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WD 20761082184PCT/ EP2006/ 050551 1 CONJUGATES COF A
POLYPEPTI DE AND AN OLI GOSACCHARI DE  The present
W gitszma rel ates to new conjugat es of pol yp&aptk@essosossi
and/ ol i gosacchari des, a process for their
prgparation, pharnmaceuti cal %onp03|t|ons cont ai ni ng
hg conpounds as active 5 ingredients, as well as the
of said conpounds for the manufacture of

us
nedi QRIRRIGATEROR Y POE

YR AR R
techni ques and advanced peptide synthetic nethods

have pern1tted t he conmmerci al productlon of nedically
The

use antitjes of therapeutic epti
The BREY inyonphsS S By P FRPTER B?Rﬁ’eeﬁé% f aBeasandes, a process
for hRiNCPRparati®s pHafrhAVeinccal |dén:ib931§&§se Corflaifing! e n&ﬁnﬁdﬁn&sh%s active

~.adm nistration of these conpounds. Theré are several

ingredioisy asaral a Sleyse pf %M@%&W@s mgtufacsure lof miedicaraents.

whi ch woul d benefit fromincaeased half-1life.

Exanples are e rythropoietin, insulin, interferon
Receat @velopmtts bEreoombinarit WA fiehbiquésyand gﬂﬁaﬁuéd)@b@e SBHRAY methods

stimul ating factor, human growt h _hornmone, granulocyte
have nﬁ%ﬁﬂgﬁﬁ e E%Pfaﬁvﬂ%tnrﬁéncaw R Posdically, usedalagpatities of therapeutic
polypdpdics NFRE shoi BQPL@%P% tﬁéx’%’éﬁ’lﬁcl ﬁ&g&?‘%@ﬁ ever, has historically

activator, calcitonin,
Pﬂse(h acehudlprgef mﬁeradmnihmktmhf off ﬂm&s cgBpapnis. i Thent Iage) selvemls important

G it A o it

are e i%ﬁn,ofns&iﬁ' YiRefrbhl 68-2b,n afierftih IBE

otential therapeutic agents but suf#ggﬁgﬁﬁﬁigﬁgﬁh&§w colony

4 faqwre@nmn@ra%rﬂremaml grmdocmeuwgmhaga ¢®0qyamnulbang factor,
et ast te th
felaﬂ%"’ﬂfokﬂﬂaf SRERED Life PR 4odint o Basrionkin 2 and

tumor hkfcr @iyt fabtbﬁﬂrim 1i0ds @ighiearil) RESThASY 2 TR LhBﬁl% Eﬁgmhfor example,
fr gyegéy of  dosing 20 to be reduced (Cunt in

has atpl gyt 12 giimuesningoe). Othﬂawmppe& efp@mv@s that arebemg

oA BRI ot il 5nf T L

glucagolﬂi%el peptidn (QILP &) amblmpspglain ouetastin)h Eatendm§ thel lfalﬂ'alfe of therapeutic

ro B0 Bk AR P il s o i

tobemwaal e'uﬁE@aJnaD%malmszws Bsdoldop). Wi t h an ext ended
half-llfe Besi de the reduced cl earance rate, 25

Many; prpiging dave é@ea@cbgenowbm@dnatsmétes iaiyad atrextiading dhe inewivo halflife

con i LU bl PROBP L by By 1223050 Bbin

ycolFiE@yﬂyaDmgrD@éove@%HuylmﬂSs 00, mdma:sa;mmay byailabie are for example

al | bl h
PEGY aﬁét Filosy of drln e caroms OB s, Irpgemicod Clearance rate,
2488 52 3he Witted QRARAR 1RoAGARAs aﬁE@élé{i@F ungg c1ty (e.g US

‘é hrop0|et|n with a | onger serumh S
4,179 gXAraddnctensed sdbehilitynFitbes @eﬁﬂwmmylmdnaﬂ' msulm also led to

und t red cosylatio
phymcg%%xhlhe%rggqogﬁca]ﬁr more SF{%?‘? 9(}41}] Ingé gm}é (tsee Por example WO
2004/Gx1d94, WO ZOWMBWSSUd)ﬂDmSWI ogs of erythropoietin
were reported to have WO

PEGY@E%%@%EPETW@PZDME%GM balflifen i fornexpmply described in WO

O el PGS e

]ﬂéxn donddititme hyperdglydesylatéddChdddgs of\MBTRGPGILRD 88 fdrepd€ed to have
2004/093823 Bi oconj ugate Chem 2005, 16, 377-382;

Bi omaterials, 2005, 26, 3597-3606), gl ucose-dependent
insulinotropic pol ypeptide (G P) (Bioorg. Med. Chem
La, 2005, 15, 4114-

-
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5 4117), cakitonin (Pharm Dev. Technot 1999, 4,

269-275) and octreotide (Pharm RCS. 2005, 22,
whisoofdhIsa Still, the use of PEG has |imtat ipeRsp2d06650551
~ is obtained by chemical synthesis and, like all
synthetic polyners, is pol y@i sperse. This neans that

a batch of PEG consists of nol ecul es having different

nunbers of nononers, resulting in a Gaussi an

-l St ' C ' N
hightl B e by o iy SRS olx MBI S PRSI, By pgpices with
prolaed dniaﬁ@ﬁbﬁgcﬁmhm_hglmlhgoﬁ}m ﬁeﬁﬁ?é?y(e}nkbj gWQgD@mVQ58954, WO
2004UoBRE Jiconivegre ehent NG| 46| 10588 Blofygrerials 2005, 26, 3597-3606),
glucdBAEFIRAG: RhIERtrofE Pbibidtas (Qfp) Eﬁ%ﬁamﬁ R RERL 26BS 15, 4114-
may therefore be a sérious drawback of the techni que.

4117 calsitonin (Plgrienben Febatol. ABCY, 41269137 H)f androstredtits (Parm. Res. 2005,
22 7@_&2@ acconpani ed by | oss of biological activity. .
*'Rurther, the use of PEG may cause problens relating

Still, €2 13% 6f PEG @4k Hhigdtiohd) ®EGSs BBied BY chBin@il SYRIheEI Ul like all synthetic

wei ghts PEGS can accunulate in the liver;, leading to

polymers ibpalydgpgrser s menns et 2 befel eEREG eongistspif yplegulenbavirig different
nm%ﬁ%é&%&% r%}ﬁ]t@%@ ?;(t%gsﬁm Hﬁmﬂﬁtga LofGRE ﬂ%))llecﬁlafr{ve%iﬂs. When a

I on were obtail ned
polypeiptidevia tHEGYated ef lqadd wp e pbllettion Wi tbojpgaltess avbich atidydkse different
.. i.n_particular with polysialic acid chains (e.g. WO_.
biologigyl praperictn i ESHSReRL PhpaEYes g mmuneeemtys Remrpducibilty of the
pharrRBREICR actiHECHOXEGRal DBHbERRed AP herdBie e R0 Grawback of
descri bed. Preferably, a nunber of” heparin nol ecul es

the teghriquet tAdsoh #d's koo @OThat PEGylatiog of proteing 1§ gelten sicdvenpianigd &y loss of -

o ¢ half-lif h iV ile retaining .. - .
oS 9Ea b 5, 4000 RS S SRS Rl B Boion o e
body. G gl Bloksuled weighty PE0E| e Scotintullitd MGhe Be@dlehBAd tol ihigomolecular

are exenplified by conjugated derivatives of i1nsulin -

syndrpmip CaserguentySRIEGY ions s shepjd b pectopmad Wist EiGRGaoNE .

oy L .25 . ) i eh.hi . .
S ci {r%g%l a%t %&SEE%% g %ﬁvr#%% iﬁe bllj ndi ngh%)ﬂageétﬁﬁﬁ)}mhdes with
polysakharides; innpariodar cothp polysislid scidasmibsi (e.gpaMO AW/2233bnand WO
Zoouﬁqggagphobi c interactions of the binding noiety within

onjugate with human serum al bum n. The hi gher
In JP bBve3 ford) RphaPI Girleroxide difiattadtQBODY cordjfifitdilabOdtdG bell Meferably, a
binding affinity to human serum al bum n. Al though a
numbgyj of depaingeoledulds anelpipgherbioct QA sesuliing in eutiigates having a longer half

. QUpis 9[{;.& f 85 i EP$I waffinity and

h-fem%{el?a\eﬁg ?@Pty o? egi né e?gc/f?f)%%eo &%'@v{%nj uéat es

Othervwdlmglgbwmgﬁlp(ﬂyp@bf&sﬁmﬂlm dghalﬁliib ea*gl cltheﬁ:pmr by conjugated

. predictapility of the phannacodynam ¢ behavi or.

derivally s it nspin, QY 200401 173t D GSREZFBY onihBr} (Brests:ied. Chem. Lert

2004, ST £39514898)HillPbindl & circalaBHEBRuR %fb&%ﬁﬂ&ﬁh&% £ atbumin in
in along-acting formof 1hsulin that 1s actTve In

those eqmapovidsgs bisedth prrtirads on hydwhkobiointeractions| of tigdundimy inoigty within
af ter subcut aneous adm.ni.stration ( taroy. et _al. . '

the cofjut At BiRA SR S Ble ALhQve dkoroiieg of fiek moiety, the

strongérithe bindiay affbptd livnanGEmbdwbinis SAlTHY P ffide rife o8 BindRk Inoieties

as the binding affinity for the target receptor, is

is suitghly gdsapvback, pf sweh conjngalp is thsdow sty @ath palegtivitsofghe infasction of

the cdnftiph@l mpspts% mﬁ“”? ifica -
¢ g cosgﬁthngg ycan chai n(s Iq’ggjﬁegédi%sc ogead?oo\/fhpgﬁmgp%ny of the |
pharmaxotigiattse behavior. ltetrativély, fsiog Gogeyectn bumiminsulin directly to that for




those conjugates the pharmacol ogi cal activity of the
conj ugat ed gl ycosam nogl ycan has a significant inpact
on the therapeutic activity of the conjugates. Al so,
ol i gosaccharides are attached to pharmaceutically
active conpounds in order to increase the solubility
t hereof (WD 2004/03971). In a first aspect, there is
provi ded a conjugate of a pol ypeptide and an

~ oligosaccharide. eicnd RenPel dipthatlés acgive in reducing blood
' hmn“b%ﬂ?%@@?%ﬁi?%Hgfnpgggf&bn% oIigosacchgniﬂe-s$%8%ﬁﬂw,etaL
Bl Y o O oLt o, s oo plypept
i f the fused polypeptide,
1%&baﬂnﬁ@§héék%ﬁﬂi§§lJﬁﬁﬁ?maﬁﬂmﬁéggggé %ﬁ% ng a ?inity to
ntjthr j Mdarbhiee ¢ & retheedhg a bond or an
aswe]ﬁ%%*é%%f’%ﬁ?y ph’a};orrmcql 8gi ca{ ly inactive f l'et)x(ciebla.ﬁ specifically.
Furthek| RKi Wi raoe0/dezs3 eenjagabivaofedBui PR v FE8ESt 4 e ’
salt thereof In_a,second t condidi@ddeast §nthEtrvproieshlyans. In
glyww%é@uqkﬁa’@@b %Wﬁcg%sfxgi“é%&g%%p?i S ng the conj ugate o
those & gﬁﬁaﬁésnﬁg ABQNRRER:IPRAIVIRoEbE cehugated .g}yaw@ gly
—auxiftrarres. In a third asg;gt,,th%re is provided the
significaniohygat on thestherapeutie 6CtBHY P PEPHIERE™ n t her apy. B;la_
- fourth aspect,  there |4 i de@ aopomfds tiln erder to increase
Also, plgosafy eﬁge&él??rh%(elzo g ove fo%ﬁ?he manuf act ure of a
oHESLCRERAt(WoRodaEaring a patient in need of
‘mﬁﬁﬂﬁﬁiﬁﬁinu Qgth a certain therapeutic polypeptide
wherei n the nedi canment conprises the conjugate as

.. defined above whi has. i npr.ov. f&gﬁg&ﬁnﬁtb&wdmﬁdg
In a fyploispeati ey 8¥°Vé‘§igd’-‘ Cpﬁ’é"i“;%pg%p‘ﬁ ag‘chl ainafi fgt h

wherdS H{%;;;Oly pteBL‘?d’ Sis B ﬁ?’ﬂ ded 1aasp0m‘5ggs$91?ar@ﬁ§pacer residue, the
prepdradtion of a conjugate, of a po%a%a%qi%dec &Bﬂsiﬁé‘ 4-18

oligomtthgddac dhimei e A¥1RRIC n el o W EOREFE R the o

: pol ypept i de_ | oRiy -1i t8tanliRAsibioHE and the spacer being

H“m°§FF%%§§é@ﬂ§?%§ ég%g%ggéﬁg;i ue, .th Qg'g accharide

a2 boREioACaA essgniidilgt pharsabdlegiedyo ma@%%eag'% iﬁi E 185 P (55
4-18_nnnosacc&gru %phts per se having affinity to

pharmaeestf R ABCREYE S2AHE e spacer being a bond or an
essential ly pharmacol ogically inactive flexible

l'i nki ng residue, or a pharpaceutical t Al Bising the
In a sedandt dvpecothere b‘frrﬁ’fq"ﬁeﬁ ¢ G’gﬁ‘ar“?ﬁeué%f%i %%na‘?o %fs%@gp v\,hpg’llrS ern
. Lhe pal L de, iiS hadapbeafipuitbRjaugiinien, and (b) a
COW%&%S&??ﬁégggé%gﬁﬂgﬁgin t he gp?ionally adapt ed
pol ypeptide is reacted with an oligosacchari de-spacer
nol ecule. In a sixth as ef RdiaBoR fovi e tharapy.
In a third agest: fsFe 1 H‘é’vbiégﬁéarcggﬁ%tﬁtegyaalt hgr%peut ically -

active conjugate conprising an oligosaccharide and a

pol ypepti de as defined above, the conju VARG 1h-
In a fiegih ZhbitethantisasayiiaRe BEoT i SOk, SRR or e

conj u e_h aspmichalnf nded fo€ ttelrarent wigh a certain
n“mQﬁﬁﬂﬁeﬁgﬁi5%@3%@%#?gg§&ﬁ?'e gﬁe bi ol ogi cal activity jfied
therdp @i plghepadnprhaigtha ek _r"@‘inﬁ“sle’t’? e conjuess

ol i gosacchar i ei ng,a, iath8Wpeptide.
aMn@NW@égg@8ﬁ@PWﬁE@E$W€%$§F§éB%#%%kﬁ%ﬁﬁgacghg?fﬁe units,

whi ch per se has affinity to antithronmbin I11

(ATII1), is covalently attached to a pol ypeptide

through a bond O an essentially pharmacol ogi cal ly

i nactive flexible |linking residue. The disclosure

rel ates to new conjugates of polypeptides with

i ncreased hal f-l1ives, being conjugates of a

pol ypepti de and an ol i gosacchari de, wherein the

pol ypeptide is conjugated to at |east one synthetic

sul fated ol i gosacchari de-spacer residue, the

ol i gosacchari de conprising 4-18 nonosaceliaride units

and per se having affinity to antithronbin Il and

the spacer being a bond or an essentially

phar macol ogi cal Iy inactive flexible |inking residue,

or a pharmaceutically acceptable salt thereof.




3b The disclosure further relates to a novel

t echnol ogy based on a process for the preparation of

a therapeutically active conjugate conprising a

pol ypeptide and having nei§l i gi bl e anti-thronbotic

activity, conprising a step wherein a synthetic

sul fated ol i gosaccharide, in particular a

pent asaccharide, which per se h L8bh Yofte0 conjugate of 2
In ad¥H hipeantiere isf proyaRg 2 E’lgceé%\%% @gtpl?{?fagt tac h};d tlo 2 e is

pol ypeptide throy bangefikd adboes sehercial Ehe polypeph
polypepidfredd| %ioalaf’f%?%ﬁ@%t ive flexible |jnkin a%&ﬁ}'i&’élﬁeihg a
conj Adiled § 1Bas @t ReigpsaothetdesnaAi 155 N PAEERT | N _

ood plasma, which interrupt$ehgoskeaariaubionper se having

syntna@w&eted@hg@S@W&EQ%C‘?‘%"e‘F‘@S%k l'oop. The hal f-1ife_ of

. . : sentially
. fﬁlﬁyz l%‘lz‘él; %tﬁﬁog%m agacghaarhdespaser ebsient # aPP‘}ii bséd &

nity to AL111l (see e.q. F L UG EiEalft acdbptable salt
pha@hdcBlogiPhity imagiokiftratble W@fk&reﬂi@%ﬁﬁ%ﬁﬁg‘?@% 18) In )
the conjugat @?1 of OE)E&.FQ i e bR tike pobpaptidealis adppted for
therpa, | SOAGEFE h e ha %-I ife of the %(E danied polypeptide is
con@ARNORRA AAPETLEREG0 atepsoBEangthe ARignal| 2581 pBht T e
a-result of the halg-loilefcﬁlﬁof t he pentasacchari de
reaondtdl eith araelipeparchSTRES POt he hal f-1ife of the
conjugate. Furthernore, the conjugates of the

i nvention not only have a |onger - bif EthelBbutichi®yactive
In &8P a&jﬁ@ﬂt@abt@liﬂd@ﬁﬁ%@ﬁﬁgﬁgﬁp&%g& g%rgzrti es based on

~ the specific interacti.onideiweanpdliepidntaasiafioraribaee, the
conrgate §9MRIHE L GH; ﬁh % 5ééciz?\ér%ldéATI}/I_(t%%él at 1ghe.r L oBfA5 | ORnger
coﬂé%a%eﬁéi%ﬂggﬁééiigib@e gntidongulens petdty, AOEEM B BM5Erg. ved.

em ,

67-.1280: van. . 9k dRumbidlogilal activity is retained,
Vetdid

plaging nlift-dise thap te CHEH2 1995; 1ﬂg: 495-203) - lidda@Raride
enbodi men : hen Bliesedtharideviesintg Dy ¢ sy
oA SEh ykrghl n T8

e- pol ypepti de, conj ug. v to antithrombin 111
cofpri@as aecmamdr@eadchafpfgr‘fqltéu}NQIrcge%’ﬁg?étg i %fgﬂ?ég-ag 1 wentially
nonosacchari de uni PORSE tRiar thiaigh ax [bpndedtngn &
(ABEh: a%§8‘éﬁ%ﬂlgfd8§éaﬁ%§ tgn%i_ rcul_%ti ng pl asma | evel of <
phatthaBibeibkilstiRadtivedlesbhTlEnineesiHf- t he Al T1I-medi ated
anticoagulant activity of the 10 oligosaccharide (in
particul ar pentasacchari |8 qds Qth GHetchde@ anlt-liven, being :
Thpdisddsoeirdatesip Pe FULIAET th%gl)yg%pggééi_ng T i ksi] gse& £ Q niupated to at
0‘5@%&3@ %8 polybegrideldndah oligosatcharide) Wh‘?wpl’i%’ J 5 EomuEs
IS AL 21 SRl et Glaoalciasgaopiing &1
JeaR0R2 syBBeticisulfaiod PHEOSBEBATICTPL mi;bzgngtﬁ spacerbeing-abﬂﬂd
I nvesti.gat Qr.s @i ) Al - p 304 S
moRGGRET DS S e o e of ¢

an‘e ment of this.invention, SN ticail
nmonosacchari de_unj n . ;G U6 ynonesan i
acgptablessali dhaipqig Bye ?E%dﬁ}gﬁs e gonj ugates per se has an
ant i coagul,ant AL hkdks Wik Géhjgsteadf tsulbt erat iPREOe
PaigyEPTREh “coipar ed to the racol 0gl Galofiel Y inhin compared to
. . g}_us pro 1 % 3’0 .
pbﬁﬁndi:aaxtamlpy@epiesd@_né ggpro A rage Tl lylp Q}p 1;1 Qie;’ﬂééi
respect means: hav : RbnjbdaEda0 g
mgwwlpﬂmma?so@?etk’?g%’?‘?%’ such as bl eedi ng risks. For
exanpl e, diabetes type 1 patients require (long

half-life) insulin injections to conplenent (basal)
therapeutic plasma levels of - [0.1-1.0] nM which is

20 well in the subtherapeutic range of the
pent asacchari des used in the present conjugates. A
person skilled in the art will understand how to

sel ect conjugates with a proper bal ance between the

t herapeutic | evels of the pol ypeptide and the

pent asacchari de, respectively. The pol ypeptides in
the conjugates of the present invention retain their
bi ol ogi cal activity. Furthernore, the |linear

phar macoki neti ¢ behavi or of Arm bound pentasacchari de
in the 25 conjugates of this invention accounts for a
hi ghly predictable therapeutic effect of the



ol i gosacchari des, and in particul ar pentasacchari des,
generally have affinity to ATIII, however, a WO
2006/082184PCT/EP2006/0505?% person skilled in the
art can easily check the affTinity of an :

ol i gosaccharide to ATIII (van Amsterdam et al.
Arterioseler Thronb Vase Biol. 1995;15:495 -503) and
select the desired affinity level. Suitable synthetic
ol i gosacchari de residues and in particul ar

pent asacchari de residues may be derived fromthe
ol i go- and pentasaccharides di sclosed in EP

The dlfg,l ofs‘rl%g @%ﬁﬁdﬂs ta%a@eﬁg&mﬁ@ 1 badd0of Bﬁiﬁ&Sﬁfég th®\D 99/ 36428,

9 - 352, 1
preparion Engiheraibenlly 304 VECPHIZHO PRRENE AL ﬁf??g@ I“*F‘F negligible

and pent agacchari.de re %ﬁérﬁﬁy &EHMHQﬂdeﬁgsaxnhub in
anti-thpspRage ACHAY: FOPREPTS 207 R"a & | | nki ng resi due

pmnc@%#aa%&%&me lﬁé]ﬁﬁarcsalliasf amw mmmhm 1h ATHD.s Fovalently
nt asacchari de resj due. flexibl
stachelt donipeptd looee bl et AT SencBy@lly iactive flexble

. §I|ugates wherein the 10 ol iigosacchari de-spacer
thng%’ Mfue has the structure (1) 0503 QD . 0000 0y Qagulation
ATIT 4985 fRase mmhm,epmseoh@ Waarkbpipymgy fich Intermup gu

phar macol o |caI f]"ﬁ] Y Siehiket d;(; ofl PlAtRGech@fle Al @ssentially

cascadestofpregént Teed i's 1 ndependent | y Ogg&8|3§8mxﬂ2
3 CRNYE (s . &'F. PAGIRIL Efaill Glin -
g et e

Ilnklng re fih
11-18)¢h fig: @ajpensat i ibyenfos e Sy S i i AR AR el tfe of the
Further preferred are conjugates wherein the

pent asacchari de resi due has the structure (I11)




10

15

20

25

30

WO 2006/ 082184PCT/ EP2006/ 050551 6 wherein Ris

i ndependently OS03- or (1 -8C)al koxy, the charge
werdgonoapensat ed by positively charged couri@int®ignsessi
Hi ghly preferred conpounds according to the invention
are conpounds wherein the 5 %entasa.ccharide resi due
has the structure (1V) 0 AMe oso; (1V), wherein R is

i ndependently OCH3 or 0S03-, and in particular both R

BB PGS b bl DY A s

~ the Ipifilife ofthaconjiapchirdrancibaht denjugars s nventioh ndf brlyhive a longer

.0 ATIJI can be conjugated to any pal ypeptide. For_ . .
haff-l‘%aﬁ\'m ey iRcage Wﬁ@ﬁ?ﬁ%@%‘dﬂmﬂé PROPBBE E5rd @1 [ sogeefes nteraction
betwetn fhe pestadalcialdo P Of ¢ clRjubdic kWNAT (R 1268 1nRfacfon is described

| onger pol ypeptide that may or may not have catalytic
e.g é@t\%m@wn bnall iBivargn dledx rhpine d 984, 1BI6GAEE0;v earp Apistetiasn ez al.,

B i A L
the RGNS pIYIRDELS cjeduter Ghd ORRBSICRariddGh ipatticlaP Eonsisting of 4-6

gastrin; cal cium 15 r(;%ul ators such as calcitonin or

monsaFchatde Wi a6 rnash artiplpily beipg pepetetsehgtiflorhas a circolating plasma
IeVel(';Bf:Idé‘oét@gg{.) Sup Y& I?hi@%oﬂc%h&%%%ﬁ gxelﬁjlﬂ:géﬁ:te@ an&’%jgei%l‘ﬂélnfgaﬁcg\rnfy of the

| astic activity such as adrenonedu

oligosaculridt ih geticnlat perassatdharid)fis huighifient ARMpafield) with respect to

hor npnes such as oactive jntestinal pol ypeptide
blecdgl HRE GEo g PETEe LD dt FRISH . PHETBFEHeS 2005t el 2: 15
(2) SOTREAS AL DrBPRIReeS L UEAL 488 2H{B) 88c Rembrandt Investigators
Circulation 2000; 102: 2726-2731). Adcording to an embodiment of this invention, the

oligosaccharide (in particular consisting of 4-6 monosaccharide units and most particularly being

a pentasaccharide) used in the conjugates per se has an anticoagulant activity which is of

subtherapeutic level when compared to the pharmacologicél activity of the polypeptide per se.
Subtherapeutic in this respect means: having a lower than therapeutic effect and without side-

’éifects, such as bleediﬁg tisks. For example, diabetes type 1 patients require (long half-life)

ipsﬂin injections to complement (basal) therapeutic plasma levels of ~ [0.1-1.0] nM, which is
well in the subtherapeutic range of the pentasaccharides used in the preSa_nt conjugates. A person
skilled in the art will understand how to select conjugates with a proper balance bétween the
therapeutic levels of the polypeptide and the pentaézicéharide, respectively.

The polypeptides in the conjugates of the present invention retain their biological activity.
Furthermore, ‘the linear pharmacokinetic behavior of ATIN-bound pentasaocharide in the
conjugates of this invention accouilts for a highly predictable tﬁerapeutic effect of the conjugated
polypeptides, since the conjugates remain largely in the intravascular compartment after i.v. or
s.c. dosing, ' ' o

The oligosaccharide residue in the conjugates of this invention is a residue from a synthetic
sulfated oligosaccharide which per se has affinity to antithrombin DI (ATII). Sulfated
oligosaccharides, and in particular pentasaccharides, generally bave affinity to ATTI, however, a
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25

mel anocyte stinmul ati ng hornone, |uteinizing hornone

rel easing factor, or sensorelin; anti- 20 diabetic
vagmot/es2zsaach as gl ucagons, anylin, gl ucagon- | pd&eEP2606/050551
peptide-1 (G.P-1) or truncatgd derivatives thereof

such as G.P -1(7-36), G.P -2;7 glucose-dependent

i asul i notropic pol ypeptide ((HP) or insulin

C Humulin,” Eli Lilly); anti-infectives such as

s SEPEON AT SRS SRy o ot o ATID o

- Amstepdst at iah,, Amasmlm Sthromel dasc Mhl.‘)&§ ;16485 fi0d8hand sdidct the desired

va od' as bradyl d ubst nce P.o
affing Iy RO AT B SETS JEos Gd (i paptichar pentasaccharide
remda@é friayl 'b%tdeﬁvé?ioﬂ‘r&ﬁ%’é bEiSd- @AMPbnta@REHaHlM! Blckdied B BP 054,220, EP

such as vasopressin or desnopressin; and oxytocic

0,528, eht WO BR/A3394, WY 199636428, Akl died. Siken. 20050dB 3190352, Angew. Chem.
I ingde t ed |nclude human growt h

Ind. %9 Alfr%‘:i]pfdgﬁ j2—?té|‘fjgnlt6§§pe‘PEleé'}e?(nent ech); "LH, rG CSF

The ¢lighe upDpdsicchiiRIgsidues ﬁajﬁ bo porjegatad t4 ﬂzE@ﬁ@Qépn&e directly or viaa

Angen); interferon a_- nterferon a -

hnh?&rreeﬂr?e%t@ﬁheﬂéo aps cherrzrcellr efl@hlelpysm%mﬂara ﬂx?merwepcm#eqesldue

““%%%Zg‘@ﬂ“ﬁ%ﬂi?f%{‘%@ﬁ@“ﬁ%?%@%%% E%ﬁ?"ﬁ%a%%?‘% e

ohgosamclmrmls spm:er mkléné kaskhastfuktuye (Ip. 9., | L- - - 4,
-5, s -9; -10 -11, -12, or -18)
he X soluble Ch4 or CM4

dbl super xi de dlsnutas
or; pI I ob a S and their
&SN (" eo Q595" &
uc cerebr srdase ! re se" or CErezyne ‘
(I enfyne); ACTH; soﬁ%ﬁotro%rn parathyrdmd hornDne :
anti diuretjc haorno r ol | .
wherl ¢ SRl PSRy ot by iR s Bprgent and wherein
R is indepbndRatly esgr; odll-wtga&oigu&r:ﬁmssenhﬂ@mhmwagman} alas@&a)exible

-or nafarellne ("Synarel", Roche) and GnRH
such as ganlrellx ("Antagon”, O ganon);

R”??%‘??‘%?t. 301, @ﬁ ey, 8l et artré@bwﬂry%me’me

mummmewmm@kynnmgmmmhhmhemmhmeumqkmngﬁe—EHMamhthkMBaamgami

Rbis u(lmﬁgeqr K &grgasgre(l %%rﬁ%ﬁ{,’l g% a3 n&%@nﬂ%@ﬁi g_lg%ﬁhve flexible linking

residuel &%ﬁ%ﬂ@éﬁc&ﬁd&&mhﬁ&%ﬂé oL it ¥ BlohdBSchhi®r@as, such
Pre

as kisspeptin-1 erred pol ypepti des have a
lrrtgeé@mgaﬂommw@ byositigeigehargd cemderiag.her pref er r ed

|.ec

Mor W atésrerveedr%rtge giloéo PEPTI sg%\%r&gﬁu%’g epegta%chande' ,
spaceﬂﬁsﬂﬁuhzﬁfmglﬁeghﬁcnﬁém) 0.3 - 7.5 Ma.. Further

preferred pol ypeptides are insulin ét 1/2 = 12 mn;
WWP¥5. §°PeDa), Falcitonin (t 1/ 20 mn, Mv= 3.4
‘ PO 1( - 1238, 6. gu v, = 3.4 IcDa),
RNOFBAUl V1 NN dso.-A\ = mxn; O kDa) ,
R ' - § ( Mwv D, eotl t"1/2 =.1.7 h, Mwv
= 4. interbgdkin-2g(t 'A =20 nmin;. Mv = 15
kDa) and ganirelix (t 4= 12 h; Mv = 1. §5kDa). In 25

e S AR A BB o e nd v

R is indapandenttyrOSQs” ar (Je3Q)plkpty, dhe au ovsinigly phamomobgiosltyi itastivelflexible

i S S b R

Furthéﬂp@éfhﬂ@é@m bodjlidaAa vﬂ;{%ﬁéxﬁﬂﬁ pefb@lcetiaAbE dsidhid s HRACAE TN
an essentially pharmacol ogically inactive flexible

l'inking residue, in 30 particular having 10-50 atons
counted al ong the "backbone" of the spacer, the
oxygen of the oligosnecharide residue not included.
The term "essentially pharmacol ogi cally inactive" as
used
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WD 2006/ 082184PCT/ EP2006/ 050551 8 herei n neans that
t he spacer does not contain atons or groups which
vedh b6 phadsmacol ogi cal ly activity per se at tfﬁ;ﬂg@@ﬁmﬂsﬂ
at which the conmpounds of the invention are.
therapeutically effective. Thus, at doses at which
t he conpounds of the present invention are used as
t herapeutic drugs, the nature of the spacer does not
| ead to,dempgtrabl e phar macol ogi cal, side-effects. 5
he s ager conpti ge (somgwhat)l rj gi d el enents,

tur € antood Bardsy The

Tt i nyenfion Is

preferalyf exi bl e. itab spacers nay eaS|I(¥[ be
desi gned by a person skflled in the art. For

w3 AR BLASIORBEE P SRS B oy

chargedooastsfiodsl y be applied in the conpounds of the
P t
- resepeg i nvent i 021%;0;:\ egr)rtgfjg)fs?gﬁgv%g%ggo Ll se }611%@ wherein the |

_mm%gﬁugﬁgﬂ%%&%t y of the present invention

the fol I'owi ng structures: WO

are ‘conj ugates o
RL AL dy lleis

2006/ 082184PCT/ EP2006/ 050551
ru 1 dn-Cys-

-Thr-Ser-11e-Cy eseg_eu Tyr eu- d u- Asn- Tyr - Cys-
. Asn-CoOn His-Le itso'ﬂ%u- Qu -Ala -Leu
‘ € aI Bt Phe 1
oso OMe
: 0 H
OMe
awvy,

wherein R is independently OCH; or OSO5’, and in particular both R groups in (II) are 0S05".

According to this invention, synthetic sulfated oligosaccharide residues, in partlcular
pentasacéharide residues, with affinity to ATII can be conjugated to any polypeptide. For

“example, thé polypeptide can be a bioactive peptide (e.g., 3 10 50 amino acids in length) or can

be a Jopger polypeptide that may or may not have camiytic' _acﬁv_ity. Non-limiting examples of
bioactive i)epﬁdes include neumtrémsm’itfers such as conantokin G, dynorphin, endorphin,
enkephalin, or neurotensin; gastric activators such as bombesin, motilin, or gastrin; calcium
regulators such as calcitonin or parathyroid hormone:(PTH'); bone resomption modulators sﬁch as
osteoprotegerin (OPG); stimulators of osteoblastic activity such as adrenomedullin or truncated
derivatives thereof such as ADM(27-52); hnrménes such as vasoactive intestinal polypeptide,
corticotropin, secretin; hormone inhibitors such as somatostatin; hormone stimulators such as

melanocyte stimulating hormone, lhuteinizing hormone releasing factor, or sermorelin; anti-

- diabetic agents such as glucagons, amylin, glucagon-like peptide-1 (GLP-1) or truncated

derivatives thereof such as GLP-1(7-36), GLP-2, glucose-dependent insulinotropic polypeptide
(GIP) or insulin ("Hummlin,” Eli Lilly); anti-infectives such as lysostaphin; appetite suppressing
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NR2 1 Ju 829Arg 1
CQOH Thr - - Lys- Pro- Thr- Tyr- Phe-Phe-dy 1 N -R3

R1I=R2=H, R3= 0 or wherein Rl= RS: il
$28 TEP200 551
lé@?nYls sel ected from structures A, é%

Fi

hormones such as obestatin-; vasoccmsﬁ‘ictors such as angiotensin II; vasodilators such as
bradykinin, substance P or kallidin; natriuretic agents such as atrial natriuretic polypeptide
(ANP); antidiuretic bormones such as vasopressin or desmopressin; and oxytocic agents such as
oxytocin. Additional examples of polypeptides that can be used include human growth hormone
("Humantrope,” Genentech); rL.H; rG-CSF ("Neupogen,” Amgen); erythropoietin ("Epogen,”
Amgen); interferon ¢. - 2a, interferon o - 2b, interferon P, or interferon v; ﬁctor VIII or other
blood clotting factors such as protein C-o_r factor VIIa; follicle stimulating hormone (FSIIj; a

cytokine such as an interleukin (IL) (e.g., IL-1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -12, or

-18); hemoglobin; superoxide dismutase; soluble CD4 or CD4 recepfor; platelet Gplib/Illa -
analogs and their receptors ("ReoPro," Johnson & thnéon); glﬁcocerebxi‘osidaser ("Cetredase™ or
"Cerezyine," Genzyme); ACTH; somatotropin; parathyroid hormone, antidiuretic hormone;
pro}actiﬁ; rHGH, such as pegvisomant ("Somavert", Pfizer); GnRH agonists, such as leaprolide

("Lupron”, “i;eproreﬁn“, Takedza) or nafareline ("Synarel”, Roche) and GnRH antagonists, such

as ga:mrehx ("Antagon”, Organon); GHRH agonists, such as se_rfnoreliﬁ ("Geref", Serono};
octreotide ("Sandostatin”, Novartis); or thrombolytics such as streptokinase, staphylokinase,
urokinase, or tissue plasminogen activator ("Activase,” Genentech); metastin (KISS1 or
kisspeptin-54} or truncated derivatives thereof such as kisspeptin-10,

Preferred polypeptides have 2 molecular weight of ~ 0.3 — 50 kDa. Other preferred polypeptides
have a molecular Welght of ~ 0.3 — 20 kDa. Also preferred are polypeptides which have a
molecular weight of ~ 0.3 - 7.5 kDa. o -

Further preferred polypeptides are insulin (t % = 12 min; Mw = 5.8 kDa), calcitonin (t % = 20
min; Mw = 3.4 kDa), GLP-1(7-36) (t ¥ = 6 min; Mw = 3.4 kDa), adrenomedullin (t % = 20
min; Mw = 6.0 kDa), ADM(27—52) (Mw 3.0 kDa), octreotide (t 2 = 1.7 h, Mw = 1.0 kDa),
interleukin-2 (t % = 20 min; Mw = 15 kDa) and ganirclix (t % = 12 b; Mw = 1.6 kDa). In

‘particular pmferred are’insulin and [D-Ala®]-GLP-1(7-36). A further embodiment of this

invention is a polypeptide conjugate monosubstituted with a pentasaccharide-spacer residue.

' The spacer is a bond or an essenﬁaHyAphannacologically inactive, flexible, Iinking residue.

Preferably, the spacer is an essentially pharmacologically inactive flexible linking residue, in
particular having 10-50 atoms counted along the “backbone™ of the spacer, the oxygen of the
oligosaccharide residue not included. The term “essentiallj pharmacologically inactive™ as used
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osoaxMe onme X= Na* , o oThoax Owone) kGCso, x Ore cONJ

z 0 x=Ne X=Nr, Sofetine CaftOMs oo WO

M@/&%}84PCT/ EP2006/ 050551 10 or ot her Sall‘c&/EPZOOGIGSOSSI
thereof, but al so conjugates wherein the spacer is a
different one or is attached to the pentasaccharide

at another position. Preferred is the sodiumsalt.

And preferably, Y is selected fromstructures A and

herei%’means that the spacer does not contain atoms or groups which show phannacologicaﬂy
activity per se at the doses at which the compounds of the invention are therapeutically effective.
Thus, at doses at which the compounds of the present invention are used as therépeuﬁc drugs,
the nature of the spacer does not lead to demonstrable pharmacological side-effects.

The spacer may comprise (somewhat) rigid elements, such as ring structures énd unsaturated
bonds. The spacei' of the compdunds of the invention is preferably flexible. Suitable spacers may
easily be désigned by a person skilled in the art. For synthetic reasons longer spacers are
considered VIess‘ suitable, however, longer spacers may still successfully be applied m 'ﬂm
compounds of the present invention. Preferred spacers 'ébmpfise at least one -(CH,CH,0)-

element, . - -

Representative examples of the conjugates of the present invention are conjugates of the

following stroctares:



5 Commonly used chem cal abbreviations that are not

explicitly defined in this disclosure may be found i

Igﬁ jcan Chenical Society Style Guide,
t|on

Anerlcan Chem cal Society, Vﬂshlngton

n

5%%%9006/050551

(1997), "2001 cuidelines fird Authors" 1 Og. Chen1
66(1), 24A (2001), "A Short Quide to Abbreviations
and Their Use in Pol ypeptide Science" Polyp eptide.
Sci 465471 (1999). 10 The term pol ypeptide refers
to alcﬁaln of at least three am no acids, regardless
of bﬁ%t transl ational nodifications. Polypeptides can

be n#urally occurri.ng, chemcally synthesized, or

'~ reco inantly produced pol ymers of am no aci ds.
- Pot yae
typi

ve three to 50 am no acids
polypeptfgg with catalytic

far-Slansicld- @—@TMULQ%A;E%—%L%ﬁ%H :

act|V|ty means an

enzyneemiﬁmcﬂespeﬁnmen&uwunG@ewe&ﬁdyhamemnckefers to.
t he na@MraIIy occurring hypogl ycem c polypéptlde

found iln mammal s,

i ncl udi ng
and raﬁﬁlts

as mell

pat efft §h%4, 652, 525, BA3THT:
5,514, N6#8,
conj ugates of the i nvent i off

definitions are used. 20.The terns (1-4C) allcyl

wherSiFRaliorh, man a branched

group haVIngnﬁfﬁ/iES o)
ylh{ et hy

for exanpl e
sec-butyl, tert- but ,
~ethyl are preferted aIkyI
car@&%QE%
previously defined. Methoxy
group. 25 The spacer_dsgngt h
t he spacer, counted
- the oligosa rid
- counting t
resi

&Y
i gy
(o%ég)ﬁg conpri.sing a poly

o havipg negligi bl e aktM't hr o

( nj ugat e has a | onger
o R o st e s ¢

2006/082184PCT/EP2006/05055

i due
G of

60X

as to reconbi nant
simlarf® hypoglycen1c pol ypBPti des di scl osef®i

1-8 carbon atons,
propyl ,
hexyl
gr oups.

AR A AT e
ong tlh

Yf
Etﬁgggineﬁﬁed to the
[} invention is THither

at 5@@ oford t her aps

humans, rat gugnea pi g,
i nsiulin and
in US

T PG e 8rA%3 Phe5CI506, 202,

and 5, 700, 662. NLﬁ;the description of the

further the follow ng
and
@F whiidii Rm<HIeR] Re! Kyl
resp
|sopropylp by
and octyl. Met hyl ~andY
The term
%boup having 1-8 -
avi ng the meani ng as
is a preferred allcoxy

i set he nunber of atons 0Ofesox
e shortest chai n between—o
notoso

O

and t he pol ypeptostg, ! )
‘the ol igosacchgkicde g0 —ome
8% ELoox L80.9, <°3°§ 080
-gcess$—for

OMe

Lconj ugat e

Tboifi' c aébd Vi tdme wWherein

pl aspe_bakfi-1ife than they,
ﬁ\(\s i

| 11 t he bi 8l ogi cal

activity i1s essentlal
gvherein a synthetic
particul ar int

4-6 nonosacdhari de UNi

a sulfated@a@ ok
ang ?‘ﬁ‘r@ = <] ttached

0
(and nalyt% aspect sxSyat he
[ The fi- ndi ng ol i gosacch

l e T nking

%gh(ﬁg essent i
| exi

tained, conprising a step
ed aobi gosaccharide, in

psaccharide consiglg of
nd nost particul Q}y bei
per se haV|n
toth.

51 S @fpe asaqg@arldes 1&'N?
ark(e LN _particul ar

°§ehf/éaﬁegappdexyetubhegpo

mpounéls of’?ﬁgrdﬂuﬂmangﬂvﬂw/\&é_

I nventi®n can be prepared as -describedofor instance

I ANGEW, —Chem
Different oligo-

rntl. Ed.

ENgT .
and pentasaccharides with altered

1994, 57, 1o6/1- 16390.

affinity for A CE nay be obtained by varying the

i nternedi ate nono-, di -
bl ocks, for Stance,
~al kyl groups or application

protecting

or tethasaccharide buil ding
by introduction of (permanent)

of different (tenporary)
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15 groups giving access to differently sulfated
oligo- and pentasaccharides in a controlled fashion

Wb%&msi%z?terdu inet. al. Bioorg. Med. Chempck@Pnosnsossi
1267). The spacer may be introduced as descrl bed for

instance in WD 2001/ 42262. Yhe oligo- and
pent asacchari de- spacer nol ecul e may further. be
derivatised with | i nki ng resi dues such as the

or o190 Bk et e e 1l 86 Bt oge o isavached o

the ﬁhﬁb&@]&aﬁi@e tahiaQbther géﬁ@nc(ne PgeferPélgﬁ;V\éhe (dagitin <. |AHd Eﬁbbly, Y is
1996, 35, 331-333) to allow direct coupling

SelecWﬁ resirusiEesahand B. nodi fi ed pol ypeptide. Conj ugation

In general, the conjugates of the invention are

pr oduced according to a process conprising (a) 25 an
Commpiily Glmﬂ chetnival sbtecvidtiond that :{!9 bype@hb;dﬁ defined da i disdlesure may be

fOumgon_ |on and (bz a_cou ggql%te wher ei.n thglgﬁman Chemical

Socle@} 'W%‘}n afo ne?ﬂ%"{‘?@?f h’%b(bld@uuﬁf?ﬁ%%r MRkRe! £ Orge@:‘?zéﬁ 66(1), 24A

synthetic or the production of bioconjugates
20013y " St Ginlde do Abbteationsomi Their &s3 sxPolypgptide Sdigne€ £ Fobypeptide.

n, 1996, Academic Press. In .ddition, for
Set. 3 6%@?2@ may be 30 considered a St aud| rtger
The {ehﬂqtdl il fiffers Sto G2 SRdih [WE Cht MitasK three KindigdK afills, egdPi8&- of post-
Acad Sci. 2002; 99:19-24) or a Huisgen's

ﬁanslatwsmbmp@llﬁaaﬁoesf cﬂ%memdes icefhbe satheelly opamting gbamisallygwnthesized, or

Ty A e e —

typm@]yladaazlisuﬁedam@hd@r oup. Alternatively, enzymatic
eac ns ch_a e regi gsel ective | gA protease
él"g@’qé‘i‘ a@ﬁVt’G ‘%‘P’ FERS YSEHE- t he N-termi nus

- The t&ﬁﬁmmﬁ h&ed]el% eré—ﬁ)\'ﬁ{é ﬁkﬁ&%llfhe i ansglwwnde found

e B oo perein ffer O
in mataels Wbdmgrhmn@nm ot gume@plgamdmblspa@e«velkasm wicombigant insulin and

s ARIREFC PO iot B S5 GH S hatbto o3, Bigihao ' Shon s

15,506202/8, 814, 64®Qand 9)700/662.1 on of a pentasaccharide spacer

residye to an optionally nodified pol%ﬁeptl de.
In thedgsofiption ofShexoniugatss obthe inyentinsfiystherthestoflowing defmitiong gre used.

The t&ﬁk 3( eﬂfyl'aﬁd Vekt) %%cﬁéa gﬁnweﬁtaﬂéyi‘ Srouf having 1-4

PEGnme can e |nt_ro t hodt
and lﬁaoirbmhaiogasi tespactiinily| oy |exahp1aandﬂwy1t ¢th, pspglh isopropyl, butyl, sec-

‘buty, For-Big e R {f%th}ﬁle”\ﬁﬁ Pen it SIS LEPf o ol v

The tr(1 3€) RS méahs b alRody 1gt1e8 8dn Abmig] RGIISA ndot®y baving

‘ pent asacchari de-conj u ate to -50 kDa) has ho
the m@ewg@awslmépﬁmeér%&im faem:‘tfe@w lgripogi cal

f e | |
e s Y, B R S5 o L DA b i
betweart thetdigo@sdtariié adsiduetnd e Ibilﬁi&pﬁdey bbtycothtingnthe |ok*ygen3tdkn of the

-PEGy] ated insulin has heen prepared (SSW Kimet at,
Ohgosiﬁfg-’m‘ifee PRUFGVIBEN 1S CRRAFCICS (Be SBIFET. 505- 530) in 20%

overall yield via reaction of a N-hydroxysuccinitnide
(NHS) activated PEG derivative with
An empiodixpeBd of r&nmmenm is rfandher 2. provess [forr the gaertaration of aahempeuhcally

active %o#ﬁ%%t Lﬁoog isiha U€ B%e%tﬁi% t S uch aﬁaevrmg( Eﬁ%%f"le -Lbrombotlc

- activitfoRksén it Bhjugalediab beshg plakmm halERfeABALHB dFib#E polypeptide while

conjugates. Alter natlvely the B29 Lys residue of
unprotected Zn2+-insulin can be selectively nodified
with an excess of NHS ester at pH -10-11
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20 in -60%yield. G her well established nethods for
the regi osel ective conjugation to insulin may be

rom WD 98/ 02460, WD 2004/ 091494,
‘g‘gg@%@%@ 46, 1JS2005/ 0152848, Jensen et atv?‘.’CTﬁ%P&?“ﬁ"’s"m
Set 2005, 11, 339-346, Lee 8 at Bioconj. Cient;
2005, 16, 615-620, Jain et at Bl ochim Biophys. Act

2003 1622, 42-49, Tessmar et at Tissue Engin. 2004,
441-453). CGanirelix; NHS ester derivatives

3, of
B)@W@lag@afﬁﬁ a7 perentialin refaingd rﬁoacg*&ﬂéa a 9B, e synthetic sulfated
oli AL %a?n? | HRrel 1‘1’19% ?:’%‘!Lar | %&E gf$'6'r?§on%5ac§ﬁhnde units,

am no sﬁac contal nl ng pe tasa erivative

and gmst faeticbly boiag @ dylfat peamadc;zandeapme hakdng affiinay to antlthrombm 1

o SET aRaiS b Bbnah : R p—

ﬂaﬁmgmaﬁﬁggmﬁgglld phase) peptide syntheS|s as descri bed
for instance in J. Med. Chem 1992, 35, 3942-3948.

Cctreotide: The N-terninal D-Phe anmino acid residue

of ;octreotide co rC|aIIy avai | abl e 30 pepti de,
GenPl Sl e SnaBiCQRURL" 01 & P02 BEG Wi thoun
abol i shing the bioactivity (D. flee et at Pharm Res.
2005, 22, 743-749). Regiospecific. finctionalization

@”f{?ﬁ"stq{é?eﬁ@“t“é?ﬁﬁ"ﬁﬁ’l am no group WD

©an excé§é§§5&%&$§%%%?éﬁiﬁééégggg@%?“? |qu%§ggwh&E¢;°fﬂw

presant inventidh, canptenpraparechad destieed oo mstageet inodngew. Lhemr FitkeEd. Engl.

100 R R OO blfgent sy bt PR PG ACL may be

~ obtaifsd BEE b Iﬁféﬁﬂﬁxa{t@mﬁnobm-@ﬁﬁ%%ﬂaﬁﬂe Biilddh blocks for instance,

15

20
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30

pentssarc ari de spacer reS|due contain

I n :
by ingrodugsioncof {perarnentidakd egroupstar\appliation: of dr@l%mb §tem50rary) protecting

grouff ML il jo diErd SN ieB Ul hoialibhard SDH Mcontrolled fashion

(eg. G‘Setsemamez @c Btoorg YMed) dChendni19D4, onm)eflfhecspacaﬂ ma?Sthilnﬁbduced as

&es"‘%@ﬁm ficati onwg)g %ﬁggg@egq}éogj Lé?atl on. Ig’;ﬁ?w%dmemay

|
o iy (BRGSO AN 590 o,

-the Npbydroxysaceitfinith §HSR stoup or emﬂnel}y pytestet! iddoldroupe(e.g. Angew. Chem.

i R BT T o o120 FE AT GG oL} PR oty modited

poy;ﬂ?ﬁdﬁ?. | D- Ala8j - GLP- 1(7 36): The C-terminal portion

GLP-1(7-36) and it's derivatives such as '
Exendi n-4(1-39) forman a-helical structure in which

C g acid residues are exposed that are inportant

my@%h receptor binding. Extension of this amino acid

In geseral, ércepnjughths aftha deichii@nat produiceteaccerdingite atfradess eomprising (2)
nodified at th ositian mal.ei ani de
Hohl 16 » B ZRVRGEASP ot it fos SoH e Pla covplng stcp

whersiy e RB&hdetis dashARGE ah DY or pentasaccharide-spacer
2005/ 895§§mﬁ§ ?bexhlblts recept or bl%g ng and in P

molegpley o functlonal activity after covalent binding to

R T L T—

Techfﬁguds‘h by m@'ﬁt}![diﬁ:aﬂoﬁ} K96, AemlemitePreds. maﬁdﬂnb@,rfoﬁconjugahon may be
Bloor Med. Chem Lett. 2004, 14, 4395-4398
mgFelisatop (1ch aséy%&?&%h&ﬂ%bd&&ch A é"&ﬁ “tcad. Sci.

2002 t@ @0@4 Ugat dg%ﬂ 4,8 bptidaiiBbd QR d gthsaBharide denTative and

‘pentasacchari space nnlety (e.g containing a
group). Alternatively, a Cys am no acid can be

i ncorporated in the peptide sequence, preferably at
position(s) 11, 12, 16, 22, 23, 24, 25, 26, 27, 30,
34, 35 or 36 or added at position 37, and which may
be coupled to a suitably finctionalized

pent asacchari de- spacer noiety (e.g. containing a
maki m de group), using nmethods sinmlar as described
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with a pentasacchari de-spacer noiety containing a
mal ei m de group according to a simlar protocol as
descri bed for the PEGylation of L2 (US 5,206, 344)
woi2bds/0RE& naki m de. The peptide coupling, a possirblesosessi
procedural step in the aboyf descri bed nmethod to
prepare the 5 conpounds of +e i nvention, can be
carried out by methods conmonly known in the art for
the coupling - or condensation - of peptide fragments

polypepfidt BRlef¥ddnnf MédifiQ Wah MRdangHeXGdaAl NeEddiS] %ﬁfﬂ Oftternatively,

activated ester nethod, the carbodi hni de neth
enzypatif wactiohysuch agithe regn@elenﬁ\redgﬁqnoteﬁse mndmtndmhfngmnm af rpolypeptldes

at 8 R ot o St R O Rt o b P bbbt Jongets, 251-

234) bk hy M@g&tﬁﬁﬁ@moﬁmﬁ@d inblodycBbR ¥ T REMS @p&@@&inm@ﬁgioh gosaccharides

-ari a- 10 hydroxybenzotri azol e. Overvi ews

(as d@ﬁcvh?ﬁl }hMTISétOF% gt Plﬁésdmﬁﬁfaqﬂysﬁog 20811260 4443 H%?)d@y be adapted

forcofignton g (R AP ipec LS h ooty RO fpcprice.

FurthBi, EGyjatioNof S iadtahea irgulit, GRP-I allumnitmoﬁd&’ils @gell\iﬁbhmented In these

ve|nh 0 Ani ne fupct.ion esent in_th
protely Boviidd K PHL- BPBYettoh diFFee REDEY RS their biologica
activillbd) C QK @uax?éé 185y NP rBliRAdd T8 Hhe URite YHc?) ”ﬁﬁ'ﬂéucﬁon of a
group comonly used in peptide chem stry for the
pentagacehaside(spaved fmaety a -Famtheianoge. o dip is | & kprerdqmsﬂe that binding of the

penm%%ném@g%é%%%gﬁé ?\O@)( (grgglﬁ%) )glila%uxpd bs%nhal deleterious effect on the

biologed] lacibrig oy thegblypemidgcar bonyl (Fnoc) group or the

pht hal oyl (Phth) group, or be introduced by
Insuligrs Fhe Netprmjnad 8- 4 and peag £- W@@Jﬂ 20)] Fipe @pEodpnctigsge not essential
I
for HRMASRETYSE AEMAPE 1 3G IR gamhﬂise pﬂﬁta}l?gfeg&safgslw ’ith et al., Adv.

given in the above nentione
Drug Aped| Rewi 2)02S§41308<538) inBi0td @k@a,ll Wl via3eatidn Pbp M igdmxysuccinimide

Y, d, Bi ol og The, .conpoun af he
oHsy SRS P eSO i RREEEq dhwliny Sipiag reaction of a
bifinfiRSE, cotiflingDRageso kithed Nﬁﬁl&xhﬂsmﬁgmky Qi-cHinidl leSied (GMBS) gives

utically acceptable salt. The

t he_form of har nace
accesf P wapdified ﬂ@ﬂﬁn Densahirids conantess Altgyratively thaB29 Lys residue of
unpro\?\«/%?:%%1 AP inNinl dai Yo'y g%:fvgﬁ rfl&ﬁﬁe(p@'ﬁl? ar? Excfe&rd}qzﬂ}% ‘:%Qr gH ~10-11

an organic or organi ¢ acl d such
in ~6Q% [ yiald. detherbwedl esgpblishiod inicttevidsi fyr thy cpogdertive d«mj@ahon to msuhn may

be adggled oy piboa B N8 B 35% oSBT O SR, semsen

et al. TEPERANGS WORK0MY, 839.816), T.ELSYRLL| Biodi. ChemUSOUS) 16, ASLEDO, Tain et al.
tartaric aC|d, citric aci d, benzoic acid, ascor bi ¢

Biochg.ioplve. 4%@003,%622 4369 TosrosendABor: EpgpoB) 855 51441-453).
t i pi .
Gamr%ﬁwé Nire e I a \gh@ess o%r Ea%f;lina!}@% Q&dﬁe éo%iuﬁg@g ?(% Jgilleeqi.%a .N—tenmna]

I oners own I n
ammd:gmﬁ}b af dé-¥aAd gumirelix ﬁ'&dntaﬁnmdﬂ sraberadoftainipacntshctliadide derivative can
be cmélﬁ %ﬂl AL I}\p\z/%g?q%é]ds ggqmte&h 21) Eh%;:{gen C XtcgrgwilchId group of

desanflPSIBEROWRLR caf habSte diatma 1 adVaNE] G6K PHRS Septide synthesis as
col ums may be used. 5 Physico- and blocheWIca

descﬁhﬁhfoyslsmfsenéﬂﬂbd t@ehnﬂﬁﬂ?eé’it&%hﬁ%& or the effect of
r-eaGt L on. blfunctl i nkers d/ or . -y
Octreife, JBR Tt DI st b O & Bl s Bmmereipny et
peptidef canltR riddificdi witheuipetoss/kdbd BEGG‘mﬂJloﬁt Abbiishikpohe Bidhetivity (D. Hee et al.
Pharm. Res. 2003, 22, 743-749). Regiospecific fimctionalization of the N-terminal amino group
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bi onol ecul ar interaction analysis (1314), using
sol ubl e receptor nol ecul es as conpl enentary 10
bi ndi ng agents (insulin) and determ nation of enzyne
w@edosos2igs are val uabl e tool s. Bindi ng studi epcofkriodgososst
pent asacchari de-conjugate tqQ N1111 can be included in
these assays as well. lon change, size excl usion
chromat ography and ATIII affinity chronatography are
avai | abl e nmet hods for subfractionation of the
I ﬁhﬁﬁ S
can bp S o A ool PPRiRb RN NOIS goir Bl ILARAP R S, upon which
furthes wonjgerdion ite atdavreer phetasactheride ean meitf@tay acmemmeral synthetlc

ey AR BRehe P S SBhl 58, ) opastin of
pentadab&hafidd spdBa tr@sdue Bbﬁmtﬂ%%hm g;@uﬁ BR mawemﬁa@ger&%x%f octreotide).

studi es to deternm ne in vivo half-life of the

ADM@Argdr Thed-tpeniga dpf piiall avgthiadecnempdudih@Vih i not essential for its
oste:o#ﬁﬂt 5&1&8 4&&@%‘%&92@ gésg@al (fa?x%?&ﬂ&{ '1&%0%&1 fic conjugation of a

vera
pentasaaﬂhhﬂe}hlmber@muet o t]ia?Nlteﬂmpdll%da ngidoo dng,ADM(E? -52) can be achieved

b bR -SSR LS 9 e e

emplolyﬁﬁ%h&] %h%']ﬁbﬁdea%ﬂﬁﬁiﬁ Gl Bhdifl SAHEs titfodt fQ e Broduction of

| asma Sanpl'es. Oher nethods known in the art areée
blmomma@deacn})@dibnw of unlabel ed 25 conj ugat es

I cal. n I ou SA .or
D‘Alfﬁr# %ﬁ(% g’%h m‘g&ng’%‘a % c al d J\’?@I t |t8 criygives such as
Exemﬁﬂ@@ 188 3384 BCH/ el Qﬁﬁ&ﬁt@&ﬁ thi&l Anid bbil résiduds BreGxfsbRd that are

rotein consisting of tvvotﬁleptl de chains which are

t ’@th%‘ﬁéflh@ﬂdlﬁg )maswmgzﬂ B @@nﬂacefbeeaum tvéﬂ:sapeasldmpeal lysine
t o of Lys &am no
resﬂu%&?ﬂ"rlgnﬁln a am no 01%:{[1)13‘7‘“llrlﬁ 3 mf'lmﬂ%ec ﬁll’lrlecﬁ 83 mg.ﬁln adap ted solid

phase @lepiidet sypthedio B ug@hb@nfc@fmmeﬁﬁ aABOCTBI058€54, @till RShibitsreceptor
can be studi ed by anal ng serum sanpl es f

binding ad & wivo itppctipnal a&*fwy@ fﬁm&a‘c bishing i ﬂl(ez;?yssql FrRRdib pf human
serum@fodh, [ $hife the gm%m%ﬁtg {2y ;iﬂéﬂeﬁ &ehi 8953 by ﬁicorporatlng aD-

gJuconeter and hurfan InS I n
Ala residl #fi position 29 Baoprg. Vel e Lot. aﬂﬂﬂﬁ' MJ&B?&M%) Ihna sithilay manner

o) nsul i t he ood se | evel.s,cap be
GLP'ﬁéggﬁr &4 ar“rarl %euts tg?re‘geagpe%ﬁ ptﬁa S%’é E‘E’Fuonahzed
pentasagthitide-spaceh Audisty (e g Ccottatifsd & tlﬁif)] Q@&B}a%&ﬁﬁlﬁﬁ*feﬂgd% Cys amino acid

. conjugation of the 10 decape fg@l de mnetic

can be;ineqiperated dn thepeptide seqeeare, pectereblyiab positipnés 1ani 3, dhetP, 23, 24, 25,
[ I an
26, 2750748, 591 9 LG AT O 1650 b MAGPIA Pl o sy

ﬁnwumhhnﬁ.phﬁma&ﬁmn&sqman-hmndxw&mge@mmnm@amlnmkmnﬂc group), using

methoyl, g s ERERA 05" ol BGPIBEP RhIGLA HEvBiveg O chbR093823).

Furthedbrel tSnjRRs 3TATICIA thaebd MthiHERh e diré? %Bﬁ;ﬁﬁe% ta YiR¥ctional NHS
for Stance be studied by determning at which tinme

ester ligkingreagantitn O3 Pr hifoliavedthy separationlof freqositignal Bowfrs (as described for

mstamgaaitoi" Fq%t nov\gﬂg’ﬁgaolﬂ @I(I}ﬁ? ga%vslaﬁ[el Etap g7 9&0{@} gtelé' m3 9&05, 16, 377-

iR
382) aad daplihg & Hanabip Mcﬁmmummebp@bngbﬁ@l

effects h as st | ating, ipsulin secretiaon,
Infﬂ’%ﬂ?ﬂ?I%ﬂéIlig&QIftﬁeéaﬁ?gué@aoew%ﬂf coqaraereially ayailable aativefaeH-1L2, or
free (amhbﬁdl)t Oys SRRGBGHNS ﬂJzLIﬁuﬂéiﬁs Hal heo %A bRIbRAAHY bl De reacted

wei ght” ['oss. It is rapidly 20 degraded by di pepti dyl

peptidase |V (DPPIV). The latter prenmature

degradation may for instance be circunvented by

repl acenent of the amino acid residue at position 8

(e.g. by Dal anine). Oher approaches such as

nmodi fication with large fatty acid chains or PEG have

resulted in biologically active GLP-1 or anal ogs

thereof (as defined in e.g. WO 2004/093823). The

(additional) stabilizing effect of conjugating an
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WD 2006/ 082184PCT/ EP2006/ 050551 17 Adrenonedul Iin is

a 52-am no acid pol ypeptide-wi th nunerous bi ol ogi cal

functions such as vasodil ati on, bronchodil ati on,
waemwsoinsinsm ssion, growth regul ati on and r eguk/@P10061050551

of bone formation. The truqeqﬁeed fragment ADM 27-52)

| acks the structural requir nts for vasodil ator

activity but is still able to stinmulate the growth of

cultured rat osteoblasts in a dose- 5 dependent

g’g;}ﬂ ﬁ%@ﬂl:”s%;:@f bﬁgﬁn%o
with t%IE%c@n }r{neocg:)en:cl y es aegl%lnaéhed t hat ADI\/([MT@ Lo, similar

proto¢al i Bestebeddfoctht REGykition bf B2t(US5,206,344) with %@uhdmrdp
Pepti des 2005, 129, 125-132) and nay thus have
potential therapeutic application in the prevention
The péfmcméoef)uhg alpokdibie ptdcodural ) Jﬁftfx@ﬁiov@fde@ﬁﬁbdiﬁﬁﬂlb@% prepare the
ADM 27-52) to a carrier (gent asacchari de nay

compgugls 9F B¢ Ipyeniipn, (cap be sHTiPd peldbyaethyds COW@H@MW% éhey g4t for the
t

couptblel e SREFRUEH. G ARl Khdimh, St L Pihe g ol R anydrice

methorh activlied estbr tnethed fthe nabodiini tixod,t orapn‘e&uﬂai!)n godeo e influence of

sy e ate s B e i W o 1y SR 2 ecemisation

suppréiBct ESRIBM HRE RaANIREMukcimkifes q&lh@aﬁxﬁﬁﬁﬁﬁﬁazae and 7-aza-N-
tundors. 1t has been shown t hat I’ong actl ng depot 15
hydrokyhenerttiazolen Ovémicys agagiven iy The '~.n. desg Amalysis, Nonthesis, Biology, Vol.

3,E 81‘ TOsS ??d { %?e%e%lhbfe? oeflg ggca@ech), iv].r Yorﬁ,hf%?ﬁ%l%fﬂegﬁ:&e's V@hemlstrv

ower ng asma gro or no
and ma NNSéwHE agl BWDhJakatskie @Wikey-GEH, )W kg s200anpar ed
with three-daily subcutaneous injections. The effect
of conjugation of octreotide to a pent asacchari de on
Amin lih 5}@;&&3&&3 b@rg@aﬁdm ¥REBufing [HRGhthéiRSprocedure b
cancﬁ tudi e e rat%F y usi ng est%bl Psgﬁed ocecure by

an Nmadec@ngrg:mumad:edymea@ d@r«mpnmwnbréy aised &f pepivle heamistty for the
octreqti de and .20 alterl%ge vel s
p

profeciion o Of o @R (CBWPP | EHYIP; < Bt &7 ﬁ&ﬂ?’]@mﬂﬂat(&f’%ﬁ |group,  the
benzymy&éi&ﬂgp(by) upMid ﬁﬂbb@mneﬁylbﬁy&&nmm@pgfaeﬁax 1ﬁ6‘ ghthaloyl

I's an I nportant protein he i'mune system
(Phth): gronrpyr @i by e dntzodugeyl by (dﬁsndfécsﬂgegf ah azigp Ghoddy. dﬁeemews of amino

e

o 8 Wby, B e P 0l BRI pepice,
Analysis, Syaehdsis, Biclogy, Wol.t3 and Peptides:aThemidtlyl avid Bislogpy t o

i nduce increases in CH4 cell counts. The specific

bi oactivity of pentasaccharide-IL-2 conjugates can be

[ : S r

The cgﬁfégg.gg gflgxgslg\ﬁﬁgg% Syia pidy })tsec%é {nl—fahl% fs@ bt Q"ﬁ% rb&.% by 88 isolated
from the F@ctidmMixuedihnhe fam)of a pi@maceutically acceptable salt The phannaceuncally

scoopROSHIN B 1Ry b0 Y SrAPR Lo BORBARM: D st ' iganic o

inorgdddy &Ml 86k ésy dign eotdiide IRFRo g CorbafieBYiredent &GS sulfuric acid,
conpounds ancly conpositions thereof wi|l necessarily
phosphericy axgidn pepfic @sidh RIPRIONF opdidyi glyrolicc @Figd; tngﬁl ¢ 9 malonic acid,

rettaGAGRL, 57, MBhanlP acte] SoATAC 20 tde B84 Ml et beppoio acd

ascormdna:uﬁagimehha‘ affliction or need and the judgnent of
the 5 nedical practitioner. In general, parente ni
adm ni stration requires | ower dosages than other

The cHRPORES oPhhisAHEnfibs bf BlidrMBdinGi Gloredl MafPoRedRRRAEEMbN atoms, and

upon absorption. However, the daily dosages are for
may thegefaresbeprbidiradzas [aypune e%&omerngr 35 mixgrp ofignapkiqragts, or as a mixture
nore preferably 0.001-0.1 ng per kg body wei ght.
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The nedi canent manufactured with the conpounds of
this invention may al so be used as 10 adjuvant in
therapy. In such a case, the nedicanent is

waais0s344cr ed Wi th ot her conpounds usef ul i nptr/epdobérgosst
such di sease st at es. leedﬁgth phar maceutical |y
suitable auxiliaries, e.g. @ described in the
standard i eference, CGennaro et al., Rem ngton%
Phar maceuti cal Sciences, (18th ed., Mack Publishing

o A tenSiti LA
come b A A RO e Pl R E e D kO in thear,

e.g. anpsjalbatico wpsdssetlichrdre obtlted fikos agtcallyi dctiye sciddh and the racemic

. ills, tablets, ar bhe praocess i.nto capsul es, or
mixto, o SRoPPBPEBEEY B ENHE CORTnd PFALEGE PR oGl Rl o reversed
phasel coRind $haly BE use@pounds can al so be applied in the form
of a solution, suspension, emrmulsion, e.g. for use as
an injection preparation, or as a spray. For making
S . ypi g . tablets, the use of conventiona
I“V“§%a935$%@5%§@ﬁ%g§*?i||ers, colorants, 20 polyneric
Severhll tochaighestadndrtiter Iekeffettsofthinieadtioh atitichifuhctiopaitkats addipr reactive
pharmaceuti.cal ly acceptable additive mhich_gﬁgf_no_
pentafatlgpferRIsipy 9t e POACIRB rofofber Hotelt (1S, @Vl oURgis respect
biomAGRIR GniliESibn oHlROERAS AidpCichibld tdeb GR1LMEs as complementary
conposi tions cari be adm nistered include |actose,
bindirgt agenth (ingdih) andodaterpinatiomof angpmeaadivith erel viakeble dgols. Binding studies

m _xt ures .thereof, K us in sujtabl nmount s \Wen
of the Peieo G RGT Fosiiate 7y 1l i Bt ot Bfip A e weu.

Ton eRBERRS kikd SRPusiRYchigngbiefhyamd A TIOl dfinity2ShrbiBtoftaptdPare available
nore doses separated in tinme, or _as a constant or _ .
methqglg for| spbiEactionatign,of frepsniasecchpride conjugaiss yhe glestrehopepis techniques
are a%)rﬂns ﬁg ?éri %%‘Olﬁglh. ypl cal (?@',Egg%{r}r&peom tl %ﬁ%ﬁnﬁg ?ég SDS-PAGE, CZE).
Conjugationasitesicansbeaidentificd by MADDI-XOF M8 lanilysimandi W-tstrdmal bauencing of

~_isotonic aqueous buffer. \Were necessary, the
the cQAMEAESi ti on may al so i nclude a sol ubilizing agent, a
stabilizing agent, and a | ocal anesthetic such as
| idocaine to ease pain at the site of the injection.
mpaekingtic (PK)yudiese i ngredi ents will be supplied either
separately, e.g. in a kit, or mxed together in a
unit dosage form for exanple, as a dry |yophilized
PK stiptiovcie determinathe in Pive balf lifecf tierumiredifitt polgpaptids and the corsegponding
WO _2Q06/ 082184PCT/ EP2006/ 050551 19 be stored in a .
Penta%@‘?kﬁ’ég‘? CAMPEALSe S ° CBHTCE PEr s Tidh % Tah OB e gpvailable, e.g:
radiolRRERE Wi + 1 %ﬁw\?\%qo&@%n QG R dpbdoxRibsePphisitRnad Sfucd Blectrophilic
activity units. ere the conposition is adm ni stered
substitwfion of usingoidoltontHermder reagenli as labebmpimoiety nd detemfinipiz gamma-radiation
. bottl e containing,s il e pharmaceutical, grade.. water
in plapfh sefiplesy DRt e ooy BOBCRT S i S Rufeigh Ry Siptabeted
conjugatas ifelfowellbe iremiReche@itaDialykio thrifrh (BDISE oA Dikhites teCliibgy.
by 5 injection, an anpule of sterile water for
injection or saline may be provided so that the
Pharh il NadudiBy e mxed prior to adm nistration.

conmpositions of this invention
conpri se the conmpounds of the present invention and

har maceuti cal |l y. acceptable salts t eof, with a < g
he pfiAperRca PGS 9F SEGERI ! 2oPRepBer kS Duinonieat AT binding
pentasaSdhbdid® can BE IR in Hvis BisB)s@nd HOvidd Undha nIdbIE by\lideribed below.

defined, all technical and scientific teans used
herein have the sane neaning as commonly under st ood
by one of ordinary skill in the art to which this

i nvention pertains. Al though nethods and materials
simlar or equivalent to those described herein can
be used in the practice or testing of the present

i nvention, suitable nmethods and materials are
described in this docunent. Al publications, patent
appl i cations, patents, and other references nentioned




10

15

20

25

30

Recogni ti on of pentasaccharide-insulin conjugate 6
(I'nsulin-penta) by insulin-specific ELISA. Figure 2A
Bi onol ecul ar interaction anal ysis of

wotkesadchari de(PS)-i nsulin conjugate 6. 30pReaeioh@eE0551
of immobilized anti-insuli BHGEmtI body with insulin
conjugate wth subsequent ding to human insulin
receptor. WD 2006/ 082184PCT/ EP2006/ 050551 20 Figure
2B. Biacore anal ysis of pent asacchari de(PS)-insulin

Tnsulift q@h%i{ﬁ %rotem co%%ﬁgtdf anls WASH are held together by two

antl-lnsum ant i |n conjugate wt

disulfkie isidaese Bite—hteﬂiﬁcﬂ@eﬁfcaﬁnh&lﬁamoﬂ'ﬁt bfie ofthgUrys eSammo or N-terminal
MALDI - TOF anal ysi s of nongsubstituted
o-amipe gres dt e ideaumenitad) The eHpgt o senivagtion 9f pipgpfpwocharide to insulin

can &15? asacgha%ﬂ?%%él %‘tsuﬂ??n gﬁ?%g%‘t e g’ ]cl)lﬁu}%u%nedr ge};(ep%%e content (2

blomﬁk@l,tb eofrect ¥or enibpdroud insdlim geondtion fAe ghrerveter and human insulin and

Cp P gt %Igﬁ%sgq%s acer re d"ﬂiiﬂ!?? %%&i?@@%%ﬁ%ﬂf%égmeblood
glmo&qweﬂm;lﬁém%ésu?e%iﬁ%s OBéakRIdest udy) .

The pharmacological in vitroand in vivo effects of pentasaccharide conjugation of the
decapeptide mimetic GhRH antagonist ganirelix can be studied in established assays and animal
models. Advanced polypeptide synthesis will deliver a well-defined molecule 6f which the effects
can be compared to ganirelix blocking oocyte maturation and ovulation in mouse and rat.
Comparison of biclogical half-life of ganirelix and its pentasacchatide-conjugated counterpart
may for instance be studied by determining at which time after administration the natural process
of maturation and ovulation has restored.

GLP-1(7-36) is a well known and well studied insulinotropic endocrine hormone inducing
numerous biological effects such as stimulating insulin secretion, inhibiting glucagon secretion,
gastric or intestinal motility, enhancing glucose utilization and inducing weight loss. It is rapidly
degraded by dipeptidyl peptidase IV (DPPIV). The latter premature degradation may for

instance be circumvented by replacement of the amino acid residue at position 8 (e.g. by D-

" alanine). Other approaches such as modification with large fatty acid chains or PEG have

resulted in biologically active GLP-1 or analogs thereof (as defined in e.g. WO 2004/093823).
The (additional) stabilizing effect of conjugating an optionally modified GLP-1(7-36) derivative
to a carrier pentasaccharide can be studied by measuring the stability of the conjugate in vitro in
the presence of DPPIV and in vivo by measuring the plasma half life using immunochemical
analysis. The functional activity of the GIP-1 pentasaccharide conjugate can be determined in
vitro by measuring the ability to bind to and activaie the GLP-1 receptorand in vivo
pharmacodynamic effects can be studied by analyzing seram samples for glucose and insulin.
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20 Figure 7. Mass spectronetric analysis (ESI-QIOF)

of insulin-pentasaccharide conjugate 24 Figure 7A
Conpari son of an experinentally determ ned and

woabmlebated typical isotope distribution of aor@b2006/050551

i nsul i n- pent asacchari de co_é ugat e (ESL-QrOF, Mo+,
conpound 24) Figure 8. hAT 1L bi ndi ng of conpounds

31, 32, 36, 37 (Biacore study). 30 Figure 9. hATIII

bi ndi ng of conpound 39 (as determned by BIA). WO

ﬁeﬁ%@gz% ?‘135%@;2&9@#%28%3& s Fﬁ%@g?@ﬂolﬁg’gﬁr | fshetions such as

asomﬁlhﬂ«)n, toofidhgdilatiod, ] nevndiintthiskiom dgrogthp repfilakien ahd aegqhmmd of bone

forgige it BTG AIpEY ADMGHLEAIn o B GENES Rffipens for

vasodHafes H&wllt?\lﬁ{ & sfilTRse to Stirfulik khdlgb mﬂlﬁﬂm@i rat ostéoblasts in a dose-
measurenent of the insulin concentratl on after i.v.

depensignti mavear afiegwatory PeBlidarolQG, r&d, [79-86hsin jaddifigzpeiy was recently
estab he& &3) lAIﬁ;I(deﬁs GRS CLRiHbd R 1§ s (RBLEuSy Peprides 2005,

129, 125- I13?2r;gand may thus have potential therapeutic application in the prevention of artery
calcification. The effect of conjugating ADM(27-52) t0 a cartier pentasaccharide may be
assessed by well established assays, measuring the in vitro osteogenic activity in cultires of
actively growing fetal rat osteoblasts or the in vivo increase in index of bone formation (without

affecting bone resorption).

Octreotide is a synthetic octapeptide analogue of somatostatin and is clinically used for the
treatment of acromegaly and certain endocrine tumors. It has been shown that long acting depot
formulations (e.g. Sanostatin LAR. depot, Novartis Pharma, Basel, Switzerland) are at least as
effective in the lowering of plasma growth hormone and insulin-like growth factor (IGF-I) levels
compared with three-daily subcutaneous injections. The effect of conjugation of octreotide to a
pentasaccharide on its pharmacokinetic and pharmacodynamic propertics can be studied in male
1ats by using established radio immunoassays to determine levels of conjugated octreotide and

altered levels of IGF-I.

Interleukin-2 (IL-2) is a protein produced naturally in the body by white blood cells (T-
Iymphocytes) and is an important protein of the immune system. It is commercially available
(Aldeslenkin, Proleukin®, Chiron, U.S.) as a drug and is used in the treatment for some types of
cancer (hairy cell leukemia) and is used in conjunction with anti-HIIV therapy to induce increases
in CD4 cell counts. The specific bioactivity of pentasaccharide-IL-2 conjugates can be
determined in vitro using the IL-2 cell proliferation bioassay described by Gillis et al. (J
Immunol. 1978, 120, 2027-2032). |

Pharmaceutical formulations
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Figure 14. Mean plasma levels (nmean s.e.m)
expressed as % of the concentration neasured at T=1
mnute after i.v. admnistration of 125I-1abel ed

wo aRkiogase 29 (open squares), 24 (open circl egr/mdshe8Hsst
(open triangles) and of red || insulin itself (closed
bul l ets). Figure 15. Mean h& sma |levels (nmean
s.e.m) expressed as % of the concentration nmeasured
at T=1 mnute after i.v. admnistration of 1251

The GAREHECof MU BRI Ehy 20858 Bl B e croct aom
and rEg1gm ef ﬂlﬁse ddrapoupdsasmiecdrpoeitions( themof will mcms:)nly be dependent upon

ressed. as,. % of, t he .concentrati d.at, .T=
the biglRisRLAIGp e o yg%iwgﬁ% SreBror Toandiv il ubjéet fo whom the

medz&ﬁi%hﬂ&ﬂie%gg %ée angiRfion 22 Incbdasd @ judgment of the
ADM 27-52)" (cl osed trla ngl es (data not corrected

medigad pragitieticd gengavietsh parepie r@in];mstram requires lower dosages than other
06/ 0 / 0

o AR D S o . o

dosage® afelfme}dnmns Preterablp GOS0 B—fltxﬁg pér. kg bodghviaighs, thérk ipeaterably 0.001-0.1
1251 | abel ed conjugate 41 (closed triangles) and of

mg pefFgbodywelhld GLP-1 (open squares). 5 Figure 18.

p | }
e e e o R TR CRRG hE of e a2 g et o

adjuventtin hecippdn sééhopicase, i médicduipahisgdmoosiered witk lothe( preapeunds useful
after iv. admnistration of 7 nnol/kg

mtreﬂ’é’ﬁtsg‘é%%eﬁ%erﬁ%%ﬁ nsulin conjugate 6 (open triangl es)
Mixe® fwith- ShatiRVietan abiidbls ixilRric) ReH R desdrdRdl -in Fhd aiadDreference,

Mean gl ucose levels (nmean s,e.m) after i.v.

Genngrarat rits tRegingion'o Pharmapeibieal IS5 iepess: é@ék efhaMagk Pyblishing Company,

1990, it r%:%pw corrparegmt?a% é@%se P&%/??s @%M ﬁés&npom{ls

may Hercempmﬂ intb sdshcgdomga\ﬂcgs rseet as pilly lbiety, openprocassddesth capsules or

Suppqg urj gl ucos%e%ﬁ%@?&‘gmaﬁws e. m aftﬁsobeapphed

in the form of a -solut_lon, suspension, emulsion, e.g. for use as an injection preparation, or as a

Spray.
For making dosage units, e.g. tablets, the use of conventional additives such as fillers, colorants,

polymeric binders and the like is contemplated. In general any pharmaceutically acceptable
additive which does not interfere with the function of the active compounds can be used.

Suitable carriers with which the compositions can be administered include lactose, starch,
cellulose derivatives and the like, or mixtures thereof, used in suitable amounts. When
administration is intravenous, pharmaceutical compositions may be given as a bolus, as two or
more doses separated in time, or as a constant or non-linear flow infosion. Thus, compositions of
the invention can be formulated for any route of administration.

Typically, compositions for intravenous administration are solutions in sterile isotonic aqueous
buffer. Where necessary, the composition may alse include a solubilizing agent, a stabilizing
agent, and a local anesthetic such as lidocaine to ease pain at the site of the injection. Generally,
the ingredients will be supplied either separately, e.g. in a kit, or mixed together in a unit dosage

form, for example, as a dry lyophilized powder or water free concentrate. The composition may
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20 insulin conjugate 27 (closed squares) or 25
(cl osed di anonds) conpared to the glucose |evels
after treatnment with 9 nnmovkg recHinsulin (open
wooosh®s94 or 48 nnoVkg of Insulin Detenir (OpeNEP2006/050551
triangles). Figure 22. 25 an glucose | evel s (nmean
s.e.m) after i.v. admnistration of 24 nnoVkg
pent asar chari dei nsulin conjugate 24 (cl osed
triangles), 28 (closed circles) or 29 (closed
be storia 2SR ImGRABALARA oy t%ﬁ@r A0S G %a&ﬂ‘e{t@fndzcanng the quantity
treat nent MAth 9 nnol/lcg recll-insul (open
of activer agentsin avuwMuMWDth@ b chmpositian ls)eﬂmnusterétbpp fnfusion, it can be

d ds MPLES. Abbr evi at L L
dispeiRpR T P TsioN PRI OB TS SR A ERiee JHSE oy infection,
saline{ By Atet ktibYRBRIradbis FREAS nW'h&e'thé cObitem WNdeec ddM@nistered by

curve Bl Abi onol ecul ar i nteraction analysis 10
injectipgo e Genpulee pf stgtiley Waler cfarr aersion U eliegmagyche provided so that the

mgre |soproghﬁe?ﬁy am ne Eﬁgﬁkﬁﬁm%h ?%???%%ﬁ%fi lg invention

compfise thd/E&dpomtddyt the ptebait dnention and pharmaceutically acceptable salts thercof,
with any pharmaceutically acceptable ingredient, excipient, carrier, adjuvant or vehicle.

Unless otherwise defined, all technical and scientific terms used herein have the same meéaning as
commonly understood by one of ordinary skill in the art to which this invention pertains.
Although methods and materials similar or equivalent fo those described herein can be used in
the practice or testing of the present invention, suitable metheds and materials are described in
this document. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and
examples are illustrative only and not intended to be limiting.

The invention is further illustrated by, but not limited to, the following examples. It will be
understood that various modifications may be made with different pentasaccharides, spacers and
polypeptides without departing from the spirit and scope of this invention.

Legends to the figures.

Figure 1.
Recognition of pentasaccharide-insulin conjugate 6 (Insulin-penta) by insulin-specific ELISA.

Figure 2A.
Biomolecular interaction analysis of pentasaccharide(PS)-insulin conjugate 6.
Reaction of immobilized anti-insulin antibody with insulin conjugate with subsequent binding to

human insulin receptor.
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EDTAet hyl enedi at ni ne tetra-acetate ELI SAenzyne-|i nked

i mmunosor bent assay Equi v. equi val ents ESl el ectron

spray ionization 20 G.P-1gl ucagon-|like peptide 1

woYRgaeims nal ei rni dobut yryl PCT/EP2006/050551

GvBSganmma- mal ei rni dobutyric_acid N-hydroxy succinimc

est er HBS- EPhepes buffered 2%l ine cont ai ni ng EDTA and

pol yet hyl ene gl ycol HPLChi gh perfornmance |iquid

chr omat ogr aphy 25 HP- SEChi gh performance size

excl usi on chromat ography 111211horse-radi sh

peroxi dase i.v.intravenous IL-2interleulcin-2
FiguhdH) - TOF matri x assisted | aser disorption ionisation

. time_of flight 30 MyAhnongcl onal anti body MRTnean
Biacorg apahusiiad pﬁ%ﬁéﬁ%@ﬁ@%@%@@%ﬁ@ﬁ %p2006/ 050551 24
Reaction of immobilized anti-insulin antibody with insulin conjugate with subsequent binding of
human ATIIL,

Figure 3.
MALDI-TOF analysis of monosubstituted pentasaccharide-insulin conjugate 6.

Figure 4,
HP-SEC analysis of monosubstituted pentasaccharide-insulin conjugate 6 on Superdex 30.

Figure 5.
hATII binding of reference pentasaccharide-spacer residues 7, 8 and 9 (BIA study).

Figure 6.
hATIII binding of insulin-pentasaccharide conjugates 24, 28 and 29 (BIA study).

Figure 7.
Mass spectrometric analysis (ESI-QTOF) of insulin-pentasaccharide conjugate 24

Figure 7A.
Comparison of an experimentally determined and calculated typical isotope distribution of an
insulin-pentasaccharide conjugate (ESI-QTOF, M>*, compound 24)

Figure 8. 7
hATII binding of compounds 31, 32, 36, 37 (Biacore study).

Figure 9.
hATI binding of compound 39 (as determined by BIA).
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MBmass spectronmetry NN 1VI N-net hyl nonholin

NVRnucl ear magneti c resonance PAGEpol yacryl am de gel

el ectrophoresi s 5 PBSphosphat e- buffered saline

wdrmpsnasiacchar i de Q TOFquadropol e time of fkogkb20066k0551

Hr econbi nant human RTroom tenperature 10 Riretention

ti me SDSsodi um docecyl sul fate TBTU2- (

| H benzotriazol- 1 -yl)-1,1,3,3

-t et ramet hyl ur oni unt et xaf | uor obor at e

TCAtrichl oroacetic acid TEAtri et hyl am ne 15

TFAtrifluoroacetic acid THEt et rahydrof uran Vssvol une
Figureflddi stri bution at steady state Materials and net hods

. 1H NVR, spectra were recorded at_400 MHz on a
RATI i EpBIS R RHEd AL CHOEPIeRRDal ohi fts i n
- organic solvents are ieported in ppm (8) relative to

t et ramet hyl si | ane.
Figure 11.

BATHI binding profile of compound 44 (as determined by BIA).

Figure 12.
SDS-PAGE and Western blot analyses of compound 47

Figure 13.

Mean plasma levels (mean + s.e.m.) determined by measurement of the insulin concentration
after iv. administration of 3.5 nmol/kg recH insulin (open circles) or pentasaccharide-insulin
conjugate 6 (triangles).

Figure 14.

Mean plasma levels {mean * s.e.m.) expressed as % of the concentration measured at T=1
minute after i.v. administration of '*’I-labeled conjugate 29 (open squares), 24 (open circles) and
28 (open triangles) and of recH insulin itself {closed bullets).

Figure 15.

Mean plasma levels (wean + s.e.m.) expressed as % of the concentration measured at T=I
minute afier iv. administration of "I labeled conjugate 31 (open squares) and 32 (closed
triangles). (Data not corrected for dehalogenation).

Figure 16.
Mean plasma levels (mean + s.e.m.) expressed as % of the concentration measured at T=1

minute afler i.v. administration of "I labeled conjugate 39 {open squares) and of '*I labeled
ADM(27-52) (closed triangles). {data not corrécted for dehalogenation).

Figure 17.
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DMF, 1,4-clioxane, NVM ammoni um acetate, Boc20, TFA,

DVBSO, DCCI (Acros), hydroxylamne (50 wt. % in 1120),

i odoaceti ¢ anhydride, GVBS (Sigma Al drich), ntH

wo sestbdzisa( D osynt h), TEA, 6-anmocaproi ¢ aci dpciNEP2006/650551

- hydr oxysucci ni m de (Janss , THE (Biosolve), 2- 25

nmer capt o[ S-acetyliacetic acid N hydroxysucci nhni de

ester (13), TBTU (Fluka), ACN (Merck), AcOH and

Nazi-Mat (1 T. Baker) were used as received fromthe
Mean%s pe%lf‘r%!r; rgzlgﬁgnLiJ %ﬁgrﬁég%ﬁsﬁg rmnyﬁanH at =1
minutk ixferslvy efimiitreion of T tbeldd coGpse 4) (doved tiuniles)cind of 1 labeled

i, Chr oprep, RP-18 (40-63 pm). TLC anal ysis was
GLP'}S&?PF%F%H*%%O on Merck TLC plates |cieselgel 60 F254.
Conpounds were visualized by UV absorption (254 nm

~and/or charring with USU reagent (phosphor
FigurgdBybdeni ¢ acid/ AcOH/ 112SO4 in EtOH). WO

Detecfi3p 8 B SRRt JE WA ey Y bR ran and ant-
rabbitA B antibeiias. MA, USA) in |inear, delayed extraction

node in positive and negative ion node.

Re-crystal lized al pha-cyano hydroxy cinnamc acid
Figure $ICA, 3 g/L in 500 ni/L ACN /1 InL/L TFA) was used

as matrix. Molecular weights were neasured using a

Meant ghesopolantls deleitb rkas.¢-0r) 4fer d.v. pgminsiagoni nf)7rsedikg pentasaccharide-
s Ay e B 1 A e
in

obtained with a PE Sciex APl Q star Pul sar
. positive ion node with an ESI-source. Sanples were
Figurg28so| ved in 1120 and desal ted by use of reversed
: ' 1R | 1 | yil-cal . : ! 1
M Y18, 8 oo, CELRY 00! bRl B i

insuli{ 3fjgagr2edlesdd tsiysdlesioti24 (uipsad bineles) comfek8d ©)the glocoyn levels after
reversed phase, 150 x 4.6, 5pm. A10 Glson W
treatmypl Wit %me’%? ecm%zw&m%t ection at 210 urn.

Gradient elution was perforned at a col um

tenperature of 40 Cand a flowrate of 1 M /mn by
Figurg2hrting with 95% of eluent A (0.1% TFA in 1120/ ACN,

9; a 9 uent % TEA .1 fQr ] .
Mezmt %%Sea%g?lg i(?ﬁgénagﬁ'eﬁlggﬁa%g%a{%i ‘gﬁflhl?tféc?%}l) 1 ?{aomg?}% I'n haride-
insulir? Ponfiigate PN@diosed cqhards] bPRE)(clastd dishsndef caompaiuindhe glvedse levels

conducted on a Shimadzu SCL- 10A vp (system 15 . i
after 'E‘??HP%IW‘@?? ”(‘Wﬂﬂﬁa‘?"%ﬂﬁ‘?ﬁh’g {ERSP T e§)y§"t %P{?QV]F&; of Insulin Detemir
(OPQHM?%)QR(Z) colum (reversed phase, 150 x 2.0 mm 5
' run A Shi madzu di ode array UV detector (SPD MLOA

vp) was used for detection at 214 urn. G adient
Fi eh tion was perforned at a colum tenperature of 40 C

B8t a flowrate of 0.4 nL/mn. Preparative HPLC was
Mean @ﬁﬂ?&k@ﬁs Qedh Yaleahy oA66 Bv.SalimhisrARA TN MhdllkgDentasaccharide-
single pu
insulin con?ugatepzél closed triangles), 28 (closed circles) or 29 (closed squares) compared fo

the glucose levels after treatment with 9 nmol/kg recH-insulin (open circles) or 24 nmol/kg of
Insulin Detemir (open diamonds).



10

15

20

25

30

20 (Waters 600) gradient systemusing a Lunal m Cl18(2)
colum (reversed phase, 250 x 50 mm 10 pm)}. A G| son
UV detector (2996, photodi ode array) was used for
woeb@msilen at 210 nm G adi ent el uti on was perdoayireehs 850551
a flowrate of 50 Ml _finin %Nstarting with 90%
eluent A (0.1% TFA in 1120/ , 9:1) and 10% eluent B
(0.1% TFA in ACN) for 10 mn., then applying a |linear
gradient from15 to 50%eluent Bin 50 mm 25
gt 1 cal ani on exchange chromat ography was
conducted on a Pharnacia Akta Explorer with a
Phar maci a punp (P-900) gradient systemusing a
Abb Ph rmaci§eg. Bi ot ech MonoQ HR 5/5 colum. A Pharnacia W
THEEHEE BY¥*Y(Uv 900) was used for detection at 210 nmin
ACNcoONbi nagdegmiict h @ Pharmaci a pH and conductivity
detector (pH C 900). An AD detector (AD900) was used
AcOHn conbpeslerah with a Chiral yser (1132). Furthernore
Phar ] ion collector (Frac 950) and 30 a
ADIVghar rraglg&é'&g)ﬁr[egsanpl er (A 900) were used. Default
(hAEIUL | on(hvagn)etifthfombdn i th a flow rate of WO
..2006/ 082184PCT/ EP2006/ 050551 26 1 nl/min starting
AUGyj t h 749FPRfshtbe£UVECN 1120 2:8) and 26% el uent B
BIA (ACN 2MiNaGk o Bhietliorbadllylis and then applying a
gradient to 20% eluent A and 80%eluent B in 15 mn.
Boc,@r epar adirted-baiyl dicasbgudange chr omat ogr aphy was
al conductgld on a Pharmaci a systemwi th a Pharnmaci a punp
(P-50) FI¥5° Phannaci a gradi ent m xer (LKB GP-10)
DCCr adi eni MydEERBhSidghodiiidhar maci a Bi ot ech XK16
sephar ose Fast-Fl ow col um. A Pharmacia UV detector
DIPE% L KBUWilgparepxieylaming f or detection at 214 nmin

DMECONDi nayi _r]%-wjiﬁ-_ .0t.echnics conductivity detector.
" Def aul ?ﬁ’gb?a |en?lfe ution was perforned at a flow rate
DMSOF 4. 6 dimethyhanlfokide starting with 80% el uent A (1120)
aegNd 20% eluent B (2M NaCl in 1120) for 20 min., then
EDTRAp 5 yi nﬂﬁﬂ“&&ﬁﬂ%"é"rﬁm{'ﬁc%% el uent A and 80% el uent B
ELISAN 210 @ fme-lidbdirRRAbaibnead) filtration on
~_Sephadex &5 (desalting) was conducted on a Pharnacia
Equigy st em gguivaleats\at son- Mar | ow punp (101V) using a

Phar macj | : ?%a Sephadex- 025 fine colum. A
ESI Phar mc%lgcm%b%éfg}: or&lLKB- UV- MLl ) was used for
GLP-det ect | glocagbn-ARkslpepiide b conbi nation with a Bi otechnics

conductivity defector. Isocratic elution was
GMBje f or WW‘WWE@W% flowrate of 1 nl/nin 1120

GMBEO! 10%&&-&9@%&6&@@%&&%&%&@6&%&%6 was

carrie ut on a Pharmaci a SuperclexTm 30 HR 10/ 30
HBS-E8 uim beperhudigradsainetgoateting iy Bivaodpelygthylensyebicein
: [ution.was performed.wth Q. 2 | /L sodi um phosphat e
HI:‘Lfguf fer %&W@W"g% ago%?p@%. 4 nmi/L. Analytical
HP-SE®Y SEC Ml perfoR@aiic kR efdilicigak@taty@sphyonduct ed on t he
Al cta Explorer system as described for the analytical
Q sephdiecadish BEEXIgYaphy, with a Pharni aci a
Super ¢l Bikvthdr HR 20 10/30 colum. An isocratic

elution was perforned with 50 i nM ammoni um acet ate at
-2 a fl owinwtleukid-21 nl/min. Preparative 11PSEC was

MALGEIDHE ek A ST SRR eSS 2

MoAb monoclonal antibody

iv.

MRT mean residence time
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anal ytical Q sepharose chromat ography, with a
Phar maci a Superdexrm 75 XK26 Hi | oad 26/ 60 prep-grade
colum. An isocratic elution was performed with 50 niv
wonRRke acetate at a 25 flow rate of 1. 32 werielosos0551
Bi ndi ng studi es of pentasacchari de conjugates to ATM
anti-insulin anti body and if8ulin receptor were
performed using Bl At echnol ogy. The sensorgrans and
report points were analysed with blanc flow cell
subtract]j ' | Aeval uation 3.2. 1050 val ues were
MS cal cul a{ng‘%r}gé&r?ggg aphpad Prism 3.0. 30 A280

NMMeasur eNanétiyl watphofier f or ned on a Nano Drops' ND- 1000
UV-VI S spectrophatoneter. 27 Schenme 1. Synthesis of

NMR; onpoung BERPY2HO 0 | 12 000 3 eir NI 12 Al
pPAGFal  Ti bhlyacrylamide gel electrophotesis

PBS phosphate-buffered saline

PS pentasaccharide

Q-TOF quadropole time of flight

recH recombinant human

RT room temperature

Rt retention time

SDS sodium docecyl sulfate

TBTU 2-(1H-benzotriazol-1-y1}-1,1,3,3-tetramethyluroniumtetrafluoroborate
TCA trichloroacetic acid

TEA triethylamine

TFA trifluoroacetic acid

THF tetrahydrofuran

Vss volume of distribution at steady state

Materials and methods

"TH-NMR spectra were recorded at 400 MHz on a Bruker DRX-400 (ultra shield). Chemical
shifts in organic solvents are reported in ppm (&) relative to tetramethylsilane.

DMF, 14-dioxane, NMM, ammonium acetate, Boc,O, TFA, DMSO, DCCI (Acros),
hydroxylamine (50 wt. % in H,0), iodoacetic anhydride, GMBS (Sigma Aldrich), recH insulin
(Diosynth), TEA, 6-aminocaproic acid, N -hydroxysuccinimide (Janssen), THF (Biosolve), 2-
mercapto-[S-acetyljacetic acid N-hydroxysuccinimide ester (13), TBTU (Fluka), ACN (Merck),
AcOH and Na,HPO, (J.T. Baker) were used as received from the commercial suppliers
mentioned.

Column chromatography was performed on MP Bioinedicals Germany GmbH kieselgel 60 (MP
silica 32-63, 60 A) and on Merck LiChroprep RP-18 (40-63 um). TLC analysis was performed
on Merck TLC plates kieselgel 60 F,s;. Compounds were visualized by UV absorption {254 nm)
and/or charring with USUI reagent (phosphor molybdenic acid/ AcOH/ H,SO, in EtOH).
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-Thr-Ser-11e-Cys-Ser-Leu-Tyr-&--Leu-d u-Asn-Tyr - Gys-

Asn-coca
H s- Leu- Ogs-Qd y- Ser - Hi s- Leu-Val -3 u- Al a- Leu- Tyr - Leu-V
w@bookysi1s4 GnAy | AsnGu | VSMy | B29 PCT/EP2006/050551

Phu- Nu, Thr - Lvs- Pro- Thr - Tyr - Phe- Phe-d y i\ Blcoou Ir
WO 2006/ 082184PCT/ EP2006/ 0 51 28 EXAMPLE 1

6- (2-1 odo- acetyl am no) - hexanoie acid (2) To a
suspensi on of 6-am no-hexanoic acid (1) (0.37 g, 2.8

MaLEE Ry SRl 3 Vay DRTIO (gl BLBURRK hafinghan,

MA, Ua4) st linene delayed>B€adtion nvde impokithwerand Gegutine icamxdenRe-crystallized
tenperature. after whi TLC anal ysi _

ot GRS 24 (65110 /L i P AR Lo oy used s

matriﬁ%&%&ﬁér%%ﬁs GRREDAHked ukill @ 1HolpBfS chitP@Indt ki By assigning recH

~ _product. EtOAc (100 nL) was added and the reaction

nsulimmyk enef o fragvaertt ebring, phmpogichinatanad 6953 apd@yz 8417t i on

50 T i . i.ce. Wi .
QTOf Py wir® QPR 1, B iRt Oy $IRGGH rlstiofiridde with an
ESI-séutts. Sainlés weteCdissolved in Aend(déSalet by uSdef reverseil plede Zip Tip®.
Dot lgBHCo DAL S Suriod e s e T G o purms

(305) %&%&@M Pl Qfls@ e dlum¥ (Ydviépsed :&)(4894 54.6gr,nm, 5 um). A

‘0do- acetyl arni no xanoi ¢ acid (2)
Gilsor U008gtectdrl(1 1 IMRs(dsbd D de®etBnGit 208 p Gijdiend elifforf was performed at

a coll%n]hlgeinp%r‘a%.l%e g}‘ 40 2(1,' ]'a?n'd a]ﬂ06v9§a & gf?’ 1 %’ﬂ/m%lbl;? starting with 95% of cluent A
(0.1% TFA in H,O/ACN, 9:1) and 5% cluent B (0.1% TFA in ACN) for 5 min., then applying a
linear gradient from 15 to 50% ACN in 25 min.

Analytical (HPLC) analysis of ¢compound 4 was conducted on a Shimadzu SCL-10A vp (system
controller) two way pump gradient system using a Luna™ C18(2) coluimn (reversed phase, 150
X 2.0 mm, 5 um). A Shimadzu diode array UV detector (SPD-M10A vp) was used for detection
at 214 nm. Gradient elution was performed at a column temperature of 40 °C and a flow rate of
0.4 mL/min.

Preparative Hi’LC was conducted on a Waters 2769 sample manager with a single pump
(Waters 600) gradient system using a Luna™ C18(2) column (reversed phbase, 250 x 50 mm, 10
um). A Gilson UV detector (2996, photodiode array) was used for detection at 210 nm.
Gradient elution was performed at a flow rate of 50 mL/min by starting with 90% eluent A
(0.1% TFA in H;O/ACN, 9:1) and 10% eluent B (0.1% TFA in ACN) for 10 min., then applying
a linear gradient from 15 to 50% eluent B in 50 min.

Analytical anion exchange chromatography was conducted on a Pharmacia Akta Explorer with a
Pharmacia pump (P-900) gradient systemn vsing a Pharmacia Biotech MonoQ HR 5/5 column. A
Pharmacia UV detector {(UV 900) was used for detection at 210 nm in combination with a
Pharmacia pH and conductivity detector (pH/C 900). An AD detector (AD900) was used in
combination with a Chiralyser (IBZ). Furthermore a Pharmacia fraction collector (Frac 950) and
a Pharmacia antosampler (A 900) were used. Default elution was performed with a flow rate of
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15 EXAMPLE 2 6(2-1odo-acetyl am no) - hexanok acid

2,5-di oxo-pyrrolidin-1-yl ester (3) To a sol ution of

6- (2-i odo-acetyl am no) - hei canoic acid (2) (0.20 g,
wdabéospi®d ) in THE (10 nl) 20 was added PCT/EP2006/050551

N-hydr ozysucci ni tni de (85 n%e 0.74 mmol ) and

N, N - di cycl ohexyl car bodi i m (0.21 g, 1.0 mmol ). The

reaction mxture was stirred in the dark for 16 h.

When TLC anal ysis (aOAc/ Fl ep/ AcO11, 80/20/1, v/v/v)

1 m@%ﬁ?@\%@% SRRt FuchPRY @c%sk/ﬁgb '2\% Qnll agg@%{_}éﬂ@; GLIRBMERCT 2:8)

dr ops o acetic acid re a m xture
for 5 indrs ahdihen siipdyingla mdtehﬁtof?ﬂ%ealmt Awnd 80%hduefit B@n T minThe

crude m xture wa er d and t f||tra2P Was. . .
PrepaiE HHnAP o B EPtoR Py Epagpgia system with a
Phanﬂiéfa édngﬁ(gbﬁiﬁg/ il wﬁ?&.g&{taﬁﬂ& REEPL1ide Efaﬁ&ﬁﬂé&stem using a

nd concentration of th

Phan@quar Biotach &K ¥ Beseblatese JeaveFIRwhadumon A Fbaimdcia d¥ @éﬂcmr ( LKB-

I\glﬁl vat 'e‘f’,‘;fo?-t&%ﬁﬁ at g?dg/%m( i &Wnﬁ%@ ?tég%cg onductivity

detect%r QBefé(ﬂﬁgréﬂibntﬁahit)on WMMW@% EP&?GﬁEﬁiliﬁ) b tarting with
EXAVPLE 3 Conpound sus enS| on of rea
30% e (O3 8ndh OB B KON R wihen applyiag a sradicnt

to 20%%(3& 840k eﬁeﬁﬁﬁdﬂ%fdﬁnsol ut i on becanre clear. The

tion was stirre or 15 min. to adjust to room
Prepatating gelafilnation @i Sepliddef G2h ddsselting) was wanducied os tackhagmacia system

wits £ SRR RS St BT ) AL Serbleias e
colundi0 | AltBH@AnREa B Yefdctd® (LRBOUVINDY Iwasi ise®Nbr (d&teaudﬁt)n 214 nm in

was added dropwise to the reaction mxture in

combipgion witk & Barteqhnics gerdugigtysdetactondsqsyatigelign avwgﬁ@m% with H;O

| HgF was kept at 10. After 30 mn
ataﬂgﬁrgetécess 0 ?gzq?){b?ﬁ/g% in 1120 (5.0 nm) was added to
Analytitee BIFRSEQ evithameipoond 6 rad 2020 Outiin)a Mesmads Sopeadet’f B@HR 10/30

reactiaon mxture was |yo lised ve 4 (60
columpppgpted-@,a HE WE@%@L YCSY BBy Fﬁl&ga s PelJBTS g ith 02 mollL

sodmﬂgﬁ gﬂe%ﬁm&m%5&1%&51@%@44@@0% eluent A (0.1%
TFA 1'n 1120) "and 20% eluent B (ACN) for 5 mn., then

Analytipg IHR- ﬁ@Camghr theti ather coojug@es wh condugted od thodkia Benlerepsystem as

B

10/30Blna I Ba Ustdrafic Blutiosd b ferfirfed WAR/SO M iafrimgiirh béctak at a flow rate
product: Rt 14.16 nmin). The crude product was used
of 1 gyt purification in the next reaction. EXAVPLE 4

C
Pmpalf;%ng-g%%assed d&%(ais& ng t ﬁé‘ﬁ%ﬁg@m\l\%%e% gszlgtst%ﬁger? for the
analytihl Qmmmmhrc@namgmmm@mmm Stgsdaxt’, 7p XK260Miload 26/60

prop-0a6 PTG SR PR TS oRP Vi OB D EaRT g cctte o 2

ﬂowﬁﬁr(ﬂngrmm Then the pentasacchari de-spacer conpound
5 (95 ng, 43 unol), which was prepared as descri bed

Binding, sﬂ@%ngfewent@mhandwqomu&ﬁes (9YBY1, amginsylin -agtibodyygpd insulin
t
mc@@gggr }%fﬁ%f’?ogen gt nos%%é‘re 'oJr[RJ] %Ig%ﬁs 48 Rpdrt Bfhes were

analysed with blanc flow cell subtraction using BIAevaluation 3.2. ICsq values were calculated

using graphpad Prism 3.0.
Ajgp measurements were performed on a Nano Dreap® ND-1000 UV-VIS spectrophotometer.



30 Schene 2. Synthesis of conmpound 6. Ay-rel2 Al Ile
Val ?lu |l G n-Cys-

-Thr-Ser-11e-Cys-Ser-Leu-Tyr-G n-Leu-d u- Asn- Tyr - Cys-
W00 PCT/EP2006/050551
H s-Leu- Cys-d y-Ser-His-Leu-Val -3 u- Al a-Leu-Tyr-Leu-V
al-Cys GnA@y | Mdu Val Ng2 B29 Phe- Na2Thr-L

s-Pro-Thr-Tyr-Phe-Phe-A@y | B1COONO

Scheme 1. Synthesis of compound 4

]
o Q . Q
Jk/\/\/m'z J\/\/\/n N )'k/\/\/u
HO ———> HO Y\E —_— o Y\r
o o e]
1 2 3
Cr‘ly—*mz A
ile +
\[lal
Tlu
Gln—Cys—Cys—Thr—Ser—itle—Cys—Ser—Leu—Tyr—Gin—Leu—Glu—Asn—Tyr—Cys—Asn-cooH

| T

T.sn TIU

Val Arg

I 529 |

Phe -, Thr—Lys—Pro—Thr—Tyr—Phe~Phe-Gly
" doou

recH insulin (R* = H)

4R'= [¢]

/%\/\/\/Ej(\'

[+



10

15

20

25

O O 5 X = Na+ 31 Scheme 2. (continued) dy-Nn2
Al lie Val itu dn-Cys-C
s-Thr-Ser-11e-Cys-Ser-Leu-Tyr-d n-Leu-d u- Asn-Tyr - Cys
WO AR PCT/EP2006/050551

H s-Leu- Cys-d y-Ser-His-Leu-Val -3 u- Al a-Leu-Tyr-Leu-V
al-Cys GnE@y Asndu Val Argb%ZQ
Phe- md2pr - Lys- Pro- Thr - Tyr - Phe- Phe-Qd y

EXAMPLE 1

6-(2-lode-acetylamino)-hexanoic acid (2)

To a suspension of 6-amino-hexanoic acid (1) (0.37 g, 2.8 mumol) in 14-dioxane (60 mL) was
added iodoacetic anhydride (0.50 g, 1.4 mmol). The reaction mixture was stirred at 50°C for 3 h
and for 16 h at ambient temperature after which TLC analysis (CH,Cl,/MeOH/AcOH, 98/10/1,
viviv) revealed complete conversion of compound 1 into 2 less lypophilic product. EtOAc (100
mlL) was added and the reaction mixture was washed with 0.10 M aqueous HCI solution (50
ml.). The erganic Jayer was then washed twice with brine (50 mL) and the combined water
layérs were extracted twice with EtOAc (75 mL). The combined organic layers were dried
(MgS0,) and concentrated in vacuo. The residue was chromatographed on silica gel
(CIL.Cl;/MeOH/AcOH, 98/10/1, v/v/v) to give 6-(2-iodo-acetylamino)-hexanoic acid (2) (0.45
g,>100%). "H NMR (MeOD): § 3.67 (s, 2H), 3.17 (t, 2H), 2.29 (t, 2H), 1.66-1.33 (m, 6H).

EXAMPLE 2
6~(2-lodo-acetylamino)-hexanoic acid 2,5-dioxo-pyrrolidin-1-yl ester (3)

To a solution of 6-(2-iodo-acetylamino)-hexanoic acid (2) (0.20 g, 0.67 mmol) in THF {10 mL)
was added N-hydroxysuccinimide (85 mg, 0.74 mmol) and N,N’~dicyclohexylcarbodiimide (0.21
g, 1.0 mmol). The reaction mixture was stirred in the dark for 16 h. When TLC analysis
(EtOAc/Hep/AcOH, 80/20/1, v/v/v) revealed complete conversion into the activated ester 3,
seven drops of acetic acid were added. The mixture was thén stored in the freezer overnight (-20
°C). The crude mixture was filtered and the filtrate was concentrated in vacuo. The crude
product was purified by column chromatography (EtOAc/Hep/AcOH, 40/60/5 = 20/80/5,
v/v/v) and concentration of the appropriate fractions gave N-hydroxysuccinimide ester derivative
3(0.18 g, 67%). 'H NMR (MeOD): 6 3.67 (s, 2H), 3.18 (t, 2H), 2.82 (s, 4H), 2.63 (t, 2H), 2.0-
1.0 (em, 6H). |
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2006/ 082184PCT/ EP2006/ 050551 32 Purification of the

pent asaccha ride-insulin conjugate 6. Fromthe

wo e@esasy M xture of the previous paragraph, pPCI/EP2006/050551

nonosubsti tuted pent asacch% de-insulin conjugate 6

was purified to near honobgeneity by ani on exchange

chromat ography (capture step) and size excl usion

chr omat ogr aphy (polishing step). 5 The

jlygat e-cont ai ning solution was applied on a
phar ose FF columm, equilibrated in 20 nunol/L

Compaxdiduin phosphate buffer PH 8.0. After the unretained

protein fraction had passed the colum, an extensive

wash with equilibration buffer was carried out until
To a klidBerRRBOrRad Skl (30dnd, B.dam6]) N DNEYE mL}%azumhded H,0 (9.0 mL)

unreacted insulin was eluted at around 0.4 nol/L NaCl
until ghed selitéon beqemeoeledss (libe Lrobwiop afsa stireadh fati He Mimstel pgjust to room

oG54 554 e LB o410 S5 TR g1 0 oot

H,O. Eh’&r hiN) hegradotion Nadkt wanwiapseddn tiadoil. /e betatia dfi3es. Okngg, 8.6 pmol) in
ultraffitration or anion exchange chyromat o ap

DMF (¢ 0r1gllawss saded dronudse t8 theoreartion myrugmingl mpp- n mixture was
snrre_(ielg‘g :u]lillﬁg aQfaghetld &ﬂﬁﬁéb&vﬁl SHQ?WR epPatChl. % 30 min an excess of

rated I n phosphate-burfered Saline. Fractions
0.1% d&At in il On(§.Opoi ew arsiddedio; cplgmhdhaseacmneﬁlzﬁ) m rioly) A2t and the

15 and NMALTA- L nal du _—
actigy BLe S Goratishe iy 5 4,560 gy 1 100 hrindam, St ity TG, (Shimadzu,
reversleﬁ hile) M}%ls b 5 ikl 0% &ﬁé}ﬁ 0. B% 'THFA WA, 0) and 20% cluent B
|mat ed 80 neasurenent using an absorbance

(ACl\Bcfet i lmnerthetoapm fagradientyp 0% elnaptad tandi 8% plyantdd in 30 min.
reveafég oynd b::e 20 Tga/e of 48 EﬂotnXsu%gu {éﬁ }%Mdc{ (%QIEI msuhn 12 84 min;

pen agac arl e rnsulrin conjugate erm ne

comp8iihdEL IROALS. &4 minfSBRY/A1 aistbditutBl phddact Ran4.16 odnp dhe @:i’ude product
Anal yS| s (Bl Azl usi ng the human insulin receptor and

Was v ontrpyrification i the wext repetiont y and nonomericity were
assessed by HP- SEC on Superdex 30 and MALDI - MS.

EXAMPLE 4

Compound 6

Crude compound 4 (60 mg) was dissolved in a degassed (by passing through N;} 0.05 M
solution of NI OH in 0.1 M Na,HPO, buffer (25 mkL,, pH 7.0). The reaction mixture was stirred
by using a magpetic stirring bar and degassed for 30 min (by passing through N;). Then the
pentasaccharide-spacer compound 5 (95 mg, 43 pmol), which was prepared as described in
Angew. Chem. Intl. Ed. (1996), 35, 331-333, was added as a solid and the reaction mixture was
stirred under a nitrogen atmosphere for 16 h.



As is shown in Fig. J., two batches of
pent asaccharide-insulin conjugate 6 are recogni zed by
the 25 insulin-specific ELISA, which denponstrates the
weresenea of an hurmmoreactive insulin noi et yPCEERRW@ISHE51
experinents in the Biacore jt can be concluded that
pent asacchari de-conjugatedinsulin is still able to
bind to the human insulin receptor (Fig. 2A). In
t hese experinents a MoAb to human insulin (clone
SchenB 3238 h3sis dfohdundgt ch 223, Fitzgerald Industries
I nternational, “desi gnated MbAb 13) was i mobilized on
a CWvb sensor chip using standard am no coupling. 30
HBS- EP (Bi acore, cat. No. 22-0512-44) was used as
rufffiifsg buffer at a flowrate of 5 gL/min. Injection
of yd he insulin conjugate resulted in binding of the
cophjugate to the inmobilised WO
20@6/ 082184PCT/ EP2006/ 050551 33 anti body. The
i mhunobound i nsul i n conjugate was able to react with
t hg! hpman i nsalin r?ceptor as well as with AYR the
| att et . being iadicarive. for f.-covalenl! X.ahtaghed, coo
peﬁ?a act 2&7 ngEigk %ﬁ)&“égkﬁﬁbﬁgg%é %%e@%?%go "the
pent asacchari de-insulin conjugate 6 were obtarned as
des crHisbegu-toyeely—Ivat-8is t-bdusVaa et hod Iy —Ruiot— e
anal yisi s, the sanples were desalted and concehtrated
on B-Zi pTips (MIlipore Corporation, Billefica M
USA) .al ution was directly onto a stainless sjgel
MALDI| target in 1 AL of a solution containing] 10 W,
al phawcyano in 500 nL/L ACN 1 nL/L TFA. Fig.A®
represents a typical MALD -5®F Ms profil e of h
nxt nd¥eisti t ut ed 10 pent FSarREREP T HE- PRSTPTHT®Nj ugat e
with pe&ks around nth 67%0' ahd®7400. The apparent
het erogeneity is caused by | aser-induced
desul fatati on of the pentasarcharide noiety resulting
in a serial loss of 80 Da. No ®jsubstituted
pent asaccharide-insulin conjugate was finnd in the
MALDI - TOF M5 anal ysis since no p&dks in the range of
m z 9400 charactertstic of dis jtuted insulin were
found. It should be noticed that al so peaks for
unreacted insulin are absent (nfz 155808). HP-SEC
anal ysis (Fig. 4) shows a major peak with a retention
time of 22 min. The puritg Was estimated at 97%
(Unreacted insulin_and di/sulstituted conjugate appear

to be absent). 2 “EXAMPL /:Compound 11
Pent asacchari de 46/51 [3@& ch may be obtai ned by

coupl i ngdF {8 &Yy ti/Sed rnonosacchari de 5,
descri e°in§¥5220g%1423ﬁ2, with the tetrasaccharide
t hat g @gbgdined by

¢
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25 conducting the synthetic route towards
tetrasaccharide 30 described in Bloorg. Med. Chem
(1994), 2, 1267-1280 in which the reducing end
waneessmehari de buil ding bl ock 12 was repl acedTuedososossi
nmet hyl 2, 3-di - O benzyl- 6-0-qet hyl - a- D- gl ucose, using
met hods simlar to those described in these
publ i cations, including deprotection and sul fation]
and glycol derivative 10 (18 ng, 1.6 equiv.) were
Schefhe 35@LM&EFn DVF (5 i) under a nitrogen at nosphere.
NWM (61 AL,” 5 equiv.) 30 was added and the reaction
m xture was stirred overnight at anbient tenperature.
The sol vent was evaporated in vacuo and the remaining
Gly-esi Yue was purified by preparative ani on exchange
| WO 2006/ 082184PCT/ EP2006/ 050551 34 chr omat ogr aphy.
leThe appopriate fractions were conbi ned and desalt ed
on a preparative &5- colum. The conbi ned fractions
Yahyere | yophilized to give 11 (29 ng, 57% as a white
éqijer. Purity >98% (anal yti cal ani on exchange
lopra). 111-NWRj(1)20, 400 MHz, 11H COSY): 6 531

| d[ 111 5.23
L(dl 1 23 (ml111), 4 91 (n _111) 4 454, 35 (m
e 1 R L A Ly By T TR
' 3911),3.41-3.34 (m 1511), 3.33-3.23 {m
7 e WAL W1 P | RN R W N X va11) .
0 DR S oaind e b e kb £ATS-of
wgieh was prepared as described in WD 2001/ 422 and
glpcol derivative 10 (53 ng, 1.3 equiv.), mhichlmas
prigapared as described in Angew. Chest Intl. Ed.gcu
(1096), 35, 331-333, were dissolved in DVF (5.0 InL).
Nl (61 gL, 5 equiv.) was added and the reacti omg
mixxture was stirred overni gif#¢ at anbient tenperpture.
Theedwd vent was evapor affisc-Lys—Rkraclir—aind—PHeePhegidue
was m4rified by preparateweiapi on exchange
chromat ography. The 15 appropriate fractions were
conbi ned and degalted on a preparative &5-colum.
The conbi ned fractions werg |yophilized to give 12
(0.13g, 55% as a white pgwder. Purity >95%
(anal ytical anion e;gha W UVrionm . 111-NWR (1) 20,
400 MHz, 1111-COS¥p. 5 582 (d, H), 5.03 (d, 11),
4.70 (d, 111),-4344.18 (m 211), 4.094x03 (m 111),
3.98-3% 90T 511), 3.85-3.74 (m 6l1),, 3.66-3.48 (m
711), }8743-324 (n, 4111), 3oso- 3 1 ip, 1311), 3.12
(m 21), 3.10-3.01 (m 711, 2.99- g:(m 311), 2.78
20(t, P10, 2.04 (s, 311)./ 2

o
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EXAMPLE 7 Compound 14 25 Pentasaccharide 9 (100 ny)
[which may be obtained by coupling of the derivatised
nonosaccharide 5 described in WD 01/42262 with the
wbebdcasagshari de 48 described in US 2004/ 002419#rosic0shs51

nmet hods simlar to those deséribed in these patent
applications, including dep tection and sul fation]

and conpound 13 (18 ng, 1.5 equiv.) wer e di ssolved in
DMF. NWM (15 gL, 2.5 equiv.) was added and the

Punﬁc%%}i}l;ﬁzﬂ U_E}rﬁ&s#ﬁ%a)é}%% > bl &sgug%}/eeﬁ ni ght at anbient 30

t enpera vent was “evaporated in vacuo and
Front the reaetion miixigrer @fSthel pevisms ppmgraph aﬂomulmumt@lplmnasmhande-mmﬂm

cOnju‘%%v&é:ol um,, P{E&%‘?}%‘?ﬁ%@n %gj%lactlc e conbi ne(gaptme step)

ands&@\éﬂ&ﬁsmfé!ﬁ:&ﬁéfo stegfm ani on exchange
[JVrionniy. 111: 1)20 4 1111-COSY): 5

5.12 (d, 5-09 (d, 111), 4. 82 (d, 110, 440426(m

The %olx_'ﬂllgggtf Qi Sggm\@/’xgw%gn%ﬁ%%%gﬁgé@o%g 05-51 ; ibrated in 20

mmoBL %&dﬁﬁ@)h() atkdfﬂ;ﬁ):r PB. §30.- e Ghé tﬁ:ret’aﬁ&d))rotan &%ﬂ&nlﬁad passed the
(in, 811), 3.14-3.02 (m.511), 3.01-2.87 (m

colurgn, 38 eg@nsngq_yysh withcequiligsatipn l@}fﬁq{ Wax sagrigek out until the .A)zso had returned

fo ba\%\%mzeo 6108%‘%%00%%5%%55%2 %%‘#E@ pRE Tobuns e

mondkgbsRededH pemtssabahande?ﬂl@u]ng Yeomjagateli 8 Q7 vae/L nNa@lh yxsi rdetesmined by

analy 0 SRS oo keedSs 11 o BRI RS Jmp ol ghsrion ws

conclitriield eRhMY BirdflfAfbn§ R anfonlex8hangs e RhtobRAPRE 18kt h @ mol/L NaCl

The reaction was quenched by the addition of 0.1% TFA
bumyj as ghution pz@mapé/\nas applied 983 preparaliig Juperdsn |30 tqobymn,egilibrated in

phosy ROVl Mooyt F s iso g ok Blsifed 8 mp-sic

and NIADDIMS wase padddaThel finyl prodyarvedsi sized 4tPIEC Zie snapfreezing in an
orlatefractlons wer e comnbi ned and h|||zed
ethan?@fga 1rg.3 eoqogwgatﬁ GeRfePiRbpg vigs ﬁﬂ?%v g YFasyLement using
anab%bén%e@é@ﬂqjﬁém 980 (anal ytical HPLC). M
cal cd. for C26711399I\I6081S6 = 6008, found on

MALDI - TOF 6008 (using recll insulin as internal

nce,.st anday d) . EXAMPLE 9 15 Conpound 16
Ckar?ﬁﬁ%ﬁ%"gfﬁomﬁo "7{5% ng) was di ssolved i n anhydrous

The itd¥BE) ¢f2R: paifled @adasi&ﬁaﬁ& hBulin dohjugkle 6 s determined by an ELISA for
insulin and by Biomolecular Interaction Amnalysis (BIA) using the human insulin receptor and

human ATIIT as analytes. Purity and monomericity were assessed by HP-SEC on Superdex 30
and MALDI-MS. '

As is shown in Fig. 1, two batches of pentasaccharide-insulin conjugate 6 are recognized by the
insulin-specific ELISA, which demonstrates the presence of an immunorcactive insulin moiety.
From BIA experiments in the Biacore it can be concluded that pentasaccharide-conjugated
insulin is still able to bind to the human insulin receptor (Fig. 2A). In these experiments a MoAb
to human insulin (clone M3222213, 10-130, batéh 223, Fitzgerald Industries International,
designated MoAb 13) was immobilized on a CMS5 sensor chip using standard amino coupling.
HBS-EP (Biacore, cat. No. 22-0512-44) was used as running buffer at a flow rate of 5 pl/min.
Injection of the insulin conjugate resulted in binding of the conjugate to the immobilised
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(66 mg, 2.5 equiv.) in HVSO (5 inL) was added to the
solution, and the reaction was stirred at anbi ent
tenperature for 1.5 h. The reaction was quenched by
wathdsbdroea of 0. 1% TFA in 20 1T20/ ACN (9/1, vearEdhisosesst
mL) and the mixture was Iyg'I hilized three times. The
resulting residue was diss ed in 0.1%"'TFA in
1120/ ACN (9/1) and was subjected to preparative HPLC
The appropriate fractions were conbined and

antibd\% Ite %%ﬁg?&@g%ﬁﬁn %‘%)c)% vs;ilstchﬁdrﬂ?tct ?/}egé%% anaa?/lt ?l(:s?allinreceptor

as well BRiw@h. AT, dl letter being iid2Gifitel 86 ANGSalG8ly BEched POABsaccharide (Fig.
IB). found on MALDI - TOF 6008 (using recH insulin as
internal reference standard). 25 EXAMPLE 10 Conpound
17 A 1,B1-diBoc insulin 15 (200 ng) was dissolved in
anhydrous di nmethyl sulfoxide (5 inL) and 30

MALDPHI©Fhspieeim o€ thel paitasaoch Foiggate Gewete\objainggsas described
i Y L B o T B o

nC18qupTiphediliporé Oerpagidor, iBillerich MA, 198 A)M\Blution was directly onto a stainless
2006/ 082184PCT/ EP2006/ 050551 37 TFA 0 1120/ ACN (9 1,
stecl MALDLfasgetip)! 1w gt ¢ elutigsepnfamige A9 gflyalgbaggsgno in 500 mL/L ACN/ 1

mIJLl mzh'ﬂlg Z?S}g%l%s&'tsvﬁ ﬁﬁmﬁl MALBREOB2RSOMR AN V! 4 Mnohbsubstituted

was used I n the next step
pentasmcthandﬂ-nisuim h:enjum iwiilhc gieaksn aroBndEXovPG7(8 @ﬂTﬁéﬂ@ldTh@ apparent

et RS EAECA *Hyeo R 95 1% e DS oy rosulin in

a serifDossl Bf @GUDY, - Bro \EEbsded pmmdﬁﬁﬂm%njﬁgm@m foasd in the
stirred for 30 min at 10 anbi ent tengerature The

MALPLIOFI A amlxatlaﬁi@ems»e@}ﬁeﬁ traengsyl pre 40 shemepriste of digupstituted

msum]— t [ gg}[&v\zl/géﬁf yop ﬁnllczeég%t c?jsgi%/egicg A@Mﬁ%@ﬁ %ﬂsent (/2

5.80.8)1 nsul in 18(0.6 g, crude), whi ch was used in the next
step without further purification. EXAMPLE 12 15
Conpound 19 Al, Bl-di Boc-B29-GvB insulin 17 (05 g,

HP-SEC Hﬂﬁ%mﬁ’\ﬁﬁg &) SRSV £ thalod pEaiWwith aFhtbntAdindd bf 2 Qhe Hlkity was

mn at anbrent tenperature. The TFA was renoved under
estimatedinl 98%. (Wereaninddnsulinand disubstitntegponjugate appear to be absent).

EXAMPLE 5
Compound 11

Pentasaccharide 7 (46 mg) [which may be obtained by coupling of the derivatised
monosaccharide 5, described in WO 2001/42262, with the tetrasaccharide that was obtained by
conducting the synthetic route towards tetrasaccharide 30 described in Bioorg. Med. Chem.
(1994), 2, 1267-1280 in which the reducing end monosaccharide building block 12 was replaced
with methyl 2,3-di-O-benzyl-6-O-methyl-a-D-glucose, using methods similar to those desctibed
in these publications, including deprotection and sulfation] and glycol derivative 10 (18 mg, 1.6
equiv.) were dissolved in DMF (5 mL) under a nitrogen atmosphere. NMM (61 pl, 5 equiv.)
was added and the reaction mixture was stirred overnight at ambient temperature. The solvent

was evaporated in vacuo and the remaining residue was purified by preparative anion exchange
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di ssolved in 0.1% TFA in 1120/ ACN (211, v/v) and the
solution imedi ately subjected to 20 preparative
HPLC. The appropriate fractions were conbi ned and

w0 ypopbizid4zed to gi ve B29-GVB insulin 19 as aPGHEPW6/4050551
powder (93 ng, 479 . Purity,~99% (analytical BPLC).
EXAMPLE 13 Conpound 20 25 1, B29- di Boc- B1- GvB
insulin 18(0.6 g, crude) was dissolved in TFA (5 nl)
and the mxture was stirred for 10 mn at anbi ent

chron{a@S PR THela ald faciofs WHRROMBINGA ahd d¥@R&Den & amuve G25-
crude groducptp}av\lgls dissolved in 0.1%I1'FA in 1120/

columngThe capbpyedafimstiopewere dyaphilized ozive 1b2Avms. §1meas %wbuteypowder
Pty 3 P o860 aBiof ARk U KK GRBL YA B cogp: & 51
(d, 1}%61\43 (o $H}, :f/om 26, a%), a.454i35 gnpnw;jeqé&g asg;zn ﬁgm,zs(};%s 62 (m 9H), 3.60-
s 5 G G35 IR RLOBARARCT SRR AR, B .

5973, found on MALDI -TOF 5973 (using recH insulin as
EXAMBLEGnal refercuce standard). EXAMPLES 14-19 5
Gen r% procedure for the conjugation of
Com insulin with pentasaccharide GVB-insulin 19 or
20 (25 ng) was dissolved in a 0.1 M Na2HPO4 buffer

(12 nL, pH 7.0, degassed by passzgg N2 t hrough the
Pentasgeghatiie 8) (0 2Thke Véntmm preparsd 1 deg erbyn Y&@ @0342262 and glycol

denva %Q& t(éllﬁ %é :’{Jg%\,@g’pai d'lbetg ip dngew, 1? oL n,g’;zem Intl. Ed.

(1996%.33, 83JUB33, )weM&sﬁiﬂﬂﬁdnm (5@l g, NMM (E1vyed shaquivtyewas added and
addltl on of N112011 (50 uL, 0.05M. The 10 reaction
the reghtion gRiztugRWasstirFedeycrpight at ﬁnwp%trt@gﬁfala{%“% Friyent Jas evaporated

in va@BPidiNhe tr@ﬁtﬂﬁr %é%{ %ﬁg c&@aﬁ@é‘ bifioh RS claR g@%%:g?)amﬁaghy The

m xt ure was su arative HPSE
approprpyte Gastioat wefercmmhxmdgnwlemlteabnbmme@amm G26hbluiinz €hk combined

oo i ol MBS H9B E5n St o 5038 ot
anion ¥k@hale WLE,.0 elhefrrmr(ggb bigio A8 B0 HMEASINIEHS! rﬂz %d, lﬂﬁb ,B@3{dam, 4.70

same nol ar extinction coefficient as for
@, 1H),{s3#4-18 (o, 2H), 4.09-4.03 (m, 1H), 3.98-3.90 (m, 5H), 385-5. 74 (m, 6H), 3.66-3.48 (m,

TH), 3.43-3.24 (m, 41H), 3.23-3.15 (m, 13H), 3.12 (m, 2H), 3.10-3.01 (m, 7H), 2.99-2.88 (m, 3H), 2.78
{t, 2H), 2.04 (s, 3H).

EXAMPLE 7
Compound 14

Pentasaccharide 9 (100 mg) [which may be obtained by coupling of the derivatised
monosaccharide 5 described in WO 01/42262 with the tetrasaccharide 48 described in US
2004/0024197 using methods similar to those described in these patent applications, including
deprotection and sulfation] and compound 13 (18 mg, 1.5 equiv.) were dissolved in DMF. NMM
(15 pL, 2.5 equiv.) was added and the reaction mixture was stirred overnight at ambient
temperature. The solvent was evaporated in vacuo and the remaining residue was purified on a
preparative G25-column. The appropriate fractions were combined and Iyophilized to give 14
(84 mg, 79%) as a white powder. Purity: >95% (analytical anion exchange, UV3100m). "H-NMR
(D0, 400 MHz, HH-COSY): & 5.12 (d, 1), 5.09 (d, 1H), 4.82 (d, 1H), 4.40-4.26 (m, 1H), 4.10-3.87



EXAVPLE 14 Conpound 24 B29-GMB insulin 19 (25 ng) was
conjugated to pentasaccharide 5 (23 ng) according to
the 20 general procedure to give B29-pentasacchari de

wonsushosnisder i vative 24 (15 ng, 45% . ESI-MS eatram2006/050551

(m, SYW% SQQ"YB w2490k 67103 @3‘-‘6’6 48R 9 hﬂ-BBﬂ

C320114a2N620132314= 7913, und on Q TOF 2638.7 M+,
1979.2 1\ 444; 1583.6 Mp+, 1319.8 M Purity: >98%
(anal ytical |1PSEC, analytical anion exchange).
EXAMPLE 15 25 Conpound 25 Bl -GWB insulin 20 (25 ng)
6%54@33@)26%509519"3%—3 15 (m,
general procedure to -pent asaccharid

8}1)’1” h‘k@rp«ﬂﬁﬂ ae) ﬁ\%tzrg%m»ﬁi)(%@(ﬁ@ 7% . ESI-Ms calcd. for

5 Sek
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(0

C32011457N670137S14-= 7913, found on Q TOF 2637 M3+;
1978 MA+; 1583 Mst Purity: 30 >95% (anal yti cal
HPSEC), >98% (anal yti cal ani on exchange).

2006/,0 4PCT/ EP2006/.050551, 39 EXA d
58 ST o REUEFTGa] PR e et Uit i égo o

pent asacchari de 14 (12 ng) according to the 5 general
procedure to give B29-pentasaccharide insulin

derivative 26 (5°{y, 31%. ESI-Ms calcd. for OR‘O
C3121147106701388 4= 7737, found on Q TOF 2578 I\/Bosoax
1934 it .,

uri tyst—=88% (anal yti cal BPSEC). { Eme
(2> 15exbnpwand 27 BL -GVB i nsul i @ sox
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7 R,=R,=Me 11 R=R,=Me
: 21310’?0 ;Rfoe 12 R;=80,%, R,=Me




10

15

20

25

30

for C3121-147i N670133S34-= 7737, found on Q TOF 2578
M3+; 1934 Mu . Purity: >98% (anal ytical 15 |1 PSEC).
EXAMPLE 18 Conpound 28 B29-GWB insulin 19 (15 ng) was
we pagated to pentasaccharide 12 (13 ng) aceoraPrgs/030ss1
the 20 general procedure t 6g| ve B29-pentasacchari de
insulin derivative 28 (6 rr83 30%9 . ESI-Ms calcd. for
C32114489N670134S13= 7847, found on Q TOF 1962 Mi+;
1570 Mb+; 1308 M HPSEC purity: >98% EXAVPLE
EXAMPLEZR Compound 29 B29-GMB insulin 19 (15 ng) was
conjugated to pentasaccharide 11 (13 ng) according to
Compdumdgdner al procedure to give B29-pentasacchari de
insulin derivative 29 (7 ng, 33%. ESI-M calcd. for
C32211491N6701310/Q 7782, found on Q TOF 2593 M3+,
RecH:ShEn b %%@ diBotvedivabhptrod M6 813 bid A6BH (465 pL). Boc,O
HPSEC,) . : nt hesi s of .
(73 mign @4 mw emswﬁd@cbfm gelution jpod) theagsuptingomixtygywas stirred for 5 h at

ambich? Qe%%%&@."'ﬁg (R0 OnRakd ¥ adi¥n bF 8.1%2FA in HLO/ACN

- (9/1, v/v, 150 mL) and the solution was lyophilized four times. The residue was dissolved in

0.1% TFA in H;O/ACN (9/1)/ACN (3:1) and the main product was isclated by preparative
HPLC. The appropriate fractions were combined and lyophilized to give A1,B1-diBoc insulin 15
(200 mg, 26%) as a white powder. Purity: 98% (analytical HPLC). MS caled. for
Cae7H300N6s 05186 = 6008, found on MALDI-TOF 6008 (using recH insulin as internal reference
standard).

EXAMPLE 9
Compound 16

RecH insulin (752 mg) was dissolved in anhydrous DMSO (20 mL) and TEA (0.75 mL). Boc,0O
(66 mg, 2.5 equiv.) in DMSO (5 mL) was added to the solution, and the reaction was stirred at
ambient temperature for 1.5 h. The reaction was quenched by addition of 0.1% TFA in
H,O/ACN (9/1, viv, 150 mL) and the mixture was lyophilized three times. The resulting residue
was dissolved in 0.1% TFA in H;O/ACN (9/1) and was subjected to preparative HPL.C. The
appropriate fractions wére combined and Iyophilized to give A1,B29-diBoc insulin 16 as a white
poWder (332 mg, 43%). Purity: >98% (analytical HPLC). MS caled. for CygHaogNes 05186 =
6008, found on MALDI-TOF 6008 (using recH insulin as internal reference standard).

EXAMPLE 10
Compound 17

Al,B1-diBoc insulin 15 (200 mg) was dissolved in anhydrous dimethyl sulfoxide {5 mL) and
triethylamine (145 pL). GMBS (45 mg, 5 equiv.) was added and the reaction mixture was stirred
for 30 min at ambient temperature. The reaction mixture was quenched by the addition of 0.1%
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Gu | @n-Cs- -Thr-Ser- Ile- Cys -Ser- Leu

-Tyr-A n-Leu -d u-Asn-Tyr -Cys-Asn - C0011 His

-Leu-Cys-3 y- Ser-Hi s-Leu-Val -d u- Al a- Leu- Tyr - Leu- Val -

wOyeostonI€l y t al AsnB29Arg @ u 000H - Thrt s- Pr o»TimEe3006/050551

- Phe-Phe-G@y Bl Phe N 112N ,‘RS WO

2006/ 082184PCT/ EP2006/ 050551’ 41 Char act eri sati on

Anal yti cal size exclusion chronmat ography 5 Conpounds

24-29 were subjected to analytical HP-SEC anal ysis on
TFA & ﬁg@w}@ X9/7, € 58 GIOyOlnll TR rekelifitly ARnNE ol ﬁfoBﬁlh%‘io give A1,B1-

M’anmoni um’acetate at a flow rate of 1.

dl'BowBB%GMB'ﬁmuhe 17. (0BPgEGuda) aivhich swasf usidh s tliennexd n]ep g:aﬂ@gt further
29 Compound

puri catl

EXAMPLE 11
Compound 18

A1,B29-diBoc insulin 16 (330 mg) was dissolved in anhydrous DMSO (5 mL) and TEA (332
ul). GMBS (230 mg, 15 equiv.) was added and the reaction mixture was stirred for 30 min at
ambient tempetature. The reaction mixture was quenched by the addition of 0.1% TFA in
H-O/ACN (9/1, v/v, 150 ml.) and the resulting solution was lyophilized to give A1,B29-diBoc-
B1-GMB insulin 18 (0.6 g, crude), which was used in the next step without further purification.

EXAMPLE 12
Compound 19

Al1,B1-diBoc-B29-GMB insulin 17 (0.5 g, crude) was dissolved in TFA (5 mL) and stitred for
10 min at ambient temperature. The TFA was removed under reduced pressure, the residue was
dissolved in 0.1% TFA in H,O/ACN (2/1, v/v) and the solution imumediately subjected to
preparative HPLC. The appropriate fractions were combined and lyophilized to give B29-GMB
insulin 19 as a white powder (93 mg, 47%). Purity >99% (analytical HPL.C).

EXAMPLE 13
Compound 20

A1l,B29-diBoc-B1-GMB insulin 18 (0.6 g, crude) was dissolved in TFA (5 mL) and the mixture
was stirred for 10 min at ambient temperature. The TFA was evaporated in vacuo, the crude
product was dissolved in 0.1% TFA in HO/ACN (9/2, v/v) and the resulting solution waé
immediately subjected to preparative HPLC. The appropriate fractions were combined and
lyophilized to give B1-GMB insulin 20 as a white powder (127 mg, 40%). Purity >99%
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HPSEC (Superdex 75) Rt Purity 24 12.7 nun >98% 25
123 min >95% 26 12.7 mn >98% 27 123 min >98% 28 12.7
mn >98%

WO 2006/082184 PCT/EP2006/050551

38

ana]yﬁcal HPLC). MS caled. for szHgggNﬁsOs}Sﬁ = 597 3, found on MALDI-TOF 5573 (USlllg
recH insulin as internal reference standard).

EXAMPLES 14-19

General procedure for the conjugation of GMB-insulin with pentasaccharide

GMB-insulin 19 or 20 (25 mg) was dissolved in a 0.1 M Na,HPQ, buffer (12 mL, pH 7.0,
degassed by passing N, through the solution). The solution was stirred by using a magpetic
stifring bar and was degassed for another 30 min.. Then pentasaccharide 5, 11, 12 or 14 (23 mg,
2.5 equiv.) was added as a solid, followed by the addition of NH,OH (50 pL, 0.05M). The
reaction mixture was stirred under a nitrogen atmosphere at ambient temperature. After 16 hours
the reaction mixture was subjected to preparative HPSEC (875). The appropriate fractions were
combined and lyophilized to give insulin-penta conjugates 24, 25, 26, 27, 28, 29 as a white
powder in a typical yield of 30%-50%. Yields were determined by Azse measurements using the

same molar extinction coefficient as for recH insulin.

EXAMPLE 14
Compound 24

B29-GMB insulin 19 (25 mg) was conjugated to pentasaccharide § (23 mg) according to the
general procedure to give B29-pentasaccharide insulin derivative 24 (15 mg, 45%). ESI-MS
calod. for CapoHyeNg;O13:81= 7913, found on Q-TOF 2638.7 M*"; 1979.2 M*¥; 1583.6 M™,
1319.8 M®", Purity: >98% (analytical HPSEC, analytical anion exchange).

EXAMPLE 15
Conipound 25

B1-GMB insulin 20 (25 mg) was conjugated to pentasaccharide 5 (23 mg) according to the
general procedure to give Bl-pentasaccharide msulin derivative 25 (16 mg, 47%). ESI-MS
caled. for CazoHuerNgrOs3781= 7913, found on Q-TOF 2637 M™*; 1978 M*"; 1583 M™". Purity:
>95% (analytical HPSEC), >98% (analytical anion exchange).



10

15

20

25

30

29 12.8 min >98%recH insulin 15.0 mn >98% 10 Al

conj ugates were observed as single peaks (at |east

>95% purity) illustrating the absence of aggregated

wbaoosmsnik4 i nsul i n- pent asacchari de. N-Tenni nalpCIgEpuEGOSH551

anal ysi s The insulin-pentasacchari de conjugates

24-29, as well as the corre?%onding precursors 15,

16, 15 19 and 20 were subjected to N-term na

sequence anal ysis (F,dman degradation). In each of
EXAMB ECHe! es carried out, the B29 substituted insulin

derivatives 15, 19, 24, 26, 28 and 29 yi el ded

- Compguid 2| ar anounts of both A- and B-chain am no acids

to a level conparable with that of the initia
anmounts of the conjugates. This indicates ful

B29-68MIE 584l 19 (18 185) Wa Fonhga®tth Hentaackhalides wb&emgpa@i)rdmg fo the
conj ugate noi eties which are therefore confined t

genereh mz@%@ygweoﬁm-pwmé@wlﬁ insgip Jerrptivg 4 ﬁngarﬁlr(e) ESI-MS
d_ t 4+t . 0
calod3 e G B RS A5 ool & GRTOH SPNETTASNA B WlBiy: >0m%%

(anatPtical HRSEC)St r at i ng conj ugation at the Bl position with
as a consequnce inhibition of Edman degradation at
the N-termnus of the B-chain. WO

EXARfE #6(7082184PCT/ EP2006/ 050551 42 Conpetitive hATH

~ binding assay using Bionol ecul ar Interaction Analysis

Compeimt2hl e and ai m of the test: Bionolecul ar
Interaction Analysis (BIA) studies the interaction
bet ween (bi o) nol ecul es by coval ent i mobilisation of

B1-GM® ighlid be ( inhe) aek abhjsgited ® p@mwchﬁmeplﬁ(lsmg)ammdmg to the
interactant in

and injection of the other
gener@bmpfﬁﬁm@ 2 B lepentgsaggherideringulip dedyptive, 25(8 M‘Vrﬂg EBLMS caled.
f o
for D T3 B R 7 N P A P2 5B emalytcal
HPSH®MW) of the interactants.

EXAMPLE 18
Compound 28
B29-GMB insulin 19 (15 mg) was conjugated to pentasaccharide 12 (13 mg) according to the
general procedure to give B29-pentasaccharide insulin derivative 28 (6 mg, 30%). ESI-MS
caled. for CpiHagoNgrO1348 5= 7847, found on Q-TOF 1962 M™; 1570 M>*; 1308 M*. HPSEC

purity: >98%.

EXAMPLE 19
Compound 29

B29-GMB insulin 19 (15 mg) was conjugated to pentasaccharide 11 {13 mg) according to the
general procedure to give B29-pentasaccharide insulin derivative 29 (7 mg, 33%). ESI-MS
caled. for Ci2:Ha0NeyOr3:81= 7782, found on Q-TOF 2593 M*; 1945 M*; 1556 M°'. Purity:
>98% (analytical HPSEC).

Scheme 4. Synthesis of insulin-pentasaccharide conjugates 24-29
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Compound BI A (conpetitive ATM binding) 1C 50 95%

confidence interval 7 (reference) 96 nM53.1 - 173 nM

8 (reference) 58 nM33.7- 99.1 nM9 (reference) 5.5
walkbdbiodzisb. 8 nM 24 8.5 nM 7.9 - 9.3 nM 25 9. PCmlEP2006/050551

41

Characterisation

Analytical size exclusion chromatography

Compounds 24-29 were subjected to analytical HP-SEC analysis on a Superdex 75 26/10

column. Elution was performed with 50 mM ammonium acetate at a flow rate of 1.0 mL/min.

Table 1. HPSEC analyses of insulin conjugates 24-29

Compoimd HPSEC (Supexd_ex 75)
Rt Purity
24 12.7 min >98%
25 12,5 min ] >05%,
26 12.7 min ' >08%
27 12.5 min ' >98%
28 - 12.7 min >98%
29 12.8 min T >98%
recH insufin 15.0 min | =08%

All conjugates were observed as single peaks (at least >95% purity) illustrating the absence of
agprepated forms of insulin-pentasaccharide.

N-Terminal sequence analysis

The insulin-pentasaccharide conjugates 24-29, as well as the corresponding precursors 15, 16,
19 and 20 were subjected to N-terminal sequénce analysis (Edman degradation). In each of the
cycles carried out, the B29 substituted insulin derivatives 15, 19, 24, 26, 28 and 29 yielded
equimolar amounts of both A- and B-chain amino acids to a level comparable with that of the
initial amounts of the conjugates. This indicates full accessibility of both N-termini and thus
absence of conjugate moieties which are therefore confined to the B29 position. In contrast, only
A chain amino acids were found during N-terminal sequencing of the Bl-substituted insulin
derivatives 16,20, 25and 27, demonstrating conjugation at the B1 position with as a
consequnce inhibition of Edman degradation at the N-terminus of the B-chain.
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8.2 - 1000 nM26 4.5 nM4.2 - 4.7 nM27 15 nM 13.3 -
17.0 nM 28 96 nl11l1l 50.6 - 183 nM 29 68 nlVI 33.9 -
137 nM Conclusion - The difference in | Cse's between

wbbRichsher ence carrier pentasaccharides 7-9 ebir@errdeososst
Table 2) confirns that their conpetitive binding

potential to Allll, a nmeasUt%e for the bindi ng
affinity for ATM can be tuned by changi ng the nunber
of sul fate groups contained in these 10 nol ecul es.

Com;;regl%vé tlntdk % et)ss . us agtgle% nltar f‘ rgzlcl%no)ln&f sual |

correspondlng asacc aride conjugates
(24-29) to bATIII faII |n t he sane range when
conpared ta thg@farent ref erence pentasaccharides 7-9

Priniple gnd gim nf $he fos¥: Bigmelesularinieraction Azalysit () shidies the interaction
botwdd IR b CoRkIBRSoldoB lsdton dPonE QRIMORIER RGP sensor chip

tune y using alternative carrier pentagaccharides
surfage, tibd @hjdction ofithebotheli infgragfapt mi thy coulinual\bufls flow over ﬂns surface.
Binding is registered as a change in refractive index on this surface and is propottional to the
molecular weigth (Mw) of the interactants.
To study the interaction between hATIHI and pentasaccharide conjugates, compound 9is
covalently coupled te the sensor chip surface. Binding of hATII to the pentasaccharide
generates a strong signal as a resultant of the difference in Mw between the bound (small)
pentasaccharide ligand and the (large) hATIH analyte. Preincubated samples containing a
constant concentration of hATIII and variable concentrations of free pentasacchatide or
conjugate were injected over the surface. Binding of pentasaccharide or conjugate to ATIHI
during preincubation will result in a reduction of ATII binding to the immmobilised
pentasacchariede. This competitive binding assay allows determination of ICs, values for each
pentasaccharide conjugate.
Experimental procedure: Compound 9 is covalently coupled to a CM$ sensor chip by amine
coupling at pH 8.5. The sensor chip is activated by EDC/NHS for 15 min. and subsequently
compound 9 is injected at a coﬁcent'ration of 100 pg/mL. The unreacted hydroxysuccinimide
groups are reacted with ethanolamine for 7 mun.. The surface is regenerated by three short
injéctions of 5 pl. 5 mol/L NaCl, at a flow rate of 25 pL/min. Immobilisation of the
pentasaccharide can not be detected, however, binding of hATIHY to a surface treated as
described was found specific, demonstrating the presence of pentasaccharide on the surface.
A concentration series of hATIIl was tested to estimate a sensitive concentration for inhibition
(at 80% of maximum binding}. At a flow rate of 20 pi/min three minute injections were carried
out at both blanc and immmobilised surface in series at 25°C. A report point is generated at 170 s.
The surface is regenerated by a 12s injection of 5 mol/L NaClL
The samples were tested against a constant concentration of hATII {(i.e. 15 pmol/l) and -
concentrations of pentasaccharide conjugate ranging between 0.78-100 nM. The hATIO
injection or report point without pentasaccharide conjugate is set at 100% binding. The relative

% binding of the pentasaccharides and the conjugates compared to maximum binding was used
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Mass Spectronetry A typical nmass spectronetric

anal ysis of a pentasaccharide conjugate is depicted

in Fig. 7. For instance, conpound 24 with the bruto

wo Sobbd2384C32011487N670137814 and a cal cul at egempsoogbsoss

I sotopic mass of 7913, has bheen anal ysed wth an

ESI - QTOF system In the ESI EEVS spectrum nul tiple

charged ions at mz ratios 1319.8 (6+), 1583.6 (5+),

1979. 2 (4+), 2638 7 (3+) inline with the charge
to gerferasté L I(sjl%ﬁ) v%él:ﬁa%iallﬂg %) %y%%%@f@[c%%ﬁ&ﬁoﬁf%% binding
ﬁm&ﬁﬁﬁkﬂé&@&%ﬁ@ﬁv@&ﬁﬁﬁé@%%l 44 distribution of a

randomy selected nultiple charged peak (e.g. 5+) for

C32011487N670137S14 (conpound 24) is in agreenent
Table 2.t IC;} Weudsheprasting ATIN lealing paremtll iis at appetliebibditg asyay (BIA

with the progranme |sopro (see dotted lines in Fig.

)7A). 5 General procedure for the conjugation of GiR1l

antagoni Sfic decapegmw&gmﬁh cChari de
CompoaivPLES-- 20, 24 5) \ﬁnl—peu—)fﬁwap##e—& or

35 (70 ny was diSsol ved i n DNE7*Cotdpes mRdhr a

7 @dfdrénegen [at nospherd. TBTY (14 ngssl @quuw ) and

'L‘“?M 3_5 gtl_—,—-S—-egg_ W"C GUUCU3?.’IU99L1 Ar-xt-ure was
[ sr??rerntr’ed flor 1 hour at ambli_ent termerature |

9 REmnag acchhar di e5-8nudr 9 (88 nuy, iliQ)SJéﬂuw ) wWas

digsotved T DV (0 L) 10 gi Ve a7 $uspgRsSi on.” Thi s
i _ Lon m ] the
r &fai ni ngl ni xt ufé™as stifred fort2rd%48M s at arnbi ent

t exgper at u!r e. Thgsasaction m xtur &Mﬁ?ﬁﬁrﬂ uted with
ol vdanhi-|. : actil + 1 4
- A fo | _yU[JIII LA . I CDUI [ g
r ési due S purifred on reve_rsed‘f asfebcnk lica (£18)

wiZ8h 0.01 M anmBéMm acetjat e (plIT$y-a83dMa gr adi gént of

10t 0 50% ACN T gg ffOoCK-etut i ons. 33 He R opri at

fractionslwere comhined and-| yophl lized to 15 gitve

the ganirelix pentasaccharide conjuagte 31, 32, 36 or

. aS { .
Conci 5 M S PRRS o L BB 10T i .
Table (Z).cﬁﬂﬁmmﬁhmanpétaiveﬁlmlmg ﬂ(ﬂléaiilel 10eNTTIB a( tAésireffor thb binding

Jmn., en pl yi a, gr adi 100% el uent
affni i ATHR, sp APk By TRl e Gopgiasd in these
molecafés.( AheMLompdtivl) VEIAdiRE epamm bmc%gl lofl aﬂpaé&r € ingulin-
synthesis as described in J. em 1992, ,
pentagoeharnd® 4@yugetes GErAN gatlféd“lﬁofa}iemtb%ammmng@l évl@n (cegpared to the
paren{rqgference pentasaccharides 7-9 (Fig. 6, Table 2). These data indicate that the
pharmacokinetic properties of the conjugates may be tuned by using alternative carrier

pentasaccharides with different binding affinity for ATIIL

Mass Spectrometry

A typical mass spectrometric analysis of a pentasaccharide conjugate is depicted in Fig. 7. For
instance, compound 24 with the bruto formula CiooHag/Ng7O37814 and a calculated mono
isotopic mass of 7913, has been analysed with an ESI-QTOF system. In the ESI-MS spectrum
multiple charged ions at m/z ratios 1319.8 (61), 1583.6 (5+), 1979.2 (4+), 2638.7 (3+) in line
with the charge distribution of recH insulin have been encountered. In addition, the isotope
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25 according to the general procedure to give 31 (16
ng, 40% . Purity 96% (anal ytical HPLCO), 97%
(anal yti cal ani on exchange). ESI-Ms cal cd. for

w& 2B ddk1 1 CLNL806286= 3175. 0359, found 792. 7389EP2006/050551
[M 4111, 1057.3258 [M 311]3-, 1062.9883
[ MFN113- 31113-. ' 11-NWVR (DA% 400 MHz, 1111-COSY): 8
8.56 (m 111), 8.53 (m 111) 8.10 (m 111), 7.76 (m
211), 7.68 (m 211), 7.47 111), 7.39 (m 211),

ciriyh I sty folées %ﬂlﬁﬁ@ iR 0.

(comfdind HI4) jis # fptecfndnd with the ﬂib))rehéalﬁ(}:akuﬁ&d(lmto&lm}mbutlon with the
4.38-4.25 (m 311), 4.24-3.96 (in, 1511), 3.90-3.84
programgme;i§apyo (see %)Ateéhef;s infie- 88y 3.67-3.20 (m 5311),
3.19-3.09 (m 411), 3.09-2.98 (m 1211), 2.98-2.84

(m WD 2006/ 082184PCT/ EP2006/ 050551 45 811), 2.77
Genefahy pRdctiure? f03 thin cdnjiyation. 96- GaRE (antagphisfic decapeptides with

20 (n, 711), 1.18-0.89 (m
pentafgﬁyndﬁe%é%?#%%%gé% 75) I(EXAI\/PLE)Zl 5 Oon”poun((j
Ganirdlx-8@itve| 30X vl ¥5 (fni mg¢ Wit (i4dve) inVBMIC @) widt @dlet @ nitrogen

pentasaccharlde ng) accordlqg to the genera
pheicedBAY €14 mey &0 z=q whs$ ivegwerepdded and the

m%%éﬂ%%ﬁé%g i 2?§$$5§7@@%35§3%%r§1??@%£%§% A1 5 m. 1

eqmv[)%lﬂs’%ﬁed mlDMIOQ@) rﬁB)&Qg:wE: M’sﬁﬁfi’bﬂs’ietﬁ Thjs3muspehdidn WelRadded to the
400 VHz, 1 1 1 38
reactleg nu#m@@n? fhe IT‘BT}’JI‘:‘»'?‘“’)‘%‘“‘(WS Siﬂfif} ?Ofg}g? ﬂ%mﬂ wllspegﬂém The

reactibf midthek wal d@ted Wit %Qr (200-148) dolwad iy%i)hﬂlZedz@hé féhul sidue was
7.05 (d, 211), 6.97 (m 211), 6.66 2H) , . 30

purifi¢drpn mrm)wd Ela@@sxrca (C18) yith 4, 06 M Ammn@m acethip, (pH @@m@ agmdient of

0 g A Sl ol i s

give fhb rgmn‘felﬂ{)penﬁsa%%hzﬂj&&oﬁjﬁagta B1) 32,2361 4r B’mas hlxﬂrl)lte powder Analytical
82-1.23 (n, 12112 1.22-

m_511)
HPL(% iWﬁS perbore ;(S e by, stasging withy§Q84 glyent @501 ammonium

B S BB 3 A8 ) A e 03

min..ngy) was di ssolved in DMF. TBTU (36 ng, 2 equiv.) and
Nl VIM (60 pL, 10 equiv.) were added and the reaction
m xture was stirred for 1 hour at anbient

ExAl@reepat ure. Then conpound 33 (34 ng, 2 equiv.),
whi ch was prepared as described in WD 2005090382, was

CompgidPland the reaction mixture was stirred for 16

hours at anbient tenperature. The sol vent was

i enioved in vacuo and the remai ning resi due was
Ganirdlisséaividd 30 (Watieg), GAlLh tae premredt byn golid bh:tseopepﬁfﬁe synthesis as

descripeh el ek Sig}c 01503, s AoPh 5B s gge"%% 1t Prdpogatide 8 (88mg)
0)
accor lﬁg}%ppr prl a?l‘dé?{rﬂggt | gﬂ@ # %6%&'{' BPl'Irﬂy%ATtaﬂal?,’hcal HPLC),

wer e conbl ed to give

97% Ginlyticadl yapijvhi dxickange) rHSIAdBmaled.dfo 40:{sHim w,lscﬁm 3158359, found

o A S LA e85 B Ry g g,

}1}14365519&) lars 56 1a OD) o sB @5%{5 13116 (e, 1BO)(TCHEXBONY), 7.68 @4) 21% (7142 (e, 11, 7.39

and 80% el uent 5 mn. lcd. 3Q . for
(o, 2B 16 g AR GRGID. PG 2, B A A BIS2  ARGR0S (. 1FD, 4.68-
461 ({nl\/hl)lh 6180 (h 38D, §.50:-2ag dm, 2P0r4.38y4.2558H) Y61Y, anal3we i@l s, 3.90-3.84
(m, IH), 3 3-% 67 (m, 8H), 3.67-3.20 (m, 53H), 3.19-3.09 (m, 4H), 3.09-2.98 (i, 12H), 2.98-2.84 (m,
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Conmpound 35 Conpound 34 (60 ng) was dissolved in

1120/ TFAJACN (7 nm.,, 5:1:1) and was stirred for 2 5
wbObsmsAks anbi ent tenperature. An extra anoumcrafrzdbfsosst

(2.5 nm) was added and the reaction m xture was

stirred for another 22 hour%® The TFA was evapor at ed

in vacuo and the remai ning solution was |yophilized

to give 35 (45 ny, 77% as a white powder. Mass

. 019+ 0 _

se0, R0 BF 2r reh haiooshl Co2t Ry RuRt 192128 p, 0. 118089
(m, 13En&858.7 @ SHPLC) . 10 EXAMPLE 24 Conpound 36

&al i kel i x-derivative 35 (17 ng) was conjugated to

pent asaccharide 8 (19 ng) according to the general
EXAMPIEHuUre. Additional purification was perfornmed by

preparative HPLC (gradient: 90% 15 eluent A (0.01 M
CompaithiZim acetate) and 10% el uent B (C113CN) for 5

mn., then to 100% B in 50 mn.). The appropriate

fractions were conbined and | yophilized to give 36 (2

Ganinlis-d@ativerdy (0ymz)wes coniugatedite aentameadride-9 §88 me) according to the

anal yiical .ani xch ) o : _ .
sene SRS B B00 o8 1505 s cloa R K s~ 09770
found® Q83 UEBMCEEDI O8(BEI719S AUCAIRY | 097920040 (VD BIFEG C 00849739t PM-NH;T™,

t he 3ene_r al procedure. Additional purification was

10905349, dMEiNEL 3 HIT e SRNME (204 400Nz Q8Y): BetSr gy 1H), 8.38 (m, 1H),
on GOIROYRE 360 The ApRE0PLs & radgtd 0 2% B G i 0. 7.
790 GETRRAIA ) 1 GPREESA 08013 201005, Y91 R0 A0E, 19,70
(d, 2183687 Gin aHY 6166 4, FPL SF0-5 AR inyADCBI? @niibnd. ekt by, 4.40-3.92 (m,
180 P24 Y5 (5 9203.77-3.17 (m, 56H), 3.12-3.02 (m, 11H), 3.02-2.98 (m, 8H), 2.97-2.83 (m,
4H), 2.81-2.75 (m, 2H), 2.14 (m, 1H), 1.99-1.86 (m, 5H), 1.82-1.23 (m, 12H), 1.22-0.90 (m, 13H), 0.87-

0.72 (m, SH). Purity: 95% (analytical HPL.C), 97% (analytical anion exchange purity).

EXAMPLE 22

Compound 34

Compound 30 (100 mg) was dissolved in DMF. TBTU (36 mg, 2 equiv.) and NMM (60 pL, 10
equiv.) were added and the reaction mixture was stirred for 1 hour at ambient temperature. Then
compound 33 (34 mg, 2 equiv.), which was prepared as described in WO 2005090382, was
added and the reaction mixture was stirred for 16 hours at ambient temperature. The solvent was
removed in vacuo and the remaining residue was dissolved in water/CAN, the resulting solution
which was subjected to preparative HPLC (gradient: 80% eluent A (0.1% TFA in H;0) and 20%
cluent B (ACN) to 20% eluent A and 80% eluent B in 45 min.). The appropriate fractions were
combined to give, after lyophilization, compound 34 (60 mg, 60%) as a white powder.
Analytical HPLC was performed by applying a gradient starting with 75% eluent A (0.1% TFA
in H,0) and 25% eluent B (CH;CN) to 20% eluent A and 80% eluent B in 15 min.. Mass caled.
for CgaH139CIN1:019 = 1859, found on MALDI-TOF 1860 [M-+H]" and 1882 [M+Na]". Purity:
>90% (analytical HPLC).
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WD 2006/ 082184PCT/ EP2006/ 050551 48 Concl usi on: The
differences in conpetitive binding potential to ATM
bet ween on the one hand conjugates 31 and 32, and on
wbheasethigr hand conjugates 36 and 37 (as depieCtae2006050551
Fig 8) reveal that, irrespective of the length of the
i nking residue, the affini4%y for Atmcan be tuned by
changi ng the nunber of sulfate groups contained in
these nol ecul es. These data further indicate 5 that
{43 vi vo pharmacol dnetic properties of these
conj ugates may be tunable by the choice of the
Compamidd3®cchari de (see phannacol ci netic study bel ow).
Furt hernore, the binding of the conjugates to ATITI
IS specific since the non-conjugated parent peptide
Hrﬁ n@%o dﬁéoﬁ%ﬁﬁE@M@A@A@ﬂ' (ﬂ gnL 05 M}Hd w'hg stlrred for 2
npound 39 Conpound 38 (26 ny, |1
hourss:'atrﬂmhl@m tdagpemw \vipsxifsamaes of (TFA @riaﬁvéé as\nd@ed and the reaction

mixa B8R f aﬁé%ﬁwﬁsacﬁ”ﬁﬁﬁ%{#?‘% %ow e remaiing

solutioh Hsfb@ﬂyopﬁlhﬁemlgwe 35 wEsSmadviEdg) Mmt@pmddi-om calcd. for CooHis
at nosphere and the resulting mxture was _stirred f
CINysr 9o on MALRLTOFAEH: S 1 @l 4526 IV Nah- Sprity: >95%
(anal Lbl®0 W % 69 pL) was added and the reaction
xture“was stirred for 16k The product was purified
on a Q Sepharose colum (2M NaCkadH20/ ACN,
EXA#éy££#;34O/1O/1’ VAr/v). Desalting of the appropriate
AMPTEH4ons was carried out usi ng &5 sephadex
Com_gmgnﬁiography as descri bed above to yield conpound
9(15.7 20 , 35% . The yield was determ ned by A280
GanimlraderivativentS (14img) westdoaiveated thm&(@fm@ aggording to the

gencrplyn oabe MR ORR ol Gfion B BertTRRA b Hregararive, HPLE: (gpmaient: 90%

eluenf NHEBNM Zrhmodidilac@tafe)/hdd 08 4ibdnt, B (CISENG fHr\8 il #Kdveto 100% B in
WD 20061082184PCT/ EP2006/ 050551 49 .Schene. 6. o
50 migu iThe gpgropate Sragiinnsavers combmed 14nd dyaphilized, fasgiyerl ¢ me, 6%).

Punt;f‘b@% (Mﬁhyucé%%m@spgmb!a%aryﬁéaﬁ anib Sxchde?ND Ng Sec Lys

eSer -

EXAMPLE 25
Compound 37

Ganirelix-derivative 35 (17 mg) was conjugated to pentasaccharide 9 (19 mg) according to the
general procedure. Additional purification was performed by preparative HPLC as described for
compound 36. The appropriate fractions were combined and lyophilized to give 37 (1.16 mg,
3%). Purity: 88% (analytical HPLC). Analytical anion exchange purity: >95%.



N2N-Tyr-Gy 0O Ala-H s@n -1le TyrG n-Rho-71v
-Asn --Asp -Lys -Asp --Lys -Asp 5 Pro Ng Set--Lye
BeSer-Pre -G n Hp-Tyr-01Y 39 WO

w8 96Y6/0§384 84PCT/ EP20061050551 PCT/EP2006/050551

47

Scheme 5. Synthesis of compounds 31, 32, 36 and 37.
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[
36 R,=Me

34R,=tBu o N 37 R,=80.X
35 R.':H /.\N/ N ~
H
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H : CINﬂENH
(o]



10

15

20

50 Conclusion: As depicted in Fig. 9 the conpetitive
bi ndi ng potential to ATM of conjugate 39 is conserved -
when conpared to the parent pentasacchari de-spacer
wo ekobgss see Fig. 5, conpound 9). These dat acsmgmesEsossi
that a significant extension of the in-vivo half-life
of the peptide can be achi eved by conjugation to an
ATM bi ndi ng carrier pentasaccharide (see
phar macoki neti ¢ study 5 bel ow). Furthennore, the
j .
Cone U, 4 b SOCURLE, bGRD A i BBl o b
conjugated3 ¥ ieiBY, andopdiel ditherdhabd oshjumptds 36 Ad/B7 B$ANPicted 25Fig 8) reveal

that, ggeg]%gg%oégb :@qﬂ%o g (g%? 3 %ﬁ%sug%pgﬁéxjt}]}éééq’ﬁ’can be tuned by
chan&iggsbﬁg lniﬁ%ger'd? sgl?eg@ér%ﬁﬂs &nkﬂ@d"iﬁ%?%ﬂ&hb@ E@semdfaffﬁfther indicate

Pentasaccharide 5 (22 ,
that the imoiivo ﬁhaanwmnem) prapertiesdefcdbiesg ﬁd@ﬁgaéesmayr bﬁg@nable by the choice of

h d e t
o ALFETHREE 5 RS P D By e o o
conjug&thQd (ﬁﬁl\&ﬁ spécifiy, Stheerile wascofidartdgacknd peptide ganirelix shows no

reaction mxture was stirred for 16h. The product was
compgfifre bindiag #5AEBLcr i bed for conpound 39 to yield
conpound 41 (1.38 ng, 6% . The yield was determ ned
by A280 measurenent using a theoretical absorbance of
EXAMPPE 2tor a 1 ng/rnL solution. Mss cakd. for
%ﬁé 342N440106S8 = 5528; found on ESI Q TOF =
Compound 39 | \311] 3+, 1383.0 [ M411-jm, 1107 M4-51115+.
20 Concl usion: The conpetitive binding potential to
Al1111 of conjugate 41 is conserved when conpared to

Comyptobed @&(Qérft mpeht ggwbl supphieakbsNeddPsS (Sé@ﬁhﬂ!ﬂ& opYuTes gssolved in

cegat TN M e BPOUNIEG: 1P P8 RIS 3 1HE msfpficBlite 5K s me. 2

pmol2d s e wWaY a8l usgald Sitoféh AModdhdicknt |tlﬁBj1leﬁlﬂtn€gaihbdt|&é was stirred
penbsaccharl de E see pharmacoki netic st u%% bel o

for appopéngely 1§4mET eueAEmRS AR of SO (50 WEYn O e@ﬂ gvas added

and th?:Le it @ %%grrefl%é %‘gf(ﬂ,&s pa'é’gflrhé pﬁdﬁctqrzépigﬂﬁef &Fa 6@@@1‘5’% column

M &W Gd/ab X 40e10/1, va/V) Desalung of the appropriate fractions was

H2N- Lys- Ar -Val -Le
carried out usmg G25's Giladex chromatograp y as Hescribed above to yield compound 39 (15.7

mg, 35%). The yicld was determined by A,z measurement using a theoretical absorbance of 0.48
for a 1 mg/mi solution. Calcd. mass for CyosHs0sNs1010:1Ss = 5108.8; found on ESI-Q-TOF =
1740.6 [M+5Nal**, 1311.2 [M-1H+6Na]*, 1053.5 [M-2H+7Na]>"



WD 2006/ 082184PCT/ EP2006/ 050551 52 EXAMPLE 26
Conpound 44 Cctreotide (conmpound 42, 50 ny, 0.04
innmol ), which can be by obtained at conmercial 5
wo bidphiesss such as Bachem (Wil am Rhein, GepO®RyIons/050551
was dissolved in HWSO (5 nmL)., AcOH (7 L) was added
to generate a slightly acidi'c ssolution. Subsequently
GWBS (11.2 ng, 0.04 nmol, 1.0 equiv.) was added and
the resulting solution was stirred under nitrogen for
ghowed a near conplete conversion

'ﬁﬁa&e%GﬁéngFreotl |n which the GVB noiety is
i ntroduced to the N—terninal Phe residue in a highly
regi osel ecti ve manner. The 10 reaction was cooled to
- 5 Cafter which a solution of NaH2PO4/ Na211PO4 (20
anL, pH 7.0) was added. After 10 min. the m xture was

<;ﬁvLLﬁmed to reach to RT and |1sT2 was |ead through the
solutFon™fof" 10" m R *then pght asaccharide 5 (21.8
nmg, 0,01 pnql . Q.25 equiv Egs added as a solid
under "a n|trogéﬁpa?ﬁusp eP% ol | oned.By.an aqueous
sol utj on,of 141120%4_10 1;D|nL 50 wt %9 and the
reation mxture was stirred for 16h. The product was
purified by ion exchangF 15 hronatography as
descri bed above, to vyi d” conpound 44 (6.3 ng, 19%.
Mass cal cd. 3f or CH2HJ20/ 412020Si 0 = 3122.7; found on
ESL-Q TOF = 1562. 3 [ M+21112+, 1041.9 [ M311}3+. 11-1-

NVR (D20, 400 MHz, 1111- * 8 7.52-7.29 (m 1011),
7.26-7.14 (m 411)d 7.03 110, 5.44 (m 111), 5.37
(m 111), 5.14 ( 3111) §° 2-4.89 (m 211),
4.77-4.60 (m 31\{%; %0 m 1811), 3.95-3.76

1

(M 131)°53X 7905 3.33-2.59 (m 1811),
2.22-1. m/ 2 " 85- 201.76 (m 311), 1.71-1.38
(m 3 1§ h, 711), 0.81-0.61 (M 211). WO
2006£9 821% £I:2006/ 050551 53 Scheme 8. Synthesis
of chRc: cf44 42 hdar
0

e

(.D

o}

e

o]
, £}
5 ] _
N \/\)Lﬁila— Hig - Gin-——llg~—mFyr-—Gin——Fha——Thr
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Ala~——ya —Asn—-Asp—Lys——Agp———Lys—Asp

Pro——Arg—-~Ser——Lys—lle Ser——Pro—gip

H,N—Tyr—Gly
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Concl usi on: The conpetitive binding potential to

Al1111 of conjugate 44 is conserved when 5 conpared to

t he parent pentasacchari de-spacer residue conpound 9

w@ s@eodig 11). These data are indicative fopcarpr2006050551

significant extension of in-vivo half-life of the
peptide by conjugation to ATM bi ndi ng carrier

pent asacchari de. W) 20061082184PCT/ EP2006/ 050551 54
EXAMPLE 27 Conpound 46 Pentasaccharide 9 (100 ng) and

L L

conser@dmheu rcompared te thﬁqmmit ipentaicchasdasmgtdr ratidweniseecFig. 5, compound
rature. The .sql.vent was evapor at.ed

9). ThcHe O SYiRge Yeie PRRPFBAREToY wﬂgm Pt 6 e can be

aChle‘Téaq} %60 tggﬁ ;ATV\IEl te poﬁlgl(ler ESI - M5 ‘ci:i\ églb kinetic study

belo g of U Tonjupain i HHILES|spifitosinee ﬁl@zfpn-cmjugaied

pasen gf'*%’nAE%“‘ff%/Z’ AP R Rt ok BRlPBESA Y Wy,

Cys125 of native reel-1-1L2 (R&D systens, 202-LL/CF).
Prior to conjugation recH IL-2 was anal ysed by HPSEC,
EXAMPRE §5 PAGE and MALDI - TOF M5 indicating a
C &A% nant nmononeri ¢ conposition. RecHALZ2 (1 ng, 800
om@ 1.26 nghnL in PBS containing 0.5% SDS) was
treated overni ght at RT on a roller bank with an

ComiEiRG 0 3 8 LR DR Ry DPOMES PP or ey s dpctvd i

degassdd?d.{ M wagﬁpéwﬁhpdﬂqsﬁffer g2 ptetoebRAbddarnidd s\wes7 e, 104

blocked with a 5 tinmes molar éxcess of cysteam ne (16
umo],gB,,S cpivingasreddeiomdah 2 Athegencatminbrrenandt the onigtige was stirred for

approf@eo £ i bEkse, diveorpopEmP AT B4 w2 O AR Yo added and
the refdtioH Mixt@fe Ms%ﬂﬁ@d 039 6H ELHR PRd R EwR)pufiZed ad\@Scribel Yo Bdmpound 39

The fi nal u ate 47 was characterl zed by SDS- PAGE
to yieldjcopgpynd, ﬁlj ( m 67851 Bhe yigldewss; dy b¥rAgm Measugmgnt using a

them‘%\%g 415&%1 ve & o rec ?dﬂtL %ngdg%%glggd cﬁ o@%ﬁlﬂgﬁ%}qﬂomsg_

5528; ;fﬁtﬁﬁl&ﬁdﬁl@j-T@Fp@tﬁ@S?&{d&Hﬁﬂ]i‘*d 38800 W%H] 7R SHY Gt
anal ysis wth 25 subsequent incubations of a) 10
ggl i nL hATI EI (HAT 950A2L - Kordia); b) a-hAl111

ConclepAOTHALMh S Pve lﬁﬁfdﬁ!d%a Doterital FMTTRR A AR 2043% 3% derved when

Pronega) and final ection with DAB reagent clearly
compared ¢ thechasype pirftasacoliBiie-paceti regidecorpound 9 (see Fig. 10). These data

sugge%o@% saccharl, %ﬁ%})ﬁ ggffl‘hza]i(hfa of tZe R 839. ma;W‘?)e attained by

conjugation to an ATII binding carrier pentasaccharide (see pharmacokinetic study below).
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Phar macol ogy Dete rm nati onahacol etolticlearns The

phannacol ci neti e properties of representative
wex@apsAags of conpounds of the invention werepCI/EP2006/050551

determ ned as described in the follow ng paragraphs.

Human Insulin ELISA for det¥fnination of Insulin in

rat plasma The human Enzyne- Li nked | mmuno - Sor bent

Assay (ELI SA) has been devel oped to nmeasure human

| L, J e rat plasma or buffer system In
S R

_L?)gigg{)ul d be used to WO
2006/ 082184PCT/ EP2006/ 050551 56 determine the insulin
corpc_mt_r%g\ia_qg in plasma sanpl es derived from
phaf nécol ¢ et c “exp&Fi meRts|™ The assay is based on
t he i nmunochem cal "sandwi ch'} princigle using two
Hodtonar—afti boui e¥T&ra 8l i d phase hound,
cgpture anti body and a detection anti body which is
I &b@%ﬂﬂh‘hﬁﬁé‘éﬁ'&ﬁﬁ”ﬁf oxi dase (HRP). For the
determ nati on of the pharnaco¢l cinetic properties of
HNTemtAvar Sharitde—vasulfumdeonjoigat e 6 and r econbi nant

J ninsulin (red Il insulin, batch SI11R017, from
i osynt h, The Net herl ands), rat plasma sanples were
Ni ncubated for ®h at roomt enperature, while shaking
O=( 10 Hz During this incubation,
“pent asaccharide-insulin conjugate 6 or red Hinsulin
binds to the inmobilized yat i -insulin anti body.
After a second washi ng pr dure, detection anti body
anti-insulin conj psbR HRP wasis-addae--6io--béynd—to—~rhe—Trhr

the i mobilized i Y X. The plate was washed

to renovg—osaR 5 @? | elseX ed caridbody—agfl — se—va—asp——ger
subsequentby t 3%, 5,:51- tetanethyl benzidi ne

/11202 s4§ r@ seFt i 6% was addgdenlhg,reactign VEs pro—pe
stopped Wit 07% M sul phuric acid and the mcroliter

pl ate was Pead @fectrophot ompfciyGal lay—aty 450, 0m, They 1 aa

Ry

I nt ensi t%"\jo'../\o"‘»o fﬁ‘t
o}

N
Oﬂ 41

[0 g Lo

¥= Na*
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15 of MOUT is directly proportional to the
concentration of insulin. Then for each plasm sanple
the nean concentration (non) of insulin was
woedghsisyed. Determ nati on of pharmacoki neti @CT/EP2006/050551
properties of conpound 6 The pharmacolcittetic
behavi or of insulin conjuga 6 and red |l insulin
were studied in male 20 Wstar rats of 300 - 400 gr.
The rats were anaesthetized by inhalation of a
¢| € of 021N20/isol lurane, after which the right
Jugul ar vein was cannul ated. The next day rats were
Compewal4id i .v. with doses of 3.5 not/kg of conmpound 6
or red Il insulin, after which bl ood was sanpl ed at
several tine intervals. Blood was centrifuged after

Octrddha& @c&ﬂiﬁuﬂh aRIBOVRs, dioahands, Whichabs Bd %eébtzﬁﬁed' 'a)to&nnmercml

until use. The concéntration of the tested co

supplios suHlsassBagb (Wb Gramien porib dieiue . IMEDChBL). ACOH (7

i) YGRS HEnBPE { Slenfly APIAC KRR SR haER112 me, 004

mmol, lliﬂeéj.uv YW sidod end ﬂﬁtre@:mngmoldmenmhﬁal wmler nitrogen for th. LC-
ressed in ninon and the kinetic paranmeters were

sl shovees e eomeplete FEBYRSHID IR otige 4 ANEHED e GMB
mmetgo GhHSARE 16'Ihe WichRnsCPRE i‘égldﬁégn 2 RightedibRtive afiner. The

harnmacol ci netic properties of
reactipe wtag sedled ar +- 3 m&mlwhlch:m nplu‘grm ef Baihe/ NoBReYy (90 mL, pH 7.0)

s GRL 95 15 QR ST S BORTEE 4hE5: Yot roves e

so}unBH%m@qﬁilﬁl MBEh eriRRh@BRIRIS anfs 1@% 0.07 mnAlI0.75 Sfufvdl W hdded as a

conpound 6 or recH insu 5 nmol /kg) _in rat
solid En@emnmg@n plarospheres dollawed b3 an rae@&on% palution of NH,OH (0.11 mlL, 50 wt

%) aﬁiﬁ} al%@&o%gl%]r#&%b Asnai%!ehnfof ?%@teﬁ ﬁl.z%)%&%.pé]h@g(xl.b&QOn exchange
chrorbhté}3dphy 43. §¥dribed above, to y.leld compound 44 (6.3 mg, 19%). Mass caled. for
Ci12Hi7oN1205816 = 3122.7; found on ESI-Q-TOF = 1562.3 [M+2H]*, 1641.9 [M+3H]*. "H-
NMR (D,0, 400 MHz, HH-COSY): 8 7.52-7.29 {m, 10H), 7.26-7.14 (m, 4H), 7.03 (s, 11D),
5.44 (m, 1H), 5.37 (m, 1H), 5.14 (m, 1H), 5.12-4.89 (m, 2H), 4.77-4.60 (m, 3H), 4.45-3.97 (m,
18H), 3.95-3.76 (m, 13H) 3.75-3.35 (m, 57IL), 3.33-2.59 (m, 18H), 2.22-1.16 (m, 2H), 1.85-
1.76 (m, 3FD), 1.71-1.38 (m, 3H), 1.32-1.15 (m, 7H), 0.81-0.61 (M, 2H).



AUC nf (h.nnol/L) 72.5 + 6.4 4.6 + 0.8 Vss (L/kg)
0.11 0.01 0.012 + 0.002 A (lib/kg) 0.049 + 0.004
0.80 0.12 MRT (h) 2.1 + 0.1 0.014 0.1 5

woesishigat i on of pharnmacoki netics after | abekimg2e0bb38s51
"51 Pentasacchari de conjugg%es 24, 28, 29, 31, 32, 39
and 41 were labeled with 1251 usi ng the
| act oper coddase net hod, according to Machal onis et at
(Bi ochem 1969, 113: 299-305). After |abeling, the

igpd by gel filtration on Sephadex
Sdmgg?‘ g;%gfeg;ﬁ}é@% J:'l;’m'ger 10 I'li Trap QLO. Kinetic :

experiments were repeated as described for conpo 6
but using '251- | abel ed conjugates instead In or
VP

to prevent_accunul ation of 125Y in the thyroid,

were wal | reated with 10 ng/ kg potassiu odidey
prior to inistration of conpound. HN/YNI\/\,NHZ
: 02 0”7
NH O, H

z ; H
& O~ ’\/O\/N O, NH (o]
8 o O N NS N OH
\ . H Z
‘ A GRS
< ) o

Conclusion: The competitive binding potential to ATII of conjugate 44 is conserved when
compared to the parent pentasaccharide-spacer residue compound 9 (see Fig. 11). These data
are indicative for a significant extension of in-vive half-life of the peptide by conjugation to an
ATHI binding carrier pentasaccharide.
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The coll ect determ nation of the fate of '251-1 abel ed
conjugates m ght be affected aversely by netabolic
i ntracel | ul ar endogenous dehal ogenation to give free
wbabfeiokAg£i rcul ation. Since the free 15 125y pictra@bdosiosesst
showed an elimnation half-life of 3.2 hin rats
(control, data not shown), the nmeasured overal
hal f-1ife of 1251 | abel ed conmpounds with a relatively
short half-life m ght be prol onged and the
ExARAg ental Iy determned half-life of conpounds with
arelatively long half life nmay be shorter. |ndeed,
CompbenddEerved el inmnation half-lives of conjugates 31,
32 and 39 denonstrate in a qualitative manner that
conjugation of the peptides to a cattier

PemBRAARRILNE0 1l h8 RAABEL22he'1 8! ARAGydr6 AsHANGE DMF (10 mL),

times. Adaptation of the above described met hod by
DiPEAedSusli, ﬂgequfve) wadiddad amd/tllewacnomeilme Wa9 stirrechoyemifhteat ambient

[eci pitat.i nes hi.gher .vol une _of. TCA .
remolafit, ik S0 b w2y it A st W ultied G prepraive
G25-e61aeh OB SshitieaL 0201064 QRbRbp lﬁ&eahargmcml(mmgc 46%) as a white

aranmeters of co unds 24, 28, 29 and 41 which were

powdep ESEMS erleds for KeshbelliQreSNiaeio g% fynd on ESI-Q-TOF = 1027 M.
1251- dehal ogenat i on. Phar macoki neti cs of
i nsul i n-pentasacchari de conjugates 24, 28 and 29
EXAMPOFR8d to recH 5 insulin Table 4. Pharnmacokinetic
__pa ers after i.v. admnistration of insulin
Compomdtfat es 24, 28 and 29. Experinent performed in
n=3/treatnent. For comparison recH insulin was tested
in n=1 (doses expressed in cpmwere normalized).

Pentagaiyide doaeimide rﬂgnmﬂez@ x@@rmgmg@mgy the dre| Gys ST DT pative recH-1L2
(R&I')\/%yslgems 292! rﬁ/diﬁ 3Priorto” con_]ugatxon recH-IL-2 was analysed by HPSEC, SDS-

PAGE and MALDI-TOF MS indicating a predominant monomeric composition. RecH-IL2 (1
mg, 800 pL, 1.26 mg/mL in PBS containing 0.5% SDS) was treated overnight at RT on a roller
bank with an excess of compound 46 (59 pL of a 10 mg/mL aq. solution, 5 equiv.) to achieve
complete conversion of starting material. Next, unreacted maleimide 46 was blocked with a 5
times molar excess of cysteamine (16 pL, 10 mg/mL) for 3h. The reaction mixture was dialysed
{cut off 6-8 kDa) against 0.5% SDS in PBS to remove excess cystearnine and 46 and the final
amount of product as determined by Azgp was (.69 mg.

The final conjugate 47 was characterized by SDS-PAGE (4-12%) and Western blot (see Fig.
12). From lanes 3 and 4 it is concluded that compound 47 has a higher Mw relative to recH-1L2
(corresponding fo the presence of a pentasaccharide moiety). Western blot analysis with
subsequent incubations of a) 10 ug/mL hATIH (HAT 950A2L - Kordia); b} a-hATIII (MoAb
HATIII 200- Kordia); ¢) GAM-HRP (W402B 20373201 - Promega) and final detection with
DAB reagent clearly revealed specific ATHI binding to pentasaccharide-containing IL2 (lane 7
vs 8).
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Mean s.e.m value (il) Correlation -1.00 -1.00 -1.00
-1.00 T1/2 eli 3.0 0.2 3.9 0.1 5.5 0.3 0.74 AUC nf
(h.cpm 0. 1nl) 30447 4034 13756 590 14397 517 481

w/3de0ddag) 0.192 0.022 PCT/EP2006/050551
55

Scheme 9. Synthesis of conjugate 47
080X
a 080X 4 080 3)(5

050X 4
o0 E %,
080X x 080}, ( :; 0309‘ o 0l % i
CDO {ome ), ¢ Onle 080X OMe

os0x — /Yy X= et
j '.05 % OMe OMe ) o
e Me X=Na* 3,\,0\/\01\,0\/-&-—[[/\/\" )
] o
6’\/0\/‘0’\/0\/NH2 o
9 46
[ Cys'25-IL2

/coo)
0S0, ) . Ao
x COOX 2N\ = F ;
o . ol g E
{one ) Aome 080X ° X=Na*
E z b =
H = [«

OMe

gf\,°\/\of\,°\/‘ﬁ*tn)/\/\ ﬁ—s——lLZ(Cys“‘”)
&)

47

Pharmacology

Determination of pharmacokinetics of conjugated (polypeptides

The pharmacokinetic properties of representative examples of compounds of the invention were
determined as described in the following paragraphs.

Human Insulin ELISA for determination O}Insulin in rat plasma
The human Enzyme-Linked fromuno -Sorbent Assay (ELISA) has been developed to measure
hurnan insulin in human and rat plasma or buffer system. In this way the ELISA could be used to
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0.428 0.028 0.570 0.018 2.225 C (L/h/kg) 0.068
0.009 0.146 0.007 0.139 0.05 4.16 MRT (h) 2.8
2.9 0.14.10.20.5 10 Conclusion: The

wekasaeaki netic properties of insulin-pent apacgpmani/eessi
conjugate 24 as determ ned hy the 1251-1abeling
nmet hod (Fig. 14, Table 4) re in agreenent with
those obtained with a simlar insulin-pentasaccharide
conj ugate (conmpound 6) determ ned by the ELI SA net hod
orrhits the L b d e | et harma

det pallﬁrJ atr]flgt e%rmsﬂL%jl éﬁ?é%lﬁhﬁgﬂl :;;%E:g;é gigltﬁ’z?smmﬁé{é&bfot?n vvop 15 cokinetic

expera®aisyt i cal met hods can be explained by differences in

curve xtra ol ati.on cal Ia d, Cl). d
The 5y o, BESc, O e APERRE VTP PO IcDm FEREPle PR ATPgonocional
antibddiék,| 10 ats’aﬁd phdsé thodnd, Bapiare Eﬂﬁﬁdﬂ? 0@ b Gleteb it MEB&TVOBIch is labeled

differences in AUC, d and Vss of the insulin
Wlthmh@émdﬁ%}@é’ﬂj ugates 24, 28, 29 (Fig. 14, Table

For th;ézdg%lé?‘ alué/n gf&?%e conj u @3&%&%2%% é(mm conjugate 6

and reﬁbﬁlblhﬁlﬂthmtﬁn otkin &écIDﬁﬂilﬁghﬂdhﬂﬁ—IRng fadrh mlohyﬁﬁleMetheﬂands),
20 binding affinity for ATIR (which is jn _eemsgg _ .
rat plagipsamples Werrdpeniateflfog Heatgpom t“fge@ %%foeg ght{) Hz. During
this mmmtﬁm,zbentasacchand&msxﬂm conjugate 6 or recH insulin binds to the immobilized
anti-insulin antibody. After a second washing procedure, detection antibody anti-insulin
conjugated with HRP was added to bind to the immobilized msulin-complex. The plate was

0.1

=

washed to remove unbound enzyme-labeled antibody and subsequently the 3,3'.5,5'-
tetramethylbenzidine / F1,0, substrate solution was added. The reaction was stopped with 0.5 M
sulphuric acid and the microtiter plate was read spectrophotometrically at 450 nm. The intensity
of celour is directly proportional to the concentration of insulin. Then for each plasma sample
the mean concentration (mel/L) of insulin was detérmined.

Determination of pharmacokinetic properties of compound 6

The pharmacokinetic behavior of insulin conjugate 6 and recH insulin were studied in male
Wistar rats of 300 — 400 gr. The rats were anaesthetized by inhalation of a mixture of
0,/N, Ofisoflurane, after which the right jugular vein was cannulated. The next day rats were
treated i.v. with doses of 3.5 nmol/kg of compound 6 or recH insulin, afier which blood was
sampled at several time intervals. Blood was centrifuged after which the plasma was siphoned off
and stored at —20°C until use. The concentration of the tested compounds in the plasma samples
were determined using the human ELISA against a calibration curve which was made of the
stock solution of the tested compound itseif. The concentration in the samples was expressed in
nmol/L and the kinetic parameters were calculated with the noncompartment model of
WinNonlin .

Conclusion: As can be seen in Fig. 13 and Table 3 the pharmacokinetic properties of
pentasaccharide-insulin conjugate 6 were strongly improved compared to those of the parent
recH insulin.
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WD 2006/ 082184PCT/ EP2006/ 050551 59 Phar nacoki neti cs
- of pentasaccharide conjugates 31 and 32 Tabl e 5.

Phar macoki neti c paraneters after i.v. adm nistration
wObodklogigmo conjugates 31 and 32. Experi nent ppegbabeedssi
~in n=3/treatnent. (Data not_corrected for

dehal ogenation). 5 Corrpoun%l7 31 Conpound 32 Mean

s.e.m Mean s.e.m Correlation -1.00 -1.00 T1/2 eli

(h) 7.1 03 9.4 0.6 V(m/rat) 66.7 2.3

Table 3. Pharmacokinetic parameters after i.v. administration of compound 6 or recH insulin

(3.5 nmol/kg) in rat. Experiment performed in n=3/treatment.

Pentasaccharide- recH insulin

| insulin conjugate 6

Mean + s.em. Mean £ sean.
T2 eli (h) 2.8+0.1 0.033 £ 0.001
AUCinf (h.nmol/L) 725+6.4 46+08
Vss (Likg) [0iT =001 0012+ 0,002

| C1 (L//kg) B | 0.049 £ 0.004 0.80 4 0.12

MRT () I23+01 0.014% 0.1

Determination of pharmacokinetics after labeling with '*'1

Pentasaccharide conjugates 24, 28, 29, 31, 32, 39 and 41 wer ¢ labeled with '*°I using the
lactoperoxidase method, according to Machalonis et al. (Biochem J. 1969, 113: 299-305). After

~ labeling, the conjugate was purified by gel filiration on Sephadex G25 and anion exchanger

HiTrap Q19. Kinetic experiments were repeated as described for compound 6 but using '*I-
Jabeled conjugates instead. In order to prevent accumulation of I in the thyroid, rats were
orally treated with 10 mg/kg potassium iodide prior to administration of compound.

The correct determination of the fate of “I-labeled conjugates might be affected aversely by
metabolic intracellular endogenous dehalogenation to give free T in circulation. Since the free
1 jtself showed an elimination half-life of 3.2 h in rats (control, data not shown), the measured
overall haif-life of "> labeled compounds with a relatively short half-life might be prolonged and
the experimentally determined half-life of eompoﬁnds with a relatively long haif life may be
shorter. Indeed, the observed elimination half-lives of conjugates 31, 32 and 39 demonstrate in a
qualitative manner that conjugation of the peptides to a carrier pentasaccharide leads to
prolonged residence times.

Adaptation of the above described method by measuring the radioactivity in pellet (0.1 mL) after
precipitation with a 40 times higher volume of TCA (10% final concentration) yielded
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52.5 2.6 CI (m/b/rat) 7.9 0.1 4.2 0.3 MRT (h) 8.4
0.2 12.6 0.7 Conclusion: The half-life of free
ganirelix (11/2 1.4 hinrat, i.v., Chan et al. Drug.
wd/kdoahs218d spos 1991, 19, 858) is significant lpgrmp2006/050551
ext ended when conj ugat ed tossaa carrier pentssarcharide
(Fig. 15, Table 5). Conparison of The
phar macol ci netics of conpound 31 to that of 32 shows
10 that an inprovenent in Vss, O and T1l/2
am%b 0 Si n
pharnflcblihgR Pﬂfﬁlgé‘%m Pl ShRRSrg 24578 B RECUTIER O Somected for
cmnmmmgﬁmkﬂmmnw {ﬁmﬂ¢$mﬂmmd|ngs of the BIA study (see
Fig. 8) indicate that the pharnmacokinetic properties
of the conj ugat es can be tuned by using alternative
Pharfki@oldnBhicsP fgﬁdﬁsb&%ﬁn&é tebn %:é,sewnbsmcymao ared to recH
affinity or Al WO 2006 2184PCT/ EP2006/ 050551
insulig0) Phar macoki netics of pentasacchari de conjugate 39
and ADM 27-52) Table 6. Pharnmacoki netic paraneters
after Ey. adm nistration of ADM 27-52) and conpound
Table3) .Phizrpeokirenit pqremblorsrafidr i.n avr@tistratinrof insulif dedjegarest24, 28 and

corrected for ehal enat [
29. Experiment performed (gn n—3 eatment. %@r compc%on recg )msulm was tested in n=1

(doses expressed in cpm were normalized).

Compound 24 Compound 28 Compound 29 | recH insulin
Mean£s.em. | Mean*s.em. Mean+s.em. | vale (n=1)
Correlation -1.00 -1.00 -1.00 -1.00
T1/2 eli 3.0+02 3.9+0.1 55+03 0.74
| AUCinf 30447 £ 4034 | 13756 + 590 14397 + 517 481
| (.cpmy0.1mL) | |
Vss (Lkg) | 0.192+£0.022 | 0.428+0.028 0.570£0.018 2225
"CI (L/b/kg) 0.068 £0.009 | 0.146+0.007 0.139 + 0.05 216
MRT (h) 2.8+0.1 29+0.1 41+02 0.5

Conclusion: The pharmacokinetic properties of insulin-pentasaccharide conjugate 24 as
determined by the 1'25‘1-.-1abeli-ng method (Fig. 14, Table 4) were in agreement with those obtained
with a similar insulin-pentasaccharide conjugate (compound 6} determined by the ELISA method
(Fig. 13, Table 3). The differences in kinetic parameters for recH insulin as determined by two
analytical methods can be explained by differences in curve extrapolation (to calculate Vss and
Cl) due to the fast disappearance of label from the circulation during the first 15 min.
Furthermore, the observed differences in AUC, Cl and Vss of the insulin pentasaccharide
conjugates 24, 28, 29 (Fig. 14, Table 4) clearly demonstrate that the pharmacokinetic properties
of the conjugates can be tuned by using alternative carrier pentasaccharides with different
binding affinity for ATIII (which is in agreement with the findings of the BIA study, see Fig. 6
and Table 2).
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Compound 39 Mean s.e.m Mean s.e.m Correlation

-1.00 -1.00 T1/2 eli (h) 4.9 0.1 11.1 0.2 Vss

(mM/rat) 556 48 80 3.3 Cl (nal/h/) 1129 5.00.1 MRT
wa Boshswse 0.1 14.5 0.3 PCT/EP2006/050551

59

Pharmacokinetics of pentasaccharide conjugates 31 and 32

Table 5. Pharmacokinetic parameters after i.v. administration of the two conjugates 31 and 32.
Experiment performed in n=3/treatment. {Data not corrected for dehalogenation).

Compound 31 Compound 32
Mean #+ s.e.m, Mean + s.e.m.
Corrclation -1.00 ' -1.00
Ti72 i () 71403 9406
Vss (mi/raf) 667123 1325+26
Cl (mU/h/rat) 7.9%0.1 42403
MRT (h) [84+02 12.6+0.7

Conclusion: The half-life of free ganirelix (T1/2 1.4 h in rat, i.v., Chan ef al. Drug. Metab.
Dispos 1991, 19, 858) is significantly extended when conjugated to a carrier pentasaccharide
(Fig. 15, Table 5). Comparison of the pbarmacokinetics of compound 31 to that of 32 shows
that an improvement in Vss, Cl and T1/2 ¢limination is obtained by using a pentasaccharide with
a higher affinity for ATIIL These data in combination with the findings of the BIA study (see
Fig. 8) indicate that the pharmacokinetic properties of the conjugates can be tuned by using
alternative catrier pentasaccharides with different binding affinity for ATTIL
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5 Concl usi on: The pharnaacol dnetic properties of

ADM 27-52) were inproved by conjugation to an ATBI

bi ndi ng carrier pentasaccharide (conpound 39, Fig.

wlBgosidshsee 6). The T1/ 2 of ADM 27-52) per sePUBEPHaKesoss1

been overestimated since da%e have not been corrected

for dehal ogenati on. Moreove the half-life of free

adrenormedul lin is only 22 min in human (Meeran 10 et

al J. din. Endocrirt Met. 1997, 82, 95-100). These
PharRBEbkERYLS RS SBBubdle BREnBIPMEI 1Y) (FI g. 9)

support t conc usion that an i nprovenent of

pharmacol cinetic properties of a (poly)peptide can be

i FiaEerheie BRI, S0, 1 CgER El P b AN I o compornd
39, EYRARRDAS A AL TPEORBH OGO B3y AT R MBS,

of pentasaccha e_conjugate 41 _conpared

[D-Al a8J-GLP- 1 @wey-szhm e C@mrmfia%ﬁ)kl nefic
paranetetrs afL_ IV o adimT NSt - gqn UI‘n &P=-{1 and
conpound 41 EXxp ﬁfnfjerforr]% nseh =3/t r efat ment

Corref@idh a expressed 1,00 cpm wer e ro[_[ml ized) 5
[D-Ala8]-A.P-1(7-36).Conpound 41 Mean t s . m Mean

TI2¢li@e. m Correl4fidhl -0.98 -(.19d £0.2

Vss (ml/rat) 556 + 48 80+3.3
“Cl (b)) 1129 50+0.1
MRT (h) 50+ 0.1 145+03

Conclusion: The pharmacokinetic properties of ADM(27-52) were improved by conjugation to
an ATII binding carrier pentasaccharide {compound 39, Fig. 16, Table 6). The T1/2 of
ADM(27-52) per se may have been overestimated since data have not been corrected for
dehalogenation. Moreover, the half-life of free adrenomedullin is only 22 min in human (Méefan
et al. J. Clin. Endocrin. Met. 1997, 82, 95-100). These and earlier observations in the BIA study
(Fig. 9) support the conclusion that an improvement of pharmacokinetic properties of a
(poly)peptide can be achieved by conversion into a (carrier) conjugate with specific binding
affinity to circulating ATIIL
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T1/2 di (h) 2.0t 0.4 9.8 0.4 AUG nf (h.cpm 0. 1nL

1154 t 59 108658 t 4858 Vss (nil/kg rat) 2696 t 456
205t 13 A (nmvh/kg) 1732 86 180.8 MRT (h) 1.6 t 0.1

wa 2o008/082184 3 Concl usi on: The phannacoki neti ¢ PCT/EP2006/030551

properties of [D Ala83- A Pl{.7-36) were inproved by
conjugation to an ATIR bin ]ng carrier

pent asacchari de (compound 41, Fig. 17, Table 7). The

G of conpound 41 was decreased -100 fold and Vss 13

Pharin@&dhin efi&sdﬁp% DhckRhrfle 'cE!»QQthQ legl cé)r%cfrmﬁh [D-A41a°]-GLP-1(7-36)

Table 7. Pharmacokinetic parameters after i.v. administration of GLP-1 and compound 41
Experiment performed in n=3/treatment (data expressed in cpm were normalized)

[D-Ala®]-GLP-1(7-36) | Compound 41
Mean £ s.e.m. Mean + s.e.m.
{ Correlation -0.98 -0.99
'T1/2 i (b) 20+0.4 98104
AUCinf (h.opm/0.1mL | 1154 £59 [ 108658 + 4858
Vss (mlkg rat) 2606 £ 456 T 20513
Cl (ml/kg) 1732 + 86 [18+0.8
MRT (h) 1.6+0.1 11,2403

Conclusion: The pharmacokinefic properties of [D-Ala®-GLP1(7-36) were improved by
conjugation to an ATII binding cartier pentasaccharide (compound 41, Fig. 17, Table 7). The
Cl of compound 41 was decreased ~100 fold and Vss 13 fold, resulting in a ~100 fold increase
in AUC (exposure) compared to the non-conjugated peptide. Combined with the BIA data {Fig.
10) these observations support the conclusion that an improvement of pharmacokinetic

properties of a (poly)peptide can be achieved by conversion into an ATIII binding conjugate.

Deterniination of (poly)peptide-pentasaccharide-ATII complex in rat plasmg

To ewsure that (poly)peptide pentasaccharide conjugates bind to Antithrombin III in vivo, a
sandwich-type ELISA employing an anti-insulin Mab as capture and a HRP-conjugé.ted anti-
ATIN antibodies as detector was carried out on plasma samples from the pharmacokinetic
experiment of compound 6. Obviously, only intact pentasacc]iaride-insulin-ATﬂ] complex can be
detected in this type of assay in which recH insulin was used as a negative control).

From the plasma sample obtained 1 min after i.v. administration of 3.5 nmol/kg compound 6 or
recH insulin in rat, the binding of pentasaccharide-insulin conjugate 6 and recH insulin to rat
ATIII was determined. The results are shown in Fig, 18.
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.10 in AUC (exposure) conpared to the non-conjugated
peptide. Conmbined with the BIA data (Fig. 10) these
observations support the conclusion that an

wh IREp¥esENt of pharmacokinetic properties ofpcmproosns0sst
(pol y) peptide can be achi eved by conversion into an
Al1111 bi ndi ng conj ugate.
nol v) pepl | de- pent asaccharide-A Till 15 To ensure that
(poly)peptide pent asacchari de conjugates bind to

it N ViVvo ch:type ELISA .
Conclion Finiasheriderinnd fotBia 6 Aot SATHE G Gy with rectt-imsuin
whictBarRof @iHnUg dbmfler Riittr ATNILANKhJWQH RS atbrabbit @CIraniB&dy was less
carried out on plasma sanples fromthe phannacoklndlc

sensitivepbethn L antibodiep dramel able t@ﬂ?teshﬁlewen‘aﬁﬁcy gride-apsplin conjugate 6-
a r

ATIREHPAC T LOdhllc Ao RRRUR s AR AT Gl Efaton and
that tmpmldhgqahalfﬁﬁfe&cfmmmndﬁ@p&mmdmahp lissthemesal oPihds complexation

btajned 1 mn_after i . admnistr of 3.5 . .
Therefirsy Ttk SmERAGHC & Tt b dopron rSERE 41 B ‘Bhagmacpjgetic properties of

1 i}%@iqe QE PR Senfiakt Y8ich NBU dntbotRd Qﬁmff_)aﬁ:datﬁdth f th

(poly € ri%ﬁsu Into raf'ﬁATllql was deltgbermr%d ose oF 1he
origitak ser-tanjugated Sholppepiideriap. bel @cribaf0o specific binding of the conjugate to
ATII11%006/082184PCT1EP20061050551 62 Concl usi on:

ent asacchari de-insulin conjugate 6 is bound to ATER,

in contrast with reth-insulin which cannot forma

conplex mnth k||| Al t hough the anti-rabbit ATIII
Glucose supredyionie @S| tive, both Anti antibodies

e A S i BB SIS o
measuiﬁngtﬂm: phpad RidpBssicn leodin d‘ht: anifoblsl werk fastadr avetngghit (e lamdk) prior to

at rol.onged, hal f - | of 11 -binding ... .
the exg %@éﬁ%ﬁ%ﬂlﬁg@w Famglsidogta %hﬁ%%&%lrfﬂﬁpm of the
tail, aﬁ@ﬁ&ﬁﬁpfh% bldod WAl B8R 6 tdsfl@dp hhtbihe "gfh%odeﬂafe!?;\/vﬁéi@fh%asured with

0 har macoki neti c properties of

an A@QUI—%qggpﬁﬂn@m lplewi abgewh BNy @@q}m dhagsesticgl Jhe apgntasaccharide-

to.th _ _
S%J%%hjuga ?gfpep[' 'can g?ag%?? cpeating of the rats
ina hsmglbﬁ)x at 39°ﬂ:oumgq0 niifl € Thosgpligi ieses ﬂrer@s'm'iimolﬂs@ fﬁi pebmsEecharide-
suppression test in vivo in rats The biol ogica

insulip coRYFAS é§'6f3 % AoaVke TorfacH-fsulim LM Yerowolipe dnteneds Rlopd samples
were % ﬂeﬂm elﬁ Biod BASUIA thd) §ruBbsdCRfent was determined

epre S|on ve S. e aninmals were fasted overni ght
immedid@lmswesyibgl.i or to the experinent In the norning

bl ood was sanpled fromall the rats by cutting a

little piece of the 15 tail, after which the bl ood
PhariecodfHaaRest peitasackRitdeShaulip coifilcdtbs gl ucose | evel s

wer e neasured w th an ACCU Chec Sensor bl ood gl ucose

noni t or (Roche Di agnostlcs) The

The 1{%@%"\!%; %ﬁ%&g{; er e Béeﬁbe%to(gil EI n}ﬁ“@ er pre- Eh%gw gompa_red fo

those Off tebH-ihalis dre cﬁnﬁﬁmﬂl by o proking&® Ghadosel suppibesion lavels after iwv.
. The . ap& ﬁd q§ses were 7 ranol/kg for
% ei nsulin conjugate 6 and 3.5 nnol / kg
In the eﬁxﬁ@ﬂfk g&ﬁiﬂﬂeﬂ withl cotpoluRid 24l 28026l B GhY ﬁlk'ﬁmm‘a%gr (contml) the
sahpl es 20 were taken by renoving the crusted bl ood
rats wafe garvedhjustpridrdo giimindtrationoeft @mnpowais (tol staesanti consstant glucose levels
. inﬂediﬁiely as descri bed. Pharnmacodynam cs of
I cOlOL 08B char i de i nsulin conjugate 6 25 The i nproved
phar macoki netic properties of pentasaccharide-insulin

O

4
=,

conjugate 6 conpared to those of red-l1-insulin are
confirmed by the prol onged gl ucose suppression |evels
after iv. admnistration (see Fig. 19). In the

experinments perfornmed wth conpounds 24, 25, 26, 27
and insulin detemr (control), the rats were starved
just prior to adm nistration of conpound (to warrant
consi stant gl ucose levels 30 in control group).
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WO 2006/ 082184PCT1EP20061050551 63 Conpari son of the
B29-insulin conjugate 24 with B29 -insulin conjugate
26 (Fig. 20), and Blinsulin conjugate 25 with
wobbkegsnsbd n conjugate 27 (Fig. 21), reveal s tHEATEP2006/050551
simlar prolonged glucose syppression activities are
obt ai ned irrespective of spacer length. 5
Surprisingly, it was found that the onset of action
of all insulin-conjugates tested was slower than that
ComPirisbi®8f the T9LihhiAlcoh b vAREIY-fsdlinVoonjugate 26 (Fig. 20) and Bl
adm ni stration) and that the exposure was enhanced by
insulin eonjugatg A5 with BY-duwsulbin canjupash 27 Fige @), cevgaly thgbpinlpr prolonged

Qu“é%%gkﬂﬁéﬁém%?l?%ggﬁ%ggléﬁh%ﬁa%@ 33%%%% n PQSes t he

difference in duration of action of their blood

gl ucose lowering 10 act|V|t|esw§see Fig. 22).
Surprisinghy. ds mﬁmsﬂ t%t&’eeog%*et af/aqtien \if o} 1%%#5199?3&8%5 teéfgé &ggs slower
than BEY OF ‘?ecig 313 L{E&h&s (35 aftfthitGdH’ &dnﬁlai ﬁf&ge%osme was
active t adm ni stration.

cMmmmébmﬂmddwﬁaﬁmﬁmn¢ﬁmM@mées correspond with the

D e R LI o S8 s e e

24 mﬁ &%ﬁ&t&%%ﬂk@eﬁg iR Afrafién of B&RACH thelt Blood glucose lowering
Fi na %1 insulin detemr was tested as a conparative
2

activiigalsed HgsHovilhvg, slmssm ofrabivesmiceds with corapang 24 |lasteddgyond 7h,

whi iy And TR 26l giind B oy v domifihusion. The

phanﬁ'&ﬁdl}uﬂ@lcﬁilﬂ'éreﬂ:ep Obrypprid wigh the dartier mdnitigashtataicokiactic differences
wherein the poly eptlde IS conju ated to at | east one

in digribyion aralwng ppd- of semgopnd @o@par@%%cceﬁlgp%iezs and 29,
ﬂ*$ﬁv s
e f@gmnaﬁ%aé%]ﬁgirll e un?‘%’%dztf%{ehg&sa aving aft % lo %H&Qrmg less

prommntadtdnd desbprolddeedadivith ot dpsecai24mei A§ nmobkg (Figr21 aIiZ)
essentially pharmacol ogically inactive flexible
i nking residue, or a pharmaceutically acceptable
salt thereof The conjugate of claim1l, wherein the
ol i gosacchari de consists of 4-6 nonosaccharide units.
The conjugate of claim1l or 2, wherein the
ol i gosaccharide is a pentasacchande. The conjugate of
any one of claims 1 to 3, having a circulating plasna
| evel of < 50 nM The conjugate of any one of clains
1to 4, wherein the oligosaccharide per se has an
anti coagul ant activity which is of subtherapeutic
| evel when conpared to the pharnacol ogical activity
of the pol ypeptide per se.
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The conjugate of any one of clains 1 to 5, wherein
the ol i gosacchari de-spacer residue has the structure

wo 2006621410 0 0 0S03- 0 GOO 0503-  wherei ”P@ﬂ@fzoosmsosﬂ

essentially pharnacologlcalgy i nactive flexible
linking residue is present &d wherein Ris

i ndependent |y OS03", (1-8C)al koxy or an essentially
phar macol ogi cal ly inactive flexible |inking residue,

cn’gg& 25Ra i s independently OS03; (1-8C)allcoxy, an

ntially pharmacol ogically inactive flexible

I'inking residue or an ol i gosacchari-de resi due,

conpfi si 1 - 13 nonosaccharide units, and Ro is

-|An@f§qm@ ta|py1yp@%)aadmphgosac&har@§s 7in theypolypeptide is conjugated

Q@&‘E lg?s?ﬁﬁeo&@ ghlard ge tobr s E&eeﬁie%hr%goéa&dﬂﬁhé%ein%}' GHffetic sulfated

an oli1go I'sing 1

: mhgﬁﬁam@ﬁmuc@hpmmngsd18thﬂm@hﬂﬂ@@&banmgambqpeneahﬁﬂgba&mﬁy1n

K L o B —————

- ABYILIRMEKA %re@ihéé % a bhirhaboutilig a8leBtabR alt thereof.

ol i gosacchari dé-spacer residie i s a
pentasaccharlde spacer resi due having the structure

2. (l'hela on%?g% 0 clamc:)q wherem the ohgosacchande consists of 4-6 monosaccharide units.
. The conjﬁgafe of claim 1 or 2, wherein the oligOSaéchalide isa pentasacchaﬁde.
. The conjugate of any one of claims 1 t0 3, having a circulating plasma level of < 50 nM.

5. The conjugate of any one of claims 1 to 4, wherein the oligosaccharide per se has an

anticoagulant - activity which is of subtherapeutic level when compared to the
pharmacological activity of the polypeptide per se.

. The conjugate of any one of claims 1 to 5, wherein the oligosaccharide-spacer residue has

the structure (I)
' —0s0- CoO- R
o O O o
g : o coo-\ 0 Gb
R ] R
Ra © o
R R 50,- R R 0]

“wherein one essentially fhannacoloigicaﬂy inactive flexible ]inkjng residue is present and

wherein R is independently OSOy, (1-8C)alkoxy or an essentlaﬂy pharmacologically inactive
flexible linking residue, and -

Rais independently OSO;, (IeSC)a}koxy, an essénﬁally pharmacologically mnactive ﬂexible
linking residue or an oﬁgosacchadde residﬁe, comprising 1 — 13 monosaccharide units, and
Rb is independently (I;SC)a]koxy, an essentially pharmacologically inactive flexible linking -
residue or an oligosaccharide residue, comiprising 1 - 13 wonosaccharide units, |

the charge being compensated by posttively charged counterions.



COO-i o0so,- wherein one essentially pharmacol ogically

i nactive flexible |inking residue is present and
v%‘ 8 i s independently 0S03- or (1-8C)aj é‘ﬂ%ﬂymos%osm
On“RY S i al |y pharmacol ogically inactive flexl

i nki ng residue, the chargeldei ng conpensat ed by
posi-tively chaged counter ions. 10 8. The conjugate

of claim7, wherein the pentasaccharide resi due has

tbe structure (I11) so,-RWDO, wherein Ris

i ndependent |y CSOS" or. (1 -8C)allwxy, the charge

e

petataskaridhapiceeresided lowing iassttuemrsfBuct ure (1V)
wherein R |s.|ndependgntly OCH3 or 0SQ3-. 10. The
co Ju8§¥e gt "cl aim mhereln both roups in (1V)

ar g 0%03- . 0 280 4 0551 66 11.
THe& CORj ug i /8. 10, wherein
- Rh&8_pdl ypeptide ha [ '- 0.3 -50
. kDa. pl12. TheRconJugabggof an one of rcl aj 1 to 10,

wher ei n the pol ypeptide has a nol ecul ar ght -0.3

5 wigkeil B dsdentidiNSpHaRRicHIBgkAlyGhachtd ki Bikisy @&idd it hrsent and
- 10, wherein the po Iypept| has a nol ecul ar wei ght

Wl@r&@l R igingegemdently OSO5 or (1- SC)a]koxy, or an essentially phannasologxcaﬂy
Inactive ﬂexible linking remdue, the charge being compensated by posmvely charged counter

ions.

10 8. The conjugate of claim 7, wherein the ﬁeﬁmaccharide residue has the structure (ID)

O o /O
=00 R O-(1-8C)alkyl
o
- R ) (m)

wherein R is independently 080y or (1 —SC)alkoxy, the charge being compensated by
.positively charged counterions. :

15 9. The conjugate of claim 8, wherein the pentasaccharide residue has the structure (IV)

R
}—o
AR Z ’
() £ OMe
coo 080,
o;_coo- 080 QMe
0 030’ OMe
B OMe S
O  OMe 0M9

f///“

wherein R is independently OCH; or OSO5".

10. The conjugate of claim 9, wherein both R groups in (IV) are OSO5".
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10 14. The conjugate of claim 11, wherein the
pol ypeptide is selected frominsulin, calcitonin,

- WAPRb@bisX, GP-1, [D-Ala8]-GP-1(7-36), PCT/EP2006/050551

11

12.

- 13,

14.

15.

16.

17.

18.
19.

20.

adrenonmedul I in, ADM 27-52), kisspeptin-10, octreotide

or interleukinj2. 1515. The®€onjugate of claim 14,

wherein the pol ypeptide is selected frominsulin,

ADM 27-52), and [D- Al a8]-G.P-1(7-36). 16. The

conjugate of any one of clains 1 to 15, wherein the

pol ypeptide is nonosubstituted with a

ROt G A zhHEncSHR ks 1 8 16l Yehereln the Ebﬁpéjﬂﬂd: B fol&dular weight
any one of clains 1 to 16, wherein t spacer is an _
eﬁ's@ﬁt—rﬁlk@& pharmacol ogi cal | y ‘i nactive flexible

l'i nki ng residue. 18. The conjugate of claim17,

wherein the spacer has a length of 10-50 atons. 19.

Tihe cajujpatg if enpfone|ofidlaihd 10to 18, whdnsin Ipagalypeptide has a molecular
conprising at | east one -(CH2CH20)- elenent. 20. The

ol Ud)a% BKD8| aim 1, selected fromthe structures

WO 2006/ 082184PCT/ EP2006/ 050551 67 HN-RL Al G& Val

Qu- ii

Glmecmygaﬁ tufalﬁemnel dfelaBys 1 8ei0, vdwreiythe ﬁrlmpdp@@ I@is a-mieepular welght

e%k@s Gly -Ser - Hi s-Leu-Val -3 u- Al a- Leu- Tyr - Leu-V

'aI-Q/s

The conjugate of claim 11, wherein the polypeptide is selet:téd from insulin, calcitonin,
ganirelix, GLP-1, [D—-Alas}—GLP—l(’T 36), adrenomedullin, . ADM(27- 52) insspephn—l(}
octreotide or mterleukm 2.

The conjugate of claim 14, wherein the polypeptide is selected from insulin, ADM(27-52), -
and [D-Alz*]-GLP-1(7-36).

The conjugate of any one of claims 1 to 15, wherein the polypeptide is monosubstituted

with a pentasaccharide-spacer residue.

The conjugate of any one of claims 1 to 16, wherein the spacer is an essentially

pharmacologically inactive flexible linking residue.
The conjugate of claim 17, wherein the spacer has a length of 10-50 atoms.
The conjugate of claim 17 or 18, the spacer comprising at least one -(CH,CH,O)- element.

The conjugate of claim 1, selected from the structures



G nd@y Asn@u Val BarArg Bl
Phe00. OH Thr-Lys Pre-TI T- Tyr- Phe- Phe-G@ y N-R2N-R3

W%&bsﬁwﬁﬂ R2=H, R3= 0 or wherein R1=R3=H, ﬁ?rm&oosmaosm

d wherein Y is selected fromstructures A B an
D 68 21. The conjugate of &Faim 20, wherein Y is
sel ected fromstructures A and B. 22. The conjugate
of claim21, having the structure Al Ay-NH2 | Ile

HN—R%
Al Gly

Vel
(]-.‘-Iu_ [ - .
cliln—{:ys—‘ ~Thr—Ser—lle— Cys—Ser—Leu—Tyr—Gln~ Leu-Glu—Asn-Tyr—Cys — Asn—COOH

!?is—Leu—ers-ny——Ser—His~—Leu—Va!—-GluwNamLeu-*TyrH—Leu-Val—(ISys

1 | | "
li\'sn S , (I;lu
\ifal B29 Arg
B1 Phe C0OH—Thr—Lys—Pro—Thr—Tyr—Phe~Phe ~Gly
N—R2 _
H - NRS
.Wherein R1=R2=H, R3= o or wherein R1=R3=H, R2= o
Ty~ ' W;‘Q
(o] o ° Q
Yy - Y

- and wherein Y is selected from strpctljres AB CandD

A : - 080,
) ‘ o]
050X {0502
‘ 0 . 00 "FfoMe
OSO_,X COOXEOSD %z F\OMe 080X
o 09 3% © H
L OMe OMe 0S0;X  OMe
(° Y o
o z £ X=Na*
OMe . OMa

(ONOJ\H\H/\O,:\,O\/\ONO\/\S% .

. 050X
< ‘ ‘ T}
050, {OMe )}
O 06 H E)Me
: cOo: o
030X coox 950 AoMe 080X
0 —o? E ° B
AoMe ), ADMe 050,X OMe o
S - c°
i H X=Na* = H
(0 OMe Ohte [0 OMe OMe
OI\VO\/\N

‘o H
o~ \/\NY\O,\’O“/\O,\’O‘/\S%—‘

X =Na*




I val | tiull

A n-Cys-CThr-Ser-11| e-Cys-&r-Leu-Tyr-d n-Leu-d u- Asn-
Tyr - Cys- Asn- COOH |

H s- Leu- Cys-d y- Ser-Hi s- Leu- VaI-GIu Al a- Leu- Tyr - Leu-V
al-Cys | tin.

- . Qy u 1I IBZ
21-%%%@@@@9& y@ o el #@WS@WB NH
- 68a 23. The conJ ugate of claim1l, having the
structure Ple--Are -Ser-Lys--- I e -Ser-Pro-Ghl
22. The conjugate of claim 21, having the structure
Al Gly—NH, ' 7
lle
i
Val
Glu - .
_ GIn—Cys—Cys—Thr—Ser—Ille—Cys—Ser—Leu-Tyr—GIn—Leu-Glu—Asn-Tyr—Cys—Asn—COOH

}EIié—-Leu—Cys-Gly—Ser—HES*Leu -Va!-GIu—AIa—Leu—Tyr—Leu—Val—(I.‘,_ys

(j;ln : CI-‘-!y
?sn ?Iu
vat ' - B29 . Vo

B1 Phe-NH, . coOH—Thr—Lys—Pro—Thr—Tyr—Phe—Phe-Gly

NH

o$§
fs,-t)a 080,X
o—" 0SOX Q
gJ 0 OMe
Coo
3:0 0803X coox-'i’s0 <0Me j
H
&\ OMe
(—O
5 .

O H
080X
OMe ososx ome
5 H
= 0 = Ng*
Ny OMe OMe X=Na

!
¢



H2N-Tyr-Gy 69 24. The conjugate of claim1, having
the structure o0so, x Z$a A phar naceuti ca
conposi ti.on conprising the conjugate of any one of
clains 1 to 24 and pharnaceutically suitable
auxiliaries. 26. The conjugate of any one of clains
tQ 24 for L hera 27. Use of the conjugate
é?ﬂigﬁ)?mi’ﬂﬁ%ﬁeoq Cg‘%ﬁn‘éa@gt W"?‘Eﬁ' the manufacture of a
medi cament for treating a patient in need of
treatment with a certai Jierapeutic pol ypept i de,
wherein the nedlgggpnt pri ses the conjugate of any
one of clains 1ftgp 24 3, 1as i nproved-

pharnacqghgetl Zodd _gtﬁéﬁ‘egggyer sai d pol ypepti de. 28.
A proc§s§ 05 _pff ration of a conjugate of a

pol ypeg} E(Rd anqpllg@saccharlde according to any
one ©f 1 to 24, wherein the polypeptide is
Conjﬁgatad toomt | east one ol i gosacchari de- spaccr
resmgae¢v$me ol i gosatthiaride being a synthetic

. sulfated offﬁosaccharlde conprising 4-18

- nmonosaccharide units per se having affinity to
antithrombfn 111 and the spacer being a bond or an
essential y pharmacol ogi cal Iy inactive flexible

I'i nking r |due or a pharmaceutically acceptable
salt there conprising (a) an optional step wherein
- the ponpepSrg adapted for conjugation, and (b) a
coupling step whe reptdonad - Hyrradapt-ed—iu

pol ypeptide is Peacted with an oligosacchari de-spacer
nol ecul.e. 70 29. The peoeesSref-rolaim-28—uwshesei n
the oligosaccharide cornsists of 4-6 nonosaccharide
units. -30. The process Pef—oatm-28—or—28—wheredi n t he
ol i gosaccharide is pentasaceharide. 31. A'proqess for
the preparation of a therapeutically actiwe~enj ugate
conprising an oligosaccharide and a pol ypeptide’
according to any one of clainms Ito 24, the conjugate
havi ng negligi bl e anti coagul ant activity, wherein the
conjugate has a longer plasna half-life than the

- original polypeptide while the biological activity is
retained, conprising a step wherein an

ol i goxiechari de being da synthetic sulfated

ol i gosacchari de conprising 4-18 nonosacchari de units,
whi chper se has affinity to antithronbin ifi (Al
111), is covalently attached to a pol ypepti de through
a bond or an essentially pharnacolog|cally i nactive
flexible linking residue.




32. The process of claim 31, wherein the -

ol i gosacchari de consists 6f 4-6 nonosaccharide units.
33. The process of claim31 or 32, wherein the

ol i gosaccharide is a pentasaccharide.

24. The conjugate of claim 1, having the structure

080X _
o - . -
0S0,X fosox N, —His——D-Ala— Glu— Gly——Thr——Phe—Thr
6 le]¢] 1 OMe . . I

ABRY 080X Glu—Leu—Tyr——Ser Ser—Val—— Asp——Ser

080X cpoxd
o 00 H I )
0SOX  OM
é'o”'“ “ 't 0SoX © Gw—eln—-——A;a—-—Asa—Lys—'Glu—pha———re

§ éMe _6Me . ) o 7 .
: HN—Lys——Arg——Gly Lys Val Leu—Trp——Ala
N v H“’{‘ ) 0
o -
( feo
X= Na* (0 ° "

25.A phamiaceutical composition comprising the conjugate of any ope of claims 1 to 24 and

pharmaceutically suitable auxiliaries.
26. The conjugate of any one of claims 1 to 24 for use in therapy.

27. Use of the conjugate of any one of claims 1 to 24 for the manufécmre of a medicament for
' treatingjaz patient m need of treatment with a certain therapeutic polypeptide, whereinthe
medicament comprises the conjugate of any one of claims 1 to 24 which has improved
pharmacokinetic properties over said polypeptide. o

28 A process for the preparai:lon of a conjugate of a polypeptide and an oligosaccharide

A - according to any one of claims 1 to 24, wherein the polypeptide is conjugated to at least one
ohgos_:aochande-spacer residue, the ohgosacchande being a synthetic sulfated oligosaccharide
comprising 418 monosaccharide units per se having aﬁinity to antithrombin I and the
spacer being a bond or an essentlally pharmaoologmally inactive flexible linking residue, or a
phannaceutlcally acceptable salt thereof _
oompnsmg (a) an optional step wherein the polypeptide is adapted for conjugation, and (b)
a coupling step wherein the optionally adapted polypeptide is reacted withan

oligosaccharide-spacer molecule.



70

29. The process of claim 28, wherein the oligosaccharide consists of 4-6 monosaccharide units.
~ 30. The process of cIaJm 28 or 29, wherein the oligosaccharide is pentasaccharide.

31. A process for the preparation of a therapeutically active conjugate comprising an
oligosaccharide and a polypeptide according to any one of claims 1 to 24, the conjugate
having negligible énﬁcoagulanf activity, wherein the conjugate has a longer plasma half-life

~ ‘than the original polypeptide while the biological activity is retained, comprising a step -
wherein an -oligosacchaﬁdc being arsyntheﬁc sulfated oligosaccharide comprising 4-18
" monosaccharide units, which per se has affinity to antithrombin III (ATTIL), is covalently
attached to a polypeptide through a bond or an essentially pharmacologically inactive
flexible linking residue. o

32. The process of claim 31, wherein the oligosaccharide consists of 4-6_.m0nosacChaﬁde units.

33. The process of claim 31 or 32, wherein the oligosaccharide is a pentasaccharide. -



