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PEPTIDOMIMETIC INHIBITORS OF PSMA, COMPOUNDS COMPRISING THEM,
AND METHODS OF USE

Cross-Reference to Related Applications
[0001] This application claims the benefit of priority of U.S. Provisional Application
60/782,211, filed March 14, 2006, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION
Field of the Invention
[0002] The present invention relates to small molecules having high affinity and specificity
to prostrate-specific membrane antigen (PSMA) and methods of using them for diagnostic and
therapeutic purposes.
Summary of the Related Art
[0003] Prostate-specific membrane antigen (PSMA) is uniquely overexpressed on the surface
of prostate cancer cells as well as in the neovasculature of a variety of solid tumors. As a result,
PSMA has attracted attention as a clinical biomarker for detection and management of prostate
cancer. Generally, these approaches utilize an antibody specifically targeted at PSMA to direct
imaging or therapeutic agents. For example, ProstaScint (Cytogen, Philadelphia, PA), which has
been approved by the FDA for the detection and imaging of prostate cancer, utilizes an antibody
to deliver a chelated radioisotope (Indium-111). However, it is now recognized that the
ProstaScint technology is limited to the detection of dead cells and therefore its clinical relevance
1s questionable.
[0004] The success of cancer diagnosis and therapy using antibodies is limited by challenges
such as slow elimination of these biomolecules from the blood and poor vascular permeability.
In addition, large antibodies bound to cell-surface targets present a barrier for subsequent binding
of additional antibodies at neighboring cell-surface sites resulting in a decreased cell-surface
labeling.
[0005] In addition to serving as a cell-surface target for antibodies delivering diagnostic or
therapeutic agents, a largely overlooked and unique property of PSMA is its enzymatic activity.
That is, PSMA is capable of recognizing and processing molecules as small as dipeptides.
Despite the existence of this property, it has been largely unexplored in terms of the development

of novel diagnostic and therapeutic strategies. There are a few recent examples in the literature
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that have described results in detecting prostate cancer cells using labeled small-molecule
inhibitors of PSMA.
SUMMARY OF THE INVENTION

[0006) The present invention comprises compounds that bind to the prostate-specific
membrane antigen (PSMA) with high affinity and specificity. Because of these properties,
the compounds of the invention are useful for delivering diagnostic or therapeutic agents to
cells presenting PSMA or to capture and detect such cells such as when the compounds of
the invention are anchored directly or indirectly to a solid support. Concomitantly,
therefore, the invention also comprises diagnostic methods for detecting and/or identifying
cells presenting PSMA comprising contacting (or causing to be contacted) a cell suspected
of presenting PSMA with a compound of the invention linked to a detectable marker or
sensing device and determining whether the compound and cell are linked. The invention
also comprises compositions comprising a compound of the invention together with a
pharmaceutically acceptable carrier, excipient, and/or diluent. The invention further
comprises methods of inhibiting or treating prostrate cancer comprising administering (o a
patient having prostrate cancer a therapeutically effective amount of a compound of the
invention linked to a prostrate cancer therapeutic agent (or a composition thereof).

[0006a] Accordingly, in one aspect the present invention provides a compound or

pharmaceutically acceptable salt thereof of the formula,

H
R‘YH SN
N\
no OH\(QR1
M‘R10

wherein

each n is independently 1, 2, 3,4, 5 or 6;

each R' and R? are independently -C(O)OR?, -C(O)N(R?),, -P(O)(OR?),, -OP(O)(OR?),,
-S(0);R?, -S(0),0R?, -S(0),N(R?),, or tetrazolyl;

each R? is independently -H or C;-Cg alkyl;

R* is -H, -C(O)OR’, -C(O)N(R’),, -P(0)(OR?),, -OP(0)(OR?%),, -S(O);R?, -S(O),0R’,
-S(O)ZN(R3 )2, or tetrazolyl,

M is -O-, -S-, -N(R?)-, or -CHy-;
R'is -H, -C,-Cs alkyl, -aryl-aryl, -X-R®, -R’, -C(O)R’, -S(O),R’, a peptide having two

to ten amino acid residues, a dendrimer, or a peptide dendrimer, wherein

X is -O-, -S-, or -N(R*)-;
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R’ is -CH(R*)N(R*),, C,-C¢ alkyl optionally substituted with 1 to 3 groups
which are independently halogen, -COOR”, or -N(Rsz)z; or heteroaryl, wherein
R is -H, heteroaryl, C;-Cs alkyl-aryl optionally substituted with -OH;
C)-Cg alkyl-heteroaryl, or C,-Cg alkyl optionally substituted with -OR%,
-SR*3, -NH,, -N(H)C(=NH)NH,, -COOR®, or -C(O)N(R*);;R™ is -H,
C-Cgalkyl, -C(O)R*, -C(O)OR®, -C(O)NH(C,-Cgalkyl), -C(O)N(R>),,
or -C(O)heteroaryl; and
R¥is -H or C,-Cgalkyl;
R®is -H or C,-Cg alkyl; and
R is -L'-Rg, wherein
L' is -C(ON(RY)-, -C(S)N(R®)-, -C(O)CH(R?")-, -C(0)(0), or -C(O)-L*,
wherein
R%' is -H, heteroaryl, C,-Cs alkyl-aryl substituted with -OH; C,-C
alkyl-heteroaryl, or C;-C¢ alkyl optionally substituted with
-OR®, SR, NH;, -N(H)C(=NH)NH,, -COOR?, or
-C(O)N(R?),; and
R?is -H or C,-Cgalkyl;
L?is -C;-Caq alkyl- or -phenyl-C,-Cy4 alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which
are 0xo, =S, or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-, or -N(R?)-, provided that no two adjacent
methylene groups are both replaced by -O-, -S-, or -N(R?)-; and
R¥is -H, -NH,, or -OH.

[0006b] In another aspect, the present invention provides a compound or a

pharmaceutically acceptable salt thereof of formula

0, H 2
R RNNR
no P 1
OH(Y-R
M- 10

wherein

each n is independently 1,2, 3,4, 5 or 6;

2a
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each R' and R? are independently -C(O)OR?, -C(O)N(R?),, -P(O)(OR?),, -OP(0)(OR’),,
-S(O),R?, -S(0),0R?, -S(0);N(R?),, or tetrazolyl;

eachR? is independently -H or C;-C alkyl;

R' is -H, -C(O)OR?, -C(O)N(R%),, -P(O)(OR?),, -OP(O)(OR?),, -S(0);R’, -S(0),0R’,
-S(O)zN(R3 )2, or tetrazolyl,

M is -O-, -S-, -N(R?)-, or -CHy-;

R'%is -H, -C,-Cs alkyl, aryl, -C,-Cs alkyl-aryl, -aryl-aryl, -X-R®, -R”, -C(O)R®, -S(O),R’, a
peptide having two to ten amino acid residues, a dendrimer, or a peptide dendrimer,
wherein

X is -O-, -S-, or -N(R%)-;
R’ is -CH(R*")N(R*?),, C,-Cg alky! optionally substituted with 1 to 3 groups which
are independently halogen,- COOR?™ or -N(R*®),; aryl or heteroaryl, wherein
R®!is -H, aryl, heteroaryl, C,-Cs alkyl-aryl optionally substituted with -OH;
C,-C¢ alkyl-heteroaryl, or C;-Cy alkyl optionally substituted with -OR®,
-SR*, -NH,, -N(H)C(=NH)NH,, -COOR*?, or -C(O)N(R>),; and
R% is -H, C,-Cealkyl, -C(O)R*, C(O)OR™, -C(O)NH(C,-Cqalkyl),
-C(O)N(R*?),, -C(O)aryl, or -C(O)heteroaryl;
R%is -H, C,-Cealkyl, or C,-Cs alkyl-aryl,
R®is -H or C,-Cq alkyl; and
R’ is -L'-R®, wherein
L' is -C(O)N(R®)-, -C(S)N(R?)-, -C(O)CH(R?")-, -C(0)(0), or -C(O)-L*,
wherein
R? is -H, aryl, heteroaryl, C,-Cs alkyl-aryl optionally substituted
with -OH; C,-C¢ alkyl-heteroaryl, or C,-C¢ alkyl optionally
substituted with -OR?, -SR?, -NH,, -N(H)C(=NH)NH,, -COOR?,
or -C(O)N(R?),; and
R is -H, C,-Cealkyl, or C,-Cs alkyl-aryl;
L? is -C)-Cy4 alkyl- or -phenyl-C;-Caq alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which
are oxo, =S, or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-, or -NR%)-, provided that no two adjacent
methylene groups are both replaced by -O-, -S-, or -N(R%)-; and

2b
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R® is -H, -NH,, or —OH,

wherein

the compound is covalently bonded through a divalent linker to a detectable label,

therapeutic agent, or biomolecular anchor linked to a solid support at any

substitutable position of the compound.
[0007] The small molecules of the invention provide an advantage over approaches
employing PMSA antibodies because preparation and purification of small molecules are
more efficient and more cost effective than the preparation of antibodies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 displays molecular pruning analogs of T33.
[0009] Figure 2 displays steroid-containing phosphoramidate inhibitors of PSMA.
[0010]  Figure 3 displays time-dependent PSMA inhibition by T33.
[0011] TFigure 4 displays the irreversible and slowly-reversible inhibition of T33 and
representative molecular pruning analogs.
[0012] Figure S displays a categorization of T33 and its molecular pruning analogs as
irreversible, slowly reversible, and rapidly reversible inhibitors of PSMA.
[0013] Figure 6 displays Western blots of PSMA treated with T33 over (A) increasing
time and (B) increasing concentration.

[0014] Figure 7 displays a biphenyl analog of MP1D.

2c
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[0015] Figure 8 displays synthetic PSMA inhibitors designed for both derivatization at the
N-terminus amino group and for delivery of imaging and therapeutic payloads to prostate cancer
cells.

[0016] Figure 9 displays fluorescently labeled PSMA inhibitors known to specifically label
PSMA-expressing prostate cancer cells.

[0017] Figure 10 displays a representative preparation for fluorescently-labeled PSMA
inhibitors.

[0018] Figure 11 displays the preparation of a chelator-bearing PSMA inhibitor
TL-LW-54-BnDTPA.

[0019] Figure 12 displays representative biotin-labeled PSMA inhibitors.

DETAILED DESCRIPTION OF THE INVENTION
[0020] It has been recognized that tumor-targeting can be achieved by small molecules if
they possess sufficient affinity for tumor cells. To be competitive with and substantially
equivalent to antibody-based delivery agents, the affinity of small-molecules should be in the
same range as that for antibodies to their targets.
[0021] In a first aspect, the invention comprises small molecules that target PSMA
(preferably PSMA’s enzymatic recognition site) that meet this criterion. A unique feature of the
compounds of the invention is that they are primarily derived from a central phosphoramidate
core. Specifically, such chemical compounds include all the compounds that are shown in Figure
1 (except CCS, JM139, and 2- PMPA), Figure 2 and Figures 7 - 12. The compounds of the
invention generally have ICs, of less than 5 pM, preferably less than 1 uM, and more preferably
less than 100 nM, as measured according to the assay described in the Examples (vide infra).
[0022] The compounds of the invention have three components that result in a potent
peptidomimetic inhibitor of PMSA that can also be functionalized to deliver a diagnostic or
therapeutic agent to PSMA-expressing cells: 1) glutamate or a glutamate analog in the P1°
position, 2) a central phosphoramidate or phosphoramidate analog as a zinc-binding group, and
3) a serine or serine analog in the P1 position connected through its side chain and preferably
possessing a hydrophobic group on its N-terminus or N-terminus equivalent .
[0023] Accordingly, in an embodiment of the first aspect, the invention provides a compound
of formula I:
A-L-B (D),
3
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wherein A is glutamate or a glutamate analog; L 1is a phosphoramidate or
phosphoramidate analog; B is serine or a serine analog. Preferably the serine or serine analog
possesses a hydrophobic group on its N-terminus or N-terminus equivalent. Pharmaceutically
acceptable salts of all compounds of the invention disclosed in this specification are also an
aspect of the invention.

[0024] In an preferred embodiment of the first aspect, the invention provides a compound of

% Q R?
a/)n

R1
(Ia)
and pharmaceutically acceptable salts thereof, wherein
nis1,2,3,4,5o0r6;
Q is -O-, -S-, -N(R?)-, N(R})O-, -ON(R?)-, -CH,-, or =NO-, wherein Q is bonded to L;
R' and R* are independently -C(O)OR?, -C(O)N(R?),, -P(O)(OR?),, -OP(O)(OR?),, -S(0),R?,
-S(0),0R?, -S(0);N(R?),, or tetrazolyl;

formula I wherein A is of the formula (Ia),

and
each independently -H or C;-C; alkyl.
[0025] In another embodiment of the first aspect, the invention provides a compound of

formula I wherein B is of the formula (Ib),

R10” M‘j/)

T n

(Ib)
and pharmaceutically acceptable salts thereof, wherein
nis1,2,3,4,5o0r6;
R* is -H, -C(O)OR’, -C(O)N(R%), -P(O)OR?), -OP(O)OR?), -S(O),R?, -S(0),0R’
-S(0),N(R?),, or tetrazolyl;
M and T are independently -O-, -S-, -N(R3 )-, or -CH,-, wherein T is bonded to L;
R' is -H, -C,-Cs alkyl, aryl, -C;-Cs alkyl-aryl, -aryl-aryl, -X-R®, -R”, -C(O)R’, -S(O),R’,

R4

peptide, a dendrimer, or peptide dendrimer, wherein

X is -O-, -S-, or -N(R3)-;
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R’is -CH(R*")N(R*),;
C;-Cs alkyl optionally substituted with 1 to 3 groups which are independently
-halogen, COOR™, -N(R*?),;.
aryl;
or heteroaryl, wherein
R* is -H, aryl, heteroaryl, C,-Cg alkyl-aryl optionally substituted with -OH; C;-Cg
alkyl-heteroaryl, or C;-Cs alkyl optionally substituted with -OR>, -SR*, -NH,,
-N(H)C(=NH)NH,, -COOR*, or -C(O)N(R>),; and
R*? is -H, C;-Cealkyl, -C(O)R>, C(O)OR™, -C(O)NH(C;-Csalkyl), -C(O)N(R™>),,
-C(O)aryl, or -C(O)heteroaryl;
R>?is -H, C,-Csalkyl, or C,-Cy alkyl-aryl;
R® is -H or C;-C alkyl; and
R’ is -L'-R®, wherein
L' is -C(O)N(RY)-, -C(S)N(R?)-, -C(O)CH(R?")-, -C(0)(0), or -C(O)-L?-, wherein
R?' is -H, aryl, heteroaryl, C,-Cs alkyl-aryl optionally substituted with
-OH; C,-C¢ alkyl-heteroaryl, or C,-Cs alkyl optionally substituted with
-OR*, -SR*, -NH,, -N(H)C(=NH)NH,, -COOR?, or -C(O)N(R*),; and
R*is -H, C,-Cgalkyl, or C,-Cg alkyl-aryl;
L?is -C;-Caq alkyl- or -phenyl-C,-C,4 alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which
are oxo, =S, or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-, or -N(R?)-, provided that no two adjacent
methylene groups are both replaced by -O-, -S-, or -N(R?)-;and
R® is -H, -NH,, or -OH;
and each R’ is independently -H or C,-Cs alkyl.
[0026] In another embodiment of the first aspect, the invention provides a compound of
formula 1 (and pharmaceutically acceptable salts thereof), wherein L is -P(O)OR?)-,
-P(O)(N(RS)Z)-, -S(0);-, -C(0)-, or -C(S)-, wherein each R?is independently -H or C,-Cg alkyl.
[0027] In a preferred embodiment of the first aspect, the invention provides the compound of

formula (II),
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R2
_M_R* )\Hw
R10 CI') n
(Y7-L
n

(1D
and pharmacecutically acceptable salts thereof, wherein
each n is independently 1, 2, 3, 4, 5 or 6;
cach R' and R’ are independently -C(O)OR®, -C(O)N(R?),, -P(O)(OR?),, -OP(O)(OR?),,
-S(0),R?, -S(0),0R?, -S(0),N(R?),, or tetrazolyl;
each R is independently -H or C;-Cg alkyl;
R is -H, -C(O)OR’, -C(O)N(R?),, -P(O)OR?),, -OP(O)OR?), -S(O),R?, -S(0),0R’
-S(0),N(R?),, or tetrazolyl;
L is -P(O)(OR?)-, -P(O)N(R")2)-, -S(O)z-, -C(O)-, or -C(S)-;
M and T are independently -O-, -S-, -N(R3)-, or -CHj-;
R' is -H, -C,-Cs alkyl, aryl, -C,-Cs alkyl-aryl, -aryl-aryl, -X-R®, -R’, -C(O)R’, -S(O),R’, a
peptide, dendrimer, or peptide dendrimer wherein
X is -O-, -S-, or -N(R?)-;
R’is -CH(R")N(R*),;
C,-Cs alkyl optionally substituted with 1 to 3 groups which are independently
-halogen, COOR™, -N(R*?),;.
aryl;
or heteroaryl, wherein
R’ is -H, aryl, heteroaryl, C,-Cg alkyl-aryl optionally substituted with -OH; C,-Cs
alkyl-heteroaryl, or C;-C¢ alkyl optionally substituted with -OR>, -SR*, -NH,,
-N(H)C(=NH)NH,, -COOR>*, or -C(O)N(R>),; and
R’? is -H, C;-Cealkyl, -C(O)R™, C(O)OR™, -C(O)NH(C;-Cgalkyl), -C(O)N(R™),,
-C(O)aryl, or -C(O)heteroaryl;
R>is -H, C,-Cealkyl, or C;-Cg alkyl-aryl;
R®is-H or C,-Cg alkyl;
and
R’ is -L'-R®, wherein

L' is -C(O)N(RY)-, -C(S)N(R?)-, -C(O)CH(R?")-, -C(0)(0), or -C(0)-L*-, wherein

6
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R?' is -H, aryl, heteroaryl, C,-Cs alkyl-aryl optionally substituted with
-OH; C,-C¢ alkyl-heteroaryl, or C,-Cg alkyl optionally substituted with
-OR*, -SR*, -NH,, -N(H)C(=NH)NH,, -COOR?, or -C(O)N(R*),; and
R* is -H, C,-Cgalkyl, or C,-Cy alkyl-aryl;
L?is -C1-Caq alkyl- or -phenyl-C,-C»4 alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which
are oxo, =S, or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-, or -N(R?)-, provided that no two adjacent
methylene groups are both replaced by -O-, -S-, or -N(R?)-;and
R® is -H, -NH,, or -OH; and
Q is -O-, -S-, -N(R?)-, -N(R*O-, -ON(R?)-, -CH;-, or =NO-.
[0028] In a preferred embodiment of the first aspect, the invention provides the compound of

formula (III),

H
Q, 2
R“\(H\O,\P\/N R
n OH( R1
M‘R‘IO

(11I)
and pharmaceutically acceptable salts thereof, wherein each variable is as defined for formula

().

[0029] In a preferred embodiment of the first aspect, the invention provides the compound of
formula (IV),
R2
R R4O\H,N—Q_\
\IP\
R1({\l_<_0 OH R1
av),

and pharmaceutically acceptable salts thereof, wherein each variable is as defined for formula
I1).

[0030] In a preferred embodiment of formulas (IT) - (IV), R' and R? are each -C(O)OH.
[0031] In a preferred embodiment of formulas (II) - (IV), R is -C(O)OH.
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[0032] In a more preferred embodiment of formulas (II) - (IV), R', R% and R* are cach
-C(O)OH.
[0033]  Ina preferred embodiment of formulas (II) - (IV), R'® is -C(O)-phenyl.
[0034] In a more preferred embodiment of formulas (IT) - (IV), R"is R’.
[0035] In a more preferred embodiment of formulas (IT) - (IV), R'is R’, wherein
R’ is -L'-R®, wherein
L'is -C(0)-L*, wherein
L is -C,-Cy4 alkyl- or -phenyl-C,-Cy4 alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which
are oxo, =S, or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-, or -N(R?)-, provided that no two adjacent
methylene groups are both replaced by -O-, -S-, or -N(R?)-;and
R® is -H, -NH,, or -OH.
[0036] In a more preferred embodiment of formulas (II) - (IV), R'is R”, wherein
R’ is -L'-R®, wherein
L'is -C(0O)-L*, wherein
L?is -C1-Caq alkyl- or -phenyl-C,-Cy4 alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which
are oxo or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, or -N(R’)-, provided that no two adjacent
methylene groups are both replaced by -O- or -N(R?)-;and
R is -H, -NH,, or -OH.
[0037] In a more preferred embodiment of formulas (1) - (IV), R is a peptide, dendrimer,
or peptide dendrimer.
[0038] In a more preferred embodiment of the first aspect, the invention provides the

compound according to formula (I) which is



WO 2007/106869

PCT/US2007/064002

Compo | Name Structure
und
T33 N-{[(25)-2-(benzoylamino)-2-carboxy OOH
ethoxy](hydroxy)phosphoryl}-L-gluta N
mic acid H 0@ H COOH
\P/ ’y,
o Q
COOH
L36 N-[{(25)-2-[benzoyl(methyl)amino]-2 OOH
-carboxyethoxy } (hydroxy)phosphoryl W
]-L-glutamic acid 'il Q
| /
O\E,N COOH
OH
COOH
TC5074 | N-{[2-(benzoylamino)ethoxy](hydrox
y)phosphoryl}-L-glutamic acid
ﬁ/w oH
O‘|':'>’N” COOH
OH
COOH
L101 N-[ {2-[benzoyl(methyl)amino]ethoxy
}(h()i/droxy)phosphoryl]-L-glutamlc N/\ ]
ol | O\ﬁ,N,,, COOH
OH
COOH
NC-2-2 | N-[(biphenyl-4-ylmethoxy)(hydroxy) Q, H COOH
9 phosphoryl]-L-glutamic acid ,\P\' -
O
O COOH
MPIE | N-[(2-carboxy-4-phenylbutoxy)(hydr OOH
oxy)phosphoryl]-L-glutamic acid
H
O\(li,N,,, COOH
OH
COOH
MPI1D | N-[hydroxy(4-phenylbutoxy)phospho
ryl]-L-glutamic acid O\QI,H,, COOH
p- N
OH
COOH
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Compo | Name Structure
und
LW-5-4 | N-{[(25)-2-{[4-(aminomethyl)benzoy Q@ GOOH
0 IJamino}-2-carboxyethoxy](hydroxy) N/\ Ny
phosphoryl}-L-glutamic acid H,N H O\g,N,,, COOH
& Q
COOH
LW-54 | L-y-glutamyl-O-[ {[(1S)-1,3-dicarboxy | H2N o)
propyl]amino } (hydroxy)phosphoryl]- m COOH
L-serine HOOC N
H
O .0
/P\,
HO NH
HOOCJ/\COOH
LW-5-4 | N-{[(25)-2-amino-2-carboxyethoxy]( | HOOC,
0 hydroxy)phosphoryl}-L-glutamic acid //\ R
HN  O=P—NH
OH /—COOH
HOOC
LW-II- | N-[{[(2S)-20-amino-2-carboxy-4,8-di HOOC, o
. . o
108 oxo-l6,12,15};18-tetrao>}(1a-3,}?-dlallza1cols }NH o—llfl—Nﬁ
-1-y 1oxy}( ydroxy)phosphoryl]-L-g o o O 7—COOH
utamic acid >—/
HN
8 HOOC
§
08
go
HoN
[0039] In a second aspect, the invention comprises chimeric compounds comprising a

compound according to the first aspect of the invention covalently linked to a detectable label,
therapeutic agent, or biomolecular anchor linked to a solid support. Examples of solid supports

include commercially available polylysine-, maleic anhydride-, or streptavidin-coated 96-well

plates.

functionalized gold-coated sensor chips.
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[0040] In one embodiment the detectable label is a fluorescent label. Standard fluorescent
labels include Alexa Fluor dyes, BODIPY dyes, fluorescein-based dyes, rhodamine-based dyes,
coumarin-based dyes, and pyrene-tased dyes.

[0041] In another embodiment, the detectable label is one half of a specific binding pair, e.g.,
biotin of the biotin-streptavidin binding pair. Representative binding pair agents and
biomolecular anchors include biotin, oligonucleotides of DNA or RNA, or lipids.

[0042] In another embodiment, the detectable label is a chelating structure able to bind
radioisotopes such as *°Tc or MRI contrast agents such as Gd. Standard chelating agents include
DOTA, DTPA, CHX-A”, PCTA, and DO3A.

[0043] Standard fluorescent labels, binding pair agents, and chelating agents, and
biomolecular anchors as described herein, may be used. Standard method known to those skilled
in the art may be employed to link the compounds of the invention to such agents and anchors as
well as to therapeutic agents.

[0044] The therapeutic agents are preferably compounds that interfere with one or more
biological processes of cells that present PSMA and, therefore, treat or inhibit a discase
associated with the PMSA-presenting cell. The therapeutic agents may optionally include
chelated or covalently linked cytotoxic radioisotopes such as *°Y or "**Re, such chelating or
covalent linking can be by means known to those of ordinary skill in the art.

[0045] Therapeutic agents include those that increase the immunogenicity of tumor cells
either through direct attachment to the cell surface of cancer cells or through modulating the
expression of antigenic peptides on cancer cells. Agents selected for covalent attachment will
possess known anti-cancer, anti-proliferative, or cytotoxic properties. Alternatively, such agents
will possess known properties that promote or increase the immunogenicity of cells as a target
for T-cell immunosurveillance.

[0046] Therapeutic agents also include but are not limited to steroid-based agents such as
2-Methoxyestradiol, mifepristone, tamoxifen, inducers of apoptosis such as retinoic acid, histone
deacetylase inhibitors such as butyrate, apoptosis inducing or cytotoxic siRNA such as Plkl
siRNA, antimitotic agents such as doxorubicin, antimetabolites such as methotrexate, and
nanoparticles or liposomes designed to encapsulate a cytotoxic drug.

[0047] In an embodiment of the second aspect, the invention provides a compound of the

formula, A-L-B, wherein

11
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A is glutamate or a glutamate analog;
L is a phosphoramidate or a phosphoramidate analog;
B is serine or a serine analog,
and pharmaceutically acceptable salts thereof, wherein
the compound is covalently bonded through a divalent linker to a detectable label,
therapeutic agent, or biomolecular anchor linked to a solid support at any substitutable
position of the compound.
[0048] In an embodiment of the second aspect, the divalent linker is derived from an amino
acid, oligopeptide, poly(ethylene) glycol, oligoethylene glycol, and the like.
[0049] In an embodiment of the second aspect, the compound is covalently bonded to a
detectable label.
[0050] In another embodiment of the second aspect, the compound is covalently bonded to a
therapeutic agent.
[0051] In another embodiment of the second aspect, the compound is covalently bonded to a
biomolecular anchor linked to a solid support.
[0052] In a preferred embodiment of the second aspect, the compound is covalently bonded
to a detectable label, wherein the detectable label is a fluorescent label.
[0053] In another preferred embodiment of the second aspect, the compound is covalently
bonded to a detectable label, wherein the detectable label is a chelating structure bound to a
radioisotope or magnetic resonance imaging contrast agent.
[0054] In another preferred embodiment of the second aspect, the invention provides the

compound of formula (VI),
R2
,-M R* )\(V),R1
R \l; Q"
(Qr-L
n

(VD)
and pharmaceutically acceptable salts thereof, wherein
each n is independently 1, 2, 3, 4, 5 or 6;
cach R' and R’ are independently -C(O)OR®, -C(ON(R?),, -P(O)(OR?),, -OP(O)(OR?),,
-S(0),R?, -S(0),0R?, -S(0),N(R?),, or tetrazolyl;
each R? is independently -H or C,-Cg alkyl;

12
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R' is -H, -C(O)OR?, -C(O)N(R%), -P(O)OR?), -OP(O)OR%, -S(O)R?, -S(0),0R’
-S(0),N(R?),, or tetrazolyl;
L is -P(0)(ORY)-, -P(O)(N(R*),)-, -S(0)s-, -C(0)-, or -C(S)-;
M and T are independently -O-, -S-, -N(Rs)-, or -CH,-;
R is -X-R® or -L'-R®, wherein
X is -C(0)-, -S(0),, -O-, -S-, or -N(R?)-;
L' is -C(O)N(R?-, -C(S)N(R?)-, -C(O)CH(R)-, -C(O)0), -C(O)-L*, a peptide,
dendrimer, or peptide dendrimer, wherein
R?' is -H, aryl, heteroaryl, C;-C alkyl-aryl optionally substituted with -OH; C,-Cs
alkyl-heteroaryl, or C;-Cs alkyl optionally substituted with -OR*, -SR*, -NH,,
-N(H)C(=NH)NH,, -COOR?*, or -C(O)N(R*),; and
R* is -H, C,-Cgalkyl, or C,-Cy alkyl-aryl;
L?is -C1-Cas alkyl- or -phenyl-C;-C»4 alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which are
0xo0, =S, or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-, or -N(R?)-, provided that no two adjacent methylene
groups are both replaced by -O-, -S-, or -N(R*)-;and
R® is a therapeutic agent, detectable label, or biomolecular anchor linked to a solid
support; and
Q is -0-, -S-, -N(R*)O-, -ON(R?)-, -CH,-, or =NO-.
[0055] In a preferred embodiment of the second aspect, the invention provides the compound
of formula (VII),

(VID)
and pharmaceutically acceptable salts thereof, wherein each variable is as defined for formula
(VD).
[0056] In a preferred embodiment of the second aspect, the invention provides the compound

of formula (VIII),

13
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R2
R? RY HN
N O\‘,P\O‘Q—\
R7 (0] H R’
(VIID),

and pharmaceutically acceptable salts thereof, wherein each variable is as defined for formula
(VD).
[0057] In a preferred embodiment of formulas (VI) - (VIII), R' and R? are each -C(O)OH.
[0058] In a preferred embodiment of formulas (VI) - (VIIT), R*is -C(O)OH.
[0059] In a more preferred embodiment of formulas (VI) - (VIII), R', R?, and R* are each
-C(O)OH.
[0060] In a more preferred embodiment of formulas (VI) - (VIII), L' is -C(O)-L*, wherein
L?is -C;-Cay alkyl- or -phenyl-C,-Cy4 alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which are oxo, =S, or
-COOH; and
one to six of the methylene groups in each alkyl group is optionally replaced by -O-, -S-,
or -N(R?)-, provided that no two adjacent methylene groups are both replaced by -O-, -S-,
or -N(R%)-.
[0061] In a more preferred embodiment of formulas (VI) - (VIII), L'is -C(0)-L*-, wherein
L?is -C1-Caq alkyl- or -phenyl-C;-Cy4 alkyl-, wherein
each alkyl group is optionally substituted with 1 to 4 groups which are oxo or
-COOH; and
one to six of the methylene groups in each alkyl group is optionally replaced by
-O- or -N(R?)-, provided that no two adjacent methylene groups are both replaced
by -O- or -N(R?)-.
[0062] In a more preferred embodiment of formulas (VI) - (VIII), L' is a peptide, dendrimer,
or peptide dendrimer.
[0063] In a preferred embodiment of formulas (VI) - (VIIT), R® is a detectable label.
[0064] In a preferred embodiment of formulas (VI) - (VIII), R® is a biomolecular anchor
linked to a solid support.
[0065] In a preferred embodiment of formulas (VI) - (VIII), R® is a detectable label, wherein

the label is a fluorescent dye.
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[0066] In a preferred embodiment of formulas (VI) - (VIII), R® is a detectable label, wherein
the label is a fluorescent dye, wherein the fluorescent dye is Alexa Fluor, BODIPY, fluoresceins,
rhodamine, coumarin, or pyrene -based dye.
[0067] In a preferred embodiment of formulas (VI) - (VIII), R® is a detectable label, wherein
the label is a fluorescent dye, wherein the fluorescent dye is a fluorescein or fluorescein
derivative.
[0068] In a preferred embodiment of formulas (VI) - (VIII), R® is a detectable label, wherein
the label is a chelating agent.
[0069] In a preferred embodiment of formulas (VI) - (VIII), R® is a detectable label, wherein
the label is a chelating agent, wherein the chelating agent is DOTA, DTPA, CHX-A”, PCTA,
and DO3A.
[0070] In a more preferred embodiment of formulas (VI) - (VIII), R® is R?, wherein
R’ is C,-Cs alkyl, aryl, or C;-Cs alkyl-aryl, wherein R’ is substituted with one to three
groups which are independently -COOH or N(R”"),, wherein
each R”' is independently -H or C,-Cs alkyl substituted with 1 to 3 groups which
are independently -COOH or -N(R"?), wherein
each R”? is independently -H or C;-Cg alkyl substituted with 1 to 3 COOH.
[0071] In a preferred embodiment of formulas (VI) - (VIII), R® is a detectable label, wherein
the label is one half of a specific binding pair.
[0072] In a preferred embodiment of formulas (VI) - (VIII), R® is a detectable label, wherein
the label is one half of a specific binding pair, wherein the one half of the specific binding pair is
biotin, an oligonucleotide of DNA or RNA, or a lipid.
[0073] In a preferred embodiment of formulas (VI) - (VIII), R® is a detectable label, wherein
the label is one half of a specific binding pair, wherein the one half of the specific binding pair is
biotin.
[0074] In a preferred embodiment of formulas (VI) - (VIII), R®is a therapeutic agent.
[0075] In a more preferred embodiment of formulas (VI) - (VIII), R® is a steroidal group
optionally substituted with 1 to 5 groups selected from the group consisting of C;-C) alkyl, oxo,
hydroxy, or halogen.
[0076] In another preferred embodiment of the first aspect, the invention provides the

compound of formula (I1X),
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R2

O \—ri

R’ O’ ~OH

(IX)

b

and pharmaceutically acceptable salts thereof, wherein

R’ is -O-R®, wherein R® is a steroidal group optionally substituted with 1 to 5 groups selected
from the group consisting of C;-C alkyl, oxo, hydroxy, or halogen; and each remaining variable
is as defined for formula (VI).

[0077] In a more preferred embodiment of the first aspect, the invention provides the

compounds according to formula (VI) which is

Compo | Name Structure
und
LW-39- | N-{[(25)-2-carboxy-2-({4-[({3-[(2-{[ i

FSEX 3-carboxy-4-(6-hydroxy-3-0x0-9,9a-d 9 oo goon
ihydro-3 H-xanthen-9-yl)phenyl]amin | [ ) N,ﬁ\,s\/\n,nVQi ”/\ogn coon
0}-2-oxoethyl)thio]propanoyl}amino) "’ °
methyl]benzoyl}amino)ethoxy](hydro
xy)phosphoryl}-L-glutamic acid

"
OH

COOH

LW-39- | N-[{(25)-2-carboxy-2-[(4-{[(6-{[3-ca | }~ .. . 5
SFAM | rboxy-4-(6-hydroxy-3-0x0-9,9a-dihyd O 0y HNOI\’?/”\/@’(” ,§°°”

X ro-3H-xanthen-9-yl)benzoyl]amino } h C)

exanoyl)amino]methyl} benzoyl)amin | o
o]ethoxy } (hydroxy)phosphoryl]-L-gl ——
utamic acid

LW-54- | N-{3-[(2-{[3-carboxy-4-(6-hydroxy-3 05— o

FSEX | -0x0-9,9a-dihydro-3H-xanthen-9-yl)p e oo
henyl]amino}-2-oxocthyl)thio]propan | o ' eoon
oyl}-L-y-glutamyl-O-[{[(15)-1,3-dica | () cpor o ¢
rboxypropyl]amino} (hydroxy)phosph | o > )
oryl]-L-serine )

LW-54- | N-(6-{[3-carboxy-4-(6-hydroxy-3-oxo0 | <
SFAM | -9,9a-dihydro-3H-xanthen-9-yl)benzo O oo HNJ_/—C}" NS
)—\_<

X yl]Jamino} hexanoyl)-L-y-glutamyl-O- | ° O X Hooe Ao
[{[(1S5)-1,3-dicarboxypropyl]amino } ( W, }\’o
hydroxy)phosphoryl]-L-serine Ho Ho R

HOOC —/_\COOH
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Compo | Name Structure
und
L6-VI- N—[{(2S)-2-carboxy-2-[({[3‘-carb0xy- Q HoOC.
21 4-(6-hydroxy-3-0x0-9,9a-dihydro-3H- | () coon g\ @
xanthen-9-yl)phenyl]amino } carbonot Q PnH 0-P-NH
. . Q NH OH COOH
hioyl)amino]ethoxy} (hydroxy)phosph O
oryl]-L-glutamic acid Hood
HO
TL-LW | N-{[(4-{2-[bis(carboxymethyl)amino] OH o
-54-Bn | -3-[{2-[bis(carboxymethyl)amino]eth $=g_/_<OH
DTPA | yl}(carboxymethyl)amino]propyl}phe HO—P=NH
nyl)amino]carbonothioyl}-L-y-glutam ©
yl-O-[{[(1S5)-1,3-dicarboxypropyl]ami HOWJ:NH
no } (hydroxy)phosphoryl]-L-serine o
HoOC~ i
N OH
HOOC —~/ SYNH
Hoochj\/©/NH
Hooc” N
HOOC
TL-LW | N-{6-[(6-{[5-(2-oxohexahydro-1H-thi y{
-54-LC- | eno[3,4-d]imidazol-4-yl)pentanoyl]a M
LC-Bio | mino}hexanoyl)amino]hexanoyl}-L-y | s
tin

—glutamyl-O-[ {[(15)-1,3-dicarboxypr
opyl]amino} (hydroxy)phosphoryl]-L-
serine
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Compo | Name Structure
und
TL-LW | N-{[(25)-2-carboxy-2-({4-[({6-[(6-{[ | £
-39-LC- | 5-(2-oxohexahydro-1H-thieno[3,4-d]i i
LC-Bio | midazol-4-yl)pentanoyl]amino}hexan | s
tin oyl)amino]hexanoyl } amino)methyl]b N
enzoyl}amino)ethoxy](hydroxy)phos B
phoryl}-L-glutamic acid \Hj\
HN 20
Ky
o]
LW-S-1 | N-[{3-[(3B,8E,9¢,14&,17£,20&)-choles
20A1 tan-3-yloxy]propoxy } (hydroxy)phosp coon
horyl]-L-glutamic acid oH
HooC ”’g\t/\
[6)
LW-S-1 | N-[hydroxy(3-{[(3B,8£,9¢,14&)-17-0x OOH 0
20A3 oandrostan-3-ylJoxy } propoxy)phosph OH
oryl]-L-glutamic acid Hooc” “N" o0
HO
o~
LW-A- | N-{[(3B,8,9¢,14&,17E,208)-cholestan
149 -3-yloxy](hydroxy)phosphoryl}-L-glu
tamic acid COOH
HOOC\_)/
H’ij\PIOH
&o
LW-S-1 | N-(hydroxy{[(3B,8,9¢,14£)-17-0x0a COOH Q?
20A2 ndrostan-3-yl]oxy} phosphoryl)-L-glut \)/
amic acid HOOC ;
H,:,\P,OH
o 9
LW-A- | N-[hydroxy(3-{[17-oxoestra-1(10),2,4 ¢OOH
152 -trien-3-ylJoxy } propoxy)phosphoryl]-

L-glutamic acid
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Compo | Name Structure
und
LW-A- | N-[(3-{[3-(benzoyloxy)estra-1(10),2,4 M oH
151 -trien-17-yl]oxy } propoxy)(hydroxy)p R S
hosphoryl]-L-glutamic acid OH
o COOH
o
and pharmaceutically acceptable salts thereof.
[0078] In a third aspect, the invention comprises a composition comprising a chimeric

compound according to the second aspect of the invention, or pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier, diluent, or excipient.

[0079] In a fourth aspect, the invention comprises a diagnostic kit comprising a chimeric
compound according to the second aspect of the invention. In one embodiment according to this
aspect of the convention, the detectable label or biomolecular anchor is one member of a specific
binding pair (e.g., biotin) and the kit comprises the other member of the specific binding pair.
[0080] In a fifth aspect, the invention comprises a method of detecting PMSA-presenting
cells, the method comprising contacting cells suspected of presenting PMSA with a chimeric
compound according to the second aspect of the invention and measuring for the presence of the
detectable label under conditions in which the detectable label is detected only when bound to a
PMSA-presenting cell. How the detectable label is detected will, of course, depend upon the
label being used and will be clear to those skilled in the art. For example, if the detectable label
i1s a near-infrared fluorescent label, detecting the label can be accomplished with in vivo
fluorescence imaging.

[0081] In a sixth aspect, the invention comprises a method of inhibiting or treating a disease
involving cells presenting PMSA comprising contacting the cells or causing the cells to be
contacted with a compound according to the second aspect of the invention or a composition
according to the third aspect of the invention wherein the chimeric compound comprises a
compound according to the first aspect of the invention covalently linked to a therapeutic agent.
In one embodiment of this aspect, the invention comprises administering the composition to a
mammalian subject (preferably human) that has a disease involving PMSA-presenting cells in an
amount effective to inhibit or treat the disease. Appropriate formulations and methods of

administration can be routinely determined using standard methods.
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[0082] In a seventh aspect, the invention comprises a method for capturing, detecting, and
quantifying PMSA-presenting cells, the method comprising contacting cells suspected of
presenting PMSA with a chimeric compound according to the second aspect of the invention and
detecting captured or immobilized PSMA-presenting cells. In a preferred embodiment of the
seventh aspect, the chimeric compound of the second aspect is linked to a biomolecular anchor
on a solid support. How the cells are detected will, of course, depend upon the sensing device
being used and will be clear to those skilled in the art. For example, if the chimeric compound
according to the second aspect of the invention is linked to solid support, detection of
PSMA-presenting cells can be accomplished directly using plasmon resonance or can be
accomplished once cells are released and labeled with a fluorescent label using flow cytometry.
[0083] Representative dendrimers which may be used in the invention are described in J. M.
J. Fréchet, D. A. Tomalia, Dendrimers and Other Dendritic Polymers, John Wiley & Sons, Ltd.
NY, NY (2002).

[0084] Representative compounds useful in the combination of the present invention include
those compounds described above, and their pharmaceutically acceptable acid and base addition
salts and solvates thereof. If the compound of the invention is obtained as an acid addition salt,
the free base can be obtained by basifying a solution of the acid salt. Conversely, if the product
is free base, an addition salt, particularly a pharmaceutically acceptable addition salt, may be
produced by dissolving the free base in a suitable organic solvent and treating the solution with
an acid, in accordance with conventional procedures for preparing acid addition salts from base
compounds.

[0085] Non-toxic pharmaceutical salts include salts of acids such as hydrochloric,
phosphoric, hydrobromic, sulfuric, sulfinic, formic, toluenesulfonic, methanesulfonic, nitric,
benzoic, citric, tartaric, maleic, hyrdoiodic, alkanoic such as acetic, HOOC-(CH,),-COOH where
n is 0-4, and the like. Non-toxic pharmaceutical base addition salts include salts of bases such as
sodium, potassium, calcium, ammonium, and the like. Those skilled in the art will recognize a
wide variety of non-toxic pharmaceutically acceptable addition salts.

[0086] The compounds of the invention and/or compositions thereof find particular use in the
inhibition and/or treatment of PMSA-related diseases in animals and humans. Accordingly,
another aspect of the invention is administration of a therapeutically effective amount of one or

more compounds of the invention or compositions containing the one or more compounds of the
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invention to a patient in need of such treatment for PMSA-related diseases. Preferably the
patient is a mammal, most preferably a human. When used in this context, the compounds may
be administered per se, but are typically formulated and administered in the form of a
pharmaceutical composition. The exact composition will depend upon, among other things, the
method of administration and will apparent to those of skill in the art. A wide variety of suitable
pharmaceutical compositions are described, for example, in Remington’s Pharmaceutical
Sciences, 20™ ed., 2001).

[0087] Formulations suitable for oral administration can consist of (a) liquid solutions, such
as an effective amount of the active compound suspended in diluents, such as water, saline or
PEG 400; (b) capsules, sachets or tablets, each containing a predetermined amount of the active
ingredient, as liquids, solids, granules or gelatin; (c) suspensions in an appropriate liquid; and (d)
suitable emulsions. Tablet forms can include one or more of lactose, sucrose, mannitol, sorbitol,
calcium phosphates, corn starch, potato starch, microcrystalline cellulose, gelatin, colloidal
silicon dioxide, talc, magnesium stearate, stearic acid, and other excipients, colorants, fillers,
binders, diluents, buffering agents, moistening agents, preservatives, flavoring agents, dyes,
disintegrating agents, and pharmaceutically compatible carriers. Lozenge forms can comprise
the active ingredient in a flavor, e.g., sucrose, as well as pastilles comprising the active
ingredient in an inert base, such as gelatin and glycerin or sucrose and acacia emulsions, gels,
and the like containing, in addition to the active ingredient, carriers known in the art.

[0088] The compound of choice, alone or in combination with other suitable components,
can be made into acrosol formulations (i.e., they can be “nebulized”) to be administered via
inhalation. Acrosol formulations can be placed into pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the like.

[0089] Suitable formulations for rectal administration include, for example, suppositories,
which consist of the packaged nucleic acid with a suppository base. Suitable suppository bases
include natural or synthetic triglycerides or paraffin hydrocarbons. In addition, it is also possible
to use gelatin rectal capsules which consist of a combination of the compound of choice with a
base, including, for example, liquid triglycerides, polyethylene glycols, and paraffin
hydrocarbons.

[0090] Formulations suitable for parenteral administration, such as, for example, by

intraarticular (in the joints), intravenous, intramuscular, intradermal, intraperitoneal, and
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subcutaneous routes, include aqueous and non-aqueous, isotonic sterile injection solutions,
which can contain antioxidants, buffers, bacteriostats, and solutes that render the formulation
isotonic with the blood of the intended recipient, and aqueous and non-aqueous sterile
suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers, and
preservatives. In the practice of this invention, compositions can be administered, for example,
by intravenous infusion, orally, topically, intraperitoneally, intravesically or intrathecally.
Parenteral administration, oral administration, subcutaneous administration and intravenous
administration are the preferred methods of administration. A specific example of a suitable
solution formulation may comprise from about 0.5-100 mg/ml compound and about 1000 mg/ml
propylene glycol in water. Another specific example of a suitable solution formulation may
comprise from about 0.5-100 mg/ml compound and from about 800-1000 mg/ml polyethylene
glycol 400 (PEG 400) in water.

[0091] A specific example of a suitable suspension formulation may include from about
0.5-30 mg/ml compound and one or more excipients selected from the group consisting of: about
200 mg/ml ethanol, about 1000 mg/ml vegetable oil (e.g., corn oil), about 600-1000 mg/ml fruit
juice (e.g., grapefruit juice), about 400-800 mg/ml milk, about 0.1 mg/ml
carboxymethylcellulose (or microcrystalline cellulose), about 0.5 mg/ml benzyl alcohol (or a
combination of benzyl alcohol and benzalkonium chloride) and about 40-50 mM buffer, pH 7
(e.g., phosphate buffer, acetate buffer or citrate buffer or, alternatively 5% dextrose may be used
in place of the buffer) in water.

[0092] A specific example of a suitable liposome suspension formulation may comprise from
about 0.5-30 mg/ml compound, about 100-200 mg/ml lecithin (or other phospholipid or mixture
of phospholipids) and optionally about 5 mg/ml cholesterol in water. For subcutaneous
administration of compound 9, a liposome suspension formulation including 5 mg/ml compound
in water with 100 mg/ml lecithin and 5 mg/ml compound in water with 100 mg/ml lecithin and 5
mg/ml cholesterol provides good results. This formulation may be used for other compounds of
the invention.

[0093] The formulations of compounds can be presented in unit-dose or multi-dose sealed
containers, such as ampules and vials. Injection solutions and suspensions can be prepared from

sterile powders, granules, and tablets of the kind previously described.
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[0094] The pharmaceutical preparation is preferably in unit dosage form. In such form the
preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing
discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can
be the appropriate number of any of these in packaged form. The composition can, if desired,
also contain other compatible therapeutic agents, discussed in more detail, below.

[0095] In another aspect, the invention comprises a method of making a composition for the
treatment and/or inhibition of a PMSA-related disease, the method comprising admixing a
compound of the invention with a pharmaceutically acceptable carrier, diluent, and/or excipient.
[0096] In therapeutic use for the treatment of PMSA-related diseases, the compounds utilized
in the pharmaceutical method of the invention are administered to patients diagnosed with
PMSA-related diseases at dosage levels suitable to achieve therapeutic benefit. By therapeutic
benefit is meant that the administration of compound leads to a beneficial effect in the patient
over time. Therapeutic benefit is also achieved if the administration of compound slows or halts
altogether the adverse symptoms which typically accompany PMSA-related diseases.

[0097] The compounds of the invention and/or compositions thereof may also be
administered prophylactically in patients who are at risk of developing PMSA-related diseases.
[0098] Initial dosages suitable for administration to humans may be determined from in vitro
assays or animal models. For example, an initial dosage may be formulated to achieve a serum
concentration that includes the ICsy of the particular compound being administered, as measured
in an in vitro assay. Alternatively, an initial dosage for humans may be based upon dosages
found to be effective in animal models of PMSA-related diseases. Exemplary suitable model
systems are described, for example, in Muchmore, 2001, Immunol. Rev. 183:86-93 and Lanford
& Bigger, 2002, Virology, 293:1-9, and the referenced cited therein. As one example, the initial
dosage may be in the range of about 0.01 mg/kg/day to about 200 mg/kg/day, or about 0.1
mg/kg/day to about 100 mg/kg/day, or about 1 mg/kg/day to about 50 mg/kg/day, or about 10
mg/kg/day to about 50 mg/kg/day, can also be used. The dosages, however, may be varied
depending upon the requirements of the patient, the severity of the condition being treated, and
the compound being employed. The size of the dose also will be determined by the existence,

nature, and extent of any adverse side-effects that accompany the administration of a particular
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compound in a particular patient. Determination of the proper dosage for a particular situation is
within the skill of the practitioner. Generally, treatment is initiated with smaller dosages which
are less than the optimum dose of the compound. Thereafter, the dosage is increased by small
increments until the optimum effect under circumstances is reached. For convenience, the total
daily dosage may be divided and administered in portions during the day, if desired.

Definitions

[0099] All compounds here were named using ACD/Name 8.00 (Product Release 8.17,
Build: 04 May 2005; http://www.acdlabs.com; Toronto, ON, Canada)

[0100] Compounds of the present invention can exist as stereoisomers, wherein asymmetric
or chiral centers are present. The present invention contemplates various stereoisomers and
mixtures thereof and are specifically included within the scope of this invention. Stereoisomers
include enantiomers, diastereomers, and mixtures of enantiomers or diastereomers.

[0101] The term "alkyl" as used herein, means a straight or branched chain hydrocarbon
containing from 1 to 24 carbon atoms unless otherwise defined. Representative examples of
alkyl include, but are not limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl,
iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2-dimethylpentyl,
2,3-dimethylpentyl, n-heptyl, n-octyl, n-nonyl, and n-decyl.

[0102] The term "alkyl-aryl" as used herein, means an aryl group, as defined herein bonded
to the parent moiety via an alkyl group, as defined herein. Examples of alkyl-aryl groups
include, but are not limited to benzyl and phenethyl.

[0103] The term "alkyl-heteroaryl" as used herein, means a heteroaryl group, as defined
herein bonded to the parent moiety via an alkyl group, as defined herein. Examples of
alkyl-heteroaryl groups include, but are not limited to pyridylmethyl and 2-pyridylethyl.

[0104] The term "aryl," as used herein, means phenyl or a bicyclic aryl or a tricyclic aryl.
The bicyclic aryl is naphthyl, or a phenyl fused to a cycloalkyl, or a phenyl fused to a
cycloalkenyl. The bicyclic aryl is attached to the parent molecular moiety through any carbon
atom contained within the bicyclic aryl. Representative examples of the bicyclic aryl include,
but are not limited to, dihydroindenyl, indenyl, naphthyl, dihydronaphthalenyl, and
tetrahydronaphthalenyl. The tricyclic aryl is anthracene or phenanthrene, or a bicyclic aryl fused
to a cycloalkyl, or a bicyclic aryl fused to a cycloalkenyl, or a bicyclic aryl fused to a phenyl.

The tricyclic aryl is attached to the parent molecular moiety through any carbon atom contained
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within the tricyclic aryl. Representative examples of tricyclic aryl ring include, but are not
limited to, azulenyl, dihydroanthracenyl, fluorenyl, and tetrahydrophenanthrenyl.

[0105] The term "heteroaryl," as used herein, means a monocyclic heteroaryl or a bicyclic
heteroaryl. The monocyclic heteroaryl is a 5 or 6 membered ring. The 5 membered ring consists
of two double bonds and one, two, three or four nitrogen atoms and optionally one oxygen or
sulfur atom. The 6 membered ring consists of three double bonds and one, two, three or four
nitrogen atoms. The 5 or 6 membered heteroaryl is connected to the parent molecular moiety
through any carbon atom or any nitrogen atom contained within the heteroaryl. Representative
examples of monocyclic heteroaryl include, but are not limited to, furyl, imidazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, oxazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, pyrazolyl,
pyrrolyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, and triazinyl. —The bicyclic
heteroaryl consists of a monocyclic heteroaryl fused to a phenyl, or a monocyclic heteroaryl
fused to a cycloalkyl, or a monocyclic heteroaryl fused to a cycloalkenyl, or a monocyclic
heteroaryl fused to a monocyclic heteroaryl. The bicyclic heteroaryl is connected to the parent
molecular moiety through any carbon atom or any nitrogen atom contained within the bicyclic
heteroaryl. Representative examples of bicyclic heteroaryl include, but are not limited to,
benzimidazolyl, benzofuranyl, benzothienyl, benzoxadiazolyl, cinnolinyl, dihydroquinolinyl,
dihydroisoquinolinyl, furopyridinyl, indazolyl, indolyl, isoquinolinyl, naphthyridinyl, quinolinyl,
tetrahydroquinolinyl, and thienopyridinyl.

[0106] The term "halo" or "halogen" as used herein, means -Cl, -Br, -I or -F.

[0107] The term "hydroxy" as used herein, means an -OH group.

[0108] The term "methylene" as used herein, means a -CH2- group.

[0109] The term "oxo" as used herein, means a =0 moiety.

[0110] The term "peptide" as used herein means a peptide with two to ten amino acid
residues.

[0111] The term “steroidal” as used herein means a monoradical of a group with the general

tetracyclic structure,
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wherein the tetracyclic structure may be fully saturated or contain 1 or more unsaturated bonds
and may be bonded to the parent moiety at any available substitutable position. For example,
one or more of the cyclic subunits may be aromatic.

[0112] The term “glutamate analog” as used herein means a chemical structure intended to
mimic the structure of glutamic acid. Such a structure chemical structure would be designed
around the molecular framework of glutamic acid which consists of an amino group or a
bioisostere of an amino group and two carboxylic acids or bioisosteres of carboxylic acids
similarly positioned relative to one another as in the structure of glutamic acid. For example, the
amino group could be replaced with a thiol, hydroxyl, hydroxylamino, oxime, or methylene
group. One or both of the carboxylic acids could be replaced with a carboxamide, phosphonate,
phosphate, sulfonate or tetrazole group. A glutamate analog would also consist of both cyclic and
acyclic chemical structures as well as homologous (shorter or longer) structures. Examples of
such glutamate analogs that are biologically active and can be used in the present invention have
been recently reviewed. Aspartate and glutamate mimetic structures in biologically active

compounds. (Stefanic P, Dolenc MS.Curr Med Chem. 2004 Apr; 11(8):945-68), which is hereby

incorporated by reference in its entirety.

[0113] The term “serine analog" as used herein means a chemical structure intended to
mimic the structure of serine. Such a structure would be designed around the molecular
framework of serine which consists of an amino group or a bioisostere of an amino group, a
carboxylic acid or bioisostere of carboxylic acid, and a hydroxyl group or bioisostere of a
hydroxyl group similarly positioned relative to one another as in the structure of serine itself. For
example, the amino group could be replaced with a thiol, hydroxyl, or methylene group. The
carboxylic acids could be replaced with a carboxamide, phosphonate, phosphate, sulfonate or
tetrazole group. The carboxylic acid could be removed altogether. The hydroxyl group could be
replaced with an amino, thiol, or methylene group. A serine analog would also consist of both
cyclic and acyclic chemical structures as well as homologous (shorter or longer) structures.
[0114] The term “phosphoramidate analog” as used herein means a chemical structure that
would mimic the molecular structure of a phosphoramidate with zinc-binding capability. For
example, a phosphoramidate analog could be a phosphonamidate, phosphonate, phosphate,
phosphinate, sulfonamide, urea, N-hydroxyurea, thiourea, carbamate, hydroxamate, reverse

hydroxamate, N-hydroxyamide, or N-hydroxycarbamate group.
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[0115] The term “a fluorescein” refers to compounds of the general formula,
ReQ9es
O COOH

[0116] The term “fluorescein derivative” refers a fluorescein as defined herein which is
optionally substituted with one to three groups which are independently halogen or alkyl, each as

defined herein.

Examples

[0117] Scheme 1 presents a representative synthetic scheme for the synthesis of
phosphoramidate inhibitor T33. Using this general strategy, over 15 analogs of phosphoramidate
T33 of varying complexity have been synthesized. This scheme, in conjunction with standard
synthetic methodologies, can be used to prepare compounds according to the first aspect of the
invention. Compounds according to the second aspect of the invention can be routinely prepared

therefrom using standard synthetic methodologies.

Scheme 1
O COzBn O COBn O COM
. u“’\ 0 u"\ o u . ‘\ o u
-PAN(Prply ———————— T ———
S — O\ cai, Tea O N, _COBN T, oy O TN, COH
2. tetrazole. 0 CO,Bn BnOI HoN,, _CO.8Bn BnCl) K2CO; H(l) Q
-
N
H CO,Bn T33 COH
OH CO,Bn
3. H,0, tetrazole
Example 1

PMSA Inhibition Assay

[0118] Adapted from,Maung, J.; Mallari, J.P.; Girtsman, T.A.; Wu, L.Y.; Rowley, J.A;
Santiago, N.M.; Brunelle, A.; Berkman, C.E. Probing for a Hydrophobic a Binding Register in
Prostate-Specific Membrane Antigen with Phenylalkylphosphonamidates. Bioorg. Med. Chem.
2004, 12, 4969.

[0119] Working solutions of the substrate (N-[4-(phenylazo)benzoyl]-glutamyl-g-glutamic
acid, PAB-Glu-y-Glu) and all inhibitors were made in TRIS buffer (50 mM, pH 7.4). Working
solutions of purified PSMA were appropriately diluted in TRIS buffer (50 mM, pH 7.4) to
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provide from 15% to 20% conversion of substrate to product in the absence of inhibitor. A
typical incubation mixture (final volume 250 uL) was prepared by the addition of either 25 uL of
an inhibitor solution or 25 uLL TRIS buffer (50 mM, pH 7.4) to 175 uL TRIS buffer (50 mM, pH
7.4) in a test tube. A volume of the 25 uL PAB-Glu-y-Glu (100uM) was added to the above
solution. The enzymatic reaction was initiated by the addition of 25 uL of the PSMA working
solution. In all cases, the final concentration of PAB-Glu-y-Glu was 10 uM while the enzyme
was incubated with five serially-diluted inhibitor concentrations to provide a range of inhibition
from 10% to 90% inhibition. The reaction was allowed to proceed for 15 min with constant
shaking at 37 °C and was terminated by the addition of 25 pL methanolic TFA (2%
trifluoroacetic acid by volume in methanol) followed by vortexing. The quenched incubation
mixture was quickly buffered by the addition of 25 uL K;HPO4 (0.1 M), vortexed, and
centrifuged (10 min at 7000g). An 85 uL aliquot of the resulting supernatant was subsequently
quantified by HPLC. ICsy values were calculated using using KaleidaGraph 3.6 (Synergy
Software).

[0120] PABGYG and its hydrolytic product (PABG) were separated and quantified using an
analytical reversed-phase HPLC column (Lichrosphere C18 5 um, 150 x 4.6 mm; Phenomenex,
Torrence, CA) with a mobile phase consisting of ACN/potassium phosphate [25 mM, pH 2.0
(adjusted with H3PO4)] at a respective volume ratio of 40:60. At a flow rate of 1.0 ml/min,
PABGYG and its hydrolytic product (PABG) were detected at 325 nm with retention times of 4.8

and 6.9 min, respectively.

Example 2
Identification of Potent Inhibitors of PSMA through the Molecular Pruning of
Phosphoramidate Analogs of Gamma-Diglutamate.
[0121] We designed and synthesized the phosphoramidate T33 as a lead compound for the
inhibition of PSMA. Its design was based upon the structures of known PSMA substrates such as
gamma-glutamate derivatives of folate analogs. Initial screening of T33 indicated that it
displayed considerable potency against PSMA (ICsop < 50 nM). To better understand the
importance of various structural elements of T33 for inhibitory potency against PSMA, we
conducted a molecular pruning study in which we created a library of T33 analogs as shown in

Figure 1. The synthesis of the three compounds from this library were previously reported in the
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literature: CCS, JM139 (Lu, H.; Ng, R.; Shich, C.C.; Martinez, A.R.; Berkman, C.E. Inhibition
of Glutamate Carboxypeptidase by Phosphoryl and Thiophosphoryl Derivatives of Glutamic and
2-Hydroxyglutaric Acid. Phosphorus, Sulfur and Silicon, 2003, 178, 17), and 2-PMPA (Jackson,
P.F.; Cole, D.C.; Slusher, B.S.; Stetz, S.L.; Ross, L.E.;Donzanti, B.A.; Trainor, D.A. Design,
synthesis, and biological activity of a patent inhibitor of the neuropeptidase N-acetylated-linked
acidic dipeptidase. J. Med. Chem. 1996, 39, 619-622.) The remaining compounds in Figure 1,
Figure 2, and Figures 7 - 12 are novel compounds of the invention.

[0122] All compounds in the library described in Figure 1, Figure 2, and Figures 7 - 12 were
screened for inhibitory potency of PSMA using the assay described in Example 1.

[0123] Screening of the library in Figure 1 against purified PSMA from LNCaP cells by our
published method (Purification of Prostate-Specific Membrane Antigen with Conformational
Epitope-Specific Antibody-Affinity Chromatography. Liu, T.; Toriyabe, Y.; Berkman, C.E. Prot.
Exp. Purif:- 2006, 49, 251.) indicated that two general structures displayed superior inhibitory
potency: intact phosphoramidate peptidomimetics such as T33 and L36 as well as simple P/’
analogs such as CCS, JM140, and 2-PMPA.

[0124] Despite the lack of additional affinity elements, it is hypothesized that the dibasic
phophoryl motif of CCS, JM140, and 2-PMPA is responsible for their enhanced affinity for
PSMA through strong interactions with PSMA’s active-site zinc atoms. Interestingly,
considerable affinity is maintained in the simple hydrophobic analog MP1D. The ability of
PSMA to accommodate hydrophobic and spatially demanding ligand was further confirmed
when we prepared and screened a library of steroid-containing phosphoramidate inhibitors
(Figure 2). All compounds in Figure 2 manifested an ICs; of less than 1 pM as determined by the
assay described in Example 1. The inhibition assay results from MPID and the
steroid-containing phosphoramidate inhibitors are in agreement with our previous work in which
we identified the existence of a hydrophobic binding domain remote from the central catalytic
machinery of PSMA (Maung, J.; Mallari, J.P.; Girtsman, T.A.; Wu, L.Y.; Rowley, J.A,;
Santiago, N.M.; Brunelle, A.; Berkman, C.E. Probing for a Hydrophobic a Binding Register in
Prostate-Specific Membrane Antigen with Phenylalkylphosphonamidates. Bioorg. Med. Chem.
2004, /2, 4969.).
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Example 3
Time-Dependent and Irreversible Inhibition of PSMA by T33 Analogs
[0125] Surprisingly, we found that the PSMA-inhibitory compounds in the T33 analog
library (Figure 1) were not only potent inhibitors of PSMA but exhibited a time-dependent loss
of enzymatic activity as shown in Figure 3. This unique result has led us to hypothesize that T33
and its analogs are unique slow binding inhibitors. In some cases, the inhibition appears to be
irreversible. Such is the case for T33, L36, and MP1E as PSMA activity cannot be recovered by
100-fold dilution of the enzyme inhibited by these compounds (Figure 4). These results strongly
suggest that T33, L36, and MPI1E are either mechanism-based irreversible inhibitors of PSMA
or they are functionally irreversible inhibitors of PSMA potentially leading to dramatic
conformational changes and potentially causing covalent damage to the enzyme. In addition to
T33, L36, and MPIE, we have recently demonstrated that LW-54 and LW-39 are also
irreversible inhibitors of PSMA. Based upon a survey of the literature, this is the first discovery
of time-dependent and irreversible inhibitors of PSMA. While slow binding inhibition of zinc
peptidases and proteases by phosphorus acid derivatives is a known phenomenon,
mechanism-based irreversible inhibitors for such enzymes are rare. The inhibitors from Figure 1
are categorized as irreversible and slowly-reversible inhibitors in Figure 5. All compounds

displayed in Fig. 5 manifested in ICs, of less than 1 uM.

Example 4
Inhibitor Induced Homodimer Formation
[0126] With regard to the action of phosphoramidates T33 and L36, we have demonstrated
that treatment of PSMA with these inhibitors result in the formation of covalent PSMA
homodimers as indicated by Western blots. As shown in the representative example in Figure 6,
covalent PSMA dimer formation mediated by T33 is both concentration dependent and
time-dependent. These results coincide with the time-dependent enzymatic inhibition of PSMA
by phosphoramidate T33 and its analogs as described above. More importantly, these data are in
agreement with the irreversible inhibition profiles of compounds T33, L36, and MP1D. These
data suggest that T33 and L36 are involved in covalent modifications of PSMA promoting
inter-protein crosslinking and potentially intra-protein crosslinking. Although we have not
determined the mechanism of inhibition for T33, L36 and MPI1D, it is clear that these agents

represent a unique class of inhibitors of PSMA that may be used as covalent delivery vehicles
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specific for PSMA-expressing cancer cells. Based upon a cursory literature review, this is the

first design and preparation of irreversible covalent modifiers of PSMA.

Example §
Specificity of Phosphoramidate Inhibitors for PSMA
[0127] To determine that the design of the phosphoramidate inhibitors of the invention is
specific to PSMA, a preliminary study was conducted with representative compounds from the
T33 analog library (Figure 1) with matrix metalloproteinase-9 (MMP-9). The MMP enzymes are
zinc-dependent endopeptidases involved in the degradation of extracellular matrices. Of the
series of compounds examined including NC-2-29, only one compound (NC-2-29) exhibited
inhibitory potency against MMP-9 with a Ki value of 5 mM. T33 has been recently assayed for
inhibition of MMP-2 and demonstrated no inhibition at concentrations up to 10 uM. These
predominantly negative results suggest that the general structural framework of the T33-based

inhibitors of the invention confer specificity for the target metallopeptidase, PSMA.

Example 6
Inhibitor-Directed Labeling of PSMA-Expressing Prostate Cancer Cells

[0128] Recent experiments have demonstrated that imaging payloads (such as organic
fluorophores) can be specifically delivered to PSMA-expressing prostate cancer cells. We
designed and synthesized four PSMA inhibitors that each possesses an N-terminus amino group
as a point of attachment for imaging or therapeutic payloads (Figure 8).

[0129] These compounds have been subsequently derivatized with amine-reactive
fluorescent dyes (Figure 9) to specifically label PSMA-expressing prostate cancer cells. Based
upon fluorescence microscopy data, each of these compounds have been demonstrated to
specifically label PSMA-expressing prostate cancer cells (LNCaP cells) and not label cells that
do not express PSMA (PC3 cells). The thiourea-linked fluorescent inhibitor L6-V1-21 exhibited
an ICsy of 85 nM against PSMA. This result demonstrates that inhibitory potency was not
abolished when the inhibitor core was derivatized with a structural motif of considerable size.
PSMA-expressing prostate cancer cells (LNCaP) treated with L6-VI-21 resulted in specific
labeling as observed by fluorescence microscopy. Confocal microscopy was conducted on both

LNCaP and PC3 prostate cancer cells after treatment with L6-V1-21 and propidium iodide.
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[0130] When LNCaP cells are treated with L6-V1-21, fluorescence microscopy confirms
extensive cell-surface labeling by L6-V1-21 as shown by strong green fluorescent labeling of
the cells. When LNCaP cells are treated with L6-V1-2 and propidium iodide, confocal
fluorescence microscopy confirms extensive cell-surface labeling by L6-V1-21 as shown by
strong green fluorescent labeling on the surface of the cells while red fluorescence was observed
for the cell nuclei from propidium iodide staining. When PC3 cells are treated with L6-V1-2 and
propidium iodide, confocal fluorescence microscopy confirms specificity of L6-V1-2 for
PSMA-expressing cells (LNCaP) as no green fluorescent labeling on the surface of the cells is
observed for PC3 cells but red fluorescence is observed for the cell nuclei from propidium iodide
staining. The PC3 cells served as a negative control because they do not express PSMA. While
propidium iodide stained the nuclei of both cell lines, only the surface of the PSMA-expressing
LNCaP 6 cells were fluorescently labeled with L6-V1-21. The intensely labeled sites on these
LNCaP cells are hypothesized to be locations in which PSMA has aggregated.

[0131] Fluoresence microscopy of LNCaP cells treated with the fluorescent inhibitor
LW-54-FSEX demonstrated that small-molecule inhibitors of PSMA are substantially equivalent
to an antibody (3C6) in delivering and labeling PSMA-expressing cells with a fluorescent dye. In
that experiment, both LW-54 and the antibody 3C6 each labeled with fluorescein-5-EX
specifically labeled the membranes of LNCaP cells. When LNCaP cells are treated with either
LW-54-FSEX or the fluorescently labeled antibody 3C6-FSEX, fluorescence microscopy
confirms extensive cell-surface labeling in both cases by as evidenced by strong green
fluorescent labeling of the cell surfaces. To confirm that LW-54-FSEX was specific for
PSMA-expressing cells, both LNCaP and PC3 cells were treated with this compound. While
DAPI (4',6-diamidino-2-phenylindole) stained nuclear DNA in both cell lines, only LNCaP cells
were fluorescently labeled with LW-54-FSEX. When LNCaP cells are treated with
LW-54-FSEX and DAPI, fluorescence microscopy confirms extensive cell-surface labeling by
LW-54-FSEX as shown by strong green fluorescent labeling on the surface of the cells while
blue fluorescence is observed for the cell nuclei from DAPI staining. When PC3 cells are treated
with LW-54-FSEX and DAPI, fluorescence microscopy confirms specificity of LW-54-FSEX
for PSMA-expressing cells (LNCaP) as no green fluorescent labeling on the surface of the cells

1s observed for PC3 cells but blue fluorescence is observed for the cell nuclei from DAPI
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staining. Because PC3 cells do not express PSMA, these results confirm that small-molecule
agents such as 54-FSEX are specific to PSMA-expressing cancer cells.

[0132] Fluoresence microscopy of LNCaP cells treated with the fluorescent inhibitor
LW-54-5SFAMX again demonstrated that small-molecule inhibitors of PSMA are substantially
equivalent to antibodies in delivering and labeling PSMA-expressing cells with a fluorescent
dye. In that experiment, both LNCaP and PC3 cells were treated with LW-54-SFAMX. While
DAPI (4',6-diamidino-2-phenylindole) stained nuclear DNA in both cell lines, only LNCaP cells
were fluorescently labeled with LW-54-SFAMX. When LNCaP cells are treated with
LW-54-SFAMX and DAPI, fluorescence microscopy confirms extensive cell-surface labeling
by LW-54-5FAMX as shown by strong green fluorescent labeling on the surface of the cells
while blue fluorescence is observed for the cell nuclei from DAPI staining. When PC3 cells are
treated with LW-54-SFAMX and DAPI, fluorescence microscopy confirms specificity of
LW-54-SFAMX for PSMA-expressing cells (LNCaP) as no green fluorescent labeling on the
surface of the cells is observed for PC3 cells but blue fluorescence is observed for the cell nuclei
from DAPI staining. These results confirm that small-molecule agents such as LW-54-SFAMX
are specific to PSMA-expressing cancer cells.

[0133] The above results from cell-labeling studies confirm that LNCaP-specific labeling can
be achieve by small-molecule, non-biological inhibitors of PSMA. These results serve as a proof
that small molecule inhibitors of PSMA can specifically deliver imaging or therapeutic payloads
to PSMA-expressing cancer cells.

[0134] It is understood that the foregoing detailed description and accompanying Examples
are merely illustrative and are not to be taken as limitations upon the scope of the invention,
which is defined by the appended claims. Various changes and modifications to the disclosed
embodiments will be apparent to those skilled in the art. Such changes and modifications,
including without limitation those relating to the chemical structures, substituents, derivatives,
intermediates, syntheses, and/or methods of use of the invention, may be made without departing
from the spirit and scope thereof.

[0135] Each journal article, book, patent, and patent application referred to herein is hereby

incorporated by reference in its entirety.
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[0136] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general
knowledge in the field of endeavour to which this specification relates.

[0137])  Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising"”, will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or

steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound or pharmaceutically acceptable salt thereof of the formula,

o H

\ 2
R“\rﬁ ,P\’N R
nO OH( R!
M‘R10

wherein
each n is independently 1, 2, 3,4, 5 or 6;
each R' and R? are independently -C(O)OR?, -C(O)N(R?),, -P(O)(OR?),, -OP(O)(OR’),,
-S(0),R?, -S(0),0R?, -S(0),N(R?),, or tetrazolyl;
each R’ is independently -H or C,-Cs alkyl;
R* is -H, -C(O)OR’, -C(O)N(R?),, -P(O)(OR%),, -OP(0)(OR%),, -S(0):R’, -S(0),0R’,
-S(O)2N(R3 )2, or tetrazolyl;
M is -O-, -S-, -N(R?)-, or -CH,-;
R'"is -H, -C,-Cq alkyl, -aryl-aryl, -X-R®, -R”, -C(O)R®, -S(0),R’, a peptide having two
to ten amino acid residues, a dendrimer, or a peptide dendrimer, wherein
X is -O-, -S-, or -N(R%)-;
R’ is -CH(R*")N(R*),, C,-C¢ alkyl optionally substituted with 1 to 3 groups
which are independently halogen, -COOR??, or -N(R*),; or heteroaryl, wherein
R’' is -H, heteroaryl, C,-C¢ alkyl-aryl optionally substituted with -OH;
C,-Cs alkyl-heteroaryl, or C;-C¢ alkyl optionally substituted with -OR*,
-SR*, -NH,, -N(H)C(=NH)NH,, -COOR*, or -C(O)N(R*),;R* is -H,
C\-Cealkyl, -C(O)R®, -C(O)OR*?, -C(O)NH(C,-Cealkyl), -C(O)N(R>),,
or -C(O)heteroaryl; and
R> is -H or C,-Calkyl;
R® is -H or C,-Cg alkyl; and
R’ is -L'-R3, wherein
L' is -C(O)N(RY)-, -C(S)N(RY)-, -C(O)CH(R*")-, -C(0)(0), or -C(0Q)-L*-,
wherein
R is -H, heteroaryl, C;-Cs alkyl-aryl substituted with -OH; C,-Cs
alkyl-heteroaryl, or C;-C¢ alkyl optionally substituted with
-OR®, -SR®, -NH,, -N(H)C(=NH)NH,, -COORZ, or
-C(O)N(R?),; and
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RZ s -H or C,-Cgalkyl;
L?is -Cy-Cy4 alkyl- or -phenyl-C,-Cy4 alkyl-, wherein

each alkyl group is optionally substituted with 1 to 4 groups which
are oxo, =S, or -COOH; and

one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-, or -N(R3)-, provided that no two adjacent
methylene groups are both replaced by -O-, -S-, or -N(R?)-; and

R%is -H, -NH,, or -OH.

2. The compound or pharmaceutically acceptable salt thereof of claim 1 of the
formula,
R2
R?N4<?:O J;El ‘Q—\
R1(/) o OH R1.
3. The compound or pharmaceutically acceptable salt thereof of claim | or claim 2,

wherein each R' and R? is -C(O)OH.

4. The compound or pharmaceutically acceptable salt thereof of claim 1 or claim 2,

wherein R'%is R.

5. A compound of claim 1 selected from the group consisting of
N-{[(25)-2-{[4-(aminomethyl)benzoyl]amino}-2-carboxyethoxy](hydroxy)phosphory
1}-L-glutamic acid;

L-y-glutamyl-O-[{[(1S)-1,3-dicarboxypropyl]amino }(hydroxy)phosphoryl]-L-serine;
N-{[(2S5)-2-amino-2-carboxyethoxy](hydroxy)phosphoryl}-L-glutamic acid; and
N-[{[(2S)-20-amino-2-carboxy-4,8-dioxo-6,12,15,1 8-tetraoxa-3,9-diazaicos- 1-yljoxy
}(hydroxy)phosphoryl]-L-glutamic acid,

or a pharmaceutically acceptable salt thereof.

6. A compound or a pharmaceutically acceptable salt thereof of formula
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H
. Q _N._R?
R\((/g\o’P\
n OH( R

wherein

each n is independently 1, 2, 3,4, 5 or 6;

each R' and R? are independently -C(O)OR?, -C(O)N(R?),, -P(O)(OR?),, -OP(0)(OR%),,
-S(0),R?, -S(0),0R?, -S(0),N(R?),, or tetrazolyl;

each R? is independently -H or C,-Cg alkyl;

R* is -H, -C(0)OR?, -C(O)N(R?), -P(0)(OR%),, -OP(O)(OR?),, -S(O)R’, -S(O)0R’,
-S(O)zN(RB)z, or tetrazolyl;

M is -O-, -S-, -N(R?)-, or -CH,-;

R'%is -H, -C,-Cg alkyl, aryl, -C,-Cg alkyl-aryl, -aryl-aryl, -X-R®, -R”, -C(O)R’, -S(O),R’,
peptide having two to ten amino acid residues, a dendrimer, or a peptide dendrimer,
wherein

X is -O-, -S-, or -N(R%)-;
R’ is -CH(RS')N(RSZ)Z, C,-Cg¢ alkyl optionally substituted with 1 to 3 groups which
are independently halogen, -COOR®? or -N(R?),; aryl or heteroaryl, wherein
R®' is -H, aryl, heteroaryl, C;-Cg alkyl-aryl optionally substituted with -OH;
C,-C¢ alkyl-heteroaryl, or C,-C¢ alkyl optionally substituted with -OR>,
-SR*, -NH,, -N(H)C(=NH)NH,, -COOR®, or -C(O)N(R*)2; and
R is -H, C),-Cealkyl, -C(O)R%, C(O)OR*, -C(O)NH(C,-Cealkyl),
-C(O)N(R™),, -C(O)aryl, or -C(O)heteroaryl; ‘
R¥ s -H, C,-Cgalkyl, or C,-Cj alkyl-aryl;
R®is-H or C,-Ce alkyl; and
R’ is -L'-R® wherein
L' is -C(O)N(R?)-, -C(S)N(R?)-, -C(O)CH(R?")-, -C(0)(0), or -C(0)-L*-,
wherein
R*' is -H, aryl, heteroaryl, C;-Cs alkyl-aryl optionally substituted
with -OH; C,-C¢ alkyl-heteroaryl, or C,-C¢ alkyl optionally
substituted with -OR%, -SR?, -NH,, -N(H)C(=NH)NH,, -COOR>,
or -C(O)N(R?),; and
R®is -H, C,-Cealkyl, or C,-Cg¢ alkyl-aryl;
L%is -C-Cy4 alkyl- or -phenyl-C,-C,4 alkyl-, wherein
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each alkyl group is optionally substituted with 1 to 4 groups which
are oxo, =S, or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-, or -N(R?)-, provided that no two adjacent
methylene groups are both replaced by -O-, -S-, or -N(R?%-; and
R® is -H, -NH, or ~OH,
wherein
the compound is covalently bonded through a divalent linker to a detectable label,
therapeutic agent, or biomolecular anchor linked to a solid support at any

substitutable position of the compound.

7. The compound or pharmaceutically acceptable salt thereof of claim 6, of the
formula,
R2
R® R* HN
/N‘«_O\’P\O‘s_\
R7 (0] R!
wherein

each n is independently 1, 2, 3,4, 5 or 6;

each R' and R? are independently -C(O)OR?, -C(O)N(R?),, -P(0)(OR?),, -OP(0)(OR?),,
-S(0)2R?, -S(0),0R?, -S(0),N(R>),, or tetrazolyl;
each R is independently -H or C,-Cg alkyl;

R* is -H, -C(O)OR?, -C(O)N(R?),, -P(O)(OR?),, -OP(0)(OR?),, -S(0);R?, -S(0),0R’,
—S(O)ZN(R3 )2, or tetrazolyl;
R"is -X-R® or -L'-R®, wherein
X is -O-, -S-, or -N(R%)-;

L' is -C(O)N(R?)-, -C(S)N(R?)-, -C(O)CH(R?)-, -C(O)(0)-, -C(0)-L*-, a peptide having
two to ten amino acid residues, a dendrimer, or a peptide dendrimer, wherein

R? is -H, aryl, heteroaryl, C,-Cq alkyl-aryl optionally substituted with -OH; C,-Cs
alkyl-heteroaryl, or C;-Cs alkyl optionally substituted with -OR®, -SR®, -NHj,,
-N(H)C(=NH)NH,, -COOR?, or -C(O)N(R*),; and
R* is -H, C,-Cgalkyl, or C,-Cg alkyl-aryl;

L?is -C}-Caq alkyl- or -phenyl-C,-Cy4 alkyl-, wherein
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each alkyl group is optionally substituted with 1 to 4 groups which are
oxo, =S, or -COOH; and
one to six of the methylene groups in each alkyl group is optionally
replaced by -O-, -S-; or -N(R%)-, provided that no two adjacent
methylene groups are both replaced by -O-, -S-, or -N(R%)-; and
R¥isa therapeutic agent, detectable label, or a biomolecular anchor linked to a

solid support.

8. The compound or pharmaceutically acceptable salt thereof of claim 7, wherein R®

is a therapeutic agent.

9. The compound or pharmaceutically acceptable salt thereof of claim 7 or claim 8,
wherein R? is a steroidal group optionally substituted with 1 to 5 groups selected from the

group consisting of C,-C,g alkyl, oxo, hydroxy, or halogen.

10. The compound or pharmaceutically acceptable salt thereof of claim 7 of the
formula,
R2
R’ o OH ,
wherein

R’ is -O-R8, wherein
R® is a steroidal group optionally substituted with 1 to 5 groups selected

from the group consisting of C;-C¢ alkyl, oxo, hydroxy, or halogen.

11.  The compound or pharmaceutically acceptable salt thereof of claim 17, wherein R®

is a detectable label.

12. The compound or pharmaceutically acceptable salt thereof of claim 7 or claim 11,

wherein R® is a fluorescent label.

13.  The compound or pharmaceutically acceptable salt thereof of claim 7, claim 11 or

claim 12, wherein R? is a fluorescein or fluorescein derivative.
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14.  The compound or pharmaceutically acceptable salt thereof of claim 7, wherein R®

is a chelating agent.

15.  The compound or pharmaceutically acceptable salt thereof of claim 14, wherein R®
is Rg, wherein
R’ is C,-C¢ alkyl, aryl, or C,-Cs alkyl-aryl, wherein R® is substituted with one to
three groups which are independently -COOH or N(R®"),, wherein
each R®' is independently -H or C;-C¢ alkyl substituted with 1 to 3 groups
which are independently -COOH or -N(R*?); wherein
each R is independently -H or C,-Cg alkyl substituted with 1 to 3
COOH.

16.  The compound according to claim 7 selected from the group consisting of:
N-{[(2S)-2-carboxy-2-({4-[({3-[(2-{[3-carboxy-4-(6-hydroxy-3-0x0-9,9a-dihydro-3 H-xa
nthen-9-yl)phenyl]amino}-2-oxoethyl)thio]propanoyl}amino)methyl]benzoyl}ami
no)ethoxy|(hydroxy)phosphoryl}-L-glutamic acid;
N-[{(2S)-2-carboxy-2-[(4-{[(6-{[3-carboxy-4-(6-hydroxy-3-0x0-9,9a-dihydro-3 H-xanthe
n-9-yl)benzoyl]amino}hexanoyl)amino]methyl}benzoyl)amino]ethoxy} (hydroxy)
phosphoryl]-L-glutamic acid;
N-{3-[(2-{[3-carboxy-4-(6-hydroxy-3-0x0-9,9a-dihydro-3 H-xanthen-9-yl)phenyl]Jamino}
-2-oxoethyl)thio]propanoyl }-L-y—glutamyl-O-[{[(1S5)-1,3-dicarboxypropyl]Jamino
}(hydroxy)phosphoryl]-L-serine;
N-(6-{[3-carboxy-4-(6-hydroxy-3-0x0-9,9a-dihydro-3 H-xanthen-9-yl)benzoylJamino} he
xanoyl)-L-y-glutamyl-O-[{[(15)-1,3-dicarboxypropyl]Jamino}(hydroxy)phosphory
1]-L-serine;
N-[{(2S)-2-carboxy-2-[({[3-carboxy-4-(6-hydroxy-3-0x0-9,9a-dihydro-3 H-xanthen-9-yl)
phenyl]amino}carbonothioyl)aminoJethoxy}(hydroxy)phosphoryl]-L-glutamic
acid;
N-{[(4-{2-[bis(carboxymethyl)amino]-3-[{2-[bis(carboxymethyl)amino]ethyl}(carboxym
ethyl)amino]propyl}phenyl)amino]carbonothioyl}-L-y-glutamyl-O-[{[(1S5)-1,3-di
carboxypropyl]amino}(hydroxy)phosphoryl]-L-serine;
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N-{6-[(6-{[5-(2-oxohexahydro-1-thieno[3,4-d]imidazol-4-yl)pentanoyl]Jamino} hexanoy
l)amino]hexanoyl}-L-y—-glutamyl-O-[{[(1S)-1,3-dicarboxypropyl]amino} (hydrox
y)phosphoryl]-L-serine;

N-{[(25)-2-carboxy-2-({4-[({6-[(6-{[5-(2-0xohexahydro- 1 H-thieno[3,4-d]|imidazol-4-yl)
pentanoyl]amino } hexanoyl)amino]hexanoyl}amino)methyl]benzoyl}amino)ethox
y](hydroxy)phosphoryl}-L-glutamic acid;

N-[{3-[(3B,8E 9 14,17 20E)-cholestan-3-yloxy]propoxy } (hydroxy)phosphoryl]-L-glut
amic acid;

N-[hydroxy(3-{[(3B,8&,9&,14E)-17-0x0androstan-3-ylJoxy } propoxy)phosphoryl]-L-gluta
mic acid;

N-[hydroxy(3-{[17-oxoestra-1(10),2,4-trien-3-yl]oxy } propoxy)phosphoryl]-L-glutamic
acid;

N-[(3-{[3-(benzoyloxy)estra-1(10),2,4-trien-17-yl]Joxy } propoxy)(hydroxy)phosphoryl]-L
-glutamic acid,

or a pharmaceutically acceptable salt thereof.

17.  The compound of claim 1 that is
L-y-glutamyl-O-[{[(15)-1,3-dicarboxypropyl]Jamino}(hydroxy)phosphoryl]-L-serine or a

pharmaceutically acceptable salt thereof.

18.  The compound of claim 6 that is

L-y-glutamyl-O-[{[(15)-1,3-dicarboxypropyl]amino}(hydroxy)phosphoryl]-L-serine,
covalently bonded through a divalent linker to a detectable label, therapeutic agent,
or biomolecular anchor linked to a solid support at any substitutable position of the

compound, or a pharmaceutically acceptable salt thereof.

19.  The compound of claim 1, wherein
L% is -C,-Ca4 alkyl- wherein
the alkyl group is optionally substituted with 1 to 4 groups which are oxo, =S, or
-COOH; and
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one to six of the methylene groups in each alkyl group is optionally replaced by
-O-, -S-, or -N(R?)-, provided that no two adjacent methylene groups are

both replaced by -O-, -S-, or -N(R?)-.

20.  The compound of claim 7, wherein L' is —-C(O)-L*-.

21.  The compound or pharmaceutically acceptable salt thereof of claim 6 of the
formula,
R2
R?N R4o\\|;,N4§_\
R“; _Q_O' “OH R"

22.  The compound or pharmaceutically acceptable salt thereof of claim 7, wherein each

R' and R? is -C(O)OH.

23.  The compound or pharmaceutically acceptable salt thereof of claim 7, wherein R'’

is R’

24.  The compound of claim 6 which is
N-{[(2S)-2-{[4-(aminomethyl)benzoyl]amino}-2-carboxyethoxy](hydroxy)phosphory
1}-L-glutamic acid;
L- y-glutamyl-O-[{[(15)-1,3-dicarboxypropyl]amino}(hydroxy)phosphoryl]-L-serine;
N-{[(2S)-2-amino-2-carboxyethoxy](hydroxy)phosphoryl}-L-glutamic acid;
N-[{[(2S)-20-amino-2-carboxy-4,8-diox0-6,12,15,18-tetraoxa-3,9-diazaicos- 1 -yl Joxy
}(hydroxy)phosphoryl]-L-glutamic acid;

or a pharmaceutically acceptable salt thereof.

25. The compound of any one of claims 7, 11 and 17 to 22 wherein the detectable label

is a chelating structure able to bind a radioisotope.

26. The compound of claim 6, whercin the divalent linker is an amino acid,

oligopeptide, poly(ethylene) glycol, or an oligoethylene glycol.
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27.

28.

20.

30.

31.

32.

33.

34.

The compound of claim 62 that is

N-
{[(4-{2-[bis(carboxymethyl)amino]-3-[{2-[bis(carboxymethyl)amino]ethyl}(carbo
xymethyl)amino]propyl} phenyl)amino]carbonothioyl}-L-y-glutamyl-O-[{[(15)-1,3
-dicarboxypropyl]amino}(hydroxy)phosphoryl]-L-serine or a pharmaceutically

acceptable salt thereof.

The compound of any one of claims 6, 7, 11, 14, 15 and 17 to 22 wherein the
detectable label is a chelating structure bound to a radioisotope or magnetic

resonance imaging contrast agent.

The compound of any one of claims 7, 8 and 18 to 22 wherein the therapeutic agent

comprises a chelated or covalently linked cytotoxic radioisotope
The compound of claim 29, wherein cytotoxic radioisotope is 0y or '®Re.

The compound of any one of claims 7, 8 and 18 to 22 wherein the therapeutic agent
is an anti-cancer, anti-proliferative, or cytotoxic agent; an agent that promotes or
increases the immunogenicity of cells; an apoptosis inducer; a histone deacetylase
inhibitors; an apoptosis inducing or cytotoxic siRNA; an antimitotic agent; or

nanoparticles or liposome which encapsulate a cytotoxic drug.
The compound of claim 29, wherein the therapeutic agent is 2-Methoxyestradiol,
mifepristone, tamoxifen, retinoic acid, butyrate, Plkl siRNA, doxorubicin, or

methotrexate.

An ampule or vial containing a compound according to any one of claims 6 to 33

and an aqueous or non-aqueous, isotonic sterile injection solution.

A composition comprising a compound according to any one of claims 1 to 33 a

pharmaceutically acceptable excipient, carrier, or diluent.
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35.

36.

37.

38.

39.

40.

41.

A diagnostic kit comprising a compound of any one of claims 6 to 33.

A method for inhibiting prostate-specific membrane antigen (PSMA) comprising
contacting a cell expressing PSMA with an effective inhibitory amount of a

pharmaceutical composition of claim 34.

Use of a compound, or pharmaceutical salt thereof, according to any one of claims
1 to 33 in the preparation of a medicament for the treatment of PSMA related
disease or in the preparation of a composition for the detection or imaging of

PSMA -presenting cells.

A compound, or pharmaceutical salt thereof, according to any one of claims 1 to 33
for use in the treatment of PSMA related disease or in the preparation of a

composition for the detection or imaging of PSMA-presenting cells.

An in vitro method for detecting prostate-specific membrane antigen (PSMA)
presenting cells, comprising contacting the cells with a compound of any one of
claims 6, 7 and 11 to 26 and detecting the detectable label under conditions that

permit detection of only PSMA-presenting cells.

An in vitro method for capturing, detecting, and quantifying prostate-specific
membrane antigen (PSMA) presenting cells comprising contacting cells suspected
of presenting PSMA with a compound according claim any one of claims 6, 7 and
11 to 26; and detecting the presence of captured or immobilized PSMA-presenting

cells.

A compound according to claim | or claim 6; substantially as hereinbefore

described with reference to any one of the Examples and/or Figures.
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