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(54) Title: DIAGNOSTIC IMAGING AGENTS WITH MMP INHIBITORY ACTIVITY

; (57) Abstract: The present invention relates to the ficld of diagnostic imaging. Specifically, the invention relates to the diagnostic
& imaging of discascs where specific matrix metalloproteinases arc known to be invelved. One embodiment of the invention is a com-
& pound having matrix metalloproteinase inhibitory activity suitable for diagnostic imaging. Also disclosed in the present invention
is a pharmaceutical composition comprising the diagnostic imaging agent of the invention in a form suitable for mammalian admin-
istration. The invention furthermore discloses intermediates in the synthesis of the diagnostic imaging agents of the invention and

2-

kits for the preparation of the pharmaceutical composition of the invention. The pharmaccutical composition of the invention may
be used in the diagnosis of discases where specific matrix metallaprotcinases are known to be involved.
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Diagnostic Imaging Agents with MMP Inhibitory Actlvity

Technical Field of the Invention

The present invention relates to the field of in vivo dlagnostic imaging and in particular o SPECT imaging.
The present invention specifically relates to novel imaging agents cornprising matrix metalioproteinase
inhibitors, said novel Imaging agents being useful in in vive diagnostic imaging of cardiovascular disease,
inflammatory disease and malignant diseases.

Description of Related Art

The matrixmetalloproteinases (MMPs) are a family of at least 20 zinc-dependent endopeptidases which
mediate degradation, or remodelling of the extracellular matrix (ECM) [Massova ef al FASEB J (1998) 12
1075-95]. Together, the members of the MMP family can degrade all of the components of the blood
vessel wall and therefore play a major role in both physiological and pathological events that involve the
degradation of componenis of the ECM. Since the MMPs can interfere with the cefl-matrix interactions
that control cell behaviour, their activity affects processes as diverse as cellular differentiation, migration,
proliferation and apoptosis [Nagase and Woessner J.Biol. Chem. (1999) 274 21481-4]. The negative
regulatory controls that finely regulate MMP activity in physiological situations do not always function as
they should. Inappropriste expression of MMP activity is thought to constitute part of the pathological
mechanism in several disease states. MMPs are therefore targets for therapeutic inhibitors in many
inflammatory, malignant and degenerative diseases [Whittaker ef al Chem. Rev. (1999) 99 2735-76].

Consequently, it is believed that synthetic inhibitors of MMPs may be useful in the treatment of many
inflammatory, malignant and degenerative diseases. Furthermore, it has been suggested that inhibitors
of MMPs may be useful in the diagnosis of these diseases. WO 01/80416 discloses compounds which
are proposed to be useful in the diagnosis of cardiovascular pathologles associated with. exiracellular
matrix degradation such as atherosclerosis, heart failure and restenosis. The compounds disclosed
therein comprise MMP inhibitors linked, via an optional linker, fo a chelator capable of conjugating to a
dizgnostic metal. Prefemrad MMP inhibitors, chelztors and linkers are described thersin. A report by

- Zheng ef ol [Nuc. Med. Biol. 20 789-770 (2002)) documenisd the synthesis of MIMP inhibitors labslled

with the positran emission tomography (PET) frzcers VG and “F. Ths compounds deseribed therzin ars
postulzted to be ussful in tha non-invasive imeging of breast cancer,

Summary of the Invention

Novel diagnostic imaging agents having MMP inhibitory activity are disclosed which have been found to
be particularly useful in diagnostic imaging. Another aspect of the present invention is a pharmaceutical
composition useful in diagnostic imaging of the human body. Kits for the preparation of the
pharmaceutical composition of the invention are also disclosed. Furthermore, the invention encompasses
the use of the pharmaceutical composition of the invention for diagnostic imaging.

CONFIRMATION COPY

-4-
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The imaging agents of the present invention are useful for the in vivo diagnostic imaging of a range of
discase states (inflammatory, malignant and degenerative diseases) where specific matrix
metalioproteinases are known to be involved. These include:

10

16

20

25

30

(a) atherosclerosis, where various MMPs are overexpressed. Elevated levels of MMP-1, 3, 7, 9,
11, 12, 13 and MT1-MMP have been detected in human atheroscierotic plaques [S.J.
George, Exp. Opin. Invest. Drugs, 9(5), 993-1007 (2000) and references therain]. Expression
of MMP-2 {Z. Li ef al, Am. J. Pathol., 148, 121-128 (1996)] and MMP-8 [M. P. Herman et al,
Circulation, 104, 1899-1904 (2001)] in human atheroma has also been reported;

(b} CHF (Peterson, J. T. sf al. Matrix metalloproteinase inhibitor development for the treatment of
heart failure, Drug Dev. Res. (2002), 55(1), 22-44 reports that MMP-1, MMP-2, MMP-3,
MMP-8, MiMP-2, MiVIP-13 and MMP-14 are upregulated in heart failurs);

(c) cancer [Vihinen et al, Int. J. Cancer 92, p157-166 (2002) reviews MMP involvement in
cancers, and particularly highlights MMP-2, MMP-3, MMP-7, and MMP-9];

(d) arthritis [Jacson et al, Inflamm. Res. 50(4), p183-186 (2001) "Selective mairix
metalloproteinase inhibition in rheumatoid arthritis - targeting gelatinase A activation”, MMP-2
is particularly discussed];

(e) amyotrophic lateral sclerosls [Lim et af, J.Neurochem, 87, 251-259 (1996); where MMP-2 and
MMP-9 are invalved];’

(f) brain metastases, where MMP-2, MMP-© and MMP-13 have been reported to be implicated
[Spinale, Circul.Res., 90, 520-530 (2002)];

(g) cerebro lar di where MMP-2 and MMP-9 have been reported to be involved
[Lukes ef al, Mol.Neurobiol., 19, 267-284 (1999)];

(h) Alzheimer's diseese, where MMP-2 and MMP-9 have been identified in dissased tissue
[Backstrom ef al, J.Neurachem., 58, 983-992 (1892)];

() neurolnflammetory dissase, whars MMP-2, MMP-3 and MMP-2 are involved [Mun-Brycs of
el, Brain.Res., 033, 42-42 (2002));

i) COPD (i.e. chronic obstructive pulmonary disease) where MMP-1, MIViP-2, MMP-8 and
MIViP-2 have bzen reported to be upregulated [Ssgura-Valdez et al, Chest, 117, 684-694
(2000)];

(k) eye pathology [Kurpakus-Wheater ef al, Prog. Histo. Cytochem., 36(3), 179-259 (2001)};

() skin diseases [Herouy, Y., Int. J. Mol. Med., 7(1), 3-12 (2001)).
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Detailed Description of the Invention

A first aspect of the present invention is a diagnostic imaging agent which comprises a matrix

metalloproteinase inhibitor of Formula | labelled with a y-emitting radionuclide:
4

R
bl
HO\N , N\S//O Rz
H R® !
R‘I
0 R

wherein:
R'is selected from hydrogen, hydroxy, G, alkyl, Ce.s aryl, Cr.y arylalkyl, or together with R® and
the carbon to which it is attached forms either 2 Cgq cycloalkyl ring of a Cu heterocydlic ring, or
together with R* forms 2 Cyg heterocyclic ring containing 5-7 atoms end 1 or 2 hateroaloms
chosen from N or O;
R? and R® are independently hydrogen, hydroxy, halogen, Cy alkyl, C1. alkoxy, C1.s amino, Ce.yg
aryl, C;.z9 arylatkyl or C;.0 carbamoylaryl;
R* is Cs.14 aryl, Cus heteroaryl, Cr.a arylalkyl, Cr.z0 carbamoylaryt or arylcarbamoylaryl; and,
R®is selected from hydrogen or Cy.¢ alkyl,
such that when R' is isopropyl, R? is hydrogen and R* is 3-pyridyl, then R? is not methoxy.

“Alkyl” used either alone or as part of another group (e.g. hydroxyalkyl, aminoalkyl, carboxyalkyl or
alkyoxyalkyl) is defined herein as any straight, branched or cyclic, saturated or unsaturated CyHpys1 group,
wherein unless otherwise specified x is an Integer between 1 and 6.

“Aryi” used either alone or as part of another group is defined herein as any Cs.14 molecular fragment or
group which Is derived from a monocyclic or polycyclic aromatic hydrocarbon. Suitable aryl groups of the

invention are phenyl or naphthyl groups which are optionally substituted at any position.

An “aryialikyl” is defined in the present invention as any Cr.zo group consisting of en alkyl group and an
aryl group as defined above.

“Heterocyclic ring” is defined in the pressni invention a= a C,q cyclic group comprising 1 or 2
heteroatoms. Suitable heteroatoms include N and O.

The term “halogen” means a group selected from fluorine, chlorine, bromine, and iodine.

An “amine” is defined in the present invention as any organic group that contains an amino or a
substituted amino group.

6-
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The phrase “labelled with a y-emitting radionuclide” used herein means that one of the atoms or
substituents of Formula | comprises a y-emitting radionuclide either as an artificially enriched level of an
atom intrinsic to the substructure, or as an additional essential feature that has been chemically attached
via a functionality suitable for coupling said y-emitting radionuclide.

A preferred diagnostic imaging agent of the invention comprises a compound of Formula | labelled with a
y-emitting radionuclide wherein:
R’ is selected from Cyg alkyl, Css @ryl, oF Crz arylalkyl, or together with R® forms a Cye
heterocyclic ring together with the carbon to which it is attached;
R? s hydrogen, hydroxy, methyi, isopropyl, methoxy or halogen;
R® is hydrogen;
R is pyridyl or (Ar'),-(R™)(NH)-phenyl wherein A" is phenylens, R™ is CH, or C=0, y = 0 or
andz=0or1; and,
R® is hydrogen,
such that when R' Is isopropyl and R* is 3-pyridyl, then R?is not methoxy.

A most preferred diagnostic imaging agent of the invention comprises a compound of Formula | labelled
with a y-emitting radlonuclide wherein:

R is methyl, isobutyl, isopropyl, benzyl or hydroxybenzyl;

R%is hydroxy, halogen or methoxy;

R® is hydrogen;

R*is pyridyl or (ar' W (R™)(NH)-phenyl wherein Arlis 1,4-phenylene, R™ is CH; or C=0,y =0 or

1andz=0o0r1;and

R® is hydrogen,

such that when R’ is isopropyl and R* is 3-pyridyl, then R? Is not methoxy.

When R® is hydrogen, the matrix metalloprotsinase inhibitor of the present invention includss a chiral
centre zi the carbon atom bearing the R’ group. Enantiomers at this chiral centre are within the scope of

the invention and & prefered such enantiomer is of Formula Iz

P
HO_ N 20 R
Hs 2 O’f’s

R R’

(a) R

An especially preferred diagnostic imaging agent of the invention comprises a compound of Formula |
wherein said y-emitting radionuclide replaces, or is chemically attached to, one ar more of the R'to R

7-
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[}

substituents. A most especially preferred diagnostic imaging agent of the invention comprises a
compound of Formula | wherein R? is positioned para to the sulfonamide and R is positioned meta to the
sulfonamide.

Compounds of Formula | not labelled with & y-emitter can be readily synthesised according to the
methods described in MacPherson ef al J. Med. Chem, 1997; 2626-32.

Suijtable y-emitting radionuclides of the invention are y-emitting metal ions or y-emitting radioactive
halogens. These are described in more detail below, including preferred and most preferred
embodiments.

When the y-emitting radionuclide of the invention is a metal ion, it is suitably chosen from ®™T¢, n,
T 0w or ¥Ga. Preferred y-smitting metal ions are *™Te, “Cu, “Ga and "'In, with *™T¢ being most
preferred. The metal ion is sultably present in the diagnostic imaging agent of the invention as a metal
complex such that the diagnostic imaging agent is 2 metal complex conjugate of Formula II:

[{matrix metalloproteinase inhibitor}-(A)m-[metal complex] (I

where: -(A)y-Is a linker group,
n is an integer of value 0 to 50, and
mis1,20r3.

By the term “metal complex” is meant a co-ordination complex of the metal ion with one or more ligands.
It is strongly preferred that the metal complex is “resistant to transchelation”, i.e. does not readily undergo
ligand exchange with other potentially competing ligands for the metal co-ordination sites, Potentially
competing ligands include the compound of Formula | plus other excipients in the preparation in vitro (e.g.
radiopratectants or antimicrobial preservatives used in the preparation), or endogenous compounds in
vive (8.0. glutathions, fransferrin or plasma proteins). The “linker group® (A), Is as defined below for
Formulz llz.

A second sspect of the present invention is 2 ligand conjugats which may be radiolabslled to form the
meial complex conjugates of Formulz Il. Preferrad ligand cenjugates of the invention are of Formula lla:

[{matrix metalloproteinase inhibitor}-(A)nm-ligand} (lla)
where: ~(A)s- is a linker group wherein each A is independently CR’;, CR'=CR’, C=C,

CH.CH,0, CR.CQ2 COz:CR2, NR'CO, CONR', NR(C=O)NR', NR(C=S)NR,
S0:NR', NR'SO;, CR%0CR";, CR%SCR';, CRNRCRY;, a C, cyclohetaroalkylene

-8-
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8

group, a Cug cycloalkylene group, a Cs.i2 arylene group, a Cs.p heteroarylene
group or an amino acid;

R' is independently chosen from H, Cy4 alkyl, C.4 alkenyl, Cay alkynyl, Cyu
alkoxyalky! or Cy4 hydroxyalkyl;

n is an integer of value 0 to 50; and

mis1,20r3.

In Formulae I} and Ila, m is preferably 1 or 2, and is most preferably 1.

Suiteble ligands for use in the present invention which form metal complex conjugates resistant to
transchelation include: chelating agents, where 2-6, preferably 2-4, metal donor atoms are arranged such
that &- or 8-membered chelate rings result (by having a non-co-ordinating backbone of either carbon
aloms or non-ce-ordinating hsteroatoms linking the metal donor atoms); or monodentate ligends which
comprise donor atoms which bind sirongly to the metal ion, such es isonitriles, phosphines or diazenides.
Examples of donor atom types which bind well to metals as part of chelating agents are: amines, thiols,
amides, oximes and phosphines. Phosphines form such strong metal complexes that even monodentate
or bidentate phosphines form suitable metal complexes. The finear gsomatry of isonitriles and diazenides
is such that they do not lend themselves readily to incorporation into chelating agents, and are hence
typically used as monodentate ligands. Examples of suitable isonitriles include simple alkyl isonitriles
such as fert-butylisonitrile, and ether-substituted isonitriles such as MIBI (j.e. 1-Isocyano-2-methoxy-2-
methylpropane). Examples of suitable phosphines include Tetrofosmin, and monodentate phosphines
such as fris(3-methoxypropyl)phosphine. Examples of suitable diazenides include the HYNIC series of
ligands i.e. hydrazine-substituted pyridines or nicotinamides.

Examples of suitable chelating agents for technetium which form metal complexes resistant fo
transchelation include, but are not limited to:

(i) dizminedioximes of Formuiz (il

(&
E? NH HN /_E“
E2 Es
ny
E' \r:l NT s
oH oH

where E'-E® are each independently zn R” group;

-9-
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each R" is H or Cy.q alkyl, Csqq alkylaryl, Cz.p alkoxyalkyl, Ci.q hydroxyalkyl, Ci.o fluoroalkyl, Cpg
carboxyalkyl or Cy.io aminoalkyl, or two or more R" groups together with the atoms to which they are
attached form a carbocyclic, heterocyclic, saturated or unsaturated ring, and wherein one or more of the
R” groups is conjugated to the compound of Formula I;

and Q is a bridging group of formula -(J)-;

where f is 3, 4/ or 5 and each J is independently -O-, -NR"~ or -C(R");- provided that -(J); - contains a
maximum of one J group which is -O- or -NR™,

Preferred Q groups are as follows:

Q = «(CH,)}(CHR")(CH_)- i.e. propyleneamine oxime or PnAO derivatives;

Q = -(CHz)(CHR")(CH;).- i.e. pentyleneamine oxime or PentAQ derivatives;
Q = ~(CH2)NR"(CHz)z-.

E' to E® are preferably chosen from: Ci alkyl, Coq alkylaryl Cos alkoxyalkyl, Csis hydroxyalkyl, Gia
fluoroalkyl, Cy.5 carboxyalkyl or C1.saminoalkyl. Most preferably, each E' to E° group is CHs.

The compound of Formula | is preferably conjugated at either the E' orE°R" group, o an R" group of the
Q moiety. Most preferably, the compound of Formula | is conjugated to an R" group of the Q moiety.
When the compound of Formula | is conjugated to an R" graup of the Q moiety, the R" group is preferably
at the bridgehead position. In that case, Q is preferably -(CHz)(CHR")(CH,)-, -(CHz),(CHR")(CH;),- or -
(CHZ)NR" (CHz),-, mast preferably -(CH,)o(CHR")(CHy)z-.

An especially preferred bifunctional diaminedioxime chelator has the following structure:

NH,
N i}l e
oH OH

such that the compound of Formula | is conjugated vig ihe bridgehead -CH.CH.NH: group. This
bifunctional disminedioxima chelator will be referred to in the rest of this document as chelating agent 1, or
CA1.

(i) N;S ligands having a thioltriamide donor set such as MAG; (mercaptoacslyltriglycine) and related
ligands; or having a diamidepyridinethiol donor set such as PICA;

-10-
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(iify N2S;, ligands having a diaminedithiol donor set such as BAT or ECD (j.e. ethylcysteinate dimer), or an
amideaminedithiol donor set such as MAMA;

{(iv) N, ligands which are open chain or macrocyclic ligands having a tetramine, amidetriamine or
diamidediamine donor set, such as cyclam, monoxocyclam or dioxocyclam.

{v) N;O, ligands having a diaminediphenol donor set.

The above described ligands are particutarly suitable for complexing *™Tc, and are described more fully
by Jurisson ef al [Chem. Rev. (1999) 99 2205-2218]. Other suitable ligands are described in Sandoz WO
91/01144, which includes ligands which are particularly suitable for indium and gadolinium, especially
macrecyclic aminocarboxylate and aminophosphonic acid ligands. Ligands which form non-ionic (i.e.
nsutral) meial complexes of gadolinium ars known and are describad in US 4885363, Yhen the
radiometal fon Is technetium, the ligand Is preferably a chelating agent which is tetradentate. Preferred
chelating agente for technetium are the diaminedioximes, or those having an N,S, or N;S donor set as
described above. Especially preferred chelating agents for technetium are the diaminedioximes.

It is envisaged that tha role of the linker group -(A),- of Formula Il is to distance the relatively bulky metal
complex, from the active site of the compound of Formula |, so that binding of the compound to the MMP
enzyme is not impaired. This can be achieved by a combination of flexibility (e.g. simple alkyl chains), so
that the bulky group has the fresdom to position itself away from the active site and/or rigidity such as a
cycloalkyl or aryl spacer which orientates the metal complex away from the active site. ‘

The nature of the linker group can also be used to modify the biodistribution of the resulting metal
complex conjugate. Thus, e.g. the introduction of ether groups in the linker will help to minimise plasma
protein binding. Linkers comprising a number of linked -CH;CH,O- groups (PEG linkers) or a peptide
chain of 1-10 amino acids have the additional property of allowing favourable modification of the clinical
properties of a particular compound, notably the biodistribution. Such “biomodifier” linker groups may
accelerate the clearance of tha imaging agent from baclground tissue, such as muscle or liver, andlor
from ths bload, thus giving & bettsr disgnostic image due to Isse background interference. & biomodifier
linker group may also ba usad o fevour a particular route of excretion, e.9. viz the kidneys s opposed o
via the liver.

Non-peptide linker groups such as alkylene groups or arylene groups have the advantage that there are
no significant hydrogen bonding interactions with the conjugated compound of Formula |, so that the linker
does not wrap round onto the compound of Formula |. Preferred alkylene spacer groups are —(CHz)g-
where qis 2 to 5. Preferred arylene spacers are of Formula IV:

11-
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-(CH,), »@—«CHZ).,-
(V)

where: 2 and b are independently 0, 1 or 2.

When the linker group daes not comprise PEG or a peptide chain, preferred linker groups -(A)y have a

} 5 backbone chain of linked atoms which make up the ~(A),- moiety of 2 to 10 atoms, most preferably 2 to 5
atoms, with 2 or 3 atoms being especially preferred. | A minimum linker group backbone chain of 2 atoms
confers the advantage that the chelator is well-separated from the compound of Formula | so that any
interaction is minimised. Where the linker group is a PEG linker, the number of A groups n in -(A),- may
be up to 50, preferably between 15 and 30. Where the linker comprises a peptide chain it is preferably a

10 peptide chain of 1 to 10 amino acid residues, the amino acid residues are preferably chosen from glycine,
lysine, aspartic acid or serine.

It is strongly preferred that the compound of Formulz | is bound to the metal compleX in such a way that
the linkage does not undergo facile mefabolism in blood, since that would result in the metal complex

15 being cleaved off before the compound reached the desired in vivo target site. The compound of Formula
1 is therefore preferably covalently bound to the metal complexes of the present invention via linkages
which are not readily metabolised.

Most preferred compounds of the invention labelled with a y-emitting metal ion are labelled with #"TG co-

20  ordinated to CA1, with CA1 attached via a suitable chemical functionality, with an optional linker, at one of
the R' to R* substituents of Formula |. Examples of preferred compounds of the Invention labelled with
%mre are flustrated below (Tc stands for ®™Tc in the structures):

# 8 N

pe . O ¢

o AN N
Ho. o Ny T

~ N \\ - M
% Tl ¢ Qe
Oy~ 0 AN WA NP~
H o N d)
i Sy
Compound 1 Compound 2 Compound 3

12-




WO 2004/069365 PCT/GB2004/000524

10
V=
P
|

j\/\i O_T::{Cl N’D
N/\/O\/\O/\/o\/\ﬂ u \g\
H

0
HO\N y N:sf,o
¥ X
0/
Compound 16
%NO\
N | "{
i/ \)?\ OE‘T__QON—O
O 0\/\}:{ O~ N \%L
H
[o)
HO_ N\s/,o
N Yo
o/

Compound 17

When the y-emitting radionuclide is a radicactive halogen it is preferably an isotope of iodine and the
diagnostic imaging agent is usefully prepared by reacting a precursor with the y-emitting isotope of iodine.
5 Such precursors are described in more detail below and are a fourth aspect of the present invention.

Preferred y-emitting isotopes of iodine of the present invention are 2 or ¥,

The y-emitting isotope of iodine is preferably attached via a direct covalent bond to an aromatic ring such
as a benzens ring, or 2 vinyl group since it is known that iedine atoms bound fo saturated aliphatic

90 systemns are prone o in vivo metabolism and hence loss of the y-smitling isolops of iodine. Most
preferably, the y-emitling isotope of indin is attzehed viz = direct sovalent bond to the -NSO-phenyl ring
of Formula .

Especially preferred diagnoztic imaging agents of the invention labelled with a y-emitting isotope of iodine
15 are compounds of Formula ] wherein:

0] R' is isopropyl, R? is 4-OH, R® is 3-"®| and R' Is pyridy} (when R® is 3-pyridyl =

Compound 4);
(n  R'Isisopropyl, R?is 4-'®1, R Is H and R*Is pyridyl (when R* is 3-pyridyl = Compound 7);
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(iiy  R'isisopropyl, R%is 4-(4{"l] iodobenzamide), R® is H and R* is pyridyl (when R® is 3-
pyridyl = Compound 20);

(M  R'is 4-hydroxy-3-{"Z(liodobenzyl, R? is 4-iodo, R® is H and R* is pyridyl (when R® is 3-
pyridyl = Compound 21); or, .

() R'isisopropyl, R is 4-iodo, R® is 3-H and R* is (Ar'),-{(R")(NH)-(A") wherein Ar' is 1,4
phenylene and Ar® is 4-["**liodophenyl, R™ can be CH, or G=0, y =0 or 1 and z= 0 or 1

and whereln when R* Is pyridyl, it is preferably 3-pyridyl.

The non-radioactive analogs of the radiniodinated MMP Inhibitors exhibit excellent inhibition against
MMP-2, with ICg, values of 2.5nM for Compound 9 (Table 1), and 320nM for Compound 8 (Table 1).
These non-redioactive analogs also display excellent inhibition against MMP-9, with 1Gs, values of 4.6nM
for Compound 9 and 153nM for Compound 8. Thersfore, the compounds of the invention possess in viiro
characteristics predictive of successful imaging of MMP activity in vivo. Therefore, using these new
radiotracers in combination with SPECT provides an innovative tool for imaging MMP activity non-
invasively in vive. Imaging studies in animal models provide further evidence of the suitability of the
agents of the invention for diagnostic imaging of MMP activity in vivo.

In a third aspect, the present invention provides a pharmaceutical composition which comprises the
diagnostic imaging agent as described above, together with a biocompatible carrier, in a form suitable for
mammalian administration. The “biocompatible carrier” is a fluid, especially a liquid, which in which the
imaging agent can be suspended or cissolved, such that the composition i physiologically tolerable, i.e. it
can be administered to the mammalian body without toxiclty or undue discomfort. The biocompatible
carrier is suitably an injectable carrier liquid such as sterile, pyrogen-free water for injection; an aqueous
solution such as saline (which may advantageously' be balanced so that the final product for injection is
either isotonic or nat hypotonic); an agueous solution of one or more tonicity-adjusting substances (e.g.
selts of plasma cations with biocompatible counterions), sugars (e.g. glucose or sucrose), sugar alcohols
(e.9. sorbitol or meannitol), glycols (e.g. glycerol), or other non-ionic polyol materials (e.g.
polysthyleneglyeols, propylene glycols and the like).

A tourth aspect of the present invention is a precursor uesful in the preparation of 2 radiciodinated
diagnostic imaging agent of the invention, said precursor comprising a group suitable for reaction vith a ¥-
emitting isotope of ioding to give said diagnostic imaging agent. Suitable precursors of the invention for
preparation of radioiedinated imaging agents are compounds of Formula | which comprise a non-
radioactive halogen atom such as an aryl iodide or bromide (to permit radioiodine exchange); an activated
aryl ring (e.g. a phenol group); an organometallic precursor compound {eg. trialkyitin or trialkylsityl); or an
organic precursor such as triazenes. Methods of inftroducing a y-emitting isotope of iodine are described
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by Bolton [J. Lab. Comp. Radiopharm. 2002 45 485-528). Examples of suitable aryl groups to which -
emitting isotopes of iodine can be attached are given below:

Examples of preferted precursor compounds of the invention in which suitable aryl groups are present are
5 asillustrated below:

SnBu, SnBu,
O\\-—
M NH
0 {CH,)
How At 20 HO. N0
Ho}o \©\ i g
PN A
I
[
n=1,2

Both of the suiiable aryl groups discussed above contain substituents which permit facile iodine
10 substitution onto the aromatic ring. Alternative substituents containing y-emitting isotopes of iodine can
be synthesised by direct iodination via radiohalogen exchange, e.g.
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In a fifth aspect, the present invention provides a kit for the preparation of the pharmaceutical composition
of the invention. Where the pharmaceutical composition of the invention comprises a diagnostic imaging
agent labelled with a y-emitting radiometal, said kit comprises (i} a ligand conjugate comprising the
compound of Formula | conjugated to ligand suitable for the co-ordination of the y-emitting radiometal,
and (ii) a biocompatible reductant. Where the pharmaceutical compasition of the invention comprises a
diagnostic imaging agent labelled with a y-emitting isotope of iodine, said kit comprises a precursor which
is a compound of Formula | comprising a group suitable for reaction with a y-emitting isotope of iodine
such that reaction of said precursor with a y-emitling isotope of icdine, typically in the form of iodide, gives
said diagnostic imaging agsnt.

Such kits are designed to give sterile radiopharmaceutical products suitable for human administration, e.g.
via direct injection into the bloodstream. For %mre, the kit is preferably lyophilised and is designed to be
reconstituted with sterlle **™Tc-pertechnetate (TcO,) from a *™Tc radioisotope generator to give a
solutlon sultable for human administration without further maniputation. Sultable kits comprise a container
(e.g. a septum-sealed vial) containing the ligand or chelator conjugate in either free base or acid salt form,
fogether with a biocompatible reductant such as vsodium dithionite, sodium bisuiphite, ascorbic-acid,
formamidine sulphinic acid, stannous ion, Fe(ll) or Cu(l). The biocompatible reductant is preferably a
stannous salt such as stannous chloride or stannous tartrate. Alternatively, the kit may optionally contain
a metal complex which, upon addition of the radiometal, undergoes transmetallation (i.e. metal exchange)
giving the desired product.

The kits may optionally further comprise additional components such as a transchelator, radioprotectant,
antimicrobial preservative, pH-adjusting agent or filler. The “transchelator” is a2 compound which reacts
rapidly fo form a wezk complex with technetium, then is displaced by the ligand. This minimisss ths risk of
formation of reduced hydrolysed technztium (RHT) due to rapid reduction of periechnetate competing with
technetium complexation. Suitabls such transchelziors are salts of a weak organic acid, 1.2, zn organic
acig having a pika in the range 3 fo 7, with a biosompatible cation. Suitable such week organic acids ers
acetic acid, citric acid, tartaric acid, ghuconic acid, glucoheptonic acd, benzoic acid, phencls or
phosphonic acids. Hence, suitable salls are acetates, citrates, tartrates, gluconates, glucoheptonates,
benzoates, phenalates or phosphonates. Preferred such salte are tartrates, gluconates, glucoheptonates,
benzoates, or phosphonates, most preferably phosphonates, most especially diphosphonates. A
preferred such transchelator is a salt of MDP, i.e. methylenediphosphenic acid, with a biocompatible
cation. )
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By the term "biocompatible cation” is meant a positively charged counterion which forms a sait with an
ionised, negatively charged group, where said positively charged counterion is also non-toxic and hence
suitable for administration to the mammalian body, especially the human body. Examples of suitable
biocompatible cations include: the alkali metals sodium or potassium; the alkaline earth metals calcium
and magnesium; and the ammonium ion. Preferred biocompatible cations are sodium and potassium,
most preferably sodium.

By the term “radioprotectant” is meant a compound which inhibits degradation reactions, such as redox
processes, by trapping highly-reactive free radicals, such as oxygen-cantaining free radicals arising from
the radiolysis of water. The radioprotectants of the present invention are suitably chosen from: ascorbic
acid, para-aminebenzoie acid (ie. 4-aminobenzoic acid), gentisic acid (i.e. 2,5-dihydroxybenzoic acid) and
salts thereof with a biocompatible cation as described above.

By the term “antimicrobial preservative” is meant an agsnt which inhibits the growth of potentially harmful
micro-organisms such as bacteria, yeasts or moulds. The antimicrobial preservative may also exhibit
some bactericidal properties, depending on the dose. The main role of the antimicrobial preservative(s)
of the present invention is to inhibit the growth of any such micro-organism in the pharmaceutical
composition post-reconstitution, i.e. in the radicactive diagnostic product itself, The antimicrobial
preservative may, however, also optionally be used to inhibit the growth of potentially harmful micro-
organisms in one or more components of the kit of the present invention prior to reconstitution. Suitable
antimicrobial preservatives include: the parabens, i.e. methyl, ethyl, propyl or butyl paraben or mixtures
thereof; benzyl alcohol; phenol; cresol; cetrimide and thiomersal. Preferred antimicrobial preservative(s)
are the parabens.

The term “pH-adjusting agent” means a compaund or mixture of compounds useful to ensure that the pH
of the reconstituted kit is within acceptable limits (approximately pH 4.0 to 10.5) far human or mammalian
administration. Suitable such pH-adjusting agents include pharmaceutically acceptable buffers, such as
tricing, phosphate or TRIS [ie. fris(hydroxymethyl)aminomethane], and pharmacsutically accepiable
bases such as sodium carbonate, sodium bicarbonate or mixtures thereof. When the ligand conjugate is
employed in scid ssit form, the pH-adjusting ageni may oplionally be provided in a seperste viel or
container, so that the user of the kit cen adjust the pH 23 part of 2 multi-step procedure.

By the term “filler” is meant a pharmaceutically acceptablz bulking agent which may facifitate materiai
handling during production and lyophilisation. Suitable fillers include inorganic salts such as sodium

chloride, and water soluble sugars or sugar alcohols such as sucrose, maltose, mannitol or trehalose.
A sixth aspect of the present invention is the use of the pharmaceutical composition of the invention for

the diagnostic imaging of cardiovascular disease. The pharmaceutical composition of the invention is
especially useful for the diagnostic imaging of atherosclerosis and CHF. Use of the diagnostic imaging
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agents of the invention permits identification of active plaque burden, which allows risk stratification of
patients with known or suspected coronary artery disease, Le. patients with pain or a history of pain, or
identified as high risk but asymptomatic. In addition, the diagnostic imaging agents of the invention
permit identification of vulnerable plaques in symptomatic patients, which allows identification of high risk
of acute myocardial infarction or stroke irrespective of stenosis and permits immediate risk stratification
when the patient presents with chest pain. Furthermore, angioplasty of vulnerable plaques is high risk,
and may lead to embolism of the artery tree post surgery. Thus imaging of this sub type of plagues may’
help reduce post-surgical complication.

A seventh aspect of the present invention is the use of the pharmaceutical composition of the invention
for the diagnostic imaging of inflammatory disease and in particular the diagnostic imaging of COPD.

Bricf Description of the Figures

Figure 1 iliustrates the synthetic route that was used io prepare precursor compounds for the
radiosynthesis of diagnostic imaging agents of the invention where the y-emitting radionuclide is a
radioactive isotope of iodine. Non-radioactive versions of these radioiodinated diagnostic imaging agents
were also prepared vfa this synthetic route. “X” in Figure 1 is as defined for Formulae V and VI therein.

Figures 2-5 illustrate the synthetic routes that were used to prepare the ligand conjugates, Compounds
10, 11, 18 and 19, respectively.

Figure 8 illustrates the radiosynthesis of Cornpéund 4 via radioiodination of Compound 13.

Figure 7 illustrates two altemative synthetic routes used for the preparation of the precursor Compound
15.

Figure 8 illustrates the results of the immunohistochemistry carried out on samples of left carotid artery
taken from the ApoE(-/-) mice. HE = hematoxylin and eosin. Figure 8 also ilustrates the resulis of the
autorzdiography (labeled “Autorad”) carried out on samples of left carotid artery taken from the ApoE(-/-)
mice after in vive injsction of Gompound 5.

Figure @ illustrates the images produced in ApoE(-/-) mice zfter injection of Compound 4.

Figure 10 illustrates a comparison of the uptake of Compound 4 in ApoE(-/-) mice without pre-dosing of
cold compound and in ApoE(-/-) mice after pre-dosing with the cold compound, CGS27023.

Figure 11 shows the time-activity curves produced uptake in mice 4 and § without pre-dosing in
Experiment A and after pre-dosing in Experiment B showed lower uptake in pre-dosed animals.
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Figure 12 illustrates mean (+SEM) data obtained from region of interest analysis of liver, kidneys, bladder,
brain and thorax of ApoE-/- mice 1-6 in Experiment A.

Examples

Example 1 describes the synthetic route ?hat was used fo prepare the non-radioactive prior art compound
CGS 27023.

Example 2 describes the synthetic route that was used to prepare Compound 9, a non-radioactive version
of Compounds 6 and 7, both of which are diagnostic imaging agents of the invention. -

Example 3 describes the synthefic route that was used to prepare Compound 14, which is the precursor
used for the preparatlon of Compounds & and 7 as described In Examples 14 and 15.

Example 4 describes the synthetic route that was used to prepare Compound 13, which is the precursor
used for the preparation of Compounds 4 and 5 as described in Examples 12 and 13.

Example 5 describes the synthetic route used for the synthesis of Compound 8, which is a non-
radioactive version of Compounds 4 and 5, both of which are diagnostic imaging agents of the invention. '

Example 6 describes the synthesis used for the preparation of CA1, the chelating agent used to co-
ordinate **™Tc in Compounds 1, 2, 3, 16 and 17, all of which are diagnostic imaging agents of the

invention.

Example 7 describes the synthetic route that was used for the synthesis of Compound 10, a ligand
conjugete that can be labelled with **"Tc to produce Compound 1.

Example 8 describes the synthetic route that was used to prepars Compound 11, a ligand conjugate that
cen be lebalied with *™Te to produce Compeund 2.

Examplz @ dezcribes ths synthetic roufe that was used to prepare Compound 18, a ligand conjugate that
can bs labshed with ®™T¢ to produce Compound 16.

Example 10 describes the synthetic route that was used to prepare Compound 19, a ligand conjugate that
can be labelled with **Tc to produce Compound 17.

Example 11 describes a method of labelling compounds 10, 11, 12, 18 and 19 with *™Tc.
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Example 12 describes the preparation of Compound 4 by labelling Compound 13 with **. Example 13
refers fo Example 12 as the same method of preparation was used to obtain Compound 5, although the
labelling of Compound 13 was with '] in the latter case.

Example 14 describes the radiosynthesis of Compound 6 using the precursor Compdund 14. Example
15 refers to Example 14 as the same radiosynthesis was used to prepare Compound 7. Both
Compounds 6 and 7 are diagnostic imaging agents of the invention.

Example 16 describes the synthesis of Compound 15, which is a precursor suitable for the radiosynthesis
of Cnmpounds Band7.

Example 17 describes the radiosynthesis of Compound 7 from the tributylin precursor Compound 15.

Example 18 describes the assay that was used to evaluate the capacity of the compounds of the
invention to inhibit MMP-2 and MMP-8. The results in Table 2 show that non-radioactive versions of the
diaénosﬁc imaging agents of the invention (Compounds 8 and 9) have MMP inhibitory activity that is
comparable to the prior art compound. This provides evidence that the radioactive versions of these
compounds (Compounds 2-5) can be used as diagnostic imaging agents in disease states where MMPs
are involved.

Example 19 describes the ApoE(-/-) mouse model that was used to evaluate the in vivo characteristics of
the compounds of the invention.

Example 20 describes the method used to prepare tissue semples for histology and
immunohistochemistry. Example 21 describes the method used to prepare samples for autoradiography.
The results of these experiments, shown in Figure 8, demonstrate that Compound & uptake correlates
with the presence of MMP-8.

Example 22 descrives how i vivo imaging sfudies were camied out in mice. The experiments
demonstralzd that there was increasing uptake of Compound 4 in the area of ligation over 120 minutes,
suggssting specific uptake of Compound 4 into the lzsion.

It was slso demonstrated that Compound 4 was not taken up z& well in ApoE -/~ mice thal had been pre-
dosed with the non-radioactive prior art compound CGS 27023, suggesting that Compound-4 has similar
binding characteristics to CGS 27023. Biodistribution of Compound 4, studied by region of interest
analysis, revealed fast clearance from the blood via renal and hepatic excretion and no appreciable signal
in the thoracal cavity and brain in the same time period (Figure 12). Such clearance characteristics are
suitable for a diagnostic imaging agent.
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Many of the exemplified compounds herein are compounds of Formula | and are defined for convenience
in Table 1 on the following page:
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Table 1: Compounds of Formula I described in the specification

PCT/GB2004/000524

Compound R’ R* R’ R’
CG827023 isopropyl 4-OMe H 3-pyridyl
{prior art}
1 isopropyl 4-CO-CA1-""Tc H 3-pyridyl
2 isopropyl 4-OMe H benzoy-CA1-""Tc
3 CH,CH,CO-CA1- "¢ 4-iodo H 3-pyriayl
4 isopropyl 4.0H 37 3-pyridyl
jodo
5 isopropyl. 4-OH 3-[- 3-pyridyf
iodo
8 isopropyl 4-[*I)-iodo H 3-pyridyl
7 isopropyl 47 }-indo H 3-pyridyl
8 isopropyl 4-OH 3-iodo 3-pyridyt
9 isopropyl 4-iodo H 3-pyridyl
10 isopropyl 4-CO-CA1 H 3-pyridyl
1 isopropyl 4-OMe H benzoyl-CA1
12 CH.CH.CO-CAT 4-iodo H 3-pyridyl
13 isopropyl 4-0H H 3-pyridyl
14 isopropyl 4-Br H 3-pyridyt
15 Isopropyl 4-tributyitin H 3-pyridyl
18 . isopropyl 4-OMe H Linker 1-CA1-
gngC*
17 isopropyl 4-OMe H * Linker 2-CA1-
95m—rc*
18 isopropyl 4-OMe H Linker 1-CA1
19 isopropyl 4-OMe H Linker 2-CA1
20 isopropyl 4-(4- 3-pyridyl
[**liodobenzaraido)
21 A-hydroxy-3- 4-iodo H 3-pyridyl
["lliodobenzyl

“Linker 1 = -Ph-G(=0 ) MH-([CHz)z- O-(CHz)z-O-(CH2)z-0-(CHz)z NH-C(FO){CHz)s-C(=0)-

Linker 2 = -Ph-C(=0)-NH-{CH2),-0-(CH,)2-0~(CH;)p-0~(CHz)-NH-C(=0)-CHz-Q- CHx-C(=0)-
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Example 1: Preparation of CGS 27023 (prior art)

CGS 27023 wes synthesised by a modified version of the synthesis described by MacPherson et af [J.
Med. Chem. 1997, 40; 2525-2532).

The present synthesis began by reacting commercially available valine t-butyl ester with phenylsuffonyl
chloride whereas MacPherson ef al start by reacting unprotected valine with phenylsuifonyl chloride, and
then protecting the acid functionality as a t-butyl ester, The rest of the present synthesis was the same as
that reported by MacPherson et al. Figure 1 illustrates the synthetic route used, with X = methoxy in the
case of CGS 27023. :

vield 94%

mp 156-158°

TH-NIR (300 WMHz, DMSO-Dg): 5 [opm]: 10.76 (broad, s, 1 H, OH), 8.52 (m, 2 H, Hay), 8.18 (d, 3J=6.1
Hz, 1 H, Hay), 7.69 (dd, 34;=8.1 Hz, 3J,55.8 Hz, 1 H, Hay), 747 (d, 3J=8.9 Hz, 2 H, Hay), 6.82 (d,
3j=8.9 Hz, 2 H, Hay), 4.72 (d, 20=16.7 Hz, 1 H, CHy), 452 {d, 20=16.7 Hz, 1 H, CHy), 3.63 (s, 3 H,
OCHy), 3.64 (d, 3J=10.4 Hz, 1 H, N-CH), 1.85-1.71 (m, 1 H, CH(CH;);), 0.59 (d, 3J=6.5 Hz, 3 H,
CH(CH5)z), 0.42 (d, 31=6.5 Hz, 3 H, CH(CHy)y).

13CNMR (75.5 MHz, DMSO-Dg): 5 [ppm}: 166.22, 163.01, 144.91, 142.01, 141,14, 138.78, 131,45,
129,59, 126.52, 114.72, 63.35, 56.12, 45.04, 28.09, 19.50, 19.29.

Example 2: Preparation of Compound 9

Compound 8 was prepared by the same method as described for CGS 27023 in Example 1 with X = | in
Figure 1. ’

yield: 56% of the crude product, which can be recrystallized from acetonitrile to give 36% of & colourless
solid.

mp 169°C.

TH-NMR (400 MHz, DMSO-Dg): § [ppm]: 10.57 (broad, e, 1 H, OH), 8.80 (M, 2 H, Hay), 845 (d, 34=8.3
He 1 H, Hay), 7.96 (dd, 33,281 Hz, 30,76.0 Hz, 1 H, Hay), 7.90 (d, 2I=8.5 Hz, 2 H, Hay), 7.52 (4,
39=8.6 Hz, 2 H, Hay), 4.95 (d, 20=16.8 Hz, 1 H, CHy), 4.74 (d, 2J=16.9 Hz, 1 H, CHy), 3.83 (d, 3U=10.6

Hz, 1 H, N-CH), 2.05-1.93 (m, 1 H, CH(GHy),), 0.78 (d, 3J=6.5 Hz, 3 H, CH(CHa)y), 0.59 (d, 3J=6.5 Hz, 3
H, GH(CHz)z).

13CNMR (755 MHz, DMSO-Dg): & [ppm]: 166.95, 145.67,143.58, 142.69, 14027, 130.47, 139.18,

129.96, 127.45, 102,99, 64.51, 46.18, 20.11, 20.51, 20.24,
MALDI-TOF: 490 (M-HCI+H").
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Anal, Caled for Cy7Hy;ICIN;O4S: C 38.83, H 4.03, N 7.99. Found: C 38.67, H 3.85, N 7.94.

Example 3: Preparation of Compound 14

Compound 14 was prepared by the same method as described for CGS 27023 In Example 1 with X = Br
in Figure 1.

yield: 51% of a colourless solid.

mp: 169-170°C. -

TH-NMR (300 MHz, DMSO-Dg): 5 [ppm]: 11.03 (broad, s, 1 H, OH), 8.80 (m, 2 H, Hay), 8.42 (d, 3=8.1
Hz, 1 H, Hay), 7.93 (dd, 3J,28.0 Mz, 3J,35.9 Hz, 1 H, Hay), 7.90 (d, 3J=8.6 Hz, 2 H, Hay), 7.52 (d,
3J=8.6 Hz, 2 H, Hay), 4.98 (d, 2J=16.6 Hz, 1 H, CHy), 4.77 (d, 2J=16.6 Hz, 1 H, CHy), 3.88 (d, 3J=10.5
Hz, 1 H, N-GH), 2.08-1.95 (m, 1 H, GH(CHy)z), 0.81 {d, 30=6.5 Hz, 3 H, CH(CHs),), 0.83 (d, 3J=6.5 Hz, 3
H, CH(CHz)).

13C-NMR (75.5 MHz, DMSO-Dg): 8 [ppm]: 165.91, 145.13, 142.02, 141.17, 13891, 138.47, 132.67,

129.39, 127.51, 126.66, 63.54, 45.18, 28.12, 19.51, 19.23.
MALDI-TOF: 466 (M-HCI+Na"), 464 (M-HCI+Na"), 444 (M-HCI+H"), 442 (M-HCI+H").
Anal. Caled for Ci7HxBreINs0,S: C 42,64, H 4.42, N 8,78, Found C 42,60, H 4.20, N 8.52,

Example 4: Preparation of Compound 13

The synthesis of Compound 13 was carmied out via the same route as for CGS 27023 described in
Example 1 up to Formula V. of Figure 1 with X = BnO (N-{fert-Butyloxy)-2(R}[(4-
benzyloxyphenyl)sulfonyl)(3-picolyl)amino]-3-methylbutanamide).

1.20 g (2.28 mmol) of the compound correspanding to Formula V of Figure 1 where X = BnO was
dissolved in 30 ml abs. methanol, treated with 111 mg Pd/C (10%) and stirred for 86 h under an Hp-
atmosphere. The catalyst was filtered off and washed with 80 mi methanol. The solvent was evaporated
and the solid residues was drisd in vacuum. Recrystallization from chloroform yielded 727 mg (1.83 mmol,
80%) of the colourless fine-crystalline product, Formula V of Figure 1 where X = OH (N-(ferd-Butyloxy)-
2(R)-{(4-hydroxyphenyl)sulfonyll(3-picolyl)emino]-3-methyl-butzanamide).

mp 160-162°C.

TH-NMR (300 MHz, DMSO-Dg): 8 [ppm]: 10.74 (5, 1 H, OH), 8.64 (5, 1 H, Hay), 8.54 (m, 1 H, Hay), 7.83
(d, 3J=7.8 Hz, 1 H, Hay), 7.63 (d, 3J=8.7 Hz, 2 H, Hay), 7.37 (dd, 3),=7.8 Hz, 3J,=4.8 Hz, 1 H, Hay),
6.91 (d, 3J=B.7 Hz, 2 H, Hay), 4.80 (s, 2 H, CHy), 4.09 (d, 3J=10.6 Hz, 1 H, N-CH), 2.09-1.97 (m, 1 H,

CH(CHz)), 122 (s, 9 H, C(CHo)), 0.93 (d. 3J=6.3 Hz, 3 H, CH(CH)), 0.85 (d, 3J=6.3 Hz, 3 H,
CH(CHg)a).
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13¢.NMR (75.5 MHz, DMSO-Dg): 5 [opm]: 168.14, 161.56, 150.30, 148.49, 136.64, 133.85, 130.87,

129.43, 123.18, 115.78, 81.04, 63.07, 45.52, 28.56, 26.60, 19.59, 19.20.
MALDI-TOF: 474 (M+K"), 458 (M+Na"), 436 (M+H").

600 mg (1.38 mmol) Formula V of Figure 1 where X = OH was dissolved in 30 ml dichloroethane
containing 80 pi (1.38 mmal) ethanol. The solution was cooled to —10°C and hydrochloric acld was
bubbled through for 3 h. The reaction vessel was sealed and the mixture allowed to warm to RT. After
stirring for 2 days the solvent was reduced to 1/3 volume by evaporation and the residue was treated with
ether. The resulting suspension was stirred vigorously for 4 h. The precipitate was collected by suction
filtration and dried in vacuo to provide 562 mg (1.35 mmol, 98%) Compound 13 as a colourless powdery
solid,

TH-NMR (300 MHz, DMSO-Dg): 5 [ppm]: 14.13 (s, 1 H, OH), 10.83 (&, 1 H, OH), 8.98 (s, 2 H, Hay), 8.59
(d, 3J=8.0 Hz, 1 H, Hay), 8.11 (dd, 3J,=7.7 Hz, 3J,5.9 Hz, 1 H, Hay), 7.77 (d, 3J=8.6 Hz, 2 H, Hay),
7.06 (d, 3=8.6 Hz, 2 H, Hay), 511 (d, 20=16.8 Hz, 1 H, CHy), 4.90 (d, 2J=16.8 Hz, 1 H, CHy), 4.01 (d,
3J=10.6 Hz, 1 H, N-CH), 2.25-2.12 (m, 1 H, CH(CH,),), 0.99 (d, 3J=6.4 Hz, 3 H, CH(CH,),), 0.81 (d,
3J=6.4 Hz, 3 H, CH(CH5)z).

13CNMR (75.5 MHz, DMSO-Dg): 5 [ppm]: 166.32, 162.04, 144.85, 142.09, 141.17, 138.99, 120.72,

129.50, 126.45, 115.93, 63.30, 44.98, 28.08, 19.49, 19.33,
MALDI-TOF: 402 (M-HCI+Na)".

Example §: Preparation of Compound 8

The synthesis of Compound 8 was carried out via the same route as for CGS27023 described in Example
1 up to Formula V of Figure 1, X = OH (N-{tert-Butyloxy)-2(R)-{[(4-hydroxyphenyl)sulfonyl](3-
picolyl)amine}-3-methyl-butanamide).

1.00 g (2.30 mmol) of Formulz V of Figure 1 where X = OH wes dissolved in 40 mi methano! and frested
with .22 g (11.5 mmol) sedium carbonzte. The selution wes cooled in an ice beth snd 2.3 ml of 2 1M
solution of iodine menochioride in methanol was added dropwise over & period of 1h. During the addition
the deep red color of the salution disappsared almosl instanily. The mixiurs was allowed to come to RT
and stirred overnight. Afterwards the suspension was filtered, the filrate was treated with 4 ml 10%
sodium thiosulfate solution and adjusted to pH 7 with 1 N H,80,. After extraction with ether the
combined extracts were washed with brine and dried (Na2504). The ether solution was concentrated in
vacuo to give 900 mg of N-(fert-Butyloxy)-2(R)-[[(4-hydroxy-3-iadophenyl)suifonyl}(3-picolyl)-amino]-3-
methylbutanamide. This was a slight pink solid, which was used in the next step without further

purification.
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900 mg of the crude N-(teri-Butyloxy)-2(R)MI(4-hydroxy-3-iodophenyl)sulfonyl](3-picolyi}-amino]-3-
methylbutanamide was dissolved in 150 mi dichloromethane containing 93 pl ethanol. The solution was
caoled to —10°C and hydrochloric acid was bubbled through for 1.5 h. The reaction vessel was sealed
and the mixture was allowed to warm up to RT. After stirring for 19 h at RT, the solvent was reduced to 2
volume of approximately 20 ml by evaporation and the residue was treated with ¢a. 50 ml ether. The
resulting suspension was stirred vigorously for 1-2 h. The precipitate was collected by suction filtration
and dried in vacuo to provide 830 mg of a colourless to slight yeliow powdery solid. Twofold
recrystallization from methanol/acetonitrile (1:1) yields 150 mg of the pure Compound 8.

yield: 12% (over two steps).

mp: 201-203°C.

TH-NMR (300 MHz, DMSO-Dg): 8 [ppm]: 12.70 (broad, s, 1 H, OH), 11.03 (brozd, s, 1 H, OH), 8.88 (s, 1
H, Hag), B84 (5, 1 H, Hay), 845 (d, 3J=8.1 Hz, 1 H, Hay), 7.98 (06, 3J,=8.3 Hz, 31,25.7 Hz, 1 H, Hay),
7.96 (d, 3J=2.3 Hz, 1 H, Hay), 7:69 (d, 3J=8.6 Hz, 1 H, Hay), 7.10 (d, 3J=8.6 Hz, 1 H, Hay), 4.98 (d,
24=16.5 Hz, 1 H, CH,), 4.82 (d, 2J=16.5 Hz, 1 H, CHy), 3.89 (d, 3/=10.6 Hz, 1 H, N-CH), 2.15-2.02 (m, 1
H, CH(CH)z), 0.87 (d, 3J=6.6 Hz, 3 H, CH(CHs),), 0.69 (d, 3J=6.6 Hz, 3 H, CH(CH),).

13C-NMR (75.5 MHz, DMSO-Dg): 5 [ppm]: 166.25, 161.32, 144.95, 142.22, 141.36, 138.72, 138.12,

131.33, 129.15, 126.44, 115.16, 84.87, 63.33, 45.03, 28.05, 19.50, 18.31.
Anal. Calcd. for Ci7Hz IN;OsSCl: C 37.69, H 3.90, N 7.76; found: C 37.84, H 442, N 7.39.

Example 6! Preparation of Chelating Agent 1
6(a 3(methoxycarbonylmethylene)glutaric acid dimethylester

Carbomethoxymethylenetriphenylphosphorane (167g, 0.5mol) in foluene (600ml) was treated with
dimethy! 3-oxoglutarate (87g, 0.5mol) and the reaction heated to 100°C on an oil bath at 120°C under an
atmosphere of nitrogen for 36h. The reaclion was then concentrated in vacuo and the oily residus
friturated with 40/60 petrol ether/disthylsther 4:1, 800ml. Triphenylphosphing oxide precipitated out and
the supernatant liquid was decantedffiltered off. Thz residue on evaporetion in vecuo was Kugslrohr
distiled under high vacuum Ept (oven iemperalurs 180-200°C at 0.2tor) fo give
3(methoxycarbonyimethylens)gluteric acid dimethylester in 82.08g, 287mM, 53%.

NMR 'H(CDCly): & 3.31 (2H, s, CH2), 3.7(%H, s, 3xOCHa), 3.87 (2H, s, CHy), 5.79 (1K, 5, =CH, ) ppm.
NMR "C(CDCly), & 38.58,CHj, 4B.7, 2xCH,, 52.09 and 52.5 (2xCH,); 122.3 and 146.16 C=CH; 165.9,
170.0 and 170.5 3xCOO ppm.
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6(b Hydrogenation of 3-(methoxycarbonyimethylene)alutaric acid dimethylester.

3(methoxycarbonyimethylene)glutaric acid dimethylester (89g, 267mmaol) in methanol (200ml) was
shaken with (10% palladium on charcoal: 50% water) (9 g) under an atmosphere of hydrogen gas (50 psi)
for (30h). The solution was filtered through kieselguhr and concentrated in vacuo fo give 3-
(methoxycarbonylmethyl)glutaric acid dimethylester as an oil yield (84.9g, 94 %).

NMR "H(CDCly), § 2.48 (6H, d, J=8Hz, 3xCH;), 2.78 (1H, hextet, J=8Hz CH, ) 3.7 (9H, 5, 3xCH;).

NMR "C(CDCls), 5 28.6, CH; 37.50, 3xCHj; 51.6, 3xCHy; 172.28,3xC00

6(c) Reduction and esterification of trimethyl ester to the triacetats.

Under an atmosphere of nitrogen in a 3 necked 2L round bottomed flask lithium aluminium hydride (20g,
58Bmmol) in tetrahydrofuran (400ml) was freated cautiously with tri{methyloxycarbonylmethyl)methane
(40g, 212mmol) in tetrahydrofuran (200ml) over 1h. A strongly exothermic reaction occurred, causing the
solvent to reflux strongly. The reection was heated on an il beth at 80°C at reflux for 3 days. The
reaction was quenched by the cautious dropwisa addition of acstic acid (100ml) uniil the evolution of
hydrogen ceased. The stirred reaction mixture was cautiously treated with acetic anhydride solution
(500m!) at such a rate as to cause gentle reflux. The flask was equipped for distillation and stirred and
then heating at 90°C (oil bath temperature) to distll out the tetrahydrofuran. A further portion of acetic
anhydride (300mi) was added, the reaction returned to reflux configuration and stirred and heated in an oil
bath at 140°C for 5h. The reaction was allowed to cool and filtered. The aluminium oxide precipitate was
washed with ethyl acetate and the combined filtrates concentrated on a rotary evaporator at a water bath

‘temperature of 50°C fn vacuo (5 mmHg) to afford an oil. The oil was teken up in ethyl acetate (500ml) and

washed with saturated aqueous potassium carbonate solution. The ethyl acetate solution was separated,
dried over sodium sulphate, and concentrated in vacuo to afford an oil. The oil was Kugelrohr distilled in
high vacuum to give tris(2-acetoxyethyl)methane (45.313g, 95.9% yield, 0.165 mal) as an oil. Bp. 220 at
0.1 mmHg.

NMR 'H(CDCly), § 1.66(7H, m, 3xCH,, CH), 2.08(1H, 5, 3xCH); 4.1(6H, t 3xCH,0).

NIMR "*C(CDCls), 8 20.9, CHy; 29.34, CH; 32.17, CHg; 62.45, CH:0; 171, CO.

Removal of Acstate groups from fhe triacstste.

Tris(2-acetoxysthyl)methens (45.3g, 185miv) in methanol (200ml) and 580 ammeoniz (100ml) was heated
on an oil bath at 80°C for 2 days. The reaction was treated with & further portion of 880 ammonia (50mi)
and heated at 80°C in an oll bafh for 24h. A further portion of 880 ammonia (50ml) was added and the
reaction heated at 80°C for 24h. The reaction was then concentrated in vacuo to remove all solvents to
give an oil. This was taken up into 880 ammonia (150m!) and heated at 80°C for 24h. The reaction was
then concentrated /n vacuo to remove all solvents to give an oil. Kugelrohr distillation gave acetamide bp
170-180 0.2mm. The bulbs containing the acetamide were washed clean and the distillation continued.
Tris(2-hydroxyethyl)methane (22.63q, 152mmol, 92.1%) distilled at bp 220 °C 0.2mm.

27-




15

20

25

35

WO 2004/069365 PCT/GB2004/000524

25

NMR "H(CDCl), 5 1.45(6H, 9, 3XCHy), 2.2(1H, quintet, CH); 3.7(BH, t 3xCHOH); 5.5(3H, brs, 3xOH).
NMR **C(CDCly), § 22.13, CH; 33.95, 3xCH; 57.8, 3XxCH,0H.

8(s) _ Conversion of the friol to the fris(methanesulphonate).

To an stired ice-cooled solution of tris(2-hydroxyethyl)methane (10g, 0.0676mol) in dichloromethane
(50ml) was slowly dripped a solution of methanesulphonyl chioride (40g, 0.349mol) in dichloromethane
(50ml) under nitrogen at such a rate that the temperature did not rise above 15°C. Pyridine (21.4g,
0.27mol, 4eq) dissolved in dichloromethane (50ml) was then added drop-wise at such a rate that the
temperature. did not rise above 15°C, exothermic reaction. The reaction was left to stir at room
temperature for 24h and then treated with SN hydrochloric acid solution (80mf) and the layers separated.
The aqueous layer was exiracted with further dichloromethane (50ml) and the arganic extracts combined,
driegd over sodium sulphats, fitered and concentrated in  vacuo 1o give iris(2-
(methylsuiphonyloxy)ethyl)methans contaminated with excess methanesulphonyl chloide. Theoreticat
vield was 25.8g.

NMR "H({CDCls), § 4.3 (6H, t, 2XCHz), 3.0-(9H, s, 3xCHs), 2 (1H, hextet, CH, ), 1.85 (6H, g, 3xCHy).

&(f) Preparation of 1,1,1-tris(2-azidoethymethane.

A stired solution of tris(2-(methylsulphonyioxy)-ethyl)methane [from step 1(e), contaminated with excess
methylsuiphony! chioride] (25.8¢, 67mmol, theoretical) in dry DMF (250ml) under nitrogen was treated with
sodium azide (30.7g, 0.47mol) portion-wise over 15 minutes. An exotherm was observed and the reaction
was cooled on an ice bath, After 30 minutes, the reaction mixture was heated on an oil bath at 50°C for
24h. ‘The reaction became brown in colour. The reaction was allowed to cool, treated with dilute
potassium carbonate solution (200mi) and extracted three times with 40/60 petrol ether/diethylether 10:1
(3x150mi). The organic extracts were washed with water (2x150mi), dried over sodium sulphate and
fiitered. Ethanol (200ml) was added to the petrolfether solution to keep the triazide in solution and the
volume reduced in vacuo to no fess than 200ml. Ethanol (200mi) was added and reconcentrated in
vecuo to remove the last fraces of petrol leaving ne kess than 200ml of ethanolic solution.

CARE: DO MOT REMOVE ALL THE SOLVEMT AS THE AZIDE IS POTENTIALLY EXPLOSIVE AND
SHOULD BE KEPT IM DILUTE SOLUTION AT ALL TIMES,

NMR 'H(CDClg), § 3.35 (6H, t, 3xCHy), 1.8 (1H, hextet, CH, ), 1.6 (6M, g, 3XCHa).

6(q) _ Preparation of 1,1,1-#ris(2-aminosthylimethane

Tris(2-azidosthy)methane (15.06g, 0.0676 mol), (assuming 100% yield from previous reaction) in ethanol
(200ml) was treated with 10% palladium on charcoal (29, 50% water) and hydrogenated for 12h. The
reaction vessel was evacuated every 2 hours to remove nitrogen evolved from the reaction and refilled
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with hydrogen. A sample was taken for NMR analysis to confirm complete conversion of the triazide to
the triamine.

CAUTION: UNREDUCED AZIDE COULD EXPLODE ON DISTILLATION.

The reaction was filtered through a celite pad to remove the catalyst and concentrated in vacuo to give
tris(2-aminoethyl)methene as an oil. This was further purified by Kugelrohr distiliation bp.180-200°C at
0.4mm/Hg 1o give a colourless oil (8.1g, 55.9 mmol, 82.7% overalt yield from the triof).

NMR 'H(CDCl,), 2.72 (6H, t, 3xCHaN), 1.41 (H, septet, CH), 1.39 (6H, g, 3xCH,).

NMR C(CDCl), 5 39.8 (CHoNH,), 38.2 (CH..), 31.0 (CH).

1,1,1-tris(2-aminoethyl)methane can-also prepared by the alternative method given below:

8(a)(ix Amidation of trimethylester with p-methoxy-benzylamine

Trisimethyloxycarbonylmethyl)methane {2 g, 8.4 mmol; prepared as in Step 6(b) above] was dissolved in
p-methoxy-benzylamine (25 g, 178.6 mmol). The apparatus was set up for distillation and heated to
120°C for 24 hrs under nitrogen flow. The progress of the reaction was monitered by the amount of
methanol collected. The reaction mixture was cooled to ambient temperature and 30 mi of ethyl acetate
was added, then the precipitated triamide product stirred for 30 min. The triamide was isolated by
filiration and the filter cake washed several times with sufficient amounts of ethyl acetate to remove
excess p-methoxy-benzylamine. After drying 4.6 g, 100 %, of a white powder was obtained. The highly
Inéoluble product was used directly in the next step without further purification or characterisation.

6{a)(ii): Preparation of 1.1,1-trisf2-(p-methoxybenzylamino)ethyljmethane

To a 1000 ml 3-hecked round bottomed flask cooled in a ice-water bath the triamide from step 2(a) (10 g,
17.89 mmol) is carefully added to 260 m! of 1M borane solution (3.5 g, 244.3 mmol) borane. After
complets addition the ice-water bath is removed and the reaction mixture slowly heated to 60 °C. The
reaction mixiure iz stired af 60 °C for 20 hre. A sample of the rsaction mixture (1 ml) was withdrawn, and
mixed with 0.5 m! 5N HCl znd left standing for 30 min. To the sample 0.5 ml of 50 NaOH was added,
followad by 2 mi of weler and the solution was stired until all of the white precipitate dissolved. The
solution was exiracted with sther (5 ml) 2and evaporated. Ths residue was dissolved in acstonitrile at 2
concentration of 1 mg/mi and analysed by M3. If mono- and diamide (M+H/z = 520 and 534) ars seen in
the MS spectrum, the reaction is not complete. To complete the reaction, a further 100 mi of 1M borane
THF solution is added and the reaction mixture stirred for 6 more hrs at 60 °C and a new sample
withdrawn following the previous sampling procedure. Further addition of the 1M borane in THF solution
is continued as necessary until there is complete conversion to the triamine.
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The reaction mixture is cooled to ambient temperature and 6N HCl is slowly added, [CARE: vigorous
foam formation occurs!]. HC! was added until no more gas evolution is observed. The mixture was
stirred for 30 min and then evaporated. The cake was suspended in aqueous NaOH solution (20-40 %;
1:2 wiv) and stirred for 30 minutes. The mixture was then diluted with water (3 volumes). The mixture
was then extracted with diethylether (2 x 150 ml) [CARE: do not use halogenated solvenis]. The
combined organic phases were then washed with water (1x 200 mi), brine (150 mi) and dried over
magnesium sulphate. Yield after evaporation: 7.6 g, 84 % as oil.

NMR 'H(CDCYy), 5: 1.45, (6H, m, 3xCH;; 1.54, (1M, septet, CH); 2.60 (6H, t, 3xCH;N); 3.68 (6H, s,
ArCH,); 3.78 (9H, s, 3XxCHa0); 6.94(6H, d, 6xAr). 7.20(6H, d, 6xAr).

NMR °C(CDCly), 5: 32.17,CH; 34.44, CHy; 47,00, CHy; 53.56, ArCHy; 55.25, CHLO; 113.78, Ar; 129,29,
Ar; 132.61; Ar; 158.60, Ar;

6{a)(ii) Preparation of 1.1,1-trs(Z-aminoethyhmethane

1,1,1-tris{2-(p-methoxybenzylemine)ethyljmethane (20.0 gram, 0.038 mel) was dissolved in methanol
(100 mi) and Pd{OH). (5.0 gram) was added. The mixture was hydrogenated (3 bar, 100 °C, inan
autoclave) and stirred for 5 hours. Pd(OH), was added In two more portions (2 x Sgram) after 10 and 15
hours respectively.

The reaction mixturs was filtered and the filtrate was washed with methanol. The combined organic phase
was evaporated and the residue was distilled under vacuum

(1x10 %, 110 °C) to give 2.60 gram (50 %) of 1,1,1-tris(2-aminoethyl)methane identical to that obtained
by the previously described method.

6(h) __ Preparation of 3-ghloro-3-methyi-2-nitrosobutane.

A mixture of 2-methylbut-2-ene (147ml, 1.4mol) and isoamyl nitrite (156ml, 1.16mol) was cooled to ~30 °C
in a bath of cardice and methanol and vigorously stirred with an overhead air stirrer and treated dropwise
with concentrated hydrochloric acid (140m, 1.68mol ) at such a rate that the temperature was maintained
below ~20°C. This requires about 1h as there is & significant exotherm and care must be taken to prevent
overheating. Ethanol (100ml) was added to reducs the viscosity of the slurry that had formed of the end
of the addition znd the reaction stired at ~20 to ~10°C for a further 2h to complete the resction. The
precipilate was collscted by filtration under vacuum end washed with 4x30ml of cold (-20°C) ethznol and
100ml of ice cold water, and dried in vecuo to give 3-chlero-3-methyl-2-nitrosobutane as a white solid.
The ethenol filtrate and washings were combined and diluted with water (200ml) znd cooled and allowed
to stand for 1h at -10°C when a further crop of 3-chioro-3-methyl-2-nitrosobutane crystallised out. The
precipitate was collected by fiitration and washed with the minimum of water and dried /n vacuo to give a
total vield of 3-chloro-3-methyl-2-nitrosobutane (115g 0.85mol, 73%) >98% pure by NMR.

NMR "H(CDCl3), As a mixture of isomers (isomer1, 80%) 1.5d, (2H, CH), 1.85d, (4H, 2 xCH),

5.85,q, and 5.95,q, together 1H. (isomer2, 10%), 1.76 s, (8H, 2x CH;), 2.07(3H, CHa).
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To a solution of fris(2-aminoethyl)methane (4.047g, 27.9mmol) in dry ethanol (30ml) was added
potassium carbonate anhydrous (7.7g, 55.8mmol, 2eq) at room temperature with vigorous sfirring under a
nitrogen atmosphere. A solution of 3-chloro-3-methyf-2-nitrosobutane (7.56g, 55.8mol, 2eq) was
dissolved in dry ethanol {(100ml) and 75mi of this solution was dripped slowly into the reaction mixture.
The reaction was foltowed by TLC on silica run in dichlorometharie, methanol, concentrated (0.88sg)
ammonia; 100/30/5 and the TLC plate developed by spraying with ninhydrin and heating. The mono, di
and tri alkylated products were seen with RF’s increasing in that order. Analytical HPLC was run using

RPR reverse phase column in a gradient of 7.5-75% acetonitrile in 3% agueous ammonia. The reaction
was concentrated in vacuo to remove the ethanol and resuspended in water (110ml). The aqueous slurry
was exiracted with ether (100mf) to remove some of the irialkyiated compound and lipophilic impurities
lezving the mono and desired dialkylated product in the water layer. The aqueous solution was buffered
with ammenium acetate (2eq, 4.3g, 55.8mmol) to ensure good chromatography. The agueous solution
was stored at 4°C overnight before purifying by automated preparative HPLC.

Yield (2.29, 6.4mM, 23%).

Mass spec; Positive ion 10 V cone voltage. Found: 344; calculated M#+H= 344.

NMR "H(CDCly), & 1.24(6H, s, 2XCHy), 1.3(8H, s, 2xCHy), 1.25-1.75(7TH, m, 3xCH,CH), (3H, s, 2XCH),
2.58 (4H, m, CHzN), 2.88(2H, t CH2Ny), 5.0 (6H, s, NHz, 2xNH, 2xOH).

NMR " ((CD2),S0) 51.1 4xCH; 1.29, 3xCHg; 2.1 (4H, t, 2xCH,);

NMR *C((CD3),80), 5 9.0 (4XCHj), 25.8 (2XCHs), 31.0 2XCH,, 34.6 CHy, 56.8 2xCH,N; 160.3, C=N.

HPLC conditions: flow rate 8mimin using a 25mm PRP column
A=3% ammonia solution (sp.gr = 0.88) /water.
B=Acetonitrile

Time %8
0 7.5
i3 75.0
20 75.0
2 7.5
30 7.5

Lozd 3ml of 2queous solution per run, and collect in a lime window of 12.5-13.8 min.

Example 7: Preparation of Compound 10

The synthetic route is illustrated in Figure 2.
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7(a)  4-(1-tert-Butoxvcarbonyl-2-methyi-propylsulfamovl)-benzoic acid methyl ester (Compound 1*)

To a stirred suspension of 2-Amino-3-methyl-butyric acid tert-butyl ester (H-D-Val-OtBu.HCI) (500 mg,
2.38 mmol) in acetonitrile (20 ml) was added pyridine (767 pl, 9.52 mmal) at ambient temperature. A
clear and colourless solution was quickly obtained. Then a solution of 4-chlorosulfonyl-benzoic acid
methyl ester (670 mg, 2.86 mmol) in acetonitrile (6 mf) was added dropwise and the mixture became
slightly yellow coloured and was stirred at ambient temperature for 4 hours. The reaction was monitored
by TLC (EtOAc/Hexane, 1:1). The solvents were evaporated and ethyl acetate (50 ml) and saturated
sodium bicarbonate solution (10 ml) were added. The mixiure was transferred into a separatory funnel
and vigorously shaken. Then the phases were separated and the ethyl acetate phase was extracted
once with brine (10 mi), dried (MgSO4), filtered and evaporated to afford the crude product. Flash
chromatography using (Ethyl acetate/Hexane, 1:1) gave the pure product as a white solid. Yield 880 mg
(99.55 %).

acid methyl ester (Compound 2*)

To a stiming solution of 4-(1-tert-Butoxycarbonyl-2-methyl-propylsuifameyl)-benzoic acid methyl ester
(Compound 1* — 884 mg, 2.38 mmol) in dimethylformamide (30 ml) at ambient temperature was added

cesium carbonate (10.85 g, 33.34 mmotl). Then 3-picolyl chloride hydrochioride (546 mg, 3.33 mmol) was
added to the suspension and the reaction mixture was stirred at room temperature for 24 hours by which
time TLC (EtOAc/Hexane 1:1) monitoring showed the reaction to be completed. The mixture was
evaporated to dryness and the residue was stirred in ethyl acetate (50 ml). The ethyi acetate phase was
extracted with water (1x 50 ml), dried (MgSO04), filtered and evaporated to afford the crude product as a
brown oil. This cil was purified by flash chromatography to furnish the pure product as colourless oil.
Yield 800 mg (79.21%).

acid ___methyl ester

(Compound 3%}

The ester (Compound 27 ~ 321 mg, 0.75 mmol) was disselved in methylens chloride (15 ml) and coolzd

{0 ~10°C. Hydrochloric acid gas was bubbled inte the solution for §0 minutes. The reaction mixlure was
sezled, warmed to room femperature, and stired for 16 hours. The solvent was svaporaied znd the
residue co-evapereted with methylene chloride (210 ml) {o afferd the product as white foam (278 mg,
83.73%Yield).

7(d) __4-[(1-Hydroxvcarbamoyl-2-methyl-propyl)-pyridin-3-yimethyl-sulfamoyl]-benzoic acid methy! ester
(Compound 5%)

The acid (Compound 3* — 112 mg, 0.28 mmol), 1-hydroxybenzoiriazole (39 mg, 0.29 mmol), 4-
methylmorpholine (207 I, 1.4 mmot) and O-tert-butyidimethylsilyl) hydroxylamine (124 mg, 0.84 mmol)
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were dissolved methylene chioride (8 ml). N- [(dimethylamino) propyl]-N*-ethylcarbodiimide hydrochloride
(73 mg, 0.38 mmol) was added and the reaction mixture was stirred for 24 hours. The reaction mixture
was diluted with water (10 mi} and extracted with methylens chloride (2x10 mf). The combined methylens
chieride phases was dried (Na;S0,), filtered. Some drops of hydrochioric acid in dioxane was added to
the filtrate to furnish directly the free hydroxamic acid (108 mg).

(e 4-[{1-Hydroxycarbameyl-2-methyl-propyl)-pyridin-3-vimethyi-sulfamoyi]-benzoic_acid (Compound
&1

2N Sodium hydroxide (200 pl) was added to a solution of the ester {Compound 5* — 32 mg, 0.072 mmol),
in methanol (1 mi) and the mixture stirred at ambient temperature. After' 30 minutes the mixture was
evaporated to dryness and the residue dissalved in water ( 2 ml). The selution was made acidic using 2N
HCI. The pure product was obtained after preparatory HPLC as a white powder (28 mg, 95.01%, Yield).

TH__ 4-Ki-Hydroxycarbamoyl-2-methyi-propvi)-pyridin-3-yimethwyl-sulfamowi]-N-{5-(2-hydroxyimina-1,1-
i ropylamino)-3-[2-(2-hvdroxyimino-1, 1 -dimethyl-propyiamine)-sthyll-pentyl}-benzamide
{Compound 10)

The acid (Compound 6*) — 12.5 mg, 0.031 mmol), 1-hydroxybenzotriazole (3.68 mg, 0.027 mmol), 4-
methylmorpholine (17.4 pf, 0.124 mmol) and N- {(dimethylamino) propyl}-N-ethylcarbodiimide
hydrochioride (8.06 mg, 0.042 mmol) were dissolved dimethylformamide (2 ml), Chelating agent 1 (13
mg, 0.037 mmol) was added and the reaction mixture was stirred for 24 hours. After evaporation of the
solvents thie crude product was applied directly for HPLC purification (Gradient 00_30_60). The product
was a slightly brown gum (2 mg, 8% yield). '

Example 8: Preparation of Compound 11

The synthesis of Compound 11 is illustrated in Figure 3.

To a sthred suspension of 2-Amino-3-methyl-bulyric acid teri-butyl ester (H-D-Val-OtBu.HCI) (500 mg,
2.38 mmol) in acstenitrile (20 ml) wes added pyridine (767 pl, 2.52 mmel) at ambient temperature. &
clear and colourless solution was quickly oblazined. Then & solution of 4-mathoxyl-benzenssulionyl
chlorids (541 mg, 2.62 mmal) in acetonitrile (10 mi} was added dropwise and the mixture became slightly
yellow colourad and was stired at ambient temperature. TLC (EtOAc/Hexane, 1:1) monitoring showed
the reaction was completed after 3 hours. After evaporation of acetoniirile, the residue was taken up in
dichloromethane (30 mi) and exiracted once each with 10% sodium bicarbonate soluticn (30 mi) and
water (30 ml). Then the phases were separated and the dichioromethane phase was dried (Na,;S04),
filtered and evaporated to afford the crude product. Flash chromatography using (Ethy! acetate/Hexane,
1:1) gave the pure product as a white solid. Yield 801 mg (93.90 %).
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acid methyl ester (Compound 7*)

To a stirring solution of 2-(4-Methoxy-benzenesulfonylamino)-3-methyl-butyric acid tert-butyl ester (140
mg, 0.41 mmol} in acetonitrile (5 mi) at ambient temperature was added cesium carbonate (1.33 g, 4.10
mmol). Then methyl 4-(bromomethyi)benzoate (115 mg, 0.50 mmol) was added to the suspension and
the reaction mixture was stirred at 70°C for 1 hour by which time TLC (EtOAc/Hexane 1:1) monitoring -

showed the reaction to be completed. After cooling to ambient temperature, the mixture was filtered to
remove excess cesium carbonate and evaporated to dryness. The residue wes purified by flash
chromatography (EtOAc/Hexane 1:1) io furnish the pure product as slightly yellow oil. Yield 153 mg
(76%).

zcld (Compound 8*

The diester (Compound 7*) (151 mg, 0.31 mmol) was dissolved in tetrahydrofuran (2 mi) and 4N LiOH
(250 pl) was added at ambient temperature. The mixture was heated to 80°C for 5 hours when HPLG
monitoring showed the hydrolysis was completed. The mixture was cooled to ambient temperature and
the solvent was evaporated. The residue was dissolved in water and the clear solution extracted with
once with diethyl ether. Then the aqueous phase was cooled to 5°C (ice/water) and neutralised with 1N
HCl and after which it was extracted with ethyl acetate (3 x 5 ml). The combined ethyl acetate phases
was extracted with water (5 ml) and brine (5 ml), dried with (Na;S04), filtered and evaporated to afford
the product a; white foam. Yield 133 mg (90 %).

tert-butyl ester {Compound 8*)

To the acid (Compound 8*) (61 mg, 0.13 mmol) in dimethylformamide (4 ml) was added N, N-diisopropyl
ethylamine (46 pl, 0.26 mmol), N-[(dimethylamine)-1H-1,2,3-rizzolol4,5-bpridin-1-yimethylene]-H-
mesthyimsthanaminium hexafluorophosphate N-oxide, HATU (42 mg, 0.15 mmol) and C-Pn21& (51 mag,
0.15 mmol). The reaction mixiure was stired at ambient tsmperature and after § hour HPLG showed
complete conversion 10 @ new product. The mixturs was evaporated to dryness and then purs product
was isolated after flash chromatography (chloroform:methanol, 8/2) as whiie crystels. leld 66 mg
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ropylamino)-ethyl]-pentyicarbamoyl}-benzyl}-(4-methoxy-benzenesutf -amino]-3-methyl-butyrlc  acid

(Gompound 10*)

Dichloromethane (4 ml) was added to the tert-butyl ester (Compound 9%) (64 mg, 0.08 mmal) and to the
milky coloured solution which was obtained at amblent temperature was bobbled hydrochloric acid gas for
10 minutes. The mixiure was evaporated fo dryness and the residue was co-evaporated with
dichloromethane (5 x 5 mi) to afford the product as off-white solid. Yield 58 mg (97%). M+ 1 = 747.

benzamide (Compound 11)
The hydroxamic acid was attached via tert-butyldimethylsityr-protected intermediate (Compound 11%):

Thus, a mixture of the ecid (Compound 10*) (57 mg, 0.76 mmol), 4-methylimorpholine (34 pl, 0.30 mmol),
[T-azabsnzotriazol-1-yloxytris(pyrrolidino)bhosphonium-hexaﬂuorophosphate] PyAOP, 40 mg, 0.078
mmol) and O-{tert-butyldimethyisilyl)hydroxylamine (12 mg, 0.08 mmol) in dimethylformamide (4 mf) was
stirred at ambient temperature and the reaction monitored by HPLC. The reaction was stopped after 3
hours and solvents were evaporated. The residue was re-dissolved in dichloromethane and at ambient
femperature, hydrochloric acid gas was bubbied through the mixture for 10 minutes. The mixture wes
evaporated to dryness and the residue co-evaporated with dichloromethane (5 x 5 ml). The product was
obtained as a white powder after HPLC, M+H, 762. Yield 15 mg.

Example 9:Preparation of Compound 18

benzenesulfonyl)-aminoj-3-methyi-butyric acid tert-butyl ester (Compound 12*)

To the acid (Compound 8*; 140 mg, 0.30 mmol) In dimethylformamide (6 mt) was added N, N*-diisopropyt
ethylamine (104.51 pl, 0.80 mmol), N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-bpridin-1-yimethylene}-N-
methylmethanaminium hexafluorophosphate N-oxide, HATU (114 mg, 0.30 mmol) and 2-{2-[2-(2-Azide-
sthoxy)-sthoxy}-sthoxy}-ethylamine (65.50 mg, 0.30 mmoal). The reaction mixture was sfirred at ambignt

temperaiure and efter 2 houre monitaring by HPLC showed complete convarsion to 2 new product. The
mixture wag svaperated to dryness and then purs product was isolated after flash chrometography (sthyl
acetate) as colourless oil. Yield 142mg (70 %).

b 2-[4~(2-{2-[2-(2-Amino-ethoxy)-ethoxy]-ethoxy}-ethyicarbamoyl)-benzyll-(4-methoxy-

benzenesulfonyl)-aming]-3-methyl-butyric acid tert-butyl ester (Compound 13*

To the stirring solution of the azide (Compound 12* 200 mg, 0.29 mmol) in THF (5 ml) which was cooled
to 0°C (ice/H.O) was added triphenylphosphine (84 mg, 0.32 mmol). After stirring &t this temperature for
5 minutes the cooling bath was remaved and stirring was continued at ambient temperature for 19 hours.
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Then water (200 pl) was added and analysis (HPLC) after 15 hours indicated that hydrolysis was
completed. The solvents were evaporated and oily residue purified by flash chromatography using firstly
CHClyMethanol (8:2) and then CHCIy/MeOH/MH,0 to afford the compound as colourless oil.

Yield 134 mg (71 %). M" 652

(e} Z-[{4-{24(2-{2-{2~(4-Carboxy-butyrylamino)-ethoxy}-ethoxyl-ethoxy}-ethylcarbamoyij-benzyl}-(4-
methoxy-benzenesulfonyl)-amina]-3-methyl-butyric acid tert-butyl ester CA1 (Compound 147

A solution of the amine (Compound 13*; 73 mg, 0.11 mmol), N, N-diisopropyl ethylamine (39 pl, 0.22
mmol), and the active ester 4-{5-(2-Hydroxyimino-1, 1-dimethyl-propylamino)-3-f2-(2-hydroxyimine-1,1-
dimethyl-propylamino)-ethyll-pentylcarbamoyl)-thiobutyric acid 2,3,5;6-tetraﬂuoro-phenyl ester {b; 85 mg,
0.11 mmol) in dimethylformamide (5 mi) was stirred at ambient temperature for 2 hours when monitoring

by HPLC showed the reaction had gone to completion. The mixture was evaporated to dryness and the
residug purified by flash chromatography (GHCI/RieOH, 8:2) to afford the product as a gum. Yield 54 mg
(45%).

9(d) _2-{{4-[2-(2-{242-(4-Carboxy-butyrylamino}-ethoxyl-ethoxy}-ethoxy)-ethyicarbamowvi}-benzyi}-(4-
methoxy-benzenesulfonyh)-aminol-3-methyl-butyric acid cPn218, (Compound 15%)

Dichloromethane (5 mi} was added to the tert-butyt ester (Compound 14%; 50 mg, 0.046 mmol} and o the
milky coloured solution which was obtained at ambient temperature was bobbled hydrochloric acid gas for

10 minutes. The mixture was evaporated to dryness and the residue was co-evaporated with
dichloromethane (5 x 5 ml) to afford the product as white solid. Yield 47 mg (99%). M+ 1 = 1035.

methvil-benzovlamino)-ethoxyl-etho: xy)-ethylcarbamoyll-butyric acid cPn216 (Compound 13

The hydroxamic acid function was attached via tert-butyldimethylsily! protected intermediate. Thus, a
mixture of the acid (Compound 15 47 mg, 0.045 mmol), 4-methylmorpholine (20 yl, 0.18 mmol), {7-
azabenzotrigzol-1-yloxytris(pyrrolidino)phosphonium-hexafluorophosphats] PyAOi= (2 23.5 mg, 0.045
mmol) and O-(lert-butyldimethylsilylhydroxylamine (10 mg, 0.07 mmol) in dimathylformamide (3 ml) was
stirred =t zmbient temperature znd the reaction monitored by HPLC. The reaction was stoppad aftar 1
four and solvents were svaporated. The residue wes re-dissolvad in dichleromethsne and at ambient
temperature, hydrochloric acid gas was bobbled through the mixture for 10 minules. The mixture was
evaporated o dryness and the residue co-évaporated with dichloromethene (5 x 5 ml). The product was
obtained as a white powder after HPLG, M+H, 1050, Yield 7 mg (15 %)
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Example 10:Preparation of Compound 19

10(2) _ 2-J{4-[2-(2-f2-[2-(2-Carboxymethoxy-acetylamino)-ethoxyl-ethoxy}-ethoxy)-ethylcarbamowl}-

*

Amixture of the amine (Compound 13*; 60 mg, 0.092 mmol), N, N'-diisopropy! ethylemine (96 pi, 0.55
mmof), and diglycolic anhydride (66 mg, 0.55 mmol) in dimethylformamide (6 ml) was stirred at ambient
ternperature for 3 hours when monitoring by HPLC Indicated complete reaction. The solvent was removed
under reduced pressure and the residue dissolved in acetonitrile containing 0.1% TFA. After stirring for 5
minutes, the mixiure was evaporated to dryness and thé crude product purified by flash chromatography
using CHCly/MeOH/H,0, 65:25:4. The product was obtained as white foam. Yield 70.50mg (99.80 %).

10(b)__2-{{4-[2-(2-{2-[2-(2-Carboxymethoxy-acetviamino ethoxyl-ethoxyl-ethoxy)-ethvlcarbamovi]~

{Compound 18%)

To the acid (Compound 17*; 70.50 mg, 0.082 mmol) in dimethylformamide (5 ml) was added N, N-
diisopropyl ethylamine (32 pi, 0.184 mmol), N-[(dimethylamino)-1H-1 ,2,3-triézolo[4,5-b]pridin-1-
yimethylene]-N-methyimethanaminium hexafluorophosphate N-oxide, HATU (38 mg, 0.10 mmol) and
chelating agent 1 (CA1; 34 mg, 0.10 mmol). The reaction mixture was stirred at ambient temperature and
after 6 hour HPLC showed substantial conversion to a new product. The mixture was evaporated to
dryness and then pure product was Isolated after preparatory HPLC chromatagraphy
acetonitrile:water:0.1% trifluoroacetic acid (10:80:60) as white crystals. Yield 21 mg (21%).

10(c) _ 2-[{4-[2-(2-{2-[2-{2-Carboxymethoxy-acetylamino)-ethoxyl-ethoxy}-athoxy)-ethylcarbamoyl]-
benzyli-{4-methaxy-benzenesulfonyl}-aminol-3-methyl-butyric acid-CA1 conjugate (Compound 19*

Dichloromethane (3 ml) was added to the tert-butyl ester (Compound 18* 20 mg, 0.018 mmol) and ta the
milky coloured solution which was obtained at ambient temperature was bobbled hycrochloric acid gas for
B0 minutes. The mixiure was evaporated to dryness and the residue was co-evaporated with
dichloromethang (5 x 5 ml} to afford the product as off-white solid. Yield 18 mg (95%). M+ i = 1037,

10(d)__ {[2-(2-{2-[2-(4-{|(1 -Hydrexyearbemey-2-methyi-propyl)-(4-methoxy- benzenesulfonyl)—ammo -
methyl
Compaund 19

The hydroxamic acid was attached via tert-butyldimethylsilyl protected intermediate. Thus, a mixture of
the acid (Compeund 19%; 18 mg, 0.017 mmol), 4-methylmorpholine (8 ), 0.70 mmol); [7-azabenzotriazol-
1-yloxytris(pyrrolidino)phosphonium-hexafluorophosphate] PyAOP( 9.4 mg, 0.017 mmol) and O-(tert-
butyldimethylsilyl}hydroxylamine (4 mg, 0,026 mmol} in dimethylformamide (2 ml) was stirred at ambient

temperature and the reaction monitored by HPLC. The reaction was stopped after 2 hours and solvents
were avaporated. The residue (Compound 20*) was re-dissolved In dichloromethane and at ambient
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temperature; hydrochloric acid gas was bubbled through the mixture for 10 minutes. The mixture was
evaporated to dryness and the residue co~evaporated with dichloromethane (5 x 3 mi). The product was
obtained as a white powder after HPLC, M+H, 1052, Yield 4 mg (22.35%).

Example 11: *™T¢ labelling of Compounds 10, 11, 12, 18 and 19 to produce Compounds 1, 2, 3, 16
and 17, respectively

A SnCJz/MDP solution is prepared by dissolving 10mg SnCl;, and 90mg MDP in 100mi of nitrogen-purged
satine. To 50pl tmg/mi in methano! of one of Compounds 10, 11 or 12, is added; (1) 0.7ml methanol, (2)
0.5mf 0.1M sodium carbonate buffer, (3) 0.5ml 500MBg/ml TcQ,, and (4) 100l of the SnClL/MDP
solution. This reaction mixture is heated at 37°C for 30min to form one of Compounds 1, 2 or 3,
respectively.

Example 12: Preparation of Compound 4

Figure 6 illustrates the synthefic route for the préparation of Compound 4. 4 pl [123I]Nal in 0.03 N NaOH
solution (12.04 MBg), 39 pl Compound 13 solution (¢ = 1.23 g/t MeOH) and 71 ui NCS-solution (NCS = N-
chlorosuccinimide) (c = 0.579 gfl water for injection) were added to a conical vial.

The mixture was vortexed for 1 min and then shaken for 60 min at room temperature in the dark. Then
25 pl NapSp03-solution (c = 2.00 g/l water for injection) was added and the mixture was vortexed again.

The solution was injected fo the gradient HPLC-chromatograph with y- and UV-detector and a Nucleosi™

reverse-phase C-18 5 u 250x4 mm2 column with a corresponding 20x4 mm2 precolumn,

HPLC-conditions: eluent A: CH3CN/H20/ TFA 950/50/1
eluent B: CHaCN/HoO /TFA 50/950/1
time-program: eluent B from 92% to 50% within 48 min and then from
30% to 82% within 10 min
Flow: 1.5 mi/min
A 264 nm

Ry(product-fraction):  18.50-19.80 min

This fraction was evaporated to dryness, redissolved in 200 i PBS-puffer and reinjected to the gradient
HPLC using the same conditions (see above).

Ri(Compound 4): 17.40-18.70 min
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The quality-control of this product (HPLC, same conditions) didn’t show any impurities in the - and UV-
chanel. The radiochemical yield was 44%.

Example 13: Preparation of Compound 5

Compound 5 is the *® version of Compound 4. 1t was prepared using the method described in Example
12 apart from the use of[ l]Nal instead of [ l]NaI

Example 14: P_rebaration of Compound 6

0.6 mg 2,5-dihydroxybenzoic acid, 0.8 mg ascorbic acid, 20 ul water for injection and 5 ul CuSO, 4-‘5'H20
solution (¢ = 3.26 g/l water for injection) was added to a conical vial containing 50 ul Compound 14 (¢ =
2,00 gfl EtCH). The ice-cooled mixture was degassed for 10 min using a He-flow. Then 4 pL125Nal in
0.05 N NaOH sofution (8.58 MBq) was added and vortexed. The mixture was heated up to 113°C for 54
min and shaken every 5 min. After cooling to RT the mixiure was diluted with 40 pl EIOH. The solution

wes then Injected to the HPLC-chromatograph and HPLC was carried out es described in Example 10. Rt
(product fraction): 17.18-19.54 min.

The fraction was evaporated to dryness, redissolved in 200 pl CH,CN / H,0 / TFA : 50 /950 /1, and
reinjected to the gradient HPLC. R; Compound 6: 21.05-21.36 min.

In the quality control of the product by HPLC no impurlties could be detectsd within the y- and UV-
channel. The Ry parameters were realized by adding an aliquot of Compound 9 (i.e. non-radioactive
Compound 8) to a second quality control injection.

Average radiochemical yield: 23% (n=5).

Example 15: Preparation of Compound 7

12;
Compound 7 is prepared vie the sams route as Compound & excepl that [ s‘I]i\!al Is used instead of

125
[ NNal.

Examplz 18: Prsparaiion of Compound 15

The synthetic routes that can be used in the preparation of Compound 15 are illustrated in Figure 7.-

In Synthetic Route A, a flask is charged with nitrogen followed by sequential addition of
dichloro(bistriphenylphosphine) palladium(ll) (0.1 equiv) and potassium acetate(3 equiv). N-methyl

pyrrolidinone (5 ml) is added followsd sequentially by Compound 9 (1 equiv) and tributyitin hydride (2
equiv). The reaction mixture is stirred for 24 hours at room temperature. The reaction mixture is then
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diluted with ethyl acetate, washed with water, and dried over magnesium sulphate. The solvent is
evaporated and the product is isolated after HPLC purification.

In Synthetic Route B, a flask is charged with nitrogen followed by the addition of Compound 14 and
anhydrous toluene. To this is added sequentially hexabutylditin and tetrakistriphenylphosphine palladium.
The reaction mixture is heated at reflux for 24 hours to obtain the product.

Example 17: Preparation of compound 7

10 2 of 0.1 mM Na™1 n 0.01 M NaOH was added to 200 4l 0.2 M NH;OAc (pH 4). The Na'Z"I/NH.OAc
solution was then added to 11.0 41 Na™} in 0.05 M NaOH (111 MBg). The combined solution was
fransferred to a silanised plastic vial. A solution of peracetic acid was prepared by adding 5 u! of 36-40 wi
% per acetic acid solution in acetic acid to 5 ml H;O. 5 ul of the prepared peracetic acid solution was then
added to the vial containing the Na'/™"1. Finally, 17 pi of & 3mi solution of the tributyl tin precursor
(Compound 15) in a silanized plastic vial was added to the reaction mixture and the sclution was allowed
fo stand for 3 min.

Compound 7 can be analysed or purified using gradient HPLC chromatography with y- and UV-
detectors and a reverse-phase Phenomenex Cg(2) Luna 5 g, 150 x 4.6 mm column,

HPLC-conditions eluant A: 0.1% TFA in HO
eluant B: 0.1% TFA in CHsCN

eluant B from 20% to 80% over 20 min.
20 min 80% B

20.2 min 100% B

23.2 min 100% B

23.7min20% B
Flow: 1 mi/min
A 254 nm
Ry 7 min

Example 18: Assazy for MlP-2 and MP-8 inhibitory activity

The synthetic broad-specirum flucragenic substrate (7-methoxycoumarin-4-yl) acetyl pro-Leu-Gly-Leu-(3-
(2,4-dinitrophenyl)-L-2,3-diaminc-propionyl)}-Ala-Arg-NH; (R & D Systems) was used to assay MMP-2 and
MMP-9 activity as described previously [Huang ef al J. Biol. Chem. 272 22086-22091 (1997)]. The
inhibition of MMP-2 and MMP-8 by CGS 27023 and Campounds 8, 9, 13 and 14, was assayed by
preincubating either MMP-2 (1nM) or MMP-9 (2nM), and the compounds to be assayed at varying
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concentrations (10pm~1 mM) in 50 mM Tris-HCI, pH 7.5, confaining 0.2 M NaCl, 5 mM CaCl,, 20uM
ZnS0, and 0.05% Brij 35 at 37°C for 30 min. An aliquot (10 ) of substrate (5 pM) was then added to 90
UM of preincubated MMP/compound mixture, and activity was determined at 37°C by following product
release with time. The fluorescence changes were monitored using a Fusion Universal Microplate
Analyzer {Packard Bioscience) with excitation and emission wavelengths set to 330 and 390 nm,
respectively for MMP-2 and MMP-8. Inhiblted rates were measured from the initial 10 min of the reaction
profile where product release was linear with time. Nonlinear regression analysis was performed using
the XMGRACE 5.18 software under linux.

Table 2 below gives the 1Cs; values obtained for the compounds assayed.

Compound MMP-2 [nM] MMP-© [nhi]
Compound 8 320 163
Compound 8 25 46
Compound 13 575 257
Compound 14 16.2 76.0

CGS 27023A 1.2 59.6

Tabie 2: Inhibition effects of Compounds 8, 9, 13 and 14 on MMP-2 and MMP-9 activity compared to
CGS 27023A.

Example 18: ApoE (-/-) mouse modef

ApoE"‘ mice (4 weeks old, 20 to 28 g) were anesthetized by intraperitoneal injection of xylazine/ketamine
(Bayer, Germany). The lsft common carotid artery was ligated near the bifurcation using 5-0 silk
(Ethicor). In sham-operated controls, the suiure was pasead under the left common carolid arfery
without tightening. The znimzls were sllowed fo recover for one week and then put on a high cholesterol
diet (15% cocofat, 1.0% cholesterol, 0.5% sodium-cholats). Five weeks after surgery mice were used for
histopathological, autoradiographical and imaging studies.

Example 20: Histology and Immunohistochemistry

ApoE -/- mice, as described in Example 16, were perfused with Langendorff buffer for 3 minutes. The
ligation sites and feft and right carotid arteries were removed and snap-frozen in fiquid nitrogen without
further dissection. Groups of 5 sections (10 pm for histapathology) were collected at equally spaced
intervals.
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Serial cryostat sections (10 ym) of surgical specimens of the ligation sites and the left and right common
carotid arteries were cut, air dried onto microscope slides, fixed in 10 min 3.75 % PFA (MMP-9), 4 °C
acetore 10 min (MAC3, 550292, BD Pharmingen, California, USA). Sections were stained with
hematoxylin and eosin. For immunohistochemistry, 10 min, anti-peroxidase reagent (S2001, DAKO,
Denmark), 1 % BSA 25 min, sections were incubated (30 minutes) with primary (2 pg/ml rabbit anti-
mousé MMP-9, AB19047, Chamicon, Germany) or control (rabbit igG, E0432, DAKO, Denmark) antibody
1 h RT in antibody diluent with background reducing components (83022, DAKQ, California, USA) and
procéssed according o the suppliers’ recommendations. Goat anti-rabbit 1gG (H+L) biotin conjugated
(AB132B, 1:500, Chemicon, Germany) 25 min. Streptavidin-HRP (LSAB kit, KO675, California, USA) 25
min, AEC (K0696, DAKO, California, USA) 20 min, hematoxylin 1 min, H;O 1-2 min.

Figure 8 ilustrates the Immunohistochemistry results as well as the autoradiography results, which show
that uptake correlated with the presence of MMP-9.

Example 21: In vivo autoradiography

Four ligated ApoE-/- mice were injected retroorbitally with 0.5 uCi (20 MBq) of Compound 5 in 0.2 mi
0.9% NaCl and CGS 27023 (6 mM in 200 pl of 0.9% NaCl for nonspecific binding) or saline 2 h prior to
the radioligand, mice were sacrificed 2 hours p.i. The ligation site and the left and right common carofid
arteries were quickly removed, cut into frozen sections, then 60-um thick sections were processed for
microautoradiography.

Figure 8 illustrates the autoradiography results in conjuction with the immunohistochemistry results as
discussed in Example 17.

Example 22: In Vivo Imaging

Compound 4 was injected via the retroorbital venous plexus and planar imaging was carried out on a
Siemers MULTISPECT 3 gamma camera with a ultrahigh resolution collimator. Dynamic images wers
acquired with an original framing of Imin fremes which was summed fo 10min frames for anelysis.
Plaque zrea was analysed by cireulzr ROIs {repion of infersst) and TACs (fime activity curves) were

created.
Experiment A: 9WBq of Compound 4 in 200yl of 0.8% NaCl was injected into each mouse (mice 1 to 6)

and dynamic images taken up to 120 min post injection. TACs were created and showed Increasing
uptake of the labelled compound in the area of ligation over 120 min (see Figure 9).

Experlment B: 2 days later 6mM of CGS 27023 in 200yf 0.9% NaCl was injected into mice 4 and 5 from
the previous experiment 2 hours prior injection of 7.5MBq of Compound 4 in 200n! 0.9% NaCl. Mice 1 to
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3 were also injected with 7.5MBq of Compound 4 in 200u! 0.9% NaCl without cold pre-dosing. Dynamic
images were acquired over 120 minutes (Figure 10) and TACs created. Comparison of the uptake in

mice 4 and § without pre-dosing in Experiment A and after pre-dosing in Experiment B showed lower
uptake in pre-dosed animals (see Figure 11).

Additional ROIs were drawn over the liver, kidneys, bladder, brain and the thorax during Experiment A.
for each RO! decay-corrected TACs were calculated and normalised to the 10min p.i. activity, ie.
normalised counts per second (see Figure 12)

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

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

-43-




08 May 2007

2004210208

10

15

20

30

41

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1) Adiagnostic imaging zgent which cemprises a matrix metalloproteinase inhibitor of Formula I

0] R
wherein:

R' is selected from hydragen, hydroxy, Cy. alkyl, Cg.14 aryl, Cr.p anylalkyl, or together with R® and
the carbon to which it Is attached forms either a Cs cycloalkyl ring or a C, 4 heterocyclic ring, or
together with R® forms a Cog heterocyclic ring containing 5-7 atoms and 1 or 2 heteroatoms
chosen from N or O; V
R?and R® are independently hydrogen, hydroxy, halogen, Ci.5 alkyl, C. alkoxy, C. amin, Cs1e
aryl, C;.5 arylalkyl or C;.4 carbamoylaryl;

R'is Covq anyl, C.s heteroaryl, Cr.qq arylalkyl, Cr.g0 carbamoylary! or arylcarbamoylaryl; and,
R® is selected from hydrogen or C, ¢ alkyl; and

wherein one of R' to R* comprises a y-emitting radionuclide.

2)  Adiagnostic imaging agent according to claim 1 wherein:

R' is selected from Ciq alkyl, Coq aryl, or Crzo arylalkyl, or together with R®

forms a C,,
heterocyclic ring together with the carbon to which itis attached;
RZis hydrogen, hydroxy, methyl, isopropyl, methoxy or halogen;
R%is hydrogen; .
R'is pyridyl or (Ar'),-(R"'),(NH)-phenyl wherein Ar' is phenylene, R" is CH, or C=0,y=00r1

andz=0o0r1; and,
R® is hydrogen.

3)  Adiagnostic imaging agent according to claim 1 or claim 2 wherein:

R is methyl, isobutyl, isopropyl, banzyl or hydroxybenzyl;

RE Is hydroxy, halogen or methoxy;

Ris hydrogen;

R is pyridyl or (Ar' WAR){NH)-phenyl wherein Ar' is 1,4-phenylens, R™
tandz=0o0r1;and

R is hydrogen.

is CH;or C=Q,y=0or

4) A diagnostic imaging agent according to any one of claims 1-3 wherein RS

is hydrogen and
the matrix metalloproteinase inhibitor is of Formula la:
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5) A diagnostic imaging agent accorciing to any one of claims 1-4 wherein R? is positioned para
to the sulfonamide and R® is positioned meta to the sulfonamide.

6) A diagnostic imaging agent according to any one of claims 1-5 wherein said y-emitting
radionuclide is a y-emitting radiometal selected from **™Tc, ""'In, ™™n, ¥Cu or ¥'Ga.

7) A diagnostic imaging agent according to claim 6 wherein said y-emitting radiometal is present

as part of a metal complex of said y-emitting radiometal with one or more ligands.

8) A diagnostic imaging agent according to claim 7 wherein said metal complex is attached at
the R', R? or R* position of Formula I,

9) A diagnostic imaging agent according to claim 7 or 8 which is of Formuta iI:

[{matrix metalloproteinase Inhibitor]}-(A)dm-[meta complex) (1)

where: <(A)- is a linker group wherein each A is independently CR',, CR'=CR’, C=C,
CH,CHO, CR',COa, CO.CR;, NR'CO, CONR, NR(C=O)MR', NMR'({C=S)NR’,
SONR', MR'SQ,, CR,0CR’, CR,SCR';, CRLMNRCRY, & Gy cycloheteroalkylsna
group, a Cu. Cycloallivlzne group, a Cs.q2 arylene group, or a Curz heterearylena
group;
R' is independently chosen from H, C,_ alkyl, Cyy alkenyl, Coy4 alkynyl, Ciu
alkoxyalkyl or Cy hydroxyalkyl;
n is an integer of value O to 50; and
mis1,2or3.

10) A diagnostic imaging agent according to any one of claims 7 to 9 wherein said one or more

ligands comprise a chelating agent with a donor set selected from diaminedioxime, N3S, N,S,,
N; and NzOz,
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11)

12)

13)

16)

17)

20)

_43 -

A diagnostic imaging agent according to any one of claims 1 to 5 wherein said y-emitting
radionuclide is a y-emitting isotope of iodine.

A diagnostic imaging agent according to claim 11 wherein said y-emitting isotope of iodine is
123
1.

A diagnostic imaging agent according to claim 11 or claim 12 wherein the y-emitting isotope of
iodine is attached via a direct covalent bond at the 3- or 4- position of the aromatic ring of

Formula | or of Formula la.

A ligand conjugate which comprises the matrix metalloproteinase inhibitor of Formula 1 or of
Formula la, as defined in claims 1-4 but lacking a y-emitting radionuclide, conjugated to a
ligand suitable for the co-ordination of a y-emitting radiometal selected from #®m7e, "in,

13m0 Gy or YGa.

A ligand conjugate according to claim 14 which is of Formula lla:

[{matrix metalloproteinase inhibitor}-(A,)]n-{ligand} (lla)

where (A,), n and m are as defined for Formula Il in claim 8.

A ligand conjugate according to claim 15 wherein said ligand is a chelating agent where 2-6
metal donor atoms are arranged such that 5- or 6-membered chelate rings result on metal co-

ordination.

A ligand conjugate according to claim 16 wherein said chefating agent is selected from
diaminedioximes, N3S ligands, N,S; ligands, N4 ligands and N0, ligands.

A pharmaceutical composition comprising the diagnostic imaging agent of any one of claims

1-13 together with a biocompatible carrier, in a form suitable for mammalian administration.

A pharmaceutical composition according to claim 18 comprising the diagnostic imaging agent

as defined in claims 6-10.

A pharmaceutical composilion according to claim 18 comprising the diagnostic imaging agent
as defined in claims 11-13.
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21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

-44 -

A precursor useful in the preparation of the diagnostic imaging agent according to claims 11-
13 said precursor comprising a group suitable for reaction with a y-emitting isotope of iodine
to give said diagnostic imaging agent.

A precursor according to claim 21 wherein said group suitable for reaction with a y-emitting
isotope of iodine is chosen from an aryl iodide, an aryl bromide, a phenol group, a trialkyltin
derivative, a trialkylsilyl derivative, a triazene group or an aryldiazonium sait.

A kit when used in the preparation of a pharmaceutical composition as defined in claims 18-
22 which comprises a precursor of said diagnostic imaging agent and a biocompatible carrier

in a form suitable for human administration.

A kit according to claim 23 wherein the pharmaceutical composition is as defined in claim 19,
which comprises the ligand conjugate of claims 14-17.

A kit according to claim 24 which is suitable for preparing a b 1 pharmaceutical

composition.
A kit according to claim 24 or claim 25 further comprising a biocompatible reductant.
A kit according to claim 26 wherein the biocompatible reductant is Sn?".

A Kit according to claim 23 wherein the pharmaceutical composition is as defined in claim 20,
wherein said precursor is the precursor of claim 21 or 22.

Use of a pharmaceutical composition according to any one of claims 18-20 for the diagnostic

imaging of cardiovascular disease.
A use according to claim 29 wherein the cardiovascular disease is atherosclerosis.
A use according to claim 29 wherein the cardiovascular disease is congestive heart failure.

Use of a pharmaceutical composition according to any one of claims 18-20 for the diagnostic

imaging of inflammatory disease.

A use according to claim 32 wherein the inflammatory disease is a chronic obstructive

pulmonary disease where matrix metalioproteinases are known to be involved.
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34) A diagnostic imaging agent according to any one of claims 1 to 13 substantially as

hereinbefore described.
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Figure 7
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Figure 8
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Figure 10
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Figure 11
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Figure 12
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