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(57) Abréegée/Abstract:

A purpose of the present invention Is to provide a branched hetero polyethylene glycol compound having two kinds of functional
groups capable of reacting with various bio-functional substances and having one of the functional groups plurally.

A branched hetero polyethylene glvcol according to the present invention Is represented by the formula [1]:

(see formula 1)

wherein X and Y represent each an atomic group containing at least a functional group which reacts with a functional group
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(57) Abrege(suite)/Abstract(continued):

present In a bio-functional molecule to form a covalent bond and the functional group contained in the atomic group X and tr
functional group contained in the atomic group Y are different from each other; s Is an integer of 2 to 8, which represents tr
number of polyethylene glycol chains; n Is the number of average added moles for the polyethylene glycol chain ar
20=nltoreq.2000; and E Is a branching linker moiety having s-valent bonding valency for the polyethylene glycol chains and havir
monovalent bonding valency for the functional group Y.
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Abstract
A purpose of the present invention 1s to provide a branched
heteropolyethylene glycol compound having two kinds of functional

groups capable of reacting with various bio-functional substance

(N}

and having one of the functional groups plurally.
A branched hetero polyethylene glycol according to the

present 1nvention 1s represented by the formula [1]:

S 1]

whereln X and Y represent each an atomic group containing at least

a functional croup which reacts with a functional group present

1n a bio-functional molecule to form a covalent bond and the

functional group contained 1n the atomic group X and the functional

group ccntailned in the atomic group Y are different fromeach other;

S 18 an 1nteger of 2 to 8, which represents the number of

|

polyethylene glyccl chains; n 1s the number of average added moles

for the polyethylene glycol chain and 205n<2000; and E 1is a

branching linker molety having s-valent bonding valency for the

polyethyiene glycol chains and having monovalent bonding valency

for the functlional group Y.
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BRANCHED HETERO POLYETHYLENE GLYCOL AND

Title of the Invention:

&

INTERMEDIAT.

Technical Field

10001 ]

The present invention relates to a Dbranchea hetero

polyethylene glycol. More specifically, the Invention relates to

a branched hetero polyethyiene glycol compound which 1s used for

modification of bio-functional molecules, drugs or drug carrlers

in drug delivery systems, materials and devices for diagnosis,

or the like.

Background Art

[0002]

B polyethylene glycol itself exhibits low toxicility and

antigenicity and has excellent solubility toward water and many

organic solvents. Therefore, end-activated polyethylene glycol

compounds where a reactive functional group is introduced 1into
an end thereof have been widely used for 1mparting various

functions, for example, imparting stealthiness of drugs and drug

carriers in the body and solubilizing them in drug delivery systems,

and improving bio-compatibility of material surfaces. Of the

compounds, a so-called hetero bifunctional polyethylene glycol

having functional groups different in reactivity at two ends of

a linear polyethylene glycol, respectively, can 1ntroaquce

different molecules, for example, bio-functicnal molecules such

as drugs, physiologically active substances, targetling substances,
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and the like into respective ends. Accordingly, the polyethylene

glycol 1s used as a hetero crosslinker which crosslinks these

blo-functional molecules each other or the bio-functional
molecules and various drug carriers or devices.

[0003]

A first characteristic advantage obtained by using the

hetero bifunctional polyethylene glycol as such a hetero

crosslinker 1s (A) a fact that low antigenicity and excellent

solubility, which are prdperties of a polyethylene glycol as

described above, can be i1imparted to the bonded substance. Since
a polyethylene glycol 1s a polymer having repeating units, it has
considerable molecular weight and number of monomer units and the

distance between the ends 1s long as compared with a usual

low-molecular-weight hetero crossliinker. Therefore, the next

advantage 1is (B) a fact that substances which are difficult to
bond directly owling to steric hindrance or molecules or substances

which may lose a function intrinsic to the molecules, such as

pharmacological activity, by direct bonding, or substances having

different natures, such as molecules or substances and various

drug carriers or devices can be bonded each other.

10004 ]

In the field of DDS, there are many studies on conjugates

using the hetero bifunctional polyethylene clycol.

[0005]

Jiang et al. (Non-Patent Document 1) have bonded transferrin

to P-lactoglobulin using a hetero bifunctional polyethylene
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glycol having an N-hydroxysuccinimidoester group and a maleimide
group. Zhang et al. (Non-Patent Document 2) have bonded NLS
(nuclear localization signal) that is a peptide decamer to a
dendrimer bonded substance of acridine using a hetero bifunctional
polyethylene glycol having an N-hydroxysuccinimidoester group and
amaleimide group. Kimet al. (Non-Patent Document 3) have bonded

s1RNA to LHRH (luteinizing hormone releasing hormon) using a hetero

b-functional polyethylene glycol having an amino group or a

Z2-pyridyldisulfide group ana a carboxylic acid. Anhorn et al.

(Non-Patent Document 4) have bonded an IgG antibody to =

nanopartic.e including an anticancer agent using a hetero

~

b1

functional polyethylene g.ycol having an
N-hydroxysucclnimidoester group and a maleimide grocup.

1 0006]

Moreover, as an appllcation to dlagnostic devices, Otsuka

et al. (Non-Patent Document 5) have showed utilization as a
biosensor whichmonitors a bio-functional molecule such as lectin,
where lactose 1s bonded to polylactic acid using a hetero

blfunctional polyethylene glycol having an acetal group and a

hydroxyl group and, further utilizing interaction between lactose

and lectin and interaction between polylacticacidandan inorganic

substance surface, as a result, lectin and the inorganic substance
suriace 1s crosslinked.

10007 ]

As above, a hetero bifunctional polyethylene glycol is a

hetero crosslinker widely used in medicament-related uses such
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as modification of bio-functional molecules, especially in DDS

filed. On the other hand, when it 1s considered to enhance the

~~~

function oz the polyethylene glycol bonded substance where <the

hetero bifunctional polyethylene glycol is reacted with various

bio-functional molecules, carriers, and the like, there is a case
where plural modification of elther one bio-functional molecule
1s desired. For example, 1in the case where a polyethyvlene glycol
bonded substance having a drug at one end and a targeting molecule
at another ena bonded thereto 1s conslidered, when plural bonding

of the crug 1s achieved, 1t becomes possible to improve transport

efficiency. Moreover, when plural bonding of the targeting

molecule 1s achieved, it becomes possible to improve targeting

performance toward a ligand.
10008 ]

As a polyethylene glycol compound taking such plural

modification of the bio-functional molecule into consideration,

there 1s adescription of so-called Forked-PEG in US6362254 (Patent

Documen®t 1).

In the Patent, though there 1s no application example to

hetero polyethylene glycol derivatives, Forked-PEG where two

functional groups are introduced into one polyethylene glycol end

has been synthesized for creatilng a branching point at one end

of a methoxy-polyethylene glycol and for modifving a

pro-functional molecule.

Prior Art Documents
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0010 ]

Non-Patent Document 1:
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S. Patent No. 6362254

Journal of Drug Targeting, 2007, 15010},

BioconjugateChem., 2009, 20, 120-128

BioconjugateChem., 2008, 19, 2156-2162

BioconjugateChem., 2008, 19, 2321-2331

Langmuir, 2004, 20(26), 11285-11287

the Invention

Problems that the Invention 1s to Solve

[0011]

However,

1n Patent Document 1, the length between the

branching point and plurality of functional groups 1is not

definitely defined and described examples are limited to those

having a very near distance between two functional groups. When

fr—

introduction of identical bio-functional molecules, especially

substances having a very large molecular weight, such as proteins

or antibodies, into the two functional groups are supposed, this

means that an advantage that " (B) molecules which are difficult

to bond directly owing to steric hindrance or molecules which may

lose a function intrinsic to themolecules, such as pharmacological
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activity, by direct bonding can be bonded each other", which is

a remarkable characteristic of the hetero polyethvlene glycol

P

derivative, 1s 1mpailred to a large extent. Therefore, as an

application to a hetero polyethylene glyvcol bonded substance

having two or more identical bio-functional molecules and having

one bio~functicnal molecule different from tThe apove molecules

at another end, which 1s @ main purpose, utilization is limited.

10012]

Moreover, 1n the case where the introduction of two or more

1dentical bio-functional molecules 1nto a hetero polyethylene

glycol derivative 1s supposed, a poilint largely different from the

introduction of the bio-functional molecule 1nto a usual
monofunctional activated polyethylene glycol Or hetero
bifunctional polyethylene glycol 15 a fact that it 1s i1mpossible

to use an excess amount of the polyethylene glycol derivative

relative to the bifunctional molecule for introducing the

bio-functional molecule into two identical functional groups in
high conversion since many kinds of impurity speciles are formed
anc rather the expensive bio-functiona_ molecule should be allowed
to react 1n an excess amount. Accordingly, also 1n view of cost,

1t 1s difficult to apply a structure having a short length between

the branching point and plurality of functional groups.

[0013]

From the above, 1n view 0f both performance and cost, 1in

order tomodify such a novel hetero polyethylene glycol derivative

with bio-functional molecules, 1t 1s revealed tnat a hetero
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bifunctional polyethylene glycol having a sufficient distance not

on.y between different functional groups but alsc between

1dentical functional groups.

However, there has been no report of a hetero polyethylene

glycol derivative having one of the two functional groups plurally,

whicn 1s devised presupposing 1ts use in medicament-related uses

such a2 S modilification of such bio—-functional molecules.

Particularly, there 1s hitherto no example regarding the
derivative designed also for the purpose of modifying
bio-functional molecules having relatively largemolecular weight,

such as proteln drugs and antibodies.

[0015]

An object of the invention 1s to provide a branched hetero

polyethylene glycol compound having two kinds of functional groups

capable of reacting with various bio-functional molecules and

having one of the functional groups plurally.

[0016]

As such bilo-functional molecules, there may be mentioned

pbio-functional molecules such as proteln drugs, polypeptides,
enzymes, antibodies, antibody medicaments, genes, nucleic acid
compounds including oligonucleotides and the like, nucleic acid
medicaments, anticancer agents, and low-molecular-weight drugs,

as malin ones. Also, other than these bio-functional molecules,

carriers 1n drug delivery systems, such as liposomes and polymer

micelles, and other materials and devices for diagnosils can be
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allowed to react. Of these, there is particularly provided a
branched heterc polyethylene glycol compound most suitable for
modifying bio-functional molecules including protein drugs,
polypeptldes, enzymes, antibodies, antibody medicaments, and the
like.

Means for Solving the Problems

(0017]

As a result of extensive studies for soclving the above
problems, the present inventors have developed a branched hetero
polyethylene glycol compound having plurally one functiocnal group
of two kinds of functional groups, suitable for use 1in
medicament-related uses including bio-functional molecules, drug

carriers, and substance surfaces of base materials for diagnosis,

particularly modificatior of bio-functional molecules having
large molecular weight, including protein drugs, polypeptides,
enzymes, antibodies, and antibody medicaments.

0018]

The most remarkable characteristic of the invention is 2

fact that plurally existing one functional group of the two kinds

of the functional groups is present at an end of each polyethylene

glycol chain having a certain range of the number of repeating

units. Owing to this characteristic, in the case where it 1is

considered to modify the branched hetero polyethylene glycol

compound with two different kinds of bio-functional molecules,
the bio-functional molecules bonded to the plural functional

groups have a distance of two chains of the polyethylene glycol
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chain at most from each other and thus modification 1s achieved
under the circumstances where mutual ster:c hindrance 1s reduced.
Moreover, owlng to the complexity of the molecular structure, tThe

bo-functional molecules have a distance of one chain of the

polyethylene glycol chain at most from the branching point which
may reduce —he reactivity due to steric hindrance and from another

kind of bio-functional molecule to be modified at another kind
of functional group.
[0019]

As above, 1n the case where 1t 1s considered to modify the

two different bio-functional molecules, owing to the structural

characteristic of the Dbranched hetero polyethylene glycol

compound of the invention, the bio-functional molecule to be

modified at the plurally existing one kind of functional group

pr—

Keeps a sufficilent distance from any of three items, 1.e., (1)

the 1dentical bio-functional molecule(s), (2) the branching point,
and (3) the other kind of bio-functional molecule present in the
same molecule. Therefore, 1t 1s possible to performmodification

in higher efficiency with suppressing adverse effects resulting

fromsteric hindrance and also a decrease 1nphysiological activity

can be suppressed.
[0020]

Namely, the invention lies on the following.

(1) A branched hetero polyethylene glycol represented by the

formula [1]:
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{ X-—-(CHZCHZO)n—-}——E-Y

S 1]

(X ana Y represent each an atomic group containing at least

e functiona. group which reacts with a functional group present

1n a pbro-functional molecule to form a covalent bond and the

functional group contained in the atomic group X and the functional

group contalined :n the atomic group Y are different fromeach other;

gh—

s 1s an 1nteger of 2 to 8, which represents the number of

polyethylene glycol chains;

—

n 1s tne number of average added moles for the polyethylene

glycol chain and 20<n<2000; and

E 1s a pranchning linker moiety having s-valent bonding

valency for the polyethylene g.ycol chains and having monovalent

bonding valency for the functional group Y.)
[(0021]

(2) The bpranched hetero polyethylene glycol, wherein the branching

linker molety E 1s represented by the formula [2]:

L+

|

HC——

|

L LI2]

(CH 1s bonded to the functional group Y; Ll is a bonding

molety which bonds to p chain(s) of the polyethylene glycol chain,

LZ 1s a bondingmoiety which bonds to gchain(s) of the polyethylene

10
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glycol chain, and they are the same or different from each other;

cach of them 1s an ether bond, an ester pond, a urethane bond,

an amide bond, z carbonate bond, a secondary amlino group oOr a
saturated hydrocarbon group containing the same, a single bond,

Cor a saturated hydrocarbon ¢group; and

b

tc 7 and pzg and p+g=s.)

'__J.

P and g are each an integer of

(0022 ]
(3) The branched hetero polyethylene glycol, wherein L1 and LZ
are each anether bond, a urethane bond, an amide bond or a saturated
hydrocarbon group containing the same, a single bond, or a
saturated hydrocarbon group.

L 0023]
(4) The branched heterc polyethylene glycol, wherein L1 and LZ
are both a saturated hydrocarbon group containing an ether pond,
a single bond, or a saturated hydrocarbon group.

(0024 ]
(5) The branched heterc polyethylene glycol, whicn 1s represented

by the formula {3] or [4]:

X—— (CH,CH,0)n—CH,

X—(CHzCH0)n—=CHh; ( X——(CH,CH,O)n—CH )W
|
( X ——(CH,CH,0)n—CH )V HC——Y
I l
HC—Y ( X—(CH,CH,O)n—CH )W
i l
X—(CH2CHOn 3] X——(CHCHO)n=CH, 14]
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(v=0 or 2 and w=0 or 1.)
(0025]

(6) The Dbranched hetero polyethylene glycol, wherein the

P

functional group of the atomic group X and the functional group

O the atomic group Y are each selected from the group consisting

P

c- an acetal group, an aldenyde group, a maleimide group, a

vinylsulfone group, an i1odoacetamide group, an active ester group,
an active carbonate group, a carboxyl group, an amino group, an
aminoxy group, a thiol group, an ailyl group, a vinyl group, an
acetylene group, and an azide group.

10026]

(/) The branched hetero polvethylene glycol, wherein at least one

of the functional group of the atomic group X and the functional
group oI the atomic group Y 1s selected from the group consisting
of a carboxyl group, an amlno group, an aminoxy group, and a thiol
group.

(0027 ]
(8) An i1ntermediate, which 1s an intermediate of the branched

heterc polyethylene glycol and wherein at least one of the

functional group of the atomic group X and the functional group
of the atomic group Y 1s protected by a protecting group.

10028 ]

(9) A polyethylene glycol Dbonded substance, wherein a

bic—-functional moleculese 1s bonded to an end of the branched hetero

polyethylene glycol.

12
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Advantage of the Invention
(0029]

The ©present 1nvention provides a branched Thetero

r—

polyethylene glycol compound having one functional group of two

S——

kinds of functional groups plurally, for wuse in chemical

modification of prote_n drugs, polypeptides, enzymes, antibodies,
antibody medicaments, genes, nucleic acid compounds including
oligonucleotides, nuclelc acid medicaments, anticancer agents,
other drugs such as low-molecular-weight drugs, as main one and,

F
—

1n addition, functionalization of drug carriers in drug delivery

systems, such as liposomes and polymer micelles, and other
materials and devices for diagnosis. By using the branched hetero

polyethylene glycol compound, 1t 1s possible to synthesize a

polyethylene glycol bonded substance having plurally one of two

kinds of bio-functional molecules effectively 1n a state that

reaction 1nhibition by steric repulsion at modification and

reduction of functions 1ntrinsic to the molecule, such as

physiological activity after modification are suppressed.

Mode for Carrying Out the Invention

0030

The hetero Dbifunctional polyethylene glycol 1is an

end-activated polyethylene glycol compound having functional

groups showing reactivity different ineach of both ends of a 1inear

polyéthylene glycol chain, and different bio-functional molecules,

surfaces, or the like can be 1introduced into the both ends.

13
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0031]

The branched netero polvethylene glycol 1n the invention

has two kinds of functional groups at the ends similarly to the

hetero bilifunctional po.vethvlene glycol and the introduction of
a different bio-functional molecule into each of the ends is a
maln purpose. 0Of the two kinds of functional groups, one kind

P

thereof isplurally present and one of thebio-functional molecules

to be 1ntroduced can be plurally modified. The branched he=zero

polyethylene glycol 1s represented by the formula [1.

10032]

[ x-—-—-(CHZCHZO)n—}—-E—-Y

S LIt

The polyethylene g_ycol chain represented by (CH.CH,O)n is

a linear polymer moiety having the number n of the repeating units

separately defined as follows.

10033 ]

The atomic group X 1s an atomic group which is positioned
at each polyethylene glycol chain end of the branched hetero
polyethylene glycol represented by the formula [1] and may contain
a bondingmolety. The atomic group X 1s represented by the formula
(5] with the functional group X' and the bonding moiety W to be

bonded to the functional group X'. However, the bonding moiety

W may be a single bond. In this case, the atomic group X is

colncident with the functiocnal group X'.

14
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10034 ]

10035

The bonding molety W 1s a linker having a function of bonding
2o the polyethylene glycol chain, and 1s not particularly limited
SO long as 1t 1s a molety comprilsing a covalent bond. Preferably,
there may be mentioned an ester bond, a urethane bond, an amide
pbond, an ether bond, a carponate bond, a saturated hydrocarbon
group contalnling a secondary amino group, a single bond, or a
saturated hydrocarbon group. The saturated hydrocarxbon group has
l2 or less carbon atoms and, as preferred saturated hydrocarbon
groups, amethylene group, anethylene group, a trimethylene group,
a propy-.ene group, an lsopropylene group, a tetramethylene group,
a butylene group, an isobutylene group, a pentamethylene group,

a hexamethylene group, and the like may be mentioned.

[0036]

The functlional group X' 1s not particularly limited so long
as 1t 1s a functiona. group which reacts with funczional groups
present 1in blo-functional molecules 1including protein drugs,
polypeptides, enzymes, antibodies, antibody mecicaments, genes,
nuclelc acid compounds including oligonucleotides, nucleic acid
mecicaments, anticancer agents, and the other drugs such =zas

low-molecular-weight drugs, which are objective substances for

15
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modification, to form a covalent bond.

In an embodiment, X' s

preferably a functional group capable of reacting with an amino

group, a thiol group, an aldehyde croup, a carboxyl group present

in natural bio-functional moclecules represented by protelns, or

a maleimide group, a ketone group,

an azide group, an acetylene

group, or the like, which can be artificially introduced, under

e

m>1ld conditions 1n high vyields, specai:

"1cally,

a group selected

from the group consisting of an acetal group, an aldehyde group,

a maleimide group, a vinylsulfone group, an 1odoacetamide group,

an active ester group, an active carbonate group, a carboxyl group,

an amino group, an aminoxy group, a thiol group, an allyl group,

a viny.l group, an acetylene group, and an azide group. Furthermore

in consideration of reaction ef:

"1ciency, X' 1s more preferably

a group selected from the group consisting of an acetal group,

an aldenyde group, & malelmlide group,

active carbonate group, an amino Jgroup,
acetylene group, and an azlide group.

group, an active carboxylic acid,

an active ester group, an

an aminoxy Jgroup, an
An acetal group, an aldehyde

an actlve carbonate group, or

a carboxyl group 1s preferred 1n the case of reacting with an amino

group ¢©- a blio-functional molecuie TO pbe an objectlive substance,

a malelmide group, a vinylsulfone group, an iodoacetamide group,

an allyl group, or avinyl group .s pre:

‘erred 1n the case of reacting

with a thiol 'group of a bio-functional molecule to be an objective

substance, an amino group Or an aminoxy group 1s preferred 1n the

case of reactling with an aldehyde group or a ketone group of a

bio-functional molecule to be an objective substance, an amino

16
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group, an aminoxy group, or a thiol group is preferred in the case
of reacting with a carpboxyl group of a bico-functional molecule
Lo be an objectlve substance, a thiol group is preferred in the

i

case 0I reacting with a ma_eimide grocup of a bio-functional

molecule to be an objective substance, an acetylene group 1is

preferred 1n the case o¢f reacting with an azide group of a

pio-functional molecule to be an objective substance, and an azide

group 1s preferred 1n the case of reacting with an acetvlene group

of a bio-functional molecule to be an ocbjective substance.
10037
Tne atomic group Y 1s an atomic group which may contain a

bonding molety to be bondec to a branching bonding moiety E, and

1s represented as the formula [6] witn 2 functional group Y' and
a bonding moiety W' which may be contained in the atomic group
Y. Incidentally, the bonding moiety W' may be a single bond. In
thls case, the atomic group Y is coincident with the functional
group Y'.

Y- =Y'" - W'- ... [©O]

0038 ]

The bonding moiety W' has the same definition as the ponding

moiety W which may be contained in the above X. The functional

group Y' 1s not partilicularly limited so long as it is a functional

group which reacts with functional <groups present in

bio-functional molecules including protein drugs, polypeptides,
enzymes, antibodies, antibody medicaments, genes, nucleic acid

compounds 1ncluding oligonucleotides, nucleic acid medicaments,
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anticancer agents, and the other drugs such as

low-molecular-weight drugs, which are objective substances for

modificaticn, to forma covalent bond. In z preferred embodiment,

Y' 1s preferably a functional group capable of reacting with an
amino group, a thiol group, an aldehyde group, a carboxyl group
present 1n natural bilo-functiona. molecules represented by

proteins, or a malelmide group, a ketone group, an azide group,

an acetylene group, or the 1like, which can be artificially
introduced, under mild conditions in high yields, specifically,

P

a group selected from the group conslisting of an acetzl group,

an aldenyde group, a maleimide group, a vinylsulfone group, an
1odoacetamide group, an actlve ester group, an active carbonate
group, a carboxyl group, an amino group, an aminoxy group, a thiol
group, an allyl group, & vinyl group, an acetylene group, and an
azilde group. Furthermore, 1n consideration of reac=-ion
efficlency, Y' 1s more preferably a group selected from the group
consisti‘ng of an acetal group, an aldehyde group, a maleimide group,
an actlve ester group, an active carbonate group, an amino group,

an aminoxy group, an acetylene group, and an azide group.

[0039]

The acetal group 1in the invention inclusive of the bonding

molety 1s represented by the formula [7], wherein R 1s a saturated

hydrocarbon group having 8 or less carbon atoms. R is preferably
a saturated hydrocarbon group having 4 or _ess carbon atoms, most
preferably an ethyl group. In general, the acetal group having

such a structure 1s a protecting group of an aldehyde group but,

18
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since deprotection of the acetal group can be conveniently
perrormed with weak acidity, the nature at the use in the reaction
with the bio-functional molecule is very close to zhat of the other

functicnal groups and thus it is possible to handle the group almost

similarly. Accordingly, ir. the invention, the acetal group is

deZlned as a functional group having an electrophilic reactivity

similarly to aldehyde.

O—R L7

10040 ]

Themale:mide group 1n the Invention inclusive of the bonding

molety 1S a group represented by the formula [8] and 1s reac-ive
wlth nucleophilic groups such as a thiol group. Rl is preferably

hydrogen or a methyl group, more preferably hydrogen.

O

— W(or W' —N

10041]

The active ester group in the Znvention inclusive of the
ponding molety 1s a group represented by the formula [9] and is

reactlive with nucleophilic groups such as an amino group. R2 is

19
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preferably a phenyl group, a 3-pyridyl group, a succinimide group,

v

& <Z-benzothiazole group, or a 1-benzotriazole group, more

preferably a succinimide group or a l-benzotriazole group, and

most preferably a succinimide group.

10042 ]

The active carbonate group in the invention inclusive of

the bonding mclety 1s a group represented by the formuia [10] and
1s reactive with nucleophilic groups such as an amino group. R3
1s preferably a 4-nitrophenyl group, a succinimide group, or a
l-benzotriazole group, more preferably a 4-nitrophenyl group or

a succlnimide group, and most preferably a succinimide grourp.

O
|

——-——W(OI’W')—O"‘C"“O_Rg | [l O]

004 3]
The acetylene group 1n the invention inclusive of the bonding

molety 13 a group represented by the formula [11] and Zs reactive

wlth an azilde group and the like. R4 is preferably a saturated

hydrocarbon group having 8 or less carbon atoms or hydrogen, more

preferab_.y hydrogen.
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— W(orW)r—C=—=—=C—R, I11]

10044 ]

I'he functilional group contained in the atomic group ¥ and

the functional group contalined in the atomic group Y should be

different <from each other. However, the bonding moiety W
contained 1n the atomic group X and the bonding moiety W' contained

1n the atomic group Y may be the same or different from each other.

As comblnation of the functional group X' and the functicnal

group Y', Y' 1s a grouo selected from a maleimide group, a
vinylsulfone group, an iodoacetamide group, an active ester group,
an active carbonate group, an amino group, and an aminoxy group
when X' 1s an acetal group, Y' is a group selected from a maleimide

group, & vinylsulfone group, an acetylene group, and an azide group

when X' 1s an aldehyde group, Y' 1s a group selected from an acetal
group, an active ester group, an active carbonate group, an

acetylene group, and an azide group when X' is a maleimide group,
a vinylsulfone group, oOr an lodoacetamide group, Y' 1is a group
selected from an acetal group, a maleimide group, a vinv_sulfone
group, an l1odoacetamide group, an acetylene group, and an azide
group when X' 18 an active ester group or an active carbonate group,
Y' 1s a group selected from an acetal group, an acetylene group,

and an azide group when X' 1s an amino group or an aminoxy group,

Y' 1s a group selected from an acetal group, an aldehyde group,
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2 maleimide group, a vinylsulfone group, an iodoacetamide group,
an active ester group, an active carbonate group, an amino group,
and an aminoxy group when X' 1s an acetylene group ©or an azide
group. Most preferably, Y' 1s a group selected from a maleimide
group, an active ester group, an active carbonate group, an amino

group, and an aminoxy group wiaen X' 1s an acetal group, Y' is a

group selectea from an acetal group, an active ester group, an
active carbonate group, an acetylene group, and an azide group
when X' 1s a maleimide group, Y' i1s a group selected from an acezal

roup, a malelmide group, an acetylene group, and an azide group
when X' 1s an active ester group or an actlive carpbonate group,
Y' 1s a group selected from an acetal group, an acetylene group,

and an azide group when X' 1s an amino group Or an aminoxy group,

.

Y' 1s a group selected from an acetal group, a maleimide group,
an active ester group, an active carbonate group, an amino group,
and an aminoxy group when X' 1s an acetylene group or an azlde
group.

[004 5]

In the 1nvention, in view of the reactivity, stability, and

the 1l1ke, at least one of the functional groupr of the atomic group

X and tnhe functional group of the atomic group Y is preferably

selected from the group consisting of a carboxyl group an amino
group, an aminoxy group, and a thiol group.

10046

E 1s a branching linker moiety having s-valent bond for the

polyethylene glycol chain having the atomic group X at an end and
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monovalent bond for the atomic group Y, and E 1s not particularly
limited sc long as 1t 1s a covalent bond but preferably has a

structure represented by the formula [2. .

(00477 ]

In the formula, CH (methine group) 1s clrectly bonded to

-

the atomic group Y. L1 and LZ are bonding moietles which bond to
p chain{s) and g chain{(s) of the above polyethylene glycol chain

{X-(CH;CH2O0)n~-}, respectively. They mav be the same or different

from each other and are selected from an ether bond, an ester bond,
a urethane bond, an amiacde bond, a carborate bond or a secondary
amlno group or a saturated hydrocarbon group contalning the same,
a single bond, or a saturated hydrocarbon group. L1 and L2 are

cach preferably an ether bond, a urethane bond, an amide bond,

or a saturated hydrocarbon group containing the same, a single
bond, or a saturated nydrocarbon group, more preferably a saturated
hydrocarbon group c¢contailning an ether bond, a saturated
hydrocarbon group, or a single bond, and most preferably a
saturated hydrocarbon group or a single bond. P and g represent
cach the number of the polyethvliene glycol chain {X-(CH,CH,0O)n-}

to be bonded to L1 and L2, respectively. pandgare each an integer

of 1 to 7 where p2g and have a relation of prg=s. Preferably, p=g=1
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or p=3, g=1 or p=qg=2, and most preferably p=g=1. More specifically,

FF'1s preferably represented by the formula [12] or the formula

[13], where v 1s 0 or an 1nteger of 1 to 6 andw 1s 0 or an integer

of 1 to 3. Preferably, v and w are as follows: v=0 or 2; w=0 or

——

1, respectively.

(0048 ]
—_CHQ
2
HC——
_(_CH )v
Hl_ ﬁLTH »
l [1 2] CH; (1 3]
10049 ]

The branched heteroc polyethylene g_.ycol of the invention

where the above E 1s represented by the formuia [12] or the formula

13] 1s represented by the formula [3] or the formula [4],

respectively.

[0050]

24



CA 02803556 2012-12-20

X—(CHQCHZO)n—THZ

X—(CH,CH,0)n—CH ( X— (CH,CH,O)n— CH )
l Y
( X—(CH,CH,0;n—CH ) Ho——
B l
HT Y ( X'—(CHZCHQO)H“‘TH )W
X=—(CHCHO)n  13] X—(CHCHO)n—=CH;  [4]
10051 ]

S 1s an integer 1ndilcating the number of pclymers of the

polyethylene glycol chain to be bonded to the atomic group X at

one end and to the branching linker moiety E at another end and

1s 2 to 8, preferably 2 or 4.

[0052]

n 1s the number of the repeating units per the polyethylene
glycol chain having the atomic group X at the end and, 1in the
invention, 1t 1s defined to be one calculated by various
theoretical calculations based on the number-average molecular
welight (Mn) of the compound. Regarding n, the mecst suiltable

H
p—

setting is necessary for efficiently modifying the bio-functional

molecules anc thoroughly exhibiting the function. Specifically,

in the case where a bio-functional molecule including a protein

drug, an antiboay, or the like 1s modified at the atomic group

X and the other bilio-functional molecule, surface, or the like 1is

N
(T
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modified at the atcmic group Y, it is necessary to keep a sufficient

-
Prr

distance as to any of three relationships, i.e., (1) each o: plural
identical bio-functional molecules which are modified at the
atomic group X, (2) the bio-functional molecules which are modified
at the atomic group X and the branching point, and (3) the
bio-functional molecules which are modified at the atomic group
X and the bio-functional molecule or surface which is modified
at the atomic group Y. From this viewpoint, the lower limit of
n 1s preferably 20, more preferably 50, further preferably 80,
and most preferably 120. Also, owing to difficulty in operation
Dy an 1ncrease in solution viscosity and increase in molecular
weight distribution by heterogeneity of an ethylene oxide addition
reaction, themolecular weight in the branched hetero polyethylene

glycol to be used in the present use should be suppressed to a

certain value or less. From this viewpoint, the upper limit of

zlifspreferablqu,OOO,nxn%apreferably'l,SOO,:inﬂjmnrpreferably

1,000, and most preferably 500. By such selection of an

f—

appropriate range of n, it is possible to synthesize and use the

bonded substance in a state that reaction inhibition to be induced
Py steric repulsion bpbetween plurality of the bio-func=ional

molecules which are modified at the functional groups X and Y,

influence of the sterically crowded branching linker moliety E,

and reduction of the functions intrinsic to the molecules, such

as pharmacological activity after modiZication, are suppressed

l—
p—

and further adverse effects on the reaction or the operability

and qualility to be induced by a viscosity increase in the use of
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the bonded substance and an increase of molecular weight
distribution are alsc suppressed.

0053 ]

With regard to the branched hetero polyethylene glyco. of
the invention, as a process for introducing the polyethylene glycol
chain, a coupling reaction of polyethylene glycol chains or a
polymerlzation reaction of ethylene oxide can be selected.

(054 ]

As the 1ntroduction of the polyethylene glycol chain by the

P

coupling reaction, a procedure of reacting a substrate having two

amino groups such as lysine with a methoxypolyethylene glycol

having, for example, an active carbonate group at the end, which
18 reactive to the amino group, may be mentioned as a typical
example

[0055]

In order to synthesize the branched hetero polyethylene

glycol of the 1invention, it 1s necessary to use not a

methoxypolyethylene glycol derivative but a he-ero bifunctional
polyethylene glycol as a polyethylerne glycol. Thereafter, if

necessary, a remalning end group of the two chains of the hetero

pifunct:onal polyethylene glycol introduced and the carboxylic

acid of lysine are subjected to functional group conversion. AsS

the reaction for use in the functional group conversion, any
nitherto known methods can be used but conditions not decomposing
the bond formed by the coupling reaction should be appropriately

selected. The bond formed by the coupling is determined by the
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combination of the functional groups to be used 1n the reaction
and, in This case, 1s an ester bond, a urethane bond, an amide
bond, a carbonate bond, a secondary amino group, or the like.
[0056]
As a typical example of introducing the polyethylene glycol
chaln by the polymerization of ethylene oxide anc subseguently
introducing functional groups 1nto the ends, the followling steps

may be mentiloned.

(0057 ]

(A) Polymerization of ethylene oxide

HO"'"'""'CHz

HC-—‘CHQ"_O"""’CHz

HO 1 4]

(0058 ]

Ethylene oxide 1is polymerized to the remaining two hydroxyl
groups of the compound of the formula [14] where the hydroxyl group
at 3—-position of glycerin has been substitutedwith a benzyl group,

in an amount of 40 to 4,000 molar equivalents to the compounc of

the formula 14] 1in toluene or without any solvent under an alkali1

g—

condition of metal sodium or metal potassium, sodium hydride,

potassium hydride, sodium methoxide, potassium t-butoxide, or the

like to obtain a branched hetero polyethvlene glycol of the formula

[1o].
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L0059 ]

HO-— (CH2CH20)H" CH2

HC_"""CHz‘_""O_"'CHZ

HO—(CH,CH,0)n 15

10060 ]

of

(7]

In the formula, the branching moiety corresponding to
The formula [l] 1s the same as one defined in the formula [2].
The branching moiety to be used in the polymerization step of
ethylene oxide is preferably a stable group under such an alkali
condition, more preferably a saturated hydrocarbon group or a
saturatsc hydrocarbon group containing an ether bond. 2As the
skeleton of the branching moiety, most preferably, a glycerin
molety, a xylitol moiety, and the l1ike may be mentioned. Moreover,
instead of a benzyl group, the other protecting group can be used
so long as 1t 1s a stable group under the above alkali condition.
For example, theremay be used a tetrahydropyranyl croup, a t-butyl
group, and the like in the case of a protecting group for a hydroxyl
group and an acetal group such as a diethyl acetal group in the

casec of a protecting group for an aldenhyde group.

1 0061]

(B) Functional group conversion of hydroxyl group at polyethylene

glycol chain end

Subsequently, after toluene i1is added to the branched
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polyvethylene glycol compouna of the formula [15] and 1s refluxed

under ordinary pressure to achieve removal of water, an excess

amount of methanesulfonyl chloride 1s added in the presence of
a base such as triethylamine to form a mesylate. Thls compounc
1s allowed to react with a sodium alcoholate compound of
3,3-dlethoxy-1l-prcpanol to 1ntroduce a diethoxy acetal group,

thereby a compound of the formula [16] being obtained.

10062 ]
CHACHO._
/CHCH2CH20“ (CHchzo)n "'CHZ
CHACH,0
HC ——CH,——0O—CH,
S, l
CHCH2CH20“(CH2CH20)D
/
CH,CH,0 (16
(0063 ]

Cther than the acetal group, 1t 1s possible to introduce

various protecting groups and functional groups 1nto ends of

polyethylene glycol chains. However, in the formula [16], a point

1.

to be ncted 1s a fact that 1t 1s necessary to perform functional

group conversion of the hydroxyl group under conditions where the
protecting group 1n the vicinity of the branching moiety that is

a benzyl group 1n this case can be stably present. For example,
1t 1s necessary that such a reaction condition that 1t does not

become reductive one 1s selected 1n the case of using a benzyl

group as a protecting group, and such a reaction condition that
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17 does not become aclidlc one 1s selected 1n the case of using
a tetrahydropyranyl group, a diethyl acetal group, or the like.
10064 ]

-

(C) Deprotectlion of protecting group 1n vicilinity of branching

PN
molety

Next, catalyzZic reduction of the compound of the Zormula
[16] 1s carried out 1n the presence of a reduction catalyst such
as Pd/C anc a hydrogen deonor such as hydrogen gas or cyclohexene

to achieve a debenzylation reactlion, thereby a compound of the

formula [17] being obtained.

[3065]
CH3CH,0._
CHCH,CH,0~(CH,CH0)n—CH
CH,CH,0
HC ——CH,——OH
CH3CH,0._ l
/CHCH2CH20"‘(CH20H20)H
CH3;CH,0 (1 7]
[0066]

On this occasion, the functional group/vrotecting group

introduced i1nto the polyethvylene glycol chain end should be a
stable group under the deprotection condition for the deprotection
of the protecting group in the vicinity of the branching molety,

as a result of the functional group conversion at one time or
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plurality of times as 1n the above step (B).
0067 ]
For example, as a group to be introduced into the

po_yethylene glycol chain, 1t 1s necessary to select a stable

protecting group/functional group against hydrogen reduction that
1s a deprotection condition, such as an acetal group, &

cetrahydropyranyl group, a phthalimide ¢roup, an oxyphtnalimide

group, or a thicl group, in the case of using a benzyl group as

a protecting group of the hydroxyl group in the vicinity of the
branching moiety; a stable protecting group/functional group
against a weaklyacidiccondition that is a deprotection condition,
such as a maleimide group, a carboxyl group, an amino group, an
aminoxy group, or a thiol group, 1in the case o0of using a

tetrahydropyranyl group as a protecting group of the hydroxyl group

or an acetal group or the like as a protecting group of an aldehyds
group; a stable protecting group/functional group agalnst a
strongly acidic condition that 1s a deprotection condition, such

as a carpboxyl group, an amino group, an aminoxy group, or a thiol

group, 1n the case of using a t-butoxy group or the 1l:ke. However,

p—

since enormous numbers of reactions are present for the functional

group conversion and subseguent Ifurther functional group
converslion is possible, this descriptiondoesnot limit the finally

obtained functional croup species at the end.

00068 ]

Incidentally, 1n the case where an acetal group such as a

diethyl acetal group that 1s a protecting group oI an aldehyde
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—

15 used as a protecting group 1n the vicinity ©I tnhe branching
molety, since 1t 1s possible to use the group as 1T 1s for

deprotection and reaction in the reaction systemasmentioned above,

1t 1s not always necessary to perform deprotection at tnhils stage.
10069

(D) Functional group conversicon in vicinity o2 branching moiety

Next, the compound of the formula [17] 1s subjected to
functional group conversion to introduce various Ifunctional
groups as follows. After toluene 1s added and 1s refluxed under
ordinary pressure to achileve removal of water, an excess amount
of methanesulfonyl chloride 1s added 1n the pressnce of
triethylamine to form a mesylate. Then, this compounc i1s allowed
to react with ammonlia to 1ntroduce an aminc group, thereby a

compound of the formula [18] belng obtailned.

10070 ]
CH3CH,0,_
CHCHzCHzo— (CHchzo)n — CH2
/
CH4CH,0
HC ——CH, ——NH,
CH3CH,0,_ I
/CHCHQCHQO"‘(CHQCHzo)n
CH4CH,O [1 8]
10071]

Further, the compound of the formula [18] 1is allowed to react
with N-succlnimidylmalelmidopropilionic acld 1n the presence of a

pase such as N-methylmorphollne to introduce a maleimide group,
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thereby a compound of the formula [19] being obtalned.

[0072]
CH3CH,0__
_CHCH,CH,0=(CH,CH,0)n—CHy |
CH3CH,0
0
1 /uMW
HC——CH,—NHCCH,CH,CH,—N_ |
CH3CH,0._ j r
_ CHCH,CH;0=(CH;CH,0)n
CH3CH,0 (1 9]
[0073]

The branched hetero polyethylene glycol having plurality

pr—

of functional groups at polyethylene glycol chain ends and a

functional group in the vicinitcy of the branchingmoiety introduced
thereinzo as the formulae [18] and [19] can be used for the

reactions with bio-functional molecules.

10074]

(E) Functional group converslon/deprotection at polyethylene
glycol chain ends

The branched hetero poiyethylene glycol represented by the

formula [18] or [19] can be used for the reaction with

bio-functional molecules 1n this state. However, for example,

regarding the compound of the formula [1Y], by selecting an

appropriate acidic condition, 1t 1is also possible to perform
deprotectionwith leaving themaleimide group tc convert the acetal

group to an aldehyde group.

0075]
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O
i
HC=CH,CH,0 = (CH,CH,0)n—CH, 5
0
HC— CHz"“NHCCHzCHzCHz""N
; l
HC_CH2CH20-(CH2CHQO)n 0 2 0]
(0076]

It 1s also possible to repeat the steps of functional group

‘ﬁ +

conversion such as the above (D) and (E) several times for the

purpose of 1ntroduction of respective arbitrary functional groups

and 1t 1s possible to 1ntroduce various kinds of functional groups

by performing functilonal group conversion under aforementioned

conditions.

[0077]

The objective substances to be bonded to the branched hetero
polyethylene glycol of the 1nvention are bilio-functional moiecules
including protein drugs, polypeptides, enzymes, antibodies,
antibody medilcaments, genes, nucleilc acid compounds including
oligonucleotlides, nucleic aclid medicaments, anticancer agents,
the other drugs such as low-molecular-welght drugs or the other

molecules, or carriers 1n drug delivery systems, such as liposomes

andpolymermicelles, and other materlals anddevices for diagnosis.
As a typilcal example, there may be mentioned an example where a

targeting molecule such as an antibody or a peptide ligand 1is

introduced 1nto the atomic group X and a drug such as an anticancer
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agent or a protein drug or a carrier contalining a drug included
tnerein, such as a liposome or a polymer micelle, 1s bonded To

another atomic group Y. In this case, it 1s expected to remarkably

enhance migration ability of the drug or carrier to an objective
tissue as compared with the case oI using a conventional hetero
pifunctional polyetnylene glycol where one targeting molecule is
bonded. As another example, there may be mentioned an example

where a drug 1s 1ntroduced 1nto the atomic group X and a targeting

molecule 1s 1ntroduced 1nto another atomic group Y. In this case,
a large amount of the drug can be 1introduced and thus it 1s expected
to enhance the amount of the drug to be transported as compared

with the case of using the heterobifunctional polyethylene glycol.

The bio-functional molecu_es to be reactead anc "ntroduced into
the atomic group X and the atomic group Y are not particularly

limited. However, when the number n of the repeating units per

the polyethyliene glyccl chaln having the atomic group X and the

structural characteristic of the branched hetero polyethylene

P

glycol of the inventlion are considered, a larger advantage can

be obta:ned by using a bio-functional molecule having a molecular

welght of 2,000 or more, further preferably 3,000 or more for the
atomic group X. Also, there is no particular limitation but, form

the same viewpolnt, a larger advantage can be obtained by using

a blo-functiconal molecule having a molecular weight oZ 3,000 or

less, further preferably 2,000 or less for the atomic group Y.
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Examples
(0078

The following will describe the 1nvention in further detail

wlith reference to Examples.

(0079]

Thne mclecular welght and molecular welght distribution of
polyethylene glycol compounds 1ncluding the branched hetero
polyethylene glycol or intermediates thereof were determined by

—

analysis on gel permeation chromatography (GPC). In the invention,

measurement was performed using SHODEX GPC SYSTEM-11 as a GPC

system and SHODEX RIX8 as a differential refractometer tThat was

a detector, connecting three columns of SHODEX KF801L, KF803L,

and KF804L (¢ 8mn x 300 mm) serially, setting the temperature of

the column oven to 40°C, using =tetrahvyvdrofuran as an eluent,

setting the flow rate to 1 ml/minute, setting the concentration
of a sample to 0.1% by mass, and setting an injection volume to
0.1 ml. As a calibration curve, a curve prepared using ethylene
glycol, diethylene glycol, and triethylene glycol manufactured
by Kanto Chemical Co., Inc. and Polymer Standards for GPC of |
polyethylene glycols or polyethylene oxides each having a

molecular weight oZ 600 to 70,000 manufactured by Polymer

Laboratory was used. For data analysis, BORWIN GPC calculation

program was used. Mn indicates number-average molecular weight,
Mw 1ndicates weight-average molecular weight, and Mp 1ndicates
peak-top molecular weight. As for the molecular welight

distribution, a calculated value thereof was shown as Mw/Mn.
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(0080 ]

For 'H-NMR analysis, JNM-ECP400 or JNM-ECAG600 manufactured

by JEOL DATUM Ltd. was used. Measurement was performed using CDCls

as a deuterated so_vent, using a ¢ 5 mm tube, and using TMS as

an l1nternal standard substance.

1008 1]

-

Example 1)

To a 300 ml four-neck flask equlpped with a thermometer,
a nitrogen-inlet tube, and & stirrer were added 18.2 g (0.1 mol)
of 3-benzyloxy-1,2-propanediol, 150 g ¢f anhvdrous toluene, 0.9
g (39 mmol: 26% by mol) of metal sodium, and the whole was stirred
at room temperature with in.troducing nitrogen until metal sodium
was dissolved. The solution was charged intc a 5 L autoclave and,
after inside of the system was replaced with nitrogen, the
temperature was raised to 100°C. After 1,982 g (45mol) of ethylene

oxide was added thereto at 200 to 130°C under a pressure of 1 MPa

or less, the reaction was further continued for 2 hours. After
unreacted ethylene oxlide gas was removed under reduced pressure,

the whole was cooled to 60°C and pH was adjusted to 7.5 with an

35% aqueous phosphoric acilid solution to obtain the following
compound (al).
'"H-NMR; & (ppm) :

3.40-3.90 (1785H, m, HO(CH,CH,0),~CHy, HO (CH-CH,0),~CH,

CH,O0-CH2Ph), 4.54 (2H, s, -CHpPh), 7.27-7.38 (5H, m, -CH;Ph)

GPC analysis;

number-average molecular welght (Mn) 19, 054,
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we_ght-average molecular weight (Mw): 20,285, polydispersity

(Mw/Mn): 1.032

10082 ]
HO""""(CHzC HzO)n = CH2
HC——CH,——O—CH,
HO— (CH,CH,0O)n
(al) rn = about 221
[ J083]

(Example 2)
Into a 3 L four—-neck flask fitted with a thermometer, a

nitrogen-iniet tube, a stirrer, a Dean-stark tube, and a cooling

J——
p—

tube were charged 372 g (18.6 mmol) of the above compound (al)

and 1,800 gof toluene. The whole was heatedunder reflux and water

was removed as an azeotrope. After coocling to room temperature,

6.02 g (59.5 mmol) of triethylamine and 5.54 g (48.4 mmol) of

methanesulionyl chloride were added thereto and allowed to react

at 40°C for 3 hours. Subsequently, a toluene (256.8 g) solution
of 85.06 g (465 mmol) of 3,3-diethoxy-l-propanol containing 2.58
g (112 mmol) of sodium dissolved therein was added thereto,

followed by reaction at 70°C for 5 hours. After filtration of the

reaction solution, the filtrate was transferred toa 10 L stainless

steel pot and crystallization was performed with adding 1.488 g

of ethyl acetate, 1,488 g of ethanol, and 2,976 g of hexane. After

the precipitated crystals were filtrated to remove the solvents,

39



CA 02803556 2012-12-20

Che crystals were transterred toa 10 L stainless steel pot. After

1,488 ¢ of ethyl acetate anc 1,488 g of ethanol were added thereto

and heated todissolve the crystals at 40°C, the solution was cooled

to 20°C and crystallization was performed with adding 2.976 ¢ of
hexane. Thereafter, similar crystallization was repeated three
times and, after washing with hexane, the crystals were collected
by filtration and dried to obtain the following compound (a2).
‘"H-NMR; & (ppm) :

1.16-1.24 (12H, t, (CH3CH;O),-CHCH,CH,~), 1.85-1.95 (4H, g,

(CH3CH»O) ,~CHCH>CH»—-) , 3.40-3.90 (L725H, m, —{(CH:CH;QO),-CH,
- (CHCH;0) n~CH, CH;O-CHyPh, (CH3CHZ0).~CHCH,CH.-), 4.54 (2H, s,
-CH,Ph), 4.00-4.08 (2H, t, (CH:CH,0),-CHCH,CH.-), 7.27-7.38 (bH,
m, -CHpPh)

GPC analysis;
numper—-average molecular welght (Mn) 19,190,
welght-average molecular weight (Mw): 19,496, polydispersity

(Mw/Mn): 1.016

10084 ]
CH3CH0,_
/CHCHQCHzo""(CHchQO)n“‘CHQ
CHACH,0
HC_""CHZ_""O_‘CHZ
CHsCH,0._ l
/CHC H,CH,O—(CH>,CH,O)n
CH4CH,0
(az) n = about 213
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[2085]

(Exzmple 3|

Into a 1 L four—-neck flask fitted with a thermometer, a

nitrogen-inleT tube, a stirrer, and a cooling tube were charged

F
——

50 g of the above compound (a2) and 25 g of 5% palladium-carbon

(a2 50% hydrous product). After revlacement with nitrogen, 400 ¢
of methanol and 67 g of cyclohexene were added thereto, the

temperature was ralised, and gentle refluxing was performed at 52

to 55°C to effect reaction for 2 hours. After cooling of the

reaction solution to room tTemperature, palladium-carbon was

filtrated off and the filtrate was concentrated. To the

concentrate were added 400 g of toluene and 200 g of hexane, and

-

crystallization was performed. The resultlng crystals were

collected by filtration and dried to obtain the following compound
(a3) .
'H-NMR; & (ppm):

1.10-1.24 (12H, t, (CH3CH,O),-CHCH,CH,-), 1.85-1.95 (4H, g,

(CH3CH;0O) o,-CHCH,CH:z—), 3.40-3.90 (1673H, m, - (CH,CH2O0) n~CHy,

- (CH,CH,0) ,-CH, CH,OH, (CH3CH,0),~-CHCH,CH,-), 4.60-4.68 (2H, t,

(CH3CHz0) —~CHCH,CHy—)
GPC analysais;

number—-average molecular welght (Mn) : 18,573,
welght-average molecular weight (Mw): 19,123, polydispersizty
(Mw/Mn): 1.030

1 0086]
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CH3CH,0_
_ CHCH,CH,0~(CH,CH;0)n—CH;

CH5CH,0

CH3CH,0__

/CHCHchzo"“ (CHchzo)n
CH,CH,0
(a3) n = about 207
[ 0087 ]

(Example 4)

Into a 200 mL three-neck flask fitted with a thermometer,
anitrogen—-inlet tube, a stirrer, a Dean-stark tube, and a cooling
tube were charged 13.2 g (0.66 mmol) of the above compound (a3)
and /3 ¢ of toluene. The whole was heated under ref ux and water
was removea as an azeotrope. After cooling fto room temperature,
0.33 g (3.3 mmol) of triethylamine and 0.30 g (2.6 mmol) of

methanesulfonyl chloride were added Thereto and allowed to react

at 40°C for 3 hours. After filtration of the reaction solution,

the filtrate was transferred to a 300 mL beaker and crystaliization

was performed with adding 100 g of ethyl acetate and 50 g of hexane.

After the precipitated crystals were filtrated to remove the

solvents, the crystals were transferred to a 10 L stainless steel

pot. After 1,488 g of ethyl acetate and 1,488 g of ethanol were

added thereto and heated to dissolve the crystals at 40°C, the

solution was cooled to 20°C and crystallization was performed with

adding 2,976 g of hexane. Thereafter, similar crystalllizatlionwas

repeated three Times and, after washing with hexane, the crystals

47



CA 02803556 2012-12-20

were collected by filtration and dried to obtain the following
compound {(a4).
"H-NMR; & (ppm) :

l1.1e-1.24 (1ZH, t, (CHsCH,0O),-CHCH,CH:-), 1.85-1.95 (4E, q,

(CH3CH20) o=CHCHCHz-) , 3.08 (3H, s, -OS0O;CH3), 3.40-3.90 (1732H, m,

~ (CH-CH;0) n—-CH>, - (CH,CH,0) ,—CH, CH,OH, (Ch3CH,0) o—-CHCH,CHz—} ,

A

4.24-4 .44 (2H, m, -CH,0-050,CH3) , 4.00-4.08 (2H, t,

(CH3CH;0) »~CHCH2CHz-)
GPC analysis;

number-average molecular weight (Mn) : 19,274,
welght-average molecular weight (Mw): 20,046, polydispersity

(Mw/Mn): 1.040

(0088 ]
CH3CH 0
_ CHCH;CHz0= (CHCHp0)n—CHy
CH4CH,0
- W
CH3CHR0,_ , ©
/CHCHonzo—(CHQCHzo)n
CH,CH,0
(ad) n = about 214
10089 ]

(Zxample 5)

Into a 100 mL three-neck flask fitted with a thermometer,

a nitrogen-inlet tube, a stirrer, a Dean-stark tube, and a cooling

tube were charged 10.0 g (0.250 mmol) of The above compound (ad),

50 g of ammonia water, and 20 g of ion-exchange water, followed
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by reaction at £5°C for 8 hours. Ammonila was removed at 55°C under

slightly reduced pressure for 10 hours, Zollowed by extraction

with adding 100 g oZ chloroform. After the chloroform solution

was concentrated, 52 g of toluene was addea thereto and the

~
P
—

concentrate was dissolved at 40°C, Zollowed by

Thereafter, crystallization was periormed with adding 30 g of

hexane at room temperature 1n a 200 mL beaker. After the

preclpltated crystals were filtrated to remove the solvents, the
crystals were washed with hexane, collected by filtratibn, and
dried to obtain the followlng compound (ad).

'H-NMR; & {ppm) :

l.16-1.24 (12H, t, (CH3CH,O),-CHCH,;CH,-), 1.85-1.95 (4H, g,

-t

(CH-CH»0) »—CHCH-CH»=), 2.70-2.95 (2H, m, -CH-NH,), 3.40-3.90 (1730H,

m, - (CH>CH,0),—CH», - (CH,CH.0)n,-CH, CH.OH, (CH3CH,0)2~CHCH,CHz-),

4.60-4.568 (2H, t, (CH3CH,0),~CHCH,CH,-)
GPC analysils;

numper-average molecular weight (Mn) : 19,217,
welght-average molecular weight (Mw): 20,362, polydispersity
(Mw/Mn) : 1.060

(0090 |
CH3CH,0._

/
CH5CH,0

CHCH,CH,0—=(CH,CH,0)n—CH,

HC—_“_CHZ—_NHZ

CH3CH,0,_ ,
_CHCH,CH0—(CH,CH,0)n
CH4CH,0

(ab) n = about 214
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0091 ]

(Example ©)

Into a 100 mLL three-neck flask fitted with a thermome:ter,
a nitrogen-inlet tube, a stirrer, a Dean-stark tube, and a cooling
“—ube were charged 5.0 g (0.25 mmol) of the above compound (ab),
26 g of toluene, 4.0 g of acetonitrile, N-mechylmorpholine (1.25

mmol), and N-succilinimidyl Z-maleimidopropionate (0.375 mmol),

followed by reaction at room temperature for 4 hours. After the

solution was filtrated, crystallization was performed with adding

100 g of ethyl acetate and 50 g of hexane at room temperature in

a 300 mL beaker. Then, after 100 g of ethyl acetate was added and

the crystals were dissolved at 40°C, the sclution was cooled to

room temperature and 100 of hexane was added to precipitate
P D

crystals. After the crystallization was repeated further twice,

the crystals were washed with hexane, collected by filtration,
and driec to obtain the following compound (z2b6).
'H-NMR; & (ppm):

1.106-1.24 (12H, t, (CH3CH,0),-CHCH,CH,-), 1.85-1.95 (4H, g,

(CH3CHz0) ;—CHCHCHp=), 2.51 (2H, t, NHCOCH,CH,), 3.40-3.90 (1736H,

m, -~ (CHE2CHO)p—-CHp, - (CHpCH;O)p-CH, CH,OH, (CH:CH;0) »—CHCH;CHo =,

CH,NHCOCH,CHp), 4.60-4.68 (2H, t, (CH3CH,0),-CHCH,CH,-), 6.70 (2H,

s, CH=CH)

GPC analysis;
number—-average molecular weight (M) - 19,395,
weight-average molecular weight (Mw): 20,000, polydispersity

(Mw/Mn): 1.062
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[0092]
CHCH,O,
/CHC I"bC Hzo"' (CHzc H20)n"" CH2
CH,CH,0 , 0
9
HC—— CH,—NHCCH,CH,~N
CHyCH,0_ !
CHCH,CH,0~(CH,CH,0)n O
CH:CH,O
(ab) n = about 215
[0093]

(Example 7)

Into 2 200 mL beaker fitted with a thermometer, a
nitrogen-inlet tube, and a stirring bar were charged 2.0 g (0.10
mmol) of the above compound (as>) and 40 g of ion—-exchange water,
followed by dissolution. AIZter the solution was prepared to be
pH 2 with hydrochloric acid and stirred at room temperature for
2 hours, the solution was neutrallized topH 6 with an agueous socdium

hydroxlde solution, followed by extraction with adding 100 g cf

chloroform. After the chloroform solution was concentrated, 40

g of toluene was added thereto and the concentrate was dissolved

at 40°C, fcllowed by filtration. Thereafter, crystallization was

performed with adding 20 g of hexane at room temperature in a 200

ml beaker. After the precipitated crystals were filtrated to

remove the solvents, the crystals were washed with hexane,

collectedby filtration, anddried toobtain the following compound
(a’l) .

"H-NMR; & (ppm):
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2.51 {(2H, t, NHCOCHCH;), 2.63-2.73 (4H, HCO-CH,CH,=-},

3.40-32.90 (1735H, m, - (CHpCH;0)n-CHs, - (CHCH;0),—CH, HCO-CH,CH;-,

CH,NHCOCH,CH,), 6.70 (2H, s, CH=CH), 9.80 (2H, ECO-CH,CH;-)

/

GPC ana_.ysis;
number-average mclecular welght (Mn) 19,319,
welght-average molecular weight (Mw): 20,634, pclydispersity

(Mw/Mn): 1.068

0094 ]
7
Pﬂ:-CN{ﬂSFhﬁ}—(C}ﬁﬂZHbCUn-43Fb 0
W
HC——— CH,—NHCCH,CH,—N
O
1} O
HC— CH20H20- (CH?_CHzo)n
(a/) n = about 216
(0085]

(Exampls 8)

Into a 1 L four-neck flask fitted with a tThermometer, a

ntrogen—-inlet tube, a stirrer, a Dean-stark tube, and a cooling

tube were charged 200 g (10.0 mmol) of the above compound (al)

and 600 g of toluene. The whole was heated under reflux and water

was removed as an azeotrope. After cooling to 40°C, 1,000 g of

anhydrous chloroform, 8.83 g (00.0 mmol) of phthalimide and 15.7

g (060.0 mmol) of triphenylphosphine were added thereto, followed

by stirring and dissolution. After coolling to room temperature,

12.1 g (60.0 mmol) of diisopropylazodicarboxylate was allowed to
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react at 40°C for 3 hours. Subsequently, a toluene (256.8 g}
solution of 85.6 g (465 mmol) oI 3,3-dietnoxy-l-propanocl

containing 2.58 g (112 mmol) of sodium dissolved therein was added

thereto and allowed to react at 70°C for 5 hours. After filtration

of the reaction soluzion, the Ziltrate was transferred to a 10

L stainless steel pot anc crystallizationwas performed with adding

—

1,488 g ot ethyl acetate, 1,488 g of ethanol, and 2,976 g of hexane.

After the precipitated crystals were filtrated to remove the
solvents, the crystals were transferred toa 10 L stainless steel
pot. After 1,488 g of ethyl acetate and 1,488 g of ethanol were
added thereto and heated to dissolve the crystals at 40°C, the

solution was cooled to 20°C and crystallization was performed with

adding 2, 9/6 g ot hexane. Thereafter, similar crystallization was

repeated three times and, after washing with hexane, the cryvstals

were collected by filtration and drled to obtain the following
compound {(ag) .
‘H-NMR; & (ppm):

3.40-3.90 (. 728H, m, - (CH,CH,0) ,—CH>, - (CH2CH,0) n—-CH,

CH,O-CH,Ph), 4.54 (2H, s, =-CHPh), 7.27-7.38 (5H, m, -CH,Ph),

7.65-7.95 (4H, m, Ph(CO),N-]
GPC ana_.vysis;

number-average molecular welght (Mn) : 19, 398,
welght—-average molecular weight (Mw): 19,824, polydispersity

(Mw/Mn): 1.027Z2

[00906]
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O
N _(CHchzo)n = CH2
O
HC——CH,——0~—CH,
O .
N—(CH,CH,O)n
O
(a8) n = about 215
0097]

(Example 9)

Into a 1 L four-neck flask fitted with a thermomezer, a
nitrogen-inlet tube, a stirrer, and a cooling tube were chargsd
50 g of the above compound (a8) and 25 g of 5% palladium-carbon
(2 oU0% hydrous product). After replacement with nitrogen, 500 g

of methanol and 68 g of cyclohexene were added thereto, the

temperature was raised, and gentle refluxing was performed at 52

to 55°C to effect reaction for 5 hours. After cooling of the

reaction soluticon to room temperature, palladium-carbon was

filtrated off and the filtrate was concentrated. TO tThe

concentrate were added 400 g of toluene and 200 g of hexane, and

crystallilzation was performed. The resulting crystals were

collectedkn/filtrationenmidriedtxJObtaihtjuafollowingcanxnﬂuj
(a9) .

‘H-NMR; 8 (ppm):

3.40-3.90 (1684H, m, - (CHyCH20) n—CH», - (CH,CH,0) ,~CH, CH,OH),
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7.00-7.95 (4H, m, Ph(CO),N=-)
GPC analysis;

number-average molecular weight (Mn) : 18,817,
welght-average molecular weight (Mw): 19,271, polyvdispersity

(Mw/Mn): 1.019

L0098 ]

O

hP-(CN42C312CHnr-C342

FK:‘"‘""CN42“""‘Cn4
O .

N—(CH>CH,O)n

(a9%) n = apbout 210
10099]
(Example 10)
Into a 1 L four—-neck flask fitted with a thermometer, a
nitrogen-inlet tube, a stirrer, a Dean-stark tube, and a cooling
tube were charged 200 g (10.0 mmol) of the above compound (al)

and 600 g of toluene. The whole was heated under reflux and water

was removed as an azeotrope. After cooling to 40°C, 1,000 g of

anhyarous chloroform, .83 g (60.0 mmol) of phthalimide and 15.7
g (60.0 mmol) of triphenylphosphine were added thereto, followed

by stirring and dissolution. After cooling to room temperature,
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12.1 g (60.0 mmol) of diisopropvlazodicarboxylate was allowed to

react at 40°C for 3 hours. Subseguently, a toluene (2Z506.8 g)

solution of 85.6 g (465 mmol) of 3,3-diethoxy-l-propanol

contailning 2.58 g (112 mmol) of socdium dissolved thereln was added

thereto and allowed To react at 70°C for 5 hours. After filtration

of the reaction solution, the filtrate was transferred Lo a 10

L stainless steel pot and crystailizationwas performedwith adding

1,488 g of ethyl acetate, 1,488 gof ethanol, ana 2, %76 g of hexane.

After the precipltated crystals were filtrated to remove the

solvents, the crystals were transferred to a 10 L stzinless steel

pot. After 1,488 g of ethyl acetate and 1,488 g of ethanol were

added thereto and heated to dissolve the crystals at 40°C, the

solution was cooled to 20°C and crystallization was performed with

adding 2,976 g of hexane. Thereafter, similar crystallizationwas

repeated three Times and, after washing with hexane, the crystals

were collected by filtration and dried to obtain the following
compound (aiQ).
'"H-NMR; & (ppm):

2.83-2.89 (4H, t, NH;-CH;CH,-), 3.40-3.90 (1676H, m,

- (CHCH20) n=CHz, - (CH,CH20)n-CH, CH,OH)

———

GPC analysils;

numper—-average molecular welght (Mn) : 18,559,
welght-average molecular v&ﬁgﬁm; (Mw): 19,204, polydispersity
(Mw/Mn): 1.038

101007

o1
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NH2""" (CH2C HzO)n — CH2

fﬁCﬁ-—-'Cﬂﬂz-"-C)Fl

NH,—(CH;CH,0)n

(al0) n = about 210

[0101]

(bxample 11)

Into a 100 mL three-neck flask fitted with a thermometer,
a nitrogen-inlet tube, a stirrer, a Dean-stark tube, and a cooling
tube were charged 5.0 g (0.25 mmol) of the above ccmpound (ab),

—

20 g of toluene, 4.0 g of acetonitrile, N-methylmorpholine (2.50

mmol), and N-succinimidyl 3-maleimidopropionate (0.75 mmcl),

followed by reaction at room temperature for 4 hours. After the

solution was filtrated, crystallization was performed with adding

100 g of ethyl acetate and 50 g of hexane at room temperature in

a 300 mL beaker. Then, after 100 g of ethyl acetate was added and

the crystals were dissolved at 40°C, the solution was cooled to

room temperature and 100 g of hexane was added to precipitate

crystals. After the crystallization was repeated further twice,

the crystals were washed with hexane, collected by filtration,
and dried to obtain the following compound (all).
‘H-NMR; & (ppm):

2.o1 (2H, t, CH,CH,CONH) , 3.40-3.90 (1767H, m,

- (CH,CH0) n-CH;, - (CHCH;O0),-CH, CH;0H, CH,CH,CONH), ©6.50 (1H, s,

——————
AR

o2
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CH,CH,CONH), 6.70 (2H, s, CH=CH)

GPC analysis;

number-average molecular welght (Mn) : 19,734,
welght-average molecular weight (Mw): 21,336, polvdispersity
(Mw/Mn) : 1.081

(01027

O

O
N- CHzCHchH'_ (CHchzo)n - CH2

O .
Q
N-CH,CH,CNH—(CH,CH,0)n
O
(all) n = about 220
[0103]

(Example 12)
Into a 100 mL three—neck flask fitted with a2 thermometer,

a nitrogen-inlet tube, a stirrer, a Dean-stark tube, and a cooling

tube were charged 4.0 g (0.20 mmol) of the above compound (ad),

20 g of dichloromethane, triethylamine (2.50 mmol), and

N, N—-disuccinimidyl carbonate (0.75 mmol), followed by reaction

at room temperature for 4 hours. After the solution was filtrated

and concentrated, crystallization was performed with aading 100

g of ethyl acetate and 50 g of hexane in a 300 mL beaker. Then,

after 100 g of ethyl acetate was added and the crystals were

03
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dissolved at 40°C, the solution was cooled tc room temperature and

100 g of hexane was added to precipiltate crystals. After the

crystallization was repeated further three times, the crystals

were washed wlith hexane, coilected by filtration, and dried tc
obtain the following compound (al2).

'H-NMR; & (ppom):

Z2.51 (2H, £, CH,CH,CONH), 2.84 (4H, s, -CH,O0-COO~-succinimide),

3.40-3.90 (1751H, I, —(CH2CHQO);]—CH2, —(CHz’CHEO)n—CH,

-CH,0-CO0-succinimlde, CH,CH,CONH) , 4.36-4.57 (2H, m,

~CH,0~-COO-succinimide), €.37 (1H, s, CHuCH,CONH), 6.70 (2H, s,

GPC analysis;

number—-average molecular welght (Mn) : 19,659,
welght-average molecular weight (Mw): 21,450, polydispersity

(Mw/Mn): 1.091

(0104]
O
%
N-CH,CH,CNH— (CH,CH,0)n—CH, .
O
O T
o HC——CH,—0CO—N
o |
N'CHZCH2CNH’"(CHZCH20)H O
O

(al2Z) n = about 218

o4
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1 J100]

(Example 13)

GRGDS (Gly-Arg-Gly-Asp-Ser, molecular weight: 490.5) was

disso.ved 1n an amount ©of 2.2 mg (5.1 pmol) 1n 1 ml of 10 mM

g

phosphoric acid buffer (pH=6.4). To 20C pul of the solution was

added 10 mg (0.5 umol) of the compound (alZ), and reaction was

carried out at room temperature for 1 hour, thereby GRGDS being

modified &t one active carbonate group 1n the compound.

Subseqgquently, 20 mq (7.4 umol) of Humanin

(Met-Ala-Pro-Arg-Gly—-Phe-5er-Cys—-Leu-Leu-Leu-Leu-Thr-Serx-Glu-

Ile-Asp-Leu-Pro-vVal-Lys—-Arg-Arg-Ala, molecular weight: 2,687.2)
was added to the solution, and reaction was carrlied out at room

temperature for 10 hours, therebpy Humanin being mocified at the

twomaleimide groups in the compound. Then, 200 pl of the reaction

solution was charged onto an SP-Sepharose FF (manufactured by

Amersham plc) column and equilibration was performec with 20 mM

Tris-HCLl buffer (pH 8.2). After equilibration, the buffer to

which NaCl had been added so as to be 1N was passed through the

column to obtain a fraction of a PEG compound modified with one

GRGDS and two Humanin. After 20 pl of the fraction and 20 pl of

aTris SDS sample treating liquid were mixed, themixture was heated

in a boiled water bath for 2 minutes and 30 seconds and 20 pl of

the soiutlon was analyvzed on sodium dodecyl

sulfate-polvacrylamide gel electrophoresis. Staining was

performed by CBB staining. As a result, through comparison with

respective standard samples, 1t was shown that a compound where

25
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the compound (al2) was modified with one GRGDS and two Humanin.

[0106]

Whiie the 1nvention has been described in detail with
reference to specific embodiments thereof, it will be apparent
to one skilled in the art that various changes and modifications

can be made therein without departing from the spirit and scope

thereof.

o0
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Claims

1. A branched hetero polyethylene glycol represented by the formula [1]:

[ X—"'(CHchzO)n—‘}— E—Y
S L [1]

wherein X and Y represent each an atomic group containing at least a functional
group which reacts with a functional group present in a bio-functional molecule to form a
covalent bond and the functional group contained in the atomic group X and the
functional group contained in the atomic group Y are different from each other, wherein
the functional group of the atomic group X and the functional group of the atomic group
Y are each selected from the group consisting of an acetal group, an aldehyde group, a
malcimide group, a vinylsufone group, an iodoacetamide group, an active ester group, an
active carbonate group, a carboxyl group, an amino group, an aminoxy group, a thiol
group, an allyl group, a vinyl group, an acetylene group, and an azide group:;

s 1s an Integer of 2 to 8, which represents a number of polyethylene glycol chains;

n is a number of average added moles for the polyethylene glycol chain and
20<n<2000; and

E 1s a branching linker moiety having s-valent bonding valency for the
polyethylene glycol chains and having monovalent bonding valency for the functional

group Y.

2. The branched hetero polyethylene glycol according to claim 1, wherein the
branching linker moiety E is represented by the formula [2]:

L4

|

HC—

L, 2]

wherein
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CH is bonded to the atomic group Y;

L.1 1s a bonding moiety which bonds to p chain(s) of the polyethylene glycol
chain, L2 1s a bonding moiety which bonds to q chain(s) of the polyethylene glycol chain,
and they are the same or different from each other; each of them is an ether bond, an ester
bond, a urethane bond, an amide bond, a carbonate bond, a secondary amino group or a
saturated hydrocarbon group containing the same, a single bond, or a saturated
hydrocarbon group; and

p and q are each an integer of 1 to 7 and p>q and p+g=s.

3. The branched hetero polyethylene glycol according to claim 2, wherein L1 and L2
are each an ether bond, a urethane bond, an amide bond or a saturated hydrocarbon group

containing the same, a single bond, or a saturated hydrocarbon group.
4, The branched hetero polyethylene glycol according to claim 3, wherein L1 and 1.2

are both a saturated hydrocarbon group containing an ether bond, a single bond, or a

saturated hydrocarbon group.

. The branched hetero polyethylene glycol according to claim 4, which is
represented by the formula [3] or [4]:

X— (CHzCHzO)n"' THZ

x“‘(CHzcﬁzo)““THz ( X—(CH,CH,0)n—CH )w
( X—(CH,CH,0)n=CH )V Hclz———v
I |
HC—V ( X— (CH,CH,0)n—CH )w
! I
X—(CHCHOn (3] X—(CHCHO)n=CH; 4]

wherein v=0 or 2 and w=0 or 1.

6. The branched hetero polyethylene glycol according to any one of claims 1 to 3,

wherein at least one of the functional group of the atomic group X and the functional

>3
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group of the atomic group Y is selected from the group consisting of a carboxyl group, an

amino group, an aminoxy group, and a thiol group.

7. An intermediate, which is an intermediate of the branched hetero polyethylene
glycol according to any one of claims 1 to 6 and wherein at least one of the functional

group of the atomic group X and the functional group of the atomic group Y is protected

by a protecting group.

8. A polyethylene glycol bonded substance, wherein a bio-functional molecule is

bonded to an end of the branched hetero polyethylene glycol according to any one of

claims 1 to 6.
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