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NOVEL IMAGING AGENTS

Technical Field of the Invention

The present invention relates to diagnostic imaging and in particular to the diagnostic
imaging of fibrosis. Diagnostic imaging agents are described whic_h are suitable for this
purpose, particularly for the diagnostic imaging of fibrosis in the liver, heart, kidneys

and lungs.

Description of Related Art

In simple terms, fibrosis is scar tissue and forms part of all "repair” processes in tissue.
However, because of ongoing inflammation, infection and repeated injury, fibrosis scar
tissue builds up and does not replace "functional” cells, thus leading to abnormal organ
function and eventuoily organ failure. Fibrosis is one of the major, classic pathological
processes in medicine. itis key component of multiple diseases that affect millions of

people worldwide and includes diseases such as:

a) Lung diseases such as idiopathic pulmonary fibrosis {lung fibrosis of
unknown origin}, asthma and chronic obstructive pulmonary disease.

b) Scleroderma: @ heterogeneous and life threatening disease
characterised by the excessive extracellular matrix deposition within
connective tissue of the body (i.e. skin and visceral organs).

c) Post-surgical scarring following transplantation.

d) Diabetic retinopathy and age-related macular degeneration {AMD)
(fibrotic diseases of the eye and leading causes of blindness).

e) Cardiovascular disease including atherosclerosis and vulnerable
plague.

f) Kidney fibrosis linked to diabetes - diabetic nephropathy and
glomerulosclerosis.

g 1gA nephropathy {causes of kidney failure and the need for dialysis and

retransplant).

h) Cirrhosis and biliary atresia {leading causes of liver fibrosis and failure).

i} Hepatitis C infection.
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) Rheumatoid arthritis. '
k) Autoimmune diseases such as dermatomyositis.

I} Congestive heart failure.

i

The clinical manifestations of fibrosis vary widely. Taking the example of cirrhosis, the
clinical manifestations vary from no symptoms at all, to liver failure, and are
determined by both the nature and severity of the Qnderlying liver disease as well as
the extent of hepatic fibrosis. Up to 40% of patients with cirrhosis are asymptomatic
and may remain so for more than a decade, but progressive deterioration is inevitable
once complications develop including ascites, variceal hemorrhage or encephalopathy.
Fibrosis and cirrhosis therefore represent the consequences of a sustained wound
healing response to chronic liver injury from a variety ‘of causes including viral,
auteimmune, drug-induced, cholestatic and metabolic diseases. The common causes
of liver fibrosis and cirrhosis include immune-mediated damage, genetic abnormalities,
and non-alcoholic steatohepatitis (NASH), which is particularly associated with diabetes
and metabolic syndrome (MS). There is a high incidence of MS in the Western
population. This syndrome typically occurs in individuals who are obese, have
hyperlipidemia and hypertension, and often léqu to the development of type li
diabetes. The hepatic manifestation of metabolic syndrome is non-alcoholic fatty liver
disease (NAFLD), with an estimated prevalence in the USA of 24% of the population. A
fatty fiver represents the less severe end of a spectrum of NAFLD that may progress to

"NASH and ultimately to cirrhosis of the liver. The development of fibrosis demonstrates

a risk of such progression, and is presently assessed by means of a liver biopsy.
However, liver biopsy causes significant discomfort, is not without risk and is costly.

Furthermore, available blood tests for hepatic fibrosis are not reliable in NAFLD.

Fibrosis is characterized by the excessive secretion of extracellular matrix components.
This is caused by increased synthesis and decreased degradation of matrix proteins,
most notably collagen types | and lIl. Types tand Ill collagen are major components of
the extracellular matrix and are instrumental in the development of fibrosis. High levels

of collagen Ill are observed in the early stages of the process of fibrosis, with collagen |

30

subsequently becoming predominant. A number of groups have disclosed peptide
compounds that bind to collagen. Chiang and Kang [J. Clin. Invest. 1997 100(8) 2079-
84] and Chiang [Amer. J. Med. Sci. 2000 320(6) 362-67 and 2002 J. Biol. Chem. 277.
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34896-901] report synthetic peptides derived from the sequences of type | and Il
collagenreceptors, which are found on platelets and inhibit collagen-mediated platelet
aggregation and the release of ATP. Thomas et al [2005 J. Biol. Chem. 280(24} 22596~
605] describe Endo180, a receptor which binds to the C-terminal region of type |
collagen. Depraetera et al [1998 Blood 92(11) 4207] report two cyclic octapeptides that
inhibited the binding Willebrand factor (yWF) to calfskin and human collagen type l. Tye

_et al [2005 J. Biol. Chemn. 280(14) 13487-492] report the binding of synthetic peptide

derived from recombinant bone sialoprotein {rBSP) to type | collagen.

WO 2006/054904 relates to contrast agents comprising targeting vectors that bind to
areas of collagen formation. These contrast agents are suggested as being useful for
dicghosis and monitoring of treatment of diseases related to the excessive formation

of collagen, including, inter dlig, fibrosis.
A need exists for further imaging agents for the detection of fibrosis.

Summary of the invention

The present invention provides a novel imaging agent suitable for the non-invasive -
visudlization of fibrosis. A precursor for the preparation of the imaging agent is also
provided by the invention, as well as a pharmaceutical composition comprising the
imaging agent and a kit for the preparation of the pharmaceutical composition. Ina
further aspect, use of the imaging agent for in vivo imaging and in the preparation of a

medicament for the diagnosis of a condition which comprises fibrosis is provided.

Detailed Description of the Invention

In a first aspect, the present invention provides an imaging agent comprising a
collagen binding peptide (CBP) and an imaging moiety, wherein said CBP is selected

from:
(il RRANAALKAGELYKXaalLY
(i} GELYKXaallLY
{iii} DARKSEVQK
fiv) KELNVLYT

(v} XaaVWLWEQXaa
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(vi) XaaVWLWENXaa
{vii} XaaVWTLPDQXaaq,
(Vi) TGELYKXaalLYTLAWKTTARLKELNLVYTT

(ix) Saratin recombinant polypeptide derived from the saliva of the

medicinal leech Hirudo medicinalis
(X} Residues 176-201 of decorin
{xi} Peptide analogues of any of peptides (i}-{x) ;

or said CBP is a stabilised, truncated and/or cyclic version of any of these peptides, or is
a homo- or heterodimer of two of these peptides or truncated versions thereof, and
where Xaa can be any of cysteine, 2-aminobutyric acid (Abu), methionine or alanine.

Each of the peptides fi)-{xi) above is or is derived from a fragment of a physiological
peptide having collagen-binding activity. Preferably, the CBPis an 8- 30-mer peptide,
and most preferably an 8- to 20-mer peptide.

The imaging agent of the invention suitably binds to collagen with an affinity of less
than 1uM, preferably with an affinity less than 100nM and most preferdbly with an
affinity less than 10nM.

The term “peptide analogue” in the context of peptide (xi) of the present invention
means natural or synthetic peptides comprising all or part of peptides (i)-(x) in which
one or more amino acid residues have been substituted with alternative amino acid
residues, and which retains affinity for collagen. Preferred peptide analogues are
synthetic peptides. With the aim of minimizing alteration of the peptide, it is common

practice to substitute only a few amino acid residues and to make only conservative

‘substitutions. The following table outlines substitutions that are regarded as

conservative:

-
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Original aa residuejjExemplary substitutions
Ala Ser

Arg Lys

Asn Gln, His

Asp Glu

Cys Ser, Met

Gln Asn

Glu : Asp ,
Gly Ala, Asn

His Asn, GIn

lle Leu, Val

Leu lle, Val

Lys Arg, Gln

Met - jiLeu, lle

Phe Met, Leu, Tyr
Ser Thr

Thr Ser

Trp Tyr

Tyr 2 Trp, Phe

val lle, Leu

y

However, any aa substitution is suitable as long as affinity for collagen is retained.

A “stabilised” version of the CBP of the present invention is a peptide of any of
sequences {il-xi} that has been modified in order that the peptide has enhanced
resistance to cleavage in plasma. It isimportant that the CBP remain intact in vivo so

that its collagen-binding properties are retained and the imaging moiety is reliably

delivered 1o the target.
One method to stabilise the CBP is to attach a 2t group to the N-terminus of the CBP,

-5-
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and/or to attach a 22 group to the C-terminus of the CBP. The 22 grou[:; substitutes the
amine group of the last amino acid residue. Thus, when Z%is H, the amino terminus of
the CBP terminates in a free NHz group of the last amino acid residue. The 22 group
substitutes the carbonyl group of the last amino acid residue. Thus, when Z2is OH, the
carboxy terminus of the CBP terminates in the free COz2H group of the last amino acid
residue, and when Z2is OB¢ (where B¢ is a biocompatible cation) that terminal carboxy

groupis ionised as @ CO2Bc group.

Suitable 21 groups for the CBP N-terminus are well-known to those skilled in the art and
are suitably chosen from: N-acylated groups ~NH(C=O)RS where the acyl group -
[C=O)RE has RC¢ chosen from: Cis alkyl, Cs.i0 aryl groups or comprises a
polyethyleneglycol (PEG) building block. Preferred N-terminus groups are oce'tyl,
benzyloxycarbonyl or triﬂuoroacétyi, most preferably acetyl.

Suitable 22 groups for the CBP C-terminus include: carboxamide, tert-buty! ester,
benzyl ester, cyclohexyl ester, amino alcohol or a polyethyleneglycol [PEG) building

block. Preferred such groups are carboxamide or PEG, most preferred‘ such groups are

. carboxamide.

Additional examples of tactics to stabilise the CBP include: N-alkylation of amino acid
residues, preferably N-methylation; acetylation of amino acid residues; incorporation of
non-natural amino acids or amide bond isosteres; addition of other moieties not easily

recognised by plasma enzymes, for example C-terminal extension with polyethylene

~ glycol or diglycoloyl moieties; and, conversion of the peptide structure into its retro in-

verso sequence, i.e. reversing the amino acid sequence and replacing all L-amino acids

by D-amino acids.

A "truncated” version of the CBP of the present invention is a peptide of any of
sequences (i)-{xi} wherein between 1 and 5 amino acids are absent from the carboxy
and/or the amino terminus, with the proviso that said truncated version contains at

least 5 amino acid residues.

A"cyclic’ version of the CBP of the present invention is a CBP that has been cyclised by
bridging using cysteine residues either present or added to the peptide sequence.

Cyclisation can also be achieved by head-to-tail cyclisation; i.e. forming-an amide bond-

-6-
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between the N-terminal amino group and the C-terminal carboxy group. Where
cysteine residues are added to the peptide sequence, they are preferably added to the
terminal ends in order to achieve head-to-tail cyclisation. A further method to forma
cyclic peptide is to form a bond between two amino acids through their side chains, for

example a lysine and a glutomic acid.

CPB peptides mdy be obtained by conventional solid phase synthesis. Albericio
provides a recent review of methodologies for solid phase peptide synthesis [Curr.
Opinion Cell Biol. 2004 8 211-211.

Descriptions of the particular CPB peptides of the invention may be found in the

following references (using the same numbering scheme as for peptides (il-(x) abovel:
(i) Chiang and Kang 1997 J. Clin. Invest. 100(8) 2079-84
il  Chiangetal 2000 Am. J. Med. Sci. 3206) 362-7
{il ~ Chiang 2002 J. Biol. Chem. 277 34896-901
(iv) Chiang 2002 J. Biol. Chem. 277 34896-901
(v) Depraetere et a.1998 Blood 92(11) 4207-11
(vl  Depraetere et al.1998 Blood 92(11) 4207-11
(viil  Pareti et al 1987 J. Biol. Chem. 262(28) 13841
(viii  Zhu et al 2007 Thromb. Res. 119(1) 111-119
(ix}  Cruzetal 2001 J. Vascular Surgery 34(4) 724-29
{x) HL;nter et al 2001 J. Biomed. Mat. Res. 55(4) 496-502

By the term "imaging agent” is meant a compound designed to target a particular
physiology or pathophysiology in a mammal, and which can be detected following its

administration to the mammalian body in vivo.

In the imaging agent of the invention, the imaging moiety may be present as an
integral part of the CBP, e.g. one of the atoms of the CBP could be 11C instead of 12C.
Alternatively, the imaging-moiety-maybeconjugated-tothe CBP viaastitable chemical
group, e.g. a metal chelate which can complex an imaging moiety which is a metal ion.

A linker may also be present linking the CBP to either the suitable chemical group or

-7-
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directly to the imaging moiety itself. Suitable linkers of the present invention are of

Formula -(L}r- wherein:

NR'-, -NR'CO- , -CONR'- , -NR' {C=0INR'-, -NR'[C=SINR'-, -SO2NR'- , -NR'SO2- , -
CR20CR'2-, -CR'2SCR'2- , -CR'2NR'CR'z-, a Cu-g cycloheteroalkylene group, a Ca-s
cycloalkylene group, a Cs.12 arylene group, a Cs-12 heteroarylene group, an

amino acid, a polyalkyleneglycol, polylactic acid or polyglycolic acid moiety;
nis an integer of value 0 to 15;

each R' groupis independently H or Ci-a0alkyl, Cs-10alkylaryl, Ca-roalkoxyalkyl, Ca-
1w hydroxyalkyl, Ci-iofluoroalkyl, or 2 or more R' groups, together with the atoms
to which they are attached form a carbocyclic, heterocyclic, saturated or

unsaturated ring.
with the proviso that said linker is not longer than a chain of 30 atoms.

It is envisaged that branched linker groups are also possible, i.e. a linker group -{L)n-
substituted with a further (L~ linker group, which terminates with an R' group, as
defined above. Such branched linkers are particularly useful in the context of
manipulating the biodistribution and/or excretion of the imoéing agent of the invention.

By the term “amino acid” is meant an L- or D-amino acid, amino acid analogue (e.g.
napthylalanine) or amino acid mimetic which may be naturally occurring or of purely
synthetic origin, and may be optically pure, i.e. a single enantiomer and hence chiral, or
a mixture of enantiomers. Preferably the amino acids of the present invention are

optically pure.

Such linkers also have application in relation to other aspects of the invention as
described below. For the purpose of linking the CBP to either a suitable chemical group
or directly to an imaging moiety, preferred L groups are ;CO—, -CHz-, -NH-, -NHCO-, -
CONH-, -CH20CHz-, and amino acids.

In a preferred embodiment, the CBP of the invention is selected from peptides {i}-{vii),

listed—above;—orstabilised, truncated or cyclic versions thereof, or homo- or

heterodimers of two of these peptides or truncated versions thereof, where Xaa is as

previously defined.
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In a most preferred embodiment, the CPB of the invention is selected from:

{a} peptide {i modified in one or more of the following ways:

truncated to remove the 2 N-terminal arginines
Xaa=2-aminobutyric acid or cysteine
methylated alanine residues

methylated lysine residues

replacement of tyrosine is with lysine

addition of polyethylene glycol chain and/or diglycolyl to the C-terminus;

fb) peptide (i) modified as in (a}, and converted to its retroinverso sequence;

(c) peptide (i} wherein Xaa=cysteine;

[d) peptide liii) unmodified or cyclised by means of 2 cysteine residues, one each
added to the N- and C-termini;

(e} peptide (iv) unmodified, or modified by either or both of the following ways:

valine5 and leucine6 reversed

cyclised by means of 2 cysteine residues, one each added to the N- and -
C-termini;

{fl peptides (v)-(vii) wherein Xaa=cysteine;

and wherein in each case the N-terminus is optionally protected with an acety!

and the C-terminus is optionally protected with an amide.

Examples of most preferred CPBs of the invention are as follows {all amino acids are L-

amino acids unless otherwise stated):

al ANAALKAGELYKCILY-NH;

b} ANAALKAGELYK-[Abu]-ILY-NH;

¢} Ac-ANAALKAGELFK-[Abul-ILY-NH2

dl Ac-ANAALKAGELYK-[Abu]-ILF-NH2

el Ac-ANAALKAGELY-[NMelys]-[Abul-ILF-NH,

-9-
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f) AC—AN-[NMeAlo]-ALKAGELYK-[Abu]—ILF-NHz.
gl Ac-AN-[NMeAlal-ALKAGELY-[NMeLys]-[Abul-ILF-NH;
h) - ANAALKAGELYK-[Abul-ILY-[PEG(4)}-{diglycolyl]-NH2
il ANAALKAGELY-INMeLys]-[Abul-ILY-[PEGIA]I-[diglycolyll-NHz
5 j) ANAALKAGELYK-[AbUI-ILY-[PEGIA)-(diglycolyl]-COOH
k) D-YU-[Abul-KYLEGAKLAANA-NH;
) GELYKCILY-NH:
m) DARKSEVQK-NH;
n} CDARKSEVQKC-NH: cyclised via two added terminal cysteine residues
10 0) KELNVLYT-NH;
p) KELNLVYT-NH;
q) Ac-KELNLVYT-NH>
) Ac-CKELNLVYTC-NH: cyclised by bridging two added termindl cysteine residues
s} CVWLWEQC-NH; cyclised by bridging cysteine residues
15 t) CVWLWENC—NHz cyclised b); bridging cysteine residues
~u) CYWTLPDQC-NH2 cyclised by bridging cysteine residues

In the above list, “Ac” is an acetyl group, “Abu” is 2-aminobutyric acid, “NMelys” is
N-methylated lysine, “NMeAla” is N-methylated alanine, and “PEGIX)" is a
polyethylene glycol chain of X units.

20 Inamost preferred embodiment, the CBP of the invention is a peptide selected from (i)-
(iv) listed above, or stabilised, truncated or cyclic versions thereof, or homo- or
heterodimers of two of these peptides or truncated versions thereof, where Xaa is as

previously defined.

The “imaging moiety” may be detected either externally to the human body or via use

— 25 —-of detectors-designed-for-use-in-vivo; suchas intravascular radiation or optical

detectors such as endoscopes, or radiation detectors designed for intra-operative use.

-10-
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The imaging moiety is preferably chosen from:’
(i) a radioactive metal ion;
(i) a paramagnetic metal ion;
(i[il)  agamma-emitting radioactive halogen;
liv) @ positron-emitting radioactive non-metal;
{v) o hyperpolarised NMR-active nucleus; and,
(v}  areporter suitable for in vivo optical imaging.

When the imaging moiety is a radioactive metal ion, i.e. a radiometal, suitable
radiometals can be either positron emitters such as 4Cu, 48V, 52Fe, 55Co, 24mTc or 88Ga;
or y-emitters such as %mTc, 111in, 113min, or 67Ga. Preferred radiometals are %mTc, 54Cu,

6Ga and 111n. Most preferred radiometals are y-emitters, especially 9mTc.

When the imaging moiety is a paramagnetic metal ion, suitable such metal ions
include: Gd(il), Mnfit), Culll), Criit), Fefitt), Colit), Er{t), Nifli), Eu(ll)) or Dy(lll). Preferred
paramagnetic metal ions are Gd{il}, Mn(ll} and Fefill, with Gdlill) being especially
preferred.

When the imaging moiety is a gamma-emitting radioactive halogen, the radiohalogen
is suitably chosen from 123|, 131 or 778r. 1251 is specifically excluded as it is not suitable
for use as an imaging moiety for in vivo diagnostic imaging. A preferred gamma-

emitting radioactive halogen is 1231,

When the imaging moiety is a positron-emitting radioactive non-metal, suitable such
positron emitters include: 11C, 13N, 150, 17F, 18F, 75Br, 76Br or 124|. Preferred positron-
emitting radioactive non-metals are 11C, 13N, 18F and 1241, especially 11C and 8F, most

especially 18F.

When the imaging moiety is a hyperpolarised NMR-active nucleus, such NMR-active
nuclei have a non-zero nuclear spin, and include 13C, 15N, 19F, 29Si and 3!P. Of these, 13C

is preferred. By the term "hyperpolarised” is meant enhancement of the degree of

-pelarisation-of-the-NMR=active ucteus over its” equilibrium polarisation. The natural
abundance of 3C (relative to 12C) is about 1%, and suitable 1*C-labelled compounds are:

suitably enriched to an abundance of at least 5%, preferably at least 50%, most

-11-
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preferably at least 90% before being hyperpolarised. Atleast one carbon atom of the
imaging agent of the invention is suitably enriched with 13C, which is subsequently

hyperpolarised.

When the imaging moiety is a reporter suitable for in vivo opticalimaging, the reporter
is any moiety capable of detection either directly or indirectly in on:optical imaging
procedure. The reporter might be a light scatterer (e.g. a coloured or uncoloured
particle), a light absorber or a light emitter. More preferably the reporter is a dye such
as a chromophore or a fluorescent compound. The dye can be any dye that interacts
with light in the electromagnetic spectrum with wavelengths from the ultraviolet light

to the near infrared. Most preferably the reporter has fluorescent properties.

Preferred organic chromophoric and fluorophoric reporters include groups having an
extensive delocalized electron system, e.g. cyanines, merocyanines, indocyanines,

phthalocyanines, naphthalocyanines, triphenylmethines, porphyrins, pyrilium dyes,

‘thiapyrilium dyes, squarylium dyes, croconium dyes, azulenium dyes, indoanilines,

benzophenoxazinium dyes, benzothiaphenothiazinium dyes, anthraguinones,
napthoquinones, indathrenes, phthaloylacridones, trisphenoguinones, azo dyes,
intramolecular and intermolecular charge-transfer dyes and dye complexes, tropones,
tetrazines, bis|dithiolene) complexes, bislbenzene-dithiolate) complexes, iodoaniline
dyes, bis(S,0-dithiolene) complexes. Fluorescent proteins, such as green fluorescent
protein {GFP) and modifications of GFP that have different absorption/emission
properties are also useful. n Complexes of certain rare earth metals (e.g., europium,
samarium, terbium or dysprosium) are used in certain contexts, as are fluorescent

nanocrystals {quantum dots).

Particular examples of chromophores which may be used include: fluorescein,
sulforhodamine 101 (Texas Red), rhodamine B, rhodamine 6G, rhodamine 19,
indocyanine green, Cy2, Cy3, Cy 3B, Cy3.5, Cy5, Cy5.5, Cy7, Cy7.5, Marina Blue, Pacific
Blue, Oregon Green 88, Oregon Green 514, tetromethy!rhodoﬁwine, and Alexa Fluor 350,
Alexa Fluor 430, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 555, Alexa Fluor 568,

Alexa Fluor 594, Alexa Fluor 633, Alexa Fluor 647, Alexa Fluor 660, Alexa Elucr-680,-
Alexa Fluor 700, and Alexa Fluor 750. ‘

Particularly preferred are dyes which have absorption maxima in the visible or near

-12-
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infrared (NIR} region, between 400 nm and 3 um, particularly between 600 and 1300
nm. Opticalimaging modalities and measurement techniques include, but not limited
to: luminescence imaging; endoscopy; fluorescence endoscopy; optical coherence
tomography; transmittance imaging; time resolved transmittance imaging; confocal
imaging; nonlinear microscopy; photoacoustic imaging; acousto-optical imaging;
spectroscopy; reflectance 'spectroscopy; interferometry; coherence interferometry;
diffuse optical tomography and fluorescence mediated diffuse optical tomography
(continuous wave, time domain and frequency domain systems), and measurement of
light scattering, obéorption, polarisation, luminescence, fluorescence lifetime, quantum

yield, and quenching.

Preferred imaging moieties are those which can be detected externally in a non-
invasive manner following administration in vivo, such as by means of SPECT, PET and
MR. Most preferred imaging moieties are radioactive, especially radioactive metalions,
gamma-emitting radioactive halogens and positron-emitting radioactive non-metals,
particularly those suitable for imaging using SPECT or PET. For some applications,
however, other imaging moieties are preferred, e.g. for imaging AMD optical imaging

moieties are preferred.

Preferred imaging agents of the invention do not undergo facile metabolism in vivo,

and hence most preferably exhibit a half-life in vivo of 60 to 240 minutes in humans. '
The imaging agent is preferably excreted via the kidney (i.e. exhibits urinary excretion).
The imaging agent preferably exhibits a signal-to-background ratio at diseased foci of
at least 1.5, most preferably at least 5, with at least 10 being especially preferred.
Where the imaging agent comprises a radioisotope, clearance of one half of the peak
level of imaging agent which is either non-specifically bound or free in vivo, preferably
occurs over a time period less than or equal to the radioactive decay half-life of the

radioisotope of the imaging moiety.

Furthermore, the molecular weight of the imaging agent is suitably up to 5000 Daltons.
Preferably, the molecular weight is in the range 150 to 3000 Daltons, most preferably
200 to 1500 Daltons, with 300 to 800 Daltons being-especially-preferred—

Suitably, the imaging moiety is conjugated to the CBP via either its N- or C-terminus, or

via any of the amino acid side chains. Preferably, the imaging moiety is conjugated to
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the CBP vig either the N- or C-terminus of the CBP, optionally via a linker of Formula -

{L)r- as described above and preferably a PEG linker.

Examples of preferred imaging agents of the invention are illustrated below:

# Imaging Agent
1 [#9mTc-Chelate 11]-ANAALKAGELYKCILY-NH2
2 [9mTc-Chelate H]-[PEG(12)]-ANAALKAGELYKCILY-NHz
3 [99mTc-Chelate 11]-DARKSEVQK-NH;
4 [99mTc-Chelate 11}-GELYKCILY
5 [99mTc-Chelate 11]- [PEGI12)]-GELYKCILY
6 [99mTc-Chelate 11]-RRANAALKAGELYK-[Abul-ILY
7 [99mTc-Chelate 11]-CDARKSEVQKC [cyclised via terminal Cys residues]
8 (29mTc-Chelate I1]-KELNLVYT

9 [99mTc-Chelate I11-CVWLWENC [cyclised via terminal Cys residues]
10 * [99mTc-Chelate |I]-CYWLWEQC-NH: [cyclised via terminal Cys residues]
11 [9mTc-Chelate 111-CYWTLPDQC [cyclised via terminal Cys residues]
12 [997Tc-Chelate I1]- NGVFKYRPRYFLYKHAYFYPPLKRFPVQ |
13 [99Tc-Chelate 1]-ANAALKAGELYKCILY-NH:2
14 [99mTc-Chelate I]1-[PEG(12)-ANAALKAGELYKCILY-NH2
15  [99mTc-Chelate 1}-DARKSEVQK-NH;
16  [99mTc-Chelate 1]-GELYKCILY
17 [9mTc-Chelate 1]-[PEG[12)]-GELYKCILY
18  [99mTc-Chelate I]-RRANAALKAGELYK-[Abul-ILY
19  [99mTc-Chelate 1]-CDARKSEVQKC [cyclised viag terminal Cys residues]
20  [99mTc-Chelate I]-KELNLVYT '
21  [99mTc-Chelate 1]-CYWLWENC [cyclised via terminal Cys residues]
22 [9Tc-Chelate [I-CVWLWEQC [cyclised via terminal Cys residues]
23 [99mTc-Chelate []-CYWTLPDQC [cyclised via terminal Cys residues]

24 [»mTc-Chelate I}- NGVFKYRPRYFLYKHAYFYPPLKRFPVQ

—25—18}=labelled RRANAALKAGELYRKCILY

26 123|-labelled ALKAGELYK

27  123-jabelled GELYKCILY

14
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28 123|-|abelled ANAALKAGELYKCILY-NH2

29  1Z3|gbelled Ac-KELNLVYT-NH;

30  18F-labelled RRANAALKAGELYKCILY

31 18F-jobelled ALKAGELYK

32 18F-jgbelled GELYKCILY

33 18F-labelled ANAALKAGELYKCILY-NH:

34 18F-labelled KELNLVYT-NH:

35  123)-lgbelled KELNVLYT-NH;

36  13|-abelled Ac-CKELNVLYTC-NH; [cyclised via terminal Cys residues)

37  123l-abelled Ac-Y-[PEGI4)]-DARKSEVQK

38  9mTc(COk-[a-His]-[AC-ANAALKAGELYKIAbUNILY

39 99”‘TC-HYNIC—ANAALKAG(ELYK[Abu]ILY

40  9mTc-Chelate I- ANAALKAGELYK[AbulILY

41  99mTc-Chelate lI- MIVVELTNPLKSSGIENGAFQGMKK

42 9mTc-Chelate I- ANAALKAGELYK[AbulILY-[PEG(4)]-[diglycoloyl]-NH:

43 9mTc-Chelate I-ANAALKAGELY-[NMelys]-{Abul-ILY-[PEG(4)]-(diglycoloyl]-NH:

wherein Ac, Abu, NMeLys and PEGIX) are as previously defined, and o-His is a-histidine.

Using an in vitro assay (described in Example 18}, affinity for collagen for a number of
these preferred imaging agents was démonstrated to be in the hanomolar range, in -

some cases less than 50nM.

Chelate | and Chelate Il are described in more detail below in relation to the second
aspect of the invention. For Imaging Agents 1-12 above, the point of attachment‘to
Chelate Il is at the bridgehead group (see Formula Ib below). Forimaging agents 13-24
above, the point of attachment to Chelate lis at the bridgehead group [see Formula lia

below).

For Imaging Agents 25 and 28 above, 1231 is attached to the vphenol side chain of the

tyrosine residue closest to the N-terminus. Imaging Agents 25a and 28a can also be

envisaged whereby the 123] is attached to the phenol side chain of the alternative

tyrosine residue. For compounds 26, 27 and 29, 23| is attached to the phenol side
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chain of the tyrosine residue.

For Imdging Agents 30-34 above, 18F s gttached to the N-terminus of the CBP via thiol

coupling, i.e.:

0
“‘F/\/S\/“\N e

wherein CBP represents the particular peptide in question. For more detail on this type
of 18F-labelled imaging agent, see description below in relation to Formulae (i, lila and
llb. |

Synthesis of the imaging agents via precursor compounds is described in more detail

below in relation to the second aspect of the invention.

Analysis of Imaging Agents 1, 29, 35, and 36 has demonstrated that they bind with high
affinity to collagen in vitro. Imaging Agent 1 has been demonstrated to have
favourable Biodistribution characteristics as a liver fibrosis imaging agent (see‘ExompIe
19). In arat model of liver fibrosis (bile-duct ligation; BDL - described in Example 20), it
was seen that the activity administered as Imaging Agent 1 s rapidly removed from the
blood pool and significant accumulation was observed in the liver of BDL animals

compared to sham animals at 1 and 2 hours post injection.

In a second aspect, the present invention provides a precursor for the preparation of
the imaging agent of the invention comprising a CBP as described above and a
chemical group capable of reacting with a source of an imaging moiety, wherein said

chemical group comprises:
(i) a synthetic ligand capable of complexing a metallic imaging moiety;

(ii) -an organometallic derivative such as a trialkyistannane or a

- tridlkylsilane;

il  aderivative containing an alkyl halide, alkyl tosylate or alkyl mesylate for
nucleophilic substitution;

(iv  a derivative which alkylates thiol-containing compounds to give a

thioether-containing product,
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and wherein said chemical group is either an integral part of said CBP or is conjugated
to said CBP. o

A “precursor"’ comprises a derivative of the CBP of the invention, desigﬁed so that
chemical reaction with a convenient chemical form of the imaging moiety occurs site-

specifically; can be conducted in a minimal number of steps lideally a single step}; and

~ without the need for significant purification (ideally no further purification), to give the

desired imaging agent. Such precursors are synthetic and can conveniently be
obtained in good chemical purity. The “precursor” may optionally comprise one or

more protecting groups for certain functional groups of the CBP.

By the term “protecting group” is meant a grbup which inhibits or suppresses
undesirable chemical reactions, but which is designed to be sufficiently reactive that it
may be cleaved ffbm the functional group in question under mild enough conditions
that do not modify the rest of the molecule. After deprotection the desired productis
obtained. Prdtecting groups are well known to those skilled in the art and are suitably
chosen from, for amine groups: Boc {where Boc is tert-butyloxycorbonyl), Fmoc (where
Fmoc is fluorenylmethoxycarbonyl), trifluoroacetyl, allyloxycarbonyl, Dde [i.e. 1-{4,4-
dimethyl-2,6-dioxocyclohexylidenelethyl] or Npys fi.e. 3-nitro-2-pyridine sulfenyl}; and
for carboxyl groups: methyl ester, tert-butyl estef or benzyl ester. For hydroxyl groups,
suitable protecting groups are: methyl, ethyl or tert-butyl; alkoxymethyl or alkoxyethyl;
benzyl; acetyl; benzoyl; trityl (Trt) or trialkylsilyl such as tetrabutyldimethylsilyl. For thiol
groups, suitable protecting groups are: trityl and 4-methoxybenzyl. The use of further
protecting groups are described in ‘Protective Groups in Organic Synthesis’, Theorodora
W. Greene and Peter G. M. Wuts, (Third Edition, John Wiley & Sons, 1999).

Preferably, said chemical group capable of reacting with a source of animaging moiety

comprises:
(i) a synthetic ligand capable of complexing a metallicimaging moiety; or,

(i) an organometallic derivative such as a trialkylstannane or a

trialkylsilane.

When the radioisotope is a radioactive metal ion, the radiopharmaceutical preferably
comprises a metal complex of the radioactive metal ion with a synthetic ligand. By the
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term "metal complex” is meant a coordination 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 coordination sites. Potentially competing ligands
include other excipients in the preparation in vitro (e.g. radioprotectants or
antimicrobial preservatives used in the preparation), or endogenous compounds in vivo
(eg. glutathione, transferrin or plasma proteins). The term “synthetic” has its
conventional meaning, i.e. man-made as opposed to being isolated from natural
sources e.g. from the mammalian body. Such compounds have the advantage that

their manufacture and impurity profile can be fully controlled.

Suitable ligands for use in the present invention which form metal complexes resistant
to transchelation include: chelating agents, where 2-6, preferably 2-4, metal donor
atoms are arranged such that 5- or 6-membered chelate rings result (by having a non-
coordinating backbone of either carbon atoms or non-coordinating heteroatoms
linking the metal donor atoms); or monodentate ligands which comprise donor atoms
which bind strongly to the metal ion, such as 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 linear geometry 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 alky!
isonitriles such as tert-butylisonitrile, and ether-substituted isonitriles such as MiBl (i.e.
1-isocyano-2-methoxy-2-methylpropane). Examples of suitable phosphines include
Tetrofosmin, and monodentate phosphines such as tris(3-methoxypropyliphosphine.
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

resistont‘to transchelation include, but are not limited to:
li) diaminedioximes;

(i) N3S ligands having a thioltriamide donor set such as MAGs (mercaptoacetyltriglycine)
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and related ligands; or having a diamidepyridinethiol donor set such as Pica;

liii} N2Sz ligands having a diaminedithiol donor set such as BAT or ECD fie.

ethylcysteinate dimer), or an amideaminedithiot donor set such as MAMA;

{iv) N4 ligands which are open chain or macrocyclic ligands having a tetramine,
amidetriomine or diamidediamine donor set, such as cyclam, monoxocyclam
dioxocyclam,

(v) N20: ligands having a diaminediphenol donor set;
[vi) a-histidine+Tc{CO)3

Preferred chelating agents of the invention for technetium are diaminedioximes and
tetraamines, and a-histidine+Tc(COl. Inan alternative preferred embodiment, a HYNIC
ligand is used in the formation of a technetium complex. Preferred versions are now

described in more detail.

Preferred diaminedioximes are of Formula {l}):

OH OH )

where EL-E€ are each independently an R* group;

each R* is H or Ci.10 alkyl, Cs-10 alkylaryl, Co.10 alkoxyalkyl, Ci-10 hydroxyalkyl, Ci-1o
fluoroalkyl, C2-10 carboxyalkyl or C1-10 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
CBP;

and Q'is a bridging group of formula ~(J)e~;

where e is 3, 4 or 5 and each J' is independently ~O-, -NR*- or —~C{R*}.- provided that -

[Jfe=contdins @ maximum of one J' group which is -O- or -NR*-,

Preferred Q' groups are as follows:
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Q' = -(CH2ICHR*){CH_}- i.e. propyleneamine oxime or PnAQ derivatives;

Q' = -(CH2)2(CHR*){CH.)z- i.e. pentyleneamine oxime or PentAO derivatives;

. Q"= -{CH2l2NR*(CHze-.

El to E6 are preferably chosen from: Cui3 alkyl, alkylaryl alkoxyalkyl, hydroxyalkyl,

fluoroalkyl, carboxyalkyl or aminoalkyl. Most preferably, each E to E¢ group is CHs.

Conjugation of a CBP to Formula | forms a precursor compound. The CBP is preferably

conjugated at either the E! or E6 R* group, or an R* group of the Q" moiety. Most

preferably, itis conjugated to an R*group of the Q' moiety. Whenitis conjugated to an

R* group of the Q' moiety, the R* group is preferably at the bridgehead position. In that
case, Q'is preferably -[CH2CHR*)[CH2)-, -[CH2){CHR*)ICHz)2- or {CH2)2NR*{CHa)2-, most
preferably -(CH2)2(CHR*)(CHz)2-. An especially preferred diaminedioxime precursor

compound has the Formula fia):

£ £ , EME15

£
10 .

2 F nu
£ ‘
£’ \ril
OH

where:

G

E7-E20 gre each independently an R* group;

Gis N or CR*;

{la)

V' is -(Ln-CBP, wherein -{Ll- is a linker group as previously defined, and CBP is as

previously defined.

A preferred chelator of Formula {la} is of Formula {Ib):
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l .
H OH (ib)
where G is as defined above, and is preferably CH (Chelate I; synthesis described in

Example 1);

such that the CBP is conjugated via the bridgehead —CHzCHzNHz group to form a

precursor compound.

Preferred precursor compounds formed with tetraamine chelators are of Formula II:

Yll
3 \ £26
E N N /j
/N N
g2 \EZZ Eza/ \Ezs

{in

wherein:

Y" is -{L}--CPB, wherein -|L)- is a linker group as previously defined and CPB is as
previously defined. Preferably for Y", -[L- does not contain ary! rings, helping to
minimize the lipophilicity of the complex.

E2l to E26 are R* groups as previously defined.

Amost preferred precursor compound formed with a tetraamine chelate is of Formula
lla: '
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)

NH, H,N (ita)

wherein Y" is as defined above.

An especially preferred precursor compound formed with a tetraamine chelate is of

Formula lla wherein " is -CO-CBP (Chelate I-CBP), wherein CBP is as previously defined.

5  Inanother preferred embodiment, the CPB of the invention may be labelled with 99mTc
by the preparation of a precursor which is a conjugate of the CPB and 6-

~ hydrazinonicotinamide (HYNIC) of Formula Ik

0
H,N N— N—Y"

i H ()

wherein Y™ -|L}--CPB, wherein -(L)n- is a linker group as previously defined and CPB is as

10  previously defined.

Since HYNIC can only occupy two coordination sites, a celigond is required inorder to
complete the coordination sphere of 9mTc. Suitable coligands include tricine, or tricine J
plus a second phosphine or pyridine coligand. Examples of phosphine coligands
include  trisodium tripheny|phosphine-3.3',3"-trrsulfonote (TPPTS), disodium
15  triphenylphosphine-3,3'-disulfonate (TPPDS) and sodium triphenylphosphone-3-
monosulfonate (TPPMS). Examples of pyridine coligands include nicotinic acid (NIC),
isonicotinic acid (ISONIC), 2-{4-pyridyllethylsulfonic acid {PES) and pyridine-3-sulfonic
acid. Preferably, mTc labelling of precursors of Formula I} is carried out where the

coligand is tricine, or is a combination of tricine plus TPPTS.

____20___A thorough-review-of-radielabelling-technigues-involving HYNIC 5 given by Lit [Top
Curr. Chem. 2005 252 pp117-153].

In a yet further preferred embodiment, the CPB of the invention may additionally be
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labelled with 99mTc by means of a precursor in which a histidine residue is added to the
N-terminus of the CPB, preferably via an acetyl linker. There are alternative ways by
which the histidine can be linked to the CPB to form a precursor suitable for 99mTc
|0b§alling:

COOH

NH,

0 —

N
N 7
CBPJL/ -

(IVa)
0
/U\/H COOH
CBP ~7
=
P N
N=/ (IVb)
CBP\\
A 0
H\\(\Nw
=N NH
OH
o i (ve)
0
CBP W
N, NS

wherein CPB is a CPB of the invention as previously defined.

Depending on how itis conjugated, histidine provides either two or three coordination
sites which can react with [#9mTc(OH.)s-(COk}* in a facial geometry to form animaging
agent of the invention. Preferred conjugates provide three coordination sites, i.e.

Formulas IVa-c above. .

Methods to prepare such precursor and imaging agent compounds are detailed by
Banerjee et al [Nuc. Med. Biol. 2005 32 pp1-20] and by Pak et a/ [Chem. Eur. J. 2003 9

pp2053-2061].

The above described ligands are particularly suitable for complexing technetium e.g.
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9%mTe or 99mTc, and are described more fully by Jurisson et al [Chem.Rev., 99, 2205-2218
(1999)l. The ligands are also useful for other metals, such as copper (64Cu or 67Cu),

vanadium (e.g. 48V), iron (eg. 52Fe), or cobalt (e.g. 55Co).

Other suitable ligands are described in Sandoz WO 91/01144, which includes ligands
which are particularly suitable for indium, yttrium and gadolinium, especially
macrocyclic aminocarboxylate and-aminophosphonic acid ligands. Ligands which
form non-ionic (i.e. neutral) metal complexes of gadolinium are known and are
described in US 4885363. Particularly preferred for gadolinium are chelates including
DTPA, ethylene diamine tetraacetic acid (EDTA), triethylene tetraamine hexaacetic acid
(TTHA), 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA), 10-(2-
hydroxypropyl)-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic acid (DO3A} and

derivatives of these.

It is envisaged that the role of tﬁe linker group -{Lin- is to distance the relatively bulky
technetium complex, which results upon metal coordination, from the active site of the
CBPso that e.g. substrate binding is n4ot impaired. This can be achieved by a
combination of flexibility {e.g. simple alkyl chains), so that the bulky group has the
freedom 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
technetium complex of the conjugate. Thus, e.g. the introduction of ether groups in the
linker will help to minimise plasma protein binding, or the use of polymeric linker groups
such as polyatkyleneglycol, especially polyethyleneglycol {PEG) can help to prolong the

lifetime of the agent in the blood in vivo.

Preferred linker groups -(L- in the context of these chelators have a backbone chain
(i.e. the linked atoms which make up the -{LIr- moiety} which contains 2 to 10 atoms,
most preferably 2 to 5 atoms, with 2 or 3 atoms being especially preferred. Aminimum
linker group backbone chain of 2 atoms confers the advantage that the chelator is

well-separated from the biological targeting moiety so that any interaction is

30

minimised. Furthermore, the CBP is unlikely to compete effectively with-the
coordination of the chelator to the metalion. In this way, both the biological targeting
characteristics of the CBP, and the metal complexing capability of the chelator is
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maintained. It is strongly preferred that the CBP is bound to the chelator in such away
that the linkage does not undergo facile metabolism in blood. That is because such
metabolism would result in the imaging metal complex being cleaved off before the
labelled CBP reaches the desired in vivo target site. The CBP is therefore preferably
covalently bound to the metal complexes of the present invention via -{Ll- linker
groups which are not readily metabolised. Suitable such linkages are carbon-carbon

bonds, amide bonds, urea or thiourea linkages, or ether bonds.

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 CBP so that the linker does not wrap round onto the CBP. Preferred
alkylene spacer groups are ~(CHzlq- where giis an integer of value 2to 5. Preferably gis

2 or 3. Preferred arylene spacers are of formula:

-(CHZ);—@—(CHzib-

where: a and b are each independently0, 1 or 2.

A preferred Y or " group is thus ~CHz2CHz-{L)p-CBP, - where p is an integer of value 0to
3. Most preferably, -(L)p- is -CO- or -NR-. For Formulal,when Gis N and -(L)- is -NH-,
this grouping has the additional advantage that it stems from the symmetrical
intermediate N(CH2CH2NHa}s, which is commercially available.

When the imaging metal is technetium, the usual technetium starting material is
pertechnetate, ie. TcOs which is technetium in the Tc{Vil} oxidation state.
Pertechnetate itself does not readily form metal complexes, hence the preparation of
technetium complexes usually requires the addition of a suitable reducing agent such
as stannous ion to facilitate complexation by reducing the oxidation state of the
technetium to the lower oxidation states, usually Tcfl) to Te(v). The solvent may be
organic or aqueous, or mixtures thereof. When the solvent comprises an organic
solvent, the organic solvent is preferably a biocompatible solvent, such as ethanol or
DMSO. Preferably the solvent is-aqueous-and-is-mest-preferably-isotonicsafine

Where the imaging moiety is radioiodine, preferred precursors are those which

comprise a derivative which either undergoes electrophilic or nucleophilic iodination or
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undergoes condensation with a labelled aldehyde or ketone. Examples of the first

category are:

{a) organometallic derivatives such as a triatkylstannane (eg. trimethylstannyl or
tributylstannyl), or a trialkylsilane {eg. trimethylsilyl) or an organoboron

compound le.g. boronate esters or organotrifluoroborates);

(b} a non-radioactive alkyl bromide for halogen exchange or alkyl tosylate,

mesylate or triflate for nucleophilic iodination;

{c) aromatic rings activated towards nucleophilic iodination (eg. aryl iodonium salt

aryl diazonium, ary! trialkylammonium salts or nitroaryl derivatives).

The precursor preferably comprises: a non-radioactive halogen atom such as an aryl
iodide or bromide {to permit radioiodine exchange);, an organometallic precursor
compound (e.g. trialkyltin, trialkylsilyl or organoboron compound}; or an organic
precursor such as triazenes or a good leaving group for nucleophilic substitution such
as an jiodonium salt. Preferably for radioiodination, the precursor comprises an

organometallic precursor compound, most preferably trialkyltin.

Precursors and methods of introducing radioiodine into 6rganic molecules are
described by Bolton [J.Lab.Comp:Radiopharm., 45, 485-528 (2002]1. Suitable boronate
ester organoboron compounds and their preparation are described by Kabalka et al
[Nucl.Med.Biol, 29, 841-843 (2002) and 30, 369-373(2003]]. Suitable
organotrifluoroborates and their preparation are described by Kabalka et al
[Nucl.Med.Biol., 31, 935-938 (2004)].

Examples of aryl groups to which radioactive iodine can be attached are given below:

: -SnBu, : JOH

Both contain substituents which permit facile radioiodine substitution onto the

aromatic ring. Where there are tyrosine residues already present in the CBP peptide

_sequence, radiciodination-can-be-carried-eut-using-the-inherent-phenolgroup—Inan

alternative strategy, a tyrosine residue may be added to the peptide sequence for

radioiodination, as long as the collagen-binding characteristics are not impaired.
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Alternative substituents containing radioactive iodine can be synthesised by direct

iodination via radiohalogen exchange, e.g.

127 123I

, |

The radioiodine atom is preferably attached via a direct covalent bond to an aromatic
5 ring such as a benzene ring, or a vinyl group since it is known that iodine atoms bound
to saturated aliphatic systems are prone to in vivo metabolism and hence loss of the

radioiodine.

Radicfluorination may be carried out via direct labelling using the reaction of 18F-
fluoride with a suitable chemical group in the precursor having a good leaving group,
10  such as an alkyl bromide, alkyl mesylate or alkyl tosylate. 18F can also be introduced by
alkylation of N-haloacetyl groups with a 18F(CHzs0H reactant, to give -
NHICOICH20ICH2)318F  derivatives.  For aryl systems, 18F-fluoride nucleophilic
displacement from an aryl diazonium salt, aryl nitro compound-or an aryl quaternary

ammonium salt are suitable routes to aryl-18F derivatives.

15 A 8F-labelled compound of the invention may be obtained by formation of 18F
fluorodialkylamines and subsequent amide formation when the 8F fluorodialkylamine

is reacted with a precursor containing, e.g. chlorine, PIO)Phs or an activated ester.

A further approach for radiofluorination, which is particularly suitable for
radiofluorination of peptides, is described in WO 03/080544 and uses thiol coupling. A

20  CBP precursor compound of one of the following formulae:

N
hmogen//\\T(/H\\CBP

0

with a compound of Formula V:
e 1B R G e (i

wherein Y is d linker of formula -(L)o- wherein L is as previously defined, o is 1-10 and
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optionally includes 1-6 heteroatoms;

XVis a linker of formula -(L),- wherein L is as previously defined, p is 1-30 and optionally

includes 1 to 10 heteroatoms; and,
CBP is a collagen binding peptide as previously defined;

to give radiofluorinated imaging agents of formula (Va) or (Vb) respectively:

N—CEP v
1BF—-><V~—S/W]/H

(Vb)

Byl g

wherein XV and YV are as defined above, and CBP is a collagen binding peptide as

previously defined.

An additional approach particularly suitable for radiofluorination of peptides is
described in WO 04/080492 and makes use of aminoxy coupling. Radiofluorination is
carried out by reaction of a CBP precursor compound of formula {(Vl) with a compound
of formula (Via):

R—1 cgP

(Vi)
18F (| }-R2 “ (Via)
or,

by reaction of a CBP precursor compound of formula (Vil) with a compound of formula
(Vi)

wfor—

v
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18F-(L}m—R# (Vlla)
wherein;

Rtis an aldehyde moiety, a ketone moiety, a protected aldehyde such as an acetal,
protected ketone, such as a ketal, or a functionality, such as diol or N-terminal serine
residue, which canbe rapidly and efficiently oxidised to an aldehyde or ketone using an
oxidising agent;

‘R2 is a functional group which, under mild conditions such as aqueous buffer, reacts

site-specifically with R? yielding a stable conjugate. R2 can be ammonia derivatives
such as primary amine, secondary amine, hydroxylamine, hydrazine, hydrazide,
aminoxy, phenylhydrazine, semicarbazide, or thiosemicarbazide, and is preferably a

hydrazine, hydrazide or aminoxy group;

R3 is a functional group which reacts site-specifically with R4 R? can be ammonia
derivatives such as primary amine, secondary amine, hydroxylamine, hydrazine,
hydrazide, aminoxy, phenylhydrazine, semicarbazide, or thiosemicarbazide, and is

preferably a hydrazine, hydrazide or aminoxy group;

R4is an aldehyde moiety, a ketone mdiety, a protected aldehyde such as an acetal, a
protected ketone, such as a ketal, or a functionality, such as diol or N-terminal serine
residue, which can be rapidly and efficiently oxidised to an aldehyde or ketone using an

oxidising agent;

to give a conjugate of formula {Viil} or {iX], respectively:

YF—(u, - X —N=T—| CBP (Vi)
! \.

CBP |—x—N= L, —EF (IX)
Y

wherein X is ~CO-NH- , -NH-, -O-, -NHCONH-, or -NHCSNH-, and is preferably -CO-
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NH- , -NH- or -O- ; Y is H, alkyl or dryl substituents, and wherein L is as previously
defined and m 0-10.

Further details of synthetic routes to 18F-labelled derivatives are described by Bolton,
J.Lab.Comp.Radiopharm., 45, 485-528 (2002).

Precursors are synthesized by first assembling the relevant CPB. Peptides may be
assembled on a 0.1 mmol scale on MBHA-Rink amide resin {0.58 mmol/g), using an
ABI433A syhthesiser. Froc amino acid derivatives are activated in situ in a 10-fold
molar excess using HBTU-HOBt-DIEA in NMP and Fmoc deprotected in 20%
piperidine/NMP solution. After assembly the resin is transferred to a Nz bubbler
apparatus for coupling of o chemical group capable of reacting with on imaging
moiety, as defined above. Kaiser tests are performed to ensure 100% conversion to
the precursor compound. Cleavage from the solid support and removal of any side
chain protecting groups is effected simultaneously. Excess TFAis thereafter removed
in vacuo and precursor compounds precipitated by the addition of diethylether. Crude
precursor compounds are liberated as a white solid following trituration with
diethylether. The residue is dissolved in 0.1%TFA/MeCN:Hz0(1:1), lyophilized, purified by
HPLC and analysed by LC-MS. ‘

The following are examples of preferred precursor compounds of the present invention

{retaining fumbering of corresponding imaging agents):

# Precursor

1 [Chelate I]-ANAALKAGELYKCILY-NHz

2 (Chelate l1]-PEG12-ANAALKAGELYKCILY-NH2

3| [Chelate I1-DARKSEVOK-NH;

4 [Chelate I-GELYKCILY

5 [Chelate H]-[PEG(12)]-GELYKCILY

6 [Chelate 1}-RRANAALKAGELYK-[Abul-ILY

7 [Chelate 11}-CDARKSEVQKC [cyclised via terminal Cys residues]
8 [Chelate 11l-KELNLVYT

9 [Chelate 1-CVWLWENC [cyclised via terminal Cys residues]
10 | [Chelate lI-CYWLWEQC-NH: [cyclised via terminal Cys residues)
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11 [Chelote I1-CVWTLPDQC [cyclised via terminal Cys residues]
12 [Chelote l1]- NGVFKYRPRYFLYKHAYFYPPLKRFPVQ

13 | [Chelate I]-ANAALKAGELYKCILY-NH2

14 | [Chelate 1}-{PEG(12)]-ANAALKAGELYKCILY-NH:

15 | [Chelate 1]-DARKSEVOK-NH;

16 | [Chelate ]-GELYKCILY

17 | [Chelate I]-[PEG(12)]-GELYKCILY ’

18. | [Chelate I}- RRANAALKAGELYK—[AbU]—ILY

19 | [Chelate 1]-CDARKSEVQKC [cyclised via terminal Cys residues]
20 | [Chelaote 1]-KELNLVYT

21 | [Chelate [I-CVWWLWENC [cyclised via terminal Cys residues]
22 [Chelate 1]-CYWLWEQC [cyclised via terminal Cys residues]

23 | [Chelate 1]-CVWTLPDQC [cyclised via terminal Cys residues]
24 | [Chelate 1]- NGVFKYRPRYFLYKHAYFYPPLKRFPVQ

38 | a-His-[Acl-ANAALKAGELYK-[Abul-ILY

39 | HYNIC-ANAALKAGELYK-[Abul-ILY

40 | Chelate I-ANAALKAGELYK-{Abul-ILY

41 | Chelate II-MIVWELTNPLKSSGIENGAFQGMKK

42 Chelate I—ANAALKAGELVK—[Abu]—lLV—[PEG(A)]—[dig|ycoonl]-NHz
43 Chelate I-ANAALKAGELY-[NMe-Lys]-[Abul-ILY-{PEG(4)}-[diglycoloyl]-NHz

In a third aspect, the present invention provides a pharmaceutical composition

comprising the imaging agent as described above, together with a biocompatible

carrier, in a form suitable for mammalian administration. In a preferred embodiment,

the pharmaceutical composition is a radiopharmaceutical composition.

The “biocompatible carrier” is a fluid, especially a liquid, in which the imaging agent is

suspended or dissolved, such that the composition is physiologically tolerable, i.e. can

be administered to the mammalian body without toxicity or undue discomfort. The

hiocompatible carrier medium-is-suitably-an-injectable-carrier-liquid-such-assterite;,

10

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
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not hypotonic); an aqueous solution of one or more tonicity-adjusting substances le.g.
salts of plasma cations with biocompatible counterions), sugars (e.g. glucose or
sucrose), sugar alcohols (e.g. sorbitol or mannitol), glycols (e.g. glycerol), or other non-
ionic polyol materials (e.g. polyethyleneglycols, propylene glycols and the like). The
biocompatible carrier medium may also comprise biocompatible organic solvents such
as ethanol. Such organic solvents are useful to solubilise more lipophilic compounds or
formulations. Preferably the biocompatible carrier medium is pyrogen-free water for
injection, isotonic saline or an aqueous ethanol solution. The pH of the biocompatible

carrier medium for intravenous injection is suitably in the range 4.0 to 10.5.

Such pharmaceutical compoéitions are suitably supplied in either a container whichis
provided with a seal which is suitable for single or multiple puncturing with a
hypodermic needle le.g. a crimped-on septum seal closure) whilst maintaining sterile
integrity. Such containers may contain single or multiple patient doses. Preferred
multiple dose containers comprise a single bulk vial le.g. of 10 to 30 cm3 volume) which
contains multiple patient doses, whereby single patient doses can thus be withdrawn
into clinical grade syringes at various time intervals during the viable lifetime of the
preparation to suit the clinical situation. Pre-filled syringes are designed to contain a
single human dose, or “unit dose”, and are therefore preferably a disposable or other
syringe suitable for clinical use. Where the pharmaceutical composition is a

radiopharmaceutical composition, the pre-filled syringe may optionally be provided

‘with a syringe shield to protect the operator from radioactive dose. Suitable such

radiopharmaceutical syringe shields are known in the art and preférobly comprise

either lead or tungsten.

The pharmaceuticals of the present invention may be prepared from kits, as is

described in the fourth aspect below. Alternatively, they may be prepared under

‘aseptic manufacture conditions to give the desired sterile product.  The

pharmaceuticals may also be prepared under non-sterile conditions, followed by
terminal sterilisation using e.g. gamma-irradiation, autoclaving, dry heat or chemical

treatment (e.g. with ethylene oxide). Preferably, the pharmaceuticals of the present

30

invention are prepared from kits.

As described above in relation to the first embodiment, for radiopharmaceutical
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compositions, the most preferred radioactive imaging moieties of the invention are

9T, 123) 11C gnd 18F.

In a fourth aspect, the present invention provides kits for the preparation of the
pharmaceutical compositions of the third embodiment. Such kits comprise a suitable
precursor of the second embodiment, preferably in sterile non-pyrogenic form, so that
reaction with a sterile source of an imaging moiety gives the desired pharmaceutical
with the minimum number of manipulations. Such considerations are particularly
important in the case of radiopharmaceuticals, in particular for radiopharmaceuticéls
where the radioisotope has a relatively short half-life, for ease of handling and hence
reduced radiation dose for the radiopharmacist. Hence, the reaction medium for
reconstitution of such kits is preferably a "biocompatible carrier” as defined above, and

is most preferably aqueous.

Suitable kit containers comprise a sealed container which permits maintenance of
sterile integrity and/or radioactive safety, plus optionally an inert headspace gas fe.g.
nitrogen or argon), whilst permitting addition and withdrawal of solutions by syringe. A
preferred such container is a septum-sealed vial, wherein the gas-tight closure is
crimped on with an overseal (typically of aluminium). Such containers have the
additional advantage that the closure can withstand vacuum if desired e.g. to change

the headspace gas or degas solutions.

Preferred aspects of the precursor when employed in the kit are as described for thé
second embodiment above. The precursors for use in the kit may be employed under
aseptic moﬁufocture conditions to give the desired sterile, non-pyrogenic material. The
precursors may also be employed under non-sterile conditions, followed by terminal
sterilisation using e.g. gamma-irradiation, autoclaving, dry heat or chemical treatment
[e.g. with ethylene oxide). Preferably, the precursors are employed in sterile, non-
pyrogenic form. Most prefércbly the sterile, non-pyrogenic precursors are employed in

the sealed container as described above.

The precursor of the kit is preferably supplied covalently attached to a solid support

30

matrix as described above in relation-to-the second-embodiment:

For 99mTc, the kit is preferably lyophilised and is designed to be reconstituted with sterile

ssmTc-pertechnetate {TcO4) from a *mTc radioisotope generator to give a solution.
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suitable for human administration without further manipulotion. Suitable kits comprise
o container le.g. o septum-sealed vial) containing the uncomplexed chelating agent,
together with a pharmaceutically acceptable reducing agent such as sodium dithionite,
sodium bisulphite, ascorbic acid, formamidine sulphinic acid, stannous ion, Fe(ll) or Cull);
together with at leost one solt of o weak organic acid with a biocompatible cation. By
the term “biocompatible cation” is meant a positively charged counterion which forms
a salt 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.

The kits for preparation of radiometal metal complex imaging agents may optionally
further comprise a second, weak organic acid or salt thereof with a biocompatible
cation, which functions as a transchelator. The transchelator is a compound which
reo(;.ts rapidly to form a weak complex with the radiometal, then is displaced by the
chelator of the kit. For technetium, this minimises the risk of formation of reduced
hydrolysed technetium (RHT) due to rapid reduction of pertechnetate competing with
technetium complexation. Suitable such transchelators are the weak organic acids
ond saits thereof described abave, preferably tartrates, gluconates, glucoheptonates,
benzoates, or phosphonates, preferably phosphonates, most especially
diphosphonates. A preferred such transchelator is MDP, i.e. methylenediphosphonic

acid, or a salt thereof with a biocompatible cation.

Also in relation to kits for the preparation of radiometal complexes, an olternative to
use of the chelator in free form, the kit may optionally contain a non-radioactive metal
complex of the chelator which, upon addition of the radiometal, undergoes
transmetallation i.e. ligand exchange) giving the desired product. Suitable such

complexes for transmetallation are copper or zinc complexes.

The pharmaceutically acceptable reducing agent used in the 90T ¢ imaging agent kitis

30

preferably a stannous salt such as stannous chloride, stannous fluoride or stannous

tartrate, and may be in either anhydrous or hydrated form. The stannous salt is
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The kits may optionally further comprise additional components such as a

radioprotectant, antimicrobial preservative, pH-adjusting agent or filler.

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-containing free radicals arising from the radiolysis of water. The

rodioprotectdnts of the present invention are suitably chosen from: ascorbic acid,

parg-aminobenzoic acid (i.e. 4-aminobenzoic acid), gentisic acid fie. 2,5-

dihydroxybenzoic acid) and salts thereof with a biocompatible cation. The

“biocompatible cation” and preferred embodiments thereof are as described above.

By the term “antimicrobial preservative” is meant an agent 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 preservativels) of the present invention is

to inhibit the growth of any such micro-organism in the radiopharmaceutical

composition post-reconstitution, i.e. in the radioactive 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 non-

radioactive kit of the present invention prior to reconstitution. Suitable antimicrobial

preservativels) include: the parabens, i.e. methyl, ethyl, propyl or butyl paraben or

mixtures thereof; benzyl alcohol; phenol; cresol; cetrimide and thiomersal. Preferred

antimicrobial preservativels) are the parabens.

The term “pH-adjusting agent” means a compound 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) for human or mammalian administration. Suitable such pH-adjusting

agents include pharmaceutically acceptable buffers, such as tricine, phosphate or TRIS

(i.e. tris(hydroxymethyflaminomethane], and pharmaceutically acceptable bases such

as sodium carbonate, sodium bicarbonate or mixtures thereof. When the precursoris

——employed-in-acid-salt-ferm;the pH-adjusting-agent-may optionalty be providedina

separate vial or container, so that the user of the kit can adjust the pH as part of a

multi-step procedure,
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By the term “filler” is meant a pharmaceutically acceptable bulking agent which may
facilitate material 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.

The imoging agents of the invention are useful for in vivo imaging. Accordingly, in a
fifth aspect, the present invention provides an imdging agentof the invention for use in
an in vivo diagnostic or imaging method, e.g. SPECT or PET. Preferably said method
relates to the in vivo imaging of a condition in which collagen formation is upregulated
and therefore has utility in the diagnosis of conditions associated with fibrosis, such as
idiopathic pulmonary fibrosis, asthma, chronic obstructive pulmonary disease,
scleroderma, diabetic retinopathy, AMD, atherosclerosis, vulnerable plagque, diabetic
nephropathy, glomerulosclerosis, IgA nephropathy, liver fibrosis, rheumatoid arthritis
and congestive heart failure. Most preferably, said method of in vivo diagnostic or
imaging method is a method useful in the diagnosis of chronic obstructive pulmonary
disease, diabetic retinopathy, AMD, atherosclerosis, vulnerable plague, diabetic
nephropathy, glomerulosclerosis, liver fibrosis and congestive heart failure, especially

preferably liver fibrosis.

This aspect of the invention also provides a method for the in vivo diagnosis orimaging
in a subject of a condition in which collagen formation is upregulated, comprising prior
administration of the pharmaceutical composition of the third aspect of the invention.
Said subject is preferably a mammal and most preferably a human. In an alternative
embodiment, this aspect of thé invention furthermore provides for the use of the .
imaging agent of the invention for imaging in vivo of -a condition in which collagen
formation is upregulated in a subject wherein said subject is previously administered

with the pharmaceutical composition of the third aspect of the invention.

. By “previously administered” is meant that the step involving the clinician, wherein the

pharmaceutical is given to the patient e.g., intravenous injection, has already been

carried out. This aspect of the invention also encompasses use of the imaging agent of

30

the first embodiment for_the manufacture of phormaceutical-for-the-diaghostic ——

imaging in vivo of a condition in which collagen formation is upregulated.

In a sixth aspect the invention provides a method of monitoring the effect of treatment
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of a human or animal body with a drug to combat a condition in which collagen
formation is upregulated, said method comprising administering to said body an
imaging agent of the invention and detecting the uptake of said imaging agent, said
administration and detection optionally but preferably being effected repeatedly, e.g.

before, during and after treatment with said drug.

Brief Description of the Examples {

Example 1 describes the synthesis of Chelate I.
Example 2 describes the synthesis of the glutarylamide derivative of Chelate |.
Example 3 describes the synthesis-of Chelate Ii. |

Examples 4 to 17 describe the synthesis of Imaging Agents 1, 3, 8, 10, 29, and 35 to 43.

Example 18 describes a method for evaluating the in vitro collagen-binding affinity of

~ imaging agents of the invention.

Example 19 describes the in vivo biodistribution of Imaging Agent 1 of the invention in

an animal model of liver fibrosis.

Example 20 describes an in vivo model suitable for evaluation of potential of

compounds for imaging liver fibrosis (bile duct ligation mddel).
Examples

List of abbreviations used in Examples

Acm acetamidomethy!
ACN acetonitrile

AcOH . acetic acid

BDOL bile duct ligation

Boc t-butoxycarbonyl

- DCM dichloromethane

DIEA diisopropylethylamine

DMF dimethyl formamide

ESI-MS electrospray ionisation mass spectrometry
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HBTU
HOBt
HPLC
IR
LC-MS
MS
NMM
NMP
NMR
OtBu
PyAOP

RF
s.C
TFA
THF
TLC
Trt

PCT/GB2007/001964

O-Benzotriazole-N.N.N N'-tetramethyl-uronium-hexafluoro-phosphate
N-Hydroxybenzotriazole

high performance liquid chromatography

infra red

liquid chromatography-mass spectrometry

mass spectrometry

N-Methylmorpholine

N-Methylpyrrolidone

nuclear magnetic resonance

B-t-butyl ester

(7-azabenzotriazole-1-yloxy) tripyrrolidinophosphonium
hexafluorophosphate

retention fraction
subcutaneous
trifluoroacetic acid
tetrahydrofuran

thin layer chromatography
Tripheylmethyl

Example 1: Synthesis of Chelate | [bis[N-(1,1-dimethyl-2-N-hydroxyimine propyl)2-

aminoethyll-(2-aminoethyllmethane]

(Step a): Preparation of trisimethyloxycarbonylmethyl)methane

3-{methoxycarbonylmethylenelglutaric acid dimethylester (89g, 267mmol} in methanol

(200ml) was shaken with (10% palladium on charcoal: 50% water) {9 g) under an

atmosphere of hydrogen gas (3.5 bar) for {30h). The solution was filtered through

kieselguhr and concentrated in vacuo to give 3-Imethoxycarbonylmethyliglutaric acid

dimp’rbylester_asgn,oiL.yieldp(Ba.gg,MQL%).»———
NMR IHICDCls), & 2.48 (6H, d, J=8Hz, 3xCH3), 2.78 (1H, hextet, J=8Hz CH, ) 3.7 {9H, s,

3xCHj3).
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NMR 13C(CDCls), § 28.6, CH; 37.50, 3xCHs3; 51.6, 3xCH2; 172.28,3xCO0.

(Step b): Amidation of trimethylester with p-methoxy-benzylamine

Tristmethyloxycarbonylmethylimethane {2 g, 8.4 mmol] 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 monitored
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 filtration and the filter cake
washed several times with sufficient amounts of ethyl acetate to remove exce-ss p-
methoxy-benzylamine. After drying 4.6 g, 100 %, of a white powder was obtained. The
highly insoluble product was used directly in the next step without further purification
or characterisation.

(Step ¢): Preparation of 1,1,1-tris[2-lo-methoxybenzylaminolethylimethane.

To a 1000 ml 3-necked round bottomed flask cooled in a ice-water bath the triamide
from step 2la} (10 g, 17.89 mmol) is carefully added to 250 ml of 1M borane solution (3.5
g, 244.3 mmol) borane. After complete addition the ice-water bath is removed and the
reaction mixture slowly heated to 60 °C. The reaction mixture is stirred ot 60 °C for 20
hrs. A sample of the reaction mixture (1 ml) was withdrawn, and mixed with 0.5 ml 5N
HCl and left standing for 30 min. To the sample 0.5 ml of 50 NaOH was qdded. followed
by 2 ml of water and the solution was stirred until all of the white precipitate dissolved.
The solution was extracted with ether {5 ml) and evaporated. The residue was
dissolved in acetonitrile at a concentration of 1 mg/ml and analysed by MS. If mono-
and diamide (M+H/z = 520 and 534) are seen in the MS spectrum, the reaction is not
complete. To complete the reaction, a further 100 ml 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.

The reaction mixture is cooled to ambient temperature and 5N HCl is slowly added,

30 [CARE: vigorousfoamformation-oeeursii-HEtwas addeduntirmomore gasevolution is

observed. The mixture was stirred for 30 min and then evaporated. The cake was

suspended in aqueous NaOH solution (20-40 %; 1:2 w/v) and stirred for 30 minutes.
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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 solvents]. The combined
organic phases were then washed with water {1x 200 ml), brine (150 ml) and dried over
magnesium sulphate. Yield after evaporation: 7.6 g, 84 % as oil.

NMR H(CDCl3), &: 1.45, (6H, m, 3xCHz; 1.54, (1H, septet, CH); 2.60 (6H, t, 3xCH:N); 3.68
(6H, s, ArCH2); 3.78 (9H, s, 3xCH30); 6.94(6H, d, 6xAr). 7.20(6H, d, 6xAr).

NMR B3CI(CDCls), &: 32.17,CH; 34.44,CHz 47.00, CH2; 53.56, ArCHz; 55.25,CH30; 113.78,
Ar; 129.29, Ar; 132.61; Ar; 158.60, Ar. |

{Step d): Preparation of 1,1,1-tris{2-aminoethyllmethane.

1,1,1-tris{2-{p-methoxybenzylamino)ethylimethane {20.0 grom, 0.036 mol} wos
dissolved in methanol {100 ml} and Pd{OH). (5.0 gram) was added. The mixture was
hydrogenated {3 bar, 100 °C, in an autoclave) and stirred for 5 hours. Pd{OH)s was
added in two more portions (2 x Sgram) after 10 and 15 hours respectively.

. The reaction mixture was filtered and the ﬁitfote was washed with methanol. The

combined organic phase was evaporated and the residue was distilled under vacuum
{1x 10-2,110 °C} to give 2.60 gram {50 %) of 1,1,1-tris{2-aminoethyl)methane.

NMR H(CDCl), © 2.72 (6H, t, 3xCHzN), 1.41 (H, septet, CH), 1.39 (6H, g, 3xCHo2).

NMR 23C(CDCls), 3 39.8 (CHzNH_), 38.2 [CH2.), 31.0 (CH).

(Step e): Preparation of Chelate |

To a solution of tris(2-aminoethylimethane (4.047g, 27.9mmol}in dry ethanol (30ml) was
added potassium carbonate anhydrous (7.7g, 55.8mmol, 2eq) at room temperature
with vigorous stirring under a nitrogen atmosphere. A solution of 3-chloro-3-methyi-2-
nitrosobutcné (7.564, 55.8mol, 2eq) was dissolved in dry ethanol (100ml) and 75ml of

this solution was dripped slowly into the reaction mixture. The reaction was followed

"by TLC on silica [plates run in dichloromethane, methanol, concentrated (0.88sg)

ammonia; 100/30/5 and the TLC plate developed by spraying with ninhydrin and
heatingl. 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% acetonitrite in-3% aqueous ammonia. The Teaction was concentrated in vacuo
to remove the ethanol and resuspended in water (110ml). The aqueous slurry was

extracted with ether (100ml) to remove some of the trialkylated compound and
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lipophilic impurities leaving the mono and desired dialkylated product in the water
layer. The agueous solution was buffered with ammonium 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 {2.2g, 6.4mmol, 23%).

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

NMR TH[CDCls), § 1.24(6H, s, 2%CHs), 1.3{6H, s, 2%CH3), 1.25-1.75(7H, m, 3xCHzCH), {3H,s,
2XCHz), 2.58 [4H, m, CH2N), 2.88(2H, t CHzNz), 5.0 (6ill, s, NHz, 2xNH, 2x0OH). -

NMR H{[CD3),50) 81.1 4xCH; 1.29, 3xCHgz; 2.1 (4H, t, 2%CHa);

NMR B3C{(CD3)2S0), 8 9.0 {4xCHj3), 25.8 (2%CH3), 31.0 2xCH2, 34.6 CH2,56.8 2XCH:N; 160.3, '
C=N. |

HPLC conditions: flow rate 8mi/min using a 25mm PRP column

A=3% ammonia solution {sp.gr = 0.88) /water; B = Acetonitrile

Time ’ : . %B
0 7.5
15 750
20 75.0
22 7.5
30 , 7.5

Load 3mi of aqueous solution per run, and collect in a.time window of 12.5-13.5 min.

Example 2: Synthesis of the glutarylamide derivative of Chelate | [bis[(l,l—dimethyl-z-

N-hydroxyimine propvi)2-aminoethyll-(2-{Glutarylamidelethyllmethane]

Chelate 1 (0.5g, 1.45mmol) in dry acetonitrile (50ml) and triethylamine (150mg,
1.45mmol} under an atmosphere of nitrogen was cooled on an ice bath to 0°C. Glutaric
anhydride {165mg, 1.45mmol) was added to the stirred reaction and allowed to warm
to room temperature and left to stir overnight. The brecipitote that formed overnight
was collected by filtration and dried in vacuo to give an impure sample of the title

compound (267mg, 0.583mmol, 40%). The filtrate was concentrated invacuo to give a

colourless glass which together with the-precipitate-that-had-been-coltected-was—

redissolved in 5% 0.880 sg ammonia, water (50ml) and purified by automated

preparative HPLC.
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HPLC conditions: flow rate 8ml/min, using a 150mm x 25mm PRP column
Sample loaded in 2mi of solution per run.
A = 3% ammonia solution (sp.gr = 0.88) /water.

B = Acetonitrile

Time %B
0 \ 7.5
15 75.0
20 75.0
22 7.5
31 7.5

The required product eluted at 15.25-16.5 min. The product solution was evaporated in
vacuo to give (304mg, 0.68mmol, 47%) of a colourless glassy foam m.p. 54.8 oC. The

product analysed as one spot on both TLC and analytical HPLC,

NMR HIDMSO), 0.7(12H, s, 4xCH3), 0.85(4H, m, 2XCHz), 1.0(1H, m, CH), 1.3(6H, s, 2xCHa),
1.3(4H, m, 2xCH2), 1.6(2H, m, CH2), 1.75 {6, m, 3xCH2), 2.6(2, m,, 2xOH) 3.2 [2H, t, NH)
7.3(1H, t, NH).

NMR 13C(CDsSO) 8.97, 20.51, 20.91, 25.09, 25.60, 31.06, 33.41, 33.86, 56.89, 66.99
160.07, 1712.34, 174.35 174.56 '

M/S Cz2HazNsOs M+H = 457 Found 457.6

Example 3: Synthesis of [8-Amino-2- /ftert-butoxycarbonyl-{2-tert-carbonylamino-

ethyll-amino Fmethyl }-octyi)-(2-tert-butyloxycarbonylamino-ethyl)-carbamic acid

tert-butyl ester (Boc-protected Chelate ll).

Step (a): 2-(6-Chloro-hexyloxy)tetrahydropyran.

6-Chlorohexanol (6.85 g, 10 mmol) and p-toluenesulphonic acid {500 mg), were
dissolved in dry ether {75 mi) and cooled to 0 - 5 °C in an ice bath. Dihydropyran (4.3 g,
10 mmol) in dry ether (25 ml) was added ‘dropv(}ise with constant stirring over a 30
minute period. After complete addition, the cooling bath was removed and stirring

continued for 16 hours. The solution was extracted with water {50 mi x 2), dried

~—t™MgSOy); filtered and the solvent evaporated under reduced pressure to leave a pale

yellow oil. This oil was shown by 13C NMR spectroscopy to be sufficiently pure to be
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used without purification in the subsequent reactions. Vield 10.1 g (91 %).

13C NMR{CDCls): 8 19.7 (CH2), 25.5 (CH2), 25.6 [CH2), 26.7 (CH2), 29.6 {CH2), 30.8 (CH2), 32.6
(CH2), 45.0 [CH2CI), 62.3 [OCH2), 67.4 {OCH2), 98.8 (OCHO).

1H NMR(CDCl3): 81.30-1.71{14H, m, CHzx 7),3.24-3.32 (1H 3.41 - 3.48 (3H, m CH and
CH2), 3.60 - 3.67 {1H, m, CH), 3.72 - 3.82 {1H, bm, CH), 4.44 - 4,49 {1H, bm, OCHO).

Step (b): 2-fe-{Tetrahyhydro-pyran-2-yloxy)-hexy! Fmalonic acid diethyl ester.

Sodium (1.13 g, 49 mmol) in small quantities was dissolved in dry ethanol {100 mi) with
constant stirring under a blanket of dry nitrogen. Diethyl malonate (8.0 g, 50 mmol)
was added in one portion and the solution heote/d at 60 °C for 1 hour. 2-{6-Chloro-
hexyloxyl-tetrahydropyran (9.3 g, 42.2 mmol) qu added in one portion and the
temperature raised to 75-80 °C and maintained at this level for 24 hours. After cooling,
the inorganic solid was removed by filtration and solvent evaporated from the filtrate.
The residue was dissolved in CHzClz (50 ml, extracted with water (30 ml x 2), dried
(MgSQOq) filtered and volatiles removed to leave a pale yellow oil. This oil was subject to
chromatography on silica gel using pet ether 40:60 / ether (200 :40) as the eluent. The
required product eluted with an ry = 0.15 and was isolated as a colourless oil. Yield 8.7
9, (60 %) |

13C NMR (CDCls): 8 14.0 (CH3 x 2), 19.6 (CH2), 25.5 (CH2), 27.2 (CH2), 28.6 (CH2), 29.0 [CHz),

29.6 ((CH2), 30.0 (CH2), 30.8 (CH2), 52.0 (CH), 61.2 (OCH2 x 2), 62.2 (OCH2), 67.4 (OCH>), 98.8

(OCHO), 169.4 (C=0x 2).

1H NMR(CDCl3):8 1.10 - 1.25 (14H, m, CH3 % 2, CHz x 4), 1.36 - 1.50 {6H, bm, CH2x 3), 1.70
- 1.81{2H, bm, CHa), 3.17 - 3.28 (2H, m, CH2), 3,56 - 3.66 {1H, m, CH), 3.70- 3.80 {1H, m,
OCH), 4.04 - 4.16 {4H, m, OCHz X 2}, 4.03 - 4.08 {1H, m, OCHO).

Step (c): N,N-Bis-{Z-amino-ethyi}-2-f6-({tetrahydro-pyran-2-yloxy)-hexyl Fmalonamide.

2-[6-(Tetrahyhydro-pyran-2-yloxy}-hexyl}-malonic acid diethyl ester (5.1 g, 14.8 mmol} -
was dissolved in 1,2-diaminoethane {10 g, 167 mmol) and stirred at room temperature

for 16 hours. Volatiles were removed in vacuo (40 - 50°C at 0.01 mm.Hg ) to leave-a—

pale green viscous residue which was subjected to column chromatography eluting
with CH.Clo/MeOH/NH4OH (50:50: 5). The title compound eluted with an ;0.2 and was
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collected as a pale green viscous oil which solidifies on standing. (Yield 3.9 g, 71%).

13C NMR (CDCl3): § 19.8 (CHa), 25.5 (CH2), 26.0 {CH2), 27.5 (CHz), 29.2 (CH2), 29.7 {CH2), 30.8

~(CH2),31.9 (CH2), 41.0 (NCH2 x 2), 41.9 (NCH2 X 2), 54.6 [CH), 62.5 (OCHz), 67.5 (OCH2), 98.9

(OCHO), 171.6 (C=0 x 2).

1H NMR [CDCl3): 8 1.15 - 1.28 [6H, bs, CHz x 3), 1.39 - 1.44 (6H, bm, CH2x 3}, 1.69 - 1.74
(4H, bm, CHz x 2), 2.64 (4H, bs, NH2x 2), 2.73 4H,t, J=6 Hz, CHzx 2}, 3.08 - 3.29 (6H, m,
CHz % 3),3.35 - 3.41 (1H, m CH), 3.55 - 3.63 {1H, m, CH), 3.70 - 3.78 {1H, m, CH), 4.43 (1H,
bt, J = 4 Hz, OCHO), 7.78 (2H,bt, J = 5 Hz, OCNH x 2)

IR {thin film) cm-%:- 3417, 3082, 2936, 2862, 1663, 1558, 1439,1354, 1323, 1261, 1200,
1189, 1076, 1026, 956, 907, 867, 810.

Step (d): N.N-Bis(2-aminoethyll-2-(6-hydroxy-hexyll-malonamide.

N,N'-Bis|2-aminoethyl}-2-[6-{tetrahydro-pyran-2-yloxy)-hexyl}-malonamide {3.9 g, 10.6
mmol), p-toluenesulphonic acid monohydrate (8.5 g, 3 mmol) and ethanol (50 ml)were
heated under reflux at 70 - 75 °C for 16 hours. After cooling, concentrated ammonium
hydroxide (880} was added dropwise until a permanent pH of 9 was achieved. The
precipitated white solid was removed by filtration through Celite and the filter cake
washed with ethanol (30 ml). The ethanol was removed under reduced pressure {15
mm Hg, 40 °C) to leave a semi-solid wax. This residue was subjected to
chromatography on silica-gel eluting with CH2Clz/MeOH/NH4OH {100:50:10) and the
title compound found to have an rs= 0.2. This product was collected and co-evaporated
with ethanol (100 ml x 3) to remove any residual water. A pale green viscous residue

was obtained which solidifies on standing. (Yield 2.1 g, 69 %).

13C NMR (CD30D): & 25.4 (CH2), 27.3 (CH2), 28.9 (CH2), 30.4 (CH2), 32.2 (CH2), 40.6 [INCH2 x
2), 41.7 NCHz % 2), 54.1 [CH), 61.6 {CH20H), 171.7 {C=0 x 2).

1HNMR (CDs0D): 1.28-1.38 [6H, bs, CHz x 3), 1.46 - 1.55 {2H, bm, CH2), 1.79 - 1.87 (2H,
bm, CH2), 2.73 l4H,t, J =6 Hz, HaNCH2 % 2), 3.13 (1H t, J=7 Hz, CH), 3.27 {4H,dt, J=6 and
2 Hz, HNCH2 % 2), 3.53 (2H t, J =7 Hz OCHa).

IR {thin film) cm-1:- 3364, 2932, 2862, 2527, 1663, 1558, 1462, 1327,1223,1192, 1034.

Mass spec (Fabs) m/e:- Calculated for Ci3Hzg N4O3 (M+H) 289 Found 289.
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Step le): (2-tert-Butoxycarbonylamino-ethyl-2- {/tert—butoncarbonyl—(Z-tert-

butoxycarbonylamino-ethyll-amino Fmethy! -8-hydroxy-octyll-carbonic acid tert-buty!

ester

Under a blanket of dry nitrogen, neat borane-dimethylsulphide adduct (15 ml, 150
mmol) was added dropwisé via a syringe to a stirred mixture of N,N'-bis-{2-aminoethyi)-
2-6-hydroxyhexyllmalonamide (2.1 g, 7.3 mmol) in dioxane (50 ml). After complete
addition, the mixture was heated gently under reflux at 110 °C for 5 days. During this
period some white solid remained. After cooling the volatiles were removed under
reduced pressure to leave a white solid to which methanol (50 ml} was added dropwise
giving a colourless solution. This solution was heated under reflux for 3 hours, cooled,
conc. HCl (5 ml] added and heating continued under reflux at 70 - 75 °C for 48 hours.
The solvent was removed to leave a viscous green residue which was co-evaporated
with methanol {100 ml x 3) to leave a pale green solid. This solid was redissolved in dry
methanol and anhydrous potassium carbonate (4.0 g, 30 mmol) added followed by di-
tert-butyl dicarbonate (7.0 g, 32 mmol). The mixture was stirred at room temperature
for 48 hours. The inorganic solid was removed by filtration through Celite and solvent
evopordted from the filtrate to leave a viscous residue. This residue was mixed with
water (50 ml} and’ extracted with CH2Clz {50 ml x 3). The organic fractions were
combined, dried (MgSQul, filtered and the solvent evaporated to leave a pale yellow
residue.

Note: At this point it is convenient to monitor the reaction by 3C NMR.

The residue was subjected to c‘hromotogrop‘hy onsilica gel using CH2Clo/MeOH (95 : 5)
as eluent. The title compound eluted with an ri=0.41 and was isolated as a colourless
viscous oil (Yield 2.5 g, 52%).

13C NMR (CDCls}: 8 25.6 {CHa), 26.4 (CHa), 28.4 (CH3 x 12), 29.8 (CH2 x 2), 32.6 (CH2), 36.5
(very broad, CH), 39.2 {NCH2 x 2, adjacent CH), 46.9 {broad singlet, HNCH; x 2), 50.0
(broad singlet, NCHz x 2), 62.4 (HOCH), 79.0{0C % 2), 79.9 (OC x 2), 156.4 (broad singlet
C=0x4)

IHNMR(CDCls): 8 1.05- 1.18(8H, bs, CH2 % 4),1.27 (18h,s, CH3 x 6, t-butyl), 1.31 (18H, s,
CHz X 6, t-butyl), 1.41(2H, m, CHa), 1.81{1H bs, CH), 2.63 (1H, bs, OH), 2.98 (4H, bs, NCH>
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X 2),3.11 (8H, bs, NCHz x 4), 3.44 (2H t, J =8 Hz, CH20), 5.2 (2H, bs, NH x 2)

IR {thin film) cm-1:- 3350, 2976, 2931, 2859, 1674, 1516, 1455, 1418, 1393, 1260, 1250,
1165, 1069, 965, 871, 775.

Mass Spec (Fabs) m/e:- Calculated for CzsHesN4Og (M+H) 661 Found 661.

Step (ﬂ: Toluene-4-sulfonic acid 8-/tert-butoxvcdrbonvl-(Z-tert—butoxvcarbonvlamino—

ethvl-amino E7- {ftert-butoxycarbonyl-(2-tert-butoxycarbonylamino-ethyll-amino }
methyl J-octyl Ester

(2-tert-Butoxycarbonylamino-ethyl-2-{[tert-butoxycarbonyl-(2-tert-

butoxycarbonylaminoethyllamino}-methyl}-8-hydroxyoctyll-carbonic acid tert-butyl
ester(2.52 g, 3.82 mmol}, p-toluenesulfonyl chloride (1.0 g, 5.2 mmol), triethylamine (1.3
g, 12.8 mmol} and CH2Clz (30 ml) were stirred at room temperature with the slow
evaporation of solvent. The reaction was monitored by carbon NMR and after 3 days
little starting material remained. The reaction volume was made up to 30 ml with
CH2Clz, extracted with water (50 ml % 3), dried (MgSQu), filtered and the solvent
evaporated to leave a brown residue. This residue was subjected to chromatography
on silica gel using CHzClz/MeOH (100:5) as eluent. The first compound to elute was
unreacted tosyl chloride with an rr=0.95. The title compound eluted with anrs =0.2

and was isolated as a pale yellow viscous oil. Yield {1.20 g, 39%).

13C NMR(CDCls} : & 21.7 (CHstosyl), 25.3 (CH2), 26.3 (CH2), 28.5 (CH3 x 12), 28.8 (CH2),

- 29.5 (CHz), 29.9 (CHa), 36.5 [CH very broad), 39.4 (NCH2 x 2}, 47.0 (broad NCH; x 2), 50.5

(broad, NCHz x 2}, 70.6 (TsOCHz), 79.1(0C % 2},80.0 (0Cx 2), 127.9 (CH x 2), 129.9 (CH x
2}, 133.2(C), 144.7 (C-S Ts), 156.1 (broad, C=0 x 4).

IH NMRI(CDCls) : & 1.16 (8H, bs, CHz x 4), 1.35 (18H, s, CH3 % 6), 1.39 (18H; s, CH3 x 6),
1.88(1H,bs, CH), 2.38 (3H,s, CH3 Tosyl), 3.10 - 3.12 {4H, bs, NCHz % 2), 3.19(8H, bs, NCHz
x 4),3.93 (2H,t, J =7 Hz, CH20Ts), 5.0 (1H, bs, NH), 5.08 (1H, bs, NH), 7.29 (2H, d, J=8 Hz,
CHx2,Ar, 7.72(2H.d, J=8HzCH x 2, Ar)

IR (thinfilm)cm-2: - 3360, 2974, 2932, 2862, 1693, 1516, 1479, 1418, 1391, 1366, 1250,

—1177,71069,959, 816, 775.

. Mass Spec (Fabs]) m/e :-Calculated for CaoH71N4011S (M+H) 815 Found 815
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Step (g): (8-Azido-2- {/tert—butoxvcafboryl—{Z-tert-carbonylamino—ethyl}-amino Fmethyl -

octyl)-(2-tert-butyloxycarbonylamino-ethyl)-carbamic acid tert-butyl ester

Toluene-4-sulfonic acid 8—[tert—butoxycarbonyl—(2~tert—butoxycorbonylominbethyl-
0mino]-7-{[tert—butoxycorbonyl-(2-tert-butoxycarbonylominoethyl)omino]méthyl}-

octyl ester (1.105 g, 1.36 mmol), sodium azide (350 mg, 5.4 mmol} and methanol (10 ml)
were heated under reflux at 70 - 75 °C for 16 hours. After cooling, methanol was
removed at room temperature under reduced pressure until about 1 - 2 ml remained.
This residue was diluted with water (25 ml} and extracted with CH2Clz (25 ml x 4). The
organic extracts were combined, dried (MgSQ.), filtered and volatiles evoﬁoroted at
room temperature (Note: Azides are potentially explosive and this step should be
carried out behind a safety shield) to leave a pale yellow viscous residue which was

the desired compound in a pure state. (Yield 820 mg, 88 %).

BCNMR (CDCl3): 8 26.3 (CH2), 26.5(CH3), 28.3 (CH3x 12), 28.7 (CH2), 29.6 (CH2), 29.8 (CH2),
36.8 (broad, CH), 39.3 (NCH: x 2), 46.9 (Broad, NCH> 2}, 50.0 (broad, NCH> % 2), 51.3
{CH2N3), 79.0 (OC % 2), 79.8 [OC % 2), 156.0 (C=0 x 4.

IH NMR(CDCls): § 1.16 (8H, bs, CHz x 4), 1.29 (18H, s CH3 x 6), 1.33 (18H, 5, CH3 x 6}, 1.47
(2H, bt, J= 6.5 Hz CHz adjacent CH), 1.86 (1H, bs, CH), 2.95 - 3.05 (4H, bs, NCH; % 2), 3.05 -
3.20 (10H, bs, NCH2 % 4 and CHzNs), 5.09 (2H, bs, NH x 2)

IR (thin film) cm :- 3350, 2974,2932, 2860, 2097 (Strong band N3), 1694, 1520, 1470,
1418, 1391, 1366, 1250, 1167, 1069, 870, 777.

Step  {h)_ _(8-Amino-2-{ftert-butoxycarbonyl-(2-tert-carbonylamino-ethyl)-amino F

methy! }-octyl)-(2-tert-butyloxycarbonylamino-ethyl)-carbamic dcid tert-butyl ester
(Chelate I},

(8—Azido—2-{[tert—butoxycorbonyl—(Z-tert—ccrbonyiomino-ethyl}-omino]—methyi}‘-octyl)-
{2-tert-butyloxycarbonylamino-ethyl)-carbamic acid tert-buty! ester {820 mg, 1.20
mmol}, 10 % palladium on charcoal (100 mg) and methanol {10 ml) were treated with

hydrogen gas under a pressure of 30 atmospheres at room temperature for 16 hours.

The solids were removed by filtration through Celite and the filter cake was washed

with methano! {50 ml). Volatiles were removed from the filtrate to Jeave a viscous oil
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which was the desired material in a pure state. (Yield 700 mg, 89 %).

13C NMR (CDCls): & 26.4 {CHz), 26.6 [CH2), 28.4 {CH3 x 12), 32.9 (CH, x 2), 36.8 (broad, CH).
39.2 INCH2 x 2), 41.8({H2NCH2), 46.9 [broad, NCH2 x 2), 49.8 (broad, NCHz x 2), 78.9 (OC x
2), 79.7 [0C x 2), 156.0 (C=0 x 4). “

H NMR (CDCl3): 8 1.08 (8H, bs, CH2 x 4), 1.23 (18H, s, CH3 % 6), 1.27 (20H, bs, CH3 x6and
CH2), 1.77 {1H, bs, CH), 2.40(2H, bs, NH2), 2.50 (2H, t, J=7 Hz, CHzNH2), 2.97 [4H, brn, NCH>

- %X 2),3.00 - 3.16 {8H, bm, NCHz x 4), 5.21 {1H, bs, NH), 5.30 (1H, bs, NH).

IR (thin film} cm-1:- 3360, 1693, 1520, 1459, 1418, 1392, 1367, 1250, 1170, 1068, 964,
922,871,775, 733.

Mass Spec (Fabs) m/e:- Calculated for C33HeeNsOg (M+H) 660 Found 660.

Example 4: Synthesis of Imaging Agent 1

(a) Synthesis of Precursor 1

" The peptide was assembled on an ABI 433A automated synthesiser by using Nova

Biochem Rink MBHA resin (0.58 mmole/g or 0.72 mmole/g). The peptide was

synthesised on a 0.1 mmole scale or a 0.25 mmole scale. Standard protocol was used. |

Coupling reagent HBTU/HOBt, Base: DIEA, Solvent: NMP.

HPLC mobile phases A) 0.1%TFA/H20 B} 0.1%TFA/MeCN.

HPLC Columns: Analytical: Phenomenex, Gemini, 250x4.6 mm, 5 um
Prep: Phenomenex, Gemini, 250%21 mm, 10 um.

Subsequent to the automatic assembly the peptide resin (130 mg, 0.05 mmole} was

swollen for 10 min in DMF. TetraBoc-Chelate Il NHS ester (148 mg, 0.2 mmole; Boc-
protected Chelate Il described in Example 3) was mixed with PyAOP (104 mg, 0.2
mmole] and NMM (40 ul, 0.4 mmole} in DMF.(5 ml) for 3 min. NMM (20 pl, 0:2-mamol) was-
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added to the resin and thereafter the Chelate 1I/PyAOP/NMM solution was added. The
resin solution mix was left bubbling overnight and a negative Kaisertest demonstrated
100% conversion to the conjugated peptide. Subsequent to cleavage and
lyophilisation the crude peptide was analysed by LC-MS (20-40%8B in 20 min). The

5 analysis demonstrated that the correct MW was present, but also a large proportion of
a deletion peptide (probably -Leu) was observed. RT: 13.7 min.
The crude peptide mix was purified using a 20-35%8B in 40 min gradient. Several
fractions were collected, analysed and lyophilised. Yield: 5.8 mg of white fluffy solid.
HPLC purity: 98%. ESI-MS: Theoretical MW: 1940.40. Obtained {(M+H)2+/2: 971.2
10 (bl Radiclabelling of Precursor 1
The imaging agent was formed by the addition of 20ug of the precursor in 20pl MeOH
to a vial which had been allowed to warm up to room temperature with the following
reagents: '
Reagent . Quantity (mg)
SnCl,.2H,0 0.016
MDP(H,) 0.025
NaHCO, 4.5
Na,CO, 0.6
NaOAc.3H,0 0 ’
NaPABA ' 0.200
15 1 mL of Drytec™ 99mTc eluate (0.7-1.6 GBg) was added to the vial, the solution was
allowed to stand at room temperature for 20min and then analysed by HPLC and ITLC.
HPLC analysis was carried out using a Phenomenex Gemini column (C1g 150 x 4.6 mm,
5um] Solvent A = 0.06% amimonia and solvent B = MeCN. Dual UV were measured at
225 and 254 nm. | ‘
20 ___HPLC gradient:

Flow 1.00 ml/ minute
0 min 20%B
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20 min 40%B
22 min 95%8B
26 min 95%B
27 min 20%B
30 min 20%B

ITLC - ITLC SG strips - mobile phase = saline or 2-butanone (MEK)

Example 5: Synthesis of Imaging agent 3

{a) Synthesis of Precursor 3

N

g N
'\ o N”*N N
S NI W NI g
N’\fN\J\/"\N%:-N_O N N\:)cl)——NL(g—Nﬁ—N\’%—Nﬁ——N N
Lk ke

The peptide was assemble’d as described for Imaging Agent 1 in Example 4 above.

Subsequent to the automatic assembly the peptide resin (110 mg, 0.05 mmole) was
swollen for 10 min in DMF. TetraBoc-Chelate Il NHS ester (148 mg, 0.2 mmole; Boc-
protected Chelate !l described in Example 3) was mixed with PyAOP (104 mg, 0.2
mmole) and NMM {40 pil, 0.4 mmole) in DMF (5 ml} for 3 min. NMM (20 pl, 0.2 mmol) was
added to the resin and thereafter the Chelate Il/PyAOP/NMM solution was added. The
resin solution mix was left bubbling overnight and a negative Kaisertest demonstrated
100% conversion to the conjugated peptide. Subsequent to cleavage and
lyophilisation the crude peptide was analysed by LC-MS {2-12%B in 20 min). The
analysis demonstrated that the correct MW was present as a mofor peak..RT: 12 min.

The crude peptide mix was purified using a 2-10%B in 40 min gradient. Three fractions

were collected, analysed and lyophilised to yield 3 mg of pure peptide. Initial HPLC

analysis when dissolving the peptide in pure H20 demonstrated two baseline separated
peaks due to differently charged species present. The peptide was then dissolved in
0.1%TFA/H20 and one peak with the correct mass.was obtained. HPLC purity: 98%.
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Theoretical MW: 1259.49. Obtained (M+H)2+/2: 630.6.

(b) Radiolabelling of Precursor 3

Radiolabelling was carried out according to the method described above for Imaging
Agent 1, but using 50ug of precursor, and HPLC as follows:

5 HPLC gradient:

Flow 1.00 mi / minute

0O min 5 %8B
10 min 40%8B
15 min 40%8B
10 17 min 10%8
20 min 5%B

Example 6: Synthesis of Imaging Agent 8

(a) Synthesis of Precursor 8

N
N
‘ § 0
N~N N N —nN N J—n N N NN
BT S S

15 , 0”70

The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

Subsequent to the automated assembly the peptide resin (133 mg, 0.05 mmole) was
swollen in DMF for 10 min. TetraBoc-Chelate l-NHS ester (148 mg, 0.2 mmole), PyAOP
{104 mg, 0.2 mmole} was dissolved in DMF, mixed and NMM (40 pl, 0.4 mmole) was
20  added to the solution and left standing for 2 min. NMM (20 pl, 0.2 mmole} was added to |
the resin and thereafter the Chelate l/PyAOP/NMM solution was added. The resin mix

~was-lefrwith Nz bubbting for 24 h, and then a Kaiser test demonstrated that the
reaction had gone to completion. Subsequent to DMF/DCM washes the resin was
cleaved in TFA/TIS/HZ0 {10:0.25:0.25) for 2h then filtrated, triturated in diethylether,
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rotavapory evaporated and lyophilised. The crude peptide was analysed by LC-MS {10-

30%Bin 20 min). The analysis demonstrated the presence of one main peak. The crude

peptide mix woé purified using prep HPLC (10-30%B in 40 min). Two fractions were

collected, analysed and lyophilised. Yield: 8.7 mg of white fluffy solid. HPLC purity: 99%.
5 ESI-MS: Theoretical MW: 1178.45, Obtained (M+H)2+/2: 590.0.

{b) Radiolabelling of Precursor 8

Radiolabelling was carried out according to the method described in Example 4 for
Imaging Agent 1, with HPLC as follows:

HPLC gradient
10  Omin 10%8B
20min  30%B
21 min 95%8
26 min 95%B
27 min 10%8B
15 30min 10%B

Example 7: Synthesis of Imaging Agent 10

(a) Synthesis of Precursor 10

The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

20  The peptidyl-resin H-CyslAcm)-Val-Trp(Boc)-Leu-Trp(Boc)-GlulOtBul-GIn(Trt}-Cys(Acml-R
was treated with a solution of 2.5 % water and 2.5 % TIS in TFA (10 mL} for 2 hours. The

resin was removed by filtration and the filtrate evaporated in vacuo. Diethyl etherwas

-addedtethe residue—Theresulting precipitate was washed with diethyl ether and air-
dried affording 84 mg crude H-Cys{Acm)-Val-Trp-Leu-Trp-Glu-Gin-Cys(Acm)-NHa.

25 Crude H—Cy§(A_c_(n)7\{q!—Trg—_ngu—Tré—,nGml‘g—,Gln-Cys(Acm)—NHz (84mg)was dissolved in 75 -
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% aqueous AcOH (80 mL} under a blanket of argon. 1 M HCI (8 mL), anisole (0.4 mL) and
0.025M Iz in AcOH (26.6 mL) were added in that order. After half an hour, 1 M ascorbic
acid was added in order to quench the reaction. Most of the solvents were evaporated
in vacuo. The residue was diluted with water/0.1 % TFA and the product purified twice
by preparative HPLC affording 17 mg pure Cys 1-8; H-Cys-Val-Trp-Leu-Trp-Glu-GIn-
Cys-NHa. |

Cys 1-8; H-Cys-Val-Trp-Leu-Trp-Glu-GIn-Cys-NHz (17 mg), tetra-Boc-Chelate I NHS
ester (17 mg), 1-hydroxy-7-azabenzotriazole {(HOAt {3 mg) and N-methylmorpholine (17
ul) were dissolved in DMF {1 mL) and the reaction mixture stirred at room temperature
overnight. The mixture was then diluted with 60 % ACN/water/0.1 % TFA(7 mL) and the
prbduct purified by preparative HPLC affording 16 mg pure Cys 1-8; tetra-Boc-Chelate
l-Cys-Val-Trp-Leu-Trp-Glu-GIn-Cys-NHa.

Cys 1-8; tetra-Boc-Chelate 1I-Cys-Val-Trp-Leu-Trp-Glu-Gin-Cys-NHz was treated with a
solution of 2.5 % water and 2.5 % TIS in TFA {10 mL) for 2 hours. TFAwas evaporated in
vacuo and the residue dissolved in DMF (0.5 mL) and diluted with 20 % ACN/water/0.1
% TFA (5 mL) and the product purified by preparative HPLC (gradient: 20-40 % B over 40
minutes where A = H>0/0.1 % TFA and B = ACN/0.1 % TFA, flow rate: 10 ml/minute,
column: Phenomenex Luna™ 5u C18 (2) 250 x 21.20 mm, detection: UV 214 nm,
product retention time: 24.7 minutes) affording 8.7 mg bure Cys 1-8; Chelate I-Cys-Val-
Trp-Leu-Trp-Glu-GIn-Cys-NHz).  The product was characterised using mass
spectrometry (MH+* calculated: 1263.6, MH* found: 1263.8).

{b) Radiolabelling of Precursor 10

Radiolabelling was carried out according to the method described in Example 4 for

Imaging Agent 1, but using 50ug of the precursor.

Example 8: Synthesis of Imaging Agent 29

(a) Synthesis of Precursor 29
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The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

Subsequent to the automated assembly the peptide resin (65 mg, 0.025 mmole) was
swollen in DMF for 10 min. The resin was thereafter acetylated using; Ac20 (450
pl)/DIEA (250 pli/HOBt in DMP (10 ml} for 2 h. A negotive Kaisertest demonstrated
complete acetylation. Due to the concomitant esterification of the (31)Y-OH, the resin
was treated with 20% piperidine in DMF for 2x20 min. The resin was then washed
thoroughly with DMF/DCM and dried at RT. The resin was cleaved in TFA/TIS/H20
(10:0.25:0.25) for 2h then filtrated, triturated in diethylether, rotavapory evaporated and
lyophilised. The crude peptide was analysed by LC-MS {20-40%8 in 20 min). The
analysis demonstrated the presence of two main peaks. The crude peptide mix was
purified by prep HPLC [20-35% Bin 40 min). Two fractions were collected, analysed and
lyophilised. Yield: 0.5 mg of white solid. HPLC purity: 99%. ESI-MS: Theoretical MW:
1146.1. Obtained (M+H)2+/2: 573.6.

(b) Radiolabelling of Precursor 29

10ul of (1mM, 108 moles) of Na?7I in 0.05M NaOH was initially added to 200p1 0.2 M
ammonium acetate buffer at pH 4. The solution was then added to ~25pl of Na223|
solution in 0.05 M NaOH :(450 MBg) (GE Healthcare Cygne) in the Na'23] vial. The
contents were transferred to a silanised vial and 10pl peracetic acid (5SmM, 5 x 108
moles) was added. The precursor (100ug in 70ul MeOH, 8.1 x 108 moles) was then
added and the contents of the vial were mixed by pipette. After approximately 5 min,

the reaction mixture was analysed by HPLC.

HPLC analysis was carried out using a Phenomenex Luna™ (Cys 150 x 4.6 mm, Spm)
column. Solvent A = 0.1% TFA/H,0 and solvent B = 0.1% TFA/H>0. Dual UV were

25

measured at 225 and 254 nm.

HPLC gradient
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Flow 1 ml/ minute

0 min 10%B
20 min 50%8
22.5 min 100%8
27 min 100%8B
27.5 min 20%B

31 min 20%8B

JITLC - ITLC SG strips - mobile phase = saline

Example 9: Synthesis of iImaging Agent 35

{a) Synthesis of Precursor 35
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The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

Subsequent to the automated assembly the peptide resin (150 mg) was cleaved in
TFA/TIS/H20 (10:0.25:0.25) for 2h then filtrated, triturated in diethylether, rotavapory
evupdroted and lyophilised. The crude peptide was analysed by LC-MS {10-30%Bin 20
min). The analysis demonstrated the presence of two main peaks. The crude peptide
mix was purified using a 10-30%B in 40 min gradient. Two fractions were collected,
analysed and lyophilised. Vield: 1.5 mg of white fluffy solid. HPLC purity: 99%. ESI-MS:
Theoretical MW: 1104.06. Obtained (M+H)2+/2: 552.8.

(b) Radiolabelling of Precursor 35

Radiolabelling was carried out according to the method described in Example 8 for
Imaging Agent 29. | |

Example 10: Synthesis of Imaging Agent 36
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{a) Synthesis of Precursor 36

The peptide was assembled as described for imaging Agent 1 in Example 4 above.

Subsequent to the automated assembly the peptide resin {130 mg, 0.05 mmole) was
swollen in DMF for 10 min. The resin was thereafter acetylated using; Acz0 (450
pll/DIEA (250 pll/HOBt in DMF {10 ml) for 2 h. A negative Kaisertest demonstrated
complete acetylation. Due to the concomitant esterification of the [31)Y-OH, the resin
was treated with 20% piperidine in DMF for 2x20 min. The resin was then washed
thoroughly with DMF/DCM and dried at RT. The resin was cleaved in TFA/TIS/H;0
(10:0.25:0.25) for 2h then filtrated, triturated in diethylether, rotavapory evaporated and
lyophilised. The crude peptide was analysed by LC-MS (20-40%B in 20 min). The
analysis demonstrated the presence of two main peaks. The crude peptide (17 mg)
was oxidised in the following solution Hz0 (24 ml) MeCN {16 ml) and DMSO {160 pl). pH
was adjusted to approx. 9 by 25% NHs. The solution was left stirring at RT overnight.
LC-MS analysis demonstrated that the oxidation had gone to completion and the pH
was adjusted to 4 by AcOH. The peptide was lyophilised and thereafter purified by prep
HPLC (20-35% B in 40 min). |

Two fractions were collected and analysed. Yield: 2.5 mg of white fluffy solid. HPLC
purity: 99%. ESI-MS: Theoretical MW: 1350.37. Obtained (M+H)2+/2: 675.6

(b} Radiolabelling of Precursor 36

Radiolabelling was carried out according to the method described in Example 8 for
Imaging Agent 29, but with HPLC as follows:

25

Flow1lml/ minuté
0 min 20%8
20 min 35%8B
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22.5 min 100%8B
27 min 100%8B
27.5 min 20%8B
31 min 20%B

Example 11: Synthesis of Imaging Agent 37

(a) Synthesis of Precursor 37

" The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

Subsequent to the automated assembly the peptide resin {65 mg, 0.025 mmole) was
swollen in DMF for 10 min. Fmoc-PEG4-COOH {100 mg, 0.2 mmole) was dissolved in

' DMF and added to @ PyAOP [100mg, 0.2 mmole) /DMF solution. NMM (40 i, 0.4 mmole}

was added and the solution was left standing for 2 min. NMM {20 pi, 0.2 mmole) was
added to the resin and thereafter the coupling solution was added. The resin mix was
left bubbling overnight. A Kaiser demonstrated that the reaction was not complete and
the coupling brocedure was repeated twice to give a negative Kaisertest. Fmoc
deprotection was carried out using 20% piperidine in DMF (2x7 ml) for 1x10 and 1x5
min.  Fmoc-{3I)Y-COOH 0.5 mmole} was coupled using PyAOP (211 mg, 0.4
mmole)/NMM (80 pl, 0.8 mmole) in DMF for 3 h. A Kaisertest demonstrated that the

reaction had goné to completion.

Subsequent to DMF wash, the resin was acetylated using; AczO (450 ul)/DIEA (250
pll/HOBt in DMP {10 ml) for 2 h. A negative Kaisertest demonstrated complete
acetylation. Due to the concomitant esterification of the (31lY-OH, the resin was treated

with 20% piperidine in DMF for 2x20 min. The resin was then washed thoroughly with

25

DMF/DCM and dried at RT. The resin was cleaved in TFA/TIS/Hz0 (10:0.25:0.25) for 2h
then filtrated, triturated in diethylether, rotavapory evaporated and lyophilised. The
crude peptide was analysed by LC-MS (20-40%B in 20.min] and demonstrated one
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main peak in approximately 90% purity. As the peptide was only to be used as a cold
standard the crude peptide was not purified further. ESI-MS: Theoretical MW: 1681.6

- Obtained (M+H2+/2: 840.3.

[b) Radiolabelling of Precursor 37

Radiolabelling was carried out according to the method described in Example 8 for

Imaging Agent 29, but with HPLC gradient as follows:

Omin 5%B
20min . 25%8B
22.5 min 100%8
27 min 100%8
27.5 min 25%8B
31 min 5%B

Example 12: Synthesis of Imaging Agent 38

i

[a) Synthesis of Precursor 38
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The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

Subsequent to the automated assembly the peptide resin (80 mg, 0.03 mmole) was
swollen for 10 min in DMF. Bromoacetic acid {250 mg, ) and DCC {200 mg, } was mixed
and DCM (10 ml ) was added. The slurry was left stirring for 1 h at RT and thereafter
filtered. The DCM solution was rotavapory evaporated and DMF {10 ml) was added to
the residue. Thereafter DIEA (50 ul, 0.5 mmole) was added and the DMF/DIEA solution

- was added to the resin. The resin mix was left bubbling for 90 min and a negative

Kaisertest demonstrated that the reaction had gone to completion. After DMF wash
His(trt)otBu (100 mg, 0.3 mrhole) in DMF and DIEA (50 pl, 0.5 mmole) was added to the

resin. The resin mix was left bubbling overnight. The resin was washed thoroughly with
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DMF/DCM and left at RT overnight. The resin was cleaved in TFA/TIS/Hz20 (10:0.25:0.25)

- for 2h then filtrated, triturated in diethylether, rotavapory evaporated and lyophilised.

The crude peptide was analysed by LC-MS (20-40%B in 20 min). The analysis

demonstrated the presence of two main peaks. The crude peptide mixwas purified by

prep HPLC (20-35% B in 40 min). One fraction was collected, analysed and lyophilised.

Yield: 2 mg of white solid. HPLC purity: 98%. ESI-MS: Theoretical MW: 1917.3. Obtained
(M+H)2+/2: 958.8.

{b) Radiolabelling of Precursor 38

iml of 99mTcO4 eluted from a generator was added to a Te-carbonyl kit (isolink™,
Mallinckrodt, Petten, Netherlands), 5 ml of headspace was removed and the vial was
heated at 100°C for 20min. The vial was cooled to room temperature, 1ml of 0.1M PBS
{pH 7.4) was added, the pH of the solution was measured and then analysed by TLC
{Merck Silica Gel - mobile phase = 99% MeOH/1% HCJ).

200p! of the 99mT¢(CO)(H20) solution was added to a new silanised vial, together with
50p1/50pug of precursor in MeOH and 200ul 1M 2-(N-morpholinolethanesulfonic acid
buffer at pH 6.5. The solution was heated at 60°C for 60 min and then analysed by
HPLC and ITLC (SG strips - mobile phase = saline).

Initial HPLC analyses carried out using a Phenomenex Gemini column (C1s 150 x 4.6
mm, 5um), solvent A = 0.1% TFA/H:0, solvent B = 0.1% TFA/MeCN. UV measured at
254nM.

HPLC gradient:

Flow 1 ml/ minute

0 min 20%B
20 min 40%B
21 min 95%B
26 min 95%8
27-PA———20%8B——
32 min 20%B
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Subsequent HPLC analyses were carried out using either a Phenomenex Gemini Cis
column 150 % 2.1mm (5pm) - Flow rate 0.2ml/min for analyses or a Phenomenex
Gemini C1s column 150 x 4.6mm (3um) - Flow rate 1.0mi/min for purifications.

Solvent A = 0.06% ammonia and solvent B = MeCN. UV was measured at 214 nm.

5 HPLC gradient:

0 min 25%8B
20 min 95%8B
26 min 95%8
27 min 25%8
10 30 min 25%B

Example 13: Synthesis of Imaging Agent 39

(a) Synthesis of Precursor 39

15  The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

Subsequent to the automated assembly the peptide ‘resin (13 mg, 0.01 mmole} was
transferred to a Microwave vial and Boc-HYNIC-NHS ester (5mg, 0.015 mmolel/HOBt (2
mg, 0.015 mmole)/DIEA (8 pl, 0.0.6 mmole) in DMF (3 ml) was added. The resin mix was
left standing for 15 min at RT and thereafter placed in a microwave for 2 h at 60°C. The
20 resin was cleaved in TFA/TIS/H20 {10:0.25:0.25) for 2h then filtrated, triturated in
diethylether, rotavapory evaporated 6nd’lyophi|ised. The crude peptide was analysed
by LC-MS (20-40%B in 20 min). The analysis demonstrated the presence of two main
peaks. The crude peptide mix was purified by prep HPLC (20-35% B in 40 min). One

~————fraction was collected; analysed and lyophilised. Yield: 1 mg of white solid. HPLC purity:
25  98%. ESI-MS: Theoretical MW: 1857.2. Obtained V(M+H)2+/2: 929.5.
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(b) Radiolabelling of Precursor 39

50ul/50pg of precursor (in MeOH) was added to a silanised vial. 0.3ml of tricine (30 mg
in 0.1% ammonium acetate buffer pH 5) was then added to the vial followed by 1ml
0.1% ammonium acetate buffer (pH 5). 0.5ml 9mTcOq (activity 0.7-4.4 GBg) was then
added to the vial followed by 0.1ml N2 purged SnClz saline solution {0.44mM dm-3). This

was left to react at room temperature for 30 min.

HPLC andlysis was carried out using a Phenomenex Gemini column {C1s 150 x 4.6 mm,
5um) Solvent A = 10mM phosphate buffer pH 6 and solvent B = MeCN. UV was

measured at 254 nm.

HPLC gradient:
Flow 1 ml/ minute
0 min - 20%B
20 min 40%B
21 min 95%8B
26 min 95%8B
27 min 20%8B
32 min 20%8B

ITLC SG strips — mobile phase = saline

Example 14: Synthesis of Imaging Agent 40

{a) Synthesis of Precursor 40

4 Aﬁm I Jwr J— %rwwgi g %wwgr J & S /qwugkh g

\ LA AN, o}
The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

Subsequent to the outomoted assembly the peptide resin (ldee protection on Lysine}
(182 mg, 0.1 mmole) was cleaved in TFA/TIS/H20 (10:0.25:0.25) for 2h then filtrated,
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triturated in diethylether, rotavapory evaporated and lyophilised. Chelate I-glutaric
acid {23 mg), PyAOP (25 mg), NMM (6 pl) was dissolved in DMF (3 ml} and added to the
peptide residue. The solution was left shaking at RT overnight. The crude peptide was
analysed by LC-MS (25-70%8 in 20 min). The analysis demonstrated the presence of
two main peaks. The crude peptide mix (Lysine protected) was purified by prep HPLC
(30-60% B in 40 min). Three fractions were collected, analysed and lyophilised. VYield:
4.3 mg of white solid. HPLC purity: 98%. The ivDde protecting groups were removed by
dissolving the peptide {4 mg) in DMF {8 ml) and adding Hydrazinehydrate (160 pl). The
deprotection was monitored by HPLC, and after 20 min the reaction had gone to
completion. The sample was diluted with 10% MeCN/H20 and the pH was adjusted to
4. Thereafter the peptide was purified by HPLC {20-40% B in 40 min} and lyophilised to
yield 2.5 mg of white fluffy solid. HPLC purity: 98%. ESI-MS: Theoretical MW: 2161.7.
Obtained (M+H)2+/2: 1082.2.

(b) Radiolabelling of Precursor 40

Radiolabelling was carried out as described in Example 4 for Imaging Agent 1, for 20
minutes at room temperature, with the following HPLC gradient:

Flow 1.00 ml / minute

0O min 25%B
20 min 60%8
21 min 95%8
27 min 25%8B
32 min 25%B

Example 15: Synthesis of Imaging Agent 41

{a) Synthesis of Precursor 41
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The peptide was assembled as described for Imaging Agent 1 in Example 4 above.

Subsequent to the automated assembly the peptide resin (70 mg, 0.03 mmole} was
swollen for 10 min in DMF. TetroBoc-Chelate Il NHS ester (70 mg, 0.1 mmole; Boc-
protected Chelate Il described in Example 3) was mixed with PyAOP (50 mg, 0.1 mmole)
and NMM {30 pl, 0.3 mmole) in DMF {5 ml) for 3 min. NMM {20 ul, 0.2 mmol) was added
to the resin and thereafter the Chelate 1I/PyAOP/NMM solution was added. The resin
solution mix was left bubbling overnight and a negative Kaisertest demonstrated 100%
conversion to the conjugated peptide. The peptide was cleaved in TFA/TIS/H20
(10:0.25:0.25) for 2h then filtrated, triturated in diethylether, rotavapory evaporated and
lyophilised. LC-MS {20-40% B in 20 min) demonstrated one main peak and the crude
peptide was purified by prep HPLC [20-30% B in 40 min). One fraction was collected

‘and yielded 1 mg of white solid after lyophilisation. HPLC purity: 98%. ESI-MS:

Theoretical MW: 2948.6. Obtained {M+H)3+/3: 983.4.

(b) Radiolabelling of Precursor 41"

Rddiolobelling was carried out as described in Example 4 for Imaging Agent 1, with

50ug of precursor, for 20 minutes, at room temperature, with the following HPLC

gradient:

0 min 20%0B
20 min 40%8B
2lmin  95%B
26 min 95%8
27 min 20%8B
32 min 20%B

Example 16: Synthesis of Imaging Agent 42

{a) Synthesis of Precursor 42

HDY

T m

# ’\‘)\/\ ’k/\/fk J\,—N\)—NJH,—“\)—N ﬁ\)-ujﬁrﬁ\)—u‘in\)—ug /qu\)LN/d:N\/U-N/\'O\/\o’\/O\/‘NJK'O\)LNH
MW = 2452.0 \g Y \R ,/.\ \©\
EM =2450.5 . . .

. s NH,
MF = C115H195N27 O3 i
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The peptide was assembled as described for imaging Agent 1 in Example 4 above.

The peptidyl-resin (0.05 mmol) was treated with a solution of 2.5 % water and 2.5 %
triisopropylsilane (TIS) in TFA{5 mL) for 2 hours. The resin was removed by filtration and
thefiltrate evaporated in vacuo. Diethyl ether was added to the residue. The resulting
precipitate was washed with ether and air-dried affording 95 mg crude H-Ala-Asn-Alg-
Alo~Leu—Lys(idee)—AIa-Gly—Glu-Leu-Tyr-Lyé(idee%Abu-lIe—Leu-Tyr—PEG(4)—diegcoloyl—
NH..

H-Ala-Asn-Ala-Ala-Leu-Lys(ivDde)-Ala-Gly-Glu-Leu-Tyr-Lys(ivDde)-Abu-lle-Leu-Tyr-
PEGl4)-diglycoloyl-NHz 124 mg), Chelate I-Glut active ester {62 mg), 1-hydroxy-7-
azabenzotriazole (HOAt) (7 mg) and sym.-collidine {66 pL} were dissolved in 1-methyl-2-
pyrrolidinone [NMP) (1 mL) and the reaction mixture stirred at 37 °C over night. The
reaction mixture was diluted with NMP {0.5 mL), water/0.1 % TFA {1 mL} and acetonitrile
[ACN)/0.1 % TFA (1 mL) and the product purified using preparative HPLC affording 5 mg
pure Chelate 1-Glut-Ala-Asn-Ala-Ala-Leu-Lys(ivDdel-Ala-Gly-Glu-Leu-Tyr-LysfivDde)-
Abu-lle-Leu-Tyr-PEGi4)-diglycoloy)-NH.

Chelate I-Ala-Asn-Ala-Ala-Leu-Lys(ivDde)-Ala-Gly-Glu-Leu-Tyr-LyslivDde)-Abu-lle-Leu-
Tyr-PEG(4)-diglycoloyl-NH2 (5 mg) was treated with 2 % hydrazine monohydrate/NMP
{1 mb} for 30 minutes. 10 % ACN/water/0.1 % TFA {4 mL) was added to the reaction
mixture and the product purified by preparative HPLC (gradient: 10-40 % B over 40
minutes where A = H0/0.1 % TFA and B = ACN/0.1 % TFA, flow rate: 10 mL/minute,
column: Phenomenex Luna™ 5u C18 (2) 250 x 21.20 mm, detection; UV 214 nm,
product retention time: 35.0 min| affording 2.3 mg pure product. The pure product was
analysed by analytical HPLC {gradient: 10-40 % B over 5 minutes where A =H»0/0.1 %
TFAand B =ACN/0.1 % TFA, flow rate: 0.3 mL/minute, column: Phenomenex Luna™ 3
C18 (2) 20 x 2 mm, detection: UV 214 nm, product retention time: 4.02 min). Further
product characterisation was carried out using mass spectrometry (MHz2+ calculated:
1226.3, MH2+ found: 1226.3).

{b) Radiolabelling of Precursor 42
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Radiolabelling was carried out as described in Example 4 for Imaging Agent 1, for 20

minutes at room temperature, with the following HPLC gradient:

Flow 1.00 ml / minute

0 min 25%8
20 min 60%B
21 min 95%8
27 min 25%8
32 min 25%B

Example 17: Synthesis of Imaging Agent 43

{a) Synthesis of Precursor 43

Ho NI
NH
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MF = C116H197N27031 NH,

The peptide was assembled as descrlbed for Imaging Agent 1 in Example 4 above.

The peptidyl-resin {0.05 mmol) was treated wsth a solution of 2.5 % waterand 2.5 % TIS
in TFA {5 mL) for 2 hours. The resin was removed by filtration and the filtrate evaporated
in vacuo. Diethyl ether was added to the residue. The resulting precipitate was washed
with ether and air-dried affording 77 mg crude H-Ala-Asn-Ala-Ala-Leu-Lys(ivDde}-Ala-
Gly-Glu-Leu-Tyr-N-Me-LysfivDdel-Abu-lle-Leu-Tyr-PEG(4)-diglycoloyl-NHa.

H-Ala-Asn-Ala-Ala-Leu-LyslivDde)-Ala-Gly-Glu-Leu-Tyr-N-Me-LyslivDde)-Abu-lle-Leu-
Tyr-PEG(4)-diglycoloyl-NH; (24 mg), Chelate | Glut active ester (62 mg), 1-hydroxy-7-
. azabenzotriazole (HOAt) (7 mg) and sym.-collidine (66 L) were dissolved in NMP {1 mL)
and the reaction mixture stirred at 37 °C over night. The reaction mixture was diluted
with NMP (0.5 mL), water/0.1 % TFA (1 mL) and ACN/0.1 % TFA {1 mL) and the product
purified using preparative HPLC affording 6.5 mg pure Chelate I-Glut-Ala-Asn-Ala-Ala-__

Leu-Lys(ivDde)-Ala-Gly-Glu-Leu-Tyr-N-Me-LyslivDde}-Abu-lle-Leu-Tyr-PEG(4)-
diglycoloyl-NHa.
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Chelate I-Ala-Asn-Ala-Ala-Leu-LyslivDde)-Ala-Gly-Glu-Leu-Tyr-N-Me-Lys(ivDde)-Abu-lle-
Leu-Tyr-PEG(4)-diglycoloyl-NH2 (6.5 mg) was treated with 2 % hydrazine
monohydrate/NMP (1 mL) for 35 minutes. 10 % ACN/water/0.1 % TFA (8 mL) was added
to the reaction mixture and the product purified by preparative HPLC (gradient: 10-40
% B over 40 minutes where A =H0/0.1 % TFA and B = ACN/0.1 % TFA, flow rate: 10
mL/minute, column: Phenomenex Luna™ 5u €18 (2) 250 x 21.20 mm), detection: UV 214
nm, product retention time: 31.0 min) affording 5.3 mg pure product. The pure product
was analysed by analytical HPLC (gradient: 10-40 % B over 5 minutes wherej A=
H20/0.1% TFA and B = ACN/0.1 % TFA, flow rate: 0.3 mL/minute, column: Phenomenex
Luna™ 3p C18 (2} 20 x 2 mm, detection: UV 214 nm, product retention time: 3.52 min).
Further product characterisation was carried out using mass spectrometry (MHz2+
calculated: 1233.3, MH2+ found: 1233.3).

(bl Radiolabelling of Precursor 43

Radiolabelling was carried out as described in Example 4 for Imaging Agent 1, for 20

minutes at room temperature, with the following HPLC gradient:

Flow 1.00 mi / minute

0 min 20%8B
20 min 55%B
21 min 95%8B
27 min 20%8B
32 min 20%B

Example 18: In vitro binding of Imaging Agent 1 to collagen type |

A Maxisorp plate was incubated overnight at 4°C with 50uL or 100pL 0.1mg/mL
collagen type I. All solutions were removed from the wells using a pipette. Wells were
washed twice with 200pL PBS, and then incubated with 150uL PBS containing 0.1 %
BSA for 30 minutes at room temperature. Wells were washed five times with 200uL
PBS, and then 90pL PBS was added to each well._10ul of neat (and two-fold serially

diluted in PBS) Imaging Agent 1 was added to the wells in quadruplicate. The plate was

sealed and incubated for 1 hour at 37°C.
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The wells were washed seven times with ice-cold PBS (200pL); and then the wells were
transferred to a glass vial and counted (measured) for %mTc-activity using a Wallac

counter for a 60s count for each sample.

Figure 1 below illustrates binding of Imaging Agent 1 to collagen type | coated wells
5 from one experiment. The curve {black trace) was fitted using a non-linear regression
one-site binding hyperbola modelled with GrophPod PRISM and derived Bmax=1068
attomoles and Kg¢=194.2 nM using the fitted data {r2 = 0.9992). ‘

Binding of Imaging Agent 1 to Collagen Type | Coated Plate

- 600+
5
3 5004
%
:2 400+
[~3e]
S E 300
28
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£~
4 1004
E
) A ———— Y
o 50 100 150 . 200

Imaging Agent 1 concentration (nM)

Example 19: In vivo biodistribution of Imaging Agent 1

10 18 Male Sprague Dawley rats (180 - 200g') were operated upon. Each animal's
abdomen was shaved and swabbed with betadine solution followed by 5mg/kg
carprofen s.c and 5mg/kg bupronorphine s.c. Under Isoflurane anaesthesia a mid-line
laparotomy was performed and the common bile duct located. Bile duct was double
ligated (n = 9). The first ligation made between the junction of the hepatic ducts and

15  the second above the entrance of the pancreatic ducts. Before closing ~ 2-3 ml saline

| was administered into the peritoneum. Fascia and skin were closed and animals were
administered with 2mg/kg metaclopromide s.c, 5mg/kg Baytrils.c, and ~ 2misdlinesc.

Carprofen was given (5Smg/kg) as required over the next couple of days. Control

animals underwent sham surgery where bile duct was manipulated and a suture
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passed under the bile duct (n = 9). Animals were closely monitored for 15 days. On day

16 post surgery under isoflurane anaesthesia animals were injected with 0.1ml imaging

Agent 1 iv. via tail vein {(~1MBq). Organs were dissected at 5, 60 & 120 min post-

injection {BDL animals). Organs were dissected at 5, 60 & 120 min (Sham animals).

5 The table below shows the percentoge injected dose ot the various timepoints studied.
2 minutes 5 minutes | 30 minutes | 60 minutes | 120 minutes
BDL | Sham | BDL | Sham | BOL | Sham | BDL | Sham | BDL | Sham
Bone 3.9 2.9 3.0 3.0 0.8 0.3 0.3 0.1 0.3 0.1
Muscle 18.5 16‘1 19.0( 166 | 3.9 1.6 1.6 0.5 1.1 0.2
Blood 214 | 145 |155| 113 | 3.2 1.1 1.2 0.4 0.7 0.1
Kidneys | 130 | 144 1218 131 )141] 122 1115} 101 j111 11.2
B&U 0.1 0.1 1.2 01 219 142 | 259 157 |555 17.7
Lung 2.3 13 14 13 0.4 0.4 0.4 0.2 0.2 0.1
Liver 159 | 185 [116] 182 [27.7| 43 |198| 28 |57 | 23
Spleen 0.6 0.3 0.3 0.3 0.1 0.1 0.1 0.0 0.1 0.1
Stomach | 0.9 0.6 0.7 1.9 0.6 0.9 0.5 0.3 0.4 0.2
SigL 6.9 7.3 45 1 109 (1901} 60.2 | 356 67.2 | 227 67.1
Heart 0.5 0.3 03] 03 0.1 0.0 0.0 0.0 0.0 0.0
Thyroid 0.2 01 {01 01 [01] 00 |00O] 00 |00 0.0
Skin 13.0 | 133 |16.4 | 152 | 6.9 3.8 2.6 13 2.0 0.6
Carcass 2.8 104 | 4.2 7.8 14 1.0 0.5 1.2 0.2 0.2
Inj.Site 9.1 55 | 26| 20 {18 30 | 05| 22 | 04 0.3
Example 20: Bile Duct Ligation Model of Liver Fibrosis
This bile duct ligation model was adapted from those previously described in the
literature (e.q. Biecker et al. 2005 J. Pharm. Exp. Ther. 313(3) 952-961; Martinez-Prieto et
10 al 2000 Clinical Science 98(5) 611-617; Ubeda et al. 1994 Hepatology 19(6) 1431-1436).
1. A male Sprague Dawley rat {180 - 200g) abdomen was shaved and swabbed -
with betadine solution followed by 5mg/kg carprofen sc and 5mg/kg
bupronorphine subcutaneously {s.c.).
2. Under Isoflurane anaesthesia a mid-line laparctomy was performed and the
15 common bile duct located.
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3.

Bile duct was double ligated. The first ligation was made between the junction
of the hepatic ducts and the second above the entrance of the pancreatic
ducts.

Before closing ~ 2-3 ml saline was administered into the peritoneum.

5. Foscio, ond skin were closed and animals administered with 2mg/kg

metaclopromide s.c, 5mg/kg Baytril s.c., and ~ 2ml saline s.c.

Carprofen was given {5mg/kg) as required over the next couple of days.

7. Control onimals underwent sham surgery where bile duct was manipulated and

a suture passed under the bile duct

8. Animals were closely monitored for the required period

9. On the biodistribution day under isoflurane anaesthesia animals were injected

10.
11
12.

with 0.3ml radiolabelled compound intravenously (i.v.) via tail vein (~2MBa)
Organs were dissected at '5, 60 & 120 min post-injection (BDL animals).
Organs were dissected at 5, 60 & 120 min (Sham animals) ‘

Radioactivity per gram of tissue in each organ was determined using a Wallac

counter.
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Claims

1 An imaging agent comprising a collagen binding peptide (CBP) and an imaging

moiety, wherein said CBP is selected from the following peptides:
i

(il GELYKXaalLy

] RRANAALKAGELYKXaallY

i) DARKSEVQK

(iv) KELNVLYT

(v)] XaaVWLWEQXaa

(v} XaaVWLWENXaa

{vi} XaaVWTLPDQXaq,

{vii} TGELYKXaalLYTLAWKTTARLKELNLVYTT

lix) Saratin recombinant polypeptide derived from the saliva of the

medicinal leech Hirudo medicinalis
(x) Residues 176-201 of decorin
(xi) Peptide analogues of any of peptides {i)-(x)

or said CBP is a stabilised, truncated and/or cyclic version of any of these peptides,
or is a homo- or heterodimer of two of these peptides or truncated versions

thereof;
wherein Xaa can be any of cysteine, 2-aminobutyric ohcid, methionine or alanine;

and wherein said imaging moiety is either an integral part of the CBP or is

conjugated to the CBP via a suitable chemical group.

2. Theimaging agent of claim 1 wherein said CBP is selected from peptides (i}-{vii) or
truncated or cyclic versions thereof, or said CBP is a homo- or heterodimer of two
of these peptides or truncated versions thereof, and wherein Xaa can be eitherof

cysteine or 2-aminobutyric acid.

3. The imaging agent of either of claims 1 or 2 wherein said CBP is selected from

peptides {il-iv) or truncated or cyclic versions thereof, or said CBP is a homo- or
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heterodimer of two of these peptides or truncated versions thereof, and wherein

Xaa can be eitherof cysteine or 2-aminobutyric acid.
4. The imaging agent of either of claims 1 or 2 wherein said CBP is selected from:
(a) peptide {i) modified in one or more of the following ways:
e truncated to remove the 2 N-terminal arginines
e Xaa=2-aminobutyric acid or cysteine
e methylated alanine residues
e methylated lysine residues
e replacement of tyrosine is with lysine

addition of polyethylene glycol and/or diglycolyl to the C-terminus;

(b) peptide (i) modified as in (a), and converted to its retroinverso sequence;
() _peptide (i) wherein Xaa=cysteine;

(d) peptide (i) unmodified or cyclised by means of 2 cysteine residues, one each
added to the N- and C-termini;

(e) peptide (iv) unmodified, or modified by either or both of the following ways:
¢ valine5 and leucine6 reversed

e cyclised by means of 2 cysteine residues, one each added to the N- and

C-termini;
(f) peptides {vi-vii) wherein Xaa=cysteine;

and wherein in each case the N-terminus is optionally protected with an acety!

and the C-terminus is optionally protected with an amide.
5. The imaging agent of claim 4 wherein said CBP is selected from:
al ANAALKAGELYKCILY-NHz;
b) ANAALKAGELYK-[Abul-ILY-NH2;
c) AC-ANAALKAGELFK—-[Abu]-ILY—NHz;

d) Ac-ANAALKAGELYK-[Abu]-ILF-NH;
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n)
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q)
r)
s)
t)
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Ac-ANAALKAGELY-[NMelys]-[Abul-ILF-NHz;

Ac-AN-[N MeAIo]-ALKAGELYK—[Abu‘]—ILF-NHz;
Ac-AN-[NMeAla]-ALKAGELY-[NMeLysl-[Abul-ILF-NHz;
ANAALKAGELYK-[Abul-ILY-[PEGI4]]-[diglycolyll-NHy;
ANAALKAGELY-[NMeLys]-[Abul-ILY-[PEG(4}]-[diglycolyll-NHz;
ANAALKAGELYK-[AbUI-ILY-IPEG(4]]-[diglycolyl-COOH:
D-YUI-[Abu]-KYLEGAKLAANA-NH;;

GELYKCILY-NHg;

DARKSEVQK-NH2;

CDARKSEVQKC-NH; cyclised via two added terminal cysteine residues;
KELNVLYT-NH;

KELNLVYT—N Hz;

Ac-KELNLVYT-NH; ‘

Ac-CKELNLVYTC-NHz cyclised by bridging two added terminal cysteine residues;
CVWLWEQC-NH> cyclised by bridging cysteine residues;
CVWLWENC-NH: cyclised by bridging cysteine residues; and,

CVWTLPDQC-NHz cyclised by bridging cysteine residues.

wherein "Ac” is an acetyl group, “Abu” is 2-aminobutyric acid, “NMeLys" is N-

methylated lysine, "NMeAla” is N-methylated alanine, and “PEGIX)” is a polyethylene

glycol chain of X units.

6. The imaging agent of any of claims 1-5 wherein said imaging moiety is selected

from:

{i) aradioactive metal ion;
(i) aparamagnetic metal ion;
i} o gamma-emitting radioactive halogen;

_liv) . a positron-emitting radioactive non-metal;
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(v} ahyperpolarised NMR-active nucleus; and

(vi) areporter suitable for in vivo optical imaging.

7. The imaging agent of claim 6 wherein the imaging moiety is a radioactive metal |
ion.
5 8 The imaging agent of claim 7 wherein the radioactive metal ion is 9mTc,
9. The imaging agent of claim 6 wherein the imaging moiety is a gamma-emitting

radioactive halogen.

10.  Theimaging agent of claim 9 wherein the gamma-emitting radioactive halogen

is selected from 23|, and 131,

10 11 Theimaging agent of claim 6 wherein the imaging moiety is a positron-emitting

radioactive non-metal.
12 Theimaging agent of claim 11 wherein the positron-emitting radioactive non-
metal is selected from 18F and 11C.

13. A precursor for the preparation of the imdging agent of claims 1-12 comprising the
15 CBP of claims 1-4 and a chemical group capable of reacting with a source of an
imaging moiety, wherein said chemical group comprises:

(i) a chelator capable of complexing a metallic imaging moiety;

{ii) an organometallic derivative such as a trialkylstannane or a

trialkylsilane;

20 il aderivative containing an alky! halide, alkyl tosylate or alkyl mesylate for

nucleophilic substitution; or,

(iv) a derivative which alkylates thiol-containing compounds to give a

thioether-containing product,

and wherein said chemical group is either an integral part of said CBP or is
-&5———— conjugated-to-said-€BP—

14. The precursor according to claim 13 wherein said chemical group comprises:
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(i) achelator capable of complexing a metallic imaging moiety; or,

{i} an organometallic derivative such as a trialkylstannane or a

trialkylsilane.

15. The precursor according to either of claims 13 or 14 which is in sterile, apyrogenic

form. ‘

16. The precursor according to any one of claims 13-15 wherein the precursor is bound

to a solid phase.

17. Apharmaceutical composition comprising the imaging agent of any one of claims |
1-12 togefher with a biocompatible carrier, in a form suitable for human

administration.

18. The pharmaceutical composition of claim 17 wherein said imaging agent

comprises a radioactive imaging moiety.

19. The pharmaceutical composition of claim 18, which has a radioactive dose suitable

for a single patient and is provided in a suitable syringe or container..

20. Akit for the preparation of the pharmaceutical composition of any of claims 17-19

which comprises a precursor of any of claims 13-16.

21. Animaging agent of any of claims 1-12 for use in an in vivo diagnostic or imaging
method.

22. The imaging agent of claim 21 wherein said method relates to the in vivo imaging

of a condition in which collagen is formed.

23. The imaging agent of claim 22 wherein the condition in which collagen is formed is

a.condition associated with fibrosis.

24. The imaging agent of claim 23 wherein said condition associated with fibrosis is
idiopathic pulmonary fibrosis, asthma, chronic obstructive pulmonary disease,
scleroderma, diabetic retinopathy, AMD, atherosclerosis, vulnerable plague, diabetic
nephropathy, glomerulosclerosis, IgA nephropathy, liver fibrosis, rheumatoid

_arthritis or congestive heart failure.
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25. A method for the in vivo diagnosis or imaging in a subject of a condition in which
collagen is formed, comprising administration of the pharmaceutical composition
of claims 17-19.

26. Use of the imaging agent of any of claims 1-12 for imaging in vivoin a subject of a
5 condition in which collagen is formed wherein said subject is previously

administered with the pharmaceutical composition of claims 17-19.

27.Use of the imaging agent of any of claims 1-12 for the manufacture of a

pharmaceutical for the imaging in vivo of a condition in which collagen is formed.

28. Amethod of monitoring the effect of treatment of a human or animal body with a
10 drug to combat a condition in which collagen is formed, said method comprising
administering to said body the imaging agent of any of claims 1-12 and detecting

the uptake of said imaging agent.
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