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Bl CYCLI C PEPTI DE | MAG NG AGENTS The present invention
relates to new pepti de-based conpounds and their use

woaoosBizizagnosti ¢ i magi ng techni ques such as PCT/GB2004/003150

si ngl e- phot on em ssi on tonography (SPECT) or positron
em ssi on tonography (PET). Mre specifically the
invention relates to the use of such pepti de-based
compounds as t aPHEIGLAE REEBEIRSr 3MANAE MitdSt o receptors
associ ated wi th angi ogenesis, in particular integrin
receptors, for exanple, the avb3 integrin receptor.

THE Bresiip HiRARo AR atdd s ndy p@;ﬁﬁié‘-@éséa cbrapoGsdsSamd their use for
therapy of, for exanple, nalignant diseases, heart

dingeastiss lmegm@wmohrw@ sueh | agmsinglephetomesission tomography

REFG 0 poEBl o iamebhBy 5 7Y 8k sfed T e imvention

S EEL m@use\/@’ﬁ‘s@@h%?ﬂéé-lb‘és@ﬂ cbnibtindg @B esigeting vectors that bind
Angi ogenesis is th ormati on of new bl ood vessel s by

for eareRiaTy assesiaded sithhgngiegeress, nhearancul?&rlvtegflnrf@paators for

b, B RS TR eBeblfy S SofitiBpde Haltuly B 'dsed for

dRYno$is Pen dhéapyeef, efdr n@(a’iﬁﬂlbo afgligndracdieessenf heé\é”ht adiseases,
there are man one exa which is frequentl

e@dwe‘@@sm in esnmagewdnpeéh@l@eﬁm dhe'gmmlﬂﬁé%lf'éfﬁ and Kaposi's
%ﬁﬁ These o factors initiate the secretion of

pr eoal'yti c enzynes that breakdown the proteins of the

basenent menbrane, as well as inhibi tors that limt

t he action of the otentially. har enz .
HewdHoeq vassalscar 6 farmes y&wa%@%rﬁr\ m@gta@raﬁ .\gas[carbgenesus or

ﬁﬁgﬁﬁ‘{g Wﬁgﬁﬁen‘é tslig tﬁé’fdﬁr%ﬁn@ﬁ f MR Slb¥ CJfﬁssels L ty branching

S are attached to the basene
frembexdsting msels fﬁhwnmaa:y) atnmulwubr ﬂlneqarocms&may be inadequate

g‘:'fglgdé%e ﬁ%ﬁﬁsogn rﬁgy@%’r%ﬁr\ i ?lllsofri PC%DSG%% The cells may
BRABY HecpdlhPasiiagenit 'fé&’tbﬁsh ®f m@féaféDMany, one example,

angi ogenic factors iS to cause the endothelial cel
wbichds Frequenty isferrediod isvescvlangadethelis grawd, fa@tﬁﬂ(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. The other prominent effect of angiogenic factors is
to cause endothelial cells to migrate and divide. Endothelial cells that are
attached to the basement membrane, which forms a continuous sheet around
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 must initiate angiogenesis
when they reach millimetre size in order to keep up their rate of growth.
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finally to synthesise a basenent nenbrane around the
new vessels. 0 Angiogenesis is promnent in the growth

wanasremssel | i ng of tissues, including wound heariaGBg004/003150

and inflammatory processes. Tunmpurs nust initiate

PSHTRER B bt Moafee, by B ftensif chahags flehdotRehScetls and
ASiPERGIRORAchY THAEaELES 0F thess BBNY &S rémo@aIRRY e biedaration for
cells and their environnent. The surface of these

seigragions an eipiic| swciuTep AEp XRESThWhEFe feiagenaent rebrane is

A, W &kl B ARt R b R grfecting and

Dbﬁtr@llm? protediiysig. €ni theotaszdof urablies thegesulting network of blood
controlling proteolysis. In the case of tunmours,

vessels is ustlvodiRowRNisedo Vit d8@ | Formation of $Harp’ Kinks and also
‘e?‘(%%g@ﬁﬁlfseghumst Nnk ﬁﬁlofno[)fﬁ%\ﬁg{ﬁ’t&e‘?'fes?g1 B Bgﬁsﬂafiad to be a

0 arteriovenous shunts angi ogenée
ipsoraisig stvamggia‘oedntmunhmrathpraw sThe tmhsmrmgzylohsraccompanymg

ant | t unour t he[ p\é The tra fmati ons acco g
ARGIoSGBRESiAe 210 Yoy BB PE ASMRGS! oS BTAIRBeINg malignant
@%a%éaﬁﬁ‘ﬂ BeRSnEEpiAES SRBAE JPest HrBRTSe lthflah%tﬁﬁfWé variety

al so shows great romselnlnﬂarmralon and a varl
of mflazliﬂimatm-miataobdhaemsd irgdeding atherobddrasis, the macrophages of

at scl erosi.s, crophages, of earl . .

SRt PSR 1R FEeEPRENTE St ol ngieagnig actors.

angi ogeni c factors. Mny |igands involved in cell

adhesi on contain the tripeptide sequence ni ne-

Many ligangsgayalved iceell adagsjon W@tamdbestaqaeﬁ&semmesargmme-

RSB B T TREAREh Sadidiire BhEBTS & 5t amg primary
secdgrittornbite betviser ﬂhel Ijapes prasentingethissseflidntatand receptors on
secondary interactions between the |igand and receptor

&hh aHdace pecalire di isigenealtyrbalieved ﬁ'ﬂ@%ﬁf)@ﬂéﬁ%ﬁ@r@cﬂons between

TS 0481 PG SR B AR BEIB heso socondary
inteesbtiohe Inyighittake plﬁcetbtetﬂvhen Rﬁbe’mmdhe igamd and sedepdor that are

t hat re d t ant fr m RGD e n e eff
APisclatal SeP g R FAD, Scbignod o 4 Shes et s firghbzom the
w"E&H sequence.

The efficient targeting and imaging of integrin receptors associated with
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

2.
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angi ogenesis in vivo demands therefore a selective,
high affinity RGD based 5 vector that is chemcally

woabsat2and stabl e. Furthernore, the route of eETIGB20@003150

is an inportant factor when designing i magi ng agents

1i§ e0h { C :
03 om0 [T R Tasch R TBuls ReViG iRt stafifiy o the reaction
tenNgionsnisegrtorintrodwasep repaeriarswoiitpsech ag Bhradionuclide.

angi ogenesi s. However, there exists a need for further

such pepti de-based conpounds having utility for

ditRegefose] actorati % (& Fiet aY68ct b e tnvaEGh, 3Rehe™R! pisvided a
well as for therapeutic treatment. In partictular,
tq%ﬂRQQﬁddﬂﬁbéﬂubd%Ipeptide-based conpounds havi ng

greater stability to the reaction conditions used to
introduce a reporter noiety such as a radionuclide.

Theref ore, accordi irst aspect of the o

invention, there/is provi ded ound of formuta
(1): 0 HN N - HOSHIHOHO $/ A (1) 4 W-

CH NH 1 HN=< Gherfei qqﬁi s Hy @ O
HNEJ\NJYNE NN NJ:(N\E)LN R
: H O 3§ : H

Ho i Ho o)
L) W
HO @ ()

—W—CH, NH

Z—W; HN=,
NH,

wherein

R?is

H
_[_HN\/\O/\/O\/\O/\/N\[]/\O/\[r]b_NHz
o) o]
wherein b is an integer of from 0 to 10;
R%is a Ci4 alkylene or C,.4 alkenylene bridge;

W, is absent or represents a spacer moiety which is a Ci.30 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/\/H\n/\O/\Id;
o

o)



10

15

wherein b is an integer of fromO to 10; R3is a Gi-4
al kyl ene or C2-4 al kenyl ene bridge; Wi is absent or

woems@adzaiss a spacer noiety which is a G 30 PCT/GB2004/003150

hydr ocar byl group optionally including 1 to 10
het er oat ons sel ected from oxygen, nitrogen, and
sul phur, and is preferentially derived fromglutaric
and/ or succinic acid and/or a polyethyleneglycol based
it and/or a,unit of Formula : LJ '2° OO QZ1 is an
i BAlupisoplasigagent.& Chelrting AGeRiia reRorien TR or
noi ety. Suitable chelating agents, Z1 include those of
Formula A (A) where: each RIA, R2A, R3A and R4A is
i Buipbledhelatingaagants gf oinpludedbosdRaf Goonplai A
i ndependently Hor G .10 al kyl, C3.10 al kylaryl, C2-
oal koxyal kyl, Cl-10 hydroxyal kyl, CO al kylam ne, C1 O
fluoroal kyl, or 2 or nore RA groups, together with the
atoms to which they are atgached forma carbocyclic,
het erocycli c, sat ur at e iT.at2ed ring, or Z1 can
v

represent a chel ati ig”® feamul a (i),
(ii), (iii), or (ig) 1I§2AHNHN
RlA HN R3A NH RlA
= G
Rla \N I}T/ R1A
(,)H CH
(A)

where:

each R™, R?, R* and R*"is independently an R* group;

each R* group is independently H or Cy.qo alkyl, Cs.10 alkylaryl, Cy.19 alkoxyalky
C1.10 hydroxyalkyl, C1.1o alkylamine, Ci.1o fluoroalkyl, or 2 or more R* groups,
together with the atoms to which they are attached form a carbocyclic,
heterocyclic, saturated or unsaturated ring,

or Z4 can represent a chelating agent given by formula (i), (ii), (iii), or (iv)



HN NH NHO OHO0) () HNNe<x HH HO HO (iii) ('V) A

preferred exanple of a chelating agent is represented
woyodsmmisa (v). N N HO OH (V) Conpounds of f orauiGB2(d4)003150

conprising chel ating agents of Fornula A can be

radi ol ahgl ed tq gi ve good radi ochem cal purity (RCP),

at room tenperature, under aqu@eus—conditions at near

neutralo\fp‘ffi? Tiie ¢"ol e of the spacer noiety W is to

di stance~zi ¥ the active gjte of the peptide

conpone J\HFQIF exanpl e, the sp cer noiety W nay

di stance a ky anti neopl, Nggent or chel ating

agent ow active sit f pepti de. Furt her

exa gpl S of suitable chelatyng ,agents Zi are

discl 8sed in US A 4647447, NOBY{0557, US- A-5367080,

US- A- 5364613 and further 1 nclude those defined in

Table |I. Table I: Cass of Stijucture Definitions

HN

/_% OH
N * N N
H 2eRe
HO |

HO

(i) (iv)

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

NH

HN NH
>K|(Y<
N No
HO OH

(v)

Compounds of formula () comprising chelating agents of Formula A can be
radiolabelled to give good radiochemical purity (RCP), at room temperature, under

aqueous conditions at near neutral pH.
The role of the spacer moiety W, is to distance Z; from the active site of the

peptide component. For example, the spacer moiety W4 may distance a bulky
antineoplastic agent or chelating agent from the active site of the peptide.

-5-
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ligand Am neoxinme Y 1-8 can be H, alkyl,

aryl or

conbi nations thereof Lflm L) Jnand Y4 or Y5 contains

wa2ewsidizsse functional ity such that
conjugated to the peptide vector -

it can be PCT/GB2004/003150
OH OH e.g.

] | kyl sul phi de, alk , al kyl
T BB A B o U 9 ar Sk K praoaracr
p2] Qﬁ%@%%mswesm US=ANb 38481 dimchfurthar MASRIde)R6se defined
Yn Tabid’).= protecting group (preferably. benzoyl,

acetyl,

tTableept i de

chain of any anina acid,

ECE) ;
functionality such that

vector;

Y 1, Y2 contains a suitable

it can be CO2H conjugated to
preferably H (MAR3),
in either

or the side
L or Dformd ass

&Hass r ucef
ﬁ&gﬁ&li ns a

Btmoeturei tions |igand G4

sui tabl e

i Deknitidns Y2, Y3 -

Amineoxime

4 /YS

v
J\%

Y

N/

Y
Y3
Y,

T

OH OH

8

Y 1-8 can be H, alkyl, aryl or
combinations thereof

and Y4 or Y5 contains a suitable
functionality such that it can be
conjugated to the peptide vector —
e.g.
alkylsulphide,

preferably  alkylamine,

alkoxy, alkyl

carboxylate, arylamine, aryl
sulphide or a-haloacetyl

X=C or Nwhen m'=n'=1

X=N when m'=n'=2

MAGS3 type

P = protecting group (preferably.
benzoyl, acetyl, EOE);

Y1,
functionality such that it can be

Y2 contains a suitable

conjugated to the peptide vector;
preferably H (MAG3), or the side
chain of any amino acid, in either
L or D form.




l'igands functionality such that it can be conjugated

to the peptide vector; preferably H or the side chain
woho@rmy23asi no acid, in either L or D CO2H f or nPCT/GB2004/003150

Tetra ani ne Y1- Y6 can be H al kyl, aryl or Iigands

1 + la N1 ~
IId.lI LII CUI VWITCTT © UITT T L= O LUTIT al IIﬁL
%%N g §H ©more functional nu[?%ﬁlrf'g%nssuch t hat
lilnchel atp can be NH HN conjugated to the vector -
e g Y Y preferably alkylamne allylsul phide al koxy

@4yl &epxyl atle, aryPanine, aryl [sStil,p¥2.d¥3or contains a suitable

cety d ass ﬁructure Defin
[@%ﬂe can bed alkyl, yaryl or ﬁfjé&ﬂ%@h’tﬁ%ﬂgh% £ can be
conbi nat| onsIr eof ére Yl-§ @nupied totisée Pepfi€e vector;

or nore fupcti pnal noietiies such that the chel ate can
be conj ugat - e.g. mr@fagcalalmlgl/ or the side chain of

al kyl am ne lal kyl's l P Qe' “al koxy, A KY bmino acid, in either L or D

CO,H form.
Tetra-amine Y1-Y6 can be H, alkyl, aryl or
ligands combinations thereof
Yy Y,
% v where the Y1-6 groups contain
Ys~NH NH{ ® one or more functional moieties
[ j such that the chelate can be
conjugated to the vector — e.g.
1 6 preferably alkylamine,

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




car boxyl at
Di am nedi p
WOnR00EA12336 U

the chel ate can be conjugated to the vector -

e, arylam ne, aryl sul phi
h Y1. Y2 - H alkyl, aryl
ps contains a functional

de or ar-hal oacetyl
enol and where Y1
noi ety SucCRCTIGB2004/003150

€. g.

€1 aUI

g!frsﬁoxyl fty
MfarflN

@yiaﬂe t}ﬂn'eo
r’:lC et

no ac
the car box

vect or vi a

al eyl ol i
ar Ryrsurprm €

| afft e Y al r\yl
§f”é‘1¥ &nmine, aryl sul phi E%ef@llto aI oacet yl
n" =1 or 2C ass of Strugture Definitions
V=linker to vector or vector jtself H
|s P = protecting group (ﬁ(r’leﬁeﬁaibl 9ebl§hza%/|,, aryl or
EQE); Y 1-5 = H, al kyl, ary Y3 1S
id side- g1 P Pl V5 chai r?bg?oor'@ t}%]sntgegﬁﬂ;

yl at e mayYke Xrsed for cor
an

Y
[NH N/ja

jugation to the

and where Y1-5 groups contain
one or more functional moieties
such that the chelate can be

conjugated to the vector — e.g.

preferably alkylamine,
alkylsulphide, alkoxy, alkyl
carboxylate, arylamine, aryl

sulphide or a-haloacetyl

Diaminediph

enol

OH HO

Y1, Y2 - H, alkyl, aryl
and where Y1 or Y2 groups
contains a functional moiety such
that the chelate can be conjugated
to the vector — e.g. preferably
alkylamine, alkylsulphide, alkoxy,
alkyl carboxylate, arylamine, aryl
sulphide or a-haloacetyl

W=C, N

m'=n’=1or2




am de bond

. Alternatively the R-i_5

groups may contain

addi ti onal functionality such that the chel ate can be

di seased a
represente
busul phan,
vi nbl astin
et oposi de,
docet axel ,
agents nay

rea. The anti nedpl astic g
d by cycl ide, ch
net hot r §xat 8] cyt‘ar abi ne
e,Hﬁggli axell doxorubi ci
t eni posi cisplatin, 38
but wi de range of othe
al so be used. The reporte

woamsuwgza3ed to the vector - e.g. al kylam ne, PCT/GB2004/003150
al kyl sul phi de, al koxy, al kyl carboxyl ate, arylam ne,
—sutnhrde—or —atratoacetyt—+n—one pect—of—the
Ej%éssent F‘Féﬁflp € Zi is répresente?%@ﬁg%ns
ggamdeopl agtic agent. In this aspect the conpound of
formula (1) will target an angiogenic site assocjated
WM Ccancel and bring thegantineopllastic agent to the

gent may be

| or oanbuci I,

V£ likiRsrctanaetdr or vector itself.
n, daunorubi cin,

nsacri ne,

r antineoplastic

r noieties (Z-QOn

Aneide dhiplsu
of detecti
vi vo di agn
reporter n
5 detectab
such as a
magnetic r
will eithe
as 19F) or
and hence
ferri mgne
i maging th
scatterer(
i ght abso
i maging th
properties

nds of fornmula (1) may be
on either directly or ind
psti ¢ Yavagi ng procgdur e.
pDi eties i ch, em t{|or may
e Oadi on § | ¢
positpjon emtting radi ony
eson ece (MR ing t
r a ron zebo nhucl ear s
a nhtedjal héviﬁg unpai r
par amagneti c, super par amng
Lic or ferromagnetic prog
e reporter nmoiety wll bs
e.g. a coloured or uncold
rber ora light emtter; f
e reporter will have detqg

any noi ety capable
irectly in an in
Pt &F Bfateeting group (preferably.

T

BB 380 B

oY fete¥.H,Fadkyl, aryl;

h i et

ﬁ?#ﬁeggqra Feér @bﬁﬂg acid side-

Sﬂgﬁésckﬁon SySREHHd  the

enarb@gélatEo rméay ghe used for
a light .

SPRiHgREIeN; 19 Q}? vgetor via an

Hmide BHHO MiteFhdtively the Rqs

ctabl e magnetic

groups may contain additional
functionality such that the chelate
can be conjugated to the vector —
e.g.
alkoxy,

alkylamine, alkylsulphide,

alkyl carboxylate,
arylamine, aryl sulphide or a-

haloacetyl.

In one aspect of the present invention, Z, is represented by an antineoplastic

agent. In this aspect the compound of formula (1) will target an angiogenic site

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

The antineoplastic agent may be

represented by cyclophosphamide,

chloroambucil, busulphan, methotrexate, cytarabine, fluorouracil, vinblastine,

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

docetaxel, but a wide range of other antineoplastic agents may also be used.
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for electrical inpedance inmaging the reporter noiety
w Il affect electrical 5 inpedance; and for

wecehestoigazaphy, SPECT, PET, and the like, the repomGB2004/003150

noiety will be a radionuclide. Stated generally, the
reporter noiety may be (1) a chelating agent as
defi ned above, chelated to a netal or polyatomc

rmteafepmm'ah@teﬂgs I(Z{) ifithe .corfifdureiscof, fomuklze(I e nidiebe any moiety
metal is hi gh atom ¢_ nunber, nmetal (e.g. atomc

F@peele of @%t@e on giRendiyectly @ralndﬁa@theml %n dpeostiagrosiic lmagmg
ti ) Y

PabE AN SRRl epb i RIS ieh 3P AR5 el used o omi

wiatedtable m’dlatlwa(fbeéxahqﬂérarradidrwcr@e Guchna$xypesitron emitting

carpbon in a persistent free radical), a high atomc

ﬁﬁﬂ@@PClﬂf&'}‘ metal, or a radioisotope, (3) a polyatonic

cluster or crystal containing high 5 atom c nunber

atons, displaying cooperative magnetic behavi our (e.gqg.

fgrenggnaticagaenascacef (MR) imegiey trenmeportee mcmerlygmidteiithaj be a non

or cont ni n ISQ?“ on cI [ des19 el ated net aI reporte

Ford PleBah o, Ul 4 APk aing inpatied electron

Q Tandl1lddnbe 4 ?amﬁ ﬁi'Sh r dnefiebn feftfdbneti
167Tm 97Ru, 188R§§ 177% 199Au 03Pb and 14lece no‘1elc or

gfe@romagnatued)ropemesh&rahghtgmgagmg)tlae repditer gnoiety will be a light

3PRUER 028 S chlaT B GhodtbuRd Rt B Bh AR 2 ot emiter

V6t slagne®mMméteic irnagingaha resbriativall Aavd abiidtaltle ddHeti®roperties;
any one of three general nethods: direct

ifac Aeefrisali inpedangs dn@gggg]tthgsr@)oﬂer moiety will affect electrical
SPUFGEHEASP LA DSERCLT 9577 49 i, b opgrr moiy

e

. lwiill e iaﬂlcmﬂmhtjexed to the chel ati ng agent, for

exanpl e, by nerely exposing or m xing an agueous
solution of the chelating agent-containing noiety with

SRty eRepBRuraNTon hil 80§ Aoy k28 soiod
laboxay chelbated tua metd| erablyatomic metal-containing ion (i.e. TcO, etc),
where the metal is a high atomic number metal (e.g. atomic number greater than
37), a paramagnetic species (e.g. a transition metal or lanthanide), or a radioactive
isotope, (2) a covalently bound non-metal species 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: *°Y,

99m-|-c’ 111|n, 47SC, 67Ga, 68Ga’ 51Cl', 177msn, GZCU, 167Tm, 97RU, 188Re, 177LU, 199AU,

%%pp and '*'Ce and are chelated to a chelating group as defined above.

-10-
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othe salt is a water soluble salt of the netal such
as a hal ogen salt, and nore preferably such salts are

weebsmizdsso as not to interfere with the bi ndPagGB2004/003150

the metal ion with the chelating agent. The chel ating

ERtoaE bR A dh I 4t P ot BBl dfe jypLor st in

HHechr! MbtaldehneRninpbtpthatet iftd @ ohbtaiing8agéfh€by any one of three
chel at:_rpg agent - cont ai ni ng noi eté&? can be m xed with
pane! neds: glirent '§§0EH0F@tiﬁfb'[9f6§ piteesisaadior gansmetallatlon

B BB el ®eh 1S ar e oet ot ed so a5 not to

interfere with the subsequent binding of the metal ion

to the chel ati ng agent Thefollovvln soto or )
TEH? e dpsirakle dhaf the matation e ansill op emslaalag agent,

| . .

Rort e ie 7 it PeeaRitps: inblind %@@‘W’c . ?Efﬂlﬁmfs%f tfe chelating
m@é'nt-contamlrigamolety with.a dhétal salt Bilan aqu@ﬂUSlsdutiommfe'rably having
1 31 . 188 D J 5S Re75;__Lu . Sc2i,;
AsTincpgange ghabpuit ramautyly Tapalean 68y Saflgbut preferably
ﬁ?e\@glt igt 4 aler AL 2aflof 1B 1R8taR Rtch %Y 531aléé'§13§§l¥ and more
and 153Sn62; and 90Y39 and 111In49. 5 Preferred
peaferaffyasuch salts are setacted sorasl netdorintsirtsre ovitpthe kinding of the

bt e B it o O N L R

pf@éﬁiﬂl)ﬁh aqcr@@ms @f)lultlbﬁ atra/pntd;fometv@enl Hoddis andrmond 9, more
of formula (1) npri ses positron emttin

pém‘efﬂhjncbew\@qwd ab@utaﬁ t&ateqqt Serlhechelgingsagriticontaiping moiety
eI < tr-ﬁ*g%a \/\gﬁwﬁdfﬁﬁ? es%fts QH&F LL 8fﬂra'i %%%&{151 Qéetg?é ghgsphate and

on em tl ng l onuc

‘boratéltd) pratucedhe optmiuml pH1 Feefetsibly, thECBufbe Balts&férselected so as

1221, 1241,82Rb, 68Ga, and V\,hlc 11C a

aptiojniertere with the subsaquant H@W&Eﬁ@‘@ﬁ artﬂmeap%]rqtmg agent.

may thus be used in Positron Em ssion Tonography (PET)
| magi ng. Therefore, according to a preferred aspect of
fThe follweingiisotopeser isotapepairs cirvbaused for both imaging and therapy

without having to change the radiolabelling methodology or chelating agent: S,
1410958; 188Re75; 177LU71; 199AU79; 478021; 131153; 67CU29; 131153 and 123|53; 188Re75 and
99mTC43; 90Y39 and 87Y39; 478C21 and 448C21; 90Y39 and 123'53; 1468m62 and 153Sm62;

and 90Y3g and 111|I’l4g.

Preferred non-metal atomic reporters include radioisotopes such as |, "'l and
'8 as well as non zero nuclear spin atoms such as *°F, and heavy atoms such as
I

In a preferred aspect of the invention, Z; in the compound of formula (1)
comprises a positron emitting radionuclide incorporated either as a prosthetic
group or by substitution or addition reactions, or by chelation. Suitable positron

emitting radionuclides for this purpose include 'C, ®F, °0, N, ®Br, 1%, 1%

11-
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compound of formula (la): - HOHH(la) N Rl- CH2 NH
N-(Unkerh-s' V HN=< NH2 O wherein Rl is either a bond

wonrois123380 O wherein a is an integer of from BCT&GBRA14/003150

R2 is - NH2 O Owherein b is an integer of fromO to

s RBAS 6B A kyl.enetar -4, e bri ; .
f%eb "Li Q?érg}i]cg acél-%gdm rocgr%ﬁ g?g%f}% E%Atflg'gg% I y‘fiﬁ‘g resulting
cofipadhd oflfotmuld(1heisr taisove usadtih e sxitnme Emdissioh Tomography
formula (la): R3is preferably Ci_4 al kyl ene, and
(D E) pradiBgably - CH2-; a is preferably an integer of
froml to 10, and is nost preferably 5; b is
preferably 1. In fornula (la) the Linker is a Cl.30
Mherefors, mdcogding o eppreferedd sspect! afthednverttionlthere is provided a

compound of formula (l1a):

R
O ® O 0 3 0
0 H H H 2
N N YN N
H o : H : H

_ _ N

I H 0 H o) : o)

Al

H (Ia)

N—R—CH, NH

8 (Linkery—sﬂ]/ HN=(
O

wherein

R is either a bond or is
H
\[\/\O,];\/N\n/\o/\n/—u
o} 0
wherein a is an integer of from 1 to 30;

R?is

N —NH
—[_HN\/\O/\/O\/\O/\/N\H/\O/\H’]b 2
o] o]
wherein b is an integer of from 0 to 10;
R® is a Cq.4 alkylene or C,4 alkenylene bridge;

the Linker is a C4.30 hydrocarbyl group optionally including 1 to 10 heteroatoms.

12-
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het er oat ons such as oxygen or nitrogen, and may be

chosen to provide good in vivo pharmacokinetics, such
wa0danzais abl e excretion characteristics. Suit 2OTA&B2004/003150

Li nker groups include al kyl, al kenyl, alkynyl chains,

aromatic, polyaromatic, and heteroaromatic rings, and

pol ynmers conpri sing ethyl eneglycol, amno acid, or

Qﬂﬂhpﬂﬁﬁb@hﬁd§ébﬂﬁhﬁﬁali e Linker IS preferably

| ected from (I11), and (1V)
P?’am (GElE) ym@meqq |a)ndrnge de;ﬁere(qu tEHeI( CH, (1'V)

1855 Braty =5 RokRLPRB, Lo 39! Bnf e o el 80
brit ppsfierailyd@.to 4 ; r is an integer of 1 to 10. In

formula (I1), nis typically 2 to 6 , suitably 3, and
mis typically 1 to 4 , suitably 2. In fornula (I11),

ﬁ’n fogrn{d{@ I%?hl(éé,:lﬁ%lols(ia C?giﬁf&é%far%g i gﬁéﬁﬁ@hﬁpﬂen%uadri%g 11010
peﬂarbamms sliett ag exygen benitoigea, _gnd) umay loe chosemptocpiovidelgood in
4By abpgmacokinalicausio asHEVPW DS PactedRpaaragiristics.  Suitable
f .
?_?rg% g;?%@%;ﬁ%ld%@ ARy, émﬁnglogﬂgk\g%eﬁﬁ e%méltlé gblé/?@.?ﬁatlc, and

to receptors as d vv|t angl ogenhe
Tietaroamwnglici ndgs nayd polsmérs mpu‘smgcethyleaaglmt anino acid, or

Kl St S B SHEE < prepr L PR R AR T ana v

condi tions associated with angi ogene3| s" includes
t hose di seases and conditions referred to bel ow.

Ref er effddeGHQld6Hahde in this reglhd

~(CHz),- (1)
0]
—(CHz)q ,’:{(CHz)r—“ (V)
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;
ris an integer of 1 to 10.

In formula (1), n is typically 2 to 6, suitably 3, and m is typically 1 to 4, suitably 2.

In formula (1), p is typically 1 to 6, suitably 3.

In formula (1V), the group —(CH>),- is suitably attached in the para position relative

to the amide group, q is typically O to 4, suitably 1, and ris typically 1 to 4, suitably
-13-
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to WD 98/ 47541 . Diseases and conditions associ ated
W t h angi ogenesis include different forns of cancer

wanasmerast asi s, for exanple, breast, skin, coPOTA&B2e04/003150

pancreatic, prostate, lung or ovarian cancer. O her

I seases and conditions associated wth angi ogenesi s

re inflanmati on (for exanple, chronic inflamation),
at herosclerosis, rheumatoid arthritis and gingivitis.
Furt her di seases_and conditions associated with
Asgsheyenisithe 4 witer cempsliian inding @ssay ikglew, the compounds of

Yho ) a S : . .

PR B A EPTR op kR P BGiogenesi. Those
beimpbands may thesbaaseful fndeatinantin wee dimgnosis and imaging of
nmyocar di um endonetriosj s, Kaposi K sarcoma, macul ar
disgares amﬂ@ﬁndWQna@&ﬁaQIaF%wsﬁ|aa§tq9ﬁﬁ§,slsocc| udi ng
peri pheral artery disease, osteoarthritis, psoriasis,
retinopathy (diabetic, proliferative), scleroderns,
Fheitaontdiseasbsdrcbeaiditienscadsaciated Witbrasfgiogsnesist maliiches those
to a further pect of the invention, there is s
HReBsatand conbBtRterBreds heloly. Refendd Baiee ragiedn this regard
BNGigsm7Rarticularly in the in vivo diagnosis or

I magl ng, for exanple by PET, of a disease or condition
associ ated with angi ogenesis. In the alternative,

s [ i fded thod, f i N: Vi i [
biey S s TELRR D drbietet BEN8R fentforms o
Ba6ESERIaRERSHYYIS ToCOEMPIBEBrda’e skirg Bolofedtdpahérealic grostate,
a conpound of fornmula (I) or (la) to a human or ani nal

Bagyor avaIriaB@aiCBY: generati on of an inmge, suitably a

PET i mage, of part or all of said body. Further, there

Is provided a nethod for treatnent of a disease or

Qahel dié@asé'shmmc?m egjsbbimrgwub angiogenesis are inflammation (for
conprises the step of adm nistering a therapeutjcally, . .
exaapta, ¢RrogirinfampTatian) GhRIasEewsIs: m%m%%f qu}rtS'S@nd gingivitis.
human or ani mal body.

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.

Therefore, according to a further aspect of the invention, there is provided a
compound of formula (1) or (la) for use in medicine, particularly in the in vivo
diagnosis or imaging, for example by PET, of a disease or condition associated

with angiogenesis.
In the alternative, there is provided a method for in vivo diagnosis or imaging of a

14-



The conpounds of fornula (1) or (la) are preferably

adm nistered in a o radi opharmaceutical fornulation. A
woOnrewicopdsar maceuti cal fornulation” is defined PATAAB2004/003150

present i nventi on as a fornulation conprising a

Gomeund Ahalidr B ol St ARliabSndsid MRS HbRRbEs b step of

édmms@rrngta%mﬁomfdebﬁrf@hhmc(a)" of ¢d) adta Iyiman @ﬁtanﬂ"hal body,
of the radi opharmaceutjcal fornulation as an aqueou

&lowtadohy 9%0@@“9“rQicﬁrbkb‘h%ﬁﬁrﬁé@@bch%PﬁTom@Q%tqfdlﬁrhﬁ&a% of said
ggpy%hh& (El?épe% IS Ca(%tfﬁrmétﬂ%?g\‘ é]ét?nﬁﬂ :PF\Qﬁsease gr condition

ers ar I’THCG acce tab € SO I Sers

esmbt@dcmmdﬁgbgenesmrwhm:hf eompritss Stbehsteg ef ladtnmnsterlng a
Tween, phosphol i

inaBppyically oHeCNeiam igﬁéﬁw 2?&”@.33&3&92 &Bﬁccﬁ}?i%a human or

cid or para-am nobenzoic acid) or bulking
%g@%%cgj&? | yophilisation (such as sodi um chloride or

manni tol). The radi opharmaceutical o fornulation is

m ni stere un l.iable. . .
iRt Dbt 00 s b B Gutgerea n o
PAdiS PSRN RDER Al ANST A qaa@@haﬁha&m’banarmaﬁhona@ defined in
such other factors as would be apparent to a person

#he presgnt inventionas. a erendatiore cemposingra gempoynd of formula (1) or

43, 3i12eR fble PERERhlntRBATR.R mahfiel Hithy bR g, human.

W‘dnﬁiﬁtslt@ﬂbn o @yatetatly caredoaf betijeutiort 6f dud radieplarmaceutical
reliable imge. For PET, a suitable appunt of the

impdation as an gaHaPEs soltien. {Sualy ajrgdigphapgageydicaidprmulation may
B#)ﬁ{)ﬁélfip&&ﬁt&ptﬂrt% ed-lal?ﬁé S & btg‘ﬂarg SHEHAREURERS Shceptable

nventi on provi d

sfamfbm:sb&lr (fap@amplelcybmdmutrmisl arsucfaotanitssuch as Phurpoicntiween, or
0 or mul, a

phaﬁ%@uqﬁs)caﬁw%wé 6?@36%0%6'?'6' stapilserpigr antipxidants(such as
UESIMRE aefaoye‘ﬁﬁélcaacﬁa%@%@éh@beﬁ%ﬂ%é&h%ﬁ“ bulking agents for

conprising’ & therapeuti ective ano
d,wnbnhsadonf (sticiT aslsadium cﬂnloradesar maninitohofThe mjhopmrmaceutlcal

o3 oo SRR SSRGS R0 BBl e, kg
Eggglﬁf%ﬂ%gﬁtd}@ﬁﬁ 1198 dRca8ERP eBHdBbN b@fﬁ@ih@esﬁt@até@ |dize of patient,
and such other factors as would be apparent to a person skilled in the art. Where
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 (1) or (Ia) 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 formula (I) or a salt thereof, together with one or more

-15-
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condition and patient being treated, but in general
will be in the range 1pnol/kg to 1 nmmol/kg bodywei ght.

wa@anpouzads of fornmula (1) may be prepared usi ngCmaEBE20E003150

of organic synthesis including solid-phase nethodol ogy

ByeltaEp Py SRR Ve, SEBbEE R et
net hods anal ogous to those described i nWO 03/ 006491 .
The conpounds of formula

fied

Ryt %Wﬁahﬁmtlp.d@sie@faﬁ%ﬁggw ab%;%iqlpﬁtyvﬁlséepend upon the
f

OB BlnrLEHLRlPlo T HEDERFRT A PR i tpoticto

HMOIMQ@WQ@ht < <W( ) XV HN=< NH2 O wherein R1,

R2, and R3 are as defined for the conmpound of formula
(I') and X is a |leaving group selected from chl oro,

TP 0 20 1 ) VoA Bl 0 e

Iri3#fuding skkd-phSse methodblegg ohMenefidld ehmloyleg an aledmatstl peptide

for . the c oun ) 0 formul a
oVtrEsBef CL A oo 306 paddbii o B Rihdls aiog o those
RS BRISSEMIWTYE0DB291. The compounds of formula () may be purified using
high performance liquid chromatography (HPLC).

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

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

®F-(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

-16-
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The reaction of conmpounds of fornulae (V) and (V) may
be perforned using the nethodol ogi es described in

wonv@sronz3sonal patent applicati on WO 03/ 080544 PCT1GB2004/003150

general terns, the reaction may be effected in a

ﬁqﬂéé I"eve%ce pent., for exanple in an aqueous buffer in
e range 5 to 11, and at a non-extrene tenperature

of from 5 to 700C, preferably at ambient terrperature.
Conpounds of formul a be prepared standard .
neeH5astion obepmpaunds gf ev@mu?/?@swa l)e'%a egrerformed using the
TRLSOREARR BE R RERS L la kAT i grigposea. I

easeal @mmdbeséactldﬂmayweﬁéméw lrda su#téble 36vent, for example in

03/ 006491 al scrjbes s esi s of anal ogous
FPERGURSLIS %rrﬁnﬁ“rﬁ HF@@%‘? é'}o'}é PRE &t gdrel-edtrersedpmpgiature of

rfﬁin??‘;%%° Fé*bFéHl bt Qb ?Enttté‘r‘ﬁ BFdtded.ng group R3 may

be effected by reac 1on of the orrespondlng pepti de
cont ai ni ng two free thiol 15 groups, with the rel evant

G BhaR SRRl dl ReS! BESBEE A dagra metnoos of peptce
|s?ﬁﬂfe@i¥ %r'é?dénﬁ’életé‘tﬂld%ﬁéé@ éﬁﬁde?s@h@)ems fblr‘eﬁarﬁﬂlépéélﬂéscnbed
formula (V) may be achi eved reaction of

i Atheriars BrangdrSheppasd cBiE.a1SolidP hase Syathiegis”; IRL Press: Oxford,

RSB Q5P BB 5 i e £ n i

¢ isdnsorporateé herelg by esfdrémuarahtomporatesy cﬁltﬁe %’ldgn%g_'roup R®
detfined for the conpound of fornula

omay beafteskrd by Eaaclianiof @%%@ﬁ%‘ém%\gpt@ QQH'F%F'BQ two free thiol

Ty RPN R, " ISR, O o

MBthdnenmthanaMwT 2@ to esmiethydeyezit slnsoqjoraﬁorl\ of the group “X-
- t tet t

aaor Bm GoRTRLBY I8 (VAiTEcho e RV aR Bl SyagiamOr the N-
téminbis bAER btifle 2oRtdiNing Fnfind a¢ldTprerstsiglys e bk Belpide with

anam ni um
the reagent of formula (Vil):

X-CH.C(0)Z (VII)

under standard conditions for peptide bond formation; wherein X is as defined for
the compound of formula (V), and Z is —OH or a suitable activating group such as,
chloro, bromo, fluoro, -OC(O)CH2-X wherein X is as defined for the compound of
formula (V), or when Z is —OH the acid may be activated using in situ agents such
as 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HBTU) or N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1-ylmethylene]-N-
methylmethanaminium hexafluorophosphate N-oxide (HATU).

Compounds of formula (V1) may be prepared by standard methods such as those
described in international patent application WO 03/080544, for example, from
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hexaf | uor ophosphate N-oxide (HATU). 3 0 Conpounds of
formula (VI) may be prepared by standard nethods such

waodshesssdescri bed in international patent appCrTaB2i@no3150

WO 03/080544, for exanple, fronthe corresponding

\%ﬁg}&gﬁﬁg F)dlBQ c{wﬁo § f8UJE %t@pg)er) -SR (Vi a)

p-t ol uenesul phona_t.(¢d|n|¢er) fgruor onet hanesul pho_na(\ﬁagor
nmet hanesul phonat e, and the Linker is as defined
t he compound of formula (M) and Ris hydrogen or a

. oeg'la inP! Of ec{d ng, gr ge%‘?nr}qbﬁo{;l%glg Lol it ha ey el 981, 8Resulphonate,

ced aqueous suitably
rmﬂucaromeﬂaamlstbghcmeaemrahemanbsomihanbm aar(dthe Lexany s defined

5o Pataonned af etk G5 Bpe s ivdrgen Ay Rdhd! protedting group:
Gy rehBio \%H‘ég'bﬂ?ron rodlidBf Ale n&m%’gﬁde’l @ﬁ’ pré-activated

at eI evat ed nperature, for exa
foyl leyapdrafipnr draswab @hsanyfor hexdampleot from ngtrabuymmmonium or

RN A2 1955 SRR S, B 2 e
fd rﬂ@’[H @rrﬁ@ﬁf @S R EdyF %ﬁéﬂée%pfc@ﬂ?‘d{ éie(/%‘i%@temgerature for

C‘H2mS wheréin L'is a
@xampl@,@@h oag °G, ofp[j@w dnyplmmaé of any thiol protecting group using

fsﬁé,{dﬁgrrﬁéﬁgggnesul phonat e, or methanesul phonate, and

mare as defined o for the formula (1) and Ris
hydrogen or a thiol protecting group; by reaction with
cx otron produced aqueous [18F]-fluoride, suitably

BRYNdEeHRTBYIaVApBrveich erL@Kealsmisf@rnoulan(lI)emameeorepared
HoRTC LS ROL A AT BOUBLIAG o*ﬁ?&gﬁpfg{(yg;’)pfu x-222), in a

ultabl e so UC as acetoni

NINdi met hyl f or mam H§CHCHIO)R(OML),sSRpdk) de,

typically at el evated tenperature, for

wherein L is a leaving group such as p-toluenesulphonate,
trifluoromethanesulphonate, or methanesulphonate, and n and m are as defined
for the formula (Il) 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
K2COs/Kryptofix-222), in a suitable solvent such as acetonitrile, 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 (V1) in which the Linker is of formula (1ll) may be prepared
from the corresponding compound of formula (Vlc):
L-(CH2),-SR (VIc)

wherein L is a leaving group such as p-toluenesulphonate,
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5 exanple 60 to 12Q0C, foll owed by renoval of any
thiol protecting group using standard nethods.

wa@anpouzads of formula (V1) in which the Linker PC$/GB2004/003150

formula (111) may be prepared fromthe correspondi ng

El‘?ﬁm)%ﬂ]%élg%n%gﬁ;gfoﬁé,gc{[grhég‘%nlé's&%ﬁlzokgfe‘?Rarqy Ipcig; a\éhoeerfﬁ\iea for the

I'S a

Portnalle €N PR 66 By @robh dr eothiuTRirbreeesy brRiuyIat e, or
met hanesul phonate, and p is as defjned for the formla

CyIreFcigwih icyclairan prdHced aguasus) ( Fl-fuedde myitgbbipe-activated

By EFAPPIARrIsg Y b6 oE! SARGH, 00 Sabugvaagriom or
.00 A4 lyphfixc221), ekanpl suitdblem soNermbwuyhamsonacatonitrild, N,N-

gﬁﬁg&ﬁ_{yﬁr tofi x-222), in a suitable solvent such as
3 PE/FBP@,'dmméirﬁ%“@b{wa%%ﬁ?d&plcguy 2 eleyaipd temperature, for

[ j I . :
Ao 600, 12QCE TNy e b, BHRNER of SRR i ectifl ggoup using
stastderd inmethgdsup usi ng st andard net hods. o Conpounds
of formula (M) in which the Linker is of fornmula (1V)
may be prepared fromthe correspondi ng conpound of
Cumpoinds\bidbim@a@il)in whihthe(LhiBr igbeformila(IV) mad be prepared
| eavi ng group such as iodo, p-toluenesul phonate,
ftom theoserresRasird FpneaLng of g?mhﬂ@ K¥lsdsul phonat e and
when g is O, L' can bg 5 nitrp or an iodoni um or
ammonium salt, and q gnd rare as defined forthe
formula (I1V) and-R_i shydr or_a thiol protecting
group;L'b%CH as ith ﬁ&gﬂ)’ﬁrﬁﬁr ogﬂg d aqueous
[18F] - fl y pre-activate 5 evapor at i on
froma base (for>~xanple, fromtetrabutylamoni um or

%s{::%"nr [ l},’lolt g ! il 22\)ihgI %ré‘ué u'stu?;ﬁl easSOloV or,]t psi%?@enagsulphonate,

trifluoromethanesulphonate, or methanesulphonate and when q is 0, L’ can be -

nitro or an iodonium or ammonium salt, and q and r are as defined for the formula
(IV) 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
K2COs/Kryptofix-222), in a suitable solvent such as acetonitrile, 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.

In formulae (Vla), (VIb), (Vic), and (VId), suitable thiol protecting groups include
(Phenyl)sC- (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 trityl, the free thiol may be formed by treatment with dilute acid, for example

trifluoroacetic acid in a chlorinated solvent, such as dichloromethane.
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di met hyl f ormam de, or dinmethyl sul phoxide, typically
at el evated tenperature, for exanple 60 to 1200C,

woabdsmagdsby renoval of any thiol protecting grPOuUGB2004/003150

using standard nethods. In formlae (Via), (VIb),

(Mc), and (VId), suitable thiol protecting groups

i nclude 5 (Phenyl) 3C (trityl) and others as may be

flo@ne pretasrachaspech, the copyiaungs@f dompsulae (\Dayaiib), (Vic), and (Vid)

T8y PEReAng 155 3hft SmegTieteh s Heumerstadi or Gsmtiguaifor example,
tehirig}l op ERIoRSHityD Bo i NPT B RS tﬁéfeﬁééé%dre%geﬁ}_saé}?@w products of

met hods, such "as those described in G ee
éh@ﬁ@ﬂl@-ﬂumaahornaa@tlommw be separfatebfromithe pmiwndaebound product

be; uor ac e@gégﬁgﬁd%#‘)ﬁe@iﬂm 7 Pfiﬁ?g%l @o%@ﬁﬁb@i l?a‘?vﬁs effects

dledvagewtehd a0@pbOnddf feell8 (VB Grars BeS solid ;fcswpﬂlﬁ@ h
of fgfgnul ae (Vi a) n(VI b) , (Vl(c? rand (V(i)clj Q?p %proac

FR@nee Paﬂ&uafly%"tgtaﬁ@d@f@utomw Beodystigmett eeaumounds of formula
C(VBt 'ngeﬁ’nafl\‘/’él}/ e%?"ﬁé) groo%cfsr bf leoloc{esp?eregfl é b%%r eS|L@Fe in the

t hi's aspec XCessS reagen

5ea¢tmrr md«turef may beredrmoved egditrationay be separat ed
fromthe pol yner-bound product by washing. Using the
deprotecti on nethods as descrl bed above, effects

RARBIANG 162 tfﬁ\%hﬁoggé’étﬁdofo ﬁ’fngLSh tYens fs vfcféed a kit for the

sol i d support IS approac parti cu
Pueparptien fofra eadieftuntrindtexn peptide «mﬁ fcmfmulbe(l)ou:mppmidg eof)rosthetuc

S pETue (ARLAYIS YRR #ie b Febiilrirentde of formuia
xture, may be renoved by filtration. According to a

further aspect of the invention there is provided a
kit for the preparation of a radiofluorinated peptide

T s th& s el RO Rt forkia (V) Gl Whooe i atpuid be
penvérted b fhy rasulrr@sﬁonﬁdfh b@mPé@n@fOﬁ *f@rrﬂﬂjlé E\?IP%smg methods
conpound of formula (Vi.a (VI c), d)

feseribasbabeyr cPrafaratly.ithe’ Q@@m pﬂgutaof‘pﬂbgha thiol protected
brECTISS Sny tHEHY, MBY B_%parated from waste reactants by passing the

reaction mixture through a Solid Phase Extraction (SPE) cartridge. The SPE
cartridge may comprise a graphite pad or Cyg stationary phase. Any thiol
protecting group may be removed, for example, by addition of an acid such as
trifluoroacetic acid. Where the thiol group in the compound of formula V) is
protected with a hydrophobic group, such as a trityl 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 formula (VI) is eluted in high purity and yield. The
compound of formula (VI) would then be added to the compound of formula (V)or
which may suitably be dissolved in aqueous buffer (pH 7-11). After reaction at a
non-extreme temperature for 1 to 60 minutes, the labelled peptide may be purified,
for example, by SPE and collected.
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descri bed above. Preferably, the conmpound of fornula
(VI) or a thiol protected o precursor of any thereof,

woayoshhe2separ at ed from waste reactants by passPay/GE204/003150

reaction mxture through a Solid Phase Extraction
(SPE) cartridge. The SPE cartridge nay conprise a
graphite pad or G 8 stationary phase. Any thiol
phetigvéntitth & Mustra®y be wanmef éib féllowity ERzingpledyin which these
addition of an acid such as trifluoroacetic acid.
Ahbreviatipastaie sised tBAYINRUEhe conpound of fornula (V1)
is 5 protected with a hydrophobi c group, such as a
trityl group, the deprotection may conveniently be
pioNcdienloesmetan8PE cartri dge, whereby the hydrophobic
t hi ol ,Protectj ng.group (such as trityl) remai ns bound
SR A Eluoreagedic phase while the | abelled prosthetic
(M) is eluted in high purity and

gﬁ%t%&é@r%@und of formula (VI) would then be
bifgTed 2-d H-benzotrigmoled -y -1 f103, 8démarhs)hyhuroniuwhhetafltmyophosphate
ui t abl % ?qe di ssol ved i n aqueous buffer (pH 7-11).

Se-DYEXYAFATRONY non-extrene tenperature for 1 to

I Nt ptide may be purified, for
g)%]gr?p'l g’ﬁ.l?;e@g@éé%@ggﬁbe ted. The invention is
TS :usitsoptepyldilaneay of the fol |l owi ng Exanpl es, in which
t hese abbrevi ati ons are used throughout: DCM
di chl oronmet hane TFA: trifluoroacetic acid THF:
[ =542 glr of uran HBTU:
- enzotriazole-1-yl)-1,1, 3, 3-tetranet hyl uroni um
af | uor ophosphate Boc : tert-butoxy-carbonyl Fnoc :
T °8 bclogyfiuo-ﬂ)-'ro ISUERE PR¥IR B containing

yl sul fanyl | abel | ed RGD cont ai ni ng

o
NH,
0

S RCR SRS
S alRs,

hex

z J,J;g elny e

Bebtider o- prop

Title compound:

E
é k] “ NH
H( \/\0/\/0\/\0/\/0\/\0/\/ \n/\o/\n/NH HN=<NH2

o] o] o]

1a) Synthesis of 3-tritylsulfanyl-propan-1-ol

Co L)
RS

Trityl chloride (27.9 mg, 0.1 mmol) and triethyl amine (49 pl, 0.5 mmol) were

dissolved in DCM (2 ml) before 3-mercapto-1-propanol (9 pul, 0.1 mmol) was
added. DCM was evaporated under reduced pressure after 6 hours and the crude
product purified by reverse phase preparative chromatography (Vydac 218TP1022

21-



10

-~ 15

20

25

peptide Title conpound: " | GVAYAY NH, ~ \ 1a)
Synthesis of 3-tritylsul fanyl-propan-1-ol Trityl
wohbusrdnhss(Z? 9 nmg, 0.1 mmol) and triethyl am ReET(GB004/003150
, 0.5 nmmol) were dissolved in DCM (2 nl) before

e&%@%ﬁo%aiﬁﬁi SRR T oy B RRuGNT s PP giggient s0-70

3B dVer 40 wilg; AGWALCn| pmmuﬂeedetéct;bﬂvarm AMISA yield of 6 mg of
arative chromat ogr aphy (Vydac 218TP1022col umn;

Borbemoatetonaya Pbined HANGHCE-HELEG gola PiogiRgomenex Luna
SR FRAB G SOLLEA= Sbilh P A% A Bl R 0.19% TFA;

@mcﬁenmoms’/o (BJb%rmE{ﬁm(rﬂrﬂ@W1 Ocrﬁl /niiRlte; retehtiomtime 7.73 minutes
henonmenex Luna C18. 098 4251- EO: solvents: A= water /

@'ei%tﬁqtﬂ At apd 254m)- Steuciyrerysifieg BMNMR. 30- 70 % B
over 10 min; flow 1.0 M /mnute; retention tine 7.73
m nutes detected at 214 and 254 nnm). Structure
Vb)) Siyntbsis/oiNkBthahissuBymiclesd 3-tatylsuifahgreopyf estec aci d
3-trityl sul fanyl -propyl ester Mesyl chloride (6 nl,
0.075 mml ) was added to a @7 pn of
3-trityl sul fanyl propan- 1-ol g, 0.015 mmol ) and
triethyl amne (32 m, 0.23 in THF (1 m). After
30 m nutes THF was evapor ated uheer reduced pressure
and the crude product dissaved in DCM washed with a
saturated sol ution of sodi®%§®Phydrogencarbonate in
vvater a saturated solution of sodiumchloride and

[ 0
S BN 0 6781 ShibPhad ety PRG0S isutany
@odpam1ial (s nﬁ‘g,&) OG)BEiamBE)HﬂQneﬂTMI aatine (Z2pht0e23 nﬁndl%n THF (1
TFA and B= 61 1% FA, g‘@ adi ent 40-80 % B over
b ATr S r@ln@t% ThRiWaR QVapoEltedUngT regused PIQS$Hfﬁlﬂ1Q§he crude

drd i eis@bived4 it NIckP 4 walhed SivitHC hUsSturStdd’ 'seitlh of sodium

hydrogencarbonate in water, a saturated solution of sodium chloride and dried with

MgSO;,. 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). Structure verified by
NMR.

1¢) Synthesis of (3-fluoro-propylsulfanyltriphenylmethane

20
g
Potassium fluoride (1.4 mg, 0.024 mmol) and Kryptofix 222 (9.0 mg, 0.024 mmol)
were dissolved in acetonitrile (0.2 ml) (heating). Methanesulfonic acid 3-

tritylsulfanyl-propyl ester (5 mg, 0.012 mmol) in acetonitrile (0.2 ml) was added.
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NMR. 1c Synthesis of
(3-fluoro-propyl sul fanyl)tri phenyl ne thane Potassi um

wohasroizss (1.4 ng, 0.024 nmmol) and Kryptofix 2BET/GB2004/003150

ng, 0.024 mol) were dissolved in acetonitrile (0.2

S RSB B8 Sl e o
ﬁunmﬂdd bg ré\brée Phhsvptepatatde mamgﬁ@r@rmy myda@rm 8TP1022

eated to 80 degrees for 90 nmin

ﬁp ,tsqm'\tgewwaféa/ @y % thAand %C&He(bé%aTF/s)egradlent 40-90
0
CRELBRCE0 TR Ao PR PR %%@@LP%R& 2PEhHENA Yy 2 mg of
‘kiulﬁfled efatéfalnias o[ﬁtbm&dl(@nmytléalmi Pm%oldﬁﬁﬁ@iiermmaﬁeﬂ%a C18,
ield of 2 fied material was obtain
@5?3& %%/E& spjwents: Aclwﬁﬁf/@wé%ﬁéﬁénd@mg%%” 0.1% TFA; gradlent

%&Wé f? ﬁ.&%ﬂ#l?{ ﬂfﬂfﬁen / M@ﬁ{d é&géﬁe@_ﬁ %@@2 ﬁunlrltes detected at

21@ arid Zﬁdnm)eStmetwetvenﬂ\ed by®NMR2 m nutes detected at
214 and 254 nn). Structure verified by NVR 1d)
Synt hesi s of

@g{Sﬂhu)é%w@vséT%mkﬂmide%Msﬁsmn e ABl 433A

automati c peptl de synthesiser starting with Ri nk Am de

AMresin on a 1 mol scal e usi 1 mmol amino acid, )
ddie ey Q@ﬁt'd@ﬁé%ﬁﬁ‘%wﬁé %@thﬁ%ecg pB-aABI iBBdauieomagic peptide

SyAeR ey sEaring i TRl APiABYMPETREIN 01, ol seplg yeing, | mmol
gminBtasidCeaftiidges. Nk akina acidd wersi pre-dctivatedwsingfHBTE before
pegt'hg%l resin prepared as described in 1d) was

tGPYRY with a solution of 346 nlL tri butyl phosphi ne,

100 mL water and 2 nL di net hyl fornmanm de. The reagents

were renoved after 90 m nutes and the resin washed

viie) IS yathesisof Foocenis@Boc)reycth[Clrs (s eAraéiitmc)-Give AspDifBu)-Cys]-

%Se-br\}gﬁ rE)EF%%I( %\dmi\giet,&]\/l Tesin.

0.05 mmol 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 treated with a
solution of 63 mg tetrabutylammoniumfluoride 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..
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solution of 63 ng tetrabutyl amoni unfluoride and 2 nL
di chl or onet hane. The reagents were renoved by

woi2bdsrazazsn after 2 hours and the resin washedPee2e04/003150
times with dichloronethane. 1f) Synthesis of
Cl - CH?CO Lvs cvcl o"Q/s(CH’? Arq G v- Asp- Cvs”- Phe- Cvs- N
HOC . HS 9¢ JJI O\O-VoHOHN

HN=- MW = b |N R = 1 Ho 1017. 34
2 MF = C39Hﬁ 13 \/l[he ambonyl
group was remgved fiaomit hfi p pttdyH r sm

N-term nal chl} roacé?tyl ted 93| dr 0% cetlc aC|d
anhydride. The/sinultaneous re va of p y de and
side-chain protecting grwups fromthe resH was then
carried out Hpi 5 nml e trifl JYB&BES ¢ acid (TFA)
containing 2.5 %triisoftopyl sy aa@Hamh1;231533% wat er
for one hour and forty mnutes. After work-up 27 ng of
crude peptide was obtai ned (Analytical HPLC. G adient,

= 40_% 9 =,
ShedRaderEnditincucBbo i BFS utivanFemered natiag reffidsssin of 1e)
eh8 (Nerhfind %hﬁaraaecetsil%&&ft Uﬁﬁ? umo?éécétm #i@duphydride. The

retention tine, . mn). Fur product
5 simaulianeaussamoyal wa@nilderar@bs'd@-tcham protestingrgredps frpm the resin

%%gh%ﬁé%é?@n in ggﬁge@ﬁlﬂuo%@eﬁ& a%%l?rF?A) I:&ln‘tgﬂﬂn@tz 5 % tri-
Bopropsile and 2 5/% Wwatey $dr@its/Aoar dmd fokspmipuges.Phe- Cvs

After work-up 27 mg of crude peptide was obtained (Analytical HPLC: Gradient, O-

40 % B over 10 min where A = H,0/0.1 % TFA and B = CH3CN/0.1 % TFA; 1

10  mL/min; column, Phenomenex Luna 3u 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 1g) Synthesis of cyclo[CH,CO-Lys-cyclo]Cys(CH-)-Arg-Gly-Asp-Cys]-Phe-Cys-

NH,.

MW = 082.18
HN HN=( EM =981.36
NH, MF = C39H59N13011S3

27 mg of peptide product prepared as described in 1f) was dissolved in
20 water/acetonitrile. 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.
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NH2. NH2 H | HJ HI | HNH MV= 982.18 H N HN=( EM

= 981.36 NH2 M- = C39H59N13011S3 27 ng of peptide
wonrowa33pr epared as described in 1f) was di sseCvaB2003/003150

wat er/ acetonitrile. The m xture was adjusted to pH 8

Pheirtori mrepormiived T (haowubphex g s 1§ R 250%21.20 mm
EaLA r@%@tf&ér}:@b?@éﬂeﬂﬁl \piis BEARAGU L RBG o BN nRRBACXH,0/0.1

nm col unn he crude
bt EAiaaid Bvaﬂdgzndmeﬁ "/oIHFAugvarg%mm)ab/a Bowwaée ef 10 mL/min. After

biophiastial &y SR maleE e sbtahesgiiarebieelHPEC: agient o-

@'b/@B'we?ﬁoahm%r@m aHen. 1(%rradA/ém@Bl ERLEN/0.1 % TFA; flow, 1
G adient, 0- 30 % B over 10 nmn where A = H2CQVO 1% TFA

anhdmih; coHBCNPIEnomeeALURE 3w, C 18 (R)/50 X4. G:mrumlﬁtectlon uv 214

Pheno X Lu m 2. 4.6 det ect.i on
Dy AU oS fieehDogY Frether bRl efer ot bl wak carried
Bﬁtodé'iﬁg SESFGGrSY intadd SPetMERY fE)@&ecﬁéﬁl MsHN8t 982.4, found, at
el ectrospray nmass spectronetry: Expecte M+H at
982.3), found, at 982.3). 1h Synthesis of cvcl o”-CH
9CO Lvs(Cl - CH7CQ am no- PEGVcvcl o"Cvs( CHI) - Ar g-
G v- Asp- Cvsi - Phe-Cv s-NH? MW = 1437.09 EM = 1435.53 M
- FhByihiBesk Nt e EEHANOAL Vs (8101, 3D-amino-PEG)-cyclo[Cys(CH,)-Arg-

Gly-Asp-Cys]-Phe-Cys-NH-

s

EM = 143553 H

MF = C57HSO0CIN1502083 i A /L,(H\)LNWRJLN)\,(N\)LN

i H : H i H i H
0 0 o
a H NH
o N NH HN

S{N\/\O/\/O\/\O/\/ ~"No N \n/\o/\n/ =<NH2

0

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 uk. N-methylmorpholine and 2 mL water (pH ~ 9). The mixture was stirred for 2
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 resulting
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
uL N-methylmorpholine and the mixture stirred for a further 60 minutes. The

reaction mixture was evaporated to dryness.

Purification by preparative HPLC (Phenomenex Luna 5p C18 (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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((HOC2" H>Hi r NoOo OoNogHHINHODO

O 2 9 ng of peptide prepared as described in 1g), 34
waogoBmaz2zaai no- PEG anhydride and 7 nlL PCT/GB2004/003150

N- et hyl nor phol i newere dissolved in 1 nL

9% TR A BRI ERYGH b 1R TBEE D Sl %rfgagv {fE 8P 10 mL/min. After

n-was 'quenc by "a

miphﬁlls@ﬂonﬁ rag olffbul‘é metdvdl Im?fsrﬂibihin@d Gmfbl)?tld'ﬁl HNHI(ErGradlent 5-
The m xture was sti % 2 hours, then

a{vcﬁ 5&/@61 Q igvipsaukereths 'ﬁé%loerbe(o & Q%Bt-eQHnPN/]O 4 % TFA;
TP A BRSPS FEPLDRR 34 ) 4 . U

e eV apridatektemiomtme, 7d8eiim) Fatther pl@didnetichérab’fmlsatlon was
residue and the resulting precipitate washed w

@aértqmuwﬁ@g elpetrasprayass SPﬁétrWGHVpEtxﬁ%teﬂaM*H at 1436.5,
%ﬂﬁﬁP 3 nmL di net hyl f ormam de together with 8 ngy

C oWoaceélb acid anhydride and 9 nL

N- et hyl nor phol i ne and the m xture stirred for a

further 60 m nutes. The reaction m xture was

evapor at ed to dryness Purlflcatlon by preparat|ve

L€ ) - s i
5-50 % B, V\,hereA—HZO’O 1%T/—\and|:’>: CNO. T %
TFA, over40 min at a flowratg of 181/ mn r

| yophilisation 5 ng of purenael w\\@ipg}mi/ﬁg.n\j\ NH,
(Apal ytical HPLC. G adient 0MelB Bvdr 10: nindt & N
w@éreA-HZO/Ol%TFAandB- CN .1%@‘%@“%
1>/ m n; colum, Pheno menex Lu 3nClgu(2) 50 x 4.6
mﬂkf((get"efl\l/?m/\owmcm W@’d‘m’& ret€hg,j on time, 7.08

m ny. Further product char®act efi sation was carried out

Tisotin FELR RO e rep YL RERN aherifislitihe (2!, 0.006

eompl)gieiscdbed in 1d)evadtieavad alithl TR ¢ G0 gl ipthet préeeice of TIS (10
ul) and water (10 pl) (5 minutes). The mixture was diluted with 250 pl water and
250 ul acetonitrile before a solution of c[CH,CO-Lys(CICH,CO-amino-PEG)-
c[Cys(CHz)-Arg-Gly-Asp-Cys]-Phe-Cys]-NHz (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

potassium carbonate buffer (ca 400 ul). 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= CH3CN/0.1% TFA,; gradient 10-50
% B over 30 min; flow 5 ml / minute; detection at 254 nm). A yield of 1.1 mg of
purified material was obtained (analytical HPLC: column Vydac 218TP54:
solvents: A= water / 0.1% TFA and B= CH3CN / 0.1% TFA; gradient 10-50 % B
over 10 min; flow 1.0 ml /minute; retention time 13.20 minutes detected at 214 and
254 nm). Further characterisation was carried out using mass spectrometry, giving
m/z value 1494.1. [M-H"] as expected for the desired product.
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HN, \ oo\ o HOf \ J OI The trityl group from
(3-fluoro-propyl sul fanyl)tri phenyl net hane (2.0 ng,
w0208612838| ) described in 1c) was cleaved w t hPTEAB2AQM03150
m) in the presence of TIS (10 m) and water (10 ni)

g .atn II%QIIéTa R&H Ebntaining

qj@la_@o Lys(CI CH 2CO- am no- PEG)
C'I[ sgCHz) Arg- @ y- Asp- Cys] - Phe-Cys] -NH 2 (4.0 ny,
rom1lh) in 500 m water and 500 m

acetonitrile was added and the
pot assi um carbonate buffer (ca 400 nL)—Thé Teaqg! on
m xture was heated to 60Q0C f Tﬁz,ut S. T,heo

reaction mixture was quenched"
glng reverse phase preparative chr ofra ogra‘ph
enonenex, C18, 00G 4253-NO c%l um; oI vent*fs A—
l\gﬂL/\O/iL//d'\A ancth B= ,CUE%‘M /ng/d'FAHN=gr adi ent 10- 50 %
0 30 min; flow5 det €¥tion at 254
nrr) Avyield of 1.1 ny of purlfled materi al was
obt ai ned (anal yti cal HPLC coI um Vydac 218TP54:
/&

mass spectronetry, giving niz ue 1494.1. [MH+] as
expected for the desired prg Exanpl e 2:
Preparation of a 3-r18F1-fl uoro propyl sul f anyl

Ifbel Veredich Ganiaimi)sha468d Iwith Kribork®rE2undo fgp ptassium

carbonate (1 mg dissolved in 50 pl water), and acetonitrile (0.8 ml) the fluorine-18

] 1 on: ( : )

retentl on tine 13 20 m nutes cted at214 and 254

nm . Further characterisatio carried out using
s

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 90 %).

The reaction mixture was diluted with DMSO/water (1:1 v/v, 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-[18F]f|uoro-propylsuIfanyl)triphenylmethane, 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
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NHI1 HV g NHHN=( O 2a) Preparation of 18F synthon:
(3-r18Fl fl uor o- propyl sul fanyl )tri phenyl net hane To a

wolewstoors3si al (2 m ) charged with Kryptofi x(r) PeR&GB20/003150

ng), potassium carbonate (1ng dissolved in 50 n

: wtrile (0.8 m) the fluorine-18
2@%$§%ﬁgﬁgg%%ﬁgﬁg?90 nCi, 1 mM) was added. The sol vent
was renoved by heating at 110 OC for one hour under a

3érFan1gf Bitrogen. Anhydrous acetonitrile (0.5 nl)
d agai n evaporated as before. This step

was repeated twice. The vial was cooled to room

tenperature fol lowed by injecting a solution of

ngsing @l nerab Emedpepacktieis Kretv t© Exress the2alP3 (ntedfin receptor,
i n anhydrous DVMSO (0.2 m ). The reaction gixture was
StAPReIIvE: biggingcsiusiess ware Gerted raiitysiag by Hephistatin and the F-

( . : y Lol o ) ,
e Bbptieg B8 LOAMENE Tlgakly Sindhq Ry o3 erB3thafiR ana ks
asedculatedadsing Posm ™Sespftalar®! us cartridge ( CI 8, Waters)

that had been conditioned (10 ml acetonitrile, 20 ni

water). The cartridge was washed with water (10 ni)

ark 6ApBURE vE ExahPied, Had %%i%%ﬂ%gé.f ile. The

radi ochem cal purity was 99 % 2b Ite-specific

conjugation to the chl oroacetyl nodified peptide
Depr ot ecti on of

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

prepared as described in 2a) and subsequent reaction

with the chl oroacetyl nodified peptide, prepared as
described in 1h) is effected using nethods anal ogous

to thosedescribed in Exanple 1i). Biological Data

Usi ng cell mnenbrane preparations known to express the

avb3 integrin receptor, conpetitive binding studies

were carried out using 125|-echistatin and the

FIl abel | ed
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pepti des as conpeting |igand. Binding curves were

obtai ned and Kj's cal culated using Prisnm(tm software.
wohersmorgssund of Exanple 1, had a Kj of 7nnol ePCraBI804/003150

1. A conpound of forrmula (1): -RQHO\\ (1) Z1- W-

CH2 NH 1 HN=( NH2 wherein R is Ho o - NH OO

wherein b is an integer of fromO to 10; R3is a C

al kyl ene or C2-4 al kenyl ene Glaimge; W is absent or

represents a spacer noiety which is a G .30

hydr ocar byl group optionally including 1 to 10

het eroat ons sel ected from oxygen, nitrogen, and

S‘gldﬁhur’ and is preferentially derived fromglutaric

a

5 conpritidwifospua @hnd/ or a pol yet hyl enegl ycol based
unit and/or a unit of Formula : LJ QZi is an
anti neopl astic agent, a chel ating agent or a reporter
noi ety. - S
o S S
O H O H Q H
HN L N N N R
7N N Y YN N
: H 9] H O & H H
} } =0
Z—W—CH, NH "0 0
1 HN=(
NH,
wherein
10
R%is

H
+HN\/\O/\/O\/\O/\/N\H/\O/\H’]b_NH2
o} o}
wherein b is an integer of from 0 to 10;
15 R%is a Cq4 alkylene or Cy.4 alkenylene bridge;
W, is absent or represents a spacer moiety which is a C.3 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
20  polyethyleneglycol based unit and/or a unit of Formula :

-‘[‘ HzN\/\o/\/O\/\o/\/H\nAO/\,d;
0o

0]
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2. A conpound of formula (1) according to claim

1,wherein Z1 is a reporter noiety conprising a
woadisonesssi de. 3. A conpound of formula (la): PCQABRH/003150

HOHNNHOHOHOH Vo WHHO (la) N RL- CH2 NH

18F- (Linker)- s HN=< NH2 O wherein RL is either a

bond or is N HOOwerein ais an integer of from1l

to 30; R2is - NH2 Owherein b is an integer of fromO

to 10; R3 is a Cl-4 al kylene or C2-4 al kenyl ene

bridge;the Linker is a C 30 hydrocarbyl group

o ii®aalanyinéaptastidiagent, at cheldlingetgenbart araporter moiety.

5 2. Acompound of formula (I) according to claim 1, wherein Z4 is a reporter moiety

comprising a radionuclide.

3. A compound of formula (1a):

;HO_HO;HLgé i
Lol D
" (1a)

NH,

10 O

wherein

R' is either a bond or is
15

H
\[\/\Oira\/N\n/\o/\n/—H
o) o]
wherein a is an integer of from 1 to 30;
R%is
H
—[_HN\/\O/\/O\/\O/\/N\H/\O/\"’]b—NHZ
0 o]

20

wherein b is an integer of from 0 to 10;

R® is a Cq.4 alkylene or Cy.4 alkenylene bridge;
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4. A conmpound of formula (la) according to claim3 in

which: R3is Gi-4 alkylene; ais an integer of froml
woaols@i2and b is 1. 5. A conmpound of formula (PaY/GB2004/003150

according to claim3 or 4 in which: R3 iJs-s(CH2-; and

ais 5 6. Acomound of forrmula (la) according to any

of clains 3 to 5 in which the Linker is selected from

(thé Linkelrlis 3 Gyng hiytdidcarbyl (EHRACHR D mallyGhi2Mding) 1 i Cbihekeroatoms.
(rer) (1v) wherein: nis an integer of 1 to 20; mis
an integer of 1 to 10; p is an integer of 1 to 20; g

'4_s Aol &ﬁﬂroﬁ;@ M) a&(c '?o'cl%ﬁdﬁu‘ét?fn Which: to 10.

Aco ound ccor ing to any of
5 C|6RnISC3141'Edkﬁemb,IChIS- 'F AV c NHHN=<Y YNH2 OO0

d of f I di t
of DSAMBIH 61 Frorb A Tl PRreci ci ne, par 11 cutar Ly 1

t hey jgny vi vo di agn05| S or i magi ng, for exanple by PET,
of a

5. A compound of formula (1a) according to claim 3 or 4 in which:
10 R® is—CHy-; and
aisb.

6. A compound of formula (la) according to any of claims 3 to 5 in which the
Linker is selected from (l1), (lll) and (IV) :
15
~(CH2CH20)n-(CH2)m~ (1

~(CHz)p- (11T

—(cHy); ”(CH2)r— (V)

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;
q is an integer of 0 to 4;
25 ris an integer of 1 to 10.

7. A compound of formula (la) according to any of claims 3 to 6 which is:
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10

15

20

di sease or condition associated with angi ogenesis. 9.
A nmethod for in vivo diagnosis or inmaging of a disease

wonrosonzi3si on associ ated with angi ogenesi s whi 80T/GB2004/003150

conprises the step of adm nistering a conpound of
formula (1) or (la) according to any of clains 1 ta 7

to a human or ani nal body, foll ovved py/g“e’\ehau\on of
N NH,

an inmage, suitably a PET inmm a,;toor qjloo shal
bady 10. A radi ophar maceut i caIHN~f/3\r K

(ton'pound of formula (I) or (I2& "act ot dlng’tgzét;\)? of " ©
clains 1 to 7 and one or nore pRarnace tlcalﬁo

ac e\/a\b @}};{op\/ecn\/a h%/Aﬁn odmf reparlnga

ound of mil a (fa) i ned |nN&ny of clainms 3
to 7 which conprises reaction of the correspondi ng
c&)nﬁmnmpmfnd offionnala () or (Iax;ac\;cdﬁdhagl-ﬂoeny ol aaimsH! ® A for use in

TreSichephrticulert b Majn Vil BaretS Bt Fiddit orPxa Rk SPET, ofa

'cﬁséﬁ%ﬂé&cﬂ[&ﬂ@s%mﬂéﬁ@ﬂtﬁé% &i®, brono, and
iodo, and is preferably chloro; by reaction with the

approprl ate compound of formula (VI): 18F-(Linker)-SH

&/ A gHABEEYY, b Yoy BlEid e BadlRl 8 fidsise g oRg IR R aciated

deith aa |dgéné‘alél\m1ibh coprigestid etephef aﬂﬁmas@ringna Qfompound of
radi of [ uori nat ed peptide of fornula accor

dagmela (B e (@) acaasdingde iy @fi glgims 1 to 7 to a human or anlmal body,
followed by generation of an image, suitably a PET image, of part or all of said

body

10. A radiopharmaceutical formulation comprising a compound of formula (1) or
(la) according to any of claims 1 to 7 and one or more pharmaceutically

acceptable excipients.

11. A method of preparing a compound of formula (Ia) as defined in any of claims
3 to 7 which comprises reaction of the corresponding compound of formula (V):

Werien L

HN\/”\HJ\'(N\)L /\[rN\)l\ J\( \)J\

0

H } } \%
X%N_R_CHZ N =<::2

O

wherein R1, Rz, and R® are as defined for the compound of formula (Ila) and X is a
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(i) a compound of fornula (Via) L-(Linker) -SR (Via)
wherein L is a | eaving group such as
we-20@lazaiesul phonate, trifl uoromet hanesul phonaPeT/GB2004/003150
met hanesul phonate, the Linker is a G .30 hydrocar byl
[ L1y § ugi n to 10 heteroatons; R i .
T 8ROusPS@eptac FEpridR, brasRareub ek antii prefaradly chioro;

st iegation wittrthe dpppdprite Bohfdurd efFofalilan®a):i n claim
11. 14. A kit according to claim 13, conprising: (i) a

conpound of formula (VIb), (Vlic), or (Vid):

L- (CH2CH20) n- ( CH2) mSR1(|5(LL5MiéTP_gS(Q£%2\ﬂ>nSR (Mic) OCH)

SR (VId) n is an integer is an integer

5 ofhdreinothtQipkersis @3 definedeor the dornpodfd ofifarmugdn (lant eger
of O0to4; r is an integer of 1 to 10; L is a |eaving
group such as p-tol uenesul phonat e,

12 A SRR LR el B 0T

trifluoronethanesul phonate, or methanesul phonate and

mmﬁsrygq‘a p%‘e'pa(%gfiqonbgf 3 ll'atdric%lu%rrin%?ed 83&? eu(;? fgrrmula (la) according
10 to any of claims 3 to 7 comprising:

(i) a compound of formula (Vla)

L-(Linker) -SR (Vla)

wherein L is a leaving group such as p-toluenesulphonate,
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

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

20
14. A kit according to claim 13, comprising:
(@) a compound of formula (VIb), (Vic), or (VId):
25 L-(CH2CH20)n~(CH2)m-SR (VIb)
L-(CH2),-SR (Vic)
0

L"{CHz)q N—(CH’)r_ SR via)

n is an integer of 1 to 20;
30 misanintegerof 1 to 10;
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R is hydrogen or a thiol protecting group; and (ii) an
activated peptide of formula (V) as defined in claim

W@ 2005/012335 PCT/GB2004/003150

p is an integer of 1 to 20;

q is an integer of 0 to 4;

ris an integer of 1 to 10;

L is a leaving group such as p-toluenesulphonate, trifluoromethanesulphonate, or
methanesulphonate;

L’ is a leaving group such as iodo, p-toluenesulphonate,
trifluoromethanesulphonate, or methanesulphonate and when q is 0, L’ can be
nitro or an iodonium or ammonium salt,

R is hydrogen or a thiol protecting group; and

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