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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to polyethylene glycol derivatives. In particular, the
invention relates to a monofunctional branched polyethylene glycol (PEG) and a bio-related
substance modified with the monofunctional branched polyethylene glycol.

BACKGROUND ART

[0002] PEGylation has been widely recognized as one of the most important approaches for
drug modification. Functionalized PEGs, owing to their active groups, are capable of modifying
therapeutic drugs and bio-related substance by covalently binding to target molecules,
normally small molecule organic drugs or biomolecules, including proteins, peptides,
saccharides, lipids, oligonucleotides, affinity ligands, cofactors, liposomes, biomaterials and the
like. The pegylated drugs would be endowed with many beneficial properties with respect to
hydrophilicity, flexibility, antithrombogenicity, etc. Meanwhile, due to the steric repulsion effect,
pharmaceutic drugs modified with polyethylene glycol can avoid the filtration through glomeruli
in the kidney and the bio-reactions such as immunoreaction, so that longer half-lives in blood
are achieved compared with the unmodified forms. For example, it has been shown that the
water-insoluble drug paclitaxel, when coupled to polyethylene glycol, becomes water-soluble
(Greenwald et al., J. Org. Chem. 1995, 331-336).

[0003] A sufficient molecular mass of polyethylene glycol is needed in order to fully improve
the state of pharmaceuticals in vivo to obtain increased hydrophilicity, enhanced half-life and
reduced immunogenicity without weakening their biological activities. However, the number of
active groups in proteins and other biomolecules which can be availably modified is relatively
small. As a result, the connection between the polyethylene glycol and the drug molecule to be
modified becomes essentially important for getting adequate molecular mass of polyethylene
glycol. Compared with a linear polyethylene glycol having the same molecular weight, a
branched polyethylene glycol, in virtue of its particular spatial structure, can provide an
"umbrella-like" protective coverage around protein surface which increases steric hindrance
around the drug molecules. Such a branched structure may inhibit attack from other
macromolecules in vivo more effectively to further decrease inactivation and enzymolysis in
body, and therefore enable a more prolonged circulation time of the corresponding pegylated
drugs.

[0004] In 1995, Monfardini and coworkers synthesized a branched polyethylene glycol with
two arms, also denoted as "V-shape" PEG, wherein two linear monomethoxy polyethylene
glycol chains were directly linked to the two amino groups of lysine followed by activation of the
carboxyl group as succinimidyl ester, and furthermore modification of enzymes with the
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branched polyethylene glycol was investigated (Bioconjugate Chem. 1995, 6, 62-69). Since
then, it has gained popularity as a method to produce a monofunctional branched PEG as well
as derivatives thereof, and has already been applied in three commercially available
pharmaceutical products. Nevertheless, this technology suffers from some drawbacks such as
low reaction efficiency, long synthesis period and instability under basic conditions. Besides,
the asymmetry between the two amino groups of lysine will cause inhomogenecity during the
modification process to result in the formation of monomodified by-products or the addition of
polyethylene glycol in great excess. As a result, the difficulty and cost of purification are
increased.

[0005] Furthermore, in the case of pegylated interferon a conjugates, interferon a links to
functional polyethylene glycol via three urethane and amide bonds, but these bonds are labile
to hydrolysis during the reaction under a basic condition or during storage which may affect the
efficacy and usage of drugs.

[0006] Additionally, multi-armed star polyethylene glycol reported in the literature, which often
shows good regularity and low polydisperty, can be synthesized via simultaneous initiation of
small molecules having multiple active groups including 2-hydroxymethyl-1,3-propylene glycol
and pentaerythritol (Macromolecules 2000, 33, 5418-5426). Gnanou et al. have prepared
polyethylene glycol with a dendrimer-like structure (Polymer 2003, 44, 5067-5074). However,
these multi-armed PEGs usually have the same hydroxyl group on the terminal of each arm,
and hence specific reactions cannot be carried out.

[0007] US 5,919,455 defines a branched substantially non-antigenic polymer comprising a
specified formula wherein the polymer is preferably prepared from polyalkylene oxids and are
water-soluble at room temperature. The polymers of this document react with biologically
active nucleophiles to form a conjugate. WO 2005/000360 is directed to a polymeric reagent
comprising a
R''o
~N—d—o—
moiety positioned between a water-soluble polymer and a reactive group wherein the nitrogen

atom in the above-mentioned moiety is proximal to the water-soluble polymer, the carbonyl

carbon atom of this moiety is proximal to the reactive group and wherein R is a hydrogen or
an organic radical. The polymeric reagent is suitable in forming conjugates of amdoxivir. WO
03/040211 defines a branched reactive polymer having a specified structure which is useful for
conjugation to biologically active molecules in a manner that tends to avoid a significant
reduction in the biological activity of the molecules whilst still providing the benefits of water-
soluble polymer conjugation.

[0008] Accordingly, it is necessary to develop a monofunctional branched polyethylene glycol
which can be produced in a convenient manner and has easily controllable parameters, a
process for producing the same, and a modified bio-related substance.

DISCLOSURE OF THE INVENTION
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[0009] Regarding the term of "stable" in the present invention, the conditions are limited to a
physiological condition (e.g., acidic stomach, weak acidic tumor site), a mimicked physiological
condition (e.g., buffer solution, culture media), or a therapeutically physiological condition (e.g.,
heat, ultraviolet light, visible light, infrared light, near infrared light, mid-infrared light), since the
monofunctional branched poly(ethylene glycol) in the present invention is reactive with a
"physiologically active bio-substance or a modified derivative thereof' via functional group "R"
which is capable of reacting with the reactive group of a bio-related substance. Herein, "stable"
is relatively compared with "degradable”. In the present invention, an urethane group as well
as an ester group, a thioester group, a disulfide group, a carbonate group and etc are herein
considered to be an "unstable" or a "degradable" group, particularly during metabolic
processes in vivo. Vividly, if the PEG-drug conjugates keeps as a whole during the circulation
time, the linker can be considered as a "stable", "permanent", "undegradable" linkage. On the
contrary, the linkage can be described as "unstable", "releasable", "degradable, e.g.
hydrolytically or enzymatically degradable", "cuttable", "cleavable", "reversible" etc. The
applicant believes that the persons skilled in the art can understand the meaning of "stable"
through the above explanation.

[0010] The purpose of this invention is to overcome the shortcomings of the prior art and to
provide a monofunctional branched polyethylene glycol. Such a monofunctional branched
polyethylene glycol can get over the defects of the traditional multi-armed PEGs in the
application of drug modification. The bio-related substance can be modified under relatively
mild conditions. There still exist some other advantages, e.g., the ratio of functionalization is
high, the amount of by-product is low and the activity maintainance of the modified bio-related
substance is excellent.

[0011] This invention also provides a bio-related substance modified by the above-mentioned
monofunctional branched polyethylene glycol, also referred to as "PEG-modified bio-related
substance" in the present invention.

[0012] The above-described purposes of this invention can be realized via embodiments
below.

[0013] The monofunctional branched polyethylene glycol is represented by the following
general formula (1):

L '(O‘CH -CH
H 2 2}n<1)x1

R"(CHz"cHz OHLz%C'R“
n; P \

L,—(O-CHZ-CHz OX,y
ny
1
the various radicals are defined in claim 1 and wherein the monofunctional branched

polyethylene glycol is obtained by the process as defined in claim 1.

[0014] The PEG-modified bio-related substance in the present invention has the following
general formula (2):
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L+0-CH,~-CH,+0X
/1'€ 2 2!11 1

D—-L3—€-Z);(CH2-CHZOHL2)-;C\-R1
3

L1-{o-¢:.Hz-c:H2}rgx2
2

[0015] The monofunctional branched polyethylene glycol in formula (1) reacts with the
reactive group of a bio-related substance via the functional group R as shown in formula (1) to
form the PEG-modified bio-related substance as shown in formula (2). Wherein X4 and X, are

each independently a hydrocarbon group having 1 to 20 carbon atoms at the terminal end of
the two branch chains, n{ and ny are each independently a value selected from 1 to 1000, n3 is

a value selected from 11 to 1000, L1 and Ly are each independently a linking group which is
stable under the conditions of light illumination, enzyme, acid or base, pis 0 or 1, and q is 0 or
1, R¢ is a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms, D is a bio-
related substance, Z is a linking group through which a functional group capable of reacting
with the bio-related substance is linked onto the main chain of the branched polyethylene
glycol, and can react with the bio-related substance to form a residue group Ls.

[0016] The present invention also provides a production process of the monofunctional
branched polyethylene glycol including five steps as follows:

Step (a): In a coinitiator system consisting of a small molecule initiator (4) and a base, ethylene
oxide is polymerized to the two geometrically symmetrical hydroxyl groups of initiator (4) to
generate two branch chains. Thereafter, the terminal ends of the two newly formed branch
chains are deprotonated to obtain an intermediate (5).

Step (b): The deprotonated two branch chains of intermediate (5) are alkyl-etherified to obtain
an intermediate (6). "Alkyl-etherified" is also referred to as "end-capped", while "alkyl-
etherification” is also referred to as "end-capping".

Step c¢): The terminal hydroxyl group on the symmetry axis of intermediate (6) is deprotected to
obtain an intermediate (7).

Step (d): Ethylene oxide is polymerized to the deprotected terminal hydroxyl group on the
symmetry axis of intermediate (7) to generate a main chain, which is subsequently protonated
to obtain an intermediate (3) with a terminal hydroxyl group.

Step (e): The terminal of the main chain of intermediate (3) is functionalized, and thereby the
monofunctional branched polyethylene glycol of the general formula (1) can be obtained.

L—OH Fr{o-crrcnis Lfo-cHzcH)ox,
n
PGO“‘Lz'—C\—R1 —St—e;—a)’ PGO—L,—G-R;y ny m PGO"LZ""C\'R-; 1 -
L—OH Li{o-chzch)o Li{o-CHyCHyfoX, Step )
(173 {1}
4 5
Lr{O-CHTCHZnX, Lr(O«CHfCHz X,
HO—L,—CRy T — Ho{cuz-CHzo)-Lz—-c—R, M

L1-(0-CH2-CHZ}OXZ Step &) " Lifo-cHycHjox, Ster ®
_ N2 2 2“2 ?
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L.,-{O-CH,-(:H2 X4
R-{CH2~CH20)-L2—C\~R1 ™
"s Lr(O-CHz-CHZ}-OXz
Nz
1

wherein PG represents a protective group of a hydroxyl group, PG can be silyl-ether, benzyl,
acetal, ketal or tertiary butyl, and the definitions of X4, Xo, nq, no, n3, Lq, Lo, p and R are the

same as those in general formula (1).

[0017] The monofunctional branched polyethylene glycol can be applied in the modification of
bio-related substances.

[0018] The present invention afford some advantages over the prior art which are explained in
the following.

[0019] With regard to the monofunctional branched polyethylene glycol of the present
invention, the active functional group is disposed at the terminal end of the main chain.
Moreover, steric hindrance owing to the polyethylene glycol chains is small as compared with
the case of conventional polyethylene glycol derivatives. As a result, the functionalization of
PEG and the modification to the bio-related substance can be conveniently conducted under
much milder conditions. Meanwhile, the ratio of functionalization increases, the amount of by-
products decreases, and the activity maintainance of the modified bio-related substance gets
better. Furthermore, in the production method of the present invention, the two hydroxyl
groups of the small molecule initiator having a geometrically symmetrical structure possess the
same reactivity, and thus have close rates of chain propagation to obtain two branch chains
having close or identical degree of polymerization. What's more, the inhomogenecity between
the two branch chains decreases, the repreatability of modification to the bio-related substance
increases, and the activity of the modified bio-related substance becomes more stable.
Additionally, the molecular weight of the main chain and the two branch chains can be
controlled in a simple and precise manner, and the structure is simply and precisely adjustable.
Also, the synthesis time can be saved and the difficulty in purification can be reduced.

[0020] With regard to the bio-related substance modified with a monofunctional branched
polyethylene glycol, it affords good biological activity, better solubility and a longer metabolic
half-life. During its production process, the active group of the monofunctional branched
polyethylene glycol is subjected to small steric hindrance. As a result, the functionalization of
PEG and the modification to the bio-related substance can be conveniently carried out, and the
reaction is allowed to be conducted under much milder conditions. Meanwhile, the ratio of
functionalization is increased, the amount of by-products is reduced, and the activity
maintainance of the modified bio-related substance is enhanced.

DETAILED DESCRIPTION OF THE INVENTION
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[0021] The present invention provides a monofunctional branched polyethylene glycol having
a general formula as shown in the general formula (1):

L,{o CHy-CHR}OX,

R—(CHz—CHZOHLz)—C R,

Lr{O CHy-CHy} 0K,
1
wherein the radicals are as defined in claim 1.

[0022] X4 and X, can be the same or different from each other. X4 and X, are preferably
hydrocarbon groups having 1 to 5 carbon atoms. Preferable examples of X4 and X, include

hydrocarbon groups such as a methyl group, an ethyl group, a propyl group, a propenyl group,
a propinyl group, an isopropyl group, a butyl group, a tertiary butyl group, a pentyl group, a
heptyl group, a 2-ethylhexyl group, an octyl group, a nonyl group, a decyl group, an undecyl
group, a dodecyl group, a tridecyl group, a tetradecyl group, a pentadecyl group, a hexadecyl
group, a heptadecyl group, an octodecyl group, a nonadecyl group, an eicosyl group, a benzyl
group or a butylphenyl group. X4 and X, are most preferably a methyl group.

[0023] Preferably, R¢ is a hydrogen atom or an alkyl group having 1 to 20 carbon atoms.

[0024] Regarding R4, the alkyl group is preferably a methyl group, an ethyl group, a 1-propyl

group, an isopropyl group, a butyl group, a pentyl group, a hexyl group, a propenyl group or a
benzyl group.

[0025] R is a functional group, and is preferably a functional group reactive with a bio-related
substance. The bio-related substance includes the modified bio-related substance and the

unmodified form. As used herein, R is selected from but not limited to the following groups:
Group A:

Ao 4O %zwo@m felgeh +z>—lo§;?~

A1 Ad

Group B:

fe)oby
1 0

Group C:

—-(-Z)——ONHZ —{z}—su —Qz}—NHz —éz-}—m —(-Z)——Br
q q q q q
c1 c2 c3 c4 c5

Group D:

—{z)—ﬁ-nnz —éztj‘NHNHz —(—z};—'?-ONHz —(—z}q—ﬁou —Gz);-cl’LH —ézt—'?-w
qm D2 D3 D4 D5 D6
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Group-E:
3 i i
+z);1»>jl —(—z)q—mc-cn:criz —éz-);-o-c—-g;c;‘Hz
E1 E2 E3
Group F:

—éz}q—ocnzcmcn —éz};ocnzcmcn—q, —éz}q—ocuzczcu —(»z};o—iu,_gx.
Fi F2 F3 4

Group G:

\ 0 o}
(W ot A%Q ﬂ%" a a
R O O A
G1 G3 G4 GS G6
Group H:

—éz-)—OH
q
H1

[0026] In the groups from A to H, Z is a covalent linking group between polyethylene glycol
and the functional group. Z is not particularly limited. q is 0 or 1. Z can be an alkylidene group
or an alkylidene group containing at least one groupselected from a group consisting of an
ester bond, a urethane bond, an ether bond, a double bond, a triple bond, a carbonate bond, a
secondary amino group and the like, wherein each group is stable under conditions of light
illumination, enzyme, acid or base. Z is preferably an alkylidene group or an alkylidene group
containing at least one group selected from a group consisting of an ether bond, an amide
bond, and a secondary amino group. The alkylidene group is preferably a methylene group, a
1,2-ethylidene group, a 1,3-propylidene group, a 1,2-propylidene group, an isopropylidene
group, a butylidene group, a pentylidene group or a hexylidene group.

[0027] In group B, Y is a hydrocarbon group having 1 to 10 carbon atoms or a hydrocarbon
group having 1 to 10 carbon atoms which may contain fluorine atom. Y is preferably a methyl
group, an ethyl group, a propyl group, an isopropyl group, a butyl group, a tertiary butyl group,
a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, a
vinyl group, a phenyl group, a benzyl group, a p-methylphenyl group, a trifluoromethyl group, a
2,2,2-trifluoroethyl group or a 4-(trifluoromethoxy)phenyl group, more preferably a methyl
group, a p-methylphenyl group, a 2,2,2-trifluoroethyl group, a trifluoromethyl group or a vinyl
group.

[0028] In D, W represents a halogen atom, preferably Br or CI.



DK/EP 2947111 T3

[0029] In the group G, Q is not particularly limited as long as it favors inductive effect or/and
conjugated effect of electrons of unsaturated bond. With respect to the ring, Q can be one or
more. Q is preferably a hydrogen atom, a halogen atom, an alkyl halide group, an alkoxy
group, a carbonyl compound or nitro compound, more preferably a hydrogen atom, a fluorine
atom, a trifluoromethyl group or a methoxy group.

[0030] In group G, M is an atom on the ring that is linked to Z. M is a carbon atom or a
nitrogen atom.

[0031] n4 and no in formula (1) represent the degree of polymerization of the two branch
chains. nq and ny are each independently preferably a value from 10 to 800, more preferably
from 25 to 800, most preferably from 50 to 500.

[0032] nj3 in formula (1) represents the degree of polymerization of the main chain. nj3 is

preferably a value from 11 to 800, more preferably from 11 to 500, most preferably from 11 to
200.

[0033] This invention also provides a bio-related substance modified by the above-mentioned
monofunctional branched polyethylene glycol which has a chemical structure as shown in the
general formula (2):

L,—(O*—CHfCHz ox4

D—Ls—éz}q-(cﬂz-cnz o);aﬂz);c(—m

L1<<0-CH2—CH2 00X,
ny
2

[0034] The monofunctional branched polyethylene glycol in formula (1) reacts with the
reactive group of a bio-related substance via the functional group R as shown in formula (1) to
form the PEG-modified bio-related substance as shown in fomula (2).

[0035] The reactive group of the bio-related substance can be an amino group, a sulphydryl
group, an unsaturated bond, a carboxyl group or the like.

[0036] As used herein, L3 is a covalent bond group linking the bio-related substance and
polyethylene glycol. L3 is the residue of the functional group on the main chain of polyethylene

glycol after reacting with a bio-related substance. The linking group is not particularly limited.

[0037] L3 can be a triazole bond, an isoxazole bond, an ether bond, an amide bond, an imide

bond, an imino group, a secondary amino group, a tertiary amino group, a thioester bond, a
disulfide bond, a urethane bond, a thiocarbonate bond, a sulfonate bond, a sulfamide bond, a
carbamate bond, a tyrosine group, a cysteine group, a histidine group or the combination
thereof.
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[0038] In the general formula (2), D represents a bio-related substance including but not
limited to the group consisting of polypeptide, protein, enzyme, small molecule drug, dye,
liposome, nucleoside, nucleotide, oligonucleotide, polynucleotide, nucleic acid, polysaccharide,
steroid, lipid, phospholipid, glycolipid, glycoprotein, cell, virus and micelle. Wherein, D is
preferably selected from the group consisting of a bio-related substance and a modified bio-
related substance. The small molecule drugs are not particularly limited but preferably include
anticancer drugs and antifungal drugs.

[0039] Furthermore, the definitions of X¢, X5, nq, ny, n3, Ly, Ly, p, q, R1 and Z in the general
formula (2) are the same as those in the general formula (1). X4 and X, are each

independently a hydrocarbon group having 1 to 20 carbon atoms at the terminal end of the two
branch chains, n1 and ny are each independently a value selected from 1 to 1000, n3 is a value

selected from 11 to 1000, L4 and Ly are each independently a linking group which is stable
under the conditions of light illumination, enzyme, acid or base, p and q are each
independently 0 or 1, and R¢ is a hydrogen atom or a hydrocarbon group having 1 to 20
carbon atoms. Z is a covalent linking group between the main chain of PEG and residue group
Ls, through which a functional group capable of reacting with the bio-related substance is

linked to the main chain of polyethylene glycol. Z is not particularly limited.

[0040] The monofunctional branched polyethylene glycol in formula (1) can be produced from
the intermediate compound (3) through one-step or multi-step reactions. The intermediate
compound (3) is represented by

Ly+0-CHyp~

1‘( 2 CHzn1X1

/
HO-{CH,-CH, O]+, -C-R
_< : ’ )11_3{ 2}’; \L11(O’CH2‘CHZ>‘OX2
3 Mz
wherein the definitions of X4, X5, nq, ny, n3, Ly, Ly, p, g and R¢ are the same as those in the

general formula (1).

[0041] The present invention also provides a production process of the monofunctional
branched polyethylene glycol from the intermediate (3) including the following five steps.

Step (a): In a coinitiator system consisting of a small molecule initiator (4) and a base, ethylene
oxide is polymerized to the two geometrically symmetrical hydroxyl groups of initiator (4) to
generate two branch chains. Thereafter, the terminal ends of the two newly formed branch
chains are deprotonated to obtain an intermediate (5).

Step (b) The deprotonated two branch chains of intermediate (5) are alkyl-etherified to obtain
an intermediate (6).

Step c) The terminal hydroxyl group on the symmetry axis of intermediate (6) is deprotected to
obtain an intermediate (7).

Step (d) Ethylene oxide is polymerized to the deprotected terminal hydroxyl group on the
symmetry axis of intermediate (7) to generate a main chain, which is subsequently protonated
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to obtain an intermediate (3) with a terminal hydroxyl group.

Step (e) The terminal of the main chain of intermediate (3) is functionalized, and thereby the
monofunctional branched polyethylene glycol of the general formula (1) can be obtained.

i oH /L,-(o CHo- CHz}o /'—1'(0‘CH2'CH2 n1X1
PGO-éL é»c R de ). N —— PGO-(—L }‘C—R
2 1 Step a; PGO-{-L21-CRy _ Step b z p\ !

4 L1‘<0 CH2‘CH2)'O L1‘{O“CH2‘CH2D XZ

8 2
5
L1‘{0 CH2 cHz X1 L1"€° CH2 CHz X1
—  » HO Lz)—c R, I HO-{CHZCHonLZ—)—C-R1
Step ¢) Step d) ns

P L,—(o—cw2 cHfOx, P Lr-(O—CHz'CHz X,
Ny

3
‘(O‘C H2~C H2 °X1

Step e) R—(CHZ-CHZOHLQ-)_C Ri

L1"(O CHg_CHg OXZ
1

[0042] Herein, PG represents a protective group of a hydroxyl group which can be silyl-ether,
benzyl, acetal, ketal or tertiary butyl. The definitions of X¢, X5, nq, ng, n3, L4, Ly, p and R4 are

the same as those in the general formula (1). The definition of R is the same as the above-
mentioned except that R equals a hydroxyl group.

1. Preparation of intermediate compound (3)

[0043] The preparation process of intermediate compound (3) of the present invention
comprises the following steps. Firstly, ethylene oxide is polymerized, in an amount of 2 to 2000
molar to the initiator (4), to the two terminal hydroxyl groups of diol also containing a protected
hydroxyl group at the terminal end of the main chain, and then excess deprotonation reagent is
added to obtain a anionic PEG intermediate (5) with two PEG branch chains. Secondly, the
terminal oxygen anions are alkyl-etherified (also referred to as "end-capped") by hydrocarbon
groups of X4y and X, to obtain the intermediate (6). Thirdly, the terminal hydroxyl group on the
main chain is deprotected. Finally, polymerization of ethylene oxide is initiated by the newly
formed terminal hydroxyl group followed by an addition of proton source, and then
intermediate (3) can be obtained. These steps correspond to above-described steps (a) to (d).

1.1 Preparation of anionic PEG intermediate (5) (step (a))

[0044] The preparation method of intermediate (5) consists of two steps: polymerization of
ethylene oxide using small molecule initiator and deprotonation of the resulting polymerization
product.

[0045] The polymerization of ethylene oxide using small molecule initiator can be achieved via
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the following two steps (A) and (B). Step (A): compound (4) is deprotonated via base catalysis;
step B: ethylene oxide is polymerized. These two steps can be carried out in a solvent or
without any solvent. The solvent is not particularly limited, but is preferably an aprotic solvent
such as toluene, benzene, dimethylbenzene, acetonitrile, acetic ether, tetrahydrofuran,
chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or dimethylacetamide,
more preferably toluene or tetrahydrofuran.

Step A: Deprotonation of small molecule initiator

[0046] The base used for deprotonating the compound (4) is not particularly limited, but is
preferably sodium metal, potassium metal, sodium hydride, potassium hydride, sodium
methoxide, potassium methoxide, potassium tert-butoxide or diphenylmethyl potassium, more
preferably sodium metal, potassium metal or diphenylmethyl potassium, most preferably
diphenylmethyl potassium. The catalyst amount is 5 to 80% by mol. When the ratio of the
catalyst to be used is less than 5% by mol, the polymerization rate is low and heat history
increases to result in the formation of impurities such as a terminal vinyl ether compound
formed by vinyl etherification of the terminal hydroxyl group. Under a solvent-free condition,
when the catalyst amount exceeds 50% by mol, the viscosity of the reaction solution increases
or the liquid solidifies, and thus the reaction becomes inhomogeneous and purification thereof
tends to be difficult. In the case that toluene or tetrahydrofuran is used as solvent, the problem
of viscosity increasing or liquid solidification can be solved so that the catalyst amount can be
increased up to 80% by mol.

[0047] The deprotonation is commonly conducted at 10 to 50 °C, preferably 25 to 50 °C.
When the temperature is lower than 10 °C, the deprotonation does not sufficiently proceed,
and the base as a nucleophile reagent participates in the anionic polymerization to form a low-
molecular-weight impurity having a molecular weight 0.5 time that of the target compound.
There is a possibility that such an impurity may react with a bio-related substance and change
the physical properties of the resulting preparation. When the temperature is higher than 50
°C, a decomposition of the protective group occurs resulting in a high-molecular-weight
impurity having a molecular weight 1.5 times that of the target compound. After the high-
molecular-weight impurity is alkyl-etherified in the next step, no functional group is introduced.
When the modification to a drug or the like is carried out with such impurities in presence, the
resulting preparation becomes inhomogeneous and hence the quality tends to be varied. Also,
the requirement for a highly pure product cannot be satisfied.

[0048] The deprotonation time is preferably 10 minutes to 24 hours and varies with the base
to be used. A weak base or a base with relatively low solubility in an organic solvent (e.g.
sodium methoxide, potassium methoxide, sodium hydride, potassium hydride or the like)
usually calls for a long deprotonation time of 1 to 24 hours. A strong base with good solubility in
an organic solvent (e.g. diphenylmethyl potassium, n-butyllithium, tert-butyllithium or the like)
can be mutually fully miscible with small molecule initiators even under solvent-free conditions,
and has a fast deprotonation rate. The deprotonation time of such a strong base is usually 10
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minutes to 24 hours, preferably 20 minutes to 1 hour. When the deprotonation time is short,
the deprotonation does not sufficiently proceed, and the base as a nucleophile reagent takes
part in the anionic polymerization to form a low-molecular-weight impurity having a molecular
weight 0.5 time that of the target compound. When the deprotonation time is longer than 24
hours, there is a possibility that a decomposition of the protective group may occur resulting in
a high-molecular-weight impurity having a molecular weight 1.5 times that of the target
compound which cannot satisfy the requirement for the modification of highly pure drugs.

[0049] Potassium methoxide, potassium tert-butoxide or sodium methoxide, preferably
potassium methoxide is added as a catalyst in an amount of 5 to 80% by mol, and the reaction
is carried out at 25 to 80 °C, preferably 50 to 60 °C. What's more, a pressure-reducing
operation should be conducted in order to facilitate the exchange of protons. Potassium
methoxide, potassium t-butoxide or sodium methoxide can react with ethylene oxide during the
polymerization to form a mono-etherified polyethylene glycol derivative having a molecular
weight 0.5 time that of the target compound. Such a polyethylene glycol derivative will be
subsequently end-capped via alkyl-etherification, and convert into a bi-etherified polyethylene
glycol derivative with no functional group. The deprotonation product such as methanol or t-
butanol not only acts as a proton source which may quench the reaction, but also can
participate in the polymerization of ethylene oxide to form the above-mentioned mono-
etherified PEG. So, the reaction should be conducted at a relatively high temperature to ensure
complete protonation, preferably 50 to 60 °C, and meanwhile a pressure-reducing operation is
needed to remove lower alcohols.

Sept B: polymerization of ethylene oxide

[0050] In the case that the polymerization is conducted in an aprotic solvent, the temperature
is preferably 50 to 70 °C. When the temperature is lower than 50 °C, as the molecular weight
gradually increases with the progress of polymerization, the viscosity of the reaction solution
increases or the liquid solidifies, and hence the reaction becomes inhomogeneous and the
resulting product has a broad distribution which is not suitable for the modification of highly
pure drugs. When the temperature is higher than 70 °C there is a possibility that explosive
polymerization or side reactions may occur such as the vinyl etherification of terminal hydroxyl
group to get a terminal vinyl ether compound.

[0051] In the case that the polymerization is conducted under solvent-free conditions, the
temperature is preferably 50 to 130 °C, more preferably 80 to 110 °C. When the temperature is
lower than 50 °C, the polymerization rate is low and heat history increases to result in a
tendency to reduce the quality of the target product. When the temperature is higher than 130
°C, side reactions tend to occur such as vinyl etherification of the terminal hydroxyl group to
form a terminal vinyl ether compound. Alike, during the polymerization, as the molecular weight
gradually increases, the viscosity of the reaction solution increases or the liquid solidifies, and
hence the reaction becomes inhomogeneous and the distribution of the resulting product gets
broad. As a result, the polymerization is preferably carried out in an aprotic solvent, preferably
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tetrahydrofuran or toluene.

[0052] At the moment, the resulting polymerization product is a mixture of alcohol and oxygen
anions, and calls for a complete deprotonation of the terminals of the branch chains first in
order to achieve a complete alkyl-etherification.

[0053] The base to be used for deprotonating the terminals of the branch chains is not
particularly limited, but is preferably sodium metal, potassium metal, sodium hydride,
potassium hydride, sodium methoxide, potassium methoxide, potassium tert-butoxide or
diphenylmethyl potassium, more preferably sodium metal, potassium metal or diphenylmethyl
potassium, most preferably diphenylmethyl potassium. Generally, the base is in an amount of 5
to 20 molar equivalents, preferably 8 to 15 molar equivalents relative to the initiator. When the
amount of the base is less than 5 molar equivalents to the initiator, the terminals of the branch
chains are not sufficiently deprotonated, and thus cannot be completely end-capped. Then, the
active terminal hydroxyl groups of the branch chains will participate in the subsequent
polymerization reaction to form an impurity having a higher molecular weight than the target
compound. Therefore, the distribution of molecular weight becomes broad and a polyfunctional
impurity is generated. When such impurities are present, the activity of the resulting modified
drugs may be reduced or completely lost. When the base amount exceeds 20 molar
equivalents to the initiator, the excess reagent tends to cause difficulty in the purification
process and result in side reactions in the subsequent steps.

[0054] The deprotonation of the terminals of the branch chains is commonly carried out at 10
to 50 °C, preferably 25 to 50 °C. When the temperature is lower than 10 °C, the terminals of
the branch chains are not completely deprotonated, and thus cannot be completely end-
capped. Moreover, the active terminal hydroxyl groups of the branch chains will participate in
the subsequent polymerization reaction to form an impurity having a higher molecular weight
than the target compound. Hence, the distribution of molecular weight becomes broad, and a
polyfunctional impurity is formed. When such impurities are present, the activity of the resulting
modified drugs may be reduced or completely lost. When the temperature is higher than 50 °C,
a decomposition of the protective group occurs, and no functional group is introduced after the
resulting impurity is alkyl-etherified in the next step. When a drug or the like is modified while
such impurities are present, the resulting preparation becomes inhomogeneous and hence the
quality tends to be varied. Also, the preparation cannot meet the requirement for a highly pure
product.

[0055] The deprotonation time is preferably 10 minutes to 24 hours and varies with the base
to be used. A weak base or a base with relatively low solubility in an organic solvent (e.g.
sodium methoxide, potassium methoxide, sodium hydride, potassium hydride or the like)
usually calls for a long deprotonation time of 1 to 24 hours. A strong base with good solubility in
an organic solvent (e.g. diphenylmethyl potassium, n-butyllithium, tert-butyllithium or the like)
can be mutually fully miscible with small molecule initiators even under solvent-free conditions.
The deprotonation time of such a strong base is usually 10 minutes to 24 hours, preferably 20
minutes to 1 hour. When the deprotonation time is longer than 24 hours, there is a possibility
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that a decomposition of the terminal hydroxyl-protecting group on the symmetry axis may
occur.

1.2 End-capping of the anionic PEG intermediate (5) (step b)

[0056] The end-capping (also referred to as alkyl-etherification) of the terminal of the anionic
PEG intermediate (5) can be realized by either of the following (1) or (2):

1. (1) The anionic PEG intermediate (5) reacts with the compound (8), such as alkyl halide,
alkyl sulfonate and the like, which contains a leaving group. As used herein, the
compound (8) is represented as follows:

X-LG4 8

wherein X is a hydrocarbon group having 1 to 20 carbon atoms selected from, but not
limited to, the group consisting of a methyl group, an ethyl group, a propyl group, a
propenyl group, a propynyl group, an isopropyl group, a butyl group, a tert-butyl group, a
pentyl group, a heptyl group, a 2-ethylhexyl group, an octyl group, a nonyl group, a decyl
group, an undecyl group, a dodecyl group, a tridecyl group, a tetradecyl group, a
pentadecyl group, a hexadecyl group, a heptadecyl group, an octadecyl group, a
nonadecyl group, an eicosyl group, a benzyl group and a tert-butylphenyl group. X is
preferably a hydrocarbon group having 1 to 10 carbon atoms, most preferably a methyl
group. LG1 is a leaving group selected from, but not limited to, the group consisting of

chlorine, bromine, iodine, mesylate, tosylate and 2,2 2-trifluoro-acetic acid sulfonate.
LG, is preferably iodine. So, the compound containing a leaving group for capping the

anionic PEG intermediate (5) is most preferably iodomethane.
With regard to the compound (8) such as alkyl halide, alkyl sulfonate or the like which
contains a leaving group, the amount of such a capping reagent is generally 5 to 20
molar equivalents, preferably 8 to 15 molar equivalents relative to the initiator. When the
capping reagent is in an amount less than 5 molar equivalents to the initiator, the
terminals of the branch chains are not completely end-capped, and the terminal oxygen
anions will participate in the subsequent polymerization reaction to form an impurity
having a higher molecular weight than the target compound. Therefore, the distribution
of molecular weight becomes broad and a polyfunctional impurity is generated. When
such impurities are contained, the activity of the resulting modified drugs may be
reduced or completely lost. When the amount of the capping reagent exceeds 20 molar
equivalents to the initiator, the excess reagent tends to cause difficulty in purification
process, and result in side reactions in the subsequent steps.
The temperature of the end-capping reaction is not particularly limited but preferably 25
to 50 °C.

2.(2) An activating reagent is added into the anionic PEG intermediate (5) to obtain
corresponding polyethylene glycol sulfonate which subsequently undergoes a
substitution reaction by deprotonated alcohol (X-OH) to form the compound (6).
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Commonly used activating reagents include methanesulfonyl chloride, p-toluenesulfonic
acid, and 2,2,2-trifluoro-acetic acid sulfonyl chloride.

Complete end-capping can be achieved by both method (1) and (2). In the case of
method (1), the alkyl-etherification reaction can be conducted in the same reactor as
polymerization reaction while the production method is simple and convenient in
process, so method (1) is more preferable.

The resulting product can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane
dialysis or supercritical extraction to obtain the intermediate compound (6).

1.3 Deprotection of intermediate compound (6) (step c)

[0057] Since the terminal hydroxyl group on the symmetry axis can be protected in four
manners by a benzyl group , a silyl-ether group, an acetal group/a ketal group or tertiary butyl
group, the deprotection reaction can be carried out correspondingly in the following four ways:

A: Deprotection of the benzyl structure

[0058] The deprotection of the benzyl structure can be achieved by hydrogenation using a
hydrogenative reduction catalyst and a hydrogen donor. As used herein, the water content
should be less than 1% in order to facilitate the reaction. When the water content is more than
1%, the decomposition reaction of the polyethylene glycol chain occurs. The resulting low-
molecular-weight polyethylene glycol with a hydroxyl group, which can participate in the
subsequent polymerization reaction or functional modification, will introduce impurities into the
target product. Such impurities may even react with the bio-related substance and change the
property of the preparation.

[0059] The hydrogenative reduction catalyst is preferably palladium. The carrier is not
particularly limited, but is preferably alumina or carbon, more preferably carbon. The amount of
palladium is 1 to 100 % by weight, preferably 1 to 20% by weight to the intermediate compound
(6). When the amount of palladium is less than 1% by weight, the rate and the conversion of
deprotection decrease. For the compounds that are not deprotected, subsequent
polymerization or functionalization is not allowed to proceed, which will result in low ratio of
functionalization of the final product. However, when the amount of palladium exceeds 100 %
by weight, the polyethylene glycol chain tends to undergo a decomposition reaction.

[0060] The reaction solvent is not particularly limited as far as it allows the reagents and the
product to be dissolved. Preferable solvents include methanol, ethanol, ethyl acetate,
tetrahydrofuran, and more preferable is methanol. The hydrogen donor is not particularly
limited, but is preferably hydrogen, cyclohexene, 2-propanol or the like. The reaction
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temperature is preferably 25 to 40 °C. When the temperature is higher than 40 °C, the
decomposition reaction of the polyethylene glycol chain may occur. The reaction time is not
particularly limited as far as it is negatively correlated with the amount of catalyst, preferably 1
to 5 hours. When the reaction time is shorter than one hour, the conversion is relatively low.
When the reaction time is longer than 5 hours, the polyethylene glycol chain may undergo a
decomposition reaction.

B: Deprotection of the acetal or ketal structure

[0061] The acetal or ketal compound used for protecting such a hydroxyl group is preferably
ethyl vinyl ether, tetrahydropyran, acetone, 2,2-dimethoxypropane, benzaldehyde or the like.
The deprotection of the acetal or ketal structure should be carried out under an acidic
condition, and the pH of the solution is preferably 0 to 4. When the pH is higher than 4, the
acidity is too weak for the protective group to be completely removed. When the pH is lower
than 0, the acidity is too strong so that the polyethylene glycol chain tends to undergo a
decomposition reaction. The acid is not particularly limited, but is preferably acetic acid,
phosphoric acid, sulfuric acid, hydrochloric acid or nitric acid, more preferably hydrochloric
acid. The reaction solvent is not particularly limited as long as it allows the reagents and the
product to be dissolved. The solvent is preferably water. The reaction temperature is
preferably 0 to 30 °C. When the temperature is lower than 0 °C, the reaction rate is relatively
slow, and the protective group cannot be completely removed. When the temperature is higher
than 30 °C, the decomposition reaction of the polyethylene glycol chain tends to occur under
an acidic condition.

C: Deprotection of the siloxane structure

[0062] The compound used for protecting such a hydroxyl group is preferably trimethylsilyl
ether, triethylsilyl ether, tert-butyldimethylsilyl ether, tert-butyldiphenylsilyl ether or the like. The
deprotection reaction of such a siloxane structure is in need of a fluorinion-containing
compound which is preferably tetrabutylammonium fluoride, tetraethylammonium fluoride,
hydrofluoric acid or potassium fluoride, more preferably tetrabutylammonium fluoride or
potassium fluoride. The amount of the fluorine-containing compound is 5 to 20 molar
equivalents, preferably 8 to 15 molar equivalents relative to the initiator. When the amount of
the fluorine-containing compound is less than 5 molar equivalents to the initiator, the
deprotonation reaction cannot sufficiently proceed. When the amount exceeds 20 molar
equivalents to the initiator, the excess reagent tends to cause difficulty in the purification
process and result in side reactions in the subsequent steps. The reaction solvent is not
particularly limited as long as it can dissolve the reagents and the product. The solvent is
preferably an aprotic solvent, more preferably tetrahydrofuran or dichloromethane. The
reaction temperature is preferably 0 to 30 °C. When the temperature is lower than 0 °C, the
reaction rate is relatively slow, and the protective group cannot be completely removed.
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D: Deprotection of the tert-butyl structure

[0063] The deprotection of the tert-butyl structure is carried out under an acidic condition, and
the pH of the solution is preferably 0 to 4. When the pH is higher than 4, the acidity is too weak
to for the protective group to be completely removed. When the pH is lower than 0, the acidity
is too strong, and there is a tendency for the polyethylene glycol chain to undergo a
decomposition reaction. The acid is not particularly limited, but is preferably acetic acid,
phosphoric acid, sulfuric acid, hydrochloric acid or nitric acid, more preferably hydrochloric
acid. The reaction solvent is not particularly limited as far as it can dissolve the reagents and
the product. The solvent is preferably water. The reaction temperature is preferably 0 to 30 °C.
When the temperature is lower than 0 °C, the reaction rate is relatively slow, and the protective
group cannot be completely removed. When the temperature is higher than 30 °C, the
decomposition reaction of the polyethylene glycol chain tends to occur.

[0064] The resulting product can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction to obtain the intermediate compound (7).

1.4 Polymerization of ethylene oxide to intermediate (7) and (step d)

[0065] Similar to the polymerization reaction in 1.1, the polymerization in this step is also
comprised of two steps. Step A: the terminal hydroxyl group on the symmetry axis is
deprotonated via base catalysis; Step B: ethylene oxide is polymerized. These two steps can
be conducted in a solvent or without any solvent. The solvent is not particularly limited, but is
preferably an aprotic solvent such as toluene, benzene, dimethylbenzene, acetonitrile, acetic
ether, tetrahydrofuran, chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or
dimethylacetamide, more preferably toluene or tetrahydrofuran.

Step A: Deprotonation of the terminal hydroxyl group on the symmetry axis

[0066] The base used for deprotonating the terminal hydroxyl group on the symmetry axis of
the intermediate compound (7) is not particularly limited, but is preferably sodium metal,
potassium metal, sodium hydride, potassium hydride, sodium methoxide, potassium
methoxide, potassium tert-butoxide or diphenylmethyl potassium, more preferably sodium
metal, potassium metal or diphenylmethyl potassium, most preferably diphenylmethyl
potassium. The catalyst amount is 5 to 80% by mol. When the amount of the catalyst to be
used is less than 5% by mol, the polymerization rate is low and heat history increases to cause
the formation of by-products such as a vinyl ether compound formed by vinyl etherification of
the terminal hydroxyl group. Under a solvent-free condition, when the amount of the catalyst
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exceeds 50% by mol, the viscosity of the reaction solution increases or the liquid solidifies and
thus the reaction becomes inhomogeneous and purification thereof tends to be difficult. In the
case that toluene or tetrahydrofuran is used as solvent, the problem of viscosity increasing or
liquid solidification can be avoided so that the catalyst amount can be increased up to 80% by
mol.

[0067] The deprotonation of the terminal hydroxyl group on the symmetry axis is commonly
carried out at 10 to 50 °C, preferably 25 to 50 °C. When the temperature is lower than 10°C,
the deprotonation does not sufficiently proceed, and the base as a nucleophile reagent
participates in the anionic polymerization to form a low-molecular-weight impurity having a
molecular weight 0.5 time that of the target compound. Such an impurity may react with the
bio-related substance and change the physical properties of the resulting product.

[0068] The deprotonation time of the terminal hydroxyl group on the symmetry axis is
preferably 10 minutes to 24 hours and varies with the base to be used. Aweak base or a base
with relatively low solubility in an organic solvent (e.g. sodium methoxide, potassium
methoxide, sodium hydride, potassium hydride or the like) usually calls for a long
deprotonation time of 1 to 24 hours. A strong base with good solubility in an organic solvent
(e.g. diphenylmethyl potassium, n-butyllithium, tert-butyllithium or the like) can be mutually fully
miscible with small molecule initiators even under solvent-free conditions, and has a fast
deprotonation rate. The deprotonation time of such a strong base is usually 10 minutes to 24
hours, preferably 20 minutes to 1 hour. When the deprotonation time is short, the
deprotonation does not sufficiently proceed, and the base as a nucleophile reagent takes part
in the anionic polymerization to form a low-molecular-weight impurity having a molecular
weight 0.5 time that of the target compound.

[0069] Potassium methoxide, potassium tert-butoxide or sodium methoxide, preferably
potassium methoxide is added as a catalyst in an amount of 5 to 80% by mol, and the reaction
is conducted at 25 to 80 °C, preferably 50 to 60 °C. Moreover, a pressure-reducing operation
is carried out in order to facilitate the exchange of protons. Potassium methoxide, potassium t-
butoxide or sodium methoxide can react with ethylene oxide during the polymerization to result
in a mono-etherified polyethylene glycol having a molecular weight 0.5 time that of the target
compound. The deprotonation product (e.g. methanol or t-butanol) not only acts as a proton
source which may quench the reaction, but also can participate in the polymerization of
ethylene oxide to form the above-mentioned mono-etherified polyethylene glycol. As a result,
the reaction should be carried out at a relatively high temperature to ensure complete
protonation, preferably 50 to 60 °C, and meanwhile a pressure-reducing operation is
demanded to remove lower alcohols. Step B: Polymerization of ethylene oxide to the terminal
of the symmetry axis

[0070] The polymerization reaction is carried out at 50 to 130 °C.

[0071] In the case that the polymerization is conducted in an aprotic solvent, the temperature
is preferably 50 to 80 °C. When the temperature is lower than 50 °C, as the molecular weight
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increases gradually with the progress of the polymerization, the viscosity of the reaction
solution increases or the liquid solidifies, and hence the reaction becomes inhomogeneous and
the resulting product has a broad distribution which is not suitable for the modification of highly
pure drugs. When the temperature is higher than 80 °C, explosive polymerization or side
reactions tend to occur, such as the vinyl etherification of terminal hydroxyl group to obtain a
vinyl ether compound.

[0072] In the case that the polymerization is conducted under solvent-free conditions, the
temperature is preferably 80 to 100 °C. When the temperature is lower than 50 °C, the
polymerization rate is low and heat history increases to result in a tendency to reduce the
quality of the target product. When the temperature is higher than 130 °C, side reactions tend
to occur such as the vinyl etherification of the terminal hydroxyl group to form a vinyl ether
compound. Alike, during the polymerization, as the molecular weight gradually increases, the
viscosity of the reaction solution goes up or the liquid solidifies, and hence the reaction
becomes inhomogeneous and the distribution of the resulting product gets broad. As a result,
the polymerization reaction is carried out in an aprotic solvent, preferably tetrahydrofuran or
toluene.

[0073] When the polymerization proceeds to a certain degree, the intermediate compound (3)
which has a main chain of a given degree of polymerization can be obtained after adding
proton source. Wherein, the proton source is not particularly limited as long as it can increase
the reactivity of the active hydrogen. Preferable proton source is methanol, ethanol or water.

[0074] A monofunctional branched polyethylene glycol with the general formula (1) can be
obtained by modifying the intermediate compound (3) according to different demands. The
preparation methods with respect to different kinds of R group are illustrated respectively.

2. Preparation of monofunctional branched PEG (step €)

[0075] The preparation process of the monofunctional branched PEG, except that R equals
hydroxyl group, is described below in detail.

2.1 Preparation of monofunctional branched PEG with R selected from group A

[0076]

1. a: The active ester compound can be achieved by reacting the intermediate compound
(3) with carbonate (A11, A51), haloformate (A21, A31) or carbonyldiimidazole (A41)
under a basic condition.

0 o 0 cl 2 Q o Q
7~ -
Ein»o’u\o—uij ozN_Q_ojw cl oﬁw NN RO Nw_N—o’lLo-N.N:
o o



DK/EP 2947111 T3

A1 A21 A el AN
Wherein W represents Cl, Br or |, and more preferable is Cl.

[0077] The amount of carbonate (A11, A51), haloformate (A21, A31) or carbonyldiimidazole
(A41) is 1 to 50 molar equivalents, preferably 1 to 20 molar equivalents, further preferably 5 to
10 molar equivalents relative to the compound (3).

[0078] The solvent can be no solvent or an aprotic solvent. The aprotic solvent can be
toluene, benzene, xylene, acetonitrile, ethyl acetate, diethyl ether, methyl tert-butyl ether,
tetrahydrofuran, chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or
dimethylacetamide. More preferable is tetrahydrofuran, dichloromethane, dimethyl sulfoxide or
dimethylformamide.

[0079] As used herein, the base to be used can be an organic base (e.g., triethylamine,
pyridine, 4-dimethylaminopyridine, imidazole or diisopropylethylamine) or an inorganic base
(e.g., sodium carbonate, sodium hydroxide, sodium bicarbonate, sodium acetate, potassium
carbonate or potassium hydroxide). The base is preferably an organic base, more preferably
triethylamine or pyridine. The amount of the base is 1 to 50 molar equivalents, preferably 1 to
10 molar equivalents, more preferably 3 to 5 molar equivalents relative to carbonate (A11,
A51), haloformate (A21, A31) or carbonyldiimidazole (A41).

[0080] The reaction temperature is 0 to 200 °C, preferably 0 to 100 °C, more preferably 25 to
80 °C. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24
hours. The resulting product can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

b, The ester compound can also be obtained through a condensation reaction. A carboxylic
acid compound (D4) is prepared first from intermediate compound (3) through one-step or
multi-step reactions, and then the carboxylic acid compound (D4) reacts with an alcohol or an
amine to obtain the corresponding active ester or amide compound.

/L1-(O-CH2-CH2 X4

n

HOOC{ZHCHZACHZOHLZ R L
q fs" 7p L1—(0-CH2-CH2)‘I‘1:)X2
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HO- b OQN—Q—OH Cl‘Q-OH HON
N-N
0 cl
A12 A22 A32 A52

Wherein X, X2, Rq, nq, N, n3, Z, L4, Lo, p and q are the same as the above-mentioned.
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[0081] The amount of N-hydroxy succinimide (A12), phenol (A22, A32) or N-hydroxy-triazole
(A52) is 1 to 50 molar equivalents, preferably 1 to 20 molar equivalents, more preferably 5 to
10 molar equivalents to the compound (D4).

[0082] The condensing agent is not particularly limited, but is preferably N,N'-
dicyclohexylcarbodiimide (DCC), 1-ethyl-(3-dimethylaminopropyl)carbodiimide hydrochloride
(EDC-HCI), 2-(7-azobenzotriazole)-N,N,N',N'-tetramethyluronium hexafluorophosphate (HATU)
or benzotriazolyl-N,N,N',N'-tetramethyluronium hexafluorophosphate (HBTU). Most preferable
is DCC. The amount of the condensing agent is commonly 1 to 20 molar equivalents,
preferably 5 to 10 molar equivalents to the compound (D4). A suitable amount of catalyst such
as 4-dimethylaminopyridine can be added into the reaction.

[0083] The solvent can be no solvent or an aprotic solvent. The aprotic solvent can be
toluene, benzene, xylene, acetonitrile, ethyl acetate, diethyl ether, methyl tert-butyl ether,
tetrahydrofuran, chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or
dimethylacetamide. More preferable is tetrahydrofuran, dichloromethane, dimethyl sulfoxide or
dimethylformamide.

[0084] As used herein, the base is usually an organic base such as triethylamine, pyridine, 4-
dimethylaminopyridine, imidazole or diisopropylethyl amine, and more preferable is
triethylamine or pyridine. The amount of the base is 1 to 50 molar equivalents, preferably 1 to
10 molar equivalents, more preferably 3 to 5 molar equivalents relative to N-hydroxy
succinimide (A12), phenol (A22, A32) or N-hydroxy-triazole (A52).

[0085] The reaction temperature is 0 to 200 °C, preferably 0 to 100 °C, more preferably 25 to
80 °C. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24
hours. The resulting product can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

2.2 Preparation of monofunctional branched PEG with R selected from group B

[0086] The sulfonate derivative (B1, wherein q is 0) can be obtained via the esterification
reaction between the intermediate compound (3) and a sulfonyl chloride (B11) under a basic

condition.
s}
]
W—8-Y
1]
(o]
B11

[0087] Herein, W represents Cl, Br or |, and is preferably CI. Y is a hydrocarbon group having
1 to 10 carbon atoms which may contain fluorine. Y is preferably a methyl group, an ethyl
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group, a propyl group, an isopropyl group, a butyl group, a tertiary butyl group, a pentyl group,
a hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, a vinyl group, a
phenyl group, a benzyl group, a p-methylphenyl group, a trifluoromethyl group, a 2,2,2-
trifluoroethyl group or a 4-(trifluoromethoxy)phenyl group, more preferably a methyl group, a p-
methylphenyl group, a 2,2,2-trifluoroethyl group, a trifluoromethyl group or a vinyl group.

[0088] The amount of sulfonyl chloride (B11) is 1 to 50 molar equivalents, preferably 1 to 20
molar equivalents relative to the intermediate compound (3). The solvent can be no solvent or
an aprotic solvent. The aprotic solvent can be toluene, benzene, xylene, acetonitrile, ethyl
acetate, diethyl ether, methyl tert-butyl ether, tetrahydrofuran, chloroform, dichloromethane,
dimethyl sulfoxide, dimethylformamide or dimethylacetamide, preferably tetrahydrofuran,
dichloromethane, dimethyl sulfoxide or dimethylformamide.

[0089] As used herein, the base to be used can be an organic base (e.g., triethylamine,
pyridine, 4-dimethylaminopyridine, imidazole or diisopropylethyl amine) or an inorganic base
(e.g., sodium carbonate, sodium hydroxide, sodium bicarbonate, sodium acetate, potassium
carbonate or potassium hydroxide). The base is preferably an organic base, more preferably
triethylamine or pyridine. The amount of the base is 1 to 50 molar equivalents, preferably 1 to
10 molar equivalents, more preferably 10 to 15 molar equivalents relative to sulfonyl chloride
(B11),

[0090] The reaction temperature is 0 to 200 °C, preferably 0 to 100 °C, more preferably 25 to
80 °C. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24
hours. The resulting product can be purified by a purification means such as extraction,
recrystallization, absorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

[0091] In the case that R is a derivative of group B, q is preferably 0. When q equals unity, the
preparation method similar to that when q is 0 is preferred. The relevant methods are well
known by those skilled in the art, and no more will be repeated here.

2.3 Preparation of monofunctional branched PEG with R selected from group C

a: Preparation of the thiol derivative (C2)

[0092] The thiol derivative (C2) can be obtained by reacting the intermediate compound (3)
with a thiourea compound.
L1 O“CHz‘CHg X1

/ n
HS-(-ZHCH -CH OHL d-R 1
q 2 2 ns 29’; \ 1

1_1—(o-cnz~cmz}ox2
Ny
c2

Wherein X4, X2, Rq, nq, N, n3, Z, L4, Lo, p and q are the same as the above-mentioned.
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[0093] The reaction can be carried out in a solvent or without any solvent. The solvent is not
particularly limited but is preferably water, toluene, benzene, xylene, acetonitrile, ethyl acetate,
diethyl ether, methyl tert-butyl ether, tetrahydrofuran, chloroform, dichloromethane, dimethyl
sulfoxide, dimethylformamide or dimethylacetamide, further preferably water, tetrahydrofuran,
dichloromethane or acetonitrile. The amount of the thiourea compound is 1 to 50 molar
equivalents, preferably 1 to 10 molar equivalents, more preferably 5 to 8 molar equivalents
relative to the intermediate compound (3). The reaction temperature is preferably 0 to 150 °C,
more preferably 20 to 100 °C, further preferably 25 to 80 °C. The reaction time is preferably 10
mins to 48 hours, more preferably 30 mins to 24 hours. The thiol derivative (C2) can be
obtained via basic hydrolysis following the above reaction. The product formed can be purified
by a purification means such as extraction, recrystallization, adsorption treatment, precipitation,

reverse precipitation, membrane dialysis or supercritical extraction.

H, S

H3C'C*OJLSK

C21

[0094] Additionally, the thiol derivative (C2) can also be obtained by reaction between the
intermediate compound (3) and the compound (C21) followed by a decomposition with primary
amine. The reaction can be carried out in a solvent or without any solvent. The solvent is not
particularly limited, but is preferably an aprotic solvent. The aprotic solvent can be toluene,
benzene, xylene, acetonitrile, ethyl acetate, diethyl ether, methyl tert-butyl ether,
tetrahydrofuran, chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or
dimethylacetamide, preferably tetrahydrofuran, dichloromethane, dimethyl sulfoxide or
dimethyl formamide.

[0095] The amount of the compound (C21) is 1 to 50 molar equivalents, preferably 1 to 20
molar equivalents, more preferably 5 to 10 molar equivalents relative to the intermediate
compound (3). The reaction temperature is preferably 0 to 150 °C, more preferably 25 to 80
°C. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24 hours.
And then basic hydrolysis with a primary amine is carried out in an aprotic solvent. The primary
amine is preferably ammonia, methylamine, ethylamine, propylamine, butylamine,
pentylamine, hexylamine, cyclohexylamine, ethanolamine, propanolamine or butanolamine.
Because the mercapto group tends to be oxidized, the reaction should proceed in the absence
of oxygen. The product formed can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

b: Synthesis of the amine derivative

[0096]
IL,{o—cuz-cnz r|1x1

ALz {em,-con oL -dr
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Mt 'n3 v “P \L1‘(0-—CHZ-CH9-OX2
Ny
C3

Wherein X, X2, Rq, nq, N, n3, Z, L4, Lo, p and q are the same as the above-mentioned.

[0097] The amine derivative (C3) can be synthesized in the following manner: the
intermediate compound (3) is coupled with acrylonitrile or the like via base catalysis in
advance, and then the cyano group of the resulting compound is reduced to the corresponding
amine compound using palladium or nickel as a catalyst in a high-pressure reactor. The
reaction can be carried out in a solvent or without any solvent. The solvent is not particularly
limited, but is preferably water, 1,4-dioxane or combination thereof. The Base can be an
organic base (e.g., triethylamine, pyridine, 4-dimethylaminopyridine, imidazole or
diisopropylethyl amine) or an inorganic base (e.g., sodium carbonate, sodium hydroxide,
sodium bicarbonate, sodium acetate, potassium carbonate or potassium hydroxide). The base
is preferably an inorganic base, more preferably sodium hydroxide or potassium hydroxide.
The amount of the base is not particularly limited, but is preferably 5 to 10 molar equivalents to
the intermediate compound (3). The amount of acrylonitrile or the like is preferably 1 to 20
molar equivalents, more preferably 5 to 15 molar equivalents relative to the intermediate
compound (3), and the amount increases with the molecular weight of the intermediate
compound (3). Furthermore, in the case that acrylonitrile is used as solvent, the reaction
temperature is -50 to 100 °C, preferably 20 to 60 °C, and the reaction time is preferably 10
mins to 48 hours, more preferably 30 mins to 24 hours.

[0098] With regard to the step of hydrogenative reduction reaction, the solvent is not
particularly limited, but is preferably toluene, methanol or ethanol. The ratio of the palladium or
nickel catalyst is not particularly limited, but is preferably 0.05 to 30 % by weight, more
preferably 0.5 to 20% by weight to the nitrile compound. The reaction temperature is 20 to 200
°C, preferably 50 to 150 °C. The hydrogen pressure is preferably 2 to 10 MPa, more preferably
3 to 8 MPa. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24
hours. Moreover, in order to inhibit dimerization, ammonia may be added to the reaction
system. In the case of adding ammonia, ammonia pressure is preferably 0.1 to 3 MPa, more
preferably 0.3 to 2 MPa. The product formed can be purified by a purification means such as
extraction, recrystallization, adsorption treatment, precipitation, reverse precipitation,
membrane dialysis or supercritical extraction.

[0099] The amine derivative (C3, q is 0) can be obtained by reacting the compound (B1) with
ammonia water in aqueous ammonia solution at a concentration of 1 to 40% by weight,
preferably 10 to 40% by weight. The amount of ammounia water is 1 to 300 parts by weight,
preferably 100 to 200 parts by weight of the compound (B). The reaction temperature is 25 to
300, preferably 60 to 100 °C. The reaction time is preferably 10 mins to 48 hours, more
preferably 30 mins to 24 hours. The resulting product can be purified by a purification means
such as extraction, recrystallization, adsorption treatment, precipitation, reverse precipitation,
membrane dialysis or supercritical extraction.

L-(o—CH ~CH,FOX
WEVINRERY a4
3 q 2 ¥4 ns 2 p \ 1

L1-(O-CH2~CH;—OX2

L1-(O-CH;~CH2 X4
/ ,

|3r~€z~)—(CH2-CH2 OHLZ—)—C-&
q N3 A

P L1—(O~CH2-CH2)£X2
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Wherein X¢, X, Rq, nq, ng, n3, Z, L4, Ly, p and q are the same as the above-mentioned.

[0100] Besides, the compound (C4) or (C5) can also be synthesized by reacting the
compound (B1) with an azide salt or a bromide salt. The azide salt is not particularly limited as
long as free azide ions exist in solvent. The azide salt is preferably sodium azide or potassium
azide. Similarly, the bromide salt is not particularly limited as long as free bromide ions exist in
solvent. The bromide salt is preferably sodium bromide or potassium bromide. The reaction
solvent is not particularly limited, but is preferably water, ethanol, acetonitrile, dimethyl
sulfoxide, dimethylformamide or dimethylacetamide, more preferably water or dimethyl
formamide. The amount of the azide salt or the bromide salt is 1 to 50 molar equivalents,
preferably 5 to 20 molar equivalents, more preferably 10 to 15 molar equivalents to the
compound (B1). The reaction temperature is preferably 10 to 300 °C, more preferably 100 to
150 °C. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24
hours. The product formed can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

2.4 Preparation of monofunctional branched PEG with R selected from group D

[0101]
o /L,-(o-cuz-cnz X4
n
HZN—“—(-ZHCHZ-CHZO Lz-)—c\-rz1 1
4 Mt P L {o-CHyCH Y OX,
kY “iig
D1

L1 O*CHz‘CHZ X1

0 /
HZNHNJ—QZ)EGCHZ-CHZOHLZ}—C\—R, ™
3 p

L,«(O~CH2~CH2)}?X2
D2 ?

Wherein X, X2, Rq, nq, N, n3, Z, L4, Lo, p and q are the same as the above-mentioned.

[0102] The polyethylene glycol derivative (D1), (D2) or (D4) can be prepared through the
following method: the intermediate compound (3) is deprotonated in advance, then undergoes
substitution with an a-haloacetate ester compound, and finally is subjected to hydrolysis or
aminolysis with the corresponding nucleophilic reagent.

[0103] Step A: deprotonation of intermediate compound (3). The base for deprotonating
intermediate compound (3) is not particularly limited, but is preferably sodium metal, potassium
metal, sodium hydride, potassium hydride, sodium methoxide, potassium methoxide,
potassium tert-butoxide or diphenylmethyl potassium, more preferably sodium hydride or
diphenylmethyl potassium. The amount of the base is 5 to 20 molar equivalents, preferably 8
to 15 molar equivalents to the intermediate compound (3). When the amount of the base is
less than 5 molar equivalents to the intermediate compound (3), the deprotonation and thus
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the substitution may not sufficiently proceed. The deprotonation temperature is preferably 10
to 50 °C. When the temperature is lower than 10 °C, the deprotonation may not sufficiently
proceed to result in a low ratio of functionalization.

[0104] The deprotonation time is preferably 10 minutes to 24 hours, and varies with the base
to be used. A weak base or a base with relatively low solubility in an organic solvent (e.g.,
sodium methoxide, potassium methoxide, sodium hydride, potassium hydride or the like)
usually calls for a long deprotonation time of 1 to 24 hours. A strong base with good solubility in
an organic solvent (e.g. diphenylmethyl potassium, n-butyllithium, tert-butyllithium or the like)
can be mutually fully miscible with small molecule initiators even under solvent-free conditions,
and has a fast deprotonation rate. The deprotonation time of such a strong base is usually 10
minutes to 24 hours, preferably 20 minutes to 1 hour.

[0105] Step B: addition of an a-haloacetate ester compound followed by a substitution
reaction to obtain intermediate (10).
/Lrv(O-CHfCHg X

o}
0 Y—c;oJi—cHz—o—(CHZ-cl-lzo}—(L2 CoRy M
W\)LO,Y nst P L1-(0—CH2—CH2)r-?X2
2
9 10

Wherein X¢, X5, Rq, nq, ng, n3, Z, L4, Ly and p are the same as the above-mentioned.

[0106] W is CI, Br or |, preferably Br or I. Y is a hydrocarbon group having 1 to 10 carbon
atoms which may contain fluorine. Y is preferably a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, a tertiary butyl group, a pentyl group, a hexyl group,
a heptyl group, an octyl group, a nonyl group, a decyl group, a vinyl group, a phenyl group, a
benzyl group, a p-methylphenyl group, a trifluoromethyl group, a 2,2,2-trifluoroethyl group or a
4-(trifluoromethoxy)phenyl group, more preferably a methyl group, a p-methylphenyl group, a
2,2,2-trifluoroethyl group, a trifluoromethyl group or a vinyl group.

[0107] The amide bond of (D1), the hydrazide bond of (D2) and the carboxyl group of (D4)
can be formed by reacting the compound (10) with ammonia, hydrazine hydrate and basic
solution, respectively.

[0108] In the case of forming the amide bond of (D1), the concentration of ammonia water is 1
to 40% by weight, preferably 25 to 35% by weight. The amount of ammonia water is 1 to 300
parts by weight, preferably 100 to 200 parts by weight of the compound (B1). The reaction
temperature is 25 to 100 °C, preferably 25 to 60 °C. The reaction time is preferably 10 mins to
48 hours, more preferably 30 mins to 24 hours.

[0109] In the case of forming the hydrazide bond of (D2), the concentration of hydrazine
hydrate is 1 to 80% by weight, preferably 50% to 80% by weight. The amount of hydrazine
hydrate water is 1 to 300 parts by weight, preferably 50 to 100 parts by weight of the
compound (B1). The reaction temperature is 25 to 100 °C, preferably 25 to 60 °C. The
reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24 hours.
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[0110] In the case of forming the carboxyl group of (D4), the base is an inorganic base such
as sodium hydroxide, potassium hydroxide or barium hydroxide. The concentration of the base
is 0.1 to 10 mol/L, preferably 1 to 5 mol/L. The reaction temperature is 0 to 100 °C, preferably
40 to 80 °C. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to
24 hours.

[0111] The product formed can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

Preparation of monofunctional branched PEG with R selected from group E

[0112]
Lo~ CH2~CH2 x1

/
H,C= c-—”—-o—éz—)—(cnz CH20}- L2 CRy
L1—(O-CH2-CH2)-OX2

nz

E2

L1fo c:r42~cn2

o
HzC:q—“—o—(z—)—-(CHz c1-|2o)—-(1_27——c»|=z1
CH, ns Lr(O*-CHz-CHz)—OXz
ny

E3
0 o]
wlc=cH, w-ll-c-cH,
H CH;
E21 E31

Wherein X4, X2, Rq, nq, ng, n3, Z, L4, Lo, p and q are the same as the above-mentioned, and W
is Cl, Br or |, preferably Cl or Br.

[0113] The compound (E2) or (E3) can be obtained by reacting the deprotonated form of the
PEG intermediate (3) with a corresponding halide group (E21) or (E31). With regard to the
deprotonation of the PEG intermediate (3), the base to be used is not particularly limited, but is
preferably sodium metal, potassium metal, sodium hydride, sodium methoxide, potassium tert-
butoxide or diphenylmethyl potassium, more preferably sodium hydride or diphenylmethyl
potassium. The amount of the base is 5 to 20 molar equivalents, preferably 8 to 15 molar
equivalents to the intermediate compound (3). When the amount of the base is less than 5
molar equivalents to the intermediate compound (3), the deprotonation and thus the
substitution may not sufficiently proceed. The deprotonation temperature is preferably 10 to 50
°C. When the temperature is lower than 10 °C, the deprotonation may not sufficiently proceed
to result in a low ratio of functionalization.

[0114] The reaction solvent is not particularly limited, but is preferably aprotic solvent such as
toluene, benzene, dimethylbenzene, acetonitrile, acetic ether, tetrahydrofuran, chloroform,
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dichloromethane, dimethyl sulfoxide, dimethylformamide or dimethylacetamide, more
preferably toluene or tetrahydrofuran.

[0115] The deprotonation time is preferably 10 minutes to 24 hours, varies with the base to be
used. A weak base or a base with relatively low solubility in an organic solvent (e.g. sodium
methoxide, potassium methoxide, sodium hydride, potassium hydride or the like) usually calls
for a long deprotonation time of 1 to 24 hours. A strong base with good solubility in an organic
solvent (e.g. diphenylmethyl potassium, n-butyllithium, tert-butyllithium or the like) can be
mutually fully miscible with small molecule initiators even under solvent-free conditions, and
has a fast deprotonation rate. The deprotonation time of such a strong base is usually 10
minutes to 24 hours, preferably 20 minutes to 1 hour.

[0116] The amount of the halide compound (E21) or (E31) is 1 to 50 molar equivalents,
preferably 5 to 10 molar equivalents to the intermediate compound (3). The reaction
temperature is 25 to 100 °C, preferably 25 to 60 °C. The reaction time is preferably 10 mins to
48 hours, more preferably 30 mins to 24 hours.

[0117] The product formed can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

2.5 Preparation of monofunctional branched PEG with R selected from group F

[0118]
/|.1-(o*cnz-cﬂ2 n1x1
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Wherein X¢, X, R{, nq, ng, n3, Z, L4, Ly, p and q are the same as the above-mentioned, and W

is Cl, Br or |, preferably Cl or Br.

[0119] The compound (F1), (F2) or (F3) can be obtained by reacting the deprotonated form
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of the PEG intermediate (3) with the corresponding halide group (F11), (F21) or (F31). The
base used for deprotonating the intermediate compound (3) is not particularly limited, but is
preferably sodium metal, potassium metal, sodium hydride, potassium hydride, sodium
methoxide, potassium tert-butoxide or diphenylmethyl potassium, more preferably sodium
hydride or diphenylmethyl potassium. The amount of the base is 5 to 20 molar equivalents,
preferably 8 to 15 molar equivalents to the intermediate compound (3). When the amount of
the base is less than 5 molar equivalents to the intermediate compound (3), the deprotonation
and thus the substitution may not sufficiently proceed. The deprotonation temperature is
preferably 10 to 50 °C. When the temperature is lower than 10 °C, the deprotonation may not
sufficiently proceed to result in a low ratio of functionalization.

[0120] The reaction solvent is not particularly limited, but is preferably aprotic solvent such as
toluene, benzene, dimethylbenzene, acetonitrile, acetic ether, tetrahydrofuran, chloroform,
dichloromethane, dimethyl sulfoxide, dimethylformamide or dimethylacetamide, more
preferably toluene or tetrahydrofuran.

[0121] The deprotonation time is preferably 10 minutes to 24 hours, varies with the base to be
used. A weak base or a base with relatively low solubility in an organic solvent (e.g. sodium
methoxide, potassium methoxide, sodium hydride, potassium hydride or the like) usually calls
for a long deprotonation time of 1 to 24 hours. A strong base with good solubility in an organic
solvent (e.g. diphenylmethyl potassium, n-butyllithium, tert-butyllithium or the like) can be
mutually fully miscible with small molecule initiators even under solvent-free conditions, and
has a fast deprotonation rate. The deprotonation time of such a strong base is usually 10
minutes to 24 hours, preferably 20 minutes to 1 hour.

[0122] The amount of the halide compound (F11), (F21) or (F31) is 1 to 50 molar equivalents,
preferably 5 to 10 molar equivalents to the intermediate compound (3). The reaction
temperature is 25 to 100 °C, preferably 25 to 60 °C. The reaction time is preferably 10 mins to
48 hours, more preferably 30 mins to 24 hours.

[0123] The product formed can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

2.6 Preparation of monofunctional branched PEG with R selected from group G

[0124]
(Y o L-fO-CH,~CH,}OX &,

, o’u\fz);écnz-cuzo - Lz);)—cél;;( E Ty ' OH
&/

G2 G21
Wherein X¢, X, Rq, nq, ng, n3, Z, L4, Ly, p and q are the same as the above-mentioned.
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[0125] Taking G2 for example, such a compound can be prepared by the condensation
reaction between the polyethylene glycol acid derivative (D4) and an alcohol (G21). The
amount of the alcohol (G21) is 1 to 50 molar equivalents, preferably 1 to 20 molar equivalents,
more preferably 5 to 10 molar equivalents to the compound (D4),

[0126] The condensing agent is not particularly limited but is preferably DCC, EDC, HATU or
HBTU, more preferably DCC or HATU. In general, the amount of the condensing agent is 1 to
20 molar equivalents, preferably 5 to 10 molar equivalents to the substrate. A suitable amount
of catalyst such as 4-dimethylaminopyridine can be added to the reaction system. The solvent
can be no solvent or an aprotic solvent. As used herein, the aprotic solvent can be toluene,
benzene, xylene, acetonitrile, ethyl acetate, diethyl ether, methyl tert-butyl ether,
tetrahydrofuran, chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or
dimethylacetamide, preferably tetrahydrofuran, dichloromethane, dimethyl sulfoxide or
dimethyl formamide.

[0127] Usually, the base is an organic base such as triethylamine, pyridine, 4-
dimethylaminopyridine, imidazole or diisopropylethyl amine, preferably triethylamine or
pyridine. The amount of the base is 1 to 50 molar equivalents, preferably 1 to 10 molar
equivalents, more preferably 2 to 3 molar equivalents to condensing agent.

[0128] The reaction temperature is 0 to 200 °C, preferably 0 to 100 °C, more preferably 25 to
80 °C. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24
hours.

[0129] The product formed can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

2.7 Preparation of monofunctional branched PEG with R as aldehyde functional groups

2.7.1 Preparation of acetaldehyde derivatives

[0130]
/Lr(O‘CHg‘cHz X1

o]
HJL‘C—O-(CHZ-CHZOHLZ-)—-—C—m ™
Hy nz-1 p
Lr(o-CHz-CH X
ng
D5a

Wherein X¢, X5, Rq, nq, ng, n3, Z, L4, Ly and p are the same as the above-mentioned.

[0131] The polyethylene glycol aldehyde can be synthesized directly by oxidation of the
intermediate compound (3). The oxidizing agent is not particularly limited, but is preferably
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PDC, PCC, "DCC + DMSO" or MnQO,, more preferably "DCC + DMSQ". The amount of DCC is

1- to 50-fold by mole, preferably 5- to 25-fold by mole, more preferably 10- to 20-fold by mole
of the intermediate compound (3). The solvent is not particularly limited, but is preferably an
aprotic solvent such as toluene, benzene, xylene, acetonitrile, ethyl acetate, tetrahydrofuran,
chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or dimethylacetamide,
more preferably dichloromethane or dimethyl sulfoxide. The reaction temperature is preferably
-78 to 100 °C, more preferably 0 to 50 °C, further preferably 25 to 30 °C. The reaction time is
preferably 10 mins to 48 hours, more preferably 30 mins to 24 hours. Additionally, the salt of a
weak acid which should be added to the reaction is not particularly limited but is preferably
pyridinium trifluoroacetate, triethylamine trifluoroacetate, pyridine hydrochloride, triethylamine
hydrochloride, pyridine sulfate, triethylammonium sulfate or the like, more preferably pyridinium
trifluoroacetate.

2.7.2 Preparation of derivatives of propionaldehyde and other aldehydes

[0132]
F{O-CHy=CHJOX
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Wherein X4, X2, Rq, nq, ng, n3, Z, L4, Lo and p are the same as the above-mentioned, and W is
Cl, Br or |, preferably Br or .

[0133] The derivative of propionaldehyde or an else aldehyde can be synthesized by reacting
the deprotonated form of the PEG intermediate (3) with the corresponding halide compound
(D51) to obtain the acetal intermediate (11) followed by hydrolysis under an acidic condition.

[0134] As used herein, the base for deprotonating the intermediate compound (3) is not
particularly limited, but is preferably sodium metal, potassium metal, sodium hydride,
potassium hydride, sodium methoxide, potassium tert-butoxide or diphenylmethyl potassium,
more preferably sodium hydride or diphenylmethyl potassium. The amount of the base is 5 to
20 molar equivalents, preferably 8 to 15 molar equivalents to the intermediate compound (3).
When the amount of the base is less than 5 molar equivalents to the intermediate compound
(3), the deprotonation and thus the substitution may not sufficiently proceed. The
deprotonation temperature is preferably 10 to 50 °C. When the temperature is lower than 10
°C, the deprotonation may not sufficiently proceed to result in a low ratio of functionalization.

[0135] The reaction solvent is not particularly limited, but is preferably aprotic solvent such as
toluene, benzene, dimethylbenzene, acetonitrile, acetic ether, tetrahydrofuran, chloroform,
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dichloromethane, dimethyl sulfoxide, dimethylformamide or dimethylacetamide, more
preferably toluene or tetrahydrofuran.

[0136] The deprotonation time is preferably 10 minutes to 24 hours, varies with the base to be
used. A weak base or a base with relatively low solubility in an organic solvent (e.g. sodium
methoxide, potassium methoxide, sodium hydride, potassium hydride or the like) usually calls
for a long deprotonation time of 1 to 24 hours. A strong base with good solubility in an organic
solvent (e.g. diphenylmethyl potassium, n-butyllithium, tert-butyllithium or the like) can be
mutually fully miscible with small molecule initiators even under solvent-free conditions, and
has a fast deprotonation rate. The deprotonation time of such a strong base is usually 10
minutes to 24 hours, preferably 20 minutes to 1 hour.

[0137] The amount of the halide compound (D51) is 1 to 50 molar equivalents, preferably 5 to
10 molar equivalents to the intermediate compound (3). The reaction temperature is 25 to 100
°C, preferably 25 to 60 °C. The reaction time is preferably 10 mins to 48 hours, more
preferably 30 mins to 24 hours.

[0138] The deprotection of the acetal structure is carried out under an acidic condition, and
the pH of the solution is preferably 1 to 4. When the pH is higher than 4, the acidity is too weak
to for the protective group to be completely removed. When the pH is lower than 0, the acidity
is too strong, and there is a tendency for the polyethylene glycol chain to undergo a
decomposition reaction. The acid is not particularly limited, but is preferably acetic acid,
phosphoric acid, sulfuric acid, hydrochloric acid or nitric acid, more preferably hydrochloric
acid. The reaction solvent is not particularly limited as far as it can dissolve the reagents and
the product. The solvent is preferably water. The reaction temperature is preferably 0 to 30 °C.
When the temperature is lower than 0 °C, the reaction rate is relatively slow, and the protective
group cannot be completely removed. When the temperature is higher than 30 °C, the
decomposition reaction of the polyethylene glycol chain tends to occur.

[0139] The product formed can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

2.8 Preparation of monofunctional branched PEG in the case of R is maleimide.

[0140] The maleimide derivative (E1) can be prepared through either of the following method
(1) or (2).

1. (1) An acid intermediate is obtained in advance through the ring-opening reaction
between the maleic anhydride and the resulting amine derivative produced with the
method shown in 2.3, and then undergoes a ring-closure reaction using acetic anhydride
or sodium acetate as a catalyst to obtain the maleimide compound (E1).

L-( ~CHo = ]
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Wherein X, X2, Rq, nq, N, n3, Z, L4, Lo, p and q are the same as the above-mentioned.

[0141] The reaction solvent is not particularly limited, but it is preferably an aprotic solvent
such as toluene, benzene, dimethylbenzene, acetonitrile, acetic ether, tetrahydrofuran,
chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or dimethylacetamide,
more preferably toluene or tetrahydrofuran.

[0142] The amount of the maleic anhydride is preferably 1- to 100-fold by mole, more
preferably 5- to 10-fold by mole of the amine compound (C3). The reaction temperature is
preferably 0 to 200 °C, more preferably 25 to 150 °C. The reaction time is preferably 10 mins
to 48 hours, more preferably 30 mins to 24 hours. The product formed can be purified by a
purification means such as extraction, recrystallization, adsorption treatment, precipitation,
reverse precipitation, membrane dialysis or supercritical extraction.

[0143] The solvent in the ring-closure reaction is not particularly limited, but is preferably an
aprotic solvent or acetic anhydride. The amount of sodium acetate to be used is 0.1- to 100-
fold by mole, preferably 1- to 50-fold by mole of the intermediate compound (3). The reaction
temperature is preferably 0 to 200 °C, more preferably 25 to 150 °C. The reaction time is
preferably 10 mins to 48 hours, more preferably 30 mins to 24 hours. The product formed can
be purified by a purification means such as extraction, recrystallization, adsorption treatment,
precipitation, reverse precipitation, membrane dialysis or supercritical extraction.

(2) The maleimide compound (E1) can be obtained by the condensation reaction between the
aforementioned amine compound (C3) and an acid compound containing maleimide group

(E11).
O

QN-ZZ—COOH

(¢
E11

Wherein Z, is an alkylene or an alkylene containing at least one group which is stable under
the conditions of light illumination, enzyme, acid or base, wherein each group is selected from
a group consisting of an ester bond, a urethane bond, an amide bond, an ether bond, a double
bond, a triple bond, a carbonate bond and a secondary amino group. Z, is more preferably an
alkylene or an alkylene containing at least one of a group consisting of an ester bond, an
amide bond and a secondary amino group. As used herein, the alkylene is preferably
methylene, 1,2-ethylene, 1,3-propylene, 1,2-propylene, isopropylidene, butylene, pentylene or
hexylene.
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[0144] The condensing agent is not particularly limited, but is preferably DCC, EDC, HATU or
HBTU, more preferably DCC. In usual, the amount of the condensing agent is equimolar to 20
molar, preferably 5 molar to 10 molar to the substrate. A suitable amount of catalyst such as 4-
dimethylaminopyridine can be added to the reaction system.

[0145] The reaction solvent is not particularly limited, but is preferably aprotic solvent such as
toluene, benzene, xylene, acetonitrile, ethyl acetate, diethyl ether, methyl tert-butyl ether,
tetrahydrofuran, chloroform, dichloromethane, dimethyl sulfoxide, dimethylformamide or
dimethylacetamide, more preferably tetrahydrofuran, dichloromethane, dimethyl sulfoxide or
dimethyl formamide.

[0146] The base to be used is an organic base such as triethylamine, pyridine, 4-
dimethylaminopyridine, imidazole or diisopropylethyl amine, preferably triethylamine or
pyridine. The amount of the base is equimolar to 50 molar, preferably equimolar to 10 molar,
more preferably 2 molar to 3 molar to the condensing agent,.

[0147] The reaction temperature is 0 to 200 °C, preferably 0 to 100 °C, more preferably 25 to
80 °C. The reaction time is preferably 10 mins to 48 hours, more preferably 30 mins to 24
hours.

[0148] The product formed can be purified by a purification means such as extraction,
recrystallization, adsorption treatment, precipitation, reverse precipitation, membrane dialysis
or supercritical extraction.

[0149] The above-mentioned description of the structure of the monofunctional branched
polyethylene glycol only provides some common examples. As for the preparation methods
thereof, only routes from compound (3) are described. It should be noted that the preparation
of a monofunctional branched polyethylene glycol can also be expediently realized through
compound (HI) when q equals 1, meanwhile the related steps and reagents are similar to
those used in the method through compound (3) and well known by those skilled in the art.

2.9 Preparation of PEG-modified bio-related substance.

[0150] The "bio-related substance" according to the invention represents a physiologically
active substance or a modified derivative thereof. Examples of the bio-related substance
include but are not particularly limited to the following substances: polypeptide, protein,
enzyme, small molecule drug, dye, liposome, nucleoside, nucleotide, oligonucleotide,
polynucleotide, nucleic acid, polysaccharide, steroid, lipid, phospholipid, glycolipid,
glycoprotein, virus, cell and micelle. They can be classified into the following groups:
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(1) Saccharides

[0151] Saccharides are major component constituting cells and organs. As used herein,
saccharides are not particularly limited, but mainly include glycolipid, glycoprotein, glycogen
and the like. Glycolipid is widely distributed in the organism, and mainly has two categories
including glycosyl-acylglycerid and glycosphingolipid. Specific examples of glycolipids include
ceramide, cerebroside, sphingol, ganglioside, glyceryl glycolipid and the like. Glycoprotein, a
kind of polyconjugates made from chains of branched oligosaccharide and polypeptides via
covalent connection, is commonly secreted into body fluid or acts as a component of
membrane protein, specifically including transferrin, serum ceruloplasmin, membrane-binding
protein, histocompatibility antigen, hormone, carrier, lectin, antibody and the like.

(2) Lipids

[0152] Lipids are mainly made up of two categories including fat and lipoid. As used herein,
the fatty acid is not particularly limited but preferably an aliphatic acid having 12 to 22 carbon
atoms. The fatty acid can be a saturated fatty acid or that containing an unsaturated bond. The
lipoid includes glycolipid, phospholipid, cholesteryl ester and the like. Wherein, the phospholipid
may be derived from natural phospholipid substance such as yolk or soybean, or may be
synthesized phospholipid compound. Preferable examples of phospholipid include
phosphatidic acid, phosphatidylcholine, phosphatidylethanolamine, cardiolipin,
phosphatidylserine, phosphatidylinositol and lyso isomer thereof. Cholesterol, steroid or the like
play an essential role in modulating and maintaining normal metabolism and procreation of the
body, and examples include cholesterol, bile acid, sex hormone, vitamin D and the like.

(3) Nucleic acids

[0153] Nucleic acid, one of the most basic substances of life, is a kind of biomacromolecules
made by polymerization of nucleotides. It is widely discovered in all animals, plants, cells and
microorganisms. The nucleic acids in body are usually combined with proteins to form
nucleoproteins. According to chemical composition, nucleic acids are classified into ribonucleic
acids and deoxyribonucleic acids.

(4) Polypeptides and proteins

[0154] Protein is considered as an essential component of life. More specific examples of
proteins and polypeptides include the following. Hormones such as neuohypophysial hormone,
thyroid hormone, male sex hormone, female sex hormone and adrenal cortex hormone.
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Serum proteins such as hemoglobin and blood factors. Immunoglobulins such as 1gG, IgE,
IgM, IgA and IgD. Cytokines and fragments thereof such as interleukin, interferon, granulocyte-
colony stimulating factor, macrophage-colony stimulating factor, granulocyte-macrophage
colony stimulating factor, platelet-derived growth factor, phospholipase-activating protein,
insulin, glucagon, lectin, ricin, tumor necrosis factor, epidermal growth factor, vascular
endothelial growth factor, nerve growth factor, bone growth factor, insulin-like growth factor,
heparin-binding growth factor, tumor growth factor, glial cell line-derived neurotrophic factor,
macrophage differentiating factor, differentiation-inducing factor, leukemia inhibitory factor,
amphiregulin, somatotropin, erythropoietin, hemopoietin, thrombopoietin and calcitonin.
Enzymes such as proteolytic enzymes, oxidoreductases, transferases, hydrolases, lyases,
isomerases, ligases, asparaginases, arginases, arginine deaminases, adenosine deaminases,
superoxide dismutases, endotoxinases, catalases, chymotrypsin, lipases, uricases, elastases,
streptokinases, urokinases, prourokinases, adenosine diphosphatases, tyrosinases, bilirubin
oxidases, glucose oxidases, glucosases, glactosidases, glucocerebrosidases and
glucouronidases. Monoclonal and polyclonal antibodies and fragments thereof, poly(amino
acids) such as poly-L-lysine and poly-D-lysine. Vaccines such as hepatitis B vaccine, malaria
vaccine, melanoma vaccine and HIV-1 vaccine. Antigens and viruses.

(5) Others

[0155] A Vitamin is an organic compound in a limited amount required by human and animals
to maintain normal physiological behaviors, and it must be obtained from food. Vitamin plays
an important role in the processes of growth, metabolism and development of the body. More
specific examples of vitamins include vitamin A, vitamin B, vitamin E, vitamin K and the like.

[0156] As used herein, the small molecule drugs are not particularly limited but more
preferably include anticancer drugs and antifungal drugs. Preferable anticancer drugs include
paclitaxel, adriamycin, doxorubicin, cis-platinum, daunomycin, mitomycin, vincristine,
epirubicin, methotrexate, 5-fluorouracil, aclacinomycin, idamycin, bleomycin, pirarubicin,
peplomycin, vancomycin, camptothecin and the like. Specific examples of antifungal drugs are
not particularly limited but include amphotericin B, nystatin, fluorocytosine, miconazole,
fluconazole, itraconazole, ketoconazole, peptide antifungal drugs and the like.

[0157] Other bio-related substances well known by those skilled in the art such as liposomes,
cells, micelles and the like are also included in the present invention.

[0158] The reactive group of the bio-related substance reacts with the active group of the
monofunctional branched polyethylene glycol to form a covalent residue group L3 which links
the bio-related substance and the branched PEG. Herein, the residue group L3 is preferably a
triazole bond, an isoxazole bond, an ether bond, an amide bond, an imide bond, an imino

group, a secondary amino group, a tertiary amino group, a thioester bond, a disulfide bond, a
urethane bond, a thiocarbonate bond a sulfonate bond, a sulfamide bond, a carbamate bond,
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a tyrosine group, a cysteine group, a histidine group or the combination thereof.

[0159] The structure of the residue L3 group is depended on the reactive group of the bio-

related substance and the functional group of PEG derivative. Specific examples are listed
below. In the case of reacting an amino group of a bio-related substance with an active ester
group, a carbonic active ester group, a sulfonate group, an aldehyde group, an o a,B3-
unsaturated bond or a carboxylic acid group of a functional PEG, an amide bond, an urethane
bond, an amino group, an imide group which can be further reduced to a secondary amino
group, an amino group or an amide bond is formed as a linking group in the resulting PEG-
modified bio-related substance. In the case of reacting a mercapto group of a bio-related
substance with an active ester group, a carbonic active ester group, a sulfonate group, a
mercapto group, a maleimide group, an aldehyde group, an a,B-unsaturated bond or a
carboxyl group of a PEG derivative, a thioester bond, a thiocarbonate bond, a thioether bond,
a disulfide bond, a thioether bond, a hemithioacetal bond, a thioether bond or a thioester bond
is formed as a linking group in the resulting PEG-modified bio-related substance. In the case of
reacting an unsaturated bond of a bio-related substance with a mercapto group of a PEG
derivative, a thioether bond is formed as a linking group in the resulting PEG-modified
substance. In the case of reacting a carboxyl group of a bio-related substance with a mercapto
group or an amino group of a PEG derivative, a thioester bond or an amide bond is formed as
a linking group in the resulting PEG-modified substance.

[0160] In the following, the monofunctional branched polyethylene glycol of the present
invention and production process thereof are described more specifically with reference to
EXAMPLES. The specific examples are given to further illustrate the invention, but should not
be regarded as the limitation of the invention.

EXAMPLES

Example 1: the preparation of monofunctional branched PEG with R selected from
group H

Preparation of compound H1-1

[0161] In this example, the compound in group H is selected as follows: L1 = CHs, Lo = CHo,
R1=H, Xy =CHsj, Xo=CHs, p=1, q =0, and TBS is selected as the protective group of the
terminal hydroxyl group of the small molecule initiator. The designed total molecular weight is
approximately 20000, wherein the molecular weight of two branch chains is approximately 2 x
8500 = 17000 corresponding to nq = ny = 193; and the molecular weight of the main chain is
approximately 3000 corresponding to n3 = 68.

~ ~Lo-CHa-CH}0™
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OH A /AT T 7‘/,{;

B
TBSO “-OH ppyk THE TBSO \—(o—cnz-cm}o’
ny

a, Into a sealed reactor in an anhydrous and oxygen-free atmosphere, tetrahydrofuran (250
mL), small molecule initiator (2.532 mmol) and diphenylmethyl potassium (4.0 mmol) were
added in sequence;

b, After a calculated amount of ethylene oxide (50 mL) was added thereto, the whole was
heated stepwisely to 60 °C, followed by 48 hours of reaction at 60 °C.

c, After the reaction was finished, excess diphenylmethyl potassium (40 mmol) and excess
methyl iodide (100 mmol) were added in sequence, followed by 12 hours of reaction at 30°C.
After the completion of the reaction, open the reactor. The product in the solvent was
concentrated, and then precipitated with absolute ether at 0°C. The crystals were collected by
filtration and dried to obtain the intermediate 6-1 containing a terminal hydroxyl group
protected with a siloxane group on the main chain.

/—-(o-cl-;z-CH2 n?cm

,—CH
T8SO \—(o-CHz—CH,)-ocus
na

6-1

"H NMR data of the intermediate 6-1 in this example are as follows:

TH NMR (CDCl3) & (ppm): 0.21 (-Si(CH3)2), 0.98 (-SIC(CHs)3), 2.51 (-CH(CHy)3-), 3.35
(CH50-), 3.40-3.80 (-CH,CH0-, -CH-CH,-0Si-); M, = 17000, PDI = 1.03.

d, Into a clean container, the intermediate 6-1 obtained in step ¢ was added and then dissolved
with tetrahydrofuran. Tetra-butyl ammonium fluoride (TBAF) was added thereto, and the
reaction was conducted overnight to obtain the intermediate (7) with a terminal hydroxyl group
being deprotected.

"H NMR data of the intermediate 7 in this example are as follows:

TH NMR (CDCl3) & (ppm): 2.52 (-CH(CHy)3-), 3.35 (CH30-), 3.40-3.80 (-CH,CH50-, -CK-
CH,0-); My, = 17000, PDI = 1.03.

e, Step (a) and (b) were repeated followed by an addition of excess proton source (e.g.,
methanol) to obtain the following compound H1-1 (L1 = CHy, Lo = CHy, R{ = H, X1 = X5 = CHg,

p =1,q=0).
O'CH—‘CHZ OCH;;
2 Ty
H0<(CH2~CH20)-CH5‘CH
s \—<O—CH2-CH2 GH;
H1-1 iz

TH NMR data of the compound H1-1 are as follows:

'H NMR (CDCl3) 5 (ppm): 2.51 (-CH(CHs)3-), 3.35 (CH30O-), 3.40-3.80 (-CH,CH-O-, -
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CHCH,0-); M, = 20000, PDI = 1.05 (molecular weight is around 2 x 8500 + 3000 = 20000,

wherein the molecular weight of the main chain is approximately 3000) .

Preparation of compound HI-2

[0162] In this example, the compound in group H is selected as follows: Ly = CHy, Ly = CHy,
Ri1=H, X{=CHj, X, =CHsj, p =1, g =0, and EE is selected as the protective group of the
terminal hydroxyl group of the small molecule initiator. The designed total molecular weight is
around 40000, wherein the molecular weight of two branch chains is approximately 2*8500 =
17000 corresponding to nq = ny = 193; and the molecular weight of the main chain is

approximately 23000 corresponding to n3 = 522.

a /—(o CHz—CHz}o
I\J\ /~<:OH WF l\ /—CH

\—(0 CHZ—CHI)-O
ny

a, Into a sealed reactor in an anhydrous and oxygen-free atmosphere, tetrahydrofuran (250
mL), initiator (2.532 mmol) and diphenylmethyl potassium (4.0 mmol) were added in sequence;

b, After a calculated amount of ethylene oxide (50 mL) was added thereto, the whole was
heated stepwisely to 60 °C, followed by 48 hours of reaction at 60 °C.;

c, After the reaction was finished, excess diphenylmethyl potassium (40 mmol) and excess
methyl iodide (100 mmol) were added in sequence, followed by 12 hours of reaction at 30°C.
After the completion of the reaction, open the reactor. The product in the solvent was
concentrated, and then precipitated with absolute ether at 0°C. The crystals were collected by
filtration and dried to obtain the intermediate 6-2 containing a terminal hydroxyl group
protected with an acetal group on the main chain.

/—-{O—CHZ-CHg}rSCHJ

L J\ ~CH
e 0-CH. ~CH7)-OCH
2 A 3

6-2

'H NMR data of the intermediate 6-2 in this example are as follows:

TH NMR (CDCl3) & (ppm): 1.22 (-OCHoCHj), 1.30 (-OCH(O)CHs), 2.51 (-CH(CH,)s-), 3.35
(CH30-), 3.40-3.80 (-CHCH0O-, -CHCH,0-, OCHoCHs), 4.75 (-OCHCH3(OCHs)):; Mn = 17000,
PDI = 1.03.

d, Into a clean container, the V-shaped PEG obtained in step ¢ was added and then dissolved
with methanol. The solution was adjusted to pH 1.0 with hydrochloric acid (1 M) followed by 4
hours of reaction to obtain the intermediate (7) with a terminal hydroxyl group being
deprotected.
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TH NMR data of the intermediate 7 in this example are as follows:

H NMR (CDCl3) & (ppm): 2.52 (-CH(CHo)s-), 3.35 (CH30O-), 3.40-3.80 (-CH,CH,O-, -CH-
CH,0-); M,, = 17000, PDI = 1.03.

e, Step (a) and (b) were repeated followed by an addition of excess proton source such as
methanol to obtain the following compound H1-2 (L4 = CHyp, Lo = CHp, R1=H, X1 =X>=CHs, p

=1,q=0).
Q~CH,~CH,| OCH;,
i3}

HO‘(CH;’GH;O)‘CH;‘CH
na O-GH,-CH 1)—OCH3
2

H1-2

"H NMR data of the compound H1-2 are as follows:

'H NMR (CDCl3) & (ppm): 2.51 (-CH(CHo)s-), 3.35 (CH30-), 3.40-3.80 (-CH,CH.0-, -
CHCH,0-); M, = 40000, PDI = 1.05 (molecular weight is approximately 2 x 8500 + 23000 =

40000, wherein the molecular weight of the main chain is approximately 23000) .

Preparation of compound H1-3

[0163] In this example, the compound in group H is selected as follows: L1 = CHy, Ly = CHy,
Ri1=H, Xy =CHsj, X, =CHj, p =1, q =0, and Bn is selected as the protective group of the
terminal hydroxyl group of the small molecule initiator. The designed total molecular weight is

30000, wherein the molecular weight of two branch chains is approximately 2x10000 = 20000,
corresponding to nq = no= 227; the molecular weight of the main chain is approximately 10000

corresponding to nz= 227.

f—{o-cn ~CHa 0
OH 2 ? Z)n'i
/—C e, CH

J
BnO  “-OH  ppwk, THF B" \—{O—CHfCHz)O‘
N2

a, Into a sealed reactor in an anhydrous and oxygen-free atmosphere, tetrahydrofuran (250
mL), initiator (2.02 mmol) and diphenylmethyl potassium (3.2 mmol) were added in sequence;

b, After a calculated amount of ethylene oxide (50 mL) was added thereto, the whole was
heated stepwisely to 60 °C, followed by 48 hours of reaction at 60 °C.

c, After the reaction was finished, excess diphenylmethyl potassium (32 mmol) and excess
methyl iodide (54 mmol) were added in sequence, followed by 12 hours of reaction at 30°C.
After the completion of the reaction, open the reactor. The product in the solvent was
concentrated, and then precipitated with absolute ether at 0°C. The crystals were collected by
filtration and dried to obtain the intermediate 6-3 containing a terminal hydroxyl group
protected with a benzyl group on the main chain.
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/——(O—CHZ-CHZ Me
~CH M
BnO \—{o—cnrcnz)ome
ny
63

"H NMR data of the intermediate 6-3 in this example are as follows:

'H NMR (CDCl3) 5 (ppm): 2.51 (-CH(CH,)3), 3.35 (CH30-), 3.40-3.80 (-CH,CH,O-, -
CHCH,0-), 4.70 (OCH,CgHs), 7.35-7.50 (OCH,CgHs); M,, = 20000, PDI = 1.05.

d, Into a clean container fitted with a nitrogen-introducing tube, the V-shape PEG obtained in
step ¢ which has been treated by azeotropic removal of water and 5% Pd/C were added in the
same amount of weight. With introducing nitrogen thereinto, cyclohexene was added followed
by 4 hours of reaction at 40°C. The liquid was filtrated, washed with ethyl acetate,
concentrated, and finally precipitated with diethyl ether to obtain the intermediate 7 with a
terminal hydroxyl group being deprotected.

"H NMR data of the intermediate 7 in this example are as follows:

TH NMR (CDCl3) & (ppm): 2.52 (-CH(CHs)s-), 3.35 (CH50-), 3.40-3.80 (-CHsCHO-, -CH-
CH,0-): M,, = 20000, PDI = 1.05.

e, Step (a) and (b) were repeated followed by an addition of excess proton source such as
methanol to obtain the following compound H1-3 (L1 =CHy, L, =CHs, Ry =H, Xy =X,=CHs, p
=1,q=0).
0-CH,-CH,}OCH,

N4
HO(CH2 CHZO)'-‘?HTCH

\—(O—CH2~CH2)—nOCH3
2

H1-3

"H NMR data of the compound H1-3 are as follows:

TH NMR (CDCl3) & (ppm): 2.51 (-CH(CHy)3-), 3.35 (CH30-), 3.40-3.80 (-CHs,CH50O-, -
CHCH,0-); M, = 30000, PDI = 1.10 (molecular weight is approximately 2 x 10000 + 10000 =

30000, wherein the molecular weight of the main chain is approximately 10000) .
Example 2: the preparation of active ester derivatives

Synthesis of active ester compound A1-1

[0164] In the case of synthesizing the active ester compound (A1-1), L1 = CHp, Lo = CHp, Ry =
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H, X4 = CH3, Xo = CH3, Z = OCH,CH>0O, p =1, g = 1, and the molecular weight is approximately
20000, wherein the value of n4, ny, n3 are the same as that in compound H1-1. In this

example, the corresponding active ester is prepared by the reaction of the terminal hydroxyl
group of compound H1-1 with the carbonate.

O o /—(o-CHz-CH, CH,
n.
qN-OJLO—-CHZ-CHZ-O‘(CHZ-CHZ0)-CH2-CH 1
ng-1 0-CH ~CH;)—OCH
0 2 ny 3

At1

[0165] Into a dry and clean 1 L round-bottom flask, 40 g of branched PEG obtained in
example 1 (H1-1 treated by azeotropic removal of water with toluene), 500 mL of acetonitrile,
40 mL of triethylamine and 10 g of N,N'-disuccinimidyl carbonate were added, followed by 24
hours of reaction. The resulting product was concentrated, and recrystallized from isopropanol
to obtain the active ester compound (A1-1) in a white solid state.

TH NMR data of the active ester compound Al-1 are as follows:

TH NMR (CDCl3) & (ppm): 2.51 (-CH(CHy)3-), 2.80 (-(O=)CCH,CH,C(=0)-), 3.35 (CH30-),
3.40-3.80 (-CH,CH50-, -CHCH,0-), 4.15 (-CH,0CO-).

Synthesis of p-nitrophenyl carbonate compound A2-1

[0166] In the case of synthesizing the p-nitrophenyl carbonate compound (A2-1), L1 = CHo, Lo
=CHo, R1 = H, X1 = CH3, Xy = CH3, Z = OCH,CH>0O, p =1, q = 1, and the molecular weight is
approximately 20000, wherein the value of nq, ny, n3 are the same as that in compound H1-1.

0 O’CHZ’CHg n CH3
1

OZN—Q-OJLO—CHZ-CH;,-O{CHZ-CHzo}cuz—cn
n3—1

0~CH2-CHQ'OCH3
ny

A2-1

[0167] Into a 1 L round-bottom flask fitted with a condenser, 40 g of branched PEG obtained
in example 1 (H1-1 treated by azeotropic removal of water with toluene), 500 mL of toluene, 40
mL of triethylamine and 10 g of 4-nitrophenyl chloroformate were added, followed by 24 hours
of reaction at 80 °C. The resulting product was filtrated, concentrated, and recrystallized from
isopropanol to obtain the p-nitrophenyl carbonate compound (A2-1).

"H NMR data of the p-nitrophenyl carbonate compound A2-1 are as follows:

'H NMR (CDCl3) & (ppm): 2.51 (-CH(CH)3), 3.35 (CHs0-), 3.40-3.80 (-CH.CH,O-, -
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CHCH,0-), 4.30-4.50 (-CH,0CO-), 7.40 (-CgH4NO,), 8.28 ((-CeH4NO).

Synthesis of active ester compound A1-2

[0168] In the case of synthesizing the active ester compound (A1-2), L1 = CHy, Lo = CHp, Ry =
H, X4 = CH3, Xo = CH3, Z = OCHy, p = 1, q = 1, and the molecular weight is approximately
20000.

2 o O~CH,-CH,FOCH;
<2N-O—H—CH2—O{CH2~CH20);§Hz-CH M

b O~CHy~CH,-OCH,
n3

A1-2

[0169] Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 40 g
of branched PEG carboxylic acid derivative obtained in example 4 (D4-1), 20 mL of
triethylamine and 10 g of N-hydroxysuccinimide were added. With introducing nitrogen
thereinto, dichloromethane (200 mL) as solvent was added, and the whole was stirred until all
were dissolved. 20 g of dicyclohexylcarbodiimide (DCC) in dichloromethane was added
thereto, followed by 24 hours of reaction at room temperature. The resulting product was
filtrated to remove undissolved substances, concentrated, and recrystallized from isopropanol
to obtain the active ester compound (A1-2) in a white solid state.

"H NMR data of the active ester compound A1-2 are as follows:

'TH NMR (CDCl3) & (ppm): 2.51 (-CH(CHo)s-), 2.81 (~(O=)CCH-CH,C(=0O)-), 2.83 (-
(O=)CCH,CHLC(=0)-), 3.35 (CH50-), 3.40-3.80 (-CH,CH0-, -CHCH,0-),4.61 (-OCH,COO-).

Example 3: the preparation of sulfonate derivatives

Synthesis of sulfonate B1-1

[0170] In the case of synthesizing the sulfonate compound (B1-1), R = OTs, L1 = CHp, Ly =
CHo, Rq = H, X4 = CH3, Xo = CH3, Z = OCH,CH»O, p =1, g = 0, and the molecular weight is
approximately 20000, wherein the value of nq, ny, n3 are the same as that in compound H1-1.

0~CH2—CH2)—0CH3
L

0 A
Hsc—©-§~o(cufcnzo)-cm-cn
0 N3

o-c:ch:Hz)oCH;1
B1-1 117}
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[0171] Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 40 g
of branched PEG obtained in example 1 (H1-1) was added. With introducing nitrogen thereinto,
500 mL of anhydrous and oxygen-free dichloromethane, 20 mL of pyridine and 15 g of p-
toluenesulfonyl chloride were added, followed by 24 hours of reaction at room temperature.
After completion of the reaction, the solution was neutralized to pH 7 with 1 mol/L hydrochloric
acid. The aqueous phase was washed with dichloromethane (50 mL thrice). The organic
phase was collected, washed with saturated salt solution, dried over anhydrous sodium sulfate,
filtrated, concentrated, and recrystallized to obtain the sulfonate compound (B1-1).

TH NMR data of the sulfonate compound (BI-1) are as follows:

H NMR (CDCls) & (ppm): 2.42 (CH3CgHaSO2-), 2.51 (-CH(CHy)s), 3.35 (CH30-), 3.40-3.80 (-
CHyCH50-, -CHCH,0-), 7.30 (CH3CgH4SO2-), 7.80 (CH3CgH4SO2-).

Example 4

Synthesis of mercapto derivative C2-2

[0172] In the case of synthesizing the mercapto derivative (C2-2), R=SH, L4 =CHy, Lo = CHj,
R1=H, X4 =CHj, X, =CHj3, p =1, q = 0, and the molecular weight is approximately 20000,
wherein the value of nq, ny, n3 are the same as that in compound B1-1.
O‘CHz‘CHz CH3
HS—(CHz'CH:‘,O)-CHZ-CH ™
N3
o-cnz-cnz)—oc:u3
N
c2-2
1. A: Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 40
g of branched PEG sulfonic acid ester obtained in example 3 (B1-1) was added. With
introducing nitrogen thereinto, 400 mL of tetrahydrofuran and 16 mL of DMF were
added, followed by stirring until the whole was dissolved. Thereafter, 10 g of
ethanesulfonic acid potassium was added followed by 24 hours of reaction at room
temperature. The resulting product was concentrated. Subsequently, 400 mL of
dichloromethane was added thereto, and the undissolved substances were removed by
filtration. The filtrate was further washed with saturated salt solution (100 mL thrice),
dried, concentrated again and recrystallized from isopropanol to obtain the intermediate
(C2-1) in a white or light yellow solid state.
Hz 5 O’CHQ‘CHZ CH3
Hac'c*o’u*s{c&lz-cmo);FHZ-CH ™
3
o—curcm}'%cng
€241
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TH NMR data of the intermediate C2-1 are as follows:

H NMR (CDCl3) 5 (ppm): 0.9 (CH5CH,OCS-), 2.51 (-CH(CH,)3-), 2.82 (-OCH,CH5S-),
3.35 (CH50-), 3.40-3.80 (-CH,CH0-, -CHCH,0-, -SCHo,CH,0-, CH3CH,0CS-).

2. B: Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 20
g of branched PEG sulfate obtained in step A (C2-1) was added. With introducing
nitrogen thereinto, 200 mL of tetrahydrofuran was added, followed by stirring until the
whole was dissolved. Thereafter, 10 g of n-propylamine was added followed by 24 hours
of reaction at room temperature. The resulting product was concentrated, and
recrystallized from oxygen-free isopropanol to obtain the mercapto derivative (C2-2) in a
white or light yellow solid state.

TH NMR data of thiol derivatives C2-2 are as follows:

TH NMR (CDCl3) & (ppm): 2.51 (-CH(CHo)3-), 2.85 (-OCH,CH,SH), 3.35 (CH0-), 3.40-
3.80 (-OCH,CH0-, -CHCH,0-, -OCH,CH,SH).

Synthesis of amine derivative C3-1

[0173] In the case of synthesizing the amine derivative (C3-1), R = NHy, L1 = CHy, Ly = CHy,
R1=H, X4 =CHj, X, =CHj3, p =1, q = 0, and the molecular weight is approximately 20000,
wherein the value of nq, ny, n3 are the same as that in compound B1-1.

o-cwz-c:hlz)ocri3
ny
HZN—{cHz-CHzo)-ncnz-cH

3

O-CHZ-CH}OCH;,
ny
C3-1

[0174] Into a dry and clean 1 L round-bottom flask, 40 g of branched PEG sulfate obtained in
example 3 (B1-1) was added, followed by an addition of 800 mL of 40 wt% ammonia water.
The whole was stirred until being dissolved. Thereafter, the reaction was conducted at room
temperature for one week. The liquid was extracted with dichloromethane (200 mL thrice). The
organic phase was collected, washed with saturated salt solution, dried, concentrated, and
recrystallized to obtain the white amine derivative (C3-1).

TH NMR data of amine derivative C3-1 are as follows:

TH NMR (CDCl3) 3 (ppm): 2.51 (-CH(CHy)3-), 2.85 (-OCH,CH,SH), 3.35 (CH50-), 3.40-3.80 (-
OCHoCH0-, -CHCH,0-, -OCH,CH,SH).



DK/EP 2947111 T3

Synthesis of amine derivative C3-2

[0175] In the case of synthesizing the amine derivative (C3-2), R = OCH>,CH,CHsNHo, Lq =
CH2, Ly = CH2, Ry=H, X1 = CH3, Xo = CH3, Z= OCH2CH2CH2, p=1,q=1, and the molecular
weight is approximately 40000, wherein the value of nq, np, n3 are the same as that in

compound H1-2.

O~CH,CH,rOCH;

HZN—Hzc-Hzc-Hzc-o{CHrcHzo}ncgurcn M

o o-<:quc+|;\—§;cH;4

1. A: Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 40
g of branched PEG obtained in example 1 (H1-2) was added. With introducing nitrogen
thereinto, 500 mL of 1,4-dixane was added. The whole was stirred until being dissolved.
Thereafter, in an ice-bath, 10 g of 50% potassium hydroxide was added, and propenyl
cyanide was dropwisely added, followed by 24 hours reaction at room temperature. After
completion of the reaction, the solution was neutralized to pH 7 with 1 mol/L hydrochloric
acid. The liquid was concentrated to remove 1,4-dixane, and added with 100 mL of
deionized water. The aqueous phase was washed with dichloromethane (50 mL thrice).
The organic phase was collected, washed with saturated salt solution, dried over
anhydrous sodium sulfate, filtrated, concentrated, and precipitated to obtain the
intermediate (F1-1).

0O-CH;-CH,-OCH;

ny

NC-H,C-H,C-0-{CH;~CH, O);‘CHZ—CH
s o~c:H2-cH,)—c>CH3
Ry

F1-1

TH NMR data of the intermediate F1-1 are as follows:

TH NMR (CDCl3) & (ppm): 2.51 (-CH(CHo)3-), 2.60(-CH,CH,CN), 3.35 (CH30-), 3.40-
3.80 (-CHoCH,0-, -CHCH,0-, -OCH,CH,CN): My, = 40000, PDI = 1.10.

2. B: Into a high-pressure reactor, 50 g intermediate obtained in step A (F1-1) and 500 mL
of toluene were added in sequence. The whole was heated until being dissolved. After
dissolution, 5.0 g nickel or PY/C was added thereto. Thereafter, ammonia gas was
pressured to 0.7 MPa, and then hydrogen gas was pressured to 4.5 MPa. The reaction
was conducted at 130 °C overnight. After completion of the reaction, the resulting
product was filtrated, concentrated, recrystallized from isopropanol to obtain the white
amine derivative (C3-2).

TH NMR data of white amine derivative C3-2 are as follows:

TH NMR (CDCl3) & (ppm): 1.81 (-CHo,CH,CHoNHo), 2.51 (-CH(CHyp)s-), 2.83 (-
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CHyCHoNHy), 3.35 (CH50-), 3.40-3.80 (-CH,CH0-, -CHCH0-, -OCH,CHoNHo); My, =
40000, PDI = 1.10.

Synthesis of hydrazide derivative D2-1

[0176] In the case of synthesizing the hydrazide derivative (D3-1), R = OCH,CONHNH,, L4 =
CHy, Lo = CHy, R1=H, X{ =CHjs, Xo=CHj3, Z=0CHy, p =1, q = 1, and the molecular weight is
approximately 20000, wherein the value of n¢, ny, n3 are the same as that in compound H1-1.
o 0~CHy-CH,OCH;
HZNHN—é-Hzc—o-(CHZ-CHZo}ncszuz-CH ™
Do o-cm—cn%—gcn,
A: Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 0.32 g of
sodium hydride (60 wt%, in oil) was added. With introducing nitrogen thereinto, 400 mL
anhydrous tetrahydrofuran was added, and then 40 g of branched PEG obtained in example 1
(H1-1 treated by azeotropic removal of water with toluene) in tetrahydrofuran was added
dropwisely in an ice-bath, followed by 3 hours of stirring at room temperature. Then, 2.2 mL
ethyl bromoacetate was added, followed by 24 hours of reaction at room temperature. The
reaction was quenched by a small amount of saturated ammonium chloride solution. The liquid
was concentrated, and 400 mL of dichoromethane was added. The resulting product was
washed with saturated salt solution (100 mL thrice), dried, concentrated again, and
recrystallized to obtain the white branched PEG ester intermediate (D2').

(o]

0-CH,~CH,FOCH;

n

HscHch-&-CHfO-(CHz'-CHg 0)-nCH2~CH !
3

o—c:nz-cr-lz)ocu3
D2’ ny

TH NMR data of the intermediate D2' are as follows:

TH NMR (CDCl3) 5 (ppm): 1.31 (-COOCH,CHs), 2.51 (-CH(CHo)s-), 3.35 (CH30-), 3.40-3.80 (-
CH,CH,0-, -CHCH,O-, -OCH,CHs), 4.33 (-OCH,COO-); M, = 20000, PDI = 1.05.

B, Into a dry and clean 500 mL round-bottom flask, 40 g of branched PEG ester intermediate
obtained in step A (D2') and 200 mL of 80% hydrazine hydrate were added in sequence. The
whole was stirred till dissolution. Thereafter, the reaction was conducted at room temperature
for 24 hours. After completion of the reaction, 200 mL deionized water was added, the solution
was extracted with dichloromethane (100 mL) thrice. The organic phase was collected, washed
with saturated salt solutions, dried, filtrated, concentrated, and recrystallized to obtain the
hydrazide derivative (D2-1).

"H NMR data of the hydrazide derivative D2-1 are as follows:
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TH NMR (CDCl3) & (ppm): 2.21 (-OCH,CONH,NH,), 2.51 (-CH(CHy)s-), 3.35 (CH50-), 3.40-
3.80 (-CH,CH,0-, -CHCH,0-), 4.26 (-CH,CONH,), 7.52 (-CH,CONHoNH,); My, = 20000, PDI =
1.05.

Synthesis of amide derivative D1-1

[0177] In the case of synthesizing the amide derivative (D1-1), R = OCH>CONH», L4 = CH», Lo
= CHy, R1 = H, Xy =CHs, Xo =CHsj, Z=0CHy, p =1, g =1, and the molecular weight is
approximately 20000, wherein the value of nq, ny, n3 are the same as that in compound H1-1.

0 O‘CHz‘CHz CH3
n
HgN-&-HZC-O-(CHz-CHZO)»nCHz-—CH !
3

O-CH2~CHZ>-OCH3
D14 ny

[0178] Into a dry and clean 500 mL high-pressure reactor, 40 g of branched PEG ester
intermediate obtained in example 4-4 step A (D2') was added and then 200 mL of 34%
ammonia water was added. The whole was stirred until dissolution, followed by 24 hours of
reaction at 80°C. Thereafter, 200 mL deionized water was added, followed by extraction with
dichloromethane (100 mL thrice). The organic phase was collected, washed with saturated salt
solutions, dried, filtrated, concentrated, and recrystallized to obtain the white amide
compounds (D1-1).

"H NMR data of the amide compound D1-1 are as follows:

TH NMR (CDCl3) & (ppm): 2.51 (CH(CHo)3), 3.35 (CH30-), 3.40-3.80 (-CH,CH,0-, -CHCH,0-)
, 4.26 (-OCH,CONHy,), 5.52 (-CH,CONH,); M, = 20000, PDI = 1.05.

Synthesis of carboxylic acid derivative D4-1

[0179] In the case of synthesizing the carboxylic acid derivative (D4-1), R = OCH,COOH, L4 =
CHo, Lo =CHy, R1=H, X4 =CHs, Xo=CH3, Z=0CH», p =1, q =1, and the molecular weight is
approximately 20000, wherein the value of nq, ny, n3 are the same as that in compound H1-1.

o 0-CH,-CH,FOCH;
1 3}
HO-b-HZC‘O—(CHfCHz O)-CHZ—CH 1
n3

o»cm-cm}ocm
D4-1 171
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[0180] Into a dry and clean 500 mL high pressure reactor, 40 g of branched PEG ester
intermediate obtained in example 4-4 step A (D2') was added, and then 200 mL of 1 mol/L
aqueous sodium hydroxide was added. The whole was stirred until dissolution followed by 24
hours of reaction at 80°C. In an ice-bath, the solution was adjusted to pH 3 with hydrochloric
acid (3 mol/L). The aqueous phase was extracted with dichloromethane (100 mL thrice). The
organic phase was collected, washed with saturated salt solutions, dried, filtrated,
concentrated, and recrystallized to obtain the white carboxylic acid derivative (D4-1).

TH NMR data of the carboxylic acid compound D4-1 are as follows:

'H NMR (CDCl3) & (ppm): 2.51 (-CH(CHa)s-), 3.35 (CH30-), 3.40-3.80 (-CH,CH-0-, -
CHCH,0-), 4.31 (-OCH,COOH): M,, = 20000, PDI = 1.05.

Example 5

Synthesis of a,f-unsaturated ester compound E2-1

[0181] In the case of synthesizing the a,B-unsaturated ester compound (E2-1),

0
0——”——6:CH
R= Ho 2,

L1 = CH2, L2 = CH2, R1 = H, X1 = CH3, X2 = CH3, Z= OCH2CH20, p= 1, q = 1, and the
molecular weight is approximately 30000, wherein the value of nq, ny, n3 are the same as that

in compound H1-3.

[s) O‘CHz'CHz n CH3
Hzc=C—‘C’:—0‘(CH2~CH2 o}cnz-cn !
H Ty-

O-CHZ-CHz)-OCH;,
E2-1 ny

[0182] Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 40 g
of branched PEG obtained in example 1 (H1-1 treated by azeotropic removal of water with
toluene) was added. With introducing nitrogen thereinto, 600 mL of anhydrous and oxygen-
free tetrahydrofuran was added. The whole was stirred at room temperature until dissolution.
In an ice-bath, 10 mL of triethylamine and 2 mL of acryloyl chloride were added in sequence
followed by 24 hours of reaction at room temperature. The liquid was concentrated, and 200
mL deionized water was added followed by extraction with dichloromethane (3 x 75 mL). The
organic phase was collected, washed with saturated sodium chloride (3 x 50 mL), dried,
concentrated again, and recrystallized to obtain the product (E2-1) in white solid state.

"H NMR data of the a,B-unsaturated ester compound E2-1 are as follows:
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'H NMR (CDCl3) 5 (ppm): 2.51 (-CH(CHo)s-), 3.35 (CH50O-), 3.40-3.80 (-CH,CH-O-, -
CHCH,0-, -OCH,CH,0CO-), 4.28 (-CH,CH,0CO-), 5.60-6.31 (CH,=CHCOO-); M, = 30000,
PDI= 1.10.

Synthesis of propenyl ether derivative F2-1

[0183] In the case of synthesizing the propenyl ether derivative (F2-1), R = OCH,CH=CHo, L4
= CH2, Lo = CH2, Ry=H, X4 = CH3, Xo = CH3, Z= OCH2CH20, p=1,q=1, and the molecular
weight is approximately 30000, wherein the value of nq, ny, n3 are the same as that in

compound H1-3.

O_CHZ'CHZ CH3
n
H2C=g—HZC-O—(CHz-CHZO)-CHz-CH !

ny-1 O-CHZ-CHZ)OCH:,
F241 n;

[0184] Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 0.32
g of sodium hydride (60 wt%, in oil) was added. With introducing nitrogen thereinto, 400 mL of
anhydrous tetrahydrofuran was added. The tetrahydrofuran solution of 40 g of branched PEG
obtained in example 1 (H1-3 treated by azeotropic removal of water with toluene) was added
dropwisely in an ice-bath. After stirring at room temperature for 3 hours, 2 mL 3-bromopropene
was added thereto, followed by 24 hours of reaction at room temperature. The reaction was
quenched by a small amount of saturated ammonium chloride solution. The liquid was
concentrated, and 200 mL of dichoromethane was added. The resulting product was washed
with saturated sodium chloride (3 x 50 mL), dried, concentrated again, and recrystallized to
obtain the propenyl ether derivative (F2-1) in white solid state.

"H NMR data of propenyl ether derivative (F2-1) are as follows:

'H NMR (CDCl3) 5 (ppm): 2.51 (-CH(CHp)s-), 3.35 (CH30-), 3.40-3.80 (-CH,CH-0-, -
CHCH,0-), 4.05 (-OCH,CH=CH,), 5.31-6.06 (-OCH,CH=CH,); My, = 30000, PDI = 1.10.

Synthesis of glycidyl ether derivative F4-1

[0185] In the case of synthesizing the glycidyl ether derivative (F4-1),
9]
R = O—CHy~CHp-0-GH;

Li= CH2, Ly = CH2, Ri=H, X4 = CH3, Xo= CH3, Z= OCH2CH2, p=1,q=1, and the molecular
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weight is approximately 30000, wherein the value of nq, np, n3 are the same as that in

compound H1-3.

o 0-CH,~CH,}OCH,
n
Hz(;,-\ﬁ-Hzc-O—CH2-CH2-O-<CH2~CH2 O)-CHZ-CH !
ny-1 0~CH,~CH,-OCH,
ny

F441

[0186] Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 0.32
g of sodium hydride (60 wt%, in oil) was added. With introducing nitrogen thereinto, 400 mL of
anhydrous tetrahydrofuran was added, and the tetrahydrofuran solution of 40 g of branched
PEG obtained in example 1 (H1-3 treated by azeotropic removal of water with toluene) was
added dropwisely in an ice-bath. After the whole was stirred at room temperature for 3 hours, 2
mL of epichlorohydrin was added followed by 24 hours of reaction at room temperature. The
reaction was quenched by a small amount of saturated ammonium chloride solution. The liquid
was concentrated, and 200 mL of dichoromethane was added. The resulting product was
washed with saturated sodium chloride (3 x 50 mL), dried, concentrated again, and
recrystallized to obtain the epoxy derivative (F4-1) in white solid state.

TH NMR data of glycidyl ether derivative (F4-1) are as follows:

'H NMR (CDCl;) & (ppm) : 2.38 (-CH,CH(O)CH,O-), 2.51 (-CH(CH,)3), 2.63 (-
CH,CH(O)CH,0-), 3.35 (CH50-), 3.40-3.80 (-CH,CHO-, -CHCH,0-, -CH,CH (0)CH,0-); M,, =
30000, PDI = 1.10.

Example 6

Synthesis of active alkyne compound G2-1

[0187] In the case of synthesizing the active alkyne compound (G2-1), L1 = CHy, Lo= CHy, Ry
= H, X4 = CHj, X5 = CH3, Z = OCH,COO, p =1, q = 1, and the molecular weight is

approximately 20000, wherein the value of n¢, np, n3 are the same as that in compound D4-1.

0~CH2~CH2}OCH3
na

Q 0-CH,~CH,FOCH
} okﬁ—o—(criz—cnzo}ncnz—cﬁ i 2);‘1 : | OH
2 3 W,
¥,

G2-1 G21

[0188] Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 40 g
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of branched PEG acetic acid derivative (D4-1 treated by azeotropic removal of water with
toluene), 20 mL of triethylamine and 10 g of alcohol (G21) were added. With introducing
nitrogen thereinto, 200 mL of dichloromethane was added. The whole was stirred until
dissolution. Thereafter, 20 g of dicyclohexylcarbodiimide (DCC) was added, followed by 24
hours of reaction at room temperature. The resulting product was filtrated to remove
undissolved substances, concentrated, and recrystallized from isopropanol to obtain the active
alkyne compound (G2-1) in white solid state.

"H NMR data of the active alkyne compound G2-1 are as follows:

TH NMR (CDCl3) & (ppm): 2.51 (-CH(CHy)3-), 2.91-3.15 (PhCH,CH-), 3.35 (CH30-), 3.40-3.80
(-CH,CH0-, PhCH,CH(O)CHy-), 4.53 (-OCH,COO-), 7.32-7.54 (CgHy-); My, = 20000, PDI =
1.05.

Example 7

Synthesis of aldehyde derivative D5-1

[0189] In the case of synthesizing the aldehyde derivative (D5-1), R = OCH,CHO, L4 = CHy,
L, = CHy, Ry = H, X4 = CHj3, Xo = CH3, Z = OCHy, p = 1, g = 1, and the molecular weight is
approximately 20000, wherein the value of n¢, np, n3 are the same as that in compound H1-1.

o
M

O-CH,=CH,}OCH;
H CH;—O-(CHZ-CHZ o}chCH ™
Mg~

O-CH2~CH2)>OCH3
ny
D5-1

[0190] Into a dry and clean 500 mL round-bottom flask fitted with a nitrogen-introducing tube,
40 g of branched PEG obtained in example 1 (H1-1 treated by azeotropic removal of water
with toluene) was added. With introducing nitrogen thereinto, 100 mL anhydrous and oxygen-
free dichloromethane, 100 mL of dimethyl sulfoxide and 1 mL of pyridine were added in
sequence in an ice-bath. Thereafter, 0.88 mL of trifluoroacetic acid was added dropwisely,
followed by 1 hour of stirring in an ice-bath. Then, 5 g of dicyclohexylcarbodiimide (DCC) in
dichloromethane was added dropwisely, followed by 24 hours of stirring at room temperature.
The liquid was filtrated to remove undissolved substances, added with 200 mL of
dichloromethane, and washed with deionized water (3 x 100 mL) and saturated salt solutions
in sequence. The organic phases was collected, washed with saturated salt solutions (3 x 100
mL), dried, concentrated, and recrystallized to obtain the aldehyde derivative (D5-1) in white
solid state.
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"H NMR data of aldehyde derivative D5-1 are as follows:

'H NMR (CDCl3) 5 (ppm): 2.51 (-CH(CHp)s-), 3.35 (CH30-), 3.40-3.80 (-CH,CH-0-, -
CHCH,0-), 4.23 C-OCH,CHO) ,9.80 (-OCH,CHO); My, = 20000, PDI = 1.05.

Synthesis of propionaldehyde derivative D5-2

[0191] In the case of synthesizing the propionaldehyde derivative (D5-2), R = OCH,CH, CHO,
Li= CH2, Ly = CH2, Ri=H, X = CH3, Xo= CH3, Z= OCH2CH2, p=1,q=1, and the molecular
weight is approximately 20000, wherein the value of nq, np, n3 are the same as that in

compound H1-1.

le) O'CHz‘CHg)'OCH;,
A ; ny
H CHZ-CHZ-O-(CHZ—CHZ O)-CH,;—CH
s 0~CH2—CH2}rOCH3
ny

D5-2

A, Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 40 g of
branched PEG obtained in example 1 (H1-1) and 5 g of sodium hydroxide were added. With
introducing nitrogen thereinto, 400 mL of toluene was added, and then 2 mL of 2-(2-
bromoethyl)-1,3-dioxane was added dropwisely. The whole was heated until reflux followed by
24 hours of reaction under reflux. After completion of the reaction, 400 mL deionized water
was added, then the aqueous layer was extracted with dichloromethane (3 x 200 mL). The
organic phase was collected, washed with saturated salt solutions (3 x 100 mL), dried,
concentrated, and recrystallized to obtain the white branched PEG acetal intermediate (D5').
H, O-CHy~CH,}OCH,

{Yc‘ﬁ—o—(cv-tz-cmo}ncuz——cﬂ M

o s O-CHz-CHz);‘?CHg

D&

TH NMR data of the PEG acetal intermediate D5' are as follows:

TH NMR (CDCl3) 5 (ppm): 1.91 (<OCH,CH,CHO(O)-) , 2.51 (-CH(CHy)3-), 3.35 (CHz0-), 3.40-
3.90 (-OCH,CH0-, -CHCH,0-, -OCH,CH,CHO(O)-), 4.89 (-OCH,CH,CHO(O)-).

B, Into a dry and clean 1 L round-bottom flask, 40 g of branched PEG acetal intermediate
obtained in step Awas added, and then 400 mL of deionized water was added. The whole was
stirred until dissolution. The pH was adjusted to 1.0 with hydrochloric acid (1 mol/L) in an ice-
bath, followed by 4 hours of reaction at room temperature. The liquid was extracted with
dichloromethane (3 x 200 mL). The organic phase was collected, washed with saturated salt
solutions, dried, filtrated, concentrate, and recrystallized to obtain the white PEG
propionaldehyde derivative (D5-2).
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"H NMR data of PEG propionaldehyde derivative D5-2 are as follows:

TH NMR (CDCl3) & (ppm): 2.51 (-CH(CHy)3), 2.63 (-OCH,CH,CHO) 3.35 (CH30-), 3.40-3.80 (-
CH,CH0-, -CHCH,0-, -OCH,CH,CHO), 9.75 (-OCH,CH,CHO); M, = 20000, PDI = 1.05.

Example 8

Synthesis of maleimide derivative El-1

[0192] In the case of synthesizing the maleimide derivative (E1-1),
0

i
dN‘CH;‘CHz‘é‘NH
R= o0 ;
L1 = CH2, L2 = CH2, R1 =H, X1 = CH3, X2= CH3, Z= NHCOCH2CH2, p= 1, q= 1, and the

molecular weight is approximately 20000, wherein the value of nq, ny, n3 are the same as that

in compound C3-1.
0 O O-CHy~CHz-OCH;
Ny

0

H

[jﬁn-cm-cm-coon [in-Hzc-Hzc%—N—(cuz-cuzo}cnz——cu
N3

0O=CHz~CH,F OCH
0 EM 0 : Z);sz :

Et-1

[0193] Into a dry and clean 1 L round-bottom flask fitted with a nitrogen-introducing tube, 40 g
of branched PEG amine derivative obtained in example 4 (C3-1 treated by azeotropic removal
of water with toluene) and 10 g of maleimide propionic acid (E11) were added. With introducing
nitrogen thereinto, dichloromethane as solvent (600 mL) was added, and then the whole was
stirred until dissolution. Thereafter, 20 mL triethylamine and 20 g of dicyclohexylcarbodiimide
(DCC) were added in sequence, followed by 24 hours of reaction at room temperature. The
resulting product was filtrated to remove undissolved substances, concentrated, and
recrystallized from isopropanol to obtain the white maleimide derivative (E1-1).

"H NMR data of maleimide derivative E1-1 are as follows:

TH NMR (CDCl3) & (ppm): 2.51 (-CH(CHy)3), 2.70 (-NHCOCH,CHo-), 3.35 (CH30-), 3.40-3.80
(-CHCH0-, -CHCH,0-, -NHCOCH,CH,N-), 3.92 (-NHCOCH,CH,N-), 6.81 (-CH=CH-); Mn =
20000, PDI = 1.05.

Example 9: Preparation method of paclitaxel modified with acetic acid derivative (D4-1)
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[0194] Into a dry and clean 250 mL round-bottom flask fitted with a nitrogen-introducing tube,
1.8 g of branched PEG acetic acid derivative prepared in example 4 (D4-1 with a molecular
weight of approximate 20000 and treated by azeotropic removal of water using toluene), 90
mg of paclitaxel and 12 mg of DMAP were added. With introducing nitrogen thereinto,
dichloromethane as solvent (50 mL) was added, and then the whole was stirred until
dissolution. Thereafter, 30 mg of dicyclohexylcarbodiimide (DCC) in dicholomethane was
added, followed by 24 hours of reaction at room temperature. The resulting product was
filtered to remove undissolved substances, concentrated and precipitated with diethyl ether to
obtain pegylated paclitaxel. The yield is 1.7 g (87%).

o /——(o~cnz-cz-|2 CH,
ny N
HO-L-H,G-0-{CH, CH, O}-CH, CH + H
N3

o-CHCH,-oCH,
[17]
Da-1

bee o O-CH-CHJ-OCH;
n
DMAP, DCM b4 litaxel0-L-H,C-0-{CH; GH, 0} CH, GH '
n;
s 0-CH,-CH)-OCH,
1171

Example 10: Preparation method of pB-interferon modified with PEG succinimide
derivative (A1-2)

[0195] Into a dry and clean 50 mL round-bottom flask fitted with a nitrogen-introducing tube,
60 mg of branched PEG succinimide derivative prepared in example 2-3 (A1-2, molecular
weight of 20000) was added. With introducing nitrogen thereinto, 7.5 mL of PBS buffer salt
solution (pH = 8.0) plus B-interferon (1 g/L) was added, shaken for 7 hours at 25 °C, and
shaken again for 24 hours at 4 °C. Subsequently the concentration of S-interferon was diluted
to 0.5 g/L with 7.5 mL of PBS buffer salt solution (pH = 8.0). The resulting product was purified
by agarose column chromatography, and then mono-substituted and bi-substituted
components were collected respectively. Thereafter, an ultrafiltration concentration operation
was carried out. The results of SDS-PAGE showed that there was no free B-interferon in the
final product, and the results of GPC showed that there was no free PEG molecule either.

Example11: Preparation method of lysozyme modified with PEG maleimide derivative
(E1-1)

[0196] Into a dry and clean 50 mL round-bottom flask, 10 mL of phosphate buffer solution (pH
= 7.4) plus lysozyme (0.5 mmol/L) was added, shaken till all were dissolved followed by cooling
to 4 °C. Thereafter, 2.5 molar equivalent of 2-iminothiolane hydrochloride was added followed
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by 24 hours of reaction. As a result, all the amino groups of lysozyme were converted into
mercapto groups. After removing the excess 2-iminothiolane hydrochloride, 3 molar
equivalents of branched PEG maleimide derivative prepared in example 8 (E1-1, molecular
weight of 20000) was added, followed by 24 hours of reaction at 4 °C. The remaining inorganic
salts were removed, and the product was purified by an ion exchange resin. The results of
SDS-PAGE showed that there was no free lysozyme in the final product, and the results of
GPC showed that there was no free PEG molecule either.

Example 12: Preparation method of antisense oligodeoxynucleotide modified with PEG
succinimide derivative (A1-2)

[0197] Into a dry and clean 50 mL round-bottom flask, 5'-amino-antisense
oligodeoxynucleotide (1 mg, 152 mmol) and 10 mL of PBS buffer solution (pH = 7.0) were
added and shaken until all were dissolved. Then, 3 molar equivalents of branched PEG
succinimide derivative prepared in example 2 (A1-2, molecular weight of 20000) was added,
followed by 4 hours of reaction at room temperature. Ultrafiliration was carried out using
deionized water to remove unreacted PEGs and remaining inorganic salts. The final product
was characterized by GPC, which showed no free PEG molecule in the final product.
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Patentkrav

1. Monofunktionel forgrenet poly(ethylenglycol) (PEG) repraesenteret af den
fglgende generelle formel (1):

L1‘<0"CH2‘CH2 OX1
nq

/
R‘(CHz‘CHz OHLz)—C'R.‘

3 p\
Lr(O-CHz-CHz)'OXz
nz
1

hvor X1 0g X2 er hver uafhangigt en carbonhydridgruppe med 1 til 20
carbonatomer ved den terminale ende af de to forgrenede kaeder,

hvor n1 og n2 er hver uafhaengigt en veaerdi valgt fra 1 til 1000,
hvor n3 er en vaerdi valgt fra 11 til 1000,

hvor R: er et hydrogenatom, en carbonhydridgruppe med 1 til 20
carbonatomer, eller en carbonhydridgruppe med 1 til 20 carbonatomer med
en eller flere grupper valgt fra en gruppe bestédende af en amidbinding, en
etherbinding, en dobbeltbinding, en tripelbinding og en tertizer

aminogruppe, og

hvor R er en funktionel gruppe pa terminalen af hovedkasden af det
forgrenede poly(ethylenglycol), og R kan reagere med den reaktive gruppe
af et biorelateret stof,

hvor p er O eller 1,

hvor L: og L2 er hver uafhangigt en linker-gruppe og kombinationen af L1
og L2 er valgt fra en af en gruppe bestdende af:

gruppe I: L1 er en divalent carbonhydridgruppe med 1 til 20
carbonatomer, og L1 udelukker en methylengruppe, nér p er 0,

gruppe II: L:1 er en divalent carbonhydridgruppe med 1 til 20
carbonatomer og indeholder mindst en af en gruppe bestdende af en
etherbinding, en thioetherbinding, en dobbeltbinding, en
tripelbinding, og en aminogruppe, nér p er 0,
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2

gruppe III: L: og L2 er hver uafhangigt en divalent
carbonhydridgruppe med 1 til 20 carbonatomer, nérp er 1,

gruppe IV: L1 er en divalent carbonhydridgruppe med 1 til 20
carbonatomer, udelukkende en methylengruppe, og hvor Lz er en
divalent carbonhydridgruppe med 1 til 20 carbonatomer
indeholdende en etherbinding, narp er 1,

gruppe V: L2 er en divalent carbonhydridgruppe med 1 til 20
carbonatomer, og hvor L1 er en divalent carbonhydridgruppe med 1
til 20 carbonatomer indeholdende en etherbinding, nérp er 1,

og gruppe VI: L1 og L2 er hver uafhaengigt en divalent
carbonhydridgruppe med 1 til 20 carbonatomer og indeholder mindst
en af en gruppe bestdende af en etherbinding, en thioetherbinding,
en dobbeltbinding, en tripelbinding, og en aminogruppe, nér p er 1,
hvor L: udelukker en etherbinding, nar Lz indeholder en
etherbinding, og hvor L. udelukker en etherbinding, nér Li
indeholder en etherbinding,

hvor navnte monofunktionelle forgrenede poly(ethylenglycol) er opnaelig

med en fremgangsmade hvori
=0
PGo—éLZ)—c-m
b
L,—~OH

er en startinitiator for en fgrste polymerisering, og hvor

/L,{o—cuzcuz}-ex,

HO—-L,—C-R, f
L1-(0-CH2CH;-§)2X2

er et intermediat for en anden polymerisering, og

PG er en beskyttelsesgruppe af en hydroxylgruppe.

2. Den monofunktionelle forgrenede PEG ifglge krav 1, hvor X1 og Xz er hver
uafhaengigt en gruppe valgt fra gruppen bestaende af en methyl, en ethyl, en
propyl, en propenyl, en propinyl, en isopropyl, en butyl, en tertiaer butyl, en
pentyl, en heptyl, en 2-ethylhexyl, en octyl, en nonyl, en decyl, en undecyl, en
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dodecyl, en tridecyl, en tetradecyl, en pentadecyl, en hexadecyl, en heptadecyl,
en octodecyl, en nonadecyl, en eicosyl, en benzyl og en butylphenyl, og X1 og Xz
er de samme eller forskellige fra hinanden i et molekyle.

3. Den monofunktionelle forgrenede PEG ifglge krav 1, hvor R er valgt fra de

fglgende grupper:

Gruppe A:

Y

¥ g
hSaen

&
218 A i g o ¥
2oy it dtod e 4ot gy 2o

- kY o . n.e

D;;{

cy
Ad A2 A3 Ad A%

Gruppe B:

m{;z};o-

84

ey

Crthroaid

Gruppe G
%z%;wom; »{zv};s.ﬁ %z%tma —Ez—};nﬁ m{:i%};&f
o 62 &3 &4 s

Gruppe O

' N o - c 0 oy 9
—%z%;g-wa —{;—z};iuﬁzmz +z};ﬂ-ﬂ-0nzag -{z-};—?iw ,-fz'é ,,,,, 8 %z-;};«ﬂw
03 ,

D3 B2 b4 {15

Sruppe E:

=CH,
Ry
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Srugpe F

w{ﬁ } CHCHCHLCN —{-z}-acwcﬁacm \{23*- DOHTECH »éz-}wg CHps

F1 £2 F3 Fq
Gruppe Go
Q
Q
mwﬁfz Rﬁﬁ—-«%z}» i A3 ‘Qi Q»ﬁ;r ‘F-Zlm Q@f\\ T
- -{rx ) RCIR A S G
51 Q‘;' 84 a8 a6
Q9 g
Sruppe H:

- 2—}““{3&
9

HY

hvor Z er en alkylengruppe eller en alkylengruppe indeholdende mindst en gruppe
valgt fra en gruppe bestdende af en amidbinding, en etherbinding, en
dobbeltbinding, en tripelbinding og en sekundasr aminogruppe,

5 hvor g er 0 eller 1,

hvor Y er en carbonhydridgruppe med 1 til 10 carbonatomer eller en
carbonhydridgruppe med 1 til 10 carbonatomer, der indeholder et

fluoratom,

hvor Q er hydrogen eller en gruppe favoriserende induktiv effekt,
10 konjugativ effekt eller begge elektroner pa en umaettet binding,

hvor M er et carbonatom eller et nitrogenatom pé ringen, og

hvor W er et halogenatom.

4. Den monofunktionelle forgrenede PEG ifglge krav 3, hvor Z er valgt fra en

15 gruppe bestdende af: en methylengruppe, en 1,2-ethylengruppe, en 1,3-
propylengruppe, en 1,2-propylengruppe, en isopropylengruppe, en butylengruppe,
en pentylengruppe og en hexylengruppe.
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5. Den monofunktionelle forgrenede PEG ifglge krav 1, hvor hver af n1 og n2 er
uafhangigt en veaerdi valgt fra 10 til 800, fortrinsvis fra 25 til 800, og mere
fortrinsvis fra 50 til 500.

6. Den monofunktionelle forgrenede PEG ifglge krav 1, hvor n3 er en veerdi valgt
fra 11 til 800, fortrinsvis fra 11 til 500, og mere fortrinsvis fra 11 til 200.

7. Den monofunktionelle forgrenede PEG ifglge krav 1, hvor det biorelatererede
stof er valgt fra en gruppe bestéende af polypeptid, protein, enzym, small
molecule laegemiddel, farvestof, liposom, nukleosid, nukleotid, oligonukleotid,
polynukleotid, nukleinsyre, polysaccharid, steroid, lipid, phospholipid, glycolipid,
glycoprotein, celle og virus.

8. Den monofunktionelle forgrenede PEG ifglge krav 1, hvor den reaktive gruppe
af et biorelateret stof er valgt fra en af en gruppe bestédende af en aminogruppe,
en mercaptogruppe, en umeettet binding, en carboxylgruppe og en
hydroxylgruppe.

9. Fremgangsmade til fremstilling af den monofunktionelle forgrenede PEG ifglge
et hvilket som helst af kravene 1-8, der inkluderer de fglgende trin:

Trin (a): I et co-initiatorsystem bestdende af en small molecule-initiator (4)
0g en base, polymeriseres ethylenoxid til de to geometrisk symmetriske
hydroxylgrupper af initiator (4) for at generere to forgrenede kaeder;
Derefter, deprotoneres terminalenderne af de to nydannede forgrenede
kaeder for at opné et intermediat (5),

Trin (b): De initierende aktive terminaler af de to forgrenede kaader af
intermediat (5) alkyl-etherificeres for at opna et intermediat (6);

Trin ¢): Den terminale hydroxylgruppe pd symmetriaksen af intermediat
(6) afbeskyttes for at opnd et intermediat (7);
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Trin (d): Ethylenoxid polymeriseres til den afbeskyttede terminale
hydroxylgruppe p& symmetriaksen af intermediat (7) for at generere en
hovedkaede, der efterfglgende protoneres for at opna et intermediat (3)

med en terminal hydroxylgruppe;

Trin (e): Terminalen af hovedkaeden af intermediat (3) funktionaliseres, og
derved kan den monofunktionelle forgrenede poly(ethylenglycol) af den
generelle formel (1) opnas;

Ly—OH .(g) Oy} );.1-(@4:i~g~,~m,}-§.v:(1
POO-L~GRy psg«w..c(m By e PEO-Ly=CoRy A

f“OH Trin 3} L _{G g Trin b} 3 HoOH X, . .
] CH2 CHQ‘O \_‘..{o.c & z)'g 2 Tring

-(o-cazvcuz)ox, pr{o-chy cn,

HD""—;‘“C\"& . HD{CB; CHZQ}-Lrﬂc—Rt i

Hz CH;}OXg Trin &} (-(D—CHfCH%)-Qx, Trin o}

7

Lt O-CHCHLHOX
R‘(CH;‘CH;{O);{;Z—' “f;-g{ ’ 2}0 ‘

Lqﬁﬁﬁzcnz)gx,
1

hvor PG reprazsenterer en beskyttelsesgruppe af en hydroxylgruppe.

10. Biorelateret stof modificeret af den monofunktionelle forgrenede PEG ifglge et
hvilket som helst af kravene 1 til 8, og med en kemisk struktur vist i den
generelle formel (2):

D—L,—éz)—(cnz-cuzo)—(-Lz)—
L

2

-(o CHy-CHz}OX,

,-( -cw,—cwz)oxz

hvor D er et biorelateret stof, g er 0 eller 1, og

hvor Z er en linker-gruppe igennem hvilken en funktionel gruppe i stand til at
reagere med det biorelatererede stof er forbundet til hovedkaeden af PEG, og kan
reagere med det biorelatererede stof for at danne en restgruppe Ls.
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11. Det PEG-modificerede biorelaterede stof ifglge krav 10, hvor D er valgt fra en
gruppe bestaende af polypeptid, protein, enzym, small molecule laagemiddel,
farvestof, liposom, nukleosid, nukleotid, oligonukleotid, polynukleotid,
nukleinsyre, polysaccharid, steroid, lipid, phospholipid, glycolipid, glycoprotein,

celle og virus.

12. Det PEG-modificerede biorelaterede stof ifglge krav 11, hvor D er valgt fra en
gruppe bestdende af polypeptid, protein, enzym, farvestof, liposom, nukleosid,
nukleotid, oligonukleotid, polynukleotid, nukleinsyre, polysaccharid, steroid, lipid,
phospholipid, glycolipid, glycoprotein, celle og virus, fortrinsvis valgt fra en gruppe
bestdende af polypeptid, protein, enzym, nukleosid, nukleotid, oligonukleotid,
polynukleotid og nukleinsyre, og mere fortrinsvis valgt fra en gruppe bestdende af
interferon, lysozym og antisense-oligodeoxynukleotid.

13. Det PEG-modificerede biorelaterede stof ifglge krav 10, hvor Lz er valgt fra en
gruppe bestdende af en triazolbinding, en isoxazolbinding, en etherbinding, en
amidbinding, en imidbinding, en iminogruppe, en sekundasr aminogruppe, en
tertizer aminogruppe, en thioesterbinding, en disulfidbinding, en urethanbinding,
en thiocarbonatbinding, en sulfonatbinding, en sulfamidbinding, en
carbamatbinding, en tyrosingruppe, en cysteingruppe, en histidingruppe og
kombinationen deraf.

14. Forbindelse af den fglgende formel (3)

~CHyCH
Ho-(cuzcuzo}l.,—c-n-,{ S

|.1-(o-cu, cm,}ox2

hvor X1, Xz, n1, n2, n3, L1, Lo 0g R1 er de samme som de defineret i generel formel
(1) ifglge krav 1.

15. Fremgangsmade til fremstilling af intermediatforbindelsen med formlen (3)
nedenfor, hvilken inkluderer de fglgende trin:
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Trin (a): i et co-initiatorsystem bestdende af en small molecule-initiator (4)
0g en base, polymeriseres ethylenoxid til de to geometrisk symmetriske
hydroxylgrupper af initiator (4) for at generere to forgrenede keaeder;
derefter, deprotoneres terminalenderne af de to nydannede forgrenede

5 kaeder for at opné et intermediat (5),

Trin (b): de initierende aktive terminaler af de to forgrenede kaader af
intermediat (5) alkyl-etherificeres for at opna et intermediat (6);

Trin (c): den terminale hydroxylgruppe pa symmetriaksen af intermediat
(6) afbeskyttes for at opnd et intermediat (7);

10 Trin (d): ethylenoxid polymeriseres til den afbeskyttede terminale
hydroxylgruppe p& symmetriaksen af intermediat (7) for at generere en
hovedkaede, der efterfglgende protoneres for at opna et intermediat (3)
med en terminal hydroxylgruppe;

LyOH /L,.{Q_GHE,__GHE}Q- L-,-’(Q—CH;;‘GH%‘?X*
PGO-Ly-GRy  ———® pGO-tLy—C-R B e PGO~Ly— Ry S

Ly~OH  Frisal M{mc-nymg-d Frin b} :H“{O*CH:*CH%OX: R

4 1y 8 iy

L,—{&cr{g-mg X4 Lrfo-cHycryYox,
HO~L 5~ C-Ry B e HO{OH, CH O —CRy M

\ I

Lq"{O"'CHg‘ﬁH;}"%}(Z Trin d} i L~0-CHy-CHy nzxz

7 3

15 hvor PG reprazsenterer en beskyttelsesgruppe af en hydroxylgruppe.
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