptin); neuropeptide Y antagonists;
melanocortin-1, 3 and 4 receptor modulators; cholecystokinin agonists; glucagon-like peptide-1
15 (GLP-1) mimetics and analogues (eg, Exendin); androgens (eg, dehydroepiandrosterone and
derivatives such as etiocholandione), testosterone, anabolic steroids (eg, oxandrolone), and steroidal
hormones; galanin receptor antagonists; cytokine agents such as ciliary neurotrophic factor;
amylase inhibitors;, enterostatin agonists/mimetics; orexin/hypocretin antagonists; urocortin
antagonists; bombesin agonists; modulators of protein kinase A; corticotropin-releasing factor
20  mimetics; cocaine- and amphetamine-regulated transcript mimetics; calcitonin-gene related peptide

mimetics; and fatty acid synthase inhibitors.

In an alternative embodiment, the insulin-hydrogel prodrug composition according to the present
invention is combined with a second biologically active compound in such way that the insulin-
25  hydrogel prodrug is administered to a patient in need thereof first, followed by the administration of
the second compound. Alternatively, the insulin-hydrogel composition is administered to a patient
in need thereof after another compound has been administered to the same patient.
In addition to antidiabetic agents, bioactive compounds may be anti-obesity agents such as orlistat,
a pancreatic lipase inhibitor, which prevents the breakdown and absorption of fat; or sibutramine, an
30  appetite suppressant and inhibitor of the reuptake of serotonin, norepinephrine and dopamine in the
brain, growth factors increasing fat mobilization (eg, growth hormone, IGF-1, growth hormone

releasing factor), oxyntomodulin and ghrelin modulators. Other potential bioactive anti-obesity



156 nL of 2-propanol at 40 C. A mxture of 196 nlL of 2-propanol and 78.3 nL
of acetylchloride was added 5 under stirring within 1-2 mn. The sol ution
was stirrwo 2a11/044071€ for 30 min and cooled to -30 C over RCHHEP20W0H0DG
stirring. 100 nL of cold MIBE were adggd, the suspension was shaken for 1
mn and cooled for 1 h at -30 C. The product was collected by filtration
through a glass filter and washed with 200 nL of cold MIBE. The product was
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4:1 and | x 200 nL of cold MIBE. The, product s dried in vacuag for 16 h.
ydrogel prodrug is administered to a patient in nee((ii thereof first, followed by the administration of

20  the second compound. Alternatively, the insulin-hydrogel composition is administered to a patient

in need thereof after another compound has been administered to the same patient.

Patients in need of treatment with the long acting insulin compositions described in the present
invention are at high risk of developing comorbidities. Accordingly, the combination of the long
25 acting insulin of the present with appropriate bioactive compounds may be used, e.g., for the
prevention, delay of progression or treatment of discases and disorders selected from the group
consisting of hypertension (including but not limited to isolated systolic hypertension and familial
dyslipidemic hypertension), congestive heart failure, left ventricular hypertrophy, peripheral arterial
disease, diabetic retinopathy, macular degeneration, cataract, diabetic nephropathy,
30 glomerulosclerosis, chronic renal failure, diabetic neuropathy, syndrome X, premenstrual syndrome,
coronary heart disease, angina pectoris, thrombosis, atherosclerosis, myocardial infarction, transient

ischemic attacks, stroke, vascular restenosis, hyperglycemia, hyperinsulinemia, hyperlipidemia,



Yield: 12.8 g, MN(90% if as a pale yellow lunpy solid 10Ms: mz 1505.3 =
[ MF8H] 8+ (cal cul ated = 1505.4). Backbone reagent | g was obtai ned by
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3 NHC in nethanol (200 nL, 15 600 mmol, cooled to 0 C) was added within

15 min and the solution was stirred for 10 mn at roomtenperature. The
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at 3000, rpm for 1 m The.precipitate was dried jn.vacuo for.1 h and

r edi ssBIYVEE FRABG KY: BP“R/B%‘ Pag?‘g%f‘%gtpéisgﬁ PR Qh ST |S%mﬁh‘|°§55q<é‘?1d the
sus penahdéonnedive Bdut idisogre, fdot 3ROAtGHRMNH @fcedatiit BolitiEhéndpthekkl clysfugctivaandlr i ed

i n vacuo 20Yi el d: 11})?“% (89 % as pale yellow flakes. Ms: mz 1104.9 =

[ M-8H] BWPHICQI VG At €I PP44F04. 9) . Exanple 2 Synthesis of crosslinker reagent

2d 25Crosslinker reagent 2d was prepared from adi pic acid nono benzyl ester
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invention with at least one bioactive compound selected from the drug classes used for treating said
conditions, including AT;-receptor antagonists, angiotensin converting enzyme (ACE) inhibitors;
renin inhibitors; beta adrenergic receptor blockers; alpha adrenergic receptor blockers; calcium

10  channel blockers; aldosterone synthase inhibitors; aldosterone receptor antagonists, neutral
endopeptidase (NEP) inhibitors; dual angiotensin converting enzyme/neutral endopetidase
(ACE/NEP) inhibitors; an endothelin receptor antagonists; diurctics; statins; nitrates; anti clotting

agents; natriuretic peptides; digitalis compounds; PPAR modulators.

15  Accordingly, in a further aspect the present invention relates to use of an insulin compound for
preparing a pharmaceutical composition comprising the insulin compound of a concentration of at
least 10 mg/ml characterized by having a pharmacokinetic profile with substantially no burst of the
insulin compound, for treatment or prevention of a discase or disorder associated with insulin

deficiency in which treatment or prevention with an insulin compound is beneficial.

20  In one embodiment of the present invention the concentration of the insulin compound is at least 11
mg/ml, such as from 11 mg/ml to 35 mg/ml, more preferred 15 mg/ml to 25 mg/ml, even more

preferred around 20 mg/ml, and even more preferred around 24 mg/ml.

The volume to be administered, such as by a syringe, to a subject, such as a human, is preferably

less than 1.5 ml, typically 1.0 ml or less.

25 In a further embodiment the disease or disorder associated with insulin deficiency in which
treatment or prevention with an insulin compound is beneficial is selected from hyperglycemia, pre-
diabetes, impaired glucose tolerance, diabetes type I, diabetes type 11, syndrome X. Typically, such

disease or disorder is diabetes type II.
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Di cycl ohexyl carbodiimde (4.47 g, 21.émvol) was added 5 followed by a
catal ytic amount of DVMAP (5 ng) and the solution was stirred and allowed to
reach roomtenperature overnight (12 h). The flask was stored at +4C for 5
h. The solid was filtered and the solvent conpletely renoved by
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consunption of hydrogen had ceased (5- . Catal yst was renoved by
filtratichss hipguljpodrlpwer of Cel i te(r) and the sol vent was evaporated in
vacuo. Yield: 12.3 g (quantitative) 2c as yellow sh oil. The product was
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10 In a still further embodiment the composition is characterized by a continuous release of a

structurally intact insulin compound over the full time period between administrations.

In a further embodiment the full time period between administrations is at least about 80 hours,

such as about 110 hours, typically a week.

In a still further embodiment the insulin compound is a prodrug. Such a prodrug may typically be

15  selected from such described above represented by formula D-L.

In a further embodiment the insulin compound is fully contained in a depot, typically a polymer gel,
such as a hydrogel, ¢.g. a well hydrated polymer matrix. Typically, a well-hydrated polymer matrix

is minimizing intermolecular contact of insulin molecules.

In a still further embodiment the insulin compound is covalently linked in the depot, typically the
20  polymer gel, such as the hydrogel, e.g. the well hydrated polymer matrix.

In a further embodiment the composition is characterized by being a liquid composition which upon

injection forms a depot.

In a still further embodiment the composition is administered by injection, such as subcutaneous or

intramuscular.

25  In a further embodiment the insulin compound is sclected from human or nonhuman insulin or

insulin analogs and derivatives or conjugates thercof. More preferred is human insulin and insulin



5 A solution of PEG000-bis-adipic acid half ester 2c (9.43 g, 4.18 mol),
N- hydr oxysuccinimde (1.92 g, 16.7 mmol) and di cycl ohexyl carbodiimde (3.44
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l g, 3840 ny QO 425 ArI acel ]P135, 100 mL heptane and 4.3
Y.

m  TVEESPGE % Rﬂ%“ml?t@ée lmaléaélﬁﬁ) RisgurBtdlyadded and then after 10 min
50 nL of water and 50 nL of saturat ed aqueous sodi um chl ori de solution were

ad d@d InAwrfuntbeigaspen tlreqmetsemttin‘cﬁntibtyd:ftab@eb awashoddbretraximed obpreeomipughs disensof a
- anmi roups
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ggai; (r)n @%gfgé%?%gb%gi{\ge (%@%&713%%51&%&/& heedvé?such a treatment or prevention
by administration of a therapeutically effective amount of an insulin compound in a concentration
15 that is sufficient to maintain a therapeutically effective level of the insulin compound in blood

plasma for at least 3 days, typically at least 80 hours, e.g. a week or more characterized by having a

pharmacokinetic profile in vivo with substantially no burst of the insulin compound.

In a further aspect the present invention relates to a method for treatment or prevention of a disease
or disorder associated with insulin deficiency in which treatment or prevention with an insulin
20  compound is beneficial, such as hyperglycemia, pre-diabetes, impaired glucose tolerance, diabetes
type I, diabetes type I1, syndrome X, in a mammal subject in need of such a treatment or prevention
by administration of a therapeutically effective amount of an insulin compound in a concentration
of at least 10 mg/ml characterized by having a pharmacokinetic profile with substantially no burst

of the insulin compound.

25  An embodiment relates to treatment or prevention of hyperglycemia, pre-diabetes, impaired glucose
tolerance, diabetes type I, diabetes type II, syndrome X, in a mammal subject, such as a human
subject. Typically, the human subject has been diagnosed with pre-diabetes, impaired glucose

tolerance, obesity, hypertension, diabetes type I, diabetes type 11, syndrome X.



Preparati on of mal ei mde functionalized hydrogel beads (4) and (4a) and
(4aa) and determ nation of mal ei mde substitution Mal - PEGG- NHS A

sol uti on wb 260129 Mal - PEGS-NHS (1.0 nmol ) in 4.5 nlL 2/ PCEXEPR)10/061160
acetonitrile/water was added to 200 ngg1l0 dry hydrogel beads 3. 500 IIL
sodi um phosphate buffer (pH 7.4, 0.5 M was added and the suspensi on was
agitated for 30 mn at roomtenperature. Beads 4 were washed five tines
each with 2/1 (v/v) acetonitrile/water, methanol and 1/1/0.001 (v/v/v/)
acet onirt a ifirélewarn BedithBii. thel aonvastrsipn ofi @i inedinasmpescl is e tbagbidvegedceph af or

t he usgr of 13a /I ?B%_%a f 3. 15Alternatively, hydrogel beads 3a were
pre-wa AR AR m%wlv) DVSQ DI EA, washed with DVBO and i ncubated for 45
mn with a solution of Ml -PEG-NHS (2.0 eq relative to theoretical anmount

of am hoa gtlblypderembegdidrany tie phirmapNBic Beelds isdacasyed & marsmeldan klpod plawer, wi t h

DMSO a S pH 3.0 succinate (20 "M 1 nM EDTA, 0.01 %
Tween- E?‘%{ltapffﬁﬁaﬁmggfpl%ﬁs i ncubat ed in pH 6.0 sodi um phosphate (50 nv] 50

nmM et hanol am ne, % Tween-20). for 1 h at RT _and washed flve tlrres W th

pH 3. ol irtheh @2@)@6@&%@? Sompepitian is QharagteripRghby exhipiting, aynsale fo- toqyeh ratigrof less

determHaatz'Ql@hQJleﬁ%ﬁimﬂ%s§&@£@@tor1@§3tl§dnllq}50t of hydrogel beads 4, 4a, or
4aa, respectl vely, was |yophil |zed and wei ghed out. Another ali quot of

hydr og a o res ively cted wi.th excess

ror caoTbarndhBirties ST ReR e GATERULD AR T3a8 SehfnpS REFe gfe

rrer capstﬁ&hhamhtaaﬁﬁ@mﬁwfﬁpmmﬂ o\&&&h@lﬁﬂu&ﬁﬁ@ﬁbﬁb& bihesmaintigstratiobb.! man, G L. et
, Biochem Pharmacol., 1961, 7, 88-95). Ml eimde content was determ ned

'[28 L ?/e 0 %%ﬁ%%ﬁé%%gﬁo gi %@b 'ﬂg% I%go&] %F{tg@é\g [R98 sraticfis at least about 80 hours,

10  such as about 110 hours, typically a week.

In a still further embodiment the insulin compound is a prodrug, such as any one of the prodrugs

described herein.

In a further embodiment the insulin compound is fully contained in a depot, typically a polymer gel,

such as a hydrogel, ¢.g. a well hydrated polymer matrix.

15  In a still further embodiment the insulin compound is covalently linked in the depot, typically the

polymer gel, such as the hydrogel, ¢.g. the well hydrated polymer matrix.

In a further embodiment the composition is characterized by being a liquid composition which upon

injection forms a depot.

In a still further embodiment the composition is administered by injection, such as subcutancous or

20  intramuscular.

In a further embodiment the insulin compound is selected from human or nonhuman insulin or
insulin analogs and derivatives or conjugates thercof. More preferred is human insulin and insulin
analogs, such as for example insulin glargine, insulin detemir, insulin lispro, insulin aspart, insulin
glulisine. In a still further embodiment the peak concentration is reached within the first 24 hours of
25  administration, such as within the first 12 hours of administration, e.g. within the first 6 hours of

administration.

In a further embodiment the composition further comprises a GLP-1 compound.



Synthesis of |inker reagent 5d Linker reagent 5d was synthesi zed according
to the followi ng schene: 1. Mt C 2. HOOCSTrt Hz2NH2
TrtS O NIWBIht1/Ba712. B1- 13- THF 2. boc20, D | EA 3. HO aq yot/Eeoai/0b0e®,
4- di nmet hoxybenzal dehydeboc NaCNBH,, DgM MeOH Trt SNNH2 5b
1) Aib-TCP resin! p-nitrophenyl chloroformate 2) DCM HFI P
yocO
A still further embodiment is in combination with a GLP-1 compound. Typically, the insulin
compound may be administered first or vice versa, and the insulin compound and the GLP-1

compound may be administered simultancously or sequentially.

In a further aspect the present invention relates to a kit of parts comprising a pharmaceutical
5  composition of any one of the embodiments as described herein and a container for administration

of the composition. Typically, the container is a syringe.
An embodiment of the kit further comprises a GLP-1 compound.

Fig. 1a: UPLC chromatogram of insulin-linker conjugate 12a
Fig. 1b: UPLC chromatogram of insulin-linker conjugate 12b
10 Figure 2 shows the average plasma insulin concentration of animal 1-10 after a single subcutaneous dose of
test item 11a containing 6 mg insulin into healthy rats over a 2 week period. (error bars are given as +
standard deviation as derived from all 10 animals, t, values were taken 3 days before dosage.)
Figure 3: Average plasma insulin concentration of animal 1-8 after a single subcutaneous dose of test item
11da containing 3 mg insulin into healthy rats over a period of 13 days. (error bars are given as % standard
15 deviation as derived from all 8 animals, t, values were taken 1 day before dosage.)
Figure 4: Plasma insulin concentration (grey squares) and blood glucose level (black circles) after a single
subcutaneous dose of test item 11da containing 6.4 mg insulin into diabetic rats (n=7). (error bars are given
as = standard deviation as derived from all 7 animals, to values were taken 4 days before dosage.)
Figure 5: Average plasma insulin level after a single subcutaneous dose of 8mg/kg of test item 11db into
20 healthy rats during the first 24 hours after dosage (burst analysis). 8 rats were devided into 2 groups and
blood samples for pharmacokinetics were taken alternating between both groups. In neither group was a
burst effect perceivable. (Error bars are given as + standard deviation as derived from all animals per group,
to values were taken 1 day before dosage.)
Figure 6: Plasma insulin concentration (grey squares) and blood glucose level (black circles) during a 4 week
25 period after 3 weekly subcutaneous doses of 8mg/kg of test item 11da into diabetic rats (n=8). (error bars
are given as = standard deviation as derived from all 8 animals, t, values were taken 3 days before dosage.)
Figure 7: Average plasma insulin concentration of animal 1-8 (animal 1-4 and animal 5-8 for 0.3, 1h, 2, and
4h value, respectively) after a single subcutaneous injection of 12 mg/kg insulin formulated in test item
11dc into healthy rats over a period of 13 days. (error bars are given as +/- standard deviation as derived

30 from all 8 animals, t; values were taken 4 days before dosage)



TrtSr\k-NAN 'H dnmob 5d 5 Synthesis of |inker reagent internedi ate 5a:

4- Met hoxytrityl chloride (3 g, 9.71 mmol) was dissolved in DCM (20 nL) and
added dr opwizes/mie71a sol uti on of et hyl enedi am ne (6.5 nlLPCIEPLWMBI1H0 i n DCM
(20 mL). After two hours the solutionygyas poured into diethyl ether (300
m.) and washed three tinmes with 30/1 (v/v) brine/0.1 m NaOH solution (50 m
each) and 10once with brine (50 nL). The organic phase was dried over
Na2SO4 and vol atiles were renoved under reduced pressure to obtain the
Mt - pr Eik@eBeQveriay ef imadin atleas¢ Bndlﬁldgpgelmeéﬁdarﬁmb)‘ instindinRdmhyqyoget &Gt échount of

I nter m%gul‘ﬁt conge%ﬁ 8] ||95u||n Im?gr hng}ég% &a@glg ) af? ﬁaf%aonnl @Qaéyﬁ%g%gggéég upiri 47

(Tri ty ner capt o) - hexanol ¢ acl
nmol ) mnmbambrMur(séﬂmOmmLhydkEg:éBat@B 7rirepdl 37 V\Brpetta@l&gam\stanrcdb:ttioetlmrext ure was

ﬁgl) t g;ﬁguregﬁhodvstaﬁra h al{)ttln%force v%rﬁus Iayv}lls%%% %fhsrbereldlﬁéﬁ ga prHt %_sﬁtgarr] Sl]telg;[ e(% 5(()250
nnL5 eagliaol; &lack triddigle? © dvdted) bRKIBRCTHyHBZD b0 pdttg. 81 once with brine (50 m).
The organi ¢ phase was dried over Na2SO4 and vol atiles were renoved under
reduceghfpgsure. 5a was purified by flash chronmatography. Yield: 5.69 g
(8.09 mml).

Materials and Methods
Recombinant human insulin was obtained from Biocon Ltd., Bangalore, India.

10  Amino 4-arm PEG 5kDa was obtained from JenKem Technology, Beijing, P. R. China.
N-(3-maleimidopropyl)-21-amino-4,7,10,13,16,19-hexaoxa-heneicosanoic acid NHS ester (Mal-PEG6-NHS)

was obtained from Celares GmbH, Berlin, Germany.

2-Chlorotrityl chloride resin, HATU, N-cyclohexyl-carbodiimide-N"-methyl polystyrene, and amino acids
15  were from Merck Biosciences GmbH, Schwalbach/Ts, Germany, if not stated otherwise. Fmoc(NMe)-
Asp(OtBu)-OH was obtained from Bachem AG, Bubendorf, Switzerland. S-Trityl-6-mercaptohexanoic acid
was purchased from Polypeptide, Strasbourg, France. Amino acids used were of L configuration if not

stated otherwise.
20  All other chemicals were from Sigma-ALDRICH Chemie GmbH, Taufkirchen, Germany.

Solid phase synthesis was performed on 2-Chlorotrityl chloride (TCP) resin with a loading of 1.3 mmol/g.

Syringes equipped with polypropylene frits were used as reaction vessels.
25 Loading of the first amino acid to resins was performed according to manufacturer’s instructions.

Fmoc deprotection:
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).
30
Fmoc deprotection of Fmoc-Aib-loaded resins
Fmoc deprotection of immobilized Fmoc-Aib-OH was achieved by stirring the resin in DMF/piperidine 4/1

(v/v) at 50 °C for 20 min (2 times).



M5: rn/z 705.4 = [MtH] (calculated = 705.0). 5 Synthesis of |inker reagent
internmediate 5b: To a solution of 5a (3.19 g, 4.53 mmol ) in anhydrous THF
(50 nmL) waie 2adcae7IBH3THF (1 M solution, 8.5 nL, 8.5 muolpLTARd0WI0e118®@] Ut i on
was stirred for 16 hours at RT. Furthef BH3THF (1 Msolution, 14 n, 14
mmol ) was added and stirred for 16 hours at RT. The reaction was quenched
by addition of methanol (8.5 nmi), 10 N, N-di net hyl -et hyl enedi am ne (3 nL,
27.2 mmol ) was added and the solution was heated to reflux and stirred for
three hours. The m xture was diluted with ethyl acetate (300 nL) at RI,
washed W|th t solution (2 x 100 nm.) and saturated
aqueou(s:Ie ch’lﬁ??%l?{oggﬁ%cﬂﬁ%@ i The organi c phase was dried over
Na2SO4 anftdcoV’(Dleaidlsl/rBBesueuhe remaqms W\atted wath DCE udeidn paces st eeatadl tobtiaienfor he

crude RIS GATEHY B0, Py S-S e IR F Sy A e

(3.95 I‘ﬂ.rpg@l%nﬁ&em’@mltl)tg mdeeoraﬂtdedas@ndﬂddmR%Rtmﬂﬂcmauoagtctwadim radduRivdror 30
mn. The mtxt rehvlvas purified by flash chromat ography to obtain the crude
Boc- and™fiff 2T eeR¢ Sy i nternediate (3 g). M8 rn/z 791.4 = [M+H], 519.3 =
[ M Mt +H] (caI cuI ated = 791.1). 20 0.4 M aqueous HCl (48 m_) was added to a

solution.of th ected interngediate in itril

) TRERetilRee Rt e R oG BT IT® (o ORER Rt S PP B one

hour akxchihge Giding Bigoedry byc Sﬂtxhﬂjppll:b \lHMJ(Ethfteﬂ W& pefachddam cade xelregduaiFAady ust ed
acetonitrile was renoved under

redgcea"%?t‘é‘gtgd?t‘ér?eaﬁ‘d'ﬂf file aa%%%? cgﬁﬁl'ﬂ? Teaﬁ'othas extracted with DCM (4 x 25100

m.). The conbi ned organi ¢ phases were dried over Na2SO4 and vol atiles were
rem)veg Fnder educed pressure. Crude 5b was used w thout further

purificatl of NEey: 2.52 g (3.19 mml). MS: mz 519.3 = [MH (MW

cal cul ap aetc-w£J:|8ne80rg£ nwix}0 ma000xae %ins CTHf Rdprdskedir 308 @PsBtsuicaludh MedMVatséh, 5C:
5b (780 , 0.98 I 5% pur.i t CNBH3 (1 e
di sgol 6@&‘%%%&%"&“ tfgmi?étteﬂé‘gi‘)t"’ @ QII%GOr?L*jPLC AR "ilitdu("éﬁ?t'eréfgg87 Aot Beckcr

2, 45 di oRéahgrsyib@p sadodieby A @. J(AL% if19,0) 3ndlsblumemb Jo. 19 THRGVA detbnafll}) was uddedc and
the m xture was stirred for pzegt RT. The sol vents were evaporated under

r educeHacblplésscgatralamg product were Iyoph|

Flash Chromatography
Flash chromatography purifications were performed on an Isolera One system from Biotage AB, Sweden,
20 using Biotage KP-Sil silica cartridges and n-heptane and ethyl acetate as eluents. Products were detected at

254 nm.

For hydrogel beads, syringes equipped with polypropylene frits were used as reaction vessels or for

washing steps.

25
Analytical methods
Analytical ultra-performance LC (UPLC) was performed on a Waters Acquity system equipped with a Waters
BEH300 C18 column (2.1x50mm, 1.7 um particle size) coupled to a LTQ Orbitrap Discovery mass
spectrometer from Thermo Scientific.

30

MS 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. MS of insulin

conjugates are reported for representative isotopes and refer to the four-proton adducts [M+4H]*.



WO 2011/ 012719PCT/ EP2010/ 061160 82 and the crude product was dissolved in
DCM and washed with saturated NaCO3 sol uti on. The aqueous phase was

ext ract edwOhwa®ieiiees with DCM and t he combi ned organi eCphkzes@s/oease washed
with brine, dried over MJSO4 and concentrated under reduced pressure. 5c
was purified by flash chromat ography using DCM and MeOH as el uents. 5Yield:
343 ng (0.512 mmol ). Ms: mlz 669.37 = [ MtH], (cal cul ated = 669. 95).

Synt hesis of |inker reagent 5d: Fnoc-Ai b-1oaded TCP resin (980 ng, -0.9
mmol) was deprotected with DVF/ piperidine, washed with DMF 10 (5 tines)
g‘?dpDﬁ%Ae(r%ch)lﬁg%@/ﬁ) :iﬂgﬁ’rcﬂh&?&q was @egfupmed-rurg%g gﬁ%‘mers BtIOr elear‘mtce? I Eﬁaesw(szészm ut I, on
3. 0 mmeduipped waathhwdpewazad—lﬂl(smmp)iurandmhammuofscmsmcé?eE mbmthcih)eeqn@a@emrah a

sol uti [ f rati nd the re e th THE (5

t1 mes) OBek et F e br o a7 abt st MR Bk R

7. 15 nmmolobileiphasanhydr ous THE (6 nL) was added Af ter shaki ng for 18 h at RT

t he reagent solution was renoved by filtration and the resin was 15 washed
with DCM (5 tines). The |linker reagent was cleaved fromthe resin and
purifi e)dm{p;eJRP HPLC. Product fractions were brought to pH 6 by addition of
sat. gWé C&% %nd conc trat ed under reduced pressure. The resulting

sl ur ry >YIAEss _TRACK °B‘“n"§ag‘=8 %en sat urated aqueous NaCl and DCM and the
aqueous |layer was ext ch DCM The nbi ned organic fractions were
concentrated to dryness to ford | i nker reagent 5d. 20Yield: 230 ng, (0.29
nmmol). Mp mlz 798.41 = (calHgul ated 7 798.1). Exanple 6 Synthesis of
| i nker reagent 6c¢ 25Li nker re genty 6¢ wagH,synt hesi zed according to the
followi ng schene: WO 2011/01 719 CT/ EP2010/|061160 83

C\VWLA%NY\LM

1g

" *8 HCI

n~28

10

Backbone reagent 1g was synthesized from amino 4-arm PEG5000 1a according to following scheme:

Boc-Lys(Boc)-OH
EDC, HOB,

DMSO, Collidine HCI Dioxane/MeOH
NH ] —_—

[ PEG1250 PEG1250K:

[ PEG1250 Lys(Boc), ]4
1a 1b 1c

Lys(NH,), .

Boc-Lys(Boc)-OH HCI Dioxane/MeOH

Boc-Lys(Boc)-OH
——— PEG1250 LysLys,(Boc), ] D [ PEG1250 LysLysZ(NH2)4} _—
4 4
1d 1e
HCI Dioxane/MeCOH
PEG1250 LysLys,Lys,(Boc), ]4 _— PEG1250 LysLys,Lys,(NH,), ]4

1f 19



1) Br(CH2) 2NPhth, K2CO3 2) HAN2, EtOH 3) 2, 4-di net hoxybenzal dehyde
NaCNBH,, DCM MeOH I TrtSN O NAN 1H dnmob 1) Aib-TCP resin / p-nitrophenyl
chl or of orwatei1/0@eNY' * 1\ 1Hdnob TrtS 2) DCM HFI P6b O PCT/EP2010/061160

73

For synthesis of compound 1b, amino 4-arm PEG5000 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 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.

5 The reaction mixture was diluted with 1200 mL of dichloromethane and washed with 600 mL of 0.1 N H,SO,
(2 x), brine (1 x), 0.1 M NaOH (2 x), and 1/1 (v/v) brine/water (4 x). Aqueous layers were reextracted with
500 mL of DCM. Organic phases were dried over Na,SO,, filtered and evaporated to give 6.3 g of crude
product 1b as colorless oil. Compound 1b was purified by RP-HPLC.
Yield 3.85 g (59%) colorless glassy product 1b.

10 MS: m/z 1294.4 = [M+5H]*" (calculated = 1294.6).

Compound 1c was obtained by stirring of 3.40 g of compound 1b (0.521 mmol) in 5 mL of methanol and 9
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.

15  MS: m/z 1151.9 = [M+5H]** (calculated = 1152.0).

For synthesis of compound 1d, 3.26 g of compound 1c (0.54 mmol) were dissolved in 15 mL of DMSO

(anhydrous). 2.99 g Boc-Lys(Boc)-OH {8.64 mmoal) in 15 mL DMSO (anhydrous), 1.55 g EDC HCI (8.1 mmol),

1.24 g HOBt-H,0 (8.1 mmol), and 5.62 mL of collidine (43 mmol) were added. The reaction mixture was
20  stirred for 30 min at RT.

Reaction mixture was diluted with 800 mL DCM and washed with 400 mL of 0.1 N H,SO, (2 x), brine (1 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;SO,, filtered and evaporated to give a glassy crude product.

Product was dissolved in DCM and precipitated with cooled (- 18 °C) diethylether. This procedure was
25 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).

Compound 1e was obtained by stirring a solution of compound 1d (3.96 g, 0.47 mmol) in 7 mL of methanol
30 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).



6¢c Synthesis of am ne 6a: Triphenyl methanethiol (11.90 g, 43.08 nmol) was
suspended in DVSO (40 nL). DBU (7.41 nmL, 49.55 mmol) 5 and

6- br onohew9l2ptvh2ad1pm de (13.32 g, 42.94 nmol) were adde@#CTardomloel1nd xt ur e
was allowed to react for approximatel y415 m n. The reaction m xture was
partitioned between ethyl acetate (700 nL) and 0.1 MHC (200 niL). The
aqueous phase was extracted with ethyl acetate (3 x 50 nL), and the

conbi ned organic fractions were washed with NaHCO3 sat. (80 nlL) and brine
(80 mLJor the bythesy efr covipb @, 1ff ¢ontpenreidlea@ds gohieeminolivesl dissbived or 20dmL yebVedv oi |

was T e np{\ﬁd ous)I hocq_d Ea@%”ﬁl%&ﬁoﬁﬁ C?](m d’hs ﬂofaﬁ SO gﬁﬁ‘ydv%é)eEﬂE '}36(g16_é£§_ .

10Trityl rrercapt al ne te so

26. 4 mmpio)), BQBHYHO 6210, Tinidtnyrhel), ed ¢@pmfn®cylhqmm faBinmaewérd Ad@ep. @qe 2&:ti2n nmol )
was suspended i.n (?ftopgdﬁ ol (250 ni). Hydrazine hydrate (3.45 ni, 70.5 nnnnol)
was added,” dRdt he ure was heated to reflux for 2 h. The m xture was
filsered and t he f||trate was concentrated in vacuo Chl orof orm (180 ni)

was ad edt the resid S i stirred
oS oo Teidtal M ERpiiRteo Rich s ortod Sl W M L SRS LR PR B, ik Lt o
was extinaoted NabH2 wasrelrl/{ Gm/) mwtine/@mer @1). meue(oeﬂlavdng werd IréegidlaceaderithNySe4t oand

concen d to |eId cru rcapto | am ne (/1 0 26. 87
b8, Srerisorkes? ySrsFheESelig A érihd BRbahisd RS RB B atdhon&? 2
rrL 8 ¢l mmol) and n-butyl chloroformate (908 4, 7.14 mml in 1 rrL THE)
wer.e added. to co sol.ut i on, of ELLY a | am .n
514 BT 3 fraise £ b heg Bttt St Koo ¢ 3 Wi g MRiheyans )
was addﬂcbaaﬂtrerpréﬂbutmmascamduddamom xture was heat ed to refl ux for 90 m n.
WO 2011/01271 010 0611 .75 M ag. . .NaOH and
wat er Y'é@”ég?gr’r? ?°E"}“ﬁﬁsf ig'{‘ﬁ?y Bt ctiw@ ﬁﬁaf &Steg WR;\? %e}’iti}'\%f’ ﬁ‘@HHWé*&?r?WS'ﬁ?tPHe
m xt ur e1shwi/zfibost I aiv+en)® (ddnelafedl-tib@t4. was concentrated in vacuo to obtain 6a.
Yield: 2.41 g (6.20 mmol).
15 Backbone reagent 1g was obtained by stirring a solution of compound 1f (MW ca 12035 g/mol, 4.72 g, 0,39
mmol) in 20 mL of methanol and 40 mL of 4 N HCl in dioxane at RT for 30 min. Volatiles were removed in
vacuo.
Yield 3.91 g (100 %), glassy product backbone reagent 1g.
MS: m/z 977.2 = [M+9H]>* (calculated = 977.4).
20

Alternative synthetic route for 1g
For synthesis of compound 1b, to a 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 (20.9 mL, 120 mmol) were

25 added at 45 °C 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 shaking the product
30 was collected by filtration through a glass filter and washed with 500 mL of cold MTBE. The product was

dried in vacuo for 16 h.

Yield: 65.6 g (74%) 1b as a white lumpy solid



M5: mlz 390.22 = [M+H], (calculated = 390.22). 5 Synthesis of |inker
reagent internediate 6b: To a solution of 6a (2.1 g, 5.31 mmvl) was added
2- br onoetwol2ptwvh2adivm de (1.96 g, 7.7 mol) and K2CO3 ( 1P0%/ER2018/081160m01 ) and
the m xture was heated to reflux for 65h. After filtration and
concentration, the crude m xture was partitioned between ethyl acetate and
satur ated aqueous NaHCO3. The crude 10i nternedi ate

(2-(N-met hyl - N- (6-trityl mercaptohexyl -)am no-) et hyl ) pht hal i m de was

puri fi &9: fofz 987.4s IM-OHL Olatubgrda3y.6). Yi el d: 1.23 g (2.18 nmmol ). Ms: m z:
563.27 = [M+H], (calculated = 563.27). 15To a sol ution of

(2-(N-mmethyl -N-(6-trityl mercapt ohexyl -)am no-)ethyl)phthalimde (672 ng,

1. 19 mwhyouhd 1ewhanshinddl®y stir)ngved soractdied 1hy'r(dmamé Ipeevivonsby BB 8t 7(32080)) id. 17
vas 11 1P S B R A RS Rt gy e e piagr e s Satd T e
trisyl rm:recaptirw\em'ﬁ 1-par.mee pilutioh mdstbryed RP404I@I£&E 30\ﬁnehmh co6l2d targp0 (Qo@dvighamol ) .
(2. al sl itoR o efiEh MBS a i P k)Pl st 1 92e%hor 1 220
mol ) alndONa@dBMBdL(cBGIaS’Tg),IIec@eMIﬁ/SﬁImh)thnoﬂgh&ﬂélg@dWlb&t&hﬂ/@\ﬁklhe(:lﬁvmhﬂ.z))OMS)f&dtﬂied a
sol tut L@BE gl}‘]ez 4- di mat(p, benz dehyde in anhydrous CH2C 2 (0.6 | A). After

Pfodpchyasiec f

stirri ”?é’é fon m xture was 25concentr at ed,
redi ssolved in 2 nL water/acetonltrlle 1/9 (v/v) and 6b purlfled by
58§ Ié%eldYgS%lng%/])lcas tepgv% e|rmml). M5: mlz 583.33 = [MtH], (calculated =

MS: m/z 960.1 = [M+6H]®* (calculated = 960.2).

For synthesis of compound 1d, to a suspension of 1c from the previous step (19.0 g, 3.14 mmol) in 80 ml 2-
propanol boc-Lys(boc)-OSu (16.7 g, 37.7 mmol) and DIEA (13.1 mL, 75.4 mmol) were added at 45 °C and the
15 mixture was stirred for 30 min at 45 °C. Subsequently, n-propylamine (1.56 mL, 18.9 mmol) was added.
After 5 min the solution was precipitated with 600 mL of cold MTBE and centrifuged (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.
20
Yield: 21.0 g (80%) 1d as a white solid
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) in in
25 3 N HCl 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.
30
Yield: 13.2 g (96%) 1e as a white powder
MS: m/z 679.1 = [M+10H]""" (calculated = 679.1).



Synthesis of |inker reagent 6c 30Li nker reagent 6c was prepared from
Frmoc- Al b-| oaded resin (704 ng, -0.6 nmol) as described for 5d, except for
the use ovoaniwma2B8b (as TFA salt, 430 ng, 0.53 mmol) | neCeawk2@b/06060 Yi el d:
285 nmg, (0.330 mmol ). Ms: mz 712.37 5[ M+H], (calculated = 712.37). WO
2011/ 012719PCT/ EP2010/ 061160 85 Exanple 7 Synthesis of |inker reagent 7f

Li nker reagent 7f was synthesized according to the follow ng schene: F 0)(
'Doc TnnobNMe O fnnoc 7b piperidine 6-(Trt-nnercapto)-

For the synthesis of compound 1f, to a suspension of 1e from the previous step, (8.22 g, 1.12 mmol) in
165 ml 2-propanol boc-Lys(boc)-OSu (11.9 g, 26.8 mmol) and DIEA (9.34 mL, 53.6 mmol) were added at 45
°C and the mixture was stirred for 30 min. Subsequently, n-propylamine (1.47 mL, 17.9 mmol) was added.
After 5min the solution was cooled to -18 °C for 2 h, then 165 mL of cold MTBE were added, the
5 suspension was shaken for 1 min and filtered through a glass filter. Subsequently, the filter cake was
washed with 4x 200 mL of cold MTBE/iPrOH 4:1 and 1x 200 mL of cold MTBE. The product was dried in

vacuo for 16 h.

Yield: 12.8 g, MW (90 %) 1f as a pale yellow lumpy solid
10 MS: m/z 1505.3 = [M+8H]** (calculated = 1505.4).

Backbone reagent 1g was obtained by dissolving 4ArmPEGS5kDa(-LysLys,Lys,(boc)s), (1f) (15.5g,
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 HCl in methanol (200 mL,
15 600 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 centrifuged 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 centrifuged at 3000 rpm for 1 min. The product 1g was dried
in vacuo
20  Yield: 11.5g (89 %) as pale yellow flakes.
MS: m/z 1104.9 = [M+8H]** (calculated = 1104.9).

Example 2
Synthesis of crosslinker reagent 2d
25 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:



hexanoi ¢ acid / HATU / boc,Ncollidine boc,NN - Trnob NMe O TnobO NHWe 7d

7c 1 TrtSLIiOH TrtS 5TrtS To a cooled (0 C solution of

N- Met hyl -Weokoti/aehyl endi ami ne (0.5 nl, 2.79 nmol) and NaCR@#H301004060mg, 2. 23

mml) in MeOH (10 nL) and acetic acid7£0.5 nmL) was added a sol ution of

2,4,6- trimethoxybenzal dehyde (0.547 ng, 2.79 mol) in EtOH (10 nL). The

m xture was stirred at RT for 2 h, acidified with 2 MHC (1 nL) and

neutralized with saturated aqueous Na2CO3 (50 nlL). Evaporation of all

10vol ati | eg~DCM extractionyof the resulting aqueous slurry and
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A solution of PEG 2000 (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 added
5 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) diethyl
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 Celite®. The solution was stored in a tightly closed flask at —30°C
10 in the freezer for 12 h until crystallisation was complete. The crystalline product was filtered through a glass
frit and washed with cooled diethyl 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



mol ), HATU (201 ng, 0.529 mml), and collidine (0.48 nL, 3.70 mmol) were
added. The m xture was 5stirred at Rl for 2 hto yield 7b. For fnoc

depr ot ectworeprigitpapi di ne (0.22 L, 2.16 mmol) was addedPam@EP310/06i16¢g was
continued for 1 h. Acetic acid (1 nlL)7gas added, and 7c was purified by
RP-HLPC. Yield: 285 ng (0.436 mmol as TFA salt) MS: rniz 562.54 = [ MtNa] +,
(cal cul ated = 562.67). 106-Trityl mercapt ohexanoic acid (0.847 g, 2.17 nmol)
was di ssol ved in anhydrous DVMF (7 nL). HATU (0.825 g, 2.17 nmol), and
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W th l a _ issal at ed, | evaporation of the solvent. 15Yield: 1.4 g
(94% m}r}(r%ic'azgg +%J?'i :(CTIWEEE%]'%?QEI culated = 934.5). To a solution of 7d

(1.0 ng, 1.53 mmol) in MeOH (12 ni) and H20 (2 L) was added Li OH (250 nm,
0 o oTEB i pidIBad GEGHY OB NES S LE B8 FA el o ThE7

m Xt ure was acl uri
RP- HPL @moRraod dicyclchexgttribodiigidagB.84 p,elst 7 @by @d75nnt bf 3@ (ahajdechs pasestitisd dizHCO3

and concentrated. The aqueou hase was ex cted wth d 7e

ool ot BATD AT RBTRGE GIF 1o R Vo teo ey Ioal & o780 e et oo
878. 8 wa{dvihadted {ndaherediditcads rc@BBizél)om BH. To a solution of 7e (170 ny,
0.198 pmyl)_.i hydr.ous DCM ( 4 wer ¢ added DCC (123 ng, 0.59 mmol) and
N-ﬁ@dr%L%@%?%%ﬁénTiTﬂg%édﬁ%é"%ﬁ‘j‘, and the reaction nixture was
sti rr echsah/zRT7.§ oM-BHIT (cAheatadiadiope/mwa)s filtered, and the filtrate was
acidified with 0.5 nL AcCH and 7f purified by RP-HPLC. Product fractions
were neutralized with saturated aqueous NaHCO3 and concentrated. The

r emai nexaghpiueous 30phase was extracted with DCM and 7f was isol ated upon

OO B ot b P g il L) SR T Qb 0! ) VB iz 9634 =
15 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 mL N,N,N’,N’-tetramethyl-ethylene-diamine was added to
effect polymerization. After 2 h, the stirrer speed was reduced to 400 rpom 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
20 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 3 as a white
powder.
25
3a was prepared as described for 3 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 ml acetic acid were added 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
30  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 3 and 3a was determined to be between 0.11 and 0.16 mmol/g.



WO 2011/ 012719PCT/ EP2010/ 061160 87 Alternatively, |inker reagent 7f was
synt hesi zed according to the follow ng procedure: Alternative reaction
schene: TwokzoNWibme HO N O fmoc COMU, colli di ne boc/ NI \ POBEPL010/DHIBINO
.=...,.. fnoc TrtS 5 79

Example 4
Preparation of maleimide functionalized hydrogel beads (4) and (4a) and (4aa) and determination of

maleimide substitution

@)
@)
O
@]

Mal-PEG6-NHS

/

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

10 dry hydrogel beads 3. 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 4 were washed five times each with 2/1 (v/v)
acetonitrile/water, methanol and 1/1/0.001 (v/v/v/) acetonitrile/water/TFA.

4a was synthesized as described above except for the use of 3a instead of 3.

15  Alternatively, hydrogel beads 3a were pre-washed with 99/1 (v/v) DMSQO/DIEA, washed with DMSO and
incubated for 45 min with a solution of Mal-PEG6-NHS (2.0 eq relative to theoretical amount of amino
groups on hydrogel) in DMSO. Beads 4aa were washed two times with DMSO and three times with pH 3.0
succinate (20 mM, 1 mM EDTA, 0.01 % Tween-20). The sample was incubated in pH 6.0 sodium phosphate
(50 mM, 50 mM ethanolamine, 0.01 % Tween-20) for 1 h at RT and washed five times with pH 3.0 sodium

20  succinate (20 mM, 1 mM EDTA, 0.01 % Tween-20).

For determination of maleimide content, an aliquot of hydrogel beads 4, 4a, or 4aa, respectively, was
lyophilized and weighed out. Another aliquot of hydrogel beads 4, 4a or 4aa, respectively, was reacted with
excess mercaptoethanol (in 50 mM sodium phosphate buffer, 30 min at RT), and mercaptoethanol
25 consumption was detected by Ellman test (Ellman, G. L. et al., Biochem. Pharmacol., 1961, 7, 88-95).

Maleimide content was determined to be between 0.11 and 0.13 mmol/g dry hydrogel.



To a solution of N Methyl-Nboc-ethylenediamne (2 g, 11.48 mmol) and
NaCNBH3 (819 ng, 12.63 mmol) in MeOH (20 nL) was added
2,4, 6-triwotzhoxybanzal dehyde (2. 08ng, 10.61 nmol) port i @eaTEPI@0/0§H160 m Xt ur e
was stirred at RT for 90 mn, acidifigg with 3 MHCl (4 nmL) and stirred
further 15 mn. The reaction m xture 10 was added to saturated NaHCC3
solution (200 nL) and extracted 5 x with CH2C 2. The conbi ned organic
phases were dried over Na2SO4 and the sol vents were evaporated in vacuo.
The re8xantplesg N- Met hyl - N- bocN -t nob- et hyl enedi am ne (7a) was conpl etely
dried gn. high vacuum used in the next reaction step without further
purifi (‘L’:‘g‘tﬂfe(si%?”v?glr%ég 'ﬂ% g (11.48 mmol, 89 % purity, 7a : double Tnob
pr ot ectieicr pagrititd was sphthebipedldoddiBding tz 135 blloRhgscHeeH] , (cal cul ated = 354. 21).
WO 2011/ 012719PCT/ ER2Q10 061160 88 To a solution of 7a (2 g, 5.65 mmol) in
CH2C12 (24 m) COVU2(4. 8§Wml), N Froc- N- Me- Asp(OBn) - OH (2.08 g,
3

4.52 mol ) gn%/q\mzl iZdMR8C (2 65 m, 2, ﬁtgﬂw/\wm'e?@aﬂd\ed.\,\mw reaction

m xture wad st¥rréd for 3 h at RI, diluted with CH2¢12 (250 nmL) and washed
3 x with 0.1 MH2504 (100 m) and 3 x with brineg,57(100 nl). The aqueous
phases were re extracted with CH2C12 (100 ml). The coF‘oi negeipirgani ¢ phases
were dried over Na2SO4, filtrated and the residue congentraed bieaa vol une
of 24 nmL. 79 was purified using flash chromatography.yYielzhd, 31 g (148 %
6.66 nmol) MS:mz 796.38 = [ MtH], (calculated = 795.37). 10 To a sol ution
of 79 [5.31 g, max. 4.51 mmol ref. to N-Fnoc-N-Me-Asp(OBn)-0H in THE (60
m.) DBU (1.8 mL, 3 % v/vV) %Eﬁg@%’m”ﬁﬁh‘gﬁ‘%l ution was stirmed for 12 mn at
RT, diluted with c#é%%% (4005 sand" WaShed 3 x/ﬁggh\gyi\M&Hz (150 nl)
and 3 X@f tH BrT Ny NH1 ) = The aqueous phadé® wete Ye extract ewith
CH2C12 (100 m). The cophmtned organi ¢ phases were drswed over Na2SO4 and
filtrated. 7h was isolated upon l1l5evaporation of the solvent and used in
the next reaction wthout further purification. Ms:mz 574.31 = [ MtH],

(cal cul ated = 573. Og)fA'ij@; 8N31 g, 4.51 mml, crude) was dissolved in

. . it
acetonitrile (26 nL)inom@ (3.87 g, 9.04 mol), 6-
2) DCM/HFIP
tl)oc 0
dmobH O
5d

Synthesis of linker reagent intermediate 5a:

4-Methoxytrityl chloride (3 g, 9.71 mmol) was dissolved in DCM (20 mL) and added dropwise to a solution

of ethylenediamine (6.5 mL, 97.1 mmol) in DCM (20 mL). After two hours the solution was poured into

diethyl ether (300 mL) and washed three times with 30/1 (v/v) brine/0.1 m NaOH solution (50 ml each) and
10 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).

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,
15 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 mL each) and



Trityl mercapt ohexanoic acid (2.12 g, 5.42 mol) and collidine (2.35 ni,
18.08 nmol ) were added. The 20 reaction mxture was stirred for 4 h at RT,
di | uted wohrogkHaem?2 (400 nm) and washed 3 x with 0.1 M PRS@P2¢10061160 ) and 3
X wth brine (100 m ). The aqueous phggses were re extracted with CH2C12
(100 m ). The conbi ned organic phases were dried over Na2SO4, filtrated and
7i was isol ated upon evaporation of the solvent. Product 71 was purified
usi ng flash chronmat ography. Yield:2.63 g (62 % 94% purity) 25MS:nml z 856. 41
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Cr dhe TP Rrb et nhs Pal 307 Bt SosP st b deq manbehel 8 HuiePR i 2ed

WI t h Osthreilfqrhhrée Hoypd Oshiatuer Jeasfalleed amldemgnraeeem‘é (380 &d) at Rmewdsksuaiith se@radelie oOus
phase was e cted,. w s isol ated upon eva oratl n of the
DT ventregrdiat SRl (¢ 8165 PN hrSuraes ey Rafe: SPeandt s SLAbPeeTb) S 10
Exanpl ghaBe was dried over Na,SO, and volatiles were evaporated at reduced pressure to obtain the crude amine

intermediate (3.22 g).

15
The amine intermediate was dissolved in DCM (5 mL), Boc,0 (2.97 g, 13.69 mmol) dissolved in DCM (5 mL)
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).
MS: m/z 791.4 = [M+H]", 519.3 = [M-Mmt+H]" (calculated = 791.1).

20

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 solution,

acetonitrile was removed under reduced pressure and the aqueous solution was extracted with DCM (4 x
25 100 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]" (MW calculated = 518.8 g/mol).

30 Synthesis of linker reagent intermediate 5c:
5b (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 reduced pressure,
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and the crude product was dissolved in DCM and washed with saturated NaCO; solution. The aqueous
phase was extracted three times with DCM, and the combined organic phases were washed with brine,
dried over MgSO, and concentrated under reduced pressure. 5¢ was purified by flash chromatography
using DCM and MeOH as eluents.

5  Yield: 343 mg (0.512 mmol).
MS: m/z 669.37 = [M+H]", (calculated = 669.95).

Synthesis of linker reagent 5d:
Fmoc-Aib-loaded TCP resin (980 mg, ~0.9 mmol) was deprotected with DMF/piperidine, washed with DMF
10 (5 times) and DCM (6 times) and dried in vacuo. The resin was treated with a solution of p-nitrophenyl
chloroformate (364 mg, 1.81 mmol) and collidine (398uL, 3.0 mmol) in anhydrous THF (6 mL) and shaken
for 30 min. The reagent solution was removed by filtration and the resin was washed with THF (5 times)
before a solution of amine 5¢ (490 mg, 0.7 mmol) and DIEA (1.23 mL, 7.1 mmol) in anhydrous THF (6 mL)
was added. After shaking for 18 h at RT, the reagent solution was removed by filtration and the resin was
15  washed with DCM (5 times). The linker reagent was cleaved from the resin and purified by RP-HPLC.
Product fractions were brought to pH 6 by addition of sat. aq. NaHCO; and concentrated under reduced
pressure. The resulting slurry was partitioned between saturated aqueous NaCl and DCM, and the aqueous
layer was extracted with DCM. The combined organic fractions were concentrated to dryness to afford
linker reagent 5d.
20  Yield: 230 mg, (0.29 mmol).
MS m/z 798.41 = [M+H]*, (calculated = 798.1).

Example 6
Synthesis of linker reagent 6¢

25 Linker reagent 6¢ was synthesized according to the following scheme:



WA-1-Insulin 8a Li nker reagent 5d was dissolved in DCM (20 ng/nL) and
activated with N-cycl ohexyl -carbodiim de-Nrnethyl polystyrene -resin (1.9
ni nol / g, WO 2eq/012f19r 1h. The sol ution of the activated IPCmHEPROWOaIENT Was
20added to a solution of insulin (1.2ggq.) and DIEA (3.5 eq.) in DVSO (100
ng insulin/nm), and the m xture WD 2011/012719PCT/ EP2010/ 061160 90 was
shaken at RT for 45 mn. The solution was acidified with acetic acid, the
DCM was evapor at ed under reduced pressure, and Wn conj ugat ed protected

i nsulin-linker cqnju e Satwsmsppypwvsded by RP- HPLC. Lyophilized 8a was
treated with a m of 29N-F82/ 2 (v/ v/ vl V)
HFI P/ TRAwWak el N yl si scﬁ\gé\)/f\e'r W5 nin at RT. The

reaction m xture was di |l ut EAMQ u’vvat’er and all volatiles were renoved
under a stream of nitrogen. Vw}conjugated i nsuban-1inker conjugate 8b was
purified by RP-HPLC. 8b: Yield: 139 ng (0.023 mmmol) from 62 ng (0.078
mmol ) linker 5d 10MS: mz 1524.45 = [ Mr4H| 4+ (|cahddFiad.Behth=KLe24. 75) .

Wn conj ugat ed i nsulin-1linker conjugate 8c was |[syAttesi@?2d as described for
8b except for the use of 6¢ (72 ng, 0.101 nnn 1) .0,Nn 158¢c:

Yiel d: 237 ng (0.039 nmol) MS: mz 1528.23 = p%g“s‘}'me °&§e”2$°%?yd =

1528. 28). Exanple 9 20Synthesis of NaBl -insuli n-I i nker conjugate 9 0
1) Aib-TCP resin /

p-nitrophenyl

| JOL chloroformate 'L
TS TSNS OH Trts” NN IS NHdmob
IH
dmob ' O 2) DCM/HFIP 6b

6¢c

Synthesis of amine 6a:

Triphenylmethanethiol (11.90 g, 43.08 mmol) was suspended in DMSO (40 mL). DBU (7.41 mL, 49.55 mmol)
5 and 6-bromohexylphthalimide (13.32 g, 42.94 mmol) were added, and the mixture was allowed to react for

approximately 15 min. The reaction mixture was partitioned between ethyl acetate (700 mL) and 0.1 M HCI

(200 mL). The aqueous phase was extracted with ethyl acetate (3 x 50 mL), and the combined organic

fractions were washed with NaHCO;sat. (80 mL) and brine (80 mL), dried over MgSQ,, filtered and

concentrated. The crude yellow oil was recrystallized from n-heptane/ethyl acetate. The intermediate 6-(S-

10  Trityl-)mercaptohexylphthalimide was obtained as a white solid (13.3 g, 26.4 mmol, 62%).

6-(S-Trityl-)mercaptohexylphthalimide (14.27 g, 28.2 mmol) was suspended in ethanol (250 mL). Hydrazine

hydrate (3.45 mL, 70.5 mmol) was added, and the mixture was heated to reflux for 2 h. The mixture was

filtered and the filtrate was concentrated in vacuo. Chloroform (180 mL) was added to the residual oil and
15 the resulting suspension was stirred at room temperature for 1.5 h. The mixture was filtered, and the

filtrate was extracted with water (60 mL) and brine (60 mL), dried over MgSO, and concentrated to yield

crude 6-(tritylmercapto)-hexylamine (10.10 g, 26.87 mmol, 95%).

MS: m/z 376.22 = [M+H]", (calculated = 376.20).

20  DIEA (1.41 mL, 8.11 mmol) and n-butyl chloroformate (908 uL, 7.14 mmol, in 1 mL THF) were added to a
cooled (0 °C) solution of 6-(tritylmercapto)-hexylamine (2.44 g, 6.49 mmol) in THF {50 mL). LiAlH, (1 M in

THF, 9.74 mL, 9.47 mmol) was added after 30 min, and the mixture was heated to reflux for 90 min.



HSNNI ) 1. %N H H 9 Doubl e- protect ed Na-boc-G ym Af - boc-Lys829-insulin was
prepared as described previously (J. Markussen, J. Halstrom F. C. Whberg,
L. Schaf fwo,200/01Bi10l . Chem 1991, 266, 18814-18818). 25kcmirrowmagent 5d
(0.04 mmol) was dissolved in DCM (0.5g4l) and activated with N-cycl ohexyl -
carbodii m de- Nr- net hyl pol ystyrene resin (0.205 mvol) at RT for 2h. The
resulting solution of the activated |inker reagent was added to a solution
of bis-boc-protected insulin (24 ng, 0.004mmol) and DI EA (5 4, 0.0229 mmol)
and shaéditionadf water,f3015 M adn .NaDHend @/atet ledrho thexeruragorwefs: @edipiiafe vedchwids merd®d | i L

f d fied b
Re- tiL Lo B AT Rl oG et i w75 e Ereotor os1i60 o1
VB: i Yield 660. 2% 2e6mpy4H] 4+ (cal cuI ated = 1660.43). Lyophilized protected
i nsul i I |}1I§§5%2(|:_%¥%Yg(ﬁglie 3%84?%6?3;_% with 1 nmb 90/10/2/2 (v/v/vlv)

HFI P/ T ter The reaction m xture was diluted with
0 55nL of water and aII 5vo| atiles were renoved under a stream of nitrogen.
-con at.ed. i nsuli e jugate 9 was purified by RP-HPLC. Yield: 4
rrg (0. 5‘6‘8‘? 'ng"l" erﬁ?ége“m” %‘%‘ﬁeg = [ M+41- 1] 4+ (cal cul ated = 1524. 75).
10Exanpd e sd@ioByn i esi & 561 mNRG-wan sddedre-tromdeetiylphomajirdigat 29610 7.7 Gimol) and K,CO;

(1.09 g, 7.9 mmol) and the mixture was heated to reflux for 6 h. After filtration and concentration, the

crude mixture was partitioned between ethyl acetate and saturated aqueous NaHCOa. The crude
10 intermediate (2-(N-methyl-N-(6-tritylmercaptohexyl-)Jamino-)ethyl)phthalimide was purified by flash

chromatography.

Yield: 1.23 g (2.18 mmol).

MS: m/z: 563.27 = [M+H]’, (calculated = 563.27).

15 To a solution of (2-(N-methyl-N-(6-tritylmercaptohexyl-)Jamino-)ethyl)phthalimide (672 mg, 1.19 mmol) in
ethanol (12 mL) was added hydrazine monohydrate (208 uL, 4.17 mmol), and the mixture was heated to
reflux for 1 h. The reaction mixture was filtered, concentrated and N-(2-aminoethyl-)-N-methyl-N-(6-
tritylmercaptohexyl-)amine purified by RP-HPLC.

Yield: 624 mg (0.944 mmol).
20 MS: m/z 433.27 = [M+H]", (calculated = 433.26).

To a solution of N-(2-aminoethyl-)-N-methyl-N-(6-tritylmercaptohexyl-)Jamine (151 mg, 0.229 mmol) and

NaCNBH; (30 mg, 0.463 mmol) in anhydrous MeOH (6ml) was added a soltution of 2,4-

dimethoxybenzaldehyde in anhydrous CH,Cl, (0.6 uL). After stirring for 1 h at RT, the reaction mixture was
25  concentrated, redissolved in 2 mL water/acetonitrile 1/9 (v/v) and 6b purified by RP-HPLC.

Yield: 177 mg (0.219 mmol).

MS: m/z 583.33 = [M+H]’, (calculated = 583.33).

Synthesis of linker reagent 6¢
30 Linker reagent 6c was prepared from Fmoc-Aib-loaded resin (704 mg, ~0.6 mmol) as described for 5d,
except for the use of amine 6b (as TFA salt, 430 mg, 0.53 mmol) instead of 5c.
Yield: 285 mg, (0.330 mmol).
MS: m/z 712.37 = [M+H]’, (calculated = 712.37).



HN. 2NNEB29- 1r1SU ill H O 10 HS Insulin (644 ng, 0.111 nmvol) was di ssol ved
in 6.5 n. of DMSO. 3 nL of cooled (4 C 0.5 Msodium borate buffer (pH 8.5)
and 7f (A0mg11/0@210%3 mmol) in 2.5 nL of DVBO were addedPam@EPaonierieo was
stirred for 155 mn at RT. 400 pi AcOggwere added and protected insulin
conjugate was purified by RP HPLC. Yield: 172 ng (0.025 nmol). M5 niz
1662. 27 = [ Mt41-1] 4+ (cal cul ated = 1662. 48). Renoval of protecting
groups was affected by treatnment of |yophilized product fractions with 6 nL
of 209&ab®leZ’ 2 (v/v/v/v) HFI P/ TFA/ TES/ water for 1h at RT. N1329-conj ugated
i nsulip-linker.coniu 10 was purified by RP HPLC. Yield: 143 ng (0.023
mm|).9 :es'r"rﬁé"“ﬁ%‘éﬁ"‘.gg’gt’i [ Mk41- 1] 4+ (cal cul ated = 1531.71). 25Exanple 11
Preparation of insulin-linker-hydrogel 1la, 11b, 11c, 11d, 1l1da, 11db, and

11dc M'\Q@% Qe]a'él'e/nQ;Tzw%g' sgyﬁggéige@%coc]o'roc(inog@g'ghgQOIIgv%ing scheme:

0] 0
| i |
0 HATU/collidine
boc’N\/\I,\lH + HO)k‘:_‘/\Ir )l/ - boc'N\/\l‘\l - ©

Tmob /NMe O Tmob /NMe (@]

7a fmoc fmoc
7b
piperidine

6~(Trt-mercapto)-

| hexanoic acid / HATU / | 0
NN J\/\lro collidine
boc AN Y - boc’N\/\NJ\/\n’Oﬂ/
o 0]

1
Tmob
NHMe

7c

y boc S
b NMe O [] s
O DCC/NHS Tmob NMe O

T1e

TS
5 TrtS

To a cooled (0 °C) solution of N-Methyl-N-boc-ethylendiamine (0.5 mL, 2.79 mmol) and NaCNBH; (140 mg,

2.23 mmol) in MeOH (10 mL) and acetic acid (0.5mL) was added a solution of 2,4,6-

trimethoxybenzaldehyde (0.547 mg, 2.79 mmol) in EtOH (10 mL). The mixture was stirred at RT for 2 h,

acidified with 2 M HCI (1 mL) and neutralized with saturated aqueous Na,CO; (50 mL). Evaporation of all
10  volatiles, DCM extraction of the resulting aqueous slurry and concentration of the organic fractions yielded

N-Methyl-N-boc-N’-tmaob-ethylendiamine (7a) as a crude oil which was purified by RP-HPLC.

Yield: 593 mg (1.52 mmol)



1l1a 11b Dry mal ei m de functionalized hydrogel 4 (82 ng, 10.3 |i nol

mal ei m do groups) was filled into a syringe equipped with a filter frit. A
sol uti on Wb 20nguki1m@- | i nker-thiol 8b (27.8 ng, 4.6 Kkt nol PCIrEP210/0616H
acetonitrile/water/ TFA 1/1/0.001 (v/vky) was added and the suspensi on was

I ncubated for 5 mn at RT. Acetate buffer (0.4 nL, pH 4.8, 1.0 M was added
and the sanple was incubated at RI for 1 h. Consunption of thiol was
nonitored by El Il man test. Hydrogel was washed 10 tines with 1/0.43/0.001
(v/ vl vMSaokBan3a + M+8AWdtaenlatEFA3ZNGH.2 times with 1/1/0.2/0.25 (v/v/v/iv) 1.0
M sarcosine pH 7.4/ acetonitrile/0.5 M WD 2011/ 012719PCT/ EP2010/ 061160 93
phosphate buffer pH 7.4/ water. Finally, the hydrogel was suspended in the
sar cos Nrteos-0HNg-Ap(DtBu OH (AZUipgt RS fnomol Pwds dissol¥ed. in DNGUJS 'rTeridrVIaeBOOh’ygirocsgél lla

was Wa%rr]n[e , %Qr (26rler§1g\% éz@ mmo} %rr\]él Eorllkdlm%/(mé %rL,/ .;anizdb‘m /woereoao e(g \ﬁjht\e/ mi tur(é1 was
stored at 4
5 stirred at RT for 2 h to yield 7b. For fmoc deprotection, piperidine (0.22 mL, 2.16 mmol) was added and
stirring was continued for 1 h. Acetic acid (1 mL) was added, and 7c was purified by RP-HLPC.
Yield: 285 mg (0.436 mmol as TFA salt)

MS: m/z 562.54 = [M+Na]’, (calculated = 562.67).

10  6-Tritylmercaptohexanoic acid (0.847 g, 2.17 mmol) was dissolved in anhydrous DMF (7 mL). HATU (0.825 g,
2.17 mmol), and collidine (0.8 mL, 6.1 mmol) and 7c (0.78 g, 1.44 mmol) were added. The reaction mixture
was stirred for 60 min at RT, acidified with AcOH (1 mL) and purified by RP-HPLC. Product fractions were
neutralized with saturated aqueous NaHCO; and concentrated. The remaining aqueous phase was
extracted with DCM and 7d was isolated upon evaporation of the solvent.

15  Yield: 1.4 g (94%)

MS: m/z 934.7 = [M+Na]", (calculated = 934.5).

To a solution of 7d (1.40 mg, 1.53 mmol) in MeOH (12 mL) and H,0 (2 mL) was added LiOH (250 mg, 10.4
mmol) and the reaction mixture was stirred for 14 h at 70 °C. The mixture was acidified with AcOH (0.8 mL)
20 and 7e was purified by RP-HPLC. Product fractions were neutralized with saturated aqueous NaHCO; and
concentrated. The aqueous phase was extracted with DCM and 7e was isolated upon evaporation of the
solvent.
Yield: 780 mg (60 %)
MS: m/z 878.8 = [M+Na]", (calculated = 878.40).
25
To a solution of 7e (170 mg, 0.198 mmol) in anhydrous DCM (4 mL) were added DCC (123 mg, 0.59 mmol)
and N-hydroxy-succinimide (114 mg, 0.99 mmol), and the reaction mixture was stirred at RT for 1 h. The
mixture was filtered, and the filtrate was acidified with 0.5 mL AcOH and 7f purified by RP-HPLC. Product
fractions were neutralized with saturated aqueous NaHCO; and concentrated. The remaining aqueous
30 phase was extracted with DCM and 7f was isolated upon evaporation of the solvent.
Yield: 154 mg (0.161 mmol)
MS: m/z 953.4 = [M+H]’, (calculated = 953.43).



Insulin content was determ ned by total hydrolysis of an aliquot of

i nsulin-1inker-hydrogel under reductive conditions at pH 12 and subsequent
i nsulin Avohaiwiand i nsulin B-chain quantification by RPCHRPEI10/0nEG66 i N

| oadi ng of 1la: 175 ng insulin/g insukyn-linker-hydrogel 10l nsulin anount
in a 1lla suspension in 10 mM sodi um acetate buffer pH 5, 135 nmM sodi um
chloride: 12 ng insulin per 1 m 1.1a suspension. 11b, 1l1lc, and 11d were
prepared as descri bed above except for the use of 8c, 9, and 10,
respectively, instead of 8b. 15 U & was prepared as descri bed above except
for th f 4 ad of 8b.and repared as foll ows:
A suspglrtlsﬁag'hlg L ?ea‘Fe”tﬂwa? it ?ZS(raiaﬁgrzdé” t%thﬁF"c_%'"%'ﬂg ﬂ\zg,?ﬁdﬁ'%pH 2.5 HCl, 0.01 %
Tween- Blﬂerééﬁlvé)renmonidjgmél nol nal ei m do groups) was filled into a syringe
equi pped with a filter. A solution 20 of insulin-linker-thiol 10 (166 ny,
24.4 lino!) in™8.0 nL H pH 2. (§B C% O/%Tween 20 was adided and the
suspenskor~wad’ti ncubatie di ursueti : 8t (3.9 ni,
pH 4.0, 150 MM 1 m\/IEDTA 0 1 %Tvveen 20) was addegd’to ¥i el pH 3 6 and
t he sarrpf"’é was i ncubat ége at RT for 90 min. Consunpti onmef thi ol

monitored by El Il man test. Hydrogel was washed 10 tines w th sodi um

succi nate buffer (pH 3.0, 50 M 1 nM EDTA, 0.01 % Tween-20) and 3 tines
wi th sodi um succi nate buffer (pH 3.0, 50 M 1 nM 25EDDAy | 0. 01 % Tween- 20)

containing 200 nM a etyl cysteine. Finally, the hydrogel S suspended in
t he acetylbocc’ys ei o ni ng buf f-ér-maae-i ncubated for o1 h at RT.

| nsul i n-1i nker -thydr.0ge db was WESHEE1Ci mes lwith siicci nat e buffer (pH
3.0, 50 MM 1 nM EDTA, 0.01 %TWeeﬁ-—Z-G-)—a-ﬁd—Sbbcl/rTE ) odhydm acet ate
buffer (pH 5.0, 10 , 130 mM NaCl, 0.01 % Tween- 20)mneb 30|HNSU| n | oadi ng of
11db: 6.12 ng insulin lper mL i nsulin-linker-hydrogel suspﬁ,n5| on WO

2011/ 012719PCT/ EPZ010/ 061160 94 of insulin-linker-thiol 10 (117 niL, 460
lino!) in 2.5 HC, 0.01 % Tween-20 was added to 4a. The suspensi on was

i ncubated at ®b“for 5|nigga. Succinate buffer (4.8 ni, pH 4.0, 150 MM 1 nM
EDTA, 0.01 % Tween-20) was added to yield a pH of 3.6 and the suspension
was i ncubated at RI for 90 min. Consunption of thiol was nonitored by
El | man test. Hydrogel was washed 10 tines vvithl succi nate buffer o5 (pH 3.0,
50 MV 1 rrl\/lllsi% Wen 20) and 2 tinmeg wth ccinatge buffer (pH
3.0, 50 nm¥t* 1 M\/IEDTA 0.[01 % Tween- 20) conrdi ni n%)io ; r capt oet hanol .
Finally, the hyd’r Nyas® suspended in the mercdpto ol oco Yning
buffer and incubated for 3 h at KICNHS 0

Te 7f

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 min. The reaction mixture
10  was added to saturated NaHCO; 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 {7a) 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, 7a : double Tmob protected product = 8 :1)
15 MS: m/z 355.22 = [M+H]", (calculated = 354.21).



I nsul i n-1inker-hydrogel 1ldc was washed 10 tines with succinate buffer (pH
3.0, 50 MM 1 nM EDTA, 0.01 % Tween-20) and 6 tinmes with succinate/ Tris

buf fer (pMo2o0/01209MM 85 g/L trehal ose, 0.01 % Tween- 20LT/EPRI10H6H 160

| oadi ng of 11dc: 18.7 ng insulin per g insulin-linker-hydrogel suspension
Al ternatively, maleimde derivatized hydrogel mcroparticles 4aa can be
used instead of 4a. Exanple 12 15Rel ease kinetics in vitro

| nsul i n-11inker-hydrogel 1l1la, 11b, 1lc and 11d, respectively,

(insulin | i nker - hydrogel containing ca. 1 ng insulin) were suspended in 2

i t W p n ubated

t 37 gyléﬁgﬁﬁﬂifggggagvﬁhgg ?y%gﬁggﬁ”g?&@|%%¥62?3F8§Wsh§n gﬂ%ﬁ%ﬂgﬁgnt was
anal yzed (b KRKREHPhBoditan@ dcﬁludnm(asﬂijSD BWVBmolWesd @ined Shecrendtieh adixturg whostirred

lib I
L0299 LA Y388 LSS RO L9 SR SHRSK RT

of bel gasenl). The a‘qhetonﬂpl’fasésfwelre I\eerxtra:cied]yﬁthd;HzC]lﬂltnb ml:B(Thd ;:onandad Dbégadic pheases were
det er m ned f ra_zi)ﬁ,g’ltra%eqbdni%h resuﬂje c ncehtr rgdstgeﬁ(gl;ltm\'/lel fyZ4 l}e%wasd)urlfle% uyh%\nla&sh

i nsul i A099 %N roge HFooWas eransterr éd e syriy
filtershromatspastged in 6 25 m 60 nNIsodlun1phosphate 3 nmM EDTA, 0.01%

Tween-§ an 7.4, and |§§Hbﬁg§ gé?@%gﬁ._At defined time points the

super naf dnt was exchang insulin was quantified by RP-HPLC
at 215mMsm The anopunt ofn/f elesasea+i]nsddlculaetvasogd7pt t ed agai nst i ncubati on
tine. Curve-fitting software was applied and an in vitro halftinme of 15 d
was determ ned for 11db. 30Alternatively, insulin-Ilinker-hydrogel 11db was
fill edTed @ sdutkhrod ralsegreaphy 460 Inni rdnd Apinaeadvie-AsOkrgwpEhatHe (e siomeu ¢l.8 ed

T PR P B LG o Ghysbee™

(nom nalx)witrch malt@qt=dnipaia? devithBend ﬂsaubﬂat THe. aqééoudﬁrﬁasmderé Iré’TE(tr[a&bdﬂTN&h t he
sol utiagn s anal.yzed by RP-H PLC at unt of rele

3011/ 0SHF DBET % 0P Ot V0 G e HUAS P G008 TG VAN PEh
tine. @ab&’rﬁﬁdridftﬁe@gv&@ﬁr{d\w&ﬂnVb@&leﬁpéﬂcll@dmﬂ:ﬂd farther purificdtion. hal ftinme of 13 d

was de}\AeSrm ned for 1ldh. /257431 ?M+I-:ﬁ (calculated = 573.30).

7h (5.31 g, 4.51 mmol, crude) was dissolved in acetonitrile (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. The
20 reaction mixture was stirred for 4 h at RT, diluted with CH,Cl, (400 ml) and washed 3 x with 0.1 M H,SO.
(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 7i 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 7i (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,S0, (50 ml) and 3 x with brine (50 ml). The aqueous phases were re-extracted
30 with CH.Cl, (100 ml). The combined organic phases were dried over Na,SO,, filtrated and 7e was isolated

upon evaporation of the solvent. 7j was purified using flash chromatography.

Yield: 2.1g (88 %)

MS: m/z 878.4 = [M+Na]’, (calculated = 878.40).



5Synt hesis of a LysB29-linker conjugate of insulin (12a) and a

LysB28-1i nker conjugate of insulin lispro (12b): Synthesis of LysB29-1i nker
conj ugat ewof20immetipn (12a) STrt 101.2 g (0.206 mmol , POTER2@Q)61160 | nsul i n
were dissolved in DMBO at RT. After 3@gmn the solution was cooled to 0 C
while borate buffer (0.5 M pH 8.5 21.6 mM) was added over a period of
4.40 mn. The tenperature of the solution was kept between 25 and 28 C. A
solution of 228 ng (0.239 mmol, 1 eq) 7f was dissolved in 40 mM DMSO was
added Te areolutiow af 7eg 470 rosy @r198mpel) incadhysiroud DAMI4 mTheere aled ACH(1dBw g I0HYoved), and

by adq e 2R SEBE o 8P Wbt Stint by ey dTsa RE o8 FihdiOhs RS INE e
was puthefreatorbyixiafe WHRIsGrédsa IRV &mtl hATheHé@tiwi histude das¥itdted, ths allveatrwas BemdvieCN
with 0.1 % TFA,, gradient. 30-80.%B over. 14 m.n, _flow 40 ml/mn).

ot o Eapdierendine 3 S a1t o gl Bediie bt Bl e @y allbdebune e | 0
0. 78 Yputffiedthly aRPHi¢RIC.t Pro@icy Adact®hs iwesdlheutratized wibh 2.5%70H ait srohadtet buftey 3B29 of
insulin (see, Fi | a). .20Yi el d: 862 TFA-sal.t, %,.,,M5 [ MFEl -1]114+
| To6n Dttt Toq oty sakpd pire 8 SEased it adl) M g pas Ebiired b
LysB28elaporkedn of orjsolgat.e of insulin |ispro (12b) WO

2011/ O%gIZ:ZI.QPCT/ EP2010/ 09}}9\8(8%%)

MS: m/z 953.4 = [M+H]’, (calculated = 953.43).
10
Example 8

Synthesis of N**-insulin-linker conjugates 8b and 8¢

0
H
Al_ i
HS/\/\/\,N\/\NJLN><“/N°L Insulin
H H §

8b
| (@]
aAl_ i
HS/\/\/\/N\/\NJLN%‘/ N Insulin
H H
0O
8c

15 Synthesis of protected insulin linker conjugate 8a

Iiooc 0
Trt\S/\/\/\/N\/\NJLN>§|/N“A1-InSUIin
| H
dmob O
8a

Linker reagent 5d was dissolved in DCM (20 mg/mL) and activated with N-cyclohexyl-carbodiimide-N’-
methyl polystyrene -resin (1.9 mmol/g, 10 eq.) for 1h. The solution of the activated linker reagent was

20  added to a solution of insulin (1.2 eq.) and DIEA (3.5 eq.) in DMSO (100 mg insulin/mL), and the mixture



7f12b 0.347 g (0.059 nnnnol, 0.85 eq) of insulin lispro were dissolved in 6
m DMSO at RT. After 30 min the solution was cooled to O C while borate
buffer (OWB2Mu@ef18.5, 5.64 m) was added over a peri odPofi/EP2610/06i160 The
tenperature of the solution was kept bgtween 25 and 30 C. A solution of 67
ng (0.070 mmol, 1 eq) 7f 5 dissolved in 8 M DVSO was added tine-invari ant
over a period of 2 min. The ice bath was renoved and the reaction m xture
was stirred for 5 mn at RT. The reaction was quenched by addition of 20 m
of I\/ECNbSI—Q@ke@]at RT fod 44 k6. THhefgoludinm was zﬂ:idifiAd @ih ade2ib aMShqomel waeei/abgratRPuM%LC

(SO| vent Ad FesTf ancn\l“Qlfclorgv\gaIAfg)ronfged ms)u |n IBnkerFson %51 & was urlfle TFﬁ’ Ig_Eadl ent:

30- 80% B"OV mn, PRI Y BicHiatdi ng to
UPLC anal ysis (before RP HPLC purifi catl on): 1.3 %of the product was 7f

L0 RS, SRR B R BBl SRR Sty e
(TF&A-s& th/loZ)an%)f SaNBr {S\dhﬁ la} &1L 4tre r:eihﬁﬁa rr%urghm)ﬂuluiddwmmalérélarmaﬂl@dlataésexzbn_:

1662. 35 /%gr?d |l e 14 Phar macg etics stud hn rat__%l'fj;e

phar mat i 8@58?3%3 e dlet EPHEAEA S '”r‘:‘ﬁ'éféﬁ?ﬁ’%@etg EAUEEH YRR n
concentration after subcutaneous application of a single dose into rats.
200ne group consisting of 10 nmale Wstar rats (200-250 g) was used to study
t he pl Bma insulin level s over a period of 14 days. Each of the aninmals
recei veddai3sinig@b. @3WMM(OIOM @bl Mkeodd 5004 ha suspension in acetate

buffeer)H/S cont ai ni r’rgE nsulin (12 ng insulin/n). Per animal and
tinB pdrnt QW‘F‘I I[MES‘I‘H]beB'GH G334t dr awn subl i ngual Iy to obtain 100 1..11_

Li - Hepari n plasnma. Sanples were collected before application and after 4h
1, 2, 3,.4, 7, 9, 11 and 14 days post injection. Plasma sanples were frozen
wi t hi nNT5cqriygatad tnayiinginksr senauadiet dsavea matthesizry tdgteabrd-fer Bhaercent iarithe agafed.

Pl asma 7 ReUd 10 iGRAIGRMEREsPNS Were neasured using an ultrasensitive Insulin
[ LI SA k|t (Mercodia) by follow ng the manufacturer's protocol. Plasna
sanples were diluted in [LISA buffer (1:5 and 1:10 with

15 8c:
Yield: 237 mg (0.039 mmol)
MS: m/z 1528.23 = [M+4H]* (calculated = 1528.28).

Example 9

20  Synthesis of N*®*“-insulin-linker conjugate 9

@)
H .
HS/\/\/\/N\/\NJ\N><“/N“B1-InSUIIn
H H
0
9

Double-protected N*-boc-Gly**-N*-boc-Lys®*-insulin was prepared as described previously (J. Markussen, J.
Halstrgm, F. C. Wiberg, L. Schéffer, J. Biol. Chem. 1991, 266, 18814-18818).

25  Linker reagent 5d (0.04 mmol) was dissolved in DCM (0.5mLl) and activated with N-cyclohexyl-
carbodiimide-N’"-methyl polystyrene resin (0.205 mmol) at RT for 2h. The resulting solution of the activated
linker reagent was added to a solution of bis-boc-protected insulin (24 mg, 0.004mmol) and DIEA (5 L,
0.0229 mmol) and shaken at RT for 1 h. The reaction mixture was acidified with 100 uL of acetic acid and
protected insulin-linker conjugate was purified by RP-HPLC.

30  Yield: 5 mg (0.00075 mmol).



calibrator 0) prior to nmeasurenment. Insulin concentrations were cal cul ated
froma calibration curve which WD 2011/012719PCT/ EP2010/ 061160 97 was
gener at edwbyonmagupi ng i nsul in standards in duplicate amrdTfEPeaionglibhe

val ues using linear regression. The ipgulin concentration was defined as
the nean fromtwo i ndependent dilution series corrected by the respective
dilution factor and plotted against tine. Averaged plasma insulin
concentrations for each tinme point were obtained by cal cul ati ng the nmean of
al | anMsahs 1660 =d81+4H6walcilaedrE gepod32. 5A bursl ess and sustai ned rel ease of
insulin over 14 days was observed. Exanple 15: Pharnacokinetics study in
rat 10The pharmacoki netics of 1llda were determ ned by neasuring plasm

i nsul i byoplolivee nipragdcteadinsinolielinkar pernjoghtofwal 3trdatyd witthaablt hg0/16/3. (vt ar
rats ( 250 ody. i ght ceived a single. cut.aneous i nj ection of
5004 o DAL/ AR B, Tk TR e Sl e RIS P Shleh i
(appr oxolatils? weey legpvedRader anireamt ofantbgen. NE-pdijughte® B8Lin difikeb todp@data@svanprified awn
fromthe tail vein to obtain about 1004 Li-Heparin plasma. Sanples were
col | Py PLcy 5 day before and 4h, 1d, 2d, 3d, 6d, 7d, 8d, 10d and 13d
after tiesiamg @mooedningl) sStrati on. Plasma sanpl es were frozen and stored at

usi ng. BoHDRE et Ao P S VB ELI Sa kit (DRO I netrbmont s Grb

Germany) followi ng the manufacturer's instructions. Blanks (calibrator 0)
wer e incluged in the calibration curve and were subtracted fromthe sanple
vallies®8M%Ye calibration curve was fitted using a 3rd order polynonic
equat i Sfhthedie bOUB-mEih Yisled conpigatehiasma sanpl es were vortexed and diluted in
reaction tubes (1:5 and 1:10 with calibrator 0). For analysis OD at 450 nm
was neadur ed th a niQ%gl%Rfr pl ate reader (Tecan Utra) wthout reference
wavel e reefy NIR&4U of pl asma insulin content up to day 13 for
all aninals being,dpvestigated are shown in Figure 3. After a single
subcut aneous Oo=qf ection of 500111 11d that contained 3 ng insulin the
average plasma nsulin 25 |evel rose to a maxi num of about 500 pM on day
1. As gpecte the plasma insulin concentration subsequently decreased
cont i nuously thin 2 weeks. The peak to trough ratio of plasma insulin
| evel s within\the first week of the study was approxi mately 1.7 Exanple 16:
30Phar nacokidreti cs and phar macodynam cs study in rats The anmount and the
bi oactivity of the released insulin was investigated by analyzing the
pl asmalnsuiiaés4mgs 0mTionnslalvasatsselvid it 618 mbloboids @ [3ueas eodicovetd) n.g Mefoli@atborate an
2Pl O BB Yo PR BLEAGP ISt S/ PRALTRCLINT IS LDoddS] B9 8RSt or

15 5 min at RT. 400 pL AcOH were added and protected insulin conjugate was purified by RP HPLC.

Yield: 172 mg (0.025 mmol).
MS: m/z 1662.27 = [M+4H]* (calculated = 1662.48).

Removal of protecting groups was affected by treatment of Ilyophilized product fractions with 6 mL of
20 90/10/2/2 (v/v/v/v) HFIP/TFA/TES/water for 1h at RT. N®®**-conjugated insulin-linker conjugate 10 was

purified by RP HPLC.

Yield: 143 mg (0.023 mmol).

MS: m/z 1531.46 = [M+4H]* (calculated = 1531.71).

25 Example 11
Preparation of insulin-linker-hydrogel 11a, 11b, 11c, 11d, 11da, 11db, and 11dc



WO 2011/ 012719PCT/ EP2010/ 061160 98 For this purpose di abetes was induced in
8 rats with streptozotocin (STZ) and all animals with bl ood gl ucose |evels
above 350wopbdloignnioday O were included in this study. 7POWEPI1086SE rats
becanme di abetic and received a singl egsubcutaneous injection of 5004 test
item llda in acetate buffer pH 5, containing 6.4 ng insulin. Per aninml and
time point 2001..tL of blood was withdrawn fromthe tail vein to obtain
about 1001..tL 5 Li-Heparin plasma. Sanples were collected 4 days before

and 2h, 1d, , 3d, 6d, 7d, 8d, 10d and 13d after test item admnistration.
Pl asma sanpl e re frozen ang stored -80C until assayed. Bl ood gl ucose
was nmedyliesetNy vr Al gk he tail vein 3 tines

bef ore injectiPn &nd 2h, 1d H}tdz{i Hd, I7d, 8d, 10d, 13d, 15d, 17d, 20d,
22d and 24d aﬁ%er test itemadministrati ®h. The insulin content of the

pl asma sanpl es was mneasur ed usingf@ahunman insulin ELISA Kit (DRG

I nstrunents GrbH, Gernmany) 10 followi ng the manufacturer's instructions.
Bl anks (calibrator 0) were included in the calibration curve and were
subtracted fromthe sanple values and the calibration curve was fitted
using a 3rd order polynonic equation. Before anal ysis plasma sanpl es were

vortexed and ted in reactron tuhes 5 and 1:10 with calibrator 0).
For analygoged— t 450 _qgm sNrre NeAgL@ | ter plate reader
(Tecan U tra) t ut ™~ efer ehce wa eI gt correction. The plasma insulin

| evel was nDnr@ored over 2 weeks and bl odd gl ucose 15l evel over a 3 week
period as shown in Figure 4. After a single subcutaneous injection of
insulin hydrogel Ilda the bl ood glMdbose | evel was effectively | owered over
a period of 10 days with val ues bel ow 100 ng/dL w t hout any synptons for
hypogl ycem a. Due to the higher dosage of 6.4 ng insulin per aninal, the
maxi mal plasma insulin concentration was approx. 800 pMon day 1 and
decreased contgnuously within 2 weeks to approx. 300 pM Sinultaneously
20t he bl ood gl §&cgose val ues began to %jse after 10 days and reached predose
| evel s afdgei— Weleks. Exanpl e H7: Phﬁt~ okrnegrcs study over 24 hours
(burst study) i)yT AN MR nsuiin is rel eased from
i nsulin-1inker-nydrogel w thout a HﬁrsH plasna i nsulin 25concentration
was nonitored over a period of 24 qq rs in healthy rats. 8 Sprague-Daw ey
rats (200-250g body weight) were drvrded into 2 groups and received a

si ngl e subcutaneous injection of 2 nL of test item 11ldb in acetate buffer
pH 5 per kg body weight. The test item had a concentration of 4 ng/nL

insulin so that each amrnal r cerved 8 insulin per kg body weight. Per
animal and time pointH Mg~ lstttir awn fromthe tail vein to
obt ai n about 1004 Li - Fbparrh asna G oup A sanples were collected
predose and 5min, 30m n, and 8h after application of test item and

for group B predose and 15n1n 1h, 3h, 6h and 24h after test item
adnini stration. Plasma sanpl €5 were frdddn1ida 1ddey d8d@t - 80C unti

assayed. The insulin c ntent of the plasma sanpl es was neasured using a
human i nsulin ult ase [LISA Kit (DRG Instrunments GrbH, Germany)
foll owi ng the E PCT/ EP2010/ 061160 99 manuf acturer's

i nstructions. Blanks ( i brator 0) were included in the calibration curve
and were subtracted fromthe sanple values and the calibration curve was

fitted usrng a 3rd order polynomi c equation. Before analysis plasma sanples
mere vBrte a d di | th calibrator

r % g wﬁ%gﬁ &throg_tubee gﬂ:S 3“0 1:10 ﬂkd . bl
VARAF Qe dunsppry A Qf TR Rewebirt Wied 5taf 883 der
( Tecan eddidped)with bhioter bt ef epehicae or/varvselrrelrmgérhmems e(rn 8 Ong, zT[dsrmmes wl 2.0i ®L Shown
in EI gggeteonrtrrle water)TEE 1}1/0 60qc1 §v§s g (5 ancrl%e suspensron 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 pH 7.4/acetonitrile/0.5 M



rel eased without any burst. Exanple 18: Pharnmacokinetics and

phar macodynam cs nul ti ple dose study in rats 10The phar nacoki netics and
phar macodyoamioa2abt er 3 weekly doses of 1lda were det epgirEpdolopsrme@suri ng
pl asma i nsulin concentrations and bl oggl gl ucose | evels over a period of 4
weeks in diabetic rats. 8 Sprague-Dawl ey rats were used wth a nmean body
wei ght of 239g. Di abetes was induced with streptozotocin (STZ) and al
animals with bl ood glucose | evels above 350 ng/dL on day O (test item

i Nj ect plomplogey puffeerpd! V.AbtatleBinallp thiaenygtoge ywas8sugden@:daini thiel ssrcudiriecivlutiec end ed
STZ tr C di abetic and received 15 3 weekly subcut aneous
|njectﬁoﬁ£3%hxg%a§gf 7 and 14 of 2nl test item 1llda in acetate buffer pH5
per kglnlsm'dymrwehginogel Miatwhas avathed 10 firhenwithresetbnittileg @me g TRArIAL/D.001 @fv/v) amdydtorkd t he
appl i e ‘Pse was 8 ng insulin per kg body weight. Per animal and time point
2004 of br'ood was withdrawn fromthe tail vein to obtain about 1004

Li - Heparin plasna. Sanples were collected 3 days before and up to 28 days
e S B R DR DR R A S R A e o
devi CEcdnldlblmhstdﬂﬁH tLaand svigskduest ibdulies cHagfand e\smm’qsemm quungfdtienbytRe-HBOC. days post
injection. The insulin content of the plasma sanples was neasured using a
human insulin [LISA Kit (DRG Instrunents GrbH, Germany) follow ng the

manuf amtsduhﬂﬁ’adlﬁg bma:rlmxm'gmmin/gahsanklsmkérqaﬂriomat or 0) were included in the

catb or BoHBATeiVE FceFFrPadt BLTRG St ol BEFYnEmkBotinalrie: "m or o

anal ysinsuliplpasimal 13anppesioner e vortexed and diluted in 25 reaction tubes
(1:5 and 1:10 with calibrator 0). For analysis OD at 450 nm was neasured
with a mcrotiter plate reader (Tecan U tra) w thout reference wavel ength
corr ectimnic, The1pl asaprdpaetllab Beskevee labartkxtdpe fb ltiodte @F 8 @S end By edspavevey,
m)nltored a 4 week period and are both shown in Figure 6. The shape of
the culVéd ?fﬁhl cate that the released insulin was bioactive by steadily

| owering the blood glucose | evel to val ues about loong/dL post 3rd
|nject|o which r i ned | ow for about 30 sane tine the
i RGPS GEH besePoi ey Bt tres! Bty hSEHr U BRGTE om 200 pM af t er
the first and 300 pM after the second dose to 400 pMfollow ng the third
dose and subse%%entl decr eased aqal nwthin 2 weeks to val ues bel ow 100

pM WD PERY 79 FRRUEMERY RS 0BT 65 <108 ‘ER%{WB?'%edl@dmﬁ‘Hé? ettt Bt G- E® st udy

in rat rhée-20h90 mecakiumel hasmb glolgg waefiRdaed GE\fﬂnE@éhuQ))éedTﬁﬁil’SMﬂtemgA Plasia
|nsuI|n concentrations over_a perijo in healthy rats. 58 Wstar

4 (Spprlin-baegthichiR (1R Mgt wredliel \?é?d“'aHglpHg}Iy e OQbFchteamedes ?OHF%EN Bh of 2

m / kg afspdreish whi igflibdcbd for b Misat&e] Bdatle sbeehberbupd (99 mlOpHdvb, 386 mvIal@V EBTaS, 85
g/l trehal ose, 0.01% Tween- 20 3p

0.01 % Tween- 20) was added to yield pH 6 and the sample was incubated at RT for 90 min. Consumption

of thiol was monitored by Ellman test. Hydrogel was washed 10 times with sodium succinate buffer (pH 3.0,

50 mM; 1 mM EDTA, 0.01 % Tween-20) and 3 times with sodium succinate buffer (pH 3.0, 50 mM; 1 mM

25 EDTA, 0.01 % Tween-20) containing 200 mM acetyl cysteine. Finally, the hydrogel was suspended in the
acetyl cysteine containing buffer and incubated for 1 h at RT.

Insulin-linker-hydrogel 11db was washed 10 times with succinate buffer (pH 3.0, 50 mM; 1 mM EDTA, 0.01
% Tween-20) and 8 times with sodium acetate buffer (pH 5.0, 10 mM; 130 mM NacCl, 0.01 % Tween-20).

30 Insulin loading of 11db: 6.12 mg insulin per mL insulin-linker-hydrogel suspension

11dc was prepared as follows: A suspension of maleimide functionalized hydrogel 4a in pH 2.5 HCI, 0.01 %

Tween-20 (58.3 mL, 958 pmol maleimido groups) was added to a solid phase synthesis reactor. A solution



5.0), containing 3 ng insulin (12 ng/ kg dose). Per animal and tinme point
2004 of blood was withdrawn fromthe tail vein to obtain about 1004

i - Hepar iwiopbagrer19Sanpl es were col |l ected 4 days bef or e pam@&pP018lo61140
animals), 1h (4 animals), 2h (4 aninmabg), 4h (4 animals), 1d, 2d, 3d, 6d,
8d, 10d and 13d after test item 10 adm nistration. Plasm sanples were
frozen and stored at -80C until assayed. The insulin content of the plasm
sanpl es was neasured using a human insulin ultrasensitive [LISA Kit (DRG

| nst r upsndun-Gkbrt-thioGaY (rbdvy), 46@irhain 2§ HCh €.OlrgaTweerc 2Uwaradged t ga.rThe tuspamsion

Bl anks o} r I t v r

subt rac% eﬁ ?t(%%tattﬁgg)s‘ré%l guc\cl'?i%ue%%gﬁiﬁ mhéﬁ (fh%rna f %%Wc%égegnge? 2%31

usi ng @aaddediogierd apaﬂloymeamd:thequ@dnsuomwasamhm*tei amafoysa) sinp| asrra sanpl es were
0y Focoiapirtier fubat MetRe Almb b BRS herBitesred i Vit P Bl BL e
(Teean(pd 20, a@ miM; urmnMIEDTAeben %nr@\eenvm};ehdamgmlas Siar S’ue@ﬁalte)lbuffeR&SILBl(I, 50 ofvi; plnads ma

i nsul i 0 u al | aninmals | vest i ate are shown
1 ol B R 28 P e 10 Bl Pl R et O BAVES ARG T

aver age\enh;asafmarionsudalnrmgbeff/eebnchms:eatbd)foaa map@Trum of about 500 pM on day 1 As

S oront el S iir ooa) 1195 Mo ee B S B St atp BeIH Tt ¢ 0 K% TR Ak 1
e JesucapgisO Z‘?ﬁeﬂb”?bfb ey "
S35 Pt fesfita e, 7 e maah bR e ke nRed Sitetbiar e mat  or (oMM 130

nmv NaCl, 0.01 % (wv) tween-20) was filled in a sanple preparation tube,
washed 3x j e buffe 60 v sod , 3 mM EDTA,
001 S TR R 9e G R PUReB P 19 L be R AT FRIOE-0f t he
suspension (0.5 n, 1.59 ng insulin) was filled in a chromatography colum
and placed in a tenperature controlled incubator (37C). Rel ease buffer (pH
7. 4) "}ﬂ?ﬁged t hrough the colum with a constant flow 30 of 0.25 ni/h
(nam na&léasaﬁdetit@inlv&ﬁi ed outside the incubator. At defined time points the

sol ution a RP- HPLC (215 n t rel eased i nsul in
R AT R R T S b SRA SV P AR ot R AR
t 0 est inslihpwérb udperided PO dlisd GaNnaddidnh PRospatd, 8l reraseeTa, A.d1ad fueeir@o, i 24, 4ngl f or
the insulin release was determ ned. WD 2011/ 012719PCT/ EP2010/ 061160 101
After B6U3tAREdhdt P‘&Her}iP”%W%fefﬁér'fHWr%é'g‘le BB A YRR PaARET B o a

sanpl erch%pa:rsaw £HA EbILDE UVIsRBaldibalelabiyedb DBRbtcdMASUIIWAB RESte@biled Bfd diftedagdinsem
with pH 7.4 rel ease buffer and the sanple was filled-up to 1.00 nL. Two

al |29]uot“§”b(a§‘6bt'mel L each) were transferred to sterile sanple preparation
t ubes, clidd-it@hg dbRwh@ whs Spplied to estimate the corresponding halftime of release.

In vitro half-lives of 16 d, 10d, 30 d, and 14 d were determined for 11a, 11b, 11c and 11d, respectively.

Alternatively, insulin-linker-hydrogel 11db was transferred to syringes equipped with filters, suspended in 6
25 ml 60 mM sodium phosphate, 3 mM EDTA, 0.01% Tween-20, pH 7.4, and incubated at 37 °C. At defined
time points the supernatant was exchanged and liberated insulin was quantified by RP-HPLC at 215 nm. The
amount of released insulin was plotted against incubation time. Curve-fitting software was applied and an

in vitro halftime of 15 d was determined for 11db.

30  Alternatively, insulin-linker-hydrogel 11db was filled in a chromatography column and placed in a
temperature controlled incubator (37°C). Sodium phosphate (pH 7.4, 60 mM; 3 mM EDTA, 0.01 % Tween-
20) was pumped through the column with a constant flow of 0.25 mL/h (nominal) and collected outside the

incubator. At defined time points the solution was analyzed by RP-HPLC at 215 nm. The amount of released



5 nL, and incubated at 37C. Sanples were taken at tine intervals and

anal yzed by size exclusion chromatography. UV-signals corresponding to
hydr ogel wel2engae79at er - sol ubl e degradati on products coORPTIEPRO1G/061160 Or NDr e
backbone nvieties (corresponding to regactive functional groups) were
integrated and plotted agai nst incubation tinme, see Fig 8. 10Exanple 21
Injectability of insulin-Ilinker-hydrogel prodrug 5 niL

i nsulin-1linker-hydrogel prodrug 11ldc (bead size distribution from32-75

Li m 18sulig wanslatteddgaint inqobgsidn $me. Quedittngcoteard Was amli¢dlghdravin Yo gdlftime of
manni tol ; 10 L. hal ose di hydrate; 0.05% TWEEN-20) was used. The
insuli%%?Waﬁmg%ﬂvgigrgwgprodrug suspension was filled into a 1 nL syringe
(length 57 mm via a 20 G 15 needle. The 20 G needl e was replaced by a 30
G needbgngﬂq3placed into the syringe nounting (Aqua Conputer GrbH&Co. KG
and t hefBastrenent was started with a pi ston velocity of 172 mmmn
(eqgbial Synbiiesik tok A 3ysBeF-thikee cdnfightesdf dmsdlin (YRd)t dntl @sllysER8dinkdDabijugat aft illsufig) lispro
softMﬁEE'_EvaluatEnperor Lite, Version 1.16-015, Forge Gauge: BFG 200 N
(all ¢Resi n Ltd., UK). Experinments with increasing piston velocities
shown in the table bel ow were carried out wth a new

i nsul i i e. The experinents with 20water and
et hyl effe—¢ c e o ee—o ccordingly. For all of the experinents
the same 30 G needl e wd®t used. Force versus flow using a 30 G né€edle is
shown in Fig. 9. Flow/ (sec/nL) Flow/ (p.L/sec) Velocityof piston/
(nmm m n) Force L‘Nf@mater) Force / N 11dc Force / N (ethxlepefglycol) 6 167
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10 1.2 g (0.206 mmol, 0.85 eq) of insulin were dissolved in DMSO at RT. After 30 min the solution was cooled
to 0 °C while borate buffer (0.5 M, pH 8.5, 21.6 ml) was added over a period of 4.40 min. The temperature
of the solution was kept between 25 and 28 °C. A solution of 228 mg (0.239 mmol, 1 eq) 7f was dissolved in
40 ml DMSO was added time-invariant over a period of 3 min. The ice bath was removed and the reaction
mixture was stirred for 5 min at RT. The reaction was quenched by addition of 70 ml of MeCN/H,0 (1:1, 0.1

15 % TFA) and 400 ul AcOH. 12a was purified by RP HPLC (solvent A: H,0 with 0.1 % TFA, solvent B: MeCN with
0.1 % TFA, gradient: 30-80 % B over 14 min, flow: 40 ml/min).

Regio-selectivity according to UPLC analysis (before RP HPLC purification): 0.70 % 7f attached to GlyAl of
insulin and 76.2 % 7f attached to LysB29 of insulin (see Fig. 1a).

20  Yield: 862 mg (TFA-salt, 60 %).
MS [M+H]y," = 1662.25 g/mol ((MW+H),/, calculated = 1662.35 g/mol).

Synthesis of LysB28-linker conjugate of insulin lispro (12b)
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0.347 g (0.059 mmol, 0.85 eq) of insulin lispro were dissolved in 6 ml DMSO at RT. After 30 min the solution
was cooled to 0 °C while borate buffer (0.5 M, pH 8.5, 5.64 ml) was added over a period of 1.40 min. The
temperature of the solution was kept between 25 and 30 °C. A solution of 67 mg (0.070 mmol, 1 eq) 7f
dissolved in 8 ml DMSO was added time-invariant over a period of 2 min. The ice bath was removed and
the reaction mixture was stirred for 5 min at RT. The reaction was quenched by addition of 20 ml of
MeCN/H,0 (1:1, 0.1 % TFA) and 1 ml AcOH. 12b was purified by RP HPLC (solvent A: H,O with 0.1 % TFA,
solvent B: MeCN with 0.1 % TFA, gradient: 30-80 % B over 14 min, flow: 40 ml/min).

Regio-selectivity according to UPLC analysis (before RP HPLC purification): 1.3 % of the product was 7f
attached to GlyA1l of insulin lispro, 76.7 % of the product was 7f attached to LysB28 of insulin lispro (see
Fig. 1b).

Yield: 305 mg (TFA-salt, 72 %).
MS [M+H]y," = 1662.25 g/mol ((MW+H)/, calculated = 1662.35 g/mol).

Example 14

Pharmacokinetics study in rat

The pharmacokinetics of 11a were determined by measuring the plasma insulin concentration after
subcutaneous application of a single dose into rats.

One group consisting of 10 male Wistar rats (200-250 g) was used to study the plasma insulin levels over a
period of 14 days. Each of the animals received a single subcutaneous injection of 500 L 11a suspension in
acetate buffer pH 5, containing 6 mg insulin (12 mg insulin/ml). Per animal and time point 200 pL of blood
was withdrawn sublingually to obtain 100 pL Li-Heparin plasma. Samples were collected before application
and after 4h, 1, 2, 3,4, 7,9, 11 and 14 days post injection. Plasma samples were frozen within 15 min after
blood withdrawal and stored at -80°C until assayed.

Plasma insulin concentrations were measured using an ultrasensitive Insulin ELISA kit (Mercodia) by
following the manufacturer’s protocol. Plasma samples were diluted in ELISA buffer (1:5 and 1:10 with

calibrator 0) prior to measurement. Insulin concentrations were calculated from a calibration curve which
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was generated by measuring insulin standards in duplicate and fitting the values using linear regression.
The insulin concentration was defined as the mean from two independent dilution series corrected by the
respective dilution factor and plotted against time. Averaged plasma insulin concentrations for each time

point were obtained by calculating the mean of all animals used as shown in Figure 2.

5 A bursless and sustained release of insulin over 14 days was cbserved.

Example 15:
Pharmacokinetics study in rat
10  The pharmacokinetics of 11da were determined by measuring plasma insulin concentrations over a period
of 13 days in healthy rats.
8 Wistar rats (appr. 250g body weight) received a single subcutaneous injection of 500uL of test item 11da
in acetate buffer pH 5, containing 3 mg insulin (approx. 12 mg/kg). Per animal and time point 200uL of
blood was withdrawn from the tail vein to obtain about 100uL Li-Heparin plasma. Samples were collected 1
15 day before and 4h, 1d, 2d, 3d, 6d, 7d, 8d, 10d and 13d after test item administration. Plasma samples were
frozen and stored at -80°C until assayed. The insulin content of the plasma samples was measured using a
human insulin ultrasensitive ELISA Kit (DRG Instruments GmbH, Germany) following the manufacturer’s
instructions. Blanks (calibrator 0) were included in the calibration curve and were subtracted from the
sample values and the calibration curve was fitted using a 3rd order polynomic equation. Before analysis
20 plasma samples were vortexed and diluted in reaction tubes (1:5 and 1:10 with calibrator 0). For analysis
OD at 450 nm was measured with a microtiter plate reader (Tecan Ultra) without reference wavelength
correction. Results of plasma insulin content up to day 13 for all animals being investigated are shown in
Figure 3.
After a single subcutaneous injection of 500ulL 11d that contained 3 mg insulin the average plasma insulin
25 level rose to a maximum of about 500 pM on day 1. As expected the plasma insulin concentration
subsequently decreased continuously within 2 weeks. The peak to trough ratio of plasma insulin levels

within the first week of the study was approximately 1.7

Example 16:

30 Pharmacokinetics and pharmacodynamics study in rats
The amount and the bioactivity of the released insulin was investigated by analyzing the plasma insulin
concentration and the blood glucose lowering effect in an exploratory pharmacokinetic/pharmacodynamic

study using diabetic Sprague-Dawley (SD) rats.
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insulin. Per animal and time point 200uL of blood was withdrawn from the tail vein to obtain about 100uL
5 Li-Heparin plasma. Samples were collected 4 days before and 2h, 1d, 2d, 3d, 6d, 7d, 8d, 10d and 13d after
test item administration. Plasma samples were frozen and stored at -80°C until assayed. Blood glucose was
measured with an AccuChek Comfort device from the tail vein 3 times before injection and 2h, 1d, 2d, 3d,
6d, 7d, 8d, 10d, 13d, 15d, 17d, 20d, 22d and 24d after test item administration. The insulin content of the
plasma samples was measured using a human insulin ELISA Kit (DRG Instruments GmbH, Germany)
10 following the manufacturer’s instructions. Blanks (calibrator 0) were included in the calibration curve and
were subtracted from the sample values and the calibration curve was fitted using a 3rd order polynomic
equation. Before analysis plasma samples were vortexed and diluted in reaction tubes (1:5 and 1:10 with
calibrator 0). For analysis OD at 450 nm was measured with a microtiter plate reader (Tecan Ultra) without
reference wavelength correction. The plasma insulin level was monitored over 2 weeks and blood glucose

15 level over a 3 week period as shown in Figure 4.

After a single subcutaneous injection of insulin hydrogel 11da the blood glucose level was effectively
lowered over a period of 10 days with values below 100 mg/dL without any symptoms for hypoglycemia.
Due to the higher dosage of 6.4 mg insulin per animal, the maximal plasma insulin concentration was
approx. 800 pM on day 1 and decreased continuously within 2 weeks to approx. 300 pM. Simultaneously

20  the blood glucose values began to rise after 10 days and reached predose levels after 3 weeks.

Example 17:

Pharmacokinetics study over 24 hours (burst study) in rats

In order to prove that insulin is released from insulin-linker-hydrogel without a burst the plasma insulin
25 concentration was monitored over a period of 24 hours in healthy rats.

8 Sprague-Dawley rats (200-250g body weight) were divided into 2 groups and received a single

subcutaneous injection of 2 mL of test item 11db in acetate buffer pH 5 per kg body weight. The test item

had a concentration of 4 mg/mL insulin so that each animal received 8 mg insulin per kg body weight. Per

animal and time point 200pL of blood was withdrawn from the tail vein to obtain about 100uL Li-Heparin
30 plasma. Group A samples were collected predose and 5min, 30min, 2h, 4h and 8h after application of test

item and for group B predose and 15min, 1h, 3h, 6h and 24h after test item administration. Plasma samples

were frozen and stored at -80°C until assayed. The insulin content of the plasma samples was measured

using a human insulin ultrasensitive ELISA Kit (DRG Instruments GmbH, Germany) following the
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subtracted from the sample values and the calibration curve was fitted using a 3rd order polynomic
equation. Before analysis plasma samples were vortexed and diluted in reaction tubes (1:5 and 1:10 with
calibrator 0). For analysis OD at 450 nm was measured with a microtiter plate reader (Tecan Ultra) without
5 reference wavelength correction. The result is shown in Figure 5 and clearly indicates that insulin is

released without any burst.

Example 18:
Pharmacokinetics and pharmacodynamics multiple dose study in rats
10  The pharmacokinetics and pharmacodynamics after 3 weekly doses of 11da were determined by measuring
plasma insulin concentrations and blood glucose levels over a period of 4 weeks in diabetic rats.
8 Sprague-Dawley rats were used with a mean body weight of 239g. Diabetes was induced with
streptozotocin (STZ) and all animals with blood glucose levels above 350 mg/dL on day O (test item injection
day) were included in the study. 8 of 8 animals which received STZ treatment became diabetic and received
15 3 weekly subcutaneous injections on day 0, 7 and 14 of 2mL test item 11da in acetate buffer pH 5 per kg
body weight. With a test item insulin concentration of 4 mg/mL the applied dose was 8 mg insulin per kg
body weight. Per animal and time point 200uL of blood was withdrawn from the tail vein to obtain about
100pL Li-Heparin plasma. Samples were collected 3 days before and up to 28 days after test item
administration. Plasma samples were frozen and stored at -80°C until assayed. Blood glucose was measured
20  with an AccuChek Comfort device from the tail vein 3 times before injection and up to 30 days post
injection. The insulin content of the plasma samples was measured using a human insulin ELISA Kit (DRG
Instruments GmbH, Germany) following the manufacturer’s instructions. Blanks (calibrator 0) were
included in the calibration curve and were subtracted from the sample values and the calibration curve was
fitted using a 3rd order polynomic equation. Before analysis plasma samples were vortexed and diluted in
25 reaction tubes (1:5 and 1:10 with calibrator 0). For analysis OD at 450 nm was measured with a microtiter
plate reader (Tecan Ultra) without reference wavelength correction. The plasma insulin level and the blood
glucose level were monitored over a 4 week period and are both shown in Figure 6.
The shape of the curves indicate that the released insulin was bioactive by steadily lowering the blood
glucose level to values about 100mg/dL post 3rd injection which remained low for about a week. At the
30 same time the maximal insulin concentration increased steadily starting from 200 pM after the first and
300 pM after the second dose to 400 pM following the third dose and subsequently decreased again within

2 weeks to values below 100 pM.
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2011/ 012719PCT/ EP2010/ 061160 104 W claim 1. A pharmaceutical conposition
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phar maoRi%ABL T ' BPdF 1 e in vivo with substantially no burst of the insulin

conpouBistar rats (appr. 230g body weight) received a single subcutaneous injection of 2 ml/kg of test item 11dc
in succinate buffer pH 5 (10 mM succinate/tris, 85 g/l trehalose, 0.01% Tween-20, pH
5.0), containing 3 mg insulin (12 mg/kg dose). Per animal and time point 200uL of blood was withdrawn
from the tail vein to obtain about 100pL Li-Heparin plasma. Samples were collected 4 days before and 0.3h
(4 animals), 1h (4 animals), 2h (4 animals), 4h (4 animals), 1d, 2d, 3d, 6d, 8d, 10d and 13d after test item
10 administration. Plasma samples were frozen and stored at -80°C until assayed. The insulin content of the
plasma samples was measured using a human insulin ultrasensitive ELISA Kit (DRG Instruments GmbH,
Germany) following the manufacturer’s instructions. Blanks (calibrator 0) were included in the calibration
curve and were subtracted from the sample values and the calibration curve was fitted using a 3rd order
polynomic equation. Before analysis plasma samples were vortexed and diluted in reaction tubes (1:5 and
15 1:10 with calibrator 0). For analysis OD at 450 nm was measured with a microtiter plate reader (Tecan
Ultra) without reference wavelength correction. Results of plasma insulin content up to day 13 for all
animals being investigated are shown in Figure 7.
After a single subcutaneous injection of 12 mg/kg 11dc the average plasma insulin level rose to a maximum
of about 500 pM on day 1. As expected the plasma insulin concentration subsequently decreased
20 continuously within 2 weeks. The peak to trough ratio of plasma insulin within the first week was

approximately 1.4.

Example 20
Real-time insulin release and hydrogel degradation at pH 7.4
25  Insulin-linker hydrogel 11a (730 pL, containing 3.19 mg insulin) in pH 5.0 acetate buffer (10 mM, 130 mM
Nacl, 0.01 % (w/v) tween-20) was filled in a sample preparation tube, washed 3x with pH 7.4 release buffer
(60 mM sodium phosphate, 3 mM EDTA, 0.01 % (w/v) Tween-20) and filled-up to 1.00 mL. An Aliquot of the
suspension (0.5 mL, 1.59 mg insulin) was filled in a chromatography column and placed in a temperature
controlled incubator (37°C). Release buffer (pH 7.4) was pumped through the column with a constant flow
30 of 0.25 mL/h {(nominal) and collected outside the incubator. At defined time points the solution was
analyzed by RP-HPLC (215 nm). The amount of released insulin was plotted against incubation time and
curve-fitting software was applied to estimate the corresponding halftime of release. A halftime of 9.4 d for

the insulin release was determined.
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20  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. 9.

Flow / (sec/mL) | Flow / (uL/sec) | Velocity of | Force/N | Force /N 11dc | Force /N
piston / | (water) (ethylene glycol)
(mm/min)

6 167 573 13 36 83

8 125 430 10 29 62

10 100 344 7 24 51

15 67 229 4 22 35

20 50 172 3 17 27




1517. A pharnmaceutical conposition according to claim 16, wherein the

phar maceuti cal conposition is dried by Iyophilization. 18. A conposition
accor di ngvoaoclleaeTw16 or 17, wherein the insulin hydrogeCTmroadouglbe
sufficiently dosed in the conpositiomgpo provide a therapeutically
effective anount of insulin for at |east three 20days in one application.
19. A conposition according to any of clains 1-14, 16-18, wherein it is a
si ngl e dose conposition. 20. A conposition according to any of clains
1- 14, ABbrdwgtiomherein it is a nmultiple dose 25conposition. 21. A
conposition according to any of clains 1-14, 16-20, characterized in that
it contains one or nore additional biologically active agents, either in
its freeoform as a prodrug, espaeii@dcddy a hydrogel prodrug; and wherein the
one or ,qnre addi ti onal biologica&LMa&ggéve agents are selected 30fromthe
group consi sting of sul fonyl ureas, dGch° as, for exanpl e, chl orpropam de,

t ol azanibde, WO 2011/ 012719PCT/ ERPR0ihOk&miyti66cid 06 t ol but am de, gl yburi de,
glipizhge, glinmepiride, and the é%gi; meglitinides, such as, for exanple,
repagl P'hi de; gl ucagon-1ike pepti €-4A(GLP-1) and its minetics,

gl ucoseed nsul i notropi c pepti de (GR)oqeaebonyl' s m netics, exendin and its

m et i and di peptyl protease jnhibitaors (DPPLV).: biguanide such as,
f or exgér%'fje, netformin; thiazoli Glr&pf%r}ﬁ’fzd‘%é?}"(z'soé%w}%%%na?‘%Poxéi?gﬁgﬁ'y@,mmo'
rosiglitazone, 5 pioglitazone, nbpgdlinb-azbéreym heaflotdpBaspinge (Kknown as

-558) ., 242-[ (2R) - 4- hexy1- 3, 4- di hydr o- 3-
g&ﬁ©2k§§94-benzoxazin-2-yf|ethoxg%g%gﬁ§5ﬁgi%@5Wrgﬂﬁcid, and the like;
GM2570pcand the |ike; retinoid-Xvwediepbbexyltdddd)imodul at ors, such as, for
exanplﬁ targretin, 9-cis-retinoic acid, and the like; other insulin
sensi t P'ng agents , such as, foV“SI¥RFIY® |Ns-1, PTP. 1B inhibitors, GSK3
i nhi bi bens, gl ycogen phosphoryl agiromogyriyhivirer s,
fruct ose-1, 6- bi sphosphat ase inhi_it%rs,_and_ he I'ike; 10 insulins,
i ncl udP¥§*regul ar or short-actingr,“e HEBPRYi%¥e- acti ng, and | ong-acti ng
i ngsll i pmF i nhal ed insulin and i nguldimetayi@itgui@s, such as insulin nol ecul es
with mnor differences in the natural am no acid sequence; snall nol ecule
m mi csPBPPinsulin, including, but*ABENOMRRY to L-783281, TE-17411, and
the |i kesoNa- gl ucose co-transpor gigethyBiroladd ors , such as T-1095, T-1095A,
phlorizen, and the Iike; anylin agonists which include, but are not [imted
to praff$ntide, and the Iike; gIﬁ%ﬁﬁéﬁ}dT?”Hﬁﬁﬂ@BWP§F§%@U€Wjas AY- 279955,
and thepia ke; anti-obesity agent&hgéebiammeRtrhdcsicakid a pancreatic |ipase
i nhi bitor; sibutram ne; norepinephrine and dopam ne; growth hornone, |G--1,
gr 6%t h&hor mone rel easi ng fact or ; *YRAWLHFIUF ' tand ghrel i n nodul at ors;
appeti tg\guppressants such as bege@plagdandiigiodhaniRt¥adige, phenterm ne,
di et hyl propi on, nazi ndol, sibutram ne, phenyl propanol am ne or, ephedri ne;
appet i E€Hsuppressants such as qufB¥?l ne, fluoxetine, sertraline, 20
fenfl upapd ne, or dexfenfl uram neynapafiidRdxHdBh@ssant agents such as
aponnrﬁhine; appetite-suppressant such as histam ne mnetics, H3 receptor
nodul at'BF's; enhancers of energy &iperbeeeifezoshidhNAd Neetamethdrenar gi
agegi sts and stinulators of uncopRbieepRssphe N function; leptin and leptin
m nmetics (eg, netreleptin); neuropeptide Y antagonists; nelanocortin-1, 3
and 4 FBReptor nodul ators; chol et8raftugiaisAPRPAgbni sts; gl ucagon-1i ke
peptidgpk m netics and anal ogueshiti kfrofninclRuR*AIPLBBYENdi n; andr ogens
such as dehydr oepi androst erone and derivatives such as etiochol andi one;
t est osti@flone; anabolic steroids ¥hedioykengkas##dicol one, and steroi dal
hor mongggy gal ani n recept or antagggh§&§; cyt oki ne agents such as ciliary
neurotrophic factor; anylase inhibitors. 22. A container conprising the
phaf mat@\(t i cal conposition accor @PHEPECHOBGY-EFPied ligrigshremategraghy- 21, 30

Mal 3-maleimido propyl
Mal-PEG6-NHS N-(3-maleimidopropyl)-21-amino-4,7,10,13,16,19-hexaoxa-

heneicosanoic acid NHS ester



23. A container according to claim22, wherein the container is a
dual - chanber syringe. WD 2011/012719PCT/ EP2010/ 061160 107 24. A

suspensi omoconpreEPNng t he pharmaceuti cal conposition aceordiragoneliany of
clainms 1-14, 18- 21. 25. A nethod ofpspreparing a suspension according to
claim 24, conprising the steps of 5 reconstituting the dry pharmaceuti cal
conposition according to clains 16 or 17 by addi ng reconstitution sol ution.
26. A kit of parts conprising a pharnaceutical conposition of any one of

cl ai msMe- 14, 16-21 and a cont ai neethjlor adm ni stration of the conposition.
1027. @m?&t.Of parts, conprising, a needle and a container containing
reconstitution solution, and the dry conposition according to claim16 or
17 forveee with the needl e. 28. wetkbriol of parts according to claim?27,
whereip the container is a dual-ghapber . syringe and wherein one of the

t wo- chanbers of the dual - chamber Syri geycontains the reconstitution
solatios. 29. A kit of parts aceesdieaguh pmanypafronétad s 26 to 28, where

t he cowﬁgéition is injectable th&QM%ga?hﬂeﬁQ&E- 30. A kit of parts of claim
29, whéréin the needle has an infner di ameter of |ess than 300 gm 31. A kit
of partwsvof claim?29, wherein theorettdhesshas an i nner di anmeter of |ess than
225 gm 32. A kit of parts of clakggégmn&perein the needl e has an i nner

di amet 8" of less than 175 gm. ™

NHS N-hydroxy succinimide

10 oD optical density
OBu butyloxy
OtBu tert.-butyloxy
PEG poly(ethylene glycol)

Phth phthal-

15 PyBOP benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphate
RP-HPLC reversed-phase high performance liquid chromatography
rpm rounds per minute
RT room temperature
SEC size exclusion chromatography

20 Su succinimidyl
TCP 2-chlorotrityl chloride resin
T E S triethylsilane
TFA trifluoroacetic acid
THF tetrahydrofurane

25  TMEDA N,N,N’N’-tetramethylethylene diamine
Tmob 2,4,6-trimethoxybenzyl
Trt triphenylmethyl, trityl
UPLC ultra performance liquid chromatography
uv ultraviolet

30 VIS visual
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We claim:

1. A pharmaceutical composition comprising an insulin compound in a concentration that is
sufficient to maintain a therapeutically effective level of the insulin compound in blood plasma for
at least 3 days characterized by having a pharmacokinetic profile in vivo with substantially no burst

of the insulin compound.

2. A pharmaceutical composition comprising an insulin compound in a concentration of at least 10
mg/ml characterized by having a pharmacokinetic profile in vivo with substantially no burst of the

insulin compound.

3. A pharmaceutical composition comprising an insulin compound in a concentration of at least 11

mg/mL to be administered in a single dose of at least 10 mg of the insulin compound.

4. The composition of any one of claims 1-3 wherein the concentration of the insulin compound is

at least 11 mg/ml, such as from 11 mg/ml to 35mg/ml.

5. The composition of any one of claims 1-4 characterized by exhibiting a peak to trough ratio of

less than 2, such as less than 1.75, less than 1.5, or less than 1.25.

6. The composition of any one of claims 1-5 characterized by a continuous release of a structurally

intact insulin compound over the full time period between administrations.

7. The composition of claim 6 wherein the full time period between administrations is at least about

80 hours, such as at least about 110 hours, typically at least a week.
8. The composition of any one of claims 1-7 wherein the insulin compound is a prodrug.

9. The composition of any one of claims 1-8 wherein the insulin compound is fully contained in a

depot, typically a polymer gel, such as a hydrogel, e.g. a well hydrated polymer matrix.

10. The composition of claim 9 wherein the insulin compound is covalently linked in the depot,

typically the polymer gel, such as the hydrogel, e.g. the well hydrated polymer matrix.

11. The composition of any one of claims 1-10 characterized by being administered by injection,

such as subcutaneous or intramuscular.
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12. The composition of any one of claims 1-11 wherein the insulin compound is selected from
human insulin, insulin glargine, insulin detemir, insulin lispro, insulin aspart, insulin glulisine or a

prodrug thereof.

13. The composition of any one of claims 1-12 wherein the peak concentration is reached within the
first 24 hours of administration, such as within the first 12 hours of administration, e.g. within the

first 6 hours of administration.
14. The composition of any one of claims 1-13 further comprising a GLP-1 compound.

15. Use of an insulin compound for preparing a pharmaceutical composition of any one of claims 1-
14 for treatment or prevention of a disease or disorder associated with insulin deficiency in which
treatment or prevention with an insulin compound is beneficial, such as hyperglycemia, pre-

diabetes, impaired glucose tolerance, diabetes type I, diabetes type 1I, syndrome X.

16. A pharmaceutical composition according to any of claims 1-14, wherein the pharmaceutical

composition is dry.

17. A pharmaceutical composition according to claim 16, wherein the pharmaceutical composition

is dried by lyophilization.

18. A composition according to claim 16 or 17, wherein the insulin hydrogel prodrug is sufficiently
dosed in the composition to provide a therapeutically effective amount of insulin for at least three

days in one application.

19. A composition according to any of claims 1-14, 16-18, wherein it is a single dose composition.

20. A composition according to any of claims 1-14, 16-18, wherein it is a multiple dose

composition.

21. A composition according to any of claims 1-14, 16-20, characterized in that it contains one or
more additional biologically active agents, either in its free form; as a prodrug, especially a
hydrogel prodrug; and wherein the one or more additional biologically active agents are selected

from the group consisting of sulfonylurcas, such as, for example, chlorpropamide, tolazamide,
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tolbutamide, glyburide, glipizide, glimepiride, and the like; meglitinides, such as, for example,
repaglinide; glucagon-like peptide-1(GLP-1) and its mimetics, glucose-insulinotropic peptide (GIP)
and it's mimetics, exendin and its mimetics, and dipeptyl protease inhibitors (DPPIV); biguanides ,
such as, for example, metformin; thiazolidinediones, such as, for example, rosiglitazone,
pioglitazone, troglitazone, isaglitazone (known as MCC-555), 2-[2-[(2R)-4-hexyl-3,4-dihydro-3-
ox0-2H-1.4-benzoxazin-2-yl]ethoxy]-benzene acetic acid, and the like; GW2570, and the like;
retinoid-X receptor (RXR) modulators, such as, for example, targretin, 9-cis-retinoic acid, and the
like; other insulin sensitizing agents , such as, for example, INS-1, PTP-1B inhibitors, GSK3
inhibitors, glycogen phosphorylase a inhibitors, fructose-1,6-bisphosphatase inhibitors, and the like;
insulins, including regular or short-acting, intermediate-acting, and long-acting insulins, inhaled
insulin and insulin analogues, such as insulin molecules with minor differences in the natural amino
acid sequence; small molecule mimics of insulin, including, but not limited to L-783281, TE-17411,
and the like; Na-glucose co-transporter inhibitors , such as T-1095, T-1095A, phlorizen, and the
like; amylin agonists which include, but are not limited to pramlintide, and the like; glucagon
antagonists such as AY-279955, and the like; anti-obesity agents such as orlistat, a pancreatic lipase
inhibitor; sibutramine; norepinephrine and dopamine; growth hormone, IGF-1, growth hormone
releasing factor; oxyntomodulin and ghrelin modulators; appetite-suppressants such as
benzphetamine, phenmetrazine, phentermine, diethylpropion, mazindol, sibutramine,
phenylpropanolamine or, ephedrine; appetite-suppressants such as quipazine, fluoxetine, sertraline,
fenfluramine, or dexfenfluramine; appetite-suppressant agents such as apomorphine; appetite-
suppressant such as histamine mimetics, H3 receptor modulators; enhancers of energy expenditure
such as beta-3 adrenergic agonists and stimulators of uncoupling protein function; leptin and leptin
mimetics (eg, metreleptin); neuropeptide Y antagonists; melanocortin-1, 3 and 4 receptor
modulators; cholecystokinin agonists; glucagon-like peptide-1 mimetics and analogues like for
example exendin; androgens such as dchydroepiandrosterone and derivatives such as
ctiocholandione; testosterone; anabolic steroids such as oxandrolone, and steroidal hormones;

galanin receptor antagonists; cytokine agents such as ciliary neurotrophic factor; amylase inhibitors.

22. A container comprising the pharmaceutical composition according to any of claims 1-14, 16-21.

23. A container according to claim 22, wherein the container is a dual-chamber syringe.
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24. A suspension comprising the pharmaceutical composition according to any of claims1-14, 18-
21.

25. A method of preparing a suspension according to claim 24, comprising the steps of
reconstituting the dry pharmaceutical composition according to claims 16 or 17 by adding

reconstitution solution.

26. A kit of parts comprising a pharmaceutical composition of any one of claims 1-14, 16-21 and a

container for administration of the composition.

27. A kit of parts, comprising a needle and a container containing reconstitution solution, and the

dry composition according to claim 16 or 17 for use with the needle.

28. A kit of parts according to claim 27, wherein the container is a dual-chamber syringe and

wherein one of the two-chambers of the dual-chamber syringe contains the reconstitution solution.

29. A kit of parts according to any of claims 26 to 28, where the composition is injectable through a

needle.

30. A kit of parts of claim 29, wherein the needle has an inner diameter of less than 300 pm.

31. A kit of parts of claim 29, wherein the needle has an inner diameter of less than 225 um.

32. A kit of parts of claim 29, wherein the needle has an inner diameter of less than 175 um..



