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(57) ABSTRACT

Enzymes in the body vary among different species, and also
vary among individuals of the same species. Thus, it has
been demanded to develop a novel steroid-containing phar-
maceutical preparation which can release a drug in a manner
independent of the enzymes present in the body, and which
is expected to have an efficacious therapeutic effect.
Disclosed is a high-molecular weight conjugate of a steroid,
comprising a structure in which a carboxylic acid group of
a polymer having a polyethylene glycol moiety and a
succinic acid monoamide moiety having two or more suc-
cinic acid monoamide units is ester-bonded to a hydroxy
group in the steroid.
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1
HIGH-MOLECULAR WEIGHT CONJUGATE
OF STEROIDS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present invention relates to a high-molecular weight
conjugate of steroids in which a carboxylic acid group of a
polymer having a polyethylene glycol moiety and a succinic
acid monoamide moiety is ester-bonded to a hydroxy group
in the steroids, a method for producing the same, and the use
thereof.

BACKGROUND ART

Steroid pharmaceuticals are a therapeutic agent for vari-
ous disorders including many inflammatory disorders such
as rheumatism and collagen disease, allergic diseases, seri-
ous infections and cancer, and they have excellent therapeu-
tic effects on these disorders. However, when they are
prescribed for a certain disorder, various actions of steroids
are manifested as side effects on normal sites other than
lesions to be treated, and as a result a dosage amount may
be limited in some cases. In addition, it is easily expected
that the longer it remains on a lesion, the more efficacious
the steroid would be on the lesion. However, due to the
concern regarding the side effect as described above, the
number of repeated doses may be also limited. In other
words, although the steroids are an excellent pharmaceutical
compound which exhibits efficacy in treating various disor-
ders, the use of steroids tends to be avoided at clinical
settings due to their side effects. Currently, as an attempt to
solve this problem, studies, for example, to accumulate the
steroids selectively on a lesion and to release them at the
lesion over a long period of time are carried out.

One of such studies relates to a drug delivery system, and
as an example of the system, Limethasone (manufactured by
Mitsubishi Pharma Corporation), which comprises palmitic
acid ester of dexamethasone in a lipid sphere is known in the
art (Adv. Drug Delivery Rev., vol. 20, p. 195 (1996)).

Patent Document 1 describes a formulation comprising
nano particles of phosphoric acid ester of betamethasone
formed with zinc, polylactic acid, and polyethylene glycol-
polylactic acid.

Meanwhile, Patent Document 2 discloses a polymer com-
pound comprising a drug bonded to a block copolymer of
polyethylene glycol and polyaspartic acid, which forms
micelles and has water solubility. Patent Document 3
describes a polymer derivative of camptothecins in which a
side chain carboxylic acid group of a block copolymer of
polyethylene glycol and polyglutamic acid is bonded to a
phenolic hydroxy group of camptothecins. It is known that
these polymer compounds accumulate in tumors due to an
EPR effect. However, neither Patent Document 2 nor Patent
Document 3 discloses a polymer compound to which ste-
roids are bonded.
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[Patent Document 1] Japanese Patent Application Laid-open
Publication (Kohyo) No. 2006-521367

[Patent Document 2| Japanese Patent Publication No.
2694923

[Patent Document 3] WO 2004/39869

[Non-Patent Document 1] Adv. Drug Delivery Rev., vol. 20,
p. 195 (1996)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

Limethasone described above releases palmitic acid ester
of dexamethasone from lipid spheres, and then steroids
produced by hydrolysis of the ester bond by enzymes in the
body exhibit their activity. Similarly, the nano particles
described in Patent Document 1 release phosphoric acid
ester of betamethasone from the particles, and then steroids
produced by hydrolysis of the ester bond by enzymes in the
body exhibit their activity. However, it has been known that
activities of hydrolyzing enzymes in the body vary not only
among different species but also among individuals of the
same species, and thus there is also a concern that the effect
of the drug release from the conjugate would be greatly
different among individuals when the cleavage of the bond
to drug depends on the hydrolyzing enzymes.

In the case of the adriamycin conjugate described in
Patent Document 2 in which a block copolymer is bonded to
adriamycin via an amide bond, the efficacy is questionable
since the release of the drug by hydrolysis is slow due to the
amide bond, a chemically stable bonding form.

Although steroids including prednisolone, methyl pred-
nisolone, dexamethasone, betamethasone, clobetasol,
diflorasone, diflucortolone, fluocinolone acetonide, hydro-
cortisone, difluprednate, beclometasone, triamcinolone and
alclometasone are a useful drug for treating disorders such
as rheumatism, asthma, nephritis. ulcerative colitis, autoim-
mune diseases, allergy, psoriasis, eczema, stomatits, granu-
loma and malignant lymphoma, the side effects are very
frequently manifested. Thus, there has been a demand for a
novel drug which does not depend on hydrolyzing enzymes
present in the body and delivers the steroids only to desired
site to manifest fewer side effects.

Means for Solving the Problems

The inventors of the present invention noticed the higher
permeability of blood vessels around cancer lesions or
inflammation sites, and, as a consequence of studies to solve
the problems described above. we considered that, as result
of the circulation in the body of a drug administered in the
vessels, the drug would be more easily accumulated in
cancer lesions or inflammation sites around which the ves-
sels are highly permeable. Consequently, they achieved an
invention of a high-molecular weight conjugate of steroids
in which the steroids are chemically bonded to a polymer
carrier of a block copolymer including polyethylene glycol.
The high-molecular weight conjugate of steroids can also be
used as a prodrug.

Efficacy of conventional prodrugs may be likely to vary
among individuals as the hydrolyzing enzymes of a patient
are used for the release of the drug. On the other hand, the
present invention, by introducing a moiety of succinic acid
monoamide bonded to steroids into a polymer, intends to
chemically hydrolyze the conjugate under physiological
condition. Specifically, the inventors found a phenomenon
that a compound having a hydroxy group is easily released
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as the structure of succinic acid monoamide changes to a
cyclized structure (i.e., succinic imide) when the compound
having a hydroxy group is ester-bonded to a free carboxylic
acid of succinic acid monoamide, and attempted to apply the
phenomenon to a block copolymer including polyethylene
glycol. As a result, they have found that, in the high-
molecular weight derivative of steroids in which a polymer
having a polyethylene glycol moiety and a succinic acid
monoamide moiety is ester-bonded to a hydroxy group of
the steroids having a hydroxy group, the ester bond can be
cleaved without depending on hydrolyzing enzymes to
release the steroids that are the active entities and to exhibit
the pharmacological effects and have completed the present
invention.

Specifically, the present invention is related to the fol-
lowing (1) to (14).

(1) A high-molecular weight conjugate of steroids, com-
prising a structure in which a carboxylic acid group of a
polymer having a polyethylene glycol moiety and a succinic
acid monoamide moiety having two or more succinic acid
monoamide units is ester-bonded to a hydroxy group in the
steroids.

(2) The high-molecular weight conjugate of steroids
according to (1) above, wherein the polymer having a
polyethylene glycol moiety and a succinic acid monoamide
moiety is a block copolymer.

(3) The high-molecular weight conjugate of steroids
according to (1) or (2) above, wherein the succinic acid
monoamide moiety is polyaspartic acid.

(4) The high-molecular weight conjugate of steroids
according to any one of (1) to (3) above represented by
formula (I)

[

CO,R4
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CONH(R7) wherein R6 and R7, which may be identical or
different from each other, represent a (C3-C6) cyclic alkyl
group or a (C1-CS5) alkyl group which may be substituted
with a tertiary amine group; t represents an integer from 5 to
11500; and d, e, f, g, h, i or j each independently represents
an integer from 0 to 200; provided that d+e represents an
integer from 1 to 200, d+e+f+g+h+i+j represents an integer
from 3 to 200; and respective units of the polyaspartic acid
are bonded in any order.

(5) The high-molecular weight conjugate of steroids
according to (4) above, wherein R1 represents a (C1-C6)
alkyl group, R2 represents a (C2-C6) alkylene group, R3
represents a (C1-C6) acyl group, t represents an integer of
100 to 300, and d, e, f, g, h, i or j each independently
represents an integer from 0 to 100, provided that d+e
represents an integer from 1 to 100 and d+e+f+g+h+i+j
represents an integer from 6 to 100.

(6) The high-molecular weight conjugate of steroids
according to (5) above, wherein R1 represents a (C1-C3)
alkyl group, R2 represents a (C2-C4) alkylene group, R3
represents a (C1-C3) acyl group, t represents an integer from
100 to 300, and d, e, f, g, h, i or j each independently
represents an integer from 0 to 90, provided that d+e
represents an integer from 1 to 90 and d+e+f+g+h+i+j
represents an integer from 15 to 90.

(7) The high-molecular weight conjugate of steroids
according to any one of (1) to (6) above, in which the
steroids are prednisolone, methyl prednisolone, dexametha-
sone, betamethasone, clobetasol, diflorasone, diflucortolone,
fluocinolone acetonide, hydrocortisone, difluprednate,
beclometasone, triamcinolone or alclometasone.

@

R1—0— (CH,CH,0),— R2— [(NHCOCH);— (NHCOCH,CH),— (NHCOCH),—

CH,CO,R4

CORS COH

CH,COR5

—— (NHCOCH,CH),— (NHCOCH);, — (NHCOCH,CH),— (NCOCH),]— NHR3

CH,CO,H

C—OR4

COCH, ]

@

RI—O0— (CH,CH,0); —R2— [(NHCOCH); —(NHCOCH,CH), —(NHCOCH); —

CH,C —OR4

Il
0

CORS5 COH

CH,CORS

——(NHCOCHCH)y —(NHCOCH);, —(NHCOCH,CH); —(NCOCH),] — NHR3

CH,COH

wherein R1 represents a hydrogen atom or a (C1-C6)
alkyl group; R2 represents a linking group; R3 represents a
hydrogen atom or a (C1-C6) acyl group; [R4 represents a
residue of the hydroxy group of the] —OR4 represents an
alcoholic hydroxy group of said steroids; RS represents a
group selected from the group consisting of a (C1-C30)
alkoxy group, a (C7-C30) aralkyloxy group, a (C1-C30)
alkylamino group, a di(C1-C30) alkylamino group, an
amino acid with a protected carboxy group and —N(R6)

COCH,

60

65

(8) A high-molecular weight conjugate of steroids which
is obtained by ester-bonding a carboxylic acid group of a
polymer having a polyethylene glycol moiety and a succinic
acid monoamide moiety having two or more succinic acid
monoamide units to a hydroxy group in the steroids having
hydroxy groups by using a dehydrating condensation agent
in an organic solvent.

(9) A method of manufacturing the high-molecular weight
conjugate of steroids described in any one of (1) to (7)
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above, the method comprising ester-bonding a carboxylic
acid group of a polymer having a polyethylene glycol
moiety and a succinic acid monoamide moiety having two or
more succinic acid monoamide units to a hydroxy group of
the steroids having the hydroxy group, by using a dehydrat-
ing condensation agent in an organic solvent.

(10) A pharmaceutical composition comprising as an
active ingredient the high-molecular weight conjugate of
steroids according to any one of (1) to (8) above.

(11) An anti-inflammatory agent comprising as an active
ingredient the high-molecular weight conjugate of steroids
according to any one of (1) to (8) above.

(12) An anti-rheumatism agent comprising as an active
ingredient the high-molecular weight conjugate of steroids
according to any one of (1) to (8) above.

(13) An agent for treating collagen disease comprising as
an active ingredient the high-molecular weight conjugate of
steroids according to any one of (1) to (8) above.

(14) An anti-allergy agent comprising as an active ingre-
dient the high-molecular weight conjugate of steroids
according to any one of (1) to (8) above.

Effect of the Invention

The high-molecular weight conjugate of steroids of the
present invention can deliver the steroids only to a desired
site and release the steroids without depending on hydro-
lyzing enzymes in the body. Thus, without being affected by
difference among individuals, the steroids are expected to
achieve efficacious therapeutic effects.

BEST MODE FOR CARRYING OUT THE
INVENTION

The high-molecular weight conjugate of steroids of the
present invention is characterized in that a carboxylic acid
group of a polymer having a polyethylene glycol moiety and
a succinic acid monoamide moiety having two or more
succinic acid monoamide units is ester-bonded to a hydroxy
group in the steroids.

According to the present invention, the term “succinic
acid monoamide moiety” refers to the structure of
—HNCO—C—C—CO,H, and examples thereof include
succinic acid monocamide (—HNCO—CH,—CH,—CO,H)
and a structure in which one of the two carboxylic acid
groups of aspartic acid is amidated (—HNCO—CH(—
NH—)—CH,—CO,H or —HNCO—CH,—CH(—
NH—)—CO,H). These succinic acid monoamide moieties
may constitute a polymer backbone, for example, as in the
case of polyaspartic acid, or may be bound to a functional
group of the backbone polymer composed of a polyalcohol
such as dextran, a polyamine such as polylysine, or a
polycarboxylic acid other than polyaspartic acid (for
example, polylactic acid, etc.).

Examples of the polymer having a polyethylene glycol
moiety and a succinic acid monoamide moiety having two or
more succinic acid monoamide units include a graft-type
polymer in which the polyethylene glycol moiety and the
succinic acid monoamide moiety branch from the polymer
backbone in a comb-like form, and a block-type polymer
(block copolymer) in which the polymers having a polyeth-
ylene glycol moiety and a succinic acid monoamide moiety
are tandemly aligned.

When the succinic acid monoamide moiety forms polyas-
partic acid, the graft-type polymer also includes a polymer
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in which the polyethylene glycol moiety is partially bonded
to the polyaspartic acid backbone. The block-type polymer
includes a polymer in which the terminal of polyaspartic
acid is bonded to the terminal of polyethylene glycol moiety.

The polyethylene glycol moiety in the polymer of the
high-molecular weight conjugate of steroids of the present
invention includes polyethylene glycol in which both ter-
minals or a single terminal is modified. When both terminals
are modified, the modifying groups can be identical or
different from each other. Examples of the modifying group
include a (C1-C6) alkyl group optionally having a substitu-
ent group. Examples of the alkyl group of the (C1-C6) alkyl
group optionally having a substituent group include an alkyl
group set forth as R1 in Formula (I) below. Preferred is a
(C1-C4) alkyl group including, for example, a methyl group,
an ethyl group, an n-propyl group and an n-butyl group.
Examples of a substituent group included in the (C1-C6)
alkyl group optionally having a substituent group include,
for example, an amino group, a methylamino group, a
dimethylamino group, an ethylamino group and a diethyl-
amino group.

The molecular weight of the polyethylene glycol moiety
is about 300 to 500,000, preferably about 500 to 100,000,
more preferably about 1,000 to 50,000.

The molecular weight of the polymer having a polyeth-
ylene glycol moiety and a succinic acid monoamide moiety
is about 500 to 600,000, preferably about 600 to 110,000,
more preferably about 800 to 80,000.

According to the present invention, the term “molecular
weight” refers to the weight average molecular weight
determined by the GPC method.

In the high-molecular weight conjugate of steroids of the
present invention, the amount of the steroids bonded to the
polymer having a polyethylene glycol moiety and a succinic
acid monoamide moiety having two or more succinic acid
monoamide units is 1 to 100%, preferably 1 to 90%, more
preferably 2 to 60%, based on the total number of carboxylic
acid groups.

According to the present invention, the steroids are not
particularly limited, provided that they are the steroids
having an alcoholic hydroxy group. Examples the steroids
include prednisolone represented by the following formula
(II), methyl prednisolone represented by the following for-
mula (III), dexamethasone represented by the following
formula (IV), betamethasone represented by the following
formula (V), clobetasol represented by the following for-
mula (VI), diflorasone represented by the following formula
(VID), diflucortolone represented by the following formula
(VII), fluocinolone acetonide represented by the following
formula (IX), hydrocortisone represented by the following
formula (X), a deacylated product of difluprednate repre-
sented by the following formula (XI), beclometasone rep-
resented by the following formula (XII), triamcinolone
represented by the following formula (XIII) and alclometa-
sone represented by the following formula (XIV). Prefer-
ably, examples of the hydroxy group of steroids include, for
example, a primary hydroxy group of prednisolone repre-
sented by the following formula (I) or a secondary hydroxy
group of clobetasol represented by the following formula
(VD). However, the position for substitution is not limited.
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(XII)

(X1IT)

(XIV)

O

The steroids indicated above and derivatives thereof are
commercially available as an anti-allergic agent, an anti-
inflammatory agent, an agent for treating autoimmune dis-
eases, an anti-tumor agent, etc.

According to the present invention, the succinic acid
monoamide moiety having two or more succinic acid mono-
amide units is preferably polyaspartic acid.

A preferred high-molecular weight conjugate of steroids
of'the present invention includes a compound represented by
formula (I) above, wherein R1 represents a hydrogen atom
or a (C1-C6) alkyl group; R2 represents a linking group; R3
represents a hydrogen atom or a (C1-C6) acyl group; [R4
represents a residue of the hydroxy group of the] —OR4
represents an alcoholic hydroxy group of said steroids; RS
represents a group selected from the group consisting of a
(C1-C30) alkoxy group, a (C7-C30) aralkyloxy group, a
(C1-C30) alkylamino group, a di(C1-C30) alkylamino
group, an amino acid with protected carboxy group and
—N(R6)CONH(R7) wherein R6 and R7, which may be
identical or different from each other, represent a (C3-C6)
cyclic alkyl group or a (C1-C5) alkyl group which may be
substituted with a tertiary amine group; t represents an
integer from 5 to 11,500; and d, e, f, g, h, i or j each
independently represents an integer from 0 to 200; provided
that d+e represents an integer from 1 to 200 and that
d+e+f+g+h+i+j represents an integer from 3 to 200.

Examples of the (C1-C6) alkyl group for R1 in the general
formula (I) include a straight-chain or branched (C1-C6)
alkyl group, including a methyl group, an ethyl group, an
n-propyl group, an i-propyl group, an n-butyl group and a
t-butyl group. Preferred is a straight-chain or branched
(C1-C4) alkyl group, and particularly preferred is a straight-
chain or branched (C1-C3) alkyl group including a methyl
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group, an ethyl group, an n-propyl group, and an i-propyl
group, and more particularly preferred is a methyl group.

Examples of the linking group represented by R2 in the
general formula (I) include, but are not particularly limited
to, a (C2-C6) alkylene group. Preferred is a (C2-C4) alky-
lene group including, for example, an ethylene group, a
trimethylene group and a tetramethylene group, and particu-
larly preferred is a trimethylene group.

Examples of the (C1-C6) acyl group for R3 in the general
formula (I) include, but not particularly limited to, a formyl
group, an acetyl group, a propionyl group and a pivaloyl
group. Preferred is a (C1-C3) acyl group, and more preferred
is an acetyl group.

With regard to the [residue of the hydroxy group of the
steroids for R4 ] alcoholic hydroxy group of the steroids for
—OR4 in the general formula (I), examples of the steroids
include the steroids enumerated above.

RS in the general formula (I) represents a group selected
from the group consisting of a (C1-C30) alkoxy group, a
(C7-C30) aralkyloxy group, a (C1-C30) alkylamino group,
a di(C1-C30) alkylamino group, an amino acid with pro-
tected carboxy group, and —N(R6)CONH(R7) wherein R6
and R7, which may be identical or different from each other,
represent a (C3-C6) cyclic alkyl group or a (C1-C5) alkyl
group which may be substituted with a tertiary amino group.
RS in the general formula (I) may be identical or different
from each other in one molecule, and a polymer in the
high-molecular weight conjugate of steroids may include a
single-type RS or mixed type R5.

A substituent group can be introduced to R5 as necessary.
Physical properties of the high-molecular weight conjugate
of steroids can be controlled by the introduction of the
substituent groups to R5. For example, the release rate of the
steroids can be freely controlled.

Examples of the (C1-C30) alkoxy group include a
straight-chain or branched (C1-C30) alkoxy group, and
preferred is a straight-chain or branched (C1-C10) alkoxy
group, including, for example, a methoxy group, an ethoxy
group, an n-propoxy group, an i-propoxy group, an n-butoxy
group and a t-butoxy group. Examples of the (C7-C30)
aralkyloxy group include a straight-chain or branched (C7-
C30) aralkyloxy group, and preferred is a straight-chain or
branched (C7-C12) aralkyloxy group, including, for
example, a 4-phenylbutoxy group.

Examples of the (C1-C30) alkylamino group or di(Cl1-
C30) alkylamino group include a straight-chain or branched
(C1-C30) alkylamino group or a straight-chain or branched
di(C1-C30) alkylamino group, and preferred is a straight-
chain or branched (C1-C20) alkylamino group or a straight-
chain or branched di(C1-C20) alkylamino group, including,
for example, an methylamino group, an ethyl amino group,
an n-propylamino group, an i-propylamino group, an n-bu-
tylamino group, a t-butylamino group, a dimethylamino
group, a diethylamino group and a dibutylamino group.

Examples of the amino acid with protected carboxy group
include an amino acid generally used in peptide synthesis, in
which a carboxyl group is protected, including, for example,
a phenylalanine benzyl ester.

Examples of the group —N(R6) CONH(R7) for RS in the
general formula (I), wherein R6 and R7, which may be
identical or different from each other, represent a (C3-C6)
cyclic alkyl group or a (C1-CS) alkyl group optionally
substituted with a tertiary amine group include. but not
particularly limited to, for example, a cyclohexylaminocar-
bonylcyclohexylamino group and an isopropylaminocarbo-
nylisopropylamino group.
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Polyaspartic acid which is a succinic acid monoamide
moiety in the high-molecular weight conjugate of steroids
represented by the general formula (I) of the present inven-
tion, includes constituent units of a-amino acid type,
-amino acid type and cyclized type. These constituent units
are bound in any order, and may be bound to form a
block-type form or a random-type form.

The total number of aspartic acid residues in the high-
molecular weight conjugate of steroids represented by the
aforementioned general formula (I) is represented by “d+e+
f+g+h+i+)”, and is about 3 to 200, preferably about 6 to 100,
more preferably about 15 to 90.

The proportion of the number of aspartic acid residues
bonded to the steroids (d+e) based on the total number of
aspartic acid residues (d+e+f+g+h+i+j) is 1 to 100%, pret-
erably 3 to 90%, more preferably 4 to 60%. In addition, the
number of aspartic acid residues (d+e) is about 1 to 200,
preferably about 1 to 100, more preferably about 1 to 90.

The proportion of a-amino acid type (d+f+h) based on the
total number of aspartic acid residues (d+e+f+g+h+i+j) is 10
to 100%, preferably 20 to 100%. The proportion can be
appropriately changed, for example, by suitably selecting a
deprotection condition for a protecting group in the polyas-
partic acid which was produced by using the protecting
group.

In the aforementioned general formula (I), t is an integer
from about 5 to 11,500, preferably an integer from about 8
to 2300, more preferably, an integer from about 100 to 300.

The high-molecular weight conjugate of steroids of the
present invention represented by the aforementioned general
formula (I) may form micelles with the polyethylene glycol
moiety as the outer shell in water.

The high-molecular weight conjugate of steroids of the
present invention is obtained by ester-bonding a carboxylic
acid group of a polymer having a polyethylene glycol
moiety and a succinic acid monoamide moiety having two or
more succinic acid monoamide units to a hydroxy group of
steroids by using a dehydrating condensation agent in an
organic solvent, and the present invention also includes this
manufacturing method; that is, a manufacturing method of
subjecting, for example, a block copolymer of a polyethyl-
ene glycol moiety-polyaspartic acid produced by the method
described in Japanese Patent Application Laid-Open No.
6-206815, and steroids in which the functional groups other
than the group to be reacted are protected as necessary, to a
reaction using a dehydrating condensation agent such as
dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide
(DIPC), 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride salt (WSC) and 1-ethoxycarbonyl-2-ethoxy-
1,2-dihydroxyquinolinone (EEDQ) at a temperature of 0 to
180° C., preferably 5 to 50° C. in an organic solvent in which
both of the block copolymer and the steroids are dissolved,
preferably in an aprotic polar solvent such as N,N-dimeth-
ylformamide (DMF), 1,3-dimethyl-2-imidazolidinone
(DMI) and N-methylpyrrolidone (NMP). Furthermore, a
reaction aid such as N,N-dimethylaminopyridine (DMAP)
may also be used for the condensation reaction. After
condensation reaction, deprotection is carried out as neces-
sary, and conventional operations for separation and purifi-
cation, etc., are applied to obtain a high-molecular weight
conjugate of steroids.

In addition, a high-molecular weight conjugate of steroids
in which RS is a —N(R6)CONH(R7) group wherein R6 and
R7, which may be identical or different from each other,
represent a (C3-C6) cyclic alkyl group or a (C1-C5) alkyl
group optionally substituted with a tertiary amine group may
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also be obtained by a reaction using the aforementioned
carbodiimides as an condensation agent.

As a method of introducing as R5 a (C1-C30) alkoxy
group, a (C7-C30) aralkyloxy group, a (C1-C30) alkylamino
group, a di(C1-C30) alkylamino group or an amino acid with
protected carboxy group into a compound of the general
formula (I), there can be mentioned a method in which a
carboxylic acid of the polymer is first activated according to
the aforementioned method, and then reacted with a corre-
sponding alcohol, a corresponding amine or an amino acid
with protected carboxy group in a an amount to be intro-
duced under basic conditions; and a method in which a
corresponding alcohol, a corresponding amine or an amino
acid with a protected carboxy group is first activated, and
then reacted with a polymer. After purification of the poly-
mer, it is also possible to re-activate any unreacted carbox-
ylic acid groups of the polymer by the same reaction, and the
re-activated carboxylic acid groups may be condensed with
the hydroxyl group of the steroids. Alternatively, different
alcohols, amines, etc. are repeatedly reacted to synthesize a
mixture of polymers having various substituents as RS, with
which the hydroxy group of steroids may subsequently
condensed. Furthermore, after condensation of steroids, a
(C1-C30) alkoxy group, a (C7-C30) aralkyloxy group, a
(C1-C30) alkylamino group, a di(C1-C30) alkylamino group
or an amino acid with protected carboxy group may be
introduced.

However, the method of manufacturing the high-molecu-
lar weight conjugate of steroids of the present invention is
not intended to be limited to the aforementioned methods.

The high-molecular weight conjugate of steroids of the
present invention releases steroids under the condition in the
body to exhibit the pharmacological activity of the steroids,
and therefore functioning as a drug, it can be used as an
anti-inflammatory agent, an anti-rheumatism agent, an agent
for treating collagen disease, an anti-allergic agent, an
anti-cancer agent, etc. The high-molecular weight conjugate
of steroids of the present invention can be used in a dosage
form which is conventionally used, including, for example,
injections, tablets, powders and the like. For formulation
process, a pharmaceutically acceptable carriers which are
conventionally used, for example, binding agents, lubricat-
ing agents, disintegrating agents, solvents, vehicles, solubi-
lizing agents, dispersing agents, stabilizing agents. suspend-
ing agents, preservatives, soothing agents, colorants and
flavors can also be used. Among various dosage forms, the
use as an injection is preferred, and usually, for example,
water, physiological saline, 5% glucose or mannitol solu-
tion, water-soluble organic solvent (for example. glycerol,
ethanol, dimethylsulfoxide, N-methylpyrrolidone, polyeth-
ylene glycol, Cremophor and the like, or a mixture thereof),
or a mixture of water and water-soluble organic solvents can
be used.

The dosage of the high-molecular weight conjugate of
steroids of the present invention can varies as a matter of
course, depending on sex, age, physiological conditions,
pathology and the like of patients. It is parenterally admin-
istered, typically at a does of 0.01 to 500 mg/m?, preferably
0.1 to 250 mg/m>, as an active ingredient per day. Admin-
istration by injection is carried out intravenously, intraarte-
rially, to the affected site (inflammation site), for example.

EXAMPLES

Hereinafter, the present invention will be illustrated more
specifically with reference to Examples, but is not intended
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to be limited to the Examples. Conditions for analysis by
HPLC (high performance liquid chromatography) is as
follows:

column: ODS (inertsil ODS-3 4.6x150 mm)

detection: UV 254 nm

elution: A) 0.1% aqueous phosphate solution,

B) acetonitrile/1% aqueous phosphate solution (9/1)

B %=30%.

Example 1

Synthesis of Compound 1 (conjugate of prednisolone and
a block copolymer consisting of methoxypolyethylene gly-
col moiety having molecular weight of 12,000 and polyas-
partic acid moiety having a polymerization number of 33: in
the general formula (I), R1=Me (methyl group),
R2=trimethylene  group, R3=Ac (acetyl group),
[R4=prednisolone residue] —OR4=the alcoholic hydroxy
group of prednisolone, R5=isopropylaminocarbonyliso pro-
pylamino group, d+e+f+g+h+i+j=33, t=273)

An N-acetylated product of a copolymer of polyethylene
glycol with methoxy at one terminal-polyaspartic acid (a
block copolymer consisting of a methoxypolyethylene gly-
col moiety having a molecular weight of 12,000 and a
polyaspartic acid moiety having a polymerization number of
33, and in the general formula (I), R1=Me (methyl group),
R2=trimethylene  group, R3=Ac (acetyl group),
d=e=f=g=j=0; 265 mg) produced according to the produc-
tion method described in Japanese Patent Application Laid-
open No. 6-206815, and commercially available predniso-
lone (manufactured by Tokyo Chemical Industry Co., Ltd.;
100 mg) were dissolved in DMF (3.7 ml), and DMAP (7 mg)
and DIPC (0.2 ml) were added thereto. The mixture was
stirred for 40 hrs at 15° C. To the reaction solution, ethanol
(5.6 ml), ethyl acetate (5.6 ml) and diisopropyl ether (45 ml)
were added, and the mixture was stirred for 3 hrs at room
temperature. Subsequently, the precipitate was collected by
filtration and washed with ethanol/diisopropyl ether (1/4
(v/v); 10 ml). The resulting precipitate was dissolved in
acetonitrile/water (1/1 (v/v); 20 ml), and then the solution
was applied to a column of an ion exchange resin
(DOWEXS50 (H*), manufactured by The Dow Chemical
Company; 3 ml), and then eluted with acetonitrile/water (1/1
(v/v); 6 ml). After water (20 ml) was added to the eluted
fraction thus obtained, acetonitrile was distilled off under
reduced pressure, and then the residue was freeze-dried to
obtain Compound 1 (340 mg).

On the basis of the amount of unreacted prednisolone
present in the reaction liquid determined by HPLC (high
performance liquid chromatography), the content of pred-
nisolone in Compound 1 was determined as 25.4% (w/w),
and the proportion of d+e based on d+e+f+g+h+i+j was
determined as 44%. In Compound 1, free prednisolone was
not detected.

According to this method, an isopropylaminocarbonyl-
isopropylamino group can be added as RS, and the abun-
dance ratio of the group was determined by 'H-NMR
(hydrogen nuclear magnetic resonance spectrum) using
Compound 1 dissolved in sodium deuteroxide/deuterium
oxide/deuterated acetonitrile. The proportion of isopropy-
laminocarbonylisopropylamino group to polyaspartic acid
of Compound 1, that is, the proportion of f+g based on
d+e+f+g+h+i+j was 9%. The remaining aspartic acid resi-
dues are in the form of a free carboxylic acid (corresponding
to h+i) or a cyclic structure (corresponding to j).

Example 2

Synthesis of Compound 2 (conjugate of dexamethasone
and a block copolymer consisting of a methoxypolyethylene
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glycol moiety having a molecular weight of 12,000 and a
polyaspartic acid moiety having a polymerization number of
35: in the general formula (I), R1=Me (methyl group),
R2=trimethylene  group, R3=Ac (acetyl group),
[R4=dexamethasone residue] —OR4= the alcoholic hydroxy
group of dexamethasone, R5=isopropylaminocarbonyl iso-
propyl amino group, d+e+f+g+h+i+j=35, t=273)

An N-acetylated product of a copolymer of polyethylene
glycol with methoxy at one terminal-polyaspartic acid pro-
duced according to the manufacturing method described in
Japanese Patent Application Laid-open No. 6-206815 (a
polymerization number of aspartic acid is 35; 100 mg) and
commercially available prednisolone (manufactured by
Tokyo Chemical Industry Co., Ltd.; 42 mg) were dissolved
in DMF (2.0 ml), and DMAP in a DMF solution (0.773
mmol/ml solution, 27.7 pl) and DIPC (67.0 ul) were added
thereto. The mixture was stirred for 43 hrs at 15° C. DIPC
(17.0 ul) was further added and stirred for 4 hrs at 30° C. To
the reaction solution, ethyl acetate (4.0 ml) and diisopropyl
ether (16 ml) were added, and the mixture was stirred for 3
hrs at room temperature. Subsequently, the precipitate was
collected by filtration and washed with ethyl acetate/diiso-
propyl ether (1/4 (v/v); 10 ml). The resulting precipitate was
dissolved in acetonitrile/water (1/1 (v/v); 12 ml), and then
the solution was applied to a column of an ion exchange
resin (DOWEXS50 (H*), manufactured by The Dow Chemi-
cal Company; 10 ml) and eluted with acetonitrile/water (1/1
(v/v); 20 ml). Acetonitrile in the eluted fraction thus
obtained was distilled off under reduced pressure, and the
residue was freeze-dried to obtain Compound 2 (108 mg).

Compound 2 was collected and treated with alkali to
cleave the bonded dexamethasone. By HPLC (high perfor-
mance liquid chromatography), the content of dexametha-
sone in Compound 2 was determined as 20.7% (w/w) and
the proportion of d+e based on d+e+f+g+h+i+j was deter-
mined as 31%. In the isolated Compound 2, free dexam-
ethasone was found to be 0.3% (w/w).

Example 3

Synthesis of Compound 3 (conjugate of dexamethasone
and a block copolymer consisting of a methoxypolyethylene
glycol moiety having a molecular weight of 12,000 and a
polyaspartic acid moiety having a polymerization number of
35 to which phenylalanine benzyl ester is further bonded: in
the general formula (I), R1=Me (methyl group),
R2=trimethylene  group, R3=Ac (acetyl group),
[R4=dexamethasone residue] —OR4=the alcoholic hydroxy
group of dexamethasone, R5=phenylalanine benzyl ester
and isopropylaminocarbonylisopropylamino group, d+e+f+
g+h+i+j=35, t=273)

An N-acetylated product of methoxypolyethylene glycol
with methoxy at one terminal-polyaspartic acid copolymer
(polymerization number of aspartic acid 35; 100 mg) pre-
pared according to the manufacturing method described in
Japanese Patent Application Laid-open No. 6-206815 and
commercially available dexamethasone (manufactured by
Tokyo Chemical Industry Co., Ltd.; 42 mg) were dissolved
in DMF (2.0 ml), and DMAP in a DMF solution (0.773
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mmol/ml solution, 27.7 ul) and DIPC (33.5 pl) were added
thereto. The mixture was stirred for 20 hrs at 15° C. To the
reaction solution, a DMF solution of phenylalanine benzyl
ester (0.612 mmol/ml, 140.0 ul) and DIPC (33.5 nul) were
further added and stirred for 23 hrs at 30° C. Thereafter,
DIPC (17.0 pl) was further added, and the mixture was
stirred for 4 hrs at 30° C. To the reaction liquid, ethyl acetate
(4.0 ml) and diisopropyl ether (16 ml) were added. After
stirring for 3 hrs at room temperature, the precipitate was
collected by filtration and washed with ethyl acetate/diiso-
propyl ether (1/4 (v/v); 10 ml). The resulting precipitate was
dissolved in acetonitrile/water (1/1 (v/v); 12 ml), and the
solution was applied to a column of an ion exchange resin
(DOWEXS50 (H*), manufactured by The Dow Chemical
Company; 10 ml), and then eluted with acetonitrile/water
(1/1 (v/v); 20 ml). Acetonitrile in the eluted fraction thus
obtained was distilled off under reduced pressure, and the
residue was freeze-dried to obtain Compound 3 (112 mg).

Compound 3 was collected and treated with alkali to
cleave the bonded dexamethasone. By HPLC (high perfor-
mance liquid chromatography), the content of dexametha-
sone in Compound 3 was determined as 20.5% (w/w). In the
isolated Compound 3, free dexamethasone was found to be
0.2% (Wiw).

Comparative Example 1

Synthesis of Comparative compound 1 (conjugate of
prednisolone and a block copolymer consisting of methoxy-
polyethylene glycol moiety having molecular weight of
12,000 and polyglutamic acid moiety having a polymeriza-
tion number of 23)

An N-acetylated product of polyethylene glycol with
methoxy at one terminal-polyglutamic acid copolymer (a
block copolymer consisting of a methoxypolyethylene gly-
col moiety having a molecular weight of 12,000 and a
polyglutamic acid moiety having a polymerization number
of 23; 128 mg) prepared according to the manufacturing
method described in Japanese Patent Application Laid-Open
publication No. 5-955 and commercially available predni-
solone (50 mg) were dissolved in DMF (1.3 ml), and DMAP
(2.4 mg) and DIPC (0.06 ml) were added thereto. The
mixture was stirred for 20 hrs at 25° C. To the reaction
solution, ethanol (2 ml), ethyl acetate (2 ml) and diisopropyl
ether (12 ml) were added, and the mixture was stirred for 30
minutes at room temperature. Subsequently, the precipitate
was collected by filtration and washed with ethanol/diiso-
propyl ether (1/4 (v/v); 2 ml). The resulting precipitate was
dissolved in acetonitrile/water (1/1 (v/v); 7 ml) and applied
to a column of anion exchange resin (DOWEXS50 (H™),
manufactured by The Dow Chemical Company; 1 ml), and
then eluted with acetonitrile/water (1/1 (v/v); 2 ml). After
water (10 ml) was added to the eluted fraction thus obtained,
acetonitrile was distilled off under reduced pressure, and
then the residue was freeze-dried to obtain Comparative
compound 1 (160 mg).

On the basis of the amount of unreacted prednisolone
present in the reaction solution determined by HPLC (high
performance liquid chromatography), the content of pred-
nisolone in Comparative compound 1 was determined as
25.8% (w/w). In the isolated Comparative compound 1, no
free prednisolone was detected.

Test Example
Drug Release in the Absence of Enzymes

Compound 1 or Comparative compound 1, or Compound
2 or Compound 3 was dissolved in PBS (phosphate buffered
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physiological saline; pH 7.1) to a polymer concentration of
1 mg/ml, and the solution was incubated at 37° C. Predni-
solone or dexamethasone released from Compound 1, Com-
pound 2, Compound 3 or Comparative compound 1 was
separated and quantified by HPLC in comparison with a
standard curve. The proportion of the quantified value based
on the total amount of the drug determined from the drug
content in the high-molecular weight conjugate is shown in
FIGS. 1 and 2.

As shown in FIG. 1, the high-molecular weight conjugate
of the present invention (Compound 1) released almost 98%
of prednisolone within 24 hrs even in the absence of
hydrolyzing enzymes. However, Comparative compound 1
including no succinic acid monoamide moiety hardly
released prednisolone even after 24 hrs.

As shown in FIG. 2, the high-molecular weight conjugate
of the present invention (Compounds 2 and 3) was found to
be capable of releasing almost 60 to 90% of dexamethasone
within 24 hrs even in the absence of hydrolyzing enzymes.
It was also shown that the linking of phenylalanine benzyl
ester to the high-molecular weight conjugate allowed to
control the release rate of dexamethasone.

These results demonstrate the excellent drug release per-
formance of the high-molecular weight conjugate of steroids
of'the present invention under a neutral condition even in the
absence of enzymes, and thus a capability of the high-
molecular weight conjugate of steroids of the present inven-
tion to release steroid under a physiological condition
observed, for example, in blood or body fluids. It is further
demonstrated that, the appropriate linking of a substituent
group including, for example, phenylalanine benzyl ester,
allows to control the release rate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a proportion of the amount of the
released prednisolone based on the total amount of the
prednisolone in the conjugate in PBS solution (pH 7.1; 37°
C.) containing Compound 1 of the present invention (the
high-molecular weight conjugate in which prednisolone is
bonded to a polyaspartic acid moiety) or Comparative
compound 1 (the high-molecular weight conjugate in which
prednisolone is bonded to a polyglutamic acid moiety). In
FIG. 1, -@- indicates the proportion of the drug released
from Compound 1 of the present invention, and -o- indicates
the proportion of the drug released from Comparative com-
pound 1.

FIG. 2 illustrates a proportion of the amount of the
released dexamethasone based on the total amount of the
dexamethasone in the conjugate in PBS solution (pH 7.1;
37° C.) containing Compound 2 of the present invention (the
high-molecular weight conjugate in which dexamethasone is
bonded to a polyaspartic acid moiety) or Compound 3 of the
present invention (the high-molecular weight conjugate in
which dexamethasone and phenylalanine benzyl ester are
bonded to a polyaspartic acid moiety). In FIG. 2, -A-
indicates the proportion of the drug released from Com-
pound 2 of the present invention, and -M- indicates the
proportion of the drug released from Compound 3 of the
present invention.

The invention claimed is:
1. A high-molecular weight conjugate of steroids, com-
prising a structure in which a carboxylic acid group of a
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block copolymer having a polyethylene glycol moiety and
polyaspartic acid is ester-bonded to an alcoholic hydroxy
group in the steroids, and
wherein the conjugate is represented by formula (I)

CO,R4

18

sone, clobetasol, diflorasone, diflucortolone, fluocinolone
acetonide, hydrocortisone, difluprednate, beclometasone,

triamcinolone or alclometasone.
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wherein R1 represents a (C1-C6) alkyl group; R2 repre-
sents a (C2-C6) alkylene group; R3 represents a (C1-
C6) acyl group; [R4] —OR4 represents an alcoholic
hydroxy group of said steroids; RS represents a group
selected from the group consisting of a (C1-C30)
alkoxy group, a (C7-C30) aralkyloxy group, a (C1-
C30) alkylamino group, a di(C1-C30) alkylamino
group, an amino acid with a protected carboxy group
and —N(R6)CONH(R7) wherein R6 and R7, which
may be identical or different from each other, represent
a (C3-C6) cyclic alkyl group or a (C1-CS5) alkyl group
which may be substituted with a tertiary amine group;
t represents an integer from 100 to 300; and d, e, f, g,
h, i or j each independently represents an integer from
0 to 100; provided that d+e represents an integer from
1 to 100, d+e+f+g+h+i+j represents an integer from 6
to 100; and respective units of the polyaspartic acid are
bonded in any order.

2. The high-molecular weight conjugate of steroids
according to claim 1, wherein R1 represents a (C1-C3) alkyl
group, R2 represents a (C2-C4) alkylene group, R3 repre-
sents a (C1-C3) acyl group, t represents an integer from 100
t0 300, and d, e, f, g, h, i or j each independently represents
an integer from 0 to 90, provided that d+e represents an
integer from 1 to 90 and d+e+f+g+h+i+j represents an
integer from 15 to 90.

3. The high-molecular weight conjugate of steroids
according to claim 1 or 2, in which the steroids are predni-
solone, methyl prednisolone, dexamethasone, betametha-
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4. A method of manufacturing the high-molecular weight
conjugate of steroids described in claim 1, the method
comprising ester-bonding a carboxylic acid group of a block
copolymer having a polyethylene glycol moiety and polyas-
partic acid to an alcoholic hydroxy group of the steroids, by
using a dehydrating condensation agent in an organic sol-
vent.

5. A pharmaceutical composition comprising as an active
ingredient the high-molecular weight conjugate of steroids
according to claim 1.

6. An anti-inflammatory agent comprising as an active
ingredient the high-molecular weight conjugate of steroids
according to claim 1.

7. An anti-theumatism agent comprising as an active
ingredient the high-molecular weight conjugate of steroids
according to claim 1.

8. An agent for treating collagen disease comprising as an
active ingredient the high-molecular weight conjugate of
steroids according to claim 1.

9. An anti-allergy agent comprising as an active ingredient
the high-molecular weight conjugate of steroids according to
claim 1.

10. The high-molecular weight comjugate of steroids
according to claim 2, in which the steroids are prednisolone,
methyl prednisolone, dexamethasone, betamethasone, clo-
betasol, diflorasone, diflucortolone, fluocinolone acetonide,
hydrocortisone, difluprednate, beclometasone, triamcino-
lone or alclometasone.

#* #* #* #* #*



