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particularly hy- droxyal kyl starch derivatives

obt ai nabl e by a process in which hydroxyal kyl starch
is 10 reacted with a primary or secondary am no group
of a crosslinking conpound or with two crosslinking
conpounds wherein the resulting hydroxayl kyl starch
derivative has at |east one functional group X which
is capable of being reacted with a functional group Y
of a further conmpound and wherein this group Y is an

al dehyd group, a keto group, a hem acetal group, an
acetal group, or a thio group. According to an espe 15
cially prefvesthed o€ Fhalli i Hydfd¥§alkiyPSaitEh DYYRAtIveN

rel ates to hydroxyal kyl starch derivatives obtainable
by a process accordlng to whi ch hydroxyalkyl starch is
r r r u

B gichept bR UeBE 1y BEEOHER ot DS IR Bty 1y

odtdxyaliyl stalbh Idmgvzftwet bbtﬁmlﬁ'&l& QiyéaCbrmdsb ilwhRB@ydroxyalkyl starch is
com pound, wherein the resulting

ﬁ%ﬁ%ﬁy Qa%gn@ﬁ@r%ﬁewﬂﬁvﬁm% SHAp od@ Cir‘é%@[*kl@& gomppeind or with
28 bRRAn U U hortf (ERARY B B0 BRLARY GACH Btkvative has

a function group er- o ound
Wlaie]eest rong fﬁmctgmah grop 6 wairchaik depabde ofjbeing reatddewith a functional

gro m acetal gr an acetal gro
CRuBey St frtify SonaSedmiTirs R a3 o Bicataedg o, a keto
r erRfbes hainidteR %ﬁiu}SPﬁﬁ”ab&@l grg{&%_cﬁrz?ﬁﬁ(y gi’ﬂutph Alcording to an espe-

pol pepti de such as AT 111 beta o
e Iﬁly‘i Iirmopieired |emb@|ddn@3,p thei presepnt pneshtiombbiatesi to hhydroxyalkyl starch

C PR aRe Y SRR e PR Byrody R otk ireacted
' Wil adyl of RESdabeihRR drSuh ¥l @?@éﬁhﬂéﬁh@: §(§rﬁﬁ&ﬂld the resulting

According fo the présent invention, the hydroxyal k
steaeion amlugtr @thﬁaﬂy ;bemgeﬂmt}agt wegled evitly k2 scond hrqsshnkmg com-

its..reduci
WP Pttt b o B8 TP OBIRT Pof, et H g o e
300t GranpyE twhith Est@péﬂle OFiE&hg iréacteddefth ¥ EHhdtRn&f group Y of a fur-
naturally occurri ng anyl opectl n and is degraded by

thBﬁ sompPIssend whegl BeygroupESis an ald§h]z¥é1glqlm’t acketo group, a he-

0]
SR g0l 520, Do TE MRS v
upeactied wath £pdlypemeidgireferiby thlahjoﬁﬁ)eﬁﬁ&@mtohgﬁm I, IFN-beta or
bi ol ogi cal properties and is used as a WD 2004/024776
P@ﬂlﬁ%@@@g}; Hrskesp gmalky preferably with erythropoietin, which comprises at least
one of these functional groups Y. A hydroxyalkyl starch which is especially pre-
ferred is hydroxyethyl starch. According to the present invention, the hydroxyalkyl
starch and preferably the hydroxyl ethyl starch is reacted with the linker compound at

its reducing end which is optionally oxidized prior to said reaction.

Hydroxyethyl starch (HES) is a derivative of naturally occurring amylopectin and is
degraded by alpha-amylase in the body. HES is a substituted derivative of the carbo-
hydrate polymer amylopectin, which is present in corn starch at a concentration of up

to 95 % by weight. HES exhibits advantageous biological properties and is used as a
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bl ood vol ume repl acenent agent and in henodil ution
therapy in the clinics (Som nerneyer et al., 1987,

wénenlkeniausphar nazi e, 8(8), 271-278; and Wei dPET/E€2003/008829

al ., 1991, Arzneim -ForschungfDrug Res., 41,
494-498). 5 Anyl opectin consists of glucose noieties,
wherein in the main chain al pha-1,4- glycosidic bonds

aFl%o@ NBRER r@[&éeﬁ&ntt nPhAD G h8YoditdtR therapy in the clinics (Som-
al pha-1, 6-gl ycosi dic bonds are found. The

phgsher ot labl 28, Konolpmhausphamiazidyi88Bl eeieand deidler et al,

i nly deterpm ned the type of ycosi di ¢ bonds.
.@%ﬁ‘ks\rmnﬁ?"@@am%ﬂg?fﬁﬁ&%?&@% i ¢ bond, helical
structures with about six glucose-nononers per turn

are produced. The physico 10 chem cal as well as the
bAoenectal copsigip enft glueosef mpistiep ovharein imathe pmaimpefiain alpha-1.4-

Vi substitution. The | duct i f d .
PSSR Pon Heriacrdt o 2t BN AR HERe Ryl G bonds
B¥reafdaim!. iThe phiysicAlesheini @ pfopetidsi of s intoléchleRg $hith® defermined
exploit the different reactivity of the respectjve

hyyithextypeebelpcdsifie hendsnDup ée thenidkedginhedstglisasidicgiond, helical

Wit h. respegt .t - hyqdr h i.on. ' [ :
ke BE S e G U VBL NG P o BBl Ty physico-
S tishicdl s well patheeitcHethical lpropedries ekihe polyniseranwaysodified via
produci hg a hydroxyethyl starch derivative are,

deshstifusien. The inredugtion ¢ byirexyetind spwsashesaqhipyed via alkaline
\?\/ﬁg&;g?ﬁ%ﬂhﬁ%m} ﬁif%@%%islﬁg:g% Iée%c‘&yrg E&ﬁ@iﬂ%yﬁ is> (Zs%tﬁﬂe ‘éo?%%p}mt the

cross-lI1nking a
baidfepay aBactivity dfoibe drebectiye hytmkyegioyp istthe ainsalstituted glucose
subsequent|y henogl obin is |inked tq the_inLerned

pPSBOEET WHbrESPEFATOr ORI GHYIES [ s agt TR 3aNS person
éﬂgﬁé PhlihcRl ibupliRRLY PAREA REPLMRLEBef © appli ed,

Y e circulatory systemin order to obtain a
particul ar physiol ogi 25 cal effect. One specific

exanpl e of .these po e t%ge IS, erythropoietin, .an

oS aeary ot gincial f RS ER B Ry e axt
is essential in regulating the |level of red blood

cells in the circulation. A well-known problemwth

t BE appl6 O86i disclases pbe yooejpighders oirienmgiabike do i kydrgrgethyl starch

0,these pr ins often exhibit ap unsatisfactor.

PRTR i 5 Bt S b PaptieRt HEn BTy &Y Poupd, o by-
S Hﬂfxg/etml_yﬁétﬁ@h had fubséyinilpRbmaklobids HaRE®, thd 8&meBlacostoduct.
73, 90; McMahon et al., 1990, Blood 76, 1718). This

nmeans that therapeutic plasnma |evels are rapidly WD

2004/.02477 | EP20 88 3 .4 0S1;. . .

RO JRRBHR SR REFEP RS T Bkt AR FgBRpides which

Fufel §lio®r L., fothe circulatory system in order to obtain a particular physiologi-
cal effect. One specific example of these polypeptides is erythropoietin, an acid gly-
coprotein of approximately 34,000 kD which is essential in regulating the level of

red blood cells in the circulation.

A well-known problem with the application of polypeptides and enzymes is that
these proteins often exhibit an unsatisfactory stability. Especially erythropoietin has a
relatively short plasma half live (Spivak and Hogans, 1989, Blood 73, 90; McMahon
et al., 1990, Blood 76, 1718). This means that therapeutic plasma levels are rapidly
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peptides is observed. It is generally accepted that
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5 i nmune response agai nst thesk pol ypeptides is

reduced when the polypeptides are coupled to

pol ymeric nol ecul es. WO 94/28024 discl oses that

physiaal agpeutdd Mitrabdnou adBRlivReRhé @RSt BB Gl bu tlithermore, in
pol yet hyl enegl ycol (PEG exhibit reduced inmmunogeni c-

| CFTIHAGIaWDSgRIeH en tmapel respersa lagaiestithe pepsidps isobsaryeshm

consi derably | onger than uncon- jugated proteins, i.e.

have a | onger clearance rate. However, PEG drug

cnjsugmbedly ddcepidd tat tdsesebitity of paigyeidegesm be itiprdvB@¥nd the
do not exhibit a natural structure which can be ]

r SEBYRP Z6WOBSE a3t these prlypspiidesds dedyiced athen the polypeptides are
P a f i . r .

e SorBs o pdiyis Ao MION0 o DA BRSSO HARY active
Apobipeptides myodifiedeitinpolgethglent digcdl (PES) bxhilit fduedd immunogenic-
di.f ferent. prateins_ and nmacronpl ecul-es such_ as

poiYyARE PR ANd sdnsulatesiarthe Blpopsirqapecqnsidgiahly lpaeqrdhan uncon-
€ j Shar ORIl BlALE e CABNLAR! B, -

o SRR B IghRel Rl Kt AR, PEG, AR conugates
sekhibitzevaelddifaivadtagdshelw. ihuyrdovedd eghibjtpepdtivge strudtiide which can
i pproved. ability and/or bioacfivity. This applies

o BB attoRizgd 15 ements Bt StvonSEEOR SRS ThdiAres apart from
hipGiG-68 56 8Rs0bitdt BbhifigAEd 951 PR ' ' .
have to b%eepsuri fied Jf’fr”om 20 ?fs}%?lg:]ﬁﬂsﬁ\}w&?ﬁs gh?%%@%tgltotgéced A
oblwildyiod metheldts fos de EPsolidldag 26 AifRiInt prbtemsfand enadromolecules

woul.d be hi ghly advantagequs.if, production nethods .
weP AT EBeE UEER BT R iR i (S (6 <& Wong, Chemistry
POl yRedh tagagMonnal trdseinideN BoBX TR, Vi pur i fi cation.
Unfortunately, the pro- duction of polypeptides in
bacteria or insect cells is often difficult, because

- I f t .produced, i o
oD st RREE (€S0 A1 GeR b Rl iBBRNT §ohBTes gvith improved
ps@piity ghd/coBhatvitgNThMApPREDED DY t¢lbSarosRstin where isoforms

con&oun_ds conprising a con&\ﬁgat‘e of an active ag}eqnt )
andth bgh degipa ok §irlic acids andviereders hagh pereitnbasistto Aigcpurified from
h . [ ro 14 [ Iy O Vi
BRBLOUR 5L ER0 08 ol P05 357 B Pl R wouns
cbahéghhe ddvadtgeties if paaiviction ietlantsiwee agaitblexwich provide highly
hydr ox fill kyl. starch is carried qut in_an aqueous ne-
dg?}ﬁiev%ﬁ YISPHEG W requiripg extenpvepurifigagen.driortunagely, the pro-
e : ] [ .
BTt R oo Bt B et cREkiheh diffouly becayse the poly
c peli ey larqyp e P20t 0R 4T BopBXT fEB2A 084060 882@rmation and lack

proper glycosylation.

WO 02/08079 A2 discloses compounds comprising a conjugate of an active agent
and a hydroxyalkyl starch wherein active agent and hydroxyalykl starch are either
linked directly or via a linker compound. As far as the direct linkage is concerned,
the reaction of active agent and hydroxyalkyl starch is carried out in an aqueous me-
dium which comprises at least 10 wt.-% of water. No examples are given which are

directed to a hydroxyalkyl starch derivative which is linked to a carbonyl group
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conprised in the active reagent, neither an al dehyd or
keto group nor a an acetal or a hem acetal group.

wCaosquenat |y, it is an object of the present POYERRI0GN08S29

to provide hydroxyal kyl starch 5 derivatives which

are capable of formng a chemcal l|linkage to a further
conpound, e.g. a polypeptide, which conprises, as
fdoRfisON A the AEAR, redeht) nGitkHr QHRI Rhyd Or Rétd @RS nd@raCiiihcel or a
keto group, a hem acetal group, or an acetal group.
Pregfianetddiggoupt he al dehyd group, the keto group, the

hem acetal group, or the acetal group are conprised in

a carbohydrate noiety of the further conpound. 10
ThsHsedhtly, it Reanfstyece BF thaPregtht Bivehtdrfogsiovide Aydmikhalkyl starch
of_produ0|n%1a hydr oxyal kyl starch derivative, said
Hipalvatiyes| Whith aresapableaf farging & chempicallinkage oy yfysther gompound,

S 25 00 4 R, i B gt

f 061 ladkeltd prodib, 4 hémiapéthlog@dlip yoren abew droupdPeifergblenitie atdehyd
- a hydroxyal kyl starch derivative, obtainable by . .
raae, ity kefp ey Aradgemigeeialgrows. orrthy aAsatal groyp & Gomprised in a
oRt Wl ke ' d wwth a conmpound (D)
§%ﬁg$9%%#%8§%§g¥éﬁgconggﬁgﬁ%NEﬁl at | east one
functional group Z1 capable of being reacted with the
option- 20 ally oxidized reducing end of the

s ealikey bresémrigtontidl detatesab 4 arRsododRplodicihg GNBYdroxyalkyl
group W wth a conpound (L) conprising .

starch derivative, said hydroxyalkyl starch having a structure according to formula

@

)

comprising reacting

- hydroxyalkyl starch of formula (I) at its optionally oxidized reducing end or

- a hydroxyalkyl starch derivative, obtainable by reacting hydroxyalkyl starch of
formula (I) at its optionally oxidized reducing end with a compound (D), said
compound (D) comprising
- at least one functional group Z; capable of being reacted with the option-

ally oxidized reducing end of the hydroxyalkyl starch, and

-~ at least one functional group W,

with a compound (L) comprising

- at least one functional group Z; capable of being reacted with said hydroxyal-
kyl starch, or at least one functional group Z, capable of being reacted with

functional group W comprised in said hydroxyalkyl starch derivative, and



- at | east one functional group Zt capabl e of being
reacted with said hydroxyal - kyl starch, or at |east
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25 functional group Wconprisedl in said hydroxyal kyl
starch derivative, and WO 2004/ 024776
PCT/ EP2003/ 008829 5 - at |east one functional group X

capabla ledst bak rfﬁnd‘tﬁﬂﬁlt gﬁ)\lﬁ‘ X Reapatlé %tHeW¥eacﬁH Gifth ¥ Bhictional
a further conpound erein said functional group

Y is éﬁP@bYéﬁaﬁW@WﬁﬁhémgW@h@@hons|stlng of an aldehyd
gr&ﬁ&emasaﬁeﬁlﬁﬁ%rngp oua 'SP 8&%&3} ggl‘r;h%u Pu}g?oqas% ng of an aldehyd

group, ofr a thio grou
prgses)ta Kefwgﬁﬁp,@menhﬁ&tdl @fdii!p 4ty sbieet padupy br Sihad Sloup.

(HAS) refers to a starch derivative &Elch has been
substituted by at |east one hydroxyal kyl group.

T | t. h d i,
TOGE8L d SEDLARNAYh ASEA R TS o
t he atsea‘rch daivades h(hiqlfld{aaﬂaeeﬂmibeﬁmts‘dwypaﬁlléd%ﬁ one hydroxyalkyl group.
h)(/ﬁ{ oe;%r g@ 10 groups. R1, and/or R3 as depicted
°f dei hasﬁir@w’%lyvl ﬁtﬁch a¥ heAdain(thy preseat igvession is not lim-
r efeqrs c‘bﬁl tﬁ&eﬂﬁnﬁﬂca@ﬁoﬂa@?ﬂtﬁ% &}r I?%Q{g?léé/s hydroxyalkyl

group prese nt any ere, eit
Cc @roupsyRig Rb,eandinrébyasafeﬂicmd for thd ﬁdde&jfﬂirémm inpfuiiulf(I), but also

the.starch cul i's substituted by a ) ]
hﬁﬁ%& afPE&PP‘lEfﬁdB ﬁve}ﬁih atF@asi ghe r0>135g1]o|qp PRISelicampvagEe, either in

t I
g s
y

Wrsokstitky by ghydroxgadkylairoe B,,tR, &0Rcar bon  at ons,
nore preferably from1l to 6 carbon atons, nore
preferably from1l to 4 carbon atons, and even nore

prig gk abhtéxi2 it aﬁﬁﬁ%%uﬁhﬁ?%e 2" IhSlE QX ¥ahkiea ﬁkﬁrg:rt}uc%whmh may

therefore ref erab conpri ses hydroxyet hyl ‘star

hyperssigly sp tlﬂﬁ@@rlﬁh caatdy, el hmﬁlphmzlyyl goug cantetns 1 to 10 carbon
i B e, 5SS B BRIl A D o

C @igRfid, Shd @vén oy pr@f&zﬂ)lﬁ Dif @redH atbydr %}V’(ﬁb%ﬂﬂ(ﬂ rsfb&’kﬂ? therefore
is alspo conprised. in the present invention.

1Pfff fergbly envepmisgel hydspayihyl gtnr@bphwnmrgpsd starclmsd davyiroxybutyl

o2 P MR S TR B P g s gty e

ferred

Hydroxyalkyl starch comprising two or more different hydroxyalkyl groups is also

comprised in the present invention..

The at least one hydroxyalkyl group comprised in HAS may contain two or more
hydroxy groups. According to a preferred embodiment, the at least one hydroxyalkyl
group comprised HAS contains one hydroxy group.

The expression "hydroxyalkyl starch" also includes derivatives wherein the aikyl
group is mono- or polysubstituted. In this context, it is preferred that the alkyl group
is substituted with a halogen, especially fluorine, or with an aryl group, provided that
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pol ysubstituted. In this contgext, it is preferred that
the al kyl group is substituted with a hal ogen,
especially fluorine, or wwth an aryl group, provided

ttﬂéahAVprgrgﬁﬂ% ?&ﬁ@l@ﬁn REFEERRPASLRA88ER tefnihIEhydexy Froup a of

remal’ ns soluble In water. Furthernbre, the termna

Mydroxxyikgt gropp mayfbe ebtgrified oxgthéddyed. gr oup may be

esterified or esherified. Furthernore, instead of

al kyl, also linear or branched substituted or

mﬁgﬁhbljeu g:ad D3R NSO NRLRS oM BnBRdUsBStituted or unsubstituted
oxyal k starch’i's an ether derivative of starch.

&liselnd@ownqisnwlhﬂ:@edxer derivatives, also other starch

derivatives can be used in the context of the present

[ nventi on. For exanple, derivatives are useful which

At & 'aﬁ dthBYy déroarive bostReh. Béaks ol Baid ether derivatives,
derl va Ives may be, e.g., derivatives of unsubstituted

redsvoetherr staiich alpbmtyfleis ecamb¢ vsed ipjthe contaxt of Ahqyprgsent dpenpen. For

of su stjtuted deriv t [

detires S5 pYTRL Ui PR o TRRES, Bidibor B, These
Vﬂetrﬁaﬁve@ £ay beNe gl A¥Eivatdepas Laishbfsutaied inveaiok ‘oeshm‘rboxyhc acids
acetic acid, In this cont ext, ace starc

swﬁh dhlzag@rbpm ooy et o substityted réerr yq:se@eregg Espe(nXl y useful are
o qrntygl Tyes; (er LEIS@DSEIIM %it fngﬁ a%oxlﬁié BRI V\%Afl.’ltf‘-@ ggllbl?)?]lra?c%fééf lebSecially

car are preferred.

Caspirafiiestsacated dcidk $n dﬁs dmmartb@eyyl istard bely] statchiasd propyl starch
useful that the second carboxy 20 group of the
deardfensd-ic acid is also esterified. Furthernore,
derivatives of monoal - kyl esters of dicarboxylic

acids are also suitable in the context of the present

| Piviifermbie) deritinives bf usstbstitutedt didarhoxydic asidsdivita R2Hosgrbr atoms
acids, the substitute groups nmay be pref- 25 erably

t 6 PsefBeds nenti oned above for substituted al kyl

resi dues. Techniques for the esterification of starch

are known in the art (see e.g. KlenmmD. et al,

Chrpeeaensf de:n@awmfocsear@madwem@s Woiss useful hepthe sepond carboxy

oSl LR it S PRI AR ot

kyl esters of dicarboxylic acids are also suitable in the context of the present inven-

tion.

For the substituted mono- or dicarboxylic acids, the substitute groups may be pref-

erably the same as mentioned above for substituted alkyl residues.

Techniques for the esterification of starch are known in the art (see e.g. Kiemm D. et
al, Comprehensive Cellulose Chemistry Vol. 2, 1998, Whiley-VCH, Weinheim, New
York, especially chapter 4.4, Esterification of Cellulose (ISBN 3-527-29489-9).

Hydroxyethyl starch (HES) is most preferred for all embodiments of the present in-

vention.
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30 Hydroxyethyl starch (HES) is nost preferred for al

enbodi nents of the present in- vention. WO 2004/ 024776
WwWOCT4ERP20603/ 008829 7 Therefore, the present i RCEMPRDB/008829

also relates to a nethod as descri bed above wherein

t he hydroxyal kyl starch is hydroxyethyl starch. 5 HES

is mainly characterized by the nol ecul ar wei ght

di stribution and the degree of substitution. There

are two possibilities of describing the substjtution )

dBprefere, the prasens inventian alsorelatesfiocamethad g derssibed ghaye wherein

relatively to the. porti f sti- tuted glucose
ntgﬁg P§y%¥1ﬁta\‘r‘g§1§§1gfkotx§&gﬂ S%fg%cose noi eties (DS). 10
2. The substitution degree can be described as the

“mol ar substitution" (MS), wherein thg nunbper q{
kBB dsgnetrily chayaefapiecdder thyimelsadanpright disibuirsand hedlesree of

HES _s0). ut i-on » ' - )
omeBgic JRE 4 ErEpERBit AP RANGE Shiption dpmee,
the other with respect to the polynerisation degree,
t he nunber and pattern of branching sites, }?n

slibst i The substifysion desree 19es be depgrahed pElad vely p %83%53 of substi-
com SRR LB HE S e 05

by average nol ecul ar weight with the help of

28" el PebRTBERE U FBgntREOBhet S HEMBoREOHCNG e C4S)
20 cul gferefl he %ﬁl?ﬁ%{?l%dﬁge 9Fgr¥3@15§t31§%' oMRBEL moiety are described.

represents a u ends” on mass of the
HES. In the context of the present invention,

hydroxyet hyl starch nay have a nean.no- | ecul ar wej -
CHER GRITiBY e e PP stsor e oy el oAt aie
"R:k?ﬁ&!natﬁe other WethgBdpeer toftﬁ@ﬁﬁlgm%ﬁsalﬁg deBree] the MmBer and pattern

preferred. Hydroxyethyl starch can furt Rer ex hi hit a
nof birancleug eitesobnd iessubstiution patterny JESOs therefory, @ miryreof com-

rati o be : ;C6. substitution in t s
" Bl Y 5B i SOy, LA B AMB30ES souion
Adetb@kindS bl RRerags |n§’dl@c5,1128]weiﬁmt @0l th8 halpcett dithgcdloneans. In this
fornmula (1) are concerned there are. 30 _no specific

| poritextt Maris cglicvietedtasdhe envhmstiadngen) depending en dagapneer f mole-
bei ted.  wit Py
Ag':{lgg d{\lﬁegﬁ%tgvegf, \gdﬂgﬁfhtg? rvgeggﬁégxg%%, &g)ﬁ?ééﬁ‘ﬁia GRARAHAH dédehds on the

mass of the HES.

In the context of the present invention, hydroxyethyl starch may have a mean mo-
lecular weight (weight mean) of from 1 to 300 kDa, wherein a mean molecular
weight of from 5 to 100 kDa is more preferred. Hydroxyethyl starch can further ex-
hibit a molar degree of substitution of from 0.1 to 0.8 and a ratio between C; : Cg
substitution in the range of from 2 to 20 with respect to the hydroxyethyl groups.

As far as the residues R;, R, and R3 according to formula (I) are concerned there are
no specific limitations given that compound (I) remains capable of being reacted
with a compound (D) or a compound (L). According to a preferred embodiment, Ry,

R, and R; are independently hydrogen or a hydroxyalkyl group, a hydroxyaryl group,
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hydr oxyal karly group having of8 from1 to 10 carbon

atons. Hydrogen and hydroxyal kyl groups having of from

1 to 6 carbon atons are preferred. The al kyl, aryl,
andydydxyarati(iprgradpkar ¥ hydfoxyplkamy cbipl havixey oDfrohr anehdarbon
and suitably substituted. 5 Therefore, the present

i atoans iHydroges gnd dydroxyalicsl aropps hodngef Feuct f%éd:adwa\?éoms are

}N&near érlﬁ%r dr@gdﬁ%?oxyai)gwgéwﬁﬁ%%%?%ﬁ mﬁ‘edand

6 saigabbpsubstivatel. 10 Thus, R1, R2 and R3 nmy be
hydr oxyhexyl , hydroxypentyl, hydr oxybutyl , hy-
droxypropyl such as 1-hydroxypropyl, 2-hydroxypropyl,

ETEX%%% ytﬁé f@ééntyr%venﬁxg a%%ﬁ@ Wlet od as described above wherein

roxyi soprop I oX. such as
1Ry Be g eRhgde, 1nﬂepdn¢dmtx15x jngdhbgén oo ra hiyair @x yoredchypd hydroxyalkyl

Fydro nd h et groups are preferred,
q@ﬂlgﬂﬂl %ﬁgcx%Wh?é§§ethyl group being especially

preferred 15 Therefore, the present invention also

relates to a nmethod as descri bed above wherein Rl, R2

aﬂ‘dhumRar B, i avde Be ndenttey hmtdxyi@aml drydeo:gphytah, oxydeoyphatyl, hy-

gr?oug %u%bng%oﬂ&ésgm%ﬁy ent | on e| %Sfﬁrog%%mpyl )
r eg H!x%k?ﬂoﬁﬁﬂylob htBoiissReyAl Ey&roﬁ%éhﬁhsﬁﬂhaﬁ hehydroxyethyl, 2-

reaction of the functi onal gr oup W th the reducing

eﬂnddrmeztbylg oD hy)dmxymgsth@b rfi»rdr@gm 4nd Iyslnprogiy] gpyups ere preferred,
t
TRBRERE atd b 2GR PRREN R e sl G e o) o

25 conpound (L) is reacted with the reduci ng end of
t he hydroxyal kyl starch and where the redu0|ng end is

oxibgreerg, the iprsentgnyensionadsotrelsies tapimethod aradasenbaskabplie wherein
h th
b T T

group, or in which the term nal carbohydrate
group, .dependi ng of, the, chenrcal rea tron condrtron
areordingie B prﬁswrreveaﬁ@mest eTHEPORNA 6R) ey eqrppound (L5 is reacted

S LHHC AN B G RIPEAS b thePh R REBANKT HaPiPvia the reaction of the functional

group Z; with the reducing end where group Z; is comprised in compound (D) or

compound (L).

According to a first preferred embodiment of the present invention, compound (D) or
compound (L) is reacted with the reducing end of the hydroxyalkyl starch and where

the reducing end is oxidized prior to the reaction.

This oxidation of the reducing end leads to hydroxyalkyl starch in which the terminal
carbohydrate group comprises a lactone group, or in which the terminal carbohydrate
group, depending of the chemical reaction conditions and/or the oxidizing agents, has

anon-cyclic structure comprising a carboxy group.



WO 2004/ 024776 PCT/ EP2003/ 008829 9 According to one
enbodi nent of the present invention, the hydroxyal kyl

webtermh4776hi ch is oxidized at its reduci ng endPCE/EP2003/008829

10

15

present as a mxture of a congound conpris- ing the
| actone group and a conpound conprising the carboxy
group. In the mxture, the respective conpounds nay
beA RbRRRS tto Bne AWbRIMERT yathkepreadnk qnve%um \ethef 1Bfdgoxyali§] starch
present Tnvention also relates to a net hod as
dedieh iseakidipesla mrreci@mg endds prsdentian g neitirof 4 pempound compris-
hydr al .k starc oxi di zed t 0, the reagli
3B g 55 8PS Bisel e i o bR B g mixeure,
stﬂ@é febpédﬁuéc d)Lﬁﬂs ma%tlfe?ﬁéséﬁﬁat aff 6GMcdivabletratid. or mul a
(I'la) ORI S H10O O (Ila) 4120 HOR3 O H 10
and/ or accordlngtoforrmla(llb) R2OH OR1, HAS
b 0
&g(r:eff%llg ‘zehﬁ ﬁpﬁ?ﬁwg&q@% repﬁe-ghtg g%étﬂ(ﬁ& A &sgﬂbetdha%ove wherein

OlHe red@eing @hdliofghé Qy&@&?all@it shadh as o&mﬁudnmomn th€ reaction with
nmet hods whi ch result conpounds havi

alserPoREh(PbAEFOBPPRY Gr)egalé |hYé§0xaﬁ¥WbﬁtaJ(Ch|tb§S hawing a structure
aF &%t%? ﬁﬁglon may be carried out according to
al e et or meth-

(I1a)

(Ib)

The oxidation of the reducing end of the hydroxyalkyl starch may be carried out ac-
cording to each method or combination of methods which result compounds having

the above-mentioned structures (Ila) and/or (IIb).

Although the oxidation may be carried out according to all suitable method or meth-
ods resulting in the oxidized reducing end of hydroxyalkyl starch, it is preferably

carried out using an alkaline iodine solution as described, e.g., in 196 28 705 Al.



ods resulting in the oxidized reducing end of
hydr oxyal kyl starch, it is preferably carried out

wagbag2arie al kal i ne i odi ne sol uti on as descri bed#CTEPZ03/008829
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in 196 28 705 Al. WD 2004/ 024¥y6 PCT/ EP2003/ 008829 10
Therefore, the present invention also relates to a

nmet hod as nenti oned above wherein the reducing end is
oxi di zed by an al kal i ne i odi ne solution. 5 According

to a second preferred enbodi nent of the present )
i Therfirerthe prosqud invdn(i®) also relatonisoumethpd ps mentiensd abelve wherein
wi.t h the reducing.e of t.he hydroxyal kyl starch and
vﬂberrga‘f%%g‘? o & Eegﬁéf ang eg%{“&ﬁ %’Z%loé? ior to the
reaction. Therefore, the present invention also

relates to a nmethod as nentioned above wherein 10 the
r édaeiding teadeesimdipreferipd pmkgdiment okthe present énvgstion, compound (D)

oxi di zed hQr. to the r [ j t

cBhotmamR {9 s s el b a5k e She P ER A Fy Rl rarch and
S t¥heed tHE Seduding @hd it loidiadpion td the réddtiod HAS® O O (1)

204 ROH OR3 H The formation of a chenical I i nkage

bet ween either compound (L) and hydroxyal kyl 15

star r : | :h .
SR pE BRI Rl 0 L Y BLINS o2 8o wieri
t lie eptding and ¥f thx heldmedalkeldugich ds rndxafizedhpeior to the reaction with

hydr oxyal kyl starch. .. As functional group , fach
f GampPEh(Dhpotpmpripdyd)usad apelkd) %%‘J-s]aﬁl& ving p piructure

[ ' linkage wth the optionally oxidized
rgg%"?‘.hﬁg?gogﬂ%‘?q[ﬂe hydr oxyal kyl 20 starch. According
to a preferred enbodi nent of t present invention,
the functional group Z1 gonprises the chem ca
structure -NH. WO 2004/ 02477¢ PCT/ EP2003/ 008829

HAS\

P

@

The formation of a chemical linkage between either compound (L) and hydroxyalkyl
starch or compound (D) and hydroxyalkyl starch is achieved by reaction of the func-
tional group Z; with the optionally oxidized reducing end of the hydroxyalkyl starch.

As functional group Z;, each functional group may be used which is capable of form-
ing a chemical linkage with the optionally oxidized reducing end of the hydroxyalkyl

starch.

According to a preferred embodiment of the present invention, the functional group

Z, comprises the chemical structure -NH-.
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11 Therefore, the present invention also relates to a
met hod as descri bed above wherein the functional

wanroeum2&ize conpri ses the structure -NH . Accor dPQEG/EP2003/008829

one preferred enbodi nent of the present invention, the
functional 5 group ZI is a group having the structure
R -NH where R is hydrogen or a alkyl, cycloalkyl,

aﬂ’lﬁé{efo@rﬁ% ésenﬁh%rﬁhéﬁ'a‘l’s%' #Mtes 1@ |a|?ﬂéthd>d &Y described above wherein
cycl oal kyl'aryl resi due where the NHyCl oal kyl , aryl,

ahafiinytionah gipiupya lcompkisds, thestkeptyre cycl oal kyI aryl
residue may be linked directly to the NH group or,
accordi ng to anot her enbodi nent, may be |inked by an

RSP b A6 ﬁr@feh@@ dﬁkbo@ﬁﬁéﬂi ofTﬂf% prebenk mwmbﬂ,atﬂeyfunctlonal
aryl, aralkyl, arylcy 1.0 cl oalg‘ﬁﬁ al kary

@@‘Hbal ky/h egfgﬂlp hasing ﬂ@sStﬂ@Wg@ + BBESp %ulﬁ s}}yﬁfqg@g @r a alkyl,

E?ch @‘ygéﬂﬁéﬁ]ﬁaﬁ(g erT &lc péelgy Pﬁé pr e?c P H%gla?ﬁésﬂ%ﬁﬁ]gswg&e the
ajyBloaNks/T, ool ,araak%ly laryagyetl kg0 x ylkaagrll Qinp;sfploamylafylereswne emay be

preferred are ﬁ%{dro gen and unsubstltuteg % cL linked
dlﬂk@&ﬁlrytbu‘qgghe HOYR §L1356014ME 10 aRAHCLFR 953 ’bmﬁ/ e linke
gor O4P §XWH§%1%rPdoe2t tHe le\lg‘l gﬁ]upoﬁ“ E a]ﬁty"l‘t @E’ﬁ)aﬁ{y? zRSfF aralkyl arylcy-

arfe re ﬁre err ‘et’hyl,

| cﬁ&ﬂkﬁpﬂkarym lopedygalk@htyd xesidues mayrimsymabiyl dub&tlupﬁéb poxgreferred
groups. Especially pref ergrled ar e

rp@bﬁﬂggpts diafpgenss,Such 39 o &5 may ? egpgﬁﬁﬁsgecéql{yeweferred
.tr%sﬁE%sﬁxl ar€ an&%%glf l%ﬂd ek nz gg&.g) Ll RheaA8L é)referred are hy-

i'nvention a s to a as described above
wiregen and ﬁsubssmhgtﬂalhglemd@ﬂkﬁy@wgﬁl or a net hoxy
group. According to another preferred enbodi nent of
the present invention, the functional ses the

Fé#l‘éﬁé ltl?eealk%reﬁﬂdpaﬂgdxyr@§ 5;& sherotbs e, 62 @ 4 NFHIR'6- C Whgii€are pre-

erably conpri unit -NH and/or the
sferradt Moee preiférred( @e(B)lethy\h sthyl.@iopyl issprapyl.anethexy .t @oxy, pro-

st ruct unit - Acco d| n r
FogioPpk eRihe: FaRamly phdat i AROSeRLE LRLL Sethay, oth-
&g gﬁ@gﬁuea @felraﬁe@sfmwngmeth loﬂmethb)yﬁ HS 11 NG
004/ 024776 PCT/ EP2003/ 008829 12

Therefore, the present invention also relates to a method as described above wherein

R' is hydrogen or a methy! or a methoxy group.

According to another preferred embodiment of the present invention, the functional
group Z, has the structure R'-NH-R"- where R"" preferably comprises the structure
unit -NH- and/or the structure unit -(C=G)- where G is O or S, and/or the structure
unit -SO,-. According to more preferred embodiments, the functional group R" is

selected from the group consisting of

N N G 0

v ~ ~ —N—S—
¥ \ﬂ/ g H Il
PN G G O



HH/NY and G where, if Gis present twice, it is
i ndependently O or S. Therefore, the present invention

wals@/mpei7ates to a nethod as nenti oned above wReT@EPZ003/008829

10

15

20

the factional group ZI is sell@cted fromthe group
consisting of H2ZN- H H2N'-(r)-', R NN H2N\ H H ."H
H2ZN O H2ZNy HS-. GNYNHONY G H2ZN2N GG5
wherein Gis 0 o S apd, if present twce,

i ndependent |y Q/OY S, Nand Ris nmethyl. It is an object

of the present “invdftion to provide a hydroxyal kyl
starcgﬁperivative ich conprises a functional group
X whi is capable To react with the functional group
YwhE e?if@fs?gﬁénﬁgﬁ%oﬁﬁgin@%enﬂ@m @rds reaction

y

product a roxyal kyl starch 10 derivative which
conpri ses the hydroxyal kyl starch, conpound (L),

optiopal ly com  pound ( d the :
08 gREL il 2y B o b 15l B AR uBEve whercin
I gethdifdn! u;EZ‘Pi@ ORbick i theGhEUP ekistihg bkage can be
formed with the functional group Y which_is corrprls%d

in the furer. 15 conpodid (M. 1f, th®%unctio N
group Y is selected fnggf B.group é& sisting of an H

al dehyd group, a keto group, a hem acetal group, and

an acetal group, the functional group X, the

. . Q
functional group referably conprises tHgNghem cal
structure - NH-HzNZ’O S\OH/ZSOM 024776 PCT/ EP2003/1068B29.
13 H 1l

G @)
H H ~H
_N N N G
G G

wherein G is O or S and, if present twice, independently O or S, and R' is methyl.

It is an object of the present invention to provide a hydroxyalkyl starch derivative
which comprises a functional group X which is capable to react with the functional
group Y of a further compound (M) to give as reaction product a hydroxyalkyl starch
derivative which comprises the hydroxyalkyl starch, compound (L), optionally com-

pound (D), and the further compound.

As to functional group X, there are no specific restrictions provided that a chemical
linkage can be formed with the functional group Y which is comprised in the further
compound (M).

If the functional group Y is selected from the group consisting of an aldehyd group, a
keto group, a hemiacetal group, and an acetal group, the functional group X, the
functional group X preferably comprises the chemical structure -NH-.



Therefore, the present invention also relates to a
met hod as descri bed above wherein the functional

warou2¥776s sel ected fromthe group consi sti ngPOT/ER2003/008829
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al dehyd group, a keto group,i® hem acetal group, and
an acetal group, and the functional group X conprises
the structure -NH. 5 According to one preferred

empedicareNthe BfestRenRnESR Alsoi ARk Qﬁxetﬁdaeasfdég&me@%bve wherein
group X is a group having the structure R -NH where

R‘thq Bmpiyahab genp of 1saseddtad fromctgzc gwﬂvlqomwtmgwﬁ amaldbhwll group, a

g&({:}h}gal E‘%‘B aS%F‘t CX" or %X 3@#' ar%{ﬂ ; eslftgﬂﬁfml group X

akgﬁbﬁges%egﬁhQ@lML,aryl reS| due may be 10 |inked
directly to the NH group or, according to another

enbodi nent, may be |inked by an oxygen bridge to the

Nﬂy%@“&c}%gﬁ? ?Fe X%ﬂ( gﬁchPg C(”)]/Cctﬁr Yo aI kX#%g the, functional

MeyoupEX Siblial @blyy haviBgtthé Wirgcture/R' NHEfvﬂ{e!'r@R is hydrogen or a alkyl,
substi tuents, hal ogens such as F, d or

mevlpdied arybspelkyla Iawcxﬂl@‘rﬂ]@flr aliary} o5 icml@aslkﬁin residue where the

prg‘?g@g r’eXJﬁﬁlkg?ﬂl?? :§'of8\é‘lrll(9 gl?%xsu};g}uﬁ%{ag?%lggglrﬁss}?ue may be
amieked étimcylygds CHeSE g%mgr, tab@r@hgyé amﬂereﬂnmwn@{tpmaﬁ be linked
groups with_ 1, 2, atons are

f &Y rBXYRER bnégeeFOemeeNHagreumwﬁyalkyletcmlpalkbls g aralkyl, aryley-

b?%%@?%ﬁ?%go%@ﬁ%gﬁggﬁar eafreé( %ul a@ﬂﬂsx.ﬁm{e%pﬁ% Yreferred

metibstixnentsehilogdes oxgh assROJChar Bi aalydre me;ﬁfoaeé;nlé@ecmﬂy preferred
ive Therefore, .the presen

g tg methyl or t hoxy.
i ﬁ?ﬁé‘ﬂi‘f? g%ﬁ%ﬂ @yér%@rla%rjggﬂl@y afkoist HOHPS SN S¥ e} TIOEP are hy-
WARIRh Bnd Basubstithitd 2088 An@hikBxBioh prgé or a net hoxy

group. 25 According to another ferred enbodi nent of
t he present i nvention, the functional group X has the

SYEURE i P ool GO ST o
WRSFR. ®1dis PeRfreParRRBN, &het n%hgjﬁ 1§6ﬁopﬂnhfetho§926thoxy, pro-

According to nore preferred e ment’s,
f moxy.iaodasopgensery FROUMSS Esmaébft Ierdfetned e mgthﬂ atihyl, methoxy, eth-

€Q ns | a%td Ipn ufar pre)féé‘ence is glvleln to methy“I- or m'e\:![hoxy.

Therefore, the present invention also relates to a method as described above wherein

R' is hydrogen or a methyl or a methoxy group.

According to another preferred embodiment of the present invention, the functional

- group X has the structure R'-NH-R"- where R"" preferably comprises the structure

unit -NH- and/or the structure unit -(C=G)- where G is O or S, and/or the structure
unit -SO,-. According to more preferred embodiments, the functional group R" is

selected from the group consisting of

N N_ G i
-~ : -~ ~ —N—S—
H T hig N



WD 2004/ 024776 PCT/ EP2003/008829 14 HH,NY and G
where, if Gis present twice, it is independently O or

w@&2006vesB6ore, the present invention al so rel aPeS/EP2003/008829
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met hod as mentioned above whelein the fuctional group
X is selected fromthe group consisting of HZN ON
H2ZN~O~ R N H2NH .NH2N O HzNy HS 11 G ON N ON
ZNY RN HG G b whétein Gis 0 or S and, if present
twice, independe Qr S, and R is nethyl. If the
functional group Y |J{s a thio group, the functional

gr oup is preferabizy se- lected fromthe groups
consisting of NHal -~ O O N / S-S Owherein Hal is
Clwhefy if@F islpresenttwdcq il iy ifdlepardehtly Old STher ef ore, the
present invention also relates to a nmethod as

descri bed above where- inwherein the functional group
Y Therefort! (RO Frebdle ir{x}égﬁtgl? 2R3kl AEOWUD Kethdd 368 hRAkSIEd 4B wherein

the group consistin WO 2004/ 024776
PGE EE20ABE008 X9 selected from the group consisting of

HZN_— H /O /O\ ~
' _N HNT T R' N
HNT 2 H
A/H HZN\ ﬁ
H,N \ﬂ/ N—S—
H Tl
G 0
H,N~ \[( ~ H,N” \ﬂ/ ~
G G

wherein G is O or S and, if present twice, independently O or S, and R' is methyl.

If the functional group Y is a thio group, the functional group X is preferably se-

lected from the groups consisting of

0 —
| N Hal/\n/ \20
S—S_

O
wherein Hal is Cl, Br or I, preferably Bror L.

Therefore, the present invention also relates to a method as described above where-
inwherein the functional group Y is -SH and the functional group X is selected from
the group consisting of



15 HHal -~ O N U-_S Swherein Hal is d, Br or I.
Accordi ng to one enbodi nent of the present invention,

waypdumzyabkyl starch is re- acted with a conpoBQWEPEN03/008829
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and the resulting reaction prdfluct is further reacted
with 5 conpound (L) where the chem cal |inkage
bet ween conpound (L) and the reaction product is

formed by(Qreaction functional gro corrpr—l—-sgd i n
conpound /L) and fu i onal groh@leed S//O
compou D) bein t of the reactiongproduct O/
Regar di|ng Nl're—func na sSgups Z2 andrta\/ there are

genera no restrictions pr} 10 vided that the

desired chem cal linkage is formed. As possible
functl onaf gr oups Wor Z2, the follow ng functional
u mentl oned, anong ot hers: -
%%ghﬁﬁlels r C-Ctriple bonds or aromatic

C—C—bonds 15 - the thio group or the hydroxy groups;
- al kyl sul foni ¢ aci d hydrazi de, aryl sulfonic acid
hgeqrdingeto one qm@ddmgtllle@” the presentanivantadm diydtos:yalkyl $terch is re-

a Qu vat | of the a

L0859 o SR BT NGR, Rl iRl AP Ractd wit
a%nﬁpxahlldy(IL) gmw&),e (ﬂi@inmniﬁka@rWeerﬁéﬂ al (kY land the reaction
groups,. or al karlyam nog oups; - the hydroxyl am no

gPdpctin fogued byreassion o @gnaifgrqupezmmwyd amgomepound (L) and
tr
o S g B8 T BURUAS e S oo

, hydr oxyI ar al kyl am no groups, or hydr oxal al -

s ne dhe R o s G S, b grreé’a‘ié’%maﬁ%%é%%&?ons pro-
O T T = oL O 0
carbonyl group, -QC(=G-M wherein Gis 0 or S, and M
I _Zs pofss%leei%(lgg:ﬁlngl groups W or Z, the following functional groups are to be
mentioned, among others:

- C-C-double bonds or C-C-triple bonds or aromatic C-C-bonds;

- the thio group or the hydroxy groups;

- alkyl sulfonic acid hydrazide, aryl sulfonic acid hydrazide;

- 1,2-dioles;

- 1,2-aminoalcohols; -

- the amino group -NH, or derivatives of the amino groups comprising the struc-
ture unit -NH- such as aminoalkyl groups, aminoaryl group, aminoaralkyl
groups, or alkarlyaminogroups;

- the hydroxylamino group -O-NH,, or derivatives of the hydroxylamino group
comprising thg structure unit -O-NH-, such as hydroxylalkylamino groups, hy-
droxylarylamino groups, hydroxylaralkylamino groups, or hydroxalal-
karylamino groups;

- alkoxyamino groups, aryloxyamino groups, aralkyloxyamino groups, or alkary-

loxyamino groups, each comprising the structure unit -NH-O-;



-- -OHor -SH, -- an al koxy group, an aryl oxy group,
an aral kyl oxy group, or an al karyloxy 5 group; -- an

wabkbogoedize group, an arylthio group, an aral kyPChiE®2003/008829
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group, or an alkaryl- thio grdép; -- an

al kyl car bonyl oxy group, an aryl carbonyl oxy group, an

ar al kyl carbon- yl oxy group, an al karyl car bonyl oxy
gr-oup;resi@ues havingiavattedyesvep,sQUEG)aM, ebkemisGds O or S, and M is,

hydr oxyl am nes having i md structure such as’
N-hyd?%%?@ﬂ&iﬂnln1de or having a structure unit O-N
where N i sopp@f-k5pef a heteroaryl conpound or, with G =
0 and Q absent, such as ary- |oxy conpounds with a

subst i-t ut ed aH«yb' grawyp, du eryloxylgrasp, e atdiyloxy grouphemylalkaryloxy
par ani trophenyl or trochl orophenyl; 15 wherein Qis
absent or 8YPor a heteroatom such as S or 0; -

- NH-NE2, - ah atidyrinN-brou@ arylthid BRoupl b hialigh alicaryl-
car bonyl groups such ‘as fﬁé algeﬁgde gﬁbup org?ﬁ% ran ary

group; 20no gréwp; car boxy group, - the -N=C=0 group or

t he - N=C=S- u vin haI| oups such as th

Vet T carnatTeRhe i Hrowt amaatc g oot Sotp iy frkglearbon-
- -C=- CCH% grou %Nﬂ%@@a‘r@ﬁyﬂy%oﬂfow}s

-(C0O mhereln Hal is
- CH=CHt sozctwaie%esiq:rs §helt awesjersnd hydreptylashings hah/eng imid structure

E)tc_rl_;J SZ’SE)S?]I%O%ST& gxyg)ro‘{yguccmgm%% or %avmg a str%gt(l)lg'e/ 1(1)n21t4 6719 where N is

part of a heteroaryl compound or, with G = O and Q absent, such as ary-
loxy compounds with a substituted aryl residue such as pentafluoro-
phenyl, paranitrophenyl or trochlorophenyl;
wherein Q is absent or NH or a heteroatom such as S or O;

- -NH-NH,, or -NH-NH-;

- -NO3;

- the nitril group;

- carbonyl groups such as the aldehyde group or the keto group;

- the carboxy group;

- the -N=C=0 group or the -N=C=S group;

- vinjl halide groups such as the vinyl iodide or the vinyl bromide group or tri-

* flate;

- -C=C-H;

- -(C=NH,CI1)-OAlkyl

- groups -(C=0)-CH,-Hal wherein Hal is CI, Br, or [;

- -CH=CH-SO,-;

- a disulfide group comprising the structure -S-S-;
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15

17 F aN02 - the group 02N where Z2 and W
respectively, is a group capable of formng a chem cal

woOizmkager7ei t h one of the above-nenti oned gr oupBCT/EP2003/008829

According to preferred enbodiifents of the present

i nvention, both Wand Z2 are 5 groups fromthe I|i st
of groups given above. According to a first especially
preferred enbodi gent_Qf tle present invention, Z2 or

Wis a thio group. I's particular case, the

functional group pfeferably se- lected fromthe

group conS|st|@%N N“AHa N/ SS OO 10 wherein
I, prefera@bly Br or |I. Therefore,

Hal itBe grouppr

t | . as 1 .
aeaP 25 360 0 L0, o P o RrfliFh BB sk with
f st fitnaovesmdipioded poup$HSH and the functional group Z2:

or the functional group Wis selected fromthe group
consisting of O NHal O N O 15 wherein Hal is d,

B T i r F

Oheshlink tp R W GARCRODR HBER YR HoRIGIE % 2, are
sgio&piié@knﬂh@mttolﬁgr@pelgprenabsvatl ng of an actlvat ed

ester, as described above, or a carboxy group which

IS optionally transfornmed into an activated ester. In

t Rb&rh %99 g ?I?Fg{e@&g%{%gﬁﬁglﬁ of ¥Be ?ﬁﬁéﬂt GWeBfion, Z, or
case, 1 unct i oup Wor Z2, respectively,

cBhim a s grdugp. dinéins qaamcukar rcaset theefunbiibnal BrhepeMorseprefetably se-

{g ﬁ%&lnventlon al so rtel ates to a nethod as
BHIS SHRP SRRSISERGO
0] X ==\ _0
SN Hal/\”/ o//\s/
| N— s © \
~
O

wherein Hal is Cl, Br, or I, preferably Bror L.

Therefore, the present invention also relates to a method as described above wherein
the functional group W or the functional group Z, is -SH and the functional group Z,
or the functional group W is selected from the group consisting of

> o] 07\
S—-S\
@)

wherein Hal is Cl, Br, or L.

According to a second especially preferred embodiment of the present invention, Z;
or W is selected from the group consisting of an activated ester, as described above,

or a carboxy group which is optionally transformed into an activated ester. In this



5 72 or Wis selected fromthe group consisting of an
activated ester, as described above, or a carboxy

wagrom2¥tisch i s optronally transforned i nt o anPCT/EP2003/008829
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activated ester, and the fund8ional group Wor Z2.
respectively, conprises the chem cal structure - NH- .
10 According to one preferred enbodi nent of the
rpeﬂimlar icaseg titei fongtidrak gfompcWi @n?d, regpectivgl\Vcompdiges the chemical
risi the structure -NH is a group having the
Niatie -NH where R is hydrogen or a al kyl,
cycloalkyl aryl, aral kyl, arylcycloal kyl, alkaryl or
cIoaIkyIaryI resi due where the cycloalkyl aryl ,
hbkfﬁire the prasymilln@dnklph alsalrklateglto armethxyi:ésaklskxylb@r@bbve wherein

b nked directl e NH gro
a &oqrtj\% ng elf"%ﬁl fi o ﬁe?lrm‘@%ﬁ%%“? ﬁto %@‘Ft%@teai W@édasogyescnbed
aBbeVey €A RFBARG Srbeh Wlﬁ’cﬂ\!ﬁ &ptidHRy #h&s el into an activated ester,

cycloalkyl aryl’, aral % arylcycloalkyl al karyl, or

cyed dhel fupctonal grawi Wues Zuaysisetivaiyi camipirises tsehienicab diructure -
referred substituents, hal ogenes such as F, A or

Br “may be nentioned. Especially preferred residues R

are hydrogen, al kyl and al koxy groups, and even nore

preferred are hydrogen and unsubstituted al kyl and

alyeesading: upse prdemeeh sgbornent lof| thermtesshk évgntemuths  functional

, ¢, at '
7 BB a3 cping sl s Ry s B A el ructure RN
i s«hpfeon'yis hyﬂﬁigb@by a @k0¥yclodkl; a@OWalk?ln dryl@%ﬂlfa(ll@ﬂl’xédkaryl or
Especi; al | y preferred are
nerden &;y logh ﬁem&@yw G ah arlonliy aausprasilb e Apdencloalisheniaryl or

9X/entlon al S0 rgﬁ es%?%;§8%§%ﬁ2§‘hgﬁﬁﬁgkﬁibﬁéag ording to an-

V\hﬁlee embochnt , Fiayi s Kokeelchyesh 6xyyéntﬂﬁﬁgg totR NBIng?rbﬁfo i@ alkyl,

ti v g\hlf ter, ‘(élesc above,
C@%@Y yhry Yﬁﬁf# ﬂné st ?ra%éoﬂfeﬂﬂﬁé%rﬁ resisiugp may be
a r
S .ﬁg’éﬁ‘i‘*&. s RO SEHERLZpRoBEOURN e, CHor s may be
amestitndd. Gspeaialiytrefeyred resighues \RD a26) Biidr0 27 'éﬁ<y1 @nd alkoxy groups,

PCT/ EP2003/ OO 29, Accqrdin o a ot her.

bR BT e e F S5 aeer i alkofined 1 Bfpay eroups.
group Wor Z2 has the structure R NH-R'- where R
preferably conprises the struc- ture unit -NH and/or

t ﬁ@l%lgrtb@ eligybanghalkoxy gogps, anpsevith 152,83, dr 51 @Aditans are pre-
{

o e MIFe ahafsird din wetifeete i gl Afor i dhoxy, ethoxy, pro-

poxy, and i 1sopropoxy groups. Especially preferred are methyl, ethyl, methoxy, eth-

oxy, and particular preference is given to methyl or methoxy.

Therefore, the present invention also relates to a method as described abeve wherein
W or Z, is selected ﬁom the group consisting of an activated ester, as described
above, or a carboxy group which is optionally transformed into an activated ester,
and the functional group W or Z,, respectively, is R'-NH- wherein R’ is hydrogen or

a methyl or a methoxy group.



51is selected fromthe group consisting of HH O ~ |
, NyG H-HS NGGO HHNYN and G where, if Gis
anelmmnu%wl ce, it is independently 0 or S. TheCeffe2m®3/008829
the present invention also rel%tes to a method as
menti oned above wherein the functional group Wor Z2
is selected fromthe group consisting of H2ZN- ON
HNceording @ aboti@y NrefetraiNer@badimeniOof thie ldedent invéntiory, e fanctional

H2N G Nl
SO o i o TP EER e R e Mot B TR SPrOPS e struc-
afge Bnit-NHIRLHAME the sﬁ%ﬁféjmﬁg (C=0evheRat heo @M atd/oPthe struc-

the present invention, the at |east one functi onal
gtwapnit -S@2-. dvedprdingiorragretnaetzrigd smbodimants, ithe fipetional group R

ca ct| directly with a given further
> bﬁ%ﬁgﬁ?ﬁﬁ%ﬂﬁh C%&&? 2o hen cal | y nodified in
order to be capa H5 ble of reagting in the desi reaP

way . /N\n/ _~N G
—N—S—
§ hig H |

N G G O
N_ N
/\”/\

and | G

where, if G is present twice, it is independently O or S.

Therefore, the present invention also relates to a method as mentioned above wherein

the functional group W or Z; is selected from the group consisting of

H2N__' H /O\ /O\ ~ .
- N H,N R' N
H,N H
H .0
_N HN_ )
H,N \ﬂ/ N—S—
H 1l
G o)
NN N. G
- g - ~
H2N \n/ A H2N \ﬂ/
G G

10 wherein G is O or S and, if present twice, independently O or S, and R' is methyl.

According to yet another aspect of the present invention, the at least one functional
group X, Z, and/or W may be a group which is not capable of reacting directly with a
given further compound, but which may be chemically modified in order to be capa-

15 Dble of reacting in the desired way.
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WO 2004/ 024776 PCT/ EP2003/ 008829 20 As an exanpl e of
a functional group to be nodified prior to the

woeemnoriowi t h a fur- ther conpound, a 1, 2-am ROT/EP2003/008829

al cohol or a 1,2-diol may beZ2@entioned which is nodi-
fied, e.g., by oxidation to forman al dehyd or a keto
group. 5 Another exanple for a functional group to be

nBElbh eednpleiosh fluctions] greas td beamoidifledapriok s tH&ﬁEactlon with a fur-
conmpound is a -NH2 roug which is nodified by
r@gltqqr@pumli 1, 2eangin0 alcobelopib Ldulielonsy be H)Qng%nqdh\ghlch is modi-

0 give a

rdd ggu?’g' E‘?Jﬂt“ﬁ%ﬂ} @fﬁgo%”‘%‘gh?'%?ﬁ% f‘go %OuptN HNO O
which is, e.g., reactive tovvards a thin group. 10
Anot her exanple for a function - t.,0 be nodif
AP, SR 4 fcRmERPTA €FPUR 1oy EAGICR BB the gacyion with a

| | RMreddtiol: with,

PhfeCERR 1€ MNELTEOND o™, RO, e Tedtilo with . @
Qothpthind hecedlifp td thedoNewiag fonmudd ur e of the fol | owi ng
formul a WD 2004/ 064776 PCT/ EP2003/ 008829 21

qﬁ%

/

to give a structure of the following formula

which is, e.g., reactive towards a thio group.

Another example for a functional group to be modified prior to the reaction with a
further compound is a -NH, group which is modified by the reaction with, e.g., a

compound according to the following formula

0
o 5 \
PN
N—O
ol
e

to give a structure of the following formula



O ONN HO whichis, e.g., reactive towards a thin
group. Yet another exanple for a functional group to

woeomdifisoed prior to the reaction with a fur POEMEP2003/008829
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conpound is an anmino group Willch is reacted with
bronpaceti ¢ anhydride 5 or N-succinimdyl iodo
acetate. According to a preferred enbodi nent of the
present invention, a conmpound QL) has the structure
Zi-L'-X or Z2-L'-X, L' bei an ani c residue

separating the func- tionalj groyps \and bei ng
optionally absent, the str/kU%yN dependi ng on whet her
a 10 conmpound (D) isTegacted withl the hydroxyal kyl
starch or not. According'to a fir preferred

enbodi nent, no conpound (D) is involved and Y is
sel ected fromthe group consisting of an al dehyd

gevﬁléﬂdsfc.éfﬁ%ﬁ’ctﬁt@?é@ard@a hgsargtal group, and an

acetal ‘group. 15 In this particular case, the
fol |l owi ng conpounds, anong others, are preferred as

c ou (L) having.the structu Zi - L.X.where Lis . .
o BB e EAmpi ok & e RRLE DU o R RO BN PRz on vith
H, h@er Hokpbiind isint dMifio Baddp! WhikRls £8&8d with Brémbaéetic anhydride
absent, L' "may be a |linear or branched al kyl or 20
cycNeackipimidyl iedyhcatate.or aral kyl or aryl cycl oal kyl or

al karyl or cycl oal kyl aryl group, wherein L' nay

conprise at | east one heteroatomsuch as N, 0, S, and

WAGE&dthglio a preRerie@ esibolaidnt of Whsprictdit @theniihig aséatgpoahd (L) has
the group L' may be adapted to the specific needs.

Ghheestaichyre ZnHe- epaedi Pad- dresns an orggaiferesiduy sgpaatingfhe func-

1.t0,60 i | 4
b PouP ST e P, B B, SRESRRELR) U wheter
peghps@ald (D)W e360d HORART By RETYAHB2 GABM0R8BR9 22

According to a first preferred embodiment, no compound (D) is involved and Y is
selected from the group consisting of an aldehyd group, a keto group, a hemiacetal

group, and an acetal group.

In this particular case, the following compounds, among others, are preferred as
compound (L) having the structure Z;-L'-X where L' is absent:

S O
HZN\N/U\P’;/NHZ HZ‘N\N/U\N/NHZ

H,N—NH, or H H

or
If, in this particular case, L' is not absent, L' may be a linear or branched alkyl or
cycloalkyl or aryl or or aralkyl or arylcycloalkyl or alkaryl or cycloalkylaryl group,
wherein L' may comprise at least one heteroatom such as N, O, S, and wherein L'
may be stitably substituted. The size of the group L' may be adapted to the specific
needs. Generally, the separating group L' generally has from 1 to 60, preferably from
1 to 40, more preferably from 1 to 20, more preferably from 1 to 10, more preferably
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from1l to 6 and especially preferably from1l to 4

carbon atons. |If heteroatons are present, the
weeprrati’ang group conprises generally from1 teCc2@pP2003/008829

preferably from1l to 8 and @8pecially preferably from

1 to 4 heteroatons. According to particularly pre-

ferred enbodi nents of the present invention, the

SERA 120 6 InPEPBially peFERblySRSm 1l {004 Sarbo@%iPey) IBh@ematoms are
The separating group L' may conprise an optiona

bpreseoh ﬁhb seiphypting ghipreopprises gengrallyriserp 1de 24- Esﬁéfrrlé%}’ dypm 1 to
3 ot preoy AR] 8t B RREPE AR g At pre-

NRyred %m%o!iiilﬂéﬁ@rofdﬁéi?ﬂfsentqﬂv‘dnitiﬁn,aﬂhk)ﬁbp@z[thlgpgroﬁm tocatipriges 1 to
to an even nore pre

erred enpodi nent, the sep in
ot oxygenaitcans. Jh yepagatigrerowp Eray comprisgpmn ?ﬂﬁé‘flgﬁﬁéqaygned alkyl

froml to 8 r : t

SR oD B BISHEGAS! AR, Ji Bof 3P aoms,
2ort 18 4 afsliED @RoW, an @iyl owmshetecthe rafil pam naayebe a linear and/or
present, a chain conprising 1 to 4 oxygen aaoms ig G
pesrlic el Begupy A pER BB/ 80 S¥er T91a W ETisd erbogiat g ssparating
WASHS iYard t | & & NBoRfpréBrably from
SP50 i AL T R BRIP4 o amanl
ando 8nmagspreferailypfipm 1 he4faol lespdcivglyqueterabbufrds, 2 agrbon at-

ot hers, are preferred as conpound (L).havjng the .
SOMEJ AT Daterpaloms ajgRIpent, Hh%}fép‘iﬁéfb@} 10 PoNiEE 4R is par-
%1%%0 OHNOH H2NO ' _~NH2 H NH2 OH OH H2N
. " H2ZNM OO H N NH2 HO OH WD 2004/ 024776
PCT/ EP2003/ 008829 23
As to this particular case where Y is selected from the group consisting of an aldehyd
group, a keto group, a hemiacetal group, and an acetal group, the following com-
pounds, among others, are preferred as compound (L) having the structure Zy-L'-X

where L' is not absent:

HzN/Y\NHZ HZN\/\/\NHZ
OH
HN_ O
OH H—<_(‘OH
H No\)\/NH |
? ? NH,
OH OH
H?_N/\)\/ 2 H,NO 2
H,N 0 0. y
N

\N : .
H NH,
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HHHNNYNI / SSN'J~N,NH2 HH OOHII Il H
H2ZNN (r) I N~NH2 O A ~~H H2N,N N~NH H

WOROHUF6~ONH H2 2 2 OHO/"O~-(r)'H O ABCO/EH00G/008829

to a second preferred enbodi n&ht, a conpound (D) is

i nvol ved. According to a further preferred enbodi nent
of the present invention, a compound 5 (D) has the
structure Zi-D -W [B‘I bel‘r-hg an organi c residue
separating the f gf/t cups ang, being optionally
absent. Inthisl_g tlclar "t heYif ol | ow ng
conpounds, anong ot herg, aré€ ef err §N onpound
(D) having the structure Zl - D*~W viHer e NO absent: S
O H2N-N~NNH2 H2N11 NAN-NH2 H2N- NAR ol H H or HH 10
A specific exanple of a gonpound Dwhere D is absent
is NH 3. If, inthis plarélculr caeH IS not

B al

absent, D nmay be a |Nn€8 3 kyl or

cycl oal kyl or aryH, NT orllar § ol aryll\&jlzcl oal kyl or
al karyl or cycl oal kyI ary@ g wherein D may
conprise at |east one heteroatom such as N, 0, S, and
wherein @ may be suitably substituted. The size of

th %roup,D may be adagted to the s%amflcV\D O.

0 6}p49 ZZHN O/\/ NH

H 2
‘ O

H S0t NN TN

I=

According to a second preferred embodiment, a compound (D) is involved.

According to a further preferred embodiment of the present invention, a compound
(D) has the structure Z;-D'-W, D' being an organic residue separating the functional
‘ groups and being optionally absent.

In this particular case, the following compounds, among others, are preferred as
compound (D) having the structure Z;-D'-W where D' is absent:
S

O

H,N—NH, or H H or

A specific example of a compound D where D' is absent is NH;.

If, in this particular case, D' is not absent, D' may be a linear or branched alkyl or
cycloalkyl or aryl or or aralkyl or arylcycloalkyl or alkaryl or cycloalkylaryl group,
wherein D' may comprise at least one heteroatom such as N, O, S, and wherein D'

may be suitably substituted. The size of the group D' may be adapted to the specific



needs. CGenerally, the separating group D generally
has from1l to 60, preferably from 1 to 40, nore

wonefsaaiby from1l to 20, nore preferably fronmPdTED20M6/008829
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nore preferably froml1l to 6 apd especially preferably
from1l to 4 carbon atons. If heteroatons are present,

the separating group conprises generally from1l to 20,
PrBE®! BRhtafiy, M dephidiing §rABD ERREGIEhA 15 16B0

from1l to 2 %eter at oln%.gr A@co%ﬁ?ng ?o %fé@taiqctgl6g?+r¥ferablyfmm
prlgo 40emoetiprefenaidy fremt ktod20, ivee predeebly fromv &imd il Omorteheeferably

ST S SRR o AR s o
biaszehe thedlekthting E‘I@'Ll? fg?npg&sag'eﬁéraﬂfr% Pho %,ﬁ%@%?ﬁkéﬁbm 1 to

group having, e.g to 7/ cafbon atons,
as émdaﬁsl@‘}qlalaf pigferatiy fepink drty 14 kptoropiontse Aecdrflisg &b lpatticularly pre-

D3t e L R b LSt e B s 1
S @padyaén AYmsOTIRIRphrSitiAg gl Y n%addi‘np}fse Bh @ﬁ?iéna%l?tbg&é:hed alkyl

preferably from1 to 8 nore preferably from \
nehan 9F ap @rdtargur eioheyclealkyl saoup kaspeg iead..| orp Setbet edsbgn atoms,

fr C on._at-.qns. ln,ca het er oat o ar.e

520 SRyt B A8 DR LR DEL BT rear s
payelictdlkyll gohpy Avceidaiy 8thn evln Asort Bréféik&l ddditshiathe separating
case, preferred conpounds (D) having the structure
Zerayp-ign ght ghain of Bomdk toA0s preferably: fransl-to- R-morppiefernbly from

o Oy G Bl P P ef B REPED 4 oon o

Obims. In case heteroatoms are present, a chain comprising 1 to 4 oxygen atoms is par-

ticularly preferred.

As to this particular case, preferred compounds (D) having the structure Z;-D'-W

where D' is not absent are:

NH H.N
HS/\/ 2 2 \\/\/\NH2

| OH
HZN/\/\OH

OH
/\)\/OH
OH H,N
COOH o
H,NO™ A _oH
: H,NO
OH OH
/\/K/NH /\/I\/NH
H,N 2 H,NO 2
OH OH
HZNO\)\/OH HZNO\/K/NHZ



H2NO , , ~OH H2NO-NH2 WD 2004/ 024776 PCT/ EP2003/ 008829

25 OOH2N O N H NOHHNOHHNO H2M 0 N N
Wol200401@1 AcHN OH H2N O HA 0 OH H OH OH NH2PCT/EP2003/008829

HS"' ~\ONH2 HS'-"" ONF12 H2I\I\2€|OHNN HNH2 HO OH

HHH2NNy S ST / NNN2 HH 00 HI1 11 H NS

SN H2N(r) 101 NH2 0 H

o
N
o0z

o 0 HN. 0
N
H,N—N  OH )
2 H H2N . OH
H,N_ o  H,N 0
N N
H‘g_\ H<__\
HO OH AcHN OH
HN_ 0 N, O
N—<_(-OH N—<_(OH
H H
OH NH,
HS/\/\ONHZ HS/\/ONH2
HN. 0 O
N N,
H NH,
HO OH
H,N" \ﬂ/ S
S _NH,
N7 N
H H



HZN, NNNH2 H2ZNO'~0-"~ONH2 HO0 HVM
OM,/\O\/N~Q HHS N NH2 0 WO 2004/ 024776

wWOeCH4ER2063/ 008829 26 Dependi ng on t he chem catTma0B008829
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of the functional group Wco jsed in com pound (D)
and the functional group Y, specific conmpounds (L) may
be used accord- ing to the specific needs 51f, e.qg.

th tion Y i.S rou

| PRI 813 SRk B LU B Wigpmorid in com.
des@midlqey aﬁ@ eeefuhBrisie gidup ¥, h@edift |CQW¥3 gE}E‘ﬁxa?fbe used accord-
conpounds (L) are, anong ot her s, preferre Type of
co‘#ﬁé‘bﬂ’& SPE91ﬁFGP@| onal group X Functional group Z2 C

| odoal kyl N-succinimde ester D Bronoal kyl

N-succi nimde ester E Maleimdo Nsuccinimde ester

F Byag.i thel fdhdétivinel @io&pl OrCier tl’ﬁod@oﬁfj bfd the@udtinhStof e cornprlses
tiUCCI ni m de_ester the functional group
is

§ siraetes Nl 9 tdﬁ%m @ﬁ@ @bOYﬁomsdeéall e &flloaving Fypeh 9l compounds
agL? %féu Qﬂloff%%&ltg%dg{ g&pefdua hem acetal group, and an

e gr ou nctional group Wis a thio
gr Ohype ammmmammg (BiRRGoAAl HOTPXRINTS |FuhcAbifr] gRORE,

ot hers preferred. Type of caonpound (1) Functional

grcgp X Functi onal grdgcépaﬂwl A Hydra2| de Nwmemnnmlcestsr
Hygrazide—Pyrrdytdirtt e—t—at—t+4

preSent description, IBJrPr%lofﬁllnger red Vexanﬁ-%g:cia}’m@gﬁ?_ter

E Maleimido | N-syccinimide ester
F o Pydridyldithio N-succinimide ester

G Vinylsulfone N-succinimide ester

If, e.g., the functional group Y is selected from the group consisting of an aldehyd
group, a keto group, a hemiacetal group, and an acetal group, and the functional

group W is a thio group, the following types of compounds (L) are, among others,

preferred:
Type of compound (L) | Functional group X Functional group Z,
A ' Hydrazide Maleimido
B | Hydrazide Pyridyldithio

In Table 1 at the end of the present description, some preferred examples of com-

pounds (L) according to the types given above are listed.

The separating groups L' and/or D' may be suitably substituted. Preferred substituents

are, e.g, halides such as F, Cl, Bror L.

The separating groups L' and/or D' may comprise one or more cleavage sites such as

—85—8&— ' o) 0
~
|
\>__< \”/ ~No T N—5—0—
HO OH o

I
0O
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15 pounds (L) according to the types given above are
listed. The separating groups L' and/or D nmay be
weubdakéye substitut ed. Preferred substituents PaGraP2003/008829
e.g, halides such as F, A, Bpyor |I. 20 The separating
groups L' and/or D nmay conprise one or nore cleavage
sites such as -S-s- 0 o OS11 -O HOOHOII OWD
Z%ﬂélp%lsz;ﬁ)r EP 48R4 99?@?&3%1111:@1 c g&%cﬁeltla(b‘ﬁé—ﬁ%nﬁiﬁed site.
easy cl eavage o a restlting compound at a
pre-determ ned site. Especially preferred exanpl es of

i oF d
P it i P B OF ERRO RS bk AT SR b bydrosyal-
d%! \!t%jédhv\ﬁh&@i'ﬁpt%é %@s%lth@eh}fdﬂ&&aﬁ(y‘l SRR d&vatpe &)rﬁﬁxﬁ?@b lige func-

being reacted with a functional group Y conprised
| rtloaal gronp Bé cagabirpollineing Macmddwmh erfanetional grobpn¥ compesed in a

glgﬁ%ygcoé?@algh e(&f)ﬁ%{dg{v ?Igaap salgqﬁ)é#rz)éx&]ggl%u%t‘i( d% 6elfegtﬁd from the
a%ﬁl(};g cmﬁ[sﬁi'il'E of %hehld!éh'y'd}_%\lb{ %hkét&hgﬁgl@a ﬁ’éﬂ\hce%l roﬂl)!HZm acetal

~~~0' ~] H2 and
Hgebuphereconpounds (L) 0 O, ~O~-O'NH H2N, NNNH2 H2N 2

and HH 10 being parti cul arI y prelf_lerrq_q.

0 NN
H,N N N I
2 \H “NH, S /U\ ~NH,

N~ N
0 H H
0
0 o) HZN\N/U\N/NHZ
HNT"07 TN, H H
the compounds (L)
‘ 0
. o HZN\N/U\N/NHz
HNT 07 NN, ond H H

10 being particularly preferred.

Especially preferred examples of compounds (D) which may be linked to hydroxyal-
kyl starch wherein the resulting hydroxyalkyl starch derivative comprises the func-
tional group W capable of being reacted with a functional group Z; comprised in a
compound (L) wherein the resulting hydroxyalkyl starch derivative which comprises
hydroxyalkyl starch, compound (D) and compound (L), is capable of being reacted
with the functional group Y of a further compound (M) and wherein said functional

group Y is a thio group, are



Especially preferred exanples of conpounds (D) which
may be |inked to hydroxyal - kyl starch wherein the

woesuloe#r1g hydr oxyal kyl starch derivative conmpPCSER2108/608829
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func- tional group Wcapable ok being reacted with a
functional group Z2 conprised in a 15 conpound (L)
wherein thHe resulting hydroxyal kyl starch derivative
whi ch conprises hydroxyal kyl starch, conpound ¢D) and
compound (L), is capable of being reacted withi|the

functional group Y of further conpoundHN) NH,
m$%QHW\ roup Y is a thio group, Hare
H H2N, NYN H2N~N S)andH2 " 0 H H >

Z%Bé/ 02477g ES_FI/ZEPZOOBI 008829 28 0 0 O H2ZN-N'k N
, NER CORRES. and HH the conmpounds (D) 0 OO
H2N, NN, NH2  H2N ' ~"~O0'""i ""NH2 and HH being 0O
particularly preferred. Together with the,

above- ti oned preferped conpounds (D), t HeNf 'né\ng
comH‘ngfg@m%/é\&/@e\q\”qu 4N-0 N O 4 NO @‘l{o
and n

a

being particularly preferred.

Together with the above-mentioned preferred compounds (D), the following com-
pounds (L)

0 0
0 o O
\ .
LA o )
N—O . N O
o Doy
e)
@ and © =

are preferred, the compound (L)

0
0O 5 \
A
N—O A
0
0

being especially preferred.

According to a first preferred embodiment of the present invention, a compound (D)
or a compound (L) is reacted with the reducing end of the hydroxyalkyl starch which

18 not oxidised.

Depending on the reaction conditions such as the solvent or solvent mixture used, the
temperature, pressure or pH of the reaction mixture, the reaction product of a com-
pound (D) or a compound (L) is reacted with the reducing end of the hydroxyalkyl

starch which is not oxidised may have different constitutions.



are preferred, the conpound (L) O 0 O 4NO0,J~-NO O
bei ng especially preferred. According to a first

wonefsmsd enbodi ment of the present inventi onPCHEP2003/008829
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conmpound (D) 10 or a compoun (L) is reacted with the
reduci ng end of the hydroxyalkyl starch which is not
oxi di sed. Dependi ng on the reaction conditions such as
the solvent or solvent mxture used, the tenperature,
pressure or pH of the reaction m xture, the reaction
praaguetin®o @piefifted bt ()P)he‘ﬂres%nﬁﬁmi‘éﬁdth@-&adt&n is carried
reacted with the reducing end of the hydroxyalk
s o8} BrAnguests ysteot  oxi di sed may have dlfferent
constitutions. WO 2004/024776 PCT/ EP2003/008829 29
According to a preferred enbodi ment of the present
| Mhenérho faqubtisSsysRACtas @Bed 1B tREEEHEE of B prbibn@ﬁw@ﬁk‘rtﬁﬂ‘é?ers to a
system 5 The term "aqueous systent as used in the

c VRt orgra mﬁ@111i§|0§§@]ﬁﬁntﬁ Aomaptising watst &t berangs of Snvareast 10 %

sy Y L SR, MBSl e g % o
I &&sght Sé)ve%lﬁelfe mefepdtly anReg qor %f gerabdiyhtadr deRsioss ;%r weight,

\NE even nore preferably at I east 90 % per
f‘-ifﬁto e wﬁl&l’é of the sovigats igwsilvsd: As aﬁd\l@é@ﬁléﬁlmwé, smbvegtstsuch as
0 sol vent s,

sﬁom\ggﬁf ?‘R@’j%ﬁagigi &fgé%%%&ﬁ%ﬁ%?géer{tﬁan 5| or et hanol

may be nentioned. If the reaction is carried out in an

;ﬁ“ ous syst.em and the functional group Zz is a _group
reaclion 4% SEiCH Yt 4b A 89uqoHe SWW@%MM(WHCBQ%J@OUP Zyisa

dgfdu}SaR'LNH- %yd%%\{@ecﬁa nﬁ{ﬁ 1}@&6)8)311@? GREAH BGivaBve may have a

formula (I
constitution accordmg to formula (Illa)

(Ille)

If the reaction is carried out in an aqueous system and the functional group Z; is a
group R'-NH- with R' = H, as described above, the hydroxyalkyl starch derivative
may have a constitution according to formula (Illa) or formula (IITb) or be a mixture

of compounds according to formulae (IIla) and (ITIb)

(Illa)




OOR (llla) RN HOR3 H 15 If the reaction is
carried out in an aqueous system and the functi onal

warodp2&ticis a group R-NH with R = H as deetTmrbmd 008829
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above, the hydroxyal kyl starcfyderivative may have a
constitution according to fornula (ll1la) or fornula
(I''I'b) or be a mxture of conmpounds according to
formulae (Illa) and (I11b) ORlhpH HAS HIOR O H
(I''ta) 2 N H OR3 H W 2004/ %1776 PCT/ EP2003/ 008829
30 O’ HHAS H_OHO (Il 120 N HOR3 H
Dependi ng on t ;eacti on conditikdbn nd/ or the

chem cal nat ur or conpound (D) used
for the reaction, th according to fornul a
(111a) may be presentR, Qi a ' uat ori al

or axial position where als e50f‘g oth forns
maybe present having a certain equilidbrium

di stri bution. Dependi ng on fthe reacti on conditions
and/or the chenmical nature of conmpounds (L)

(IIIb)

Depending on the reaction conditions and/or the chemical nature of compounds (L)
or compound (D) used for the reaction, the compounds according to formula (IIla)
may be present with the N atom in equatorial or axial position where also a mixture

of both forms may be present having a certain equilibrium distribution.

Depending on the reaction conditions and/or the chemical nature of compounds (L)
or (D) used for the reaction, the compounds according to formula (IIIb) may be pre-
sent with the C-N double bond in E or Z conformation where also a mixture of both

forms may be present having a certain equilibrium distribution.

Therefore, the present invention also relates to a hydroxyalkyl starch derivative as
described above having a constitution according to formula (IIIb) or according to

formula (IIIb) or according to formulae (IIla) and (IIlb).

In some cases it may be desirable to stabilize the compound according to formﬁla
(Il1a). This is espécially the case where the compound according to formula (IIla) is
produced and/or used in an aqueous solution. As stabilizing method, acylation of the
compound according to formula (I1la) is particularly preferred, especially in the case
where R' is hydrogen. As acylation reagent, all suitable reagents may be used which

result in the desired hydroxyalkyl starch derivative according to formula (IVa)



or (D) used for the reaction, the conpounds according
to formula (I11b) may be pre- sent with the C N double
woaom/2477& or Z conformati on where al so a m xt BCE&/E®2003/008829
both 10 fornms may be presentsjhaving a certain
equi l i briumdistribution. Therefore, the present
invention also relates to a hydroxyal |l cyl starch
derivative as described a e having a constitution
according to formula 4l 11b)y~or according to fonnula
(I'1'I'b) or according t¢ foymulae (I1l1la) ang (I1l11b). 15
In some cases Jt may '
compound ac '
especially the ca
formula (111a) is Ry N
solution. As stabilizing nqi yacyl ati of the
compound according to formul a (ﬁﬂﬁa) is particularly
preferred, especially inHthe case 20 where R is
hydrogen. As agy| ation reagent, all.suitable reagen .
e isieenialy Prresl eatrdi Rt B et %‘P}s@%ﬁk‘&? residue
SRANGS: ' eV r g A fa dyliafmdh ents, carboxylic
SR 5L CE L BB Sh Lok TS, }JIHA.S' oti~tay 7
RaciB3nHyduides peatborylic acakirdidies| dnd qarleialie eeid aetivel pyieatese pref-
off@ﬂffgresent i nvention, the residue Ra being part
oft3PheUskey| ati on reagent is nmethyl. As acyl ation
5 reagents, carboxylic acid anhydrides, carboxylic acid

hal i des, and carboxylic acid active esters are frgf-
efThblagylatienlis Guritdeat actpmpeiagne i theaepgeef fipmd) to 30 °C, preferably

tenperature.in e~Lhapge ;of fr .

R 515 0% R0 o BBLE 2B 0 10

peeferably in the range of from4 to 10 C 10 ~

Therefore, the present invention also relates to a

hydr oxyal kyl starch derivate obtain- able by a nethod

as.descri s ' ' [ ' ] in-
10 2 IRERTEG RE SRR iR alsP soRlst (R B YRG kR MR o derivate obtain

able by a method as described above wherein said derivative has a constitution ac-

Thi i's

wh onp und ac (1va)

to
n an aqueous

cording to formula (IVa).

In other cases it may be desirable to stabilize the compound according to formula
15  (IIIb). This is especially the case where the compound according to formula (IIIb) is
produced and/or‘used in an aqueous solution. As stabilizing method, reduction of the
compound according to formula (ITb) is particularly preferred, especially in the case
where R' is hydrogen. As reduction reagent, all suitable reagents may be qsed which

result in the desired hydroxyalkyl starch derivative according to formula (IVb)



In other cases it may be desirable to stabilize the
conpound according to fornula 15 (lI1Ib). This is

wepame#al’by t he case where the conmpound accor dPQE/EP2003/008829
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formula (111b) is produced aRg/or used in an aqueous
solution. As stabilizing nethoa reduction of the
conpound according to fornul a (IIIb) is particularly
preferred, especially in the R e where R is
hydrogen. As reduction rgageny; all suitable reagents
may be used which resulf in/the desired hydroxyal kyl

starch deri vatC@/A%Daccor dii ng (I'vb) WO

2004/ 024776 P , HHAS HII Q

R2Z0 HH (IVb) H ~R3 Ac ordlng td esp C|aIIy
;NaewedeMmmnmﬂs%Q S |§ (IVb)

reduction reagents boro hy rlfqies h |as NaCNBI—B or

NaBH4 are used. The reductign is cartigqd at a

tenperature in the range of Hf rom 4 to

preferably 5 in'the range of from 10~ 90 C and

especially preferably in the range df from25 to 80

C Therefore, the present invention also relates to a
eeng %ﬂspmea&ym eigaed gmbedigisnis of thepriesenbinvantins, Aptpduction

?2%%?”%3%@@?%’ T R RSP E MGt e

present invention further reI ates to mxtures of

c ounds havi ng constltutlons according to fornu
Ciﬂpg ugten ¢S qarrgg at @ toperaige J(nl bbg,;ang(: iof |f1g)n lépgjqu ‘\Qa)pleferably

R A e

(BB, (Iva) and (IVb) and (Illa), and (IVa) and (I Vb)
and (111b) wherein (Illa) and/or (lIVa) may be
i ndependently present in a conformation where the N

atI‘HBi‘e!fJie thél Eﬁstsél{t'lﬁ"l/enﬁf)n amb %laﬂé@?ﬂ 3 hﬂ}oﬁ‘aq’l(ﬂ Istaft}edeBivate obtain-

e present with the G
able by a method as described above wherein said derivative has a constitution ac-

cording to formula (IVD).

The present invention further relates to mixtures of compounds having constitutions
according to formulae (IIla) and (IIIb), (IVa) and (IVb), (Illa) and (IVa), (Illa) and
(IVb), (IIb) and (IVa), (IlIb) and (IVb), (Illa) and (IIIb) and (IVa), (IIla) and (IIb)
and (IVb), (IVa) and (IVb) and (Illa), and (IVa) and (IVb) and (IIIb) wherein (I1IIa)
and/or (IVa)‘ may be independently present in a conformation where the N atom in
equatorial or axial position and/or wherein (Illb) may be present with the C-N double

bond in E or Z conformation.

According to a second preferred embodiment of the present invention, a compound
(D) or a compound (L) is reacted with the reducing end of the hydroxyalkyl starch

which is oxidised.

In this case, preferably polar aprotic solvents are used which may also contain a cer-

tain amount of water, such as up to 10 wt.-%. Preferred aprotic solvents are, among



bond in E or Z conformation. 20 According to a second
preferred enbodi nent of the present invention, a

woanpmeds (D) or a compound (L) is reacted w POTER2003/008829
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reduci ng end of the hydroxyal kgl starch which is

oxidised. In this case, preferably polar aprotic

sol vents are used which may al so contain a cer- 25

t &dtRer@MNIYO QF TGFe! é&é?xgg il i
Pr efeelr red apr otllﬂg?so VEnt l%?ﬁeH%g%%é@%e%lﬁ?agﬁ%}%e range 18
P@fdlﬁm@ﬁ 20008820, aiRBthetrbaetisn tiDSarearenBlHy if\theanaggpdiel minute

referred reaction t erature, range i f.rqm
C o8Bt Bos apd TR ool At depPneingean Grecchsatieal diapype of the
' rﬁlﬁ&ﬁ)nﬁﬁﬁgﬁp Hhidh H0ME& witR tﬁ@ Hf}lﬂd 5:'1 aeﬁg ogpthé ﬁgdroxyal-
several days, depending on the c em ca ure
fdﬂ’d:ﬁﬁamha\lnd@I&mben/macrthmcsndleam ed witht he oxi di zed
reduci ng end og the hydroxyal- 5 kyl starch and the
ot her reaction conditions. in this case, the
f unGhitaRaasd &Wﬁltl%ﬂioﬁeﬁy?o@f QP% foNb" R'-NH- %%Eérhﬁg above the

above, the dr oxyal k starch erlvatlve may have
c dxydthwlﬂqvkﬁmrah doriviitivg may laye mgbestifoyh aec@Ring tmﬁcs*mula (Va)
-OHRao N (va) HOR3 HH 3 O Therefore, the

present invention al so rglates tlo a hydroxyal kyl

starch derivate obtain- pble/by a nethod as descri bed

above wherein id deriv ha$l a nstitution ac-

cording to.for é\Q§¥ . 3 .S’Q e reactions of

hydr oxyal kyl starch th d (D) and/wr conpound (Va)

15 (L) as well as conBgune AT eeC

possi bl e sequences are conp |§ed b. tijHe present

invention. A preferred enbadi nent ORst|He pr esent

invention relates to a netHéd as descripbed above

wher ei n hydroxyal kyl starch is "reacted with a

conpound (L) via the reaction 20 of functional group
with the optiaqgnally oxidized reducing end of

éFFE?S@?FSi Ry Présen E¥erRn A naciies 1 ¢ rgorEakYl S&ﬁlicfpd%@& obtain-
' $bleBRCh Sbiiat & @estiifdd BovE YR LailiMeri¥htdve has a constitution ac-

cording to formula (Va).

As far as the reactions of hydroxyalkyl starch with compound (D) and/or compound
(L) as well as compound (M) are concerned, all possible sequences are comprised by

the present invention.

A preferred embodiment of the present invention relates to a method as described
above wherein hydroxyalkyl starch is reacted with a compound (L) via the reaction
of functional group Z; with the optionally oxidized reducing end of the hydroxyalkyl
starch and the resulting reaction product is reacted with a further compound (M) via
the reaction of the functional group X comprised in compound (L) with the func-

tional group Y comprised in compound (M).

Another embodiment of the present invention relates to a method as described above

wherein hydroxyalkyl starch is reacted with a compound (L) via the reaction of func-



the reaction of the functional group X conprised in
conpound (L) with the func- tional group Y conprised

wonoamaposnd (M. 25 Anot her enbodi ment of thePpOTER208/008829
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i nvention relates to a nethod,as descri bed above
vvherei n hydroxyal kyl starch i5 reacted with a conpound
Vi a the reaction of func WD 2004/ 024776

P P2003 | Z1 t
ﬁ‘[%l EPY 2R eep el PR e G e o) dhecagpegliot sarch,
Sk om A o 7 OOl (éa);mrpmtﬁ Iyl T AR 1OFbacted with o

wi th hydroxyal kyl starch, is reactéed with a furt
c iy rv:@m(pmmd/ (B0 t e the seciiom obfurictionali goap X rconuprlsed in com-

BRIl ARt oty <Sgptedd R caibpinfOD). OO

enbodi ment of the present invention relates to a
met hod as described above wherein hydroxyal kyl starch
i Stillemethst embpdinzene @ﬁ}ﬂmpr@se(nb)nwaom m@atﬁeacta inagthodbfs described

t h?#e%ﬁ%érg%{]} gﬁ%{y%ygf})zﬁag%g% Lalche Sv&fé]?&%% #j (If))l?%l’a the reaction

hyfthexuattonkl sloap 7h cbﬁlpﬁbé(ﬁna:omp'o%hd iyl rvﬁlﬁ/ﬁﬁb koytionally oxidized
starch derivative, 10 and where the first hydr oxyal Ky

I
stesiemeded pf theihyeroyalkshatmeh teive adireidideualkyl yteseh dlrivative,
t Qf?d {‘Vﬁ tle{?rs?h}/c%ld?iatlf(ﬂ%@r HEQNR 41 rgzg@% g cgmggund (L) via

conmpoun unc | onal grou conpris

C trgpeaktibn(d3) fuhetidgial grovp s ceonthrisyd Iin) KMﬁb&yﬂd @hawich the funct1ona1

deriva- tive, 15 Yet another enbodi nent of the _pre

| AR Wospraiaisad &1 CoPOW (Lt io e vara sHemIviREres Al ﬁférch deriva-
g_nd hydr oxyal kyl starch derivative is reacted with

a further conpound (M via the reaction of functional

group X conprised in conpound (L) Wi th the functi onal

Y, conprised in conpound (M. 20 Sti
ARGt et heér‘?g@)afi%w nghetmeseav ]élg@ﬁfonl tRlpgsRc 61%? i¢rapetiod yherein
a
SEIE%E&P@S@?E allcgrP Eth&ﬁ(élgﬁg%i(n/% 6%"&%5%5 ity egfu?ﬁ&a%ﬂﬁound M) via
r é?@dteaqmndif funettanab gedupgX ompsed mrmmpcamdl () odtipthe rfdnctional

h the ptl onal%}/ i - dized reducing end of the
h d)PB 8?%%156 tAFEHPY dg@@e a first hydroxyal kyl

starch de- rivative, and where the first hydroxyal kyl
starch derivative is reacted, via the reaction 25 of
t hiall fyigh @tl@tbﬁlabrr@@dimnvwf danpreseddinyentioonstatesdto D)methaottias de-

WSRO RereE RRErau SRR e v DR PEo D via the
reaction of functional group Z; comprised in compound (D) with the optionally oxi-
dized reducing end of the hydroxyalkyl starch to give a first hydroxyalkyl starch de-
rivative, and where the first hydroxyalkyl starch derivative is reacted, via the reaction
of the functional group W, comprised in compound (D), and the functional group Z,,
comprised in compound (L), with compound (L), where compound (L), prior to the
reaction with the first hydroxyalkyl starch derivative, is reacted with a further com-
pound (M) via the reaction of functional group X comprised in compound (L) with

the functional group Y comprised in compound (M).

As far as the reaction conditions of each of the above-described reactions steps are

concerned, all parameters such as temperature, pressure, pH, or solvent or solvent



reaction with the first hydroxyal kyl starch
derivative, is reacted with a further com pound (M

woizeostoker7s eact i on of functional group X conpri BEWEPZ003/008829
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conpound (L) with the functi | group Y conprised in
compound (M. 30 As far as thereaction conditions of
each of the above descri bed reacti ons steps are

concer ned ters such as tenperature,
prlegéﬂrreemaypﬁ? d@Bt%gd? tregrlicdige “g% E@M?M‘W@f compounds
PGHJehef931 008829 35 m xture may be adapted to the
specific needs and the chem cal nature of conpounds

to be reacted. Accordi ng to an especially preferred

nt _of the. pLese |nv ion, ter is
agkg%)ﬁ% arélem?&a IRy 1“r83;1 é%t Q5 theqpresant hnvgptlon water is

| egsd 291 l@lv@ﬁthéfhe? Qlove 1k in ASmBhatidbiLRth 20 %stoérﬁe(ﬁher solvent. As at
sol vent, DVBO, DMF, nethanol and et hanol may be

melgest ene athepsaivent. VIS, BV emethanoltrad ettaan! may be mentoned. Pre-

yarsor ey Fee AR o DRERQPYE, bifdl gt To s em-

ndfhdmierdj Eptioxyasligl figrchas $refdi@blyf reBeld Qi%Yt%le Kﬁéb o%&ﬁﬁ&f‘reducmg
is reacted with conpound (D) or "conmpound (L)

acﬁfr‘éous medi um and conpound (D) or conpound (L) is a
hydr oxyl am ne or a hydrazide, the tenperature of the
reaction is preferably in the range of from5 to 45 C,

mdf ky¢roefalkyrsabdlyisireactdiewita 8g@peind (IHMr b@m‘b@mﬁpg_g iRBfl aqueous
especially preferably in the range of from 15

25n 1urpfanﬁ);81‘n@ggw @| OI' QOREHNG gL)(légdtydtpx\)dqrmn@ onp bmlr@mde the

( d

Bl BN bl BB B e et
i s&rth}efretﬂlalndtr;ge of frotthB) tced(y¥C aid eﬂpeélalhlﬁﬁf@ablm the range of from
ggfergghj in the range of from70 to 90 C and 20

@i preferably in the range of from75 to 85 C.
During the course of the reaction the tenperature nay

be varied, preferably in the above-given ranges, or

haf bydsexysatieyil atakgh is ovwstegnwith Qﬁnﬁ'dnmdr(élacdr icompourde(If)dif an aqueous

the reacti,on of h al kyl starch wit npound (D)
o CdERA: ﬁ*&f’ ok ‘ﬁladkﬁ 'B% aéa%‘mlésa apnatioa, glﬁéémf’?fét%% Bogeferably
aﬂx@ﬂiesraﬁg?é"@f 8ty 1000°¢ "@ofdN8RraHly in the range of from 70 to 90 °C and
especially preferably in the range of from 75 to 85 °C.

During the course of the reaction the temperature may be varied, preferably in the

above-given ranges, or held essentially constant,

The reaction time for the reaction of hydroxyalkyl starch with compound (D) or

compound (L) may be adapted to the specific needs and is generally in the range of
frorn IThto7d.

In case compound (D) or compound (L) is a hydroxylamine or a hydrazide, the reac-

tion time is preferably in the range of from 1 h to 3 d and more preferably of from 2
hto 48 h.



fromlhto7d. In case conmpound (D) or conpound (L) is a
hydr oxyl am ne or a hydrazide, the reac- 30 tion tine

wooq@reeigsably in the range of from1l h to 3 dranaPzmBe08829
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preferably of from2 hto48h.3gAD 2004/ 024776 :
PCT/ EP2003/ 008829 36 In case the reaction of

hydr oxyal | cyl starch with conpound (D) or conpound (L)

i duct i ' o, ! , . .,
P U SR AThARY R s G B [9Po macuns (i
V Bdduetifeiminhigor, ERceh@idnafmdy deefunphlykip thestangedf fivm B b to 7 d.

conpound (D) or com5 pound (L) may be adapted to the
speci fic needs such as the chem cal nature of the

rhsﬁ% fggc%/%l}he If@r t%@srgac%@g}%ggﬁrgreo’()@%ﬂﬁgf Bt&ﬁ:ﬂm?iﬂ{‘ @m_ﬁb&uﬂds(m or com-

ne or ‘a val ue is
pE@Lﬁlﬁr @bl vay be bligptedngtheapedifiomeddsssuch a6 H8; chegigal nghue of the
the reaction of hydroxyallcyl starch with conpound (D)
oteag@Mound (L) is a reductive ami nation, the pH
value is preferably in the range of from8 to 12. The
sui tabl e pH value of the reaction m xture may be |
adj vaseadmponnd €AY br ceapturdn(L) 152 dydpxylsyningiel #§ydpzide, the pH
| east _one suitabl e buffer. the preferred
bt‘{ﬁhléllssPreg%@qlmﬁtl]ﬁé@%ggtozﬂr?ﬂﬂ%?‘g6£osphate or borate
buffers may be nentioned. |If necessary,. the at |east

one functional group X may be protected with at | east .
o1 cassthé adabiorpoinelcosyatky siegh with epmpendiP) pegempend (L) is a

of hydroxyal kyl star.ch, w.th co un §or
C gediitve st b B PESRBE IR RD fhesBiksidntig 1S 12
prior to the reac tion of conmpound (L) with the

reaction product of the reaction of hydroxyal kyl. I .
stEhecduitabliet iH cvelmeoaindie (tEpction mmpxpirg m@’sb‘*e@@l 1stggl for each reaction

[ b tecti i i .
ey FHE T ob Bty e ORRE IRARECARRRE R B Bulfrs, sodium
t hgeidle @RS Iphefshatddtoordtt Bafibrs Biayle entideade, t he

protecting group may be chosen depending fromthe 25
chem cal nature of-the functional group X to be

clf et A lspS: dhe SASRP RXEPOC oS b BBGLLeR triteat loast one

Praifiabie §eotpetizaebhpnpriorgn dhpreactian ofinnaxyelkiybstarchwith compound

ng(gﬁ )éll Sﬁ%ﬁ%{f@g %;%’9%!;] 8%&111}%@}?1219&55 :"ﬂ uéo?ﬁ( ouad ?ﬂnalrl prior to the reac-

2, tf'cilld(i)f%%}rﬂ)%ﬁ%{@ (8" With SHeQrtioh kY ofBé Redbtion of hydroxyalkyl starch
with compound (D). In this respect, all conceivable protecting groups are possible
which prevent the protected compound (L) from reacting via the at least one func-
tional group X. Hence, the protecting group may be chosen depending from the
chemical nature of the functional group X to be protected, from, e.g., the solvent the
reaction is carried out in or the pH of the reaction mixture. Preferred protecting
groups are, among others, the benzyloxycérbonyl group, the tert-butoxycarbonyl
group, the methoxyphenyl group, the 2,4-dimethoxyphenyl group, triarly methyl
groups, trityl, the monomethoxytrityl group, the dimethoxytrityl group, the mono-
methyltrityl group, the dimethyltrityl group, the trifluoracetyl group, phthalimin
compounds, 2-(trialkylsilyl)ethoxy carbonyl compounds, Fmoc, the tert-butyl group,
or trialkyl silyl groups.



groups, trityl, the nononmethoxytrityl group, the
di met hoxytrityl group, the nono 30 nethyltrityl group,

woheosdemeshyl trityl group, the trifluoracetyl 8COWEB2003/008829
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phthalirnin conmpounds, 2-(tr§ﬁjkylsilyl)ethoxy

car bonyl conpounds, Fnoc, the tert-butyl group, or
trialkyl silyl groups. WO 2004/ 024776

PCT/ EP2003/ 008829 37 If two or nore different

functional groups X are present in conpound (L), at

| asdo oORSrddi@RReEindiendll Rb8EI R drd\BREGRSH RbmpBAS] (IQN8t least
ot her group may be |l eft unpro- tected. 5 After the

r eR& i Ry beripoigated (whereas b least e sthed geoypr wer deilaly unpro-
g{%%ﬁ may be left in the reaction product or renoved

b I tabl e nethods such as conventional nethods

known to the person skilled in the art. If two

different functional groups X are pro- tected by .
sdiften Blearepiivneaitdonpoynd (fps thei at least erssproisicing grovgripasebe left in
af. | Q ' 0, S .

e oFRS o WEARE B Raho0R A BeO nRPEop SR iy Rlional methods
I @b e theVekdonadkilledlaiatthone, Iif wb effereninnetivthal fonpakdare pro-
| eave at | east one other functional group protected )
ulseted Whwitablgarpisatipg swues Icismaesblierts reBRpoanigast 1ope pEotecting
r i t her ) r :

{ SR, 2P ee LI AR BOup 2 RS M ifer reaction
pwithe¢ least ome)yfubiBerrcompoand (M), aad deatvbi et leestonaiothgr functional group
functi;gal_group X avail able faor, 15 reac i

aPioffctafe Pt o dERrdopNgroduph SOBES I camnoas (Chjoroadled Sith the
p . r ] .
P B IND, B TREBIoRing Qoo S RCRREp M Broup sl
dpiotacttd mey bonpmoséhtp makotheaumdingig) functiored gpoyn avBilable for
whi ch has, been r@gct ed wi él@lt)\/\o or nore hydroxyal kyl
stearip Wik ¢cpiichrecompoiad (myi ti pl e HAS subst it ut ed
compound (L) or (D). The sane result, how ever, nay

be achi eved by reacting hydroxyal kyl starch with an .
eXbeuss ofat taasponerprote¢ting groug My befimpartant desprewensing thefeaction

POBCHE e nct bR iarar Aef S BrBERBbE P ipoud O o
( Empeundy(en) cxdiah ks bednaesdied ith RwEfo@ maddk hytlfdxl Alky) @AgR mole-
of from2 to 100. 25 Once the reaction product of the

r edpedel eanylinlst AR wbsjuted sompeend GadraBy Ehe paue result, how-
ever, may be achieved by reacting hydroxyalkyl starch with an excess of compound
(L) or (D). If an excess amount of compound (L) or (D) is used in the process of the
present invention, the molar ratio of compound (L) or (D) to hydroxyalkyl starch is

preferably in the range of from 2 to 100.

Once the reaction product of the respective reaction step, as described above, is
formed, it may be isolated from the reaction mixture by at least one suitable method.
If necessary, the reaction product may be precipitated prior to the isolation by at least

one suitable method.

If the reaction product is precipitated first, it is possible, e.g., to contact the reaction

mixture with at least one solvent or solvent mixture other than the solvent or solvent



formed, it may be isolated fromthe reaction m xture

by at | east one suitable nethod. |[|f necessary, the
woeemnere pr oduct nmay be precipitated prior toPCIHEP2003/008829

i solation by at |east one suigable nethod. 30 If the

reaction product is precipitated first, it is

possible e.g., to contact the reaction mxture wth

t | . . ..M .

s P P B SR BN phigst e« o

3Gicillany 4 ﬁ“ex@éceaﬁmmmenﬁ dfethe p&sbntanvemtmn whereadn sqiepubsystem is

temperatures. According to a par- %41 Iarlxg P @ nd ace-
e WBRsSLASTRORYENG fthe FRaCNERE RIS if GeHRGt ér%l i} 858@‘8{3 a

gnr{egg])%éf%abﬂfsﬁ q. ARisleY %ngatﬁl% cﬁﬁf%lﬁ%s I9rshidr @nhSounds, at a

a mxture o ace- tone,

5 prahgiattey prefdralyrih icurege biftbmatl ng+6¢ (€land ebnaeinily greferably
said compounds, at_a 5 tenperature, preferably in the
r@h@@léﬂquﬂﬁﬂHJQGD?% 50 C and especially preferably
in the range of fromO to 25 C. Isolation of the
reacti on product may be carried out by a suitable
pigteim ofithe reantign produgsmizsebeosraried owtdryea sititepls process which may

According to a preferr nent .of th
RoBRPOANe Oh e depr o rbaac | B aeRAFERCH gptbresent
10 t I?ﬁveﬁlﬁaﬁtthg Eea%h?)(ﬁ Hfo%u@trls & s@ibaifatteﬂ Ioff BiE réd&ﬁoﬂi ﬁﬁﬁﬁlt@ﬁr the mix-

m Xt ur , he et hanol - acet one mxture
s muk:akﬂ me mmtimndnsmh wigh, cepi thef eifanalaactone mmweathyoﬁ suitable

cond ste ated .react r
bén%[me suchaas qe&g'guge{]]rophoépﬁtr ton. &Br?t segé)%cﬂ ste Bg légﬂarﬂ@& reaction
afptl Sluct HRGHERAbjebch & &iather n8hitent Qithrasfa gﬁbr—treatment like dialy-
[tratioh or pressure filtration, ion exchange

c i rertto frgabfilratipPpCpresmraBligtiogalonfexehiange chmgiagranhy, HPLC,

15 ﬁﬁf)g{;d gqf}gm:anqrhaé Oggéprf?h%ggggﬁécfec\é?&ng% %b Weﬁlflﬁ&re%%ferred em-

ditRlpsad, thersepaumb yacagrippeducnay first diadysdd ! preferably against water,
| yophi lized until the solvent contg of the rg t.i '@T i
prevd dben Iyopbilized upidnthe golveRFoRERd OF %Fgreﬁglwo N i Syyficiently

SCI J SR ONS nQf ¢ ﬁ&t‘@ Ysd¥®n may be
B
prc@freerdachimt rinpkrature 25frbm B0toGS X)) pﬁa:ferabm qu?ronmzs t0 30 °C.
preferred enbodi nents of the present invention, the
20 hydroxyal kyl starch derivative conprising
hy dREH ,IL,‘%' pr%feﬁreﬁ Ne R ORB PNhe (}Bi)eséﬁ‘i 1ﬁ€€ﬂﬁ6h5tHé9hydroxyalkyl
roxyark conmpound (D) ‘and conpoun £
f LB‘tahblle ﬁefleaanzteeawmmtsmgtlt}(ehoxyalkyl starch and compound (L) or comprxslng

hydroxyalkyl starch, compound (D) and compound (L) is further reacted with the

further compound (M) which comprises at least one functional group Y.

25
Generally, there are no limitations regarding compound (M). Preferably, a polypep-
tide is used as compound (M) in the context of the present invention. However, other
compounds (M) are also possible, either polymers or oligomers or monomolecular
compounds or mixtures of two or more thereof.

30

The term "polypeptide" as used in the context of the present invention refers to a

compound which comprises at least 2 amino acids which are linked via a peptide
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pol ypep- tide is used as conpgynd (M in the context
of the present invention. However, other conpounds
(M are also possible, either polyners or oligonmers or

nﬁ) ocggl:, eculap%ijhwﬁﬁe ”g&ﬂpo|(%9§m%grﬁ% S&J@Segﬁdé’ 'i'r%eﬁuﬁe a naturally

cebheitle dinponad pf 8 pelpeptiieenhich dosei@ra@clinaturaldgripolaner com-

whi ch corrpr ises at least 2 am_no acids which arg

| Prikiag ngiusally Qrepiingaming el and/oy ot lsapene RpYRAYH BdiPgloes not
Ftt?lpzﬁlgﬂt ocame ThE bg%gnﬁ\”g% ﬂlreyo #)%Hg%eé al}el(ﬁﬂ%eghlh% alhgﬁ“?nay be fur-

p(ﬂhey pepititated whth:ht ldase ona Ghitaie yabstiateut Hids)havtnlg&ttlleust ene side-

com, prising naturally qccuring anj no aci cis and/ or.

| 6haip. Bhreatdfpsiona dinstiGhl EEowb & Smmbbe Pk of Fig RAJYRSEH]S | backbone
T f | YRRt 1
c%giog,aa? 2%3{] g)gé’fsaf?ﬁ@étﬂﬁeo\f Rgﬁ%ggﬁoau% Eﬁl e‘\II/J\/léi%h at g eas% ag:nléosab ©
Sbmphikiag at l@'akti dne&”nncttolnaﬂsgrbap' beigg phrtlof dlst pcdy\p‘i:p&dd backbone and
chajn. The, at t one. functi,onal grou

oftt leﬁ%_t %I@%ﬁ%‘? gRIB‘S Rart oppat f?FSté%“el 53%?“%% é??ﬁle Poliypeptlde
syhatyo Pyent of the backbone wherein enbodi nents are
possible conprising at |east one functional group

bei ng part of the polypeptide backbone and at | east

0 unct j ona ro bei ng part of at |eas

O S e P EHED iy S Pt foe H it SRt RBs gyen, oat the
t B@lyﬁ%@ﬁﬂ&%ﬁﬂﬁ%eé &t l@é’s@ ©8E AgfdtioAd) %E(ﬁhp‘i"l( | S4id F@nctional group Y may
restrictions, given that the polypéptide conprises at

| badinkehdiréattydpithmpolypantidp backbeas ar beinert iobaaideghaiwi vhe back-

N

S 'cdﬁng ﬁ@yﬁeﬂfdefdﬂ Rl veAatrodiiced ftd a Qﬁtube@lﬁ“bcﬁﬁﬁn@ﬁolppdphde or into
a naturally oc- curing_pol ypeptide or

i mnome‘@@r: whiad, at least partially, dres mot peryy @@tlwg'pprla%m&he reaction

ei;Whi ch, at |east partially, does :
nol%tggﬁ?n% {fﬁ #)\]ng prior to the reaction wth the
functional group X 20 Mreover, the polypeptide can

be, at | east rtly, of an hurmn or _ani mal source.
a Mierepary bg PebERSEH 4841, be R lep¥Inppkip©f @BY PUmat Oh ARl SSurce. Tn

S@Yr&fErred embodiment, the polypeptide is of human source.

The polypeptide may be a cytokine, especiélly erythropoietin, an antithrombin (AT)
“such as AT III, an interleukin, especially interleukin-2, IFN-beta, IFN-alpha, G-CSF,

CSF, interleukin-6 and therapeutic antibodies.

| According to a preferred embodiment, the polypeptide is an antithrombin (AT), pref-
erably AT III (Levy JH, Weisinger A, Ziomek CA, Echelard Y, Recombinant Anti-
thrombin: Production and Role in Cardiovascular Disorder, Seminars in Thrombosis
and Hemostasis 27, 4 (2001) 405-416; Edmunds T, Van Patten SM, Pollock J, Han-
son E, Bernasconi R, Higgins E, Manavalan P, Ziomek C, Meade H, McPherson J,

Cole ES, Transgenically Produced Human Antithrombin: Structural and Functional
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| FN-al pha, G CSF, 25 CSF, ingerleukin-6 and
t herapeutic antibodi es. According to a preferred
enbodi nent, the pol ypeptide is an antithronbin (AT),

pref- erab T 11 Levy .J l,Si nger [ '
EChaipafitoivio Bbaho AT DRTTS APRPREE: Bhhesinbe The%my 4661-
Rab £ ;i MireeidiMEasssha i AN, SRh&aPMSEbtRad YTP) Pratt BM, Whittaker
Thronbosi s 30 and Henostasis 27, 4 (2001) 405-416; .
Ed richy1oF, FB/alagka CEe diriginapd, | Reskmbinapis humarp gngthrombin III im-
Ber nasconi. R Higgi ns E,. naval an P, Zi o

PrReproragn 25 AsfeEnt IR by B Genl A chal
HuiBed Aithl KdneidHid coBt Bléed W62l (2000) FUDT1 12818 anWitten SM, Han-
2004/ 024776 PCT/ EP2003/ 008829 40 Conparison to_ Hunman

Pseis FH, Bemasessi RnZhatg Bnifienaval Bdeols £S, MePheogjMy gqunds T,

Bl O R AET BBy HHBRCLRERy 27 15
B(1 9805 0pdHsnENIGHunan antithronbin 111 im proves

survival and attenuates inflanmatory responses in
baboons lethally chal 5 I enged with Escherichia coli,

B 95, 7 - : -SM - ] .
00,8 1 b BT AT e BT,
Mpiienlapn IMWibetad numdgcfT, Avorex@it | REBIH®)Meard offfMideta 1b  (cf.
Residues in Antithronbin, J. Biol. Chemstry 274, 15
(B@@%SERQ]@@&OZM) . 10 According to another preferred
enbodi ment, the pol ypeptide is human | FN-beta, in
particular IFN-beta J a (cf. Avonex(r), REBIF(D) and

| BNfibéten prdfered polyBETNBERONmMY) G-ASF ({giahelocyte efodmyestimulating

Y eeripe- NeoHaet oy heshiotSofal Eisguban g o mRNAs for
C RLR9R SRR 0c§RND 1Sy MU Ay ARt VOMBRNASS :f%fS-S ng 886; Souza et

granul écyte Col ony-'stinul ating factor, EMBO J. 5:
54k, B8domUisds ; huswu grastilocyte . colaryestimyilating fagtoraaffects on normal

LIS SO D000 B SRS o e
6 {erbatio M oiahti®R) 28l sedbility G NBogdn® (l%i?g;rzis@im), a recombinant hu-

formul ation, and stability of Neupogen(r),. L
( Eanggraselogyte-calong comilating fastpro2m:n ulalion, characterization, and

ar locyte-col.on ti ing fagters i Rs
PoPREh2Y bl s, R e Tt e Plnum Pross
prRieY Brkdn 995 3053dBey Pearl man and Y. John Wang, eds.,
Pl enum Press,
If a mixture of at least two different polypeptides is used, the at least two polypep-
tides may differ, e.g., in the molecular mass, the number and/or sequence of amino

acids, the number and/or chemical nature of the substituents or the number of poly-

peptide chains linked by suitable chemical bonds such as disulfide bridges.

According to a preferred embodiment of the present invention, the reaction product
of hydroxyalkyl starch and compound (L) or the reaction product of hydroxyalkyl
starch and compound (D) which is further reacted with compound (L) is isolated,

preferably according to at least one of the above-mentioned processes, and then re-



New Yor k, 1996, 303-328. If a mxture of at |east two
di fferent polypeptides is used, the at |east two

woabomepric 25 tides may differ, e.g., in the nobPetTwPa03/008829
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mass, the nunber and/or sequenge of amino acids, the
nunber and/or chem cal nature of the substituents or
t he nunber of poly peptide chains |inked by suitable
chem bands h_as di qulde bri.d ding to
oA Qi AP st W o OO Biruey dhcordes © a pre-
r e@ﬁéd eMbPAIRHAE bf th3 PraREnt T okertdd K YincBbRH] (‘gpm?’ij is comprised in a
conpound (L) or the reaction product of hydroxyal kyl
steFahy e woistioaiibe polypaptideh i s further reacted with
compound (L) is isolated, preferably according to at
| east one of the above- rrenti oned processes, and then
r en\ik 2608 QT4HY freRéat iIERANOS/ tHQf’e%%g’cal‘ﬂaéhﬁﬁhl%%cWe@h réfers to hy-

pol y )@Etl de having at |east one functional group

ACEB¥ yees & fwﬂeoXﬁ(@tpn@daSewﬁb@H iveshemigal m@@hfrpra@g@wtﬂlereof (see

car(glgéré gﬂg eé'fgrr{oﬂl‘(e Gh{l Vegfag%%t&?{ (gxceerm 1y, f?@ %(tp tonr 1990, Vol-

camheft pagfes bl QR&SS@IRI thlerlit@rﬁtulr@ﬁltedt heretiBr Furthermore, it also refers
ohydrate noiety" refers to hy- droxyal dehydes or

h;:fg :C@%Wé‘f% R snag alhérorwaglgt errbolydrata maiestistlikeagivenss, galactose,
t heLkete (sﬁl?i%e F@g{}ﬁ%ﬂhgﬁg‘ 'g]!u%ef%hﬁ%%dg&h ch\égmla?lg oxidized, natu-

Stuttgart on

paglés oZ@t&ﬂngZQﬁBoI@n’datt haeoikii¢se rieusteictird Gb@ the@x@lizgd. carbohydrate
Fur t.hernore, i orefers to derivatives of

‘ nﬂ%?glmﬁy%%hf;ﬁﬁii‘}%ﬁrbohydr ate moieties |ike glucose,
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gal act ose, 10 nannose, sialic acid and the |ike. The
termal so includes chemically oxidized, natu- rally
oddwerdartphydrabrompibty ey rtei latlied sliredihe tes the yolypeptidd badkbone. Pref-

T Z5@%@6@3@@%@{0&%W%f@%}ﬁ@%%&ﬁp N e ferably,
P@he/ REFSHydentd Aok Nehe BirRfnal gn%lé% @P{ bgﬁydrate sid cham

carbohydrate noiety is part of a car rate si
chain. More preferably, the carbohydrate noi ety |s
noi-ety, o si de chai n.

a0 e P, S R ok il .

mauetby tlheSca’-ib@fJ}Jd@&é QR dhe®, prefé@bl9fthé Remeai RaR¥Asat&idue of the
si de chai n, &refer abl y the term nal gal act 0se resi due

ofaibRbydrols siég plesty.dFhis @alélpwée edsidun, Caﬁfrhesmg@ acdloble for reaction

r or_react |
AL HE RERRoh oI xR OEh b RO e o sareh
ohndh y@iﬁpm)mll &y lor ﬂtearfe@d”tlonqjirdd&@ BPRYx LAyl @fardghd co dpound (D)
Cfll or} product of  hydroxyal kyl starch and conpoun
nich is turther reacted with compound (L), by removal of terminal sialic acids, fol-

lowed by oxidation, as described hereinunder.

In a still further preferred embodiment, the reaction product of hydroxyalkyl starch
and compound (L) or the reaction product of hydroxyalkyl starch and compound (D)
which is further reacted with compound (L) is linked to a sialic acid residue of the -

carbohydrate side chains, preferably the terminal sialic acid residue of the carbohy-

drate side chain.



which is further reacted wth conmpound (L), by renoval
of termnal sialic acids, fol- |owed by oxidation, as

wdesaroebed herei nunder. 25 In a still further pcefezesdoss2o
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enbodi nent, the reaction prodyggct of hydroxyal kyl
starch and conmpound (L) or the reaction product of
hydr oxyal kyl starch and conmpound (D) which is further

r b b din hoieli fedlclther@ethicall
r ?2(?& Egn\gqfE%}Wg%%g#b@g%%%ea%lgle{é?g]dl;ﬁlg%éa?eﬁg?r S r gfte$ abley ey o
t bezyteticalbal sialic acid residue of the carbohy- 30

drate side chain. WD 2004/ 024776 PCT/ EP2003/008829 42
Oxi dation of term nal carbohydrate noieties can be

! _ y . o
]Pg/;éctlﬁdg%ﬁ ehd Pﬁmﬁﬁ%&g;ﬁidn}’op&mb&%ﬁg rhéidtdidsyof P Z;Z@gf&es are

chem c oxi dati on of car bohydr ate noi et i
pkhywe pt thdest andinchide tbevreatmephwithmerjadate i(Gkimers et Rle 1992, J.

o5 Cegt M1 D98 e, (o o et 0

oxidizing, it is in principle possible to oxidize any
carbohydrate moi- ety, being termnally positioned or .
nBly. cheimivallg oxidizingHo tssin myineipladpeseibiti toj Avidizg any qagbehydrate moi-

periodate, -0 in contrast to.harsh ndi ti. . .
PEb} Bhederingly PoSARtEngerdr HRIRE; P91 hlBE T Spiions
PLAVIgeRBlMe, 00 °di FEcdnB@stt BriErdhadordlitiinsC 1@ mfiodate 1h at room
carbo- hydrate side chain. Alternatively, the

c tanipskafdichtie inpissible toagrefseabi puidizsdhe teripingl isilip |agid of a carbo-
Enz s.for .15 the oxidation of the individual
ng%rg}%%ciea@gl%i eties are known in the art, e.g. in

the case of gal actose the enzynme is gal actose

oxidase. If it is intended to oxidize term nal

gdllissrabzelynthe serbolydrate mpicty way &6 exidized gpzyaptically, fngyges for
20 rrp(?é(z?&&%{l;gf I@l?é itn%liv"fl(]h{ cﬁﬁblﬁﬁl&aeté ﬁgcfsiétk‘glal'é’ kfwn in the art, e.g. in the

y e pol ypept’l een produced in _
ceddevfeanabbethefenzahé malulaepss baidase. &t tsinteoded to oxidize terminal

carpbohydrate, chains, e.g. in mammalian cells or .i .1 .
c 8PlpglosmRRIiSH: Rl WoBrErgilaUREaTY Roriq s dorgnglesalic acids
C Ny L ali i t r

Cﬁpﬂﬁal n:!ng %Em %lgfetl‘ﬂro)r g (6 %g?_e&?dedﬁas RechHrodRRANETR1IE capable of

iI'c methods flor the renoval
ohttadihig siahciadsls ap ecarliohydratd phaihg eg.tin(Camplalian els or in cells

SRS (S n 900, p RN 2 BTN S PPt o o

ChyERRERIBARS. CIRAAEA oF éRzghldtic th¥hods for the removal of sialic acids are
known in the art (Chaplin and Kennedy (eds.), 1996, Carbohydrate Analysis: a pfac-
tical approach, especially Chapter 5 Montreuill, Glycoproteins, pages 175-177; IRL
Press Practical approach series (ISBN 0-947946-44-3)).

According to another preferred embodiment of the present invention, the functional
group of the polypeptide is the thio group. Therefore, the reaction product of hy-
droxyalkyl starch and compound (L) or the reaction product of hydroxyalkyl starch
and compound (D) which is further reacted with compound (L) may be linked to the
polypeptide via a thioether group wherein the S atom can be derived from any thio

group comprised in the polypeptide.



Press Practical approach series (ISBN 0-947946-44-3)).
25 According to another preferred enbodi nent of the
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pol ypeptide is the thio groums Therefore, the reaction
product of hy- droxyal kyl starch and conmpound (L) or
the reaction product of hydroxyal kyl starch and

C Exg%g %8&@&’[%1‘ Itl\{n\fg %H)togﬁltl%nlﬂ & [ﬁ{art c%ﬁ&lé/epq véli] g&%@lotﬁ@ Holypeptide

t hiitaet ﬁ&étm@ﬁﬁd@tmhﬂ‘ ﬂ@fldfbﬁyh&ysstaﬁch rand amﬂpeuni@ KDy edhidhr sriinther
any thio group conprised in the polypeptide. WO
20Bated MithzempernEdln03/ 008829 43 In the context of
this enbodinent, it is particularly preferred to react
t he pol ypeptide wth a reaction product of
hiterefoya lthey presdra mmn'amml alsomgatanth 4 Methokdias esgibed abnesr wherein
reacted with co 5 Therefore e
i Hipdeaction Peadyst %yg {T%ﬂ siirbnb someo s EH D BETEDispged wit
fidd A X8 di¥lp ToAfpied in the
anﬁ{lﬁ%ﬁr;%o 22 (r%%?l S gdb@}tlpe ét ed wt h1 é(:Yorr%ouﬁllij (L)
| polypaptiled Wi th the poI ypeptl de via a thio group
conprised in the polypeptide. 10 Therefore, the
present invention also relates to a nmethod as
?g%fo?@ (f’ﬂleaﬁ%&%t WRRKLELA alsh RElate® ?d:& hi2thoRr 3 esdritell above wherein
hydr oxyal

starch and conpound (D) which is further
r the raadtied pmdth:t ob hpduongaliyl) stirsh paa comgowd (PX which is further re-

PP SR B I e iRl Bl Gt bty
gﬂﬁ'@nﬁﬁw B PHRSEBp eAmbAsedialbnRDfepadas such.

Moreover, it is possible to introduce a thio group
into the polyeptlde accordlng to a suitbal e nethod.

Arfgg ﬁ}l? glteoug Ir,n?@/gée Preseﬁ? a elﬁtp%%gj%Pﬁ&y asbs% ggg%f{e%(}&d it 1% Eo%ible to

pﬁﬁﬁ)’dﬁ&eea tigo r@els entb hBe pSySptidet id¢61tdl1t[getd @ sgiebala rﬂidﬂhcﬁd Among
gr oup. is also possible to transform an

gPhe, gh@yéﬂtmpﬁwwapfdrey@émqr@é iy st éﬁbgﬁsw pipser in the
(BN RR RO R I8 AR R oy i i
gpossite twﬂﬂﬁlsﬁfrml\tm siidcsgroap @b:lsentoﬁ theepalgpaptide imtd apH lgroup by
the am no %,rou p.and the other is _an SH

pFe@eifTs b e pswmmlg SR RPN § PRTRPSYRY WHIER s atLeast two
2 i eR0e ) U o AR ‘?psr 89989%10‘3915 paBIATI Y einMRERd b the amino

proteinis lrs react
group and the other is an SH group or a precursor of an SH group. This modification

of an amino group may be regarded as an example where the protein is first reacted

with a compound (L) which has at least two different functional groups, one of which

+ is capable of being reacted with the amino group and the other is an SH group, and

the resulting reaction product is then reacted with, e.g., a HAS derivative comprising
HAS and a compound (D), said derivative comprising a functional group being capa-
ble of reacting with the SH group. It is also possible to introduce an SH group by
mutation of the polypeptide such as by introducing a cystein or a suitable SH func-
tional amino acid into the polypeptide or such as removing a cystein from the poly-

peptide so as to disable another cystein in the polypeptide to form a disulfide bridge.



with a conmpound (L) which has at |east two different
functional groups, one of which 25 is capable of being
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group, and the resulting rea&ii on product is then

reacted wth, e.g., a HAS derivative conprising HAS

and a conpound (D), said derivative conprising a

fyncti onal .group bei capa- ble of reacting with the

S gPgaRecialy RrEend polyBRiohs avitERoiRRON I gr oup

by mutation of the pol ypeptide such as by introducing

a cystein or a suitable SH func 30 tional am no acid

i Aherefdre, the pygserptinkation alsactlats to @ medlicdgpsalesyriitediahove wherein
f¥om tlhe ﬁgl %‘/? ﬁﬂptid so as to disabl e another
SRR eer% 098’@&‘1 de to forma disulfide bridge.

WO 2004/ 024776 PCT/ EP2003/ 008829 44 As an especially
preferred pol ypeptide, erythropoietin (EPO is used.

THéae &6 ean h@h@tp gy dsenn (baeventlnowe, &Y ala, il ekeachis 19, éAn improved

t ho descrd bed appve wher.ein. the.pal.ypeptide |.s.
PP B8 AT, 8P B Ao o Ry RHERT {08l rom
e ti@. urleodfeane el Batiehask BisI NPharAD Bhll. AN B0y ediyalet ek, Gold-
for the 9pur| fication of human erythropoietin with _hi g
i Wagseiol 9t Puaifigatipp @hhumias egythiepoistinadeRiod. Qaan.eRd(15), 5558-

BB@ or zﬁﬁ%g}?mﬁ it %Z&]I%Z: and §% ﬁe oMaf’ﬁ%gﬁf ﬁﬁﬂﬂgatu}n rr]cgm naturally

wasser, urrricatron o uman € ropol et
Jocddirdhg sdulres® like2b{abblidn&h 2fhblibifid hudhn divet &ednimal, preferably
ma lian source and can be obtained by purification _
f FORKRakidngy Furtharers. thy <piessies lerkbionpgiein” lardri}R” encom-
e : . r .

L NN i L B o RS Al PR ety
ol t8 EBChoenprefierradals se§, mbstpraferE®P® oral)i lave bekie erdhangsteby an-

nor e, am no 25, . pref erabl

or cids (e.g. 1 to 25 2 f ¢ l1to
18theRgpmogeik I g%laglé% erappahtticraskivity (ee b 5P 64Qwd9 B1).
: . St ! :

LR ERASRERSR R Rl O 0ty MU hpguremen
Baj actilvirthén mtwsfms enefibict abA 99 hRiped, &7 26t Kitayuiaset al, 1989,
eyl BED.0 M5 0 K reaR U B S sl ade b, .
Kpo@men a-8Y; eh, Edd8800, 13160@hAhrEpNStni sbfio &%ﬁeﬁ%ﬁe}, 780~ 785;

for measurenent of EPO activity 1n vivo see Ph.
2Bowpegn Rhagmacompgia (ENPG/20QD0Eubpes Brartiacaeiaet P4, Erythropoi-
ntratan 780- 78

sglutio conc 5; Rean. .
i R RSB PaiepuBR: peids’ BB ooy, Peul, Laut
1096 Zefdimdidl. ON9D5, BLidhdC Qﬁglgﬁséymti@ﬁ S@teitls 8P recombinant human
Ir ¢ 8, 371-377; Fibi, Hernentin, Paulﬁ/, '
L efyythropoietin secreted from BHK-21 cells, Blood, 85(5), 1229-36; (EPO and modi-
fied EPO forms were injected into female NMRI mice (equal amounts of protein 50 -
ng/mouse) at day 1, 2 and 3 blood samples were taken at day 4 and reticulocytes
were determined)). Further publications where tests for the measurement of the activ-
ity of EPO are Barbone, Aparicio, Anderson, Natarajan, Ritchie, 1994, Reticulocytes
measurements as a bioassay for erythropoietin, J. Pharm. Biomed. Anal., 12(4), 515-
22; Bowen, Culligan, Beguin, Kendall, Villis, 1994, Estimation of effective and total
erythropoiesis in myelodysplasia using serum transferrin receptor and erythropoietin
concentrations, with automated reticulocyte parameters, Leukemi, 8(1), 151-5;

Delorme, Lorenzini, Giffin, Martin, Jacobsen, Boone, Elliott, 1992, Role of glycosy-



fer, Zettlneissl., 1995 N and O gl ycosyl ation
mut ei ns of reconbi nant human erythropoietin secreted

wonewBkKe 21 cel |l s, Blood, 85(5), 1229-36; (EPecamet2003/008829
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nodi - fied EPO forns were injegted into fenmale NWRI
m ce (equal amounts of protein™50 25 ng/ nouse) at day
1 2 and 3 bl ood sarrpl es vvere taken at day 4 and

i.cul oc¥t es were ter ed)). Further publications

whiBHER  FE e Pesrean, a]é‘}ﬁ SiFBhECHrinE 198 Agthypoigtipy Bjpchemistry,
EPQ @(e Raibpng; u@iﬁ’iar(Pl?édQ JABERIRO PFonNRLRT ghﬁﬁ‘onaka Ochi, 1992
Ritchie, 1994, t| cul ocytes neadurenent’s as

bi M@Q@Sdg& c]eemyi b e aixetessipn 8f tRhzEipivgicEl mitivitg owauaian erythro-

12(4 15~ .22: Bo [ . Beguj.n, Kendall, ..

V1 T 3ol e e 0% SR YA Ghin ) i, Ueda, Ma-
er stdhl SRAkIE DS, MEFERIE bP HYS Bk @8dPret VAo SR Rosylation sites in hu-
t ransf er rinr ecept or and erythropoletin

comeaererythrapoiesin o tits puadoetiine dnd diologibdcprogerties, J. Biol. Chem.,

DAt R it st ticeraBety WaagShifRg), dloshi, Ko-

of Zu@dunE 0 TYkAMEX 2 (Klﬂ/aﬁtz 4986, E@Iﬁ&%ﬁ@ﬂ@é&@&ﬁ 3L9gar 4hatn@dthRfure and

on the secretion and bi ol ogi cal activity of
er‘v@wg@abﬂ@tvxtﬁ OfB'ﬁ@flfh@ﬁﬁ@thu}man gy(hagpojetiogred@ed in Chinese ham-

Hi guc n o 0 hj

184 Wapg L Prog S A" 0 TR el RO D b e, 1989,
bi Adsagi ﬁﬁthod@t toti ’éwﬂ‘iﬁ)pbl@ﬂﬁgn NphEIH,,05109] e, (Qerman); Zucali,
Biol. Chem, 267(11), 7703-9; Yamaguch Akai ,
Kkt 19554 &urlﬁﬁa@ns afiAumen guloaty m@qop@tfne@woafrolled-pore

I I
oL O SRR BB Bl Y SUSOBAS! L) S B o i
prloglealtohamcteﬂxzatﬁbmbf erihesblast eﬁl&@éﬁl@)fact&O(‘EE‘F ), 93 late actmg erythro-
Takeuchi, I noue, Strickland, Kubota, Wada, Shi
HWgtiC sfigulator i lglfﬁ{um qhggggtg”;gm e%ggpq;etng@gg Hematol 11(1) 18-31.

Rel ati onshi p between sugar chain structure and
bi ol ogi cal activity of reconbi nant human

erBreferabiygitke EROpis odemeltninly@rbdesd. Haimiddudss ehe prodngtion in eu-

Kﬁﬁﬁp&otlc%&gplﬁqryottfg%@sagﬂeg yﬁ%qm}a@éa% ﬁ](?szact ;ga%‘? b%gterlal cells or

eriy taht Qi @kl riype'\lﬁzlﬁmhoi@ conv'iekﬁe}gt forlthe 4‘6((0%1%1?1_&7"11061110’[101’1 of EPOQ.

Zucal 1, Sul kowski , 5, Purification of
urﬁlﬁ@lﬁm@pythhrmllw he oxpresad v lilapsepioranimgls ds.g. anblody fluids

sihi.cl ¢, acid, .Henmat ol 3 33-7; stal,,

ol BBl Sl R Ry grehRtah e, exreolly Sirdlty, preferred
erchiidrenlras traipb@ioplags. f act or (EEF), a late acting

erythro 15 poietic stimulator in serumdistinct from

eryt hropoi etin, Exp Hemat ol . , 11(1) 18- 31. :

P a8 nal B EBTRLOR L BAOR g ) Sepr, i
cendlades ﬂh@fr&:ﬁﬁéﬂtiybnnﬁmm dellp w1t1f@ﬁzﬁiproptﬁ@e3éxpr&@ﬁ>he~febt@h the cul-
C?fvlat?or? [)f the host cells under conditions which enable the productibn of the poly-
peptide and the purification of the polypeptide from the host cells. For detailled in-
formation see e.g. Krystal, Pankratz, Farber, Smart, 1986, Purification of human
erythropoietin to homogeneity by a rapid five-step procedure, Blood, 67(1), 71-9;
Quelle, Caslake, Burkert, Wojchowski, 1989, High-level expression and purification
of a recombinant human erythropoietin produced using a baculovirus vector, Blood,

74(2), 652-7; EP 640 619 B1 and EP 668 351 BI.



in any other cell type which is convenient for the
reconbi nant production of EPO 20 Furthernore, the EPO

woayodmedBEpressed in transgenic animals (e.g. PATiE®LN3/008829
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fluids I|ike mlk, blood, etc %, in eggs of transgenic

birds, especially poultry, preferred chicken, or in

transgeni c plants. The reconbi nant production of a

pol ypeptide is known in the art. In general, this 25

i ncludes the transfection of host cells with an '

a@ﬂ% éﬂeﬁ‘&@exﬁ RifRal, A MBS haY the bhncatid sefqltl)ﬁé@elo@' Mu@bn EPO (see
ost cell's under conditions which enable the ~

p&ﬁdh@i@&ﬁBZﬁ the poly- peptide and the purification

of the polypeptide fromthe host cells. For detailled

in- formation see e.g. Krystal, Pankratz, Farber,

SAaetEP3 86 copide! iRl draRoRf caﬂw}@ﬂrat@ ke |&h@1ﬁ§i ;ﬁéﬁefhbl}o 1to 12,
honogeneity by a rapid five-step procedure,

6 D} preferably BO Qewed moreQusfesabdy 1 méwgd partwljadhé\xg #; especially

1989 expr C f

BB o T o5 BB iscEd s NG end or Olinked

b %@ﬁo@%bﬁ% e eecOEP OBk @Bftos 131:6(1 21).181155152 when EPG ¥b0p16d19:ed in eu-
and 668 351 B1. 2004/ 024776 PCT/ EPZg{?(éﬁOOSSZQ

46<ar3m>t1a qgﬂaftbﬁ& peldpeptislsds pestiranslationaiboglysesyls ngeguently, the
f f
2 RRUETI, Sl QLR R LS00 4 18; 90 B it o

prrﬁzflﬁﬁlaﬁéry e%pdciallérammdﬁp Erﬁecﬁtr(ﬂfmabieus 1Tltemtﬁzctm&evend pmpertles of
preferably 1 to

d partjcularly 1 to 4 |
P o aiBiol EP@ S hoi Hnshelotiind s Ne-art GERES 48 1¢/cB1; EP
Eggo"él@ . ARl D@fbgostxﬁ ;ﬁ@rryg\%)g&%yk@ﬁdeo Reatth, F99St M8crohetero-

i5 gl ycosy! ate n EPO 1§ produced in
e endidy wotetﬁhropbﬂeﬁn ctaxlbeh}ahhgepsemchde, Asal Chem 67(8), 1442-52; Ta-

24 lebee 0, SR IRy S e
Il
A ORI e Sk, espec

pr operties of ¢l ycosyl at ed EPO have. been extensively

died i art P 428.267 131' EP, 640
Bl ersfgw, ooy oot Ryt oher @i SRR i etion may
Q.%ﬁa M Gf REGLREOpreBBaRY I oD, ﬁfol/é cQRAHIeNIB 9, even more prefera-
car bgﬁydr ate strS%rteuregﬁyAn is]Ir67(8 1442- 52; Ta

1531kéutorﬁ gndquirtieuarlyl peferatdy rld@t‘UHésS mplgctlgn per B molecule. The

roIe t ar .chai f
f J—E§S - gsule%%efnli%B (rﬁ%%c% cafi’ e@%‘?@?}é&{ Pﬂzluanantatwe
hy&f&ﬁa&@id@/hezﬁb@d&@&aﬂ ghilyas |u‘?§ﬁ1gaG€CMS| dfger thydtdigsis of the product
present invention may
and derivatisation of the resulting monosaccharides (see Chaplin and Kennedy (eds.),
1986, Carbohydrate Analysis: a practical approach, IRL Press Practical approach
series (ISBN 0-947946-44-3), especially Chapter 1, Monosaccharides, page 1-36;
Chapter 2, Oligosaccharides, page 37-53, Chapter 3, Neutral Polysaccharides, page

55-96).

According to an especially preferred embodiment of the present invention, the car-
bohydrate moiety linked to EPO, is part of a carbohydrate side chain. More prefera-
bly, the carbohydrate moiety is the terminal moiety of the carbohydrate side chain. In

an even more preferred embodiment, the carbohydrate moiety is a galactose residue



conprise at |east one, preferably 1 to 12, nore
preferably 1 to 9, even nore prefera- 20 bly 1 to 6

wand4pastrscul arly preferably 1 to 4 HAS nol ecubPes/Epenn3/008829

10

EPO nol ecul e. The nunber of HAS-nol ecul es per EPO
nmol ecul e can be determ ned by quanatitative
car bohydrate conpositional analysis using GC-Ms after

r éﬂ{lﬂg Sb(j)?l llf%etsg Elgaﬁﬁl o‘g thfe a%yj ﬂ‘%ﬁt‘éfr%ﬁﬁﬁl' %ﬂﬁd&% gﬁ%d@d‘@f the car-

( B&iSydate sil88Rain CaNibQh)GI08E fesi&malcyﬁ ibs made pratiblecir reaction with

approach, |IRL Press Practi cal pr oa eries
oﬂ@mrswsmnméywt efs gy (Do p@mpqun%héﬁo@gggﬂ%\cq & Eermmal

gﬁ 1%6 fo %?c? B? o ?d%tlgl' HORRGS rﬂeﬁ’é?ﬁund%@% a?’ﬁlrgﬁgr preferred
¢ 873 R% P ysacchari des, page -
A@ﬂ‘a@é&ih{éﬁt tilee RActeppodadt of compbend & amhﬂé)jlsdeﬂr@d &6 atSh?élc acid

e e ot Tsocpr S Bt s A o
p{l%fct%{baoh%@{ e suﬁé@ aﬁﬁ 'Ijgrg RyadlE aLi 1§T9k1@fz)éd h§' désﬁﬁbédel{di'hﬂ@ider

rate side chain. an even
nor e preferred errbodl ment, the car bohydrate noiety is

| act 2004/ Q24776 P .
ASGTeHE ROl R URSYRACRA 1 ot BN O g o0 with the
t Ja'dh&?b% ﬁota(ﬁ{hgatfoé@&l%:ypé{%cwan& B@rngé\&rd ®9by ﬂfe&bﬁ:ti‘oh geoduct of

esi due can be nmade avail abl e

f hydnoewikylmtamh tulnd corhpourela(&)rvdnclp isoletber wrcted wpdusepound (L)

| aéqaotgn gqn(gpp o d}pyg( !pi; rﬁ%ﬂ’% R 5@111511 g%lﬁ Ir %gelg %llowc‘édadf dxidation. .
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herei nunder. In a further preferred 5 enbodi nent, the
reaction product of conpound (I) and (II)_is I|nk 8
amarpmfeablyd this gelachase tFidunéds BadparAfaps for sgageon With' B reac-

T LRI ATty s o

Oﬁbfgﬂo?c%ik?lsstﬁﬁﬁ Ghd kegpbeie(Dunhieh is ﬁi?dnet teauded rvh;h compound (L)
préeferably this gal actose residue is ggg vai,l a e

f oyia the fectionalireup Kby oxidation afiesin [rBst 612 ?amd 10t removed.
hydr oxyal kyl starch and conpound (L) or the reaction
product of hydroxyal kyl starch and conpound (D) which

| A S Medtheed abawd, g m&ti‘bnqummnmﬂ hfdipxyalkg stareh and compound (L)
functional group X b al of termnal sia

f o [thaveagctign psadysl: ¢ dro Iyl stasetep po/mpoqﬂdséﬂ) wlancf'r 1s further
) i+ h
SaLAsLeoR LRl 3y Emdech pul ebhonh cspiien ooy

~conmpound (L) or the reaction product of hydroxyal kyl

starch and conpound (D) which reac t

Cchscuspstbie st s teutor et gf Bl S Gl hmpound

WRES S the RhAIRArodh@! dthydedxdfalks] ﬁ@x‘chraﬁfmz\éﬁﬂ)ound (D) which is fur-
ther reacted with compound (L) with a thio group as well as with a carbohydrate

moiety, each of them comprised in the at least one further compound, preferably a

polypeptide, more preferably erythropoietin.

According to a preferred embodiment, this SH group may be linked to a preferably
oxidized carbohydrate moiety, e.g. by using a hydroxylamine derivative, e.g. 2-

(aminooxy)ethylmercaptan hydrochloride (Bauer L. et al., 1965, J. Org. Chem., 30,



As nmentioned above, the reaction product of
hydr oxyal kyl starch and conpound (L) 20 or the

woeemnere pr oduct of hydroxyal kyl starch and ceap@emmd3/008829
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(D) which is further reacted :glth conmpound (L) be

reacted wwth a thio group conprised in EPO It is also
possi bl e to react the reaction product of hydroxyal kyl

st h and or the rea n o
TS5 By B e ST e i B ok U S v 5 i e ivesides
thghl.reagt eby theh0APOAd (L) wWith a thio group as

wel | as with a carbohydrat’e noiety, each of them

conpri sed in the at | east one further conpound,

pr fer

G e ot PR 5o B 5P BeP b supfraly inroduced

t hhsan%ilﬁ&&y@ar c@ﬁe'ﬂ&gt?doﬂ]ﬂ’@ RoRf feRRINy ad®xidized carbohy-
oxi di zed carbohydrate noi éty, e.g. by using a

hydtate sydietsrivhachdie mavtafiavcerbobydratexide chain of EPO.
(am nooxy) et hyI rrer captan hydrochl oride (Bauer L. et
al ., 1965, J. . Chem, 30, WD 2004/024776

P@éﬁ&%@ﬂaﬁ&ﬂﬁ@ §9o ﬁ% A9 S6mbY natelally oRclidg aFéteife or from an

derivati ve, ycolic acid hydrazide
(\Mﬂ@cbgysj@ge Mgrqapwferg[gy;the JEP@yhgs tighestino ad sgg@nge of human

AGERY dhdehel S %%t‘a‘al a)z lo&!tﬁfl{t? Sgstc%é ee%geg’%&%le 780k /or g £ Ruore pre-

group Is prere UCG an oxi IZG

c dehahydbadimenpit elteyreaétmEtFiQodﬂfﬂb lo€ hpdiekgdtegll yaraln and compound @)
oxi dj zed carbohy- drate noiety which 1s part of

c & BbhjricHen pquéret @%hydroeralleﬁ@tardr anck peipPgundt (Y Whrpb is further
or 910 e(gl'mézggeé'otng)gq%& éﬂg]tlsgleﬁgtteﬁ' V@H Xys?&ﬁéf“er g@% %fﬁ%@ﬂe@%&3 is re-
it e st e et

a3t an popEode(Li iy B reArBBRIPRRNE! o o Pydfaxyaliad s and com-
p:@ : enghomhdrs HREKM %\ tg(ﬁ 3510)()/0?{1';20;1?39 TRoWabid wilf cysteine 33

ion pro uct o starch and
covipoan dygteine GRicteplased by aﬂmher angached. Wi th conpound
(L) is reacted with cysteine 29 whereas cysteine 33 is
re- placed by another amino acid. Alternatively, the

r Qﬁ‘@ﬁé @Hhté?(rt %@ ‘Elfet gl Qberl VileBuyR It/ lerd > a 88 GRicARY” indicates that the
ound he reacti on product of hydroxyal kyl

ytphptai@g profﬂral;}zm GRE, cOnpuiks tystednd wgsithewhichds neidpresent in the

is reacted with cysteine 33 whereas
C%Pdéﬁﬁgg%p?@%pl aced by another amino acid. In the

cont ext of the present invention, the term "added
¥ISt ei nes" indicates that the 20 pol ypeptides,
priefhercopioyt githis aspegiof g invenjionethaeysieins mag basherditional amino

NQL;aRL8sE gttthé e top 8 -terminal end of EPO.

Furthermore, the added cysteine may have been added by replacing a naturally oc-
curing amino acid by cysteine or a suitably substituted cysteine. Preferably, in the
context of this aspect of the invention, the EPO is human EPO and the replaced

amino acid residue is serine 126.

As to the reaction conditions regarding the reaction of the reaction product of hy-

droxyalkyl starch and compound (L), optionally with compound (D), with the further



wi | d-type pol ypeptide. In the context of this aspect
of the invention, the cysteine nay be an additi onal

wanam4dei d added at the N- or C-term nal endroi/EBRG3/008829
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25 Furthernore, the added cysygi ne may have been added
by replacing a naturally oc- curing am no acid by
cysteine or a suitably substltuted cystei ne.

Preferab in the.

SORERn Rl B8R Ehich b BB g tepdffBns moy be ad-
al’j’u&@d arthe sbesticluesdssAsaSiing td 2R espdlialt§ ptdferidtembodiment of the
reaction conditions regarding the reaction of the

r é&@aenbmvsnm ovatest ishiped @p selyantk pithestadensnoraifdcaahipisggwith at

by SBK SRl 0 SOTROUI 68 sl AR 4t o

S Rgiganbl endyi ba hibﬁitl@{ﬁ@l Pxéfoired aolftedth@tlicpabin oater are methanol and
condltl ons mnay - justed to the smi fic _needs

rfgcwwna&t%@,tb@rcprﬁfw srbogimesis. SRR ardYIF g rpefhanct or
?f?a%@f o J‘%ﬁ%&ﬁfs%%w%l’r ﬁ{oré t?ﬁ}é%;?% ﬁéd SOlorsat., el ther

one or 1 n conbl nati ast one ot her
soI vent. As at | east one ot her sol vent, DVSO DM,

hanol or han nti one Preferred
ﬁ%ﬁe&ut@"‘é@%@ 1<Y§ ?%éfeé‘FtengélH'ﬁ‘&“WBS (ki ancgHeRtis|system, as it
Al t -
:}Q Blediafld go Vﬂﬁéﬁq hg(%dgrgﬁlgg &grcﬁnn%?gétg@gétﬁ aWﬁ&l%cll as O

nmet hanol

t F[ér(@{mhnnmoxysﬂﬁom eﬁgfﬂ]vleyﬂroxylfamme,g V1a he;a&hon(y(ﬁ'l thel non-oxidised
st a{l chis re

oy ueous .
sysfuse o qinthe Herefhsint B Eheton gon pr é of IS HEIRehyHar 6% YUy RolyPep-
Sttﬁfe Brofsrabl§agt @optidih, 3i NI LRENANE REtoS H@é’ﬂalaéf Bmiacetale group,
[ 2- (2-am noodxy- et hoxy) - et hyl | - hydr oxyl am ne, via
r éhetdacimorofenipeeaturd s pretérdbly eaeferablyuioithgrapgel obfromtfeto 37 °C, more

wiH o bET B0 A BRAPEREY Petohbatest TRt of oC
an aI dehyde, keto, acetal or hem acetale group, the

reaction tenperatur is preferably preferably in the
r dpejetiasf of ﬂ@meactm Brda;t qmpélsmwhp rettlesr ompognd (Monpreferably

T

f me%fpléﬁmmsﬁdr ﬂMpuri@Tc@tﬁ@{ albhatural hed prebibiahi BROABY.size ex-
eC|aIIy pererably erythropaoietin, can be perforned
\lugsom ghropaingse iy o W@@ngeo?hr@métos@@ 1Y, Bgt}fl%lrp dpydroxyapatite

”%Wﬁim@%ﬂhﬁ qﬁ/ﬁf%’hgﬁgtm@?} Qb cﬁroﬁ{a%cf‘glfﬁﬁy or combinations thereof).
Isolation of the reaction product may be carried out by a suitable process which may
comprise one or more steps. According to a preferred embodiment of the present
invention, the reacﬁon product is first separated off the reaction mixture or the mix-
ture of the reaction mixture with, e.g., the ethanol-acetone mixture, by a suitable
method such as centrifugation or filtration. In a second step, the separated reaction
product may be subjected to a further treatment such as an after-treatment like dialy-
sis, centrifugal filtration or pressure filtration, ion exchange chromatography such as,
e.g., by a column containing Q-sepharose, HPLC, MPLC, gel filtration and/or ly-
ophilisation. According to one preferred embodiment, the separated reaction product
is first dialysed, preferably against water, and then lyophilized until the solvent con-

tent of the reaction product is sufficiently low according to the desired specifications



20 clusion chromat ogr aphy, ion-exchange
chr omat ogr aphy, RP-HPLC, hydroxyapatite

wohommatogr aphy, hydrophobi c interaction chromtograpbyoss2o
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or conbi nations thereof). Isog?tlon of the reaction

product may be carried out by sui tabl e process which
conpri se one or nore steps. Accordlng to a

pre i nventi on,

rred, e nt of the pre o
r eaﬁ @}Pdﬁlﬁgﬁﬁe?hl lgaﬁpprrgftyh'g%%é? %cf QY apfemperature @éértoirb%o to 35 °C,
m ?k%@ol? fof tﬁ%‘f‘h % ﬁ%?r@’ oEUAR Qi ghts ahG@EL Hi8 u@H’éﬁWoﬁl iment, the re-
W Th, the et hanol -acetone m xture, by a suit
meadtiod rsllxmre asmpsesitg itfeugatticomprodudt iid appéred tna colnnm contammg Q-

S UDfRETBa L 68 % G oY Uk Bt Rt e SFAtitigd] Hlation
after-treatnent |ike dialy- sis, centrifugal

filtration or pressure filtration, ion exchange
chiosranathenghigctsaiche @sesent@ngcntlowo grodtiemdiosytleyinitargh deriva-

o RTRBLER G5 orldusnt BT e oLSiomorhE HoreRRa RSt ot

the separated reaction product is first dialysed,
preferably against water, and then |yophilized until
t hehaefoueribe prssenttiayantion reliesrteachydspxypilod starci derivative obtain-

SULAL Bl ST PSR AR B3 Fimora oo

t hgah Qdﬂﬁg a stry@pk debodingord fomyuibecarried out at
tenperature of from20 to 35 C, preferably of from 25

to 30 C. According to another pbﬁferred enbodi nent,

the re- action mxture conprisimg'the reaction product
is applied to a col unm conj ai ng Q Sepharose to give
an eluate mhlchlh§gconcentrate , eHg. by centrifuga
filtration. 5 1t i s an e 6T he present
invention to prOV|de hydr ox\al kyl deriva- tives )
whi ch are produced by 0 said

nmet hods. Therefore, the pres ntH]nve ion relates to a
hydr oxyal kyl starch derivati obtai n-310 able by a
nmet hod of produci ng a hydroxyal kyl starch derivative,
sai d hydroxyal kyl starch having a structure accordi ng
t ccongprividgaeddting(r) RH HAS O 4RO4-H O (1)

- hydroxyalkyl starch of formula (1) at its optionally oxidized reducing end or

- a hydroxyalkyl starch derivative, obtainable by reacting hydroxyalkyl starch of
formula (I) at its optionally oxidized reducing end with a compound (D), said
compound (D) comprising
-~ at least one functional group Z; capable of being reacted with the option-

ally oxidized reducing end of the hydroxyalkyl starch, and |
-~ atleast one functional group W,

with a compound (L) compriﬁng

- at least one functional group Z; capable of being reacted with said hydroxyal-
kyl starch, or at least one functional group Z, capable of being reacted with
functional group W comprised in said hydroxyalkyl starch derivative, and

- at least one functional group X capable of being reacted with a functional

group Y of a further compound (M),



10

15

20

OHH OR 3 H conprising reacting - hydroxyal kyl

starch of formula (1) at its optionally oxidized
woeduonsgeend or - a hydroxyal kyl starch deri vaCcTaE®2003/008829

obt ai nabl e by reacting hydrox aI kyl starch of 15

formula (1) at its optionall OXI di zed reduci ng end

with a conpound (D), sai d conpound (D) conprising --

| east e fun tional abI e of heing
r &Q‘e&egusaw? ?LHICF Pl @RUPOR | i Wﬁ@@tp %alqu@d:aewﬁalge%ano%ldehyd
t ERUNERI YRS hERALGR: Bl of uolll GRS s Mo growy. .

- at | east one functi onal group Zi capabl e of being

act dvmth h xyal - starch, or, at
oECEL e %ﬁ%g meafpﬁm et BUPHE AT G it
f 4BChIdRA3A IR l&Esch‘é@ '5’95%3@9&&151 15,2RY ahy €5 Qf@ﬁﬁhé‘ﬁéhdenﬂy hydro-
starch derivative, and - at |east one functional group
Xeaapablireapdr lbrenahgddleémuydkyhgrhum functional 25 group
Y of a further conpound (M, WO 2004/ 024776
PCT/ EP2003/ 008829 51 wherein said functional group Y

| AcrliRg s dn fekemidaep M&LH@ SRRkt e YPresdht @lv@iﬂfbmelates to a
group, a keto group, a hem acetal group, an acetal

ghﬁlﬁ@(}’&ﬂfﬂ startli derifabiup as Aewoibed aboteowherpineR erioetnd R are inde-

t he pr ntion relates to a
9%}%8%,5'FWPge@rgtéﬁ%%oxd}éq%ﬁnge as descri bed above
wherein Rl, R2 and R3 are independently hydro-. gen or
a linear or branched hydroxyalkyl group. Accordln?
aficeording ip raeﬁlpih@rf pliefeargd emthodimenis the tinesept @yenfion relates to a hy-

;«ﬁ%gg %(:51% a(%e?‘?/a{n? gsr él@ycg%%é%%& 1 dtﬁ%{yggbé&gﬁ(kd/y _@ltalicgmels hy-

pﬁ@dﬁﬁhjrl)stdw}drogen or a 2-hydroxyet hyl group.
According to a further preferred enbodi nent, the
~ present invention relates to a hy- droxyal kyl starch

dﬁEéo‘fﬁfmF‘f@ adfor HESHerRRl MiRttheh:! A€ ﬂ?é/sgﬁpfﬂy/@r]lth%l relates 1o a hy-

droxyalkyl starch derivative as described above wherein the functional group Z,

comprises the structure -NH-.

According to an especially preferred embodiment, the present invention relates fo a
hydroxyalkyl starch derivative as described above wherein Z; is selected from the

group consisting of

H,N— HZN/H\ HZN/O\ R'/O\N/
H 0
ey e

G 0
NN | NG
H,N” j{ ™~ H,N” T ~
G G

wherein G is O or S and, if present twice, independently O or S, and R' is methyl.



droxyet hyl starch. 15 According to a further preferred
enbodi nent, the present invention relates to a hy-

wdrzox)awanqyl starch derivative as descri bed abovet1/EP2003/008829

10

15

wherein the functional group Zb conprises the
structure -NH. 20 According to an especially
preferred enbodi ment, the present invention relates to

a I tar erhV t|v sdes abov
P L e LR e ey AL
F%okﬁdlltﬂ @8 deriPdtiveldN ddscrided MbbiddNwhbdeln theHahctoHEt Bloup Y is
GHHHGN_ HZNNY NN HN-NY GG wherein Gis 0 or
S S&kﬁted frorp e evpmptopneeing efcrspalAelidt 8r9up aoletes granme afkemiacetal
024 2 29. .
5 s o USR03 08 EETORERORAL SO0 R e
present invention relates to a hy- droxyal kyl starch

derivafive as descri bed above wherein the functional
gréotferang & ag gsneeiaty prefeed pabedisigpt dempiesant iy eation felates to a

RS A RS S N AL O U 9 on

rou unct ona

.t heistiggoficture -NH. 5 According to an especially

pr eferred)}_gKEodl ment, the esent invention relates to

a hydrox yl st arch derifyati ve as ;}g&@l\i\bed abgve XN/
is selected fromthe gHoNp’ JoNn- Si st of H2N- H NOH
R' N
H Qo
N HNC T
H,N Y ~ N—8
H 1l
G 0
NN | N
S A
G G

wherein G is O or S and, if present twice, independently O or S, and R is methyl.

According to a further preferred embodiment, the present invention relates to a hy-
droxyalkyl starch derivative as described above wherein the functional group Y is -
SH and the functional group X is selected from the group consisting of

@ Hal/\ﬂ/ - 57°
/

/ 0

§—8._

07\

0
wherein Hal is Cl, Bror 1.

According to a further preferred embodiment, the present invention relates to a hy-
droxyalkyl starch derivative as described above wherein the functional group W or
the functional group Z; is -SH and the functional group Z, or the functional group W

is selected from the group consisting of



H2ZN 2 H H N H2N. 101 RN Y HS-11 GHHH

HZNNyN | H2ZNNyG | G G wherein Gis 0 or S and, if
wonresieni776wi ce, " i ndependently O or S, and R i sCmEPm0B/008829

10 According to a farther prefsgrred enbodi ment, the

present invention relates to a hy- droxyal kyl starch

derivative as descri bed above wherein the functional

group Y is~- SH and the functional group i's S_eLFéCt ed
fromthe grfoup consisting of O 044 -~ SAO O 4@
‘I 00 erein |isCI,Br or I. 15Accordin4{3<<a
further l pra§erred Ngent, the pr esef inventTon

rel at es a hy- droxyal Kyl ¥starch derivative as

descri bed\\above wherein the functional group Wor the
functionalQgroup Z2 is -SH and the functional group Z2
or the functional group W is selected fromthe group
c omlsarsini Heg iofl, BB @004/ 024776 PCT/ EP2003/ 008829 53 O N
Hal SSO ON 0O wherein Hal is d, Br, or I.
According to a further preferred embodiment, the present invention relates to a hy-
droxyalkyl starch derivative as described above wherein the functional group W or
the functional group Z; is selected from the grdup consisting of an activated ester, as
described above, or a carboxy group which is optionally transformed into an acti-
vated ester and the functional group Z; or the functional group W is selected from the
group consisting of
H,N— H H N/O\ R'/O\N
HNT T 2 H

N |
~ \N_ L
HN Y H ISI
G O
H H H

H2N/N\H/N\ H,N \ﬂ/ ™~

G G

wherein G is O or S and, if present twice, independently O or S, and R is methyl.,
10

According to an especially preferred embodiment, the present invention relates to a
hydroxyalkyl starch derivative as described above wherein the reducing end of the
hydroxyalkyl starch is not oxidized prior to the reaction with compound (D) or com-

pound (L), said hydroxyalky! starch thus having a structure according to formula (I)



According to a further preferred enbodi nent, the

present invention relates to a hy- droxyallcyl starch
wdeniqarizee as descri bed above wherein the funeCirarado3/008829

group Wor 5 the functional oup Z2 is selected from

the group consisting of an activated ester, as

descri bed above, or a carboxy group which, is

optionally transfornmed into an acti- vated ester and

the functional group Z2 or the dpnctional group Wis

selected fromthe group gonsigting of H2N- N H2N 0~

R~-DN H2NH H N H2N | rNNS‘ GO NHNG-

H2N Y H2N Y Ggﬁl\lﬂerein GisO @and i f present

tw ce, independn% € R T S nethyl 10 @

According to an especially Y errk

present invention rela R :

derivative as descri bed abovw the redu0|ng end

of the hydroxyal kyl starch %ﬁ not oXidized prior to

the reaction with conpound (D) or com pound (L), said

hydr oxyal | yl starch thus having a structure accordi ng

to formula (1) WD 2004/ 024776 PCT/EP2003/008829 54

OR4H HAS 0 4RzOH ( H_According to. .

arfoichesting @mT@IIWPW%;YeWP@&eé e, ’fg? ngsﬁl?*ég‘é‘?%mn relates

I ! g)}d(r)@xfaﬁiy?tst%f‘ch derivative as described above wherein the reducing end of

the hydroxyalkyl starch is oxidized prior to the reaction with compound (D) or com-

5 pound (L), said hydroxyalkyl starch thus having a structure according to formula

(I1a)

(Ila)

(IIb)

According to a further preferred embodiment, the present invention relates to a hy-
10 droxyalkyl starch derivative as described above wherein the reducing end is oxidized

by an alkaline iodine solution.



to a hydroxyal kyl starch derivative as descri bed above

wherein the reducing end of the hydroxyal kyl starch
woOo0mndizeaed prior to the reaction wth conpouRdT/(EBR0061008829

com5 pound (L), said hydrox;n/‘?ﬁléwl starch thus having

a structure according to for a (lla) OR HAS HI10

4RROH O (I'la) H OR3 OH and/or according to formul a

(Il'b) HORI . HAS HOH O (lIlb) 20 COON OR3 H

According to a further preferred enbodi nent, the

r ; - . _

B B G P et elaes f0 2 hy

r edlosyailgyletatch slevxittiezasdlestrjbedrnbaik athiereén hgdiomgalky! starch is re-

solutjon. WO 2004{0Q24776 PCT/.EP2003/ 008829 . .
Ac%cg? ViY af’BmBO‘fltff &ﬁéfﬁa ’S‘F SrasHPRa 8%‘6%%’?&“?% frgth the optionally
5 Pregentd davengiean Jreh@hfsokPaliyl @iﬁ?clﬁé&%ﬂﬁ'rgwltix%%a%n product
. derivative as described above wherei n hydroxyal kyl

stigrretetedswith-a fuiethed covpoingd @dhpiethel reachiow iof thehfinctional group X

oy B P sollPRERE) ofh e aPhilvais 1 BpPRd fCompound

th@y.esulting reaction product is reacted with a
further conpound (M via the reaction of the -
functional group X conprised in conpound (L) with the

10 f uﬁ&goircﬂﬂg o 9ELH Purthet %@‘é}rgf gmibgdiﬁx%ﬂf Risch gres&Minvention relates to a

hydroxyalkyl starch derivative as described above hydroxyalkyl starch is reacted

with a compound (L) via the reaction of functional group Z; with the optionally oxi-

dized reducing end of the hydroxyalky!l starch, where compound (L), prior to the

reaction with hydroxyalkyl starch, is reacted with a further compound (M) via the

15 reaction of functional group X comprised in compound (L) with the functional group

Y comprised in compound (M).

. According to still a further preferred embodiment, the présent invention relates to a

hydroxyalkyl starch derivative as described above wherein hydroxyalkyl starch is

20 reacted with a compound (D) via the reaction of the functional group Z; comprised in

compound (D), with the optionally oxidized reducing end of the hydroxyalkyl starch

to give a first hydroxyalkyl starch derivative, and where the first hydroxyalkyl starch

derivative is reacted with a compound (L) via the reaction of functional group Z,
comprised in compound (L) with the functional group W comprised in compound

25 (D) to give a second hydroxyalkyl starch derivative. -

According to an especially preferred embodiment, the present invention relates to the

aforesaid hydroxyalkyl starch derivative wherein the second hydroxyalkyl starch

derivative is reacted with a further compound (M) via the reaction of functional

30 group X comprised in compound (L) with the functional group Y comprised in com-
pound M).



10 According to yet a further preferred enbodi nent,
the present invention relates to a hydroxyal kyl

webterph4deri vati ve as descri bed above hydr oxyaP&yiEP2003/008829

10

15

20

25

30

starch is reacted wth a conggund (L) via the
reaction of functional group with the optionally
oxi- dized reducing end of the hydroxyal kyl starch,

wh d (L), h ' i t.h
hy%e(; ggp Q@Hr}g{téqrzmet% J ,egrégflltg%p%\tm %%1?5':?[?}2{1#@&1% relates to a hy-

CQHB%%’A (Mycty H@rt\'}ét‘f‘%/e]a@ Je?&%ﬂ Ao wheRe! hpdisky MR Lé@aré‘h is re-
conpris in conmpound (L) h the functional group

carprd witl 4 poropormdud) (IMthe Amctmdlqﬁgfun@lomlr grtoua Z; Comprlsed in

further enbodi.nment the ese

 ciessnd 6Bh S SRYSTAY xR ffis 3 od B¢ FH Rt stareh
des Cg;ivebc? flrs? B?d’r%x%@ﬁ%‘td?clh&é}[\ﬁéﬁyéﬂ aell lwitedhe Hirstsh dﬁﬁyalkyl starch
reacted with a conpound (D) via the reaction o?’

f uteciviidvrals rgaateds VA theamstios od tlnmﬁmemmb sd)up oy; CQWPlhsed in com-

S SRYRRRSH s BT Pt Rl sElrabipd Gyt compound
St@J), C\K}héi@ rcbz\ﬁ@btlﬁf?(L) apiorb Qlﬁ@reh&ﬁ)rf Witk the et eydtatyeittyl starch de-

starch derivative'is reacted with a conmpound (L) via

t évatizacis ireavtedi withua dwithsn apmgpendh (M viadbmiseptienof fynctional group
CHRESbls AR g R LR B Bl SIS fomponnd

d fyative. According to an especially preferred

enbodi nent, the present invention relates to the
af oresai d hydroxyal kyl starch derivative wherein the

Sezggc{e?ﬁﬁg 4 gé%géje@élﬂe/ﬁ%ﬁfeﬁgd Z)'E)?f‘étgetg{t Vtg% !p%;érftqm/&ﬂloﬂ"r%llates to a

uncti ona
3yglkaypllof] crngly dabdtive as doypoibed abbye wheteirt the at least one further
functional_group .Y conprised in com pound (M. W
2@@@&#?@@?@%@@?008829 56 According to a

further preferred enbodi nent, the present invention

relates to a hy- droxyal kyl starch derivative as

descrordieg tabgasiomeelyeprafened rembpelimgdt the @ratshnu igvengion relates to a

acted with a co und .(D) V|at actl
f hekegal! 18 er@Brgrp s s Agieripe t}ﬂttﬂ’(%) thg; pglypeptide is
rg gl 1y oxidized reducing end of t he

hyd xyéal kyl starch 5 to give a first hydroxyal kyl

starch derivative, and where the first hydroxyal kyl

7 o PetraRy g nteh BrtRRLEGen b It IhRE i Bteily 'S HaS-

t hepd %ﬁ}tﬂg@ﬁadnd%&@ﬁ i€ Zornfed "B tebbbr Bf BYRIFPGHNE)] (stakeh with com-
with cong)oun L{, where conpound (L), prior to

t he
r epcsiddh) whd Rptionally jcosmonydi (kg wyrhreeigiin fhagdhe advantage that it
exhibits an improved biological stability when compared to the erythropoietin before

conjugation. Furthermore, it exhibits a higher biological activity than standard BRP
EPOQ. This is mainly due to the fact that this hydroxyalkyl starch derivative is less or
even not recognized by the removal systems of the liver and kidney and therefore
persists in the circulatory system for a longer period of time. Furtherrnore, since the
HAS is attached site-specifically, the risk of destroying the in-vivo biological activity

of EPO by conjugation of HAS to EPO is minimized.



rivative, is reacted wwth a further conpound (M via
the reaction of functional group 10 X conprised in

woaopmasde (L) with the functional group Y conpPCTE®#2008/008829

r
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conpound M According to an egpecially preferred
enbodi nent, the present invention relates to a
hydr oxyal kyl starch derivative as described above

at Ieat e.further ound is a ..
ol oA BE0 SkebG fghe smmBal Iy (RAFUREYERLF Hsfefncinvito.
en&@ﬁ)‘gi@ﬂﬁ@tnﬁit@e&s%g&ﬁﬁhaﬁt%ﬂ& EPD, ' B 1tRS irl-0itd biological activity
hydr oxyal kyl Starch derivative as "descri bed above

wheste masures pistlingeptinidetd e ERQ/renerspo Matheds fodatpenining the in-
hyd}(’1 ;%03 a %arch Blvat evvhlchlnthefollovmng
8 ?%1 ]taSHégyT—f& OERY! 8rﬁ ugate and which is
formed by reaction of hydroxyal kyl starch with com
pound (L) and “Etl onal I y conpound, (D)

erlifttlmeg@p@s the HhdS RO extibijemgrgafer inhgivo ggtlvnéfﬁhmbﬁhﬁ@l’%used asa
rEASE Ll 0L 50U 80 it ARR SRR b Deniog e

exinivivd Biokgidad haivilyi 0 m;verain thehitvi ty t han st andar d
BRP EPO. This is mainly due to the fact that this
hydr oxyal kyl starch derivative is-less or even not
WZEHpBY, | g 0
CERENASSEP D oSl S BRIy iy 136 0 50 %,

sypréhralﬂya of &ohmw)etro 400 ¥opok mbferdbie of Font Hér o108, %,smnmqarefera—
t he

dey rf‘&?‘rﬁllﬁ Yoo 3 o %9@3%5@?@6&%@505?M % %3%0%%5()#0%% 150

2004/ 024776 03/008829 "57 T

" byo,c 6 S i .
?f&gtlﬁﬂ@ Felr ) &?TEPZ 0190 b/ 0059 9 Sif 'ﬁxé‘lﬁmlﬁ %ctlE\)Ff)g of the unconjugated

15
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caiPQgnget apiO@ e i nvention may exhibit essentially the
sane in-vitro biological activity as reconbi nant
native EPO since the in-vitro biological activity

ontYmpRaS Ys e BichHi O8lyBkdd RPO Yt Ombhe (EPBH £0ePEPBI), the HAS-
Met hods for detérmning the in- vitro biological

ackRPQiexhibiis preferebly at keashi)%armorePprefigrabheatiense70 ¢heven more pref-

HAS— xh| by re gi - Vi actiyit n th
REr o & Jodo Sy MO e i 1BOPB Aot af Brr' s east 300 %
( Ustctas jitl §atcesttieRP)of thehhadssihk glatéif-‘EPOnif e h-+i06 activity of highly
vi vo bi ol o}gl cal activity are known in the art.
sialylated EPO is set as 100 %. Most preferably, it exhibits at least 95 % of the in

vivo activity of the highly sialylated EPO.

The high in-vivo biological activity of the HAS-EPO conjugate of the invention
mainly results from the fact that the HAS-EPO conjugate remains longer in the circu-
lation than the unconjugated EPO because it is less recognized by the removal sys-
tems of the liver and because renal clearance is reduced due to the higher molecular
" weight. Methods for the determination of the in-vivo half life time of EPO in the
circulation are known in the art (Sytkowski, Lunn, Davis, Feldman, Siekman, 1998,
Human erythropoietin dimers with markedly enhanced in vivo activity, Proc. Natl.
Acad. Sci. USA, 95(3), 1184-8).



10 The HAS- EPO conjugate may exhibit an in vivo

activity of from110 %to 500 % preferably of from
wGBQW410044600 % or preferably of from 110 to 300C¥EPRMBE08S29

prefera- bly from110 %to 20% % nore preferably from

110 %to 180 %or from 110 to %50 % nost preferably

from110 %to 140 % if the in-vivo activity of the

unconjugated ,EPOis set as 100 % 15 Conpared to t

hiCssAuSREY sy f it fearezb@vamaﬁ?@%Fhe(gr@i@ni;wﬁ@%%@?t «B%ﬁ,glﬁ?o con-
t - i R I i .
G S P N0 B 4 AL T 3l S04 B0 s
| emst c@hntaraallyasvaileblstat Presént. Whhilk atstlard HP Yprepsratiemdtave to be -

RO G pureq e e HAREEPR!casRatitg thySion s pret
1 adRindt @by bt ed weBR th dfe D] e YowddRst

hi Sr

pr%ﬁerably, It exhibits at Ieggst 95 % of the in vivo

activity of the highly sialylated EPO The high

Insvivo biological activity of fhe HAS-EPO conj ugat.e ..

o TR ol B ROt Hhey v B, 7 P FRY AR OE! 4 gtcctive EPO

t RRibReERR 1eaRbagRl 8t FRINBESostORRRY the MRl §dek Gt cotRprise ex-

| ation than the unconjugated EPO-because it is |ess L

r dewiye aaldting cohsmrisgpvafication stepseresifltingién law @nalayield, e.g. it is

because renal clearance.is.red e to.the higher e

10 pSPEEGRs By SRR ERG S SRR G S PE Ao o extibit
t hewion nWimix}balbislolgicaleadtﬂvnE. BépeERED; BRatpR 8. Ci(d)cddnadnsttites that a

are known in the art (Sytkowski, Lunn, Davis, Feldman,

SiFESERO mrodesed witlniew mpgifiepiiqnsiseas exgibie s 3-faldastivity over stan-

rr%{agﬁg@g ephanced in vivo activity, Proc. Natl. 30

Acad. "Sci. USA, 95(3), 1184-8). WD 2004/ 024776

PCT/ EP2003/ 008829 58 Consequently, it is a great

advant age of the present inventjon that_ a HAS- EPO can- )

15 i dyistvst arotherobicsal e perseravetioadeipivadest plarpacgaitical composi-
fr, t ' hal ;
EFNEDbA Yot DR LAG FEGLRERR Sl AT AN, conat

haf ¢het predent invention. st ered at | east every 3 days, the

HAS- EPO conj ugate of the invention is pref- 5 erable

adim ni stered twice a week, nore preferably once a ‘
thefatirk dsnt it ITRUEAMs 96 atghGrohAYER ! ESnP@Sdd @mpris-

a var}%?éger ?@g?}?;nnelf ect vre EE’O ag{i;ﬁ vat | vea canpbe1 s

20 pringuc edhatpautidaltyeeffactise smeiumtcthetHsSpetyipoptidtoesjugete, preferably

c IS - tensive and ti copsym urificati

StBpEAERQL porgietie: s pRTaY dhe His-§PO) gorpugate of the present
invention. In a preferred embodiment, the pharmaceutical composition comprises
further at least one pharmaceutically acceptable diluent, adjuvant and/or carrier use-

ful in erythropoietin therapy.

25

Therefore, the present invention also relates to a pharmaceutical composition com-
prising, in a therapeutically effective amount, a hydroxyalkyl starch derivative ob-
tainable by a method of producing a hydroxyalkyl starch derivative, said hydroxyal-

kyl starch having a structure according to formula (I)



10 not necessary to purify away under-sial yl ated EPO
fornse which are known to exhibit |ow or no in-vivo

woielmgeTal activity. Especially Exanpl e 8. 11(@LT/EP2003/008829

10

15

20

25

denonstrates that a HES-EPO éthed with few

nodi fications steps exhibits 3-fold activity over

stan- dard BRP EPO 15 It is yet another object of the
present invention to provide a pharnaceutical conposi -

tion which conprises, in a theréﬁgutlcally effective
anount, the HAS- EPO conj ugpate 't he present

i nvention. Furthernore, the priesent invention rel ates

to a pharmaceut i §$ conmpogli tio | 20 ing, in a
therapeutically e S- pol ypepti de
conjugate, preferably “the nor e @
preferably the HES-EPO]%
invention. In a,preferred e
phar maceuti cal conposition c rises further at | east
one pharmaceutically acceptabl e diluent, adjuvant
and/or carrier use- ful in erythropoietin therapy. 25
Themefrisiey rehdimgpr esent invention also relates to a
phar maceut i cal co osition com, prisin

in a
t Her apBEexyaly st @é formalandhhatnts opalon@lgf osigigpdgaducing end or
starc
pr oduzaf ﬁﬁf b;Y}%'i oxg&l i&ﬁ’k‘ﬁi%r‘) %er | I{elgé/)fglgq{g %iiyalkyl starch of

hydr oxfxaahulal(il)l atstsajptmbninl@vmnglzad sdduuiziglend mdcarcdmpguﬁcb(D), said
formula (1) 2004/ 024776 PCT/ EP2003/008829 59 H ORt -
HAS  HFFOIEoEne () coRyis¢ H OR3 H  conpri si ng reacting,
- hydr.oxyal kyky &Ieaﬁlﬁvglcﬁxf {.{1%'{119? ga}gajbie ﬁbéﬁﬁgsregwaa MA@l thy opt10n-

oxi di zed reduci ng en
derivativ exllym@mdabdmmg/encbddhe hgdrhyydrdloﬂ)mlrcbly bndt ar ch

of  fornul I |ts optionally oxidized reducing
end with, 1%‘6%% dheetosst bl

with a compound (L) comprising

odHrrentO t he

- at least one functional group Z; capable of being reacted with said hydroxyal-
kyl starch, or at least one functional group Z, capable of being reacted with
functional group W comprised in said hydroxyalkyl starch derivative, and

- at least one functional group X capable of being reacted with a functional
group Y of a further compound (M),

wherein said functional group Y is selected from the group consisting of an aldehyd

group, a keto group, a hemiacetal group, an acetal group, or a thio group,

said method of producing a hydroxyalkyl starch derivative further comprising react-

ing the reaction product comprising hydroxyalkyl starch, compound (L) and option-

ally compound (D) with a further compound (M) wherein the at least one further

compound is a polypeptide.

Moreover, the present invention relates to the use of a hydroxyalkyl starch derivative
as described for the preparation of a medicament for the treatment of anemic disor-

ders or hematopoietic dysfunction disoirders or diseases related thereto.
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and -- at l|least one functional ,group W wth a
compound (L) conprising 10 - 891 east one functiona
group Z1 capabl e of being reacted wth said hydroxyal -
kyl starch, or at |east one functional

z2 ,
c aﬁg@l@t(bng)‘fo deiptegred eabp élgnqm,tthe J tuilv(gﬁg e ﬁ)%i?pto \wpharmaceuti-
cQ n‘fgonzfo ilon a? glﬁ%tn?%%g S p&&%@%&ﬁ%ﬁa‘% }éaattﬂ a\‘xﬁﬂn‘@xﬁgin (AT),

r Qﬁt@ﬁaﬁ@ d}XMAtIhIIB (evyCIH, OWaism@f QY Zivmek G, fEniEhmi Y Recombinant
conpoun

15 wherein i d funct.ional Qu §'
eqxlgghl@glmlp o,P\tchétl@} i8¢ G3 1%\fas%maraﬁ%§cﬁg,g eminars in
gr. rQu e
L P BT i S
h)ldﬂloxlyé,l KyrbsoﬁtEalBEIfmdﬁ)’m \Rat}ihggmfs 0, Mrmavzdamﬁr Lol C, Meade H,
react- ing.th rea i on

h%plﬂ;@;&nk 151 Cdle &% la@(gﬁ‘;‘%ﬁ%??’d 19 ucé;ﬁz i{‘iu&?{l %ﬂtlﬂ%nplyn Structural
CORGHALiGR Cpbdollidh 1% @M@&&MAM%%& ti18od 91, 12

east one 20 conpound is ' a {
Myl 828) eli66 1 42l ;fvimmemn M@v@kﬂngohCKeﬂaauB@sPMo tlH@rSﬁ@PoPraﬁ BM,

TR M T W LER TN Do

AN fpdv &0 Eurv%f in® ratt@ﬁ(ﬁ?ésoﬁﬂaﬁﬁﬂléio@)’&@dﬁ@éd @Nbaboons lethally
disoirders or diseases related thereto.

2am4v1@g4dmtlpﬁsrdhzﬁ2@@3fooom 90B04 AR dﬂh’glw,é\/ an Patten SM,

pr qfl{)g{) U emaé%qm C%n%gﬁlf r%s Wgagla&%}s{ il? It EB% g@b‘hﬁgﬁw&%n M,

V“E‘dr@duﬁlst”ﬂ" DR RIT V6B dnsncAReddes iR A0NiirBmb#A] J. Biol. Chemistry
preferably AT 111 (zLev JH, Wi singer A Zionek CA

EcAél &% 61999) HE68ridi2dént  Antit hronbi n: Production and

Rol e in Cardi ovascul ar Di sorder, Semnars in 5

Thronbosi s and Henostasis 27, 4 (2001) 405-416;

Edatuadeding to Vaer Plefdred eﬁModnHahtls ok plesertdmemtiof relates to pharma-
Ber nasconi R, Hi ggins E, I\/Ianaval an P, 5{: :}FEIGC Meade

H, ceubpsbremgesitions V%eﬂr@nlt_’@ pPotyRapéide s @4 Ritd

Hunan Antithronbin: Structural and Functl onal

Conparison to Human Pl asma-Derived Antithronbin, Blood
91AcchbZding to an especially preferred embodiment, the present invention relates to a

pharmaceutical composition as described above wherein the polypeptide is erythro-

poietin,

According to a further embodiment, the presentl invention relates to a pharmaceutical
composition as described above wherein the functional group Y is -SH and com-
pound (L) is a compound of general formula Z;-L'-X where the functional group Z,
is selected from the group consisting of b

H,N— H

0 N
HNT S RN
HZN/N\ ? H

~

H HN §

N 2°°N\
g N—S—
HN \ﬂ/ H [

G O



(1998) 4661-4671; M nnema MC, Chang ACK, Jansen PM
Lubbers YTP, Pratt BM 10 Wiittaker BG Tayl or FB,

weélaak/0€E76 Fri edman B, Reconbi nant human anti t hPOMEP2003/008829
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[1l inproves survival and attenuates inflammtory
responses in baboons lethally “chall enged with
Escherichia coli, Blood 95, 4 (2000) 11174123; Van
Patten SM Hanson, EH, ,Bernasconi R, Zhang K,,,Manaval n
P, Col e ES, I\/bPhenﬁson Edmunds T, Oxi datiﬁn ofg
Met hi oni ne Regj pdes™Nh Antithronmbin, J. B~ ™~
Chem stry 15 574, 1% (1999) 10268-10276) 2 Accotidi ng
to other preferred éfbodi nents, the pr esent i nvent i on

relates ta arga- ,ceutical conposition erein .

ol i Fds 8 EiaacRihef R ET Andepeh s i oh S fod B methyL,
esRRCKRdrE YhePfuBdtRnhEg oRPNOd kdBitbd rbRELP ER%BRbndiMRYrT ON
relates to_a pharnaceutical conposition as descri bed

above wher¢in the eptide is er Q--Poi et+¥F\
Accordin o a fur herﬁen‘oodi mntﬁa%sent ,/s//
i nventi@n | ates W0 har maceut i cal conposOti on

as desclli bgd above whereiSt—fke functional group Y is

-SH and ¢ pound (L) is a conmpound of general

formul a Zio "-X where the functional group Zi is

sel ected fromthe group consisting of HZNN H H2N~' 0

R, f#hdleinHEN &l CIHBNOF@,’\AnleVillére-L‘lT?% 'ﬂ'r%nic G Y& ing 7; and X or
2004/ 024776 PCT/ EP2003/ 008829 61 HH H H2NN J%\I\ BN

, Nwheze L' G absetiterein Gis 0 or S and, if present tw ce,

i ndependently O or S, and R is nethyl, and where the
functional group X is selected fromthe group

CON&dosdih 8 Qbre@rNd@hbadiktnt, the present invention relates to a pharmaceuti-
cal composition as described above wherein the functional group Y is selected from
the group consisting of an aldehyd group, a keto group, a hemiacetal group, and an
acetal group, and compound (L) is a compound of general formula Z;-L'-X where the

functional group Z is selected from the group consisting of

HN— H 0 o
2 N HNT RN
H,N | H
/H H2N\ ﬁ
Y N
G 0
N N N o
s oS
G G

wherein G is O or S and, if present twice, independently O or S, and R’ is methyl,
and where the functional group X is selected from the group consisting of

HN— H 0 O
25 N HNT S RN
H,N H



O N Owherein Hal is d, Br or I, and where L' is an
organic chain bridging ZI and X or where L' is

wahe®k4776 According to a preferred enbodi ment pCT/E®2003/008829
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present invention relates to phar maceuti - cal
conposition as described above wherein the functional
group Y is sel ect ed from the group consisting of an
al dehyd group, o group, a hem acetal group,~and
an acetal group, %d conpound (L) is a cH;Nounqu)of
general formul g it where the 10 functi oNatSeroup

ZI is selected f"rom e group consisting of HANIIH H2
NR' O-,"N, - GBH HHNO H2N N 2 "N.S_ G% HH
H H2foN~H2N(G~ G wherein Gis. 0 or S an i f
present tw ce, pendently 0 or S, and R iKF meghyl
and where the fNﬁ algroup X is sel egf, Rd ?ﬁﬁn the’
group conS|st| fg of NHHN-0~ RiO,N “HoN V\D

2004/ 024776 PCT/ EP26®3/ 008829 62 H ,N H2N. || IG
i \?ﬁergno(} 1sH OHor I2-1|121(|i\l I\llf preléumlﬁ twice, 1ncl\e%endenﬂy OG orGS and R' is methyl,

and where L' is an organic chain bridging Z; and X or where L' is absent.

According to another embodiment, the present invention relates to a pharmaceutical
composition as described above wherein the functional group Y is -SH, compound
(D) is a compound of general formula Z;-D'-W, and compound (L) is a compound of
general formula Z,-L'-X, where the functionﬂ group Z; is selected from the group

consisting of

LN A HNT RN
HNT
-0
/H HZN\N ISI
N \ﬂ/ H
G 0
H H H
_N__N NG
i o WY
G G

wherein G is O or S and, if present twice, independently O or S, and R' is methyl,

where the functional group X is selected from the group consisting of
| SN Hal”" T \O
A~ o) 0~ \
S—S_

wherein Hal is CL, Br or I, where the functional group W or the functional group 7 is

O

-SH and the functional group Z; or the functional group W is selected from the group

consisting of



wherein Gis 0 or S and, if present tw ce,
i ndependently 0 or S, and R is nethyl, and where L'

woo0@m2er’gani ¢ chain bridging ZI and X or wher eCL/EP2®3/008829
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absent. According to another esbodi ment, the present
invention relates to a pharmaceutical 5 conposition
as descri bed above wherein the functional group Y is

-SH, compopnd (D) is a conpound of general formu_}\
ZI-D -W aftd conpo (L) is a copp w/ﬁjﬁ( genérah__O
formul a L' - X ere|the functional up Zl 'E)’

sel ected frQm.t he '\%9_ i sting of

H2NR, i O! NH HNH2 H2NN-S—yH11 GO

NON G~ yHy GG wherein Gis 0 or Sand, if
present twpce, independently O or S, and R is nethyl,

10 where the functional group X is selected fromthe

gr odipreapHsl 5tGInBr,afr I, @ Whede kizd fBclonal gra®pSV-ot thenfimctipmal group
Ha |, where, t.he | .group W.or

» FRReled T | Bw&yﬂlpz%%tmg o fLfriERG e B festifed above, or a
9 r 9&%90)(?;2%1‘6‘11]80%(';1{ WG IgﬁS@&BleWIhﬁ) éﬁé&l@/ﬁ@ﬁ ektePBhd the func-

the gr sting of 2004/ 024
PClip P 2005/ 08 829funédorm! pwivp VB 1S~®Ieo®d from the group consisting of
N H.N R' N
NG 2
H.N H
O
N/H ML
k Y H
G 0O
H H H
_N N _N G\
o oy
G G

wherein G is O or S and, if present twice, independently O or S, and R’ is methyl,
and where D' is an organic chain bridging Z; and W or where D' is absent and where

L' is an organic chain bridging Z, and X or where L' is absent.

According to yet another embodiment, the present invention relates to a pharmaceu-
tical composition as described above wherein the functional group Y is selected from
the group consisting of an aldehyd group, a keto group, a hemiacetal group, and an
acetal group, compound (D) is a compound of general formula Z1-D'-W, and com-
pound (L) is a compound of general formula Z,-1'-X, where the functional group Z,
is selected from the group consisting of

H,N— H O

N H,N
HNT 2



N_ STS\ O wherein Hal is d, Br, or I, or where the
functional group Wor the functional group Z2 is
weebmaokedsf rom t he group consi sting of an acti varae#2003/008829
ester, as described above, or G car boxy group which
'S opt| onally transformed into 'an activated ester and
the func- tional group Z2 or the functional group Wis
sel ected fromthe group, consisting of HZN- H H2NO -
R~ON H2NH KN N 0 H2N H--S-11 GO NY
G~H2NH2NYHCNG érein Gis 0 or Spp Nh;
present tw ce, |ndep ndently 0 or S, and I?’ |s t hyl,
and where D is an dPganic chain bridging ZI an® Wor

|s abs nt ar}d where ., L' is an qQrgani ¢ chali
@i{*r‘lﬂ %ﬂéf RESER fwics, dndgpsidently AL ep ;Sda%Rt i methyl,

yem:@ g&éﬁﬁctﬁmp%ongm is siBGeRHBRARE ctdbROhlighy & At es
to a pharnmaceu- I cal conpositio escri

above wherl&Nr—the functionad gr oup Y is ©elected fro® -
the group consisting 05513 oM dehyd gHglip, a keto R

group, a hem acet al B’ and an acetal group, .
compound (D) is a rrpound of general fornula ZI-D -W
and com pound (L) pfs a _conmpound of gener @ N or nyl a

Irz

Z2-L' - X, vvherthNe’ tional group Zl IsteNE.C ed
fromthe group onS|s ing of HZN- /H H2ZN O "~HR'|IO.
HONH HHN O I H2NSN 2\N-S- 11 G 0 WD 2004/ 02477
PCT/ EP2003/ 008829
H,N" \”/ ~ HNT YT
G \[G]/

wherein G is O or S and, if present twice, independently O or S, and R' is methyl, the
functional group W or the functional group Z, is -SH and the functional group Z; or

5  the functional group W is selected from the group consisting of

= O
S—S8_

07N

O

wherein Hal is Cl, Br, or L., or where the functional group W or the functional group
Z; is selected from the group consisting of an activated ester, as described above, or a
carboxy group which is optionally transformed into an activated ester and the func-
tional group Z, or the functional group W is selected from the group consisting of
H,N— H Oo. -~

4 0
_N HNT TS RN
HNT S 2 H

HN,

N |
HzN/ \”/ N—S—
H il

G O



64 HHHHNNYN--1 HNNY d--~ GG wherein Gis
O or Sand, if present tw ce, independently O or S,

wanw4R24i76 net hyl, where the functi onal gr oupP&TiE®2003/008829
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sel ected fromthe group consi%}g_'izng of N HO O H
NNNHNR'" H H2 ~NHMNM 0 NYHS Id O11 N ~
O~NYG H2NY HZN GG wherein Gis 0 or S and,
if present twice,, independently 0 or S, and i's

net hyl , the funcﬂi on group Wor the funct zpnal g
group Z2 is -ghyan e~functi onal groupl—@lz/or the
functional grofip Wils sel ected fromthe gfoup
Céonsisting of OHal'GS,0 O N O wherein Hal i€ d,
r, or, |

. l., ar where the function rou of ot '
f uresreigfais §r oud andsar PEeSed| e P P%m%flﬁ\é%?ro%’p&% R'is methyl,
¢ %ﬁ'\%ér@%’ f%fanad?%ﬁﬁé Lt BHIERE F an@ W dESBER IR ds senteand where
or a carboxy group which is optionally transforned
i t'ds anom@anic \chiie dridgingiZ. and X ¢reviiare &- istabsshl group Z2
or the functional group Wis selected fromthe group
consisting of N HO, H ,, N~ HZN R'-" H

According to a particularly preferred embodiment, the present invention relates to a
pharmaceutical composition as described above wherein hydroxyethyl starch is re-

acted in an aqueous medium with a compound according to the following formula
O o)
H2 N e 0 AN N H2

and the reaction product is reacted with erythropoietin.

According to an even more preferred embodiment, the present invention relates to
the aformentioned pharmaceutical composition wherein the erythropoietin is oxi-

dised with sodium periodate prior to the reaction.

According to a further preferred embodiment, the present invention relates to phar-
maceutical composition as described above wherein the erythropoietin is partially

desialylated and subsequently oxidised with sodium periodate prior to the reaction.

According to a further preferred embodiment of the present invention, pharmaceuti-
cal compositions comprising a hydroxyalkyl starch derivative which are produced on

the basis of a completely reduced Thio-EPO according to Example 6 are excluded.

The above-mentioned pharmaceutical composition is especially suitable for the
treatment of anemic disorders or hematopoietic dysfunction disorders or diseases

related thereto.

A "therapeutically effective amount" as used herein refers to that amount which pro-

vides therapeutic effect for a given condition and administration regimen. The ad-



2N H HNON HA -1 2 H S-11 G 0 WO 2004/ 024776
PCT/ EP2003/008829 65 ~ N HO NHNY 2 NY GG

woheran76 is 0 or S and, if present twice, PCT/EP2003/008829
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i ndependently 0 or S, and R g nethyl, and where D
is an organic chain bridging Z1 and Wor where D is

absent and where L' is an organic chain bridging Z2
a -
pg}rﬂ fétg% on\’\@e&gn dru?uéggtz mkéilﬁg%?%%lg%%élgﬁtﬂ routes. The spe

[ mf&rutoumrbhbeéxaws dépend upph alidmduidndfﬂing‘:@eqnms iTheardnAsistration

descri bed above wherein oxyet hyl st
of StUTAPQIAtE Qiodd s M?Q@LM HePeASRAD A 0%@%}% fgjtaining a

t Qm'ggﬁ?e i b0 dGsf | @ %@% Lt b8 %bl[lglﬁcédc s a buffered
product Wth er yi

I's feacte ropdi eti n.
t ealar saimramnamd#oma atiigabie ddjendnn.dT hnaerululred] éoqagemﬁtbe 1n amounts

|n ntion relates to the afor nlq har CeUtIC
Pt FooRISRAR BepRipfd %frpﬂtlﬂ%wf il ey Sepnagsabe sever
Mttyfzsffmo (108 RIS 1@ diDe dTf ARGHRR nsP SRS b M

to"a furt er preféerre errbodl ment, the present
invention relates to phar- 15 rraceutl cal conmposi tion

odrEraieey o e TR LR e el ERe Sunch e dpvepton i

S 9§Efél%19%h 106848 of Eﬁél{erﬁ%léﬂ"ﬁvﬂﬁélﬁf in%ﬂe tharﬁG Q%H'ﬂo[)/gmttﬁe blood.
furthér preferred enbodi nent of e present

| ﬂ?veﬁns, dle; plrmaceitioal ¢omppaitlouompbb€t admnwtar@dm B swanrqh@t the he-
%\dqgﬁoz%bgglﬁg nic}rga%g%le)%&rel ng)lgpv(f @ el é’ rod per eek. If the

ageRbebhE 10 &Xarpdes 6 mmel/e X wedy sh&h@ be preferably interrupted
above-nenti oned pharnaceut i cal conposition is

espeldhahémoglabinaisiues is belowri!l mmol/l.

The composition of the invention is preferably used in a formulation suitable for sub-
cutaneous or intravenous or parenteral injection. For this, suitable excipients and
carriers are e.g. sodium dihydrogen phosphate, disodium hydrogen phosphate, so-
dium chlorate, polysorbate 80, HSA and water for injection. The composition may be
administered three times a week, preferably two times a week, more preferably once

aweek, and most preferably every two weeks.

Preferably, the pharmaceutical composition is administered in an amount of 0.01-10
ug/kg body weight of the patient, more preferably 0,1 to 5 pg/kg, 0,1 to 1 ug/kg, or
0.2-0.9 pg/kg, most preferably 0.3-0.7 ug/kg, and most preferred 0.4-0.6 pg/kg body

weight.

In general, ‘preferably between 10 pg and 200 pg, preferably between 15 pg and 100

pg are administered per dosis.

The invention further relates to a HAS-polypeptide according to the present inven-

tion for use in method for treatment of the human or animal body.



treatnment of anem c di sorders or hematopoietic
dysfunction disorders or diseases related thereto. 25
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refers to that anount which prg- vides therapeutic
effect for a given condition and adm ni stration

regi men. The ad WD 2004/ 024776 PCT/ EP2003/ 008829 66
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by parenteral routes. The spe- cific route chosen wl|
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solution, and/or a suitable adjuvant. The required
dgosage will be jn ampunts sufficient to raise the

h Hﬁlaé% PORPRINdA) juser & AT Lo therirewrab BIERYRR egBprises one or
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of the invention is 10 preferably an increase of the

henogl obi n value of nore than 6.8 Mol /| in the bIood

F

o o b 0 Y R G TR Blest ap g omprises one or

i nmreaéasl bmlltmemrtpound @DB nrayobe/ presamdl 1r1R60am15mmiaItlopenr in S con-

Mﬁg t'he n vable exceeds 8..7 mmol /1, the
%Wnsﬂrﬁ&a O GRS TRt o3 BTl GERIET. t he

henogl obin value is below 8.1 innmol/l. 15 The

conposi tion of the invention is preferably used in a

f dheuinaentém §uﬁtrﬂobi éllistuateduby thaifelledog esampless tables cuns figures

rent.er al t ab exc i ents

o RELGR B vl PhERA B 1ol heichyn i eier
dlsodlun1hydrogen phosphate so- dium chl orate,
pol ysorbate 80, HSA and water for injection. The
conposition may be 20 adm nistered three tines a week,
preferably two tinmes a week, nore preferably once a
week, and nost preferably every two weeks. Preferably,
t he pharnmaceutical conposition is admnistered in an
anount of 0.01-10 g/kg body wei ght of the patient,
nore preferably 0,1 to 5 g/kg, 0,1 to 1 g/kg, or 25
0.2-0.9 g/kg, nost preferably 0.3-0.7 g/kg, and nost
preferred 0.4-0.6 g/ kg body
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HAS- pol ypepti de according to the present inven- tion
for use in nethod for treatme® of the human or ani nal
body. WO 2004/ 024776 PCT/ EP2003/008829 67 The
invention further relates to the use of a HAS- EPO

c Shargdesriptionhnd the Bigmmes i n- vention for the
preparation of a nmedicanent for the treatnent of
anem ¢ di sorders or hematopoietic dysfunction
dimgafer s or diseases related hereto. 5 In case
conmpound (L) used in according to the present

I nvention conprises one or nore chiral centers,

c ound.(11) be present i rmation or Jn
RO bt S 8t HELR o BrpBORAL () e, By accora:
eded tebaadlle sgnter. 10 In case conpound (D) optionally
used in the present invention conprises one or nore

chiral centers, conpound (D) may be present in R

cqnfardmt ion. Qr 10 S %@i@-ﬁ%ﬂﬁ%@%{gg\éﬁﬁ efé&rﬁ.%&h GmbH+Co,

conmpounid Wi réspect 1o eac

i nvent i on Kalstuliel D8y mblebulat vaights (RykDhef fhelprétsin@arker from top
exanpl es, tables anfigyge 15 which are in no way

i ntended tt® bplemi 24y, 12 732%,6@: &9-4tand Ik esent
i td.on. : P Short
R S et

arLasP®: padiP(apiattingimatefialt he HES- EPO conj ugat e,
produced accord- ing to exanple 5.1. Lane A: Protein
mar ker Roti (r)-Mark PRESTAINED (Carl Roth GrbH+Co,
Kafibsrdhe, D); nolecular weights (in kD) of the
protein marker fromtop 10 to bottom 245, 123, 77,
42, 30, 25.4, and 17. Lane B: Crude product after

C%Jg&g%t éh%gvs%%cﬁg ngge :Eu:?alyes)i(saJ)Ep tlhg }?Esl—EPO conjugate, produced accord-

ing to example 5.3.

Lane A:  Crude product after conjugation according to example 5.3.

Lane B:  EPO starting material.

Lane C:  Protein marker Roti®-Mark PRESTAINED (Carl Roth GmbH+Co,
Karlsruhe, D); molecular weights (in kD) of the protein marker from top
to bottom: 245, 123, 77, 42, 30, 25.4, and 17.

Figure 3

Figure 3 shows an SDS page analysis of the HES-EPO conjugate, produced accord-

ing to example 5.4 and 5.5.

Lane A: Protein marker Roti®-Mark PRESTAINED (Carl Roth GmbH+Co,
Karlsruhe, D); molecular weights (in kD) of the protein marker from top
to bottom: 245, 123, 77, 42, 30, 25.4, and 17.



Lane C. EPO starting material. Figure 2 15 Figure 2
shows an SDS page anal ysis of the HES- EPO conj ugat e,
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product after conjugation accofpding to exanple 5.3.
20 Lane B: EPO starting material. Lane C. Protein
rmr ker Rot i (r) l\/ark PRESTAI NED (Carl Roth GrbH+Co,

gihe, ar_wei hts [

pro |n macr: #Heﬁcorpgg Bgﬁf%ﬁ&mﬁi)%exaf?g §7‘7 42,
30,.and%:4, Camde ﬁﬁ)dué’t&ﬂ'ét @éﬁé@ga’ﬁoﬁ'a@é&@ing t$ 185,55DS

anal yS|s of .t he HES- EPO conj ugate, produced
a%ﬁ P Q stagiogmpateriad. 4 and 5.5. 30 Lane A: Protein
mar ker Rotl (r)-Mark PRESTAINED (Carl Roth GrbH+Co,
Karl sruhe, D); nolecular weights (in kD) of the
prikigered mar ker fromtop to bottom 245, 123, 77, 42,
30, 25.4, and 17. WD 2004/ 024776 PCT/ EP2003/ 008829 69
Lane B: Crude product after conjugation according to

XapRES Shotvs anlHE Ip%%%eﬂ%‘?ﬁ_ane %%Pé%g) S]P%ac&?sn YIRLLPD according

accord| ng to exanp

metv exaraples B.1knddrde 4 Figure 4 shows an SDS page

anal ysi s of BES- EPO conj ugates, produced according to
exanples 7.1 and 7.4. 10 Lane A: Protein marker

RQtanb A - Wx&teBR%%ﬂrN@nM WW@% Roth GmbH+Co,

Kar | sruhe, é nol ecul ar \/\/elg
protein ek yubfy Binmolpculaowbights @i kIZ)445£ thd PBgtein inarkey, from top

30, 25.4, d 17. e rod after
conj ugati 8?1 %%Ocr%“r%ﬁlsa S‘l 379%1#& 7} ane ¢ Crude
P afdrade ﬂﬁdtgﬂteir Chj @56k Qwa,gd Bth?éSéMﬂ1§7Zf 1.
15 Lane D EPdg@ tarting mJa%rl al '

Lane C:  Crude product after conjugation accordmg to example 7.1.

LaneD:  EPO starting material.
Figure 5

Figure 5 shows an SDS page analysis of HES-EPO conjugates, produced according
to examples 7.2, 7.3, 7.5, and 7.6.

Lane A:  Protein marker Roti®-Mark PRESTAINED (Carl Roth GmbH+Co
Karlsruhe, D); molecular weights (in kD) of the protein marker from top
to bottom: 245, 123, 77, 42, 30, 25.4, and 17.

Lane B:  Crude product after conjugation according to example 7.6, based on Ex-
ample 1.3 b).

>

Lane C:  Crude product after conjugation according to example 7.5, based on Ex-
ample 1.1 b).

LaneD:  Crude product after conjugation according to example 7.6, based on Ex-
ample 1.3 a).

Lane E:  Crude product after conjugation according to example 7.5, based on Ex-

ample 1.1 a).



Figure 5 Figure 5 shows an SDS page anal ysis of
HES- EPO conj ugat es, produced according 20 to exanpl es

W@ 2004/024B¢ 7.5, and 7.6. Lane A Protein mar KkePCT/EP2003/008829
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according to exanple 7.5, based - anple 1. ) .
Lbare Kx CGrR@etapiingiweterial t er conj ugati on according to
exanple 7.6, based on Ex- 30 anple 1.3 a). Lane E
Crude product after conjugation according to exanple
7%%“9636(]' on Ex- anple 1.1 a). WO 2004/ 024776

PCT/ EP2003/ 008829 70 Lane F: Crude product after
conj ugation according to exanple 7.2. Lane G Crude

PERGHES sBhiS T SPRY BB R0 57 9 2R DU, fpdod sccording
stonamples 305 78 g0, anal 731 sandf7.14S- EPO conj ugat es,

produced according to exanmples 7.7, 7.8, 7.9, 7.10,
7.11, and 7.12. 10 Lane A; Protein marker Roti(r)-Mark

PRESTAI N ar 1; - I , ; +
rrggge c‘ﬁ{ aFPI \ﬁéelq%h’%ls |I nrk(gg? |I\%&zt ﬁgﬁg’?‘é?@.gﬁe rg'g%l e]}o‘fhr gr%n bE+Co,
top to bRafisituhe, )5 moledBlar Weighd(in D) of Shedproteivd mibvker from top

Lane B: Crude product after conjugatjon according to
exanpl e 7tobpitony Zde, 123, H»d‘&e?’?)riédﬁé‘?& g?-t er conj ugation

g?g&r g gChﬂe?ﬁ(@d{R{ gﬁ&-cé?jﬁéatt&o deR0Ridd to Q&yﬁﬁlem pduct

ter conjugation accor exanple 7.7. Lane E:
CLaitkeCpr ofucl paddeet aftaympupattioncacdoredbryampleskHhpl e

;Eg&ﬁ, ]8:_ ﬁgsfuge ég%ﬁ_%re %ng%%gfutgat%nt aﬁ:%or%lonrg tlc'l)%?igringfé 7.7.
Lane E:  Crude product after conjugation according to example 7.8.
LaneF:  Crude product after conjugation according to example 7.12.
Lane G:  EPO starting material.

Lane K:  Crude product after conjugation according to example 7.9.
Figure 7

SDS-PAGE analyses of EPO-GT-1 subjected to mild acid treatment for 5 min. = lane
2; 10 min. = lane 3; 60 min. = lane 4 and untreated EPO = lane 1; the mobility shift
of EPO after removal of N-glycans is shown (+PNGASE).

Figure 8

HPAEC-PAD pattern of oligosaccharides isolated from untreated EPO and from .
EPO incubated for 5 min., 10 min. and 60 min. under mild acid hydrolysis condi-
tions. Roman numbers I-V indicate the elution position of I = desialylated dianten-

nary structure, Il = trisialylated triantennary structures (two isomers), Il = tetrasia-



Lane G EPO starting material. Lane K Crude product
after conjugation according to exanple 7.9. 20 Figure
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( . Figure 8 HPAEC-PAD tern, of
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WO 2004/ 024776 PCT/ EP2003/ 008829 71 lylated
tetraantennary structure + 2 N-acetyl | actosam ne
r'gb‘éﬁle§, IV = tetrasialylated tetraantennary
structure + 1 N-acetyl | actosam ne repeat; V =
tetrasialylated tetraan- tennary structure + w thout
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H%Cos C- charldeg structures without, wth 1-4 sia

NGURREYG & b%/SbSW‘@@ rumBers 4 -Finginate @erqtummmmomof stan-
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edﬁdﬁ%ﬁ%&u on g?aﬁ 1 ace I%eut?igl?#leﬁ?%ygé 4013?1? U wnrianten-
numbre(ﬂsﬁ momer)néllmtrearttdﬁmml l5t=|= Qﬁnnmmtyl Iﬂas @frqsgaar& 1&aanten_
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tP"f“X 5‘?13?3 z“?a%%\ﬁljy Ples r@l?qa%%mgenteﬁa?rgﬁelmplus 2 repeats
iﬁlmE)tetr:ﬂantenhﬁry RIYRALY; 5 = triantennary plus 1
repeat; 6 = tetrfaanten- nary plus 1 repeat; 7 =
triantennary pI us 2 repeats; 8 = tetraantennary plus 2
fpeati and = tetraantennary pI us 3 repeats. 15

QO SDS— PAGE analysis of mld treated and

untreat ed EPO whi ch were subjected to pe- ri odate
oxidation of sialic acid residues. 1 = periodate

oxPErEAGE vinglysig tof awlditreateshand yrdreated ERPO peidhodtetessubjected to pe-

gﬁg&jzg% i%gldgtl{)?l U s%ﬁc %cltdr leegitdlrlrg tl penoga% Io% ?zte(cal 0)%(9& Za(gl treat-

ment; 2 = periodate oxidized 5 min. acid treatment; 3 = periodate oxidized and acid

treatment 10 min.; 4 = periodate oxidized without acid treatment; 5 = BRP EPO

standard without periddate and without acid treatment.
Figure 11

HPAEC-PAD pattern of native oligosaccharides isolated from untreated EPO and
from EPO incubated for 5 min and 10 min under mild acid hydrolysis conditions and
subsequent periodate treatment. The elution area of oligosaccharides structures with-

out and with 1-4 sialic acid is indicated by brackets 1-5.

Figure 12



20 treatnment 10 min.; 4 = periodate oxidized w thout
acid treatnent; 5 = BRP EPO standard w t hout

woeoidodat’e and wi t hout acid treatment. Figure RATZEB2003/008829
HPAEC- PAD pattern of native olglggosacchari des i sol at ed
fromuntreated EPO and from EPO incubated for 5, mn
and 10 mn under mld acid hydrolysis conditions and

ol PESAER, aPfi€ oBfi i el ot HESubodthistign of e dre-1-: 20
si ab ialiqestd df EPO-GH-934 ez&ér@)fe&"téac{xzﬁh%yar&yl G%é:h%ﬂfff‘edlﬁES de-

WO 2004/ 024776 PCT/ EP2003/ 008829 72 °SDS°P anal ysi S
ofnY%etXfﬁ;wma 6fand+E%hm Lansal =00 win ERQi@TkireAand 2 = 2

2ot A48 gl 0 B! GRS b ppion e

5 2 laﬂe ﬁﬁCEHG-(mJJ«JLA mﬂﬁi&ﬁHES%%&ﬂ@hﬁbrf i@ﬁtﬂgﬂfb dHoWR thd 813 in mo-
hour reaction tine; land 3 = 4 hours reaction

t |‘?%Bty of:EBOAGT-kA wih drcreasing nﬁhbattionetlm@ il theeprgsence of the with

trﬁi?@ﬁ%fé?%“ﬁ%w ﬁfgfg]g?ét%c i on t leﬁg{igg?ﬁm?’Omm

| NepdRhitdie; 140¥e + D Hobif rBA @R, q)afneti‘@ 4%&& reaction tlme land 4 =
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a e 3.= 4 hours t| 0
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wi glicdsidaserodi fi cati on. The figure on 10 the right
shows anal ysis of the sanme sanples after their
treatment with N glycosidase. Figure 13 15 SDS- PAGE
angbys 8 of Q Sepharose fractions of HES-EPO
confugates. Each 1% of the flowthrough and 1% of the
fraction eluting at high salt concentrations were con-
concentrator and were | oaded

S
15 oS PRy edmop ot raien: hOEST B @i danigsics. Each 1% of
ISttHé icl:ﬁ\@ tﬁx\bugf? 919@?‘% &F Bl H%cu& élu é_saiﬁco&c&ﬂlgﬁogbwere con-
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SEHTEREFD brf B Pained oy (Eomatlle Btk A= thnpleT: B Shple m;
= sample HI; K = control EPO-GT-1; A1, B1, C1 and K1 indicated the flow-through
20  fraction; A2, B2, C2 and K2 indicates the fraction eluted with high salt concentra-

tion.
Figure 14a

25  SDS-PAGE analysis of HES-modified EPO sample A2 (see Fig. 13), control EPO
sample K2 gnd EPO-GT-1-A EPO preparation were digested in the presence of N-
glycosidase in order to remove N-linked oligosaccharides. All EPO samples showed
the mobility shift towards low molecular weight forms lacking or containing O-
glycan. A lower ratio of the O-glycosylated and nonglycosylated protein band was

30  observed for the HES-modified EPO sample A2 after de-N-glycosylation and a dif-
fuse protein band was detected around 30 KDa, presumably representing HES-

modification at the sialic acid of O-glycan residue (see arrow marked by an asterisk).



25 SDS- PAGE anal ysis of HES-nodified EPO sanple A2
(see Fig. 13), control EPO sanple K2 and EPO GT-1-A
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treatment. Figure 15 HPAEC- PAD anal ysis of N-Iinked
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Figure 16

HPAEC-PAD analysis of N-linked oligosaccharide material liberated from HES-
modified sample A, from EPO-GT-1A and from a control EPO sample (K) incubated
with unmodified HES. The retention times of a mixture of standard oligosaccharides
is shown: numbers 1-9 indicate the elution position of standard oligosaccharides: 1 =
diantennary; 2 = triantennary (2-4 isomer); 3 = triantennary (2-6 isomer); 4 = tetraan-

tennary; 5 = triantennary plus 1 repeat; 6 = tetraantennary plus 1 repeat; 7 = trianten-
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2004/ 024776 PCT/ EP2003/ 008829 74 nary plus 2 repeats;
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te]:t'ir‘é%?ﬁ:lzlﬁ%gy plus 3 repeats. Figures 17 to 23 5
Figures 17 to 23 represent MALDI/TOF nmass spectra of
t he enzi/matl cally liberated and chemcally
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1 D ect rum deS| al yl ated ol i gosaccharid
%‘%%élal?%m@% MSppglsie 18 20 MALDI / TOF

spectrum desi al yI at ed ol i gosacchari des of EPO GT- 1-A
Figure 19 MALDI / TOF spectrum desialyl ated
olFiglosd@chari des of EPO K2. 25 Figure 20 MALDI/ TOF
spectrum desial yl ated ol igosaccharides of EPO GT-1.
30 Figure 21

MALDI/TOF spectrum: desialylated oligosaccharides of HES-modified EPO A2.
Figure 18

MALDI/TOF spectrun'r desialylated oligosaccharides of EPO GT—LA.

Figure 19

MALDVTOF spectrum: desialylated oligosaccharides Qf EPO K2.

Figure 20

MALDVTOF spectrum: desialylated oligosaccharides of EPO-GT-1.

Figure 21
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WO 2004/ 024776 PCT/ EP2003/ 008829 75 MALDI/ TOF

spectrum desi al yl ated ol i gosacchari des of EPO GT-1
weubjmes@d to acid hydrolysis for 5 mn. Fi guPeT/ZP2003/008829

MALDI / TOF spectrum desialqu%ed ol i gosacchari des of

EPO GTI-1 subjected to acid hydrolysis for 10 mn.

Figure 23 10 MALDI/ TOF spectrum desial yl ated

%9133@@3? asf:pi@gg%@:oﬁpgg}%gf%;p i 80%2&%%3 di éﬁ FE@Q‘%@% 89\2’ ected to

ks BALR fandlysi s of two HES- EPO conjugates mw
rmrlfgfd Lgﬁe 1: HES- EPO produced according to exanple

protocol 8: EPO is conjugated 20 to hydrazi do- HES
éﬁKD L #ane 2: HES- EPO produced according to exanpl e

B&d¥ 9: EPO is conjugated to hydroxyl amino HES 12
KD K C control (unconjugated EPO; the upper band
represents EPO diner 25 Figure 25 Figure 2 .
Ayl T@F espettern: dhsialydae®d oligesapahgeidesdof &PS-GT-1 subjected to

car.bohydr at ety of a car- bohydrate side chain by
s%%&ﬁﬁ%m&'sgi%&ren& of HAS nodified EPO fornms wth po-
| yppeti de N-glycosi dase 30 Lane 1: HES- EPO produced

according to exanple protocol 8 after digestion with
NFiguyed3i dase WD 2004/ 024776 PCT/ EP2003/ 008829 76

MALDYTOF spectrum: desialylated oligosaccharides of EPO-GT-1 subjected to
acid hydrolysis for 60 min.

Figure 24
Figure 24 shows an SDS page analysis of two HES-EPO conjugates

mw: marker

Lane 1:  HES-EPO produced according to example protocol 8: EPO is conjugated
to hydrazido-HES 12KD L

Lane2:  HES-EPO produced according to example protocol 9 : EPO is conjugated
to hydroxylamino HES 12 KD K

C: control (unconjugated EPO); the upper band represents EPO dimer

Figure 25
Figure 2 demonstrates that the HES is conjugated to a carbohydrate moiety of a car-

bohydrate side chain by showing a digestion of HAS modified EPO forms with po-
lyppetide N-glycosidase

Lane 1:  HES-EPO produced according to example protocol 8 after digestion with
N-glycosidase



Lane 2: HES- EPO produced according to exanpl e protoco

9 after digestion wwth N-glycosidase Lane 3: BRP EPO
webtendasde Lane 4: BRP EPO st andard aft er di gesPCOMPLI0BA08S29

N- gl ycosi dase 5 mwv  mar ker 8- Rad SDS- PAGE St andards

Low range Catal og No 161- 030 Bi o- Rad Laboratori es,

Hercul es, CA, USA) WO 2004/ 024776 PCT/ EP2003/ 008829
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droxyeié%g)starch with 1,3-di am no-2-hydroxy
p a) To a solution of 200 ng
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et hanol (v/v). The precipitate was coll ected by
centrifugation and dialysed for 4 d 15 agai nst water
(SnakeSkin dialysis tubing, 3.5 IUD cut off, Perbio
Sci ence Deutschland GrbH, Bonn, D), and |yophilized.
b) Incubation of the m xture resulting from addi ng
0.83 mmol 1, 3-di am no-2- hydroxy propane and 50 ng
sodi um cyanobor ohydrate NaCNBH3 to the solu- 20 tion
of 200 ng hydroxyethyl starch was al so possi bl e and
carried out at 25 C for 3 d. Exanple 1.2 Reaction of
hydr oxyet hyl starch with 1, 2-di hydroxy-3-am no
propane
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m xture was added to 160 ml of a cold 1:1
mxture of acetone and ethanol (v/v). The precipitate
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agaiamgle Wat er FoBnakeskefn hpdeixyethyl tstatchge deravzyweddm ueductive
of f, Perbio Science and
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from addi ng O 83 mmol 1, 2- di hydr oxy-3- am no propane
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sdixampal.110 Beacthmn of hygduexseyesl parchy withn lﬁa@amlrbe -hydroxy
possi bl e and %gg %d out at 25 Cfor 3 d. The
reaction of 1 pcfuhydroxy 3-am no propane w th HES was
confirmed indirectly by quantif]
f or mal dehyde, resulting fromhifé OXI dat i Neizcl eavage of
the 1,2- 15 diole in the reaction p uct by periodate
as described by G Avigad, Anal. Biochem 134 (1983)
449-504. Exanple 1.3 Reaction of hydroxyethyl starch
with 1,4-diamno butane NH H2N 2 20@%« To a solution
ofa) 200 onay scbiy‘dtbmm;? éﬂﬁymg QY@pE}’ﬁth}HEEaI@l SQW—(MW 5018,000 D,

ot an DTS kit R 8 Vet 055 ol SRl 4165 opane (Sigma

sodi unigNeH) TaafkMEl, I)eniNsCNRHbNveh ey &MSfbhydfﬁﬁeNaCNBm were
resul ting m xture was incubated at 80 C for 17 h,

The

react |addaednT>bw|e@ﬂtm&§n&mPeWa$ éncubatediat $p °4 &g W b ”{he reaction

m xt ur S %@ta(aa ?8 g&a&o Lx ci)w %l nng{%&ezogf acetone and ethanol
'ec ntrifugation and

pr eci pllf< PR co by ce
di al yges).f Dic 4redipi@al was coléwéed by centrifugation and dialysed for 4 d
against water (SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science

Deutschland GmbH, Bonn, D), and lyophilized.

b) Incubation of the mixture resulting from adding 0.83 mmol 1,3-diamino-2-
hydroxy propane and 50 mg sodium cyanoborohydrate NaCNBHj to the solu-
tion of 200 mg hydroxyethyl starch was also possible and carried out at 25 °C
for 3 d.

Example 1.2 Reaction of hydroxyethyl starch with 1,2-dihydroxy-3-amino

HZN/\AOH

OH

propane

a) To a solution of 200 mg hydroxyethyl starch (HES18/0.4 (MW = 18,000 D,
DS=0.4)) in 5 ml water, 0.83 mmol 1,2-dihydroxy-3-amino propane (Sigma



(SnakeSkin dialysis tubing, 3.5 IUD cut off, Perbio
Sci ence Deutschland GrbH, Bonn, D), and |yophilized.

wORRAA4776024776 PCT/ EP2003/ 008829 79 b) | ncubatcTmm2mB/008829
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the m xture resulting from adgy ng 0.83 mmol
1, 4-di am no butane and 50 ng sodi um cyanobor ohydr at e
NaCNBH3 to the solution of 200 ng hy- droxyet hyl

AR DT AP T
1- mer gaRHOTRe %Quﬁﬁlgﬁfrﬁk‘tuﬁ:nﬁaé"ﬁmﬁwfgd aB30 PC for 99! Mt T reaction

of 200 ng hydroxyet starch (HES18/0.4 (MW= 18, 000
D, Dsixur) yvas ﬁd@adnto el el ofr ealdnyd|mixture of acetone and ethanol

1- ner amn et hane (S

Taur PP BREE DA Sol S By SepdtuBlbihnd diplysed for 4 d
NaCNB ﬂ‘zﬁf@atela‘dgl@ﬁkesmhedffa@@iﬂ fubfi@, 8. X tID ecudestf, Perbio Science
i ncubated at 80 C for 17 h. The reacti on mxture was

added DestsgigandGmbt], Boss) la), #nd Iyephilized of acetone and

et hanol (v/v). The precipitate was coll ected by
centrifugation and dialysed for 4 d against water

( Bpakedbaxid of theimixtwbire@lting ﬁoxlnuadd:ng 0.88 fmmBEet Ridihydroxy-3-
Sci ence_, 15 Deutschl and GybH, Bonn, , an _ )

| yophRMinAERroP#Ie e PIRE .seﬁuswcyaﬂ@vqwbafdmt% bﬂ@%\lﬁlﬁ fgghe solution

from r ' °
S54RI 8 BN % o o
of 206 ng hydroxyethyl starch was al so possible and

carried out at 25 Cfor 3 20 d. Exanple 2: Formation
of hydroxyethyl starch derivatives by conjugation

WhthB LR %1%8&1&&%?#3%&'0 NRod vAth ﬁE@%seco%ﬁ%ned mglrectly

Reaction of hydroxyet starch wth carbohydrazid
HB), qupthfideiidn |e|f ﬁ)m@c&hgd@frems@ﬁmhe Niidatiz® cb@vz:agm of the 1,2-

o Rl ilang G on BRoduslty Pl e 8T R Bo Ry dnigRg Aot Biochem.
( SbaEos3) dno-5h4.

Example 1.3 Reaction of hydroxyethyl starch with 1,4-diamino butane
/\/\/NHz
H,N

a) To a solution of 200 mg hydroxyethyl starch (HES18/0.4 (MW = 18,000 D,
DS=0.4)) in 5 ml water, 0.83 mmol 1,4-diamino butane (Sigma Aldrich,
Taufkirchen, D) and 50 mg sodium cyanoborohydrate NaCNBH; were added.
The resulting mixture was incubated at 80 °C for 17 h. The reaction mixture
was added to 160 ml of a cold 1:1 mixture Qf acetone and ethanol (v/v). The
precipitate was collected by centrifugation and dialysed for 4 d against water
(SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland
GmbH, Bonn, D), and lyophilized.



WD 2004/ 024776 PCT/ EP2003/ 008829 80 Taufkirchen, D)
were added. After stirring for 18 h at 25 C, the

woeartieomnem xture was added to 160 nml of a cobdT/EP1003/008829
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m xture of acetone and et han (v/v). The precipi-
tated product was coll ected by centrifugation,
re-dissolved in 40 mM water, and di al - ysed for 3 d

O e ok SRS e R e
| yophj .
yop dls'-'(ﬁ gsgépl cl:%ml%ydr g%ﬁé&tNaQENEH twﬂfe%mbﬁblfzoo mg hy

starc I d

0. 96 @;omyethﬁsmtmwas {Is\possitae a@bcamed:@tt@t 25 °<Aé®re3 d.
di ssolved in 8 mM aqueous 0.1 10 M sodi um acet ate
buffer, pH 5.2, and 8 mmol adepic di hydrazide

*7391‘1‘1 ﬁttleﬁ SyﬁEJ@lonsdﬁlytEBﬁﬂfﬁﬂLHtﬁMlvﬁth D méRiaptaddesino eth-

After stirring for 18 at 25 C, the reaction m x-
ture was addeaxnd¢ o 160 n1 of a cold 1:1 m xture of
acetone and ethanol (v/v). The preci pNH;\t ed product
was col |l ected by centrifugati opls/re\-d—l/ssoq ved in 40 m
wat er,.and dialysed for 3 d agai nst water (SnakeSkin
di alysis tubing, 3.5 KD cut off, Perbi o Sci- 15 ence
Deut schl and GrbH, Bonn, D), and |yophilized. Exa
2aB: RBeactdlwiorost AQYImedpdrpyyeti 2860 (HLER /0.4 (M\%p“ 18,000 D,

S PERPHATS ol b b PP Ao P e A e A

D DS&ﬁclﬂ)Tdﬁﬁﬁﬁ:h@h SBP e §0img Sodilmagyarchusolydtate MaCNBH; were
sodi um acetate buffer, pH 5.2,

I .
1, 4- pResiel dhe Teviing TirEseHTE inchlied &t 80 L fxelTop- The reaction
Synt hgﬁ %%ﬁﬁéﬁ td 2’@0 [P[& PDa del QddB8gre Alft &Etone and ethanol
stirri n or at

vvat er was added to
the r (eﬂo): iTie 'exipﬁﬂa& wamtoﬂé‘o@eds b§ penmfugatMSardedla]f}’ISMJ-for 4 d

ated faor 15 m super natant
\9vas dé%aé’ﬁﬁte\’:fatﬁh é 8@3&5 tu mg, CSJ 5%, bao Science
Deutschland GmbH, Bonn, D), and lyophilized.

b) Incubation of the mixture resulting from adding 0.83 mmol 1-mercapto-2-
amino ethane and 50 mg sodium cyanoborohydrate NaCNBHj to the solution
of 200 mg hydroxyethyl starch was also possible and carried out at 25 °C for 3
d.

Example 2: Formation of hydroxyethyl starch derivatives by conjugation

with the non-oxidised reducing end

Example 2.1:  Reaction of hydroxyethyl starch with carbohydrazide
| o

HzN\N/U\N/NHz

H H

0.96 g of HES18/0.4 (MW = 18,000 D, DS=0.4) were dissolved in 8 ml aqueous 0.1
M sodium acetate buffer, pH 5.2, and 8 mmol carbohydrazide (Sigma Aldrich,



25 added to 160 ml of a cold 1:1 m xture of acetone
and ethanol (v/v). The precipitated WO 2004/ 024776

wWOeCH4ER2063/ 008829 81 product was col |l ect ed byCT/EP2003/008829
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centrifugation, re-dissolved 'Q 40 mM water, and
centrifu- gated for 15 mn at 4,500 rpm The clear
super nat ant vvas di al ysed for 3 d against water

eS 5 KD bi o
SO B Bk B R BR s isH, SDy § B SFouli Preign mixture
5 V@ﬁ%ﬂﬂé@tozlﬁ) mBSRLEI1ON: OiEoPaY&bRY AndSdtRdioD (W Y. The precipi-

O [ 2-(2-am nooxy- et hoxy)-ethyl]-hydroxyl am ne
Haaedprodast' way' cqljapted by centrifugation, re-dissolved in 40 ml water, and dial-

oD R Yol [Tk QAP oo T ff ot Ferbio Science

TEouR0RUng GriL (3697 D) ad dghilhed? in 2 steps from
cormercially available materials. 0.96 g of HES18/0. 4

(MWV= 18,000 D, DS=0.4) were dissolved in 8 m aqueous
0. Lu 3 g v . .
Okl 331 XASERR BRI SRt B0 a8y OBl
were added. After stirring forQ18 h at 25 C, the

reacti on nm xture was ad@elﬁto 60 mMl of a cafid 1:1
m xture of acetone and ‘et ARy . ei\m’tat ed
product was col |l ected by ceptrifugation, re-dissd ved

in 40 M water, and dialysed for 3 d agaithst water
(Snakeskin dialysis tubing, 3.5 KD cut off, Perbio
Sci ence Deutschland GrvbH, Bonn, D), and |yophili zed.

d@rﬁf%x\gpphﬁs%%}(:)% () QriS‘HOO?%%%ﬂ P cﬁgsgfvrgg u8 ml aqueous 0.1

I VES Ctl on” w oxI'di se
end s&ﬁt@@ﬁtﬁkeﬁb&f&i RESQ, iand 8 afimblyattepicyditiyirhzidd aranhaster Synthe-

g&?@%&%@%{;’g% %\?egg %delc_llefter é%&lr'\llgg fol_r| IEI hvg‘? 22500%441%2555& mix-
ture was added to 160 ml of a cold 1:1 mixture of acetone and ethanol (v/v). The
precipitated product was collected by centrifugation, re-dissolved in 40 ml water, and
dialysed for 3 d against water (SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Sci-
ence Deutschland GmbH, Bonn, D), and lyophilized.

Example 2.3: Reaction of hydroxyethyl starch with 1,4-phenylene-bis-3-
thiosemicarbazide

H H
N

N
AP0
s N/H\N/NHZ

H H

0.96 g of HES18/0.4 (MW = 18,000 D, DS=0.4) were dissolved in 8 ml aqueous 0.1
M sodium acetate buffer, pH 5.2, and 8 mmol 1,4-phenylene-bis-3-thiosemicarbazide
(Lancaster Synthesis, Frankfurt/Main, D) were added. After stirring for 18 h at 25
°C, 8 ml water was added to the reaction mixture, and the suspension was centrifu-
gated for 15 min at 4,500 rpm. The clear supernatant was decanted and subsequently

added to 160 ml of a cold 1:1 mixture of acetone and ethanol (v/v). The preeipitated



0.12 nmmol Oxo-HES 10/0.4 (MW= 10,000 D, DS=0.4,
prepared according to DE 196 28 705 Al) were

wdizesokyed in 3 nml absol ute di net hyl sul f oxi depCDEBH03/008829
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and added dropw se under ni Lglogen to a mxture of 15
mmol of -carbohydrazide (Sig Al drich, Taufkirchen,
D) in 15 n DVSO After stirring for 88 h at 65 C, the

. ! dded
DRAIPEBT CalEied Ry SoRFBERIAT re Cpalyed Tl i BeF il cgntif-
‘é\'géteﬁ P PELEH oP 34?5?)? gl-hﬁ{( J g2 d2y )?éjlgaltmswég @ibbﬁ@&fj erCBr d ‘hgainst

agai nst wa- in dia s tubi ng,” 3.
c Watemf (SnalReSkin @hafB}zsma naEnBediss K and offirtRdrbio Bﬁmmce U;)eutschland

and hi | anpl e 3.2 Reaction of

h{dR »&g‘i ﬁ“gﬂﬁwhﬁ%‘jﬁpl, 4- phenyl ene- bi s- 3-
thiosem carbazide HH H2NNYNS S I / NNNH2 HH
0.12 nmol Oxo-HES 10/0.4 (MW= 10,000 D, DS=0.4,

pEeparpdel2.4c c oRetactipnt mﬁ)ﬁlydrﬁﬁyaayw GSargh) wigh e O-[2-(2-aminooxy-
di ssolved in 3., m .abso | sul foxi de (DVSO)

and 15 addedeﬁﬂoﬁwti‘glj}@@ HE % Ben to a mixture of

15 mmol of 1, 4-phenyl ene-bise3 t ose icarlgazi de
(Lancaster Synthesis, Fridgifur i Mﬁﬁy

DVMBO. After stirring for 88 h at 65 C, the reaction
m xture was added to 160 ml of a cold 1:1 m xture of
acet one and et hanol The, precipitate wa

cé- [%&myweﬁwﬂr%ﬂﬂ%moxxh ess Ve éwlg%sazerﬂo?s gesgribed in

S98109 15 TR 001216 4 07 oy 8 Sl

| vogikible metdrialexanpl e 3. 3 Reacti on of hydroxyet hyl
starch with hydrazine H2N-NH2 1,44 g (0.12 mmol) of
()(0 HES 10/0.4 (MN = 10,000 D, DS=0.4, prepared accord

961% @[1:-8/1) £88 060D, \@Sﬁ) % w&RldyRelved i @ﬁl aqueous 0.1

I met hyl “sul f oxi de and were adde
dlM)[:BNdBm anciate buffetr,oanS 2oand r%n mnml €O-42- (Z}ammqﬂxy-(eﬂ@xy) -ethyl]-

n ParoRyeing el R AT B G B 20057 Bl FarsBh mlture was

PGAA&PR0/ 0882814831 mixture of acetone and ethanol (v/v). The precipitated
product was collected by centrifugation, re-dissolved in 40 ml water, and dialysed for
3 d against water (SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science
Deutschland GmbH, Bonn, D), and lyophilized.

Example 3 Formation of hydroxyethyl starch derivatives by reaction with

the oxidised reducing end

Example 3.1 Reaction of hydroexyethyl starch with carb ohydrazide
O
HgN ~ N /U\ N e NH 2

H H



added to 160 ml of a 1:1 m xture of ethanol and
acetone (v/v). The precipitated prod- uct was

woabd4mes@d by centrifugation, redissolved in 40CTWEP2G03/008829
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wat er and dial ysed for 2 dayg,against a 0.5 % (v/v)
triethylamne in water solution and for 2 days agai nst
wa- ter (SnakeSkin dialysis tubing, 3.5 KD cut off,

it S-S &5 3MIV e SHEB0 . SR By et gicondife to DE
st1@ciz 703 A 1hero MKk 3 AN dimtdthyiHdlfoxide (DMSO) and

O [ 2- (2- am nooxy- et hoxy) - et hyl ] - h%/dr oxyl am ne was i
s pddétediopuiiscamdge sisrogbe to Bynixoraet 4f yamel ofagarhahydrazide (Sigma

Steps .fr commrerg al | kdAab terial S, (Bot Ay,
sl ORREPR D) Al mERRI SN T By s 68 ¥t reac-
Teioh 3RKETO Mvas 2ddedd 38D mllofbdolt] (-0 riknFEol heetdne@ndetiabiol (v/v).
10/0.4 (MW= 10,000 D, DS=0.4, prepared accord- |rglg to
DE he pgecagitare wapcyllegaddbsueontrengatiwn andavas digliysed) fgr d d against wa-
di fOX] . ) \
SRR, § Uy Of R, SURE BLORNER G
OHoan( D) and Hepkized. hoxy) - et hyl ] - hydroxyl anine in 15 ni

DVMSO. After stirring for 48 h at 65C the reaction

m xture was added to 160 ml of a 1:1 m xture of

e 321C IRGLARE, O e ST, SRR ' TR, LB Pibiglonc-bis 3

m of water anHiosémicyeledideor 4 days agai nst water
(SnakeSkin dialysis 20 tufﬁng, l-;l)' 5 1UD cut off, Perbio
N

Sci ence Deut schl and GrbH, gonn,pGer nany) and

| yophilized. Exanple 343yRe i om~of Shydr oxget hyl
starch with adepic di hyfir azi 0 2 N2N N~NH

025 1.74 g (15 nmml ) adepi ¢ i hydrazFde &asméz
Synthesi s, Frankfurt/Main, D) were di ss@fved in 20 m

absol ute di nethyl sulfoxide (DVBO) at 65C and 1.44 ¢

(0,12 mmol) of Oxo-HES 10/0.4 (MN = 10,000 D, DS=0. 4,
prepared accordi n? to DE 196 WO 2004/ 024776 ]
POTI2=mead D oeBES010/864 MW = 10,000 D, DS=0.4, prepared according to DE

196 28 705 A1) were dissolved in 3 ml absolute dimethyl sulfoxide (DMSO) and
~added dropwise under nitrogen to a mixture of 15 mmol of 1,4-phenylene-bis-3-
thiosemicarbazide (Lancaster Synthesis, Frankfurt/Main, D) in 15 ml DMSO. After
stirring for 88 h at 65 °C, the reaction mixture was added to 160 ml of a cold 1:1
mixture of acetone and ethanol (v/v). The precipitate was collected by centrifugation
and was dialysed for 4 d against water (SnakeSkin dialysis tubing, 3.5 KD cut off,
Perbio Science Deutschland GmbH, Bonn, D) and lyophilized.

Example 3.3  Reaction of hydroxyethyl starch with hydrazine
H,N—NH,

1,44 g (0.12 mmol) of Oxo-HES 10/0.4 (MW = 10,000 D, DS=0.4, prepared accord-
ing to DE 196 28 705 Al) were dissolved in 3 ml absolute dimethyl sulfoxide
(DMSO) and were added dropwise under nitrogen to a mixture of 0.47 ml (15 mmol)
hydrazine in 15 ml DMSO. After stirring for 19 h at 40°C the reaction mixture was



28 705 Al), dissolved in 3 nl absol ute DMSO were added
dropwi se under nitrogen. After stirring for 68 h at

woaa4ioher7s eacti on m xture was added to 200 nl e€THERR@®B/008829
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The solution containing the rgactl on product was
di al ysed for 2 days against a % (v/ v)
tri et hylam ne in water solution and for 2 days agai nst

paribe RRRY Ll olilfe fee ihalab Einscte e prépibated proc-

| Yrct a@b tolictd.b Z@gmmb@u%n@eaﬁﬁg%cpﬁ znfmmb%%f%hb malysed for 2

starch wth i ami no but ane
( Glaysagaipst p 0@‘5‘ Y69 rtEshItarr@nmm(Wtsolwlmdwor b@a@ against wa-

glrtglg &%?08@% n%s Qing .%@quu gﬁg Fg% iy m%%utscgmd GmbH,

V\mcﬁmaﬁdﬁ@hrg'bam\lysphlumﬂer nitrogen to a mxture of
1.51 m (15 mml) 1, 4- di am nobutane (Sigma Aldrich,
Tauflcirchen in 15 mM DMVMSO After stirring for 19

ts4he . of a
ik o?feﬁ?% PO bl GndfTad %‘fh higrefediing
preci pi tate Am no- HESI OKD/ 0._©® wa te
centrifuga- tion, redi ssHhNed J/&Qf/@ éHzand
di al ysed for 4 days agai nst water (SnakeSkl n dialysis
tubing, 3.5 KD cut off, Perbio Science Deutschland

G S T PR b oo P e Staesiey b dscribed by
w&mﬁcaﬂ Gech QSst%g SEdth Q@ﬁnﬁé}cﬁlﬁ ARAibR: nﬁ&n%l (@oﬁﬁgin Boudali,

t hr otpm etin 1- A as described in Exanple
C&l@‘@p Mﬁ%@hwp@, 97, Terrohednpn, H8us4&83i d
hydroyl sis, treated with m|d periodate oxidation).
Exanpl e 5: Conjugation of hydroxyethyl starch

dard4vat0.vesnvil} bf Oxé-BIESLT0/0. 4/ Wr=0p0060 D) DSEOQM @P@laféddaccord-
30 WO 2004/.024776 PCT/ EP2003/ 008829 85 Exanmp
R2E 9 BE dPO A dP% ) evgtendisynbrast inn3 vint nbftoﬂiée rde@etlwb gulfoxide

P{BOISD) ardl wEE AR Ldrdpwvise under nitrogen to a mixture of 2.04 g (15 mmol)
O-[2~(2-aminooxy-ethoxy)-ethyl]-hydroxylamine in 15 ml DMSO. After stirring for
48 h at 65°C the reaction mixture was added to 160 ml of a 1:1 mixture of ethanol
and acetone (v/v). The precipitated product was collected by centrifugation, redis-
solved in 40 ml of water and dialysed for 4 days against water (SnakeSkin dialysis
tubing, 3.5 KD cut off, Perbio Science Deutschland GmbH, Bonn, Germany) and
lyophilized.

Example3.5  Reaction of hydroxyethyl starch with adepic dihydrazide
O

H,N N
2N “NH,
H

O

1.74 g (15 mmol) adepic dihydrazide (Lancaster Synthesis, Frankfurt/Main, D) were
dissolved in 20 ml absolute dimethyl sulfoxide (DMSO) at 65°C and 1.44 g (0,12
mmol) of Oxo-HES 10/0.4 (MW = 10,000 D, DS=0.4, prepared according to DE 196



Oxi di zed EPO (1.055 g/l) in 20 mM PBS buffer was
adjusted to pH5.3 with 5 M 5 sodium acetate buffer,

wobb®&/02477d0 19 | of the EPO solution, 18 | of ®&CT/EP2003/008829
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solution of the HES derivate ?s produced according to

exanple 2.1 (MN 18 kD; 18.7 g/g 0.1 M sodium

acetate buffer, pH 5.2) was added, and the m xture was

[ { I i lisation

| PR 1) Lt bl 0 0 VSO YR 5 Whacrniogen

NlﬁFﬁ@Etlﬂrﬁﬂg) Bi 68 l’f[rat 60°C21hs rddoRén itk tuRS wid 4idkd ¥PB® ml of water The

Car] sbad, tg as 10 described in the instructions

gis¢ OBﬁomfﬁWI%gr g EsRCtiqhprogegt was dsalmedefqr days ageinist B).G8% (v/v)

oraERTN AL AR 1o ST ! S PRy s -

Ainrgy coeddd eht ofipPerbat BcendesDéewtsihtaideGmby, Bdd@, Germany) and ly-
8@1 on of the protein band to higher mol ecul ar

vvé’é ¥S&% The increased band- 15 width is due to the

nol ecul ar wei ght distribution of the HES derivatives

used and the nunber of HES derivatives |inked to the

pEaaniple 36x anBReactinRoRealroxyathydfstarch didetld-diamino butane

erythropoietin with the reaction product f exanple

2.3 20 Oxidized EPO (1.055 %m TR 20 wM-PBS buf fer

was adjusted to pH 5.3 with sodi um acet at e

buffer, pH5.2. To 19 | of the EPO soluti-on, 18 | of a

solution of the HES derivate as produced accord| ng to

et @.22 MOmeXdﬂﬂEslﬁ)/(Y 4 ghiwi=n10,600lDMDSEG '4“B?epared accord-

acet at was added, and the mxture was

ffer
i Hbu@a]s%d%ﬁcﬁs ”ﬁ%ﬁp /}é) We@t dissplyed inf3 drsydmﬁthylmfmd; (DMSO)
t 40
5 S R T P RS TS o 10
Célah‘sminlltalﬁ/(&gdma\lchmh @”m&imd D)rintlfS&nl DMSOCARONSirring for
) ¢3VI tro q5 Reaction of oxidi zed

019 B o b oS Bascadon thrl G0k of a0 I gpixiue of ethanol
ATBbard o OB B OREHESOE EBES
atprugedissolvedipi49 18! off witeSani dislysidufor dakiyabgaihuffaedr,(SpikeSkin

.9 | I
ofyshoRe 24 €kl A T e ot Rewsstumteg rbFl Bamp ermeny)
2l IydNiligeckD; 18.7 g/1 in 0.1 M sodium acetate

buffer, pH 5.2) was added, and the m xture was
i ncubated for

Example 4 Oxidation of erythropoietin

Oxidized erythropoietin was produced as described in Example 8. As oxidised
erythropoietin, EPO-GT-1-A as described in Example 8.1 1(c) was used (EPO-GT-1

without acid hydroylsis, treated with mild periodate oxidation).

Example 5: Conjugation of hydroxyethyl starch derivatives with oxidized

erythropoietin of example 4



516 h at 25 C. After lyophilisation, the crude
product was anal yzed by SDS-Page w th NuPAGE 10%

w8i2604M24756 Cel s/ MOPS buffer (1nvitrogen, Carl sbadI/E€2003/008829
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USA) as described in the ms%sr uctions given by

I nvitrogen. The gel is stained with Roti-Blue

Coonassi e staining reagent (Rot h, Karl sruhe, D)

o er ni 10 _The, experi result wn in .Fig.
A“’é\?r‘c%éssfﬁiea‘if% H@ﬁ |e§Y‘ihﬁBP?}§'i"édV‘g‘y?h"t ﬁﬁ“’“"“%""d““

m gration of Bﬁ&aggggglln band to hi gher nol ecul ar

wei ghts. The increased band- width is due to the

nol ecul ar wei ght distribution of the HES derivatives

d,. mb f, HE [ k
o EBtP B T SRS 2ot PP Bt B el o b 3Rt 5 M
eEYdinQIRBIaRe buFfep S St o PRAT bPhe HFO WslutioRf 18exadi Solution of
3.1 Oxidized EPG 1. 055 g/ 1;1 in 20 mM PBS buffer was
ad}fUHE& dletigatp s @rcslumct according soetamnpladd: AW B8ikParl8.7ppg/ul in
%Sotdhlgn lﬁﬁgata i}ll,lf‘fvrapg 3 9 QVt ' (§]ded1 Qnd th%f &nﬁ@ lv&}gs i@ hbated for

pro uced aceorarng e

exarrplneQSS of. (Y lﬁphinsaﬁcﬁl Kh@énﬁelmo&ci Msé‘e@ldlytzléﬂ by SDS-Paoe
acet ate buffer

MRAIGEJI0% B@-'HH%QCIEN@PSM@F (Ilﬂy’érﬁﬁﬁm:u %%lsb%ﬁh CA HéSA) as

TG R Rl AT v

CEookloiSic stsinimpasagenb@bth,KarreulienB) buerhighns gi ven by
Invitrogen. The gel is stained with Roti-Blue 25
Coonassi e staining reagent (Roth, Karlsruhe, D)

O R ?ﬂﬁlereﬁfftﬁg sho®RiRFid ?S}AU stucbe} %h 98\?]%%@105' i¥indicated by

A succ conjugation isdndicate
mtlgr migram)noéf ﬂlh@rqstemthﬂnd tb dughet oo ayles wverghts,c"m%\mcreased band-

TR e e EGRGE et A o g DS afritalvey nied and the

uaaglbeirwm@@de&@amm 9b tESoflaL i vat i ves |inked to
the protein. WO 2004/ 024776 CT/ EP2003/ 008829 87

Exanple 5.5 Reactl on of oxidized erythropoietin with

uct ex le 3.2 Oxidi EPO ..
oaiitese)", ReStR pruoRiAr By fdotist L1 3B 5on product
with 5 M 5 sgflipmpieatzate buffer, pH5.2. To 19 1 of
the EPO solution, 18 | of a sol utlon of the HES
derivate as produced according to exanple 3.1 (MNV 10

kD .18, 7 [ , [

S TRPO L1 s iy W AP BRI S o s it s
sodium acetate buffer, pH 5.2. To 19 pl of the EPO solution, 18 pl of a solution of
the HES derivate as produced according to example 2.3 (MW 18 kD; 18.7 pg/pl in

0.1 M sodium acetate buffer, pH 5.2) was added, and the mixture was incubated for
16 h at 25 °C. After lyophilisation, the crude product was analyzed by SDS-Page
with NuPAGE 10% Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, CA, USA) as

described in the instructions given by Invitrogen.

Example 5.3 Reaction of oxidized erythropoietin with the reaction product

of example 2.4
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16 h at 25 C. After lyophilisation, the crude product
was anal yzed by SDS-Page w th NuPAGE 10% Bis-Tris

weba/oDRP& buffer (Invitrogen, Carlsbad, CA UB&I/ER2003008829

described in the instructions glven by Invitrogen. The
gel is stained with Roti - Bl uet® Coonmssi e st ai ni ng
reagent (Roth, Karlsruhe, D) overnight. The
experinmental result is shown in Fi 3. A successf ul
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n£ e 7: Conjugation of hydroxyethyl starch
dwnd as dwecto th mhlemllanwe@hydlmrxbpupepf thedBihderavatives used and the

Cros 2004/ 024776 PCT/ EP2003/ 008829
R et

N- (al pha- mal ei m doacet oxy) succi ni m de ester (AMAS) O

OON 4 NOO Owas used as crosslinki ngh mpound.
Example 5.4  Reaction of oxidized erythropoietin wit the reaction product

of example 3.1

Oxidized EPO (1.055 pg/pl) in 20 mM PBS buffer was adjusted to pH 5.3 with 5 M
sodium acetate buffer, pH 5.2. To 19 ul of the EPO solution, 18 pl of a solution of
the HES derivate as produced according to example 3.1 (MW 10 kD; 18.7 pg/pl in
0.1 M sodium acetate buffer, pH 5.2) was added, and the mixture was incubated for
16 h at 25 °C. After lyophilisation, the crude product was analyzed by SDS-Page
with NuPAGE 10% Bis-Tris Gels/MOPS bﬁffer (Invitrogen, Carlsbad, CA, USA) as
described in the instructions given by Invitrogen. The gel is stained with Roti-Blue

Coomassie staining reagent (Roth, Karlsruhe, D) overnight.

The experimental result is shown in Fig. 3. A successful conjugation is indicated by
the migration of the protein band to higher molecular weights. The increased band-
width is due to the molecular weight distribution of the HES derivatives used and the
number of HES derivatives linked to the protein.



5 Exanple 7.1 Reaction of thio-erythropoietin with the
reacti on product of exanple 2.1 and the crosslinking
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to exanple 2.1 and dissolved ig2, 200 | of a 0.1 M

sodi um phosphate buffer (0.1 9.15 M NaCl, 50 nM

EDTA, pH 10 7.2), 10 | of a solution of 2.5 nol AMAS
(S.gma ic Taufkirchen, D) in DVBO were added.
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A succes conj uga

mipoatassia stehingreagemo (Roth, Kadghulie) D iogbeighto! ecul ar

wei ghts. The increased band- 25 wdth is due to the
nol ecul ar wei ght distribution of the HES derivatives
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p Gt ,of xanpl e. 2. 2.and. t he crosslinking.conpound
TR A o B R i L Cidutnat RessKe Agvatbes wsed and the
exampbrofES aaddvesreado ik mBin > p, 1 of a 0.1 M

sodi um phosphate buffer (0.1°M 9.15 MNad, 50 nM

EDTA, pH 7.2), 10| of a solution of 2.5 pnol ANMAS
(Sigma Aldrich, Taufkirchen, D) in DMSO were added.
The clear solution was incubated for 80 mn at 25 C

alitaR@la N aFordRatfon FETRILLEPO WBSn bEERY .
centrifugal filtration with a Vblgl\\%gsl N O.g@nflq)pgyetm

concentrator, 5 KD MACO (VI VASCI ENCE, Hannover, D) at

18409’ @hropoietin (EPO-GT-1, see Example 8) in 500 pl of 2 0.1 M sodium
borate buffer, 5 mM EDTA, 10 mM DTT (Lancaster, Morcambe, UK), pH 8.3, were
incubated for 1 h at 37 °C. The DTT was removed by centrifugal filtration with a
VIVASPIN 0.5 ml concentrator, 10 KD MWCO (VIVASCIENCE, Hannover, D) at
13,000 rpm, subsequent washing 3 times with the borate buffer and twice with a
phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2). The gel is stained
with Roti-Blue Coomassie staining reagent (Roth, Karlsruhe, D) overnight.

Example 7: Conjugation of hydroxyethyl starch derivatives with thio-

erythropoietin using a crosslinking compound
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buffer) were added, and the m xture was incubated for
16 h at 25 C After |yophi i $8tion, the crude product
was anal ysed by SDS-Page with NuPAGE 15 10% Bis-Tris
Gel s/ MOPS buffer (Invitrogen, Carlsbad, USA) as
de@csached the, felipving rexemnles. Vrfelphiwesieijddasetoky)ogerinimide ester
T Mgg)is stained with Roti-Blue Coomassie stain- ing
reagent” (Roth, Karlsruhe, D) overnight. The
experimental result is shown in Figg 5. A successful
conjugation is indicated by 76) th& mi gration of the
protein band to higher | eculjpr wel gh\s. The

i ncreased band- w dt due t bl molecul ar wei ght
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Thesmgl 4i t.aj ti-Blu Cgﬁmassie stain- ing
r eagbjen% (t %(lﬁ%ﬁ?lh Eg?ﬁngrvhﬁleﬁg B;msé)\lk/‘%%rhu t. 100 The
experinmental result is. shown in Fig. 5. A successful
c;}nj Hgat ldon [ s1 i ndi_cat ed bﬁ’-

o the'residual solution, 15 pg of ThioEPO as produced according to example 5 (1
pg/ul in phosphate buffer) were added, and the mixture was incubated for 16 h at 25
°C. After lyophilisation, the crude product was analysed by SDS-Page with NuPAGE
10% Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, USA) as described in the
instructions given by Invitrogen. The gel is stained with Roti-Blue Coomassie stain-

ing reagent (Roth, Karlsruhe, D) overnight.

The experimental rgsult is shown in Fig. 4. A successful conjugation is indicated by
the migration of the protein band to higher molecular weights. The increased band-
width is due to the molecular weight distribution of the HES derivatives used and the

number of HES derivatives linked to the protein.
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exanple 1.1 and the crosslinking conmpound 10 To 50
nmol HES derivate as produced according to exanple
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“number of HES derivatives linked to the protein.

Example 7.3  Reaction of thio-erythropoietin with the reaction product of

example 2.3 and the crosslinking compound

To 50 nmol HES derivate as produced according to example 2.3 and dissolved in 200
pl of 2 0.1 M sodium phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH
72y, 10 ul of a solution of 2.5 pmol AMAS (Sigma Aldrich, Taufkirchen, D) in
DMSO were added. The clear solution was incubated for 80 min at 25 °C and 20 min
at 40 °C. Remaining AMAS was removed by centrifugal filtration with a VIVASPIN



solution of 2.5 nol AMAS (Sigma Aldrich, Taufkirchen,
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Remain 15 ing AVAS was renpveggby centrifugal
filtration with a VIVASPIN 0.5 m concen- trator, 5 KD
MACO (VI VASCI ENCE, Hannover, D) at 13,000 rpm washing
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buffer) were added, and the m xture was incubated for
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Exarrpl e 7.6 Reaction of thio-erythropoietin with the
daetexperipendeluesulvis shewarip [Fg b. 2 sccessiub c«mmgzsionnk nmlgcated by

/ 200 8829 . 9
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wel | as of 25 C and 3 d, and dissolved in 200 .

0 nymbgy ofJHES denprasyphinkedgatiieprotedn. 1 M 9. 15 M NaCI , 50
nM EDTA, pH 7.2), 10 gl of a 5 solution of 2.5 gnol
AMAS (Sigma Al drich, Taufkirchen, D) in DVSO were

adixachple THe CR@ﬁftl(ﬁD bﬂtthibnel\y@ﬁrdpﬁfeﬁﬁaﬁfﬁﬁ iR r&@tibh rbl@ﬂuct of
25 Cand 20 mn at 40 C. Remain- ing AVAS was renoved

by centri fugafX¥nplerst auhth enesdimgingmmpewnds ni

concen- trator, 5 KD MACO (VI VASCI ENCE, Hannover, D)

at 13,000 rpm washing 4 tinmes and 30 min with the
pHosPhmtad il deivatel4s produced according to example 2.4 and dissolved in 200

ul of a 0.1 M sodium phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH
7.2), 10 ul of a solution of 2.5 pumol AMAS (Sigma Aldrich, Taufkirchen, D) in
DMSO were added. The clear solution was incubated for 80 min at 25 °C and 20 min
at 40 °C. Remaining AMAS was removed by centrifugal filtration with a VIVASPIN
0.5 ml concentrator, 5 KD MWCO (VIVASCIENCE, Hannover, D) at 13,000 pm,
washing 4 times and 30 min with the phosphate buffer. |

To the residual solution, 15 ug of ThioEPO as produced according to example 5 (1
pg/ul in phosphate buizfer)’ were added, and the mixture was incubated for 16 h at 25
°C. After lyophilisation, the crude product was analysed by SDS-Page with NuPAGE
10% Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, USA) as described in the
instructions given by Invitrogen. The gel is stained with Roti-Blue Coomassie stain-

ing reagent (Roth, Karlsruhe, D) overnight.
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according to exanple 5 (1 gg/gl in phosphate buffer)
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anal ysed by SDS-Page with NuPREE 10% Bis-Tris

Cel s/ MOPS buffer (lnvitrogen, Carlsbad, USA) as
described in the 15 instructions given by Invitrogen.
The gel is stained with Roti-Blue Coomassi e stain- ing

: S verni g
exper i {gre jﬁgl]tgrreeég i Jh%wglﬁg\%}\gg gl’—ﬁuﬁ aossfukc%r%g’agggﬂmndlcated by
c d)]m mfghticnof theipioiciabad tbhigheh ﬁldlfécﬁh'lﬁtvl/é?ght@fTﬂehﬁcreased band-
5@' n_band to hi gher nol ecul ar wei ghts.

4% 84¢ othe mokerulgr mght disgritattion of e TS écmaawes used and the
erivatives used and
Wh&%%ru%ibfgjgg %g{ﬂf 5§ ﬁgl Mked to the pr ot ei n.
Exanple 7.7 Reaction of th|o erythropoietin with the

reaction_ rod ct of exanple 3.1 and the crosslinking
gﬁiﬁ 785 TReaefiomof thioserytiropaietin withdlhgerpaction product of

according to v
phosphatg buf fer qiﬁwd g{kd‘gg%\#iﬁgboeg)g@b %%EDTA pH
7. 2) 10 gl of a solution of 2.5 rrgl aﬁg/ﬁ\g (?ngrr?he
i tchen

engn il dES oAt P ttused axioning & mrale 1 daaicneshationcondi-
mte Tipe hAYRR: f
Fil Itlfgft%gon@\?mn ¢ E?g VI VA}\%%% 5 éﬁa\lﬁgn%n@gﬁ‘%? H%a%l ofa 0.1
de(lmvhsmhmfe%hma 15 eNa@h $P navl FI3TAOSH 7)) 10 pl of a

oo PR s A 46 W R i, B B G addea

r ghé dmd sob@idit wedlinchBatet f3Ri80-nERQ: 03 %dd 30'mBNAS e_R<=:nlaln-

buff were added, and the m xture was i1 ncubat ed
Swagremgyedrby wmﬁlgalsfmratm withe \émsPn\b Oddub toncen—

m@?ts?p%@ F’b%r %ﬁ%ﬁdﬁ a%@% @\,80%@{51: Washing 4

dtmes argelD inin Witk thayshiospldté Bigergi ven by I nvi t rogen.

- The gel is stained with Roti-Blue Coomassi e staining
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reagent (Roth, Karlsruhe, D) overni ght. The
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conjugation is indic e mgra
prgitbinrphosplaitd bufiiéry nere artdeé Catldahe wWik@Rd ®as iHd€bated for 16 h at 25
ip&;r ef?sefd %ﬁnd" o
. After Iyophilisation, the crude product was analysed by SDS-Page with NuPAGE
10% Bis-Tris Gels/MOPS buffer (Invitrogen, Carlsbad, USA) as described in the
instructions given by Invitrogen. The gel is stained with Roti-Blue Coomassie stain-

ing reagent (Roth, Karlsruhe, D) overnight.

The experimental result is shown in Fig. 5. A successful conjugation is indicated by
the migration of the protein band to higher molecular weights. The increased band-
width is due to the molecular weight distribution of the HES derivatives used and the
number of HES derivatives linked to the protein.

Example 7.6  Reaction of thio-erythropoietin with the reaction preduct of

example 1.3 and the crosslinking compound
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Example 7.7 Reaction of thio-erythropoietin with the reaction product of

example 3.1 and the crosslinking compound

To 50 nmol HES derivate, produced according to Example 3.1 and dissolved in 200
ul phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2), 10 pl of a solution
of 2.5 pymol AMAS (Sigma Aldricﬁ, Taufkirchen, D) in DMSO was added, and the
clear solution was incubated for 80 min at 25 °C and 20 min at 40 °C. The AMAS
was removed by centrifugal filtration with a VIVASPIN 0.5 ml concentrator, 5 KD
MWCO (VIVASCIENCE, Hannover, Germany) at 13,000 rpm and washing 4 times
for 30 min Mth the phosphate buffer.
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15 for 30 min with the phosphate buffer. To the
residual solution, 15 g Thio-BPO (1 pg/p,| in
phosphate buffer) were added, and the m xture was

i ncubated for 16 h at 25 C. After lyophilisation, the
crude product was anal ysed by SDS-Page with NuPAGE 10

%-Bl s-.Tri: | s/.MOPS buffer I nyi.t.rogen rl_shad,

e ﬁ]%&?glé%a%g@e}‘?ﬁ% 8 AT o PRl ot § %SPB?R%Hﬁés were added,
| it the geiftture Weg iel@dbaked ol Algedt Wit 4t ROk BoPEilisation, the crude
Coonmssi e staining reagent (Roth, Karlsruhé, "D

o\REPGHICh s anpsed by Sribagawith SBUNAGE 30 &6 BiwaTiis GeisgMOPS buffer

A BUE f j [ i s indicated 'by .25 the .
 GHERRSE, Can B CAZOR AT ot e SR esigioBz v by Invicogen.
wélihghged is Stimed vitteRe8ABIDE CYomudseh &‘cai'nﬁﬁdféﬁ%&ﬁ_(khﬁl_, Karlsruhe, D)
nol ecul ar wei ght distribution of the HES derivatives

ud¥| - the nunber of HES derivatives linked to the
protein. Exanple 7.10 Reaction of thio-erythropoietin
with the reaction product of 30 exanple 3.4 and the

c rlds sixpernegfabesdo isnhoWn id Figb0 R A11é6esBIGT. é&g_ﬂ@ﬁﬁftnqg $Rfdhted by
ing to

EE%TO.SO.nnDJé‘ HES derj vate, produced accaor C
Shisnggaton, ot the pipteu,bandjoihighep epolsculas yuqinkis 1w fnkeeased band-
( Q‘fiéth% de %Mulm@%ﬂd?@?@#gﬁﬂfé%%ﬁs Wridares fsea and the

solution of 2.5 rnol

Taumber ¢HERS dBjivativeDB@diasheastdieth. and the cl ear
solution was i ncubated for 80 mn at 25 C and 20 nmn
at 40 C. The AMAS 5 was renoved by centri fugal

f iExbhiplé 9.8 W i N iefiBGRAL i

MACO (VI VASCI géN?:één Mﬁﬁﬁ‘?&’?ﬁ‘%@?"n‘éﬁ‘% WRE | ,8%?(’5“?’5#9 oduct of
and washi ng 4examplk 3.3 and 8¢ arosslinking ¢dnepphnkphat e

buffer. To the residual solution, 15 g Thio-EPO (1 g/l

i n phosphate buffer) were added, 10 and the m xture

was SonetibiatBs defvatdbprbdaded A5cdadindfib %cair%&oﬁh'aha%és&%d in 200
the crude _product was anal ysed by SDS-Page with
Nugm@pli@e (Ot Ms 9. 381N NaORS M BPTA,, IphA/T.2), d§eih of a solution

Carbs A s r+bed in the.i ctio
o venq%gml <V térJE%%rnn% A@E@%gjé uﬁﬁgchg?,alﬁﬁg]dﬁﬁi(ﬁ was aﬁﬁed, and the
Rolear Bilmmrﬁgaﬂimaba&e@ texi 301 M srePORDnd Bothin A |7 uhe. AMAS
D) overnight.
zvas removedgby centrifugal ﬁltration‘with a VIVASPIN 0.5 ml concentrator, 5 KD
MWCO (VIVASCIENCE, Hannover, Germany) at 13,000 rpm and washing 4 times

for 30 min with the phosphate buffer.

To the residual solution, 15 pg Thio-EPO (1 pg/pl in phosphate buffer) were added,
and the mixture was incubated for 16 h at 25 °C. After lyophilisation, the crude
product was analysed by SDS-Page with NuPAGE 10 % Bis-Tris Gels/MOPS buffer
(Invitrogen, Carlsbad, CA, USA) as described in the instructions given by Invitrogen.
The gel is stained with Roti-Blue Coomassie staining reagent (Roth, Karlsruhe, D)

overnight.



15 The experinental result is shown in Fig 6. A
successful conjugation is indicated by the mgration
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i ncreased band- width is due %4? t he nol ecul ar wei ght
di stribution of the HES derivatives used and the

nunber of HES derivatives linked to the protein. 20
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buf fer. WO 2004/ 024776 PCT/ EP2003/ 008829 96 To the
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| AR 3y Hhe-ph P@ngweoi?‘lf% due to the nolecul ar

wei ght distribution of the HES derivatives used and

the nunber of HES derivatives |inked to the protein.
EXanthé eesitluzRsdRetimt, i16 mgo’fhijfERD €r yo/ht opphosphate birffer) tweee added,

oo miBEeTNs! iSuna AP E 28287 Wi TS S e cruce

product was analysed by SDS-Page with NuPAGE 10 % Bis-Tris Gels/MOPS buffer

(Invitrogen, Carlsbad, CA, USA) as described in the instructions given by Invitrogen.
The gel is stained with Roti-Blue Coomassie staining reagent (Roth, Karlsruhe, D)

overnight.

The experimental result is shown in Fig 6. A successful conjugation is indicated by
the migration of the protein band to higher molecular weights. The increased band-
width is due to the molecular weight distribution of the HES derivatives used and the
number of HES derivatives linked to the protein.

Example 7.10  Reaction of thio-erythropoietin with the reaction product of

example 3.4 and the crosslinking compound
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To 50 nnol HES derivate, produced according to Exanple
36 and dissolved in 200 gl phosphate buffer (0.1 M

woO 200/ Cl , 50 mM EDTA, pH 7.2), 10 | of a seCutEP23/008829

of 2.5 nol AMAS (Sigma Aldrich, Taufkirchen, D) in.
DMBO was added, and the cle sol uti on was i ncubat ed
for 80 mn at 25 C and 20 mn at 40 C. The AMAS 20 was
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hT@ Herresidiidcolwionngd gafidio-ERO (il mg/ idlzis dhosnate Wlfer) were added,

024776 PCT/ EP 08 d
e oG <R G RO Bt [OR B2 e et Bespyisefoss e crude
U@ﬁduc@ %stahalyséwsbsnsqfa slshdesp AGE 108% Bib THRWGHIIMORES buffer
pr ot ei n. Exanpl e Preparative production of HES-EPO

c@myitigeene §ar1svmiw§:‘\y Uﬁ@s)agﬂcscabn;l e anstiwetians given by Invitrogen.
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EPO product. The results obtained indicate that at
| east 3

Example 7.11 Reaction of thio-erythropoietin with the reaction product of

example 3.5 and the crosslinking compound

To 50 nmol HES derivate, produced according to Example 3.5 and dissolved in 200
ul phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2), 10 pl of a solution
of 2.5 pmol AMAS (Sigma Aldrich, Taufkirchen, D) in DMSO was added, and the

" clear solution was incubated for 80 min at 25 °C and 20 min at 40 °C. The AMAS

was removed by centrifugal filtration with a VIVASPIN 0.5 ml concentrator, 5 KD
MWCO (VIVASCIENCE, Hannover, Germany) at 13,000 rpm and washing 4 times
for 30 min with the phosphate buffer.
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renmoval . An EPO variant |ackjng about 50% of the

sialic acid residues of the Ormer protein 20 showed a
sim |l ar apparent high nnlecular wei ght nDbiIity in

SDS- PAGE (60-110 KbDa vs Da for the BRP 5&&%
sTatitaresijival sahrtieES hig TmceEP@Féé) Hedldp pRPhatsduter) were added,

R e, THCHE Bh I h P i SRR HobiiSatln, the crude
ﬂbﬂ@&ﬁd@%ﬁ@y&dm%]esa’ﬁgé evithi Mgl AGE 49 % Mis-Trik @dHEMCBE buffer
nodi fi ed EPO has 2. 5- fol d_hi gtg gﬁCLflsclv%%tb \ianrogen
( Cuyitrggen, Fatlphad, Q%W%éﬁes"@@ﬁ%%’r g insguetipes given by

Ip?f(l) Iaﬁig 3gatrﬂr%ld XY R%E%ﬁl@f(%o?ﬁb‘éﬁﬁ %%a?rﬁﬁ@gs g@ﬂsﬁ@t@ Karlsruhe, D)

m nation using t rption val ue
f owomighe Eur opean Phar macopei a and an RP-HPLC EPO
protein determ nation nmethod calibrated agai nst the
BRP EPO stan- dard preparation. 30 Exanple 8.1

g@fl? %J);fekﬁ% A {SRiNe gﬁol\\é/iﬁrﬁ@% 0R @Z&@ssﬁ@ﬂoﬁﬁ%@ﬁ&é QOB8RAted by

eration o ked ol i gosacchari des hy
dilgesigraionvaftthe eaitiy basd dah@hewg‘-‘lcebr wisights. dbgbaeregsed band-

gy@hﬁ@g ngﬁp &a%g Lol %‘%Qg ﬁ@gﬁ)ﬁﬁfgr? § EgESS Sienvfatwes used and the
r aERBh Jrafts Fasfedine o tHePhbtert 37C. Com 5 plete

digestion was nonitored by the specific nmobility shift
of the protein in SDS- PAGE. The rel eased N-glycans

2 A 80 o o
for at |east @xd’iﬂb’l‘ég.((aﬁﬁi‘fl&&lrﬁsﬁshnﬁn@co&ipounﬂQQQ). The

precipitated protein was renoved by centrifugation for
10 m n- utes at 4C at 13000 rpm The pellet was then

.S’gjéj d]7}té[gose Fva, f)rtol?,ﬁ Yz\@raﬂl%sto]igc antl@ 3599@1 ‘dlissé?[fved in 200

gosaccharides in
p g@ bﬁ&pﬁ&t@ Bffat @ BL, IS d Ml,eiﬂ iniV EDUAG plih7. 2k rlﬂ ml pligeolution

d
Uohe> mmal gﬁi’@?”&%ﬁ%&cﬁﬁ@a@éﬁﬁi BHIE B0 saddaghpend the
C%[etaf kcﬁsﬁén (v%? tq k9080 fBn of 25"&'@%@%%@& 4ottt O AMAS

rior 10 use: e co?urms were washed with x 500 ,ul
Ofw38 Qemacel on t:dsntnﬁga( ﬁ]{tna)lon rW1ﬂ). 4 SeTYBAPISIQ. @‘md:obgentrator S5KD

e ChIvASGImICE, Bayther Bittandras o oD SRR A 8 e 4 times

ulgo g Bir?with the phosphate buffer.

To the residual solution, 15 pg Thio-EPO (1 pg/pl in phosphate buffer) were added,
and the mixture was incubated for 16 h at 25 °C. After lyophilisation, the crude
product was analysed by SDS-Page with NuPAGE 10 % Bis-Tris Gels/MOPS buffer
(invitrogén, Carlsbad, CA, USA) as described in the instructions given by Invitrogen.
The gel is stained with Roti-Blue Coomassie staining reagent (Roth, Karlsruhe, D)

overnight.

The experimental result is shown in Fig 6. A successful conjugation is indicated by

the migration of the protein band to higher molecular weights. The increased band-



| oadi ng onto the cartridge which then was rigorously
washed with water. digosac- charides were eluted with

wa 20040247785 ng cartridges; 1.8 m in the case 8CT/AEP08H08829
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cartridges) 25% acetonitrile i water containing 0.1%
trifluoroacetic acid (v/v). The eluted
ol i gosacchari des were neutralized with 2 M NH4AOH and
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R e AR e O SRR UL B el B bieg and e
r ingedenaiSHRE devvatbds hykeaids dtepfrbrein. of t he di gesti on
m xture fromsanples < 100 ug of total (glyco)protein
onto 100 ng Hypercarb cartridges. (b) Analysis of
ol i gosacchari des by matri x-assi sted | aser desorption/
ionization 25 time-of-flight mass-spectronetry
( Mxapipla 8F/ TOPryBirafiv8poidarctich BREFASEKPO eonjogates i ght
(TOF/ TOF) instrunent was used: native de- sialylated
ol i gosacchari des were anal yzed usi ng
2 Sanflhinydr oxybenzoi ¢ acid as UV- absorbing material in
the positive as well as in the negative ion nbde using
the re 30 flectron in both cases. For Ms-MS anal yses,

STUSSERD BOER: WRES et B g AR D s o
sefasa0e Mayni helroseasn dubkfutivhalgrde LIrfo1a) teftg% B%auy (mild pe-

instrument, Sanmple solutions of 1 ul and an ap
20093tebavidzepbeplicpesbastiveson theyolignsascharide chains of recombinant

c [ - " re.m.xed wt. ual
N T -
sput hed afifiettotie stradtmiabdstegiiigebs ey gote aldosacelsidat chains since

PR TP G el i Jesbietr 1B8-mech Bbichioints neeeled intact
Tk v i AL AP IS o
et Gt oo s it 3
¢ R B Fi Soni AR R aifeciper flp Koy 01000000 oA 9GP0 prepa-
Efatiohrveieh ek BuljOREEH fmaligda %iﬂl&?)priloggﬁﬁ\%il Qi?l&(i :aci? Irgmoval,

product had a sialic acid content o
nivs| BPQ ¢arigmdickatg phast 0%, ofTthe sidic uctdureeisiued ofthei fikoset protein

OB e PR B S PSR TP R BER PR 0110
XaherorkDa 4998 BRPTRROERRIRGS PRHAES Bsodifiéd EPO'i€ stable under
obtaj ned 15 contained di-, tri- and tetrasialylated

ottrrfssdioarachenss chpomatograpis: copditions ab@og0mperature at pH 3-10.

The EPO-bioassay in the normocythaemic mouse system indicates that the HES-
modified EPO has 2.5-3.0 fold higher specific activity (IU/mg) in this assay when
compared to the International BRP EPO reference standard based on protein deter-
mination using the UV absorption value from the European Pharmacopeia and an
RP-HPLC EPO protein determination method calibrated against the BRP EPO stan-

dard preparation.

Example 8.1 Materials and methods
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simlar to that of the interg%ati onal BRP EPO st andard
preparation. 20 The isoel ectric focusing pattern of

the reconbi nant EPO was conparable to that of the

i nternational BRP.Reference EPQO standard, preparation,

st hipernion of Mol @lispyigchaiie btdisesonarith slksssidase
protein |acked O glycosylation at Ser126 of the poly-
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- 8fotal (glyco)protein onto 100 mg Hypercarb cartridges.

(b) Analysis of oligosaccharides by matrix-assisted laser desorption/ ionization

time-of-flight mass-spectrometry (MALDI/TOF/TOF-MS)

A Bruker ULTRAFLEX time-of-flight (TOF/TOF) instrument was used: native de-
sialylated oligosaccharides were analyzed using 2,5-dihydroxybenzoic acid as UV-
absorbing material in the positive as well as in the negative ion mode using the re-
flectron in both cases. For MS-MS analyses, selected parent ions were subjected to
laser induced dissociation (LID) and the ’resulting fragment ions separated by the
second TOF stage (LIFT) of the instrument. Sample solutions of 1 gl and an ap-
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cartridges 20 as described. &higosaccharides were
desialylated by mlId acid treatnment and were anal yzed
by HPAEC- PAD and their retention tines were conpared

t t r osacchari des as
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reduced EPO p(rEeI%S_é\tl on was frozen in liquid nitrogen

and stored at T4h in 50 nM Na- acetate buffer pH

5.5. Exanple 8.6 EPO protein determ nati on WD
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and 80 a- 15

al ase §f214 unlggﬁgoo
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i ncubati on at was ove 2 times 20 pl of
gal act ose oxi - dase was added after 4 hours and after

8Tlr1]eoys5§legtr1t %(r)cuss}nagrga{ttg E thE: r}eecénrl]l?lggrfattéP%] was comparable to that of
the international BRP Reference EPO standard preparation showing the correspond-
ing isoforms. 25% of the EPO protein lacked O-glycosylation at Serjzs of the poly-
peptide chaiﬁ. | |

Example 8.3 Preparation of partially desialylated EPO forms

EPO GT-1 protein (2.84 mg/ml) was heated to 80°C in 20 mM Na-phosphate buffer
pH 7.0 and then 100 pl of 1 N H,SO, was added per 1 ml of the EPO solution; incu-
bation was continued for 5 min, 10 min and 60 min, respectively, yielding EPO
preparations of different degree of sialylation. Qﬁa.ntitation of oligosaccharides with
0-4 sialic acids was performed after liberation of oligosaccharides with polypeptide

N-glycosidase and isolation of N-linked chains was performed by desalting using



Exanpl e 8.8 Preparati on of EPO sanpl es for bioassays
20 Purification of EPO front incubations of periodate-
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preparations wth activated Egﬁ Purification of EPO
sanpl es (renoval of unreacte ES derivatives) was
carri ed out 25 at roomtenperature. The EPO

P ee: ePese o8 fud PEBaSn M kst ThosaipernirKeystone, UK.
Igepﬂrhtﬂﬁls Wé?@ ﬁ&ﬁraﬁ%d BPhdditi b NYRISH Hﬁﬂ)\“/ﬂ:re 'fdzen in liquid

dest and were applied to a colum

cbhtaadwm tor@{)aﬁQQ?JS@phﬁlﬂbgelSHP (Phar maci a Code no.
17-1014-03, Lot no. 220211) equili- brated with 10
col um vol unes (CV) of buffer A by using a flowrate -

oExQmple.4 M NPedfdakh axiaahumaf m?,lat@m«j‘mi fodnish 6-8 CV
of buffer A (flowrate =0 and elu- tion was

performed by using buffer B (20 mv worphollne et hane

S E}bg‘ag&k@ ?ﬁh&ﬁté@vﬁ?@%% téeaéednﬁ%ﬁia Cﬁésoklﬁél_%\g §) m(ij oF 50 mM Na-

2@%@3&4 BifFeRH /7ER2031000 8 3281 0f16)2 MBS~ &@tae&lsmr ?YI 4¥ and the
absor ption aa 280 nm and el uted in about

cBYXHT Yrsscooleslferfebdn aa igsybailsi HY A @OanbUﬁfp@rw@tQ 2@s added
F%Mé%?lrf&g?ré%gﬁ%whg}{#%%ggﬁ ?qu urt IIPRR i:f ?naw r apfi of glye-

=ei0] Wasrhddwidrand icuBati drewasoanhiangtfon furlo 16 niatie she dark. The par-

obtai ned..fro e. Q Sepharose step. was perforned
uE?lﬁ’g rdized, %f)(g ofeHBht Ve o pasmief JFIR prraseth Unt dlealting using

sV ASPINPRShceffitatdre gﬂh?_j P e Ot rPE‘ g?@dseit@%&%%??g{naéxﬂ%er, Ger-

sanpl e; sanpl es wer
wenaey) sstodg tatmanfCiurd0s ﬁubmmeﬁ&&tﬁomﬁatf&b% pan i aldbyratory cen-

de | at e bse | d rlod t.e.oxidi zed
B Pt e o GREECPi Rber BSSHipaIn T @At PR EPO
opleirafshs waBsiARl i mRPYeRERSrA HRfie0§idIce under the
condi tions enployed the basic EPO fornms did not - bind

Q Sepharose and vvere found in the flowthrough

t . h d ti
o8P b ialblsCof S ERENE gL e RO Ja RGO HE DBt to -
aglycptdaeeratathent@idelidRicchifis Grdféiolated using Hypercarb cartridges

as described. Oligosaccharides were desialylated by mild acid treatment and were

analyzed by HPAEC-PAD and their retention times were compared to those of au-
thentic standard oligosaccharides as described (Nimtz et al., 1990 and 1993).

Example 8.5 Reduction of EPO disulfides with dithioerythreitol

5 mg of EPO-GT-1 was incubated in 5 ml of 0.1 M Tris/HCI buffer pH 8.1 in the
presence of 30 mM dithioerythreitol (DTT) at 37°C for 60 minutes; removal of DTT
was achieved by using a Vivaspin concentrator at 4 °C, 4 cycles of buffer exchange.

The final reduced EPO preparation was frozen in liquid nitrogen and stored at -20°C
in 50 mM Na-acetate buffer pH 5.5.

Example 8.6 - EPO protein determination
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Purification of EPO samples (removal of unreacted HES derivatives) was carried out
at room temperature. The EPO incubation mixtures (approximately 5 mg of EPO
protein) were diluted 1:10 with buffer A (20 mM N-morpholine propane sulfonic
acid [MOPS/NaOH] in HO bidest, pH 8.0) and were applied to a column containing
3 ml Q-Sepharose HP (Pharmacia Code no. 17-1014-03, Lot no. 220211) equili-
brated with 10 column volumes (CV) of buffer A by using a flow rate of 0.5 ml/min.
The column was washed with 6-8 CV of buffer A (flow rate = 0.8 ml/min) and elu-
tion was performed by using buffer B (20 mM morpholine ethane sulfonic acid
[MES/NaOH], 0.5 M NaCl in H,O bidest, pH 6.5) at a flow rate of 0.5 ml/min. EPO



and/ or the presence of furanoid and pyranoid.forns
were quantified by adding all rmajor peaks. 0.5 pg of
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conmpound. 20 Exanple 8.11 Re ts Exanple 8.11(a)
Characterization of N-glycans 0f mld acid treated
(partially desialylated) EPO GI-1 25 EPO GT-1
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untreated EPO GI-1 and remained stable in the
preparati ons subjected to acid treatnent for 5, 10 or

h eveal e d A eg%f/:h/gff Qés1 g@w?%%ﬂra%l?ﬂge?{& gghﬂlﬁgﬂa?iodate c%xidized

afEPé} foridsdthaic iveret sﬂgd:crmhtto ﬁESt—imedmcaﬁm erd oanﬁmil fom the Q-
racteriz nof eriodate treated EPO- GT-1
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treatment with acid or were not trea “are conpare

i derivadives.gure 10. The conditions used for periodate
oxi dation of sialic acids did not change the SDS-PAGE
pattern of EPO preparations (conpare Fig. 7).

Orixd aip1©8.90f Hlﬂi-hﬂ anfdilexchaasd (@doindtddPABlly RM¥th pulsed am-
anal ysis a shitt of ol | gosaccharides to eaflier

elution ti neBel(Oéléﬂfpa@tdﬁilgm(ﬁgA@(éﬂdu)l) 15 Exanpl e
8.11(c) Characterization of HES-nodified EPO

derivatives (aa) Time course of HES nodification of

EP@ifEd hatfvenaridnddzedylaneyl| @igbsiRcharides were analyzed by high-pH anion-

exchange (HPAE) chromatography using a Dionex BioLC system (Dionex, USA)
equipped with a CarboPac PA1 column (0.4 x 25 cm) in combination with a pulsed
amperometric detector (PAD) (Schroter et al., 1999; Nimtz et al., 1999). Detector
potentials (E) and pulse durations (T) were: E1: +50 mV, T1: 480 ms; E2: +500 mV,
T2: 120 ms; E3: -500 mV, T3: 60 ms, and the output range was 500-1500 nA. The
oligosaccharides were then injected onto the CarboPac PAl column which was
equilibrated with 100% solvent A. For desialylated oligosaccharides elution (flow
rate: 1 mlsmin™) was performed by applying a linear gradient (0-20%) of soivent B
over a period of 40 min followed by a linear increase from 20-100% solvent B over 5
min. Solvent A was 0.2 M NaOH in bidistilled H,O, solvent B consisted of 0.6 M
NaOAc in solvent A. For native oligosaccharides the column was equilibrated with
100% solvent C (0.1 M NaOH in bidistilled H,0) and elution (flow rate: 1 ml-min™)
was performed by applying a linear gradient (0-35%) of solvent D over a period of
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and mld periodate oxidation) were synthesized as

desaniies.11befesdts A control i ncubation (K) was
i ncl uded containing unnodified EPO-GI-1

Example 8.11(a) Characterization of N-glycans of mild acid treated (partially
 desialylated) EPO-GT-1

EPO-GT-1 preparations subjected to mild acid treatment for 5, 10 or 60 min. were
analyzed by SDS-PAGE before and after liberation of N-linked oligosaccharides by
incubation with N-glycosidase as shown in Figure 7. N-linked oligosaccharides were
subjected to HPAEC-PAD oligosaccharide mapping (Figure 8). The untreated EPO-
GT-1 contained >90% of N-linked oligosaccharides with 3 or 4 sialic acid residues
whereas after 5 min. of incubation in the presence of mild acid <40% of carbohydrate

chains had 3 or 4 sialic acid residues. HPAEC-PAD of the desialylated N-glycans
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N- gl ycosi dase treatnent and as is depicted in Figures
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atter 30 min, 2, 4, and 17 hours, respectively, by freezing samples in liquid nitrogen.

Subsequently samples were stored at -20°C until further analysis.

SDS-PAGE sample buffer was added and the samples were heated to 90°C and ap-
plied onto SDS-gels. As shown in Figure 12, increasing incubation times resulted in
an increased shift towards higher molecular weight of the protein. After 17 hours of
incubation in the presence of the hydroxylamine-modified HES derivative X a dif-
fuse Coomassie stained protein band was detected migrating in an area between 60
and 11 KDa, based on the position of molecular weight standards (see left part of
Fig. 12). Upon treatment with N-glycosidase most of the protein was shifted towards
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the acid hydrolysis conditions applied for sialic
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a parallel experinment the N-glycosidase digestion
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oli- gosaccharides were subjected to HPAEC- PAD mappi ng
before (see Figures 15) and after mld acid treatnent
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f fvf?arﬂodlg'e (lﬂga%xﬁ%qi §) n order to remove the excess of nonreacted HES-reagent
which was expected in flow through of the jon-exchange column. Due to the high
amounts of basic EPO forms contained in previously acid treated samples I and IIT
we expected considerable amounts of modified EPO product from these incubations
in the flow through. As is shown in Figure 13, almost all of the EPO material from
samples I was retained by Q-Sepharose column whereas only approximately 20-30%
of the samples IIT and II was recovered in the fraction eluting with high salt concen-
uation. All of the protein material from the incubations with HES derivative X, both
in the flow-through and the fractions eluting with high salt, had apparent higher mo-
lecular weight in SDS-PAGE when compared to the control EPO.
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CRHERGYOARS VRl REe R0 BIMRLLORDAS. RS oREILF Milerilytated

PbagssRehRbElE frat s fhosahple A, BPORGTChA artikaaiple KhhowBOidenti-

assay was using the Internatiqgnal BRP EPQO reference v
stalpmnasses for complex type oligosaccharides at m/z = 1810 Da (diantennary), 2175

= triantennary, 2540 = tetraantennary, 2906 = tetraantennary plus 1 N-
acetyllactosamine repeat and 3271 = tetraantennary plus 2 N-acetyllactosamine re-
peats; small signals corresponding to lack of fucose (-146) and galactose (minus 162)
were detected which are attributable to the acid hydrolysis conditions applied for
sialic acid removal (see MALDI-Figures 17, 18 and 19).

In a parallel experiment the N-glycosidase digestion mixture was absorbed onto 1 mi
RP-C18 cartridge (without prior acid hydrolysis of oligosaccharides) and elution was

performed with 5% acetonitrile in water containing 0.1% TFA; under these condi-
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dard preparation. For the HES-nodified EPO A2
preparation a nean value for the specific activity of

w@2do4800776ni t s per ng EPO of protein was deter RCTAER}2003/008829

indi cating 15 an approxi nate 3-fold higher specific
activity when conpared to the International BRP EPO
reference standard preparation that was included in

s R RbB S R b ormaB iy bl 3R Re pE1Gpe R nlabBbsaccha-
20844 58 GAShSAIE EB&D@S/caﬁaﬁﬁ&th 3@&9ace&ﬁitﬁ[eﬂﬂ(}§z$) é(mtalmng 0.1%

exanples 1 to 8 Nintz Paques EP tl
HQ?Aciheb d@%gla@@syéqtﬂ@?@rmtem W&s Blutaghwith s?&d‘eacetomm e in H;0

%1@@3 #@a@EAvsée oli eﬁfi&sﬁﬁg@é}_&ﬁ ﬁg%w-@% step of N-

Zgl%émfa)se—iiéat%d s@ﬁﬁl@@( BRO Giasend Empfald wae nRtralized and sub-

‘I nCcreased synthe3|s of secreted pr

ewpwéée ideveliong eping Hyperea§ LﬂaﬁﬂéaeSpqu{ s Sedlttggqufg “Thp isolated oli-

ts\ér éhfggégs %gxteesgbﬁgfgg %? glf)&g%ggg) BUBEKe Gt Gekdrs geé Fhebs 15) and

S@ﬂf&relﬁﬂ@ akid eatingntMindeo m‘oadhltlohBWhlrﬁuetﬁfbldd Rentitbive aﬂmoval of

gl ycoprotein quali N prol feration-controlled
W@?&Cl@#?@“Y%S%F%FW& ‘Bi oeng. 1999 Dec 5;
65(5):529-36 Nintz M Martin W Way .V, Kloppel KD,
Augustin J, Conradt HS. Structures of sialylated

oThe GRAHORADI @sofié fowihamativ gmmw@io@taimdeépmetbg &iEY-modified

NGBS A SR R GeER EREE 1 APEFERREgen WHeFeR EPO G-
Vhiggeel f@gbsa&amﬁeg RehibitoP mJePsanM Bk ZarVbroBod) ﬁﬁﬂie 5% sdwn in
strat egy r the ma ng of N-glycans by high-p

aRign le(xamxain gemet r%ﬁ?gl aﬁhlyrmlw perogate ér@atment) The elution pro-
er ect.i. on al C
SRSB4 Sl BLREPEC hBE R o
Hﬁécﬁecﬁpa&@rﬂ (ddhffate frofile in Figure 8). For comparison, the native oligosaccha-
ride profile of the international BRP-EPO standard is included for comparison and as

reference standard.

After mild acid hydrolysis, all oligosaccharide preparations showed an identical elu-
tion profile of neutral oligosaccharide structures (see Figures 16) with the expected
qualitative and quantitative compositon of di-, tri- and tetraantennary complex-type
carbohydrate chains as described in the methods section for the EPO preparation
which was used as a starting material in the present study. This result demonstrates
that the HES-modification of the EPO sample results in a covalent linkage of the
HES derivative which is detached from the EPO-protein by N-glycosidase and is
acid-labile since it is removed from the N-glycans using mild acid treatment condi-

tions known to desialylate carbohydrates (see Figures 14a-+b).

(cc) Monosaccharide compositional analysis of HES-EPO and HES-EPO N-
glycans by GC-MS



Mal e specific nodification of human CD52. J Bi ol Chem
1999 Cct. 15;274(42):29862-73 30 WD 2004/ 024776

wWOeCH4BR2063/ 008829 110 Exanple 9 Producti on 8ET/EP2003/008829
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reconbi nant EPO 5 A) Producti,gn in mammalian cells
Reconbi nant EPO was produced 11 CHO cells as foll ows:
A plasm d harbouring the human EPO cDNA was cl oned

O Eieafa BYIGT B CHERey mOGAERio G E Al e Lgbhae & the mole-
WRg§le, RPDf Wak NS tandak N—%p@&s%‘iéfég glgd % BPOCHbRBAwas ad-

(G abenhorst, N ntz, Costa et I'n vivo
s pebid ooiot BP-6F1 Shantsidged whereaslglipodadechatbyhaictalsway washed off as

:_:g)ilﬁ;c\éy;(} !aﬂ?m%er $§, gllzﬂ%wt%tbzge( ,It bcg)fswbﬁgﬁ%’yeﬁlnyqatgc& gquclyse deriva-
CoRePrpss | Ml GnBs ih M8 BPK- %ﬂoté&,ﬁ' i choerk hebjamddhto HES-
human beta-trace protein, J. 5 Biol. Chem, 2%3 47) ,
309REI@000 4) cysEHE resifties antl abblgasrenherds Hactionsaf ERDGample A2.
amno acid variants (e.g. Cys- 29->Ser/Ala, or
Cys-3'1->Ser/Ala , Ser-126->Ala etc.) thereof were
gmﬁgﬂ@&m@h Ii-RR oGk 6 the mﬂﬂ&?@ﬁl@icﬁfrﬁﬁ oPHIES-in@Aified EPO
met hod and selected with (418-sulfate as de 20 scri bed
(Gabenhorst et al.). Three days after transfection,

t . . [ .$]- t : l.ec; [
BRI 8 16 ooyt hiohs? BuSRIBEEE by performed
Usaitdrgdinp its tisgirecddute’ des@ibed un the BgopédnyPhkOQa&eiac therialsoratory
survi ved and where propa- gated in selection

f dhat ganrigd ok the R agsay iwag usnetba InfgrapidonabBRP gﬁ&trggéence stan-

S n I NOW
OB 2R OO D RO Nl o
\épdatfimadiivity ofiddd,§80 endn gebyg FIFD \0f piretein Bhodetermined indicating

2%%&0%1{155&)33-%& .’Bng %dgl{lu (s:@gedpigr@o rtngggxst ? | g_c%gwgglge_ N5 $hé Thternational
D EP 0 re@ ¥l BB dOhre i far Wakfigdi6dd AL RESPRE sent for
NeuAc (e.g. 2-8, 4-10, 0 8-12 NeuAc residues) were

i sofivtyessascor di ng to publ i shed protocols using

conmbi na-" tions various chronmatographi c procedures as

descri bed bel ow. WD 2004/ 024776 PCT/ EP2003/ 008829

The results of the study are summarized in Table 3.
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111 Literature: G abenhorst, Conradt, 1999, The
cytoplasm c, transnenbrane, and stemregi ons of

wghyworyi7s r ansf er ases specify their in vivo fUuRCTIEDD®B/008829

subl ocal i zati on and st abi Iitg in- 5 the Golgi., J Biol
Chem, 274(51), 36107-16; G aBénhorst, Schienke, Pohl,
Ni ntz, Conradt, 1999, Cenetic engineering of

reconbi napt gl ycoprotejns and the glycosyla- tion
pgf’%ﬁ%'ife? ?Prn“g‘ﬁﬁﬁﬁ&aw"i%st cells, dycoconj J., 16(2),
81-97; Mueller, Schlen- ke, N ntz, Conradt, Hauser,

1999, Reconbi nant gl ycoprotein product quality in pro-
| Niroiza\li Noll €0 Raquss [FPd CeatddPHScel | s, Bi ot echnol ogy and

bjoengi neerin 65 529 10 536; Schl enke, .
eb%‘m%‘ﬁ?t&tsfmﬁi“ﬁ“tszéfs %&Wﬁﬁﬁ{-%&%@@?fﬂ@&ﬁ%ﬂt PEOE Y X pfRgsed in re-
CEuiaAR Ohlibse hinffedvasf 8lilsy transfected BHK-21 cells
with human-t;gce sialylation characteristic,

t

JEBS etin99dyct. B@71(133);144§- 25. B) Production in
insect cells 15 Reconbi nant human EPO was produced
frominsect cell lines SF9 and SF 21 after infection

obomet A3, Watlby L.€; abfntarRy. bacul ovi rus vector
contai ning the human EPO cDNA under control of the
plEcTEEsdy syRthesis ob sereted Progeing indeees iexprepsion pf gneasgrregulated pro-

- ' di um were i nfected
ciptlsy PR P BE O Sl R fIET, BT r o B ERO
tI Bal Chemr £980cDes fidtdq34vEop2day in the cell culture

su- pernatants. EPO was purified by Blue sepharose
chr omat ogr aphy, ion-exchange chronmatography on

QU aim i 'ngﬁt -PPhase. 25 Purity
of the pr’gg}&g@%\/\%ﬁgﬁ%%&ﬁ y ggg%ﬁ%%nd N-t er mi nal
sRepoartonang glyc@erotdmitdligylincgo hifekatinatoatrs HeUBHE2 cells.

al ysi N an -gl yc | ation) was performed ac-
%P&%’ﬁﬁatéioﬁtﬁallg %Sgpgc é’r%zé)dg?rgéég Literature: 30
Grabenhorst, Hofer, N ntz, Jager, Conradt, 1993,

Bi osynt hesis and secretion of hu- man interleukin 2
oNipsia M.dvieitin WaWraniVs Kioppel K& dugustinuk Gomfale A Sf 21

C§tlnllo%1'1regcl)? rsiaY}\g?at% % 1g852a£c‘5c7h7a§id§s%/f %51211%101 3e/r391?1180%%?etinlelx%ressed in re-

cobminant BHK-21 cells.
Eur J Biochem. 1993 Apr. 1; 213(1):39-56

Hermentin P, Witzel R, Vliegenthart JF, Kamerling JP, Nimtz M, Conradt HS.

A strategy for the mapping of N-glycans by high-ph anion-exchange chromatography
with pulsed amperometric detection.
Anal Biochem. 1992 Jun; 203(2):281-9

Schroter S, Derr P, Conradt HS, Nimtz M, Hale G, Kirchhoff C.
Male specific modification of human CD52.
J Biol Chem. 1999 Oct. 15;274(42):29862-73



acterization of pol ypepti des and posttransl ati onal
nodi fi cations, Eur J Biochem, 215(1), 189-97;

wQueldloes77€as| ake, Burkert, Wyj chowski, 1989, HpghAirena08s29
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expression and purification gy a reconbi nant human
eryt hropoietin produced using a bacul ovi- rus vector,
Bl ood, 74(2), 652-7 5 Exanple 10 Formation of reactive
H jhyatives 10 1. SHreactive HES 1.1 Reaction of
E Oxo- HES12KD to form SHreacti ve HES12KD B H
OHHOMHHS OHOHES,OCHI 1~ N H OH OH CHO NH
0.144 g (0.012 mmol ) of Oxo- HES12KD ( Freseni us
G&Eﬁ&ﬁﬂwm@ 20705 15 Al) were dissolved in
0.3 nL absol ute di methyl sul foxide (DVBO) and were
added dropwi se under nitrogen to a m xture of 34 ny

( @) 1Brodnaion iEMAmi&enwetds Sci ence, Deut schl and GrbH,
Bonn, Germany) in 1.5 nL DVSO After stirring for 19 h
at 60C the reaction mxture was added to 16 nL of a
1 RbcohbinbiE R wak pAimtemnEraotend &Wguow&e precipitate
was col lected by ctentrifugation, redissolved in 3 nL
DMSO 20 and again precipitated as described. The

S eact,i.v--HES12KD was t al,ned by. centrifugation,

P BTy E O G PO o Shpn it hepipte expres-
Thiog-vebor i(SCR® and Gl @@ﬁbﬂvﬁ&%%@}kﬁl’@)% Site directed mutagenesis was
Al ternatives: WD 2004/ 024776 / EP2003/ 008829 113 In

t Regorregcisingrptansprd propedies w@:s@_it@ga(%euh@gt, Niiitz; ICosta et al,,
hi -a7Z4 R nction, . .
XD o L5 PO Ao b RGRR u e vic

ofydthads of Lewis(x) and sialyl Lewis(x) motifs on complex-type N-glycans -

Coexpression studies from BHK-21 cells together with human beta-trace protein, J.
Biol. Chem., 273(47), 30985-30994).

CHO cells stably expressing human EPO or amino acid variants -(e.g. Cys-
29—Ser/Ala, or Cys-33—>Ser/Ala , Ser-126—>Ala etc.) thereof were generated with
the calcium phosphate precipitation method and selected with G418-sulfate as de-
scribed (Grabenhorst et al.). Three days after transfection, the cells were subculti-
vated 1:5 and selected ih DMEM containing 10% FBS and 1.5 g/liter G418 sulfate.

Using this selection procedure, usually 100-500 clones survived and where propa-
gated in selection medium for a further time period of 2-3 weeks. Cell culture super-
natants of confluently growing monolayers were then analyzed for EPO expression

levels by Western blot analysis and by IEF/Western Blot analysis.

EPO was produced from stable subclones in spinner flasks or in 21 perfusion reac-
tors. Different glycoforms of EPO with different amounts of NeuAc (e.g. 2-8, 4-10,
8-12 NeuAc residues) were isolated according to published protocols using combina-

tions various chromatographic procedures as described below.



group, avail able from Perbi o Sci ence, Deutschland
GrbH, Bonn, CGermany, are shown in Table 1; marked

woi2od¥/0as76 A" . Furt hernore, another group of PCT/EP2003/008829
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cross-linkers 5 exhibiting anjactivated disulfide

function instead of a maleim ée funcion could also be
used. 1.2 Hal ogenacetani de-derivatives of HES

g amnes 10 a) dycosylam ne-formation 1 A -1
tﬁ&%ﬁ%%e of HES 12KD was di ssolved in 3 nL of

saturated anmoni um bi carbonate. Additional solid

anmoni um bi carbonate was then added to nmintain

s frahenhotsh (omradiel 98 e GHtonlasmirg tiapemerabians g stam gegions of
PSR R SR et oSt i
othet Gelgh| ¥y BislyChermne 745wt 3610161 Giaai&mhersacScﬂlenke Pohl, Nimtz,

dEéyd” 3@93 ﬁe@tlﬁ@nwe@fiae%fgfa?ﬁglg%ﬁ Bireigias e glycosyla-
C | a y fo7s -
P PSR i e bS04 8, ool Stin
r ga,d¥ingn, Gonctdty Havszs, 1990 oRexbntbonandh gtylcbprotaim product quality in pro-

S pationdd RS B ShRGIE A0 Tdnahiepipl B3), 529-

h@B‘G SS&ﬂerﬂéomréb%HP&EtaMﬁﬁz &Co?ﬁé‘d%n@b@ 'Cc%@trﬁlé%% d bRasRteriza-
and ‘anhydri de was ad After six hours the product

Chibo o8 stably tramf@téed—BSIKDIZl (cxlls=wiih) hwoaan-typs sial gatigry characteristic,

p d d Anberli- te MB-3(H)(OH) ion
e?gﬁg%%@o]lpggﬁ @ém%)elﬁ% ation of the glycosyl am ne

wi th bronpacetic anhydride2 1Manger, Whng, Radenmacher,
Dwek, 1992, Biochem stry, 31, 10733-10740; Manger,

R&d dfradeeiion in ge® ccH992,  Bi ochemistry, 31, 10724- 10732

2Bl ack, Kiss, Tull, Wthers, 1993, Carbohydr. Res.

250, 195 WO 2004/ 024776 PCT/ EP2003/ 008829 114
BReamﬁbmhﬂndnﬁm&myEN) deas\ysduped feone dnsast ebdiskiics B8R dnd SF 21 after
Thomas. am pl e of am ngo-HES12KD C was

S
' dﬂ@%}%ﬁe%f ﬁ‘»q%lscmh AECOBTIRA) DERHEOVRE YesHTePntagnng (ke gan EPO

cﬁ@@ﬁ&d&?@&@?%%f%%%}eﬁﬁ y?oﬁn&gld%ddesérx’i&dﬁﬁ A i QPure.

m xt ure was rought room tenperature an

the solution was stirred for h. The
Cells grown in serum-free culture medium were infected at cell density of 2x10° or
X107 cells per mL and EPO titers were determined every day in the cell culture su-
pernatants. EPO was purified by Blue sepharose chromatography, ion-exchange

chromatography on Q-Sepharose and finally RP-HPLC on Cs-Phase.

Purity of the product was checked by SDS-PAGE and N-terminal sequencing . De-
tailled carbohydrate structural analysis (N- and O-glycosylation) was performed ac-
cording to published procedures.

Literature:

Grabenhorst, Hofer, Nimtz, Jager, Conradt, 1993, Biosynthesis and secretion of hu-

man interleukin 2 glycoprotein variants from baculovirus-infected Sf21 cells. Char-



reaction mxture was added to 1 nL of a 1:1 m xture of

et hanol and acetone wth -20 C. The precipitate was
woabd4mesE@d by centrifugation, redissolved in @©CL/ERR003/008829

DMF and again precipitated asjjgescri bed. The

Bronpacet am de-HES D2 (X = Br) was obtai ned by

centrifugation and drying in vaccuo. The conju- 10

. I
O OgleRSEh Nptidd 0L BREM B AR, BT Sochn.,
I )21\‘11@3 B hadictle dCasdakdeBarkiehte WojtlarwsRE 198 siHighdevel expression
bro tIC a ydrid N-succi ni m dyl |odoacet te. was

pug epp8Rinant jmeen epihrppodetn poycedipsingp bppulovi-
&hﬁ B o@‘ﬁﬁ@ﬁG?&b steps were performed in the

dar . ternat’ves: For acylation of amino groups,

5 other actlvated fornms of hal ogen acidic acids can be
used, e.g. - -bromdes or -chlorides 20 - esters, e.g.
N- hydr oxysucci ni mi de ester, esters with substituted
p p- nitrophenol e, pentafl uorophenol e,
t??%ﬂko§gghenole etc) Furthernore, all cross-Ilinkers
having an am no reactive group and a hal ogen ace- tyl

f ctu]% e arﬁt ?wﬁ acer coul d be used. An
e - ThIS nol ecul e and ot hers

10 are available from Perbi o Sci ence Deutschl and GrbH,

Bonn, Germany. They are marked in Table 1 with an "D".
Fde SHereaelivelESr 0ss- 3 Thonas, 1977, Met hodes

Enzynol, 46, 362 WD 2004/ 024776 PCT/ EP2003/008829 115
linkers for the ligation of am no-HES with thio-EPO

Wt hRéictionQ fRVIOH #itht Ogo-FEES 1280% bafoeinoSHddeliEif e HES12KD B
derivatives see remarks in exanple 11, 1.2. 1.3
HaIogenaceﬁanﬁﬁq-derivatives ofkfniag-HES E1l

N H NG

OH ~O ‘ H OHp NH

0.144 g (0.012 mmol) of Oxo-HES12KD (Fresenius German Patent DE 196 28 705
15 Al) were dissolved in 0.3 mL absolute dimethyl sulfoxide (DMSO) and were added
dropwise under nitrogen to a mixture of 34 mg (0.15 mmol) EMCH (Perbio Science,
Deutschland GmbH, Bonn, Germany) in 1.5 mL DMSO. After stirring for 19 h at
60°C the reaction mixture was added to 16 mL of a 1:1 mixture of ethanol and ace-
tone. The precipitate was collected by centrifugation, redissolved in 3 mL. DMSO
20  and again precipitated as described. The SH-reactiv-HES12KD B was obtained by
centrifugation and drying in vaccuo. The conjugation reaction with Thio-EPO is de-

scribed in Example 11, 2.2.

Alternatives:



5 a) Reaction of 1,4-diam nobutane wth Oxo- HES 12KD
to am no-HES 12KD E4 1.44 g (0.12 mmol ) of

wOoro4HEETZKD wer e di ssolved in 3 nmL dry di met hpCT/EP2003/008829
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sul f oxi de (DVSO and were ad eig dr opwi se under
nitrogen to a mxture of 10 1.°51 nL (15 nmol)
1, 4-di am nobutane in 15 nL DVSO After stirring for

h at 40C the reaction _m xture was_added to._160 of. a
1 I s 5 9 ol TR LGS St %é’é?‘bn@hlchtfé‘g&”eéllghfaé’cd@ and a

Iﬂ !ﬁe‘ At

sso vgél%ﬁ@l’%gﬁ%te yl gg%a%grawgﬁn%eoﬂ 1% th ﬂgoyusles of that

agmups tavagable dron{ Seethie $¢nemcel,| BeytsetdandiGimigf, Bofin KGemneny, are
Cuknubgh T Tyt VERE A it B kb g s

Oéxiﬂ%@:ago aclfpat'é'd i ddt?i dd ﬂﬁn&!ﬂn ifstead 16Y Klnkd1didd Qﬂmoﬁ) c|6|uld also
OHO H H, NH X b) Chl or oacet am de- HES12

Flbewa@l.prepared as descrl bed for Chl oroaceta- mide- HES
12KD D in 1.3 above. 20 c) Bronpacetam de- HES 12KD F2
(X = Br) was prepared as described for Bro-

MaCHhREeAfccEEHitirNatives df BESRR}SsyldRdadsonj ugat i on
reaction with Thio-EPOis descri beayl n Exanple 11,

1 2 d) The correspondi ng | odo-derivative F3 (X = I)
S ted efaore its re- 25 action wth

Th| o2 %’ %P{é‘mé egr { is described in Exanple 11,

1.1. Alternatives: V\D 2004/ 024776 PCT/ EP2003/ 008829

116 See_ 1.2 above 2.. CHO-Reactive HES 5 2.1
Hy dr az A meEsangyle of HESlzKD was dissolved in 3 mL of saturated ammonium

bicarbonate. Additional solid ammonium bicarbonate was then added to
maintain saturation of the solution during incubation for 120 h at 30°C. The
Amino-HES12KD C was desalted by direct lyophilization of the reaction
mixture.

b) Acylation of the glycosylamine C with chloroacetic acid anhydride

A 1 mg sample of Amino-HES12KD C was dissolved in 1 mL of 1 M sodium
bicarbonate and cooled on ice. To this was added a crystél of solid chloroace-
tic apid aﬁhydride (~5 mg), and the reaction mixture was allowed to warm to
room temperature. The pH was monitored and additional base was added if
the pH dropped below 7.0. After two hours at room temperature a second ali-
quot of base and anhydride was added. After six hours the product Chloroace-
tamide-HES D1 (X = Cl) was desalted by passage over a mixed bed Amberli-
te MB-3(H)(OH) ion exchange résins.

¢) Acylation of the glycosylamine with bromoacetic anhydride>

Manver Wong, Rademacher, Dwek, 1992, Biochemistry, 31, 10733-10740; Manger, Rademacher,
Dwek, 1992, Biochemistry, 31, 10724-10732
Black Kiss, Tull, Withers, 1993,Carbohydr. Res., 250, 195
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HESS OHES (r) OH HOHVOHOHO HH --~ NHHOH .0
OHONH J a) Reaction of hydrazine with Oxo-HES

wo2ud/024744 g (0.12 Mol ) of Oxo- HES 12KD wer e ®#CTA®R00ed08s29

in 3 nL absol ute di et hyl | f oxi de (DVMBO) and were
added dropw se under nltroge]}L"lr1 40 a mixture of 0.47 10
mL (15 mmol ) hydrazine in 15 nL DVSO. After stirring
for 19 h at 40C the re action m xture was added to 160
nmL of a 1:1 m'xture of et hanol and acetone. The

preci pj.tated. pro I . 3

centr I%ralgg?cf 61§ dsesv(\)f rgﬁa_oreél %%&Srgrﬁ%’d by T{xomas. % 1 mg sam-
di al yggsdof M-HESQI@DE(E ek dissOlved % O/, of dry DMF and cooled
triethylamne in water solu-.tion and f

agai non iggend 5 pgq@pmp%wcﬁr@vweswwéﬂﬁ% Tf@ rsaqieBn Qgjicture was

of f |B% G

Cer many§ %58}%:\;@%%% Trze Ik %ﬁ?ﬁega Hno\ﬁ%:ggfzetdlfgrn?’ b. The

\é\ll t2 h gﬁlﬂaﬁE gﬁixﬁr% &@s gﬂ’d}d t® Dadcof déd n'm:ttEx @tﬁ‘pthandl?a,nd acetone
HES, ~O

%2 Sl B0 S o b g bt i

di hydrg )
di by ATz lerint indX O BR AR ook IO BATREABlde HES

PCT/ EMD(8 1R 828 obﬂaiﬂedjby?abnglf(xgeﬁlommﬂ)drﬁugm vaccuo. The conju-

di hydrazi de were ol sol i et hyl
Ul overdien rasemey v 8 LB Redogt bR RS 1L 47
Oxo- HES12KD, dissolved in 3 nL absolute DVSO were

added dropw se under nitrogen. After stirring for
h atl) 60¢ ¢dmespaating ddondexivatiee WA Xaddbwas symbesised aéfdesmbed

wat er op bo® ?ns%leadqbromoacetlc anhydride N-succinimidyl iodoacetate was used

OH o B OH
N, N, e PN
| H
H  OHoH Lo H o H Nz/\x
c D

and all steps were performed in the dark.

Alternatives: ,

For acylation of amino groups, other activated forms of halogen acidic acids can
be used, e.g.

- -bromides or -chlorides ‘

- esters, e.g. N-hydroxysuccinimide ester, esters with substituted phenoles (p-

nitrophenole, pentafluorophenole, trichlorophenole etc)

Furthermore, all cross-linkers having an amino reactive group and a halogen ace-
tyl fuﬁction, separated by a spacer, could be used. An example thereof is SBAP.
This molecule and others are available from Perbio Science Deutschland GmbH,

Bonn, Germany. They are marked in Table 1 with an "D". For the use as cross-

3 Thomas, 1977, Methodes Enzymol., 46,362



5 containing L was di alysed for 2 days against a 0.5 %
(v/v) triethylamne in water solution and for 2 days

wageisnei77eat er (SnakeSkin di al ysis tubing, 3.5P&IrBPe0eB/008829
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off, Perbio ' Science Deutsgh%and GrbH, Bonn,
Germany) and |yophilized. Th on- jugation reaction
with oxidised @yco-EPOis described in Exanple 12,
2.2.. 10 Al ter nat ives: Furthernore, derivatives can

usedinkarsdpeths Imatig Pgﬁmélogﬂgﬁwﬂhﬂ@ -EBPawisha lwaﬂoargf the ha-

spa I r S and H 1
2ﬁ%§a§??§#gﬁ§$d5 %%?%%éﬁ?gf%% ééggr% ely by

dlssoIV|ng alng sanple of each hal ogeneacetan de in

Ogé pl. of saturated anmyoni ym carbonate, Additiona
Hplggenaseamidendspivanes b AmwerHESded to mai nt ai n

saturation of the solution during incubation of 120 h

at 30C. The reaction mxture was added to | nL of a

1: 1 82ORedctipu o 1 gf dietimbotane mdthadeat-HRS 12K DHo agn€HESARKD E*

precipitate was col |l ected by cen- trifugation,

Fredi ssolved in 0.05 nL water and again precipitated as

descri bag. fg (dhe MOWGX@HESQQ@ W'ex‘%rdﬂso%@ iRBLALMRS dimethyl

by centrifugation and drying in vaccuo.

conj ugaxlfomder(mdSOb andivene addedi drepivist ylu@erEr@@og@ to a mixture of

descrl i-n 4. H OH.d HESS O
o PR S SBREangpyha uS w pSD f SpStor 19
0 H OlilatH109 e Skrcti6h hiktuRHviiEStde kb G50 Nl Q HiNdxhre of etha-
OHO NH~x H OHO NH~NHZ F 25 WD 2004/ 024776
PCT/ EPedomdaegirre Thel grecipitate Amino-HES12KD E was collected by cen-
trifugation, redissolved in 40 mL of water an dialysed for 4 days against wa-
ter (SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio Science Deutschland

GmbH, Bonn, Germany) and lyophilized.

;4 _OH
HES~ o
A
HO) H %o %o
Y OH Yo

E

NH'K/X

b) Chloroacetamide-HES12KD F1 was prepared as described for Chloroaceta-
mide-HES12KD D1 in 1.3 above.

¢) Bromoacetamide-HES12KD F2 (X = Br) was prepared as described for Bro-
moacetamide-HESI2KD D2 in 1.3 above. The conjugation reaction with

Thio-EPO is described in Example 11, 1.2.

d) The corresponding Iodo-derivative F3 (X = I) was not isolated before its re-

action with Thio-EPO. The experiment is described in Example 11, 1.1.

Alternatives:



HOHHES HOH HESS OOH HOO HH (r) OHH NHH OH OH
OHO O-\\iO\--\ONH2 K 4. Hydroxylam ne-nodified

WORBUAKD 7&K PCT/EP2003/008829

10

15

O [ 2- (2- am nooxy- et hoxy) - et hy] ] - hydr oxyl am ne was
synt hesi zed as descri bed by uryn et al in 2 steps
fromcomercially available materials.5 1,44 g (0. 12
mol ) 5 of Oxo-HES 12KD were dissolved in 3 nL

absol ut¥e diZAbOKg|I sul foxi de (DVMBO) and were added
dropwi se under nitrogen to a mxture of 2.04 g (15
mol ) 0-[2-(2- am nooxy-et hoxy) -ethyl]-hydroxyl am ne
i 12, 16H0-RovBive AESer stirring for 48 h at 65C the
reaction m xture was added to 160 nL of a 1:1 mxture
of ethanol and ace- tone. The precipitated product K
M@§1§@h}£§&_ centrifugation, redissolved in 40 10
nmL of "water and di al ysed for 4 days agai nst water
(SnakeSkin dialysis tubing, 3.5 KD cut off, Perbio
Sci.ence Deutschl and GrbH, Bonn, Gernmany) and

| yophilize Ty conj ugati on reaction w.t hopxi di sed
A yigpgEPO | escribed in Exanpgy 12, 3.1 :
Al t er nan thernore, deri i

used, wheyq@i hydr-exyH-ami ne NH
separ ated by . 5. Thi o- HES12K] <
Addi tion to Qqo- HESI2KIO5Bot uryn, Boudal iy Codidgnt, NH;

Def rancq, Lhonme, 1997, Tetrahedron, 53,5485 W
2004/ 024776 PCT/ EP2003/ 008829 119 H OH H Off HESS O
HES | OH OHOHHOHOHHNHHOHdOHOHO SH M

a) Reaction of hydrazine with Oxo-HES12KD ,

1,44 g (0.12 mmol) of Oxo-HES12KD were dissolved in 3 mL absolute dimethy]
sulfoxide (DMSO) and were added dropwise under nitrogen to a mixture of 0.47
mL (15 mmol) hydrazine in 15 mL DMSO. After stirring for 19 h at 40°C the re--
action mixture was added to 160 mL of a 1:1 mixture of ethanol and acetone. The
precipitated product J was collected by centrifugation, redissolved in 40 mL of

- water and dialysed for 2 days against a 0.5 % (v/v) triethylamine in water solu-
tion and for 2 days against water (SnakeSkin dialysis tubing, 3.5 KD cut off, Per-
bio Science Deutschland GmbH, Bonn, Germany) and Iyophilized. The conjuga-
tion reaction with oxidised Glyco-EPO is described in Example 12, 2.2.

b) Reaction of adipic dihydrazide with Oxo-HES12KD

%s. Frie, Diplomarbeit, Fachhochschule Hamburg, 1998



1,44 g (0.12 mol ) of Oxo-HES12KD were dissolved in 3
nmL absol ute di nethyl sul foxide (DVBO and were added

woaom/mawsure of 1.16 g (15 mmol) cysteam ne PAT/EB2008/008829
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DMSO under nitrogen dr opw se.lﬁter stirring for 24 h
at 40C the re- action m xture Was added to 160 nL of a
1:1 m xture of ethanol and acetone. The 5 precipitated

P 007 U BB s, Sy Eoters O3 b D dhegtuls dmetyl
0.5 Haforiae) (VIS Byd Rl 8 1144 Yed, F mpRIHof @k&?ﬂﬁiégbg Hissolved

2 days agai nst water (SnakeSKin dialysis tubing,
KD cit3 otlf absplute DMBO Sedre addedBhopwishnadet riirbgén. Bdten stirring for

Ger d~lyophi l.i zed.. The conjuga-, i op reacti .
i t noRR RS H idstoRBieie et ARal38 20bkpl A5 esiy, T solution
2. 1. cdiflaifinp dr fas HiBsed £ dayahbMBs a0RsIbel (W) WisBSlamine in water
wherein the am no group and the thio-functi'on are se-

par as@atignangdfpr 3 slareagainsy mates (PunkeSkin déalysis tbing, 8 9pKDreut off,

t he t vat: phaced. by a dy azi

e LB SHLIE AR ol n b APLARE Ry BR05i5 Toe con
15 bpugptiat eadti with bXidist® GIfBEERO @ dedcritieduh HExe@pRr12a2.2.
trityl-derivative. However, in this case, a further:

deprotection step- nust be preforned before the

conj Wgath@hs: Which  woul d rel ease a conponent being

analogous to ‘M 5.2 Modifikation of Am no-HESI2KD E, H

or | Fui@¢rapreMieiatived ¢canrbewistd) vkl SATBratidddogpy 4k dsparated by

rmol%&yof Anmi no- HES12KD E, H or | were dissolved in 3

mL sHPte di methyl sul foxi de (DVBO) and were added

to a mxture of 139 ng 25 (0.6 nmol) SATA in 5 nL

DMSO under nitrogen .dropwi se. After stirring for 24 h

aB3. r Borthee ApanedlE 312060 decingtivesd amdd dr e was added to

160 mL of a 1:1 mxture of ethanol and acetone. The

preci pitated product N was col |l ected by WD 2004/ 024776

PGAIHEBROOI QOFBEOF WedOpez Rkl SépRALly YY) disQAias Al L

40 nL of S)Water and di al ysed fgﬁﬁ%ﬁglg?g ng%?%%%% gag%e%aﬁlple of

( Shdk bEREsneaeityide sintQbimly of FaBu#pl emmafiim d@gvdniate. Additional

IS)%/%%(E %ﬁ]lngt))gng&% Cclglrb%rr]lgte \%rsb ﬁlien Baodlagd t(?e nqanu?tg%ﬁ) sa%&rgtion of the solution
during incubation of 120 h at 30°C. The reaction mixture was added to 1 mL of a 1:1

- mixture of ethanol and acetone with ~20 °C. The precipitate was collected by cen-
trifugation, redissolved in 0.05 mL water and again precipitated as described. The
" product aminoHES H or I was obtained by centrifugation and drying in vaccuo. The

conjugation reaction with oxidised Glyco-EPO is described in Example 12, 4.1.

OH OH
H H
HES\ <0 HES. o
HO\ H NH B HOQ_H NH '
Ho OH (7)7/\ X b oMY T e
D ' H °
OH OH
H H
HO\ H NH 'F"——-" HOQ U H NH
0
H OHg \/\/\ H OH § \/\/\ /
- NH X ) NH NH,



5 The deprotection was perforned in a 50 mM sodi um
phosphate buffer, con- taining 25 nM EDTA and 0.5M

woydiazyi7am ne, pH7.5 for 2 hours at room tenperaPu08/008829
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and the product 0 was purifi qcllgby di al ysi s agai nst a
0.1 Mso- dium acetate buffer pH 5.5, containing 1 nM
EDTA. The deprotection reac- tion was perforned

i mredi ately before the conjugation reaction which is
de- HOH HES-, ;O OH HOHHNH H E NHZ SATA SPDP
H OHHESS 0 HH HES\zeH HOHHf \ , ON
0 HOHoo N NHS NH S™ @tion P ~ ~

Depr ot ect F& , ST OHHBRA H OH Ho H
Hi off HO Ny, H@®HQANHSHHOHO)Y Q sm/\/o
K

4. Hydroxylamine-modified HES12KD K

O-[2-(2-aminooxy-ethoxy)-ethyl]-hydroxylamine was synthesized as described by
Boturyn et al in 2 steps from commercially available materials.’ 1,44 g (0.12 mmol)
of Oxo-HES12KD were dissolved in 3 mL absolute dimethyl sulfoxide (DMSO) and A
were added dropvs}ise under nitrogen to a mixture of 2.04 g (15 mmol) O-[2-(2-
aminooxy—ethoxy)—éthyl]—hydroxylamine in 15 mL DMSO‘ After étirﬂng for 48 h at
65°C the reaction mixture was added to 160 mL of a 1:1 mixture of ethanol and ace-
tone. The precipitated product K was collected by centrifugation, redissolved in 40
mL of water and dialysed for 4 days against water (SnakeSkin dialysis tubing, 3.5
KD cut off, Perbio Science Deutschland GmbH, Bonn, Germany) and lyophilized.

The conjugation reaction with oxidised Glyco-EPO is described in Example 12, 3.1.
Alternatives:

Furthermore, derivatives could be used, wherein the two hydroxylamine groups are
separated by any spacer.

5. Thio-HES12KD

5.1 Addition to Oxo-HES12KD

5Boturyn, Boudali, Constant, Defrancq, Lhormame, 1997, Tetrahedron, 53, 5485



10 scribed in Exanple 12, 2.1. b) Mdification with
SPDP 1,44 g (0.12 mmol) of Am no-HES 12KD E, H or |

woro@/degeol ved in 3 nL 15 absol ute di net hyl sarfEexiode08s29
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(DMBO) and were dropwi se addgdgto a mi xture of 187 ny
(0.6 mmol ) SPDP hn 5 nL DMSO ‘under nltro(agln After
stirring f#pr_Mh at roon1teggeratm{e reaction

m xilBPe_wad aed 0 160 ni BESa WO 120 Fi76
PCT/ EP20 H_ 121 1:1 mixtur et hhol and

acet one. >\ Y at ed product
centrifugatl, r @H s30 ved in 4Orr1_g_i
di al ysed for 2 days a- gainst water ( nakeSkl n SH
di al ysis tubing, 3.5 KD cut off, Perbio_ Science

Deut schl and GrbH, Bonn, Germany) and |yophilized. 5

The deprotection was perforned in a solution of M2 ing
dithiothreitol (DTT) per 0.5 nL 100 nM sodi umacetate

buf f 44 g oML Almbly 8f HRE-HEM 120D Wt LdibRived i bE aP$didte Yimethyl
for 30 nmin at room tenperature and the product Q was

pur i ujfegide @N&ﬁ(a) gl werg gdderkto amixturenfdolfi &1fh Samatody @steamine

buf f.er; -n oS@nkaj i 0 o )
depruant Mo EhiNoath didan Skl b g Ge re
t he f€bn nilkzl@ﬁd wadaddeaed 1 60 mWMeh :i snidRscsf dﬂ%ol #nd acetone. The
Exanple 12, 2.1. Alternatives: For the conversion, of

ani rigecipigatedpradugy Mupas celleetsd by senirifagatiosy redissolved in 40 mL of
prot I t g

oL AP B8 R SRR B B Ui G o
AI t etiomadnidviet ¥ dama@mem’ed (Smake$Hlir digwsiofubing, 3.5 KD cut off, Per-
cross- | i nker uld be directly

con Jta@ SC1BFE f’é‘éfé&ﬂ%‘ﬁicgﬁ}bé? &tonpy Germpany) glafgﬁpmze%ﬁ%ﬁomuga-
St eRopf M&%ﬁ?@h@&fm c%@béﬁﬂé&%éaf

derlvatlves the synt eS|s of o- HES erlvgtlves I n

a protected formnmay be useful. For this, all

deriyatives being anal ogous to SATA 20 coul d be used,

whi c%&%é»—én active ester-function and a

thi @eﬂ»%hvééi&ﬁﬂd 88 useae%erei@ihﬁ%ﬁﬂo Qf&p%ﬂ@%thlosﬁalon are se-
being a further member of this group, is found in Ta-

bl e peratedhbk edy wpader. diwrthermorghige deriny gtqupeg theedartyatives could be

SO IR B B bt cona

Fur tth:eﬁrotected in the form of e.g. a disulfide or a trityl-derivative. However, in this

case, a further deprotection step must be preformed before the conjugation, which

would release a component being analogous to M.
5.2 Modifikation of Amino-HES12KD E, H or I
a) Modification with SATA/SATP

1,44 g (0.12 mmol) of Amino-HES12KD E, H or I were dissolved in 3 mL
absolute dimethyl sulfoxide (DMSO) and were added to a mixture of 139 mg
(0.6 mmol) SATA in 5 mL DMSO under nitrogen dropwise. After stirring for
24 h at room temperature the reaction mixture was added to 160 mL. of a 1:1

mixture of ethanol and acetone. The precipitated product N was collected by



menbers of these groups are found in Table 1, nmarked

wth an "F". Further 25 anal ogous derivatives could
woave/asr7act i ve ester-function and a thi ol - f unecT@r2003/008829

protected as a trityl derivative, separated by any

spacer. Exanple 11 30 Conjugd@on reactions with

Thi o- EPO WD 2004/ 024776 PCT/ EP2003/ 008829 122 1.

Reaction of Thio-EPO with a hal ogenacet am de-nodi fi ed

SH- r eactentrgugdiEidn, tdisséivedripl 40 Rlotforabr dndxdidysgduipalideys against

of Thi oEPO 10 Am no-.HES12KD (E, or ith.a
& ose- [VHRLFHETII ARG RS0 GEoBLPBPIo e Devtschland
i odoacetaRHIBogH Q}Hi‘maﬁj{)gand%(ﬁbhﬁi%.t erials 10 A

Borate buffér. Conposition was 50 mM sodi um borate, pH
8.3, 5 mM EDTA. B. PBS, phosphate buffered saline: 10

nmM sodidm phosphate, 150.mM Nad ,..p 7.4. C i noHE

5 T S0 SRRNR ol SRS 5Bt it Coo RIS, con
D.  Cr ostadnidpk®y nid FIKT A5 @hitol I :hyaﬂ)x?];arﬁh«ﬁ PMET. 2 for 2 hours at room
dissolved in | mL DMSO 15 E. D-Sal f TM Dextr an

Desal t i teigpestunerasd the proguatO med proifieddy (dey it egdosten@é M so-

Deut schl.and on r many.) F. Si-e(.r o

Pr ot of s AR SR P e PR Gbe Jr 7ol BEPS il graroteston reac-
GrbH,  tBeNWas $eforMBY ImfaedibielPbd6leStBE Bbhj0fktion r8&rtith vilfich is de-
Thi oEPO 1 in borate buffer. 20 H M croconcentrator:

M crocon YM 3 (amicon, Mlipare GibH, Eschbom
Germany) Method 25e4Q0 | uti on was added to

400 p L of the am noHE;% E sol ution and was
allowed to react wth agi %hours at room
tenperature. The excess dtossl Pnker enoved by

centrifuging the sanple at 14000 %¥ g for "0 ni nut es
using a mcroconcentrator. After centrifuging the

sanpl e was brought smrAIO/i(s o- \SPDP

u OH
HES\O OH OH

H HES “~{

Ho\ L . ) Iy of
— ~NH a 2o ,
OH l/ \/\/\ 7 \ ' N NK/\/\ °
g M A
N
7S

H s}
N NH s

N
Deprotection ) P @
' Deprotection =
OH
HES\O < oH H OH
oAt "N OH
X N HH
THTNALL ] HO\ S i
o]
o) NHJ\/SH‘ no OMo \/\/\ K/\
¥ NH
Q SH
10 scribed in Example 12, 2.1.

b) Modification with SPDP

1,44 g (0.12 mmol) of Amino-HES12KD E, H or I were dissolved in 3 mL
15 absolute dimethyl sulfoxide (DMSO) and were dropwise added to a mixture
of 187 mg (0.6 mmol) SPDP in 5 mL. DMSO under nitrogen. After stirring

for 24 h at room temperature the reaction mixture was added to 160 mL of a



riginal volume in borate buffer and this process was
repeated two nore tinmes. 30 The residual solution was

weaddrad24m61 nL of Thi oEPO soI uti on and t he reaeCT®ER2003/008829
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m xture was incubated for gur at room tenperature.
Reactivity of the excess V\D 210 4/ 024776
PCT/ EP2003/ 008829 123 i odoacetam de was quenched at

Eggt :ing IPB( Igrgfolf Eﬁ%@cﬂﬁ@e@ﬁ? o I k%?cquat?a@ﬁlljoglkaq’ w% collected

reactigp c@%ﬁ‘lﬂgaﬁoﬂ‘@%dl@m%deﬂ 4d RAL2of0Res hdGiabeedifisr 2 days a-
equi librated wth 'PBS buffer and the roteln cont ent

of the galhﬂawaneo r(§nw1@8§1m~rdxa,ly1stsr wlding 3 KIrgakadsiRerbio Science

or ot of PeRRRT L C L Bontys ?rfg’&%@naal%qﬁ%vﬂeeﬁiikfhggt e

was obtained by |yophylisation after dialysis agai nst

wat er over night. Alternatives: In this reaction J
cr oss- TheKeprotestion wapperfemerd n whutipned 12 %d‘eﬁheﬁthﬁe&@ (DTT)

? L nit i é‘% (Zg&\l? iﬁg gnl@ s%%%lgg%ét%tﬂu%r tacﬁgtaﬁnfgqg(?ﬁ% APkt chlo-
found iide 2epH @, SLfor BO@Yinak ﬁ)omifehﬁﬂram& lan@ theCibrodlmﬂ Qmas purified

avi - aI abl e from Perbi o Sci ence Deut

Bonn, bz s against md il Sofupy et bu f%é% sGateitpe 1 mM
0 [ t

e

buf f er 3ug€ﬁ6mﬁt&bﬁd>rowhm3s dd36ribad mMIann@iep]l?onh ate, pH
6.1, 5 nMEDTA B. PBS, phosphate buffered saline:10
mV sodi um phosphate, 150 MM NaCl, pH 7.4. 25 C SH
reacljyeHES.! 2KD brompacet ami de D2. Prepared at 10
ltetna
- Ny os- phate' buffer. D. D SaltTM Dextran
Des &bt ihegofodrsion f aRino- fo ﬂnﬁol@@lpsm@wem( feenr formo oBpratesed, sev-

Deut schl and Grb
era‘f reaggnts are a@aﬂ%qe. After tfxe moXPﬁcanon, the products could be isolated.

Alternatively, as accepted for the use of cross-linkers, they could be directly used
" for the conjugation reaction, preferably after a purification step. For the isolation
and storage of thio-HES derivatives, the synthesis of thio-HES derivatives in a
protected form may be useful. For this, all derivatives being analogous to SATA
could be used, which Have an active ester-function and a thioester-function, sepa-
rated by any spacer. SATP, being a further member of this group, is found in Ta-
ble 1, marked with an "H". The derivatives being analogous to SPDP could have
an acitve ester-function and a disulfide-function, separated by any spacer. Further
members of these groups are found in Table 1, marked with an "F". Further
analogous derivatives could have an active ester-function and a thiol-function,

protected as a trityl derivative, separated by any spacer.

Example 11

Conjugation reactions with Thie-EPO




6Cunber, Forrester, Foxwell, Ross, Thorpe, 1985,
Met hods EnzynolL, 112, 207 7 de Val asco, Merkus,

wénadaroeorne Ver heul , Lizzio, Van der Zee, van EHEN/EP2003/008829
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Hof f mann, Ver hoef, Snippe, 1995, Infect. Imun., 63,

961 WD 2004/ 024776 PCT/ EP2003}%508829 124 E.

Coonassi e0 Protein Assay Reagent (Perbio Science

Deut schl and GvbH, Bonn, Germany) F. Thi oEPO sol uti on:

5 IngRedctin ofWliEEPQ with phelogentcetamifl¢-anodifigl fBrregefive HES
mL SH reacti veFl ESI 2KD br onbacet am de D2 sol uti on and

1 nmL of Thi'oEPO solution were conbi ned and the

r e Ekmpld Miodgp@1was i ncubated for 48 hours at room
tenperature. Reactivity of the excess bronpacetam de

was quenched at the 10 end of the incubation period by

the additjion of £ i he a1kl C Hatl:an .
0 P TR BEabp USRS Ty s s
col ugdhtaigfigial NHESaictde-ettbt dndRBSoduatétamide Bheumpeet S’

content of the fractions were nonitored with a

Coonassi e protein assay reagent, all fractions
contﬁu,ia%rrlglsthe protein conjugate were pooled and the

t he conjugate was obtai ned by |yophylisation after

di al ysis 15 agai nst water over night. Alternatives:

I nstead of the isolatigqn of the

H r.eacti ve
HES1AKBORIGM & ot ampasifipn Waﬁ%@ﬁﬁﬁgﬁ%@a(%}’%-% jmMEDTA.
coul ] . . o ci i m
2 SRS, pRAGRALbUR QoSBT St Bappic ) g o
is a7denber of this group of cross-linkers and is

f in.T dwtha"D. 2 React] f
Tt oCebeagRS RGPk it asd g heprub SMES o5
2.1 BxanpdkeniRr 9er ehlufto0mi tHY 81 A QRrdissbiNAERP hiD DMSO

Mal el m do- HES12KD B.  Materials 30 A Maleimdo-HES |
12 KDEBD-34)tTMDentrainrD esaltingl Gaduinosn 2ax &trak el votume (Reebio Science

Shgsyﬁgﬁ@l'ﬂﬁfg@g@%ﬁ?ﬁﬁ%ﬂr&w mL of Thi oEPO in
F. Coomassie® Protein Assay Reagent (Perbio Science Deutschland GmbH,
Bonn, Germany)
G. ThioEPO solution: 5 mg/mL of ThioEPO 1 in borate buffer. A
H. Microconcentrator;: Microcon YM-3 (amicon, Milipore GmbH, Eschbom,

Germany)
Method

100 pL SIA solution was added to 400 pL of the aminoHES12KD E solution and
was allowed to react with agitation for 0.5 hours at room temperature. The excess
crosslinker was remaved by centrifuging the sample at 14000 x g for 60 minutes
using a microconcentrator. After centrifuging the sample was brought up to its o-
riginal volume in borate buffer and this process was repeated two more times.
The residual solution was added to 1 mL of ThioEPO solution and the reaction

mixture was incubated for 16 hour at room temperature. Reactivity of the excess
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Phosphate/NaCl: 0.1 M sodi um phosphate, 50 mM NaCl, pH
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Sephadex(r) G200 (1.5 x 45 ¢ E. Coonassie(r)

Protei n Assay Reagent (Perbi ol&ti ence Deutschl and

GrbH, Bonn, Germany) 5 F. PBS, phosphate buffered

saline: 10 nmM sodi um phosphate, 150 mM NaCl, pH 7. 4. .
Met hérfloagetamidgiwasiquenchediay éhermd af thpigubaiont pesied didthg addition
nm. o [ | Ut 1.on. i ped and the .
eact] SR # 6l obhbeiallth 85 16 B, PRS0 Mg wes applica
t enper adesalting. coRgac bquilibitedfwitthPB§ baffssaninthe proteia SoM@st of the
quenghed at the end of the incuba- tion period by the
addi HPYIPLS VLG Sraiteeed with a Copipassigiuaisiy 2sabreagenty @1l fractions

e RE AL T T L BRI e
and ly tjophylésatibw aerwialgsic agdiest ackr oVaenighitot ei n cont ent

of the frac- tions were nonitored with a Coonmassi e

protein assay reagent. Al fractions con- taining the

pr ot RiBnGRMMgat e were pool ed and the the conjugate

was Bﬁt_arﬁ by [|yophylisation after dialysis against

wat eln ticereactigghtll c2ssdinkeExantd ke usddotvbihl hal2 a succinimide- or a
Conj ulg tion .of.dT [ OFPO to am noHES,.| 2KD g,E, H ) w th

a Cr BEOSHIGHRBHIG BiRction AR Agodoaqriamids fupetion; peparafpd) by a spacer.
nal eFﬁ&}{é@ eS418 . ma I j.al . : nen s
M croconcentr g]{éso?& i%lugtfoconﬁ\é(l\l/kw%%{ %I?ﬁngag}%d th iapgr eand are avt
Grb Halalits oo Perbio $denramydutscBlan®BibihRmphGeendnyt f er ed
sal i ne: 10 nmM sodi um phosphate, 150 mM Nadl, pH 30
7.4. C. AminoHES 12KD E, Hor |. Prepared at 10 ng/nL
| . PBohplef®otocoP2 SMCC sol ution: 1 ng SMCC were

di ssolved in 50 L DMSO WD 2004/ 024776
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Conjugation of ThioEPO 1 to SH reactiveHES12KD bromoacetamide D2, F2 or

iodoacetamide D3. ’

Materials

A. Phosphate buffer. Composition was 100 mM sodium phosphate, pH 6.1, 5
mM EDTA.

B. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCl, pH
7.4. _ .

C. SH reactiveHES12KD bromoacetamide D2. Prepared at 10 mg/mL in phos-
phate buffer.

D. D-Salt™ Dextran Desalting Columns, 2 x 5 mL bed volume (Perbio Science
Deutschland GmbH, Bonn, Germany)

6Cumber, Forrester, Foxwell, Ross, Thorpe, 1985, Methods Enzymol., 112, 207

7de Valasco, Merkus, Anderton, Verheul, Lizzio, Van der Zee, van Eden, Hoffmann, Verhoef, Snippe,
1995, Infect. Immun., 63, 961



E. D Salt TM Dextran Desalting Colums, 2 x 5 nL bed
vol ume (Perbio Science Deutschland GrbH, Bonn,

worommny)6 F. Coomassie(r) Protein Assay ReagenPCRerdB008829
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Sci ence Deutschland GrbH, Bonn, Germany) 5 G Thi oEPO

1 solution: 5 ng/nL of ThloEﬁéﬂl in PBS buffer.

Met hod To 50 L SMCC sol ution 400 L of the an1noHE812KD

E solution was added 10 and the reaction m xture

al | @xe@bctmasm@cf’mmnhAa&th Redgent (Eﬁrblgosmmeapevfédﬁ@nd GmbH,
ratuyre and for 10 mn at 46C. The excess

cro h EM4%S renoved by cen- trifugation of the

r eaqt TARBEFOdoitEt BHesie. o THEERD Q1s ghéspatterbusfer. 14000

x g for 60 min. The volume was brought up to 450 L

with PBS buffer and the process was repeated two nore

tinﬁg.tﬁ%ter the last centrifugation, the residua

sol 1915 was brought up to 450 gL with PBS and was

added to 1 nL of Thi oEPO sol ution and the reaction

m xture was incubated for 16 hours

t enpephtSi eaciRedtES KR b{;ﬂnaﬁawtﬁ@l@(% selolign andd - gRThioEPO
quen ?ﬂ?gn %\geré I&? Sﬂlgd %Pd ttlklee?éa&?#pﬁﬁ)ﬁtﬁfé REY [RGbatdy fdrl'll% hours at
add I'on o 0 a final concentration of

m rdbie térﬁmﬁmwl Héamvﬁwaethwaxcea:pbzlommﬁcdztmmadede&alltenc@d at the
columm equilibrated with PBS guffer

The 0
contBREL B PSP EEIHEY e PACIHR PF GrSinnR § B! Sofcentration of
Coonpsgivg POtabio iidird $A98 %)hed &) h cfeﬁﬁﬁﬁg Qﬁﬁlmn, ﬁqtﬂhbrated

cont ai ni ng the protein conjugate were pool ed and -
con ngﬁPBSV\blffferoﬁ‘halmetdmbyontwmfylhssfmqhons afere rmomtored with a

di al ysi s ggai nst water over r.nat i

e daarion, S repbas ol ifiRpe gyt iE dupel conjugate
Whi G g&?le@ aﬁ&"ﬁ?é HeNdcdRroaRl wik oSthinb® BYqGdsH g‘[[kedﬁ)n after dialysis
functio a mal ei m de-function, separate

spaegeinstFuater avigenighkanpl es for this group of

nol ecul es, avail able from Perbi o Sci ence Deutschland

GhbH, Bonn, Germany, are found in Table 1, marked with

an "Bfernatiteere is a further group of cross-linkers,

whi ch have 1nstead of a maleinmde func 30 tion an, A
act ilusteasofothe igolatipe. ¢fithe SHowacteddieS bikda drompacstagnid D2, amino
coul d V,

ai s A G o P SR b el plth 4R At P Rheinlie- and o
ductyr¥osengiil i fan&ionMasb alrls abdvel).NEB ABris upnheberrdf Ithel group of
in Table 1 with a "F'. AW 2004/824776 '

PCT/ s dinkery @ad sofound in Table 1, marked with a "D".

2. Reaction of Thio-EPO with a maleimide-modified SH-reactive HES
2.1 Example Protocol 4

Conjugation of ThioEPO to Maleimido-HES12KD B.

Materials

A. Maleimido-HES12KD B: 10 mg/mL in 0.1 M sodium acetate buffer, pH 5.5
B. ThioEPO solution: 5 mg/mL of ThioEPO in phosphate/NaCI-buffer



127 third group of cross-linkers uses instead of a
mal ei m de function a vinylsulfon function as a

wekbmmactisve group. A nenber of this group " SVBBI/EP2003/008829
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marked in Table 1 with a "G',_5 Exanple 12
Conj ugation reactions with o}g5d| zed EPO 10 1.
Oxi dation of Ayco-EPO 1.1 Oxidation of dyco-EPO

wi t h sodi um net a- peri odat e: Exarrple Pro

Mat & Phb@hm/lﬁackﬁ v 0¥ sprioms@iogehagh S0 h}gqcﬁLplgﬁ 0

A yco-E acet at e j e

sof b PohtzBoR RS o8 bl os iR O P 4o8™

tat g [ohksie®r BpasiedAdshpe Reaghire@eitio dinidnce UB¢utgehiands@mbH,

solutions, the final concen- tration of sodium
perB@ﬂlat@ermnYhe oxi dation mixture is 1 nMor 10 nmV

r eSpX ?%Sb%c*sélxrfa% %}_ff%eg @éﬂtlgfe?l &emwgé rlm Fodphifes 280 WML NaCl, pH

aceta cero

M craconcentrator: M crocon YNLB (anlcon, M1lipore
GmbH, Eschborn, Germany) 25 Method All steps were
perfornmed in the dark. 30 To 1 nL of cold 4 yco-EPO
So'Hﬁ&ﬂQdo 1 nmL of cold sodi um neta-periodate so-

| uti'oh were added and the the oxidation reaction was
allowed to proceed for 1 hour in the dark. If the

d yco-EPO to he d co .al ne si | i Cmaci .
resi dﬂ%§HWC§YﬁJ%ﬁ§22 lggfg &l‘ilg(%sl_ %%u‘uon were
t he gﬁhﬂﬁa'aﬁﬂ tﬁé’%bﬁérpﬁﬁxtw ﬁaslnfé%aﬁétﬁ fdﬂB B@.frs atledosn tempera-

erw se, mM sodi Um eri odate at room
teﬂmbaﬁmevmmf tls@etcesmn@lu asheasoRicehed i thy gad.of the incuba-

tion period by the addition of cysteine to a final concentration of 10 mM. The re-
action mixture was applied to Sephadex® G-200 (1.5 x 45 cm) equilibrated with
PBS buffer and 1 mL fractions were collected. The protein content of the frac-
tions were monitored with a Coomassie protein assay reagent. All fractions con-
taining the protein conjugate were pooled and the the conjugate was obtained by

lyophylisation after dialysis against water over night.

2.2 Example Protocol 12

Conjugation of ThioEPO to aminoHES12KD (E, H, I) with a Cross-linker con-

taining a NHS-active-ester and a maleimide group, e.g. SMCC
Materials

A: Microconcentrator; Microcon YM-10 (amicon, Milipore GmbH, Eschborn,
Germany).

B. PBS, phosphate buffered saline:10 mM sodium phosphate, 150 mM NaCl, pH
7.4.

C. AminoHES12KD E, H or I. Prepared at 10 mg/mL in PBS buffer.

D. SMCC solution: 1 mg SMCC were dissolved in 50 pL. DMSO



erol was added to a final concentration of 15 mM and
i ncubated for 5 mnutes at O0C. The excess reagents

wana4g4psoduct s were renove by centrifugi ng obPCTie2d93/008829
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product at 14000 x g for 60 njnutes using a

m croconcentrator. After cent}$#ug i ng, sanple was

brought up to its original volune |n the buffer used
in the next nodification step . in the acetate

buf frD-SERTS Dsxtee Hesalting C@b@@@ea X ﬁ/cmlprbf:cé vokumee®erbi@ Science

1.2 EPO Ex | e Prot |
o TR BTGRP R ERG e deseribed

el SeFmebﬁnﬁﬁb@“Mbtein Alssay R8Qzent [PerbB Sbienéd @vutscRbrid GmbH,
15916-15922). 15 2. Conjugation with

FI ydBei, RerPRmdazi de- Deri vatives 2.1 Exanple Protocol

Jﬂ%@bétﬂhﬂu@ﬁl %?g?%ﬁ‘fyf%g P§§ @rtES 12KD

con arning a

hydra2| de and a nmal ei m de functi onal group, e.g. C2H

(Per- hiao Science, Deutschland GvbH, Bonn, GCernmany).

vat iediod 25 A MPC2H stock: 10 ng/nL M2C2H i n DVBO,

prepared fresh B. Oxidised dyco-EPO solution from

6.1.1: 5 ng/nmL of Ayco-EPO in acetate buffer C

Thi on-IESuLZSWIO(ZI sdluthon 430 1D ofgherdminoHESd 2Dk ebNHGh was added

buf fer Acet at.e buffer M sodi .ym gcet at e

buf & th‘i'o Fpagtien gyxipre wﬁsoglb%dimaeﬂt Wig Ag11pfio 4ot § min at room

ph Ost%géﬁturé Bnd P VA Ghin & IZI|6‘7C Orife- ex%s@ rc?&@lﬂﬁ&f‘ WadtMoved by cen-
M crocon YM 3 (am con, MIipore GwH, Eschborn

Cer rteifiygptiDo? ﬂ&é]:/e@@tbﬁﬁmxﬁmltﬁf@ﬂgh)3/@@8&2@06nm‘2®r & 149910 x g for

flltatlo col . for ex |l e, . Sephadex G.200 (1.5
e e Fine Qs wrSbroepr B B 4 AEC R HRhY ey ek e rocess

SC' e@@sere@d#édsﬁm Al GHRED Afi&iome 1as@%éﬁﬁm@aﬁén tﬁ@%mdual solutlon

phosphate buffered saline: 10 nM sodi um phosphate, 15

mvV Ne@ broyght ug tq 440 plL with PBS and was added to 1 mL of ThioEPO solutlon
and the reaction mixture was incubated for 16 hours at room temperature. Reac-
tivity of the excess maleimide was quenched at the end of the incubation period
by the addition of cysteine to a final concentration of 10 mM. The reaction mix-
ture was applied to a desalting column equilibrated with PBS buffer. The protein
content of the fractions were monitored with a Coomassie protein assay reagent,

all fractions containing the protein conjugate were pooled and the conjugate was

obtained by lyophylisation after dialysis against water over night.

Alternatives:

In this reaction, all cross-linkers could be used which have a succinimide- or a
sulfosuccinimide function and a maleimide-function, separated by a spacer. Fur-
ther examples for this group of molecules, available from Perbio Science
Deutschland GmbH, Bonn, Germany, are found in Table 1, marked with an "E".
There is a further group of cross-linkers, which have instead of a maleimide func-
tion an activated disulfide function. These cross-linkers could also be used for the
conjugation. However, the disulfide bond of the conjugate is cleavable under re-

ductive conditions. Members of this group are marked in Table 1 with a "F". A



Met hod MRC2H stock solution was added to 1 niL of
oxi di zed Ayco-EPQto a final con- 10 centration of 1

wolh@rnd4mas al |l owed to react with agitation foPCEER2008908829
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at roomtenperature. The excess_crosslinker was
renmoved by centrifuging the séﬁ%le at 14000 x g for
60 m nutes using a mcroconcentrator. After

centrifuging the sam ple was brought up to its
ori gilied gipep nfecrpss-lptkerspimas drskead) ofba frfadaimidedfimblion a vinylsulfon

proc eat.ed two re tinmes.,.To the " .
veco R AF BERRL T Ea™?. AnEpboloaiis S ®SyRB" iy mgrked in
or Qraplkutwitnawgs. added and the reaction m xture was

i n- cubated for 16 hours at roomtenperature.

Reactivity of the excess mal eimdes was quenched at

the end of the incubation period by the addition of
cysteine. The reaction mxture was applied to

Segkadpk(l)) G 200 (1.5 x 45 cnm) equilibrated with PBS

and 1 nL fractions were collected. The protein content

of the fractions 20 were nonitored with a Coonassie

Pr €bfu2afi3h WadiBRINHN ofltlzed BEY | 0N cONLal Nl NG the
pr d the conjugate was
obt ai ned by |yophylisa- tion after dialysis against
vvadijer Q¥en nigﬁt. Procedural Notes 25 The hydrazone
adbuQxidation oialycg-KRQs stabl e at extremes of pH For
applications that may involve treatnent at | ow pH we
reduced the hydrazone by treatnment w th 30 nM sodi um
cyhi éxidatiomiefl Gly cofEFB S ithudoidém oeta-pryiddate: Bxanipdé Protocol 5
nost applications, this extra step was unnecessary.
30 2.2 Exanple Protocol 8 WD 2004/ 024776

PCT/ 231008829 130 Direct conjugation of oxidised
d yco- EPO t o Hydrazi do-HES12KD L. Materials 5 A

Oxi di sed @ yco-EPO solution from6.1.1: 5 ng/nL of

G yeqr BB Boasslate, DULLS! R RS9 ES A0 L

or J?
B. Sodium meta-periodate solution: 10 mM or 100 mM sodium periodate in ace-

tate buffer, prepared fresh. Keep in dark. Using these solutions, the final concen-
tration of sodium periodate in the oxidation mixture is 1 mM or 10 mM, respec-
tively.

C. acetate buffer: 0.1 M sodium acetate buffer, pH 5.5

D. Glycerol

E. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschborn,

Germany)

Method

All steps were performed in the dark.

To 1 mL of cold Glyco-EPO solution 0.1 mL of cold sodium meta-periodate so-

lution were added and the the oxidation reaction was allowed to proceed for 1

hour in the dark. If the Glyco-EPO to be oxidized contained sialic acid residues,



C. Acetate buffer: 0.1 Msodium acetate buffer, pH 5.5
D. Gel filtration colum: for exanple, Sephadex(r)

wG200d247165 x 45 cn) 10 E. Coonassie(r) Protei RCAESR203/008829
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Reagent (Perbio Science Deutschland GrbH, Bonn,

Germany) F. PBS, phosphate but?&red saline: 10 mM

sodi um phosphate, 150 MM NaCl, pH 7.4 15 Method 1 ni

of Hydrazi do- HES12KD L solution and 1 nL of oxidized .

A yciheEM® eoiigtion jopditines ersolmpivh sailiam peripdate, 36t Otarwise, 10

m Xt ur s allowed to react with agitation for 16 ..

nour S0 s SRR RIS hiRorER B yBO W 18 HapfE ghfation elye-
app! el wa adddS6 RFagPdcintfatidA O f ( 3 nVDand InctiBdted for 5 minutes at
equilibrated with PBS and 1 nL fractions were

col | 8%¢.ckhe cRRess peagenis gné brpegucisrwarp e wdi aBifugipng of the
noni t or ei n. e .
R L R R S
and idpe sdniysle @B jbrgaheup Vs tsurtginal @dlube ih Yphufter si8¢d ianhe next
after dialysis against water aqver_night. The result

of t Medifisafion siep.ong. il therrsaate; thrtier. ilieprpgess v repsated ywe more
nmo 23 lecul ar shift denonstrates that the conjugation

was successful. The snear results fromthe

heterogenity of HES. Figure 25 denonstrates that HES

i's conjugated to, a carbohydrate noiety of

c o8 BHgaRatic oxiiation Ly cork B0p B mplaBrasecol 8 The

~hydrazone adduct is slightly | ess stable at extrenes

of pH. For applications that may involve treatnent at
| ow plHe eneymetitucddatidnen IR0 Bziopmitiey elsewhenedGhad@w et al., 1992, J.

2004/ 024776 P 3 829 131 with 30 mM sodi um
cyandbgk %’S—ggﬁﬁqggégg%fer to a hydrazine. For
nost applications, this extra step was unnecessary.
3. Conjugation with Hydroxylam ne-Derivatives8 5 3.1
Exanplosjugationodth Hydoaving Hydoaviddé-Dexivativesd G yco- EPO
to Hydroxyl am no- HES 12KD K

2.1 Example Protocol 7

Conjugation of oxidised Glyco-EPO to Thio-HES12KD M, O or Q with a Cross-
linker containing a hydrazide and a maleimide functional group, e.g.MaC,H (Per-

bio Science, Deutschland GmbH, Bonn, Germany).
Materials

A. M,C,H stock: 10 mg/mL M,C,H in DMSO, prepared fresh

B. Oxidised Glyco-EPO solution from 6.1.1: 5 mg/ml of Glyco-EPO in acetate
buffer :

C. Thio-HES12KD M, O or Q: 10 mg/mL in phosphate/NaCl buffer

D. Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5

E. Phosphate/NaCI: 0.1 M sodium phosphate, 50 mM NaCl, pH 7.0

F. Microconcentrator: Microcon YM-3 (amicon, Milipore GmbH, Eschborn,

Germany)



10 Materials A Oxidised dyco-EPO solution from
6.1.1: 5 ng/nL of Ayco-EPOin acetate buffer B.

woélzdrsmzyi7am no- | | ES12KD K: 10 ng/ nmL i n acet at e POUEP2003/008829
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15 C. Acetate buffer: 0.1 M?Sﬁfi um acetate buffer, pH
5.5 D CGel filtration colum:“for exanple, Sephadex(r)
G200 (1.5 x 45 cm E. Coonmssie(r) Protein Assay
Reagent (Perbio Science Deutschland GrbH, Bonn

Ger finfop) filtratipmepluptio SpieaemplsyPenbader® Gt 3001 0% fvem)

sodi hosphat g, ....15 , . . 1

o B GRS et eSS R Bfbia Phich? P fnd tGmbi,
oxi BoaRGédmagy EPO 25 sol ution were conbined and the
reacti on mxture was allowed to react with agita

{ or LB aeeplato peourd Eper aruMESodne DhemBeoR G ByACh pH
was ~gpplied to Sephadex(r) G200 (1.5 x 45. cm
equi'librated with PBS and 1 nL fractions were

coll ected. The protein content of the fractions were
nonitored with a Coomassie protein assay reagent, al

fr aMethod containing the protein conjugate were pool ed

30 and the conjugate was obtai ned by |yophylisation

after dialysis against water over night. The result

of My, Hangdkgethiton wa aldedvo 1 mIFbfoxidized GljeeERD depvizg] con-
nmol ecu WO 2004/ 024776 PCT/ EP2003/ 008829 °%32 aEthifH

i n ceetion g tondt pad 8@ phaved Hereathiily agaioniq5 ~ iours ai room
SUCE@?&%&& THE 38R crdsSlinkdt Wag rEheRdE Bie chffiRligfteht tsdmple at
of . Figure 25

enonstrates that HES is conju- .
gat 4d00x & forsd ativades usingwinsicyocoficeatratar. figrcieatrifuging éhe sam-

chain. 5 Exanpl e 13 Characterisatipon of I .

oD i AR eb i PR S ab 3t ol AR B s s prc
par kilvhy rpestakyb MQd aRE. TorhsM,asHeratifed BydolBRO ddmL of
mld acid hydroysis) were incubated wth gal actose )
oxi dhseHES12KP M ©sehQesobftionavasiasded ard thyzeadtiogiuapie was n-

r7n'. g_c{ﬂ?_aﬁ%cg ?cgr;§6 ﬁlct)urg’ thc rci)OQn Qérrqgerg{lu}\elg T&Q&%@a&fethg WEES ilkimides
was quenched at the end of the incubation period by the addition of cysteine. The
reaction mixture was applied to Sephadex® G-200 (1.5 x 45 cm) equilibrated
with PBS and 1 mL fractions were collected. The protein content of the fractions
were monitored with a Coomassie protein assay reagent, all fractions containing
the protein conjugate were pooled and the conjugate was obtained by lyophylisa-

tion after dialysis against water over night.

Procedural Notes

The hydrazone adduct is slightly less stable at extremes of pH. For applications
that may involve treatment at low pH, we reduced the hydrazone by treatment
with 30 mM sodium cyanoborohydride in PBS buffer to a hydrazine. For most.

applications, this extra step was unnecessary.

2.2 Example Protocol 8



of the reaction was nonitored by renoval of 50 gg
al i quots of the EPO and subse- quent treatnent of the

wonoiaer7ed t h pol ypepti de N-gl ycanase. 15 Li beraraa2003/008829
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N-1inked ol igosaccharides (no 'Otor ed by SDS- PAGE
detection of the de- N-glycosylated pol ypeptide) were

subj ected t o HPAEC- PAD nappi ng as descri bed

G abenh t.et . al. 1999 i t al,, .19 ;
schl %ﬁ%@f&ﬁ%ﬁ@?ﬂ g’ 15%%@{}",;&%@0 }ch{r@%q-%%&iﬁﬁ&

sialic acids. Quantitation of oxidised gal actose
residues in individual 20 EPO ol i gosacchari des was
per f Mratadaley t he typical shift observed i n HPAEC- PAD
and was al so verified by MALDI/ TOF M5 of the

ol i gosacchari de m xtures. Exanple 14 25

Char gcogidisat G%ogpmlﬁmﬁ'frsﬂn%ilﬁ@ngﬁmf@ GRRo-FPO W Sicetate
nmodi fied EPO fornms from nonreacted EPO and
HAS- uférur sor  nol ecul es was achi eved by gel

filt i QN .uUSi Ut el A 44 | 54 _or simlar
s0 o Py e Geftsacher Tl Ge i g RifiPeact ca s
was CenBMed bafrel URCsoAfdnh Bédiate bﬁ?&sgﬁ 51994, Am Chem
Soc., 116, 30 WD 2004/ 024776 PCT/ EP2003/008829 133

i sollatGdrilatierolonnosexampalSenhades®t Gi2A0 G5 & 45 cm)
Subdeatanpe SR A0 e ATkt ettt (e Sl diitselit Gmbr,

fil tBain, GRrrh&nyy. Using a matrix enabling the

separation_ of globular proteins of a relative

nol &t DB phasphatedaifeashsatipe t Bandrgdpopphesphate, B0Hpll NaCl, pH

nodif jed EPCs were identified by SDS-PAGE anal ysi s

(using 12.5 or 10% acrylam de gels) through detection

of their higher nolecul ar weight conpared to

unmadi fied EPO upon staining of gels with Coonassie

Bri IM&thodp| ye. The hi gher nol ecul ar wei ght of HAS

nodi fi ed EPO pol ypeptides was al so identified by

Western 10 Bl ot anal ysis of sanples using a polycl onal

ant i lbodyofithideddaiRiSA2KDr e salatiomamt 1 ml- ofweidiz&R0Glyco-EPO solu-

N-gl ycan nodificatign of EPO forns was denpnstrated bay. .

t heitionWEe sombined andihe reaction mixture was allowed to react with agitation
for 16 hours at room temperature. The reaction mixture was applied to
Sephadex® G-200 (1.5 x 45 cm) equilibrated with PBS and 1 mL fractions were
collected. The protein content of the fractions were monitored with a Coomassie
protein assay reagent, all fractions containing the protein conjugate were pooled
and the the conjugate was obtained by lyophylisation after dialysis against water
over night. The result of the conjugation is shown in Figure 24. The observed mo-
lecular shift demonstrates that the conjugation was successful. The smear results
from the heterogenity of HES. Figure 25 demonstrates that HES is conjugated to

a carbohydrate moiety of a carbohydrate side chain.
Procedural Notes

The hydrazone adduct is slightly less stable at extremes of pH. For applications

that may involve treatment at low pH, we reduced the hydrazone by treatment



fromthe EPO protein with pol ypepti de N-glycanase
(reconbi nant N-gl ycosidase 15 from Roche, Germany

wenpli4ansrtg 25 units / ng EPO protein at 37C f oPCT@&P2003/008829
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hours); analysis by SDS-PAGE resulted in a typical
shift of the EPO protein to d3kigration position of
the N-glycosi dase treated unnodi fi ed EPO of
approximately 20 KDa. Modification of the single
desivdthyd (amdfl s@tidngly awdbodydodd MRS buffatted hgd@zine. For most
Q gl ycan .20 at. Ser 126 was denonstrated by SDS-PAGE

m gPBPHGHORS iR eXtsRR YRV RYEGFSSTEd pro- duct by
detection of its mgration position conpared to
nonreacted de-N gl ycosylated EPO. 1f required,

n8di CogugEig with HydoxybmineBebiyattrestiPLC on a

C8- phase before SDS-PAGE anal ysis. HAS O gl ycan

nodi fication of EPO was al so anal ysed by

13190 idmhpRiPretbcef 9t he O-glycan and detection of the
de- O gl ycosyl ated 25 formof EPO in Western blots
usi ng a pol ycl onal anti body rai sed agai nst reconbi -
nant - human EPQO, Exa e 1l 0 antitati f and
o G PR e g A Sesu ar 030 Ho Al 3T gisg o
134 EPO forns where quantitated by UV neasurenents as
described in Ph. Eur (2000, Erythropoietini solutio
condMatariadle, 1316, 780-785) and conpared to the
interna- tional BRP reference EPO standard.

Al ternatively, EPO concentrations were deter- mned by
a RPA HPkidisad Glyca+EP00sodutfe-fin &0l . Lind naiel LadfS@lype-EBO iatacetate
254 nun em5 ploying 20, 40 , 80 and 120 g of the BRP
st arld4ie8 EPO ref erence preparation for calibration.
Exangl : ] Derigd F.olnQagi : [

o g oD E S D I B P e

HES- Gnakteftate HuEBO0viad sodsmeatefate bwfdrj pil 55 usi ng t he

erythr ietjn bjoactjv- it ssay, a rj ped b
o VBB SILR Bloactive LY. Sesan 55 dsail Bed ey
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7.4
Method

1 mL of Hydroxylamino-HES12KD K solution and 1 mL of oxidized Glyco-EPO
solution were combined and the reaction mixture was allowed to react with agita-
tion for 16 hours at room temperature. The reaction mixture was applied to
Sephadex® G-200 (1.5 x 45. cm) equilibrated with PBS and 1 mL fractions were
collected. The protein content of the fractions were monitored with a Coomassie
protein assay reagent, all fractions containing the protein conjugate were pooled
and the conjugate was obtained by lyophylisation after dialysis against water over

night. The result of the conjugation is shown in Figure 24. The observed molecu-
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Example 14

Characterisation of HAS modified EPO

Separation of HAS modified EPO forms from nonreacted EPO and HAS-precursor
molecules was achieved by gel filtration using e.g. Ultrogel AcA 44 / 54 or similar

gel filtration media. Alternatively, nonreacted HAS was removed by immuno affinity

8Rose, 1994, Am. Chem. Soc., 116, 30
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pl asma concentrations. Mean plasma EPO concentrations

were de- term ned and the average initial half-Iives
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analysis by SDS-PAGE resulted in a typical shift of the EPO protein to a migration

position of the N-glycosidase treated unmodified EPO of approximately 20 KDa,

Modification of the single desialylated and glacatose oxidase treated EPO O-glycan
at Ser 126 was demonstrated by SDS-PAGE migration of the de-N-glycosylated pro-
duct by detection of its migration position compared to nonreacted de-N-
glycosylated EPO. If required, modified EPO was fractionated by RP-HPLC on a
C8-phase before SDS-PAGE analysis. HAS O-glycan modification of EPO was also
analysed by B-elimination of the O-glycan and detection of the de-O-glycosylated
form of EPO in Western blots using a polyclonal antibody raised against recombi-

nant human EPO.

Example 15

Quantitation of EPO and modified EPO forms
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Example 16

- In-vitro biological actvity of HES-modified recombinant human EPO:

Purified HES-modified EPO was tested for activity using the erythropoietin bioactiv-
ity assay as described by Krystal [Krystal, 1984, Exp. Heamatol., 11, 649-660].

Anemia was induced in NMRI mice by treatment with phenylhydrazine hydrochlo-
ride and spleen cells were collected and used as described in [Fibi et al., 1991, Blood,
77, 1203 ft.]. Dilutions of EPO were incubated with 3x10° cells/well in 96-well mi-
crotiter plates. After 24 hours at 37° C in a humified atmosphere (5% CO,) celis
were labelled for 4 hours with 1 uCi of *H-thymidine per well. Incorporated radioac-
tivity was determined by liquid scintillation counting. The International reference

EPO standard (BRP-standard) was used for comparison .

Alternatively, EPO bioactivity was measured by an in vitro assay using the EPO-
sensitive cell line TF-1 (Kitamura et. al., [J. cell Phys., 140. 323-334]. Exponentially-
growing cells were washed free of growth factors and were incubated in ﬁhe presence
of serial dilutions of the EPO for further 48 hours. Proliferation of the cells was as-
sessed by using the MTT reduction assay as described by Mosmann [Mosman, 1983,
J.Immunol. Methods, 65, 55-63].

Example 17
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In-vivo activity determination of EPQ and HAS-modified EPO forms:

In vivo activity determinations were performed in normocythemic mice by measur-
ing the increase of reticulocytes after 4 days after animals received the foreseen dose
of EPO or modified EPO forms. Assays were performed using the BRP EPO stan-
dard which was calibrated against the WHO EPO standard in the polycythemic mou-

se assay. EPO samples were diluted in phosphate buffered saline containing 1 mg/ml

of bovine serum albumin (Sigma).

0.5 ml of the EPO test solution in Dulbecco's buffered saline (corresponding to an
EPO protein equivalent of a 100, 80, 40 or 20 TU/ml of the BRP standard EPO) were
infected subcutaneously per animal. Blood samples were taken after 4 days after in-
Jection and reticulocytes were stained with acridine orange; quantitation of reticulo-
cytes was performed by flow-cytometry by counting a total of 30,000 blood cells
within 5 hours after the blood sample was taken (see Ph. Eur, 2000, Erythropoietini
solutio concentrata, 1316, pages 780-785) and European Pharmacopoeia (1996/2000,
attachment 2002).

Example 18

In-vivo half-life Determinations

Rabbits were injected intravenously with specified amounts of unmodified or HAS-
modified EPO forms. Blood samples were obtained at specified times, and serum was
prepared. Serum erythropoietin levels were determined by in vitro bioassay or by an
EPO-specific commercial ELISA.

Example 19
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In vivo pharmakokinetics

In mice: Each animal received 300 TU EPO/kg subcutaneously. Seven days after the
post-treatment hematocrit of each animal was determined. A substantial increase in
hematocrit was observed 9in all animals treated with modified EPO, an expected
result in view o the relatively short half-life of untreated EPO. The mean change in -
hematocrit of the modified EPO-treated group was significantly different from that of

the untreated EPO group and that of the control group.

In rabbits: Rabbits were treated with a single dose of unmodified or HAS-modified
EPO corresponding to 200 or up to 800 ng/kg body weight. After 2, 6, 16, 24 and 48
hours blood samples were analyzed by using a commercial EPO-specific ELISA for
determination of plasma concentrations. Mean plasma EPO concentrations were de-
termined and the average initial half-lives (a-phase) and the terminal half-lives (B-
phase) were calculated from the ELISA values as described: (Zettlmissl et al., 1989,
J. Biol. Chem., 264, 21153-21159).

Literature:

Sytkowski, Lunn, Risinger, and Davis, 1999, An Erythropoietin Fusion Protein
Comprised of Identical Repeating Domains Exhibitis Enhanced Biological Prop-
erites, J. Biol. Chem., 274, 24773-24778.

Example 20

Assessment of the in vitro biological activity of HES-modified recombinant hu-

man 1L-2

Modified IL2 was recovered by gelfiltration on Ultrogel AcA 54, Aliquots of corre-
sponding fraction were sterile filtrated and IL2 bioactivity was determined by using
the IL2 dependent murine CTLL-2 cell line [Gillis, Ferm, On, and Smith, 1978,
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standard preparation.
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Table 1

Abreviation

AMAS

Chemical Name

N-(a-Maleimidoacetoxy) succinimide ester

N-(B-Maleimidopropionic acid) hydrazide'TFA

N-(B-Maleimidopropyloxy) succinimide ester

N-(e-Maleimidocaproic acid) hydrazide

N-(e-Maleimidocaproyloxy) succinimide ester

N-y-Maleimidobutyryloxy-succinimide ester

BMPH

BMPS

EMCH

EMCS

GMBS




fucose 1,935 3,924 2,602 2,246 4,461 2,601 2,181
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Succinimidyl 6-(3'-[2-pyridyl-dithio]propionamido)

4-(N-Maleimidomethyl)-cyclohexane-1-carboxyl-
{ 4-(4-N-Maleimidophenyl)-butyric acid hydazide HCl

| | m-Maleimidobenzoyl-N—hydrbxysuccinimide ester
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Type |

Chenﬁcal Nanie

N-Succinimidyl S-acetylthio-acetate

I'N-Succinimidyl S;acetylthio-propionate

Succinimidyl 3-(bromoacetamido) propionate

N-Succinimidyl iodoacetate

N-Succinimidyl(4-iodoacetyl)aminobenzoate

Succinimidyl 4-(N-maleimidomethyl)

cyclohexane-i;carboxylate

7]

=R

Abreviation
1SATA

SATP

SBAP

SIA

SIAB

SMCC
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Succinimidyl 4-(p-maleimidophenyl)butyrate
| N-(e-Maleimidocaproyloxy) sulfosuccinimide ester

Succinimidyl-6-(p-maleimidopropionamido)
N-Succinimidyl 3-(2-pyridyldithio)propionate
1 N-y-Meileimidobutryloxy-sulfosuccinimide ester

4-Succinimidyloxy-carbonyl-methyl-o-(2-

Chemical Name
pyridyidithio)tolucne

1 hexanoate

Abreviation
Sulfo-EMCS
SUlfo-GMBS

SMPB
SMPH
SMPT
SPDP
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resent twice, independently O or S, and Ris
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group Z2 or the functional group Wis
consi sting of H2N HPICHZER2(08/08829
O H2N Il NS GH2N Y
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Chemical Name

N-Succinimidyl-(4-vinylsulfonyl)benzoate

{toluamido)hexanoate

Abreviation

Sulfo-LC-SMPT | Suflosuccinimidyl 6-(o-methyl-a-[2-pyridyldithio]-

zed priofr

pimed in any of clains 1 to 11

end of the hydroxyal kyl starch
to the reaction with conmpound
sai d hydroxyal kyl starch thus
ccording to forrmula (1) ORI H .
~~QH HOR3 H 10 13. A nethod as

ai s 1 to 11 wherein the reducing
kyl starch is oxidized prior to
mpound (D) or com pound (L), said
hus having a structure accordi ng

SVSB




WD 2004/ 024776 149 PCT/ EP2003/008829 H ORi HAS H10 O
(I'tTa) R2 04 HOR3 H and/or according to fornula
wOhkbd020R HAS H-OH 420H O (I I b) COOH OR3PEI/EPZ2003/008829
met hod as claimed in claimi3M#erein the reducing end

is oxidized by an al kaline iodine solution. 5 15. A

nmet hod as clainmed in any of clains | to 9 and 12 to 14
wher ei n hydroxyal kyl starchTable2acted with a

c o¥penusdedbia)ideicanipoeitionalinalysisodf diyvant fmaHES-aiodiiZdd EPO and
with the optionally oxidi zegtroledufleg end of the

hiydr oxyal Ky gtafch gnd {he fe- syifTng reactrpon T VL
product is| gEamt edG‘NCfInp 2 élw&ﬁs rGlﬁQerou@lgca_ﬁM Yﬁy@ang he Cystein
rleattloer 10 Pémt he fuACt | ongh of 0WBMX CAIPEPG.d modified

clofFEtRide (IL) Ami t h geeegfunctikpnal gioup| &rqanplri ae,;d_ i|NEPO pro-
conmpound (M. 16| Awmethod as clained | n any of clains tein*

e e S S B o A S s I T

th’a r-nnpdurd vial t

flureordsonal | gw@6ip | ZI11,025 (i 09% he 6pWi onal1.8680x)i dé.ued | 6,260

regété&bsgg encks% ‘h%ﬁé’sdr DXYabkYl Hkad ch, | irev(}kﬁﬁ,u_ 10,386

Cerpe ori-or—tao he rogr\lnh wilt h v ar
Uullu \l_}, LI A Al O Ligga s = 3 v TTry-oT

dishioeR, s oMt ed wth h furthel18onpoune (N) i | 33,021

tih@eeact io,gh {unghiconal 14gueup - 1%3@@"@ 15658 116868 | 10,498

Ebjé%ﬁgg)(m;,siéf e unctonat—gfo 5'26 comprised—n 14,857
GlcHe2 1,380 1,552 3,775
NewNAc | 5,461 822 4504 | 3,895 4,871 13,562 | 13,003
' inositol 1230 | 2310 1,620 | 2,050 | 1,320 1,134 1,087

* the equivalent of Cys-HES-modified EPO protein was subjected to compositional analysis; the EPO
protein was isolated from the HES-incubation mixture by chromatography on a Q-Sepharose column as
described above and was desalted by centrifugation using a Vivaspin 5 separation device.

** Monosaccharide determinations were performed from single GC runs of the pertrimethylsilylated
methylglycosides; the electronical integration values of peaks are given without correction for losses
during the derivatisation procedure and recoveries of each compound.

Table 3

Calculated specific activity of
liz:)r.nple Sample description galzg :nagflg)olim

and RP-HPLC determination)
850247 1. HES-modified EPO A2 344,000 U/mg
850248 2. EPO-GT-1-A 82,268 U/mg
850249 | 3. Control EPO K2 121,410 U/mg
850250 4. BRP EPO standard ' 86,702 U/mg
850251 1. diluted with 4 volume of PBS | 309,129 U/mg
850252 2. diluted with 4 volume of PBS 94,500 U/mg
850253 3. diluted with 4 volume of PBS | 114,100 U/mg
850254 4. diluted with 4 volume of PBS 81,200 U/mg
850255 1. diluted with 4 volume of PBS \ 230,720 ﬁ/mg




WD 2004/ 024776 150 PCT/ EP2003/008829 17. A nethod as
clained in any of clains 1 to 14 wherein hydroxyal kyl
webtaerh4i7e reacted with a conpound (D) via thePCEAPRI06/008829
of the functional group ZI cod#Sprised in conpound
(D), with the optionally oxidized reducing end of the
hy- droxyallcyl starch to give a first hydroxyal kyl
starch derivative, and where the 5 first hydroxyal kyl
starch .derivative is reactedC i.th a conmpound (L) via
the reac- tion of functional §$ﬁﬁp Z2 conprised in
conpound (L) with the functional group Wconprised in
compound (D) to give a second hydroxyal kyl starch

ddr i vat invashod of peodusinges Hydroxyalkyhistaedr derivatiag.nsaid hydroxyalkyl

wherei n the second droxyal kyl - st ar de- rivative is
> r eact égﬂf?ﬂrwﬂ’ﬁ%ﬂcﬁ%? o) %Kodfom?lag a the reaction
of functional group X conprised in conpound (L) with

the functional group Y conppri sedRin conpound (M, 15
19. A nmethod as clained ify any/of claims 1 to 18

wher ei n hydr oxyal kgl stargh i regcted with a
conmpound (D) vi d&la 'e\gea ¢ f uac®i onal group Zj
conprised in conpoundO(D) the opkionally

oxi di zed reducing end ot @ Ryl k) starch to
give a first hydroxyal ky:’] st ‘OHnd where

the first hy- droxyal kyl star|ch''deri9Rgive is reacted,
via the reaction of the funcH onal group 20 W
conprised in conmpound (D), and the functional group
Z2, conpri.sed in.com pound (L), with conmpound (L),
wher e © 618%63(3%1% prior to the reaction with the

first _hydnogssabddl ek ob felatily aY aVRs optSorlaff GxRlzed rellucing end

a fu ther conpound (M via the reaction of functional
group X c@hprised in conpound (L) with the func-

[ onal 91U ST S5 - KAIROL0G. e 30 B0 ot

10 at | east epecH of fp@nla EPaPaYBeHdMIy iokidzadoleytisng eatewith a com-

21. A nmethod as clained in claim2Q wherein the

pol ypept i #ausdkIdy yrideeppewnrd (B) comprising A hydr oxyal kyl

starch deri vat,j [ : ' . ;

2 hy- dr ogyal By Rpitaoha et EERAS of befBE ACkfEim the op

st ar ch havi ngtiandiy exifliuedredaciap @nd of the hydroxyalkyl starch, and
--  at least one functional group W,

15 with a compound (L) comprising

- at least one functional group Z; capable of being reacted with said hy-

droxyalkyl starch, or at least one functional group Z; capable of being re-

acted with functional group W comprised in said hydroxyalkyl starch de-

rivative, and

20 - at least one functional group X capable of being reacted with a functional

group Y of a further compound (M),

wherein said functional group Y is selected from the group consisting of an al-

dehyd group, a keto group, a hemiacetal group, an acetal group, and a thio

group.
25



ing to formula (1) WO 2004/024776 151
PCT/ EP2003/ 008829 OR HAS OO (l) *20 OH R3 H

WOoRoM4aRager eacti ng co hydroxyal kgl starch of fecmEP2003/008829
ed

10

15

20

(1) at its optionally oxidized4®educing end or - a

hydr oxyal kyl starch derivative, obtainable by reacting

hydr oxyal kyl 5 starch of fornmula (1) at its

oft i oratethodyds dlazmdd reclaici hovheredn Rithe anddimre pigprndently hydro-

(D), said. c oun onprising -- at |east one

f unct ig8’?18fagﬂ%ﬁﬁr%p&%ﬁgﬁg&%}a&gggﬁ@pr eacted with the

op- tionally oxidized reducing end of the hydroxyal kyl
starch, and -- at |east one functional group W_ 10

widt h & oethedus ¢lainpd soekpimi 3 whgrein By, ReangtRopie independently hydro-
functi onal %r Olég Z1 CI’;\gabI e of being reacted with said

hy- dlgsli)?bﬁ S}’ry q)gle@ﬁ, 8"Pat | east one functional

group Z2 capable of being re- acted with functional

group Wconprised in _ said hydroxyal kyl starch de- )
ridvat i methoddshimeddn pesef claims ¥t tvbsrrar thyrhydpoxxalky! starch is
capabl e . of ' acted wwth a functional group Y of

a furt glroxggtﬁgg%%rraﬁ(l\/b, wherein said functional group

Y is selected fromthe group consisting of an al -

dehyd group, a keto group, a _hem acetal gr.o

acdet alA gredgs, aSo?lalanqdhiinoargfr Qflﬁ;?.imSZb t@é_wlﬁrmgﬁéﬁérgmewl group Z;

starc o&?[‘iiséfsathégt?u cCh@j.nmed in claim22 wherein RI,
R2 an are independently hydrogen or a linear or

branched hydroxyal kyl group.

6. A method as claimed in claim 5 wherein Z; is selected from the group consisting

of
H2N_"" H /O\ /O\ ~
N H,N R' N
HZN/ ~ 2
/H HZN\N (IS)I
RN \”/ H T
G O
H H H
_N N _N G
U >
G G

wherein G is O or S and, if present twice, independently O or S, and R’ is

methyl.

7. A method as claimed in any of claims 1 to 6 wherein the functional group Y is
selected from the group consisting of an aldehyd group, a keto group, a he-
miacetal group, and an acetal group, and the functional group X comprises the

structure -NH-.

8. A method as claimed in claim 7 wherein X is selected from the group consisting

of



24. A hydroxyal kyl starch derivative as clained in
claim23 wherein Rl, R2 and R3 are independently

woydisagerteor a 2- hydroxyet hyl gr oup. 25 WO 2002C02#2006/008829

10

15

PCT/ EP2003/ 008829 152 25. A k§droxyal kyl starch
derivative as clained in any of clains 22 to 24
wherein the hydroxyal kyl starch is hydroxyet hyl
starch. 26,NA-hydroxyal kyl Hstarch der|uaﬁkye as _, O« .~
claimed in‘any of claipns, 2Ngo 25 wiefin 5 theR H
functional group Z1 coﬁgﬁlses the structure -NH. 27.

A hydroxyal kyl starch derivative as clainmed in claim

26 wherein Zl is sglected fromthe groupHgHnsi sting

of HZN- H HzN @'~ ry.N H2NH ,H H2

HI1f- GHN ~ H?~ HoNH H2N G- G G wherei HGlis 0

or S and, if present Gw ce, independently 0O or $ and
Ris 10 nethyl. 28 hydr oxyal kyl starch derivative

as clainmed in any Hof qgalns 22 to 27 wherein theG
functional grg N elected fromthe grndp\wg’ ™~
consi sting of %n al dehyd group, a keto g oup,

hem acet al group, afd an acetal group, and the G

functiaqgnal 15 group, X conprises the structure -
29. AVHpER®G A OF 5t AR ERETRTie IRACReds Wéde.?F S, and R is
cIain1§§%Mhere|n Xis selected fromthe group

consi § of RN H 2N -O- RiO,N H2 N, H H ~N

H2N\ | Ol

9. A method as claimed in any of claims 1 to 6 wherein the functional group Y is -

SH and the functional group X is selected from the group consisting of

l XN Hal/\ﬂ/ T 2O
_ o) 07\
S—S_

wherein Hal is Cl, Br or I.

10. A method as claimed in any of claims 1 to 9 wherein the functional group W or
the functional group Z; is -SH and the functional group Z, or the functional

group W is selected from the group consisting of

=
S—S

)

wherein Hal is CI, Br, or I. .

11. A method as claimed in any of claims 1 to 9 wherein the functional group W or
the functional group Z, is selected from the group consisting of an activated es-

ter or a carboxy group which is optionally transformed into an activated ester



H2N -Ir H 1 G 0 WD 2004/ 024776 PCT/ EP2003/ 008829
153 NY N~ HZNN G H2ZN G G wherein Gis 0O or S and,

wohoq@reseat tw ce, |ndependentl 0 or S, and RPCTA&EP2003/008829

10

met hyl . 30. A hydroxyal kyl &h derivative as

clainmed in any of clains 22 to 27 wherein 5 the
functional group Y is -SH and the functional 0

is s ehﬁtthe cfuliduormlt dreup Gy aupe GorsibsdligngipoWV isl s¢lia¢te<sgpm the group
O 1N wherein Hal is d, Br or 1. 31. A
hydroﬁ?ﬁﬂsﬁwgo tarch derivative as claimed in any of
claims 22;4Q-30 wherein 10 the functioml group W@

t he funct ﬁéﬁal group Z2 i/sﬁ- SH and thbl “functi onaR"” N/
group Z2 or the functildhl group Wis selected from

the group consisting of N Hal SAO 14 NN O O wherein
Hal is O, Br, or H. 32. A hydroxyal kyl stagch 0O
derivative asﬂgzﬁur n any of clainms 22 o OII

wherein 15 t unctlj onal group Wor the fungt ||pnal
group Z2 is selected@romthe group consistingOf an
activated ester or a carboxy group which is optionally
trans- forned |nt}d an Hctivated ester and th

functional gr tbhe functi onal 9L qyP

sel ect ed fro e grnloup consisting of H2|\|2 N WO
R11-110.N H2N H @G

wherein G is O or S and, if present twice, independently O or S, and R’ isv

methyl.

12. A method as claimed in any of claims 1 to 11 wherein the reducing end of the
hydroxyalkyl starch is not oxidized prior to the reaction with compound (D) or
compound (L), said hydroxyalkyl starch thus having a structure according to

formula (I)

®

13. A method as claimed in any of claims 1 to 11 wherein the reducing end of the
hydroxyalkyl starch is oxidized prior to the reaction with compound (D) or com-
pound (L), said hydroxyalkyl starch thus having a structure according to formula

(ITa)



WD 2004/ 024776 PCT/ EP2003/008829 154 HHN O | |
H2ZN 2 ~HS 11 GHHH H2NN(NL--1 HZNNY G-, GG

woheran76 is Qor S and, if present twice, PCT/EP2003/008829

10

15

i ndependently Qor S, and R 14 nethyl. 33. A

hydr oxyal kyl starch derivative as clainmed in any of
clains 22 to 32 wherein 5 the reducing end of the
hydr oxyal kyl starch is not oxidized prior to the
reaction wth conmpound () or nmpound (L), said

hydr oxyal kyl starch thus havi structure according
to formula (1) 20H OR4H OHHHORS H 34.
A hydr oxyal kyl T d ~fained in any of
claims 22 to 32 wherei® 1 iRg end of the (la)
hydr oxyal kyl starch i sRyK-d] [ t he reaction
with conpound (D) or conpound }(IL), id%lgroxyal kyl
starch thus having a struc- ture acc@ﬁdi ng Yo fornul a
(Ila) HORI HAS H10 0 (lla}l R20H 4 OR3 ~O

and/or according to formula (IIb)

~ (IIb)

14. A method as claimed in claim 13 wherein the reducing end is oxidized by an

alkaline iodine solution.

15. A method as claimed in any of claims 1 to 9 and 12 to 14 wherein hydroxyalkyl
starch is reacted with a compound (L) via the reaction of functional group Z;
with the optionally oxidized reducing end of the hydroxyalkyl starch and the re-
sulting reaction product is reacted with a further compound (M) via the reaction
of the functional group X comprised in compound (L) with the functional group

Y comprised in compound (M).

16. A method as claimed in any of claims 1 to 9 and 12 to 14 wherein hydroxyalkyl
starch is reacted with a compound (L) via the reaction of functional group Z;
with the optionally oxidized reducing end of the hydroxyalkyl starch, where
compound (L), prior to the reaction with hydroxyalkyl starch, is reacted with a
further compound (M) via the reaction of functional group X comprised in com-

pound (L) with the functional group Y comprised in compound (M).



H and/or according to fornmula (11b) WO 2004/ 024776
PCT/ EP2003/ 008829 155 ORI H HAS' HJ OH ~ (Ilb) R20

WO 2@kt OR3 H 35. A hydroxyal kyl starch der PeaEPY®3/008829
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30

as claimed in claim34 wherei Phhe reducing end is
oxi di zed by an al kaline iodine solution. 5 36. A

hydr oxyal kyl starch derivative as clainmed in any of )
cllai m @2thbo a3Glamed 38 atp of Shimbdriei It Whetexledriypalkyl starch is

O AP SR B BTRERE L AL OB, o
reduc iﬁﬁ‘?&dQBdco‘ﬁ{potuﬁg (DY wHE 9 8pthotallp lorldfedaRdudih@ end of the hy-

resulting reaction product is reacted with a further
conpodmaty{liyl stamzhtthegiveeadistorydorxyaila] staredt desivalivey eadpvhere the

X conprised in m. 10 .pound (L Lth.the f ' .

gr ou EHW i‘?ﬁ%ﬂﬁ@gﬁ ﬁtaﬁg]&f} YaUMG gs( ’?Wé.%é Sf{lﬁl& ?10)1}%%2) g‘%i/ %F the reac-
st ar chogleyri Mattioml asopl 2 weghptisedaiy cehpehdi (19 R&httbe Fonctional
and 33 to 35 wherein hydroxyal kyl starch is reacte

d
Wit h arospniooerdpyised i eompande@dt oogive oF seqone thydruyalkyl starch
group ,Z1 ¥vith the optionally oxidized reduci ng end of
t he h)c}e i‘g‘”&?'oxyal kyl starch, where conpound (L), prior
to the reaction with hydroxyal kyl starch, is reacted

wth a further caonpound via the reacti o]

ind (M . f ~
f bct Aomathod s ipmd da eims Bh Wharedb BsowrRond Ey(%ﬁ%ﬁ%fl iarch de-
functi. r Y. G ' N : :
A yar S ByreLed vEATEEKREE obBpo bR Bty S rcacton 3F; funciiona
cl ai mproRd X @odprivdiinedompooyid (X withklyd fistctiondl greup Y comprised in
reacted with a _conmpound (D) via the reaction of the
f unc- cePBREId @’D@up Z1 conprised in conpound (D), with
the optionally oxidized reduc- ing end of the
hydr oxyal kyl starch to give a first hydroxyal kyl
stifr cla nhethiodatsi ol@med in any of claims 1 to 18 wherein hydroxyalkyl starch is

reacted with a compound (D) via the reaction of functional group Z; comprised
in compound (D) with the optionally oxidized reducing end of the hydroxyalkyl
starch to give a first hydroxyalkyl starch derivative, and where the first hy-
droxyalkyl starch derivative is reacted, via the reaction of the functional group
W, comprised in compound (D), and the functional group Z,, comprised in com-
pound (L), with compound (L), where compound (L), prior to the reaction with
the first hydroxyalkyl starch derivative, is reacted with a further compound (M)
via the reaction of functional group X comprised in compound (L) with the func-

tional group Y comprised in compound (M).

20. A method as claimed in any of claims 1 to 19 wherein the at least one further

compound (M) is a polypeptide. .
21. A method as claimed in claim 20 wherein the polypeptide is erythropoietin.
22. A hydroxyalkyl starch derivative obtainable by a method of producing a hy-

droxyalkyl starch derivative, said hydroxyalkyl starch having a structure accord-

ing to formula (I)



and where the first hydroxyal kyl starch derivative is
reacted with a conmpound 25 (L) via the reaction of

wouominemnnal group Z2 conprised in conpound (L) PeriER2008008829

10

15

20

25

WD 2004/ 024776 PCT/ EP2003/ 008829 156 functional group

W conprised in conpound (D) to give a second

hydr oxyal kyl starch derivative. 39. A hydroxyal kyl

starch derivative as clained in.glaim38 wherein the

second hy- 5 droxyal kyl starch ggtivative is reacted

with a further conpound ( vi/a the reac- tion of

functional grou conpri ' nd (L) with the
functi onal groug'I 0 und (M. 40. A

hydr oxyal kyl starch dePivat\ve iNed in any of ®
claims 22 to 35 wherei R, @gh 'S

reacted with a conmpound (D) éﬁacti on of func-

tional group ZI conprised inlconpound™D) with the

optional |y oxidized reduc- iHg end of the hydroxyal kyl
starch to give a first hydroxyal kyl starch derivative,

and oL IJ: hydr oxyal kyl starch derivative is
reac}"g%’%ﬁ{}%@g{{%ﬁ? action of the functional group W
conpr i sed hydrogpatiglustatck BF foramuth (Ihet ftuioptidmalaloxiflizdped®ing end
Z2, conprised in conpound (L), wth conmpound (L),

where conm®bund (L), prior to the reaction with the

first _hydro t ' i inhiile rBaeéREnM Hyldroxyalkyl
a fur- thgrﬁ%’cglﬁ%%%kd %%%Hv%gﬁ?%gé’rﬁ%ti on Bé? i ¢ yh e
f unct i onalstagshoafpfoxmolangd) tsiésloptionelmoxisieaddredugingverd, with a com-
the functiona rou& Y _conpyri 3ed in.compound (M. 20

41. A hydPS¥SALRy pal f%‘%?f@éﬁ VEEPHE s claimed in any

of clainms 22 {0148 otb @Lﬁrﬁ:itienaltgli‘&fll dapaisit o0 BEink Wedctdrwith the op-
conpound (M is a polypeptide. 42. A hydroxyal kyl

starch deri vatiovdloxilizediraduciag ghdrpfithe é’ioé(VﬂkYIKSéamha and

pol ypeptide is,, erythr.opoi eti 43. A

phar maceut’i calat](?gﬁﬁé‘%ﬁr%glﬁg%cgg%urplz@i’ng, in a

t her am@tﬂégﬁhﬁ@anaf(fdg@@my@si@gmunt, a hydroxyal kyl

starch derivative obtainable by a nethod of producin .

a hy- -dr o@é@aﬁypn%tﬁgw@ﬁn%ie&rwmél \eapabig o h?wr%?ﬁffﬁﬁ? R’K}ﬁl said hy-

90 20041 oS FETRERPHEDHH S B §56 Tl rd G P Lapabidot el re-

acted with functional group W comprised in said hydroxyalkyl starch de-

rivative, and ‘

- at least one functional group X capable of being reacted with a functional
group Y of a further compound (M),

wherein said functional group Y is selected from the group consisting of an al-

dehyd group, a keto group, a hemiacetal group, an acetal group, or a thio group.

23. A hydroxyalkyl starch derivative as claimed in claim 22 wherein Ry, R; and Rs
are independently hydrogen or a linear or branched hydroxyalkyl group.

24. A hydroxyalkyl starch derivative as claimed in claim 23 wherein R;, R, and R;
are independently hydrogen or a 2-hydroxyethyl group.



157 R HHAS H OO (l) ROa CHHOR3 H
conprising reacting, - hydroxyal kyl starch of fornula

wORdo4a04776s optional | y oxi di zed reduci ng end ®CTAP2003/008829

10

15

hydr oxyal kyl starch derivativE2 obtai nabl e by reacting
hydroxyal kyl 5 starch of fornmula (I) at its

optional ly oxidized reducing end wwth a com pound

( Dp., &aln;dir@qmﬂqﬂr rsduc(hD}iernmtrm as ¢laigned- inany| cfadaime P2 to 24 wherein
functiona apab] e ern reacted with the

op- tﬂ%?ﬁ%(ﬂﬁ%ya ?t%léﬁ @&%Yﬁ@ygﬂam t he hydr oxyal kyl
starch, and -- at |east one functional group W 10

with a conpound (L) conprising - at |east one
f Q6ct thmairogaﬁ(yﬂ) sralrchcéq:rafratlee of clbimiedginrargotfedninist2? toaiSowherein

hy- dr.oxyal k star or .at st, one_functi onal
gr oup}f’i‘pX %ﬁ | goup bgﬁ)rﬁarqeétheas?q.\gt&r ?\{Iﬁ “f unct i onal
group Wcorrprl sed in said hydroxyal kyl starch de-
rivative, and 15 - at |east one functional bgrou

c dpablehytotysilg staechcdaiyative hs elafnadcini daia 26 yihetgin %1 i selected
a furirher co ound 1%1“5\'ﬂ:'g?f/vherei n said functional group o
Yis r°8ﬂ’§ roup consisting of an al-

dehyd gr opy N—a— ket o group, Ha hem acet al_ QL oup, an _O_ _-
acet al grog or a thlorg saldHhibth}J R \ﬁ
producing a hydroxyal kly‘b st arch deri vatlve further

conprising 20 reactlng t he reaction product conprising
hydr oxyal kyl starc conpound (L) and opginal |

compound (D) V‘#‘%J@ ther conpound (M whe! j__rgi_he
at | east one th r corrpound is a pol ypeptlgge.g
H H H
N N _N G
H,N~ \[( ™ H,N \”/ ~
G G

wherein G is Q or S and, if present twice, independently O or S, and R' is

methyl.

28. A hydroxyalky! starch derivative as claimed in any of claims 22 to 27 wherein
the functional group Y is selected from the group consisting of an aldehyd
group, a keto group, a hemiacetal group, and an acetal group, and the functional

group X comprises the structure -NH-.

29. A hydroxyalkyl starch derivative as claimed in claim 28 wherein X is selected

from the group consisting of

HZN_ H /O\
/N\ H2N
H,N

ZT

H,N



44. A pharnmaceutical conposition as clainmed in claim
43 wherein the polypeptide is 25 AT IIl. WD

waao/0de24éd 76 PCT/ EP2003/ 008829 158 45. A PCT/EP2003/008829
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15

phar maceuti cal conposition asiglained in claima43

wherein the polypeptide is erythropoietin. 46. A

phar maceuti cal conposition as clained in any of clains

43 to 45 wherein ghe H functional group Y i$l -SH and
conpound (L) is aNco nd of general fo LA Gl\'-x
where the furféN onal group Z1 is sel ect e@gﬁrom he

group consisting of 32N H H2ZN- R ~0, N~ H2N , OH
NNNHNN 1 2HS GHHH H2NN- 2NG- G G

wher eiwhefsih G G Or o Sandi, if prasemserite, timlependently O or S, and R’ is
i ndependently 0 or S, and R is nethyl, and where the
funct sl group X is sel ected fromthe group

consisting of ONHal SAO O N___ S-S 10 wherein

Hal is C, Br or I, and where L' is an organic chain
bB0dgiAngydFdxglicy1 $taach dabetiee b claimebieaty. ofldlaink 22 to 27 wherein

phar maceuti cal  conposition a | ai med i.n an f claj
43 t o thestupREenal BrQUReY if u%fgtqna ﬁﬁ? ?kgfcaeﬁal\gf%g 34213&{68%&%0111 the
from E%S%OHHQ%@»@SI sting of an al dehyd group, a 15

roup, a

ket o acetal group, and an acetal group,

and conpothd (L) i onpound of ge or muFa\
ZI-L'-X wiere the @Eonal gr o%%MI ect ed //3//O
Z

al
i 0"
O
| N— 788

o)
wherein Hal is Cl, Br or I.

31. A hydroxyalkyl starch derivative as claimed in any of claims 22 to 30 wherein
the functional group W or the functional group Z; is -SH and the functional

group Zs or the functional group W is selected from the group consisting of

7 @\1\ " Hal T \20
o
_ 7 O 0™\
N S—S._

o)

wherein Hal is Cl, Br, or L.

32. A hydroxyalkyl starch derivative as claimed in any of claims 22 to 30 wherein
the functional group W or the functional group Z, is selected from the group
consisting of an activated ester or a carboxy group which is optionally trans-
formed into an activated ester and the functional group Z; or the functional
group W is selected from the group consisting of

H.N— H O oL~

HNT S RN
HZN/N\ 2 H



fromthe group consisting of HZN HH N. Ol--1 RO-1 N

H2N 2 H WD 2004/ 024776 PCT/ EP2003/ 008829 159 ,H H2N\
wWO20HAM Y6 H- S-11 G HHH HZNN(N~- HZNN( G- G &CWEer®B/08829

Gis Oor S and, if present tW4e, independently 0O or

S, and Ris alkyl, «cycloalkyl, aryl, aralkyl,

aryl cycl oal kyl, al karyl, or cycl oal kyl aryl, and where

the functional grblup X is selected from Eﬁ gr(ﬂup

conS|st|ng of Héll\ly N~0-" R~0,N H2
H11 2 H HHH HNNIN- H2NYG-
V\hereln GIS O or S @nd, if present twce, o
i ndependently 0 or S, and R is 5 nethyl, and where
L' is an organic lgdhaifibridging ZI and X or fhere L'

Is ab- sent. r{_ﬁ% \ﬁhé\‘@ceutlcal con‘poshtigN

clainmed in any2df cljains 43 to 45 wherei 2N he

functional group Y s -SH, conpound (D) is a cgygpound

of general fornula Z1- 10 D -W and conpound (L) is a
con‘powhdred:f @é&ner ad Sfardmif aredéht ltwioé, indegerddnlie O or S, and R' is
functio group ZlI is selected fromthe group

Consi g;(eﬂ}yé. of

33. A hydroxyalky! starch derivative as claimed in any of claims 22 to 32 wherein
5 the reducing end of the hydroxyalkyl starch is not oxidized prior to the reaction
with compound (D) or compound (L), said hydroxyalkyl starch thus having a

structure according to formula (1)

®

34. A hydroxyalkyl starch derivative as claimed in any of claims 22 to 32 wherein
the reducing end of the hydroxyalkyl starch is oxidized prior to the reaction with
compound (D) or compound (L), said hydroxyalkyl starch thus having a struc-

ture according to formula (I1a)

i)

and/or according to formula (IIb)



H2ZN- "N HZN-O~ RON 2N H HNHMNM 0 HZN NS- G O W
2004/ 024776 160 PCT/ EP2003/008829 H2NN Y N1_1 H2ZN N'Y

woh00402876 wherein Gis 0 or S and, if presenPCTAEPZ®3/008829
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i ndependently 0 or S, and R id5fethyl, where the
functional group X is selected fromthe group
consisting of N__ ~Y O N / S*"S\ Owherein Hal is
d, Br or |, where the functlonskhgroup Wor the
functional group Z2 is §—| and e functional group
Z2 or the functional groug Wik selected from 5 the
group consi sti n%bgé ON Ng/ &S\ 00 Q
wherein Hal is

group Wor the functi o(ﬁal
t he group consi sting ofR@an-ax ) a
car ngy |Ogroup whi ch istopti naﬂ{ ranﬁépﬁéd into an
activated ester and the functli onal @Roup Z2 or the
functional group Wis selectéd fromthe group
consisting of HNHHN-O', R®" ON HN ' 2 H H
NON 2N O 2 H+S- G O

P is selected from (IIb)

35. A hydroxyalkyl starch derivative as claimed in claim 34 wherein the reducing

end is oxidized by an alkaline iodine solution.

36. A hydroxyalkyl starch derivative as claimed in any of claims 22 to 30 and 33 to
35 wherein hydroxyalky] starch is reacted with a compound (L) via the reaction
of functional group Z; with the optionally oxidized reducing end of the hy-
droxyalkyl starch and the resulting reaction product is reacted with a further
compound (M) via the reaction of the functional group X comprised in com-

pound (L) with the functional group Y comprised in compound (M).

37. A hydroxyalkyl starch derivative as claimed in any of claims 22 to 30 and 33 to
35 wherein hydroxyalkyl starch is reacted with a compound (L) via the reaction
of functional group Z; with the optionally oxidized reducing end of the hy-
droxyalkyl starch, where compound (L), prior to the reaction with hydroxyalkyl
starch, is reacted with a further compound (M) via the reaction of functional
group X comprised in compound (L) with the functional group Y comprised in

compound (M).

38. A hydroxyalkyl starch derivative as claimed in any of claims 22 to 35 wherein
hydroxyalkyl starch is reacted with a compound (D) via the reaction of the func-
tional group Z; comprised in compound (D), with the optionally oxidized reduc-
ing end of the hydroxyalkyl starch to give a first hydroxyalkyl starch derivative,
and where the first hydroxyalkyl starch derivative is reacted with a compound

(L) via the reaction of functional group Z, comprised in compound (L) with the



NCH~ H~ H2ZNHHz Y G GG 10 wherein Gis 0 or S
and, if present tw ce, independently O or S, and R is

worbdwk477and where D is an organi ¢ chain bri dgcmgprZio3/008829
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20

25

and Wor where D is ab- sentl¥nd where L' is an

organi ¢ chain bridging Z2 and X or where L' is absent.

WO 2004/ 024776 PCT/ EP2003/ 008829 161 49. A

phar magetbiat groupowpeshprised iasompauinde@®)ito ghveya sdcond hydrexyalkyl
43 to 45 vvherel n the functional group Y is selected

fr om SAEhGREYE Consi sting of an al dehyd group, a keto
group, a hem acetal group, and an acetal group,

compound (D) is a com pound of general fornmula

Z19D AVHydm@aﬂ«yh‘ptamhcﬂeﬁbz)&tﬁ&sa:laﬁmcﬂ@m nidiro 38 gereeciathessecond hy-

f I ' - he fu .
sglr glé 9’2’6§glkgrﬁt%§ﬁ]é eYrﬁ%‘ﬁ{te &%ﬁac tﬁ,z&x gr?q% oplilé aVI) via the reac-

T—Z N Ogiorix_é)'f\l ﬁgb@or{ﬂl gi“é%%’m}gccr)rgbrﬁiég? E%mB%LF%nglh@th tlﬁe Bin¥tidhal group

pr eseltcamprised i cbgmpendéMil y O or S, and R is
nmet hyl , where the functional group X is selected from

the group consisting of HZN-- N H2N 011-1 R1 111101~ N
H48. NaHhydibdYatieNstad@lddidbhitt & clmed N dhyNof dihifes 22 to 35 wherein

hydroxyalkyl starch is reacted with a compound (D) via the reaction of func-
tional group Z; comprised in compound (D) with the optionally oxidized reduc-
ing end of the hydroxyalkyl starch to give a first hydroxyalkyl starch derivative,
and where the first hydroxyalkyl starch derivative is reacted, via the reaction of
the functional group W, comprised in compound (D), and the functional group
Z,, comprised in compound (L), with compound (L), where compound (L), prior
to the reaction with the first hydroxyalkyl starch derivative, is reacted with a fur-
ther compound (M) via the reaction of functional group X comprised in com-

pound (L) with the functional group Y comprised in compound (M).

41. A hydroxyalkyl starch derivative as claimed in any of claims 22 to 40 wherein

the at least one further compound (M) is a polypeptide.

42. A hydroxyalkyl starch derivative claimed in claim 41 wherein the polypeptide is

erythropoietin.

43. A pharmaceutical composition comprising, in a therapeutically effective amount,
a hydroxyalkyl starch derivative obtainable by a method of producing a hy-
droxyalkyl starch derivative, said hydroxyalkyl starch having a structure accord-

ing to formula (I)
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HZN H2N Y GG wherein Gis 0 or S and, if present
twi ce, independently 0 or S, and R is 10 nethyl,

woher@2411e functional group Wor the functi onabPCOmEDD3/008829

Z2 is -SH and the functional Yup Z2 or the
functional group Wis selected fromthe group consi st-
ing of O[aNHai SO O NS-S O\ O W 2004/024776
PCT/ EP2003/ 008829 162 wherein l is d, Br, or I.,
or where the functional gﬁfup r the functional
group Z2 is selected fromijthe /group consisting of an
activated ester or_a carbagxy
optionally tran%?/ﬁhﬁg i
functional group Z2 d? th group Wis @
selected fromthe grou N- HNO
R-"ON HN2H HH HATI Y ~~ GO ON
NN~ NG HzNYHNY GG Gis 0 or S and,

if present twice, independenHly O or S, and R is

ﬁ]i chis
vated ester and the

comprising reacting,

- hydroxyalkyl starch of formula (I) at its optionally oxidized reducing end
or

- a hydroxyalkyl starch dérivative, obtainable by reacting hydroxyalkyl
starch of formula (I) at its optionally oxidized reducing end with a com-
pound (D), said compound (D) comprising
- atleast one functional group Z; capable of being reacted with the op-

tionally oxidized reducing end of the hydroxyalkyl starch, and

-~ atleast one functional group W,

with a compound (L) comprising

- at least one functional group Z; capable of being reacted with said hy-
droxyalkyl starch, or at least one functional group Z; capable of being re-
acted with functional group W comprised in said hydroxyalkyl starch de-
rivative, and

- at least one functional group X capable of being reacted with a functional
group Y of a further compound (M),

wherein said functional group Y is selected from the group consisting of an al-

dehyd group, a keto group, a hemiacetal group, an acetal group, or a thio group,

said method of producing a hydroxyalkyl starch derivative further comprising

reacting the reaction product comprising hydroxyalkyl starch, compound (L) and

optionally compound (D) with a further compound (M) wherein the at least one

further compound is a polypeptide.

44, A pharmaceutical composition as claimed in claim 43 wherein the polypeptide is
AT IIL



methyl, , and where D is an organic chain bridging Z
and Wor where D is ab- sent and where L' is an

wongaier7ehai n bridging Z2 and X or where L' i BCREP200B/008829

10

15

50. A pharnaceutical conpositiléh as clained in claim

43 wherein hydroxyethyl 10 starch is reacted in an

aqueous nediumw th a conpound according to the fol-

| d\di ngh plaarmateuticl@NoBipositien-a®clalhit] inasfedmt 4fewheamtthe polypeptide is
product js reacted with erythropoietin. 51. A

phar w&@’ed&’iopﬁlﬁﬁnconposi tion as claimed in claimb50

wherein the erythropoietin 15 is oxidised with sodium
periodate prior to the reaction. 52. A pharmaceuti cal
céfipog phasmaegtichladomepbsitioncls alam&dinmdror @i dlaitisel3 to 45 wherein the

erythropoietin is pagtially desi {Jrél.at ed and
SubsedtunPRy Saw YSaStiePH Duapi s baavaoEH o eenpigl formula
the r @aqtXOWhere the functional group Z; is selected from the group consisting of

HZN- H e oL, .~
N H,NT T RN
HNT 2 H
H 0
_N HN, ]
H,N \ﬂ/ N—S—
H I
G 0
N N NG
H,N" \”/ ~ - HNT ™
G G

wherein G is O or S and, if present twice, independently O or S, and R’ is

methyl, and where the functional group X is selected from the group consisting

f
O =\
@\ Hal/\ﬂ/ 57°
o~ \
N— = . ) O ‘
S—S._

)

0

wherein Hal is Cl, Br or I, and where L' is an organic chain bridging Z; and X or

where L' is absent.

47. A pharmaceutical composition as claimed in any of claims 43 to 45 wherein the
functional group Y is selected from the group consisting of an aldehyd group, a
keto group, a hemiacetal group, and an acetal group, and compound (L) is a
compound of general formula Z;-L'-X where the functional group Z; is selected

from the group consisting of
H,N— H 0

N HNT T R
2

PON
N/
H



WO 2004/024776 PCT/EP2003/008829

159
H 0
_N HNC ]
H,N \”/ N—S—
H T
G o)
H H ' : H
NN NG
H,N j( H,N :
G G

wherein G is O or S and, if present twice, independently O or S, and R is alkyl,
cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl, or cycloalkylaryl, and where the

functional group X is selected from the group consisting of

HZN_- H /O /O\ ~
N HNT R’ N
HZN/ ~ 2 r H
H 0
_N HNC ]
H,N \”/ | N—S—
H T
G 0
N. N R o
HZN/ \”/ \ HZN/ \n/ \
G G

wherein G is O or S and, if present twice, independently O or S, and R’ is

methyl, and where L' is an organic chain bridging Z; and X or where L' is ab-

sent.

48. A pharmaceutical composition as claimed in any of claims 43 to 45 wherein the
functional group Y is -SH, compound (D) is a compound of general formula Z;-
D'-W, and compound (L) is a compound of general formula Z,-L'-X, where the
functional group Z; is selected from the group consisting of

HN— H : @] 0oL -~

_N HNT ™S RN
HNT 2 H

0
H2N 1

HNT Y "N—S—
H oI

G O



WO 2004/024776 160 PCT/EP2003/008829

H H H
G

HZN/N\”/N\ HZN/N\H/ ~

G G

wherein G is O or S and, if present twice, independently O or S, and R is methyl,

where the functional group X is selected from the group consisting of

0 —
@ L (A e
_ = o) 07\
N =N

O

wherein Hal is Cl, Br or I, where the functional group W or the functional group

Z, is -SH and the functional group Z; or th¢ functional group W is selected from

5 the group consisting of
0 —
= 0 07\
N— —
O

wherein Hal is Cl, Br, or 1., or where the functional group W or the functional
group Z; is selected from the group consisting of an activated ester or a carboxy
group which is optionally transformed into an activated ester and the functional

group Z; or the functional group W is selected from the group consisting of

HZN_— H /O O\ ~
N HNTTY RN
- 2
H,NT S H
H ‘ 0O
_N AN
HNT N—S—
H i
G 0]
Y N G
-~ pd \
HNTYT HNT
G ' G
10 wherein G is O or S and, if present twice, independently O or S, and R’ is

methyl, and where D' is an organic chain bridging Z; and W or where D' is ab-

sent and where L' is an organic chain bridging Z; and X or where L' is absent.
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49. A pharmaceutical composition as claimed in any of claims 43 to 45 wherein the
functional group Y is selected from the group consisting of an aldehyd group, a
keto group, a hemiacetal group, and an acetal group, compound (D) is a com-

pound of general formula Z;-D'-W, and compound (L) is a compound of general

5 formula Z,-L'-X, where the functional group Z; is selected from the group con-
sisting of
HN— H 0 OL. ~
_N HNTT RN
HNT H
H 0O
_N HN, Tl
H,N W/ N—S—
H |
G : O
N K | N_ G
H,N™ \ﬂ/ ~ H,N™ j]/ ™~
G - G

wherein G is O or S and, if present twice, independently O or S, and R' is

methyl, where the functional group X is selected from the group consisting of

H,N— H O Ol -
_N HNTT RN
HNT S z H
/l-[\-ll HZN\ IO
H,N \”/ N—S—
H Il
G ‘ O
NN N6
HN" \”/ ™~ H,N7 \”/ ~
G G

wherein G is O or S and, if present twice, independently O or S, and R’ is
10 methyl, where the functional group W or the functional group Z, is -SH and the
functional group Z, or the functional group W is selected from the group consist-

ing of

0 —
@\ Hal/\”/ /s//o
_— o) 07\
N— _
S—S._

O
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wherein Hal is ClI, Br, or I, or where the functional group W or the functional
group 7, is selected from the group consisting of an activated ester or a carboxy
group which is optionally transformed into an activated ester and the functional

group Z, or the functional group W is selected from the group consisting of

H,N— H .0 0., .~
_N HNT T RN
HNTS 2 H
H 0
/N HZN\ I
H,N \[( N—§—
H |
, G 0o
N N , N_ 6
T oS
G G
5 wherein G is O or S and, if present twice, independently O or S, and R' is

methyl, , and where D' is an organic chain bridging Z; and W or where D' is ab-

sent and where L' is an organic chain bridging Z, and X or where L' is absent.

50. A pharmaceutical composition as claimed in claim 43 wherein hydroxyethyl
10 starch is reacted in an aqueous medium with a compound according to the fol-

lowing formula . '
- O O ~
H,NT 07 7 ONH,

and the reaction product is reacted with erythropoietin.

51. A pharmaceutical composition as claimed in claim 50 wherein the erythropoietin

15 is oxidised with sodium periodate prior to the reaction.

52. A pharmaceutical composition as claimed in claim 50 wherein the erythropoietin
is partially desialylated and subsequently oxidised with sodium periodate prior

to the reaction.



