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The 1nvention 1s directed to multi-functional N-maleimidyl
polymer derivatives comprising a water soluble and non-
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N-MALEIMIDYL POLYMER DERIVATIVES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/294,148, filed Oct. 14, 2016, now U.S. Pat.
No. 9,828,465, which 1s a continuation of U.S. patent
application Ser. No. 14/865,362, filed Sep. 25, 2015, now
U.S. Pat. No. 9,493,609, which 1s a continuation of U.S.
patent application Ser. No. 14/627,917, filed Feb. 20, 2015,
now U.S. Pat. No. 9,169,350, which 1s a continuation of U.S.
patent application Ser. No. 14/283,788, filed May 21, 2014,
now U.S. Pat. No. 8,992,902, which 1s a continuation of U.S.
patent application Ser. No. 13/890,799, filed May 9, 2013,
now U.S. Pat. No. 8,765,111, which 1s a continuation of U.S.
patent application Ser. No. 11/134,076, filed May 20, 2005,
now U.S. Pat. No. 8,454,946, which 1s a continuation of U.S.
patent application Ser. No. 10/408,834, filed Apr. 7, 2003,
now U.S. Pat. No. 6,911,197, which 1s a continuation of U.S.
patent application Ser. No. 09/790,250, filed Feb. 21, 2001,
now U.S. Pat. No. 6,602,498, which claims the benefit of
priority to U.S. Provisional Patent Application No. 60/183,
833, filed on Feb. 22, 2000, all of which are incorporated

herein by reference in their entireties.

FIELD OF THE INVENTION

This 1vention relates to N-maleimidyl derivatives of
water-soluble and non-peptidic polymers.

BACKGROUND OF THE INVENTION

Covalent attachment of the hydrophilic polymer poly
(ethylene glycol), abbreviated PEG, also known as poly
(ethylene oxide), abbreviated PEO, to molecules and sur-
faces 1s of considerable utility in biotechnology and
medicine. In 1ts most common form, PEG 1s a linear polymer
terminated at each end with hydroxyl groups:

HO—CH,CH,0—(CH,CH,0),—CH,CH,—OH

The above polymer, alpha-,omega-dihydroxylpoly(ethyl-
ene glycol), can be represented 1n brief form as HO-PEG-
OH where it 1s understood that the -PEG- symbol represents
the following structural unat:

— CH,CH,0—(CH,CH,0),—CH,CH,—

where n typically ranges from about 3 to about 4000.
PEG 1s commonly used as methoxy-P H(G-OH, or mPEG
in briel, 1n which one terminus 1s the relatively inert
methoxy group, while the other terminus 1s a hydroxyl group
that 1s subject to ready chemical modification. The structure
of mPEG 1s given below.

CH,0—(CH,CH,0),—CH,CH,—OH

Random or block copolymers of ethylene oxide and
propylene oxide, shown below, are closely related to PEG in
their chemistry, and they can be substituted for PEG 1n many
of 1ts applications.

HO— CH,CHRO(CH,CHRO), CH,CHR—OH

wherein each R 1s independently H or CH,.

PEG 1s a polymer havmg the properties of solubility 1n
water and 1 many organic solvents, lack of toxicity, and
lack of immunogenicity. One use of PEG 1s to covalently
attach the polymer to insoluble molecules to make the
resulting PEG-molecule “conjugate” soluble. For example,
it has been shown that the water-insoluble drug paclitaxel,
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when coupled to PEG, becomes water-soluble. Greenwald,
et al, J. Org Chem., 60:331-336 (1993).

To couple PEG to a molecule, such as a protein, 1t 1s oiten
necessary to “activate” the PEG by preparing a derivative of
the PEG having a functional group of terminus thereot. The
functional group 1s chosen based on the type of available

reactive group on the molecule that will be coupled to the
PEG. For example the functional group could be chosen to

react with an amino group on a protein 1 order to form a
PEG-protein conjugate. There 1s a continuing need 1n the art
for new activated PEG dernivatives useful for coupling to
biologically active molecules.

SUMMARY OF THE

INVENTION

The invention provides multi-functional N-maleimidyl
polymer derivatives, such as bifunctional and multi-arm
N-maleimidyl PEG derivatives, and methods for preparing,
such derivatives. The derivatives of the invention have no
linking group between the terminus of the polymer back-
bone and the nitrogen atom of the maleimidyl moiety. The
absence of a linker minimizes structural complexity of the
derivative and simplifies synthesis of the dertvative. Further,
the “linkerless” derivatives of the invention typically cost
less to produce and exhibit reduced likelihood of degrada-
tion in vivo. Such maleimidyl-activated polymers are suit-
able for coupling to other molecules bearing thiol groups,
including, but not limited to, proteins having one or more
cysteine thiol groups.

The mvention provides a multi-functional N-maleimidyl
polymer derivative comprising a water soluble and non-
peptidic polymer backbone having an average molecular
weight from about 800 Da to about 100,000 Da, the polymer
backbone having a first terminus bonded to a first functional
group and a second terminus having a terminal carbon,
wherein said terminal carbon of said second terminus i1s
directly bonded to a N-maleimidyl moiety having the struc-
ture:

O

wherein L 1s the point of bonding to the terminal carbon of
the second terminus of the polymer backbone. The second
functional group may be a second maleimidyl moiety or any
other functional group known 1n the art that will not react
with a maleimidyl group. The polymer backbone has two or
more termim “activated” with a functional group such as a
maleimidyl group.

The polymer backbone 1s preferably a poly(alkylene
glycol), copolymer thereot, terpolymer thereof, or mixture
thereof. Examples include poly(ethylene glycol), poly(pro-
pylene glycol), and copolymers of ethylene glycol and
propylene glycol. As explained in greater detail below,
preferred embodiments of the mvention utilize PEG poly-
mers, such as bifunctional PEG, multiarmed PEG, forked
PEG, branched PEG, pendent PEG, and PEG with degrad-
able linkages therein.

The mvention provides two methods of preparing the
linkerless N-maleimidyl polymer derivatives. In one
method, a water-soluble and non-peptidic polymer backbone
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having an average molecular weight from about 800 Da to
about 100,000 Da, the polymer backbone having a first

terminus bonded to a first functional group and a second
terminus bonded to an amine group, 1s reacted with maleic
anhydride to form an open ring mtermediate. The open ring
intermediate 1s heated 1n the presence of acetic anhydride
and a salt of acetic acid, such as sodium or potassium
acetate, to form a multi-functional N-maleimidyl polymer
derivative product. In a second method, an N-alkoxycarbo-
nylmaleimide 1s reacted with the water-soluble and non-
peptidic polymer backbone having an average molecular
weight of about 800 Da to about 100,000 Da and a terminal
amine group to form the N-maleimidyl polymer derivative
product 1n a single step. In one embodiment, the polymer
backbone used in either reaction method 1s X-PEG-NH,,
wherein PEG 1s poly(ethylene glycol) and X 1s a second
functional group.

Using either method, the N-maleimidyl polymer deriva-
tive product can be purified prior to use. For example, 1on
exchange chromatography and precipitation techniques can
be employed to purily the final product. The N-maleimidyl
polymer derivative product can be reacted with a biologi-
cally active agent to form a biologically active polymer
conjugate. As noted above, the N-maleimidyl polymer
derivatives are particularly suited for reaction with thiol
groups, such as thiol groups on proteins or peptides.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

bl S ) 4 b 4 4

The terms “functional group”, “active moiety”, “activat-
ing group’’, “reactive site”, “chemically reactive group” and
“chemically reactive moiety” are used in the art and herein
to refer to distinct, definable portions or units of a molecule.
The terms are somewhat synonymous in the chemical arts
and are used herein to indicate the portions of molecules that
perform some function or activity and are reactive with other
molecules. The term “‘active”, when used in conjunction
with functional groups, 1s intended to include those func-
tional groups that react readily with electrophilic or nucleo-
philic groups on other molecules, 1n contrast to those groups
that require strong catalysts or highly impractical reaction
conditions 1 order to react. For example, as would be
understood 1n the art, the term ““active ester’” would 1include
those esters that react readily with nucleophilic groups such
as amines. Typically, an active ester will react with an amine
in aqueous medium 1n a matter of minutes, whereas certain
esters, such as methyl or ethyl esters, require a strong
catalyst in order to react with a nucleophilic group. Due to
its relatively nert nature, an alkoxy group 1s not considered
a Tunctional group herein.

The term “linkage” or “linker” 1s used herein to refer to
groups or bonds that normally are formed as the result of a
chemical reaction and typically are covalent linkages.
Hydrolytically stable linkages means that the linkages are
substantially stable 1n water and do not react with water at
useful pHs, e.g., under physiological conditions for an
extended period of time, perhaps even indefinitely. Hydro-
lytically unstable or degradable linkages means that the
linkages are degradable in water or 1n aqueous solutions,
including for example, blood. Enzymatically unstable or
degradable linkages means that the linkage can be degraded
by one or more enzymes. As understood 1n the art, PEG and
related polymers may include degradable linkages in the
polymer backbone or in the linker groups between the
polymer backbone and one or more of the terminal func-

tional groups of the polymer molecule. For example, ester
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linkages formed by the reaction of PEG carboxylic acids or
activated PEG carboxylic acids with alcohol groups on a
biologically active agent generally hydrolyze under physi-
ological conditions to release the agent. Other hydrolytically
degradable linkages include carbonate linkages; imine link-
ages resulted from reaction of an amine and an aldehyde
(see, e.g., Ouchi et al., Polymer Preprints, 38(1):582-3
(1997), which 1s incorporated herein by reference); phos-
phate ester linkages formed by reacting an alcohol with a
phosphate group; hydrazone linkages which are reaction
product of a hydrazide and an aldehyde; acetal linkages that
are the reaction product of an aldehyde and alcohol; orthoe-
ster linkages that are the reaction product of a formate and
an alcohol; peptide linkages formed by an amine group, e.g.,
at an end of a polymer such as PEG, and a carboxyl group
of a peptide; and oligonucleotide linkages formed by a
phosphoramidite group, e.g., at the end of a polymer, and a
S' hydroxyl group of an oligonucleotide.

The term “biologically active molecule”, “biologically
active moiety” or “biologically active agent” when used
herein means any substance which can aflect any physical or
biochemical properties of a biological organism, including
but not limited to viruses, bacteria, fungi, plants, animals,
and humans. In particular, as used herein, biologically active
molecules include any substance intended for diagnosis,
cure mitigation, treatment, or prevention of disease 1n
humans or other animals, or to otherwise enhance physical
or mental well-being of humans or amimals. Examples of
biologically active molecules include, but are not limited to,
peptides, proteins, enzymes, small molecule drugs, dyes,
lipids, nucleosides, oligonucleotides, cells, viruses, lipo-
somes, microparticles and micelles. Classes of biologically
active agents that are suitable for use with the mvention
include, but are not limited to, antibiotics, fungicides, anti-
viral agents, anti-inflammatory agents, anti-tumor agents,
cardiovascular agents, anfti-anxiety agents, hormones,
growth factors, steroidal agents, and the like.

The terms “alky,” “alkene,” and “alkoxy” include straight
chain and branched alkyl, alkene, and alkoxy, respectively.
The term “lower alkyl” refers to C1-C6 alkyl. The term
“alkoxy” refers to oxygen substituted alkyl, for example, of
the formulas —OR or —ROR*, wherein R and R' are each
independently selected alkyl. The terms ““substituted alkyl”
and “substituted alkene” refer to alkyl and alkene, respec-
tively, substituted with one or more non-interfering substitu-
ents, such as but not limited to, C3-C6 cycloalkyl, e.g.,
cyclopropyl, cyclobutyl, and the like; acetylene; cyano;
alkoxy, e.g., methoxy, ethoxy, and the like; lower alkanoy-
loxy, e.g., acetoxy; hydroxy; carboxyl; amino; lower alky-
lamino, e.g., methylamino; ketone; halo, e.g., chloro or
bromo; phenyl; substituted phenyl, and the like. The term
“halogen™ 1ncludes tluorine, chlorine, 10dine and bromine.

“Ary]” means one or more aromatic rings, each of 5 or 6
carbon atoms. Multiple aryl rings may be fused, as 1n
naphthyl or unfused, as in biphenyl. Aryl rings may also be
fused or unfused with one or more cyclic hydrocarbon,
heteroaryl, or heterocyclic rings.

“Substituted aryl” 1s aryl having one or more non-inter-
fering groups as substituents.

“Non-interfering substituents™ are those groups that yield
stable compounds. Suitable non-interfering substituents or
radicals include, but are not limited to. halo, C,-C,, alkyl,
C,-C,, alkenyl, C,-C,, alkynyl, alkoxy, C,-C,, aralkyl,
C,-C,, alkaryl, C,;-C,, cycloalkyl, C,;-C,, cycloalkenyl,
phenyl, substituted phenyl, toluoyl, xylenyl, biphenyl,
C,-C,, alkoxyalkyl, C,-C,, alkoxyaryl, C,-C,, aryloxy-
alkyl, C-C,, oxyaryl, C,-C alkylsulfinyl, C,-C, 5 alkylsul-
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tonyl, —(CH,) —0O—C,-C,, alkyl) wherein m 1s from 1
to 8, aryl, substituted aryl, substituted alkoxy, fluoroalkyl,

heterocyclic radical, substituted heterocyclic radical,
nitroalkyl, —NO,, —CN, —NRC(O)—(C,-C,, alkyl),
—C(0)—(C,-C,, alkyl), C,-C,, thioalkyl, —C(O)O—(C, -
C,, alkyl), —OH, —SO,, =S, —COOH, —NR,, carbonyl,
—C(O)—(C,-C,, alky])-CF,;, —C(O)—CF;, —C(O)NR.,,
alkyl)-S—(Cq-C, 5 aryl), —C(O)—C4-C, 5 aryl), —(CH,),,

O—(CH,),—0—(C,-C,, alkyl) wherein each m 1s from
1 to 8, —C(O)NR,, —C(S)NR,, —SO,NR,, —NRC(O)
NR,, —NRC(S)NR,, salts thereot, and the like. Each R as
used herein 1s H, alkyl or substituted alkyl, aryl or substi-
tuted aryl, aralkyl, or alkaryl.

The 1nvention provides a multi-functional N-maleimidyl
polymer derivative comprising a water soluble and non-
peptidic polymer backbone having an average molecular
weilght from about 800 Da to about 100,000 Da, the polymer
backbone having a first terminus bonded to a first functional
group and a second terminus having a terminal carbon,
wherein said terminal carbon of said second terminus 1s
directly bonded to a N-maleimidyl moiety having the struc-
ture:

O

wherein L 1s the point of bonding to the terminal carbon of
the second terminus of the polymer backbone.

The polymer backbone of the water-soluble and non-
peptidic polymer can be poly(ethylene glycol) (1.e. PEG).
However, 1t should be understood that other related poly-
mers are also suitable for use 1n the practice of this invention
and that the use of the term PEG or poly(ethylene glycol) 1s
intended to be mclusive and not exclusive in this respect.
The term PEG includes poly(ethylene glycol) 1n any of 1ts
forms, including bifunctional PEG, multiarmed PEG, forked
PEG, branched PEG, pendent PEG (i.e. PEG or related
polymers having one or more functional groups pendent to
the polymer backbone), or PEG with degradable linkages
therein.

PEG 1s typically clear, colorless, odorless, soluble in
water, stable to heat, mert to many chemical agents, does not
hydrolyze or deteriorate, and 1s generally non-toxic. Poly
(ethylene glycol) 1s considered to be biocompatible, which
1s to say that PEG 1s capable of coexistence with living
tissues or organisms without causing harm. More specifi-
cally, PEG 1s substantially non-immunogenic, which 1s to
say that PEG does not tend to produce an immune response
in the body. When attached to a molecule having some
desirable function 1n the body, such as a biologically active
agent, the PEG tends to mask the agent and can reduce or
climinate any immune response so that an organism can
tolerate the presence of the agent. PEG conjugates tend not
to produce a substantial immune response or cause clotting
or other undesirable eflects. PEG having the formula
—CH,CH,O0—(CH,CH,0O), —CH,CH,—, where n 1s from
about 3 to about 4000, typically from about 20 to about
2000, 1s one usetul polymer 1n the practice of the invention.
PEG having a molecular weight of from about 800 Da to
about 100,000 Da are particularly usetul as the polymer

backbone.
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The polymer backbone can be linear or branched.
Branched polymer backbones are generally known in the art.
Typically, a branched polymer has a central branch core
moiety and a plurality of linear polymer chains linked to the
central branch core. PEG 1s commonly used in branched
forms that can be prepared by addition of ethylene oxide to
various polyols, such as glycerol oligomers, pentaerythritol
and sorbitol. The central branch moiety can also be derived
from several amino acids, such as lysine. The branched
poly(ethylene glycol) can be represented 1n general form as
R(-PEG-OH), in which R 1s derived from a core moaiety,
such as glycerol, glycerol oligomers, or pentaerythritol, and
m represents the number of arms. Multi-armed PEG mol-
ecules, such as those described 1n U.S. Pat. No. 5,932,462,
which 1s incorporated by reference herein 1n 1ts entirety, can
also be used as the polymer backbone.

Branched PEG can also be 1n the form of a forked PEG
represented by PEG(-YCHZ2), , where Y 1s a linking group
and 7 1s an activated terminal group linked to CH by a chain
ol atoms of defined length.

Yet another branched form, the pendant PEG, has reactive
groups, such as carboxyl, along the PEG backbone rather
than at the end of PEG chains.

In addition to these forms of PEG, the polymer can also
be prepared with weak or degradable linkages 1n the back-
bone. For example, PEG can be prepared with ester linkages
in the polymer backbone that are subject to hydrolysis. As
shown below, this hydrolysis results 1n cleavage of the
polymer into fragments of lower molecular weight:

-PEG-CO,-PEG-+H,0—-PEG-CO,H+HO-PEG-

It 1s understood by those skilled in the art that the term
poly(ethylene glycol) or PEG represents or includes all the
above forms.

Many other polymers are also suitable for the invention.
Polymer backbones that are non-peptidic and water-soluble,
with from 2 to about 300 termim, are particularly useful in
the mvention. Examples of suitable polymers include, but
are not limited to, other poly(alkylene glycols), such as
poly(propylene glycol) (*PPG”), copolymers thereof (e.g.
copolymers of ethylene glycol and propylene glycol), ter-
polymers thereot, mixtures thereof, and the like. Although
the molecular weight of each chain of the polymer backbone

can vary, it 1s typically in the range of from about 800 Da to
about 100,000 Da, often from about 6,000 Da to about

80,000 Da.

Those of ordinary skill in the art will recognize that the
foregoing list for substantially water soluble and non-pep-
tidic polymer backbones 1s by no means exhaustive and 1s
merely illustrative, and that all polymeric materials having
the qualities described above are contemplated.

The polymer derivatives of the mvention are “multi-
functional”, meaning that the polymer backbone has at least
two termini, and possibly as many as about 300 termini,

functionalized or activated with a functional group. Multi-
functional polymer dertvatives include linear polymers hav-
ing two termini, each terminus being bonded to a functional
group which may be the same or different.

In one embodiment, the polymer derivative has the struc-

fure:

X—POLY—N
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wherein:

POLY 1s a linear water soluble and non-peptidic polymer
having a terminal carbon (e.g., PEG), the terminal carbon
being directly bonded to the nitrogen atom of the N-ma-
leimidyl moiety; and

X 15 a second functional group.

Examples of suitable functional groups for use as X
include hydroxyl, protected hydroxyl, active ester, such as
N-hydroxysuccinimidyl esters and 1-benzotriazolyl esters,
active carbonate, such as N-hydroxysuccinimidyl carbon-
ates and 1-benzotriazolyl carbonates, acetal, aldehyde, alde-
hyde hydrates, alkenyl, acrylate, methacrylate, acrylamide,
active sulfone, amine, protected amine, hydrazide, protected
hydrazide, protected thiol, carboxylic acid, protected car-
boxylic acid, 1socyanate, 1sothiocyanate, maleimide, vinyl-
sulfone, dithiopyridine, vinylpyridine, 1odoacetamide, epox-
1de, glyoxals, diones, mesylates, tosylates, and tresylate. The
functional group i1s typically chosen for attachment to a
functional group on a biologically active agent. As would be
understood, the selected X moiety should be compatible
with the maleimidyl group so that reaction with the maleim-
1dy] group does not occur. Particularly preferred functional
groups include —OH, —NH,, —CO,H, —CHO, —CH
(OC,Hx),, N-hydroxysuccinimidyl esters, 1-benzotriazolyl
esters, N-hydroxysuccinimidyl carbonates, 1-benzotriazolyl
carbonates, and tresylate. The N-maleimidyl polymer
derivatives may be homobifunctional, meaning that the
second functional group (1.e., X) 1s also N-maleimidyl
moiety, or heterobifunctional, meaning that the second func-
tional group 1s a different functional group.

As would be understood 1n the art, the term “protected”
refers to the presence of a protecting group or moiety that
prevents reaction of the chemically reactive functional group
under certain reaction conditions. The protecting group will
vary depending on the type of chemically reactive group
being protected. For example, 1f the chemically reactive
group 1s an amine or a hydrazide, the protecting group can
be selected from the group of tert-butyloxycarbonyl (t-Boc)
and 9-fluorenylmethoxycarbonyl (Fmoc). If the chemically
reactive group 1s a thiol, the protecting group can be
orthopyridyldisulfide. If the chemically reactive group 1s a
carboxylic acid, such as butanoic or propionic acid, or a
hydroxyl group, the protecting group can be benzyl or an
alkyl group such as methyl, ethyl, or tert-butyl. Other
protecting groups known 1n the art may also be used in the
invention.

Specific examples of terminal functional groups in the

literature 1include N-succinimidyl carbonate (see e.g., U.S.
Pat. Nos. 5,281,698, 5,468,478), amine (see e.g., Buckmann

ct al. Makromol. Chem. 182:1379 (1981), Zalipsky et al. Eur.
Polym J. 19:1177 (1983)), hydrazide (See e.g., Andresz et al.
Makromol. Chem. 179:301 (1978)), succinimidyl propionate
and succinimidyl butanoate (see, e.g., Olson et al. 1n Poly
(ethyvlene glvcol) Chemistry & Biological Applications, pp

1’70-181, Harris & Zalipsky Eds., ACS, Washington, D.C.,
1997; see also U.S. Pat. No. 5,672,662), succinimidyl suc-
cinate (See, e.g., Abuchowski et al. Cancer Biochem. Bio-
phys. 7:175 (1984) and Joppich et al. Macrolol. Chem.
180:1381 (1979), succinimidyl ester (see, e.g., U.S. Pat. No.
4,670,417), benzotriazole carbonate (see, ¢.g., U.S. Pat. No.
5,650,234), glycidyl ether (see, e.g., Pitha et al. Fur J.
Biochem. 94:11 (1979), Elling et al., Biotech. Appl. Bio-
chem. 13:354 (1991), oxycarbonylimidazole (see, e.g.,
Beauchamp, et al., Anal. Biochem. 131:25 (1983), Tondelli
et al., J. Controlled Release 1:251 (19835)), p-nitrophenyl
carbonate (see, e.g., Veronese, et al., Appl. Biochem. Bio-

tech., 11:141 (1985); and Sartore et al., Appl. Biochem.

10

15

20

25

30

35

40

45

50

55

60

65

8

Biotech., 27:45 (1991)), aldehyde (see, e.g., Harris et al. J.
Polym. Sci. Chem. Ed. 22:341 (1984), U.S. Pat. Nos. 5,824,
784, 5,252,714), maletmide (see, e.g., Goodson et al. Bio/
lechnology 8:343 (1990), Romam et al. in Chemistry of
Peptides and Proteins 2:29 (1984)), and Kogan, Synthetic
Comm. 22:2417 (1992)), orthopyndyl-disulfide (see, e.g.,
Woghiren, et al. Bioconj. Chem. 4:314 (1993)), acrylol (see,
¢.g., Sawhney et al., Macromolecules, 26:381 (1993)), vinyl-
sulfone (see, e.g., U.S. Pat. No. 5,900,461). All of the above
references are incorporated herein by reference.

In a preferred embodiment, the polymer derivatives of the
invention comprise a polymer backbone having the struc-
ture:

X CH,CH,0—(CH,CH,0), —CH,CH,-L

wherein:

L. 1s the point of bonding to the nitrogen atom of the
N-maleimidyl moiety;

X 1s a functional group as described above; and

n 1s about 20 to about 4000.

A specific example of a homobifunctional polymer
derivative comprising the above polymer backbone 1s shown
below:

N—CH,CH,O—(CH,CH,0)»—CH,CH,—N

O O

wherein n 1s about 20 to about 4000.
One example of a multi-armed embodiment of the mven-
tion has the following structure:

R | —POLY—N

wherein:

POLY 1s a water-soluble and non-peptidic polymer back-
bone having a terminal carbon (e.g., PEG), the terminal
carbon being directly bonded to the nitrogen atom of the
N-maleimidyl moiety;

R 1s a central core molecule, such as glycerol, glycerol
oligomers, pentaerythritol, sorbitol, or lysine; and

g 1s an iteger from 2 to about 300.

The denivatives of the invention can be prepared by two
methods. In the first method, a water-soluble and non-
peptidic polymer backbone having an average molecular
weilght from about 800 Da to about 100,000 Da, the polymer
backbone having a first terminus bonded to a first functional
group and a second terminus bonded to an amine group, is
reacted with maleic anhydride to form an open ring amide
carboxylic acid intermediate. The ring of the intermediate 1s
then closed 1n a second step by heating the intermediate in
the presence of acetic anhydride and a salt acetic acid, such
as sodium or potassium acetate. Preferably, the heating step
comprises heating the intermediate at a temperature of about
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50° C. to about 140° C. for about 0.2 to about 5 hours. This
two step process 1s summarized in the reaction scheme

below:
Step 1
O O
OH
0o + X—PEG—NH, —
NHPEG—X
O O
Step 2

N—PEG—X

X

As shown, a preferred polymer backbone for use 1n the
reaction has the formula X-PEG-NH,, wherein PEG 1s
poly(ethylene glycol) and X 1s a functional group which
does not react with amine or maleimidyl groups. Examples
of suitable functional groups include hydroxyl, protected
hydroxyvl, acetal, alkenyl, amine, protected amine, protected
hydrazide, protected thiol, carboxylic acid, protected car-
boxylic acid, maleimide, dithiopyridine, and vinylpyridine.
The open ring intermediate 1s preferably purified by pre-
cipitation prior to the heating step.

The crude N-maleimidyl polymer derivative product of
the above reaction scheme may contain a substantial amount
of the open ring intermediate. As a result, 1t 1s generally
preferable to punily the polymer dernivative product. Pre-
terred purification techniques include precipitation and 1on

exchange chromatography.

In one embodiment, the purification step comprises pass-
ing the N-maleimidyl polymer derivative product through an
ion exchange column, collecting an eluent containing the
N-maleimidyl polymer derivative product from the column,
and precipitating the N-maleimidyl polymer derivative
product by contacting the product with a solvent, such as
cthyl ether, 1sopropanol, or mixtures thereotf. The precipi-
tated product may then be collected by filtration and dried.

In a second preferred method for preparation of the
N-maleimidyl polymer derivatives of the mvention in a
single step, an N-alkoxycarbonylmaleimide 1s reacted with
a water-soluble and non-peptidic polymer backbone having
an average molecular weight from about 800 Da to about
100,000 Da and a terminal amine group to form a N-ma-

leimidyl polymer derivative product. An exemplary reaction
scheme 1s shown below:

O
O
‘ NA( _CHy  * X—PEG—NH, —
O
O

O
HOAc ‘%
-

NHPEG—X  Heat

N
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-continued
O

‘ N—PEG—X +  NH>CO,CHj
O

wherein PEG 1s poly(ethylene glycol) and X 1s a capping
group such as alkoxy or a functional group as described
above.

Purification of the crude product can also be accom-
plished by precipitation and 10n exchange chromatography
as described above.

Heterobifunctional denivatives of this invention can be
prepared by the reactions described above by utilizing
appropriately  substituted heterobifunctional polymer
amines. An example of a heterobifunctional polymer amine
1s a PEG amine acid:

NH,-PEG-CO,H

Another example 1s PEG diamine, 1n which one of the
amines 1s protected by a moiety such as t-Boc:

NH,-PEG-NH-#-Boc

After conversion of the amine group to the maleimidyl
group, the resulting N-maleimidyl PEG heterobifunctional
molecule can then be converted to other useful heterobi-
functional N-maleimidyl PEG derivatives. For example, a
a.-N-maleimidyl, co-carboxylic acid PEG can be converted
to the N-succinimidyl ester. In another example, t-Boc can
be hydrolyzed to yield an w-amino-a-N-maleimidyl PEG.

Heterobifunctional derivatives are useful when 1t 1s
desired to attach different molecules to each terminus of the
polymer. For example, the a-N-maleimidyl-m-N-succinim-
1dy]l carboxylate PEG would allow the attachment of a
molecule having a thiol group to the N-maleimidyl terminus
of the PEG and a molecule having an amino group to the
N-succinimidyl carboxylate terminus of the PEG.

The N-maleimidyl polymer derivatives of the invention
can be used to react with a biologically active agent, such as
a protein or peptide, to form a biologically active polymer
conjugate. Since the resulting conjugate does not contain a
linker between the maleimidyl moiety and the polymer
terminus, there 1s less likelihood of degradation of the
conjugate 1n vivo, thereby providing a more hydrolytically
stable biologically active polymer conjugate.

The following examples are given to illustrate the mnven-
tion, but should not be considered in limitation of the
ivention.

Example 1

Preparation of N-Methoxy PEG.,,, Maleimide

CH3O_ (CH2—CHZ—O_)HCHz(sz—NHg(HHFE =1 13) +

O

N—CO,CHj

 ————
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-continued

N—CH,—CH,(—CH,CH,—0),—0OCH; + NH>CO,CH;

mPEG-NH, (ave. MW=5000 Da, 1 g) was dissolved 1n
saturated aqueous NaHCO, (5 ml) and the mixture was
cooled to 0° C. N-methoxycarbonylmaleimide (0.1 g) was
added with vigorous stirring. After stirring for 10 minutes,
water (10 ml) was added and the mixture was stirred an
additional 45 minutes. The pH was adjusted to 3.0 with 0.5
N sulfuric acid and about 15 wt % NaCl was added. The
reaction was extracted with CH,Cl, and the combined
extracts were dried over Na,SQ,, filtered, and the filtrate
was evaporated to dryness. Ethyl ether was added and the
precipitate collected by filtration and dried under vacuum at
room temperature overnight to yield 0.8 g of product as a
white powder. The product had 79% substitution of the
maleimidyl group on the PEG moiety. The 'H nmr was

consistent with that of N-maleimidyl methoxy PEG (nmr:
dmso-d6: 3.51 ppm, PEG backbone; 7.03, CH—CH).

Example 2

Preparation of N-maleimidyl poly(ethylene glycol)
Amine

t-BocNH— (CH2 - CHz —O0— )HCHQCHZ - NHg(HHUE =7 6) T
O

N—CO,CH; —»

N — (CH,CH,—0),— CH,CH,—NHt-Boc +

TEFA
NHQCOZCH3 —

O
N— (CH,CH,—0),CH,CH,— NH,*TFA

O

tBoc PEG amine (MW 3400 Da, 2.0 g was dissolved 1n
saturated aqueous NaHCO, (10 ml) and the mixture was
cooled to 0° C. N-methoxycarbonylmaleimide (0.28 g) was
added with vigorous stirring. After stirring for 10 minutes,
water (20 ml) was added and the mixture was stirred an
additional 45 minutes. The pH was adjusted to 3.0 with 0.5
N sulfuric acid and about 15 wt % NaCl was added. The
reaction was extracted with CH,Cl, and the combined
extracts were dried over Na,SO,, filtered, and the filtrate
was evaporated to dryness. Ethyl ether (150 ml) was added
and the precipitate collected by filtration and dried under

5

10

15

20

25

30

35

40

45

50

55

60

65

12

vacuum at room temperature overnight to vield 1.5 g of the
product as a white powder. The product had 74% substitu-
tion of the maleimidyl group on the PEG moiety. The 'H
nmr was consistent with that of N-maleimidyl methoxy PEG
(nmr: dmso-d6: 3.51 ppm, PEG backbone; 7.03, HC—CH).

The above described crude N-maleimidyl PEG t-Boc

amine was purilied by 1on exchange chromatography. The
crude product (1.45 g 1n 100 ml deionized water) was loaded
onto DEAE Sepaharose, 100 ml) and eluted with aqueous

NaCl (15%, pH 3). The eluent was extracted with CH,CI,
(3x100 ml) and the extract was dried over Na,SO,, evapo-
rated to dryness and precipitated with ethyl ether (100 ml).
The precipitate was collected by filtration and dried under
vacuum at room temperature to yield 0.7 g of N-maleimidyl

PEG t-Boc amine. The 'H nmr was consistent with that of
N-maleimidyl PEG t-Boc amine ("H nmr: dmso-d6: 1.37
ppm, t-butyl; 3.51, PEG backbone; 7.03, HC—CH).
N-maleimidyl PEG t-Boc amine (0.7 g) was dissolved 1n
trifluoroacetic acid/CH,Cl, (1:1, 20 ml) and stirred at room
temperature for 1 h. The solution was evaporated to dryness
under vacuum and the product was precipitated by the
addition of ether (100 ml). The product was dried under
vacuum overnight to yield 0.58 g of N-maleimidyl PEG
ammonium trifluoroacetate as a white powder. The product
had 92% substitution of the N-maleimidyl group on PEG by
GPC. The product was shown by 'H nmr to have about

100% substitution of the amine group on PEG and about
90% of the maleimidyl group on PEG. 'H nmr (dmso d-6):

3.51 ppm, PEG backbone; 7.03, HC—CH, 7.80, NH,".

Example 3

Preparation of N-maleimidyl poly(ethylene glycol)
Propionic Acid and N-maleimidyl poly(ethylene
glycol) N-succinimidyl Propionate

NH,—(CH,—CH,—O
0

),CH,CH,—CO»H (n,,,=76) +

N— COzCH3 —

N—CH,CH,—0),CH,CH,—CO,H +

NHS/DCC
NH,CO,CHj -

O

N —CH>CH,—0),CH,CH,—CO,NS

NS = N-succinimidyl

NH,-PEG-O—CH,CH,CO,H (MW 3400 Da, 2.0 g) was
dissolved 1n a saturated aqueous solution of NaHCO, (10
ml) and the mixture was cooled to 0° C. Powdered
N-methoxycarbonylmaleimide (0.28 g, 3 eg.) was added
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with vigorous stirring. After stirring an addition 10 min., 20
ml ot H,O was added and the mixture was stirred for 45 min.
at room temperature. The pH was adjusted to 3 with 0.5 N
H,SO, and NaCl was added to a concentration of about 15
wt %. The reaction mixture was extracted with CH,Cl, (100
mlx3), dried over Na,SO, and evaporated to dryness. After
precipitation with ether (150 ml), the product was collected
by filtration and dried under vacuum (yield: 1.8 g). Purity
was 95% by GPC. 'H nmr (dmso-d6): 2.44 ppm, t, CH,—
CO,—; 3.27,t, CH,—N; 3.51, br s, PEG backbone); 7.03,
HC—CH.

N-maleimidyl-PEG-OCH,CH,CO,H (1.0 g) was dis-
solved in CH,Cl, (15 ml) and N-hydroxysuccinimide (0.042
g 2 eq.) and DCC (0.074 g, 2 eq.) was added and the
solution was stirred overnight at room temperature. The
resulting mixture was concentrated under vacuum and the
product precipitated by addition of IPA:ether (1:1, 100 ml).
The product was washed with ether (30 ml) and dried under
vacuum overnight (yield: 0.89 g). '"H nmr (dmso-d6): 2.81
ppm, s, —CH,CH,—on NS; 2.93,t, CH,—CO,; 3.51, PEG
backbone, br s; 7.03, HC—CH.

Example 4

Preparation of 4-Arm 10 KDa PEG Maleimide

C— (CH,—CH; —O0—),CHCHy— NHy |4 (e =57)  F
O

_h.

4 N— CO,CHj

N—CH,—CH,(—CH,CH,—0), | C + 4 NH,CO,CH;

O

4-Arm PEG amine (ave. MW=10,000 Da, 1 g) was
dissolved 1n saturated aqueous NaHCO, (5 ml) and the
mixture was cooled to 0° C. N-methoxycarbonylmaleimide
(0.2 g) was added with vigorous stirring. After stirring for 10
minutes, water (10 ml) was added and the mixture was
stirred an additional 45 minutes. The pH was adjusted to 3.0
with 0.5 N sulfuric acid and about 15 wt % NaCl was added.
The reaction was extracted with CH,Cl, and the combined
extracts were dried over Na,SO,, filtered, and the filtrate
was evaporated to dryness. Ethyl ether was added and the
precipitate collected by filtration and dried under vacuum at
room temperature overnight to yield 0.8 g of the product as
a white powder. The product had 85% substitution of the
maleimidyl group on the PEG moiety. The 41 nmr was
consistent with that of N-maleimidyl 4-arm PEG (nmr:
dmso-d6: 3.51 ppm, PEG backbone; 7.03, CH—CH).

Many modifications and other embodiments of the inven-
tion will come to mind to one skilled 1n the art to which this
invention pertains having the benefit of teachings presented
in the foregoing descriptions and the associated drawings.
Theretfore, 1t 1s to be understood that the invention 1s not to
be limited to the specific embodiments disclosed and that
modifications and other embodiments are intended to be
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included within the scope of the appended claims. Although
specific terms are emploved herein, they are used in a
generic and descriptive sense only and not for purposes of
limitation.

That which 1s claimed 1s:
1. A homobifunctional N-maleimidyl polymer having a
formula:

N— CH,CH,O(CH,CH,0),CH,CH,—N

wherein
n 1s about 20 to about 4000.

2. The homobitunctional N-maleimidyl polymer of claim

1, wherein the polyethylene glycol backbone has an average
molecular weight of from about 800 daltons to about 100,
000 daltons.

3. A method of forming a homobifunctional N-maleimidyl
polyethylene glycol polymer, the method comprising:

(1) reacting a N-maleimidyl polyethylene glycol amine,

N—CH,CH,O(CH>CH,0),,CH>CH>—— NH,,

O

with maleic anhydride to form an open ring amide carbox-
ylic acid intermediate,

/Z \

OH
‘XNH—CHgCHgO(CHgCHgO)HCHZCHg—N

0O

O

wherein the polyethylene glycol backbone of the N-ma-
leimidyl polyethylene glycol amine has an average
molecular weight of from about 800 daltons to about
100,000 daltons, and

(1) heating the open ring amide carboxylic acid interme-
diate 1n the presence of acetic anhydride and an acetate
salt to thereby form the homobifunctional N-maleim-
1dy] polyethylene glycol polymer,

N— CH,CH,0O(CH,CH,0), CH,CH,—N
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4. The method of claim 3, wherein the acetate salt 1n step
(1) 1s sodium acetate.

5. The method of claim 3, wherein the acetate salt 1n step
(1) 1s potassium acetate.

6. The method of claim 3, wherein the heating 1n step (1)
1s at a temperature from about 50° C. to about 140° C.

7. The method of claim 3, wherein the heating in step (11)

1s carried out for about 0.2 hours to about 5 hours.
8. The method of claim 3, further comprising purifying

the homobifunctional N-maleimidyl polyethylene glycol

polymer formed 1n step (11).

9. The method of claim 8, wherein the purifying com-
prises precipitation.

10. The method of claim 8, wherein the puriiying com-
prises 10n exchange chromatography.

% x *H % o
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