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BORONIC ACID ESTERS AND PHARMACEUTICAL
FORMULATIONS THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims benehit of U.S. Provisional Application Nos. 61/935,040,
filed February 3, 2014, and 62/036,876, filed August 13, 2014, both of which are hereby

ncorporated herein by reference n their entirety.

STATEMENT REGARDIMNG FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This invention was made with Government Support under Grant No.
ROICA149623-01 AT awarded by the National Institutes of Health. The Government has

certain rights in the mvention.

BACKGROUND

Boronic acid compounds display a variety of pharmaceutically useful biological
activities. Shenvi ef af,, U.S. Pat. No. 4,499,082 discloses that peptide boronic acids are
inhibitors of certain proteolytic enzymes. Kettner and Shenvi, U.S. Pat. No. 5,187,157, U.S.
Pat. No. 5,242,904; and U.S. Pat. No. 5,250,720, disclose a class of peptide boronic acids
that inhibit trypsin-like proteases. Kleeman er af., U.S. Pat. No. 5,169,841, discloses N-
terrainally modified peptide boronic acids that inhibit the action of rerun. Kinder ef af., U.S.
Pat. No. 5,106,948, discloses that certain tripeptide boronic acid corapounds inhibit the
growth of cancer cells.

Adaras ef @f,, U.S. Pat. No. 5,780,454, U.S. Pat. No, 6,066,730, U8, Pat. No.
6,083,903, and U.S. Pat. No. 6,297,217, hereby incorporated by reference in their entirety
for their disclosure of boronic ester and acid compounds, disclose peptide boronic ester and
acid compounds useful as proteasome inhibitors. The references also describe the use of
boronic ester and acid compounds to reduce the rate of muscle protein degradation, to
recduce the activity of NF-kB in a cell, to reduce the rate of degradation of p33 proteinin a
cell, to inhibit cyclin degradation in a cell, to inhibit the growth of a cancer cell, to inhibit
antigen presentation in a cell, to mhibit NF-«B dependent cell adhesion, and to bt HIV
replication. Brand er af., WO 98/35601, discloses that proteasome inhibitors, including
boronic acid compounds, are useful for treating infarcts such as those that occur during
stroke or myocardial infarction. Elliott ef af., WO 99/15183, discloses that proteasome

inthibitors arc useful for treating inflaramatory and autotmrounce discasces.
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Borteromib (BTZ)} is a boronic acid proteasome inhibitor currently approved by the
U.S. Food and Drug Admimstration for the treatraent of voultiple myelowa and mantle cell
fymphoma. BTZ is administered clinically by cither subcutancous or intravenous injection.
While treatment with BTZ can be effective, administration of free BTZ is plagued by high
toxicity, non-specific tissue uptake, side effects, and rapid clearance from circulation. BTZ
also possesses liraited stability {e.g., a limited shelf life), complicating the therapeutic usce of
BTY. Efforts have been made to develop improved BT formulations that address these
shortcomings.

Liposomes are spherical vesicles made of a lipid biayer {e.g., a phospholipud
bilayer} that are capable of encapsulating hydrophilic drugs in their aqueous core or
hydrophobic drugs within their Hipid bilayer. Liposomal drags can provide prolonged
systemic circulation time, decreased drug toxicity, and enhanced drug delivery efficacy.
For example, liposomal formulations of certain chemotherapeutics, including davnorubicin
{sold under the name DAUNOGXOME by Gtlead Sciences), doxorubicin {sold under the
name DOXIL by Ortho Biotech and under the narne CAELY X by Schering-Plough), and
vineristing (sold under the name MARQIBO by Spectrum Pharmaceuticals}, have been
approved by the FDA and exhibit prolonged systemic circulation time, decreased drug
toxicity, and enhanced drug delivery efficacy relative to alternative formulations of these
chemnotherapeutics.

Efforts to prepare liposomal formulations of boronic acid and ester compounds, such
as BTZ, have thus far suffered from significant drawbacks. Passive entrapment methods
and remote loading methods have both been used to prepare liposomal formulations of
BTZ. Passive entrapment methods provide a very low encapsulation efficacy, usually lower
than 15%, which is problematic. To address this issuc, remote loading was developed in
which the entraproent of BTZ in pre-formed liposomes is driven by a pH and chermical
gradient. This process is complex and requires overnight incubation. In addition, the
stability of the resulting liposomes 1s poor, which can preciude clincal developruent,

Inn order to further increase the shelf-life of liposomes, lyophilization has been
utilized. However, as both the passive entrapment and remote loading processes entrap the
drug in the agqueous core of the liposome, the contents of the liposome tend to leak out
during dehydration and rchydration processes, even in the presence of a lyoprotectant.

New formulations of boronic acid active agents, such as BTYZ, that exhibit improved
propertics, such as enhanced stability, are needed to address these shortcomings. The

composttions and methods disclosed heretn address these and other needs.
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SUMMARY

I accordance with the purposes of the disclosed subject matter, as embodied and
broadly described herein, this disclosure, in one aspect, relates to compositions and methods
of making and using the compositions. In further exaraples, the subject matter disclosed
herein relates to boronic acid esters of boronic acid therapeutic agents. The boronic acid
esters can be used to prepare liposomal formulations that contain and/or release boronic acid
therapeutic agents with improved properties, such as enhanced stability.

For example, disclosed herein are compounds of Fornula 1

i{g- O O1\Z/L\A

ZT
s

~ ~ci?

Formula 1
wherein

P! can be hydrogen or an amino-group protecting moiety;

RY can be hydrogen or an alkyl group;

RY R%, and R’ can be independently hydrogen, an alkyl group, a cycloalky! group, a
heterocyclyl group, an aryl group, a heteroaryl group, or —-CH>-RY

R* can be an aryl group, an alkyvlary! group, an arvialkyl group, a cycloalkyl group,
an alkylcycloalkyl group, a heterocyelyl group, an alkylheterocyclyl group, a heterparyl
group, an alkylheteroaryl group, an alkoxy group, or an alkylthio group;

mcanbed, 1, 0r 2;

Z, together with OF and O, represent a moiety derived from a polyol;

L can be absent or a hinking group; and

A can be a lipophilic moicty.

In some examples, m is §.

In some examples, P! can be an amino-group protecting moiety. For example, P!
can be R°-C{0), R*-8(0)y—, R*-NH-C(O)-, or R-0-C(O)—, where R’ is an alkyl group,
an aryl group, an alkylaryl group, an arvlalkyl group, a cycloalkyl group, an alkylcycloalkyl
group, a heterocyelyl group, an alkylheterocyclyl group, a heteroaryl group, or an
alkylheteroaryl group. In some examples, P! can be R*-C{O}-, R3-8(0 ), R*-NH-C(O)-,
or R*~0-C(0}-, and R’ is a heteroaryl group. In certain examples, P! can be (2-
pyrazinejcarbonyl.

In certain examples, R® is an isobutyl group.
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The polyol can be any suitable polyol. In some examples, the polyol can comprise a
sugar {e.g., a onosaccharide such as fructose). In certain exaroples, the polyol can
comprise a reduced sugar {e.g., a sugar alcohol such as mannitol, sorbitol, or galactitol). In
certain examples, the polyol can coraprise an amino sugar {e.g., meghumine or glucamine).
In certain cxamples, the polyol can be meghimine, glucamine, mannitol, sorbitol, or
fructose.

A can be any suitable lipophilic moiety. The lipophilic motety can be derived from
a lipid. In some exaraples, the lipid can comprise a fatty acid, a glveerohipid, a phospholipid,
a sphingolipid, a sterol, or a prenol.

In some examples, A can be a Ce-Cao alkyl group, a Cs-Cao atkenyl group, a Cs-Cyo
alkoxy group, a Cs-Cae alkylithio group, a Cs-Cyo alleylsulfinyl group, a Ce-Cao alkylsulfonyl
group, a Cs-Cao alkylamino group, a Cs-Cao dialkylamino group, a8 Ce-Cas alkylcarbonyl
group, a Cs-Cao alkoxycarbonyl group, a Cs-Cao alkylaminocarbonyl group, a Ce-Cao
diatkylaminocarbonyl group, or a moiety defined by the formula

RT RG

wherein

the dotted lines indicate that a single or double bond 1s present;

RS can be an alkyl group, an alkenyl group, an alkyny! group, an aryl group, an
alkylaryl group, an arvlalkyl group, a cycloalkyl group, an alkyleyelealkyl group, 2
heterocyelyl group, an alkylheterocyclyl group, a heteroaryl group, an alkylheteroaryl
group, an alkoxy group, or an alkylthio group; and

R7, R, R% R, and R can be, independently, hydrogen, a hydroxy group, an amino
group, an alkyl group, an alkenyl group, an alkynyl group, an aryl group, an alkylaryl group,
an arylalkyl group, a cycloalkyl group, an alkyleycloalkyl group, a heterocyclyl group, an
alkylheterocyelyl group, a heteroaryl group, an alkylheteroaryl group, an alkoxy group, an
alkylthio group, an alkylsulfinyl group, an atkyisulfony! group, an alkylamino group, 2
dialkylaroino group, an alkylcarbouy! group, an alkoxycarbonyl group, an
alkylaminocarbonyl group, or a dialkylaminocarbonyl group.

In certain examples, the compound can be defined by Formula 1A
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Formula [A
where 7, L, and A can be as defined above with respect to Formula 1
In certain examples, the compound can be defined by Formula 11
CH,OH
OH
L
/ XA
B\OZ =

Formula I
wherein

PLRY R RE R RY, my, L, and A can be as defined above with respect to Formula

10 X can be (- or ~NRP-; and
R can be hydrogen or an alkyl group.
In certain examples, R'? can be hydrogen. In other examples, R* is an alkyl group.
For example, R can be a C1-Cs alkyl group. In some examples, R can be a C1-C4 alkyl
group. In certain exarmples, R1? can be methyl or ethyl.
15 In certain examples, X can be —O—. In other examples, X can be ~NH-or
~N{CHz}—.

In certain examples, the compound can be defined by Formula 1A

Formula A

20 wherein X, R'2, L, and A can be as defined above with respect to Forrula I1.

In certain examples, the compound can be one of the following.
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At neutral or alkaline pH (e.g., a pH of 8), the boronic csters described herein can be
amionic. In these cases, an additional deprotonated hydroxyl group can be attached to the
boron atom of the compounds described herein, and the compounds can exist in a salt form.

Also provided are pharmaceutical formulations that include liposomes formed from
a vesicle-forming lipid, and a compound described herein entrapped in the liposomes. In
sorac exarapics, the formulation can be lyophilized. The liposomal formulations can
maintain stability during lyophilization, and once lyophilized, can remain stable when
stored at room ternperature for periods of up to six months. o sorac exaraples, the
formulation can further include a lyoprotectant, such as sucrose or trehalose.

Also provided are methods of treating cancer in a subject. Methods can include
administering to the subject a therapeutically effective amount of a corapound or
formulation described herein.

Additional advantages of the disclosed subject matter will be sct forth in part in the
description that follows and the Figures, and in part will be obvious from the description, or
can be learned by practice of the aspects described below. The advantages described below
will be realized and attained by means of the elements and combinations particularly
pointed out in the appended claims. {t is to be understood that both the foregoing general
description and the following detaiied description are exemplary and explanatory only and
are not restrictive.

BRIEF DESCRIPTION OF THE FIGURES

The accorapanying Figures, which are incorporated in and constitute a part of this
specification, thustrate several aspects described below.

Figure 1 18 a Sepharose CL-4B chromatograro illustrating the loading of a liposoral
formmulation of BTZ-OMG.

Figure 2 is a graph illustrating the offect of pH on the loading efficiency of BTZ-
MEGA-12 in liposomes.

Figure 3 18 a Scpharose CL-4B chromatograrn illustrating the loading of g liposormal
formulation of BTZ-MEGA-12.

Figure 4 is a Sepharose CL-4B chromatogram tllustrating the loading of a liposomal
formulation of BTZ-MEGA-CHOL.,

Figure 5§ is a plot showing the colloidal stability of a lyophilized liposomal

formulation of BTZ-MEGA-CHOL over a period of 28 weeks.
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Figure 6 is a cryo-TEM micrograph of a lyophilized liposome inchuding BTZ-
MEGA-CHOL.

Figure 7 is a graph showing the cytotoxicity of BTZ and BTZ-MEGA-CHOL to
SUB6 leukemia cells,

Figure 8 is a graph showing the cytotoxicity of BTZ and BTZ-MEGA-CHOL to
K362 leukemia cells.

Figure 9 is a graph of trial 1 evaluating the survival of MV4-11 engrafted NSG mice
in response to treatment with a lposomal formulation of BTZ-MEGA-CHOL.

Figure 10 18 a graph of trial 2 evaluating the survival of MV4-11 engrafted NSG
niice in response to treatment with a liposomal formulation of BTZ-MEGA-CHOL.

Figare 11 1s a graph of the combined vesults of trial T and trial 2 evaluating the
survival of MV4-11 engrafted NSG mice in response to treatment with a liposomal
formulation of BTZ-MEGA-CHOL.

Figure 12 are micrographs illustrating the difference in leukemic blast cell
concentration in MV4-11 engrafted NSG mice following four weeks of treatment with
empty liposomes {top micrograph) and four weeks of treatment with a liposomal
formulation of BTZ-MEGA-CHOL (bottom micrograph). Treatment with a liposomal
formulation of BTZ-MEGA-CHOL ehimnated leukeruic blast cells from the MV4-11
engrafted NSG mice after 4 weeks of treatment.

Figure 13 illustrates that four wecks of treatment with a liposoroal formulation of
BTZ-MEGA-CHOL reduced the spleen size the MV4-11 engrafted NSG mice as compared
to four weeks of treatment with empty liposomes.

Figure 14 is a graph that shows the rate of BTZ release from liposome by monitoring
the drug content in liposomal over time in pH 7.4 phosphate-buffered saline (PBS) at 37°C.

Figure 15 1s a graph that shows plasma drug concentration versus time in mice after
Lv. administration of a single dose free BTZ and L-BTZ (1 mg/kg). Data are presented as

the mean = 8D {n = 3},

DETAILED DESCRIPTION
The materials, compounds, compositions, articies, and methods described herein
may be understood more readily by reference to the following detailed description of
specific aspects of the disclosed subject matter and the Examples and Figures included

therein,
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Before the present materials, compounds, compositions, and methods are disclosed
and described, 1t 1s to be understood that the aspects described below are not himited to
specific synthetic methods or specific reagents, as such may, of course, vary. it is also to be
undersiood that the terminology used herein is for the purpose of describing particular
aspects only and is not intended to be limiting.

Also, throughout this specification, various publications are referenced. The
disclosures of these publications in their entireties are hereby incorporated by reference into
this application i order to more fully describe the state of the art to which the disclosed
matter pertains. The references disclosed are also imdividually and specifically incorporated
by reference herein for the material contained in them that is discussed in the sentence in

which the reference 18 relied upon.

General Definitions

In this specification and in the claims that follow, reference will be made to a
number of terms, which shall be defined to have the following meanings:

Throughout the description and claims of this specification the word “comprise” and
other forms of the word, such as “comprising” and “comprises,” means including but not
imited to, and 1s not intended to exclude, for example, other additives, components,
integers, or Steps.

As used in the description and the appended claims, the sivgular forms “a,” “an,”
and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, refercnce to “a composition” mcludes mixtures of two or more such compositions,
reference to “the compound” includes mixtures of two or more such compounds, reference
to “an agent” includes mixture of two or more such agents, and the like.

“Optional” or “optionally” means that the subsequently described event or
circumstance can or cannot occur, and that the description includes instances where the
event or circumstance occurs and instances where it does not.

As used herein, by a “subject” is meant an individual, Thus, the “subject” can
include domesticated animals (e.g., cats, dogs, cte), hivestock {e.g., catile, horses, pigs,
sheep, goats, etc.), laboratory animals {e.g., mouse, rabbit, rat, guinea pig, ¢t¢.), and birds.
“Subject” can also include a mammal, such as a priraate or a hurnan,

By “reduce” or other forms of the word, such as “reducing” or “reduction,” is meant
lowering of an event or characteristic {e.g., tumor growth}. It is understood that this is

typically in refation to some standard or expected vahue, in other words it is relative, but that
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it is not always necessary for the standard or relative value to be referred to. For example,
“reduces tumor growth” means reducing the rate of growth of a tumor relative to a standard
or a control.

By “prevent” or other forms of the word, such as “preventing” or “prevention,” is
meant to stop a particular event or characteristic, to stabilize or delay the development or
progression of a particular event or characteristic, or to minimize the chances that a
particular event or characteristic will occur. Prevent does not require comparison to a
control as it 1s typically more absolute than, for cxample, reduce. As used herein, something
could be reduced but vot prevenied, but something that 1s reduced could also be prevented.
Likewise, something could be prevented but not reduced, but something that is prevented
could also be reduced. It is undersiood that where reduce or prevent are used, unless
specifically indicated otherwise, the use of the other word is also expressly disclosed.

By “treat” or other forms of the word, such as “treated” or “treatment,” 18 meant to
administer a composition or to perform a method in order to reduce, prevent, inhibit, or
eliminate g particular characteristic or event {e.g., turnor growth or survival). The torm
“control” 15 used synonymously with the term “treat.”

The term “anticancer” refers to the ability to treat or control cellular proliferation
and/or tumor growth at any conceniration.

It is understood that throughout this specification the identifiers “first” and “second”
are used solely to aid wn distinguishing the various components and steps of the disclosed
subject matter. The identifiers “first” and “second” are not intended to imply any particular
order, amount, preference, or importance to the components or steps modified by these

terms.

Chemical Definitions

Terms used herein will have their customary meaning in the art unless specified
otherwise. The organic moteties mentioned when defining variable positious within the
general formulae described herein {e.g., the term “halogen”) are collective terms for the
individual substituents encompassed by the organic moicty. The prefix Co-Cr indicates in
cach case the possible number of carbon atoms in the group.

The term “alkyl,” as used hercin, refers to saturated straight, branched, primary,
secondary or terttary hydrocarbons, inchuding those having 1 to 20 atoms. In some
examples, alkyl groups will include C1-Cra, C1-Cuo, Ci-Cs, C1-Cs, C1-Cs, C1-C4, C1-Cs, or

C-C; alkyl groups. Examples of Ci-Cro alkyl groups include, but are not Hmited to, methyl,
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ethyl, propyl, 1-methylethyl, butyl, 1-methylpropyl, 2-methylpropyl, I,1-dimethylethyl,
pentyl, T-methylbutyl, 2-rocthylbutyl, 3-methyibutyl, 2.2-dimethylpropyl, T-ethylpropyl,
hexyl, L1-dimethylpropyl, 1,2-dimethylpropyl, -methylpentyl, 2-methylpentyl, 3-
wethylpentyl, 4-methylpentyl, 1, 1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl,
2, 2-dimethyibutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, T-ethylbutyl, 2-ethylbutyl, 1,1,2-
trivacthylpropyl, 1,2, 2-trimcthylpropyl, 1-cthyl-1-methylpropyl, 1-cthyl-2-methylpropyl,
heptyl, octyl, 2-ethylhexyl, nonyl and decyl groups, as well as their isomers. Examples of
C1-Cs-alkyl groups inclade, for example, methyl, ethyl, propyl, 1-methylethyl, butyl, -
wethyipropyl, 2-methylpropyl, and 1, 1-divoethylethy! groups.

Cyelic alkyl groups or “cycloalkyl” groups include cycloalkyl groups having from 3
to 10 carbon atoms. Cycloalkyl groups can 1nclade a single ving, or multiple condensed
rings. In some examples, cycloalkyl groups include C3-Cy, C4-Cr, Cs-Cr, Ca-Cs, or Cs-{g
cyclic alkyl groups. Non-hmiting examples of cycloaliyl groups include adamantyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and the like.

Alkyl and cycloalkyl groups can be unsubstituted or substituted with one or more
moicties chosen from alkyl, halo, haloalioyl, hydroxyl, carboxyl, acyl, acyloxy, amino,
alkyl- or dialkylamino, amide, arylamino, altkoxy, aryloxy, nitro, cyano, azido, thiol, imine,
sulfonic acid, sulfate, salfonyl, sulfanyl, sulfinyl, sulfamonyl, ester, phosphonyl,
phosphinyl, phosphoryl, phosphine, thioester, thiocther, acid halide, anhydride, oxime,
hydrazine, carbamate, phosphoric acid, phosphate, phosphonate, or any other viable
functional group that does not inhibit the biological activity of the compounds of the
mvention, either unprotected, or protected as necessary, as known to those skilled in the art,
for example, as described in Greene, ef af., Protective Groups in Organic Synthesis, John
Wiley and Sons, Third Edition, 1999, hereby incorporated by reference.

Terms inchudimg the term “alkyl,” such as “alkylamine” or “dialkvlamine,” will be
understood to comprise an alkyl group as defined above linked to another functional group,
where the group 1s linked to the compound through the last group histed, as understood by
those of skill in the art.

The terra “alkenyl,” as used herein, refers to both straight and branched carbon
chains which have at least one carbon-carbon double bond. In some examples, alkenyl
groups can include C2-Cop alkenyl groups. In other exaraples, alkenyl can include Co-Cra,
Cy-Cio, Ca-Cs, oL, or C-C4 alkenyl groups. In one embodiment of alkenyl, the nmurmber
of double bonds is 1-3, in another embodiment of alkenyl, the number of double bonds 18

one or two. Other ranges of carbon-carbon double bonds and carbon numbers are also
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contemplated depending on the location of the alkenyl moiety on the molecule. “Co-Cip-
alkeoy!” groups can include wore than ove double bond n the chain. The one or more
unsaturations within the alkenyl group can be located at any position(s) within the carbon
chain as valence permits. In some exaroples, when the alkeoyl group is covalently bound to
one or more additional moieties, the carbon atom(s) in the alkenyl group that are covalently
bound to the one or more additional moieties are not part of a carbon-carbon double bond
within the alkenyl group. Examples of alkenyl groups include, but are not limited to,
cthenyl, 1-propenyl, 2-propenyl, -methyl-cthenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-
wethyl-1-propenyl, 2-moethyl-1-propenyl, T-methyl-Z-propenyl, 2-methyl-2-propenyl; 1-
pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 1-methyl-1-butenyl, Z-methyl-1-butenyl, 3-
methyl-1-buteoyl, L-methyl-2-butenyl, Z-methyl-2-butenyl, 3-methyl-2-butenyl, 1-methyl-
3-butenyl, 2-methyl-3-butenyl, 3-methyl-3-butenyl, 1,1-dimethyl-2-propenyl, 1,2-dimethyl-
I-propenyl, 1,2-diracthyl-2-propenyl, 1-ethyl-T-propenyl, 1-cthyl-2-propenyl, 1-hexenyl, 2-
hexenyl, 3-hexenyl, 4-hexenyl, S-hexenyl, T-methyl-1-pentenyl, Z-methyl-1-pentenyl, 3-
methyl-T-pentenyl, 4-methyl-1-pentenyl, T-methyl-2-pentenyl, 2-methyl-2-pentenyl, 3-
methyl-2-pentenyl, 4-methyl-2-pentenyl, T-methyl-3-pentenyl, 2-methyi-3-pentenyl, 3-
methyl-3-pentenyl, 4-methyl-3-pentenyl, 1-methyl-4-pentenyl, 2-methyi-4-pentenyl, 3-
methyl-4-pentenyl, 4-methyl-4-pentenyl, 1,1-dimethyl-2-buteuyl, 1,1-dimethyl-3-butenyl,
1,2-dimethyl-1-butenyl, 1,2-dimethyi-2-butenyl, 1,2-dimethyl-3-butenyl, 1,3-dimethyl-1-
butenyl, 1,3-dimethyl-2-butenyl, 1,3-dimethyl-3-butenyl, 2,2-dumethyi-3-butenyl, 2,3~
dimethyl-1-butenyl, 2,3~dimethyi-2-butenyl, 2,3-dimethyl-3-butenyl, 3,3-dimethyl-1-
butenyl, 3,3-dimethyl-2-butenyl, l-ethyl-1-butenyl, 1-cthyl-2-butenyl, I-cthyl-3-butenyl, 2-
ethyl-1-butenyl, 2-ethyl-2-butenyl, 2-ethvl-3-butenyl, 1,1,2-trimethyl-2-propenyl, 1-ethyl-1-
methyl-2Z-propenyl, 1-cthyl-2-methyl-1-propenyl and 1-cthyl-2-methyi-2-propenyl groups.
The terro “alloynyl,” as used herein, refers to both straight and branched carbon
chains which have at least one carbon-carbon triple bond. In one embodiment of alkynyl,
the number of triple bonds 1s 1-3; 1u another embodiment of alkynyl, the number of triple
bonds 18 one or two. In some examples, alkynyl groups include from C2-Coo alkynyl groups.
In other examples, alkynyl groups can include Co-Cra, C2-Cio, Co-Ca, C2-Co o1 C2-Cy
alkynyl groups. Other ranges of carbon-carbon triple bonds and carbon numbers are also
contemplated depending on the location of the alkenyl moicty on the molecule. For
example, the term “Co-Cro-alkynyl” as used herein refers to a straight-chain or branched
unsaturated hydrocarbon group having 2 to 10 carbon atoms and containing at least one

triple bond, such as ethynyl, prop-1-yn~1-yi, prop-2-yn-1-yi, n-but-1-yn~1-yi, v-but-1-yn-3-
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vi, n-but-I-yn-4-yi, n-but-2-yn-1-vi, n-pent-1-yn-1-yl, n-pent-1-yn-3-vi, n-pent-t-yn-4-vl,
n~pent-1~-yu-S-yl, n-pent-2-yn-1-yi, v-pent-2-yn-4-yi, n-peot-2-yn-5-yi, 3-methylbut-f-yn-3-
vi, 3-methylbut-1-yn-4-vyl, n-hex-t-yn-1-yl, n-hex-1-yn-3-yl, n-hex-1-yn-4-yi, n-hex-i-yn-
5-y1, n-hex~-1-yn-6-y1, n-hex-2-yu-1-yl, n-hex-2-yn-4-vl, n-hex-2-yu-5-vi, n-hex-2-yn-6-vi,
n-hex-3-yn-1-yi, n-hex-3-yn-2-yi, 3-methylpent-1-yn-1-yl, 3-methylpent-1-yn-3-vi, 3~
methylpent-1-yn-4-yi, 3-methylpent-1-yn-5-yl, 4-methylpent-1-yn-1-yl, 4-methylpent-2-yn-
4-yl, and 4-methyipent-2-yu-5-vl groups.

Alkenyl and alkynyl groups can be unsubstituted or substituted with onc or more
moteties chosen from alkyl, halo, haloalkyl, hydroxyl, carboxyl, acvl, acyloxy, aruino,
alkyl- or dialtkylamino, amido, arylaming, alkoxy, aryloxy, nitro, cyano, azido, thisl, imino,
sulfounic acid, sulfate, sulfonyl, sulfanyl, sulfinyl, sulfamounyl, ester, phosphonyl,
phosphinyl, phosphoryl, phosphine, thioester, thiocther, acid halide, anhydride, oxime,
hydrazine, carbamate, phosphoric acid, phosphate, phosphonate, or any other viable
functional group that does not inhibit the biclogical activity of the compounds of the
mnvention, cither unprotected, or protected as necessary, as known to those skilled m the art,
for example, as described in Greene, et af., Protective Groups in Organic Synthesis, John
Wiley and Sons, Third Edition, 1999,

The term “aryl,” as used herein, refers to a monovalent aromatic carbocyclic group
of from 6 to 14 carbon atorns. Aryl groups can include a single ring or nmulbtiple condensed
rings. In some examples, aryl groups mclude Ce-Cio aryt groups. Aryl groups imclude, but
are not limited to, phenyl, biphenyl, naphthyl, tetrahydronaphtyl, phenyleyelopropyl and
mdanyl. Aryl groups can be unsubstituted or substituted by one or more moictics chosen
from halo, cyano, nitro, hydroxy, mercapto, amino, alkyl, alikenyl, alkynyl, cycloalioyi,
cycloalkenyl, haloalkyl, haloalkenyl, haloalkynyl, halocyeloalkyl, halocycloalkenyl, atkoxy,
alkenyloxy, alkynyloxy, haloalkoxy, haloalkenyloxy, haloalkynyloxy, cycloalkoxy,
cycloalkenyloxy, halocycloalkoxy, halocycloaltkenyloxy, alkylthio, haloalkylthio,
cycloalkylthio, balocycloalioylihio, alkylsulfinyl, alkenylsulfinyl, alkynyl-sulfioyl,
haleoalkylsulfinyi, haloalienylsuifinyl, haloalkynylsulfinyl, alkylsulfonyl, alkenylsulfonyl,
alkynylsulfonyl, haloalkyl-sulfonyl, haloalkenyisulfonyl, haloalicynylsulfonyl, alkylamine,
alkenylamino, alkynylamino, di(alkylamino, di(alkenyl}-amino, di{alkynyliamino, or
triatkylsiiyl.

The term “alkyvlaryl,” as used herein, refers to an aryl group that is bonded to a
parent compound through a diradical alkylene bridge, (-CHo-), wherenis [-12 (e g, nis

from 1 to 6} and where “aryl” 15 as defined above. The term “arylalkyl,” as used herein,
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refers to an aryl group, as defined above, which is substituted by an alkyl group, as defined
above.

The term “alkylcycloalkyl,” as used herein, refers to a cycloalky! group that i
bonded to a parent compound through a divadical alkylene bridge, (-CHaz-)s, where nis 1-12
{e.g.,nis from 1 to 6) and where “cycloalkyl” is as defined above.

The terrn “alkoxy,” as used herein, refers to alkyl-O-, wherein alkyl refers to an
alkyl group, as defined above. Similarly, the terms “alkenyloxy,” “alkynyloxy,” and
“cycloalkoxy,” refer to the groups alkenyl-O-, alkynyl-O-, and cycloalkyl-O-, respectively,
wherein alkenyl, allkynyl, and cycloalkyl are as defined above. Examples of Ci-Ce-alkoxy
groups include, but are not limited to, methoxy, ethoxy, C:Hs-CHO-, (CH212CHO-, n-
butoxy, CoHs-CH{CH:)O-, (CH3 pCH-CHO-, (CH3 :CO-, u-pentoxy, 1-methylbutoxy, 2-
methylbutoxy, 3-methylbutoxy, 1, 1-dimethylpropoxy, 1,2-dimethylpropoxy, 2,2-dimethyl-
propoxy, i-cthylpropoxy, n-hexoxy, 1-methylpentoxy, 2-methylpentoxy, 3-methylpentoxy,
d-methylpentoxy, 1,1-dimethyibwutoxy, 1,2-dimethylbutoxy, 1,3-dimethylbutoxy, 2,2-
dimethylbutoxy, 2,3-dimethylbutoxy, 3,3-dimethylbutoxy, 1-ethylbutoxy, 2-cthylbutoxy,
1,1,2-trimethyipropoxy, 1,2,2-trimethyipropoxy, 1-ethyl-T-methylpropoxy, and t-cthyl-2-
methylpropoxy.

The term “alkylthio,” as used herein, refers to alkyl-S~, wherein alkyl refers to an
alkyl group, as defined above. Similarly, the term “cycloalkylthio,” refers to cycloalikyl-S-
where cycloalkyl are as defined above.

The term “alkylsulfinyl.” as used herein, refers to alkyl-S{0}-, wherein alloyl refers
to an alkyl group, as defined above.

The term “alkyisulfonyl,” as used herein, refers to alkyl-S{Q -, wherein alkyl is as
defined above.

The terros “alkvlaming” and “dialkylamine,” as used herein, refer to alkyl-NH- and
{alkyl}2N- groups, where alkyl is as defined above.

The terms “alkylearbonyl,” “alkoxycarbonyl,” “alkylarminocarbouyl,” and
“dialkylaminocarbonyl,” as used herein, refer to altkyl-C{O}-, alkoxy-C{0)-, alkylamino-
C(0)- and dialleylanmuno-C(O)- respectively, where alkyl, alkoxy, alkylamino, and
dialkylamino are as defined above.

The term “hetercaryl,” as used herein, refers to a monovalent arornatic group of
from 1 to 15 carbon atoms {e.g., from 1 to 10 carbon atoms, from 2 to 8 carbon atoms, from
3 to 6 carbon atons, or from 4 to 6 carbon atoms) having one or more heteroatoms within

the ring. The heteroaryl group can imclude from 1 to 4 heteroatorns, from 1 to 3



o

10

15

20

25

30

WO 2015/117136 PCT/US2015/014263
15

heteroatoms, or from 1 to 2 heteroatoms. In some examples, the heteroatom(s) incorporated
into the ving are oxygen, nitrogen, sulfur, or combinations thereof. When present, the
nitrogen and sulfur heteroatoms can optionally be oxidized. Heteroaryl groups can have a
single ring {(e.g., pyridyl or furyl) or multiple condensed rings provided that the pownt of
attachment is through a hetercaryl ring atom. Preferred heteroarvls include pyridyl,
piridazinyl, pyrimidinyl, pyrazinyl, triszinyl, pyrrolyl, indolyl, quinolinyl, isoquinolinyl,
quinazolinyl, quinoxalinnyl, furanyl, thiophenyl, furyl, pyrrolyl, imidazolyl, oxazolyl,
1soxarolyl, isothiazolyl, pyrazolyl benzofuranyl, and benzothiophenyl. Heteroaryl rings can
be unsubstituted or substituted by one or more moicties as described for aryl above.

9

The term “alkylheteroaryl,” as used herein, refers to a heterparyl group that is
bonded to a parent compound through a diradical alkylene bridge, (-CHa-)a, where v is 1-12
and where “heteroaryl” i as defined above.

The terms “heterocyclyl,” “heterocyelic” and “heterocyelo” are used herein
interchangeably, and refer to fully saturated or unsaturated, cyclic groups, for example, 3 to
7 membered rmonocyelic or 4 to 7 mernbered monocycelhic; 7 to 11 membered bicyelic, or 10
to 15 membered tricyclic ring systems, having one or more heteroatoms within the ring.
The heterocyclyl group can include from | to 4 heteroatoms, from | to 3 heteroatoms, or
from 1 to 2 heteroatoms. In some examples, the heteroatomis) incorporated 1nto the ring are
oxygen, nitrogen, sulfur, or combinations thereof. When present, the nitrogen and sulfur
heteroatoms can optionally be oxidized, and the nitrogen heteroatorns can optionally be
quaternized. The heterocyelyl group can be attached at any heteroatom or carbon atom of
the ring or ring system and can be unsubstituted or substituted by one or more moictics as
described for aryl groups above.

Exermplary monocyelic heterocyelic groups include, but are not Hmited to,
pyrrofidinyl, pyrrolyl, pyrazolvl, oxetanyl, pyrazolinyl, imidazolyl, imidazolinyl,
imidazolidinyl, oxazolyl, oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl, thiadiazolvyl,
thiazohdinyl, isothiazolyl, wsothiazolidiuyl, furyl, tetrahydroturyl, thienyl, oxadiazolyl,
piperidinyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, Z-oxopyrrolodinyl, 2-
oxoazepinyl, azepinyl, 4-piperidonyl, pyridinyl, pyrazinyl, pyrinudinyl, pyridazinyl,
tetrahydropyranyl, morpholinyl, thiamorpholinyl, thiamorpholinyl sulfoxide,
thiamorpholinyl sulfone, 1,3-dioxelanc and tetrahydro-1,1-dioxothienyl, triazolyl, triazinyl,
and the like.

Exemplary bicyclic heterocyclic groups include, but are not limited to, indolyl,

benzothiazolyl, benzoxazolyl, benzodioxolyl, benzothienyl, guinuchdinyl, quinolinyl, tetra~
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hydroisoquinolinyl, isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuryl,
chromonyl, coumarinyl, benzopyranyl, cmnolinyl, quinoxahnyl, indazolyl, pyrrolopyridyl,
furopyridinyt (such as fure{2,3-clpyridinyi, fure[3.2-bipyridinyljor fure{2,3-blpyridinyl),
dibydroisoindolyl, dihydroguinazoliny (such as 3,4-dihydro-4-oxo-quinazolinyl),
tetrahydroquinolinyl and the like.

Exermplary tricyclic heterocyelic groups include carbazolyl, benzidolyl,
phenanthrolinyl, acridinyl, phenanthridinyl, xanthenyl, and the like.

The term “alkylheterocyclyl,” as used herein, refers to a heterocyelyl group that 18
bonded to a parent compound through a divadical alkylene bridge, (-CHaz-)s, where nis 1-12
and where “heterocyclyl” 1s as defined above. The term “heterocyclylatkyl,” as used herein,
refers to a heterocyelyl group, as defined above, which is substituted by an alkyl group, as
defined above.

Herctrocyelyl and heteroaryl groups can be unsubstituted or substituted with one or
more moicties chosen from alkyl, halo, haloalkyl, hydroxyl, carboxyl, acyl, acyloxy, amino,
alkyl- or dialtkylaminoe, amido, arylamine, alkoxy, aryloxy, nitro, cyano, azido, thiol, irnino,
sulfonic acid, sulfate, sulfonyl, sulfanyl, sulfinyl, sulfamonyl, ester, phosphonyl,
phosphinyl, phosphoryl, phosphine, thioester, thiocther, acid halide, anhydride, oxime,
hydrazine, carbamate, phosphoric acid, phosphate, phosphonate, or any other viable
functional group that doces not inhibit the biclogical activity of the compounds of the
invention, either unprotected, or protected as necessary, as known to those skilled 1o the art,
for example, as described in Greene, et af., Protective Groups in Organic Synthesis, John
Wiley and Sons, Third Edition, 1999

The term “halogen,” as used heretn, refers to the atoms fluorine, chlorine, bromine
and 1odine. The prefix halo- {e.g., as illustrated by the torm haloalkyl) refers to all degrees
of halogen substitution, from a single substitution to a perbalo substitation (e.g., a8
tlustrated with methyl as chloromethy! (-CH:C1), dichioromethyl (-CHCl), trichloromethyl
(-CCls)).

As used herein, the term “substituted” is contemplated to include all permissible
substituents of organic compounds. In a broad aspect, the permissible substituents inchude
acyclic and cychic, branched and unbranched, carbocyclic and heterocyelic, and aromatic
and nonaroraatic substituents of organic compounds. Hustrative substituents mclade, for
example, those described below. The permissible substituents can be one or more and the
same or different for appropriate organic compounds. For purposcs of this disclosure, the

heteroatoms, such as nitrogen, can have hydrogen substitucots and/or any permissibie
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substituents of organic compounds described herein which satisfy the valences of the
heteroatoms. This disclosure is not intended to be imited 1u any mavner by the permissible
substituents of organic compounds. Alse, the terms “substitution” or “substituted with”
include the implicit proviso that such substitution 1s 1 accordance with permitted valence of
the substituted atom and the substituent, and that the substitution results in a stable
compound, e.g., a compound that does not spontancously undergoe transformation such as by
rearrangement, cyclization, elimination, efc.

Unless stated to the contrary, a formula with chemical bonds shown only as solid
fines and not as wedges or dashed hines conteroplates cach possible isomer, e.g., cach
enantiomer, diastercomer, and meso compound, and a mixture of isomers, such as a racemic
or scalemic mixture.

Reference will now be made in detail to specific aspects of the disclosed materials,
compounds, compositions, articles, and racthods, examples of which are illustrated 1 the

accompanying Examples and Figures.

Compounds

Disclosed herein are boronic acid esters of boronic acid therapeutic agents. The
boronic acid esters can {function as prodrags for the boronic acid therapeutic agents. The
boronic acid esters can be used to prepare liposomal formulations with improved propertics,
such as enhanced stability,

In certain aspects, disclosed herein are compounds defined by Formula |

RG O Rg 01\2 -~ L \A
1 H

Formula |

wherein

P! is hydrogen or an amino-group protecting moiety;

RYis hydrogen or an alkyl group;

R!, R?, and R? are independently hiydrogen, an alkyl group, a cycloalkyl group, a
heterocyclyl group, an aryl group, a heteroaryl group, or ~CHz-RY

R*is an aryl group, an alkylaryl group, an arylalkyl group, a cycloalkyl group, an
alkyleycloalkyl group, a heterocyelyl group, an alkylheterocyclyl group, a heteroaryl group,

an alkylheteroaryl group, an alkoxy group, or an alkylthio group;
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misQ, 1, or2;

Z, together with OF and O, represent a moiety derived from a polyol;

L is absent or is a linking group; and

A 1s a lipophilic moiety.

fn some examples, P! is an amino-group protecting moiety. Amino-group protecting
moicties include groups that are used to dertvatize an amino group, cspecially an N-terroimal
amino group of a peptide or amino acid. Such groups include, without limitation, alkyl,
acyl, alkoxycarbonyl, aminocarbonyl, and sulfonyl moieties. However, the toerm “amino-
group protecting moiety” is not intended to be timited to those particular protecting groups
that are commonly employed in organic synthesis, nor is it intended to be limited to groups
that are readily cleavable.

In some examples, P! is R-C(0)-, R-S{0O)—-, R*-NH-C(O}-, or RP-0-C(0)-,
wherein R” is an alkyl group, an aryl group, an alkylaryl group, an arylalkyl group, a
cycloalkyl group, an alkylcycloaltkyl group, a heterocyelyl group, an alkylheterocyelyl
group, a heteroaryl group, or an alkylheteroaryl group. In certain examples, P! is R°-C(0)-,
R°-8(0 1, R-NH-C(O)-, or R-O-C(O)-, and R’ is a heteroaryl group. In certain
examples, P! is (2-pyrazinejcarbonyl.

In some exarples, R” is hydrogen. In other exaraples, RY is an alkyl group. For
example, R%an be a C1-Cs alkyl group. In some examples, R%can be a C1-C4 alkyl group. In
certain examples, R%an be methyl or ethyl.

In some examples, R, R? and R are each independently chosen from hydrogen, Ci-
Cs alkyl, Ca-Cro cycloalkyl, Co-Cro aryl, and —CH»—R?, wherein cach of R, R?, R, and
R* can be optionally substituted as described above. In some examples, R', R?, and R? are
each independently chosen from C1-Cs alkyl and —CH>—R*, and R* is one of cycloalkyl,
aryl, heterocyclyl, heteroaryl, or alkoxy. In some examples, RY, R?, and R” are each
independently chosen from C1-Cs alkyl and —CH>—R*Y, and R* is one of Ce-Cio aryl, (Cs-
Cropar{Ci~-Cepalkyl, (Ci-Colalk{Ce-Croyaryl, Ca-Cho cycloalkyl, Ci-Ca alkoxy, or C1-Ca,
alkylthio or a 5- to 10-membered heteroaryl ring. In certain examples, R® is an isobutyl
Zroup.

m can be 0, 1, or 2. When m is zero, the residue within the brackets is not present,
and the boronate ester compound 1s a dipeptide. Strotlarly, when mois 1, the residue within
the brackets is present, and the compound is a tripeptide. When n s 2, the compound is a

EEINY

tetrapeptide. In certain examples, m is zero. The terms “peptide,” “dipeptide,” and

“tripeptide,” as used here, are intended to encorapass compounds comprising natural amino
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acid residucs, unnatural amino acid residucs, or a combination of natural and unnatural
amino acid residues. It will be apparent that the terros “peptide,” “dipeptide,” and
“tripeptide” are used to refer to compounds herein in which the carboxylic acid functionality
of the C-terminal amino acid restdue 15 replaced by a boronate ester functionality.

Asused herein, the term “motety derived from a polyol” refers to a moiety formed
by rernoving the hydrogen atoms from two hydroxyl groups of a polyol (e, a moiety that
inchides two or more hydroxyl groups}. The polyol can include any number of hydroxyl
groups. For example, in sorme exarples, the polyol can include from 2 to & hydroxyl
groups {e.g., frova 2 to 6 hydroxyl groups). In certain exaraples, the polyol can juclade at
feast 3 hydroxyl groups (e.g., from 3 to ¥ hydroxy! groups, from 3 to 6 hydroxyl groups, or
from 3 to 5 hydroxyl groups).

The moiety derived from a polyol can be attached to the boron atom by any two
hydroxyl groups of the polyol, such that the resulting boronate ester forms 5-, 6-, 7-, 8-, or
9-membered ring. In some examples, the boronate ester forms a 5~ or 6~-membered ring. In
certain cxamples, the polyol can include a 1,2-diol or 1,3-diol functionality.

The polyol can be any suitable polyol. For example the polyol can be a polymeric
polyel (e.g., polyvinyl alcohol}, an aromatic polyol {e.g., a catechol or catechol derivative),
or a sugar {e.g., a monosaccharide, a disaccharide, au oligosaccharide, or a polysaccharide).
In some cmbodiments, the polyol can be a non-aromatic polyol {i.c., the polyol does not
include an aromatic moiety).

In some examples, the polyol comprises a sugar {e.g., a monosaccharide such as
fructose). In certain exarmples, the pelyol can comprise a reduced sugar {e.g., a sugar
alcohel such as mannitol, sorbitol, or galactitel}. In certain examples, the polyol can
comprise an amino sugar {e.g., meglumine or ghucamine). In certain examples, the polyol is
meglurmine, glucamine, mannifol, sorbitol, or fructose.

In some examples, L is absent (7.e., Z is directly bound to A). As such contemplated
hevein are formula as disclosed herein where -Z2-L-A 15 shown as Z-A. In other examples, L
is present, and 18 a linking group. The linking group can be, for example, an alkylene,
heterocalkvlene, alkenylene, heteroalkenylene, alloynylene, heteroalkynylene, cycloalkylene,
alkyleycloalkylene, cycloalkylalkylene, heterocyclylene, alkylheterocyelylene,
heterocyelylalkylene, alkylearbonyl, alkoxycarbonyl, alkylarminocarbonyl,
beteroalkylaminocarbonyl, dialkylaminocarbonyl, or heterodialkylaminocarbonyl group
through which Z is bound to A. Optionally, such linking groups can further include one or

more functional groups, such as the linking rooicties described below. The hinking group
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can also be a linking moiety that links Z to A. Suitable linking moicties are known in the
art, and include, for example, secondary armdes (~CONH-), tertiary armdes (-CONR-},
secondary carbamates (-OCONH-; -NHCOO-), tertiary carbamates ((OCONR-; -NRCOO-},
ureas (~-NHCONH-; -NRCONH-; -NHCONR-, -NRCONR-), carbinols ((CHOH-, -CROH-),
ethers {~(3-}, and esters (~COO-, ~CHGHC-, CHROGC-), imines, and disulfide linkages,
wherein R 1s an alkyl group, an arvl group, or a heterocyclyl group.

A can be any suitable lipophilic moiety. The lipophilic moiety can comprise a
motety dertved from a lipid {e.g., a moiety formed by covalent reaction of a lipid with 7 or
L, when present). The lipid can be any suitable vatarally occurring or synthetic lipid. For
example, the lipid can comprise a fatty acid, a glycerolipid, a phospholipid, a sphingolipid, a
sterol, or a prenol.

In some examples, the lipid can comprise a fatty acid. Fatty acids include a
hydrocarbon chain that terminates with a carboxylic acid group. In some cxamples, the fatty
acid can include at least 12 carbon atoms. The fatty acid can be a saturated,
monounsaturated or polyunsaturated fatty acid. In some exaraples, the fatty acid can be a
fatty actd that is naturally oceurring in humans. Examples of suitable fatty acids that can be
cemployed, either alone or as part of a larger lipid, include myristic (12:0, tetradecanoic),
palmitic {16:0, hexadecanoic}, stearic (18:0, octadecanoic}, arachidic (20:0, eicosanoic), and
behenic (22:0, docosanoic) saturated fatty acids; palmitoleic (16:1{(n-7), cis-9-
hexadecenoic), petroselinic (18:1{n~-12), cis-6-octadecenoic), oleic (1R 1{n-9), cis-
octadecenoic, cis-vaccenic (18:1(n-7), cis-11-octadecenoic), erucic (22:1{n-9}, cis-13-
docosenoic monounsaturated fatty acids; and hinoleic (18:2(n-6), 9, 12-octadecadicnoicy, v-
finolenic {18:3{n-6}, 6,9,12-octadecatrienoic), a~linolenic (18:3(n-3), 9,12,15-octatricnoic),
arachidonic (20:4(n-6}, 5,8,11,14,17-cicosatetracnoic), EPA (20:5(n-3}, 5,8,11,14,17-
eicosapentacnoic), and DHA (22:6(n-3), 4,7,10,13,16,19-docasabexacnoicipolyansaturate
acids.

Fatty acid derivatives with substituents or branching along the carbon chain can also
be used in the present invention provided that the lipid character of the derivatized fatty acid
is maintained. For example, the fatty acid can be a branched chain fatty acid possessing
from 10 to 30 carbon atoms. Branches can include one or more methyl groups substituted at
any position along the saturated or unsaturated fatty acid chain, or invelve larger alkyl
groups. Other useful fatty acids include those with one or more alicyclic rings along the
fatty acid backbone or at a terminal position. Further useful fatty acids also include hydroxy

fatty acids, whercin the hydroxy group 1s within two carbous of the carboxylhic acid (o~ and
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B-hydroxy fatty acids). The a- or B-hydroxy group of the hydroxy fatty acids can also be
further dertvatized through the formation of ethers or ester to add a second fatty acid chain
to the lipid, thereby increasing its lipophilic character. The preceding discussion of fatty
acids also applies to their use in the following types of ipids where the lipids contain fatty
acid components.

In addition to being used n their naturally occurring form, the above fatty acids can
be modified to better facilitate covalent or noncovalent binding to Z or L by, for example,
converting the acid head group to an alcohol or amine, an alcohol further derivatized as a
feaving group, or a leaving group. As well, the fatty acid can be derivatized by adding a
short spacer, e.g., formation of esters with Z-aminocthanol, ethylene glycol or other ethanol
derivatives possessing a desived functional group. All chemistry required to prepare such
meodified fatty acids are believed to be routine and known by chemists skilled in organic
synthesis.

In some examples, the lipid can comprise a fatty amide. Fatty amides are amide
analogues of fatty acids. Suitable fatty amides include those in which a fatty acid, as
desecribed above, 1s converted to an amide by, for example, treatment with Z-aminoethanol,
thus providing an alcohol that can be further modified, if desired. Similarly, fatty amides
can be formed using diaraines, such as 1,2-diaminoethane, thus providing a primary amine
for facilitating linkage to Z or L. Suitable fatty amides can also be formed using fatty acids
and amino acids, which can then be further derivatized, if desived. Exaraple fatty amides
inchide anandamide, N-arachidonoylglycine, and N-palmitoylethanolamide.

In somc exaraplces, the lipid can comprise a glycerolipid. Suitable glycerolipids
include mono- and diacylglycerolipids (e.g., mono- and diacylgiycerels and
glycosylglycerols) that include fatty acids, as described above.

I some examples, the lipid can comprise a phospholipid. Exarmples of suitable
phospholipids include phosphatidylethanolamines (cephalins), phosphatidylcholines,
phosphatidylserines, phosphatidyl-L-threonines, phosphatidylglycerols,
phosphatidylinositols, phosphatidic acids, bisphosphatidyl glycerols {cardiolipins), and
phosphoglycolipids. Other suitable phospholipids inchude cther phospholipids {e.g.,
alkylacyl phospholipids and alkenylacyl phospholipids), lysophospholipids, and any of the
above phospholipids in which one of the fatty acid chains has be hydrolyzed to give
monoacyl, monoalkyl or monoalkenylphospholipid.

In some examples, the lipid can comprise a sphingolipid. Examples of suitabic

sphingohipids include sphingosine and other sphingoid bases, ceramides, ceramide
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phospholipids, and glycosphingolipids. Examples of ceramide phospholipids include
sphingolipids other than sphingomyelin 1o which a ceramide is bound to a phosphate group
{e.g., sphingolipids such as ceramide phosphorylethanolamines, ceramide
phosphorylglycerols, and cerarmde inositols). Suitable sphingoid bases can include
analogues of sphingoid bases with differing carbon chains {length, unsaturation,
hydroxylation}. In some cxamples, the carbon chains in the sphingoid base can include
from 14-24 carbon atoms. Suitable sphingoid bases include sphingosine (d18:1, d18: 1%,
4E-d18:1, or its cis isomer: d18:1%%, 47-d18:1) dihydrosphingosine (d18:0, sphinganine),
phytosphingosine (118:0), and dehydrophytosphingosine (t18%:1, 118:12%, 8E-t1R:1, or is cis
isomer: t18:1%%, 87.118:1), and cicosasphingosine {d20:1, 4B-d20:1, d20:1%%.

I some examples, the lipid can comprise a sterol. Suitable sterol Hpids include
sterols, and oxysterels in which the A or B ring of the cholestero! is oxidized rather than the
alkyl chain, such as 7B-hydroxycholesterol or 4B-hydroxycholesterol. Other suitable
oxysterols include oxysterols in which the alkyl side chain of the cholesterol has been
hydroxylated (and optionally converted to an amine) and the A and B rings of the
cholesterol skeleton are 1n a reduced form (i.e., dehydroxylated). Other suitable oxysterols
include oxysterols possessing a primary hydroxy group that is oxidized to a carboxylic acid,
including examples where the carboxvlic acid has been esterified (e.g., with 2-
aminocthanol).

I addition to the sterols commonly found in mammals, suitable sterols caninclade
sterols from other origins, such as plant-based sterols (phytosterols). Example phytosterols
mclude, but are not imited to, campesterol, sitosterol, brassicasterol, stigmasterol,
avenasterol.

Other suitable sterols include derivatized sterols. Sterols can also be derivatized by
adding, for example, 2Z-aminoethanol, mositol, serine, glycoside, phosphorylethanolamune,
phosphonylethanolamine, phosphorylserine, phosphorylinositel, phosphorylglycosides, or
glycosides denvatized with Z-aminoethanol, serine, phosphoryiethavolamine, or
phosphonylethanolamine, to the 3-hydroxy substituent of the A-ring or a hydroxy
substitucnt of the alkyl side chain of any of the above sterols or oxysterols,

In some examples, the lipid can comprise a prenol. Suitable prenol lipids can include
fat-soluble vitamins {e.g., vitarains A, E, and K}, as well as other prenol lipids, including
other tocopherols, tocotriensls, retinoic acid, dolichols, and polyprenols. Other suitable
prenols include diphosphate derivatives of prenols, such as farnesyl pyrophosphate and

presqualene diphosphate. Prenol lipids can also be further derivatized by, for example,
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adding 2-aminocthanol, inositol, serine, glycoside, phosphorylethanolamine,
phosphonylethanolamine, phosphorylserine, phosphorylinositol, phosphorylglycosides, or
glycosides derivatized with 2-aminoethanol, serine, phosphorylethanolamine, or
phosphonylethanolamioe, to an available hydroxy substituent.

o some examples, A is a Ce-Cap alkyl group, a Ce-Cy alkenyl group, a Cs-Cag
alkoxy group, a Cs-Cao alkylthio group, a Cs-Cao alkylsulfinyl group, a Ce-Cao alkylsulfonyl
group, a {s-Cyo alkvlamino group, a Ce-Cy diatkylamino group, a Ce-Cao atkylcarbonyl
group, 8 Cs-Cao alkoxycarbonyl group, a Ce-Cys alkylaminocarbonyl group, a Ce-Cao

dialkylaroinocarbouyl group, or a ruoicty defined by the formula below

wherein

the dotted lines indicate that a single or double bond can be present;

RS is an alkyl group, an alkenyl group, an alkynyl group, an aryl group, an alkylaryl
group, an arylalkyl group, a cycloalkyl group, an alkvicycloalkyl group, a heterocyelyl
group, an alkylheterocyclyl group, @ heteroaryl group, an alkylheteroaryl group, an alkoxy
group, or an alkyithio group: and

R7, R¥ R®, R and R" are independently hydrogen, a hydroxy group, an amino
group, an alkyl group, an alkenyl group, av alkynyl group, an aryl group, an alkylaryl group,
an arylalkyl group, a cycloalkyl group, an alkyleycloalkyl group, a heterocycelyl group, an
alkytheterocyelyl group, a heteroaryl group, an alkytheteroaryl group, an alkoxy group, an
alkylthio group, an alkylsulfinyl group, an atkyisulfony! group, an alkylamino group, 2
diatkylaroino group, an alkylcarbonyl group, an alkoxycarbonyl group, an
alkylaminocarbonyl group, or a diallcylaminocarbonyl group.

In certain examples, A 18 a moicty defined by the formula below
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where the dotted lines indicate that a single or double bond can be present; and RS R7, RE,
RY, R and R are as defined above. In one embodiment, A is defined by the structure

below.

o

Formula fA
where 7, L, and A are as defined above with respect to Formula L

In certain examples, the compound can be defined by Formula 11
CH,OH

J—oH

o' L
Ji XA
B\OZ H

Formula U

wherein
PLRY R R R RY, my, L, and A are as defined above with respect to Formula [,
¥ is —(0—or —=NR¥ - and
15 R is hydrogen or an alkyl group.
In certain examples, R is hydrogen. In other examples, R is an alkyl group. For
example, in some examples, R can be a C-Cs alkyl group. In some examples, R'* can be
a C1-Cy alkyl group. In certain examples, R!? can be methyl or ethyl.
In certain examples, X is -, In other examples, X is ~NH- or -N{CHa}-.

20 Inn certain examples, the compound can be defined by Formula [{A
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Formula HA

wherein X, R1%, L, and A are as defined above with respect to Forraula 11
o certain examples, the compound can be one of the following,.
CH,OH

AN TEDN g e ~
N S N N TN G O 35 CH,
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Pharmaceuatical Formulations

Also provided are pharmaceutical formulations including the compounds described
herein. Pharmaceutical formulations can include a therapeutically effective amount of a
compound described herein in corabination with one or more pharmaccutically acceptable
excipients. Representative excipients include solvents, diluents, pH modifying agents,
preservatives, antioxidants, suspending agents, wetting agents, viscosity modifiers, tonicity
agents, stabilizing agents, and combinations thereof. Suitable pharroaceutically acceptable
cxcipients are preferably selected from materials that are generally recognized as safe
{GRARS) by the FDA, and can be adminstered to an individual without causing undesirable
biological side effects or unwanted interactions.

In certain examples, the pharmaccutical formulation can be a hiposomal formulation.
For example, provided herein are pharmaceutical formulations that inchude liposomes
formed from a vesicle-forming lipid, and a corapound described herein entrapped i the
liposomes. A compound entrapped in a liposome can be sequestered in the central aqueous
compartment of the liposome, in the agueous space between liposome lipid bilayers, or
within a bilayer of the iposome itself.

The liposomes in the formulation can be composed primarily of vesicle-forming
fipids. Such a vesicle-forroing hipid is one that can form spontancously into bilayer vesicles
in water, as exemplified by the phospholipids, with its hydrophobic moiety in contact with
the interior, hydrophobic region of the bilayver membrane, and its head group moiety
oriented toward the exterior, polar surface of the membrane. Lipids capable of stable
meorporation into lipid bilayers, such as cholesterol and its various analogs, can also be

used in the bposomes. The vesicle-forring Hpids are preferably hpids baving two
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hydrocarbon chains, typically acyl chains, and a head group, cither polar or nonpolar. There
are a variety of synthetic vesicle-forming lipids and naturally-occurring vesicle-forming
tipids, including the phospholipids, such as phosphatidylcholine, phosphatidylethanolamine,
phosphatidic acid, phosphatidylinositol, and sphingomyelin, where the two hydrocarbon
chains are typically between about 14-22 carbon atoms in length, and have varying degrees
of unsaturation. The above-described lipids and phospholipids whose acyl chains have
varying degrees of saturation can be obtained commercially or prepared according fo
published methods. Other suitable hipids melude glycohipids, cercbrosides and sterols, such
as cholesterol.

The vesicle-forming lipid can be selected to achicve a specified degree of fluidity or
rigidity, to control the stability of the liposome 1n serum, and/or to control the rate of release
of the entrapped agent in the liposome. Liposemes having a more rigid lipid bilayer, or a
gel-phase bilayer, are achieved by incorporation of a relatively rigid lipid, e.g., a lipid
baving a relatively high phase transition terperature, e.g., up to 60° C. Rigid, i.e., saturated,
lipids contribute to greater membrane rigidity in the lipid bilayer. Other lipid components,
such as cholesterol, are also known to contribute to membrane rigidity in lipid bilayer
structures. On the other hand, lipid fhuidity is achieved by incorporation of a relatively fluid
fipid, typically oune having a lipid phase with a relatively low gel to ligumd-crystallive phase
transition temperature, e.g., at or below room temperature.

The Hiposomes can optionally include a vesicle-forming lipid covalently hinked to a
hydrophilic polymer. As has been described, for example in U.S. Pat. No. 5,013,556,
mcluding such a polymer-derivatized lipid in the liposome composition forms a surface
coating of hydrophilic polymer chains around the liposome. The surface coating of
hydrophilic polymer chains 1s effective to inerecase the in vivo blood circulation lifetime of
the liposomes when compared to Hposomes lacking such a coating. Polymer-derivatized
tipids comprised of methoxy(polyethylene glycol) (mPEG) and a phosphatidylethanolamine
{e.g., divayristoyl phosphatidyicthanolamine, dipahuttoyl phosphatidviethanolamine,
distearoyl phosphatidylethanolamine (DSPE), or dioleoyl phosphatidylethanclamine} can be
obtained from Avanti Polar Lipids, Inc. (Alabaster, Ala.) at various mPEG molecular
weights (330, 550, 750, 1,000, 2,000, 3,000, and 5,000 Daltons). Lipopolymers of mPEG-
ceramide can also be purchased from Avanti Polar Lipids, Inc. Preparation of lipid-polymer
conjugates is also described in the literature, see U.S. Pat. Nos. 5,631,018, 6,586,001, and
5,013,556; Zalipsky, S. et al., Bioconjugate Chem. 8:111 (1997); Zahipsky, 8. er al., Meth.

Enzymol. 387:50 (2004). These hipopolyroers can be prepared as well-defined,
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homogeneous materials of high purity, with minimal molecular weight dispersity (Zalipsky,
S. et al., Bioconjugate Chem. R:111 (1997}, Wong, 1. ef ¢l., Science 275820 (1997)). The
lipopolymer can also be a “neutral” lipopolymer, such as a polymer-distearoyl conjugate, as
described in U.S. Pat. No. 6,586,001, incorporated by reference herein.

When a lipid-polymer conjugate is included in the liposomes, typically between 1-
20 mole percent of the hipid-polymer conjugate 18 incorporated into the total lipid mixture
{see, e.g., U.S. Pat. No. 5,013,556},

It desired for a particular application, the liposorncs can mnchade a higand, such as a
targeting ligand, conjugated to the hiposome. For example, the iposomes can optionally
include a lipopolymer modified to include a ligand, forming a lipid-polymer-ligand
conjugate, also referred to herein as a “lipopolymer-higand conjugate’. The higand can be a
therapeutic molecule, such as a dmg or a bislogical molecule having activity in vive, a
diagnostic molecule, such as a contrast agent or a biological melecule, or 4 targeting
molecule having binding affinity for a binding partner, preferably a binding partner on the
surface of a cell. For example, the hgand can have binding affinity for the surface of a cell,
so as to facilitate entry of the liposome into the cytoplasm of a cell via internalization. A
figand present in liposomes that include such a lipopolymer-ligand is oriented outwardly
from the liposorae surface, and therefore available for interaction with its cognate receptor.

Methods for attaching ligands to lipopolymers are known, where the polymer can be
functionalized for subsequent reaction with a selected higand. (UK. Pat. No. 6,180,134;
Lalipsky, S. et al., FEBS Lett. 353:71 {1994}, Zalipsky, S. et ol . Bioconjugate Chem. 4296
(1993); Zalipsky, S. et al., J. Control. Rel. 39:153 (1996); Zalipsky, S. et al., Rioconjugate
Chem. 8(2y:111 (1997); Zalipsky, S. et al., Meth. Enzvmol. 387:50 {2004})). Functionalized
polymer-lipid conjugates can also be obtained cornmercially, such as end-functionalized
PEG-hipid conjugates (Avanti Polar Lipids, Inc.). The hnkage between the ligand and the
polymer can be a stable covalent linkage or a releasable linkage that is cleaved in response
to a stimulus, such as a change i pH or presence of a reducing agent.

The ligand can be a molecule that has binding affinity for a cell receptor or for a
pathogen circulating in the blood. The ligand can also be a therapeutic or diagnostic
molecule, in particular molecules that when administered in free form have a short blood
circulation lifetirne. In one embodiment, the ligand 1s a biological ligand, such as a ligand
having binding affinity for a cell receptor. Example biological ligands include molecules
having binding affinity to receptors for CD4, folate, insulin, LDL, vitamins, transferrin,

asialoglycoprotein, selecting, such as E, L, and P selecting, Flk-1,2, FGF, EGF, mtegrins, in
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particular, aaf ouBa, o1 oufs, oBs integrins, HERZ, and others. Ligands are known in the
art, and can include proteins and peptides, including antibodies and antibody fragments,
such as Flab'y,, F(abp, Fab’, Fab, Fv {(fragments consisting of the variable regions of the
heavy and light chains), and scFv (recorabinant single chain polypeptide molecules in which
fight and heavy vartable regions are conuected by a peptide linker), and the like. The ligand
can also be a small molecule peptidomiractic. It will be appreciated that a cell surface
receptor, or fragment thereof, can serve as the ligand. Other example targeting ligands
mclude, but are not limited to vitamin molecules {e.g., biotin, folate, cyanocobalamine),
oligopeptides, oligosaccharides. Other exaraple higands include those described in U.S. Pat.
MNos. 6,214,388, 6,316,024, 6,056,973, and 6,043,094, which are herein incorporated by
reference,

Liposomal formulations including the compounds described herein can be formed
using any suitable method for preparing and/or loading liposomes. For cxample, a
compound described herein and one or more vesicle-forming lipids can be dissolved in a
suitable solvent, and the solvent can be evaporated to form a lipid film. The lipid fili can
be hydrated with an aqueous solution {e.g., having a pH of from 7-9} to form liposomes
comprising the entrapped compound.

After Hposome formation, the liposomes can be sized to obtain a population of
liposomes having a substantially homogencons size range, for example from 0.01 to 0.5
microns {e.g., from 0.03-0.40 microns). Liposoraes can be sized by any suttable method,
such as by extrusion through a series of membranes having a selected uniform pore size
{e.g., polvearbonate membranes having a sclected uniform pore size in the range of 0.03 to
.2 micron}. The pore size of the membrane corresponds roughly to the largest sizes of
Hiposomes produced by extrusion through that membrane, particularly where the preparation
is extruded two or more timaes through the same merobrase. Homogenization rocthods can
also be used to prepare liposomes having sizes of 100 nm or fess (Martin, F. J, in
Specialized Drug Delivery Systems—Mamfacturing and Production Technology, P. Tyle,
Ed., Marcel Dekker, New York, pp. 267-316 (19903,

In some embodiments, the liposorces in the formulation can have an average particie
size, as measured by dynamic light scattering, of from 50 nm to 256 nm {e.g., from 30 nm to
200 nm, from 75 nm to 150 nm, from 90 nm to 150 nm, from 120 nm to 150 nm, from 100
am o 130 nm, or from 90 nm to 110 nm). In some embodiments, the liposomes in the
formmulation can have a zeta potential of from -50 mV to 0 mV {c.g., from -25 mV to ¢ mV,

from -15 oV to OV, or from -10 V to 0 raV).
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After sizing, unencapsulated compound can be removed by a suitable technigue,
such as dialysis, centrifugation, tangential-flow diafiliration, size exclusion chromatography
or ion exchange to achieve a suspension of liposomes having a high concentration of
entrapped coropound in the liposores and hittle to no compound in solution outside of the
liposomes. Also after liposome formation, the external phase of the liposomes can be
adjusted, if desired, by titration, dialysis or the like, to an appropriate pH.

Once formed, the liposomal suspension can be lyophilized using methods known in
the art. The resulting coraposition can be in the form of g lyophilized powder. The torm
“lyophilized powder” refers to any solid material obtained by lvophilization of an aqueous
nixture. In some examples, a lyoprotectant, such as sucrose or trehalose, can be added to
the liposomal formulation prior lyophilization.

Stability of the tyophilized formmulation can be assessed by visual inspection for
appearance of cake, the time of reconstitution, and the property of the reconstituted
liposomes after vartous lengths of storage time. In terms of guantitative standard, a
Hposomal formulation can be assessed for appearance of particulates or turbidity by visual
inspection, change in color, mean particle size and polydispersity index by dynamic light
scattering on a particle size analyzer (e.g., using a NICOMP370 particle sizing systen}, zeta
potential measurement (e.g., using Malvern Instrurnent’s Zetasizer), percentage of drug
encapsulation by chromatography (¢.g., by size-exclusion chromatography on a Sepharose
CL~4B coluron), cheroical integrity of the drug substance and of excipients and appearance
of decomposition products by HPLC and by LC-MS. The preferred stability range for the
BTZ liposome forrmulation is ess than 20% change in mean particle size and drug
encapsulation percentage after 6 months storage at 4 degree compared to immediately
reconstituted sample; less than 3% chemical decomposition of the drug product.

Eyophilized formuulations can be readily reconstituted prior to administration by
adding an aqueous solvent. The reconstitution soivent can be suitable for pharmaccutical
administration {e.g., for parenieral adronistration to a subject). Examples of suitable
reconstifution solvents include, without limitation, water, saline, and phosphate buffered
saline (PBS).

The liposomal formulation described herein can be used in combination with other
anticancer agents, including various chernotherapeutic agents, such as cytarabine,
fludarabine, decitabine, daunorubicin, and therapeutic antibodies such as rituximalb,
alemtuzumab, tyrosine kinase inhibitors, and any other agents with anticancer activities. In

addition, auticancer ageunts can be co-formulated in the same Hposome formulation as the
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boronic acid agent. For example, daunorubicin or cytarabine can be co-encapsulated into
Hposomal bortezomib at a defined drug ratio. Such type of combination can mediate co-
delivery of the therapeutic combination at a ratio that produces optimal therapeutic

SYNCrgism.

Methods of Use

Also provided herein are methods of treating cancer. Methods of treating cancer can
mclude administering to a subject a therapeutically cffective arnount of & compound or
formulation described herein. The compounds described herein can function as protcasome
inhibitors. Proteasome inhibitors induce apoptosis of cells by their ability to inhibit cellular
proteasome activity. More specifically, in eukaryotic cells, the ubiquitin-proteasome
pathway is the central pathway for protein degradation of intraceliular proteins. Proteins are
mitially targeted for proteolysis by the sttachment of a polyubiquitin chain, and then rapidly
degraded to small peptides by the proteasome and the ubiquitin is released and recycled.
This coordinated proteolytic pathway is dependent upon the synergistic activity of the
ubiquitin-conjugating system and the 268 proteasome. The 268 proteasome is a large
{1,500-2,000 kDa) multi-subunit complex present in the nucleus and cytoplasm of
cukaryotes. The catalytic core of this complex, referred to as the 208 proteasome, 15 a
cyvlindrical structure consisting of four heptameric rings containing a- and B-subunits. The
proteasome 1 a threonine protease, the N-termunal threonine of the f-subunit providing the
nucleophile that attacks the carbonyl group of the peptide bond in target proteins. At least
three distinct proteolytic activities are associated with the proteasome: chymotryptic, tryptic
and peptidylglutamyl. The ability to recognize and bind polyubiquitinated substrates is
conferred by 195 (PA700) subunits, which bind to cach end of the 208 proteasorne. These
accessory subunits uonfold substrates and feed them into the 208 catalytic coraplex, whilst
removing the attached ubiquitin molecules. Both the assembly of the 268 proteasome and
the degradation of protein substrates are ATP-dependent {Alroond, Leukemia 16:433
(2002)).

The ubiguitin-proteasome system regulates many cellular processes by the
coordinated and temporal degradation of proteins. By controlling levels of many key
cellular proteins, the proteasome acts as a regulator of cell growth and apoptosis and
disruption of its activity has profound effects on the cell cycle. For example, defective

apoptosis is invelved in the pathogenesis of several diseases including certain cancers, such
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as B cell chronic lymphocytic leukemia, where there is an accumulation of quiescent tumor
cells.

Proteasome inhibitors as a class of compounds in general act by inhibiting protein
degradation by the proteasorue. The class includes peptide aldehydes, peptide vinyl
sulfones, which act by binding to and directly inhibiting active sites within the 208 core of
the proteasome. Peptide aldehydes and peptide vinyl sulfones, however, bind to the 208
core particle in an trreversible manner, such that proteolytic activity cannot be restored upon
their removal. In contrast, peptide boronic acid compounds, such as those described herein,
confer stable inhibition of the proteasome, vet dissociate slowly from the proteasorae. The
peptide boronic acid compounds are more potent than their peptide aldehyde analogs, and
act more specifically in that the weak interaction between boron and sulfur vocans that
peptide boronates do not inhibit thiol proteases (Richardson, P. G, ef af., Cancer Control.
16(5):361, 20033,

Exposure of a variety of tumor-derived cell lines to proteasome inhibitors triggers
apoptosis, likely as a result of effects on several pathways, mcluding cell cycle regulatory
proteins, p33, and nuclear factor kappa B (NF-«B) (Grimm, L. M. and Osborme, B. A,
Resuits Probl. Celi. Differ. 23:209-28 (1999); Orlowski, R. Z., Cell Death Differ. 6{4):.303-
13 (1999}). Many of the mitial studies docurenting proteasorne inhibitor-mediated
apoptosis used cells of hematopoictic origin, including monoblasts (Imajoh-Ohmi, S. er g,
Biochem. Biophys. Res. Commun. 2173 :1070-77 (19951, T-cell and lymphocytic
leukemia cells (Shinohara, K. ef af., Biochem. J 317(Pt 21:385-RE, {1996}), lymphoma cells
{Tanimoto, Y. er al., J. Biochem. {Tokyo)y 121 (31:542-49 (1997}, and promyelocytic
teukemia cells (Drexier, H. C., Proc. Natl. Acad. Sci. U.S.A. 94(33:855-60 (19973}, The first
demonstration of in vivo antituror activity of g proteasorne inhibitor used a human
tymphoma xenograft reodel (Ovlowsk, R. 7. er af., Cancer Res 58(19):4342-4K% (1998)).
Furthermore, proteasome inhibitors were reported to induce preferential apoptosis of
patient-denived tymphoma (Orlowski, R. ef al. Cancer. Res. SR:{19):4342 (1998)) and
leukemia cells (Masdchors, P. et al., Br. J. Haematol. 105(33.752-57 (1999} and to
preferentially inhibit proliferation of roultiple myeloma cells (Hideshima, T. ef af., Cancer
Res., 61(7): 3071-76 (20011} with relative sparing of control, non-transformed cells. Thus,
proteasore inhubitors are particularly usctul as therapeutic agents in patients with refractory
hematologic malignancies.

In one embodiment, a compound or formulation described herein is used for

treatment of cancer, and more particularly for treatroent of a tursor n a cancer patient. The
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cancer can be a tumor. The cancer can alse be stomach cancer, kidney cancer, bone cancer,
Hver cancer, brain cancer, skin cancer, oral cancer, lung cancer, pancreatic cancer, colon
cancer, intestinal cancer, myeloid leukemia, melanoma, glioma, thyroid follicular cancer,
bladder carcinoma, myelodysplastic syndrome, breast cancer, low grade astrocytoma,
astrocytoma, glioblastoma, medulloblastoma, renal cancer, prostate cancer, endometrial
cancer, or a ncuroblastorma.

In certain examples, the cancer can be multiple myeloma. Multiple myeloma is an
mcurable malignancy that is diagnosed o approxamately 15,000 peopic in the United States
cach year (Richardson, P. G. et al., Cancer Control. 10(5):361 (20033). It s a hematologic
malignancy typically characterized by the accumulation of clonal plasma cells at multiple
sties 1o the bone marrow. The majority of paticnts respond to inifial treatment with
chemotherapy and radiation; however, most eventually relapse due to the proliferation of
resistant turnor cells. In one embodiment, provided are methods for treating multiple
myeloma in a subject that can comprise administering a liposome formulation comprising a
compound described herein.

In certain examples, the cancer can be breast cancer. The compounds and
formulations described herein can be offective in breast cancer treatment by helping to
overcome some of the major pathways by which cancer cells resist the action of
chemotherapy. For example, signaling through NF-kB, a regulator of apoptosis, and the
p44/42 mitogen-activated protein kinase pathway, can be anti-apopiotic. Since proteasome
inhibitors block these pathways, the compounds are able to activate apoptosis. Thus, in one
cmbodiment, provided are methods for treating breast cancer n a subject that can comprise
administering a liposome formulation comprising a compound described herein. Moreover,
since chemotherapeutic agents such as taxances and anthracyclines have been shown to
activate one or both of these pathways, use of a proteasome inhibitor in corbination with
conventional chemotherapeutic agents acts to enhance the antitumor activity of drugs, such
as paclitaxel and doxorubicin. Thus, iu another embodiment, provided are methods of
treating cancer in which a chemotherapeutic agent, in free form or in liposome-entrapped
form, 1s administered in combination with a compound or formulation described herein

Doses and a dosing regimen for the compounds and formulations described herein
will depend on the cancer being treated, the stage of the cancer, the size and health of the
patient, and other factors readily apparent to an attending medical caregiver. Clinical studies
with the proteosome inhibitor bortezomib, Pyz-Phe-boroLeu (PS-341), can be used to

provide guidance for selecting suitable dosages and dosing regimens. For exarple, given
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intravenously once or twice weekly, the maximurm tolerated dose in patients with solid
tumors was 1.3 rag/m? (Orlowski, R. Z. et al., Breast Cancer Res. 5:1-7 (2003)). In another
study, bortezomib given as an intravenous bolus on days 1, 4, 8, and 11 of a 3-week cycle
suggested a maxirum tolerated dose of 1.56 mg/m® (Vorhees, P. M. ef al., Clinical Cancer
Res. 9:6316 (2003)). However, since liposomal BTY. is less toxic than free BTZ, the optimal

chinical dose of the iposomal drug can be several tirnes higher.

Administration

The compounds and formulations described herein can be administered parenterally
{e.g., by intravenous administration or subcutancous administration). It will be appreciated
that the formulation can include any necessary or desirable pharmaceutical excipients to
facilitate delivery. The compounds and formulation disclosed herein can also be
administered via oral route, by 1.p. injection, by mirarmuscular injection, intratumoral
injection, and by airway administration as a micronized solid or Hquid aerosol.

The terro “admimstration” and variants thereof (e g., “administering” a corapound)
in reference to a compound as described herein means introducing the compound or a
formulation thereof into the system of a subject in need of treatment. When a compound as
described herein or a forroulation thereof 1s provided in corabination with one or more other
active agents {e.g., a CYtOtOXIC agent, etc.), “administration” and its variants are cach
understood to uctade concurrent and sequential introduction of the corpound or
formulation thereot and other agents.

In vive aspphication of the disclosed compounds, and formulations containing them,
can be accompiished by any suitable method and technique presently or prospectively
known to thosc skilled i the art. For example, the disclosed compounds can be formulated
in a physiologically~ or pharmaceutically-acceptable form and admunistered by any suitable
route known in the art including, for example, oral, nasal, rectal, topical, and parenteral
routes of adnunistration. As used herein, the term parenteral includes subeuntaneous,
intradermal, intravenous, intramuscular, intraperitoneal, and intrasternal administration,
such as by mjection. Adminisiration of the disclosed compounds or formulations can be a
single administration, or at continuous or distinct intervals as can be readily determined by a
person skilled i the art.

The compounds disclosed herein, and formulations comprising them, can also be
administered utilizing liposome technology, slow release capsules, implantable pumps, and

biodegradable containers. These delivery methods can, advantageously, provide a vniforro
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dosage gver an extended period of time. The compounds can also be administered in their
salt derivative forms or crystalline forms.

The compounds disclosed herein can be formulated according to known methods for
preparing pharmaceutically acceptable corapositions. Formulations are described in detail
tn a number of sources which are well known and readily available to those skilled in the
art. For example, Remington’s Pharmaceutical Science by E.W. Martin (1995) describes
formulations that can be used in connection with the disclosed methods. In general, the
compounds disclosed herein can be formulated such that an effective amount of the
compound 1s combined with a suitable carrier in order to facilitate effective admimstration
of the compound. The formulations used can also be in a variety of forms. These include,
for example, sohd, sermi-solid, and liquid dosage forms, such as tablets, pills, powders,
figuid solutions or suspension, suppositories, injectable and infusible solutions, and sprays.
The preferred form depends on the intended mode of admuinistration and therapeutic
application. The formulations also preferably include conventional pharmaceutically-
acceptable carriers and diluents which are known to thosce skilled in the art. Examples of
carrigrs or diluents for use with the compounds include ethanol, dimethyl sulfoxide,
glycersl, alumina, starch, saline, and equivalent carriers and diluents. To provide for the
administration of such dosages for the desived therapeutic treatment, compositions disclosed
herein can advantageously comprise between about 8.1% and 99%, and especially, 1 and
15% by weight of the total of one or more of the sabject corapounds based on the weight of
the total formulation inchiding carrier or diluent.

Formulations suitable for administration inclade, for example, aqueous sterile
injection solutions, which can contain antioxidants, buffers, bacteriostats, and sohutes that
render the formulation isotonic with the blood of the intended recipient; and aqueous and
nonagqueous sterile suspensions, which can include suspending agents and thickening
agents. The formulations can be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and can be stored 1n a freeze dried (Iyophilized)
condition requiring only the condition of the sterile liquid carrier, for example, water for
frjections, prior to use. Extemporaneous injection solutions and suspensions can be
prepared from sterile powder, granules, tablets, efc. It should be understood that in addition
to the ingredients particularly mentioned above, the compositions disclosed herein can
include other agents conventional in the art having regard to the type of formulation in

question.
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For the treatment of oncological disorders, the compounds disclosed herein can be
administered to a patient in need of treatrucot in combination with other antitumor or
anticancer substances and/or with radiation and/or photodynamic therapy and/or with
surgical treatment to remove a tumor. These other substances or treatrocnts can be given at
the same as or at different times from the compounds disclosed herein. For example, the
compounds disclosed herein can be used in combination with mitotic inhibitors such as
taxol or vinblastine, alkylating agents such as cyclophosamide or ifosfamide,
antimetabolites such as S-fluorouracil or hydroxyures, DNA intercalators such as
adriamycin or bleoraycin, topoisomerase inhibitors such as etoposide or camptothecin,
antiangiogenic agents such as angiostatin, anticstrogens such as tamoxifen, and/or other
anti-cancer drugs or auntibodies, such as, for example, GLEEVEC (Novartis Pharroaceuticals
Corporation} and HERCEPTIN {Genentech, Inc.), respectively.

Many tumors and cancers have viral genorne present i the tumor or cancer cells.
For example, Epstein-Barr Virus (EBV) is associated with a number of mammalian
malignancies. The compounds disclosed herein can also be used alone or in combination
with anticancer or antiviral agents, such as ganciclovir, azidothymidine (AZT), lamivudine
{3TC), efc., to treat patients infected with a virus that can cause cellular transformation
and/or to treat patients having a tursor or cancer that is associated with the presence of viral
genome in the cells. The compounds disclosed herein can also be used in combination with
viral based treatments of oncologic disease. For example, the compounds can be used with
mutant herpes simplex virus in the treatment of non-small cell hung cancer (Toyoizumi, e
al., “Combined therapy with chemotherapeutic agents and herpes siraplex virus type
HCP34.5 mutant (HSV-1716) in human non-small cell lung cancer,” Human Gene Therapy,
1999, 10(18%17).

Therapeutic application of compounds and/or formulations containing them can be
accomplished by any suitable therapeutic method and technique presently or prospectively
known to those skilled 1o the art. Further, compounds and compositions disclosed herein
have use as starting materials or intermediates for the preparation of other useful
compounds and compositions.

Compounds and formulations disclosed herein can be locally administered at one or
more anatomical sites, such as sites of unwanted cell growth (such as a tumor site or benign
skin growth, e.g., injected or topically applied to the tumor or skin growth), optionally in
combination with a pharmaceutically acceptable carrier such as an inert diluent.

Compounds and forraulations disclosed heretn can be systemically adminisiered, such as
gL >
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intravenously or orally, optionally in combination with a pharmaceutically acceptabic
carrier such as an inert diluent, or an assimilable edible carrier for oral delivery. They can
be enclosed in hard or soft sheil gelatin capsules, can be compressed into tablets, or can be
ncorporated divectly with the food of the patient’s diet. For oral therapeutic administration,

the active compound can be combined with one or more excipients and used in the form of

o

ingestible tablets, buccal tablets, troches, capsules, chixirs, suspensions, syrups, wafers,
aerosol sprays, and the fike.

The tablets, troches, pills, capsules, and the like can also contain the following:
binders such as gum tragacanth, acacia, corn starch or gelating excipients such as dicalcium

10 phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the like;
a lubricant such as magnesium stearate; and a sweetening agent such as sucrose, fructose,
factose or aspartame or a flavoring agent such as peppermint, oil of wintergreen, or cherry
flavoring can be added. When the unit dosage forra is a capsule, it can contain, in addition
to materials of the above type, a liquid carrier, such as a vegetable oil or a polyethylene

15 glycol. Various other materials can be present as coatings or to otherwise modify the
physical form of the solid unit dosage form. For instance, tablets, pills, or capsules can be
coated with gelatin, wax, shellac, or sugar and the like. A syrup or elixir can contain the
active compound, sucrose or fructose as a sweetening agent, methyl and propylparabens as
preservatives, a dye and flavoring such as cherry or orange flavor. Of course, any material

20 used in preparing any unit dosage form should be pharmaccutically acceptable and
substantially non-toxic in the amounts employed. In addition, the active compound can be
mecorporated into sustained-release preparations and devices.

Compounds and formulations disclosed herein, including pharmaceutically
acceptable salts, hydrates, or analogs thercof, can be administered intravenously,

25 intramuscularly, or infraperitoneally by infusion or injection. Solutions of the active ageunt
or its salts can be prepared in water, optionally mixed with a nontoxic surfactant.
Dispersions can also be prepared n glycerol, liquid polyethylene glycols, triacetin, and
nixtures thereof and in oils. Under ordinary conditions of storage and use, these
preparations can contain a prescrvative to prevent the growth of microorganisms.

30 The pharmaceutical dosage forms suttable for injection or infuston can include
stertle aqueous solutions or dispersions or sierile powders comprising the active ingrediont,
which are adapted for the extemporaneous preparation of sterile injectable or infusibie
solutions or dispersions, optionally encapsulated in liposomes. The ultimate dosage form

should be sterile, fluid, and stable under the conditions of manufacture and storage. The
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liquid carrier or vehicle can be a solvent or liquid dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol, propylene glycol, hquid
polyethylene glycols, and the like), vegetable oils, nontoxic glyceryl esters, and suitable
wxtures thercof. The proper flndity can be maintained, for example, by the formation of

liposomes, by the maintenance of the required particle size in the case of disperstons or by

o

the use of surfactants. Optionally, the prevention of the action of microorganisms can be
brought about by various other antibacterial and antifungal agents, for example, parabeus,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for example, sugars, buffers or sodium chloride.

10 Prolonged absorption of the injectable compositions can be brought about by the inclusion
of agents that delay absorption, for example, aluminum monostearate and gelatin,

Sterile injectable solutions are prepared by incorporating a compound and/or agent
disclosed herein in the required amount in the appropriate solvent with various other
ingredients enumerated above, as required, followed by filter sterilization. In the case of

15 sterile powders for the preparation of sterile injectable solutions, the preferred mcthods of
preparation are vacuum drying and the freeze drying techniques, which yield a powder of
the active ingredient plus any additional desired ingredient present in the previcusly sterile-
filtered solutions.

For topical administration, compounds and agents disclosed herein can be applied in

20 as a lquid or sohd. However, it will generally be desirable to admiuister thero topically to
the skin as formulations, in combination with a dermatologically acceptable carrier, which
can be a solid or a lignid. Compounds and agents and formulations disclosed hercin can be
applied topically to a subject’s skin to reduce the size (and can include complete removal)
of malignant or benign growths, or to treat an infection site. Compounds and agents

25 disclosed herein can be apphed divectly to the growth or infection site. Preferably, the
compounds and agents are applied to the growth or infection site in a formulation such as an
olntment, cream, lotion, solution, tincture, or the like. Drag delivery systems for delivery of
pharmacological substances to dermal lesions can also be used, such as that described in
U.S. Patent No. 5,167,649,

30 Usetul sohid carriers inchude finely divided solids such as tale, clay, microcrystalline
cellulose, silica, alumina and the like. Usetul hquid carriers include water, alcohols or
glycols or water-alcohol/glycol blends, in which the compounds can be dissolved or
dispersed at effective levels, optionally with the aid of non-toxic surfactants. Adpuvants

such as fragrances and additional antimicrobial agents can be added to optimize the
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propertics for a given use. The resultant Hguid compositions can be applied from absorbent
pads, used to impregnate bandages and other dressings, or sprayed onto the affected arca
using pump-type or acrosol sprayers, for example.

Thickeners such as synthetic polyrers, fatty acids, fatty acid salts and esters, fatty
alcohels, modified celluloses or modified mineral materials can also be employed with
Hquid carricrs to form spreadable pastes, gels, ointments, soaps, and the like, for application
directly to the skin of the user. Examples of useful dermatological compositions which can
be used to deliver a compound to the skin are disclosed in US. Patent No. 4,608,392; U5,
Patent No. 4,992,478; U.S. Patent No. 4,539,157, and U.S. Patent No. 4,820,508,

Useful dosages of the compounds and agents and pharmaceutical formulations
disclosed herein can be determined by comparing their in vitro activity, and in vivo activity
in animal models. Methods for the extrapolation of effective dosages in mice, and other
antmals, to humans are known to the art; for example, see U.S. Patent No. 4,338,949,

Also disclosed are pharmaceutical compeositions that comprise a compound
disclosed herein in combination with a pharmaceutically acceptable carrier. Pharmaccutical
composttions adapted for oral, topical or parenteral administration, comprising an amount of
a compound constitute a preferred aspect. The dose administered to a patient, particularly a
human, should be sufficient to achieve a therapeutic response in the patient over a
reasonable time frame, without lethal toxicity, and preferably causing no more than an
acceptable level of side effects or morbidity. One skilled 1o the art will recognize that
dosage will depend upon a variety of factors including the condition (health) of the subject,
the body weight of the subject, kind of concurrent treatment, if any, frequency of treatruent,
therapeutic ratio, as well as the severity and stage of the pathological condition.

For the treatment of oncological disorders, compounds and agents and compositions
disclosed herein can be administered to a patient in need of treatment prior to, subsequent
to, or in combination with other antitumor or anticancer agents or substances {(e.g.,
chemotherapeutic agents, immunotherapeutic ageuts, radiotherapeutic agents, cytotoxic
agents, efc.) and/or with radiation therapy and/or with surgical treatment to remove a tumor.
For cxample, corapounds and agents and corpositions disclosed hercin can be used in
methods of treating cancer wherein the patient is to be treated or is or has been treated with
mitotic inhibitors such as taxol or vinblastine, alkylating agents such as cyclophosamide or
tfosfamide, antimetabolites such as 5-fluorouraci! or hydroxyurea, DNA intercalators such
as adriamycin or bleomycin, topoisomerase inhibitors such as ctoposide or camptothecin,

antiangtogenic agents such as angiostatin, anticstrogens such as tamoxifen, and/or other
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anti-cancer drugs or antibodies, such as, for example, GLEEVEC (Novartis Pharmaceuticals
Corporation; East Hanover, NI and HERCEPTIN {Genentech, Inc.; South San Francisco,
CA}, respectively. These other substances or radiation treatments can be given at the same
as ot at different tiroes from the compouuds disclosed berein. Exaroples of other suitable
chemotherapeutic agents include, but are not limited to, altretamine, bleomvycin, bortezomib
(VELCADE), busulphan, calcium folinate, capecitabine, carboplatin, carmustine,
chlprambucil, cisplatin, cladribine, crisantaspase, cyclophosphamide, cytarabine,
dacarbazine, dactinomyein, daunorubicin, docetaxel, doxorubicin, epirubicin, ctoposide,
fludarabine, fluorouraci, gefitinib (JRESSA), gemeitabine, hydroxyurea, idarubicin,
tfostamide, imatinib (GLEEVEC), irinotecan, liposomal doxorubicin, lomustine, melphalan,
mercaptopuriog, methotrexate, mitoraycin, mitoxantrone, oxaliplatin, paclitaxel, pentostatio,
procarbazine, raltitrexed, streptozocin, tegafur-uracil, temozolomide, thiotepa,
tioguanine/thioguanine, topotecan, treosulfan, vinblastine, vincristine, vindesine,
vinoretbine. In an exemplified embodiment, the chemotherapeutic agent is melphalan.
Examples of suttable imrounotherapeutic agents include, but arc not limited to,
alemturumab, cetuximab (ERBITUX), gemtuzumab, 1odine 131 tositumomab, rituximalb,
trastuzamab (HERCEPTIN). Cytotoxic agents include, for example, radicactive isotopes
(e, 1B H2 Y90 P2 ere), and toxins of bacterial, fungal, plant, or animal origin (e.z.,
ricin, botulinum toxin, anthrax toxin, aflatoxin, jellyfish venoms {(e.g., box jellyfish, efc.}
Also disclosed are methods for treating an oncological disorder comprising administering an
effective amount of a compound and/or agent disclosed herein prior to, subsequent to,
and/or in combination with administration of a chemotherapeutic ageut, an

immunotherapeutic agent, a radiotherapeutic agent, or radiotherapy.

Kits

The disclosed subject matter also concerns a packaged dosage formulation
COMprising in one or more contaimers at least one inhibitor compound or composition
disclosed herein, e.g., any compound of Formula I. A packaped dosage fornulation can
optionally comprise in one or more containers a pharmaceutically acceptable carrier or
diluent.

Depending upon the disorder or discase condition to be treated, a suitable dose{s)
can be that amount that will reduce proliferation or growth of the target cell(s). In the
context of cancer, a suitable dose(s) 1s that which will result in a concentration of the active

agent in cancer tissue, such as a malignant tumor, which is known to achieve the desired
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response. The preferred dosage is the amount which results in maximum inhibition of
cancer cell growth, without unmanageable side effects. Admirustration of a compound
and/or agent can be continuous or at distinct intervals, as can be determined by a person of
ordinary skill in the art.

To provide for the administration of such dosages for the desired therapeutic
treatment, in sorac erabodiraents, pharmacceutical compositions disclosed herein can
comprise between about $.1% and 45%, and especially, 1 and 15%, by weight of the total of
one or more of the compounds based on the weight of the total coraposition including
carrier or diluents. Hlostratively, dosage levels of the adronistered active ingredients can
be: intravenous, 0.01 to about 20 mg/kg; intraperitoneal, 0.01 to about 100 mg/kg;
subcutaneous, 0.01 to about 100 mg/kg, witrarauscular, 0.01 to about 100 mg/kg; oral, 0.01
to about 100 myg/kyg; of animal (body) weight. In some embodiments, the dosage levels of
the adroinistered active ingredients can be: intravenous, 0.01 to about 2.5 mg/kg;
intraperitoneal, .01 to about 5 mg/kg; subcutancous, (.01 to about § mg/kg: intramuscular,
0.01 to about 5 mg/kg; oral, 0.01 to about 5§ myg/kg; of animal (body) weight. In some
embodiments, the dosage levels of the administered active ingredients can be: infravenous,
0.01 to about 1 mg/kg; intraperitoneal, 0.01 to about 5 mg/ky; subcutancous, 0.01 to about 5
wg/kg fatramuscular, 0.01 to about S mg/kyg; oral, 0.01 to about 5 vag/kg; of animal (body)
weight. In certain embodiments, the dosage levels of the administered active ingredients
can be: mtravenous, 8.01 to about 0.5 rog/kg; intraperttoneal, $.01 to about 1 mg/kg;
subcutanecus, 8.01 to about I mg/kg; imtramuscular, 8.01 to about 1 mg/kg; oral, 0.01 to
about 1 mg/kg; of animal (body) weight,

Also disciosed are kits that comprise a composition comprising a compound
disclosed herein in onc or more containers. The disclosed kits can optionally include
pharmaceutically acceptable carriers and/or diluents. In one embodiment, a kit includes one
or more other components, adjuncts, or adjuvants as described herein. In another
embodiment, a kit includes one or more anti-cancer agents, such as those agents described
herein. In one embodiment, a kit includes instructions or packaging materials that describe
how to adrmister a compound or composition of the kit. Containers of the kit can be of
any suitable material, e.g., glass, plastic, metal, efc., and of any suitable size, shape, or
contfiguration. In one embodiment, a compound and/or agent disclosed herein is provided in
the kit as a solid, such as a tablet, pill, or powder form. In another embodiment, a

compound and/or agent disclosed herein 18 provided in the kit as a liquid or solution. Inone
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embodiment, the kit comprises an ampoule or syringe containing a compound and/or agent
disclosed herein in liguid or sohution form.
By way of non-limiting illustration, examples of certain examples of the present

disclosuare are given below.

EXAMPLES

The following examples are set forth below to illustrate the methods, compositions,
and results according to the disclosed subject matter. These examples are not intended to be
inclusive of all aspects of the subject matter disclosed herein, but rather to itustrate
representative methods, compositions, and results. These exarmples are not intended to
exclude equivalents and variations of the present invention, which are apparent to one
skilled in the art.

Efforts have been made to ensure accuracy with respect to numbers {e.g., amounts,
temperature, ote.) but some errors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, temperature is 1u °C ov is at ambient temperature, and
pressure i at or near atmospheric. There are numerous variations and combinations of
reaction conditions, e.g., component concenirations, teraperatures, pressures, and other
reaction ranges and conditions that can be used to optimize the product purity and yield
obtained from the described process. Only reasonable and routine experimentation will be
required to optimize such process conditions.

Example 1. Preparation, Formulation, and Evaluation of BYZ-OMG

Synthesis of a lipophilic ester of BTZ-Oleoyimeglumine (BTZ-OMG)

Meglumine was reacted with oleoyl chiloride at a 1:1 molar ratio to yield N-methyl-
N{{4R,5R}-2,3,4,5 6~pentahydroxyhexylioleamide (OMG) (Scheme 1), OMG was then
coupled to BTZ to yicld BTZ-OMG (Scheme 1),

Preparation of a liposomal formulation of BTZ-OMG

L-a~phosphatidylcholine {egg PC), cholesterol, 1,2-distearoyl-sn-glycero-3-
phosphocthanolamine (DSPE) conjugated polyvethyiene glycol (PEG) (mPEG-DSPE), and
BTZ-OMG were dissolved in chloroform at a molar ratio of 40:38:2:28. Rotary evaporation
was applied to form a dry lipid film, foliowed by hydration with calcium acetate bufferat a
pH of 8. Extrusion was used to reduce the liposome size to 150 v or less. Any remaining
unencapsulated drug was then removed through size exclusion chromatography on a

Sepharose CL-4B columu. Finally, the iposomes were sterile filtered and lyophilized.
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In some examples, the liposomes were made at pH 8, lyophilized in the presence of

10% sucrose as a lyoprotectant, and reconstituted shortly prior to use.

Scheme 1. Structure and synthesis of BTZ-OMG.
CH,OH
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Characterieation of the liposomal formulation of BTZ-OMG

The Hposome particle size distribution 1s determined through dynamic Hight
scattering on a NICOMP Submicron Particle Sizer Model 370, The encapsulation efficiency
was examined by a UV-visible spectrophotometer as the OD at 270 nm after 1:9 methanol
extraction of fractions from the Sephargse CL-4B column (Figure 1}, A reference
measurement was also taken of the OD at 450 nro without methanol extraction (Figure 13
Then, the ratio of total amount of drug content in the liposome fractions to total drug
fractions was calculated. In this exaraple, a drug entrapment of 41 % was obtained.

In addition, one baich of this iposome without the rermoval of free drug was
Ivophilized. The loading efficiency was taken after rehydration, and the loading result
appeared to be the samwe with or without lyophilization. This suggested that the liposomal
formulation of BTZ-OMG maintained stability during lyophilization.

Example 2. Preparation of BTZ-0GA

The synthetic methodology used to prepare BTZ-0OGA is described in Scheme 2.
Briefly, oleviglucamine (OGA) was synthesized from glucose, oleylamine and sodium
cyanoborohydride using a Borch-type reductive amination. Then the OGA was coupled to
BTZ, affording BTZ-OGA (Scheme 2). D-glicose and oleylamine at 1:1 molar ratio were
co-dissolved and stirred in fert-butanol for 24 hr. Next, the mixture was cooled to 0°C inan
ice bath and equal molar of NaCNBH4 was added with continuously stirring until the
evolution of hydrogen subsided. The muxture was acidified to a pH of 2-3 by the dropwise
addition of concentrated HCL The product precipitated in the form of HCI salt was isolated
by centrifugation and washed with ice water,

Preparation of a liposomal formulation of BTZ-0GA

Egg L-a-phosphatidyicholine (egg PC), cholesterol, 1,2-distearoyi-sn-glycero-3-
phosphoethanolamine {(DSPE) coujugated polyethylene glycol (PEG)Y (mPEG-DSPE), and
BTZ-0OGA were dissolved in chloroform at a molar ratio of 40:36:4:20. Rotary evaporation
was applied to form a dry lipid film, followed by bydration with 56 mM sodium acetate
buffer and 10% lactose at a pH of 8.5, Extrusion was used to reduce the liposome size to
150 nm or less. Any remaining unencapsulated drug was then removed through size
exclusion chromatography on a Sepharose CL-4B column. Finally, the liposomes were
stertle filtered and lyophilized.

Charvacterieation of the liposomal formulation of BTZ-0GA

The liposome particle size distribution was determined through dynamic light

scattering on a NICOMP Subroicron Particle Sizer Model 370, The encapsulation efficiency
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was exanined by a UV-visible spectrophotometer as the OD at 270 nm after 1:9 methanol
dissolution of fractions collected frovn the Sepharose CL-4B column. A reference
measurement was also taken of the OD at 450 nm without methanol dissolution. Then, the
ratio of total arsount of drug content in the hiposome fractions to total drug fractions was
calculated. In this example, the liposome particle size of 131.5 nm and a drug entrapment of

61 % were obtained.

Scheme 2. Structure and synthesis of BTZ-0GA.
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Example 3. Preparation, Formulation, and Evaluation of BTZ-MEGA-12
A liposomal formulation based on MEGA-12 was also investigated. The structure
of MEGA-12 and BTZ-MEGA-12, as well as the strategy for preparing BTZ-MEGA-12,

are shown in Scheme 3.
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Synthesis of BTZ-MEGA-12

MEGA-12 and BTZ at 2:1 wolar ratio were co-dissolved 1o tert-Butanol. Reaction
was achieved by continuous stirring for overnight at room temperature.

Preparation of a liposomal formulation of BTZ-MEGA-12

Egg L-a~phosphatidylcholine (egg PC), cholesterol, 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine (DSPE) conjugated polycethylene glycol (PEG) (mPEG-DSPE), and
BTZ-MEGA-12 were dissolved in chloroform at 8 molar ratio of 40:38:2:20. Rotary
cvaporation was applied to form a dry lipid film, followed by hydration with 50 mM sodium
acetate solution and S oM sodium phosphate buffer with 10% lactose at a pH of .
Extrusion was used to reduce the Hposome size to 150 nm or less. Any remaining
unencapsulated drug was then revooved through size exclusion chromatography on a
Sepharose CL-4B column. Finally, the liposomes were sterile filtered and lyophilized.

Optimization of Liposomal Loeading

The effect of hydration pH on loading efficiency for the MEGA-12 liposomal
formulation was cxanuned from pH 6 to pH 10 using 50 mM sodium acctate and 5 mM
sodium phosphate as the hydration buffer. The results are plotted in Figure 2. This study
demonstrated that drug loading was maximized at pH 8. However, the pH dependency was
fimited, with the loading cfficicncy consistently in the range of 78%-82% at all pH’s tested,
with the highest loading of 81.6% at pH &

The encapsulation efficiency of BTZ-MEGA-12 10 the liposomal formulation was
investigated by UV-vis, according to the methods described above. The results show that a

drug entrapment of ~81.6% was obtained.
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Scheme 3. Structure and synthesis of BTZ-MEGA-12.
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Optimization of Liposomal Leading
5 The effect of hydration pH on loading efficicuncy for the MEGA-12 liposoraal
formulation was examined from pH 6 to pH 10 using 50 mM sodium acetate and 5 mM
sodium phosphate as the hydration buffer. The results are plotted in Figure 2. This study
demonstrated that drug loading was maximized at pH K. However, the pH dependency was
Hmited, with the loading efficiency consistently in the range of 78%-82% at all pH’s tested,
10 with the highest loading of 81.6% at pH 8.
The encapsulation efficiency of BTZ-MEGA-12 in the liposomal formulation was
wvestigated by UV-vis, according to the methods described above. The results show that a
drug entrapment of up to 81.6% was obtained (Figure 3}
Example 4, Preparation of BTZ-glucitol-DPPE
15 The structure of glucitol-DPPE and BTZ-glucttoi-DPPE, as well as the strategy for
preparing BTZ- glucitol -DPPE, arc shown 1n Scheme 4.
Synthesis of BTZ-gluciiol-DPPE
Glucitol-DPPE and BTZ at 2:1 molar ratio were stitred in chloroformvtert-
butanol/Ho{} (5:4:1). Reaction was achieved by continuous stirring for overnight at room

20 temperature.
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Preparation of a liposomal {ormulation of BTZ-glucitel-DPPE
Egg PC, cholesterol, vaPEG-DSPE, and BTZ-glucitol-DPPE were dissolved in
chloroform at a molar ratio of 40:38:2:20. Rotary evaporation was applied to form a dry

fipid film, followed by hydration with 50 oM sodiom acetate selution and 10 oM glycine

o

buffer with 10% lactose at a pH of 8.5, Extrusion was used to reduce the liposome size to
150 nm or less. Any remaining unencapsulated drug was then removed through size
exclusion chromatography on a Sepharose CL-4B column. Finally, the liposomes were
stertle filtered and lyophilized.
Characterization of the liposomal formulation
10 The liposome particle size distribution was determined through dynamic light
scattering on a NICOMP Subroicron Particle Sizer Model 370. The cocapsulation ethiciency
was examined by a UV-visible spectrophotometer as the OD at 270 nm after 1:9 methanol
dissolution of fractions from the Sepharose CL-4B coluran. A reference mcasurcment was
also taken of the 0D at 450 nm without methanol extraction. Then, the ratio of total amount
15 of drug content in the liposomce fractions to total drug fractions was calculated. In this

example, the liposome particle size 0t 97.3 nm was obtatned.

Scheme 4. Structure and synthesis of BT Z-gluciicl-DPPE.
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Example 5. Preparation, Formulation, and Evaluation of BTZ-MEGA-CHOL

The structure of 3-{N-{methylglucaminejcarbamoylicholesterol (MEGA-CHOL)
and BTZ-MEGA-CHOL, as well as the strategy for preparing BTZ-MEGA-CHOL, are
shown i Scheme 5.

Preparation of MEGA-CHOL

Chelesteryl chloroformate {2.70 ¢y and 9 mL CHCl; were added to 2 25 mL round
bottom flask. Next, meglumine (1.74 g} in 8 mL DMSO and triethylamine (240 pm) were
added. The mixture was stirred at room temperature for 12 h. The reaction was monttored
by TLC and HPLC. The roixture was then poured into water. The precipitate was filtered
and washed with water to afford crude MEGA-CHOL as a colorless solid. The crude
product was purified by columin chrovoatography on silica gel with methanol and
chloroform {1:2 v/v). The product was analyzed by thin-layer chromatography and had an

Ry of 0.50 (methanol:chloroform, | :2, v/v). In addition, the product was characterized by 'H

NMR {CDCL) and showed the following peaks: 0.68 {s, 2 H, HC}; .88-1.12 (m, 12 H, -

CHz), 1.27 (s, 1 H, HC(ring)); 1.63 (m, 12 H, -CHs(stde chain)y; 1.88-2.01 (m, 3 H,
HC(ring)}; 2.35 (m, 2 H, HC (ring)}y;, 2.62 (5, 7H, meglumine H); 2.97 {s, 2H, CH2),3.82 {m,
& H, meglumine Hy; 4.48 (s, 1 H, H-C-C-0), 5.39 (s, 1H, ,H-C=C). Finally, the product was

also analyzed by HPLC {(using a Thermo Fiomgan Surveyor HPLC system).
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Scheme 5. Structure and synthesis of BTZ-MEGA-CHOL.

CHZOH /\/\/L
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BTZ

BTZ MEGA Chol

Preparation of BTZ-MEGA-CHOL

BTZ-MEGA-CHOL was prepared by combining BTZ with MEGA-CHOL in zert-
butanol at room temperature, and Iyophilizing the mixture. 'H NMR (CDCli): 0.68 (s, 6H,
HCY; 6.88-1.12 (m, 30H, -CHay;, 1.26-1.48 (s, 14H {(alkyl BTZ)); 1.61 {m, 10 H, -CHz(side
chainy); 1.84-2.43 (m, 10H, HC(ring)); 2.62 (5, TH,rueglumine Hy; 2.97 (s, 4H, CH2), 3.20
(s, 2H, BTZ benzene ring conjugated CHz}, 3.80-3.96 (m, 10 H, meglumine H); 4.45 (s, 1
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H, H-C-C-0), 5.37 (5, 1H, , H-C=C), 7.20 {m, 5H, benzene ring, overlapped by CHCl;
solvent peak), 8.54-9.35 (s, 3H, BTZ pyrazine ring).

Alternatively, BTZ-MEGA-CHOL was synthesized in chloroforn using a 2x excess
of MEGA-CHOL at room teraperature, and incorporated into the liposoroes in a continuous
process. For the continuous process, BTZ and MEGA-CHOL at molar ratio of 1.2 were
dissolved in chloroform and incubated overnight at roor ternperature. The resulting
complex, BTZ-MEGA-CHOL, was dissolved in chloroform with hydrogenated L-o-
phosphatidylcholine (soy PC; HSPC), cholesterol, 1,2-distearoyl-su-glycero-3-
phosphocthanolamione (DSPE) conjugated polyethylene glycol (PEGao00) (PEGoo00-DEPE),
at a molar ratio of 20:40:36:4 at 50 mg/ml. Rotary evaporation was used to form a dry lipid
filra in a round-bottom flask, followed by vacuum drying for another 2 hrs. Buffer
containing 50 mM sedium acetate and 10 mM glycine at pH 8 was used to hydrate this filim
at a hipid concentration of 50 mg/ml. Sonication was then applied to reduce particle size to
200 o or smaller. Next, sample was loaded on a Sepharose CL-4B column to remove free
BTZ. Fractions containing L-BTZ were collected and 10% sucrose was added. This product
was then filtered through a 8.22 um membrane filter and lyophilized.

The encapsulation efficiency of the drug was investigated by UV-vis, as described
above. Specifically, the lyophilized prodrog BTZ-MEGA-CHOL was reconstituted
ddH>O and loaded on a Scpharose CL-4B column and the eluate was collected at I mL per
fraction. Each fraction was analyzed by UV-vis spectrophotometry. Figure 4 displays the
normalized results for BTZ-MEGA-CHOL {e.g., Y-axis is the absorbance of each fraction
atter the substraction of the absorbance values of the control). A drug entrapment efficiency
of 83.11% was obtained.

Evalvation of Lyophilized Liposomal Formulations of BTZ-MEGA-CHOL

The coliordal stability of lyophilized hiposomal formulations of BTZ-MEGA-CHOL
was cvaluated. The lyophilized liposomal formulation of BTZ-MEGA-CHOL was stored at
room teraperature and montored over tivoe, At varying intervals over 28 weeks, the
Ivophilized liposomal formulation of BTZ-MEGA-CHOL was re-hydrated, and the particle
size was measured as described above. The results are plotted 1n Figure 5. The results
shown are the mean of 3 separate experiments, and the error bars represent the standard
deviation.

The lyophilized liposomal formulation of BTZ-MEGA-CHOL was also evaluated by
cryo-transmission electron microscopy {Cryo-TEM). One drop of sample containing

tyophilized liposomes including BTZ-MEGA-CHOL was added to each glow-discharged
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holey carbon/formvar film coated grid in a controlled environment vitrification system at
constant huraidity and teroperature of 25°C. The samples were blotted and vitrified by
mmmediately plunging into a bath of liquid ethane shash. Prepared grids were stored under
figuid nitrogen tewperature vutil transferved to a Gatan cryo-holder operating at -172°C and
tmaged in low-dose mode with an FEI Tecnal G2 Spirit TEM equipped with bioTWIN
optics operating at 120 kV. Tmages were recorded using a Gatan CeD carnera equipped with
a post column Gatan energy filter (GIF} at an angle of (§). A cryo-TEM micrograph of a
tyophilized liposore including BTZ-MEGA-CHOL is shown in Figure 6. As can be seen
the liposomes had a spherical stracture and are mostly unitamellar. In addition, the particle
size of the liposomes was mostly under 100 nm.

Cytotoxicity of BTZ-MEGA-CHOL

Cell viability studies were performed using the liposomal formulation of BTZ-
MEGA-CHOL on SUBG cells (Figure 73 and K562 cells (Figure 8). Leukemia SUB6 and
K562 cells were treated with diluted concentration of BT (VELCADE) or the liposomal
formulation of BTZ-MEGA-CHOL for 48 hours in the range of 0.05 -5600 nM.
Cytotoxicity was measured using an MTS assay. The results shown in Figures 7 and 8 are
the mean of 4 repeats, and the error bars represent the standard deviation. The results
showed that bposomal BTZ was active against the leukemia cells but was less cytotoxic
than the BTZ free drug. This is expected because BTZ needs to be released from the
Hiposomes because being taken up by the cells. Liposomes are expected to be more active
than the free drug in vivo due to their much longer circulation half-life.

fn Vivo Studies of the Activity of BYZ-MEGA-CHOL

The therapeutic activity of BTZ-MEQGA-CHOL was also investigated using animal
studies. NSG mice were injected with § x 10° MV4-11 AML cells. The mice were divided
into two groups of 10 cach {Trial 1), and were treated with emipty liposowes or the
liposomal formulation of BTZ-MEGA-CHOLU at 1 mg/kg, twice a week, by tail vein
wjection. The study was repeated once with S mice in each group {Tral 1), Three mice
from cach group were sacrificed after 4 weeks of treatment in Trial I for further analysis.

Both trials showed a significant increase n survival of mice. For Trial §, the p value
was (L0007 (Figure 9). For Trial I the p value was 0.0019 (Figure 10). When the data set
was viewed as a combination, the p value was < 0.0001 and median survival of the mice
was 28 days for the emipty liposome treated (control} group and 39 days for the BTZ-
MEGA-CHOL treated group (Figure 11}, These data collectively indicate the potent
therapeutic activity of BTZ-MEGA-CHOL.
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6-8 week-old NSG mice (NOD.Cp-Pridescid 2rgtm 1 Wil/Sz), The Jackson
Laboratory, Bar Harbor, ME} were intravenously (1.v.} injected through tall vein with 0.3X
106 adapted MV4-11 cells. Both empty liposomes and L-BTZ were given for 4 weeks and
then sacrificed. In the study, 3 mice per group were analyzed. Leukemic blast cells from
peripheral blood of the mice from both of groups were analyzed by histological staining. In
addition, the mice were evaluated spleen size and weight. The blood smear from both group
were stained with Wright-Giemsa and the leukemic blast cells were visualized under the
microscope. There was significant difforent i spleen size of L-BTZ treated group (Figure
12). There were very fow blast cells and the spieen was smaller corapared with eropty
liposome treated group (Figure 13).

Druog release studies

The rate of BTZ release from BTZ prodrug was determined by monitoring the
change in drug content in liposomes over tirac in pH 7.4 phosphate-butfered saline (PBS) at
37°C. L-BTZ (2ml) was diluted by 18 mL of PBS with continuous stirring at 37°C. At
various time intervals, | mL of sample was removed for analysis. Scparation of L-BTZ
from free BTZ was done by loading 1 mlL of L-BTZ mixture through a 10 mL Sepharose
CL-48 column at 1 mL per fraction equilibrated by water. Each fraction was then extracted
by 9% methanol. After appropriate mixing, the concenirations of BTZ from each fraction
were measured under UV spectrophotometer at OD 270 am. The L-BTZ had already
released 20% of the BTZ at the beginning of the experiment. The data (Figure 14) shows
that at pH 7.4 and 37°C, BTZ was slowly released from the liposome and a new eguilibrium
was reached at 40% free BTZ under the testing conditions. It is therefore concluded that L-
BTZ should be reconstituted in water for injection at pH ¥ and used within 8 hr of
reconstitution and stored at ambient teraperature or at 4 °C.

Pharmacokinetic Studies

The Pharmacokinctics of L-BTZ was studied in ICR mice {(Charles River Lab,
Wilmington, MA). The PK profile of free BTZ was also determined. Mice were given
intravenous injections of free BTZ or L-BTZ at 1.0 mg/kg body weight via tail vein. At
sclected time intervals, a mintmum of 100 pL blood plasma was collected from each mouse
using heparin-containing tubes. Plasma was then isolated by centrifugation at 3000x g for 5
min. The drug concentration in plasma was determined by measuring Boron concentration
through an inductively coupled plasma-optical emission spectrometer JUP-CES). The
Boron extraction and sample preparation has been described previously. The plasma

concentration vs. time plot was shown in Figure 15. The pharmacokinetic parameters of free
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BTZ and L-BTZ were calculated using WinNonlin software and a two-compartient model

and are shown in Table 1.

Table 1. Pharmacokinetic parameters of free BTZ and L-BTZ in plasma after iv.

administration. Values are presented as the mean £ 8D {(n = 3},

Free BTZ L-BTZ
Ti2a (1) 0.10 = 0.02 0.25+0.10
Tinp (hr) 18.26 + 13.33 21.35+3.80
AUC (br-pg/mL)  2.87+1.34 37.52 £ 387

CL (mL/hv/kg)

348.13 + 162.69

746+ 3.66

26654275

0.80+0.12

“ Statistically significance vs free BTZ {(p<0.05).

Limulus Amebocyte Lysate (LAL}Y Assay
L-BTZ was evalnated using a standard LAL assay. The results of the LAL assay are

imcluded 1n Table 2 below.

Table 2. Results of LAL Assay.

LAL Assay, EU/mg BTZ (% Spike Recovery)

Sample Chromogenic Turbidity
L-BTZ 1746 (102) 1060 (132)
Endotoxin Limit 308 308

No microbial contamination was detected by an agar plate test. Measured endotoxin
levels exceeded by approximately 30-60 times the suttable endotoxin limit.

Hydrodynamic Size and Zeta Potential

The hydrodynamic size of the liposomes in the L-BTZ formulation was rocasured
using dynamic light scattering (low volume quartz cuvette, b = 10 mm, 25°C, 633 nm laser,
173° scattering angle) upon 100 and 1000 fold dilution using two different dispersing media

{10 mM NaCl and PBS buffer). The results are shown in Table 3 below,
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Table 3. Dynamic Light Scattering Analysis the L-BTZ formulation upon 100 and 1000
fold dilution using two different dispersing media (10 mM Na{'l and PBS buffer). Results

are based on an average of 12 measurements.

Bispersing Z-Average Int-Peak Vol-Peak

Medinm Bilution {nm} Pdl {nm) Yelnt {nm) %eVol

10 95,7 (1.6} 0.240 (0.007 3147 982 734y 97 (3

10 mM 106 95.7 (0.6) 0.240(0.007y 131417y 98(2) 34 (33

Ma(l o N1 e NN ) NN e 3 o

1000 101 (23 (.27 (0.023 141(23)  96{4 79 {10) 94 {6)

PRS 100 101.5(0.6)  0.265(0.006) 152(15) 98 (5) 86 (9} 9% (43
Buffer

1006 103.1 (0.9} 0.27 {0.01} 150¢26)  98(2) 78 (6} 97 {(4)

These findings demonstrated that the fiposomal particle size did not significantly
change based on dilution or dispersing media.

The zeta potential of the fiposomes in the L-BTZ formulation was alse measured. A
sample of L-BTZ was diluted 100 fold with 10 mM NaCl. The apparent zeta potential was
then measured at 25°C and a pH of 7.5. The liposomes had a negative zeta potential value
of -16.1 £ 8.3 mV.

Example 6. Protocol for the Preparation of BTZ-MEGA-CHOL at Mid-Scale (50 mg
API BTZ)

A simple protocel was developed to prepare BTZ-MEGA-CHOL on a larger scale
{c.g., ona 50 mg API BTYZ scale).

Synthesis of Cholesterol-Meglumine Conjugate (MEGA-CHOL)

Cholesteryl chlorotormate (351 vag) was dissolved 1o 9 mL CHCl; tn a 25-mL
round-bottom flask, Next, meglumine (102 mg) in 8 mL DMSO and tricthylamine (73 pl)
were added. The mixtare was stirred at roor teraperature for 12 h. The reaction was
monitored by TLC and HPLC. The mixture was poured into pure water. The precipitate
was washed by 0. 1N HCl to give a white crade product. This crude product was purified by
column chromatography on silica gel with methanol and chloroform (1:2 v/v). R (.50
{methanol/chloroform, 1:2, v/v).

Preparation of Lipid-Drug Isopropano! Solution

BTZ and MEGA-CHOL (molar ratic 1:2) were disselved in isopropano! and reacted

for two hours. DSPC, cholesterol, and PEG-DSPE were then added into solution until they
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were completely dissolved. This solution was then diluted into 10 volumes of 20 mM
phosphate buffer (pH=X) to form L-BTY liposomes.

Homeogenization Process

The above L-BTZ suspension was processed on a high-pressure homogenizer
{Avestin Emulsiflex C5) at 10,000 psi with continuous processing to reduce the mean
particle size to below 100 nm. And then the L-BTZ was filtered through 0.45 um filter to
remove any insoluble particies before tangential flow diafiltration {TFF}.

TFF process

The filtered L-BTZ was added into TFF system (Mulipore Labscale TFF pump
system used with a Midikros hollow fiber cartridge) and SmM phosphate buffer (pH=%8)
were used to wash L-BTZ with § volume replacerents in order to rewove isopropanol and
free BTZ drug, and to concentrate the L-BTZ product.

Preparation of Final Liposomal Formulation

10% sucrose (cryoprotectant} was added into the liposomes after TFE. The final L-
BTZ product was filtered through 0.22 um PES membranc in biosafety cabinet and
transferred into autoclaved glass vials and caps. The product was then stored at -70°C until
use.

The mwaterials and wethods of the appended claims are not Himited 1n scope by the
specific materials and methods described herein, which are intended as illustrations of a few
aspects of the clairos and any materials and rocthods that are functionally equivalent are
within the scope of this disclosure. Various modifications of the materials and methods in
addition to those shown and described herein are intended to fall within the scope of the
appended claims. Further, while only certain representative materials, methods, and aspects
of these materials and methods are specifically deseribed, other materials and methods and
combinations of various features of the matenials and methods are intended to fall within the
scope of the appended claims, even if not specifically recited. Thus a combination of steps,
clemeunts, components, or constituents can be explicitly mentioned herein; however, all
other combinations of steps, elements, components, and constituents are included, even

though not cxplicitly stated.
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CLAIMS

What 1s claimed is:

1. A compound defined by Formula {

0 : 1 L
N
é'&,
Formula i

wherein

P! is hydrogen or an amino-group protecting moiety;

R" is hydrogen or an alkyl group;

RY, R?, and R? are independently hydrogen, an alkyl group, a cycloalky! group, a
heterocyclyl group, an aryl group, a heteroaryl group, or ~-CHo-RY;

R*is an aryl group, an alkylaryl group, an arylalkyl group, a cyclealkyl group, an
alkyleycloalkyl group, a heterocyelyl group, an alkylheterocyelyl group, a heteroaryl group,
an alkylhetcroaryl group, an alkoxy group, or an alkylthio group;

mis0, 1, or2;

Z, together with O' and O, represent a moiety derived from a polyol;

L. is abseut, or is a linking group; and

A is a lipophilic motety.

2. The compound of claim 1, wherein m is {1
3. The compound of claim [ or 2, wherein P! is R7-C(O)-, R*-S{(0)—, R-NH-C(O)-,

or R*-0-C{O)-,
wherein R” is an alkyl group, an aryl group, an alkylary! group, an arylalky! group, a
cycloalkyl group, an alkyleycloalkyl group, a heterocyelyl group, an alkylheterocyelyl

group, a heteroaryl group, or an alkylheteroaryl group.

4. The compound of any of claims 1-3, wherein Plis R°-C{0)—, R°-8(O)—,

RO-NH-C(O)-, or R*-0-C(0O)~, and R’ is a heteroaryl group.

5. The compound of any of claims 1-4, wherein Pis (2-pyrazinecarbonyl.
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6. The compound of any of clairns 1-5, wherein R¥ is an isobutyl group.
7. The compound of any of claims 1-6, wherein the compound is defined by Formula
1A
0 Ol
L d
- N“j/ N W N \({2
i H i B
\N/ AN
Formula 1A
wherein
7, together with O' and O°, represent a moiety derived from a polyol;
L is absent, or is a linking group; and
A is a lipophilic moiety.
8. The compound of any of claires 1-7, wherein the polvol comprises a sugar.
9. The compound of any of claims 1-8, wherein the polyol coraprises a
monosaccharide.
18, The compound of any of claims 1.9, wherein the polyol comprises a reduced sugar.
11, The compound of any of claims 1-10, wherein the polyol comprises an amino sugar.
12, The compound of any of claivas 1-11, wherein the polyol is meghumine, glucamime,

mannitol, sorbitol, or fructose.

13. The compound of any of claims 1-12, wherein the lipophilic motety comprises a

motety derived from a lipid.

14, The compound of claim 13, wherein the lipid is fatty acid, a glycerolipid, a

phospholipid, a sphingohpid, a sterol, or a prenol.
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1S, The compound of any of clairas 1-14, wherein A 13 a Ce~Cyo alkyl group, 8 Cs-Cao
alkenyl group, a Cs-Cyo alkoxy group, a Cs-Cyo alkylthio group, a Cs-Cao alkylsulfinyl
group, a Ca-Ca alkylsulfonyl group, a Ce~Cyo alkylaminoe group, a Ce-Cyo dialkylamino
group, a Cs-Cao alkylcarbonyl group, a Cs-Cyo alkoxycarbony! group, a Cs-Cao
alkylaminocarbonyl group, a Ce-Cae dialkylaminocarbonyl group, or a moicty defined by
the formula below

RT RG

wherein

the dotted lines indicate that a single or double bond can be present;

RS is an alkyl group, an alkenyl group, an alkyoyl group, an aryl group, an alkylaryl
group, an arylalkyl group, a cycloalkyl group, an alkyleycloalkyl group, a heterocyclyl
group, an alkylheterocyclyl group, & heteroaryl group, an alkvlheteroaryl group, an alkoxy
group, or an alkyithio group: and

R7, R* R%, R', and R are, independently, hydrogen, a hydroxy group, an amine
group, an alkyl group, an alkenyl group, an alkynyl group, an aryl group, an alkylaryl group,
an arylalkyl group, a cycloalkyl group, an alkyleycloalkyl group, a heterocyclyl group, an
alkytheterocyelyl group, a heteroaryl group, an alkytheteroaryl group, an alkoxy group, an
alkylthio group, an alkylsulfinyl group, an alkylisulfony! group, an alkylamino group, 2
dialkylaroino group, an alkylcarbouy! group, an alkoxycarbonyl group, an

alkylaminocarbonyl group, or a dialkylaminocarbonyl group.

16.  The compound of any of claims 1-15, wherein the compound is defined by Formula

Ii

wherein
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P! is hydrogen or an amino-group protecting moiety;

R" is hydrogen or an alkyl group;

RY, R?, and R? are independently hydrogen, an alkyl group, a cycloalky! group, a
heterocyclyl group, an aryl group, a heteroaryl group, or ~-CHo-RY;

R*is an aryl group, an alkylaryl group, an arylalkyl group, a cycloalkyl group, an
alkyleycloalkyl group, a heterocyelyl group, an alkylheterocyelyl group, a heteroaryl group,
an alkylhetcroaryl group, an alkoxy group, or an alkylthio group;

mis 9, 1, 0r2;

X ig ~0- or ~NR%—;

R'? is hydrogen or an alkyl group,

L is absent or is a linking group; and

A 1 a Hpophilic motety.

17.  The compound of any of clairas 1-16, wherein the compound is defined by Formula
1A
CH,OH
OH
L
KA

Formula HA

wherein
X is (- or ~NR '
R is hydrogen or an alkyl group,
L is absent or is a linking group; and

A 1is a lipophilic moiety.

18, The compound of claim 16 or 17, wherein X is ~NH- or ~N{CH;s)—.

19.  The compound of any of claims 1-18, wherein the compound is

EaraY
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20. A pharmaceutical formulation comprising
(i} liposomes formed from a vesicle-forming lipid; and

(11} a corapound of any of claims 1-19 entrapped in the liposomes.

21. The formulation of claim 20, wherein the formulation is tyophilized.

22, The formulation of claim 20 or 21, wherein the fornulation further comprises a
fvoprotectant.

23, A method of treating cancer in a subject comprising administering to the subject a

therapeutically effective amount of a compound defined by any of claims 1-19 or a

formulation defined by any of claims 20-22.

24, A method of treating cancer in a subject comprising orally administering to the
subject an effective amount of a lyophilized liposomal formulation comprising a boronate

cster of bortezomib.

25. The method of claim 24, wherein the boronate ester 18 a boronate ¢ster of the

compound of any of claims 1-19.
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