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SEMI-FLUORINATED BLOCK
COPOLYMERS FOR DELIVERY OF
THERAPEUTIC AGENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. 119(e) to
U.S. provisional Patent Application 60/884,672 filed Jan. 12,
2007, which is hereby incorporated by reference in its
entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with United States government
support awarded by the following agencies: ARMY/MRMC
Grantno. W81 XWH-05-1-0478 and NSF Grantno. 0518112.
The United States has certain rights in this invention.

BACKGROUND OF INVENTION

Self assembled nanostructures are a class of materials hav-
ing chemical and physical properties attractive for drug for-
mulation, administration and delivery applications.
Amphiphilic polymer micelle supramolecular structures, for
example, are capable of encapsulating and facilitating the
solubilization of poorly water soluble drugs, including
extremely hydrophobic pharmaceutical compositions.
Encapsulation of drugs by amphiphilic polymer self
assembled micelle nanostructures also has benefits for reduc-
ing toxicity and stabilizing therapeutic agents under admin-
istration and delivery conditions. Incorporation of targeting
ligands into amphiphilic polymer micelle delivery systems
also has potential for enabling directed delivery of pharma-
ceuticals to specifically targeted cells, tissues and organs.

Amphiphilic polymer micelles are formed via entropically
driven self assembly processes of amphiphilic polymers,
including block copolymers, having spatially segregated
hydrophilic and hydrophobic domains. For example, when
amphiphilic polymers are provided in aqueous solution at a
concentration above critical micelle concentration (CMC) the
polymers aggregate and self align such that hydrophobic
domains form a central hydrophobic core and hydrophilic
domains self align into an exterior hydrophilic corona region
exposed to the aqueous phase. The core-corona structure of
amphiphilic polymer micelles provides useful physical prop-
erties, as the hydrophobic core provides a shielded phase
capable of solubilizing hydrophobic molecules, and the exte-
rior corona region is at least partially solvated, thus imparting
colloidal stability to these nanostructures. Amphiphilic poly-
mer micelles typically exhibit a spherical geometry and may
have substantially uniform nanoscale cross sectional dimen-
sions ranging from about 10 nanometers to about 100 nanom-
eters. These physical dimensions are large enough to allow
for effective loading and stabilization of hydrophobic mol-
ecules, such as drugs, into the hydrophobic core of
amphiphilic polymer micelles. Amphiphilic polymer micelle
nanostructures are small enough, however, to allow their
effective circulation in the blood for prolonged periods.
Micelle compositions are also subject to low mononuclear
phagocyte uptake and low levels of renal excretion. In addi-
tion, amphiphilic polymers of these structures are typically
small enough so that upon dissociation of the micelles they
are effectively eliminated by the kidney, thus avoiding poten-
tially deleterious buildup of micelle components in the liver.
As a result of this combination of attributes, amphiphilic
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polymer micelles are rapidly emerging as a preferred class of
nanomaterials for delivering low-solubility, highly hydro-
phobic drugs, such as anti-cancer drugs, and antifungal
agents.

A number of amphiphilic polymers, including block
copolymers, have been specifically designed and developed
for drug delivery and formulation applications. The following
references provide examples of amphiphilic polymer drug
delivery systems, including block copolymer drug delivery
systems, which are hereby incorporated by reference in their
entireties; Kwon, G. S.; Naito, M.; Kataoka, K.; Yokoyama,
M.; Sakurai, Y.; Okano, T. “Block Copolymer Micelles as
Vehicles for Hydrophobic Drugs” Colloids and Surfaces, B:
Biointerfaces 1994, 2, 429-34; Torchilin, V. P. “Structure and
Design of Polymeric Surfactant-Based Drug Delivery Sys-
tems” J. Controlled Release 2001, 73, 137-172; Kwon, G. S.
“Polymeric Micelles for Delivery of Poorly Water-Soluble
Compounds” Crit. Rev. Ther. Drug Carrier Syst. 2003, 20,
357-403; Adams, M. L.; Lavasanifar, A.; Kwon G. S.
“Amphiphilic Block Copolymers for Drug Delivery” .
Pharm. Sci. 2003, 92, 1343-1355; Jones, M. -C.; Leroux
J. -C.; “Polymeric Micelles: A New Generation of Colloidal
Drug Carriers” Eur. J. Pharm. Biopharm. 1999, 48, 101-111;
36. Burt, H. M.; Zhang, X.; Toleikis, P.; Embree, L.; Hunter,
W. L. “Development of Copolymers of poly(D,L-lactide) and
Methoxypolyethylene Glycols as Micellar Carriers of Pacli-
taxel” Coll. Surf. B Biointerfaces. 1999, 16, 161-171;
Lavasanifar, A.; Samuel, J.; Kwon G. S. “Poly(ethylene
oxide)-block-poly(L-amino acid) Micelles for Drug Deliv-
ery””. Adv. Drug Del. Rev. 2002, 54, 169-190; and Lavasani-
far, A.; Samuel, J.; Kwon G. S. “The Effect of fatty Acid
Substitution on the in vitro Release of Amphotericin B from
Micelles Composed of poly(ethylene oxide)-block-poly(N-
hexyl stearate-L-aspartamide” J. Control Release 0.2003, 87,
23-32).

Poly(ethylene glycol) (PEG) is a widely used hydrophilic,
corona-forming segment. PEG-based amphiphilic polymers
developed for drug delivery including PEG-poly(e-caprolac-
tone), PEG-poly(amino acid), PEG-polylactide and a variety
of a PEG—phospholid constructs, such as PEG-dis-
tearoylphosphatidylethanolamine. Use of PEG-containing
amphiphilic polymers has been demonstrated to have a num-
ber of significant benefits. First, PEG is considered to have
biocompatible properties and its incorporation in amphiphilic
polymer micelles confers lower toxicity to these nanostruc-
tures. Second, incorporation of a PEG hydrophilic compo-
nent into amphiphilic polymer micelle nanostructures has
been shown to reduce uptake by the reticuloendothelial sys-
tem. Finally, PEG hydrophilic segments are capable of con-
jugation to a variety of different hydrophobic polymers via a
number of conventional synthetic pathways. Other hydro-
philic groups portions have been pursued for enhancing
amphiphilic polymer micelle stability including cross linked
systems, such as use of a cross linked poly(acrylic acid)
corona component [ Thurmond, K. B.; Huang, H.Y; Clark, C.
G.; Kowalewski, T.; Wooley, K. L. Coll. Surf. B. 1999.16,
45-54] and use of a cross linked poly(amino acid) corona
component [U.S. Pat. Pub. No. 2006/0240092].

Despite significant advances in the development of micelle
delivery systems significant challenges remain that limit
clinical adoption of this technology. In vivo stability is an
important factor for effective micellar drug delivery. Micelles
experience conditions of extreme dilution upon intravenous
delivery that often reduces the concentration of block copoly-
mers to well below critical micelle concentration. Such dilu-
tion consequently initiates rapid dissociation of the micelles,
thereby resulting in loss of therapeutic cargo prior to delivery
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to cells and tissue of interest. Accordingly, the critical micelle
concentration of amphiphilic polymers for micelle delivery
systems is of great importance to effective clinical implemen-
tation. In addition, interactions with blood components, such
as proteins, lipids and carbohydrates, can also destabilize
micelles under in vivo conditions. These interactions can
result in loss and/or premature release of therapeutic cargo
outside the targeted region, thereby reducing the efficiency or
rendering ineffective micelle drug delivery systems. To
address these challenges, several strategies to mitigate pre-
mature dissociation of the micelles have been pursued.

Modifications of the hydrophobic segment of the
amphiphilic polymer can induce a radical change in the
assembly behavior of the micelle. For instance, attaching two
hydrophobic chains to the same end of the hydrophilic seg-
ment is known to have the potential of generating a bilayer
that can eventually close into a vesicle. This is a commonly
observed case for phospholipids when the hydrophilic section
of the amphiphile is of comparable size to the phospholipid.
Vesicles or liposomes are very stable, but they can be ten
times bigger than micelles, and difficult to functionalize.
They can also create problems in the mechanisms of excretion
from the organism in which they are injected. More impor-
tantly, the interior of a liposome is not hydrophobic as both
the external and internal surfaces of such an aggregate are
lined with hydrophilic groups.

Other approaches for stabilizing micelle systems for drug
delivery include formulations having stabilizing additives,
such as stabilizers, surfactants and excipients. Additives for
enhancing micelle stability may be capable of integrating into
hydrophilic and/or hydrophobic regions of the micelle struc-
ture so as enhance stability during delivery, for example by
reducing the extent of destabilization by protein-micelle
interactions.

A more common strategy for stabilizing micelles consists
of using hydrophobic segments that contain functional
groups able to interact, and therefore bind, the encapsulated
drug. Examples of substituted hydrophobic segments pur-
sued for micelle drug delivery applications include poly(B-
substituted aspartate), poly(y-substituted glutamate) and poly
(L-leucine). While this approach can be effective in some
specific cases, it should be noted that functionalization of the
hydrophobic segment of an amphiphilic molecule often
results in a significant decrease in its hydrophobicity, there-
fore increasing the critical micelle concentration. Accord-
ingly, a trade-off exists in the functionalization of hydrophilic
portions of amphiphilic polymers for micelle drug delivery
between achieving effective molecular recognition/drug
binding and retaining a degree of hydrophobicity necessary
for stable micelle-mediated drug delivery. As a consequence,
micelles that are able to encapsulate and deliver specific com-
pounds are currently limited in number and only work for
very specific compounds under relatively narrow delivery
conditions.

U.S. Patent Publication US2005/0214379 (Mecozzi et al.)
published on Sep. 29, 2005 describes an alternative approach
wherein a block copolymer having a perfluorinated or semi-
fluorinated block is used for micelle drug delivery. As
reported by the authors, fluorination, particularly perfluori-
nation, can have a significant impact on the physical and
chemical properties of organic molecules. Incorporation of a
perfluorinated component to a block copolymer, for example,
can result in formation of a fluorous phase, that does not
readily mix with both polar and/or non-polar hydrogenated
phases. Perfluorinated polymers also have a low surface
energy, they are both lipo- and hydrophobic, and they are
often unsurpassed in their high chemical and thermal stabili-
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ties. Applicability of the disclosed perfluorinated or semiflu-
orinated block copolymers for encapsulation and administra-
tion of a variety of fluorine containing therapeutic
compositions, including sevoflurane, is reported in Mecozzi
et al. In an embodiment, block copolymers having a pertlu-
orinated block are provided at a concentration larger than the
critical micelle concentration so as to form stable supramo-
lecular structures capable of encapsulating fluorophilic
chemical compounds. The authors report that the fluorinated
or perfluorinated block copolymers self assemble into
micelles wherein the fluorinated or semifluorinated blocks of
the copolymer orient toward and surround a fluorous core of
the fluorine containing therapeutic composition. A variety of
block copolymer compositions are reported as useful for
administration of fluorinated therapeutic compositions,
including dual block copolymers having a poly(ethylene gly-
col) block and a perfluorinated alkane block.

U.S. patent application Ser. No. 11/946,174, filed on Nov.
28, 2007, describes formulations capable of generating a
nanoemulsion of a large amount of a fluorinated volatile
anesthetic dispersed in an aqueous solution. Formulations of
this reference include surfactants, such as semi-fluorinated
block copolymers having a hydrophilic block and a fluoro-
philic block that are capable of self-assemble upon emulsifi-
cation to form supramolecular structures dispersed in an
aqueous continuous phase that encapsulate and stabilize sig-
nificant quantities of the fluorinated volatile anesthetic com-
ponent in a fluorous inner droplet core. The formulations in
U.S. patent application Ser. No. 11/946,174 also include one
or more stabilizing additives, such as one or more perhaloge-
nated fluorocarbons, that enhance stability with respect to
droplet size by decreasing the rate of Ostwald ripening,
coagulation and/or phase separation processes.

It will be appreciated from the foregoing that polymer
compositions for micelle delivery systems are needed for the
administration and formulation of insoluble and/or toxic
pharmaceutical compositions. Micelle delivery systems and
formulations providing enhanced stability under delivery
conditions are required for a variety of clinical applications.
Amphiphilic polymers exhibiting a low critical micelle con-
centration, low toxicity and a high degree of biocompatibility
are needed to enable practical implementation of micelle
mediated drug delivery.

SUMMARY OF THE INVENTION

The present invention provides semi-fluorinated block
copolymers and related methods of synthesizing and using
semi-fluorinated block copolymers for drug administration
and delivery and drug formulation applications. Semi-fluori-
nated block copolymers of this aspect of the invention include
block copolymers having discrete hydrophilic, fluorophilic
and hydrophobic structural domains that are capable of form-
ing supramolecular structures in aqueous solutions, such as
micelles, for encapsulating hydrophobic and/or fluorophilic
therapeutic agents. Encapsulation by semi-fluorinated block
copolymers of the present invention allows for enhanced
solubilization, protection and stabilization of hydrophobic
and/or fluorophilic therapeutic agents relative to conventional
drug delivery compositions and methods. Semi-fluorinated
block copolymers of the present invention, and formulations
thereof, enable intravenous administration and delivery of a
range of therapeutic compositions, including sparingly
soluble, hydrophobic drugs, such as anticancer drugs, and
fluorophilic therapeutic compositions, such as anesthetics
and fluorinated steroids. Optionally, semifluorinated block
copolymers of the present invention are capable of function-
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alization to provide targeted delivery of micelle encapsulated
drugs to specific cells, tissues and/or organs.

Semi-fluorinated block copolymers of the present inven-
tion, for example, provide micelle nanostructures for drug
delivery that exhibit a high degree of stability and biocom-
patibility under clinically relevant drug formulation, admin-
istration and delivery conditions. In an embodiment, for
example, a semi-fluorinated block copolymer micelle of the
present invention comprises an amphiphlic block copolymer
comprising an intermediate fluorophilic structural domain
conjugated to, and positioned between a hydrophilic block
and a hydrophobic group of the copolymer. Inclusion of this
fluorophilic component is useful for enhancing the overall
thermokinetic stability of drug encapsulating micelle nano-
structures formed by self assembly relative to conventional
micelle nanostructures comprising amphiphilic polymers
having only hydrophilic and hydrophobic groups. For
example, incorporation of the intermediate fluorophilic
domain is useful for providing amphiphilic block copolymers
having a low critical micelle concentration in aqueous solu-
tion. This attribute of the present semifluorinated block
copolymers is useful for forming drug encapsulating micelle
nanostructures exhibiting stability under extreme dilution
conditions encountered upon intravenous administration of
therapeutic formulations. Semi-fluorinated block copoly-
mers of the present invention also enhance micelle stability
with respect to potential disruption and/or dissociation
induced by interactions with reactive blood components, such
as proteins, lipids and carbohydrates.

Polymers, block copolymers, micelle nanostructures and
related formulations of this aspect of the present invention
provide a high degree of versatility, as the composition of the
fluorophilic block component (e.g. length of the fluorophilic
block, number of carbon-fluorine bonds, etc.) can be selec-
tively adjusted to: (i) access lower critical micelle concentra-
tions and enhance stability under delivery conditions, (ii)
control the kinetics of release of the encapsulated therapeutic
(e.g., provide faster or slower release rates), and (iii) enhance
the stability of therapeutic formulations under storage condi-
tions (e.g., increase shelflife). Incorporation of a fluorophilic
polymer component in the present invention, therefore, pro-
vides delivery systems wherein the release rate characteristics
of therapeutic agents can be deterministically controlled (or
“tuned”) via selection of the composition, structure, and size
of the fluorophilic domain, thereby enabling a versatile class
of drug delivery nanostructures capable of providing a range
of'useful release characteristics including rapid release, slow
release and sustained release.

In one aspect, the present invention provides a therapeutic
formulation for delivering a hydrophobic or fluorophilic
therapeutic agent to a patient comprising: the therapeutic
agent and a plurality of semi-fluorinated polymers. The for-
mulation of this aspect optionally further comprises an aque-
ous solution. In an embodiment, the semi-fluorinated poly-
mers of the present therapeutic formulation are block
copolymers comprising a hydrophilic block, a fluorophilic
block, and a hydrophobic group; wherein the fluorophilic
block of each of the semi-fluorinated block copolymers is
positioned between the hydrophilic block and the hydropho-
bic group. As used herein, the term formulation refers to
compositions prepared for a desired therapeutic use, such as
delivery of a therapeutic agent or combination of therapeutic
agents. Formulations of the present invention may be in a
form ready for administration to a subject or may be provided
in a form that requires one or more additional steps prior to
administration to a subject. Formulations of the present
invention include aqueous solutions containing supramolecu-
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lar structures for administering and/or delivering therapeutic
agents, such as micelles encapsulating therapeutic agents,
and also include precursor compositions for preparing thera-
peutic aqueous formulations.

Fluorophilic blocks of copolymers of the present invention
may be directly conjugated to the hydrophilic block and the
hydrophobic group. Direct conjugation of polymer blocks
(e.g., hydrophilic blocks, fluorophilic blocks) and groups
(e.g., hydrophobic groups) has the benefit in some applica-
tions of not adversely affecting micelle stability and biocom-
patibility. Alternatively, the present invention includes semi-
fluorinated block copolymers wherein fluorophilic blocks are
linked to hydrophobic groups and/or hydrophilic blocks via
one or more linking groups. A wide variety of linking groups
are useful for conjugating polymer blocks and functional
groups of the semi-fluorinated polymers of the present inven-
tion including, but not limited to, alkyl groups, alkenyl
groups, carbonyl groups, ester groups, amide groups, phos-
phate groups, disulfide groups or any combinations or deriva-
tives of these linking groups. Use of linking groups for con-
jugating adjacent polymer blocks (e.g., hydrophilic blocks,
fluorophilic blocks) and/or functional groups (e.g., hydro-
phobic groups) that do not substantially reduce the stability
and/or biocompatibility of drug encapsulating supramolecu-
lar structures, such as micelles, formed by self assembly of
the present semifluorinated block copolymers are preferred
for some applications. Semifluorinated block copolymers of
the present invention also include polymers and block
copolymers having a plurality of hydrophilic blocks, hydro-
phobic groups and/or fluorophilic blocks.

In some embodiments, semi-fluorinated block copolymers
comprise amphiphilic semi-fluorinated copolymers capable
of self assembly in aqueous solution to form supramolecular
structures for at least partially encapsulating one or more
therapeutic agents. Useful semi-fluorinated block copoly-
mers of the present invention include, but are not limited to,
amphiphilic block copolymers capable of self assembly into
micelle nanostructures encapsulating hydrophobic and/or
fluorophilic therapeutic agents. A supramolecular micelle
structure of the present invention, for example, has an interior
hydrophobic core comprising the hydrophobic groups of the
semi-fluorinated block copolymers, an intermediate fluoro-
philic portion comprising fluorophilic blocks of the semi-
fluorinated block copolymers and an exterior hydrophilic
portion comprising hydrophilic blocks of the semi-fluori-
nated block copolymers; wherein the hydrophilic portion is
separated from the hydrophobic core by the intermediate
fluorophilic portion. The encapsulated therapeutic agent may
be localized in the hydrophobic core, intermediate fluoro-
philic portion or in both the hydrophobic core and the inter-
mediate fluorophilic portion of the supramolecular structure.
Micelles formed by semifluorinated block copolymers of the
present invention are particularly attractive for drug delivery
applications given their long circulation times, biocompat-
ibility and ability to achieve a useful extent of drug loading,
solubilization and encapsulation. In some embodiments,
semifluorinated block copolymers of the present invention
self assemble to form supramolecular structures, such as
micelle nanostructures, having cross sectional physical
dimensions (e.g., diameter etc.) selected over the range of
about 10 nanometers to about to about 100 nanometers.
Supramolecular nanostructures of the present invention hav-
ing cross sectional dimensions less than about 200 nm are
beneficial in some drug delivery applications for avoiding
immune response, lowering potential toxicity and decreasing
the rate of filtering by interendothelial cells slits at the spleen.
The present invention includes, however, semifluorinated
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block copolymers capable of generating supramolecular
nanostructures and microstructures other than micelles
including, but not limited to, vesicles, bilayers, and folded
sheets.

In an embodiment, the fluorophilic block of the semi-
fluorinated copolymer is a fluorinated alkyl chain, such as a
perfluorinated alkyl chain, semifluorinated alky chain, perha-
logenated alky chain and/or saturated fluorinated or pertlu-
orinated alkyl chain. Exemplary fluorinated alkyl chains of
fluorophilic blocks of copolymers of the present invention
may be straight (e.g., unbranched) or branched, and in some
embodiments have chain lengths selected over the range of
about 6 to about 20 carbons. In some embodiments, the
degree of fluorophilicity of a fluorophilic block is selectively
controlled by incorporation of a fluorocarbon segment having
a number of carbon-fluorine bonds selected from the range of
about 12 to about 40 carbon-fluorine bonds. For some drug
delivery applications, the composition, structure, length and/
or number of carbon-fluorine bonds of a fluorinated alkyl
chain, optionally a perfluorinated alkyl chain, of the fluoro-
philic block is selected so as to selectively control (i.e., to
“tune”) the critical micelle concentration of the semi-fluori-
nated polymers and/or release properties of the therapeutic
formulation for a given clinical application.

Useful hydrophilic blocks in copolymers of this embodi-
ment include polyoxigenated polymer blocks, such as a poly
(ethylene glycol) block having a molecular weight selected
over the range of about 1000 g mol~" to about 12,000 g mol ™.
In some embodiments, poly(ethylene glycol) blocks of semi-
fluorinated block copolymers of the present invention are
long enough to provide therapeutic agent encapsulated
micelle delivery structures having solubilities and biocom-
patibilities useful for a range of clinical settings, including
intravenous delivery of therapeutic agents. PEG hydrophilic
blocks of semi-fluorinated block copolymers of the present
invention may be functionalized, for example via incorpora-
tion of targeting ligands for directed delivery applications, or
via cross linking between PEG components of copolymers to
enhance micelle stability. Although a PEG hydrophilic group
is preferred in some block copolymers, the present invention
includes semifluorinated block copolymers having a hydro-
philic group other than PEG, such as polyesters, polyamides,
polyanhydrides, polyurethanes, polyimines, hydrophilic
polypetides, polyureas, polyacetals, polysaccharides and pol-
ysiloxanes.

Semi-fluorinated block copolymers of the present inven-
tion may comprise hydrophobic groups having a range of
compositions, chemical properties and physical properties.
Selection of the composition of the hydrophobic group may
bebased on a number of factors including; (i) the composition
and physical properties of the therapeutic agent to be encap-
sulated, formulated and/or delivered, (ii) on the basis of gen-
eral micelle stability and thermodynamic considerations,
and/or (iii) on the basis of the available synthetic pathways
and linking chemistry for conjugating hydrophobic groups
and fluorophilic blocks of the block copolymers. In one
embodiment, the hydrophobic group is a phospholipid group.
Use of a hydrophobic group comprising a glycerophospho-
lipid having at least one hydrophobic alkyl chain having a
length of about 12 to about 24 carbons, such as a distearoyl-
glycero-phosphoethanolamine, is attractive for some drug
delivery applications as it is capable of encapsulating and/or
binding to highly hydrophobic molecules, including a num-
ber of important anti-cancer therapeutics, so as to provide
therapeutic formulations comprising drug delivery micelles
having an extent of therapeutic agent loading acceptable for
clinical application. In addition, phospholipid hydrophobic
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groups are beneficial in semifluorinated block copolymers of
the present invention because they are capable of effective
conjugation with a fluorophilic block comprising a fluori-
nated alkyl chain, optionally a perfluorinated alkyl chain.
Hydrophobic groups of semifiuorinated block copolymers of
the present invention may be cross linked so as to enhance
micelle stability. The present invention includes, however,
block copolymers having a hydrophobic group other than a
phospholipid group, such as a poly(lactic acid) polymer
block, poly(propylene glycol) polymer block; a poly(amino
acid) polymer block; a poly(ester) block; or a poly (e-capro-
lactone) polymer block.

Selection of the composition of the hydrophobic group of
semi-fluorinated block copolymers of the present invention
can also be made on the basis of the composition of the
therapeutic agent component. Therapeutic formulations hav-
ing certain hydrophobic group and therapeutic agent combi-
nations, for example, exhibit enhanced stability, biocompat-
ibility, controlled release properties, solubility and low
toxicity. Compositions of the present invention include the
following specific combinations of the therapeutic agent and
hydrophobic group of the semi-fluorinated block copoly-
mers: (1) Paclitaxel and poly(lactic acid), (2) Rapamycin and
poly(caprolactone), (3) 17-AAG and poly(lactic acid) and (4)
Amphotericin B and phospholipid.

In an aspect, the present invention provides semi-fluori-
nated block copolymers for forming supramolecular struc-
tures capable of encapsulating therapeutic agents, wherein
the block copolymers have the chemical formula:

. /{'\/Oi\l‘ /]/{'CFZH [Hydrophobic Group]
" Ll X " Lﬂ;

wherein n is selected from the range of 20 to 240, and m is
selected from the range of 6 to 20;

wherein R1 is a hydrogen, a methyl group, a substituted or
unsubstituted alkoxy group, a substituted or unsubstituted
alkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted alkenyl; or a substituted or
unsubstituted alkynyl group.

wherein [Hydrophobic group] is the hydrophobic group of
the semi-fluorinated block copolymers;

wherein L, is a first linking group selected from the group
consisting of an alkyl group, alkenyl group, carbonyl
group, ester group, amide group, phosphate group, disul-
fide group and any combination of these, and wherein x
equals O or 1; and

wherein L, is a second linking group selected from the group
consisting of an alkyl group, alkenyl group, carbonyl
group, ester group, amide group, phosphate group, disul-
fide group and any combination of these, and wherein y
equals Oor 1.

Useful alkoxy R1 groups in some applications include, but
are not limited to, methoxy group (CH;0).

In an embodiment particularly useful for the formulation
and delivery of hydrophobic therapeutic agents, such as anti-
cancer drugs, semifluorinated block copolymers of the
present invention have the chemical formula:



US 8,900,562 B2

e}

10

OJJ\LA\CH
0 q 3
OMCH;

HO—P—O

o 0
R(f\/ O‘L\/['CFL}}OJJ\NH{ABO/

wherein n is selected from the range of 20 to 240, and m is

selected from the range of 6 to 20;
wherein R1 is a hydrogen, a methyl group, a substituted or

unsubstituted alkoxy group, a substituted or unsubstituted

alkyl group, a substituted or unsubstituted aryl group, a

substituted or unsubstituted alkenyl; or a substituted or

unsubstituted alkynyl group;
wherein z is selected from the range of 1 to 10,
wherein q is selected from the range of 11 to 23, and r is

selected from the range of 11 to 23.

Incorporation of a fluorophilic block into copolymers of
the present invention provides supramolecular structures hav-
ing a fluorous phase, in addition to the hydrophilic corona and
hydrophobic core phases, that confers a number of benefits
for use of these nanostructures for drug formulation, admin-
istration and delivery. First, interactions been fluorophilic
block of copolymers comprising a self assembly drug encap-
sulating supramolecular nanostructure effectively seals or
stabilizes the hydrophobic core, thereby providing enhanced
stabilization and protection of the therapeutic compositions
localized in the core. The self assembled micelle structure
represents a dynamic equilibrium, thus, “sealing the hydro-
phobic core” refers to intermolecular interactions involving
the fluorophilic block that enhances the overall thermokinetic
stability of the micelle suprastructure, thereby reducing the
extent of or preventing unwanted migration of encapsulated
therapeutic agents out of the hydrophobic core of the micelle.
This sealing effect also lowers the critical micelle concentra-
tion of the semifluorinated block copolymers, thereby
enhancing the stability of the present drug encapsulating
supramolecular nanostructures under delivery conditions. In
an embodiment, semifluorinated block copolymers of the
present invention have a critical micelle concentration equal
to or less than about 1 uM. Second, incorporation of the
fluorophilic block allows for selective modulation of the rate
of release of therapeutic agents from the present drug encap-
sulating supramolecular nanostructures. For example, incor-
poration of a fluorophilic block comprising a perfluorinated
alkyl chain having a larger chain length may result in forma-
tion of drug encapsulating supramolecular nanostructures
exhibiting slower release rates upon administration than a
fluorophilic block comprising a perfluorinated alky chain
having a smaller chain length. This aspect of the present
invention provides an ability to synthetically engineer nano-
structures having selected release characteristics, including
sustained release. Third, incorporation of a fluorophilic block
does not significantly increase the toxicity or removal rates of
the present drug encapsulating supramolecular nanostruc-
tures relative to conventional micelle delivery systems
formed by amphiphilic polymers having PEG hydrophilic
and phospholipid hydrophobic groups.

Semifluorinated block copolymer and related drug encap-
sulating supramolecular nanostructures of the present inven-
tion are capable of solubilizing, formulating and delivering
therapeutic agents useful in a number of medical and veteri-
nary applications. Useful applications include the delivery of
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hydrophobic pharmaceuticals for the treatment of cancer,
such as paclitaxel, rapamycin, geldanamycin, doxorubicin or
any derivatives or prodrugs of these, and for the delivery of
substantially toxic anti-fungal agents, such as amophotericin-
B. The present polymer compositions and micelle structures,
for example, are useful for encapsulating a single type of
hydrophobic and/or fluorophilic therapeutic agents or mix-
tures comprising a plurality of different hydrophobic and/or
fluorophilic therapeutic agents. This aspect of the invention is
particularly attractive for applications in combination drug
therapies.

In an embodiment, therapeutic agents are functionalized
prior to formulation and delivery by incorporation of a fluo-
rophilic group, tag or tail, such as a fluorinated or perfiuori-
nated alkyl chain, capable of molecular recognition/associa-
tive interaction with the fluorophilic block of the present
semifluorinated block copolymers. Incorporation of a fluoro-
philic group, tail or tag may have benefits of providing
enhanced solubilization, stabilization and protection to thera-
peutic agents encapsulated by the present semi-fluorinated
block copolymers. In an embodiment, a fluorophilic group is
incorporated into a therapeutic agent via a biocleavable
linker, such that upon release the fluorophilic group or tag is
removed from the therapeutic agent. In an embodiment, for
example, a tag or tail comprising a semi-fluorinated alkyl
chain, optionally perfluorinated alkyl chain, is incorporated
into the therapeutic agent.

Optionally, therapeutic formulations of the present inven-
tion may further comprise one or more additives for enhanc-
ing stability of the present supramolecular nanostructures,
improving drug-carrier compatibility, increasing drug load-
ing and/or increasing release time. Useful additives include
one or more stabilizing additives, pharmaceutically accept-
able surfactants, carriers, excipients and preservatives.

Semifluorinated block copolymers of the present invention
are suitable for forming supramolecular structures that are
useful in a range of other applications in addition to drug
delivery applications. Exemplary application of the present
semifluorinated block copolymers and related supramolecu-
lar structures include encapsulation and formulation of fla-
voring agents, pigments, and agricultural chemicals such as
fungicides and insecticides.

In another aspect, the present invention provides a method
of administering a hydrophobic or fluorophilic therapeutic
agent to a patient in need of treatment comprising the steps of:
(1) providing a therapeutic formulation comprising the thera-
peutic agent and semi-fluorinated block copolymers in an
aqueous solution, wherein each of the semi-fluorinated block
copolymers comprises a hydrophilic block, a fluorophilic
block, and a hydrophobic group; wherein the fluorophilic
block of each of the semi-fluorinated block copolymers is
positioned between the hydrophilic block and the hydropho-
bic group; and (ii) delivering the therapeutic formulation to
the patient. Therapeutic formulations of the present invention
may be administered in a variety of forms including, but not
limited to, as aqueous solutions, colloidal suspensions, emul-
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sions, or combinations of these. Therapeutic formulations of
the present invention are capable of administration by a vari-
ety of means well known in the art including intravenous
administration, topical administration, absorption, transder-
mal delivery, or oral delivery. Optionally, the present methods
include embodiments wherein the length of the fluorinated or
perfluorinated alkyl chain is selected so as to control the
release rate of the therapeutic agent to the patient, for example
to provide a rapid release rate or a slow release rate of the
therapeutic agent to the patient.

In another aspect, the present invention provides a method
of solubilizing a hydrophobic or fluorophilic therapeutic
agent comprising the steps of: providing the therapeutic agent
and semi-fluorinated block copolymers in an aqueous solu-
tion, wherein each of the semi-fluorinated block copolymers
comprises a hydrophilic block, a fluorophilic block, and a
hydrophobic group; wherein the fluorophilic block of each of
the semi-fluorinated block copolymers is positioned between
the hydrophilic block and the hydrophobic group; and
wherein semi-fluorinated block copolymers self assemble in
aqueous solution to form a supramolecular structure that at
least partially encapsulates the therapeutic agent, thereby
solubilizing the therapeutic agent.

In another aspect, the present invention provides a method
of decreasing the toxicity of a hydrophobic or fluorophilic
therapeutic agent comprising the steps of: providing the
therapeutic agent and semi-fluorinated block copolymers in
an aqueous solution, wherein each of the semi-fluorinated
block copolymers comprises a hydrophilic block, a fluoro-
philic block, and a hydrophobic group; wherein the fluoro-
philic block of each of the semi-fluorinated block copolymers
is positioned between the hydrophilic block and the hydro-
phobic group; and wherein semi-fluorinated block copoly-
mers self assemble in aqueous solution to form a supramo-
lecular structure that at least partially encapsulates the
therapeutic agent, thereby decreasing the toxicity of the thera-
peutic agent.

In a method of the present invention, the fluorophilic block
is a fluorocarbon having has between about 12 to about 40
carbon-fluorine bonds. In a method of the present invention,
the fluorophilic block is a fluorinated alkyl chain. In a method
of'the present invention, the fluorophilic block is a fluorinated
alkyl chain having a length of about 6 to about 20 carbons,
optionally a perfluorinated alkyl chain having a length of
about 6 to about 20 carbons. In a method of the present
invention, the length of the fluorinated or perfluorinated alkyl
chain is selected so as to control the release rate of the thera-
peutic agent to the patient, for example, so as to provide a
rapid release rate, slow release or sustained release rate of the
therapeutic agent to the patient. Semi-fluorinated block
copolymers useful in methods of the present invention may
have a range of compositions as described above and through-
out this application. Methods of the present invention are
useful for formulating, solubilizing, administering and/or
delivering a range of therapeutic agents, including hydropho-
bic drugs such as paclitaxel, rapamycin, geldanamycin, doxo-
rubicin, amophotericin-B or any derivatives or prodrugs
thereof, and including hydrophobic drugs functionalized via
the addition of a fluorophilic group.

Without wishing to be bound by any particular theory, there
can be discussion herein of beliefs or understandings of
underlying principles relating to the invention. It is recog-
nized that regardless of the ultimate correctness of any
mechanistic explanation or hypothesis, an embodiment of the
invention can nonetheless be operative and useful.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the chemical formula of a semifluorinated
block copolymer of the present invention useful for forming
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drug encapsulating micelles. FIG. 1B provides a schematic
diagram illustrating self assembly of the present semifluori-
nated block copolymers into a micelle nanostructure capable
of encapsulating therapeutic agents.

FIG. 2. Change in ratio of the intensities (I,/I;) of the first
to the third peaks in the vibronic fluorescence spectrum of
pyrene at different polymer concentrations. From this plot,
the critical micelle concentration (CMC) was determined to
be 0.65 uM by taking the first point where the curve becomes
non-linear.

FIG. 3. Volume-weighted distribution obtained by
NICOMP analysis, showing a mean diameter of 15 nm (+3
nm) for micelles of the present invention.

FIG. 4. HPLC trace for poly (ethylene glycol) monomethyl
ether-fluorocarbon-DSPE conjugate (1). The diagonal lines
show the used acetonitrile/water solvent gradient.

DETAILED DESCRIPTION OF THE INVENTION

In general the terms and phrases used herein have their
art-recognized meaning, which can be found by reference to
standard texts, journal references and contexts known to those
skilled in the art. The following definitions are provided to
clarify their specific use in the context of the invention.

“Supramolecular structure” refers to structures comprising
an assembly of molecules. Supramolecular structures include
assemblies of molecules, such as amphiphilic polymers,
including block copolymers having a hydrophilic block, fluo-
rophilic block and hydrophobic group, optionally a hydro-
phobic block. In some supramolecular structures of the
present invention, hydrophilic portions of the copolymers are
oriented outward toward a continuous aqueous phase and
form a hydrophilic corona phase, hydrophobic portions of the
copolymers are oriented inward and form a hydrophobic
inner core, and fluorophilic portions of the copolymers
assemble to form an intermediate fluorous phase positioned
between of the hydrophilic and hydrophobic phase of the
supramolecular structure. Supramolecular structures of the
present invention include, but are not limited to, micelles,
vesicles, tubular micelles, cylindrical micelles, bilayers,
folded sheet structures, globular aggregates, ripened
micelles, and encapsulated droplets. Supramolecular struc-
tures of the present invention include self assembled struc-
tures. Supramolecular structures may comprise the dispersed
phase of a colloid, such as an emulsion or nanoemulsion.

“Semi-fluorinated” refers to chemical compounds having
at least one fluorine atom, for example molecules having at
least one carbon-fluorine bond.

“Fluorocarbons” refer to chemical compounds that contain
at least one carbon-fluorine bond.

“Perfluorinated” and “perfluorocarbon” refer to chemical
compounds that are analogs of hydrocarbons wherein all
hydrogen atoms in the hydrocarbon are replaced with fluorine
atoms. Perfluorinated molecules can also contain a number of
other atoms, including bromine, chlorine, and oxygen. A
bromine substituted perfluorocarbon is a perfluorocarbon
wherein one or more of the fluorine atoms have been replaced
with a bromine atom. A chlorine substituted perfluorocarbon
is a perfluorocarbon wherein one or more of the fluorine
atoms have been replaced with a chlorine atom. A chlorine
and bromine substituted perfluorocarbon is a perfluorocarbon
wherein one or more of the fluorine atoms have been replaced
with a chlorine atom and wherein one or more of the fluorine
atoms have been replaced with a bromine atom.

“Polymer” refers to a molecule comprising a plurality of
repeating chemical groups, typically referred to as mono-
mers. A “copolymer”, also commonly referred to as a “het-
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eropolymer”, is a polymer formed when two or more different
types of monomers are linked in the same polymer. “Block
copolymers” are a type of copolymer comprising blocks or
spatially segregated domains, wherein different domains
comprise different polymerized monomers. Block copoly-
mers may further comprise one or more other structural
domains, such as hydrophobic groups (e.g., phospholipid
group). In a block copolymer, adjacent blocks are constitu-
tionally different, i.e. adjacent blocks comprise constitutional
units derived from different species of monomer or from the
same species of monomer but with a different composition or
sequence distribution of constitutional units. Different blocks
(or domains) of a block copolymer may reside on different
ends or the interior of a polymer (e.g. [A][B]), or may be
provided in a selected sequence ([A][B][A][B]). “Diblock
copolymer” refers to block copolymer having two different
chemical blocks. The term block copolymer includes block
copolymers having additional functional groups including,
but not limited, to hydrophobic groups. The present invention
includes novel compositions comprising an amphiphilic
block copolymer having a hydrophilic block, fluorophilic
block and hydrophobic group, wherein the fluorophilic block
is positioned between and conjugated to the hydrophilic
block and the hydrophobic group of the polymer. For
example, the present invention includes a block copolymer
comprising a PEG block, perfluorinated alkane block and
phospholipid group, wherein the perfluorinated alkane block
is positioned between and conjugated to the hydrophilic PEG
block and the hydrophobic phospholipid group of the poly-
mer.

Polymers of the present invention include block copoly-
mers having a first block comprising a larger polymer such as
a PEG polymer having 20 to 270 monomers, a second block
comprising a smaller polymer (e.g., 2 to 30 monomers), such
as a fluorocarbon, including but not limited to, a fluorocarbon
such as a fluorinated or perfluorinated alkane, and a hydro-
phobic group comprising a phospholipid group, such as a
glycerophospholipid. Block copolymers of the present inven-
tion are capable of undergoing self assembly to make
supramolecular structures, including micelle nanostructures
for encapsulating therapeutic agents. As used herein, the term
block copolymer includes compositions comprising a first
block comprising a PEG polymer conjugated to a second
fluorophilic block comprising a pertluorinated or semifluori-
nated molecular domain, such as a perfluorinated or semiflu-
orinated alkane or a perfluorinated or semifluorinated tail, and
a third hydrophobic group also conjugated to the second
fluorophilic block. As used herein, the term block copolymer
also includes functionalized block copolymers, such as a
copolymer having functional groups in addition to hydropho-
bic groups, including ligands, for targeting a supramolecular
structure to specific cells, tissues and/or organs, and linking
groups for linking a fluorophilic block with a hydrophilic
block and a hydrophobic group.

As used herein “hydrophilic” refers to molecules and/or
components (e.g., functional groups, blocks of block poly-
mers etc.) of molecules having at least one hydrophilic group,
and “hydrophobic” refers to molecules and/or components
(e.g., functional groups of polymers, and blocks of block
copolymers etc.) of molecules having at least one hydropho-
bic group. Hydrophilic molecules or components thereoftend
to have ionic and/or polar groups, and hydrophobic molecules
or components thereof tend to have nonionic and/or nonpolar
groups. Hydrophilic molecules or components thereoftend to
participate in stabilizing interactions with an aqueous solu-
tion, including hydrogen bonding and dipole-dipole interac-
tions. Hydrophobic molecules or components tend not to
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participate in stabilizing interactions with an aqueous solu-
tion and, thus often cluster together in an aqueous solution to
achieve a more stable thermodynamic state. In the context of
block copolymers of the present invention, a hydrophilic
block is more hydrophilic than a hydrophobic group of an
amphiphilic block copolymer, and a hydrophobic group is
more hydrophobic than a hydrophilic block of an amphiphilic
polymer.

As used herein “fluorophilic” refers to molecules and/or
components (e.g., functional groups, blocks of block poly-
mers etc.) of molecules having at least one fluorophilic group.
A fluorophilic group is one that is capable of participating in
stabilizing interactions with a fluorous phase. Fluorophilic
groups useful in block copolymers of the present invention
include, but are not limited to, fluorocarbon groups, pertlu-
orinated groups and semifluorinated groups.

In the context of the present invention the term patient is
intended to include a subject such as an animal. Patient
includes a mammal, for example a human subject. Patient
includes a subject undergoing a medical procedure, such as
undergoing the administration of anesthesia or other medical
procedure.

Alkyl groups include straight-chain, branched and cyclic
alkyl groups. Alkyl groups include those having from 1 to 30
carbon atoms. Alkyl groups include small alkyl groups hav-
ing 1 to 3 carbon atoms. Alkyl groups include medium length
alkyl groups having from 4-10 carbon atoms. Alkyl groups
include long alkyl groups having more than 10 carbon atoms,
particularly those having 10-30 carbon atoms. Cyclic alkyl
groups include those having one or more rings. Cyclic alkyl
groups include those having a 3-, 4-, 5-; 6-, 7-, 8-, 9- or
10-member carbon ring and particularly those having a 3-, 4-,
5-, 6-, or 7-member ring. The carbon rings in cyclic alkyl
groups can also carry alkyl groups. Cyclic alkyl groups can
include bicyclic and tricyclic alkyl groups. Alkyl groups are
optionally substituted. Substituted alkyl groups include
among others those which are substituted with aryl groups,
which in turn can be optionally substituted. Specific alkyl
groups include methyl, ethyl, n-propyl, iso-propyl, cyclopro-
pyl, n-butyl, s-butyl, t-butyl, cyclobutyl, n-pentyl, branched-
pentyl, cyclopentyl, n-hexyl, branched hexyl, and cyclohexyl
groups, all of which are optionally substituted. Substituted
alkyl groups include fully halogenated or semihalogenated
alkyl groups, such as alkyl groups having one or more hydro-
gens replaced with one or more fluorine atoms, chlorine
atoms, bromine atoms and/or iodine atoms. Substituted alkyl
groups include fully fluorinated or semifluorinated alkyl
groups, such as alkyl groups having one or more hydrogens
replaced with one or more fluorine atoms. An alkoxy group is
an alkyl group linked to oxygen and can be represented by the
formula R—O.

Alkenyl groups include straight-chain, branched and cyclic
alkenyl groups. Alkenyl groups include those having 1, 2 or
more double bonds and those in which two or more of the
double bonds are conjugated double bonds. Alkenyl groups
include those having from 2 to 20 carbon atoms. Alkenyl
groups include small alkenyl groups having 2 to 3 carbon
atoms. Alkenyl groups include medium length alkenyl groups
having from 4-10 carbon atoms. Alkenyl groups include long
alkenyl groups having more than 10 carbon atoms, particu-
larly those having 10-20 carbon atoms. Cyclic alkenyl groups
include those having one or more rings. Cyclic alkenyl groups
include those in which a double bond is in the ring or in an
alkenyl group attached to a ring. Cyclic alkenyl groups
include those having a 3-, 4-, 5-, 6-, 7-, 8-, 9- or 10-member
carbon ring and particularly those having a 3-, 4-, 5-, 6- or
7-member ring. The carbon rings in cyclic alkenyl groups can
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also carry alkyl groups. Cyclic alkenyl groups can include
bicyclic and tricyclic alkyl groups. Alkenyl groups are option-
ally substituted. Substituted alkenyl groups include among
others those which are substituted with alkyl or aryl groups,
which groups in turn can be optionally substituted. Specific
alkenyl groups include ethenyl, prop-1-enyl, prop-2-enyl,
cycloprop-1-enyl, but-1-enyl, but-2-enyl, cyclobut-1-enyl,
cyclobut-2-enyl, pent-1-enyl, pent-2-enyl, branched pente-
nyl, cyclopent-1-enyl, hex-1-enyl, branched hexenyl, and
cyclohexenyl, all of which are optionally substituted. Substi-
tuted alkenyl groups include fully halogenated or semihalo-
genated alkenyl groups, such as alkenyl groups having one or
more hydrogens replaced with one or more fluorine atoms,
chlorine atoms, bromine atoms and/or iodine atoms. Substi-
tuted alkenyl groups include fully fluorinated or semifiuori-
nated alkenyl groups, such as alkenyl groups having one or
more hydrogens replaced with one or more fluorine atoms.

Aryl groups include groups having one or more 5- or
6-member aromatic or heteroaromatic rings. Aryl groups can
contain one or more fused aromatic rings. Heteroaromatic
rings can include one or more N, O, or S atoms in the ring.
Heteroaromatic rings can include those with one, two or three
N, those with one or two O, and those with one or two S, or
combinations of one or two or three N, O or S. Aryl groups are
optionally substituted. Substituted aryl groups include among
others those which are substituted with alkyl or alkenyl
groups, which groups in turn can be optionally substituted.
Specific aryl groups include phenyl groups, biphenyl groups,
pyridinyl groups, and naphthyl groups, all of which are
optionally substituted. Substituted aryl groups include fully
halogenated or semihalogenated aryl groups, such as aryl
groups having one or more hydrogens replaced with one or
more fluorine atoms, chlorine atoms, bromine atoms and/or
iodine atoms. Substituted aryl groups include fully fluori-
nated or semifluorinated aryl groups, such as aryl groups
having one or more hydrogens replaced with one or more
fluorine atoms.

Arylalkyl groups are alkyl groups substituted with one or
more aryl groups wherein the alkyl groups optionally carry
additional substituents and the aryl groups are optionally
substituted. Specific alkylaryl groups are phenyl-substituted
alkyl groups, e.g., phenylmethyl groups. Alkylaryl groups are
alternatively described as aryl groups substituted with one or
more alkyl groups wherein the alkyl groups optionally carry
additional substituents and the aryl groups are optionally
substituted. Specific alkylaryl groups are alkyl-substituted
phenyl groups such as methylphenyl. Substituted arylalkyl
groups include fully halogenated or semihalogenated aryla-
Ikyl groups, such as arylalkyl groups having one or more alkyl
and/or aryl having one or more hydrogens replaced with one
or more fluorine atoms, chlorine atoms, bromine atoms and/
or iodine atoms.

Optional substitution of any alkyl, alkenyl and aryl groups
includes substitution with one or more of the following sub-
stituents: halogens, —CN, —COOR, —OR, —COR,
—OCOOR, —CON(R),, —OCON(R),, —N(R),, —NO,,
—SR, —SO,R, —SO,N(R), or —SOR groups. Optional
substitution of alkyl groups includes substitution with one or
more alkenyl groups, aryl groups or both, wherein the alkenyl
groups or aryl groups are optionally substituted. Optional
substitution of alkenyl groups includes substitution with one
or more alkyl groups, aryl groups, or both, wherein the alkyl
groups or aryl groups are optionally substituted. Optional
substitution of aryl groups includes substitution of the aryl
ring with one or more alkyl groups, alkenyl groups, or both,
wherein the alkyl groups or alkenyl groups are optionally
substituted.
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Optional substituents for alkyl, alkenyl and aryl groups
include among others:

—COOR whereR is ahydrogen or an alkyl group or anaryl
group and more specifically where R is methyl, ethyl,
propyl, butyl, or phenyl groups all of which are option-
ally substituted;

—COR where R is a hydrogen, or an alkyl group or an aryl
group and more specifically where R is methyl, ethyl,
propyl, butyl, or phenyl groups all of which groups are
optionally substituted;

—CON(R), where each R, independently of each other R,
is ahydrogen or an alkyl group or an aryl group and more
specifically where R is methyl, ethyl, propyl, butyl, or
phenyl groups all of which groups are optionally substi-
tuted; R and R can form a ring which may contain one or
more double bonds;

—OCON(R), where each R, independently of each other
R, is a hydrogen or an alkyl group or an aryl group and
more specifically where R is methyl, ethyl, propyl, butyl,
or phenyl groups all of which groups are optionally
substituted; R and R can form a ring which may contain
one or more double bonds;

—N(R), where each R, independently of each other R, isa
hydrogen, or an alkyl group, acyl group or an aryl group
and more specifically where R is methyl, ethyl, propyl,
butyl, or phenyl or acetyl groups all of which are option-
ally substituted; or R and R can form a ring which may
contain one or more double bonds.

—SR, —S0O,R, or—SOR where R is an alkyl group or an
aryl groups and more specifically where R is methyl,
ethyl, propyl, butyl, phenyl groups all of which are
optionally substituted; for —SR, R can be hydrogen;

—OCOOR where R is an alkyl group or an aryl groups;

—SO,N(R), where R is a hydrogen, an alkyl group, or an
aryl group and R and R can form a ring;

—OR where R—H, alkyl, aryl, or acyl; for example, R can
be anacyl yielding—OCOR* where R* is a hydrogen or
an alkyl group or an aryl group and more specifically
where R* is methyl, ethyl, propyl, butyl, or phenyl
groups all of which groups are optionally substituted;

Specific substituted alkyl groups include haloalkyl groups,
particularly trihalomethyl groups and specifically trifluorom-
ethyl groups. Specific substituted aryl groups include mono-,
di-, tri, tetra- and pentahalo-substituted phenyl groups;
mono-, di-, tri-, tetra-, penta-, hexa-, and hepta-halo-substi-
tuted naphthalene groups; 3- or 4-halo-substituted phenyl
groups, 3- or 4-alkyl-substituted phenyl groups, 3- or
4-alkoxy-substituted phenyl groups, 3- or 4-RCO-substituted
phenyl, 5- or 6-halo-substituted naphthalene groups. More
specifically, substituted aryl groups include acetylphenyl
groups, particularly 4-acetylphenyl groups; fluorophenyl
groups, particularly 3-fluorophenyl and 4-fluorophenyl
groups; chlorophenyl groups, particularly 3-chlorophenyl
and 4-chlorophenyl groups; methylphenyl groups, particu-
larly 4-methylphenyl groups, and methoxyphenyl groups,
particularly 4-methoxyphenyl groups.

As to any of the above groups which contain one or more
substituents, it is understood, that such groups do not contain
any substitution or substitution patterns which are sterically
impractical and/or synthetically non-feasible. In addition, the
compounds of this invention include all stereochemical iso-
mers arising from the substitution of these compounds.

Before the present methods are described, it is understood
that this invention is not limited to the particular methodol-
ogy, protocols, cell lines, and reagents described, as these
may vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodi-
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ments only, and is not intended to limit the scope of the
present invention which will be limited only by the appended
claims.

The present invention provides block copolymers and
therapeutic formulations of block copolymers, for delivering
fluorinated therapeutic compounds, including hydrophobic
and/or fluorophilic pharmaceuticals. Supramolecular deliv-
ery systems, including micelle delivery systems, are provided
for encapsulating, stabilizing and delivering hydrophobic
and/or fluorophilic substances to active sites in an organism.
In an embodiment, the present approach is based on increas-
ing the stability of micelle delivery nanostructures by incor-
porating a fluorophilic domain comprising a fluorinated
block, such as a perfluorinated chain, into an amphiphilic
polymer having hydrophilic and hydrophobic domains. This
strategy has several advantages. Interactions between fluoro-
philic blocks of the copolymer assembled into a drug encap-
sulating micelle nanostructure act to stabilize the supramo-
lecular structure, thereby lowering the critical micelle
concentration. Further, interactions between fluorophilic
blocks of the copolymer effectively seal the encapsulated
therapeutic agent thereby enhancing its solubilization, pro-
tection and stabilization.

EXAMPLE 1

Synthesis and Self-assembly Properties of a
[Poly(Ethylene Glycol)]-Fluorocarbon-phospholipid
Copolymers for Micelle-based Drug Delivery

1.a. Introduction

This Example provides a description of the synthesis of a
novel poly(ethylene glycol)-fluorocarbon-phospholipid con-
jugate that self-assembles into hyper-stable micelles charac-
terized by an internal fluorous phase. Physical characteriza-
tion of the micelles formed by this polymer in aqueous
solution is included. Dynamic light scattering (DLS) mea-
surements indicate a mean diameter of 15 nm (+3 nm), while
pyrene fluorescence studies show a critical micelle concen-
tration (CMC) of only 0.65 uM.

1.b. Experimental Results and Discussion

Amphiphilic block copolymers that assemble into micelles
in aqueous solutions have found several applications in drug
delivery. Biocompatible micelles can be used to solubilize,
stabilize, and deliver pharmaceutical agents. The use of
micelles is advantageous due to their unique hydrophobic
inner core that can sequester sparingly soluble hydrophobic
molecules. These nanoparticles can find use in drug delivery
for highly hydrophobic drugs, for drugs that are not very
stable under physiological conditions, and as a tool to direct
delivery to specific tissues or organs. Polymeric micelles with
phospholipid or poly-amino acid core blocks have been
shown to encapsulate pharmaceuticals such as doxorubicin,
amphotericin-B, and paclitaxel. Also, they have been shown
to preferentially accumulate in the leaky vasculature of can-
cerous tumors due to their relatively small size (under 100
nm). Polymeric PEG-based micelles exhibit potential as
delivery vessels for pharmaceuticals by likely overcoming
obstacles such as poor water solubility of drug candidates,
drug bioavailability, and other harmful side-eftects via encap-
sulation of hydrophobic compounds in the micelle inner core
hydrophobic environment.

Although micelles have the potential for sustained release
formulations, the issue of micelle stability in vivo has yet to
be fully resolved so that they may see broad applicability in
the area. In order for a micelle to realize potential as a delivery
vessel, it must be stable in the presence of blood proteins,
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such as albumin. Unfortunately, many micelles do not satisty
this condition. Also, the ability of a micelle to maintain its
integrity when diluted in vivo is an important factor. Micelles
formed from PEG-lipid conjugates are characterized by
CMCs on the order of 10~ M and half-lives in the blood
stream between 1.2 Compositions of the present invention
address the problem of the in vivo stability of phospholipid
conjugates by designing a novel block copolymer that
includes a perfluorinated group between the water solubiliz-
ing PEG and the phospholipid (See, FIG. 1).

A perfluorinated group has peculiar physical and chemical
properties. It is both hydrophobic and lipophobic at the same
time. As a matter of fact, perfluorocarbons prefer to form a
separated fluorous phase rather than mix with either hydro-
philic or hydrophobic molecules. This phenomenon, known
as the fluorophobic effect, allows the self-assembly of highly
fluorinated molecules in strict analogy to the hydrophobic
effect. In the case of polymer 1, the resulting micelles become
stabilized by two different effects. The internal phospholipid
forms a classical hydrophobic inner core while the interme-
diate fluorocarbon assembles with the corresponding perfluo-
rocarbon chains from vicinal polymer molecules to generate
an intermediate fluorous shell that contributes to the stability
of the micelle and protects a drug encapsulated in the inner
core. The advantage of using semi-fluorinated polymers in
drug delivery is multifold: (i) It allows the formation of hyper-
stable micelles due to a combination of hydrophobic and
fluorophobic effects. (ii) It allows more direct control of the
rate of delivery through the size of the fluorocarbon. (iii) It
allows better protection of the encapsulated pharmaceutical.
(iv) It confers exceptional resistance to micellar dissociation
induced by binding to blood proteins. Therefore, this new
approach combines the usefulness of micellar delivery with
the flexibility of rational design that can control both the rate
of release and the stability of the micelles.

The use of fluorinated surfactants for biomedical purposes
has been explored extensively for liposomes and vesicles.
Recently, micelles formed by a semi-fluorinated diblock
copolymer have been shown to encapsulate highly fluorinated
molecules such as volatile anesthetics. In the design of mol-
ecule 1, we are taking advantage of the ability of perfluoro-
carbons to self-assemble in aqueous solutions to generate a
PEG-fluorocarbon-phospholipid conjugate that can form
hyper-stable micelles with the potential of encapsulating
classical hydrophobic drugs.

FIG. 1A shows the chemical formula of a semifluorinated
block copolymer of the present invention useful for forming
drug encapsulating micelles. The block polymer shown in
FIG. 1A is a poly (ethylene glycol) monomethyl ether-fluo-
rocarbon-DSPE conjugate. As shown in this figure, the block
copolymer comprises a hydrophilic PEG block, a fluorophilic
perfluorinated block and a hydrophobic phospholipid group,
wherein the fluorophilic perfluorinated block is conjugated
to, and positioned between, the hydrophilic PEG block and
the hydrophobic phospholipid group.

FIG. 1B provides a schematic diagram illustrating self
assembly of the present semifluorinated block copolymers
into a micelle nanostructure capable of encapsulating thera-
peutic agents. Referring to FIG. 1B, hydrophobic phospho-
lipid groups orient toward the interior of the micelle and form
a hydrophobic core. The PEG hydrophilic blocks orient
toward the exterior and form a hydrophilic corona component
of the micelle that undergoes stabilizing interactions with the
aqueous solution. The fluorophilic perfluorinated blocks self
align to form an intermediate fluorous phase positioned
between the hydrophilic corona phase and the hydrophobic
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core phase. In some embodiments, therapeutic agents are
localized to the hydrophobic core and/or fluorous phases of
the micelle nanostructure.

Polymer 1, composed of a monomethylated [poly(ethylene
glycol)| characterized by an average molecular weight of
5000 g/mol, a perfluorooctyl group, and the phospholipid
1,2-distearoyl-S,N-glycero-3-phosphoethanolamine (DSPE)
has been synthesized through a five-step synthesis. Prelimi-
nary characterization of micelles formed from the tri-block
conjugate shows a mean diameter of 15 nm (3 nm) and a
critical micelle concentration (CMC) of 0.65 mM. This is a
considerably lower CMC than that of the analogous PEG-
DSPE conjugate (6.2 mM).

Design of the mPEG-fluorocarbon-lipid conjugate 1 was
modeled on earlier PEG-lipid conjugates. Polyethylene gly-
col (PEG) is by far the most common choice for the hydro-
philic component of micelles and liposomes. Its behavior is
well studied both in vitro and in vivo, and it is one of the few
polymers approved by the FDA for use in cosmetics and
pharmaceuticals. PEG is known to lack immunogenicity, and
it has been shown that pegylation of liposomes increases the
half'life, decreases drug leaking, and decreases uptake by the
reticuloendothelial system.

The phospholipid DSPE was chosen because it is known to
assist in encapsulation of compounds such as the anticancer
drugs doxorubicin and paclitaxel as well as the toxic fungi-
cide amphotericin-B. Its use in the synthesis of PEG-lipid
conjugates for the assembly into micelles is well established.
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Synthesis of the mPEG-fluorocarbon-DSPE conjugate 1 is
described in Scheme 1. Initially, the hydroxyl functionality of
mPEG (MW=5000 g/mol) was activated by reaction with
methanesulfonyl chloride in dichloromethane at room tem-
perature to give compound 2 (90%). Subsequently, 2,2,3,3 .4,
4,5,5,6,6,7,7,8,8,9,9-hexadecafluorodecane-1,10-diol ~ was
mono-protected with benzyl bromide using crushed KOH in
N,N-dimethylformamide at room temperature to give benzyl
ether 3 (90%). To ensure that mono- versus di-protection was
favored, the perfluorinated diol was used in a 3:1 excess
during the reaction. A trace amount of di-protected material
was detected by thin-layer chromatography, but this by-prod-
uct was easily separated from the desired mono-protected
diol via flash column chromatography. The mono-protected
alcohol 3 was coupled to the activated mPEG 2 using an
excess of sodium hydride in refluxing tetrahydrofuran to give
the benzyl-protected mPEG-hexadecafluorodecanol 4. After
quenching with water, the reaction mixture was filtered to
remove salts. Isolation of PEG derivatives is often accom-
plished by precipitation of the hydrophilic polymer from a
mixture of solvents. In this specific case, a solution of tetrahy-
drofuran and cold diethyl ether was used to isolate interme-
diate conjugate 4, which was carried on to the next step
without further purification. Hydrogenolysis of 4 removed
the benzyl group and yielded the corresponding de-protected
alcohol 5. The alcohol was activated with an excess of N,N'-
disuccinimidyl carbonate (DSC) to give the desired succin-
imidyl derivative 6. "H NMR showed a signal for un-reacted

Scheme 1. Synthesis of poly(ethylene glycol) monomethyl ether-fluorocarbon-DSPE conjugate (1).
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DSCat 2.65 ppm (<10%). In order to remove the excess DSC,
the mixture was dissolved in acetone and the product precipi-
tated by adding diethyl ether. A slight excess of 1,2-dis-
tearoyl-sn-glycero-3-phospho-ethanolamine (DSPE) and tri-
ethylamine was used in an attempt to drive the coupling of 5
to the lipid. The excess amine was removed by quenching
with acetic acid, followed by removal of dichloromethane in
vacuo. Any excess lipid was removed by taking up the
remaining residue in water and filtering out the resulting
solids. The filtrate was lyophilized to give a white fluffy solid.
HPLC analysis of the solid indicated that a minor amount
(<15%) of PEG-perfluoroalkyl conjugate 4 was still present.
The mixture was purified by preparative HPL.C using a Jordi-
Gel reverse phase divinylbenzene column (500 A 22x100
mm).

In an embodiment, a five-step synthesis is employed to
make the novel poly (ethylene glycol)-fluorocarbon-phos-
pholipid conjugates that self-assembles into hyper-stable
micelles characterized by an internal fluorous phase. The
synthesis requires coupling of an activated monomethyl [poly
(ethylene glycol)] (mPEG) to 10-(benzyloxy)-2,2,3,3,4,4,5,
5,6,6,7,7,8,8,9,9-hexadecafluorodecan-1-ol. After hydro-
genolysis of the benzyl protecting group a reactive succinim-
idyl carbonate group is installed in order to facilitate coupling
of the resulting mPEG-hexadecafluorodecanol with 1,2-dis-
tearoyl-S,N-glycero-3-phosphoethanolamine (DSPE).

The mean diameter of the micelles formed by the polymer
in aqueous solutions was measured using dynamic light scat-
tering (DLS). FIG. 3 illustrates the volume-weighted distri-
bution obtained by NICOMP analysis, showing a micellar
mean diameter of 15 nm (+3 nm).

Pyrene is often used to determine the onset of aggregation
in micelles. According to the py scale, the ratio of the inten-
sities (I1/13) of the first to the third peaks in the vibronic
fluorescence spectrum of pyrene depends on the polarity of
the environment. In water, this ratio is approximately 1.87
and in hexanes it is approximately 0.58. FIG. 2 illustrates the
change in 11/13 intensity with changing of the polymer con-
centration. From this plot of I1/I3 versus co-polymer concen-
tration of the CMC was determined to be 0.65 mM by taking
the first point where the curve becomes non-linear.

In summary, we have successfully synthesized a novel
poly-(ethylene glycol)-fluorocarbon-lipid conjugate 1
capable of self-assembling into micelles with a lower CMC
than analogous PEG-lipid conjugates. This physical charac-
terization demonstrates increased stability of the micelles,
which supports the use of these micelles as delivery vessels
for sparingly soluble pharmaceuticals.

1.c. Experimental Section
General Methods and Materials.

'H and '°F NMR spectra were recorded on a Varian
INOVA 400 MHz spectrometer using a Varian QN switchable
BB probehead. *C NMR were recorded on a Varian “**
INOVA 500 MHz spectrometer using a Nalorac QN DD
probehead. Chemical shifts (d) were reported in parts per
million (ppm) relative to trimethyl silane (TMS). Coupling
constants (J) were reported in hertz (Hz). The initial poly-
dispersed mPEG (MW 5000) was purchased from Fluka
(Buchs, Switzerland) and was dissolved in water and lyo-
philized before use. The phospholipid distearoyl phosphati-
dylethanolamine (DSPE) was purchased from Avanti Polar
Lipids, Inc. (Alabaster, Ala.). All other chemicals were pur-
chased from Sigma-Aldrich (Milwaukee, Wis.). N,N'-Disuc-
cinimidyl carbonate purchased from Sigma-Aldrich was
recrystallized in ethyl acetate to remove N-hydroxysuccinim-
ide impurities. Anhydrous solvents were obtained through a
Seca Solvent System by Glass Contour (Laguna Beach,
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Calif.). Water used for the DLS and the CMC determinations
was filtered through a Millipore® system (Molsheim,
France). HPLC was conducted on a manual injection Gilson
HPLC with a 321 pump system and a Gilson prep-ELS detec-
tor. The columns were Jordi Gel reverse phase divinylben-
zene (500 A) 4.6x150 mm (analytical) or 22x100 mm (prep).
Fluorescence spectra were obtained with a F3010 Hitachi
fluorometer. Micellar size was determined from dynamic
light scattering on Zeta Potential/Particle Sizer Nicomp 380
ZLS, and data was interpreted using NICOMP analysis with
the particle sizes expressed as volume weighted average
diameter in nanometers (nm).
List of Abbreviations

Tetrahydrofuran (THF); monomethylated [poly (ethylene
glycol)] MW=5000 g/mol (mPEG); diethyl ether (Et,O);
N,N-dimethylformamide (DMF); ethyl acetate (EtOAc);
dichloromethane (DCM); acetonitrile (MeCN); pyridine
(pyr); N,N'-disuccinimidyl carbonate (DSC); 1,2-distearoyl-
S,N-glycero-3-phosphoethanolamine (DSPE)

Monomethyl-poly (ethylene glycol)
methanesulfonate (2)

A dry 250 mL round bottom flask was charged with mPEG
(0.4 mmol, 1.98 g) and anhydrous dichloromethane (15 ml).
Triethylamine (4.0 mmol, 0.56 ml) and methanesulfonyl
chloride (2.6 mmol, 0.2 ml) were added and the reaction
mixture was stirred overnight under argon at room tempera-
ture. The reaction mixture was concentrated in vacuo and
taken up in chloroform. The precipitated salts were removed
by gravity filtration and by running filtrate through silica gel.
The collected product was concentrated in vacuo, dissolved in
water and lyophilized to yield a white powder (90%). 'H
NMR (CDCl,): 8 4.38 (m, 2H), 3.47-3.82 (m, PEG-H), 3.38
(s, 3H), 3.09 (s, 3H); ">C NMR (CDCl,): 8 72.0, 70.7, 69.37,
69.1,59.1,37.8.

10-(benzyloxy)-2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-hexa-
decafluorodecan-1-ol (3)

A dry 5 mL round bottom flask was charged with 2,2,3,3,
4.4,5,5,6,6,7,7,8,8,9,9-hexadecafluorodecane-1,10-diol (2.2
mmol, 1.0 g), dry DMF (2.5 mL), and crushed potassium
hydroxide (2.2 mmol, 121 mg). The mixture was flushed with
argon and benzyl bromide (0.7 mmol, 123 mg) was added
dropwise over 15 minutes. The solution was allowed to stir
overnight at room temperature under argon. The reaction
mixture was concentrated in vacuo, and the residue was par-
titioned between aqueous saturated ammonium chloride and
ethyl acetate. The aqueous layer was extracted twice with
EtOAc. The organic layers were combined, washed with
water then brine, dried over MgSO,, and concentrated in
vacuo. The residue was purified via flash column chromatog-
raphy on silica gel using 5% EtOAc in petroleum ether as the
eluent. The product was isolated as colorless oil; upon drying
under high vacuum for 12 h, the oil solidified (90%). "HNMR
(CDCl,): 87.36 (m, 5SH), 4.68 (s, 2H), 4.10 (td, 2H, =14, 6),
3.94 (1, 2H, J=14), 1.96 (1, 1H, J=7); *C NMR (CDCl,):
8136.6, 128.8, 128.5, 128.0, 74.7, 66.9, 60.9; F NMR
(CDCl,): 0 -119.8, -122.3, -122.8, -123.7, -123.9.

10-[poly(ethylene glycol) mono-methyl ether]-2,2,3,
3,4,4,5,5,6,6,7,7,8,8,9,9-hexadecafluorodecane-1-o0l
®)

A dry 250 mL round bottom flask was charged with 2 (0.09
mmol, 467 mg), 10-(benzyloxy)-2,2,3,3,4,4,5,5,6,6,7,7,8,8,
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9,9-hexadecafluorodecan-1-ol 3 (0.28 mmol, 153 mg), and
anhydrous THF (50 mL). The mixture was flushed with
argon, and excess NaH was added. The resulting mixture was
warmed to reflux and allowed to stir under argon for 18 h. The
reaction mixture was cooled to room temperature and
quenched with about 10 drops of water. The salts were
removed via gravity filtration, and the resulting filtrate was
concentrated in vacuo. The residue was dissolved in THF and
the PEG-derivative was precipitated by adding diethyl ether.
The resulting solid was filtered and transferred to a dry 100
mL round bottom flask. Methanol (20 mL) and an excess of
5% Pd/C were added. The suspension was flushed and purged
three times with hydrogen, and the resulting reaction mixture
was allowed to stir under hydrogen atmosphere at room tem-
perature for three days. The mixture was filtered over a pad of
celite, and the filtrate was concentrated in vacuo. The result-
ing residue was taken up in THF and Et,O was added to
precipitate a solid. The suspension was refrigerated for about
30 minutes to ensure complete precipitation, and the flaky,
cream-colored solid (77%) was collected via vacuum filtra-
tion. "HNMR (CDCl,): § 4.05 (m, 4H), 3.4-3.8 (m, PEG-H),
3.38 (s, 3H); '*C NMR (CDCl,): & 72.5, 72.1, 70.92, 70.9,
70.7, 68.5, 60.5, 59.2; '°F NMR (CDCl,): § -120.1, -122.2,
-122.4, -123.6, -123.8.

Poly (ethylene glycol) monomethyl
ether-fluorocarbon-succinimidyl carbonate (6)

A dry 5 mL round bottom flask was charged with 5 (0.09
mmol, 500 mg), DCM (0.5 mL), MeCN (0.1 mL), pyr (0.1
mL), and DSC (0.90 mmol, 237 mg). The reaction mixture
was allowed to stir at room temperature for 6 h under argon.
Solvents were removed in vacuo, and the resulting residue
was taken up in acetone [about 10 mL] and Et,O [about 40
ml.] was added to precipitate a creamy solid. The suspension
was refrigerated for about 30 minutes, and the cream-colored
solid was collected via vacuum filtration (85%). 'H NMR
(CDCl,): 8 4.78 (t, 2H, J=13), 4.04 (t, 2H, J=14), 3.4-3.8 (m,
PEG-H), 3.38 (s, 3H), 2.87 (s, 4H); >C NMR (CDCl,): &
168.04, 151.21, 72.44, 72.06, 70.84, 70.78, 70.68, 68.41,
64.99, 59.15, 25.54; '°F NMR (CDCl,); 8 -120.1, -122.2,
-122.4, -123.6, -123.8.

Poly (ethylene glycol) monomethyl
ether-fluorocarbon-DSPE conjugate (1)

A dry 50 mL round bottom flask was charged with 6 (0.4
mmol, 2.20 g), DSPE (0.8 mmol, 590 mg), and 25 mL dry
DCM. The mixture was flushed with argon and triethylamine
(1.0 mmol, 0.15 ml) was added. The reaction mixture was
heated to reflux and stirred for 3 h under argon. The mixture
was cooled, diluted with 0.15 ml glacial acetic acid, and
concentrated in vacuo. The residue was taken up in 5 mL
water and filtered to remove a white solid. The filtrate was
lyophilized to give a white fluffy solid, which was purified by
prep-HPLC (50%). "H NMR (CDCl,): 84.72 (t, 2H, J=13),
4.04 (t,2H, J=14),3.4-3.8 (m, PEG-H), 3.38 (s, 3H), 1.59 (m,
4H), 1.25 (s, S0H), 0.88 (t, 3H, =6.8); '°F NMR (CDCl,): &
-120.1, -120.3, -122.3, -123.8.

FIG. 4 provides a HPLC trace for poly (ethylene glycol)
monomethyl ether-fluorocarbon-DSPE conjugate (1). The
diagonal lines show the used acetonitrile/water solvent gra-
dient.

Preparation of Samples for DLS Studies.

Samples were prepared by dissolving 1 in dichloromethane
and subsequently concentrating the solution in vacuo to give
a thin film. This was reconstituted in water so that the con-
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centration of the solution was 1.25 mg/mL. The solution was
then sonicated for 15 minutes and allowed to equilibrate for
30 minutes. The solution was passed through a 0.20 um filter
directly into a quartz cuvette used for the measurements. The
data were collected and analyzed in triplicate.

Preparation of Samples for CMC Determination.

The samples for CMC determination were prepared by first
transferring a solution of pyrene in acetone (12 pL. of a 100
UM solution) to clean, dry 2 dram vials. The acetone was
removed in vacuo and solutions of polymer in water were
added so that the final pyrene concentration was 0.5 pM. The
vials were then heated to 70° C. with good stirring in an oil
bath for 1.5 hours, and then allowed to equilibrate at room
temperature for 2 hours with no stirring. The solutions were
transferred directly to a clean, dry cuvette used for the mea-
surements. Data for each concentration were obtained in trip-
licate, and the reported values are the average of these mea-
surements.
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23. The samples for CMC determination were prepared by

first transferring a solution of pyrene in acetone (12 mL of
a 100 mM solution) to clean, dry 2 dram vials. The acetone
was removed in vacuo and solutions of polymer in water
were added so that the final pyrene concentration was 0.5
mM. The vials were then heated to 70° C. with good stir-
ring in an oil bath for 1.5 h, and then allowed to equilibrate
at room temperature for 2 h with no stirring. The solutions
were transferred directly to a clean, dry cuvette used for the
measurements. Data for each concentration were obtained
in triplicate, and the reported values are the average of
these measurements.

Methods of this invention may further comprise the step of
administering a “therapeutically effective amount” of the
present therapeutic formulations, including aqueous-based
therapeutic formulations comprising therapeutic agents
encapsulated by a supramolecular structures, such as miceles.
The term “therapeutically effective amount,” as used herein,
refers to the amount of the therapeutic formulation, that,
when administered to the individual is effective to establish
and, optionally maintain or regulate, a desired therapeutic
condition in a patient, such as a condition for treatment of a
disease condition or pre-disease condition. As is understood
in the art, the therapeutically effective amount of a given
compound or formulation will depend at least in part upon the
mode of administration (e.g. intravenous administration), any
carrier or vehicle employed, and the specific individual to
whom the formulation is to be administered (age, weight,
condition, sex, etc.). The dosage requirements need to
achieve the “therapeutically effective amount” vary with the
particular formulations employed, the route of administra-
tion, and clinical objectives. Based on the results obtained in
standard pharmacological test procedures, projected daily
dosages of active compound (e.g. fluorinated volatile anes-
thetic) can be determined as is understood in the art.

Any suitable form of administration can be employed in
connection with the therapeutic formulations of the present
invention. The therapeutic formulations of this invention can
be administered intravenously, in oral dosage forms, intrap-
eritoneally, subcutaneously, or intramuscularly, all using dos-
age forms well known to those of ordinary skill in the phar-
maceutical arts.

The therapeutic formulations of this invention can be
administered alone, but may be administered with a pharma-
ceutical carrier selected upon the basis of the chosen route of
administration and standard pharmaceutical practice.

The therapeutic formulations of this invention and medi-
caments of this invention may further comprise one or more
pharmaceutically acceptable carrier, excipient, or diluent.
Such compositions and medicaments are prepared in accor-
dance with acceptable pharmaceutical procedures, such as,
for example, those described in Remingtons Pharmaceutical
Sciences, 17th edition, ed. Alfonoso R. Gennaro, Mack Pub-
lishing Company, Easton, Pa. (1985), which is incorporated
herein by reference in its entirety.

Statements Regarding Incorporation by Reference
and Variations

All references throughout this application, for example
patent documents including issued or granted patents or
equivalents; patent application publications; unpublished
patent applications; and non-patent literature documents or
other source material; are hereby incorporated by reference
herein in their entireties, as though individually incorporated
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by reference, to the extent each reference is at least partially
not inconsistent with the disclosure in this application (for
example, a reference that is partially inconsistent is incorpo-
rated by reference except for the partially inconsistent portion
of the reference).

The following references relate to block copolymer com-
positions for solubilization, administration and delivery of
therapeutic agents, and are hereby incorporated by reference
in their entireties; (1) “Development of amphiphilic diblock
copolymers as micellar carriers of taxol”, Zhang, X, Jackson,
J.K, and Burt, H. M., International Journal of Pharmaceutics,
132 (1996), 195-206; (2) “In vitro release of the mTOR
inhibitor rapamycin from poly(ethylene glycol)-b-poly(e-ca-
prolactone) micelles”, and Forrest, M. L, Won, C.Y, Malick,
A. M., and Kwon, G. S., Journal of Controlled Release, 110
(2006) 370-377,

Any appendix or appendices hereto are incorporated by
reference as part of the specification and/or drawings.

Where the terms “comprise”, “comprises”, “comprised”,
or “comprising” are used herein, they are to be interpreted as
specifying the presence of the stated features, integers, steps,
or components referred to, but not to preclude the presence or
addition of one or more other feature, integer, step, compo-
nent, or group thereof. Separate embodiments of the inven-
tion are also intended to be encompassed wherein the terms
“comprising” or “comprise(s)” or “comprised” are optionally
replaced with the terms, analogous in grammar, e.g.; “con-
sisting/consist(s)” or “consisting essentially of/consist(s)
essentially of” to thereby describe further embodiments that
are not necessarily coextensive.

The invention has been described with reference to various
specific and preferred embodiments and techniques. How-
ever, it should be understood that many variations and modi-
fications may be made while remaining within the spirit and
scope of the invention. It will be apparent to one of ordinary
skill in the art that compositions, methods, devices, device
elements, materials, procedures and techniques other than
those specifically described herein can be applied to the prac-
tice of the invention as broadly disclosed herein without
resort to undue experimentation. All art-known functional
equivalents of compositions, methods, devices, device ele-
ments, materials, procedures and techniques described herein
are intended to be encompassed by this invention. Whenever
a range is disclosed, all subranges and individual values are
intended to be encompassed as if separately set forth. This
invention is not to be limited by the embodiments disclosed,
including any shown in the drawings or exemplified in the
specification, which are given by way of example or illustra-
tion and not of limitation. The scope of the invention shall be
limited only by the claims.

Any suitable form of administration can be employed in
connection with the therapeutic compositions and formula-
tions of the present invention. The therapeutic compositions
and formulations of'this invention can be administered intra-
venously, in oral dosage forms, intraperitoneally, subcutane-
ously, or intramuscularly, all using dosage forms well known
to those of ordinary skill in the pharmaceutical arts.

The therapeutic compositions and formulations of this
invention can be administered alone, but may be administered
with a pharmaceutical carrier selected upon the basis of the
chosen route of administration and standard pharmaceutical
practice.

The therapeutic compositions and formulations of this
invention and medicaments of this invention may further
comprise one or more pharmaceutically acceptable carrier,
excipient, or diluent. Such compositions and medicaments
are prepared in accordance with acceptable pharmaceutical
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procedures, such as, for example, those described in Reming-
tons Pharmaceutical Sciences, 17th edition, ed. Alfonoso R.
Gennaro, Mack Publishing Company, Easton, Pa. (1985),
which is incorporated herein by reference in its entirety.

This invention additionally relates to the use of semi-flu-
orinated block copolymers in the manufacture of a medica-
ment for delivery of pharmaceutical compositions. More spe-
cifically, the invention relates to the use of semi-fluorinated
block copolymers having a hydrophilic block, a fluorophilic
block and a hydrophobic group in the manufacture of a medi-
cament for delivery of hydrophobic and fluorophilic thera-
peutic agents. In specific embodiments the medicament
manufactured is in the form of a colloidal suspension for
intravenous, topical or oral administration. In specific
embodiments, the medicament further comprises a pharma-
ceutically acceptable carrier or diluent and particularly a car-
rier or diluent suitable for intravenous administration.

We claim:

1. A therapeutic formulation for delivering a hydrophobic
drug or fluorophilic therapeutic agent to a patient, said for-
mulation comprising:

said hydrophobic drug or fluorophilic therapeutic agent;

and semi-fluorinated block copolymers, wherein each of

said semi-fluorinated block copolymers comprises a
hydrophilic block, a fluorophilic block, and a hydropho-
bic group; wherein said fluorophilic block of each of
said semi-fluorinated block copolymers is positioned
between said hydrophilic block and said hydrophobic
group,

wherein said hydrophobic group is a distearoyl-glycero-

phosphoethanolamine;

wherein said hydrophilic block is a poly(ethylene glycol)

block having a molecular weight selected over the range
01 1000 g mol-1 to 12,000 g mol-1; and

wherein said fluorophilic block is a perfluorinated alkyl

chain having a length of 6 to 20 carbons.

2. The therapeutic formulation of claim 1 wherein said
perfluorinated alkyl chain has between 12 to 40 carbon-fluo-
rine bonds.

3. The therapeutic formulation of claim 1 wherein said
perfluorinated alkyl chain has a length of 8 carbons.

4. The therapeutic formulation of claim 1 wherein said
hydrophilic block is a poly(ethylene glycol) block having a
molecular weight of 5000 g mol™'.

5. The therapeutic formulation of claim 1 wherein said
hydrophobic group is 1,2-distearoyl-S,N-glycero-3-phos-
phoethanolamine.

6. The therapeutic formulation of claim 1 wherein said
semi-fluorinated block copolymers have the chemical for-
mula:

Rl/{r\/o}\r /I'{VCFZH [Hydrophobic Group]
a1 H m L{];

28

wherein n is selected from the range of 20 to 240, and m is
selected from the range of 6 to 20;

wherein R, is a hydrogen, a methyl group, a substituted or
unsubstituted alkoxy group, a substituted or unsubsti-
tuted alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted alkenyl; or a sub-
stituted or unsubstituted alkynyl group;

wherein the [Hydrophobic group] is distearoyl-glycero-
phosphoethanolamine;

wherein L, is a first linking group selected from the group
consisting of an alkyl group, alkenyl group, carbonyl
group, ester group, amide group, phosphate group, dis-
ulfide group and any combination of these, and wherein
x equals O or 1; and

wherein L, is a second linking group selected from the
group consisting of an alkyl group, alkenyl group, car-
bonyl group, ester group, amide group, phosphate group
and any combination of these, and wherein y equals 0 or
1.

7. The therapeutic formulation of claim 6 wherein said
semi-fluorinated block copolymers have the chemical for-
mula:

20

35
wherein z is selected from the range of 1 to 10, qis 8, and
ris 8.

8. The therapeutic formulation of claim 1 wherein said
hydrophobic drug is paclitaxel, rapamycin, geldanamycin,
doxorubicin, or amophotericin-B.

9. The therapeutic formulation of claim 1 wherein said
hydrophobic drug is functionalized via addition of a fluoro-
philic group.

10. The therapeutic formulation of claim 1 further com-
prising an aqueous solution.

11. The therapeutic formulation of claim 1 wherein said
semi-fluorinated block copolymers self assemble in aqueous
solution to form a supramolecular structure that at least par-
tially encapsulates said hydrophobic drug.

12. The therapeutic formulation of claim 11 wherein said
supramolecular structure is selected from the group consist-
ing of a micelle, a vesicle, a bilayer, a folded sheet and a
tubular micelle.

13. The therapeutic formulation of claim 11 wherein said
supramolecular structure has an interior hydrophobic core
comprising hydrophobic groups of said semi-fluorinated
block copolymers, an intermediate fluorophilic portion com-
prising fluorophilic blocks of said semi-fluorinated block
copolymers and an exterior hydrophilic portion comprising
hydrophilic blocks of said semi-fluorinated block copoly-
mers;

wherein said hydrophilic portion is separated from said

hydrophobic core by said intermediate fluorophilic por-
tion.

14. The therapeutic formulation of claim 13 wherein said
hydrophobic drug encapsulated by said supramolecular struc-
tureis provided in said hydrophobic core, in said intermediate

40

45

50

55

60

65



US 8,900,562 B2

29

fluorophilic portion or in both said hydrophobic core and
intermediate fluorophilic portion supramolecular structure.

15. The therapeutic formulation of claim 1 wherein said

semi-fluorinated block copolymers have a critical micelle
concentration less than or equal to 1 uM. 5

16. The therapeutic formulation of claim 11 wherein said
supramolecular structure has a cross sectional physical

dimension selected over the range of about 10 nanometers to
about to about 100 nanometers.

17. A method of administering a hydrophobic drug or

fluorophilic therapeutic agent to a patient in need of treat-
ment; said method comprising the steps of: providing a thera-
peutic formulation comprising

said hydrophobic drug or fluorophilic therapeutic agent,

and semi-fluorinated block copolymers in an aqueous solu-
tion, wherein each of said semi-fluorinated block
copolymers comprise a hydrophilic block, a fluorophilic
block, and a hydrophobic group; wherein said fluoro-
philic block of each of said semi-fluorinated block
copolymers is positioned between said hydrophilic
block and said hydrophobic group,

wherein said hydrophobic group is 1,2-distearoyl-S,N-
glycero-3-phosphoethanolamine;

wherein said hydrophilic block is a poly(ethylene glycol)
block having a molecular weight selected over the range
01 1000 g mol-1 to 12,000 g mol-1; and

wherein said fluorophilic block is a perfluorinated alkyl
chain having a length of 6 to 20 carbons; and

delivering said therapeutic formulation to said patient.

18. A method of solubilizing a hydrophobic drug or fluo-

—_
w
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rophilic therapeutic agent, said method comprising the steps
of:

providing said hydrophobic drug or fluorophilic therapeu-
tic agent,

and semi-fluorinated block copolymers in an aqueous solu-
tion, wherein each of said semi-fluorinated block
copolymers comprises a hydrophilic block, a fluoro-
philic block, and a hydrophobic group; wherein said
fluorophilic block of each of said semi-fluorinated block
copolymers is positioned between said hydrophilic
block and said hydrophobic group,

wherein said hydrophobic group is 1,2-distearoyl-S,N-
glycero-3-phosphoethanolamine;

wherein said hydrophilic block is a poly(ethylene glycol)
block having a molecular weight selected over the range
01 1000 g mol-1 to 12,000 g mol-1; and

wherein said fluorophilic block is a perfluorinated alkyl
chain having a length of 6 to 20 carbons; and wherein
said semi-fluorinated block copolymers self assemble in
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said aqueous solution to form a supramolecular structure
that at least partially encapsulates said hydrophobic drug 65
or fluorophilic therapeutic agent, thereby solubilizing
said hydrophobic drug or fluorophilic therapeutic agent.
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19. A method of decreasing the toxicity of a hydrophobic
drug or fluorophilic therapeutic agent, said method compris-
ing the steps of:

providing said hydrophobic drug or fluorophilic therapeu-

tic agent, and semi-fluorinated block copolymers in an
aqueous solution, wherein each of said semi-fluorinated
block copolymers comprises a hydrophilic block, a fluo-
rophilic block, and a hydrophobic group; wherein said
fluorophilic block of each of said semi-fluorinated block
copolymers is positioned between said hydrophilic
block and said hydrophobic group,

wherein said hydrophobic group is 1,2-distearoyl-S,N-

glycero-3-phosphoethanolamine;

wherein said hydrophilic block is a poly(ethylene glycol)

block having a molecular weight selected over the range
of 1000 g mol-1 to 12,000 g mol-1; and

wherein said fluorophilic block is a perfluorinated alkyl

chain having a length of 6 to 20 carbons; and wherein
said semi-fluorinated block copolymers self assemble in
said aqueous solution to form a supramolecular structure
that at least partially encapsulates said hydrophobic drug
or fluorophilic therapeutic agent, thereby decreasing the
toxicity of said hydrophobic drug or fluorophilic thera-
peutic agent.

20. A semi-fluorinated block copolymer having the chemi-
cal formula:

0] CF, [Hydrophobic G:
ydrophobic Group]
n[ Iq m ]/];

wherein n is selected from the range of 20 to 240, and m is
selected from the range of 6 to 20;

wherein R1 is a hydrogen, a methyl group, a substituted or
unsubstituted alkoxy group, a substituted or unsubsti-
tuted alkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted alkenyl; or a sub-
stituted or unsubstituted alkynyl group;

wherein the [Hydrophobic group] isl,2-distearoyl-S,N-
glycero-3-phosphoethanolamine;

wherein L1 is a first linking group selected from the group
consisting of an alkyl group, alkenyl group, carbonyl
group, ester group, amide group, phosphate group, dis-
ulfide group and any combination of these, and wherein
x equals O or 1; and

wherein 1.2 is a second linking group selected from the
group consisting of an alkyl group, alkenyl group, car-
bonyl group, ester group, amide group, phosphate group
and any combination of these, and wherein y equals 0 or
1.

21. The semi-fluorinated block copolymer of claim 20

having the chemical formula:

e}

OMCH
0 q 3
OMC&

wherein z is selected from the range of 1 to 10, qis 8, and
ris 8.

HO—P—O

22. The therapeutic formulation of claim 1 wherein said
hydrophobic drug is Paclitaxel.
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23. The therapeutic formulation of claim 1 wherein said
hydrophobic drug is Rapamycin.

24. The therapeutic formulation of claim 1 wherein said
hydrophobic drug is 17-AAG.

25. The therapeutic formulation of claim 1 wherein said 5
hydrophobic drug is Amphotericin B.

#* #* #* #* #*
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