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PSMA INHIBITORS
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
[B081] The present invention relates to small molecules having high affinity and
specificity to prostrate-specific membrane antigen (PSMA), methods for making the

molecules, and their use for diagnostic purposes.

SUMMARY OF THE RELATED ARY

{8002} Prostate-specific membrane antigen (PSMA) is uniquely overexpressed on the
surface of prostate cancer colls 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 1o direct imaging or therapeutic agents. For cxample, 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
{Tndium-111}. However, it is now recoguized that the ProstaScint technology is hmited to the
detection of dead celis and therefore its clinical relevance is questionable.

{8083} The success of cancer diagnosis and therapy using antibodies is limited by
challenges such as immunogenicity and poor vascular permeability. In addition, large
antibodics 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.
{60064} In addition to serving as a cell-surface target for antibodies dehivering diagnostic
or therapeutic agents, a largely overlooked and vnigue 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 that bave described results in detecting prostate cancer cells using
fabeled small-molecule inhibitors of PSMAL

HEIRY Certain phosphoramidate PSMA inhibitors have been described i U3, Patent
Application Publication Neo. US-2007-0219165-A1. And onc PF-labeled PMSA inhibitor is
disclosed in Lapi, 5.8, et al,, J. Nucl Med. 2009, 50(12), 2042, Although the stercocherical
configuration of PSMA inhibitors plays a role i binding of PSMA iuhibitors, binding has
been observed for stereoisomers of the same inhibitor (Wu, L. Y, et al,, Bicorg Med Chem

15 (2007 7434-7443).
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SUMBMARY OF THE INVENTION
{8606} Provided herein are diagnostic compounds and methods for PSMA presenting
cells, such as prostate cancer, that capitalize on the potency and specific affinity of small-
molecule inhibitors. The diagnostic agents can be used to monitor and stratify patients for
treatment with appropriate therapeutic agents.
16607] In ong aspect, the disclosure provides compounds that are in the form of formufa
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[B008] of the form of a pharmaceutically acceptable salt thereof, wherein

18009] R is phenyl or pyridyl, each substituted with cither one [F]-Fhioro group or one
[“F]-Fluore group and optionally substituted with a second group selected from the group
consisting of chloro and cvano; and

[8018] cach R’ is independently hydrogen or a protecting group.

8011} In another aspect the present disclosure provides pharmaceutical compositicns
comprising a compound of the preceding aspect and a pharmaceutically acceptable carrier.
{8013} In another aspect, the disclosure provides methods for preparing a compouvnd
comprising deprotecting a compound of the formula (I7),

23
O COOR?Y |, o H

R/L\N)\\/\I/'\J\/’\\/O\gf\‘foo‘\Rp)
H H

O COORF) ORF
COORP)
I
wherein R is phenyl or pyridyl, each substitated with either one ['F]-Fluoro group or onc
[“F]-Fluore group and optionally substituted with a second group selected from the group
consisting of chloro and cyano; and cach R” is a protecting group {e.g., t-butyl or benzyl);
ander conditions suitable for removing each of the R” groups.

[8013] In another aspect, the disclosure provides compounds of formula (1),

X
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{6614} wherein R is phenyl or pyridyl, cach substitited with one leaving group and
optionally substitated with a second group selected from the group consisting of chloro and
cyano; and each R” is a protecting group (e.g., t-butyl or benzyi),
18015] In another aspect, the disclosure provides methods for preparing a compound
(e.g., a compound of formula (1)) comprising contacting a compound of the formulda (I1), with
a fluoride or radioflueride source.
[8816] In another aspect the present disclosure provides methods for detecting and/or
identifying cells presenting PSMA comprising contacting 2 cell suspected of presenting
PSMA with a compound or a composition of the preceding aspects, wherein R' is hydrogen.
{8617} In another aspect the preseut disclosure provides methods for imaging one or more
prostate cancer cells in a pationt comprising adeximistering to the patient a compound or &
pharmaceutical compesition of either of the preceding aspects, wherein R’ is hydrogen. Tn
certain embodiments, the methods herein are usefol for imaging of discases associated with
elevated expression of Prostate Specific Meombrane Antigen {(PSMA).
[6618] In another aspect the present disclosure provides for the wse of compounds of
general formula I, whercin R' is hydrogen, for conducting biological assays and
chromatographic identification. In certain embodiments, the compounds of formula (I}
contain a [*F]-Fluore group. In certain other embodiments, the compounds of foroula (1)
contain a [ VF-Flaoro group.
8019} In another aspect the present disclosure provides for the use of compounds of
formmuda (1) that contain a ["F}-Fluoro group and whergin R is hydrogen as references and/or
THeAsUrcHent agenis.
{66281 In another aspect the presenmt disclosure provides for the wse compounds of
formula (1) , wherein R' is hydrogen, for the manufacture of an imaging ftracer of
radiopharmaccutical agent for imaging discases associated with alicred expression of Prostate
Specitic Membrane Antigen PSMA. In certain embodiments, altered expression of Prostate
Specific Membrane Antigen PSMA refers to elevated expression of Prostate Specific

Membrane Antigen PSMA.
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{8621} In another aspect the present disclosure provides methods for imaging or
diagnosing of discases associated with clevated cxpression of Prostate Specific Membrane
Antigen PSMA comprising, administering to 2 mamumal an cffective amount of a compound
of formula (1), wherein R’ is hydrogen: obtaining images of the mammal; and assessing the
1mages.

8022} The foregoing merely summuarizes certain aspects of the present invention and is
not fntended to be limiting. A move expansive and complete description of the various aspects
and embodiments of the present invention is provided below. All patents, patent applications,
and publications are herchy incorporated by reference in their entirety with the caveat that the
present disclosure shall suporsede or take precedence over that of prior patonts, patent
applications, and publications incorporated herein by reference m the event of any conflict or

meonsistency.

BRIEF DESCRIPTION OF THE DRAWINGS

{8023} Figure 1 shows PET quantification resalts for [UF]-SFB-CTT54 in LNCaP

caring nude mice Top: micre-PETCT (10283, 101210, M3, 8,1 MBg, 506-70 min
p.1.110325}); Bottom: PET guantification results.
[8024] Figure 2 shows [ F]-SFB-hCTT54 in LNCaP bearing nude mice. Top: micro-
PETCT (10284, 101209, M3, 8.6 MBq, 50-70 min p.i.); Bottom: PET gquantification results.
18625] Figure 3 shows [ESF}-SFB--CTTSA‘E in LNCaP bearing nude mice. Top: micro-
PETCT (11001, 110325, M3, 4,2 MBqg, 50-70 min p.i.); Bottom: PET guantification results,
18828} Figare 4 shows [*F]-SFN-hCTT54 in LNCaP bearing nude mice, Top: micro-
PETCT (11003, 110228, M2 NMRI, 8.4 MBq, 50-70 min p.i..); Bottom: PET quantification
resulfs,
{8027] Figure § shows ["F1-SCIFN-hCTT54 in LNCaP bearing nude mice. Top: micro-
PETCT (11004, 110317, M3, {1SF}SCEFN_1’1CTT54, 7.4 MBq, 50-70 min p.i.); Bottom: PET
guantification results
18028] Figure 6 shows [ F]-SCIFN-hCTT54 in 22RV1 bearing nude mice. Top: micro-
PETCT (11168, 110624, M1, 8.2 MBgq, 50-70 min p.i.); Bottom: PET quantification results
{8029} Figare 7 shows (*F1-SFN-hCTTS4 in 22RV1 bearing nade mice. Top: micro-
PETCT (11215, 110901, M2, 6.6 MBq, 50-70 vdn p.i.}; Bottom: PET guantification resulis.
{8038 Figure 8 shows ["F-SCIFN-hCTTS4 in 786-0 bearing nude mice. Top: micro-
PETCT (11084, 110509, M7, 7.2 MBq, 50-7¢ min p.i.}; Bottom: PET gquantification results.
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DPETAILED DESCRIPTION OF THE INVENTION

[6631] In one aspect, the disclosure provides compounds that are in the form of formula
(),
H \j\ COOR!
Ro N
i 1 ~ ~
Y - OR's COOR!
O COOR R
HN—‘\
COOR!
(1)

18032} or the form of a pharmaceutically acceptable salt thereof, wherein

{8833 R is pheny! or pyridyl, each substituted with either one [''F]-flaoro group or one
[“F]-flucroe group and optionally substitated with a second group selected from the group
consisting of chloro and cyano; and

6634} cach R’ is independently hydrogen or a protecting group.

8035} A “protecting group” as used herein s sabstituted benzyl, t-butyl ester, allyl ester,
alkyl esters (c.g., methyl, cthyl), fluorenylmethoxycarbony! groups, and carboxylic and
phosphorus acid protecting groups described in Greene's Protective Groups in Organic
Synthesis, 4th Edition (the relevant parts of which are incorporated by reference). Substituted
benzyl groups include, but are not limited to, iriphenyimethyl (trityl), diphenyhmethyl, o-
nitrobenzyl, 2.4,6-trimethyltbenzyl, p-bromobenzyl, p-nitrobenzyl, p-methoxybenzyl (PMB),
2,6-dimethoxybenzyl, 4-(methylsulfinylibenzy!, 4-sulfobenzyl, 4-azidomethoxybenzyl, and
piperonyl, and benzyl protecting groups for carboxylic and phosphorus acids disclosed in
(Greene’s Protective Groups inm Organic Synthesis (the relevant parts of which are
mncorporated by reference).

[B836] In an embodiment of formula (1), R is

2 2 2 2
fogliveli oot va
i ©

a7 ZhRpe N RS RN

3
wherein R” is -F or -°F; and R” is chloro or cyano,

{88371 In an embodiment of formula (1), R is

2 2
o T
e
. L
R3T NF o B3
wherein R is -F or -*F; and R? is chloro or cyano.

[B8838] In an embodiment of formula (1), R is

W
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{6639} In an embodiment of formula (), R is R , wherein R is -F or -'*F; and

2,
R” is chloro or cyano.

R?\‘\\/\

[B848] In an embodiment of formula (1), R is R' wherein RYis -F or -ISF; and R’

1s chlore or cyano.

18041} In an embodiment of formula (1), R is NT R' | wherein R s -F or -F; and

7.
R” i chloro or cyano.

16842} In an embodiment of forowla (1), R is RT N , wherein R is -F or -mF; and
R? is chloro or CYEnD.

18643} In an embodiment of formula (1), R is

OO o - O
| Oor !
RS RN :

N
wherein R® is -F or -°F.

16044] In an embodiment of formula (I}, R is

NONC \ RN Y

wherein B is -F,

{88457 In an embodiment of formula (1), R is

(I,/\j/!s\ NC IA\/(}\ Ci UQ\\V\ i : I SN \ ) T/{\\vfxg
i i i 01 i i
R R*?‘L/ e RSN SRV

wherein R is - °F.
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8646} In an embodiment of formula (), R is
| RN }"k NC ‘v’ﬁ\\\v’\
RS = ) RS/\\\';{/ ,

L Y
wherein Ris -F or -°F,

18647} In an embodiment of formula (), R is
\'b\ NC W\\
R3 ] R&’J\\{;{J

. 3. .
wherein R™ is -F.

{6648} In an embodiment of formula (), R is
Rfﬁ # . R&W

wherein R® is -'°F.

16649] In an embodiment of formula (I}, R is

Ol

| oF
7

RB N , (=8

wherein R° is -F or -'°F,

[3858] in an embodiment of formula (I}, R is
Cl ™ .}’g o \
| or |
e P
R® N RS TN

wherein R s -F,

(8851} In an embodiment of formula (1), R is

NG
:I/j/ o

R% TN =8

9

wherein R is -I°F.
18852]

In another embodiment of formula (I, R 1s

18653} In another embodiment of formula (I}, R is

~3

S
18?—'“’@ :

PCT/US2013/041353
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1\’}‘
Y, Ris 8

{8854 In another embodiment of formula (1,

Ci /R\\\/\i
18855} In another embodiment of formula (1), R is
{8056 In another embodiment of formula (1), Ris

18657} fn another embodiment of formula (I}, Ris F

8058 In another embodiment of formula (1), Ris

18059] I another embodiment of forowla (1}, Ris F~
S\

S
18064] In another embodiment of formula (I}, R is ™F .

18861} Compounds of structural formula (1) have three chiral centers. Accordingly, in
another aspect of the invention, the invention comprises compounds of formwla (B of the

formula (1%),

” O Coow
1?:
R._ N ,
Qo  COOR! L _P*
O 5
HN—(3
COOR
(1%}

18062} and pharmaceutically acceptable salts thereof, wherein R and R’ are defined
according o any one of the embodiments described above for formulae (1), and one, two, or
three of the chiral centers 1%, 2%, and 3% is enantiomerically enriched (defined herein as
having >50% R or S stereochemistry} or cnantiomerically pure (defined herein as baving

greater than 90, 91, 92, 93, 94, 95, 96, 97, 98, o1 99% R or S stercochomistry).
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{6863} In structare (1%), 1%, 2% and 3% are chiral centers that are independently racemic
{rac) or in the § or R stercoconfiguration. Thus, compounds according to this aspect include

those with the following combinations of stercocontigurations, and mixtures thercof:



WO 2013/173583 PCT/US2013/041353

i* | 2% 3% i* | 2% | 3% i* | 2% | 3% % 2% | 3%
S S 5 R{ S R rac| R | S R |rac| R
S S R R | R S rac | R | R S S | rac
S | R S R R iR S frac i S S | R |rac
RS S rac | S S S jrac | R R | 8 |rac
S R i R rac | S R R Jrac{ 8 R | R {rac

8064 In an embodiment of any of the preceding cobodimends, the compound car be of

the formula (a),

O COOR!

b O H
= DN, _~COOR"
P

O Coor'  OR' N

cooR!

[8865] In an embodiment of any of the preceding embodiments, the compound can be of
the formula (Ib),

0 COOR!

i H H
R)*'\N/K\/\m/ T/\/Q\Q,N, _~COOR"
H !
O COOR GR? \
COOR’
{ib}.
[3866] In an embodiment of any of the preceding embodiments, the compound can be of
the formula (¢},
Q CQUR‘

o H -;
A\ﬂ/ O] x,N,,r,COOR

coorﬂ OR’ \
COOR!
Iy,
[B8067] In an embodiment of any of the preceding embodiments, the compound can be of

the formula (1d),

O COOR!

H 2
R)l\g'i\/\ﬂ/r\ Y\/oxgmh, Q«:oo;z‘

o Ccoor' OR!

COOR'

16
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(id).
{8068} In an embodiment of any of the preceding cmbodimenis, the compound can be of
the formula (Ie),
(=) (__}DOR1

M2 % o8N, coor
R ?{W \T/‘*\/’ \ﬁy’ ,@

O COOR' OGR!

COOR'
{Ie}.
{8069} In an embodiment of any of the preceding embodiments, the compound can be of
the forrmuia (1),
~ £ 1
i %QQR % O ﬁ ;:j COOR'
. /\ i Ny (N
N
o COOR OR
COOR!
(if).
8479} fn an embodiment of any of the preceding embodiments, R' is hydrogen.
16671} i an cobodiment of any of the preceding cmbodiments, R' is a protecting group.
3 p g p g groyy
18872} In an embodiment of any of the preceding embodiments, R' is t-buty] or benzyl.
3 p L : A
{8673} In an embodiment of any of the preceding embodiments, R' is t-butyl.
{8674} In an embodiment of any of the proceding embodiments, R is benzyl,
18075} In another embodiment, the compound of forouala (1) 18
{(N-(3-cyano-4- o o,
- [ Fiffucrobenzoyl)-L-y- NG ru;"\/\n’ Nt A 0:H1
LIFICTTE43 ] B - H o
o glutamy-O-[{{{18)-1,3- F oH
[*FIF CNBz-hCTTS4; | ' T O ey CLial
dicarboxypropyliamino} (hydroxy HO
Yphosphoryl}-L-homoserine COH
{N-(3-cyano-4- o cop

["“Flfluorobenzoy)-D-v- UL }\/\TW@(’;O

ghatamyD-O-1(15)-1,3 b

dicarboxypropyliaming } (hydroxy H

- ,{g, COLH

me"

jphosphoryl]-L-homoserine COM

i1
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{(N-(4-["*Ffluorobenzoyi)-L-y- 18F\EA§1 . o gom
e |gtutamgD-O-[{(18)-1,3- :ﬂf“y‘g*ﬁf‘i |
[ FISFB-hCTTS4; ‘ O O gH
dicarboxypropyliamine | (hydroxy O‘EEN Kk
yphosphoryl]-L-homoserine o
{(N-(6-]"°F Hluoro-pyrid-3- 1
yhearbonyl-L-y-glutamy-O- QF\[\\;\ e 1 EOZH
[PF1SFN-RCTTS4;  {[{[(18)-1,3- o“/ To i 0Bl cop
dicarboxypropyliamine | (hydroxy on »
yphosphoryl]-L-homoserine C o
(N-(5-chloro-6-[ " Flfluoro-pyrid- ﬂ
3-ylcarbonyl-L-y-ghitamyl}-O- 8’ i/\: T,&/\,i :iH
[F]-SCIFN-RCTT-54: |[ ([(1S)-1,3- R A LUSH o
dicarboxypropyliantine !} (hydroxy on &
phosphoryl]-L-homoserine Cog
and a pharmaccutically acceptable salts thereof.
16676] In another aspect, the disclosure provides compounds of formula (1) that are
(N-(3-cyano-d-fluorchenzoyl)- - § g U o
o Loy-ghatamyt)-C-] {[{18)-1.3- ﬁﬁw ﬁ{:} ‘
i;,i(j;}iv;—h(ﬁ"‘r%!é: dicarboxypropyliamine | (hydr ] Ofg,ﬂ;,,, COH
R oxyphosphoryl}-L- HO
COH

homoserine

{N-(3-cyano-4-fluorobenzoyl)-
D-y-glatamay -O-[{[(15)-1,3-
dicathoxypropyliamine } (hydr

oxyiphosphoryl]-L-

COMH

i H
NG . 'N}\/\YN/@, COzH
. H 0
F

H )
o\g, N, C;OQH
]

homoserine

HO
homoserine o
{N-{4-thuorobenzoyD-L-y- )
TaLt ' O CO.H
glutamy-C-{{{(18)-1,3- H 0
£ yi) FE(S) Nﬁ/\/u\ﬁ’\L ‘-
SEFB-h(CTT54; dicarboxypropyllamino (hydr O COM ONEJQ&/C%H
oxy jphosphoryi]-L- o
COH

12
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(N-(6-fluoro-pyrid-3-

yhcarbonyi-L-y-ghatamyl)y-O- rm” O COpH
N 19 7 N =
HIOS-1L3- O

SFN-hCTT34; O COuH

. g e, COH
dicathoxypropyliamine } (hydr R

OH
oxyphosphoryl}-L- o

homoserine

{N-(5-chloro-6-fluoro-pyrid-3-

Ful N .
yhearbonyi-L-y-glutamyt)-O- cel%/ﬁ&}/\j\w <
[(18)-1.3- S i W

G H
SCIFN-hCTT-54; ‘ o~.;§,,—r\:,,,, COH
dicarboxypropyliamine ! (hydr OH f\’
oxy yphosphoryl]-L- SO,H
homoserine

and a pharmaceutically acceptable salis thereof
18877| The preceding compounds, where R is hydrogen, can be prepared by a method

comprising deprotecting a compound of the formula (1),

O COO RP)

\I/\!v»\,/o IR \C:oomp)

COOGRR ORP
COORP)
I
18478] wherein R is phenyl or pyridyl, cach substituted with either one [*F]-Fluoro
group or one [ F]-Fluoro group and optionally substituted with a second group selected from
the group consisting of chlore and cyano; and each RP is a protecting group (e.g., t-butyl or
benzyl); under conditions saitable for removing each of the RY groups.
{86791 As would be clear 10 one skilled in the art, removal of the R” groups in the
preceding results in the formation of the corresponding compound wherein R is hydrogen, or
a salt thereof (e.g., a compound of formula (1) where R' is hydrogen).
{8086] When RY is 2 t-butyl group, the method can be maintained under anhydrous
conditions to prevent degradation of the corapounds as the phosphoramidate maoicty is known
to be unstable In aqueous acidic media. fn various embodiment, cach of the following

deprotection conditions can be utilized for removal of t-butyl groups:
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1) Contacting the compound with an acid selected from the groups consisting
of, trifluoroacetic acid, hydrochloric acid, formic acid, glacial acetic acid,
chloroacetic acid, and mixtures thereof;

i} Contacting the compouond with an acid (selected as in (1)) In a solvent
selected from the group consisting of dicthyl cther, ethyl acctate, dioxane,
1,2-dichloroethane, dichloromethane, tbutancl, glyme, methyl t
butylether, tetrahydrofuran, and mixtures thereof]

i} Contacting the corapound with a neat acid;

v} Contacting the compound any of the preceding with the addition of
scavengers, such as, but not limited to tricthylsilane (TES);

v} Contacting the compound as in any of the preceding at a temperatures
between room temperature (¢.g., 25 °Cy and 180 °C;

vi) Contacting the compound as in any of the preceding with microwave
heating;

vil)  Contacting the compound with 2 base such as, but not Himited to, NaQH;

viity  Contacting the compound as in any of the preceding, where the reaction is
allowed to proceed for a peried of time betweer about 15 seconds and 15
minutes;

i} Contacting the compound with trimethylsilyl iodide {(TMS-], may be
formed in situ from trimethylsilyl chloride and sodiom iodide),

X} Contacting the compound with trimethylsilyl triflate (TMSOTY) and
tricthylamioe (TEA);

%1} Contacting the compound with quinoline at clevated temperatunes, e.g.,
greater than 150 °C, such as, 180°C;

xii)  Contacting the compound with Lil in ethyl acetate;

{8081} In certain embodiments, the conditions inclode contacting the compound with

formic acid. In certain other embodiments, the conditions include contacting the compound

with neat formic acid.

16482] In certain embodiments, the condifions include countacting the compound with

formic acid at a teoperature between about room temperatire {e.g., 25 °CY and 100°C. In

14
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certain embodiments, the conditions include contacting the compound with formic acid at a
teraperature between about room temperature (e.g., 25 °C) and 75°C. In certain embodiments,
the conditions include contacting the compound with fornde acid at a teoperature between
about 35 °C and 75°C. In certam embodiments, the conditions melade contacting the
compoond with formic acid at a temperature between about 40 °C and 60°C. In certain
embodiments, the conditions include contacting the compound with formic acid at a
temperature between about 45 °C and 55 °C.

{8083} In certain embodiments, the conditions include contacting the compound with neat
formic acid at a temperature between about room temperature (e.g., 25 °C) and 180°C. In
certazin embodiments, the conditions include contacting the compound with neat formic acid
at a temperature between about room temperature {e.g., 25 °C) and 753°C. In certain
embodiments, the conditions include contacting the compound with neat formic acid at a
tempersture between about 35 °C and 75°C. In certain embodiments, the conditions include
contacting the compound with neat formic acid at a temperature between about 40 °C and
60°C. In certain embodiments, the conditions include contacting the compouvnd with neat
formic acid at a temperature between about 45 °C and 55 °C.

8084} In any of the preceding embodimuents using formic acid or neat formic acid, the
compound can be heated at a desired temperature (2.g., between about 45 °C and 55 °C) for a
period of time between about 15 seconds and 15 minutes. In certain embodiment, the heating
is for between about 15 seconds and 10 minutes; or 15 seconds and 8 minutes; or 1 minute
and 8 mimates; or 2 minutes and 8 ninutes; or 3 minutes and 8 minutes; or 4 minutes and 6
nangtes; or about § minutes. Following the termination of the desired time period for heating
the compound, any solvents and/or acids can be removed from the reaction mixture by
methods faroiliar to those skilled in the art, such as in vacue removal or by purging the
reaction mixture with an inert gas, such as Ar, He, or No.

[BO&S] In certain cmbodiments, the conditions inchide contacting the compound with
trifluorcacetic acid. In certain other embodiments, the conditions include contacting the
compound with trifluoroacetic acid in a solvent. In certain embodiments, the sclhvent 18 1,2-
dichloroethane.

{6086} In certain embodiments, the conditions inclade contacting the compound with
frifluoroacetic acid and a scavenger, such as tricthyisilane. In cortain other embodiments, the
conditions include contacting the compound with trifluoroacetic acid and tricthylsilane n a

solvent. In certain embodiments, the solvent is |, 2-dichloroethane.
b 2



WO 2013/173583 PCT/US2013/041353

16687} In certain embodiments, the conditions inclode contacting the compound with
rifluoroacetic acid and tricthylsilane in 1,2-dichlorocthane at a temperatire between about
room teraperature {e.g., 25 °C) and 150°C. In certain embodiments, the conditions include
contacting the compound with trifluorcacetic acid and triethylsilane in 1,2-dichloroethane at a
temperature between about 50 °C and 150°C. In certain embodiments, the conditions include
contacting the compound with trifluorcacetic acid and triethylsilane in 1,2-dichlorocthane at a
temperature botween about 73 °C and 125°C. In certain embodiments, the conditions include
contacting the compound with trifluorcacetic acid and triethyisilane in 1,2-dichloroethanc at a
temperature betwoeen about 90 °C and 110°C.

{8088 In any of the preceding cmbodiments using trifluoroacetic acid and optionally
trigthylsilane, the compound can be heated at a desired temperanire {e.g., between about 90
°C and 10 °C) for a period of time between about 15 seconds and 15 minates. In certain
embodiment, the heating is for betwoen about T mimste and 15 mimutes; or about 1 minute
and 12 minutes; or § minuie and 15 minuies; or 5 minutes and 12 minutes; or 7 minutes and
12 minutes; or ¢ minutes and 11 minutes; or about 10 minutes, Following the termination of
the desired time period for heating the compound, any solvenis and/or acids can be removed
from the reaction mixture by methods familiar to those skilled in the art, such as in vacuo

removal or by purging the reaction mixture with an inert gas, such as Ar or Nj.
< & o K

{8089 In certain embodiments, cach R” is an optionally substituted benzyl group. In
cortain other embodiments, cach R is a benzyl group. In other embodiments, cach R” is a
substituted benzyl group.

86961 When RY is an optionally substituted benzyl group (e.g., unsubstitated benzyl),
suitable deprotection conditions inchude, but are not hmited to, hydrogenolysis conditions
(e.g., Hy and PJ/C) or catalytic hydrogen transfer using ammonium formate and P&/C. Gther
hydrogenation catalysts may be used as are farmiliar to those skilled in the art.

{8891} In certain embodiments, aliernative hydrogen sources may be used including, but
not fimited to ammonium formate, sodium formate, or formic acid with tricthylamine. In
certain embodiments, the hydrogen source 18 ammonium formate.

16892} The hydrogenation may be undertake in 2 suitable solvent, selected from, but not
limited to, ethanol, tetrabydrofuran, water, or phosphate buffered saline, or a mixture thereof,

18093} For exaropie, in certain cmbodiments, the deprotection can be setup in a cartridge
where the PA/C catalyst is loaded n a layer or distributed in inert material, then, the

halogenated or radiclabeled sample (c.g., containing -F or -'°F) dissolved in a solvent (such
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as cthanol}, s further dissolved i ammonium formate and flashed through the cartridge to
vield deprotected material without the need for further purification.

18094 In any of the preceding embodimernts using PA/C as a catalyst for deprotoction, 5 —
13 wi%s PA/C can be used. In certam embodiments, 18 wite P/C 15 used. About .01 1o about
.40 molar equivalenis of P/C to the compound being deprotected can be used. In certain
embodiments, about 0.01 to about (.30 molar equivalents are used. in other embodiments,
about (.01 1o about .20 molar equivalents; or .01 to about 0.10 molar cquivalents; about
(.05 to about .40 molar equivalents; or about .05 to about .30 molar equivalents; or about
(.05 1o about §.20 0.01 to about .2 molar equivalents; or about 0.05 o about (.10 molar
equivalents; or about 0.075 to about 0.40 molar equivalents; or about 0.075 to about 0.30; or
about (0.075 to about 0.20 molar equivalents; or about 8.075 to about 0.10 molar equivalents
are used.

{8095} Further, in any of the preceding embodiments using PA/C as a catalyst for
deprotection, less than about 20 % of the "°F label is removed from the compound duting the
deprotection step. That 1s, in going removing the benzyl groups, the yield of the reaction step
is greater than about 80 %.

{8096} In other embodiments, less than about 10 9% of the F label is removed from the
compound during the deprotection step (greater than about 90 % yield). In other
embodiments, fess than about 5 % of the *°F label is removed from the compound during the
deprotoction step {greater than about 95 % yield). In other embodiments, less than about 3 %
of the "'F label is removed from the compound during the deprotoction siep (greater than
about 97 % vield). Tn other embodiments, less than about 2 % of the °F label is removed
from the compound during the deprotection step (greater than about 98% vield). In other
cmbodiments, less than about 1 % of the '°F fabel is removed from the compound during the
deprotection siep {greater than about 99 % yicld). In other embodiments, essentially none of
the "F label is removed from the compound during the deprotection step (essentially
guantitative yield).

18097 In other cobodiments, the deprotection can be completed 1 less than about 30
minutes. For example, the deprotection step can be completed in less than about 20 minutes,
ot about 15 minutes, or about 10 mimites. In yet other embodiments, the deprotection can be
completed in between about | minute and about 30 minutes; or about 1 minute and about 20
minutes; or about 1 minute and about 15 nunutes; or about 1 munute and about 10 minutes; or
about 5 minutes and about 30 minutes; or about § minuies and about 20 minutes; or about §

minutes and about 15 minutes; or about 5 minutes and about 10 minutes.

17
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In another aspect are provided compounds of formula (3,
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COORP

/L\r\, /Kv/\T *\s\,/\v,o QX COQRY)
H o LOQ\Rp) OR“
CEOQ(RP)
iy
[8181] wherein R is pheny! or pyridyl, cach substituted with one leaving group and
optionally substituted with a second group selected from the group consisting of chiloro and
cyano; and cach RY is a protecting group (e.g., t-butyl or benzyl),
19162} In particular embodiments of the compounds of formula (1), the compound is of
the foromsda (H¥):
o g:oo&% S
oy /\/o\ss,\s FCOOR?)
s} COO(R’{ ORP \
COO(R?)
(11
and a pharmaceutically acceptable salt thercof, wherein R and R are as defined according to
anry one of the embodiments described above for formula (11), and the stereoconfiguration of
1%, 2% and 3% are as defined above for compounds of formula (J%).
{6163} In one embodiment, the compound of formula (1T} can be of the fornmila,
Rimﬁ(j(/if&\]/\’@‘g’i’“ COO(RP)
H & COORP) ORP E\
(EOQ(RP)
{{a}.
{8164} In another embodiment, the compound of formula (1T) can be of the formuila,
O COORP i o H ‘
o J\/\H/NENO\;?UNM(COO(R(’)
O COO{RP) ORP

Iz

COGRP)
(fib).
{8165} In another embodiment, the compound of formula (1T) can be of the formuila,
p oy
,fL\ N H O (i:‘} ﬁ COG(RP)
R ’\lj\/\ﬂ \r"\/ N s
H 4 o
O COOEN OR‘

COQRP
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{He).
{8106} In another embodiment, the compound of formwlda (1) can be of the formula,

O COORP)
E \ S O H .
N N O N, COOR?)

: P |
H o COO®Y ORP \[
COORP
(1id).
[8107] In another embodiment, the compound of formwlda (1) can be of the formula,
0 COORP) |, oH
R)L\N/\v E N\r,»\/o\b:,w,,, COORP)
H O COORP) ORP
COO(RP)
{iie}.
18108] In another embodiment, the compound of formala (I1) can be of the foromila,
O COORP) o H
A N~ Ot N, COOR?)
"N /\/\g EOO(RE) ZR-" i
(E)QO(R?)

ain.

18109 In an embodiment of formulas (1) and (Ha-d), R is

. 4 4
real el e e
I E or P
Rs’&” F RS N RS RSN

. 5. . 4 -
wherein R” is a leaving group; and R* is chloro or cyano.

[811¢] In an embodiment of fornmulas (11) and {dla-d), R is
5

R%\\ \ N X\
RSU @i 5
,  or

wherein R” is a loaving group; and R” is chloro or eyano,

4 %
R r%/ %
. L i

RJ

8111} In an embodiment of formulas {II) and (Ha-d}, R is wherein R is a

leaving group; and R is chioro of cyane.
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o
RE\\ LY
s
{8113] In an embodiment of fornuilas (1) and (la-d), R is , wherein R 15 a

. 4 .
leaving group; and R is chloro or eyano.

18113] in an embodiment of formulas (11) and (Ila-d), R is

Rj}\ N "ss R“ /\
DO i
N

R(}

wherein R is a leaving group; and R” is chloro or cyano,
R Ay

18114} In an embodiment of formulas (I1) and (Ha-d), R is NT R , whercin R” is a

. A
leaving group; and R7 1s chlore or ¢yano.

4
R JoN \\
_/i\\ P
. - . Rb N 5
{8115} In an embodiment of formulas (1) and (la-d), R is , wherein R7 is a
leaving group: and R* is chioro or cyano.

8116} In an emsbodiment of formulas (1) and (Jla-d}, R is

’\vf\ NG U Cif\jf’\\ T/\TE
R" U R : N " R5’i\ 7

N

wherein R’ is a 1caving Zroup.

{8117] In an embodiment of formulas (1) and (Jla-d), R is

o N oo
RS P R5 EI S RE")\\“/
> or

wherein R is a leaving group.

{8118} In an embodiment of formmulas (11) and (Ifa-d), R is

17« O

R N B> N

) 5
wherein R is a leaving group.
[B119] As used hercin, a “leaving group” s a chemical entity that is capable of being

displaced from a phenyl or pyridyl ring under SnAr conditions are as familiar to those skilled
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in the art. For example, see March, 1., Advanced Organic Chemisiry, 4™ Ed. {1992}, at pages
642-644, which are herchy incorporated by reference in their entirety.

18124 In any of the preceding eombodiments, the leaving group is  wnilro,
trimethylammondum, trimethylstannyl, benzotriazol-1-yloxy, chiove, bromo, iodo, Ci-
Cioalkylsulfonate, Ci-Ciphaloalkylsulfonate, or phenylselfonate, wherein the phenyl is
optionally substituted with 1, 2, or 3 groups which arc each independently halogen or {-Cs
alkyl (e.g., besylate, tosylate, mesylate (CHaS(ORO),, wiflatc (CFS5(0R07), nonaflate
{CF,CFR,CRCES(0307), 2.4 6-trimethythenzenesulfonate, or 2.4,6-
triisopropylbenzencsulfonate).

18121} In an embodiment of any of the preceding embodiments of formulas (11} and (Ha-
d), R’ is trimethylammonium, and A- is a monovalent anion,

#1221 In an embodiment of formulas (11) and (Ifa-d), R is

NC\?N\ E"\x\\/x‘a SN N
A \IL’ N«:f’ ji\/j or /Lj/

““N d ! H i
O; A @; A Ci N . Ci N

O

{8123] In an embodiment of formudas (1) and (da-d), R is ®

2

wherein A is a monovalent anion.

wherein A is an

monovalent anion.

wherein A is an

NC fxv\
] Lf

18124} In an emnbodiment of formulas (1) and (Jla-d}, R is

monovalent anton.

18125} In an embodiment of forowlas (1) and (Ha-d), R is whercin A s

triflate.

K’T\*
. /*J\ 7

@ff N

{8126} In an embodiment of formulas (I} and (Ha-d}, R is wherein A is

triflate.
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A
8127} In an embodiment of formulas (1) and (Ha-d), R is N

o

18128} I a0 embodument of formulas (If) and (Ha-d), Ris CI7 N

{8129} In an embodiment of any of the preceding embodiments, R is t-butyl or benzyl.
{8138} In an embodiment of any of the preceding embodiments, RY is t-butyl,

18131} In an embodiment of any of the preceding embodiments, RY is benzyl.

{81324 In any of the preceding embodiments, the monovalent anion is chloride, bromide,

1odide, hydrogen sulfate, formate, influoromethancsulfonate (i.e., triflate), toluenesulfonate,
methanesultonate, methyl sulfonate, nitrate, benzoate, or acetate. In certain cmbodiments, the
monovalent anion is iodide, trifluoromethanesulfonate (e, triflate), methyl sulfonate, or
acetate.  In certain embodiments, the monovalent anion s frifluoromethanesulfonate (G.e.,
iriflate).
[8133] In another aspect, the fluorinated compounds (e.g., of formula (1)) can be prepared
according to methods comprising contacting a compound of the formula (If), as defined in
any of the preceding embodiments of formula (1) with a fluoride or radiofluoride source. For
example, the compounds can be prepared according to a method comprising contacting a
compound of the formula,
R/ N /\\r W ! COORM)
H O COORP) (3}'&}(
COOR?)
wherein
R is phenyl or pyridyl, cach substituted with one leaving group and optionally

substitated with a second group selected from the group consisting of chloro and

cyano; and cach R” is a protecting group {c.g., t-butyl or benzyl);

with a fhaoride or radiofluoride source.
{8134} In one embodiment, the radiofluoride source 13 NalsF, KJSF, CSWF, tetra{C-
Coyalkylammonium™F fluoride, or tetra(C;-Celalkylphosphoniom °F fluoride. In another
embodiment, the fluoride source is NaF, KF, CsF, tetra((C;-Clatkylammonium fluoride, or
tetra(C-Cylalkylphosphonium fluoride.
181358} In other embodiments, a base may be used in combination with the fluoride or

radiofluoride source. Suitable bases mclude, but are not limited to, potassium carbonate,
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potassiom bicarbonate, potassium oxalate, potassium sulfonates, potassium tert-alkoxylates,
cesiom  carbonate, cesivm  bicarbonate, tetrabutylammoniom  hydroxide {(TBAGH),
tetrabutylammonium  bicarbonate  {(TBAHCO:), and  tfetrabutvlammonium  mesylate
(TBAOMS).

{8136} To imcrease the reactivity of the fluoride, a phase transfer catalyst soch as an
aminopolyether  or crown ether, for example, 4,7,13,1621,24  hexaoxa-1,10-
diazabicyclo[8,8 8lhexacosane (Kryptofix 2.2.2; K222) may be added and the reaction
performed in a non protic solvent.

{8137} The treatment with fluoride or radicfluoride anion can be effected in the presence
of a suitable organic solvent such as acetonitrile, dimethyliformamide, dimethylacetamide,
dimethyl sulfoxide, tetrahvdrofuran, dioxane, 1,2 dimethoxvethane, ethanol, methanol, iso-
propanel, n-butanol, t-butanci, amyl alcohel, suifslane, N-methylpyrrolidone, toluens,
benzene, dichlorobenzenes, dichloromethane, xylenes, or mixtures thercof, at a non-extrome
temperature, for example, 15 °C to 180 °C, preferably at ambient to clevated temporatures,
such as 20 °C to 150 °C; or 20 °C to 120 °C; or 20 °C to 180 °C; 20 °C t0 70 °C. The
reaction solution can be heated using microwave irradiation for about 1 minute to about 1
hour; for example, about 5 to 15 minutes.

[8138] In one embodiment, the base wvsed in combmation with the flyoride or
radiofluoride source is cesium carbonate or tetrabuotylammonium bicarbonate. In one
embodiment, the base used in combination with the fluoride or radiofluoride source is cesium
carbonate. In one cmbodiment, the base used in combination with the fluoride or
radicfluoride source is tetrabutylammonium bicarbonate.

[8139] In one cmbodiment, the base used in combination with the fluoride or
radiofluoride scurce is cesium carbonate or tetrabutylanumonium bicarbonate at a temperature
between about 30 and 70°C. In one embodiment, the base used in combination with the
fluoride or radiofluoride source s cesium carbonate at a temperature between about S0 and
70°C. In one embodiment, the base used in combination with the fluoride or radiofluoride
souree is tetrabutyfammondum bicarbonate at a teroperature between about 50 and 70°C.
161441 In another embodiment, the base used in combination with the fluoride or
radiofluoride source is tetrabutylammonium hydroxide. In another embodiment, the base used
in combination with the fluoride or radiofluoride source is tetrabuwiylammoniom hydroxide at
a temperature between about 90 °C and 110 °C {e.g., 100°C). In another embodiment, the

base vsed in combination with the fluoride or radiefluoride scurce is tetrabutylanumoniom
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hydroxide at a temperature between aboot 90 °C and 110 °C (e.g., 100°C), where the
temperature is maintained for about 5 minutes to about 15 minutes (2.g., about 10 min.),
18141} Following the reaction, excess fluoride or radiotluoride anion may optionally be
removed from the solution of the fluoride-labeled or radiofluoride-labeled compound by any
suitable means, for example by distillation, chromatography such as by silica gel and C-18
reversed phase chromatography, or alterpatively by ion-exchange chromatography or solid
phase absorbents, for cxample by anionic cxchange resin or a quatcrnary alkyvlated andno
resin.

{8142} An anionic exchange resin is a resin containing a cation group, typically amino
groups that are profonated to give ammonium salt or quaternary alkylated andno groups,
which attract and refain anions present in the solution surrounding the said resin.

[8143] A resin 18 organic polymer or fonctionalized silica that is imsoluble in most
organic solvents, agucous solutions and mixtures thereodf.

18144} A quatcrnary alkylated amino resin is a resin that # functionalized with one or
more amino groups and these aming groups are substitited independently with three alkyl or
alkylaryl groups or mixture thercof o give an ammonium salt (N'R'R'R'RY) where are R is
the resin RY, R7and R* can be methyl, ethyl, propyl, butyl, benzyl, ethyiphenyl.

[B145] For example, a resin or solid, that allows trapping of '°F fluoride may be used,
such as a QMA or PS-30 cartridge. In other examples, chromatography over SepPak™
cartridges (Waters Corp., Milford, MA; e.g., ;s Silica, Florisii™, or Algmina A, B, N
chemistries} may be used as arc famdliar to those skilled in the art. Suttable {on-exchange
resins mcluide BIO-RAD AG 1-X8 or Waters QMA and suitable solid phase absorbents
imchide alumina.

81446} In another aspect, the disclosure provides compounds that are
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and a pharmaceutically acceptable salts thereof.

Advantages of Divect °F Lubeling of PSMA Inhibitors.
19147} The compounds described in the examples herein comprise a radiolabeled pendant
group conmected to the parent structure (PMSA inhibitor or fragment thereof) via an amide
bond. Although examples of structures of such pendant groups alone (not attached through an
amide) can be found in the literature as substrates for fluoride substitution (°F or 'F), few
cxamples have an anide bond on the pendant group. The reactivity of ¥ with pendant groups
alone or without an amide sobstituent on the pendant group does not allow one to predict if
the same results would be obtained when the amide group is present on the pendant groups.
In fact, we have found that in some cases, the literature precedent for F reaction with a
pendant group alone did not correlate 1o our results when that pendant group was attached
through an amide bond to a medel peptide mimic.
18148} Protecting groups on the PSMA inhibitor, such as benzyl and t-butyl groups, can
be later removed affer the incorporation of the radiolabel (*F) on a pendant group.
Furthermore, onee the radiolabel has been incorporated into a pendant group attached to a
PSMA mbhibitor precursor, a final deprotection step can remove all the protecting groups on
the PSMA inhibitor in a single step (e.g., t-butyl or benzyl esters).
19149 For maximal utility as a labeled probe for PET, (1) the deprotection reaction 18
preferably rapid, ¢.g., cccurring within a fraction of the half-life of the radionuclide on the
endant group (e.g., tip = 110 min, for 'F); and (2) the conditions of deprotection should not

result in the loss of the radiolabel on the pendant group.

(43

4



WO 2013/173583 PCT/US2013/041353

{8156} The compounds herein can be deprotected, for example, using catalytic hydrogen
ransfor. Conventional hydrogenolysis with Hy gas and PA/C 15 known to result in
dehalogenation on aroroatic vings. In fact we have observed this with pendant groups
substituted with fluoride on model compounds.  However, we have found conditions for
catalytic hydrogen transfer in which defloorination is minimized and the reaction is complete
within 2{} min, and as little as 6 min without the foss of fluoride.

18151} Defluorination can be minimized and/or avoided by controlling the amount of
catalyst (PA/C) used in the deprotection step. In model experiments,

O OB 1 oSk

._................m......l...m.&».
N NH,T HCO,® N
(& equiv/iBn)

KHCO,
{1 equiv/iBn}

0.1 equiv Pd

18152} with the fluoro-nicotinanide derivative of ghitamate dibenzyl ester we found that
with 0.1 molar equivalents of Pd {(using 10% Pd/C) the benzyl groups were deprotected
within 18} mimstes and no defivorination was chserved. However, using 0.4 equivalents of Pd,
the deprotection of the benzyl esters was complete within 3 minutes but 10% defluorination
was observed.

{8183} Such optimized yields allows for the use of less of cach starting material (i.e., the
PSMA inhibitor having a leaving groap) and the '™F anion source, while still providing a final
radiolabeled product in high yield.

{8154 By utilizing the wmethods described herein the time and chemical and
chromatographic steps involved after labeling can be shortened by a step as compared to
methods using the fluoring-18 labeled N-succinimidy! benzoate (SFB) as described in Lapi,

S.E., etal, J. Nucl Med 20888, 50(12}, 2042,

Bnaging Methods

{8155} In another aspect, the present disclosure provides methods for detecting and/or
dentifying cells presenting PSMA comprising contacting a cell saspected of presenting
PSMA with a compound as discassed above, or a composition comprising the compound.
8156} in one cmbodiment, the methods are suitable for imaging studies of PSMA
whibitors, for example, by studying competitive binding of non-radiolabeled inhibitors.
161571 I still another embodiment, the methods are suitable for imaging of cancer, tumor

or neoplasm. In a further embodiment, the cancer is selected from eye or ocular cancer, rectal
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cancer, colon cancer, cervical cancer, prostate cancer, breast cancer and bladder cancer, oral
cancer, benign and malignant fumors, stomach cancer, Hver cancer, pancreatic cancer, lung
cancer, corpus uteri, ovary cancer, prostate cancer, testicular cancer, renal cancer, brain
cancer {e.g., ghomas), throat cancer, skin melanoma, acute lymphocytic leukemia, acute
myelogenous leukemia, Ewing's Sarcoma, Kapoesi's Sarcomas, basal cell carcinoma and
squamous cell carcinoma, small cell lung cancer, choriocarcinoma, rhabdomyosarcoma,
angiosarcoma, hemangioendothelioma, Wilms Tumor, nouroblastoma, mouth/pharynx
cancer, esophageal cancer, larynx cancer, lymphoma, neurofibromatosis, tuberous sclerosis,
hemangiomas, and lymphangiogenesis.

{8158} The methods are suitable for tmaging any physiological process or feature in
which PSMA 1s involved. Typically, imaging methods are suttable for identification of areas
of tissucs or targets which express high concentrations of PSMA, Typical applications
include  imaging  glutamateric  neurotransmission,  presynaptic  ghitamatergic
neurotransmussion, maligoant tumors or cancers that oxpress PSMA, prostate cancer
{including metastasized prostate cancer), and angiogenesis. Essentially all solid tumors
express PSMA i the neovasculture. Therefore, present methods can be used to image nearly
all schid tumors including lng, remal cell, ghioblastoma, pancreas, bladder, sarcoma,
melanoma, breast, colon, germ cell, pheochromocytoma, esophageal and stomach. Also,
certain benign lesions and tissues including endometrium, schwannoma and Barrett's
esophagus can be imaged according to the present methods.

18159] In certain embodiments, the radiolabeled compound is detected by positron
emission tomography (PET).

{8168} In certain other embodiments, the radiclabeled compound is detected by positron
cmission tomography - computed fomography (PET/CT).

(8161} In one embodiment, the subject of the methods may be a human, rat, mouse, cat,
dog, horse, sheep, cow, monkey, avian, or amphibian. In another embodiment, the cell 15 in
vive of in vitro. In certain cmbodiments, the cells being images or detected are in vivo.

19162} Typical subjects to which compounds described herein may be administered will
be mammals, particularly primates, especially humans, For veterinary applications, a wide
variety of subjects will be suitable, e.g. Hvestock such as cattle, sheep, goats, cows, swine and
the like; poultry such as chickens, ducks, geese, turkeys, and the like; and domesticated
animals parncularly pets such as dogs and eats. For diagnostic or research applications, a
wide variety of mammals will be suitable subjects including rodents (e.g. mice, rats,

hamsters), rabbits, primates, and swing such as inbred pigs and the like. Additionally, for in

43

6

f,



WO 2013/173583 PCT/US2013/041353

vitro applications, such as in viiro diagnostic and research apphications, body fhuds and cell
samples of the above subjects will be suitable for wse such as mammalian, particularly
primate such as human, blood, urine ot tissue samples, or blood urine or fissue samples of the
animals mentioned for veterinary applications,

8163} In certain embodiments, a kit can be provided that contains from about | to about
30 mCi of the radionuchide-labeled imaging agent described above, in combination with a
pharmaceutically acceptable carder. The imaging agent and carrier may be provided in
sohution or in lyophilized form. When the imaging agent and carrier of the kit are in
lvophilized form, the kit may optionally contain a sterile and physiclogically acceptable
recounstitution medium such as water, saline, buffered saline, and the like. The kit may
provide a compound, as discussed above, in sohution or in lyophilized form, and these kit
components may optionally contain stabilizers such as NaCl, silicate, phosphate buffers,
ascorbic acid, gentisic acid, and the like. Additional stabilization of kit components may be
provided in this embodument, for example, by providing the reducing agent in an oxidation-
resistant form. Determination and optimization of such stabilizers and stabilization methods
are well within the level of skill in the art.

8164} In certain embodiments, a kit provides a noun-radiclabeled precursor to be
combined with a radiolabeled reagent on-site, such as Na{"*F] or K["F].

{8165} The radiclabeled compounds hercin {l.e, imaging agents) may be osed in
accordance with the methods described hercin by one of skill in the art. Images can be
generated by virtue of differences in the spatial distribution of the imaging agents which
accumulate at a site when contacted with PSMA. The spatial distribution may be measured
using any means suitable for the particular label, for example, a PET apparatus. The exient of
accumulation of the imaging agent may be quantified using known methods for quantifying
radipactive emissions. A particularly vseful imaging approach employs more than one
imaging agent to perform simultancous studies.

8164} In general, a detectably effective amount of the imaging agent is administered to a
subicct. As used herein, "a detectably effective amount” of an Umaging agent is an amount
sufficient to yield an acceptable image using equipment which is available for chnical use. A
detectably effective amount of an hmaging agent may be administered in more than one
mjection. The detectably effective amount of the imaging agent can vary according to factors
such as the degree of susceptibility of the individual, the age, sex, and weight of the

mdividual, idiosyncratic responses of the individual, and the dosimetry. Detectably effective
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amounts of the imaging agent can also vary according to tnstrument and film-related factors.
Optimization of such factors is well within the level of skill in the art,

18167} The amount of imaging agent used for diagnostic purposes and the duration of the
mmaging study will depend upon the radionuclide used to label the agent, the body mass of the
patient, the nature and severity of the condition being treated, the nature of therapeutic
treatments which the patient bas undergone, and on the idiosyncratic responses of the patient.
Ultimately, the attending physician will decide the amount of Umaging agent to administer to
cach individual patient and the duration of the tmaging study. In certain embodiments, a safe
and sufficient amount of the compounds herein can be in the range of from about .01 mg to

about 200 mg per dose.

Befinitions

19168} The compounds herein described may bave one or more charged atons. For
example, the compounds may be zwitterionic, but may be neutral overall. Other embodiments
may have one or more charged groups, depending on the pH and other factors. In these
embodiments, the compound may be associated with a suitable counter-ion. [t is well known
in the art how to prepare salts or exchange counter-ions. Generally, such salts can be prepared
by reacting free acid forms of these compounds with a stoichiometric amount of the
appropriate base (such as Na, Ca, Mg, or K hydroxide, carbonate, bicarbonate, or the like), or
by reacting free basc forms of these compounds with a stoichiometric amount of the
appropriate acid. Such reactions are typically carried out in water or in an organic solvent, or
in a mixture of the two. Counter-ions may be changed, for example, by ion-exchange
techniques such as ion-cxchange chromatography. All zwitterions, salts and counter-ions are
intended, unless the counter-ion ot salt is specifically indicated. In certain embodiments, the
salt or counter-ion may be pharmaccutically acceptable, for administration o a subject.
Pharmacestically acceptable salts are discussed later.

8169} The term “alkyl” as used herein, means a straight or branched chain hydrocarbon
containtng from | to 10 carbon atoms, unless otherwise specificd. Representative examples of
alkyl inclade, but are not hmited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, see-butyl,
iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2-
dimethylpentyl, 2,3-dimethylpeniyl, n-heptyl, n-octyl, n-nonyl, and n-decyl.

{8176] The term “haloalkyl” as used herein, means an alkyl group, as defined herein,
substituted with one or more {e.g., 1, 2, 3, 4, §, 6, 7, 8, or 9} halogen groups (i.e, F, Cl, Br,

and/or 1). Examples of haloalkyl groups mclude, but are not limited to flucromethyd,
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difluoromethyl, trifluoromethyl, chloromethyl, dichloromethyl, trichloromethyl, and n-
nonafluorobutyl

8171] As used herein, the term “cell” is meant to refer to a cell that is in virro, ex vivo or
in vivo. In some embodiments, an ex vivo cell can be part of & tissue sample excised from an
organism such as a mammal, In some embodiments, an in virre cell can be a cell in a cell

culture. In some embodiments, an in vive cell is a cell living in an organism such as a

mammal,
{8172} As used herein, the term “contacting” refers to the bringing together of indicated

moictics in an in vifro system or an in vivo system. For exampie, “contacting” PSMA with s
compound includes the administration of a compound described herein to an mdividual or
patient, such as a human, as well as, for example, mtrodocing a compound nto a sample
containing a celludar or purified preparation containing PSMA.
{8173} As used herein, the phrase “pharmaceutically acceptable salt” refers to both
pharmaceutically acceptable acid and base addition salts and solvates. Such pharmaceutically
acceptable salts nchide salts of acids such as hydrochloric, phosphoric, hydrobromice,
sulfric, sulfinie, formic, wifluoromethanesulfonic (ie., tiflic), toluencsulfonic,
mothancsulfonic, methyl sulfonate, nitric, benzoic, citric, tartaric, maleic, hydroiodic,
alkanoic such as  acetic, HOOC-(CH;-COOH where n is 04, and the lke.
“Pharmaceutically acceptable salts” also include, for oxample, salts formed by the
quaternization {(e.g., alkylation) of a suitable site in the compound itself, such as methylation
of a dimethylanine to form a trimethylammoniom group. In such cases, the counterion can
¢, for example, but not hmited to, chlonde, phosphate, hydrogen phosphate, bromide,
sulfate, hydrogen sulfate, suifinate, formate, trifluoromethancsulfonate (e, triflate),
toluenesulfonate, methanesulfonate, methyl sulfonate, nitrate, benvoate, ciivate, tartarate,
maleate, iodide, acetate, and the like. Non-toxic pharmaceutical base addition salts include
salts of bases such as sedigm, potassium, calcium, ammoniom, and the like. In certain
embodiments, the pharmaceutically acceptable salt is a potassium salt. Those skilled in the art
will recognize 2 wide varicty of non-toxic pharmaceutically acceptable addition salts.
161741 Pharmaceutical compositions suitable for parenteral administration, such as, for
example, by intraarticular (in the joints), intravenous, intramuscular, intradermal,
imtraperitongal, and subcutancous routes, include agueocus and non-aqueous, isctonic sterile
mjection sohutions, which can contain antioxidants, buffers, bacteriostats, and solutes that
render the formulation isotonic with the blood of the mtended recipient, and aqueous and

nop-aqucous sterile suspensions that can include suspending agents, solubilizers, thickening

(43
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agents, stabilizers, and preservatives. Compositions can be administered, for example, by
mtravenous mfusion, orally, topically, intraperitongaily, intravesically or intrathecally.

18175} In cortain cmbodiments, a "pharmaceutically acceptable carrier” refers to a
biocompatible solution, having due regard to sterility, piEtal, isotonicity, stability, and the
like and can include any and all solvents, diluents (inchluding sterile saline, Sodinmn Chloride
Injection, Ringer's Injection, Dextrose Injection, Dextrose and Sodivm Chloride Imjection,
Lactated Ringer's Injection and other aqueous buffer solutions), dispersion media, coatings,
antibacterial and antifungal agents, isotonic agents, and the like. The pharmaceutically
accepiable carricr may also contain stabilizers, preservatives, antioxidants, or other additives,

which are well known to one of skill in the art, or other vehicle as known in the art.

EXAMPLES

Example I Synthess of radiolabeling precursor,

OO
= Q0 Ro‘ Iy
EOREY _COO(R) govt H o coome N A\Tr N’ COOR?)
R"’\N./*v/\\lr'\.l, ¥ N/"\,/’\Y o, LSOO ) H
: a TNl & i, TEA TEA
PR H Lo T }J A,._coor)
] O LH
DH PhO P &R
pyriding ORP

COO(RP)

18176] Svnthesiy of Z-Asp-GiBy, To a solotion of H-Asp-UtBu (15 g, 79.3 mumol) and
MNaHCO; (19 g, 3eq) in water (300 mb) chilled in an ice bath was added Z-05u (198 g, 1 eq)
i acetone (SO mL). The mixture was allowed to stir for 5 hours, followed by washing with
cther (30 mL x 3). The aqueous solution was chilled in an ice bath and acidified with 3 N aq.
HCl 1o pH 3-4, and cxtracted with cthyl acetate (30 ml. x 4} four times. The organic phases
were combined and washed with brine (25 mL x 2), dried over MgR0y. The solvent was
gvaporated and the residoe was dried in vacuo overnight. Yield: 25 g, 98% Purity {TLC,
hexanc/ethyl acetate, 1/1, ninhydrin): one spot.

9177 Svnthesis of Z-HSer-Oifu, To a solution of Z-Asp-OtBu (10 g, 31 mmol} and

MMM (N-methylmorpholine, 3.4 mL, I eq) in dry THF (50 mL) chilled in acetonitrile/dry ice
bath (-20°C) was added IBCF (isobutyl chloroformate, 4.0 mb, leq) solution in dry THF
doring 10 min. The mixture was stirred for 30 min at between this temperature and at ¢ °C.
The solid was filtered off and the filter cake was washed with dry THF (16 mL). The washing

was combined with the filtrate.
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{8178} In a large beaker (1 L), water (100 mL) and NaBH, (2.4 g, 2 eq.) were added and
chilled in an ice bath. While vigorous stirring, the anhydride filtrate was added in portions to
keep the temperature below 15 °C. The mixwure was allowed to stir for 2-3 hours. TLC
monitored the completion of the reduction. The reaction was then quenched by 1N HCL The
sohution was extracted with ethyl acetate three times (50 mL x 3). The organic phases were
combined and washed with 1N HCH (56 mlL) once and 10% ag. NaHC(Oxz (30 mE x 3}, and
brine (30 ml.) once, dried over NaySOy. The filtrate was conceontrated to dryness, and purified
by columm chromatography (hexane/cthy! acetate, 1/1). Yield: ~7.5g, 78%.

8179] Svnthesis of H-HSer-OtBy, 7-HSer-OtBu (7 g, 22 munol), HCOONH, (4.3 g, 3

eq), 0% Pd/C (§ weight ratio%) were added into methano! (50 ml) in a round bottom flask,
The mixture was allowed to stir for 3 hours. TLC indicated the complietion of the reaction
The catalyst was filtered off via Celite®. The solvent was evaporated fo dryness. The residue
was disselved in ethyl acetate and the sohd was filtered off. The filtrate was concentrated for

direct use. Yield: >90%

H
O No, _-COOHBU ,o N, Ketelelisit HaN, .
LLOOiBU 7-0%u EJ\"’ g ) IBCFNMM jf OO0
COOH NaBH HCOONH,
HpNT TeooH ) NaBH, Pd,c MeOH

N, O
NaHCO; [T} g
- HO

18186] Synthesis of £-GlulHSer-OtBul-OtBy, 7-Gla-0tBu (5 g, 15 mmol), H-HSer-0tBu
{3g, 17mmol), I-hydroxybenzotriazole hydrate (HOBt¥2.9 g 1.1 eq), I-ethyl-3-(3-

N

dimethylaminopropyl} carboditraide) hydrochloride (EDCHCH (4.2 g, 1.3 eq) were mixed in
ethyl acetate (200 mL), The mixture was chilled in an ice bath, followed by addition of N-
methylmorpholine (NMM(5.6 mi, 3 cq} while stirring. The mixture was allowed to stir for 2
hours, followed by washing with 1N HCE (30 mi x 3}, 10% NaHCGO: (30 mL x 3} and brine
30mL x 2}, drying over Na;S0. The solvent was evaporated to dryness to give the

dipeptide. Yicld: 5.5 g, 74%; Pority (TLC, hexane/ethyl acetate, 11, ninhydrin): >95%

. N .
G Q COCBY HoN HOBY EDC.HCI, . H 5 CO Bu
B e 2% _COOBU NMM, EIOAG ,\;\H,.N,\l/\v NN
i N + =
@ © } 0°c @ O COOEu
N .
COOH ! «

8181} Synthesis of pendant group-coupled precursor, The solution of dipeptide (5 g, 10

mnol) and N N-diisopropyl anwaonium tetrazolide (1.2 equiv.) in dry CHRCl was chilled in
an ice bath followed by addition of (IPnNRP(OBY) (1.2 equiv.) n portions. The mixture was

allowed to stir for 2 hours. The solvent was evaporated 7 vacue. The residue was dissolved
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in acetonitrile (25 miy and chilled in an ice bath, A solution of S-ethylthio-1H-tetrazole (4
equiv.) in a mixture of water (4 mL) and acctonitrile {20 mL) was added and the reaction
mixture was stirred for 20 min at 0 °C, then an additional | hour at room temperature. The
solvent was evaporated iz vacuo and the residue was partifioned with ethyl acetate (25 ml.)/]
N HCleg (25 mL). The organic phase was collected and washed twice with 10% NaHCOy
{30mL}, and twice with bring (30 mL). After drying over NaxSQ,, the solvent was removed in
vacun. The resulting peptide, and HCLH-GR(OiBuy 4 g, 1.4 eq), CCL (4 ml) and
dichloromethane (10 mL) and ditsopropylethylamine (2 eq) were mixed and stirred overnight.
The solvent was evaporated and the residue was puwrified by colomn chromatography (Elute:
hexanc/ethyl acetate, 1/1). Yield: 5.4 g, 62% Puwrity (TLC, cthyl acetate/hexane, 2/1): one
spot.
2-Glu(a-OtBul-HSer{OH)- OBy
i) (IProN R POBU/DIPA tetrazole/Dry DOM

i} 5-ethythictetrazole/ HO/ACN
iy DOMICCl,, HCLH-Glu(OBu)/DIEA

COOBuU
CO0\BY

O ;
H HIN
QJ\N‘“k/”\ErN O eoomu

N

- ¥ OtBu
_ ﬁ) H O COOBu O
C

{8182} Synthesis of radiolabeling precursor. The starting peptide (§ g), HCOONH: (1.4

g, 4 eq) and 10% Pd/C (0.5 g, 5-10% in weight ratio) were mixed in methanol (40 ml) at
roor temperature for 2 hours. TLC indicated the completion of the reaction. The catalyst was
filtered off through Celite® and the solvent was evaporated to dryness. The residue was
dissolved in dichloromethane and the insoluble solid was filtered off and the filter cake was
washed with dichloromethane (20 ml) once. The washing and the filtrate were combined and
evaporated to dryness to vield a white powder.

{8183} The white powder (1 g} and diisopropylethylamine (DIEA) {1 eq) were dissolved
in N.N-dimethylformamide (DMF) (5 mL). A pendant N-bydroxysuccinimide (NHS) ester
was added to the solution and the mixture was allowed to stir overnight. The residue was
dissolved i ethyl acetate (20 mlb} and washed with 1IN HCI {10 mb x 3} and 5% NaHCG;
(10 mL x 3} and brine (10 mL x 2), dried over Nay;504. The solution was evaporated and
purified by column chromatography (hexane/ethyl acetate, 2/F to /1, or
dichloromethane/methanol, 10/1). Yield: 550mg, 43% Purity (TLC, cthyl acetate/hexane,

2/1): one spot.
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Example 2

{8184}

[B185]

[#18s]

PCT/US2013/041353

COOBy

H

wr hY f\vO\ ¥ _
0~ N P COOWBUY
H T SNotpg

i COO0BuU

COOBu H -
HON /\;{N\g’”\”a"'\

/s

G COOBy O

J,

¢ COOBu

- 7 G CoOBu O
Ci N

HPLL Column:
ACE 3 C18 30 * 4,6 mom (Agilent TH
ACE S/No: N/A
ACE 5 C18 2507 10mm (Agilent 3)
ACE 121-2510 5/No: A44243
ZIC-Hilie, 100 * 4.6 mm § pm 200 A (Agilent 5)
SeQuant; Serial No. 9343440; Sorbent Lot# 5080813
Fluents:
A TmM KGHPO, in water (Agilent 7)
B: Acetonitrile
AcHpO + 0.1% trifluoroacetic acid (Agilent 3)
B: Acetomniirile -+ . 1% triflucroacetic acid
A: 0.1M ammonium formate pH 3.2 (Agident 5)
B: Acetonitrile

Gradient Flow:

COOBY
Bu

H HN

Cl | X J‘l\ﬁ\\v\ﬂ/h\{\/(}-}‘\oﬁ

COOBu

COGHBuY
u

Preparation of [ FISFCIN-RCTT54 (Precursor = diCIPy-hCTT54(5(Bu))

ZIC HILIC {agil5) 2 ml/min ACE 3u {(agil 7y 2od/min.
00:00 TO/R0%B 00:00 05%B
05:00 70/80%B (7:00 95%B
06:(0 10%B 07:10 160%8
08:00 10%B 08:80 10078
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09:00 70/80%B 09:00 05%B
11:00 70/80%B 12:06 05%8

-
7

prep ACE (Knauer 7) 4 ml/oun

isocratic 80%B
{8187} A OQMA  SepPak (SepPak OMA  light Waters PN: WATO23525) was
preconditioned with 5 mL 0.5 M KyCQOs, washed with 10 mL water, and air pushed through
to dry. 600 uL of F-18 (Na[""F} (E&Z EURO-PET Berlin GmbHz)) was passed through a
OMA and air poshed through to dry. The F-18 from the QMA was eluted with 600 uL

acctonitrile/HO D[ 1742MBqgl

{B8188] This vial was heated under gentle Ny stream for 10 min at 140°C ¢heating block
temperature) and 1 mL acetonitrile was added to the vial. The vial was then heated under
gentle N, stream for § min at 140 °C (heating block temperature) and to cooled at room
temperature over 8 min. in a lead pig (Vial 1, 1511 MBg=97.16% decay corrected).

16183} Precursor (2 mg) in DMSO (300 ul) was added to the dried 5P fluoride complex
and the vial was incubated for 10 min. at 70 °C. The reaction mixture was transferred into 4
mb. water, the vial washed with 500 pl. acctontiriic and this was transferred into the same
aqueous solution (884.5 MBq) and this solution was purified by preparative HPLC, collecting
the main peak: (370.3 MBq).

16198] The collected fraction was diluted with 25 mL water, passed through a C18 light
{SepPak C18 hight (Waters), preconditioned with 5 ml. Fthanol and 10 mi water), the SPE
was washed with 5 mL water, and then eluted with 1 mi acetonitrile. The acctonitrile eluent
was passed the sofution through a dry SPE (255.4 MBq).

(8191} Deprotection (ttifluoroacetic acid/1,2-dichlorocthane):

[8192] 300 pL of the acetonitrile solution was concentrated vmder a gentle Na-stream for
10 min. at 60 °C. 100 gL of Trifluoroacetic acid, 100 pL 1,2-dichioroethane, and S0 gl
tricthyisilane were added, and the reaction mixture beated for 10 min. at 100 °C. After
heating, the solution was concentrated under gentle Na-stream for 10 mrin. at 80 °C and
redissolved in 250 ul PBS.

18193} Deprotection (Formic acid, RT) .

[8194] 360 pL of the acctonitride solution was concentrated under a gentle Ny-stream for
3 myin. at roors temperature and for 10 min at 60 °C. 250 uL formic acid was added and the
solotion maintained for 5 min. at room temperatire. The solution was concentrated under

gentle No-stream for 10 min at 80 °C and redissolved in 250 uL PBS,

44



WO 2013/173583 PCT/US2013/041353

{8195}
{8196}

Deprotection (Formic acid, 50 °Ch:

300 pL of the acetonitrile solution was concentrated under 3 gentle Ny-stream for

3 min at 530 °C and 10 min. at 60 °C. 250 ul. Formic acid was added and the solution

maintained for Smin. at 530°C. The solution was concentrated under gentle Np-stream for 10

min at 80°C and redissclved in 250 uL PBS.

Example 3 Preparation of [PFISFCIN-RCTTS4 {Precursor = GiCIPy-Bz-hCTT34({5tBu))

18197} BPLC Column:

ACE 3p C18 50 * 4.6 mm {Agilent 7)

ACE 3/No: N/A

ACE S CI8 250 10mm (Agilent 3)

ACE 121-2510 S/No: A44243

ZIC-Hilic, 100 * 4.6mm § pm 200 A (Agilent 5)

SeQuant; Serial No. 9343480; Sorbent Lot# SOR0R13

Zorbax Bomus RP, Spm 9. 4mm*2S50mm (Agilent 3}

S/N: USAYBO1016
[8198] Fluents:

AT mM KoHPO, in water {Agilent 7)

B: Acctonitrile

A HO + 0.1 % triflucroacetic acid (Agilent 3)

B: Acetonitrile + 0.1 % trifluoroacetic acid

A: (.1 M ammonium formate pH 3.2 {Agilent 5)

B: Acctonitrile
{81994 Gradient Flow:
ZIC HILIC {agil.$) 2 mL/min ACE 3p {agil.7) 2 mL/min
0100 70/80%B (0:00 (35%B
(5:00 70/80%8 07:00 95%B
06:00 10%8 07:10 100%B
(8:00 10%B 08:80 100%B
09:00 70/80%B 09:00 (5%B
11:00 70/80%B 12:00 05%8
prep ACE (Agilent 3) 4 mb/min prep Zorbax (Agilent 3) 3 mL/min
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isocratic 80%B 00:00 05%B
02:00 (35%8
22:00 30%8

[82086] A OQMA  SepPak  (SepPak OMA  light Waters PN: WAT023325) was
preconditioned with § mL .5M K;COn, washed with 10 mL water, and air pushed through to
dry. 600 uL of F-18 (Na["*F] (E&Z EURO-PET Berlin GmbHz)) was passed through a QMA
and air pushed through to dry. The F-18 from the QMA was eluted with 600 pl. TBAHCO:
piixture and put into a Vial (8 ul TBAHCO; (w=40% in water) tn 600 gL acetonitrile/H,;0
1:1){3537MBg].

18201} This vial was heated under gentle Ny stream for 10 min at 140°C (heating block
temperature) and | mL acetonitrile was added to the vial. The vial was then heated under
gentle N, stream for § min at 140 °C (heating block temperature) and to cooled at room
temperature over S min. in 3 lead pig

19262} Procursor (2 mg) in DMSO (300 L) was added to the dried [*F]fluoride complex
and the vial was incubated for 10 min. at 70 °C. The reaction mixture was transterred nto 4
mL water, the vial washed with 500 pL acetonitrile and this was transferred into the same
aqueous selution (1657 MBq) and this solution was purified by preparative HPLC, collecting
the main peak: (R15.7MBq). The collected fraction was diluted with 25 mL water and passed
through the CI8 Light (SepPak C18 light (Waters): preconditioned with § mL Ethanol and 10
ml, water). The SPE was washed with 5 mL water, ¢luted with 1 mb acciontirile, and the

cluent passed through a Dry SPE ( 714 8MBqg).

Deprotection (irifluoroacetic acid/1,2-dichloroethanc):

18203 500 pl. of the acetonitrile sohrtion was concentrated under gontle Ny-strear for 10
min. at 60 °C. 100 pl. wifluoroacetic acid, 100 upl 12-dichlorcethane and 30 ul
tricthylisilane were added and the reaction maintained for 10 min at 100°C. The reaction
solution was concentrated under gentle Np-stream for 10 min, at 80°C, and redissolved in 250
ul. PBS.

{8264} The PBS solution was diluted with 4 mL PBS and purified by prep HPLC,
collecting the main peak (62.25 MBq). The collected fraction was diluted with 15 mEL 0.02M
KoC0Os and loaded on QMA (preconditioned with 5 ml Methanol and 10 mlL 0.02M K,COy),
the QMA washed with 2 mL water (load: 19.42 MBqg, wash: 1.035 MBg, OMA: 32.84 MBq)
and product eluted with 0.3 mi of 0.5 M NaCl into 0.2 mi. PBS buffer (32.24 MBq).
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Deprotection (formic acid):

{8205}

PCT/US2013/041353

1600 gL of the acctonitrile solution was concentrated under geuntic Ny-stream for

10 wun. at 60 °C. 250 pl formic acid was added and the reaction maintained for 5 min. at

S0°C. The mixture was concentrated under gentle No-stream for 10 min. at 80 °C and
redissolved in 2S0uL PBS.
The PBS solution was diluted with 4 ml PBS and purified by prep HPLC,

{8286}

coliccting the main peak (54.50 MBq). diluted the fraction with 15 ml 0.02 M K»COs and

Ipaded on QMA (preconditioned with § mL methanel and 10 mL 0.02 M K;CGOs) washed

with 2 mL water (load: 19.83 MBq, wash: (.85 MBq} and product cluted with 0.3 ml 0.5M
NaClinto 0.2 mi, PBS buffer (32.04 MBq).
Example 4 Preparation of (S FISFOIN-BCTTS4 (Precursor = GCIPy-Bz-hCTTS4(5tBu))

{8207}

18208]

182091

HPLC Column:
ACE3u CI8 50 * 4.6 mm (Agilent 7)
ACE S/No: N/A
ACE 5 CIR 250%10 mum (Agilent 3)
ACE 121-2510 S/No: A44243
ZIC-Hilie, 100 * 4.6 mm § pm 200 A (Agilent 5)
SeQuant; Serial No. 934340; Sorbent Lot# 5080813
Zorbax Bonus RP, 5 um 2.4 mm¥230 mum (Agilent 3)
S/N: USAYBGI016
Eluents:
Ar T mM EpHPG, in water {Agilent 7)
B: Acetonitrile
A HO + 0.1 % wrifloocroacetic acid {Agilent 3)
B: Acetonitrile + 0.1 % trifluoroacetic acid
Az 0.1 M ammoniumformate pH 3.2 (Agilent §}
B: Acctonitrile

Gradient Flow:

ZIC HILIC (agil5) 2 mL/min ACE 3u {agil7) 2 mL/min
006:00 70/80%B 30:00 05%B
05:00 70/80%B 07:00 95%B
06:00 10%B 07:10 130%B
03:00 10%B {(8:80 1630%B
09:00 70/80%B {(9:00 05%B
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11:00 70/80%B 12:00 05%B
prep ACE (Agilent 3) 4ml/min prep Zorbax {Agient 3 Jml/min
isocratic 0% 00:00 139%8

20:00 50%B

18218} A OMA  SepPak (SepPak OMA  light Waters PN: WAT023525) was
preconditioned with 5 . 0.5M K2COs, washed with 10 ml water, and air pushed through to
dry. 600 uL of F-18 (Na['*F] (E&Z EURC-PET Berlin GmbHz)) was passed through a QMA
and air pushed through to dry. The F-18 from the QMA was cluted with 600 pl. TBAHCO:
mixtire and put into a Vial (8 pl. TBAHCO; (w=40% in water} in 600 pL acetonitrile/H,O
1H3743MBqg].

#8211} This vial was heated under gentle Ny stream for 10 min at 140°C (heating block
temperature} and 1 mL acctoniirile was added to the vial The vial was then heated under
gentle Ny stream for 5 min at 140 °C (heating block temperature} and to cooled at room
temperature over 3 min. in a lead pig (3259 MBqg).

{8212} Precursor {2 mg) in DMSO (300 uL) was added to the dried [ 'F]fluoride complex
and the vial was incubated for 10 min. at 70 °C. The reaction mixture was transferred o 4
mb water, the vial washed with 500 uL acectonitrile and this was transferred into the same
aqueous sohution (2121 MBq) and this sohution was parified by preparative HPLC, collecting
the main peak: (568.6 MBq)}. The collected fraction was diluted with 25 mb water and passed
through the C18 light (SepPak C18 light (Waters); preconditioned with § mb. Ethanol and 10
mkb. water). The SPE was washed with § ml water, eluted with I mL acetonitrile, and the

cluent passed through a Dry SPE (498.2 MBq).

{8213] 1000 uL. of the acetonitrile solution was concentrated vnder a gentle Np-stream for
10 min. at 60 °C (237.9 MBq). 250 pL formic acid was added and the reaction maintained for
5 min, at 50 °C. The mixture was concentrated under gentle Ny-sirgam for 10 min. at 80 °C,
and redissolved in 250 ul PBS. The PBS solution was diluted with 4 mi, PRS and purified
by prep HPLC (211.4 MBq), collecting the main peak (89.16 MBqg). The collected fraction
was diluted with 15 mL 0.02 M E3COs and loaded on QMA (preconditioned with § mL
methanol and 10 ml 0.02 M KLC0s), the QMA was washed with 2 ml water and the
produce was cluted with 0.3 ml of 0.5M NaCl into 0.2 mL PBS buffer (49.84 MBq).
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Example 5§ Preparation of ["FISCIFN-hCTTS4 (precursor=diCIPy-hCTTS4(5Bu)
16214] BPLC Column:
ACE 3p C18 50 * 4.6 num (Agilent 7)
ACE 5/No: N/A
ACE S CI8 HL 250%10 nmm (Knauer 3)
ACE 121-2510 S/No: A447243
ZIC-Hilic, 100 * 4.6 mm 5 pm 200 A (Agilent 5}
SeQuant; Serial No. 934340; Sorbent
Zorbax Bonus RP, 5 um 9.4 mm*250 mum {Knauer 3)
S/N: LUSAYBO1016
[8215] Eluents:
AT mM KGHPO, in water (Agilent 7)
B: Acetonitrile
A water {Knauer 3)
B: Acetonitrile
A HRO + 0.1 % triflooroacetic acid {Agilent 3)
B: Acetonitrile + 0.1 % trifluoroacetic acid
A 3.1 M ammonium formate pH 3.2 (Agilent 5)
B: Acetonitrile
18216} Gradient Flow:

ZIC HILIC (agil.5) 2 mL/min ACE 3u {agil. 7) 2 ml/min
00:00 75%B 00:00 05%8
05:00 75%B (7:00 95%B
06:(0 10%B 07:10 160%8
08:00 10%B 08:80 130%B
09:00 75%B (49:00 05%B
11:00 75%B 12:00 05%B
prep ACE (Knauer 3) 4mbmin prep Zorbax (Knauver 3) 4 mL/min
isocratic 80%B 30:00 05%B
02:60 05%8
22:60 50%8B

82171 A OQMA  SepPak  (SepPak OMA  light Waters PN: WATO23525) was

preconditioned with § mL 0.5M K,;COs, washed with 10 ml. water, and air pushed through to
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dry. 600 uL of F-18 (Na['*F] (E&Z EURC-PET Berlin GmbHz)) was passed through a QMA
and air pushed through to dry. The F-18 from the QMA was cluted with 600 pl. TBAHCO:
mixtire and put into a Vial (8 pl. TBAHCO; (w=40% in water} in 600 pL acetonitrile/H,O
1:1)[4158 MBqL.

[B218] This vial was heated under gentle N» stream for 10 min at 140°C (heating block
temperature} and 1 mL acctoniirile was added to the vial The vial was then heated under
gentle Ny stream for 5 min at 140 °C (heating block temperature} and to cooled at room
temperatore over 5 min. in a lead pig (3613MBq =97.94% decay corrected).

{8219} Precursor (2 mg) in DMSO (300 uL) was added to the dried [F]fluoride complex
and the vial was incubated for 10 min. at 70 °C. The reaction mixture was transferred o 4
mb water, the vial washed with 500 uL acectonitrile and this was transferred into the same
aqueous sohution (2347 MBq) and this sohution was parified by preparative HPLC, collecting
the main peak: (304.3 MBq). The collected fraction was diluted with 25 mb water and passed
through the C18 light (SepPak C18 light (Waters); preconditioned with § mb. Ethanol and 10
mL water). The SPE was washed with 5 mi. water, cluted with 1 mi. acetonitrile, and the

cluent passed through a Dry SPE (258.2 MBq).

82284 Deprotection (ttifluoroacetic acid/1,2-dichlorocthane);
(8221} The ethanol solution was concentrated under gentle No-stream for 10 min. at

60°C. 100 pL trifluoroacetic acid, 100 uL 1,2-dichlorcethane, and SO uL tricthylsilane were
added and the solution maintained for 10 min at 100°C. The solution was concentrated under
gentle No-stream for 10 min. at 80°C, and redissolved 1 250ul. PBS. The PBS solution was
diluted with 4 mL PBS and purified by prep HPLC, collecting the main peak (60.83 MBg).
The collected {raction was diluted the fraction with 15 mL .02 M KoCOs and loaded on
OMA {preconditioned with 5 ml methanol and 10 mbL 0.02 M K»C30s). The OMA was
washed with 2 mb water (QMA: 41,11 MBq) and product eluted with 0.3 mL of 0.5M NaCl
mto 0.2 mL PBS buffer (38.52 MBqg).

Example ¢  Benryl deprotection
18222} The following procedure represents a typical deprotection protocel for benzyl

protected precursors.

anssnasaasassrasasasaasanRe
HCO,~ N,
Go.Bn PEC
KHOD,
T FERDH

GO.8n
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182231 The starting material (3.9 mg, 0.00R75 mmel) was dissolved in 2 mixture of
tetrahydrofuran (2 drops) and cthanol (400 uL). To the reaction vessel was added a 200 ul
{0.00256 mmol Pd) of a suspension of PA/C in ethavol (109 mg 10 % PA/C in 800 ul
ethanol), 20 pL (0.044 mmol) of an aqueous KHCOs solution (2.17 M; 54.3 mg/250 ul), and
a solution of ammonium formate (31 mg/200 b water, 0.49 mmol). The reaction was stirred
open {no cap or septa) at roont temperature for 20 min, Consumption of starting material was
monttored by TLC. The reaction mixture was then filtered though 2 0.2 ym PTFE Whatman
disc and the filter was washed with 16 ml of an cthanobwater (9:1 velivel ratio) solution.

The filtrate and wash sohitions were combined and the solvents were removed in vacuo.

Example 7 Labeling Stability Studies

[#224] The stability of the hCTT54 core was examined at conditions typical for 18F
labeling. Elevated teroperatures and basic conditions lead to decomposition of benzyl
protected scaffold, presumably through the loss of a benzyl protecting group or cleavage of a
phosphorus-homoserine oxygen bond.

O coBn

. K., Ny, COBn TLC indicates decomposition
oY

Stable at reom temp

B
O H KE ” .
O\;:l,,i\i,;,,, CQO.8n < Decomposition product not determined
i 222
jsigel KGOy Possibilities: beta-elimination
136 °C dealkyiation of one or more benzyl esters
COLBn nucieophilic atiack at phosphorus

18225] To increase the scaffold stability under radiclabeling conditions, the tBu
protecting group was examined. Due to the acidic pH stability noted above, the 1Bu
protecting group was considered a viable protecting group. It was noted that the hCTT54
scaffold was stable when reated to labeling conditions with {Bu protecting groups suggesting

a steric block to the decomposition mechanism at work with the benzy! protecting groups.
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[8226] 3P NMR data: The two resonances reported represent two  sterepisomers,

unresolved at phosphorus,

18227) In order to determine it the phosphorus was a problematic center in the
radiclabeling conditions with the benzyl protecting groups, the following compoond was
prepared o block nucleophilic attack on the phosphorus center by having it deprotected. It
was noted that this model compound was stable to radiolabeling counditions supporting the
hypothesis that the phosphorus center was sensitive to the radiclabebng conditions, which
could be circumvented using sterically bulky protecting groups (iBu) or by imparting a
negative charge on the phbospherus conter through deprotection prior 1o radiolabeling

conditions.
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Binlogical Example 1 In Vifre Studics — Potency and Reversibility of Binding to
PSMA

[8228] The 1Csq for CTT-34 was 12 nM using PSMA isolated from LNCaP cells as a

membrane fraction. This was consistent with the ICse value of 14 nM that was obtained using

purified PSMA. Methods for 1Csq determinations with purified PSMA or PSMA from the ccll

membrane fraction of LNCaP cells are described below.

18229] {Cso_determinagiion, Inhibition studies were performed as described previously

with only mingr modifications (1-3). Working solutions of the substrate N-[4-(phenylazo)-
benzoyil-ghotamyl-y-ghatamic acid (PABGgG) and inhibitor were made in TRIS butfer (50
mM, pH 7.4). Working solutions of pwificd PSMA or PSMA from the cell membrane
fraction of LNCaP cells were diluted in TRIS buffer (50 mM, pH 7.4 containing 1% Triton
X-100) to provide from 15% to 20% conversion of substrate to product in the absence of
imhibitor. A typical incubation mixture (final volume 250 pl) was prepared by the addition of
cither 25 pl. of an inhibitor solution or 25 pl. TRIS buffer (50 mM, pH 7.4} to 175 ul TRIS
bufter (50 mM, pH 7.4 containing 196 Triton X-100} in a test tube. PABGgG (25 pl., 10 uM)
was added to the above solution. The enzymatic reaction was initiated by the addition of 25
ul of the PSMA working solwtion. In all cases, the final concentration of PABGgG was |
uM while the enzyme was incubated with five serially diluted imbibitor concentrations
providing a range of inhibition from 10% to 90%. The reaction was allowed to proceed for 15
oin with constant shaking at 37°C and was terminated by the addition of 25 L methanolic
rifluoroacetic acid (2% twrifluoroacetic acid by volume in methanol) followed by vortexing.
The quenched incubation mixture was quickly buffered by the addition of 25 pl KoHPO, (0.1
M), vortexed, and centrifuged (10 nun at 7.000g). An 85 ul aliquot of the resulting
supernatant was subsequently quantified by HPLC as previously deseribed (see Anderson et
al. Substratc specificity of prostate-specific membrane antigen. Bicorg Med Chem.
2007, 15(21%.6678-86). 15 values were calculated using KaleidaGraph 3.6 {Synergy

Software).

Biclegical Example 2 PET imaging studics in tumor-bearing rodents

{6236} The goal of the study was to demonstrate proof of concept for the novel
homoserine class of ''F labeled phosphoramidate molecules in vivo. For this purpose, three
compounds of the homoserine class (SFB-hCTTS4, SEN-hCTT54, and SCLFN-hCTTS4}

were tested in nude mice bearing human tumor xenografts (ENCaP, 22RV ) and compared to

wh
3
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SFB-CTTS54. All compounds tested were produced by indirect radiclabeling procedures
described above.

18231} Methods. All animal experiments were performed in compliance with the curront
version of the German law concerning amimal protection and welfare. PET imaging and
biodistribution experiments were performed with tumor bearing mice. Male Balb/c nude mice
(Taconic, Ry, Denmark or Janvier, Le Genest-Saint-Isle, France) were used for subcutancous
moculation of buman xenografis. Female NMRI nu/on mice were obtained from Taconic, Ry,
Demmark and used for intracardiac injection of 786-0-hie tumor cells.

18232} LNCaFP, Mice (BALB/c nu/nu, provided by Taconic or Janvier, male, 7-8 weeks),
were inoculated ~4 weeks before the PET study by s.c. injection of %107 LNCaP cells
(human prostate cancer) in a volume of 100pL Matrigel into the right shoulder and allowed to
grow for approximately four weeks. 2-4 days before inoculation of the tomor cells, a
testosterone pellet (Innovative Research of America, Cat.# NA-151) was implanted.

19233} 28RV, Mice (NMRI nu/ru, provided by Taconie, male, ~30g), were inoculated
~3 weeks before the PET study by s.c. injection of 5x10° 22Rv] cells (human prostate
cancer} in a volume of 100uL Matrigel into the right shoulder.

82344 786-O-luc, Mice (NMRI nw/ou, provided by Taconic, male, ~30g), were
inoculated ~3 weeks before the PET study by intracardiac injection of 1x10° 786-O-luc cells
(human kidoey cancer) in a volome of 100l PBS (for details refer to Strube ot al. Clin Exp
Metastasis, 2010 May;27{5):319-30).

18235} Tumor carrying animals were fnjected intravenously, without anesthesia, info the
tail vein with 7-10 MBqg of different PET tracers in 106-200 pl. PBS buffer. Immediately
prior to the initiation of the micro PET measorement, the animals were ancsthetized with
isofturane. PET/CT imaging studics were performed using the Inveon small amimal PET/CT
scamner {Siemens, Knoxville, TN}, PET data were acquired from 50 - 70 nun post injection.
After completion of data acquisition, the animals were sacrificed, and tissues of interest were
coliccted and weighed. The amount of radioactivity was determined with a gamma-counter {o
calculate uptake as the percentage injected dose peor gram of tissue (9611/g) (biodistribution
data, see Table 2).

{8236} In addition, PET/CT images were analyzed by defining regions of interest (ROT)
and quantifiyving tracer uptake (%ID/g, mean averaged over time} by the instrument software.
{8237} Resulis. A summary of microPET/CT studies is provided in Table 1. Exemplified
images from the studies and a sommary of blodistribution data are provided in Table 2 and

Figures 1-8, respectively.
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R

{6238} To allow for comparison of several candidate tracers with SFB-CTT54;

i was decided to restrict the initial experimental series to single time poiot (50-70 min p.i),
static PET analyses. Therefore, all experiments with novel PET tracers were inttially carried
out in LNCaP bearing nude mice at 50-70 min post mjection {p.1.) for which good imaging
quality for SFB-CTT54 had been obtained previously.

18239} Tn a first series of experiments (10283, 10284, 10283), SFB-CTT354 was compared
to SFB-hCTT54 and SCIFN-hCTTS54. The image quality obtained with SFB-CTTS4 (10283)
i LNCaP bearing animals was comparable to previous experiments (see. Lapi et al. 2009).
LNCaP tumors were well visualized whereas significant tracer upiake into other organs was
only recorded for kudney and bladder (Figure 1), SFB-hCTT54 (Figure 2) and SFN-hCTTS4
{data not shown) were tested in 10284 and 10285, respectively, and resulted in image quality
comparable to SFB-CTT34 (Figure 2, Figure 3). However, qoantitative comparison was not
possible because separation of the UV nactive precursor from the final radiopreparation bad
not been assessed. Since the precursor has high atfinity for PSMA, large precursor quantitics
m the final radiopreparation may have resulted m blocking of tracer binding. In all
subsequent cxperimenis {(except 11215} precursor separation was confirmed by Corona
detection methodology.

[8244] Findings from the first series of experiments were reproduced in a second series of
experiments (11001, 11003, 11004, 11109), whereby SFN-hCTTS4 and SCIEN-h{CTTS4,
respectively, were compared to SFB-CTT54. Temor uptake of the novel PET tracers SEN-
hCTT54 and SCHN-hCTTS4 was comparable 1o SFB-CTTS4, However, SCIFN-hCTT34
and in particular SFN-hCTT54 showed lower background uptake and consequently higher
temor to blood ratios, overall resulting in improved imaging quality of the novel tracers. The
most promising results in this series were obtained with SFN-RCTT54 whick showed good
wmor uptake (mean 2.8 + 1.0 %IDV/g), excellent tumor to blood ratios {mean 52.9 + 15.5),
and low optake into bone (mean 0.1 + 0.090 %ID/g) pomting to little defluorination and bigh

stability of the compound.

h
(4
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16241} SEN-BCTTS4 and SCIFN-hCTT34 were tested i 22RV1 xenografts (11168,
11215). PSMA cxpression in 22RV1 xenografts was roported to be considerably lower
compared to LNCaP xcnografis (Regino ot al. Curr Radiopharm. 2009 Jan;2(119-17).
Nevertheless, imaging of 22RV1 tumors was possible with both compounds, although, as
expected, tumor uptake values were lower compared to LNCaP xenografis.

8242} An cxploratory experiment was performed in 786-0 xenografts to assess the
specificity of SCHN-hCTTS4 in bone lesions. 786-0 cells originated from a renal cefl
carcinoma and show no expression of PSMA based on mRNA and protein level Upon
intracardiac injoction of 786-0 cells osteolytic bone metasiases form with high penetrance.
As expected, low uptake of SCIFN-bCTTS4 was found which might result from residual
fluoride in the radiopreparation and/or defluorination of the compound (see Figure 8).

18243} Table 1: Summary of microPET/CT studies in tumor bearing nude mice.

Study | Compound Rad, | Rad. | Residual | Tumor
# Yield | Purily | fluoride | (# animals)
{0l %} 1%}
d.c.
39y | 18g S ~ F LT £
10283 | E N o gom 26.8 98.2 1.8 ENCaP (3)
o , Ho L §H _
A COQ}J OMP/N/,, /COQH
O K‘
COuH

10284 ’*F\@ o com 92 1987 |13 LNCaP (3)
M COH
P N

SFB-hCTTS54

10285 | “Fatia I 22 (100 [0 LNCaP (1)
Tl g
P NY o N/I

G coH N 9 H

SEN-RCTTA4

A
N
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Study | Compound Rad. Rad, Residual | Tumor
# Yield | Purity | flueride | (# animals)
% %] | 1%l
d.c.
11001 | % GO 2.46 86.5 iy ENCaP (3)
Uﬁr \jL 1z {10 o
g 1 g 12 196 |0
LOH ~plNi, GO,
éH
COzH
‘SE'B CTT54
11003 & g0 4.3 100 { ENCaP (3}
ljw 28 {100 |0
I -
(3~p«\s, LCO,H
%
COH
SEN-hCTTS4
11004 | lN* o CoH 1.1 100 { ENCaP (3}
H i
o g2 NY\/JI\N/\\E
o comn " \Q~: E, CO,H
i Q
COH
SCIFN-nCTT54
TI0B4 | " Ny o o 1.5 100 { 786-0 (2)
le\//:H/EWKN’:‘\
& com 7 E\o "E o
“Fy" I3 VAN
OH g
CO,H
SCIEN-nCTTS4
09 | PNy O oo 2.5 100 0 ENCaP (4)
CEM,EKNMN;\;
! E A
@ coH “o- ;;,»E, COpH
O-—(
CO,H
SCHEN-nCTTS4
11168 | e Ny, 0 coM 2 100 0 22RV1 (3}
H
Cil/ Nar. NN
o6y 0
O COM aupf: COLH
OH
COH
SCIEN-nCTTS54
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Study | Compound Rad. Rad, Residual | Tumor
# Yield | Purity | flueride | (# animals)
i {7a] {6}
d.c.
1215 | "Ny o eouH 1.1 100 { ZARVI(3)
L
O COuH 9oH
O“'P*‘Nh‘(/COQ_H
on L
]
COH
SEN-hCTTS4

[§244] Table 2: Biodistribution data (mouse strain Balb/c nu; T/B: tumor to blood ratio)

Study | PET Tracer Animal | Kidney | Liver | Femur | Tuomor | Bloed | T/B
#
10283 | SFB-CTT54 i 7.90 .58 (.40 3.19 0.40 7.98
2 5.80 (.50 0.67 3.74 0.32 11.69
3 9.40 0.50 .97 3.27 0.35 9.34
10284 | SFB-R{TTS4 1 3.50 (.42 1.24 1.83 0.26 712
2 3.70 .40 0.06 2.17 0.21 10.33
3 4.00 .50 (.08 1.97 0.31 6.35
10285 | SEN-RCTTS4 1 * * * * #*
11001 | SFB-CTT54 i 7.20 0.88 0.22 2.33 0.54 277
2 4.40 (.50 (.34 5.24 0.43 12.19
3 9.20 $.80 1.31 5.04 0.59 8.54
11003 | SFN-RCTTS4 i 15.40 0.20 (.20 3.86 0.190 38.60
2 % & * * % #
3 % ES * & % kS
11004 | SCIFN-nCTTS4 | | 17.40 .30 (.50 4.12 0.14 29.43
2 ks s # #* ks ¥
3 * * * #* * S
11084 | SCIFN-nCTT54 {1 15.49 * * * 0.28 *
2 21.92 * * * 0.07 g
1109 | SCIFN-nCTTS4 | 5.40 (.10 .55 2.08 0.10 20.80
2 4.30 G.10 (.37 1.60 0.11 14.55
3 5.00 0.08 0.42 1.96 0.09 21.78
4 3.80 .10 (.48 1.68 0.11 15.27
180186¢] Table 3: Bicdistribution dats (mouse strain NMRI ny; T/8B: tumor io blood ratio)
Study | PET Tracer Animal | Kidney | Liver | Femur | Tomer | Bleed | T/B
#
11003 | SEN-RCTTS4 i 5.50 0.11 .17 1.54 0.04 50.79
2 5.00 (.10 (.03 2.64 0.04 689.29
11168 | SCIFN-nCTTS4 {1 15.28 G.10 2.80 2.23 0.12 18.58
2 12.60 0.10 (.60 2.19 0.13 16.85
3 12.80 .10 (.50 1.42 0.06 23.67
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Study | PET Tracer Apimal | Kidney | Liver | Femur | Tumer | Bleed | T/B
1215 | SFN-RCTTS4 i 9.80 (.30 (.16 1.42 0.10 1.420
2 8.60 6.20 (.20 1.09 0.08 13.63
3 5.80 6.20 0.10 (.93 0.22 4.23
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We claim:

1. A compound that is in the form of formula (1),
> COOR’
\n” W/VL\ COOR
COOR' O,a ----- 4
HN—
COOR!
()

or the form of a pharmaceutically acceptable salt thereof, wherein

PCT/US2013/041353

R is phenyl or pyridyl, cach substituted with either one ['*Fl-fluore group or

19 . . . ,
one [T F]-fluore group and optionally sebstituted with a second group selected from

the group counsisting of chloro and cyano; and

cach R’ is independently hydrogen or a protecting group.

2. The compound of claim 1 of stracture
Q COOR'
/\/\\ﬂ/ ,/\/‘:a\ SN COOR!
CODR OR' Q’
COOR'
3. The compound of claim 1 of strucnire
0 COOR!

o 4
- N /’\va\‘.fo,, COOR!
RN Y
o COOR' OR!
coor!

4. The compound of claim 1 that is
(N-(3-cyano-4-["*F ffluorobenzoyD-L-y-glutamyD)-O-[ {{(18)- 1,3-
dicarboxypropyllamino | (hydroxy yphosphoryli-L-homoserine;
(N-(4-"*Flfluorobenzoyl)-L-y-glatamyl)- O-[ {{{18)-1,3-

dicarboxypropyliamino | (hydroxy jphosphoryli-L-homosering;

(N-(6-["Flfluoro-pyrid-3-yhearbonyl-Loy-ghitamyD-O-] {[(15)-1,

dicarboxypropyllaming }{hydroxy)phosphoryl}-L-homoserine;

3-

{N-(S-chloro-6-[ *Fifluoto-pyrid-3-ycarbonyl-L-y-glutamy - O-[ {[(18)-1,3-

dicarboxypropyljamino} (hydroxy)phosphoryli-L-homoserine;

60
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or a pharmaceutically acceptable saht thereof.

5. The compound of claim 1 that is
-butyl (O-r-buty -N-G-eyano-4- “Fifleorobenzoyl-Loy-ghitamyD-O-[ {[{18)- 13-
di(&-butoxycarbonyDpropyljamino t {&-butoxy)phosphoryli-L-homoserine;
benzyl (O-benzyi-N-(3-cyano-4-[°F Hluorehenzoy-L-y-glatanty -0-[ {{(18)-1,3-
dithbenzoxycarbonyhpropyliamine  (benzoxy)phosphoryli-L-homoserine;
benzyl (O-benzyl-N-(4-[ *Flflaorobenzoyh-L-y-glutamyl)-C-[ {[{18)-1,3-
dilbenzoxycarbonylipropytiaming | (benzoxy jphosphoryli-L-homosering;

ghatamy!)-O-[{[{18)-1,3-di{r-

1-butyl {(O-i-butyl-N-(4-[ "FIfluorobenzoy)-L-y-g
butoxycarbonyDpropyllamine H¢-butoxy)phosphoryll-L-homeoserine;

benzyl ((-benzyl-N-(5-chloro-6-[ *F|fluoro-pyrid-3-ylcarbonyl-L-y-glstamy1-O-
[(18)-1,3-di(benzoxyearbonylpropyljamine  {benzoxyphosphorvi]-L-
homoserine;

t-butyl (O-t-butyl-N-{ 5-chloro-6-[ “Flfluoro-pyrid-3-y carbonyl-L-y-glutamy)-O-
[{(18)-1.3-di(+-butoxycarbonyDpropyljamino H (-butoxyphosphoryl}-L-
homosering;

r-butyl {G-1-buty -N-(6-[ P F]fluoro-pyrid-3-yearbonyl-L-y-ghutamy H-0-[ {{(15)-
L3-di{s-butoxycarbonyDpropyamino } {¢-butoxyphosphoryli-L-homoserine;
benzyl ((-benzyl-N-(6-] "Fiflucro-pyrid-3-ylearbonyl-L-y-glutary)-O-[ {{(18)-
1,3-dilbenzoxycarbonylpropyl]amine } {benzoxy yphosphoryli-L-homoserine;

or a pharmaceutically acceptable saht thereof.

<

The compound of claim 1 that is
{N-(3-cyano-4-fluorobenzoyly-L-v-glutamyD)-O-{ {{{18)-1,3-
dicarboxypropyllamino} (hydroxyiphosphoryl]-L-homoserine;
{N-{4-floorobenzoyl-L-v-ghotamy -0O-{ {[(18)-1,3-
dicarboxypropyljamino} Chydroxyiphosphoryl]-L-homoserine;
{N-{6-fhuoro-pyrid-3-yhcarbonyl-L-y-glatamyh-O-[{{(18)- 1,3~
dicarboxypropyljamino} (hydroxy)phosphoryi]-L-homoserine;
{N-{5-chioro-6-flaoro-pyrid-3-ylcarbonyl-L~y-ghtaroy -O-[ {[(1853-1,3-
dicarboxypropyllamino} Chydroxyphosphoryvl]-L-homoserine;

or a pharmaceutically acceptable salt thereof.

~3

The compound of claim | that is

61
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9.

-butyH {(O-t-butyl-N-(3-cyano-4-fluorobenzoyl)-L-y-ghitamy D-O-[ {{{153-1,3-di{z-
butoxycarbonylpropyljamine } {#-butoxy jphosphoryli-L-homosering;

benzyl (O-benzyl-N-(3-cyano-4-fluorobenzoyl) -L-y-glutamy-0-[ {{(18)-1,3-
dibenzoxycarbonyhpropyliamine } (benzoxy)phosphoryli-L-homoserine;

benzyl (O-benzyl-N-(d-fluorcbenzovl) -L-y-glotamy3-O-[ {{{15)-1,3-
di(benzoxycarbonyhpropyliamine } (benzoxy)phosphoryli-L-homoserine;

-butyl (G-1-butyl-N-(4-fluorebenzoyl-L-v-glotamyD-O-[ { [(1S8)-1,3-di(¢-
butoxycarbonylpropyljamine} (#-butoxyyphosphoryli-L-homoserine;

benryi (O-benzyl-N-{5-chioro-6-fluoro-pyrid-3-ycarbonyl-L-y-glutamy )-O-
HIO8)-1.3-di(benzoxycarbonyDpropyllamino H(benzoxyyphosphoryi]-L-
homoserine;

#-butyl (O-r-buty-N-(§-chloro-6-flooro-pyrid-3-ylicarbonyl-L-y-glatamy-G-
L(ESy-1,3-di{e-butoxvearbonyDpropyliamine } {¢-butoxy)phosphorvif-L-
homoserine;

-butyH {(O-t-butyl-N-{6-fluoro-pyrid-3-yijcarbony -L-y-glotamy-O-[{{{18)- 1,3~
di{+-butoxycarbonylipropytiamine | {#-butoxy jphosphoryli-L-homoserine;

benzyl (O-benzyl-N-(6-fluoro-pyrid-3-vijcarbonyl-L-y-ghitamyD-O-[{{{18)-1.3-

dibenzoxycarbonyhpropyliamine } (benzoxy)phosphoryli-L-homoserine;

or a pharmaceutically acceptable salt thereof.

A composition comprising a compound of claim |, wherein R 15 hydrogen, or a
compound of claim 2, together with a pharmaceutically acceptable carrier, excipient,

and/or diluent.

A compound of formula (1),

O COORY
: COO(RP)

¢ H

' N O N
R7 N \( R
H ! i i

O COO(RP) ORP

COG(RP)

wherein

R is phenyl or pyridyl, each substituted with one leaving group and optionally

substituted with a second group selected from the group consisting of chloro and cyano;

10.

and cach R is a protecting group {(e.g., t-butyl or benzyl).

The compound of claim 9 that is
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benzyl (O-benzyl-N-(5,6-dichloro-pyrid-3-yhearbonyl-L-y-ghutamy-O-[ {{(15)-
1.3-dibenzoxycarbonylipropyl]jamine | (benzoxy yphosphory Hi-L-homosering;
benzyl (O-benzyl-N-(6-chloro-pyrid-3-ylicarbonyi-L-v-glotamy 13-0-[ {{[(18)-1,3-
dibenzoxycarbonyhpropyliamine  (benzoxy)phosphoryli-L-homoserine;

-butyl (O-r-buty-N-(5,6-dichloro-pyrid-3-yhcarbonyl-L-v-ghatamy)-O- {{{15)-
1,3-di{-butoxycarbonyDpropyt amino  («-butoxy jphosphoryli-L-homoserine;
-butyl (O-1-buty -N-(3-cyano-4-(trimethy lammonio thenzoyl} -L-y-ghutamyh-O-
HIS)-1,3-di(e-butonyearbonyDpropylamino } (¢-butoxy )phosphoryl]-L-
homoserine triflate;

benzyl (O-benzyl-N-(3-cvano-4-(trimethylanmoniojhenzoyli-L-v-glatamy3-O-
{(18)-1,3-di(benzoxyearbonyDpropyllaming Hbenzoxyphosphoryi]-L-
homoserine trifiate;

-butyl (O-r-buty b N-(6-chloro-pynid-3-yhcarbonyi-L-v-glutamy -G-[ {[(18)-1,3-
di{~-butoxycarbonyhpropyliarsine } {(F-butoxy yphosphoryli-L-homosering;

benzyl (O-benzyl-N-(6-(trimethylammonio}-pyrid-3-yhearbonyl-L-y-glutamyl)-O-
[{[(18)-1.3-di(benzoxycarbonyDpropyliamino} (benzoxyyphosphoryl}-L-
homoserine triflate;

#-butyl (O-r-buty-N-(6-{trimethyammonio)-pyrid-3-yhearbony - L-y-glutamy - O-
C{(18)-1,3-di{r-butoxyearbonyDpropyliaming } {¢-butoxy)phosphoryl-L-
homoserine triflate;

or a pharmaceutically acceptable salt thereof,

11, A method for preparing a compound comprising
deprotecting a compound of the formula,

f\ GOORY oH
: N O N _COO(RP
)\Ar \T/A\/ B (RF)

RT N 1 ‘ \l
G COO(RP)y ORP :
COO(RP)
wherein
R is phenyl or pyridyl, cach substituted with cither one [“F}-Fluoro group or
one ["F-Fluoro group and optionally substituted with a second group selected from
the group consisting of chlore and cyano; and
each RY is a protecting group (e.g., t-buty] or benzyl);

.. . ~ s P
under conditions suitable for removing cach of the R™ groups.
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12 The method of claim 1, wherein the compound is of the formula,

O COORP)

H O H .\
A N~ OGN, COORP)
RN L T
O COOIRP) ORP
COO(RP)
13 The method of claim 11, wherein the compound is

butyl (O-r-butybN-(3-¢ yzmaﬂf{] “Fifluorobenzo yi}-L-y-ghtamyl}-O-[ {{{15)-1,3-
di{~-butoxycarbonyhpropyliarsine } {(F-butoxyphosphoryli-L-homosering;

benzyl (O-benzyl-N-(3-cyano-4-[ “F Hfluorebenzoy-L-y-glatany -G-[{{(18)-1,3-
ditbenzoxycarbonyhpropytiaming ) (benzoxy yphosphoryli-L-homoserine;

benzyl (O-benzyl-N-(4- ["“Fifluorobenzoyl) ~Ley-glotamyly-O-] {{{15)-1,3-
di(benzoxycarbonybipropyliamine | (benzoxy jphosphoryli-L-homoserineg;

r-butyl (O-r-buty-N-(4-[ *FIfluorobenzoyh-L-y-ghutamyD-O-{ {{(18)-1,3-di{s-
butoxyecarbonyDpropyllamine H{¢-butoxy)phosphoryli-L-homoserine;

benzyl ((-benzyl-N-(5-chloro-6-[ *Flfluoro-pyrid-3-ylcarbonyl-L-y-ghitamy)-O-
[H(18)-1,3-di(benzoxyearbonylpropyljamine  {benzoxyiphosphorvil-L-
homoserine;

t-butyl (O-1-butyl-N-(5-chloro-6-{ "Flfluoro-pyrid-3-yDearbonyt-L-y-glutamyl)- (-
HIO8)-1.3-di(+-butoxyearbonyDpropy!jaminoe } (#-butoxy yphosphoryl]-L-
homosering;

£-butyl (O-r-buty -N-(6- FFlfluoro-pyrid-3-ycarbonyl-L-y-glutamy D-0-[ {{(15)-
1,3-di{-butoxycarbonyDpropyt amine } {&-butoxyphosphoryli-L-homoserine;
benzyl (O-benzyi-N-(6-[ “Fiflucro-pyrid-3-ylcarbonyl-L-y-ghatarayDh-O- {{{18)-
1,3-dilbenzoxycarbonylpropyl]amine } {benzoxy yphosphoryli-L-homoserine;
-butyl (O-t-butyl-N-(3-cyano-4-fluorobenzoy)-Ly-ghstamy - O-T{{{(18)-1,3-di{s-
butoxycarbonypropyllamine }{#-butoxy phosphoryli-L-homoserine;

benzyl {O-benzyl-N-G-cvano-4-fluorobenzoyl)-L-y-ghutary)-O-1{[(15)-1,3-
di(benzoxycarbonyhpropyliamine H(benzoxy)phosphoryll-L-homoserine;

benzyl {((-benzy-N-(4-fluorcbenzoyi -L-yv-glotamyDy- G- {{153-1,3-
dithenzoxycarbonyhpropyliaminoe | (benzoxy)phosphoryli-L-homoserine;

~butyl {(O-t-buty-N-(4-fluorobenzoy)-L-y-glotamy - G- {[{1S)-1,3-di(s-
butoxycarbonyDpropyljamine} (#-butoxy yphosphoryli-L-homoserine;

benzyl (O-benzyl-N-(5-chlore-6-flucro-pyrid-3-yDearbonyi-L-y-ghtamy}-O-

64



WO 2013/173583 PCT/US2013/041353

H(1S)-1,3-di(benzonycarbonyDpropyllamino H (benzoxyyphosphoryi]-L-
homoserine;

-butyl (O-t-butyl-N-(5-chloro-6-tluoro-pyrid-3-yhicarbonyl-L-y-glutamy 1-0-
HIOES)-1,3-di(t-butoxyearbonyDpropy! jamino | {(t-butoxyyphosphoryli]-L-
homoserine,;

-butyl (O-t-buty LN-(6-flooro-pyrid-3-yljcarbony -L-y-ghstamyh-O-[ {[{18}- 1,3~
di{~-butoxycarbonyhpropyliarsine } {(F-butoxyphosphoryli-L-homosering;

benzyl (O-benzyl-N-(6-fluoro-pyrid-3-yhearbonyl-L-y-glatamy - G- {{[{15)-1,3-
dilbenzoxycarbonyhipropytiaming | (benzoxy jphosphoryli-L-homosering;

ot a pharmaceutically acceptable salt thereof

14. The method of claim 9, wherein R” is t-butyl and the conditions comprise contacting

the compound with friflucroacetic acid or formic acid.

A method for preparing a compound comprising
contacting a compound of the formula,
(R™M
| i i
G COO(RP)y ORP \l
CEIQO( Ry
wherein
R is phenyl or pyridyl, cach substituted with oue leaving group and optionally
substituted with a second group sclected from the group consisting of chloro and
cyang; and cach RU is a protecting group (e.g., t-botyl or benzyl);

with a fhuoride or radiofiuoride source.

16, A method for detecting and/or identifying cells presenting PSMA comprising
contacting a cell suspected of presenting PSMA with a compound of claim 1, wherein
R is hydrogen, or a composition of ¢claim 6.

17. The method of claim 16, further comprising detecting the radiolabeled cells.

18, The method of claim 17, wherein the detecting is by positron emission tomography

(PET).

19, The method of claim 17, wherein the detecting is by positron emission tomography -

compuied tomography (PET/CT).
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The method of any one of claims 16-19, wherein the cell is in vivo,

A method for imaging or diagnosing of a discasc associated with elevated expression
of Prostate Specific Membrane Antigen (PSMA) comprising,

administering to a mammal an cffective amount of a compound claim 1, wherein R' is
hydrogen;

obtaining mages of the mammal; and

assessing the images.
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AAAAAAAAAAAAAAAAAAAAA kM10283 | PET Guantification %I0/g
_________ [18F-SFB-CTTa4 | Mouse 1 | Mouse 2 | Mouse 3
 BAY1085322 5070 min | 50-70 min | &0-70 min
tumor 28 2,1 2,2
background IE 0,27 0,255
shoulder jaint 055 0,36 042
Kidney right 37 33 3
iver (part) 05 0 56 0,42
Figure 1

SUBSTITUTE SHEET (RULE 26)
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AAAAAAAAAAAAAAAAAAAAA k10284 | PET Guantification %I0ig

AAAAA [18F]-SFB-hCTTS4 | Mouse 1 | Mouse 2 | Mouse 3
 BAY1126798 | B0-70 min | B0-70 min | &0-70 min
tumor E 15 15
background 0,14 0,08 0,17
shoulder joint 038 0,32 0.4
kidney right 28 13 2.2
liver (part) 041 037 0397

Figure 2

SUBSTITUTE SHEET (RULE 26)
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] k11001 FET Cluantification %I0/g
. |1BF]-5FB-CTT54 | Mouse 1 | Mouse 2 | Mouse 3
. BAY10E5322 £0-70 min | 5070 min | 50-70 min
tumor 18 18 27
background 0,34 02 0.42
kidney right 4.2 18 47
bladder w artifacts A0 15,7 125 4
pellet 079 0 4 055
Figure 3

SUBSTITUTE SHEET (RULE 26)
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 KMW11003 NMRI PET Guantification %lD/g
[1BF}-SFN-hCTTS4 | Mouse 1 | Mouse 2 | Mouse 3
““““““ BAY1129022 | 5070 min | 50-70 min | 50-70 min
tumat 19 13 0.94
kidney let 2.0 17 19
testost. pellet 02 01 0,15
_KM11003 Balb/c PET Lwantification %ID/g
[18F)-SFN-hCTTS4 | Mouse 1 | Mouse 2 | Mouse 3°
- BaY1129022 | B0-70min | A0-70min | 50-70 min
tumar 22 15 94
Ehackgruund 03 0,18 14
‘kidney right 11,3 74 e
bladder w.artifacts 297 102 4 493 3
testost pellet 13 053 32
Figure 4

SUBSTITUTE SHEET (RULE 26)
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B
N
N

T

P

_____________ KM11004 | PET Quantification %(Dfy |
[18F-SCIFN-CTTS4) Mouse 1| Mouse 2| Moused] §
By 1149526 A0-70 min | 20-70 min]50-70 min
turnor 2,4 03 27 |
hackground 0z 01 03
kidney nght 21,8 1.0 18,2
bladder w.artifacts 1358 15k ®5 |
shoulder joint nd 03 o, 1
testost. pellet 07 07 (=)
‘ Khi11009 PET Quantification %l0/g
J18F-SCIFN-hCTTS4) 1 M2 ! 4
B 11496526 A0-70 min |&0-70 min|50-70 min|50-70 min
tumor na 0y 04 05
background 0 04 0.1 0
kidney right 25 1.9 2.2 1/
testost. Pellet 03 02 03 0z
ghoulder joint 03 02 0z 03
hladder 18,8 200 19,3 20,2
Figure 5

SUBSTITUTE SHEET (RULE 26)
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AAAAAAAAAAAAAAAAAAAAA Kt1ieg | PET Guantification %I0/g
[1BF}SCIFN-HCTTS4 [ Mouse 1] Mouse 2 | Mause 3
BAY 1149526 50-70 min | B0-70 min | 50-70 min
tumaor 13 15 12
background 0.3 02 0,1
kidney right 128 16,3 10,1
shoulder joint iE) 07 0&
Figure 6

SUBSTITUTE SHEET (RULE 26)
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SUBSTITUTE SHEET (RULE 26)

KM11215 PET Quantification %ID/g
[18F]-SFN-hCTT54 | Mouse 1 | Mouse 2 | Mouse 3
BAY 1129022 50-70 min | 50-70 min | 50-70 min
tumor 0,8 0,9 0,8
background 0,1 0,1 0,1
Kidney right 6,6 8,5 4,7
liver (part) 0,3 0,3 0,3
bladder (artefacts) 215,3 215,2 264,0
Figure 7
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spine melastasis

AAAAAAAAAAAAAAAAAAAAAAA kKM11084  [PET Cluantfication %I0/g
[18F}-SCIFN-hCTTE4 | Mouse | Mouse 2
BAY 1149526 50-70 rin 0-B0 rmin
spine metastasis 05 1.1
shaulder joint R 0a 1.0
shoulder joint L 07 10
Background 02 hd
hlood i 0.4
kidney right 12 4 87
Figure 8

SUBSTITUTE SHEET (RULE 26)
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