
Conjugates of Hydroxyalkyl Starch and an Active
Substance, Prepared by Chemical Ligation via
Thiazolidine The present invention relates to a method
for preparing conjugates of an active substance and
hydroxyalkyl starch and to conjugates of an active
substance and hydroxyalkyl starch, preferably
hydroxyethyl starch, wherein the conjugates are
prepared by covalently linking the hydroxyalkyl starch
and the active substance by a chemical residue having
a structure according to formula (I) or formula (F) or
formula (I") wherein Ri, R2, R2', R3, R3 and R4 are
independently selected from the group consisting of
hydrogen, an optionally suitably substituted, linear,
cyclic and/or branched alkyl, aryl, heteroaryl,
aralkyl, and heteroaralkyl group, preferably
hydrogen.WO 03/031581 A2 discloses a method of
conjugating a polymer derivative to a polypeptide
having a cysteine or histidine residue at the
N-terminus, wherein said method comprises providing a
polypeptide having a cysteine or histidine residue at
the N-terminus, providing a thioester-terminated
polymer, the polymer comprising a water soluble and
nonpeptidic polymer backbone, preferably a
polyethylene glycole polymer, and reacting the polymer
derivative and the polypeptide. As polymers,
poly(alkylene glycol), copolymers of ethylene glycol
and propylene glycol, poly(oxyethylated polyol),
poly(olefinic alcohol), poly(vinylpyrrolidone),
poly(alpha hydroxy acid), poly(vinyl alcohol),
polyphosphazene, polyoxazoline,
poly(N-acryloylmorpholine), polyacrylate,
polyacrylamides, polysaccharides, and copolymers,
terpolymers and mixtures thereof are used. All
explicitly disclosed polymers are polyethylenglycol
polymers. 



Despite the progress of coupling methods and use of
monofunctional PEG-molecules, a general disadvantage
of PEGylated drugs is that the metabolization pathway
of PEG as a non-natural polymer is not known in
detail. Further, a general approach for forming
peptide dendrimers with oxime, hydrazone, and
thiazolidine linkages is known from J. Am Chem Soc.
1995, 117, 3893-3899. Unprotected peptides as building
blocks and selective ligation between an aldehyde and
a weak base is described there. WO 99/07719 Al
discloses prodrugs and conjugates of thiol- and
seleonol-containing compounds and methods of use
thereof. Among several other compounds, a prodrug is
disclosed which is prepared by the reaction of
L-cysteine ethyl ester and a D-ribose, a
monosaccharide, said prodrug containing a thiazolidine
ring. As general formula for the monosaccharide,
(CHOH)nCH2OH with n = 1 to 5 is disclosed. Not even
di-saccharides, let alone high-molecular polymeric
compounds such as starch, in particular hydroxyalkyl
starch, are disclosed in combination with the
formation of thiazolidine rings. Therefore, it was an
object of the present invention to provide novel
conjugates of an active substance and a polymer formed
by covalent linking wherein no polyalkylene glycol,
especially no polyethylene glycol is used as
polymer.Accordingly, it was another object of the
present invention to provide a method for preparing
these conjugates. The solution of these problems is a
method for preparing a conjugate of an active
substance and hydroxyalkyl starch, wherein the active
substance and the hydroxyalkyl starch are covalently
linked by a chemical residue having a structure
according to formula (I) 



or formula (F) or formula (I") wherein Ri, R2, R ',
R3, R3' and R4 are independently selected from the
group consisting of hydrogen, an optionally suitably
substituted, linear, cyclic and/or branched alkyl,
aryl, heteroaryl, aralkyl, and heteroaralkyl group,
preferably hydrogen, said method comprising (A)
reacting an aldehyde group, a keto group or a
hemiacetal group of a hydroxyalkyl starch or a
derivative thereof comprising said aldehyde group,
keto group or hemiacetal group with an alpha-SH-beta
amino groupof an active substance or a derivative
thereof comprising said alpha-SH-beta amino group,
thereby preparing a conjugate of said active substance
and said hydroxyalkyl starch being covalently linked
by a chemical residue having a structure according to
formula (I); or with an alpha-SH-beta amino group of
an active substance or a derivative thereof comprising
said alpha-SH-beta amino group, thereby preparing a
conjugate of said active substance and said
hydroxyalkyl starch being covalently linked by a
chemical residue having a structure according to
formula (Y), or with an alpha-SH-beta amino group of
an active substance or a derivative thereof comprising
said alpha-SH-beta amino group, thereby preparing a
conjugate of said active substance and said
hydroxyalkyl starch being covalently linked by a
chemical residue having a structure according to
formula (I"), wherein Ri, R2, R2', R , R3' and R4 are
as defined above; or (B) reacting an aldehyde group, a
keto group or a hemiacetal group of an active 



substance or a derivative thereof comprising said
aldehyde group, keto group or hemiacetal group with an
alpha-SH-beta amino group of a hydroxyalkyl starch
derivative comprising said alpha-SH-beta amino group,
thereby preparing a conjugate of said active substance
and said hydroxyalkyl starch being covalently linked
by a chemical residue having a structure according to
formula (I); or with an alpha-SH-beta amino groupof a
hydroxyalkyl starch derivative comprising said
alpha-SH-beta amino group, thereby preparing a
conjugate of said active substance and said
hydroxyalkyl starch being covalently linked by a
chemical residue having a structure according to
formula (F); or with an alpha-SH-beta amino group of a
hydroxyalkyl starch derivative comprising said
alpha-SH-beta amino group, thereby preparing a
conjugate of said active substance and said
hydroxyalkyl starch being covalently linked by a
chemical residue having a structure according to
formula (I"), wherein Ri, R2, R ', R3, R3' and R4 are
as defined above. Therefore, the term
"alpha-SH-beta-amino group" as used in the context of
the present invention refers to an ethylene group in
which an optionally protected SH group is bonded to a
carbon atom and an optionally protected primary or
secondary amino group is bonded to the neighbouring
carbon atom. The bonds in the above formulas on which,
at one end thereof, no residue is indicated are those
bonds to which either hydroxyalkyl starch or the
active substance are attached. The term "alkyl" as
used in the context of the invention is preferably an
alkyl group having 1 to 20, more preferred 1 to 10 and
in particular 1 to 4 carbon atoms, unless defined
differently hereinafter. 



The term "aryl" as used in the context of the
invention is preferably an aryl group having 6 to 20,
more preferred 6 to 14 and in particular 6 carbon
atoms, unless defined differently hereinafter. The
term "heteroaryl" as used in the context of the
invention is preferably an heteroaryl group having 6
to 20, more preferred 6 to 14 and in particular 6
carbon atoms and whereinat least one, preferably 1 to
3, in particular 1, of the carbon atoms is substituted
by a heteroatom, such as S, N and/or O, unless defined
differently hereinafter. The term "aralkyl" as used in
the context of the invention is preferably an aryl
group bonded through an alkyl group to the reminder of
the compound, unless defined differently hereinafter.
The term "alkaryl" as used in the context of the
invention is preferably an alkyl group bonded through
an aryl group to the reminder of the compound, unless
defined differently hereinafter. The term
"heteroaralkyl" as used in the context of the
invention is preferably an heteroaryl group bonded
through an alkyl group to the reminder of the
compound, unless defined differently hereinafter. The
term "optionally suitably substituted" as used in the
context of the invention preferably means that 1 to
10, more preferred 1 to 4, in particular 1 substituent
is present, unless defined differently hereinafter.
The term "active substance" as used in the context of
the present invention relates to a substance which can
affect any physical or biochemical property of a
biological organism including, but not limited to,
viruses, bacteria, fungi, plants, animals, and humans.
In particular, the term "active substance" as used in
the context of the present invention 



relates to a substance intended for diagnosis, cure,
mitigation, treatment, or prevention of disease in
humans or animals, or to otherwise enhance physical or
mental well-being of humans or animals. Examples of
active substances include, but are not limited to,
peptides, proteins, enzymes, small molecule drugs,
dyes, lipids, nucleosides, nucleotides,
oligonucleotides, polynucleotides, nucleic acids,
cells, viruses, liposomes, microparticles, and
micelles. Examples of proteins include, but are not
limited to, erythropoietin (EPO) such as recombinant
human EPO (rhEPO), colony-stimulating factors (CSF),
such as G-CSF like recombinant human G-CSF (rhG-CSF),
alpha-Interferon (IFN alpha), beta-Interferon (IFN
beta) or gamma-Interferon (IFN gamma), such as
recombinant human IFN alpha or IFNbeta (rhIFN alpha or
rhIFN beta), interleukines, e.g. IL-I to IL- 18 such
as IL-2 or IL-3 like recombinant human IL-2 or IL-3
(rhIL-2 or rhIL-3), serum proteins such as coagulation
factors II-XIII like factor VIII, alpha 1-antitrypsin
(AlAT), activated protein C (APC), plasminogen
activators such as tissue-type plasminogen activator
(tPA), such as human tissue plasminogen activator
(hTPA), AT III such as recombinant human AT III (rhAT
III), myoglobin, albumin such as bovine serum albumin
(BSA), growth factors, such as epidermal growth factor
(EGF), thrombocyte growth factor (PDGF), fibroblast
growth factor (FGF), brain-derived growth factor
(BDGF), nerve growth factor (NGF), B-cell growth
factor (BCGF), brain-derived neurotrophic growth
factor (BDNF), ciliary neurotrophic factor (CNTF),
transforming growth factors such as TGF alpha or TGF
beta, BMP (bone morphogenic proteins), growth hormones
such as human growth hormone, tumor necrosis factors
such as TNF alpha or TNF beta, somatostatine
(peptide), somatotropine, somatomedines, hemoglobin,
hormones or prohormones such as insulin, 



gonadotropin, melanocyte-stimulating hormone
(alpha-MSH), triptorelin, hypthalamic hormones such as
antidiuretic hormones (ADH) and oxytocin as well as
releasing hormones and release-inhibiting hormones,
parathyroid hormone, thyroid hormones such as
thyroxine, thyrotropin, thyroliberin, prolactin,
calcitonin, glucagon, glucagon-like peptides (GLP-I,
GLP-2 etc.), exendines such as exendin-4, leptin,
vasopressin, gastrin, secretin, integrins,
glycoprotein hormones (e.g. LH, FSH etc.),
melanoside-stimulating hormones, lipoproteins and
apo-lipoproteins such as apo-B, apo-E, apo-La,
immunoglobulins such as IgG, IgE, IgM, IgA, IgD and
fragments thereof, hirudin, tissuepathway inhibitor,
plant proteins such as lectin or ricin, bee-venom,
snake-venom, immunotoxins, antigen E, alpha-proteinase
inhibitor, ragweed allergen, melanin, oligolysine
proteins, RGD proteins or optionally corresponding
receptors for one of these proteins; or a functional
derivative or fragment of any of these proteins or
receptors. In a particularly preferred embodiment, the
active substance is EPO, in particular oxidized EPO as
described in the following. Examples of enzymes
include, but are not limited to, carbohydrate-specific
enzymes, proteolytic enzymes, oxidases,
oxidoreductases, transferases, hydrolases, lyases,
isomerases, kinases and ligases. Specific non-limiting
examples are asparaginase, arginase, arginin
deaminase, adenosin deaminase, glutaminase,
glutaminase-asparaginase, phenylalanine,
tryptophanase, tyrosinase, superoxide dismutase (SOD),
endotoxinase, catalase, peroxidase, kallikrein,
trypsin, chymotrypsin, elastase, thermolysin,
lipase,uricase, adenosine diphosphatase, purine
nucleoside phosphorylase, bilirubin oxidase, glucose
oxidase, glucodase, gluconate oxidase, galactosidase,
glucocerebrosidase, glucuronidase, hyaluronidase,
tissue factor, streptokinase, urokinase, MAP-kinases, 



DNAses, RNAses, lactoferrin and functional derivatives
or fragments thereof. According to one alternative of
the present invention, the active substance is a small
molecule drug, a peptide, and/or a protein. Among
others, the following proteins are to be mentioned
explicitly: erythropoietin (EPO) such as recombinant
human EPO (rhEPO), colony-stimulating factors (CSF),
such as GCSF like recombinant human G-CSF (rhG-CSF),
alpha-Interferon (IFN alpha), beta- Interferon (IFN
beta) or gamma-Interferon (IFN gamma) such as
recombinant human IFN alpha or IFN beta (rhIFN alpha
or rhIFN beta)serum proteins such as coagulation
factors II-XIII like factor VII, factor VIII, or
factor IX, alpha 1-antitrypsin (AlAT), activated
protein C (APC), plasminogen activators such as
tissue-type plasminogen activator (tPA), such as human
tissue plasminogen activator (hTPA), AT III such as
recombinant human AT III (rhAT III). Examples for
peptides include ACTH, adrenomedullin, amyloid
beta-protein, angiotensin I, angiotensin II, atrial
natriuretic peptide (ANP), antibody fragments,
bradykinin, brain natriuretic peptide B-Type (BNP),
calcitonin, corticotropin-releasing factor (CRF),
endorphins, endothelins, enkephalins, gastrin, gastrin
related peptide, gastric inhibitory polypeptide (GIP),
gastrin releasing peptide (GRP), glucagon,
glucagon-like peptides, growth hormone releasing
factor (GRF), hepatocyte growth factor, insulins,
gonadotropinreleasing hormone (LH-RH, GnRH),
neurokinins, oxytocin, parathyroid hormone,
somatostatin, substance P, thyrotropin releasing
hormone (TRH), vasoactive intestinal peptide (VIP),
and vasopressin. The active substance is preferably
selected from the group composed of antibiotics, 



antidepressants, antidiabetics, antidiuretics,
anticholinergics, antiarrhythmics, antiemetics,
antitussives, antiepileptics, antihistamines,
antimycotics, antisympathotonics, antithrombotics,
androgens, antiandrogens, estrogens, antiestrogens,
antiosteoporotics, antitumor agents, vasodilators,
other antihypertensive agents, antipyretic
agents,analgesics, antiinflammatory agents,
b-blockers, cytostatics, immunosuppressants and
vitamins. Some additional, non-restrictive examples of
active substances are albuterol, alendronate,
amikazin, ampicillin, amoxicillin, amphotericin B,
atenolol, azathioprine, cefaclor, cefadroxil,
cefotaxime, ceftazidime, ceftriaxone, cilastatin,
cimetidine, ciprofloxacin, clonidine, colistin,
cosyntropin, cycloserine, daunorubicin, doxorubicin,
desmopressin, dihydroergotamine, dobutamine, dopamine,
ephedrine, epinephrine, e-aminocaproic acid,
ergometrine, esmolol, famotidine, flecainide, folic
acid, flucytosine, furosemide, ganciclovir,
gentamicin, glucagon, hydrazaline, imipenem,
isoproterenol, ketamine, liothyronine, LHRH,
merpatricin, metaraminol, methyldopa, metoclopramide,
metoprolol, mexiletine, mitomycin, neomicin,
netilmicin, nimodipine, nystatin, octreotide,
oxytocin, pamidronate, pentamidine, phentolamine,
phenylephrine, procainamide, procaine, propranolol,
ritodrine, sotalol, teicoplanin, terbutaline,
thiamine, tiludronate, tolazoline, trimethoprim,
tromethamine, tylosin, vancomycin, vasopressin, and
vinblastine. According to an alternative, one may also
try to use rifamycine, tetracycline, spectomycine,
streptomycine or erythromycine as active substances.
Examples for an oligonucleotide are aptamers, DNA,
RNA, PNA or derivatives thereof. In the context of the
present invention, the term "hydroxyalkyl starch"
(HAS) refers to a starch derivative which has been
substituted by at least one hydroxyalkyl group. A 



preferred hydroxyalkyl starch of the present invention
has a constitution according to formula (II) wherein R
, R and R are independently hydrogen, a linear or
branched hydroxyalkyl group or the group- [(CR'R
2)mO]n[CR3R4]- OH wherein R1, R2, R3, and R4 are
independently selected from the group, consisting of
hydrogen, and alkyl group, preferably hydrogen and
methyl group, m is 2 to 4, wherein the residues R1 and
R2 may be the same or different in the m groups CR1R2;
n is 0 to 20, preferably 0 to 4; o is 0 to 20,
preferably 2 to 4, wherein in the case of n = 0, o is
not 0, and wherein the residues R3 and R4 may be the
same or different in the o groups CR3R4, where the
residue HAS" together with the terminal glucose moiety
constitutes the HAS molecule, i.e. formula (II) shows
a HAS molecule, the terminal carbohydrate moiety of
which is explicitly shown, the remaining part of the
starch molecule being HAS". In formula (II) the
reducing end of the starch molecule is shown in the
non-oxidized form and the terminal saccharide unit of
HAS is shown in the hemiacetal form which, depending
on e.g. the solvent, may be in equilibrium with the
aldehyde form. The abbreviation HAS" as used in the
context of the present invention refers to the HAS
molecule without the terminal saccharide unit at the
reducing end of the HAS molecule. The term
hydroxyalkyl starch as used in the present invention
is not limited to compounds where the terminal
carbohydrate moiety comprises hydroxyalkyl groups R',
R", and/or R'" as depicted, for the sake of brevity,
in formula (II), but also refers to compounds in which
at least one hydroxyalkyl group which is present
anywhere, either in the terminal 



carbohydrate moiety and/or in the remaining part of
the starch molecule, HAS", is substituted by a
hydroxyalkyl group R', R", or R'". Hydroxyalkyl starch
comprising two or more different hydroxyalkyl groups
is also possible. The at least one hydroxyalkyl group
comprised in HAS may contain one or more, in
particular two or more hydroxy groups. According to a
preferred embodiment, the at least one hydroxyalkyl
group comprised in HAS contains one hydroxy group. The
expression "hydroxyalkyl starch" also includes
derivatives wherein the alkyl group is mono- or
polysubstituted. In this context, it is preferred that
the alkyl group is substitutedwith a halogen,
especially fluorine, or with an aryl group.
Furthermore, the hydroxy group of a hydroxyalkyl group
may be esterified or etherified. Furthermore, instead
of alkyl, also linear or branched substituted or
unsubstituted alkene groups may be used. Hydroxyalkyl
starch is an ether derivative of starch. Besides of
said ether derivatives, also other starch derivatives
can be used in the context of the present invention.
For example, derivatives are useful which comprise
esterified hydroxy groups. These derivatives may be
e.g. derivatives of unsubstituted mono- or
dicarboxylic acids with 2-12 carbon atoms or of
substituted derivatives thereof. Especially useful are
derivatives of unsubstituted monocarboxylic acids with
2-6 carbon atoms, especially derivatives of acetic
acid. In this context, acetyl starch, butyryl starch
and propionyl starch are preferred. Furthermore,
derivatives of unsubstituted dicarboxylic acids with
2-6 carbon atoms are preferred. In the case of
derivatives of dicarboxylic acids, it is useful that
the second carboxy group 



of the dicarboxylic acid is also esterified.
Furthermore, derivatives of monoalkyl esters of
dicarboxylic acids are also suitable in the context of
the present invention. For the substituted mono- or
dicarboxylic acids, the substitute groups may be
preferably the same as mentioned above for substituted
alkyl residues. Techniques for the esterif cation of
starch are known in the art (see e.g. Klemm D. et al,
Comprehensive Cellulose Chemistry Vol. 2, 1998,
Whiley-VCH, Weinheim, New York, especially chapter
4.4, Esterification of Cellulose (ISBN 3-527-29489-9).
According to a preferred embodiment of the present
invention, hydroxyalkyl starch according to
above-mentioned formula (II) is employed. The other
saccharide ring structures comprised in HAS" may be
the same as or different from the explicitly described
saccharide ring, with the difference that they lack a
reducing end.As far as the residues R', R" and R'"
according to formula (II) are concerned there are no
specific limitations. According to a preferred
embodiment, R', R" and R"' are independently hydrogen
or a hydroxyalkyl group, a hydroxyaralkyl group or a
hydroxyalkaryl group having of from 2 to 10 carbon
atoms in the respective alkyl residue. Hydrogen and
hydroxyalkyl groups having of from 2 to 10 are
preferred. More preferably, the hydroxyalkyl group has
from 2 to 6 carbon atoms, more preferably from 2 to 4
carbon atoms, and even more preferably from 2 to 3
carbon atoms. In a preferred embodiment, hydroxyalkyl
starch is hydroxyethyl starch in which R', R" and R'"
are independently hydrogen or a group (CH2CH O)n-H,
wherein n is an integer, preferably 0, 1, 2, 3, 4, 5,
or 6. "Hydroxyalkyl starch" therefore preferably
comprises hydroxyethyl starch, hydroxypropyl starch
and hydroxybutyl starch, wherein hydroxyethyl starch
and hydroxypropyl starch are 



particularly preferred and hydroxyethyl starch is most
preferred. The alkyl, aralkyl and/or alkaryl group may
be linear or branched and suitably substituted.
Therefore, the present invention also relates to a
method and a conjugate as described above wherein R',
R" and R'" are independently hydrogen or a linear or
branched hydroxyalkyl group with from 2 to 6 carbon
atoms. Thus, R', R" and R'" preferably may be H,
hydroxyhexyl, hydroxypentyl, hydroxybutyl,
hydroxypropyl such as 2-hydroxypropyl,
3-hydroxypropyl, 2-hydroxyisopropyl, hydroxyethyl such
as 2-hydroxyethyl, hydrogen and the 2-hydroxyethyl
group being especially preferred. Therefore, the
present invention also relates to a method and a
conjugate as described above wherein R', R" and R'"
are independently hydrogen or a 2-hydroxyethyl group,
an embodiment wherein at least one residue R', R" and
R'" being 2-hydroxyethyl being especially preferred.
Hydroxyethyl starch (HES) is most preferred for all
embodiments of the present invention.Therefore, the
present invention relates to the method and the
conjugate as described above, wherein the polymer is
hydroxyethyl starch and the polymer derivative is a
hydroxyethyl starch derivative. Hydroxyethyl starch
(HES) is a derivative of naturally occurring
amylopectin and is degraded by alpha-amylase in the
body. HES is a substituted derivative of the
carbohydrate polymer amylopectin, which is present in
corn starch at a concentration of up to 95 % by
weight. HES exhibits advantageous biological
properties and is used as a blood volume replacement
agent and in hemodilution therapy in the clinics
(Sommermeyer et al., 1987, Krankenhauspharmazie, 8(8),
271-278; and Weidler et al., 1991, Arzneim.- 



Forschung/Drug Res., 41, 494-498). Amylopectin
consists of glucose moieties, wherein in the main
chain alpha- 1,4-glycosidic bonds are present and at
the branching sites alpha- 1,6-glycosidic bonds are
found. The physico-chemical properties of this
molecule are mainly determined by the type of
glycosidic bonds. Due to the nicked alpha-
1,4-glycosidic bond, helical structures with about six
glucose-monomers per turn are produced. The
physico-chemical as well as the biochemical properties
of the polymer can be modified via substitution. The
introduction of a hydroxyethyl group can be achieved
via alkaline hydroxyethylation. By adapting the
reaction conditions it is possible to exploit the
different reactivity of the respective hydroxy group
in the unsubstituted glucose monomer with respect to a
hydroxyethylation. Owing to this fact, the skilled
person is able to influence the substitution pattern
to a limited extent. HES is mainly characterized by
the molecular weight distribution and the degree of
substitution. There are two possibilities of
describing the substitution degree: 1. The degree of
substitution can be described relatively to the
portion of substituted glucose monomers with respect
to all glucose moieties. 2. The degree of substitution
can be described as the molar substitution, wherein
the number of hydroxyethyl groups per glucose moiety
is described. In the context of the present invention,
the degree of substitution, denoted as DS, relates to
the molar substitution, as described above (see also
Sommermeyer et al., 1987, Krankenhauspharmazie, 8(8),
271-278, as cited above, in particular p. 273).HES
solutions are present as polydisperse compositions,
wherein each molecule differs from the other with
respect to the polymerisation degree, the number and
pattern of branching sites, and the substitution
pattern. HES is therefore a mixture of compounds with 



different molecular weight. Consequently, a particular
HES solution is determined by average molecular weight
with the help of statistical means. In this context,
Mn is calculated as the arithmetic mean depending on
the number of molecules. Alternatively, Mw (or MW),
the weight average molecular weight, represents a unit
which depends on the mass of the HES. Preferably, the
hydroxyalkyl starch used in the invention has a mean
molecular weight (weight mean) of from 1 to 300 kD.
Hydroxyethyl starch can further exhibit a preferred
molar substitution of from 0.1 to 3, preferably 0.1 to
2, more preferred 0.1 to 0.9 or 0.4 to 2, preferably
0.4 to 1.3, and a preferred ratio between C : C6
substitution in the range of from 2 to 20 with respect
to the hydroxyethyl groups. The term "mean molecular
weight" as used in the context of the present
invention relates to the weight as determined
according to the LALLS-(low angle laser light
scattering)-GPC method as described in Sommermeyer et
al., 1987, Krankenhauspharmazie, 8(8), 271-278; and
Weidler et al., 1991, Arzneim.-Forschung/Drug Res.,
41, 494-498. For mean molecular weights of 10 kD and
smaller, additionally, the calibration was carried out
with a standard which had previously been qualified by
LALLS-GPC. According to a preferred embodiment of the
present invention, the mean molecular weight of
hydroxyethyl starch employed is from 1 to 300 kD, more
preferably from 2 to 200 kD, more preferably of from
10 to 150 or 4 to 130 kD, more preferably of from 10
to 100 kD. An example of HES having a mean molecular
weight of about 1 to 300 kD, preferably 10 to 100 kD
is a HES with a molar substitution of 0.1 to 3,
preferably 0.4 to 1.3, such as 0.4, 0.5, 0.6, 0.7 0.8,
0.9, 1.0, 1.1, 1.2, or 1.3, preferably of 0.7 to 1.3,
such as 0.7 0.8, 0.9, 1.0, 



1.1, 1.2, or 1.3. An example for HES with a mean
molecular weight of about 130 kD is Voluven(r) from
Fresenius. Voluven(r) is an artifical colloid,
employed, e.g., for volume replacement used in the
therapeutic indication for therapy and prophylaxis of
hypovolaemia. The characteristicsof Voluven(r) are a
mean molecular weight of 130,000 +/- 20,000 D, a molar
substitution of 0.4 and a C2 : C6 ratio of about 9:1.
The present invention also relates to a method and to
conjugates as described above wherein the hydroxyalkyl
starch is hydroxyethyl starch having a mean molecular
weight of from 10 to 150 kD, preferably of from 10 to
100 kD. Preferred ranges of the mean molecular weight
are, e.g., 10 to 150 kD, or 10 to 130 kD, or 30 to 130
kD, or 50 to 130 kD, or 70 to 130 kD, or 100 to 130
kD, or 10 to 100 kD, or 4 to 100 kD, or 10 to 100 kD,
or 12 to 100 kD, or 18 to 100 kD, or 50 to 100 kD, or
4 to 70 kD, or 10 to 70 kD, or 12 to 70 kD, or 18 to
70 kD, or 50 to 70 kD, or 4 to 50 kD or 10 to 50 kD,
or 12 to 50 kD, or 18 to 50 kD, or 4 to 18 kD, or 10
to 18 kD, or 12 to 18 kD, or 4 to 12 kD, or 10 to 12
kD, or 4 to 10 kD. According to particularly preferred
embodiments of the present invention, the mean
molecular weight of hydroxyethyl starch employed is in
the range of from more than 4 kD and below 150 kD,
such as about 10 kD, or in the range of from 9 to 10
kD or from 10 to 11 kD or from 9 to 11 kD, or about 12
kD, or in the range of from 11 to 12 kD or from 12 to
13 kD or from 11 to 13 kD, or about 15 kD, or in the
range of 14 to 15 or from 15 to 16 kD, or about 18 kD,
or in the range of from 17 to 18 kD or from 18 to 19
kD or from 17 to 19 kD, or about 50 kD, or in the
range of from 49 to 50 kD or from 50 to 5 1 kD or from
49 to 5 1 kD, or about 56 kD, or in the range of 55 to
56 kD or from 56 to 57 kD. 



According to another particularly preferred embodiment
of the present invention, the mean molecular weight of
hydroxyethyl starch employed is in the range of from
more than 60 kD and up to 130 kD, such as about 70 kD
or in the range of from 65 to 75 kD, or about 80 kD or
in the range of from 75 to 85 kD, or about 90 kD or in
the range of from 85 to 95 kD or about 100 kD, or in
the range of from 95 to 105 kD, or about 110 kD or in
the range of from 105 to 115 kD, or about 120 kD or in
the range of 115 to 125 kD or about 130 kD or in the
range of from 125 to 135 kD. As to the upper limit of
the molar substitution (DS), values of up to 3.0 such
as 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8,
1.9 or 2.0 are also possible, values of below 2.0
beingpreferred, values of below 1.5 being more
preferred, values of below 1.3 such as 0.7, 0.8, 0.9,
1.0, 1.1, 1.2, or 1.3 being still more preferred.
Therefore, preferred ranges of the molar substitution
are from 0.1 to 2 or from 0.1 to 1.5 or from 0.1 to
1.3 or from 0.1 to 1.0 or from 0.1 to 0.9 or from 0.1
to 0.8. More preferred ranges of the molar
substitution are from 0.2 to 2 or from 0.2 to 1.5 or
from 0.2 to 1.0 or from 0.2 to 0.9 or from 0.2 to 0.8.
Still more preferred ranges of the molar substitution
are from 0.3 to 2 or from 0.3 to 1.5 or from 0.3 to
1.0 or from 0.3 to 0.9 or from 0.3 to 0.8. Even more
preferred ranges of the molar substitution are from
0.4 to 2 or from 0.4 to 1.5 or from 0.4 to 1.3, or
from 0.4 to 1.0 or from 0.4 to 0.9 or from 0.4 to 0.8.
As far as the molar substitution (DS) is concerned, DS
is preferably at least 0.1, more preferably at least
0.2, more preferably at least 0.4 and more preferably
at least 0.7. Preferred ranges of DS are from 0.1 to
3, preferably 0.1 to 2, more preferred 0.1 to 1.3,
more preferred 0.1 to 0.9, more preferably from 0.1 to
0.8, more preferably from 0.2 to 0.8, more preferably
from 0.3 to 0.8 and even more preferably from 0.4 to
0.8, still more 



preferably from 0.1 to 0.7, more preferably from 0.2
to 0.7, more preferably from 0.3 to 0.7 and more
preferably from 0.4 to 0.7. Particularly preferred
values of DS are, e.g., 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, 1.0, 1.2 or 1.3 with 0.2, 0.3, 0.4,
0.5, 0.6, 0.7 or 0.8 being more preferred, 0.3, 0.4,
0.5, 0.6, 0.7 or 0.8 being even more preferred, 0.4,
0.5, 0.6, 0.7 or 0.8 being still more preferred and,
e.g. 0.4 or 0.5 and 0.7 or 0.8 being particularly
preferred. In the context of the present invention, a
given value of the molar substitution such as 1.3 may
be the exact value or may be understood as being in a
range of from 1.25 to 1.34, or 1.0 may be the exact
value or may be understood as being in a range of from
0.95 to 1.04, or 0.9 may be the exact value or may be
understood as being in a range of from 0.85 to 0.94 or
0.8 may be the exact value or may be understood as
being in a range of from 0.75 to 0.84. Therefore, for
example, a given value of 0.1 may be the exact value
of 0.1 or be in the range of from 0.05 to 0.14, a
given value of 0.4 may be the exact value of 0.4 or in
the range of from 0.35 to 0.44, or a given value of
0.7 may be the exact value of 0.7 or be in the range
of from 0.65 to 0.74.Particularly preferred
combinations of molecular weight of the hydroxyalkyl
starch, preferably hydroxyethyl starch, and its molar
substitution DS are, e.g., 10 kD and 0.4 or 10 kD and
0.7 or 12 kD and 0.4 or 12 kD and 0.7 or 15 kD and 0.4
or 15 kD and 0.7 or 18 kD and 0.4 or 18 kD and 0.7 or
50 kD and 0.4 or 50 kD and 0.7 or 56 kD and 0.4 and 56
kD and 0.7 or 70 KD and 0.4 or 70 kD and 0.7, or 100
kD and 0.4 or 100 kD and 0.7 or 130 kD and 0.4 or 130
kD and 0.7. As far as the ratio of C2 : C6
substitution is concerned, said substitution is
preferably in the range of from 2 to 20, more
preferably in the range of from 2 to 15 and even more 



preferably in the range of from 3 to 12. According to
a further embodiment of the present invention, also
mixtures of hydroxyethyl starches may be employed
having different mean molecular weights and/or
different molar substitution and/or different ratios
of C : C6 substitution. Therefore, mixtures of
hydroxyethyl starches may be employed having different
mean molecular weights and different molar
substitution and different ratios of C2 : C6
substitution, or having different mean molecular
weights and different molar substitution and the same
or about the same ratio of C2 : C6 substitution, or
having different mean molecular weights and the same
or about the same molar substitution and different
ratios of C2 : C6 substitution, or having the same or
about the same mean molecular weight and different
molar substitution and different ratios of C2 : C6
substitution, or having different mean molecular
weights and the same or about the same molar
substitution and the same or about the same ratio of
C2 : C6 substitution, or having the same or about the
same mean molecular weights and different molar
substitution and the same or about the same ratio of C
: C6 substitution, or having the same or about the
same mean molecular weight and the same or about the
same molar substitution and different ratios of C2 :
C6 substitution, or having about the same mean
molecular weight and about the same molar substitution
and about the same ratio of C2 : C6 substitution. In
different conjugates and/or different methods
according to the present invention, different
hydroxyalkyl starches, preferably different
hydroxyethyl starches and/or different hydroxyalkyl
starch mixtures, preferably different hydroxyethyl
starch mixtures, may be employed.In a preferred
embodiment, the hydroxyalkyl starch or derivative
thereof comprises 1 to 



100, preferably 1 to 15, in particular 1 aldehyde
group(s), keto group(s) and/or hemiacetal group(s) or
wherein the hydroxyalkyl starch or derivative thereof
comprises 1 to 100, preferably 1 to 15, in particular
1 alpha-SH-beta amino group(s). In another preferred
embodiment, the active substance comprises 1 to 15,
preferably 1 to 8, in particular 1 aldehyde group(s),
keto group(s) and/or hemiacetal group(s) or wherein
the active substance comprises 1 to 15, preferably 1
to 8, in particular 1 alpha-SH-beta amino group(s).
The hydroxyalkyl starch, preferably hydroxyethyl
starch, comprising the at least one aldehyde group,
keto group, hemiacetal group or alpha-SH-beta amino
group can be provided by every suitable method. In a
preferred embodiment the hydroxyalkyl starch
derivative comprising said aldehyde group, keto group,
hemiacetal group or said alpha-SH-beta amino group is
obtained by a method comprising (a)(l) introducing at
least one aldehyde group in the hydroxyalkyl starch by
a ringopening oxidation reaction, or (a)(2) reacting
the hydroxyalkyl starch with at least one, at least
bifunctional compound, said compound comprising two
functional groups Mi and Q, one functional group Mi
being reacted with the hydroxyalkyl starch and one
functional group Q being (i) an aldehyde group, keto
group, hemiacetal group or an alpha-SH-beta amino
group; or (ii) a functional group being chemically
modified to give the aldehyde group, 



keto group, hemiacetal group or an alpha-SH-beta amino
group. According to (a)(l) it is preferred that
hydroxyalkyl starch is subjected to a ring-opening
oxidation reaction using periodate to give a
hydroxyalkyl starch derivative having at least one
aldehyde group.The ring-opening oxidation reaction
according to (a)(l) may be carried out in an aqueous
medium. The ring-opening oxidation reaction is carried
out at a temperature of from 0 to 37 0C,
preferentially at 0 to 5C. In one preferred embodiment
of (a)(2) the functional group Mi is selected from the
group consisting of a carboxy group, a reactive
carboxy group, carboxylic acid anhydride, carboxylic
acid halogenide, isocyanate, isothiocyanate,
chloroformates, and epoxide groups and the functional
group Q is an aldehyde group, keto group, hemiacetal
group, alpha-SH-beta amino group, or a functional
group being chemically modified to give an aldehyde
group, a keto group, a hemiacetal group, or an
alpha-SH-beta amino group. According to one embodiment
of the present invention, the method according to
(a)(2) may comprise that the hydroxyalkyl starch is
reacted via the optionally oxidized reducing end of
the hydroxyalkyl starch with the at least one
bifunctional compound comprising at least two
functional groups M1 and Q. The term that the
hydroxyalkyl starch, preferably hydroxyethyl starch is
reacted "via the optionally oxidized reducing end" as
used in the context of the present invention may
relate to a process according to which the
hydroxyalkyl starch is reacted predominantly via its
optionally oxidized reducing end. This term
"predominantly via its optionally oxidized reducing
end" relates to processes according to which
statistically more than 50 %, preferably at least 55
%, more preferably 



at least 60 %, more preferably at least 65 %, more
preferably at least 70 %, more preferably at least 75
%, more preferably at least 80 %, more preferably at
least 85 %, more preferably at least 90 %, and still
more preferably at least 95 % such as 95 %, 96 %, 97
%, 98 %, or 99 % of the hydroxyalkyl starch molecules
employed for a given reaction are reacted via at least
one optionally oxidized reducing end per hydroxyalkyl
starch molecule, wherein a given hydroxalkyl starch
molecule which is reacted via at least one reducing
end can be reacted in the same given reaction via at
least one further suitable functional group which is
comprised in said hydroxyalkyl starch molecule and
which is not a reducing end. If one or more
hydroxyalkyl starch molecule(s) is (are) reacted via
at least one reducing and simultaneously via at least
one further suitable functional group which is
comprised in this (these) hydroxyalkyl starch
molecule(s) and which is not a reducing
end,statistically preferably more than 50 %,
preferably at least 55 %, more preferably at least 60
%, more preferably at least 65 %, more preferably at
least 70 %, more preferably at least 75 %, more
preferably at least 80 %, more preferably at least 85
%, more preferably at least 90 %, and still more
preferably at least 95 % such as 95 %, 96 %, 97 %, 98
%, or 99 % of all reacted functional groups of these
hydroxyalkyl starch molecules, said functional groups
including the reducing ends, are reducing ends. The
term "reducing end" as used in the context of the
present invention relates to the terminal aldehyde
group of a hydroxyalkyl starch molecule which may be
present as aldehyde group and/or as corresponding
hemiacetal form. In case the reducing end is oxidized,
the aldehyde or hemiacetal group is in the form of a
carboxy group and/or of the corresponding lactone.
According to one embodiment of the present invention,
the method according to (a)(2) may 



therefore comprise oxidizing hydroxyalkyl starch at
its reducing end to give hydroxalkyl starch according
to formula (Ilia) and/or according to formula (IHb)
wherein R', R" and R'" are as defined for formula II,
and reacting hydroxyalkyl starch oxidized at its
reducing end with at least one suitable compound to
give an aldehyde, keto, hemiacetal or alpha-SH-beta
amino functionalized hydroxyalkyl starch.Oxidation of
the hydroxyalkyl starch, preferably hydroxyethyl
starch, may be carried out according to each method or
combination of methods which result in compounds
having the above-mentioned structures (Ilia) and/or
(IHb). Although the oxidation may be carried out
according to all suitable method or methods resulting
in the oxidized reducing end of hydroxyalkyl starch,
it is preferably carried out using an alkaline iodine
solution as described, e.g., in DE 196 28 705 Al the
respective contents of which (example A, column 9,
lines 6 to 24) is incorporated herein by reference. In
another preferred embodiment, the hemiacetal group of
the hydroxyalkyl starch is the hemiacetal group of the
reducing end of the hydroxyalkyl starch in its
non-oxidized form. According to (a)(2) it is preferred
that the hydroxyalkyl starch, optionally oxidized at
its reducing end, is reacted with an at least
bifunctional compound comprising a functional group Mi
which is reacted with the hydroxyalkyl starch,
preferably at the optionally oxidized reducing end,
and a functional group Q which is an aldehyde group, a
keto group, a hemiacetal group or an alpha-SH-beta
amino group or a functional group which can be
modified to give either of these groups. As functional
group Mi of the at least bifunctional compound which
is reacted with the hydroxyalkyl starch, especially a
group is to be mentioned having the structure R
-NHwhere 



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 linked
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,
arylcycloalkyl, alkaryl, or cycloalkylaryl residues
may be suitably substituted. As preferred
substituents, halogens such as F, Cl or Br may be
mentioned. Especially preferred residues 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 preferred.
More preferred are methyl, ethyl, propyl, isopropyl,
methoxy, ethoxy, propoxy, and isopropoxy groups.
Especially preferred are methyl, ethyl, methoxy,
ethoxy, and particular preference is given to methyl
or methoxy.According to another embodiment of the
present invention, the functional group Mi has the
structure R*-NH-R**- where R**preferably comprises the
structure unit -NH- and/or the structure unit -(C=G)-
where G is O or S, and/or the structure unit -SO2-.
Specific examples for the functional group R** are
where, if G is present twice, it is independently O or
S. Therefore, the present invention also relates to a
method and a conjugate as mentioned above wherein the
functional group Mi is selected from the group
consisting of A- H O H N \ F H2N' \ H H H2N O 



I l H2NNY N-SH I l G O wherein G is O or S and, if
present twice, independently O or S, and R' is methyl.
According to a particularly preferred embodiment of
the present invention, the functional group Mi is an
amino group -NH2. With respect to the case when the
group Q is an aldehyde group, a keto group, a
hemiacetal group or an alpha-SH-beta amino group or a
functional group being chemically modified to give one
of these groups, the following functional groups are
to be mentioned, among others: C-C-double bonds or
C-C-triple bonds or aromatic C-C-bonds; the thio group
or the hydroxy group; - alkyl sulfonic acid hydrazide,
aryl sulfonic acid hydrazide;1,2-dioles; 1,2
amino-thioalcohols; azides; 1,2-aminoalcohols; - the
amino group -NH2 or derivatives of the amino groups
comprising the structure unit -NH- such as aminoalkyl
groups, aminoaryl group, aminoaralkyl groups, or
alkarlyaminogroups; the hydroxylamino group -0-NH 2,
or derivatives of the hydroxylamino group comprising
the structure unit -0-NH-, such as hydroxylalkylamino
groups, 



hydroxylarylamino groups, hydroxylaralkylamino groups,
or hydroxalalkarylamino groups; alkoxyamino groups,
aryloxyamino groups, aralkyloxyamino groups, or
alkaryloxyamino groups, each comprising the structure
unit -NH-O-; residues having a carbonyl group,
-Q-C(=G)-M, wherein G is O or S, and M is, for
example, -OH or -SH; an alkoxy group, an aryloxy
group, an aralkyloxy group, or an alkaryloxy group; an
alkylthio group, an arylthio group, an aralkylthio
group, or an alkarylthio group; an alkylcarbonyloxy
group, an arylcarbonyloxy group, an aralkylcarbonyloxy
group, an alkarylcarbonyloxy group; 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 compound or,
with G = O and Q absent, such as aryloxy compounds
with a substituted aryl residue such as
pentafluorophenyl, paranitrophenyl or trichlorophenyl;
wherein Q is absent or NH or a heteroatom such as S or
O; -NH-NH2, or -NH-NH-; - -NO2; the nitril group; 



carbonyl groups such as the aldehyde group or the keto
group; the carboxy group; the -N=C=O group or the
-N=C=S group;vinyl halide groups such as the vinyl
iodide or the vinyl bromide group or triflate; -CC-H;
-(C=NH2Cl)-OAlkyl groups -(C=O)-CH2-HaI wherein Hal is
Cl, Br, or I; - -CH=CH-SO2-; a disulfide group
comprising the structure -S-S-; the group the group In
a preferred embodiment of the method of this
invention, the functional group Mi is reacted with an
OH-group on the hydroxyalkyl starch (or the optionally
oxidized or nonoxidized reducing end of hydroxyalkyl
starch). The functional group Mi in this embodiment is
preferably a carboxy group or a reactive carboxy group
and the functional group Q is an aldehyde group, keto
group or hemiacetal group, in particular the
bifunctional compound comprising Mi and Q is selected
from the group consisting of formylbenzoic acid,
4-formylbenzoic acid pentafluorophenyl ester,
4-formylbenzoic acid N-hydroxysuccinimide ester,
4-(4-formyl-3,5-dimethoxyphenoxy)butyric acid, and 4-
formylbenzoic acid anhydride, or a biocompatible
compound selected from the group consisting of
alpha-keto carboxylic acids, neuraminic acids or
derivatives thereof and pyridoxal phosphate. As
regards alpha-keto carboxylic acids, those are
preferably alpha-keto carboxylic acids 



derived from amino acids and can in most instances
also be found in the human body. Preferred alpha-keto
carboxylic acids derived from amino acids are selected
from the group consisting of keto-valine,
keto-leucine, keto-isoleucine and keto-alanine. In a
preferred embodiment of the method of this invention,
the carboxy group of the alpha-keto carboxylic acids
is reacted with an OH-group on the hydroxyalkyl starch
(or the optionally oxidized or non-oxidized reducing
end of hydroxyalkyl starch) or is reacted with group
Qof the hydroxyalkyl starch being an amino group. The
remaining free keto group of the alpha-keto carboxylic
acid may then be reacted to form the thiazolidine.
Accordingly, the present invention relates to a method
according to (a)(2)(i) or (a)(2)(ii), wherein the
hydroxyalkyl starch is reacted with an alpha-keto
carboxylic acid. As regards neuraminic or sialic acids
or derivatives thereof those are preferably
biocompatible, in particular they are sugars found in
the human body, which are N- and/or O-acetylated. In a
preferred embodiment, the neuramic acids or sialic
acids are N-acetyl neuramic acids. These compounds
show a desired rigidity because of the pyranose
structure in order to fulfill the function as a
spacer. On the other hand, it may be possible to
introduce an aldeyhde group into these compounds
through selective oxidation. Sialic acids are found in
the human body e.g. as terminal monosaccharides in
glycan chains of glycosylated proteins. In a preferred
embodiment, the sialic acid may be selectively
oxidized to an aldehyde group. Methods to selectively
oxidize sialic acids or neuramic acids are known in
the art, e.g. from L.W. Jaques, B.F. Riesco, W.
Weltner, Carbohydrate Research, 83 (1980), 2 1 - 32
and T. Masuda, S. Shibuya, M. Arai, S. Yoshida, T.
Tomozawa, A. Ohno, M. Yamashita, 



T. Honda, Bioorganic & Medicinal Chemistry Letters, 13
(2003), 669 - 673. Preferably the oxidation of the
sialic acid may be conducted prior to the reaction
with hydroxyalkyl starch. The optionally oxidized
sialic acid may then be reacted via its carboxylic
acid group with hydroxyalkyl starch. In a preferred
embodiment of the method of this invention, the
carboxy group of the oxidized sialic acid is reacted
with an OH-group on the hydroxyalkyl starch or the
optionally oxidized or non-oxidized reducing end of
hydroxyalkyl starch or is reacted with group Q of the
hydroxyalkyl starch being an amino group. The
remaining carbonyl group of the oxidized sialic acid
may then be reacted to form the thiazolidine.
Accordingly, the present invention relates to a method
according to (a)(2)(i) or (a)(2)(ii), wherein the
hydroxyalkyl starch is reacted with an oxidized sialic
acid.As regards pyridoxal phosphate (PyP), this is a
highly biocompatible bifunctional compound and is also
called vitamine B6. PyP is a co-enzyme which
participates in transaminations, decarboxylations,
racemizations, and numerous modifications of amino
acid side chains. AU PyP requiring enzymes act via the
formation of a Schiff s base between the amino acid
and the co-enzyme. In a preferred embodiment of the
method of this invention, the phosphate group of the
PyP is either reacted with an OH-group on the
hydroxyalkyl starch or the optionally oxidized or
non-oxidized reducing end of hydroxyalkyl starch
forming a phosphate group or is reacted with group Q
of the hydroxyalkyl starch being an amino group
forming a phosphoramide. The remaining carbonyl group
of PyP may then be reacted to form the thiazolidine.
In case of PyP, the functional group of the
hydroxyalkyl starch is preferably introduced into the
hydroxyalkyl starch by use of a diamino compound as
described above. 



Accordingly, the present invention relates to a method
according to (a)(2)(i) or (a)(2)(ii), wherein the
hydroxyalkyl starch is reacted with pyridoxal
phosphate. In a preferred embodiment in (a)(2)(i), the
functional group Mi is selected from the group
consisting of a carboxy group, a reactive carboxy
group, carboxylic acid anhydride, carboxylic acid
halogenide, isocyanate, isothiocyanate, chloroformic
acid ester, and epoxide groups and the functional
group Q is an aldehyde group, keto group or hemiacetal
group, wherein the functional group Mi is reacted with
OH-groups on the hydroxyalkyl starch. In a preferred
embodiment in (a)(2)(i), the functional group Mi is
selected from the group consisting of an amino group
and alpha-SH-beta-amino group and the functional group
Q is an alpha-SH-beta amino group, in particular
wherein the functional group Mi is reacted with the
optionally oxidized reducing end of the hydroxyalkyl
starch. In a preferred embodiment in (a)(2)(i), the
hydroxyalkyl starch comprising said alpha-SHbeta-
amino group is obtained by a method comprising
reacting hydroxyalkyl starch at the optionally
oxidized reducing end with a compound comprising a
functional group Mi and afunctional group Q being an
alpha-SH-beta-amino group, in particular wherein the
compound comprising M and the alpha-SH-beta-amino
group is l,3-diamino-2-thio propane, or
2,3-diamino-l-thio propane. In a preferred embodiment
in (a)(2)(ii) the at least bifunctional compound
comprises Mi being a carboxy group or a reactive
carboxy group and Q being a protected alpha-SH-beta
amino group, in particular wherein the at least
bifunctional compound is selected from the group
consisting of D-, L-PGi-Cys(PG2)-OH, or a racemic
mixture thereof, and their active ester, wherein PGi
may be any suitable protecting group for an amino
group, preferably 



selected from the group consisting of
ter/-butyloxycarbonyl (Boc) or 9-
fluorenylmethoxycarbonyl (Fmoc), and PG2 may be any
suitable protecting group for a thiol group,
preferably selected from the group consisting of
trityl (Trt), p-methoxytrityl (Mmt) S-tert-butylthio
(S-t-Bu), and acetamidomethyl (Acm). According to
(a)(2)(ii) the functional group Q is a group which is
further modified to give an aldehyde group, a keto
group, a hemiacetal group or an alpha-SH-beta amino
group. According to this embodiment, the hydroxyalkyl
starch derivative resulting from the reaction of
hydroxyalkyl starch, optionally oxidized at its
reducing end, with the at least bifunctional compound,
is reacted with a further at least bifunctional
compound comprising a functional group which is
reacted with the functional group Q of the
hydroxyalkyl starch derivative. In the preferred case
of (a)(2)(ii) both Mi and Q are an amino group -NH2,
Mi and Q may be separated by any suitable spacer.
Among others, the spacer may be an optionally
substituted, linear, branched and/or cyclic
hydrocarbon residue. Generally, the hydrocarbon
residue has from 1 to 40, preferably from 1 to 20,
more preferably from 2 to 10, more preferably from 2
to 6 and especially preferably from 2 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. The hydrocarbon residue may comprise an
optionally branched alkyl chain or an aryl group or a
cycloalkyl group having, e.g., from 5 to 7 carbon
atoms, or be an aralkyl group, an alkaryl group where
the alkyl part may be a linear and/or cyclic alkyl
group. According to an even more preferred embodiment,
the hydrocarbon residue is an alkyl chain of from 1 to
20, preferably from 2 



to 10, more preferably from 2 to 6, and especially
preferably from 2 to 4 carbon atoms.In one embodiment
of the method of the invention according to
(a)(2)(ii), it is preferred that the at least
bifunctional compound comprising Mi and Q is an
optionally substituted diaminoalkane having from 1 to
20 carbon atoms, preferably a compound being selected
from the group consisting of 1,2-diaminoethane,
1,3-diaminopropane, and 1,4- diaminobutane,
1,5-diaminopentane, 1,6-diaminohexane,
1,7-diaminoheptane, 1,8- diaminooctane,
1,9-diaminononane, 1,10-diaminodecane, 1,1
1-diaminoundecane, 1,12- diaminododecane,
1,13-diaminotridecane, 1,14-diaminotetradecane, 1,15-
diaminopentadecane, 1,16-diaminohexadecane,
1,17-diaminoheptadecane, 1,18- diaminooctadecane,
1,19-diaminononadecane, and 1,20-diaminoeicosane or a
compound having the formula H2N-[(CR
1R2')pO]q[CR3'R4']- NH2 wherein R1 , R2 , R3 , and R4
are independently selected from the group, consisting
of hydrogen, and alkyl group, preferably hydrogen and
methyl group, p is 2 to 4, wherein the residues R1 and
R2 may be the same or different in the p groups CR1R2
, q is 0 to 20, preferably 0 to 10; r is 0 to 20,
preferably 2 to 4, wherein in the case of q = 0, r is
not 0, and wherein the residues R3 and R4 may be the
same or different in the r groups CR3 R4 . A preferred
embodiment of the present invention also relates to a
method as described above, wherein the hydroxyalkyl
starch is reacted with a bifunctional compound that
may be selected from the group consisting of
1,2-diaminoethane, 1,3-diaminopropane, and 1,4-
diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane,
1,7-diaminoheptane, 1,8- diaminooctane,
1,9-diaminononane, 1,10-diaminodecane, 1,1
1-diaminoundecane, 1,12- diaminododecane,
1,13-diaminotridecane, 1,14-diaminotetradecane, 1,15- 



diaminopentadecane, 1,16-diaminohexadecane,
1,17-diaminoheptadecane, 1,18- diaminooctadecane,
1,19-diaminononadecane, and 1,20-diaminoeicosane or a
compound having the formula H2N-[(CR
rR2')pO]q[CR3'R4'] - NH2 wherein R1 , R2 , R3 , and R4
are independently selected from the group, consisting
of hydrogen, and alkyl group, preferably hydrogen and
methyl group, p is 2 to 4, wherein the residues R1 and
R2 may be the same or different in the p groups CR1R2
, q is 0 to 20, preferably 0 to 4, and r is 0 to 20,
preferably 2 to 4, wherein in the case of q = 0, r is
not 0, and wherein the residues R3 and R4 may be the
same or different in the r groups CR3 R4 ,in
particular 1,4-diaminobutane, to give an amino
functionalized hydroxyalkyl starch derivative and this
amino functionalized hydroxyalkyl starch derivative is
further reacted with an at least bifunctional compound
containing one functional group reactive with the
amino group of the amino functionalized hydroxyalkyl
starch and one functional group being at least one
aldehyde group, keto group, hemiacetal group or
alpha-SH-beta amino group. This further bifunctional
compound is preferably selected from the group
consisting of formylbenzoic acid, 4-formylbenzoic
acid, pentafluorophenyl ester, 4-formylbenzoic acid
N-hydroxysuccinimide ester,
4-(4-formyl-3,5-dimethoxyphenoxy)butyric acid, and 4-
formylbenzoic acid anhydride or a biocompatible
compound selected from the group consisting of
alpha-keto carboxylic acids, neuraminic acids or
derivatives thereof and pyridoxal phosphate. In
another embodiment of the method in (a)(2)(ii), the
hydroxyalkyl starch comprising said
alpha-SH-beta-amino group is obtained by a method
comprising optionally oxidizing hydroxyalkyl starch at
its reducing end, reacting the oxidized or
non-oxidized reducing end 



with a functional group M1 of a compound comprising,
in addition to Mi, a further functional group Q, to
give a first hydroxyalkyl starch derivative, and
reacting the functional group Q of the first
hydroxyalkyl starch derivative with a functional group
V of a compound comprising, in addition to V, an
optionally protected alpha-SH-beta-amino group, to
give the optionally protected alpha-SH-beta-amino
functionalized hydroxyalkyl starch derivative. The
functional groups M1 and Q are preferably as described
above. In a preferred embodiment the compound
comprising V and the optionally protected alpha-
SH-beta-amino group is cysteine or a derivative
thereof, V being a carboxy group or a reactive carboxy
group, preferably a reactive ester or a carboxylic
acid anhydride. Preferably, in (a)(2)(ii),
hydroxyalkyl starch in its non-oxidized form is
reacted with a bifunctional compound having an amino
group Mi and an amino group Q by reductive animation.
In particular, the bifunctional compound may be
selected from the group consisting of primary amines,
ammonia, 1,2-diaminoethane, 1,3-diaminopropane, and
1,4- diaminobutane, 1,5-diaminopentane,
1,6-diaminohexane, 1,7-diaminoheptane, 1,8-
diaminooctane, 1,9-diaminononane, 1,10-diaminodecane,
1,1 1-diaminoundecane, 1,12- diaminododecane,
1,13-diaminotridecane, 1,14-diaminotetradecane, 1,15-
diaminopentadecane, 1,16-diaminohexadecane,
1,17-diaminoheptadecane, 1,18-diaminooctadecane,
1,19-diaminononadecane, and 1,20-diaminoeicosane or a
compound having the formula H2N-[(CR'
'R2')pO]q[CR3'R4']- NH2 wherein R1 , R2 , R3 , and R4
are independently selected from the group, consisting
of hydrogen, and alkyl group, preferably hydrogen and
methyl group, p is 2 to 4, wherein the residues R1 and
R2 may be the same or different in the p groups CR1R2
, q is 0 to 20, 



preferably 0 to 4, and r is 0 to 20, preferably 2 to
4, wherein in the case of q = 0, r is not 0, and
wherein the residues R3 and R4 may be the same or
different in the r groups CR3 R4 , in particular 1,4
diaminobutane. Preferably, in (a)(2)(ii), the
hydroxyalkyl starch oxidized at its reducing end is
reacted with a bifunctional compound having an amino
group Mi and an amino group Q by a lactone
ring-opening reaction. In particular, the bifuntional
compound may be selected from the group consisting of
1,2-diaminoethane, 1,3-diaminopropane, and
1,4-diaminobutane, 1,5- diaminopentane,
1,6-diaminohexane, 1,7-diaminoheptane,
1,8-diaminooctane, 1,9- diaminononane,
1,10-diaminodecane, 1,1 1-diaminoundecane,
1,12-diaminododecane, 1,13-diaminotridecane,
1,14-diaminotetradecane, 1,15-diaminopentadecane,
1,16- diaminohexadecane, 1,17-diaminoheptadecane,
1,18-diaminooctadecane, 1,19- diaminononadecane, and
1,20-diaminoeicosane or a compound having the formula
H2N-[(CR 1'R2')pO]q[CR3'R4']-NH2 wherein R1 , R2 , R3
, and R4 are independently selected from the group,
consisting of hydrogen, and alkyl group, preferably
hydrogen and methyl group, p is 2 to 4, wherein the
residues R1 and R2 may be the same or different in the
p groups CR1R2 , q is 0 to 20, preferably 0 to 4, and
r is 0 to 20, preferably 2 to 4, wherein in the case
of q = 0, r is not 0, and wherein the residues R3 and
R4 may be the same or different in the r groups CR3 R4
, in particular 1,4 diaminobutane. Preferably, in
(a)(2)(ii), hydroxyalkyl starch is first reacted with
a bifunctional compound having an amino group Q,
preferably prepared as described above, and the
obtained amino functionalized hydroxyalkyl starch is
further reacted with a bifunctional compound having 



an activated carboxylic group and an aldehyde group,
keto group or hemiacetal group.In a particularly
preferred embodiment, the method of the invention in
(a)(2)(ii) comprises reacting the preferably oxidized
hydroxyalkyl starch with a compound having an amino
group Mi and an amino group Q, in particular a
diaminoalkyl compound, especially 1,4- diaminobutan,
and then reacting the amino functionalized
hydroxyalkyl starch with a compound selected from the
group consisting of optionally protected cysteine and
4- formyl benzoic acid. The active substance
comprising the at least one aldehyde group, keto
group, hemiacetal group or alpha-SH-beta amino group
can be provided by every suitable method. In a
preferred embodiment the active substance, preferably
an optionally modified protein, peptide, synthetic
peptide or oligonucleotide, comprising said aldehyde
group, keto group, hemiacetal group or said
alpha-SH-beta-amino group is obtained by a method
comprising (b)(l introducing at least one aldehyde
group, keto group, hemiacetal group or at least one
alpha-SH-beta-amino group into the active substance
during its preparation or by chemical modification, or
(b)(2)reacting the active substance with an at least
bifunctional compound, said compound comprising two
functional groups M2 and Q, one functional group M2
being reacted with the active substance and one
functional group Q being (i) an aldehyde group, keto
group, hemiacetal group or an alpha-SH-beta amino
group; or (ii) a functional group being chemically
modified to give the aldehyde group, keto group,
hemiacetal group or an alpha-SH-beta amino group.
Preferably in (b)(l), the active substance is a
protein or peptide which was prepared by 



organic synthesis, preferably produced using a
synthesis resin, allowing for an aldehyde
functionalized, keto functionalized, hemiacetal
functionalized or alpha-SH-beta-amino functionalized
protein or peptide, or wherein in (b)(l), the active
substance is a protein or peptide which was produced
using an expression vector leading to an aldehyde
functionalized, keto functionalized, hemiacetal
functionalized or alpha-SH-beta-amino functionalized
protein or peptide, or wherein in (b)(l), the active
substance is a protein or a peptide and the backbone
of the protein or peptide is substituted with an
aldehyde group, keto group, hemiacetal group or
alpha-SH-beta-amino group, or wherein in (b)(l), the
active substance is a protein or a peptide where said
aldehyde group, keto group,hemiacetal group or said
alpha-SH-beta-amino group is linked directly to the
backbone of the protein or peptide or is part of a
side-chain of the backbone. In a preferred embodiment
(b)(l), the active substance is obtained by
modification of the active substance, in particular of
a protein or a peptide by oxidation in order to
introduce an aldehyde group. In a preferred embodiment
the active substance is a protein or peptide and the
aldehyde group, keto group or hemiacetal group is
comprised in a carbohydrate moiety of the polypeptide,
in particular wherein the carbohydrate moiety is
selected from the group consisting of
hydroxyaldehydes, hydroxyketones and chemical
modifications thereof. The carbohydrate moiety may be
a derivative of a naturally occurring carbohydrate
moiety and is selected from the group consisting of
glucose, galactose, mannose, and sialic acid, which
are optionally chemically or enzymatically oxidized,
preferably an oxidized galactose or an oxidized sialic
acid residue of a carbohydrate side chain, more
preferably the terminal galactose or sialic acid
residue of a carbohydrate side chain, the oxidation of
a terminal 



carbohydrate moiety preferably being performed either
enzymatically or chemically, a chemical oxidation
preferably carried out using a periodate. In a
preferred embodiment the carbohydrate moiety is a
derivative of a naturally occurring carbohydrate
moiety and is a terminal galactose, which is
enzymatically or chemically oxidized, wherein the
terminal galactose residue is optionally obtained
after cleavage of a terminal sialic acid. In a
preferred embodiment the alpha-SH-beta-amino group is
comprised in a cysteine residue of the active
substance, preferably a protein or peptide, the
cysteine residue preferably being a N-terminal
cysteine residue of the active substance. In a
preferred embodiment the active substance is a
modified protein or peptide with an Nterminal cysteine
residue, which is not part of a disulfide bridge, in
particular wherein the modified protein or peptide
possessing an N-terminal cysteine residue is a mutant
of a naturally occurring protein or peptide, obtained
by (1) adding a cysteine residue to the Nterminal
amino acid, (2) substituting the N-terminal amino acid
with cysteine, or by (3) deleting the N-terminal amino
acid(s) until a terminal cysteine is obtained.In
peptides, the mentioned cysteine can be introduced
during synthesis. Peptide synthesis is know in the
art. (W. Chang, P. D. White ; Fmoc solid phase peptide
synthesis, a practical approach; Oxford University
Press, Oxford, 2000, ISBN 0199637245). Recombinant
polypeptides are obtainable by way of standard
molecular biological techniques as, for example,
described in Molecular Cloning: A Laboratory Manual,
3rd edition, Eds. Sambrook et al., CSHL Press 2001.
Briefly, polypeptides can be expressed from
recombinant expression vectors comprising a nucleic
acid encoding the desired polypeptide, which nucleic
acid is operably linked to at least one regulator
sequence 



allowing expression of the desired polypeptide. For
example, a nucleic acid sequence encoding the desired
polypeptide can be isolated and cloned into an
expression vector and the vector can then be
transformed into a suitable host cell for expression
of the desired polypeptide. Such a vector can be a
plasmid, a phagemid or a cosmid. For example, a
nucleic acid molecule can be cloned in a suitable
fashion into prokaryotic or eukaryotic expression
vectors {Molecular Cloning, see above). Such
expression vectors comprise at least one promoter and
can also comprise a signal for translation initiation
and - in the case of prokaryotic expression vectors -
a signal for translation termination, while in the
case of eukaryotic expression vectors preferably
expression signals for transcriptional termination and
for polyadenylation are comprised. Examples for
prokaryotic expression vectors are, for expression in
Escherichia coli e.g. expression vectors based on
promoters recognized by T7 RNA polymerase as described
in US 4,952,496, for eukaryotic expression vectors for
expression in Saccharomyces cerevisiae, e.g. the
vectors G426/Met25 or P526/Gall (Mumberg et al.,
(1994) Nucl. Acids Res., 22, 5767-5768), for the
expression in insect cells, e.g. Baculovirus vectors,
as e.g described in EP-B 1-0 127839 or EP-B 1-0549721
or by Ciccarone et al. ("Generation of recombinant
Baculovirus DNA in E.coli using baculovirus shuttle
vector" (1997) Volume 13, U. Reischt, ed. (Totowa, NJ:
Humana Press Inc.) and for the expression in mammalian
cells, e.g. the vectors Rc/CMW and Rc/ASW and
SW40-Vectors, which are commonly known and
commercially available, or the EBNA-system described
in Example 4, the Sindbis replicon-based pCytTS
(Boorsma et al. (2002) Biotechnol. Bioeng. 79(6):
602-609), the Sindbis virus expression system
(Schlesinger (1993) Trends Biotechnol. 11(1): 18-22)
or an Adenovirus expression system 



(He et al. (1998) Proc. Natl. Acad. Sci. USA
95:2509-2514). The molecular biological methods for
the production of these expression vectors as well as
the methods fortransfecting host cells and culturing
such transfected host cells as well as the conditions
for producing and obtaining the polypeptides of the
invention from said transformed host cells are well
known to the skilled person. Polypeptides with the
desired N-terminal cysteine residue can be generated
from the polypeptides expressed and purified as
described above by cloning the polypeptide of interest
behind an N-terminal leader sequence which is
removable to yield the polypeptides with the desired
N-terminal cysteine residue. This can be achieved, for
example, by proteolytic cleavage of the polypeptide
expressed and purified as described above. In such a
case, a fusion polypeptide was cloned, expressed and
purified wherein a cysteine residue follows directly a
highly selective protease cleavage site, for example a
Cys residue immediately following the Factor Xa
cleavage site: He (Glu/Asp) GIy Arg | (Cys/His), or a
His or Cys residue immediately following the
Enterokinase cleavage site: Asp Asp Asp Asp Lys |
(Cys/His), wherein | denotes the site of cleavage by
the protease. This can further be achieved, for
example, by cleavage of the polypeptide during
expression, for example cleavage at the stage of ER
translocation by the signal peptidase. In such a case,
a fusion polypeptide was cloned and expressed wherein
a Cys residue follows directly the signal peptide
directing the recombinant polypeptide to the secretory
pathway (for review see Rapoport et al., Annu Rev
Biochem. 1996;65:271-303). The molecular biological
methods to manipulate the coding sequence of a
recombinant polypeptide so that a coding sequence for
a polypeptide with the desired Cys residue at the 



desired position is generated are well known in the
art (Sambrook, above). The preferred embodiments for
(b)(2) are as described for (a)(2) above, in
particular functional groups M and Q are preferably as
described above for functional groups M and Q, as long
as the active substance contains a functional group
which is reactive with the group Mi as described
above. In a particularly preferred embodiment the
active substance is selected from a protein and
peptide and is obtained according to (b)(l) above,
preferably as described above.In a particular
preferred embodiment according to (A), hydroxyalkyl
starch comprising an aldehyde group is obtained by
(a)(2)(ii), preferably by reacting the preferably
oxidized hydroxyalkyl starch with a compound having an
amino group Mi and an amino group Q, in particular a
diaminoalkyl compound, especially 1,4-diaminobutan,
and then reacting the amino functionalized
hydroxyalkyl starch with a bifunctional compound
comprising an aldehyde group, in particular 4-formyl
benzoic acid, and then reacting the aldehyde group of
the hydroxyalkyl starch with an optionally protected
alpha-SH-beta-amino group of an active substance
obtained by (b)(2)(i), preferably by introducing an
optionally protected cysteine into the active
substance, in particular a protein or a peptide. In a
particular preferred embodiment according to (B), the
active substance comprising an aldehyde group is
obtained by (b)(l), in particular by introducing an
aldehyde group by chemical modification, preferably by
oxidizing a protein or peptide, and then reacting the
aldehyde group of the active substance with
hydroxyalkyl starch comprising an alpha-SHbeta- amino
group obtained by (a)(2)(ii), preferably by reacting
the preferably oxidized hydroxyalkyl starch with a
compound having an amino group Mi and an amino group
Q, in particular a diaminoalkyl compound, especially
1,4-diaminobutan, and then reacting the 



amino functionalized hydroxyalkyl starch with a
bifunctional compound comprising an
alpha-SH-beta-amino group, in particular cysteine. The
reaction of the invention according to (A) and (B) of
the active substance with the hydroxyalkyl starch may
be carried out in any suitable solvent or mixture of
at least two solvents and at a suitable pH and at a
suitable reaction temperature. In a preferred
embodiment, the reaction (A) or (B) is carried out at
a temperature of 0 to 40 C, preferably 0 to 25 C, in
particular 20 to 25 C, in the presence of a solvent,
and at a pH of 3.5 to 10, preferably 4 to 8, in
particular 4.8 to 8.0 with a reaction time of
preferably 0.1 to 24 h, in particular about 2 1 h. The
solvent is preferably selected from the group
consisting of water, aqueous buffer, DMF
(dimethylformamide), DMSO (dimethylsulfoxide), DMA
(dimethylacetamide) and mixtures thereof. The
molecular ratio of hydroxalkyl starch to active
substance is about 1:1 to 200:1, preferably 10:1 to
100:1, in particular 40:1 to 70:1.Furthermore, the
invention relates to a conjugate of an active
substance and hydroxyalkyl starch, as obtainable by a
method as described above. In another embodiment, the
invention relates to the conjugate of an active
substance and hydroxyalkyl starch, wherein the active
substance and the hydroxyalkyl starch are covalently
linked by a chemical residue having a structure
according to formula (I) or formula (V) or formula
(I") wherein Ri, R2, R2', R , R3' and R4 are
independently selected from the group consisting of
hydrogen, an optionally suitably substituted, linear,
cyclic and/or branched alkyl, aryl, 



heteroaryl, aralkyl, and heteroaralkyl group,
preferably hydrogen, said conjugate having a structure
according to formula (IV), (IV), or (IV")or wherein
HAS' is the residue of the hydroxyalkyl starch or a
derivative thereof which was linked to an aldehyde
group, keto group or hemiacetal group, and wherein AS'
is the residue of the active substance or a derivative
thereof which was linked to the alpha-SHbeta- amino
group, or a structure according to formula (V), (V),
or (V") (V)or wherein HAS' is the residue of the
hydroxyalkyl starch or a derivative thereof which was
linked to the alpha-SH-beta-amino group, and wherein
AS' is the residue of the active substance or a
derivative thereof which was linked to the aldehyde
group, keto group or hemiacetal group. In a preferred
embodiment, the conjugate is selected from the group
consisting of (IVb)wherein R5 is as defined for Ri to
R4 above, (V'a) wherein R5 is as defined for Ri to R
above,(Vb) (Vc) and wherein in formula IVa, IVb, Vb,
or V c n is an integer, preferably n is 0 to 20, and
where in formula Va, Vb, Vd, or V e n is an integer,
preferably n is 1 to 20. In a preferred embodiment of
formula IVb and of Vc, n is 2 to 4, in particular 2.
In a preferred embodiment the conjugate is 



(VI)wherein R', R" and/or R'" are as defined for
formula II and wherein, in at least one glucose unit
of HES, at least one of R', R" and/or R'" is
independently selected from the group consisting of
and and wherein n is an integer, preferably 1 to 20
and/or wherein at least one of R', R'" and/or R'" is
-(CH2CH2O)m-R#, wherein m is an integer, preferably 1
to 3, and R# is selected from the group consisting of
formula (Via), (VIb), (VIc) and (VId). In a further
embodiment, the invention relates to an alpha-SH-beta
amino functionalized hydroxyalkyl starch derivative
selected from the group consisting ofwherein R is as
defined for Ri to R4 above, and wherein n is an
integer, preferably 0 to 20, or the group consisting
of wherein R', R" and/or R'" are as defined for
formula II and wherein in at least one glucose unit of
HES, at least one of R', R" and/or R'" is
independently selected from the group consisting of
and and wherein n is an integer, preferably 1 to 20
and/or wherein at least one of R', R" and/or R'" is
-(CH2CH2O)m-R##, wherein m is an integer, preferably 1
to 3, and R## is selected from the group consisting of
formula (Vl'a), (Vl'b), and (VI'c). The abbreviations
HES" and HES' specifically used in the context of
formulae (VI) and (VI') refer to residues of the HES
molecule which, together with the carbohydrate
moietylinking HES" and HES' as shown in (VI) and
(VI'), constitute the HES molecule which in turn is
part of the conjugates as defined in (VI) and (VI1). 



In a further embodiment, the invention relates to a
conjugate as described above for use in a method for
the treatment of the human or animal body or as a
therapeutic agent. The conjugates according to the
invention may be at least 50% pure, even more
preferred at least 70% pure, even more preferred at
least 90%, in particular at least 95% or at least 99%
pure. In a most preferred embodiment, the conjugates
may be 100% pure, i.e. there are no other by-products
present. Therefore, according to another aspect, the
present invention also relates to a composition which
may comprise the conjugate(s) of the invention,
wherein the amount of the conjugate(s) may be at least
50 wt-%, even more preferred at least 70 wt-%, even
more preferred at least 90 wt-%, in particular at
least 95 wt.-% or at least 99 wt.-%. In a most
preferred embodiment, the composition may consist of
the conjugate(s), i.e. the amount of the conjugate(s)
is 100 wt.-%. Accordingly, the present invention also
relates to a pharmaceutical composition comprising a
conjugate as described above or a conjugate,
obtainable by a method as described above. Moreover,
the present invention also relates to a pharmaceutical
composition comprising a conjugate as described above
or a conjugate, obtainable by a method as described
above, said pharmaceutical composition further
comprising at least one pharmaceutically acceptable
diluent, adjuvant, or carrier.Short description of the
Figures Figure 1 shows an analysis of the crude
protein-HES conjugates by SDS gel electrophoresis
obtained by the thiazolidine formation from
H-Cys(H)-HES 10/0.4 and oxidized EPO. 



Lane X: Roti(r)-Mark STANDARD (Carl Roth GmbH + Co.
KG, Karlsruhe, D) Molecular weight marker from top to
bottom: 200 kDa, 119 kDa, 66 kDa, 43 kDa, 29 kDa, 20
kDa, 14.3 kDa Lane A: Conjugation of H-Cys(H)-HES
10/0.4 to oxidized EPO Figure 2 shows an analysis of
the crude protein-HES conjugates by SDS gel
electrophoresis of thiazolidine formation from a
H-Cys-Peptide-NH 2 and AldehydoHES. Lane X:
Roti(r)-Mark STANDARD (Carl Roth GmbH + Co. KG,
Karlsruhe, D) Molecular weight marker from top to
bottom: 200 kDa, 119 kDa, 66 kDa, 43 kDa, 29 kDa, 20
kDa, 14.3 kDa. Lane A: Conjugation of AldehydoHES
10/0.7 at pH 4.6 Lane B: Conjugation of
AldehydoHES50/0.7 at pH 4.6 Lane C: Reaction control:
Peptide at pH 4.6 Lane D: Conjugation of AldehydoHES
10/0.7 at pH 8.0 Lane E: Conjugation of
AldehydoHES50/0.7 at pH 8.0 Lane F: Reaction control:
Peptide at pH 8.0 Figure 3 shows an analysis of the
crude DNA-HES conjugates by agarose gel
electrophoresis obtained by the thiazolidine formation
from H-Cys(H)-HES50/0.7 and aldehyde-modified DNA as
described in experimental sections 8.4 - 8.5
hereinunder. Lane X: pUC19/Msp I marker (Carl Roth
GmbH + Co. KG, Karlsruhe, D). Molecular weight marker
from top to bottom: 501/489 bp, 404 bp, 331 bp, 242
bp, 190 bp, 147 bp, 111/l l Obp, 67 bp. Lane A, top
row: Conjugation of H-Cys(H)-HES50/0.7 to FBA-modified
DNA at pH 4.6 



as described in experimental section 8.5; Lane B, top
row: Reaction control; Conjugation of Oxo-HES50/0.7 to
FBA-modified DNA at pH 4.6 as described in
experimental section 8.5; Lane C, top row: Conjugation
of H-Cys(H)-HES50/0.7 to FBA-modified DNA at pH 8.0 as
described in experimental section 8.5;Lane D, top row:
Reaction control; Conjugation of Oxo-HES50/0.7 to
FBA-modified DNA at pH 8.0 as described in
experimental section 8.5; Lane E, top row: Reaction
control; FBA-modified DNA in water without
HES-derivative; Lane A, bottom row: Conjugation of
H-Cys(H)-HES50/0.7 to Formylindole-modified DNA at pH
4.6 as described in experimental section 8.5; Lane B,
bottom row: Reaction control; Conjugation of
Oxo-HES50/0.7 to Formylindolemodified DNA at pH 4.6 as
described in experimental section 8.5; Lane C, bottom
row: Conjugation of H-Cys(H)-HES50/0.7 to
Formylindole-modified DNA at pH 8.0 as described in
experimental section 8.5; Lane D, bottom row: Reaction
control; Conjugation of Oxo-HES50/0.7 to
Formylindolemodified DNA at pH 8.0 as described in
experimental section 8.5; Lane E, bottom row: Reaction
control; Formylindole-modified DNA in water without
HES-derivative. Figures 4 to 6 show the analysis of
the crude Daunorubicin-HES conjugate by HPLC reversed
phase chromatography, UV-detection at 290 nm, obtained
by thiazolidine formation from H-Cys(H)-HES50/0.7 and
Daunorubicin as described in experimental section 9.
hereinunder. Fig. 4 : HPLC analysis of the crude
conjugate; 



Fig.5: HPLC analysis of Daunorubicin: Fig. 6: HPLC
analysis of H-Cys(H)-HES50/0.7. Figures 7 to 9 show
the analysis of the crude Tylosin-HES conjugate by
HPLC reversed phase chromatography, UV-detection at
220 nm, obtained by thiazolidine formation from
H-Cys(H)-HES50/0.7 and Tylosin as described in
experimental section 9. hereinunder. Fig. 7: HPLC
analysis of the crude conjugate Fig. 8: HPLC analysis
of Tylosin Fig. 9: HPLC analysis of H-Cys(H)-HES50/0.7
Figure 10 shows the analysis of the crude peptide-HES
conjugates by SDS gel electrophoresis as described in
experimental section 10 hereinunder. Lane X:
Roti(r)-Mark STANDARD (Carl Roth GmbH + Co. KG,
Karlsruhe, D) Molecular weight marker from top to
bottom: 200 kDa, 119 kDa, 66 kDa, 43 kDa, 29 kDa, 20
kDa, 14.3 kDa.Lane A: Conjugation of HES 10/0.7 to
peptide at 21C, in DMF. Lane B: Conjugation of HES
10/0.7 to peptide at 37C, in DMF. Lane C: Reaction
control: Peptide at 5O0C in DMF Lane D: Conjugation of
HES 10/0.7 to peptide at 50C, pH 4.6 Lane E:
Conjugation of HES10/0.7 to peptide at 500C, in DMF
Lane F: Conjugation of HES10/0.7 to peptide at 500C,
pH 4.6, 1% Triton Lane G: Conjugation of HES10/0.7 to
peptide at 500C, in DMF, 1% Triton The invention will
be explained in more detail by way of the following
examples. Examples 1. Synthesis of
H-Cys(StBu)-HES10/0.4 



1.1 Synthesis of AminoHESlO/0.4 from oxidized HES
Oxo-HES 10/0.4 (4 g, MW = 10.9 kDa, DS = 0.4, Supramol
Parenteral Colloids GmbH, Rosbach-Rodheim, D) was
heated over night at 800C in vacuo, dissolved under
argon in dry dimethyl sulfoxide (25 mL, Fluka,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) and
1,4-diaminobutane (4.0 mL, Fluka, Sigma-Aldrich Chemie
GmbH, Taufkirchen, D) was added. After stirring at 45C
for 24 h the reaction mixture was added to 2-propanol
(125 mL, Carl Roth GmbH + Co. KG, Karlsruhe, D) and
incubated for 1 h at -200C. The precipitated product
was collected by centrifugation at 4C, washed with
2-propanol (100 mL) and collected by centrifugation.
The crude product was dissolved in water (20 mL,
Milli-Q), dialysed for 43 h against Milli-Q water
(SnakeSkin dialysis tubing, 3.5 kDa MWCO, Perbio
Sciences Deutschland GmbH, Bonn, D) and lyophilized.
The yield of isolated product was 65 %. 1.2 Synthesis
of Fmoc-Cys(StBu)-HES10/0.4 from AminoHES
Fmoc-Cys(S-tBu)-OH (150 mg, Fluka, Sigma-Aldrich
Chemie GmbH, Taufkirchen, D) and 1-hydroxy-
lH-benzotriazole (61.4 mg, Aldrich, Sigma-Aldrich
Chemie GmbH, Taufkirchen, D) were dissolved in
N,N-dimethylformamide (3.5 mL Peptide synthesis grade,
Biosolve, Valkenswaard, NL) and
N,N'-diisopropylcarbodiimide (54.3 mL,
Fluka,Sigma-Aldrich Chemie GmbH, Taufkirchen, D) were
added. After incubation at 21C for 30 min, AminoHES
10/0.4 (0.35 g), as obtained in 1.1. was added. After
stirring at room temperature over night the reaction
mixture was added to an ice-cold 1:1 mixture (35 mL,
v/v) of acetone (Carl Roth GmbH + Co. KG, Karlsruhe,
D) and ethanol (DAB, Sonnenberg, Braunschweig, D) and
incubated for 1 h at -20C. The precipitated product
was collected by centrifugation at 4C, dissolved in
water (20 mL, Milli-Q) and 



dichloromethane (Carl Roth GmbH + Co. KG, Karlsruhe,
D) was added (20 mL). The mixture was mixed thoroughly
and centrifuged. The aqueous upper layer was dialysed
for 4 1 h against Milli-Q water (SnakeSkin dialysis
tubing, 3.5 kDa MWCO, Perbio Sciences Deutschland
GmbH, Bonn, D) and lyophilized. The yield of isolated
product was 78 %. 1.3 Synthesis of
H-Cys(StBu)-HES10/0.4 from Fmoc-Cys(StBu)-HES10/0.4
Fmoc-Cys(S-tBu)HES 10/0.4 (0.35 g) as obtained in 1.2
was dissolved in piperidine solution (4mL , 20% in
DMF, v/v, Fluka, Sigma-Aldrich Chemie GmbH,
Taufkirchen, D). After stirring at room temperature
for 15 min the reaction mixture was added to an
ice-cold 1:1 mixture of acetone and ethanol (35 mL,
v/v) and incubated for 1 h at -200C. The precipitated
product was collected by centrifugation at 4C and
washed with tert-butyl methyl ether (25 mL, Acros
Organics, Geel, B) and incubated for 1 h at -200C. The
precipitated product was collected by centrifugation
at 4C and dried in a stream of nitrogen. The yield of
isolated product was 68 %. 2. Synthesis of
AldehydoHESlO/0.7 2.1 Synthesis of AminoHESlO/0.7 from
oxidized HES Oxo-HES 10/0.7 (6.02 g, MW = 14.7 kDa, DS
= 0.76, Supramol Parenteral Colloids GmbH,
Rosbach-Rodheim, D) was heated for 16.5 h at 800C in
vacuo, dissolved under argon in dry dimethyl sulfoxide
(25 mL, Fluka, Sigma-Aldrich Chemie GmbH, Taufkirchen,
D) and 1,4-diaminobutane (5.1 mL, Fluka, Sigma-Aldrich
Chemie GmbH, Taufkirchen, D) was added. After stirring
at 400C for 17 h the reaction mixture was added to an
ice-cold 1:1 mixture of acetone and ethanol (150 mL,
v/v). The precipitated product was collected by
centrifugation at 4C, washed with an ice-cold 1:1
mixture of acetone and 



ethanol (40 mL, v/v) and collected by centrifugation.
The crude product was dissolved in water (80 mL),
dialysed for 42 h against Milli-Q water (SnakeSkin
dialysis tubing, 3.5 kDaMWCO, Perbio Sciences
Deutschland GmbH, Bonn, D) and lyophilized. The yield
of isolated product was 67%. 2.2. Synthesis of
AldehydoHESlO/0.7 from AminoHES 4-Formylbenzoic acid
(75 mg, Lancaster Synthesis, Frankfurt/ Main, D) and
1-hydroxylH- benzotriazole ( 115 mg, Aldrich,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) were
dissolved in N,N-dimethylformamide (DMF, 5 mL, Peptide
synthesis grade, Biosolve, Valkenswaard, NL) and
N,N'-diisopropylcarbodiimide (102 mL, Fluka,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) was added.
After incubation at room temperature for 30 min
AminoHES 10/0.7 (0.5 g, MW = 14.7 kDa, DS = 0.76) was
added. After shaking at room temperature over night
the reaction mixture was added to 2-propanol (30 mL,
Carl Roth GmbH + Co. KG, Karlsruhe, D) and incubated
for 1 h at -20C. The precipitated product was
collected by centrifugation at 4C, washed with
2-propanol (30 mL) and collected by centrifugation.
The crude product was dissolved in water (10 mL,
Milli-Q), dialysed for 44 h against Milli-Q water
(SnakeSkin dialysis tubing, 3.5 kDa MWCO, Perbio
Sciences Deutschland GmbH, Bonn, D) and lyophilized.
The yield of isolated product was 86 %. 3. Synthesis
of AldehydoHES50/0.7 3.1. Synthesis of AminoHES50/0.7
from oxidized HES Oxo-HES50/0.7 (6.09 g, MW = 56.7
kDa, DS = 0.76, Supramol Parenteral Colloids GmbH,
Rosbach-Rodheim, D) was heated for 16.5 h at 80C in
vacuo, dissolved under argon in dry dimethyl sulfoxide
(32 mL, Fluka, Sigma-Aldrich Chemie GmbH, 



Taufkirchen, D) and 1,4-diaminobutane (1.2 mL, Fluka,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) was added.
After stirring at 40C for 17 h the reaction mixture
was added to an ice-cold 1:1 mixture of acetone and
ethanol (150 mL, v/v). The precipitated product was
collected by centrifugation at 4C, washed with an
ice-cold 1:1 mixture of acetone and ethanol (40 mL,
v/v) and collected by centrifugation. The crude
product was dissolved in water (80 mL), dialysed for
42 h against Milli-Q water (SnakeSkin dialysis tubing,
3.5 kDa MWCO, Perbio Sciences Deutschland GmbH, Bonn,
D) and lyophilized. The yield of isolated product was
82%.3.2. Synthesis of AldehydoHES50/0.7 from AminoHES
4-Formylbenzoic acid (124 mg, Lancaster Synthesis,
Frankfurt/ Main, D) and 1-hydroxylH- benzotriazole
(174 mg, Aldrich, Sigma-Aldrich Chemie GmbH,
Taufkirchen, D) were dissolved in
N,N-dimethylformamide (DMF, 38 mL, Peptide synthesis
grade, Biosolve, Valkenswaard, NL) and
N,N'-diisopropylcarbodiimide (155 mL, Fluka,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) was added.
After incubation at room temperature for 30 min
AminoHES50/0.7 (3.80 g, MW = 56.7 kDa, DS = 0.76) was
added. After shaking at room temperature over night
the reaction mixture was added to 2-propanol (160 mL,
Carl Roth GmbH + Co. KG, Karlsruhe, D) and incubated
for 1 h at -20C. The precipitated product was
collected by centrifugation at 4C, dissolved in DMF
(20 mL), precipitated with 2-propanol as described
above and collected by centrifugation. The crude
product was dissolved in water, dialysed for 24 h
against Milli-Q water (SnakeSkin dialysis tubing, 3.5
kDa MWCO, Perbio Sciences Deutschland GmbH, Bonn, D)
and lyophilized. The product was dissolved in water
(20 mL), precipitated with an ice-cold 1:1 mixture of
acetone and ethanol (150 mL, v/v), incubated for 1 h
at -20C and collected by centrifugation. The 



crude product was dissolved in water (29 mL), dialysed
for 24 h against Milli-Q water (SnakeSkin dialysis
tubing, 10 kDa MWCO, Perbio Sciences Deutschland GmbH,
Bonn, D) and lyophilized. The yield of isolated
product was 77 %. 4. Thiazolidine formation from
H-Cys(H)-HES 10/0.4 and oxidized EPO 4.1. Deprotection
of H-Cys(StBu)-HES10/0.4 H-Cys(StBu)-HES 10/0.4 (10
mg) as obtained in example 1 was dissolved in sodium
acetate buffer ( 1 mL, 0.1 M, pH 4.6, 10 mM EDTA) and
tris-(2-carboxyethyl)-phosphine hydrochloride (2.8 mg,
TCEP, Acros Organics, Geel, B) was added. The reaction
mixture was incubated for 30 min at room temperature
and the TCEP excess was removed by diafiltration: The
reaction mixture was diluted with buffer (sodium
phosphate buffer, 0.1 M, pH 8.0, 1 mM EDTA) to 0.5 mL
and centrifuged at 20C for 10 min at 13000 x g in a
Vivaspin 500 concentrator (Viva Science, 5 kDa MWCO,
Hannover, Germany). The washing procedure was repeated
three times by dilution of the residual solution with
buffer to 0.5 mL andcentrifugation for 35 min as
described. The H-Cys(H)-HES 10/0.4 solutions was
diluted with same reaction buffer to 150 mL having a
final calculated concentration of 66.6 mg/mL. 4.2.
Conjugation to oxidized EPO To prepare the oxidized
EPO, a 2.0 mg/mL solution of EPO (recombinantly
produced EPO having amino acid sequence of human EPO
and similar or essentially the same characteristics as
the commercially available Epoietin alpha: Erypo,
ORTHO BIOTECH, Jansen-Cilag or Epoietin beta:
NeoRecormon, Roche; cf. EP 0 148 605, EP 0 205 564, EP
0 4 11 678) of total 20 mL kept at 0C were added 2.2
mL of an ice-cold solution of 10 mM sodium
meta-periodate resulting in a final concentration of 1
mM sodium meta-periodate. 



The mixture was incubated at 0C for 1 hour in an
ice-bath in the dark and the reaction was terminated
by addition of 40 mL of glycerol and incubated for
further 5 minutes. The buffer of the mixture was
changed to sodium acetate buffer pH 5.5. To the
obtained oxidized EPO (14.9 mL, 1.34 mg/mL, sodium
acetate buffer pH 5.5), the H-Cys(H)-HES 10/0.4
solution (5 mL) as obtained in 4.1. was added. After
incubation for 2 1 h at room temperature, the reaction
mixture was analysed by SDS gel electrophoresis. A
XCeIl Sure Lock Mini Cell (Invitrogen GmbH, Karlsruhe,
D) and a Consort E143 power supply (CONSORTnv,
Turnhout, B) were employed for SDS gel
electrophoresis. A 10 % Bis/Tris gel together with a
MOPS running buffer at reducing conditions (both
Invitrogen GmbH, Karlsruhe, D) were used according to
the manufacturers instruction. 5. Thiazolidine
formation from H-Cys(H)-Peptide-NH2 and AldehydoHES A
solution of the peptide carrying a free cysteine
residue at its N-terminus (2 mL, 15 mg, 3147 g/mol,
7.5 mg/mL in DMF, H-CLPSLEGNMQQPSEFHCMMNWSSHIAAC-NH2,
obtained by standard Fmoc solid phase synthesis and
purified by HPLC) was added to 20 mL of a solution of
AldehydoHES (see Table 1) in reaction buffer (see
Table 1, degassed for 15 min in an ultrasonic bath)
and the mixture was incubated over night at room
temperature. For analysis by SDS gel electrophoresis,
a XCeIl Sure Lock Mini Cell (Invitrogen GmbH,
Karlsruhe, D) and a Consort E143 power supply
(CONSORTnv, Turnhout, B) were employed. A 12 %
Bis/Tris gel together with a MES running buffer
atreducing conditions (both Invitrogen GmbH,
Karlsruhe, D) were used according to the manufacturers
instruction. Table 1: Reaction conditions 6. Results 



The results of the experiments can be seen in the
Figures. Two different strategies were conducted as
can bee seen in the above examples. In one case (see
4.), the carbonyl group was introduced into the glycan
of EPO by periodate oxidation and conjugated to an
alpha-SH-beta amino group containing HES. This
HES10/0.4 derivative was synthesized in two steps from
HES, oxidized at the reducing end. The oxidized HES
was converted by a known procedure to an AminoHES (see
1.1.) followed by acylation with a protected cysteine
(Fmoc-Cys(StBu)-OH) (see 1.2.) and deprotection (see
1.3.). The other route (see 5.) utilised an
AldehydoHES 10/0.7 and an AldehydoHES50/0.7 (see 2.2.
and 3.2.), synthesized by acylation of the known
AminoHES (see 2.1. and 3.1.) with 4-formylbenzoic acid
and a peptide, carrying an unprotected cysteine at its
N-terminus. Complete to almost complete conversion was
obtained by both strategies (see Fig. 1 and 2). The
conjugation of AldehydoHES to the Cys-peptide
proceeded equally well at pH 4.6 and pH 8.0 (see Fig
2, Lane A and D or Lane B and E). The reaction of the
peptide at these reaction conditions with HES 10/0.7
or HES50/0.7 failed. Under modified reaction
conditions, success might be expected.The method
according to this invention has the advantage for
proteins that mutants with Nterminal cysteine residues
are obtainable through expression, while other
modifications of proteins that would also allow for a
chemoselective conjugation might not be available
through this route. Therewith is it expected that a
selective reaction with hydroxyalkyl starch, in
particular hydroxyethyl starch through the N-terminal
residue of the protein is permitted. A further
advantage of the method according to the invention is
the chemoselectivity of the reaction of the aldehyde,
keto or hemiacetal group with the alpha- SH-beta amino
group. Therefore, no reaction with the functional
groups of the side chains 



of e.g. a protein or peptide is expected. 7. Synthesis
of H-Cys(H)-HES50/0.7 7.1 Synthesis of AminoHES50/0.7
from oxidized HES C-XO-HES50/0.7 (10.1 g, MW = 44.2
kDa, DS = 0.7, Lot 502, Supramol Parenteral Colloids
GmbH, Rosbach-Rodheim, D) was heated for 72 h at 80C
in vacuo, dissolved under argon in dry dimethyl
sulfoxide (52 mL, Fluka, Sigma-Aldrich Chemie GmbH,
Taufkirchen, D) and 1,4-diaminobutane (2.3 mL, Fluka,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) was added.
After stirring at 45C for 19.5 h the reaction mixture
was added drop-wise to an 1:1 mixture (400 mL, v/v) of
acetone (Carl Roth GmbH + Co. KG, Karlsruhe, D) and
ethanol (DAB, Sonnenberg, Braunschweig, D). The
precipitated product was collected by centrifugation.
The crude product was dissolved in water (100 mL,
Milli- Q), dialysed (SnakeSkin dialysis tubing, 10 kDa
MWCO, Perbio Sciences Deutschland GmbH, Bonn, D) for
24 h against 20 mM acetic acid and 3.5 h against
water. The yield of isolated product after
lyophilization was 84 %. 7.2 Synthesis of
Fmoc-Cys(StBu)-HES50/0.7 from AminoHES50/0.7
Fmoc-Cys(S-tBu)-OH (293.1 mg, Fluka, Sigma-Aldrich
Chemie GmbH, Taufkirchen, D) and 1-hydroxy-
lH-benzotriazole (155.9 mg, Iris Biotech GmbH,
Marktredwitz, D) were dissolved in
N,N-dimethylformamide (30 mL Peptide synthesis grade,
Biosolve, Valkenswaard, NL) and
N,N'-diisopropylcarbodiimide (138 mL, Fluka,
Sigma-Aldrich Chemie GmbH, Taufkirchen, D) were added.
After incubation at 21C for 30 min,AminoHES50/0.7
(3.00 g), obtained as described in 7.1 was added.
After stirring at room temperature over night the
reaction mixture was added to an 1: 1 mixture (230 mL,
v/v) of acetone (Carl Roth GmbH + Co. KG, Karlsruhe,
D) and ethanol (DAB, Sonnenberg, 



Braunschweig, D). The precipitated product was
collected by centrifugation, dissolved in DMF (30 mL)
and precipitated again as described above. After
centrifugation, the crude product was dissolved in
water (30 mL, Milli-Q), dialysed for 28 h against
Milli-Q water (SnakeSkin dialysis tubing, 10 kDa MWCO,
Perbio Sciences Deutschland GmbH, Bonn, D) and
lyophilized. The yield of isolated product was 98 %.
7.3 Synthesis of H-Cys(StBu)-HES50/0.7 from
Fmoc-Cys(StBu)-HES50/0.7 Fmoc-Cys(StBu)HES50/0.7 (2.62
g), obtained as described in 7.2 was dissolved in DMF
(20 mL) and piperidine (5 mL , Fluka, Sigma-Aldrich
Chemie GmbH, Taufkirchen, D) was added. After stirring
at room temperature for 15 min the reaction mixture
was added to an 1:1 mixture of acetone and ethanol
(190 mL, v/v). The precipitated product was collected
by centrifugation, dissolved in DMF (25 mL) and
precipitated again as described above. After
centrifugation, the crude product was dissolved in
water (25 mL, Milli-Q) dialysed for 45 h against
Milli-Q water (SnakeSkin dialysis tubing, 10 kDa MWCO,
Perbio Sciences Deutschland GmbH, Bonn, D) and
lyophilized. The yield of isolated product was 83 %.
7.4 Synthesis of H-Cys(H)-HES50/0.7 from
H-Cys(StBu)-HES50/0.7 H-Cys(S-tBu)HES50/0.7 (0.50 g),
obtained as described in 7.3 was dissolved in 50 mM
tris-(2-carboxyethyl)-phosphine hydrochloride solution
(5 mL, TCEP, Acros Organics, Geel, B in 0.1 M sodium
acetate buffer pH 5.0). After stirring at room
temperature for 1 h the reaction mixture was dialysed
(SnakeSkin dialysis tubing, 10 kDa MWCO, Perbio
Sciences Deutschland GmbH, Bonn, D) for 22 h against 5
mM aqueous EDTA (Fluka, Sigma-Aldrich Chemie GmbH,
Taufkirchen, D in Milli-Q water) and 1 h against water



(Milli-Q) and lyophilized. The yield of isolated
product was 97 %.8. Conjugation to DNA 8.1
Hybridisation of Formylindol-modified DNA
5'-Formylindol-modified DNA (the Formylindole
modification, i.e. the 3-Formylindolemodification, was
introduced according to A. Okamoto et al., Tetrahedron
Lett. 2002, 43, 4581-4583; 200 mL, atdbio,
Southampton, UK, lot A0795, M = 9361 g/mol, c = 37.8
mM in water, sequence:
XTACTCACCCTGCGAATTCAACTGCTGCCTC) and the unmodified
complementary strand (199 mL, atdbio, Southampton, UK,
lot A0794, M = 9376 g/mol, c = 38.2 mM in water,
sequence: GAGGCAGCATTGAATTCGCAGGGTGAGTA) were
hybridized in a 1 : 1 molar ratio based on the
concentrations given by the manufacturer. The
solutions were mixed and incubated at 95C for 5 min,
resulting in a final concentration of 0.356 mg/mL
double strand DNA. 157 mL (55.9 mg) was lyophilised
over night and dissolved water (27.9, Milli- Q)
resulting in a calculated final concentration of 2
mg/mL. The concentrations are calculated and were not
checked experimentally. 8.2 Hybridisation of
5'-Amino-C6-modified DNA 5'-Amino-C6-modified DNA
(59.1 nmol, biomers.net GmbH, UIm, D, lot 00033426 1
DNA, M = 9218 g/mol, 59.1 nmol, sequence:
TACTCACCCTGCGAATTCAACTGCTGCCTC) was dissolved in water
(100 ml; Milli- Q). It (38.78 mL, 595 mM) was
hybridized in a 1 : 1 molar ratio based on the
concentrations given by the manufacturer to the
unmodified complementary strand (600 mL, atdbio,
Southampton, UK, lot A0794, M = 9376 g/mol, c = 38.2
mM in water, sequence: GAGGCAGCATTGAATTCGCAGGGTGAGTA).
The solutions were mixed and 



incubated at 95C for 5 min, resulting in a final
calculated concentration of 0.667 mg/mL double strand
DNA. The concentrations were calculated and not
checked experimentally. 8.3 Formation of an
FBA-modified DNA from 5'-Amino-C6-modified DNA
Succinimidyl 4-formylbenzoate (50 mL, 4 mg/mL in DMF,
Novabiochem, Merck KGaA, Darmstadt, D) was added to
double stranded 5'-Amino-C6-modified DNA, obtained as
described in 8.2 (500 mL, 0.667 mg/mL in water) and
the clear solution was incubated for 5h at 21C. The
reaction mixture was centrifuged at 21C for 15 min at
13000 x g in a Vivaspin 500 concentrator (Viva
Science, 5 kDa MWCO, Hannover, Germany). The washing
procedure was repeated three times by dilution of the
residual solution with water (Milli-Q) to 0.5 mL and
centrifugation for 12 min as described. The DNA
solution was diluted with water to 167 mL, resulting
in a final calculated concentration of 2 mg/mL. The
concentrations were calculated and not checked
experimentally. 8.4 Thiazolidine formation from
H-Cys(H)-HES50/0.7 and Formylindol-modified DNA A
HES50/0.7-derivative solution (4 mL, 147.5 mg/mL, see
Table 1) in reaction buffer (see Table 2 hereinafter)
was added to an aqueous solution of
Formylindol-modified DNA (1.4 mL, 2 mg/mL), obtained
as described in 8.1. After incubation for 14 h at 21C,
the reaction mixture was analysed by agarose gel
electrophoresis. An Agagel Standard system and a
Minicell Power Pack P20 power supply (both Biometra
GmbH, Gdttingen, D) were employed. 2 % agarose NEEO
Ultra-Qualitat (Carl Roth GmbH + Co. KG, Karlsruhe, D)
together with a 0.5 x TBE running buffer were used for
1 h at 55 V. A Gel Doc 2000 gel documentation system
together with the software Quality One V4.0.3 (both
BIO-RAD Laboratories, Mnchen, D) were employed. The
results of the experiments can be seen in 



Figure 2. Table 2 : Reaction conditions8.5
Thiazolidine formation from H-Cys(H)-HES50/0.7 and
FBA-modified DNA A HES50/0.7-derivative solution (4
mL, 147.5 mg/mL, see Table 3 hereinafter) in a
reaction buffer (see Table 3 hereinafter) was added to
an aqueous solution of FBAmodified DNA (1.5 mL, 2
mg/mL), obtained as described in 8.3. After incubation
for 14 h at 21C, the reaction mixture was analysed by
agarose gel electrophoresis as described in 8.4. The
results of the experiments can be seen in Figure 3.
Table 3: Reaction conditions 9. Conjugation to small
organic molecules (here: antibiotics (Daunorubicin)
and cytostatics (Tylosin)) Conjugation to small
organic molecules by thiazolidine formation
H-Cys(H)-HES50/0.7 ( 11.0 mg), obtained as described
in 7.4, was dissolved in a small organic molecule
solution (44 mL, having concentration [A] mg/mL, 13.4
equiv., see Table 4 hereinafter) in DMF (see Table 4
hereinafter), incubated at 21C over night and 40 mL of
the reaction mixture was analysed by HPLC. The results
of the experiments can be seen in Figures 4 to 9.
Daunorubicin (Fluka, Sigma-Aldrich, Taufkirchen, D)
and Tylosin tartrate (both BioChemika grade, Fluka,
Sigma-Aldrich, Taufkirchen, D) were employed as small
organic molecules.For HPLC analysis a ReproSil-PUR
Basic Cl 8 column 150 x 4.6 mm i. d. (Order #
R15.B9.S1546, Dr. Maisch GmbH, Ammerbuch, D) and an
Akta Basic chromatography system (Pump P900 Ser. # 0
1118816, UV-detector UV900 Ser. # 0 1120613,
pH/conductivity-detector pH/C900 Ser.# 01120665,
fraction collector Frac900 Ser. # 



0 112001 1 and software Unicorn 5.0 Ser. # 0 1119821,
all Amersham Biosciences, Freiburg, D) were used. The
following method was applied for all analyses: -
Buffer A: water with 0.1 TFA (Rotisolv LC-MS Garde,
Carl Roth GmbH + Co. KG, Karlsruhe, D) Buffer B: A
mixture of 15 % water with 0.1 TFA and 85 %
acetonitrile with 0.1% TFA (both Rotisolv LC-MS grade,
Carl Roth GmbH + Co. KG, Karlsruhe, D). Gradient: 0 %
buffer B in 2 column volumes (CV); linear gradient 0 -
50 % buffer B in 15 CV, linear gradient 50 - 100 %
buffer B in 7 CV, 100 % buffer B for 7 CV, 0 % buffer
B for 5 CV. UV-Detection at 220 and 290 nm. Flow rate:
2 mL/min. Table 4: Reaction conditions 10.
Thiazolidine formation from H-Cys-Peptide and native
HES A solution of a peptide carrying a free cysteine
residue at its N-terminus ( 1 mL, 20 mg, 2528 g/mol,
20 mg/mL in DMF, Sequenze
H-Cys-Asn-Thr-Arg-Lys-Arg-Ile-Arg-Ile-Gln-
Arg-Gly-Pro-Gly-Arg-Ala-Phe-Val-Thr-Ile-Gly-Lys-OH,
SC623, NeoMPS S.A., Strasbourg, F) was added to 9 mL
of a solution of HES 10/0.7 (408 mg/mL in [Reaction
Buffer] (see Table 5 below), MW = 9.2 kDa, DS = 0.7,
Lot 437, Supramol Parenteral Colloids GmbH,
Rosbach-Rodheim, D), Triton-XIOO solution ( 1 mL, 10 %
in water) was added to selected reactions (see Table 5
below) and the mixtures were incubated over nightat
[B] 0C (see Table 5 below). For analysis by SDS gel
electrophoresis, a XCeIl Sure Lock Mini Cell
(Invitrogen GmbH, Karlsruhe, D) and a Consort E143
power supply 



(CONSORTnv, Turnhout, B) were employed. A 12 %
Bis/Tris gel together with a MOPS running buffer at
reducing conditions (both Invitrogen GmbH, Karlsruhe,
D) were used according to the manufacturers
instruction. The results of the experiment can be seen
in Figure 10. Table 5: Reaction conditions ' without
HES 11. Results of the experiments according to items
8 to 10 above 11.1 Conjugation to DNA by thiazolidine
formation (item 8 above) Conjugation to DNA by
thiazolidine formation was achieved with two different
aldehydemodified DNAs (see item 8. hereinabove). The
necessary DNA-aldehyds were either commercially
available in the case of Formylindole-modified DNA
(see item 8.1 hereinabove) or were prepared from
commercially available 5'-Amino-DNA and Succinimidyl
4-formylbenzoate (see item 8.3 hereinabove). The
alpha-SH-beta amino group containing HES
(H-Cys(H)-HES50/0.7) was prepared from H-Cys(StBu)-
HES50/0.7 by reduction withTCEP and purified by
precipitation and dialysis (see item 7.4 hereinabove).
H-Cys(StBu)-HES50/0.7 was prepared in analogy to
H-Cys(StBu)- HES10/0.4 (see item 4.1 hereinabove). The
results of the conjugation to both aldehydemodified
DNAs are shown in Fig. 3. Successful conjugation was
indicated by the appearance of a new band at higher
molecular weight. Its increased band width was due to
the molecular weight distribution of the HES part of
the conjugate. Conjugation was achieved at pH 4.6
(Lane A) or pH 8.0 (Lane C). No conjugation was
observed with OxoHES50/0.7, the starting material for
H-Cys(H)-HES50/0.7 (Lane B and D). 11.2 Conjugation to
small organic molecules (item 9 above) 



Conjugation to small organic compounds by thiazolidine
formation was achieved for a cytostatic drug
(Daunorubicin, see Fig. 4 hereinunder) and an
antibiotic (Tylosin, see Fig. 7 hereinunder). The
alpha-SH-beta amino group containing HES starting
material (the same concentration as in the conjugation
reaction) appeared as a broad band with a retention
time around 10 min (see Figs. 6, 9 hereinunder). Its
increased peak width was due to the molecular weight
distribution of the HES. The HPLC analyses of the
small organic compounds (the same concentration as in
the conjugation reaction) are shown in Fig. 5 and 8.
Successful conjugation is indicated by the appearance
of a new broad peak at retention times between that of
the HES starting material and that of the small
organic compound (Figs. 4, and 7). Again, the broad
peak form reflected the molecular weight distribution
of the HES part of the conjugate. 11.3 Conjugation
using native HES (item 10 above) Conjugation to native
HES by thiazolidine formation was achieved for a
peptide carrying a free cysteine residue at its
N-terminus (see item 10. hereinabove) in DMF as the
solvent in a temperature range between 2 1 C - 50 C
(Fig. 10 Lanes A, B and E) or in aqueous buffer at pH
4.6 at 50 C (Fig. 10, Lane D). Conjugation was also
observed in the presents of the detergent Triton X-100
at 50 0C (Fig. 10, Lanes F and G). Successful
conjugation was indicated by the appearance of a new
band at higher molecular weight. Its increased band
width was due to the molecular weight distribution of
the HES part of the conjugate. Thus, it could be shown
that conjugation of native HES with a Cys-peptide is
generally possible, even under various different
conditions, as pointed out under item 6.
hereinabove.Claims 1. A method for preparing a
conjugate of an active substance and hydroxyalkyl
starch, 



wherein the active substance and the hydroxyalkyl
starch are covalently linked by a chemical residue
having a structure according to formula (I) or formula
(F) or formula (I") wherein Ri, R2, R2 , R , R3- and
R4 are independently selected from the group
consisting of hydrogen, an optionally suitably
substituted, linear, cyclic and/or branched alkyl,
aryl, heteroaryl, aralkyl, and heteroaralkyl group,
preferably hydrogen, said method comprising (A)
reacting an aldehyde group, a keto group or a
hemiacetal group of a hydroxyalkyl starch or a
derivative thereof comprising said aldehyde group,
keto group or hemiacetal group with an alpha-SH-beta
amino groupof an active substance or a derivative
thereof comprising said alpha-SH-beta amino group,
thereby preparing a conjugate of said active substance
and said hydroxyalkyl starch being covalently linked
by a chemical residue having a structure according to
formula (I); or with an alpha-SH-beta amino group of
an active substance or a derivative thereof comprising
said alpha-SH-beta amino group, thereby preparing a
conjugate of said active substance and said
hydroxyalkyl starch being covalently linked by a
chemical residue having a structure according to
formula (V), or with an alpha-SH-beta amino group of
an active substance or a derivative thereof comprising
said alpha-SH-beta amino group, thereby preparing a
conjugate of said active substance and said
hydroxyalkyl starch being covalently linked by a
chemical residue having a 



structure according to formula (I"), wherein R R2,
R2', R3, R3- and R4 are as defined above; or (B)
reacting an aldehyde group, a keto group or a
hemiacetal group of an active substance or a
derivative thereof comprising said aldehyde group,
keto group or hemiacetal group with an alpha-SH-beta
amino group of a hydroxyalkyl starch derivative
comprising said alpha-SH-beta amino group, thereby
preparing a conjugate of said active substance and
saidhydroxyalkyl starch being covalently linked by a
chemical residue having a structure according to
formula (I); or with an alpha-SH-beta amino group of a
hydroxyalkyl starch derivative comprising said
alpha-SH-beta amino group, thereby preparing a
conjugate of said active substance and said
hydroxyalkyl starch being covalently linked by a
chemical residue having a structure according to
formula (F); or with an alpha-SH-beta amino group of a
hydroxyalkyl starch derivative comprising said
alpha-SH-beta amino group, thereby preparing a
conjugate of said active substance and said
hydroxyalkyl starch being covalently linked by a
chemical residue having a structure according to
formula (I"), wherein R1, R2, R ', R , R3' and R4 are
as defined above. 2. The method of claim 1, wherein
the hydroxyalkyl starch has the following structure
(H) wherein R , R and R are independently hydrogen, a
linear or branched hydroxyalkyl group or the group 



- [(CR1R 1nO]n[CR3R4] - OH wherein R1, R2, R3, and R4
are independently selected from the group, consisting
of hydrogen, and alkyl group, preferably hydrogen and
methyl group,m is 2 to 4, wherein the residues R1 and
R may be the same or different in the m groups CR1R2;
n is 0 to 20, preferably 0 to 4; o is 0 to 20,
preferably 2-4, wherein in the case of n = 0, o is not
0, and wherein the residues R3 and R4 may be the same
or different in the o groups CR3R4. 3. The method of
claim 2, wherein R , R and R are independently
hydrogen or a 2- hydroxyethyl group. 4. The method of
any of claims 1 to 3, wherein the hydroxyalkyl starch
is hydroxyethyl starch. 5. The method of claim 4,
wherein the hydroxyethyl starch has a molecular weight
of from 1 to 300 kD, more preferably from 2 to 200 kD,
more preferably of from 10 to 150 KD or 4 to 130 kD,
more preferably from 10 to 100 kD. 6. The method of
any of claims 4 or 5, wherein the hydroxyethyl starch
has a molar substitution of from 0.1 to 3, preferably
0.1 to 2, more preferred 0.1 to 0.9 or 0.4 to 2,
preferably 0.4 to 1.3. 7. The method of any of claims
4 to 6, wherein the hydroxyethyl starch has a
preferred ratio between C2 : C6 substitution in the
range of from 2 to 20 with respect to the hydroxyethyl
groups. 8. The method of any of claims 1 to 7, wherein
the active substance is selected from the 



group consisting of proteins, peptides, small molecule
drugs, active agents, glycoproteins and
oligonucleotides, such as DNA, RNA, PNA or derivatives
thereof. 9. The method of claim 8, wherein the active
substance is selected from the group consisting of
proteins, peptides and PNA comprising an alpha-SH-beta
amino group, preferably comprising a cysteine group,
in particular an N-terminal cysteine.10. The method of
any of claims 8 or 9, wherein the protein is selected
from the group consisting of EPO, G-CSF, IFN alpha,
IFN beta, AT III, IL-2, IL-3, myoglobin, SOD, BSA,
rhEPO, rhG-CSF, rhIFN alpha, rhIFN beta, rhAT III,
rhIL-2, rhIL-3, AlAT, factor VII, factor VIII, factor
IX, tPA, and APC. 11. The method of claim 8, wherein
the active substance is selected from the group
consisting of proteins, glycoproteins or peptides
comprising an aldehyde, keto group or hemiacetal
group, preferably glycoproteins containing an aldehyde
in a glycan side chain or synthetic peptides. 12. The
method of any of the preceding claims, wherein the
hydroxyalkyl starch or derivative thereof comprises 1
to 100, preferably 1 to 15, in particular 1 aldehyde
group(s), keto group(s) and/or hemiacetal group(s) or
wherein the hydroxyalkyl starch or derivative thereof
comprises 1 to 100, preferably 1 to 15, in particular
1 alpha-SH-beta amino group(s). 13. The method of any
of the preceding claims, wherein the active substance
comprises 1 to 15, preferably 1 to 8, in particular 1
aldehyde group(s), keto group(s) and/or hemiacetal
group(s) or wherein the active substance comprises 1
to 15, preferably 1 to 8, in particular 1
alpha-SH-beta amino group(s). 14. The method of any of
the preceding claims, wherein according to (A), the
hemiacetal 



group of the hydroxyalkyl starch is the hemiacetal
group of the reducing end of the hydroxyalkyl starch
in its non-oxidized form. 15. The method of any of
claims 1 to 14, wherein the hydroxyalkyl starch
derivative comprising said aldehyde group, keto group,
hemiacetal group or said alpha-SH-beta amino group is
obtained by a method comprising (a)(l) introducing at
least one aldehyde group in the hydroxyalkyl starch by
a ringopening oxidation reaction, or (a)(2) reacting
the hydroxyalkyl starch with at least one, at least
bifunctional compound, said compound comprising two
functional groups Mi and Q, one functional group Mi
being reacted with the hydroxyalkyl starch and one
functional group Q being(i) an aldehyde group, keto
group, hemiacetal group or an alpha-SH-beta amino
group; or (ii) a functional group being chemically
modified to give the aldehyde group, keto group,
hemiacetal group or the alpha-SH-beta amino group. 16.
The method of claim 15, wherein in (a)(l), the
hydroxyalkyl starch is subjected to a ring-opening
oxidation reaction using a periodate to give a
hydroxyalkyl starch derivative having at least one
aldehyde group. 17. The method of claim 15, wherein in
(a)(2), the functional group Mi is reacted with an
OH-group on the hydroxyalkyl starch or the oxidized or
non-oxidized reducing end of hydroxyalkyl starch. 18.
The method of claim 15, wherein in (a)(2), the
functional group Mi is a carboxy group or a reactive
carboxy group and the functional group Q is an
aldehyde group, 



keto group or hemiacetal group. 19. The method of
claim 18, wherein the bifunctional compound comprising
M1 and Q is selected from the group consisting of
formylbenzoic acid, 4-formylbenzoic acid
pentafluorophenyl ester, 4-formylbenzoic acid
N-hydroxysuccinimide ester, and 4-
(4-formyl-3,5-dimethoxyphenoxy)butyric acid or a
biocompatible compound selected from the group
consisting of alpha-keto carboxylic acids, neuraminic
acids or derivatives thereof and pyridoxal phosphate.
20. The method of claim 15, wherein in (a)(2)(ii), the
at least bifunctional compound comprises an amino
group M and an amino group Q. 21. The method of claim
20, wherein the at least bifunctional compound is an
optionally substituted diaminoalkane having from 1 to
20 carbon atoms, preferably a compound being selected
from the group consisting of 1,2-diaminoethane,
1,3-diaminopropane, and 1,4-diaminobutane,
1,5-diaminopentane, 1,6-diaminohexane, 1,7-
diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane,
1,10-diaminodecane, 1,11- diaminoundecane,
1,12-diaminododecane, 1,13-diaminotridecane, 1,14-
diaminotetradecane, 1,15-diaminopentadecane,
1,16-diaminohexadecane, 1,17-diaminoheptadecane,
1,18-diaminooctadecane, 1,19-diaminononadecane, and
1,20- diaminoeicosane or a compound having the formula
H2N-[CCR1R2 O] CR3R4']- NH2 wherein R1 , R2 , R , and
R4 are independently selected from the group,
consisting of hydrogen, and alkyl group, preferably
hydrogen and methyl group, p is 2 to 4, wherein the
residues R1 and R2 may be the same or different in the
p groups CR1R2 , 



q is 0 to 20, preferably 0 to 10; r is 0 to 20,
preferably 2-4, wherein in the case of q = 0, r is not
0, and wherein the residues R3 and R4 may be the same
or different in the r groups CR3 R4' . 22. The method
of claim 20 or 21, additionally comprising reacting
the hydroxyalkyl starch derivative, resulting from the
reaction of the hydroxyalkyl starch with the at least
bifunctional compound comprising two amino groups Mi
and Q, at the amino group Q with a further
bifunctional compound comprising an aldehyde group,
keto group or hemiacetal group to give a hydroxyalkyl
starch derivative having an aldehyde group, keto group
or hemiacetal group. 23. The method of claim 22,
wherein the further bifunctional compound is selected
from the group consisting of formylbenzoic acid,
4-formylbenzoic acid pentafluorophenyl ester,
4-formylbenzoic acid N-hydroxysuccinimide ester,
4-(4-formyl-3,5- dimethoxyphenoxy)butyric acid, and
4-formylbenzoic acid anhydride. 24. The method of any
of claims 20 to 23, wherein the hydroxyalkyl starch is
reacted via its optionally oxidized reducing end with
the functional group M1. 25. The method of claim 24,
wherein statistically more than 50 %, preferably at
least 55 %, more preferably at least 60 %, more
preferably at least 65 %, more preferably at least 70
%, more preferably at least 75 %, more preferably at
least 80 %, more preferably at least 85 %, more
preferably at least 90 %, and still more preferably at
least 95 % such as 95 %, 96 %, 97 %, 98 %, or 99 % of
the hydroxyalkyl starch molecules employed for a given
reaction are reacted via at least one optionally 



oxidized reducing end per hydroxyalkyl starch
molecule.26. The method of claim 15, wherein in
(a)(2)(i), the functional group M is selected from the
group consisting of a carboxy group, a reactive
carboxy group, carboxylic acid anhydride, carboxylic
acid halogenide, isocyanate, isothiocyanate,
chloroformic acid ester, and epoxide groups and the
functional group Q is an aldehyde group, keto group or
hemiacetal group. 27. The method of claim 26, wherein
the functional group Mi is reacted with OH-groups on
the hydroxyalkyl starch. 28. The method of claim 15,
wherein in (a)(2)(i), the functional group M is
selected from the group consisting of an amino group
and an alpha-SH-beta amino group and the functional
group Q is an alpha-SH-beta amino group. 29. The
method of claim 28, wherein the functional group Mi is
reacted with the optionally oxidized reducing end of
the hydroxyalkyl starch. 30. The method of claim 29,
wherein statistically more than 50 %, preferably at
least 55 %, more preferably at least 60 %, more
preferably at least 65 %, more preferably at least 70
%, more preferably at least 75 %, more preferably at
least 80 %, more preferably at least 85 %, more
preferably at least 90 %, and still more preferably at
least 95 % such as 95 %, 96 %, 97 %, 98 %, or 99 % of
the hydroxyalkyl starch molecules employed for a given
reaction are reacted via at least one, optionally
oxidized, reducing end per hydroxyalkyl starch
molecule. 31. The method of claim 15, wherein in
(a)(2)(i), the hydroxyalkyl starch comprising said
alpha-SH-beta-amino group is obtained by a method
comprising reacting hydroxyalkyl starch at the
optionally oxidized reducing end with a compound 



comprising a functional group Mi and a functional
group Q being an alpha-SH-betaamino group. 32. The
method of claim 31, wherein the compound comprising Mi
and the alpha-SHbeta- amino group is
l,3-diamino-2-thio propane, or 2,3-diamino-l-thio
propane.33. The method of claim 15, wherein in
(a)(2)(ii) the at least bifunctional compound
comprises Mi being a carboxy group or a reactive
carboxy group and Q being a protected alpha-SH-beta
amino group. 34. The method of claim 15, wherein the
at least bifunctional compound is selected from the
group consisting of D-, L-PGi -Cys(PG2)-OH, or a
racemic mixture thereof, and their active ester,
wherein PGi may be any suitable protecting group for
an amino group, preferably selected from the group
consisting of r -butyloxycarbonyl (Boc) or
9-fluorenylmethoxycarbonyl (Fmoc), and PG2 may be any
suitable protecting group for a thiol group,
preferably selected from the group consisting of
trityl (Trt), p-methoxytrityl (Mmt) S-ter/-butylthio
(S-t-Bu), and acetamidomethyl (Acm). 35. The method of
claim 15, wherein in (a)(2)(ii), the hydroxyalkyl
starch comprising said alpha-SH-beta-amino group is
obtained by a method comprising optionally oxidizing
hydroxyalkyl starch at its reducing end, reacting the
oxidized or nonoxidized reducing end with a functional
group Mi of a compound comprising, in addition to Mi,
a further functional group Q, to give a first
hydroxyalkyl starch derivative, and reacting the
functional group Q of the first hydroxyalkyl starch
derivative with a functional group V of a compound
comprising, in addition to V, an optionally protected
alpha-SH-beta-amino group, to give the optionally
protected alpha-SH-beta-amino functionalized
hydroxyalkyl starch derivative. 



36. The method of claim 35, wherein the compound
comprising M1 and Q is a diamino compound or
carbodiimidazol or N,N'-disuccinimidyl carbonate. 37.
The method of claim 36, wherein the at least
bifunctional compound is an optionally substituted
diaminoalkane having from 1 to 20 carbon atoms,
preferably a compound being selected from the group
consisting of 1,2-diaminoethane, 1,3-diaminopropane,
and 1,4-diaminobutane, 1,5-diaminopentane,
1,6-diaminohexane, 1,7- diaminoheptane,
1,8-diaminooctane, 1,9-diaminononane,
1,10-diaminodecane, 1,1 1- diaminoundecane,
1,12-diaminododecane, 1,13-diaminotridecane, 1,14-
diaminotetradecane, 1,15-diaminopentadecane,
1,16-diaminohexadecane, 1,17- diaminoheptadecane,
1,18-diaminooctadecane, 1,19-diaminononadecane, and
1,20- diaminoeicosane or a compound having the
formulaH2N-[(CR 1R2')pO]q[CR3'R4']- NH2 wherein R1 ,
R2 , R3 , and R4 are independently selected from the
group, consisting of hydrogen, and alkyl group,
preferably hydrogen and methyl group, p is 2 to 4,
wherein the residues R1 and R2 may be the same or
different in the p groups CR1R2', q is 0 to 20,
preferably 0 to 10; r is 0 to 20, preferably 2-4,
wherein in the case of q = 0, r is not 0, and wherein
the residues R3 and R4 may be the same or different in
the r groups CR3 R4' . 38. The method of any of claims
35 to 37, wherein the compound comprising V and the
optionally protected alpha-SH-beta-amino group is
cysteine or a derivative thereof, V being a carboxy
group or a reactive carboxy group, preferably a
reactive ester or a 



carboxylic acid anhydride or the compound comprising V
is l,3-diamino-2-thio propane or 2,3-diamino-l -thio
propane. 39. The method of any of the preceding
claims, wherein the active substance, preferably an
optionally modified protein, peptide, synthetic
peptide or oligonucleotide, comprising said aldehyde
group, keto group, hemiacetal group or said
alpha-SHbeta- amino group is obtained by a method
comprising (b)(l introducing at least one aldehyde
group, keto group, hemiacetal group or at least one
alpha-SH-beta-amino group into the active substance
during its preparation or by chemical modification, or
(b)(2)reacting the active substance with an at least
bifunctional compound, said compound comprising two
functional groups M2 and Q, one functional group M
being reacted with the active substance and one
functional group Q being (i) an aldehyde group, keto
group, hemiacetal group or an alpha-SH-beta amino
group; or (ii) a functional group being chemically
modified to give the aldehyde group, keto group,
hemiacetal group or an alpha-SH-beta amino group. 40.
The method of claim 39, wherein in (b)(l), the active
substance is a protein or peptide which was prepared
by organic synthesis, preferably produced using a
synthesis resin, allowing for an aldehyde
functionalized, keto functionalized,hemiacetal
functionalized or alpha-SH-beta-amino functionalized
protein or peptide, or wherein in (b)(l), the active
substance is a protein or peptide which was produced
using an expression vector leading to an aldehyde
functionalized, keto functionalized, hemiacetal
functionalized or alpha-SH-beta-amino functionalized 



protein or peptide, or wherein in (b)(l), the active
substance is a protein or a peptide and the backbone
of the protein or peptide is substituted with an
aldehyde group, keto group, hemiacetal group or
alpha-SH-beta-amino group, or wherein in (b)(l), the
active substance is a protein or a peptide where said
aldehyde group, keto group , hemiacetal group or said
alpha-SH-beta-amino group is linked directly to the
backbone of the protein or peptide or is part of a
side-chain of the backbone. 41. The method of claim
39, wherein in (b)(l) the active substance is a
protein or peptide and the aldehyde group, keto group
or hemiacetal group is comprised in a carbohydrate
moiety of the polypeptide. 42. The method of claim 41,
wherein the carbohydrate moiety is selected from the
group consisting of hydroxyaldehydes, hydroxyketones
and chemical modifications thereof. 43. The method of
claim 41, wherein the carbohydrate moiety is a
derivative of a naturally occurring carbohydrate
moiety and is selected from the group consisting of
glucose, galactose, mannose, and sialic acid, which
are optionally chemically or enzymatically oxidized,
preferably an oxidized galactose or an oxidized sialic
acid residue of a carbohydrate side chain, more
preferably the terminal galactose or sialic acid
residue of a carbohydrate side chain, the oxidation of
a terminal carbohydrate moiety preferably being
performed either enzymatically or chemically, a
chemical oxidation preferably carried out using a
periodate. 44. The method of claim 41, wherein the
carbohydrate moiety is a derivative of a naturally
occurring carbohydrate moiety and is a terminal
galactose, which is chemically or enzymatically
oxidized, wherein the terminal galactose residue is 



optionally obtained after cleavage of a terminal
sialic acid. 45. The method of claim 39, wherein in
(b)(2)(i), the alpha-SH-beta-amino group is comprised
in a cysteine residue of the active substance,
preferably a protein orpeptide, the cysteine residue
preferably being a N-terminal cysteine residue of the
active substance. 46. The method of any of the
preceding claims, wherein the active substance is a
modified protein or peptide with an N-terminal
cysteine residue, which is not part of a disulfide
bridge. 47. The method of claim 46, wherein the
modified protein or peptide possessing an Nterminal
cysteine residue is a mutant of a naturally occurring
protein or peptide, obtained by (1) adding a cysteine
residue to the N-terminal amino acid, (2) substituting
the N-terminal amino acid with cysteine, or by (3)
deleting the Nterminal amino acid(s) until a terminal
cysteine is obtained. 48. The method of any of the
preceding claims, wherein the reaction (A) or (B) is
carried out at a temperature of 0 to 40 0C, preferably
0 to 25 C, in particular 20 to 25 C, in the presence
of a solvent, and at a pH of 3.5 to 10, preferably 4
to 8, in particular 4.8 to 8.0 with a reaction time of
preferably 0.1 to 24 h, in particular about 2 1 h. 49.
The method of claim 48, wherein the solvent is
selected from the group consisting of water, aqueous
buffer, DMF, DMSO, DMA and mixtures thereof. 50. The
method of any of claims 48 or 49, wherein the
molecular ratio of hydroxalkyl starch to active
substance is about 1:1 to 200:1, preferably 10:1 to
100:1, in particular 40:1 to 70:1. 51. A conjugate of
an active substance and hydroxyalkyl starch, as
obtainable by a 



method of any of claims 1 to 50. 52. A conjugate of an
active substance and hydroxyalkyl starch, wherein the
active substance and the hydroxyalkyl starch are
covalently linked by a chemical residue having a
structure according to formula (I)or formula (F) or
formula (I") wherein Ri, R2, R2 , R3, R3 and R are
independently selected from the group consisting of
hydrogen, an optionally suitably substituted, linear,
cyclic and/or branched alkyl, aryl, heteroaryl,
aralkyl, and heteroaralkyl group, preferably hydrogen,
said conjugate having a structure according to formula
(IV), (IV), or (IV") (IV)or wherein HAS' is the
residue of the hydroxyalkyl starch or a derivative
thereof which was linked to an aldehyde group, keto
group or hemiacetal group, and wherein AS' is the
residue of the active substance or a derivative
thereof which was linked to the alpha-SH-beta-amino
group, or a structure according to formula (V), (V),
or (V") orwherein HAS1is the residue of the
hydroxyalkyl starch or a derivative thereof which was
linked to the alpha-SH-beta-amino group, and wherein
AS' is the residue of the active substance or a
derivative thereof which was linked to the aldehyde
group, keto group or hemiacetal group. 53. The
conjugate of claim 52, wherein the conjugate is
selected from the group consisting of 



wherein R is as defined for Ri to R4 above,(Va)
wherein R is as defined for Ri to R4 above, (Vb)
(Vc)and wherein in formula IVa, IVb, Vb, or V c n is
an integer, preferably n is 0 to 20, and where in
formula Va, Vb, Vd, or V e n is an integer, preferably
n is 1 to 20. 54. The conjugate of claim 52, wherein
the conjugate is wherein R', R" and/or R'" are as
defined for formula II and wherein, in at least one
glucose unit of HES, at least one of R', R" and/or R'"
is independently selected from the group consisting of
(Via)and and wherein n is an integer, preferably 1 to
20 and/or wherein at least one of R', R" and/or R'" is
-(CH CH2O) 11 -R , wherein m is an integer, preferably
1 to 3, and R is selected from the group consisting of
formula (Via), (VIb), VIc) and (VId). 55. An
alpha-SH-beta amino functionalized hydroxyalkyl starch
derivative selected from the group consisting of
wherein R is as defined for Ri to R above, and wherein
n is an integer, preferably 0 to 20, or the group
consisting ofwherein R', R" and/or R'" are as defined
for formula II and wherein in at least one 



glucose unit of HES, at least one of R', R" and/or R'"
is independently selected from the group consisting of
and and wherein n is an integer, preferably 1 to 20
and/or wherein at least one of R', R" and/or R'" is
-(CH2CH2O)m-R##, wherein m is an integer, preferably 1
to 3, and R## is selected from the group consisting of
formula (VFa), (Vl'b), and (VI'c). 56. A conjugate of
any of claims 5 1 to 54 for use in a method for the
treatment of the human or animal body. 57. A conjugate
of any of claims 5 1 to 54 as a therapeutic agent. 58.
A pharmaceutical composition comprising a conjugate of
any of claims 51 to 54. 59. A pharmaceutical
composition of claim 58, further comprising at least
one pharmaceutically acceptable diluent, adjuvant, or
carrier.60. A composition comprising a conjugate of an
active substance and hydroxyalkyl starch of any of
claims 5 1 to 54. 


