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FORMULATION OF BORONIC ACID COMPOUNDS

FIELD OF THE INVENTION
[0001] This invention relates to the formulation of pharmaceutical compounds. More
particularly, the invention relates to stable, pharmaceutically acceptable compositions
prepared from boronic acid compounds. The invention also relates to methods for preparing

such compositions.

BACKGROUND OF THE INVENTION
[0002] Boronic acid and ester compounds display a variety of pharmaceutically useful
biological activities. Shenvi et al., U.S. Pat. No. 4,499,082 (1985), discloses that peptide
boronic acids are inhibitors of certain proteolytic enzymes. Kettner and Shenvi, U.S. Pat.
No. 5,187,157 (1993); U.S. Pat. No. 5,242,904 (1993); and U.S. Pat. No. 5,250,720 (1993),
describe a class of peptide boronic acids that inhibit trypsin-like proteases. Kleeman et al.,
U.S. Pat. No. 5,169,841 (1992), discloses N-terminally modified peptide boronic acids that
inhibit the action of renin. Kinder et al., U.S. Pat. No. 5,106,948 (1992), discloses that

certain tripeptide boronic acid compounds inhibit the growth of cancer cells.

[0003] Adams et al., U.S. Patent No. 5,780,454 (1998), U.S. Patent No. 6,066,730
(2000), U.S. Patent No. 6,083,903 (2000), and U.S. Patent No. 6,297,217 (2001), hereby
incorporated by reference in their entirety, describe 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 reduce the
activity of NF-xB in a cell, to reduce the rate of degradation of p53 protein in 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 inhibit NF-kB dependent cell adhesion, and to inhibit HIV
replication. Brand et al., WO 98/35691, teaches that proteasome inhibitors, including
boronic acid compounds, are useful for treating infarcts such as those that occur during
stroke or myocardial infarction. Elliott et al, WO 99/15183, teaches that proteasome

inhibitors are useful for treating inflammatory and autoimmune diseases.
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[0004]  Unfortunately, alkylboronic acids are relatively difficult to obtain in analytically
pure form. Snyder et al., J. Am. Chem. Soc., 3611 (1958), teaches that alkylboronic acid
compounds readily form boroxines (anhydrides)under dehydrating conditions. Also,
alkylboronic acids and their boroxines are often air-sensitive. Korcek et al., J. Chem. Soc.,
Perkin Trans. 2 242 (1972), teaches that butylboronic acid is readily oxidized by air to
generate 1-butanol and boric acid. These difficulties limit the pharmaceutical utility of'
boronic acid compounds, complicating the characterization of pharmaceutical agents

comprising boronic acid compounds and limiting their shelf life.

[0005]  There is thus a need in the art for improved formulations of boronic acid
compounds. Ideally, such formulations would be conveniently prepared, would exhibit
enhanced stability and longer shelf life as compared to the free boronic acid compound, and
would readily liberate the bioactive boronic acid compound when administered to a subject

in need of boronic acid therapy.

SUMMARY OF THE INVENTION
[0006] The present invention provides stable, pharmaceutically acceptable compositions
prepared from boronic acid compounds. The invention also provides methods for preparing
such compositions. The invention provides the discovery that lyophilization of an aqueous
mixture comprising a boronic acid compound and a compound having at least two hydroxyl
groups produces a stable composition that readily releases the boronic acid compound upon

dissolution in aqueous media.

[0007] Ina first aspect, the invention provides compounds having formula (1):

- —
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[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

wherein:

P is hydrogen or an amino-group protecting moiety;

R is hydrogen or alkyl;

Ais0,1,0r2;

R!, R? and R® are independently hydrogen, alkyl, cycloalkyl, aryl, or -CH,-R’;

RS, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl,

heteroaryl, or -W-Rsa where W is a chalcogen and RS is alkyl;

[0014]

where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl,

heterocyclyl, or heteroaryl in R!, R% R? or R’ can be optionally substituted; and

[0015]

7' and Z? together form a moiety derived from a sugar, wherein the atom

attached to boron in each case is an oxygen atom.

[0016]

In a second aspect, the invention provides a composition comprising a

compound of formula (2):

[0017]

[0018]

R 0 R? 3
N § L

~

P/ H/ \ Z4
2
R 0 R3
| A

wherein:

P is hydrogen or an amino-group-protecting moiety;
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[0019] R ishydrogen or alkyl;
[0020] Ais0,1,0r2;
[0021] R, R? and R® are independently hydrogen, alkyl, cycloalkyl, aryl, or —CH,-R;

[0022] R’, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl,
heteroaryl, or -W-R®, where W is a chalcogen and R® is alkyl;

[0023] where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, or heteroaryl in R!, R% R? or R’ can be optionally substituted; and

[0024]  Z? and Z* together form a moiety derived from a compound having at least two
hydroxyl groups separated by at least two connecting atoms in a chain or ring, said chain or

ring comprising carbon atoms and, optionally, a heteroatom or heteroatoms which can be N,
S, orO;

[0025] in a lyophilized powder.

[0026] In a third aspect, the invention provides a method for formulating a boronic acid

compound, the method comprising:

[0027] (a) preparing a mixture comprising
[0028] (i) water,

[0029] (i) a boronic acid compound; and

[0030] (iif) a compound having at least two hydroxyl groups separated by at least two
connecting atoms in a chain or ring, the chain or ring comprising carbon atoms, and

optionally, a heteroatom or heteroatoms which can be N, S, or O; and

[0031] (b) lyophilizing the mixture.



WO 02/059130 PCT/US02/01907

5
[0032] In a fourth aspect, the invention provides compositions prepared by the methods

of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0033] The invention provides stable, pharmaceutically acceptable compositions
prepared from boronic acid compounds and methods for preparing the compositions. The

invention also provides novel boronate ester compounds.
[0034]  For purposes of the present invention, the following definitions will be used:

[0035] As used herein, the terms “formulate” and “formulation” refer to the preparation
of a boronic acid compound in a form suitable for administration to a mammalian subject,
preferably a human. Often, formulation of the boronic acid compound comprises addition of
pharmaceutically acéeptable excipients, diluents, or carriers. In some embodiments,
formulation of the boronic acid compound comprises formation of a chemical derivative of
the boronic acid compound, preferably formation of a boronate ester. The term
“formulation” refers to any form commonly used for pharmaceutical administration,
including solids, liquids, suspensions, creams, and gels. For purposes of the present

invention, the formulation is preferably a lyophilized powder.

[0036] As used herein, the term “lyophilized powder” refers to any solid material

obtained by lyophilization of an aqueous mixture.

[0037] By “stable formulation” is meant any formulation having sufficient stability to
have utility as a pharmaceutical agent. Preferably, the formulation has sufficient stability to
allow storage at a convenient temperature, preferably between 0 °C and 40 °C, for a
reasonable period of time, preferably longer than one month, more preferably longer than
three months, even more preferably longer than six months, and most preferably longer than

one year.

[0038]  As employed herein, the term “boronic acid” refers to any chemical compound

comprising a —B(OH), moiety. Snyder et al., J. Am. Chem. Soc. 3611 (1958), teaches that
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alkyl boronic acid compounds readily form oligomeric anhydrides by dehydration of the
boronic acid moiety. Thus, unless otherwise apparent from context, the term “boronic acid”
is expressly intended to encompass free boronic acids, oligomeric anhydrides, including, but

not limited to, dimers, trimers, and tetramers, and mixtures thereof.

~ [0039] As employed herein, the term “compound having at least two hydroxyl groups”
refers to any compound having two or more hydroxyl groups. For purposes of the present
invention, the two hydroxyl groups are preferably separated by at least two connecting
atoms, preferably from about 2 to about 5 connecting atoms, more preferably 2 or 3
connecting atoms. The connecting atoms may be in a chain or a ring, the chain or ring
comprising carbon atoms and, optionally, a heteroatom or heteroatoms, which can be N, S,
or O. For convenience, the term “dihydroxy compound” may be used to refer to a
compound having at least two hydroxyl groups, as defined above. Thus, as employed
herein, the term “dihydroxy compound” is not intended to be limited to compounds having

only two hydroxyl groups.

[0040] As employed herein, the term “amino-group protecting moiety” refers to any
group used to derivatize an amino group, especially an N-terminal amino group of a peptide
or amino acid. Such groups include, without limitation, alkyl, acyl, alkoxycarbonyl,
aminocarbonyl, and sulfonyl moieties. However, the term “amino-group protecting moiety”
is not intended to be limited 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.

[0041] The term “chalcogen” as employed herein refers to the elements oxygen or
sulfur. |

[0042]  The term “alkyl” as employed herein refers to straight and branched chain 20
aliphatic groups having from 1 to 12 carbon atoms, preferably 1-8 carbon atoms, more
preferably 1-6 carbon atoms, and still more preferably 1-4 carbon atoms, which may be
optionally substituted with one, two or three substituents. Unless otherwise explicitly stated,

the term “alkyl” is meant to include saturated, unsaturated, and partially unsaturated
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- aliphatic groups. When unsaturated groups are particularly intended, the terms “alkenyl” or
“alkynyl” will be used. When only saturated groups are intended, the term “saturated alkyl”
will be used. Preferred saturated alkyl groups include, without limitation, methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, sec-butyl, fert-butyl, pentyl, and hexyl.

[0043] The term “cycloalkyl” as employed herein includes saturated and partially

- unsaturated cyclic hydrocarbon groups having 3 to 12 carbons, preferably 3 to 8 carbons, -
and more preferably 3 to 6 carbons, wherein the cycloalkyl group additionally may be
optionally substituted. Preferred cycloalkyl groups include, without limitation, cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, and
cyclooctyl.

[0044] An “aryl” group is a C4-C14 aromatic moiety comprising one to three aromatic
rings, which may be optionally substituted. Preferably, the aryl group is a C¢-Cy aryl group.
Preferred aryl groups include, without limitation, phenyl, naphthyl, anthracenyl, and
fluorenyl. An “aralkyl” or “arylalkyl” group comprises an aryl group cdvalently linked to an
alkyl group, either of which may independently be optionally substituted or unsubstituted.
Preferably, the aralkyl group is (C;-Cg)alk(Cs-Cig)aryl, including, without limitation,
benzyl, phenethyl, and naphthylmethyl. An “alkaryl” or “alkylaryl” group is an aryl group
having one or more alkyl substituents. Examples of alkaryl groups include, without

limitation, tolyl, xylyl, mesityl, ethylphenyl, fert-butylphenyl, and methylnaphthyl.

[0045] The terms “heterocycle,” “heterocyclic,” and “heterocyclyl” refer to any stable
ring structure having from about 3 to about 8 atoms, wherein one or more atoms are selected
from the group consisting of N, O, and S. The nitrogen and sulfur heteroatoms of the
heterocyclic moiety may be optionally oxidized, and the nitrogen atoms may be optionally
quaternized. The heterocyclic ring can be attached to its pendant group at any heteroatom or
carbon atom that results in a stable formula. The term “stable compound” or “stable
formula” is meant to refer to a compound that is sufficiently robust to survive isolation to a
useful degree of purity from a reaction mixture and formulation into an efficacious

therapeutic agent.
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[0046] The heterocyclic group may be optionally substituted on carbon at one or more .
positions with any of the substituents recited above. The heterocyclic group may also
independently be substituted on nitrogen with alkyl, aryl, aralkyl, alkylcarbonyl,
alkylsulfonyl, arylcarbonyl, arylsulfonyl, alkoxycarbonyl, aralkoxycarbonyl, oxo, or
hydroxy, or on sulfur with oxo or lower alkyl. Preferred heterocyclic groups include,
without limitation, epoxy, aziridinyl, tetrahydrofuranyl, pyrrolidinyl, piperidinyl,
piperazinyl, thiazolidinyl, oxazolidinyl, oxazolidinonyl, and morpholinyl. The heterocyclic
group may also be fused to an aryl, heteroaryl, or heterocyclic group. Examples of such

fused heterocyles include, without limitation, tetrahydroquinoline and dihydrobenzofuran.

[0047]  As used herein, the terms “heteroaryl” and “aromatic heterocyle” refer to groups
having 5- to 14-membered rings, preferably 5-, 6-, 9-, or 10-membered rings; having 6, 10,
or 14 &t electrons shared in a cyclic array; and having, in addition to carbon atoms, from one
to about four, preferably from one to about three, heteroatoms selected from the group
consisting of N, O, and S. The heteroaryl group may be optionally substituted on carbon at
one or more positions with any of the substituents recited above. Preferred heteroaryl
groups include, without limitation, thienyl, benzothienyl, furanyl, benzofuranyl,
dibenzofuranyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, indolyl,

quinolyl, isoquinolyl, quinoxalinyl, tetrazolyl, oxazolyl, thiazolyl, and isoxazolyl.

[0048) As employed herein, a “substituted” alkyl, cycloalkyl, aryl, heterocyclyl, or
heteroaryl group is one having from one and to about four, preferably from one to about
three, more preferably one or two, non-hydrogen substituents. Suitable substituents include,
without limitation, halo, hydroxy, oxo, nitro, haloalkyl, alkyl, alkaryl, aryl, aralkyl, alkoxy,
aryloxy, amino, acylamino, alkylcarbamoyl, arylcarbamoyl, aminoalkyl, alkoxycarbonyl,
carboxy, hydroxyalkyl, alkylsulfonyl, arenesulfonyl, alkanesulfonamido, arenesulfonamido,
aralkylsulfonamido, alkylcarbonyl, acyloxy, cyano, and ureido groups. Preferably the
substituents are independently selected from the group consisting of C,-Cg alkyl, C3-Cg
cycloalkyl, (C;-Ce)alkyl(Cs-Cg)cycloalkyl, C,-Cs alkenyl, C,-Cg alkynyl, cyano, amino, Cy-
Cs alkylamino, di(C,-Cg)alkylamino, benzylamino, dibenzylamino, nitro, carboxy,
carbo(C1-Ce)alkoxy, trifluoromethyl, halogen, Ci-Cg alkoxy, C¢-Cyg aryl, (Cs-C1o)aryl(Cy-
Ce)alkyl, (Cg-Cyp)aryl(C;-Cg)alkoxy, hydroxy, Ci-Cs alkylthio, Cg-Cyg alkylsulfinyl, C¢-Cig
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alkylsulfonyl, C¢-Cy arylthio, C¢-C arylsulfinyl, C-Cj arylsulfonyl, C¢-Cyp aryl, (Ci-
Cs)&lk}’l(Cﬁ-Clo)al‘yl, and halo(C6-C10)aryl.

[0049] The term “halogen” or “halo” as employed herein refers to chlorine, bromine,

fluorine, or iodine.

[0050] The term oxo refers to an oxygen atom, which forms a carbonyl when attached
to carbon, an N-oxide when attached to nitrogen, and a sulfoxide or sulfone when attached

to sulfur.

[0051]  As herein employed, the term “acyl” refers to an alkylcarbonyl or arylcarbonyl

substituent.

[0052] The term “acylamino” refers to an amide group attached at the nitrogen atom.
The term “carbamoyl” refers to an amide group attached at the carbonyl carbon atom. The
nitrogen atom of an acylamino or carbamoyl substituent may be additionally substituted.
The term “sulfonamido” refers to a sulfonamide substituent attached by either the sulfur or
the nitrogen atom. The term “amino” is meant to include NH,, alkylamino, arylamino, and

cyclic amino groups.

[0053] The term “ureido” as employed herein refers to a substituted or unsubstituted

urea moiety.

[0054] In a first aspect, the invention provides compounds having formula (1):

[0055] wherein
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[0056] P is hydrogen or an amino-group protecting moiety;

[0057] R is hydrogen or alkyl;

[0058] Ais0,1,or2;

[0059] R', R?, and R are independently hydrogen, alkyl, cycloalkyl, aryl, or —~CH,-R’;

[0060] R®, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl,
heteroaryl, or -W-R®, where W is a chalcogen and R is alkyl; ’

[0061] where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, or heteroaryl in R!, R?, R? or R’can be optionally substituted; and

[0062] Z'and Z* together form a moiety derived from a sugar, wherein the atom

attached to boron in each case is an oxygen atom.

[0063] As used herein, the term “moiety derived from a sugar” refers to a moiety
formed by removing the hydrogen atoms from two hydroxyl groups of any sugar moiety.
The moiety derived from a sugar may be attached to boron by any two of the hydroxyl
groups of the sugar. For example, in various embodiments, the boronate ester forms a 5-, 6-,
7-, 8-, or 9-membered ring. In some preferred embodiments, the boronate ester forms a 5- or

6-membered ring.

[0064] The sugar is preferably a monosaccharide or disaccharide. Non-limiting
examples of suitable sugars include, glucose, sucrose, fructose, trehalose, xylitol, mannitol,
and sorbitol. In certain preferred embodiments, the sugar is a reduced sugar, more
preferably mannitol or sorbitol. Thus, in the embodiment wherein the sugar is mannitol or
sorbitol, Z'and Z? of the compound of formula (1) together form a moiety of formula
CsH1206, wherein the oxygen atoms of the two deprotonated hydroxyl groups form covalent

attachments with boron to form a boronate ester compound.
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[0065] Preferably, the mannitol or sorbitol boronate ester compound has one of the

following structures:

OH

R| o |R? 0 OH o OH
! i3 o .
P~ N \|/ ~0 ~0 OH
R! HA o0 R HO OH
OH
Rl o |RrR? o OH
) H
P/N N NW/B\O OH
H
R A 0 R3 OH

WI[

[0066]  However, structures with larger boronate ester ring sizes are also possible.

ZI

[0067] In certain preferred embodiments, the mannitol or sorbitol boronate ester forms a

symmetrical 5-membered ring having the following structure:

OH
OH
rla{\(ci 0 OH
N N B OH
R

[0068]  Preferably, the mannitol or sorbitol is of the D-configuration, although the L-

configuration may also be used. In certain particularly preferred embodiments, Z' and Vi
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together form a moiety derived from D-mannitol. In these embodiments, the boronate ester

compound preferably has one of the following structures:

HO
OH
Rl 9 S Rl o R
N N §
1 1
R IR A O
HO
"\ 4OH
rR| o |Rr? o"
| Hoo|
P/N NY«B\O \\\\OH
H
1 3
R A O R OH

[0069] However, structures with larger boronate ester ring sizes are also possible.

[0070] In certain particularly preferred embodiments, the boronate ester compound has

the following structure:

OH
OH
z 0 \\\\OH
p” OH
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[0071] The P moiety of the compound of formula (1) is preferably hydrogen or one of
R’-C(0)-, R7-8(0)-, R’-NH-C(0)-, or R”-0-C(0)-, where R is one of alkyl, aryl, alkaryl, or
aralkyl, any of which can be optionally substituted, or when Y is R’-C(0)- or R’-S( 0),-, R’
can also be an optionally substituted 5- to 10-membered saturated, partially unsaturated, or

aromatic heterocycle.

[0072]  In certain preferred embodiments, P is one of R’-C(0)- or R’-S(O),-, and R’ is
an optionally substituted 5- to 10-membered saturated, partially unsaturated, or aromatic
heterocycle. Preferably, R” is an aromatic heterocycle, more preferably pyrazinyl, pyridyl,
quinolyl, or quinoxalinyl, or a saturated heterocycle, preferably morpholinyl. In some

preferred embodiments, P is (2-pyrazine)carbonyl or (2-pyrazine)sulfonyl.

[0073] In some preferred embodiments, R is hydrogen. In some other preferred
embodiments, R is alkyl, preferably C;-Cg, alkyl, more preferably C;-Cj, alkyl, and most
preferably methyl or ethyl.

[0074] The variable A in formula (1) can be 0, 1, or 2. Thus, when A is zero, the

residue within the brackets is not present and the boronate ester compound is a dipeptide.
Similarly, where A is 1, the residue within the brackets is present and the compound is a
tripeptide. Where A is 2, the compound is a tetrapeptide. In certain particularly preferred

embodiments, A is zero.

[0075]  For purposes of the invention, the terms “peptide,” “dipeptide,” and “tripeptide”
are intended to encompass compounds comprising natural amino acid residues, unnatural
amino acid residues, or a combination of natural and unnatural amino acid residues. It will
be apparent from formulae (I)-(3), that the terms “peptide,” “dipeptide,” and “tripeptide” are
used herein to refer to compounds in which the carboxylic acid functionality of the C-

terminal amino acid residue is replaced by a boronic acid or boronate ester functionality.

[0076] It is preferred that the substituents R', R% and R’ in formula (1) are each
independently one of hydrogen, C;-Cs, alkyl, C3-C; cycloalkyl, or C¢-Cy aryl, or —CHZ-RS,
wherein each of R', R?, R?, and R’ may be optionally substituted. More preferably, R!, R?,
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and R are each independently one of C;-C4 alkyl or ~CH,-R®, and R’ is one of cycloalkyl,
aryl, heterocyclyl, heteroaryl, or -W-RS where W is chalcogen and R® is alkyl. Preferably,
R’ is one of Cs-Cqp aryl, (C¢-Cyg)ar(Ci-Ce)alkyl, (C1-Ce)alk(Cs-Cig)aryl, C3-Cyp cycloalkyl,
C;-Cg alkoxy, or C1-Cg, alkylthio or a 5- to 10-membered heteroaryl ring.

[0077] In certain particularly preferred embodiments, the compound of formula (1)is

one of:

[0078] D-Mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronate;
[0079] D-Mannitol N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine boronate;
[0080] D-Mannitol N-(3-pyridine)carbonyl-L—phenylalanine;L-leucine bbronate;
[0081] D-Mannitol N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine boronate;

[0082] D-Mannitol N-(4-morpholine)carbonyl-p-(1-naphthyl)-L-alanine-L-leucine

boronate;

[0083]  D-Mannitol N-(8-quinoline)sulfonyl-f-(l-naphthyl)-L-alanine-L-leucine

boronate;

[0084]  D-Mannitol N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine

boronate;
[0085] D-Mannitol N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronate; or

[0086]  D-Mannitol-N-(4-morpholine)carbonyl-[ O-(2-pyridylmethyl)]-L-tyrosine-L-

leucine boronate.

[0087] In a second aspect, the invention provides a composition comprising a

compound of formula (2):
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5 ) H/ '
®)

[0088] wherein:

[0089] P is hydrogen or an amino-group protecting moiety;

[0090] R is hydrogen or alkyl;

[0091] AisO,1,0r2;

[0092] R!, R?, and R® are independently hydrogen, alkyl, cycloalkyl, aryl, or -CH,-R>;

[0093] R’ in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl,
heteroaryl, or ~W-R6, where W is a chalcogen and R®is alkyl,

[0094]  where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, or heteroaryl in R, R%, R® or R’ can be optionally substituted; and

[0095] 7’ and Z’ together form a moiety derived from a compound having at least two
hydroxyl groups separated by at least two connecting atoms in a chain or ring, said chain or
ring comprising carbon atoms and, optionally, a heteroatom or heteroatoms which can be N,

S, or O; in a lyophilized powder.

[0096] Preferred values for the variables P, R, A, R, R%, R* R®, and R® according to

this aspect of the invention are as described above for the first aspect.

[0097]  The term “moiety derived from a compound having at least two hydroxyl

groups” according to this aspect of the invention is used analogously to the term “moiety
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derived from a sugar” described above, and thus refers to a moiety formed by removing the
hydrogen atoms from two hydroxyl groups of a compound having at least two hydroxyl
groups. The moiety derived from a compound having at least two hydroxyl groups may be
attached to boron by the oxygen atoms of any two of its hydroxyl groups. Preferably, the
boron atom, the oxygen atoms attached to boron, and the atoms connecting the two oxygen
atoms together form a 5- or 6-membered ring. Examples of suitable compounds having at
least two hydroxyl groups (“dihydroxy compounds™) include, without limitation,
pinanediol, pinacol, perfluoropinacol, ethylene glycol, diethylene glycol, catechol, 1,2-
cyclohexanediol, 1,3-propanediol, 2,3-butanediol, 1,2-butanediol, 1,4-butanediol, glycerol,

and diethanolamine.

[0098] For purposes of the present invention, the dihydroxy compound is preferably
pharmaceutically acceptable and is preferably miscible or soluble in water or an alcoholic
solvent. In some preferred embodiments, the dihydroxy compound is a sugar, as described
above, preferably a monosaccharide or disaccharide, more preferably a reduced sugar, and
most preferably sorbitol or mannitol. In certain particularly preferred embodiments, the

dihydroxy compound is mannitol, most preferably D-mannitol.

[0099] The composition according to this aspect of the invention is in the form of a
lyophilized powder. In some breferred embodiments, the composition also comprises the
free dihydroxy compound. Preferably, the dihydroxy compound and the compound of
formula (1) are present in the mixture in a molar ratio ranging from about 0.5:1 to about
100:1, more preferably from about 5:1 to about 100:1. In some embodiments, the dihydroxy
compound and the compound of formula (1) are present in a ratio ranging from about 10:1 to

about 100:1.

[0100]  In some preferred embodiments, the composition further comprises one or
more other pharmaceutically acceptable excipients, carriers, diluents fillers, salts,
buffers, stabilizers, solubilizers, and other materials well known in the art. The

preparation of pharmaceutically acceptable formulations containing these materials is
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described in, e.g., Remington's Pharmaceutical Sciences, 18th Edition, ed. A. Gennaro,

Mack Publishing Co., Easton, PA, 1990.

[0101]  The compounds and compositions according to the first and second aspects of
the invention may be prepared by the methods described herein, or by any method
suitable to produce the compound or composition. For example, the boronate esters of
formula (1) can be prepared from the corresponding boronic acids by lyophilization in
the presence of mannitol or sorbitol, as described herein, or, alternatively, can be
prepared from another boronate ester by transesterification. Alternatively, the boronate
esters of formula (1) can be prepared by incorporation of the sugar moiety at an earlier

stage in the synthesis.

[0102] In athird aspect, the invention provides a method for formulating a boronic

acid compound, the meﬁhod comprising:
[0103] (a) preparing a mixture comprising
[0104] (i) water,

[0105]  (ii) a boronic acid compound; and

[0106] (iii) a compound having at least two hydroxyl groups separated by at least
two connecting atoms in a chain or ring, the chain or ring comprising carbon atoms, and

optionally, a heteroatom or heteroatoms which can be N, S, or O; and
[0107] (b) lyophilizing the mixture.

[0108]  In certain preferred embodiments, the mixture comprises one or more co-
solvents in addition to water. Preferably, the co-solvent is miscible with water. More
preferably, the co-solvent is an alcohol, including, without limitation, ethanol and zer?-

butanol. The composition of the solvent mixture may range from about 5% to about
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95% v/v alcohol. In some embodiments, the aqueous solvent mixture comprises from
about 30% to about 50% alcohol, preferably from about 35% to about 45% alcohol. In
certain preferred embodiments, the aqueous solvent mixture comprises about 40% fert-

butanol.

[0109]  In some other embodiments, the aqueous solvent mixture comprises from
about 1% to about 15% alcohol, preferably from about 5% to about 10% alcohol. In
certain preferred embodiments, the aqueous solvent mixture comprises from about 5%

to about 10% ethanol.

[0110]  Preferably, the compound having at least two hydroxyl groups and the
boronic acid compound are present in the mixture in a w/w ratio ranging from about 1:1
to about 100:1. In various embodiments, the w/w ratio of dihydroxy compound to
boronic acid compound is about 10:1, 20:1, 30:1, 40:1, 50:1, 60:1, 70:1, 80:1, 90:1, or

100:1. Other ratios are also possible.

[0111] The aqueous mixture can be prepared by any order of addition. For example,
in some embodiments, the dihydroxy compound is added to an aqueous mixture
comprising a boronic acid compound. In some other embodiments, the boronic acid
compound is added to an aqueous mixture comprising a dihydroxy compound. In still
yet other embodiments, the boronic acid compound and dihydroxy compound can be
added at the same time, or nearly at the same time. In some embodiments, it may be
advantageous initially to add the boronic acid compound and/or the dihydroxy
compound to a solvent mixture containing a higher percentage of co-solvent than is

desired for the Iyophilization step, and then dilute with water.

[0112]  In some preferred embodiments, the mixture further comprises one or more
pharmaceutically acceptable excipients, carriers, diluents fillers, salts, buffers,
stabilizers, solubilizers, and other materials well known in the art. The preparation of

pharmaceutically acceptable formulations containing these materials is described in,
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e.g., Remington's Pharmaceutical Sciences, 18th Edition, ed. A. Gennaro, Mack

Publishing Co., Easton, PA, 1990.

[0113]  Preferred compounds having at least two hydroxyl groups (“dihydroxy
compounds”) according to this aspect of the invention are as described above for the

second aspect.

[0114]  In certain preferred embodiments, the boronic acid compound according to

this aspect of the invention has formula (3):

N
P/ ™ m/ \26
®)

[0115] wherein:

[0116] P is hydrogen or an amino-group protecting moiety;
[0117] R is hydrogen or alkyl;
[0118] Ais 0,1, or2;

[0119]  R!, R? and R? are independently hydrogen, alkyl, cycloalkyl, aryl, or —
CH,-R’;

[0120] R, in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl,
heteroaryl, or -W-R®, where W is a chalcogen and R® is alkyl;

[0121]  where the ring portion of any of said aryl, aralkyl, alkaryl, cycloalkyl,
heterocyclyl, or heteroaryl in R!, R% R® or R’ can be optionally substituted; and
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[0122]  Z° and Z° are each OH.

[0123] Preferred values for the variables P, R, A, R}, R%, R3, R®, and R® according to

this aspect of the invention are as described above for the first aspect.

[0124]  In certain particularly preferred embodiments, the boronic acid compound is

one of:

[0125]  N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid;

[0126]  N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine boronic acid;
[0127]  N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine boronic acid;

[0128]  N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine boronic acid;

[0129]  N-(4-morpholine)carbonyl-B-(1-naphthyl)-L-alanine-L-leucine boronic acid;
[0130]  N-(8-quinoline)sulfonyl-B-(I-naphthyl)-L-alanine-L-leucine boronic acid;
[0131]  N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine boronic acid;
[0132]  N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic acid; or

[0133] N—(4-morpholine)carbonyl—[O-(2-pyridylmethyl)]-L—tyrésine-L—leucine

boronic acid.

[0134]  In a fourth aspect, the invention provides compositions prepared according to
the methods according to the third aspect of the invention. In some preferred
embodiments, formulation of a boronic acid according to the methods of the invention
results in formation of a chemical derivative of the boronic acid compound, preferably

formation of a boronate ester. In these embodiments, formulation of a boronic acid



WO 02/059130 PCT/US02/01907

21
compound according to the method of the invention produces a composition comprising

a boronate ester compound, according to the second aspect of the invention.

[0135] Insome other embodiments, formulation of a boronic acid compound
according to the method of the invention does not result in formation of a chemical
derivative of the boronic acid compound. In these embodiments, the composition
according to the third aspect of the invention comprises a boronic acid compound and a

compound having at least two hydroxyl groups in a lyophilized powder.

[0136] The compositions according to the second and fourth aspects of the invention
can be readily reconstituted by adding an aqueous solvent. Preferably, the reconstitution
solvent is suitable for pharmaceutical administration. Examples of suitable
reconstitution solvents include, without limitation, water, saline, and phosphate buffered
saline (PBS). For clinical use, the compositions according to the second aspect of the

invention are preferably reconstituted with sterile saline (0.9% w/v).

[0137]  Upon reconstitution in aqueous medium, an equilibrium is established
between any boronate ester present in the composition and the corresponding boronic
acid. Typically, equilibrium is reached quickly, e.g., within 10-15 minutes, after the
addition of water. The relative concentrations of boronate ester and boronic acid present
at equilibrium is dependent upon the pH of the solution, temperature, and the ratio of

dihydroxy compound to boronic acid compound.

[0138]  The following examples are intended to further illustrate certain preferred

embodiments of the invention, and are not intended to limit the scope of the invention.

EXAMPLES
Example 1: Preparation of a lyophilized formulation of N-(2-pyrazine)carbonyl-L-

phenylalanine-L-leucine boronic acid with D-mannitol
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[0139]  Approximately 46 mg of N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid was weighed into a container, and 16 mL of fer¢-butanol was addéd. The
container was closed and the suspension was warmed to approximately 45 °C for 5
minutes to complete dissolution of the compound. Water (24 mL) was added with
stirring, followed by 0.4 g of mannitol, added as an excipient, 1% w/v. The mixture was
stirred to complete dissolution and then cooled to ambient temperature. The solution *
was filtered through a 0.45 pm nylon membrane. One milliliter aliquots were placed in 5
mL serum bottles. Split rubber stoppers were partially inserted into the bottles, and the
bottles were placed in a freeze dryer with a shelf temperature of -45 °C. After
approximately 1 hour, the vacuum was applied. The shelf temperature was allowed to
rise gradually to -35 °C and maintained at -35 °C until the ice was gone from the
samples (approximately 40 hours). The shelf temperature control was then turned off
and the shelf temperature was allowed to gradually rise to 0 °C. A secondary drying
cycle was carried out by increasing the shelf temperature in 3 increments to 25 °C over a
time period of 1.5 hours. The shelf temperature was maintained at 25 °C for 2 hours.

The samples were sealed under nitrogen and removed from the freeze dryer.

[0140] The residual moisture content of the samples was determined by Karl Fischer

analysis, using three lyophilized products. The water content was 0.88% by weight.

[0141]  Fast Atom Bombardment (FAB) mass spectral analysis of the lyophilized
product showed a strong signal at m/z =531, indicative of formation of a covalent
boronate ester adduct between N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid and D-mannitol. Glycerol was employed as the matrix, and a signal for the
glycerol adduct with N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid
was observed at m/z = 441. However, the intensity of the signal at m/z=441 was very
low compared to the signal at m/z =531, possibly indicative of the enhanced stability of

the D-mannitol adduct.
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Example 2: Production-scale preparation of a lyophilized formulation of V-(2-

pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid with D-mannitol

[0142]  In aclean compounding vessel, a solution of 97% tert-butanol/3% Water for
Injection was prepared by warming the required amount of fert-butanol to 35 °C and
adding Water for Injection. Approximately 5% of the solution was reserved for use in
rinsing. The solution was cooled to 15-30 °C, and N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid was added with stirring. The container was rinsed
with the reserved tert-butanol/water solution, and the rinses were added to the main
vessel. The mixture was stirred until the boronic acid compound was completely
dissolved. Mannitol was added, with residual mannitol being rinsed into the reaction
vessel with fresh Water for Injection. Sufficient Water for Injection was added to
reduce the total alcohol conteﬁt to 40% v/v. The mixture was stirred until the mannitol
was completely dissolved. The mixture was filtered through a 0.22 micron filter.
Aliqudts of the filtered solution were placed into previously sterilized vials. The vials
were sealed with lyophilization stoppers and were placed on lyophilizer chamber
shelves maintained at -45 °C. After two hours, the freeze dryer chamber was evacuated
and the chamber pressure was adjusted to 100-200 microns with sterile nitrogen. The
lyophilizer chamber shelves were warmed to -30 °C using an appropriate ramp rate, and
held at that temperature for 10-15 hours. After each of the product thermocouples read -
33 °C or warmer, the shelf temperature was adjusted to -15 °C over 7 hours using an
appropriate ramp rate and maintained at that temperature for 5 hours. After all product
thermocouples recorded the shelf temperature, the shelf was warmed to 0 °C over a
period of at least 7 hours using an appropriate ramp rate. When all thermocouples
recorded 0 °C, the shelf was warmed to 27 °C and maintained at that temperature for 4
hours. At the end of the terminal drying phase, the chamber pressure was restored using

sterile nitrogen, and the vials were sealed and removed.

Example 3: Reconstitution of N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine

" boronic acid
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[0143] The lyophilized formulation of N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid with D-mannitol was prepared as described in Example 1. One
sample was reconstituted with 2 mL of water. Dissolution was complete within 1-2
minutes of shaking. The entire solution was transferred to a volumetric flask, diluted,
and analyzed by HPLC for content of N-(2-pyrazine)carbonyl-L-phenylalanine-L-
leucine boronic acid. The total drug content was 1.09 mg. A second sample was
reconstituted with 1 mL of propylene glycol:EtOH:H,0, 40:10:50. Dissolution was

complete with 1 minute of shaking. The total drug content was 1.11 mg.

[0144)] The lyophilized formulation was also reconstituted with 0.9% w/v saline. The
lyophilized material dissolved readily at concentrations up to 6 mg/mL. By contrast,
solid N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid was not soluble in

0.9% w/v saline at a concentration of 1 mg/mL.

- [0145] To be certain that free N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine
boronic acid was rapidly liberated upon reconstitution of the lyophilized formulation in
aqueous solution, the lyophilized formulation was dissolved in neat DMSO and assayed
for inhibition of the chymotrypsin-like activity of the 20S proteasome as described in
U.S. Pat. No. 5,780,454. Proteasome inhibition can only be observed if hydrolysis under
the assay conditions is fast. The observed K; value of 0.3 nM is equivalent to that
observed for free N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid,
indicating complete and rapid hydrolysis of the D-mannitol adduct under the assay

conditions.

Example 4: HPLC Analysis of N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine

boronic acid

System Parameters:

Column: Adsorbosphere-HS-C18, 5p, 250 x 4.6 mm
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Mobile Phase:

Flow Rate:

Detection/Sensitivity:

Injection volume:

Internal Standard Solution:

Sample Preparation:

Chromatographic parameters:
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65/35: methanol/water containing 0.1% TFA

1.0 mL/min

PDA and UV at 255 nm, 0.1 aufs

25 uL

0.18 mg/mL diphenylamine in methanol

Accurately weighed 0.5-1.5 mg portions of the sample
or reference standard were dissolved in 2.00 mL of the
internal standard solution.

Sample Internal Standard
Retention time 8.4 min 18.9 min
Capacity factor, k' 2.0 5.8
Asymmetry (10%) 1.7 1.3

Rel. Retention, o

0.34

Resolution, Ry = AT/ZW

15.1

[0146] AT and W, are, respectively, the differences in retention times and the sum

of the mid-width of the sample and internal standard peaks. Minor variation of the

mobile phase is allowed to achieve results similar to those above.

Example 5: Stability of formulations

Solid N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid

[0147] N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid was

prepared as described in U.S. Pat. No. 5,780,454. The product was obtained as a white

amorphous powder. The product was stable for more than 2 years when stored at -20 °C,
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as determined by HPLC analysis (purity >97%). When stored at 2-8 °C, the product was

not stable for longer than 3-6 months.

Liquid N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid

[0148] A sterile liquid formulation (0.5 mg/mL) of N-(2-pyrazine)carbonyl-L-
phenylalanine-L-leucine boronic acid was prepared in 0.9% w/v saline, 2% v/v ethanol
and 0.1% w/v ascorbic acid. When stored at 2-8 °C, the liquid formulation was not

stable for longer than 6 months, as determined by HPL.C analysis.

Lyophilized D-mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronate

[0149] The lyophilized product was prepared according to Example 1 and stored at 5
°C, ambient temperature, 37 °C, and 50 °C. Stability was monitored for approximately
18 months by periodically reconstituting a sample and analyzing the entire contents of
the bottle by HPLC. Over this time period, there was no loss of drug in the lyophilized

product stored at any temperature and no evidence of degradation product peaks in the

HPLC chromatograms.

Reconstituted solution of N- i henylalanine-L-leucine boronic acid

[0150] The lyophilized product was prepared according to Example 1, and samples
(2.5 mg/vial) were reconstituted with 2.5 mL of 0.9% w/v sterile saline. Dissolution was
complete within 10 seconds and afforded a clear, colorless solution containing 1 mg/mL
of N-(2-pyrazine)carbonyl-L-phenylalanine-I.-leucine boronic acid. The solution
showed no sign of degradation when stored at ambient temperature (23 °C) for 43 hours.

No special care was taken to protect the solution from light.

[0151] All references, including publications, patent applications, and patents, cited

herein are hereby incorporated by reference to the same extent as if each reference were
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individually and specifically indicated to be incorporated by reference and were set forth

in its entirety herein.

[0152]  The use of the terms “a” and “an” and “the” and similar references in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. The terms “comprising,” “having,”
“including,” and “containing” are to be construed as open-ended terms (i.e., meaning
“including, but not limited to,”) unless otherwise noted. Recitation of ranges of values
herein are merely intended to serve as a shorthand method of referring individually to
each separate value falling within the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as if it were individually recited
herein. All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., “such as”) provided herein, is intended
merely to better illuminate the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential to the practice of the

invention.

[0153]  Preferred embodiments of this invention are described herein, including the
best mode known to the inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the invention to be practiced
otherwise than as specifically described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in the claims appended
hereto as permitted by applicable law. Moreover, any combination of the above-
described elements in all possible variations thereof is encompassed by the invention

unless otherwise indicated herein or otherwise clearly contradicted by context.
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WHAT IS CLAIMED IS:

A compound of the formula (1):

et

P is hydrogen or an amino-group protecting moiety;

wherein

R is hydrogen or alkyl;

Ais0,1,o0r2;

R!, R?, and R? are each independently hydrogen, alkyl, cycloalkyl, aryl, or —CH,-
R’ ;

R’, in each instance, is aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, heteroaryl,
or -W-R®, where W is a chalcogen and R® is alkyl;
wherein the ring portion of any said aryl, aralkyl, alkyaryl, cycloalkyl, heterocyclyl, or
heteroaryl in R!, R%, R?, or R® can be optionally substituted; and

7' and Z* together form a moiety derived from sugar, wherein the atom attached

to boron in each case in an oxygen atom.

2. The compound of claim 1, wherein the sugar is a monosaccharide or
disaccharide.

3. The compound of claim 1, wherein the sugar is a reduced sugar.

4. The compound of claim 3, wherein the reduced sugar is mannitol or
sorbitol.

5. The compound of claim 1, wherein A is 0.
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6. The compound of claim 1, wherein Z' and Z* together form a moiety
derived from mannitol.
7. The compound of claim 5, wherein Z' and Z? together form a moiety

derived from mannitol.

8.  The compound of claim 1, wherein P is R’-C(0)-, R’-S(0),-, R’-NH-
C(O)-, or R’-0-C(0)-;

where R’ is alkyl, aryl, alkaryl, or aralkyl, any of which can be optionally
substituted, or when P is R’-C(0)- or R7-S(0),-, R’ can also be an optionally substituted

5- to 10-membered saturated, partially saturated, or aromatic heterocycle.

9. The compound of claim 8, wherein P is R’-C(O)- or R’-S(0),-, and R is

an aromatic heterocycle.

10.  The compound of claim 9, wherein P is (2-pyrazine)carbonyl or (2-

pyrazine)sulfonyl.

11.  The compound of claim 8, wherein
A is zero;

R is hydrogen or C,-Cy alkyl; and

R? is C;-Cg alkyl.

12.  The compound of claim 11, wherein P is (2-pyrazine)carbonyl or (2-

pyrazine)sulfonyl.

13.  The compound of claim 12, wherein Z! and Z* to gether form a moiety

derived from mannitol.

14.  The compound of claim 1, wherein
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R!, R?, and R? are each independently hydrogen, C;-Cs alkyl, C3-Cyq cycloalkyl,
Ce-Cyo aryl, or —-CH,-R?;
R’ in each instance is C4-Cyg aryl, (C¢-Cyo)ar(C;-Co)alkyl, (C1-Cg)alk(Cq-Cyp)aryl,
Cs-Cyp cycloalkyl, C;-Cg alkoxy, or C;-Cy alkylthio; 7
wherein the ring portion of any said aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, or
heteroaryl groups of R!, R% R?, or R’ can be optionally substituted.

15.  The compound of claim 1, wherein said compound is:

D-Mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronate;

D-Mannitol N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine boronate;

D-Mannitol N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-B-(1-naphthyl)-L-alanine-L-leucine
boronate;

D-Mannitol N-(8-quinoline)sulfonyl-p-(1-naphthyl)-L-alanine-L-leucine
boronate;

D-Mannitol N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine
boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronate; or

D-Mannitol N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-tyrosine-L-

leucine boronate.

16.  The compound D-mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-

leucine boronate.

17.  Alyophilized compound of the formula (1):

R 0 R? 7!
l H |

N N B
P/ \( \Zz )

R A O R®

Iz

wherein
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P is hydrogen or an amino-group protecting moiety;
R is hydrogen or alkyl;
Ais0,1,or2;

R}, R? and R? are each independently hydrogen, alkyl, cycloalkyl, aryl, or —CH,- |
R’;

R®, in each instance, is aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, heteroaryl,
or —-W-R®, where W is a chalcogen and R® is alkyl;
wherein the ring portion of any said aryl, aralkyl, alkyaryl, cycloalkyl, heterocyclyl, or
heteroaryl in R, R% R3, or R’ can be optionally substituted; and

7' and Z? together form a moiety derived from sugar, wherein the atom attached

to boron in each case in an oxygen atom.

18.  The compound of ciaim 17, wherein the sugar is a monosaccharide or

disaccharide.
19.  The compound of claim 17, wherein the sugar is a reduced sugar.
20.  The compound of claim 17, wherein A is 0.

21.  The compound of claim 19, wherein the reduced sugar is mannitol or

sorbitol.

22.  The compound of claim 17, wherein Z' and Z? together form a moiety

derived from mannitol.

23.  The compound of claim 20, wherein Z' and Z? together form a moiety

derived from mannitol.

24.  The compound of claim 17, wherein P is R7-C(O)-, R7-S(O)2-, R’-NH-
C(0)-, or R’-0-C(0)-;



WO 02/059130 PCT/US02/01907

32
where R’ is alkyl, aryl, alkaryl, or aralkyl, any of which can be optionally
substituted, or when P is R’-C(0)- or R’-S(0),-, R7 can also be an optionally substituted

" 5-to 10-membered saturated, partially saturated, or aromatic heterocycle.

25.  The compound of claim 24, wherein P is R’-C(O)- or R’-§(0),-, and R” is

an aromatic heterocycle.

26.  The compound of claim 25, wherein P is (2-pyrazine)carbonyl or (2-
pyrazine)sulfonyl.

27.  The compound of claim 24, wherein
A is zero;

R is hydrogen or C;-Cg alkyl; and

R? is C;-Cg alkyl.

28.  The compound of claim 27, wherein P is (2-pyrazine)carbonyl or (2-
pyrazine)sulfonyl.

29.  The compound of claim 28, wherein Z' and Z? together form a moiety

derived from mannitol.

30.  The compound of claim 17, wherein

R!, R?, and R® are each independently hydrogen, C;-C; alkyl, C5-Cy, cycloalkyl,
Cs-Cyp aryl, or -CH,-R?; ‘

R’ in each instance is C-Cq aryl, (Cs-Cio)ar(C-Ce)alkyl, (C1-Cg)alk(Cy-Cg)aryl,
C;-Cyy cycloalkyl, Cy-Cq alkoxy, or C;-Cg alkylthio;
wherein the ring portion of any said aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, or
heteroaryl groups of R!, R%, R, or R’ can be optionally substituted.

31.  The compound of claim 25, wherein said compound is:
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D-Mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronate;

D-Mannitol N-(2-quinoline)sulfonyl-L-homophenylalanine-L-leucine boronate;

D-Mannitol N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine boronate;

D-Mannitol N-(4-morpholine)carbonyl-B-(1-naphthyl)-L-alanine-L-leucine
boronate;

D-Mannitol N-(8-quinoline)sulfonyl-p-(1-naphthyl)-L-alanine-L-leucine
boronate;

D-Mannitol N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine
boronate;

D-Mannitol N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronate; or

D-Mannitol N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-tyrosine-L-

leucine boronate.

32.  The lyophilized compound D-mannitol N-(2-pyrazine)carbonyl-L-

phenylalanine-L-leucine boronate.

33.  The compound of claim 17, wherein the compound is stable at 0 °C for at

least one month.

34.  The compound of claim 17, wherein the compound is stable at 40 °C for

at least one month.

35. A method of preparing a lyophilized compound of the formula (1):

R 0 R? z!

I hooo |

N B
P/ H \( ~ 72 )

R' A O R®
wherein

P is hydrogen or an amino-group protecting moiety;
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R is hydrogen or alkyl;
Ais0,1,0r2;
R!, R?, and R? are each independently hydrogen, alkyl, cycloalkyl, aryl, or -CH,-
R’
R’ in each instance is aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, heteroaryl,
or —W-RS, where W is a chalcogen and R® is alkyl;
wherein the ring portion of any said aryl, aralkyl, alkyaryl, cycloalkyl, heterocyclyl, or
heteroaryl in R}, R%, R?, or R can be optionally substituted; and
Z' and Z? are derived from a sugar moiety;
the method comprising:
(a) preparing a mixture comprising
(i) water,
(ii) a compound of formula (3)

R 0 R? 7'
H |
N N Ba_ - )

R A O R®
wherein P, R, A, R!, R?, and R3are as described above; and
Z' and Z? are OH; and
(iii) a moiety derived from sugar; and

(b) lyophilizing the mixture.

36.  The method of claim 35, wherein the sugar is a monosaccharide or

disaccharide.
37.  The method of claim 35, wherein the sugar is a reduced sugar.

38.  The method of claim 37, wherein the reduced sugar is mannitol or

sorbitol.

39.  The method of claim 38, wherein the reduced sugar is mannitol.
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40.  The method of claim 35, wherein Z" and Z* of formula (1) together form a

moiety derived from mannitol.

41.  The method of claim 35, wherein P is R’-C(0)-, R’-S(O),-, R’-NH-C(O)-,
or R’-0-C(0)-;

where R’ is alkyl, aryl, alkaryl, or aralkyl, any of which can be optionally
substituted, or when P is R’-C(0)- or R’-S(0),-, R’ can also be an optionally substituted

5- to 10-membered saturated, partially saturated, or aromatic heterocycle.

42.  The method of claim 41, wherein P is R™-C(O)- or R’-S(0),-, and R is an

aromatic heterocycle.

43.  The method of claim 42, wherein P is (2-pyrazine)carbonyl or (2-
pyrazine)sulfonyl.

44.  The method of claim 35, wherein
A 18 zero;

R is hydrogen or C;-Cg alkyl; and

R? is C;-Cg alkyl.

45.  The method of claim 44, wherein P is (2-pyrazine)carbonyl or (2-
pyrazine)sulfonyl.

46.  The method of claim 35, wherein

R!, R% and R? are each independently hydrogen, C;-C; alkyl, C3-C,, cycloalkyl,
C¢-Cyg aryl, or —CH,-R’;

R’ in each instance is Cs~Cyg aryl, (C¢-Cip)ar(C;-Ce)alkyl, (C;-Cqg)alk(Cs-Cg)aryl,
C;-Cy cycloalkyl, C;-Cg alkoxy, or C,-Cg alkylthio;
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wherein the ring portion of any said aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, or
heteroaryl groups of R', R%, R®, or R’ can be optionally substituted.

47. . The method of claim 35, wherein the compound of formula (3) is:
N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid;
N-(2-quinoline)sulfonyl-L-homophenylalanine-I.-leucine boronic acid;
N-(3-pyridine)carbonyl-L-phenylalanine-L-leucine boronic acid,;
N-(4-morpholine)carbonyl-L-phenylalanine-L-leucine boronic acid;
N-(4-morpholine)carbonyl-p-(1-naphthyl)-L-alanine-L-leucine boronic acid,;
N-(8-quinoline)sulfonyl-B-(1-naphthyl)-L-alanine-L-leucine boronic acid;
N-(4-morpholine)carbonyl-(O-benzyl)-L-tyrosine-L-leucine boronic acid,;
N-(4-morpholine)carbonyl-L-tyrosine-L-leucine boronic acid; or
N-(4-morpholine)carbonyl-[O-(2-pyridylmethyl)]-L-tyrosine-L-leucine boronic

acid.

48.  The method of claim 35, wherein the compound of formula (1) is D-

mannitol N-(2-pyrazine)carbonyl-L-phenylalanine-L-leucine boronate.

49.  The method of claim 47, wherein the compound of formula (3) is N-(2-

pyrazine)carbonyl-L-phenylalanine-L-leucine boronic acid.

50.  The method of claim 35, wherein the mixture further comprises a water-

miscible solvent.
51.  The method of claim 50, wherein the water-miscible solvent is an alcohol.
52.  The method of claim 51, wherein the alcohol is tert-butanol.

53.  The method of claim 35, wherein the moiety derived from sugar and the

compound of formula (3) are present in at least a 1:1 ratio.
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54.  The method of claim 35, wherein the moiety derived from sugar and the

compound of formula (3) are present in at least a 5:1 ratio.

55. A lyophilized cake comprising the compound of claim 17.
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