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based conpounds and their use for 5 PCT/GB2004/603150

di agnostic i magi ng techni ques such as singl e-photon

em ssi on tonography (SPECT) or positron em ssion

t onogr aphy (PE | £ , i nvention

relates to theg%ggﬁ%?%gﬁgﬁ%%g%%?%%¥%%%§ﬁ compounds as
targeting vectors that bind to receptors associ ated

W th angiogenesis, in particular integrin receptors,

The presgagme@,ﬂon relatesrig Bewnperfiderbasedpompousis Bnd their use for

; . u for 1o .di 0Ssi s_.or.
cipRBE MG, IttDids. S8k, £ Ry S IS iniShion, tomography
(SPBEEpEspOsieat enssioNBintographl APETY.i RIdré Shadifshlly the invention
i seases, rheumatoid arthritis and Kaposi's sarconsa.
rerigs 1 Bsdispeiseich pepiderbassd rempsyndaesdaeting wectors that bind
- ni : e j ... 1h i pgenesi s.
O REAINS TRl IS WABCARSL o fois 1y BARLARE 17880 Jecepipr, for
examaple ) theg avfi 8 dmeepih Setagiov.e SSRIS comipouRbs TBEY thus be used for
stimylus for this process maybe inadequate ‘supply of
diggnosie s hprapyxglgdRT (axppRipe)Makignast | diseases, t heaniediseases,
RIS, RemARARRIaRY GSEasEs. a8 BRbfits gpp dfpposts
sdreohpequent |y referred to, is vascul ar endot heli al
grom h factor (VEGF). These 20 factors initiate the
secretion of proteolytic enzynmes that break down the
NeWw el Vvesabis ddifodReM - . . ;
"nhi bitors that T1imt B By B BBt mBghdiss Asculogenesis or
angieaandsid. | fngiagafiesis imthgrfosmatitie obtberblpoduesssié by branching

f . Of j ic.f i S. .cau d lial
fdih R Bipd eGPy SR G AG Sirfuled fot fuf PicesS MY bainadequate
supbly ofihuaiditd drd bR RiayB&HIBNR. a ‘QBL‘G?.hgﬁ‘ié“Eeﬁs may

conti nuous sheet around bl 6od vessel s on
TegRAY BY SABIPANY Sngiogesis fastoranelawiish therssire mame one example,

o hi f e f. |. _ i i Sj _
wOER ler B S 055 ROATED U 43, oo
factetfsieitiahetr?falgsmiréiiﬁd;ri ol p-rowéilﬁ;d@%?}m@tthmﬁréitalﬁﬂtﬁwn-%dproteins of

rearran ensel ves, an inal 0 synthesise a
the, RSB ORBIAARS aRb UFRI| PRMABIIofedaal bmitdbe action of these

i H '_ 1 i . he: _ N . .
Pl oy PN o o i
to i aguseneadahglig celtes fe snigitdevand divide. | Bhtibtetial cells that are
aﬂ%@ﬁé& 95 riﬁé'}:Jsase_rnent membrane, which forms a continuous sheet around

WOL;E@%I%_SAGEMS The present invention relates to new

blood vessels on the contralumenal side, do not undergo mitosis. The combined
effect of loss of attachment and signals from the receptors for angiogenic factors
is to cause the endothelial cells to move, multiply, and rearrange themselves, and
finally to synthesise a basement membrane around the new vessels.

Angiogenesis is prominent in the growth.and remodelling of tissues, including
wound healing and inflammatory processes. Tumours mustinitiate angiogenesis
when they reach millimetre size in order to keep up their rate of growth.
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when they reach mllinmetre size in order to keep up
their rate of growth. WO 2005/012335

WOENSEEP004/ 003150  Angi ogenesi s is acconpani edcRN:rz004/003150

characteristic changes in endothelial cells and

: . _ f th | 1s i
PO A el A5 b At an

’\?ﬁ?%ﬁgid C}nadi‘iontothe variety of pr n
L ANq GYBHG SHUFIes peexpepashuheredtbathaskhics membrane is
degrheed iaitidi fo b .the resulting

ol o e 060 SaAPAr oA Pyich s i afvestin Sfecting ana

net wor ood
Wntiollings prajealysisoin die shsemf kintiars At Adstting network of blood
nhi bition _of angi ogenésis |Is

eS8 B EP e 1580 5sad. ilbnine sgmotiom opheay Kinke and aiso
atdricvery HeRaPWhiiiEn tdragsd; i Vi
o0encs: & ot e o, & BBERS IS A% dghcdeed o be a

angi. SO
RIREENG shpteBelfongniiturngaatiterapy d‘lh@el?@%forbhéﬁdrﬁeaccoypanying

ows great .prom se in. inflammtion an
aévg |'e't83§/§ gr%faﬁ%ban%ﬁ% '36'59 &é'ldzﬂ@l?séﬁ@éﬁﬁgmpie being malignant

ciseised bl uicept bbHows 08t REAISE IR BhatSTahd a variety

t heroscl.erotic | esi ons bein otentr al

i nyiabyealientelatest disepses; ing! 'ngsathambheaﬁt;ié,ﬁhé%écrogi%ages of

cafh esh & L P11 t i.de sequence argi ni ne-
o 0O oS Pl iR AR o aavioacris festoss.
to act as a primary recognition site between the

h)H'H,%a‘chlﬁ?]fjgr.es_nt' ng tri S, sequence and receptors on
it PadRYBYeEt) ‘_Feé.afiheﬁl@ g@mi@rrathe?/tripepﬁécm/sﬁhudm arginine-
TG At ns ‘he |igan n
?jﬁ%%gglt Og{:t éﬁ%ﬁ%?ﬁ?dﬁ‘gﬁ%?%&%ﬁc% ?Qi"?ZPéiﬁti%n@' primary
ketween thedigants @i tthls%@%w \ .
ﬂ‘%‘%tﬁﬁﬁ% .ell-[si RS of the i %’m ﬁ‘g recepl%b%%gtd rgF%ptors on
Imo | mmd‘;;?;#j ¥ é%lﬁﬁ@%ﬁ?'ytb@ BYed thah seegndanydnieractions between
theilipasdtdnatreasstofi : : nce.. The
o piof ehhaite the 8L ety ik PEGHEAST Jnti8 speondary
%tortha't are

.efficient target
mgesrggtéqqﬁ @ggm,,tsﬂw plase betyeraremsiaties\if te Kiemands rece
. [ VE~digh affini RGD b d 2

RSB et 8IS BT hughid SheiGeetars citant fom the

RGO sempremmee, the route of excretion is an inportant
factor when designing i magi ng agents in order to
reduce problenms wth background. WO 03/ 006491

e problems whi ch tar get
Tﬁéeséfﬁd:leﬁﬁ tBRRYNGS aRAS GiflaghgBe uiﬂfjesgnn 'réceptors’ associated with

Iategrin
angiogenesis in vivo demands therefore a selective, high affinity RGD based

vector that is chemically robust and stable. Furthermore, the route of excretion is
an important factor when designing imaging agents in order to reduce problems

with background.

WO 03/006491 describes peptide-based compounds which target integrin
receptors associated with angiogenesis. However, there exists a need for further
such. peptide-based compounds having utility for diagnostic imaging techniques.
such as SPECT and PET as well as for therapeutic treatment. In particular, there
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30 receptors associated wth angi ogenesis. However,
there exists a need for further such. peptide-based

compounds having utility for diagnostic inmgi
wo Z?Oé’g%ﬁ?ﬁues such as SPECT and PET as wel | a%c&‘%%BZOOMOOSIS{]

. there}Beuti c treatment. In particular, there -2 WO
is 200802 3BPiveTaEB0TNNPORIED hirging greatbrfsinbility fo the reaction

t i de- ed .compounds_ havi ng. greater stabjlity to -

copREbRE SB35 eI 1 bre R anSiel St bagcacien e er

noi ety such as a radionuclide. Therefore, according

first aspect, there is provided a.s conpound of

Thpfifie: goserting icon fipst@sport, thereds provitiel NN N / N~ Fe

7. FDQ " i WC 2 HN wherein 10 R2

7 CO&D(%HHg%fIFE%%}éo)V\herei nbis an integer of fromO to
10; 15 R3 is a Cl4 al kyl ene or C24 al kenyl ene bri dge;

WL is absent or represents a spacer noiety which is a
Cl - 30 hydrocar pyt—group —optigmatty-imnctuding-3 to 10

het er oat ons sel ect ed.f rom-exigen,—ni trogen, an
sul phur, andlj/s rentially deri fromglutaric
and/ or succi E’iﬁlc a_irbl\//ﬁ a 20 ppi tf}gﬁeg ychZ)J_
: E N H N : N i
:, H 0 H M 0 z H O s H 0O
A"
o )

based unit a

—W—CH, NH
ZW; N
NH,
wherein
10
R%is

H
o 0
wherein b is an integer of from 0 to 10;
15 R%is a Gy alkylene or Coy alkenylene bridge;
W, is absent or represents a spacer moiety which is a Cy.ag hydrocarbyl group
optionally including 1 to 10 heteroatoms selected from oxygen, n:}trogen, and

sulphur, and is preferentially derived from glutaric and/or succinic acid and/or a
20  polyethyleneglycol based unit and/or a unit of Formula -

G

H
——{—HN o N
2 \/\O/\/ \/\O/\/ \n/\o/\”j‘;
O



4 [ff~1 n O-3 W 2005/012335 PCT/ GB2004/ 003150 Z,
is an antineopl astic agent, a chelating agent or a
wonegness noi ety. 5 Suitable chel ating agent speFkB2004/003150

i nclude those of Formula A R2A R2A Rza R2A Rfl A Raa
Rte' RAREa RAHNRA NHRe -:f RRs R’A\ N
NRa OHOH (A where: 10 each RIA, R A R3A and
‘R4A i s independently an RA group; each RA group is
L,ndependently H or C1_1() alkyl, C3 alkylaryl, C2_10
1 i%&ﬁw? K0! Ya%f-aﬂ?%y% %‘i’%ﬂ'&?g?ﬂf@lﬁqwmd@rlmiatme,
Cl1 10 fluoroal kyl, or 2 or nore RA groups, together
with the atons to which they are attached forma

5  Sulitableyahieiating agends adyiokiude thaseibbFesnga Ainsat ur at ed
ring, 15 or Zi can represent a chelating agent given
by formula (i), (ii), (iii), or (iv) -4 WO
2005/ 012335 PCTI GB2004/003150 | CH. , O1OH3 (Il OH

R R2A R2A

R‘i
2 AN

()

where:.
10 each R™ R*™ R* and R*is independently an R* group;
each R group is independently H or Cy.o alkyl, Cs.10 alkylaryl, Cp.qg alkoxyalkyl,
C140 hydroxyalkyl, Ci-10 atkylamine, Ci.40 fluoroalkyl, or 2 or more R? groups,
- together with the atoms to which they are attached form a carbocyclic,
heterocyclic, saturated or unsaturated ring,

15  orZ; can represent a chelating agent given by formula (@, (i), (iii), or (iv)
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HN OJ(NONHNHNNH OO0-YI _NI HN OH { HO
(1) HNOH *-N'~* ~ "~ N~ HHNH _HHONI i I~

WOXBIS/HB3E0 (1ii) (iv) A preferred exanpl e obPC®GB2004/003150

chelating agent is represented by fornula (v). /* NH

AR V1l HON, OH (v) 5 Conpounds of formula (1)

corrprll/S| n chc1 ating agents ofy-—Foroula A can be

r adi of te! gi ve good radi ochemi cal purity

(RCP) Bf?enperature Jbnder aqueous conditions
@U‘n

t
at near; HNI 1

NH

% >\/\#<
— Y

- HO “oH

N
H
(i) .
(i)
HN .
; oH
X I N
Ni N T 4
HO i
{ 0
H‘o'N HO

(i) (iv)

A preferred example of a chelating agent is represented by formula (v).

NH

HNT NH
>kﬂ/\[/<
NN
HO OH

v)

Compounds of formula {I) comprising chelating agents of Formula A can be
radiolabelled to give good radiochemical purity (RCP), at room temperature, under
agueous conditions at near neutral pH.

The role of the spacer moiety W, is to distance Zy from the acfive site of the
peptide component. For example, the spacer moiety W may distance a bulky

antineoplastic agent or chelating agent from the active site of the peptide.

5-



The rol e of the spacer
fromthe active site of the

noiety W is to distance Zt
i 0 peptide conponent.

wobk0ds/@x38pl e, the spacer nmoiety W may di st anggrmp004/003150

bul ky

b

M\qac 557, US- A-5367080, US-A-5364613 and
' c%{ljegg t hose defi ned
of Structure Definitions

I N

anti neopl asti c agent or chel ati ng agent
ve site of the peptide.

Bibiepahsitable ghakalin
WGBS HD0557, AdSAL-5382080, ©SIASS3 eSS 4l
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in Table I.

from
WD 2005/ 012335

E39@IE s ane disglasatllie US-A-4647447,

i Ly .
HiptHr @éﬁﬁ%&pose defined
5 Table I: d ass

I i gand Am neoxine Y 1-8 can
, Y51 conbi nations thereof [

hidl: al kyl, aryl or Y4\
| .~in'" Y3 a NY6 and Y4 or Y5 contains a suitable YZ
Cragaunct bbp8truttureuch that it can beDeffitisRd)] Ugated 10
hid he, pepti fle vector OH OH e.g. preferably al kyl am ne,
99991 sul phi de, al koxy, alkyl carboxylate, arylanine,
ANiNEoxigid Phide or—a- hat oacetyi—X="{6 05 sN-whea—ft=A"=—
TS Svhen =n'= 2 MAG3 type a¥ LSpFEPe%‘?i'ﬁg alkyl, aryl or |
- group (preferably."«\o ¥ N11 Y2 benzahbinas&tyther&SE) |
Y1, Y2 contains a[ ai]I e S UNX®
m’ {h n’
Y, HN._ ¥, and Y4 or Y5 contains a suitable
v |
2 f’ functionality such that it can be
v X N : : i
_ ' 1\{ IT g conjugated to the peptide vector —
oo oH e.g.  preferably  alkylamine, |
alkylsuiphide,  alkoxy,  alkyl
carboxylate,  arylamine, aryl
' sulphide or a-haloacetyl
' X=C or N when m’=n"= 1
' X= N when m'=n"= 2
MAG3 type Y, o
| P = protecting group (preferably. |
| O NH Y benzoyl, acetyl, EOE);
_ T ;\[ Y1, Y2 contains a suitable
? HI‘L 0 functionality such that it can be
p P
coH conjugated to the peptide vector; |
preferably H (MAG3), or the side
chain of any amino acid, in either
L or D form.




functionality such that
to the peptide vector;

wobemizgkai n of any ami no acid,

it can be
preferably
in

P CozH conj ugat ed
H (MAG3), or the

either Lo @@ﬁ%}f@ommoslso

-6 WD 2005/ 012335 PCT/ GB2004/ 003150 d ass of

ernr\fnrn

Cjas@ont aPh

I% it c

ector;

an be o NH N Y3 conj ugat
preferably H_or_the side

sSHustrgabl e || gands fungﬁﬁﬁ'ﬁﬁpﬁy “such

Yz 0o Y] Y2_ Y3

ed to the peptide
chain of Y, N111

.Jetra-am
 lig nat i
contain

such t hat
vect or
al kyl sul p
aryl sul

G4X0 arypea|r

A either L or
be H, al kyl,
r&f Y4_ Y where
' re fun
' thejchel ate cqan be NH HN

2. rably al

hfde, ox¥ al Kl

bhi de or a- hLI\oacetyI
COH

car b:ox | at e

o, ¥QZQY:Bl chhtams a suitable |

ryl. or_ ligand
fﬁ‘lﬁg iqnaligy gﬁugbp@at it can be

C(":d r@égat egE{[]é %'%I;])tlde vector;

kgﬂe&mbty H, or the side chain of
arly amitio a Hok ln eﬁ?’:er LorD}

form.

ligands

Tetra-amine {

Y1-Y6 can be H, alkyl, aryl or

combinations thereof

‘where the Y1-6 groups contain
one or more functional moieties
such that the chelate can be

conjugated to the vector — e.g.

- preferably alkylamine, |
| alkylsulphide,  alkoxy,  alkyi |
carboxylate,  arylamine,

aryl'

- sulphide or a-haloacetyl
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Stricture Definitions ligand Cylamtype Y1-5 can be

wo Fhos@l ey |

aryl or

and where Y1-5 groups contain NH

f unctiona

moi eties

such that

| i gands conbi nati ons t her pet;chien¥Bo3150

N, Y3 C one or nore

the chelate can_be NH

Clagnj ugfdBtructurge vector - e.g. pi Sedipiong
Iig@Jn?!yl am n Y55 Y4 al kyl sul phi de{ al koxy, al kyl
arboxyl g aryl ami ne, aryl sul phide or
Cylahal gpes Di am nedi ph Y1, Y2 - M1-@Ika/rl| b@r W, alkyl, aryl or
enol Y YZ |w and where Y1 or Y2 groups
ligggHBai ns [a functional noiety such bﬂrh’:gtor[sﬁbereof
chel ate dan be conjugated ox HO t¢ the vector - e.g.
pr ef er abl al kyl am e, al kyl sul phi de, al koxy, al kyl
car boxyl & aryl a 0 aryl  sul pendewloere Y1-5 groups contain |
a- hal oacdtyl W-C, I\L]Hm » L or 2 .
one or more functional moieties
E @j ‘such that the chelate can be |
NH  HN conjugated to the vector — e.g.
% preferably alkylamine,
Y!{ Y, alkylsulphide,  alkoxy,  alkyl
carboxylate, arylamine, aryl|
- sulphide or a-haloacetyl
Diaminediph Y1, Y2 - H, alkyl, aryl
ol '
o Y,. F2 _ _
\W ‘and where Y1 or Y2 groups |
H; \h]“ contains a functional moiety such |
: HN that the chelate can be conjugated |
OH HO to the vector — e.g. preferably |

alkylamine, alkylsulphide, alkoxy,
alkyl carboxylate, arylamine, aryl
sulphide or a-haloacetyl

W=C, N

m=n"=1or2
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protectlng group (preferably

-8 WD 2005/ 012335 PCT/ GB2004/ 003150 d ass of
Structure Definitions ligand HYNIC o v V= linker to

or vector itself.

f\| lenzd

oW Wi

HzN H Am de prbT/eiBIe0@/0031B0 =

benzoyl , acetyl, ECE) ;

Class

figand

||, Kyt

O-NH-_OH-Y
LOf $"ffb“f‘:ﬂ‘ﬁ’e’no acid side- Y P

gl ycine.and the carboxyl at¢
conjugation to the vector vi

or VY2 i c o
T T 1T J OO

yqé.ﬁfg%l n or

may be used for
a an__am de bond.

HYNIC

Al tlernatively the R1L_5 grot
functionality suchjithat the
corjj ugated t
al Kyl sul phi
ar yl ap;ne,

“SEl koRy, al ky
ul phi de or
enmbodi® IS represent g
agent . I this aspect the cc
wi l{l target an angi ogenic si

ps may contain additional
chel ate can be

.g. al kyl am ne,

hv= ARty R Eﬁar ar Vﬁctor itself,
a- hal oacet

d by an antl neopl astl c
npound of formula (1)

te s-associated with

Amide thiigi@” cer

and bring the antined
seased area. dhe antineof
repr esentyg cl ogposphar

OH

plasiic agent 10 Thé
| astic agent may be
riRie, protecting group (preferably. |

benzoyl, acetyl, EOE);

Y 1-5 = H, alkvl, arvi;

or Y3is al or D amino acid side-
chain the

or giycine.and

carboxylate may be used for

conjugation to the vector via an
amide bond. Aliernatively the Ry
groups may contain additional
functionality such that the chelate
can be conjugated to the vecior —
e.g. alkylsulphide,
alkoxy, carboxylate,

arylamine, aryl sulphide or o- |

alkylamine,

alkyl

haloacetyl.

In one embodiment, Z; is representad by an antineoplastic

agent. in this aspect the compound of formula (I} wili target an angiogenic site

associated with cancer and bring the antineoplastic agent to the diseased area.

The antineoplastic agent may be

represented by cyclophosphamide,

chioroambucil, busulphan, methotrexate, cytarabine, fluorouracil, vinblastine,

paclitaxel, doxorubicin, daunorubicin, etoposide, teniposide, cisplatin, amsacrine,

docetaxei, but a wide range of other antineoplastic agents may also be used.

-9-
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chi oroanbuci | , busul phan, nethotrexate, cytarabine,
fluorouracil, vinbiastine, paclitaxel, doxorubicin,

woO8ddARkL3sRI cin, etoposide, teniposide, cisplat E’ETJG132004/003150
ther

anmsacri ne, docet axel, but a wi de range of o
anti neopl astic agents may al so be used. -g WO
2005/ 012335 PCTUGB2004/ 003150 The reporter noieties

2 b 5 BABR IR 0 LRI UG PR b any ot

aapdnbteeof Bgtecﬂoﬁ@ither dirgcthdbapairetincin amg o dla%nostuc imaging
Preferred are reporter npieties which emt

pr ocedur
%PC%&V Z’@Eﬁf@%aw@@ﬁﬂﬁf mqiliescvhish emiber may be gaused to emit
u [
GRAETRLR (RIATEH RN Cuo, B Yo TorucRAS syl B by emiting
radm)nuehrdn)ter noi ety w II either be a non zero
nucl ear spin isotope (such as 19F) or a nateri al
haV|ng unpaired el ectron 1o spins and hence
mgg@ RISk
ferro gﬁ'te’ltelggn%roper |I2s ﬁg‘;@he Feﬁj’olf magi ngéy\@il‘é‘itherbea non
zewmuclaarmpnretsptw¢ Kstah asl |E}ht1:r a materiair Imavs(@ ugpaised electron
col oured oy uncol oured t .absarber or
0 g Rodennees - parunaghRfit: ot raniiieit t femmaghotic or

féﬁﬁﬁfafgﬂétlt‘\ﬂdrbf)éﬁhé% #sit ﬁ@lﬁtaiﬁh@g{i@Qﬁétronﬂéﬂﬁﬁﬁéﬂye\ﬁﬂl be a light
for el'ectrica y

edance imaging the reporter noiet
sgeitereiie gea celased pwncqieuwe\dm:g@l@b a lightielbserber or a light emitter;

B SR T e Wy b gt et

foe pedtecalmimpedaney ibmdilg thec i‘@cﬂtérnm nWillaSaffect electrical
defined above, chelated to. a or polyato

impedpDes AN tor sgintigrarhy §PEIQB P%ch)‘nd trpliken é’?eéfftﬁ%tef moiety

_ vﬂﬁb@'ar‘a?jl@rﬂb‘tzﬂg atom ¢ nunber netal (e.g. atomc

nber ‘greater than 37), a paramagnetic species (e.g.
a tranS|t| on netal or |anthanide), or a radioactive

SRR OF el A aePareE radeBotRY 8 6 E horaliRG st as defined
a%veabh@atéd]t@apﬁfews&epélyéfoﬁﬂc rAgiatabntairing 'ztSH‘)(s . TcO, efc),

atom ¢ nunber non-net or a radi oi sot ope;
wheire dhe metalds adhigh atnmisryuober oetal (6.0 algnic ghrder greater than

G orbahiEts Sheths b b PurRelibe FERRrd ot fulRERr & paioactive
isttope (2) aRavatdriifpboundotor-aicthlngpecies which is an unpaired electron
site (e.g. an oxygen or carbon in a persistent free radical), a high atomic number
non-metal, or a radioisotope, (3) a polyatomic cluster or crystal containing high
atomic number atoms, displaying cooperative magnetic behaviour (e.g.
superparamagnetism, ferrimagnetism or ferromagnetism) or containing

radionuclides.
Chelated metal reporter moieties are preferably selected from the group: *,

gngc, 111'”, 4780, 67’Ga’ 68Ga’ STCr, 177m8n’ BZCU, 167Tm, QTRU, 188Re’ 1771_“, 199AU,

?%Pb and "*'Ce and are chelated o a chelating group as defined above.

-10-
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radi onucl i des. Chel ated netal reporter noieties are
preferabl y selected fromthe group: 90Y, 30 99nilc,

In 47Sc 6' Ga 68Ga 51Cr, 177nBri, 62Cu, 16 7RuU _
WO 208881335 177Lu 199Au, 203Pb and 141Ce and arég@]ﬁ’%lz@f‘@anw

to a chelating group as defined above. -10 WO

Methdds $@ﬂ%§%laﬁﬁﬁ/aﬁﬁ%ﬁ@l‘bﬁﬂg 3460ts Mesbatisre within the level of skill in

netal | ati ng any el ati ng. agents present are within
thetais Mstels Gsin BRiinGOTPATateRintar CHRBHIRG $aak bieany one of three

ger{q?%ﬁégﬁg@f,?gﬁg?& H@gﬁggmbﬂ% es.g}n;ag%srlg %{%@Pﬁaﬂémetaﬂahon,

Dire8MPlcatsoralion Resicfemadl/ or t ransrret allation. Direct
incorporation is preferred. 5 Thus it is desirable

that the netal ion be easily conplexed to the

T A ABAO R he It SREP S PKOARIGIN ©1ROHHBRRAG agent,
for agaiple, Wt :i&ieﬂely@xrmsfgwrmmdmﬁaamleoaaﬁblutmnﬁurf the chelating
eous sol utlon prefer avi a | t he
agea-Capéuining PelsRnNn STICRrH Ban a%ﬁpt@gs%wg%wﬁfergﬂ%avmg
a pPlifi4E Pide bPabdIf ARl dbdut 17, S @@éweé% i, @].t )prBF’erab!y

gen salt, an nor e
thessthissalvisteaseiubbs aaltexﬂ tis® rastahstich @s athaicﬁ@re salt.t#and more

pre%@'?%p% St Sal pER FHORIETR 2SR dp FiRg SRoHGLy IELDinding of the

|
meBjiofi"ER) b HBMRELaER, IO R Rlathd Hoght SOy mofety is
prefdrably © aquadlsusolBiionia acﬁél{ﬁtbetgreagahatﬁ@taaﬁ rﬁh@gt 9, more
buf f |t
premEp kethear g apa Soaiale She et Sadr g taining groiety
carPhO fHREd WS HRMpfcr BHRS Birbh &% @frﬁt@@aﬁorﬁé’c@ @ck’étfa%f pR8spitate and

are selected so as not to interfere wth the

.borstmw@e!uce biven aptigpuat pidh Breferably. tha bhufer Falizaw saie¢igd so as

o} ettara winght HYSebdhent SRR Tpa pjP508H PRl oo agen:

havi ng to change the radi ol abel |i ng nethodology or
chel ating agent: 47Sc21; 141 (Ce58, 188Re75, 7nLu71,
Tha felawing isprawesior isgiPpsFaisaardde ¥8ad 53 hot magirg and therapy

w8050 BB b R R Bt "

14‘@@%39“3@% 11 apa AU 5004 Psg 7 Clog; “gs and Plgs; Re-;g, and
gngqu,; gOYag and BTYgg; 7SC2'; and 8021; OYag and 123[53; 1465!’?\52 and Bsmsz;

111
and QDYag and in4g.

Preferred non-metal atoric reporters include radioisotopes such as ', ' and
18z a5 well as non zero nuclear spin atoms such as "°F, and heavy afoms such as
[,

In a preferred embodiment, Z; in the compound of formula )]
comprises a positron emitting radionuclide incorporated either as a prosthetic
group or by substitution or addition reacfions, or by chelation. Suitable posiiron

emitting radionuclides for this purpese include "'C, *F, 0, N, "Br, ', "4,

41-



25 Preferred non-netal atomc reporters include
radi oi sotopes such as 12311 311 and 18F as well as
to nuclear spin atons such as 19F, an _
woggti%@rlr%%:éuch as In a preferred enbodi nent, Z%ﬁéi%ﬂgwosm
. con%)sound of formula (I) 39 con‘prgi ses a positron
*Rini PO @ df@nuck ivdech ncor podalt’Bdaes tinefermesl. a  The resulfing
r ost het.i 0 or substitution or dition
cofBRRF diforafnF et BischE et P asiBbe iission Tomography
(pgﬁj':ﬁﬁé%gg_r adi onucl ides for this purpose include "G
18F, 'SO7 13N, 75Br, 12211241 11 WO 2005/012335
PCT/ GB2004/ 003150 a2Rb 66Ga, and 62Cu, of which "C

.6 r.ef.e [ und of
s Thdfgore Sodifing 18 iRy A8 PR b BB, i on
conmrugk efifhymulaREE)y | magi ng. Therefore, according to a
second aspect, there is provided a conpound of
formula (1a): 3 S ONNHHNNNEHR2 OOOOOH
(la) 18F- (Linker-s NNRL--CH2 FI1"]~ NHNH 0O 10
wherein R is eitjr a bond or i%;H 0 0 1s wherei
; [

a is an integer o(f)' rom | gte—307 R2 15 %

g
O O O O
HN\:/IKN/(W,&\:)LNWH\:/”\NJ*Q\AN =
i H g5 & H : H QO f H

} > OH}:O @ ()

1éF (L ker)—s/}]/}:}—# HN=(NH
— (LI
: o _' hk

10
wherein

R is either a bond or is

H
N N—
\[\/\O,I'a\/ \]'r\o/\ﬂ/—H
0 s}
15  wherein a is an integer of from 1 o 30;
R%is
H _
_{_.HN\/\O/\/O\/\O/\/R\I_(\O/\H,]b NH,
o) 0

wherein b is an integer of from 0 o 10;
20

R%is a C4 alkylene or Co4 alkenylene bridge;

- the Linker is a C4.3p hydrocarbyl group optionally including 1 to 10 heteroatoms.

12



NH2 O O wherein b is an integer of fromO to 10; 20
R3 is a Cl-4 al kylene or C2-4 al kenyl ene bridge; the

wohh@ﬁﬁ%’?%]s a Cl 30 hydrocarbyl group optional g}ﬁ%ommﬁslso

g 1 to 10 heteroatons. -12 WO 2005/
PCT/ GB2004/ 003150 In the conpounds of fornula (la):
R3 is preferably Cl4 al kyl ene, and nore preferably

- - a is, preferabl n integer of from1l to 10,
|%§g’!2?‘§'nﬁﬁ§'ﬂ %PE&F%’Z@%)/ g 5bis preferably 1. In
T UL gt ot ey omger b o v

opt i ncl eter
aax)pgm‘erably antiniegen of troth ﬁmcy b@ aehd semosbpmferablie5good

b ?; zgﬂggarnacoklnetlcs such as favourable

5 é§@F ef haracteristics. Suitable 1o Linker groups
i ncl ude al kyl, al kenyl, al kynyl chains, aromatic,
pol yaromati c, and het er oar onmat i ¢ rings, and polyners

I forpuila i(la@tra hlylkeh@@ Gaad hydmradyhgiowp aptionally including 1 to 10

hgﬁqrg@? ( at %?éérf Pf F&l%g% %ﬁ@;ﬁa@ tg)é (e;{]gsreanb o provide good in
@gﬁﬁ@d‘m{ ¢tidg) Buch b&) falburdHiéiekbrelioh! ondactefishéd. QSurtabie

wherein: n is an integer of 1 to 20
10  Lipk eggmunawmb@ﬁ @kyly alkenylp alkypyl ehaips,iatoegdc, @@Iyarqraahc and

hétroafniatil Rh§9Sand Wliiflers’ cdiipASing UifidiEhe@lcdt, GRS acid, or
carbohydrate subunits. The Linker is preferably selected from (ll), (iil) and (IV) :

~(CH2CH20)-(CH2 ) {1y
15

-(CHa),- Ui

0O
—{chy). ; ﬁ_(CHz)?‘“ ()

wherein:

n is an integer of 1 to 20;
20 m is an integer of 1 1o 10;

p is an integer of 1 to 20;
g is aninteger of 0 {0 4,
ris an integer of 1 to 10.

25 Informula (i}, n is typically 2 to 6, suitably 3, and m is typically 1 to 4, suitably 2.
In formula (Iil), p is typically 1 to 6, suitably 3.

in formuta {IV), the group —(CHa)q- is suitably attached in the para position relative
30 tothe amide group, q is typically O to 4, suitably 1, and r is typically 1 to 4, suitably

-13-



25 In formula (11), nis typically 2 to 6, suitably
3, and inis typically 1 to 4, suitably 2. In
formula (I11), pis typically 1 to 6, syitabiiedeosidn
wo 20es/01288rnmula (1V), the group -(CH2)q is suitably attached
in the para position relative 30 to the am de group,

gis typically O to 4, suitably 1, and r is typically
2. 1to 4, suitably -13 PCT/GB200 4100 3 15 0 WO
2005/ 012335 2. As shown in the in vitro conpetition

bi ndi ng, assay bel ow. : spabw, fiaenedrapbdnds of
As showané {ealf wtfﬁ&?‘apﬁﬁ%%‘ﬁ?’ g?cgﬂ ssociated W th

) ngi i hesentsrempssouistetayith hargibgenseiful ('8Fe
formuia m%‘aﬂ%gn@%%ﬁ téi {\e)i['&a agnosi s, and, | n% i ng ‘Ofanqd{nﬁgg?}ﬁg%f
compouf@d meaniiut itenssel s 6et aealEneRt /7 4G ggﬂ SR
‘ third aspect, ther |§"t§r$¥¢1lg§gn%§§ of a conpound of
diseased endgPRAEPRS @ISS?P?%% etfined above in the
manuf acture of a conposition for in vivo diagnosis or
_imaging of. a di.se Lt S$5.9% 1fbedaVed defined above
In athsrdaﬁﬁé’f%@ggﬁées\sﬁm ‘éd?é?en&;%ﬁg g%%agagifti on (?s ?%) be i
o )] LR Fordn \avo disEgniostyyobihaging tdié
in the “S%fwﬂé?%ﬁ%?%fdogﬁﬁgl mge. suilably g PET immos.c abeiton
diseaspar tondiion RSEPCIEERH WIHENF AT TR YRS RPSA “PR F’;ﬁ IS
. Provi i ?m GRIACEthayf BEfoH shé genemtion i ay
is 1o D“‘aacg-ﬂ‘pgsggrnegj %;?Qh orr[ulgg (1) or gjf a%@s defi ned above
_image, dtablye BE Tnorappefrmaitew all Ghspl ept abl e
T ‘excipients. in a fifth aspect, there is provided a
met hod of preparing a conpound of formula (la) as .
‘def i ned above which conprises reactjon of .the " .
in a foutiomEERNaIRIS PLEELAEGFPTETES 4 fomgblatbsgomey ey & sompound of
" formula 'd) (o)r éfa)%?;l definbl Gobld htd &%pmoré?athHaceuﬁcaliy acceptable excipients. -

. iﬁ a fifth_ aspact, there is provided a method of preparing a compound of formuia (ia) as

defined above which comprises reaction of the corresponding compound of formuia (V).

wherain R’ R? and R® are as definad for the compound of formula {ia) and Xis a
izaving group selected from chioro, bromic, and iodo, and is preferably chiore;

by reaction with the appropriate compound of formula (V1)

e (L inker}-SH (V1)

wherein the Linker is as defined for the compound of formuia (la).
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[l -~~ 1 | N~ O wherein R, R2, and R3 are as
defined for the conpound of fornula (la) and Xis a

| eavi ng group sel ected from chioro, brorno, and i odo,
and is preferably chioro; by reaction with the
appropriate conpound of fornmula (VI):
"8i=-(Linker)-SH (VI) wherein the Linker is as

defined for the conpound of formula (.la). -14 In a
si xth aspect, there is provided a conpound of fornula
(V) as defined above. 1In a seventh aspect, there is

provided a kit for the preparation of a

In arsidh aspasbtheratieprovidegta dempduridonf fertrady (\§)asatefided ivac.
above conprising: (i) a conmpound of forrmula (Via) '
L- &Li nker) -SR (Via) wherein L is a |eaving group

In ase ﬁntggsEeqoqhgwémW@ktéfor the preparation of a radiofluorinated

peptifié bf faph@ERN a0 ASHHIY ._.pet hanesul phonat e, the
Li nker isgg gz-Bo hy rogérggvﬁﬁaﬁgup optionally

~ i,.ng, teroatons; R is hydrogen or a

(')%%Wp%éﬁo?w&%gagag; and (ii) an activated
pepti de of form{t_mk@v})-m defi ned above. Th?wta(?rm
"di seases and conditi'ons associated with

angi ogenesi s" includes those diseases and conditions

erred tQ belo ference is also made in this
W“%E%ﬁr d?' t o@m%swz??gi?ﬁ. tﬁrQBBse?“&ﬁd- @ndi Ril@Hgnesulphonate,
triflassmnéetizeeswiphonanyi ?e8eRehesupebHER di fferent forms
-’Eheg]:'jp cancer. and netastasis, for exanple, breast, skin,

Bes b, spavdipeatayE grososplionglly incindingr1 tv a0 ihateroatoms:
R iﬁﬁgl&%’gen%ﬁlg{higf ﬁgﬁﬁgﬁﬁgyépndl tions associated wth

odenesi s are' i n (for exanple, chronic
and nf | ammati on), atherosclerosis, rheumatoid arthritis
..and gingivitis. '
(i) an actlvated_peptide of formula (V) as defined above.
The term “discases and conditions associated with angiogenesis” inciudes those
diseases and conditions referred to 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, pancregtic, prostate,

lung or ovarian cancer.

Other diseases and conditions associated with angiogenesis are inflammation {for

exampie, chronic inflammation), atherosclerosis, rheumatoid arthrifis and gingivitis.

Further diseases and conditions associated with angiogenesis are arteriovenous
aliormations, astrocytomas, choriocarcinomas, glioblastomas, gliomas,
hemangiomas (childhood, capillary), hepatomas, hyperplastic endomefrium,
ischemic myocardium, endomeitriosis, Kaposi sarcoma, macular degeneration,
melanoma, neuroblastomas, occluding peripheral artery disease, ostecarthritis,
psoriasis, retinopathy (diabetic, proliferative), scieroderma, seminomas and
ulcerative colitis.
-14a-



Furt her di seases and conditions associated with
angi ogenesi s are arteriovenous alfornmations,
astrocytonmas, chori ocarci nonas, gliobl astonas,

gl i omas, hemangi onmas (chil dhood, capillary),

hepat omas, hyperplastic endonetrium ischemc
myocar di um endonetriosis. Kaposi sarconm, nmacul ar
degeneration, rmelanom, neurobl astonas, occl uding
peri pheral artery disease, osteoarthritis,
psoriasis, retinopathy (diabetic, proliferative)

Th@rﬁéé‘gfe ogaft{ecg}’dlré@wqﬁﬁﬁ%raggq%ﬁ g &ag@\éggf grlgylf 5o is provrded a
cofnpeant i sfrformibier ) bs (1) Fet deed @ n@@!ﬁﬂ%‘%rﬂ&lﬂ%ﬁ?w'tﬁe in vivo

(1) or (la),for use in nedicine, particular

diggrogisy Imﬁga@qé@’ exasppienay Pig,, of or disgasmbe cbgd:ﬂ&ﬁ asebciated

éﬂqﬁyg% condi tion associated w th angi ogenesis.

VW@ al'ternative, there is provided a nethod for in
vivo diagnosis or imaging of a -14b WO 2005/012335
@5 2004/0§ﬁ%50 di sease or condition associated

In % QISPIRYIGe 8 spthprddar névasdisgnasis or imaging of a
adn1n|ster|ng a conmpound of forrmula (1) or (la) to a
human or ani mal body, followed by generation of an
i mge, suitably a PET image, of part or all of said
body. Further, there is provided a nethod for
treatnment of a disease or condition s associated with
angi ogenesi s which conprises the step of
adm nistering a therapeutically effective anmount of
a compound of forrmula (1) to a human or ani.nmal body.
The conpounds of fornula (1) or (la) are preferably
adm nistered in a |o radi opharnmaceutica
formul ati on. A "radi opharmaceutical fornulation" is
defined in the present invention as a formnul ation
conprising a conpound of formula (I) or (la) in a
formsuitable for adm nistration to a mammal, such as
a human. Admnistration is preferably carried out by
i njection of the radi opharmaceutical formulation as
an aqueous sol ution. Such a radi opharmaceutica
formul ati on may

-14b-
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15 optionally contain further ingredients such as
buf fers, pharmaceutically acceptable solubilisers
(for exanple cycl odextrins or surfactants such as

WORPYHA3E, Tween, or phospholipids), phar mac&GH{BR4P03150

accept abl e stabilisers or antioxidants (such as

desereirccorelitbn Sedtidiated At angibgeaeds Al Benprises the step of
aci d) or bul king agents for )él/_ophl | isation (such as

aglptinistariog arqamep@incthehdeiouip. (rae (lraa&po@)mnmwammal body,

fgglﬁ)\y\é%f gy Iggﬂargag P@Sofaéjrmrﬂégé %uﬁ%bl)p? méf\{}#]ag?or all of said

image, taking rn acc

bodly U iFariokr, tthereds peadded a methddtfooineditaierd of a disease or condition
inves{%rjgat ed, sjze of patient, and such other

aBEeeis Wogwseealﬁpwhm CompESERriBEnsieR Pf administering a

Pl TG nESREE o oTRRSip ATBGHE% (1o g, humon o

amrimbbﬂmi)at ed i magi ng netal ion per kil ogram of
patient bodywei ght are 25 effective to achieve a
reliable imge. For PET, a suitable anobunt of the

T?@%Hﬁk&&ﬁsf of ”fcﬂrﬁ‘ru(al) for( glé) A Q)réfetréblgrogdﬁ@ustered in a
prefera

y Ito ere ore, in a her aspect
rafﬁioph@rmmncailowmmlhmm ms'apmmadeac@ucal formuiation” is defined in

tlae pf%o%hﬁg F@ae%%%a%a%l fortﬁﬁ{ﬁty&g&ﬁ)@gfg}g“ 2 &r%oun% rFF}SPm&a (I)or
(RhahNacRwhi s@tdble af@eemrﬁhrs:raq&ﬁlw aNiammBE $ubreaki #Thuman.
further provi des a pharmaceutical fornul ati on

Aslmipistrating is preferaby warded pyt by firisetiane of e mdiopharmaceutical
fr\%?ﬂﬁgﬂ&gag Bn%PgﬂhgiéW2§gg b %{é%@gﬁéﬁﬂécedtﬁg%ﬁﬁﬁlahon may

one or

oo EB2EEMATIGGAREr inglealieris sudh a@bmffere,qﬂwhﬁrmbatrcaily acceptable
adj yuvants, exci p| ent or . dil uen effec;gl ve

mlmffpeemee&yc dext U crecsrt%waﬁ #$ Plugppic, Tween, or
p@r%gﬁ Sl epﬁ?ﬁn %lﬁg:'aiiy %Bc eQP%ﬁ%%ﬁF&eﬁﬁﬁ%ﬁo&ﬁﬁhﬁd&such as

asrmrtmk@chb@amsmacrdcmnpamamrnﬁbernaomaadi lor hudkinheagents for

iyqr@ﬁ §l(5f|: Fﬁtﬁ)gﬁ Sglafprg%of\)/eeﬁqe ragigpharmaceutical

fSﬁﬁu]QM&ar‘i‘ E; éi:ﬁmﬂigt@r*&ltiﬁ AnRERGUHSVhislY ?F\!B@ 8 réﬁéb[éima@én taklng into
Che Soc., 85:2149 (1964)) and nethods anal ogous t

_ emogat the neéweraf itee diseapp ay3o0diE20 .bemmave@rqﬁedmza)@f patient,

R s R BE WA DL HRRE o BoAlbrRBAIN RS Sr. Whero

the reporter moiety comprises a metal, generally doses of from 0.001 to 5.0
mmoles of chelated imaging metal ion per kilogram of patient bodyweight are
effective to achieve a reliable image. For PET, a suitable amount of the
compound of formula (}) or (1a) is 0.1 to 100 mCi, preferably 1 to 20mCi.

Therefore, in a further aspect of the invention, there is provided a
radiopharmaceutical formulation comprising a compound of formula (1)-or {la) and
one or more pharmaceutically acceptable excipients. The invention further
provides a pharmaceutical formulation comprising a therapeutically effective

amount of a compound of formuia (1) or a salt thereof, together with one or more

15-
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A compound of fornula (la) may be prepared fromthe
correspondi ng conpound of formula (V): 153 S SO
HN N NJN-N NODN-\N fe HO~Hpt HO=HO HHO M

X
WORPOSIUR3EWD |° O wherein R, R2, and if ar eP§¥/GB2004/003150

defined for the conpound of forml a (1) and X is a

dhamaanﬁfaw@c%sbm@adfwgmscak@ﬁ@ntéoro?mueﬁ&d I odo,
and is preferably chloro; reactlon with the

appropri ate conpound of fornul a (VI) " $F- (Li nker) - SH

Arsrita e Bresiiadoseryr 4 SuBg Bl bhBimue (b Mt pepsng upon the
cahditio\eid Opmiént bomgteited anit ifgéneraD@ill RsiPaRs raigd Tismol/kg to
-16 WD 2005/ 012335 PCUGB20041003150 pr esent

Ti mnalkpdwdymeighteact i on of conpounds of fornulae (V)
and (VI) may be performed using the mnethodol ogies
described in international patent application WO

Crdhpeietof formula (Eneryabe prapased ubmgrmaﬂtﬂd@mfrmgaﬂne synthesis
effect ed in_a suitable solvent, for exanple

In
B solidrphase methrdology ok Msafitiald emplozaﬁa a@tataomated peptide

S!ﬁ“’“’%@e*ﬁt B OREAT SLT SRR B AR Rt ifeqibto tose

dasscpinabmr\&d) by/08648d aﬁ'dhemh’rmntmdebf fpiulald) m}ay be purified using

RgfhpAgarsancefoid aRpnBataepBL g, P | °

A compound of formula (la) may be prepared from the corresponding compound

of formula (V):

_ S
s R ——g
% o O 4O Y HO
CH .
AN AN N\)L%’\)L R
N N YN 7N
H : H 5 i HQO ¢ H

wherein R', R?, and R? are as defined for the compound of formula (1) and X is a
leaving group selected from chloro, bromo, and iodo, and is preferably chioro;
by reaction with the appropriate compound of formula (Vi)

E(Linker)-SH (V1)
wherein the Linker is as defined for the compound of formula (1).

Compounds of formula (V} are novel and thus represent a further aspect of the

.'—1 6'
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in Athert on, E. and Sheppard, R C.; "Sol i d Phase
Synthesis"; IRL Press: Oxford, 1989. WO 03/006491
al so_descri bes synt hesi s of analogous pepti des and

WOF?ﬂsémyﬁgard i s incorporated herein by refe?@i’f@z‘”’“‘“"ms"

I ncorporation of the bridging group R3 may be

peédemt iracbritipnr eacti on of the correspondi ng peptide
containing two free thiol 15 groups, with the
rel evant dichl oroal kane or dichl oroal kene (such as

Tﬁ’ﬂg‘}ﬁb&ﬁ&?ﬁf &ﬁﬂg?%ﬁﬁgo%rhﬁléeﬁ(\}}%m}qﬁv% performed using the

ncor por ati on group
meethpdolodiesf ddsoritvelen (iMermatioriad patdrit epptichtjorr ¥a0t033080544. In

f
opheralFars, o Boromog s e N b DR ST it emple i
fa | YAAY(
HRRERIRTNA Lo 60 ingh R I ol nooh oo o
froed briedOF Gy prafaeamwabammmﬂememiuw.(v) and Z is

-OH or a suitable activating. group such as, 25
chloro, brono, fluoro, -0OC(O CH2-X wherein X is as

O_Pélﬁiﬂsi@f fdrhﬂ}lémw befpreparad By (SAndAH Weebdé ofSpeptide
the acid may actlvated u5|n%1|n situ agents
syplbesisa fpr example, SOIld -phase peptide synthesis, for examp{e as described

rﬁA&geﬁ %%ﬁgssgﬁ%p%r&(m:} :aspﬁaéeeé.&ﬁ‘{ﬁ%‘sléw ¥ 98T Oxford,

188D( WO IgOE49 hal)soliési;nﬂe§syrithazle lof bAalegblip yebildés and in this
yl met hyl ene] - N et hyl net hanam ni um

r@ﬁ@(af !SMQ{BRE%% %@'Wiﬁf&ée'ﬁq%ﬁwfwt@}ﬁﬁ%%d%mg group R

ose égesgrpéi%ﬁg in mteré%%lgﬂ‘quﬁédﬂd%ﬁ%ﬁmamgﬁeemm

gmnms c awitronthaD @e@@%%phlbmalbammloe cﬁc:rﬁmoalkbﬁevusuch as

dzg‘g‘\%/ 8}%%35 %Gﬁg 3159{% erﬁ'l”%@?{]ﬁ) of the group “X-

O‘P‘I}t (©)“ in 4 §0ﬁ1ploﬁﬂﬁ'd‘f§foﬂﬁl§!HRV§H€éy B achieved bP{ reaction of the N-
ol uenesul phonate, 5 trifluoronet hanesul phonat e,

t@mm haae gm:m@nateanmgr&mma@cm preferably ty§lfl$ebf thepeptide with

or tg% tg’f%gﬁglbt%yla (VI) and R is hydrogen or

X-CH,C(0)Z (V)

under standard conditions for peptide bond formation; wherein Xis as defined for
the compound of formula (V), and Z is —OH or a suitable activating group such as,
chioro, bromo, fluoro, -OC(O)YCH»-X wherein X is as defined for the compound of
formula (V), or when Z is —OH the acid may be activated using in sifu agents such
as 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
{(HBTU) or N-{{(dimethytamino)-1H-1,2,3-triazolo[4,5-blpyridin-1-yimethylene]}-N-
methylmethanaminium hexafluorophosphate N-oxide (HATU).

Compounds of formula (VI} may be prepared by standard methods such as those
described in international patent application WO 03/080544, for example, from

17-
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by reaction with cyclotron produced aqueoUs
[18F] -fluoride, suitably pre-activated by
eva ion froma base (for exanple, from

or at
0t28?§‘36{?§yl ammoni um or  K2COB/ Kr ypt of i x- 222) , BCH/GB2004/603150

sui tabl e sol vent such as acetonitrile, NN io

theroeirespbadimgradiepownid of foptiid (\Adh:phoxi de, typically

at elevated tenperature, for exanple 60 to 120C,

fol |l owed by remdvdinks} =8k t hiol protecting vE)p

using standard nethods. Conpounds of forrmula (VI) in

which the Linker is of fornmula (11) may be prepared

T%rghrgm Lgel-lisorcﬁlgs wmsxﬂng]gf g)rtrmmﬁunmmf Lf@é ”Ublﬂom‘éh@aﬂlphonate,

= ( m | erein is a leavin

tﬂﬂ\g(gfﬁngq}'_%ﬂ%%&lghq%ﬁtgeqr gifinssatrhonate, and the Linker isg as defined
e k I nd

O BF R (3 0 s OB R Py S orou

bysreagtionyéth ayclatroniprotiugedaqeeoum] YFldluprideysuitity panactivated

by t Iqlgg)?scltotrqfn%ﬁrod:f)ced ueous E)ESF -fluoride .

By isvaRPlpt el Fabage BT PPk BAM AgipRubiaremonium or

K00 e228), 0 tgtr a, hi Hrile.. |

r%zco"’élle rypt in%); 2.Ii?_ﬁZ),g isﬁmgb?ui%%‘%gys% ven%S Sa%%toggnle, N,N-

dimethoiforinamide,igrdimathybsulphoyideatypitally at dievatddy/temperature, for

i L C t. el evated ., te rature, for 25 .
IR EER 139 RO¥ e By ol R orafee i aspup using
stardagdtrhegodsoup using standard met hods. Conpounds
of formula (VI) in which the Linker is of formula
(111) maybe prepared fromthe correspondi ng conpound

s ' Lol s rej/pn. L i,s a
Rt 3 folinile (AP ahich L ERel Xt T igeys® freparea
om0 Hied ta38sprEiMBamReuna JF 3rmula (VIb):

trifluoromethanespl phonal r, et hanesul phonat e, and
pis as defined f'-r(%rél?ﬁza?vi@ﬁa)ﬁﬁ fVIBhd R i s
hydrogen or a thiol protecting group; by reaction
with cyclotron produced aqueous [18F]-fl uori de,

- wharelabl L pris- aca i visewiing bygreupporsaichon dsr orp-toli@sesulphonate,

tr‘ffu%rro&)éwrlle%’utgﬂo%a é,%trrrr?&%}(llegm&ingt@, c:)arnd n and m are as defined
for the formuta (i1) and R is hydrogen or a thiol protecting group;

by reaction with cyclotron produced aqueous [*F}-fluoride, suitably pre-activated
by evaporation from a base (for example, from tetrabutylammonium or
KoCOa/Kryptofix-222), in a suitable solvent such as acelonitrile, N,N-
dimethylformamide, or dimethyl sulphoxide, typically at elevated temperature, for
example 60 to 120°C, followed by removal of any thiol protecting group using
standard methods.

Compounds of formula (VI) in which the Linker is of formula (Ill} may be prepared
from the corresponding compound of formula (VIc):
L-(CH2)-SR (Vic)

wherein L is a leaving group such as p-toluenesulphonate,
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5 K2CO3/ Krypt of i x-222), in a suitable solvent such as
acetonitrile, N, N dinethylformmde, or di methyl
sul phoxi de, typically at elevated tenperature,

WO2WSMPI560 t o 120C, fol | owed by renoval of aﬁ?Tﬁﬁ?@P‘W““Sﬂ
protecting group using standard nethods. to
tifareHRdBandslshondte, dMnkiiaheduisiorddie hhaes dssdéﬁned for the

formul a (Em\t? may be prepared fromthe correspondi ng
el mifm twdeviaf)a thiv! proteching IF@HBR (Vi d)

R T Y B —

biye evapesitioph druh e aabaseh gor dexample, Lfroﬁﬁﬁeﬁﬁbu@%mmonrum or
nitro or an iodonium or anmonium salt, and and rare

KaCQulirvntalie 822) hin f 8r mwitable( | sgivenfy suchs Erﬁyda@@@nlt@le, N,N-

t tron
iy o@a@ggﬂggﬁ% gg%g@rwgg%saﬁ@r&w Li3vELH Bhp¥ature, for
erxamfmm)/w ¢R0°Qyyfotwapadrtat rm@almﬁanbﬂﬁcﬂ frbRycting group using
%% ?%Pgm tetrabutyl ammoni um or
$ix-222), in a suitable solvent such as
acetonitrile, N, N 20 dingthylformam de, or dinethyl
sul phoxr de, typically at elevated tenperature, for

rdssof foamalzdly)) in shidwihe pkerisof tarmeta QWY malyibs! prepared

0t, t pds. In fornul ae
BT bolfafSrtity (o afhde Al S ¢ ol
protecting groups in¢lude 25 (Phenyl)3C (trityl)
and others as may.be|[f ound described in Protecting

G oups |n O Sy h%gg., gﬁgora W G eene and
ubl ipgh tﬁ)} Widhey & Sons

Pet erl."
h thiol protecting groups may be

I nc. Rem)val
effected by standard nmethods, such as those

wHRS6I bed jsn & %ﬁ\ﬁng F‘Hroﬁpargﬂc‘?r shengid} pﬁ]&%{ﬁéédiphonate

the free thiol may be formed by treatment w
triflicgomedhanesghianatsoon memanﬁe@@mnae aofldvhien g is 0, L.’ can be -

5, 8f o BEE R b B o] B B Tor e formuia

(RYRERIR i h?dﬂ)@@hw@mrcﬂfpréf@bﬁhb eolp/ a) (Vib),

bgr\{ega):tfonavr}gh cyciozron produced aqueous [°F}-fluoride, suitably pre-activated
by evaporation from a base (for example, from tetrabutylammonium or
KoCOs/Kryptofix-222), in a suitable solvent such as acetonitriie, N,N-
dimethylformamide, or dimethyl sulphoxide, typically at elevated temperature, for
example 80 to 120°C, followed by removal of any thiol protecting group using

sténdard methods.

in formulae (Vla), (VIb), (Vic), and (VId), suitable thiol protecting groups include
(Phenyl);C- (trityl) and others as may be found described in Protecting Groups in
Organic Synthesis, Theodora W. Greene and Peter G. M. Wuts, published by
John Wiley & Sons Inc. Removal of such thiol protecting groups may be effected
by standard methods, such as those described in Greene. For example, where R
is -tr‘rtyl,'the free thiol may be formed by treatment with dilute acid, for example

triflucroacetic acid in a chlorinated solvent, such as dichloromethane.
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may be bound to a solid support, such as pol ymer
beads or coatings, for exanple, a trityl or
chlorotrityl resin. In this aspect, the excess

WO LW38¥3% and by-products of 5 the radi o-fl uoPEHEBREH/003150

reacti on may be separated fromthe pol ynmer-bound
product by washing. Using the deprotection nethods

described aboyve, eff | f the d
PP GFofaiTEe PRt enEoRBoUDRs @t Gphtne (Via Vil Wihcnd (Vid)

SBo | | f 1. on
B o SOl et S8h s POl AR BEBYS igample,
agitybpochlotadrityt resin. dn thispspeet; ttﬁge)excardmgg_gn&@nd&ﬁpfdﬁ ucts of
.l g reaction m.xture, may be renoved by
tq i AR Sar o M e Fepaatad TS dise PRlymarbound product
byMwashingn TRME thé BEFY el st §8scr
yr eparlatgi on ofgaa radi‘g'fwltél%i?{]ng{t@g}joé)éégtsi Qés%qbefdorar?ml%’ effects
cleayage ppHhascorgpaund of farewila (Vi) froopthef sdlidrsagpery, \Wri$ approach
. _ l.d nd_an, act.i vate epti de of
e R payicy ey ot et Spiu e Rie b Frmimunes of formuia
(V19r tHeandtiieh), thé ByProdiMisCor, thil d(ew&bcmw@?a% insoluble in the
converted to the corresponding conpound of formula
reagiipn ke ndey hesrengavad by Eidralipove. Preferably, the
conpound of formula (VI) or a thiol protected 20
precursor of any thereof, may be separated from waste
Aceardirgntes sbfurfhes saspect fvd thedavehtion Terb Uk Srblidedod & for the
.SolquPha e Eétractlon (SPE) cartridge. The SPE
PRI, AT Adadiofhprinatedapeplidsnpt @fﬂ'&gﬂ & comprising a prosthetic
L fIBANYIANASE (VY i ecti ng:group.
O TR VDL QLY (I8 B VRN o BB BBl B formuta
(M¥ifluoroacetic acid. Where the thiol group in the
conpound of formula (VI) is 25 protected with a
hydr ophobi ¢ group, such as a trityl group, the
Indese of 81 KiQrtheRYmMFUNESH RiifuYa PR f(}mg)t .
cartrid,ef whereg;. t he hydrgphggﬁg hié?gk%$%§gﬂ?fﬁ§Ukibe
cyveiied( &udheasoresngnding eeampeunsh wfdfosmulzngVl) using methods

1. | I | l.ed tic
aicpdioter Gty frd S5 mpefiRgorSerRos Wiken s uflapbtected
prégarsoc offpny tiserebf, noayTbé scpitatedMrehtiwhBrITcbetaid B¢ B‘é@sing the

t hte‘ portg,‘oung of ggérml a é\/) or_ 30 which may suitably
regehien ugiure shioyohyaenid Bhdse Extigetion {SPE) marisidge. The SPE

* cdrBRigll RiayakoR ﬁ%@éﬁ gj}j‘éﬁﬁf@ ip%z@-"&efﬁ%léfaeﬁ&:n%h i)@fa%eg grAny thiol

m ndtes, ‘the l'a pept fde may 'be puri
prejestipp cggroby nsBEbarrdvevele fdrezkample, by addition of an acid such as

trifluoroacetic acid. Where the thiol group in the compound of formula (Vh) is
protected with a hydrophobic group, such as a trity group, the deprotection may
conveniently be effected on the SPE cartridge, whereby the hydrophobic thiol
protecting group (such as trityl) remains bound on the stationary phase while the
labelled prosthetic group of formuta (V1) is eluted in high purity and yield. The
compound of formula (V1) would then be added to the compound of formula (Vyor
which may suitably be dissolved in aqueous buffer (pH 7-11). After reaction at a
non-extreme temperature for 1 to 60 minutes, therlabell-ed peptide may be purified,
for example, by SPE and collected.
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is illustrated by way of the foll ow ng Exanples, in

whi ch these abbreviations are used throughout: 5
WODeRH013338h| or onet hane TFA: trifl uoroaceti c adiCi/GHF4/003150

t et rahydr of uran

HBTU: 2- (1H benzotri azole-1-yl)-1,1, 3, 3-tetranet hyl uro

ni urn hexafl uorophosphate Boc:tert-butoxy-carbonyl

Tthe irveotion i illustratsd byt Wway yf dhé dallowing | Bxamples, in which these

abﬁ’lé%@%q%po%%sle? @"%@ﬁ‘iﬁe ;r oipfll sEE??SIn;u 1|: abel | ed RGD

containing Peptide Title compound: S O F tINHNp 11
N~7" "ryNiz { O pO O F7

5 DGM-dichosimethare-' vOo~/ ~0'ip 11 O-Y HNNF OO0 0 20 1
ﬁ-‘) _%}ffﬁhesis{.of 3-tritylsu | fanyl-propan-1-ol 3/ S
e QPreGPdri de (27.9 ng, 0.1 nmml) and tri et hyl

THF-netrakrefural- 5 ol ) were dissolved in DCM (2 n)
bef ore 3-nercapto-1-propanol (9 pl, 0.1 nmol) was

HEd&R-(ThEkrnzeiriezelgor-a-dd . d.ddeframedindwonipine bexafisorophosphate
B AEARA R ARBAy e cr ude

10 Fmoc: S-fluorenylmethoxycarbonyl
TIS: triisopropylsilane

Examples
15 Example 1: Preparation of a 3-fluoro-propylsulfanyl labelled RGD containing

peptide
Title compound:

h/ S_/\s -
F i \/lcl)\ ﬁ&ﬁ\;iﬁ/\gjrﬂ\{iﬁlgﬁ\}ﬂlg%
C 2 } =0 b

b ' NH
HrﬂwONDmONO\/\O/\/ﬁ\ﬂ/\O/YNH }‘N:(NHz
O &) 0

20 1a) Synthesis of 3-trityisuifanyl-propan-1-o]

Trityl chioride (27.9 mg, 0.1 mmol) and triethyl amine (49 I, 0.5 mmol) were
dissolved in DCM (2 ml) before 3-mercapto-1-propanol (9 pl, 0.1 mmol) was
added. DCM was evaporated under reduced pressure after 6 hours and the crude

25  product purified by reverse phase preparative chromatography (Vydac 218TP1022
24-
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25 product purified by reverse phase preparative
chromat ography (Vydac 218TP1022 -21 WD 2005/ 012335
PCTI GB2004/ 003150 colum; solvents A= water/ 0.1 %

WORMK/ARHSB= CH3CN /0.1 % TFA; gradi ent 30-70 PUIGREV003150

40 min; flow 10 M / mnute; detection at 254 nm. A
c%iu%'lﬁi s‘éivef?f@ﬁ %atepm b e AR s @Hs‘(","‘}@l @Hb/aTPRdgraduent 30-70

anal'ytica C. col unm phenonenex 'L
% BBo0BlQ piit; E@wgb) rréuitremuim dedeeiion ot 254 ). AnglelB-of 6 mg of

o e PR PR o300, bR Luna

@h@mmmteﬁ 1doipasts2Ad Waler /@1%01“@&%&698“0%@@)/ 0.1% TFA;
NVR. %QI ynt hesi s of nethanesul fonic acid

gmdlem&:w %ﬁgverp‘r(bmym floyy /0 mb/miptite; retention tite 7.73 minutes

difiioied BR225 86 404 b@uﬁ%ﬁ;‘/‘m?@%@-ﬁlwﬁ?st . 0.015

mml) and triethyl amne (321, 0.23 mml) in THE (1
After 30 m nut es THE was evaporat ed undert

10 ng was obtai ned after eva0| on under reduced
pressure (analytical HPLC: Jcoldm Luna C18, -

00B- 4251- EO: sol vents: A— ater/ 0.1 % TFA and B=
CH3CN / 0.1 % TFA; gradlen 40-80 % B over 10 m n;
flow 1.0 M /mnute; retention time 7.12 m nutes

Missyb chkdlidet (GZM @QOT5 2hndiMvasShddest @6 @ velution eff Pifitylsulfanyl-
NVR 20 1 c) nt hesi s of
prepan-tsi 65 m@doga|mw| and rigHum pmiee 132 ¢, 023 mmol) in THF (1

5 58 S bt 1EF vk el el R e TS urB Rl e crude

prodtictnilissolved ( h 2DEN), (eshbingjth betshana®d fsohitionaef dsodium
hy&rogehcarbona‘te in water, a saturated selution of sodium chiloride and dried with
MgSO0.. A yield of 10 mg was obtained after evaporation under reduced pressure
(analytical HPLC: column Luna C18, 00B-4251-E0: solvents: A=water/0.1% TFA
and B= CH3CN / 0.1% TFA; gradient 40-80 % B over 10 min; flow 1.0 ml /minute;
retention time 7.12 minutes detected at 214 and 254 nm). Strucfure verified by
NMR.

1¢) Synthesis of (3-fluoro-propyisulfanylitriphenyvimethane
f‘ ®
-

Potassium fluoride (1.4 mg, 0.024 mmol) and Kryptofix 222 (9.0 mg, 0.024 mmol)
were dissolved in acetonitriie (0.2 ml) (heating). Methanesulfonic acid 3-

tritylsulfanyl-propyl ester (56 mg, 0.012 mmol) in acetonitrile (0.2 mi) was added.
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25 tritylsul fanyl -propyl ester (5 ng, 0.012 nmol) in
acetonitrile (0.2 m) was added. -22 WO 2005/012335
PCT/ GB2004/ 003150 The reaction m xture was heated to

wWOogwms@eyBees for 90 minutes. The crude product POERAEB2004/003150

purified by reverse phase preparative chromatography

ThEfeaRer bl eiems GOt AN AGRER A0 Bl i de product

vmsepuniﬂhdrbgln ge\fecregl p]tﬁisﬂ} prépara’u_vee;hrdmmmgrepry y&i218TP1022
etk il arpatehr ook 8 Acnd s G Horks T gracient40-00
%Esove%]@%?&) ?rﬂ'l‘hgﬁ\h?e dEte¥PEf 284 hndh H:ﬁeﬁf‘gf 2 mg of

B= CH3CN FA, gradient 40-80 % B over
purified material was abtaded @nahtticehHPLEe celummPhemce’eenex LunaC1 8,

Oﬁ%Fﬁféﬁ'%Pdf’O@?H?%&ﬂ%aztgﬂ 0 r‘p% T]gt ré{% gL%PY%r!\'I ; 6 ?9 'Pl¥A' gradient

AB0mE 3 D/BPEO TriM St B mﬁrﬂiﬁﬁ@)re@nl' oASRIE. E%mutes detected at
Cys(StBu) - Phe-Cys(Trt)-Rink Amde AMresin. The tit

24 4randid54 aquje Bouciwe veylﬁeﬁ@m NMIR.on a ABI 433A

automatic peptide synthesiser starting with Rink -
Aride AMresin on a 0.1 nmml scale using 1 nmol 15

1Y'SVRtH

(STIB&HTF&heers(Trt)- mk Amlde AIVI resin .
Froc- Lys(Boc) - cycl o( Cys(CH2) - Arg( Pnt) -G y- Asp(Qt Bu) - C

-.. Phe- Trt AM 0 05 [,. .
TX%] e PERIRS Behtgach as Sifedted S adidutin aulifatic peptide
e%fs%@%%?h%%%h@tnﬁﬂﬁﬁb%ﬂqes% & 0.1 mmol scale using 1 mmol
ri butyl phosphi ne i L water and mL

amtﬂetawl f:artﬁﬁm%eThe FMINQ e&g@wﬂgra/\ereea@tmwb usingtRBTU before
ng HH;Ut es and the resin washed with
Ry yl f or mam de and di chl oronet hane. The resin was
then treated with a 25 solution of 63 ng
tetrabutyl aTm)nl um‘l uor| deiand 2 . di chl ororret hane

¥ ﬁld several ti rresvmth
[ ' : hesi s of
CI CH2CO LVs cycl o(QIs(CHZ) Ar g- d v- Asp=Cyst - Phe- Cvs-

OWmmol of the peptidyl resin prepared as described in 1d) was treated with a

solution of 346 ul. tributylphosphine, 100 pl water and 2 mL dimethylformamide.
The reagents were removed after 90 minutes and the resin washed with
dimethylformamide and dichloromethane. The resin was then freated with a
solution of 63 mg tetrabutylammoniumiluoride and 2 mL dichloromethane. The
reagents were removed by filtration after 2 hours and the resin washed several

times with dichloromethane.

1f) Synthesis of CI-CH,CO-Lys-cyclo[Cys(CH,)-Arg-Gly-Asp-Cys]-Phe-Cys-NH,.

23-



-23 WD 2005/ 012335 PCT/ GB2004/ 003150 cl\ Oy OO O
HS\\ ! N NJNAyNH, HIN* NHH HO NH HZN HN MN =
1018.64 NH2 EM = 1017.34 MF = C39H60CI N1301153 The

WO 05017333 ny | et hoxycar bonyl group was renoved p;rg:,ﬁzpwg}omso
peptidyl resin of le) and Nterm nal

chl oroacetx{ at ed usi ng acetic acid anhydri de.
The 5 sinmubtaneo enoval of pe i de andhssi de- chai n

protectin§ ps( f r,pm herqﬁ s | cdqrried out
|n5m_ofH!tﬂ N e.gm At 2.5

%tri- isopr pyIHS| Bané aHd 5: 9% kat orHo hour
and forty mnutes. Aftper vvork- ®7 rrg QF=cr ude
pepti de was bt ai ned (Anal ytigal HPLC. (xapient, O-
40 % B over mn whete A = H20/0sd, % TFA and B
CH3CNI O. 1 %WFA 1 Nl% L/ m e echnan, Phenonenex
Luna 311 C18 (2) 50 x P mT]MFdeF@BQOPWﬁﬁ‘mW 214 nm
product retention tine, 7.79 mn). Further product
characterisation was carried out using electrospray

Tli%?gfh%?éﬁﬂ h@iﬁé}f}b&arﬁrﬁﬂ ghﬁﬁaf wil erabvddf8mihefpeptidyl rédin of 1e)
n esiIs O
agy c Noteogmirad- @Qf@@@@%@@é(wgwmwm oid | aphydrige. The

5 sﬁl@%ﬁm%ﬁbal%e%@e MPsidS-chiinprBtddithg dlolbs Noh Hle resin

was then carried out in 5 mL of trifluoroacetic acid {TFA) containing 2.5 % tri-
isopropylsilane and 2.5 % water for one hour and forty minutes.
After work-up 27 mg of crude peptide was obtained {(Analytical HPLC: Gradient, 0-
40 % B over 10 min where A = H>20/0.1 % TFA and B = CH3;CN/0.1 % TFA; 1
10  mbL/min; column, Phenomen_ex Luna 3p C18 (2) 50 x 4.6 mm; detection, UV 214
nm; product retention time, 7.79 min). Further product characterisation was carried
_ out using electrospray mass spectrometry: Expected, M+H at 1018.3, found, at
1018.3).

15  1q) Synthesis of cyclofCH-CO-Lys-cyclolCys(CH-)-Arg-Gly-Asp-Cysl-Phe-Cys-

NH..

o o ..5 Lo - s_:_ Lo
A IS I R L
kS H o :. H o = H ) H 0

SO

_ j) MW = 082,18
HN HN=( EM =981.36

NH, MF = C39H59N1301153

27 mg of peptide product prepared as described in 1f) was dissolved in
20  waterfacetonitrile. The mixture was adjusted to pH 8 with ammonia solution and

stirred for 2 hours. After lyophilisation 26 mg of the desired product was obtained.

24-
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HOHOHO- HO HONH MAV= 982.18 H2N HN-\ EM =
981.36 NH2 MF =C39H59N13011S3 27 ng of peptide
product prepared as described in If) was dissolved in

WO205(883387/ acetonitrile. The m xture was adj ustPed/GRIO{PHHO3150

8 with ammoni a solution and stirred for 2 hours.

PABIH oo pa eI ier ¢ Bs dambiRy o ST B G508 20 mm

ccﬂumn? bfftd G0dE natesRRvas cagicdRE UsRItEG0EREX whare A62 H,0/0.1
Cl8 (2) 250 x21.20 mm_ col umm) of the crude t rlﬁl .

YoiHEA @S BECHRSENOST e TEAGOVEE 40 iR 6t 8 Airwirai of 60 mLgyn. After

Iyggﬁlée%l?orﬁ% mﬁfﬁ\veﬁp%teﬁa]_ﬁég pcﬁa\fﬁf'uég s gfcaf‘ Hﬁﬂtj_@VGradlent 0-

3084 Biovel 10asineilisrefed HZONMI %tT{@atamHBls(I:i—maU@.dr% THA; flow, 1
5 30 %B over 10 mn where A = H20/0.1 %TFA and
mbABDsicolum, Rirgmomeagx kunadn G18 ) aftm 4 fiammoﬂ%fﬁstton uv 214

o Btsticttesboli ) yne, 7.gb T TRl B BPen ot s camied

ogthasing tedsdtrmipray migss speciiatetrpuExpeited, MHét ot 983r4a)found at
mass spectronmetry. Expected, MtH at 982.4, found, at
9883)3). to 1 h) Synthesis of
cycl of - CH, CO Lys(Cl - CH2CO ami no- PEG) - cvcl of Cys(CH
- Arg- G yAsp- Cysl- Phe- C,ys NH2 MN =1437. 09 EM—

|6)-CF . ECH I SO

H- H H 1 H H NH HO H\< H
G_'I\\t':Asp—%vsT ';he—Cvs- C HO

MW = 1437.09

EM = 143553

MF = C57HI0CIN1502053 HN\/!L ,Q(H\)LN/YN\)L )YH\/U\
' o o N NH HN:{
(Ao oo 0o Ay oy

O

9 mg of peptide prepared as described in 1g), 34 mg Boc-amino-PEG anhydride
and 7 pL. N-methylmorpholine were dissolved in 1 mL dimethylformamide and the
mixture stirred for 30 minutes. The reaction was quenched by adding a solution of
25 puL. N-methylmorpholine and 2 ml. water (pH ~ 9). The mixture was stirred for2
hours, then evaporated to dryness. The residue was treated with a solution of 5
ml. TFA containing 2.5 % tri-isopropylsilane and 2.5 % water for one hour. TFA
was evaporated in vacuo, diethyl ether added-to the residue and the resutting
precipitate washed with diethyl ether and air-dried. The precipitate was dissolved
in 3 mL dimethylformamide together with 8 mg chloroacetic acid anhydride and 9
pl N-methylmorpholine and the mixture stirred for a further 60 minutes. The

reaction mixture was evaporated to dryness.

Purification by preparative HPLC (Phenomenex Luna 5u €18 (2) 250 x 21.20 mm

column) of the crude material was carried out using 5-50 % B, where A = H,0/0.1
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Oo Ois 9 ng of peptide prepared as described in

1g9), 34 ng Boc-am no- PEG anhydride and 7 L

N- net hyl nor phol i ne were dissolved in 1 nL
WORIE3A5f or mani de and the mixture stirred fé’FTﬁ@ﬂ(‘“‘“"ﬂ?'lS“

m nutes. The reaction was quenched by adding a

‘5?q1FU¢ él@d‘?ﬁf CH%@N% 1N, R A YR YD hAin dte v rade®F 109hB/min. After

m xture was stirred for 2 hours, then

Ieaphisetioad mg ocﬂpyrﬁawtenaiewa%@mu&dmé%naiml &P Gragient, 5-
T o888 ymofaindin S RO L AR TR B RIHENR NS TFA;

RS 19MBRTHEAEMhNPHaaYMendkeURYI3pet T8(2) 8dsers hﬁntdﬂtﬁectlon uv
resi due and the resulting preci pitate washed Wt h

ajﬁsnmy prcmiunéretampratlmed 1 @ Mimh & uphee pisidust ehargcterisation was

S olf sl ?,gcﬁt?wage,ﬁ% DAy RIBEAR, WA & 1436.5,

fbhmtémlmr@hol ine and the mxture stirred for a
further 60 m nutes. The 25 reaction m xture was
evaporated to dryness. Purification by preparative
HPLC (Phenonenex Luna 5 C18 (2) 250 x 21.20 mm
colum) of the crude material was carried out using
1) Sie-YpEcifivben@gatien 2 Gid chloroate afified pepide

PCTI GB2004/ 003150 % TFA and B =CH3CN 0.1 % TFA, over
40 min at a flowrate of 10 in. Af

I yophilisation 5 ng of pure sdteyi vvas obtabnd
(Anal ytical HPLC. G adient, 5w 94, _

_ereA—HZO/Ol%TFAandB - %
I ow,1 mJm n; col um, Phenorren% Luna 3p Cl 3) 50
proguet retention

436 ym degectl on, W5 [@14 Ny,
o100 D Furehet Kﬁa\@ct char aet eri sati on was

carr| ed out using electrospray nmass spectronetry:

e aitylegrouptfrbmt (Iﬂ:ﬂmpropﬁlmuﬁdnyl;thpﬂd@ﬁnﬁihariﬁ) (4.0)mg, 0.006
Site-specific con'lugati to the chloroacety

fﬁﬁlﬁl')fd\’f@@"?@%m He) wag C’e{a‘{fed pvithy THA (R00 p) infhe lvl‘eSﬂPFP of TIS (10

;M_ls nd water (1.b ;8 8 Ri r?u.tgst| Tre' fiskite was diluted with 250 ul water and -
250 pl acetonitrile before a solution of ¢[CH2CO-Lys(CICH.CO-amino-PEG)-
c[Cys(CHa)-Arg-Gly-Asp-Cys]-Phe-Cys}-NH; {4.0 mg, 0.003 mmol) from 1h) in 500
ul water and 500 pl acetonitrile was added and the pH adjusted to 10 with

o

potassium carbonate buffer (ca 400 pl). The reaction mixture was heated to 60°C
for 50 minutes. The reaction mixture was quenched with TFA and purified using
reverse phase preparative chromatography (Phenomenex, C18, 00G-4253-N0
column; solvents A= water/ 0.1% TFA and B= CH3;CN/ 0.1% TFA,; gradient 10-50
% B over 30 min; flow 5 m! / minute; detection at 254 nm). A yield of 1.1 mg of
purified material was obtained (analytical HPLC: column Vydac 218TP54:
solvents: A= water f 0.1% TFA and B= CH3CN / 0.1% TFA; gradient 10-50 % B
over 10 min; flow 1.0 m! /minute; retention time 13.20 minutes detected at 214 and
254 nm). Further characterisation was carried out using mass spectrometry, giving
miz value 1494.1. [M-H"] as expected for the desired product.
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HN=<He N O O O The trityl group from
(3-fluoro-propyl sul fanyl)tri phenyl methane (2:0 rrg
0.006 rnnol) described in 1 c) was cleaved W th

WO RUPS0133P in the presence of TIS (10 pl) and WF@F“O“""}MS"

(10 pi) (5 mnutes). The m xture was diluted wth 250
EXani§ié OF Pasishrafior260a BY Etatiord-bragvisuiehetlabalitbRGD eontaining
of c[ CHZCO Lys(CI'CH2CO am no- PEG)
peptide ( CH2) - Ar g- G y- Asp- Oys] - Phe- Cys] - NH2 (4.0 ny,
T?ﬂegé g 21 from1 h) in 500 | water and 500 pl
acet uui rr1e was added and the pH adjusted to 10 with
pot assi um car bonate buffer (c
m xture was heated to 60C fo O i L
reaction m xture was quenched} wjt T',FA a };pu | &
msi ng 20 reverse phase prepar a\t/iu\\ﬂe' -hE offatlo %\ﬂ’\*
henonenex, C18, OOG 4253-N0 ol um; sol’ vgo s A—
ter/ 0.1 % TFA and B=_ CH3CN /3 0.1 %&FA; gr adi ent
16 B0~ 9. B-0vgr~30-minsMraw ¥/ MiKput e;  det ecti on
ato254 nn). Avyield of 1.1 ng°of purified materi al
was obt ai ned (anal ytical HPLC. columm Vydac 218TP54:
solvents: A= water 10.1 % TFA and B= CH3CN 10.1 %
THRregsrtioAnF U0 shthumB(RB Ffieorolpropyisulibhaliribhénylinethane
I'mnute; retention tine 13.20 m nutes detected at 214
and 254 nm). Further char Che( iy ation was carried
out using mass spectronetry, ;g ving mz val ue
1494.1. [MH4] as expected f r{the desired product .
-26 WD 2005/ 012335 PCT/ GB2p04/ 003150 Exanple 2:
Preparation of a 3-08 Fl-fl uoro-propyl sulfanyl
TakzeWesatBaDriab (2 amljl u:rgargpda pmthal Kryptdfie® c228 ¢1H dngk ~patassium

40 o 'FFPI HHHHHOL 6
carbonate {1 mg dissolved in 50 ul water), and a(cyétor%trt{e (0.8 mi) the fluorine-18

containing water (10 mCi, 1 ml) was added. The solvent was removed by heating
at 110 °C for one hour under a stream of nitrogen. Anhydrous acetonitrile (0.5 ml)
was added and again evaporated as before. This step was repeated twice. The
vial was cooled to room temperature followed by injecting a solution of mesylate
prepared as described in Example 2 b) (1 mg).in anhydrous DMSO (0.2 ml). The
reaction mixture was stirred at 80 °C for 5 min and analysed by HPLC (gradient 1,
radiochemical yield 80 %).

The reaction mixture was diluted with DMSO/water (1:1 viv, 0.15 ml) and loaded
onto a SepPak-Plus cartridge {{C18, Waters) that had been conditioned (10 ml
acetonitrile, 20 ml water). The cartridge was washed with water (10 ml) and the

product eluted using acetonitrile. The radiochemical purity was 99 %.

2b) Site-specific conjugation to the chloroacetyl modified peptide

Deprotection of (3-*°Ffluoro-propylsulfanyl)iriphenylmethane, prepared as
described in 2a) and subsequent reaction with the chloroacetyl modified peptide,
prepared as described in 1h} is effected using methods analogous to those

27-
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WO JWp01234y a Wheaton vial (2 ml) charged with

(1\ HO~5 HHJ M< N NH2 Od O5 2a) Preparation
of 18F synt hon:
3-f18FIfIuoro-propvlsulfanvl)trlphenylmethaE;s,l,j,(}\i‘mW003150
Kryptofix(r) 222 (10 ng), potassium carbonate (1 ng
dtissgbed gdkample fli)wat er), and acetonitrile (0.8 m)
the fluorine-18 io0 containing water (10 nCi,1 m)
was added. The sol vent was renoved by heating at 110
BiofoalcapDathour under a stream of nitrogen. Anhydrous
acetonitrile (0.5 nl) was added and agai n evapor at ed
as before. This step was repeated twice. The via

s copled to roomtenperature foll owed by injectin
Sidg R msmbRnsigpaalions kDL SPTRES Y i nfegrit receptor,
derdpatit9e 2iRdinglsitlled Wedd fbé@ﬁ@also@'\@ﬁh%f’?%&istaﬂm @nd the F-
is reaction nixture was stirred at 80 for 5 mn an
labellegspeptidesHms cotpediogdigand, Bindifigoewaes sugreyibihigedtand Ki's
é?i. Thﬁ reac%LonTgixhﬁfe was diluted with DVSQ wat er

Gufatg VIS HEST ) Y4 Baded onto a SepPak- Pl us
cartridge (Cl18, Waters) that had been conditioned (10
m acetonitrile, 20 m water). The cartridge was
Teserrapaind ohbkampla d. heg adf@ftdpnoleo product el uted
using acetonitrile. The radi ochem cal purity was 99
% 2b) Site-specific conjugation to the chloroacetyl
nodi fi ed peptide Deprotection of

(3-[18F] fl uoro-propyl sul fanyl)tri phenyl net hane,

prepared as 25 described in 2a) and subsequent

reaction with the chloroacetyl nodified peptide,

prepared as described in 1 h) is effected using

nmet hods anal ogous to those -27 WD 2005/012335

PCT/ GB2004/ 003150
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described in Exanple 1 i). Biological Data s Using
cell nmenbrane preparations known to express the av(33

wolUFBSIP (205D Or - EOMPELL L1ve b1 1000, 5t Uiy

pepti des as conpeting |igand. Binding curves were
obtai ned and K;'s cal culated using Prism TM
software. 1o The conpound ~Exanple 1, had a K, of
7nnmole. 15 -28 WD 2005/ 01 CT/ GB2004/ 003150
Cainms 5 1. A conmpound of formula (1): 3 S Ol NN
NNNNLNNFe J HOHOHO=HO z W-a-2 H\N= NH2
wherein 10 RR is H H\N, ~O-, iO/ O-~i N O'1f b- NH2
0 Iy i integer of fromO to 10; 15 R3
17 £ opBer a5

al kenytene bri dge;

S
s.-’/RL"“*S
No(wno uoYH
HN\:/'LN -N\:)LN/YN: N R
EPHO }Hoizci;lo5 HQ
o, B Q 0
Z—W; HN:Z\'H
NH,
wherein
R%is

F—HN o~ O~ /\,ﬁ o~ . NH,
o o Y\o’ﬁf b
0 0

wherein b is an integer of from 0 to 10;

‘R%is a Cq alkylene or Cy.4 alkenylene bridge;

W, is absent or represents a spacer moiety which is a C430 hydrocarbyl group
optionally including 1 to 10 heteroatoms: selected from oxygen, nitrogen, and
sulphur, and is preferentially derived from glutaric and/or succinic acid and/or a
polyethyleneglycol based unit and/or a unit of Formula :

‘—P HzN\/\O/\/O\,/\ O/‘\/Hj_(\ O/\][/};
O

&)
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W is absent or represents a spacer noiety which is a
Cl -30. hydrocarbyl group optionally including 1 to 10
het er oat ons sel ected from oxygen, nitrogen

, and _
WO 2OSIOEPS and is preferentially derived from BEE@%ZPQ:"OMISO

10

15

20

and/ or succinic acid and/or a 20 polyethyl eneglycol

based unit and/or a unit of Fornula : 4 On OO -29
WO 2005/ 012335 PCTUGB2004/ 003150 Z1 is an

anti neopl astic agent, a chelating agent or a reporter
noiety. s 2. A conpound of formula (1) according to

claiml1, wherein a.reporter |et r|S|nga

15 Bh aBlinepplasyc aﬂ%@bﬁ&éﬁ%@‘ﬂ&fﬁgﬁa ﬁ’(’ﬁ&f Y170
HOUOI ~I N-yJ: LNI\UI\I)(I\UNR’>HOHOTHHpH

HO (la) NH NR- 1o 0 wherein ei t her .a bond or '
iZs A a@nppugd CdeIliﬁéﬂbﬁl‘??OﬂilP%t%\a'Fh} 8‘6@?@'6 111§ B AgPOries moiety

%Q)mprﬁgwg' aradionuclide.

3. A compound of formula (la):

| i H o i o
?\IH HO (ta)

wherein

R' is either a bond or is
‘ N N—
\[\/\0,};\/ \n/\ 0/\|1./—H
O 0
wherein a is an integer of from 1 to 30;

R is

wherein b is an integer of from 0 to 10;

R® is a Cy alkylene or C,.4 alkenylene bridge;
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Hb NH2 20 O O wherein b is an integer of fromO to
10: R3 is a Cl4 al kylene or C24 al kenyl ene bri dge;

- 30 WD 2005/ 012335 PCT/ GB2004/ 003150 the Lllq%(]?
WO@f§’%3ﬁydr ocar byl group optionally including 53%084@03150
heteroatons. 4. A conpound of fornula (la) according

toclaim3 in which: 5 R3is C.4 alkylene; ais an

e et ot bl e L roome

10 R3 is-CH2-; and a is 5. 6. A conpound of formula
(la) accordlngu_to any of cI ims 3to 5 in _which the
4L iAkemppynd of ﬂﬁdﬂ(lﬁéﬁswd)ngpfﬂaynﬁﬁa th)) 15

)m (1 1)y (CH)P (II1) -(CH2) q
5 HF\/%:&?Q@’E{% 20 wherein: n is an integer of 1to
28is amihteganof eeokto 90; dndo 10, p is an integer of
| to 20; g is an integer of 0 to 4; 25 r is an

i Atieder of 1 to 10.

5. A compound of formula (la) according 1o claim 3 or 4 in which:
10 R? is~CH,-; and

ais 5.
6. A compound of formula (la) according to any of claims 3 to 5 in which the
Linker is selected from (i), (iil) and {IV) :
15

«(CH2CH0)a-(CHz ) any

{CHa)yr )

vy

20 wherein:
n is an integer of 1 to 20;
m is an integer of 1 to 10;
p is an integer of 1 to 20,
g is an integer of 0 to 4;
25 ris an integer of 1 to 10.

7. Acompound of formula {la) according to any of claims 3 to 6 which is:

31-



7. A conpound of fornula (la) according to any of
clains 3 to 6 which is: -31 WO 2005/012335
WO 20089128820041003150 n S/ © N S O HN N NHN~ FlPﬁTt’G?LEﬁU@BmSO

NHi.~HOHO-HOHO CO HONH ~ O--~-O0

O~-~O"i N ~' ONNH HN==< O 8.

or (la) according to any of | ai ng o7 sgse |n
nmedi cine, particularly int |0n d| agm |s om

« magi ng, for exanple by PET™ eas

l\)COﬂdltl on associated with ang| genes S. 9 Use o
corrpound of formula (1) or (I accofghi ng t any o

H:l\)ls,\l,d\/\b\)on/t\pe\ Ji%nuj tHIT e ef——J\a conposi tion
% vivo di agnosi s Ofro i n/ggl ng of a " disease or

condl t| on associ ated w th angi ogenesi s 1i\g\clgerel sai ?
8. chepoyiaungro! ioemulls Borlal AcErenEdoRNY-OhelRlRS drto 7 Tor use in

f _
BN 01 h R5R5 05 O ko, B by peT ot
diskiseAradiditinesseoetated adth Angiogbaddion conprising a
conmpound of formula (1) or (la) according to any of
5 claims 1 to 7 and one or nore pharnmaceutically

9. adﬂ@@bﬁblo@nmwrw @ﬂfbsmurbal)ldr (Id) apiondieligdb amyesfadlaing dto 7
g_ln%oun%ﬁ? rrulaéz;(m 3 eflndlna of C|aIEE

in §iq it hoﬁ?mé’ §1UPRARE MoV A1adnesiSPT 1B Ph

digeERHbneitidrosgBdciatédWith hdhogenesis, wherein said composition

is to be administered to a human or animal body before the generation of an

image, suitably a PET image, of part or all of said body
10 _ -

10. A radiopharmaceutical formulation comprising a compound of formula (I) or
(la) according to any of claims 1 to 7 and one or more pharrhaceu’tically
acceptable excipients.

15 |
11. A method of preparing a compound of formula '(la) as defined in any of claims

3 to 7 which comprises reaction of the corresponding compound of formula {V):

N

20

wherein R', Rz, and R® are as defined for the compound of formula (Ja) and Xis a
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S-R' S HN, kNN YN-N. ~NN N HOHOTHOHpH( HO /
\' M NNR NHHN~ NH2 O 20 wherein R, R2, and R3

woab@asagefi ned for the conpound of forrrul a (b@},g@ﬁ@bmg_«,lsﬁ
Xis a 32 W 2005/ 012335 PCT/ GB2004/ 003150 | eavi ng

m chioro, bronp, and iodoe, and is

rqup sel ected f
ISR RS OB Selerisdh Tomgiorea braran. ad fodon énamb pesierably.chloro;
ﬁﬁ% VI 5

ereln Pﬁt@tﬁ?:ﬁr@éﬂg@gﬁf (I}%’for %‘ npznund of

formula (la). 12. A conpound of forrrula (V) as

defined in claim11l. 1% e preparation of

a radi of | uori nat ed pep% Gé"gﬁf&l%_? 'g (la) according
5 Wifrbh th@llﬁﬁeﬁ§%isr@ef§leb(¥0|7ﬂfeoéﬁ}h%§}1ﬁt§? of fdrhufa AAIPOUN

formula (Via) L-(Linker) erern is a
IeaV|ng group such as p-tol uenesul phonate, 15

i fI anet h sul ate ane I phonate, the
1%" ,{ﬁgﬁg‘{p ué'dCﬂaﬁg (72‘2(?@ Fr%ﬁ)"ear"al? "E‘p ‘onal | y
including 1 to 10 heteroatorrs R is hydrogen or a

thiolgg)otectlng ;, and (ii) an activated
T9e ft Kilior e prapana e eadiofbiarinated peptids ofifarmula gia) according

10 1o any of claims 3 to 7 comprising:
(i} a compound of formula (Vla)
L-(Linker) -SR (Via)

wherein L is a leaving group such  as p-ioluenesulphonate,
15 trifluoromethanesulphonate, or methanesulphonate,

the Linker is a C1.30 hydrocarbyl group optionally including 1 to 10 heteroatoms:

R is hydrogen or a thiol protecting group;

and

(ify an activated peptide of formula (V) as defined in ¢laim. 11.

20
14. A kit according to claim 13, comprising:
()  acompound of formula (VIb), (VIc), or (Vid):
25 L-(CHoCHz0)-(CH2)m-SR (VIb)

L.-(CH,),-SR (Vlc)

O
HCHz)qﬁ_(CHZ}"SR (Vid)

n is an integer of 1 to 20;

30 mis aninteger of 1 to 10;
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14. A kit according to claim 13, conprising: (i) a
conpound of formula (Mb), (Vic), or (Vid): 25

Wolzods@‘%@kﬂo) n (CH2)m SR (Mb) L-(CH2)P SR (VP%)TI(%ZfOO4{BGSISO

-f CHq \ N(CHs r SR (Vid) n is an integer
to 20 30 mis an integer of 1 to 10; 33 WO
pdo@s1intEnes of pdw/2632004/ 003150 p is an integer of 1

teger of O to 4; r is an integer of
o, okt 20

‘eavi ng group such as

rits &nlintegesof phonaf e, trifl uoronet hanesul phonate, or
5 net hanesu | phonate L' is a leaving group such as
Liipadeaviog group s qﬁmp@nesuiphonate trifiucromethanesulphonate, or

,ﬁﬁhéhgg}@g@ﬁ nesul phonat e, or net hanesul phonat e and

" can be nitro or an iodonium or
Lanmimi uen salbava | sgroygr ogRrthor ast hiiedo,pr op-ésitiengsulphonate,
ou an activate g[lde of formula
ggxeg@ h Rngthanesy Honate and when qis 0, L’ can be
nitro or an iodonium or ammonium sali,

R is hydrogen or a thiol protecting group; and

(it) an activated peptide of formula (V) as defined in claim 11.
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