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NOVEL POLY(ETHYLENE OXIDE)-BLOCK-POLY(ESTER) BLOCK
COPOLYMERS

FIERLD OF THE INVENTION

The present invention relates to novel poly(ethylene oxide)-block-poly(ester) block

copolymers, particularly poly(ethylene oxide)-block-poly(ester) block copolymers having
reactive groups and/or bicactive compounds on the polyester block. The invention also

relates to a composition and method of use thereof for delivering bioactive agents.

Piay—yiiy——y-sliy=——tielir

Amphiphilic block copolymers can self-assemble to nanoscopic, core/shell structures
in which the hydrophobic core acts as a microreservoir for the encapsulation of drugs,
proteins or DNA; and the hydrophilic shell interfaces the media. Among different block
copolymers designed for drug delivery, those with polyethylene oxide (PEO), as the shell-
forming block, and polyester or poly amino acids (PL.AA), as the core-forming block, are of
inmaasing interest. This 1s owed t{o the biocompatibility of PEO and potential
biodegradability of polyester and PLAA, which make them safe for human administration.

It is gencrally known that poly amino acids (PLAA) structures are advantageous over
polyesters since PLLAA can potentially form covalent or electrostatic attachment with drugs,
drug compatible moieties, genes or intelligent vectors through free functional groups, such as
amine or carboxylic acid, on the amino acid chain, Thus, changes in the length of the
hydrophobic/hydrophilic blocks, chemical structure of the side chains and the level of
substitution may be used to achieve desired stability, biodegradation, drug loading, release, or
activation properties. '

Through chemical engineering of the core structure in PEO-5-PLAA based micelles,
desired properties for the delivery of doxorubicin (DOX), amphotericin B, methotrexate,
cisplatin and pdclitaxel has been achieved. For instance, a 40 to 50% of DOX substitution
and a decrease in the proportion of P(Asp)-DOX to PEO has been used to increase the
stability of micelles fonmed from DOX conmjugates of PEO-b-poly(L-aspartic acid). The
PEO-b-PAsp-DOX micelles were later utilized to physically encapsulate DOX, Taking

advantage of a strong interaction between chemically conjugated and physically encapsulated

DMSLagul\086326100026\ 2568924v1 1
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drug, a novel formulation with efficient solubilization and release properties has been
developed for doxorubicin, which is currently in clinical trials in Japan (see Matsumura Y,
Hamaguchl T, Ura T et al.: Phase I clinical trial and pharmacokinetic evaluation of NK911, a
micelle-encapsulated doxorubicin. Br J Cancer (2004) 91(10):1775-1781).

The present inventors have also previously prepared a PEO-b-PLAA based micellar
system with saturated fatty acid esters in the core to encapsulate an aliphatic drug,
amphotericin B (AmB). The micellar core was fine tuned chemically so that it can
effectively sustain the rate of AmB release (see Lavasanifar A, Samuel J, Kwon GS: Micelles
of poly(ethylene oxide)-block-poly(N-alkyl stearate L-aspartamide): synthetic analogues of
lipoproteins for drug delivery. J Biomed Mater Res (2000) 52(4):831-835). While not
wishing to be limited by theory, the formation of more hydrolysable bonds, such as ester
bonds, for instance, appears to suggest that micelle-forming block copolymer-drug
conjugates can be used to form micelles with sufficient drug release properties. This
approach has been utilized to attach methotrexate (MTX) to PEO-b-PLAA. The level of
attached MTX is used to control the stability of the polymeric micelles and the rate of drug
release.

While there has been progress made in the design, synthesis and discovery of novel
polymeric poly amino acids, the biodegradability of these different structures has not been
exploited fully. Although polyesters have had a history of safe application in human, in
general, they are less suitable for chemical engineering due to the lack of functional groups
on the polymeric backbone. Thus, there remains a need to continually design and develop

PEO-b-polyester block copolymers that are biodegradable and biocompatible with a large

number of bioactive agents.

SUMMARY OF THE INVENTION

The present invention provides poly(ethylene oxide)-block-poly(ester) block
copolymers having reactive or functional side groups on the polyester block therein, and such
copolymers being biodegradable and biocompatible with a large number of bioactive agents.
The present invention also provides a composition in which the functionalized poly(ethylene
oxide)-block-poly(ester) block copolymer of the present invention forms a micelle around the
bioactive agent. Further, the present invention provides a method of use of the functionalized
poly(ethylene oxide)-block-poly(ester) block copolymer of the present invention for

delivering a bioactive agent.

Accordingly, the present invention relates to a compound of formula I
2
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wherein

L, is a linker group selected from the group consisting of a single bond, -C(O)-O-, -C(O)-
and -C(O)NRz;
R, is selected from the group consisting of H, OH, Cj.5 alkyl, Cs.50 cycloalkyl and aryl, said
latter three groups may be optionally substituted and in which one or more of the carbons of
the alkyl, cycloalkyl or aryl groups may optionally be replaced with O, S, N, NR? or N(R%),
or R; is a bioactive agent;
R%is Hor C ¢ alkyl;
v and w are, independently of each other, an integer independently selected from 1 to 4;
x 18 an integer from 10 to 300;
y 1s an integer from 5 to 200;
z 1s an integer from O to 100;
wherein aryl is mono- or bi-cyclic aromatic radical containing from 6 to 14 carbon atoms
having a single ring or multiple condensed rings; and
wherein the optional substituents are selected from the group consisting of halo, OH, OC,
alkyl, C,.¢ alkyl, C,.¢ alkenyl, C,.¢ alkenyloxy, NH,, NH(C,.¢ alkyl), N(Cy_¢ alkyl)(C,.¢ alkyl),
CN, NO,, C(O)C;, alkyl, C(O)OC,¢ alkyl, SO,C;.¢ alkyl, SO,NH,, SO,NHC, ¢ alkyl, phenyl
and C,_¢ alkylenephenyl.

It is understood that the caprolactone residues of the functionalized poly(ethylene
oxide)-block-poly(ester) block copolymer of the present invention may be assembled either

randomly or in blocks. For example, in the randomly assembled cores, both substituted and

unsubstituted caprolactone residues are randomly arranged along the length of the core block.
With block assembly, a block of substituted caprolactone may be followed by a block of

unsubstituted caprolactone (or vice versa). In the alternative, all of the caprolactone residues

are substituted.
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In another aspect of the invention, functionalize caprolactone monomers useful in
making the functionalized poly(ethylene oxide)-block-poly(ester) block copolymers of the

present invention are provided. Accordingly, the present invention relates to a compound of

formula II;
5
O
R; .
Ly
O
(
v I1

wherein

L, is a linker group selected from the group consisting of a single bond, -C(O)-O-, -C(O)-
10 and -C(O)NR?;

R, is selected from the group consisting of H, OH, C;.2¢ alkyl, Cs20 cycloalkyl and aryl, said
latter three groups may be optionally substituted and in which one or more of the carbons of
the alkyl, cycloalkyl or aryl groups may optionally be replaced with O, S, N, NR? or N(R%)s;
R* is H or C.¢ alkyl; and

15 vis an integer selected from 1 to 4;

wherein aryl is mono- or bi-cyclic aromatic radical containing from 6 to 14 carbon atoms
having a single ring or multiple condensed rings; and

wherein the optional substituents are selected from the group consisting of halo, OH, OC, ¢
alkyl, Cy.¢ alkyl, Cs alkenyl, C,.¢ alkenyloxy, NH,, NH(C;.¢ alkyl), N(Ci.¢ alkyl)(C,.¢ alkyl),
20 CN, NO,, C(O)C,, alkyl, C(O)OC, alkyl, SO,Cy alkyl, SO,NH;, SO,NHC, ¢ alkyl, phenyi
and C,_¢ alkylenephenyl.

The present invention further relates to a composition comprising a compound of
formula I and a bioactive agent, in which the compound of formula I forms a micelle around
the bioactive agent. In a more particular embodiment of the invention, the compound of
25  formula I forms a micelle around the bioactive agent by one or more of chemical conjugation,
electrostatic complexation and physical encapsulation. In another embodiment of the
invention, the bioactive agent is selected from the group consisting of DNA, RNA,
oligonucleotide, protein, peptide and drug.

Also within the scope of the present invention is a method of delivering a bioactive

30 agent to a subject, comprising administering to the subject a compound of formula I which 1s

4
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capable of forming a micelle around an effective amount of the bioactive agent. More
particularly, the bioactive agent is selected from the group consisting of DNA, RNA,
oligonucleotide, protein, peptide and drug.

For purposes of summarizing the invention and the advantages achieved over the
prior art, certain objects and advantages of the invention have been described above. Of
course, it is to be understood that not necessarily all such objects or advantages may be
achieved in accordance with any particular embodiment of the invention. Thus, for example,
those skilled in the art will recognize that the invention may be embodied or carried out in a
manner that achieves or optimizes one advantage or group of advantages as taught herein
without necessarily achieving other objects or advantages as may be taught or suggested
herein.

Other features and advantages of the present invention will become apparent from the
following detailed description. It should be understood, however, that the detailed description
and the specific examples while indicating preferred embodiments of the invention are given
by way of illustration only, since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from this detailed

description.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in relation to the drawings in which:

Figure 1 shows the 'H NMR spectrum of a functionalized monomer of the present
invention, a-benzylcarboxylate-g-caprolactone.

Figure 2 shows the C NMR spectrum of a functionalized monomer of the present
invention, a-benzylcarboxylate-g-caprolactone.

Figure 3 shows the IR spectrum of a functionalized monomer of the present invention,
a-benzylcarboxylate-g-caprolactone. Arrow indicates the presence of characteristic groups.

Figure 4 shows the mass spectrum of a functionalized monomer of the present
invention, a-benzylcarboxylate-g-caprolactone.

Figure 5 shows the 'H NMR (CDCl;) spectrum of poly(ethylene oxide)-block-poly(a-
benzylcarboxylate-g-caprolactone) (PEO-b-PBCL) block copolymer.

Figure 6 shows the IR spectrum of PEO-b-PBCL block copolymer.

Figure 7 shows the 'H NMR (dmso-dg) of PEO-b-PCCL block copolymer. Arrow

indicates the absence of aromatic peak.
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Figure 8 shows the IR spectrum of poly(ethylene oxide)-block-poly(a-carboxylate-¢-
caprolactone) (PEO-b-PCCL) block copolymer. Arrow indicates the presence of broad peak.

Figure 9 shows the thin layer chromatography (TLC) of the conjugation of the
doxorubicin (DOX) molecule with the PEO-b-PCCL block copolymer. Spot 1 1s free
doxorubicin as control and spot 2 is doxorubticin conjugated PEO-b-PCCL block copolymer.

Figure 10 shows the 'H NMR spectrum of DOX conjugated PEO-b-PCCL block
copolymer in methyl sulfoxide dg. The arrows indicate the characteristic DOX peaks with
PEO-b-PCCL block copolymer.

Figure 11 shows the size distribution of PEO-b-PBCL (A) and PEO-b-PCCL (B)
block copolymer micelles.

Figure 12 shows the TEM image of micelles prepared from PEO-b-PBCL (A) and
PEO-b-PCCL (B) block copolymer. Images were taken at 18000 times at 75 KV voltage
setting. The scale bar shown represents 200 nm. The PEO-b-PBCL micelles have an average
size of 62 nm and the PEO-b6-PCCL micelles have an average size of 20 nm.

Figure 13 shows the 'H NMR spectrum of a functionalized monomer of the present
invention, a-cholestryl carboxylate-g-caprolactone.

Figure 14 shows the IR spectrum of a functionalized monomer of the present
invention, a-cholestryl carboxylate-e-caprolactone.  Arrow indicates the presence of
characteristic groups.

Figure 15 shows the mass spectrum of a functionalized monomer of the present
invention, a-cholestryl carboxylate-g-caprolactone. '

Figure 16 shows the '"H NMR spectrum of PEO-b- PChCL block copolymer.

Figure 17 shows a typical HPLC chromatogram of free DOX (A) and PEO-b-P(CL-
DOX) (B) dissolved in methanol showing the absence of free DOX in PEO-b-P(CL-DOX)
block copolymer.

Figure 18 shows in vitro release profile of free DOX and DOX encapsulated 1n PEO-
b-PCL based micelles at different pH values: (A) pH 5.0, (B) pH 7.4.

Figure 19 shows hemolysis caused by PEO-b-PCL, PEO-b-PBCL, PEO-b6-PCCL,
PEO-b-PCL,s-co-PCCLs and PEO-b-PCL,;¢-co-PCCL, against rat red blood cells. Each

experiment was performed in triplicate, and results are plotted as the mean + SD.

Figure 20 shows in vitro cytotoxicity of free DOX, PEO-b6-P(CL-DOX) and DOX
loaded PEO-b-P(CL-DOX) block copolymer micelles against Bs-BLg mouse melanoma cells

after 24 h (A) and 48 h (B) incubation. The cell viabilities are expressed as a function of the
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logarithm of the DOX concentrations. Each experiment was performed in triplicate, and
results are plotted as the mean + SD.

Figure 21 shows in vitro cytotoxicity of PEO-b-PCL based block copolymers (PEO-b-
PCL., PEO-b-PBCL, PEO-b-PCCL, PEO-b-PCL35-co-PCCLs and PEO-b-PCL¢-co-PCCL0)
against human fibroblast cells. The cell viabilities are expressed as a function of the
logarithm of the copolymer concentrations. Each experiment was performed in triplicate, and

results are plotted as the mean = SD.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The following definitions, unless otherwise stated, apply to all embodiments and
aspects of the present invention.

The term “C,. alkyl” as used herein means straight and/or branched chain alkyl
groups containing from one to twenty carbon atoms and includes methyl, ethyl, propyl,
isopropyl, t-butyl, pentyl, hexyl and the like.

The term "Cs.o cycloalkyl" as used herein means saturated cyclic alkyl radicals
containing from three to twenty carbon atoms and includes cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and the like.

The term “aryl” as used herein means a monocyclic or bicyclic carbocyclic ring
system containing one or two aromatic rings and from 6 to 14 carbon atoms émd includes
phenyl, naphthyl, anthraceneyl, 1,2-dihydronaphthyl, 1,2,3,4-tetrahydronaphthyl, fluorenyl,
indanyl, indenyl and the like.

The term “C,¢ alkenyl” as used herein means straight and/or branched chain alkenyl
groups containing from two to six carbon atoms and one to three double bonds and includes
vinyl, allyl, 1-butenyl, 2-hexenyl and the like.

The term “C,¢ alkenyloxy” as used herein means straight and/or branched chain

alkenyloxy groups containing from two to six carbon atoms and one to three double bonds
and includes vinyloxy, allyloxy, propenyloxyl, butenyloxy, hexenyloxy and the like.

The term “alkylene” as used herein means bifunctional straight and/or branched alky]
radicals containing the specified number of carbon atoms.

The term ‘“halo” as used herein means halogen and includes chloro, fluoro, bromo,

10do and the like.

The term “an effective amount” of an agent as used herein is that amount sufficient to

effect beneficial or desired results, including clinical results, and, as such, an “‘effective
7
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amount” depends upon the context in which it is being applied. For example, in the context
of administering an agent that acts as a drug, an effective amount of an agent 1s, for example,
an amount sufficient to achieve a therapeutic response as compared to the response obtained
without administration of the agent.

The term “subject” as used herein includes all members of the animal kingdom
including human. The subject is preferably a human.

The term “biodegradable” as used herein means the conversion of materials into less
complex intermediates or end products by solubilization hydrolysis, or by the action of
biologically formed entities which can be enzymes and other products of the organism.

The term “biocompatible” as used herein means materials or the intermediates or end
products of materials formed by solubilization hydrolysis, or by the action of biologically
formed entities which can be enzymes and other products of the organism and which cause

no adverse effects to the body.

Description

Biodegradable micelle-forming PEO-b-PCL block copolymers with functional groups
on the PCL block have been prepared for incorporating bioactive agents. It has been found
that introduction of functional groups to the polyester segment of PEO-b-polyester block
copolymers such as PEO-b-poly(e-caprolactone) (PEO-b-PCL) results in the development of

biodegradable self-assembling biomaterials with a potential for the attachment of different
reactive compounds to the core-forming structure. Thus, the present invention also relates to
PEO-b-PCL micelles for encapsulating bioactive agents with hydrophobic properties.
Polycaprolactone is a hydrophobic, semi-crystalline polymer with a low glass transition
temperature. Changes in the chemical structure of PCL may also be used to modify the
thermodynamic and Kkinetic stability, biodegradation, drug solubilization and release

properties of PEO-b-PCL micelles. The present invention includes a compound of the

formula I:
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wherein

L, is a linker group selected from the group consisting of a single bond, -C(O)-O-, -C(O)-
and -C(O)NR?;

R, is selected from the group consisting of H, OH, Cj.y alkyl, Cs.20 cycloalkyl and aryl, said
latter three groups may be optionally substituted and in which one or more of the carbons of
the alkyl, cycloalkyl or aryl groups may optionally be replaced with O, S, N, NR? or N(R*),
or R; is a bioactive agent;

R is H or C,_galky];

v and w are, independently of each other, an integer independently selected from 1 to 4.

x 1s an integer from 10 to 300;

y 1s an integer from 5 to 200, ‘

z 1s an integer from O to 100;

wherein aryl is mono- or bicyclic aromatic radical containing from 6 to 14 carbon atoms
having a single ring or multiple condensed rings; and

wherein the optional substituents are selected from the group consisting of halo, OH, OC,.¢
alkyl, Cy.¢ alkyl, C,.¢ alkenyl, Co.¢ alkenyloxy, NH;, NH(C,.¢ alkyl), N(C, alkyl)(C,.¢ alkyl),
CN, NO,, C(O)C, alkyl, C(O)OC,¢ alkyl, SO,C,.¢ alkyl, SO,NH;, SO,NHC, ¢ alkyl, phenyl
and C;.¢ alkylenephenyl.

In an embodiment of the invention, L; 1s -C(QO)-O- or —=C(O)-. In a further embodiment
of the invention, R, is selected from the group consisting of optionally substituted C,_¢ alkyl,
Cs.s cycloalkyl, aryl in which one or more of the carbons of the alkyi, cycloalkyl or aryl
groups may optionally be replaced with O, S or N, and a bioactive agent. In a further
embodiment of the invention, the bioactive agent is selected from the group consisting of
DNA, RNA, oligonucleotide, protein, peptide and a drug. In an embodiment of the
invention, the bioactive agent is selected from the group consisting of DNA, protein and a

drug,
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In an embodiment of the invention, the drug is selected from the group consisting of
doxorubicin (DOX), amphotericin B, methotrexate, cisplatin, paclitaxel, etoposide,
cyclosporine A, PSC833, amiodarone, rapamycine, camptothecin, cholesterol and
ergoesterol, dexamethasone, prednisone, cortisol, testosterone, estrogens, progestins,
dromostanolone, testolactone, diethelstilbestrol, ethinyl estradiol, budesonide, beclometasone
and vitamin D. More specifically, in embodiments of the invention, the drug is selected from
the group consisting of doxorubicin (DOX), amphotericin B, methotrexate, cisplatin,
paclitaxel, etoposide, cyclosporine A, PSC833, amiodarone, rapamycine, cholesterol and
ergoesterol. Still more specifically, in embodiments of the invention, the drug is selected
from doxorubicin (DOX), cholesterol, cyclosporin A and ergoesterol. Still more specifically,
in embodiments of the invention, the drug is doxorubicin (DOX). In another embodiment of
the invention, the protein 1s a vaccine.

It is an embodiment of the invention that the optional substituents are selected from
the group consisting of halo, OH, OC,.4 alkoxy, C,.4 alkyl, C,.4 alkenyl, C;.4 alkenyloxy, NHo,
NH(C,.4 alkyl), N(C,4 alkyl)(C,4 alkyl), CN, NO,, C(O)C;4 alkyl, C(O)OC,.4 alkyl, SO,C,.4
alkyl, SO,NH,, SO,NHC,_4 alkyl, phenyl and C,.4 alkylenephenyl.

In yet another embodiment of the invention, v and w are, independently of each other,
2 or 3.

In yet another embodiment of the invention, v and w are equal.

It is an embodiment of the invention that x is an integer from 50 to 200. In a more
particular embodiment of the invention, x 1s an integer from 100 to 150.

In another embodiment of the invention, y 1s an integer from 5 to 100. In a more
particular embodiment of the invention, y 1s an integer from 5 to 50. In an even more
particular embodiment of the invention, y 1s an integer from 10 to 20.

In an embodiment of the invention, z is an integer from 0 to 80, more suitably from O

to 40.

In accordance with another embodiment of the invention, there i1s provided a

compound of formula II:

v I1
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wherein
L, is a linker group selected from the group consisting of a single bond, -C(O)-O-, -C(O)-
and -C(O)NR*: |
R, is selected from the group consisting of H, OH, Ci.yo alkyl, Cs.50 cycloalkyl and aryl, said
5 latter three groups may be optionally substituted and in which one or more of the carbons of
the alkyl, cycloalkyl or aryl groups may optionally be replaced with O, S, N, NR? or N(R%);;
R°is Hor Cie alkyl; and
v is an integer selected from 1 to 4;
wherein aryl is mono- or bi-cyclic aromatic radical containing from 6 to 14 carbon atoms
10  having a single ring or multiple condensed rings; and
wherein the optional substituents are selected from the group consisting of halo, OH, OC,¢
alkyl, C;. alkyl, Co¢ alkenyl, C,.¢ alkenyloxy, NH,, NH(C,.¢ alkyl), N(C,.¢ alkyD)(C,.¢ alkyl),
CN, NO,, C(O)C,¢ alkyl, C(O)OC,.¢ alkyl, SO,C¢ alkyl, SO;NH;, SO.NHC, ¢ alkyl, phenyl
and C,.¢ alkylenephenyl.
15 In accordance with another aspect of the present invention, the compounds of the

invention may be prepared, for example, by the reaction sequence shown in Scheme 1:

Scheme 1
O O
R,
\L1 O H Heat
o] N o] N HgC/ \[\/\01— o
Y Z X Catalyst
( v '( W
1 1 \Y;
O
O ol [ H
e 0 ) o]/
X Y] W
O
Ll - - Z
I
Ry

20

A lactone of formula II and, when z is 0-100, a lactone of formula III, in which L, R;,
v and w are as defined in formula I, may be reacted with the initiator methoxy polyethylene
oxide IV, in which x is as defined in formula I, under heating and anhydrous conditions, 1n

25  the presence of a catalyst, to provide compound of formula I by ring opening polymerization.
11
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Compounds of Formula IV may be prepared using methods known in the art. Compounds of

formula II, may be obtained, for example, as shown in Scheme 2:

Scheme 2
O O
Non-nucleophilic base N,
|
O —_——— ®,
R-L{-LG '
( 1-L1 ( v

\l !
Vi

The enolate compound of formula VI may be prepared by reaction with a non-
nucleophilic strong base, for example, an alkyl lithium such as lithium diisopropylamine
(LDA), under anhydrous conditions at temperatures in the range of about —60 °C to about —90
°C, suitably at about —78 °C. This enolate then undergoes electrophilic substitution with a
reagent of formula VII, wherein LG is any suitable leaving group such as halogen, to form
the corresponding compounds of formula II or I1I.

When R; is a bioactive compound, the bioactive compound may be incorporated into
a compound of formula I after the polymerization step. In this case, a compound of formula I
where R; may be a protecting group that is removed after the polymerization step to expose a
functional group, for example a C(O)OH group, that will react with a complementary
functional group on the bioactive compound, for example an OH, NH; or SH, 1s used. Once
the functional group is exposed, the functional group is then coupled to a bioactive compound
under conditions well known in the art. Thus, the R; of the resultant compound of formula I
is now a bioactive agent. It is understood that, in some instances, the functional group may
not need to be protected prior to addition of a bioactive compound.

Also within the scope of the present invention is a composition comprising a
compound of formula I as defined above and a bioactive agent, in which the compound of
formula I forms a micelle around the bioactive agent. In an embodiment of the invention, the
compound of formula I forms a micelle around the bioactive agent by one or more of

chemical conjugation, electrostatic complexation and physical encapsulation. In a more

particular embodiment of the invention, the compound of formula I forms a micelle around
the bioactive agent by chemical conjugation. More particularly, in embodiments of the
invention, the bioactive agent is selected from the group consisting of DNA, RNA,

oligonucleotide, protein, peptide and drug. In an embodiment of the invention, the bioactive

12
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agent is selected from the group consisting of DNA, protein and drug. Specifically, in
embodiments of the invention, the drug is selected from the group consisting of doxorubicin
(DOX), amphotericin B, methotrexate, cisplatin, paclitaxel, etoposide, cyclosporine A,
PSC833, amiodarone, rapamycine, cholesterol and ergoesterol. More specifically, In
embodiments of the invention, the drug is selected from doxorubicin (DOX), cholesterol and
ergoesterol. Still more specifically, in embodiments of the invention, the drug 1s doxorubicin
(DOX). In another embodiment of the invention, the protein 1s a vaccine.

The drug-loaded micelle compositions of the present invention may be administered
orally or parenterally. The concentration of drug to be administered would be dependent
upon the specific drug loaded and the condition or disease state to be treated. Subjects may
be administered compounds of the present invention at any suitable therapeutically effective
and safe dosage, as may be readily determined within the skill of the art. These compounds
are, most desirably, administered as a single or divided dose, although variations will
necessarily occur depending upon the weight and condition of the subject being treated and
the particular route of administration chosen.

The present invention also includes a method of delivering a bioactive agent to a
subject, comprising administering to the subject a compound of formula I as defined above
which is capable of forming a micelle around an effective amount of the bioactive agent.
More particularly, the bioactive agent is selected from the group consisting of DNA, RNA,
oligonucleotide, protein, peptide and drug.

The following non-limiting examples are illustrative of the invention:

Experimental Examples:

Materials:

Methoxy polyethylene oxide (average molecular weight of 5000 gmol™), diisopropyl
amine (99%) benzyl chloroformate (tech. 95%), sodium (in Kerosin), butyl lithium (Bu-Li) in
hexane (2.5 M Solution), palladium coated charcoal, N,N’-dicylcohexyl carbodiimide (DCC),
N-hydroxy succinimide (NHS), triethylamine, doxorubicin were used. HCI] and pyrene were
purchased from Sigma chemicals (St. Louis, MO, USA). e-Caprolactone was purchased from
Lancaster Synthesis, UK. Stannous octoate was purchased from MP Biomedicals Inc,
Germany. Fluorescent probes Dil and 1,3-(1,1'-dipyrenyl)propane were purchased from
Molecular Probes, USA. Sephadex LLH20 was purchased from Amersham biosciences

(Sweden). All other chemicals were reagent grade.
13
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Example 1: Synthesis of a-benzylcarboxylate-e-caprolactone

OYCI O O
O © O © ' ]
LDA/THF Li
Q Non-nucleophilic Base ° Q o .

-78 degrees Celsius

To a solution of 60.0 mmol (8.4 mL) of dry diisopropylamine in 60 mL of dry THF,
in a 3 neck round bottomed flask, 60.0 mmol (24 mL) of BuLi in hexane were added slowly
at -30°C under vigorous stirring with continuous argon supply. The solution was cooled to -
78°C and kept stirring for additional 20 minutes. Freshly distilled e-caprolactone (30 mmol or
3.42 g) was dissolved in 8 mL of dry tetrahydrofuran (THF) and added to the above-
mentioned mixture slowly, followed by the addition of benzyl chloroformate (30 mmol, 5.1
g) after 45 minutes. The temperature was allowed to rise to 0 °C after 1.5 h and the reaction
was quenched with 5 ml of saturated ammonium chloride solution. The reaction mixture was
diluted with water and extracted with ethyl acetate (3 x 40 ml). The combined extracts were
dried over Na,SO4 and evaporated. The yellowish oily crude mixture was purified over a
silica gel column using hexane: ethyl acetate 3:1, 2:1 and 1:1 ratios as eluent. After column
chromatography, a-benzylcarboxylate-g-caprolactone was isolated as a clear thick oily liquid.
The yield of the reaction was 53.8%. The structure was confirmed by combined analysis of
'"H NMR, "*C NMR, IR and mass spectroscopy. 'H NMR (CDCl3) at 300 MHz: & = 1.6-2.2
(m, 6H); 3.75 (dd, 1H); 4.13- 4.35 (m, 2H); 5.226 (s, 2H); 7.4 (s, SH) (Figure 1). '>C NMR
(CDCls): & = 25.824, 26.94, 28.663, 50.886, 67.33, 69.342, 128.235, 128.336, 128.497,
135.238, 168.695 and 171.665 ppm (Figure 2). IR data (Film method): C=C bending
aromatic: 1620 cm'l, lactone C=0, 1725 cm’l, aliphatic C=0 1760 cm"', C-H stretching
aromatic: 3025 cm’, C-H stretching aliphatic 2975cm’, C=0 overtone 3400 cm’™ (Figure 3).

Mass analysis: Molecular ion peak: m/z: 248.99, M"+Na: m/z: 271, M"+K: m/z: 287 (Figure
4).
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Example 2: Synthesis and characterization of poly(ethylene oxide)-block-poly(a-
benzylcarboxylate-ge-caprolactone) (PEO-5-PBCL) block copolymer

O

e

PEO-b-PBCL

O O O
O
O O 0 H 140 degrees Celsius HSC/O{‘/\OW/\/\/ fH
+ H3C O B = X — Y
. Stannous octoate

Methoxy polyethylene (MW: 5000 gm/mole) (3.5g), a-benzylcarboxylate-e-
caprolactone (3.5 g) and stannous octoate (0.002 eq of monomer) were added to a 10 mL
previously flamed ampoule, nitrogen purged and sealed under vacuum. The polymerization
reaction was allowed to proceed for 4 h at 140° C in oven. The reaction was terminated by
cooling the product to room temperature. The yield for the preparation of PEO-b-PBCL
block copolymer was 91 %. '"H NMR spectrum of PEO-b-PBCL in CDCl; at 300 MHz was
used to assess the conversion of a-benzylcarboxylate-e-caprolactone monomer to PBCL
comparing peak intensity of -O-CH,- (6=4.25 ppm) for a-benzylcarboxylate-e-caprolactone
monomer to the intensity of the same peak for PBCL (6= 4.05 ppm). The number average
molecular weight of the block copolymers was also determined from 'H NMR spectrum
comparing peak intensity of PEO (-CH,CH;0-, 0 = 3.65 ppm) to that of PBCL (-O-CH>-,
6=4.05 ppm) (Figure 5). The molecular weight of prepared PEO-b-PBCL block copolymer
measured by comparing the peak intensity of PEO to that of PBCL in the '"H NMR spectrum
was calculated to be 9600 g.mo]"I (with a degree of polymerization of 18). 'H NMR (CDCl5)
at 300 MHz: 6 = 1.25-1.9 (m, 6H); 3.3-3.45 (s, 3H; tr1, 1H); 3.65 (s, 4H); 4.05 (tr1, 2H); 5.135
(s, 2H); 7.35 (s, SH). IR spectrum (prepared by film method) of PEO-b-PBCL block 1s

shown in Figure 6. The characteristics of PEO-b-PBCL block copolymer are summarized 1n

Table 1.
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Table 1: Characteristics of PEO-b-PBCL and PEO-b-PCCL block copolymers and micelles

Polymer” PEO | M. Wt.” of core forming | Average Micellar
MWt | block (gm/mol) Micellar | polydispersit
(g.mol™) | size y
Theoretical | Calculated (nm)

PEO;;4-b- | 5000 | 5000 4600 | 284476 | 0.39%.02
PBCL9

PEQO;4-b- 5000 2800 2530 19.9 £ 2.26 0.90 £ .09
PCCL6

S ?the number showed as subscript beside the name of the polymer indicates the number of
monomer in each polymer chain.
“number average molecular weight measured by 'H NMR.

Example 3: Synthesis and characterization of PEO-b-PCCL block copolymer

10
O O
- ' 0 H,/Pd-C 0 ” O
H3C'O\/\O }\H = Sne—— ch O_J H
- X O y X O Y
O OH
PEQ-b-PCCL
PEO-b-PBCL

A solution of 1 g of PEO-b-PBCL in 25 ml of THF was taken into a 100 mL round

bottom flask. Charcoal (300 mg) coated with palladium was dispersed to this solution. The

15 flask was then evacuated by applying vacuum for 10 minutes and a balloon filled with
hydrogen gas was connected to the reaction flask. The mixture was stirred vigorously with a
magnetic stirrer and reacted with hydrogen for 24 h. The reaction mixture was centrifuged at

3000 rpm to remove the catalyst. The supernatant was collected, condensed under reduced
pressure and precipitated in a large excess of diethyl ether and washed repeatedly to remove

20  all the traces of byproduct. The final product was collected and dried under vacuum at room

temperature for 48 h. The yield for the reduction of PEO-b-PBCL block copolymer to PEO-
b-PCCL block copolymer was 68-75%. 'H NMR (N,N dimethyl sulfoxide-d¢) of PEO-b-

PCCL block copol<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>