DI AGNOSTI C COVPOUNDS The present invention relates to
new pepti de- based conpounds and their use for
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(PET). More specifically the invention relates to the
use of such pepti de-based conpounds as targeting
vectors that bind to receptors assom ated with

angi ogenesi s, in ors, for
exanpl e, the avb onpounds

may thus be used for diagnosis or therapy of, for

eﬂ'Mpﬁ%tslpgqu?c{H I %t'sgg SE}S@W g@&f%ﬂgég%ecggg@?ounds and their use
?ﬁ?#at ; jodtiari p,t; Jﬁg ushf! pBRA em|§§6ﬁq@smoqrgpmw(pgm) More

to nmet and reagents for production of such
pespecrﬁealhaﬁmdnvemmur&ﬂates Théherppe iof stich peptide-based compounds

o SR SR R B SR HAE b AEiGdse, in
BI s Ht fif récepion) Wbﬁémm Qhes(ﬁ}[ﬁ?trité’@rv receptor Such

teract Wlt specific cell types are useful for the
dee:lonvmmdsf magdtmactbevusgd tfor tdaa@msw iarsthesapyaf, for example,

pd?%?&ﬂ% ' 8%:90%%€61§%%m éﬁ%p'%l%ssr g%iqﬁgﬁﬁa ISe Cﬁ@tammatlon -related

t Wi ses, irRE@mnaicid afiitisnhRE tiegbddi'sss@somal Ml Agtiestiefates to
i magi ng and radi otherapy. 18F, with its half-life of

appebodaend| rgagentsfohprosictior of Ructppeplidehasen Fempgunds.

nuclide of choice for many receptor inmaging studies.

Therefore, 18F-1abelled bioactive peptides have great

clThe aapllqatloéntt)f eadipjabaliask bisactive iRePUges oy diAgneRtC imaging is

qug%%héa} 'po?ta}(\ce in nuclear medicine. Biologically active molecules which
selectively interact with specific cell types are useful for the delivery of
radioactivity to target tissues. For example, radiolabelled peptides have
significant potential for the delivery of radionuclides to tumours, infarcts, and
infected tissues for diagnostic imaging and radiotherapy. '®F, with its half-life
of approximately 110 minutes, is the positron-emitting nuclide of choice for
many receptor imaging studies. Therefore, BF_Jabelled bioactive peptides
have great clinical potential because of their utility in PET to quantitatively

detect and characterise a wide variety of diseases.

New blood vessels can be formed by two different mechanisms:
vasculogenesis 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 factors, of which
there are many; one example, which is frequently referred to, is vascular
endothelial growth factor (VEGF). These factors initiate the secretion 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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detect and characterise a wde variety of diseases.
New bl ood vessels can be fornmed by two different
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Angi ogenesis is the formation of new bl ood vessels by
branching from existing vessels. The prinary stimlus
f dthet dther proment rffigcbel amgidgepiatfactoupd to chusriendethelal cells

d o h [ t [ [ [ . Th |
S E TN IR i Ry e e
ﬁg?%rrﬁpge{d'f’et RRYHh fb‘ﬂﬁxse%faéﬁﬂtiﬁuoﬁ@is‘ﬂéeit Sarblfg UNBbH Wessels on the

o, Is vascular endothelial growh factor
( BB plunTére ssideycd@inst undeigat mitphis. sEe eompined effect of loss of

P SoEhEL eSS, AR SR R A RAE e i to cause
| itHé lenbibtheigl taIs & moves umiilgnandkéatrarjeitiemselves, and finally

enzynes. The other prom nent etffect of angiogenic

f doisynihesisetabaserventmentiiane arowyl the ney wegselse and
di vide. Endothelial cells that are attached to the
basenent nenbrane, which forns a continuous sheet

armbisgnapslisvseasihantoin thBgrewtt aad vemodklling df tissvesidhcluding
undergo mtosis. The conbined effect of |gss of o
atwewshehealingy angnfflammalery nerqasesees or s 1Hgrours must initiate

DRSNS FFER ol o AR S BERELS Rhof o i rte o
f igrewthy. Arpisyeridets isseccanipstetby cherdutensticashanges tih endothelial
A RPIF AR I g TUIORT S cne SHERGR: tlg st dSTdr tgodelled i
TSR EEBITE LIRSS A O i, e nor o
t hdseepenipmeimbrane is degrded, in addition to the variety of proteins which
are involved in effecting and controlling proteolysis. In the case of tumours,
the resulting network of blood vessels is usually disorganised, with the
formation of sharp kinks and also 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, but 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 ligands involved in cell adhesion contain the tripeptide sequence
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 that secondary
interactions between the ligand and receptor enhance the specificity of the

interaction. These secondary interactions might take place between moieties



growm h. Angi ogenesis i s acconpani ed by characteristic
changes in endothelial cells and their environnent.
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preparation for mgration, and cryptic structures are
exposed where the basenent nenbrane is degraded, in

alittie Rgariddahd eeosptorethyt afe ipimediately aldjacenttcetherRGDygztiuence
in effecting and controllin oteolxsis. In the case
ofor @l sties that @ne distanti from ¢he, SRABENER-00d vessels is
usual Iy disorgani sed, with the formation of sharp

Ki nks and al so arteriovenous shunts. Inhibition of )
anthieo géfiments targeting antb imiaginge of tiotageina rerapiorsi agsociated with

strategy for.antitunour, ther . _The tran r '
bR SRR VBBl o Db L AR basec
di\2QRA%hat is ShenfiéaRouSelitt stabld. Fuphiermbrs 286 roltetof excretion
the concept al so shows great prom se in inflammation

arigl an \mppdagt &ctonwhemeaesigningeimagingdagenisely, order to reduce
i ncl udi n t herpscl er,osis, the macrophages of early
aﬂﬁ8ﬁggﬁﬁﬂﬁaP?8€$%¥ﬁ8ns bei ng potential sources of

angi ogenic factors. Many |igands involved in cel

adhesi on contain the tripeptide sequence

aryiChiOsKIQA4 deserigns Prplidebaserapympayrisuhich JarIRt ntegrin
R
t ifarthor sacle peptideldased! tormpogede having biility doediagnastic imaging

secondary interaction tween, the |igand and,receptor. ..
erfRERRIEUES @-ﬁ%’bifﬁsciﬁoﬁgf th&q-ReRdings g’H?mPHQE@' application

Se@@?ﬁ@é’é{géngg‘iﬁ% ian riBbghinetitR BLASSIeLRIMRBRIING biologically

noi €t 1 eso and receptor that are
i naativieateetors adiha®EntButdhetesisrtid & peed fyepeptide-based compounds

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

biological activity.

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

comprising reaction of a compound of formula (1):

vector —O—NH,

(1)

wherein the vector comprises the fragment:

BREa R

HO

NH

—— (Linker)—N HN=X
H NH,

with a compound of formula (il):



or at sites that are distant fromthe RG sequence.
The efficient targeting and i nmaging of integrin

woeaspB@9s associ ated with angi ogenesi s i n viveCuaesrnian2727
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therefore a selective, high affinity RGD based vector
that is chemcally robust and stable. Furthernore, the
route of excretion is an inportant factor when

desi gni ng i magi ng agéﬁit itn Joryer 8. reduce probl ens
wi t h background. WO 03/ ) §CI s peptide-gﬁsed
conmpounds which target integrin receptors associ kd
m%ﬁﬁﬂgﬂgiogenesis. However, there exists a need for
fdrthér "such pepti de-based conpounds having utility

f or iscHrai@tedriof Oitodi; ng t echni ques such as PET.

Co- pendi,ng I nternatjonal application PCT/GB2004/ 001052
dégéﬁﬁﬂé@%ﬁﬁfﬂ§@§3igitable for labelling biologically

aG} |\ r ' ﬁ:ﬁe R pl i1l a need for
pg{)lsl &&Egé@d@éggm&%%a | cﬁﬁﬂgﬁgggjgﬂepar ed rapidly
ard gife a compodupdaidoyeaglagtli)i | have t he desirabl e

bi ol ogical activity. In a first aspect, the present

i nvention provides a nethod for radiofl uorination

conprising reaction of ya conpound of fornula (1):

vector - I) wherfei n the vector conprises the
- | vector ~O—N
fragnent: - - e m
m

wherein m, n, and Y are defined as for the compound of formula (!l) and the

vector is as defined for the compound of formula (I).

This reaction may be effected in a suitable solvent, for example, in an
aqueous buffer in the pH range 1 to 11, suitably 2 to 11, more suitably 2 to 6,
and at a non-extreme temperature of from 5 to 100 °C, suitably 20 to 70°C,

preferably at ambient temperature.

In one particular aspect, the vector in formula (1) or (lll) is of formula (A):

L

S
O§/ S 5 S o
0 TR H H
S S EE WSS NP
= H 5 H = H = H
0O 0] (0] O
} o
HO
NH
— (Linken) —N HN=(
NH,



with a conpound of formula (I1):wherein: nis an
integer of O to 20; mis an integer of 0 to 10; Y is
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give a conpound of forrmula (Il11): wherein m n, and Y
are defined as for the conpound of forrmula (11) and
the vector is as defined for the conpound of fornula

(1),. This, reactio be effected in a suitable
S(Wr\%ﬁ'ﬂ"',)a"ére‘ éﬁ&kg?(yri n an aqueous buffer in the pH

range 1 to 11, suitably 2 to 11, none suitabl %lto 6,
and at a non[-—e'ﬂwnveommp@mbe’\sf/ cﬁ/‘(\@igf 20C,
suitably 20 to 700C, preferably at anfient g

tenperature. In one particular aspect, the vector in
formula (1) or (Il1l1) is of forrmula (A):wherein X7 is
either -Nhb or wherein a is an integer of from1l to
10wherei aerialanyinteges of fromhk ta i Gkeieferablyiais bart of the
vector in the conmpound of forrmula (I) is chosen to
provi de good in vivo pharmacokinetics, such as

f UL iAREEfRHIEDaR Bf eHEBVectbeln Bl esmpouridief foeswild @his chosen
conjugate of formula (111). The use of |inker roglos .
wite hpeavideegeed i p\fb\{minhaéﬁﬁCQE'”ﬁﬂas’oﬁu%a?%JaE‘g‘Ha e excretion
Si Y C LAnVi ipet + i
VAR g U RS e, PRSP TR8 o of ke
V\/fg?g&pa; ItNiiihSd iffesant dipbphificities andprugretrge aanfsigmificzntyl ¢hgnge the
to be d
in vivg p aarrr?\acokinetics of the peptide to suit the diagnostic need. For
example, where it is desirable for a conjugate of formula (lll) to 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
used. Linkers including a polyethylene glycol moiety have been found to slow

blood clearance which is desirable in some circumstances.

The Linker forming part of the vector in the compound of formula (1) is a C.60
hydrocarbyl group, suitably a C4.30 hydrocarbyl group, optionally including 1 to
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 () comprises a

polyethylene glycol subunit, most preferably the Linker is of formula B:

o

)

Olmf\/Oib\/\”?\% ®)



fromthe body by renal excretion, a hydrophilic |Iinker
is used, and where it is desirable for clearance to be
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used. Linkers including a polyethylene glycol noiety

have been found to sl ow bl ood clearance which is

degHeraipl b isnas dneger rafuinema? ctes 20,Thaad Lisngraferabhnidntp 10, most
part_of the vector in the compound of forrmula (I) is a
cPreferallirocar byl group, suitably a G -30 hydrocar by

group, optionally including 1 to 30 heteroatons,

suitably 1 to 10 heteroatons such as oxygen or o
niTtheotgrm “Bydroabthyl Igrauer mganspani agamie sibkijtuent consisting of

neeerL B opP o SUCK, i UB T 1B RrRlFRlgt urRBtlrated, or
eté?dﬂn@ﬂgg,bms,_ am no acid, or carbohydrate subunits.

Preferably, the Linker formng part of the vector in
the conpound of fornmula (1) conprises a polyethyl ene

PO RSB
IS pr ; -S e term

"hydrocar byl group” neans an organi c substituent
fsting carbon and hydrogen, such gnoups nay

i nchudeQsatfur atied,f unsat wr at gd, Jor taroffatilc portions,
Acc*ﬂﬁ*~sl_,i/prg,{| ~pheiery 3 S I'?: T %r ares(la)
t hose of forgul aZ (1 &): ghekei f X70i s zei tfher & NH 2 or
whereiy a i s an integer of\}:e@ﬂl to preferably a
is 1 d b is an{integer ab

NH

HN HN=
NH,

0]
(@]
X i
0] N/f\/oﬂ\/\NJl\/o—NHz
H b H

wherein X' is either —=NH; or

H
—[—HN\/\O/\/O\/\O/\/N\[]/\O/\I],]a/NHz
0

0]

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 preferably 5.

Preferred compounds of formula (I1) are those where mis 0, nis 0, and Y is

hydrogen.

Compounds of formula (1) and (lll) may be prepared by standard methods of
peptide synthesis, for example, solid-phase peptide synthesis, for example, as
described in Atherton, 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 formation of a stable amide bond formed by

-6-



from2 to 20 and is preferably 3 to 10, nost
preferably 5. Preferred conpounds of fornmula (I1) are

wohomaseere mis 0, nis 0, and Y i s hydrogenPCT/IB2005/002727
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Compounds of fornmula (1) and (I11) rmay be prepared by
standard net hods of peptide synthesis, for exanple,
sqbhétigmhasa pestidedamsnem filrestion, witlbrareaetigzited améd and introduced
described in Atherton, E. and Sheppard, R C; "Solid

Pieitber dyring ek fajlowingthepertide WG‘%S 19809.

I ncorporation of the am noxy group in a conpound of

formula (1) may be achieved by formation of a stable

arth dandiloerda$peate theb pressot iinvendionapiorstesdeorapburds of formula (1)

e o0 RS VB0 6o BBl LBBAT A B ehGhucton of
asr@@!bﬁabe?llﬁé pepBa8HasB\@Mpdndal ovi des conpounds of

formula (1) 'and (la) as defined above having use as
reagents useful for the production of radiol abel ed

| de-based . .
oiBa e rreEC RRCpBRaL e Ript oo PR3GpEIE coppugates of
f gofHUR (111} lor #rsalt &fdreot, ey elefinedsalstwel rRdferbay €ompounds of
Preferred compounds of fornula (I111) are those of

f dormula () arg)thoss obfosaita tIHak eof , wherein X7 is
either -NH 2 or wherein a is an integer of from1l to
10, preferably ais 1 and b is an integer\of from2 to

ZOPa dis pr ; st preferably 5. One
party cubarlg prefepred c ofind Yof forgul af (111])
is:lsm\it,ﬁm %R@N;ﬂ%mﬁqﬁ, " X%|||) (lla)
and(l_iaNicIugIeH : H : H
o} 0 3: 0 O
o]
LW O
NH
HN HN=(
NH,

0
0

lf”ﬂ\ﬁk .,

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

H NH
—[—'HN\/\O/\/O\/\O/\/N\H/\O/\Ir]a/ 2
0]

0]

F

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 preferably 5.

One particularly preferred compound of formula (111) is:



pharmaceutically acceptable acid additions salts such
as those fornmed from hydrochl oric, hydrobromc,

weubglezoc, citric, tartaric, phosphoric, |actPCT/I1B2005/002727
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pyruvic, acetic, trifluoroacetic, succinic, oxaxlic,
fumaric, maleic, oxalacetic met hanesul phoni c,

et ha honi ¢, benzenesul phoni c,
and soet i oni ¢ _aci ds Lonpoungs of formula (11) may
ed-|foomth1e gm%p No precursors of H

aﬂt’\m’\tQTe/r\@ﬁ\/ v~ o~y NH,

wher nHLO s% H e@w ePerably when m1, Q is©O
p- toleéenesul onat ¢4o't |f| u t hanesul phonate, or
nethaesuII_P te or a hali and when mis O L is
ptr IkyI niumsalt or p-nitro, and Y, m and n
areQas) described for the compound of fornmula (I1); by
reacti with cyclotron produce agueous

[ 18F] -G pori@ersti-Pabtypeat i vdt e evapor ati on
froma balse (for exanple, fronfitetrab gnmoni um or

K2Cq 3/ Kryptofix-222), in a suitable solvent such as
acetonitrile, N Ndinethylformam de, or dinethyl

sul phoxi de, typically at anbient or at

eI evat edt enperature, for exanple up to 14(I)C The

$§|‘P&Yﬁ§ % it eLPNehd | E‘{%bBUnc‘Pé 6\0 ﬁfl fahdUl@a) include

can al'so be rap gener at ed romt
prpltamandzupcawasmmalslecamasadddml saltsr skt aB ghbge formed from

ci.d treatnent f owi ng fluori.natj on hawn .
i nhYCh@Cﬁ]ﬁ”Q’l W‘ﬁogmgt ?lﬁPbW'%ﬁ%&Pn@”éégaR}h%%qwc %‘Fﬁc pyruvic,
cogniendsrifioroacetic, succinic, oxaxlic, fumaric, maleic, oxalacetic,
methanesulphonic, ethanesulphonic, p-toluenesulphonic, benzenesulphonic,

and isoethionic acids.

Compounds of formula (Il) may be prepared from the corresponding

precursors of formula (1V):

Y

L
M@Mﬂ%
(Iv)

or a protected derivative thereof, wherein L is a leaving group preferably when
m=z1, L is p-toluenesulphonate, ftrifluoromethanesulphonate, or
methanesulphonate or a halide and when m is O L is p-trialkyl ammonium salt
or p-nitro, and Y, m, and n are as described for the compound of formula (II);
by reaction with cyclotron produced aqueous ['8F]-fluoride, suitably pre-
activated by evaporation from a base (for example, from tetrabutylammonium
or KoCOs/Kryptofix-222), in a suitable solvent such as acetonitrile, N,N-

dimethylformamide, or dimethyl sulphoxide, typically at ambient or at elevated

-8-



formula (1) and (la) bind to receptors associated with
angi ogenesi s. These conpounds may thus be useful for
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and condi tions associated wi th angi ogenesis. The term
"di seases and conditions associated w th angi ogenesi s"
| nénpeestutd) for esbrpls ep tmd40?ithhe aldelmyalecor &eétane function of

Sgemasunas o oeRvlasfan JRae Beidh deberaed fo fipir protectes
ng)%a%@af?'sﬁgh ngs Ué#:%t@kf ben@tisf By mple GRIF afeatiiént following

tastasi s exanpl e, breast, skin, colorectal,
pdluorinatiore, prostate, lung or ovarian cancer. Qher
di seases and conditions associ ated wth angi ogenesi s
are inflanmmation (for exanple, chronic inflammtion),
atAesbowh én dsé s mmumpetnmmbtmmg assajnbelgn gheiaamepounds of

Fyrth
é%re@éndt 33372 BRd b venists 2sPpGRAd Mfl ddBaenesis. These
nﬁ%dﬁr@%ﬂﬁa y SR\ bO Gabkil st TRsatmeht, Qb|vﬂ@tdlagﬁo3|s and imaging of
hemangi omas (chi | dhood, caplllary)

hapseaae'@@ndwwmrwsaepaec@q@mﬁhrangwgermﬁem c
myocar di um endonetriosis, Kaposi sarcomm, macul ar
degenerati on, nel anoms, neur obl ast omas, occl uding

peThd heinal“dRehesy amhids easditions taseacibtud With, apgiogenssis’, includes
retinopathy (diabetic, proliferativ ??cleroderma
sdhpee fiseases andcepndifions rafeired 4o below. Reference is also made in

this regard to WO 98/47541.

Diseases and conditions associated with angiogenesis include different forms
of cancer and metastasis, for example, breast, skin, colorectal, pancreatic,

prostate, lung or ovarian cancer.

Other diseases and conditions associated with angiogenesis are inflammation
(for example, chronic inflammation), atherosclerosis, rheumatoid arthritis and

gingivitis.

Further diseases and conditions associated with angiogenesis are
arteriovenous alformations, astrocytomas, choriocarcinomas, glioblastomas,
gliomas, hemangiomas (childhood, capillary), hepatomas, hyperplastic
endometrium, ischemic myocardium, endometriosis, Kaposi sarcoma,
macular degeneration, melanoma, neuroblastomas, occluding peripheral
artery disease, osteoarthritis, psoriasis, retinopathy (diabetic, proliferative),

scleroderma, seminomas and ulcerative 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) of a compound of general formula (lll) or (llla) or a salt thereof,

-9-



The present invention also provides a
r adi ophar maceuti cal conposition conprising an
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in vivo PET inmaging) of a conpound of general fornula

(1'11) or (llia) or a salt thereof,as defined above;

t egetiBRfiedMdbdventogethemith phercuramel p}aa\rmaoeutleadlyabbeeptable
adj uvants, excipients o r diluents. A preferred
erdsiiavanistexsipients areilegptison rel ates to a conpound of

general formula (l1I11) or (llia) or a salt thereof, as

defi ned above, for use in nedicine, particularly i n

t he dref_evriedoemibagmnelhtsofothe invegtion refates tx anpormpbynd®f, general

g];fgq?ragllgs I Se Hr%)eg? ggele{gt: %{% zggﬁfﬁggt%@v& fojpuse in medicine,
dﬁi‘&ﬂal(l%]h;’r)thg i bivbi Rdgh®sis R AsEPiRYg, Star &brhPle by PET, of a

tlents i magi ng- i n anmounts sufflc:lent to
ylchi;ebs:dmr crlitierdassapiated withprngidgenasisnucl i de dosages
of 0.01 to 100 nCi, preferably 0.1 to 50 nCi, nost
preferably 1 to 20 nCi, will normally be suffici ent
]l?efhe7 %@ol@ﬁ@ﬂé@ b@ﬁj’(.l?afgeeoff &’Ofbﬂha*éeqll wﬁoﬁgnam@tye@e afiministered

lia) may therefore be fornul at ed

i gt:)n;at%n% ﬁlrr%ET omagmgnlg qmwnfél yficiant o Welkdeiheaggsred signal,
aglﬂcggfaqoﬂéucj@? @ésga:btegxefqo l@é %nﬂ@d ggﬂ;i'rfp (@fe@rétﬂ&rb 416 50 mCi,

ophbshgreferabiyt htd H@ necidlivwill @brmélly) barsuéiviertipea70kg bodyweight.

accept abl e excipients, may be suspended or dissol ved
in an aqueous nedium wth the resulting solution or

fﬁ@ﬁ%ﬂ%ﬁ&%ﬁ %hﬁlgvﬁisero'flfoﬁﬁgia II@"\Sld (fir ag therefore be

_ ect the ention provi t he
r afdrrol kEted efdr administration using physnologlcally acceptable carriers 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.

Viewed from a further aspect the invention provides the use of a radiolabelied
conjugate of formula (Ill) or (llla) 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
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.

Viewed from a still further aspect the invention provides a method for in vivo
diagnosis or imaging of a disease or condition associated with angiogenesis
involving 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-



conjugate of formula (I111) or (llia) or a salt
t hereof as defi ned above for the nmanufacture of a

woadicgpéear maceuti cal for use in a nethod of i NnPETAB2005/002727
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i mgi ng, suitably PET, and preferably for imaging of a
di sease o r condition associated with angi ogenesi s;

| bl | $eid aekdiopredriRiceaticalf hadi distriddis airmp rErT | edlerein said
to a human o r ani mal body and, generation of an

ofragiophagsaceiical @pngmsgsb@d?dl helled ganivgaie e i‘qrm%‘fa () or
fL“ng)r LSREGE é&e i nvention provides a nethod for in

I agnosi s i mgi ng of a disease o r condition
associ at ed MAth anglogene3|s i nvol vi ng adm nistering a

{,S}g!@@ggaﬁg«mﬁg caI %@é%@%lqygnﬁﬂnema&lgeafa meQﬁgg&f rgonitoring
P&h é?‘{) ech O Qréé%qﬁén’é %‘N&' bmadi ¢ érﬂma‘PW&"Wﬁl@lﬁ HAR] td'@8mbat a

di's uted using PET erel n said
r ambindjiioar aeseciaiedawitb an:mcues,eprﬁenabw ahgiogiesdsisorg @igat @ytotoxic

Lo o) i 5 B Rt

Ofcdﬁﬁubatterdf W@rnﬁma gfcﬁqtuagfortd st tRiboAnd dBtEBERgAhe uptake of
ani nmal OyWI t0o conmbat a condition

ass2id icanjug ale Oy Qﬁilntﬁ@eptqjsep@f%n@biy andotbglialeeslsreceptprs and in
a t t
o ACURE i i epis: ol eahiuaTen AR detoction, pptiopally but

f asretdrably! bdihg fected Pepartiedlysald. tiei‘ﬁ@rreeafurmgdand after treatment
detecting the uptake of said conjugate by cell

r s¢igpsaiddrugr ef erabl y endot helial cell receptors and
in particular avb3 receptors, said admnistration and

detecti on optionally but
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
formula (Il) and a compound of formula (1).

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

and collected.

EXAMPLES
The invention is illustrated by way of examples in which the following

abbreviations are used:

HPLC: high performance liquid chromatography
NMR: nuclear magnetic resonance
TFA: trifluoroacetic acid.

“11-



preferably being effected repeatedly, e.g. before,
during and after treatnent with said drug. In yet

wanaishao29enbodi nent of the i nstant invention, POBARMWS002727
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25

provided a kit for the preparation of a
radi of l uorinated tracer conprising a prosthetic group

Oﬁ'\r{sz'fﬁﬁhﬂsf”) and a conpound of fornula (I). In use
of e kits, the conpound of fornula (I1l) would be

adiacs)t aniphie(8onpound of fornula (1) respectively

R RE M Pl AR gl ved | 0 maucous bulfer (pH

at a non-extrene tenperature

f qHA.: tetrakdrofordres, the | abel |l ed peptide may be
purified, tor exanple, by solidphase extraction (SPE)
oPEMGHlichlprsReBaRe | i qui d chr omat ogr aphy (HPLC) and

C%Nﬂpcww;dimﬁ§ﬁw§ﬁi nvention is illustrated by

way of éxanples’ I n the foll owi ng abbreviations
arfBARddtrablfty@mimoghunpfubiderance |i qui d chr omat ogr aphy

NVR: _pucl ear gnetic resonance TFA: trifluoroacetic
aﬁ%@ﬁ'f%ﬁﬁ?n our(s) min(s) : minute(s) DVAP :

A1 & - RIS SEHIB MG §rabR
TIS: triilsopropylsilane
DMSO: dimethylsulphoxide
PBS: phosphate buffered saline
PyAOP :[7-azabenzotriazol-1-yloxytris(pyrrolidino)phosphonium-
hexafluorophosphate]
Boc: t-butoxycarbonyl
RT: room temperature

Example 1 Preparation of 4-trimethylammonium benzaldehyde triflate

©/CHO
Me,+N

TfSO,-

(compound 1)

1
This compound was synthesised according to the procedure described by
Haka et al (J. Labelled Cpds.& Radiopharms 1989 27(7) 823).

Example 2 - Preparation of Peptide Precursor (Compound 3)

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

12—



THF : tetrahydrofuran DCM : di chl or onet hane DVF :
N, N- di net hyl f or mam de TBAF:. tetrabutyl anmoni um

wohowrisa®1 MeOH: net hanol TLC. thin |ayer chronrCogBzpsigo2727

10

15

20

synt hesi sed @ccor
Haka et al ®J. LA
823) . Exanpl e 2 - Preparation of Peptg de Precursor
(Conpound 3

TI'S: triisopropylsilane DMSO di net hyl sul phoxi de PBS:
phosphate buffered saline PyACOP :[7-azabenzotriazol -
-yl oxytris( i umhexaf | uor ophosphat e]
Boc: t-butaXxyc ?‘trko'I—RT" room yepperature Exanple 1
Pr epar at i om»dii/,H% Y ?h/benfwe‘m?ﬁeo’\r””
triflate (co oeg:) TBSQ? “Thi s conmpound Was °

ng tO the ocedure descri bed by
|l ed Cpds. & Radi opharnms 1989 27(7)

SOV exwev s TV PRSI
LoD
HN HN={

o

o 0

olN’\/o\/‘o’\/o\/‘o’\/"\/\ﬁ’k/O“”JLok
B

3

NH,

(a) 1,17-Diazido-3,6,9,12,15-pentaoxaheptadecane

A solution of dry hexaethylene glycol (25 g, 88 mmol) and methanesulphonyl
chloride (22.3 g, 195 mmol) in dry THF (125 mL) was kept under argon and
cooled to 0 °C in an ice/water bath. A solution of triethylamine (19.7 g, 195
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.
Water (55 mL) was then added to the mixture, followed by sodium
hydrogencarbonate (5.3 g, to pH 8) and sodium azide (12.7 g, 195 mmol).
THF 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
phases were separated and the agueous phase was extracted with ether (4 x
50 mL). The combined organic phases were washed with brine (2 x 50 mL)
and dried (MgSO,). 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.

-13-



The peptide, Conpound 2 was synthesised using standard
peptide synthesis.(a) 1, 17-Di azido-3, 6,9,1 2,1

wo-2pmrBemxahept adecane A solution of dry hexaerboyiiewes002727

10

15

20

25

30

gl ycol (25 g, 88 mmol) and net hanesul phonyl chloride
(22.3 g, 195 mol) in dry THF (125 ml _) was kept under
ar(@d M BAdidoa® 66312 4 5hitaoxaheptadepananene bat h. A

solutlon of t t hyl 19. 7 195
HFo (28 mv'9)0rr yaﬁa@fﬁne@foém%n %Wﬁ (5&?%'89%169 12,15-

hr b e
St;?érr{rigocr@% ano&ﬁ PR 89\2@25 @@4@ rfm OlL) WS added
aokimatldmot tnm)henxlpbosphmel(ﬂa\&agi B3 nuoal) inrether (150 mL) over 3 hrs

(Tl UG DRSS, Theyidigiel iBREaTaS sHTEY 1Bt BfbEinat 24 hrs

a”Fhé rlﬁ\a%%e\%?e ;:»HFét@G b thef ddbeslis’ phadd Wad tedracted with
| ayers were forned he m xture was cool ed, ether

( 1gichiotonethasedddedO anld. The m&@@ua@wgs@amgoled in an ice/water

%ﬂh ’léﬂthgr{%fq V\??e?d ‘ﬁﬁ%%ﬁl tgriégg %%,QE' ) aCI{iﬁ%ﬁ&S% ym hydroxide.

ettigs ddhieouBOphdse wa‘&@oﬁ@@ﬂﬁré’téd @ﬂ‘icgathecplrddastwvamrtﬁ(en up in
washed with brine (2 x 50 nmL) and dried

Flcdlt:hlgmraﬁﬂh%ﬁ\@ &b anklt- i bhe oropRic wmnwwg 8@%@6('\@2304) and

St Y 22 5 G55 AU 5B Yo hnitn

6 By blcﬁrobpﬁapaﬁ%osmmmmetqcéﬁsm (MH& calaydntedsBQ? 19; found
stirre siQn o I azl
oML ARGl 1A 45 Siet itgou, g piiication.
m ) was added a sol uti on’ of tri phenyl phosphi ne (19.2
g, 73 mol) in ether ( 150 nL) over 3 hrs
(c) 23-Azido-5-ox0-6-aza-3.9,12,15,18,21-hexaoxatricosanoic acid

To a solution of 17-azido-3,6,9,12,15-pentaoxaheptadecanamine (15 g, 50
mmol) in dichloromethane (100 mL) was added diglycolic anhydride (Acros,
6.4 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
reaction to completion. The solution was concentrated to give a yellow residue
which was dissolved in water (250 mL). The product was isolated from the
aqueous phase by continuous extraction with dichloromethane over night.
Drying and evaporation of the solvent gave a yield of 18 g (85 %). The
product was characterized by ESI-MS analysis (MH* calculated: 423.20;
found 423.4). The product was used in the next step without further

purification.

(d) 23-Amino-5-0x0-6-aza-3,9,12,15,18.21-hexaoxatricosanoic acid
23-Azido-5-ox0-6-aza-3,9,12,15,18,21-hexaoxatricosanoic acid (9.0 g, 21
mmol) was dissolved in water (50 mL) and reduced using Hz(g)-Pd/C (10 %).

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

-14-



at roomtenperature. The reaction mxture was stirred
for additional 24 hrs. The phases were separated and

woheoeagemous phase was extracted w th di chl or orerhBaves/002727
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(3 x 40 nL). The aqueous phase was cooled in an
ice/water bath and the pH was adjusted to 12 by

adfk ldedite@fpre@lictd M9t asisilated3H70%; fdand 1397 .6) ddeusrude product
phase was concentrated and the product was taken up in

diveas wsedhist themext sk WE*)OUt‘fH@h%rr@lH#ﬂC@t'Bﬂase was dried
(Na2SO ) and concentrated giving of 22 g (95 %9 of a

yellow oil. The product was identified by el ctrospray
mge} (Bpeadminooky)acétybl @ﬁ)ﬁ[ﬂﬂ@omalaad ated: 307.19;

A RoEion st Hiryclopey srBagiBide (0 M. 250 mmdi) i diSkai (2.5 mL)
234% 588 éd 786 3 & sdlu C}%zpoéfz(l?}b%-ér%u%%x&acetlc acid (477 mg, 2.50

-hexaox rlc sanoi ¢ acl a sol ution
1 mawl)dand, M-h9dioxgsicdnipdde {28 ahegt 2ddk ammaei)rie diakary (2.5 mL).

gi pgel qlleﬂalﬂfil%:,g{J %@n?%a{@ 1q'1ea gﬁ%rbe\éa m%ﬁt?gt?h\gas transferred

r%Cté ofdetl?Shur\/%sg‘QS c%tritélhﬁ‘@ Oé{e%BIuﬁBh of @3 SAfHd-8bxo-6-aza-
vvas noni t or ed ESI - M5 anal’ysis, and nore reagents

wes,8, 15’:;11:&.&81% mxaoe(atrh‘@saealct i a6idt o 1ddmgl et3-Bn.mmed and N-

sal ufp Slérgeg%%r g}olfl'?\élgat%{ﬁ H}ﬁ:‘l’ég Z@g@t‘?e was stirred

| sl Rt esk 30 AR L FSI-ASUSIgsio BRewel \cortsibientunversion to the desired
extraction w th di chl oronet hane over night. Drying and

(c)ev@rpduaw\diﬂ ealculated; S0t foundS540Pel d of 18 g (85
(/?\I_n_e cn c%,L ﬁgc#:g%:t W@}Sﬁgﬁ&cbﬁrdréﬁgah% b R0 Pifenomenex

Luna 5u C18 (2) 250 x 21.20 mm, detection: 214 nm, gradient: 0-50 % B over
60 min where A = H,0/0.1 % TFA and B = acetonitrile/0.1 % TFA, flow rate:
10 mL/min) affording 500 mg (38 %) of pure product.

The product was analyzed by HPLC (column: Phenomenex Luna 3u C18 (2),
50 x 2.00 mm, detection: 214 nm, gradient: 0-50 % B over 10 min where A =
H,0/0.1 % TFA and B = acetonitrile/0.1 % TFA, flow rate: 0.756 mL/min, Rt =

5.52 min). Further confirmation was carried out by NMR analysis.

(f) Conjugation of (Boc-aminooxy)acetyl-PEG(6)-diglycolic acid to Compound
2

(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

mmol, 20 uL) was added and the mixture was stirred for 10 min. A solution of

Compound 2 (0.100 mmol, 126 mg) and N-methylmorpholine (0.20 mmol, 20
uL) in DMF (4 mL) was added and the reaction mixture was stirred for 25 min.
Additional N-methylmorpholine (0.20 mmol, 20 yL) was added and the mixture
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

-15-



found 423.4). The product was used in the next step
W t hout further purification. (d)

walsnsrmsem1 5- oxo- 6-aza-3, 9,12,1 5,1 8,21 PCT/IB2005/002727

10

15

20

25

- hexaoxatri cosanoi ¢ aci d 23- Azi do- 5- oxo0-6-aza-3,9, 1
2,1 5,1 8,21 -hexaoxatricosanoic acid (9.0 g, 2 1

E‘.z‘?b%‘"‘éﬁ?’éﬁfﬁﬁég@d%ﬂm \Bat @{18((5)')250)x 21n20r mdroct&iectiﬁngV 214
g 9 . e reacti.on ' [ -

arfNy sragiemo k80 Cond| @1es 4 wier yhete Portnd: é&? rﬁ’ng'l}E and B =
('EJ’reﬁ%'t‘(?ﬁltrﬁéc\(b[+ 1 G215 G raf2 1@ mil AMAY SRdrd 16bemg semi-pure

r'ude” product ‘was ‘Used in tthe next step wt
f yrbbect. PAIrselcbndt punificatien step where TFA was replaced by HCOOH

‘?%oﬁé%?ﬁ?ﬁ%@ BV Rees saniifons S net wipided &8'mg (50
d'B%z Ero%d&hé%a?%&dbﬁm\@ng&lu@ma%@héiﬂe‘h@xq_funa 3u C18

ooxy) acetic acid , d
rzyaoo«;zsmnmdentent@e »8214npm, grediemird-B0i % Blioyga0 min where

t eﬂgb/o %,]21 ;—ﬁa(?blafgnﬁ S%g%tgﬁgplg fo Rlo {gflqbrdé(glal?ﬁgw rate: 0.3

V%Eﬁhlnc Rt 0.1 RSINR FUMher ippod it cRaraviérsationai@s bartied-out using
3,9,1 2,151 8,21 -hexaoxatricosangic acid ( 1 .0 g,

2. ssmﬂa Mideic Cﬂma’@ﬁnﬁ?%él foyad; 90800 | 2.50 nmol) in
water (5 nL). The m xture was stirred at RT for 30
mn. ESI-MS anal ysis showed conpl ete conversion to the
desired product (Mt calcul ated: 570.28; found 570.6).

deé agrbo%aéumgral ent 0-50 % B over

S S,

AR HHJN/Y“JN)ﬁ(“\aiﬁl(“wowOwow“rmrw
2HO}H0H(=>=:0=%30 o ol
HN |-|N=(NH

NH,

™ g
A O g N O N N O?
o™y o o N N/\@F
4

Deprotection 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 ml water was added to 4-fluoro benzaldehyde (Compound 1) (1.1

mg, 0.94 ul, 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; detected at 214 nm), affording

2.0 mg (32 %) of pure compound (analytical HPLC: Phenomenex Luna C18

column, 00G-4252-E0Q; solvents: A= water + 0.1% TFA / B= CH3zCN + 0.1%

-16-



60 mn where A = H2O 0.1 % TFA and B =
acetonitrile/0.1 % TFA, flowrate: 10 nli/m n)

wahbwrodozeg 500 nmg (38 %9 of pure product. The pCcoaBzD5/002727
was anal yzed by HPLC (col unmm: Phenonenex Luna 3// C18
(2), 50 x 2.00 mMm detection: 214 nm gradient: 0-50 %
B 'ﬂffkrgr?ddlé'ﬁt? (1)@2&%/% B evﬁZQDO'n[h 9floWwA1 Anhl Bminute; retention time
acetonitrile 0 TFA ow rate: Q.7 / m.n =
5. Ba3nminutesudeiestect ghra tAnand oféw% Fyfhes dﬁfﬂ%ﬁﬂﬁﬁ#@“ was
(Bartel Sut ihoTRabe oIS cifing iz yalle 1437,2. (M-HTD
Corrpound 2 (Boc am nooxy) acetyl PEG( 6) - di gl ycol ic acid
(O 15 _ _o 0.13 nmmol, 68 ng) were
i et} of NTHRMRAURd S o i ne (0. 20
”“Wlbtho%OU/L) was added and the mixture was stirred

for IO mn. A solution of Conpound 2 iO 100 nmol, 126
‘)Fefh@rlblewﬁtmyo@?(wanb rwag (Bzeotiepisally 2¢ried iy ihe pisence of

F asplotis? rif Bl RediBffy b P apdinbl et 3a30r it Reou 0.m

ZOSdmthan Wowagstyes meutinghendardiy i 1103C For QOthsf d])urlng this time
anot her 15 mn. was evaporated in vacuo

10 pr%xmaml \estanilkien Weseiaddrg ond @veeRrated P'"&ngo <40°C, a

DAL BRI TR TR FRaRETSRg oL oo osO)

grwds adtlied 5T réadBioowarssdDwas sealleelremdﬂheatEB@b 90iCF6rmF\mins to
dB—acetonltr Ie/Op(;nL?%TFA owrate

af <pfgfﬁqj|l§@e e M@ag\gmle, RAPEHBY 6mgQ was gﬁ@QemltW &Y water in
PUFERT (58518 ForSs FRnRE T, H Y8entSRI&ESHeR Y8l in vacuo. The

15  deprotected peptide was redissolved in 0.1M NH4OAc buffer, pH4 (0.4ml) and

combined with 4-'®F-fluorobenzaldehyde 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 um 10 x 100 mm, solvents: A =
20 water/0.1% TFA and B = acetonitrile/0.1% TFA; gradient 15-25% 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 (10ml) and
loaded onto a SepPak C18-plus cartridge (conditioned with 10ml EtOH and
20ml H,0). Compound 4 was eluted in ethanol (1ml). The ethanol was

25 removed in vacuo and compound 4 was formulated in PBS.

Method 2
a) Radiosynthesis of '®F-fluorobenzaldehyde

F_Fluoride (up to 370MBq) is azeotropically dried in the presedce of
30 Kryptofix 222 (5mg in 0.5ml acetonitrile) and potassium carbonate (50ul 0.1M
solution in water) by heating under N2 to 110°C for 20mins. During this time 3
x 0.5ml acetonitrile are added and evaporated. After cooling to <40°C, a
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(gradient: 0-30 % B, otherw se sane conditions as

above) afforded 89 ng (50 %9 . The product was anal ysed
woyotdRE@9{ col uim: Phenonenex Luna 3 C18 (2) SOPKTABIMNG/002727

detection: W 214 nm gradient: 0-30 %B over 10 nmn

where A = H2O' 0.1 % HCOOH and B = acetonitrile/0.1 %

HeBldton fdf armiettiygamenchiu/ erzaldethydédriftdteniimg irFOAntdPMSO) is

(g Thareartianayssssh sealed ad Naged 8 SUES A ramie to effect
G%E?lﬁﬁd egit"% Vé:rubé gt%%g%n %lx% fé eblehe Ry %Qﬁh‘t’&ﬁpé@ture and

rrpoun pr otecti on of
p@muiediebys anidmonmfr nadtero fﬂhebynmm willdre paSSHdAsequentlally through

contalnln 5% water to 10 t.j de
5 BaRn dushates et oaiee tRiopaTtitons BitshFnahi er apefonjirle) and
‘A@&a%r V‘%ﬁda%gﬁgdtm 4arf 'étfb’t@mﬁﬂ@/m) t&ehﬁ&mrécmmualdaﬂé will be
mml) in
amehoemltaheﬂmsnpg—ladﬂ 8 I8eppiakt ane theugrobenzaldepyde will be eluted
m.nut e 70 degrees the m xture was purified by
ré@@P@éB ®se preparative chronat ography twice
(Phenonmenex Luna C18 colum, 00G 4253-NO sol vents:
A= wat er +01%TFA/ B—CHS : gr adi ent :
10 1(@)Lpriugationef Qomippynd 33 i enzaldghVdet ect ed
at~.214 n 2
(a%omw"i%? '%&{e%rt%&wo%‘%nﬂ%eﬁﬁﬁﬁéﬁ g o BHBhporature
The solvents are then removed by evaporation under vacuum. The peptide is

redissolved in 0.1M NH.OAc buffer, pH4 (0.5ml) and combined with 4-'°F-

fluorobenzaldehyde in the reaction vessel. The reaction vessel is sealed and

15 heated to 70°C for 15mins to effect conjugation. After cooling to room
temperature, the product is obtained by preparative radio HPLC (as described
for method 1) or by SPE.

Biological Data

20
Binding Studies

Using cell membrane preparations known to express the av(3 integrin
receptor, competitive binding studies were carried out using '*°l-echistatin and
25 the F-19 labelled peptides as competing ligand. Binding curves were

obtained and K;'s calculated using Prism™ software.

Compound 4, had a K; value of 10 nM.

30
Biodistribution in Lewis lung tumours

Mice (male C57BL/6, ca. 25 g) were injected sub-cutaneously’into the inner

right thigh with Lewis lung carcinoma (LLC) cells (0.1 mL, 1x1 07 cells/mL in
medium). Animals were monitored for tumour growth for up to 15 days, with
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woOlow/0k0®1m / m nut e;

10

15

col um, 00G 4252-EQ; sol vents:
B= CH3CN + 0. 1%FA, gradient:

A= water + 0.1% TFA /

10-50 % B over 20 mn ;
retention tinme 16.3 m NnuUPET/IB2005/002727
detected at 214 and 254 nn). Further characterisation

was carried out using mass spectronetry, giving nz

v @hiy Girde?t 3dledted ddiritig modek devdleprienRasliiteshomdtkthieshighest level of
18F- compound 4 Method 1 18F-fluoride (up to 370MBq)
WaHJWHEeHEEBpi cal |y dried in the presence of Kryptofix

2 b Al t 1 el SHi . ; i
3T e BloclbAReA o 1% -cORpaRAhaZ Bl bearing animals
ungsee ifjected Wit Ssstianticle @@iinsiL, But( Ma/mis asiaveingagesotis bolus

acetonitrile were added and evaporated. After cool |

¢ yiacor i Ve, At SRNQHS {iFaspRSh RVRRIGN AV Atelgnsidanased.
t R fd at e i . d ' ih€arirg® intestine,
DAL ndfs, i i Bl fbeing sepgmicstine

efthyrotd, ltamelr wege disseotéd g aCbinedusample(igigp. Wigsected tissues
treat ith 5% water in TEA (200n ). f - _
b Bl bl BrE Ao AP BBl S EE PutGihal garma

d ] irnaml yerctirne dbidtMvbid eRalied. Result
ISPl At et shnes peins o ouced, Rt

4-areexprassedmsnbid dadthyoid neaf oram qfdiseve.on vessel . The
was seal ed and heated to 70C for

reacti on vessel
15m ns to effect conjugation.

After cooling to room
t ergHis af Whewst bRodistabutidn e sCohipaundd4 bip fireepaoede Lewis Lung
radi o HPLC (col um Phenonmenex Luna, C18

S 10
100mewy BWIdeknSmmacdsee : @atao o0yer ﬁﬁpeagé\)egagém data X(n>3) of 5

G4 G i ddr RkBettiehi N orei b e Bt MearPiS over 5

Table 1
TIME | BLOOD | MUSCLE | LUNG | LIVER | TUMOUR
(MINS | %IDIG | %IDIG | %ID/G | %IDIG | %ID/G
P.L)
5 6.35 1.78 6.54 6.01 2.69
234) | ©57) | (1.71) | (1.03) | (0.53)
60 0.84 0.56 2.12 1.48 1.84
©039) | 023 | (090) | (065) | (0.45)
120 0.45 027 1.7 0.89 1.49
©013) | ©07) | (028) | (029) | (0.32)
TIME TUMOUR: | TUMOUR: TUMOUR: TUMOUR:
(MINSP.l) | BLOOD MUSCLE LUNG LIVER
5 0.48 1.62 0.45 0.46
60 2.27 3.60 0.95 1.35
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mn; 2598 for
m/mn,

12 mi ns; 25-50%B over 10 nins;

flow 4.0
UV detection at 210 and 254 nm). The product

wonremtis@1was diluted with water (10m) and | oadeaBmns/@2727

a SepPak C18-plus cartridge (conditioned with 10m
Et(]—| and 20m H20).

Conmpound 4 was eluted in et hanol

ST ved n v and| conpeynd 4
a:{]%] \AE % od 2| a Radl osvnthesi s of
Sainacis 13F Froortdetap to 37ovBg) 15

azeotrop| caIIy dr| ed in the presence of Kryptofix 2

22

| rthe airiod tlee L
(gggrr?d’@p%@ﬂm %@?W%H\?ﬁ tgbe CHfpHA @ B it thea aa wis Lung

b heat i n? under
)

gyer time. Average data

1ﬁﬁﬁodirmnodeh|s showbuniTraple Ri umrmarlge(st da
oI i ng

it 'gépé‘rﬁqeedﬁd%ﬁgf"?\gﬂa R P

triflate s added. The reaction
vessel d ed 1,0\9Q0C for 15mins to
ef f ect Neorpy Rt tpe-Ne~gogNed

to roomt rrpe a ureoa d d|OI it ed Gy additi on of Owat €r.
The m xtuge wilk be pas ed entlallythroughlon
exchange gartrjdges (preconditioned with ethanol (or

acetonitrixe®) arNJI water) and eluted in an

acetonitrige/water m xture. The eluate wll be
concentratyed using a Cl8 Seppak, and the
fluor obe@al dehyde will be eluted in acetonitrile. b)
Conj ugat+on of Conmpound 3 and 4-18F-fl uor obenzal dehvde
5
5
Table 2
TIME | BLOOD | MUSCLE | LUNG | LIVER | TUMOUR
(MINS | %ID/G %IDIG | %IDIG | %IDIG | %IDI/G
P.1.)
7.30 2.27 8.67 7.6 4.10
5 (1.3) (0.6) (1.4) | (0.9 (0.9)
0.90 0.87 3.37 3.70 2.07
60 (0.2) (0.3) ©05) | (0.9) (0.3)
0.71 0.44 2.03 3.28 1.12
120 | (0.2) 0.1) 0.4) | (0.9 (0.3)
10
TIME TUMOUR: TUMOUR: TUMOUR: TUMOUR:
(MINSP.L) | BLOOD MUSCLE LUNG LIVER
5 0.6 1.8 0.5 0.5

-20-




Compound 3 is treated with 5% water in TFA for 5m ns

at roomtenperature. The solvents are then renoved by
wevep@sedi on under vacuum The peptide is redi B6OIB®AS/002727
in 0.1M NH4OAc buffer, pH4 (0.5m ) and conbined with

4- 18Ff | uor obenzal dehyde in the reaction vessel. The
&eactlon vessel 1| sealed and Heated to 70§C for

5mies to| effert clonjugatd on. After @doling to PEom
enperature, the product is obtjained by preparative
adi o HPLC (as desfcri bed for mgthod 1) or hy SPE
i ol1@§i ca| Dat& Bi|ndi ng 2% udi es Usi iYScel | [menbPane
reparatijpbns knownl to express tlhe avbh3 integrin
receptor, conpetitive binding studies were carried out
using 125| -echistatin and the F-19 |abelled peptide
ad r@orﬁ%’["‘ﬂfﬁ’?l FE&@OQ?M%&OEER%@ \%ﬁr'@pgﬁsaisﬁﬁﬁcaqmly more
Kife %Lﬁabl%ufnq}i\?cgch‘é*a@ﬂar@[ibé_fﬁééﬁifidﬂgtth\@fr@m_aﬁmﬁ@Q_Uﬁ\ﬂty‘lpresent in
had & ] value of 10 nM Biodistribution in Lewis |ung
t askgoumdctisgues! suctb 2BLPlepd causeke, dynguand livgretor gpmpound 4

sub-cu equs| y .int he. i ri.ght ' -tz Lew

gt c LA oS (e bstalaly (g5 et ol 2oflpoliops; SfbSequentl
Maginie:balkirBBhE MEDS aif® Bignificatly dettetitmusrergiting imbging.

up to 15 days, withthis tinme sel ected during nodel

devel opnent as it showed the highest |evel of

angi ogenesi s.

271~



To determ ne the biodistribution of 18F- conpounds,
tunour-bearing animals were injected with test article

wOQods/030d91 5-10 MBg/ L) as an intravenous bol uscvirsobfie2727

10

15

20

tail vein. At various tines post injection animls

wer e eut hanased. Miscl e, kidneys, urine, lung, liver,

stomach, small intestine, large intestine, thyroid,

tunour were di ssected and a%saml e taken.

Di ssected tissues and bl ood s were wei ghed and

counted (Wallac automati c gamma counter systemnm). At

| east three aninals per tine point were studied.

Re’s uAtreethod fex adisfiustinationicampriging reagtien gf arostpound of
sue S(babl e 1 shows biodistribution of Conmpound 4 in

MEED Lew s Lung tunour nodel. Summarised data

over time. Average dat@ éc'? %E %Slil ndependent

experiments, presentec YR S ble 1As

conparison, biodistribution of Conpound 5 in the nouse

Lewi s Lung tunour nodel is shown in Table 2.

S [ d 3 f 5
SRR G fbrive e RIERERE 2 Nein (50 The
addi tional P i S

significantly nore favour able in vivo
Specificaldy the r Rai i act Ivity (pr
N

background 1fli es such ood
liver for & x
substantial | yil ess tgan : orHco ou d bs'quéﬁtlg

tunou backgrouwd rati os are Ssi gnl’;}&aat |y bet t hus
enabl i ng i magihg. CLAIMS 4. A neth for

radi of | uori nat) on conpri $iHNg reaction of a co und of
— (Linker) ——N HN

haracteristics.
ent inO

Rungl| an

NH,

with a compound of formula (Il):

18F
[ |m< >| ]" 0
(in)

wherein:

n is an integer of 0 to 20;

m is an integer of 0 to 10;

Y is hydrogen, Cq.galkyl (such as methyl), or phenyl
to give a compound of formula (11):

Y
[0
- o (i

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 (1).
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formula (1): " vector I- O-NH (I) wherein the vector

conprises the fragnent: wth a conpound of fornula
wORkbgero3eeerein: n is an integer of 0 to 20; m PETABR2005/002727

integer of 0 to 10; Y is hydrogen, C alky! (such as

methyl ), or phenyl to give a conmpound of fornula

(rrr): wherein m n, and Y are defined as for t he

conpound of for nd the ector

o MBSO L slaba bppie Hexvaon fosmt (e (1 is
ereln the vector in formula (1) and (I11)

|s o#) H‘a#ﬁ‘)‘h (A): wherein X7 is either -NH2 or

wherein a is an integer of from1l to 10, preferably a

is 1. 3. Anethod according to claim1 or 2 whergein

t he con‘pounz of formula (1) is of fornmula (la):wherein

X7 is eithe NH 2 ga—wherein—a—s—an-g nt eger of \from
1to 10, fepablgg a isd and |SOan |nt|$geﬂ of from

2 to 20 anqhi\_s/lLQ erEQI)U\ X (A)

§=

—— (Linker) _N HN=<

wherein X' is either —NH, or

H NH
—[——HN\/\O/\/O\/\O/\/N\H/\O/\H,]a/ 2
10 © °

wherein a is an integer of from 1 to 10, preferably a is 1.

3. A method according to claim 1 or 2-wherein the compound of formula (1) is

15  of formula (la):

?N/\)k J\( \AWUL JY i{ .
O

HO

B i
H b H
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4. A conmpound of fornula (1) as defined in claim1 or

2. 5. A conpound of forrmula (la) as defined in claim
wa@.20@/03¢29conmpound of forrmula (I11) or a salt thRerapfooa®n2727

defined in claim1 or 2. 7. A conpound of fornula

(I'lia): or a salt thereof, wherein X7 is either -NH 2

ofwhireineX hisaeither aNH rdreger of from 1 to 10, preferably

ais 1l and b is an integer of from to 20 and i's

preferably iNLO oLefe

of fornula (111) \Nhlgﬁif/s 9 Ao ra |op arr%ce |cal

conp03|t| on conprising an effective aRount of

d_of |
agN uﬁq%gs @H?ritggea?”é ||Q-)1T§o %6' éﬂe@raﬁgg% izrah\(lj\:t?%r gl nteger of
OffrdiR eto P Md Reptefdrablyy3 & ¢8hast refatablyat s,

exci pients or diluents. 10. Acorrpound 0 formJIa
5 (I'll) or (Ilia) or a salt thereof, as defined in any

Ol Nl (4 ARG 1EaL) culor Ly

of a disease or condltl on associated with
angi ogenesi s. of ‘a radi ol abel ed conjugate of
o gomppynd @f fqrmuléailabﬁs geﬂaw NFH8INRG as defi ned
in any of clains 6 to 8 for the manufacture of a
r adi ophar maceutical for use in a nethod of in vivo

10 | reagAR® ML ridadA forrREE, (I\Yrat psalf theatodfyas definadaigialgjmot oa 2.
di sease or condition associated with angi ogenesi s;

7. A compound of formula (llla):

L W O

HN HN=(

NH
o)

2

0o

ljfvﬂ\”k_/“@

15  or a salt thereof, wherein X7 is either =NH, or

H NH
‘P’HN\/”\O/\\/O\//\O/\\/N\W/\o/\mJE’ 2
0]

o)

F

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 preferably 5.

20 8. A compound of formuia (Ill) which is:
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i nvol ving adm ni stration of said radi opharnmaceuti cal
to a human or ani mal body and generation of an inmage

wohowto3omast part of said body 12. A nethod fopPCTmB200¥@2727

5

10

15

20

25

di agnosi s or inmaging of a disease or condition

associ ated wi th angi ogenesi s involving adm nistering a
r adi opharmaceutical to said body, e.g. into the
vascul ar system and generatln an i mage of at |east a
part of said body to mhlch sa d radi opharmaceutica

d| strg “ jﬁe ein sal d
e ti ca H"Nb NH,
Lg\ % e asQJI |ned ﬁ%ﬁr
cIa| noltorlngthe effe
treat rrent of a hurraio or ani body with a drug to
0 ggN"fl on associated with cancer, preferably

angl eneS| s,NHgai d net hod conprising admnistering to
sai Qﬁdy a conpound of formula_ (111) or (Ilia) or a
sal t

det ecto
recept or said adm nistration and det &CiFon

opti onal | y but preferably being effected repeatedly.

reofasdefnedlna f|6t8 d
%"M%‘/\m’\l(g/?o/\dld/y d: I ceIIo o

9. A radiopharmaceutical composition comprising an effective amount of a
compound of formula (I1) or (llia) or a salt thereof, as defined in any of claims
6 to 8; together with one or more pharmaceutically acceptable adjuvants,

excipients or diluents.

10. A compound of formula (IIl) or (llla) or a salt thereof, as defined in any of
claims 6 to 8, for use in medicine, particularly in the in vivo diagnosis or
imaging, for example by PET, of a disease or condition associated with
angiogenesis. |

11. Use of a radiolabelled conjugate of formula (lll) or (lila) or a salt thereof
as defined in any of clams 6 to 8 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 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

12. A method for in vivo diagnosis or imaging of a disease or condition
associated with angiogenesis involving 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 which said radiopharmaceutical has distributed using
PET, wherein said radiopharmaceutical comprises a compound of formula (l11)

or (llla) or a salt thereof as defined in any of claims 6 to 8.
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10

13. 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
angiogenesis, said method comprising administering to said body a
compound of formula (lll) or (llla) or a salt thereof as defined in any of claims
6 to 8 and detecting the uptake of said compound by cell receptors, said
administration and detection optionally but preferably being effected

repeatedly.
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