WO 03/ 006491 PCT/ NO02/ 00250 1 Peptide-based conpounds Field of invention
The present invention relates to new pepti de-based conpounds and their use
i n therapwotisoaddby effective treatnments as well 5 as for rdiragyasbiso

i magi ng techniques. Mre specifically the invention relates to the use of
such pepti de-based conpounds as targeting vectors that bind to receptors

associ ated wt angi ogenesi s, .in particular integrin receptors, e.g. the
av(33 irﬁ%@%’v@%ﬁi&%ﬁ%ontrast agents may thus be used for 10
di agnosi ¥id1d ayf examplteigml i gnant di seases, heart di seases,
endonetriosis, 1nflammation-rel ated di seases, rheumatoid rthritis_and
Kaposi ' s 4 dOiRE SN gttt R F STt S Yy 9e p‘i%@ggl?ﬁbi‘% IR ends
treat mentypf hhese (s easaseda Sacko UPL Of o & TMARDT { 00, ey B 00d yessel s
can be formed by two different nmechani sis: vascul ogenesi s or angi ogenesis.
Angi o§enesi sfars dirgndgvimmtingy ofg neelvlionte s edbat e $iyed biehl g fheom
existing ., vessels. The primary ,stinulus.for .thi I OCEesSS y_.be 20
i nadequatlem";‘eunppll%ln of° nauttoersi ent stlllaendl So?y%%ns%%%p%eigtg é)? gb%se‘%ﬁscor?%o%nc%sl ssue.
The cel | sgmarRspond e s@ed efhdaty it agentscepast Orsssef iatedhwitiere are
many; one exanple, which is frequently referred to, is vascul ar
endot hel ialgigranmds ifsactior P{VEGR) LaThisteedmiot orecepiel ot ee the eerasthdn of
prot eol yti ¢ 25 .enzynes that break dot)_/m t.he gi)roé ei ns otli t he base ni%
menbr ane, THE AT RS bi 1T (TE T CLFRERATON S %eusseer%o Thtially
har nfigl  enzagssisThes atdierepingii el i gfdractd Dfeangd Ogesher fatdedSed s tO
cause endothelial cells to mgrate and divide. Endothelial cells_that are
at t ached QrsloMs-1iRs Ifas ik anabr e e hidi eh 6795 S c MR S heet
around ]_otg_g__- . naly, sl é@g@g l 1,051 S.
The conb:%lne ej%‘cfﬁzscs:teérg% q{aoésgs}elo%o;gt%%c ment I\daorslfcla—“dé‘veIOIOSI%)111 Ihdy e

used in therapeutic treatment of these diseases.

15 Background of invention

New blood vessels can be formed by two different mechanisms:
vasculogenesis or angiogenesis. Angiogenesis is the
formation of new blood vessels by branching from existing
vessels. The primary stimulus for this process may be

20 1inadequate supply of nutrients and oxygen (hypoxia) to cells
in a tissue. The cells may respond by secreting angilogenic
factors, of which there are many; one example, which is
frequently réferred to, is vascular endothelial growth factor
(VEGF) . These factors initiate the secretion of proteolytic

25 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

30 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



signals fromthe receptors for angiogenic factors is to cause WD 03/006491
PCT/ NO02/ 00250 2 the endothelial cells to nove, multiply, and rearrange

t hensel vewp oanab4bi nal |y to synt hesi se a basenment mnenbr ane pCcarmomaoishe new
vessels. 5 Angi ogenesis is pronmnent in,the growmh and renodel | ing of
tissues, including wound healing and inflammatory processes. Tunors mnust

i nitiate angi ogenesis. when ey reach mlljnetre size in order to keep up
Lhel 11 ot o TR I P groh et SoTS, HEEbIRTT e by ERAFEEIEri sti o

changes ith&nslothed | adndet 520, andl dhetiec £1We roMBRHEmedbensHibtace of these
cells is renodelled in preparation for mgration, and cryptic structures

are exposEiPUieridhe meewhaseseets nenbrane is degraded, in addition to the
variety of proteins which are involved in effecting and controlling

proteolysis. In the 15 case of tunmours, the resulting network of bl ood
vessebs imgisyatdyigi sorgesmiesht wit hcthidegfowtint amd oémedal piky nk€& and

al so arterjovenous, shunts. Inhibjtion of angiogenesis is also considered
to be a pt_rjtﬁﬁ%e?%'_g Jsr%cfméf Y tkﬁ?‘i[}]rfd?ﬁ %'ﬁ%rﬁpg}am%%cwa%%?%?% ons
acconpanyiigh BN G QHENES i HE APy Ys 20 o shdg FO5cKli ROMPShStran

obvi ous exanpl e being nmalignant di sease, but the concept also shows great
prom se i9iz¢ rifn WARY orP dfrER WRartkeir ofatef¢hrgmeewon- rAlgl egerkseases,

i ncl udi ng. at cl.er osi e p@ggs I of
| esi ons gleél’;‘ngg;ce{oogtt?%‘in {leéﬁ§ lg%uérlgae];sé%f%%ﬁgl ogecnllggcm‘;g%g f%%t%%@&g%%sagi féléc %)Sr s are
al so 10nvalne el f eenwisanheit Safhonswffadd asEtedeparésl b ide myocar di um

which occurs_if a stenosis is released within a short tinme, Further
exanpl es TN P RHRFITDMOR hRT FPEIEREHN at A 3or W EHC

neovascul arhzahi s U ranghagenesiterd hendeyel apaentnQfpr 50! i S eration of
new bl ood vessels are shown bel ow. Reference is also nmade in this regard
to WD 98/detirided, in addition to the variety of proteins which are
involved in effecting and controlling proteolysis. In the
15 case of tumours, the resulting network of blood vessels is
usually disorganised, with the formation of sharp kinks and
also arteriovenous shunts. Inhibition of angiogenesis is also
considered to be a promising strategy for antitumour therapy.
The transformations accompanying angiogenesis are also very
20 promising for diagnosis, an obvious example being malignant
disease, but the concept also shows great promise in
inflammation and a variety of inflammation-related diseases,
including atherosclerosis, the macrophages of early
atherosclerotic lesions being potential sources of angiogenic
25 factors. These factors are also involved in re-

vascularisation of infarcted parts of the myocardium, which

occurs 1f a stenosis is released within a short time.

Further examples of undesired conditions that are associated
30 with neovascularization or angiogenesis, the development or
proliferation of new blood vessels are shown below.

Reference is also made in this regard to WO 98/47541.



WO 03/ 006491 PCT/ NO02/ 00250 3 Diseases and indications associated with
angi ogenesis are e.g. different fornms of cancer and netastasis, e.g.
breast, wkiosjoo&ol orectal, pancreatic, prostate, |ung or @®carN@n/oozsancer. 5
Q her diseases and indications are inflammtion (e.g. chronic),

at herosclerosis, rheumatoid arthritis and gingivitis. 10 Further diseases

and indications assogciated wth angi ogenesi are arteriovenous

a1 or mat IGREASRS A LHCa Lt | BT oy gt U1 HRITIRELS 1Y Dras,
henmangi onagy . (Ehidddhand, f&api |dardanceRaldmsSsa Vel Pl astd ¢ wneoaet ri um

i schem ¢ nyocardi um endonetriosis, Kaposi sarcomm, macular 15

degener atdksm, 1Rt a e wasbt zestoifas POt aled ngl s i pheredriantery
disease,cg§&gggrthritis, psoriasis, retinopathy (diabetic, proliferative),
scl eroderma, Sem nonmas and wul cerative colitis. 20 Angi ogenesis involves
receptors that are unique to endothelial cells and surrounding tissues.
These markers jnclude growh factor receptors_such as VEGF and the

I nt egri n OWEH 141 55523%¢ RO PIIGRAAIN Xt heh: BT RR 5 tfhve

denonst r a g dhat, & Ml & Hod 1Y AU AP NARS tWst e %9 ddportantly the av
cl ass are expressed on the apical surface of blood vessels [Conforti, G

et al. (109®)iBltocd 80: 37- 4461 and are available for targeting by
circulating ligands [Pasqualini, R, et al. (1997) Nature Bi ot echnol ogy
15: 542- 546]. The abRl is also an inportant integrin in pronoting the 30
assenbl y rafr fidy aniesdd dedraind xi adit 4 ti drisitd sp cied dedtwaxthreigiodenesis
fibronectin. It also plays a crucial role in cell mgration [Bauer, J. S.,
(1992) J.2%%|3r Toioven®ls AL AR ANHD3/IV6ZAY BEFNC02/ 00250

choriocarcinomas, glioblastomas, gliomas, hemangiomas
(childhood, capillary), hepatomas, hyperplastic endometrium,
ischemic myocardium, endometriosis, Kaposi sarcoma, macular
15 degeneration, melanoma, neuroblastomas, occluding peripheral
artery disease, osteoarthritis, psoriasis, retinopathy
(diabetic, proliferative), scleroderma, seminomas and

ulcerative colitis.

20 Angiogenesis involves receptors that are unique to
endothelial cells and surrounding tissues. These markers
include growth factor receptors such as VEGF and the Integrin
family of receptors. Immunohistochemical studies have
demonstrated that a variety of integrins perhaps most

25 importantly the a, class are expressed on the apical surface
of blood vessels [Conforti, G., et al. (1992) Blood 80: 37-
446] and are available for targeting by circulating ligands
[Pasqualini, R., et al. (1997) Nature Biotechnology 15: 542-
546]. The a5B1 is also an important integrin in promoting the

30 assembly of fibronectin matrix and initiating cell attachment
to fibronectin. It also plays a crucial role in cell

migration [Bauer, J. S., (1992) J. Cell Biol. 116: 477-487]



4 as well as tunour invasion and netastasis [CGehlsen, K R, (1988) J.
Cell Biol. 106: 925-930]. The integrin avl33 is one of the receptors that
i s known wo B3@06451 associ ated wi t h angi ogenesi s. Sti nul at eccandmizheisoal
cells appear to rely on this receptor for survival during a critical
period of the angiogeneic process, as antagonists of the avl33 integrin

receptor/li r}ggl nteraction, i nduce ptaosis and i it bI ood vessel

gr owt h. Q’?ﬁ Lﬁ?c?é‘%e]trb‘f‘ao%‘l%rarrgior%el s n%:?ﬂ fafand (3-
subunits gejgeg)r ate déle_L agldr megy .andiqygd bil ayer. The a- subunl t has four
Ca2+ bi ndi ng domains on its extracellular chain, and the (3-subunit has a

nunber of extracellular 15 cysteine-rich domains. Many |ligands (eg.

f'bronec%{% ipelvied depeld 3@;&%%%%#@%&1 REPLLAS 5 agy!

ar gi ni ne- ci ne-aspartic aci sequence appears to ac as a
primafy 2gedegred |vart13|atregzbﬁ;e\m1é h@dmga]mi%darasﬁﬁheﬂglahlcsels]squence
and receptors on the surface of cel neraIIy bel i eved t hat

secondar PERRAT 4@ iTHY R Webd t’??é:qq%df%ogq“?ve]c StTHMAfte the

speci fi cidy; fcdingd it act 11k aHERRyertScOd ded It {AGd Qi Y dake
pl ace between noieties of 25 the Il/gand and receptor that are inmmediately

adj acent the B3 R@mm@t@n J@qaési tme@@tm@tmuqe om t he RGD

sequence._ eptl 6k Oon} r&}ge of integrin 30

recept or $EEHd Tave & e po e 1% regu nunber of cellular events
of siigni ficant application i n the clini cal settl ng. (Ruoslahti, J. din.
I nvest., 87: 1-5 (1991)) Per haps the nost. wdely studied effect of RGD
pept i des TEHEINB /306 AP BEHIRTY DB ECE es 1n ‘which the «- and §-

subunits penetrate the cell-membrane lipid bilayer. The o-
subunit has four Ca?' binding domains on its extracellular
chain, and the B-subunit has a number of extracellular

15 cysteine-rich domains.

Many ligands (eg. fibronectin) involved in cell adhesion
contain the tripeptide sequence arginine-glycine-aspartic
acid (RGD). The RGD sequence appears to act as a primary

20 recognition site between the ligands presenting this sequence
and receptors on the surface of cells. It is generally
believed that secondary interactions between the ligand and
receptor enhance the specificity of the interaction. These
secondary interactions might take place between moieties of

25 the ligand and receptor that are immediately adjacent to the
RGD sequence or at sites that are distant from the RGD

sequence.

RGD peptides are known to bind to a range of integrin

30 receptors and have the potential to regulate a number of
cellular events of significant application in the clinical
setting. (Ruoslahti, J. Clin. Invest., 87: 1-5 (1991)).

Perhaps the most widely studied effect of RGD peptides and



mnetics thereof relate to their use as anti-thronbotic agents where they
target the platelet integrin Gollbllla. Inhibition of angi ogenesis in

ti ssues bwoadmnewstrati on of 5 either an avl3 or avP5 ant garNGR2/0hz® been
described in for exanple WD 97/06791 apnd WO 95/ 25543 using either

anti bodies or RGD containing peptides. EP 578083 descri bes a series of

nono-cycli ¢ RGD cont ai ni pg tides and, WO 90/ 14103 cl ai ns8 _ RG> ant i bodi es.
Haubner &PLBFLLI¢H rtnrhper%‘?Pl\ﬁ%fgt%ﬁ‘? they9)usq A9 0P 1 beItETROUESCri be a new

class of fgaces suioFe LNDYT 2t QL Pt hd Y hasere N MRagEYE! b5 REPr £oNt ai ni ng
peptides. Biodistribution studies using whol e-body autoradi ographic
i magi ng reveal ed however that the 125I-1abelled peptides had very fast

bl ood cl 2} e L hantly, . bj L] etjon.routes
resul ti ngﬁ{ﬂ?lﬂﬁ} %%&Laiig%%%ﬁégﬁ%gﬁ Jt'cIll %@%F?Bdgsé%%%? ﬁ%(%%l%l (?lf pl e

bri dges havehed san doeEh e sy p-bedn t gl 98/ 108 4Fe am dad¥x PHHddA 7id . £ HFept i des
derived fromin vivo_ bi o&aﬁ&gi ng_ (WO 97/10507) have been used 20 for a

variety of¥¥RRetihg 4P t FEHNO THY SRt e PEERERF AR REPRAEGS has

been used,f REMI QG £ MUy SHEH: ASes A0 3 Eg N ML IBLIO7I5)er [uC| £FC aci ds
and adenoviruses to cells (see WD 99/40214, WD 99/39734, WD 98/54347, WO

98/ 54346, NS SBAGYIE? ) RGIPepen thekn ton tRemi yde snand gie 2941410 kaimsi dues do
however er_fromithe disadvant age i hat | tiple. djsulphide, d Brs can
SEH:EE)— rateﬂ%) SRR di-I(I:aSt/u ner e af. Yo et I@lf_.&i} Z%&’g%asﬁf%%&)n?

occur. A pept? Sterne resrdues such as

possiloi | i4y: ofoeT-oroni N s ¢ fhereniewi S1dghisie € 0hcleds f bsAsturdder i soners
w Il have varying affinity for the integrin receptor as the RG@D 30

phar macopHFE H S A i Ot AU F bt @ SR g 2t 1 o sPeRi 8% 006491

PCT/ NOO2/ 90250k + 6 il 14187 X RIWL €55 Of R@%f&%%&&&ﬁ@&i - pased
conpounds are found in PCI/NOO1/ 0014% and PCT/ 1/00390, the content of
whi ch ar eimagiorg oreat el dirizdwebsr rigizr erfve. >°I-labelled peptides had

very fast blood clearance rates and predominantly

15  Thepatobiliary excretion routes resulting in high background.

Cyclic RGD peptides containing multiple bridges have also
been described in WO 98/54347 and WO 95/14714. Peptides
derived from in vivo biopanning (WO 97/10507) have been used
20 for a variety of targeting applications. The sequence
CDCRGDCFC (RGD-4C), has been used to target drugs such as
doxirubicin (WO 98/10795), nucleic acids and adenoviruses to
cells (see WO 99/40214, WO 99/39734, WO 98/54347, WO
98/54346, US 5846782). Peptides containing multiple cysteine
25 residues do however suffer from the disadvantage that
multiple disulphide isomers can occur. A peptide with 4
cysteine residues such as RGD-4C has the possibility of
forming 3 different disulphide folded forms. The isomers will
have varying affinity for the integrin receptor as the RGD

30 pharmacophore is forced into 3 different conformations.



5 The efficient targeting and imaging of integrin receptors associated

W th angi ogenesis in vivo demands therefore a selective, high affinity RGD
based vecworostohad1i s chem cally robust and stable. FurthecmNa2/0bise route

of excretion is an inportant factor whgn designing inmaging agents in order
to 10 reduce problens with background. These stringent conditions are net

by the bicyclic structures i bed in the present . invention, scription
of the i MBI SN R O GRS () FUSTRITH pr B T S o

pept i de- Jhaseth Gpaunesr afodoraed g6 laras mtef iNeol 003 de, clizé reontddhese
conpounds have affinity for integrin receptors, e.g. affinity for the

i ntegrin @ IBLCRrEhel neniRAIRIC D e 1Y TSR at | east two

bri dges, wherein one bridge fornms a disul phide bond and the second bridge

conprises a thioether (sul phide) bond and wherein the bridges fold the
pepti fle Miieteffiinticra “tresteding cond i iguaginom £ 25 Héwer tonpawemsod t he

current inventi on%hu.s have a maxi num of one di sul hi%ﬁ .br%d%ee‘fer
mol ecul e &1 BINA b IPdth ARG TP L Dy REH it 88T Vet ofP T
surpri si ngddetiald e Hiyy i a0F Btk y Uiste nod 1) et dik onga ©Mpd oyresh Thi 1 Ng

| abel ling, e.g. during 30 labelling with technetium These new conpounds
may be usedust tand Ffahliealfurtdigwearse the et el exceetians ¥Hran magi ng

pur poses.. 9 NGO 250, : ! i der qﬁgﬂp ounds
descri bedlmﬁl%]%%en%g%s‘getn%:‘rc% nveﬁ?o%@gﬁnegdlggalg?vbasgeﬁéﬂuﬁg : 10% SS |
I 10 reduce problems with background. These stringent conditions

are met by the bicyclic structures described in the present

invention.

Description of the invention

15 Viewed from one aspect the invention provides new peptide-
based compounds of Formula I as defined in the claims. These
compounds have affinity for integrin receptors, e.g. affinity

for the integrin avf3.

20 The compounds of Formula I comprise at least two bridges,
wherein one bridge forms a disulphide bond and the second
bridge comprises a thioether (sulphide) bond and wherein the
bridges fold the peptide moiety into a ‘nested’
configuration.

25
The compounds of the current invention thus have a maximum of
one disulphide bridge per molecule moiety. Compounds defined
by the present invention are surprisingly stable in vivo and
under the conditions employed during labelling, e.g. during

30 labelling with technetium.

These new compounds may be used in therapeutically effective

treatments as well as for imaging purposes.



1-C (=0) -X1-X2-X3-G D X4-X5- i 6-X7 S (CH2) h (I) 5 or physiologically
acceptabl e salts thereof wherein Grepresents glycine, and 10 D represents
aspartic woiod/poapd RL represents - (CH2) n- or - (CH2) n- @eHNQo2poxher ably
Rl represents -(CH2)-, and n represents a positive integer between 1 and
10, and h represents a positive integer 1 or 2, and 15 X1 represents an
am no aci d residue wherein sajd am no _acjd possesses functi onal

o es challPs G FERi GRTHP St CARRTD AR 0T 5 RS PG ut ar ¢
acid, |ysifRgentihemysiqsidiamnmipatdppiia aci d or di ami nopropionic acid, 20
X2 and X4 represent independently an am no acid residue capable of form ng
a di sul phide bond, preferably a cysteine or a honocysteine residue, and 25
X3 represents arginine, N-nmethylarginine or an arginine mnetic,
preferably an arginine, and—We 03/006491 PCT/NO02/00250 8 X5 represents a
hydr ophobi ¢ am no acid or derijvatives thereof, preferably a tyrosine, a
phenyl al ani ne, a 3-iodo- tyrogi nesor—araht hyl al ani ne resi due, and nore
preferably a 5 phenyl al ani ne or g 3-iodo-qyrosine resi due, and X6
represents a thiol-cantajning ,ho_ac] q. residug, _ preferably a cysteine or
a honocysteine resid LT 1;%27§f§%g£ﬁ§‘gp‘ 6ﬁ%esents a honogeneous

bi onodifier noiety preferably based on a nonod{ sperse PEG buil di ng bl ock
conprising 1 to 10 unfts of sard building o|ock53§§md

(I)

5 or physiologically acceptable salts thereof

wherein

G represents glycine, and
10 D represents aspartic acid, and
R; represents -{CH)n- or -(CHy),-CgHs-, preferably R;
represents -(CH)-, and
n represents a positive integer between 1 and 10, and
h represents a positive integer 1 or 2, and
15
X; represents an amino acid residue wherein said amino
acid possesses a functional side-chain such as an acid or
amine preferentially aspartic or glutamic acid, lysine,
homolysine,diaminocalcylic acid or diaminopropionic acid,
20
X, and X, represent independently an amino acid residue
capable of forming a disulphide bond, preferably a cysteine

or a homocysteine residue, and

25 X3 represents arginine, N-methylarginine or an arginine

mimetic, preferably an arginine, and



bi onodi fier having the function of nodifying the pharmcokinetics and

bl ood cl earance rates of the said 15 agents. In addition X7 may al so

repr esentwo 0800601 am no aci d residues preferably glycinepcipommg2saspartic
acid or serine. In a preferred enbodingnt of this invention X7 represents
a bionodifier unit conprised of polynerisation of the nonodi sperse

PEG | i ke structure, 17-am no-5-o0x0-6-aza 20 3,9, 12, 15-t etraoxahept adecanoi c
acid of Formula I'l, O Inn OO (Il) 25 wherein n equals an integer

from1l to 10 apd e cfte Cri¥ghdbilnidnire akiaTidle JayBiati VR
03/ 006491 PCT/ NO02/00250 9 WL is absent or represents a spacer noiety and

is pref éfeaned] | prRienakly ron et Bre c andhory sautenhie, agi d-ie®dror a
| yet hyl | 4 -
pol yetny P x{)aferﬂaﬁ‘rgl}g/%rﬁ){%é‘z%{&%fd@é 508 TH A érefé'?gtl xS

~0 "/ ~0 - ~Ny--- S an antineoplastic age a
chel afi ngtagenta an ime repod t 2+ i oo -etyrddiate caes bdue epaedent ed by a
chelating agent 10 of Formula Il RR RA R R R R R2ZR2 RHNR3NH
RL RLRL RNNRL

X¢ represents a thiol-containing amino acid residue,

preferably a cysteine or a homocysteine residue, and

10 X7 is absent or represents a homogeneous biomodifier
moiety preferably based on a monodisperse PEG building block
comprising 1 to 10 units of said building block, said
biomodifier having the function of modifying the
pharmacokinetics and blood clearance rates of the said

15 agents. In addition X; may also represent 1 to 10 amino acid
residues preferably glycine, lysine, aspartic acid or serine.
In a preferred embodiment of this invention X; represents a
biomodifier unit comprised of polymerisation of the
monodisperse PEG-like structure, l7-amino-5-oxo-6-aza-

20 3,9,12,15-tetraoxaheptadecanoic acid of Formula II,

n

H
HN o O g SN O/“\rf
+ e

(IT)

25 wherein n equals an integer from 1 to 10 and where the

C-terminal unit is an amide moiety.



i OHOH (I1l1) 15 where: each Rl, R2, R3 and R4 is independently an R
group; each R group is independently Hor Cl1_10 al kyl, C3_10 al kyl aryl,
C2_1o al kewyaloeab1 C1_10 hydroxyal kyl, Cl1_10 al kyl am ne, @CTIND02/00250
fluoroal kyl, or 2 or nore R groups, toggther with the atons WO 03/006491
PCT/ NOO2/ 00250 10 to which they are attached forma carbocyclic,

heterocyclic, _saturated or unsaturated ring, or can represent a chel ating

agent gi ven by} 6Fnﬁ%§§n§, Y, EPTHVE™S %%’%%Nmoé‘eti%%q%}lss HN O O-N

%NHBNg%ﬁfeﬂend\iaﬂ-lllﬁ A NN Qo PLutdN-H ai Nor HNiEcthic e HO ~ NH
and/or a polyethyleneglycol based unit and/or a unit of

Formula II

n

H
N~ O g O/A\Ti’
o, o

(IT)

Z1 is an antineoplastic agent, a chelating agent or a
reporter moilety that can be represented by a chelating agent

10 of Formula III

2
R B R4 R2 R2
R2 R2
RZ R2
R HN R NH Rl
R1 R1
q |
OH OH
(IIT)

15 where:
each R', R?, R® and R* is independently an R group;
each R group is independently H or Cji_i1q alkyl, Ci-ip alkylaryl,
Cy.10 alkoxyalkyl, Ci-1p hydroxyalkyl, Ci_i9 alkylamine, Cji-1o

fluoroalkyl, or 2 or more R groups, together with the atoms



A preferred exanple of a chelating agent is represented by fornula e. NH,
HNNH 11 11 NHON OHe 10 WO 03/006491 PCT/ NO02/ 00250 11 Conj ugates
conpri si ngoakmbabi ng agents of Fornula |1l can be radi ol @caiN@d/obvzsogi ve
good radi ochem cal purity, RCP, at roo t enperature, under aqueous
conditions at near neutral pH The risk of opening the disul phide bridges

of the peptide 5 c onent at roomtenperature is | ess than at an, el evated
t enper at dr. W})&‘f}brtﬁ% AR St PG FAR F SARTPITEC R ROMFUYRES Gt room
t enper at Lgaecdlsa@eélcm)'dﬁé%ﬁ@é&dﬂ in a hospital pharmacy. 10 The role
of the spacer nmoiety WL is to di stance the relatively bul ky chel ating
agent from tdmn acannRS it a2 ofhe et igemdeet cohiponenr . tareubpacer boiety W
is also aaﬁp able to distance a bul ky antineopl astic agent fromthe
active site o the peptide. 15 It is found that the bionodifier, X7,

nodi fies the pharmacokinetics and bl ood cl earance rates of the conpounds.
The bi onodifier Cg'ffects | ess uptake of the conpounds in tissue i.e.

nuscle, liver gfc’ thug gi veing a bettg—20.di agnostic inage due to |ess
backgr ound |nt€ 81=en .9The secretiopg is mainly through the kidneys due
to a further dsin Bf the bi ormd i er. However the conpounds defined
in Formula | may_ L

onpri se J/ \L
— Il
HO OH

H

A preferred example of a chelating agent is represented by

formula e.

NH

HN NH

10



25 chel ating agents, Z1, as defined in Table |I. In sone aspects of the

I nvention,Z1l conprises a reporter noiety where said reporter noiety

conpri seswo wadésonucl i de. Further definisions of chel ati mgTagenis2sar e
listed in the 30 following Table I. W),03/006491 PCT/ NC02/ 00250 12 Table
|: Cass of Structure Definitions Iigand Am neoxinme Y 1-8 can be H aIkyI
Y4\ /Y5 aryl. or conbi hations ereof, mM X Y3 HN Y6 Y2 7 and Y4 or

cont ai ns n3H9ate§3FQﬂP§ﬁﬁ%Qﬁﬂ AT DRIFRSS Tereuth $Hatcqt %%n be

conj ugat %dl%ﬂatl?ellp.ﬂptﬁcﬂ%i(\/\?&t@éod ﬁa&locﬁr@f&iﬁ%ﬂrﬁ&;!()/'mneat room
al kyl sul phi de, al koxy, | kyl carboxyl ate, arylam ne, aryl sulphide or

a- hal oaceisrstat@sy, NIGRIN FHEGOES 1condi (N QR R iy BeRE DeWrAB/WD64The

PCT/ NO02/ 00350, 15 K138 e ALHPLME£alLd 1hddoM5: LAOAGLIRG type Y1 O /4

= protectl ng gr
5 component at room temperature is less than at an elevated

temperature. A further advantage of radiolabelling the
conjugates at room temperature is a simplified procedure in a

hospital pharmacy.

10 The role of the spacer moiety W; is to distance the
relatively bulky chelating agent from the active site of the
peptide component. The spacer moiety W; is also applicable to
distance a bulky antineoplastic agent from the active site of
the peptide.

15
It is found that the biomodifier, X;, modifies the
pharmacokinetics and blood clearance rates of the compounds.
The biomodifier effects less uptake of the compounds in
tissue i.e. muscle, liver etc. thus giveing a better

20 diagnostic image due to less background interference. The
secretion is mainly through the kidneys due to a further

advantage of the biomodifier.

However the compounds defined in Formula I may also comprise

25 chelating agents, zZ1, as defined in Table I.

In some aspects of the invention,Z; comprises a reporter
moiety where said reporter moiety comprises a radionuclide.
Further definisions of chelating agents are listed in the

30 following Table I.



O NH H Y2 (preferably. benzoyl, acetyl, EOE); S HNO Y1, Y2 contains a P
CO 2 H suitable functionality such that it can be conjugated to the

pepti de vwotomsnpe4opreferably H (MAG3), or the side chain @CTavg02/08280N0
acid, ineither L or Dform & type Y3 0 Y1, Y2, Y3 - contains a |igands
>4 suitable functionality ONH N Y3 ::c such that it can be conjugated to
the Y1 NH2 HN O peptide vector; CO2H preferably H, or the side chain of
any amino A& din either L or D form WD 03/006491 PCT/ NCO2/ 00250 14

A ass off SLUCHY e] Bekueictir@ns Ti1gand TetrppeXinYPi&a8 be H, alkyl, |am ne
aryl or |conbinatiohs I|igands Y3 Y4 thereof| Y2' NH NH~-Y5 where the Y1{6
groups |démeaidn one or more NH HN functional noieties such Y1l Y6 thaf the

I
chel at e rgambe o Y 1-8 can be H, alkyl,

4\ s aryl or combinations
X

], thereof
n

I

Y, HN < Y,
Y, 7 and Y4 or Y5 contains a
N “ Y suitable functionality

H such that it can be
conjugated to the
peptide vector - e.qg.
preferably alkylamine,
alkylsulphide, alkoxy,
alkyl carboxylate,
arylamine, aryl sulphide

or a-haloacetyl

X= C or N when m’=n'= 1

N when m’'=n’‘= 2

e
1l




conjugated to the vector - e.g. preferably al kylam ne, al kyl sul phi de,

al koxy, alkyl carboxylate, arylam ne, aryl sul phide or a-haloacetyl WO
03/ 006491wB@B/0b02/ 00250 15 C ass of Structure Defi niti orgT/NOQanzkoCyl am
Y1-5 can be H, alkyl, type aryl or cophinations ligands Y Y2 thereof Y s
NH N~ and where Y1-5 groups contain one or nore NH HN functional noieties
such that the chelate can-be—conjugated tothe vector Y5-Y4 e-—g-
pref er ablo}ass ©fl apthEUCERERY| sul phi de, al kpR§EIPEFk9RS car boxyl at e,
aryl am nq,ig%@@ sul phide or a-hal oacetyl WO 03/006491 PCT/ NO02/00250| 16
Class of_Structure|Definitions |ligand Diampnedi Y1, Y2 - H alkyl, afyl
MAG3 type v 0

1>__4( P = protecting group
o) NH H Y, (preferably. benzoyl,
Qj:: :];; acetyl, EOE);
? HN 6]
.

Yl, Y2 contains a

P suitable functionality

CO,H

such that it can be
conjugated to the
peptide vector;
preferably H (MAG3), or
the side chain of any
amino acid, in either L

or D form.
G4 type Y, O Y1l, Y2, Y3 - contains a
ligands > 2 suitable functionality

o] NH N Y, _
such that it can be
conjugated to the
HN (@]

2 L\ peptide vector;

COH preferably H, or the
side chain of any amino
acid, in either L or D

form.




phenol Y1 \ /2 and where Y1 or Y2 W~], groups contains a H HN functi onal
noi ety such that the chelate can be H HO conjugated to the vector \ \ -
e.g. prefwoabloye49nl kyl am ne, al kyl sul phi de, al koxy, al kylcToashoxshat e,
arylam ne, aryl sulphide or a-haloacefyl W C, Nm=n" =10 2 HYNNC O\
V V= linker to vector or HZN vector itself. NN H W 03/006491

PCT/ NQ0O2 i ; ehs Y3
00P-= gﬁ%&ﬂgng §F5Hf)’tu\r/e4 (preferably. b@ﬁgbg}f‘,tl@gﬁlH H OH acetyl, |ECE);

DY4 Y 143qand alkyl, aryl; Yz SSY, s o Y3is al or Damno

Tetra- Y1-Y6 can be H, alkyl,
amine aryl or combinations
ligands Ya, Y

Eézig thereof
Ys

Yi‘wuﬁ NHZ where the Y1-6 groups
[: :] contain one or more
NH HN functional moieties such
¢1 ¢6 that the chelate can be

conjugated to the vector
- e.g. preferably
alkylamine,
alkylsulphide, alkoxy,
alkyl carboxylate,
arylamine, aryl sulphide

or o-haloacetyl




P P acid side-chain or glycine.and the carboxylate my be used for
conjugation to the vector via an amde bond. Alternatively the Rl 5
groups mawoasnb@wn additional functionality such that theT™N®@2ab50 can be
conjugated to the vector - e.g. alkykam ne, alkylsulphide, alkoxy, alkyl
carboxyl ate, arylamne, aryl sulphide or a-haloacetyl. In sone aspects of
the inv i i 18F

i sot ope | &Lags iofot pFEYHELREE i ncor por ati on| PREBPERECRFent either as a
prosthetugggkgup of 5 by substitution or addition reactions. The resulting
compound__ may thus|be used in Positron Em sision Tonography (PET) | magi ng.
WO 03/ 00&49&mPCT/ ND02/ 00250 18 I n one aspectlo$ tae peedentlknention of
formulajl Z1 is represented by an antineopl| c_age this aspe¢t the
conpound WP target an angi ogeni ¢ site asso%?%iearmf?%bl%ﬁﬁi%?sand bt i ng
the antinegphasti c|agent toYthe Ydi seased 5| er@aeofhe antineopl astic agent
may be fepresented|by cyclopbespham de, ch|l oroanbucil, busul phan,
nmet hotr ¢xate, cytarabine, ffuor ugaC|I vinbl asti ne, paclitaxel,

and where Y1-5 groups

[: :] contain one or more

functional moleties such

that the chelate can be
Y conjugated to the vector
- e.g. preferably
alkylamine,
alkylsulphide, alkoxy,
alkyl carboxylate,
arylamine, aryl sulphide

or o-halocacetyl




doxor ubi ci n, daunorubicin, etoposide, teniposide, cisplatin, 10 ansacrine,
docet axel, but a wi de range of other antineoplastic agents may al so be
used. Thewpepti@el conponent of the conjugates descri bed hecgiNOhavEso
preferably no free amno- or carboxy-tegm ni. This 15 introduces into these
conpounds a significant increase in resistance against enzymatic

degradafj_nn and-as—a—result fha\/ have—an |nr\reﬁcnr| HA—\i-\vro—st ahuiufy as

rTGT

conparedcﬁésﬁaﬁ¢ KhERRUCEPEE peptldes 20 ASPEELRIREPRBFN the term *am| no
aci d' r(ﬁQb%Idﬁ its broadest sense to protjeogenic L-am no acids, D-af no
acids, chemcally |nodified amno acids, Njpethyl, Ca-nethyl and amn¢o acid
si de- chaPdamimedics and unnatural anmino aci|d$lsu€h asH, naphyhyl arahi né. Any
naturaII% occuyrring am no acid or 25 mnetijcs of such natural occurring

v

am no a¢PES e prpferred preferred lenbodi nents of the conpoundgs of
formulall are ill{istrated” Bx énpounds | - I Mahel oMer30 YO 63/ 996491

PCT/ NOO2/ 00250 19| Conpoyn OHNHN-NH ° HNNHZ H Q O o HO- NH HN
HN~ O NHZ OHN k O HN i \F\ groups contains a
HN

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

=C, N
m’=n’ = 1 or 2
HYNIC 0
AN \
v V= linker to vector or
HNS N/’ vector itself.




X HO NOH 5 Conpound Il OHN F9 ~ ~ N abpb b~oti O~~o~b~0o~NH, -fy \\ OO0 O
OHO NHHNHN~ ONH2 OHN k O HNN HO NOH 10 WO 03/006491

PCT/ NO02/W023006420 Conpound 11 Os s HNN-1/j N=N -TI N ' " PCT/NO02/00250
N~/~O-\i0~/~O-\i'~O-YtH{) HIOF O4®- HOO0OQ 0O HOHNHN=( NHO O
NHz O HN HN

Class of Structure Definitions
ligand
Amide
thiols Y, {) o P = protecting group
0 Ni ﬁ ol (preferably. benzoyl,
acetyl, EOE);
Y; s s\ Vs Y 1-5 = H, alkyl, aryl;
Y £ é Ys or Y3 is a L or D amino

acid side-chain or
glycine.and the
carboxylate may be used
for conjugation to the
vector via an amide
bond. Alternatively the
Ri_5 groups may contain
additional functionality
such that the chelate
can be conjugated to the
vector - e.g.
alkylamine,
alkylsulphide, alkoxy,
alkyl carboxylate,
arylamine, aryl sulphide

or o-haloacetyl.

In some aspects of the invention of Formula I the Z; moiety
comprises the binding of a !®F isotope or an isotope of Cu,
incorporation into the agent either as a prosthetic group or

5 by substitution or addition reactions. The resulting compound
may thus be used in Positron Emission Tomography (PET)

Imaging.



~O KkHOHNNO HOHz NOHS5 Conmpound IV H\N-v ~Y N-MNRY N=~O ~O~-~O"i N~O~
OOHOPHVOOOOO HHNHO ONHz OHH N, 1' ~~ fff111 O OHO
HO- N 0) WO09300d491 0 O O H--0O~0 -0 ~Hy-OyN, 0 0 WO 03/ @06Aa1#02/00250

PCT/ NC02/ 00250 21 8

In one aspect of the present invention of formula I Z; is
represented by an antineoplastic agent. In this aspect the
compound will target an angiogenic site associated with
cancer and bring the antineoplastic agent to the diseased
5 area.
The antineoplastic agent may be represented by
cyclophosphamide, chloroambucil, busulphan, methotrexate,
cytarabine, fluorouracil, vinblastine, paclitaxel,
doxorubicin, daunorubicin, etoposide, teniposide, cisplatin,
10 amsacrine, docetaxel, but a wide range of other

antineoplastic agents may also be used.

The peptide component of the conjugates described herein have
preferably no free amino- or carboxy-termini. This

15 introduces into these compounds a significant increase in
resistance against enzymatic degradation and as a result they
have an increased in vivo stability as compared to many known

free peptides.

20 As used herein the term ‘amino acid’ refers in its broadest
sense to proteogenic L-amino acids, D-amino acids, chemically
modified amino acids, N-methyl, Coa-methyl and amino acid
side-chain mimetics and unnatural amino acids such as
naphthylalanine. Any naturally occurring amino acid or

25 mimetics of such natural occurring amino acids are preferred.

Some preferred embodiments of the compounds of formula I are

illustrated by compounds I-IV below:

30



In nost cases, it is preferred that the amno acids in the peptide are al
in the L-form However, in sone enbodinents of the invention one, two,

t hree or worme/nod49t he amino acids in the peptide are pref@camooziomsohe
D-form The inclusion 5 of such D-formyagm no acids can have a significant
effect on the serumstability of the conpound. According to the present

i nvention Iéi he anfno acid residues as defined in fornula I may
preferablgp %ﬁ naturally occurring am no acid and i ndependently in
any of 10 the Dor L confornations. Sone of the conpounds of the invention
are high affinity RG@ based vectors. As used herein the term  high
affinity based vector refer to conpounds that have a Ki of < 10 nM

15 and pr hdia i | etitive binding assay for av133
integrin & >
known hi gh & |ﬁ| aqaoeehrzgg

Uetermined by conpetition with the

tin. Methods for carrying out such
conpetition assay lare well kn inthe art. 20 The present invention
al so provi dé€s a»ph@rnaceutlcal conposi tion conprising an effective anmount
(e.g. an angtht eftective for enhancing i mage contrast in in vivo inaging)
of a conpoynd of general formula I or a salt thereof, together 25 with one
or nore phar ceutically acceptabl e adjuvants, excipients or diluents. The
i nvention fyrther provides a pharnaceutical conposition for treatment of a
di sease conprising an effective amount of 30 a conpound of general fornula
I, or an acKd“-dddition salt thereof, together with one or nore
Y accept abl e adj uvants, excipients or diluents. WO
03/ 006491 P¢Y/ NOB2/ 00250 22 Qther representative spacer (W) el enents
i ncl ude N-OH

Compound I

o'iiu%“:iu’\g”}/&ulg“:ib\gnwowk/\o’\’“fo’ﬁg"“z

R AR
HN (o] HN=I(NH2

I

o

10



structural -type pol ysaccharides, storage-type polysaccharides, polyam no
acids and nethyl and ethyl esters thereof, and pol ypepti des,

ol i gosaccwardaswestoand 5 ol i gonucl eoti des, which nay or nay POOQIN@RUDZEON
enzyme cleavage sites. The reporter mgjeties (Z1) in the contrast agents
of the invention may be any noi ety capable of detection either 10
directly or indirectly in an in vivo diagnostic imagi ng procedure.
PreferaN%PWHﬂPQﬁnﬁ?%st agent conprises one reporter. Preferred are

noi eties which emt or may be caused to emt detectable radiation (e.g. by
radi oactive decay). 15 For MR imaging the reporter will either be a non
zero nuclear spin isotope (such as 19F) or a material having unpaired

el ectron spins and hence paranmagnetic, superparanagnetic, ferrinmagnetic or
ferromagnetic properties; for light imaging the reporter will be a |ight
20 scatterer (e.g. a coloured or uncoloured particle), a light absorber or
alight emtter; for nmagnetonetric imaging the reporter wll have

det ect abl e naqpeticpropprtiég%’for el ectrical inpedance inmaging the
reporter Il (affect « gl gciri dak inpedancey and  or scintigraphy, SPECT
PET, and ﬂéﬂmégkﬁﬁﬁaj?$H§I$5ﬁoot§?ggfFf“ﬁémﬁx? onucl i de. St at ed
generally,a§he réport °may/Be (1) a chelatable sretal or polyatomc
met al - cont g ni ngMon (i.e. O etc), where thérmtm is a high atomc
nunber net:%f(e.g% atom ¢ nunber 30 greater tham 37), a paramagentic

species (e a transition netal or |anthanide)s or a radioactive isotope,
(2) a covgfently bound non-netal species mhichgis an unpaired electron
site (e.g. &n oxygen or carbon in a persistant Teee WD 03/ 006491

PCT/ NO02/ 00, 23 radical), a high atom c nunb non-netal, or a
radi oi sot opg, #63) a polyatomc cluster or cryst | containing high atomc

Compound IV

—— 5
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nunber atons, displaying cooperative nmagnetic behaviour (e.g.

super paramagneti sm ferrimagneti smor ferromagnetism 5 or contai ning

r adi onucl woesoEranpl es of particular preferred reporter @came2(0ak) are
described in nore detail below 10 Chebated netal reporters are preferably
chosen fromthe group below 90Y 99nTC "1ln 47SC 67Ga 51CY 177nBn 67Cu |,

167Tm 97Ru, 188Re, 177Luy, .199Au, _203P n 1Ce .. The netal.ions are
desi r abl yFt S eCcFSo%F’CHtLeH art %‘P%ﬁﬁ%reoqbi tarfgt tl"ﬁ'ée 1FPRE? For et vi° FUFS her
exanmpl es M s1id abt e Lhel BtchdMURSHMAr € el asedih Ns & Al Adehnt s

W89/ 00557, US-A- 5367080, US-A-5364613. Methods for netallating any
chel at i nPfagert siipreassemn fre, Zvan tHFee e 1aes of Phe [amine t3elds t .

vetals ca e |AGAROTALAM SO Au0NPl ADLADIEL Yo Y, amh ONg Ofydf0e
gener al et hods:™ di rect 1 nhcorporatiorn, tenplate synthesis ‘and/or
transfet abf atuadn.D-Hgmctaninoorgardd iom itsaysr &f esrgdi £ 2SamMmhusf idct son

desirable that-the netal_ jon b asily co exed to the chelating agent,
for exanp'i‘lé‘? W%r%ti_ Jelfp‘@él‘?fg ﬁ?e Eff%%?‘?’rg'%m aqueous sol ution of the
chel ati N\ RS+ EP MAI HHN Gor SBUAL Vi Wit BorlTBtly Soif tthd A @sluRoUs sol ution

preferably having a pHin the range of about 4 to about 11. The salt 30
can be amesidlues ma Jufdfredbly fdrenskd t1 impys Rt keraplypierrednt ¢t t he

el Sul 1 Q0TI Sald oL TR BLP! Il s s 581 el ected

so as not % ere 'w nding o

chel a0i n:lagantor WD 3 6D 42ST/ NOCO2/ 00250 24 The chel ating
agent-containing noiety is preferrably in aqueous solution at a pH of
bet ween about 5 and about 9, nore preferably between pH about 6 to about

8. The cAglaldNIRIUMEANE W NGHDI §lvert@ibb e Mé Xethm 4 £ i Eerrep
based vectors. As used herein the term ‘high affinity RGD
based vector’ refers to compounds that have a Ki of < 10 nM

15 and preferably < 5 nM, in a competitive binding assay for
oavB3 integrin and where the Ki value was determined by
competition with the known high affinity ligand echistatin.
Methods for carrying out such competition assays are well
known in the art.

20
The present invention also provides a pharmaceutical
composition comprising an effective amount (e.g. an amount
effective for enhancing image contrast in in vivo imaging) of
a compound of general formula I or a salt thereof, together

25 with one or more pharmaceutically acceptable adjuvants,

excipients or diluents.

The invention further provides a pharmaceutical composition
for treatment of a disease comprising an effective amount of

30 a compound of general formula I, or an acid addition salt
thereof, together with one or more pharmaceutically

acceptable adjuvants, excipients or diluents.



5 salts such as citrate, carbonate, acetate, phosphate and borate to
produce the optinum pH Preferably, the buffer salts are selected so as
not to i MveriBeo&9Ini th the subsequent bindi ng of the netalPcravomoishe

chel ating agent. 10 The followi ng isotgpes or isotope pairs can be used for
both inmaging and therapy w thout having to change the radi ol abeling

nmet hodol o or chel ator: 47SC21; 1410@?? 1188Re75; . 1{%71; 199Au79;
47SC21; 3T IO PRSP 23 11 5§ PV EES SRS 99NnTCc43; 90Y39

and 87Y39sdr&3§@%h%3§34&§ﬁ%ﬂs%c%@%&é@, AR %kd6 Sli-62 15 and
153Sn62; and 90Y39 and 1111n49 Preferred non-nmetal atomic reporters include
radi oi sotRspessaaiiEy e s,2 PO lyEun g i UBTF and g thgks aish ¢Enol rRetea? spin

at ons suc&le@s O@F,aﬁgﬁl}igy%%tait% s&g&@éaéch%gl%% aﬁlé urt her enbodi nent

of this invention, radi ol opes O ine or fluorine is
speci bi calliyormnariteelddsed.wiiath excanple may rde qepidide atzymaerker is
conpri sed of substituents that can be chemcally substituted 25 by i odine
or fluoriSiEFRIE SVf%nt bond forming reaction, such as, for exanple,
substituents contai ning hydroxyphenyl or p-nitrobenzoyl functionality,
such substituents can be |abeled by nethods well known in the art with a
r adi oi sotWyse ragfortmti meigrt fquotgdine inespeccionsirpstThesatspedi éhecan be 30

used In tirh%reell&eugl (fn%p% dla ?nsotile %a%eapoﬂﬂ' eégé So'n e ﬂe?r at the
sane ting, 'a metal §tt aché t0 a chelating agent on e sane

pept ilde- Idieait Isanpralisminedtsed im i titervivdeliaadd o orimhgignost i ¢

i magi ng applications. WO 03/.006491 PCT/ NO02/ 00250 25 A preferred

embodi memtr GedHE i RISHSEP eI e LY TS ATV AFAMRIE /MR gener al

formul a ({gpoRad | BUAHd M dPare moieties which emit or may be caused

to emit detectable radiation (e.g. by radiocactive decay).

15 For MR imaging the reporter will either be a non zero
nuclear spin isotope (such as PF) or a material having
unpaired electron spins and hence paramagnetic,
superparamagnetic, ferrimagnetic or ferromagnetic
properties; for light imaging the reporter will be a light

20 scatterer (e.g. a coloured or uncoloured particle), a light
absorber or a light emitter; for magnetometric imaging the
reporter will have detectable magnetic properties; for
electrical impedance imaging the reporter will affect
electrical impedance; and for scintigraphy, SPECT, PET, and

25 the like, the reporter will be a radionuclide.

Stated generally, the reporter may be (1) a chelatable metal
or polyatomic metal-containing ion (i.e. TcO, etc), where
the metal is a high atomic number metal (e.g. atomic number
30 greater than 37), a paramagentic 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 persistant free



use in tunour imaging. 5 The diagnostic agents of the invention nmay be
admnistered to patients for imaging in anounts sufficient to yield the
desi red cwotmwsmed4oni th the particul ar i nmagi ng techni que. Wiamome2speporter
is a netal, generally dosages of from 49 0.001 to 5.0 nmol es of chel ated

i magi ng netal ion per kilogram of patient bodywei ght are effective to

achi eve adequate contrast_enhancenents. \Were the reporter.is
r adi onucl’?adilf:t s’agaeg”oqah G 1o LB HO O hrE & bl §F ¢ 1r?%l%303%p%\ﬁ | |
normal |y g sufddBjeidnierciilkgebastywahegidal dénddien desagegofatdiei €onpounds

of the invention for therapeutic wuse wll depend upon the condition being
treated, HUEPSH atfstfer 1113y B gfoQnrRr rHe? 91 bhr PPV IR to 1

mol / kg ' AN ; Ur@é—?ﬁ&éﬁr@é 404 hes ) Aan
t her ef or e(qag'gyy\?éolg;r?uﬁpat eﬁ%be(;r}e%;l:?r}n‘?'ni stration u&;?sng Op ys?%{%ng{gca yéml)y
accepbabler carmtiairsimgy wxtigiwritisdesn. a manner fully within the skill of
the art. For exanple, the conpounds, 25 optionally with the addition of

pharmaceutically acceptable excipients, may be suspended or dissolved in
an aqueous:a B f Wdit i et d i i SOl Ep O &F SHSBSNS|{ AN Bhen being
sterilized. 30 The conpounds of fornmula |I may be therapeutically effective
in the trdeawEhedfininussdetatedalowel | as detectable in in vivo

i mgi ng. Thus for exanple the vector on the reporter noieites nay have

t herapeutic efficacy, e.g. by WO 03/006491 PCT/ NO02/ 00250 26 virtue of the
radi abhercpeldti el eddecl dpar terh e | prokef eradphy tetoxdn tfwowv edti®r noi ety.

67
group below; °°¢, *"rc, 1n, %’sc, ®Ga, ®'cr, '"™sn, cu,

177Lu, 199A1.1, 203Pb and 14lce.

167pm. 97Ru, '8%Re,
The metal ions are desirably chelated by chelant groups on

15 the linker moiety. Further examples of suitable chelant
groups are disclosed in US-A-4647447, W089/00557, US-A-
5367080, US-A-5364613.

Methods for metallating any chelating agents present are
20 within the level of skill in the art. Metals can be

incorporated into a chelant moiety by any one of three

general methods: direct incorporation, template synthesis

and/or transmetallation. Direct incorporation is preferred.

25 Thus it is desirable that .the metal ion be easily complexed
to the chelating agent, for example, by merely exposing or
mixing an aqueous solution of the chelating agent-containing
moiety with a metal salt in an aqueous solution preferably
having a pH in the range of about 4 to about 11. The salt

30 can be any salt, but preferably the salt is a water soluble
salt of the metal such as a halogen salt, and more
preferably such salts are selected so as not to interfere

with the binding of the metal ion with the chelating agent.



Use of the conpounds of forrmula | in the manufacture of 5 therapeutic

conposi ti

t hus consi der ed

ons (nedicanent) and in nethods of therapeutic or prophylactic
treat mrentwopBeb@oabl y treatnment of cancer, of the human @cTayOmzmb2sdody are

to represent further ggpects of the invention. 10 Further

exanpl es of the reporters which may be used in the context of the current
applicatign are given on es 63-66 and ,70-86, of W98/ 47541 and the
di scl osur ﬁﬁlfela&ﬁr{%éaﬁepnq%fﬁkt%q%d‘&ﬁfotryatle% et ARy effer ence i n

their entdgRides dd1utSidieraby ausest et thiain easduand averabsapayter or part

15 thereof disclosed on the aforenentioned pages is considered

to be part

of the dewwd myefersblivhdqtvaan indh admmtaihdd iaPouthi&. agire cation. Vi ened
f funt : i Nt .QVJ d of
roma %q&%ralﬁa?%%eut%eﬁdﬁvael fn(;J‘ utel Oevﬂéfsjfcsar{nerlc?ﬁ Hx?ﬁ%?eoc%%ﬁh  HEFEound o

formul a |

or cture o contr

use in a nethod of

di agnssi Sdlneolsddig a&dn:ijmmttrea,t imbﬁnas:aé,d aortatast phetiphnte eghdluman or
ani mal body and generation _of an |imge of at quf?FaSt part of ghffeﬁd%b()dy' 25

Vi ewed f

af &159 PHAdU et B gAY BHhverfth d of

T3 ddd s

generating janl iJlROeAfed dHNRN L R MR Badrrd Mg dm ni stering a
agent to said body, e.g. into the vascular system and generating

an i mge sofbssqueadstbi3@ingarft tdfe swtdlbodn e vikie Irhsliak entagent agent
has distributed using scintigraphy, PET or SPECT nodalities, wherein as
said contrast agent is used an agent of formula I. WO 03/006491

PCT/ NOO2/1002 53 1 124 iVice wesb fopas arstiddtdpy thgir aspactbd hesddvist itssth

contrast

provi des
previ ousl
conpound

15

20

25

30

a mnethod of generati,ng enhanced i nages of a human or ani nal
Waﬁ}rﬁ%iaé’tderté'{f%&yh“&

fgﬁfgﬁdﬂgyirgyIJéHHBHdidgy or chelator: 47Sc21; 141Ce53;'188Re75;
177 199 47 131 67 131 123 188

Lu7y; Auyg; " 'ScCa1; Is3; " Cupg; Is3; and Is3; Ress and
99mTC43; 90Y?,g and 87Y39; 47SC21 and 44SC21; 90Y39 and 123:[53; 14631'[152

and l53Sm62; and.9°Y39 and.1111n49.

Preferred non-metal atomic reporters include radioisotopes

123I

such as , 13T and ®r as well as non zero nuclear spin

atoms such as PF, and heavy atoms such as I.

In a further embodiment of this invention, the use of
radioisotopes of iodine or fluorine is specifically
contemplated. For example, if the peptide or linker is
comprised of substituents that can be chemically substituted
by iodine or fluorine in a covalent bond forming reaction,
such as, for example, substituents containing hydroxyphenyl
or p-nitrobenzoyl functionality, such substituents can be
labeled by methods well known in the art with a radioisotope
of 1odine or fluorine respectively. These species can be
used in therapeutic and diagnostic imaging applications.
While, at the same time, a metal attached to a chelating
agent on the same peptide-linker can also be used in either

therapeutic or diagnostic imaging applications.

& £2AViRgerfto ARSI tH%ON conprising a

body



5 which nethod conprises generating an inmage of at |east part of said
body. Viewed froma further aspect the invention provides a nethod of
noni t or i ngotdsmoadf ect of treatnment of a human or aninmal PoThoabz/owesoh a
drug to conbat a condition associated yith cancer, preferably angi ogenesis,
e.g. a cytotoxic agent, said nethod involving adm nistering to said body
an agent of fornmula | and detecting the uptake of said agent by cell
receptors, preferably endothelial cell receptors and in 15 particular av(33
recept or gy salh,adE Rird@iiat and et eglvait i dtionaldy dwita preferably
being effected repeatedly, e.g. before, during and after treatnment with
sai d dr ug-adipd admidathdgaft tdfe grreyent fawmantd ol loarPayet isghltardst sfear 20
using all_the knog t. . of chem cal synthesis but particularly useful
is the séﬁsied-lﬁhasué%rlr{e;fhl%%gf%l “of Merrifield enploying an automat ed
pepti e synthesiser (J. Am Chem Soc., 85: 2149 (1964)). The peptides and
peptide chelates may be purified using high performance_|jquid 25

chr omat o I AGIOISEL AP e &th errl'iese’d“’[ﬂpg“rf'%% e RS GELS GEHpd

anal yti caly HELG Hefore, Q%aigag;gi N REnduh e I SIE RSN td NE PIe e
invention will now be further i1lustrated by way of the follow ng
non- | i m tdewy mechmuinds as30 WAG 1) 37130 eIt IRTTY/AY0 02/AN2R0 txgniRREnpl es:

Exanpl e %gles ntt esirse of dirsullsfidemé %52-6 ”}3{1 ethor C csloﬁ[_{ 2CO-
Lys(cPn2 -d1yeut IR A & PRS- OfS -%e-%é@s‘:]e- S %NHNj N~N . HIN
NH2 180 HQdd1 1dd G .10 nntd1ks @f chelated imaging metal ion per
kilogram of patient bodyweight are effective to achieve
adequate contrast enhancements. Where the reporter is a
radionuclide, dosages of 0.01 to 100 mCi, preferably 0.1 to
50 mCi will normally be sufficient per 70kg bodyweight.

15
The dosage of the compounds of the invention for therapeutic
use will depend upon the condition being treated, but in
general will be of the order of from 1 pmol/kg to 1 mmol/kg
bodyweight.

20

The compounds according to the invention may therefore be
formulated for administration using physiologically
acceptable carriers or excipients in a manner fully within
the skill of the art. For example, the compounds,

25 optionally with the addition of pharmaceutically acceptable
excipients, may be suspended or dissolved in an aqueous
medium, with the resulting solution or suspension then being

sterilized.

30 The compounds of formula I may be therapeutically effective
in the treatment of disease states as well as detectable in
in vivo imaging. Thus for example the vector on the

reporter moieites may have therapeutic efficacy, e.g. by



HO H) HNNNN 'NH HN=~ Ml ecular Wight = 1407.754 OH JO TQ[ NH2
Exact Mass = 1406. 662 Ml ecul ar Formula = C60H98N18015S3 NH HO N 1 a)
Synt hesi swofo3ob2l 6 chel ate 10 For details of the synthesipETeNOR@®0oIMet i um
chelate cPn2l6 the reader is referredyo patent fili ng GB0116815.2 1 b)
Synt hesi s of cPn2l 6- gI utaric acid internediate 15 O "OH (:~ OHN HN HN

"OH "  ~N.- Pn2l 6 (100 0. di | ved
DVF (10 rﬁ_])rt‘%cf’l_%gl_‘% aﬁ% egrrln%ee { %%chb Zﬁgmmnl}%‘)é% 0 Sgsjgr;/?onlsn

wth sti rﬁégtggtél'ﬁajﬂeﬁcélmw@s rﬁdié@ed for 23 hours to 20 afford conpl ete
conversion to the desired product. The pure acid was obtained foll ow ng
RP- HPLC i n good yield. WO 03/006491 PCT/ N0O02/ 00250 29 1 c¢) Synthesis of

tetrafl f P |yt 1
Letraf | ugral h onhenlosestalaofo €PARLEN 1 AL G AGkh NN O 1)

5 therapeutic compositions (medlcament) and in methods of
therapeutic or prophylactic treatment, preferably treatment
of cancer, of the human or animal body are thus considered

to represent further aspects of the invention.

10 Further examples of the reporters which may be used in the
context of the current application are given on pages 63-66
and 70-86 of W098/47541 and the disclosures made on these
pages are incorporated herein by reference in their entirety.
It is hereby asserted that each and every reporter or part

15 thereof disclosed on the aforementioned pages is considered
to be part of the description of the invention contained in

this application.

Viewed from a further aspect the invention provides the use
20 of a compound of formula I for the manufacture of a contrast
medium for use in a method of diagnosis involving
administration of said contrast medium to a human or animal
body and generation of an image of at least part of said
body.
25
Viewed from a still further aspect the invention provides a
method of generating an image of a human or animal body
involving administering a contrast agent to said body, e.g.
into the vascular system and generating an image of at least
30 a part of said body to which said contrast agent has
distributed using scintigraphy, PET or SPECT modalities,

wherein as said contrast agent is used an agent of formula I.



HO' vv 'HJ,-, NNDW FS/LNNNJ5 To cPn216-glutaric acid (300 ng, O.66
mmol) in DM (2 nL) was added HATU (249 ng, 0.66 mmol) and NWM (132 . LL,
1.32 mowp.o3Dheomi xture was stirred for 5 mnutes then PCT/N002/00250
tetrafl uorot hi ophenol (0.66 mml, 119 py) was added. The solution was
stirred for 10 minutes then the reaction mxture 10 was diluted with 20 %

acetonitrile/water (8 .-and. th roduct. puyrified by. RP-HPLC yielding 110
o of t hO AT i orb bR diil g a1 oAt i ST B
CLCH2CO s+ (3 BlYerfigrtGng Asirasdd Bagdd dher QsmdWiZo arSinds HN N N NH
Mol ecul ar Weight = 1118.844 O- HOOHY J-~'"~Y NJNHH 2 Exact Mass =

1117. 464 Hody B0 VY esininl sanad a4 tIHBTNIST 2SNt HO H  H2N HN NH2

The pepti Y i . t it i hesi ser
Start i ng G A AP s o SedRe R R PR I

am noSaciwhicar tntd tdges .cohtper i gerstadsingeran pimeageto v at tedl erss tngodiBTU
before coupling, N-_term nal am ne groups were chl oroacetyl ated using a
sol uti on CTofSaH BU¥Rceti ¢ anhydride in DVF for 30 min. WO 03/006491

PCT/ NO02/ 00250 30 The si nul taneous renoval of peptide and side-chain
protecting groups (except tBu) fromthe resin was carried out in TFA
cont ai ni WS (Brow a ré@t(@m/qawtpwérﬂ)llr(@ra%n frovides Hoursthod

of monitoring the effect of treatment of a human or animal

10 body with a drug to combat a condition associated with
cancer, preferably angiogenesis, e.g. a cytotoxic agent, said
method involving administering to said body an agent of
formula I and detecting the uptake of said agent by cell
receptors, preferably endothelial cell receptors and in

15 particular oavB3 receptors, said administration and detection
optionally but preferably being effected repeatedly, e.g.

before, during and after treatment with said drug.

The compounds of the present invention can be synthesised

20 using all the known methods of chemical synthesis but
particularly useful is the solid-phase methodology of
Merrifield employing an automated peptide synthesiser (J.
Am. Chem. Soc., 85: 2149 (1964)). The peptides and peptide
chelates may be purified using high performance liquid

25 chromatography (HPLC) and characterised by mass spectrometry

and analytical HPLC before testing in the in vitro screen.

The present invention will now be further illustrated by way
of the following non-limiting examples.

30



5 After work-up 295 ng of crude peptide was obtained (Analytical HPLC
Gradient, 5-50 %B over 10 mn where A= H0/0.1 % TFA and B = CH3CNV 0.1 %
TFA; col uwmo,03Bhemonmenex Luna 3 Cl18 (2) 50 x 4.6 nm fl| owCTANO2/0020;
detection, W 214 nm product retentigg tine, 6.42 nmn). Further product
10 characterisation was carried out using nmass spectronetry: Expected, MtH
at 1118.5, found, at 1118.6). 1 e) Synthesis of thioether
cyclo[CHZB“e@nLFgﬂseFCys(tBu) Arg- 15 G y-Asp-Cys(tBu)-Phe-Cys]-NH2 S O S S zj
JY HH1HHJrd 1 Mlecul ar Weight = 1082.383 HNN N N /N~N N~N NH2 2
Exact Nass*—r08ﬂ87 HO=HOHOH O MIlecular Fornula = C46H75N13011 S3
HO NH Hmnmem 203 i lof 1 @1 GO 1) stICad B - oy gl @ GHARSD- Cys( t Bu) - Phe-
™ et,0l s | Xt u as...adjusted to
pH 8 w t h—ahrs ' . aor k-up 217
ng of 5crude pept| de was obt a| ned (Anal yt| cal HPLC G adi ent, 5-50 % B over
10 mn where A= H20/0.1 % TFA and B = CH3CNV 0.1 % TFA, col umm, Phenonenex
Luna 3 C18 (2) 50 x 4jnm fTow, 2 nlL/mn; d&tection, U 25 214 nm

6

product retention tine? . F ﬁﬁ" N ct WO 03/ 006491
PCT/ NO02/ 00250 31 charH j‘arr U using nass
spectronetry: Expected, HOat " at 1882. 6). 1 f) Synthesis

of disul phide [Cys2-6] th]oet he} cycIHg[ CHZ
H
rﬂ)xn\/;/\/"‘m/\/\n/”” ”N=<:H2 Molecular Weight = 1407.754

OH o] o Exact Mass = 1406.662

Molecular Formuta = C6OH98N 1801583
NH
HO‘N/i

1 a) Synthesis of ¢Pn2l6 chelate

10 For details of the synthesis of technetium chelate cPn2l16 the

reader is referred to patent filing GB0116815.2

1 b) Synthesis of c¢Pn2lé-glutaric acid intermediate

15

i]:?‘OH [fijl i]z?\OH
HN © HN

cPn2l16 (100 mg, 0.29 mmol) was dissolved in DMF (10 mL)
and glutaric anhydride (33 mg, 0.29 mmol) added by portions
with stirring. The reaction was stirred for 23 hours to

20 afford complete conversion to the desired product. The pure

acid was obtained following RP-HPLC in good yield.



5 Lys-Cys2- Arg-d y- Asp- Cys6-Phe-Cys]-NH2 S 0 S S 0 OH HH Ml ecul ar Wi ght
= 968.150 HNH NH*/ NH NH NH2 Exact Mass = 967.346 O (O~ O O Mol ecul ar
Formul a =wO3BMB@ML3011 S3 HO NH H2N HN< NH2 217 ng of t mcaendieno2so

cycl o[ CH2CO Lys-Cys(tBu)-Arg-Gy- 10 -Cys(tBu)-Phe-Cys]-NH2 was treated
with a solution of anisole (500 L), O (2 nL) and TFA (100 nmL) for 60
mn follomﬁno whi_ch the TFA was rennved in vacuo and the peptide

preci pitatéd k S Sdi Fa iuquaAhiaoheny b g9 25 In"h-prepar ati ve
HPLC (Ph%ﬂgﬁgﬁq& %HH%ilO 15 C18 (2) 250 x 50 nnlcolunn) of the crude

mat eri al (2027mg)~ was carried out using 0-30 % B, where A = H20/0.1 % TFA

and B = CH3CN/ 0.1 % TAcnover 60 m n at a flom/rate of 50 tar. After

| yophi | i sation 112 ny.6f pure mat 8fddl"was obt ai ned (Analymu I HPLC:

G adi ent, 550 % B o 105pn where A = zog@:@ %];F = GH3CN/ 0. 1
% TFA; col heng _tuna 3,,Cl8 (2) 5 fmn;
detectlon”O 14 nm pﬂ duct retention tine 50 mn)H Furt her roduct

characterisation was carried out using mass spectronetry: Expected, M-H at
968, found, at 971). 25 WD 03/006491 PCT/ N0O02/ 00250 32 1 g) Synthesis of
di sul fide [ Cys2-6] thioether cyclo[C}QCI>

Lys(cE’nZI 6-gl L&I arc)i"rbl%/ Zlu I’zftquc yac1ci) @/0%6 m%h,e OQ/()SA 2ZI. in DMF (2
mL) was added HATU (249 mg, 0.66 mmol) and NMM (132 ML, 1.32
mmol). The mixture was stirred for 5 minutes then
tetrafluorothiophenol (0.66 mmol, 119 mg) was added. The
solution was stirred for 10 minutes then the reaction mixture

10 was diluted with 20 % acetonitrile/water (8 mL) and the
product purified by RP-HPLC yielding 110 mg of the desired

product following freeze-drying.

1 d) Synthesis of ClCH,CO-Lys-Cys (tBu)-Arg-Gly-Asp-Cys(tBu) -

15 Phe-Cys-NH;

S
PSS TS SUS BN
N NH Molecular Weight = 1118.844
"Ny N N\:)LN/\[]’N\E)LN \/U\H ?  ExactMass = 1117.464

0 X 0 X H o 0 Molecular Formula = C46H76CIN13011S3
O

The peptide was synthesised on an ABI 433A automatic
peptide synthesiser starting with Rink Amide AM resin on a
20 0.25 mmol scale using 1 mmol amino acid cartridges. The amino
acids were pre-activated using HBTU before coupling. N-
terminal amine groups were chloroacetylated using a solution

of chlorocacetic anhydride in DMF for 30 min.



009 S S ~NYNN-L2 ,,kOHNNNV -NNYANHOHO ~-HOHO O HO HH
NH N XN N ~ " '"NH HN~ Mol ecul ar Wei ght = 1407.754 OH O O NH2 Exact Mass
1406. 662 Wwolmsmodsar Fornul a = C601-1981\ 11 8015S3 NH HO. NPETNQ02rwg250f

di sul phi de [Cys2-6] thioether cyclo [Clg%COL yS-
Cys- Arg-d y- Asp- Cys- Phe-Cys]-NH2, 9.1 ng of cPn2l16 chelate active ester

of N-net hyl nor pholi ne was dissolved in. DMF_ (0,5 nlL)., The m xture
was stirred f&he W]starp’tﬂ‘is’rl%%ﬂ‘?‘b%lWf;ﬁ’%ﬁ)talrda‘?ﬁlfédl-ﬂ@?(%‘fbnenex Luna

and 6 .L

5 .L 10

carried out using

2 I X s
TR AR R G e ) o leyg SO Lt

1 %

TFA, overindBA reattaifimgy TES e( )10 HdY/ niSn %) Afnde pHepophi (2 §at%)orf<:£r. 7 ny
of pure r’Eaterl al was obtained (Analytical HPLC. G adient, 0-30 % B over
wo 1O990/0.1 % TFA and B = CH3CN/ 0.1 % TFA; col urm, Phenonmenex

Luna 3 Cl8 (2Afd xwdkib-upn29d oy &f rddwdd); peled £8d ivels MprRidledm product
retention tine, 7 32 m n% Furt her product characterisation was carried

m n where

10

out usi nglAfEsky yeraggentet e > W Bitovien 74 & min uner at? 1307. 6) .

20 Exarrpl i f =di_s S he 2CO-

Lys(an2I gI utar qu‘ % %n Erg gHPENS‘@ %%6%?5 e- E@B%?E%PE%?%M%}I&%HE\%ere n= 1.
Luna 3 W C18 ) 50 x 4.6 mm; flow, 2 mL/min; detection, UV

10

15

20

25

214 nm; product retention time, 6.42 min). Further product
characterisation was carried out using mass spectrometry:

Expected, M+H at 1118.5, found, at 1118.6).

1 e) Synthesis of thiocether cyclo[CH,CO-Lys-Cys (tBu)-Arg-

Gly-Asp-Cys (tBu) -Phe-Cys ] -NH,

S S
SES S ERES: ~
H H H Molecular Weight = 1082.383
HN\.)]\NJ\,(N v N/\[(N\:)J\N)H(N\:)\N NH, Exact Mass = 1081.487
i H 4§ ¢ H 4 2 H 5 i H g Molecular Formula = C46H75N1301183
Y=o
SO

H,N HN
NH

295 mg of ClCH,CO-Lys-Cys(tBu)-Arg-Gly-Asp-Cys (tBu)-Phe-
Cys-NH, was dissolved in water/acetonitrile. The mixture was
adjusted to pH 8 with ammonia solution and stirred for 16
hours.

After work-up 217 mg of crude peptide was obtained
(Analytical HPLC: Gradient, 5-50 % B over 10 min where A =
H,0/0.1 % TFA and B = CH3CN/0.1 % TFA; column, Phenomenex

Luna 3 M C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV

214 nm; product retention time, 6.18 min). Further product



25 WD 03/ 006491 PCT/ NO02/ 00250 33 2 a) Synthesis of

17- (Fnoc- am no) - 5- oxo- 6- aza- 3,9, 12, 15- tetraoxaheptadecanoic acid 16 0 O
110 O H O®OH3lp6401. " O 5 This building block is coupled tearmo®eebisd- phase
using Fnoc chem stry. The coupled forgyof this building block will be
referred to in short as (PEG, V\/nere nis a positive integer.

1, 11- Di azi,do-3 6 9-tri.oxaundecane . A sol ution of dr tetraeth | ene

gl ycol ( £F89F 35 C G A5 A )wasan?flﬁﬁft% ne%%llb?fd?ﬁllmacﬁ'ﬁ o? Le(IETY 0. 220

mol ) in diypekhiea,( 3001 M) e keptrawnder v goggang) cooled to 0 Cin an
ice/water bath. To the flask was added a solution of 15 triethylam ne (22.6

g, 0.220 nol) in dry THE (25 m) dropwi se over 45 mn. After 1 hr the

cool i ng hatd) uas, HEIDNEd AR o P 1Y MAS-CoN MG d O A1 &H%tf e (60
m) was g, to

pH 8)5 and ssaisfraazi-dé v Adp3 Cys® OPREOCYEDENH, i n that order. THE was 20
renoved by distillation and the aqueous solution was refluxed for 24 h
(two layers formed). The m xture was cooled and ether (100 m) was added.

The aqueous HHssodi um chl ori de. The phases were
separated and thg aqueous phase was tracted with ether (4 x 50 m).
Conbi ned ﬁmaseﬁnﬁ in,a vmth brMo,ggar\g,gghp(QQQmM) and dri ed

waslfed
(MyS04) . )ﬁ% .Eact s Of gel | ow oil. The
product was uséddin tﬁ'e aext_ St e&p oft fur"f”ﬁ ¥ °H\ii'?|‘?3?“&7§13 B wo
03/ 006491 P%/ NC02/ 90250 q1- AZ| 3,6, 9-tri oxaundecanam ne
H,N HN=<NH
NH,

217 mg of thioether cyclo[CH;CO-Lys-Cys (tBu)-Arg-Gly-
10 Asp-Cys(tBu)-Phe-Cys]-NH; was treated with a solution of
anisole (500 uL), DMSO (2 mL) and TFA (100 mL) for 60 min
following which the TFA was removed in vacuo and the peptide

precipitated by the addition of diethyl ether.

Purification by preparative HPLC (Phenomenex Luna 10 MU

15 <C18 (2) 250 x 50 mm column) of the crude material (202 mg)
was carried out using 0-30 % B, where A = H;0/0.1 % TFA and B
= CH3CN/0.1] % TFA, over 60 min at a flow rate of 50 mL/min.
After lyophilisation 112 mg of pure material was obtained
(Analytical HPLC: Gradient, 5-50 % B over 10 min where A =

20 H,0/0.1 % TFA and B = CH3CN/0.1 % TFA; column, Phenomenex
Luna 3 B C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV
214 nm; product retention time, 5.50 min). Further product
characterisation was carried out using mass spectrometry:
Expected, M+H at 968, found, at 971).

25



To a mechanically, vigorously stirred suspension of 1,11-
di azi do- 3, 6, 9-tri oxaundecane (20.8 g, 0.085 nol) in 5% hydrochloric acid
(200 M) wevsadded a sol ution of 5 triphenyl phosphi ne (19P2T(NO0R/00258 nol )
in ether (150 m) over 3 hrs at room gegnperature. The reaction m xture was
stirred for addltlonal 24 hrs. The phases were separated and the aqueous

.-th. ezc% X .40 nd The. aguequs phase

& of t L0€, AcfiXe) L C0—

was cool ed z3

are Fy- addi tion
of KOH. ﬂﬁwm gmam ré@zﬁdz\lr@;t @;1@'-mlpowrgétbnaec§,5 xnBO ).
Conmbi ned "organic phases were dried (MgSO4). Filtration and evaporation
gave 14.0 g (88% of yellow oil. Analysis by MALDI - TOF nass spectroscopy
(matrix: a-cyano-4-hydroxyci nnam ¢ acid) gave a 15 M+H peak at 219 as
expected. Further characterfisation using 1H (500 MHz} and 13C (125 MHz)
NMVR spectroscopy verifiedﬁghe rucli ure.
17- Azi do- 5- oxo- 6- aza- 3, 9, \¢ﬁ5' emlgéxgqrnygde a i 81, 20 To a solution
of 11-azi do-3, 6, 9-tri oxaundécahaffi r: 0. 0 ﬁno ) in
di chl oronet hane (100 m ) was) added |glycofyﬂ> anh%g§|de (6.38 g, 55.0
mol ). The reactlon nlxture was stitred oV@rnight LC anal ysis (col um

Vydac 218 mA = WQLg?IO 1@6TEA nd M%v_ acetonitrile/0.1%
TFA, gra&l, 4 16% ovef 20 nin; il ow Folivhl Thkte OV detection at 214
and 284 nnm, sh med conplete conver si on oﬂ“@%%@@@ﬂﬁmwﬁﬁ@%%$al to a product
with retenti Yime 18.3 min. The solution was concentrated to gi ve
quantitati V8w |d of a 30 yell ow syrup. The product was anal ysed by LC M5
(ES ionisation) giving [MWH + at 335 as expected. 1H (500 MHz) and 13C

(125 MHz) NMR spectroscopy was in agreepent with structure WO 03/006491
PCT/ ND02/ 0025@ - 3ang of disulphide[Cys“ ] thioether cyclo[CH;CO-Lys-

Cys-Arg-Gly-Asp-Cys-Phe-Cys]-NH;, 9.1 mg of cPn2l1l6 chelate

active ester and 6 UL of N-methylmorpholine was dissolved in

DMF (0.5 mL). The mixture was stirred for 3 hours.

Purification by preparative HPLC (Phenomenex Luna 5 [
10 cC18 (2) 250 x 21.20 mm column) of the reaction mixture was
carried out using 0-30 % B, where A = H;0/0.1 % TFA and B =
CH3CN/0.1 % TFA, over 40 min at a flow rate of 10 mL/min.
After lyophilisation 5.7 mg of pure material was obtained
(Analytical HPLC: Gradient, 0-30 % B over 10 min where A =
15 H;0/0.1 % TFA and B = CH3CN/0.1 % TFA; column, Phenomenex
Luna 3 MU C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV
214 nm; product retention time, 7.32 min). Further product
characterisation was carried out using mass spectrometry:
Expected, M+H at 1407.7, found, at 1407.6).
20
Example 2:

Synthesis of disulphide [Cys?®] thioether cyclo[CH,CO-

Lys(an216—glutaryl)—Cy52—Arg—Gly—Asp—Cys6—Phe—Cys]—(PEG)n—NHz

where n= 1.

25



The product was used in the next step without further purification.

17- Am no- 5- oxo- 6-aza- 3,9, 12, 15-t et raoxahept adecanoic acid 5 A solution of
17-azi do-wWoasoe@9nza- 3, 9, 12, 15- tetraoxaheptadecanoi ¢ aci ®@CIAN@B/0025025. 0
mol) in water (100 m) was reduced ugsgng H2(g)-Pd/C (10% . The reaction
was run until LC Ms anal y5| s showed conpl ete conversion of starting 10
mat eri al [ ; soI vents . d B=
acetonitr TS rels oW A2 GLN /min; WV
detecti om@r%mgﬁcg}ml@%d@m satl on gl Vi ng M+H at 335 for starting
mat eri al and 309~ for the product). The solution was filtered and used
directly 15 in the next step.

17- (Fnoc- am no) - 5- oxo- 6- aza- 3, 9, 12, 15-t et r aoxahept adecanoi ¢ acid To the
aqueous sol ution of 17-anjino-5-q@xo0-6-aza-3,9,12, 15- 20Q

t et r aoxahept adecanoi ¢ act ramlabaye(caq J\,%Qpngﬂln,gov& 25.0 mmol amno

aci d) was added sodi um bi onat'e (5. 04 g, 60.0 mml) and dioxan (40 m).
A sol ution of Fnoc-chl orid 7.11 g, 0.275 nol) in dioxan (40 m) was
added dropw se. The reactioli m xture was stirred overni ght. D oxan was
evaporated 25 off (rotavapor) and the aqueous phase was extracted with

et hyl sacefate. e. agueous .phase_ wa idif d ydr o hl oric
acid andel][;)rem plltriac% nggepcﬁt ecr]%)a SV\?a%upeSlxa&ratg(% tlah é)%{ oro ol%tfﬁ"m‘%]'hg o?ganl c
phase wascHkn ek FiMy S ,codpld@reskmnslf cnimerm:aldaﬂlgt; toppale Wil B Ige (85% of
a yell ow 30 syr%cg The structure was confirnmed hy LC- M5 anal ysis (col um
Vydac 218TEBET DI bRnts SHOLE \@f ef TS Iﬂ/‘“"ﬂ‘—eﬁeaﬁdl@ 2 PRsdtItiG AAtESRT1% TFA;
gradi ent 40-60% B over 20 mn; flow 1.0 m/mn; UV detection at 214 and

254 nm ES ionisation WO 03/006491 PCT/ N0O02/ 00250 36
1,11-Diazido-3,6,9-trioxaundecane

10
A solution of dry tetraethylene glycol (19.4 g, 0.100 mol)
and methanesulphonyl chloride (25.2 g, 0.220 mol) in dry THF
(100 ml) was kept under argon and cooled to 0 °C in an
ice/water bath. To the flask was added a solution of

15 triethylamine (22.6 g, 0.220 mol) in dry THF (25 ml) dropwise
over 45 min. After 1 hr the cooling bath was removed and
stirring was continued for 4 hrs. Water (60 ml) was added. To
the mixture was added sodium hydrogencarbonate (6 g, to pH 8)
and sodium azide (14.3 g, 0.220 mmol), in that order. THF was

20 removed by distillation and the agqueous solution was refluxed
for 24 h (two layers formed). The mixture was cooled and
ether (100 ml) was added. The agqueous phase was saturated
with sodium chloride. The phases were separated and the
aqueous phase was extracted with ether (4 x 50 ml). Combined

25 organic phases were washed with brine (2 x 50 ml) and dried
(MgS04) . Filtration and concentration gave 22.1 g (91%) of
vellow o0il. The product was used in the next step without

further purification.



giving MrH at 531 as expected for the product peak at 5,8 mnutes). The
anal ysis showed very |l ow content of side products and the material was
used wi t hwotosfoadssbher purification. 5 2 b) Synthesis of PCT/N0O02/00250
C1CH2CO- Lys- Cys(tBu) - Arg- @ y- Asp- Cys(t BY) - Phe- Cys- ( PEG n- NH2where n= 1 C
OHS HNNS | JNY/NINS NN N-~O-iO/-O" i N~O-NHs H (full HOHOHO OO HO
))) H Nblecular vg;. t= 1409 163 H2 N HN Exact Mass = 1407.612 NH2

C58H98 ] 3 PEG unit was coupled manually to

Rink Am dg, Wérfh;caﬁ]%ft '\F‘ﬂgﬁb@sﬂ/ 25 1FPd 3 S&@ Sen SEGH a4 £01 by1 HATU

activation. The renmi ni ng peptide was assenbl ed on an ABI 433A aut omatic
pepti de Sirazieddsbrd L%T?Fgl%aﬁmiem%o Hi¥ gcal t?8dgeel) ThHe % no aci ds

were preaellyat el using BT G SubetoLe SouphiDdso i eo gal ami ne gr oups

wer e chI usi ng a solu | or'oacef1 c an ride in DW
for 36 mtrrlﬁﬂraqslphdst;&nﬂmjs Ievpl ©foTepioe bmdeshete- Chad mlprevect i ng
gr oups (except tBu% fromthe resin vvas carried out, 20 in TFA containing

TIS (5 %> 1D JFS WORALHRIIIYS: oThF FRCLIMW HETLre AFFerShorkedp 322

ng of crudg. pepid deyes ptaldedrpd %}?Aé’éé Gadr &R aﬁ@&ae&ﬁd 10 % B over
10 mn where A = H20/0.1 % TFA and CH3CN 0.1 % TFA; col umm, Phenonenex

25 Luna RAQWGESIg DhaEe waks exptyad ey, wnztkm_dmhﬁommertm (3vx 240 mhy -

product v, teena{c:n,?eno&r%asp as6e 3v¥7asmcn oleF r:frpee{n plrc(:)e(a:I water talet el Saﬁl On Vas
carried out ustng S Spectrone

10 adjusted to ca 12 by addltlon of KOH. The product was
extracted into dichloromethane (5 x 50 ml). Combined organic
phases were dried (MgSQ,). Filtration and evaporation gave
14.0 g (88%) of vellow oil. Analysis by MALDI-TOF mass
spectroscopy (matrix: o—-cyano-4-hydroxycinnamic acid) gave a

15 M+H peak at 219 as expected. Further characterisation using
'y (500 MHz) and '®C (125 MHz) NMR spectroscopy verified the

structure.

17-Azido-5-oxo0-6-aza-3,9,12,15-tetraoxaheptadecanoic acid

20
To a solution of 1ll-azido-3,6,9-trioxaundecanamine (10.9 g,
50.0 mmol) in dichloromethane (100 ml) was added diglycolic
anhydride (6.38 g, 55.0 mmol). The reaction mixture was
stirred overnight. HPLC analysis {(column Vydac 218TP54;

25 solvents: A = water/0.1% TFA and B = acetonitrile/0.1% TFA;
gradient 4-16% B over 20 min; flow 1.0 ml/min; UV detection
at 214 and 284 nm), showed complete conversion of starting
material to a product with retention time 18.3 min. The
solution was concentrated to give quantitative yield of a

30 vyellow syrup. The product was analysed by LC-MS (ES
ionisation) giving [MH]+ at 335 as expected. 'H (500 MHz) and
13¢c (125 MHz) NMR spectroscopy was in agreement with

structure



Expected, MtH at 1409, found, at 1415). WD 03/006491 PCT/ N002/ 00250 37 2
c) Synthesis of thioether cyclo[ CH2CO Lys-Cys(tBu)-Arg-dy- Asp-Cys(tBu)

- Phe- Cys]wORB@6I9NH2 where n= 1 S T T O S HN N N NN NJ~/ HC/N@249250H O H O
HOHOOO HO MIecular Wight = 1373:702 NH Exact Mass = 1371. 635 H2N
HN< Mol ecul ar Formula = C58HI7N15017S3 NH2 5 322 ng of

C1CH2CO L Cys(tBu s(tB Phe- Cys-(PEG n-NH2 was di ssol ved
in water/ tQﬁﬁ"i‘f‘f% é"’a%H‘ésgc?'n Jr ev%%"%d?%%?e@'fs}b‘g‘b?i YRR anmoni a

sol ution andi Ak stished for 16 hours. After work-up crude peptide was

obtai ned (Anal ytical HPLC. G adient, 5-50 % B over 10 mn where A =
H20/0.1 % TFA and B = GHBCN/ 0.1 % TFA; col um, Phenonmenex Luna 3 Cl8 (2)
50 X 4.6 il ope 2 iy o dPtectd ofty L0238 i pragdueto 15 shgntion
mass Spectrorretry Expected MrH at 1373, found, at 1378). 2 d) Synthesis
of di sul phide [ Cys2-6] thioether cycl CH2CO 20

Lys- Cys2-ArR K 5o (R %%Jéif@% APERGFENH WhkefelP= 1S OV 9 S S HNN
N N--_rNNNGNhD cdadbhnott QHP B8RO H 0P Ommol) in water (100

ml) was reduced using H,(g)-Pd/C (10%). The reaction was run

until LC-MS analysis showed complete conversion of starting
10 material {(column Vydac 218TP54; solvents: A = water/0.1% TFA
and B = acetonitrile/0.1% TFA; gradient 4-16% B over 20 min;
flow 1.0 ml/min; UV detection at 214 and 284 nm, ES
ionisation giving M+H at 335 for starting material and 309
for the product). The solution was filtered and used directly

15 1in the next step.

17- (Fmoc-amino) -5-oxo-6-aza-3,9,12,15-tetraoxaheptadecanoic

acid
To the agueous solution of 17-amino-5-oxo-6-aza-3,9,12,15-

20 tetraoxaheptadecanoic acid from above (corresponding to 25.0
mmol amino acid) was added sodium bicarbonate (5.04 g, 60.0
mmol) and dioxan (40 ml). A solution of Fmoc-chloride (7.11
g, 0.275 mol) in dioxan (40 ml) was added dropwise. The
reaction mixture was stirred overnight. Dioxan was evaporated

25 off (rotavapor) and the aqueous phase was extracted with
ethyl acetate. The aqueous phase was acidified by addition of
hydrochloric acid and precipitated material was extracted
into chloroform. The organic phase was dried (MgSO,),
filtered and concentrated to give 11.3 g (85%) of a yellow

30 syrup. The structure was confirmed by LC-MS analysis (column
Vydac 218TP54; solvents: A = water/0.1% TFA and B =
acetonitrile/0.1% TFA; gradient 40-60% B over 20 min; flow
1.0 ml/min; UV detection at 214 and 254 nm, ES ionisation



/-~ HO Mol ecul ar Weight = 1258.469 NH Exact Mass = 1257.494 H2N HN=<

Mol ecul ar Forrmul a = C50H79N15017S3 NH2 WO 03/006491 PCT/ NO0O2/ 00250 38
Thi oet herwoysloaf4@H2CO- Lys- Cys(t Bu) - Arg- G y- Asp- Cys(t Bu) - PCT/N002/00250

Phe- Cys] - (PEGQ n-NH2 was treated w th asgol ution of anisole (200 L), DMSO
(2 nL) and TFA (100 m_) for 60 mn followng which the TFA vvas renoved in
vacuo and t he recipitate t he .addi tion of di eth her
Purlflcatqlo‘ﬁrlﬁg Pgr% %f @ﬁqﬁ_’@?%%cgo%e‘}@i%m% tAPealﬁl% 925250 X
21. 20 mmpgialyiey) of e dvh slhdﬁ dRdRsd a\l'eﬂﬁsloﬁaééﬁ@éh@%f U§idﬂ§l -30 % B
WnereA-HZO/Ol%TFAa = CH3CN 0.1 % TFA, over 40 mn at aflow
rate of FFIAYghis.and HAie éﬁ*aq%ﬂ@ﬁﬂ IW%%NWW‘?@OWF burehemteri al was

obt ai ned l%ér}al édﬂ]B&l HPLC. Gradient, 0-30 %B over 10 mn where A =

H20/ 0.1 % an CH3CN/ 0.1 %TFA col um, Phenonenex Luna 3 C18 (2)
50 x .6 mm flow, 2 mL/mn; detection, W 214 nm product retention tine,
6.80 mn)_. _Further 15 characterls tion was crrled out usi ng nmass
Spectro - A S C Cy =' g - Y ( KR

of disul fpﬂi@dﬁsep@ ﬁm}geméfecw ol CH2CO
Lys(cPn2I6-grutaryt )- CysZ2-Arg- @ y- Asp- Cys6- Phe- Cys] - (PEG n-NH2 20 where n=
10S7SVHHWUNjJNNNANYNNN/~O0-iQ/-Oi"~O-NHz HOHOHOHOOO
O HO NH HN HN\<

c» + Y
““v‘L J\r“\*mr vﬂ )\r g Jﬁr“wo’\f“ﬁo“/“ro“r““
HO Molecular Weight = 1409.163

H
Exact Mass = 1407.612
HN HN:{:H Molecular Formula = C58H98CIN15017S3
2
10 The PEG unit was coupled manually to Rink Amide AM

resin, starting on a 0.25 mmol scale, mediated by HATU
activation. The remaining peptide was assembled on an ABI
433A automatic peptide synthesiser using 1 mmol amino acid
cartridges. The amino acids were pre-activated using HBTU

15 Dbefore coupling. N-terminal amine groups were
chloroacetylated using a solution of chlorocacetic anhydride
in DMF for 30 min.

The simultaneous removal of peptide and side-chain
protecting groups (except tBu) from the resin was carried out

20 in TFA containing TIS (5 %), H;0 (5 %) and phenol (2.5 %) for
two hours.

After work-up 322 mg of crude peptide was obtained
(Analytical HPLC: Gradient, 5-50 % B over 10 min where A =
H,0/0.1 % TFA and B = CH3CN/0.1 % TFA; column, Phenomenex

25 Luna 3 U C1l8 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV
214 nm; product retention time, 6.37 min). Further product

characterisation was carried out using mass spectrometry:

Expected, M+H at 1409, found, at 1415).



O NH, Ml ecular Weight = 1698.073 0 Exact Mass = 1696. 810 HN Ml ecul ar
Formul a= C72H 120N20021 S3 HN ) N HO NOH 13 ng of [Cys2-6] cyclo

[ CH2CO Lywo@pmedapn- A y- Asp- Cys- Phe- Cys] - (PEG n-NH2, 9.6 mgTofOBod6

chel ate active ester WD 03/006491 PCT/ Ng02/ 00250 39 and 8 L of

N- net hyl nor phol i ne was dissolved in DVF (0.5 nL). The m xture was stirred
for 2 hours and 30 mnutes. Purification by preparative HPLC (Phenonenex
Luna 5 C18 (2) 250 x 21.20 nmcolumm) of the reaction m xture was 5
carried qutcusswgeilesls % B, thesthd =y 0s (o, B-THA a0y B Bu) -GN 16,1 %
TFA, over 40 mn at a row rate of 10 m_/mn After Tyophilisation 1I4.2 ng
of pure 3 (WBis) of &3 — 20 hepecn=Gladi ent, 0-30 % B over 10
mn where A = H20/0 1 %TFA and B CHSCN/O 1 % TFA; col um, Phenonenex 10
Luna 3 C18 (2) 50 x 4.6 mm flow, 2 nl/mn; detection, W 214 nm product
retention tf duct characterisation was carried
out using Ss E\i:fectrometry \fExpecte, MrH at 1697.8, found, at 1697.9).

WO 03/ 00 1 P NOO /00250 HEx | eHS: Synt hesi s of disulfide [Cys2-6]
t hi oet her N R~ 0 ~N NH,
Lys(cPn216- g u{ﬂ /gg Ar gﬂGloy B Ys6- PRe-0y3] - PEG)\(;HA-IQI% where n= 2.
5 3 a) Synthgsis of Cl tBu)-Arg-GIy-Asp-Cys(tBu)-
Phe- Cys- ( PEG) n- NH2 ere rf”-" 2 Molecular Weight = 1372.702
Exact Mass = 1371.635
HN HN=(NH Molecular Formula = C58H97N15017S3
5

322 mg of ClCH,CO-Lys-Cys (tBu)-Arg-Gly-Asp-Cys (tBu)-Phe-
Cys- (PEG)n-NH, was dissolved in water/acetonitrile. The
mixture was adjusted to pH 8 with ammonia solution and
10 stirred for 16 hours.
After work-up crude peptide was obtained (Analytical
HPLC: Gradient, 5-50 % B over 10 min where A = H;0/0.1 % TFA
and B = CH3CN/0.1 % TFA; column, Phenomenex Luna 3 | Cl8 (2)
50 x 4.6 mm; flow, 2 mL/min; detection, UV 214 nm; product
15 retention time, 6.22 min). Further product characterisation
was carried out using mass spectrometry: Expected, M+H at

1373, found, at 1378).

2 d) Synthesis of disulphide [Cys?™®] thioether cyclo[CH,CO-

20 Lys—Cy52—Arg—Gly—Asp—CysG—Phe—Cys] - (PEG)n-NH; where n= 1

o s s

o Ho9 ho @ )H(H it B\“/H H

HN N N N\)j\ N~ O N NH
ﬁHﬁWﬁ 7N aad e L G

5 0 3 0 0 o]
9y HO Molecular Weight = 1258.469
N

Exact Mass = 1257.494
H,N HN=< Molecular Formula = C50H79N1501753
NH,



C SSHS NN~"O~ONH HNNNNWJ HOHOHOHO OO\O ~HH H2N HN~
0 NH2 Mol ecul ar Wei ght = 1699.482 Exact Mass = 1697. 759 Mol ecul ar Fornul a
= C70H120€0ONB/0@R8653 0 H- O ~O H2N 10 Assenbly of pepti eeTasomfon2sexanpl e
2 b), both PEG units coupled manually;gAfter work-up crude peptide was
obtai ned (Analytical HPLC. G adient, 5-50 % B over 10 mn where A =

H20/ 0.1 % TFA _and % TFA col um1 Phenonmenex Luna 3 18 (2)
15 50 X 4.6 i ¥ PO &5 ﬁ%ﬁm%‘fﬁ G GO A r% BHRRCY S €t on

time, 6. %én@)s]M@@@m&%ﬁwaeqwg@aaowzéa a4bo3ukl onYBEhESH 800k
t hi oet her cycl o[ CH2CO Lys- Cys(tBu)-Arg-Qdy-

Asp- Cys(t &06 Rie) O3S PEGmME NHhAWEFZ2 0HP0 Ful) /£4014 /6@ miln o0 @ving
which the TFA was removed in vacuo and the peptide

5 precipitated by the addition of diethyl ether.

Purification by preparative HPLC (Phenomenex Luna 5 U
C1l8 (2) 250 x 21.20 mm column) of 70 mg crude material was
carried out using 0-30 % B, where A = Hy;0/0.1 % TFA and B =
CH3CN/0.1 % TFA, over 40 min at a flow rate of 10 mL/min.

10 After lyophilisation 46 mg of pure material was obtained
(Analytical HPLC: Gradient, 0-30 % B over 10 min where A =
H,0/0.1 % TFA and B = CHiCN/0.1l % TFA; column, Phenomenex
Luna 3 B C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV
214 nm; product retention time, 6.80 min). Further product

15 characterisation was carried out using mass spectrometry:

Expected, M+H at 1258.5, found, at 1258.8).

2 e) Synthesis of disulfide [Cys®®] thioether cyclo[CH,CO-

Lys (cPn216-glutaryl) -Cys®-Arg-Gly-Asp-Cys®-Phe-Cys] - (PEG) n-NH,
20 where n= 1

OJ S [o] [o] . [o]
Ak JY 1 AN o { "

HO

Molecular Weight = 1698.073
Exact Mass = 1696.810
Molecular Formula = C72H120N2002153

13 mg of [Cy524] cyclo[CH,CO-Lys-Cys-Arg-Gly-Asp-Cys-
Phe-Cys]-{(PEG)n-NH,, 9.6 mg of cPn21l6 chelate active ester



HNJN NN~-NNTfrNH HnmMO HOc HOHOO O HOH2ZNHNHO NH2 O

Mol ecul ar Wei ght = 1663. 021 Exact Mass = 1661. 783 Mdl ecul ar Formula =
C70H119NIW02388646IN O O ~O H2N 5 PCT/NO02/00250
C1CH2CO Lys- Cys(tBu) - Arg- G y- Asp- Cys(t By) - Phe- Cys- (PEG n-NH2 where n=2 was
di ssolved in water/acetonitrile. The mxture was adjusted to pH 8 with
amoni a solution and stirred for 16 hours. After work-up 380 of crude

pepti de vand dhtii mfd NronqtAnAimatRhe 1 . e G HdA sk ved_ 5D E%IB drer MY nin

where A = Jo B. T @@ 0 henonmenex Luna
3 (18 (ZFSh{%Q{)&i;% Jaff\ﬁam Q\Vrpo tse/c%ll:dg\#&%%e%m pr oduct
retention timepys6 A& 48N @rﬁﬁ@aﬁmmpmaﬁ&@ﬁméﬁék otuass qarri ed
out using nmass spectronetry 15 Expected, M+H at 1663, found, at 1670). 3

c) Synthe&i& ¥ cawwld@q@yrszzcmrmdeﬁme clsﬁﬁl@{mﬂ@@xture was
A N RN K D 3 6 0 BE pp o0/ 81 ¢l Sad 0% O 1
CH3CN/0.1 % TFA, over 40 min at a flow rate of 10 mL/min.
After lyophilisation 14.2 mg of pure material was obtained
(Analytical HPLC: Gradient, 0-30 % B over 10 min where A =
H,0/0.1 % TFA and B = CH:CN/0.1l % TFA; column, Phenomenex
10 Luna 3 W C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV
214 nm; product retention time, 7.87 min). Further product
characterisation was carried out using mass spectrometry:

Expected, M+H at 1697.8, found, at 1697.9).



HO/ \ ZN HN O NH2 Ml ecul ar Weight = 1548.788 0 Exact Mass = 1547.642
(\/ Mol ecular Formula = C62H101 N17023S3 HN O WD 03/ 006491 PCT/ N0O02/ 00250
42 380 ngwofostoné49et her cycl o[ CH2CO Lys- Cys(t Bu) - Arg- d y- PCT/NO02/00250

Asp- Cys(t Bu) - Phe- Cys] - (PEG n- NH2 wher e g:Z was treated with a solution of
ani sol e (500 L), DVMBO (2 nL) and TFA (34. O nm) for 60 mn follow ng which
the TFA was rem)ved in vacuo and 5 the peptide precipitated by the addition
of diet h\ﬁxa&rpﬂg& “ Purification by preparative HPLC (Phenonenex Luna 10
C18 (22) ehéoﬂlmlﬁﬁltgﬂn)fmetr@yﬁmﬁecmam&l 4R340 e CdNaZ carri egoout
using O- over

mn at aLNSJWE’raRJém‘llﬁoamJ/ meys —B@gﬁrﬁtlé’r-AIS\po@h’ISI i Bhei6Hs146P %)of—Nﬁmre
mat eri al as oht alfed (Anal ytical HPLC. G adient, 0-30 % B over 10 mn
where A Z=590/854% TFA and B = CH3CN/ 0.1 % TFA; col um, Phenomenex Luna
3 Cl8 (2) 50 x 4.6 mm flow, 2 nL/mn; detection, W 214 nm product

retention tine, 7.42 mn), Further product 15 characterlsatlon was carried
out usi ng_rids SNt \C1CHEOsLyEs CYigH BN ~Pax Gy PSRIEYSACBIA3. 8) . 3

d th di hi oet h I CH2CO
Li/s(S)(;gnzepﬂ-eS difs : F}hl\% ‘[Iﬁ%ﬁg I-QL : IC§§6 IeDLeC)C/,\C/sf EPEG)n NH2 20 where n=

2. O0S 3 HNH\;J/YN]N/NI\L]Q}I)NOO =OHO HOOO

O“ Lr“\*mr”\* )\r & )wr“wow"wow”roﬁor”}
3=o 2:>

O
HO
NH g
H,N HN o
NH,
Molecular Weight = 1699.482
Exact Mass = 1697.759 o)
Molecular Formula = C70H120CIN17023S3 g
H
(o]
O
o
H,N
10 Assembly of peptide as for example 2 b), both PEG units

coupled manually.
After work-up crude peptide was obtained (Analytical
HPLC: Gradient, 5-50 % B over 10 min where A = H;0/0.1 % TFA
and B = CH3CN/0.1 % TFA; column, Phenomenex Luna 3 B C1l8 (2)
15 50 x 4.6 mm; flow, 2 mL/min; detection, UV 214 nm; product

retention time, 6.40 min).



0O HONH HNHN= O ONH2 O O Ml ecular Weight = 1988. 392 HN
1986. 958 Mol ecul ar Formul a = C84H142N22027S3 HH O N O HN A N

Exact Mass =
O HO H2N

N- OH WO 0300064031 PCT/ NOO2/ 00250 43 146 ng of [Cys2-6]  PCT/NO02/00250

cycl o[ CH2C0- Lys- Cys- Arg- A y- Asp- Cys- Phe- Cys] - (PEG) 2- NH2, 110

ng of cPn2l 6

chel ate active ester and 76 L of N nethyl nor phol ine was dissolved in DV

e mxture was Stll’l’e for

(6 nL). 5 s

HPLC ( Pheh SHe s

rearat| ve

GLve

m xture vis-cA (dmd @He@smg— DPE’;%Q)r%pB{z wh@f@ A:z H20/0 1 % TFA and B =
CH3CN 0.1 %TI—A over 60 mn at a flowrate of 50 nL/mn. 10 After

| yophilisation 164 ng of pure nmaterial was obtained (Analytical HPLC

Gradient, 0-30 % B over 10 mn where A = H20/0.1 % TFA and B =

TFA; col ummy; §C18 (2) 50 x 4.6 mm flow, 2

det ecti on, UV\|214 nm product re ention time, 8.13 mn). Furt

15 chara i,0n was, C r e, out ,using mass spectrongtry:
ool Wﬁ

at 1988.

t hi oet her cycl 09[ b
e
HN HN={:H

Molecular Weight = 1663.021
Exact Mass = 1661.783
Molecular Formula = C70H119N1702383 H

O

Z\rr\o/\n/z\/\o ~O \/\
[e]

CH3CN/ 0.1 %
nmL/ m n;

her product
Expected, M-H

M/\Sﬁﬂﬁmés*"srfoéw%ul fide [ Cys2- 6]

5 ClCH,CO-Lys-Cys (tBu) ~Arg-Gly-Asp-Cys (tBu) -Phe-Cys-

(PEG)n-NH, where n=2 was dissclved in water/acetonitrile. The

mixture was adjusted to pH 8 with ammonia solution an
stirred for 16 hours.

After work-up 380 mg of crude peptide was obtain

10 (Analytical HPLC: Gradient, 5-50 % B over 10 min wher

d

ed
e A =

H,0/0.1 % TFA and B = CH3CN/0.1 % TFA; column, Phenomenex

Luna 3 B C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV

214 nm; product retention time, 6.28 min). Further pr
characterisation was carried out using mass spectrome

15 Expected, M+H at 1663, found, at 1670).

oduct

try:

3 ¢) Synthesis of disulphide [Cys?®] thioether cyclo[CH,CO-

Lys—Cys2—Arg—Gly—Asp—Cyss—Phe—Cys]—(PEG)n—NHz where n=

2.

ANZT

OJ S 5 s,
R H
HNE)LN%(H\;)LN/\[rn\:iN)\'(n\:iN N\/\O/\/O\/\o/\/n\n/\o’ﬁr
H H 0 H H o) S= H 0 H H ) X X
o
HO
H
H,N HN=(\l

NH

2

Molecular Weight = 1548.788
Exact Mass = 1547.642
Molecular Formula = C62H101N17023S3
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20 Lys(cPn216-glutaryl)-Cys2-Arg-QG y-Asp- Cys6- Phe-Cys]-(PEG n-NH2 where n=
4. 4 a) Synthesis of CLCH2CO Lys-Cys(tBu)-Arg-d y-Asp-Cys(tBu)-

Phe- Cys- (WB@pnedbi2 where n=4 d OS SHSH | ON O N NPEI/NO0200250- ~i N H
N)Y "AHHOO~O- HOHOO/ 00 0, g H~OH HZN H\~ O NH2 Ml ecul ar
Wei ght = 2280.120 0 Exact Mass = 2278.055 Ml ecul ar Formula =
C94H164CIN2103583 HN O 0 WO 03/0064 PCT/hDOZ/OOZSO 44 Assenbly of

peptide as for&k&pIF Oetahqr fctﬁfr 2C0niYS ~CESHIFEY M gady - After
wor k- up gidide- peptH de pras. } Yxkhéﬁé 5-pPLCs Gragient wibn5Q % B
over 10 mn where A = H20/ 1 TFA an = CH3CN/ 0.1 % TFA; col um,

Phenonmenex lutiam3 oﬂ]a&u(szale (500 pL), DMSO (2 mL) and TFA (100 mL)
for 60 min following which the TFA was removed in vacuo and

5 the peptide precipitated by the addition of diethyl ether.

Purification by preparative HPLC (Phenomenex Luna 10 M

Cl8 (2) 250 x 50 mm column) of the crude material (345 mg)
was carried out using 0-30 % B, where A = H;0/0.1 % TFA and B
= CH3CN/0.1] % TFA, over 60 min at a flow rate of 50 mL/min.

10 After lyophilisation 146 mg of pure material was obtained
(Analytical HPLC: Gradient, 0-30 % B over 10 min where A =
H,0/0.1 % TFA and B = CH:CN/0.1 % TFA; column, Phenomenex
Luna 3 U C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV
214 nm; product retention time, 7.42 min). Further product

15 characterisation was carried out using mass spectrometry:

Expected, M+H at 1548.6, found, at 1548.8).

3 d) Synthesis of disulphide [Ccys?®] thioether cyclo [CH,CO-

Lys(anZlG—glutaryl)-Cysz—Arg—Gly—Asp—Cy56—Phe—Cys]—(PEG)n—NHz
20 where n= 2.

S S
OHNJL JY\;L P JY\)LEY\A O i
HE I H/\ﬂ/ TN N I ° ° \g/\o/\g/e

LD

HN Exact Mass = 1986.958
Molecular Formula = C84H142N22027S3

o]

gO
02
o]
fo) Molecular Weight = 1988.392 g
o]

Hi
H
o
A\
HN N S.:o

HO H,N



50 x 4.6 mm flow, 2 nL/mn; detection, W214 nm product retention tine,
6.50 mn). 10 4 b) Synthesis of thioether cycl o[ CH2CO Lys-Cys(tBu)-Arg-dy-
Asp- Cys(tBo)osPhaCys] - (PEG n- NH2 where n= 4 S t t O 19 HeNhhka/eezsa, ~~
b.i-~..~p~b FI z FI SO HOH-~-O HZ/AN~ NH2 " (J Mol ecular Wight =
2243. 659 0 Exact Mass = 2242.078 (\/ Modlecular Forrmula = C94H163N21035S3
H O O CICH2CO Lys-Cys(tBu)-Arg-d y-Asp-Cys(tBu)-Phe-Cys- (PEG 4-NH2 was

di ssolved in water/acetonitrile. The m xture 15 was adjusted to pH 8 with

anmoni a sol Utlp4'15 St i [¢RPFOr 161 o homy D - TAFS-8Fy WKy U Al_—.qﬁ.cp_espll de was
obt ai ned (Analy aﬁt‘fj HPLC. G’adI%ﬁt 5-50 % B over 1ﬂ(§Jm nﬂv\here A =

H20/ 0. 1 O/BHEF#‘Y%hd G CABEN 019 moTPA; cEpPdfn ChPRasemassiveuRsteT C18 (2)

20 50 x 4. ro tion, W_.214 pr od etetlon
Ce, 6. ST Mt b ouie e i e Sat om0 TiRd "Ly Db BUCLs! ng
MaSS %peofﬂénﬁﬁiﬂhr£3W5§t§%ﬁrféém§$9/Q]ho@%s1122;0: found, at 1122.5). WO
03/ 006491 PCT/ N0O02/ 00250 45 4 c) Synthesis of disul phide [Cys2-6]

t hi oet her cyclmpif£3Ption by preparative HPLC (Phenomenex Luna 10 W
Cl8 (2) 250 x 50 mm column) of the reaction mixture was
carried out using 0-30 % B, where A = H;0/0.1 % TFA and B =
CH,CN/0.1 % TFA, over 60 min at a flow rate of 50 mL/min.

10 After lyophilisation 164 mg of pure material was obtained
(Analytical HPLC: Gradient, 0-30 % B over 10 min where A =
H,0/0.1 % TFA and B = CH3CN/0.1 % TFA; column, Phenomenex

Luna 3 B C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV
214 nm; product retention time, 8.13 min). Further product
15 characterisation was carried out using mass spectrometry:

Expected, M+H at 1988.0, found, at 1988.0).

Example 4:

Synthesis of disulfide [Cys®®] thioether cyclo[CH,CO-

20 Lys(an216—glutaryl)-Cys2—Arg—Gly—Asp—CysG—Phe—Cys]—(PEG)n—NHz

where n= 4.

4 a) Synthesis of ClCH,CO-Lys-Cys{tBu)-Arg-Gly-Asp-Cys (tBu) -

Phe-Cys- (PEG)n-NH,; where n= 4

5 g g
? J\rWL Y vﬁ )\r \g j\r“wo~°w«>~”wﬁoﬁg

2

AUZI

H,

Molecular Weight = 2280.120
Exact Mass = 2278.055
Molecular Formula = C94H164CIN21035S3

- SN

o
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Lys- Cys2- Arg- @ y- Asp- Cys6- Phe- Cys] - (PEG n-NH2 where n= 4 s HNNNH-NHNH O
Op 8 HO pf) H\J HZHNO H2\/1 Mlecular Weight = 2129.426 0 Exact
Mass = 21W0.0387648Db| ecul ar Formul a = C86H145N21035S3 HN 0 PeTADB/OIIR00Et her
cycl o[ CH2CO- Lys- Cys(tBu) - Arg- G y- Asp- Cyg(t Bu) - Phe-Cys] - (PEG 4- NH2 was
treated with a solution of anisole (100 L), DVMSO (1 nmL) and TFA (50 ni)
for 60 mn followng which the TFA was renoved in vacuo and the peptide 10
precipitated by the addition of diethyl ether. Purification by preparative
HPLC (Phenonengxsdaiy of g {da 250 2dxadfbren zobyumal of réie sEdide
material (345 ng) was carried out using 5-50 % B, where A = H20/0.1 % TFA
and B =wWHIGN®UPhedmenidkky 40 nin at a flowrate of 10 nL/nmin. 15 After

| yophilisatio Fg)% ny e ri WAS i . n j LC

G adi ent, 5- 5%\ 6 ovcg'jrk% rﬁltr?&vﬁieé%% = /8. ?g}’}olélsﬁA%éﬂn%i%@i:C CNO.1 %
TFA; 60l HPLC Pheroienex, 9460 B B Cdex 2)0 5hix whéremd #£ 100/ 02 1 mex
detection, W 214 nm product retention tine, 4.87 mn). 20 WO 03/ 006491

PCT/ NO02/286239 = 481:4NdY - Sy 3t A& s cofl ugins uBsngaeneys 2a6ja thiko&ter(2)
CyClO[CH%gpk 4.6 mm; flow, 2 mL/min; detection, UV 214 nm; product

retention time, 6.50 min).

10 4 b) Synthesis of thioether cyclo[CH,CO-Lys-Cys (tBu)-Arg-Gly-

Asp-Cys (tBu) -Phe-Cys] - (PEG)n-NH; where n= 4

R
A

o @ so

Y
o:“/:iuj\g“ziu”\g“

SRR
" HN=(NH2

2

Molecular Weight = 2243.659
Exact Mass = 2242.078
Motecular Formula = C94H163N2103553

{
h
>

[o}
o]
HzNLo\iu/\/o\/\o/\/o\/\ui/o\)Lu/\/o\/\o/\/o\/\

ClCH,;CO-Lys-Cys (tBu) -Arg-Gly-Asp-Cys (tBu) -Phe-Cys-
(PEG) 4~NH; was dissolved in water/acetonitrile. The mixture
15 was adjusted to pH 8 with ammonia solution and stirred for 16
hours.
After work-up crude peptide was obtained (Analytical
HPLC: Gradient, 5-50 % B over 10 min where A = H,0/0.1 % TFA
and B = CHiCN/0.1 % TFA; column, Phenomenex Luna 3 U Cl8 (2)
20 50 x 4.6 mm; flow, 2 mL/min; detection, UV 214 nm; product
retention time, 6.37 min). Further product characterisation
was carried out using mass spectrometry: Expected, [(M+2H) /2]

at 1122.0, found, at 1122.5).



Lys(cPn216-gl utaryl) -Cys2-Arg-Qd y-Asp-Cys6-Phe-Cys]-(PEGn-NH2 where n=

4. S 0SS'F® HNNNNYNY NNNNO~NO-NHIIOHOHIA H\POb OO0 O
O HO NH WK 310490 NH2 Mol ecul ar Wi ght = 2569. 029 Exact MaIsNG028856. 253 0
p Mol ecular Fornula = C108H186N26039S3,qH HN ~=O H OO OH x HzN' H-i 0
HH~~0~~0~~0 = N HHON 5 12 ng of disul phide [Cys2-6] thioether cyclo

[ CH2CO Lys- Cys-Arg-d y- Asp- Cys- Phe-Cys]-(PEG 4-NH2, 5.2 ng of cPn216

chel ate active ester and 2 L of N nethyl norpholine was dissolved in DW

(0.5 m) .4 The dWxdnee Mase didupshi P hpunsi o Budf i 6@ Onemyo-

pr epar at |—HPL‘C_(‘Ph_“‘ve " enorren'—l___s_ex un% CI8 (2) 250_21_20—_F11_)nm COo of the
reacti on Iy FSEC 547 B0~ iy & 2@ 0.1 % TFA

and B = CHSCN/O 1 %TFA over 40 mn at a flowrate of 10 mL/mn. 15 After

| yophi | i sat eri al was obtai ned
HN\)LN%(N\)LN/IN\)L”)\{N\)L\\[N\/\O/\,o\/\o/\,ﬂ\g/\o/\gl}

!

Molecular Weight = 2129.426
Exact Mass = 2127.937
Molecular Formula = C86H145N2103553

I

O/\IrZ\/\ o/\/O\/\o

H,Nj\/o\)?\u’\/o\/\o’\/o\/\ufk/o\j\u/\/o\/\o’\/o\/\l}:o

Thiocether cyclo[CH;CO-Lys-Cys (tBu)-Arg-Gly-Asp-Cys (tBu) -
Phe-Cys]- (PEG)4-NH, was treated with a solution of anisole
(100 pL), DMSO (1 mL) and TFA (50 mL) for 60 min following
which the TFA was removed in vacuo and the peptide

10 precipitated by the addition of diethyl ether.

Purification by preparative HPLC (Phenomenex Luna 5 U
Cl8 (2) 250 x 21.20 mm column) of the crude material (345 mg)
was carried out using 5-50 % B, where A = H;0/0.1 % TFA and B
= CHiCN/0.1 % TFA, over 40 min at a flow rate of 10 mL/min.

15 After lyophilisation 12 mg of pure material was obtained
(Analytical HPLC: Gradient, 5-50 % B over 10 min where A =
H,0/0.1 % TFA and B = CHCN/0.1 % TFA; column, Phenomenex
Luna 3 MU Cl8 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV

214 nm; product retention time, 4.87 min).
20



(Anal yti cal
and B =

HPLC: G adi ent,
CH3CN 0.1 % TFA; col unm, Phenomenex

fl ow 2 nWwom3snpeddet ecti on,

spectronetry:
03/ 006491 P
<120> Pepti

A A sy
2001-10- ¥l,s Jeivrfzh%111t?a&ﬁl;71¢3;§awgtbr1yvars§|-@9sB ﬁheS@}}Q]’ u@é f2nk> 8

Expect ed,

5-50 % B over

W 214 nm product
Further product 20 characterisation wag

[ (Mr2H)/ 21 at 1284. 6,
7 ,.

10 mn where A =
Luna 3 C18 (2) 50 x 4.6 mm
retention tAOTEYOM®/02350mi n) .
gcarried out using nmass

found, at 1284. 9)

H20/ 0.1 % TFA

<212> PRT <Z
<220>

I3> Artiticra

<2exeDI'SU4I D 40 <222> (2).

sequence

30 <220>

<223> Synthetic peptide 35
. (5) <223> Di sul phide bridge between

am no acid residue 2 and 5.

45 <220> <221> TH OCETH
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RSRRS
SO

Molecular Weight = 2569.029
Exact Mass = 2567.253
o] Molecular Formula = C108H186N2603983
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12 mg of disulphide [Cys?®] thioether cyclo[CH,CO-Lys-
Cys-Arg-Gly-Asp-Cys-Phe-Cys] - (PEG)4-NH;, 5.2 mg of c¢Pn216
chelate active ester and 2 UL of N-methylmorpholine was
The mixture was stirred for 7

dissolved in DMF (0.5 mL).

Purification by preparative HPLC

(2)

(Phenomenex Luna 5 U
250 x 21.20 mm column) of the reaction mixture was
carried out using 5-50 % B, where A = Hy0/0.1 % TFA and B =
CH3CN/0.1 % TFA, over 40 min at a flow rate of 10 mL/min.
After lyophilisation 8 mg of pure material was obtained

(Analytical HPLC: Gradient, 5-50 % B over 10 min where A =

H,0/0.1 % TFA and B = Phenomenex

(2)

product retention time,

CH3CN/0.1 % TFA; column,

Luna 3 M C18 50 x 4.6 mm; flow, 2 mL/min; detection, UV

5.17 min). Further product

5
10 hours.
C1l8
15
214 nm;
20

characterisation was carried out using mass spectrometry:

Expected, [(M+2H)/2] at 1284.6, found, at 1284.9).



<222> (1)..(8) 50 <223> Thi oether bridge between am no acid residue 1 and
8. <400> 1 55 Lys Cys Arg Ay Asp Cys Phe Cys 1 5 WO 03/006491

PCT/ NOO2/W028006448 Cl ains 1. A conpound of general fornulPaT(NQO2/0850WL S S
| 1-C (=0 -X1-X2-X3-G D-X4-x5-x6-x7 97(CH2) h (1) 5 or pharmaceutically
acceptabl e salt thereof wherein Grepresents glycine D represents aspartic
acid 10 Rl represents - (CHZ)sQ'Uém:'L d n- C6H4- wherein n represents a
positive integer 1 to 10 h repr%sen?s a positive integer 1 or 2 X1
representsg;@h amin@.ackdkgsidue wherein said amno 15 acid possesses a
functional side-chain such as an acid or amne. X2 and X4 represent

i ndepéndently an am no acid residue capable of form ng a disul phide bond,
X3 represents a&pgtiigienegseld pwstdoyhdr gi ni ne or an arginine 20 mnetic, X5
represents a hydrophobic am no acid or derivatives thereof, and

<130> NO 20014954
10

<150> NO20014954

<151> 2001-10-11
15

<160> 1
20  <170> PatentIn version 3.1

<210> 1
25 <211> 8
<212> PRT

<213> Artificial sequence

30
<220>
<223> Synthetic peptide
35
<220>
<221> DISULFID
40 <222> (2)..(5)
<223> Disulphide bridge between amino acid residue 2 and 5.
45  <220>
<221> THIOETH
<222> (1)..(8)
50
<223> Thioether bridge between amino acid residue 1 and 8.
<400> 1
55

Lys Cys Arg Gly Asp Cys Phe Cys
1 5



X6 represents a thiol-containing amno acid residue, and 25 X7 is absent
or represents a bionodifier noiety WO 03/006491 PCT/ NO02/ 00250 49 Z1

repr esentwoam/oas¥i neopl asti c agent, a chelating agent or PATINEQNDEN NDI ety
and WL is absent or represents a spacepghoiety 5 2. A conpound as cl ai ned
in claiml wherein any of the amno acid residues are independently in the
Dor L conformation. 3. A conpound as clainmed in claim1l wherein R1
represents - ﬁ@l—akﬂﬂ) -. 4. A conpound as clainmed in any of clains 1 to 3

wherein X1 represgdtndsParddedsl doghitani€) acid, 1 ysine, honol ysine or
a diamnoal kylic acid or derivatives thereof. 15 5. A conpound as cl ai ned
in any of the previous clains wherein X2, X4 and X6 independently
represent a cysteine or honécystkine residue. 20 6. A conpound as cl ai med
in any of the previous clains vﬂereén X3 represents an arginine residue.

7. Compound as claimed in any of [the previ ous® claims  wherein X5 represents
a tyrosine, a phenylal anine, a 3-li odo- 25 tyr|osi ne or a naphthyl al ani ne
residue. 8. A conpound a 1_@ (aionedgli_nzamy_@fp_tyqlex}gngyigus clainse wherein X7
is absent or conprises 110 units of "a " nonodi spér$e PEG buil ding bl ock. WO
03/ 006491 PCT/ NO02/ 00250550 9. A conpound as cl ai ggd,).nh any of the

previous clains wherein X7 is absent or conprises 1-40 units of Formula ||
4 HzN-,/~0~~0_' ,~O--\iN)r.-~O || (1)

5 or pharmaceutically acceptable salt thereof

wherein

G represents glycine
D represents aspartic acid

10 R; represents -(CHy)n- ©or - (CH,),—-CgHy- wherein
n represents a positive integer 1 to 10

h represents a positive integer 1 or 2

X, represents an amino acid residue wherein said amino
15 acid possesses a functional side-chain such as an acid or
amine.
X, and X4 represent independently an amino acid residue
capable of forming a disulphide bond,
X3 represents arginine, N-methylarginine or an arginine
20 mimetic,
Xs represents a hydrophobic amino acid or derivatives
thereof, and
X¢ represents a thiol-containing amino acid residue,
and

25 X; 1s absent or represents a biomodifier moiety



n OO(lIl) 5 10. A conpound as clained in any of the previous clains
wherein X7 represent 1- 10 amno acid residues 10 11. A conpound as cl ai ned
i n any ofwohs/opsdervi ous clains wherein X7 represent glyci m€I/NORIONES)
aspartic acid or serine residues, prefgrably glycine. 12. A conpound as
clainmed in any of the previ ous clains 15 where Z1 is a chelating agent of
Formula Il RRz R4 5% R R RR.RHRINRL RLR . RNNRL i
OHOH (111) %EFEIGES SREN R CIRERAG A S &9 Hdepéh FIAF Y RIS up:
each R graup isddepengenddy dhor Cl_10 al kyl, C3_10 alkylaryl, 20 C2_10
al koxyal kyl , C1 10 hydr oxyal kyI Cl_10 al kylamine, C1_10 flI uoroal kyl, or 2
or nore R grodbs 1st Rér O EIFPERSSRtSme WOAGSEOOBASE YPCT/ N002/ 00250 51
to which they are attached forma carbocyclic, heterocyclic, saturated or
unsaturated ring. 13. A compound as clainmed in any of the previous clains
5 whefe 21 is ANdbOmgdMirNH as claimed in claim 1 wherein any of the

amino acid residues are independently in the D or L

conformation.

3. A compound as claimed in claim 1 wherein R; represents -
10 (CH;p) -

4. A compound as claimed in any of claims 1 to 3 wherein X;

represents aspartic acid, glutamic acid, lysine, homolysine or

a diaminoalkylic acid or derivatives thereof.

15
5. A compound as claimed in any of the previous claims
wherein X,;, X; and X¢ independently represent a cysteine or
homocysteine residue.

20 6. A compound as claimed in any of the previous claims

wherein Xs; represents an arginine residue.

7. Compound as claimed in any of the previous claims
wherein Xs represents a tyrosine, a phenylalanine, a 3-iodo-

25 tyrosine or a naphthylalanine residue.

8. A compound as claimed in any of the previous claims
wherein X; is absent or comprises 1-10 units of a

monodisperse PEG building block.



[l 1l HON, OHe 10 14. A conpound as clainmed in any of the previous
clainse wherein Z1 conprises a reporter noiety. 15. A conpound as cl ai ned
in clai mwoosedsei n the reporter noiety conprises netal radginonobisdes,
paramagnetic netal 15 ions, fluorescengynetal ions, heavy netal ions or
cluster ions. 16. A conpound as clained in clainms 14 and 15 wherein the
reporter noiety conprises 90Y, 99nic, 111ln, 47Sc, 67G, 51Cr, 20 177ntBn ,
67Cu , 167Tm, 97Ru , 188Re , 177Lu , 199Au , 203 Pb, 141Ce or 18F F. 17. A
conpound @s cizi duhce!d M8l Whergly dhechd apadd Bsudb Bidnd S 99nilc .
WO 03/ 006491 PCT/ NOO2/ 00250 52 18. A corrpound as clainmed in clains 1-11
wher e 71 whergin ght iseopbasti oragemprisges A-donpodins &F Elocamwee iIF cl ai m 18

where Z1 represent 5 cycl ophospham de, chl oroanbucil, busul phan,
nmet hotrexate, cytar b| ne, fluorouracil, vinblastine, aclitaxel,
doxor ubi ci n, daunor Wzd‘pos?ele,/\dfé‘nbp atin, ansacrine or

docet axel . 10 20. A corrpound as clained in any of the| T evi ous cl ai ns
where WL is glutaric or succinic acid 21. A conpound as claimed in claim1l
defined by the 15 follow ng fornmukasg) Conpound I 20 S /1s~HYfQ-~-N AA O s
HYJQ-' HN JIf YN NH,

5

10. A compound as claimed in any of the previous claims

wherein X; represent 1- 10 amino acid residues

10 11. A compound as claimed in any of the previous claims
wherein X; represent glycine, lysine, aspartic acid or serine

residues, preferably glycine.

12. A compound as claimed in any of the previous claims

15 where 2, is a chelating agent of Formula III

2
R B R4 R2 R2
R2 RZ
R? R2
R HN R’ NH R!
R1 R1
[}
OH OH
(III)

where:

each R', R?, R® and R is independently an R group;

each R group 1s independently H or Ci-i19 alkyl, Ci.ip alkylaryl,
20 C,.10 alkoxyalkyl, Cji-1p0 hydroxyalkyl, Ci-i9 alkylamine, Ci_yg

fluoroalkyl, or 2 or more R groups, together with the atoms



50 HO=ZHHHN=~ ONH2 co HN H i NHO N OH W 03/006491
PCT/ NO02/ 00250 53 Conmpound Il FO9 H HN,N NjH-~ NN E H N~./~0~i 0~~0"~Ny
ONH2 FFRWO MBI OO0 ~ \/) O \J HO/ NH HN HN=< O Nda2/NaD2idbeshi
N~~\~ HN NHO N CH Conpound Il OHjNhIKOL- NS NHN i 1 H 1O Fri
Mol | Fi

to which they are attached form a carbocyclic, heterocyclic,

saturated or unsaturated ring.

13. A compound as claimed in any of the previous claims

5 where 2, is

HN NH

10 14. A compound as claimed in any of the previous claims

wherein Z; comprises a reporter moiety.

15. A compound as claimed in claim 14 wherein the reporter
moiety comprises metal radionuclides, paramagnetic metal
15 ions, fluorescent metal ions, heavy metal ions or cluster

ions.

16. A compound as claimed in claims 14 and 15 wherein the
reporter moiety comprises °°v, *"rc, '1n, *’sc, %'Ga, >!cr,

20 177mSl’l, 67CU., 167Tm, 97RU., 188Re, 177LU., 199Au, 203Pb, 14lce or lBF.

17. A compound as claimed in claims 1-16 wherein the

reporter moiety is *"Tc.



HO

O HH-0 11 H-O-0-O- -O

nl

~ o0 0 {I
NH (\ 101 059 O

'=O H3 HN( 0 ONH2 O O5HHKO NONO HOH2 NOCHS5 Conpound
'V WO 03/006491 PCT/ N0O02/00250 54 5 5 5
b/ O'i 0/ O'WEHQr0dd#91\ (\) HO1 0 01 VO OO HO/ NH\/

0O HN-N IN OH 11 N~HNH
H PCO/NGd2/0030NH S H

18. A compound as claimed in claims 1-11 where Z; is an
antineoplastic agent.
19. A compound as claimed in claim 18 where Z; represent
5 cyclophosphamide, chloroambucil, busulphan,
methotrexate, cytarabine, fluorouracil, vinblastine,
paclitaxel, doxorubicin, daunorubicin, etoposide,
teniposide, cisplatin, amsacrine or docetaxel.
10
20. A compound as claimed in any of the previous claims
where W; is glutaric or succinic acid
21. A compound as claimed in claim 1 defined by the
15 following formulas
Compound I
20




HONO\ O JPH Oy OH-O-0"0'iH)r-OOY NH, O O 22. A pharnmaceuti cal
conposition conprising an effective anount of a conpound of general

Formul a (Wposmoasalt thereof, together with one or norepghavomoesbi cal |y
5 accept abl e adj uvants, exci pi ents or diluents for use in enhancing inage
contrast in in vivo imaging or for treatnent of a disease. 23. Use of a
conpound as cl ai ned |n any one of clains 1 to 10 21 in the preparation of
a cont r astOTRY use in a method of diagnosis involving admnistering
said contrast nedi umto a human or ani mal body and generating an inmage of
at least part of said body. 15 24. A method of generating images of a human
or ani mal ody i nvol ving adm nistering a contrast agent to said body, and
generat i w eas part of said body to which said contrast
agent haS“'dJ)bdl \elh “ed%/rv‘t\hﬂaaf\/%\md'\gt‘)*ntrast agent conprises
a conpound aynmed® it Dan‘y 0 bne of clains 1 to®°21. WD 03/006491

PCT/ NO02/ 00 50 56 25. “‘A nmet h of generating enhanced i mges of a human or
ani mal body rew=0us| y adm nistered with a contrast agent conposition
conpri sing corrpound as claimed in claim1, which nethod conprises
generating an imge of at |east part 5 of sai d body. 26. A nethod of

noni toring, ttte effect of treatnent of a
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human or animal body with a drug to conbat a condition associated with
cancer, said nethod involving adm nistering 10 to said body a conpound or
conposi tiwo @dsoebai ned in any one of clains 1 to 22 and derawmazngsvhe
upt ake of said conpound or conpositioggby cell receptors, said

adm nistration and detection optionally but preferably being effected
repeat edl vy, ring and after treatnment with said 15 conpound
or conposithk @ﬂ%——A—ﬂE —Ampt hod of treatjng cancer or a related disease in a
human or ani“%k&bﬁd}r"ﬁhlég‘g ”Tftff\i”s’é*s\'”tgrh@g dm nistration of an effective
anount of a rrpo?;;nd Of cghposition as clained in 20 any one of clainms 1
to 22. 28. e of.a compound as cl ai ned i§ any one of clainmns 1 to 12 for
t he manuf ac'\t‘?re of a nmedi canment for the therapeutic or prophylactic
treat ment of~cancer or a related disease }n a 25 human or animal.

’\rz—ﬁ\

0

.z,

::\n/\o

[+] o] ]
>S“i JKIO\)LNNO\/\ONO\/\NJ\/O\)LN/\/O\/\O/\,O\/\N
H H H
U

z

HO=-N

[

J\,o\)Liz\,o\/\D/\,o\/\

o

u\/\oz\,o\/\o/\,nrof\n,nn,
o o

-

22. A pharmaceutical composition comprising an effective
amount of a compound of general Formula (I) or a salt
thereof, together with one or more pharmaceutically

5 acceptable adjuvants, excipients or diluents for use in
enhancing image contrast in in vivo imaging or for treatment

of a disease.

23. Use of a compound as claimed in any one of claims 1 to
10 21 in the preparation of a contrast medium for use in a

method of diagnosis involving administering said contrast

medium to a human or animal body and generating an image of

at least part of said body.

15 24. A method of generating images of a human or animal body
involving administering a contrast agent to said body, and
generating an image of at least a part of said body to which
salid contrast agent has distributed, characterised in that
said contrast agent comprises a compound as claimed in any

20 one of claims 1 to 21.
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25. A method of generating enhanced images of a human or
animal body previously administered with a contrast agent
composition comprising a compound as claimed in claim 1,
which method comprises generating an image of at least part

of said body.

26. A method of monitoring the effect of treatment of a
human or animal body with a drug to combat a condition
associated with cancer, said method involving administering
to said body a compound or composition as claimed in any one
of claims 1 to 22 and detecting the uptake of said compound
or composition by cell receptors, said administration and
detection optionally but preferably being effected
repeatedly, e.g. before, during and after treatment with said

compound or composition.

27. A method of treating cancer or a related disease in a
human or animal body which comprises the administration of an
effective amount of a compound or composition as claimed in

any one of claims 1 to 22.

28. Use of a compound as claimed in any one of claims 1 to
12 for the manufacture of a medicament for the therapeutic or
prophylactic treatment of cancer or a related disease in a

human or animal.



