10

15

20

25

30

35

WO 2022/171901 PCT/EP2022/053699

Dual mode radiotracer and therapeutics

The present invention relates to compounds that bind to prostate-specific membrane antigen
(PSMA) comprising a PSMA binding moiety, a linker group comprising a silicon-fluoride
acceptor (SIFA) moiety and a chelator moiety, optionally containing a chelated
nonradioactive or radioactive cation, wherein the SIFA moiety comprises a covalent bond
between a silicon and a fluorine atom which can be '8F.

BACKGROUND

Prostate cancer

Prostate Cancer (PCa) remained over the last decades the most common malignant disease
in men with high incidence for poor survival rates. Due to its overexpression in prostate
cancer (Silver et al., Clinical Cancer Research 3, 81-85 (1997)), prostate-specific membrane
antigen (PSMA) or glutamate carboxypeptidase Il (GCP Il) proved its eligibility as excellent
target for the development of highly sensitive radiolabelled agents for endoradiotherapy and
imaging of PCa (Afshar-Oromieh et al., European journal of nuclear medicine and molecular
imaging 42, 197-209 (2015); BeneSova et al., Journal of Nuclear Medicine 56, 914-920
(2015); Robu et al., Journal of Nuclear Medicine, jnumed. 116.178939 (2016); Weineisen et
al.; Journal of Nuclear Medicine 55, 1083-1083 (2014); Rowe et al., Prostate cancer and
prostatic diseases (2016); Maurer et al., Nature Reviews Urology (2016)). Prostate-specific
membrane antigen is an extracellular hydrolase whose catalytic center comprises two
zinc(ll) ions with a bridging hydroxido ligand. It is highly upregulated in metastatic and
hormone-refractory prostate carcinomas, but its physiologic expression has also been
reported in kidneys, salivary glands, small intestine, brain and, to a low extent, also in
healthy prostate tissue. In the intestine, PSMA facilitates absorption of folate by conversion
of pteroylpoly-y-glutamate to pteroylglutamate (folate). In the brain, it hydrolyses N-acetyl-
Laspartyl-L-glutamate (NAAG) to N-acetyl-L-aspartate and glutamate.

Prostate-specific membrane antigen (PSMA)

Prostate-specific membrane antigen (PSMA) is a type Il transmembrane glycoprotein that is
highly overexpressed on prostate cancer epithelial cells. Despite its name, PSMA is also
expressed, to varying degrees, in the neovasculature of a wide variety of nonprostate
cancers. Among the most common nonprostate cancers to demonstrate PSMA expression

include breast, lung, colorectal, and renal cell carcinoma.

The general necessary structures of PSMA targeting molecules comprise a binding unit that
encompasses a zinc-binding group (such as urea (Zhou et al., Nature Reviews Drug
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Discovery 4, 1015-1026 (2005)), phosphinate or phosphoramidate) connected to a P1’
glutamate moiety, which warrants high affinity and specificity to PSMA and is typically further
connected to an effector functionality (Machulkin et al., Journal of drug targeting, 1-15
(2016)). The effector part is more flexible and to some extent tolerant towards structural
modifications. The entrance tunnel accommodates two other prominent structural features,
which are important for ligand binding. The first one is an arginine patch, a positively
charged area at the wall of the entrance funnel and the mechanistic explanation for the
preference of negatively charged functionalities at the P1 position of PSMA. This appears to
be the reason for the preferable incorporation of negative charged residues within the ligand-
scaffold. An in-depth analysis about the effect of positive charges on PSMA ligands has
been, to our knowledge, so far not conducted. Upon binding, the concerted repositioning of
the arginine side chains can lead to the opening of an S1 hydrophobic accessory pocket, the
second important structure that has been shown to accommodate an iodo-benzyl group of
several urea based inhibitors, thus contributing to their high affinity for PSMA (Barinka et al.,
Journal of medicinal chemistry 51, 7737-7743 (2008)).

Zhang et al. discovered a remote binding site of PSMA, which can be employed for bidentate
binding mode (Zhang et al., Journal of the American Chemical Society 132, 12711-12716
(2010)). The so called arene-binding site is a simple structural motif shaped by the side
chains of Arg463, Argb11 and Trp541, and is part of the GCPIl entrance lid. The
engagement of the arene binding site by a distal inhibitor moiety can result in a substantial
increase in the inhibitor affinity for PSMA due to avidity effects. PSMA I&T was developed
with the intention to interact this way with PSMA, albeit no crystal structure analysis of
binding mode is available. A necessary feature according to Zhang et al. is a linker unit
(Suberic acid in the case of PSMA 1&T) which facilitates an open conformation of the
entrance lid of GCPII and thereby enabling the accessibility of the arene-binding site. It was
further shown that the structural composition of the linker has a significant impact on the
tumor-targeting and biologic activity as well as on imaging contrast and pharmacokinetics
(Liu et al., Bioorganic & medicinal chemistry letters 21, 7013-7016 (2011)), properties which
are crucial for both high imaging quality and efficient targeted endoradiotherapy.

Two categories of PSMA targeting inhibitors are currently used in clinical settings. On the
one side there are tracers with chelating units for radionuclide complexation such as PSMA
I&T or related compounds (Kiess et al., The quarterly journal of nuclear medicine and
molecular imaging 59, 241 (2015)). On the other side there are small molecules, comprising
a targeting unit and effector molecules.
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The most often used agents for selective PSMA imaging are PSMA HBED-CC (Eder et al.,
Bioconjugate chemistry 23, 688-697 (2012)), PSMA-617 (BeneSova et al., Journal of Nuclear
Medicine 56, 914-920 (2015)) and PSMA I&T (Weineisen et al.; Journal of Nuclear Medicine
55, 1083-1083 (2014)), which are predominantly labelled with %Ga (88.9% B*,
Eg+, max = 1.89 MeV, t,.= 68 min). Among these ¥Ga-PSMA-HBED-CC (also known as %Ga-
PSMA-11), is so far considered as the golden standard for PET imaging of PCa.

"8F labelling

Recently, several groups have focused on the development of novel ®F-labelled urea-based
inhibitors for PCa diagnosis. In contrast to the radiometal ¥Ga, which can be obtained from
commercially distributed %Ge/®®Ga radionuclide generators (%¥Ge; t.=270.8d), the
radioisotope '®F-fluoride (96.7% B, Egp., max = 634 keV) requires an on-site cyclotron for its
production. Despite this limitation, '®F offers due to its longer half-live (t.= 109.8 min) and its
lower positron energy, significant advantages in terms of routine-handling and image quality.
Additionally, there is the possibility for largescale production in a cyclotron, which would be
beneficial for a higher patient throughput and reduction of production costs. The '®F-labelled
urea-based PSMA inhibitor '8F-DCFPyl demonstrated promising results in the detection of
primary and metastatic PCa (Rowe et al., Molecular Imaging and Biology, 1-9 (2016)) and
superiority to ®Ga-PSMA-HBED-CC in a comparative study (Dietlein et al., Molecular
Imaging and Biology 17, 575-584 (2015)). Based on the structure of PSMA-617, the 8F-
labelled analogue PSMA-1007 was recently developed, which showed comparable tumor-to-
organ ratios (Cardinale et al., Journal of nuclear medicine: official publication, Society of
Nuclear Medicine 58, 425-431 (2017); Giesel et al., European journal of nuclear medicine
and molecular imaging 43, 1929-1930 (2016)). A comparative study with %Ga-PSMA-HBED-
CC revealed similar diagnostic accuracy of both tracers and a reduced urinary clearance of
BF-PSMA-1007, enabling a better assessment of the prostate (Giesel et al., European
journal of nuclear medicine and molecular imaging 44, 678-688 (2017)).

An attractive approach for introducing '®F labels is the use of silicon fluoride acceptors
(SIFA). Silicon fluoride acceptors are described, for example, in Lindner et al., Bioconjugate
Chemistry 25, 738-749 (2014). In order to preserve the silicon-fluoride bond, the use of
silicon fluoride acceptors introduces the necessity of sterically demanding groups around the
silicone atom. This in turn renders silicon fluoride acceptors highly hydrophobic. In terms of
binding to the target molecule, in particular to the target molecule which is PSMA, the
hydrophobic moiety provided by the silicone fluoride acceptor may be exploited for the
purpose of establishing interactions of the radio-diagnostic or -therapeutic compound with
the hydrophobic pocket described in Zhang et al., Journal of the American Chemical Society
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132, 12711-12716 (2010). Yet, prior to binding, the higher degree of lipophilicity introduced
into the molecule poses a severe problem with respect to the development of
radiopharmaceuticals with suitable in vivo biodistribution, i.e. low unspecific binding in non-

target tissue.

Failure to solve the hydrophobicity problem
Despite many attempts, the hydrophobicity problem caused by silicon fluoride acceptors has
not been satisfactorily solved in the prior art.

To explain further, Schirrmacher E. et al. (Bioconjugate Chem. 2007, 18, 2085-2089)
synthesized different '®F-labelled peptides using the highly effective labelling synthon p-(di-
tert-butylfluorosilyl) benzaldehyde (['®F]SIFA-A), which is one example of a silicon fluoride
acceptor. The SIFA technique resulted in an unexpectedly efficient isotopic 'SF—'8F
exchange and yielded the '®F-synthon in almost quantitative yields in high specific activities
between 225 and 680 GBg/umol (6081-18 378 Ci/mmol) without applying HPLC purification.
['®F]SIFA-benzaldehyde was finally used to label the N-terminal amino-oxy (N-AO)
derivatized peptides AO-Tyr3 -octreotate (AO-TATE), cyclo(fK(AO-N)RGD) and N-AO-PEG»-
[D-Tyr-GiIn-Trp-Ala-Val-Ala-His-Thi-Nle-NHz2] (AO-BZH3, a bombesin derivative) in high
radiochemical yields. Nevertheless, the labelled peptides are highly lipophilic (as can be
taken from the HPLC retention times using the conditions described in this paper) and thus

are unsuitable for further evaluation in animal models or humans.

In Wéngler C. et al. (Bioconjugate Chem., 2009, 20 (2), pp 317-321), the first SIFA-based
Kit-like radio-fluorination of a protein (rat serum albumin, RSA) has been described. As a
labelling agent, 4-(di-tert-butyl['®F]fluorosilyl)oenzenethiol (Si['®F]FA-SH) was produced by
simple isotopic exchange in 40-60% radiochemical yield (RCY) and coupled the product
directly to maleimide derivatized serum albumin in an overall RCY of 12% within 20-30 min.
The technically simple labelling procedure does not require any elaborated purification
procedures and is a straightforward example of a successful application of Si—18F chemistry
for in vivo imaging with PET. The time-activity cureves and pPET images of mice showed
that most of the activity was localized in the liver, thus demonstrating that the labelling agent
is too lipophilic and directs the in vivo probe to hepatobiliary excretion and extensive hepatic

metabolism.

Wangler C. et al. (see Bioconjug Chem. 2010 Dec 15;21(12):2289-96) subsequently tried to
overcome the major drawback of the SIFA technology, the high lipophilicity of the resulting
radiopharmaceuticals, by synthesizing and evaluating new SIFA-octreotate analogues
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(SIFA-Tyr3-octreotate, SIFA-Asn(AcNH-B-Glc)-Tyr3-octreotate and SIFA-Asn(AcNH-B-Glc)-
PEG-Tyr3-octreotate). In these compounds, hydrophilic linkers and pharmacokinetic
modifiers were introduced between the peptide and the SIFA-moiety, i.e. a carbohydrate and
a PEG linker plus a carbohydrate. As a measure of lipophilicity of the conjugates, the log
P(ow) was determined and found to be 0.96 for SIFA-Asn(AcNH-B-Glc)-PEG-Tyre-octreotate
and 1.23 for SIFA-Asn{AcNH-B-Gic)-Tyr3-octreotate. These results show that the high
lipophilicity of the SIFA moiety can only be marginally compensated by applying hydrophilic
moieties. A first imaging study demonstrated excessive hepatic clearance /liver uptake and
thus has never been transferred into a first human study.

Bernard-Gauthier et al. (Biomed Res Int. 2014;2014:454503) reviews a great plethora of
different SIFA species that have been reported in the literature ranging from small prosthetic
groups and other compounds of low molecular weight to labelled peptides and most recently
affibody molecules. Based on these data the problem of lipophilicity of SIFA-based
prosthetric groups has not been solved sofar; i.e. a methodology that reduces the overall
lipophilicity of a SIFA conjugated peptide to a log D lower than approx -2,0 has not been
described.

In Lindner S. et al. (Bioconjug Chem. 2014 Apr 16;25(4):738-49) it is described that
PEGylated bombesin (PESIN) derivatives as specific GRP receptor ligands and RGD (one-
letter codes for arginine-glycine-aspartic acid) peptides as specific avB3 binders were
synthesized and tagged with a silicon-fluorine-acceptor (SIFA) moiety. To compensate the
high lipophilicity of the SIFA moiety various hydrophilic structure modifications were
introduced leading to reduced logD values. SIFA-Asn(AcNH-B-Glc)-PESIN, SIFA-Ser(B-
Lac)-PESIN, SIFA-Cya-PESIN, SIFA-LysMe3-PESIN, SIFA-y-carboxy-d-Glu-PESIN, SIFA-
Cya2-PESIN, SIFA-LysMe3-y-carboxy-d-Glu-PESIN, SIFA-(y-carboxy-d-Glu)2-PESIN, SIFA-
RGD, SIFA-y-carboxy-d-Glu-RGD, SIFA-(y-carboxy-d-Glu)2-RGD, SIFA-LysMe3-y-carboxy-
d-Glu-RGD. All of these peptides — already improved and derivatized with the aim to reduce
the lipophilicity — showed a logD value in the range between +2 and -1.22.

In Niedermoser S. et al. (J Nucl Med. 2015 Jul;56(7):1100-5), newly developed '8F-SIFA-
and '8F-SIFAlin- (SIFA = silicon-fluoride acceptor) modified TATE derivatives were
compared with the current clinical gold standard ¥Ga-DOTATATE for high-quality imaging of
somatostatin receptor-bearing tumors. For this purpose, ®F-SIFA-TATE and two quite
complex analogues, '8F-SIFA-Glc-PEG1-TATE, 'F-SIFAlin-Glc-Asp2-PEG1-TATE were
developed. None of the agents showed a logD <-1.5.
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In view of the above, the technical problem underlying the present invention can be seen in
providing radio-diagnostics and radio-therapeutics which contain a silicone fluoride acceptor
and which are, at the same time, characterized by favourable in-vivo properties.

wW02019/020831 and W0O2020/157184 disclose ligand-SIFA-chelator conjugates.

In the present invention a proof-of-principle has been established using specific conjugates
which bind with high affinity to prostate-specific antigen (PSMA) as target. Accordingly, a
further technical problem underlying the present invention can be seen in providing improved
radio-therapeutics and —diagnostics for the medical indication which is cancer, preferably
prostate cancer.

SUMMARY OF THE INVENTION
An aspect of the present invention relates to compounds of Formula (1):
0

HH\)?\
HO Y Y OH
O:j\
07 NH

HO o
o) N ~
N SO T )
0] 0] 0] HN

OH
N
s
/k\ (1);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein

HO” =0

CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '3F.

An aspect of the present invention relates to compounds of Formula (1a):

P,

OH ] o (1a)

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein either
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R' is —(CH2)nR® where nis 1, 2 or 3 and R® is selected from OH, NH> or NHC(O)NH: and R?
is
HNJ

YU O

BN
or
R? is —(CH2),R® where nis 1, 2 or 3 and R® is selected from OH, NH2 or NHC(O)NH; and R’
is
HNJ
YUoA

and
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally 8F.

An aspect of the present invention relates to compounds of Formula (1b):

o)
H OH 0
H N} H O N H

0 N * N H N
5 ynH o) R° CM
o
o

HO

0] OH
HO (1b)

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein either
R' is —(CH2)nR® where nis 1, 2 or 3 and R® is selected from OH, NH, or NHC(O)NH: and R?

is
HNJ

O

AN
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or
R? is —(CH2),R® where n is 1, 2 or 3 and R? is selected from OH, NH> or NHC(O)NH; and R’

N

F/

and
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally 8F.

An aspect of the present invention relates to compounds of Formula (1c¢):

Q N R
H OH x— < 0
H ‘N—>_ H

N . & ML
0 N N H o 3N
o NH
0
¢!

0] R~ CM
HO

o] OH
HO (1c)

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein either
R' is —(CH2)nR® where nis 1, 2 or 3 and R? is selected from OH, NH, or NHC(O)NH. and R?

N
O
N

R? is —(CH2).R® where nis 1, 2 or 3 and R? is selected from OH, NH> or NHC(O)NH. and R’

is

)
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Xis CHz or NHCO and
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '3F.

Also provided is a pharmaceutical or diagnostic composition comprising or consisting of one
or more compounds of Formula (1). The compounds of the invention may be for use as a
cancer diagnostic or imaging agent. Accordingly also provided is a method of imaging and/or
diagnosing cancer comprising administering a compound of Formula (1) or a composition
comprising a compound of Formula (1). The compounds or compositions of the invention
may be for use in the treatment of cancer. The compounds or compositions of the invention
may be for use in the diagnosis, imaging or prevention of neoangiogenesis/angiogenesis.
The compounds or compositions of the invention may be for use as a cancer diagnostic or
imaging agent or for use in the treatment of cancer wherein the cancer is prostate, breast,

lung, colorectal or renal cell carcinoma.

DETAILED DESCRIPTION

An aspect of the present invention relates to compounds of Formula (1a) or (1b):
0o 0

H H
o N\n,N\/U\OH
O

BN 1
07 NH RQ y

° " S e
ﬁ)\/\/ \n/\/ \n/\/ H R2 CM
O ° o ° (ta)
IH 1
Q N R
H, OH —~ 0
H N H o ’N_@ H
O YNH o R CM
HO o}
O
0 OH
HO (1b)
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or a pharmaceutically acceptable salt or any individual isomer thereof, wherein either
R' is —(CH2),R® where n is 1, 2 or 3 and R3 is selected from OH, NH, or NHC(O)NH; and R?

N

F/

or
R2is —(CH:)nR® where nis 1, 2 or 3 and R® is selected from OH, NH> or NHC(O)NH. and R’

is HNJ
oA
AN

)

and
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '3F.

An aspect of the present invention relates to compounds of Formula (1):
0 0
H H
N
Ho” ~ N \E/U\OH
o] j/\
O~ "NH

HO 0
N ~
ﬁ)\/\/ \“/\/ \n/\/ HJj/ CM
0] 0] 0] HN

(@)
OH
N T
s
X

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein

HO™ =0

CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '8F.

An aspect of the present invention relates to compounds of Formula (1°):

10
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0]

0
H H
AN

hid :
D
H,oN
07 NH H H HZ OH
o) N N ~
ﬁ)\/\/\n/\/\g/\/ ) H/uj/ CM

OH ) HN

o
F/k\ (1);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein

HO™ =0

CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '8F.

An aspect of the present invention relates to compounds of Formula (17):

0 N N
’ H‘N_>—OH }—(_ o

\ _< . H\ O /N ’
0] N - N H N
o) _>—NH o) CM
HO o] NH
o) o:(
0 OH NH,
HO (1);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '3F.

The compounds of the invention comprise three separate moieties. The three separate
moieties are a PSMA binding moiety, a linker group comprising a silicon-fluoride acceptor
(SIFA) moiety and a chelator moiety (CM), optionally containing a chelated nonradioactive or
radioactive cation, wherein the SIFA moiety comprises a covalent bond between a silicon

and a fluorine atom which can be "8F.

For diagnostic imaging, the fluorine atom on the SIFA moiety may be 8F. The '®F can be
introduced by isotopic exchange with '°F.

The compounds of the invention require the chelator moiety (CM) to be hydrophilic. The
hydrophilic chelator moiety (CM) is required to reduce the hydrophobic nature of the

11
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compounds caused by the presence of the SIFA moiety. A key aspect of the invention is the
combination, within a single molecule, of a silicon fluoride acceptor and a chelator moiety or
a chelate.

The cation which may be optionally chelated to the chelator moiety may be a radioactive or
non-radioactive cation. It is preferably a non-radioactive metal cation. Examples of suitable
cations are provided below.

The compounds of the invention may be radioactively labelled at the SIFA moiety. Also
included are molecules which are not radiolabelled at all. The chelator moiety may be either
a complex of a cold (non-radioactive) ion or may be devoid of any ion.

The present inventors surprisingly discovered that placement of the silicone fluoride acceptor
in the neighbourhood of a hydrophilic chelator such as, but not limited to, DOTAGA or
DOTA, shields or compensates efficiently the lipophilicity of the SIFA moiety to an extent
which shifts the overall hydrophobicity of compound in a range which renders the compound

suitable for in-vivo administration.

A further advantage of the compounds of the present invention is their surprisingly low
accumulation in the kidneys of mice when compared to other PSMA targeted
radiopharmaceuticals, such as PSMA I&T. Without wishing to be bound by a particular
theory, it seems to be the combination of the structural element SIFA with a chelator and the
choice of linker which provides for the unexpected reduction of accumulation in the kidneys.

In terms of lipophilicity/hydrophilicity, the logP value (sometimes also referred to as logD
value) is an art-established measure.

The term “lipophilicity” relates to the strength of being dissolved in, or be absorbed in lipid
solutions, or being adsorbed at a lipid-like surface or matrix. It denotes a preference for lipids
(literal meaning) or for organic or apolar liquids or for liquids, solutions or surfaces with a
small dipole moment as compared to water. The term “hydrophobicity” is used with
equivalent meaning herein. The adjectives lipophilic and hydrophobic are used with
corresponding meaning to the substantives described above.

The mass flux of a molecule at the interface of two immiscible or substantially immiscible
solvents is governed by its lipophilicity. The more lipophilic a molecule is, the more soluble it
is in the lipophilic organic phase. The partition coefficient of a molecule that is observed

12
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between water and n-octanol has been adopted as the standard measure of lipophilicity. The
partition coefficient P of a species A is defined as the ratio P = [Alroctarol / [Alwater. A figure
commonly reported is the logP value, which is the logarithm of the partition coefficient. In
case a molecule is ionizable, a plurality of distinct microspecies (ionized and not ionized
forms of the molecule) will in principle be present in both phases. The quantity describing the
overall lipophilicity of an ionizable species is the distribution coefficient D, defined as the
ratio D = [sum of the concentrations of all microspecies]n-octanol / [SUum of the concentrations of
all microspecies] waer- Analogous to logP, frequently the logarithm of the distribution
coefficient, logD, is reported. Often, a buffer system, such as phosphate buffered saline is
used as alternative to water in the above described determination of logP.

If the lipophilic character of a substituent on a first molecule is to be assessed and/or to be
determined quantitatively, one may assess a second molecule corresponding to that
substituent, wherein said second molecule is obtained, for example, by breaking the bond
connecting said substituent to the remainder of the first molecule and connecting (the) free
valence(s) obtained thereby to hydrogen(s).

Alternatively, the contribution of the substituent to the logP of a molecule may be
determined. The contribution 7x x of a substituent X to the logP of a molecule R-X is defined

as mx x = logPrx— logPr+, wherein R-H is the unsubstituted parent compound.

Values of P and D greater than one as well as logP, logD and nx x values greater than zero
indicate lipophilic/hydrophobic character, whereas values of P and D smaller than one as
well as logP, logD and mx x values smaller than zero indicate hydrophilic character of the

respective molecules or substituents.

The above described parameters characterizing the lipophilicity of the lipophilic group or the
entire molecule according to the invention can be determined by experimental means and/or
predicted by computational methods known in the art (see for example Sangster, Octanol-
water Partition Coefficients: fundamentals and physical chemistry, John Wiley & Sons,
Chichester. (1997)).

The logP value of compounds of the invention may be between -5 and -1.5. It is particularly

preferred that the logP value is between -3.5 and -2.0.

The compounds are preferably high affinity PSMA ligands with preferable affinity, expressed
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as ICso, being below 50 nM, below 20 nM or below 5 nM.

The compounds of the invention may be compounds of Formula (2):
0

P
Ho Ny oH
O:

Oj\NH Q H

HO
H H H
o) I\/\/N N N}Q\NJ\;/N\CM
1 \[o]/\/ \é(\/ o H

OH HN/:

YWoA
F/k\ (2);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein

HO” =0

CM represents a chelator moiety, optionally containing a chelated nonradioactive or

radioactive cation and the fluorine atom is optionally '3F.

The compounds of the invention may be compounds of Formula (3):

HO” =0 H H H
Ogera~N N\n/\/"‘mlw/”\/“'\cm
T])H T O SN
N T
18 P
F (3);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or

radioactive cation.

The compounds of the invention may be compounds of Formula (2a):
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0] H H (0]
RS
5 i
Oj\NH H2N
HO" YO H H
| N N
Oﬁk/\/N\n/\/ \n/\/ /u\/ CM
OH o) 0 O HN

o
s
A 22

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '8F.

The compounds of the invention may be compounds of Formula (3a):
0] 0]
H H
N
HO N\“/ \:)LOH
o)

By
(@] NH

HO” =0
O K/\/ \“/\/ \[(\/ /u\/N\CM
OH HN
\ @*@
/Si
Fe (3a);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or

radioactive cation.

An aspect of the present invention relates to compounds of Formula (2b):

H  Y—oH Y~ O
—>_ H (/Jo N H
H N
_>—NH

cM
HO NH
o={ 0=
o) OH NH,
HO (2b);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein

15



10

15

20

25

WO 2022/171901 PCT/EP2022/053699

CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally 8F.

An aspect of the present invention relates to compounds of Formula (3b):

Q N +~—NH F
H OH — O
H N—>_ H o N H
o H N

N_'\<o "_(}/-—NU_/—/N o) CcM

HO NH
o= o=
0 OH NH;
HO (3b);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or

radioactive cation.

In the compounds herein, a preferred chelating group (CM) comprises at least one of the
following (i), (i) or (iii):

(i) A macrocyclic ring structure with 8 to 20 ring atoms of which 2 or more, more preferably 3
or more, are selected from oxygen atoms or nitrogen atoms. Preferably, 6 or less ring atoms
are selected from oxygen atoms or nitrogen atoms. Especially preferred is that 3 or 4 ring
atoms are nitrogen atoms or oxygen atoms. Among the oxygen and nitrogen atoms,
preference is given to the nitrogen atoms. In combination with the macrocyclic ring structure,
the preferred chelating group may comprise 2 or more, such as 2 to 6, preferably 2 to 4,
carboxyl groups and/or hydroxyl groups. Among the carboxyl groups and the hydroxyl
groups, preference is given to the carboxyl groups.

(i) An acyclic, open chain chelating structure with 8 to 20 main chain (back bone) atoms of
which 2 or more, more preferably 3 or more are heteroatoms selected from oxygen atoms or
nitrogen atoms. Preferably, 6 or less back bone atoms are selected from oxygen atoms or
nitrogen atoms. Among the oxygen and nitrogen atoms, preference is given to the nitrogen
atoms. More preferably, the open chain chelating structure is a structure which comprises a
combination of 2 or more, more preferably 3 or more heteroatoms selected from oxygen
atoms or nitrogen atoms, and 2 or more, such as 2 to 6, preferably 2 to 4, carboxyl groups
and/or hydroxyl groups. Among the carboxyl groups and the hydroxyl groups, preference is
given to the carboxyl groups.
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(iiiy A branched chelating structure containing a quaternary carbon atom. Preferably the
quaternary carbon atom is substituted with 3 identical chelating groups in addition to the
SIFA/ligand moiety. The substituted chelating groups can comprise an amide. The
substituted chelating groups can comprise an aromatic group. The substituted chelating
groups can comprise a hydroxypyridinone.

The chelator moiety (CM) may comprise at least one of:

(i) a macrocyclic ring structure with 8 to 20 ring atoms of which 2 or more are
heteroatoms selected from oxygen atoms and nitrogen atoms;

(ii) an acyclic, open chain chelating structure with 8 to 20 main chain atoms of which 2 or
more are heteroatoms selected from oxygen atoms and nitrogen atoms; or

(iii) a branched chelating structure containing a quaternary carbon atom.

In preferred specific examples, the chelator moiety is a residue of a chelating agent selected
from bis(carboxymethyl)-1,4,8,11-tetraazabicyclo[6.6.2]hexadecane (CBTE2a), cyclohexyl-
1,2-diaminetetraacetic acid (CDTA), 4-(1,4,8,11-tetraazacyclotetradec-1-yl)-methylbenzoic
acid (CPTA), N'-[5-[acetyl(hydroxy)amino]pentyl]-N-[5-[[4-[5-aminopentyl-(hydroxy)amino]-4-
oxobutanoyllamino]pentyl]-N-hydroxybutandiamide (DFO), 4,11-bis(carboxymethyl)-
1,4,8,11-tetraazabicyclo[6.6.2]hexadecan (DO2A) 1,4,7,10-tetracyclododecan-N,N',N",N""-
tetraacetic acid (DOTA), o-(2-carboxyethyl)-1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid (DOTAGA), 1,4,7,10 tetraazacyclododecane N, N, N”, N” 1,4,7,10-
tetra(methylene) phosphonic acid (DOTMP), N,N'-dipyridoxylethylendiamine-N,N'-diacetate-
5,5'-bis(phosphat) (DPDP), diethylene triamine N,N’,N” penta(methylene) phosphonic acid
(DTMP), diethylenetriaminepentaacetic acid (DTPA), ethylenediamine-N,N'-tetraacetic acid
(EDTA), ethyleneglykol-O,0-bis(2-aminoethyl)-N,N,N',N'-tetraacetic acid (EGTA), N,N-
bis(hydroxybenzyl)-ethylenediamine-N,N'-diacetic acid (HBED), hydroxyethyldiaminetriacetic
acid (HEDTA), 1-(p-nitrobenzyl)-1,4,7,10-tetraazacyclodecan-4,7,10-triacetate (HP-DOA3),
6-hydrazinyl-N-methylpyridine-3-carboxamide ~ (HYNIC), tetra  3-hydroxy-N-methyl-2-
pyridinone chelators (4-((4-(3-(bis(2-(3-hydroxy-1-methyl-2-ox0-1,2-dihydropyridine-4-
carboxamido)ethyl)amino)-2-((bis(2-(3-hydroxy-1-methyl-2-oxo-1,2-dihydropyridine-4-

carboxamido)ethyl)amino)methyl)propyl)phenyl)amino)-4-oxobutanoic acid), abbreviated as
Me-3,2-HOPO, 1,4,7-triazacyclononan-1-succinic acid-4,7-diacetic acid (NODASA), 1-(1-
carboxy-3-carboxypropyl)-4,7-(carbooxy)-1,4,7-triazacyclononane (NODAGA), 1,4,7-
triazacyclononanetriacetic acid (NOTA), 4,11-bis(carboxymethyl)-1,4,8,11-
tetraazabicyclo[6.6.2]hexadecane (TE2A), 1,4,8,11-tetraazacyclododecane-1,4,8,11-
tetraacetic acid (TETA), tris(hydroxypyridinone) (THP), terpyridin-
bis(methyleneamintetraacetic acid (TMT), 1,4,7-triazacyclononane-1,4,7-trisimethylene(2-

17



10

WO 2022/171901 PCT/EP2022/053699

carboxyethyl)phosphinic acid] (TRAP), 1,4,7,10-tetraazacyclotridecan-N,N’,N",N"-tetraacetic
acid (TRITA), 3-[[4,7-bis[[2-carboxyethyl(hydroxy)phosphoryl]methyl]-1,4,7-triazonan-1-
yllmethyl-hydroxy-phosphoryl]propanoic acid, and triethylenetetraaminehexaacetic acid
(TTHA), which residue is provided by covalently binding a carboxyl group contained in the
chelating agent to the remainder of the conjugate via an ester or an amide bond.

The chelator moiety may be 1,4,7,10-tetracyclododecan-N,N',N",N"-tetraacetic acid (DOTA)
or a-(2-carboxyethyl)-1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTAGA).

Particular chelators are shown below:

HO
o (@]
(\: I HO.___O HO
N NOY oH HO
o[, J°
HG’L*’ N'; 7 /N E Nj
oﬁz \_/ \J(
OH
poTA DOTAGA
COOH HO
o
o, 0 O=P~0H o
F’GH i\m ,ﬂ“gﬂ OH
{ N,
H N M "o ?£“ Nj
— i -
wooc— f‘; HO'Pi\ O}"/— o m—«l:a o]
TRAP cooH , DOTPI or ,
O
HO—  )—
N
\Y
rC*thH
G
HO,C~r ./ \/QOQH
NOTA

THP
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HBED Me-3,2-HOPO

Among the above exemplary chelating agents, particular preference is given to a chelating
agent selected from TRAP, DOTA and DOTAGA.

Metal- or cation-chelating macrocyclic and acyclic compounds are well-known in the art and
available from a number of manufacturers. While the chelating moiety in accordance with the
present invention is not particularly limited, it is understood that numerous moieties can be
used in an off-the-shelf manner by a skilled person without further ado.

The chelating group may comprise a chelated cation which may be radioactive or non-
radioactive, preferably a chelated metal cation which may be radioactive or non-radioactive.
The chelating group may comprise a chelated cation which is radioactive. The chelating
group may comprise a chelated cation which is non-radioactive.

Especially preferred is that CM represents a chelating agent selected from DOTA and
DOTAGA bound with one of its carboxylic groups via an amide bond to the remainder of the
conjugate.

In order to be used in PET imaging, the compounds require a positron emitting atom. The
compounds include '®F for medical use. The compounds may be compounds wherein F is
F and CM comprises a radioactive metal cation. The compounds may be compounds
wherein F is '8F and CM comprises a nonradioactive metal cation. The compounds may be
compounds wherein F is '®F and CM comprises a radioactive metal cation. Most preferred
compounds of the invention are wherein F includes '®F and CM comprises a nonradioactive

metal cation.
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Preferred examples of cations that may be chelated by the chelating group are the non-
radioactive cations of Sc, Cr, Mn, Co, Fe, Ni, Cu, Ga, Zr, Y, Tc, Ru, Rh, Pd, Ag, In, Sn, te,
Pr, Pm, Tb, Sm, Gd, Tb, Ho, Dy, Er, Yb, Tm, Lu, Re, Pt, Hg, Au, Pb At, Bi, Ra, Ac, Th; more
preferably the cations of Sc, Cu, Ga, Y, In, Tb, Ho, Lu, Re, Pb, Bi, Ac, Th and Er. The cation
may be Ga. The cation may be Lu.

The chelator moiety may contain a chelated cation selected from the cations of *3Sc, “‘Sc,
43¢, %'Cr, ™Mn, %8Co, %2Fe, %Ni, >Ni, %2Cu, %Cu, ¥ Cu, *Ga, ’Ga ®Ga, %Zr, oY, Y, <Tgc,
99mTC 97Ru 105Rh 109Pd 111Ag 110m|n 111|n 113m|n 114m|n 117msn 121Sn ‘127'|'e 142Pr 143|;)r
149Pm, 151Pm’ MgTb, 152Tb, 155Tb, 161Tb’ 1538m, 157Gd, 161Tb’ 166HO, 165Dy, 169Er, 169Yb, 175Yb,
172Tm 177Lu 186Re 188Re ‘191Pt 197Hg 198Au 199AU 212Pb 203Pb 211At_ 21ZBi 21BBi 223Ra
25Ac, 22'Th, a cationic molecule comprising '®F or a cation such as 'F-[AIF]>*; more
preferably the cations of *Sc, 4’Sc, ®Cu, ¥Cu, ®Ga, Y, ""'In, %'Tb, %Ho, '""Lu, '®®Re,

212pp, 212B;, 213Bj, 225A¢, and 22’Th or a cationic molecule comprising '8F.

The chelator moiety may contain a chelated cation selected from the cations of 4Sc, “/Sc,
4780, 64CU, 67CU, 67Ga, 68Ga, SOY, 111|n, ‘]49Tb, 152Tb, 155Tb, 161Tb, 166HO, 177|_U, 186Re,
188Re,2'2Pb, 212Bi, 2'3Bi, 2*°Ac, and 2’Th or a cationic molecule comprising '8F. The chelator
moiety may contain a chelated cation selected from the cations of Ga or Lu. The chelator
moiety may contain a chelated Ga cation. The chelator moiety may contain a chelated Lu
cation. The chelator moiety may contain a chelated cation selected from the cations of %Ga
or '7Lu. The chelator moiety may contain a chelated %8Ga cation. The chelator moiety may
contain a chelated "77Lu cation.

In the compounds herein, CM may be selected from:
0 )

HO O HO—° HOZO HO Ho\i
!K,(\IN/_\N ;\[‘/\/\N/—\N ;\(\N/—\N
o 0, Jo °C, Jg

NEANS

—/ \/Z(OH OH ;\\—/ \/[(OH
_ o7 ~OH . o7OH _

HO__O ogfo HOO  O- o Olfo
;«\(\INWN A\ e
O E |_L|3Jr j o OE Lu3+ j o
AN NN
o} ° _ Lo‘ Lo‘ ° .

@) O
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The compound may be:
0 0
H H
oA Ko
0]

j\NH 0o
e e ml CYp j

N\/@AO OH
Fji g OH |

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein the

HO™ =0

5 compound optionally contains a chelated nonradioactive or radioactive cation and wherein

the fluorine atom is optionally F.

The compound may be:
0
NJOH

1 o 0
NH H

N

ervrvml [ j

pd |

10  or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a

HO

H

chelated nonradioactive or radioactive cation and wherein the fluorine atom is optionally '3F.

The compound may be:
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HO HO
NH Q

81""“ ) g Y\/ W\J\ ,U\/ [ j
X 57
/K

or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a

;
chelated nonradioactive or radioactive cation.

5  The compound may be:
o

o n L
HO hig OH
O

HO™ ~O

or a pharmaceutically acceptable salt thereof, wherein the fluorine atom is optionally '8F.

The compound may be:

o) o)
H H
N
HO er\/u\
o
j\ HO o 0P
HO™ YO 07 NH H
0

ﬁ\--k/\/n\g/\/nj(\/p‘ NJJ\:/Nj(\N/_\N
O 7~

10 F18//k\

or a pharmaceutically acceptable salt thereof.
The compound may be:
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(0] H H 0
N
Ho N \{lLOH
I
by W g Ho-°
HO” =0 0O~ "NH H H H
Oﬁ)\/\/

r H\fo(\/N\fO(\/Njc‘);LHﬁ \g/i /_\Nj
L S

FA
or a pharmaceutically acceptable salt or any individual isomer thereof, wherein the

compound optionally contains a chelated nonradioactive or radioactive cation and wherein

the fluorine atom is optionally F.

5
The compound may be:
0
HO N\/U\OH
1NH L oS
HO H
k/\/Hm/\/ \n/\/ ’U\/N
OH E j
S,@ jos
or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a
chelated nonradioactive or radioactive cation and wherein the fluorine atom is optionally '3F.
10

The compound may be:

0 0

H H
N
Ho” ~ N \E)LOH
O H
1, L Ho~°
HO” =0 o) H H ‘f
O AN~ )

Ay
¢ O[N Njo
0 ;\\_/\/4

OOH

H 0 HN
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H H
N N N
M s b &
0 0 0]
>
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or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a
chelated nonradioactive or radioactive cation.

The compound may be:
O

Ho R
HO Y Y OH
O =

j/\ NS o 0~¢°
o h‘ﬂ/\/H }

HO” =0

N / \
Oﬁ‘ N\n/\/N\n/\/N N \n/\N N
H O ) O HN/ O [ LU3+ j 0
N N
ﬂ\ © —/ o
F/SI o’ ©

or a pharmaceutically acceptable salt thereof, wherein the fluorine atom is optionally '®F.

The compound may be:

0 H H 0}
AN,
&
NH HoN (0] o
HO™ =0 0 H H H H —
OH 0O e} o) HN/- OE Lu3+ o

10 or a pharmaceutically acceptable salt thereof.
The compound may be:
H
0] N NH E
H _>—OH },-—(— 0 Q H-O
H N~ H O N O o. OH
QN ‘——>_ N H N j’
0] NH 0] H N\/\N
HO o) NH
o) 0=(

[N
0 OH NH, L
” (LN OH
HOY0
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or a pharmaceutically acceptable salt or any individual isomer thereof, wherein the
compound optionally contains a chelated nonradioactive or radioactive cation and wherein

the fluorine atom is optionally '8F.

5  The compound may be:

OH
Rroedl ﬁ }y@w

HO
=\

o} OH NH2 L K/N

HO
or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a
chelated nonradioactive or radioactive cation and wherein the fluorine atom is optionally '®F.

10 The compound may be:

or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a

chelated nonradioactive or radioactive cation.

15  The compound may be:
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Q NH _NH
OH r—
NH-?_ O »—\_\\_O 'e)
Q. NH{ _->_ NH

o) NH o)
HO O \_/_/ NH Lu3+
o o W v
: (U o
HO oo T M

@)

)

or a pharmaceutically acceptable salt thereof, wherein the fluorine atom is optionally 8F.

The compound may be:

>—OH — 00 o}
NH O /Nigiy_\_szo OO0
Q NH« NH $
WNH
NH

Lu3
) =\OH o NK/P
2 L N O
HO oo
5 o

or a pharmaceutically acceptable salt thereof.

The compound may be:

H )-OH { 0Q HQ
H N H o N O o OH

Q N " N H N j’
0] NH 0] H N\/\
HO —o>_ \—/_/ NH [ N
0 “on O=<NH \ ')

2 N OH
G ICE
HO™Y0 \—<\O

10 or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a
chelated nonradioactive or radioactive cation and wherein the fluorine atom is optionally '8F.

The compound may be:
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N —NH F
H OH >~ 0Q H-O
—>_ H “{—/_[0 N H_fo Oy _OH
H N j”
'_->—NH H N
NH [

\/\N
HO
] =\OH o=(NH NK/H
2 L N OH
HO HO o~

or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a
chelated nonradioactive or radioactive cation.

5  The compound may be:

TL

~—NH
}—OH —
<NH }—\_2=o 0
Q  NH NH
—>—N\H_/—/ o)
HO o ¢ Lu3+
o= N
o OH NH2 LK/N 0
HO 0o \_«o

or a pharmaceutically acceptable salt thereof, wherein the fluorine atom is optionally '8F.

The compound may be:

O=\ O=< LU3+
0 OH NH,
HO L NN
00
10 o

or a pharmaceutically acceptable salt thereof.

Preferred labelling schemes for these most preferred compounds are as defined herein
above.
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Also provided is a pharmaceutical imaging composition comprising or consisting of one or

more compounds of the invention as disclosed herein above.

Also provided is a diagnostic composition comprising or consisting of one or more
compounds of the invention as disclosed herein above.

The pharmaceutical composition may further comprise pharmaceutically acceptable carriers,
excipients and/or diluents. Examples of suitable pharmaceutical carriers, excipients and/or
diluents are well known in the art and include phosphate buffered saline solutions, water,
emulsions, such as oil/water emulsions, various types of wetting agents, sterile solutions etc.
Compositions comprising such carriers can be formulated by well-known conventional
methods. These pharmaceutical compositions can be administered to the subject at a
suitable dose. Administration of the suitable compositions may be effected in different ways,
e.g., by intravenous, intraperitoneal, subcutaneous, intramuscular, topical, intradermal,
intranasal or intrabronchial administration. It is particularly preferred that said administration
is carried out by injection and/or delivery, e.g., to a site in the pancreas or into a brain artery
or directly into brain tissue. The compositions may also be administered directly to the target
site, e.g., by biolistic delivery to an external or internal target site, like the pancreas or brain.
The dosage regimen will be determined by the attending physician and clinical factors. As is
well known in the medical arts, dosages for any one patient depends upon many factors,
including the patient's size, body surface area, age, the particular compound to be
administered, sex, time and route of administration, general health, and other drugs being
administered concurrently. Pharmaceutically active matter may be present in an effective
therapeutic amount, which may be between 0.1 ng and 10 mg/kg body weight per dose;
however, doses below or above this exemplary range are envisioned, especially considering
the aforementioned factors.

Also provided is one or more compounds of the invention as disclosed herein above for use

in diagnostic medicine.

Preferred uses in medicine are in nuclear medicine such as nuclear diagnostic imaging, also
named nuclear molecular imaging, and/or targeted radiotherapy of diseases associated with
an overexpression, preferably of PSMA on the diseased tissue.

Also provided is a compound of the invention as defined herein above for use in a method of
diagnosing and/or staging cancer, preferably prostate cancer. Prostate cancer is not the only
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cancer to express PSMA. Nonprostate cancers to demonstrate PSMA expression include
breast, lung, colorectal, and renal cell carcinoma. Thus any compound described herein
having a PSMA binding moiety can be used in the diagnosis, imaging or treatment of a
cancer having PSMA expression.

Preferred indications are the detection or staging of cancer, such as, but not limited high
grade gliomas, lung cancer and especially prostate cancer and metastasized prostate
cancer, the detection of metastatic disease in patients with primary prostate cancer of
intermediate-risk to high-risk, and the detection of metastatic sites, even at low serum PSA
values in patients with biochemically recurrent prostate cancer. Another preferred indication

is the imaging and visualization of neoangiogensis.

Also provided is a compound of the invention as defined herein above for use in a method of
diagnosing and/or staging cancer, preferably prostate cancer.

Also provided is a pharmaceutical or diagnostic composition comprising or consisting of one
or more compounds of Formula (1). The compounds of the invention may be for use as a
cancer diagnostic or imaging agent. Accordingly also provided is a method of imaging and/or
diagnosing cancer comprising administering a compound of Formula (1) or a composition
comprising a compound of Formula (1). The compounds or compositions of the invention
may be for use in the treatment of cancer. The compounds or compositions of the invention
may be for use in the diagnosis, imaging or prevention of neoangiogenesis/angiogenesis.
The compounds or compositions of the invention may be for use as a cancer diagnostic or
imaging agent or for use in the treatment of cancer wherein the cancer is prostate, breast,

lung, colorectal or renal cell carcinoma.

The term “treatment”, in relation to the uses of any of the compounds described herein,
including those of Formula (1) is used to describe any form of intervention where a
compound is administered to a subject suffering from, or at risk of suffering from, or
potentially at risk of suffering from the disease or disorder in question. Thus, the term
“treatment” covers both preventative (prophylactic) treatment and treatment where
measurable or detectable symptoms of the disease or disorder are being displayed.

The term “effective therapeutic amount” (for example in relation to methods of treatment of a

disease or condition) refers to an amount of the compound which is effective to produce a
desired therapeutic effect.
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References to chemical functional groups are to be interpreted in their conventional sense
(e.g. as defined in the IUPAC Gold Book), unless indicated otherwise. “optionally
substituted” as applied to any group means that the said group may if desired be substituted
with one or more substituents, which may be the same or different.

To the extent that any of the compounds described have chiral centres, the present invention
extends to all optical isomers of such compounds, whether in the form of racemates or
resolved enantiomers. The invention described herein relates to all crystal forms, solvates
and hydrates of any of the disclosed compounds however so prepared. To the extent that
any of the compounds disclosed herein have acid or basic centres such as carboxylates or
amino groups, then all salt forms of said compounds are included herein. In the case of
pharmaceutical uses, the salt should be seen as being a pharmaceutically acceptable salt.

Salts or pharmaceutically acceptable salts that may be mentioned include acid addition salts
and base addition salts as well as salt forms arising due to the presence of the chelated
nonradioactive or radioactive cation. Such salts may be formed by conventional means, for
example by reaction of a free acid or a free base form of a compound with one or more
equivalents of an appropriate acid or base, optionally in a solvent, or in a medium in which
the salt is insoluble, followed by removal of said solvent, or said medium, using standard
techniques (e.g. in vacuo, by freeze-drying or by filtration). Salts may also be prepared by
exchanging a counter-ion of a compound in the form of a salt with another counter-ion, for

example using a suitable ion exchange resin.

Beyond the suitable chelated nonradioactive or radioactive cations described herein above,
further examples of pharmaceutically acceptable salts include acid addition salts derived
from mineral acids and organic acids, and salts derived from metals such as sodium,

magnesium, potassium and calcium.

Examples of acid addition salts include acid addition salts formed with acetic, 2,2-
dichloroacetic, adipic, alginic, aryl sulfonic acids (e.g. benzenesulfonic, naphthalene-2-
sulfonic, naphthalene-1,5-disulfonic and p-toluenesulfonic), ascorbic (e.g. L-ascorbic), L-
aspartic, benzoic, 4-acetamidobenzoic, butanoic, (+) camphoric, camphor-sulfonic, (+)-(1S)-
camphor-10-sulfonic, capric, caproic, caprylic, cinnamic, citric, cyclamic, dodecylsulfuric,
ethane-1,2-disulfonic, ethanesulfonic, 2-hydroxyethanesulfonic, formic, fumaric, galactaric,
gentisic, glucoheptonic, gluconic (e.g. D-gluconic), glucuronic (e.g. D-glucuronic), glutamic
(e.g. L-glutamic), a-oxoglutaric, glycolic, hippuric, hydrobromic, hydrochloric, hydriodic,
isethionic, lactic (e.g. (+)-L-lactic and (t)-DL-lactic), lactobionic, maleic, malic (e.g. (-)-L-

30



10

15

20

25

30

35

WO 2022/171901 PCT/EP2022/053699

malic), malonic, (z)-DL-mandelic, metaphosphoric, methanesulfonic, 1-hydroxy-2-naphthoic,
nicotinic, nitric, oleic, orotic, oxalic, palmitic, pamoic, phosphoric, propionic, L-pyroglutamic,
salicylic, 4-amino-salicylic, sebacic, stearic, succinic, sulfuric, tannic, tartaric (e.g.(+)-L-
tartaric), thiocyanic, undecylenic and valeric acids.

Also encompassed are any solvates of the compounds and their salts. Preferred solvates
are solvates formed by the incorporation into the solid state structure (e.g. crystal structure)
of the compounds of the invention of molecules of a non-toxic pharmaceutically acceptable
solvent (referred to below as the solvating solvent). Examples of such solvents may include
water, alcohols (such as ethanol, isopropanol and butanol) and dimethylsulfoxide. Solvates
can be prepared by recrystallising the compounds of the invention with a solvent or mixture
of solvents containing the solvating solvent. Whether or not a solvate has been formed in
any given instance can be determined by subjecting crystals of the compound to analysis
using well known and standard techniques such as thermogravimetric analysis (TGA),
differential scanning calorimetry (DSC) and X-ray crystallography.

The solvates can be stoichiometric or non-stoichiometric solvates. Particular solvates may
be hydrates, and examples of hydrates include hemihydrates, monohydrates and dihydrates.
For a more detailed discussion of solvates and the methods used to make and characterise
them, see Bryn et al, Solid-State Chemistry of Drugs, Second Edition, published by SSCI,
Inc of West Lafayette, IN, USA, 1999, ISBN 0-967-06710-3.

The compounds of the invention may contain one or more isotopic substitutions, and a
reference to a particular element includes within its scope all isotopes of the element. For
example, a reference to hydrogen includes within its scope 1H, 2H (D), and 3H (T). Similarly,
references to carbon and oxygen include within their scope respectively 12C, 13C and 14C
and 160 and 180. In an analogous manner, a reference to a particular functional group also
includes within its scope isotopic variations, unless the context indicates otherwise. For
example, a reference to an alkyl group such as an ethyl group or an alkoxy group such as a
methoxy group also covers variations in which one or more of the hydrogen atoms in the
group is in the form of a deuterium or tritium isotope, e.g. as in an ethyl group in which all
five hydrogen atoms are in the deuterium isotopic form (a perdeuteroethyl group) or a
methoxy group in which all three hydrogen atoms are in the deuterium isotopic form (a
trideuteromethoxy group). The isotopes may be radioactive or non-radioactive.

PREPARATION OF THE COMPOUNDS OF THE INVENTION
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Some compounds of Formula (1) and derivatives or synthetic intermediates thereof can be
prepared in accordance with synthetic methods known to the skilled person. In some
embodiments, the invention provides a process for the preparation of a compound as
defined in Formula (1). Compound 2C013 of the invention may be prepared according to the
methods described below. ™Lu refers to naturally occurring non radioactive Lutetium which
is composed of "°Lu and '"®Lu. "’Lu refers to radioactive Lutetium 177.

Solid Phase Peptide Synthesis

TCP-resin loading (General Procedure 1a (GP1a))

Loading of the tritylchloride polystyrene (TCP) resin with a Fmoc-protected amino acid (AA)
was carried out by stirring a solution of the TCP-resin (1.60 mmol/g) and Fmoc-AA-OH
(1.5 eq.) in anhydrous DCM with DIPEA (3.8 eq.) at room temperature for 2 h. Remaining
tritylchloride was capped by the addition of methanol (2 mL/g resin) for 15 min. Subsequently
the resin was filtered and washed with DCM (2 x 5 mL/g resin), DMF (2 x 5 mL/g resin) and
methanol (5 mL/g resin) and dried in vacuo. Final loading / of Fmoc-AA-OH was determined
by the following equation:

m3=mass of loaded resin [g]

I mmol _ (m,—m4)x1000
[ g ] My —Mpc) m, m1 = mass of unloaded resin [g]

Mw = molecular weight of AA [g/mol]

On-resin Amide Bond Formation (GPZ2)

For conjugation of a building block to the resin-bound peptide, a mixture of TBTU with HOBt
or HOAL is used for pre-activation of the carboxylic with DIPEA or 2,4,6-trimethylpyridine as
a base in DMF (10 mL/g resin). After 5 min at rt, the solution was added to the swollen resin.
The exact stoichiometry and reaction time for each conjugation step is given in the
respective synthesis protocols. After reaction, the resin was washed with DMF (6 x 5 mL/g

resin).

On-resin Fmoc-deprotection (GP3)

The resin-bound Fmoc-peptide was treated with 20% piperidine in DMF (v/v, 8 mL/g resin)
for 5 min and subsequently for 15 min. Afterwards, the resin was washed thoroughly with

DMF (8 x 5 mL/g resin).

On-resin Dde-deprotection (GP4)
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The Dde-protected peptide was dissolved in a solution of 2% hydrazine monohydrate in
DMF (v/v, 5 mL/g resin) and shaken for 20 min (GP4a). In the case of present Fmoc-groups,
Dde-deprotection was performed by adding a solution of imidazole (0.92 g/g resin),
hydroxylamine hydrochloride (1.26 g/g resin) in NMP (5.0 mL/g resin) and DMF (1.0 mL/g
resin) for 3 h at room temperature (GP4b). After deprotection the resin was washed with
DMF (8 x 5 mL/g resin).

On-resin acetylation (GP6)
A mixture of NMP/acetic anhydride/DIPEA (85/10/5, v/v/v) was added to the resin for 15 min.
Afterwards, the resin was washed thoroughly with DMF (6 x 5 mL/g resin).

o . 4 0
HO SDjrmggLOH
g
HO
Ho™ o o7 oH o
/_\/2

H H H i
Oﬁ\\“L@/\/DT(\/Dj(\/D ®) DJ\@'DT]/\D o OH
OH S o °o N7 ° [ ]

HO

2C013

0 0 OH
o 7/ \——<
Chemical Formula: CsgHgsF 01302380 o
Si O~ "OH

Molecular Weight: 1400,55 E-

The synthesis was carried out on 2-chlorotrityl chloride resin (1.60 mmol/g). Fmoc-D-
Orn(Dde)-OH (2.75 eq.) was loaded to the resin as first building block according to GP1a,
and after subsequent Fmoc cleavage (GP3), (BuO)EuE(OfBu): (2.0 eq.) was conjugated
with TBTU (2.0 eq.), HOAt (2.0 eq.) and DIPEA (6.0eq.) in DMF for 4.5h (GP2).
Deprotection of Dde was carried out with a mixture of hydrazine in DMF (GP4a).
Subsequently, Fmoc-B-Ala-OH (2.0 eq.) was conjugated with TBTU (2.0 eq.), HOAt (2.0 eq.)
and DIPEA (6.0 eq.) in DMF for 2.5 h (GP2), followed by acetylation of unreacted amines
with acetic anhydride and DIPEA in NMP (GP6) and subsequent Fmoc deprotection (GP3).
Coupling of Fmoc-B-Ala-OH (GP2), acetylation (GP6) and Fmoc deprotection (GP3) was
carried out a second time as described above, followed by conjugation of Fmoc-D-Ser(Bu)-
OH with TBTU (2.0 eq.), HOAt (2.0 eg.) and DIPEA (6.0 eq.) in DMF for 2.5 h (GP2). After
Fmoc deprotection (GP3), Fmoc-D-Dap(Dde)-OH (2.0 eq.) was conjugated with TBTU
(2.0 eq.), HOAt (2.0 eq.) and 2,4,6-trimethylpyridine (6.7 eq.) in DMF for 2.5h (GP2).
Orthogonal deprotection of Dde was carried out using hydroxylamin hydrochloride and
imidazole in a mixture of DMF and NMP for 3.5 h (GP4b). Subsequently, SiFA-BA (2.0 eq.)
was pre-activated in a mixture of TBTU (2.0 eq), HOAt (2.0 eq.) and DIPEA (6.0 eq.) in DMF,
added to the resin and left to react for 2.5 h (GP2). The remaining Fmoc protecting group
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was cleaved according to GP3 and DOTA(iBu)s (2.0 eq.) was conjugated with TBTU
(2.0 eq.), HOAt (2.0 eq.) and DIPEA (6.0 eq.) in DMF for 2.5h (GP2) and the resulting
solution was left at RT over night to achieve quantitative deprotection of acid-labile
protecting groups. After purification by semipreparative RP-HPLC, 2C013 was obtained as
colourless, amorphous solid (11%). RP-HPLC (10-70% Bin 15 min): tzr= 10.1 min,
K’ = 4.73. Calculated monoisotopic mass (CssHgsFN13023Si): 1399.6; found: m/z = 1400.0
[M+H]*, 700.3 [M+2H]?*.

["'Lu]Lu-2C013

The corresponding 2C013 "Lu-complex was prepared from a 2 mM solution of 2C013 (1.0
eq.) in DMSO with a 20 mM aqueous solution of LuCl; (2.5 eq.), heated to 95 °C for 30 min.
After cooling, the "*Lu-chelate formation was confirmed using RP-HPLC and MS. RP-HPLC
(10-70% Bin 15 min):  ts=10.0min, K =5.00. Calculated monoisotopic  mass
(CssHa1FLUN13023Si): 1571.5; found: m/z = 1572.4 [M+H]*, 786.3 [M+2H]?*.

2C011

H H
HOOC (LN N{(8.COOH

HoN ° HO.__O
) H y )
o\\l\\ K/\/N\[(\/ \n/\/NTg} J\L:} ]AIN/_\N/_<OH
OH (0] 0 / [ ]
HO N N OH
TsalFatts
t-Bu- ! o) o)
SI|
t-Bu

Chemical Formula: CgoHggFN14024Si
Molecular Weight: 1471,63

Initially analagous to 2C013, replacing the Fmoc-D-Ser(Bu)-OH with Fmoc-D-Dap(Boc)-OH
(1.5 eq.) pre-activated with HOAt (1.5 eq.), TBTU (1.5 eq.) and DIPEA (4.5 eq.) in DMF for
5 min and coupled to the resin for 2 h (GP2). Subsequent installation of the radiohybrid unit
D-Dap(SiFA)-(S)-DOTA-GA was achieved according to the synthesis above starting with the
coupling of Fmoc-D-Dap(Dde)-OH. The cleaved, dried crude product was purified by RP-
HPLC. RP-HPLC (10 to 90% B in 15 min): iz = 8.0 min. K = 3.5. Calculated monoisotopic
mass (Ce2HaoFN14024Si): 1470.7 found: m/z = 1471.9 [M+H]*, 736.3 [M+2H]?*.

2C014
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o} H H 0O
S, S HyN 0]
w0 iy el T o o
O 3 HN > — {
l HO N N OH
HO™ ~O 0O~ 'NH H 0] H O [ j
O\\\"LQ/\/N\”/\/\/\NJL(R),N R NJJ\/\(S),N N OH
\(])H o) H = 5 H A ;o
HN HO™ ~O
Chemical Formula: CggH1g5FN14024Si } \/ @]
Molecular Weight: 1513,71
F,Sl

The synthesis was carried out on 2-chlorotrityl chloride resin (1.60 mmol/g). Fmoc-D-
Orn(Dde)-OH (2.75 eq.) was loaded to the resin as first building block according to GP1a,
and after subsequent Fmoc cleavage (GP3), (BuO)EuE(O1Bu). (2.0 eq.) was conjugated
with TBTU (2.0 eq.), HOAt (2.0 eq.) and DIPEA (6.0eq.) in DMF for 4.5h (GP2).
Deprotection of Dde was carried out with a mixture of hydrazine in DMF (GP4a).
Subsequently, Fmoc-Ahx-OH (2.0 eq.) was conjugated with TBTU (2.0 eq.), HOAt (2.0 eq.)
and DIPEA (6.0 eq.) in DMF for 2.5h (GP2). After Fmoc deprotection (GP3), Fmoc-D-
Dap(Dde)-OH (2.0 eq.) was conjugated with TBTU (2.0eqg.), HOAt (2.0eq.) and
2,4,6-trimethylpyridine (6.7 eq.) in DMF for 2.5 h (GP2). Orthogonal deprotection of Dde was
carried out using hydroxylamin hydrochloride and imidazole in a mixture of DMF and NMP
for 3.5 h (GP4b). Subsequently, SiFA-BA (2.0 eq.) was conjugated with TBTU (2.0 eq.),
HOAt (2.0eq.) and DIPEA (6.0eq.) in DMF for 25h (GP2). Fmoc deprotection
(GP3),followed by conjugation of Fmoc-D-Cit-OH (2.0 eq.) with TBTU (2.0 eq), HOAt
(2.0eqg.) and DIPEA (6.0 eqg.) in DMF for 2.5h (GP2) followed by subsequent Fmoc
cleavage (GP3), before final conjugation of (S)-DOTAGA(tBu).. After purification by
semipreparative RP-HPLC, 2C014 was obtained as colourless, amorphous solid (33%). RP-
HPLC (10-70% Bin 15 min): tr=10.3min, K =4.76. Calculated monoisotopic mass
(CesH10sFN14024Si): 1512.7; found: m/z = 1514.4 [M+H]*, 757.6 [M+2H]?*.

2C015
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Chemical Formula: CgsH195FN14024Si \_\ {
Molecular Weight: 1513,71 i
.Si

TN

The synthesis of 2C015 was carried out in analogy to 2C014, only differing by conjugation of
(R)-DOTAGA(Bu)s. After purification by semipreparative RP-HPLC, 2C015 was obtained as
colourless, amorphous solid (33%). RP-HPLC (10-70% Bin 15 min): tgr=10.2 min,

= 4.81. Calculated monoisotopic mass (CesH10sFN14024Si): 1512.7; found: m/z = 1513.4
[M+H]*, 757.6 [M+2H]?*.

In Vitro Experiments

Cell Culture

PSMA-positive LNCAP cells (300265; Cell Lines Service, Eppelheim, Germany) were
cultivated in Dulbecco modified Eagle medium/Nutrition Mixture F-12 with Glutamax (1 : 1)
(DMEM-F12, Biochrom, Berlin, Germany) supplemented with fetal bovine serum (10%, FBS
Zellkultur, Berlin, Germany) and kept at 37°C in a humidified CO, atmosphere (5%). A
mixture of trypsin and EDTA (0.05%, 0.02%) in PBS (Biochrom) was used in order to harvest
cells. Cells were counted with a Neubauer hemocytometer (Paul Marienfeld, Lauda-
Kénigshofen, Germany).

Affinity Determinations (ICso)

For PSMA affinity (ICso) determinations, the respective ligand was diluted (serial dilution 10*
to 1079 in Hank’s balanced salt solution (HBSS, Biochrom). In the case of metal-complexed
ligands, the crude reaction mixture was diluted analogously, without further purification. Cells
were harvested 24 + 2 hours prior to the experiment and seeded in 24-well plates (1.5 x 10°
cells in 1 mL/well). After removal of the culture medium, the cells were carefully washed with
500 pL of HBSS, supplemented with 1% bovine serum albumin (BSA, Biowest, Nuaillé,
France) and left 15 min on ice for equilibration in 200 pL HBSS (1% BSA). Next, 25 pL per
well of solutions, containing either HBSS (1% BSA, control) or the respective ligand in
increasing concentration (10" — 104 M in HBSS) were added with subsequent addition of
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25 pL of ['?°1]I-BA-KUE (2.0 nM) in HBSS (1% BSA). After incubation on ice for 60 min, the
experiment was terminated by removal of the medium and consecutive rinsing with 200 pL
of HBSS (1% BSA). The media of both steps were combined in one fraction and represent
the amount of free radioligand. Afterwards, the cells were lysed with 250 uL of 1M
aqueous NaOH for at least 10 min. After a washing step (250 pL of 1 M NaOH), both
fractions, representing the amount of bound ligand, were united. Quantification of all
collected fractions was accomplished in a y-counter. PSMA-affinity determinations were
carried out at least three times per ligand.

Internalization Studies

For internalization studies, LNCaP cells were harvested 24 + 2 hours before the experiment
and seeded in poly-L-lysine coated 24-well plates (1.25 x 105 cells in 1 mL/well, Greiner Bio-
One, Kremsmiinster, Austria). After removal of the culture medium, the cells were washed
once with 500 uL DMEM-F12 (5% BSA) and left to equilibrate for at least 15 min at 37 °C in
200 uL DMEM-F12 (5% BSA). Each well was treated with either 25 pL of either DMEM-F12
(5% BSA, control) or 25 uL of a 100 uM PMPA (2-(Phosphonomethyl)-pentandioic acid,
Tocris Bioscience, Bristol, UK) solution in PBS, for blockade. Next, 25 pL of the radioactive-
labelled PSMA inhibitor (10.0 nM in DMEM-F12 (5% BSA)) was added and the cells were
incubated at 37 °C for 60 min. The experiment was terminated by placing the 24-well plate
on ice for 3 min and consecutive removal of the medium. Each well was carefully washed
with 250 pL of ice-cold HBSS. Both fractions from the first steps, representing the amount of
free radioligand, were combined. Removal of surface bound activity was accomplished by
incubation of the cells with 250 pL of ice-cold PMPA (10 uM in PBS) solution for 5 min and
rinsed again with another 250 pL of ice-cold PBS. The internalized activity was determined
by incubation of the cells in 250 uL 1 M aqueous NaOH for at least 10 min. The obtained
fractions were combined with those of the subsequent wash step with 250 uL 1 M aqueous
NaOH. Each experiment (control and blockade) was performed in triplicate. Free, surface
bound and internalized activity was quantified in a y-counter. All internalization studies were
accompanied by external reference studies, using (['*°1]I-BA)KUE (¢ = 0.2 nM), which were
performed analogously. Data were corrected for non-specific binding and normalized to the
specific-internalization observed for the radioiodinated reference compound.

Octanol-Water Partition Coefficient (logD7.s)

Approximately 1 MBq of the labelled tracer was dissolved in 1 mL of a 1:1 mixture (v/v) of
PBS (pH 7.4) and n-octanol in a reaction vial (1.5 mL). After vigorous mixing of the
suspension for 3 minutes at room temperature, the vial was centrifuged at 15000 g for 3
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minutes (Biofuge 15, Heraus Sepatech, Osterode, Germany) and 100 pL aliquots of both

layers were measured in a gamma counter. The experiment was repeated at least six times.

Determination of Human Serum Albumin (HSA) Binding by High Performance Affinity
Chromatography (HPAC)

HSA binding of the PSMA-addressing ligands was determined according to a previously
published procedure via HPLC (Valko, K.; Nunhuck, S.; Bevan, C.; Abraham, M. H;
Reynolds, D. P. Journal of pharmaceutical sciences 2003, 92, 2236-2248). A Chiralpak HSA
column (50 x 3 mm, 5 um, H13H-2433, Daicel, Tokyo, Japan) was used at a constant flow
rate of 0.5 mL/min at rt. Mobile phase A was a freshly prepared 50 mM aqueous solution of
NH4OAc (pH 6.9) and mobile phase B was isopropanol (HPLC grade, VWR). The applied
gradient for all experiments was 100% A (0 to 3 min), followed by 80% A (3 to 40 min). Prior
to the experiment, the column was calibrated using nine reference substances with a HSA
binding, known from literature, in the range of 13 to 99% (Valko, K.; Nunhuck, S.; Bevan, C;
Abraham, M. H.; Reynolds, D. P. Journal of pharmaceutical sciences 2003, 92, 2236-2248;
Yamazaki, K.; Kanaoka, M. Journal of Pharmaceutical sciences 2004, 93, 1480-1494). All
substances, including the examined PSMA ligands, were dissolved in a 1:1 mixture (v/v) of
isopropanol and a 50 mM aqueous solution of NHsOAc (pH 6.9) with a final concentration of
0.5 mg/mL. Non-linear regression was established with the OriginPro 2016G software
(Northampton, United States) (Fig. 8).
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Biodistribution Studies

Approximately 3—-7 MBq (0.1-0.2 nmol) of the radioactive-labelled PSMA inhibitors were
injected into the tail vein of LNCaP tumor-bearing male CB-17 SCID mice and sacrificed
after 24 h post injection. Selected organs were removed, weighted and measured in a y-
counter. Results are all decay corrected and given in % injected dose per gram of tissue
(%iD/g). Tumor-to-organ ratios are calculated from animals’ individual ratios and are given

as mean = standard deviation.

USPECT/CT Imaging
Static images were recorded of sacrificed mice, 24 h p.i. directly after blood collection, with

an acquisition time of 45 min using the HE-GP-RM collimator and a step-wise multi-planar
bed movement. For imaging studies, a MiLabs VECTor4 small-animal SPECT/PET/OI/CT
from MiLabs (Utrecht, Netherlands) was applied. Furthermore, data were reconstructed
using the MiLabs-Rec software (version 10.02) and a pixel-based Similarity-Regulated
Ordered Subsets Expectation Maximization (SROSEM) algorithm with a window-based
scatter correction (20% below and 20% above the photopeak, respectively). Moreover,
further data analysis was accomplished using the PMODA4.0 software acquired from PMOD
TECHNOLOGIES LLC (Zurich, Switzerland) at defined settings (voxel size CT: 80 pm, voxel
size SPECT: 0.8 mm, 1.6 mm (FWHM) Gaussian blurring post processing filter, with
calibration factor in kBg/mL and decay correction and no attenuation correction).

Table 1: In vitro data of [""77Lu]Lu-2C013 and the known references ["'7’Lu]Lu-PSMA-617
and ["77Lu]Lu-rhPSMA-7.3.

HOJQ&SR ﬁ s oh
i
o
Ho o 07N "
O
Ok o
rhPSMA-T.3
HO, o o
%HW;}\({\V’H ?R)QA@H\(\N/_‘\NQ%OH
o o] e} HN,J [} [
- NL/N‘“-—J&OH
Nv i o ° E)LOH ©
F,Si
N
2c013
2C013 PSMA-617 rhPSMA-7.3
logD7.4 -3.30 £ 0.06 410+ -4.12 £ 0.11
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IC50 [nM] 444+161 | 33+02 3.29+1.00
Internalization [%|BA-KUE] 141+8 203 + 10 184 + 12
HSA (HPAC) [%] 88.6 84.9 98.6
MW o [kDa] 17.6 13.7 30.4
Kidneys (24h) [%iD/g] 095+042 | 9.8+27 14104
Tumor (24h) [%iD/g] 759123 | 11.6+22 7.5+0.9
T/K-ratio 9.04+3.09 | 1.24+0.29 5.17

Table 2: Uptake data of ["*"77Lu]Lu-2C013 and the known references
["V177Lu)Lu-PSMA-617 and ["'77Lu]Lu-rhPSMA-7.3, expressed as % injected dose per
gram of tissue (%iD/g).

['"Lu]Lu-2C013 ['""Lu]Lu-PSMA-617 ['"Lu]Lu-rhPSMA-7.3
24 hp.i.,n=4 24 hp.i.,n=4 24 hp.i.,n=4
uptake in
% iD/g mean SD mean SD mean SD
blood 0.0013 0.0007 0.0056 0.0026 0.0032 0.0007
heart 0.0190 0.0036 0.0119 0.0043 0.0306 0.0093
lung 0.0438 0.0138 0.0393 0.0130 0.0491 0.0114
liver 0.2519 0.0643 0.1167 0.0567 0.2165 0.0402
spleen 0.3891 0.1184 0.0812 0.0063 0.7333 0.2328
pancreas 0.0165 0.0045 0.0106 0.0040 0.0247 0.0049
stomach 0.0846 0.0433 0.0201 0.0028 0.0592 0.0281
intestine 0.3354 0.2068 0.1185 0.0822 0.1325 0.0814
kidney 0.9488 0.4204 1.4421 0.4243 9.8160 2.7388
adrenals 0.0618 0.0170 0.1910 0.0711 0.5614 0.2215
muscle 0.0040 0.0011 0.0092 0.0018 0.0091 0.0031
bone 0.0370 0.0042 0.0267 0.0174 0.0475 0.0097
tumor 7.5897 1.2282 7.4568 0.8969 11.6274 2.2372
parotid gl. 0.0554 0.0103 n.d. n.d. 0.1314 0.0424
submand. gl. | 0.0360 0.0038 n.d. n.d. 0.0564 0.0103

n.d. = not determined

Table 3: Uptake data of [™'77Lu]Lu-2C013 and the known references
["177Lu]Lu-PSMA-617 and ["a"77Lu]Lu-rhPSMA-7.3, expressed as tumor-to-organ ratio.

['""Lu]Lu-2C013 ['""Lu]Lu-PSMA-617 ['""Lu]Lu-rhPSMA-7.3
24hp.i.,n=4 24hp.i.,n=4 24hp.i.,n=4
tumor-to_- mean SD mean SD mean SD
organ ratio
blood 6891.48 2282.34 1423.84 454.65 3842.82 1145.20
heart 403.61 51.74 704.01 270.07 394.12 81.65
lung 189.80 67.60 210.40 74.00 239.49 24.05
liver 31.82 9.74 91.22 73.46 53.68 1.68
spleen 21.03 6.84 93.28 22.08 16.67 3.23
pancreas 492.10 159.57 798.52 292.83 487.03 132.64
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stomach 145.92 139.74 375.80 65.16 261.74 176.88
intestine 60.29 82.18 90.33 49.69 129.10 86.48
kidney 9.04 3.09 5.85 2.99 1.24 0.29
adrenals 131.27 41.87 43.54 15.21 22.96 6.92
muscle 2075.70 817.71 855.38 278.54 1453.52 600.97
bone 208.29 52.48 471.67 378.45 263.53 110.54
parotid gl. 140.11 27.40 n.d. n.d. 93.35 21.24
submand. gl. 211.04 26.91 n.d. n.d. 206.71 26.61

n.d. = not determined

Table 4: Repeated dataset of exvivo biodistribution studies of the compounds
["7LulrhPSMA-7.3 (n =5), ["’Lu]2C013 (n = 5) and [""/Lu]PSMA-I&T (n = 5) at 24 h p.i. in
male tumor-bearing CB17-SCID mice. Data expressed as percentage of the injected dose

per gram (%ID/g), mean * standard deviation.

Activity [177Lu]rhPSMA-7.3 [177Lu]2C013 [177Lu]PSMA-I&T
accumulation 24hp.i,n=5 24hpi,n=5 24 hpi,n=
[%ID/g]
(complete
dataset)

mean SD mean SD mean SD
blood 0.0046 0.002 0.0016 0.0008 | 0.0061 0.0027
heart 0.0333 0.003 0.023 0.0059 | 0.0208 0.0068
lung 0.0768 0.0179 | 0.0548 0.0089 | 0.1138 0.0228
liver 0.2352 0.0382 | 0.3202 0.0786 | 0.0553 0.0263
spleen 0.5817 0.1783 | 0.4246 0.1029 | 1.2047 1.0492
pancreas 0.0241 0.0042 |0.0173 0.0042 | 0.0295 0.0256
stomach 0.0434 0.0177 | 0.0349 0.0048 | 0.0326 0.0125
intestine 0.1001 0.0653 | 0.0615 0.06 0.0507 0.029
kidney 11.3738 1.4171 1.0833 0.3075 | 15.8527 11.9512
adrenals 0.4233 0.0855 |0.1327 0.0453 | 1.359 0.4626
muscle 0.0094 0.0032 | 0.0056 0.0021 | 0.0051 0.0033
bone 0.0307 0.0067 | 0.1331 0.0209 | 0.0209 0.0059
tumor 18.174 4.4592 |[10.1512 5.2775 | 7.578 2.6785
parotid gl. 0.1068 0.0284 | 0.063 0.0192 | 0.1346 0.0814
submand. gl. 0.0644 0.0134 |0.038 0.0082 | 0.0581 0.0277
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Table 5:
Tumor-to-organ | [177Lu]JrhPSMA-7.3 | [177Lu]2C013 [177Lu]PSMA-I&T
ratio 24hpi,n=5 24hpi,n=5 24hpi,n=5

mean SD mean SD mean SD

blood 4255.56 1151.85 | 6950.64 3908.59 | 1288.54 136.3
heart 542.49 100.85 | 475.05 239.41 366.06 61.92
lung 239.97 46.92 184.32 85.8 65.08 10.97
liver 78.11 18.61 31.51 17.07 155.09 63.81
spleen 34.32 14.95 25.43 12.81 9.06 4.56
pancreas 754.34 110.2 587.5 299.5 336.33 150.72
stomach 453.7 147.52 | 286.18 142.76 | 236.69 41.44
intestine 254.02 173.89 | 263.86 213.07 | 191.31 116.16
kidney 1.64 0.59 9.48 4.65 0.61 0.23
adrenals 44.34 13.03 78.58 45.14 5.62 1.33
muscle 2123.58 888.96 | 1867.35 1045.82 | 1964.92 1251.14
bone 625.98 243.08 | 73.24 34.44 358.26 47.36
parotid gl. 176.66 42.76 172.33 91.92 63.21 14.84
submand. gl. 290.08 79.53 270.92 140.91 136.76 19.38

Table 6: Summary of the most promising Tx-PSMA Inhibitors

In vitro In vivo biodistribution (24h p.i.)
Code Internalization|HSA|MW blood kidney tumor
logD74 |ICso [nM]
[% 1BA] [%] | [kDa] | [%iA/g] | [%iA/g] | [%iA/g]
2C011 | -288+0.06 [6.08£0.16| 163.2£6.91 |89.8| 189 (0.0042+0.0019| 2.1+0.49 |11.86%0.75
0.0013
2c013 |-3-30£0.06 (444161 141+8 88.6| 17.6 0.95+042 | 7.59+1.23
0.0007
2c014 |-3-37+0.103.95+1.36 235120 94.6| 19.2 |0.0014 £ 0.0006| 2.77 + 0.84 | 16.54 £ 3.37
2c015 |-3-40£0.10 (3.99+0.74 226 +10 95.0| 18.9 |0.0007 +0.0005| 2.23+1.29 | 8.98+2.32
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Table 7: Biodistribution uptake data of [nat/177Lu]Lu 2C011, [nat/177Lu]Lu 2C013,
[hat/177Lu]Lu 2C014 and [nat/177Lu]Lu 2C015, expressed as % injected dose per
gram of tissue (%iD/g)

[Luj2C011 ['7Lu]2C013 ['7Lu]2C014 [Lu]2C015

24 hpi,n=4. 24hpi,n=4 24hpi,n=3 24 hpi,n=4
uptake in | mean SD mean | SD mean SD mean | SD
% iD/g
blood 0.0042 |0.0019 |0.0013 |0.0007 |0.0014 | 0.0006 | 0.0007 | 0.0005
heart 0.0254 | 0.0061 |0.019 |0.0036 |0.0245 |0.002 |0.0237 | 0.0049
lung 0.0469 | 0.0094 | 0.0438 | 0.0138 | 0.0654 | 0.0221 | 0.0468 |0.0116
liver 0.2848 | 0.0567 | 0.2519 | 0.0643 | 0.2376 | 0.0194 | 0.164 | 0.0258

spleen 0.3218 | 0.0557 | 0.3891 |0.1184 | 0.4296 | 0.0621 | 0.2671 | 0.0709

pancreas | 0.0264 | 0.007 | 0.0165 | 0.0045 | 0.0192 | 0.0047 | 0.0212 | 0.0034

stomach | 0.0829 | 0.0379 | 0.0846 |0.0433 | 0.0367 |0.0099 | 0.036 | 0.0081

intestine | 0.2229 | 0.0932 | 0.3354 | 0.2068 | 0.1006 |0.018 |0.1103 | 0.0893

kidney 2.0983 | 0.4949 |0.9488 |0.4204 |2.7708 | 0.8403 | 2.2339 | 1.2866

adrenals | 0.1488 | 0.0477 |0.0618 | 0.017 |0.1473 | 0.0467 | 0.1013 | 0.0279

muscle 0.0067 |0.0033 |0.004 |0.0011 |0.0107 |0.0086 |0.0062 |0.0015

bone 0.0363 | 0.0061 |0.037 |0.0042 |0.0327 |0.0126 | 0.0223 | 0.0046

tumor 11.8594 | 0.7477 | 7.5897 | 1.2282 | 16.5415 | 3.3671 | 8.9821 | 2.3231

parotid gl. | 0.0857 | 0.0181 | 0.0554 | 0.0103 | 0.09 0.0182 | 0.0674 | 0.0088

submand. | 0.052 0.0128 | 0.036 | 0.0038 | 0.0555 | 0.0066 | 0.0389 | 0.0049
gl.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1: uSPECT/CT scans of ['"7Lu]Lu-2C013 (tumor: 57 mg; 9.8 %iD/g) and ['""Lu]Lu-
rhPSMA-7.3 (tumor: 22 mg; 7.9 %iD/g).

Figure 2: Graphical representation of the biodistribution data of Table 2.

Error! Reference source not found.: Results of repeated biodistribution studies with (n = 5 for
each compound) and standard deviation SD. Data as graphical representation of Table 4.
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Figures 4a and 4b: Tumor-to-organ ratios of the compounds ['"LulrhPSMA-7.3 (n = 5),
["""Lu]2C013 (n=5) and ["""LU]PSMA-I&T (n =5) at 24 h p.i. in male tumor-bearing CB17-
SCID mice. Ratios are calculated individually for each mouse and expressed as

mean % standard deviation. The same data is plotted on two scales on the Y axis.

Figure 5: Static ySPECT/CT images (maximum intensity projections) 24 h p.i. of (A)
["Lu]rhPSMA-7.3, (C) ['"Lu]2C013 and (E) ['""Lu]PSMA-I&T into LNCaP tumor-bearing
mice (directly after blood collection) with an acquisition time of 45 min on a VECTor4 small-
animal SPECT/PET/OI/CT from MiLabs (Utrecht, Netherlands). Tumor weight and tracer
uptake in the tumor and the kidneys (in percent of the injected dose/gram, [%ID/g]) were
determined from subsequent biodistribution studies. The compound of claim 1 (image C)

shows lower kidney uptake than the previously known compounds.

Figure 6: Ex vivo biodistribution of [177Lu]2C011 (n = 4) and the reference compounds
[177LulrhPSMA-7.3 (n = 4), [177Lu]PSMA-617 (n = 4) and [177LU]PSMA-I&T (n=4) at 24 h
p.i. in male tumor-bearing CB17-SCID mice. Data expressed as percentage of the injected

dose per gram (%ID/g), mean + standard deviation.

Figure 7: Ex vivo biodistribution of ['""Lu]2C015 (n = 4) compared with the biosdistribution of
the reference compounds ['’LurhPSMA-10.1 (n=5), ["'LulrhPSMA-7.3 (n=4),
[""LU]PSMA-617 (n=4) and ["""LU]JPSMA-I&T (n=4) at 24 h p.i. in male tumor-bearing
CB17-SCID mice. Data expressed as percentage of the injected dose per gram (%ID/g),

mean * standard deviation.

Figure 8: Exemplary sigmoidal plot, showing the correlation between human serum albumin
(HSA) binding of selected reference substances and retention time (tr). The values of HSA
binding were obtained from literature (lit. HSA [%]) (Valko, K.; Nunhuck, S.; Bevan, C;
Abraham, M. H.; Reynolds, D. P. Journal of pharmaceutical sciences 2003, 92, 2236-2248;
Yamazaki, K.; Kanaoka, M. Journal of Pharmaceutical sciences 2004, 93, 1480-1494). Log
tr: logarithmic value of experimentally determined retention time. Log K HSA: logarithmic

value of HSA binding values.
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Claims
1. A compound of Formula (1c¢):

Q _/—N R
H OH X 0
H N—>_ H o) ,N—<_ H
Q N * N H )N
o} _>,-—NH
o)
o}

@) R- CM
HO

0O OH
HO (1c)

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein either
R' is —(CH2)R® where nis 1, 2 or 3 and R?® is selected from OH, NH> or NHC(O)NH: and R?

is
HNJ

AT
2N

R2 is —(CH),R® where nis 1, 2 or 3 and R? is selected from OH, NH, or NHC(O)NH. and R’
is
HNJ

U
Si
A
X'is CH2 or NHCO and
CM represents a chelator moiety, optionally containing a chelated nonradioactive or

radioactive cation and the fluorine atom is optionally '8F.

2. The compound according to claim 1 of Formula (1a):
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o
j\ "o
0?7 NH R H

H H H

N<
oﬁo)H\/\/N\g/\/N\g/\/N\g/\\ﬁ)‘\R(Z CM“a)’

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein either
R' is —(CH),R® where nis 1, 2 or 3 and R3 is selected from OH, NH. or NHC(O)NH. and R2

IS
HNJ

YU O

S
or
R? is —(CH2)nR® where nis 1, 2 or 3 and R? is selected from OH, NH2 or NHC(O)NH; and R’

is
HNJ

N

F/

and
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '3F.

3. The compound according to claim 1 of Formula (1b):
/H 1
0 N R
H OH —~ 0
H _<N—>_ H O N H
Q N = N H N
O yNH o) R CM
HO O
O
O OH
HO (1b)

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein either
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R' is —(CH2)nR® where nis 1, 2 or 3 and R® is selected from OH, NH> or NHC(O)NH: and R?

J

HN

YU O

BN
or
R? is —(CH2),R® where nis 1, 2 or 3 and R® is selected from OH, NH2 or NHC(O)NH; and R’

is
HNJ

SO

2N

and
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally 8F.

4. The compound according to claim 1 of Formula (1):
0]

1AL
Ho Ny oM
o) j\
O” "NH H

HOL o
N N ng\ N
O ~
cIVER R T
O O O "hN

OH
o
>t
(1);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein

HO” =0

CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '8F.

5. The compound according to claim 4 which is a compound of Formula (2):
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HO
O N“Y ~CM

N

e
F/k\ 2);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '8F.

6. The compound according to claim 5 which is a compound of Formula (3):
0

R
HO \n/ 7~ "OH
O =

Oj\NH

HO
0
H H H H
O ~N N N%NJ\(N\CM
) TOUTTUNS

OH HN

O
SO
Fw//\l\ 3);

or a pharmaceutically acceptable salt or any individual isomer thereof, wherein

HO™ =0

CM represents a chelator moiety, optionally containing a chelated nonradioactive or
10 radioactive cation.

7. The compound according to claim 2 which is a compound of Formula (1°):
0 o]

H H
o NTN\E/U\OH

O
j\ HoN
O~ "NH

o) N N ~CM
o) o) N
(6]

USSR

~
A ()
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or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally 8F.

8. The compound according to claim 7 which is a compound of Formula (2a):
O 0
H H
N
oA A Ao
O

1
(@] NH

" N RPN \(\/ Y\/ /u\/N\CM

(2a);
or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally 8F.

9. The compound according to claim 8 which is a compound of Formula (3a):
O 4 B 9
NN

HO Y Y OH

0]
H2N

NH H H
N e o ou
OH o o} o HN

xgif :

e
18
F (3a);
or a pharmaceutically acceptable salt or any individual isomer thereof, wherein

3/

HO™ ~0O

CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation.

10. The compound according to claim 3 which is a compound of Formula (1”):
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Q N N F
H\N)—OH }—(_ 0

H\ _< ‘“ H\ O IN ’
o N g N H N
b ynH o cM
HO 0] NH
o=
0 OH NH,
HO )

11. The compound according to claim 10 which is a compound of Formula (2b):

3 +

ne
5, ﬁ gae

a
o) OH NH2

5 HO (2b);
or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
radioactive cation and the fluorine atom is optionally '3F.

10 12. The compound according to claim 11 which is a compound of Formula (3b):

o vk

{0 ek
G ﬂ S,

_\
0 OH NH2
HO (3b);
or a pharmaceutically acceptable salt or any individual isomer thereof, wherein
CM represents a chelator moiety, optionally containing a chelated nonradioactive or
15  radioactive cation.
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13. The compound according to any one of claims 1 to 12, wherein the chelator moiety
comprises at least one of:

(i) a macrocyclic ring structure with 8 to 20 ring atoms of which 2 or more are
heteroatoms selected from oxygen atoms and nitrogen atoms;

(ii) an acyclic, open chain chelating structure with 8 to 20 main chain atoms of which 2 or
more are heteroatoms selected from oxygen atoms and nitrogen atoms; or

(iif) a branched chelating structure containing a quarternary carbon atom.

14. The compound according to any one of claims 1 to 12, wherein the chelator moiety is
selected from bis(carboxymethyl)-1,4,8,11-tetraazabicyclo[6.6.2]hexadecane (CBTE2a),
cyclohexyl-1,2-diaminetetraacetic acid (CDTA), 4-(1,4,8,11-tetraazacyclotetradec-1-yl)-
methylbenzoic acid (CPTA), N'-[5-[acetyl(hydroxy)amino]pentyl]-N-[5-[[4-[5-aminopentyl-
(hydroxy)amino]-4-oxobutanoyllamino]pentyl]-N-hydroxybutandiamide (DFO), 4,11-

bis(carboxymethyl)-1,4,8,11-tetraazabicyclo[6.6.2]hexadecan (DO2A) 1,4,7,10-
tetracyclododecan-N,N',N",N"-tetraacetic = acid (DOTA), a-(2-carboxyethyl)-1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTAGA), 1,4,7,10

tetraazacyclododecane N, N’, N”, N’ 1,47 10-tetra(methylene) phosphonic acid (DOTMP),
N,N'-dipyridoxylethylendiamine-N,N'-diacetate-5,5-bis(phosphat) (DPDP), diethylene
triamine N,N’,N” penta(methylene) phosphonic acid (DTMP), diethylenetriaminepentaacetic
acid (DTPA), ethylenediamine-N,N'-tetraacetic acid (EDTA), ethyleneglykol-O,0-bis(2-
aminoethyl)-N,N,N',N'-tetraacetic acid (EGTA), N,N-bis(hydroxybenzyl)-ethylenediamine-
N,N'-diacetic acid (HBED), hydroxyethyldiaminetriacetic acid (HEDTA), 1-(p-nitrobenzyl)-
1,4,7,10-tetraazacyclodecan-4,7,10-triacetate (HP-DOA3), 6-hydrazinyl-N-methylpyridine-3-
carboxamide (HYNIC), tetra 3-hydroxy-N-methyl-2-pyridinone chelators (4-((4-(3-(bis(2-(3-
hydroxy-1-methyl-2-oxo-1,2-dihydropyridine-4-carboxamido)ethyl)amino)-2-((bis(2-(3-
hydroxy-1-methyl-2-oxo-1,2-dihydropyridine-4-
carboxamido)ethyl)amino)methyl)propyl)phenyl)amino)-4-oxobutanoic acid), abbreviated as
Me-3,2-HOPO, 1,4,7-triazacyclononan-1-succinic acid-4,7-diacetic acid (NODASA), 1-(1-
carboxy-3-carboxypropyl)-4,7-(carbooxy)-1,4,7-triazacyclononane (NODAGA), 1,4,7-
triazacyclononanetriacetic acid (NOTA), 4,11-bis(carboxymethyl)-1,4,8,11-
tetraazabicyclo[6.6.2]hexadecane (TE2A), 1,4,8,11-tetraazacyclododecane-1,4,8,11-
tetraacetic acid (TETA), tris(hydroxypyridinone) (THP), terpyridin-
bis(methyleneamintetraacetic acid (TMT), 1,4,7-triazacyclononane-1,4,7-trisimethylene(2-
carboxyethyl)phosphinic acid] (TRAP), 1,4,7,10-tetraazacyclotridecan-N,N',N",N"-tetraacetic
acid (TRITA), 3-[[4,7-bis[[2-carboxyethyl(hydroxy)phosphoryllmethyl]-1,4,7-triazonan-1-
yllmethyl-hydroxy-phosphoryl]propanoic acid, and triethylenetetraaminehexaacetic acid
(TTHA).
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15. The compound according to claim 14, wherein the chelator moiety is 1,4,7,10-
tetracyclododecan-N,N',N",N"-tetraacetic acid (DOTA) or a-(2-carboxyethyl)-1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTAGA).

16. The compound according to claim 1, which is selected from:
0
H H
A,
O =
B °
ﬁ)Ni/\/H \'\;L /Uj/

x@* Je

HO

HO™ ~O

HO
O -
Oj\NH N9 Ho—¢°
HO™ ™0 H H H —\
o N N Nj‘J\N NN N
W \n/\/ \n/\/ N \g/\
OH O o) O HN o
N N
© OH
OH

10
or a pharmaceutically acceptable salt or any individual isomer thereof, wherein the

compound optionally contains a chelated nonradioactive or radioactive cation and wherein

the fluorine atom is optionally '8F.
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17. The compound according to claim 1 which is selected from:
0

HO N\)LOH

" o
O N o ml [F%
OH 0
o N N\//(
o For
AN

N
0] NH O H N~
HO 3 \—/_/ [ N
o= O N H

o OH NH;
” /J;k/N OH
HO™NO
o)

N
) NH o)
HO 0 \—/_/
o= O N
o} OH NH, /J;
” (LN OH
HO
0

53



10

15

20

25

WO 2022/171901 PCT/EP2022/053699

or a pharmaceutically acceptable salt thereof, wherein the compound optionally contains a
chelated nonradioactive or radioactive cation and wherein the fluorine atom is optionally '8F.

18. The compound according to any one of claims 1 to 17, wherein the chelator moiety
contains a chelated cation selected from the cations of %S¢, “4Sc, 'S¢, %Cu, "Cu, 9Ga,
GSGa QOY 111|n 149Tb 152Tb 155Tb 161Tb 166H0 177|_u 186Re 188Re 212Pb 21ZBi 21SBi 225AC

and 2%"Th or a cationic molecule comprising '8F.

19. The compound according to claim 1 which is:
O

N H\/?L
HO er 7~ "OH
O =
:L 0=
OZ ™NH i

0 K/\/\I\/\/Y\/W\J\JK_/NO[ |_u3+j

HO™ =0

OH 7

S,@ Footn

or a pharmaceutically acceptable salt thereof, wherein the fluorine atom is optionally '8F.

)

20. A pharmaceutically acceptable salt of a compound according to any one of claims 1

to 19.

21. A pharmaceutical or diagnostic composition comprising or consisting of one or more
compounds according to any one of claims 1 to 20.

22. A compound or composition according to any one of claims 1 to 21 for use as a
cancer therapeutic, cancer diagnostic or imaging agent.

23. A method of imaging and/or diagnosing cancer comprising administering a
compound or composition according to any one of claims 1 to 22 to a patient in need thereof.

24. A compound or composition according to any one of claims 1 to 23 for use as a

cancer diagnostic or imaging agent or for use in the treatment of cancer wherein the cancer

is prostate, breast, lung, colorectal or renal cell carcinoma.
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