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Hydroxamic acid-based compounds

Field of the invention

The present invention relates to hydroxamic acid-based compounds, their
intermediates, preparation and uses. The compounds are useful in imaging, particularly
for the imaging of tumours and cancer, and especially for the imaging of prostate
cancer. The present invention also relates to compositions including the compounds,
and to methods of imaging cells, in vitro biopsy samples and/or patients using the

compounds.

Background of the invention

Zirconium-89 (%°Zr) is a long-lived positron-emitting radionuclide used in the detection
and imaging of tumours and cancer. With a comparatively long half-life (t/2 = 78.4 h),
897Zr is used in a ligand complex which is attached to disease-relevant monoclonal
antibodies proteins, peptides or other macromolecules for imaging cancers using

positron emission tomography (PET).

89Zr labelled peptides and proteins offer excellent sensitivity and accurate quantification
in PET imaging. The expanded ionic radius of %Zr and its preference for oxygen-
containing ligands requires complexation to acyclic ligands and cyclic macrocycles
alternative to DTPA, DOTA and NOTA, which are commonly used for other
radioisotopes. Optimal imaging using %°Zr also requires a bifunctional agent, which
enables %°Zr coordination, and the attachment of peptides or proteins targeted towards
the diseased tissue (Perk et al. Eur. J. Nucl. Med. Mol. Imaging 37, 250-259; Maresca
et al J. Med. Chem. 52, 347-357).

The slow washout and targeting kinetics of large proteins makes ®°Zr ideal for imaging
biological process with long biological half-lives, particularly in cancer. Monoclonal
antibodies, mini-bodies and peptides have received attention for imaging prostate

cancer, breast and other tumours.

The ligand of choice used to date for the complexation of 3°Zr is the natural iron chelator
desferrioxamine B (DFOB). Being a hard Lewis acid, Zr(IV) prefers hard Lewis bases as
donor groups, such as oxygen atoms. It has been shown that Zr(IV) forms stable

complexes with hydroxamic acids (R-C(O)-N(OH)-R'), as present in the natural tri-
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hydroxamic acid DFOB. DFOB-complexed %°Zr has received attention in the

radiolabelling of peptides, proteins and antibodies.

The use of DFOB in this manner has limitations. DFOB is a natural compound evolved
by bacteria for iron acquisition and its extraordinary affinity for Fe(lll) leads to the
exchange of ®Zr for Fe(lll) in vivo. The displaced radiotracer is deposited in bone,
causing unwanted radiation and also results in a reduced image quality of the target

organ.

There is a need, therefore, of a suitable ligand with a greater selectively to bind %2zr
rather than Fe(lll) or other metals in vivo, that is also water soluble for suitable

application in PET imaging.

Reference to any prior art in the specification is not an acknowledgment or suggestion
that this prior art forms part of the common general knowledge in any jurisdiction or that
this prior art could reasonably be expected to be understood, regarded as relevant,

and/or combined with other pieces of prior art by a skilled person in the art.

Summary of the invention

The larger ionic radius of Zr(IV) dictates a preferred coordination number of 8, which is
not met by the ligand DFOB that contains three bidentate hydroxamic acid groups to
give 6 oxygen donor atoms. As DFOB is a natural ligand prepared by bacteria, it was
previously not considered to be readily modified for this purpose. Surprisingly, however,
after much experimentation and overcoming many difficulties, the inventors of this
invention designed and achieved an approach whereby the DFOB structure could be
modified and made to be more water soluble and extended to provide an octadentate
tetrahydroxamic acid DFOB variant in a semi-synthetic process. The resulting DFOB
variant is better suited for Zr(IV) complexation and has been designed to be more water

soluble than existing compounds, allowing it to be utilised in in vivo imaging techniques.

The inventors of this application have utilised the bacterium that produces DFOB as a
native and essential metabolite — Streptomyces pilosus — in a precursor-directed
biosynthesis approach to generate new DFOB analogues. In this approach, the
bacterium is cultured in medium supplemented with non-native substrates relevant to
DFOB biosynthesis that are recognized as viable by the native biosynthetic bacterial

machinery. Surprisingly, by introducing these non-native substrates into the
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bacteriological medium, the bacteria utilises these and produces new DFOB analogues
based on these substrates. The new DFOB analogues have oxygen atoms introduced
at the C3 position via incorporation of one, two or three 2,2'-oxybis(ethan-1-amine)-
based unit(s) within the DFOB structure, which increases the water solubility of each of
DFOB-PE,, DFOB-PE, and DFOB-PE3;, compared to the parent DFOB.

This invention therefore provides new DFOB analogues which are used as
intermediates for the preparation of new ligands for PET imaging. The new ligands are
expected to have greater selectivity for 8°Zr over Fe(lll) and solubility in water that will
enable their use as imaging reagents. The new ligand conjugates could be used as
imaging reagents for various imaging procedures. In particular, the inventors propose
the use of these compounds in tumour and/or cancer imaging and in particular, prostate

cancer imaging.

Although the inventors have utilised a bio-synthetic approach to synthesize the water-
soluble DFOB analogues, a person skilled in the art will understand that these
analogues synthesised by a fully synthetic approach, such as that described in
Bergeron RJ, Pegram JJ J Org Chem (1988) 53:3131-4, will be equally useful for the

purposes described herein.

In one aspect, the present invention provides a compound of formula (I), or a

pharmaceutically acceptable salt thereof:

0] o} H

0 0 0 Rs
H |
)J\N/\/R1\/\N N\/\Rg/\/N N/\/R3\/\NMW/D\H/L
| H | H no m
0 o) OH Ry

OH

(

wherein

E is a single or double bond;
any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R3 is O;
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Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and R; is a single bond, or

Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond

and the bond between D and R; is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule.
These compounds can be prepared from polyether derivatives of DFOB.

In one aspect, the present invention provides a process for making a compound of

formula (ll):
0 0 (l)H y 0
R N N R
)k,r/\/ 1\/\H)‘\/\’( \/\Rz/\/ N’T‘/\/ 3\/\NH2
OH 0 o) OH

(I

wherein R1, Rz and R3 are each independently O or CHy, provided that at least
one of Ry, R, and Rz is O; and

wherein the process comprises:
- adding 2,2’-oxybis(ethan-1-amine) to a culture of S. pilosus;

- incubating the culture of S. pilosus with said 2,2’-oxybis(ethan-1-amine) to

provide a compound according to formula (Il).

In one aspect, therefore, the present invention provides compounds of formula (11):

OH O

0] (0]
I H
)k /\/R1\/\ N\/\ /\/N /\/R3\/\
ITI ” RS ITI NH,

OH O O OH
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wherein Ry, R, and R; are each independently O or CH,, provided that at least

one of Ry, R, and Rz is O.

In one embodiment, the present invention provides a compound of structure:

0]

0 0 OH
| H
)kN/\/O\/\N)‘\/\”/N\/\O/\/NNN/\/O\/\NHZ
I H I

OH 0] O OH

In another aspect, the present invention relates to a process for the preparation of a

compound according to formula (I), wherein a compound of formula (ll) is coupled to a

compound of formula (lll):

0 0 OH o)
| H

)]\'i‘/\/m\/\H)K/\H/N\/\RZ/\/NNT/\/R:\/\NHZ {(n

OH 0 0 OH

o) glas
’ 1T
Re )LH/\VIV/DWL (i
Ra
o) o) c|>H y o) o) glas
H
)]\T/\/RK/\H)WN\/\R{\/NNT/\/%\/\H)LM\\MDW'-

OH 0 0 OH R4

wherein

| is a single or double bond,

0

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,

R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, Rsis OH, Rs is O, the bond between W and Ry is a single bond

and the bond between D and Rs is a double bond;
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n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
Rs is a leaving group.

In another aspect, the present invention relates to a radionuclide complex of a

compound of formula (1), or a pharmaceutically acceptable salt thereof:

OH o}

0 o 0 Rs
I H ]
)]\T/\/RK/\HM‘/N\/\R{\/NNTNRS\/\HMVWDWL
0 OH R4

OH 0]

(

wherein

: is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R; is a double bond
and the bond between D and Rs is a single bond, or

Wis N, Dis C, R4 is OH, Rs is O, the bond between W and R, is a single bond

and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or
sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule.
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In another aspect, the present invention also relates to a conjugate comprising:

- a compound of formula (l), or a pharmaceutically acceptable salt thereof;

0] ¢}

o) O 0 Rs
H il
)kN/\/RK/\N N\/\Rz/\/N N/\/Rs\/\N)Lﬁﬁ/\W/DWL
| H | H n i m
OH 0 OH R,

o]

(

wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Ry and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R; is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, R4 is OH, Rs is O, the bond between W and R, is a single bond

and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
- a target molecule.

In another aspect, the present invention relates to a radionuclide-labelled conjugate

comprising:

- a compound of formula (l), or a pharmaceutically acceptable salt thereof;



10

15

20

WO 2017/096430 PCT/AU2016/051212

wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond
and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or
sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
- a target molecule, and
- a radionuclide complexed thereto.
In one embodiment, the radionuclide is an isotope of zirconium (e.g. 9Zr).

In another aspect, the present invention provides a composition comprising a

radionuclide-labelled conjugate comprising:

- a compound of formula (I):
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wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond

and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
- a target molecule, and
- a radionuclide complexed thereto,

and one or more pharmaceutically acceptable carrier substances, excipients

and/or adjuvants.

In one aspect, the present invention relates to a method of imaging a patient, the

method including:
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- administering to the patient a radionuclide-labelled conjugate, as defined

herein; and
- imaging said patient.

The present invention also relates to a method of imaging a cell or in vitro biopsy

sample, the method including:

- administering to the cell or in vitro biopsy sample the radionuclide-labelled

conjugate, as defined herein; and
- imaging the cell or in vitro biopsy sample.

As used herein, except where the context requires otherwise, the term "comprise" and

variations of the term, such as "comprising", "comprises" and '"comprised", are not

intended to exclude further additives, components, integers or steps.

Further aspects of the present invention and further embodiments of the aspects
described in the preceding paragraphs will become apparent from the following

description, given by way of example and with reference to the accompanying drawings.
Description of the drawings

Figure 1 - HPLC trace of Zr(IV)-DF OB-PE3-for-PBHg a) where DFOB-PE3-for-PBHE is
added to Zr(acac), at a ratio of 1:7, measured at 254nm; b) where DFOB-PE3-for-PBHe
is added to Zr(acac), at a ratio of 1:7, measured at 220nm; and ¢) where DFOB-PE;-for-

PBHe is added to Zr(acac)4 at a ratio of 1:3, measured at 220nm.

Figure 2 — LC-MS of a) DFOB-PE;-for-PBHE that was already contaminated with A”**
and b) DFOB-PE3-for-PBHg that was already contaminated with AI** following treatment
with excess Zr(acac), in H20 to give Zr(IV)- DFOB-PE3-for-PBHE.

10
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Detailed description of the embodiments

In one aspect, the present invention provides a compound of formula (I), or a

pharmaceutically acceptable salt thereof:

0] H

o] (|3 0 0 Rs
H il
R N N R D. L
n I
o) 0 OH R4

OH

(1)
wherein

I a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond

and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule.
In one embodiment, L is an amine.
In another embodiment, nis 1 and m is 3.

In another embodiment, the sum of n and m is 4.

11
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In yet another embodiment, the sum of nand m is 5.

In another embodiment, not one of the carbon atoms of the alkyl group comprising n is

replaced with an oxygen or sulphur atom.

In preferred embodiments, the compound of formula (I) is selected from the group

consisting of:

o o OH 9y o o OH
)I\T/\/O\/\HJ\/WNV\O/\/NNT/\/O\/\”J\/\H/N\/\/\/L
OH o 0 OH o
o o OH y o o o
)]\N/\/O\/\NMN\/\O/\/NNN/\/O\/\NJ\/\NJ\/\/\/L
& ; ) 0 i i o

Q (0] ?H H Q Q Cl)H
)kN/\/O\/\N)‘\/\’(N\/\O/\/N\”/\)J\N/\/O\/\N)k/\H/N\/\/\/\L
éH . (0] O éH : O
Q (0] ?H H Q Q (0]
)kN/\/O\/\N)k/\’(N\/\O/\/N\”/\)kN/\/O\/\N)]\/\Nk/\/\/\L
& i 6 5 o ; o
?H " (o] (o]
)]\T/\/O\/\H)k/\“/'\‘\/\ NNNTNO\/\”)I\/\/[I\T/W\L
OH [e] (o] OH OH
(¢] Q ?H " Q (0] ?H
)I\,T,/\/O\/\HJ\/YN\/\ /\/NY\)‘\T/\/O\/\”MNWL
OH [e] (o] OH [¢]
0 ?H o O o Q
x’U\N-’\zO\.f\N’u\/ﬁ.rN\/'\ ’VNNNWONANMN"VO%L
CI}H H O s (SH H C')H
Q (?H q 4] [} OH
/‘!LN"\/O\/”\NJK/YM\/’\ONN\"/\)LN A\/OV'\NJJ\/\/N\!r’\/Q\,AL
1 H } H
OH O OH Q
" 0] Cl)H
)I\,i,/\/o\/\H N\/\o/\/N\’(\)L,i,/\/O\/\H N\/\o/\/l‘
OH O OH O
(0] Q (l)H H (0] (0]
)I\T/VO\/\N)‘\/\'(N\/\O/\/NNT/\/O\/\NJI\/\T)I\/\O/\/L
OH O O OH OH
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o} o} OH o} o}
| H
)kN/\/O\/\N)k/\”/N\/\O/\/N\H/\)kN/\/O\/\N)]\/O\AN/\/O\/\L
H
oH 0 0 b
o] Q (ID
N

)k’r/\/O\/\N)k/ﬁ‘/
H

OH o] o] OH o]

o
N

o]
)k’r/\/o\/\N)‘\/Y
H

OH o} ]
or a pharmaceutically acceptable salt thereof.
Preferably, the compound of formula (1) has the structure:
o} o Cl)H H (6] Q (|)H
)l\N/\/o\/\N)WN\/\O/\/NNN/\/O\/\N)WN\/\/\/L
CI)H H (0] (0] Cl)H H o

or a pharmaceutically acceptable salt thereof.

The new water soluble compounds described in this application can be prepared from
polyether analogues of DFOB, having oxygen atoms introduced at the C3 position via
incorporation of one, two or three 2,2'-oxybis(ethan-1-amine)-based unit(s) within the

DFOB structure. Polyether analogues of DFOB are therefore contemplated.

In one aspect, therefore, the present invention provides compounds of formula (l1):

OH O

O O
I H
)k,r/\/&\/\”)‘\/\’('\l\/\l?z/\/'\l\’(\)‘\,?/\/%\/\NHz
0] OH

OH O

(I

wherein Ry, Rz and Rj are each independently O or CHy, provided that at least
one of Ry, R, and Rz is O.

These compounds are more water soluble than the parent DFOB compound. DFOB-
PE; is produced in higher yields than DFOB-PE+, DFOB-PE; and DFOB and is the most

water soluble of this group of compounds.

13
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In one embodiment, therefore, the structure of formula (ll) is:
H 0

o o 0
I H
)kN/\/O\/\NJ\/\’(N\/\O/\/N\H/\)kN/\/O\/\NH
| H | ’
OH O OH .

O

In another aspect, the present invention relates to a radionuclide complex of a

compound of formula (1), or a pharmaceutically acceptable salt thereof:

H

0 0 o 0 0 Rs
H il
)J\N/\/R\/\N N\/\R/\/N N/\/R3\/\N)L$%W/D\H/L
| H 2 | H 0| m
0 OH R,

OH o}

()

wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R3 is O;

Wis C, Dis N, Ry is O, Rs is OH, the bond between W and Ry is a double bond
and the bond between D and Rs is a single bond, or

Wis N, Dis C, Rsis OH, Rs is O, the bond between W and Ry is a single bond
and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and

L is a linking group for conjugating the compound of formula (I) to a target
molecule.

Preferably, the radionuclide is zirconium (e.g. ®Zr), gallium (e.g. ®Ga) or lutetium (e.g.

71Lu). More preferably, the radionuclide is %Zr.

In one embodiment, L is an amine.

14
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In another embodiment, nis 1 and m is 3.
In another embodiment, the sum of n and m is 4.
In yet another embodiment, the sum of nand m is 5.

In another embodiment, not one of the carbon atoms of the alkyl group comprising n is

replaced with an oxygen or sulphur atom.

In preferred embodiments, the compound of formula (I) is selected from the group

consisting of:

15
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0] 0] (|)H . (0] o] ?H
*T/\/O\AHMN\AO/\/NNT/\/O\AHMN\AO/\/L
OH O (0] OH (0]
(0] 0] ?H H o] o] (0]
)]\N/\/O\/\N)k/\”/N\/\o/\/NY\)‘\N/\/O\/\NJI\/\Nk/\O/\/L
H H
b ] I 4 b |
(0] (0] (l)H " o] (0] 0]
)kN/\/O\/\N)k/WN\/\O/\/NNN/\/O\/\N)]\/O\)kN/\/ \/\L
(l)H H (0] O (I)H H Cl)H
e} OH (¢]
)k 0. lll H )I\/O ’ll Q.
’T‘/\/ \/\H NN TN hl,/\/ \/\H ~~ ~TNL
OH e} (0] OH [e]
(0] (0] (l)H H o] (0] 0]
)k’]'NOwH)WN\AONNNTNO\AHk/S\*TNOwL and
OH (0] @] OH OH
OH o] OH
P ! y o~ I s Ao
’T‘/\/ \/\H N~ NN 'il/\/ \/\H ~— ~TNL
OH e} (0] OH [e]
or a pharmaceutically acceptable salt thereof.
Preferably, the compound of formula (1) has the structure:
0 o} (l)H y 0 o} <|)H
N N N L
)]\'i‘/\/o\/\ﬁ)k/\’( \/\O/\/ \’(\)}\T/\/O\/\H)k/\’( ~ NN
OH O O OH O

or a pharmaceutically acceptable salt thereof.

In preferred embodiments, the structure is:

I3
d e o[ o o
{;Q}.\ Z::Q:NN) ‘_,‘O:\ 'Z:Q:NJ
NND/(%\O""‘\ N‘O/g,x 0""‘\
N (U G
o \f’ o
K/N’\X k/“‘(
H H ‘o

Ze(Vi-loaded DFOB-PE,-for-PBH Zr{iv)-loaded DFOB-PE-ret-PBH

or

or a pharmaceutically acceptable salt thereof.
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In another aspect, the present invention also relates to a conjugate of:

- a compound of formula (), or a pharmaceutically acceptable salt thereof;
o} o}

0 o 0 Rs
H il
)kN/\/R\/\N N\/\Rz/\/N N/\/RB\/\NMW/DWL
| H | H n i m
OH o) OH R,

O

(

wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Ryis O, Rz is OH, the bond between W and R is a double bond

and the bond between D and R; is a single bond, or

Wis N, Dis C, Ry is OH, Ry is O, the bond between W and R, is a single bond

and the bond between D and R; is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
- a target molecule.

In one embodiment, the target molecule is a polypeptide. In another embodiment, the
target molecule is a peptide. In another embodiment, the target molecule is a

monoclonal antibody, mini-body or other antibody variant or fragment.

17
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In one preferred embodiment, the target molecule is a glutamate-urea-lysine based

peptide.

In one embodiment, L is an amine.

In another embodiment, L is conjugated to the target molecule through a spacer moiety.
5 In another embodiment, nis 1 and m is 3.

In another embodiment, the sum of n and m is 4.

In yet another embodiment, the sum of nand m is 5.

In another embodiment, not one of the carbon atoms of the alkyl group comprising n is
replaced with an oxygen or sulphur atom.In preferred embodiments, the compound of

10  formula (l) is selected from the group consisting of:
o} o} ?H o o}

0
H |
)I\T/\/O\/\HJ\/WN\/\O/\/ N\I(\)J\T/\/O\/\NM\/N\/\/\/L
0

OH o] o]
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G o] ?H q o] 3] ?H
/JLN"\/O%NJK/YN\,/\O?\JN\"/\)LN A\/O\/'\NJ\/\/N\W’\/Q\,#’\L
. H G é&H H ¢}

OH Q

0 0 cl)H y o o (|)H
*NNOV\N)WNV\ONNNN/\/O\ANMN\/\ At
(lJH " 0 Cl)H " o
o o OH 0 0 0

0] O OH 0] 0] 0]
I H
)kN/\/o\/\N)‘\/\”/N\/\O/\/N\H/\)]\N/\/O\/\N)I\/O\)kN/\/ N~
H H
(l)H 0] 0] éH éH
0] Q OH o OH
)k o A § o J\/o ! 0
’T‘/\/ \/\H NN TN 'il/\/ \/\H ~ ~TNL
OH 0] 0] OH 0]
o] Q (|3H . o] o] o]
)kw/\/o\/\m)k/\”/N\/\o/\/NNT/\/O\/\HJI\/S\*T/\/O\/\L
OH 0] 0] OH OH
0] Q OH 0] o] OH
)k o ! s o) )]\/s N o
,Tj/\/ \/\H NN hll/\/ \/\H ~~ ~TNL
OH o] o] OH o]

or a pharmaceutically acceptable salt thereof.

Preferably, the compound of formula (1) has the structure:
o} o

[0}
| H
)I\N/VO\/\NMN\/\O/\/N\’(\)‘\
| H

|
OH o o OH e}

or a pharmaceutically acceptable salt thereof.

and

In another aspect, the present invention relates to a radionuclide-labelled conjugate of:

- a compound of formula (l), or a pharmaceutically acceptable salt thereof;

(0] (6] (|3H H (0] (0] !l?5
)k e 2 NG N N g SN e 2 NN D
w : g w Y
OH 0 0 OH Rq
(1)

L
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wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, R4 is OH, Rs is O, the bond between W and R, is a single bond

and the bond between D and Rsis a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
- a target molecule, and
- a radionuclide complexed thereto.

Preferably, the radionuclide is zirconium (e.g. ®Zr), gallium (e.g. ®Ga) or lutetium (e.g.

71Lu). More preferably, the radionuclide is %Zr.

In one embodiment, the target molecule is a polypeptide. In another embodiment, the
target molecule is a peptide. In another embodiment, the target molecule is a

monoclonal antibody, mini-body or other antibody variant or fragment.
In one embodiment, L is an amine.

In another embodiment, nis 1 and m is 3.

In another embodiment, the sum of n and m is 4.

20
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In yet another embodiment, the sum of nand m is 5.

In another embodiment, not one of the carbon atoms of the alkyl group comprising n is
replaced with an oxygen or sulphur atom.In preferred embodiments, the compound of

formula (I) is selected from the group consisting of:

0 9 OH ’ o o OH
)]\N/\/ ~"y N\/\O/\/NNN/\/O\/\N)J\/WN\/\/\/L
i ; o) 0 i i 0
0 o OH y o o) o
)]\N/\/O\/\NMN\/\ /\/NNN/\/ \/\NJ\/\NJ\/\/\/L
on " o o on " on
o 0 OH y 0 o OH
*N/\/OV\N)K/W/N\/\O/\/NNN/\/ ~ N NN
i : 0 o) i " o)
OH ) 0 o
)kN/\/O\/\N)WN\/\O/\/NNN/\/ \/\N)l\/\N)k/\/\/\L
dH : 0 o) oH ; &
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o o H o o o
H
*N/\/O\/\N)k/\”/ \/\O/\/N\H/\)kN/\/O\/\NJ\/O\)kN/\/O\/\L
| H H |
OH

OH O O OH

Zz—0

o] Q

OH
| H I
)kNNO\ANMN\AONNNNNO\ANJI\/OVNWO\AL
| H | H

OH o] o] OH o]

or a pharmaceutically acceptable salt thereof.

Preferably, the compound of formula (1) has the structure:

(0] Q Cl)H H (0] Q (l)H
ATNO\AHMNV\O/\/NNN/\/O\/\HMN\/\/\/L

|
OH o} 0 OH o]

or a pharmaceutically acceptable salt thereof.

In one preferred embodiment, the target molecule is a glutamate-urea-lysine based
peptide.

In one embodiment, the radionuclide-labelled conjugate has the structure:

4"‘{\( 3

(O j N\IJL
L’\/‘\I’TO\ L\rr

Zr(Vl)-loaded DFOB-PE;-for-PBH-LYS-UREA-GLU

z,o-N

or

22
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Zr(IV)-loaded DFOB-PE;-ret-PBH-LYS-UREA-GLU
or a pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides a composition comprising a
radionuclide-labelled conjugate comprising:

5 - a compound of formula (I):

)k,il/\/'%\/\u)‘\/\’( \/\Rz/\/ NN/\/R?’\/\N)LM/\W \HEI/

wherein

is a single or double bond;

10 any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);R4, Rz and Rj are each independently O or
CHa, provided that at least one of R4, Rz and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond
and the bond between D and Rs is a single bond, or

15 Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond
and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an

internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or
sulphur atom; and



10

15

WO 2017/096430 PCT/AU2016/051212

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
- a target molecule, and
- a radionuclide complexed thereto,

and one or more pharmaceutically acceptable carrier substances, excipients

and/or adjuvants.

In one embodiment, L is an amine.

In another embodiment, L is conjugated to the target molecule through a spacer moiety.
In another embodiment, nis 1 and m is 3.

In another embodiment, the sum of n and m is 4.

In yet another embodiment, the sum of nand m is 5.

In another embodiment, not one of the carbon atoms of the alkyl group comprising n is

replaced with an oxygen or sulphur atom.

In preferred embodiments, the compound of formula (I) is selected from the group

consisting of:
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o] 0] ?H 0] 0]
N

)I\T/\/O\/\H)‘\/W

OH o] o]

(8] o] ?H H o O (?H
. " [} I':l}H H ]

OH 0
o o
)‘\N/\/O\/\NJ\/\H/
(l)H " o
0 0
)l\N/\/O\/\N)k/\r
On " o

OH 0] 0] OH
| H |
N\/\O/\/N\"/\)I\N/\/OV\NMN\/\O/\/L
(0] &H i 0]
0]

H

(i)H
N

0] 0]
H
\/\O/\/NNN/\/O\/\N)I\/\
| H
o] OH

N
|
o}
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o} o} OH o} o}
| H
)kN/\/O\/\N)k/\”/N\/\O/\/N\H/\)kN/\/O\/\N)]\/O\AN/\/O\/\L
H
oH 0 0 b
o] Q (ID
N

)k’r/\/O\/\N)k/ﬁ‘/
H

OH o] o] OH o]

o
N

o]
)k’r/\/o\/\N)‘\/Y
H

OH o} ]
or a pharmaceutically acceptable salt thereof.

Preferably, the compound of formula (1) has the structure:

o} H o} o H

0 0 0
I H I
)]\T/\/O\AHMN\/\O/\/NN /\/O\/\”)WN\/\/\/L

!
OH (0] (0] OH o
or a pharmaceutically acceptable salt thereof.

As discussed earlier, the radionuclide-labelled ligand conjugates described above have
been designed for use as imaging agents for imaging in cells, in vitro biopsy samples
and/or in patients. These conjugates are expected to be particularly useful in imaging

for prostate cancer.

The prostate-specific membrane antigen (PSMA) has been identified as a target for the
non-invasive detection of prostate cancer and its metastases and is overexpressed in
almost all prostate cancer cells. Moreover, the expression level has been shown to
increase with stage and grade of progression. Various glutamate-urea-lysine based
peptides have been developed showing specific binding to PSMA (Perk et al. Eur. J.
Nucl. Med. Mol. Imaging 37, 250-259; Maresca et al J. Med. Chem. 52, 347-357). An

example of a glutamate-urea-lysine based peptide is shown below:
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H H
HOOC N N

T

0

COOH

COOH

NH;

Many of these types of ligands with different chelating agents, radiolabelled conjugates
or prosthetic groups have been synthesised and radiolabelled with Fluorine-18, lodine-
123/125, Gallium-68, Lutetium-177; and more recently with Zirconium-89. These current
PET methods for imaging prostate cancer, however, lack sensitivity and selectivity,

particularly in cases where PSMA levels are low.

In one aspect, therefore, the present invention relates to a method of imaging a patient,

the method including:

- administering to the patient a radionuclide-labelled conjugate, as defined

herein, and
- imaging the patient.

In another aspect, the present invention provides a method of imaging a patient, the

method including:
- administering to the patient a composition as defined herein; and
- imaging said patient.

In another aspect, the present invention relates to a method of imaging a cell or in vitro

biopsy sample, the method including:

- administering to the cell or in vitro biopsy sample a radionuclide-labelled

conjugate, as defined herein, and
- imaging the cell or in vitro biopsy sample.

In another aspect, the present invention relates to a method of imaging a cell or in vitro

biopsy sample, the method including:
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- administering to the cell or in vitro biopsy sample a composition as defined

herein; and
- imaging the cell or in vitro biopsy sample.

Preferably, the radionuclide is zirconium (e.g. ®Zr), gallium (e.g. ®Ga) or lutetium (e.g.

71Lu). More preferably, the radionuclide is %Zr.

In one embodiment, the target molecule is a polypeptide. In another embodiment, the
target molecule is a peptide. In another embodiment, the target molecule is a

monoclonal antibody, mini-body or other antibody variant or fragment.

In one preferred embodiment, the target molecule is a glutamate-urea-lysine based

peptide.

In one aspect, the present invention provides a method of imaging for prostate cancer,
wherein the target molecule is a glutamate-urea-lysine based peptide, the nucleotide is

89Zr and the ligand is a compound of formula (1).

In one aspect, the present invention provides a process for making a compound of

formula (ll):
0 0 (l)H ) 0
R N N R
)j\,r/\/ 1\/\HJ\/\’( Nk \n/\)‘\,r/\/ N,
OH 0 o] OH

(I

wherein Ry, R, and R; are each independently O or CH,, provided that at least
one of Ry, R, and R is O,

wherein the process comprises:
- adding 2,2’-oxybis(ethan-1-amine) to a culture of S. pilosus;

- incubating S. pilosus with said 2,2’-oxybis(ethan-1-amine) to provide a

compound according to formula (ll).

In one embodiment, the 2 2’-oxybis(ethan-1-amine) is in solution at pH 7 prior to

addition to the culture of S. pilosus.
28
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In one embodiment, the culture of S. pilosus is inoculated with Chelex resin-treated YM

media prior to the addition of 2,2’-oxybis(ethan-1-amine).

In one embodiment, the preculture is added to a YM base medium pre-culture prior to

the addition of 2,2’-oxybis(ethan-1-amine).

In one embodiment, the compound according to formula (1) is

0] 0 0
I H
)kN/\/O\/\N)l\/WN\/\O/\/NY\)‘\N/\/O\/\NHZ
| H |

OH 0] 0] OH

In another aspect, the invention provides a process for the preparation of a compound
according to formula (1), wherein a compound of formula (Il) is coupled to a compound

of formula (lll):

Cl)H

o) o) o)
H
)I\ P 2NN N AN P2 NN (I
Iil H R> 'il NH,
OH o) 0 OH
o) !?5
[ 1]
Rs
o) o) c|>H y o) o) glas
)I\T/\/RK/\H)WN\/\RZ/\/NNTNRK/\H)L(\%VN/DWL 0]
OH 0 0 OH Ry

wherein

| is a single or double bond,

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R; is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R; is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, R4 is OH, Rs is O, the bond between W and R, is a single bond

and the bond between D and Rs is a double bond;
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n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

5 molecule; and

Rs is a leaving group.
In one embodiment, Rg is an -OH group.
In another embodiment, Rg is halogen.

In some embodiments, the compound of formula (lll) is:

Ho"k/\nf R a2 for-PBH  4-((S-aminopentyi}hydroxyjaming)-4-axobutancic add
Q
o o
Hek/\i},k/'\/\/"m ret-PBH  d-{B-aminn-N-hydroxyhaxanamidopropanaic acid
OH
s} ?Hz
HOJI\/\H’ RN NP Ty . orHBH  4(S-aminchexylihydroxylamino}-4-oxobutanoic acid
a
o Q
Ho/u\_/\r;')k/\/\,/\mﬁ rel-HBH  3-{7-amino-N-hydroxyheptanamideprapanoic acid
OH
o] o
HQJI\/\)L,?WNH X for-PPH  5-{{5-aminopentyilhydroxylaming -5-axopentancic acid
QOH
0 o
“OJJ\/\/ B \n/’\/\/\ nn, eFPPH 4-8-amino-Nhydroxyhexansmidojputanoie srid
o
a ?H
HOJW N N G N NH; for-PBHp 4-(-{Z-aminoethoxylethyi{hydroxylaminol-4-oxobutancic aoid
Q

Q <
HO’K/\ N J'k/’\o"\v* NHy ret-PBHz  3-(3-(2-aminvsthoxyFA-hydxypropanamido foropanoic acid
1
ON

[+ o
Ho’u\/\/LLN ’\/D‘VANHQ for-PPH.  5-({2-{2-aminoathoxryjethyihydroxyjJaminoS-oxopantanoic acid
§
OH
o (;JH
Ho’k’/\’ N \n/\x/c\/”\ NH, eRRPHe  4-(3-(2-amincethuxy-N-hydroxypropanamidojbutancic acid
(e

10
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0 o}
HOJI\/O\)Lh',/\/o\/\NH2 for-PPHgg  2-(2-((2-(2-aminoethoxy)ethyl)(hydroxy)amino)-2-oxoethoxy)acetic acid
OH

(o] H

(o]

|
HOJK/O\/N o\/\NH2 ret-PPHgg  2-((3-(2-aminoethoxy)- N-hydroxypropanamido)methoxy)acetic acid
(o]

o] [o}
HoJl\/S\)LN/\/O\/\NHZ for-PPH1g  2-((2-((2-(2-aminoethoxy)ethyl)(hydroxy)amino)-2-oxoethyljthio)acetic acid
]
OH

(o] OH
1
HOJI\/S\/N 0\/\NH2 ret-PPHtg  2-(((3-(2-aminoethoxy)- N-hydroxypropanamido)methyljthio)acetic acid
o}
Other hydroxamic acid-bearing fragments could be used in place of the ligands shown
above. For example, in some embodiments, the fragment may be L-aspartic acid beta

hydroxamate and L-glutamic acid gamma-hydroxamate.

In one embodiment, the process is:

e} 0 OH e}
| H
)I\N/\/O\/\N)]\/WN\/\O/\/NY\)‘\N/\/O\/\NHz
| H |
OH (e} O OH
0 !I?z
; 1
R4 " %Y/DWL i
g,
[0} e} (l)H H [0} e} !I?z
*TNO\AH)‘\/\’(N\/\O/\/N\’(\)‘\T/\/O\/\H VI\.KDWL
OH 0 0 OH R,

wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond

and the bond between D and Rs is a double bond;
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n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
Rs is a leaving group.

In some preferred embodiments, the process is selected from any one of the following

schemes A to J:

-~

A o ?H
,\, \/\HM( N Y\)LN/\, ", J\/\”,N\/\/\,NHA for-PBH

4-{{B-aminapentyl{hydraxyiaming -
% 4-oxobutanoic acid

DFOB-PE3 i "
/”\N/‘\/OV’\NMN\/\O/\,N\“/\)LN/\/ \/\NJK/Y v’\/’\/”"'l
] H
oH 0 o

DFOB-PE,-for-PBH

B Q o
»JL S wMJW ~— /\/”\n/\)\ P, HO)I\/\NJK/\/\.’NHZ ret-PBH
l

oH F-fGamino-N-hvdroxyhexan
armdoyropanois anid

)LN'-\/O\'/\NJ’\/\R’:‘\/\G/\'EMNNO\/\ -)k./\ k“\/’\/
1 H
ox O <

DFOB-PEy-rat-PRH

os
[ i
N/\,D\/\ JI\/YNV/\O/'\\/ \n/\)l\ f\,o\/\wz DMNWW?. for-HB8H

Ve

DFOB- PE3

Q 4-{{G-aminohexyiihydroxylamina}-
4-oxobutanaic acid

DPOE«PE3 2 g o3 ok

}
)LN/\/O\»”*NJ\/\"/N\/\QNNMNNOV’\NJ\/\WNV\/\/\WZ
\_ aH a o O o DFQB-PE,-for-HBH y
P
D ,JL /\, VI\NKU\/\’rN\/\ A \ﬂ/\)L 0 Sy Ho”ik/'\ "u\/\/'\/\uu ref-HBH
7 -aminch-hydroxyheptan
amidojpropanois anid
orosee, A g k/\ ,U\,W )
v/\/a\/\n}]\/\“‘rnv\q/\,&m/\/n, /\/G\//\ N,
L OB Q o DFOB-PE pret-HBH
E j g
’JLN/\/Q\/\NJWNV\ ! \n/\)L Al \,/\NH “o }’\‘/\)LMWNHJZ for-PPH
5“ on S-t{S-aminopenty! ) hydroxy jamine -
DFCE-PE G ] S-pxaprranois asic
’ ,lL N \/\NJ\/\WNV'\Q"\’N‘"/\)\N/\/ \/\Nau\/\/ux v
§ Sn o ) o dn DFOB-PEg-for-PPH
F 3 o o . PR <
’JLNNOVNNMN\/\ONNY\)LN/\/O\*/\NHQ & HO/U\/\’NY\’/\/\NHQ rel-PPH
{SH B o] 0 OH Q 2-{-amino-N-hydroxyhexan
DFCR-PE e 4 amigojbutanaic acid
i ,)LN’\/Q\/’\NJK/\H/”\,/\ /\./-M\n/\/tL /\.xo\,/\ J’]\/\\,« \n/\;/\\/\NHQ
. & B DFOS-PE;-ret PPH
6 I o
N”\/o\/\u)l\/\[f \,f\o-f‘\/Nm/\/u\ A B, + B Naogr™o M forPRH:
GH o A-{({2-{2-aminoethoxy ety hydroxy)amino -

d-axabuiannis acid

DFOB-PE, o o
N‘/\V’ N k/Y N /\/N\n/\)LN/\/ \,/\N’Lk/\rrb’\/\of\/"“z
o

DFOB-PE -for-PBH:
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~

H )L ’\/G\ﬂn‘u\/j""\/\o"\/nj(\/u\ O, )1\/\ J\/\ ) rel-PBHg
GH

OH B{3~{2-aminoathory -N-hydroxypropan
amdalprepannis anik

DFOB-PE *
3 )LNNO\ANMN\/\ONNY\)LN,\/O\/\ J\/\ ,U\/\D/\/mz
s H
M a o

OFOB-PE-ret-PEH:

o [} R Q o o
l ! H
’}JJ\NJJ\/O\/\?'J\‘/\“’NV’\ONNNN/\/O\/\NHZ i HOWN/\/ \/\NH for-PPHe
! |
OH

. S 2-(2-mninoethoxylethyibydroxyaming -
S-oxopenianals soid

DFOB-PE Q Q
? N/\_, T JJ\/\W LN /\,NM ’\/O\/’\N’H\/'\/u\n"’\/ ~
&n DFOB-PE -for-PPH;
'
J )’LN/\..’O\/’\NM g N \'(\)L /‘\/o\/\“ﬂ + Ho)’\/\/ Y’Vo‘\/\uﬂ ret-PPH;
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DFOB-PE, a o OH arnidnutanoic actd
/“'LN/\/Q\/’\NJ]\/\H/N\/’\ /\\/NY\)LH"\/ \/‘\N*‘{L\/\/ ‘H/\VOVANH
OH o 0 DFOB-PE-rot-PPMe

In another aspect, the present invention provides compounds of formula (Il) prepared by

the process defined above.
DEFINITIONS

A "pharmaceutically acceptable salt" of a compound disclosed herein is an acid or base
salt that is generally considered in the art to be suitable for use in contact with the
tissues of human beings or animals without excessive toxicity or carcinogenicity, and
preferably without irritation, allergic response, or other problem or complication. Such
salts include mineral and organic acid salts of basic residues such as amines, as well as

alkali or organic salts of acidic residues such as carboxylic acids.

Suitable pharmaceutically acceptable salts include, but are not limited to, salts of acids
such as hydrochloric, phosphoric, hydrobromic, malic, glycolic, fumaric, sulfuric,
sulfamic, sulfanilic, formic, toluenesulfonic, methanesulfonic, benzenesulfonic, ethane
disulfonic, 2-hydroxyethylsulfonic, nitric, benzoic, 2-acetoxybenzoic, citric, tartaric, lactic,
stearic, salicylic, glutamic, ascorbic, pamoic, succinic, fumaric, maleic, propionic,
hydroxymaieic, hydroiodic, phenylacetic, alkanoic (such as acetic, HOOC-(CH,),-COOH
where n is any integer from 0 to 6, i.e. 0, 1, 2, 3, 4, 5 or 6), and the like. Similarly,
pharmaceutically acceptable cations include, but are not limited to sodium, potassium,
calcium, aluminum, lithium and ammonium. A person skilled in the art will recognize
further pharmaceutically acceptable salts for the compounds provided herein. In
general, a pharmaceutically acceptable acid or base salt can be synthesized from a
parent compound that contains a basic or acidic moiety by any conventional chemical

method. Briefly, such salts can be prepared by reacting the free acid or base forms of
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these compounds with a stoichiometric amount of the appropriate base or acid in water
or in an organic solvent (such as ether, ethyl acetate, ethanol, isopropanol or

acetonitrile), or in a mixture of the two.

It will be apparent that the compounds of formula (1) may, but need not, be present as a
hydrate, solvate or non-covalent complex (to a metal other than the radionuclide). In
addition, the various crystal forms and polymorphs are within the scope of the present

invention, as are prodrugs of the compounds provided herein.

A "prodrug" is a compound that may not fully satisfy the structural requirements of the
compounds provided herein, but is modified in vivo, following administration to a subject
or patient, to produce a radiolabelled conjugate as provided herein. For example, a
prodrug may be an acylated derivative of a radiolabelled conjugate. Prodrugs include
compounds wherein hydroxyl or amine groups are bonded to any group that, when
administered to a mammalian subject, cleaves to form a free hydroxyl or amine group,
respectively. Examples of prodrugs include, but are not limited to, acetate, formate,
phosphate and benzoate derivatives of amine functional groups within the radiolabelled
conjugate. Prodrugs of the may be prepared by modifying functional groups present in
the compounds in such a way that the modifications are cleaved in vivo to generate the

parent compounds.

A "substituent" as used herein, refers to a molecular moiety that is covalently bonded to
an atom within a molecule of interest. The term "substituted," as used herein, means
that any one or more hydrogens on the designated atom is replaced with a selection
from the indicated substituents, provided that the designated atom's normal valence is
not exceeded, and that the substitution results in a stable compound, i.e., a compound
that can be isolated, characterized and tested for biological activity. When a substituent
is oxo, i.e., =0, then two hydrogens on the atom are replaced. An oxo group that is a
substituent of an aromatic carbon atom results in a conversion of -CH- to -C(=0)- and a
loss of aromaticity. For example a pyridyl group substituted by oxo is a pyridone.
Examples of suitable substituents are alkyl, heteroalkyl, halogen (for example, fluorine,
chlorine, bromine or iodine atoms), OH, =0, SH, SO,, NH2, NHalkyl, =NH, N3 and NO-

groups.

The term "optionally substituted" refers to a group in which one, two, three or more
hydrogen atoms have been replaced independently of each other by alkyl, halogen (for
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example, fluorine, chlorine, bromine or iodine atoms), OH, =0, SH, =S, SO, NH,,
NHalkyl, =NH, N3 or NO, groups.

As used herein a wording defining the limits of a range of length such as, for example,
"from 1 to 5" means any integer from 1 to 5, i.e. 1, 2, 3, 4 and 5. In other words, any
range defined by two integers explicitly mentioned is meant to comprise and disclose

any integer defining said limits and any integer comprised in said range.

The term “linking group” refers to any moiety that is capable of being bound to the
DFOB analogue then undergoing a reaction such that the linking group facilitates the
direct or indirect binding of the DFOB analogue with a target molecule. The linking
group may therefore become incorporated into the final conjugated compound (for
example, an amine acting as a nucleophile), or it may be displaced during reaction with

the target molecule (for example, a halogen being displaced by a nucleophile).

In one embodiment, the linking group (“L”) is =NR’R”. In another embodiment, L is OR.
In one embodiment, R, R and R” is selected from hydrogen, C4 to Cqp alkyl, C4 to Cyo
heteroalkyl, C, to Cqo alkene and C, to Cqp alkyne, and aryl, each of which is optionally
substituted. In one embodiment, R is C1 to Cqp alkyl (e.g. C4 to Cg alkyl, such as methyl,
ethyl, propyl or butyl). In one embodiment, R is methyl or ethyl. In another embodiment,

L is halogen (e.g. fluorine, chlorine, bromine or iodine), or L is an azide group.

Where the linking group forms indirect binding of the DFOB analogue with a target
molecule, the linking group can bind to a spacer moiety which can be used, for
example, to keep the target molecule at a distance from the DFOB moiety. In this
situation, L reacts with the spacer moiety and the spacer moiety is bound to the target

molecule either before or after binding to L.

Typical spacer moieties are known to a person skilled in the art. For example, useful
spacer moieties may include alkyl chains, ether chains (such as polyethyleneglycol
derivatives) ether chains (such as polyesters) and amide chains. They may be based on
polyvinyl chloride monomers, polypropylene, polyacrylonitrile and other such polymers

known in the art.

Such spacer groups may vary in length, may be substituted or unsubstituted, saturated
or unsaturated, hydrophilic, neutral or hydrophobic and may be represented as single or

repeated units in order to obtain the desired chain length useful for application. Specific
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properties may be introduced into the spacer moiety to achieve various functionalities,
such as visualisation through the incorporation of aromatic/heteroaromatic rings, or

biological compatibility relating to, for example, tissue, cellular, lipid or protein
interactions in the body.

5 In one embodiment, the spacer moiety has the general structure:

ZN HWH)V“{

whereinnis 0,1, 2, 3, 4, 5 or 6; and
the alkyl chains may be substituted or unsubstituted.

The spacer moiety may include amino acid residues to separate the target molecule

10 from the DFOB analogue. For example, and in another embodiment, the spacer moiety
has the general structure:

OOCH O

I e)

wherein each of n and m is independently 0, 1, 2, 3, 4, 5 or 6; and
the alkyl chains may be substituted or unsubstituted.

15 The term “leaving group” where used refers to any group that can readily displaced by
nucleophilic attack from an amine, as a person skilled in the art would be familiar. In one
embodiment, the leaving group is OR'. In one embodiment, R, R’ and R” is selected

from hydrogen, C4 to Cqp alkyl, C; to C4o heteroalkyl, C, to C4o alkene and C, to Cyg
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alkyne, and aryl, each of which is optionally substituted. In one embodiment, R is C to
C1o alkyl (e.g. Cq to Ce alkyl, such as methyl, ethyl, propyl or butyl). In one embodiment,
R is methyl or ethyl. In another embodiment, L is halogen (e.g. fluorine, chlorine,

bromine or iodine), or L is an azide group.

The term “alkyl” refers to a saturated, straight-chain or branched hydrocarbon group that
contains from 1 to 10 carbon atoms, for example a n-octyl group, especially from 1 to 6,
i.e. 1, 2, 3, 4, 5, or 6, carbon atoms. Specific examples of alkyl groups are methyl, ethyl,
propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, n-hexyl
and 2,2-dimethylbutyl.

The term “heteroalkyl” refers to an alkyl group as defined above that contains one or
more heteroatoms selected from oxygen, nitrogen and sulphur. Specific examples of
heteroalkyl groups are methoxy, trifluoromethoxy, ethoxy, n-propyloxy, iso-propyloxy,
butoxy, fert-butyloxy, methoxymethyl, ethoxymethyl, -CH,CH,OH, -CH,OH,
methoxyethyl, 1-methoxyethyl, 1-ethoxyethyl, 2-methoxyethyl or 2-ethoxyethyl,
methylamino, ethylamino, propylamino, iso-propylamino, dimethylamino, diethylamino,
iso-propyl-ethylamino, methylamino methyl, ethylamino methyl, di-iso-propylamino ethyl,
methylthio, ethylthio, iso-propylthio, methanesulfonyl, trifluoromethanesulfonyl, enol
ether, dimethylamino methyl, dimethylamino ethyl, acetyl, propionyl, butyryloxy,
acetyloxy, methoxycarbonyl, ethoxy-carbony!, propionyloxy, acetylamino,
propionylamino, carboxymethyl, carboxyethyl or carboxypropyl, N-ethyl-N-
methylcarbamoyl and N-methylcarbamoyl. Further examples of heteroalkyl groups are
nitrile, iso-nitrile, cyanate, thiocyanate, iso-cyanate, iso-thiocyanate and alkylnitrile

groups.

The term “alkenyl” refers to an at least partially unsaturated, straight-chain or branched
hydrocarbon group that contains from 2 to 10 carbon atoms, especially from 2 to 6, i.e.
2, 3, 4, 5 or 6, carbon atoms. Specific examples of alkenyl groups are ethenyl (vinyl),
propenyl (allyl), iso-propenyl, butenyl, ethinyl, propinyl, butinyl, acetylenyl, propargyl,
iso-prenyl and hex-2-enyl group. Preferably, alkenyl groups have one or two double
bond(s).

The term “alkynyl” refers to a at least partially unsaturated, straight-chain or branched

hydrocarbon group that contains from 2 to 10 carbon atoms, especially from 2 to 6, i.e.

2,3, 4, 5 or 6, carbon atoms. Specific examples of alkynyl groups are ethynyl, propynyl,
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butynyl, acetylenyl and propargyl groups. Preferably, alkynyl groups have one or two

(especially preferably one) triple bond(s).

The term “aryl” refers to an aromatic group that contains one or more rings containing
from 6 to 14 ring carbon atoms, preferably from 6 to 10 (especially 6) ring carbon atoms.
Examples are phenyl, naphthyl and biphenyl groups. Examples of substituted aryl
groups suitable for use in the present invention include p-toluenesulfonyl (Ts),

benzenesulfonyl (Bs) and m-nitrobenzenesulfonyl (Ns).

In one embodiment, the linking group is selected from —-NH;, —NHR, —-NR'R”,
—OCH,CHj, —O-p-toluenesulfonate (OTs), —O-methanesulfonate (OMs),
—O-trifluoromethanesulfonate (OTY), —O-benzenesulfonate (OBs),
—O-m-nitrobenzenesulfonate (ONs), cyanate (CN), azide (N3) and halogen (e.g. fluorine,

chlorine, bromine or iodine).

As used herein, the term “radionuclide complex” refers to a compound of formula (I), as
defined above, which has formed a co-ordination complex with a radionuclide.
Generally, this occurs as a result of the formation of co-ordination bonds between the
electron donating groups (such as the hydroxamate groups) of the compound of formula

(I) and the radionuclide.

As used herein, the term “radionuclide” (also commonly referred to as a radioisotope or
radioactive isotope), is an atom with an unstable nucleus. It radioactively decays
resulting in the emission of nuclear radiation (such as gamma rays and/or subatomic
particles such as alpha or beta particles). In one embodiment, the radionuclide is one
that is also useful in radioimmunotherapy applications (e.g. a beta particle emitter).
Preferably, the radionuclide has eight-coordinate geometry. Examples of radionuclides
suitable for use in the present invention include radioisotopes of zirconium (e.g. %°Zr),
gallium (e.g. ®’Ga and ®*Ga), gadolinium (e.g. "*>Gd), lutetium (e.g. "°Lu and """Lu),
holmium (e.g. "®*Ho), scandium (e.g. **Sc and *’Sc), titanium (e.g. *°Ti), indium (e.g.
"n and "In) yttrium (e.g. %Y and *°Y), terbium e.g. (**Tb, **Tb, "**Tb and '®'Tb),
technetium (e.g. *™Tc), samarium (e.g. "**Sm), niobium (e.g. *Nb and *Nb) and
lanthanum (e.g. '*La). In one embodiment, the radionuclide for use in the present

invention is zr.
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The compounds of formula (I) and the radionuclide complexes can be synthesised by

any suitable method known to a person skilled in the art.

As mentioned above, the present invention also relates to a conjugate of a compound of

formula (), or a pharmaceutically-acceptable salt thereof, and a target molecule.

As used herein, the term “target molecule” refers to a biological molecule, or a fragment
of a biological molecule, that has the ability to target a particular tissue or tumour. In one
embodiment, the target molecule is a polypeptide, such as a protein an albumin, an
antibody a mini-body or other antibody variations and fragments. In another
embodiment, the target molecule is a peptide (e.g. a targeting peptide that is used to
target cells involved in tumour angiogenesis, such as cyclic RGD sequences, or another
targeting peptide, such as octreotate, bombesin, Neuropeptide-Y and glutamate-urea-
lysine-based peptides such as glu-N(CO)N-lys PSMA). In another embodiment, the
target molecule is an amino acid. The target molecule will have a functional group that
will react with the linking group to form a covalent link between the target molecule and
the compound of formula (). Compounds of formula () can be conjugated with the
target molecules of interest by any suitable method known to a person skilled in the art.
For example, if the linking group of formula (I) were a primary amine, the target
molecule may have a carboxylic acid functional group that could be reacted with the
amine of the linking group under standard peptide coupling conditions to provide an
amide. Alternatively, additional linkers may be used, such as succinic anhydride, which

may, for example, enable two amines to be linked through a bridging region.

This results in formation of the conjugate. The conjugate may also include a
radionuclide complexed thereto. This produces a radionuclide-labelled conjugate of a
compound of formula (I), or a pharmaceutically-acceptable salt thereof, a target
molecule, and a radionuclide complexed thereto. In one embodiment, the radionuclide is

a radioisotope of zirconium (e.g. #Zr).

The radionuclide complexes can also be conjugated with the target molecules of
interest (to produce a radiolabelled conjugate) in the same manner as described above
for conjugating the target molecules to the compounds of formula (l), or any other

suitable method known to a person skilled in the art.
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It will also be clear to a person skilled in the art that the conjugate can be prepared in
the absence of the radionuclide. In this embodiment, the radionuclide is added to the

conjugate once the conjugate has been prepared.

In order to facilitate a useful, cost-effective synthesis of these compounds, the inventors
of the present invention designed a system that utilises the bacterium that produces
DFOB as a native and essential metabolite, Streptomyces pilosus, in a precursor-
directed biosynthesis approach to generate new DFOB analogues. In this approach, the
bacterium is cultured in medium supplemented with non-native substrates relevant to
DFOB biosynthesis that are recognized as viable by the native biosynthetic bacterial
machinery. Incorporation of these non-native substrates results the production of new

DFOB analogues.

In one aspect, therefore, this invention relates to the precursor-directed biosynthesis of
new DFOB analogues. In one embodiment, the substrate 2,2'-oxybis(ethan-1-amine)
(NH2-CH2-CH2-O-CH2-CH2-NH>) is utilised in this manner to produce a polyether DFOB
variant (DFOB-PE3) with oxygen atoms installed along the DFOB backbone.

The terms “forward” (“for”) and “retro” (“ret”) refer to the orientation of the hydroxamic
acid unit with respect to the flanking amino and carboxylic acid groups. The forward
ligand, for-PBH is: NH2-(CH3)s-N(OH)-C(O)-(CH)>-CO.H (4-[(5-
aminopentyl)(hydroxy)amino]-4-oxobutanoic acid). The equivalent reverse or retro
ligand, ret-PBH is NH2-(CH3)5-C(0O)-N(OH)-(CH3),-CO2H (3-(6-amino-N-

hydroxyhexanamido)propanoic acid).

The present invention also relates to compositions comprising a radionuclide-labelled

conjugate comprising:
- a compound of formula (I):

o 0 H o 0 Rs

0
I H i
)k,il/\/R\/\HJ\/\’(N\/\RZ/\/N\"/\)‘\T/\/RK/\H g V\:I/D\/HEI/L
! |

(

wherein
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il is a single or double bond:

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,
Rz and Rs is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and R; is a single bond, or

Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond
and the bond between D and R5 is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule,
- a target molecule, and
- a radionuclide complexed thereto,

and one or more pharmaceutically acceptable carrier substances, excipients

and/or adjuvants.

These compositions may include, for example, one or more of water, buffers (for
example, neutral buffered saline, phosphate buffered saline, citrates and acetates),
ethanol, oil, carbohydrates (for example, glucose, fructose, mannose, sucrose and
mannitol), proteins, polypeptides or amino acids such as glycine, antioxidants (e.qg.
sodium bisulfite), tonicity adjusting agents (such as potassium and calcium chloride),

chelating agents such as EDTA or glutathione, vitamins and/or preservatives.

These compositions will preferably be formulated for parenteral administration. The term
‘parenteral” as used herein includes subcutaneous, intradermal, intravascular (for

example, intravenous), intramuscular, spinal, intracranial, intrathecal, intraocular,
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periocular, intraorbital, intrasynovial and intraperitoneal injection, as well as any similar
injection or infusion technique. Intravenous administration is preferred. Suitable
components of parenteral formulations, and methods of making such formulations, are

detailed in various texts, including “Remington’s Pharmaceutical Sciences”.

The composition of the present invention will be administered to a patient parenterally in
the usual manner. The radionuclide-labelled conjugate complex may then take
anywhere from 1 hour to 24 hours to distribute throughout the body to the target site.

Once the desired distribution has been achieved, the patient will be imaged.

Accordingly, the present invention also relates to a method of imaging a patient, the

method including:

- administering to the patient a radionuclide-labelled conjugate, as defined

herein; and
- imaging said patient.

The present invention also relates to a method of imaging a cell or in vitro biopsy

sample, the method including:

- administering to the cell or in vitro biopsy sample the radionuclide-labelled

conjugate, as defined herein; and
- imaging the cell or in vitro biopsy sample.

Preferably, the target molecule serves to target the conjugate to a desired site in vivo, or
to a desired site in the cell or in the biopsy sample. Preferably, the desired site is a

tumour. Most preferably, the desired site is prostate cancer.

It will be understood, that the specific dose level for any particular patient, and the
length of time that the agent will take to arrive at the target site, will depend upon a
variety of factors including the activity of the specific compound employed, the age,
body weight, general health, sex, diet, time of administration, route of administration,

and rate of excretion, and the severity of the particular disorder undergoing therapy.

The term “effective amount” refers to an amount of the compound that results in a

detectable amount of radiation following administration of the radionuclide-labelled
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conjugate to a patient. A person skilled in the art will know how much of the
radionuclide-labelled conjugate to administer to a patient to achieve the optimal imaging
capability without causing problems from a toxicity perspective. The radionuclide-
labelled conjugates of the present invention find particular use in assisting clinicians to
determine where a cancer is (including whether a target, such a receptor, is
homogeneously present on a tumour), what treatment a cancer will respond to (which
facilitates treatment selection and determination of optimal dosages), and how much of
the treatment will ultimately reach the target site. The radionuclide-labelled conjugates
of the present invention can also be used to study the pharmacokinetics and
biodistribution of particular target molecules (e.g. during drug development of new

biological therapeutic agents, such as monoclonal antibodies).

Patients may include but are not limited to primates, especially humans, domesticated
companion animals such as dogs, cats, horses, and livestock such as cattle, pigs and

sheep, with dosages as described herein.

As mentioned above, the radionuclide-labelled conjugates of the present invention are
particularly useful for imaging tumours (which form as a result of uncontrolled or
progressive proliferation of cells). Some such uncontrolled proliferating cells are benign,
but others are termed "malignant" and may lead to death of the organism. Malignant
neoplasms or "cancers" are distinguished from benign growths in that, in addition to
exhibiting aggressive cellular proliferation, they may invade surrounding tissues and
metastasize. Moreover, malignant neoplasms are characterized in that they show a
greater loss of differentiation (greater "dedifferentiation"), and greater loss of their
organization relative to one another and their surrounding tissues. This property is also
called "anaplasia". Neoplasms that may be amenable to imaging by the present
invention also include solid phase tumors/malignancies, i.e. carcinomas, locally
advanced tumors and human soft tissue sarcomas. Carcinomas include those
malignant neoplasms derived from epithelial cells that infiltrate (invade) the surrounding

tissues and give rise to metastastic cancers, including lymphatic metastases.

Adenocarcinomas are carcinomas derived from glandular tissue, or which form
recognizable glandular structures. Another broad category of cancers includes
sarcomas, which are tumors whose cells are embedded in a fibrillar or homogeneous

substance like embryonic connective tissue.
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The type of cancer or tumor cells that may be amenable to imaging according to the
invention include, for example, breast, colon, lung, and prostate cancers,
gastrointestinal cancers including esophageal cancer, stomach cancer, colorectal
cancer, polyps associated with colorectal neoplasms, pancreatic cancer and gallbladder
cancer, cancer of the adrenal cortex, ACTH-producing tumor, bladder cancer, brain
cancer including intrinsic brain tumors, neuroblastomas, astrocytic brain tumors,
gliomas, and metastatic tumor cell invasion of the central nervous system, Ewing's
sarcoma, head and neck cancer including mouth cancer and larynx cancer, kidney
cancer including renal cell carcinoma, liver cancer, lung cancer including small and non-
small cell lung cancers, malignant peritoneal effusion, malignant pleural effusion, skin
cancers including malignant melanoma, tumor progression of human skin keratinocytes,
squamous cell carcinoma, basal cell carcinoma, and hemangiopericytoma,
mesothelioma, Kaposi's sarcoma, bone cancer including osteomas and sarcomas such
as fibrosarcoma and osteosarcoma, cancers of the female reproductive tract including
uterine cancer, endometrial cancer, ovarian cancer, ovarian (germ cell) cancer and solid
tumors in the ovarian follicle, vaginal cancer, cancer of the vulva, and cervical cancer,
breast cancer (small cell and ductal), penile cancer, retinoblastoma, testicular cancer,

thyroid cancer, trophoblastic neoplasms, and Wilms' tumor.

It may also be advantageous to administer the radionuclide-labelled conjugates of the
present invention with drugs that have anti-cancer activity. Examples of suitable drugs
in this regard include fluorouracil, imiquimod, anastrozole, axitinib, belinostat,
bexarotene, bicalutamide, bortezomib, busulfan, cabazitaxel, capecitabine, carmustine,
cisplatin, dabrafenib, daunorubicin hydrochloride, docetaxel, doxorubicin, eloxati,
erlotinib, etoposide, exemestane, fulvestrant, methotrexate, gefitinib, gemcitabine,
ifosfamide, irinotecan, ixabepilone, lanalidomide, letrozole, lomustine, megestrol
acetate, temozolomide, vinorelbine, nilotinib, tamoxifen, oxaliplatin, paclitaxel,

raloxifene, pemetrexed, sorafenib, thalidomide, topotecan, vermurafenib and vincristine.

In another aspect of the present invention, the modified hydroxamic acids described in
this specification can be immobilised onto resins. Unmodified DFOB resin has been
prepared previously and is effective at binding Fe(lll). The intended purpose of the
Fe(lll)-loaded DFOB resin is for use as an affinity matrix for selecting proteins from the
bacterial proteome involved in Fe(lll)-DFOB uptake, to better understand mechanisms

of bacterial iron uptake.
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The modified hydroxamic acid ligands containing a terminal amine group can also be
immobilised on a solid-phase resin using mild reaction conditions to produce a resin
capable of binding metal ions. Tuning the ligand could be used to tune the metal ion
selectivity. These resins could have multiple functions. For example, they could be
useful for selecting Zr(1V) from a mixture; or for environmental applications in recovering
trace metals present in mine tailings or in sites that have metal contamination. Such
immobilised DFOB analogues can be prepared using techniques established in the art
for similar derivatives on various resins, such as J Pure Appl Microbiol (2012) 6:1609-
13, Anal Biochem (1992) 203:317-25; J Chromatogr (1985) 321:105-13, J Chromatogr
(1985) 321:93-104 and J Chromatogr (1985) 321:81-91.

In one embodiment, therefore, the present invention provides the modified DFOB
analogues described herein, immobilised to a resin. Preferably, the immobilised DFOB

analogue is prepared using epoxy-activated sepharose resin.

EXAMPLES

Example 1 — Biosynthesis of DFOB-PE,, DFOB-PE, and DFOB-PE;

OH O

0] O
I H
)j\,?/\/R1\/\”J\/\’(N\/\R2/\/NY\)‘\T/\/R3\/\NH2
0] OH

OH 0
wherein Ry, Rz and R3 are all O (DFOB-PE3), or

wherein one of Ry, Ry and R; is O (DFOB-PE+) and the other two of Ry, R, and

R3 are CHy, or

wherein two of Ry, Rz and R3 are O (DFOB-PE;) and one of Ry, Rz and R is
CH..

A 50-mL volume of YM media (2.1% w/v) that had been treated with Chelex resin and
sterilized was inoculated with S. pilosus frozen permanent. This pre-culture was shaken
at 160 rpm at 27°C for 4 days. The cell suspension was added into YM base medium
(2.1% wi/v) that included KH;PO4+3H,0 (235 mM), Na;HPO4 (11.6 mM), MgSQO4+7H20
(2.43 mM), CaCl, (13.6 mM), ZnSO47HO (13.9 pM), trizma base (5.0 mM) and
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threonine (0.84 mM). The non-native diamine substrate: 2,2’-oxybis(ethan-1-amine) was
added from a concentrated pH adjusted solution (pH 7) to give a final concentration of
10 mM prior to the addition of the cells from pre-culture. The culture was shaken at 160
rom at 27°C for 8 days. The supernatant was harvested and purified using XAD-2
chromatography and Ni(ll)-based immobilized metal ion affinity chromatography (IMAC),
according to published protocols (Soe CZ, Codd R ACS Chem Biol (2014) 9:945-56).
The purified extract was analysed using liquid chromatography-mass spectrometry (LC-
MS) and shown to contain six well-resolved peaks attributable to DFOB (tR 34.72 min),
DFOB-PE+, (tR 33.70 min), DFOB-PE4, (tR 31.81 min), DFOB-PE, (tR 30.72 min),
DFOB-PEy (tR 28.74 min) and DFOB-PE; (tR 27.41 min). The molecule DFOB-PE3

was produced in the highest yield and provided the lowest retention time on RP-HPLC.

Example 2 — Synthesis of 4-[(5-aminopentyl)(hydroxy)amino]-4-oxobutanoic acid
(for-PBH).

O ?H
N

HOM SN

o)

The fragment for-PBH has been prepared based on literature procedures (Kadi et. al.
(2007) Nat. Chem. Biol. 3, 652-656; Bergeron et. al. (1992) J. Med. Chem. 35, 4739-
4744).

Example 3 — Synthesis of 3-(6-amino-N-hydroxy-hexanamido)propanoic acid (ret-
PBH)

The fragment ret-PBH has been prepared based on literature procedures (Lifa et. al.
(2015) Inorg. Chem. 54, 3573-3583.

Example 4 - Synthesis of for-HBH (4-[(6-aminohexyl)(hydroxy)amino]-4-

oxobutanoic acid)

Ho)}\/\”/ A N

o)

Prepared using similar procedures as described above for for-PBH, with the substitution
of 1,5-dibromopentane with 1,6-dibromohexane.
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Example 5 — Synthesis of ret-HBH (3-(7-amino-N-hydroxyheptanamido)propanoic

acid)

0O

(0]
HO)K/\NJK/\/\/\NH

I
OH

2

Prepared using similar procedures as described above for ret-PBH, with substitution of

6-aminohexanoic acid with 7-aminoheptanoic acid.

Example 6 - Synthesis of for-PPH (5-[(5-aminopentyl)(hydroxy)amino]-5-

oxopentanoic acid)
o} o}
HOMTWNHZ
OH

Prepared using similar procedures as described above for for-PBH, with substitution of

succinic anhydride with glutaric anhydride.

Example 7 — Synthesis of ret-PPH (4-(6-amino-N-hydroxyhexan-amido)butanoic

acid.

o} H

HOJ\/\/ \n/\/\/\NH2

o

Z=0

Prepared using similar procedures as described above for ret-PBH, with substitution of

tert-butyl acrylate with tert-butyl 4-bromobutyrate.

Example 8 — Synthesis of for-PBHg (4-((2-(2-aminoethoxy)ethyl)-(hydroxy)amino)-
4-oxobutanoic acid) and N’-(27-amino-11,22-dihydroxy-7,10,18,21-tetraoxo-
3,14,25-trioxa-6,11,17,22-tetraazaheptacosyl)-N"-hydroxy-N*-(2-(2-(N-
hydroxyacetamido)ethoxy)ethyl)succinamide: DFOB-PE;-for-PBHg
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Phth, K.CO; o BnONHBoc, NaH
DMF DMF
Br/\/o\/\Br — > N/\/O\/\Br — > N/\/O\/\I}lBoc
2 OBn
o) o)
! 1. NH,NH,, EtOH
0 2.BzCl
ﬁ§
0
o oH © oy o 20% TFA/DCM o
ChzHN >N ~———— CbzHNT T ONH CbzHN"™"~""NBoc
OBn 0O OBn 3 OBn
4
‘ 10% Pd/C, MeOH
o Boc,O, NaHCO;, 1:1 THF/H,0 o
0 OH e} OH
H2N/\/ \/\N BocHN/\/ \/\I}IJ\/\”/
OH 0 OH o)
5 6
for-PBHg 1. DSC, Et3N, DMF
2. DFOB-PE,
3. 10% TFA/DCM
0 0 OH 0 0 OH
T H [
)]\N/\/O\/\N)K/\’fN\/\O/\/NNN/\/O\/\N)K/\WN\/\O/\/N%
1 |
OH H o) 0 OH H o)

7
Synthesis of 2-(2-(2-bromoethoxy)ethyl)isoindoline-1,3-dione (1)

A suspension of phthalimide potassium salt (4.6 g, 19.9 mmol), 2,2 bromoethoxy ether
(5.54 g, 3.00 mL, 29.9 mmol) and NaHCO3 (1.64 g, 19.9 mmol) in DMF (50 mL) was
5 stirred for 6 h. The reaction mixture was diluted with ethyl acetate (150 mL) and washed
with water (2 x 150 mL) and brine (150 mL). The organic layer was dried over Na;SOyq,
concentrated in vacuo and purified by silica gel chromatography eluting with 1:5 ethyl

acetate/hexane to give an off white solid (Yield: 4.08 g, 69%)

"H NMR (400 MHz, CDCl,): : 5 7.78 — 7.84 (m, 2H), 7.65 — 7.70 (m, 2H), 3.87 (t, J = 7.2

10 Hz, 2H), 3.71 — 3.77 (m, 4H), 3.63 (t, J = 7.5 Hz, 2H); "*C NMR (101 MHz, CDCL3): &
168.3, 156.8, 135.7, 134.1, 132.3, 129.6, 128.6, 128.5, 123.4, 81.5, 77.1, 67.7, 67.3,
49.8, 37.5, 28.4.
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Synthesis of tert-butyl benzyloxy(2-(2-(1,3-dioxoisoindolin-2-yl)ethoxy)ethyl)

carbamate (2)

Sodium hydride 60% dispersion in mineral oil (0.55 g, 13.7 mmol) was added portion-
wise to a stirring solution of tert-Butyl N-(benzyloxy)carbamate (2.05 g, 9.18 mmol) in
DMF (15 mL) under a nitrogen atmosphere at ambient temperature. The reaction
mixture was stirred for 15 min. 1 (3.00 g, 10.1 mmol) in DMF (10 mL) was added
dropwise and the reaction mixture was stirred under a nitrogen atmosphere at ambient
temperature overnight. The reaction mixture was quenched with water (100 mL) and
extracted with ethyl acetate (3 x 100 mL). The organic layers were pooled, washed with
brine (100 mL), dried over Na,SO4 and concentrated in vacuo. The residue was purified
by silica gel chromatography eluting with 1:4 ethyl acetate/hexane to give a yellow oil
(Yield: 1.94 g, 37%).

"H NMR (400 MHz, CDCls): : 8 7.78 — 7.82 (m, 2H), 7.65 — 7.70 (m, 2H), 7.29 — 7.37 (m,
5H), 4.77 (s, 2H), 3.87 (t, J = 7.2 Hz, 2H), 3.69 (t, J = 7.2 Hz, 2H), 3.60 — 3.62 (m, 2H),
3.54 — 3.57 (m, 2H), 1.45 (s, 9H); *C NMR (101 MHz, CDCl;): 5 168.3, 156.8, 135.8,
134.1, 132.3, 129.6, 128.6, 128.5, 123.4, 81.5, 77.1, 67.7, 67.3, 49.8, 37.5, 28.4,

Synthesis of tert-butyl benzyloxy(2-(2-(((benzyloxy)carbonyl)amino)ethoxy)ethyl)

carbamate (3)

2 (1.5 g, 3.33 mmol), 50% aqueous hydrazine hydrate (0.53 g, 0.98 mL, 16.6 mmol) in
ethanol (100 mL) was stirred under reflux for 3 h. The precipitate was filtered and
washed with ethyl acetate (100 mL). The filtrate was concentrated in vacuo and
dissolved in 1:1 1,4-dioxane/H,O (50 mL). The mixture was cooled with an ice-water
bath and NaHCO3 (0.41 g, 5.00 mmol) and benzylchloroformate (0.85 g, 0.71 mL, 5.00
mmol) were added. The reaction mixture was allowed to warm to ambient temperature
and stirred overnight. The reaction mixture was extracted with ethyl acetate (3 x 100
mL) and the organic layer was washed with water (100 mL) and brine (100 mL). The
organic layer was dried over Na;SQ4, concentrated in vacuo and the residue was
purified by silica gel chromatography eluting with 1:4 ethyl acetate/hexane to give a
clear gum (Yield: 458 mg, 31%)

"H NMR (400 MHz, CDCly): 8 7.27 — 7.39 (m, 10H), 5.31 — 5.40 (m, 1H), 5.09 (s, 2H),
4.82 (s, 2H), 3.56 — 3.61 (m, 4H), 3.51 (t, J =6.9 Hz, 2H), 3.36 (dt, J = 6.9, 6.9 Hz, 2H),
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1.48 (s, 9H). *C NMR (101 MHz, CDCls): & 157.3, 156.7, 136.9, 135.8, 129.6, 128.8,
128.7, 128.6, 128.6, 128.3, 128.2, 81.8, 70.0, 67.3, 66.8, 49.4, 41.1, 28.5.

Synthesis 10-(benzyloxy)-3,11-dioxo-1-phenyl-2,7-dioxa-4,10-diazatetradecan-14-

oic acid (4)

3 (400 mg, 0.90 mmol) was dissolved in 10% TFA/dichloromethane (5 mL) and stirred
for 2 h. The reaction mixture was concentrated in vacuo and dissolved in pyridine (5
mL). Succinic anhydride (109 mg, 1.08 mmol) was add and the reaction mixture was
stirred at 90 °C for 2 h under a nitrogen atmosphere. The reaction mixture was cool to
ambient temperature and stirred overnight under a nitrogen atmosphere. The reaction
mixture was concentrated in vacuo and purified by silica gel chromatography eluting
with 1:4:95 AcOH/MeOH/DCM to give a yellow gum (Yield: 192 mg, 40%).

"H NMR (400 MHz, CD;0D): & 7.25 — 7.44 (m, 10H), 5.01 (s, 2H), 4.92 (s, 2H), 3.74 —
3.88 (m, 2H), 3.60 — 3.74 (m, 2H), 3.48 (t, J = 7.2 Hz, 2H), 3.26 (t, J = 7.2 Hz, 2H), 2.69
— 2.75 (m, 2H), 2.48 — 2.58 (m, 2H). '*C NMR (101 MHz, CDs;OD): 5 176.1, 158.8,
138.3, 136.2, 130.6, 129.9, 129.7, 129.4, 128.9, 128.8, 77.5, 70.6, 67.8, 67.4, 58.3,
47.1,41.7, 28.6, 18.4.

Synthesis 4-((2-(2-aminoethoxy)ethyl)(hydroxy)amino)-4-oxobutanoic acid (5)

A solution of 4 (100 mg, 0.23 mmol) and 10% Pd/C (30 mg) in methanol (5 mL) was
purged with N, gas, evacuated under vacuum and purged with H, gas. The reaction
mixture was stirred under a H, atmosphere overnight. Water (1 mL) was added to the
reaction mixture and 10% Pd/C was carefully removed through a sintered funnel and
washed with 1:1 methanol/water mixture (5 mL). The filtrate was concentrated in vacuo
to give white solid (Yield 49 mg, 100%)

"H NMR (400 MHz, CD;0D): 5 3.81 (t, J = 4.8 Hz, 2H), 3.71 (t, J = 4.8 Hz, 2H), 3.65 —
3.67 (M, 2H), 3.04 — 3.12 (m, 2H), 2.71 (t, J = 6.8 Hz, 2H), 2.55 (t, J = 6.8 Hz, 2H); ©°C
NMR (101 MHz, CDs0D): & 179.96, 175.93, 67.88, 67.55, 48.41, 40.63, 31.13, 29.06.
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Synthesis of 11-hydroxy-2,2-dimethyl-4,12-dioxo-3,8-dioxa-5,11-diazapentadecan-
15-oic acid (6)

A solution of Boc,0 (38 mg, 0.18 mmol), 5 (35 mg, 0.16 mmol) and NaHCO; (26 mg,
0.32 mmol) in 1:1 THF/H20 (1 mL) was stirred for 6 h. The reaction mixture diluted with
ethyl acetate (25 mL) and washed with 0.5 M aqueous citric acid (25 mL). The organic
layer was concentrated and purified by silica gel chromatography 1:20 MeOH/DCM to
give a clear gum (Yield: 21 mg, 41%)

"H NMR (400 MHz, CD;0D): 8 3.78 (t, J = 5.6 Hz, 2H), 3.65 (t, J = 5.6 Hz, 2H), 3.48 (t,
J=56Hz 2H), 3.20 (t, J = 5.2 Hz, 2H), 2.78 (t, J = 5.2 Hz, 2H), 2.57 (t, J = 5.6 Hz, 2H);

Synthesis of N’-(27-amino-1 1,22-dihydroxy-7,10,18,21-tetraoxo-3,14,25-trioxa-
6,11,17,22-tetraazaheptacosyl)-N'-hydroxy-N*-(2-(2-(N-
hydroxyacetamido)ethoxy)ethyl)succinamide (7): DFOB-PE3-for-PBHg

A solution of 6 (21 mg, 0.06 mmol), N,N'-Disuccinimidyl carbonate (18 mg, 0.07 mmol)
and EtzsN (18 uL, 13 mg, 0.12 mmol) in anhydrous DMF (1 mL) was stirred under a
nitrogen atmosphere for 4 h. The DFOBe; (7 mg, 0.01 mmol) in DMF (1 mL) was added
and the reaction mixture stirred overnight. The reaction mixture was concentrated in
vacuo, re-dissolved in 1:9 TFA/DCM (1 mL) and stirred for 2 h. The reaction mixture
was concentrated in vacuo and re-dissolved in 1:1 DMSO/H,O and purified by semi-

preparative HPLC to give a white powder (Yield: 2 mg, 21% from DFOBej3).

"H NMR (400 MHz, DMSO-de): 8 8.39 (s, 2H), 7.80 — 7.90 (m, 3H), 3.64 (t, J = 5.2 Hz,
6H), 3.52 — 3.57 (m 8H), 3.47 (t, J = 5.2 Hz, 2H), 3.39 (t, J = 5.2 Hz, 8H), 3.16 (q, J =
5.2 Hz, 6H), 2.78 (t, J = 4.9Hz, 2H), 2.60 (t, J = 7.2 Hz, 6H), 2.98 (t, J = 7.2 Hz, 6H),
1.98 (s 3H); HRMS (ESI-TOF) m/z: [M + H]* Calcd for CaoHs7NsO+s: 769.39382; Found:
769.39434.

Example 9 - Synthesis of ret-PBHe (3-(3-(2-aminoethoxy)-N-hydroxy-

propanamido)propanoic acid).

(o] (o]
NH
HOJI\/\'#JI\/\O/\/ 2
OH
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This compound will be prepared using similar procedures as described above for ret-
PBH, with substitution of 6-aminohexanoic acid with 3-(2-aminoethoxy)propanoic acid,
which itself would be synthesized from N-Boc-ethanolamine and fert-butylacrylate, as
described in PCT Int. Appl., 2013032829.

Example 10 — Synthesis of for-PPHg (5-((2-(2-aminoethoxy)ethyl)-(hydroxy)amino)-

5-oxopentanoic acid.

o) 0
¢
HOMNN \/\NH2

|
OH

This compound will be prepared using similar procedures as described above for for-

PPH, with substitution of 1,5-dibromopentane with 1-bromo-2-(2-bromoethoxy)ethane.

Example 11 - Synthesis of ret-PPHe (4-(3-(2-aminoethoxy)-N-hydroxy-

propanamido)butanoic acid).
JOl\/\/?H
N O
HO NH,
\[Ol/\/

This compound will be prepared using similar procedures as described above for ret-
PPH, with substitution of 6-aminohexanoic acid with 3-(2-aminoethoxy)propanoic acid,
which itself would be synthesized from N-Boc-ethanolamine and fert-butylacrylate, as
described in PCT Int. Appl., 2013032829.
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Example 12 - Synthesis of DFOB-PE;-for-PBH and its complexation with Zr(IV)

cH

Q Q
1 f i
/J'LP‘J/\/U\/\ﬁJU\/YN\,/\ONN\"/\)LN/\V \"/\NH + HOM{ MNﬁa for-PBH
‘ 0

O 1-{{G-aminapeniylihydroxylanino}-
4-oxabutannic acid

Q 4] OH OH
DFOB-PE,
/U\Nf’\/‘:’\/'\“’u\/\nz“v’\ NNNN/’\\/ \/\NM{N\/’\/’\XNH’
b H 5 5 on ) o DFOB-PE y-for-PBH

Zr{acac),
MeOH

(\o
T
A Lo

“”‘“‘\
C

-

Synthesis of DFOB-PE;-for-PBH
DFOB-PE;-for-PBH will be synthesised in the following manner:

The forward endo-hydroxamic acid monomer 4-((5-aminopentyl)(hydroxy)amino)-4-
oxobutanoic acid (for-PBH) (15 mg, 0.07 mmol) will be N-Boc protected and reacted
overnight with disuccinimidyl carbonate (DMF, DIPEA). The DMF will be removed and
the product then reacted with DFOB-PE; (0.07 mmol) in THF in the presence of K,COs,
(overnight at room temperature). The solvent will be removed in vacuo using a rotary
evaporator and the crude sample will be treated with 20% TFA in DCM for 2 h. The
solvent will be removed to give DFOB-PEs-for-PBH as a white solid, which will be

purified and analysed using methods known in the art.
DFOB-PE;-for-PBH will be complexed to Zr(IV) in the following manner:

Compound DFOB-PEs-for-PBH (0.013 mmol) and *'Zr(acac)s (6.33 mg, 0.013 mmol)
will be dissolved in 5 mL of methanol and the solution will be stirred for 8 h at room
temperature. The solvent will be removed in vacuo using a rotary evaporator (external

bath 60 °C). The crude sample will be purified using methods known in the art.

This process establishes the formation of the complex between DFOB-PE;-for-PBH and
NZr(IV). It will later be applied to 2°Zr(IV).

53



10

15

20

WO 2017/096430 PCT/AU2016/051212

Example 13 — Synthesis of DFOB-PE;-ret-PBH and its complexation with Zr(IV)

(o] s}
M/\/ \,/\N/U\JY \/\of-’\/NY\/LL PN v’\NH ,LI\ANJK/\/\/NHZ rel-PBH

3-(G-amitw-N-tydiohexan
o amidoypropanaic acid

DFOB-PE, 4’
/u\ NOV\NMN\ADNNNNN \//\M,u\'/\ JW/
n o o DFOB-PE,-ret-PBH

Zr{acac);
a MeOH

'~
| P
N\ __NH,

Synthesis of DFOB-PE;-ret-PBH
DFOB-PE;-ret-PBH will be synthesised in the following manner.

The reverse endo-hydroxamic acid monomer 3-(6-amino-N-hydroxyhexanamido)
propanoic acid (ret-PBH) (15 mg, 0.0/ mmol) will be N-Boc protected and reacted
overnight with disuccinimidyl carbonate (DMF, DIPEA). The DMF will be removed and
the product then reacted with DFOB-PE3 (0.07 mmol) in THF in the presence of K,COs,
(overnight at room temperature). The solvent will be removed in vacuo using a rotary
evaporator and the crude sample will be treated with 20% TFA in DCM for 2 h. The
solvent will be removed to give DFOB-PE;-ref-PBH as a white solid, which will be

purified and analysed using methods known in the art.
DFOB-PE;-ret-PBH will be complexed to Zr(IV) in the following manner:

DFOB-PE;-ret-PBH (0.01 g, 0.013 mmol) and Zr(acac)s (6.33 mg, 0.013 mmol) will be
dissolved in 5 mL of methanol and the solution will be stirred for 8 h at room
temperature. The solvent will be removed in vacuo using a rotary evaporator (external
bath 60 °C) and the crude sample will be purified using methods known in the art. This
process establishes the formation of the complex between DFOB-PE;-ret-PBH and
NZr(IV). It will later be applied to 2°Zr(IV).
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Example 14 - Treatment of DFOB-PE3-for-PBHE (Compound 7) with Zr(acac)s

Q
NH
NH 2
SN
\ HN N
/"’\{ ._\N d \0 j
wd &3 0 0 //ow
O O SO‘N Zr{agac),, H,0 N‘O// s(\ -

B g " J’
LS T P!

HN—  DFOB-PESorPBHE O Zr(IV)-DFOB-PE3-for-PBHE

7 equivalents of Zr(acac)s in 5:1 (H:O/MeOH) was added to free chelator (DFOB-PEs-
for-PBHg) in 1 mL of water. The mixture was sonicated for 15 min and solvent was
removed in vacuo. The residue was triturated with diethyl ether (1x) and toluene (1x)

and the precipitate was dried and dissolved in milliq water.

HPLC used Solvent A (milliq water, 0.1% formic acid) and Solvent B (MeCN, 0.1%
formic acid). Injected 10 uL of Zr(IV)-DF OB-PE3-for-PBHg. Column: XDB-eclipse C18 (5
pm particle size and 4.6 x 150 mm internal diameter). Run involved gradient at O — 20

min (from 0% to 50% of solvent B). See Figure 1.

A sample of unknown concentration of DFOB-PEs-for-PBHe that was already
contaminated with AI** was treated with excess Zr(acac), in H,O and analysed by LC-
MS. The LC-MS condition and method are the same as those described above for the
HPLC. Extracted ion count analysis were performed on the chromatogram of the
sample before and after treatment with Zr(acac)s as shown in Figures 2a and 2b. A
retention time shift from 17.0 min (DFOB-PE;-for-PBHg) to 16.5 min (Zr(IV)- DFOB-PEs-
for-PBHg) was observed. The mass spectra at 16.5 min revealed isotopic pattern was

indicative of the presence of Zr ion.
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Example 15

Other compounds will be prepared using similar procedures as described above for
DFOB-PE;-for-PBH and DFOB-PE;-ret-PBH. Such compounds include: DFOB-PE;-for-
HBH, DFOB-PE;-ret-HBH, DFOB-PE;-for-PPH, DFOB-PE;-ret-PPH, DFOB-PE;-for-
PBHg, DFOB-PE3-ret-PBHg, DFOB-PE3s-for-PPHe and DFOB-PE;-ret-PPHe. Each of

these compounds are shown below.

4 ™

A g
)L Ea WNMN\/\ .«\,N\n/\)'l\ wa \_/\NH? /u\/YN\__/'\_/\,NH for-PBH

OH A{{S-aminogentyl Khydraxylaminoy
4d-axobutancic acid

DFOB-PE,
/“\N—’“\/ N Jk/Y N —"\;*N\[(\)'L PR VetV J\/YN\-/\,/'\/NH‘

DFOB-PEL-for-PBH

B | _
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-~

(ﬁ) " H 3-{B-amino-N-hydroxyhexan
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P
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H
/‘LN/\/U\/’\NMN\,/\ PN NMNQ\/\NH )j\./\ JI\AO/\/NHJ rei-PBHz
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N-’\/O\/\NM“\/\D/\/“NN/\/Q\/\N NS O
L b A o o dn " o DFOB-PE,-forPPHg |
4 ™
2 [¢] OH Qo
J ; i
/lLN/\/ V/\N'u\/\[rN\’AD/\VNNN/\/G\*/\NHn f‘u\/’\/ -?(\10\/\-"” ref-PPHg
OH o ] O ‘ 4 (: ~{2-aminoathaxy -N-Ryds sx,:prman
3 tar
DFOB-PE., ffL . a EH y 5} }}\’/\/ Zml oibistaneic /i
?‘Q/\\-’ \/’\g)k/\n/ g N ~“/\/‘L‘ \n/\/ ~
OH [+ o OH DFEOB-PE -ret-PPH

Example 16 — Conjugation of compounds of formula (I) with Glu-Urea-Lys

Two examples showing the proposed conjugation of DFOB-PEs-for-PBH with Boc-

protected Glu-Urea-Lys is shown in the scheme below using succinic anhydride or

glutaric anhydride.
o} o} OH o} o] (I)H
ANNO\AHMN\AO/\/NNN/\/O\/\NMN\/\/\/NHZ
OH O o] OH o]
Succinic anhydride or Glutaric anhydride
TEA
DMF
o} o} OH o} 0] OH o}
PN o N N o N N
TN
’Tl/\/ \/\H NN 'T‘/\/ \/\H ~ OH B
OH ol 0 OH 0 ol n=lorz

Ox O . O O
1. Peptide coupling /\/\j: i
2. TFA HoN N H Oa/
0]
/ﬁ\ 0 (I\PIH H O N N /\/\I OH
NN NN NN NN
o} o} Cl)H H

n=1or2
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Example 17 — Conjugation of compounds of formula (I) with Glu-Urea-Lys

An example showing the proposed conjugation of DFOB-PE;-for-PBH with Boc-

protected Glu-Urea-Lys is shown in the scheme below.

e} o} (I)H H o} o} (I)H
o N N o Ne~~_NH
OH o} o} OH o}
S.
§C§N TEA
\©\ DMF
N
§C§s
e} o} (I)H H e} o} (l)H H H
o) N N o Ne NN
)kN/\/ \/\NM‘/ NN NN/\/ \/\N)K/W T
) H ) H
OH o} o} OH o} S
NCS
o} O o} O
1. Coupling /\/\I j)I\ O OH
2. TFA 0.
o}
HN OH
HN (o} ©
OH
o}
o} e} (I)H H o} o} (I)H H H
) N N o) Neo NN
)k,w/\/ \/\”M NN \n/\)‘\,w/\/ \/\”M( T HN
OH o} o} OH e} S N/ks

N
5 Example 18 - Preparation of Zirconium-89 PSMA radiotracer.

A small PSMA targeting molecule prepared at RPAH will be used to radiolabel and

study the radiolabelling of Zr-89 using the novel compounds of formula (l) prepared.

The prototype peptide consists of a protected lysine and glutamic amino acid residue
connected via a urea group (Glu-Urea-Lys). The peptide is available as the
10  carbobenzyloxy (Cbz) lysine protected peptide. It is also available as the BOC protected
analogue. The Cbz-protected peptide will be deprotected at the e-NHy-terminus by
removing the Cbz group by hydrogenation. The resultant free amino group on the lysine
group can then be conjugated with a compound of formula () that has been derivatized
with a carboxylic acid group (for example, upon reaction with succinic anhydride,
15  glutaric anhydride or a para-isothiocyanatobenzyl group, to form the conjugate suitable
for Zr-chelation. With other radiolabelling conjugates, the protected carboxylic acids are

removed with TFA prior to conjugation.
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Example 19 - Comparison of **Zr-DFOB-PSMA complex with novel *Zr-DFOB-
foriret-PBH-PSMA.

The tracers will be compared in vivo using imaging and biodistribution studies.
Biodistribution using PET/CT imaging of 2*Zr-DFOB-PSMA complex and **Zr-labelled
conjugates of compounds of the formula (1) will be assessed in tumour bearing mice (at
least 3-5 animals per tracer). The mice can be imaged over several days to compare
the uptake, distribution, clearance and metabolic stability of the chelates. The mice are
imaged in longitudinal studies. In particular, longer time points are examined when
clearance is optimum. At the end of the study, we will sacrifice animals, count organs

and freeze/slice tumour for autoradiographic studies if possible.

In a second series of mice, we will either pre-inject cold PSMA molecule prior to the
radiotracer (blocking study) or displace the radioactivity with cold PSMA at a time point
of maximum uptake. A biodistribution study will be repeated using a series of tumoured
mice at 3-4 time points to complement the imaging with quantitative measurements in

tumour and other organs.

It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations

constitute various alternative aspects of the invention.

Example 20 — Preparation of covalently immobilised DFOB analogues to epoxy-

activated sepharose (EAS)

The tetradentate chain-extended analogues of DFOB described throughout this
application can be immobilized on a resin using similar chemistry as described for the
immobilisation of DFOB onto an epoxy-activated sepharsoe 6B resin. DFOB
immobilised to epoxy-activated sepharose has been produced upon shaking a
suspension of DFOB and the resin for 24 h (125 rpm, pH 10, 30 deg C). The example
shown in the Figure below details the process and immobilised product using for DFOB-
PE3-ret-PBH.
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O O OH o] o] O
T H
)I\N/\/O\/\NMN\/\O/\/NNN/\/O\/\NJ\/\NJ\/\/\/NW
OH H 0 0 OH H OH

DFOB-PE3-ret-PBH

o)
pH 10 L\/O\/\/\O/Y\O epoxy-activated sepharose (EAS)
OH

o o OH H o o o H OH
)LN/\/O\/\NJ\/\H/N\/\O/\/NNN/\/O\/\NJ\/\NJ\/\/\/NY\O/\/\/O\)\/O
OH H 0 0 OH H OH OH A

The resin-bound modified DFOB analogue can then be bound to various metals, such
as Zr(IV) for the purpose of radiochemical purification. Other metal ions could be
isolated on the resin with applications in metal remediation and accessing trace metals

from mine tailings.
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CLAIMS

1. A compound of formula (1), or a pharmaceutically acceptable salt thereof:

0] 0]

0 o 0 Rs
H il
)kN/\/R\/\N N\/\Rz/\/N N/\/RB\/\NMW/DWL
| H | H n i m
OH o) OH R,

O

(

wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R; is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, R4 is OH, Rs is O, the bond between W and R, is a single bond

and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule.

2. A compound according to claim 1, whereinnis 1 and m is 3.

3. A compound according to claim 1, wherein the sum of n and m is 4.
4. A compound according to claim 1, wherein the sum of nand m is 5.
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. A compound according to any one of claims 1 to 4, wherein not one of the carbon

atoms of the alkyl group comprising n is replaced with an oxygen or sulphur atom.

6. A compound according to claim 1, wherein the compound of formula (I) is

selected from the group consisting of:

0 9 OH ’ o o OH
)]\N/\/ ~"y N\/\O/\/NNN/\/O\/\N)J\/WN\/\/\/L
i ; o) 0 i i 0
0 o OH y o o) o
)]\N/\/O\/\NMN\/\ /\/NNN/\/ \/\NJ\/\NJ\/\/\/L
on " o o on " on
o 0 OH y 0 o OH
*N/\/OV\N)K/W/N\/\O/\/NNN/\/ ~ N NN
i : 0 o) i " o)
OH ) 0 o
)kN/\/O\/\N)WN\/\O/\/NNN/\/ \/\N)l\/\N)k/\/\/\L
dH : 0 o) oH ; &
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e
2
2
£
)
g
+
2
!
21
S
{
§

OH (€]
o] o] OH [o] o] OH
)k l N )I\/ ’l‘ 0
N/\/O\/\N N\/\O/\/N N/\/O\/\ NG W N
| H I H
OH o] o] OH o]
(@] ¢] (I)H H (0] @] (0]
)kN/\/O\/\N)k/\”/N\/\o/\/NNN/\/O\/\N)]\/S\)kN/\/O\/\L and
H H
(l)H (€] €] éH éH
o] o] OH [o] o] OH
)k l N )I\/ l
N/\/o\/\N N\/\o/\/N N/\/O\/\N SVNWOwL
(lDH . o] o] CI)H : o]

or a pharmaceutically acceptable salt thereof.

7. A compound according to claim 6, wherein the compound of formula (I) has the

structure:
(e} (o] ?H .
)J\N/\/O\/\N)‘\/WN\/\O/\/NNN
H
Cl)H O (e} Cl)H O

or a pharmaceutically acceptable salt thereof.
8. A compound according to any one of claims 1 to 7, wherein L is an amine.

9. A radionuclide complex of a compound of formula (1), or a pharmaceutically

acceptable salt thereof:

0] o OH

|
)klil/\/R\/\H)}\/\”/N\/\Rz/\/N\”/\)kN/\/RK/\N w” W
0

I
H 0 R4

(

wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);
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R1, Rz and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R; is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, R4 is OH, Rs is O, the bond between W and R, is a single bond

and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule.

10.  Aradionuclide complex according to claim 9, whereinnis 1 and mis 3.

11.  Aradionuclide complex according to claim 9, wherein the sum of n and m is 4.

12.  Aradionuclide complex according to claim 9, wherein the sum of n and m is 5.

13. A radionuclide complex according to according to any one of claims 9 to 12,
wherein not one of the carbon atoms of the alkyl group comprising n is replaced with an

oxygen or sulphur atom.

14. A radionuclide complex according to claim 9, wherein the compound of formula

() is selected from the group consisting of:
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o]

)I\T/\/O\/\H)‘\/W

OH
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[e]
l N M
*NNOV\NMN\/\O/\/NNN/\/ \/\N)]\/\N L
i i 6 5 o ; o
?H " (o] o}
)I\,T,/\/O\/\H N\/\O/\/NNT/\/O\/\NJK/\/U\T/\/\/\L
OH o 0 OH OH
| H I 7
)l\’r/\/ \/\HMN\/\ /\/NNT/\/O\/\”)]\/\/NY\/\/\L
OH o 0 OH o
O (l)H H o
/‘LNNOV’\NJK/YN\//\‘Of\/‘N NA\/* \ANJK/\)LN/\\/OWL
S A o 0 L3P " &
)LN-’\J %NM"%DNNNNNQ%NMNY\JG\/\L
¥ H £ H
OH Q OH o
o} o} (l)H " Q Q (l)H
)I\T/\/OV\N)I\/\’(N\/\O/\/N\’(\)‘\T/\/O\/\H N\/\O/\/L
OH (0] 0] OH O
Q Q (l)H ’ o} o} o}
)I\'il/\/o\/\H N\/\O/\/N\’(\)]\T/\/O\/\H)I\/\T)k/\o/\/l-
OH 0] (0] OH OH
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o} o} OH o} o}
| H
)kN/\/o\/\N)k/\”/N\/\O/\/NNN/\/O\/\NJI\/ \)kN/\/O\/\L
H H
(l)H (€] €] (I)H (l)H
o} (0] OH (o] 0] OH
do. { q o o s
NI N NN TN N7 TN ~~ W ~NL
| H I H
OH o} o} OH o}
(@] ¢] (I)H H (0] @] (0]
)kN/\/O\/\N)k/\H/N\/\O/\/NNN/\/O\/\N)I\/S\)kN/\/ \/\L and
H H
(l)H (€] €] (I)H (l)H
o} (0] OH (o] 0] OH
)k l N )I\/ ’L 0
N/\/O\/\N N\/\o/\/N N/\/O\/\N SN W N
(lDH : o} o} CI)H : o}

or a pharmaceutically acceptable salt thereof.

15. A radionuclide complex according to claim 14, wherein the compound of formula

(I) has the structure:

(o} (o} ?H (o} o OH
N

H |
)J\N/\/O\/\N)‘\/W \/\O/\/NNN/\/O\/\N*/\”/N\/\/\/L
| H | H
O

OH o o}

or a pharmaceutically acceptable salt thereof.

16. A radionuclide complex according to any one of claims 9 to 15, wherein L is an

amine.

17. A conjugate comprising:

- a compound of formula (l), or a pharmaceutically acceptable salt thereof;

0 0 OH 0 0 Rs
| H i
)I\T/\/R\/\HMN\/\RZ‘/\/N\’(\)‘\T/\/RB\/\HWVF’/D\H"/L
n I
OH 0 0 OH R4
(1)

wherein

is a single or double bond;
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any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,
Rz and Rs is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond

and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and

- a target molecule.

18. A conjugate according to claim 17, whereinnis 1 and m is 3.

19. A conjugate according to claim 17, wherein the sum of n and m is 4.

20. A conjugate according to claim 17, wherein the sum of nand m is 5.

21. A conjugate according to any one of claims 17 to 20, wherein not one of the
carbon atoms of the alkyl group comprising n is replaced with an oxygen or sulphur

atom.

22. A conjugate according to claim 17, wherein the compound of formula (l) is

selected from the group consisting of:
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o] 0] ?H 0] 0]
N

)I\T/\/O\/\H)‘\/W

OH o] o]
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o o H o o o
)kN/\/O\/\N)k/\”/ \/\O/\/HNN/\/O\/\NJ\/O\*N/\/O\/\L
oH " o o dH " dH
o o 0
N

)k’r/\/O\/\N)k/ﬁ‘/
H

OH o] o] OH o]

Zz—0

(0] (0] (ID
)kw/\/O\/\H)‘\/YN

OH o] o]

or a pharmaceutically acceptable salt thereof.

23. A conjugate according to claim 22, wherein the compound of formula (l) has the

structure:
[¢] [e] ?H . [¢] (0] ?H
)J\T/\/O\/\H)‘\/WN\/\O/\/NNT/\/O\/\”MN\/\/\/L
OH O O OH O

or a pharmaceutically acceptable salt thereof.
24. A conjugate according to any one of claims 17 to 23, wherein L is an amine.

25. A conjugate according to any one of claims 17 to 24, wherein L is conjugated to

the target molecule through a spacer moiety.

26. Aradionuclide-labelled conjugate comprising:

- a compound of formula (l), or a pharmaceutically acceptable salt thereof;
o} o} H

o 0 0 Rs
I H i
)k,i,/\/R\/\H)k/\”/N\/\RZ/\/N\’(\)‘\T/\/RB\/\HMVIY/DM/L
0 OH R4

OH O

(

wherein

is a single or double bond;
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any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond

and the bond between D and Rs is a single bond, or

Wis N, Dis C, R4 is OH, Rs is O, the bond between W and R, is a single bond

and the bond between D and Rsis a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and
- a target molecule, and

- a radionuclide complexed thereto.

27.  Aradionuclide-labelled conjugate according to claim 26, whereinnis 1 and m is 3.

28. A radionuclide-labelled conjugate according to claim 26, wherein the sum of n

and m is 4.

29. A radionuclide-labelled conjugate according to claim 26, wherein the sum of n

and mis 5.

30. A compound according to any one of claims 26 to 29, wherein not one of the
carbon atoms of the alkyl group comprising n is replaced with an oxygen or sulphur

atom.

31. A radionuclide-labelled conjugate according to claim 26, wherein the compound

of formula (l) is selected from the group consisting of:
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o] 0] ?H 0] 0]
N

)I\T/\/O\/\H)‘\/W

OH o] o]

)LN-’VQ\,"\N MNMDNNNNNO%NMNY\’GV\L
!, H 5 8 £ H
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0 0 OH 0 Q 0
| H
*TNOV\HMNV\ONNNT/\/O\/\HJI\/O\*T/\/O\/\L
OH o] o] OH OH
0 0 OH 0 Q OH
s ! ; o J o Ao
NI N NN TN N7 TN ~~ W ~NL
| H I H
OH 0 0 OH 0
o] o] (I)H H o] o] o]
)kN/\/O\/\N)k/\H/N\/\O/\/NNN/\/O\/\N)I\/S\)kN/\/ N~ and
H H
(l)H o] o] (l)H (l)H
0 0 OH 0 Q OH
)k l N )I\/ ’L 0
N/\/O\/\N N\/\o/\/N N/\/O\/\N SN W N
(lDH " 0 0 CI)H . 0

or a pharmaceutically acceptable salt thereof.

32. A radionuclide-labelled conjugate according to claim 31, wherein the compound

of formula (l) has the structure:

[0} [0} ?H . [0} o} OH
)J\N/\/O\/\N)‘\/WN\/\O/\/NN
| H

)
OH o o} OH e}

or a pharmaceutically acceptable salt thereof.

33. A radionuclide-labelled conjugate according to any one of claims 26 to 32,

wherein L is an amine.

34. A radionuclide-labelled conjugate according to any one of claims 26 to 33,

wherein L is conjugated to the target molecule through a spacer moiety.

35.  Aradionuclide complex according to any one of claims 9 to 16, or a radionuclide-
labelled conjugate according to any one of claims 26 to 34, wherein the radionuclide is

87r.

36. A radionuclide complex according to claim 9, wherein the structure is:
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(\o

Np

0

NH [\(\'
N N
{7 N ‘
/0\ \N fQ\Zr‘:_T
N 0 . Neg g,\
\ P
NH; N‘ NM,

Zr{Vi}-oaded DFOB-PE,-for-PBH

Zr{iV)-oaded DFOB-PE;~ref-PBH

z"o"ﬂ
[ty

“<

or

or a pharmaceutically acceptable salt thereof.

37. A conjugate according to any one of claims 17 to 25 or a radionuclide-labelled
conjugate according to any one of claims 26 to 34, wherein the target molecule is
5 selected from the group consisting of an amino acid, peptide, polypeptide, antibody,

mini-body, or fragments, variants or analogues thereof.

38. A radionuclide-labelled conjugate according to claim 26, wherein the

radionuclide-labelled conjugate has the structure:

i b HO( 2O  HO\ 20

W/ H H

|\(\/~/N\n/” HN/\/\I JLN oH
S A

or

10 Zr(IV)-loaded DFOB-PE;-ret-PBH-LYS-UREA-GLU
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or a pharmaceutically acceptable salt thereof.
39. A composition comprising:
a radionuclide-labelled conjugate comprising:

- a compound of formula (I):

(o]

0 o 0 Rs
H il
)J\N/\/R1\/\N N\/\Rz/\/N N/\/R3\/\N)LM/\W/D L
I H | H no m
O O OH R

OH

wherein

is a single or double bond;

any one of the alkyl carbon atoms between D and L may be replaced with an

oxygen or sulphur atom (preferably oxygen);

R1, Rz and R3 are each independently O or CHy, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Rs is OH, the bond between W and R, is a double bond
and the bond between D and Rs is a single bond, or

Wis N, Dis C, Ry is OH, Rs is O, the bond between W and R4 is a single bond
and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or
sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target
molecule

- a target molecule, and
- a radionuclide complexed thereto,
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and one or more pharmaceutically acceptable carrier substances, excipients and/or

adjuvants.

40. A composition according to claim 39, whereinnis 1 and m is 3.

41. A composition according to claim 39, wherein the sum of nand m is 4.

5 42. A composition according to claim 39, wherein the sum of nand m is 5.

43. A composition according to any one of claims 39-42, wherein not one of the
carbon atoms of the alkyl group comprising n is replaced with an oxygen or sulphur

atom.

44, A composition according to claim 39, wherein the compound of formula (I) is

10  selected from the group consisting of:

OH [e] O H O
Q ?H " (0]
)]\N/\/O\/\NMN\/\O/\/NNN/\/O\/\NJ\/\NJ\/\/\/L
H H
i 5 S i o
Q ?H H Cl)H
*TNOV\NMN\/\O/\/NNT/\/O\/\H N\/\/\/\L
OH 6] O
Q (0] ?H H (¢] Q (0]
*NNO\/\NMN\/\O/\/NNNN \AN)]\ANM\AL
H H
(|3H 0] 6] (.l)H (BH
?H " 0
)I\N/\/O\/\NM‘/N\/\ /\/NNN/\/ \/\N)I\/\/U\N/\/\/\L
H H
o 5 S i o
0] [e] ?H " (o] 0] (lJH
)]\N/\/O\/\NMN\/\ /\/NNN/\/ V\NMNWL
H H
(.l)H (6] (o] (|3H [¢]
C‘lH H Q
)L?Nﬂmﬁj/u\/ﬁerO/\JN ';i.»'\\/ \"\N’WI}E/\/O\/\L
OH G O OH OH
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O O OH o O OH

A ot i
¥ H i ]
OH [+ e OM o ,
(0] (0] (])H " [¢] (@] (])H
)I\N/\/OV\N)‘\/WN\/\O/\/NNN/\/O\/\N)J\/WN\/\Q/\/L
H H
(l)H (0] (l)H
(@] (@] (])H " (0] (0] (@]
)I\N/\/O\ANMN\/\O/\/NY\)‘\N/\/ \/\NJ\/\NJK/\O/\/L
H H
(l)H (0] O (!)H (l)H ,
(0] (0] (IDH . (o] (0] (o]
)kN/\/o\/\N)k/YN\/\O/\/NNN/\/O\/\N)]\/O\)kN/\/ ~NL
H H
(|3H (o] o CI)H OH
(0] (0] OH (o] 0] OH
)k I H )k/ i} o
T/\/O\/\N N R ,Iq/\/ \/\H O~ N
OH (o] o OH (o]
0] (0] (I)H H (0]
)kN/\/o\/\N)k/WN\/\O/\/NY\)J\N/\/O\/\N)]\/ \)kN/\/ NN and
H H
OH (o] o CI)H Cl)H
(0] (0] OH (o] 0] OH
)k l N )I\/ ’L 0
’T‘/\/O\/\H N\/\o/\/N 'il/\/O\/\H S NN
OH (€] €] OH (0]

or a pharmaceutically acceptable salt thereof.

45. A composition according to claim 44, wherein the compound of formula (l) has

the structure:

i . : |
)]\T/\/O\/\”)‘\/WN\/\O/\/NNT/\/O\/\”MN\/\/\/L
OH (@] [e] OH (@]

or a pharmaceutically acceptable salt thereof.
46. A composition according to any one of claims 39 to 45, wherein L is an amine.

47. A method of imaging a patient, the method including:

- administering to the patient a radionuclide-labelled conjugate according to any
one of claims 26 to 35 and 37 to 38; and

- imaging said patient.
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48. A method of imaging a patient, the method including:

- administering to the patient a composition according to any one of claims 39 to
46; and

- imaging said patient.

49. A method of imaging a cell or in vitro biopsy sample, the method including:

- administering to the cell or in vitro biopsy sample a radionuclide-labelled

conjugate according to any one of claims 26 to 35 and 37 to 38; and
- imaging the cell or in vitro biopsy sample.

50. A method of imaging a cell or in vitro biopsy sample, the method including:

- administering to the cell or in vitro biopsy sample a composition according to

any one of claims 39 to 46; and

- imaging the cell or in vitro biopsy sample.

51. A process for the preparation of a compound according to formula (l), wherein a

compound of formula (ll) is coupled to a compound of formula (lll):

@] @] OH @]
| H
)‘\N/\/mV\N)‘\/\H/N\/\R/\/NNN/\/%\/\NH (I
| H : | 2
OH @] 0] OH
o) glas
’ 1]
Ra

@] @] OH @] @] Rs
| H i
)I\T/\/R1\/\HMN\/\RZ/\/NN"ll/\/R:\/\H)L(\ﬁ/\Vl\,KDWL 0)
OH R4

OH O O

wherein

| is a single or double bond,

any one of the alkyl carbon atoms between D and L is replaced with an oxygen

or sulphur atom (preferably oxygen);
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R1, Rz and Rj are each independently O or CH,, provided that at least one of Ry,
R, and R3 is O;

Wis C,Dis N, Rsis O, Ry is OH, the bond between W and R; is a double bond

and the bond between D and R4 is a single bond, or

Wis N, Dis C, R4 is OH, Rs is O, the bond between W and R, is a single bond

and the bond between D and Rs is a double bond;

n and m are each independently 1, 2, 3 or 4; and where n is 2 or greater, an
internal carbon atom of the alkyl chain comprising n can be replaced by an oxygen or

sulphur atom; and

L is a linking group for conjugating the compound of formula (I) to a target

molecule; and

Rs is a leaving group.

52. A process according to claim 51, wherein Rg is an -OH group.
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53. A process according to claim 51, wherein the compound of formula (lll) is

selected from the group consisting of:

o] ?H
HQ}k/\nf LN N for-PBH  4-{5-aminopenty!){hydroxy jamine 4-oxabustanoie scid
[s]

e} a
HOJL\/\ N M NHy t-PBH  3-{B-smino-N-hydioxyhexanamidaipropancic acid
}
OH

o] ?H
HOJ'\/\‘rNWNN . for-HBH  a-is-aminchexyiithydroxyjamina)-4-axcbutanaic acid
o
a O
Hok/\uk/\/’\/\wz ret-HBH  3-(7-amino-N-hydroxvheptanamidoipropannic acid
¢
QH
[o] 4]
ﬁownwwz for-PPH  5-5-aminopentyl{bydroxyaminol-5-oxcpantancic acid
)
OH
o ?H:
B OJ'L‘/\/ N \n-/\/\/\ i, (eEPPH adB-aming-N-hydroxyheranamisolbutancis ack
o}
Q ?H1
Hgk/\'r R \/’\D/‘VNH"* for-PBHg 4-1(2-(2-aminoethzxy jethyljthydroxy jaminal-4-axnbutancic acid
o

o] Q
HOJJ\/\,?JK/\O/\/NHZ ret-PBHg  343-(2-aminaethoxy)-N-hydroxypropanamidolpropanoic acia
OH

O 0
Hc’u\/\/‘u\ N A T~ Ny, for-PPHg  5-{2-(Z-amincathoxyjathyihydroxyiamino)-8-oxopentanoic acid
\ z
QH
) ?H
HOJk/\/ N '\nf’\/o\/\ N, (EE-PPHE  4-{3-{2-aminsethoxy}-N-hydraxypropanamidejbutanoic acid
o]

[o] o]
HOJ'I\/O\)LN/\/O\/\NH2 for-PPHgg  2-(2-((2-(2-aminoethoxy)ethyl)(hydroxy)amino)-2-oxoethoxy)acetic acid
1
OH
1
HOJK/O\/N o\/\NH2 ret-PPHgg  2-((3-(2-aminoethoxy)- N-hydroxypropanamido)methoxy)acetic acid
o] [o]
HOJI\/S\)LN/\/o\/\NH2 for-PPH1g  2-((2-((2-(2-aminoethoxy)ethyl)(hydroxy)amino)-2-oxoethyljthio)acetic acid
]
OH
B .3
HOJI\/S\/N\n/\/o\/\NH2 ret-PPHtg  2-(((3-(2-aminoethoxy)- N-hydroxypropanamido)methyljthio)acetic acid
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54. A process according to claim 51, wherein the process is selected from any one of
the following schemes A to J:

A o o o on
’JLN/\’O\/\'NM \/’\oz"\/"'m/’\/u\”/\f S, W /u\/\n/“\,/\/’\/“”? for-PBH
) H

OR 4-{{S-aminopentyi ) hydroxy)smino)-
VL d-arohutancic avid

o O OH
DFOB-PE;
/‘LN"\/G\/\NMH\/\ ”"\/"Y\/U\N’\/ \/’\NM v”‘\/‘\/”"
] H

8 OH ¢} DFOB-PE-for-PBH
rB a o ?:H " h
ANNO%NMMV\ONNNNNO%NH + Hg/u\,/\ ’lk./\/\/ ret-PBH
ll)H H s QH A-{H-aming-Al-hydroxyhsxan
o o ‘ armidopropanoic aeid
DFOB-PE4
)LN/\J"\/\N N\/\O/\/"xn/\)‘\ /\z‘\/\nﬂ\/\ ,U\/W
on i DFOB-PE-rot-PRH
,‘C o o OR o 0 ?H
Mo Mg N “\/\/\f\ for-HBH
N N (4] NH, T RO NH, O
(‘)H H o o OH * 4-{{B-aninohexyi Khydroxy lamine)-
A-oxobutanoic acid

DFOB-PEg g g gH
/H\ /\,OV\N/U\/YN\/\OX\VN\H/\)L ,\}DV{\”)‘\W \N\/\NHZ

i [y DEOB-PE-for-HBH
- -~
o Leb] o
) H p
D )L e \’ANJK/YM\/\ONN‘N/\)LN/\/O\/\NM Jk./\ Jk/\/’\/\m{ ret-HBH
OH o & 3(T-amino-N-hydroxyheptan

amido)propancic ackd

DFOB-PE;
/u\u"'\/ ~N J\/\[( S f\/”w‘/\)L - \./\N’lk/\ /U\/\/\.»AWA

DFOB-PE;-ref-HBH

E X I { SNt
’\/O\AM/LL/\[(N\/\ AN \r(\) /\/Ox/\NH + 4o "‘\/’\/\m.,2 for-PPH

OR QH 5-4{B-aminopantyt} chydlmy raming -
S-orapenrtancic Reig

DFOB-PE,
! /J'L /\z S JWN\/\ /\/"’N N \-/\NJ'k/‘\/U\ WNH..

7
\

y
A

o DFOB-PEg-for-PPH
E o o] oH " o o on
/lL» AU LI, | AP J'k/\/ﬁ ret-PPH
N N ~T g "[ NN NH; T HO \[(\/\/\NHa
t’)H H * o 4-{B-nmino-N-hydraxyhexan

amidejbutancic acid

DFOB-PE,
,J'LN/\_,- S Jl\/YN\/I\ f‘\.-»"‘m/\)L v \/\NJ\/\/ Y’\/’\/\NH-

DFOB-PE-rof-PPH

G [s] o ?H " o] o ?H
ANNO%”MN\/\DNNNNNO\/\NNZ - HOJK/\WNV/\O/\V’NH? for-PBH
(«7 " H 8 a é " 8 A{( 22 arinoethovy Jethyl hydroxy Jamina)-
o a on G-oxouutanoie soid

DFOB-PE, q e o H 0
/-LL NNG%NMN%GNNNNNO\A&M{NV’\QNNH’
1 H i M
OH Q [x] fel) o]

OFOB-PE -for-PBHz

> v
§ “\
H
/I'L f\/o\/\n}k/\[r ~ /\\x”\n/\/u\ O, + HO/U\,/\ /u\/’\ AN ret-PEHg
& o ‘ om 3-{3-(2-aminoethoxy-N-hydroxypropan
DFOB-PE amidojpropsnaiv acik!
- 3
/’LL /\/0\/\ MN\AONNM /\\xQ\./’\NJk‘/\ )j\/’\of’\/"mz
4 DFOB-PE;reftPBHe
’ l a o ?H y Py -
)'LN/\/D\-”\N}!\/\H’NVAQ/\/N\H/\)LN’\/Q\-’/\NW /u\/\/lL ~0 o SNR,  OrPPHE
oH Q o OH OH B-{{2-{2-arninnethoxy jethy thydraxy)aming-
DFOB-PE 9 o S-oxopentancic ace
ey
)LN/\, \/\NJK/\ﬂ’ T f\,.-Nm/\)’\ A v‘\NwNI\, ~
§ oH o DEOB-PE,-for-PPHg
FJ e} ?H i
/U\ -’\/ \/\W’U\/\n/ " /\/“\n/\)LN/\/ ~ N NR, tH o’lk/\’uj]/\’()\'”‘unz ret-PPHg
OH 't Qo ~\S( -aninoethoxy-N-hytroxyprapan
DFOB-FE, [+] amido)butancic acid
.)LN/\/O\/\MJJ\/YN\,/\ /\VJN\“/\)LN"‘\/ \/'\N/u\/\/ \rr"\/o\/\m_.
oM DFOB-PE-ret-PPR:
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55. A process according to claim 51, wherein Rg is halogen.

56. A compound according to any one of claims 1 to 8, prepared by the process of

claim 51.

57. A compound according to formula (11):

OH O

0 0
I H
)k e L N N NN NN RN
; ; « !
o OH

OH 0
(I

wherein R1, Rz and R3 are each independently O or CHy, provided that at least
one of Ry, R, and Rz is O.

58. A compound according to claim 57, wherein the structure of formula (ll) is:

O H 0

O 0]
I H
)kN/\/O\/\N)K/ﬁ‘/N\/\O/\/N\H/\)‘\N/\/O\/\NH
| H | 2

OH 0] 0] OH

59. A compound according to any one of claims 1 to 8, prepared from a compound

according to claim 57 or 58.

60. A process for making a compound of formula (l1):

OH O

0 o
I H
)klr/\/R1\/\”)‘\/\H/N\/\RZ/\/N\H/\)kT/\/R3\/\NH2

OH 0o 0 OH
(I

wherein R4, Ry and Rj3 are each independently O or CH,, provided that at least one of
R1, R2 and R3 is O,

wherein the process comprises:
- adding 2,2’-oxybis(ethan-1-amine) to a culture of S. pilosus;
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- incubating the culture of S. pilosus with said 2,2’-oxybis(ethan-1-amine) to

provide a compound according to formula (Il).

61. A process according to claim 60, wherein the 2,2’-oxybis(ethan-1-amine) is in

solution at pH 7 prior to addition to the culture of S. pilosus.

62. A process according to claim 60 or claim 61, wherein the culture of S. pilosus is
inoculated with Chelex resin-treated YM media prior to the addition of 2,2’-oxybis(ethan-

1-amine).

63. A process according to any one of claims 60 to 62, wherein the culture of S.

pilosus is added to YM base medium prior to the addition of 2,2’-oxybis(ethan-1-amine).

64. A compound according to formula (ll) prepared by the process of any one of
claims 60 to 63:

0 o 0
I H
)klr/\/&\/\m)‘\/\’('\l\/\RZ/\/NY\)‘\T/\/RG’\/\NHZ
OH 0 OH

wherein R1, Rz and Rj3 are each independently O or CHy, provided that at least one of
R1, Rz and R3 is O.

65. A compound according to any one of claims 1 to 8, immobilised to a resin.

66. A compound according claim 65, wherein the immobilised compound is prepared

using epoxy-activated sepharose resin.
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