WO 2006/030291 PCT/IB2005/002727 DIAGNOSTIC COMPOUNDS The
present invention relates to new peptide-based compounds and their use
5 for diagnostic imaging using positron emission tomograph PET%. More

V), 26831 the invention relates to the use of such peptide-g Jg2005/002727
compounds as targeting vectors that bind to receptors associated with
angiogenesis, in particular integrin receptors, for example, the av(33
integrin receptor. Such_gG or diagnosis or
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vasculogenesis or angiogenesis. Angiogenesis is the formation of new
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20 of approxim'ateiy 110 minutes, is the positron-emitting nuclfide of choice for
many recepior imaging studies. Therefore, BF_jabelied hioactive peptides
have great clinical potential because of theif utility in PET to quantiitaiively
detect and characierise a wide variety of diseases.

25 New blood vessels can be formed by two different mechanisms:
vaéculogenesis or angiogenesis. Angiogenesis is the formation of new blood
vessels by branching from existing vessels. The primary stimulus for this
process may be inadequate supply of nutrients and oxygen (hypoxia) to cells
in a tissue. The cells may respond by secreting angiogenic faciors, of which

30 there are many; one exan’{pie, which is frequently referred to, is vascular
endothelial growth factor (VEGF). These factors initiate the secrefion of
proteolytic enzymes that break down the proteins of the basement membrane,
as well as inhibitors that limit the action of these potentially harmful enzymes.
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as well as inhibitors that limit the action of these potentially harmful
enzymes. -1 CONFIRMATION COPY WO 2006/030291
PCT/IB2005/002727 The other prominent effect of angiogenic factors i
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anglogenic factors. 25 Many [ligands involved in cell adhesion contain the

tripafridevebigdeincaffecting and controlling proteclysis. In the case of tumours,
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the resulting network of blood vessels is usually disorganised, with the
formation of sharp kinks and alsc arteriovenous shunts. Inhibition of
angiogenesis is also considered to be a promising strategy for antitumour
therapy. ' The transformations accompanying angiogenesis are also very
promising for diagnosis, one example being malignant disease, bui the
concept also shows great promise in inflammation and a variety of
inflammation-related diseases, including atherosclerosis, the macrophages of
early atherosclerotic lesions being potential sources of angiogenic factors.

Many iigands involved in cell adhesion contain the tripeptide sequence
arginine-glycine-aspartic acid (RGD). The RGD sequence appears o act as a
primary recognition site between the ligands presenting this sequence and
receptors on the surface of cells. It is generally believed that secondary
interactions between the ligand and receptor enhance the specificity of the
interaction. These secondary interactions might take place between moieties



arginine-glycine-aspartic acid (RGD). The RGD sequence appears to act
as a primary recognition site between the ligands presenting this
sequence and receptors on the surface of cells. It is generally believed
“’tﬂzﬂ"&%‘&%’ﬁﬂary 30 interactions between the ligand and receB a2
the specificity of the interaction. These secondary interactions might take
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efficient targeting and imaging of integrin receptors associated with 5
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techniques such as PET. Co-pending International application
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16 active vectors with 8 But there is still a need for peptide-based compounds

which may be prepared rapidly and efficiently and yet still have the desirable

biclogical activity.

In a first aspect, the present invention provides a method for radiofiucrination

20  comprising reaction of a compound of formula (1)

vector —O—NH,

()

wherein the vector comprises the fragment:

Lo O

HO
NH

m (Linker) =N HN={

H NH,

25  with a compound of formuia (i)



111 trfo HNH,(/N~H~N~ O NH O ((~~ HO NH - (Linker) -H HN~ NH2 25
with a compound of formula (11): -3 WO 2006/030291
VRCHHsB2965/002727 Y r1~m /\)n 0 (I') wherein: n is an integefiedsituz 27
20; mis an integer of 0 to 10; 5 Y is hydrogen. C1.6aikyl (such as
methyl), or phenyl to give a compound of formula (II'): Y -O-N ve=rin|_
"T..as_ (lll) 10 wherein in, n,agnd Y are efinegTas for the compound of
formula (il) and the vector is asrelef] 'grithessgmpound of formula (1).
This reaction may be effected in a’suitable Solvent, for example; igan
agueous buffer in the pH range | to 11, suitably 2 to 11, more suitably 2 to
6, P¥&&RTat a non-extreme temperature of from 5 to. 100 C, suitably 20 to
70Q0is prefersddy gt@mldent temperature. In one particular embodiment,

then\éeigtg{r} |{]11tfé)ég1rtgpo(%g %;(III) is of formula (A):

5 Y is hydrogen, Cisalkyl (such as methyl), or phenv
1o give a compound of Tormuta (1)

N

¢ wherein'm, n, and Y are defined as for the compound of formuia (i) and the
vector is as defined for the compound of formuila (1),

This reaciion may be effected in a suitable solvent, for exampie, in an
aqueous buffer in the pH range 1 fo 11, suitably 2 to 11, more suitably 2 1o €,
15 and at 2 non-extreme temperature of from 5 1o 100 °C, suitably 20 1o 70°C,

preferably at ambient temperature,

In one particuiar embodiment, the vector in formuia (1) or {II1) is of formula (A}

20



SCSOHONOOXx~H~~Hf~) 0-\o0oHor NH (Linker) -H HN( 20
NH2 WO 2006/030291 PCT/IB2005/002727 wherein X7 is either -NH2 or
HNH 00 5 wherein ais an integer of from 1 to 10, preferably ais 1. The
WOARE Yming part of the vector in the compound of formulg%%@%wa@%”
to provide good in vivo pharmacokinetics, such as favourable excretion
characteristics in the resultant conjugate of formula (191). The use of

linker to groups with different lipophilicities and or charge can significantly
chehgesiReX insviibhhifaebkinetics of the peptide to suit the diagnostic

need. For example, where it is desirable for a €onjugate of orpwzla (1) to
be cleared fro%tﬁ@&be@by}eﬂé%exﬁ?m@\,a%mili ker Is used,

and where it is desirable for clearance to be by hepatobili@ry excretion a
hydrophobic linker is 1s used. Linkers including a polyethylene glycol
moiety have been found to slow blood clearance which is desirable in

5 SOM@SigiH M stant adedbediiinker foonitgpafecdilyeviector in the
compound of formula (1) is a C1-50 hydrocarbyl group, suitably a CI-30
hydrocarbyl group, optionally including | to 20 30 heteroatoms, suitably |
to Tod efekeatomsisy craobingeecte rinrtie acSorabk afifkendolibls chosen

‘”%‘1@%&%&%, Wliﬁlbwlm%&m@% Rolyaramaticodfble excretion

heteroaromatic rings, and polymers cpmpnsmfg g o of linker

characteristics in the resultant conjugate of formula (Ilf). The use o

10 groups with different lipophilicities and or charge can significantly change the
in vivo pharmacokinetics of the peptide to suit the diaghostic nesd. For
example, where it is desirable for a conjugate of formuia (lll) fo be cleared
from the body by renal excretion, a hydrophilic linker is used, and where it is
desirable for clearance to be by hepatobiliary excretion a hydrophobic linker is

15 used. Linkers including a polyethylene glycol moiety have been found 1o slow

binod clearance which is desirable in some circumstances.

The Linker forming part of the vector in the compound of formula (1) is a Cy50
hydrocarbyl group, suitably a Cq.3 hydrocarbyl group, optionally including 1 o
20 30 heteroatoms, suitably 1 to 10 heteroatoms such as oxygen or nitrogen.
Suitable Linker groups include alkyl, alkenyl, alkynyl chains, aromatic,
polyaromatic, and heteroaromatic rings, and polymers comprising
ethyleneglycol, amino acid, or carbohydrate subunits. Preferably, the Linker
forming part of the vector in the compound of formula (1) comprises &
25  polyethylene glycol subunit, most preferably the Linker is of formula B:
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ethyleneglycol, amino acid, or carbohydrate subunits. Preferably, the

Linker forming part of the vector in the compound of formula (I) comprises
ethylene glycol subunit, most preferably the Linker is of formula

{B) OH-L O 1Jb N~~ H -5 WO 2006/030291  FCTAB2005/002727
PCT11B2005/002727 wherein b is an integer of from 2 to 20, and is
PrefReRbl $ te 18, mashdrreferaily 2. thhegersmdhidinenshabigraum 10, most
means an organic substituent consisting of 5 carbon and hydrogen, such
grﬁ%@?ﬁ%’y clude saturated, unsaturated, or aromatic portions.
Accordingly, preferred compounds of formula (1) are those of formula (la):
DTN L SO RPN OLGHRE I b ot conslting of

5 carbon and hydrogen, such groups may include saturated, unsaturated, or

W%’;%j?}"ﬁ’o'

aromatic porfions.

Accordingly, preferred compounds of formula (1) are these of formuia (la):

o 5 S
| i il H\/{@\ Q\j\ X |
HN\:)kN N\.)\N/\[rN N <N {la)
z H 4 & H O z = o 2 |

LoD
A

10 wherein X' is either =N, or

H
—[—HN\/\O/\/O\/\O/\‘/NY\O/\W}{NHZ
o

C

wherein a is an integer of from 1 to 10, preferably a is 1 and b is an integer of
from 2 to 20 and is preferably 3 to 10, most preferabiy .

15  Preferred compounds of formula (1) are those where mis 0, nis 0, and Y is
hydrogen.

Compounds of formula (I} and (lll) may be prepared by standard methods of
peptide synthesis, for example, solid-phase peptide synthesis, for example, as
20  described in Atherton, E. and Sheppard, R.C.; “Solid Phase Synthesis”; IRL
Prass: Oxford, 1989. Incorporation of the aminoxy group in a compound of
formula (t) may be achieved by formation of & stable amide bond formed by
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io wherein X7 is either -NH2 or -~-HN"_ O__ ~O _/~0 N NH2 O 0 wherein
ais an integer of from 1 to 10, preferably ais | and b is an integer of from

WD t9B0O8M is preferably 3 to 10, most preferably 5. 15 Prefercade2oes/662727
compounds of formula (11) are those where mis 0, nis 0, and Y is
hydrogen. Compounds of formula (I) anﬂfgrll) may be prepared by
staRBEIENRtROBSRIND NS RAISSWE @RaRfikasslidpRaddpdptinduced
syBifesigufRicexefomaias tR sesribedrimésherton, E. and Sheppard,
R.C.; "Solid Phase Synthesis"; IRL Press: Oxford, 1989. Incorporation of
the aminoxy group in a compound of formula (1) may be achieved by
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2727 reaction of a. peptide amine function wjth an )
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syggggagsbgge@rmﬁgﬁmpodiment, the present disclosure provides
compounds of formula (I) and 5 (la) as defined above having use as

reagents useful for the production of radiolabelled peptide-based , ¢
compeundssinemhediesnibodiisisnt tecesanPHIsKIBsuRdiBraRAlES conjugates o

radiglabelige conjugates b formauliméliona sak theseehnasodafinetiformuia (IT1) are
above. Preferred compounds of formula (Ill) are is those of formula (llia):
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or a salt thereof, wherein X' is either Nk or

H :
r 1N
e S O M oy
—H ST NN TN TN \H/\O/\[ﬁe/
O 0

4t wherein a ls an infeger of from 1 t© 10, preferably a2 is 1 and b s an integer of
from 2 to 20 and is preferably 3 10 10, most preferabiy 5.

One particuiary praferred compound of formuia (H) is:



N H, 0rO~b HH ora salt thereof, wherein X' is either -NH2 or H -~HN

0 0 6 Nil O a I5 wherein a is an integer of from | to 10, preferably ais 1

and b is an integer of from 2 to 20 and is preferably 3 to 10, most
WvErABIs*. One particularly preferred compound of formutB{H B S YR G

2006/030291 PCT/1B2005/002727 S ~0JI'~S N ~N N.~N NN N/ O-.
0.~O-z_NyQO-YNHzoNHOHQHOHO00 HO)) NH FIN HN=~

NH2Zz 0 O QNO -0O- ,0-~0 0/~N-"O.N\i H H CIF Suitable salts of the

corfigoupds/ 0 ﬁormula (IM) an éwa)l clydeH5 pharmaceutically

accetabig ~orated from afydidentericy Nz
hydrobt orﬁlcosu L?hlﬁ‘ncomtrgg Hartaris,_ ghoSphoric, lactic, pyruvic, “acetic?
trlfluorgacetlc succinic Cb‘i@.XhC fuma&ri¢, maleic, oxalacetic,

methagiesulpphqric, ethanesuiphonic, p- toluenesulphonlc,

benzgﬁe]sulphonlkiH

Suitable salts of the compounds of formula (I} and (lila) inciude
5 pharmaceutically acceptabie acid additions salts such as those formed from
hydrochloric, hydrobromic, sulphuric, citric, tartaric, phasphoric, lactic, pyruvic,
acetic, trifluorcacetic, succinic, oxaxiic, fumaric, maleic, oxalacetic,
methanesulphonic, ethanesuiphonic, p-toluenesulphonic, benzenesulphonic,
and isoethionic acids.
10

Compounds of formula (i) may be prepared from the corresponding
precursors of formula (IV):
. Y
]m n O
(V)

15

or a protected derivative thereof, wherein L is a leaving group preferably when
mz1, L is p-oluenesulphonate, trifluoromethanesulphonate, or
methanesulphonate or a halide and when mis 0 L is p-trialkyl ammonium sait
20 of p-hitro, and Y, m, and n are as described for the compound of formula (11);
by reaction with cyclotron produced aqueous [°Fl-fluoride, suitably pre-
activated by evaporation from a base (for exampie, from tetrabutylammonium
or KyCOa/Kryptofix-222), in a suitable solvent such as acetonitrile, NN~
dimethylformamide, or dimethyl sulphoxide, typically at ambient or at elevated

-5-



and isoethionic acids. 10 Compounds of formula (II) may be prepared
\I’@%ﬂﬂqz& %ogresponding precursors of formula (IV): YY (IV) 150ra

protec €d-derivative thereof, wherein L is a leaving group pref&EBIORMEaT27

m? 1, L is p-toluenesu | phonate, trifluoromethanesulphonate, or

meihapssiinaonate-onmhRIIAE 200 WeR M s Odwis LAy ammopium, . o

salt ZOBor p-nitro, and Y, % aan n are as di%ib%%%‘%gégo%npounﬁj g{f% on o

forFRIMPEHNCE O SaETerEWIth @i |aisen i Japidiy agnedmied TBRTfevideptected

suitaBbLRAISrsa@iAless by AUAROTGIGEIM BPaRRAr £XBMPIEAAM solowi

tetrabutylammonium or K2C031Kryptofix-2%}2)), inél suitable solvenFtRsLﬁ?:lrhwmg

as HEBRBAHAR, N,N- dimethyiformamide, or dimethyl sulphoxide, typically

at ambient or at elevated -8 WO 2006/030291 PCT/IB2005/002727

tempe e, (thﬁéqmgjﬁi The al rketone function of . = .
~compounds of formula )%ﬁ%ﬁ%@ Eéﬁbaﬂtﬁ)g %’%%%Feegp %O%nﬁ]gﬁmpaunas o

proteBRR fre@isdiashiEk 48 aceantass lksstsBjesiniie aoplapetesent These
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below, the compounds of formula (I) and (ia) bind to receptors associate
witt ERERSSRRSISONTIEeRs Esansialrds Wihyamaisarnassiul for treatment,
in vivo diagnosis and imaging of diseases and conditions associated with
. angiogenesis. in a first aspect. there is provided a method for
inpa s aeRRatBH CrApHeisy reaetion dparadiniisoundion fovmpdisiflayeStion of &

compound of formula (la}:

\\1\41 o TR " Cr . O 3 B
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e
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T HN=={
O/\ NH2
O o
| r 7 .
Oﬁgﬁ/\/odj\/\N)\/O_NHd
[ b H

wherein X is either —=NH, or
HN o N NH,
'{'— TN Ny TN Y\O/\rr}a/
_ d 5

wherein a is an integer of from 1 to 10, and b is an integer of from 2 to 20,



oc\p HN~NJYNN~~N~/N~NX"0a) IHOHoHIHNNO NHHN HN=<
OJT NH2 0 C N, ,0-NHz N H ib H wherein X" is either -NH2 or H NHz 0
0 wherein a is an integer of from 1 to 10, and b is an integer of from 2 to
20, 9 with a compound of formula (11): Y 18F M /\ O (ll) wherein: nis an
integer of 0 to 20, m is an integer of 0 to 10, Y is hydrogen, C,_salkyl
(sutte@smethy B Brmpiiey)t to give a compound of formula (llia), s O s s
HN~NjN~N NjNt', N X7 (Illa) \/

nis an integer of 0 1o 20,

wherein:

m is an integer of 0 to 10,
Y is hydrogen, Cq.salky! {such as methy!y, or phenyl
to give 2 compound of formuia (Iia}):

S s
o) e} 0
HN - \ N;(YE\/KN/Y‘Q\/U\N , ﬁ\)\w X {ita)
H {5 5! d H

/lf\/ j\/\ J\/O———N
b

wherain m, n, and Y are defined as for the compound of formuia (11} and the vector is as

defined for the compound of formula (la).

Sa



HOH_H POHHO NH/2 HNHNCONHSOY 0JIBin HL~bH
wherein m, n, and Y are defined as for the compound of formula (Il) and
the vector is as defined for the compound of formula (la). 9a In a second
aspect, there is provided.a co f I i

i & a.compeund,of formulailla)as.defined akare. In

n aﬁ‘:‘i'%? éi'ss%eé;c‘ti reerg g%\?b\?ld%% a %ompound of for?n{)?ﬁaq(llia). SCSS-~4y
H'X(Ma) N ~"i. yjN NN JY(NJN1Ce (VHONH HNHNCONH_cy -

In a%tjfd%sSpHe%tot}'lﬂfltrleis Hqia salbihesanl whersiniR ig@n integer of O to 20,
m'is an‘iniéger of 0 to 1.0, Y is hydrogen, Cl_6alk5yi (such as methyl). or
phenyl: /

{
5 8 y
oy .\
o o 0 0
R H FooT H [
mn._ L ,)&N\)J\, N /K}W(N\/LK St (liza)
U S i WY
O ;\ 8] \M O '\ O
0 /N
HO
NH =
HN HiN=
5

v
! - e} | JU— 1B
i 1 AN o LF
Ga\ﬁj’_‘vowuj\/umNW

or a salt thereof wherein n is an integer of 0 to 20. m is an integer of 0 to 10,
Y is hvdrogen, Cialkyl (such as methyl), or phenyl:
X7 is either —NH- or

o) I 5

o)

wherein a is an integer of from 1 to 10, and b is an integer of from 2 to 20.

in a fourth aspect, thers is provided a radiopharmaceutical composition comprising an
effective amount of @ compound of formuia (Ilia) or a salt thereof, as defined above:

together with one or morz pharmaceutically acceptable adjuvants, excipients or diluents.

In a fifth aspect, there is provided a compound of formula (Ifia) or & salt thereol, as

defined above. for use in medicine.
in 2 sixth aspect, there is provided a compound or salt as defined above for use in in the

in vive diagnosis or imaging. for example by PET, of a disease or condition associated

with angiogenesis,

9%



X' is either -NI-1, or H NH2 HNC/~0~\i0~/~0~/N~O a 0 0 wherein-ais an

integer of from | to 10, and b is an integer of from 2 to 20. in a fourth

aspect, there is provided a radiopharmaceutical composition comprising

an effective amount of a compound of formula (llia) or a salt thereof, as
Idefieath Gibovec!. ttgethe pwithioshe @mmove phasaiacedrivadly Accepidibtein the in
, Vi : ! X, S, n.a.fi - vide  far
xz%gjﬁla%ﬁlseéﬁﬁpﬁr%%%c {ogi&'fr?{e]:ts acilzﬂh 1£%H{ﬁf 8‘%3&16?55?5!@&{81&91 t% a body, for

compound of for (Ilia) or a salt thereof, as defi ove. for use in
CYABUNEI HRLO| e WiRth B PEElt e fedin prafideth AreeRn PO dh i ot Saerisot said body

wflefingd,abgye forusmipindhe:dn vive diaghosis.ar imagindefor example,  said
by PET. of a disease o condition associated with angiogenesis. 9b In a

r%ﬁ@@%ﬁﬁ@éﬁé&?kﬁ@@@ﬁ%@xﬁ&é@%ém%&xﬁui@r@éﬁ &5 dshhidheative defined

aMRerein the in vivo diagnosis or imaging comprises administering a
radiopharmaceutical to a body. for example into the vascular system and
generating an image of at least a part of said body to which said

iragiopharmaseuticalbas @isirikutedusingPES: wheieimesaldi above for use in 2
ratgio harmaceutica g%r)pgﬂrisgs acorpﬁpo@;;nd of formula (llia) or a salt g

THREFSOP Al TS HSGUE P An GABRER' d¥p S HRE &idprovideg a ™ i @ drug to

cemmpoundoat salh asscefined atavectpretseprermathashbafamonitoringdhmethod

-SHect of teatment of.a human ar animal body with a g 1o C?@b%ﬁg%hweof as
CORGRISR A980LATE twith dandsr pre?er%%‘fy angiogenesis aQa{iDd method i

detineprising administedingetaisaididy af compeondoiformuladlilayampeors. said
a %'%r}ihﬁﬁ%%aa%dda%@'é}%%nabﬁ%‘l’c%91‘?91;%%Fa%%%r%gﬁﬂ-%ﬁ@gﬁfe%{es %9%%8{2’:‘&9“”‘1
y cell receptors, said administration ‘and detectiorroptionally but

preferably being effected. repeatedly. In a ninth aspect, there is provided
lusenoith rapkolatieled pomjugateeffommuda(Hia)ied eogalttiherbafrasia (Ila) or a
s%ﬁﬂngg gf.b o gefgrgetdh %brg\?en%é?%ﬁ%%%%aﬁg’&gx}%poqaa?pa %? tlcf%afgeru%%gk 'R use in a
method of in vivo imaging. suitably , and preferably tor imaging of a
disease@bir vive imaging, suitably PET, and preferably for imaging of & disease or
condition  associated with  angiogenesis; invoiving administration of  said
radiopharmaceutical to a human or animal body and generation of an image of at least

part of said body.

The term “diseases and conditions zssociated with angiogenesis” includss
ihese dissases and conditions referred 10 below. Reference is also made in
this regard 1o WO 98/47547.

Diseases and conditions associated with angiogenesis inciude different forms
of cancer and meiasiasis, for exampie, breast, skin, colorecial, pancreatic,
prostate, NG or ovarian cancer.

Other dissases and conditions associaied with angiogenesis are inflammation

(for exampie, chronic inflammation), atheroscierosis, rheumaioid arthritis and
gingivitis. '

Sc



condition associated with angiogenesis: involving administration of said
radiopharmaceutical to a human or animal body and generation of an
image of at least part of said body. The term "diseases and conditions
associated with angiogenesis" includes those diseases and conditions
referred to below. Reference is also made in this regard to WD 98/47541.
Diseases and conditions associated with angiogenesis include different
forms of cancer and metastasis, for example, breast, skin, coiorectai,
gancreatig, prostate, lung or gvarian cancer. Other diseases and

(

BriBRion 1SRRI it PR En e @SBRI R MR o R NEIRISRSRISe, are
shevoicindasn BRinmticibcacielesitafcURmisibRiHyHis A dicinaidHss,

9c Further, diseases and conditions associgted with angiogenesis are .
QR tent e ATSTon S HAPER ton O LA Hoc JSRAGTIRS. - Typerpiastc
ghidbtastoumas, igiberag, henyecaiionas (chiidboedricsipjllakapbsipaiemasnma,
r i tri j ic dium, endometrigsis, Kaposi
i R D R S
BEfphé&iapanterpRiRutyitisstoaariesiss, mitasithy efiiapatiny (uidibestidive),
BERIHSHRHYR), sSRIRT SRR SRRURAPaSAfgLIcerative colitis. The present

invention also provides a radiopharmaceutical composition comprising an
effective amount (e.g. an amount effective for use in in vivo PET imaging)
The corsponndrobaaseraliferpuiitdd) er (Aalnasaichinien’ «3thWition
2006/030291 P /8]?82005/002757 as defined aboye, together with one
PGS BR A SEEGHEIF SR bt 2HuBTEHE" SUERNALS: tfidhtd Aivo

FrETemeabepotianemrhpbing v etataalto(disompoanerof gemeratedr,

formula (1) or (llia) or a salt thereof, as defined above, for use in
medicine,

9d



particularly in the in vivo diagnosis or imaging, for example by PET, of a

disease or condition associated with angiogenesis. The radiolabelled

corzgj ates of of formula (111) or (llia) may be administered_1o to (Pa_ltients
Widr [‘F’?ﬁ?éging in amounts sufficient to yield the desired sila%gkmtyﬂﬁggwm
radionuclide dosages of 0.01 to 100 mCi, preferably 0.1 to 50 mCi, most

preferabh Ci ropaly il rAkarduneigbéeptabl
Th%f@&gg?é&%gg %n}ﬁ%@ﬁ%@rrﬁﬁ%ﬁ@?ﬁig{ r%ay therefore be 1e5p e
foradiixasdsorsipiphistRitiveRifg physiologically acceptable carriers or

excipients in a manner fully within the skill of the art. For example, the

compounds, optionally with the addition of phgrmaceutically acceptable
XA B IR or QUSSIVEE 15 TP Aced EMERHT, eioner
5 theorRauding seluting)asrsa spinsiersthieasheaiietedboed, 29 Vimnediegivine,

a further aspect the invention provides the. of a [ led .
co Hﬁ!%'&@%%fdﬂn%% ('I7I I)V’c‘){f) (ﬁ‘.%?%?%ssa t t‘r‘t%%%éﬁgés@gng r{%ﬁﬁoeg f?? Eﬁ'e or @
matisfackie obadifidiopbsoniatesutithldogiagenssismethod of in vivo

imaging, suitably PET, and preferably for imaging of a disease or
condition associated 25 with angiogenesis; involving administration of said

radityheasiciebatiealcerivgrinsasl of sprmdrpdty et B iBaBs apxinistered
10Mage,gfatdeast part WEH%QQ%M@WQMﬁ stiliurghercasesetdheignal,

invention provides a method for in vivo 30 diagngsis or imagin ?fa :
disa@g@br%ﬁaw@ﬁ%s%ﬁa%d%&%b%&,%ﬂé&@»im%‘i\%fﬁ YdninRERng"
a ragiephasmaasytics) to saltl badynergaindtheuliatent aesySiarbadgveignt.
generating an image of at least a part of said body to -10 WO

2006/030291 PCT/182005/002727 which said radiopharmaceutical has
distTipeteadisingePET ovhgesanf fadivphatiihceut(Eé conyrideergfore be

1sadjglabelied . conjugate aLiatmHIa,6HY opHilamosR ARl HaBERkbie carrers or
excipients in a manner fully within the skill of the art. For example, the
compounds, optionally with the addition of pharmaceutically acceptable
excipients, may be suspended or dissolved in an aqueous medium, with the
resulting solution or suspension then being sterilized.

20
Viewed from a further aspect the invention provides the use of a radiclabelled
conjugate of formula (1) or (INa} or a salt thereof as defined above for the
manufacture of a radiopharmaceutical for use in a method of in vivo imaging,
suitably PET, and preferably for imaging of a disease or condition associated

25  with angiogenesis; involving administration of said radiopharmaceutical o a
human or animal body and generation of an image of at least part of said
body.

Viewed from a still further aspect the invention provides a method for in vivo
30 diagnosis or imaging of a disease or condition associated with angiogenesis
invoivihg administering a radiopharmaceutical to said body, e.g. into the
vascular system and generating an image of at least a part of said body to

10—



W@ﬁ?%’&?ﬂ%ﬁbxic agent, said method comprising administerifg &

5

10

18

20

25

30

5 Viewed from a further aspect the invention provides a method of
monitoring the effect of treatment of a human or animal body with a drug
to combat a condition associated with cancer, preferably an ioé%gnesis

A%y

a radiolabelled conjugate of formula (111) or (llia) or a salt thereof and

delBHing dhe UPIBIH AL I 3B RN HOR S RUATHLECTRIAED. PEAfCT@Rbfein said
endothelia

cell receptors and in particular av(33 receptors, said
adraifirphaioiesdtigetcermnisaronalRoiniesiad sarjusaty efiéyayla (11D or

rengRiedha 8t fRiQIS, during and after treatment with said drug. 15 In
yet another embodiment of the instant invention, there is provided a kit for

the preparation of a radiofluorinated tracer comprising a prosthetic group
of esistiaritinaa darbemaenins afdanventda)povigesos thesttitsd themonitoring

doff 11) d be added to the 2
(0 TR R TR R 0 A SO oA B B e
1-1dndifien ressticatat avitn saxtcementefardriztaeciogEnesi migukSyistoxic
I(é;brgeéggtpggﬂ]dgmgﬁm%ﬂ{%% OLEXANRIG Y £0/dnphase CxRL IR belied

of high performance fiquidchromatography (HPLC) arid collected.

25 @GR RS farmelav@htion(18al wsteasedf (yaneef enexepiprisgrivnigiake of
thegfgllowing, Akbreyiatipns assisedrSe HRl Grishapifumanreepigkidand in
y

chromatography NMR: nuclear magnetic resgnance TFA: trifluoroacetic

acigariauRODESeAFIOPT P SRR B3U05/BB2Y97 i) daiBeiRyy optionally but

preferably being effected repeatediy, e.g. before, during and after treatment
with said drug.

in yet another embodiment of the instant invention, there is provided a kit for
the preparation of a radiofiuorinated tracer comprising a prosthetic group of
formula (I} and a compound of formuta (1).

in use of the kits, the compound of formula (i) would be added fo the
compound of formula (1) respectively which may suitably be dissolved in
agueous buffer (pH 1-11). After reaction at a non-extreme temperature for 1
to 70 minutes, the labelied peptide may be purified, for example, by solid-
phase extraction (SPE) or high performance liquid chromatography {HPLC)
and collected.

EXAMPLES

The invention is iliustrated by way of examples in which the foliowing
abbreviations are used:

HPLC: high performance liquid chromatography
NMR: nuclear magnetic resonance

TFA: frifluoroacetic acid.

11—



min(s) : minute(s) DMAP : 4-(dimethylamino)pyridine THE :
tetrahydrofuran 5 DCM : dichloromethane DMF N,N-dimethylformamide
TBAF: tetrabutylammonium fluoride MeOH: methanol TLC: thin Iaxe_r

W&]"r%‘fﬂgtgt%?g"r‘aphy 1o TIS: triisopropylsilane DMSO: dimethyfé%ﬁ/) Faiaee727
PBS: phosphate buffered saline PyAOP

:[753% bﬁgéﬂg'azol-1-onxytris(pyrroIidino)phosphonium-
hex 'orop. oSphate] 15 Boc: t-butoxycarbonyl RT: room temperature
Exainfsip: IFreéigasaition of 4-trimethylammonium benzaldehyde triflate

(cosppeend JiRR MG ERIMMRIHMAESO3 1 This compound was
synthesised according to the procedure described by Haka et al (J.

LabBiled iy ¥ 9AEBpharms 1989 27(7) 823). 25 Example 2 -
5 PregayntignobRemigesyrecursor (Compound 3) The peptide, Compound

30%%3 S)gtgﬁai%e%ﬁ@ggi%an arg7peptide synthesis. -12 WO
TBAF: tetrabutyiammonium fluoride
MeOH: meathanol
TLC: thin layer chromatography
10 TIS: triisopropyisiiane
DMSO: dimethylsulphoxide
PBS: phosphate buffered saline
PyAQOP {7-azabenzotriazo-1 -yioxytris(pyrrolidino)phosphonium-
hexafiuorophosphate]
15 Boc: t-butoxycarbonyi
RT: room temperature

Example 1 Preparation of 4-trimethylammonium benzaldehvde triflate

{compound 1)
20
/@rCHO
Me,+N
Tf80,-
1
This compound was synthesised according to the procedure described by
Haka et al (J. Labelled Cpds.& Radiopharms 1989 27(7) 823).
25

Example 2 - Preparation of Peptide Precursor (Compound 3)

The peptide, Compound 2 was synthesised using standard peptide synthesis.

L12-



S 0S-SHN~HdNH~NHNH/NH, 00 _OO0Il'0 HD H2N HN=~H NH, 2
J~ pp HN,N~N~~'/ NANNV~pAIO./'p~~np~'NH, XOHOHOp 00 O HN
HN=< Ollly pTNhiO~/~Oi~Ow/~0"NO~~N~O.NA O"\ NH N 3 2) 1
WS 3,6,9,12 15-0entaoxaheotadecane 5 A solution BFEQ% 0051002727
hexaethylene glycol (25 g, 88 mmol) and methanesulphony! chloride

(22.39,195m was kept under argon and
cooled to 0 Cgy eehva’fa*‘baghs A sqlu |on of triethylamine (19.7 g, 195
mmol) in dry F d»élf fseoové%mhrﬁcftarr”'l hr the

cooling bath was rerﬁ a%d‘;th;e Fedgtiorl was stirred for anothéer for 4
hrs. 10 Water gas thén adde the mixture, followed by sodium
hydrogencarbohate (5.3+g, to pH 8) and sodium azide (12.7 g, 195 mmol).
THE was removed by distillation and the aqueous solution was refluxed
for 24 h (two layers were formed).| The mixture was cooled, ether (100
mL) was added and the aqueous phase was saturated with sodium
chloride. The 15 phases were separated and the aqueous phase was
extracted with ether (4 x 50 mL). Fhe combined organic phases were
washed with brine (2 x 50 mL)

HNNJLN \/[LN"\I]/N"\)L J\{N\)L \\rN\/“ NGM‘DNNY\DW’NH

H

AN
NH
My mm(NH

o i
C.
OJ\NNO\/“O"\/Q\/\GNO\/‘hﬁLO'gk Uk
H

3

e

{a} 1.17-Diazido-3,6.8.12 15-nentaoxaheptadecane

5 A solution of dry hexaethylene glycol (25 g, 88 mmol) and methanesulphonyl
chloride {(22.3 g, 195 mmol) in dry THF (125 mlL) was kept under argon and
cooled to 0 °C in an ice/water bath. A solution of triethylamine (19.7 g, 185
mmol) in dry THF (25 mL) was added dropwise over 45 min. After 1 hr the
cooling bath was removed and the reaction was stirred for another for 4 hrs,

10 Water (55 mL) was then added io the mixture, followed by sodium
hydrogencarbonate (5.3 g, to pH 8) and sodium azide (12.7 ¢, 195 mmol).
THF was removed by distillation and the aqueous solution was refluxed for 24
h (two layers were formed). The mixiure was cooled, ether (100 mL) was
added and the agueous phass was saturated with sodium chioride. The

15  phases were separated and the agueous phase was extracied with ether (4 x
50 mL). The combined organic phases were washed with brine (2 x 50 mL)
and dried (MgSQy). Filtration and evaporation of the solvent gave 26 g (89 %)
of a yellow oil. The product was used in the next step without further
purification.

20
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and dried (MgSO4). Filtration and evaporation of the solvent gave 26 g

(89 %) of a yellow oil. The product was used in the next step without

further gurlflcatlon 20 -13 WO 2006/030291 PCT/IB2005/002727 (b) 1
WRANGGSE 9 12.15- pentaoxaheptadecanamine To a V|gor0{gW§ﬁV$@892727

suspension of 1,17-diazido-3,6,9,12,15- pentaoxaheptadecane (25 g, 75

Mg 1y 04 HGIA2011k) iRt SOl AT heny phosphine

(19: ove rs 5 atroom temperature. The

reabion MixtMIGOTPS ¥tirr Tf@ﬁ’adcﬁﬁ&ﬂﬁ[‘%‘@%rs oFhe hh4gdezifiors 8.9,12,15-
4@%&6&&@@@&@&%@%&@#@0@%}@ Qmoﬁﬁlﬁ)\%@m&d a
X 40 m e aqueous phase w in an ice/wager
pHWﬁét'Qﬂjﬂgfé'H 8"1@89%‘1‘?0 8 8|I§ PO aK/[Q?,T ?(?gé WI;I\% over 3 hrs
sngm@hﬁm@mnd’mwzm&nmﬂh&m@m viaethken aquitichal 24 hrs.
ic ethane (150 mL). The, or hase w
R R T e S
derifiddrdnyedhetmesayass)sTbetamonys ESAHMSyAMIooled curatdas water
307 | t e
furtﬁer p%?ﬁcau 09H ?c? g&&?@' T‘Q%?/Lé?ﬁﬂtfﬁ‘n QJ? élﬁﬂ SRR Wydroxide.

Azido-5-0x0-6-aza-3
15, Ieelaﬁéﬁe@&aeheeeawee selacestatasiugon cﬁﬂe Dfoduc’t was taken up in

1017~ %%%&%&%@W%)ﬁh?ﬁ@ %ﬂ@n é&eaéodﬁyeo Nﬁbscu) and
dichloromethane (100 mL) was added glyco anh A%cros

55 RRRBANTHEGCRLRE PP i Ra sfred BURMhRjht! %%W%dégm‘f‘@d

tmhorajg:ogeﬂy’ggﬁ% M&@:@ﬁeﬁmaﬁimﬁmwﬁ@ddﬁdﬂ(ﬁd?m, found
e on to completion e splut .

yellg\(}%rggﬁu At AEEEEBR LY mlé \/I]\.(})é] er ggcgv ﬁ%ﬂﬁeﬁ%ﬁo c\%éign.

isolated from the aqueous phase by continuous extraction with

e dIChigramalians e, wﬁqeﬁéemesame&s@m&vs@agavea

yielt™o Was characterized by ESI-MS analysis

mmol} in d:chioromethane (100 mL) was added dlgiycollc anhydride (Acros,
8.4 g, 55 mmol). The reaction mixture was stirred overnight. The reaction was
monitored by ESI-MS analysis, and more reagents were added to drive the

20 reaction fo completion. The solution was concentrated to give a yellow residue
which was dissolved in water (250 ml). The product was isolated from the
agueous phase by continuous exiraction with dichloromethane over night.
Drying and evaporation of the solvent gave a vield of 18 g (85 %). The
product was characterized by ESI-MS analysis (MH" calculated: 423.20;

25 found 423.4). The product was used in the next step without further
purification.

(d) 23-Amino-5-oxo-8-aza-3.9.12.15,18.21-hexaoxatricosanoic acid
23-Azido-5-0x0-6-aza-3,9,12,15,18,21-hexacxatricosanocic acid (9.0 g, 21
30 mmol) was dissolved in water (50 mL) and reduced using Ha(g)-Pd/C (10 %).

The reaction was run until ESI-MS analysis showed complete conversion o

-1 4~



25 found 423.4). The product was used in the next step without further
purification. (d) 23-Amino-5-oxo-6-aza-3 9 12 15 18
21-hexaoxatricosanoic acid

WIS S B ox0-6-aza- -3,9,12,15,18,21-hexaoxatricosanoic g&?ﬁ”(%)a‘"ﬂ”

30 mmol) was dlssolved in water (50 mI ) and reduced using H2(g)-Pd/C

(1Q @)dgg%ﬁesﬁ; AR SisiStoned eamplgiR product

conversion to -14 WO 2006/030291 PCT/I82005/002727 the desired
provee Lgas! in Sarcudadeparithors fuahse pyifieakosrude product was
used in the next step without further purification. (e)
(Boc aminooxy)acetyl- PEG( -diglvcolic acjd 5 A solution of
diclRloasembsenrke i EERI0 AVEIoERAIGioxan (2.5 mL) was

5 adﬁ*@ﬂdﬂﬁﬂ@Wlﬁ&ﬂ@y@l@ﬁbﬁ}@ﬁr@b(ﬁﬁmmEi@mgaﬁﬁm ROIGIAT LimEr2(SG mL)
mmol) and N drox ccini 2 2 50 mmai) in dloxa )
SRS R R e
tralfm‘eotpdntm ﬁmmmysmesmdmddtéﬁ‘l&‘hms@lﬁibmm in dioxan (2.5 mL).
23 t

W r}%act? !\Y9 r;gdga? {%ﬁl ﬁcgr @% 9%@ HERSAYR 3R (B dberred

5 mmo ymorp .50 mmol) in water (5 mL).
Thécrnmtureavagrsnmeét RATFGIHBOOMIA. @9@@5 PlalysieaHBRregpxo-6-aza-

congpje;g qgnﬁ@ﬁ'%ﬁédﬁﬁiﬁé&rﬁ%@m%ﬂ (Mg cgjculated: @%@8 and N-
found 570.6). The crude product was purified byggreparatlve HPLC

(colAiRYPREMSHIRN X 88/ LarR SpesiBY280 b F1L90 MR MHehERaRS stired
214 npar erpdientir0-581%0 8 svaly BO Wb eienibiatd 20/0:4r Yo FAtapdidsired

of SURSBFOURIEL FREAERE s R By P (cotomn:
Pherremends bududpvEESp@jficaD by 2pddpmratide tdBliéh{@ddrmm Phenomenex

g RN 8o i 00 IS 5o
confitrmaiowlvens Sarried B0t eNVIR angifsis. Q@)emitfdg&@r%ﬁ‘ FA, flow rate:

(BogrARINRgNAReeirid Se(Bladist sglisariddaoamepound

The product was analyzed by HPLC (column: Phenomenex Luna 3p C18 (2),

50 x 2.00 mm, detection; 214 nm, gradient: 0-50 % B over 10 min where A =
20  H-0/0.1 % TFA and B = acetonitrile/0.1 % TFA, flow rate: .75 mL/min, Rt =
5.52 min). Further confirmation was carried out by NMR analysis.

(f) Conjugation of (Boc-aminooxy)acetyl-PEG(B}-diglycolic acid to Compound
2

25  (Boc-aminooxy)acetyl-PEG(6)-diglycolic acid (0.15 mmol, 85 mg) and PyAOP
(0.13 mmol, 68 mg) were dissolved in DMF (2 mL). N-methylmorpholine (0.20
mmel, 20 pL.} was added and the mixture was stirred for 10 min. A solution of
Compound 2 (0.100 mmol, 126 mg) and N-methyimorpholine (0.20 mmol, 20
4L in DMF (4 mL) was added and the reaction mixture was stirred for 25 min.

30  Additional N-methyimorpholine (0.20 mmol, 20 L) was added and the mixiure
was stirred for another 15 min. DMF was evaporated in vacuo and the product

was taken up in 10 % acetonitrile-water and purified by preparative HPLC



2 25 (Boc-aminooxy)acetyl-PEG(6)-diglycolic acid (0.15 mmoi, 85 mg) and
PyAOP (0.13 mmol, 68 mg) were dissolved in DMF (2 mL).
N-methylmorpholine (0.20 mmol, 20,uL) was added and the mixture was

Yirfed 4810 min. A solution of Compound 2 (0.100 mmaol, EE'E”;%@’)“%‘&"'”

N-methylmorpholine (0.20 mmol, 20 ,uL) in DMF (4 ml-) was added and
m%&%%iﬁpﬁﬂgﬂHﬁé’H@ EUHQQSPC%@ iNo>3p AAEHiONAm, detection: UV 214

ethylmorpholine (0.20 mmol, 20 AL) was added and the mixture wa _
StiftBH @ieaitsthier-b8 inB VR \i8s BUhBBIaIE Ain~ aliy G d e prodht B =
e
- ] c n: Phenomen u
o REIS) IO DIPTSR, EP54! o AR eeRo D) BCOOH
5 OVefrddiann B3 &/ B di280ide%aRcAcand iBons sxe tlruudp£0idrded BA mg (50
flow, rate: 10 ml/min,) affordin I .
purhialish B A PERNRSS Abldsy B o i 3 © 78
B, @héfvisd samedetaniitions daBave) arfstiesd 993 gy Boovey. Tthenn where
oductwaganalysge nHRLG alumshenomenex Larscip, Gad (Rle: 0.3

pr
50 x 2 mm, detection: UV 214 nm, gradient: 0-30 % B over 10 min where

A =MEADI0. R 1S O hidr Bhe Rt B ackRse B b as SRITee ogiasing

1o MLABIRL A2t M Furhespmdyueh shaoaasrisation was carried out
using 1o ESI-MS (MH22+ calculated: 905.4, found: 906.0), Example 3 -

Chemoselective ligation of 'BF-fluorobenzaldehyde to Compound 3 to
give Compound 4s o p o F/s~/ s HN. NI.LN N~N N NpNNNY pO NH H p

g l_h&lgr%i_'e lgl 8??egwgé§ective ligation of "®Ffluorobenzaldenvde to Compound
3 to give Compound 4

S
8 s
© o o g N H
HN\YjLNjiﬁrﬁ\fJ{N’Njfn\fﬂkwl\fﬂ\f}LN N\,’\O/\\/O\,raof\\/Njrﬁxozxm,NW
B H B H H & & Hoog H H O 0 o
o

{ & 0

N HN=={

NH
o ,

O\ o

OJ\P{/\/O\/\O/\/O\/\QNOM\HJ\/&N&\@\
15 F
4
Deprotectioh of peptide 3 was carried out by addition of TFA containing 5%
water to 10mg of peptide. The Boc-deprotected peptide (5.9 mg, 0.0044
mmol) in 1 mi water was added to 4-fluoro benzaidehyde (Compound 1) (1.1
20 mg, 0.94 i, 0,0089 mmol) in 1 ml acetonitrile. pH of the mixture was 3.5, After
45 minutes at 70 degrees the mixture was purified by reverse phase
preparative chromatography twice (Phenomenex Luna C18 column, 00G-
4253-N0; solvents: A= water + 0.1% TFA / B= CH3CN + 0.1% TFA, gradient:
10-40 % B over 30 min ; flow 5.0 ml /minute; detecied at 214 nm), affording
25 2.0 mg (32 %) of pure compound (analytical HPLC: Phenomenex Luna C18
column, 00G-4252-E0; solvents: A= water + 0.1% TFA / B= CHsCN + 0.1%

16—



25

HO NH HN HN=< O NH, Ol O O~N” H)LIO, 15 4 Deprotection of
peptlde 3 was carried out by addition of TFA containing 5% water to

eptide. The Boc-deprotected peptide (5.9 mg, 0.0 4
W egr}was added to 4-fluoro benzaldehyde (Compounc%lQ %%E? £927

mg O 94 pl, 0.0089 mmol) in 1 ml acetonitrile. pH of the mixture was 3.5.

A:?Faﬁfg\%ﬂl%ﬁ?n ‘?{t}t x5 %%eﬁéhggn@swreﬂws porifiedrainieyerseephiaseime
atogr W -

B AR RA G 10 1206 TR | D) AT B B Ragon ws

gragipnda d@-48ifg &@yesg@cmm,etmgwgmmmwmm tietgce et P14

nm), affording 25 2.0 mg (32 %) of pure compound (analytical HPLC:

Phenomenex Luna 018 column OOG 4252-EO0; solvents: A= water + 0.1

5 % Ekéiie 33291 PCT/1B2005/002727

TF@e% gl nt: 10-50 % B over20 m|n fIW 1.0 ml /minute; retention time
16 s, detected at 214 and 254 nm). Further characterisation was

carr.éefic;gtw;.@n{gnnas&éf&ém}nwy GRARYQRISANNI riedainothfr-prgsgnoe of

iewgthesisal A8kammRy and fﬂao%@mﬁk baaﬁyﬂy@ri@@m. 1M
to 3 Bq) was azeotroplcally dried in the presence X 222
(GBI DS RER oAU U EAEE N PeA ke SBBERL Mo GBiLo te

ml:? \gﬁwmhym&mmwd@r&%cﬁdédl%d%\%@mmm@mmg thisfingetd0<40°C, a
5 .
XQ.Smi acetonitdie were added and evaporaied «IRE CAga AN cuso)

. was added. The reaction vessel was sealed and heated to 890°C for 15 mins to

effect labelling. Meanwhile, Compound 3 {6mg) was treated with 5% water in
TFA {200ul) for 5 mins at RT. The solvents were then removed in vacuo. The
deprotecied peptide was redissolved in 0.1M NH,OAc buffer, pH4 (0.4mi) and
combined with 4-'®F-fiuorobenzaldehyde in the reaction vessel. The reaction
vessel was sealed and heated to 70°C for 15mins to effect conjugation. After
cooling to room temperature, the product was obtained by preparative radio
"HPLC (column Phenomenex Luna C18(2) 5 ym 10 x 100 mm, solvents: A =
water/0.1% TFA and B = acetonitriie/0.1% TFA; gradient 15-2 25% B over 5
min: 25%B for 12 mins; 25-50%B over 10 mins; flow 4.0 mi/min, UV detection
at 210 and 254 nm). The product fraction was diluted with water (10mi) and
loaded onto a SepPak C18-plus cartridge (conditioned with 10ml EtOH and
20ml H,O). Compound 4 was eluted in ethanol (1ml). The ethanol was
removed in vacuo and compound 4 was formulated in PBS.

Method 2
a) Radiosynthesis of '*F-flucrobenzaldehyde

®r.Flyoride (up to 370MBq) is azeotropically dried in the presenée of
30 Kryptofix 222 (5mg in 0.5m} acetonitrile) and potassium carbonate (50l 0.1
solution in water) by heating under N2 to 110°C for 20mins. During this time 3
x 0.5mi acetonitrile are added and evaporated. After cooling to <40°C, a

17 -



solution of trimethylammonium benzaidehyde triflate (Img in 0.4m1
DMSO) was added. The reaction vessel was sealed and heated to 90C
for 15 mins to effect labelling. Meanwhile, Compound 3 (6

; ma).was
WRSAEHNAH 59 water in TFA (2001) for 5 mins at RT. The %’c%zf/e‘% WY

then removed in vacuo. The 15 deprotected peptide was redissolved in

0-%Mﬁ%ﬁ%@ﬁ&@%ﬁféﬁ%&%@%ﬁ%&%@mwm mg in 0.4ml DMSO) is
4-18F-fluorobenzal

[dehyde in the reaction vessel. The rgaction, vesse| w
seisehnbhReREIIRN #5ESR) e SRARTS %Q@@E%%ﬁ?ge% o%] }Wft}a%/"%% Ilfﬂggﬁed
{0 RIS MPREASHRIShAspETBHCViasrebiginediby rirepacativismaptivature. and
HPLC (column Phenomenex Luna C18(2) 5 ,urn 10 x 10 Nis;
T R s e T e R e
OVRING eRting 2590 Beftr demi(me25HaiisEdverithO etiianoti dar 42Getaniiie) and
UV detection, at 210.and 254 t fraction w il ithy
wal é\?‘iioﬁﬂ?aﬁ&‘%ﬁd 9 2 O%gyé%%@g%@l i Fagiios wesdildigdhwitdin be

oaded ont plus cartridge (conditioned

wittohOent EtOHusing 20618 IS2epaoRbiIR wabamRdaREmaibre eluted

(1@)8&' = ﬁmgnol was 25 removed in vacuo and compound 4 was
formulated‘

18F-fluorobenzaldehyde 18F-Fluoride (up to 370MBq) is azeotropically

in PBS. Method 2 a) Radiosvnthesis of

10 drigd in,thespipsence ShRakyPinfix 22 (Hiurgabadbanieagetonitrile) and

20

25

30

potassium carponate (S50pl 0.1)) solution i r) by.heating under. N
116CTECHHRMRLS Iﬁﬁﬁ%ﬁ?tﬁ“l@ti%@ y#@ﬁ.@nﬁﬁ%&%ﬁnﬁﬁl?ﬁe %gté%%%qrf)dé Hure.
evapes atiteiiiiereanbngdmsdoCha edabvaie0B/dS0zaLum. The peplide is
PCT/IB2005/0027 it f frimeth ' ' iflate 18z
(L TGO DH L TS et ot oL ol SaR s fntele e
heditestab=90@IdahyBminstie effeviorbenisy. The traaiorexeasnl isgslers and

150
will I .
(préwoneratied HRPEIEHALIBP RS RPRAL ﬁt@é‘*&ﬂd%&éﬁ%ﬁ%??”bed
acqlpiEipbuipbMbyteBEThe eluate will be

led, o room tepapgratyee and (diluied.by-adgition af viFer. ThsiRyxtdreroom

€ passed sequentially through 5 ion exchange cartridges

Biological Data

Binding Studies

Using cell membrane preparations known fo express the avp3 integrin
receptor, competitive binding studies were carried out using "*“i-echistatin and
the F-10 labelied peptides as competing figand. Binding curves were
obtained and Ki's calculated using Prism™ software.

Compound 4, had a K value of 10 nM.

Biodistribuiion in Lewis lung fumours

Mice (male C57BL/B, ca. 25 g) were injected sub-cutaneously into the inner
right thigh with Lewis lung carcinoma (L.LC) celis (0.1 mL, 1x107 cells/mL in
medium). Animals were monitorad for tumour growth for up fo 15 days, with

1B



concentrated using a C18 Seppak, and the fluorobenzaldehyde will be
eluted in acetonitrile. 10 b} Coniuoation of Compound 3 and
W?g;%‘SEFJLI;;(J}%rI(t)benzaldehvde Compound 3 is treated with 5% &’@Eﬁ%&ﬂ@%&m
f"'5mins at room temperature. The solvents are then removed by
evaporation under vacuum. The peptide is redissolved in 0.1M NH4OAc
buffer A4 (.armd) AR & FRRIBedbAIB bR aBupspbensaiteidesst taeel of

reaction vessel. The reaction vessel is sealed and 15 heated to 70C for
15#iBISAB Rt conjugation. After cooling to room temperature, the
p;qvéugéiémw rmlé yiceneparatve tadiF B dasdie soritae-fearinghwimals
1) or by SPE. Biologjca] Dat indin j ing.cell
prd{EFaE {%Séﬂ@ies%ﬁlf 31\?(3 'ﬁ;@%ﬁﬁiﬁeﬁée%o% c@r?}\%égﬁ/ug bolus
5 binginthstusiiesaiveracaaredis ttrusingdRShjecitstaniaaly psmepthagnased.
laelled peptides as peting | Binding biainsd-asstine,
K;' ‘é%l%: Ia%ég%%hggﬁ}%mwggt%{;g%. Combgﬂ%ﬁj%ﬁ;&&@gﬁe of ne
10thivoiGOiBiadistB i o ReCeRi s Ndng ARREUFSIRIR kel Biszaeies, ispues
25 Q)avBrs,INigSiagSURiEHEANRANSNS ita theuRRey (obtdBighivitbtieamma

lung carcinoma (LLC) cells (0.1 mL, 1x107 cells/mL in medium .Angn%ls it
WeFBURSHIRIRETOr fineRF AR AR A5 Y SUHRNVELG fiRgies. Resuls
1o 20QR{1Q30284-BCT 4 B2OQRI002 %%  thiatimeidgigeted during model
development as it showed the highest level of angiogenesis. To
determine the biodistribution of 18F-compounds, tumour-bearing animals

wetiiinecteshwiis teistitte{ornl aiLC5-MMBY/Mnl) dsamintagehoyls Lung

bolus

fumour model. Summarised data over time. Average data (n>3) of 5

independent experiments, presented as Mean (SD).

15  Table 1
TIME | BLOOD | MUSCLE | LUNG | LIVER | TUMOUR
(MINS | %ID/G | %IDIG | %IDIG | %ID/G | %IDIG
PL)
5 6.35 1.78 654 | 8.01 2.69
(2.34) ©57) | (171 | (1.03) (0.53)
60 0.84 0.56 242 1.48 1.84
(0.39) (023) | (0.80) | (0.85) (0.45)
120 0.45 0.27 147 0.89 1.49
(0.13) ©.07) | (0.28) | (0.29) (0.32)
TIME TUMOUR: | TUMOUR: TUMOUR: TUMOUR:
(MINS P.L) | BLOOD MUSGLE LUNG LIVER
5 0,48 1.62 0.45 0.46
€0 0.27 3.60 0.95 1.35




10

5 via the tail vein. At various times post injection animals were
euthanased, Muscle, kidneys, urine, lung, liver, stomach, small intestine,
Iarge in testlne thyroid, tumour were dissected and a blood s %5?\'7\%}[%%7

WBigseiedtissues and blood samples were weighed and coun
automatlc gamma counter system) At Ieast three animals per time point

T per gram o
ompound 4 in t € mouse Le IS

15 Table 1 TIME

mdependent experlments presented as Mean (SD)

BLGODMIASEIE blotisrbvior TONMOUFOYMING 9ithRs Dbie baisung
%t%@i@@ég‘fl | iR FI8 S DA Hhahled 34D Sediifid 1836 Yata
12 1.48 1.84 0.39 0.23 0.90 0.65

m4ar%§ﬁ;5027117

0.89>B U @@Q&Mﬁ@?@%@ims@tifﬁﬁﬁ@%
D MUSCLE LUNG LIVER 5 0.48
9 WO 2006/030291

TUMOUR: +
4 275 1.35 -
71298, %ﬁs&m\@aﬁébn”oﬂr M

biodistributiol of Con poufid 5:[331 tﬂe @u?e Lewis Lung tumaur model is
shown in Table 2. S ,mmarls%d data r time. Average data (n>3) of 5
independent%perﬁﬁ,ents, presented as Mean (SD).

é

F

5
Table 2
TIME | BLOOD | MUSCLE | LUNG | LIVER | TUMOUR
(MINS | %IDIG | %IDIG | %IDIG | %IDIG | %IDIG
P.L)
7.30 2.27 857 | 76 410
5 1 (1.3 (0.6) (1.4) | (0.9) (0.9)
0.80 0.87 337 | 370 2.07
60 (0.2) (0.3) (0.5 | (0.9) (0.3)
0.71 0.44 203 | 2.28 142
120 | (0.2 (6.1) ©.4) | 09 (©.3)
TIVE TUMOUR: TUMOUR: TUMOUR: TUMOUR:
(MINS PL) | BLOOD MUSCLE LUNG LIVER
5 0.8 1.8 0.5 0.5

20~



s OO0 O0O; NftiOs ~.N NH N.J~NN.~N.JN~N~N~O O 11"0O~~0 000
O\OO0~ NN=(ON 5F5 Table 2 TIME BLOOD MUSCLE LUNG
LIVER TUMOUR (MINS %IDIG %IDIG %IDIG %IDIG %IDIG. P.l.) 7.30
W8 B 6 4.10 51.30.61.40.90.9) 11 0.900.87 3.37 370207607
0.20.3(0.50.90.3 0.710.442.033.281.12 1200.20.10.40.90.3 10
ORTTOMOURT TOMOUR. TUMOURT (MINS P.I.y BLOOD
gusng LUNG £®ER{5 0.6 28 0.5 0.5 -20 W® 2006/0302%9%6
CT11B2005/002727 602.32.6 0.6 0.6 1201626 0603 The
é“ddltl?gaal PEG m@c')éety in compg%nd 4 imparts sd%nlflcantly moge,

The additional PEG moiety in compound 4 imparis significanily more
favourable in vivo characteristics. Specifically the remaining activity present in
background tissues such as blood, muscle, lung and liver for compound 4
5 after 120 minutes is substantially less than for compound 5. Subsequently
tumour:background ratios are significantly better thus enabling imaging.

21—



) 10 L ‘
) . wherein a is an integer of from 1 to 10, and b is an integer of from 2 1o 20,

15

20

[
wh

favourable in vivo characteristics. Specifically the remaining activity
present in background tissues such as blood, muscle, lung and liver for
compound 4 5 after 120 minutes is substantially less than for compound 5.
Subsequently tumour: background ratios are significantly better thus
enabling imaging. -21 CLAIMS ‘1Q#idiod for radiofluorination
comprising reaction of a compound of formula (la): 5S HN HNH" NJHNH

LR L

"form”‘aa% ‘b is an integer of from 2 to 20, with a compound of formula (I1): Y 18F

(1) 15 wherein: 20

HN\/LL(\)J\N/\H/N\/H‘LT(\)L X' (ta)

- wherein X:is either ~NH; or .

: _ s

0

with @ compound of formuila (It):

'18F T

(W

whersin:

0.



N

15

25

25 -22 nis an integer of 0 to 20; m is an integer of Oto 10; Y is hydrogen,
Csalkyl (such as methyl), or phenyl to give a compound of formula (llia): 5
S SSHN NN N"™N jN~N"x(llila) HOHO~=HbHOHO NHHHN==~
NHZ OO~rvYF ONHO N 1n-~(mto H }bwhereinm, n,and Y are

n is an gedgredfdad@Othe compound of formula (1) and the vector is as defined for

-m is antigegenapewbof formula (la). i0 15 20 25 30 -22a 2. A method

Y is hy%%ﬁ&ﬁd&%é&y?@b% ]aéN rQe W or pﬁ'xeny!

to give a compound of formuila (Ilia):

| O.r '_s_ | — .s\ |
! Loty -

- wherein m, n, and Y are defined as for the ccmpound of formula (i) and the vecior is as defined for
~the compound of formula (ia).
210 |

-22an
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3. A method according to claim 1 or 2 wherein b is 3 to 10, and is
preferably 5. 510 15 20 25 30 35 40 -23 4. A compound of formula
(la) as defined in any of of claims 1 to 3. 5. A compound of formula (llla).
S 0s-s HNNN~N~"/NNJ/NN X' (llia) BO HO NH HN HN Jh NH2 O | O\
Y JhpliaF 0LO-NOM H b H - ora salt thereof wherein n. is an integer

2. A meth@ weding ts aritntegesrefi®it0t 10, 5 Y is hydrogen, Csalkyl (such as
methyl), or phenyl; X"is either-NH2 or H NH

3 A methéd according._to claim 1 or 2 wherein b is 3 to 10, and is prafefab.ly 5,

23



0 wherein a is an integer of from 1 to 10, and b is an integer of from 2 to

20. 6. A compound of formula (llia) according to claim 5 of formula s o E!

|1HNJ/NNNNJ ~N N X' (llia) HOHOHHO0HO NHHN HN=~ 0NH2

0 ~0-N 0. H~ Jb H 1Q or a salt thereof, wherein X7 is either -NH2 or r

4 A COIIPRPV’@ Of (S TIHBER % PRt gy SR BRI 1196 preferably ais 1 and b
5. Acmmyaasundtegemﬂéromﬂ to 20 and is 15 preferably 3 to 10, most preferably
7. OHOHHHNJIN
NJIN~N.hN 4jN4 p.O~O-N!O1INH?2 HpSHpHO HOO00 HOp NH HN
HN= ©

. , N N AL N Ve (ilia)
Ht«J\é,JLﬁ \;)‘N/Y \/LN/L“/\)J\H Y "

D
- o HO .
.NH

HIN HN

NF,

I

0 v |

o N/f\/o%\/\ K _o—n m
H b b "

or a salt thereof wherein n.is an integer of 0 to 20, m is an mteger of O to 10,
5 Yis hydrogen Ci.salkyt (such as. methyl), or phenyt
X ea’mer—NHz or

. . v .
: NH
. e o

wherein a is an integer of-from 1 to 10, and b is an integer of from 2 to 20.

- B, A compound of formuia {Ilia) according to ciaim 5 of formula

l/vu\ L(N\)\N,\H,N\)\ l’r B L( e
IR

o
) _
J\ A o )
07N o NJK/O-——N- 2
H 5 N |

10 F

or a salt thereof, wherein X7 is either —NH, or

H
: gl
. o

“wherein a is an integer of from 1 to 10, preferably a is 1 and b is an integer of from 2 foc 20 and is
15 preferably 3 to 10, most preferably &.

7. A compound of formula (illa) which is:



iy

16

20

2
h

30

0L NHO~0 ON.O. -0-~O-~0- .O-~-N"O.NHHF 8. A .
radiopharmaceutical composition comprising an effective amount of a
compound of formula (llia) or a salt thereof, as defined in any of claims 5
to 7; together with one or more pharmaceutically 5 acceptable adjuvants,
excipients or diluents. 9. A compound of.formula (llia) or a salt thereof, as -
defingd ' ; e in medicine. 10 10. A compound or

salf ccorcﬁﬁg—tﬁ—ela'rm—é)—éesuse irbin theHin vivo diagnosis or imaging, for
exaivli iy REX, o sitisegle St sqpithn assaciatod pibrapaioacnesis
11. Acompgund er salt:aceording tel claim 10 wherein the incvivo 0

diagngsis or imaging Srise_s inistering a radiopharmaceutical to a

body, for exampté into the vascular system and generating 15 an image

of atleast, a p_gtiit'lpf said body to which said radiopharmaceutical has

distributed using PET, wherein said ragliopharmaceutical comprises a

compogﬂ%etmmgka\(mwmméfe@ﬁ 4defined in any of claims 5

to 7. 12. Aicompound or salt accordifig to claim-8-for use in a method of
& A monitoring the effect of treatment 20 'offg uman or animal bod gvitft} a

- A ARG SRR SRR EH 3RS WIS R e Brr&rapiyound of fermuta {Hia)

or a saitniyRsernasigeiuel hethoef CETBTiSiiy AdRRIRENy /IS4t BegyPaarmaceutically
accepttinpouacOEfomrata ilmpena salt thereof as defined in any of claims 5

to 7 and detecting the uptake of said compound by cell receptors, said :

administration and detection optiopally but preferably being effects :
o AR Sh R T A D e e PG LG o By o e

ate of formula (flia) or a

“-mediciigglt thereof as defined in any of claims 5 to 7 for the manufacture of a

radiopharmaceutical for use in a method of in vivo imaging, suitably PET,:

.10. A%%BSSE@%PBﬁ@éé&ﬁ%@%&%@ﬁ*ﬁﬁﬁ?&%% GonditiRnASRRCIEhYER, imaging, for

| examp%ﬁ%%s?neﬂs: involvin 2 r}%?mlnlstl’atl n of,tgae{d radlogharmaceut|ca| toa

or 5?1%37%90%' ' ‘FefER i%ﬁdo A 5}38”015 %t least part of said

body. 30 -25 _
11. A compound or salt according to claim 10 wherein the in vivo diagnosis or imaging comprises

_ administering a radiopharmaceutical to a body, for example into the vascular system and generating

an image of at least a pa'ﬁ of said body to which said radiopharﬁ’xaceutical nhas distributed using PET,

-wherein. said radiopharmaceutibai comprises a compound of formula (IHa) or a salt thereof as defined

inany ofclams 516 7.

- 12. A compound or salt according to claim 9 for use in & method of monitoring the effect of reatment

of a human or animal body with a drug fo combat a condifion associated withy cancer, preferably.
angiogenesis, said method comprising administering to said body a compound of formuia (llia) or a
salt thereof as defined in any of ciaims 5 to 7 and detecting the uptake of said compound by cell
receptors, said adminisiration and detection opﬁonaily but preferably being effected repeatedly.

13, Use of a radioiabelied conjugate of formula (lila) or a salt thereof as defined in any of claims & o

-7 for the manufécture of a radiopharmaceutical for-use in 2 method of in vivo imaging, suitabiy PET,

and preferably for imaging of a disease or condition associated with angiogenesis; involving
administration of said radiopharmaceutical to a human or anima! body and generation of an image of

. at least part of said body.

-25-



