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CONJUGATES OF A PCLYPEPTI DE AND AN OLI GOSACCHARI DE The
present invention relates to new conjugates of

w@odogpensis des and ol i gosacchari des, a process POT/EP1v66/050551
preparation, pharmaceutical conpositions containing
the conpounds as active ingredients, as well as the
use of said conpounds for the manufacture of
nmedi canments. Recent devel opnents of reconbi nant DNA

por nt PR SR R PO R S B AR ARIBES

useful quantities of therapeutl c pol ypepti des. The
short half-life of many therapeutic polypeptides,
The mmek/@lventwagehtes fc@ new atpnjyg@tgtse@@ypﬂpadetsmg@hgosapﬂ@ndes a process
dn1n|strat|o S ounds ere are sever
‘feblﬁ ;ﬁa

for theth, RTERATRIAT, | S‘H{%?IB% {he ﬁ°ﬁ‘§8‘mds as active
ingrediBit§; s W4 tRans o kaild "c&ﬁbbﬁﬁ"s %ﬁﬁ@' nﬁﬁﬁfacﬂﬁef& mdARRRInRS

are e rythropoietin, insulin, interferon a-2b
interferon b, interferon g, granulocyte colony

e TEARRE s B B e B A b mt
have WeRlaitlhas the %Blhﬁfé}&é’l' gﬁﬁlﬁctl&i o uﬁeﬁ’it:ﬁﬁmlﬁéﬁi? uantltles of therapeutic

ctivator, calcitoni interleukin-2"and t
polypapmdees The fshart dmlfiife fof hradrfy- thevapsutics pqupéptldes; tHoWevéle das historically

few hours. |nsulin, f exanp
pose a| ¢ aﬁrﬂ%@ iy then pgminigitation of) rﬂ%ﬁiﬁ g%mpwqﬁian %ﬁ@&% hag several important

t
ponSHRIBAES) Bhelchtars i 62 bhal LS BARHELRRE i Erampl
are e h}&hlfopbie’biﬁs iriikn, aphécefeste dulb, ter@irotc gy Ointdrickeh e Rramiitocyte colony
) I(‘@%P_ ) and ki sspeptin (matastl n). Extending the
stimulgging faqtere hpman |geqve é@rm@nep @rwmmed@gcr@ahagp reploeawtnnulatmg factor,
current Lreatpent unt,s
relamp,r émb lase S %? mé%?aﬁ&’ 1%su8 epVVms 11%%6(1]'1 tu%jla{(r)? &}mlt]omlbr m&erleukm -2 and
tumm%&ﬁom@ﬁl\étor 3A8bhalBlivés Y6ipRificantly MRy tHhat fiwhBoltdVRsulin, for example,
al ready been subjected to studies ained at extendi ng
has athalf-lifer of ionly dbant 12 infnsrtesninl rogn. Kdfher. examplksfarolypaptides that are being

develggq%!%stahé}?%therape s Jalégl?ts b3P sl b in ot haliives are adrenomedullin,
glucagon like peptide (GLP-1) and kisspeptin (metastin). Extending the half-life of therapeutic

-D

polypeptides can improve current treatment by allowing dosing amounts and frequency of dosing
to be reduced (Curr. Opin. Drug Disc. Dev. 2005, 8, 590-600).

Many proteins have already been subjected to studies aimed at extending the in vivo half-life
employing e.g. adaptation by PEGylation (i.e. conjugation with a ~1-30 kDa polyethylene
glycol-moiety; Drug Discovery Today 2005, 10, 1451-1458). Currently available are for example
PEGylated analogs of insulin with an extended half-life. Beside the reduced clearance rate,
important aspects of the latter insulin derivatives are the reduced immunogenicity (e.g US
4,179,337) and increased solubility. Further, developments in PEGylation of insulin also led to
physically and proteolytically more stable conjugates than native insulin (see for example WO
2004/091494, WO 2002/098232, US 2005/0152848).

PEGylated erythropoietin with a longer serum half-life is for example described in WO
2004/022577. It has further been found that by altered glycosylation of erythropoietin, the half-
life increases. In addition, hyperglycosylated analogs of erythropoietin were reported to have
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gl ycol -noi ety; Drug D scovery Today 2005, 10,

1451-1458). Currently available are for exanple
wBiBglostied anal ogs of insulin with an ext endedPCT/EP2006/050551

hal f-1ife. Beside the reduced clearance rate,

i nportant aspects of the latter insulin derivatives

are the reduced i mmunogenicity (e.g US 4,179, 337) and

i ncreased solubility. Further, devel oprrents in

hjghef Q(zzv%t éc% tng6%bb&4$é3§°dtﬁe‘ii &x8m {%\és X at%{f ({Boly)peptldes with

proteol nore-s l1e conjug
rolongbﬂuamran&rs Q¢ afcﬁén QR dmlleé) tﬂ@M@GLPM@ (WO 2005/058954, WO
2002/ 098232, US 2005 848 Oyl at ed

2004/@9%/8235 (ﬁp@cw@mgﬂtév\ﬂﬁ?mam%ngieﬁ 3§ér3§ﬂs Wmmatemle 2@05; 636, 3597-3606),

sieofd fePnfi FRElnatly Boviselee (o2 6800 0 iad Tem Lo PB00s, 15, 4114-

4117)%&1%1%@9@1%%{1 Devhedhbl 1008 4 Pe0eFSand bordfide (PRGm. Res. 2005,
ergl ycosyl ated anal ogs of érythropoietin were

22, 743eW)t ed to havehigher in vivo activity (V\D

stil, fSane B RGN mighort: CROdT Sbigmpd fy Uheaical selBistOaa ksl syntheic

polynRe0tid Hfly dlgpeg'@-fhlk)me(am}%pQ BAER gﬂséﬁ DR Qf'fng%’gﬁl%? having different

Bi dcon; ugate Chem 2005, 16, 377-382; Biomaterials,
numbEﬁchf m@@mﬁﬁ&ésﬂﬁ@)n agﬂamsmam diribatice of thenswleculat We[ghl;s When a

polyp @ﬁatgg ]ll:;& feaqllﬁo %lﬁﬁgb on%}'&:rgnjrfgg‘%%ow 1cggg@/ ggve different
g AL S SPGBt of v

pharmegolopical asivitiey of (REGdated $)ylypb;ﬁﬁles nagydthetefdee bald serious drawback of
%qthetl C polyners, i Sé’% di sperse. . This nmeans that a
the teghige. JHspEbic ke that q&%ﬂt@emfégommlﬁ fign preqmapapied by loss of
oner
blolo%msﬁﬁap IngﬁH%f ﬁ%hu;‘se %ﬁ’;ﬁ&%?ﬂ S/Q:ah& gﬁrto H&%‘efﬁﬂng to excretion from the

Sstri

body.p&d gk phidlekildr swdRgity PEGS cban tabéusnulgtads theoliver Clobdifg td Macromolecular
of conjugates, which may have different biol ogical
syndrmp@ltswynﬂy, ECalation pfairugsrshpgldoe perfamnegwith great care.

[ y t
sy THORFSEL St RRERESE AL, it b R BIBRRCR Bl s win
polys@cch@ide§USn dpambidak wath polysialic acid chains (e.g. WO 92/22331 and WO
2001/87922).
In JP 02/231077, heparin — superoxide dismutase (SOD) conjugates are described. Preferably, a

number of heparin molecules are attached to SOD resulting in conjugates having a longer half-
life than native SOD while retaining about 90 % of the enzymatic activity.

Other conjugates of polypeptides with increased half-life are exemplified by conjugated
derivatives of insulin (WO 2003/013573, WO 05/012346) or GLP-1 (Bioorg. Med. Chem. Lett.
2004, 14, 4395-4398) which bind to circulating serum albumin. The binding to serum albumin in
those compounds is based in particular on hydrophobic interactions of the binding moiety within
the conjugate with human serum albumin. The higher the hydrophobicity of that moiety, the
stronger the binding affinity to human serum albumin. Although a wide range of binding moieties
is suitable, a drawback of such conjugates is the low affinity and selectivity of the interaction of
the conjugates with human serum albumin with as a result a poor predictability of the

pharmacodynamic behavior. Alternatively, fusing the gene for human insulin directly to that for
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the technique. Also, it is knowmn that PEGyl ation of

proteins is often acconpani ed by | oss of biol ogical
WwW@edbwsx1g4 Further, the use of PEG nmay cause pPODEPRI086/050551

relating to excretion fromt Se body. At high nol ecul ar

wei ghts PEGs can accunulate fn the liver, leading to

macr onol ecul ar syndrone. Consequently, PEGyl ation of

drugs shoul d be perforrred with great care. Simlar

huma% %gllfm{ ?lbﬁ&)fnw}es&t$ fﬁ(%llll Fn%v%r?n 8f i{l%lll eﬂlap Xs ﬁctlve C}Ié reducing blood

eriva | oNn O es w pol ysaccharl
glucobd 1&1st ifgrU hgibromn éu Fliféh}ei@l afler Csu@@thtﬁnébh@'dﬂl&nﬁl@trﬁlonvﬂ)uttaroy et al.
©92/22331 an /87922). In JP 02/231077, heparin
DlabetesSZQ%s 8% 2fd - %ﬁ&)nﬂp‘ag\éer( cgsmijhg inawailehility ebthe rﬁlﬂ@éd)olypeptlde

ferab lLecul hed
weligs e ipdits ol e el SRRROPEBEREL T onger -
Furthﬁﬁ' fl IWe t23080/40283 Veonfiidatedhbf € féretifitatic8d aa?féb‘ﬁd& Qo Qfpecifically,

the enzymatic activity. O her conjugates o _
glycowmypémanokd@mﬁs)tmre idiscloseds erchi¢ta hrfe- donfiderad as esymtheptid piotadglycans. In

thosevé con%ﬁ %te deri atl ?‘%Pg%{ d)l}sﬁ}ﬁdconsﬂvé?‘fﬁaoo /013573!,cam has 2
51gmﬁlcﬁnt ittt &%ﬁ@ﬁhe%bt?tkb a{?:'tlmy bPthe 'cbﬁjﬂhé’céé ng serum

bum n. The binding to serumalbumn in those
Also, cndmgpmanhbmdes atgagtadhddntopshatmangbticallyrachiyel cophaids in order to increase

[ f ding nmoiety within the
the SO&‘QN“H@ fEOfUG%Y(ﬁ 29@&&#%& um al bumi . The. hi gher the
hydr ophobi city of that noiety, the stronger the
bi nding affinity to human serum al bum n. Al though a
The paesdnt inaergdnatlates nelinew donjugttes of palypeptidedivith increlisedvhalf-kives, being
of such conjugates is the |low affinity and sel ectivity

conjugates plea polyRrRiKie iapd apoligpracehsrife.guhesiniihe Rolpeptide spfamngated (o at
least %&m}{éh sﬁl?at@cfo%%g&ﬂgﬁdeas é}rreﬁ &d't]?e;é:ﬁ lséécﬁar?({ h@%nsmg 4-18

armacodynam c avil or erna usi n

monogsdBarfderunits abd persethavingdiffititt foyantithrémbin IHIOzEﬂdLIhB Spaver béthg a bond
albumn results in a long-acting formof insulin that

or any gssgallyephasmpeaiogically BRIDE Benibleskinking, spsidueoor ;a pharmaceutically
accepfalrguét ?a{fagglgreg)f.rl;r?fé:n%ﬁto‘flgossa%&a%%&n EohsRt %9 B8 nnocbilide units and in

particular preferred are pentasaccharides. The conjugates of the invention have improved

pharmacokinetic properties - and thus improved pharmacological properties - when compared to

the original polypeptides (i.e. the corresponding non-conjugated polypeptides per se).

The present invention further relates to a novel technology based on a process for the
preparation of a therapeutically active conjugate comprising a polypeptide and having negligible
anti-thrombotic activity, comprising a step whereina synthetic sulfated oligosaccharide, in
particular a pentasaccharide, which per se has affinity to antithrombin III (ATIII), is covalently
attached to a polypeptide through a bond or an essentially pharmacologically inactive flexible
linking residue.

ATIII is a serine protease inhibitor, present in blood plasma, which interrupts the coagulation
cascade to provide a feed back loop. The half-life of a sulfated pentasaccharide is essentially
based on its affinity to ATIII (see e.g. F. Paolucci et al. Clin. Pharmacokinet. 2002; 41 Suppl. 2:
11-18). In the conjugates of this invention the serum half-life is longer than the half-life of the
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D abetes 2005, 54, 251-258). However, in this case the
bi oavail ability of the fused pol ypeptide, as well as
wo bmelognigi ng affinity for the target receptor, PeBEP2006/050551
reduced. Further, in WO 2000/,40253 conjugates of, for
i nstance, a peptide and, speéifically,
gl ycosam nogl ycan chai n(s) are disclosed, which are
consi dered as synthetic proteoglycans. In those

oﬁgin%gﬁcji)lggeg)&igg agg F?es%ﬂaorf e fg}%]f;ﬁ%ecoﬁltheaﬁéélita\gs% Iaxgﬁe %ﬁ{%hilar{ﬁglg taccounts for

cosamno can has rgnifica

the heMAlifelof thd WhpRat! Fartieibn, the dhjubhies 60ME UBahesh ndosB: have a longer
ol i gosaccharides are attached to pharmaceutically

half-life; thuf, theg @igg dariel Sniable pharamacokinetie properdies hesed ondhy sterific interaction
v S bR R0S 02T B BB e8I BEBuG lRA5S aescrive

e.g. iaWestetdt®s 1. DEL MBIo6RN] MERL EfieRl 199401 267611808 &aANAMBRrdam er al.,

ol i gosacchari de, wherein the pol ypeptide is conjugated
Arterioscler Throaet VesreBioy 10A% 5 @98 tA0Batlachn embodiment of the present invention

NI e e R -
monogafctzléé}i(eruﬁi@ At b RARUIY! beifd JefBsPRERI) RS HQirtulating plasma

ond or an essentially pharmacol ogically inactive
level bf ex$®hML. | Up Kb rthisr @acehiation tha AJHHrmediated iaoBddagulant activity of the

. acceptable salt, thereof., Preferred aqligosacchari des.
Ohgosflsﬁ?ﬁé? (@ pattisulap %E@é@ﬁ%d& I%W?%l%ﬁﬁ'g i P&E? {agyyvith respect to
bleedfﬁ%q{sﬁ& & fﬁlr RsBRAL QS ROSOR: F&S - CII BhEARISBALE S 00S; 41 Suppl. 2: 1-9;

| ivention have i nproved p arnﬁcoklnetlc propertiés -

(2) SatdKedmsetiakpDeya(iRa6led d): beji3c F88Spamip £Y)t TlesRembiaadt Investigators
conpared to the orL%hnal pol ypeptides (i.e. the

Circulagione 30l dl g 7B8-2M)-udardingolay 3B pembrAime; of dhis iygntion, the
oz BLSRIE (h PUABLIPOA RS 40 o N o g i
a pentacchpedd)i asdd Yin abéd icusjugarey perake hadapranficdagunt activity which is of
pol ypepti de and having negligible anti-thronbotic )

subtherapqufictlgvel sdiep rcomipatgddo dhepharmaepgical astivithef the polypeptide per se.
Subth%l%lp&%ceg t%si 1%95%%{3 ﬁg%g %‘:Mné "} lower than therapeutic effect and without side-
effects, such as bleeding risks. For example, diabetes type 1 patients require (long half-life)
insulin 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 present conjugates. A person
skilled in the art will understand how to select conjugates with a proper balance between the
therapeutic levels of the polypeptide and the pentasaccharide, respectively.

The polypeptides in the conjugates of the present invention retain their biological activity.
Furthermore, the linear pharmacokinetic behavior of ATIII-bound pentasaccharide in the
conjugates of this invention accounts for a highly predictable therapeutic effect of the conjugated

polypeptides, since the conjugates remain largely in the intravascular compartment after i.v. or

s.c. dosing.

The oligosaccharide residue in the conjugates of this invention is a residue from a synthetic
sulfated oligosaccharide which per se has affinity to antithrombin III (ATII). Sulfated
oligosaccharides, and in particular pentasaccharides, generally have affinity to ATIII, however, a
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particul ar a pentasacchari de, which per se has

affinity to antithronbin Ill (ATIII), is covalently
w@tdoaosmss t 0 a pol ypeptide through a bond or aPCT/EP2006/050551

essentially pharnacologicallg i nactive flexible

l'inking residue. ATIII is a 3erine protease inhibitor,

present in blood plasma, which interrupts the

coagulation cascade to provide a feed back |oop. The

e, of S I | |
persof U pBL o B P ARSI 95 oSl Kt o
Amst@&laﬁ' et &, 1 Avter¥ReleFEIREMB Sasc BIOL 1995, 15 $9IS)¥303) 3nd select the desired
11-18). I'n the conj uqat es of this invention the serum
¢ Q

affinityalevel} | Suitablg sy@ﬁ@@ igaspcchasidgaresidpes endfint prsteulayi pentasaccharide

remdu%g ﬁ%{%e etclg%g eiﬁ 1%()&?%1(31} 153%&1%& hﬁ]il(i‘esf%%hswz in EP 0,454,220, EP

0,529Alsf Wof%/oﬁssth@%vmgs eJ. f1eqt OREMTI00S ; YBE349-352, Angew. Chem.
conj ugates of the invention not only have a |onger

Intl. EhlEingl. 1984, i?ult67ﬂfﬂe§§)0ah@dleﬁme t unabl e phar rracokl netic

R e R e -
hnklngté&@ddeaatttﬁﬁ{ed't@w ehlidiily/ sﬁlt%ﬁééltﬁﬁdwﬁnﬂ thd ﬂéntasacchande residue.
sterduin et . Bioorg. Med. Chem 1994, 1267-1280;

Theref@m, iArap teenbidoment ofthis, invgntien Iﬂ[ﬁ&lﬂn_ﬂlgafﬁh amrdonjngs&s Bheidein the

5: 495- 50, I n.an enbodj.ment of the present
Oth%aﬁ‘a@ﬂ ?8PF‘°F’E1’E$S‘§ ?B??stgf':&‘ﬁ‘é‘it?rﬁgi )ool ypepti de conj ugat e
o8y ge&acchar' R In particul arrconsi sting of 4-6

§ and t partpcul arly being a
i) & | | evel of <
' ) @%%fEEYon he/ ATI 11 -nedi at ed
¢oagul ant activ] of the olig saccharlde (in

partlcul ar pentasacc érlde) |s I nsi gnlflc@t in

ST R N e AT
R is 13&8311deﬂt 2}??%?’9 16 g% ail%og ,o; &%)es(s%tla;li_lz gﬁ%?%??ﬁ%{ﬂly B8 flexible

1mklngmw,<hm@nitors Circulati on 2000; 102: 2726-2731).

i Giea et a8 R aRt e sty eRlp el ingive flexibl
lm@m% BAbIigGabtatide ABAUERSnpRSi 16Ul RidbkoR&iHASde units, and

Rb is independently (1-8C)alkoxy, an essentially pharmacologically inactive flexible linking

residue or an oligosaccharide residue, comprising 1 — 13 monosaccharide units,
the charge being compensated by positively charged counterions.
More preferred are conjugates wherein the oligosaccharide-spacer residue is a pentasaccharide-

spacer residue having the structure (IT)

080,  COO- R R
o} o} o} o} o
o coo- \ /O -
R R 0S0.- R
R o */No R
R R 0S80.- R R
¢ (II),

wherein one essentially pharmacologically inactive flexible linking residue is present and wherein
R is independently OSOs;” or (1-8C)alkoxy, or an essentially pharmacologically inactive flexible
linking residue, the charge being compensated by positively charged counter ions.

Further preferred are conjugates wherein the pentasaccharide residue has the structure (I1I)
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a pentasaccharide) used in the conjugates per se has
an anticoagul ant activity which is of subtherapeutic
wo ewelosuBen conpared to the pharmacol ogi cal acPCwEP300€650551
t he pol ypepti de per se. Subtgerapeutic in this respect
means: having a | ower than therapeutic effect and
W t hout sideeffects, such as bl eeding risks. For
exanpl e, diabetes type 1 patients require (long
| ement (basal)
-1 0] nM which is
0-(1-8C)alkyl
o onj ugat es.
person (skilled in the under gt and how to
sel ect Rconj ugat es mntﬁ&ﬁ propér bal ance between (Hg,

wherci i Egeanden GOS0 8p B ukory R chisar s paerseigd by gosiively

of the present invention retain their

Chmg‘?o oglégﬁ activity. Furthernore, the |inear
Highlph prefieresak icogipoandse hasordingofio Ak | inventiord are compounds wherein the

pent asacchari de | n the co ugates of this invention
Pmﬁa%ES%E%¥§E$QHeh§ dctabl e therapeutic effect

of the conjugated polypeptlde i nce the conjugates

remain largely in the intravasculyar conpartment after

i.v. or s.c. dosin The ol i aride residue in

t he conjugates o t '8 i nvengl Adu& residue froma
synthetlc sul f aye I|g ari dsophi ch per se has
af fasoy tooant Yt rrm OMEl/ (ATI11). Sulfated
ol Fg@sacch 9n pa(ztl cul ar pentasacchari des,
qéfﬁ+é}ly bame afflnlﬁy to ATI1, however, aperson
sK don art can easily check the afflnlty of an
& i go¥ecchari@deto ATII| (van Amsterdam et al.
Arterioscler Thromb Vase Biol. 1995; 15:495 503) and
ttiiE&bggt the desired affinity level. Suitable synthetic
ol i gesaccharide residues and in parti ¢md)ar
pent asacchari de resi dues may be derived fromt

whereip Rgs indgprrdensht QsHe eh@POel e@}lddp partisylag both ltgroepm@z(llzzm 0805
EP 0, 529, 715, WD 98/ 03554, WD 99/36428, J. Med. Chem
2005 ; 48, 349-352, Angew. Chem

According to this invention, synthetic sulfated oligosaccharide residues, in particular

pentasaccharide residues, with affinity to ATIII can be conjugated to any polypeptide. For
example, the polypeptide can be a bioactive peptide (e.g., 3 to 50 amino acids in length) or can
be a longer polypeptide that may or may not have catalytic activity. Non-limiting examples of
bioactive peptides include neurotransmitters 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 resorption modulators such as
osteoprotegerin (OPQG); stimulators of osteoblastic activity such as adrenomedullin or truncated
derivatives thereof such as ADM(27-52); hormones such as vasoactive intestinal polypeptide,
corticotropin, secretin; hormone inhibitors such as somatostatin; hormone stimulators such as
melanocyte stimulating hormone, luteinizing 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 ("Humulin," Eli Lilly); anti-infectives such as lysostaphin; appetite suppressing
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Intl. Ed. Engl. 1994, 52,1671-1690 and the Iike. The
ol i go- and pentasacchari de residues may be conj ugated
wo eooblog21pbl ypepti de directly or via a |inking PEREP2066/050551
attached to any chemcally syitable position wthin
t he pentasacchari de residue. "Therefore, in an
enbi donment of this invention the conjugates are
conj ugat es wherein the oligosacchari de-spacer residue

horm%rﬁe% §u@ﬁ %st {)Hecsﬁqlﬁlﬁle vgaégcoﬁgh\‘jiétgjf‘sn gl)%%le)flsg %ﬁgiﬁtein%él M: vas déla‘fogs such as

armacofogreally i nactl | resi du

bradyRIn@§ edtbstam@ PHe RAINAIR; ingtriuRsiRPERARNEICY: 48568Bial natriuretic polypeptide
SI -8C) al koxy or an essentially pharmacol ogically
(ANP);rangidiugetict haswmiongsesuch ak vasgpressin @u desmapeespia; angd oxytocic agents such as

i nd ndent | 3 1-8C) al ko an,essent, al
oxytobitS RASRTA) ckmpleS 7 nalypeiided faf SafYbe ot BTG Nutan azowph hormone
("HurB&htRpk I 0G&fehlkah); dB H: 86-dSE, ("NOkfogks mn%enj; ddthropoietin ("Epogen,"
nonosacchari de ‘units, and i s |ndepen ently
Amgdnl);- iy ferdoox y 2aainterfsem bi 24, \intptfenondk @ir dnefedohyy; factor VIII or other

inactive flexiple linking resid or ) )
bloodoapﬁlag Je@ﬂ%%r%uaﬁ ag é’§‘?t8‘&e,8 o Jages g’?ﬁg fo}l?cﬁe gtgmulating hormone (FSH); a

cytokiHé%éﬁ‘%&Qﬁfi}étﬁﬁelﬂ&{ hg% é%.?e Iﬁh?tﬂ,e-lgg%t ngs g?”PP flg,abedlé’,y-l 1, -12, or

positively charged érions. ré preferred are

-18); denmjoglpdire supbrex e ndishetasd; | sphibie CTRY iofl dCB3p aeeptore platile Gpllb/Illa
i s a pentasaccharide - spacer residue having, the

analogg angtthgir deqepiors (yRepBion' @%@s%géﬁhpsgpp;>g1ucocerebr051dase ("Ceredase" or

) el et pacti P L osi . .
Cor e TSR A G R BBl B Sl pormone
prolacting EHIGIHK Quoh aOpegaizomanteSordhveyt" PPidern GHRIY hgalidty, such as leuprolide
inactive flexible |inking residue, the charge being .
("Lupgesp elepseretin'y ajseds) oF nafaseliop 4ryysarct'o Baeks) and(xnRH antagonists, such
Fur,t her ef gr e j 8 erein_ t o ' .
as s lb Rt Of Bl GARKL 9B MR iBretin i Siemtyy Serono):
octredtideS("SRSRBRAHE MNbyarfODr Ahrombbiydies aukIORY strepOkinbR, Gphylokinase,

urokiltl)fsie,n %r Ct?sggg n[i:stn?igog% gcot;c’\jaioirv g’l&tis!:s%,r"g %%nglstgcrg);e rnileotarlls?ih (KISS1 or
kisspeptin-54) or truncated derivatives thereof such as kisspeptin-10.

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

Further preferred polypeptides are insulin (t %2 = 12 min; Mw = 5.8 kDa), calcitonin (t 72 = 20
min; Mw = 3.4 kDa), GLP-1(7-36) (t 2 = 6 min; Mw = 3.4 kDa), adrenomedullin (t 2 = 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 %2 =20 min; Mw = 15 kDa) and ganirelix (t 2 = 12 h; Mw = 1.6 kDa). In
particular preferred areinsulin 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 essentially pharmacologically inactive, flexible, linking 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 “essentially pharmacologically inactive” as used
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Hi ghly preferred conpounds according to the invention
are conpounds wherein the pentasacchari de residue has
wo bmesgrigct ure (1V) wherein R is independent!| yPQZEBDNG/050551
0SB , and in particular both R groups in (I1) are
OSG3 . According to this invention, synthetic sulfated
ol i gosacchari de residues, in particular

pentasaccharide residues, with affinity to ATIII can
hereilp ?r}e&%n{h%igﬁl ggéeg t()ign% nﬁ ?%o\élg Gﬁfl) é{eo% rfgrralé(?sx\%ﬁgh esh%&/?p%agﬁacologically

actlv@'ﬁéﬂ Qe aﬁﬂhg FodeR at Whithhbe éb"mp‘@ﬁd@@f the Erﬁ@ﬁl%n £6 thepgietichlly effective.
that may or may not have catalytic activity.

Thus mtdosetsmttwmgh theanepineyndss ofithe peasentenenbion des u$qd&suh@rapeutlc drugs,

e SR B RN B R e o O R

The spader AdyOESmPrike(sPeWRAP BigidelemBhts| dudh R'riffa§hichites and unsaturated
cal cium regul ators such as cal citonin or parathyroid

bonds dihenspasex 6fTth cotpeunds ef thepnventiomischrefztablystlexillp. Sigtable spacers may

i 3 SRR Bl Rt AT B SRk B e spacers e

consi@éd Y&k! é(ﬁﬁbl@hﬁﬁﬁexfferswﬂge@%?aﬁw fhy Ol sBREEFANRS b UpBlied in the
as vasoactlve intestinal po peptlde Cortlcotropln

compeemdsetfi the presamp igventibn. thedhrEedsspaberas:osmmm as tleast onpe -(CH,CH,0)-
hornone stinulators such as nel anocyte stinul ating
elementyr npne, | ut ei ni zi ng hornone rel easing factor, or
sernorelin; antidiabetic agents such as gl ucagons,
anylin, glucagon-like peptide- 1 (G.P-1) or truncated
Repredemtativat examasplésefr abd conjubatas oflLtRe -pk€sént3 iB)entiéd[Are Zonjugates of the
gl ucose-dependent insulinotropic polypeptide (G P) or
ﬁﬂkWWﬁgéFWﬁmPsHunulln " Eli Lilly); anti-infectives such
as | ysostaphin; appetite suppressinghornones such as
obestatin; vasoconstrictors such as angiotensin |1
vasodi | ators such as bradyki nin, substance P or
kallidin; natriuretic agents such as atria
natriuretic polypeptide (ANP); antidiuretic hornones
such as vasopressin or desnopressin; and oxytocic
agents such as oxytocin. Additional exanples of
pol ypepti des that can be used include human grow h
hor none



("Humant rope, " Genentech); rLH rG CSF ("Neupogen, "

Angen); erythropoietin ("Epogen," Angen); interferon a
wO0 2®a/083184 erferon a - 2b, interferon b, or inteef/EPDN6/050551
g; factor VIII or other bl oog clotting factors such as
protein C or factor Vila; foflicle stimulating hornone

(FSH) ; a cytokine such as an interleukin (IL) (e.qg.,
IL-1, -2, -3, -4, 5 -6, -7, -8, -9, -10, -11, -12,
or pd-8); henogl obi n; superoxi de di snutase; sol uble CD4
or receptor; platelet Gollb/lIlla analogs and their

A1O[I)4
rece%‘i ors ("ReoPro," Johnson & Johnson);
gl ucfcer ebr osi dase (" Ceredase" or "Cerezyne,"
GenZ\Fgams); ACTH; sonat otropin; parathyroid hornone,
ant i @i i . prolactin; rHGH, such as

pegv"s___"___el'_i__r;_%_!—l_ i SL Sasn SHEN
as Iéénuprsol déhr (%{rﬁ%r on"S,er E{Seé'r?cérnelL?n I, A%g%gd RS? s
naf ar elysneeuCoyEnaksl fis— L RPGREdu-ARD L EAHRH LAY, i sts,
such a%lnganl relix ("Antagon”, Organon); GHR agoni sts,
such ag sernorelin ("Geref , Serono); octreoflde
("Sand§¥tatin", Novartis); or thronbolytics uch as
strept qbdi nase, staphyl oki name, urokinase, orAdissue
pl asmi magen act i vat aboHAetLyase,Th—-Fapert eehiy

met ast ilng¢ Kl SSI or ki sspept i n-54) or truncated

deri vatii ves thereof such asﬁﬁ“’sspepti n-10. Preferred

pol ypepti des have a nol ecul ar weight of- 0.3 - 50 kDa.
O her preferred pol ypepti des have a nol ecul ar. wei ght
Wherein §13R2=H83%Da. Al so pr ef ePFEEPS? 515§$=)}'b§3t_'i des o
whi ch have a rgfecwtlar wei ght of- 0.3 - 7. ki‘)a’.\/\yikz
Further preferfedo a)/pepti des are insulin (t 1A =
mn, Mv=5 8 kDa), dalcitonin (t 1A =20 nin; Mv= Y
3.4 kDa), GP-1(7-36) (t 1A=6 mn; Mv= 3.4 kDa),

Ry WP W M delebted tror Atrgetu?és ATBNC avivp= 6. 0 kDa) ,

ADM 27-52) (Mw 3.0 kDa), octreotide (t 1A =1.7 h, Mv
= 1.0 kDa), interleukin-2 (t|1A = 20 mn; Mv = 15 kDa)
and ganirelix (t 1A soddxh; Mv& 1.6 kDa). In 080X
o} o}
0S0,X :0303 3 0SO,X :0803X:
0 —O00 % OMe 0 —00 —fOMe
S CoO0!
0SO.X  coox AQSOXH, <83§ ‘s 080X 080X  coox AQSOX, ;<0Me S 0SOX
0 09 1 © 0 09 : °
LOMe ). AOMe OSO:JX OMe AOMe ). ¢ OMe OSO3X OMe
O/ Ly O o
o} = = X =Na* o} H
( OMe OMe ( OMe OMe
(o] H /\/O\/\H X =Na*
O/\/ ~"N (o] N
\n/\o/\/o\/\o/\/o\/\s_é \n/\s—é—
o} o}
0S0,X OMe
& o Q o
0S0,X {OMe 0S0,X {ome )
o) —00 1 OMe o) —00 1 OMe
felele) C CoO0! 0
0SOX coox A§SOX ;<0Me j 0SOX 080X  coox AGSOX ;<0Me j 0SOX
0 o t° 1 0 o 1 ° ¢
Lome ), AOMe 0S0,X OMe {ome ). Lome 0SO,X OMe
%Y~ o 1~ (%Y~ o 1~
[o} = = X =Na* [o} = = X =Na*
( OMe OMe ( OMe OMe
O/\,O\/\H O/\,O\/\H

Y\O/\/O\/\O/\,O\/\S_é_
o

\H/\O/\,O\/\O/\,O\/\S_é_
o




10

15

20

25

30

particul ar preferred are insulin and
[D-Al a8]-G&.P-1(7-36). A further enbodi nent of this

WO pwensiieh i s a pol ypepti de conjugat e nonosubspct/EP®A6/050551
with a pentasaccharide-spac$g)residue. The spacer is a
bond or an essentially pharmacol ogically inactive,
flexible, linking residue. Preferably, the spacer is
an essentially pharmacol ogically inactive flexible

i nkl [ in . ' i 10- .
o ol U5 15 v EoyBRL b O B Yo A, PR s
the pehtadadEhapide 4R SRR Podition & Prefidtfedniat the Noldiife Galt. TRAd tR6fétably, Y is

"essentially pharmacol ogically inactive" as usedherein
Sdedﬁéﬁnglﬁh&ﬂﬂwhgagbBcer does not contain atons or groups

whi ch show pharmacol ogically activity per se at the

doses at which the conpounds of the invention are

Comthb¥y aBLEHRAEd] ¥bBk{i86éns\Bat atO Wt exdllicRIgSREnéd inisCdisdldiBre may be

conpounds of the present invention aré used as _ _
found: tre Thep dunérisanl rChgmical Hnciety Styde dfuidd Sesped: Editibme American Chemical

. le 0 de t e, r ol.ogi cal, sj de; ef fect Th
Sociey WesHngih doin s 020 (ABRLCRERYSS: GF pBharfort 07 s Gharmaocn). 24
(200 1?,' N SRéH Euidy BSABHIEVistbHE HA Gheid 1Re M Polypéiftide RRfeRte"Af Polypeptide.
he conpounds of the invention is preférably flexible.
Sci. 55465-4D1 €199Ppcer s may easily be designed by a person

skilled in the art. Fqr.synthetic reasons |onger
The EFRRAEPRAES TG loRethib s 2Rk hiee HRe I Ireggdess of post-
. I I .
e SRR RTRLG30 Py MAGES S b Yy BEREL e ity ypooses, o
recombimyntly peodated piphers o€ am{rio-a2ds?PYlypeptidesthat have three to 50 amino acids

. Represent ative exanples of the conjugates of the
typically eeeclpssifiedenperfidenr e conj ugat es of the fol | owi ng

13 i = =1 s i :R3:H, and
The p\?\#]arg?gﬁgdgmlt@@gﬁetﬁg%?%c Fir?tg)rl_r{?’sﬁeuc{ ur esg Rgl B, C and Dor
The térhidsulimadstused hereidatferdtotthéhaorallp opdigaiEhypogBtenit gogeptide found

) spacer is a different one or is attached to the o
in mapgunaly dncduding hureans; rah guinge pigp R tabbits, apwell ey faigeerabipgnt insulin and

simila &%@gﬁ‘ﬁe@ﬂé& Ro@ﬁ%pﬁc_ﬁe%f SEABIY in YUb St 689 555 031,740, 5,268,453,
5,506,202, 5,514, 646, and 5,700,662.

In the description of the conjugates of the invention further the following definitions are used.
The terms (1-4C)alkyl and (1-8C)alkyl mean a branched or unbranched alkyl group having 1-4
and 1-8 carbon atoms, respectively, for example methyl, ethyl, propyl, isopropyl, butyl, sec-
butyl, tert-butyl, hexyl and octyl. Methyl and ethyl are preferred alkyl groups.

The term (1-8C)alkoxy means an alkoxy group having 1-8 carbon atoms, the alkyl moiety having
the meaning as previously defined. Methoxy is a preferred alkoxy group.

The spacer length is the number of atoms of the spacer, counted along the shortest chain
between the oligosaccharide residue and the polypeptide, not counting the oxygen atom of the

oligosaccharide residue which is connected to the spacer.

An embodiment of this invention is further a process for the preparation of a therapeutically
active conjugate comprising a polypeptide, the conjugate having negligible anti-thrombotic

activity, wherein the conjugate has a longer plasma half-life than the original polypeptide while
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Commonly used chem cal abbreviations that are not
explicitly defined in this disclosure may be found in
wabmedsmsd can Chem cal Society Style Gui de, SePON#EP2006/050551

Edi ti on, American Chemi cal %olci ety, Washi ngton, DC

(1997), "2001 Cuidelines for -Authors" J. Org. Chem

66(1), 24A (2001), "A Short Quide to Abbreviations and

Their Use in Pol ypeptide Science" J. Pol ypeptide. ScL

; -471 (19 . the r Q ept i de 1 0 .

the biRjogich? sy Sty Gebifell BSHpRRRE ey Sl bpfhmeri sulfued
oligoda0&Hatideris lpatticana wheRsh fHeColigo§dsharide lcyRefé bfl8% MmaRosBeharide units,

naturally occurring, chemcally synthesized, or
and mast parivulan beingp sullksedippshspashesdofpeant heving hifinity to antithrombin I

s attphgt £ s P oot o Epih 78BSO AL hf ggologically imacive

flexibledpikwipapsiagte W th catalytic activity" means an enzyne.
The terminsulin as used herein refers to the
natural |y occurring hypogl ycem c pol ypeptide found in

G mmal s, ingl U(}i ng humans, rat, guinea pig, and
—@-@M@t’—%ig@-}’—‘g@zﬁg—e"e L 4 S reconbi nant insulin and simlar

hypogl ycem ¢ pol ypepti des di sclosed in US patents

4,652,525, 4,431,740, 5, 268,453, 5,506, 202, 5, 514,
Synthe#$of menthsBechoBidés2. | n the description of the

| tes of the invention further the.follow n
the {3 iHnn oPaneacefunde, s iaiispeniasatsfinids | of ol Compounds of the
| h ’ Fort he Y Ed. E

e, AR o, S5l s Rt RAROCE A I . £ v
1994 e32ar§711 €l 6961 Different bligd-,ang peptasacchasidpy witly hiterbdiafifinity for ATIII may be

.secbutyl, tert -butyl, hexyl and octyl. Mt ,hg_l and .
obtainedhy| vagying Hhedpispediatg mapo-.ginpistraspreharide ppilding blocks, for instance,

: DAl .hayi . :
vy kA BGHR RO R0, B BAUISIRLS BRI @Al prvcting
groupR rgivih® Wedeys thediffersaitly Velftek vlig®- add pchfasidchatidel k9 X Ycontrolled fashion

roup.
(e.g. estelpduin et. al. Bioorg. Med. Chem. 1994, 1267). The spacer may be introduced as

described for instance in WO 2001/42262. The oligo- and pentasaccharide-spacer molecule may
further be derivatised with linking residues such as the gamma-maleimido butyryl (GMB) group,
the N-hydroxysuccinimide (NHS) group or optionally protected thiol group (e.g. Angew. Chem.
Intl. Ed. Engl. 1996, 35, 331-333) to allow direct coupling with an optionally modified
polypeptide.

Conjugation

In general, the conjugates of the invention are produced according to a process comprising (a)
an optional step wherein the polypeptide is adapted for conjugation, and (b) a coupling step
wherein the optionally adapted polypeptide is reacted with an oligo- or pentasaccharide-spacer
molecule.

General synthetic methods for the production of bioconjugates are described in “Bioconjugate
Techniques” by Greg T. Hermanson, 1996, Academic Press. In addition, for conjugation may be
considered a Staudinger ligation (such as described by K.L. Kiick et al.Proc. Nat. Acad. Sci.
2002; 99:19-24) or a Huisgen’s 1,3-dipolar cycloaddition using a pentasaccharide derivative and
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The spacer length is the nunber of atons of the

spacer, counted along the shortest chain between the
wmbiogosAaschari de resi due and the pol ypepti de, POL/EP2006/050551

counting the oxygen atom of _the oligosaccharide

resi due which is connected t0 the spacer. An

enbodi nent of this invention is further a process for

t he prepar ation of a therapeuti cal |y active conjugate

polyp%@ﬁf%l o dg}lt&oh%ﬁ%%}l vg?h a}l u%&\/ﬁ? ﬁﬁl%ﬁo&? (Loup. Alternatively,

e an ronbo I C ac erern

enzy 641 reditiofts SRS a8 thedRERECIRHRB TRA @bt@aéelrﬁéﬂldt&ﬁélohﬁh@lon of polypeptides
origi nal pol ypeptide mhllethe bi ol ogi cal activity is

at theeN<ferminag (ag desartbied &y, Mc bayiniska ﬁtgalamsﬁwomgatéu@hew 2004, 15,231-

234) %\4@% gﬁgﬁsl %Lrjl%{a?et %S%{x%%ﬁpﬁ%@c Eglhg g]%nglo osp R tgoﬁ:tgmmg oligosaccharides
(as d&&n&ﬁa@cmr&ﬂﬁaw s BNCHS 1SoB 0 F04C RbAUY1 QUMD &an be adapted
sul fated pentasaccharide, per se having affinity to

for conjugation ofitopentash¢chaideatpacer esiduedo ah eptieriajly epudifikes| polypeptide.

Pt EEC Bt o T andiieni: Fer e BOBRERA e SohfRuiniented. In these

protemBda 20ABY 115, FFREAotetyYddh h@é 'ﬁh&fuc&? '%191%@9 GB&tishERS thERe biological
ATITI -binding ol i gosaccharide, in particular

activipes)t ashc clrategete, mafy tbhe fotowedurfds the (dite- qpeeﬁe)wtmtroductmn of a
i nvention n be pr ed as described for .ins e j.n
pentasggeharide de(SRaser)PAKH: %ﬁgﬁwe flods asprereapisitegdpn it binding of the
C
pema S opbi o, ATSLAES0 AR A Sab Mokl SISl et on

b1olog1mlacmq’|cﬁftthaepm;7pept1dd| - or tetrasaccharide building
ocks, for instance, g%lntroductlon of (permanent)
C

Insuhgl m Nytennpal Brl anshorsat G teppingl B lpwsmeramipe @H}?B%ﬁ@l? not essential

for SR B G0 D APLCHAERENT, b Sleh (ARG I W, Kip e ol 4av.

DrugaRan 2§62, $4, Y&5-530)d0 20%edverdl yielBivirpregctidvbst. a g dtoxysuccinimide
1994, 1267% The spacer may be introduced as descri bed
(NHS) activaiedaREE iderivative owith4dblBoctpretesier gisuli g Similar reaction of a

blfun@tﬁ)%lago%f)ﬁgf éaggntsﬁ@ﬁ% Ma%%dgbmloxy succinimide ester (GMBS) gives

access to B1-modified insulin pentasaccharide conjugates. Alternatively, the B29 Lys residue of

unprotected Zn>*-insulin can be selectively modified with an excess of NHS ester at pH ~10-11
in ~60% yield. Other well established methods for the regioselective conjugation to insulin may
be adapted from WO 98/02460, WO 2004/091494, WO 2005/012346, US2005/0152848, Jensen
et al. J. Pept. Sci. 2005, 11, 339-346, Lee et al. Bioconj. Chem. 2005, 16, 615-620, Jain et al.
Biochim. Biophys. Act. 2003, 1622, 42-49, Tessmar et al. Tissue Engin. 2004, 10, 3, 441-453).
Ganirelix: NHS ester derivatives of a pentasaccharide can be conjugated to the free N-terminal
amino group of de-N-Ac ganirelix or an amino spacer containing pentasaccharide derivative can
be conjugated, optionally via an additional spacer, to the free terminal carboxylic acid group of
desamido ganirelix which can in turn be obtained by advanced (solid phase) peptide synthesis as
described for instance in J. Med. Chem. 1992, 35, 3942-3948.

Octreotide: The N-terminal D-Phe amino acid residue of octreotide, a commercially available
peptide, can be modified with up to 5 kDa PEG without abolishing the bioactivity (D. Hee et al.
Pharm. Res. 2005, 22, 743-749). Regiospecific functionalization of the N-terminal amino group
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further be derivatised with |inking residues such as
t he gamma- mal ei m do butyryl (QGvB) group, the
WO Wohysriekysucci ni m de (NHS) group or opti onal PGT/EP2006/050551

protected thiol group {e.g. gew. Chem Intl. Ed.

Engl . 1996, 55, 331-333) to | ow direct coupling with

an optionally nodified pol ypeptide. Conjugation In

general, the conjugates of the invention are produced

arding 0 hSH ) . an t lysSke .

can b AEREIE P B Sr O RS RERE N St it s ER T =6, Wbon which
furthe2ténfulAtich ©OA RArkiBE p&riteacoMAfiiE cin b effegtd abdrdivg a6l @pie@sl synthetic

pol i\:)gegti de is reacted with an oligo- or o
methqsisnion she ameductien i dhie¢onjtigates iasedescabrelr abovey(etgadryi eonjugation of a

T O I N —
ADMPEL 5B NS N-12éhal AALSIERIT] SenBiEs®enokibdaniedi (ADM) is Bf essential for its

conj ugation may be considered a Staudinger ligation
osteogeniccactingy dad inhibivery ¢ffecKon vascillar kaleificationPRegiospegific conjugation of a

R F RN NTIET R PIT

by synthdashy Bﬁﬁ&ﬂa‘ﬂ?_NW?%&&ﬁeﬂ@jﬁl{ﬁdSW&ﬁg@ﬁelﬁEﬁ%{m&hed methods
or azide functional group. Alternatively, enzymatic

employdgc solwinshasel phptade  $ymthesis gind sgeinemat syrghdtigAmpthodse &wethe production of

. nediated, el gngati on of pol ypeptides at the N-termnus

blocofllé?gatﬁ%%?:‘ﬁsffglfgb‘bom- Lewi nska et al. in Bioconjugate

2 4 = r 1o .
DA A0y o eyt i, LI B7) U v such
Exendihi4¢D3OL ftar indehelied sdasare inachibly atMinoSidid residusd arei gxpdsed that are
) Am Chem Soc. 2004, 126, 14013-14022) can be adapted )
impoxtagit ferorepeniert tinding f Exdension ofthisamine geid spaucape withag additignal lysine

..an.optional.l di {4 ed .pol ptide. Further . .
resia adPls AR Ay o Bi¢ N;Spsiies YR, riofimidé g using an adapted solid
phaseolgépﬁﬁé’ts@ﬁesﬁss adVBbderiBQE TrEiRbiRRbe In"W(A©865/D589531 J6H eRhibits receptor

-5-30 kDa PEG noi ety can be introduced w t hout

bindingharid &hiivm finktiénal betolitygifencovalent binding to the Cys®* amino acid of human
serum albumin, while the proteolytic stability may (further) be improved by incorporating a D-

Ala residue at position 2 (Bioorg. Med. Chem. Lett. 2004, 14, 4395-4398). In a similar manner

GLP-1(7-36) or analogues thereof can be conjugated to a suitably functionalized
pentasaccharide-spacer moiety (e.g containing a thiol group). Alternatively, a Cys amino acid
can be incorporated 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
functionalized pentasaccharide-spacer moiety (e.g. containing a maleimide group), using
methods similar as described for the PEGylation of GLP1 derivatives (WO 2004/093823).
Furthermore, conjugates of GLP-1 may be obtained by direct coupling to a bifunctional NHS
ester linking reagent to GLP-1, followed by separation of the positional isomers (as described for
instance for the direct PEGylation of GLP-1 by Lee et al. Bioconjugate Chem. 2005, 16, 377-
382) and coupling to a suitably functionalized pentasaccharide-spacer moiety.

Interleukin-2 (IL-2): the free Cys'> amino acid of commercially available native recH-IL2, or

free (additional) Cys amino acids of IL2 muteins that are still biologically active, can be reacted
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activities; such strategies may be followed for the
(site-specific) introduction of a
w@enbasAaschar i de( spacer) - noi ety. Furthernore, PCT/EB2086/050551
prerequisite that binding of 4the
pent asacchari de- conj ugat e taATI I (-50 kDa) has no
substantial del eterious effect on the biol ogical
activity of the polypeptide. Insulin: The JV-term nal
. B- -t ermnal B-29. Lysing amno functi -
wit § bRk PR, e lE A BRI w0 o i
proto&dl aPBEACiBEE® fr ISP Glatiéss o PE2NUY £068, 344 ) WhWEdKintal&inide.
al, Adv. Drug Del. Rev. 2002, 54, 505-530) in 20%
overall yield via reaction of a iV-hydroxysuccini m de

- act.ivated PEG derjvative. with .
The Pl £ Qling % s R sichEimiht Apovecdeseritgd ppihad to prepare the
compBiifdd HFhORREntfoRU BAd B cdrAéd Bkt byStethod$ commonly known in the art for the
i V-mal ei m dobutyryl oxy succini'm de ester ( S) gives
couplingceg sondenBitionroefi feptide fragroédrithsyshras by dlucdvadd method, mixed anhydride
cponj ugates. Alter ively.. the B29 lys residue o .
methoif abthGed stpr oo s ¥rOinop aveBinds BT b ybifobier th influence of
ammMitd/ufdhidt GERSII TS, @sfcetallf iwithHhe hdifiod of RatafH¥and racemisation
yield. OQher well established nmethods for the
suppressnigo sempauridy eliko MY -hydrox yructinimides uNFiydnexybeezotrthapleednd  7-aza-N-
oSS, 8400, YO 20041 051194, U0, 20051018348 iy il Vol

S

3, F. Grotsafr, eRpRireR bds. PASERIlc PIGAE Novd k. 1981) /i psPis: Chemisty
and BidegyyiN. Setvaldl and H. <3 ulakibkgi(Wile O0EE], Winh8im,2002)453) .

Ganirelix: NHS ester derivatives of a pentasaccharide

can be conjugated to the free JV-term nal am no group

o v el . _ i

Amin 50 p 0 3SR PR SRE SO SR procure by
an Ngpbéteatig pioup) whivh mdshist 4 @ac@lp s@amehly tsedt fepdptide chemistry for the

term nal carboxylic acid group of desam do ganirelix
protegijonc rofc am | ¢raming  Bwuppbt bken ethe byerabutieragarbeayli dBoc) group, the

ben gx%ﬁ%gg@ﬁgw@gg{e%@%&r@@yﬁ@%@%ﬁ%&&%ﬁo&? r(Fringc tga}gﬁ:pemj fhe phthaloyl

(Phth) group, or may be introduced by demasking of an azide moiety. Overviews of amino

protecting groups and methods for their removal is given in the above mentioned The Peptides,
Analysis, Synthesis, Biology, Vol. 3 and Peptides: Chemistry and Biology.

The compounds of the invention, which may occur in the form of a free base, may be isolated
from the reaction mixture in the form of a pharmaceutically acceptable salt. The pharmaceutically
acceptable salts may also be obtained by treating the free base of formula (I) with an organic or
inorganic acid such as hydrogen chloride, hydrogen bromide, hydrogen iodide, sulfuric acid,
phosphoric acid, acetic acid, propionic acid, glycolic acid, maleic acid, malonic acid,
methanesulphonic acid, fumaric acid, succinic acid, tartaric acid, citric acid, benzoic acid,

ascorbic acid and the like.

The compounds of this invention or intermediates thereof may possess chiral carbon atoms, and

may therefore be obtained as a pure enantiomer, or as a mixture of enantiomers, or as a mixture



10

15

20

25

30

Octreotide: The N-term nal D-Phe am no acid residue of

octreotide, a commercially avail able peptide, can be
worpashsass with up to 5 kDa PEG wit hout abol i shP@EP1¥e6/050551

bi oactivity (D. Hee et al. rF:lgrm Res. 2005, 22,

1A2>-1A9). Regiospecific fu ionalization of the

N-term nal am no groupcan be achieved with an excess

of bifunctional NHS ester |inking reagent at pH ~6,

upon..-\Whi fur r J 1ot calri .
contaf L MEni dlion® R SRMIE ' shnl R B ool apwn in the art

e.g. crysMlliRkiof dreidNgdshit®rard RbtaRicddfichi Sptically @O Atilg aheSthe racemic
as described above (e.g. by conjugation of a

mixtuges or ghrostegraply usingceriral esluome. Iasrdiastareomgers streight phase or reversed
roup to mal ei m de derivative of octreotide).
phase%ﬁﬁ?ﬂ%‘f—%ai)abe:us?ﬁe N-termnal half of full length
adrenomedul lin (ADM is not essential for its

osteogenic activity and inhibitory effect on vascul ar
Physicer anidfbiedneinéas] aregiinspeci fi ¢ conj ugati on of a

nt.asacchari de- spac resjdue to t termnal Al a .
SeverREBpiies o RO ha 24 e o teaehneyh PRy R Bl figor eactive
penta@RERLABlrhdietdst 6 MhBabibyctivRy bf qkk AR’ ar2hvalBbRI Weltis respect,

est abli shed net hods enpl oying solid phase peptide
biomalgauldremtesactinnl apelysis ABIAY, nisiret saluble tiacapsorf mplethles as complementary
roductio i oconj ugates as descr.i bed ove.

o .Qf D- Al :
bindirg;a, ts-(}nS?}m Hoel de Horpp € BGHYIHe a?ﬂbueilm %Bﬁ'@fmg studies
il i . L ) ¢ an

of e Rahoc R oK a5 /T e e B s e by R BT
Ion erchange diz:hextlusioa chronaatdgraphyf and AFHE pffoitybéhnethatggraphy are available
Ext ension of this_am no acid sequence with an

methogs fpx subfrastiqnation af the peptasacehnside conjpgrips whle glectrophoresis techniques
e R0 oA L ShTLROELA ARS8 @B s pacr, 7
Conjugatérsies can b¥\idenfified 69 IAALDITOR MSeadalyist dNeasapiigdl sequencing of
bi nding and in vivo functional activity after coval ent
the camjygateig to the Cys34 amino acid of human serum
al bumn, while the proteolytic stability may (further)
be i nproved by incorporating a DAla residue at

Pharﬂ@&&ﬁih&ibﬁﬂ([&u%sg- Med. Chem Lett. 2004, 14,
- ) nasimlar manner

PK studies to determine the in vivo half-life of the unmodified polypeptide and the corresponding

pentasaccharide conjugates can be carried out in rats. Several options are available, e.g.
radiolabeling with '>’I employing Todogen or lactoperoxidase ionisation to induce electrophilic
substitution or using Bolton-Hunter reagent as labeling moiety and determining gamma-radiation
in plasma samples. Other methods known in the art are based on injection of unlabeled

conjugates followed by immunochemical analysis through ELISA or Luminex technology.

Pharmacological evaluation

The pharmacological effects of conjugation of polypeptides of the invention to an ATIII binding

pentasaccharide can be studied in in vitro assays and in vivo animal models as described below.
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G.P- 1(7-36) or anal ogues thereof can be conjugated to
a suitably functionalized pentasacchari de-spacer
worioens21¢£. g contai ning a thiol group). AlternetT/ER1096/050551

a Cys am no acid can be inc%kforated 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

. t 4 [ . charide-spacer Lety 1Ok
msuty 8 823 §ivE' BSGiP SPHRRAE ST 3l Peo RS TR Eherd P gpether by two
disulfitfe g.! _‘Bféokgéélﬁc tchemiRBGhbatficaibnodt ddeFdf e 'IJ?IM Ldn¥i@8 or N-terminal

(WO 2004/ 093823). Furthernore, conjugates of GP-I nay
o-ambe grbops werklbgoainreatetl. Tbelpffectgpficonjagitiohuots pemadacétidBde to insulin

ester, |l inking reagent to P-1, foll owed by separat.ion
can hgr sthdigd hys pralyring SF@M%@SE%% gL‘@Pfr%é’aS“PBraqdn&tR.FﬁEée content (a

. f i t L at k.0n:of 3 y _ N
biomigRE 3 Priset B7 sndr AR BRI ). Ry Bl puman nslin and
C-pepitide @adivimmogsshymnare icomaercigity pailitds da oherdffbetsatsatin on the blood
nmoi ety. Interleukin-2 (I1L-2): the free Cysl1l25 am no
glucoggclewelp eanchsrheasured in (atsQBeaghy dogsat i ve recH 1 L2, or
free (additional) Cys am no acids of IL2 nuteins that
are still biologically active, can be reactedwith a
The PiRitinacASEEOAT ind @itEpaRer inTDihet ¥ffettoli pinf@acthafde icBhjiigation of the
group according to a simlar protocol as descri becf or
decappnt@lepg'g}ept@t(ﬁ@ﬁﬂ Gntagpnist gagirslix o@ beypdigg irhestablished assays and animal

o Rl 5B YR PO REFRG 7w o

can Wl ERip#ed e caRIRaHRUBIEkiIAE dodftel MuMRHtIoA NandCavuleonCal hiodse and rat.
out by nmethods commonly known in the art for the

Compagisqst phigiologiral delidién of gauirelix asd ifreperitaseccharidmenniegatadc eounterpart

s. by the azi.d thod,. m xed. anhydri de .net.hod,
may G initpngete SEYEF o B Aahing i SCisPOH FF LML the natural process
of maRkr8icH Al HuldtidH Bhs tb@rddnf | uence of anmmoni um ur oni um

salts |ike TBTU, especially wth the addition of

catal ytic and racem sation suppressing conpounds |ike
roxysucci ni m de,. N-hydroxybenzotri azol e and . .
GLP-MLIE R el e i Wil Shiares, BRflion iy @ dgp i, hprpone inducing
numerdt8 HislBgitA & ecB ALY 8¢ SmmM BRI sBtRoRIMhibHg 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 GLP-1 pentasaccharide conjugate can be determined in
vitro by measuring the ability to bind to and activate the GLP-1 receptorand in vivo

pharmacodynamic effects can be studied by analyzing serum samples for glucose and insulin.
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3, E Goss and J. Meienhofer, eds. (Academ c Press,

New York, 1981) and Peptides: Chem stry and Bi ol ogy.
woRoosesEBd and H -D. Jakubke (WIey-VCH Wi nhECTEP2006/050551
2002). Am ne functions presgﬁ} in the conpounds may be

protected during the syntheti'c procedure by an
N-protecting group, which neans a group conmmonly used
in peptide chemstry for the protection of an a-am no

Adrerdnied! 11nI { ke %onym (a%ldt %Algé%)ﬁ% Q&ﬁxy Lurglg 8@ bﬂﬁc?g‘i@al ﬁlH&ions such as

enzy oxycar

vasodfafidr) refdhotBition %Mﬁﬁﬁbﬁﬂﬁmﬂ F%i@ﬁbth geQiltidd ahd@egulation of bone
pht hal oyl (Phth) group, 7y e i ntroduced by

formagienaskiengrupratedh  Hagroent nADMQZ @be dagkewtheotragtimab requirements for

vasod LSS R BT TGS o Gopbl b IR bkt in  dose-
dep enaéﬂt RRshér (BRAIAEY Py ides 326030 PEPt19986): 1hed8isdd, Vit aREs recently

Bi ol ogy. The conpounds of the’invention, which may
established: that AIDME27-62 ninbibita vhscalar isalsdicatiary i inbeats Q@Lg'akawy fReptides 2005,

action xture e, formof a.pharmaceuti cal
129, |32 LR s W ppffatielcoeofid o iCHlR0 IR b Brefptiah of artery
calmﬂEﬁHo@l Pl *é?fe&b@)ia'cl?ﬁjggamﬁ LABANIR752) NS 4 @R adtdhccharide may be
formula (1) with an organic or inorganic acid such as
assesdey dryoweh established| ea,ssalyy,dmea;enng) ltlmmrdezzrohqsﬂqugmn actditylén cultures of
ul furic_a oric acid,.acetic pro i oni.c

activ BEPWiRg fpééghrptcos glrs)trs]r?&t]%q 7 Vém Epcreﬁ%ﬂ @ﬁp@xﬁlbgne ormation (without
fFi lic acid, fumaric acid, succinic acid,
2 eCt rl%l%??%s g‘?lagp citric acid, benzoic acid, ascorbic

aC| d and the like. The conmpounds of this invention or

i nternmedi ates thereof nmay possess chiral carbon ato
Octregiige itng SYREFY orlapantide naloger) ohsomatosiain @pd s .cawsaﬂy gped for the
treatn@n t g{ g@rré%lgéa‘?g Qﬁw{lﬂaﬁ% ﬁﬁe olr%f{% gas{qgéﬁ %M{M‘lc% "YGting depot

formudativnk ( € gE8snostadin AR dleﬁﬁty\NoVﬁrtlb Phasid, Baselg Sw1tzer1and) are at least as
crystallization of salts which are obtained from

effectpigtin ¢he lpy/ea@s plielasieg grewih ormene apd innlin-lks gigweh fagtor (IGF-I) levels
compél{% Q’E}ghﬁ’g lél s‘d%&&&e%ﬁé {nillctlgﬁ)g L’l"ignséffe!::tod’f c%hﬁ%&t%negpggnseotlde toa

rever
pentasaccharide on its pharmacokmetlc and pharmacodynamic properties can be studied in male

F*ﬁ

rats by using established radio immunoassays to determine levels of conjugated octreotide and

altered levels of IGF-1.

Interleukin-2 (IL-2) is a protein produced naturally in the body by white blood cells (T-
lymphocytes) and is an important protein of the immune system. It is commercially available
(Aldesleukin, 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-HIV 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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phase colums may be used. Physico- and bi ochenm ca
anal ysis Several techniques to nonitor the effect of

w0 bawongast i on wi th bi functional |inkers and/ orPCBRR1I0D&€50551
pent asacchari de-noi eti es on Eye bi oactivity of the
protein are available. In t Hi% respect, bionol ecul ar
interaction analysis (BlIA), using soluble receptor
nol ecul es as conpl enmentary bi ndi ng agents (insulin)

The c%%&ggt%‘g ‘é? "Eﬂ nl%fen OrL e)g %H?lhn‘ril&érea 'e}l‘ééra‘rﬁy or p%relfl%}gl?y. The exact dose

and r@%ﬂmsﬁ@l@daa bbﬁpo&ﬁl@]aﬁd ofpbsitiérsl theredAilb BedeatitcBel dépgendent upon
ese assays as well. lon exchange, size exclusion

the bielagisahaasiyits of theapelypaptida pexfse; thie mpedstof shexindiyidyahsubiecs to whom the

medichift B bnd A i % St R PR i Pihg Judgment of the

medida® iHURS. B Gefdthll pltbMe kA adMihRIRAAL uﬂebaldv&e@tdo\é@ges than other
and qu antltatlve characterization {e.g. SDS PAGE,

metha@Z R)f. admm;sug‘a@n ovhigh ares mosm dbmnddanmmﬂn dmonyIOMAEIDMV@F the daily
M5 a si s and ng of. t he
dosaggy ﬂﬁeﬁ‘éaﬁwgansm{s rebbOR PO o BiEbl: Wik erefaatiy 0.001-0.1
mg pE K Oéhtgeln vivo haIf-Ilfe of the unnodified
polypept| e and the correspondi ng pentasacchari de
The medifamyatt asamdartired omthr ithed carapounds rodit this iBeergionl maptalsmnbe used as
are avail aple, e.g. radio].abeling wi.th 125I in
adjuvpRfdp Péfrgﬂ Stich Gﬁg%ﬁhed‘é camsht 1§%‘61FB‘HS“F’E?§ Hh‘rgtg é‘/)mp(%"mds useful
in tref gﬁapgg&kkg ﬁ#pstltutlon or using Bolton-Hunter
reagent as a%e I ng noiety and determ ni ng
Mixed) awithhphathacduticallyl suifablesanxilinsion| g . as@ésaﬁbeﬁehhﬁdssMMreference
in the art are based on injection of un

Genngrgngt gfat Reminglons idarmpiceptical moiaess &Hith §ﬁal¥§‘ﬂ% PyblishingCompany,
1990,5\%%;l ?@5?‘%%% B %?ﬁh&r&%@&ﬁlcﬁ%epa?ﬁﬁn@ﬁ@ ik Wnufacture) the compounds

may be compressed into solid dosage units, such as pills, tablets, or be processed into capsules or

suppositories. By means of pharmaceutically suitable liquids the compounds can also be applied
in the form of a solution, 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 infusion. 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 also 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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The pharmacol ogi cal effects of conjugation of

pol ypepti des of the invention to an ATIII binding
w@enbasAaschari de can be studied in in vitro asBeElBPANE0S0551

in vivo animal nodels as de ggibed below. Insulinis a

5.8 kDa protein consisting two peptide chains which

are held together by two disulfide bridges.

Site-specific chemical nodification at one of the Lys

be stogedr’lfg. a étlé]at‘% sga{lga e(g}tang?r%nw 2 H ﬂﬁlﬁe 'o? sa\ﬁﬁétjte indicating the quantity

ocumen conjuga

of acRRNARHAET Raivitginite. Whete! the cﬁﬁiﬁoﬁﬁorﬁisuﬁnﬁﬁlsfél/e g,aﬁﬂﬂsl&g it can be
serum sanpl es for glucose, insulin and ept i

dispenssd tveith ar alfbsl@nhentle rcontgining stedle phermacaud gmdg "water [fpminjection,”

secreti o

uconet n i nsul .
slineg 3 b Gl GG 005 SN AP TS Aol ¥ fo be adminisered by
1nJectﬁ)‘tﬁa|ahthﬁﬂe IdF MbNIe RhibP abs ifjéctionSeY kdlireNmaPebedbRRAed so that the
gl ucose levels can be neasured in rats or Beagle dogs.
ingrediengs plagrbeanized giieato administrationaRbarinaceritival cefrfpesitignsodf this invention

comp%?%&]az:ﬁgliggtﬁ gﬁ tﬁ%ﬂe?&?ﬁég%ﬁg% ggr @{ deg@g‘g&ﬁ .yda%cerrpjtarﬁé is:«flts thereof,
with zﬁﬁftﬁﬁ%ha%gﬁt%aﬁ? 2684BtaBRAnARHiERY W&h ScarRd VaGG Rt or vehicle.

pol'ypeptide synthesis will deliver a well- deflne
mol ecul e of which the effects can be conpared to

e S BTt e ST i
mngﬁ{}’ ruﬁ!lér%o@({‘% '&feorBF %}(ﬁﬁﬁg L'lﬁj fhe gRJ tgggglﬁg this invention pertains.

ount er part i nst e studie et erm ni ng
Althoagh wieitlalds tandr&naériaésr simdlat of eqmmlémmo thuse dedcribed hmmcmﬂoe used in
of maturation and ovul ati on has restored. GLP-

the pragtice QitestingrRfiife @Fﬁde%éwengp&oquaablp qthads @pfiémt%na S are described in

this d% &{atls s P@JI{EQ% Sy nsu{lﬁ)}]@%@r&g alﬁgﬁk ozgrf?%btgl@l{ re%rfeﬁ&ts Smentioned

hereng|a16 Aot petIde by Ofeferg@et in athéif dnfike@p.t i atasémdﬂ lcbﬂﬂdct the present
enhanC|n? gl ucose utilization and inducin
U

specifiGgtign, including dpfinitignse awifla eemrahy Iy gsldiong ytﬁe pt@@t@n@las gethods, and
exam#;l%/% érgﬁlilg five (ﬂﬁ Lu?&ﬁo% H% B ﬁ%%g,%{éadat I on may f or

e I unvente rep nt of the am no
acid residue at position 8 {e g. by Dal ani ne).

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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O her approaches such as nodification wwth large fatty
acid chains or PEG have resulted in biologically
w@edbwg16l P- | or anal ogs thereof (as defined | PCEEB200&M30551
2004/ 093823). The (addition stabilizing effect of
conjugating an optionally fied GLP-1(7-36)
derivative to a carrier pentasaccharide can be studied
by nmeasuring the stability of the conjugate in vitro
in the presence of DPPIV and in vivo by neasuring the
plasma half |ife using i nmunochem cal anal ysis. The
Figure@RB;t i onal activity of the GLP-1 pentasaccharide
conjugate can be determned in vitro by neasuring the
Biacogbanalysis af peplasagchasidaP§)-aesuliv genjugatee6.GLP- | recept or and

React&%&%%ﬁﬂ%é({m qg%ﬂ&%b«s%{% ﬁlglg@)gcog]i%%%euvgf-tﬁgubggquent binding of

humah AStifT n. Adrenonmedul lin is a 52-am no acid pol ypeptide
wi th numerous biol ogical functions such as
vasodi | ation, bronchodilation, neurotransm ssion,
grow h regul ation and regul ati on of bone formation.
The truncated fragment ADM 27-52) |acks the structural
Figure®JUi rements for vasodilator activity but is still
able to stinmulate the growth of cultured rat
MALD${TExbamdysts dfmaenosddstithiquicpedtasicchanidecinsuliRegnjugito 6y
Peptides 2003, 112, 79-86). In addition, it was
recently established that ADM 27-52) inhibits vascul ar
Figul%qll cification in rats (Regul atory Peptides 2005, 129,
25-132) and may thus have potential therapeutic
HP-SBORInkIESiS o hondsubktituted Heatasaccride-imsulie onjegdte 6 bh Sapeérdex 30.
The effect of conjugating ADM 27-52) to a carrier
pent asacchari de may be assessed by well established
Figm%sﬁsays, measuring the in vitro osteogenic activity in
cultures of actively growing fetal rat osteoblasts or
hATILIendig ¥ réferdnds peRBRcHArilE S cePlesiaREeT, FSaumas (BIA study).
(w thout affecting bone resorption). Cctreotide is a
synthetic octapepti de anal ogue of somatostatin and is
Fi clinically used for the treatnent of acronegaly and
1BWEH t ai n endocrine tumors. It has been shown that |ong

hATIAGidddeE SFeRAYMin-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.
hATIII binding of compounds 31, 32, 36, 37 (Biacore study).

Figure 9.
hATIII binding of compound 39 (as determined by BIA).
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fornmul ations (e.g. Sanostatin LAR depot, Novartis
Pharma, Basel, Switzerland) are at |east as effective
WO eooblog218ower i ng of plasma grow h hornone and PCT/EP2006/050551
insulin-like growth factor (J.G-1) |evels conpared
with three-daily subcutaneo I njections. The effect
of conjugation of octreotide to a pentasaccharide on
i ts pharmacoki neti ¢ and pharmacodynam c properties can
be studied in male rats by using established radio
i mmunoassays to determ ne | evels of conjugated

Figurediol eoti de and altered levels of IG=1. Interleukin-2
IL-2) is a protein produced n_aturaIIK in the body by
hATIhindingproGle Qf@bmpomrf 4infan determeingd BnBIAS an i nport ant

protein of the immune system It is comercially
avai | abl e (Al desl eukin, Proleukin(r), Chiron, US.) as
Figu@ 1/ Ug and is used in the treatnent for sone types of
cancer (hairy cell leukema) and is used in
hATIH dmdimgpro6le aficompeaurid 44{ay detasmniapd by BIAnduce i ncreases
in CD4 cell counts. The specific bioactivity of
pent asacchari de-1L-2 conjugates can be deternmined in
Figul%iltZ[o_ using the IL-2 cell proliferation bioassay
escribed by Gllis et al. (J. Inmmunol. 1978, 120,
SDS-PAGE #(d3WesterRlbdotrnalgsdsiof abmpoundid7at i onsThe conj ugat es
of the invention may be adm nistered enterally or
parenterally. The exact dose and regi nen of these
. ounds and conpositions thereof will necessarily be
Flgu%gggndent upon the biological activity of the
Meanpgihshine fiveRlgnigan 1S Se.m. detomeiled 6 rhddurementvofithal insulin concentration
subj ect to whom the nedi canent | s being adm nistered, = =
after {.neadipigistiatiory oR B nwelks resH mselin 4epent ¢iclgs) @f Pepfasageharide-insulin
con'ut%e62ﬁ1di clal) practitioner. In general, parente ral
TR A on requires | ower dosages than ot her
met hods of admi nistration which are nore dependent
upon absorption. However, the daily dosages are for
FigureUdans preferably 0.0001-1 ng per kg body weight, nore

Meanp{)lggrgg ?ebvle ] n'leoa(l)llﬂ_: os'.e:.Lm.) 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 (mean + s.e.m.) expressed as % of the concentration measured at T=1
minute after i.v. 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 after i.v. administration of '>’I labeled conjugate 39 (open squares) and of '*I labeled

ADM(27-52) (closed triangles). (data not corrected for dehalogenation).

Figure 17.
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ng per kg body wei ght. The nedi canent manuf act ured

Wi th the conpounds of this invention may al so be used

w@sooadgaisant in therapy. In such a case, the nedi/EP20861050551

is adm nistered with other gﬁppounds useful in

treating such di sease states:” M xed wth

phar maceutically suitable auxiliaries, e.g. as

described in the standard reference, Gennaro et al,

Rem.ngt oni.s,.Phar maceut.i i eng 1 . _
Mean R IV LR g siBlessl SLERT e Chibgfifeion' Bldured at 1=
minut€h#eNBE. Qidhdisistratidh QT RlaberRa cafjdgatd ail I(clikyautiagdiey) @hd i €T labeled

conmpounds may be conpressed into solid dosage units,
GLP-4 (epensquiges)l s, tabl ets, or be processed into capsul es

or suppositories. By neans of pharmaceutically

sui tabl e liquids the conpounds can also be applied in
FigureN8. form of a sol ution, suspension, emulsion, e.g. for

use as an injection preparation, or as a spray. For
Deteatiak iofl ghal perdasecabaiidesjnselin corjagate 65\ T heompdex wfith anti-human and anti-

.C ntjonal additives such as fillers, colorants,
rabb“dgfﬁﬁ@qbegﬁ?'nders and the like is contenplated. In

general any pharnaceutically acceptable additive which

does not interfere wwth the function of the active
Figured9pounds can be used. Suitable carriers with which

t he conpositi ons can he adm ni stered include | actose )
Meansglygash Tevely (mpss %%‘F‘Bv?échr\}é’s agpnistrasion; ofe’ ngol’kg pentasaccharide-
sl (P 6 RR IingldF ' <Al LR i 1R

conmpositions may be given as a bolus, as two or nore

. doses separated in time, or as a constant or
Figurigd®. | i near flow i nfusion. Thus, conpositions of the

Mean @M&ﬁg il?\%é{ ﬁgenageﬂi_fs%lrrgi:aﬁ%le ‘fl.v.f Umitirati G I)f (1)? fnmol/kg pentasaccharide-

[
adnm nr's Typ _ COMpPOSITIONS T ¢ _

insulih BbiijayAe 26 fclaskditharmpldsibi 2 (AdsRd TRLME) fRfpatdd 16 RS glh€ose levels after
I sotoni ¢ aqueous

treatment with 9 nmol/kg recH-insulin (open circles).

Figure 21.

Mean glucose levels (mean + s.e.m.) after i.v. administration of 24 nmol/kg pentasaccharide-
insulin conjugate 27 (closed squares) or 25 (closed diamonds) compared to the glucose levels
after treatment with 9 nmol/kg recH-insulin (open circles) or 48 nmol/kg of Insulin Detemir

(open triangles).

Figure 22.

Mean glucose levels (mean + s.e.m.) after i.v. administration of 24 nmol/kg pentasaccharide-
insulin conjugate 24 (closed triangles), 28 (closed circles) or 29 (closed squares) compared to
the glucose levels after treatment with 9 nmol/kg recH-insulin (open circles) or 24 nmol/’kg of

Insulin Detemir (open diamonds).
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buf fer. Where necessary, the conposition may al so
i nclude a solubilizing agent, a stabilizing agent, and
w@200608d18eanest heti ¢ such as |idocai ne to ease PEI/RPADG6/050551
the site of the injection. ?eral ly, the ingredients
will be supplied either sepdrately, e.g. in a kit, or
m xed together in a unit dosage form for exanple, as
a dry lyophilized powder or water free concentrate.
EXAﬂrdlﬂ’itE%WpOSi tion maybe stored in a hernetically seal ed
contai ner such as an anpul e or sachette indicating the
guantity of active agent in activity units. Were the
conposition is adm nistered by infusion, it can be
Abbreyiiatiganused: wi th an i nfusion bottle containing sterile
ACNphar n‘B.CEL‘I%i cal. gr ade "water for injection," saline, or
ot her sHYHY i ntravenous fluids. Were the
AcOIEONPOSi hicfbakig@ t 0 be administered by injection, an
anpul e of sterile water for injection or saline may be
ADMpr ovi deddremomédatlint he i ngredi ents may be mixed prior to

1 ni sg,ration. . PharJ utical conpositions of this
(h)Aﬁﬂ{/nentiQ’r\m@B t}'g’éorflﬁg‘iﬁonpounds of the present
AUCI nvent i gh, apngrhesrpceutical ly acceptable salts

thereof, with any pharmaceutically acceptable

BIA i ngr edi biomoleenlar piteradtion@aalysier , adj uvant or vehicl e.
nl ess qQt herwi se .defined, all technical and scientific
B°°2(15Jerms u ’é@“#@"@iq‘f)aﬁ?ﬁ?’étet he same neaning as conmonly
c1 understgad. by one of ordinary skill in the art to
which this 1 nvention pertains. Although nethods and
DCClhat er i aNsNsdinydlshexgkarbodiivide ent to t hose descri bed

herein can be used in the practice or testing of the
DIPEgy esent dilsopeopyleBiylanditg ¢ abl e net hods and naterials are

describ iR thi ment. Al publications, patent
MFappl i ca Fongl,rﬁe?){a'?fgﬂ?%ﬁqgnd ot her references nentioned

DMSOer ei n dineethyhedlfgxideat ed by reference in their
entirety. In case of conflict, the present
EDTApeci f i ethyleaediaming teii@rasgtatief i nitions, will control. In

ELISﬁdditi ongyﬁngﬁinﬁgga%ﬂn (%8{&5{ ods. and exanpl es are

I'Tlustra onl'y an Intedded to be limting. The
Equivi. nvent i ‘{,aselftyrt her illustrat ed_ by, but not limted
Bst ' " etotron spraylomsatien o+ %€
GLP-1 glucagon-like peptide 1
GMB gamma-maleimidobutyryl
GMBS gamma-maleimidobutyric acid N-hydroxy succinimic ester
HBS-EP hepes buffered saline containing EDTA and polyethylene glycol
HPLC high performance liquid chromatography
HP-SEC high performance size exclusion chromatography
HRP horse-radish peroxidase
iv. intravenous
IL-2 interleukin-2

MALDI-TOF matrix assisted laser disorption ionisation time of flight
MoAb monoclonal antibody

MRT mean residence time
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under stood that various nodifications may be made wth
di fferent pentasacchari des, spacers and pol ypepti des
wowrdhosaisdeparti ng fromthe spirit and scope OPCT/RP®06/050551

i nvention. Legends to the fi%lgres. Fi gure 1.
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
pent asa igf PS). -insulin conjugate 6. Reaction of

R T body with insulin

NMM:ONj ugaNemm'hytm&ghgﬁguent bi nding to human insulin
receptor. Figure 2B. Biacore anal ysis of

NMRpent asatedeat iigRER)resangde n conj ugate 6. Reaction of

L, mobi i zed antizinsulin antibody with insulin
PAGH gnj ugaPB PR L A eOgiesi ng of human ATI 1.
PBS Fi gure BnosViBbuficld silakysi s of — |
nonosubsti t ut edpent asacchari de-insulin conjugate 6.

PS Fi gure pentaspecdBdeanal ysis of
nosubsti t ut edpent asacchari de-insulin conjugate 6 on
Q'Togﬁperdeﬂua%‘?p ?8P§1gﬁhATl Il binding of reference

recH Pent asa&ggﬁf,{nqlqt-me'r residues 7, 8 and 9 (BIA study)

Figure 6. hATIIIl binding of insulin-pentasaccharide
RT conj ugatesn @mpefurand 29 (Bl A study).
Rt retention time
SDS sodium docecyl sulfate
TBTU 2-(1H-benzotriazol-1-yl)-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

"H-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-acetyl]acetic 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 Biomedicals 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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Figure 7. Mass spectronetric analysis (ESI-QroF) of

i nsul i n-pentasacchari de conjugate 24 Figure 7A
w@ovpagiigon of an experinmental ly determ ned anBICT/EP2006/050551

cal cul ated typical isotope djstribution of an

i nsul i n-pentasacchari de conjugate (ESI-QrCF, Nb+,

conpound 24) Figure 8. hATIII binding of conpounds 31,

32, 36, 37 (Biacore st udy) Fi gure 9. hATI Il binding

R RN A U RO—

MA, UBABlif\lineak; diltyed &ltrackiod hiddeblh peKitine: aﬁfde ht@vle)n GUAB OREDrystallized
44 (as determned by BIA). Fi gure 12. SDS- PAGE and

alphasgancehyslronyotinnami¢ ?@é §CHEA 31gflotm3D0umL it HGNe/1 TBL/LNVERA) was used as

sur.enent

matrif NSRRI Elefis (REE haenSired Mihe Sk a BT PSS Refgning recH

insulif® indPere TR FdsthehEMAinsNSh{ 166 8 mG 1605 8dd RYz 8477).
pent asaccharide-insulin conjugate 6 (triangles).

Q-TOF egmmea w4re manecb Wa‘rénaaPE @@@I}@Al(’h@aatar Rylsar in posityyerios seafle with an

ESI- sglsn'ce é)amptlehsewecrg sSolv (ia" IP?IE) and ¢ (fesahee% by use ol‘ reversed phase Zip Tip®.

Default analytical HPLC was conducted on a Gilson 234 autosampler with three Gilson pumps
(305) gradient system using a Luna™ C18(2) column (reversed phase, 150 x 4.6 mm, 5 pm). A
Gilson UV detector (118) was used for detection at 210 nm. Gradient elution was performed at
a column temperature of 40 °C and a flow rate of 1 mL/min by starting with 95% of eluent A
(0.1% TFA in H;O/ACN, 9:1) and 5% eluent 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) column (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 HPLC was conducted on a Waters 2769 sample manager with a single pump
(Waters 600) gradient system using a Luna™ C18(2) column (reversed phase, 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 system using 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 autosampler (A 900) were used. Default elution was performed with a flow rate of
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mnute after i.v. admnistration of 125I-1abel ed
conjugate 29 (open squares), 24 (open circles) and 28
w@ owenstisd angl es) and of recH insulin itself (BCDERIO6/050551
bull ets). Figure 15. Mean plasma levels (nmean s.e.m)
expressed as % of the conce ation neasured at T=I
mnute after i.v. adm nistration of 1251 |abel ed
conjugate 31 (open squares) and 32 (cl osed triangles).
1 mL{r s?arﬁxgé withi 7498 feﬁg?tfg [ ACRDR 8%%398%@’ UeAB Aty M Nacl 2:8)
for 5 it aB@ e rappmﬂgqgra&aﬁt% 20%@dlucht A amdrsa)t’/eelaéﬁtg inl 15Vmin,
adm ni stration of 125] | abeled co gate 39 (open
Prepagafiygranion grehapge rmnat%mlwdwmwpﬁmw) of @ Blgsphacia system with a

Phamgcie g PP S0E € BRtrRlaldirdiot sy (IS GHTO ek sysem using &

Pharn®étia’BRItechNRKE 6 (G-REHask FastTPRIUESEmAL A TPharhElH eV aleteRfor ( LKB-
i.v. adm nistration of 1251 |abel ed conjugate 41

UV-MU) vzedised ifemdétectionaatd? ¥ nm2Bi corabiadten @itP-a B{atgnbnics conductivity
of .t

. Fi .18. De i ] ] )
detecE - DUEI ot AR e perorm LGy k7t of 46 Ml min by eirting with
80% élﬁéﬂt A F!’EU) a’i‘lﬁdZO@’E‘ ElubREP (EMAEd lin #)0) ?&dl()el%m Fh&igpyile a gradient

ucdse levels (nean s.e.m) after i.V.
to 20%daﬂ|uemt Atandtao&meluéntB mrﬁiIO/Img pent asacchari dei nsul in

Prepa?aglgj ﬁ?ﬁrarhﬁg(tgxpgqpﬁael an&ég )(%esp tlélg} g/ag ggnéucged on a Pharmacia system

with a Watson-Marlow pump (101V) using a Pharmacia Biotech XK26 Sephadex-G25 fine
column. A Pharmacia UV detector (LKB-UV-MII) was used for detection at 214 nm in

combination with a Biotechnics conductivity detector. Isocratic elution was performed with H,O
at a flow rate of 1 mL/min H,O for 10 h.

Analytical HP-SEC with compound 6 was carried out on a Pharmacia Superdex™ 30 HR 10/30
column mounted in a HP1100 chromatography system. Elution was performed with 0.2 mol/L
sodium phosphate buffer pH 7.0 at a flow rate of 0.4 mL/L.

Analytical HP-SEC with the other conjugates was conducted on the Akta Explorer system as
described for the analytical Q-sepharose chromatography, with a Pharmacia Superdex ™ 75 HR
10/30 column. An isocratic elution was performed with 50 mM ammonium acetate at a flow rate
of 1 mL/min.

Preparative HPSEC was conducted on the same Akta Explorer system as described for the
analytical Q-sepharose chromatography, with a Pharmacia Superdex™™ 75 XK26 Hiload 26/60
prep-grade column. An isocratic elution was performed with 50 mM ammonium acetate at a
flow rate of 1.32 mL/min.

Binding studies of pentasaccharide conjugates to ATIIL, anti-insulin antibody and insulin
receptor were performed using BIAtechnology. The sensorgrams and report points were
analysed with blanc flow cell subtraction using BIAevaluation 3.2. ICs, values were calculated
using graphpad Prism 3.0.

Aszgo measurements were performed on a Nano Drop® ND-1000 UV-VIS spectrophotometer.



Mean glucose levels (nmean s.e.m) after i.v.
adm ni stration of 12 nnol/kg pentasaccharideinsulin

wa@onpgpse 26 (cl osed triangl es) or 24 (cl osedPCi/ER1086)50551

conpared to the gl ucose Ievg*; after treatment with 9
nnmol / kg recHinsulin (open circles). Figure 21. Mean
gl ucose levels (nean s.e.m) after i.v.

adm ni stration of 24 nnol/kg pentasacchari dei nsulin

ucose levels after treatnent with 9

conj e. 27 (closed, squares) or 25 (closed di anonds)
Scheigs zbé%z S(S oof F%m %qndd 4

HO

o glucose levels (mgan s.e.m) after %;K
a

nnol / kg recHinsulin (open circles) or 48 nnol/kg of
Insulin Detemr (open triangles). Figurg 22. Mean

-0
adgi nj stwati on of 124 noml /g pent as @Li€¥ﬂqyyﬁjﬂ
conj ugate 24 (clbsed triangles), 28 (fcl §sed circles)
dgr 29 (closed squares) tonp%red to the glucose | evels
after treatnent with 9 nnol/kg recHinsulin (open
circles) or 24 nnol/kg of Insulin Detemr (open
di amog@sy) AEXAMPLES Abbrevi ations used: ACN
acetohitrile AcOH acetic acid ADM adrenonedu#lin
(h)ﬁﬂTQI (human) anti-thrombin 111 AUC area under the
curvey Bl A bi onol ecul ar interaction analysis

Glu |

C
C

GIn—Cys—Cys—Thr—Ser—Ille— Cys—Ser—Leu—Tyr—GIn—Leu—Glu—Asn—Tyr—Cys —Asn-CO0H

His—Leu—Cys—Gly—Ser—His—Leu—Val—Glu—Ala—Leu—Tyr—Leu—Val—Cys

Gin Gly
Asn Glu
Val Arg
B29
Phe-nH, Thr—L<s—Pro—Thr—Tyr—Phe—Phe—GIy
B COOH

|: recH insulin (R' = H)
arR=

%\/\/\/H\H/\,
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BoC20 di -tert-butyl dicarbonate G clearance DCCl
N, N - di cycl ohexyl carbodi i m de DI PEA
waleiosogiepyl et hyl ami ne DMF N, N - di net hyl f or manPCEEENBCDS0551
di met hyl sul f oxi de EDTA et hy]enedi am ne tetra-acetate
ELI SA enzyne-1inked i mmunos Sent assay Equiv.
equi val ents ESI el ectron spray ionization G.P-I
gl ucagon-Ili ke peptide 1 GvB ganmra- nal ei m dobut yryl
amma- mal ei m dobutyric acid N hydroxy succinimnc
EXAleqsﬁ‘é%gHBS- EP hepes buffered saline containing EDTA and
6-2-Todoxely i) Bevsic kU@ oh perf of mance | i qui d
chr omat ogr aphy HP- SEC hi gh performance size excl usion
chr omat ogr aphy HRP horse-radi sh peroxi dase i.v.

To o sibob Yol Gempohibat b VAT Ther o Tl it -fiogre (60 mu) 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,

v/v/v) revealed complete conversion of compound 1 into a less lypophilic product. EtOAc (100
mL) was added and the reaction mixture was washed with 0.10 M aqueous HCI solution (50
mL). The organic layer was then washed twice with brine (50 mL) and the combined water
layers were extracted twice with EtOAc (75 mL). The combined organic layers were dried
(MgS0O,) and concentrated in vacuo. The residue was chromatographed on silica gel
(CH,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-Iodo-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 then 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): & 3.67 (s, 2H), 3.18 (t, 2H), 2.82 (s, 4H), 2.63 (t, 2H), 2.0-
1.0 (m, 6H).
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MoAb nonocl onal anti body MRT nean residence tineMVs

mass spectronetry NVM N net hyl norpholin NVR nucl ear
wora@n®esiig4 r esonance PAGE pol yacryl am de gel PCT/EP2006/050551

el ectrophoresi s PBS phosphat.e- buffered saline PS

pent asacchari de Q TOF quadrc%ol e time of flight recH

reconbi nant human RT room tenperature Rt retention

ti me SDS sodi um docecyl sulfate TBTU 2-(

zotriazol- 1-yl)- 1,1,3,3
Exab{iis -

met hyl uroni unt et r af | uor oborate TCA
Compéuindy oroacetic acid TEA triethylam ne TFA
trifluoroacetic acid THF tetrahydrofuran Vss vol unme of
di stribution at steady st ate I\/ateri al s and net hods

Toa E}EI-R‘I:\II%R&?S lﬁe;(;]r# éns\é\lﬁ]xri Z?(@?rfg?r WP8 I1n WS n{t) was alﬂﬁ &d H,0 (9.0 mL)

until the solution became clear. The solution was stirred for 15 min. to adjust to room
temperature. The pH of the solution was adjusted to 10 by adding dropwise 0.1 M NaOH in
H,O. After this, the reaction flask was wrapped in tin foil. A solution of 3 (5.0 mg, 8.6 pmol) in
DMF (1.0 mL) was added dropwise to the reaction mixture in 1 min. The reaction mixture was
stirred by using a magnetic stirring bar and the pH was kept at 10. After 30 min an excess of
0.1% TFA in H,O (5.0 mL) was added to quench the reaction. H,O (200 mL) was added and the
reaction mixture was lyophilised to give 4 (60 mg, >100%, max. 8.6 umol). HPLC (Shimadzu,
reversed phase) analysis by starting with 80% eluent A (0.1% TFA in H,0) and 20% eluent B
(ACN) for 5 min., then applying a gradient to 20% eluent A and 80% eluent B in 30 min.
revealed the presence of 45% of the monosubstituted product (recH insulin Rt: 12.84 min;
compound 4 Rt: 13.54 min; B29/A1 disubstituted product: Rt 14.16 min). The crude product

was used without purification in the next reaction.

EXAMPLE 4
Compound 6

Crude compound 4 (60 mg) was dissolved in a degassed (by passing through N,) 0.05 M
solution of NH,OH in 0.1 M Na,HPO, buffer (25 mL, pH 7.0). The reaction mixture was stirred
by using a magnetic stirring bar and degassed for 30 min (by passing through N;). Then the
pentasaccharide-spacer compound 5 (95 mg, 43 umol), 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.



shifts in organic solvents are reported in ppm (d)
relative to tetranethyl silane. DM, 1, 4-di oxane, NW
w@povongaisa acet at e, BoC20, TFA, DMSO, DCCl ( AcrBSI/EP2006/050551
hydr oxyl am ne (50 wt. % in O, iodoacetic anhydri de,
GVBS (Sigma Aldrich), recH imsulin (Diosynth), TEA,
6-am nocaproi c acid, N -hydroxysuccini mde (Janssen),
THF ( Bi osol ve) 2- nercapto-[S-acetyl]acetic acid
N- Rydr su n| m ester (13), TBTU (Fluka), ACN
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MAGIn }-Cist Thri-B@alle— B - 882 Lbue Rk + @G- ILeOFIGINFEAE— Ty - Cys —Asn-CooH

positive %d negati ve ion node. Re-crystalli zed
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a colum tenperature of 40 Cand a flowrate of 1
m./mn by starting with 95% of eluent A (0.1% TFA in
wWOR20060€M84 9: 1) and 5% el uent B (0.1% TFA i n AQGNT/£P100&050551
mn., then applying a linear,gradient from15 to 50%
ACN in 25 mn. Analytical I%J'LC) anal ysi s of conpound
4 was conducted on a Shi rmdzu SCL-1 QA vp (system
controller) two way punp gradient systemusing a
Luga(ctnm. G, 8(2) colum (reversed phase, 150 x 2.0 mm
SChe'geB .Omﬂ"gﬁ( madzu di ode array UV detector (SPD-M QA
vp) was used for detection at 214 nm G adient elution
was perforned at a column tenperature of 40 C and a
gy-howArate of 0.4 nL/mn. Preparative HPLC was
conducted on a Waters 2769 sanple nmanager with a
leSi ngl e punp (Waters 600) gradient systemusing a
5 | Luna(tnm) O 8(2) columm (reversed phase, 250 x 50 mm
valO mMm) . A G lson WV detector (2996, photodi ode array)
was used for detection at 210 nm G adient elution was

Glpe rate of 50 nL/mn by starting wth
| 90% el uent A (0.1%|[TFA in H2O ACN, 9:1) and 10% el uent
GIB-CR LY -TA-E8—-ACNCyE O8ertQeiH Tr+Glh Fesu-aMPH¥dnPdyra-Cys—Asn-coon

I i near \gradient from15 to 50%eluent Bin 50 m

Anal yti cal ani on exchange chromat ography was con uct ed
10 oHig—Bhiarayectig—Bki-HiExpuovar-oN -t Aa-aL R aBIGuaV A tHTYs

(P|- 900) gradient systemusing a Pharmaci a Biotec

MwQ HR 5/5 colum. A Pharmacia UV detector (UVGH00)

vvals used for detection at 210 nmin conbi nation vi/ith a

Phanmaci a pH and conductivity detector (pH C 900G An

AE{ det ect or (AD900) was used in conbination with |a

Chvaral yser (1BZ). Furthernore a Pharmacia fracti amg

co' | ector (Frac 950) and a P2arnmaci a aut osanpl er |(A

Ohe-ner e used. Def aul t wshruilyonPieasThpeTyroiPedPh-tEy a

flow tate of 1 nl/mn stakdhny wWith 74% el uent A

(ACN H20 2:8) and 26% el ueny” B°( ACN 2M NaCl 2: 8)

6
S/\rNH
_° ©
— °
o)
o o
" 0S0,X { A
|\| 0 i0
COOX o
o\L 080X  coOX A\OSOX/% $< OMe S 080X
5 o H
0 0 of £
|\| ome ), L Qme Gsox e
S s &
o/ °

H H X =Na+
OMe OMe
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for 5 mn. and then applying a gradient to 20% el uent
A and 80%eluent Bin 15 mn. Preparative anion
wexwhasxes chr omat ogr aphy was conduct ed on a PheCTER1086/050551

systemw th a Pharmacia pu éP- 50) and a Pharnaci a
gradi ent m xer (LKB GP- 1O)n‘83r di ent systemusing a
Pharmaci a Bi otech XKI 6 Q sepharose Fast-Fl ow col um.
A Pharnmacia UV detector ( LKBUV- MI) was used for

ec n_at ombi natio‘p with a Biotechnics

PurifRGhT R Bl s, o Rl

gradient elution was
FromPBé ricBsl ndktute bf Gy '_'ﬁzra&ieuﬁf)alé%@/pm%ﬂﬁdsubsﬁtﬁkﬁ %ﬁﬁ@ccharide—insulin
~with 80% el uent A§1 O and 20%eluent B (2M NaCl in
conjug©p wasrpurifieditnnear hpmngensisy i agioa eyehanige phromatogbaphy (capture step)
d el ue(irit .A and 80% e@&gﬁ. B int 10 mn.. Preparative gel
and Si7¢ PYFUYH atggA IBBE ¥8sal t i ng) was conduct ed
on a Pharmacia systemw th a Wat son- Marl ow punp (101V)
usi ng a Pharmaci a Bi otech XK26 Sephadex- &5 fi ne
The conjugata-coftaiieg stdaticn Wwhé applied boa Q{SEphdthéeNTH Jolwas, eqdibrated in 20
for detegtiqn at 21 in conpinatjon with a. .
mmold SpdIEHAoS B BRI B 8. QIR Ao PSPl Bpction i passed the
colunfi3n QﬁfeﬁﬁﬁmFﬁ’\Witﬁ i bRtioR buFeVwhAERriOd odt 1 MALR fhd returned
for 10 h. Analytical” HP-SEC w th conmpound 6 was
to basdlinei ledelo Boundy enrBivsedriisiubin Svgseeldied (dtngro@@l BR #d1/BONaCl and the
col um unted jn a HPLlI OO chronat ography system )
monofhsi msgtaﬁépﬁ%ﬂmsq}ant orugetert/ f.76 &2 sphlegermined by
feb_ 7.0 I t ekl - 1 cal .
enaly Rt JIP-SEG forf Sberfit R sh SADRTORMS, THE ELEAE, fraction was

concefithiad EithérdsyetltrafiBiation @8 afies ekilamde throniaferaphgl usirngCal mol/L NaCl
Q sepharose chronmat ography, with a Pharnaci a

bumpsay eltien (te) anAsWeiRa ;@80% 8| rRpAratiye Pupsedext 3¢ celpmn eqyilibrated in
phosp\rf%feélﬂlgf;ei‘e?f sﬁaﬁ%ﬂ%&%ﬁoﬁg c%ﬁmoﬁiry mo%&%n?ﬁg%teaés d’eté&n%d by HP-SEC

and MALDI-MS were pooled. The final product was stored at -70°C after snapfreezing in an

ethanol/dry ice mixture. The conjugate concentration was estimated by A,g, measurement using

an absorbance coefficient of 0.8 for 1 mg/mL.

Characterization of compound 6

The identity of the purified pentasaccharide-insulin conjugate 6 was determined by an ELISA for
insulin and by Biomolecular Interaction Analysis (BIA) using the human insulin receptor and
human ATIII 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 immunoreactive 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, batch 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



10

15

20

25

30

Preparative HPSEC was conducted on the same Akta

Expl orer system as descri bed for the anal ytical
wax®epssHse chromat ography, with a Pharnaci a PCT/EP2006/050551

Superdex(tm 75 XK26 Hi |l oad 26/ 60 prep-grade col um.

An isocratic elution was pertornmed with 50 nmM amoni um

acetate at a flowrate of 1.32 nL/mn. Binding studies

of pentasacchari de conjugates to ATIII, anti-insulin
. ti | i ' s
antlb(%&AJtl'EC %%8 Oo%yuﬁ' gulgleéno%gﬁu asvgg);]e dtoﬁ'ga{cférgvttﬂg%? 1?&1{1}9 1nsu11n receptor

as wellnalwigte A TNIL{ fhe ll’éttkﬂ ﬁeﬁclg @thlé“a@llvb fSUD EGvaldntlo Atthiched Si)entasaccharlde (Fig.
Bl Aeval uati on 0 val ues were cal cul ated using

2B). gr aphpad Prism 3 0. A280 measurenents were per f or med
on a Nano Drop(r)ND- 1000 UWV-VIS
spectrophot onet er. Schene 1. Synthesis of conpound 4

MALDEGIOF Bdettalof( fe pentdsacdthitide=imdfMPbénjdgate 6 were obtained as described
6- (2- 1 odo- acct yl am no) - hcxanoi ¢ aci 2) To a

undersMgtesialsiand Méth@lsaﬁnmtomwsm theaseingle§ Werg desa]le(g anchcalcentrated on

C 82 bl (RTpreciproraton Hahich MAnLBRLIuiShwaT Frosfy qpea sinless
steel MAEIﬁFﬁrgﬁ PP GIf 8f a Jo10HAD goﬂtélﬁm%q ohp/BlalHEEYRAS in 500 mL/L ACN/ 1

enperature after which TLC analysis
mLm( (IZFIACI BigMS3Oriépresehts 9 8typioall MALIDII-\Z)OF eMBapmedile @ffipd ehenosubstituted

f 1ing I I hi | |
T L N T —

heterdgaeg&{#{l? | %%%g ‘f%slgk%{j-ni@uf;&l (ﬁ)es&ﬁatgfjl ﬁg :'LTQ&C&%H@ hﬁfbt% resulting in

rgani c | ayer was t twce
a serfal ilase of58D iMla) I\&fldlstlbmltlﬂe(h’@bﬁtadlcmaii'ﬂe ihsajie rc@n}mgate was found in the
extracted twice with EtOAc (75 nL). The conbine
MALDI-JOH MS anplysis sice @0 geaksdn thayangs ofanE %490 @bﬁﬁ‘ftﬁftl%’& of isubstituted

insulif 378 foJA?i.e if ﬁﬁ)'uﬂiuﬁe ﬂ@ﬁ\’ceﬁr}flﬁr@}& géaﬂ’ I?&durﬁga&éd ingl?lng Qlle absent (m/z
5808).

HP-SEC analysis (Fig. 4) shows a major peak with a retention time of 22 min. The purity was
estimated at 97%. (Unreacted insulin and disubstituted conjugate 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-o-D-glucose, using methods similar to those described
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 uL, 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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(CH2d 2/ MeOH/ AcOH, 98/10/1, v/v/v) to give
6- (2-1 odo-acetyl am no) - hexanoic acid (2) (0.45 g,

WO 1@0A82184H NVR (MeOD): d 3.67 (s, 2H), 3.17 (pCT/BPH0P6/050551
2.29 (t, 2H), 1.66-1.33 (m 6H). EXAMPLE 2
6-(2-Iodo-accty|anino)-hcxaﬁ% c acid
2,5-di oxo-pyrrolidin-I-yl ester (3) To a sol ution of
6- (2-i odo-acetyl am no) - hexanoic acid (2) (0.20 g, 0.67

L) Jd.Nn~JHF | . d. N-hydr iNi_nj .
chrorfBerkety” e ot e R RO LY BB Plrgerstive G25-
colun{r) TRé cBmbihel fFIENs. wekd Sydphaizbd &N give MUURS M@S5794)l dsf £Fhite powder.

in the dark for 16 h. en TLC anal ysi s

Purity( E98%A(anadyticab @pn govhangel UNaowh)v YHANBIR DAY 460 Al tHEL-COSY): § 5.31

@ iORHPER A0 A0 P 5 BE SRS 1Ak RN ED. 25283 Uy om0, 3.60-
3.45 (tnhB9H)[ R&1Z8.84 (it,rSHI),PB3-1 2260, TH), 3TII363.08 (uf EHNI27 YT, EHYY2D3 (s, 3H).
filtered and the filtrate was concentrated i n vacuo.

The _crude product was purified by colum

EXAMﬁignét ogr aphy (Et QAc/ Hep/ AcOH, 40/60/5 - 20/ 80/5,
and concentration of the appropriate fractions

Com%é‘%/“ed/i&/- hydr oxysucci ni m de ester derivative 3 (0.18 g,

67% . 1H NVR (MeOD): d 3.67 (s, 2H), 3.18 (t, 2H),

2.82 (s, 4H)?, 2.63 (t, 2H), 2.0- 1.0 (m 6}3.EXAI\/PLE3
Pentagasabasids 8 40.7 )a Widpwas pEipatsd asedascribedying WQ 380 (2268, gnd glycol

. I 1l ) F@p Jrly . upnt |

denvegg% u]%)i dg% ’Egglagﬁéa‘éﬁ%a?vm‘?‘h‘g%ﬁ?% [ o%s( &%Sgns |1rnr‘£]e'} e#”btrd%%g' Intl. Ed.

(1996)] 35, 330-33d] Wete dissolvealih m:mes.aerNmb{e(@ HIQF dgbR.) was added and
sol ution was adjusted to 10 by addi ng dropwi se 0.1 M
the repet@m mixtpevasattitied ovpinéght ahambpisat temparatyrgskhegpdvent was evaporated

. W ap intinfoil.. |ution of 3.(5.0.n . 6

in vagya ﬁﬁ(? ?lﬁe . u(s 1\?V6i. W)lff‘?&sigy Dieparptiye . Sx%hgggeh ghromatography. The
appropfae tiaRflonl wérelcdnibied ol Mesalie@ onePsrep&ative GLSLCEIuMAS The combined
fractions were lyophilized to give 12 (0.13g, 55%) as a white powder. Purity >95% (analytical

anion exchange, UV31ou). 'H-NMR (D,0, 400 MHz, HH-COSY): § 5.12 (d, 1H), 5.03 (d, 1H), 4.70
(d, 1H), 4.34-4.18 (m, 2H), 4.09-4.03 (m, 1H), 3.98-3.90 (m, SH), 3.85-3.74 (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 puL, 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 lyophilized to give 14
(84 mg, 79%) as a white powder. Purity: >95% (analytical anion exchange, UV210nm). '"H-NMR
(D;0, 400 MHz, HH-COSY): & 5.12 (d, 1H), 5.09 (d, 1H), 4.82 (d, 1H), 4.40-4.26 (m, 1H), 4.10-3.87



stirred by using a magnetic stirring bar and the pH

was kept at 10. After 30 mn an excess of 0.1% TFA in
wo2060%184 mL) was added to quench t he reacti onPCHRE2006/050551

(200 nL) was added and the anCtl on m xture was

| yophilised to give 4 (60 ng3 >100% max. 8.6 nmol).

HPLC ( Shi madzu, reversed phase) analysis by starting

with 80% eluent A (0.1% TFA in H20O) and 20% el uent B

o RS By 100, OB 088, 0N 45 600 22015

8H), 3presen@e SHY), 348 9.8 (nt, AH), 28@s BH3t i t ut ed product (recH
insulin Rt: 12.84 mn; conpound 4 Rt: 13.54 nin;
B29/ A1 di substituted product: Rt 14.16 min). The crude
product was used without purification in the next
reacti on. EXAMPLE 4 Conpound 6 Crude conpound 4 (60
Schemy B. Spshalisssf pentashdcharidedpgessizdivitves dasE agl 14 r ough
N2) 0.05 Msolution ONH2CH in 0.1 M Na2HPO4 buffer
(25 nL, pH 7.0). The reaction m xture was stirred by
using a magnetic & irring bar and degassed for 30 mn OR

(by passing thro N2) . Then the 5
pent asacgbrafi dedgpacer conpound 5 (95 ng, 43 mml) osoax LR,
whi ch W%y

I o8 s described in Angew. Chem COOOO { owe
OX (AD Z@Sﬁ°ﬁ33 was added as a soki¥*a <0:M§ 0%0%
Lurie was *Styraed~usder-asai t r gJe :
(J@g@rgg or 16 h. Scheme 20 Synt hesi s 5&5 awox o
o b6.59%chedr 2. (contlnued)‘PWfl—caf’ron o oMe EMe
( ~Lfrhepent asaceRari de-insulin conjugate é l%[p\m‘"LIge\/o\/\o/\,o\/\SA
reaction nixture of the previ ous paragraph )
nonosubsti tuted pentasacchari de-insulin conjugate 6
was pdﬁ gofgf(eRd t 0 near honogeneity by anion exczggﬁg” o
chrormtRbpgfsaphy (capture step) and size exclusio
chr omat ogr aphy (polishing step). The
conj ugat ¢- cont ai ni ng sol uti on was applied on a
: se FF colum, equilibrated in 20

0S0X

Eo
ososx {050}
00 —¥oMe

050X coox Q80 <832 j 050X
o i .

ososx om

X=Na'
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mol /L sodi um phosphate buffer PH 8.0. After the
unretained protein fraction had passed the colum, an
w@xdioensitse wash with equilibration buffer was BPEr/EP®U6/050551

out until the A280 had retur3n6ed to baseline |evel.

Bound, unreacted insulin was eluted at around 0.4

nol /L NaCl and the nonosubstituted

pent asaccharide-insulin conjugate at 0.7 nol/L Nad as

rgi ned by anal ytical HP- SEC on Superdex 30 and

EXAI%%E‘%IWTG: M5. The conjugate fraction was concentr at ed
Compéid®ers by ultrafiltration or anion exchange

chromat ography using a 2 nol/L NaC bunp as el ution

step and was applied on a preparative Superdex 30

RecrRIR7 R e Bl R BB MO S AR A G L. Bocso
(73 Y 2P #a¢6 adddBo- G s¥REi6n RA HIRIresiifg hikke RAO IS for 5 h at

Wwas stored at -7Q0C after snapfreezing rn an .
ambient tempdratirey The gearition vwas. quEhehedoly thgaadditiomneledd YaTFAnin HO/ACN

o, T R fo R TS S L B R S
0.1% AP OH T FACRE (9/8PAEN ¥3: Of add thePMbinf pr8fuct was isolated by preparative

pent asaccharide-insulin conjugate 6 was determ ned by
HPLGThelapfrapfiate fractonsi weradmbine@iandriylophilized tol give Add li-diBoc insulin 15

Anal ysj Bl A) using the human jipnsulin rece and
(200 gm0 ?? RsWalR| V@g.r- E’mﬂm 98 (HBHGIEF TG WS calod. for
y !
Cos HASREDR &I 4330d§?1{0$1'1:1§ o%flgﬁmtf’@?i f6§88 aathe\oliPlind¥in af*htirfial reference
hotin 18 Fi g. 1, two batches o
standgrdlit asacchari de-i nsulin conjugate 6 are recogni zed by
the insulin-specific ELI SA, which denonstrates the
presence of an inmmunoreactive insulin noiety. From Bl A
EXAl@ff’E?rd ments in the Biacore it can be concluded that
pentasacchari de-conjugated insulin is still able to
Compénuiidl 16 t he human insulin receptor (Fig. 2A). In these
experiments a MAb
RecH insulin (752 mg) was dissolved in anhydrous DMSO (20 mL) and TEA (0.75 mL). Boc,O
(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, v/v, 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 HPLC. The
appropriate fractions were combined and lyophilized to give A1,B29-diBoc insulin 16 as a white
powder (332 mg, 43%). Purity: >98% (analytical HPLC). MS calcd. for Cy6;H399Ngs5 O 5156 =

6008, found on MALDI-TOF 6008 (using recH insulin as internal reference standard).

EXAMPLE 10
Compound 17

A1,B1-diBoc insulin 15 (200 mg) was dissolved in anhydrous dimethyl sulfoxide (5 mL) and
triethylamine (145 uL). 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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to human insulin (clone M3222213, 10-130, batch 223,
Fitzgerald Industries International, designated MADb
wd 3)o6884 mobi | i zed on a CVb sensor chi p usi NBCT/EP2006/050551
standard am no coupl i ng. HB%#P (Bi acore, cat. No.
22-0512-44) was used as running buffer at a flowrate
of 5 nb/mn. Injection of the insulin conjugate
resulted in binding of the conjugate to the
' Al ntib he, i u [ | i al t
T IR A T AR A A a3 e
diBocdiBDY-GAIB Vihdulin A (0.5 gl Reudedt which Bdsnéseti Nfli thé tnexteste® fwithout further
_covalently attached pentasaccharide (Fig. 2B).
purifigasionl - TOF spectra of the pentasacchari de-insulin
conjugate 6 were obtained as descri bed under Materials
and Methods. Prior to analysis, the sanples were
EXAN®PS& tied and concentrated on nCl8-Zi pTips (MI1lipore
Corporation, Billerica MA, USA). Elution was directly
Compmingl 8 st ai nl ess steel MALDI target in 1 nL of a
sol ution containing 10 g/L al pha-cyano in 500 nL/L
ACN 1 nmL/L TFA. Fig. 3 represents a typical MALDI - TOF
fii i
AL e BTV Lo S anhy os, DMSO (b nd TEA (332
uL). GMBS (230 mpdl 57 ddifiv.) Wae ad¢qubaneinthe herction gaextard wad stirred for 30 min at
caused by laser-induced desul fatati on of t

. he, .. . .
ambiend {emReratiFe | Rfe TGN IFWL, Pas (fyenched @erheafddpt&g ofp.1% TFA in

rio/RENSon . 58] he SRR PRPOTAE SEmMITHA 10 g -
B1-GMB fiedlkks18 (0.6 fecriide)gehioh wak tscddn theckvxt step @vithsiit farthdr purification.

di substituted insulin were found. It should be noticed
that al so peaks for unreacted insulin are absent (nifz

)14 HP- SEC anal ysis (Fig. 4) shows a maj or peak
EXAl\?\A[%?;%Iaz retention time of 22 min. The purity was
Compéidd™ ed at 97% (Unreacted insulin and disubstituted
conj ugat e appear to be absent). EXAMPLE 5

A1,B1-diBoc-B29-GMB insulin 17 (0.5 g, crude) was dissolved in TFA (5 mL) and stirred 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 immediately 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 HPLC).

EXAMPLE 13
Compound 20

A1,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 H,O/ACN (9/2, v/v) and the resulting solution was
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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Compound 11 Pentasaccharide 7 (46 ng) [which may be

obt ai ned by coupling of the derivatised nonosacchari de
w®200d08184 bed in WO 2001/ 42262, with the PCT/EP2006/050551

tetrasacchari de that was obtgj ned by conducting the

synthetic route towards tetrasaccharide 30 descri bed

in Bioorg. Med. Chem (1994), 2, 1267-1280 in which

t he reduci ng end nonosacchari de buil ding bl ock 12 was

Y,
analyGE RIS, W SO R el briesQuts 5500 amd gy MATRITGR5973 (using
recHﬁisHl‘lﬂ@rmfeﬁlalfwéiﬁlo@%ﬁﬁlﬂhﬁﬁd in these publications,
i ncl udi ng deprotection and sul fation] and gl ycol

derivative 10 (18 ng, 1.6 equiv.) were dissolved in
under a nitrogen atnosphere. NW (61 nL, 5
EXA@E‘EF\%%“%%S added and the reaction m xture was stirred
GeneM§irobétire $r ﬁmbﬁﬁigahsmﬁ GMBLisulil Rith PerBidhecMaside
evaporated in vacuo and the remai ni ng resi due was

GMBgipsulifi Jé!joroﬂﬂp(aépag)awwdlssnivmlneadhlah@étahHB@atbuﬁmap}WmL pH 7.0,

degasgi by BRI e (TRUEDEe SNIAR: THe SOBHAL e IFEa D] Uitle @ magneti
st1rrm§BJa? ahd RRY Hé &M hPafbie? 361111{12%&9?&%%@%%@5"\11 42 or 14 (23 mg,

Pur| y >98% (analytical anfon exchangg,

2.5 edhiR) @as)addedleb IHI\ABh(lDﬂﬂJ,oWéﬁ(byl\Arl‘lb adafﬁoﬁm}lz@mcsmplg d0.05M). The
4.91

reactlglll_b ggxtgreg\gas( qr{]ﬁrrep'p;}ldersa Igi;rogerl%agn()mhemt angne@@ teng)eyfagur(snﬁfter 16 hours

the re?%@nzrﬁéc’nﬂ% v§§ %éltoj(:&sﬁl_bgosﬁ%pirgtl et g%(é&m Ep}%oﬂﬁatg’ #38tions were

combinednd Nyophdlizce b ggwc tsalin-pkentd coiugatey) 24,\28,c26, \8Ts 28, 29 as a white
prepared as described in W 2001/ 42262, and gI ycol
powdefein;a/picakyigld of$8%r50%: Yirldsqiere dpteriiiied by Wkes Tppaspiemeats using the

same SHIHFEAIE Sl HeBROR o B gl L B, (1996), o5,

equi v.) was added and the reaction m xture was stirred
overni ght at anbient tenperature. The sol vent was

EXAMPEEat ed

Compound 24

B29-GMB insulin 19 (25 mg) was conjugated to pentasaccharide 5 (23 mg) according to the
general procedure to give B29-pentasaccharide insulin derivative 24 (15 mg, 45%). ESI-MS
caled. for CsoHas7Ng7O137814= 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
Compound 25

B1-GMB insulin 20 (25 mg) was conjugated to pentasaccharide 5 (23 mg) according to the
general procedure to give Bl-pentasaccharide insulin derivative 25 (16 mg, 47%). ESI-MS
caled. for CizHas7Ns7O137814= 7913, found on Q-TOF 2637 M**; 1978 M™; 1583 M™". Purity:
>95% (analytical HPSEC), >98% (analytical anion exchange).
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in vacuo and the residue was purified by preparative
ani on exchange chronmat ography. The appropriate
wo eawesnigs were conbi ned and desalted on a pr eper/BPi00€050551
&5-col um. The conbi ned fra%c?ti ons were |lyophilized to
give 12 (0.1 3g, 55% as a wiite powder. Purity >95%
(anal ytical anion exchange, W2i Onm) . 1H NWR (D20,
400 MHz, HHCOSY): d 5.12 (d, IH), 5.03 (d, IH, 4.70
IH), 4.34-4.18 (m 2H), 4.09-4.03 (m IH),
EXAYPLE DD (m 5H), 3.85-3.74 (m 6H), 3.66-3.48 (m
Comgd‘ﬂnd% 43-3.24 (m 41H), 3.23-3.15 (m 13H), 3.12 (m
, 3.10-3.01 (m 7H), 2.99-2.88 (m 3H), 2.78 (t,
2. 04 (s, 3H. EXAMPLE 7 Conpound 14

B29- 5@@% G5 05 e otes paniTBsd b hétadeshant I 059 Atugine to the

n a Cinb D8 gloy -
s 0 Y o B g, 5

calcddﬁBC@j1ﬁéud1stOlbi$eﬁe7m, a°ntmdappl QEROF @338 Mhic!1934 d\g“* Purity: >98%
ion and sul fation] and conpound 13 (18 ny,

(analy@cglrlg'gﬁ% ) were dissolved in DVF. NW (15 ni, 2.5

equiv.) was added and the reaction m xture was stirred

overni ght at anbient tenperature. The sol vent was
EXANWPaEOI7at ed i N vacuo and the renmai ning residue was

purified on a preparative G25-colum. The appropriate
Compoupd 27ns were conbined and | yophilized to give 14 (84

ng, 79% as a white powder. Purity: >95% (anal yti cal

ani on exchange, W210nn). 1H NMR (D20, 400 MHz,
B1-GMB @@‘ﬁ) 20q15.MQ) ¥ab cdnjlgatda ﬁ9peﬁlt‘b.sadchbr,1de418211 ¢hg) lakBording to the

4.40-4.26 (m |H), 4.10-3.87( : 8237&
generq]mrocgluge]to;gmgBé rgen‘qqpq)cchagldq lnsgllg gel(lyﬁtlvg 4%)(8 mg, 4 % B$J-MS calcd.

for C %@‘@73 473% %o%ﬁgﬁgl @Wog%s"/é‘@hg@eﬁ %er 298% (analytical

HPSEL). pent asaccharl de spacer derivatives 11, 12 and 14

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
calcd. for Cs21HissNg7O134S15= 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 CsHa01Ng7O131S12= 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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WO e®alos2is{ 779 ng) was di ssol ved i n anhydr ous DMIDEPRDB6/050551
m.) and AcOH (465 ni). BoC2(2e0(73 ng, 2.5 equiv) was
added to the solution and the resulting m xture was
stirred for 5 h at anbient tenperature. The reaction
was quenched by the addition of 0.1% TFA in H2QO ACN
(9/1, viv, 1RQ.lL) and the solution was |yophilized
four tines. he resi due was dissolved in 0.1% TFA in
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t enperat ure fmrphl 5 h. The r&ﬁﬁ)-t—l-ﬁn—Lmroqtﬂlen'ﬁyheﬂeWe Gly
addi tion of O. 1,\/D_T\FA in HHO ACN (9/1, v/v, 150 nlL) and
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was dissolved in 0.1% TFA in H2O ACN (9/1) and was
subjected to preparative HPLC. The appropriate
wo eawesnigs were conbi ned and | yophilized to gi REI/EP2006/050551
Al , B29-di Boc insulin 16 as white powder (332 nmg,
43% . Purity: >98% (anal ytic HPLC). Ms cal cd. for
C267H399N65 8Bi S6 = 6008, found on MALDI - TOF 6008
(using recH insulin as internal reference standard).
Charaicéeé%% 10 Conpound 17 Al, Bl -di Boc insulin 15 (200 ng)
ol ved i n anhydrous dinethyl sulfoxide (5 ni)
and triethylamne (145 nL). GBS (45 ng, 5 equiv.) was
added and the reaction nmixture was stirred for 30 mn
Analyticabsitd exelusicanghromatogeaphPne reaction nmixture was
gquenched by the addition of 0.1%FA in H2CVACN (9/1,
v/iv, 150 nL) and the resulting mxture was |yophilized
CompoRndd 28-29 weRl HitiQfed B2 AndPMiRal NERLSET drfalfsiy 6nga Superdex 75 26/10
crude), which waS used in the next step W thout
colunin, Eiutien was ipeffomaed with SEM/REhdniym acatyte atraifldg rate of 1.0 mL/min.
Al , B29-di Boc insulin 16 (330 ng) was dissolved in
anhydrous DMSO (5 nL) and TEA (332 nL). GWBS (230 nmg,
Table 1D HPSE(Vanh TR axg n%a{t&ezzf _g@ction mxture was

stirred for 30 mn at i ent tenperature. The

reacti on m|xture was quencthEQ(ﬁuherdadlS)tl on of 0.1%

opRfl Lo CVACN (971, vt ¢ 150 ) —=angthe Tes N Vng

solution was lyophilized to give A, B29-di Boc- - G\B
ingdlin 18((0.6 g, cridBhpin which was |used in ¢ next
stgp W thout further pi&jfication. EXAVPLE 12 g@rpound
19

26 12.7 min >98%

27 12.5 min >98%

28 12.7 min >98%

29 12.8 min >98%
recH insulin 15.0 min >98%

All conjugates were observed as single peaks (at least >95% purity) illustrating the absence of

aggregated 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 sequence 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 B1-substituted insulin
derivatives 16,20 , 25and 27, demonstrating conjugation at the Bl position with as a

consequnce inhibition of Edman degradation at the N-terminus of the B-chain.
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Al , Bl -di Boc-B29-GWB insulin 17 (0.5 g, crude) was

di ssolved in TFA (5 nL) and stirred for 10 mn at
wW@edeesais4 enper at ure. The TFA was renoved undePCT/EPM0€050551

pressure, the residue was dissolved in 0.1% TFA in

H2CVACN (2/1, v/v) and the sdlution i mediately

subjected to preparative HPLC. The appropriate

fractions wer e conbi ned and | yophilized to give

Compafive AT 5eF e bl R Tkt s 2o

Al , B29-di Boc-Bl -GWB insulin 18 (0.6 g, crude) was

di ssol ved in TFA (5 nm.) and the m xture was stirred
Principle and atmofathetast; Bmmolemzmlatem@on Tinalysis ABRA) studies the interaction

betweie:V %810 tled I Vac%&’&btﬁnhlpegﬁlgl q\?}}l Qgﬁggf 3 tgrggﬁsa{;% ga sensor chip

surfa&ohhﬂ axgliéumsoﬂ tﬁ@%ﬂieatlﬁbﬂacﬁﬂbhﬁﬁk edntifudes %@feahbweover this surface.
he appropriate fractions were conbi ned and

Bmdlhg aqotqgisrtqati ag @ cgan@ iBl refBMiBivie isdelxi on s sisfage whd tiseproportional to the
wder, 09 Purity >99%anal ytical HPLC). M

mole gt%ﬁ"@% éqﬂ?&%ﬁ = 5973, found on MALDI - TOF

To st"i_iay 3thé Liﬁge%tlfn? Ny hA‘T‘II@Saddn?&{tﬁk%cHaﬁgﬁ :cgﬁﬁlg?tes compound 9 is

standard MPLES 14-19 Genetral proce
covalemly] wogiledno d.he @or nehip i sarfacd FBindingasthAdHi the the pentasacchande

s A o kgl o TG B s K e
I
persh 0480 HHBS B R TIOVSH Y98, PSSl comsinins

constaﬂotdiﬁéntﬁﬁlom of hA'ﬂ?IHnaﬁxEntaﬂsblerIafcbﬂfatibns 10, fré@ pentabdccharide or

(23 nmg, 2.5 equiv.) was added as a solid, fallowed by
conjugate veeraiinjeetad svenecsyrfase Binding ofspgntaspecharide of jcgnjugate to ATIIL

durmg] né!eﬂlr V[\{%ﬁ %Jll'l rfe@tﬁt Y d%r gﬁ(%ﬂ;) Scr%‘: 'Aﬁhn%f’rﬂi}% Go2the immobilised

errper ature. Affer
pentasacchariede. This competitive binding assay allows determination of ICs, values for each

pentasaccharide conjugate.

Experimental procedure: Compound 9 is covalently coupled to a CMS5 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 concentration of 100 pg/mL. The unreacted hydroxysuccinimide
groups are reacted with ethanolamine for 7 min.. The surface is regenerated by three short
injections 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 hATIII to a surface treated as
described was found specific, demonstrating the presence of pentasaccharide on the surface.

A concentration series of hATIII was tested to estimate a sensitive concentration for inhibition
(at 80% of maximum binding). At a flow rate of 20 pL/min three minute injections were carried
out at both blanc and immobilised 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. NaCl.

The samples were tested against a constant concentration of hATIII (i.e. 15 nmol/L) and
concentrations of pentasaccharide conjugate ranging between 0.78-100 nM. The hATIIL
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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the reaction m xture was subjected to preparative

HPSEC ( S75) .

The appropriate fractions were conbi ned

waeaelogaphi | i zed to give insulin-penta conjugaP@BERW)6/050551

25, 26, 27, 28, 29 as a whi t4:3
yield of 30% 50%

nmeasur enents using the sane nol ar
coefficient as for

recH in

C320H487N670Q 37Si 4= 7913,

(anal'yti cal

coniHaat ad to-—pent acarchari Aa B

Table197FC5§ blits e@%’é&é’% ] s

Study)L 5 Conmpound 25 Bl -GVB insulin 20 (25 ng) was

Yi el ds wer

45%) .

powder in a typical
determ ned by A280
extinction

sul in.

ESI - MS cal cd. for

EXAMPLE 14 Conpound

o PSR TRl R OAE o v i

from Whiz&eRBICS, {;ﬂu@w@eagﬁvdaent asacchari de insulin
derivative 24 (15 ny,

found on Q TOF 2638. 7 M3+,

BodBral iBY bbntp etﬁﬁg%’m

ani on exchange

(22 ")

d[{/’ﬁ_ assay (BIA

to

\JUIIJ Uyul '\

ColtSod@ner i

\zlll AU AT OITTA T

W pr ocedur]eIAt(B""@eWéveélTnj\B@ﬁﬁg)s acchari d

i nsul i n dé

CRAIINLINO 7N

g

2rivat i ues25 (16

70 27 N— 7012

rrg 4§%contﬁﬁhceliﬁemﬂl Cd

for

[ e N | = 1T I1LI,

1583 Puri tyl

U\)l IVl.)"r

: >95% 5Snal 7?. dal  HPSE(

D)

8 (k&“&%cé)an al

yti cal 58am on exc

hange) BXANMPL. EnNIG COﬁ'pOL

Ao Ay IIN'\

ind

l')
9 réfer Nnce
asaccl

CA R
= 3V

IIIDUI§ U \J.Q

nari de 1 12 )

g)—was S9his Qi];%cu t©o
accor di hg tO € gener g

=

prZ;icedure

to gi \ﬂémg pent

va

asacchar 78e93mdul i n

ot N676 395 B 7737 |t ound. o B T be7s v
1924 MA+. Purlty4.5nM)8% 42-470M

27 15 nM 13.3-17.0nM

28 96 nM 50.6 — 183 nM

29 68 nM 33.9-137nM

Conclusion — The difference in ICsy’s between the reference carrier pentasaccharides 7-9 (Fig. 5,
Table 2) confirms that their competitive binding potential to ATIII, a measure for the binding
affinity for ATIIL, can be tuned by changing the number of sulfate groups contained in these
molecules. The (competitive) binding potential (ICso) of all corresponding insulin-
pentasaccharide conjugates (24-29) to hATIII fall in the same range when compared to the
parent reference 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 C;30His7Ns;0137514 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 (6+), 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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(anal ytical HPSEC). EXAMPLE 17 Conpound 27 Bl - GvB
insulin 20 ( 15 ng) was conjugated to pentasacchari de
wd 2006AR18y) according to the general procedur ePCDEBIN&050551
Bl -pentasaccharide insulin derivative 27 (8 ng, 40%.
ESI - M5 cal cd. for C3l2H47I I 33Si 4= 7737, found on
Q TOF 2578 MB+; 1934 MA+. Purity: >98% (anal yti cal
HPSEC) . EXAMPLE 18 Conpound 28 829 GWB insulin 19 (15

distri‘t;mi)on ; a Cr%?éo%?ﬁt s%f'ec%eﬂ Iglﬁﬂf s %ﬁ ?ﬁ( éez %( g’% %‘) Cs20H487N670137814

accor e gener roce

(com dpﬂ)tlél%ﬁ@gﬁélhbﬂewitﬂ e théoﬁﬁf:é%ﬁédléiﬂat&ﬁ idofopdUdistéBifion with the
Sl - M5 cal cd. for C321 H489N670 34Si 3= 7847, found on

progranmedsopye fserdeottedi g invBig; 7AB08 Ms+. HPSEC purity:
>98% EXAWMPLE 19 Conpound 29 B29-GMB insulin 19 (15
ng) was conjugated to pentasaccharide 11 (13 ng)

Gene?ﬂc Preéddtiré Ofolr N end it @dationC O d inRH Oaflia gﬁmstlc decage tides with
B29- pent asaccharide insulin derivative 2 5

pentaigichivBide {EXAMPLES 28215292870 3i Si 2= 7782, f ound on

Ganini eGP s 10 PRk s s i AMF (20 L under a nirogen
atmophbAS YT RENHAS AC64 25195 MAMNNERI @S A4~ F M) were added and the
mixture was stirred for 1 hour at ambient temperature. Pentasacchardic 8 or 9 (88 mg, 1.1
equiv.) was dissolved in DMF (10 mL)to give a suspension. This suspension was added to the
reaction mixture and the remaining mixture was stirred for 16 hours at ambient temperature. The
reaction mixture was diluted with water (200 mL) and was lyophilized. The resulting residue was
purified on reversed phase silica (C18) with 0.01 M ammonium acetate (pH 7) and a gradient of
10 to 50% ACN in block-elutions. The appropriate fractions were combined and lyophilized to
give the ganirelix pentasaccharide conjuagte 31, 32, 36 or 37 as a white powder. Analytical
HPLC was performed with a gradient elution by starting with 90% eluent A (0.01M ammonium
acetate) and 10% eluent B (ACN) for 5 min., then applying a gradient to 100% eluent B in 30

EXAMPLE 20
Compound 31

Ganirelix-derivative 30 (70 mg), which was prepared by solid phase peptide synthesis as
described in J. Med. Chem. 1992, 35, 3942-3948, was conjugated to pentasaccharide 8 (88 mg)
according to the general procedure to give 31 (16 mg, 40%). Purity 96% (analytical HPLC),
97% (analytical anion exchange). ESI-MS calcd. for Ci26Hi191CIN1506:S6= 3175.0359, found
792.7390 [M-4H]*, 1057.3258 [M-3H]>, 1062.9883 [M+NH;-3H]*". 'H-NMR (D0, 400 MHz,
HH-COSY): § 8.56 (m, 1H), 8.53 (m, 1H), 8.10 (m, 1H), 7.76 (m, 2H), 7.68 (m, 2H), 7.47 (m, 1H), 7.39
(m, 2H), 7.16 (m, 3H), 7.04 (m, 2H), 6.95 (m, 2H), 6.63 (m, 2H), 5.35-5.25 (m, 2H), 4.95 (m, 1H), 4.68-
4.61 (m, 1H), 4.61-4.51 (m, 2H), 4.50-4.38 (m, 2H), 4.38-4.25 (m, 3H), 4.24-3.96 (m, 15H), 3.90-3.84
(m, 1H), 3.84-3.67 (m, 8H), 3.67-3.20 (m, 53H), 3.19-3.09 (m, 4H), 3.09-2.98 (m, 12H), 2.98-2.84 (m,
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1?Ne Val Qu G n- Cys-Cys-Thr-Ser- |ie-

Cys-Ser-Leu-Tyr-dA n- Leu-d u- Asn-Tyr-Cys- Asn- COOH
wokm®e/ogass Cys- A y- Ser - Hi s- PCT/EP2006/050551

Leu- Val -3 u- Al a- Leu-Tyr-Leu-\éa -Cys Gn @y | Asn Qu

| Val B29 Arg Bl Phe COOH THY> Lys- Pro- Thr-

Tyr-Phe-Phe-Ay NH NH 15 17 19Characteri sation

Anal yti cal size exclusion chronmatography Conpounds

r r i &Rt £6c akyt i cal, HP-S | Y5 )
o1, 2P SRR B9 Rl (R A B T Ry 110
(m, 1380, "F-arhOnmiSin acetate at a flowrate of 1.0 nL/ mn.
Tabl e 1. HPSEC anal yses of insulin conjugates 24-29

EXAMPLE 21
Compound 32

Ganirelix-derivative 30 (70 mg) was conjugated to pentasaccharide 9 (88 mg) according to the
general procedure to give 32 (52 mg, 35%). Mass calcd. for C;25sH;59CIN15045S,= 3240.9770;
found on ESI-QTOF 809.2219 [M-4H]*, 1079.2994 [M-3H]*, 1084.9739 [M-+NH,]*,
1090.6340, [M+2NH;-3H]>". 'H-NMR (D,0, 400 MHz, HH-COSY): § 8.45 (m, 1H), 8.38 (m, 1H),
7.90 (m, 1H), 7.78 (d, 1H), 7.73 (m, 2H), 7.59 (m, 1H), 7.50 (m, 1H), 7.43 (m, 2H), 7.20 (m, 3H), 7.05
(d, 2H), 6.97 (m, 2H), 6.66 (m, 2H), 5.40-5.30 (m, 2H), 5.09 (d, 1H), 4.67-4.48 (m, 2H), 4.40-3.92 (m,
18H), 3.92-3.75 (m, 7H), 3.77-3.17 (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, SH), 1.82-1.23 (m, 12H), 1.22-0.90 (m, 13H), 0.87-
0.72 (m, 5H). Purity: 95% (analytical HPLC), 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 uL, 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%
eluent 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 (CH5;CN) to 20% eluent A and 80% eluent B in 15 min.. Mass calcd.
for CosH139CIN 150, = 1859, found on MALDI-TOF 1860 [M+H]" and 1882 [M+Na]". Purity:
>90% (analytical HPLC).
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HPSEC ( Superdex 75) Conpound Rt Purity 24 12.7 mn
>98% 25 12.5 min >95% 26 12.7 min >98% 27 12.5 min
WO BWEA84L2. 7 m n >98% 29 12.8 m n >98% r ecH i PSIEPIN06/050551

15.0 m n >98% Al conj ugat es, were observed as single
peaks (at l|least >95% purity) i1llustrating the absence
of aggregated forns of insulin-pentasaccharide.
N- Ter mi nal sequence anal ysis The

EXA. %Ijén-pent asacchari de conjugates 24-29, as well as

€ correspondi ng precursors 15, 16, 19 and 20 were

Compoiltide3s ed to JV-term nal sequence analysis (Edman
degradation). In each of the cycles carried out, the
B29 substituted insulin derivatives 15, 19, 24, 26, 28

d i.el ded | ol - and .
Comga A 0 vat Ao T RRHF AN Eite Sk P, s gfimed for 2
hourstefi%rﬂﬂ"édt tGthpaARHI A Sftrd HRoGANIUTA €55 i) Waé Bdleddn@Sthe reaction

ful acceSS| bility of both NNtermini and thus absence
mixtuod was nijnmghfoe anothet 22bowk. Ele EFA watseﬂvap@ra‘ed GomGuocahdtthe remaining

t he B 9 | on, ntr onI A chai n 1 NO
solutic. s TREPOZF 88 TS (9 TRE+ B o il POREeR M Gl or CaoHl
CIN, 8= %ﬂ@?,tfohﬁé% MBILbI-TOF 1804 [M+H] and 1826 [M+Na]". Purity: >95%
(analytical HPLC).

EXAMPLE 24

Compound 36

Ganirelix-derivative 35 (17 mg) was conjugated to pentasaccharide 8 (19 mg) according to the
general procedure. Additional purification was performed by preparative HPLC (gradient: 90%
eluent A (0.01 M ammonium acetate) and 10% eluent B (CH3;CN) for 5 min., then to 100% B in
50 min.). The appropriate fractions were combined and lyophilized to give 36 (2 mg, 6%).
Purity: 94% (analytical HPLC), >98% (analytical anion exchange).

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%.



derivatives 16, 20 , 25 and 27, denonstrating
conjugation at the Bl position with as a consequnce

wo advelos2ison of Edman degradati on at the N-ter nPCEPDDG6/050551
t he B-chain. Conpetitive hATILH bi ndi ng assay using
Bi onol ecul ar Interaction Analysis Principle and ai m of
the test: Bionolecular Interaction Analysis (BlA)
studies the interaction between (bio)nolecul es by

coval.e i bilisati,gn on f the interactants to
Sc"e'ge§e$&”2’t%es&‘%0mﬁo¥”£’t€g9 3? d0%33% i on of the ot her

interactant in the conti nuous buffer flow over this

. . . . . 080X
surface. Binding is registered as a change in o
refractive index on this surface and is proportigga)l OR,
to the nolecular weigth (Mvy of the interactant (o S\ RS
dy the interaction between hATII angg,, coord coo 050X

mh oconj ugat es, conpound 9fis cdvg Foy {
sensor chip surface. Bifggl hAo‘E@ll onte
)L /\n’ Npgnt saccharide genersmt®s a st gz(;jal as a
r s ItoanEJ; +of t he dln‘f rence L n,Mv bet ebvet he olzqund
[) penta accharT € ligand and the (I|arge) AT 51 RM
ana yte. Pr e?n +u at e sanpl es containfng a congXa 32,{2383)(
concentrat| AT Il and variable oncentratmyh
free pe 'ﬁ*harlde or conjugate vverg |nJ ected ove Q
the sur a% Bi ndi ng of pentasacchari e ”}g“ate
to Af) ng preincubation wll 5su|t i@ ao zj
reduct? og,\oi—J\N,ﬁl I'l binding to the | %I sed MO X
peht asacchar ifede. This conpetiti ve) bi » g as*@qM

all ows determ nation of |1C50 val ué§_ ch %
. nt asacchari deé conj ugate. Experi oc;ed___?{.ezz;%
ﬁ’f%n}%ﬁ%ﬁ% %oval ently coupled tb a #ngor chikp
bys3am ne coupl ¥ng at pH 8.5. The sensor chj ;

activated by EDC/NHS for 15 min. and subsequengly
conpound 9 is injected at a concentration efN00

ng/ m. The unr eact ed hydroxysucci ni m de gr oups{q are
revvi h\et?wﬁ ne for 7 mn.. The surface is

Na*

lLegener at ¢ ¥ t e short
/U\N/"\H/N N/\rN\)\
"o A '\/\/H “\/
o ?\l'/ 8or9
pol T W /*r
\/\/ e \/
@ UL "
RO\H/\O/\/O\/\O/\/O\/\N )E )
N N/\ C/ 36 R,=M
|: 34R,=t-Bu H A ONO‘/\N o 37 Rz=sgax
H
35R,=H
H 0S0,X

o
x
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o
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00
<coo§
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<0Me> Aom 9 OSOaX
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injections of 5 nL 5 nol/L NaCl, at a flow rate of 25

nmL/mn. I mobilisation of the pentasaccharide can not
wheoodesass ed, however, binding of hATIII to a BCI/EPE6/050551

treated as descri bed was found specific, denonstrating

the presence of pentasaccharide on the surface. A

concentration series of hATIII was tested to estinmate

a sensiti ve concentration for inhibition (at 80% of

Concﬂlgzonmf'ﬁé . ucr n%gg in é/'\ %tﬂfwe%nd%&%u ? nh%] %Iﬁblip t&/@ & the one hand

mnuute 1n onsvveecarrle anc and

conjugﬂH@Dl bh® Sﬂ ﬁidf(fnaﬂ‘a@ olthitr h8hd E6nj@dated™¥6 andl 3RS dpiBRH M F1g 8) reveal
gener at ed at 170 s. The surface is r egenerated by a

that, m@gpemy@@f it lepgthsofnthie/ anlmmeSlduh,ethsaﬁfﬁm@s foreAETH wen dg tuned by

chang%%*h)g Mﬁﬁgf;%ﬁ@%rﬁfﬁﬁﬁ Cenianzaﬁtdl 1% el%g gg)@%il]\l ] ﬁléese dath Jurther indicate
that thed W98 bBarkrRBAALICRRNEES & tKEekBRjuBMes A be/malble by the choice of

injection or report point wthout ‘pentasaccharid
the peotafacgheridei (See ephaghachBORAibi staldyn dpelowhe Fuetherniore, %e binding of the

bi ndi n 1 he nt asacghari des .and the co at es
conjogifin e S oS Apeh e BB 1y BN Bl Bt satirelix shows no
compéﬁtggﬁinﬁﬁllgtﬁlzhmﬁ (with vari abl e sl ope) by plotting Log
concentration] vs % binding fromwhich the I C50
vaI ues were derived. Table 2. 1C50 val ues expressing
|, binding potential in a conpetitive binding assay
EXA@LE%& udy) Conclusion - The difference in | C50
xﬁﬂﬁf ygen the reference carrier pentasaccharides 7-9
Com‘? 5, Table 2) confirns that their conpetitive

bi nd| ng potential to ATIII, a neasure for the binding
affi nitéqfor ATl I, can be tuned bg changi ng_t he
Compoyre 38 (4.5 sig. Bet kmgh cwppliedhit NpoMBSi(Strashewre, Rsnequvasdissolved in

dogasff p I RGOS ultfes REG B st 2 oPitlpsBtcatite 5 (45.5 me, 21

umol,t( Zﬂteﬁgl)v.)t\ﬁas%ﬁbd bndéld nilrBgdnBmdgiRrd AMBe WABRiIngAARANE Was stirred
0 e
for approximately 10 min.. Then an aqueous solution of NH,OH (50 wt %, 69 uL) was added

and the reaction mixture was stirred for 16h. The product was purified on a Q-Sepharose column
(2M NaCl,q/H,O/ACN, 10/40/1->40/10/1, v/v/v). Desalting of the appropriate fractions was
carried out using G25 sephadex chromatography as described above to yield compound 39 (15.7
mg, 35%). The yield was determined by A,s, measurement using a theoretical absorbance of 0.48
for a 1 mg/mL solution. Calcd. mass for Ci96H300N41010:1Ss = 5108.8; found on ESI-Q-TOF =
1740.6 [M+5Na]*", 1311.2 [M-1H+6Na]*', 1053.5 [M-2H+7Na]>*



parent reference pentasaccharides 7-9 (Fig. 6, Table
2). These data indicate that the pharnacokinetic
w@emposise£s of the conjugates may be tuned by BSI/RB2006/050551
alternative carrier pentasagﬁgarides with different
binding affinity for ATIII. Ss Spectronetry A
typi cal mass spectronetry analysis of a
pent asacchari de conjugate is depicted in Fig. 7. For
I nst an . C ound with the bruto fornul a
Scm'fﬁ?’o%ﬁ’ggéﬁﬁo%g‘i%ag‘#d a cal cul ated nono isotopi c nass
of 7913, has been anal ysed with an ESI-QIOF system In
the ESI-Ms spectrumnultiple charged ions at m z
rati os 1319.8 (6+), 1583.6 (5+), 1979.2 (4+), 2638.7
d3+) inline wth the charge distribution of recH
<;fins | in have been encountered. In addition, the
), TS etdiistrdnbttid-orfyof-ca—rra y selected nultiple

charged peak (e.g. 5+) for C320-H487N6 O137S14
(co a 24 dsrnbyagreerent-Ani th t he tsheoretically

cal cul ated isotope distribution with ttteprograme

| soprie{dee—shotted—hdtrese—+Pofg. 7A). General
procedure for the conjugation|of GiRH antagoni stic
decapepti des with pent agacehati de ( EXAMPLES 20, 21,
24, 25) Ganigelix-dervative 30 or 35 (70 ng) was

di ssolved in DVF (20 nlL) under a nitrogen atnosphere.
TBTU (14 ng, 1.05 equiv.) and,NWM (25 nl, 5 equiv.)
were added and the m xturefwas stirred for 1 hour at
anbi ent tenperat ur g, Pent agagghardie 8 or 9 (88 nm,
1.1 equiv.) was disgdlveq; AVE (10 nL)to give a
suspensi on. Thi s SlUSpensdon Viasxadded to the reaction
m xture ER’t fR>Cenensigt/m xture was stirred for 16

hours a I 2NC\Jt eE atyre. The reaction m xture was
diluagg‘m? q; r ?%%% ﬁ%& and was |yophilized. The
resulfying ¥ esidde was purified on reversed phase

siliqa (C1¥f wi £ 0. 01 ,Manmoni um acetate (pH 7) and a
gradieﬁrporwjro

0O

~

o\\\
o)
Lj o)
o)
S
N\/\)LAIa—His—GIn—IIe
o)

Ala——Val——Asn——Asp——Lys——Asp——Lys—Asp

Tyr——GIn——Phe—Thr

Pro——Arg——Ser——Lys—— lle——Ser——Pro—gjn

39 H,N—Tyr—Gly
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10 to 50% ACN in bl ock-elutions. The appropriate
fractions were conbined and | yophilized to give the
wW@206/08118K pent asacchari de conjuagte 31, 32, 3BCDEP®E6/050551

as a white powder. Analytic HPLC was perforned with

a gradient elution by startimng with 90% el uent A

(0. 01M ammoni um acetate) and 10% eluent B (ACN) for 5

mn., then applying a gradient to 100% el uent B in 30

in. . MPLE .20Q.. un . Ganj r.el i x-derni.vatiwe . .

Concli nrrgA)s%B\}ﬁ#é df Wg Igglglggt%tbvgabé% 15% pgﬁg,{tgaé t%é%y:’)ltllﬁ Oogsi:%njugate 39is
conseSwedl WRshH Sonfisar&E®Ctht Pafknt Pentasabélrid&3paver 13Rite (8%, Fig. 5, compound

3942- 3948, was conjugated to pentasaccharide 8

88 ny)
9). These datdisuggasbthahe s t exsensianiof betiv-vijovhalfdife (og hengeptide can be

. 409 . Purit. 6% tical HPLC 97% alytical .. .
achieygh By caniieilf i an AT DS Cafiermshtassp SRS Tt hiabmgsalivetic study
belowé.lﬁét&%ﬁ&e {te lﬁh@hiﬁ@f thd Whniubhtd i AFTH id §eéifid28fed Mk Abh-conjugated

-, 1062.9883 [ M+ 3-3H]3\ 1H NWVR (D20, 400 Mz,
parent-pepGAS VDM@ 7855 6hows nd kppifgaiZompetitiveé) binding @ AL H)
7.76 (m 2H), 7.68 (m 2H), 7.47 (m IH), 7.39 (m
2H), 7.16 (m 3H), 7.04 (m 2H), 6.95 (m 2H), 6.63
EXAGPLEYY . 5.35-5.25 (m 2H), 4.95 (m IH), 4.68- 4.61

(m 1H, 4.61-4.51 (m 2H), 4.50-4.38 (m 2H),
Comgowdfit 41l 25 (m 3H), 4.24-3.96 (m 15H), 3.90-3.84 (m

IH), 3.84-3.67 (m 8H), 3.67-3.20 (m 53H), 3.19-3.09

(m 4H), 3.09-2.98 (m 12H), 2.98-2.84 (m8H), 2.77

Com({o%d éﬁg(:ls il?gi%é%i){&ﬁepﬁ}ﬁﬁ f@'y i\le%ﬁ/ﬁ(wggrﬂur% ',Q}E%c%),%s dissolved in

degasfed36.1 M NaHRO AHH,POLAMAE (& miL, I QY.Pen&daccharide 5 (22.7 mg, 10.4
Ganirelix-derivative 30 (70 ng) was conjugated to

umolp@rit egrcy heasi afided ynder agitregepoattiosphere anéghe mixture was stirred for
approximately 10 min. Then an aqueous solution of NH,OH (50 wt %, 0.14 mL) was added and

the reaction mixture was stirred for 16h. The product was purified as described for compound 39
to yield compound 41 (1.38 mg, 6%). The yield was determined by A,g, measurement using a
theoretical absorbance of 1.22 for a 1 mg/mL solution. Mass calcd. for C;15H342N440106Ss =

5528; found on ESI Q-TOF = 1843.7 [M+3H]"", 1383.0 [M+4H]*, 1107 M+5H]>".

Conclusion: The competitive binding potential to ATIII of conjugate 41 is conserved when
compared to the parent pentasaccharide-spacer residue compound 9 (see Fig. 10). These data
suggest that a significant extension of in-vivo half-life of the peptide may be attained by

conjugation to an ATIII binding carrier pentasaccharide (see pharmacokinetic study below).



general procedure to give 32 (52 ng, 35%. Mss cal cd.
for Cl25H189C N18065S7= 3240.9770; found on ESI - QIrOF
wW@ODsAAM [ M 4H] 4 , 1079.2994 [M3H 3 , 1084rOmBR2006/050551
[ MENH 3]13 , 1090. 6340, [ M2 3-3H 3\ 1H NWR (D20
400 MHz, HH COSY): d 8.45 ( IH), 8.38 (m IH, 7.90
(m IH, 7.78 (d, IH, 7.73 (m 2H), 7.59 (m IH),
7.50 (m IH), 7.43 (m 2H), 7.20 (m 3H), 7.05 (d,
2H), «6..97. ( 2 6 (m 2H), 5.40-5.30 (m 2H),
Scherge 9Sy(”8fgesis ,c"'ﬂbpé"f’-d%’gs (m 2H). 4.40-3.92 (m 18H),
3.92-3.75 (m 7H), 3.77-3.17 (m 56H), 3.12-3.02 (m
HH), 3.02-2.98 (m 8H), 2.97-2.83 (m 4H), 2.81-2.75
( M 2isy PR MmOy T+ ®9=1T86 (m 5H), 1.82-1.23
(m 12H), 1.22-0.90 (m 13H),|0.87- 0.72 (m 5H).
PGu-tiyu—S5 % sanal sgi-—eal—HR-C)-ser 97% (ar?al ytical anion
ejchange purity). EXAMPLE 22 Conpound 34 Conpound 30
( B90-cmg)—Amas Ali-ssgl-veeuinpRMEse TBTU (36 Ny, 2 equiv.)
and NW (60 nmL, 10 equiv.) vve;]\e added and the reaction
HzN_t[}!g(I e wWas stirred for 1.houp, at ambient tenperature.
en corrpoundty%:% \(?ag4 ny, Ejaequlfv.), whi ch was prepared
as®descri bed in WD 2005090382, was added and t he
eaction m xtuge was stirred for 16 hours at anbi ent
N erature. The solvent was renoved in vacuo and the
o%i ni ng residue was di ssolved in water/CAN, the
resulting solution which was subjected to preparative
HPLC (gradient: 80% el uent (&s¢0. 1% TFA in H20O and
20% eluent B (ACN) to 20% ent A and 80%eluent B in
psoxat e \FsPHct i on¥ e AT IUTETC -0~ Thr——Phe—Thr
give, after |yophi

bzafiof—©¥npound 34 (60 ngy, 60%) \
as a whit g-oppngRk! a@ C #SOHPL Guwasu—peryf-orae d-4ay—val— Asp— Ser
appl yi ng r afh istarti ng vvithégli%el uent A (0.1%
_ﬁt e 2500¥Puefte B ( CH3 dri20% el ent A Glu—pro—iie

45 mn.). The appr

TFA in

and 80% etdeAt & in 15 min.. Mss cal cd.
OMe OMe

o HN—Lys——Arg—Gly Lys Val Leu—Trp—Ala

N0~ o~NO N =0

o o} §<‘ o
8 N_.O
o O:Sj M

X=Na* Q

O/\/O\/_S



10

15

20

for C94H139C N18019 = 1859, found on MALDI - TOF 1860
[ MtH] + and 1882 [ MtNa] +. Purity: >90% (anal yti cal
wWORLENPSHEXAVPLE 23 Conpound 35 Conpound 34 (60 POl/ERP®S6/050551

di ssol ved i n H2CVTFA/ ACN (759;;1 5 1: 1) and was stirred

for 2 hours at anmbient tenp tur extra anount of

TFA (2.5 nmL) was added and the reactl on m xture was

stirred for another 22 hours. The TFA was evapor at ed

[ o and the remaining solution was |yophilized to
EXAI&]\FI:/%@%@ (45 ng, 779% as a white powder. Mass cal cd.
Compéiind@PH131 C N18019= 1803, found on MALDI - TOF 1804

MtH] + and 1826 [ MtNa] +. Purity: >95% (anal yti cal

HPLC). EXAMPLE 24 Conpound 36 Ganirelix-derivative 35

L S NN R e —

suppliRH duth G@BhHM\@8ciPah RMeHE d}eﬁﬁaﬂz:) P ddsbMed FPbMSO (5 mL) AcOH (7
(gradi ent: 90% el uent A (0.01 amoni um acet ate) and

uL) geddedent g@el(ata—la@d}ghiﬂso laclﬂlcnssnlqtlonh Snbslequemﬂ@o/GMBSn (B2 mg, 0.04

mmo )}g)p%ﬂqn}r wgs g@éegll S8 a %rcz %I s(()) \I/l\BV{fagr%%?rﬁ uggg}; n111'ogen for 1h. LC-

MS a%i‘&% Yshbiwadl a"l%agcomf)%e/%&?\féﬂl ﬁ 't& ngEné%oﬁc?(@ hgng Gx‘;)hlch the GMB
MPLE 25 Conpound 37 Ganire erivative 35 (17 np)

moietyas introgucgdttedthe oNﬂennunaiaEhehmmdde i g highiyy yeghuseloctiienmanner. The

to the general _procedure. i tion urification was
reactige Wag CRRl 359/ o eﬁaﬂf‘&f wpichy %ﬂ%@l a’glglaﬁiz%% NaghtPO: (20'mL, pH 7.0)

was added. After 10 min. the mixture was allowed to reach to RT and N, was lead through the
solution for 10 min.. Then pentasaccharide 5 (21.8 mg, 0.01 mmol, 0.25 equiv.) was added as a
solid under a nitrogen atmosphere, followed by an aqueous solution of NH,OH (0.11 mL, 50 wt
%) and the reation mixture was stirred for 16h. The product was purified by ion exchange
chromatography as described above, to yield compound 44 (6.3 mg, 19%). Mass calcd. for
Ci12H170N12070S10 = 3122.7; found on ESI-Q-TOF = 1562.3 [M+2H]*, 1041.9 [M+3H]*". 'H-
NMR (D,O, 400 MHz, HH-COSY): 6 7.52-7.29 (m, 10H), 7.26-7.14 (m, 4H), 7.03 (s, 1H),
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, 57H), 3.33-2.59 (m, 18H), 2.22-1.16 (m, 2H), 1.85-
1.76 (m, 3H), 1.71-1.38 (m, 3H), 1.32-1.15 (m, 7H), 0.81-0.61 (M, 2H).



conmpound 36. The appropriate fracti ons were conbi ned

and | yophilized to give 37 (1.16 ng, 3% . Purity: 88%
w@ amvalogtiscal HPLC). Anal ytical ani on exchange PCI/EP20D6/050551

>95% Schenme 5. Synthesis of conmpounds 31, 32, 36 and

37.Conclusion: The differences in conpetitive binding

potential to ATIII between on the one hand conj ugates

31 and 32, and on the other hand conjugates 36 and 37

schefrf 3. STEH Y polpbAt i 10" Tasi auo, the ol ity for

ATI Il can be tuned by changi ng the nunber of sulf
groups contained in these nol ecul es. These data
further indicate that the in-vivo pharnacoklnetlc

propertie f these conjugates may be tuna
choi ce of e pentasacchari de (see pharnac

bel n Furthernore, the binding of th t/l\ﬂ/ ]:\/V
gat:esiyto ATIII1 is specific, since the
[ t peptide ganirelix sh NIHIO o
' ve Binding to ATIII. EXAI\/PLE 2414
un83§(‘.5rrg, 8.4 nmol ), osup
(ﬁﬁﬁﬁgura nce), was—dtsso 2—?/‘
HN Hbuffer (16 ni, 0)
Pefit asacchari de 5 (45.5 ng, 2 1 2.5

d uneefca nitrogen at nmospher e and the resulti ngH

UHe s-stirred for approximately 10 min.. Then an
aqueous solytion OFNH 20H (50 wt % 69 ni) v:es added
and the reaction mxture was stirred for 16h. The
producsz2 was purified on a Q Sepharose col um (2M
NaCl (aq)/ H2Q' ACN, 10/ 40/ 1740/ %00/ 1, v/v/iv). Desalting
of the appropriate fractiorfs S carried out usi ng &5
sephadex chromat ography as cri bed above tp ¥i el d

compound 39 (15. 7 A
by A280 neasure usi :'ﬁepretl cal absorbance of
_OI@W ot cd. mass for
C196H3 9N4 1 N3 5408/ 8; found on ESI-Q TOF =
0
: . {ove 080X OMe NH
: ’—,05 =

0.48 for,a,l rTg/
éMe e HN/:\n/ NI\/VNW
o

OH

Conclusion: The competitive binding potential to ATIII 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-vivo half-life of the peptide by conjugation to an

ATIII binding carrier pentasaccharide.
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1740.6 [ Mt5Na] 3+, 131 1.2 [MI| H+6Na] 4+, 1053.5
[ M 2H+7Na] 5+Schene 6. Synthesis of conmpound 39 38
wa@kdoans@Rhhee Thr Concl usi on: As depi cted i n Fi BCT/BP10h€050551

conpetitive binding potenti to ATII1 of conjugate 39

I's conserved when conpared t0 the parent

pent asacchari de-spacer residue (see Fig. 5, conpound

9). These data suggest that a significant extension of
EXAMPEE 'i’] vivo half-life of the peptide can be achi eved

y Cconhjugation to an ATIII binding carrier
Com cchari de (see pharmacokinetic study bel ow).
urthernore, the binding of the conjugate to ATIII is

specific, si nce t he non-conj ugat ed parent pepti de

pentapharide 3 OBIREELREGUIAT 17 5 b Bk Casgiieg.in 9F (10 mL)

Dlpquk)pL D &RA. Fq/ap)idd‘&%ﬁsthé RicASD itk tlre WaPRHR oveBiight at ambient
di ssol ved 1 n degassed 0.1 M Na2HPO4ZNaH2PO4 buf f er %

temperature Ahg sQlventPeas evaparatedrin decus gnd2hdresigiue ¥@s purified on a preparative
2.5 equj V. s,added under. a nj.tr.ogen at her e

G25-GEgm; e, PR JeRons ety It ot Jora0 i, 46RE as a white

powdef! FRHNEQ §lcﬁ GbMEL PN NGONY. REH: 654 ‘Mun(f’ongﬁﬁd? nf“()F m"51327 M,

added an reaction mxture Was stirred
The product was purified as described for corrpound 39
i eld conpound 41 (1.38 ng, 6% . The yield was
EXAMELEZ ned by A280 nmeasurenent using a theoretical

nce of 1.22 for a 1 ng/nL solution. Mass cal cd.
C°mﬁsoﬁrﬂaé€€8m4zm4o 10088 = 5528: found on ESI Q TOF =

1843.7 [M+3H 3+, 1383.0 [ Me4H 4+, 1107 M+SH| 5+,

Concl usi on:, The cong etitive bindi ng potential to ATI
Pentaggechasiqlp ppleimide) derivaivh 46 ryas coniventee donpher &ee £ys  hef hative recH-IL2

(RaTP3 e PAALASCRP 1AL 46" RRRGRo! RhEHE> SRIPAHINCA b ¥Psic, sps-
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 puL, 10 mg/mL) for 3h. The reaction mixture was dialysed
(cut off 6-8 kDa) against 0.5% SDS in PBS to remove excess cysteamine and 46 and the final
amount of product as determined by Aygo was 0.69 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-IL.2
(corresponding to the presence of a pentasaccharide moiety). Western blot analysis with
subsequent incubations of a) 10 ug/mL hATIII (HAT 950A2L - Kordia); b) a-hATIII (MoAb
HATIII 200- Kordia); ¢) GAM-HRP (W402B 20373201 - Promega) and final detection with
DAB reagent clearly revealed specific ATIII binding to pentasaccharide-containing IL2 (lane 7
vs 8).



suggest that a significant extension of in-vivo
hal f-1ife of the peptide may be attai ned by

w@enwpgps4 on to an ATIIIT binding carrier PCT/EP2006/050551
pent asacchari de (see pharma i netic study
bel ow) . Schene 7. Synthesis conmpound 41EXAVPLE 26
Conpound 44 Cctreotide (conmpound 42, 50 ny, 0.04
nmol ), which can be by obtained at commerci al

Sche g? n%e ;S h as B hem(V\ell am Rhein, CGermany), was

4 AcOH (7 mL) was added to
generate a sli ght I y aci d| c ssolution. Subsequently 080X
GWBS (11.2 ng, 0.04.8wl, 1.0 equiv.) was added and @
the resulting sol 050X
I'h. LCVM5 an g\aj(ysns

tioon was stirred under nitr s f or
wed a near conplete convgrsion tg, Me

GVB octrleotide 43\ir/zwhich the GVB mopgly is (oo 050,
i ntrodugedit o N O“ée{m nal Phe redi dué iC?PX; o6y
- 3 nner.’ The reaction vsz °4d £ 5w
i ¢Ch azsol ution of NaH2P 2 (20 1, e N

i weBPAhdde® After 10 mn. the ﬁ:ﬂ)?ture was

Al'd owe d to reach to RT and N2 was Iea °t hr o

i omolutivn for 16°YA n.. Then pent asa@c/?far/\dJé\%g Mb

VBt 0. 25 equiv.) was added as a solid under ao
ni trogen atnosphere, foll owed by an aqueous sol ution
O NH2OH9(0.1 1 nl, 50 wt % and the reati df mi xture
was stirred for 16h. The product was purified by ion
exchange chr omat ogr aphy as descri bed above, to yield
conpound 44 (6.3 ngy, 19% . Mass calcd. for '%&—_IILJJO\I
| 2070SI1 O = 3122.7; found on ESI-Q TOF = 1562:
[ MF2H] 2+, 1041.9 [ M¥3H] 3+. 1HNMR (D20, 400 MHz,
HH COSY): d 7.52-7.29 (m 10H), 7.26-7.14 (m 4
7.03 (s, IH, 544 (m IH, 537 (m IH) 5.14 |(m
IH, 5.12-4.89 (m 2H), 4.77-4.60 (m 4. 4b- 3\ 97
(m 18H), 3.95-3.76 (m 13H) 3.75-3. 5 :
3.33-2.59 (m 18H), 2.22-1.16 (m 2
3H), 1.71-1.38 (m 3H), 1.3
(M 2H).Schenme 8. Synthesi

6Me

é (é)Me 2
é/\/o\/\of\,o\/‘uﬂg/\/\ b—s—ILZ(Cysm)
(o]
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Pharmacology

Determination of pharmacokinetics of conjugated (poly)peptides

The pharmacokinetic properties of representative examples of compounds of the invention were

determined as described in the following paragraphs.

Human Insulin ELISA for determination of Insulin in rat plasma
The human Enzyme-Linked Immuno -Sorbent Assay (ELISA) has been developed to measure

human insulin in human and rat plasma or buffer system. In this way the ELISA could be used to
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42 44 Concl usion: The conpetitive binding potential to
ATI Il of conjugate 44 is conserved when conpared to

wo bmepsaient pent asacchari de- spacer resi due conpOLRP2096/050551
(see Fig. 11). These data are indicative for a
significant extension of in-Vivo half-life of the
peptide by conjugation to an ATIII binding carrier
pent asacchari de. EXAMPLE 27 Conpound 46 Pent asacchari de

detenigoryl YR o RS 7 pleim3 DS ) RES. ol Wkffacokineri

experirhéntd. €acti on m xture was stirred overnight at anbient
tenperature. The solvent was evaporated in vacuo and
The agsay rie haged: opathep imnpinechemicah “gandpachdt prieciplp Susirg G¥a. monoclonal
antib T'ef%, z%g%o Isog dfgfaéﬁ]aﬁ(%llgl Bgﬁﬁ%&%ﬂ %%dlca;&eg%cfﬁgp%lpﬁlﬁodgﬁwﬁigg is labeled
with Kerstidd S2dNeYURPF052; found on ESI-Q TOF = 1027
M2+, MPLE 28 Conpound 47 Pentasacchari de mal ei m de
For thteddteratination4d theypharongokgadtiedpropertiereof pantas@yebadde-mbulin conjugate 6

and rGigpbial By Be reost R atef SEARG( o PlosgiapFhaNetherands),

rat pladhth MR W&E iMRbhind &t £%08mRERAGIIREMhiRRAYEES bC10 Hz. During
L2 ( 1 ng, 800 ni, 1.26 my/m_"In

conposition. RecH I
this iRBBatiam tpentasavghdlidedinilis) conpgater € ar eecth wewulin dliddsatb tRE immobilized

ant- 1R GGy AL, & SPRH] GRS PBRBCRor deEiTosgtbody  anti-insuli
conju.%e?cQ(P I\xﬁ{hegﬁgan?o% ad d t%f bind 35 tt*l@ %@gﬁ%&%ﬁhnasu@?&mplex. The plate was

nreacte erm 6 was blo
washed to remove unbound enzyme-labeled antibody and subsequently the 3,3'.5,5'-

tetramethylbenzidine / H,O, 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 colour is directly proportional to the concentration of insulin. Then for each plasma sample

the mean concentration (mol/L) of insulin was determined.

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,O/isoflurane, 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, after 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 itself. 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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times nol ar excess of cysteamne (16 nL, 10 ng/nL) for
3h. The reaction m xture was dialysed (cut off 6-8
wDap/0sxsd nst 0.5% SDS in PBS to renpve excessPCT/EP2006/050551
cysteam ne and 46 and the final anmount of product as
determ ned by A280 was 0. 69 . The final conjugate 47
was characterized by SDS- PAGE (4-12% and Western bl ot
(see Fig. 12). From | anes 3 and 40t is concl uded t hat
as a ati.ve to
d "”’e(gor?’?“é’%”%‘f’%” 2’5 11“6“’%’%’%” T ér’{c %d’ﬁ’r’”%’ “6’8ﬁt"£§8’é’€%””rd §gr recH insulin
(3.5 iIIREYih- mm;@mne;m{;exfom MS=S/ibdthhentI DS equent
i ncubati ons of a) /L hATIIT (HAT 950A2L -
Kordi a); b) a-hATIII (I\/bAb HATI | | 200 Kord| a); c)

GAMHRP— (WO 2B 20373201~ Profreqg f+rat—det ecti on
wi th DAB reager e ‘Taéaé’f:ﬁ?idlﬁ'evealrg g’ﬁ@b‘? fic ATIII

bi ndi ng to pentlagsaenasihghs ontaining 1L.2 (l1gne 7 vs
8).Schene 9. Synthesis o con| ugate 47 46 Cyg125-1L2

47 Phar macol ogy Nbedner sre.nat i on |Vegmhias.amcoki nati cs of

conjiugated (pollv)ypeptides The nhnr macokinetig

gat oo PuUt oo

Tl/z?#@%ertl es of r@%g%9ént ative e%@?&l%goa congounds  of

AUC]}'A?ﬁ.ﬁm'V]ﬁf“ on gl erm ned su?| (r—‘?‘f%” bed—1 the

OW ng par agraphs. Human |1 L1 SAf or

Vss (H&kpr m nation qfp.1nsgloin in ratpd@segoéhe huran
Enzynme- Li nked llmmina - Sorbent |Assay (ELISA) has been

Cl (Légd| oped t o 4696 0,06k inClﬂ8(h:T:Dd2human and rat

nastra—or—buffer 6L em—tHna—this the—FEH-SA coul d
MRTK used todeterr?l]n% 1he |nsuI| @é?f%gﬁtratl on in

plasma sanpl es derived from phar macoki netic

Determination of pharmacokinetics after labeling with "I

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 filtration on Sephadex G25 and anion exchanger
HiTrap Q10. Kinetic experiments were repeated as described for compound 6 but using '*I-
labeled 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 '>I" in circulation. Since the free
'2T" itself showed an elimination half-life of 3.2 h in rats (control, data not shown), the measured
overall half-life of '*°I labeled compounds with a relatively short half-life might be prolonged and
the experimentally determined half-life of compounds with a relatively long half 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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experinments. The assay is based on the i Mmunochem ca
"sandwi ch" principle using two nonocl onal anti bodi es,

WO 2@6/0821801 | d phase bound, capture anti body anBCHEEP2006/050551
detection anti body which is beled wi th horseradi sh
per oxi dase (HRP). For the d ern1nat|on of the
phar macoki netic properties of pentasaccharide-insulin
conj ugate 6 and recorrbi nant human i nsulin (recH

pharnif% l ' s Rg&}ne?ergto'fl rgé;npﬁue%s V\ig dI -rl;‘{c;iﬁ 4 V¥ege c'oﬁrected for

comp%ng&ﬂﬁgém@PMém%geMohe shaking at 10 Hz. DU“ ng
thi's incubation, pentasaccharide-insulin conjugate 6

or recHinsulin binds to the immobilized anti-insulin
anti.bo After con shin det.ecti on

PharGRakietls gl itsin e et AR RS 1P 38 dpd o 28 ipaparesl to reck]
insuliRi nd to the imMmobilized |nsuI|n conpl ex. The plate was

washed to renove unbound enzyne-| abel ed anti body and

subsequently the 3,3 ,5,5"- tetranethylbenzidine /

ubstrate sol ut. on mas a act.i on

Table g PgRacroms PR s i v S arsaption HEPS e Gl edpes 24, 28 and
29. Eﬂﬁé‘fﬁeﬁf?@ﬁbﬁﬁéy PRSI RPN mréWLﬁoﬁPe@%sﬂm W-EB Qested in n=1I

i'ntensity of colour is directly proportional
(doses:@m@uedmapmwerfenommdlzed) Then for each pl asrm sarrpl e

+ hn N _\wAc
C IIC IIUGII 7 L} AW 1

det er mi _ne ﬁ?ﬁa‘t i oqorBPO‘}?ﬁa?tsnac okkt: uad 29 feCH insulin

propertre Méan&oﬁp.ﬁa‘.m é MECORYOERT Ce HF”<sz§[1e(n=1)

of insulih conjugate [6 an recHlnSLlln wer € studi e
Cotrglatteh e W staripats of 300 -1.0600 gr.| The-1@bs were -1.00

anaest het| zed h\/ inhal ation of a mXture of

TIEEIN2Q | spf | 3020@2 aflter WRER.It he ri ghtSSJ:b@él ar |vei 0.74

‘AN O Aoy ¥ + reaont A

AR Gooe P m=d0%0r 3 B M0 ouna WP SR, [

(h.égt$0l 1) Bfter which bl ood was

Vss (L/kg) 0.192+0.022 | 0.428+0.028 0.570 £0.018 2.225
Cl (L/h/kg) 0.068 £0.009 | 0.146+ 0.007 0.139 £ 0.05 4.16
MRT (h) 2.8+0.1 2.9+0.1 41£02 0.5

Conclusion: The pharmacokinetic properties of insulin-pentasaccharide conjugate 24 as
determined by the '*’I-labeling 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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sanpl ed at several tine intervals. Blood was

centrifuged after which the plasm was si phoned off
waewe®sxise£d at -20C until use. The concentr at i BCT/BP200D6IES0551

tested conpounds in the pla sanpl es were determn ned

usi ng the human ELI SA agai nst” a cal i bration curve

whi ch was made of the stock solution of the tested

compound itself. The concentration in the sanpl es was

expressed in pmol /L .and t.he kineti aranmeters were
Phariigeokiesof rantisharids comusaes Heand 30060t "W nonl i n
Concl usion: As can be seen in Fig. 13 and Table 3

t he pharnmacoki netic properties of
Tablep® ithagrmectitretid paravsasérs wfteniy. wgatinisbativer of the tvanepinjugates 31 and 32.

EpeliRAAEH oAt B 75 ST, URe el Co Rt dY e ateraion,

adm ni stration of conmpound 6 or recH insulin (3.5
nnol /kg) in rat. Experinent perfornmed in

n=3/treat nent. |Dxngpoumdd1i on QfCquyeund32Kki net|i cs after

ot aoacoiig

20, 31, 32, 39 |MenSGE: e | A0MPEGE WETh 1251) using

Lahelina wth 251 DPant acaccharide coniuaate 24 28
T AN O T LI LAl L"BLIL =JT T A~ A2 A"A AN A AL ~4 ] ]

\ e _tactoper oxijd met ttod, agqceRdimg to Machal oni s et
Corre(ijlalrt'i_%n( Bi ochem J. @@9 113: 299- 28@) After | gbeling,

T1/2 éihgconj ugat e Weps) pary fied by |@ed +ipid tration |on

Sephadex &5 and anion exchanger H Trap Q Q |Kinetic
Vss (wkyaer i ment s wer é6fep@at ed as eé2cy+B&d for caonpound 6

121 1 r net and

1 b —ustng—125Habel-ed—conjugat e43 -asteat—t+norder to
C (mBF}é'ﬂ%nt accunul QF% %ﬁnof 1251 i n':fﬁgmt hyroi d, [rats were

MRTS%)a' 'y treated [Wihob0 N/ Kg NObasspym | odi de prior to
m ni stration|of conpound. The correct deter/m nation

of the fate of 125I-1abel ed conjugates m ght be
af fected aversely by netabolic intracellul ar

Conclusign o dhe helfdife of dtpenganirelix (bl/gi /4 biingat, i) Chap et al. Drug. Metab.
it o ; . ; _ _
i 16981301 8 SRR, PREREPher Ly o prmsccharic

(Fig. 19} TEE M) CorhipeiisBE dF WS Pharmacokinetics of compound 31 to that of 32 shows

that an improvement in Vss, Cl and T1/2 elimination 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 carrier pentasaccharides with different binding affinity for ATIIL
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overall half-life of 1251 |abeled conpounds with a

relatively short half-life m ght be prol onged and the
wexpensament al |y determ ned half-1ife of conpourdBERZODEI050551

arelatively long half life nay be shorter. Indeed,

the observed elimnation halt-lives of conjugates 31,

32 and 39 denonstrate in a qualitative manner that

conj ugation of the pepti des to a carrier

Phar U PRTREA Vs Gacs Bl conillele PR AR ISR roasr i no

t he radi oact|V| ty in pel let (0.1 nL) after

precipitation with a 40 tinmes higher volume of TCA
Table d_o%drrmawwm@mwmane'rmﬁeryive ndwdptteationafld [Nd(27e52) and compound
39. E z?rgegz% gr glg% reﬁ e@ﬁc(dz %Mégor%]cted or\gh)za%ogenatlon)

1251 - dehal ogencltAlgpI »FB&y macoKi
i nsuli n-pent asclccharl de@{:om udat esﬁogl% 28 and 29

conpared to regheanss.e.m. Tabl @ MeanPhgemacoki neti c

| s ; PO
Co ;@g}lugat es 24, |2808nd 29. Exp(-:r'iliQQnt perforned in

Qras/ tTreatment: F onparTsot C nsutimnmvas tested
T2 1 @1 (doses ex 4pér)e,9;1ed in cprnl\A;lrgor%or mal i zed) .

Vss (Iggfh@j usi on: The sggarqgcoki netij®oprpperti es of
i nsulin-pentasaccharide conjugate 24 as deterim ned by

Cl(mi/h® 125I -1 abel i|Ag2re hod (Fi g. 510& ONlabl e 4) Vere in

aAanraoanpn withlthnea Aht ai nad ha a cim | ar

MRT?ﬁsGTI'E"LeH't asdadhafide. con ugade tBdmpound ¢

N

determ ned by the ECISA metho U—lg I3, Tabte 3). The
di fferences in kinetic paraneters for recH insulin as

Conchigionf Thé pHariacokipetRNgrbydrtieadl ABMQUS2§ arrdingrsipddbneshjugation to
differences in curve extrapolation (to calcul ate

b
an Avilé bipding Oﬁn@ﬂyepqn@sméam% (cm@apéewr ge 165 Tablgep). The T1/2 of
t he CI h f Lr mon.
ADMPFR P, b, Bl B, Tk P L o TR ot b porected for
dehalé/gieilaﬂén. M&eb&b‘i,uihb halFH aﬁﬁé?é?atIEéﬂoﬂﬁdullin is only 22 min in human (Meeran
et al. J. Clin. Endocrin. Met. 1997, 82, 95-100). These and earlier observations in the BIA study

;—q

(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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conjugates 24, 28, 29 (Fig. 14, Table 4) clearly

denonstrate that the pharnacokinetic properties of the
W@ ep8psL£s can be tuned by using alternative BEI/EPB®NG6/050551

pent asaccharides with di ffer6e]‘rl1mt bi nding affinity for

ATIIl (which is in agreenent - with the findings of the

Bl A study, see Fig. 6 and Table T). Pharnacoki neti cs of

pent asacchari de conjugates 31 and 32 Tabl e 5.

Phar GRS R AGE Sled Y bbb n NG LEP R-50
n=3/treatnent. (Data not correct edfor dehal ogenati on).
Concl usion: The half-life of free ganirelix (TI/2 1.4
Tableh7i Rhemnacokingtic p@reareters afler i.Dx admimastagion @ GpBY awbtompound 41
19, 858) is cant ext ended, when con u ated. to
Expergmin e QFm%Wt’%g’Jé%%‘ﬁ’é’Fl ol oS in S regomalized)
Compari son of the pharmacoki netics of conpound 31 to
that of 32 shows that an inprovenment in Vss, O and

TI/2 elimnati crﬁDLmaquﬁpnwimy USdhsbud 41
pent asaccharid a higher aflffinity for ATIII.

These data in thanrﬁadietm with trMeén:hslemgs af the BIA

st ud\l (cop FiI o Lndieate that ha nharmed k| net| C

L= YA LI A\ L EEA VA & § S vy CTTUU L LA ™3 Pllul nmuAv gy

CorreE?rﬁQBerti es of th@bgonj ugat es carl B€%t uned by |usi ng

I rnative carf, ntasaccharji th dif|f er ent
172 %i ﬁ@l ng affinit 2(for IqﬁTI I'l.Phar nadgg |O\rl1wét| cs qf

AUCReH @#@0ahd! i de 1gsnjrsgat e 39 and HRBERL4833 Tabl e 6.

Phar macoki neti g paraneters afterl lv. adm nistlrati on of

VSS(IAMB%I) 52) and é’éﬁ@éﬂﬂﬁé 39, ExperZQﬁe*nB per forimed in

+ | Cal. ||C|||. G t bUl | Cbl. 1 U UCIlal Uy t .
Cl(m@a@fg usi on: Thét‘lghgftr coki neti c ;11’8 glstl es ofena o

MRTAM 27-52) wer &l gippgved by conjiugaf L@y to arn) ATl T
bi'ndi ng carrier pentasaccharide |(conpound 39, Fig. 16,

Table 6). The TI/2 of ADM 27- 52) per se may have been
overesti mated since data have no P corrected for

Conclysioni obfisn @hpigpacokipetisowserertishe of al 1? Al GLB1(Fr3Qe were improved by

corn RGBT Bl R ALBRRFETAE' 2o 7, o

Cl of @8fbb@id #DGAS HedréREE~100 foleakdl WssS131€hid, 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.

Determination of (poly)peptide-pentasaccharide-ATIII complex in rat plasma

To ensure 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-conjugated anti-
ATIII antibodies as detector was carried out on plasma samples from the pharmacokinetic
experiment of compound 6. Obviously, only intact pentasaccharide-insulin-ATIII 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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(Fig. 9) support the conclusion that an inprovenent of

phar macoki netic properties of a (polypeptide can be
Wa@elvsesass by conversion into a (carrier) conj UBEE/EP206/050551

specific binding affinity to.circulating

ATI I I . Phar macoki neti cs of pe6r?t asacchari de conjugate 41

conpared with [D-Ala8J-G.P- 1(7-36) Table 7.

Phar macoki netic paraneters after Lv. adm ni stration of

cone ! PP R RV BT s iy

whicHogatHot Foré a cbRple MithB&PHI. NElihdugh B @hiiir&bitOATIIT antibody was less
D Al a8] - GLP -36) were inproved by conjugation to an

sensitiel botthiEHII ragtlb@dws werepahie de dletshi tiedpentas idedingylin conjugate 6-

ATIIlFéP%@I%% @E%F{gsq}‘géle@nft&ga th%]; g@rﬁ'ﬁ%nﬁ&dﬁs ogn%%og’?ﬁtﬁ]gcsn%glatmn and

hat thdpf d a1 FAVEC, mrmwcﬁ“ﬁ AEBIridd it BR result of thi lexati
ta‘[tnog osg%ﬁugat ed ge tid n%?ﬁ%d w th tlhe Brle%1 d%t a1S complexation

Thereféiegit d@) be Imeadudddsﬁiat/ ghe anprosepedr of theeplomacaksnetia properties of
that . an i npr vemsnt of r macoki neti c .properties of a
(polyxpﬁaﬁléfp@m% gade semgga%gse?%ﬁﬁ FF EURRA B compaed o those of the
1l t :
origirfal h{)y) %ﬁéﬂ?itégg Z’m’ﬁggﬁha% d@sﬁ:ﬂﬁqa{d g& f‘ﬁ bllndlng Otf the conjugate to

ATIIIpI asma To ensure that (pol ypepti de pentasacchari de
conjugates bind to Antithronbin Il in vivo, a
sandwi ch-type ELI SA enploying an anti -insulin Mb as
Gluco%@@{ébirgss%dteﬁ lmo(ir?r ygated anti- ATIII antibodies as
det was carrred out on plasnma sanples fromthe

The Hiblogialcadtivitieh i of @3RS anethe Bbulihoogrgupatks Gwerbwdted &l ¥, rat model by
only intact q|_ni)ent asaccharide-insulin-ATIIl conplex can
measw@gu@ﬁ ehices daprespion levpelse The aninpls, weie fagied averaight (16 hours) prior to

the ex}g?lsnlﬁl ht @2 1% Brood ava%% %n féﬁ o?r%l'i ﬁle ratsg cmtfng {ttle }r)]lece of the

salp e opral ne

tail, a@tbr Which HHEBI66DwES dRRBptForba st § hhd ’fh‘éléhho@sé Rvélgwerd M@asured with
bi ndi ng of pent asacc ari de- |ns in conjugate 6 and

an AE@UI—Chw;ku Smox blaodt glnguse | mepitorddtasheriPiagnostiesd. The peptesaccharide-

. 18. Qon :
insulif R GEAE R maft insuh WG 1V, SOUHPRIRE dn el B Afet e ApRng of the rats
in a heRtingBYx' ASHWMalifing €F Htid. "B dpplied doses were 7 nmol/kg for pentasaccharide-

insulin conjugate 6 and 3.5 nmol/kg for recH-insulin. At various time intervals blood samples

=~

were taken by removing the crusted blood, after which the glucose content was determined

immediately as described.

Pharmacodynamics of pentasaccharide insulin conjugate 6

The improved pharmacokinetic properties of pentasaccharide-insulin conjugate 6 compared to
those of recH-insulin are confirmed by the prolonged glucose suppression levels after i.v.
administration (see Fig. 19).

In the experiments performed with compounds 24, 25, 26, 27 and insulin detemir (control), the
rats were starved just prior to administration of compound (to warrant consistant glucose levels

in control group).



10

15

whi ch cannot forma conplex with ATIII1. Al though the

anti-rabbit ATIII antibody was | ess sensitive, both
w@\IlobhsAasd | bodi es were able to detect the PCT/EP2006/050551

pent asaccharide-insulin conjugate 6- ATIII conpl ex.

These results denonstrate th conmpound 6 is bound to

ATIIl in circulation and that the prolonged half-life

of ATIII-bindi ng pent asacchari des i s the result of

Com;{aﬁggn ﬁ‘p{}% I@r?:{nts&n qﬁlég% Of‘f) l?(l s 19%1 &ggfe?fbgg}l%a%) and B1-

insulif R@haxME P18 dxﬁt}lpBDLﬁ&ﬁﬁC&ﬁgﬁgi% SPNFitd @tl?sre(/éd!@ Hha®Ssimilar prolonged
conpound 6) conpared to those of the original

glucopposuppresgion activities post 9htpined irtgspestivie bEspasarrengthl t o
speci fic binding of the conjugate to ATIII. d ucose
suppression test in vivo in rats The bi ol ogi cal

Surpritgdgly! it Wa$ f&lind ﬂB&tUihb rbn@é’cdoff ddfioh R Wl ﬁs&ﬁ%oﬂﬁ%ﬁ% ¥ Ewas slower
testéd in a rat nodel by measuring the glucose

than thap o€ gedHb nndubiu edrsinsiline detainira(iy. wdmanisteasive) and/ ¢hat i thé texposure was

16, hqurs rior, to.the experinent. In the norning
enha”giF‘gBﬂﬁlﬁd )‘gfgﬂmagﬁnpf?ﬁjﬁogi | the rats by cutti ng a
D1rec{ é& p%a?g@ﬁ 6€B28findufif czvrﬂhéatesg.‘K Eﬁ aﬂﬁ‘ﬁ i gm‘ﬂ@ﬁ‘t at the dose of
on a test strrp an ucose eve wer e

24 nmmiﬂégumﬁdtannattés the (Aﬂ:’éi’dnﬁmx:ﬂur%ms of altiomooff theirdilsal glucose lowering
nonj t or. (Rache Di agnostics)

activijessesBigc b Thes SEPression Jguigaﬁeele@elﬁwahlcawpmd %tk lagted beyond 7h,
while o?o\ﬁ ur%g% a%}dﬁ rzg d}‘{é% 1 Il(b ?oti%%( lagt%f\%g 8’&92% ?Iﬁ 4 % d.'\]/.re}]%ﬁf.nﬂgstratlon. The

pharmEedyaiantid @ﬂfeﬂﬁ&@&o&‘ﬁf@nﬁ vAtahé k@liérahentioned pharmacokinetic differences
pent asacchari dei nsulin conjugate 6 and 3.5 nnol/kg for

in digtgbytionn¥elumg and; cloaraneguel compoundt 24 wanlpa@ﬂof@dcmmmés% and 29,

TR A R -
pronciB&El dnd96ks gP&l@ﬁgL@‘a@ﬁ\)ﬁW doSesUf 20QH A8 JGFIMRE (B, 2NDY).i n

conj ugat e




The i nproved pharmacoki netic properties of
pent asacchari de-insulin conjugate 6 conpared to those
wm@boosegd84 nsul in are confirned by the prol ongeRCyEPIOSES0551
suppression |levels after i'%; adm ni stration (see Fig.
19). In the experinents perfd%ned wi th conmpounds 24,
25, 26, 27 and insulin detemr (control), the rats
were starved just prior to admnistration of compound
CLAﬂ&§ warrant consi stant glucose levels in contro
=~ group) . Conparison of the B29-insulin conjugate 24 with
B29-insulin conjugate 26 (Fig. 20), and Blinsulin
conjugate 25 with Bl -insulin conjugate 27 (Fig. 21), ]
1. A eonjungate phapolypentidgang an lobigeeechgride aeherein therpedgieptide is conjugated

actjvities.are gbtained irres tiye of .s er. |l ength..

18} Jsteng g R s s BRGc ot RiSosRebEAg Being £ Byiic sulfated
5 HgbsacBfdide NednPHsHZFAUER hRhbedcNRRle ShidWeind NRRA deh ﬁ&viﬂ% affinity to

recH insulin or insulin detemr (i.v. admnistration

aatithrorhbin HlIhandethp spages being ahérdherean bssentindlyl phatreacologically inactive

AR08 SET e SRR ABR Lo R0 "2 7.

dose of 24 nnol/kg substantiates the difference in
duration of action of their blood glucose |owering
2. Betcoujugate of (lame 1 Fwhereid2he oligosacchanideproasists ofi 4 €f mghaseaheride units.
| evel s with conpound 24 | asted beyond 7h, while
10 conj ugates 28 and 29 were no | onger active than 5.5h
ter M. I AiSHr gt i-0n. fan) .
3 e o e T R e RS R ecchpride
phar macoki netic differences in distribution volunme and
cl earance qf conmpound 24 cgnpared to conmpound 28 and
4. The copwgpte of ppxpye ofslaims [ jo 3; baving hcirralating plajma levekefsyS0 nM.
as a conparative exanple show ng | ess pronounced and
| ess prolonged activity at doses of 24 and 48 nnol / kg
15 5. THel @njukale of28ny ChdloFElaims A a0n] whaictn e aligushochadd gér se has an

and an ol i gosaccharide, wherein the polypeptide is
antiegagylaneactivity which is of subtherapeutic lével when compared to the

pharmacological activity of the polypeptide per se.

6. The conjugate of any one of claims 1 to 5, wherein the oligosaccharide-spacer residue has

20 the structure (I)

0S80, GOO- R R
(0] (0] (0] (o] 0]
o coo-\ /O Rb
R R 080,- R R
Ra 0o o
R R 0S0,- R R
: D,

wherein one essentially pharmacologically inactive flexible linking residue is present and
wherein R is independently OSO;, (1-8C)alkoxy or an essentially pharmacologically inactive
flexible linking residue, and

25 Ra is independently OSOs5’, (1-8C)alkoxy, an essentially pharmacologically inactive flexible
linking residue or an oligosaccharide residue, comprising 1 — 13 monosaccharide units, and
Rb is independently (1-8C)alkoxy, an essentially pharmacologically inactive flexible linking
residue or an oligosaccharide residue, comprising 1 — 13 monosaccharide units,

the charge being compensated by positively charged counterions.
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to at | east one oligosacchari de-spacer residue, the
ol i gosacchari de being a synthetic sulfated
w@bdogosAasLhari de conpri si ng 4-18 nonosacchar i dBCT/RP1086/050551
and per se having affinity tqg antithronbin Il and the
spacer being a bond or an esSentially
phar macol ogi cally inactive flexible |inking residue,
or a pharmaceutically acceptable salt thereof. 2. The
conjugate of claim1, wherein the oligosaccharide
consi sts of 4-6 nonosaccharide units. 3. The conjugate
7. Tok c6hjabate bf Sy che ofRRIAE D td b owRdréid FPslidosddcEideSspacer residue is a
pent asaccharide. 4. The conjugate of any one of clains
pentasaccBarideaspagey rasidye havingtthestryaters ) | evel of < 50 nM
5. The conpygate of apgy one of clains ] to 4, wherein
ol'Tgosacchari de| per se has an anfi coagul ant
ty [ L& bt he ut b.C efel when

aned £a the p | ofkcal Yact\wi t of the
Rp ptd r se. ioe y ugat any one of
cl ai 1 to 5 whereipsphe oligosacchari de- spacer
resi due has the structure (I) wherein one entially
. : : | axi R o :
SRS O Il AR B4 A ek an

whereB@® &l ikd@opgndbhtln OSER Sl L ST)hikoRy) i &R essemiilly phhiynacologically
_inactive flexible linking residue, and Ra is __
inpetiye dleripteninkingasigue, the chargepging eeypensated by @asifiuely gharged counter
ioBharmacologically i nactive flexible |inking residue or
iy ol i gosacchari de residue, conprising 1 - 13
nonosaccharide units, and Rb is independently
(1-8C) al koxy, an essentially pharnacol ogi cally
8. Thareanjugate ¢fl clgiingl, svheeteirk the gentasacehagide residue has the structure (111)
comprising 1 - 13

ol i gos harjde residue,

nono ag%ﬁarfag uni t t he charge bging conpensated by
éposi ively gha t er o83, O /The\co 5%%8%%|0f any
0

olig ccEar' -spa I esi

(1ID),
wherein R is independently OSO;” or (1-8C)alkoxy, the charge being compensated by

positively charged counterions.
9. The conjugate of claim 8, wherein the pentasaccharide residue has the structure (IV)
R
0]
0S0, AR N
0 . 0] : OMe
0S0; ) coS’ 030,
COO~ : 3/, S\OMe

0S0; 5
0] z H
0 0 0S0; OMe
LOMe . g OMe
o :

(:)Me OMe

Olln

/

Iv),
wherein R is independently OCH; or OSO5".

10. The conjugate of claim 9, wherein both R groups in (IV) are OSO;".
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25

pent asacchari de- spacer residue having the structure
(I'l) wherein one essentially pharnmacol ogically
wo pesaies f | exi bl e 1inking residue is present BETEP2006/050551

wherein R is independently or ( 1-8C)al koxy, or
an essentially pharmacol ogically inactive flexible
i nking residue, the charge bei ng conpensated by
positively charged counter ions. 8. The conjugate of
claim?7, wherein the pentasaccharide residue has the
structure (111) wherein Ris independently OSO3 or (

11. TheGohfigheX¥ any bre 6MNa4igR 1061 10gwhedRERs pbEPeptide has a molecular weight
positively charged counterions. 9. The conjugate of
- -0 rein the pentasaccharide residue has the
structure (1V) wherein R is independently OCH3or OSC3
. 10. The conjugate of claim9, wherein both R groups

12. TRe Q:bx}ﬁ)gﬁé f @RIt ofTOIBINGONj tb 9L Qyidbeir Ale ?aspéﬁﬁdel}ﬁb ' molecular
1 to 10, wherein the pol ypeptide has a nolecCular
wighiht0.of 208D3 - 50 kDa. 12. The conjugate of any one
of clainms 1 to 10, wherein the polypeptide has a
nol ecul ar weight -0.3 - 20 kDa 13. The conjugate of

13. BiYcoRfMalof 6h@ bi®oflcldiths 100 10D GhEleth thE BoRBiptiaeBhd 8 frol@Rlar weight
a nol'ecul ar weight -0.3 - 7.5 kDa 14. The conjugate of
~. Bt 51KkDa wherei n t he pol ypeptide is selected from
insulin, calcitonin, ganirelix, GP-I, [D Al a8]-G.P-
1(7-36), adrenonmedullin, ADM 27-52), ki sspeptin-10,

14. Tfe SRl oP Elal? 9] WHUIGf vife pdiypephiaf i APUIG efon? fmsulin, calcitonin,
ganselixi NGLRDV [IY-AE?]—GLP-I(7-36), adrenomedullin, ADM(27-52), kisspeptin-10,
octreotide or interleukin-2.

15. The conjugate of claim 14, wherein the polypeptide is selected from insulin, ADM(27-52),
and [D-Ala®]-GLP-1(7-36).

16. The conjugate of any one of claims 1 to 15, wherein the polypeptide is monosubstituted

with a pentasaccharide-spacer residue.

17. The conjugate of any one of claims 1 to 16, wherein the spacer is an essentially

pharmacologically inactive flexible linking residue.
18. The conjugate of claim 17, wherein the spacer has a length of 10-50 atoms.
19. The conjugate of claim 17 or 18, the spacer comprising at least one -(CH,CH,0)- element.

20. The conjugate of claim 1, selected from the structures



and [D-Al a8]-GP-1(7-36).

16. The conjugate of any one

of clains 1 to 15, wherein the polypeptide is
worvesstigs it uted with a pentasacchari de- spacer PCBEEPTHOES050551

17. The conjugate of any one

7of

clains 1 to 16,

wherein the spacer is an essentlally phar macol ogi cal | y

i nactive flexible |inking residue.

18. The conjugate

of claim 17, wherein the spacer has a |l ength of 10-50

atons.,1Q; The conjugate of claim 17 or 18, the spacer
conpri %lng at | east one -(CH2CH20)- elenent. 20. The
conj ug Ve of cl aiml, selected fromthe structuresHN-F
A 1?Ne ®al Gu G n-Cys-Cys-Thr-Ser- lie-

Cys- ServaILeu Tyr-d n-

Leu- d u- Asn- Tyr - Cys- Asn- COOH Hi s-

Leu- CyémG = -Val -d u- Al a- Leu-Tyr - Leu- Val - Cy
s Gn Qy i%?- Vaae_é%ggw L%N% E.Deemsmw_cw Asn—CooH

Lys Pr o- Thr - e- Phe erel q
=R2=H, rlfﬁJ pseélp—égg—ﬂBSEQhLVal Glu—Ala—Leu-Tyr—Lau-Val—Cys
Gin Gly
/}\sn (|3Iu
\llal B29 /:\rg
B1 I|3he COOH—Thr—Lys—Pro—Thr—Tyr—Phe—Phe-Gly

wherein R1=R2=H, R3=

0SO,X  OMe

or wherein R1=R3=H, R2=

c°
z z X =Na*
(0 OMe OMe (0
o} H ~0.~H X =Na*
O/\/ ~"N (o] N
\n/\o/\/o\/\o/\/o\/\s_é \n/\s—é—
(o] (o]
0S0,X OMe
¢ o N o
OMe ) {QMe )
6Me 00 6Me
0SO,X 0S0,X
6Me 6Me
o H H X = Na* o 2 H X =Na*
( OMe OMe ( OMe OMe
O/\,O\/\H O/\,O\/\H

Y\O/\/O\/\O/\,O\/\S_é_

\H/\O/\,O\/\O/\,O\/\S_é_




and wherein Y is selected fromstructures A, B, C and
D21. The conjugate of claim 20, wherein Y is selected
wo e@angisact ures A and B. 22. The conj ugat e of pcl/aP200d/050551

havi ng the structure23. The gonjugate of claim 1,
having the structure 24. A pnarnmaceutical conposition
conprising the conjugate of any one of clains 1 to 23
and pharmaceutically suitable auxiliaries. 25. The
conjugate of any one of clainms 1 to 23 for use in
therapy. 26. Use of the conjugate of any one of clains

21. Thelc@niiBatk OF clali® 20BMhEréia (YiseRtted ATRLIARTEE A fahd B.
treating a patient in need of treatnent with a certain
t herapeutic pol ypeptide, wherein the nedi canent

onprises the.conj ugate of any one of clains 1 to 23

223@ﬁg§W“ﬁg§OﬁﬁﬁFﬂge%“%ﬁﬁsﬁﬁ%% etic properties over
sai d pol ypeptide. 27. A prosess for the preparation of
a conjugate of a polypept)dg and an ol i gosacchari de,
wherei n the pol 55%?ide Sso@nj ugated to at | east one
ol i gosaccharid - spacer rebi fie, the oligosaccharide

bei ng a synt heti c\sul d épngosaccharide conpri si ng
4- 18- R8PS 19PP4fe Agnet & p8F°Re having affinity to
anti onbitpoldl THarfi e spacer being a bond or an
esséifi 1l Kymphar msogl ogoral |y i nactive flexible

kﬂh ‘pedidue, or a pharnmaceutically acceptable salt

uhereo&M&con@thing (a) an optional step wherein the
éolypepthde i's adapt ednf-or conj ugation, and (b) a
c@ﬁpﬁ%ﬂ@N gp wherein the optionally adapted

pol ypeptide is reacted with an oligosacchari de-spacer
noleculedﬁz. The process of claim27, wherein the

ol i gosac ride consists of 4-6 nonosaccharide units.
29. The~Brocess of claim27 or 28, wherein the
oIigongcharide is a pentasaccharide. 30. A process
for thélgieparation of a therapeutically active

conj ugat e~gonpri sing a

Lj o)
\ o}
N\/\/U\Ala—His GIn——lle——Tyr——GIn——Phe—Thr
o}

Ala——Val——Asn——Asp——Lys——Asp——Lys—Asp

Pro——Arg— Ser——Lys——Ille——Ser——Pro—gin

H,N—Tyr——Gly
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pol ypepti de, the conjugate having negligible
anti coagul ant activity, wherein the conjugate has a

wo ovg®es21pd asma hal f-1ife than the original pol pEEPPi0d€050551

23.

24.

25.

26.

27.

whi | e the bi ol ogi cal aCtiVWté§IS essentially retained,
conprising a step wherein anoligosaccharide being a
synthetic sul fated ol i gosaccharide conprising 4-18
nmonosaccharide units, which per se has affinity to

t oval ently attached to a
Tﬂ% Ohuﬁgggfc?Lrouﬂ{ﬁégé} é%ﬁ%an essential ly
bxve flexible |inking residue.
i m30, wherein the
Pt s of N4=BsmoRdeachar fde—umi—t-Phe—Thr
@Mm 30 or 3 1, wherein the
a qyent aSGiC—GtbaLFQﬁ—Ser—Ser—Val—Asp—Ser

phar macol ogical ly i
31. The process of
ol i gosaccheg Qsdﬁ COf

N
y Gly—GIn——Ala——Ala——Lys——Glu

Phe—Ile

HN—Lys——Arg——Gly——Lys——Val——Leu—Trp——Ala

o
5'\,0\/\0'\,0\/_ﬁ‘<‘0 )/Lo
8 0=$N/\fo

X=Na*

/o

A pharmaceutical composition comprising the conjugate of any one of claims 1 to 23 and

pharmaceutically suitable auxiliaries.

The conjugate of any one of claims 1 to 23 for use in therapy.

Use of the conjugate of any one of claims 1 to 23 for the manufacture of a medicament for
treating a patient in need of treatment with a certain therapeutic polypeptide, wherein the
medicament comprises the conjugate of any one of claims 1 to 23 which has improved

pharmacokinetic properties over said polypeptide.

A process for the preparation of a conjugate of a polypeptide and an oligosaccharide,
wherein the polypeptide is conjugated to at least one oligosaccharide-spacer residue, the
oligosaccharide being a synthetic sulfated oligosaccharide comprising 4-18 monosaccharide
units per se having affinity to antithrombin III and the spacer being a bond or an essentially
pharmacologically inactive flexible linking residue, or a pharmaceutically acceptable salt
thereof,

comprising (a) an optional step wherein the polypeptide is adapted for conjugation, and (b)
a coupling step wherein the optionally adapted polypeptide is reacted with an

oligosaccharide-spacer molecule.
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28. The process of claim 27, wherein the oligosaccharide consists of 4-6 monosaccharide units.

29. The process of claim 27 or 28, wherein the oligosaccharide is a pentasaccharide.

30. A process for the preparation of a therapeutically active conjugate comprising a
polypeptide, the conjugate having negligible anticoagulant activity, wherein the conjugate
has a longer plasma half-life than the original polypeptide while the biological activity is
essentially retained, comprising a step wherein an oligosaccharide being a synthetic sulfated

10 oligosaccharide comprising 4-18 monosaccharide units, which per se has affinity to
antithrombin III (ATIII), is covalently attached to a polypeptide through a bond or an
essentially pharmacologically inactive flexible linking residue.

31. The process of claim 30, wherein the oligosaccharide consists of 4-6 monosaccharide units.
15

32. The process of claim 30 or 31, wherein the oligosaccharide is a pentasaccharide.



