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12 March 2007 WO 2004/024776 PCT/ EP2003/008829 5
Met hod of Producing Hydroxyal kyl Starch Deri vat{aScch 2007

‘wo Iwoppasent invention relates to hydroxyal kylcysém@bossze
derivates, particularly hy- droxyal kyl starch

derivatives obtainabl e by a process in which

hydr oxyal kyl starch is 10 reacted with a prinmary or

secondary am no group of a crosslinking conmpound or

wi th two crosslinking conpounds wherein the resulting

hydr oxayl 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. AquRiHideF Hredatin

enbodi ment, the present E%@%ﬁ%ﬁ*refﬁhgiéwﬁﬁes

hydroxyalkyl starch derivatives obtainable by a

BRI GRS DSBS aeRiGT dufostaty -
dro0mdityl uiamamewams RtaitidbEe By£S prdckdRdn vﬂmyd%kyﬁﬂ@ﬂ%&h is
optionally being further reacted with a second

gacieyith IPREAEY A sependay amimerapyp effrecrpeskipking sgmpound or with

R LGB O RSB e

a&nﬁ}]etaht anef fimctiorah gtougrX wihich ff ca@alligla g)f bbimgrremm;wun @ fafctional

er t oup Y.is roup, et

‘g 0?‘& iﬂgﬁer%o D E é&sggg:h]{ 1:8 ppaigehygrerpup, aketo
r

g‘i‘t’é\lﬁJ aQ[e?rHﬂ’oetﬁrﬁo C}h%n a%éﬂil dgkﬁg? b g?lglg%oﬁ ?%U&Idldgsto an espe-

reacted with I'ypept i
Gmﬂyyp@fﬂﬂredeemmma& A% present| iBbediioharetates to hydroxyalkyl starch

SRS SRS Sh kel STl g e v
ﬁlﬂﬁ@ BriftdREST SHa8hdBy AR Jroup of ¥ HroRsHALiKY bord ?@ﬁﬁhﬂ%ﬁmmg

IS espeC|aIIy pre-"ferred i's hydroxyet hyl arc
ToRCEOR @ircrfbwt optiorallyrheing furthey eerctednwith raesdt;ynﬂ oropelinkiyrg com-

g N N

umalcgﬂou;sxmmmb@ ¢ Apyblewif Geimedesitédwith @ fﬁﬁétﬂmmegﬁﬁp of a fur-
30 Hydrox ethyl starch (BES) is a derivative

thexn corpPrad aed dhereiny ihisraraspe¥ tis an aidehyd glw@gﬁé@éumyp, ahe-

| I]‘gerl vati véQ‘ZE Cétﬁé &%r’ % )ﬂﬁygg g%ﬂé%%(?@%%lgﬁ%/u‘%%%éo&ﬂrﬂdmt is
reabiedwiitsa pelspedc] profeeduly Sl plepfide ANE R TRNBeta or

tq 95 % by wei g DES exhi bits advant ageous
%%HPB‘@‘P%%PB ?%sgfﬂéya@ eApREY Math e %@l%tmmhwgmmpg@ﬂzwat least

| oﬂpo?- QR4L %%%ﬁaf%ﬁﬁsp %0%/1198{3%21@1 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) isa denvauve of naturally occuring amylopectin and is
- degraded by alpha—amylase in the body HESisa substituted derivative of the carbo-

hydrate polymer amylopechn which is present n corm starch at & concentration of up

1 to 95 % by welght. HES exh1b1ts advantageous b1010g10a1 propertles and isusedasa




2 bl ood vol unme repl acenent agent and in henodil ution
therapy in the clinics (Som nerneyer et al., %Eﬁ rch 2007
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1991, Arzneim Forschgpg/[lug Res., 4
494-498). 5 Anyl opectin consists of glucose noieties,
wherein in the main chain al pha-1,4- glycosidic bonds

o 58 30l R 2 Sl Bl e n e s o
nitiheyGadt-40 203 T Al raRkaRuihafinShe, (418)S 27PDEEUALRI Weldler et al.,
mai nly determ ned by the type of gl’yCOS| di ¢ bonds.

198k Amgneime Forselvmg/Iarugiites: 44, Y4483 di ¢ bond, hel i cal

structures with about six glucose-nmononers per turn
are .produced. The physico 10 chem cal as well as the

- Mbflopetincahsbrofeslubes Bibidies, WRlREh ®henmkie ot hipbs-1,4-

via _ substitution. The i ntrociuct.i on, of _a hydraoxyet hy{qo
shicesigicchondp areapiseay @gd &t sbebrearking sﬂ%y@é?hﬁzf»ét&lxﬂoa!ﬂ%% onds
. ) iy o A Ll _
A PARPHI MR BRI Ho R e B dopl B BRI Brcklined
birylalr iypy ofj glgcysidia boduis. Das wd diel dicked dlphhgbglycosidin bmed, helical
with respect to,a hydroxyethylation. Ow n toth's .
sipsgties (Hil Shqut 1S SPPEOROnam R Do IS 6 BESoRtn ke Phsico-

cRethRhl M&lpgshﬁﬁtﬁi%ﬁénﬁeal%r ﬁéﬁ%&eﬁ tﬁé@@l Iner €2 Be WS via
produci ng -a hydroxyet hyl “stiarc erivative are .
suhetitrtionethé mtrothectiont of Ay d@6xyieehyd @Boupi @ besebiavid via alkaline

ek Ry By, sagRs R et SRR N polyBlR S afbfpit me
JFROM ARty | 6T thBAeBsbetife Mydrdati Opry@t My thes basRtRARE glucose

. subsequently henoglobin is’linked to the internediate

memgahet with rexpecti tengdrydaercyettivdationi Qwing toHhisdact, Siepkdigdipgrson
.1 t.abj | I sati f.-pol ypept i des. whi are appl i ed,
1364%3;1?)1?%1%%%%8 isﬁgsuqq%ttl onr]f/ gygﬁoea%e@ﬁgg]oér &) F‘ to obtain a

particul ar physiol ogi 25 cal effect. One specific
exanpl e of these polypeptides is erythropoietin, an
Saegvays 91 Progping @ﬁﬁdr@rcy@bﬂr %@(phrﬁ@r@raﬁyw%aﬂa doseribed Wﬁ%é et
is essential in regulating the |level of red blood
cells in the circulation. A well-known problemwth
Dith 26 alpl0B6 aliscinzeo fthe ebyjugpiidrdef hendglebny tre bydxydthyl starch
zlg t hese %;otei ns often exhibit an ﬁjnsatisf act Ol&{
WEERH): | 1Pt 3 ISP i2afH05S- BragpBh &t (Profmecyane, 15| bungd doyhy-
TP R bl bt t RYFR i iR p e
nmeans that therapeutic plasnma levels are rapidly 12

- ONe'iiportant field 1o which HES 15 sked 1 the stabdisation of polypeptides which

~ are applied, e.g., to the circulatory system in order to obtain a particular physiologi-

cal effect. One specific example of these polypeptides is .erytbxopoieﬁn, 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 proteihs often exhibit an uhsaﬁSfactdry_stability. Especially erythropoietin has a

_ | ‘relatively short plasx_m' half live (Spivak and Hbgans, 1989, Blood 73, 90; McMahon . - |
et al, 1990, Blood_76,-' 1718). This means that therapcutic plasnﬁa levels are rapidly -




| ost and repeated intravenous adm nistrations nust be
carried out. Furthernore, in certain circunst angescao7

woiomgﬁsresponse agai nst the peptides is Obs‘f'@f&q’zoog}oossm

i'S generally accepted that the stability of
pol ypepti des can be inproved and the 5 imune
response agai nst these pol ypeptides is reduced when
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obipfRhind@fcdiRdihfte WdpBndAloXBbit BERRLY EUbséPED
exhi bit reduced i mmunogenic- Ity and antigenicity and
circulate in the bl oodstream consi derably | onger than

BB R D o BB R B SR

idirmae iesongre agaigst Ghesk YR yeptida! is @¥diiced twikn B¢ WoBpeptides are
strugture which can_ be recogni zed by elements of in

PrRiG deprlimstr pplprl oA/ 94RO isclosesibal physiolgically active
A b DT RSB AR R mmomogeni
Iyemdedtgérieityt dvel drookase in thi bRgdstieadi édmeidenblylong@itha: uncon-
.an éiffactegnm)l.ec | es .such as pol ynmerase have_been L

3 '&%ag PISIERS &St HEV 7 dUIesE Glearapse Bte. HoweisagPECrng sopipgates
ekfib@f ' | ' eQfifhit 4 pUths! rwhi
St OB, B0 8y | AR it can

beupedgaizell yrdlementp of yipapid diesadatioh patipmgs.cbherafompipart Yrom
. Db i vity. Thi i i al |

AT NI IO R IR

phirdlity ©f asdthisdsafddl the @b - RRlEnd 08 QiGN ddteBIURA tn?ac?&flolecules

purified from20 isoforns with a low'degree of sialic
Sue ¥spolymeragsphayedoegn Zgserivey in Meditefatme (seete. gadWbul, Chemistry’

s serie in Wecltefare (s
B PN EROAAEA Tt Rl - R Io0 Vet 1 des

wi t hout requiring extensive purification.

Unfortunately, the pro- duction of polypeptides in
I, supimasys e i st @ need (fer fusther iraproged ppﬁfmtl,deb @tduieproved

' = i fes . 0 I D .
S e or BB TS BoBlbE BB Pl o e e isoforms
withapiegh deégreoefsialic avids WA Hi2feB@e h%hf&tﬂhsﬁ‘dv_@?e@ $e purified from
. C ounds conprising.a copjugate of an active agent,
iSRS Y 03, Seren ofSiaicamakEr i) 428 PGLBaYy Thercipre, it would
oh ' ) o o
I R oot PG sy vl it the! B nRfad by
a@UgﬁEbmemdelsk(ml Tiwar tr@mmél n g)extelisim%unf&:' ifatige rnfortunately, the pro-
a r a .Starch is, carri oyt in.an. agueous 5
aRBRRAE B hRhs i b inbe bulitls SHenioliooile Bcmas the poly-
idex aRTiiRn @itSroducel it srapdiy fo1did, $6HR chiffirfhari
périf(;ldroxyal kyl ;?g%ﬂr?g%v%ﬁ%{f%%%%ﬁéﬁfmec anngnd lack
prepenalyspsylgiioup 12 March 2007 WO 2004/ 024776 PCT/ EP20
0O 3/0 088 29 .

‘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 'waier, No examples are given which are -
) _dirégte_:d to a hydroxyalkyl starch derivative whzch is linked to a carbonyl group-

it




4 conprised in the active reagent, neither an al dehyd
or keto group nor a an acetal or a hem acetal
Consequently, disclosed herein are hydroxyalkylﬂgggg%%007
WO 24e12¢E6i ves whi ch are capable 5 of form ngraranzoes/oess2e
'l'inkage to a further conpouhd, e.g. a polypeptide,
which conprises, as functional group, a thio group or
“an al dehyd group, a keto group, a hem acetal group,
conipriznd &c theaktigy @agent, Reftfi@raabildehyt be keb gedipthag raciacetiher a
ketg%aroup, the hem acetal group, or the acetal group
#Mbsed in a carbohydrate noiety of the further
compound. 10 In a first aspect, there is provided a
met hod of produci ng a hydroxyal kyl starch derivative,
- Censequepiyndisd(dged hefind s dlyliyoxgalkoinpadhdefiiveantlich are capable

s o Hopl SRR o LS RN e LS Rc

oRpR&6s, GK fuftbtAnkl gx%ﬁ?pi itifib NGoig 3€ bh NBchSd gnhg;d raonat@ngddp,
starch of formula its tlonall
-~ hepndgrgtal gEPwwn @r ap acet%l %T?EH d’@fgmb@r thg alrde ddgpmatbf: \kgto group,
thOBERI08R SrollY, 41986 fabaa gmgls Qeey@nmse@ bRk %E‘rbgﬁydrﬁtg rrﬁBi!s@ of
(1) at its optlona y oxidized reducing end wt
the Briheteingpd. said conmpound (D) conprising at Ieast‘
one functional group Z, capable of being reacted with
10 the option- 20 ally oxidized reduci ng end of the
hydroxyal | cyl starch, and - at |east one functional
Ingfr dug aspectithicie as q:ocrrmtﬂdnd nidthod ofiprodsicing  athyHewagalkynsiarch
deﬁllilf %el gréfa)rlnp&urr}%@t) adrp(t: bl e?n%if)céugs t an% uncﬁcrvgotrrﬁ)oﬁt% 8\/[)
sagﬂgzupox&alkgaamkahaaahg laetrngufeaacd;rdmgvm tfdmnula (I)

comprising reacting - _
15 - hydroxyalkyl starch of formula (I) at its optionally oxidi_zed reducing end or
- ahydroxyalkyl starch derivative, obtainable by reacting hydroxyalkyl starch of
' formula () at its optionally oxidized reducing end with a compound (D), said
compound (D) comprising
7 - at least ohe functional group Z; capable of being reacted with the o?tion—
200 ally oxidized reducing end of the hydroxyatkyl starch, and
o - —  atleast one functional group W, '
witha compound (L) compnsmg
- atleastone funchonal group 7, capable of being reacted with saxd hj,rdroxyal—
" kyl s_tarch, or at least one functional group Z, capable of bemg reacied with E
' 25 S Aﬁmctional group W comprised in s‘aid.hydrbxyalkyl sta:éh deriva.ﬁye,- and ‘




25 functional group Wconprised in said hydroxyal kyl
starch derivative, and 12 March 2007 WO 2004/Q§ﬂ£g 2007

wo RETRPR003/ 008829 5 at |east one functi onalpcgy@ipm 08829
capabl e of being reacted with a functional group Y of

a further conmpound (M, wherein said functional group
Y is selected fromthe group consisting of an aIdehyd

00U G OBERUR, BT BERNE o, pionn

Z ignepﬁ%m%s@ﬁhmnmmnhamgﬂﬁyp consisting of H2N N
%N~R'a\‘ﬂ? H@N? GHO0O HHNHNAY H2N
Bew sajg fyngtigpaberoup tﬁseecféﬁcﬁomﬂwparege sensisgngef an aldehyd

RARGS a second
00 RORAT Bk, DndiliaSar 06hoTSop bEATTRIN o b BieSRB!
derivative conpr|5|ng the hydroxyalkyl starch, a

and a f rther
conpogﬁ%ﬁ%bgmna?g nab’f el%f%o;%#ﬁggé C%‘ﬁf%“ﬁ%a above.

In a third aspect, gre IS provrded a pharmaceuti cal

conposi tion conpri si Lberapeut i ©al Ly
ef fective amount, HaN aroxyéhﬂ Qétarch deﬂ|vat|ve

conprising the hydroxyalkyl starch a compound (L),
~optionally a cﬁhpo nd (D) and a g{th compound (M
obt ai nabl e ) a WeEt hod as deflne gef sai d nmet hod
of producing a dr oxyal kyl starc rlvatlve further
conprising reacting the reaction product conpri si ng
hydr oxyal kyl ﬁtarﬁh conpound (L) ﬁpd ptionally
conmpound a~ further coapou ™M wherein the
at | east one fu her compound is a p@ ypeptide. In a
fourth aspect, here is provided a nethod of producing

whetpj Goix YRokS hnds  Byredent e, \ateh¥@ien8 R0y, GhORY & Ihwhyl
starch having a structure accordlng to fornula () 1

In a second aspect, there is provided a hydroxyalkyl starch derivative comprising the

hydroxyalkyl starch, a compound (L), optionally a compound (D) and a further

compound (M}, obtainable by a method as defined above. |

In a third aspect, there is provided a pharmaceutical composition comprising, in a
therapeutic_:allyr effective amount, a hydroxyalky!l starch derivative comprising the
hydroxyalkyl sterch, a compound (L), optionally a compound (D) and a further
.compoun(.i (M) obtainable by a method as defined above, said method of prodtlcing 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.

In a fourth aspect, there is provided a method of producing a hydroxyalksfl sterc_h |

dérivative, said hydroxyalkyl starch having a structure. according to formula (I)




~re- action

12 March 2007 5a ORI. HHAS HBOO(l) R2ZOOCH H OR3
wherein Rl, R2 and R3 are independently hydroge

2- hydroxyet hyl group, conpgising reacting {2 March 2007
hydr oxyal kyl starch at its optionally oxidized reducing
end wth a conpound according to the follow ng

formul a HZN~-O~-O~~NH2 or a conpound of the foll ow ng
formula O H2N~J NN NH2 H H and reacting the reaction
product with an al dehyd group, a keto group, a he-

m acetal group, or apy ace&l: group of a termna

noi ety of a carbohydrate /side chain of erythropoietin
which is ox%?ussed wi tfh Sdl uer(Fe)rl odate prior to the

In a fifth aspect R0 ydr oxyal kyl
starch derivative obtai d of producing
a hydroxyal kyl starch deri i ve? sai d hydroxyal kyl
starch having a structiare according to formula (1) H
ORI HAS HBO OO0 OH OR3 H

wherein Ry, R; and R; are independently hydrogen or a 2-hydroxyethy! group,

comprising reacting hydroxyalkylstarch at its optionally oxidized reducing end

with a compound according to the following formula -

e 0\
N0 TN,

or a compound of the following formula

O
H2N\ JL e NHZ

N N

H H
and reactmg the reaction product Wlth an aldehyd group, a keto group, a he-
miacetal group; or an acetal group of a termmal moiety of a carbohydrate side
chain of erythropmetm which is oxidised with sodium periodate prior to the re-
-action or partially desialylated_and subsequently oxidised with sodium periodate

prior to the reaction.

, In a fifth aspect, there "is provided a hydfokyalkyl starch deri{rative obtainable by a

method of producing a hydroxyalkyl starch derivative, said hydroxyalkyi starch

having a structure accordmg to formula (I} -




~ ‘ora-compound according to _th@-follovﬁng-fbnﬁula_ '

12 March 2007 5b wherein Rl, R2 and R3 are

i ndependent|y hydrogen or a 2-hydroxyethyl groparch 2007
conpri sing reacting hydroxyal kyl starch at its
optional Iy oxidi zed reduci ﬁg end wth a conpound
according to the followng formula H2ZN-O- ~O NH2 or a

c ﬁg{%unﬁl ccor%idng fqg the followng fornula 0 HZN A
NI R 2 2R B @bcinderpndendlyrhydeagem ar p2dudeaxyebyhgramp,
ateiapisthere 4R , = 1 ' I
an_acet glg% ar oﬁ 3 ?%lt‘éﬁgaq‘tqg%t%dg gf ﬂsrrgﬁté?n?l%? Q%@g %?%‘g‘ﬁ@‘&reaf‘ e
sV a compourd gecordiyg tortbp Gillewing fahindh i s oxi di sed with
sodi um peri odat e prid)r to the re- .action or partially
desi al yl at ed angy Nfbs‘eq—cfemm 3¢ W th sodium
periodate prior?o the reaction. In & sixth aspect,

t STy OmipSurld R¥édRE téhe @awmﬁgggnpal conposi tion

conprising, in a therapeut y effective anount, a

hydr oxyal kyl starch derivatl ve obtai nable by a nethod
of producing a hydroxgygl kyl] st a\{]ﬁh derivative, said
hydr oxyal kyl starch ~Hhavyrfg gyStraicture according to
formula (1) HAS 0 OR*RI OHMH H wherein R1, R2 and
ndently hydrogen or a 2-hydroxyet hyl

R3,are " [ nﬂ%}e g

P gpeting. e geaclion Produst with qnngldetd \esoupy laskese grouat aities
affidei ghduy, $Pdndi i gmﬁﬁ ' -
accor d?t ult‘t 0. t_hgé?gﬂrog 'lb‘ri;g or n%l%%%—f% &%@?{H%%T ﬁ%j-&
ghain of ?fbf%mmwtlaofdmldis rgidigedtvi¢h fodivuno périvglafeqyrivsta tHeld-
action or partially desialylated and subsequeptly oxidised with sodium periodate
prior to the reaction. '

In a sixth aspect, there is provided a pharmaceutical composition comprising, in a
therapeutically effective amount, a hydroxyalkyl starch derivative obtainable by a
~method of producing a hydroxyalkyl starch derivative, said hydroxyalkyl starch

having a structure according to formula (I)

wherein Ry, Rz and R; are. independently hj'drégen or a 2-hydroxyethyl group,

. comprising reacting hydroxyaﬂcylstafch at its optionally oxidized reducing end

- with a compound according to the following formula

CHNTTNTTN0TTN TN,

et




12 March 2007 5c O H2N-NJ NH2 H H and reacting the
reacti on product with an al dehyd group, a keto 19"94RE 2007
a he- macetal group, or r:L’ acetal group of a term na
moi ety of a carbohydrate sie chain of erythropoietin
which is oxidised with sodi um periodate prior to the
re- action or partially desialylated and subsequently
oxi di sed with sodium periodate prior to the reaction.
In the context of the preggnt invention, the term
"hydroxyal kyl starch” (HAJ) refers to a starch
derivative which haﬁzﬂe sNHaut ed by at | east one
hydroxyal kyl group. Theyefoge, the term hydroxyal kyl
starch as used in the present invention is not Iim

| and echctmg s paantivets prokast ewithh en Rlehyd giroupa Ry gfoap €a he-
%y conpri ses t%ydrox yal kyl roups and/ or

nppe S5 OF 8 204t erpyne0k 3, kegmipa m%feﬁmﬂi a qarb%qlrmﬂ side
chdin of & bé&itin WaIcRS ofifisCP Wf WO ﬁermahfér})rﬁ} td En@%—

one hydr ox rou&tpresent anywhere, either
agtionAr rparﬂaé §ih1)’ Qﬁt@dmnbmt}en@lwdm;hsqdnmlhmdlmcmnda@

g&rﬂ, Starch nolecule, HAS, is substituted by
P é&{)xy&ﬁ}k group R, R2, or R3. In this context,
the al kyl group may be a l|linear or branched al kyl _
i ¢! e _su subgtituted. Preferably,
o8 Ul G Bl STt B e i Pt akhpaen (BoSkecters

toratRclp et tivh WhitH RAY bheh SutBiieAPBN affeFone MHES
preferabl y from1l to 4 car bén at o?rs angeg\?enxjrfrbaqugmup

Thsredprsy Hisi tormp hydvoaalbyl sarohes used iy ﬂmymtdcyt lns'elatlmﬁs not lim-

B LT A

grm;mrmmtdaworﬂm PR, mtdh@mr&wéw@t N fcrhrﬁﬂae(n but also

articularly pre- ferred dr oxyal kyl Starch

eleB B COBPRE v@?lclitr@trléasa pRe dmcy BSpaXseenk ity vherny pither in

thd t%n:ﬁinﬁpcarﬁid@ﬁgégé ﬁl%iﬁiggd/g{/m d %a féﬂﬁ%ﬂ%’\é’% o%ﬁc‘fa gal)éil molecule,

group conprirs

- HAY/dis outystigntedibg a bideayslkigréw Ry, Reb€eRy.ed enbodi ment,
the at | east one hydroxyal kyl group conprised HAS

contai ns one hydroxy group. 12 March 2007
In this context, the alky] group may be a linear or branched alkyl group which may

be suitably substituted. Preferably, the hydroxyalkyl group contains 1 to 10 carbon
atoms, more prefei'ably from 1 to 6 carbon atoms, more preferably from 1 to 4 carbon
atoms, and even more preferably 2-4 carbon atoms. "Hydroxyalkyl starch® therefore
preferably comprises hydroxyethyl starch, ‘hydroxyprdpyl starch and hydroxybutyl
starch, wherem hydroxyethyl starch, and hydroxypropyl starch are particularly pre-

' ferred

- Hydroxyalkyl starch comprising two or more different hydroxyalkyl groups is also

" disclosed.

. 'Ihe at least one hydroxyalkyl grdup comprised in HAS niay contain two or. more
-hydroxy groups. According to a preferred embodlment, the at Ieast one hydroxyalkyl |
" .group compnsed HAS contams one hydroxy group -‘




- 5d The expression "hydroxyaltcyl starch" al so includes
derivatives wherein the allcyl group is nono-
pol ysubstituted. In this c% text, it is prefer%%éﬁ??? 007
the allcyl group is substituted with a hal ogen,
especially fluorine, or wth an aryl group, provided
that 12 March 2007 WD 2004/ 024776 PCT/ EP2003/ 008829
6 the HAS remains soluble in water. Furthernore, the
term nal hydroxy group a of hydroxyal kyl group may be
esterified or etherified. Furthernore, instead of

The expression sBydroxyaliylostarsh'a alsh darckides derivatives ovherein the aikyl

hi ' roups: may. be used.
& Oi‘f. Soht) o Pl Do RRt At Sl oot i iRl de s akuterous
15 sBotitated vath skilogea] bpecidRy AYSHhY OF witlPhESayPEOAP, SHMIER that
derivatives can be used. For exanple, defivatives are -
useful which conprise esterified hydroxy groups.
These derivatives may be, e.g., 10 derivatives of
unsubstituted nono- or dicarboxylic acids wth 2-12
carbon atons or of substituted derivatives thereof. |
Especially useful are derivatives of unsubstituted
nonocar boxylic acids with 2-6 carbon atons, especially
derivatives of acetic acid. In this context, acetyl .
starch, butyl starch and propyl starch are preferred.
15 Furthernore, derivatives of unsubstituted
di carboxylic acids with 2-6 carbon atons are
preferred. 20 In the case of derivatives of
di carboxylic acids, it may -be useful that the second
carboxy group of the dicarboxylic acid is al so
esterified. Furthernore, derivatives of nonoal kyl
esters of dicarboxylic acids are also suitable. For
the substituted nono- or dicarboxylic acids, the
substitute groups may be pref- 25 crably the sane as
menti oned above for substituted al kyl residues.
Techni ques for the esterification of starch are known
in the art (see e.g. KlemmD. et al, Conprehensive
Cel l ul ose Chem stry Vol. 2, 1998, Wil ey-VCH,
Wei nheim New York, especially chapter 4.4,
Esterification of Cellulose (ISBN 3-527-29489-9). 30
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Hydr oxyet hyl starch (HES) is nost preferred for all
enbodi nments di sclosed. 12 March 2007 WO 2004/ 01%‘&}71&%}12007
PCT/ EP2003/ 008829 7 Therefore, the present invéention
WO mbg@47®l ates to a nmethod as descri bed above potrarreons/0oss29
t he hydroxyal kyl starch is &ydroxyethyl starch. 5 HES
- is mainly characterized by the nol ecul ar wei ght

di stribution and the degree of substitution. There

th@TEA S BmBRE ShRbld 1l GatePfmiaREhbR] Btk fhBin8LRAdbkp k@D a of
degree: 1. The substitution degree can be descri bed
hydedxataliod proup andytte eperificdor ethegligbt i - tuted gl ucose
nononmers with respect to all glucose noieties (DS). 10
2. 'The substitution degree can be described as the
FurfRkBbreS Redati (41400, alsd/Binear W BERLRed i®stitufedes: @isubstituted
hydr oxyet hyl groups per glucose noiety are descri bed.
allE@ growpstmhaylee wsed present as pol ydi sperse : .
conmpositions, wherein each nolecule dif 15 fers from
the other with respect to the polynerisation degree,
HdiexpalRyIetaréid apathce derivanive bf stamhi Repidds o€ said attdr témvatives,
substitution patter. HSisqufl‘g{eforea 'xt%lre of ful
algqpthep §ianels darYaiives oeBr R ES#b | Kt upam Rl diftvatives are use
whﬁ‘ﬂnégﬁ’apﬁ% | dterBieRahl iUy abrddES TRk IRAvhGvesdalagr Beneds.,
y average nolecul ar weight with the help of ) oy
deritagivest i caf mearsybstitytadnhi s MERATt extOr M ‘F‘%afé%%llﬂ at efeids

it % e&bon Al S T oyt SRl SieoRdRttiaf) ulRiPae
ddiRBLFSEiisRbstRitdd MWBhGSRAED 48ide MithTB6 chmbSE a@fmd, Repecially

HES. In the context of the present invention,
ddniyativesyatastic asiddi thisragnttrdyacetyl siaseh, hety! stech |aad pygvd sigrch
%‘\ﬁ/eeiéght mean) of from1l to 300 kDa, wherein a nean
AHPIEIFfSr 25 weight of from5 to 100 kDa is nore
preferred. Hydroxyethyl starch can further ex hibit a
-~ _molar degree of substitution of fromO,1 to g and a
" Fythargopse dpdeativep of wmpibsigisdidicarbowpiiic;aeids et ré%arg?n atoms
‘ al;frg &e&o 20 with respect to the hydroxyethyl groups.
ASYSEY “Hs the residues R, R2 and R3 according to
formula (1) are concerned there are 30 no specific
limtations given that conpound (1) remmins capable of
being reacted wth a corrpo.und_(sﬁé))' or a conmpound (L).
 Inntheorage 9d devivetiyss exfefipashorsfisorfiidre it mag) be uMlathgt f sccond
: . : X
| czﬁ%/ééﬁlfoé}gg[?gp q%?%%{’%%%ﬁ’ﬁ%sﬁ?ﬁ%f%g Fﬁjtlj@ﬁlnoﬂa[ ggﬁvgtﬂze.s of

- monoalkyl esters of dicarboxylic acids are also suitable.

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

erably the same as mentioned above for Substittited alkyl residues.
~ Techniques for the esterification of starch are knowh in the art (see e.g- Klemm D. et
al, Comprehensive Cellulose Chemistry Vol. 2, 1998, Whiley-VCH, Weinheim, New

York, e_specially chapter 4.4, Esterification of Cellulose (ISBN 3—_5_}27~29489_,-9).

| Hyd;oxycthyi starch (HES) is most preferfed for a_ﬂ embodiments disclosed.
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WD 2004/ 024776 PCT/ EP2003/008829 8 a hydroxyaral kly
group or a hydroxyal karly group having of from:b 0019007

Wo%ﬁf{f&?%é atons. Hydrogen and hydroxyal kyl gr?#ﬁepa %}/ ’929

oml to 6 carbon atons,are preferred.
aryl, aral kyl and/or al kary? group may be |inear or
branched and suitably substituted. 5 . Therefore, the
present invention also related to a nethod as
descri bed above wherein R, R2 and .R3 are

| Lot BUAROSEAsOFelded foNBRAEHOA abBaREB&tabove wherein
Th%ﬁ%%l group vvifq‘he'fr%ml to 6 carbon atons. 10

thEthydroxiRlkylRearal is IRdraxagthipkstargbir oxyhexyl ,

hydr oxypentyl, hydroxybutyl, hy- droxypropyl such as

1- hydr oxypropyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-
HRGAE SXrAlS QRARBMHzeRb S Byt anweph distijdiaxet thy degree of
such as 1-hydroxyethyl, 2- hydroxyethyl, _or, ]
subptituting. ey are tr) @pesulitiennd drsraibme)ibe Fyistigion deerste
-preferred, hydrogen and the 2-hydroxyethyl group

being especially preferred. 15 Therefore, the present
1i nveThé subsdhsionrdegaeaantte desaritel adlatiselgids ¢hd pertiomiod wabsti-
wherei-n R, R2 and R3 are inde dent | y .hydr n or a
2- hyBieshaletasy magpBGE. Wil respest Wgﬁf U§45E %ﬁr@gf |

i nvention either conpound (D) or conmpound (L) is

reacted 20 with the reducing end of the hydroxyal kyl
2st ar The vilstittionr degodel @n lef deshisbedduss thieoaglar spbstiytion’” (MS),

~with_the reduci d_wh i i
Compobhain By ot HATRSF bR B o Ry PR s

preferred enbodi nent of the present invention,
compound (D) or 25 conpound (L) is reacted with the
HiShahitiogs aredpresent he polydispxseatdmposiiions.cwbaieis eapmeleculgdif-

reduci nd_i.s oxidi,z r,l or - ' ' i
R0 PO AT P BB TFEO a0 gt 0 ah degis b hber s pattom
of bzinEHing Bit¥d) i theSubbBIuTbMm httera. MBS hy dictdforegr mirture of com-
conprises a lactone group, or in which the ter al, . .
pewrdsorifludiffesent 3uplgrubarpveighin CaareABel. ﬁﬂ@ftﬂ}iﬁ‘ﬁ solution is
reacti C it | fliiZi :
ER Dy ARt e U it W g M AGEAN Tnechiolg thi
cMreeh MB.QAO GalciBteA0R4hE AT RIP Gk FRARIGDEB A number of mole-

cules. Alternatively, My, the weight mean, represents a unit which depends on the

mass of the HES.

In the context of the present invention, hydroxyethyl starch may have a mean mo-
lecular weight (weight mean) 'c;f_ from 1 1o 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 2 ratio between Cz : Cs
substitution -in tlie range of from 2 to 20 with respect to the hydroxyethyl groups.

As far as the residues Ry, Rz and R_;, according to formula (I} are concerned there are

. 1o speciﬁcrljmit_ertions given that cbmpbund (D) remains capable of being reacted
- with a compound (D) or a compound (L). According to a preferred embodiment, Ry,
- Ry and R; are independently hydrogen or a hydroxyalkyl group, a hydroxyaryl group, ' |




9 According to one enbodi nent of the present
i nvention, the hydroxyal kyl starch which is °¥§%£&9200’1

wofb54/b2t4§76reduc' ng end is present as a mxtureP%tl.mﬁ,2008{9?128329

10
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20

25

conpound conpris- ing the | agctone group and a“ conp
conprising the carboxy group. In the mxture, the
respecti ve conpounds nmay be present at any-conceivabl e

ratio. 5 . Therefore, {h resent invent.ion.al so.rel.ate
{ BB itby R o o bifoBaBR00 el B e B f 4 oo
fovels. Hlydrbgenhatidll Bydrartyalilyl giotibs Raving @FifEbinZ @ do [ de@ont Boms are
the reaction with conpound (D) or conmpound (L), said
mslgrredyhealyl sarsh erallen gad/praliary! grovp maythelimear@rbsnghedjand

| %ﬂﬁi@g’%ﬁ%ﬁﬁgféilw OR HHAS H10 0 (lla) R0 OR3 O

according to fornula (11b) ORI .= H HAS
HOHO(lIlb) R0 COON H OR3 H The oxidation of the

educi ng end of_ the, hydroxyal kyl starch may _be carried .
Biseetee FHeReRiginyen oFENIRIdD Grneind it dhpdbove wherein
tfho Ichs Vi
e Y 5 LSRR denF RANGER of 2 Hilar dr fipnghed fydroxyaliy!
giburhwith lirophbtoot cathon slomsay be carried out according to

all suitable nethod or neth- ods resulting in the
oxi di zed reduci ng end of hydroxyallcyl starch, it is

THusf ﬁl,aﬂz)(and R3 may be hydroxyhexyl, hydroxypentyl, hydroxybutyl, hy-
droxypropyl "such as I-hydroxypropyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-
hydroxyisoprapyl, 2-hydroxyisopropyl, hydroxyethyl such as l-hydroxyethyl, 2-

hydroxyethyl, or hydroxymethyl. Hydrogen and hydroxyethyl groups are preferred,

hydrogen and the 2-hydroxyethyl group being especially preferred.

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

Ry, Rp and Rj are independeﬁtly hydrogen or a 2-hydroxyethyl group.

According to the present invention either compound (D) or compound (L) is reacted

with the reducing end of the hydroxyatkyl starch via 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

6ompound (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 cbmprises a lactone group, or in which the terminal carbohydrate = -

"_group, c_lepehding of thc_a chemical reaction colnditions and/or the oxidizing agents, has

- anon-eyclic structure comprising a carboxy group.




carded out using an al kaline iodine solution as 4
described, e.g., in 196 28 705 Al. 12 March 20
WO %B@@% 4776 PCT/ EP2003/ 008829 10 Therefore %}%zﬁi’ﬁﬁggf
' 4 invention also relates to a method RS
. mentioned above wherein the" reducing end is oxidized
by an al kaline iodine solution. 5 According to a
second preferred enbodi pent of the present inventjon,
AeRFGRAIO (DF crgocB ot BIPSaE TREAEPRGR IRIQHeLY! starch
WERAHG BgatiWadls rE&%irﬁ&f&%é@s&%!as%tﬁ&ﬁﬁ%Wco 8 cbRris-
reduci ng end 1's not 1di'z prior to the reaction.
il dlncefacione gtonp apd e sempoindwemprismgahs carbetyagresp. lo the mixture,
't hod as nentigged g%ove wﬂgrein 10 ﬁhe r educi ng end
f TSRECHYS GPBRYUIR 1oy D Aresnt & aRyeonseVaPE & %r i or to

5 the reaction with conpound (D) or conpound (L), said

hydr oxyal kyl starch thus having a structure according
Theréforaythesprédent iRENtion alyoAslatesie a@netipdcapdegpiiber abprawhprein
The formation of ,a.chem gal._|jnkage.bat wee | [ .
RoTeutie oot e PR ORREA G e 1 SR R o dhd pBlign wih
doBipoand (hy dr eumpbind (19} adid hydtoxgskiestedh iy Batid artrabiure
the func tional group ZI with the optionally oxidized
W@&%@f@m}ﬂ%ﬂhghe hydr oxyal kyl starch. As

functional group Zr, each functional group may be used
which is capable of form in chem cal |inkage with
the optionally oxidi zediredyti ng end of the

hydroxyal | yl 20 starch} Acordihg to a preferred

enbodi nent of HAS pres I nyentj.o® the functional

group ZI conprisesghe ' sthucture -NH. 12 (g
March 2007 V\D2004/92267 . 003/ 008829 11

10 and/or according to formula (IIb)

T N
R,0~

(11b)

The oxidaﬁon_ of the reducing end of the hydroxyalkyl starch may be carried out ac-
cording to each method or combination of methods which result 'f:oinpoun_ds having
~ the above-mentioned structures (TIa) and/or (IIb).

Although the oxi.datidn 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 usmg an alkaline iQdine solution as described, e.g., in 196 28 705 Al




Therefore, the present invention also relates to a
met hod as descri bed above wherein the functio
wo oo, %I conprises the structure -NH. Accori,g:?.ria;\fﬂaf}hégg?'

one preferred enbodi nment Of} he present invention %e
functional 5 group Zi is a"group having the structure

R -NH where R is hydrogen or a alkyl, cycloalkyl,
~aryl, aral kyl, arylcycloal kyl, al karyl or

cycl oal kyl aryl residue where the cycloaikyl, aryl,

'ﬁ{e?éf%@’ ﬁﬁgy s%[lt %W%hﬁéﬁ kb reldlek ﬁf ¥ neftbd &Y ﬁ!eﬁ%ﬁ%ﬁ' a@bVé wherein

resi l'tnked directly to the NH group or,
the educing gnd is oadidedduy amrdbicedingderdine sdgtione | i nked by an
oxygen bridge to the NH group. The al kyl, cycl oal kyl,
aryl, aralkyl, arylcy 10 cl oal kyl, allcaryl, or

5 &&%&@% toWd s%!’:dﬂd ﬂr@ﬁh@&' embBBindpe oStk prRént niirkehﬁbm tdéh@dund D)
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15

20

erred substituents, hal ogens_ suc

cBrcona:pumia (Ibbelﬁ trﬁmﬁeb withisthe ardicing gndoefthe elwdrcrﬁe’gll@h é&?r@% and
d
‘%1?%? g’i\é glrbgn Xo&roﬂéi%e%&ﬁa)w%subs#ﬁ? ut 23 ale::;In glr)urje

~al koxy groups. 15 Anpong t he al kyl and al koxy groups

roups with 1, 2, 3, 4, 5, or 6 C atgns are
}%@rqu ) thwreéeqs ieatipe alsg relaies thg methed Wmenﬂ?wbove wherein

thg' QRLORY ! en pé%i]a %érog?ﬁelgglﬁf%rgﬂ {0t %%%zed%r k& FI&&@&R?&M with

gr oups. are net
cﬂﬁﬁhnmyﬂupbhemnwymdamd,mﬁdﬁﬂdub@m&mkﬂmehéheemvsmgavﬁmwune
hyl t hoxy. 20 Therefore, the present
chgﬁgt%ﬁ)f% elates to a nethod as described above
wherein R .is hydrogen. or a nethyl or a nethoxy
group. Accor di ng to another {PRferred enbodi ment of
the present invention, he fAinctional group ZlI has
the structure RNHR"- & preferably conprises
the_structureHASS\u%it (x he structure unit
(C=G- where Gis e structure unit M
-S2 According to NnDREOR! § evenqodi ment s, the
‘functional group R' | ! ' e oup
consisting of HN G- N-S | Cl OR;101 12 March 2007
WD 2004/ 024776 PCT/ EP2003/H08829 12 HH HuNI-1 and
G

The formation of a chemical lmkage between either compound (L) and hydroxyalkyl
starch or compound (D) and hydroxyalkyl starch is achieved by reaction of the func-
* tional group Zy mth.the optionally oxidized reducing end of the hydroxyalkyl starch.

As functional group Z;, each functional group may be used which is eapable of form-
inga chemxcal linkage with the op’aonaliy omdlzed reducing end of the hydroxya]kyl_
starch. ‘

~ According to a preferred embod.rment of the present mvenﬁon, the funct:ronal group
Zy compnses the chemlcal structure -NH-




where, if Gis present twice, it is independently O or

-~ S. Therefore, the present invention also relat 007
' WO%SM%@S menti oned above wherein the fact |@¥“@h
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I's sel ect ed fromthe gr oyp consi sting of
HZNRN H "2 H ,N H2N% 101 "H2N ) HIt G O H zNO HzN
NNNG Y5v\here|n Gis Oor Sand, if present
S, an

' d dent J.
o GRS, s RS T ey i
tﬂ@:ﬂﬁ%ﬂ%ﬂﬁ!&ﬁ% s@@ﬂie\é%héﬁiﬁ: 2N ch conpri ses a

functi ona which is capable to react with the
functi onal group Y of a further conpound (M to give

{ duct I
AR 8% RS R U™t HE o arShifiite, o froctionsl
BIQUSG flolip h@%gqnals&ucmm' NHUIWhefdJR 1samﬂmgm or a a]kyl
further conpound. As to functional group. X . there

cyroatigd.canyl, aralleds pivdaycloalivbraliarploer excleellerlapcrasiys w ere the
BT AT e

lihke? direoty kcon? NI rgecf@ ?\1? ié&oﬁh'rh@ﬂi aehiifer embbﬂmayt,onmr be 11nked
consi sting.o an, a yd gr ,

by, @hioxyEamPriggeoigpth ga?ﬁpa@@zﬂ“@ E»S(PE%?‘EJﬁ B rilicgn avicy-

c@hlgyp Ikan 021(% cg?%éﬁﬁr%a?j}el%ﬁ\l@l_ﬁeg %ﬁﬁu%ﬁmb%tﬁl@&pﬁ S8ferred

12" Mar ¢h 2007
AR OhEAR AR GeRET HisR260R/C083R9mag de Iﬂmmeh@i @spmdly preferred

I“g@ggﬁt@‘lﬁ qéag{glgg%l%%ﬁra lo?cty_eg%ortq;%, gndTgven o preferred are hy-

drogen and unsubstituted alkyl and alkoxy groups.

Among the alkyl and alkoxy groups, groups with 1, 2, 3, 4, 5, or 6 C atoms are pre-
ferred. More preferred are methyl ethyl, propyl, isopropyl, methoxy, eﬂroxy, pro-
poxy, and isopropoxy 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 above wherein

R’ is hydrogen or 2 methyl or a methoxy group.

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

' group 7, has the structure R'-NH-R"- whete R"" preferably compnses the structure
unit -NH- and/or the structure unit -(C=G)- where G is O or S, and/or the structure
unit -SO,-. Accordmg to more preferred embodiments, the ﬁmctlonal group R" is
selected from the group consrstmg of

| o X 9
- '/N\ﬂ/ ' /NTG\ NG
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ccording to anat her. enpodi t be linked by an
| V@%égbbsgmfaﬁe@tw&%ﬁ@sﬁﬁgﬁ?‘ﬁg%&y EA kyl, cycl oal iyl ,

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

the functional group Y is selected fromthe group
consi sting of an al dehyd group, a keto group, I%MarchZ()O?

WO %Eﬂ) S%t al group, and an acetal group, and %ﬁﬁpzoogmossm

unctional group X conprisEf the structure -
According to one preferred €enbodi nent of the present

invention, the functional group X is a group having
the structure RI-NH , where R is hydrogen or a al kyl,
cycl oal kyl , arjﬁ, a{?lkyl, aryl cycl oal kyl , al karyl or
cycl oal kyl ary¥ regi'due- where the cycloal kyl, aryl,
aral kyl, aryl cycl bal kyl, al karyl or cycl oal kyl aryl
resiafide may be 108! i nked directly to the NH group or,

aryl, aral kyl, arylcy- cloallyl, allcaryl, or
cycl oal kyl aryl residues nmay be suitably substituted. ]
Therqforef the predent dunsstipn alspralatestol gethed a8 meptioped pboyg Whgrein

i i all id R
o B 1 R oA e PR 80 08 v e
preferregN&F—e hy- 15 drogen and unsub;ﬂ)J\Fut ed al k@ _~
a

and al koXy groups. ngNthe alkylHbhd al koxy &oups{}{
groups with 1, 2, 3,4} 5 or 6 C atons are pre- ,
ferred. More preferred are nethyl, ethyl, propyl,
i'sopropyl, nethofy, ethoxy, pro- poxy, HEN isg%ropoxy
gr oups. Espeﬁi ¥ eferred are nethyl, “etypdg—.
-met hoxy, eth-220 ofly, and particular preferi¢nde is

given to nethyl or Grethoxy. Therefore, the présent
invention also relates to a nethod as descy,j bed above
wherein R is {ydrdden or a nethyl or a n&hox@
group. 25 ' o~ anot her preferrgdyé i ent .
of the pregg%\tq)(i Mnt ion, the functionaf grdlp X has
the structure R RHR'- where R "' preferablﬁ'

conprises the structure unit -NH and({or_ the.,.

wharte A0 O end, ({pregent s, irdgpphieglg ) & S. g Rols Tpefl
structure wunit -SO2-. According to nore preferred

enbodi nents, the functional group R' is selected from -
Tt ieargbbjet efoths ipsdsemtginvéntidnHo GroNde aNuy@rodyalkyNsigrehfepvative

W gx gorglpgses a functional group X which is capable to react with the functional
group Yofa further compound (M) to give as reaction product a hydroxyalkyl starch
derivative whicﬁ compﬁse_s the 'hydrokyalkyl starch, compound (L), optionally com- - '
pound (D), and the furtber compound. -

As to ﬁmcﬁonél group X, there are no speéiﬁc restrictions provided that a chemical
linkage can be formed with the functional grou_p Y which is comprised in the fur.theg‘

functional group X preferably comprises the chemical structure -NH-.




12 March 2007 WD 2004/ 024776 14 PCT/ EP2003/ 008829 H
Huw and G where, if Gis present tw ce, &ié\ﬁ) ch2007

wo%ﬁ%@q?&dently 0 or S. Therefore, the presentP
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| ates to a nethod as Igentl oned above
the factional group X is sel'gcted fromthe group
conS|st|ng of HZN H ON HZNvOO R ~-ON 2N H HHN O ~N
11 HZNNS 11. GO HHH HZN N(N H2N=NYG. G G .5 _
mf@qenth@ presexd igyentjog adso sefatas ta adngthe scribed above wherein

‘[#1@ AERADEE %Ml%sou é:te@ﬁgﬁﬂhe gg? @e&olﬁw ’cinéf Bf 3 Siden gd group, a

unct1 onal | s at unct1on
lgto grou, ashemnaeémt ahiup, sied dneadetnd grmlp:nahdh ¢heg fumepienal group X
consj st j ngm%f N%SAO. N O S-S~ O wherein Hal
eferably Br or 1. 10 Therefore, the
present invention also relates to a nethod as
descri bed above where- inwherein the functional group
Acaoedm@to anel préferréd) rembOdnad:ntgwfoﬂlp Peejent dslepgomdibe ripnetional

oroup g R4 cr%%B a%rfg%e structure R-NH- where R' is hydrogen or a alkyl,
cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl or cycloalkylaryl residue where the
cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl or cycloalkylaryl residue may be
iinked directly to the NH group or, according to another embodiment may be linked
by an oxygen bridge to the NH group. The alkyl, cycloalkyl, aryl, aralkyl, arylcy-
cloalkyl, alkaryl, or cycloalkylaryl residues may be suitably substituted. As preferred
substituents, halogenes such as F, Cl or Br may be mentioned. Especially preferred
residues R’ are hydrogen, alkyl and alkoxy. groups, and even more preferred are hy-
drogen and unsubstituted alkyl and alkoxy groups. '

.Among the alkyl and alkoxy groups, groups with 1, 2, 3, 4, 5, or 6 C atoms are pre-
“ferred. More preferred are methyl, ethyl, propyl, isopropyl, methoxy, ethoxy, pro-

poxy, and isopropoxy groups. Especially preferred are methyl, ethyl, methoxy, eth-

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

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

" R'is hydrogen or a methjl 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 compnses the structure

unit -NH- and/or the structure unit - (C‘-G) where G is Q'or S, and/or the structure -
unit -SO;-. Accordmo to more preferred embodiments, the ﬁmctlonal group R" is

~selected from the group conmstmg of

) ‘ / vl - ~ N -G——

G | o




12 March 2007 WD 2004/ 024776 PCT/ EP2003/ 008829 15 O
NHal SO NO whereinHal is d, Br or |I. Accﬁﬁia{&mW

enbodi nent of the present invention,

wo %’%@gfgﬁal kyl -starch is re- ggted with a conBSUFfEZ"PﬁS’“s”
and the resulting reaction product is further reacted
wth 5 conmpound (L) where the chem cal |inkage
bet ween corrpour]_(il (L) and the reaction product is
formed by reactyon functional group Z2 conprised in
conpound (L) -4nd unctional group Wconprised in
conpound (D) being part of the reaction product.
Regandi ng the fun®tional groups Z2 and W there are

~.genetally no restri.cti 10 vided that the
vgjeeg‘?’ }t‘;(g ISZW@%?‘E%WE ’ilér:?é é‘g‘{e‘l’%?”gdyeg%%@e"d .Squ possi bl e
functional groups Wor Z2, the follow ng functional

roups are to be mentjoned, anong_others: _- .
ciorehe Brosen invegtioraleo relates © ayapled 8y msplipnsjabove wherein

R e b s L

hydrazi HgN—1, 2-di ol es; H, 2-anmi noal coltdls; the af.no.~
gr oup -ﬁ%‘z or deri\éﬁtix@s\of t he HaM no groupsRﬂ N
conprising the stru -2“&0 tune unit -NH such as

am noal kyl groups, am noaryl group, ammparaicy| -
groups, or al karfjyam nogroups; - the hy|d£N)xyI i no
group - 0- NH3 nof vatives of the hydroxiy-a@g-ro
group conpri%sing e structure unit -0-NHH dluch as.
hydr oxyl al kyl ami no&roups, hy- droxyl aryl ani n® gr oups,
hydr oxyl ar al kyl am nqg, gr oups, or hydroxal al -, 25

karyl am no groyps; %I coxyami no groups, arﬁl oXy@ni no
groups, ary kyT oxy@m ho groups, or al kany< I\m(yahino
gr oups, eac corrpGi sing the structure uhi t NGO;

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 '

O —_—
_ pZ e AN
N T8 | |

O

* wherein Hal is ClL Brorl, prefembly Brorl

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




WOM peor S and Mis, for exanple, -OH or PCT
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12 March 2007 WD 2004/024776 PCT/ EP2003/008829 16 -
resi dues having a carbonyl group, -QC(=G-M % aem112007
P2

oXy group, an aryl oxy gr gp, an ar al kyl oxy group "008829
or an al karyloxy 5 group; an al kylthio group, an
arylthio group, an aral kyl thi o group, or an al karyl -

thio gr yp; an al k | car bonyl oxy group,

aryl car nyI oxy , an aral ky, - yI oxy—gr Qlap
an al Icar bo yI oxly group; 10 -- ac i vat ed S@&,

such ﬁ__yr#am nes havi®g inid uht ure

such hydroxysucc:| de or having a structure

o unit where Nis part of a heteroaryl conpound or,

with G© 0O and Q absent, such as ary- |oxy conpounds
With a substituted aryl residue such as pentafl uoro-

veteesiy Hal s&¢laBr orlophenyl or trochl orophenyl; 15 wherein

Qis absent or NH or a heteroatom such as S or o -

-NH-NH2, or -NHNH; NO2; - the nitril group; -
ARRsiaRy o GEOURBodHEH 86 tHehsresthne Mﬁoﬂf%@m@ca&ﬁt@ re-
group 20 - the carboxy group; - the up or

e Witha-eampgusd D) and, theresiting mcmmmdu@ue r teaeted with

cxfgﬁeé@d @9 \%gﬁg el %%M%nkgﬁo Lol (5 ana heeSetion
prodOsiG f@H&dH@l reudman@f Iﬁuﬁdﬁbnal%r&ﬁp ZﬁEom]_ﬁﬁseﬂ in compound (L) and

CH=CH SO2 a disulfide group conprising the
ﬁg‘}‘-‘PBJ&I @F@P\g@mpnse lncompou%d O bemggart of th% reaction product.

Regarding the functional groups 7, and W, there are generally no restrictions pro-
vided that the desired chemical linkage is formed.

As possible functional groups W or Z5, the following functional groups are to be
ﬁientioned, among others:

- C-C~do.ub1e bonds or C-C-triple bonds or aromatic C-C-bonds;

- the thio group or the hydroxy groups;

- alkyl sulfonic acid hydramde, aryl sulfonic acid hydrazide;

- - 1,2-dioles;

- 1,2-aminoalcohols;

- ‘the amino group -NH, or derivatives of the amino groups comprising the struc-

ture upit -NH- such as ammoalkyi groups aminoaryl group, aminoaralkyl
groups, or a]karlyarmnogroups,

- - the hydroxylamino group -O-NH,, or derivatives of the hydroxylamino group ‘_

' compnsmg thc: structure unit -O-NH-, such as. hydroxyla]kylammo groups, hy-
droxylarylamino groups, hyd:oxyla:alkyiamino - groups, or hydroxalal-
__kalylaxmno groups |

- alkoxyanuno groups, aryloxyannno groups, aralkyloxyammo groups, or alkary--

B ‘, "'_loxyammo groups each compnsmg the siructure umt —NH 0O-;




O -N the group O 12 March 2007 WD 2004/ 024776
PCTI EP2003/ 008829 17\ F N NO2 the group 021‘2%5&2007

| wo%%dﬁﬂ oy respectively, 1s a group capable glyledhiflits
ne
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mwcal |linkage with on f the above
groups. According to preferred enbodi nents of the
present invention, both Wand Z2 are 5 groups from

B s ey

i nveforexamplé2 or Wis a thio group. In this
parti cul &;{case the functional group Wis pref erabl y
se- Tect®H PF ot he group consi sti ng of O N HaI S~

-preferab'?fij‘éﬁé&y%T ﬁ%%&%‘mﬂ e S gﬁ alkal'}’loxy

al so relgbegs to a nmethod as descri bed above V\herel n

the functi roup Wor. the functional group Z2 is

- SH and %ﬂr?gﬂﬁm%gﬂf%*ﬁa?nw Whig group, gp af Wf%&wan alkaryl-
group Wthﬁ,%gh A ed fromthe group consisting of ON

Hal s- ~ SO I’ S-S OO0 15 wherein Hal is O, Br, or

| . Accoradi a@cubmﬁmummmwnﬁm groupgn aralkylcarbon-
embodi MR oot ) G G Al ISR bxdtks; £
-~ activated esters such as esters of hydroxylamines having imid structure
" such as N-hydroxysuccinimide or having a structure unit O-N where N is
part of a heteroaryl compouﬁd 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 C;
- —NH-NHz, or -NH- NH—
- -NOy;
- 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;

- vmyl halide groups such as the vinyl iodide or the vinyl broxmde group or tn—
* flate;
- -C=CH;

- «(C=NHCD-OAlkyl

- groups ~(C=0)-CH,-Hal wherem Hal is CL, Br,or L,

- -CH—CH—SO;,«
- adisulfide group comprising the structure -S~S—;'_




~or Wis selected fromthe group consisting of an

activated ester, as described above, or a car ??Marchzom

: |ch|s optlonallytransforrredlnto
woﬁﬁ:{?l vated ester. In this 1 rch 2007 WO %B’EFB%‘}“?‘ 2

10

15

PCT/ EP2003/ 008829 18 particul ar case, the functiona
group Wor Z2, respectively, conprises the chem ca
structure -NH. Therefogg, the present invention also
rel ates to a nethedg escri bed above wherein 5 Z2
or Wis selected t he group consisting of an
activated ester,~as.gescribed above, or a carboxy

- Or Of#R gpdtipch é“option&leﬁransforned into an
activated ester, and the functional group W.or

' wbe@;';?a@ndm 1pspestelyi 1§ asereunecaphkleiof Srming @@h@ﬂéﬂlmme with

%ﬁg (@egg‘:ﬁ%ng&]%(ﬁégferred enbodi nent of the

I'nven functional group Wor Z2
conpr|S| ng the structure -NH is a group having the

structure R - N4 ereR’ .S hyd en or. a al ky], '
Aggaetling| R ypreterpq (embardp Q?eyPTEEF@g SieRGeD, bmﬁ{fyrld dp e

t he cycl oal kyl, aryl,
arg%ﬁ%w%%?dg% %ﬁ{%fl% E:Earyl or cycl oaI kyl aryl

resi due may be |inked dlrectly to the NH group or,

. Ag %ﬁ. &ggi n% fIB(F)‘i %g%mglgg) E’]E’ %@#ﬁé §ent .mvcntlon, &2 or

V\FYSCJi ‘Hﬁb boYdup. 3 Yis pafiRllaY lcase2ind fmehal Kiﬂu W 6 a53fkrabBr se-

cycl oal kylaryl resi dues may be suitabfy substltuted
lepted roaf tergeebpswbsistingieht s, hal ogenes such as F, O or

Br- may ke nmentioned. Especially preferred r dues R

are hydyogen, nand al koxyHgf-ou and &ve

pref d are drogen and unsubstituled alky

al kopy oups. = DR the al kyl Qind al koxy

grou groups wth 1,273, 4, 5, or 6 C atons are

pre- fayrred. More preferred are nethyl, ethyl, propyl,

i soprop®!, nethoxy, ethoxy, pro- poxy, and isopropoxy

gr oups. EspeC|aIIy preferred are nmethyl, ethyl,

wheselndiisl is €1,1Br, ondy prederablydirtardul ar preference is given

to methyl or nethoxy. 25 Therefore, the present

invention also relates to a nethod as descri bed above

THEEMoR, fhe YRt ZdehSod 86 6d18Es {0 Dicttion ag ﬂ@:ﬂﬁbé@ asm&twmm
of an activated ester, as descri bed above,

the fvnsiepal ey Wopr tip fnstiopali sern Toyisr-PHiad éh%‘é@cmfmab giaﬁp Za

o k&ﬁ%h&?al %f"&u%rw 1s selected from the group consisting of

Q /\ﬂ/ f—\s”o
( |

wherein Hal is C, Br, or L

According to a second especially prefeﬁed émbod_iment_ of the present invention, Z; "

: or W is selected from the group consisting of an activated ester, as described above,

Cora carboxy group w_}_nich is optionally transfoimed into an activated ester. In this




and the functional group Wor Z2, respectively, is
R -NH wherein R is hydrogen or 30 a methyl pfa@rch 2007

wo 2 group. 12 March 2007 WO 2004/ 02477
B8 05 06826 Accor d ng 1go anot her prefe Betitraosiasss
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15

20
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30

enbodi nent of the present invention, the functional
group Wor Z2 has the structure R-NHR'--where R

A SO 456 0 L B i
stpetugt N~ ture unit - -. According to nore

preferred enbodi nents, the functional group R® 5 is
selected fromthe group consisting of HH O /N /NIG-

 TherdtbrS; dk prédeft vEtidd dfsd\l\él}ites% q nﬁmésedesbﬁbe@ db§¥e wherein

gresent twice, it is independently O or S.. There

her Wr isssslectedhfrom thergrans oommmgsﬁ &ttnacztlve@timttr,aa descnbed
i 0 bove wher,ei,n nct i naI

BF0L o A By ot BT i P oull N Hgatel ester,

2R théORictiozal |'£(N1p N\NOHZ}l &spdcﬂ%ﬂj" e%niﬂweﬁt@ cHemliballstructure -
1\|I_H|ZNNN~ H2 N~ N

According to one prefesred embodiment of the present invention, the functional
group W or 7 compﬂsing the structure -NH- is a group having the structure R'-NH-
where R' is hydrogen or a alkyl, cycloalkyl, aryl, aralkyl, arylcycloalkyl, alkaryl or

~ cycloalkylaryl res,i.due where the cycloa]kyl; aryl, aralkyl, arylcycloalkyl, alkaryl or

cycloalkylaryl residue may be linked directly to the NH group or, according to an-
other embodiment, may be linked by an oxygen bridge to the NH group. The atkyl,

~cycloalkyl, aryl, aralkyl, aryloycloalkyl, alkaryl, or cycloalkylaryl residues may be

suitably substituted. As preférred substituents, halogenes such as F, Cl or Br may be
mentioned. Especially preferred residués.R' are hydrogen, alkyl and alkoxy groups,
and even more preferred are hydrogen and unsubstituted alkyl and alkoxy groups.

- Among the alkyl and alkoxy groups, groups with 1,2, 3, 4, 5, or 6 C atoms are pre-

ferred. More preferred are methyl, ethyl, propyl 1sopropy1 methoxy, eﬂmxy, 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 above wherein
W or 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 functional group W or Zg, res;aectlvely, is R-NH- wherem R'is hydrogen or

Ca methyl or a methoxy group. -




G G 10 wherein Gis Oor S and, if present tw ce,

i ndependently 0 or S, and R is nethyl. Accorc[izq\qagcgggmr
wo ¥BloRrat her aspect of the present inventionpgctR8a@tinoss2e

east one functional groupi¥X Z2 and/or WPC Ez 00882

group which is not capable of reacting dlrectly W|th a

given further conpound, but which may be chemcally

ARQkdihg b hotREdRELeied Qﬁb&(ﬁﬁﬁ:nt abRlReseht i'h@é&ﬁibh N@he iftnctional

the deSired way. 12 March 2007 WD 2004/ 02477

POTY Epzoﬁsh@aaa mzctu_r@ RASF: "ewhnqgll%" mfesabimmpmnfaﬂxe strue-

ro be i fi.ed r| or he th
ettt aftgom the SR LR Rl (P SiHefS de 0or Sy B g Siruc-
e ENLSODeAcodiiad td ﬁmfeagzefeﬁea@&lboauﬂems *@hé @asct@tﬁtai gfdup R"
: to forman al'dehyd or a keto group. 5 Another exanple
5 ip selected Gaexthe gaup gewsigsing6fbe nodified prior to the
reaction with a further comppund is a - NH2 grou
which is m)dlflepu by t he reac on@nth e.g., a

conpwnd accordi ngfo the fof ng\forrrul aﬁND—S\I-G N
@] \cheastruct re of thef Iovmngforrml*ég -N
N H - which is, € g., reactive towards a thio group.
10 Anot her exa Ie fi9 r a functional group to be

nodi fi ed prior reaction with a further
conpound is a/-N grﬁup which is nodified by the
reaction with, e.g¢n, a conpound accordl ng to the

f ol 18 ng forml a*® /N \ Co
" 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

© HN— H O O~
- | H,N RN
HZN/N\ - 2 H
H i 0
_N HNC ]
HN Y | NG
: | H ol
G O
.HzN/.‘Y— \ - HzN/ \”/ g
G SR G

10 wherein GisOor S and',nif present twice, independenﬂy O or S, and R’ is methyl.

Acoording'_to yet another aspect of the present invention, the at least one functional
group X, Z; andfor W may be a group which is not capable ofreacting directly With a
given further compound, but which may be chemicalty modiﬁed in order to be capa-

s ble of reacting in the desired way.




10

- foll ow ng conpdunds,

O Oto give a structure of the follow ng formula 12
" March 2007 WD 2004/ 024776 PCT/ EP2003/ 008829 ?zll\/Qrchc%OO’l
V\,hl chis, e.g., reactive towards a Bi‘ Pg{o%l(ggszg

WO@M{ %iot her exanpl e for a fyncti onal group to

nodi fied prior to the reaction with a further
conmpound is an anmino group which is reacted wth

bronnac 9 g

A3 e FRREE T TR Group i by BoRIRE HoP e @B vith o o
thief &ﬁﬁ;ﬁﬁundna/ [ lltan@;ﬁo a&:oh@l‘mcw nd-did))minake mehdorstiruith isemodi-

Z1-L'-X or_ZZ L' - g an organic residue
ﬁ@bﬁ%éﬂ%@d%ét‘?@ﬁ@-mﬂlm&%?@iﬁ LI bei ng

optionally absent, the structure dependi ng on whet her

a 10 conpound (D) is reacted with the hydroxyal kyl
Aﬁb’ﬁé;cékamplmﬁir a Bmcidorcl gepupaodbef moénﬁecﬂg pametcxﬂact reaction with a

enbodi nent , ound and
e B R g %‘a%‘g H%HOHbﬁ%Sf ket éﬂ?&”ﬂh - 2
c&%&bﬁ?a@c&%gt@ﬁ@mlo@nb?&nﬁﬁﬁt al  group, and an
a

group.” 15 In thi§ particul ar case, the

gnong others, are preferred as
conpound (L) h ingte str re Z1-L'-X where L' is
absent: S O NH2 H2N- NH2 or HH

- \1’ ’
or HHIf, ijnt gbéb se %}not absent,

L' may be a ITyear or branched~al kyIN 0 cycl oal kyl
or aryl or or al kyl or aryl cycl kyI or al karyl or
cycl oal | cyl aryl~group, . .0 |

to give a stracture 6f the following formula

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

Another example for a flmctlonal 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-.

7 TN
_'N—ao’u\/N

to give a structure of the .fqllbvring formula




wherein V may conprise at | east one heteroatom such as
N, 0, S, and wherein I] my be suitably SUbSt'ltzl{\'}I%@h,zOO’i

wo Jdﬁ?mfa??se of the group L' may be adapted to Pﬁ‘lEPz(EJ,SIOOSSZS)

10

Speci needs. Generally,,{he separating gro
generally has from1 to 60, preferably from | to 40,
nore preferably from1l to 20, nore preferably froml
to 10, nore preferably 12 March 2007 WO 2004/ 024776
PCT/ EP2003/ 008829 22 from 1 6 and especially
preferably froml to 4 cafbon | f heteroatons
are present, the separatjing conpri ses generally
froml to 20, preferabNy f 8 and especially
preferably fromI| to 4hbheteroat According to
particularly pre- ferred enbodi nrents of the present
i nvention, the separating group L' conprises 1 to 5 4
gen atons. The s |n group L' may conpri se an
‘%B ﬁn%g#?mHW§H€ﬂ@ﬁE§ﬁ&§l ain or an aryl group or a
cycloal l cyl group having, e.g., from5 to 7 carbon
atonms, or be a aral kyl group, an al karyl, group where

Yetanatbiy¢xapwple forayiupwional graemto bivaoditied pyiof F%ﬂlﬁlfWPon with

oGBS ESA i e B B CORIRIE BEEH Gl ko FIBROME Wi arice

@@J_Slmcgﬁﬁf@bioylofabamel to 8, nore preferably from 10 1
to 6, nore preferably from1 to 4 and especially
preferably from2 to 4 carbon at- oms. In case
X P AbN% dordyRufid (L) has
- AR LU NSRS TGRS o
tﬁﬁ&&u@tuﬂeali-b’ax eorVifel'eX, YL beisg ke crgaid rasiviue fsepg:a@lgoﬂle fanc-

con5|st|ng f an al deh 15 grou a ket ou
tomal grwpsang bsis Omaﬁﬁ aheita g@a’ﬁ‘b“ 3% L @%"ﬂ&m 2
oY Riedes g as conpound
@'ﬁgﬁbﬁg‘gu tr e S?Elgfgl{hgrﬁg&?xﬁ{&@ylx where L' is not
absent : H2N"--rNH2 HZN~~NH OH H2N% ~O OH H_ OH

a

| Xlzclt\)%mg foa 'ﬁ%st p(r)o_{'erred blole%ent, no compound (D) is involved and Y is

15

20

' selected from the group consisting of an aldehyd group, a keto group, a hemiacetal
group, and an acetal group.

In this partlcular case, the followmg compounds, among others, are preferred as
compound (L) having the structure Z1-L-X where L' is absent:
' O

H,N ,”\ _NH, HZ_N\N )LN,NHZ
- HN=NH, | or H H
" If, in this particular case, L' is not absent, L may be a lincar or branched alkyl or
cycloalkyl or aryl or or aralkyl or arylcycloaikyl or atkaryl or cycloa]kylaxjrl group,
wherein L' may compnse at least one heteroatom such as N, O, S, and wherein L'
- may be suitably substituted. The size of the group L' may be adapted to the specific
- needs. Generally, the separating group L’ generally has from 1 o 60, preferably from

o to 40 more preferably from 1 to 20, more preferably from 1 to 10, more preferably




HzN'" ~* ~'" NHz HZNOz HA OO NHz HN HO OH 12 March
2007 WD 2004/ 024776 PCT/ EP2003/008829 23 H H%NE&E%W

WO 004/ SNAH HH OO, HSllN-I/O

According to a second‘preferred enbodi nent , a conpound
(D) is |nvolved According to a further preferred

RO BB Sl BHEREOL pL/FRL | Qo AR Bt

pREQAIBE s&GurdiRg grovjLéingpriks geepalpsirand toell grefablyidm  to
absent I'n this artl cul ar case, the fo

8 @ummdély pasforagyofraer ks to 4 betepraterss- r%‘vf’féﬂv E%ﬂ%ﬂﬂﬂ%ﬂy pre-
: fe%ezi A6y AL &‘&Eﬁtflﬁvé&mE VR a e rols 1ABSEpKises $ to

5 4 oxygen atoms. The separating group L' may comprise an opuonally branched alkyl .
chain or an aryl group or a cycloalkyl group having, e.g., from 5 to 7 carbon atoms,
or be a aralkyl group, an alkaryl group where the alkyl part may be a linear and/or

| cyclic alky! group. Accordiﬁg to an even more preferred embodiment, the separating
group is an alkyl chain of from 1 to 20, preferably from 1 to 8, moré preferably from

10 1 to 6, more preferably from 1to 4 and especialiy preferably from 2 fo 4 carbon at-
oms. In case heteroatomé are present, a chain comprising 1 to 4 oxygen afoms is par-

ticularly prefeﬁed.

1
As to this particular case where Y is selected from the group congsisting of an aldehyd
15 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/\]/\NHz' o HN L~
L ~ NH,
OH |
| | HN_ O o
- QH | N~<_—<—‘OH
HZNO\/'I'\/NHz o H |
| | | ~ NH,
OH . e
-/\/t\/NHZ' o /\/[\'_/'NHz
HNT T . HNOT -
| HZN o O H '
N

\N : . .
H . NHZ




10

" A specific example of a compound D where D' is absent is NH3'.

H2ZN-NAN~-NHZ H2N, NAN-NH2  H2N-NH2 or HHor HH 10 A

- specific exanple of a conpound D where D is akﬁ {m' $007

w0 Rl

, in this particular case, D is not
z%a | i near or branchedyal kyl or cyclogﬁté? o?m i
aryl or or aral kyl or arylcycloal kyl or al karyl or
.cycl oal kyl aryl group, 15 wherein D may conprise at
| east one heteroatgm sych as N, 0, S, and where in D
may be suitably siNpsti It ed~ The size of the group D
may be adaptedd t g~ spé€ 12 Barch 2007 WO

SN
Ao pey
4 24 meeds HGener ally,.
the separating group D geheFal ’FII“

2004/ 024776 PCT/ EP20Q3/ 00
oMl to 60,

preferably from 1 to 40, nore pHefertdbly froml to
20, nore preferably from1l to 10, nore preferably
froml to 6 and esp%i [ |y prefe?ably fromlto 4

carbon atons. |f hejjergat gns re'_p esent, the
separating grou@ gonprjjses erqy | Y>\ipm 1 to 20,
preferably fromi to 508 & spexial [y preferably
froml to 4 heteroatons. Actording to particularly
pre- fepred enbodi nents of the present invention, the
separatjing group D cgnprises 1 to 4 oxygen atons.

Fhl septrat up- W may co 'an@y(?\
b‘rar? ed al kyl n ofNtn ,ar%“group or. : NH,
cycl dal | cyl group ving, e.g., from5 to 7 carbon

atonms, or be an aral kyl group, an al karyl group where
t al@yl rt y a Jd near and/fpr 10 cyclic alkyl
g?%\@t’.[ W@Mﬁwﬁen more _pief epred. emhodiMent
t he'separating group Hs an al kypm::hal n of9from 1 tg’
20, preferably from1l to 8, nore preferably from 1 to
6, nore preferably from1 to 4 and especially
Apoeidaipablaseddnd Prefercdl dnbadiReft, tom@slnd (D) iSms6lved.

het eroat-ons are present, a chain conprising 1 to 4
oxygen atons is par- ticularly preferred. 15 As to

e SR

(IDiPhéis-the BirictidS ,D'-W, D' being an organic residue separating the functional

: groups and being opﬁbnally absent.

In this particular case, the following compounds, among others, are preferred as .
compound (D) h_aving the structure Z;-D'-W where D' is absent: '
| . S S 0 j
: HzN\N/”\N/NHz HzN\ELﬁ/NHz

HN—NH, . H O OH o

 If, in this particular case, D' is not absént, D' may be a linear or I-)ranched‘ alkyl or

éycloalkyl or aryl or or ara]lquor arylcycloalkyl or alkaryl or cycloalkylaryl group,
whe:eiu D may' comprise at least one heteroatom such as N, O, S, and wherein' D' i

may be suitably substituted. The size of the group D' may be adapted to f_he_: spé.c':i_ﬁq ¥




z HN-~/COOH HZNNHZ z OH OH H2NOH A~ OH HX v v CH
OH H2NO-'~'/COON | OH HMt ~OH A OOH ' H2N "1 Ntrch 2007

wo DR, N O OHHONO- OH HRNO Nz 12 Mar 6l 00,0 o),

10

15

776 PCT/ EP2003/ 0088%2 25 OO HA \
OH H2N OH H2N%%6 0 H2NN O S** H H HO OH AcHN CH HZN
O HZNO H -\ OHHO4d OH NH2 ONH HS ~\ONH2 HS~~~ Z

needg C&:nera.wy, the separating group D' 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
from 1 to 6 and especially preferably from 1 to 4 carbon atoms. If heteroatoms are
present, the separating group comprises generally from 1 to 20, preferably from 1 to

8 and especially preferably from 1 to 4 heteroatoms. According to particularly pre-

- ferred embodiments of the present invention, the separating group D' comprises 1 to

4 oxygen atoms. The separating group D' may comprise an optionally branched alkyl
chain or an aryl group or a cycloé]kyl group having, e.g., from 5 to 7 carbon atoms,
or be an aralkyl group, an alkaryl group where the alkeyl pért may be a linear and/or
cycli(: alky! group. According to an even more preferred embodixnent the separating
group is an alkyl chain of from 1 to 20, preferably from 1 to 8, more preferably from
1 to 6, more preferably from 1 to 4 and especially preferably from 2 to 4 carbon at-
oms. 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:

o HN
HS/\/NHQ | 2 \/\/\NHz

| - - . OH
HZN/Y\OH

| OH O H, A
‘ R OH
 HNoTNCO0H /\)\/OH
- C HNO™ B
53

. N./_\/K-/NH‘Q_ B NH,

2

OH

HzNog/k/OH-. |




HHN HOOH HHH2N-Ny | ISI S.NH2 NN HHOO 1
H11HHNSI SN 11 11, NH 2 002 OH HZN'Nch2007
NO-~OO~-NH2 OHH HHO HHS(N-N
wo dedbias g 00 Doou 024776 PCT/ EP2003/ 00800 C 20051005829
-Dependi ng on the chenical naure of the functional
group Wconprised in com pound (D) and the functiona
group Y, specific conmpounds (L) may be used accord-

cifi© needs. 5 If, e. §l,N the f@nctional
‘ io/group and the functioNa roup W
corrpriselfsl. | ture -NH, as deschlibe ve in
detail, Tt

types of conpoundsH L) areH
~anong ot hers,  preferred: z

H,N_ o COH,N, 0
' N - N
< <
HO OH AcHN  OH
HzN\ O . H,N_ 0
N-<—('OH N—<_(—OH
H H A
OH NH,
HS/\/\ONHB /\/DNH2
H,N_ 0 O H
N N,
- H NH,
HO OH
N N
O
S | N N/NHz
H H
O 0




Type of conpound '(L) Functional group X Functi onal
group Z2 C lodoal kyl N-succinimde ester Bro th

WO%%‘J%SJI({“ m de ester E Mal ei m do N-succi ni ni g /00

10

15

20

- OSE o (T T G EEa VIR i ORI EEEL7e

ridyl dithio N-succinimde ester G\/nyls
N-succi ni mide ester If, e.g.26the functional group Y
is selected fromthe group consisting of an al dehyd
10 group, a keto group, a hemi acetal group, and an
Q,e@ngjm@ md};@ cherdiceh satinenof tlmnﬁhctuglab gmuWWsccﬂnprh;bd) in com-

BP0 15, b7 bRt "R Shecfip maopnss ey D i acdord-

it Rhes Hetdeadal group Z2 A Hpdrazide Maleimdo B
Hydi azi de Pyridyldithio In Table 1 at the end of the
present descri ption, sorre preferred exanpl es of com 15

F’J? Q{é a ghé #r#g@éngg rggogrg h eg}s&(\E eauslg %ﬁﬁ?ct%%%pgé SV comprises.
thei dimotuye SNHStdstdd:ts@ﬂ)ed Férneﬁee il @6taid UBs Folloans B/pe@bf compounds

hal i des such as F, C, Br or |. 20 The 'Separating
g@d\ﬁ?@npﬂgé’ﬂ%ﬂs@ﬂ’r@ff%y corrprl se one or nore cl eavage

¢@sy cl eavage of a [Ieéedlkying conpound |AtsiRcinimide ester .
br-e—det-erm-ned -sitel Especially preferred exanples of

:@npound's (L) which Bfﬁpwalécylr nked to r%lsmm}mmdewer

S ar Ci o Wher e the T 1 hy-dr-oxyal

erivative conprises M@ﬁ{émfiﬁﬁc 5t or,ral Wﬁ‘%ﬁﬁlw‘dﬁgﬁﬁ%l e
¥ bei ng T eact ed Wi HdAdyMRBRI ONal Or GNP YCRBHEE ERE

_ fu ther conpound (M _and wherein said functional
oup Y is selected ‘fmﬂmﬂi“m:@ group cd)Nsswcmnlg}d@ﬁstan
i dehyd group,—da keto group;—a et aﬂ +ai gf-otp—an
acetal group, are 0 ~N N .
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 followmg types of compounds (L) are, among others,

preferred:
Type of compound () | Functional group X Functional group 7,
A . | Hydrazide ' Maleimido
B " T Hydrazide_ ' " Pyridyldithio

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

. pounds (L) according to the types glven abovc are listed.

: The separatmg groups L' and/or D' may be smtably substltuted Preferred substituents

are, e.g, halides such as F, Cl, Brorl

The sepalatmg groups L' and/or D' may compnse one or more cleavage sites such as

Rt
T Y e
0




WO

10

15

HHZINS HZNNHN-NH2 / NOHHO HZNMN N, NH2

HZN~-O~-~0"' / O%12 and H H t he conpounds (L) O 2007
W ~%2 and HH 10 being particularly }_éggﬁggsgsm
specially preferred exanpl 32 of conpounds

may be |inked to hydroxyal - “Kyl starch wherein the

resul ti ng hydroxyal kyl starch derivative conprises the
nc-..tignal group W capabl e, of bei n eacte

wﬁﬁéﬁl IoYiapr gregtine Z@fagaﬁlgﬁ resuling pORpoH %}ﬁwa ﬂate(fﬂl)ﬂec? site.

wherein the resulting hydroxyal kyl starch derivative

whi ch conprises hydroxyal kyl starch, conpound (D) and
Espagiolln dre(febryqd dxgmp s alf icompburisisi (b whgdwnadbe limkad to hpdroxyal-

il Eset Peter SRy ol st RIS NE?YBBBS‘*S g fome-

¥ Ombriktd i
S5, K Sl SO Socilh o

mde (OVed-whexein sabd Npctional Braup Yhie selsatsd Jfrm the

éro?:p consisting of an aldehyd group, a keto group, a hemiacetal group, an acetal

group, are
H o H

v H HZN/NTN S
HZN\”JK/\/YN\NHZ _ S N/U\N/NH2

. 0 H H

Q

o o HzN\N/[LN,NHz
HNT 07NN, H H
the compounds (L) _

' 0

o 0. H2N“NJKN’NH2

HNT 07 TN, wod H H

being particularly preferred.

Especially preferred examples of coiﬁpdunds (D) which may be linked to hydroxyal-
kyl starch wherein the resulting hydroxyalkyl starch derivative comprises the func-
tional group W capablel'of being reacted With a‘ ﬁinctional group Z comprised in a
compound (L) wherein the resulting hydroxyalkyl starch derivative which comprises'_

hydroxyalkyl starch, compound (D) and compound (L), is capétble of being reacted

_ 'Wlth the functional group Y of a further compound (M) and Wherem said functional -

gloup Yisa th.lO group, are
H H

m - H,NT | 5




HZN-NN~NH2 HZN O ~\O< "NHZ and H H béi ng
particularly preferred. Together with the 12 March 2007
gcfrgsr'l%ﬁ 29

Woﬂpg%g;..;éenti oned preferred conmpounds (D), th
- ‘cor n-

10

e 15

“Bejug pariicul

pounds (L) OO0 NONN 0 OO0 an

preferred, the conpound (L) N NO O being

especially preferred. According to a first preferred
enbodi ment of the present invention, a conmpound (D)
10 or a conpound (L) is reacted with the reduging end
of the hydroxyal kyl starch which is nejnoxi dilsed K
]Degg i ng~an re@ction conditions sdch'Nis the 2
séltent B6r sdPvent mi xNibe usggq the tenpdlfatufe,
pressure or pH of the reaction mxture, the reaction

-

 {hecdupounds (B) com 15 pound (D) or a conpound (L) is

reacted with the reducing end of the hydroxyal I(Syl
starch which is not oxidised may have different
constitutions. 12 March 2007 WD 2004/ 027G N/NHz

P /g.P@QOSkGQ LY ordingtoapreferrgg

ecn% i ment of&aﬁz\ﬁrzesﬁﬁ@ﬂ nventam@n, this reatti oHis

carried oi‘t ige aCH aqueous system 5 The term "aqueous
FUUREHIH t he context of the present

invention refers to a solvent or a a mxture of

sol vents conprising water in the range of from at

Tegetiter Wththe bovewmentionedoprefeered ddomnpaunded3), a0 {olopdng com-

I3,/\(1)el:lingsh&,) nore preferably at |east 80 % per ‘

o 4 O -
\ . .
0

are preferred, the compound (L)

being especially preferred.

According to a first preferred emb_oc_!iinent‘ of the present invention, a compound (D).-

or a compound (L) is reacted with the reducing end of the 'hydroxyalkyl starch which

.~ is 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)V or a compound (L) is reacted with the reducing end of _th'e hydfoxyal_kyl _

~ starch which is not oxidised may have different constitutions.




wei ght, even nore preferably at |east 90 % per weight
or up to 100 % per wei ght, based on the wei ght12 arkN8007 -

w0§®|4)62{’;t/b5 i nvol ved. As additional solvents;

10 .

15

Tﬁglﬁ 0%/008829
ch as 10 DMSO, DM-, ethanol or net hanol
rrentloned | f thereactlon|%90arr|ed out in an

‘aqueous system and the functional group Zr is a group

R -NH, as described above, the hydroxyal kyl starch
derivative may have a constitution according to

faar ol 111 .HA 0 R III
WRLATh o' et kb bdible, i e Brebent fnvann, o atiipds shtried
amﬁntah@qﬁwﬂ;@tsygaﬁl group Zr is a group R-NH with R
= H, as described above,. the hydroxyal kyl starch
derivative my have a constitution accor di ng to

' Il b a m.xt.ur
T8¢ i lrido it 8000 el cloBterfbr B8 bl ihidafon ffers to o
mbent A% nh:iBQ.r@of :*.dl‘}e&)s cobipisil gQvatés ih ZhdVah f&ﬁﬂﬂ at 10€3t 10 %

2004/.024776, PCT/ EP2003/ 008829 30 ORS H H OH
P§T| Ygjght, preferably at least'50 % per weight, more preferably af least 80 % per

weight, even more preferably at least 90 % per weight or up to 100 % per weight,
based on the weight of the solvents involved. As additional solvents; solvents such as

DMSO, DMF, ethanol or methanol may be mentioned.
If the reaction is carried out in an aqueous system and the functional group Z; is a

group R'-NH-, a$ described above, the hydroxyalkyl starch derivative may have a
constitution according to formula (I1a) |

(1la)

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 hydroxyélkyl starch derivative

may have a canstltu’non according to formula (IIIa) or formula (IIIb) orbe a mlxture
of compounds accoldmg to formulae (IIIa) and (I11b)

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

~conpounds (L) or (D

RO i NHOR H Dependi ng on the reaction conditions
and/ or the chem cal nature of conpounds (L) 01 9 March 2007

woﬁr@ﬂﬁ?ﬁ'ﬁkd (D) used for the reaction, the cony

according to fornula (llla) _.may be present Wi ?tﬁ’moﬁw
atomin equatorial or axial 3[903|t| on where also a

m xture 5 of both forns maybe present having a

certain equilibriumdistribution. Depending on the
reaction conditions and/or t B, chenical nature of

or the reaction, the

or-Flconf or mati on where
5 may be present havi ng(lIb)

with the C - MAPuhl e boy
al'so a mixture of Hoth
a certain equilibriyg i T ore, the
present invention also reljatgs ta _a hydr al kyl
starch derivative as desdqdribed a%e havi %‘g a
constitution according toHornula (111b) or according

to forrmula (I11b) or according to fornulae (111a) and
(I'1'I'b). 15. In sone cases it may be desirable to

E %@H&h@ 25 thd ?eaﬁ{?r?ﬁ) Qé{ﬂﬁu&fs%ﬁ{d e E%#ﬁgﬁl rﬂéhﬁ‘e of l:orhﬁaunds ¢9)

espec case where
ROmpding (IDpus‘edrfouH& fehttian) thescompiomide eﬂ:o&hnig dxr forsmth (Il1a)

s eabieere: OO . ol RIS E PR TRBpB ARG R f papece
df%o@ﬁ%hh&fb'a? bk gregérﬁflﬁ(/%gda ?llﬁﬂxeéﬁhﬁ ok cﬁsthﬁﬁu&?s e 20
rogen. acy

where R 1s” hy ation reagent, al
swtabl e reagents rray be used which result |n t he

I?esi y ‘go t?flﬂ}g tar ch r%g%l V.e ac or gfcgmpounds @)
oggﬁ E‘?e%pl@@&féqgﬁﬁﬁn &b c%lpouﬁlis@.ccbiﬁﬁrg tHEf@'nQﬂz Rary) ) 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 equilibrinm distribution.

Therefore, the present invention also relates to a hydroxyalkyl starch derivative as

~ described above having a constitution according to formula ({lIb) or according to’

formula (I1Ib) or according to formulae (fla) and (IIIb).

In some cases it may be desirable to stabilize the compound accordmg to formula

| (Ilia). This is espe01a11y the case where the compound accordmg to formula (IIIa) is

produced and/or used i in an aqueous solution. As stabilizing method, acylation of the

compound according to formula (I11a) is particularly preferred, especially in the case

“where R’ is hydrogen. As acylation reagent, all suitable roagenfs may be used which




H According to especially preferred enbodi nents of the
present invention, the residue Ra being part °1f21\t/[£]1%h2007

woﬁw‘k@%on reagent is nmethyl. As acylation rg Eﬁoﬁmossm
: all des,

10

15

carboxylic acid anhydrides, carboxylic acid

and carboxylic acid active €sters are. pref- erably
used. 5 The acylation is carried at a tenperature in
the range of fromO to 30 C, preferably in the range
of from2 to 20 C and esp&jally preferably in the
' 10 Therefore, the present

invention also relates fo a ghydr oxyal kyd starch

i rabl e

derivate GBASHN- ab pt-kbd as degcri bed above
~ wherein said dewd coqstituti c- cordi nfva)
' be

to.formula (I Va): - t
to stabilizetheR8 1 ' W formula 15
(I1lb). This is especi § t hdBase wheke t he conmpound
according to fornula (H1lb) is produced and/or used

in an aqueous solution.” As stabilizing. method, )
Avcecuitg wrespécidllyeprefeorep sorbddinanty of the presemt drvantian, the nesidue

' articul.arl referred, . e ' ' e :
RineeE ot o5 B BB At 1RBRFL s eallhoh Mg cmrboryti
a8l drAbéSdds CaAENFic R RAIdeS efld WatoRylid &dd lattivenestdreare pref-

desi red hydroxyal kyl starch derivative according to :
efablynied- (1 Vb) 12 March 2007 WD 2004/ 024776

PCT/ EP2003/ 008829 32 ORF H HAS H-OH1tZ0 Hr 3 H

(I'vb) HOR3 HN H- According to especially preferred
Tarhedufi®nisscaaied dta empsanire imthentigernl fasn Oad 36t°Copreferably

in the range of from 2 to 20 °C and especially preferably in the range of from 4 to 10
°C. : :

~ Therefore, the present invention also relates to a hydroxyalkyl starch derivate obtain-

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

cording to formula (IVa).

In other cases it may be desirable to stabilize the compound according to formula .
(I1Ib). This is especially the case whete 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 (ITIb) is paﬁiCMarly preferred, especially in the case

 where R'is hydrogen. As reduction reagent, all suitable reagents may be i_lsed which

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




reagents boro hydrides such as NaCNBH3 or NaBH4 ar e

used. The reduction is carried at a terrperaturazlwar&lpgom

WOfO?J)Qﬁ'fﬁf from4 to 100 C, preferably 5 in %%/ﬁp?ﬂ)gfﬁosm

- 10

- 15

2

rom10 to 90 C and especially preferably in
range of from25 to 80 C. PRerefore, the present
invention also relates to a hydroxyal kyl starch
derivate obtain- able by a nethod as descri bed above
wherein said derivative, has @Rgonstitution ac- 10
cording to fornula (Nb}. Thé present invention further
relates to m xtures of |conpoundg having constitutions
-accordi ng t dlAdrqul ae-y a) anperQHEI1b), (IVva) and
(I'Vb), (11la) and (0OVa), a) and (4 VWb), (Illb) and
(1va), (111b) and (1) ; d_ (]I Hand(IVa) (IVb)
(111a) and (Il1b) 15 "and | V) and (I'vb) and
(I'11a), and (1Vva) and (I Vi) wherein (lI11a)
and/or (Na) may be indepeHdently present in a '
conformati on where the N atomin Mi al or axial
position and/or wherein (1l1b) nmay present with the
C -N double bond in E or Z conformation. 20 Accordi ng
Aworlispmorsdeqaltyf prefeedtd embodinmnd oﬂ?the pieserpireeetitn, as reduction

i nventi on onp und (L) is
17’3@58153’ ¥‘ﬁ q%ﬁ é“ﬁ?’é’agﬁcﬁs@%hﬂf ]&Brtih cﬁ‘f’?ﬁr oxyal kyl
starch which is oxidised. In this case, preferably

]g‘ol ar aprotic solvents are used which may also contain
egeduction is eamedaimutampetitunairethe rangelof ﬁmnu@ td HO0LTC, wirefRtably

Preferre i.C l.vents ar rch 2
G OB ol D R o B o oy fube R bt 25 to
SUWE-. An exanple of a preferred reaction tenperature

range is fromroom20 to 65.-C, and the reaction tines
‘are generally in the range of. 1 mnute to several

d| n
piSEche B iRl BEYEh Blo BEMARS 1R BAGH BRI iyt ot
abkediyt efhethddiasi dscibidddiboed WiREHIE | lséiﬁ @ﬁ‘i}at@@: R43€ constitution ac-
hydr oxyal - starch and the other reaction
fgﬁgula(]f\yb), n this case, the functional group Z,
|s a group !'-NH, as described above, the
hydr oxyal kyl st arch derivative may have a constitution
The poasditrigvémioh dirthdracelabéa )to mdRturesthf compounds having constitutions

accarding to formulae (IIlz) and ({lIb), (IVa) and (IVD), (Iils) and (IVa), (IIlz) and

(IVb), ({IIb) and (IVa), (Ib) and (IVb), (IIs) and (IIIb) and (IVa), () and (IIIb)

~ and (IVb), (W a) and (IVD) and (Illa), and (IVa) and (IVb) and (11Tb) wherein (II1a)

and/or (IVa) may be independently present in a conformation where the N atom in
equatorlal or axial position and/or Wherem (IIIb) may be present with the C-N double

bondin Eor Z conformatlon

Accordmg to a second preferred embodiment of the present invention, a compound

(P)ora compound (L) is reacted wﬂh the reducmg end of the hydroxyalkyl starch

Wh1ch is omdlsed

TIn this case, préfe;ﬁbl_y polar aprotic solvents are used which may also COniaiﬁ a cer-

tain amoimt_ of water, ‘suc':h as up to 10 wt.-%. Preferred aprotic solvents are, amon'g '




HAS, H 011 R0 NH " Na) H OR3 H Q.10 Therefore, the
present invention also relates to a hydroxyal ky1I2M 2007

wo@%@‘{ﬁ%ﬁderlvate obtain- able by a method asp /ﬁﬁfdo 879

10

15

Ve wherein said derivativye has a constltu Ion ac-
cording to formula (Va). As-far as the reactions of
hydr oxyal kyl starch with conpound (D) and/or conpound
15 (L are concerned, all

M wel | as conpound %
pHessi Q & JeMEe S pranalendt iaskraferpd reacHon faraessgture range is
fr&\fﬁ%ﬁt% “to '%ri pret&d fh%q'efcﬁgﬁ ‘tifg{[%g 2 hefafl trpfh%§' ke of 1 minate

rnvention refatés to a met SCri e
tohsavedah hbuwtd rapd el toysevetahidays, idepéndamcre dle\ml:tehmatl nature of the

T ﬂgﬁqé)“d%%f@tﬁg%f Safe eal%i?%@fmﬂjuﬁ’n&g@h oot pgitBryal

lthQfa?&hyﬁtdﬁM oti&x%&ého%%n&ﬁ%ﬁ esul ting reaction product

I's reacte further conpound (M via the
reaction of the funct| onal group X conprl sed in

i die fyeciobelaroting: ishonp Enion RSk, te

- hyeRhileDsthRh AeAFative ndayTRive qctoﬁﬁlt&tﬁmec&ﬂﬁﬁw @hula (Va)

wher ei n hydr oxyal kyl starch is.-reacted with a conpound
(L) via the reaction o OR2 March 2007 WO

2004/ 024776. PCT/ EP2003f008829 34 tional group ZI with
the opti onalhy OXI d| zefl requcipg end of the :

hydr oxyal kyl HédSarg| Rrere\co QHd (L), prior to the
reaction wth hydr6)<yal is rqacted with a .(va)
further conpound (I\/Rz@,‘ a Lon_ofNfunctional

functional group Y conprig und(l\/p. 5 Still
anot her enbodi nent of t'herresent i ention relates to
a nethod as described above wherei n“hydr oxyal kyl
starch is reacted with a, conpound (D) via the
reaction of the functional group Zi conprised in

" TBengforenthe (pR)sentinvéntione! swoelatasdd hyxydmxyhlkﬁdtarcrtedhxmatﬁgobtam

Fposartig S IR Redtho b aphoen By Yetedincis  rosinyigp oc-
doyEROIY Rtk (Fhpr ch derivative is reacted with a
conpound (L) via

As far as the reactions of hydroxyalkyl starch with compound (D) a.nd/or compound

(L) as well as cqmpound (M) are concerned, all possible sequences are comprised by

- the present invention.

20

A preferred embodiment of thte present invention relates to a method as described
above wherein hjfdroxyalkyl starch is reacted with a compound _(Lj via the reaétion :
of functional group Z; with the optionally oxidized reducing end of the hydroxyalkyl
start:h and the - resulting reaction product is reacted vtith a further compound (M)'Via

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

tional group Y comprtsed in compound (M)

25

Another embodtment of the present tnventton relates toa method as described above |

-wherem hydroxyalkyl starch is reacted Wlth a compound (L) via the reactlon of func-. '




WO2(A?erlva- tive. 15 Yet another enbodi nent of

10

15

20

25

30

the reaction of functional group Z2 conprised in
conpound (L) with the functional group Wcorrprlt ag-cﬁﬁbm

wad (D) to give a second hydroxyal kyl F@;E ré’g’e"" 320

invention relates to the | aB#er nethod wherein the
second hydroxyal kyl starch derivative is reacted wth

a further conpound (M via the reaction of functional
t'gmwl,groizqa Zowmithitbedptionatlp opidized rédupingicnt of e Hydmiyaldmhﬁtaxch

Wheek ﬁ o&%ﬁ@fﬂ SIPEI.%{ f@ﬂl‘é? 8%? @é‘é%&d@m@ %ecf?( &f geeted with a
farthet dRhodfd RD) BE thDechcBRPE Mbﬁbﬁﬂ%ﬁﬁ f}@wﬁbhyéd in com-

starch i's reacted with a conpoun

- povad (lomitlothe fumstionalrgrbuy ¥ compzsedio wpmpsenti (M) conpound

(D) with the optionally oxi- dized reducing end of the
hydr oxyal kyl starch to give a first hydroxyal kyl

Stil ldrothed @mbbH Mad \OE thePésetd SN RntibE rdlatbs to DGR A #asbribed
starch derivative is reacted, via the reaction 25 of

abpive Whereini hydaexygion stah s senstadswich p eomﬁmw {iDthe rgaetion

0, SR AEA gty TR 00 ), ST
redmnigl end o!i\ﬂiel’hyﬁi“ce{yhildy‘ﬁitaﬂ&h F @iy a|ﬂtst|hyﬂica:§f§lfkyl starch deuvatlve

s . reacted with a further com

av‘f ¥ %’%té : Bist bydrxuikyl sivaeh swiypLigey e@?ﬁcwdc\&%a P@@ﬂoqnﬁl (L) via
tlfeoféﬁ&iﬂﬁdof(ﬂa ctmgn%b %rs&lpezaf&%ﬁ%&!‘ﬁl gon yes ﬁgﬂﬁnhé %aftfanai

compound ( ar.as‘the react I ons

- geaiphWodontirsed oo vemgescl ((Dad giwag second hytiapgaliykbstarch deriva-

t.c:oncerneol, all paranmeters such as tenperature,

f-essure, pH or solvent or solvent 12 March 2007 WO
2004/ 024776 PCT/ EP2003/ 008829 35 mi xture may be
‘adapted to the specific needs and the chem cal nature
Yet anoimy snbadiman of ﬁlerpeeﬂ@nﬁdvemgeldﬁen ¢o the laiter method wherein

AR SER AR FhER BRTRNK Thafl bk REFR Gimngr 00 vi
therrehdtica Wftfncidnan gmupfx &bm| k)ﬁ@&lt m%@ﬁa&@/%h& (LY Yithehé futional

at _| east_ one other solven net hanol and
goup aneamprisgd Becerapeund{d: Pre- ferred sol vents ot her

than water are DMSO DMF, nethanol and ethanol. In

this em bodi nent, hydroxyl allcyl starch is preferably .
Stk yet enbthéraermbedinent oR tietl presknt dainliod relatd to a method as de- -

seribed above wherein hydroxyalkyl starch is reacted with a compound (D) via the

reaction of functional group Z; comprised in compound (D) with the optionally oxi-

dized reducing end of the hydroxyalkyl starch fo give a first 'hYdroxyalkyl starch de-

rivative, and where the first hydroxyelkyl 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 eompound (L), prior to the'
reaction with the first hydroxyalkyl etarch derivative, is reacted w1th a further com- |
peund (M) _vie'the rreaction of functional group X comprised in compound (L) with
the functional groﬁp Y comprised in eompound (M. | ' |

As far as the reactmn cendltmns of each of the above—descnbed reactions steps are

concemed all parameters such as temperature, pressure pH or solvent or solvent' :




10 If hydroxyal kyl starch is reacted with conpound (D)
or conpound (L) in an aqueous nedium and conpq rmar(a 007

wog)rw&ﬁg%ound (L) is a hydroxylanune or a hydrpﬁ,h 03/0
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tenperature of the reaction is preferably in e’ran ge

of from5 to 45 C, nore pref35erably in the range of
from10 to 30 C and especially preferably in the range

of from 15 15t025C. If hydroxyal kyl starch is reacted
WiiKre oyap e rdat®) toothe cpauiiinmebdg byd the cABmBgLedu® of compounds

gl um a d the reaction being a reductive am nation,

tt?] f@ﬁﬁ Tature is preferably in the range of up to

100 C, nore preferably in the.range of from70 to 90 C
and 20 especially preferably in the range of from 75

- Asc@ying topur ¢Sngf3111bepmfmﬂ&d&:ndfodﬁmmtmé‘ alod pmseﬂt tvention, water is

LG o RS B S PR bk oot s

Teast oreatlidr@BlvEABMID, HVE, ﬁf‘éﬁ%bpﬂld@thﬁ% ) }S@tﬂ% ioned. Pre-
tarch with conpound ( D) or conpound
g%lrz? tselyepts othes thapawatern are BRGSO, BVF, |r$3tmmbm{l d:tklanoh It eis em-

B@ﬁ‘g‘gﬁ%}"?{;‘ | s%éy ggt%?glr ?E?tglf%%ﬁ'eregf’ H’&d%’lno‘gﬂdl?"r‘i‘ered“cmg

erglac- 30 tion tinme is preferably in the range of from

1 hto 3 dand nore preferably of from2 hto48h. 12

March 2007 WO 2004/ 024776 PCT/ EP2003/ 008829 36 In
SrbRIGRRER e . t @ Shosid P aSoRoYnd

( QZ o 900¥T’p0un 155 Te tech%ﬂﬁ% glﬂﬁ{d g@ %c%xﬁlgf)mgﬂ(lstnﬂgn aqieous

B and qonpeuRd (Ib}(ﬁf cmnqimwd ()] i;shﬂlyﬂﬂ'ﬁ@ﬁmﬁﬁe bF @Hycﬂ‘aﬂde the

té rﬁu %rﬁlc‘g H.val.ue for the reaction_ of dro&
CRFRHEGO BAUPERTaRly 12 81k Bogoenkiop.s) o anord pref-
afiap e thelindeT fRBE '
natjljre of t%hff reag(tD gdn&%?ﬁ&% &Q”?ﬁ%ﬂ}%&%gﬂe%ge of from
IodRBSTRd (L) is a hydroxylanine or a hydrazide, the pH
value is preferably in the range of from4.5 to 6.5.

10 I'n case the reaction of hydroxyalkyl starch with .
I£ hyqrouyediefl [Slarelf is GEHFRRRHEN Ldnhpditrd(D) %?@Hxﬁbblﬁﬁ @LA in an agueous
am.natign, the pH value is preferabylnt q‘
'] gng the peaction being a reductive amination, the temperature i 1s preferably

in the range of up fo 100 °C, more preferably in the range of from 70 to 90 °C and

: especlally preferably in the range of from 75 to 85 °C.

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

i above-given ranges, or held ess'sntially 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
, __ﬁ'om]hto7d |

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

tion time is preferabiy in the rangc of from 1 hto 3 d and more preferably of ﬁ'om 2
h to 48 h, '
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%ﬁﬁ%h%un&\"(}b? Iﬁtthis%éﬂec@%ﬂ doncéilhesle @mmﬁmg(groxms ararpdssible

The suitable pH value of the reaction mi xt ur e may be
adj usted, for each reaction 15 step, by addi ngzﬁarchzoe,]

WO%&Q@EM%‘E suitable buffer. Anong the preferr %‘}()Epzoqsloosszs)

ers, sodium acetate buffer phosphat e or
buffers may be nenti oned. | $6 necessary, the at | east
one functional group X nmay be protected with at |east

one suitable protecting group, prior tq the reacti .
Iofcangﬂspm}céipkyf @anmahc Wé@ﬂ@mg@? %) C%?P%Pg 2@ 154
the reactio &7 d.
e TRy s R TREY ey ikt b RERORP R O
reacti on product of the reaction of hydroxyal kyl

| %ﬁt%ﬁr\(?&g t@? éﬁ%g%g;qrﬁ 5?459}5211%’5 és%%lsglﬁﬁlcgfnp%lﬂ#dt@) or com-
ZF/S o ﬁg'qieo él%gtl}ﬁ gl_lé: &{%ﬁi&ﬁ%gél%htgﬁ&a@ r{hl—éle ﬁ?éﬂxb?%lgﬁra of the

;@aamﬁg,tl ng group may be chosen depending fromthe 25
chem cal nature of-the functional group X to be
protected, from e.g., the solvent the reaction is

gé %&ngb*&nd' Yr cbﬁﬁmﬁﬁa afy i hehydea§langife b1 % hydrezide, the pH

erred pro ctlng groups are, anong others, the
erﬁlpmfmah}ybnrﬂgd raggaefpfrom e todr3.- but oxycar bonyl
group, the methoxyphenyl group, the
2, 4- di net hoxyphenyl group, triarly nethyl groups;, ]
T dabe/ the rte&ﬁomaﬂ ApEbRAINI stk with @dimpotde(D) or compound (L)isa
di net hoxytrityl group, -the nono 30 nethy Itr|t oup,
sebactivierasingtions the il wplesuis Prqfﬁr@bb'rmﬁhq}é?@c@t m gt é ‘bg%, -
pht hal i min conpounds, 2-(trialkylsilyl)ethoxy
carbonyl conmpounds, Fnoc, the tert-butyl group, or

- Thd shilable gHI e teStead@nMabitine 2067 be wuﬁoo,ﬂoozwkv geaction

PCT/ EP200 /008829 37, 1f. twoy_or nore f
$teih i a@shng gt bapisone %}W@{’lﬁrl&f@ﬁt Apypng Q{Fﬁ 5“3ff¢g§, sodium

éc%%%é h&%@éﬂ@oﬁﬁ%a@%u Al BnsiRneas at | east

She ot h ro- tected. 5 After the
reacti on of corrpound (L), the at | east one protecting

ﬁ”{n%%s”%ﬂ@%ﬁé%%o’ge”@a}eﬁf ERO B IR Sl AR Best one
%ﬁﬁsﬁrﬁf Btk ﬂoxsﬂé' tht 8dctich bif1e/dedxtyalkht stivel with compound

groups X are pro- tected by

@)Idl gloloe tqaﬁwwlom gf grvmmpmd (D with geerpennd €xas PR e reac-

| eave at | east -one ot her functional . (%
which prevent the protected compound (L) from reacling v1a the at least one fumc-

|  tional group X. Hence, the protecting group may be chosen depondlgg from the .-

25

C 30

chemical nature of the functional group X to be protected, from, e.g., the solvent the
reactxon is camed out in or the pH of the reaction mixturé, Preferred protecting -

groups are, among otlers, the benzyloxycarbonyl group, the tert-butoxycarbonyl.

group, the methoxyphenyl group, the 2,4-dimethoxyphenyl group, triarly methyl
- groups, trltyl the monomethoxytrityl group, the dlmeﬂxoxytntyl group, the mono- -
methyltrityl group, the dunethyltmyl group, the trifluoracetyl group, phthahmm
'compounds 2~ (tnalkylsﬂyl)ethoxy carbonyl compounds Fmoc, the tert-butyl group,

or tnaIkyi silyl groups,




protected until the reaction product conprising
conpound (L) is reacted with the further conp
Jerwards, the protecting group of th 12 Narch 2007

WO?%C%%MI group still protected may be re%q;rélapzp%sloosszg
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make the remaining functiondV group X avail able for
15 reaction with yet a further conpound (M. The use
of at |east one protecting group nmay be inportant for
preventing the reaction fromresulting in a

AR S VS R BTN o
%T‘qulﬁe OPdALN whERELH 1Rt Cnd Qi ﬁ&up 'ma“y bealeft unpro-

HAS substltut ed conpound (L) or he sane

Tﬁ@@djlt how ever, may be achi eved by reactl ng

hydroxyal kyl st arch Wi th an excess of conpound (L) or
(D). If an excess amount of conmpound (L) or (D) is
As@dhé Feablien Bf 86RSSunAl(LY,RB: ateRR QR¢ prolMEE i Pbup MBE be left in
nmol ar ratio of conpound (L) or (D) to hydroxyal ky

the graghion Brodpstetraicatonsd by suifble mpgedosuchrasrmopvenionggnethods

kgwiNG %hé E%Sél? 89 Iécf’ﬂl {%%g gttw%f dﬁ@r%{nr ﬁlﬁ?ﬁ&{a'l é?oulp§ X ¢ pro-.

reacti descr above or me
thded B lsmt&:dis fmmmhg @roups it isoposgibld terembye at leastasic pﬁﬂectmg ‘
sui t abl e net | f necgessar the reactio pél?tguct .
| ERHP $ahiem ?@5&6@& e Boctional groupg’h jeypilahie % Plokpagtion
[
SO0 et B8 B S 1, 0 3PS S v

prdiectec aotil the remt@upmdmttdomsingas)tupouad gh) ¥e rdacied w1th the
sal vent mx eoherthnthe,solvent

et OB NS At mti A be i BP 20 o e DGRl ercup still

plotEdeat raPMRSRMHovED t& Bﬁk& BRCIehRhifY KinkfiSnd lor &gﬁ Waﬁable for -

tenperatures. According to a par- ticularly preferred
resgiior itk et o furthice cpmparadt(M)nvent i on where an aqueous
systemis used as solvent, the reaction mxture is
contacted with a mxture of ethanol and ace- tone,

The afeoPdllsasbodes ﬁrofﬂcﬁhgé gﬁup int36H HedfnlnBlarR FoiepreVatihBeke &Ectlon

sai d conmpounds, at a nperature, preferably in the

P%Eéuﬁmgflflo%hywxﬁikﬂw& Sadvative comurisingor epmpawidy L) or
ct| @pr 1 gflij BQ&H %Jt%da%ﬁlh-eggo ?Ac%é 'hg Sritlkgllestarch mole- =

clpiB&) desa rmiﬂtlph HA substitﬁlbd 2empoendofL) R (P)sTRpSsame result, how-

Accordlb % referred enbodi nent of_ the present
ever, may be -chleved y 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.

" . Ifnecessary, the reaction product may be prempltated prior to the 1solat10n by at least

30
N If the reaction product is preclpltated ﬁrst it is possﬂ)le, e.g., to contact the reactu)n

one smtable method

- mixture W1th at least one solvent or solvent mlxtuxe other than the solvent or- solvent' -




4

10 invention, the reaction product is first separated

off the reaction mxture or the mx ture of.th March 2007
m xture with, e.g., the ethanol -ac
Woaﬁﬁ@iﬂg{] by a suitable nethod such as cent.ri#@é}azf'?%‘]ﬁss”
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or filtration. In a second ep, the separated
reaction -product may be subjected to a further

treatment such as an after-treatnent |ike dialy- sis,

vt frassat iofthe reastipo mixprest suitahle terpneratyes. é‘wcwd&rg to’a par-
n e .chr.o I f

B PR RLRRaR Y puc bt Bl w8 an a8l iin s

Péedla8sb BANE the readioneikiurd is&:oaezpa:ﬂam&da teéminte afretimmobarst ace-

is first dial i;sed preferahly agai nst vvatfte ., and t r,gent

tcyx@,pmefmldm auhli mixtHe Wdicping g i olymess of §ald caRpeyng, at a

%?llﬁre lel.se%bl%frl ?)E%&F/ﬁe clé Hind (‘QL@J{)diijnd shd dgesas ﬁr@feirably

I'ons plrilisation may

ﬁﬁhét@@e@ﬁfmﬁwtoaﬁﬁj ature of from 20 to 35 C,
preferably of from25 to 30 C. 20 According to
preferred enbodi nents of the present invention, the.

Fb\ﬂgﬁeﬁ e hi@&]eactﬁ’h?ﬁ&iimgﬁlﬁy valhed Qﬂf"ﬁj’r b Shifeble process which may

roxyal kyl" starch and conmpound (L)" or conprisin

byolutsey kot oo, osapliinty §Byctanad conpimat oL fo mesen

furth t ed furt

R e otog b gh i bt risie) o A oo sk bF e mi
fROer Fhd Yeaclidie hﬁm@feew&'tﬁ biith@kilRasl-4e@as dmﬁﬂlre‘,drfypomndable .
( Preferably, yge - .tide is used as conpou

Kragipeslara secand siepothe semg Ireatctlon
E %Yo%%) q’g’r“?"g%l e sﬁﬁﬁ erﬁn%ﬁgnnégﬁ? é@%ﬁsﬁdﬂ el Hg%tﬁl nt l1ke dialy-

§fb Heﬁﬁﬂﬁga@ filtraMonQr pradkre titedtiaf ion cX@hdipe chmnmto graphy, HPLC,
MR e bitetion Radbe yaph BB RGeS featﬁ%% 5% fterred em-
B

' andetheﬁ 1jm;:rh¢hzoﬁhimtﬁs theuntvent confét Of -thi-reactidreprodigije puiiﬁ@@ﬂﬂ}’

[ aeromdnd th ke et Seeat e SFRRE Proabbi 2 BEMIBERN A8 be

Bfisd 5& A gge@me G 2D ﬁ“@%réf@fa%/ YOS 8 30 wAst

one amno acid which does not "naturally occur. The
‘backbone of the polypept|de t he pol ypepti de chain,
i tut with a

éﬁ%{l glglﬁ];u;%&rf gtsh ‘fhregp1§§e ttelggﬁﬁitg Ol g)édroxyalkyl

starch derivative comprising hydloxyalkyl starch and compound (L) or comprising
hydroxyalkyl starch, compound (D) and compound (L) is further reacted with the -

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

Generally, there are no limitations 'regording compound (M). Preferably, a polypep- "
tide is used as compound (M) in the context of the present invention. However, other
compounds (M) are also posmble either polymers or ohgomers or monomolecular o

eompounds or mixtures of two or more thereof :

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

_ compouncl which oompnses at least 2 amino ac1ds whlch are lmked via a peptlde




chain. The at |east one functional group Y may be part
of the pol ypepti de backbone or of at |east ON§ 5 parch 2007

wo§db%£4gf'éjent of the backbone wherei n enbodi e RPRb63/008829
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possi ble .conprising at |east one functional group
bei ng part of the pol ypepti d€ backbone and at |east
one functional group being part of at |east one

substituent of the pol ypeptide 10 backbone. As far as
bondl, p61 ¢ hepd ivith st c&?’ﬁ@dN‘ NE-hEhe palypeptidsgnay be a naturally

FE5E B i U1 €81 YBE R oD s aaclom

piiging beutalinloechritigraadng yeitloaddier g1déaspepd amiao heidkiddele dogs not

be part of a sjide-chain of the bhack 15 bone., Either
aatwally Ragu. ‘She bagkbane e gqlmt@eéﬁe BBbReRiy chaingRay be fur-
- i . | i s
(e RURARMEF K oP Sl IR MBAR A 0] iy RJowt one stde
¢hafro The ap ddayperet fudeionhl group 3 mag detpaparfithapolypeptide dackbone
not occur naturally, Lor. to the reacti Wth the .
Pl ot o BRIt B et YRESH P RRIRE st ossible
Rnpridingd Rasdst BAY Vol oY VRHFMOST B8 hBBbert i tackbohd and
a preferred enbodi ment, "the polypeptide is of human L
atdenst ene fimetipil grospthiethg naehyofins leastgneoribaiétnent i dled pelygeptide
eIy hropoi etin, an antithronbin (AT) such as AT III,
I%\Bﬁ- Wer | euki n, especially interl eukin-2, |IFNbeta,

| FN- al pha, G CSF, 25 CSF, interleukin-6 and
t herapeutic ;anti bodi es. According to a preferred,

Asibyornthst polyprptige sy perserngd, theregxishp URTHEINS, giXey that the

R BQnbil] ot bt Wt b3 80 RbicSon Ao oy
Rolfirtkedriirced gicotha polypeptideitackisbar or e mhraf a side-chain of the back-
Th is,.30 and, He is 27, 4 (2001) 405:416;
o e FICovAITE B O3 BPUP kb3l TBDY Bigh oks Batrlly oc-
o CAr | . % int
TR RERREPRAE o AR eI E Al dly RO RE pLlypipter fnto
#polgpeptide ivitiiclg ableast pBttialiyt dowl nohodoEurattralbn akiol  theredetion
‘1%’%97 WO 2004/ 024776 PCT/ EP2003/ 008829 40 Conpari son
Hisfupetonak#fUhgr i ved Antithronbin, Blood 91, 12
(1998) 4661- 4671; M nnema MC, Chang ACK, - Jansen PM
Lubbers YTP, Pratt BM Wittaker BG Taylor FB, Hack
Mpeorer, HetrpolyIBptifecranbs, sbleastnaniy; odany hhmerror animal seyree. In
roves .survi.val d attenuates.. nflammtory responses
Rl SO s pdypaptide 1T HRES cfler i chi &

coli, Blood 95, 4 (2000) 1117-1123; Van Patten SM
Han- ‘ , o : . .
The polypeptide may be a cytokine, especially erythropoietin, an antithrombin (AT)

“such as AT III, an interleukin, especially interleukin-2, TFN-beta, IFN-alpha; G-CSF,

CSF, interleukin-6 and therapeutic antibodies. 7

. ‘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, Bemasconi R, Higgins E, Manavalan P, Ziomek C, Meade H, McPherson J, -
~ Cole ES, Transgenically Pr_oduc_ﬁ'ed Human Apfithrombin:, Structural and Functional _




son EH, Bernasconi R, Zhang K, Mnavaln P, Cole ES

McPher son JM Edmunds T, Oxi dati on of l\/bthl oni h2007

wo FglyiyRs L At Lhronbin, J. Biol | Cherist JErray 08329_

i0-
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10268-10276). 10 Accor di ng to anot her pre er
enbodi ment, the pol ypeptide4¥s human | FN-beta, in .
particular | FN-beta 1a (cf. Avonex(r), REBIF(r)) and .
| FN-beta I b (cf. BETASEIZON(r)). A further preferred
(uhpapisgt ite ElunsnhPlasma-Bed8ed (Agrithrainbiny PdowbPbni2 (1998) 4661-

B Tl 5 Dy e By

Jz%at%h@w eraal @Ef I%Ieldmahas | gt ofrataft hurEMB@ndthr&nbm I im-
986; Soluza et al., Recombi nant human

| pgomsmumyaleanﬂoammammﬂmmy freqppges iafpabepas dthally chal-

1%rigeggmthaﬁ{ggx%$lﬁﬁ n}gt B[ﬁéﬁ | 9%6% aégdd) Sltl (le?(i gf’{] G@ar?ﬁgtteﬁjs%ﬁ Spran-

s HI Bkda@8bni RO Ghan@ il Mahyvadt PNEolp Bige MdPherson IM, Edmunds T,
(Fllgrastln) a reconbi nant hu 20 man

Qpidatisnoef, MethionipayR exidues | iat Anghrosanr J. Pipl. Chemistry 274, 15

haracterization, and stability of

(g%?tﬂb%égd?@gs? Rodney Pearl| man and Y. John Wang, eds.,

Pl enum Press, New York, 1996, 303-328. If a m'xture_

of at least two djff ol ypepti.des .i t .
A@aghn& torneBhey pesst errecg Ba%l mya qumﬂd% 1@ “m?“n lﬁ'@&a m

| hgcNURRH @d/ﬁEBﬁ@}Jeﬂf@ ﬁfme@anoxb of.

Cl glgayq'ﬁ%mr%ﬁasnbé% gﬁd/or cﬁem cal nat'ure of the ¢
BRIDSSEROBI®)S or the nunber of poly peptide chains

| i nked by suitable chem cal bonds such as disulfide

bri dges. According to a preferred enbodi nent of the

}ﬁ;fgﬁl% }Jaréf&&@@?bﬁirﬁgﬁﬁﬁhelsr Ra@fid @DCSFQ oﬁlocﬁg @flony stimulating

dr ox and conpound reaction
factol e, of. hagataxy al. kEHe clmmsomahmecs@w@m RNy for

o fé’&%{ﬂﬁ?‘g}; C%Ogﬁtng‘){dﬁt\é\!nn{llgitllggo og,sg i164 of‘ %7%8&8912%86, Souza et

kD RéBodIBiR bt ORMAARrD -dthedatigy fatdvheffact? @0 ormal
WO 20041024776 P /EP2003/ 008829 41 acted with a

apd llgykepic aweleid pells, Spicpendi? 086 Ghed; wratemnany o, Charac-
tébl“?z%%o?, . ltﬂgh@l %ﬁacsttﬂfbﬁ{ g%q éﬁgf}%@?ﬂ@?&n&rﬁ E&nfant hu-

I nven r 1 0On In a

a1 pehvldegk oy edtimeibtitgd éaqmj ymelﬁnmnhm{mﬁ, Ichamttenzatlon and
“cont ext. of the present |nvent|o

s*a@értb@ﬁymtapélrwp Boginey beegluan d; tf?am&%g §Sry Blaug Press,
_ ﬁ%‘g ﬁ%ﬁ?g@gﬁ 398 well as to chem cal nodifications
ereo

If a mixture of at least two different polyoeptides is used, the at least two Iiolypep—
tides may differ, e.g., in the molecular mass, the number and/or sequence of amino 7
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.

Accordmg toa preferred embodiment of the present invention, the reactlon product.

of hydroxyalkyl starch and compound (L) or ihe reaction product of hydroxya]kyl

] _stalch and compound ) whlch is fyrther reacted with compound (L) is isolated, =

| _preferably accordmg to at least one of the above—mentloned processes and then re- -




Ronmpp Chemi el exi kon, Thienme Verlag Stuttgart, GCernmany,
9i edition 1990, Vol - une 9, pages 2281- 2285 and \ih& 2007

. ' qre cited therein Furt her nor e,
| WO %dgﬁ/ﬁig?’l} y ). '&‘%&P&&) fobss20

atives of naturally occuring car bohy
moi eti es |ike glucose, gal actlose, 10 mannose, sialic
acid and the like. The termal so includes chemcally
oxi di zed, natu- rally occuring carbohydrate noieties.
ped @txmwmp@ﬂe hidng ri igast ode ﬁalctloﬂla} @rcaxpeY mOeilyg toeeypre-

ear. The carbo
PRy B Pewal BuPiodo o b Relenie Yo trmivipgd im 2
eirbohydratt i@ o ey AeptidRi ety is part of a
carbohydrate side chain. Mre preferably, the

carbohydrate noiety is the termnal noiety of the

5 ﬁ%@?&ﬁ%&?&ﬁ;ﬁ Ié’g ﬁ@ﬁk&go&{k&g Eﬁ%\é’&rz}rb%g& ra eg}el'gi%{yrg ggfers to hy-
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d:&myaldeiqﬂeof)r hjft&oﬂ)a:rehﬁahs/ 8¢ @I oS toleheahién! @nod@ﬁ@h@ﬁﬁt*hbﬁéof (see

gilge termn al act,ose residue of the Gar bohydrate
éﬁw 8, Lhirmet Yrlne duttenre Qeawa% G erition 1990, Vol-

I
. U 0 i

W derbiativesnoff na;tnmﬂyrmbc(ml)g oarbblt;elrate andiétbss lteogiucdseppalactose,

PUORE Rl a0 BB 3, TS B nostisten heuraly i diced nar

Sillgl dcg @&rboﬁ?drate' Iﬁwﬁﬁesbynﬁxaﬂﬁwr@rbf i) d 8fthhydrate

herei nu 25 1In a still furt preferre
@ﬁ@ﬁ@m%h@cqurﬂ!@ml on product of hydroxyal kyl
starch and.conpound (L) or the reaction product of
hydroxyal kyl starch and conpound (D.) which is

Tl ¢dieshydeae hdetpinidy KORR@dMrebly) td el ﬂo%ﬁﬁﬁtx&é)bé&kbone Pref-
sialic acid residue of the carbohydrate side chains,

rkly.cha panpolyhiate sraiety a3 part efia carbadiydrateesideichain Mok greferably,

B BAPOSaR Ay B Db BBl i P st iR e Hain

term nal carbohydrate noieties can be perforned either
cheni cal ymat j cal | Met hods for the chem cal
Ig.8p£xER SH%‘BPWé%}F?fE dimentyficcerhobydpiqBpisbis Eseacsi-
Ric TG cérBol‘iﬂﬁ? ideaéi’lgm'f Bfe%f&gﬁi'ggg tér%x%ﬁatl '@E& ose 8‘ﬁ1due of the

W t hperj odat’e (Chanow e
cagppydis®19dd 6B4ia) This galactose residue can be made available for reaction

with the functional group X compnsed_lln 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), by removal of terminal sialic acids, fol-

lowed by oxidation, as described hereimunder.

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) '

- Wwhich is further reacted with compound (L) is linked to a sialic acid residue of the -
carbohydrate side chains, preferably the termmal sxahc a01d re51due of the carbohy-_ -

drate side cham :
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By chemcally oxidizing, it is in principle possible
to oxidize any carbohydrate noi- ety, being tergigalchyoo7

wo RFbdrpNed or not. However, by choosing m | Gerympesieoss2e

conditions (1 10 m\/lperiodg%e, O Cin contrast to
harsh conditions: 10 mM periddate | h at room
tenperature), it is possible to preferably oxidize the

Gt Gengal vRer oA Rptities Son ergomy) SBeE Rl or
eﬁgﬁ}{g@gﬂhﬁal ly. Enzymes for 15 the oxidation of the
|

vi dual carbohydrate noieties are known in the art,
e.g. in the case of galactose the enzynme is gal actose

ML T RER R e

| EBWAVE hEEAIAAlin@hd ihe tRGisknt WilRpdrodhley(Chamow et al., 1992, J.

conpletely) if the polypeptide has been produced in
Ejel.l@lemaﬁgﬁl b59d§*158§¥)achi ng sialie acids to
carbohydrate chains, e.g. in mammalian cells or in
cells 20 which have been genetically nodified to be

Bapaiiealf oxadizaghitiginprédciple possiisle tooxddize abpbartiolgtdeate moi-
chains. Chem cal or epzymati ¢ net hods for. the, renoyal .
<. b (el postionsd A AL TROWHELAN Cpeaviag i Shpditions (1

fateC 850 i 1i6nsPA8! M§i Pericdafer BEat room
lﬁggﬁ%\%{& gac ,ifn é@%%(s:tl ﬁ%ghd}xg%tﬁgﬁl 5 Mont rgelﬁ I Iag
tGhyeotre)] itiinposside esptiGally Dxidit the Remyigal piadictacthef a carbo-
aﬁpro'agh series (I SBN 0-947946-44-3)). 25 According to
hy, Eﬁt%%-eﬁli‘aé‘?'erred embodi ment of the present invention,
the functional group of the .polypeptide is the thio

group. Therefore, the reaction product of bé@é
Alteaynativeky thestaababiydeatedmo st vaa be(axidiegd enggmp i Brgymes for -

roduct of droxyal k tarch .a L G
RS orr LA o RS B8 SRTBRADH 0D 0 o e
o B14e0]sY Bednzgite ¥ @aldtédRi oxeddie Tt fioluendbttoaixiditdieniinal
atomcan be derived fromany thio group conprised in .
enketqso mqietins dewillbe RueTTADORSALY RTmReysAgpinal stalic acids

PCT./ ' . | i

EIRAT TR YPABNBERE 49 gl 1L 5o g oy e of
aﬂ@&lﬂﬂ% @Iaﬂig&xcidﬁi iohcagbd(k@dfﬁté @h?]ins,oeig.cin nfauhr;aﬁamwﬂ% loy lin r::ells
st.arch and conpou D). ichis rther _.react.ed .
ek aavf:dbqeagensﬁcﬁﬂé o brec E@&ﬁa%ﬁa%f' focify %‘? car-
Hofi &%&%hﬁﬂié?%ﬂ&ﬁi@ﬁ%r% A {ng 48 RQEe WRRKET 6F sidieeucids are
reaction product of hydroxyal kyl starch and conpound -
kioYwniia theart (Eiaplinand Ennedyh(eds.), 1996, Carbohydrate Analysis: a prac-

~ tical approach, especially Chapter 5 Montreuill, Glycopro'te.ins_, 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 _reacﬁon product of hy-. -

30
C o group c_ompr_ised in the polypeptide.

‘droxyalkyl starch and compound (L) or the reaction product of hydroxyalkyl starch:

and compognd (D) which is further reacted With compound (L) may be linked tq the
;Solypeptide via a thioether group Wherein the S atom can be derived from any thiq
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conmpound (L) is reacted with the polypeptide via a
thio group conprised in the polypeptide. 10 19 March 2007

wo Ihesshes e, the present invention also rel at @ rh@a@3m008829

nmet hod as descri bed above wggrel n the reaction
product of hydroxyal kyl starcth and conpound (D) which
|s further re- acted Wi th conmpound (L) is reacted with

o el S smoaBmeny Satorh NG PTRsa e reti i gofptide
Mﬂi Q rEHcANP) F&chtbéf Hycﬁﬁﬁﬁlkyl RtdrélearROborBRRhE ¢B) AthicUisurther

Moreover, it Is possible to introduce a thio group
lﬁanfeﬁwiﬂecqm@wpt@ble according to a suitbal e nethod.

Anmong ot hers, chem cal nethods may be nentioned. If a
disulfide bridge is present in the polypeptide, it is
RREFoR! Be pRestRdHe@tioRalsoSefites 36 b wedihtdeastdes@edabb ¥ Wherein
tg‘;oup It is also possible to transforman _amn no

waptiqurnsediet of ydrpeyaler pisegitand comppenc(Daps §rrigpreagted with

R L e T

'-‘p@&ytpap@de one of V\/nl ch is capable of being reacted with

the am no group and the other is an SH group or a

precursor of an SH group. This nodification of an .
e,gﬁlggi%fs %UOE% gqﬁﬁte?% Qﬂleﬂﬁﬂ%l é?ﬁgéﬂ%b&n:ewherem-

pro ern i TTot Feacte a conp

thasaetion graduct tofidiydidfyelkegh stafchrand womgbmgfr @pwhichne figfher re-

B T LSRR TR &t eted, AR e PR Vo O RE ERBghY-

, d‘iaﬁé‘ﬁfo‘ié@ﬁmﬂf@% rol ﬁbﬁ@ﬁs&@ﬁ%@ﬁbl%e&nﬂde e.g., a HAS

derivatlve conprl S S and a conpound (D), said
derivative conprising a functional group being capa-

B rbReh B2 05 S o Rhis RRFAbAR o
iReldibe ettmdﬁ%raw hlt@%h@?olﬁbﬁ&%&bﬂﬂngatocél%ﬁl%dlle @fetidd. Among
sui tabl e SH func ional amno acid into the

offisry shpuicalemethoduamyake mentedglia dnalfide brifgeis preent in the
- PRBpludTRAL bt Rordiiof URRR1S IAMITH o6 3 \otbebdh (6 also

POBIRE S AR EDaP SR PRO08 HRAEA D mwgblmpaae ﬁstp ecSHa ktoyp by
pref erred pol ypeptide, erythropgietin (EPO

- ropcloR g Pely e i the-Rming REP WiEh %F%p‘?"é‘fié’t’lééh b aé?easf two -

difd %&ﬁoﬂﬁf’%‘{)ﬁ@ %@BE%IG\PHEE laBle dFRiMRALYREPWiHlGhd Smino

eryt ropol et can of “any “hunan .(see
geoug.ant Iﬂmm‘.hel\:i&ﬁn SH gloap@inia précﬁi%r ofem SHproved his 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
25 -

is capable of being reacted with the .an_lino 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 gfoup being capa-
ble of reactmg 1vvlth the SH group. It is also possible to infroduce an SH group byv
mutation of the polypeptlde such as by mtroducmg a cystein or a sultable SH func-

tional amino acid into the polypepude or such as removmg a cystein from the poly—

- peptide so as to- disable another cystein in the polypeptide to forma disulfide bridge. -




nmet hod for the purification of human erythropoi etin
with high in vivo activity from the urlne of Wafch 2007
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Kung, ©ol d- wasser, . 1977, Pyrification of huma

eryt hropoietin., J. Biol . Chém 252(15), 5558 10 64)

or anot her manmal i an source and can be obtai ned by

igrlflcatlon fromnaturally occurring sources like
FretsrRaid et feaied ppbipektideu erythrppaietin GrPQrs need,

preferably nn.onkey kidney. Furthernore, the

expression "erythropoietin" or "EPO' encom passes

HegaforanthEpPeeseat intditiionadioatatedne ahethitd & @iedadbdSwherein
to.25, preferably 1 to 10, nore preferred 1

~(e.q.
té%P(g,YP‘?PBQ? lspﬁ‘rflétﬁ@ﬂotfﬂmi or 2) have been exchanged by an

15 other ami no acid .and which exhibits erythropoietic
activity (see e.g. EP 640 619 Bl1). The neasurenent of

Toe\RHE epobeedf mydniian (5¢¢ ¢.8. Tdoss Wik Takeuchic 1694, A Biproved
vitro, ,see e.

ST b 0 b oMb S8 oGy o

iifo uiR) of dBRMSe patlhls, BIA3PBRRAA. B, ég@sgt -mgﬁ;aﬁtﬁ,h gu Gold-

activity in vivo see Ph. Eur.
V2050, IWEJBluEﬁgatlhmmfﬁdnmmanmrythmpuietm doBénChan.a25786), 5558-

SR PR SRR S 00 B8 Bty

oS&riiid thrcéﬁhﬁie%%%ﬁﬁ@ney, mb3 f&ft@’ﬁﬁm&& iRk oﬂ'ﬁﬁﬁﬁl"&ﬂé’ferﬁbly '
Pauly Lauf-- fer, Zettl'neiss

¥, kistooy aFnghermorai the prrﬁselonnm'ﬁhmpd@uﬂﬁmr "EPO” encom-

A TG A T S G, g
litojlecest pref@redensl 8, HibE prefefied (lec§1'b@I haREBER éxdhfanged by an-

@ﬁot ejn 50 25 ng(rmuse_) at day 1, and 3 bl oo
agid andrvguely exhib W@Wﬂ@ﬂeﬁy EfeyeesEP\ﬁéB 619 B1).

THE Bﬁﬁgﬂrﬁﬁéﬁt)of e toBSfe iB %@ﬂtﬁ@ﬁfs &%@%gyga%% eB%'f & g n&?eas&r@rgent

measur enent of e ac are

- ofgivity iroyitrnste oo Fibi rdaalatmlamlocm t70hi 203 £9%%amura et al, 1989,

3 Y B oE B T b it BRGS0y 5o e, B,

- 2@25 9@9@% PEUELL 9800, ﬁqatﬂrguu@%?flﬁg Osolu\f’o onSentrafd 780- 785;

Estimati on of effective an erythropoi esi's i
Ewet}@dilgmla@paenas(il%/Wmmgmﬁlmcmemptﬁﬂﬁ i)ny:thropm—

BB RAR et ion BRSO ofor i P AGRG, Py, Laut.

feBeV euifRiss].0N 99% i KL ,an@ bfglj?cosyﬁﬁeh %Ngteﬂﬁogis gé;‘,o £ human . -

Elliott, 1992, Role of glycosy 1
z@mmmeemeew@smoeawioae $5(6),dR2986¢ (RPO and modi-

ﬁ%?%ﬁﬁtéﬁlr)n@@ %nl% Jﬁg%ﬁlﬂ) %t M né%fg ﬁ?q\.}a&béaguts 0}" protein 50

ngfabase) we das metﬁh 3 Slﬂoﬂ%ﬂiﬁes e takér?@tzday 4 and reticulocytes .

were detemnned)) Further publications Where tests for the measurement of the actlv-‘ '

ity of EPO are Barbone, Aparicio, Anderson Natarajan, Ritchie, 1994 Rettculocytes

o measurements as a b1oassay for erythropmetm, I. Pharm, Biomed. Anal., 12(4), 515~

22; Bowen, Culhgan Beguin, Kendall, V1lhs 1994, Estimation of effective and total

| erythmpmems in myelodysplasm usmg serum transfemn receptor and erythropmetm

lconcentrattons with automated retlculocyte parameters, Leukeml 8(1), 151-5

. Delorme, Lorenzlm, Giffin, Martm, Jacobsen, Boone Elhott, 1992, Role of glycosy- :




; Rol e of sugar chai ns in the expression of the
bi ol ogi cal activity of human erythro- poietin, {9aarch 2007

wo Bbfhrarfehem , 267(11), 7703-9; Yamaguchi, AKbi/EP2003/608829
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15

Kawani-shi , Ueda Ma 5 suda, Sasaki, 1991 Ef fects of
site-directed renoval of N-gﬁ/cosyl ation sites in hu-
man erythropoietin on its production and bi ol ogi cal
roperti es J. Biol. Chem, 266(30), 20434-9;
l@@u@lhl the | sepigtion S bl@leml activity &f ay@sopoBtinmiBieshemistry,

P o8 PRIL MBS Hni Ebnol, Samgpghe, 0ot 1992

[Ralt ofisegdr chaihb i the acfplersﬁﬁﬂ iitabibloditaRsCtivity of human erythro-
erythro gietin produc i n Chinese ham 10 ster ovary

peietin, I phigle Chegr. 267AHAd7703cY;. Yasspguehis ¢, Kamx.lghgjjeda, Ma-

ée(c% ?sggg rlqe) i“ Effﬁé3 ﬁf sﬁﬁﬁ%ﬁd{%ﬂb@%ﬁ 41f ]‘(3 &¥cos¥]ljatwn sites in hu-
ﬁ’lﬂnad:rythrop&l&tklom kuts pid#iabtionPund fhiclagicalnpiopertivsyal Biol. Chem.,

LR} EoSlalty AR lopu heictlng syomb o, ShifaaHbSH, Ko-

AR, ﬁ*&k%aﬁ?'l{tﬁﬁ@h hioge, k%ﬁ&@? é)CE iw?r(v@é‘rf Fﬁ% %ﬁ&ﬁ%tﬁ%@ture and

er throbl ast enhanéing facto e actin
aqtivigyodfeteembinamh Huatear erythropeiatim poditced di Cﬂnrmm ham-

SE%fyé‘EﬂEE?‘i{fei’f%N%o%@e B St o0 783 55 K g, 108,

Am;a Uﬂ%&ddbefdir @esm%psaetm N MNEphrdf@r $¥OUNC 19L4 p% éﬂ/)OtZﬁcah
preferabl manmal i an, ‘i nsect, yeast, bacter
%ékq“gfﬂ%sr 19855 Pumificaiiorepf buman mpiseryneryghoficietinony smlteﬂted-pore

2% A3 GC a8 Bt A s S Lo SRRt o) RS vio-
logichlothyrdeterizatton bf df?thfﬁﬂlé@t chth gﬁF Ri6r (EEF ra E&%t:@é erythro-

trans enlc bj r ds, ecially-poultry, pre
Ropt ulgipr ﬁnrﬁelfl%ﬁ@ |fi9ﬂp%(ﬂtrgpmqtme Ekﬁc%?matﬁlariti(l) 18-31.

productlon of a polypeptide is known in the art. In
general, this 25 includes the transfection of host

- Tt‘e)fat&blm thchEEﬁ) iappcromiﬁhanﬂg padrced STl inchelesthe prbuctich-in eu-

20

25

Sl 0B SEASr  S ed o or
iR Wkl fo'ﬂ&%tdeﬁ G;Sblf whit P ebyRaRI: ¢ tfhé %Bow?;ﬁmﬁf’ Pfodﬁsﬁdnsof EPO.

For detallle n- formati on see
Fugthrimeare, theiMie mayIaetpressoB &y trﬁ?nsgemr: caaimajm (@f. 1hlhud|y fluids

h*f{r %B@ogt ie@(;td % %.%gg%?qgfts%en%@%&gl%p@m@agpgl ',’ preferred

cBid:k&?rdrmM&h &ﬂ%l@n{s 1989, Hi gh-1evel expression and
puri fication of a reconbi nant human erythropoietin

produced using a bacul ovi i us’ vector Bl ood, 74(2)

s e T R4S et i e B 6008

includes the transfection of host cells with an appropnate expression vectot, the cu1~.

- tivation of the host cells under conditions which enable the productmn of the poly-.

. peptide and the purification of the polypeptide from the host cells, For detailled in-

30

formation see e.g. Krystal, Pankratz, Farber, Smart; 1986, Purification of human
erythropoietin to homogeneity by a rapid five-step. prccedure Blood, 67(1), 71-9;
Quelle, Caslake, Burkert, Wojctiowski, 1989, H:gh-level expresswn and punficanon

of a recombinant human eryﬂlropmetm prcduced usmg a baculovnus vector, Blood,

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




in a preferred enbodi nent, the EPO has the arri no acid
sequence of human EPO (see EP, 148 605 B2). lqz—rﬁaljéﬁ%w

WOEG%X/()%*?@” se one or nore carbohydrate side gﬁ, 2003/008829 .
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'17 '._30_ :

preferably 1 to 12, nore preferably I to 9, even nore
preferablyltoGand partlc‘tﬂarlyl to 4, especially
preferably 4 carbohydrate side chains, attached to the
EPO via N- and/ or O-linked glycosylation, i.e. the

EPO is glycosylated. Usually, when EPO is produced in

Y

Epnh@tﬁgglmt.e si de chai ns nmay have been attached to the
EPO during biosynthesis in mammalian, especially
human, insect or yeast cells. The structure and

SRR gl 0BRSS o 1.
iﬁuﬁprefé%‘dbyl Py dvien nidee preferBslgerts 6 drd Ipdﬁtculédytlap 4] eijﬁemlly
R
éﬁ W@P& the @Pfsuél?&)sgﬁ gl WREAIYORlen HPE & ﬁfodﬁ&:@ in eu-

ains of human hropoi etins, @ ycobi ol ogy,
hﬁ(rﬁt)tm G4z, 6 poBwepte) is p*ﬁhmaesﬂatimally gezcnsadatg&@nswuenﬂy, the

SIS e LSt B IR0hED bR, YT s

Raehetiak| sspdeidly Bumy %heﬂpéleyd%‘s@éeﬁ% Fhe?firdehire ind pr@emes of

and particul arl’y preferab 1 to 4 HAS nol ecul es

gp@sybitedcBP@ havh beaneriensivly stndieddn dheare fep & 67 B1; EP

i %@ﬁ%% B, 515 SRR, REHL R AT RbAAE Kt 1995, Miprohetero-

Itplof sirh@boiels daftotlydrate anbude Angt Cheam] 6‘@@8),0144121@. Ta-

resu ting nonosacchari des i?(gsee Chap I|n and Ken
{

keaight, }(obatgg@;@l SHUBERF g nmtgqaygqlge Of D SHEAr| ¥ of human

- BOR8E i s BB IR 2R A ,-“&bﬁisiiékifi des, |

‘page 1-36; Chapter 2, digosaccharides, page 37-53,

o i e RS e SR et by

&ﬁﬁ%%%tat 1SN S5 ﬁ’éferélﬂf 14812, ﬁﬁr@gﬂ% ¢ tém' &¥eh ﬂlbt%ﬁﬁ&era- _

a car bohydrate si de’ chai n.
lgiydfteréaandxbaftlclﬂw pafdaily driateHAS molgciles pirdRQ mnl‘mlle The .

m)| et Zﬂfgé-é&he car.boh m%&hg egﬁggﬁ )}%ﬁteg{ﬂéneﬁﬁ!éﬂyaffaémme

% .
Gl / diae eéinb (gszl%tgﬁ? a@yﬂ@ﬁﬁﬁ&g@@ﬁds\%@e@@@d{oﬂ%ﬂs Bthe product

and derivatisation of the resulting monosaccharides (see Chaplin and Kennedy (eds ),

11986, Carbehydrate Analysxs. a.praet:lcal approach, TRL, Press Practical epproach .

series (ISBN 0-947946-44-3), especielly Chapter 1, Monosaccharides, page 1-36;
Chapter 2, Ohgosacchandes, page 37-53, Chapter 3, Neutral Polysacchandes page '

55-96).

Accordmg to an especlally preferred embodlment of the present mventlon the car- .

‘ bohydrate mojety linked to EPO, is part of a carbohydrate side chmn More prefera—

bly, the carbohydrate moiety is the terminal 1n01ety of the carbohydrate side cham In

. an.even more preferred embodtment the carbohydrate moxety isa galactose re31due _,
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' ' Thi s gal act ose resi due can be nmade ayai
wo g kel

of the carbohydrate side chain, preferably the
term nal gal act ose resi due of the car- bohydra f%ﬁa}&lezow
0

. : . §/008829
ction with the, reaction product of conpound
(1) -and compound (I1) by remnbval of termnal sialic -
acids, followed by oxidation, as described '

hereinunder. In a further preferred 5 ?rrbodi msgt,%,[ttﬁ? ap
of dactarenhyprabdside cbiincprvfoery the teraingl galaofosedepiyf e §

a sjalic, acid esi du f h r.ak: ' i ith
bEhﬂi"ﬁ@,S‘dﬁrcéﬁl&' ;iré}%/ga?eﬁ:gos? é?sﬁna%a%ﬁg iga i g ag%iﬁdg %rggir%aﬁ ew%{w

ﬂﬁe'“?eg_@ﬁ&pﬂmd%tabﬁ cSihfeureh@) and Bompsival (1) g ireowl of terminal

oX1 di zed  as descri bed, herei nunder. .Particul agl
* siliofaeidaptoflonni by gaericases SaSTERisraniAE Tvaridg prefered

f i b . d ialic acid
S AT o Bt SRR G o e

B ARUSHthOEarblydigos wilelohhins trefetublnitic sampeal wealic pyidwpsidys of

is further reacted wth_ conpaund, (L ia. L
theprebobydente Yo ehai W SirGela 1S giclzgd s figPribChercingnder
foll owed by oxidation. Mre preferably, this

gal actose residue is made available for reaction.wt i
PahtuteBcpréBrdtiy thip geldctose 1hidig i wRYERIAHRDIS G FROIRWIN the

conpound, (L)..or, the.reaction.pr t I ¥dduct of
reachpE e SRR oy i CParp i (R or IECRAISR pid s
{H%g i RokdpBuid I Wwhkehlis SitbepreXctoy wath ehatgosn
hmer %ﬂgglt%ér%nhr?gﬁég%dgl'?c g?itd is_,'lsno_t .reng\f : '  dati
vieethifomdionaltgroep Xttyeremesaltofsermina gighe 29 ﬁ?ﬂ%ﬁfyaqu fon. .
"starch and conpound (L) 20 or the reaction product of

hydr oxyal kyl starch and conpound (D) which is further
MS&&S rat, mﬂ@?mms rédiduelie nisda avathbis fon reagtiomindth the reac-
pc

gro

€
in EPO It |s al so.pessible to.
imopmdustatchy dspoaliot SB¥cin gl SPRII 3ok, TR Produet of

camound CPANe | QRicANiO SitiHer Ractdd dbigixyathpotnd (1)
IQ%% ﬁﬁﬁ%ﬁtgrlcb%)lrfa%guctr?g%() BS?@W g’ﬁmlﬂslgf ur- 25 then.r eacﬁdd
ok e faenfeRsletoGp K by didationhileerein darmined siakit peidds patapmayved.
car bohydrate noiety, each of them conprised in the at
| east one further conpound, preferably a polypeptide, (

Bt dF hvd¥ex 951V INGark® asd compound (L)
lgg @?gﬁén%g%égng%glllﬁtfeéréw&?ﬁ@gﬁ%—?%? ou 9rm¥'/ be |inked to_a
@k ecrtiby pr@ficonf Hydedyakylglk e éompié%%/@)ewgwh iy further

usi ng a, hydrox i,ne derjvative o fmriamd &
e BOR gy ePRAD e gesryah B L il sofiasised in PO,
al., 1965, J. Og. Chem, 30, 12 March 2007 WO

2004/ 024776 PCTI EP2003/' 008829 48 949) aqr b%m_ in(g a d
Th ysolaa pabsiblietol readti the yeaction profnef hrdnoxyalky; E@m VaRo 3

%%&rttl?es }:e%gt?(m gﬁod%l:f of l}y 73Xya1k91 gtaic%@ com%mﬁ %ﬁ) Jwhich is fur-
ther reacted with compound (I,) 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 lb'e' linked to 2 preferably -

‘oxidized carbohydrate moiety, e.é,-. bym using a hydroxylamine derivative, e.g. 2-

(aminooxy)ethylmercaptan hydrochloride (Baver L. et al., 1965, J. Org. Chem., 30,
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According to a further preferred enbodi nent, the thio

group is preferably introduced 5 in an oxidi ZeﬁMarchZOO’/‘ _

ohydrate noi ety of EPO, nore preferably
_ Wozﬁg‘{f&“%d carbohy- drate noiety which is parPéﬂ@P§'°3’008329 )

car bohydrate side chain of EBO Preferably, the to

group is derived froma naturally occurring cysteine

or froman added cysteine. Mre preferably, the EPO
bery di e wWitgnohyaRaAlds eaianes el thivgReblic koidBRGridd (Widtesides
naturall¥ occurring cysteines are cysteine 29 and/or

g3l [ 7alfeige Chew..f8r 33 enbodi ment, t the reaction
product of hydroxyal kyl starch and conpound (L) or

the reaction product of hydroxyal kyl starch and

~ Accmdingdo & Mithesprefbrrtdehbodimert, theekio el prefaabip ntradiuced

(L) is reacted with cysteine 29 whereas cysteine 33 is
Pgtn %’F‘Q’éﬁ‘g CHPORYBEISSROISH 9#3'3%534 Ao erablY A9 @W}Zﬂﬁ (f@rbohy-
i : JVAE : and

%%%’pq%%lﬁ% ‘?ﬁf)gﬂgs(r%?ﬂif reacogl?%%{%‘rx%ed%%ﬁ%f? @dr oxyal kyl
starch and com pound (D) which is further reacted

i t.h .compound (L) is,reacted with stei ne 33  .wheregas
Blotehaip RS UR0 ghindn oo S A e i i, Sf B an
&1I64 @ytteiRb. Mie PEISRAPly, HRVEPOI1AB thd RirdoCAdd s@idfe of human -
cystei nes" indicates that the 20 pol ypepti des,

@fad d gatErly ocomrping spsteinesyare siysieine @8 iandrer whi lote mgre pre-

B3k BlpBSGMeprcdud Bfis! PR BEpRTKAIRN it i ropat @

dralie Beuctbn peshuct 6Ny draRyAey] steeld st 6@bpRindt(D Whiclols further
C-term nal end of EPO 25 Furthernore, the a

dded
eyt id Gemponad L) derragied arithgystang A% iviigress rﬁ%{ﬁetﬁiﬁﬁﬁﬁyis re-
Bhced B, AT WS Aeiiefsy B Rhoflnolob @R of hydrgesall
dtdrcls and pempowdd (Ieor the eedction praduet &Py drexyalicyd 3tabdPCrahchm-

A AR S 5 b e 5

] ‘ kyl starch and
wﬁ@eers%ggtgfelg)@,gﬁi %??%ﬁ% ?f alther@ A%y ALiky! starch an

conpou y Wi th conpound (D), wi.th the

~further 12 March 2007 - WD 2004/ 024776

PCT/ EP2003/.008829 49 d 1Lfi1gG,
TR Y FOR L dikcpiseent SRR o en BIHeCNaIRRPE nicipals daat the
RYpehtiddsptefRaBIP EFER %Gﬂ#gﬁ& \GRene 1@?%12{ Whiddl i§ AotPhesent in the

especi ally preferred enbodi nEnt of
wild-type polypeptide. '

: In the context of this aspect of the invention, the cysteine may be an additional amino

acid added at the N- or C-terminal end of EPO.

Furthermofe, 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 th_is aspect of the invention, the EPO is human EPO and the replaced - -

amino acid residue is serine 126.

“As 1o the redction conditions regér&ing the reaction of the reaction product bf hy-

,drdxy‘ralkyl'starch‘ and compound (L), optionally with compound (D), with the further g




present invention, water is used as solvent, either
alone or in conbination with at | east one oth arch 2007
solvent. As at |east one other solvent, DVBQ,

WO RMANA® or 5 ethanol may be nentioned. Pref&tfdgo03/008829

10

15

20

sol vents ot her than water ar4? net hanol and et hanol .
According to other preferred enbodi nents, DVSO or DM

or nethanol or ethanol or a m xture of two or nore
thepant] 1), us apecific Baltugers. exist, and.the reabiyair mn;iaiohy Inay be ad-

starch is reacted wi.th conpound (L) a
Bwted donthespepidic nepds. dopprdingtean eéPf'gj”a lw%’qgrrﬁ@ @Wﬁfy?f the

%@JPS Bodenitib a%t%fj Ml E@twp EE] 518 SHEth 8smBination with at

am nooxy- et oxy) e roxy amne, via

 leestodrieonthaf sdlhentnAm-apleadi exmd OthBE dml&engM&D obMH; enethanol or

%arc} dthe r(ggg E uct {Iéqu ﬁrthert react %ﬁ | and
1 én% Wé‘?:}’“oﬁ? re%F& PGP AURSF WAY JE B 3R MHepol an
&Hard)] I8 PHing K6 biher BRELAI é?ﬁbd?i%ﬁblﬁQ gh050 G IOMIF. or thB@anol or

reaction tenperatur is preferably preferably in the
ethangé ons nfixigne of two @ Mate theogof is uBd ps.edlesnébl y of from
10 to 30 C and especially preferably of from15 to 25
C. Isolation of the reaction product conprising the

TEUg & NRydreRyadeu Rehr iV redetedil witlabditpounagLpRi anepboubeystem, as it

espeC|aIIy pererably erithrop0|et|n can be perforned
Ipghagsnig-2-kWhanhyshoretinh starohds raapted ity & gaaxyaming such as O-

@a¢zo ma\%1 o%ggp 1§},%8 ,?nﬁﬂi"i{hﬁg ﬁ}eg rr@% égarcgéﬁic?} gs ﬁgg%ndzsed

xhgmlmg( mbalt the etarcIH; i @fﬁaroapiil lbrodrtrtgtcis ﬁlnﬁmb raacted w1t11f a polypep-
i pn ¢ r onat ogr aphy i natl 0 ereof ).. '
tF‘J;eo PHt ?1'6‘ Iyosryimepigite t"l‘%ﬁnﬁfc{?éﬁ‘g‘?( %Fr qrRgege eroup,

B A R pRTE b el Bl %ré’rf“%e of EOF The T o more

mefesably of fromelf to 80,°Ctdnd espaialiyquefprabjuettfrins 15 ita 23 °C.
separated off the reaction mxture or the mx 25 tare
of .the reaction mixture-with, e.g., the

1Ss1haGY bf ﬁf&fé&@@o%?ﬁﬂﬁét%onﬁﬁxsﬁlgsﬂh'etﬁﬁh& coﬂgfoﬁﬁ&j (®C Ere%ably

centrifiigation or filtration.” In a sec st&p
thepalvae er@aictspgmalhpp@ﬂmbiy m;hrbmlstub jcew be etformed by using

KISl doRE 7 P, Rt 3 B ndlital hid B ERl BPO Te.size ox-

d‘lmdxdﬂ alﬁxioﬁiatogréljhye X&b@fw%g“ehélﬁﬁﬁlhﬂ:@f@ﬁfﬂm&E’L(@Shydroxyapat1te
a colum contai ni ng Q sepharose, HPLC, MPLC,

by
@mmﬁtpgltaphyﬂ lmdrcmb@bl@rmnepacagn shiomategsenbyror cambiiations thegeof).

18015 C?if t%arr é‘gt Q‘Ea?ogllunf %8& Hsrri% R %}? & it n}éﬂog&s which may

pro pre era

y agal

 canthrishene | Qtotﬂbtel stead Awbﬂdlmgt fea getfveed e@bodinientbf olﬁe present

the reaction-product is_sufficiently |low according to

. ipyeetigastheaepction gredushis fimksepatated off the reactiph migtiyrs Ob ggmix-
25

e SPRE 1%?{&?0216111%9{[{3%,0@/ 9 8 2thanol-acetone mixture, by a sultabgc_ _

method such as centrifugation or filtration. In a second étep, the separated reaction

- product may be subjected to a further treatment such as an after-treatment like dialy-'

sis, centriﬁlgél filtration or pressure filtration, ion exchange chromatography such as,

o - e.g., by a-c_:_olumn containing Q~sepha1§qse,‘HPLC, MPLC, gel filtration and/or ly-
30
o  _ 18 ﬁrst dialysed, preferably agamst water, and then lyophilized until the solvent con-

bphilisation According to one :p‘referred' embodiment, the separated reaction 'product

N tent of the. react;ton ploduct is sufﬁc1ently low according to the desn'ed speclﬁcauons' :




50 of the product. Lyophilisation may be carried out
at tenperature of from20 to 35 C, preferably

f. fr
wo%ﬁg‘gﬁﬂ%o C. According to another preferred g{@éab%? sgi)s()ﬂ
_ C
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re- action m xture conprising the reaction produ
‘is applied to a colum contabhi ng Q Sepharose to give
an eluate which is concentrated, e.g. by centrifugal
filtration. 5 1t is another object of the present

- iofvieprbdurt. igophitivatibe: hydbewattbdkyht o5 teaipeiaticte bt fram 20 16335 °C,

whi ch are produced by one or nmore of the aforesaid
REHFGRY. O TR &F & 40 “Lhé-cppio oibererisrer embpainent fhe o
YRS torpiBhE I RELG! b1t Aleed K B Yenflining
Seplehrdegde givg ah leldate whigh dhodnamitratedae gt byuehtrifegd ddtwatitiong
to formula (1) ORBHAS O O 20 CH x3 H conprising
reacti ng hydroxyal kyl 'starch of formula (1) at its

Qs 20Dkt ¥hiek & thE PrésBALGIVERNG Rbvide RYHbRyIRYIK¥drch deriva-
starch deri‘vati ve, "obtai nabl e by ‘reacting hydroxyal kyl
§vesehichare predicod hyloae p1inozg of the aforsisaid meethodsoxi di zed
reducing end with a conpound (D), said conpound (D)
conprising at | east one functional group ZI capable of
Rérafbre, abe hedemd ihberdi e @RkdsOB-a Bydryxyalidytls@ath d@RuELd btain-
end _of the hydroxyal kyl starch, and at | east one

- phlp by omgthog of prodacinga hijtionyalkWoveseu derivetiye, s hy diprigllyl

' ' bl f Dbei
Rlacch g A R Rl SEPHRIEID SRR O at | et

one functional group 22 capable of being reacted w.th
functional group W conprised sai d hydr oxyal kyl
starch derivative, and | east one functional group X
capabl e of - being reacted wt
of a further ougg , Q.. ------.

ty

comprising reacting

- hydroxyalkyl starch of formula (D) at its optionally oxidized reducing end or
- a hydq:oxyalkyi starch derivative, obtainable by reacting hydroxyalkyl starch of

formula (I) at its optionally oxidized reducing end with a compound (D), said
compound (D) comprising | . h ‘ | '
- 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).compris.ing o

- at least one functional group Z; capable of being reacted with said hydroxyal-

kyl stérch,-. or ét least one functional group Z, capable of being reacted with

ftm_ctionai group W.comprised in said hydrbkyalkyl starch derivaﬁve, ‘and _

- . at lea_st. one ',ﬁmCtional”grdup X -capable of being reactéd with a functional

: - ‘group Y of a further compound (M), - o




12 March 2007 WO 2004/ 024776 PCT/ EP2003/ 008829 .51
wherein said functional group Y is selected fr

onsi sting of an aldehyd group, a keﬁ&,@ hghég‘”
wo it ”"“

tal group, an acetal group, or a thio group
According to a preferred erfiiodi nent, the present
invention relates to a hydroxyal kyl 5 starch
derivative as descri bed above wherein RI, R2 and R3
whERid SeARBESH lbyoupy Y iPsel@eid fiomahd pnapcomistigarfaheatichyd
hydr oxyal kyl group. According to an even nore
ZISURS akdte BToupnb BTIasRtal SRR, BR BLEHHETOUR, BRE FIA SF%¥Pat es t o
a hydroxyal kyl starch derivative as described above
- wherein R, R2 and R3 are inde- 10 pendently hydrogen
Aotording iy grefaryet dnbodimentpthe Aesentdiventivn relatesita bydroxyalkyl
preferred enbodi pent, the present inventian,relates,t
5 stgrchglerivatiygyea ORYTIDE APoYS WerTiD R Becutt Ryetedpagppdontly hydro-
: TgeY. N is hy- droxyethyl
g%?%f@ﬁ@d%@qK%%%%g?%gkf%ﬂgﬁ#%égﬂer preferred
enbodi nent, the present invention relates to a hy-

droxyal kyl starch decrivative.as described .
AR S P VRO Bt Do Rert B e R ptin reates to 2
bRl Qtardi Heri vARvAGS QERIBE AbVBRYIREEFIAR AR, Ynd R; are inde-
prefierred enbodi nent, the present:- invention relates to

10 pendentihysirgganioyla Shdrexyethol gwodpi ve as descri bed above
wherein ZlI is selected fromthe group consisting of
H2N- ,-NHHNO R/p\ H HZNHHN O HZN-Nz H TS 11

Abedriiing th aHZMY gi2fderell embodiment, the present invention relates to a hy-
droxyalkyl starch derivative as described wherein the hydroxyalkyl starch is hy-
droxyethyl starch. '

15
According to a further preferred embodiment, the present invention relates to a hy-
droxyalky!l starch derivative as described above wherein thé functional group 7;

comprises the structure -NH-.

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

group consisting of

HN— H O L0
| ~ _No = HN - R7ON
H2N ~ | H.
. . o
HN’n ' | | 'HZN‘N a-
.2 Y - . H #
- G o O
' H H e H
- ROX N |
G I G -

' whereiﬁ Glis Oor$ and, if present twice, independently O or S, and R! is mcthyl; N :__ |




Y YGG wherein Ois 0 or Sand, if present tw ce,

i ndependently 0 or S, and R is nmethyl. ------- 5 Mireh 2007
WO:E(?WIP@E?CIE 2007 WD 2004/ 024776 PCT/ EPZOQ3/ 0088: I\z%
. Accordi'ng to a further preferred enbodi ment ?‘8‘%1%%" /008829

10

s selected from the group consisting of .

. a hydroxyal kyl starch derivative as
-i%‘“{%fi’é‘g

present invention relates to%& hy- droxyal kyl starch
derivative as descri bed above wherein the functional
group. Y is selected fromthe group consisting of an
Aererdiag & 8 dpthes irefewedypobplimenty de pressng inventiprorgiatesaioch hy-

RSB O L RELOE Rl 8 R R 55, v

meletied ifedn drbadupenisistiBeph exeMyd igwgiéhgﬁgfbbgergh%t) a?(;ﬁeelﬁi)‘a(cetal
S | \Y

farets grpupnandthe Ginctionn! gxouptX aopptisehiting styupivee AFH-,

" HNR O-zN2H HO HzNHNNNS- H11 NNQ&H

NNN-~ Hz Y wierein Gis 0 or S and, if present
tAvicomling tdepespdeinlly preferond dhboditeR ihe Ayinventib relates to a

Accor di to further preferred enbodi nent, the
W0k sk devaties a8 desciibedsalinys X icselpateryroms fhsraup con-
dRfihyat i ve as described above wherein the functional

group Y iHsN- H
2N 0 O\ -~
_N HNT ™ RN
| HNT S H
H
/N H2N\ (l:l)
S i
_ )l I
S WY
| a a

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 grdup X is selected from the group consisting of

Rl o . _ _
GN\ S HTYT T O
. ~ //
TN s - ' s O o7\
8 S\ | B

-0

_ | | wherein Hal is Ci, Br orL
15 |

According to a fu11h¢1' pr‘eférred embodiment, the present invention relateé, to a hy-
droxyalkyl _starch_ derivative as descfibed_ above wherein the functional grblip W or ‘
the functional group Z, is -SH and the functional group 7, or the functional group W




.“;o gf%/g%ﬁs

10

~ According to an especially preferred embodiment, the present invention relates to a

SH and the functional group X is selected fromthe

group consisting of 08-s HalN O where in Hal k$y\d.eh2007
15 According to a further preferrggT 2003/008829
i-ment, the present invention relates to alEﬁy- _ :
droxyal kyl starch derivative3as described above

wherein the functional group Wor the functional

group Z2 is -SH and the functional group Z2 or the
function gr oup LS sel ected,f group—\ _0O
consi stijpg of 12 Margh 2007 V@Q’BOM 4776 287
PCT/ ERZ003/ 008829 53 O N Hal SAO / @ O N O Owhévein

‘Hal i CIN_B‘r, or Y. AcS:UBdJ\ng to a further preferred
enbodi t, the present invention relates to a hy-

dr oxyal k starch derivative as descri bed above
wher ei n e functional group Wor 5 the functional

Whgfb@nﬁgggmsﬁl gff.ed from the group consisting of an
t ter 3

activated ester, as described above, or a carboxy
group which, is optionally transfornmed into an acti -

AR SR oS SRR SRRl YRR B e 0 5

- ARSI GiskcR dekiddileQN ddddiHel aBove Wherdll fHe fithetidnki2dolp W or

H2N~N H GOHHNu H2N'NYN~.H2N, ]I, ) .
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 acti-
vated ester and the functional group Z, or the functional group W is selected from the

group consisting of

H N~ - H O Oy
N H,N RN
HNT ™S . H
: o)
/ﬁ : HN, .....H.__
g Ny
G . .0
H H - H
NN | NG
H,N~ \ﬂ/ ™~ _ ~ H,N \ﬂ/ |
G G

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

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 cotn-

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




G G wherein Gis 0 or S and, if present tw ce,
i ndependently 0 or S, and Ris nethyl. 10 Accordi fg:h2007

wo hspspeci al |y preferred enmbodi ment, the presght .. 3098829
invention relates to a hydroxyal kyI starch "derva

as descri bed above wherein t¥e reducing end of the
hydr oxyal kyl starch i s not oxidized prior to the
reaction with conpound (1)) or com pound (L), said
hydr oxyal kyl starch thus haViS%{? structure according
to formula (1) 12 March2007 2004/ 024776
PCT/ EP2003/ 008829 54 HAS O 3 H According to
anot her especi al ly pref enbgdi t he present
~invention rel “\Lo starch derivative
as described above wher ei reducNng end of the
hydr oxyal kyl starch i i to,.t reaction
wi th conmpound (D) or corn _ ékﬁ
hydr oxyal kyl starch thus h g ucture according
toformula (lla) ORS HHES HO O (ila) R20 OR3\0 H
and/ or according to formula (Ilb) ORi HHAS HOHO

)

According to another especially preferred embodiment, the present invention relates

" 10 a hydroxyalkyl starch 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 hydroxyalky! starch thus baving a structure according to formuia

(11a)

(Hla)

@)

’ 'According io a’lfurther preferred eﬁibodiment the presenit invention relates to a hy-
.10 droxyalkyl starch denvatwe as descnbed abOVe wherem the reducmg end is omdlzed :

- by an alkalme mdme solution.




0 000H H OR3 H Accordi ng to a further preferred

enbodi nent, the present invention relates to alE)Mar%hZO(ﬁ

WO OQM%AW' starch derivati ve as descri bed akl,g:] %&,2 03008829
PH03/208;
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erein the reducing end is oxidized by an
i odine solution. 12 March 2007 WD 2004/ 024776
PCT/ EP2003/ 008829 55 According to a further preferred
enbodi ment, the present invention relates to a hy-
droxyal kyl starch derivative as descri bed above

\é% e hydr.oxyal k starch is re- acted wth a
6’11}?&1 0(1}*“3%5 pf @T?de%}eb%ﬁle@f theymeserh Heniggrotgitesdo a hy-
\&(S)@a%}l? sQRI @RRMkLiYe 35 gé‘écﬂb&e% dued-ad 1 gapoxgglkg ch is re-

hydroxyal kyl starch an e resu t| ng re Hace
|agted eratht ssebrvponind LY vie thecreactionp fingti 64 gm@ Zjheith the optlonally

oBstTE L it of e AR R paf Brendfipg Feeion poduct
@@fﬂﬁ%@ Witz Aeaes ColtPoluts 1A vid e sata%n %T‘%ﬁce RiRflonal group X

enbodi nent, the present invention rel ates

_ﬁ9loposs>¢amk<§qmmod dhk) déihi thetfueions! geupry mempab@l/m compound

roxyal kyl starch is reacted wth a conpound (L)
I'a the reaction of functional group ZI with the '
optionally oxi di zed reduci ng end of the
ydr qQxyal | cyl starch where conpound (L), prior to t he
Qg0 wiet A TR IR lembodiment, the presexstingeniion melates to a

|
S SO S 0Bl A e
gmthupcom‘poumhﬂn) wedhd rRactivip\ fadtidesiqirdim g, Withghé bptichally oxi-

pd rluobig S o the eIk biaicbi Wher SaIEPIRAAL), pror to the
fasedn wRA h?*@@ﬁ?’alﬂﬂg Etﬁfog {éys‘é Q&Y Wn{ﬁ 4 aShRE %Bmh&ul}dzmwa the

reacted w Feactro

Yegetiomi af fanctipnalugrodp Xcamrgmseém oampoarm ¢Lnerith B)e fmetidnal group
' nal | y ox ed reduci ng end of the

#}’gmg%zﬂa F@’Pﬁ‘?gﬂi to give a first hydroxyal kyl

starch deri vatlve and where the first hydroxyal kyl
starch derivative is reacted with a canpound (L) via

- fprording ¢q pidth a(ﬁll’th‘trrmﬂfeﬁnélen@od;m@nzzm presptiisenition relates to 2

orrp uﬂgd g@éch( B‘%’&%“’% & t | On%hag%g 31?’% ;‘P’E&X}’@?glr gﬂ‘ch is

mdaatedratth deomponad (Dgda te rBaties Bﬁﬂie&hhé’ad%ﬁ%r@ﬁ% gdcomprised in
enbodi t, .the present invention relates :
compoun w1th the optionally omdﬂ.ed reducing end of the hydroxyalkyl starch .

to give a first hydroxyalkyl starch donvatwo and where the first hydroxyalkyl starch

derivative is reacted with a compound (L) V1a the reaction of flmctlonal group Zp

“comprised i m compound (L) with the ﬁmctlonal group W comprised in compound
(D) to give a second hydroxyalkyl starch derivative. -

According to an especially preferred erobodiment, the present invention relates to the

aforesaid hydroxyalkyl starch derivative Whelem the second hydroxyalkyl starch

: denvatwe is reacted with a further compound (M) via the reaction of functional

: group X compnsed in compound (L) w1th thc functional group Y compnsed in com- _

pound (M)
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30,

af oresai d hydroxyal kyl starch derivative wherein the

second hydroxyal kyl starch derivative is react I}007
ft}dﬁzb?(?r compound (M via the reacti on of g‘ ﬁﬁ}assm

group X conprised in conpound (L) with t
functlonal group Y conprised3én' om pound (h@ 12
March 2007 WO 2004/ 024776 PCT/ EP2003/ 008829 56
According to a further preferred enbodi nent, the
grceeﬂiﬁg fony ﬁﬁthgﬂ prelfﬁt@lt ﬁﬁ%ddim&nmtﬁl?]yhe ﬂkwﬁy giﬂeyﬂlozstke&ttﬁl‘m a hy-

erivative as descri beq ahove ere n hydr.ox
droveky] stapcd. dexivpdyr & fFCRDEbARSIENY e(rep iprd 59 Y?% march 1s Te-

'é@l%&t'\}vfﬂ{‘a )“Ivm b '(tBE ha Q{G%Qctﬁn 5P Wg 3@% b 7 comgﬁéed in

conpound ( e optionally oxi uci ng
obnlphmdﬁmr\w}y dlekoptionsilyr ctidied oedyicing eandfafitlst hydroxyalkyl starch

M I T TR TN G SALC—.

HeAGAtvans Macll Syl YR O ofHhe YindNonSIOHRE} 8 Golpris@Mn com-
pound (D), and the functional group Z2, conprised in

- powpbindard the fctinng e cotipyise €PEPe nith pympound

Bl St ot L 70 ¥ D aieblign il o LR B St strch o

EiQ B EsdreéMd with af fhethéreeipgoand M) il dkiredabn OF QisiotidAhl >group
conprised in conpound (L) wth the functional  group

Sotrpréed it foprpduta With thadeegtinnaberosp dncanapsised & Pgmpound
ferred enbodi ment, the present invention relates to
‘hydr oxyal kyl starch derivative as described above

wherein the at | east one further 15 conpound (I\/p is a

ol ypepti de. Accqrdin a particularly preferred
&%‘b‘ﬁ}qﬁﬁtaﬂ SSA¥IY [ 8 irgent, the présent léwgntmn relates to a
g/)\%er gﬁ%’l%"ﬁ Héﬁ%ﬂ’g?g dé@éﬁﬁéﬁ vE GRftdiR 86k thﬁi( ooe further

epti eryt rop0|et|n

hydp@xyle(l\@ykaso]a{pqmcherl vat ir've which in the foI I ovm ng
is refereed to as HAS- EPO conjugate and which is

formed by reacti on of hydroxyal kyl starch with com

Betdidinlglth ok h ?J%férbéd%‘ﬂm&kﬁ% B pelnt invention relates to a
as

e advantage that it exhi-bits an

tl upoi et in,
' ydvxp&swébvlbavt@ncbgd@wmg@ aisi Aeseyibosh esbororipshereint ths pelapeptide is

rQ |et|n before 25 conjugation. Furthermore, it
g‘?ﬂ“@?‘% g"’a hi gher bi ol ogical activity than standard
BRP

-The hydroxyalkyl starch derivative which in the following is referred to as HAS-

EPO conjugate and whlch is formed by reaction of hydroxyalkyl starch with com-
pound (L) and optionally compound (D) and erythrpoietin, has the advantage that it

" exhibits an improved biological stability WI_len_ compared to the er)rtluopoiefin before
conjugation. Furthermore, it exhibits a higher biological activity than standard BRP
. EPO. This is mainly due to the fact that this hydroxyalkyl starbh derivative is less or

‘even not recognized by the femoval systems of the liver- and kidn’ey and theréfore

pcrsmts in the circulatory system for a Ionger period of time. Furthermore since the
HAS is attached srce-speclﬁcally, the nslc of destroying the in-vivo b1olog1ca1 actlvnty -
of EPO by conjugatlon of I-IAS to EPO is nummxzed |




EPO. This is mainly due to the fact that this
hydr oxyal kyl starch derivative is |ess or evel, RRLch 2007

woi(l.%%{&)ﬁ%ﬁzed by the renoval systens of the "}‘E{Wﬁ’?; 3/008829
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30

ney and therefore persists in the circu

systemfor a longer period of7time. Furthernore, since
the HAS is attached site-specifically, the risk of
destroying the in-vivo biological activity 30, of EPO
Ape dOAFUFAY coyugate bRBetiovdOn insaynextiibii emehtiallp ihasarke in-vitro |

007, 004/ 024776. PCT/ EP2Q 008829 .57, The - EPQ .
5&3?%%?8%9% PHECPTRPERET Bﬁlvﬁd@? i e é‘§'¥’é’i‘?th‘?1 H@ﬁa{zﬁg"“y
SARAnEAI s biRling HHRIP % AR ERS bdcdhioY, MethsRCRIBERARhIng the in-
native EPO, since the in-vitro biological activity
giitobiphogical zetiviiy att lmgvarifitd v t o t he EPO receptor.
Met hods for determning the in- vitro biol ogical
activity are known in the art. 5 Furthernore, the

" FfshdrRiore i MABSERO exiEblies gicatey inlQive @btiviy thart fRMEPCEsed as a

EPO used as a starting material_ for: co&ilu ation

slarerpaigatleor Ermpgativn: (eemygsied BPE). il for deteppining the
i i Yol . L Vi i th t. 10 Th
4o Bl Sviff ikt Khivi BB ROV 10, the BTt A0 The

from110 % to 500 % preferably of from300 to 400 %
bly, of from 110 to 300 % npre prefera-, bl o
the %ﬁi’& qoBiuEsts .Iil?msl}lgﬁﬁﬂénmq %“rtlé(HV)PfffFO&Fnl 1886 3 39 %
9 5 9 f airallyafo .
é/??crd@l? lof ?ﬂbﬁ{‘? (5'01% 40 o8 V%réferﬁTJ?€ :i)tf 9{)2} ﬁtﬁﬁtg 390 1% At e fera

o 140 % 1 t'he 1 n-vi act
blydomit ddateth 200P0, ivre piefasbli Gond 101% t6€38H &6 edfibm 118do 150

i ghly si.al.yl at ed of e see .EP 428 267 Bl), .
P Sty Boft LTS BTt e frvife adii 59, e picaniugated
preofiesakl yo@d, | east 70 % even nore pref- erably at .
|.east 85 % or at |least 95 % 'at |east 150 % at | east

200 % or at |least 300 % of the in vivo activity of

7 : ol vl POLT i S i ¢
D8R J b PR ot B e 19, AAdY Y. e mas-
BP@feghibitk yreférable e idast F%6tmbie deéfefibly %t Mast TRV, Bvenih¥@ pref-
activi iﬁy of othe_ hi ghIg}/ S| alyl ated EPO, The hi gh . o

ARl el iFapli &1 ‘G dhlcagic?s Yo el least 1586, 1ahkasiI0 6T ableast 300 %

A o\Y/ i i . s Aat .
O b B B0 be oTRLBh SARMOERO AN AS kot o highty
dialylatnd EPQrs tétens 000K Mimt ebfERElybiealibits at leabts9d ¥sef the in
4% SN e nitANS sia?;'ﬁgt‘éﬁlEPS&S

“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 sy'sf'

tems of the liver and because renal clearance is reduced due to the iﬁgher molecular

“weight. Methods for the determination of the in-vivo half life time of BPO in the

éil.culatiog are known in the art (Sytkowski, Luﬁn, Davié, Feldinan, Siekman, 199.8,
Human'eryﬂ*:ropoietin _dimers with mai‘kedly_ enhanced in vivo activity, Proc. Natl,
Acad. Sci. USA, 95(3), 1184-8). - o |




tens of the liver and because renal clearance is
reduced due to the higher nolecular wei ght Mps RS 2007

Wb ng%z%ﬂg determ nation of the in-vivo half %’é'ﬁ’Ei’ﬁﬂ@Oiﬁ 2
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the circulation are known in the a
(Syt kowski, Lunn, Davis, FelS8man, Siekman, 1998,
Human eryt hr opoi eti n dinmers with markedly enhanced in
vivo activity, Proc. Natl. 30 Acad. Sci. USA, 95(3),
PCT/é%&hﬂY itisa reat advanthge VR ORpraRa 111%&tﬂﬁﬂ&ﬁt(b2HA’SGEPO con-

P2003/ 008 29 58 Consequent I ,
juewais prguided which prie AdmITiERS 155 1 ﬁ%&nﬂa ﬂm@e%% yReara-
ﬂlr li%%toﬁm e?crﬁ)i ﬁgéa%?ﬁl \@EB%QeI{IHW HAE sAdE:A 'ﬁ’@i{%@aﬁﬁ&ﬁ have to be -

equen prepara- tions co rcially

| mmsebédeat déaspeesy Btdaydtht HAS-BRGaodjugHO qﬁrtmomwmtmns pref-

have - to be adni nisteyed at %tgqaﬁy ever days, the
Wm%ﬁ%@&‘@%a&fee HBOe Ry PHCE afw“%}‘ 5 erabl e
adm nistered twice a week, nore preferably once a
week. Furthernore, the nmethod of the invention has the ‘
Rutthentagethe ratthad oérﬁaemsnremrzm thel edvantage\thatcamelirstive EPO

r oduced ce t d
Seivecandie PrOQIER 71 FERES ForB e AR RS oty e Rhprse ex

ShERS ad Bk tdoRslinhiRg lpRwfibatRAl stiisaleshitify B 1ot fihal yi€ld, rﬂgt it is
necessary to purify away under-sialylated EPO forms

 Iineeessare oV a6y e;amrtﬁlalylat@\EP& oy sl a6 known fo exhibit

0S5 L O RRTRAT s

HEQJHPCcd@bam Witle Rty ﬁbhimaﬁdhs&te%s tolititas B ifvidtagtiviveover stan-
stan- _dard BRP EPO. 15 It is yet another object of the
GéBBRERGent i on to provide a pharmaceutical conposi-
tion which conprises, in a therapeutically effective
anount, the HAS- EPO conjugate of the present

Tt ﬁs\/}eﬂﬂanmher dbjuct hﬁm&mr@emt ilneerrﬁmﬁste ptovudwaeﬁlatmﬁcauebdtceslpom-

40TV GRRBGHP ngh DEPRU L SR SRR S Pareste

M%g’g% mv@ &ferably the HAS-EPO conjugate, nore
pre e HES- EPO conj ugate of the present

|nvent|on In a, preferred enbodi nent, the

I it
e e R L
iAp! %ertha«aiséuh@ﬂm@&ecnwbnlbanteﬂmmmrygbpﬁuetdmjm prdferably
the HAS-EPO conjugate, more preferably the HES-EPO conjugate of the pzesent

invention. In a preferred embodiment, the pharmaceutical composmon comprises

ﬁlrther at least one pharmaceutlcally acceptable diluent, adjuvant and/or carrier use-

fulin erythroporetm therapy

Therefore, the present invention also relates to a pharmaceutical composition com-

- 'pris'ing, in a therapeutically effective amount, a hydroxyalkyl starch derivative ob-

‘tainable by a method of producing a hydroxyalkyl starch denvatlve said hydroxyal— -

kyl starch havmg a stiucture accor dmg to formula (I)




| WO @Fg zgﬁﬁuti cally effective anount, a hydroxy
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Therefore, the present invention also relates to a
phar maceuti cal conposition com prising, i ”QE%%Marchzom

derivative ob- tainable by a method 2003/008829

produci ng a hydroxyal kyl sta$h derivative, said
hydr oxyal - kyl starch having a structure according to
formula (1) 12 March 2007 WD 2004/ 024776 :
PCT/ EP2003/ 008829 59 OR1 HAS OROMH(n HOR3 H
conpri sing reacting, hydroxyafd&4 starch of formula
(1) at its optionally oXfdizéd reducing end or a
hydr oxyal kyl starch deriyati yota|nable by reacting
hydr oxyal kyl sHaSch_of ~Keorml a (5O at its optionally
oxi di zed reduci ng enf® wi t} \ said 5 (D
conpound (D) conprisingj.t eRe_Nunctional group
ZI capabl e of being reactedq p ally
oxi di zed reduci ng end of t em%@droﬁyalkyl starch, and
at | east one functional grédup W with a conpound (L)
conprising 10 - at |east one functional group Zi

: jng reacted with said hydroxyal - kyl
é@gﬁgﬁﬁg%%ga ’l east one functional group Z2 capabl e of
bei n}gydremyzﬂle}d stardbhof fhrmeih (19 asilts @tiamuwmﬁad redlecing end or

e # EHEPREaY e ot SO Breag edurerialt st of

. functpngl QI) 8 t%nQﬁ 9x1fdiﬁ'éatﬂ uclt ‘a%ﬂa é%mgaﬁldhg)), said

wherein said fi ona group se ecte
grou@mpmmﬂ:{}))n@aptﬁsmgl al dehyd group a keto group, a

her ni acet roup, an cet al 0 a thio.gr .
ol ot Hatreb P R grous i drepti R e 8 e option-
deri vat i M8 §8iEEEFedfORPEAS e h§&%kya1kﬁgta&&1ﬁ aﬁ& action
product conprising hydroxyal kyl ™ starch, conpound (L)

and opt i ¥deast one functional group W,

with a compound (1) compmsmg _

- 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),

: wherem 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 hydroxyatkyl starch derivative further comprising react-

ing the reaction product comprising hydroxyalkyl starch, éompound (L) and option-

alty compound (D) with a further compound (M) wherein the at least one further L

compound isa polypeptlde

- Moreover, the present invention relates to the use of a hydroxyalkyl starch derivative

as desqribed for the preparation of a medicament for the treatment of anem_ic disor-

ders or hematopoietic dysfunction disoirders or diseases related thereto.




ally conmpound (D) with a further conmpound (M wherein
the at | east one further 20 conpound is a

WO ?0%41%5%‘?%' de. Moreover, the present inventi ogsiézg% ?828237
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e use of a hydroxyal kyl starch deri vat
descri bed for the preparati @@ of a nedi canent for the
treatnent of anem c disor- ders or hematopoietic
dysfunction disoirders or diseases related thereto. 25

Acddangho & PpRAerrdRmRIMh O 4thé Grédery iFVEA003 IR phafinaceuti-

Accord| ng to a preferred enbodi ment, the present

c«fd\p@nmpahom o deseribedabaveywhereincthe pplypentide &ﬂw@!a fheprghing& 1),

GRS 8 9S0E ROVAIRRAPpLRAD, ocomtio

- )&ﬁhﬂﬂ&ﬁﬁﬁl ArodilctioB KakdA Rdle hil araldi¥vasRdao Iﬁiscﬂé&‘rt Seminars in

Antithronbin: Production and Role in S@ rdi ova

undsds égllgattf‘? SM,
goﬁ%(g{g%é{ﬁﬁ%% %]@emgg&ﬂ"}g E’%—I;E%fnggflﬂ n@%&%ﬁﬁ}éﬁ\/ﬁm el ¢ 0ekade H,

er nasconi naval an P,

- K’[od?lmkoﬁJ WbkdRS I-Trané@ﬁ’heﬂﬁ PnoduceCdlumaBSAntithrombin: Structural.

SRR Ra LS BEo HE BT By, i 1, 12

9§§P?66317§‘467Y eﬂuﬁi&lﬂatbhégﬁﬁéﬂg A@![@ %sgrilPMlﬁubt{ei}sQQ@P Pratt BM,

4661-4671; M nnema MC, CK, Jansen PM Lubbers

Wisittaker BQ, TBNpr B, Hadk CEkEmecB@n Ba&'bc@mbmnt aean aptithrombin

i.edman Re i nant  hu ant.i t hr onbi I
(T SFEURE Spbie) A NG ST HO AT RO Py I RRRE o bboons lethally
ElRFRARRIeHith wsmb&%scdzzemaéd 95 @Egmdogengmil m; 'Van Patten SM,
Escherichia coil, Blood 95, 00) 1.117-1123; Van

HansoanEEM Belmn@nnREﬂham rlﬁaM@ﬁNalR P.zRalsgER, MabhstsanniM,

@?ﬁﬁ%ﬁ,ﬁ@klﬁ%@ gtﬁrlglg on%ﬁ }{F%@eﬁgﬁ ﬂftlﬁh?fﬁ@gﬁ} 5 O@ionChemmtry |

T 5%1990) 10868210%,76)15 (1999) 10268-10276) . According
to other preferred enbodi ments, the present invention

‘relates to pharma- ceutical conpositions wherein the

_ Rgé&fﬁﬁgltti) Ofhel g¥e%rgé§F n%rgglilg%tp &ha prﬁ&t%ﬁgﬁ Ratb Ot harma-
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especl y pr erred ment resent I nvent
¢enltiatlesmipositionsphlzerein tledl gpdptide mﬁeCLSF axriFHdnetiaes cri bed
above wherein the pol ypeptide is erythro- poietin.
According to a further enbodinment, the present

, A@éﬁ@&fhg% ah 85RLRMy pefbrrBd SF, BB a1, GRY presént GRERIGSH Fl48s to 4

as desCri bed ‘abové“wherein the functi onal group Y is

PpiBemacmitictd momposition as descrlbed above wherein the polypeptide is erythro-

 poietin,

‘According to a further embodiment, the present invention relates to a pharmaceutical

' composition as described above wherein- the functional group Y is -SH and com-

pound (L) isa compound of general formula Z;-L'-X where the functxonal group Z

"1s selected from the group consxstmg of -

o . HNT ™ R N
o HZN-/‘N\. | 2 H




pound (L) is a compound of general fornula Zi-L"-X
where the functional group Z1 is selected fror{fﬁ_&%ﬁh@%’l

WO%%%.@onsi sting of HzN H2NF; V ~ ON N H ZE’C"EI[E

- 10

\HS 0 12 March 2007 WD 2004/ 02477
PCT/ EP2003/ 008829 61 H H H 6H2N NYN' H2N NXG G G
wherein Gis 0 or S and, if present tw ce,
i ndependently 0 or S, and R is nmethyl, and where the
functi onal groupHX i Hselected fromt he gr odp

conS| stl ng Hal sY O O 0 wher @O,
, (cﬁmre\[fmis an organic chﬁ&ri ing Z1

and X or V\/nere L'G s absent. 5 According to &
preferred enbodi nent, the present invention relates to
awlpm faiseitor S gl n‘i:wnﬁﬂms itwiconindepeddatlyi Ded SHlbod &' is methyl,

ShifebaheRarigt R Sshtisd i, e'g?aﬁfp%%p%g % hea

hem acetaj group, d an acetal- gr nd c oun
(L) is conpou 0 Ngeneral fo L - X vvhe he
10 fu onal up s sel ected fr the gre

consi y—of H ~

wherein I—Ial is Cl, Br or I, and where L' is an organic chain bridging Z; and X of

where I' is absent,

According to a preferred embodiment, the present invention relates to a pharmaceuti-
cal composition as described above wherein the functional group Y is selected frqin
the group consisting of an aldehyd group, a keto group, a hemiacetal group, and an
acetal group, and compound (L} is & compound of general formula Z;-1.'-X where the

functional group Z; is selected from the group consisting of

A N HNT ™ RN
H,NT 2 _ _ H
" Q
N - N
-~ H,N Y | N—§—
' . R
.G o 0
CHNTTYTS HN ~
L - e

~wherein G is Oor$ and, if preseﬁt twide independenﬂy O or S and R is methyl,

and where the functional group X is selected from the group conslstmg of
---.HN——"-‘_ - " o o

| ‘ B - N

g RN RTON




twi ce, independently O or 'S, and R.i
wo%{{]}dﬁﬁ%

HZN NHNOR-O-H zN2 HHNO HZNNz ~-HS- GOHH

H HZN NN % H2N NY G wherein GisOorSandgEg 2007
ere the functional group X is sel ected g&ssm

group consisting of HZN- H M2N H2ZN 0 R'i z 12

March 2007 WD 2004/ 024776 PCT/ EP2003/ 005829 62 H

HZNN O HS HzZNN)r 11 GO HNNNHNNG 2z Y

wherein Gis 0 orHS and, if present tvvcha O

i ndependent |y 0 d{. S and R is met hyl , ere L'

is an org.amc}'| ai nilbridging ZI and X or V\,h re“L' S

absent. According tg anot her enbodi ment, the pDesent

invention relates to a pharmaceutical 5 conposition

as described abdye whkerein the functional oup Y |s

- SH, conpoun - conpound of ge
Zi-D -W an&P@orrpo nd (L) is a c:orrpoungr?zéiaH eral

fornmula Z2-L'-X, ere the functional groupZ(Bls
selected fromthe group consisting of HZN- N HzNR
wleNSin 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 absent.

. According to another embodiment, the present invention relates to a pharmaceutical

composition as described above wherein the functional group Y. is -SH, ¢ompound

(D)isa com;:omid 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
' ) R N
HZN/.N ~ HN . H
. . 0
} /ﬁ HZN\N Isi
HN \W/’ H I
G _ O
3 H H H
N N N, G\
S S
- | G

"wherein G is O or S and, if present tmce, mdependcntly O or S and R' is methyl
10

where the functmnal group X is selected from the group cons1stmg of

| \N B N

wherein Hal is Cl, Br or I, where the ﬁmctional group W or the functional group Z» is‘
-SH and the functlonal group Zz or the ﬁmctlonal group W is selected from the group

N con31st1ng of '




HZNH HHNO NNz "HS GO HHN G HNNYN- HZN Y

' G G wherein Gis 0 or Sand, if present tw ce
. ; 12 March 2007
dently 0. or S, and R is methyl, 10
Wokﬂ‘ﬂ@?{)&nal group X is sel ect ed fromthe grou &rﬁogz‘ﬁ&s”

10

consisting of ONHall o'06N .. SS-10 wherein
Hal is O, Br or |, where the functional group Wor
the functional group Z2 is -SH and the functional

group Z2(r the f tional grou i ect ed=Fxony,
the grou consi of 12 Mar %@%007 WO 2004/,034‘776

PCT/ E / 00882 NHal SO N S& OO0 0Qhekein
Hal igl O NBr, or ¥ orSwf&Qe the functional group W
or the nctional group Z2 is selected fromthe group
consi sti of an activated ester, as described above,

a carboxy group which is optl onal |l y transforned
| | | O
‘*He?%ﬁ‘@%%‘%% KErcpt 58E Shogiite KR bl Grodp B2 ERAKBOM gowp

@aﬁm;eﬂsédteihﬁmﬁ the-EidircdsisHERRNan adtivetedtdstetlasegerioed 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 O O~
RN
HZN"N\ H,N” | N
0
_/ﬁ o H2N\N g
Bk Y - | H .l
G .0
H H | H
. N N NG
CHNT ™ H,N \{(
\ler 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 ﬁret anqther 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, 2 hemiacetal group, and an -
acetal group, compound (D) is a compound of general formula Z;-D -W, and com-

pound (L) is a compound of general formula Z-1'-X%, where the fonctional group Zl

-is selected from the group consisting of

H,N— H s N N
B HZN’.N\ . HZN o H

G e o I

m—-’-

—




" HZNHS GO HNONNHNNZ2Y 2| 5 whherein Gis 0 or
- ~ S and, ilf presgn;\htvvi ce, independently Ohor S, c'}-‘;2007
j y an ere D is an organic chai
_- WOJQ&U@E?}I&WM where D is absent and where FCWE‘P %B@ssm
organi ¢ chain bridging Z2 angt X or where L 'S absent
According to yet another enbodi nent, the present
invention relates to a pharmaceu- 10 tical conposition
as described abdye wigrein the functi onal %oup Yis
sel ected fr A p consisting of an e
group, a ke?’g}‘jgrou a hem acet al grouﬂ)*?Nandd\ﬁp
acetal group, corrp@und (D) is a conpound of ggneral
formula Z1-D -W and com pound (L) is a conpound of
géeeinG i @ onBand2iflpresént whie, nddpendantdsto ons| aﬂi RU Abthyl,
ﬁ% se#@eﬁt ed f omthe group consi sting of H2ZN H NA
| up X ispgieeied Tigm the group censighingoivar ch
2007 V\Q_Q@.OA/ 024776 PCT/,J;PZOOB/ 008829~ 64 HHH
NNN HNONzZ 2 Y GG, ETEIHQ-IN \chanﬂ'/lf‘N
present tw ce, |ndepé11£ﬂen 0 or S, and R is nethylH.
where the functi onal group X'is selected fromthe-
group consi sting H)f H2N- H H NA H2N H ﬁ

HN7 \ﬂ/ # NG
| N

o)
Ui Sl e
G G

wherein G is O or S and, if present twice, ixldépendently O or 8, and R' is methy], 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

Y e
N o} 07\
S—8._

-whérein Hal is CL, Br, or I, or where the functional group W or tﬁe functional group

Z5 is selected from the group consisting of an activated ester, as deseribed above, or a

'  carboxy group which is optionally transformed into an activated és_tér and the func-
.tional group' Zz or the ﬁmctiona_l group W is selected from the group consisting of

H,N— H 0 O .~
S . _N HNT ™ R "N
HNT T R . . H
R '/Nl : ' H2_N\ io
H,N m/ R * "N—5—
| o .  H T

G




2 HHNO HN-Nz ~NS G O HZNAN N~ ZN-N G Y G
wherein Gis 0 or S and, if present tw ce, 12 March 2007

wo hddggnendently 0 or S, and R is nethyl, the
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functional group Wor the fractional group 2218 cad®?
and the functional group z26%r 5 the functional group

Wis. selected fromthe group consisting of O N Hal

SO O NOwherein Hal is d, Br, or I., or where
the functi onal oupHW or the functional gfpup 21is
selected fr consi sting of anyactiyated
ester, as d i beg above, or a carboxy group which

is optionally trangformed into an activated eéSter and
the func- tional group Z2 or the fitnctional groIl#o. w
inheret] 6cis € of Saamd; HeprepenuiwiennndepeidentinO or-Saand R s methyl,

09 DB bty e s Db a 200 WPr e T Bt e

L' is an organic chain bridging Z, and X or where L' is absent.

According to a particularly preferred embodiment, the present invention relates io a

| 'phannaceutical composition as described above wherein hydroxyethyl starch is re-

dcted in an agueous medium with a compound according to the following formula
RN 07 NN,

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 subsequentlf oxidised with sodium periodate prior to the reaction.

According to a further preferred embodiment of the present invention, pharmaceuti-

| cal compositions comprising a hydroxyalky! starch derivative which are produced on

the basis of a bonxpietely 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 "dys_ftmctionrd.isordcrs or diseases

related thereto. .

. A “therapeutically effective amount" as used herein refers to that amount which prd- '

2 vides therapeutic effect for a given condition and administration regimen. The ad-




woé\\ﬂ%ﬁ,’% is an organic chain bridging Zl andP
T wner e
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_'Hz NNYG- GG wherein Gis 0 or S and, if present

tw ce, independently O or S, and R is nethyl ,M}Q | rch 2007
/

i Co 2003/008829
is absent and where L' is an organic chalrn

bridging Z2 and X or where 10 is absent. 5 According
to a particularly preferred enbodi nent, the present
invention relates to a phannaceutical conposition as

dégeration dfaspheoppirsinarefonyisdxgBrably by parcaipralgontes. The spe-

) o . . . . '
A S P S BLTAL Wek, FTRUA 80 Beicn
of asihedpdictin Bafkmd inpidierably tdonepeipeaitiof.a fohtulbdo cohtaging a
to an even nore preferred enbodi nent, the present

FighlscRBiPry Bich e Sungn seiyw Alpwhined SbAbldiBical saeot g buffered

%ﬁgﬁgg%lg{n? NG £4 taBEead?JxﬁéH? Rk Alited c%o.%aﬁ%%lcﬂ'é #E8hmounts

Um periodate prior to the'reacti cordi ng
sudficeituo réies thertefrewacaitl oépdidisrand twilltvaey gepesding upon the sever-
Jnvention.relates to phar- 15 ceut i cal, congosi.ti
ook oriicn s searBa medie SRR G LR d e Tke.
partially desialylated and subsequently oxidised with

sodi um periodate prior to the reaction. According to
Bhef elrjedterd the béameptivihibuphesnecesfical venppsitemvf the invention is

Rl B inpPeast SRR s G SRR fidre S8 o BRA i Biood.
12 (hBerHa it @ouodt Qo8 Gbnyme U GahiHRd EPQ way that the he-

according to Exanple 6 are excl uded.
:a@giohmrmgﬁ versdsep haivreadiam 84l mpekberd 1 Honmpl] per week. If the

IR g bl & Pl g W ERN OOl ARGy iprorrupted
witis gRIRMogidiatade IS RIGH 8.1 nBoi. " t her apeutical |y .
effective anount” as used herein refers to that anount

whi ch pro- vides therapeutic effect for a given

R0 BBl BB L P 3y Ao it ok -

cukmesis ot ingrvefiousr yit parogteiab irjectiono Fontiss,i suifpblefl enipidnys and

by, parenteral routes, The spe- cif.ic_route chosen wll
CAiEh deUB8n St R BB PRSP . fisedivn. hysregen phospbate, so-
. r - *
ST AR TS RSRPOMEL 19 NSO TheComposion oy
administered three times a week, preferably two times a week, more preferably once

a week, and most preferably every twd weeks,

' Preferably; the pharmaceutical compbsition is administered in an .amount of 0,01-10

g/kg body weight of the patient, more preferably 0,1 to 5 pg/kg, 0,1 to 1 pg/kg, or

0.2-0.9 pg/kg, most preferably-0.3-0.7 ng/kg, and most preferred 0.4-0.6 pg/kg body
~ weight. '

In general, préferably between 10 pg and 200 pg, preferably between 15 pg and 100
. pgare administered per dosis. - '

30 Lo | |
i ~ The invention fufthet'.relates'to a HAS-polypeptide according to the present inven- -

o 't_ic;n for use in method for treatment of the hﬁm,_an or animal body.




suitable carrier, such as human serun1a|bun1n, a
suitable diluent, such as a buffered 5 saline 12 March 2007

WO %g‘y,bgﬁ%n_, and/or a suitable adjuvant. The rggyigpSfds008820
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15

sage will be in anmbunts syfficient to ralise the
hematocrit of patients and 41 vary dependi ng upon
the sever- ity of the condition being treated, the
met hod of adm nistration used and the |ike. The object
of the treatnment with the pharmaceutical conposition

y : . ¢ o .

The LEfenlit BbeP ikes (TR g o R AP IRD) LSRR B i in
ﬁémi_oh_rfbs thetﬂgq;arﬂm' nnﬁtaeﬁ(f]dimheﬁt ﬁo:ﬁhsﬁédt?m'g_rlﬁwnbliﬁic disorders or

m ni st er in.a way that the he- obi n val ue
e apRiede distiction fistider o5 diskater FelgiRBere. ol | per
week. |f the henogl obin value exceeds 8.7 mol /I, the
t herapy should be preferably interrupted until the
Ieeasglcobipnunda(ljeused i atamdiBg 1o teobtsent ffvedtivm comprises one or
co s%@io of the i9¥ tionbis géﬁte ably used in.a
POFnEIE iCHHC Sy PARRTU () TaYLRC BITESH b B<CoBroTmAErn 08 ifh §on-
REMBBSIEHL B rAdenliO OB HHBRA- wiliPfeshddt o eadll chidf béntercCi pi ent s
and carriers are e.g. sodium di hydrogen phosphat e,
di sodi um hydr ogen phosphate, so- diumchlorate,

0 er for injpection. The .
BOtS8 HoRRbndony BERBY e To it BB B Mg e o
moef ehiab byntéraOcdntRBd S(DP\mly, be"PrieSend € Redoakdrihatibs or irdS con-
%Fek, and nost preferably every two weeks. Preferably,
HBAMLOT AT Segiie eomp@img o4ith fegpect t eaglhPlital eetted in an
anmount of 0,01-10 pg/ kg body wei ght of the patient,
nore preferably 0,1 to 5 pg/kg, 0,1 to 1 pg/kg, or 25
The2irveftigg Ak gurthep SHugtraestiebyalthey féllowwife éxagples, tables anDAfures
referred 0.4-0.6 / kg hody = weight. In general,
&k atedpmp Vg feBiecio stectdheisospe of thy prqﬁ?rgfl%\%w
bet ween 15 pg and 100 pg are adni nistered per dosis.
30 The invention further relates to a HAS-pol ypepti de
‘according to the present inven- tion for use in nethod
for treatnment of the human or ani mal body. 12 March
2007 WD 2004/ 024776 PCT/ EP2003/008829 67 The
invention further relates to the use of a HAS- EPO
conjugate of the present in- vention for the
preparation of a medi cament for. the treatnent of

~aneni ¢ disorders or




hemat opoi eti ¢ dysfunction di sorders or diseases
related hereto. 5 In case conpound (L) used 'n12March2007

WO?{.@?@L&?{{]Q to the pr esent i nvention corrprl Se%%zﬁ)dl’sﬁm%gzg
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iral centers, conpound (I1) may be present

conformation or in S con- foggmtion or as racemic
conpound with respect to each chiral center. 10 In
case conpound (D) optionally used in the present
[ or nore chiral centers,
§§ﬁ§§§%§quﬁ th present in Rconformation or in S
con- fornatlon or as racem c conpound with respect to
ach %hiral center. The invention is further
FEEtr at ed by the fol l owi ng exanpl es, tables an
figures 15 which are in no way intended to restrict
the scope of the present invention. 12 March 2007 WO
Piymag O 2uvcarPBIPS FRZe es4lgds 8P the HBS-BREY ¢ongemibs, ippeduced adcord-
th% Flggl ? Figure 1 5 Figure 1 shows an SDS page
P FETRISe -1 he " HES EPO conj ugate, produced accor d-
ing to exanple 5.1. Lane A Protein narker
Rotl r) Mark PRESTAI NED (Carl Roth GrbH+

i uhrotap) - markee Reti-Mask gRRESTARNED) (GarltR@th GmbH+Co,

proteln 59

42, 30, g%‘iéﬁi oot ftar é‘%@h%c@?@s%?g%‘%ﬁ?mﬁfﬁmkyﬁ°m fop
conj ugatﬁodnttamcmﬁlmg 1’1}4&)(31)1}25.@ &ndll17. Lane C. EPO

i arglng terial. Figure 2, 15 Figure 2 shows an SDS

a n aql £ progct afier H@ﬂﬁi@n@tﬁmféﬁ‘ﬂﬂ% eXHPRlg veled

u.ggﬁg[@ g 5. 3. Lane A: Crude product
a ter conj ugatl h according to exanple 5.3. 20 Lane
B:. EPO starting material. Lane C. Protein marker

E‘%ﬂré#) Mark PRESTAI NED (Carl Roth GrbH+Co,
uhe, nmol ecul ar weights (in kD) of the
protein rrarker fromtop to. bottom 245, 123, 77, 42,

30, 25.4, and 17.
Figure 2 shows an SDS page analysis of the HES-EPO conjugate, produced accord-

ing to example 5.3.

Lane A:  Crude product after conjugation according to example 5.3.

LaneB:  EPO starting material.

Lane C:  Protein marker Roti®-Mark PRESTAINED (Caa‘:l Roth GmbH+Co,
Karlsruhe, D) molecular welghts (in kD) of the protem marker from t0p ‘
to bottom: 245, 123, 77, 42, 30, 25.4, and 17.

Figure 3

_ ‘F1gure 3 shows an SDS page analys15 of the HES-EPO con_]ugate produced accord-

ing fo example 54 aud 5.5.

Lane A: Proiein marker Rbﬁ@-Mai‘k PRESTAINEb (Carl Roth GmbH+Co,

Karlsruhe D), molecular Welghts (in kD) of the protem marker from top‘
to bottom 245 123 77, 42, .10 254, and 17




25 Figure 3 Figure 3 shows an SDS page anal ysis of the

HES- EPO conj ugat e, produced accord- ing to exar{alﬁarghﬁom

. 30 Lane A. Protein marker Roti(r)-
WO%&%%%A%NED(@H Roth GrbH:GCo.  Kar | Sruhe,  BrAER20031008829
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245, 1230 bpitomy

nmol ecul ar wei ghts (in kD) of6%he protein nmarker from
top to bottom 245, 123, 77, 42, 30, 25.4, and 17. 12
March 2007 WO 2004/ 024776 PCT/ EP2003/ 008829 69 Lane

BangBudeCordsqueduchaftacongitinpaccodingdoe exathplg Stdh
| . L . Crude. dugt aft ' ti
TAROP . oGt o e oV oiiinedose bty 0 "

atebt al EPS skirfinyf ateril, gure 4 shows an SDS page
anal ysi s of HES- EPO conj ugates, produced according to

~exanples 7.1 and 7.4. 10 Lane A Protein marker

@4rg,a)-wmk PRESTAI NED (Carl Roth GrbH+Co,
sruhe, D); nolecular weights (in kD) of the
protein marker fromtop to bottom 245, 123, 77, 42,

0, 25.4, and . Lane B:, Crude product after .
g’&fﬁ%‘g 3’?‘?.%%§é)§rﬁﬁgﬁ goglgsig Qéﬁﬁsegﬂwpnjugatﬁ% reoduced, gecording

By Q@iplesaf 1 £l £4N) ugation according to exanple 7. 1.
15 Lane Di EPO starting material. Figure 5 Figure 5

shows an SDS page anal ysis of HES- EPO conj ugat es,

PLERC AL ILRE, e Ruet R ST pfvi (o afoiebiinnco
(Carl ROg st tHiomolebatal S48 (i:PkD% BRI GHbRIn MBI rSm top
(in kD) of the gio_teln marker fromtop to bottom

15,383, VK42, 30a2840ad 5 Lane B: Crude

PARINC, CuliEbri B b e AR BRI IR A0 | o ¢ e
EamejQtgat Crade prdosidifiRg céJugxidiBb@rding io Bas@sle 911, EX-
fanr;%lﬁe: = ]%P(S) )startmg 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. ‘ '

~LaneA:  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. - -
LaneB: Crude product aﬁer.conjtigation according to example 7.6, based on Ex- _
' ample 1.3 b). ' .

: Lane C:  Crude product after conjugation according to eXamplé 7.5, based on Ex-

ample 1.1 b). | | |
Lane D:  Crude product after conjugation according to example 7.6, based on Ex- |
| “ample 1.3 a). | - -
Lane E: _C;udé product after conjugation according o example 7 .5, based oﬁ Ex-

ample 1.1a).
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Lane D: Crude product after conjugation according to
exanple 7.6, based on Ex- 30 anple 1.3 a). Lan%@l ch 2007

wo 5o -y oduct after conjugation according t%{ﬁ%@ossw

7.5, based on Ex- anple 1.1 a). 12 March 20
04/ 0 24 7 76 PCT/ EP2003/ 008829 70 Lane F: Crude
product after conjugation according to exanple 7. 2.

- Lane G Crude product after conjugation according to

Iemabpl e Crudd: produnt eftét: coRf@atiiraaccoringtatesmiple 752.Fi gure 6

Fi e shows .an SDS page.anal ysis ,of HES

1 g L 5R BP0 £ BRI R R e 77, 7.5,

TAn8K: 7. BP0 sfarfihe nadial . 12. 10 Lane A; Protein marker
Roti (r)-Mark PRESTAINED (Carl Roth GrbH+Co,

Karl sruhe, D); nolecular weights (in kD) of the

lgrolge%'sn marker fromtop to bottom 245, 123, 77, 42,
o .4, and 17. Lane B: Crude product after

conj ugation according to exanple 7.11. Lane C Crude

1:product after_conjugatjon according to exanple 7.10.

e &riboms aSRRPAse GBS of H155- 5B copierish 1edused aRgprding
t exsjﬁg}ﬁm.ﬁ 78.%.9 53@2751, Lauge product af ter

conj ugat i on dccd g to exanple 7.8. Lane F. Crude
product after conjugation according to exanple 7.12.

Lane G _EPQ star.t.i riaf Cr.ude product
15R08: ORI ab RO ACepa. PRESTANIED (CoT RoG” Ertpico.
7 SDS- PRGHEsRARA!YS afolideRieidhls din k)i theSoteth Malidr &Shthop
treatnment for 5 mn. =lane 2] 10°mn. = lane 3; 60

m n. = | énleotiwra 245 U8 €at42d3ERO.4abdhd 1; the nobility

L%Ei t Sé?".“{éfﬁr‘g Océ trer re[%valcﬁofil\l- %h%%%%ﬁleiﬁls.hom
12HECs ac Chade peduck 8fdrabiRighticicdbidiabedakple 7aatd from

30 EPO i ncubatéed for 5 mn,, 10 min. and 60 m n. under
Lape B: ac Candeypapdic) after copiygation according to example 7.7.

LaneE:  Crude product after conjugation according to example 7.8.
LaneF:  Crude product after conjugation according to example 7.12.
Lane G:  EPO starting material.

- LaneK:  Crude product after conjugatidn according to example 7.9.
20

- Figure 7

- SDS-PAGE analyses of EPO-GT-1 subjected to mild acid treatrneﬁt 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 win., 10 fiin. and 60 min. under mild acid hydrolysis condi-

tions. Roman numbers I-V indicate the elution position of I = desialylated dianten-

' nary structure, II = trisialylated triantennary structures (two isomers), Il = tetrasia-




tions. Roman nunbers IN indicate the elution position
of I = desialylated dianten- nary structure, H1Z March 2007

WO #P%,§i4ﬂ6yl ated triantennary structures (two Z%%IE% 1008829
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_ SF%’;\EC- PAD of N-1inked

= tetrasia 12 March 2007 WD 20 0 4/0 2
PCT/ EP2003/ 008829 71 |yl ated tetraantennary structure
+ 2 N-acetyllactosanm ne repeats, IV = tetrasial yl ated
tetraantennary structure + 1 N-acetyl | actosam ne
traaptenngien staisuad Y1 2Neddetylltctasaiming mpeas, Vs + natekiatydated
' N acet yl to ine repeat. The elution area
% é‘}icgllt&lg!’g%}o asgucgﬁ%%i fd@é@ﬁ?@sff’ﬁﬁ%g FeRepl M T toirastalylated tetraan-
By striftind H withdil N@é&{ﬂld@tﬁs&hﬁl@ &ledt. The EludidhGré of oligosac-
\ 2d ol i gosacchari des after
des spughuresithonb vefhl-#talip esidtis ndicafed by brackets. _
N-acetyl neuraminic acid is shown; nunbers 1-9 indicate.
the elution position of stan- 10 dard

‘Rigwmgdsaccharides: 1 = diantennary; 2 = triantennary

(2-4 isoner), 3 =trianten nary (2-6 isoner); 4 =
tetraantennary; 5 = triantennary plus | repeat; 6

HIeAR @315 6f NO@ed BlilssalcH-SR68L & Zles?al%aitiglg;;tﬁg Qﬂl&lﬁ% Béstﬁon of

2 repeats; 8 = tetraantennary prus e
N-agatelnenraminie scip iushodvn; epmbess.1-9 mdiagiihe el@ioSPSsiRAGES stan-

is of .ol eat ed d EPQ whi ch |
RO RecRiri B F = GERrEd Feibneiamery &4 pemeios 31— Hiaten-

| ngSREREme ; # PR AHAIArR'S Shdeikhi -t S Amanten.
2 = 1|§))eri odate oxidized 5 mn. c%l?@eg%’r?ren?%kaémen

nent_, C
nary ips b dencat; dxT tisstammarnycplag 2 depatst B eatetrenttertrynplos 2 répeats
5 = BRP

=1 perd i_gli i, hout acid treatnent;
a‘ﬁ’% té‘?%%tt gp%%ﬁ%%ﬁi’a’g%p@% ri odate and wi thout acid
treatnment. Figure 11 25 HPAEC-PAD pattern of native

Foh Oi ccharides isolated fromuntreated EPO and. from
@%“" cubated for 5 mn and 10 mn under mld acid

hydrol ysis conditions and subsequent periodate
treatnent. The elution area of oligosaccharides
SBErRAGE reslysis pfimiliureatettand ddtredted BAGWhRhaGE sbiBjected to pe-

n%% @%Iﬁggggg %ﬁl%‘%&éﬁxgéﬁ%sogg% ;Igggdra?e %}%idilzéd Nu?i[dforlllt ?agg 71:reat—
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 1'1 |

HPAEC-PAD patiern 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-

. outand with 1-4 sia]i(; acid is indicated by brackets 1-5.

‘. Figure 12 |




wo 0 76l- A were reacted with hydroxyl am ne- gﬁg{]}?gﬁ ho0ss29
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72 SDS- PAGE anal ysis of the tinme course of
TIES-nodi fication of EPO-GI-1-A: 20 pg ali quoy ch 2007
I de- rivative X for 30 mn, 2, 4 and 17

Lane-1 = 30 min reaction ting land 2 = 2 hour

reaction tinme; land 3 = 4 hours reaction tine; |lane 4

= 17 hours reaction time; 5 lane 5 = EPO-GT-1-A

WRHB4EE Tavelysisoef| the dimd coursd ef HEShgedificatioows EP@-GHilEA: 20

| ﬁ@hg@i#éﬁ%%@%@ e ittt b’ ISRl oatRd 188 de-

XY fan30exny ) dfdnd d 7THdess. dQhé Yal 3¢y fif FdaOifbed @& 1ahd 2 =2

1
m'mn7l) X; Lane,1 = 30 min reaction tine; lane 2 = 2
Ret wagtiondimes dand 5 4 howrs reactiontimeylage deat? hours réaction time;

e i . lLape. 5 =,.EPO. GT-1: A
R VEROGT PN d i ldaldcion. s2Rhetrs oy iR shift h mo-
biisyvef ERO-GA-$-Lofvitbhiacizasing Seobdths @hé @i tHehfbdence of the with
gr(gat, nf with N-ﬁ%lsyco_m dase. Fi %gre 13. 15 SDS-PAGE
FP AR e Beh HESGsavak e iopesics l ESIREPE: Lane 1 = 30 min

otoah ch 19 £ Loy thrqugh and,.1%.0f the,
?%g%t 10 ngﬁ’izlfnbetlz?@lnIgi %&ﬁea%&ds}’gﬁlé’g%}%caeﬁtg ?%H%ﬁ%t’\%%@ee iﬁlﬂg 4=
¢ hours readtiomtime;Ipaesi=\ERO CTdeA Wit HES aivdifRfien. MRdRske on
&rétoﬁ}éth els in . sanple buffer. EPO protein was .
et ShYPRoBRAES) o Hhaysame, samiploroalen hay dregimpt evith N-
Qlyéosgasé sample Il1l; K= control EPOGT-1; A, BlI, d
and Kl indicated the flowthrough 20 fraction; A2, B2,
'C2 and K2 indicates the fraction eluted with high salt
ﬁr%gg%ra- tion. Figure l1l4a 25 SDS- PAGE anal ysis of

-hodi fi ed EPO sanple A2 (see Fig. 13), control EPO
sanpl e K2 and EPO GI-1- A EPO preparation were digested .

In the presence of N- glycosidase in order to renove
%Dﬁw‘%@ﬁ aglysipebQc¥rphiges fragtjons BPERSEPDesnfgatee Each 18 of

8 HobrbrouBhabh 408 B JRRE AT 3T Ao B1GRs wpg con-

‘Eaghtyd a8l Speed Wad comratiRo Ml ated 1940l Sl MR Geaia safiple

-@&ser (5/1 for, the T|ES-nodified EPO sanple A2 after
-%%Te PR Bas stangA by Lepmassie Blee. g seamnpleBaBa seawle I; C

e - RI=O, {Ba.1.Aqe I r Nk N0y 11 ES-
e o R OLOT 1, MR R T g IRD SRR Ll e
Tracgen;aA2,002, 162 leed Kyindivatstthe fradtjon diRtel/BrithhigBQ7l: chidentra-
@0%94/ 024776 PCT/ EP2003/ 008829

Figure 14a

SDS-PAGE analysis of HES-modified EPO sample A2 (see Fig. 13}, conirol E_PO_

sample K2 and 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 0;
glycan, A lower ratio of the O-glycosyllated and nonglycosylated protein band was

observed for the HES-modified EPO sample A2 after de-N-glycosylation and 2 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).




73 Figure 14b SDS- PAGE anal ysi s after mild hydr ol ysi s
of HES-nodified EPO sanple A2 (see 5 Fig. 13),2 March 2007

wo 58h149te EPO sanpl e K2 and EPO- GI- 1A whi ch W§J&/gpa003/008829
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untreated or digested in the presence of

N-gl ycosidase in order to reMove N-1inked

ol i gosaccharides (see Figure 14a). Both high

nol ecul ar wei ght formof A2 before and A after

N. gl ycosi dase treatnent (see brackets with and w thout
@rrovvi gli sappeared upon acid treatnent of the

':gr% % The BRP EPO st andard which was run for
conparison was 10 not subjected to mld acid

treatnent. Figure 15 HPAEC- PAD anal yS| s of _N-linked

SDP PAGE cmalysig caftenmaild hydrolypisrofi HESfmerified EBO q@ple A2 (see

B0, SR EROlpl KO Rt O R R Bacsted

inuhd @t&eﬁd& offidighadosididecin irdiri t0 reipo®d Nl-l(ixﬂcedfohlgomchandes (see

j sial ddlan ennr struycture, = trisialylated
YERER ¢ t%tl?la e% vwelgéto fmﬁ%r%f) A2 |before and” A after
ﬁ%tlyfc%ﬁdﬁzl e)ﬂé%hﬁ&ltt(@e RRRLE W éﬁds%i'ﬁ%ﬁ W &w) disa peared upon acid -

N-acet yl | act osami'ne repeats, |V = tetrasi al )P

frestmeimidhmsanyplest The BRPERO stahdard evhith wes nmdng mmpanson was
rep ra yl ated tetraantennary
M@@p{tom@g@ﬂg %eﬁ'k:et yl | act osam ne repeat; brack-
ets indicate the elution area of di-, td- and
tetrasialylated N-glycans as reported in the |egends
Bgurg 3. 8 and 11. Figure 16 25 HPAEC PAD anal ysis of

N-1inked oligosaccharide material |iberated from HES-
nodi fied sanple A, from EPO GI-1A and froma control

EPAECPRDeartal9sid 6F DbBsled olgdshcdhaiie intdt@thl HBSratcBhRom HES-

retggtlon times of _a mxture of standard

ppdiged sampler Aglom Egos%xm dribuns ol RO saele freubated
hh&'&dﬂf%ﬁ'ﬁﬁ% e '\gﬂﬁﬁ&ﬁb i @E&%p PosTioRbf X =

I 'ant ennar I'ant’ennary
‘dum]a'tﬁte}hduamyn(lﬂy &trueatuma[l) tﬁszalyﬂz&éd aiamtennbyrat@ecipres Ytwo iso-

tr| ai&fﬂnu{aﬁ)llgtﬁ i re g‘%%ﬂég = tetr tengﬁ%&g@@crepeats
ﬁwgaaa%a@&ﬁmm%@%mﬂz N RS ctclarfine repeat, V =

tetraantennary plus 2 repeats and 9 = t'etraant ennar y
tpﬂr@yﬁﬂated tetraantennary structure + without N-acetyllactosamine repeat; brack-
ets indicate the elution area of di-, tri- and tetras1aly1ated N-glycans as reported in the

legends of Figs. 8 and 11
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 oligosacchaﬁdes

is shown: numbers 1-9 indicate the eluhon position of standard oligosaccharides: 1 =

‘dlantennary, 2= mantennary (24 1somer), 3= tuantennary (2-6 isomer); 4 = tetraan
- tennary; 5= ’_m_antennaxy. p_ius 1 repeat; 6 = tetraantennary plus 1 repeat; 7 = tna,nten- g




repeats. Figures 17 to 23 Figures 17 to 23 represent
MALDI / TOF mass spectra of the enzymatically Ii %tmq{jzom

_ ically desialylated N-glycans isola
wo %9%0 i fied EPO and control EPO preparati%ﬁg. k}&@g(r)ssw

signals at nilz 1809.7, 2174.B, 2539.9, 2905.0 and:

3270.1 ([M+tNa]) correspond to di- to tetraantennary
“conpl ex-type N-glycan structures 10 with no, one or
- bawy plksil etprhthaf FoSaMENAMnEONSES 2 rafeRRATY ©dtiMnBdlty plus 3

Si gqal s due to loss of fucose or gal actose which are

HHE 0 acid hydr ol ysis conditions enployed for the

desi al yl ati on of sanples for MS analysis. Figure 17

15 MALDI/ TOF spectrum desial yl ated ol i gosacchari des

Biguesd io@3f i ed EPO A2.  Figure 18 20 MALDI/ TOF
spectrum desi al yl ated oligosacchari des of EPO GTI-1-A.

2 Figure 19 MALDI / TOF spectrum desialyl ated
PEuge3aes arégesnol AR 1@ L g, i 1
s e oS i OB e

spectrum desialyl ated ol i gosaccha
a9 chpwisely desialylalpd Mglyzeoyisolapdfood HESRGGified EPO and control

i . L DI tr i.al.yl at
29 5%%@&%59 05 et e 1000000, 2Pl S 2003 00end 0.
(ByldNa]"y sosredpaind Stondin .t Fe@itintenddry SodileRbypt R-oIREA t Situr
10 desi al yl at ed al i gosacchar.i des g?( EF%EIGTWF ;ﬁdbj ect estrj to o8
B 1paPoyNaceigHactosamine reprejsaesoppanied by weak signals due to
loss of fucose or galactose which are due to acid hydrolysis conditions employed for

the desialylation of samples for MS analysis.
Figure 17
15
MALDJ/TOF spectrum: desialylated oligosaccharides of HES-modified EPO A2.
Figure 18

- 20 MAILDVTOF spectrum: desialylated qligosaccharides of EPO GT-1-A.

Figure 19

: MALDI/TOF spectrum; desialylated dligosécchaﬁdcs of EPO K2.
25 B |
:' ~ Figure 20

. MALDI!TOF spectrum: desialylated oligosacchar_idés of EPO-GT-1.

30 - Figure21




10

15

20

25

30

MALDI / TOF spectrum desi alylated ol i gosacchari des of
EPO GI-1 subjected to acid hydrolysis for 60 rrlierarc 2007

' 24 15 Figure 24 shows an SDS page a
Woﬁﬁ%gg' EPO conj ugates mw_marker Lane 1: ﬁé@@ﬁ@sﬁ 8829

-produced according to exanpl e protocol 8: EPOis
conjugated 20 to hydrazi do-HES 12KD L Lane 2: HES- EPO°
produced according to exanple protocol 9: EPOis
MADDIY§eFe shectrumh yidsisbyjdtairioli gosdeihafideskof KPO-GIehtsnbjiected to
uncqnj u ed EPO; the upper band represents EPO
a&ﬁ@lﬂf@{ﬁy OT:gB)tH“e 25 Figure 2 denpnstrates that the

HES is conjugated to a carbohydrate noiety. of a car-

- bohydrate side chain by showi ng a digestion of HAS

Igief22ed EPO forns with po- |yppetide N-glycosidase 30
Lane 1: HES- EPO produced according to exanpl e protocol
8 after digestion with N-glycosidase 12 March 2007

Nﬂ&ﬁ@@‘@@%ﬁ@&&nP@Eéiﬁ?&@&ﬁbﬁ?&%@&aﬁl& bARPRGTHESuERed to
produced_according to exanple protocol 9 after
agiddedrolysts fof 1hmimy- gl ycosi dase Lane 3: BRP EPO st andard
Lane 4: BRP EPO standard after digestion with

N-gl ycosi dase 5 mw. mar ker (Bi o-Rad SDS- PAGE St andards
Figwerange Catal og No 161- 0305, Bi o-Rad Laboratori es,
Hercul es, CA, USA) ------ - - 12 March 2007 WO
2004/ 024776 PCT/ EP2003/ 008829 77

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-HIES 12KD L | .

Lane2: HES-EPO produced according 1o example protocol 9 : EPO is conjugated
to hydroxylamino HES 12 KD K

C:  control (unconjugated EPQ); 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'NfgiycosidaSc

Lame 1: HES-EPO produced according to 6xampl_e _protocol-sr after digestion with |
N-glycosidase U e o




Exanpl es Exanple 1: Formation of hydroxyethyl starch
derivat'idvesdby gleductiveOI am nat i Ion of the 12 March 2007
I-'sed reducing end 5 Exanple 1.1 Rea
wo{hbgg?zgxwfet hyl starch with 1, 3-di am no- 2- hydr%klr%z‘ﬁ’ /005529
propane HZNNH2 OH a) To a78ol ution of 200 ngy
~ hydr oxyet hyI st arch (HES18/0.4 (MV= 18,000 D, 10
DS=0. 4)) wat er, 0.83 mmol
Iiangzdl arﬁlﬁ%ﬁi’ ngr@dmcsi apmwbag &0 ¢gingprte protdodt 9 eficr digestion with
Tauf | dr gf« nd 50 ng sodi um cyanobor ohydrat e
.NaCNBI—B%\N?rEYeCOBQ%%ed. The resulting m xture was
Liame Bbat GBRBEP&&t@d&@tr 17 h. The reaction mixture was
added tq 160 of a cold 1:1 m xture of acetone and

- I@Rdhol BI%R/E?P stapdardfist digestioneviied-elpedsideseed by

ntrifyga d f a

".5 r[g[gnakeSkl nk%]:og?l?/g?dg ?BEI ng, ﬁ%nc%gﬁiscé?w %f‘ gfq't%a%%o 161-
Sci ence 0308BisdtdddrudbotAndrids, Batules,[PA, @BA) | yophi | i zed.

b) Incubation of the m xture resul t | ng from addi ng

0. 83 mmol 1, 3-di am no-2- hydroxy propane and 50 ng
sodi um cyanoborohydrate NaCNBH3 to the solw 20 |ion
of 200 ng hydroxyethyl starch was al so possible and
carried out at 25 C for 3 d. Exanple 1.2 Reaction of
hydr oxyet hyl starch w th 1, 2-di hydroxy-3-amni no
_propane H2NNOH OH 25 a) To a solution of 200

ng" hydr oxyet hyl starch (HES18/0.4 (MN = 18,000 D,
.DS=0.4)) in 5 nmM water, 0.83 mmol

1, 2- di hydr oxy- 3-am no propane (Sigma 12 March 2007 WO
2004/ 024776. PCT/ EP2003/ 008829 78 Al dri ch,

Tauf | ci rchen, D) and 50 ng sodi um cyanobor ohydrat e
~NaCNBH3 wer e ' :




added. The resulting m xture was incubated at 80 C for
17 h. The reaction mxture was added to 160 m1 farach2007
wo Silfhsddd M xture of acetone and et hanol y:)n ]3?3%/008829
preci pi tat e was col |l ected b&acent rifugati on an
di al ysed for 4 d 5 agai nst ter (SnakeSkin dialysis
tubing, 3.5 KD cut off, Perbio Science Deutschland
GnbH, Bonn, D), and lyophilized. b) Incubation of the
Fxampke resulting from adding 0.83 nmol
1, 2-di hydroxy-3- am no propane and 50 ng sodi um
cyanobor ohydrate NaCNBH3 to the solution 10 of 200 ny
gtey_tet hylmtﬂmn wﬁfhyatsgzeﬂga Sithtch aedvaivesi Bl @ductive
_ at 25 C for d. The reaction of ‘
1, 2- di hydr om@aum_nﬁhsmpmmdw&mdsgmgwad confirmed

5 indirectly by quantification of fornmal dehyde,

10

15

20

25

resulting fromthe oxidative cleavage of the 1,2- 15
BiAihpleitl t NRdae6H | 0T hydirogithylbytapdy Wihal 8-diSmino-2-hydroxy
described by G Avigad, Anal. Biochem 134 (1983)
449-504. Ex3¥PP¥EL 3 Reaction of hydroxyethyl starch

with 1,4-diam no butane HZN~-~N a) To a solution
- of 200 ng hydroxyethyl stariiN 18/'NH, (MV = 18, 000
D, DS=0.4)) in 5 mM water, 0783 | 1, 4-diam no

but ane (Sigma Aldrich, Taufltlrc , D and 50 ngy

sodi um cyanobor ohydrat e NaCNBH3 were added. The
resulting mxture was incubated at 80 C for 17 h. The

dyeacrld arokitish Wf 200 Wee hpdideseihyl stath r(ﬂ{EStS/&th(MW 418,000 D,
m xture of acetone and ethanol (v/v). The

pr edPHTA-AP dn waB vHttere 8188 el d&#lﬁmﬂtfg%twéwxzumopane (Sigma

di al f

tupi At ol 99 S Ehavah BRGNPl S, were
Gn‘ol-é;dggg r7ﬂ;h63 Bjultian e thiktyepinak Itmzmﬁa?,ted. %t B’lar"’ﬂ'tfoi.’?mh '17? i‘eactton
2004 ncuhation o

m x tHRETE éfgﬂtm wS Sgﬁtngldﬁﬁg A GOl gé e Pl AcgiongieRd otfamol
but MWL P R ?&qﬂﬁtesﬁtﬂb B &t Q?Qfeﬁﬁifgéaﬁbﬁ dﬂﬁ@ﬁj@e& or 4 d

the solution of 200 ng hy- droxyethyl starch was al so
possighinst water c(Snakeélst:lmdtalms abing, flob KD deut SofxBerplce Science

1. ﬁﬁ%‘gcﬁ%ggcg?h}ﬂﬁgr ox llyt)spﬁaﬂtrz%g. Wi t.h

b)  Imcubation. of the mixture resulting from adding 0.83 mmol 1,3-diamino-2-

hydroxy propane-and 50 mg sodium cyanoborohydrate NaCNBH; to the solu-
tion of 200 mg hydroxyethyl starch was also possible and carried out at 25 °C
for3 d.

Example 1.2 | Reactmn of hydroxyethyl starch with 1 2~dxhydroxy—3-ammo

HN" Y oH

OH

' propane

a) .. To a solution of 200 mg hydroxyethyl starch (HES18/0.4 (MW = 18,000 D,
. DS=04)) in 5 ml water, 0.83 mmol 1,2-dihydroxy-3-amino propane (Sigma




WOzWO%n%O 83 nmol 1-nercapto-2-am no et hane {,

10

15 -

20

NH2 HS"2 a) To a solution of 200 ng hydroxyet hyl

starch (HES18/0.4 (MNV= 18,000 D, DS=0.4)) in E%g[a h 2007

1 ch, Taufldrehen, D) and 50 ng sodi um 08829

cyanobor ohydrat e NaCNBH3 wef® added. The resulting

.mxture was i ncubated at 80 C for 17 h. The reaction

m xture was added to 160 nl of a cold 1:1 m xture of
ac eMdm:haih‘dufktcdmm D) atd 5§ ;ng stimnpewabpirthydratedaCNBH; were

BT T T P R —
of f mikafdivds R8d@N&L 160 21 3FUL 6618! BN dniiidlof BefiBre Bd ethanol

and | yophilized. b) Incubation of the mxture

r es (W/¥). richef propipitaigi was oolbBtadnby cgntn@;g@gm ang _dialisedofor 4 d
th d 50
Eho i e (S AR RRAED Y i Tl e Bt Oscience

posslebds&ﬂaimg@u,mn,om,aﬁa;@hmzé@r 3 20 d. Exanple

2. Formation of hydroxyethyl starch derivatives by
“conj ugat i on Wi th the non-oxidised reducing end 25

D i e

HESﬁﬁltﬁb propaheand $0GOHEH s@uﬂ%y@nab)oml@dmtﬂa@lﬂmﬁdo ithe ®lution

ous ate b ffe H
ARt R s Agracenble 25 bt bl 2 b 3
200&/ 024776 PCTI EP2003/ 008829 80 Taufkirchen, D) were

added. After stirring for 18 h at 25 C, the reaction
m'xture was added to 160 ml of a cold 1:1 m xture of

I AT ' d '
ThEREh5n BE TRy et alotint R S v S BAsA Hirouy
b%h&[uﬁcﬂﬁéh of ﬂirmal‘:ﬁaﬁﬁdef Qésufling RAEHRHRS bxidaiwS cléa‘iﬁg& 85ther 2-
di al ysi s tubing, KD cut off, Perbio Science

dindeinghe mﬁ@o@mﬂuctéwmﬁ:noéate agdescrihesbby Gi Suiga %}pg@chem
1§4§19§§3§@g§ kgp of hydroxyet hyl starch wth adepic

Example 1.3  Reaction of hjrdroxyethyl starch with 1,4-diamine butane

‘ NH
HZN/\/\\/ 2

a) ~ To a solution of 200 mg hydroxyethyl starch (HES18/0.4 (MW = 18,000 D, '

$=04)) 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 incqb_ated at-80 °C for 17 h. The reaction mixture

~ was added to 160 m! of a cold 1:1 mixture of acetone and ethanol (v/v). The .

j prccipitaté 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. | o




0O HHZNMHN-NHZ O 0.96 g of HES18/0.4 (MW= 18, 000
D, DS=0.4) were dissolved in 8 ml aqueous 0.1 10 Whrch 2007

wo%%ia#%sacet ate buffer, pH 5.2, and 8 mmol a%%ﬁ%zaosm%sm

10

i5:

20

25

di hydr azi de (Lancaster Synt he- sis, Frankfur

were added. After stirring 7®r 18 h at 25 C, the
reaction mx- ture was added to 160 ml of a cold . 1:1

m xture of acetone and ethanol (v/v). The

Br e(tilqumbhmlmf the edlyinre wadtiopfibmatddihghy8Tmmal il fudjaminorbutane

g PR D0 i i e et SR i 1 o e ofo e -

of  drd3SEthyPstach wa%%ls%%ﬁslﬁe uﬁ&e&aﬁemu@bshcmcl D),
and |yophilized. Exanple 2.3: Reaction of hydroxyet hyl

starch with 1, 4-phenyl ene- b| s-3- thi osem carbazide HH

SN NS hekod ot BRroO b i8R 1SR gBlaraming

m aqueous Qnd M sodium acetate buffer, pH 5.2, and 8

mol | , 4- phenyl ene- bi s- 3-t hi osem car bazi de (Lancaster
Synt hesi s, FranUut/Main, D) Wz After stirring

. for 18 hat 25 C, 8 m wate s added to the

reaction m xture, and the suspension was centrifu-

gated for 15 mn at 4,500 rpm The cl ear supernatant.
ayas Tder soitideh afi@08 lmbghyﬂxemdtlyyi 2Eratd (1S 1840.24aDIWI = 38,080 D,

o Sissoenl el w9ty B ol Db Rs Fpsito hiand Sigma Al
PCT/55E7 OR0R8R29D) 8hd rsoqﬂg §6d1%ﬁ%gﬁ%ﬂo?&§}%t@NaCNBH3 were

cent ri fugatl on, re- d| ssol ved wat'er
centddedu Thga:bad%g)mm:@remms tcubatgb ot $QHC foind 7ch.eEhe reaction

SuD%&Qt%&eawas W%aecij I al1 Xﬁ‘ fo a cg’ld l?qug:r% of acetone a_nd et_hanol

(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 GrabE, 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 NaCNBH; fo the solution
of 200 mg hydroxyethyl starch was also possible and carried out at 25 °C for 3

d o S o |

. Example2: =~ 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 ,N_Hz

”_‘ 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 Vcarbohydiazi_de_(s'igma.Aldﬁc}lj,' -
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" derivatives by reactiblgNtagz‘

wat er (SnakeSkin dialysis tubing, 3.5 KD cut off,
Per bi o Sci ence Deutschland GrbH, Bonn, D), and

oo ) ; h 2007
WOE%QB%%I% _zed. 5 Exanple 2.4: Reaction of hydrPo ) /q08829

star with O[2-(2-am nooxy- ethoxy)-ethyl]-
amine  H2NONH2 80 :

O [ 2- (2-am nooxy- et hoxy) - et hyl ] - hydroxyl am ne was
synt hesi zed as described in 10 Boturyn et al.

Taukuphais 89 w3e @ddal Affer stiadis 5498 hat 25 SCefie feadion mixture

SRR SR RIS WP 8 b B
ftcl 2prMi§d@ dd Mo BERSEDE citfifiu@htioR e-disdolvath &) MW ater, and dial-
o[ 2- 1- 15 hydroxyl am ne

‘ (2- annnooxy- et hox Eﬁéﬁt'hyl |
¥er dord d egaingtrwater @ﬂﬁlﬁ‘% iglysis tebikg, 3t5 KB ogf offliBerbio Science
' j 0160 m of a cold 1:1
?ns%%géﬂo@gggggﬁmé@h%%ﬁ%ﬁﬁgﬁ v/v). The precipitated

product was collected by centrifugation, re-dissolved
in 40 M _water, and dialysed for 3 d against water
EXomapledm dReicpion of bygrargetia) siapeh with adepic dilerdymeide
Sci ence Deutschland GrbH, Bgnn, D), and |yophilized
20 Exanpl e 3 Formation of hygroxyethyl stafch

t xiehsedNreduci ng
end 25 Exanple 3.1 Reacti of "hydr oxyetihyl SNy cn™

Wi t h -car bohydrazide O .N N,NH2 H H32 March 2007
WD 2004/ 024776 PCT/ EP2003/ 008829 82 0.12 mmol Oxo- HES
10/0.4 (MNV= 10,000 D, DS=0.4, prepared according to

1 0 re dissolved in 3 nl.absolute
Green gt atal =By 38 Biwers dissobod oo 8 ankrapuoons 0.1
WisbaRgehcetRe Buffdrbidse 9hd § iny | -

(S gma Aldrich. 5% 2 amfiBpaaclo SRARIBE G Synthe.
s, Frankhygt/Main, 89 weraeddg. Sftet staringdor 18 1 atd)s °@, tid weactivmsmix-
t@%ﬂxg%o%ﬁc?d(aé?fg)l_rgo Ig.{ 0 a%gidd 1: 'J%jx%r)éto a%etgge 31(1: te’glra}ﬁpla&?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 Iyophilized.

- Example 2.3:  Reaction of hydroxyethyl starch with 1,4—phenylene—bis-3-'

thiosemicarbazide
H H
N

e | _
H,NT S
. \IS]/ \©\N/U\N"NH2

H H

096 g of HES18/0.4 (MW = 18,000 D, DS=0.4) were dissolved in 8 ml aqueoﬁs 0.1 |

M sodium acetate bufer, pH 5.2, and 8 mmo} 1,4-phenylene-bis-3-thiosemicarbazide o |
~ (Lancaster Syn;hesis, Frankfort/Main, D) were added. Aﬁef stirring for-18h at 25_

- °C, 8 ml water was added to the reaction mixture, and the suspension was CCI_lt[iﬁ.l- .

. gated for '1.5 min at 4,500 tpm. The cieai:_ supernatant was decanted and Subécﬁuénﬂy

S 25

~added to 160 ml of a cold 1:1 mixiure pf acetone and ethanol (v/v). The preeipitated °




wo Sloabysshe tubing, 3.5 KD cut off, Perbio Sci
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The precipitate was coll ected by centrifugati on and

was di al ysed for 4 d agai nst wa- ter (SnakeSki %2March2007

Deut schl and GrbH, Bonn, D) and |yophilized. P2003/008829

Exanpl e 3.2 Reaction of hydd8dxyethyl starch with

1, 4- phenyl ene- bi s-3- thiosem carbazide HH HZN-NYN I

aNS S ~N~NH2 H H 0.12 nmol Oxo-DES 10/0.4 (MN 10, 000

DodREvastollprteb by edntaifogatidnng-dissoDEd i1 96 BBwZRS, add)centrifu-
re.di.ssolved Ln 3 nm, absol ute di nethyl sulfoxid .

FHSORE arBin Ak L P p e BB RO e J¥eq o d agelnst

Wkt 'ﬂSI?&k@ghﬂ%EISFHE @bind; 4.9V, Db Science Deutschland

t hi osem car bazi de (Lancaster Synt hesi's,

Gwdbhy Boor, D))\andilyophilized. 15 nl  DVSO, After stirri ng for
88 hat 65 C, the reaction m xture was added to 160 m
of a cold 1:1 mxture of acetone and ethanol (v/v).

¥hhenple @ci: Pi tf&heuws:)ﬁ oh&m&y&hpy SBRN IWiRa0-p1(2-Akthooxy-
was di al ysed for_4 ai nst wat er (SnakeSkin dialysis
“tubing, 3.5¢HRDO xlt’hteﬂ’dd}f' ydrogylmapiBEo. Sci ence

‘Deut schl and GrbH, Bonn, D) Oand lyopbi | i zgd. Exanple 33
Reacti on of hydroxyet hHI NSt a ra?NHg

H2N-NH2 1,44 g (0.12 nfiol ) of Oxo HES 10/0.47(MN =

10, 000 D, DS=0.4, prepared accord 25 ing to DE 196 28
705 Al) were dissolved in 3 m absol ute dinethyl
w{%am@t@oxzﬁlﬁg) ethyil Iy deoxat dmmedW@pWMbemeas described in

R4 Caen Bt 3 (R07 bt 5402 aini Biebs, 5K EitSuially

aﬁ@ﬂﬁﬁl&ﬁlﬁteﬁh}gture was WO 2004/ 024776 12 March 2007
PCT/ EP2003/ 008829 83 added to 160 ml of a 1:1 m xture
of ethanol -and acetone (v/ v) The precipitated prod-

b t ' i -

Gifd g PE FERTLOCNR, 15380 . 3 Pyl oLSBhag l ¥ Bf ol
M vsodjunt rabethts Yivdlee,npti 512 atd 8 mololtO-fh(Radidooky-2thdaypethyl]-

agai nst wa- ter nakeSkjn dialysis_tu 3.5 KD cut
Ryfiroxy oAt SR @%Pﬁ Bsthsa?ﬁwon mixture was
aGRER6D ANGE d ¥R inf88re of acetone and ethanol (v/v). The precipitated
-product was collected by éen_ixiﬁlgation, 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 Iyophilized.

Example3 - Formation of hydroxyethyl starch derivatives by reaction with

- the oxidised-reducing end

_ Ekample 31  Reaction of hydroxyethyl starch with carbohydrazide B
O
i HZN\NJJ\N/NHZ

" H. H




Exanple 3.4 . Reaction of hydroxyethyl starch with
hydr oxyl am ne H2NONH2 12 March 2007

wo Shdid2d796 @M nooxy- et hoxy) - et hyl | - hydr oxyl am %1\9@%003‘,008829

synt hesi zed as descri bed by 10 Boturyn et al

steps from comrercially avai§2abl e materials (Boturyn,
Boudal i, Constant, Defraneq, Lhomme, 1997,
Tetrahedron 53, 5485) 1.44 g (0.12 nmol) of Oxo- HES
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- O] 2- (2 am noox - et hoxy) et hyl ] - hydr oxyl am ne in

wf@twh% i dS My DMRAQ. Afigr sisiozifords bat 67 66, the reac-
f
et lﬁ ano | And ac e?%?ﬁeb %‘S?§/§101$r11 ela‘ag’géﬁeﬁfi%%%% %ero%han[ol V).
Ths peoipitatt ess ?ﬂgcﬂec;h by icén.tdﬁignﬁxm aﬂcbﬁ'wdla@@bd/ £ 4i daghhst wa-
ter.and dial yse aj nst_wat er
F%:ﬁ%i@é‘ iy Gtingy % Eb i Sgienes PetitsghlapdGrbH,
ﬁgbl?q;)ean@qygp‘mﬁgeand GbH, Bonn Gerrrany) and .
'yophi'l'i zed.” Exanpl e 3.5 Reaction of hydroxyet hyl

st arch wi th adepic di hydra2| de O HH H’N2N,NH2 O

Gpnlea?  PRefiben) of NErontoifc Bl el JofRhiaperpis3-

absol ute d| idiemicubiaad de (DI\/SO) at 65C and 1.44 ¢
(0,12 nunol) of Oxo-HES 10/0.4 (MW =10,000 D, DS=0. 4,

prepared according to DE[196 2 March 2007 V\D
2004/ 024776 PCT/ EP20 9] 84 ~. 70
~dissolved in 3 m absél ut e add dropvm se

under nitrogen. After st|r8|ng 68 h G he
reaction mxture was added to 200 7l ofN wat The .

sol ution containing the reaction producﬂ wasS' di al ysed

for 2 days against a 0.5 % (v/v) triethylanune in

wat er solution and for 2 days agai nst water - (SnakeSkin
Qlil&luysmlsOm&I% 1994 GIW KDODHOO Ia),f]DS"ﬂPér piepared iaecurding to DE

13544505 3 VR issBRie in S5HI B ued Whnbdlit sutfoxide (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 mi 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.

Example3.3  Reaction of hydroxyethyl starch with hydrazine |
H,N—NH,

1,44 g (0.12 mmol) of Oxo-HES 16/0.4 (MW = 10,000 D, DS=04, prepared accord-
ing to DE 196 28 705 A1) were dissolved in 3 ml absoiute dlmethyl sulfomde

_ (DMS 0) and were added dropwise under nitrogen to a mixture of 0.47 ml (15 mmol)
_ .hydrazune in 15 mi DMSO After st:[mng for i9hat 40°C the reactlon mixfure was -
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ophi li zed. Exanple 3.6 Reaction of hydroxyethyl starch
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with 1,4-diam no butane HZN~-~NH2 10 1.44 gé? 5#5607

accord ing to DE 196 28 705 Al) were dissolve
nil dry dinethyl sulfoxide (B#80 and were added
dropvvlse under nitrogen to a mxture of 1.51 m (15
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and yophl ?’ zec} anple 4 Oxidation of
eryt hropoi etin ()(l di zed erythropoietin was produced as

escribed in Ex l e, 8. xi di sed _erythropoietin,
%56"@1"%9 -Be %@g‘ﬁ?&é’dﬂm’eﬁ%ﬁfﬂr&b withiydroxpaminged
(FPO-GI-1 25 without acid @ydroylsi tr ated with
m | d periodate oxidati GiN %Meugml on

of hydr oxyet hyl starch derlvatlves with oxidizéd -

erythropoi etin of exanple 4 30 12 March 2007 WO

0 024776 PCT/ EP2003/ 008829 85 Exanple 5.1 Reacti dn
(g’f &o(% TRy 5 Gg‘df Jdpidpoxglarping Heras eja:tthqsmad msodhscibed by

Bémﬁﬁé‘ mv PBS
buf fer Qﬂ)\/\g?n ?djgtug ﬁgfnt Egtgagl %ﬁ lge %th%mgsoé? oudali,
Gorstant Déftanber L hopthd. 1997 s ResrbRedironf 53,15885PO sol uti on,

18 | of a solution of the HES derivate as produced

according to exanple 2.1 (MVW18 kD; 18.7 g/1 in 0.1 M -
KAl g 012 ¢@hal &£ bubiars 19/'11 45%“% ogg‘i?%sﬁﬂﬁ Ip%b%red accord-

m xture was i ncubated f C Affeé
ing dphPEi 1%t 28705 tAB Wleliedélsmlwethm Svamtb abmihtyzﬁdlebiyl sulfoxide

t RAGE.10% Bi s-Tris Gel s/ MOPS b
_(ﬂ_i}r?%l roge\ré#e %&F#’%&’&ﬂ dgde 0geR to a mixture of284g(15 mmol) - -
O—[2-(2~annnooxy-ethoxy)—eﬂlyI]—hydroxylaImne 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 collecied by centrifugation, redis-

solved in 40 ml of water and dialysed for 4 days against water (SnakeSkjn dialysis

,tubmg, 3.5 KD cut’ off Perbio Science Deutschland GmbH, Bonn, Germany) and

Iyophlhzed

Example3.5  Reaction of hydroixyethyl_ starch with adepic dihydrazide
o |
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174 g (15 mmol),adepic dihydrézide (Dancaster Synthesié Fréxﬂcﬁ.xrt/Main, D) were

- _dlssolved in 20 ml absolute dimethy sulfoxide (DMSO) at 65°C and 1.44 g (0,12
| ,mmol) Of Oxo—I—IES 10/0. 4 (MW 10 000 D, DS=0 4 prepared accordmg to DE 196




10 described in the instructions given by Invitrogen.
The gel is stained with Roti-Blue Coonassie stﬁ IU['aH:QZOO’?

WO S RFEI6 (Rot h, Karlsruhe, D) overnight. The:{,CT),EPZ 03{008829
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experiment al result is shown jn Fi g. 1. A success
conjugation is indicated by 3t he migration of the
protein band to higher nolecular weights. The
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byl Scb by FeRE 616y R STk
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afkORbpiAREdON is indicated by the mgration of the
protein band to higher m)l ecul ar wei ghts. The

i ncreased band-

' Exampled Oxidation of erythropoietin

25

Oxidized erythropoietin was produced as. deScribed in Example 8. As oxidised

erythropmetm EPO-GT-1-A as described in Example 8.11(c) was used (EPO-GT—
without acid hydroylsm treated with mild periodate oxidation).

~* Example 5: - Con_]uaatmn of hydroxyethyl starch der;vatlves with 0x1d|zed' _

erythropoxetm of examp!e 4
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width is due to the nol ecul ar wei ght distribution of

the HES derivatives used and the nunber of F arch 2007
ves |linked to the protein. 15 Exarrplqggg1
wo E[h 4| odn of oxidized erythropoietin with thd N

product of exanple 3.1 Oxi 86zed EPO (1.055 pg/l) in
20 mM PBS buffer was adjusted to pH 5.3 with 5 M
sodi um acetate buffer, pH 5.2. To 19 pl of the EPO
Exdmple 511, 1R dactibn af 98iditddoerytiiropdittinhwithiftbe desdtioat product
as produced %gcordl ng]ato exanple 3.1 (MWN101cD; 18.7
gg/| in 0.1%FXYBPSerhcet ate buffer, pH 5.2) was
added, and the m xture was incubated for 16 h at 25
C. After lyophilisation, the crude product was
Qidizyd BROK .080S: el in 20tV PRSFAGERT ¥ostaBiusteltd pH 5.3 with 5 M

s§§’ i Al Pt et oy 1B AT RE v R Bfpem 14 RDgka Siien of

186 HHSSdettvaien@rididsd BeddrdiBl 46 ex%ﬁpl@@oﬁm Q3R 18I NGg/pl in

reagent . (Roth, Karlsruhe, D) overni

Q) pl pacin aaptateduilior, 7E5 5 2 v adapq;lagg 15 micheta cwsdaribated for

to
RIS RRISF B BB PDefld U s
witicNeRPAGH Hﬁﬁ&s—‘ﬁhﬁi G&ISVM(mSebﬂf&r (Ieitrages C@ér%a&;ﬂh’g,ﬂUSA) as

q%ﬁ%%’él bution of the HES derivatives used and the
f Iy thegngisacliops gyen hydnvitieres The gdds piaed with EQtl—Blue

N e D ot etim it

t he reactl on product of exanple 3.2 Oxidized EPO
r was justed. ta IE!iS

TPt B B haveca Fi fufy wPoesshl soauesignds bidigied by
tﬁé‘ﬁ‘uéﬁ@xﬁ@f #biRBeintiBnll 16 highes Aldidubit v@él%htg hﬁne'ﬁ(é'eased band-

derivate as produced according to exa

widib; is des tp ¢ moilgsulap weight disttitation of thet HES defiwativep bbe8.apl the
i he ture i ncubated for 16 h at

n%‘%ea%ﬁ%figﬁl&gﬁﬁ?%g t g pr ?%31 crude product was

anal yzed by SDS-Page wth NuPAGE 10% Bi s-Tri s ‘

_Gel s/ MOPS buffer (Invitroge Carl sbad, CA, USA) as 10
Eraumle ped i Reaetion of pxidize mtlg"ppmtmywnth\ﬁh@ reansion mieduct

gel is stai Pﬁ&a%#lpzlgotl -Bl ue Coonassi e staining

reagent (Ro Stuhe, D) overnight. The
experimental result is shown in Fig. 3. A successful

BB TS wehiLoio mof EBgitatin i ptsed lepH 5 3 with 5 M
sbé}ﬁl'h%éﬁﬂz WA, pH 5.2. To 19 l 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/ul in
0.1 M sodium acetate buffer, pH 5.2) was ﬁdded, and the mixture was incubated for
16 h at 25 °C. After lyophilisation, the orudé product was analyzed by SDS-Pagé ‘
~with NuPAGE 10% Bis-Tris Gels/MOPS buffer (Inwtrogen, Carlsbad, CA USA) as
descnbed in the instructions given by Imm:rogen ' |

Exampl_e 53 Reaction of oxnd!zed erythropmetm with the reaction product
of example 2 4 ' "
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15 width is due to the nol ecul ar weight distribution

of the LIES derivatives used and the nunber Oﬁzﬂﬁfchzom
I 0- EPO by reduction of erythropoietin .:Jé“%gm

erythropoietin (EPO GI-1, s@®s Exanple 8) in 500 111 of

a 0.1 Msodium borate buffer, 5 mvi EDTA, 10 nM DTT

(Lancaster, Morcanbe, UK), pH 8.3, were incubated for

Oxidiad B0 G osmeg@ ) Tn PO SNV PBY BOFR s ustel Y9BH 5.3 w1th 5 M
filtration with VIVASPIN 0.5 nl concentrator, 10

R @WWA@@ffEN@EI 5.Bahnded of Iﬂ}e EPO2elutienptibpt pha solutzon of

BURBETHER B (M bR bR PRGNV 4R 3R ARyt i

OrMNEISSdinmpddetatehuifef, e ge) vwas agtied, nad thortituBotdsifubgted for
ie stainin reagent (Rot h, Karl sruhe

ggﬁ%ﬁ% Afterdyophilisstion, e crudgapiodvct gyashapalk g@@y [S-Page
SRS A S A B s

degilied2i00B¢ 0888@BNs gBehrbydavitrogknt Tie fedlis stainad with Roti-Blue

?Xaﬁlfs%ﬂ@agﬁﬂg(@hﬁié‘% 91@ ﬁg%%l)n@gcc: _n| Ln de ester
conpound. 5 Exanple 7.1 Reaction of >SN .

t hi o- erythrop0| etin with the reaction product of
amgntal resdt istibown ds £ig. Ak ibngpiccesnid oondugadioB Os indigated by

. d di
R %ﬁ%gl‘( B TRy b0 1B B Y SHRE TR, oo e
vidthlisMue % th bl webdht MR dFthe ABS AeYativaused 288 the
a solution of 2.5 nol AVAS (Sigma Aldrich,

rpber of PERdktivatyves inlydeothearetesided. The cl ear

solution was i ncubated for 80 min at 25 C and 20 mn

Example 54  Reaction of oxidized erythropoietin with the reaction product

of example 3.1

Oxidized EPO (1.055 pg/ul) in 20 mM PBS buffer was adjusted to pH 5.3 with 5 M
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 3.1 (MW 10 kD; 18.7 pg/ul in
0.1 M sodium acetate buffer, pH 5.2) was added, and the mixture was incubated for

16 h at 25 °C. After Iyop]mhsatlon, the crude product was analyzed by SDS-Page

with NuPAGE 10% Bls-Tns Ge]s/MOPS buffer (Invm‘ogen, Carlsbad, CA, USA) as
described i in the mstructlons given by Inwtrogen The gel is stained with Rotl-Blue
Coomassie staining reagent (Roth, Karlsruhe, D_) overnight.

The experimental result is shown in Fig. 3. A successful eonjugatioﬁ is indicated by

the migration of the protem band to hlgher molecular welghts The increased band-

: mdth is due to the molecular weight distribution of the HES denvatlves used and the
number of HES dcnvahves linked to the protein. '




at 40 T. Remai ni ng AMAS was renoved by centrifugal
filtration with a VIVASPIN 0.5 nl concentrat 02 l\féréﬁQOO’?

wo MiEe &Y VASCI ENCE, Hannover, D) at 13, 000 r%I‘éEPfZPOISIOOSSH
ufrter.
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washing 4 times and 30 mn with the phosphate

15 To the residual solution,815 g of Thi oEPO as
produced according to exanple 5 (1 g/1 in phosphate
buffer) were added, and the m xture was incubated for

Focampde 5.55  Reactioneof dyidjreil|drgairbpoteti M FtdLeRAOR Yebduct
was anal ysed #)%ﬁaggi-ggge with NUPAGE 10%Bis-Tris

Gel s/ MOPS buf fvi“t r ogen, Carlsbad, USA) as

descri bed in the 20 instructions given by |nvitrogen.

The gel is stained with Roti-Blue Coomassie stain- ing

Qerddjesdt ERGr6E-035 ka(Dsin 0epMOpBB beffei wht adjdhel to pH 5.3 with 5 M
: : ! in Ej A ful .

e BBtk BN, 52, Tl opuT o e Bl TERIER solution of

ired(BS dethenelad profigdetcesmimctd Gamphi 9 t(ngm;r 18.7 pg/pl in

i%g reag,ed band- 25 width is due to the nol '
icfb‘h‘P Hrsacefati byt o 3 Nevagdadrandaths maduresieds mngbated for

Ao e e S4B 8 I8 R

With ABIPAGE 20%R&Ris Tirie rGad/MOPD beﬁbﬂ(m»@@a%eﬁ,t CalMalNCANESA) as
&eesgc%i an ]ﬁ%odgﬁt. of .ex rrp*qe'Z. 2 and the crosslinking
conp S the, mEBUCions eiyea b Wigrgsnakhggd de seinedoridh Bokiglue
CooraesidRtatning v hi$S i 5.1 of a 0.1 M
sodi um phosp.a?%aglggf%?ﬁ%%&%h%\ﬂlb)go%?%{t'MO , 50 nmM

EDTA, pH 7.2), 10 | of a solution of 2.5 pnol ANMAS

A4S . ' Tauf ki r. , i VBO wer e added.
L TR AT RN <K T
tha thig@tion bf tatprd@inChanBamHi &%&%V@ag%ﬁgﬂfrﬁeﬂm%ed band-

CE trifug}al filtration with a VIVASPIN
B It e modecnsr Malt latviAOnRNGE; HES daxvaives Bedatnd the

pesaHap ok ' tines and 30 mn with the
phosp aﬁ%ﬁ?ﬂrﬁﬁ%ﬂ%ﬁﬁgﬁ}%@%&\l -solution, 15 g of

"~ Thi oEPO as produced according to exanple 5 (1 pg/l in
phosphate buffer) were added, and the m xture was
i ncubated for 16 h at 25 C. After lyophilisation, the

i, o RN D R R
USA) as described in the instructions given by
2%2.\.‘8:‘],%%1%@1?@03«%%_ &.@OJGSI‘—it'saele x%mvglé g) 1?10%60 Ell g% a 0.1 M sodium
borate buffer, S mM EDTA, 10 M DTT (Lancaster, Morcambe, UK), pH 8.3, were
incubated for 1 h at 37 °C. The DTT was removed -by centriﬁigal filtration with a

 VIVASPIN 0.5 ml concénirator, 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) oveﬁﬁghi. . '

Example 7: Conjugation of hydroxyethyl starch derivatives with thio-

 exythropoietin using a crosslinking compound
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ing reagent (Roth, Karlsruhe, D) overnight. The
experinmental result is shown in Fig S. A success%‘\Ejlﬁ_%}]szsg(37
protein band to hi gher nolecul ar weights.

I ncreased band- width is due§go the nol ecul ar wei ght

di stribution of the HES derivatives used and the

nunber of HES derivatives linked to the protein.

Bx aahl of the YoRewity) eangiles) IN-@d ﬂ&ﬂéﬂﬂ@b&ﬁd&yy‘%ﬁc}&mﬁrﬂﬁh ester

m on product of 25 exanple 2.3 and
)i nki ng conpound To 50 nnol HES derlvate as

produced according to exanple 2 and di ssolved in 200
| “of aOlMsodlumpr@sphate buffer (0.1 M 9.15 M
NaCl , 50 nm EDTA, pH O 1- a solution of
2.5 prml AMAS (Sig drlc When in 30

I 0

DVBO wer e added. The cINeaO SO was |ncubat ed for
80 mn at 25 C and at 40 C.llRemai ni ng AMAS was

renmoved by centrlfuga f||trat| on MPth a VI VASPIN 12
Mar ch 2007 WO 2004/ 0£3776 PCT/ EP2003/ 008829 90 0.5

\9%5‘%%8 entr ., 5 KDHgMCO (VI VASCI ENCE, Hannover, D)
S@’ﬁglﬂwgmo times and 30 min with the

phosphate buffer. To the residual solution,. 15 g of
Thi oEPO as produced according to exanple 5 (1 5 g/1.
Examppledpghat Regatiorrof thic-erydbicigmietinsvitth thetirsdctioe pduct of

i ncubat ed f%

crude pr oduc%aﬂgée%ﬂgPéggﬁcW%%B&#’ﬁsﬁILII:’Z?BE the

© 10% Bi s-Tris Cel's/ MOPS buffer (lnvitrogen, Carl sbad,

,IILérST@?. escrlbed in the instructions given by
pp degivate as produesdaicensdingito lexaRople 281 and dissolved in 200
over ni g %ﬁ SaW?HMbg%gnﬁl%ﬁm i%%t Eéé :B?Irﬂ\lgég Efgvéﬂlal) RDTA, pH

g 10 5;1 qg s silutors b R. 5 pajoll gMNIASSignd RdiGeH, epauaarch&nqn) in
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13RS Badri. ThE eRiiati s tapeteddor Sumie o AH and 20 min
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e el Be MY Sid 1Rkt il Bl FiRaAGE WiB AV FasPv

Op‘}@ql gpmpenmor—b&aﬁﬂ MWCO RHNG&S@IEI\MIE Hannover, D) at 13,000 rpm,

T L R

N To the residual solution, 15 ng of ThmEPO as produced accordmg to example 5 (1

ug/ul in phosphate buffer) were added, and the mixture was incubated for 16 h at 25
°C. After Iyophilisation, the crude product was analysed by SDS-Page with NuPAGE
10% Bis-Tris Gels/MOPS buffer (Inv1trogen, Carlsbad, USA) as described in the
instructions given by Invitrogen. The gel is stained with Ron—Blue Coomassw stam—, ‘

~ ing reagent (Roth, Karlsruhe, D) overnight.

The expenmental result 1s shown in Fig. 4. A successful conjugatxon is indicated by

the migration of the protem baud to ltugher molecular weights. The increased band-
wxdth 1s due to the molecular weight distribution of the BES derivatives used and the.

| number of HES denvatwes lmked to the protem
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.Wo@%%}gﬁ%dohosphate buffer (0.1 M 9.15 M Nad Tﬁ%ﬁ"%‘}}f&gﬂssw

10 was

15

20

2

H 7 .2), 101 of a solution of 2.5
(Sigma Aldrich, Tauflcirchegs D) in DMSO were added.
The cl ear soI uti.on was i ncubated for 80 mn at 25 C
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phosphate buffer. To the residual solution, 15 g of
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- Example 7.3 Reaction of thm-erythropmetm with the reaction product of

example 2.3 and the crosslmkmg compound

- To 50 nmol HES derivate as produced according to examplé 2.3 and dissolved in 200

- p,l ofa 0.1 M sodzum phosphate buffer (0 IM915M NaCl 50 M EDTA, pH
'7.2), 10 pl of a soluuon of 2.5 pmol AMAS (Szgma Aldnch Taufkirchen, D) in
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. DMSO were added The clear solution was incubated for 80 min at 25 °C and 20 min.
at 40 °C Remammg AMAS was removed by centn:ﬁ.lgal filtration with a VIVASPIN




20 g/1 in phosphate buffer) were added, and the
m xture was i ncubated for 16 h at 25 C. After 2 March 2007
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SDS- Page with NUPAGE 10% Bis-Tris Gel s/ MOP
(I'nvitrogen, Carlsbad, USA) 28 described in the
instructions given by Invitrogen. The gel is stained
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phosphate buffer) were added, and the m xture was
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USA) as described in the 15 instructions given by
I nvitrogen. The gel is stained with Roti-Blue

'IB\c/ﬁﬂrmmﬁl}ESIiai\Jate ag}godeRE ABEorliRY thexia1 $UURE diddived in 200
nP Y. PR sodium phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH

72), 10 pl of a solution of 2.5 j.Lle AMAS (Slgma 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 Ipm,
washlng 4 times and 30 min with the phosphate buffer. |

To the remdual solutxon, 15 pg of ThicEPO as produced accordmg to example 5(

pg/pl in phosphate buffer) were added, and the mixture was incubated for 16 h at 25

°C. After lyophﬂlsatxon, the crude product was analysed by SDS-Page with NuPAGE
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The experinental result is shown in Fig 5. A
successful conjugation is indicated by the m of i OR 5007
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|ncreased band- 20 width is due to the nol eg{ﬁ@m 08829
wei ght distribution of the HgS derivatives used and
the nunber of HES derivatives linked to the protein.
Exanple 7.7 Reaction of thio-erythropoietin with the
reacti on product of exanple 3.1 and the crosslinking
i@n’pound 25 To 50 nnol HES derivate, produced
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The expenmental result is shown in Fig. 5. A successful conjuoauon is indicated by

- the migration of the protein band to higher molecular Welghts The increased band-

. widthis due to the molecular weight distnbutlon of the HES denvatlves used and the
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example 1.3 and the crosshnkmg compound
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of 2.5 pnmol AMAS (Sigma Al drich, Taufkirchen, D) in
DMSO was added, and the 20 cl ear sol uti on was
ﬁ rch 2007
TEP2

was renoved by centrifugal filtration Wi 08829

VI VASPI N 0.5 ml concentrator92 5 KD MACO (VI VASCI ENCE
Hannover, Germany) at 13,000 rpm and washing 4 tinmes
for 30 min with the phosphate buffer. 25 To the
residual solution, 15 g Thio-EPO (1 fi g/I in phosphate
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- Example 7.7  Reaction of thm-erythropmetm with the reaction product of

~ example 3.1 and the cr(mslmknwr compound

~ To 50 nmol HES derivate, produced according to Example 3.1 and dissolved in 200

_' . pl phosphate buffer (0.1 M, 9.15 M NaCl, 50 mM EDTA, pH 7.2), 10l 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 Tpm and Washmg 4 times ._f‘: o
. Tor?:ﬂmmwﬁhthephosphatebuﬂ'er S b




20 (Invitrogen, Carlsbad, CA USA) as described in the
instructions given by Invitrogen. The gel is sb3inefloo07
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‘Kar|'sruhe, D) overnight.
shown in Fig 6. A successfulgxonjugation is indicated

by 25 the migration of the protein band to higher

nol ecul ar wei ghts. The increased band- width is due to
the nol ecul ar wei ght distribution of the HES
erjvatives used and the nunber of HES derivatives
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by SDS-Page.with NuPACGE. 10 % Bis-Tris Gel s/ MOPS buffer

(I nvi trogen, Carlsbad CA, USA) as described in the
I s stained

. . l ‘ ol
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is showmn in Fig 6. A successful conjugation is
indicated by  the nmigration of the protein band to
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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 (VIVASCEENCE Hannover, Germany) at 13,000 rpm and washing 4 times
 for 30 min wﬂh the phosphate buffer.

To the resxdual solutlon, 15 pg Thio-EPO (1 ;Lg/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

(Inv:ttrogen, Carlsbad, CA, USA) as described in the i mstructlons given by Invitrogen.

The gel is stamed with Rotl—BIuc Coomass1e stammg reagent (Rotb, Karlsruhe D) :

overmght.
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Exanple 7.11 Reaction of thio-erythropoietin with the
reaction product of exanple 3.5 and the crossljpngiRE 2007

" wo 59ipayRd To 50 nnol HES derivate, produced @.EQH({P 0?@08829
' phosphat e

to Exanple 3.5 and dissolved in 200 25 pl

buffer (0.1 M 9.15 M NaCl, 940 nmM EDTA, pH 7.2), 10 Id
of a solution of 2:5 npol. AMAS (Sigma Al drich,

Tauf ki rchen, D) in DMSO was added, and the clear
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mvofteeof HES dhtivagive@ iGied ty\Ghel@6Win024776
PCT/ EP2003/ 008829 96 To the residual solution, 15 g

- Thio-EPO (1 g/l in phosphate buffer) were added, and
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M NaCl, 50 nM EDTA, pH 7.2), 10 1 of a solution of

3. the RaldoAMSui 3, 057166 3P0 (1Tl i oghat duiksn) ARG,
was added, and_the <clear solution was incubated for

thg mighreowag ingihatpd fog A6 dy aud CC. Aulisr Avapbilisgtiomgthe crude
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The gel is stained w1th Roti-Blue Coomassie staining reagent (Roth, Kaﬂsrqhe, D)
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overnight. -

~ The experiméntai 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 fo the protein. | |

E'xample 7.10 - Reaction of thio-gryfhropoietin with the reaction product of

‘example 3.4 and the ctosslink_ihg compbund




' Wo%ﬁ!&:; ed, 25 and the m xture was i ncubat
wo #iGF o

for 30 mn wth the phosphate buffer To the residual
solution, 15 g Thio-EPO (1 g(1 in phosphate bu;ﬁg&ﬁ% 007
at After |yophilisation, the crude pro vvag 29
anal ysed by SDS-Page with MNMPAGE 10 % Bis-Tris

Cel s/ MOPS buffer (Invitrogen, Carlsbad, CA USA) as
described in the instructions given by |nvitrogen.
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Example 7.11 eaction of thio-erythropoietin with the reaction product of

' example-3;5 and the crosslinking compound

" To 50 nmol HES derivate, produced ;iccording to Example 3.5 and dissolved in 200

1l phosphate buffer (0.1 M, 9.15 M NaCl, 50 M EDTA, pH 7.2), 10 pl of a solution
. of 2.5 pmol AMAS (Sigma Atldrich,‘ Taufkirchen, D) in DMSO was added, and thé
" clear solution was incubated for 80 min at 25 °C and 20 min at 40_ °C. The.AMAS

" was removad‘ by cenu'ifugal.ﬁlt_raﬁon‘wim a VIVASPIN 0.5 ml éoncentrator, SKD

MWCO (VIVASCIENCE, Haunover, Germany) at 13,000 rpm and washing 4 times
for 30 min with ﬂle phosphate buffer. . =~ - | '
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The EPO- bi oassay in the nornocythaem ¢ nouse system
indicates that the IdES 25 nodified EPO has 2. 53 0Q;.n 2007
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To the residual solutidn, 15 ug Thio-EPO (1 g/l 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.

The experimental result is shown in Fig 6. A successful oonjugaﬁon is indicated by

| ‘-them.igration of the protein ba:__:xd to h_igher‘ molecular weights. The increased band- .
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| The EPO-bioassay in the normocythaemic mouse system indicates that the HES-

modified EP(_) has 2.5-3.0 fold bigher specific activity (IU/mg) in this assay when
~ compared to the International BRP EPO reference standard based on protein de.tef-r
| mination using the UV absorption value from the European Pﬁérmacopeia and an -
RP-HPLC EPQ protein detemlinatiqn method cal:ibrated against the BRP EPO stan-

dard preparation.. -

- Example 8.1  Materials and methods
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L)) | Analysis of oligbséccha_rides by matrix-assisted laser desorption/ jonization

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-

abserbing 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 jons were sub_;ected to . .

laser induced d1330c1ai10n (LID) and the resultmg fragment ions sepatated by the -

L '_s_;econd TOF stage ('LIFT)_ of the instrument. Sample solutions of 1 4l and an ap-
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~ The isoelectric focusing pattern of the recombinant EPO was comparable to that of

the international BRP Reference EPO standard preparation showing the correspond-
ing isoforms. 25% of the EPO protein lacked O-glycosylatlon at Serm of the poly-
}_)eptlde chain.

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—phbsphate buffer

" pH 7.0 and thén 100 il of 1 N HzS0,4 was added per 1 ml of the EPO solution; incu-

bation was continced for 5 min, 10 min and 60 min, respectively, yielding EPO
preparations of different degree of 31alylat10n Quantltatlon of oligosaccharides with
0-4 sialic acids was performed after liberation of ohgosacchandes with polypeptide

" . N—,,lycomdase and isolation of N—lmked chams was performed by desaltmg using
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of 0.5 mM/mn. 30 The colum was washed with 6-8 CV of

Bypdremd sartridges(25ang H—y;ﬁr%prﬁy‘pﬁtd’a}b aneredMypdrdibReyscne, UK).
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e b pH ani on- 20
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colurm(04x25 cm) _in conbination with a pul sed
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of tial.s
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thentic standard oligosaccharides as described (Nimtz et al., 1990 and 1993).

o)

Example85  Reduction of EPO disulfides with dithioerythreitol

Smgof 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; rémoVal of DTT

was achieved by usmg a V1vasp1n concentrator at 4 °C, 4 cycles of buffer exchange. | .

The final reduced. EPO preparatlon was ﬁozen in hqmd mtrogen and stored at -20°C

- in 50 mM Na~acetate buffer pH 5.5.

;_Ex'zimple_s.‘G EPO protein determination , .




W
WO%?‘{IWGr ate: 1 m-mni) wasggqerformsd by apEFAF

10 -
| 15
20
=

30

25 ol i gosaccharides were then injected onto the

CarboPac PAl colum which was equilibrated w 39(9{3/2007
A. For desialylated oligosaccharide )}: do9bss20
ing a

l'i near gradient (0-20% of vent B over a period of
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anal'yses were perforned on a Finnigan GCQ ion trap

mass spec- troneter (Finnigan MAT corp., San Jose, CA
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Monosaccharides were_ identified by their retentio

lpsine ideReHaeslh eVl fromt Pagirbinn dandrasfespSara-Aldrihe Stein-
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were use r g es

0 uantification. MMdsacchari
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~the presence of furanoi'd and pyranoid.forns were

quantified by adding all najor peaks. 0.5 deg of
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conpound. 20 anple 8.11 Results Exanpl’e 8.11(a)
Characterization of N-glycans of mld acid treated
ﬁﬂ%fctah%lz lqy” EPO from incubations of periodate- or galactose-oxidase-oxidized

EPO protein prepamtions with activated HES

Purification of EPO samples (removal of unreacted HES derivatives) was cartied out

at room témperatnre. The EPO _incubaﬁon miixtures (approximately 5 mg of EPO'l
protein) were diluted 1:10 with buffer A (20 mM N-morpholine propane sulfonic.

- acid [MOPS/NaOH] in H,O bidest, pH 8.0) and were applied to a column containing
3 ml Q-Sepharose HP (Pharmacia Code po. 17-1014-03, Lot no. 220211) equili-

brated with 10 column volumes (CV) of buffer A by using a flow rate of 0.5 mUmin.
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 0 bidest, pH 6.5) at a flow rate of 0.5 ml/min. EPO.
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(eveg e hat <90% of  the proxinal fucose was present
?a(?ter mskl'(%l acid treatnment of the protein. 5 Exanple
8. 11(b) Characterization of periodate treated EPO GI-1
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in 10 Figure 10. "The conditions. used for periodate
Sorhadatei dwatosinge ahder the icosditiond engplopdidathg dasih EPSDRrRAGE not

B oo, U RO S SRR s fion b ppppeacted s
deAMiess a shift of oligosaccharides to earlier

elution tines (conpare Figures 8 and 11). 15 Exanple
8.11(c) Characterization of DI ES-nodified EPO

HABRIRIED.D! 2 HERRY aPRo B Re some ekl Yef ol aom-
X, pr oducedpaeseditic détdctio@EPAIRC-2AD0 400 pg of .

hydr oxyl am ne- nodi fi ed HES derivative X was added to
20 pg of EPO. GI-1-A (mId periodate oxidized EPO, not

PR RNl B B Mot PEE WAty 28 PR bffon-
exeimngt RPAH) chromatography using a Dionex BioLC system (Dionex, USA)
equipped with a CarboPac PA1 column (0.4 x 25 cm) in combination with a pulsed
amperomeuic detector (PAD) (S_chrﬁtet et al,, 1999; Nimtz et al., 1999). Detector
potentials (E) and pulse dura’_cic)ns (T) were: E1: +50 mV, T1: 480 ﬁs; E2: +500 mV,

T2: 120 1ms; E3: -500 mV, T3: 60 ms, and the output range was 500-1500 nA. The

Qligosacchaﬁdes were then injected onto the CarboPac PA1 column which was

equilibrated with 100% solvent A_. For desialylated oligOSaccharides elution (flow

rate: 1 ml-min™) was performed by applying a linear gradient (0-20%) of solvent 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 bi'dis,tii_led H;0, solvent B consisted of 0.6 M
NaOAc in solvent A. For native oligosaqcharides the column was equilibratéd 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 B
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: |l es were stored at -20C until further  a
WO b

10

15

“visible i'nt

PAEE sanpl e buffer was added and the sa
heated to 90C and ap- pliedl®hto SDS-gels. As shown in

"Figure 12, increasing incubation tines resulted in an

i ncreased shift towards hi gher nol ecul ar wei ght of the
‘ﬂ)‘.’r ot followsfitbyra lineahtrease from 3400 isolventrD pher Y abe Hobvent

f th dified M5 d X a dif 30
ﬁgtgs%tgﬁﬂégﬁiﬂag&l%g ?)rlft :I n bangri/\;zt Iol\e/?ect Zd |

mgrating in an area between 60 and |1 KDa, based on
t he position of nolecular weight standards (see left

Buamplei8. 10 dMongspechygisle compopmbianalanalysis 0ofy Boglyerise HES-

o e bodBbREl sk Rnld BRONBIBR Y FEMS 105

t he positi on of de-N gl ycosyl at ed EPO (see Fig. 12

el arro cat rat.i on sit
Ir@ig %@pée%éverévr%imzei .aﬁd f:egfesrpp 'as.ra ﬂgg ¥ery %faﬁef
P
ﬂ@m&hoi%ey CN%&’A {P;gegll okP&d h‘i‘xﬁeﬁ’bfsﬁl&’ﬁﬁmp}yga and aiglm’ M.E.

on between“the 28
(188D ragnid aml @mlnm metimdder {ie esalysib bfjcarbyhydsitm tAszal Biochem.

Bogpytotly i‘ﬁ% %'f?lﬂ%ﬁ%%?ﬁf#?@f’tﬁ% oRb IR OGRAR 7o s spec

t&ﬂﬁ&éxf BbyC TuhdRSE UR) APRRIgUdahd pOHi¥diod EI mode
resul t tha in fact éBS— nmodi ficati on occurs at the

qauiripsd axith 230 o PB4 cepidletyccalvmng. Tempatsturs pogghy 2anis isptherm

L R e
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m xtures were subjected to further purification for
subse- quent bi ochem cal analysis of the HES-EPO

lgxarnllfhlla%l 11°° Results

_ Example 8. 11(a) Character:zatlon of N-glycans of mild acld treated (partlally

desmlylated) 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 afier liberation of N-linked oligosaccharides by -

mcubatmn with N—glycos1dase as shown in Figure 7. N-linked olwosacchandes were

] sublected to HPAEC—PAD oligosaccharide mappmg (Figure 8). The untrcated EPO-

. GT-1 contained >90% of N-linked ohgosacchandes withi 3 or 4 sialic acid residues
- whereas after 5 min. of incubation in the presence of mild acid <40% of carbohydrate -
. chams had 3 or 4 sialic acid residues. HP‘AE_C—PAD of the desialylated N—giycans. _
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well as the control incubation K were subject %Magchazom
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6003/008829

remove the excess of nonreamded HES-reagent which was
expected in flow through of the ion-exchange col um.
Due to the high 25 anpbunts of basic EPO forns
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fractions.eluting with high salt, had apparent hi gher
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tipyes jeyesd @adadd nongl ycosyl at ed EPO forns of
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Ex@mple/8. (e d aClhraeteribation of MRS g diidd TP Oerivagveat i on
at the 0-glycan of this EPO variant (cf. Exanple
8.11(c)(aa)). This band (and also the heavily HES 10
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after 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 a@
- 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

0.

incubation in the presence of the hydroxyiamme—modz.ﬁed HES denvatlve X a dif-

fuse Coomassie stained protem band was detected migrating in an area between 60 ‘

and 11 KDa, based on the position of molecular weight standards (see left part of

FigJ 12). Upon treatment with N~g1ycosidase most of the protein was shifted towards - -




absorbed onto smal | Hypercarb colums for their

desal ting. The columms were washed rigorously ﬁdl\siat]rch 2007

gggcchari des 20 with 40% acetonitrile i

ter_followed by elution of bound neutral
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containing 0.1%of triful oat®ic acid. The resulting
ol i gosacchari des were subjected to MALDI/ TOF-Ms. The

| ‘spectra of the desialylated oligosaccharide fractions
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.the native material obtained fromthe |IES-nodified
sanpl e A showed only negl ectable signals for
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mld periodate treatment). The elution pro-
Methods'

which was expected in flow through of the ion-exchange column. Due to the high

(Example 8.8) in order to remove the excess of nonréacted HES-reagent

 amounts of basic EPO forms contained in previously acid treated samples XI and III

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 X was retained by Q-Sepharqse column whereas only approximately 20-30%
- of the samples ITI and X was recovered in the fraction eluting with high salt -co_ncen-
. tration. All of the protein material from the inbubaﬁions with HES derivative -X, both ~

. in the flow-through and the fractions eluting with high salt, had apparent higher mo- -

Jecular weight in SDS-PAGE when: compared to the control EPO.
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15 file of oligosaccharides obtained fromthe control
EPO sanple (K) yielded the ex- pected pattern iffx}f&?ﬁ{ﬁm?

rofile in Figure 8). For conparison, the natj
Woﬁp’f’%g"éccha-' ride profile of the internati O%T%Eﬁﬁ%@|§89

standard is included for cdfipari son and as reference
standard. 20 After mld acid hydrolysis, all

ol i gosacchari de preparations showed an identical elu-
tion profile of neutral oligosaccharide structures

(see Figures 16) with the expected _qualitatiye, an '
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18- 1150 LRAK b WaF-aEHiSvala id ptgidatetvaidised sialic acid residues of
ol i gosaccharide material was washed off as described
eapbypoiels. shown in Table 2, gl ucose and

hydr oxyet hyl ated gl ucose deriva 5 tives were detected
only in the EPO protein which was subjected to RES- |
ABglickd 6fxhe Bhglgtosidest iicubationshicttiges werd hiydrolyzed using conditions

e o e 0o gt
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cal masses for complex type oligosaccharides at m/z = 1810 Da (diantepnary), 2175

= ftriantennary, 2540 = tetraantennary, 2906 = tetraantennary plus 1 N-

acetyllactosamine repeat and 3271 = tetraantennary plus 2 N—acetyllactosanﬁne re- 7

peats; small signals corresponding to lack of fucose (-146) and ga_lactose (minus 162)

. 'were detected which are attributable to the acid hydrolysis conditions applied for

sialic acid removal (ses MALDI-Figures 17, 18 and 19).

In a parallel éxpgximent the N-glycosida.ée digestion mixture was absorbed onto 1 ml

RP-C18 cariridge (without prior acid hydrolysis of oligosaccharides) and elution was

" performed with 5% acetonitrile in water containing 0.1% TFA; under these condi-




BRP EPO reference standard preparation that was

- included in the sanples sent for activity assa/
results of the study are summarized in Tabl gz
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Mliegenthart JF, "Kanerling JP, Nintz M Conradt HS. A -
strategy for the rrappl ng of N-glycans by high ph
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ngQ 11 (sample named EPO-GT—I after mild periodate treatment). The elution pro-
file of oligosaccharides obtained from the control EPO sample (X yielded the ex-
pected pattern (éompare’ profile in Figure 8). For comparison, the native oligosaccha-
ride profile of the international BRP-EPO standard is inctuded for comparison and as

reference standard,

After mild acid hydrolysis, all ohgosacchande preparations showed an identical elu-
tion profile of neutral ohgosacchande structures (see Figures 16) with the expected
qual1tat1ve and quanutatwe compositon of di-, tri- and letraantennary complex—type
carbohyd;rate chams as descnbed 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—mod1ﬁcat10n of the EPO samplc results in a covalent linkage of the |
HES derivative which is detached from the EPO-protein by N—blycosniase and is
acid-labile since it is removed from the N-glycans using mild acid treatment condi-

tions known tb desialylate ca:bohydrates (see Figures 14a+b). '

(cc) Monosaccharlde compos:tlonal analysns of IIES—EPO and HES-EPO N-
' glycans by GC—MS | '
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the human EPO cDNA was clon#d into the eukaryotl c
expres- 10 Sion vector (pCR3 and naned afterwards
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The results of the study are summarized in Table 3.
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ives 10 1. SHreactive DES 1.1 Reaction 0
EMCH wi t h Oxo- RES12KD to fobMl SHreactive HES12KD B H
HHOKHHESSHHOHESSHHOHAN HOHOHOHON B O
0. 144 99 (0.012 nmol) of Oxo- HES12KD ( Freseni us Gernan
196 28 705 15 Al) were dissolved in 0.3 nL
absol ute di nethyl sul foxide (DVBO) and were added
dropwi se under nitrogen to a mxture of 34 ng (0.15

ProdugtisVbin-echiabltiaant Bpigence, Deutschl and GrbH,  Bonn,
- Germany) in 1. . After stirring for 19 h at

60C the reaction mxture was added to 16 nL of a 1:1

1‘? Ffd&l@utg{%%%ﬂ%m%g cace- tone. The precipitate was
0 |

ecte y centrifugation, redissolved in 3 nL DVSO
20 and again precipitated as described. The

—H-reactiy- HES12KD, B was tajned by centrifugation
R WF#&W%QE‘HB’S‘?M@&E %@%\foﬁBWS‘r eaction with
Thio-EPO i s de- scribed in Exanple 11, 2.2.
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sfﬁ{[léﬁse ro?q‘:e%vis@? %ﬁ e£ia19f %%Qviﬁft) Hlotits 'olni okn(fﬁlgmtype N-glycans -
Coexpression studies from BHK-21 cells together with human beta-trace protein, J.

Biol. Chern., 273(47), 30985-30994). ' ' '

CHO cells stably expressing human EPQO 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 phosphaie precipitation method: and selected with G41 8-sulfate as de-
scribed (Grabenhorst et al.). Three days after transfection, the cells wete subculti-
vated 1:5 and selected in DMEM containing 10% FBS and 1.5 g/liter G418 sﬁlfate.

. Using this selection procedure, usually 100500 clones s’urvivéd and where propa-

gated in selection medium for a further time peridd of 2-3 weeks. Cell culture super-

natants of cohﬂuently growing monolayers were then analyzed for EPO expression

7 levelsby 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 dif_f_'e;_‘eut amounts of NeuAc (e.g. 2-8, 4-10,

8-12 NeuAc residues) were isolated aécordjng to published protocols using combina-

tions various chromatographic procedures as dascribed below.




5 exhibiting an activated disulfide functi on [ nst ead
of a mal eimde funcion could also be used.

wo gﬁil@%acet am de-derivatives of HES gl ycosyL 'Eémﬁs@g?
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osylamine-formation 1 A 4 ng sanple
12KD was dissolved in 3 nmL ldﬂ sat urat ed anmoni um
bi carbonate. Additional solid ammoni um bi carbonate was
then added to nmaintain saturation of the solution
Idteratmg: | ncubati on for 120 h at 30C. The 15
Anmi no- HES12KD C was desal ted by direct |yophilization
of the reaction mxture. b) Acylation of the

GaBERBI, AURRYCL999, THEID @R RS, bRkl sian Zégldhs of
‘mg sanpl e of Ami no-BES [2KD C was di ssolved. in

' gbﬂOSﬁWﬂ@&tﬂ&mﬁPtﬂlﬁ’dﬁb@ pavivodiactionsl sblaselization apd S*;qbnlgy in-

I
B RpBIC 1o BB, Prapip ST ISL RS, Sl bont, i,
G AMETDID 0GR enBine o il redGrabinint rgéycoﬂihﬁexﬁd-b:%&e glycosyla-
monitored and additjonal base was added if
tionagBwERyHE repmalien hast gpllsy @éV%wBST Do BT eFr"reP@ﬂaﬁe gFien-

15y FEOLCotall, Fufiello: RRRRRIS pARMOIE frote: Jaigha pro-

lifafatiorGtontwdisd (R ectllsy Bischagiegpead tiveaniziedriig B5(5), 529-

fg‘o g‘[&]{l%‘g?‘ft %h@ﬂgéfg? &‘%@% %(Ifﬂ%%geﬁ%%ng S ns Céharactenza—

NOFOi AU EraddfBASE BHINOD Gl RBRBNRERATtyp DR latil&i’ daracteristic,
Bi ochem stry, 31, 10733 10740 l\/anger Radenmacher, :

CmabChBOWZSO(BtWeM stry, 31, 10724-10732 2Bl ack
Kiss, Tull, Wthers, 1993, Carbohydn Res., 250, 195 12
March 2007 WO 2004/ 024776 PCT/ EP2003/ 008829 114
I pivdasRin if ieyedns de was prepared as descri bed by
homas? A 1 ng sam ple of am no-HESI 2KD C was
di ssolved in O. 1 m, of dry DMF and cooled on ice and

. _
R iRaRAcE! & **W%“ BHojiiEa Wt HACEE ol s STOCAILAT 21 after
mmm@pbﬂtemmmse@mmm bﬁﬂﬂoﬁnﬁ vethe con&anﬁg dhe human EPO
m. xt ure was ed to 1l nL of a 1:1. m r.e of.. et hanol

DN Hodar Saaol tie hedns prEnQFias dsptiaen AL HEHE: cd

by centrifugatton, redissolved in

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-
pematants EPO was punﬁed by Blue sepharose chromatography, 1on-exchange

" chromato graphy on Q—Sepharose and ﬁnaHy RP-HPLC on C4-Phase

Puxity of the product was checked by SDS-PAGE and N-terminal sequencing De— |

 tailled carbohydrate structural analysis (N- and O—glycosylatlon) was performed ac-
'. cordmg to pubhshed procedures. o

Literature:

" Grabenhorst, Hofer, Nimtz, Jager, Conradt, 1993, Biosjntheéis and secretion of bu-
‘man interleukdn 2 glycoprotein variants from baculovirus-infocted Sf21 cells. Char-




0.1 nL DVMF and again precipitated as described. The
Br onpacet am de- HE? OID2 (X = Br) was obthai ned b i@archm()'i
entrjfugation an rying in vaccuo. The co
wozg%"{rbltz?jﬂéreactl on with Thio-EPQO is described {;#1[& 3’?08829
' 11, 1.2. d) The correspondiXg | odo-derivative D3 (X =
1) was synthesised as described for D2. |nstead
bronoaceti c anhydri de N-succinim dyl i odoacet ate was

agtssigation  cffolypephidys ﬂ@ssosttm@m@nﬂEs@d;ﬁqamms By HBgmhem.,
At e, o PR, pRSRS I IS5 SRR, cheson

aﬁd Qiuﬁﬁcatﬁﬁlhﬁﬂ'a ARebinvibachdmdery hropbidthoprodasi disthgachatalovi-
be used e.g. -bromdes or -chlorides 20 - esters,

| R?EF“Q@E lpad o2 68ini de ester, esters with
5 substi tuted phenol es (p- nltrophenole,
pent af | uor ophenol e, tricbl orophenol e etc) Furthernore,
all cross-linkers having an am no reactive group and a
galoaen ace- tyl function, separated by a spacer;
€ used. An exanple thereof is SBAP. 25 This
mol ecul e and others are available from Perbi o Sci ence
Deutschland anH Bonn Germany. They are marked in
& & Beativielle use as cross- 3 Thomas, .
10 1977 thhodes EnzynDL 46,362 12 March 2007 WO
2004/ 024776 PCT/ EP2003/ 008829 115 linkers for the
1l | gALe@@ v HERI NO- HES wi t h t hi o- EPO wi t hout i sol atiaon
of t.he ha- |-ogenacetam d- HES derivatives see remarks
in exanple 11, 1.2. 1.3 Ilalogenacetan de-derivatives

1f gﬁ!@% KRG Wi D nﬁ@ﬁglggﬁ)z%oé% | 01 ARRHES D B

15 0 HES\

0.144'g (0.012 mol) of (.)xo'fHESIZKD (Fresenius German Patent DE 196 28 705

15 Al) were dissolved in 0.3 mL absolute dixnefhyl sulfoxide (DMSO) and were added
- dropwise under nitrogen to 2 mixture of 34 mg (0.15 mmol) EMCH (Perbio S'cience?

. Deutschland GmbH, Bonn, Germany) in 1.5 mL DMSO. After stiring 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 obtamed by
o cendrifugation and drying in vaccuo. The comugatlon reaction with Thlo-EPO is de-
'scnbedulExanqﬂell 2.2, | |

: Altémaﬁves; _




~1.44 g (0.12 mmol ) of Oxo-HES12KD were di ssolved in 3

mL dry dinethyl sulfoxide (DVMSO and were add 007

dropwi se under nitrogen to a nixture of 10 %C?’Eﬂ%g?j ézg

WO 2N 4- di ani nobutane in 15 nlL DVBO. Afte

i0

15

20

25

for 19 hat 40C the reacti dri3m xture was added to 160
nmL of a 1:1 m xture of etha- nol and acetone. The
preci pi tate Ammo- HESI 2KD E was col | ected by cen-

ﬁlrﬂﬁsuga@tsﬂl&ﬂ alll 8dbSHHeVEhr Be HdedTLwhikh ighBit 2hyflagidysat a
for 4 days against wa- ter (SnakeSki n dial ysis tubin

Balsinke dunction sepmaieity Sepaser Funder semplerdior mplecylss of that

A PR 00 il i SR

dﬁo@hl HITEHR Pmdrkéd Hith ¥n "E" Wur@iehasea et @@Jﬂm&{mnkers

Ft was prepared as descrl bed for_ Chl oroaceta- E
exhibising ag potivated digliade tipction inptead) atéﬁ%we@*i@@ﬂ 2'180

tfe)ﬁs_ Br) was prepared as described for Bro-
rmacet am de- HES12KD D2 in 1.3 above. The conjugation
reaction wwth Thio-EPO is described in Exanple 11,

1 d) The coyrespondi n o-derivative F3 (X = 1)
il MR RN Es THILES GIYcomIamiNes r vt 1

Thi o- EPO. The experinment is described in Exanple 11,
1.1. Alternati-ves: 121 March 2007 WD 2004/ 024776

PCIY EFzo03]laadssfgmatiae” See 1.2 above |.. CHO Reactive.

HES 5 2.1 Hydrazide-HES H OH H OH HESS O HESS OH
OHO H H HO H H NH

‘A1 mg sample of HES12KD was dissolved in 3 mL of saturated ammonium
bicaIBOnafe. 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. lTo this was added a crjrstf;ﬂ of solid chloroace-
tic acxd anhydnde (~5 mg), and the reaction nuxmre was allowed to warm to -
room temperamre The pH was momtored and additional base was added if
the le.dropped below 7.0. After two hours at Toom 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 resins. - | |

- ¢) Acyléﬁon éf the egcosy_lamﬁ_e w1th bromoacetic anhydride’

Manger Wong, Rademacher Dwek, 1992, Biochemistry, 31, 10’733 10740 Mauger Rademacher
Dwek, 1992, Blochemlshy 31, 10724-10732 ' .

2Black, Kiss, Tull, Withers, 1993,Carbohydr. Res., 250, 195




10 -

15

20

25

HOH>00HH .0 NH2 a) Reaction of hydrazi ne. wi th

‘Oxo-1-1ES 12KD 1,44 g (0.12 noral) of Oxo-HES %%Ch2007
WO?%.(,){}IMSSN ved in 3 nL absol ute di net hyl Sl.i_l,é 537008829
_ 0 a

and were added dropw se under nitrogen
m xture of 0.47 10 nL (15 1¥ol) hydrazine in 15 nL
DVBO. After stirring for 19 hat 40C the re action
m xture was added to 160 nL of a 1:1 m xture of
et hanol and acetone. The precipitated product J was
coll ected by centrifugation, redjssolved_in 40,nL of
wat eBromenceiiapghydade svas prepatesl asglesribed by Thgmys. ¢ L g sam-

trie l-an. i - L] 0

agar REOTARURE HESIRIER, R iare kAL Lo e Gy YR and cooled
of f, ofPfde b8 Shing bhwhesvetic Rehyidsidl has dddadbfhe Baaton mixture was
CGernmany) and | yophilized. The conjuga-, tion r,e%ﬁi %nh

wi t h DBkl lewlydp yeemppapsratugeand the selutian pes stireed for 3 h. The

I1_|2 ’d%r%lﬂ%ﬁ_lgnﬁﬁ? \%ﬁ%ﬁ@&@%ﬁ g\nlzi(;@iglgﬁp#cgtﬁéddl 3 altone

Jdi hysithzi20e’Coi Tl @xciptES vid iDlled®] b cemtyifigatibmmadibwilved in

Fachhqc e Hamhur g, .1998, 12 Mat.c 0Z WO .
ooapasis M Gnt 2EBE R isLA deh s, ShE BropissigmdeHES
adeppe (fti-Dpely wad GainBd By dbmaflgHRsh Adil ingun&m&sabume.con'u-
di rret hy(lxI s_g{fox'i'de ( DI\IEO) at gﬁSC.and&?, 4 g (0,12 !
ol patsh repesiopPdthn PO ERD sslsperiigd in Hxample 1dbE3) ut e

- DMSO were added dropw se under nitrogen. After
stirring-for. 68 h at 60C the reaction m xture was
addjeThé eoréPonding Todwl&ivatite DBOLUE DR télbad #gddscribed
was di al ysed for 2 days against_a 0.5 % (v/Vv)
tri efanyPZardnyiead bromeasstic apdydideN-waeiningidybiodagegtate was used
agai nst wat eé%( SnakeSki n di al ysis tubing, 3. -

of f .- Perbi i ence,Deut GrbH, iBBA ‘
and [yo T n on. reaett 0 35

oxi di se i s deSCryPenR A vdxanpl e 12,,2. 2 Hl‘b%/\x
Al ternativ CH H H o

¢ ' D

and all steps were performed in the dark.

. Alternafives: . ,
For acylgtibn of amino groups, other activated forms of halogen acidic acids can
. beused, e.g. | ' '
- -bromides or -chlorides o o
- esters, €.g. N—hydroxysuccinix_ﬁide ester, esters with substituted phenoles (p-

nitrophenole, penfafluorophenole, trichlorophenole etc)

| B Furthermo_re, all cross-linkers having an amino reactive é;coup and a halogen ace-
tyl function, 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 arc'ﬁia'rked i_n_Table 1 with anA D", For_,thc_e use as Cross-

Thotnas, 1977, Methodes Enzymol., 46,362 .
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Furtherrmre,' derivatives can be used, wherein 2

hydrazi d groups are separated by any spacer.
ok A no- HESI 2KD derivatives | and H 1, T%ggg;%ggy

onoFyS|s of D or F was perforned separateF
di ssolving a 1 ng sanpl e ofll5each halogeneacetan1de in
0.1 nL of saturated ammoni um car bonate. Additi onal

solid ammoni um carbonate was then added to naintain

s afkdkeat fop thedigatibs of @hnitid-HES witl thRGEPOOKBRIuE Qdlibn b2 thetha-
at 30C. The reaction mxture was added to | nL of a

1: loggcoipmidsES gerizativgs s¢c ematkadeewmeplol 1hl.220 C. The
preci pitate was coll ected by cen- trifugation,

reédi ssolved in 0.05 nL water and again precipitated as

| | 1dHakhphedetabiide-deriveltivds fmiBbERESTRY | was obt ai ned

- by centrifugation and drying in vaccuo. The
conjugation reaction with oxidised @yco-EPOis

d%kb@&i%nio@l @Sﬁﬁ?%&b%%ue Bith o;té fﬂés m@j to lal%%&mstﬁéb
J HHNH HO H H H OHHX H

HES~OHHHES~OC]—IHOHNHHOHNHO HO HFC]—IONH

o B0 ot o o MO LSRR L AXEY gyt

H HOs*;h’.'foNl‘dle"(’[ﬂiE ) Idn@vl@r@adc’leJeropvvlse under nifrogen to a mixture of
1.51 mL (15 mmol) 1,4-diaminobutane in 15 mL DMSO. After stirring for 19
h at 40°C the reaction mixture w_as added to 160 mL of a 1:1 mixture of etha-
nol and acetone. The precipitate 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, Gennany) and lyophilized.

oy OH y OH OH

- H
HES HES. HES
\0 I Q ] \0 i CH ~0 o H
HO H ~—— . HO. H NH — HO. H NH o
. H on \O H OH \/\/\ H OHO \/\/\ lk/
. NH; : NH X
. . E F

- 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-
moacetam1de—HESl2KD D2 in 1.3 above. The conjugation reaction w1th

Th10-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:




i zed as described. by Boturyn et al
wo %?M}Bﬂ%% A Ebg/

10

15

\--\O NH2 K 4. Hydroxyl am ne-nodi fied HES12KD K
O [ 2- (2- am nooxy- et hoxy) - et hyl ] - hydr oxyl am ne yémarch 2007

rom comercially available materials.5 1, 6@&@%29
mmol ) 5 of Oro-HES12KD wer ellf ssolved in 3 nL absolute
di net hyl sul foxi de (DMSO) and were added dropw se
under nitrogen to a mixture of 2.04 g (15 nmol)

0- [ 2-§e2-1.2a8B@0XY- et hoxy) - et hyl ] - hydroxyl am ne in 15
mL DMSO. After stirring for 48 h at 65C the reaction
m xture was added to 160 nL of a 1:1 m xture of

t | tone. The precipitated product K was
%’él ect%%ﬂg}rggig%st ri fugation, redissolved in 40 .10 nL
of water and dial ysed for 4 days agai nst water
%S eSkin_dialysis tubing, 3.5 KD out off, Perbio

Li azipg s hi and GbH, Bonn, Germany) and
| yophilized. The conjugation reaction with oxidi sed
A yco-EPO is described in Exanple 12, 3.1.

“Alternatives: - Furt hernore, derivatives ul d be
u g%;alv\héﬂei e two hydrox ine ¢to 9 re '
S _ ny.(spacer. 5. S 20 614
- Addi ti Ofy4 d:d HES12KD 5Bot uryn, i, HConst ant ,.
Def r ancq, , 97, Tetrahedron, h
-2007 WO 20p4/ OZ@FVG\BCT/ EP2003/ 008829 /119 OH VONH,
OH HESS O HESS GH -OHO HH OHNH H OH ~&'H oHo M

1,44 g (0.12 mmpl ) of Oxo-HES12KD were dissol ved i.n 3
nmL absol ute dinethyl sulfoxide (DVMBO) and were added
to a mxture of 1.16 g (15 nunol) cysteamine in 15 nL
dVBerndindef hpdbziogenthd:aopESE2KBf t er stirring for 24

QW RO TR I - L o Sy
sulfoxide (DMSO} and were added dropwise under nifrogen 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 ethano! and acetone. The
precipitated product J was collected by centriﬁ.lgaﬁon, 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 lyophiﬁied. The conjuga-
tion reaction with oxidised Glyco-EPO is described in Example 12, 2.2.

HES. HES O
C ho\ u i = " HOQJ H Ng
NH
o L “NH,,

b) Reaction of adipic dihydrazide with Oxo-HES12KD

4s. Frie, Diplomarbeit, Fachhochschule Hamburg, 1998




5 precipitated product Mwas col |l ected by
centrifugation, redissolved in 40 nL of. wateryafgch 2007

woﬁe@h%ﬁ%d for 2 days against a 0.5 % (v/v) PgT/EP2003/008829
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triethylamne in water solu- tion and for

agai nst water (SnakeSkin didlysis tubing, 3.5 KD cut
of f, Per- bio Science Deutschland GrbH, Bonn, Gernany)
and | yophilized. The conjuga- tion reaction Wi t h

ox. ldi 4 41 ansd). Adepicidhydearidd et dmol@éupﬂénﬂ.zabs@lum dif@thy]

A B IR 0 b HISL D Kot

anyin SPAL &bsolfitd MIMSOWER, adiHbE dRFWR @ﬁ&t&ﬂtﬂo@eﬂ bﬁter stirring for
derjvatives could be replaced by a dra2|ne

hy d¥8ak RHOGTC theppastion yniztire svas pdded toi 200 mhcafi waier a?hqs golution
15 f
> BB SO UARNIGS B0 B 5% BB v

de;sohxhen i forXt d@ys aprdhst beat@r (ShateSRE dighds atimsg 3.5 KD cut off,

andFifoseepss Heuchiandmbr Sopgn v el BEEReE. Lheypon-
_ or Jﬁ%atigﬁ rébtidPHith beRideq @IWJ EP@A?Tﬁs%éa dﬁ é?lgﬂe%&l’ %223

Am no- HES12KD E, wer e
nL absol ute di met hyl SU|fOXI de (DVSO and were added

to. em' i ure of 139 ng 25 (0.6 nmmol) SATA in 5 L.
Dl\/é%t—%?ég?—mtrogen dropwi se. After stirri ng for 24
haFurthafots MpR VAR arl Bust8ATHrAN 2 Hy 8t der Q@F%xétéﬁ by
.160 nk of a 1:1 mxture of ethanol and acetone

pr éeY fiacek ed product N was collected by 12 March 2007
WO 2004/ 024776 PCT/ EP2003/ 008829 120 centrifugation,
redi ssolved in 40 nL of water and dialysed for 2 days
RgFunttier AMBin6HESIKD Yeivatva aicHUbi ng, 3.5 KD cut
of f, Perbio Science Deutschland QrbH, Bonn, Cernmany)
and | yophilized. 5 The deprotection was perfornmed in a

bR B RSB e S 20 ) ST o

togemﬁaeetamﬂet ine0. prmﬂurﬂ safurdad aﬂﬁﬁmﬁmobabbbnitealmﬁhﬁonal

inst a 0.1 M so- acetate buffer pH 5.5
Segﬁtagﬁ“ﬁ?mamlcqﬁ‘mﬂéwas @‘@63 3P dRATBH fasgation of the solution
during incubation of 120 h 4t 30°C. The reaction mixiure was added to I mYL. of a 1:1

- mixture of ethanol and acetone with —20 °C. The precipitate was collected by cen-

trifugation, redissotved in 0.05 mL water and again precipitated as described. The

" product aminoHES H or ¥ was obtained by centrifugation and drying in vaccuo. The
~ conjugation reaction with oxidised Glyco-EPO is described in Example 12, 4.1.

Cme B M - u OH
s\o - HO ) ) HES\O HO
HO H NH —————e HON H ;
n OHy .Z,r\x . . OHy W/\NHz
o ’ H
OH , OH
H H
HE! - HE:
S\O q H.‘ o S OH
HOQL U NH P HON H NH o
R S RS
o . 1 NH NH,

25




tion was perforned i nmedi ately before the conjugation

_ reaction which is de- HOH HESS HOHO HNH H h.2007
WO Wﬁ4%TA SPDP H OH NES\ OH WO, O HH HES\P F b 08829
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/"' NFo HOHO~S HOHO "™ N NH NH | ly
Deprotection-P \/ Deproted#Bon OH HES\ O HOH HESS H
NO oHi HOHHHOHAHO NH ONNSH HOHOO ~\
J(A\ SH 10 scribed in Exanple 12, 2.1. b)
Nodification with SPDP 1,44 g (0.12 n-nol) of

~ Amiono- HES§2KBHE, H or | were dissBflved in 3 nL 15

ab g sul foﬂEﬁaé wer e dropw se
added t gioa\ THXt une -of—318¥ ngo $PDP in 5 ni
DMSO Af p
SO under ter sti e gon I 0\ __o
o2
K

4. Hydroxylamine-modiﬁed HESI2KD K

O-[2-(2—amin06xy-eﬂ10xy)~ethyl]-hyd:oxjrlarrﬁ_ne 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
were added_dropvs}ise under nitrogen to a mixture of 2.04 g (15 mmol) O-[2-(2-
aminooxy-ethoxy)-e;ﬂlyl]-hydroxylanﬁne in 15 mL DMSO. After stirring for 48 h at
65°C the reaction mixture was added to 160 mL of 2 1:1 mixture of ethanol and ace-
tone. The precipitated product K was collected by cenirifugation, redissolved in 40
mL of water and dialysed for 4 days against water (SnakeSkin dialysis tubing, 3.5
KD cut off, Perbio Scieht:e Deutschiand Gmbﬂ, Bonn, Germany) and lyophilized.
The conjugation reaction with oxidised Glyco-EPO is described in Example 12, 3.1.

Alteratives:
Furthermore, derivatives could be used; wherein the two hydroxylamine groups are

separated by any spacer.

- 5. Thio-HES12KD

5.1 Ad,dition to Oxo-HES12KD

Botuiryn, Boudali, Constant, Defiancq, Lhomme, 1997, Tetrahedron, 53,5485 .




for 24 h at roomtenperature the reaction m xture was
added to 160 nL of a 12 March 2007 WO 2004/ 02447, 1 2007

The precipitated product P was col 'ecte by

003/008829 121 1:1 m xture of ethan
WO é@éz&ﬁé ?JCT 003/008829
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centrifugation, redissolvediih 40 nL of water and

di al ysed for @&Hlays a- gai nst wat ( Saakeski n 7
di sis tubng, 3.5 KD outygaf f, . § | ence

Deut s 0 Bonn, Germar%o rgphl'ti zed. 5
The depHot S - i HQO Lion gfHl12 ngy
di t hi ot hr ei Y~per 0.5 nb 1007V e ma e

buf f er, contlai ni@g—;| 1 mM sodi um chl B-
for 30 min at roomtenperature and the product Q was
purified by dialysis against a 0.1 M sodi um acetate
buffer pH 5.5, containing 1 nmM 10 EDTA. The
deprotection reaction was perforned i medi ately before

th ons, Jj.ugat i.0 eagct.! ich. s .descr)jbed,i .
o7 50h S S PRONSES isFor R R dpdhys dipetiyd
ankiinideqTMIBO) a6 GHRSadded & mikfrd 6£E16 {18 Minol) cysteamine
protected, sev- 15 eral reagants are avallable. After

t hist Foels PMSQ srder nifeogsn daumnse. Adiar gtipwg fonPhhey40°C the re-

Al y } .
cr AR it et RLBSE 300 58, SO 11 MREF o) srctone. The
C Ofetipitttcdradiet M oas colicefedr mbéentdfubstions regissdlved at 4@mi of
step. For the isolation and-stora (zléof, t hj o- HES :

deVigh and dulysed dorsy Aaseagamsht Oy Jriglyleaping Pewaten solu-
a g : : sl ls| .
e A MR e 958 iy 91D ot e

whbiolBdhace Drntsablpnd Endd, dorfny Getrhary) and lwphilized. The conjuga-

belitrea o VG o ek i et ISBRE 2 21 a-
ble 1, marked with an "H'. The .derivatives being

anal ogous to SPDP coul d have an acitve ester-function
nélterndtivest f i de- f uncti on, separated by any spacer.

a i .
TR RO 08 abea, iERT le3ln B B Y b ARG e oo

C OpHrtedl By Q@ ¥pacek | Migthefhek; fheneiing Br ahe derivatives could be
thiol-function, protected as a trityl derivatiye
e.

s isnlased By Byhydrapingpa bedrazighos gdiveropylamige. The thio-function could -
be protected 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 r_e'leas_'e a componenf being analogous to M. .
5.2 Modifikation of Amine-HES12KD E, H or I
a) Modification with SATA/SATP

1,44 g (0.12 mmol) of Amino-HESI2KD E, H or I were dissolved in 3 mL
absolute dimethyl sulfoxide (DMSO) and were added fo a mixture of 139 mg
(0.6 mmol) SATAin S mI, DMSO under Iﬁtrogen cifopwise. After stirring for.
2 h at_ room temperature the réa(:tion mixture was added to 160 mi, of a 1:1 | |
- _in‘ixture of e&;anolrand ace'tqne.. The IpreCipita_*ted p:oduct N was coll;:btéd bj E




Conj ugation reactions with Thi o-EPO 12 March 2007 WO
2004/ 024776 PCT/ EP2003/ 008829 122 1. Reacti on0fr. ch 2007

wi th a hal ogenacet am de- nodi fi ed
wo{(ﬁgﬁ’uiﬁ? Exanpl e Protocol 1 5 Conjugation o?ci‘ﬁﬁ %&829

10

to Am no-HES 12KD (E, H or hpgwith a Cross-1linker
containing a NHS-active-ester and an i odoacet an de
group, e.g. SIA 6 Materials 10 A Borate buffer.

ComOSk B eV e 8 Py o

phosp matee ,(Slﬁ{eSl{IMdms tupig, ¥.5&D fmt oAy PabHERidiRK Deafsckand

& os s (DT B L OHOPHHEG 51 A wer e di ssol ved

in 1l nm DMSO 15 E. D Salt TM Dextran Desalting Col ums,
2 x 5 nL bed vol ume (Perbio Science Deutschland GrbH,
Bonn, The degmigstich wappenfersied (in)a 39 mie sodivis ghyspbeteduffer, con-

(P b3 b D1 ) SR g S RS Yot oom

- buf f efempéBatite AN GhOHRAGENO VA OBirifvd Gyodigfsiy Weanst a 0.1 M so-
(am COHI%MH por e GErbH Eschbsgiﬁm Gery%n@) %thod 25

100 gfiug a@eﬁw beffapHAS, aerteiaing] ME@JA@fThﬁfl@protection reac-
.
ot o pas PersmrRlihleARu AP Boroh®the RonBiRibnl kR et o de-

excess crosslinker was r ved by centrlfuglng t he

sanpl e at 14000 x.g fo m putes using a

m croconcentrator. A i fugi ng the sanple was
brought up to its o- ? Nme in borate buffer
and this process was repeat 843 wo times. 30 The

resi dual solution was added to % nL of Mthi oEPO
solution and the reaction mxture was i ncubated for
16 hour at roomtgg.ggrat .Reagt{ i vi sypof the excess
12 March 2007 4/ 24776 PCT/NEP2003/ 008829

HES\

Ho‘\ _\ rNH\/\/\ . o\- — HES\ H\/\/\
CH .

v NALT A

- . - ' P . /
1 Deprotfectlon | o J Deprotection . O
. JOH
HES\ :%i‘r ' Hes H H .
~ )é?;—
[o) NH&&H . -

scribed in Example 12, 2.1.

AV

b) Modification with SPDP

1,44 g (0.12 mmol) of Amino-HES12KD E, H or I were dissolved in 3 mL

absolute dimethyl sulfoxide (DMSO) and were dropwise added to a mixture a

‘of 187 mg (0.6 mmol) SPDP in' 5 mL DMSO under ﬁitrogen. After stirting
for 24 h at room temperature the reaction mlxture was added to 160 mL ofa




123 i odoacet am de was quenched at the end of the
i ncubation period by the addition of cysteine}@ra.h2007

' final_concentration of 10 mMM The reaction
Wo%ﬂ?%r‘@‘a ,to a desalting colum equilibrat egbé\n}#%&]e}@”
buffer and the protein contldht of the fractions were
. nonitored wwth a Coomassie protein assay reagent. All

fractions 5 containing the protein conjugate were
pool ad apdiehs etthaockaim) acgehe Thrspredipititeteprodist P was collected

| yophylisation after dia]ysis agalnst water.over _
n gt i indenedl %ﬁ‘iﬂ%%‘f";%ﬁ B4 ffay36 2 e
Cross; ) clt SHFE CPdibin Bél
or’ a%aifbpgﬁfe?o@g%lgi %ﬁﬁid%g%%unct iggn a%%ga itodoacet am dgnce
f unctDentchlaphGatbél] BopnaGemeog) andlyeptitlézedexanpl es are

found in Table 1. They are marked with a "C' and are
avi - al able from Perbi o Sci ence Deut schl and GrbH,

Bonn mh@%%%%@éﬁo& wos PYABRAG B D5en & 12 me@ittiiothritobTT)
of ThioEPO 1 to SH reacti veHES12KD br onoacet ani de . D2,

F2 omper 0.5cukde0 amiicedivercratediitier.contagning 164, guysggiyu chlo-
buffer. 0Skti@n . ' ified
0. 1, e ofienric: 8 ARl e RRite i PRRGATD) nBrbyine
MV s oli a3ty 9 agahatae0.1 M GotMnNadatate biffer7pH 5.2 Sotaimdeg 1 mM
react.i veHES12KD br onpacet am de D% Pr epar d@t 1]%)) the con-
10 nig/ mEDTA pFhsslepysiention peaction was pes Srped immediaty bpigRe the ¢
Desal.t i I - 2 6Her bi o Sci ence
Deut g%gﬁlag%%%%%hﬁéﬁ%d&fg% ﬁ%ﬁ%x\é@&%ér , Forrester,
Foxwel |, Ross, Thorpe, 1985, Methods Enzynol., 112,

207 74e, Val asco, Merkus, Anderton, Verheul, Lizzio,
Vi ie, van Eden, Hof f mann, Verhoef, Sni ppe,

i
%/agf?’g chlz%%g&gion P Eho- +8 BridSkoups; sittier trr free form-or protected, dev-
15 eral reagants are available, After the modification, 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 derivativesin a
protected form may be useful. For this, all derivatives being analogous to SATA .

| 20 could be used, which Have an active ester-function and a thioester-function, sepa-

:éteci by any spacer. SATP, b'eing a further member of this gfoup, is found in Ta-
- ble 1, marked with an "H". The dEﬁvatives being analogous to SPDP could have
an acitvé ester-function and a disulfide-function, sei)arated by any spacer. Further
.Ilnembers of these groiips are found in Téble 1, marked with an "F". Furthgr
25 analogous derivatives could have an active ester-finction and a thiol-function,

protected as a trityl derivative, separated by any spacer.

B Example 11
30 |

: Conigl';zation reactions with Thi§~EPO
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WD 2004/ 024776 PCT/ EP2003/ 008829 124 E. Coormassi e(r)
Protei n Assay Reagent (Perbio Science Deutsch;%;’;%ﬂ 2007

3/608829
S 1 in phosphate buffer. 5 Method 1 &

reacti veHES 12KD br onvacet ajgxe D2 solution and | nL

of Thi oEPO sol ution were conbi ned and the reaction

m xture was incubated for 48 hours at room

f.emﬁéﬁ&#ﬁt@rdm%eﬂﬁb'%ﬁ ¥ h@fog&ﬁaﬁ:e i8S Sn GLABD SEekea i b ES

was quenched at the 10 end of the incubation period by

the addition of cysteine to a final concentration of

ég '{' rea |on m xture was applied to a desalting
Ilﬁ%lp T.HPF dated with PBS buffer. The protein

content of the fractions were nonitored with a

Coomassi e protein assay rea fract

en al
cofoajugatien of FhisFRQin Agdrg- %@&r 18K L, I w@&b Y Frosgdinker
t he er
ai Sy egaal%ﬁg“ﬁcﬁa@?&%%%%ﬁééﬁ&%ﬁ e 8 0cs:
I nstead of the isolation of the SH reactive
HES12KD- br onbacetami d D2, ami no HES12KD (E, H, I)
coMaferials| i nked with a cross-linker via a succinini de-
and a 20 brompacetam d function (see 1.1 above) SBAP
is a menber of this group of «cross-linkers and i '

f oun@Bokate Faffitre Chmpositike svanb@ mM sodium WRratRedts ﬁo’.ﬁmM EDTA.

Th| oggg%\{m@ g?fstbg@s’red éa@ﬁﬁj@y@ urp FRbSRELEL Y5 SVPNaCE pH

_l\/hlﬁg m do- HES 12KD B. Materials 30 A l\/al e| mdo HES

12KD'B: 10 mg/raL in 0.1 M sodi um acetate buffer, pH
5. §. AB:lmd‘HESEEﬁDsEJ,IHiDr Brremradgt dime/or. mihospbiife.

' Pg%s' %E@%M fu%% l% m&ﬁg‘g ﬁﬁeg?o&f %Y%d%ggﬁéﬂm odi um |

phes phghiem HE«tean NadattingPEbldm@s, 2 x 5 mL bed volume (Perbio Science
Deutschland GmbH, Bonn, Germany) o
 F. Coomassie® Profein Assay Reagent (Perbio Science Deutschland GmbH,
Bonn, Germany) - ‘
G. ThioEPO solution: 5 mg/mL of ThioEPO 1 in borate buffer. .
H. Microconcentrator: erocon YM-3 (amlcon Mlhpore GmbH Esohbom,

 Germany)
Method |

100 pL SIA solution was added to 400 pL of the annnoHES 12KD E solutionand
was allowed to react with agitation for 0.5 hours at room temperature. The excess
~ crosslinker was removed by centrifuging the sample at 14000 x g for 60 minutes
using a microconcentrator. After centrifuging the sample w_aé brought up to its o-
" riginal volume in borate buffer.an-d this process was repeated two more times.
The r'esidual 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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' D. Gel filtration colum: for exanpl e, Sephadex(r)

G200 (1.5 x 45 cm E. Coomassie(r) Protein As
A0S (Perbi o Science Deutschland GrbH, 2;%2?3&3257
rmany) 5 F. PBS, phosphate buffered saline:10 nM

sodi um phosphate, 150 mM Naf23 pH 7.4. Method 10 1

rnL SHreactive-HES 12KD B solution and 1 nL of

Thi oEPO 1 sol ution were conbined and the reaction

M Xédsagetvaile wesUtaheidfap thelendaifrthe BlcubRRMPeEoP &Y dhe addition
ture. Reactivity of the excess mal ei m des was uenched

at of gEsteiRg top ﬁpﬁlecqnﬁeﬁeaon of &% mdy T%reawcmél?@eﬂFe ivas ggplied
of t&%ﬁi&%ﬁﬁ}%}é&i’uﬂl Eﬁlﬁﬁbﬁa&ﬁgﬁﬁﬂf’%@% Z‘g tfzé’gl%%lﬁ 1{91%? the

45 franfiosOwérei tsratoss] \Mthhl G&oxﬁ&ﬁel}ﬂﬁﬁe&f asaaydrebperit. All fractions

fractions re collected. The n content of t
f r Sp0taining fhe REgteIn sERUEYR a@rweqﬁeﬁ%@ﬁﬁeﬁ%%ﬁaw@mmd

as 9y BERb ﬁéﬂ if158ch é?ﬂ%w% ¢Ng the protein
c-o% ué‘??‘z werréapooI g an% e %gv%%ﬁ%gate was
obt ai ned by |yophylisation after dialysis against

wat over night. 20 2.2 Exanple. Protocol 12
Coé‘i{?%ﬁ—%% of Thi oEPO to ami noHES12KD (E, H, 1) with

a & 98§ rdabiidee rancc@asgs HikeR ddel PNl aGhichemo8s bcdlichide- or a
mal ei m de group, g. SMCC 25 Materials A

V edlsorsuntisamcionod @d@d\oamamde( fimpidam sepptatedoby @ spacer.

GTFE{E% “ o an &0 dﬁﬂ@%ﬁ%ﬁb&ﬁ it gﬁ) V1% %%%fse%ar%{tﬁ a hﬁﬂ fag% it avi-

7. dlable. ﬁo?ﬂPBﬁbhE&@ﬂ:Jé@@tschiaﬁd GmbIEBpal @@kn@hle g/ mL
in PBS buffer. D. SMCC solution: | ng SMCC were

di ssolved in 50 }LL DVMSO 12 March 2007 WD 2004/ 024776

1?@"5%%0%‘&9@%9 126 E. D-SaltTM Dextran Desal ting
ums, 2 X

L. bed vol unme (Perbio Science
Deut schl and GrbH, Bonn, Germany) .F. Coonassie(r)

Gr.rggzpejlugaﬁAoSns eﬁg(gnl to(éoﬁ rre%ct?ve%féselgfﬁ) Efmo%ge%ﬂ%? e D2, F2 or

iodoacetamide D3. 7

Materials

A, Phosphate buffer Comp031t10n was 100 mM sodium phosphate, pH 6.1, 5
 mMEDTA. |
B. PBS, phosphate buffered sahne 10 mM sodmm phosphate 150 mM NaCl, pH
7.4. ) : _ '
C. SH reactweHESliZKD bromoacetamlde D2. Prepared at 10 mg/mL in phos-i _

phate’ buffer. _ o _

D. D-Salf™™ Dextran Desalting Columns, 2 x 5 mL bed volume (Perbio 'S_cie‘nce
' 'Deutschlaiid _(":‘rmbH,'Boﬁn, Germany) |

Cumber, Forrester, Foxwell Ross, Thorpe, 1985, Methods Enzymol., 112, 207

de Valasco, Merkus, Anderton, Verhenl, lezw, Van der Zee, vai Eden Hofﬁnann Verhoef Snlppe ‘. :

1995, Infect. o, 63,961
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Bonn, Germany) 5 G ThioEPO 1 solution: 5 ng/nL of
ThioEPO 1 in PBS buffer. Method To 50 gL SMCC; pfarch 2007

wo 28 /é%jﬁan 400 1tL of the am noHES12KD E sol %ngktp%%mossw
adde we 0

10 and the reaction mxture was allo
react wwth agitation for 80j24in at room tenperature
and for 10 mn at 46C. The excess crosslinker was
renoved by cen- trifugation of the reaction m xture _
t N 0P8 Ass1¥ES PRGIeMC Alidy2 RedgeRt éﬁé@QOS&eﬂcJ Deuts@iflari BmbH,
The vol une was brought "up to 450 L with PBS buffer and
t hidonmy Gepsmy) was repeated two nore tinmes. After the

I C i fugati.on,, the.fesj l._s ' was

oo R TR s o/t PRGEET B st "N of

Thi oEPO sol ution and the reaction m xture was

i ncubated for 16 hours at room tenperature. Reac-

t iMethpdof the excess nul ei mi de was quenched at the end
of the incubation period by the addition of cysteine

to a final concentration of 10 MM The reaction m x-

t ur SILVEIS r&piVéIEES 12K betesadctianmddec DR sobntien aid 1 mlab£ThicEPO
with PBS buffer, The I%otei n 20.content, of t

J h
f 1A TR EPEIISA (PG RBEITAPHTH BB RS ingulsgt for 48 hours at

. 45384 térﬁ@&ﬁtﬂ}c. Re%.l:tl[iveig; %& tgﬁccesg BRnRIaPdtRgideRGashfueh&tied at the

conj ugate wer e poo e conjugate was obt ai ned

~ byenld o6 Heyihéubation peridd ey theiaddifion of aysiéing to avinad conseiration of

ni ght ternatives:, 25 In this . reagcti.on, all oy
Bl TRereacton, mes desdrulivE i faAEh sdume, smglibroted
Olwigy Pﬁgl hiEBiC ahBi ihes Lot SN@NBacfions were monitored with a
mal el m de-function, separated by a spacer. Fur- ther
exConphassie fposteinhassayy rengpntokll fivictiony eentainingi the tarelely eppjugate
Perbi o Sci.en tschl and H : , 1o

F ot PP S P e Do E8Y op IR of Ganysis

rers a
f Wb waERr Bfgher 0ss-1i nkers, which have instead of

a maleimde func 30 lion an activated disulfide
function.. These cross-linkers could al so be used for

‘th [ugati on. However, -the disulfide bond of the

c Elterﬁé%]mrggi s cleavable under re- ductive conditions.
Minktesdsofahe tdailaioprafuhe SHr eadtiveERS 12K -bdmoatetaitith D&, amino

"E'". A 12 March 20 A 004/ 024776, PCT/ ,EP2003/ Q8829 ,
L ES RIS ACD) Gl pe Dkt with posrore-inkst g 6 44 0PI de. and a
L5 (L i . ! in@Rbas of thi £
‘gﬁir%act?{/[g&gr ot Ged 1y bdeh oAl 8 PO o his group 0
mardesdinkers and is found in Table 1, marked with a "D".

2. Reaction of Thio«E_P() With' a maleimide—%nodiﬁed SI—I—reacﬁva HES
2.1 Exampie i’roto_col 4
'Conjuga-ltipn‘ of ThinPO to Maleimido-HES12KD B. -
Maferia.ls | 5

A Maleimido-HES12KD B: 10 mg/mL in 0.1 M sodium acetate buffer, pH 5.5

- B.ThioBPO solution: § mg/mL of ThioEPO in phosphate/NaCl-buffer
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Table 1 with a "G'. 5 Exanple 12 Conl ugati on reactions
Wi th oxidized EPO 10 1. Oxidation of dyco-EP Merdh 2007

' ion of @yco-EPO wi th sodi um net a- per| :
WO z%»yéq%g‘ffg Eig,%ijfﬁ $003/008829

Protocol 5 Materials 15 AL G yco-
solution: 10 ng/ L of dyctrEPO in acetate buffer B.
Sodi um net a- peri odate solution: 10 mM or 100 nmM sodi um
periodate in ace- tate buffer, prepared fresh. Keep in

| d}‘:ﬁ.‘i’h SR-RANEELES MQblkubORRspHals SORMINAINEREA0 trati on
0

sodi'um periodate in thHe oxidation m xture j

1 v
oD. (! fildative splemn: £ exmpleySepbadex@E =208 (bark t?Sm)o. 1 M

sodi um acet at uf fer . I

RS B Afeay Bl PRoi SKGe Retsclland. Gmb,

i n, GCermany) 25 Method Al steps were

perfornmed in the. dark, 30 To 1 nL of cold co- EP.
s&. BBSpph@phateibuffered @W%W%P%@%H%af&a@@&l Katl, pit
I%{)on wer e added and the the oxidation reaction was
al'f'owed to proceed for 1 hour in the dark. If the
d yco-EPO to be oxidized contained sialic acid
resi dues, ------ ------ -- --- 12 March 2007 WO
20dethod 4776 PCT/ EP2003/ 008829 . 1.28 then the oxidation
conditions were 1 nM sodi um periodate, 0C. O herw se,

10 M sodium periodate at room t\iggerat ure was used.
Tq BLEH- et HESIPED Blsphiioeaod luab ofddéelRQ Liolufigg were

A Sl R

Copbr REAGLAP oPfheld¥Bess maleimides was quenched at the end 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

' Conjugatioﬁ of ThioHPO to aminoHES12KD (E, H, I) with-a Cross-linker con-
taining a NHS-active-ester and a maleimide group, &.g. SMCC

Materials '

A: Microconcentrator: Microcon YM-10 (amicon, Milipore G,nibI—I',‘ Eéchbdm,
Germany). - | e .
B, PBS, phosphate buffered salinc:10 mM sodium phosphate, 150 mM NeCl, pH
74. o S -
~C. AminoHES IZK_D E, H or I. Prepared at IO mg/mlL, in PBS buffer. )
D. SMCC solution: 1 mg SMCC wer dissolved in 50 pLDMSO




5 product at 14000 x g for 60 minutes using a

- m croconcentrator. After centrifug- ing, sanpl 9007
Wo%%hﬁﬁ%g}ﬁ up to its original volume in the bufy J‘iﬁgﬁg&%”

10
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C 30

next nodification step, e.g. in the ace
buffer. This process was repgmted two nore tines.
1.2 Enzymatic oxidation of 3 yco-EPO Exanple Prot ocol
6 The enzymatic oxidation of EPO is described
el gephene M(l@i@fﬁﬁ%&ﬁlnﬁk Cold882.2 4.5 mﬁ'&ﬁ Vofth@Perbi® Beience
15916-15922) . . Cohj ugation with
wmeatzqzlﬂmd-ﬁjmbﬁzBQen,m‘emww] ves 2.1 Exanple Protocol

o 57 CobtibicR Bt R el RIS DAGHIELT o

angom@dr@aﬁy)de functional group, e.g. MC2H (Per- bi o
Sci ence, Deutschl and GrbH, Bonn Gerrmny) Mat eri al s
25GAThivEREHL salaiéon: 5 ae/mdy of ThiekBP Liin PEERGEepr epar ed
fresh B. Oxidised dyco-EPO solution from6.1.1: 5
ng/ mL of dyco-EPO in acetate buffer C Thio-HES 12KD
M Methsd Q 10 ng/nl in phosphatel Nad buffer D. :

Acetate buffer: 0.1 M sodium acetate buffer, pH 5.5 30

F. Phosphate/NaCl: 0.1 M sodi um phosphate, 50 nM NaCl,

o 58,0 S spntoe e PG s e M oo

ZOﬁm;i’ mﬁ4é’ﬁ:ﬁoﬁ’®ﬁkﬁ9€@@8ﬂﬂ@®&2® rea@owith agitdtionifbr 8Gtiigat room

e B ag 1ot B it G e s ostibker 3reS reio iy oen-

- Defﬁfﬁﬁiﬂoﬁﬂﬂ' tharRdActiorBRANMure @8FdRA ) microddBSentRiR SP N80 x g for’

buffefred saliine: 10 nM sodi um phosphate, 150 mM Nadl
pHso g, Thavelhod waybeight np dk 4@@%% PRSusferiarsl the process

WasOI'e ga e&i &6 q"ncglge Y52 R R ! theltal tI crc]:a{nfqga%on the residual solution.

was brought up to 450 pL with PBS and was added to 1 mL of ThioEPO solution
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 Cooméssie' protein assay reagent,
all fractions containing the protein conjugate were pooled and the conjugate was

~ obtained by lyophylisation after dialysis against water over night.

Altematiyes:

" 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. Fuf-‘
ther examples for this group of molecules, available from Perbio Scie'nce- '

| 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 & maleimide func- o

tion an activated disulfide function; These cross-linkers could also be us_ed for the

~ conjugation. However, the disulfide bond of the conjugate is cleavable ﬁnc_ler're-_ O

| ductive conditions. Members of this grdup are marked in Ta_ble _1_with a "F. A




| 10 centration of 1 mM and was allowed to react with

agitation for 2 hours at room tenperature. The SXEL852007

lwoﬁlﬁﬁ%%y'ﬁnker was renoved by centrifuging thepé?}h@ﬁcﬁ)s 2829
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x g for 60 m nutes using a
m eroconcentrator..After cengrifuging the sam ple was
brought up to its original volune in phosphate/ NaCl
buffer and this proc- ess was repeated two nore tines.
To thie MR26F eG-filiess (e GRERAQ 2 Mal@hmideStubbliGir Hylsulfon
12KD M~ 0 or sol uti on was added and the reaction
m Xuugtionass SH-reaavateselpk dr megibhnaf thingronp SHVSB" is marked in
te Reactivity of the excess mal ei m des was
quﬁﬁ?g\a%wﬁ ﬁg end of the incubation period by the
addi ti on of cystei ne. The reaction m xture was
applied to Sephadex(r) G200 (1.5 x 45 cm
equilibrated with PBS and 1 nL fractions were
The protein content of the fractions 20

ﬂaMtor ed with a Coomassie protein assay reagent,
all fractions containing the protein conjugate were
oI ed and the con' ua e c_ obt ai ned by |yophylisa-

LRy ytigns vith gudized KPEh o1 over ni ght.
Procedural Not es 25 The hydrazone adduct is slightly
| ess stable at extrenes of pH For applications that
kayOxidutibn ef GlypatiROt at Iow‘pH, we reduced the
hydrazone by treatnment wth 30 mM sodi um
cyanobor ohydride in PBS buffer to a hydrazi ne. For
!!qs(bmdﬁﬂl% bf 61y QIBPO WAL smxﬁa}natael&ri!mw !E&ﬁﬁﬁﬁesﬁfdtacol 5

Exanpl e Protocol 8 12 March 200
2004/ 024776 PCT/ EP2003/ 008829 130 Di rect conJ ugati on
I@ gaied G yco-EPO to Hydra2| do- HES12KD L.

F‘ ¥ 5 A " oxidi sed d yco- 'EPO sol ution from 6. 1. 1;

5 ng/nL of Ayco-EPOin acetate buffer $.

Hydrazi do-HES | 8KD L or J nL_in acetate buffer
& by oteton: ) et 6 YAOSERD 38 Bt PRESF UH 5. 5

& SESlodlin kel A%éﬂ?)g?t%lswﬁﬁon W mft @ RS ¥RNAE 5 dabte 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. Glyceral '
- E. M1croconcentrator Mlcrocon YM- 3 (armcon, Milipore GmbI—I, Eschbom,

Gennany)
Method
© Al steps Were_pe;forrned in the. darl;.
| To 1 mL of cold Giyco-Efd soluhon 0.1 ml of cold sodium meta—penodate S0~

 lution were added and the the oxidation reaction was allowed to proceed for1 -

hour in the dark. If the Glyco-EPO to be oxidized contained sialic acid residues, .




10 E. Coonmssie(r) Protein Assay Reagent (Perbio
Sci ence Deutschland GrbH, Bonn, Germany) F. P arch 2007

hosphat e buffered saline: 10. mM sodi um phg
wo B

‘10

15

20

25

HMoNaCl, pH 7.4 15 Method 1 ni of PCR/EP 2015008829
Hydr azi do- HES12KD L sol uti om%%nd I mL of oxidized
d yco- EPO sol u- tion were conbi ned and the reaction
m xture was allowed to react with agitation for 16

o5 pRAPASTRRGH, U I35 5 PR B G 10

eq le:aM sbdﬁtaﬁpbd r1]'ils1idtxil'et aPRifonatethpleratire fvx;a@ aﬁddo??e stuprike oxidation glyc-
col | ected.  The ein content of the rag tions were
moﬁrq ree @ddck 1 a:f r@i)m%ﬁraémwf dp &1y} agd dugy fggfgétmmaﬁs at
fr [ t [

g hEpEeR el B Aol B RO R "E%%%“"%y XclfieyRpol ad
af tpeodudi &l1980G x adar mmIMMlngwamramghmtrafbh.eAﬁmmﬂﬁ:g-

o R st SR

: Wa%oiﬂtﬁt%%ﬁ Eddp. e %riﬁ {IRERBatd WFHeL. 1This ﬁlﬁ@é‘é‘s /38 repeated EBWOS more

het er ogeni ty of S, Fi.gure 25 denonstrates that

i stiognj ugated to a carbohydrate noiety of a

-car bohydrate side chain. Procedural Notes 30 The

hydrazone adduct is slightly |less stable at extrenes

P MZymket oRidativa 3f Gi%-EPORExAMPld Prebat 6t r eat ment  at

| ow p we reduced the hydrazone by treatnent 12 March

2007 WD 2004/ 024776 PCT/ EP2003/ 008829 131 with 30 nM

o) r n
fh&réo@gg%ﬁ&?&?{l {%odr@q ﬁ & E’o%b@é# 2135{«%%8 \g\gl%ﬁﬂéj&r 419992, 7.

unrmohﬁlamy,zﬁ 13946} 15§az). on W|th .

Hydr oxyl am ne-Derivativess 5 3.1 Exanple Protocol 9

Conj ugation of oxidized dyco-EPOto

4 A '“ﬁi“’?%% g, O ool

acetate

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.M>CoH (Per-
' bio Science, Deutschland GmbH, Bonn, Germany),

_Materials

A. MaCyH stock: 10 mg/mL M CzH in DMSO prepared fresh
- B. Ox1dlsed Glyco-EPO solutxon from 6.1.1: 5 mg/mL of Glyco-EPO in acetate'
| ~ buffer _ o : |

C. Thio-HES12KD M, O or Q: 10 mg/mL in phosphate/NaCl buffer

- D, Acetate buffer 01M sodmm acetate buffer prHS. 5
30

E. Phosphate/NaCI 0.1 M sodmm phosphate, 50 'mM NaCl, pH 7.0

- R Mlcroconcentrator Mlcrocon YM~3 (am:con., Mlhpore GmbH, Eschborn, . )

-Gemlany)
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' 2.2’ Example Protocol 8

Wofb%%ﬁty% buffer, pH5.5 D. Gel filtrati on coll;tj:m:m

buffer B. Hydroxyl am no-HES 12KD K: 10 rTg/m_ in

acetate buffer 15 C Acetate buffer: 0.1 M socilz%}phzom
npl e, Sephadex(r) G200 (1.5 x 45 cm E 008829

CoorraSS| e(r) Protein Assay IR9agent (Perbio Science

Deut schl and GrbH, Bonn, CGermany) F. PBS, phosphate

buf fered saline: 10 mM sodi um phosphate,. 150 mM Nad ,

Ph. GA filrdtidveddnadn: thr @ﬁangﬂe I8 a&y@a&mzow(ﬁﬁmz ki) K
solution and 1 nL of oxi G yco- EPO 25 sol yti o&glbi—l

weile Coompisia®l Proigin wésaWeB@@gegh (Rs;riem Seienges Daniselirnd

_ ct gth a;gltatlonfor 16 hours at room
tgﬁ%ﬁ‘r CUPEY The reaction mixture was applied to

Saphge ykdsphéte Baffefel.shline: AbmM BhdiatupHobirast, 40 wi ANGRBSpH

and 1 fractions were collected. The protein

cohtent of the fractions were monitored with a

Coonassie protein assay reagent, all fractions

contai ning the protein conjugate were pooled 30 and

t ieth@d) ugat e was obt ai ned by | yophylisation after

di al ysi s against water over night. The result of the

conjugation is shown in Figure 24. The observed nol ecu
@2—? oé@%uﬂé@@:@%e@%?ﬁ BEDLIaR2A QAL ENBBB Yo Xl con-

I ar [ane 2 denonstrates that the conjugation :

V\mnmtumecs“slf wiM aiﬁd evasrallawed ¢o reagt Wﬁhfagﬁamlt@r 2 hours at room

hete eni of ure 25 denD

R R S S T S
Camed?y{ R §0ShRG18 RRInE o xﬁmmﬂ@ér@ra&ﬁ ,Qﬂa;r cptrifugiag thosam-
of gal act ose oxi dase treated EPO N éeans 10

Re'd@ﬁvbfi heovehiRROogEs gigingl ¥plugneds phes Ityfer andithis proc-
ted
SS05HEEal pTPAEL. o M COHSHRUEAE LB 00 1 . of
C anabam 1aKD B © br Qucdtion Was- ad@eﬂ ad $hea|tca<3ibﬁ mixti@e OFs in-
M Na- phosphate buffer pH 7.0. Progress
r Sabated Aorbe bavsiat gpem tEWP‘i‘féWB‘?/ alieaeﬁd‘f%og th&| ?Xa%?atngalslfmdes

t Rsasgg%’?a%ﬁ aa ﬁse%d RS nclaA8h Febd B tie IR FicPst¥inb MThe

pol'y
reaction mixture was apphed 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-

' t1on after dlalys1s agamst water over mght

- I’rocedu;;al_ Notes

The hydrazone adduct is slightly less stable at extremes of pH For apphcatzons

~ that may involve treatment at low pH, we reduced the hydrazone by treatment

- with 30 mM sodium cyanoborohydride in PBS buffer to a hydr_azm_e. For most

| R a_pplicatidns, this extra step was unnecessary.




15 Liberated N-linked oligosaccharides (nonitored by
SDS- PAGE detection of the de- N-glycosyl ated 12 March 2007

WO @@ﬁ%@f’@“ de) were subjected to HPAEC PAD rmp‘?i, ?209 008829
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ed G abenhorst et al., 1999, Nintz
1993/ 1994; Schl enke et al.,13P99) before and. after
renoval of sialic acids. Quant itation of oxidised
gal act ose residues in individual 20 EPO
ol Diesecmhahtides! HadisabGTy2sFrd i@:}’fﬁdi&ld@‘HESBlKBm ft
observed in HPAEC- PAD and was al so verified by
MALDI / TOF M5 of the oligosaccharide m xtures. Exanple
14%2' ggar acterisation of HAS nodi fi ed EPO Separati on
%Bdi fi ed EPO forms from nonreacted EPO and

- HAS-precursor nol ecul es was achi eved by gel

 soAyehaae BhiepathSinion Ptk eyl ol aivieth B e

wag,fggoved by inmmuno affinity $Rose, 1994, Am Chem
Soc., 116,30 12 March 2007 WO 2004/ 024776
PC‘B/ BpdoeRioodBSBKD L33 J: 4 0lng/inbrinefet@@Puider a 4 ni L

o B R B P TR e AR oy o 1
u nDDGbﬁﬁl@ﬂn&P@l%%% exdmple, gebﬁafﬂek@ ©-200 iS5 RYS @myat rix

enabling the separation of globular proteins of

r eBaCoomasain® diptein Assays Reagont dRerk® Sman@naew@dﬂmaﬁmbﬂ
5 g[% d EPCs were identified by SDS-PAGE
y8i's ng 12.5 or 10% acrylam de gels) through

de!E eRB 3, ghoghateiRifferdd @lige: 1 0phGaRE Weispltite, IG0MRVENaCIO pH
unm)dl fied EPO upon staining of gels with Coomassie

r{#1 ant Blue. The higher nolecular weight of HAS
rmdi fi ed EPO pol ypepti des.was al so identified by
Western 10 Bl ot anal ysis of sanples using a polyclonal
anMietlodly rai sed agai nst recombi nant hu- man EPQ
N-gl ycan nodification of EPO fornms was denonstrated by
their successful removal fromthe EPO protein with

e A
prigmewereaon®i@dfand téraaotiomspixture 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 wete
collected, The protein content of the fractions were monitored with a Coomassie
protein assay reagent, all fractions 6ontaining the protein conjugate were pooled
and the the conjugate was obtained by lyophylisation after dialysis against water
- over night. The result of the conjugationA is shbm in Figure 24. The observed mo-
Jecular shift demonstrates that thé' conjugation was successtul. The smear resu‘lts: N
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 édduct is sl_ighﬂy less stable at extremes of pH. For applications -
‘that m@y involve treatment at low pH, we reduced the hydrazone by treatment '




wo%%g,%gﬂ;si dase treated unnodified EPO of appr.

5

10

15

20

25

30

anal ysis by SDS-PACGE resulted in a typical shift of

the EPO protein to a mgration position of th.el%%[ ch 2007
!
ed a

Mbdi fication of the single desialyl'a A

gl acat ose oxi dase treated EPQ Q gl ycan 20 at Ser 126
was denonstrated by SDS-PAGE migration of the

‘de-N-gl ycosyl ated pro- duct by detection of its

M GiR 50 AMROG ] SPnbBoBRY - P PRS %ﬁ_@ﬁo%ﬁaz%e. For most
gl ycosylated EPO” It required, nodified EPO was

f r gplicativas aliseyxtRBteHPAIS usnessa@B- phase bef ore SDS- PAGE |
anal ysis. HAS O glycan nodification of EPO was al so
anal ysed by t3-elimnation of the 0-glycan and

- FleRajidafiof with BydeoRisthiteadaiedtRds*25 form of "EPO in

Western blots using a polyclonal antibody raised

agai nst reconbi - nant human EPO. Exanple 15 30
ﬁ@%rlntp etf’r%@o&fl EPO and nodi fied EPO forns - - - --

-1 EXample Froto 2 March 2007 WO 2004/ 024776

PCT/ EP2003/ 008829 134 EPO fornms where quantitated by

UV _neasurenments_as. described .in Ph.Eur (

Er Ppingpnatiordized G%W%-Fg&f@éﬁxdrwéqmlfmégg 1(7)%@ ¥85)
and conpared to the interna- tional BRP reference EPO
standard. Alternatively, EPO concentrations were

deMerterials ned by a RP-HPLC assay using a RP-C4-col um
and absorption at 254 nmem5 ploying 20, 40 , 80 and

- - 120 g of the BRP standard EPO reference preparation

foR, Qﬁﬁiiéeﬁr@lﬁl:@ﬂl’@ﬁﬁﬁ&r?ﬁgﬁ 6.19: 5 Bagtdi) &f @E%g@(ﬁﬁﬂ acetate

actvit-v of HES-nodified reconbi nant™ hunan

. Pubifféred | 1ES-nodi fi ed EPO was tested for activity

usj he .eryth Lety { oactiv- | ssay as

B fy gy e SERIPREIR: B SRftt Gracelale BERGY >, |
11¢. £682166Qffer: D51 WNetinan Wesiath BAFGHISH NVRI i ce by
treatnment with phenyl hydrazi ne hydrochl o- ride and

s PP &el isation qobwmancior paenle Senbada@G2004bser4 @ in

[ .bEobhadlew PloRi ARbSPReagent (Perbio Science Deutschland GmbH,
Bonn, Germany) I -
F. PBS, phosphate buffered saline:10 mM sodium phosphate,. 150 mM NaCl, pH
7.4

Method

1 ml of Hydroxylamino-HES12KD X solution and 1 mL of oxidized Glyco-EPO
solution were combined and the reaction mixture was allowed to react with ag_ita-'_ ‘
tion for 16 hours at room temperature. The reactioﬁ mlxture was applied td |
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

f protein assay reagént, all fractions containing the protein conjugate were pooled

' a.nd the conjugate was obtained by lyOphylisation after dialjrsis .ﬁgainst water over

night. The result of the conjugation is shown in Figure 24. The observed molecu- '




W(_)@g% 4gells 20 were | abelled for 4 hours vvitﬁ%?
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77, 1203 ff.]. Dilutions of EPO were incubated with

3x105 cells/well in 96-well m.- crotiter plat f h 2007
%4 hours at 37 Cin a humfied atnosp %PE%%MSPZ‘J
t o)

3H-t hymi di ne per well. |ncoipbrated radioac- tivity

was determ ned by liquid scintillation counting. The
International reference EPO standard (BRP-standard)

wakir sisiédnflare Tdnparsirsies thaptheeonjapatiosl was sER@ssful. The smear re-

bi ogact i vit S _measur n iR vitro ass ' .
¢ hEEresm she SERGEENL ORLIES. Fretee 76 dempRetimypa B8 % conju-
al gated th a &£hbhyAMS moicktBf B3bABAlate HEuPemENt i al |y

grow ng cells were washed free of growh factors and
were incubated in the presence of serial dilutions of

the EPO for further 48 hours. Proliferation of the
cells was as- sessed by using the MIT reducti on assay

Eﬁarﬂﬁ%qgi bed by Mosmann [ Mosman, 1983, 7.1 nununol .
0ds,” 65, 55-63]. .30 Exanple 17 12 March 2007 WO

2004/ 024776 PCT/ EP2003/ 008829 135 1n-vivo activity
SELGCHRALR 3 91 HoR 8addiredIRf PR difnl O 1B 11

. in
nornocythem c mce by neasur- 5 ing the increase of

~Jeticulocytes after 4 days. aft imals received the |,
Resouban! FEShor B EHOSHA NS HeQ apes (prgied sg%teg mild

: Q. . i . i
S50 O i 0, AR dotiphec o
PBCyioorh BO miin -Mchoursat 3986 dy 0.05RONeaphpisphsatelaufer gl U0 Rpogress

450oF HBSSR ke AR g, 1) B Blbts of g e subse

s s

corresponding.to an EPO’protein equivalent of a 100,
80, 40 or 20 NNm of the BRP standard EPO were

B B akes ShEpE e For Pl A E PR R AREE -

N osiated g@l}'ﬂeﬁthie?Wel’éjé cfdan PRAROPAD fappiap aofescribed (

reticulo 15 cytes was perftornmed by flow cytonetry b

Grobohors chak.of99P, BAmEetob0 9 6H0 4 Srhlsnkegtah %) pelirgand

age{ 'M?op%igl?cdaﬁ . t‘ﬁ@ﬁor{ mgr?digﬁﬁ}%l%gafgféﬁdueg&%dividual
rythropoiretini solutio concentrat o, , pages

FE8D oligéshcehadidEswap perforRivdrbyaibe e shifosiieRea Gy HPAEC-PAD

and was also verified by MALDI/TOF MS of the oligosaccharide mixtures.

| Example 14

Characterisation of HAS modified EPO

Separation of HAS modiﬁed EPO forms from nonreacted EPO and I-IAS.fprecufsor

molecules 'yvas achieved by gel filtration using e.g. Ultrogel AcA 44/ 54 _or_similar

gel filtration media. Alternatively, nonreacted HAS was removed by hﬁrnuno affinity

" *Rose, 1994, Am. Ghem. Soc., 116,30




peci fied amounts of unnodified or
wo %Zrm Bl ood sanpl es were obtai ned at SBS
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N | Ougn_titation’ of EPO and modified EPO for;n_l_s_,.

attachment 2002). 20 Exanple 18 In vivo half-life
Det erm nations 25 Rabbits were injected |ntra gg 2007

829

times, and serumwas preparggd. Serum erythropoi et| n
| evel s were determned by in vitro bioassay or by an
EPO specific conmercial ELISA 30 Exanple 19 12 March
Hltion W 1909 6424 0 T EER0031,08
har mgkokl netics Fléﬁrcnace Q%%{n%% r%%grcé%hg‘i?\a}e@wggo‘%fﬂed to

BﬁﬁgﬂdBmRadhamlmlbmwnt sSpatemmﬂ@&ﬁnafdif&fdl BEF®@by gel filtration (e.g.
ani mal was

ost - trea.trren tocrit of .e
8 ARy © ﬂ‘?éﬁ?ﬁfﬁﬁwl} AE g@g’@r PFPteins ReAdelative molecular
MSMM&@@@HWI s treated with nodified

EPO, an expected result 1n view o the relatively short
hal f-1ife of untreated EPO. The mean change in .

' h EP d
B, o, RErC e RF b TS RERE Suflist B2 or 10%
adr{agiidel pelthrdupht de@écﬁbﬁ%i@!ﬂ@ﬁ'r}ﬁ%heg rrﬁélgcula]rowé@ht compared to -

r abb Rabbits were treated w a single dose of
Mhﬁd &G Corpquasiaiming of sels vEHOCoomassipBridlantgBlue. T higher
h
f1eePal o b S ot 10 PoliparlbE egyist deniiiad by Westem

Blmllramlymlsabf ERGlapatigf4 polEtbSA dnfibodydgised AbiladtiedbnWinant hu-
’%@?Eg@ concentrations. Mean plasna EPO concentrations

e- termned and the average initial half-lives
(a-phase) and the termnal half-lives (Is 15 phase)
were cal cul ated fromthe ELI SA val ues as descri bed:

T@ﬁ!qah mn@bﬂécaabi@lf EPOLf289s was. deliﬁoﬂhtﬁat@?jmhexr?sglécessﬁﬂ removal
- . .Literature: t kowski , nn si nger, .

fﬁ 5@%#?5 3%% “’lﬁhp‘égp?m'ﬂsgﬁrg&qaﬁaxu§re§wnhnémeNrg%ywldase
fFOIRICEE, Geédnahy 8RploTRls TERER | A @Urgfor&ﬁn @éﬁ?‘@ fdr 4hours)

Enhanced Bi ol ogi cal Pr op erites,
_bzzS;IZ‘)%PA resulted in a typical shift of the EPO protein foa migration

position of the N—g1y0051dase treated unmodified EPO of approximately 20 KDa.

Modification of the single desialylated and glacatose oxidase treated EPO O-glycan
at Ser 126 was dgmonstrated 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
CS-phase before SDS-PAGE analysm HAS O-glycan modification of EPO was also

- analysed by B-ehmmatlon of the O-glycan and detection of the de—O—glycosylated

form of EPO in Western blots usmg a polyclonal antibody raised against recombi-.

_ nant human EPO.

Example 15




Exanpl e 20 25 Assessnment of the in vitro biol ogical
activity of IIES-nodified reconbi nant hu- man llﬁ'TV?archZOO'?

" Wo %ﬁw’bﬂ@ﬁd I L2 was recovered by gelfiltrati ON R Fp2003/008829
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trogel AcA 54. Aliquots of conme- 30 sponding
fraction were sterile filtrdBéd and 1L2 bioactivity
was determ ned by using the IL2 dependent nurine
CTLL-2 cell line [GIlis, Ferm On, and Smith, 1978,
EROMEormb vARSY qualBiadOD B APV ifasihiehe P20 3488 20 PhESY (2000,

a nol,., 120, 2027-2032]. Activity was related tq
éﬁ@%?’@Flﬂ’aﬁqjlﬁ%lcoF@Pgﬁ@n éél G B0-1$0% 384 C9mpR aiPdf dpferna-
. o - - = - - - o= - o C - .
S S e e PR bl e Uogtiions yce g
'Milhfbd‘ byt & RP-NPLH #dsdy ysihg aNRRICH-oplunth and absogption/ dt 25Gpm-em-
810(3)ring~20?4+(§ ) 88 a?ldq 28 ;,% gf 86 l?[dg:!standard EPQ reference preparation for

calibration.

Example 16

- Inyitro biological actvity of HILS-modified recombinant human EPO:

Pwrified HES-modified EPO was tested for activity using the erythropoietin bicactiv-
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 ff£.]. Dilutions of EPQ were incubated with 3x10° cells/well in 96-well mi-
crotiter plates. After 24 hours at 37° C in a humified atmosphere (5% COy) cells
were labelled for 4 hours with 1 uCi of 3H—thymidine' per well. Incorporated radioac-
tivity was deteimined by liqﬁid' scintiliation counting. The International reference

EPO standard (BRP-standard) was used for comparison .

Alternatively, EPO bioactivity was measured by an in vitro assay_,usiﬁg 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 the presence

‘of serial dilutions of the EPO for further 48 hours. Proliferation of the cells was as-

sessed by ‘usi'ng the MTT reduction assay as described by Mosmann [Mosman, 1983,
JImmunol. 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 nommocythemic mice by measur-

ing the increase of reticulocytes after 4 days after animals received the foreseen dose
of EPO or modified EPQ forms. Assays were performed using the BRP EPO stan-
dard which was calibrated against the WHO EPO standard in the polycythemic moy-
se assay. EPO samples were diluted in phosphate buffered saline containing 1 mg/m]

. -of bovine serum albumin (Sigma).
10 |
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 IU/ml of the BRP standard EPO) were

infected subcutaneously per animal. Blood samples were taken after 4 days afier in-
jection and reticulocytes were stained with acridine orange; quantitation of reticulo-
cytes was performed by flow-cytometry by éounting 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

Tn-vivo hali-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 bloassay or by an

o EPO—speclﬁc commerclal ELISA
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In v_ivo pharmgl{okinetics

In mice: Each animal received 300 IU EPO/kg subcutanecusly. 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
BPO corresponding to 200 or up to 800 ngfkg 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 EPQ 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
Compnsed of Identmal Repeating Domains Exhibitis Enhanced Biological Prop-
erites, J. Blol Chem 274, 24773 24778

Example20

- Assessment of the in vitro biological activity of I—IES-lﬁodiﬁed recombinant hu-

man IL-2

. Modified L2 was fecbVeied by gelﬁltrzition on Ultrogel AcA 54. Aliquots of corre-

spondmg fracuon were sterile filtrated and IL2 bmactmty was determined by using -
the IL2 dependent murine CTLL-Z celi hne [G‘lllls, Ferm On and Slmth 1978




v X ~ voyxVl v"ec zxIJivE+W
Voo , voET
bi NOrt A .CONO .QL Ol\&k&%ctﬁo,y
!D-LEPO /0

"~ 01 H~v
wwwWW 2
e Wd., Xc% v; w113 U6 aalZzlZrzg
042477 ' - 29
WO@%%/%&S 12 March 2007 WD 2004/ 024776 ke o8
xx B7a _'tea .ae 'Qa W=0 00

PCT/ EP2003/ 008829 0 _ z
YNE+uG WUWW N y 7\ p

. J.Immunol., 120, 2027-2032]. Activity was related to the intetnational reference I1.2

aoa 0> 0w

standard preparation.,




Cl.i
A M&D007
Pi&%ﬂgﬁsw

i
Hw o Qw

. Val
%00

aHwO C)

rn Go 12 March
d:dcdag GO VV] z

O.v UDC'cvi

ya 42 WO 40 CO-1:1rn 00 Cn

X . "U-

-1 1
wWQi

z
40. 42 42 ~02 rn d)

.ter

4776 PCT/ EP2003/ 008829

X 0 4+ |
X s.
- P

N u

wo i

0 . T
] .
© ° e | 10180 apruuans-Axojfrsingopiureiei-A-N SHWD
. oo . ) . o . 1
L H
.o o. : /,._ . TRTA-
: q 19953 aprururoons (Axo£o1desoptutiafeIA-3)-N SOWA
g : - / | |
uzzaz\__/\./\/\U . ’ .
A : | ‘ s
0 Vv 9pIZeIpAY (prow o1oXdeoopruIareA-3)-N F HOWH |
N Jﬁ\/\ .
g g - S
o . _ q 12350 sprurmoons (AxojAdoxdopreurelei-g)-N SN
54\9 Sine s\/\= ,
¢ . ° : V| Vil-opieipdy (proe omuordordoprmmorey-g)-N | HANG |
. =/=\/=
AU J . .
0 [/ :
- H 19}89 SPTULIVIOANS (AX0Jo0ROPIUISIBIN-0)-N SYINY
2d4], . oWEN [EORHaYD) uoneIAIqY |

- 8El -

L e1qRy




12 March 2007 WD 2004/ 024776 PCT/ EP2003/008829 144
Tabl e 2 Monosacchari de conpositional analysis

wo S |

G ycans dycans dycans Cystein

**Mono-

from LI ES-nodi fi ed EPO and
V. V. VI.

contr ol

C!
A ycans d ycgggi@yé Ecégl)ns

saccft de fromfrom

fromfromfromEPO fromnodified A2 EPO GI- K2 A2
G- 1AK2-EPO pF-0 1A tein* fucose 1 935 3 924 2 602
2,246 4, 46Q 2,601 2,181 nnose. 6]028 11, 020 9, 194§
6,{379 11,668 6,117|6, 260 gal actose{8,886 19, 935
14, 427 10, p70 16,911 11,555 10,386 {glucose|l7,968 -|-
- 21,198 t} St rage 02l G cNAc] 7,839 21, 310
B6 , 953 ﬁos 10, 498 | GycHel %,5
F {-- "14/85¢ ddHe2 1,38D % -- .L,f}ﬁ-"ﬂ
Ne 5[/46)~ 822 }4,504 3, 89§ 4, 8711377562
DS 1,238 2, 31 7620 2,050 1, 320 4
l he egui yalént of -S-fl)LLeHEP
5 sehj ec{ed #0 cd osin ;nal ysi s; t\hdg
n i ol Qt ed f|r om the” HES- pncubati on
chr oymat pgr gphy an a gl§nepha ose ¢ol'um\as
abov¢ anfl: wgs dedal ted by{ cennrif ligats
vaspidn 5{sefar at il oft=gévi-eE. nosacchar kg
ptogr my natfi, gAs wer g perfored Mom sidagle GC rung off
tl’lt:%‘Estri Tet-hyl si [yl at met hyl gl ycosfdes]| . t hes
el ectorft cal{ _ilqt egr aton val ues of peaks arp given
wit hout cqarrectfonjfor ™ osges durijg tdhe
derivatisgtion profedure and recovefri es of pach
conpound. |5 Table B Cal cul ated specjific actjvity of
«»Sanpl e Sanpl e descyi ption EPQ samnplje No. (baSEd on
SAP80 not ' _
< m fz4 £ <
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N-(K~Maleimidoundecanoi¢ acid) hydrazide

Succinimidy] 4-(N-maleimidomethyD)

cyclohexane-1-carboxy-(6-amido-caproate)

Succinimi'd_yllé-@ '-[2-pyridyifdithio]propionamidd‘)

‘- ‘ m-Ma~Iei_midobenzoyl—l\i—hydrbxysuccinim‘ide ester

: «4-'(N-Maleimidomethjd)-cyblohexanc—1-carboxy1-—

. 4-(4—N—Maleimidophenyl)-Eutyric. acid hydazide'HCI
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and RP-1]PLC determ nation)

850247 1. HES-nodified

EPO A2 344, 000 Ullrrg 850248 2. EPO OT-1-A 82, 261%%%%%
3. Control EPO K2 121,410 U nmg 8502
wo BT T 86,702 U my 850251 1. dil ut ed?@ﬂi: 208
vol une of PBS 309,129 U ng 850252 2. diluted with 4
vol unme of PBS 94,500 Wng 850253 3, diluted with 4
vol-ure—ot—PBS-114 1 00—-U-rg—8502544—di-uted-wth4
viol une of | PBS 81, 200 U ng | 850255 {I; diluted with 4
Vol ume of| PBS 230,720 U ng 12 March 2007 145 d ains
5 1. A nethod of producing a hydrokyal kyl gtarch
derivative conpri$ing the [hy- droxyal kyl stlarch, a
- doimmpound (L), optijonally g conpound (D), and a furt|her
donpound (M, sai d hydroxyal kyl stprch havilng a
gtructurej accordi.ng to forjnula (I|{ORS H |
(n S}Qsl H % H| t hé&\netihod conpffsing rgq
Hydr exyal kyl~S¢ ar ¢h forfrrul a_( 1) LL(‘i’tS q
gxi di 2ed redugi ngjend “.ar |a hydyoxyallkyl stz
derf¥ati ve, obyai mabl e by {reaei ngi h o@
qtar ¢ of [ fo=qul af(1) -;}:t ijts opt¢io i
re%’c/»kng ead wrthia doutrd= (D).
do |sTn‘fg - atsd edst jon ach.i
dapabl e of _ i'e%t)ebd vith the
S on .
Q‘ -
£ | o] a O 3 0

Chemical Name

| N-Succinimidyl S-acetylthio-acetéte

I N-Succinimidyl S;acetylthid-propionatc

Succinifnidyl 3-(bromoacetafnido) propionate

N-Succinimidyl iodoacetate

‘ N—'Succinimidyl(4-iodoécetyl)aminobenzoate

1Suceinimidyl 4-0\1_—maleimi'domethy1)

cyclohexane- i';carboxyiate

Abreviation

1SATA

SATP .

SBAP

1 SIAB

rSMcc
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tionally oxidized reducing end of the hydroxyal kyl

starch, and at |east one functional group W | 007
d (L) conprising at |east one functi E?E?
. . . PAI03/508829
Wozﬁ%@gﬁgbl e of being reacted with said hy- 28
droxyal kyl starch, or at |east one functional group Z2
capabl e of being re- acted with functional group W
conpri-sed i-A-sai-a-hydrexya el yattve;
nd at | east one flunction of bei ng
rieacted wfth a furlcti onal
compound (M, e., {--------
erein said fupctii onal gr
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- gen or a 2-hydroxyethyl

group. 4. A nethod as clained

in any of clains 1 to 3 wherein the hydroxyal ky 2March2007

WOZ%F%Z%‘? is 15 hydroxyethyl starch. 5. A netf 03,008829
armed in any of clalnslto4vvhere|nthe unctlona
group Y is selected fromthe group consisting of an
‘al dehyd group, a keto group, a he- m acetal group, and
an—acetat—jgroup,—and—the—fynctionatTgroup—Xrconprises
the 20 stjructure iNH. 6. {A nethod as claiped in
cllaim5 wherein X ts sel ectled fromithe group
cc)nsis'ting of HNf HO HN- N2 RH zN}{ -- -- 4-
S CEEE T ----#m-{--- 12 Narch 2007 147 /HHN 0} N
7 11 HZ~N NG Y 5 OHHHK H2N, NYNI I | H2|\I__7£2®“G G
vvrerel GIS Gor 5 an i fl present tvvice 3
i ndepe tIy fand R Tis met '
a3 cldéi 1med |n D ; 1k[f"o 6 Wwh he
f ginct pomal W er hHe faupetija ro.lp Z2 ©s
- $H and the nctl pnal group 22 the i onal
group{ Wi S se ected frqa~_Be grolp jconsisti hg of AC)
NHaIOIN- 0,0 o % I R
,  lE I '-;*,;xq Q
nt; ' A = : a ; a
2
E-::. 541 f 54| m m

N-(x-Maleimidoundecanoyloxy)-sulfosuccinimide

| Sulfcsuccihimidyl 6-(3'-{2-pyridyl-

dithio]propionamido) hexanoate

. m-Maleimidobenzoyl-N-hydroxysulfosuccinimide

| Sulfosuécihiinidyi@-iodoacctyl)aminobenzoate

T Sulfosuccinimidy] 4-(N-maleimidomettiyl)

_‘ Sulfosuécinimidyl 4-(p-maleimidophenyl)butyrate
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O wherein Hal is d, Br, or I. 8. A nethod as cl ained
in any of clains | to 6 wherein the functional u&lél(\{o,j

the functional group Z2 is selected
W92§§46‘{f%%80nsi sting of an activated es- ter orfpg"?cgr o/>(<u)]/8829

group which is optionally transforned into an '
activated ester and the functional group Z2 or the
fyrct+onatgroup~Wis selected fromthe group
consisting of RNN{HO H , NH2ZNR ~H H2N H HN O
HZNN HA H S G O HZNAYN~- HZN NyG G G wherein Gis 0O
of S and, lif presepnt twce, independently O or S, and
R i{’)‘lS nmethyl. 12 March 2007 148 9. A nmethod as
clfaimed i any of ¢lainms | to 8 wherein the reducing
end of<thd hydroxyal kyl starch is not oxidized prior
to the/Tedction with conpound (D) or conpound (L),
sai d {hydr gdxy; ] $tarch thus having a structure
agcoy ng jtg-.5 foymula (1) ORI HHAS HBO Ocn RzO
~+O0H=OR3 |H -

a
s
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I N-Succinimidyl-(4-vinylsulfonyl)benzoate

; toluamido)hexanoate

TChemical Name
| Sulfe-LC-SMPT - | Suflosuccinimidyl 6-(a-methyl-o-{2-pyridyldithic]-

.Abreviafion. -
| S-VS_B .




10. A nmethod as clained in any of clains 1 to 8
wherein the reducing end of the hydroxyalkyl 5
Woioﬁu&?&ln%' zed prior to the reaction with conpgih Eﬁgq}ﬁgg"
om pound (L), said hydroxygskyl starch thus having
structure according to fornmula 10 (lla) ORI HHAS
H10 O (Ila) R20 HOR3 O and/or according to fornul a
(11'b) HOR HAS' H1O0H O (k R OCOOH HOR3 H 11

AP A B AR Iy 0

ch—26607—

IV(J.I bll v TTITTOT oo~ Ty

claims | t016 and g to|11Thhel ej AL hyjroi‘{/-al kyI V tar‘chVL

i s\maact eFXRFEH £ ¥P€)‘ﬁpc apy | Qlyearst heClERatt | Cystein
faepardenal “gFoup Vil e oﬁg"g‘on aﬁ? E%Ei di Eﬁg’ﬁfﬁ
reduci ngjend of ]t7‘ 2, Nydroxyal kyl FcRTdfd th e |5k

pu:f:nn eacti-an nrndurl s—t-bacted Wit h-a—fiurt-her

tein*

E’é‘ﬁ%ound LW35V| a BAM rdadidbn| 8246 hb fafett i ona$01grioupi8l

| Har@PT | 5 eglodsn [composing (lhs W g sjdne flt'ﬂ@ietsiMnaéu@fCUpé,zﬁo

/

Y bUHpI]:Uu reonpottg—{ M —it3—A~rpt-hotd—as—et-ain q
By of B85 iy OPL 6 MW7 ol (19570 wndfily | 1LSSS | 10386

Hyedscoxy a klyJ963'JO starch is-repctigds W t huage cdmpeatad |( L3p,021

ETY A e T B T I S T A W

Vv 4 di7e egu =Yl

§kﬂd¢1czh, 756 conmpound (E),d prﬁ,é:tﬁ tpb the rgact--on| 14,857

Bl hydroggml Kyl star¢h, TS fegdebedwih a — | 3775
NeuNAc 5461 | 8 4504 | 385 | 437 13,562 .| 13,003
inositol 1,230 2310 1620 | 2050 | 1,320 1,134 | 1,087

* the equivalent of Cys-HBS-modtﬁed EPO protein was subjected tQ cqmposmonal ana1y51s, 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 § separation device.

*% Monosaccharide determinations were performed from single GC runs of the perfrimethylsilylated
methylglycosides; the electronical integration values of peaks are given without correction for losses
during the derivatisation procedure and recoveties of each compound.

Table 3

Sample ‘ o Calculated specnﬁc act1v1ty of
No. Sample‘flegcrlptiox} : gaPsg ::A‘gggﬁm

: o and RP-HPLC determination)
850247 1.HES-modified BPOA2 | 344,000 Ulmg
850248 | 2. BPO-GT-1-A - $2,268 U/mg
850249  |3.Contol BPOK2 121,410 U/mg
850250 4. BRPEPO standard ' 86,702 Ulmg
850251 1. diluted with 4 volume of PBS | 300,129 U/mg -
§50252 | 2. diluted with 4 volume of PBS 94,500 Ulmg
850253 3. diluted with 4 volume of PBS 114,100 U/mg
850254 | 4. diluted w1th 4 volume of PBS | " 81,200 U/mg
850255 1. difuted with 4 volume of PBS ' 230,720 Ufmg




further conpound (M via the reaction of functional
group X conprised in com pound (L) with the

functional group Y conprised in conmpound (M. 1%1\13&{(.’}1%\007
method as clainmed in any eds5clains 1 to 11 wherein

‘hydroxyal kyl starch is reacted with a conpound (D)

via the reaction of the functional group Z, com -
prised in conmpound (D), with the optionally oxidized
reduci ng end of the hy- droxyal kyl starch to give a
first hydroxyal kyl starch derivative, and where the 20
first hydroxyal kyl starch derivative is reacted with a
conmpound (L) via the reac- tion of functional group Z2
conprised in conmpound (L) with the functional group W

~ conprised in conpound (D) Q ye a second
afth

10

15

20

hydr oxyal kyl starch de- wherein the second

hydr oxy. a .
ORI PR 1A ST EAY Lg
X conﬁpxﬁé@llsm@m mcoppopsly, optionwlly A cbmpotindr(ﬂ); mnfaa further

group,, 0., Cco

O o PRI Sfta P ST ek Meying R o SR B o fpromuta
starch) i s reacted with a conpound (D) via the

reaction of functional group ZI conprised in conpound
(D) with the optionally oxidiggd reducing end of the
hydr oxyal kyl 30 starch tH give a first hydroxyal kyl
starch derivative, and the first hy- droxyal kyl
starch derivatipygsis re ' ,tdjle reaction of the
functional group ound (D), and V(D
the functional group §F _ com pound (L),

wi th conpound (L), wheke cormpound\ ()3 Ot to the
reaction with the first hydr8xyal@gl starch

derivative, is reacted withya further conpound (M. 12
March 2007 150 via the reaction of functional group X

conprjsed. in compound (L) with the funs- tional group
Y co erlingtgagf }ir':gbsrlﬂﬁotﬁ‘i"f; %l\/p. 16. A nethod as cl ai ned

in any ohydb 1 $takch o RorWOIRI (B Mith BRicAhllY §a&ke R uci d
further Bé C%yrfggfund (M is a(gol §/p§g§| de)l' 17. " rrecuhgo%n

as clainB® in claim16 wherein the pol ypeptlde is

erythr ODQ'}ﬁIdH}yﬁlj(gl sﬁchvgé ¥ ko%hauﬁw BgTr‘é%hg%{deﬁyalkyl

conpri sing 't he r oxyal st arc a co
(L), opt stamehlof )fommia)fﬁ) aumd ojftDnatndxidizbd redoeing endpdthrdcom-

'_( M ’ Obt al “9%? salja ompoundr}f’)?cglﬁggsrlggl ng to claimi.

-~ at least one functional group Z; capable of being reacted Wlth the op-
- tionally 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 hy- -
droxyalkyl starch, or at least one functional grouplzz capable of being re-
acted with functional group W comprised in said hydroxya]kyl starch de-
' nvatlve and
- at least one functional group X capable of belng reacted wzth 2 ﬁmctlonai
group Y of a further compound (M), |
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19. A'hydroxyalkyr starch derivative as clained in
claim 18 wherein RlL, R2 and R3 are independent].y

-hydrogen or a |inear or branched hydroxyal kyl QIIZCMBI.ChZOM
15 20. A hydr oxyal kyl stariédh derivative as clained in

claim , . R2 a are i ndependentl.y
hydr oé" reB} Saﬁfg‘ ﬁWbﬁ‘}’é‘P ﬁe}s Sﬁlr%tﬁ‘b frogyth e,gif%'?dioﬁ%?g'lg@laﬂ al-

st ar clgeidar h Xéio 2hdRdcdid) B aflaBtiBordfp, L0 20
wher ei nmz%M%e hy rg%ya kylcst §§ﬂﬁ |sah;/1dr oxyé&ﬁyl

- starch. 22. A hydroxyal kyl starch derivative as

cl ai n@fﬂeﬂe tﬁ@ﬁn@tﬁ@ii gll gé?éﬁ sglgct%&'frm?]%egé‘rgup é(ﬂl@isting of

functional group rom
consi sting of an al dehyd ngoup, a keLO\group, R? 0L~

heni acetal group, and a]g Beetal grbd¥, and the N
functional 25 group 52 onprises the structure -NH.
23. A hydroxyal kyl, starch derivative as clai in
claim 22 wherein K.is selected from théilroup;

consi sting of HBKE NWF2NR ~O-N H 2 N H /FNHEN-0 H2N
HS GO 12 Maréh 20 151 HHH H2NNY N -H I

H2N NyG -1 G G wherein Gis 0 or S and, if pr%sent
twice, independeptly @ or S, and R is neghyl. 24. A

hydr oxyal kyl st aN¢h i vative as clai med_ N1 ang of
claims 18 toHa¥ whafein 5 the functiohaN” gr gip

the functional grogp Z2 is -SH and the functisnal
group Z2 or the functional group Wis selected from
t he gwhergind®nisiOsbi Sgarmdf 11Q)re§51t $wikcle) ihddfendentlY O or S, and R’ is

methyl.

2. A method as claimed in claim 1 wherein Ry, R; and Rj are independently hydro-

gen or a linear or branched hydroxyalkyl group.

3. A method as claimed in claim 2 wherein Ry, R; and R3 are independently hydro-

gen or a 2-hydroxyethyl group.

4. A method as claimed in any of claims 1 to 3 wherein the hydroxyalkyl starch is
hydroxyethyl starch. '

S. 'A method as claimed in any of claims 1 to 4 wherem the functlonal group Y is
selected from the group consisting of an aldehyd group, a keto group, a he-
mlacetal group, and an acetal group, and the functional group X comprlses the
structure -NH-. |

6. A method as claimed in claim 5 wherein X is selected from the group consisting
of ' Ny | |
HN— . H 0

| o
N HNTTS RN
HNT - |
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15

O wherein Hal is d, Br, or |I. 25, A hydroxyal kyl
starch derivative as clainmed in any of clains _
wherein 10 the functional group Wor the funct]i%cMﬁT E%OW
group Z2 is selected fromi#he group consisting of an
activated ester or,a carboxy group which is oqsionaljy
trans- forned |nt an activated ester a l\the

functi onal gr ey f the functional groug-\gis

sel ected fron1the gribup consisting of N HN HI'O- R
N O- H22N HH NO H2NN2 NS GOHKH
H2ZNNUN~ H2ZNNYG~ ¢ wherein Gis 0 or Syand, if
present tw ce, IN ep dently O or S, and BNis (315

-~ methyl. 26. #QMydr yaﬁkyl starch derlvgvae
-claimed in any of ainms 18 to 25 wherein t

reduci ng, end of the hydroxyal kyl starch is not

oxi di wiesleifrG Q¢ G Or tShénd; ¢8 ltelséan tokize MAdeRndQRG 0122, WnliMR' is
compound (E» or conpound sai d hydroxyal kyl starch

thus MelYing a structure accordlng to formula (1) ORS
H HAS HBO O (1) R20 OH OR3 H

7. A method as claimed in any of claims 1 to 6 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

@ _ Hal T \340
= o) 07\
SEC

0

wherein Hal is CI, Br, or L.

8. A method as claimed in any of claims 1 to'6 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

and the functional group Z; or the functional group W is selected from the group

consxstmgof
CHN— _0 oL

2 N HNTTS o RTNT

_ . H,N _

/II;II H2N\ (|:|)
W i
| G o

e S

| | _ wherem G is O or S and if present twice, mdependently O or S, and R' is -
o -methyl '




. A hydroxyal kyl starch

10

27. A hydroxyal kyl starch derivative as clai med in any

of clains 18 to 25 wherein 5 the reducing endég@t'tr%ﬁzom

hydr oxyal kyl starch is oxidized prior to the r

w th conpound (D) or conpowys (L), said hydroxyal kyl
starch thus having a struc- ture according to fornula
(Ila) OR HHAS HIOO (Ila) R2ZOHOR3 0 H and/or

acgor dAr}ﬂetﬁ&i £s°£1ng ? dﬁ 5%? )3£9R§las Ht(ﬁ@‘ hefé%s_lfhgrr%%dc@g end of the

d e r iv ah}{dmyalkyutaplnmdnqt ox iz mnai’ twﬁe rektior With ce:dpminﬂ dD) or
end is_oxidi n aIk i.ne |o olutlon

var ch csgirond B9 3ha Fhofrion Skl b havs teRitbat Aprordivg 1o
as cl afore@aimy any of clains 18 to 23 and 26 to 28

wher ei n hydroxyal kyl starch is reacted wth a conpound
(L) via the reaction of functignal group Zi with the
optional |y oxidized reduciing 'of the hy- droxyal kyl
starch and the resulting ion_product is reacted
with a further g e Hihe reaction of the
functional group X c m \pound (L) with )
the functional group j ound (M. 30.
Hve@H n any of

0

clains 18 to 23 and 26 to

10. A method as claimed in any of claims I to 8 wherein the reducing end of the
hydroxyalkyl starqh is oxidized prior to the reaction with compound (D) or com-
pound (L), said hydroxyalkyl starch thus having a structure according to formula .

- (i) |

(la)

()

1A method as clauned in. claim 10 wherein the reducmg end is ox1dlzed by an.

alkalmc mdme solu’aon 3




28 wherein hydr oxyal kyl starch is reacted with a

conpound (L) via the reaction 10 of functional
Z, with the optionally oxidized reducing end of 2% Ulﬁ%om

- droxyal kyl starch, where ddfpound (L), prior to the

10

15

reaction wi th hydroxyal kyl starch, is reacted with a
further conmpound (M via the reaction of functional

gropp X iQRed dsS®mbd 1rPQ‘WUi‘Qm§ t)¢o \ atnh 9t tB q 1fwnHé§é1ﬂ1 apdbxyalkyl

group Y conprised in ormpound (
hydr oxSiFlk j regeted @’th’e‘?qw@ éthladh@rqa@wnuqf famgtioppl group Z,
cl ai I

ey oA RoBo S UL S KV AR S o -
f i ne- mliltuxgabaogom prdiit ic mapicd sl o farttarpmpohd((B)), viavitehreaction

t he. op L xi di zed redu ng end. of . :

nydr o/ AP pretshal Ehth § GrpERSE i B RoRpL-o v iR fmctiona! soup
st ar chy defipNati iiv@mpddn@ ) Where the first hydroxyal kyl
starch derivative is reacted with a conpound (L) via

the reaction of functional group Z2 conprised in

COfROUA %&}Lo)d Acldindd 'R ank WFCidi dﬁﬂ gl e g;agg P kté/Vl ¢ WiRfdi® ﬁ?d:bﬂzalkyl

conmpound (D) to give a Secon starch
der i vetdreels mpatedetvith rvompetinh 6L)h‘y@| rtlm@mtioylof Sumatiohal group Z,

der i Va& %eh&p&%ggﬁ{] %)?dlz\e’\c'i redugl I uern%%h Mthé %nyrggyagi@(l '\.@tarch \vhere

t he reac I'0 onal conpr
conpounthpbtujd k).t priok Iﬂtetlfelmﬁxtﬂoﬁ rvath lgyrdeaxyaliylcavarpl, iis eﬁcted with a

i ar i it b 41O e onfopalstoup X Sombriscin com-

hydr oxsahdl) mﬁﬂlanecﬂﬁnétﬁmap@swv C\Mnbﬂsea if CoRSYRd (51(4@) via

the reaction of fine tional group ZI conprise
compound (D) with the optionally oxidized reduc 30 ing

ﬁnlgf ofp gxf% i olydre ﬁcl g% Jm)rsf)i'?‘él&lﬁlst Iotog%jlv Wﬁé}elfn' l{ya}mﬁyfdrkg% starch is.

oxXy starc rrrvative, ere

~ hydr oxgeatddyWItIBa aoropowiér(Dy atd the regtioe at thedimationalt greup Z; com-
' cti { f t [
comodhted Byeoiimd D pice Saft R Gt s A g eatgme v

20

25

.30

i N compsxyalityl( $edrch v glhe GQORRO o alicyl WARH RlefPAiveUREl where the
(L), [ to the reaction with the first
hydr o%ﬁlhw%oxxaﬂlaﬂ é‘ﬁrcaé‘:env%&ve\}% reagtgd pith @rcampoinch(Ly viafhe reac-

12 Magigh A0Qdctioda%erbileZ, COMRPNAA id Mm anﬁat gwlﬁﬁ%wﬁ@cnmal

of functional group conprised In co pound (L)
t he f grupiVgrampysedup cympowrst (Hed give mnwtddn{drc(mlkytssarch de-

A hyd | rch rivati

o) Y R, KRR SRt Bt sivERte Do R ln o for

C 0 n’p othed chhpoyndi (M)avip ﬂ‘ieymtdndtﬁ". functional group X compnsed in com-
~ pound (L) with the functional group Y comprised in compound (M). '

15. A method as claimed in any of claims 1 to 11 wherein hydroxyalkyl starch is
 reacted with a compound (D) via the reaction of functional group Z; comprised -

in éompbund (D) with.the optionally oxidized redlicmg end of the hydroxyalkyl

starch to give a first hydroxyalkyl starch denvatlvc and where the first hy- |

: droxyalkyl starch derivative is reacted via the reaction of the functlonal group
W, compnsed in compound (D), and the functional group Z,, compnsed in com-

E pound (L) with compound (L), where compound L, pI'lOI' to the reaction w1th 7
the first hydroxyalkyl starch denvatlve 1s reacted with a further compound (M)




1

1

34. A hydroxyalkyl starch derivative claimed in claim

33 wherein the polypeptide is erythropoietin. 35

A phar maceutical conposition conprising, in a 1o ih 2007
therapeutically effective &tount, a hydroxyal kyl

starch deri i ve ri.Sing the hydroxyal kyl ,

2 com. SR Ao TR o Sl M Rttt fune.
f ur t henioogigpayrid céivpriebiméonglouad My a nmet hod accordi ng

to claim1, said nethod of producing a hydroxyal kyl

starch derivative further conprising reacting the

read i 0 niitRd WS tclGABMP I Slynd cldimb Y &b % Wetekath tifel AN&RE one further
conpound (L) and optionally conmpound (D) with a

5 ur t hercompeymddiids § MLyR#PEA®I n the at | east one further
conmpound is a pol ypeptide. 36. A pharmaceutica

conposition as clained in claim35 wherein the

pol Wpept indthod gs clametl irk claip01@Wheréin piearobspeptirtel is edythropoietin.
conposition as clainmed in claim35 wherein the

pol ypeptide is erythropoietin. 38. A pharnmaceuti cal .
congosiA hpdroaalich diareddddrivaavey codbprisingi the hg@rok@lidd starch, a com-

wherein the 25 functional gr Y i el ected fr )

O he gr BAEhPSETHY BFOTBRPUR g‘ﬁﬁ%‘ *’g’?“&f]ﬂ, coglpow{ G, obtainable
gr oup, p3a RRMAGEERMIngiPURm AND an acetal group, and
conpound (L) is a conpound of general formula ZI-L'-X

where the functional group ZI is selected fromthe

318" BWHSER fhroh g IR Ehy it S Rt i T
G wher eierindspésieftiphydtogends a liheap besanthed Wydrexyalkyl group.
5independentl_y 0O or S, and R is alkyl,

20. A hydroxyalkyl starch derivative as claimed in claim 19 wherein Ry, R; and R;
are indépendently hydrogen or a Z—hydroxyethyl group.

21, A hydroxyalky! starch derivative as claimed in any of claims 18 to 20 wherein

20 the hydroxyalkyl starch is hydroxyethyl starch.

22. A hydroxyalkyl starch derivative as claimed in any of claims 18 to 21 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

25 group X comprises the structure ~-NH-. .

23. A hydroxyalkyl starch derivative as claimed in claim 22 wherein X is sclected
from the group consisting of |

H,N— H o_ . __O.
2 _N HNT S R ONT
HZN ~ .




~cycloal kyl, aryl, aralkyl, arylcycloal kyl, alkaryl, or

10

.15

15 et

cycl oal kyl aryl, and where the functional grou [
selected fromthe group consisting of HZN- N HRR@I@%V&QO?

H2ZN 2 H ,N HA 1111 H2N Hi& 11 G O H2ZN, NYNI - H2NNYG
G G wherein Gis 0 or S and, if present twice,

i ndependently O oﬁ S and R is 5 nethyl, a re L'
i S an organi cHgyai hﬂb’rl*dgi ng Z1 and X op wtier ~N.s
ab- sent. 39. A phatinaceut i cal conpositi 6n as Ia| med
in any of clains 35Gt 0 37 wherein the functi &h

21 donyirefindp €Y 805" 4l el MR RifRRADY G oeﬁs nd R i

and ammethgt al group, conpound (D) is a com pound of
general formula Z1-D -W and conpound (L) is a
conpound of general fornmula Z2-L'-X, where the

;qugflt LA) %rog{rzﬂl% staichl &n$§tk@%%1&x@@m Eﬁiﬁoﬂlﬁﬂlﬁ 1‘8(%8 23 wherem
OHH t&rs fyaziony) rﬁrqtmNNl\gGhslﬁm@oaal\AﬁemZm 1G-$I§ a@d dhe Smctmnal
and, | Lﬁ; 2\?92%6 ﬁl%tﬁ)ﬁ?l L% eRaL e%gtédyfro He ﬁou&%ﬂgg dlgj of

ere | ona group

fromthe oup co Hng of 12|\/t1 2007 —\,O-
-8~
ﬁj\ 0"\

- wherein Hal is Cl, Br, orlL

25, A hydroxyalkyl starch derivative aé claimed in any of claims 18 to 23 Wheréin
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 info an activatcd estgr ar_1d the functional group Z, or the functional

~ group W is selected from the group consisting of

H,N— H L0 TN
N HN"> R7ON
HNTS 2 H
R HN,
H,N \”/ N—§—
| H T
6 0
iR NG
‘HZN/ T \_. ‘ HzN/ \”/ ~
G | .G

wherem Gis O or S and, if present twice, mdependently O or S and R' is
-methyl

| 26. A hjrdroXyaIkyl starch deﬁvative_as claimed in anjr of claims 18 to 25 wherein

B | | the reducing end of the hydroxyalkyl starch is not oxidized prior to the reaction |




156 H2N- /N HZNRN H2N\ H ,H H2NM 0 RN H S-11 G O
H2N, NyN HZN NyG G G wherein Gis 0 or S and, i

present tw ce, independently O or S, and R is {2 March 2007
nmet hyl, where the functiopgl group Wor the functiona

group Zﬁhls -SH nd the functional group Z2 or the
funct i"GHAFOBRBEH (Al ps carapasad di).satshindreyalkyhusiarely s daving a

ing Ofsttﬁcthchcd}hih@ko Sou@Pa)- / S-Sl O O 5 wherein Hal

is d, Br, or I., or vvhere he functional group Wor

the functional group Z2 is selgcted fromthe group

consi sting of an activatgg est/@€r'or a carboxy group
which is optionally transfforned into an activated

ester and the fyngéional (5 t he functional
group Wis selected nsisting of H M
H2ZN- H H2 NR, i O-N 2 , N\OH11 H2N H-S- )r

11 GO

27. A hydroxyalkyl starch derivative as claimed in any of claims 18 to 25 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 (Ia}

(lla)

(IIb)

:28._ A hydroxyalkyl starch denvauve as clalmed in claim 27 wherein the reducmg

end 18 ox1dxzed by an alkalme 1od1ne solutlon




10

15

20

25

30

10 nethyl, and where D is an organic chain br
~Zi and Wor where D is a3z sent and where L' is an

HHH HZN-NYNI -1 H2N-NYA |~ G G wherein Gis 0 or S
and, if present tw ce, independently 0O or S, aﬁgh&mﬁ%m
i dgi ng

organi c chain bridging Z2 and X or. where L' is absent..
- 29, _ A hydroxyalkyl starch derivative as claimed in apy of glaips Dhig23 apg 26 to

40. i cal : irf ' i a i
52" cRERETRABLSA SOPS L0028, LG (DG4 o
wher edpifunyiémek geuhyd: withtichoptioneldsa oxidized medusinggerdoefsthe hy-
me- diumwth a,co und accordi B

For mut il B B Btk DR, ARl B 30 e
r eact @mnpiubd) (el Widhthepoeicebn of te Rihctiohap penpa eompisd in com-

conposi ti as clainmed in cla m40 wherein th

or yt HPRBBTY ik the SEional gialip & OMESSEH e poREPILADe
prior to the reaction. 42. A pharnaceuti cal
conposition as clainmed in claim4l wherein_ the

eBYt hidpdioayalky] steech deriyativeias claymedaaiagy pf gleises Hhig 23 and 26 to
A TR : yresre ! P
The. r o Eftreih 8l shedlls SOBITHASY LR By I tcrehotio

st ar c¢f flectionat groep Z awith ihedomsionalik pxidized aedigingasnidnef ée hy-

Sc’)t Irqui: ggjrq% 3 gt%cg:s&]r&ﬂ% ?%r];lﬁcgu% l’(%{'iélht% Ftlagcl;%ol_rllp‘usrith chgrgxyalkyl

i ndepgaee ik kaacted diict) @ fulier oRpbotdr @R) elatié reaction of functional
group X comprised in compound (L) with the fanctional group Y comprised in
compound (M).

31. A hydroxya}kyl starch derivative as claimed in any of claims 18 to 28 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 hydioxyal_kyl starch to give a first hydroxyalkyl starch derivative,
and where the first hydro;gj(alkyl starch derivative is reacted with a compound
(L) via the reaction of functional group Z; comprised in compound (L) with the
functional group W compri_sed m cbmpound (D) to give a second hydroxyalkyl
starch derivative, wherein the second hydroxyalkyl' starch derivative is reacted
With a furthér éompo'und M) via the reaction of functional group X comprised

| in.éompound (L) with the functional group Y comprised in compound (M).

32. A hydroxyalkyl starch derivative as claimed in any of claims 18 to 28 wherein

“hydroxyalkyl starch is r'eacfed with a compound (D) via the reaction of func-
tionél 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 hj/droxyé]kyi starch derivative is reacted; via the reaction of
- the functional group W, comprised in compound (D), and the functional group
- 2y, compﬁsed in compouhd (L), with coﬁ;pound {L}, Whelfe compound (L), prior .

to t_he‘ reaction with the first hydrox_yalkyl starch_derivative, is reacted w1th a ﬁlr-_ ‘
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15

20

25

conprising reacting hydroxyal kyl starch at its

optionally oxidized reducing end with a conpo

according to the followi ng fornmula H2ZWO O ~~M;1Q%g?rcgzoo7
conpound of the follow ngiformula O H2ZNNJN. NH2 H H

and reacting the reaction pr.odu wi.th an al dehyd, .

gr oup,tﬁg %@%8“@‘? Q‘GS v ‘aatThﬁ geachep ﬂf ol ghoyp K coppprgsd in com-
acet alpogh@Up vath e ABEMIRRErIP YodhpBedin %%B&Hﬁdgmt e

side chain of erythropoietin which is oxidised with

sodi um periodate prior to the re 12 March 2007 158

acij oy @ LA i l.at t .
oy i S5 U IALE Slcn BT AL B RInBNf, SYRTRIER 18¥e 37 yheren
44, Atheathodt as foltixr cedpiund ¢Mism phdypeplide. ei n

-hydr oxyal kyl starch is reacted at its 5 reducing end

which is not oxidized, with a conpound according to

t ro. f ol hadsbyglkyl Sterdb lderivABRE Claimkdd-in chdhig 33 iwheRln B€ BEBYSHtide is
medi um 45. A_hydroxyal kyl starch derivative

obt ai FREMEPYHEIS et hod of producing a by- 10

droxyal kyl starch derivative, said hydroxyal kyl starch
having a structure accord- ing to formula (1) ORI H

HAS! angpeguigHal FPIORGItiop comprisng ilRa theRpeutvdliReffertive amount,

i ndepg Or. - hy.dr et hyl _agroup
compt ForaR Al Feg 0Pl opHERE S bl Pl e, 4 com-
opt i opaurdy(Loxepdioraly 7 estogmivnd (B)and a further compound (M) obtainable
by a method according to claim 1, 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.

36. A pharmaceutical composition as claimed in claim 35 wherein the polypeptide is
AT L. |

37. A pharmaceutical composition as claimed in claim 35 wherein the polypeptide is

erythropoietin.

38 A pharmaceuﬁcal composition as claimed in any of claims 35 to 37 wherein the
" functional gr_ou;i Y is selected from the group cbnsisting.of 'a.n aldehyd group; a
keto group, a hemiacetal group, and an acetal group, and compound (L) is a

compoimnd Vof general formula Z;-1.-X where the functional gro.ﬁp Zy is selected
from the group consisting of ' ' ' -

HN

N

H,NT ™

H o : | 0
o ' H2N\ Il

S

N L
~ HN Y o g N-—
R - H

G - 0




.10

15,

wi th a conpound according to the follow ng fornmul a :

H2ZNWO-, ,-~0O -1 0~NH2 15 or a conpound accordin t.he.

following formula O H2N,NNNH2 H H and reacti gygﬁfaﬁ%’%w

reacti on product with an asdehyd group, a keto group,

a he- macetal group,, or an acetal group of a term nal

nmoi ety of a carbgnhydrgte side chain of eryjhrogoietin

which is oxi quzﬁe’d \T’th\sodi um peri odat ¢{_ mri ornyf o the

re- action or “partilally desial yl at ed and sub quently

oxi di sed with sodi &n periodate 20 prior to tHhe

react I\'.?‘l%feil’i"é i%rocf% a% ,O i% Hrejsgl%té/?cg ﬁd%%e%ﬁﬁ@ clﬁyé, and R'i§ Ialkyl,
I'n clai m4s, er el

derivative as claine

hy dr oxyelbdiil- arglf aalikil, mslayelagikel) alihryl, os cychaiigiang, axddvhere the
whi ch i s _not oxidi.zeqd, wth conpound ac- .cording to

the f&MICHRR &WB?#’HF%“I%@E}@@%WSISWW °%fn aqueous

nmedi um  5H4N-—A phar maceugi cal conposipion conpri.ng,-

in a therapeutically ef f ebiti ve amoiig, 2 hydr &yal Kyl
starch derivative obt HiMabl & by a nethod of produci

-a hy- droxyal kyl starch derivative, said hydragxyal kyl

starch having a styucture accord- ing tejNor a (1

"OR H'O HASH Q" 0 OH R3  H 10 wher i yRE—R2 and
R3 are independent |yl hydrogen or a 2-hydroxietthyl
“group, G O
NN NG
U o
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.

39. A phammaceutical composition as claimed in any of claims 35 to 37 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 Zl-Df¥W, and compound (L) is a compound of general -

formula Z,-1-X, where the functional group Z; is selected from the group con-

sisting of
. H 7 /O O\ -
N - HNT ™ RN
H N 0
_N - o H N
oy il
G o
o NN | N e
U HNT \'f >~ HN™ Y™ >
G | o ' G

- wherein G is O or S and, if present tW_ice, independ_enﬂy Oors, and R'is
~methyl, where the functional group X is selected from the group consisting of - |




10

conprising reacting hydroxyallcylstarch at its
optionally oxidized reducing end with a conpo
according to the follow ng fornmul a H2WO~~O %_Iz'fﬂg/garthOO’/
conpound according to thejdpol lowing fornula O
H2N, N) LNNH2 H H and reacting the reaction product
with an atgdnyd group, a K}eto group, nathe- 15 '.ac%tﬂl/
group, or an acetal gpoyPd ok a ter 2Nal noi ety of a H
carbohydrate side chafn of erythropoietin which is
oxi di sed with sodifum periodate prior to the res action
or partially desi | at ed and subsequentHzP‘\oxildii sed
wi th sodi um péhNodat}f prior to the reacti oE{.“I 2 Mar ch
2007 160 48. A phargmaceutical conposition as @l ai med
in claim47, wherein hydroxyal kyl - starch is reacted
at its reducing g‘nd vmi ch is not oxidized, HvithGa
compound ac-, cQr the follow ng f ~
H2N~O'' ~O ~~He§ i\ﬁ]g/angﬁqueous medi um I'?zwafr

, G ' G

wherein G is O or S and, if present twice, independently O or S, and R’ is
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 —_—
@ Hat 577
: . s O o~ \
| N s——s\_
.

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 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~ Hzm’ﬁ\ | HZN,o\. R'/O\ﬁ -
2 o H |
G 0
W H H
| HZN"N\H/N\- H2N/N\|'rG\
G o 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 ab-

sent and where L' is an organic chain Bridgitlg,zz and X or where L' is absent.
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41.

42.

43.

: ~ chain of crythrdpoietin which is oxidised with sodiumﬁeriodate prior to there- . '

12 March 2007
157

A pharmaceutical composition as claimed in claim 35 comprising a hydroxyal-
kyl starch derivative wherein hydroxyethyl starch is reacted in an aqueous me-

dium with a compound according to the following formula
/O O\
HNT 07 N,

and the reaction product is reacted with erythropoietin.

A pharmaceutical composition as claimed in claim 40 wherein the erythropoietin

is oxidised with sodium periodate prior to the reaction.
A pharmaceutical composition as claimed in claim 41 wherein the erythropoietin
is partially desialylated and subsequently oxidised with sodium periodate prior

to the reaction.

A method of producing a hydroxyalkyl starch derivative, said hydroxyalkyl

starch having a structure according to formula (1)

Wy

wherein Ry, R; and R; are ind_ependently hydrogen or a 2-hydroxyethyl group, '

- comprising reacting hydroxyalkylstarch at its optionally oxidized reducing end

with a compound according to the following formula

.0 Ou.,
N 07 N,

-or ﬁ_oompound of the following formula

0O
HN._
LINE
| - H H |
and reacting the reaction product with an aldehyd group, a keto group, a he-

_NH,

- miacetal group; or an acetal group of a terminal moiety of a carbohydra_té' side




10

15

- 20

44,

45.

12 March 2007
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action or partially desialylated and subsequently oxidised with sodium periodate

prior to the reaction.

A method as claimed in claim 43, wherein hydroxyalkylstarch is reacted at its
reducing end which is not oxidized, with a compound according to the following

formula

.0 o
HN" 07 T N,

in an aqueous medium.

A hydroxyalkyl starch derivative obtainable by a method of producing a hy-
droxyalkyl starch derivative, said hydroxyalky! starch having a structure accord-
ing to formula (I} -

M

wherein Ry, Rz and R; are independently hydrogen or a 2-hydroxyethyl group,
comprising reacting hydroxyalkylstarch at its optionally oxidized reducing end

with a compound according to the following formula

/O 7 O\
CHNTTTT 0T NN

or a compound according to the foliang formula

O

HzN\NJLN/NHz
H H

and reacting the reaction product with an aldehyd group, a keto gm!ip, a he-

o miacetal group, or an acetal group of a terminal moiety of a carbohydrate side

chain of erythmpowtm which is oxzdlsed Wlth sodium periodate prior to the re-

action or partially desmlylated and subsequently oxidised with sodium ‘periodate -

“prior to the reactlon
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46.

47.
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A hydroxyalkyl starch derivative as claimed in claim 45, wherein hydroxyalkyl-
starch is reacted at its reducing end which is not oxidized, with a compound ac-

cording to the following formula
| L0 0.
HNT 07 N,

in an aqueous medium.

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 étarch having a structure accord-

ing to formula ()

O

wherein Ry, R and R; are independently hydrogen or a 2-hydroxyethyl group,
comprising rcactmg hydroxyalkylstarch at its optionally oxidized reducing end

with a compound according to the followmg formula
N O N0 O,

or a compound according to the following formula
HZN “N _/U\N,NH 5
~H H
and reacting the reaction product with an aldehyd group, a keto group, a he-

miacetal group, or an acetal gi'oup of a terminal moiety of a carbohydrate side

chain of erythroﬁoieﬁn which is oxidised with sodium periodater prior to the Te-

action or partlally desialylated and subsequently ox1dlsed w1th sodlum periodate

prlor to the reactlon
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A pharmaceutical composition as claimed in claim 47, wherein hydroxyalkyl-
starch is reacted at its reducing end which is not oxidized, with a compound ac-

cording to the following formula
0O O<
HNT 07 T ONH,

in an aqueous medium.




