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hydrolysable linker, which ﬁ%%@g&%ﬁ@ B&m—&y&tpﬁﬁg@yﬁﬁk%% hydrolysable linker
a p ide dr

are useful for extending the'in-vivo Circulation of protein and pep ugs. BACKGROUND OF THE
INVENTION 15Most protein or peptide drugs are short-lived and have often a short circula- tory

half-life in &lﬁ%éﬁﬁ%ﬁgﬁg%ﬁ?hé%w% 'dRFgﬁ.tgé rﬁ@ﬁt absorbed orally, prolonged

maintenance 0 y active e circulation 1s a desirable feature of obvious clinical

importance. An aftresthppivatiogyciainajheyivenefitichibpiontyrie s o prowiisionpbpppécatiogrugs is a

modificati f dr, | I S Iyg&@c}e i ( n.Drag Rev. 54,
459-476 (20 By}gﬁ} b§€/@%ﬁ§§dels IlL'éSpr%yEsiedllc aci_ﬁé%ﬁ?é?gﬁgﬁgéﬁﬁﬁ%%&@s %cta 1341,
26-34 (1993 Needrdihes 36y itesdyhandyl sBRER, paiecloauments sirermetatedfwiatabyeire

incorporatgpep%éqf@(gﬁgﬁe%%ﬁg{@_modification with poly(ethylene glycol) (PEG) has been known for a
while. However, modification of proteins with PEG often leads to reduction of the activity of the protein.

Polysialic acid (PSA), also known as colominic acid (CA), is a natural occurring polysaccharide. Itis a
homopolymgriah rceynawanmeasid with ci(2-)8)
10 The present invention relates to the preparation of a hydrolysable linker,
which is bound o at least one semi-synthetic polymer. These hydrolysable iinker

are useful for extending the in-vivo circulation of protein and peptide drugs.

BACKGROUND OF THE INVENTION

15 Most protein or peplide drugs are shori-lived and have often a short circula-
tory half-life in vivo. Considering that protein or peptide drugs are not absorbed
orally, proionged maintenance of therapeutically active drugs in the circulation is a
desirable feature of obvious clinical importance.

An lattracﬁve strategy for improving clinical properties of protein or peptide

20  drugs is a modification of the drugs with polymers e.g. polyalkylene-oxides (Rob-
erts et al., Advan Drug Rev. 54, 458-478 (2002)) or polysaccharides iike polysialic
acid (Fernandes et al,, Biochim Biophys Acta 1341, 26-34 (1897)), dextranes or
hydroxy! alky! starch. (All documents cited in the specification are incorporated by
reference.)

25 The modification with poly(ethylene giycol) (PEG) has been known for a
while. However, modification of proteins with PEG often leads to reduction of the
activity of the protein. _

Polysialic acid (PSA), aiso known as colominic acid (CA), is a natural occur-
ring polysaccharide. It is a homopolymer of N-acetyinsuraminic acid with a{2—8)

30 ketosidic linkage and contains vicinal diol groups at its non-reducing end. PSA is
negatively charged and is a natural constituent of the human body. it can easily be
produced from bacteria in large quantities with pre-determined physical character-
istics (US 5,846,351). Being chemically and immunologically identical to polysialic



30 ketosidic linkage and contains vicinal diol groups at its non-reducing end. PSA is negatively
charged and is a natural constituent of the human body. It can easily be produced from bacteria in
large quantities with pre-determined physical charagteristics (US 5,846,951). Being chemically and
immunologically identical to polysialic - 2 - acid in the human body, bacterial polysialic acid is
non-immunogenic even when coupled to proteins. Unlike other polymers (e.g.; PEG), polysialic acid is
biode- grastablén the Huvereibtdyldhasie tinapbsiialisoaReUResNHRINPEFIR SRS hjugated
to an acidic mgnasacchatide, su PSA ' vat : R I Hc chains
with only £ GTE 260 T B 2 U B o (i St e e
(2000); Regadabie,. Current Organic Synthesis 1, 31-46 (2004)). Several hydroiysable or degradable

link e o . . d related
inkers comprisin gﬁé\;’ épglgg%ie{wﬁg %%BéHgQ%g%oun@&%%ér S% ﬁfﬁ%ﬁ%@g}?ﬁ relate

polymer derivatives, hiavirig weak, hydrolytically unstable linkages S

releasableyBEG-nkeradidsen ondseoRb2rEguRR e 87 Pt iscg ot tiatihayaiib!94/089280 and
WO 06/138572 d%ﬁ%??ﬁﬁ)(%&{&%@l@ fluoreoeasSAP G eistaisisunits AioecaBibigatan of these
I

linkers to protein drugs, the protein-polymer conjugate can be rfzarded as a prodrugw%nd the activity of

the proteirsgathbeireld4£a0 Groheth EEGTUERBTIHRA c8RT0HRE ERNE: ResthghRlm QYETRG this concept
improved I Ingtl peHi ug can be obtained (Zhao et al., Bic-conjugate Chem.
SRRy oo o)

17, 341-3 _ o o
Several hydrolysable or degradabie linkers comprising PEG moielies have

" been suggested. | |

US 8,515,100, describes PEG and related polymer derivatives, having
weak, hydrolytically unstable finkages '

US 7,122,188 describes releasable PEG-iinkers hased on bis~N—2-
hydroxyethyl glycine groups (bicine). |

WO 04/088280 and WO 06/138572 describe hydrolysable fluorene-based
PEG consfructs. _ .

After conjugation of these linkers to protein drugs, the protein-polymer con-

" jugate can be regarded as a prodrug and the activity of the protein can be released
from the conjugate via a controlled release mechanism. Using this concapt im-
proved pharmacokingtic properties of the drug can be obtained (Zhao et al., Bio-
conjugate Chem. 17, 34%-351 (2008)). |

SUMMARY
The present disclosure provides a hydrolysabie linker, which is bound to at

least one semi-synthetic biopolymer, wherein the hydrolysable linker is conjugated
to a protein or peptide drug in order to improve its in-vivo properties such as the in-

vive circulafion.

The present disclosure provides a compound of the general formula 1:



"The present disclosure provides a hydrolysable linker, which is bound to at least one semi-synthetic
biopolymer, wherein the hydrolysable linker is conjugated to a protein or peptide drug in order to
improve its in-vivo properties such as the in- vivo circulation. The present disclosure provides a
compound of the general formula 1: - 3 - 0Z (formdla 1) wherein Z a leaving group and at least one of
position 1, 2, 3, 4,5, 6, 7 or 8 is bound to radical Y. Y is a radical containing a semi-synthetic
biopoiymer, which is bound to a N- succinimidyl moiety. In addition to being bound to radical Y the

compound of formula 1 may optionallyg be béund to radical X3in at least one of the available position 1,
2,3,4,5,6,7or8. :

(formula 1)

wherein Z a leéving group and at least one of bosiﬁon 1,2, 3,4,56,7 or 8 is
bound to radical Y. '

Y is & radical containing a semz-synthe’uc biopolymer, which is bound to 2 N-

_ succmlmfdyl moiety.

in addition to being bound to radical Y the compound of formula 1 may op-
tionally be bound to radical X in at least one of the available position 1,_2. 3,45,
6,7 or8

X is -S03-R>,

R? is selected from the group consrstmg of hydrogen (C1-Ceg)-alky! and (Cy-
-CB) -alky-R*. | |

Riisa polymer.



X is -603-R3. R3 is selected from the group consisting of hydrogen, (C1-C8)-alkyl and (01-
C6)-alkyl-R4. R4 is a polymer. 3a According to a first aspect, there is provided a compound of the
formula1l 5 O (formula 1) wherein Z a leaving gro@p and at least one of position 1, 2 ,3, 4,5, 6, 7 or 8
is bound to radical Y; Y is a radical comprising a carbohydrate which is bound to a N-succinimidyl
moiety; at leastAnteafiag tvaifiisteagpsitionhtra i8 ploGdedacdripaptidpdliidinrndita fadical X; X is
-603-R3; R3 is mdependently selected from the group consisting of hydrogen, (C1-C8)-alkyl and

{(formula 1)

wherein Z a leaving group and at least one of position 1, 2,3, 4, 5, 6, 7 or 8 is bound fo
radical Y; '

Y is a radical comprising a carbohydrate which is bound to a N-succinimidyl moiety;

at least one of an available position 1, 2,3, 4, 5, 6, 7 or 8 is optionally bound to radicai
X

Xis -S03-R%;

R® is independently selected from the group consisting of hydrogen, {C4-Cg)-alkyl and
(C4-Cs)-alkyl-R* and

R*isa polymer.



According to a second aspect, there is provided a process for the preparation of a compound of
formula (2), uia 2) said process comprising the step of subjecting a carbohydrate having a thiol group
(MS-POLYMER) and an intermediate compound ha&&ing a formula: to a coupling reaction to form the
compound of formula (2): wherein POLYMER is a carbohydrate; R1 is at each occurrence
independently A¢0erdig)dtky; Reasdnagperid émtheselectaddiedna thepgesspioo tsis prepadaiE) R -,
-C(O)NR ( Ol@%’gkg ;}%ﬁwla (0)- and -NRC(0)-(01-C8)-alkyl-NR, R is independently either
hydrogen k 3-R3; R3 is independently selected from the group consisting of

hydrogen, (01-C8)-alkyl and (C1- C6) alkyl-R4; R4 is a polymer, n is an integer selected from 0, 1, 2, 3,
or 4; and
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said process comprising the step of subjecting a carbohydrate having a thiol group

(HS-POLYMER) and an intermediate compound having a formula:
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7 1o couling react
to a coupling reaction to form the compound of formula (2):

wherein

POLYMER is a carbohydrate;

R'is at each occurrence independently a (C{-CB)—a[kyl;

R? is independently selected from the grc;up consisting of-C(O)NR-, -C{OINR-(C4-Cg)-
atkyl-NR-, -NRC(0)- and -NRC(O)-(C+-Cg)-alkyl-NR,

Ris Endepen'denﬂy gither hydrogen or (C+4-Cg)-alkyl.

X is -80x-R%

R® is independently selected from the group consisting of hydrogen, (C+-Cg)-alkyl and
(C+-Cg)-alkyl-R%;

R* is a polymer, .

nis an integer selected from 0, 1, 2, 3, or 4; and

m is an integer selected from 1, 2, 3, or 4.



m is an integer selected from 1, 2, 3, or 4. 30 According to a third aspect, there is provided a
conjugate comprising the compound as defined above and a protein or peptide drug. According to
a fourth aspect, there is provided a conjugate compBising a compound of formula 1 (formula 1)
wherein Z is a blood coagulation factor and at least one of position 1, 2, 3, 4, 5, 6, 7 or 8 is bound to
radical Y; Y is shamtivdingortaprisitiyre bicgpeginetheteachisisprovitktb a Neonicgjaimidympietyg atHeast
one of an ilabl sitien 1, 2, 3. 4, 5. 6, 7 or.8.is optionally hound to radical X; X is -S03-R3; R3 is
indepen&gﬁéésquc%gdd ﬁ%rfr?]?h%bg%eu8@5@5?&%’%‘%&@3&%%%%? (8%C8)-alkyl and (C1-C8)-alkyl-R4;
and R4 is a polymer.

According fo a fourth aspect, there is provided a conjugate comprising a
compound of formula 1

(formula 1)

wherein Z is a blood coagulation factor and at least one of position 1, 2, 3,4,5,6,70r 8
is bound fo radical Y;

Y is a radical compyrising a bidpo[ymer which is bound to a N-succinimidyl moiety;

at least one of an available position 1, 2, 3, 4, 5, 6, 7 or 8 is optionally bound to radical
X; X is -S0Os-R%;

R® is independently seiected from the group consisting of hydrogen, (C4-Ce)-alkyl and
(C+-Cg)-atkyl-R*; and

R* is a polymer.



3d BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 shows the in-vitro hydrolysis of a FVlla-PSA
conjugate at pH 8.3. The release of the FVIla activity was measured with the Staclot - assay
(Diagnostica Stago, Asnieres, France). Fig. 2 show8dhe shows the in-vitro hydrolysis of a FVlla-trimer
PSA conjugate at pH 8.3. The release of the F1/11a activity was measured with the Staclot - assay
(Diagnostica Stago, Asnieres, France). Fig. 3 shows FVlla activity in plasma measured with a clotting
assay (StaglatAiaghestica$lage sAefepRBRERIgECr FVIla clotting activity the dose adjusted WO
2009/000522PCT/EP2008/005155 - 4 - area under curve (AUC) was 0.014 for unmodified rFVlla and
increased /9. (18 R¥FHVEN-WbiE ihstEopsis iy Vilad B Armeal vaartafatintidadediinor2.3 to 4.4
hours and hgJmeanHE HURRCEIMS (WA IERRLIA With 40 Wech5g A shpyrsidhR dlgiermination of
the FVlla antigen by EL1SA with a polyclonal anti-human FVII antibody. For the antigen the dose
adjusted ABE30.-ASHRPSINGrERSE from 0.010 (unmodified rFV11a) to 0.014 (rFVila - conjugate), the
terminal half life increased from 1.4 to 2.3 hours and the MRT from 1.5 to 2.2 hours. 10Fig. 5 shows
FVlla activity in plasma, measured with a clotting assay (Steclot, Di- agnostica Stago, Asnieres,
France). T &pl%?ﬁ%%lm?eﬁ %WFFW?l‘Qfﬁm%F’ﬁgﬂfdﬁj%ﬁtgy | PRSI 0cPRBERIR Y to native

(FVIla (--ApH BETARERIDESCHR HFEIOW QT INE MESN LRTHARDRsatkinMentRa jovides a
hydrolysab@linkeréwhi is boerld 1o at least on; semi-synthetic biopolymer, wherein the

hydroiysab x4 é’gﬁ‘ 38ire B&ﬁﬂ%ﬁ GRE ‘protein or peptide drug in order to improve their
in-vivo properties such as in-vivo circulation. The activity of the protein or peptide drug can be released
from the C%ﬁjgfts g@saﬁ?f?érgéet%igllena% ag]r%%hr%g'asgﬂfred with a clotting assay (Staciot, Di-

agnostica Stago, Asnieres, France). For [FViia clotting activity the dose adjusted



20The following paragraphs provide general definitions and definition of vari- ous chemical moieties
that make up.the compounds according to the invention and are intended to_apply uniformly
through-ou %%ﬁg%%’i}ﬁ%ﬁtion and claims unless an otherwise expressly se?gaﬁé‘%%f?gﬁlﬁ?ovides a
broader definition. "Ci-C8-alkyl" refers to mono¥alent alkyl groups having 1 to 8 carbon atoms.
25This term is exemplified by groups such as methyl, ethyl, propyl, butyl, hexyl and the like. Linear and

e | Sat AISeln e dALETVAL AR INR AN ALa eI NI rRRRBle @ go3ena vith =

nu- cleophile present on the ‘protein or peptide drug that forms the conjug Is term is exemplified

by groupsfench BaN-rgemingateciminminity)- Bonjermiyakhattlie tigrepsrgdiom 2.3 to 4.4
N-hydroxyphipa unitvh HERPheK LA ik Seatdiny! dhinen uagyl ureas or other suitable
|

leaving groups will be apparent to those of ordinary skill. For the purpose of the present invention, the
protein or peptide drug thus contains one or more groups for displacement, such as an WO

2009/9005%%’@%%%%%/%%&;@%@-o?&ﬂt@iin\ﬂwsﬁﬁg@@wan@aﬁmﬁaoﬁa%%%ablood

coagulation Tactors such as FVIII, VWF, FVlla and FIX. A "semi-synthetic biopolymer" refers to a

manufactABH-BryaAR HYNRRIDRAYH R BRsRNYASI TR IAISEREINFHEY Fotim&t -Ardinityiithetic
biopolymegBayRpiseh® Iongtionmiaamisy rFRtiiedmons inouder iesaiyars thesefristpnalized

semi-synthetic biopolymers tg other compqunds. This term " i-synthetic bjopglymer" is exemplified
by linear o?%'?dﬁ%H@ﬁrﬁﬁﬁﬁﬁe%Q@héﬁ a8 é%ﬂ%%@tgﬁé@iﬁ ally ghgr#afcg éo%%ﬁé‘éﬁarides.
Examples of polysaccharides are PSA (polysialic acid) and HAS (hydroxyalkylstarch). "Hydrolysable"

linker referétogli kersFy m, in which tpe Pnrgtein issrerle se irérg:(f\t' Fform.Thftsrt)rqe'{n['bs}_released

and tHe link# i? 85RV6ir'c p?e(?éY)'/. é?r%ﬁ;s/ms‘fg?%ai/dfo?ysab T @&5555% O eleadable”

linkers. Thegrrestrd iBisytiohspiévide § sacomp dlnel pfahe zpenalifoohofvila-trimer-PSA
conjugates is improved (-O-) compared to native rFVila (—-A--).

DETAILED DESCRIPTION OF THE INVENTION

15 The present invention provides a hydrolysable linker, which is bound to at
least one semi-synthetic biopolymer, wherein the hydrolysabie linker can be further
conjugated to a protein or peptide drug in order to improve their in-vivo properties
such as in-vivo circulation. The activity of the protein or peptide drug can be re-
leased from the conjugate via a controlled release mechanism.

20 The following paragraphs provide general definitions and definition of vari-
ous chemical moieties that make up the compounds according fo the invention and
are intended to apply uniformiy through-out the specification and ctaims unless an
otherwise expressly set out definition provides a broader definition.

“C4-Cg -alkyl” refers to monovalent alkyl groups having 1 to 8 carbon atoms.

25  This term is exempilified by groups such as methyl, ethyl, propyl, butyl, hexyl and
the like. Linear and branched alkyls are included.

“Leaving groups” refers to groups, which are capable of reacting with a nu-
cleophile present on the protein or peptide drug that forms the conjugate. This
term is exemplified by groups such as N-hydroxysuccimimidyl, N-

30 hydroxybenzotriazolyl, halogen, N-hydroxyphthalimidyi, p-nitrophenoxy, imidazolyl,
thiazolidinyi thione, O-acyl ureas or other suitable ieaving groups will be apparent
to those of ordinary skili. For the purpose of the present invention, the protein or
peptide drug thus contains one or more groups for displacement, such as an



- (formula 1) 15 wherein Z a leaving group and at least one of position 1, 2, 3, 4, 5, 6, 7 or 8 is bound to

radical Y. . Y. | ical containing a semi-synthetic biopolymer, which | M ccinimidyl
moiety. ZOW}Oa%@ﬁ?'c])@%Ebeing bound to radical Y the compound of formula§ may o&p%(%é}ln%fly be bound

to radical X in at least one of the available position"®,2, 3, 4, 5, 6, 7 or 8. X is -S03-R3. R3 is selected
from the group consisting of hydrogen, (Ci-C8)-alkyl and (Cr WO 2009/000522PCT/EP2008/005155

C8) oy Bhine. BrbiSiA BPHOIRIGE HANIPIES Riadid'BRTRY BRI UGARARRN(RiRgge dlycol)

(PEG). In one embodiment, the inve relates to a compound of formula™, Swherein Z is an

N-succinirdlish @stendHd\East\ Ot @thbdtion 1, 2, 3, 4,5, 6, 7
A “semi-synthetic biopolymer” refers to a manufactured organic polymer,
which is based on a naturally occurring polymer. A semi-synthetic biopolymer may
5 also be functionalized by reactive groups in order to conjugate these functionalized
semi-synthetic biopolymers to other compounds. This term “semi-synthetic bio-
polymer” is exemplified by linear or branched polymers such as carbohydrates,
specifically such as polysaccharides. Examples of polysaccharides are PSA (poly-
sialic acid) and HAS (hydroxyalkylstarch).

10 “Hydrolysable” linker refers to a linker system, in which the protein is released in
native form. The protein is released and the linker is spiit off completely. Synonyms
for hydrolysable are “degradable” or “releasable’ linkers.

The present invention provides a compound of the general formula 1:

(fermula 1)
18
wherein Z a leaving group and at least one of position 1,2, 3,4,5,6,7or 8 is
bound to radical Y.
Y is a radical containing a semi-synthetic biopolymer, which is bound to a N-
succinimidyl moiety.
20 in addition to being bound to radical Y the compound of formula 1 may op-

tionally be bound to radical X in at least one of the availabie position 1, 2, 3, 4, 5,
6, 7 or 8.

X is -SO3-R®,

R? is selected from the group consisting of hydrogen, (C4-Csg)-alkyl and (Cs-



or 8 is bound to radical Y, wherein Y is: wherein POLYMER is a semi-synthetic biopolymer,
preferably with a molecular weight of 1,000 Da to 300,000 Da. 10In one embodiment the molecular
weight is S\Rﬁagﬁgﬂ%fizpreferably 5,000- 10,000. In another embodin%%?@gﬁf%sé?ﬁ?-@nthetic
biopolymer is a carbohydrate, preferably a polysaccharide, preferably comprising at least 3 units of a
monosaccharide. 15In one embodiment said polysaccharide comprises between 2-200 units,
preferably(?z_t\éw%gggﬂ-loo units of a monosaccharide. In one embodiment the semi-synthetic
biopolymer? a derivative. In another embodiment the semi-synthetic biopolymer is bound to
the succinimidyl Riolety privmeiodkempiragrelnritdphitieachyore s sunie asdepe(ribisre

(C1-C8)- J:oi FBF@?e embodiment RI is at each occurrence independently selected from the group
consisting o mgtﬁly, ethyl, propyl, butyl, and hexyl. R2 is independently selected from the group
consisting of -C((INRe cO@NRECH -be)RventitRIeRkRE (©) agunNROMOM EresRalkyl-NR, wherein

R is 25indgRendanysenen RYREIARRIGyI ChEBhM L 1Lepe RIBsiRIEBRR2 s OB, 7

or 8 is bound to radical Y, wherein Y is:

O
OLYMER

=R, R4y N

O

3

wherein POLYMER is a semi-synthetic biopolymer, preferably with a mo-
iecular weight of 1,000 Da to 300,000 Da.
10 in one embodiment the molecular weight is 5,000-25,000, preferably 5,000-
10,000,
in another embodiment said semi-synthetic biopolymer is a carbohydrate,
preferably a polysaccharide, preferably comprising at least 3 units of a monosac-
charide.
15 in one embodiment said polysaccharide comprises between 2-200 units,
preferably between 10-100 uniis of a monosaccharide.
in one embodiment the semi-synthetic biopolymer is a PSA derivative.
in another embodiment the semi-synthetic biopolymer is bound to the suc-
cinimidy! moiety via a thioether linkage.
20 R' is at each occurrence independently a (C1-Cg)-alkyl.
in one embodiment R' is at each occurrence independently selected from
the group consisting of methyl, ethyl, propyl, butyl, and hexyl.
R? is independently selected from the group consisting of -C(O)NR-, -
C(OINR-(C4-Cg)-alkyl-NR-, -NRC(O}- and -NRC(0)-(C1-Cg)-alkyl-NR, wherein R is
25 independently either hydrogen or (C1-Cg)-alkyl.
in one embodiment R? is =C(O)NH-.
in another embodiment R? is ~NHC(O)-.
In one embodiment the compound of formula 1 is bound to radical Y in at



In another embodiment R2 is -NHC(0)-. In one embodiment the compound of formula 1 is bound to

radical Y i at EPQ /000522PCT/EP2008/005155 - 7 - least one of positj 14. In
another ehg‘bo ?yricén 1 % compound of formula 1, is bound to radical Y in %t %%é’t}%on%éo% qﬁzc’)sition 1,2,

3, or 4 and is further bound to radical X in at least ofie of position 5, 6, 7, or 8. 5In another embodiment
the compound of formula 1, is bound to at least one radical Y in at least one of position 2 or 3 is further

bound to radi i f itijon 7 or 8. In another embodiment the compound of
A bR 2 3o

formula 1 1S il positions 2 and 7. 10In another embodiment the compound of

formula 1 is bourld aneitiRiaeiaedimat 4K aopesitieas orladspediend 16 EERINeMbodiment
the compayind o fgHBWabiStidR NB23Chr 4 and is further bound to radical X in at least one

of position 5, 6, 7, or 8. _

5 in another embodiment the compound of formula 1, is bound to at least one
radical Y in at least one of position 2 or 3 is further bound to radical X in at least
one of position 7 or 8.

In‘ another embodiment the compound of formula 1 is bound to radical Y in

positions 2 and 7.

10 in another embodiment the compound of formuia 1 is bound to radical Y
and radical X in positions 2 and 7, respectively.

In another embodiment the compound of formula 1 is:
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In a further embodiment, the invention relates to the preparation of a compound of formula 1.

Tsubery et al., J Biol Chem. 279, 38118-38124 (2004) described the syntq)esrli? O];(?.Ogl dqr%lgsable
PEG-linkeMf8r &R 2Ati0n of proteins based on the 5 Fmoc (9-f|uorenyl-h§e r%xyc roonyl)-moiety.

The synthesis of MAL-FMS-OSU (9- Hydroxymethyl€2-(amino-3-maleimido-propionate)-7-sulfo
fluorene Nhydroxysuccinimidyl carbonate) is described, The synthetic scheme below illustrates the
synthetic steps for tg_gsgreparation of a compound of formula 1 as an example, starting from a
MAL-FMS-O5 rivative. (formula 2) WO 2009/000522PCT/EP2008/OO%%5§Swherein POLYMER
isa semi-syntﬁeti biopolymer; R1 is at each occurrence independept 1-C8)-alkyl; RZT&*
independently sefected from the group consisting of -C(0)NR-, - 5C(0)NR-(G1-CE-AIkyNR-, -NRC(0)-
and -NRC(0)-(Ci-£8)-alkyl-NR, wherein R is independently either hydrogeg’or C1-C8-alkyl. R is

independently efther hydrogen or (Ci-C8)-alkyl; . ”
S s
o ©
' L=
c o] o}
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o] NHo*Cr 0 o
0.0 NHL/\& S\/\)j\NH‘PSA H H
: O.Q
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In a further embodiment, the invention relates to the preparation of a com-
pound of formula 1. '

Tsubery et al., J Biol Chem. 279, 38118-38124 (2004) described the syn-
thesis of a hydrolysable PEG-linker for derivatization of proteins based on the

5  Fmoc (9-fluorenyl-methoxycarbonyf)-moiety. The synthesis of MAL-FMS-OSU (8-

Hydroxymethyl-2-{amino-3-maleimido-propionate)-7-sulfo fluorene N-
hydroxysuccinimidyl carbonate) is described, The synthetic scheme below illus-
trates the synthetic steps for the preparation of a compound of formula 1 as an ex-

ample, starting from a MAL-FMS-OSU derivative.

e
] \ S——POLYMER
T OpRgRyN, :‘ + HS-POLYMER —> O 0 ReRi—N
el 1, by :
{(X'n [s)
o

i ol

10

(formula 2)



Xis -S03-R3; R3 is independently selected from the group consisting of hydrogen,
(C'-Ca)10alkyl and SC_i-CS)-aIkyI-R4; R4 is a polymer; n is an integer selected from O/’ 152,_3, or 4; and
m is an intager SIettEd from 1,2, 3,0r4. HS-POLYMER is a thiol-derivatr g@%&?ﬁﬁggn{ﬁ%tic
biopolymer, such as 15 SH, or PSASH A conidound of formula 2 can be easily reacted with a
protein or peptide drug containing one or more groups for displacement, such as amines. Preferred
protein or peptid%ﬁlégg.are blood coagulation factors such as FVIII, VVVF, FV11la, 20FIX. Protein
and peptide drugs mo ified according to the above protocol have a significantly increased in-vivo
circulation. The RAtoKdaibility afstamilinkettaitnzopalstietictivity can be regained after hydrolysis, by
release of the prejeip ini ive. f n-l%%gégj IS8h inFigsy l,and 2. The restoration of the
biological 25acti\?i$ty%f% ésréo%@itgcegggfggét%eils s owr? %I’?l] @i(ggs\,.(%%}%lk%

R is independently selected from the group consisting of -C(O)NR-, -

C(OINR-(C1-Cg)-alkyl-NR-, -NRC(O)- and -NRC(0)-(C1-Cg)-alkyl-NR, wherein R is
independently either hydrogen or C4-Cg-alkyl.

[#4]

R is independently either hydrogen or (C1-Cgj-alkyl;

X is -S03-R>;

R® is independently selected from the group consisting of hydrogen, (C;-Cg)-
10 alkyl and (C1-Cg)-alkyl-R*;

R* is a polymer;

nis an integer selected from 0, 1, 2, 3, or 4, and

m is an integer selected from 1, 2, 3, or 4.

HS-POLYMER is a thiol-derivatized semi-synthetic biopolymer, such as

NH,*CI"
PSA_ SH

15 NH , OF

PSA——SH

A compound of formula 2 can be easily reacted with a protein or peplide
drug containing one or more groups for displacement, such as amines. Preferred
protein or peptide drug are biood coagulation factors such as FVI, VWF, FVila,

20 FIX

Protein and peptide drugs modified according to the above protocol have a
significantly increased in-vivo circulation. The hydrolysability of the linker allows
that the activity can be regained after hydrolysis, by release of the protein in its na-
tive form. An example is shown in Figs. 1 and 2. The restoration of the biclogical

25  activity of a protein conjugate is shown in Figs. 3 and 4.
The present invention is lllustrated by the following examples without being

limited thereto.



The present invention is illustrated by the following examples without being limited thereto. WO
2009/000522PCT/EP2008/005155 - 12 - EXAMPLES Example 1 Preparation of PSA containing
terminal S%rzo%}%/gt%?’%lysialic acid (Sigma) was oxidized with Na104 (F@I‘rﬁg’r‘%é‘é%/’:é% .];Déiochim Bio-
phys Acta 1341, 26-34 (1997)), and a terminal aldet¥de group was formed. Then a reductive
amination step with NH4Cl was carried out as described in WO 05/016973 and the Schiff Base was
reduced wi 3 to form PSA-NH2con- taining a terminal amino group. Subsequently a
reaction with 2-imificthiolane 10(Pierce 26101) was performed according to the instruction leaflet of
the manufac- turer to prepare a modified PSA containing a terminal SH group. The molarity of the
generatedMs was determined using Ellmans reagent. In addition the same procedure was
used toin H-group in a N-Acetylneuramic acid trimer, which was obtained from TimTec,
Aot gugamdred S \AI¢aIpsth PSA using the MAL-FMS-OSU linker

AL PSS BBFR L LB TR e By SEIaR Bl r gy mandes a2, Bioghim BE.2" 1nEer
phys Acta 1341, 26-34 {1987)), and a terminal aldehyde group was formed. Then a
reductive amination step with NH4Cl was carried out as described in WO
- 05/016973 and the Schiff Base was reduced with NaCNBH; to form PSA-NH; con-
taining a terminal amino group. Subsequently a reaction with 2-iminothiolane
10 {(Pierce 26101) was performed according to the instruction ieaflet of the manufac-
turer to prepare a modified PSA containing a terminal SH group. The molarity of
the generated SH - groups was determined using Ellmans reagent. In addition the
same procedure was used to introduce a SH-group in a N-Acetylneuramic acid

trimer, which was obtained from TimTec, LLC, Newark, USA.

15
Exampie 2.
Conjuaation of rEViHa with PSA using the MAL-FMS-OSU linker

To 15 mi of a solution of rFViia (0.7 mg/mi) in 50 mM phosphate buffer pH 7.2 the

bifunctional linker MAL-FMS-0OS8U (prepared as outlined by Tsubery et al., J Biot
20 Chem. 279, 38118-38124 (2004)) was added (concentration: 0.5 mg/mg protein)

and incubated at R.T. for 30 min. Then derivatized PSA containing a terminal SH

group was prepared according to Example 1. The PSA derivative was added to the
mixture (concentration; 10 mg PSA-SH / mg protein) and incubated for additional 2
hours. Then the reaction was stopped by adding an aqueous solution of 0.1 M gly-

25  cine (final concentration 10 mM) and & mM cysteine (end concentration 0.5 mM).
The free reagents were separated from the rFVIia-PSA conjugate by ion exchange
chromatography using a QHyperD F 50um resin (BioSepra) and a Pharmacia XK-
10 column {Pharmacia XK 10; h=10 cm). The PSA-rFVHa containing solution was
applied to the column, which was subsequently washed with 10 CV equilibration

30 buffer (20 mM sodium cifrate, 20 mM NaCl, pH 6.5). Then the polysialylated rFViia
was eluted with elution buffer (20 mM sodium citrate, 500 mM NaCl, pH 6.1). The
eluate contained 0.08 mg/ml protein, the evidence of bound PSA in the conjugate
was proven by the resorcinol assay (Svennerhoim; Biochim Biophys Acta 24: 604-
11 (1957)). For release of the activity of rFVila in the conjugate 450ul of the eluate



20 Chem. 279, 38118-38124 (2004)) was added (concentration: 0.5 mg/mg protein) and incubated at

R.T. for 3% ! O(B@e%ra gerlvatlzed PSA containing a terminal SH group Wa?‘gﬁ?%%%g&(ﬁ? ordlng to

Example 1. rivative was added to the mixture (concentration: ¥ mg protein)
and incubated for additional 2 hours. Then the reactibn was stopped by adding an aqueous solution of
0.1 M gly- 25 cine (final concentration 10 mM) and 5 mM cysteine (end concentration 0.5 mM). The

free reagents were s a F on exchange hy using
a QHyper & p‘?ncg;m é epra gsr:d\:g) arr%am%%%colu‘%gsﬁ?ﬁqwgna%g%ﬁ%ﬁflo cm).
The PSA- waﬂlmeastmem(féammrarmapmgﬁag@e Ashiareswhiehveas Bubsegubnityavikshed with
10 CVv eqqugﬁ@yé? ﬁOFli)glf%r (20 mM sodium citrate, 20 mM NaCl1, pH 6.5). Then the polysialylated
rFV1la was elute W|th ution buffer (20 mM sodium citrate, 500 mM NaCl, pH 6.1). The eluate
contained 0.06 mg/ml protein, the evidence of bound PSA in the conjugate was proven by the
resorcinol S, v§nnerholm Biochim Biophys Acta 24: 604- 11 (1957)). For release of the activity
of rFVlla ilﬁ're—cé%ngate 450p1 of the eluate WO 2009/000522PCT/EP2008/005155 13 - was
added to 3 ' H B slpadae fine MR -5 485 measured (Staclot,

Diagnostion,Siagey éﬁﬁ'%@étz&ﬁ%‘ﬁﬁﬁvTBquﬁ 5 sty i Eé?yh%féﬁmé'ﬂ &3 Cogjugation
of rFV1la with trimer PSA usm%)7L e MAL-FMS-OSU linker To 15 ml of a solution of rFV1la (0.7 mg/ml)

in 50 mM piggstiatablifee PMALRNSHIG I dBrRp ARG aMmALLENGd @SU'(’B@'MGF{’E@[&SJ(%'EH ed by
Tsubery et#lerd BiobChem: 228138128381 2d2884Dd\Re RCsIeEieOmMce ARy (bt saaifmg protein)

10 and incubated at R.T. for 30 min. Then tri er PSA k US rivatized as
Gosetbon T AAHBR S dae S0 TB O TP AT Th e B EaCah) b @%m?éﬁ(éded fo the
mixture (corpentiatisnzddssragddrimrdPiBAxabhpiad pootstincane m&t&@teiel igrroa.@dlmeal 2 hours.
Then ther actio addin us solytion of 0.1 cin aI co centration 10
12 M) Ao e BT R PR s e A G RS DA o e
rFVlia-P S/ Sdnjhietay mntem)mm@mdmtmmddgna@dwmsmg 2 HiypdrieR Sm)maebmn(Bmsepra)
and a Pharmaci rmac 0 solution
was applle%rngF%%g(i%I]&%%% rr%ghgpr\%%s(gsnu é%]ﬁ&(é)n ly C\gajghhggbﬁ H%D 5@ e uﬁ]:gn tlongﬁ"ﬂgr (20 mM
sodium 20ciivatangEmviNgsieing &:6) fm@hetlh?eaﬁtﬂys'ieﬁ/miﬂd rﬁwlfaewae@mts wigeelu-

separated from the rFVIia-PSA conjugate by ion exchange chromatography using

a QHyperD F 50um resin (BioSepra} and a Pharmacia XK-10 column (Pharmacia
XK 10; h=10 cm). The PSA-rFVlla containing solution was applied to the column,
which was subsequently washed with 10 CV equilibration buffer (20 mM sodium

20 citrate, 20 mM NaCl, pH 6.5). Then the polysialylated rFVila was eiuted with elu-
tion buffer (20 mM sodium citrate, 500 mM NaCl, pH 6.1). The eluate contained
0.06 mg/ml protein, the evidence of bound PSA in the conjugate was proven by the
resorcinol assay (Svennerholm et al., Biochim Biophys Acta 24, 604-11 (1857)).
For release of the activity of rFVlla in the conjugate 450l of the eluate was added

25 to 50 pl 1 M TRIS — buffer pH 8.3 and the release of the FVlia activity was meas-
ured (Staclot, Diagnostica Stago, Asnieres, France). The results are llustrated in
Fig. 1.

EXAMPLE 4:

30  Conjugation of Human Serum Albumin with PSA using the MAL-FMS-OSU linker
Human Serum Albumin {(HSA) is incubated with the bifunctional linker Mal-FMS-
OSU linker (prepared as outlined by Tsubery et al., J Biol Chem. 279, 38118-
38124 (2004)) in 25 mM sodium acetate buffer, pH 6.2 for 1 hour. Then the excess




tion buffer (20 mM sodium citrate, 560 mM NaC1, pH 6.1). The &vete contained 0.06 mg/m1 protein,
the evidence of bound PSA in the conjugate was proven by the resorcinol nnerholm et al.,
Biochim B%Sh%%)%]gpé’zﬂ, 604-11 (1957)). For release of the activity of rF@aﬁ?%éw%exlc%gﬁjlﬁbgate 450plof
the eluate was added 25 to 50 p11 M TRIS - bufferigH 8.3 and the release of the FV1la activity was

measured (Staclot, Diagnostica Stago, Asnieres, France). The results are illustrated in Fig. 1.

EXAMPLE 4: 30 Conjugation of Human. Se in yvit i FMS- linker
Human S rA%?ﬁR%’%%%%sgﬁkﬁﬁﬁ%%gg v%%@%%ﬁﬁuan%grﬁéﬁ &gf%%%%g%%&i%prepared
as outlinedayd sufferysystémiThielChiewn. neaBsng§ra38iomns @eoay)iecEs ami Bafmidcetate
buffer, pH,6.2 for 1 h ; R = - linker is
separated(gg/egéﬁﬁeé)%gr? @fﬁ% {ggip%éa%?gx% GWZ% %%%ﬁ)gf t gC%’:ﬁie Uu‘%ﬁ%%ﬂ%gg%g &?f%?hg/ﬁgem The
protein coatdfhingTinactithesconjephizisdantiaSy  sPIgpreparanae ranpieERaMPSIGs added.

The ngiXIUfféﬁhﬁ‘%tggnﬁls%% %fhgéfé ﬁfe%:%czh%g e oRitgAte Srossfind e aientexchamnge

chromatograp y_ g 5 DEAE-Sepharose FF (GE Healthcare). The Protein-PSA conjugate is eluted
with 25 mREsodilaedestaassiateuier SHAS cohf G eRRIRMY3IRPEHEHIRNS0BIEd and

concentraied by ultrafitiationyisiag 8yl 0t smmbmnasitees fuxseleintindiafisatesagsinst 25 mM

sodium acetate buffer, pH 6.2. io Example 5. Pharmacokinetic of rFV11a-PSA-coniugate in normal
rats A rEVipR issHedtiRRiga g rep a1 SRBmiAGRIF ESEHTRE PUSG a concentration of

MAL-FMS-OSU of 0.05 mg/mg protein. 8 normal rats (4 male, 4 female) were anaesthetized and the
rFVIla-PSA-conjugate in buffer (1.3 g/L glycylglycine, 153 g/L sodium chloride, 30 g/L mannitol, 1.5 g/L
CaCi%k ZMTween 80, pH 5.5) was applied by intravenous injection into the tail vein in a
volume dosg &macokinetic of rFVIla-PSA-conjugate in normal rats

A rFVila-PSA conjugate was prepared according to Example 2 using a concentra-

tion of MAL-FMS-0OSU of 0.05 mg/mg protein. 8 normal rats (4 male, 4 female)

were anaesthetized and the rFVHia-PSA-conjugate in buffer (1.3 g/L glycylglycine,
15 3 g/l sodium chloride, 30 g/L mannitol, 1.5 g/l. CaCl; x 2H,0, 0.1 g/L. Tween 80,

pH 5.5) was applied by intravenous injection into the tail vein in a volume dose of

10 ml per kg (1200 pg protein/kg). Unmodified rFVila in a dose of 1200 pg pro-
tein/kg was used as control in 8 normal rats (4 male, 4 female). Biood sampies
were taken from the tail artery 5 minutes, 1 hdur, 2,4, 7,10 and 24 hours afier

20  substance application and citrated plasma was prepared and frozen for further
analysis.
FVila activity in plasma was measured with a clotting assay (Staclot, Diagnostica
Stago, Asniéres, France), FVII antigen was determined with an ELISA (potyclonal
anti-human FVI antibody). The results were evaluated statistically. For FVlla clot-

25 ting activity the dose adjusted area under curve (AUC) was 0.014 for unmodified
rFVila and increased o 0.015 for rFVlia — conjugate (0 — infinity). The terminal
half-life increased from 2.3 to 4.4 hours and the mean residence time (MRT) from
1.4 to 2.4 hours. For the antigen the dose adjusted AUC (0 — infinity) increased
from 0.010 (unmodified rFVlia) to 0.014 (rFVila - conjugate), the terminal half life

30 increased from 1.4 to 2.3 hours and the MRT from 1.5 to 2.2 hours. All calculations
were carried out by use of a statistical program (program R: A language and envi-
ronment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria, ISBN 3-900051-07-0, URL http//iwww.R-project.org). The pharmacokinetic




10 ml per kg (1200 pg protein/kg). Unmodified rFVlla in a dose of 1200 pg protein/kg was used as
control in 8 normal ratséh 4 male, 4 female). Blood samples were taken from the tail artery 5 minutes, 1
hour, 2, 4, \?]01 R84 hours after 20 substance application and citrated 5@2%%2&33% eﬁared and
frozen for further analysis. FVlla activity in plasma-w&s measured with a clotting assay (Staclot,
Diagnostica Stago, Asnieres, France), FVII antigen was determined with an EL1SA (polyclonal
anti-human FVII antlb%ég Its we lyated statistically. For FVlla clot- 25 ting activity the
dose adju§?§d”§§e%{% ég?\ge ?Alﬁﬂrﬁl% r%gfor unmodified rFVlla and increased to 0.015 for
rFVila - coBxgaiel €06 infinity). The terminal half-life increased from 2.3 to 4.4 hours and the mean
residence {j C _ . Q the ant| n the dos addusted AUC (O - infinity)
increased Fofto- frred r % Jatey;-the terminal half life 30
increased tﬁ)fﬂatmmmez B&@wsrqngamem*btmrécﬁaoc&ﬂih@ﬂs Bibcaddelatimsgrefd Aatried out by

Foundutiof By S e B o O R SRR o6 T e s rebeale .
http.//wwmmemeamﬁhﬁé mmasskmemme%esmwmem HERRO(GS/BQBLIBYCYb - results
are illustra, éﬁ?é@%: mer_ RS L= 1ok fi'}f?x%ﬂﬂ gkiney ﬂ_rc'f% ;rggggP@A, é‘?["“qate in

normal rat A conjugate wad prepare accor ng {0 EXample 3'usinga MAL- 5
FMS- osu”la@ﬁeerﬂihm)‘rh 550 VB eRPPEEErbleintre eI IR MENS hielsdiveindreaavlesthetized

and the (ENIR ReI 86 FaaRieioes Grosildycunaluie i ol blonde. 30 ol

mannitol, 1.5 g%L CaCl2x 2H20, 0.1°g/L Tween 80, pH 5.5) was applied by intravenous injection into
the ta® veiil 39% NBIDFAEEHYEE W@Wﬁﬁ"ﬁ)@ﬁk@ %99@@';5@ Erﬁﬁim‘&!g‘)a@r{r?nﬁtﬁf%oerﬁma #1a dose of

Blood samples were taken from the tail artery 5 minutes, 1 hour, 2, 4,7, 10 and 24

hours after substance application and citrated plasma was prepared and frozen for

further analysis.

FVlla activity in plasma was measured with a clotting assay {Staclot, Diagnostica
15 Stago, Asniéres, France) and the elimination curve was constructed. The improved

pharmacokinetic of the rFVila-trimer-PSA conjugate is illusirated in Figure 5.

Example 7;
Conjugation of rEiX with PSA using the MAL-FMS-OSU linker

20 To 0.6 ml of a solution of recombinant FIX (8 mg/ml} in 20 mM Hepes buffer, pH
7.4 the bifunctional linker MAL-FMS-OSU (prepared as outlined by Tsubery et al.,
J Biol Chem. 279, 38118-38124 (2004)) was added (concentration: 0.07 mg/mg
protein) and incubated at R.T. for 30 min. Derivatized PSA containing a terminal

SH group was prepared according to Example 1. The PSA derivative was added to

25 the mixture (concentration: 32 mg PSA-SH / mg protein — 100 fold molar excess)
and incubated for additional 2 hours at R.T. The reaction was stopped by adding
an agueous solution of 0.1 M glycine (final concentration 10 mM) and 5 mM cys-
teine (end concentration 0.5 mM). The free reagents were separated from the

[FIX-PSA conjugate by Hydrophobic interaction Chromatography using a pre-

30  packed Butyl Sepharose column (HiTrap Butyl FF 5 mil, GE Healthcare). A buffer
containing 5 M NaCl (50 mM Hepes-buffer, 5M NaCl, 0.01% Tween 80, 6.7 mM
CaCl,, pH 6.9) was added to the PSA-rFIX containing solution to give a final con-
centration of 3M NaCl. This mixture was applied to the column, which was subse-



101200 pg protein/kg was used as a control in 6 normal rats (3 male, 3 female). Blood samples were
taken from the tail arterg/ 5 minutes, 1 hour, 2, 4, 7, 10 and 24 hours after sggféanﬁgfg&pljgatlon and

citrated plgg?h %53%2 pared and frozen for further analysis. FVlla act|V|ty In [})) AeRa Was measured
with a clotting assay (Staciot, Diagnostica 15 Stagd\8Asnieres, France) and the elimination curve was

constructed. The improved pharmacokinetic of the rFVlla-trimer-PSA conjugate is illustrated in Figure

5 E | | of |

of recomTHENE RASTROINE] 100 BB FeL 50 i e e A T e S
(prepared8 Waﬁwd%y%lﬁ)érmbd éJaOlﬁlgl‘tﬁ@r)rﬁmgheieilmisglm@@ﬁﬁ’ﬁésm%
(concentraian: QAT RIQIARSR BRI LT JA 20 L BFYNEEehitpA Soaining a

terminal group was prepared according to xamp he PSA derivative was added to 25 the

mixture (cAftesshation o thegWAgRle thagbtwem adiostrsideiothP &cble)aratmheapiaietor
add't'ena'@éﬁ@ gc&&ﬂ%@ﬁ%@éh% sjopReg X adding abadieaHssaiuisnef BAMolycine

(final concentratl M) and 5 mM cys- téine (end concentration 0.5 mM). The free reagents were

separated’fh@rﬁﬁ*ﬁﬂé@ﬁw{m‘)&@ﬁﬁfgﬁk B¢ FRRREPRBLIS FRE (AR EMSRaBiGERY BGREY pre- 30

packed BM§9@“6@§%W'H@BXWTF@Q Mls%p&m@leﬁﬁta%@@@meﬁt@@@nmmm g5 M NaCl
(50 mM Hepes-buffer, 5 01% Tween 80, 6.7 mM CacClz2, P}gld? %A@;ﬁg 0 the SA-rFIX

containin tsﬂﬂltsﬁtteréﬁ@f&ﬂfﬁ%ﬂ%&H&-{\Pﬂﬁaﬁf@r SN PHIET {8 olumn,
which was\slRese) W0 20RRLRBEIE PR 0ARI 005153 mib Cadenth-waghed with 10 CV
equilibration buffer (50 mM Hepes-buffer, 3M NaC1, 0.01% Tween 80, 6.7 mM CacCl2, pH 6.9) and the
elutidf of the rFIX-PSA conjugate was carried out with 50 mM Hepes-buffer, pH 7.4, containing 6.7
mM CaCIEﬂmMQn of the conjugate the pH was adjusted to pH 6.9. The eluate contained 5 0.24
mg/ml prot PSA in the conjugate was
proven by -t +eddreinot-assay-(Sve A ' ‘ 1£604-611 (1957)). In a final
step the elaatethmsrepammatéda‘mfbﬁm ummﬂ@m&(ﬁ\mmtmﬁaomfémﬁ/ﬁﬁmsmgla@ﬂ kivlit
S e aREh MR RS IS FACN B ke HEMLGoC12, P 74
15  buffer, pH 7.4 the bifunctional linker MAL-FMS-0OSU (prepared as outlined by

Tsubery et al., J Biol Chem. 279, 38118-38124 (2004)) was added (concentration:
0.315 mg/mg protein) and incubated at R.T. for 30 min. Derivatized PSA contain-

ing a terminal SH group was prepared according to Exampie 1. The PSA derivative
was added to the mixture (concentration: 27.8 mg PSA-SH / mg protein — 450 fold

20 molar excess) and incubated for additional 2 hours at R.T. The reaction was
stopped by adding an agueous solution of 0.1 M glycine (final concentration 10
mM) and 5 mM cysteine (end concentration 0.5 mM). The free reagents were
separated from the rFVHI|-PSA conjugate by Hydrophobic Interaction Chromato-
graphy using a prepacked Butyl Sepharose column (HiTrap Butyl FF 5 ml, Gk

25  Healthcare). A buffer containing 5 M NaCl (50 mM Hepes-buffer, 5M NaCl, 0.01%
Tween 80, 8.7 mM CaCly, pH 6.9) was added to the PSA-rFVIII containing solution
to give a final concentration of 3M NaCl. This mixture is applied to the column,
which was subsequently washed with 10 CV equilibration buffer (50 mM Hepes-
buffer, 3M NaCl, 0.1% Tween 80, 5 mM CaCl;, pH 8.9) and the elution of the

30 rFVII-PSA conjugate was carried out with Citrate buffer, pH 7.4 (13.6 mM
NaaCitrate, 20 mM CaCl,, 20 mM Histidine, 0.01% Tween 80). After elution of the
conjugate the pH was adjusted to pH 6.9. The eluate contained 2.5 mg/mi protein
(BCA assay).



Conjugation of rFVIII with PSA using the MAL-FMS-OSU linker For the preparation of rFV111-PSA
conjugate 6 ml of a solution of recombinant FVIII (4.5 mg/ml), derived from the Advate manufacturing
process, in 20 mM Hepes 15buffer, pH 7.4 the bifunctional linker MAL-FMS-OSU (prepared as
outlined by Tsubery et al., J Biol Chem. 279, 3811838124 (2004)) was added (concentration: 0.315
mg/mgbci) ﬂlﬁgn) and incubated at R.T. for 30 min. Derivatized PSA containing a terminal SH group was
preparéd according to Example 1. The PSA derivative was added to the mixture (concentration: 27.8
mg PSA-SH / mg protein - 450 fold 20molar excess) and incubated for additional 2 hours at R.T. The
reactior1'| was gton B}ﬁ@%@llﬂ‘%%rﬁ'ﬂﬂﬁws solution of 0.1 M glycine (final concentration 10 mM) and
5 mM cysteine (end concentration 0.5 mM). The free reagents were separated from the rFVIII-PSA

conjugate by Hydrophobic Interaction CRromato- graphy using a prepacked Butyl Sepharose column

(HiTrap Butyl FF 5 ml, GE 25Healt aFelA buffeyCantajiiing 5 M NaCl (50 mM Hepes-buffer, 5M
NacCl, 0.01% Tween 80, 6.7 mM C3

d to the PSA-rFVIII containing solution to
give a final concentration of 3M N Flied to the column, which was subsequently
washed with 10 CV equilibration bufier(50vM Hepes< buffer, 3M NaCl, 0.1% Tween 80, 5 mM
CacCl2, pH 6.9) and the elution of the 30rFVIIIIPSA con‘jugate was carried out with Citrate buffer, pH.
7.4 (13.6 mM Na3Citrate, 20 mM CaCl2, 20 mM Histidine, 0.01% Tween 80). After elution of the
conjugate the pH was adjusted to pH 6.9. The &lyate contained 2,5 mg/ml protein (BCA assay).

A

(formula 1) .

wherein Z a leaving group and at least one of position 1,2 .,3,4,5,6,70r81s bound to
radical Y;

Y is a radical comprising a carbohydrate which is bound to a N-succinimidyl moiety:,
at least one of an available position 1,2 .3, 4, 5, 6, 7 or 8 is optionally bound fo radical
X

X is -S03-R;

R? is independently selected from the group consisting of hydrogen, (C4-Cg)-alkyl and
(C4-Cg)-alkyl-R%; and

R* is a polymer. |

2. The compound according to ciaim 1, wherein Z is N-hydroxysuccimimidyl, N-
hydroxybenzotriazolyl, halogen, N-hydroxyphthalimidyl, p-nitrophenoxy, imidazolyl,
thazofidinyl thione, or O-acyl urea.

3. The compound according to claim 1, wherein Z is an N-succinimidyl ester,

Y is:

. Carbohydrate

— Ry R4y N



- 17 - 1.A compound of the formula 1 54 oz (formula 1) wherein Z a leaving group and at least one of
position 1, 2 ,3, 4, 5, 6, 7 or 8 is bound to radical Y; Y is a radical comprising a carbohydrate which is
bound to a N-succinimidyl moiety; at least one of an available position 1, 2 ,3, 4, 5,6, 7 or 8 is
optionally bound to radical X; X is -S03-R3; R3 is indep®ndently selected from the group consisting of

hydrogesy, (Cl- I ~C8)- -R4: Rais lymer. 2. The compound according to
claim 1,%{\:1vr'1gefgé[i%%@%#@E%@%ﬁ%?ﬁ%ﬁ%ﬁmﬁg&béﬂ?e%ifﬁhazoiyl, halogen, N-hydroxyphthalimidyl,

p-nitro_pﬁémmammmyy sedgotitirfyothitheegmuparyieistngdofBEORpODHDINENEAE-claim 1,
wherein. ¢ 15 QB N-RUSEIENI AL ESIFEC (0)-(C1-Ce)-alkyl-NR; and

R is independently either hydrogen or (C4-Cg)-alkyl.

4. The compound according to claim 3, wherein R? is either -C(O)NR- or -NRC(O)-
and wherein R is independently either hydrogen or (C+-Cg)-alkyl.

5. The compound according fo claim 4, wherein said carbohydrate is bound via a

thioether linkage.

6. The compound according to any one of claims 1 {o 4, wherein said carbohydrate

is a polysaccharide.

7. The compound according to claim 6, wherein said polysaccharide is polysialic
acid (PSA).
8. The compound according to claim 8, wherein said polysaccharide comprises at

least 3 units of 2 monosaccharide.



Y is: O jarbohydrate -18- R1 is at each occurrence independently a (Ci-C8)-alkyl; R2 is independently
selected from the group consisting of-C(0)NR-, -C(0)NR-(Ci-C8)- alkyl-NR-, -NRC(0)- and
-NRC(0)-(Ci-C8)-alkyl-NR; and R is independently either hydrogen or (C1-C8)-alkyl. 4. The compound
according to claim 3, wherein R2 is either -C(0)NR- or*NNRC(0)- and wherein R is independently either
nyarogen o A Eabila SotbRrapoh A Carlng sl Buatifie saided riale i bound
via a thioether linkage. 6. The compound according to any one of claims 1 to 4, wherein said
carbohydrate is agiolygastraisiing of IThelboMpdund aétordibhgto danRfeiwherein said
polysaccharide is polysialic acid (PSA). ® ©
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8. The compound according to claim 6, wherein said polysaccharide comprises at least 3 units of a
monosaccharide. -19- 9. A compound according to claim 1, wherein said compound is selected from

the group consisting of I, II, llI, IV, V, VI, VII, VI, IX, )2(0and XI. 0
@ e
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10.A process for the preparation of a compound of formula (2) , (formula 7) said process comprising
the step of subjecting a carbohydrate haying a thiol group (F-IS-POLYMER) and an intermediate
compound haying a formula: - 22 - to a coupling reaction to form the compound of formula-(2):
wherein POLYMER is a carbohydrate; R1 is at each"@¢currence independently a (01-CO-alkyl; R2 is

independently selected from the group consisting of-C(0)NR-, -C(O)NR-(Ci-C8)-‘§IkyI-NR- aNRC(0)-
and -NRC(0 '('@f:i-CO-aIkyld\lR, Ris jpdepe lly eitk€r-kydrogen or (CRCO-alkyl. X is h@E)%-lRS; R3

is independéatly selegied firom the gripup co roger, (Ci-CO and
PSAHN® ﬂn/\g/ﬁfﬂﬂ gNHﬂ\(/\N NH—PSA
e}
NH-PSA_ NH—PSA
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said process comprising the step of subjecting a carbohydrate having a thiol group

(HS-POLYMER) and an intermediate compound having a formula:



(C1-05)-alkyl-R4; R4 is a polymer, n is an integer selected from 0, 1, 2, 3, or 4; and m is an integer
selected from 1, 2, 3, or 4. 11. The process according to claim 10, wherein HS-POLYMER is NH +CI-
12. The process according to claim 10, wherein R2 is_either -C(0)NR- or -NRC(0)- and wherein R is
indepe_ndently either hydrogen or C1-C8-alkyl. 13. THE process according to claim 10, further
comprising reacting the corppaund of formula (2) and a protein or peptide drug. 14. A conjugate
comprising t@@@m&;@g%ﬁ”@hy one of claims 1 to 7 and a protein or peptide drug. - 23 - 15. The
conjugateggiﬁ-glaij.[‘[l,‘%l@“wher;e“ih'fhe protein or peptide drug is a plasma protein or blood coagulation
factor. 16.A conjt@gate comprising a compound of formula 1 (formula 1)

T

[ EFT’
K}tt}%{’x é“xr{,d‘-f}
i

nd to a coupling reaction to form the compound of formula (2):

wherein

POLYMER is a carbohydrate;

R' is at each occurrence independently a (C+-Cs)-alkyl;

R? is independently selected from the group consisting of-C(O)NR-, -C(O)NR-(C+-Cs)-
alkyl-NR-, -NRC(0)- and -NRC{QO)-(C+-Cg)-alkyl-NR,

R is independently either hydrogen or (C4-Cg)-alkyl.

X is -SO3-R%;

R® is independently selected from the group consisting of hydrogen, (C+-Cg)-alkyl and
(C4-Cg)-alkyl-R*; |

R* is a polymer,

n is an integer selected from 0, 1, 2, 3, or 4; and

m is an integer selected from 1, 2, 3, or 4.

11.  The process according to claim 10, wherein HS-POLYMER is

NH *Cl-

SNH

12.  The process according to claim 10, wherein R? is either -C(O)NR- or -NRC(0)-
and wherein R is independently either hydrogen or C4-Cg-alkyl.

13.  The process according to claim 10, further comprising reacting the compound of -

formula (2) and a protein or peptide drug.

14. A conjugate comprising the compound of any one of claims 1 to 7 and a protein

or peptide drug.



wherein Z is a blood coagulation factor and at least one of position 1, 2, 3, 4, 5, 6, 7 or 8 is bound to
radical Y; Y is a radical comprising a biopolymer which is bound to a N-succinimidyl moiety; at least
one of an available position 1, 2, 3, 4, 5, 6, 7 or 8 is optionally bound to radical X; X is -S03-R3; R3 is
independently selected from the group consisting of hﬁar‘ogen, (C1-C3)-alkyl and (C1-C8)-alkyl-R4;
and R4 gz polymetohil:ghr enlkgate £ wiakirekbivdsraisiihe: Plepraeoagidatandraierds selected

from the group consisting of Factor VIII (FVIII), Von Willebrand Factor (VWF), Factor Vila (FV11a), and
Factor IX (FI1X)Protein or biood coagulation factor.

16. A conjugate comprising a compound of formula 1

(formula 1}
wherein Z is a blood coagulation factor and at least one of position 1, 2, 3,4, 5,6, 70or 8
is bound to radical Y;

Y is a radical comprising a biopolymer which is bound to a N-succinimidyl moiety;

at least one of an available position 1, 2, 3, 4, 5, 6, 7 or 8 is optionally bound to radical
X: X is —=S05-R?; _

R? is independently selected from the group consisting of hydrogen, (C4-Cg)-alkyl and
(C4-Cg)-alkyl-R*; and

R* is a polymer.

17.  The conjugate of claim 16,' wherein the blood coagulation factor is selected from
the group consisting of Factor VI (FVIII), Von Willebrand Factor (VWF), Factor Vila
(FVHa), and Factor IX (FIX).



