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Title: PEPTI DE- BASED COVPOUNDS FOR TARGETI NG | NTERG N RECEPTOHEY 208t r act :
The invention relates to new pepti de-based conpounds for use as diagnostic
i magi ng agents or as therapeutic agents wherein the agents conprise
targeting vectors which bind to integrin receptors. 10 February 2006 WO
03/.006491 1 PC | NCO2/ 00250 Peptide-based conpounds Field of invention The
present i nwansieasaor el ates to new pepti de- based conpounﬁspm@mﬁmﬁbeir'usg in
therapeutically effective treatnents gs well 5 as for diagnostic inaging
techni ques. More specifically the invention relates to the use of such

peptide-bagg&%&gﬂgggggaxmiiuhgggeting vectors that bind to receptors
associ at ed_w angi ogenesi s, in particular integrin receptors, e.g. the
avP3 i nt efrsdE PEcdRYRHEIB ch contrast agents may thus be used for 10

di agnosi s ohe ffesexamhventBbhgheiticdi $6a885 pdRaAlL - B SRASBHpounds
endonetri osi s, inflannati%%érelatedﬁgiseases,,rheunat0|d arthritis and

Kaposi | s s3FCIMELTMT R oVe P REERRCUGERL &Y Nl S5 1 VEsEReR et r apaiflitc
treat et af fdredeaghsadzeimadmBaekynoungs ofvoirBvepd i cNew biteod vessel s

Can, oo oMbt L h e S, Yaseuloaense L, o, opol ogenesi s
exi sting vesdelrgetTie yecitwasytistt Mihdstd ofedebisrpraoerd anay Wigh?0
| nadeduat €, SHRRLYOe M bR R AT QXVIRN RO T 2 SO L upa
integfin receptor. Such contrast agents may thus be used for
10 diagnosis of for example malignant diseases, heart diseases,
endometriosis, inflammation-related diseases, rheumatoid

arthritis and Kaposi's sarcoma. Moreover such agents may be

used in therapeutic treatment of these diseases.

13 Background of invention

New blood vessels can be formed by two different mechanisms:
vasculogenesis or angiogenesis. Anglogenesis is the
formation of new blood vessels by branching from“existing
vessels. The primary stimulus for this process may be
20 inadequate_supply of nutrients and oxygen (hypoxia) to cells
in a tissue. The cells may respond by secreting anéiogenic
- factors, of which there are many; one example, which is
frequently réferred to, is wascular endothelial growth factor
(VEGF)} . These factors initiate the secretion of proteolytic
25 enzymes that break down the proteins of the basement
Mmembrane, as well as inhibitors that limit the action of
these potentially harmful enzymes. The other prominent
effect of angiogenic factors is td cause endothelial cells to
‘migrate and divi&e. Endothelial cells-that'are attached to
30 the basement membrane, which forms a coﬁtinuous 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




%' in a tissue. The cells may respond by secreting angiogenﬂgFeP%@ o%gﬁ of

whi ch there are many; one exanple, which is frequently referred to, is
vascul ar -endot helial growth factor (VEGF). These factors initiate the
secretion of proteolytic 25 enzynmes that break down the proteins of the
“basenent .nenbrane, as well as inhibitors that limt the action of these
potenti al lywolasdswl enzymes. The other prom nent eff agineby@egi ogeni c
factors is to cause endothelial cells,to mgrate and divide. Endotheli al
cells that are attached to 30 the basénent nenbrane, which forns a

- continuous_,shee I Qun bl pod vessel s .the contralunenal side, do not
undergo mitosPee O%lago iigseﬂ:oef“fjg%t %Lfcmﬂlgég’ o?néatrteggggrr%%t and signals
fromthe rdecepedvssf gmdangnalenito bactlors siesatloavangse rddEespeuary 2006 WO
0310064914@%%&@0 100250 _2.{he endothelial cells to nove, nultiply, and
rearrange thenselves, and ?lﬁally to synthesise a basenent nenbrane
around the new vessels. 5 Angiogenesis is promnent in the growth and
renmodels i %#Bgeﬁéé%% ok 861 Aicngn N d, ead | gk audohafi ggmgkory
processes. “Tuhobrs nust Initiate angiogenesis when they reach. mllinetre

~ size in ordéesues, keepudpng heryndr heel H19 GRewWE Rl LGt 5E RIS SSPS- acconpani ed
by charactgiiosti fusthandesatd LRdeLbeldal wagh! S 2Ant MEIEmeBYE ronnent .
The surface of these cells is renodelled in preparation for mgration, and
cryptic StEgciBredes ockpre® Thete FHE BASEIRNY - nBRBIUTESFES  degr aded,

in additigR hecbheaiaa 8l Ycifrapeoeteénic WMAkEHefli® endothelial cells

10 and their enviromment. The surface of these cells is

remodelled in preparation for migration, and cryptic
structures are exposed where the basement membrane is
degraded, 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 blcocod vessels is
" usually disorganised, with the.formation of sharp kinks and
alsoc arteriovencus 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 malignént
.disease, but the concept also.shpws great promise in
"inflammation and a variety of inflammation-related diseases,
e including atherosclerosis, the macrophages of early
étherosclerotic lesions being potential sources of angiogenic
25 factors. These factors are alsc involved in re-
' vascularisation of infarcted parts of the myocardium, which

aoccurs if 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.




involved in effecting and controlling proteolysis. In thAOngnﬁﬁé%PQ%
tunours, the resulting network of blood vessels is usually disorganised,
"with the formation of sharp kinks and also arteriovenous shunts.

I nhi bition of angi ogenesis is also considered to be a prom sing strategy
for. antitunour therapy. The transformations acconpanyi ng angi ogenesis are

al so very 2 @hessi ng for diagnosis, an obvi ous exanpbgrReiesyal i gnant
di sease, but the concept also shows great promise in inflamation and a
variety of inflammtion-rel ated di seaSes, including atherosclerosis, the
macr'ophageg. of earlxd ather sclerotic.lesions_ bei n? otential sources of

angi ogeni c” 95 56t 8FS. IOHESE* PRT (T AP ESAI ST RUY SRS rate
vascul ari satd orlidfetraiarctred pardsicef. atdenensecasils ura.g. Wwhkedsc,occurs if a

stenosis ig . rele it-hin_a shart tipe. Further exanples of undesired
condi ti ons thdt cgiggggﬁsﬁfi Eﬁfé‘are%dcm Pﬁosnte%tveas?ﬁ?%r?rzg’?’%ﬁa%r angi ogenesi s
the devel opmem®tr.or proliferation of new bl ood vessels are shown bel ow.
Referengce is-also made in this regard to WD 98/47541. 10 February 2006 WO
03/ 006491 PCT/ NO02100250 3 Di seases and indications associated with

angi ogenes?tear diseagps ginflf endinationgsard ioddemratinh metastasis, e.g.

Dreast, . Sini0) 4ORLAc BANNILALhGundN O3 Lenr| D04 Ovarian  cancer.

Ot her diseases and indications are I nflammation .g. chronic),
at her oscl 98 t+heumatoid arthritis and :

‘10 Further diseases and indications associated with angiogenesis
are arteriovenous alformations, astrocyvtomas,
choriocarcinomas, glioblastomas, gliocmas, hemangiomas
{childhood, capillary)., hepatomas, hyperplastic endometrium,
ischemic myocardium, endometriosis, Kaposi sarcoma, macular

15 degeneration, melanoma, neuroblastomas, occluding peripheral
artery disease, ostecarthritis, psoriasis, retinopathy
{diabetic, proliferative), scleroderma, seminomas and

ulcerative colitis.

20 Angiogenesis involves receptors that are unicque to
endothelial cells and surrounding tissues. These mafkers
" include growth factor receptors such as VEGF and the Integrin
family of receptors. Immunohigtochemical studies have

_ demonstrated that a variety of integrins perhaps most

25 importantly the a, class are expressed on the apical surface
of blood wvessels [Conforti, G., et al. (1992) Bloed 80: 37-
446} and are available for targeting by circulating ligands
[Pasgqualini, R., et al. (1997) Nature Biotechnology 15: 542-
'546]. The «5B1 ié also an important inﬁegrin 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. §., (1992) J. Cell Biol. 116: 477-487]

5




gingivitis. 10 Further diseases and indications associatggFﬁP?ﬁnlzxw
angi ogenesis are arteriovenous al formations, astrocytonas,
choriocarci nomas, glioblastomas, glioms, hemangi omas (chil dhood,
capillary), hepatomas, hyperplastic endonetrium ischem c nmyocardi um
endonetri osi's, Kaposi-sarcoma, macul ar 15 degeneration, nelanong,

neur obl ast gAswes@sCl udi ng peripheral artery disease, gsteaahiLyitis,
psoriasis, retinopathy (diabetic, proliferative), sclerodernma, sen nomas

and ulcerative colitis. 20 Angi ogenesSis involves receptors that are unique
to endotheliaklcellg and surraundi ng tissues, TCe & mar kers include

growt h factorsré&cept oFs "Suthv s etk it °hEst it Cg% f0f & 1IN 7of recept ors.
| mmunohi st 0cisér Cal Cestludiies. hase odendiEit.rated that a variety of integrins
perhaps nost 25. inportantly the a" class are expressed on the apical
surface of blood vessels (Conforti, G, et al. (1992) Bl ood .80: 37-

4463. and dihe avaedabl evBaris amgebiEnghdyrecieptot attirg s gamder tpPasqual i ni
R, et sal. ke Bi oOQV-:15: - T 1is also an
inportgntEF%%ES%%%&ﬁﬁ%%rgn%g%%%ggﬁg'%%négéggéﬁjﬂgéﬁ%?%%%ﬁé%%#% matri x and

i ni tiatinGRPERF B tzegWenRt thitso refpppredornsuryivglsdupimy st a crucial role in

cel | = m gratiir@Ral bd df the abdd9fdnetc GBLLed Ohs Ad8iqch4Lr4844 1 0
February 2006 WD 03/ 006491 PCTI 00250 4 as well as tunour I nvasion and

net ast asi STERHKPSMterriR recepigps)igrndodptepiaiion bedugps- 930] .
apoptosis and inhibit blood vessel growth.
10
Integrins are heterodimeric molecules in which the a— and B-
subunits penetrate the cell-membrane lipid bilayer. The a-
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) involwved in cell édhesion
contain the tripeptide sequence arginine-glycine-aspartic
acid (RGD). The RGD sequence appears to act as a primary

20 recogunition site between the ligands presenting this sequence
and receptors on the surface of cells. It is generaliy
‘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

seguence.

RGD peptides are-known to bind to a ranQe of integrin

30 receptors and have the potential to reguiate 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




The integrin av33 is one of the receptors that is known t18 Fggruag%%ogoci ated-

- wth angiogenesis. Stinulated endothelial cells appear to rely on this
receptor for survival during a critical period of the angi ogeneic process, .
as-antagoni sts of the avP3 integrin receptor/ligand interaction induce
apoptosis and inhibit bl ood vessel growh. 10 Integrins are heterodineric
nol ecul es woasd@e t he a- and J3- subunits penetrate thersedlersenbr ane

lipid bilayer. The a-- subunit has four Cat binding domains on its

extracel lular chain, and the 3--subunit has a nunmber of extracellular 15

cyst ei ne-r h¢he QIR ASredNY-hbANAS RYr didrangatiDYnddpelyed in cell
adhesion contain the tripeptide sequence arginine-glycine-aspartic acid
(RGD). The?f&Rrs¥fEERCE A Hearet taetabrl el prtRarin 2pEe&dEnition site
bet ween the |igands presenting this sequence and receptors on the surface

of cells. 1t |s enerél,l y ., believed that secondary. interactions between the
| i gand andIanJe?é‘gf”é’)ro IR CERFR S g8 FF F IRy P¥f @R isiEerae® itn. These

secondasy éntrsraahi @3 Brgbips skt aRloacer hefsvpean i Aldigedoin 28t he | gand
That ar o dPETEIE 1 oi ATREERET dlSBAEes L RepEpt] e APE RADIAF Lo bind to.
~a range ofor agrbmtBthinecepboidesandrhsmen sshaepotfidd al skpidLysl ate a
cetting. (gsraREe WY EPrheiPiier EAE SRR RAANOY ¢t he most
wi del y st uRiHedneibetiesof HRE@Mgeptti dés andhe J. Nucl. Med. (1999);
10  40: 1061-1071 describe a new class of tracers for tumour

targeting based on monocyclic RGD containing peptides.

Biodistribution studies using whole-body autoradiographic

imaging revealed however that the ?%I-labelled peptides had

very fast blood clearance rates and predominantly

15 hepatobiliary excretion routes resulting in high background.

Cyclic RGD peptides containing multiple bfidges 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 ¢
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.




10 February 2006 WO 03/ 006491 PCT/ NCD2/00250 5 minetics tHEPRYAY % ie to
~their use as anti-thronbotic agents where they target the platelet
integrin Gollbllla. Inhibition of angi ogenesis in tissues by adm nistration
of 5 either an av(33 or av(3.5 antagoni st has been described in for

exanpl e - WO 97/ 06791 and WO 95/ 25543 using either antibodies or RGD

cont ai ni Qg RRRL4des. EP 578083 describes a series ofrcimowaemyc! i c RGD
contai ning peptides and WO 90/ 14103.cl ai n8 RGD-anti bodi es. Haubner et al.
inthe J. Nucl. Med. (1999); 10 40: 1061-1071 describe a new cl ass of
tracers for .tumur ar get | , 6.0l ReUeL L B RomeitiRisNi Ng pepti des.

- Bi odi st r I BUTTSN <58 |eess%§s%{%g év)ﬁ%%?g?%g%ﬁut or adi ogr th. c ismagi ng reveal ed
however éhatfduné 1@5CH/NOELY @46 prf RETARYL/ G830 .f 88 VS| ear ance
rates an ‘ Lpand S-henatabilh any Reeretdéon routes resulting in high
backgr ou%fdwhggrlhgé&ﬁépf%es cont ai rﬁlng mul tiple bridges have also been
described in WD 98/54347 and WD 95/14714. Peptides derived fromin vivo

bi opagini pg. (MP; 27410507, hans heeinssat 2¢ fateqriakiéptats targeting

‘appl iajgat'lﬁgens._ 'Jl“'he se ue)ﬁ:{g@ %DCRGDCFC RGD4é:]|)1 h%% bg%en used to target

- drugs suetsasdatgdxyitihiephogenssas/ 1@7@%50, dgmerds FRSEPERTSAd adenovi ruses to
celI's (sggdM0;99/ 4024 ar W DY/ F8H3MasdDRBLEA3MAL WO cBBlicaddg, US
5846782) . Peptides containing nultiple cysteine 25 j du however

suf-f er T??Pﬂstthégﬁi%%nt-ﬁ‘g’é'g}wremﬁqﬁ éf’&gﬁi%{lleﬁcﬁ?ggio%sgr%e%g can occur. A
peptide #iddrtdnt £l Gﬁeﬁ&‘c‘éstigﬁmﬁdmiagaﬂg%ﬁrﬁ:@ hasoxdee possibility of

10 reduce problems with béckground; These stringent conditions

are met by the bicyclic structures described in the present

invention.

Deséription of the invention

Viewed from one embodiment, the invention can provide new peptide-

based compounds of Formula I as defined in the claims. These

compounds have affinity for integrifi réceptors, e.g} affinity

for the integrin ov@3.

The compounds of Formula I can comprise at least two bridges,
wherein one bridge forms a disulphide bond and the sedqnd
bridge cpmpriées a thioether (sulphide)‘bond‘gnd wherein -the
bridges fold the peptide moiety into a ‘nested’

éonfiguration.

The compounds disclosed thus have a maximum of one disulphide bridge
per molecule moiety. Compounds disclosed are surprisingly stable in
vivo and under the conditions employed during labeling, e.g. during

labeling with technetium.

These new compounds may be used in therapeutically gffectivg

Creatments as well as for imaging purposes.



for mng 3 different disul phide folded fornms. The i sorrers19\nFFPruﬁQ' 2eoo\f/;ar yi ng

affinity for the integrity receptor as the RGD 30 pharnacophore is forced
‘into 3 different conformations. 10 February 2006 WD 03/ 006491

PCTI N0O02100250 -6 Further exanples of RGD conprising peptide-rbased :
conpounds are found in PCT/NOO /00146 and PCT/ NOOI / 00390, the content of
‘whi ch Arférihegrpor afethehereiantbinveef nepesvidthen ebfpoingnds t ar geti ng and

i magi ngerRbai Hoegkian (feceptors associ ated with angi ogenesisin vivo demands
~therefare a selective, high affinity RG based vector that is chemcally

- robust and stable. Furth more, the route-of excretion is an inportant
factor when designing i madi ngtagents in order to 10 reduce probl ems with
background.' These stringent COlSd'I—H—eﬁ-SS are met by the bicyclic structures
described in the present invgntijon. r| pt| on of the invention Viewed
new pepti de-- based

from one enbodi nent, th venty o

conpounds of For nul a# %(hg)e??nk & Ct? a‘msx’ These conpounds have
affinity for integringlLeceptors,, g,g aff| nd hfor the integrin avP3. The
conpounds .of Fornul a ? can conprise at least t bri dges, .wherein one

bridge fornms a disul phide bond and(i)he second bridge conpri.ses a thioether
(sul phi de) bond and wherein-the bridges fold the peptide-noiety into a
"nested' configuration. -25 ' ' '

5 or pharmaceuticallf acceptable salt thereof

wherein

G represents glycine
D represents aspartic acid
10 - R; represents - (CHa)a- or - {CH:),-C¢Hs- 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
15 amino acid possesses a functional side-chain such as an
~ acid or amine.
X, and X, represent independently an amino acid
. residue capable of forﬁing a disulphide bond,
| X, represents arginine, N-methylarginine or an
20 arginine mimetic, '
| Xs represents a hydrophobic amino acid or derivatives
~ thereof, and |
X¢ represents a thiol-containing amino acid residue,
and -
- 25 X, is absent or représents a biomodifier moiety
Z; represents an antineoplastic agent, a chelatlng

agent or a reporter moiety and

W is abse:_nt or represents a spacer moiety




The conpounds di scl osed thus have a maxi num of one di sul BﬂiFBBrUBW%Oé)g per
nol ecul e noi ety. Conpounds di sclosed are surprisingly stable in vivo and
under the conditions enployed during l|abeling, e.g. during labeling with -
“technetium These new conpounds nay be used iii therapeutically effective
treatnents as well as for imaging. purposes. 10 February 2006 7 A first
. aspect of WO Ms#sdsent i nvention provides a conpound diCr/Nngeri@esl formula (1)
Z*- W. S-S 1 p ~~-(C(=0)-X3-X2-X2-G-D X4-X5-16-X7 S (CH2)I, (1) or
pharmaceutical ly acceptable salt th aeof wherein G represents glycine D
represents asvpartlc acidto- Rl represents --(CHZ)"- or - (CH2)"-C6H4- -
wherei n "1 FEpPEREES I F o7 HPrYRAS Af eREFMUI2 t16- 10 " h represents a positive
integer 1 or 2 X3. represents an am no acid residue wherein said 15 am no
"aci d possesses a functional side-chain such as an acid or am ne. X2.and X4
represent i ndependently an amno acid
Z,7 W
§——38

iti'—c (=0} -X;~X,~X3-G-D-X,~X; -11(6‘1‘7

- 8- ' - (CHy)
(I}

5 .or physioiogiéally acceptable salts thereof
can be defined wherein

G represents glycine, aizd
10 o D represents aspartlc acid, and
| R1 represents —(CHz)n— or —(CHz}n-Cqu-, preferably R1
represents -(CHz)-, and .
n represax}ts a positive int;eger between 1 and 10, and
. h represents a positive integer 1 or 2, and
5 | _
' Xz represents an amino acid residue wherein said amino
“acid possesses a functional side-chain such as an acid or
amine preferentia.lly ‘aspartic or glutamic acid, lysine,

‘Homolysine,diaminocalcylic acid or diaminopropionic acid,

X2 and Xy represent indepen&entl'y an amino acid residue
‘capable of forming a disulphide bond, preferably a cysteine

or a homocysteine residue, and

- 25 N X3 represents arginine, N—methylarglnlne or an arg:l.nlne

mlmeta.c, preferably an- arg:.m.ne, and -




Oresidue capable of fornin g a disul phide. bond, X3 reprd@ERPYARAHORi ne,
N-net hyl argi nine or an arginine mnetic, As represents a hydrophobic am no
acid or derivatives thereof, and X6 represents a thiol-containing am no
acid residue, and .XT is absent or represents a bionodifier noiety i Z1
represents an antineopl astic agent, a chelating agent or a reporter noiety
and WL i s ghsaibesQr represents a spacer noiety 10 Febrp@fNordeiG WO
031006491 PCTI NO0O2/ 00250 7a The new pepti de-based conmpounds of Fornula I:
zl- W S-SC (=0 -X1-X2 -X3-GDX4-X5 6-XT S, (CH2)1li (1) .or

physi ol ogi cal 'y acceptable salts thereof can be defined wherein G
represents glycine,.and 10 D represents aspartic acid, and Rl represents -
(CH2)- or -- (CGH2¥epreBEHlds,a pnefrerhbbic Rinino acid or derivatives

thereof, preferably a tyrosine, a phenylalanine, a 3-iodo-
tyrosine or a haphthylalanine residue, and more preferably a

5 phenylalanine or a 3-iocdo-tyrosine residue, and

Xg represents a thiol—containing aminoe acid residue,
preferably a cysteine or a homocysteine residue, and
10 X7 is absent or represents a homogeneous bhiomodifier
- 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 bhlood 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, 17-amino-5-oxo-6-aza-—

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

—*£EQN\,f\o/\\20\,f\0/N\/E\W/\Q/Nm%hl
O

0

{IT)

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

C-terminal unit is an amide moiety.



_ F 200 '
represents -- (CH2) -, and n represents a positive int ege(r} et ween and

10, ahd h represents a positive integer | or 2, and 15 X1 represents an
am no aci-d residue wherein said am no acid possesses a functional

si de-chain such as an acid or amne preferentially aspartic or glutamc
acid, lysine, honolysine, diamnoalcylic acid or diam nopropionic acid,
- X2 and X4woephRegnt i ndependently an am no acid resi dpepneapakd e of
form ng .a disul phide bond, preferably a cysteine or a honocysteine
resi due, and 25 X3 represents argi ni ne, N-nethylarginine or an arginine
m nmetic, prefe gini ne nd. 10 Eebr.uar 6 03/ 006491
PCT1N002/ 002505@ %/< repr esenﬁegresﬁg%ﬁ Oph%%l %ga%lnegc?’ac%(\g ogf derivatives
thereof, wefferabtickly Pegivae, frapnplgénwmcaﬁmﬂéoraSm:t@de atid osine or a
napht hyI al ; £1P aptne or a

3-i o0do- tyr%{sﬁ %g %es(? hﬁgg %Irép%)ggs%l?gﬂaé t <Plh(?'ilcq))r(fthg:tn‘?fng am no acid
resi due, Hreépably a cysteine or a honocystei ne residue, and 10 X7 is
absent or represents a honbgeneous bionodifier noiety preferably based on
a monodi sperse PEG bui | ding bl ock conpri si ng 1 to 10 units of said

bui | di ng bl ock, sai 1-bﬂ4 di f. eroh fanctj op of nodi fying the
phar macoki netics and"bl OB%D?:‘Peja\r/an?:je’\kroat e$ off tfie gdhind 15 agents. In
addition X7 may also represent 1 to 10 amino®acid ©

| (I1)
5

Z, ig an antineoplastic agent, a chelating agent or a
reporter moiety that can be represented by a chelating agent

10 of Formula ITI

2
R 5 R4 R2 R2
R2 R
R2? T R2
R HN R NH Rt
Rl ijl
R N N=—— Ri
N i
OH CH
{IZI)

15  where:
‘each B!, R?, R® and R’ is independently an R group;
each R group is independently H or Cj-10 alkyl, Cs.19 alkylaryl,
Co-10 alkdxya.lkyl. C1-10 hydroxvalkyl, (_‘:1_10 alkylamine, Ci-1g

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




residues preferably glycine, lysine, aspartic acid or sef REPrUpry 2906
preferred enbodinent of this invention X7 represents a bionodifier unit
conpri sed of polymerisation of the nonodisperse PEGIike structure,

17-am no- 5- oxo-6-aza 20 3,9, 12, 15-tetraoxahept adecanoic acid of Formula II,
H HZN-~O-~0O~/ ~O-~N 25 wherein n equals an integer from1l. to 10 and where
the Cter it is an am de m)l ety. 1 0 February 3/ 006491
PCT/ NOO2/ ‘322:86 lgp\/\l is absent or Eresents a spacer ﬁ&g{]%ﬂd i's
preferentially derived fromglutaric gnd/ or succinic acid and/ or a

pol yet hyl enegl'ycol based unit and/or a unit_of Fornula II

Hz~ ~~47~GO1BRERE OFBBY PES ot SftrRe bt FRr Byt ica Eﬁ‘é?ré’tcﬁ’ﬁbl‘égent or a

reporter mpicat¥cédalr capabe-depr ggﬁlt ed by a chelating agent 10 of Fornul a
Il RR2 R3 TTRiR L Rl 15 where

or can represent a chelatlng agent given by formulas a, b, ¢

and d.
. _.CH, o
g Hy———
OYCHJ (u\OH
! HN, O
Y :
a I
’ HN NH
Q 9]
| i
N
R o Mo
’ a
b

A preferred example of a chelating agent is represented by

formula e.

HN NH

10




each. R; R2, R3 and R4 is independently an R group; each '&FgPoaER 396 |
| ndependent |y H or -C-10 alkyl, C3-10 al kylaryl, C2-10 al koxyal kyl, C1-10

hydr oxyal kyl , ,() alkylam ne, Cl-lo fluoroalkyl, or 2 or nore R -
groups, . together with the atonms 10 February 2006 MO 03/ 006491 10

PCT/ NO02/:002 0 to which they are attached form a carbocyclic, heterocycllc
sat ur at edgghsdeemsat urated ring, or can represent a chalcanNowesent gi ven by
formulas a, b, ¢ and d CHl 0 YCH @ HON HNX NH Y--rlk NH OH Ha a

HNS Cb d A preferred exanple of a chelating agent is represented by
forHU|a %kwmugates comprising chelating agents of Formula IITI can he
‘radlolabelled to give good radiochemical purity, RCP, at room
temperature, under agueous conditions at near neutral pH. The
risk of opening the disulphide bridges of the peptide
5 component at room temperature is less than at an elevated
- - temberature. A further advantage of radiolabelling the
‘conjugétes-at room temperature is a simplified procedure in a

hogpital pharmacy.

10 The role of the spacer moiety W1 is to distance the ' (z)
relatively bulky chelating agent from the active site of the

‘ peptide component. The spacer moiety Wi is also applicable to

. distancé a bulky antineoplastic agent from the active site of
the peptide.

15 ,

"It is f£ound that the biomodifier, Xj, modifies the
pharmacokinetics and blood clearanée rateé of the compounds.
The_biomodifier effects less uptake of .the compounds in
tissue i.e. muscle, liver etc. thus giving a better

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

advantage of the biomodifiér.

'.Howevér the compounds defined in Formula I may also comprise

- 25 §helating agents, Z1, as defined in Table I.

In some embodiments of the invention, 2; may comprise a reporter
moiety where said reporter moiety comprises a radionuclide. Further

definitions of chelating agents are listed in the following Table I.
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In some enbodi nents of the invention, Z1 may conprise a F%thr)'iugrryzorggl ety

where sai.d reporter noiety conprises a radionuclide. Furt her definitions
of chelating agents are listed in the following Table I. 10 February 2006 .
WO 03/ 006491 12 Table I: PCT/ NO2/ 00250 C ass of StructureDefinitions
-I'igand Ami neoxi nmeY 1-$ can be H, alkyl, Y4\ /Ysaryl or conbinations X
' Xt her eof ve(ﬁog[godm Y6 and Y4 or Y5 contains a Y2 7 Y1 perRboiRsst abl e
functionality OH OHsuch that it can % conjugated to the peptide vector -
e.g. preferably al kyI am ne, al kyl sul phi de al koxy, al kyl carboxyl ate,

P P | A a_ hal Aa~A~ty
ac T

arylan1ne’cfﬁs% ofu'rgﬁfﬂgtufea_”a'u tyt Pefinitions

ligand

MAG3 type v
P = protecting group

(o] ;z—*<; 2 (preferably. benzoyl,
Q§[: :];; acetyl, EOE);

HN o ¥1l, Y2 contains a
P suitable functionality
such that it can be
conjugated to the
peptide wvector;
preferably H (MAG3), or
the side chain of any
amine acid, in either L

or D ﬁorm.

G4 type Y, O Y1, ¥2, ¥3 - contains a
ligands > 2 suitable functionality

8] NH
ﬁ ’ such that it can bhe
-conjugated to the
: NH, HN” Y0 . -
L\ _ peptide vector;
COH preferably H, or the
zide chain of any amino

acid, in either L or D

form.




X= N when m=n'= 2 10 February 2006 WO 03/ 006491 13 PCTI MOBPEESEE ass of
StructureDefinitions |igand MAG3 typeYl O P = protecting group X4 O NHI
Yx(preferably. benzoyl, acetyl, EOE); S HNOYl, Y2 contains a P

- coHsui tabl e functionality such that it can be conjugated to the peptide
vector; preferably H(MAG3), or the side chain of any amno acid, in either

L or D forgy peyz Ovl, Y2, Y3 - contains a Iigandﬁ?}ﬁjd;guﬁgl e
. 0 69}! . , A
functi onal |'ty9%%\l N s Y3uch that it .can be X-conjugated to the

14
Class of | Structure Definitions
|1 ligand
Tetra- ¥1-Y6 can be H, alkyl,
amine aryl or combinations
ligands ;éygq thereof
YE‘TH{ NH/VE where the Y1-6 groups
[: contain one or more
$H HT functional moieties such
Y Y, that the chelate can be

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

or o—haloacetyl




O peptide vector; Y1 NH2 H'V CO2Hpreferably H, or the si &8 Fgﬁgﬁarriy%(%osany
amno acid, in either L or Dform 10 February 2006 WO 03/ 006491 14

PCTI NOD2/ 00250 Cl ass. of StructureDefinitions Iigand Tetra-Y1l-Y6 can be H
al kyl, am nearyl or conbinations |igandsY3 Y4t hereof Y2--NH NH YSwhere the
Y1-6 groups contain one or nore NH HN functional noieties such 1 i Y1

'Y6t hat t hewshmwbai® can be conjugated to the vector - epguN@ne#er ably

al kyl am ne, al kyl sul phi de, al koxy, al{kyl carboxyl ate,

Class of Structure Definitions
ligand
Cylam Y1-5 can be H,Valkyl,
type | aryl or combinations
ligands ¥, Y2 thereof |
Y
NH N and where Y1-5 groups
[: :] contain one or more
NH HN functional moieties such

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

or c-halocacetyl




aryl am ne, aryl sul phide or a-hal oacetyl 10 February 20089WBP#3N0H0%1 15
PCT/ NO02/ 00250 C ass of StructureDefinitions |igand Cylamyl -5 can be H,

“al kyl, typearyl or conbinations |igandsY~ y2thereof Ya ~ NH Nand where,
Yl -5 groups contain one or nore NH HNfunctional noieties such that the
chel ate can be y yconjugated to the vector a - e.g. preferably al kyl am ne,

al kyl sul p%ﬁgﬂ?g{gkoxy, al kyl carboxyl ate, aryl am ne, %rc,)f}Noﬁﬂdo%i de or

a- hal oacety ebruary 2006 16

Class of Structure Definitions

ligand
Diaminedi ‘ Y1, Y2 - H, alkyl, arvl

phencl
Y
“\/"){2 and where Y1 or Y2

D{KfV\fdf groups contains a

H 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 o-haloacetyl
=, N

m'=n’ = 1 or 2

HYNIC . 0

v V= linker to vector or

BN

vector itself.

Tz
AN/




WD 03/006491 16 PCTI N002/ 00250 Cl ass of Struct ureDefi niti'BFEPTURRLTRPC

D ami nedi Yl, Y2 - H, alkyl, aryl phénol Y1 \and where Yl or Y2 Mjroups
“contains a H HNfunctional noiety such that the chelate can be H HO
conjugated to the vector \ \- e.g. preferably al kyl ani ne, al kyl sul phi de,
al koxy, al kyl carboxyl ate, arylam ne, aryl sul phide or a-hal oacetyl W= C, N
m.=n' = 1WEWOIENNI CO ° W=-linker to vector or 1-5 FAOREEFHr itself.

17
Class of Structui:e I Definitions
ligand
Amide _
thiols Y, /(0 o P = protecting group
(preferably. benzoyl, .
' 0] H OH .
acetyl, EOE); )
Y3 awd Y 1-5 = H, alkyl, aryl;
¥ i I]’ ¥ 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.s groups may contain

| additional functionality
| such that the chelate -
can be conjugated to the
rvect:or - e.d.
alkylamine,
alkylsulphide, alkoxy,
alkyl carboxylate,
arylamine, aryl sulphidev_? , {\)

| or a-haloacetyl.

In some embodiments of the invention of Formula I the Z, moiet_y can
. comprise the binding of a F isotopelqr an isotope of Cu,

incorporation into the agent either as a prosthetic group or by

substitution or addition reactions. The resﬁlting compound may thus

be used in Positron Emission Tomography (PET) Imaging.




N N H 10 February 2006 WD 031006491 17 PCTI N002100250 O A&Eepary 2006
StructureDefinitions |igand Amide thiolsY3 OP = protecting group O :
(preferably. benzoyi. N acetyl, EOE); HOHyz 3 Y4Y.1-5'= H, alkyl, aryl;
YL F Ysor Y3is a 'L or Damno acid side-chain or glycine.and the

carboxyl ate may be used for conjugation to the vector via an am de bond.
Al ter nat iwebmosdse R1-5 groups may contain additional pewmobimesel ity such

t hat the chel ate' can be conjugatedifo the

In one embodiment of the present invention of formula I Z; may be
represented by an antineoplastic agent. In this embodiment the
compound will target an angiogenic site associated with cancer and

bring the antineoplastic agent to the diseased area.

‘The antineoplastic agent may be represented by _

cyciophosphaﬁ;ide., chloroambucil, busulphan, methotrexate,

cytarabine, fluorouracil, vinblastine, paclitajcel,

doxcrubicin, daunorubicin, e'toposide, 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 _aé a result they
have an increased ix; vivo s‘,t_ability as compéred 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, Co-methyl and amino acid
s_ide—-chain mimetics and unnatural amino acids such as
-naphthylalaﬁine. 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

111ustrated by compounds I IV below:

30




vector - e.g. al kylamne, 'alkylsul phide, al koxy, alkyl égﬁ%ﬁQ§¥%@%Qﬁ

axyl am ne, aryl sulphide.. or cY-haloacetyl. In sone enbodi nents of the
invention of Fornula | the Z1 noiety can conprise the binding of a 18F
i sotope or an isotope of Cu, incorporation into the agent either as a

prosthetic group or by substitution or addition reactions. The resulting
conmpound may dskasser be used in Positron Em ssion TonographyodzBzE) | magi ng.
10 February 2006 WO 03/006491 PCT/ NOOgf 00250 18 In one enbodi ment of the
present invention of formula I Z1 may be represented by an anti neopl astic
agent. In égﬁ Sabedi ment the conpound will target an angiogenic site
associ at ed mnth cancer and bring the antineoplastic agent to the di seased
area. The antlneoplastlc agent may be represented by cycl ophospham de.,

chl or oanmbuci exate, cytarabine, fluorouracil,

vi nbl asti ng a 5 oxor. ulyi ci n, daunorubi ci n, etoposide, teniposide,
ci splatin, {ﬁﬁ; NHbut a w de range of other

antlneoplast c age t I e used. The peptide conponent of the
conjugates d scrlb d her%ln h preferably no free am no- or
carboxy-termni . |s 15 introduces into these conpounds a significant
increase in (resistance agai nst enzymatic degradatlon and as a result they

Compound II

10



have an increased in vivo stability as conpared to many KA&RRYaYZW6
peptides. 2Q As used herein the term amno acid" refers in its broadest
sense to proteogenic L-amno acids, D-am no acids, chemcally nodified
am no acids, N-nethyl, Ca-nethyl and am no acid side-chain mnetics and
unnatural am no acids such as naphthylal anine. Any naturally occurring
am no aci I imetics of such natural occurring amng i are
preferred. gsr’r/e&ég?eferred enbodi ments of the conpound?c{)}?k@g’{r]%iol al are
illustrated by conmpounds |-1V bel ow 280 10 Febr uary 2006 WD 031006491 19
Compound 1- 2 5 Conpound Il HN PCTI NO02100250 10 10 February 2006 WO

03/ 006491 UPEBRP 11 5 N-pH Conmpound 1V

0

o“{}iﬁgg“‘;iu’ﬁgni*alg‘“fi%”""0’\”*/‘0’\’“1/‘0”1"?
f o O $

HN

so
<.

N=QH

¢

. Compound IV
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So 0 PCTI N0O2/ 00250 10 February 2006 VO 031006491 PCT/ NOJ9FEEBEE 2096 |
nost cases, it is preferred that the amno acids in the peptide are all in
the L-form However, in sone enbodi nents of the invention one, two, three
or nore of the amno acids in the peptide are preferably in the D-form
The rnclwﬁr rﬂlsfé of such D--formam no acids can have_a_ si n|f| cant effect
on .the Serum &tabili ty of the conpound. According PG ‘B esent

i nvent i on, any of the amino acid 2tesidues as defined ,in fornula | may
preferably represent ,a naturally occurring amno aci d and i ndependently
in any of MPRLtFRSSS.oft| it diedennet diet Shaeaming lieidenPodhes di scl osed can

be hi gh pabthas tarRe@1Dasthe YRELORS. HOWUELT 11010 Ieﬁ?oc‘hﬁt%m:sh' gh affinity
. R@GD based vector' refers to conpounds that have a Ki of < 10 nM and

pr ef er afity "B SURIAPEIPR Opeofyer | ERERE BENBPRY s 4By PBIRARC3SS| ntegrin and

Where tHe Khe pajtigevase GateFefbped by t&eNPetditn OnThikt ihdigikaown hi gh
af fi gi t)éf [ i ar]:?_f(échl statin. .Met hods for carr-,i out such conpetition
assays Chr 8GRI RABWEIIP ArddsrFan PRNE, 2 ’aﬁ gbec iS50 BRd a

phar macébei saturc Gpbilitypmicenpréciipegndn ef fective anount (e.g. an anount
- effecti enhan i m contrast in VO_ijmgin of a conpound
0 gene?&gf%o 7 iults \% %’reseggl FoYREA By a’?%é’g‘zt %b? LI Sﬁg& nor e

phar macsetideld wsadetiiteblie fachubaaft Bay qicifipirablg’ mpxéebuer& S.
naturally occurring amino acid and independently in any of

10 the D or L conformations. . O

Some of the compounds disclosed can be high affinity RGD based
‘vectors. As used herein the term ‘high affinity RGD based vector’
refers to compounds that have a Ki of < 10 nM and preferably < 5 nM,
in a competitive binding assay for avf3 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.

‘There may also be provided 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 with one or more pharmaceutically acceptable

adjuvants, excipients or diluents.

- A second aspect of the present invention provides a
pharmaceutical composition comprising an effective amount of a
compound of general Formula (I), or salt thereof, together with one
or more pharmaceutically acceptable adjuvants, excipients or

dlluents




A second aspect of the present 'invention provides a phaFREEBW?fYC%ﬂOG
conposition conprising an effective anount of a conpound of general
Formula (1), or salt thereof, together with one or nore pharmaceutically
accept abl e adjuvants, excipients or diluents. 10 February 2006 WO
03/006491 PCT/ N002100250 22 Ot her representative spacer (W) elements can
I ncl ude vad ésweds al -t ype pol ysacchari des, storage-typerNnou®baigacchari des,
pol yami no acids and nethyl and ethyj,esters thereof, and pol ypepti des,

ol'i gosacchari des and ol igonucl eotides, whi.ch may or may not contain enzyne

cl eavage cs}1,5.. TG EAQL! 6L 10 BH 1 G5 o). LB LG Gant rast agents of the

i nvention, nay be any noi ety capal of detection either 10 directly or

i ndi r ect Byrictumali-tyee welyisagaedtides nabeTRFe 5 wB8edure. Preferably the

cont rast-p@ﬂf&ﬁccﬁg@&ééﬁiﬂgﬁmﬁ&wmgranc?rn@_‘&@uedn@r@ch&ml edteas which enit
or may be caused to emt detectahl.e radiation (e.g. by radi oactive decay).
15 For MOwe¥Refi-ng ehechasetiesrs wiq 19°§??%r1§§saaﬂ‘gn zero nuclear spin

i SOt ope. of St cASot U s Ofha cHBhEF iotl mBp\idgcontHipainzgdeel ectron spins and
hence par amagneti ¢ super paramagnetic, ferrinmagnetic or ferromagnetic

pr oper t i 8¥eavage F'r"ljﬁ?' i magi ng the reporter will be a light 20 scatterer
.(e.g. -a coloured or uncol oured partiele), a light absorber or a |ight

e {1 er i pf 00 RSt QIRLIIC.T PG B9 G cohEPRLE Slodtiel! ob 4 detectable
' invention may be any moiety capable of detection either
10 " directly oi indirectly in an in vivo diagnosﬁic imaging
procedure. Preferably‘the contfést agent comprises one
reporter. Preferred are moieties which emit or may be caused

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

15 Foi MR imaging the reporter'will.either be a non zerod
nuclear spin isotope (such as *F) or a mate;iai having
unpaired‘electron gpins and hence péramégnetic, '
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 magnetometfic imaging the
reporter will have detectable magnetic properties; for
electrical impedance imaging the reporter will affect
eiectiical impedance; and for scintigraphy, SPECT, PET, and

25 the like, the reporter will be a radionuclide.

Stated gehgrally, the reporter may be-(l)'a_chelatable metal
ar polyatomié metal-containing ion (i.e. TcO, etc), where .
_ the metal is a high atomic number metél (e.g. atomic number
30 ”gﬁeater than 37), a paramagentic species (e.g. a transition
metal or lanthanide), or a radicactive isotope, (2} a
- covalently bound non-metal species which is an unpaired

electron site (e.g. an oxygen or carbon in a persistant free




el ectrical inpedance inaging the reporter will affect ell@&ePyany 2006

i npedance; and for scintigraphy, SPECT, PET, and 25 the like, the reporter
will be a radionuclide. Stated generally, the reporter nay be (1)'a .
chel at abl e nmetal or polyatomc netal-containing ion (i.e. TcO etc), where
the netal is a high atom c nunber nmetal (e.g. atom c nunber .30 greater

than 37), sgwheangentic species (e.g. a transition nmpkako®lioetsant hani de),

or a radioactive isotope, (2) a covahently bound non-netal species which

is an unpaired electron site (e.g. an oxygen. or carbon in a persistant
free 10 Fepryiary 12006,40 43006485, RETLAIOZLANZS0, 23, Ladlicpl)nc 2 i oh
atom ¢ nunber non-netal’ or a radi ol sotope, ) ‘a polyatom ¢ Tuster or
crystal cofthimnipedyhfghlacdpstenumberyatahssordiagpliayimghcebpeiat i ve

magneti c bghaw . O34 r i ferti mg?qg Is or
ferromagnet i sné)IDlArStO%% ?Blr?glg%lﬁ% r agi g%&%:ﬁndéeas?se%arrp e?lgg}parti cul ar
preferred Fepbr SEPCHRBAFESLEL) sBr £ergésasRpded arnbeerdegartiyel ow. 10

Chel at e ngt aloni@RRILES@ALBuLPT£{Lr ably chosen fromthe group bel ow, 90Y,
99mlc, 1111n, 47Sc, 6/Ga, 51Cr, 177nBn, "'Cu, 167Tm 97Ru, 188Re, 177Lu,

199 Au, 203Pb and 141Ce. The netal ions are desirably chel ated by chel ant

groups on exphle b Nkarcivnl gt Yordrerther raxamkesrafpsuizt phle chel ant
groups are_di S%E’and in US-A-4647447, W89/ 00557, US-A- 5367080, ‘
US- A- 53646 PP IVBEHOHS B3F sttt &5 any chel ating agents present are

.10 Chelated metal reporters are preferably chosen from the
group below: %y, *™pc, Ml'tn, “sc, Ga, Slcr, Y'"™sn, cu,

lE?Tm‘ BTRLI, 188Re, 177]'_111, 199Au’ 203Pb and 141Ce.

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 aguecus 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.



20 within the level of skill in the art. Metals can be i neSFBSPRtEHSi nto a
chel ant noi ety by any one of three general nethods: direct incorporation,
tenpl ate synthesis and/or transnetallation. Direct incorporation is
preferred. 25 Thus it is desirable that the netal ion be easily conpl exed
to the chelating agent, for exanple, by merely exposi ng or mxing an
aqueous soltdsaRRf the chelating agent-containing NooWdf @ netal
“salt in an aqueous sol ution preferabl é having a pH | n t e range of about 4
to about 11. The salt 30 can be- any |t, but preferably the salt is a

- water sol ubrg 'ﬁait of the nmetal such as .a_hal og}en salt, and nore

pref er abl y' SUERSSATHY AFER ST VUSRS "Rdehidt 1§ PHSTEEFFRYe 1™i th t he bi ndi ng
of the metajueoon swidribheachelmat bighagert. a}i@;ﬁzablauarayba&O@ WO 03/ 006491
PCT/ NO0O2/ 00250 r§f4 r-lab'i |_Peluatl n a entt contal al n| i Ng "D is preferrably in
aqueous sof uti Bn B of %é’t ibodt ~5 % an about nore preferably
bet ween pwlmb@uin@ @naboqzrutﬁnlﬁb%@kﬁ&lmtangoeagemedcmmmlbmflﬁgrm)i ety can be

i xed ud tLULT St 808 LoSHON B8 e SALDUBLG, ACERAT e, PhOSPha e

and borate to produce t i nmum T 'Pre salts are
sel ected shprase*—nm Hroduﬂeetﬂfeemtwmm rihe Pmﬂm@&anttflﬁn rdiffigrof t he net al

on 10 the.aliel A1) 19180008 ol 0:The: @) LAVeDALISQLeReg,pr | sotope pairs can

be used for i magi ng and therapy w thout having to change the
r adi ol abelﬁ%@ew%&énéw ot &hel egterl: 1qrrsre<21the14%n€b%t8mglss1a@t75 177LU71;
199AU79; 47SC21; 13153; 67eu29; 13153 and 123253; 188Re75 and

10 The following isotopes or isotope pairs can be used for both
imaging and therapy without having to change the
radiolabeling methodology or chelator: *7'Sca; **lCess; “®"Reqs:

188

177 199 47 131 67 1
Lugr; Augg; SeCa1; Is3; “'Cupe; “>'Isy and *Isy; Ress; and

7
99mTC43; B.:,Ygg and 87Y39,‘ 4 Scy and MSCZH 99Y39 and 123153; 146811152

15 and ®Smg; and 9%y, and MIng.

Preferred non-metal atomic reporters include radiocisotopes

1237, 171 and ®F as well as non zero nuclear spin

such as
atoms such as *F, and heavy atoms such as I.

20
In a further embodiment of this invention, the use of
radioisotopes of iocdine or fluorine is specifically
contemplated. For example, if the peptide or linker is
comprised of substituents that can be chemically substituted

25 by iodine or fluorine in a covalent bond forming reaction,
such as, for example, substituents containing hydroxyphenyl
or'p—nitrobenzoyl functicnality, such substituents can be
labeled by methods well known in the art with a radioisotope
of lodine ox fluofine respectively. Thése species can be

30 wused 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.




99m |, C43; 90Y39 and 87Y39; 47SC21 and 99 ,C 90 123 146 239FeRA8VAP053.
Sn62 15 and 153Sn62; and 90Y39 and 1111n49 Preferred non-netal atomc
reporters include radioi sotopes such as 1232, 1311 and 18F as well as non-
"zero nuclear spin atonms such as 19F1 and heavy atons such as |I. 20 In a
further enbodiment of this invention, the use of radioisotopes of iodine
or fluorivweeimessspecifically contenplated. For exanpleermmobxudoise pepti de or
linker is conprised of substituentgsthat can be chemcally substituted 25
by iodine or fluorine in a coval ent %ond form ng reaction, such as, for
exanpl e, substituents containing hydroxyphenyl or p-nitrobenzoyl
~functionality, such substituents can-be |abeled by nethods well known in
the art & p¥ekerradi oiestigisat of thedineewiion] yeLafes tespPectivel y. These
speci es £adi Penrdfissaddrt bRegapRaull soaRd adi(@9N0S4Ha duTREINERPP! i cations.
Wiile, at the sane tiyme, a netal attached to a chelating agent on the sane

‘pept i de- PFAKET tHBAYG| 4B HB89used in either therapeutic or diagnostic
i'magi ;g applications. 10 February 2006 WO 03/006491 25 PCT/ NOC2100250 A

- preferred enbodi ment of the invention relates to a _radiolabelled agent of
. general TRf fRgeFYic AgenteuPhihe £RYeRtIgRIRY e AT O FERA Sy

to patients for imaging in amounts sufficient to yield the.
dééirgd contrast with the particular imaging téchnique.
Where tﬁe reporter is a metal, generally dosages of from
10 0.001 to 5.0 mmoles of chelated imaging met‘al ion per . O '

kilogram of patient bodyweight are effective to achieve
adequate contrast énhancements. Where thé reporter is a

. radiénuclide, dosages of 0.01 to 100 mCi, preferably 0.1 to
50 mCi will norma'l.ly- be sufficient per 70kg bodyweight.

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

20

The compounds diécldsed mﬁy therefore be
formulated for administration using physiologically . - |
- acceptable .carriers. or excipients in a manner fully within . O
the skill .o:E the art. For example, th_Le‘ compouhds, |
.23 -optionally with the addition of pharmaceutically acceptable
excipients, ‘may be suspended or dissolved in an agqueous
mé_ciium. with the resulting solution or suspe_.nsion then béiqg

. Sterilized.

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

reporter moieites may havé therap'eurtic. efficacy, e.g. by




-5 The di agnostic agents of the invention may be adm ni sté?gabru?ﬂ’?poa?{ii-ents
for imaging in anounts sufficient to yield thé desired contrast with. the:
parti-cul ar i magi ng technique. Were the reporter is a netal, generally
dosages of from 10 0.001 to, 5.0 mmol es of chelated inmagi ng netal ion per

ki.l ogram of "pati ent bodywei ght are effective to achi eve- adequate contrast
enhancenenygosdfb@ie the reporter is a radionuclide, daorampesoede 0.01 to 100
nCi, preferably 0.1 to 50 nCi will nggmally be sufficient per 70kg

bodywei ght. 15 The dosage of the conpounds of the invention for therapeutic '

use will gsi{le& Ct@.etiﬂé‘a:&ﬁ@;%abgat{@lme&e@é ed raBgbnudérigegeneral will be
of the order m1 pnol/kg to 1 mol/kg bodyweight. 20 The conpounds

di scl osedrﬁayr\!ﬁ’erc@f 5?% YREPEr BAL|ERd for - admi ni stration using
-physiql ogical ly acceptable carriers, or excipients in a manner fully

within the skill of the art. For exan&c t he conpounds, 25 optionally
with the Xagief dheorompimsisc ot feamiyp &Ep’f%l“‘@n % REs may be
suspenged tﬁér&béﬁ@cveﬁh;bd%ﬁﬂoﬁauﬁmﬁcaﬂieﬁturand/\nlhhmétleodsesﬁl ting-sol ution

e thor apEHETRRAIGLCCTT RHORALIAPFAS Rt ho S oA LE R LP e e oo el |
- as. det ect ab!&qndbr, b tHeV BruingA goN Ganifhlsbodiprarex ahps ecdrséderedor on the
"EPOTLET 1B St RV NE BEP AR e en€ LSRR on ™ O+ DY

= 10 Further exampies 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:pégés is considered
to be part of the dgscription.of the invention contained in

this application.

A third aspect of the present invention provides a use of a compournd

of formula I for the preparation of a contrast medium,.

‘A fourth aspect of the present invention provides a method of
generating images of a human or animal body previocusly administered
with a contrast agent, said method involving generating an image of
at least a part of said body to which said contrast agent has
distributed, characterised in that said contrast agent comprises a

compound as defined above.

A fifth aspect of the present invention provides a method of
‘generating enhanced images of a human or animal body previocusly

- administered with a contrast agent composition comprising a compound
as defined in the first aspect, which method comprises generating an

image of at least part of said body.



10 February 2006 WO 03/ 006491 26 PCT/ N002100250 - vi rt ue1@feppary 2006
radi ot herapeutic effect of a radionuclide reporter of the vector nviety.
Use of the conpounds of formula | in the manufacture of therapeutic
conposi tions (medi canent) and in nmethods of therapeutic or prophylactic
treatnent, preferably treatnent of c?gger, of the human or ani mal body are
thus considered to represent furthef aspects of the invention. 10 Further
exanpl £5,;qf, the LERQ Lar 5. WU-Eh; Y D&, Usedded { hgen&oBext of the current
application are given on pages 63-66_and 70-86 of W98/ 47541 and the
 di scl oswissTHwdeho pifeds el Fagerendr 81 i hoUPHb LAt BUTAEIEN By r 8f erence. in
their @nilg t€tdtmbat ta bendiet @by sassientédritthatareach sahd ederyawieporter or part
15 t hereof di . f nt. i g i.S:Copnsidered to be part
of the BT B A s ol 1 cat i on. A (i rd
aspect Igffinef bgres Satd iarBed iBHO PG FESChiEs ErH PR o Rhotid of fornul a |
for thespoepdrat tapositianContceastrdredtany, #eildosddiliaspedtn afndt he present
| nvent & pLVIAes &, P00 Rl - 4ANCEALIN e 4d1R0R SeBLadbdiYMAN GO ani mal - body
previ ously adm hristered w a contrast” agent, said nethod involving
gener aeé¢fivgeariyripgendfaftar treaspent pakh s6fd CAMBPPBEEIYT (O RATEHC%ai d cont r ast
agent -has distributed, characterised in that said contrast agent conprises
a conpound as defined above. A fifth. aspect of the present invention
provi des a met hod of

A seventh aspect of the present invention provides a use of a

compound as defined above for the manufacture of a medicament for the

therapeutic or prophylactic treatment of cancer or a related disease

.in a human or animal.

There can also be provided 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 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.




generating enhanced i mages of -a hunman or ani mal body preGPSSQH?WENOG
adni ni'stered with a contrast agent conposition conprising a conmpound as
defined in the first aspect, which method conprises generating an image of -
at |east part of said body. . 1 0 February 2006 26a A sixth aspect of the
pr esent |n ntion provides a method of nonitoring the effect of treatnent
- of a human"®P8H’hal body with a drug to combat a col§ERNOBHIEEsoci at ed
wi th cancer, said body having been $*eviously administered with a conpound
or conp05|t|on as defined above, -said nmethod involving detecting the
upt ake of said conpound or conposition by cell receptors, said

admi ni st reteironcaangl scdpé q&bw&&a%&%&'&‘f Qéﬂer@%@xf)&reﬂﬁﬁcelaehﬁh%ggfcf@m ed q
sal ound or

repeat edl y 8.0 0 durin ter treatnent wt
conposi tion. A §5v%nt {%Odéc]?r O‘fﬁgf EAR TS eAVERY Bncﬁﬁfﬁﬁtdége‘}é} use of a
conmpound ‘%?ﬁpa%‘ftilﬁ%dw%b\ﬁénﬁo? mheoqmn@ﬁf defimegl by foraeli ganeilchf or t he

t her apeutrethod cpmmfayh afdnkeatingaliBALsObrCANGRL 03¢ T& AL 8f disease in a
human or animal. There can al so be provided a et hod of generatlng an i mage

.of a human or aninmal body involving adm nistering a contrast agent to said
body, e.g. into the vascular system and generating an inmage of at l|east a
part of said body to which said contrast agent has distributed using

scintigraﬂnyeIEEHBQQKSREQE gqﬂﬁhg&ies wherein as said contrast agent i's

jused an ‘age .. 1 bruar 2006 MD 031006491 PCTI N002100250
27 There cﬁ‘gﬁm °r1 %?o?ﬁfﬁgg el‘?ﬁéeﬁ’f: e fe PR OE ARMEdd | mages of

10 body w:n.th a drug to combat a condition assoc:l_.ated with
cancer, preferably angiogenesis, e.g. a cytotoxic agent, said
method invelving administering to said body an agent of
formula I and detecting the uptake of said agent by cell
receptors, preferably endothelial cell receptoré. and in

15 par-ticu.lar avf3 receptors, said administration and detection
optionally st preferably being effected repeatedly, e.g.-
before, c‘iuring _and after treatment with said drug.

{ Tﬁe.compounds disclosed can be synthesised - .

20  using ail the .known methods of chemical synthesis but
particularly useful if.s the splid—bhase methpdology 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 chromai}:ography (H_PLC) and characterised by mass spectrometry
and analytic_al HPLC before testing in the in vitro screen.

The present invention will now be further 111ustrated by way

— of the follow:l.ng non-—llm:.tlng examples.




a human or aninmal body previously adnministered with a coﬂPfﬁgwaagﬁWﬁ
conposition conprising a conpound as defined by forrmula I, which nethod
.conprises generating an i mage of at |east part of said body. There may be
provi ded a nmethod of nonitoring the effect of treatnent of a human or
animal 10 body with a drug to conbat a condition associated wth cancer,
pr ef er abl ywanghRggnesis, e.g. a cytotoxic agent, sai d pdfidagsh24envol vi ng
adm nistering to said body an agent formula | and detecting the uptake
of said agent by cell receptors, pre@erably endot helial cell receptors and
~in 15 partlcular avA3 receptors, said adm nistration and detection
optlonallyE 5Feferably being effected repeatedly, e.g. before, during
and after Hxsegfimeht Wi th said drug. The conpounds disclosed can be
syntheS|s-- | ¢ 43 RL synt hesi s but
particul ar A » —o=phase odotogy—of —Merrifield enpl oyi ng
an automtml@QMnrmm@az %:h—GlYAmp@m%Pl&)@ysm@iz 2149 (1964)).
The peptides and peptide chelates may be purified using high performance
| i quid 25 chromat ography (HPLC) and characterised by nass spectronetry and

anal ytical HPLC before testi in vitgro screen. 30 The present
invention wll now be ¢\£%g%é |||u§ d py} way of the follow ng
non-limting .exanpl esi™ bﬁq ~§§%ﬁ 006491 28 PCTI NO02/ 00250

H H
N. N NH J N
NJX Molecular Weight = 1407.754
‘ i ¢ NH, Excict Mass = 1408.562

Malecular Formula » CEBOHI8N1BG1553

1l a) Synthesis of ¢cPn2l6 chelate

10 For detalls of the synthesis of technetium chelate cPn2l16 the
reader is referred to patent filing GB0116815.2

1 b) Synthesis of ¢Pn2lé6-glutaric acid intermediate

15

. HN
/\/ﬁ/\ QH /vi/\ ?H
N N><1¢N Houﬂ ﬁ><r!\[

cPn2l6 (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.




Exanpl es: Exanple 1: Synthesis of disulfide [Cys2-6] thilQeCRaPTY 2008

cycl o[ CH2CO Lys. (cPn216--glutaryl) -Cys2-Arg-Qdy-Asp-Cys6-Phe-Cys ] -NH2 5
H, Mol ecul ar Wi ght =1407. 754 Exact Mass = 1406. 662 Ml ecul ar Fornul a C60t .
"198N18015S3 1 a) Synthesis of cPn2l6 chelate 10 For details of the

synt hesis of technetiumchelate cPn2l6 the reader is referred to patent
filing CBO%LGRA&«a 1 b) Synthesis of cPn2l16-glutaric agignddioesied ate 15
cPn2l G (100 ng, 0.29 mml) was dissolyed in DMF (10 nL) and glutaric
anhydride (33 ng, 0.29 nmol) added by portions wth stirring. The reaction
was stirreg forS 2§hhours el Qo go talfufog):rg corH)I &hee converfsi 80, Qo the desired
product. THe ¢ 0 geod yield. 10
February Zﬂﬁﬁa‘vt\D:O&i}i)MQl PCT/ NCD2100250 29 1 c¢) Synthesis of

tetrafl uor ot hi ophenyl ext er of cPn216- glutaric acid 1) HA'I;U/ NW  2) TFTP

DMF Hh} 1) HATURMM j;
0 Q ou - [;;I:Fo 0 /\M/[:i»\ oH
HOJK/\)L ’\L\N =N DMF E SMH E&N

_5 To e¢Pn2lé-glutaric acid (300 mg, 0.66 mmol) in DMF (2
ml) was added HATU (249 mg, 0.66 mmol) and MMM (132 UL, 1.32
mmol) . The mixture was stirred for 5 minutes then
tetrafluorothiophenol (0.66 mmol, 11% 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.

1l d) Synthesis of C1CH,CO-Lys-Cys (tBu)-Arg-Gly-Asp-Cys (tBu) -

15 2he—Cys—NH§

oy b
H\i \/& H\i ight =
N NH Molacular Weaight = 1118.844
HN\;/&N’LH’N Y N’ﬁrn Y TN Y N ?  Exact Mass = 1117.484
2 H z

o i % @& ;H o Hoo Molecular Formula = C46HTECINTZ01153 g
o 2 .

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 chloroacetic anhydride in DMF for 3¢ min.




"OH N5 To cPn216-glutaric acid (300 ng, 0.66 nmol) in DIRFERUR{30%as
added HATU (249 ng, 0.66 nmmol) and NWM (132 L, 1.32 mol)_ The m xture was
stirred for 5 mnutes then tetrafluorothiophenol (0.66 nmol, 119 ng) was
“added. The solution was stirred for 10 minutes then the reaction m xture
10 was diluted with 20. % acetonitrile/water (8 nlL) and the product

~purified byoRRsddPLC yielding 110 ng of the desired pi@Qgmbodkel | ow ng

freeze-drying. 1 d) Synthesis of ClCH%CO Lys-Cys (tBu) -Arg-dy-Asp-Cys
(tBu) - 15 Phe-Cys-NH2 HS 0 Mol ecul ar "Formul a = C46H76CI N130O11 S3 Hx
Mol ecul ar Wi ght w_11%8. 844 Exact Mass = 11%%.464 The peptide was
synt hesi sed onTBf ABNLEIZRCUUCSHRVPE °F FEBEIUR BhEnEEr ¥t *starting with
Ri nk' Am derAVeEesid gabups 20e:t:eph HBD] [Real ehelSigrdnl waBDEa@mtiedoocaci d
cartridges. The am no_.aci re pre-.actiyated usin T fore coupling.
N term nai” Eﬁ%n‘éorbtr’a&ﬁﬂiggmr‘glfsew%hgér o@geg%ﬂ%}t eaégugﬁﬁréglaw?dgu?!eo%r of
chl or oacettwe amlwyglride in DM for 30 mn. 10 February 2006 WO 03/ 006491
PCT/ 2/ 00250, .30 S| (o] ﬁ[gzv [ 4.1 de-chain
pr ot l_:gt%i ng gr oﬁfp%er( y)%%}e{p]tlg?gfﬁ&?r g?n{ e rgé?%%\eggg%arg%%gl out in TFA
cont ai ni ngATRSy ¢ 5ol HPH2O @3:genands piferfoP ¢2e5 1%) mfiprwhere A =

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

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

214 nm; product retention time, 6.42 min}. Further product

10 characterisation was carried out using mass spectrometry:

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

1 e) Synthesis of thioether cyclo[CH;CO-Lys-Cys(tBu)-Arg-

15 Gly-asp-Cys{tBu)-Phe-Cys]-NH;

o s § '
i H\/E H\j\ Molacular Weight = 1082.383
HN\/?‘N”(W(N\}N’W(" Y N’lj(N N Y Exact Mass = 1081.487
B H B H E H z H
o 0 0 o
: M=o
HO

Malecular Formula = C46H75N1301153

HzNV i
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 soluticn and stirred for 16

20 hours. _

After work-up 217 mg of crude peptide was obtained
{Analytical HPLC: Gradient, 5-50 % B over 10 min where A =
Hy0/0.1 % TFA and B = CH;CN/0.1 % TFA; column, Phenomenex
Luna 3 L C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV

25 214 nm; product retention time, 6.18 min). Further product




two hours. 5 After work-up 295 ng of crude peptide was OB?EFWEBWL)OOS

(Anal ytical HPLC. G adient, 5-50 % B over 10 mn where A = H20/0.1 % TFA
and B = CH3CN'0.1 % TFA; colum, Phenonenex Luna 3 Cl18 (2) 50 x 4.6 nmm
flow, 2 nmL/mn; detection, W 214 nm product retention tine, 6.42 nin).
Further product 10 characterisation was carried out using nass

spect r onet wyiesndsxpect ed, MrH at 1118.5, found, at 1118p@nodtoeks Synt hesi s
of thioether cycl o[ CH2CO Lys- ys(t Eu)xArg- 15 @y-Asp.. _Cys (tBu) -Phe-Cys
] -NH2 ‘H, Ml ecul ar weight ;1082.383 Enact Mass = i 0817467 Mol ecul ar
Formul a = %@@Z@g@mogswgg%ml@a GICHRAg ¥sss spectronctry:
-Cys(tBu)-Arg-d met Bu) - Phe- Cys-NH2 was di ssol ved

wat er / acet®HeEEP eb’l‘f'F"néJLt §ure WasCadttudtéd-tb- pH 8 vvlth ammnl a sol ution
and stirred for 16 20 hours. After work-up 217 ng of crude peptide was

obt ai ned (Anal yt| cal HPLC Gradl ent 5- 560 %B over 10 mn where A =

H20/ 0.1 % ! ot i Lo [CH00 3 p. C18
(2) 505x 4:6- am; .mlrg\Am},’z ;(Q;{_myg Ed@tegggqqmz W 25. 214 nm product retention
time, 6.18 mn). Further product 10 February 2006 WO 03/006491

PCT/ N002100250 31 characterisation was carried out using nass

spectrorret?—Erpem—ed—Mﬂ-(—H& , found, at 1882.6).
\/ﬁ\ /LN/ \j\ N\)L J\‘r \/ﬁ\ Molecular Weight = 988.150

Exact Mass = 967,346
Molecular Formula = G38H57N1301153

H
BN HN

NH,

217 mg of thiocether c¢yclo[CH;CO-Lys-Cys {tBu)-Arg-Gly-
10 Asp-Cys(tBu)-Phe-Cys]~NH; was treated with a solution of
- anisole (500 pL}, DMSO (2 mbL) 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 U
15 €l8 (2) 250 x 50 mm column) of the crude material (202 mg)
wag 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 lyqphilisation 112 mg of pure material was obtained
{Analytical HPLC: Gradient,VS—SO % B over 10 min where A =
20 H,0/0.1 % TFA and B = CH3CN/0.1 % TFA4; column, Phenomenex
. Luna 3 i C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection, UV
214 nm; product retention time, 5.50 min). Further pfoduct
characterisation was carried out using mass spectrometry:

Expected, M+H at 968, found, at 971).
25




1 f) Synthesis of - disul phide [Cys2-6] thioether cycl o[ cHIB5PHEKZ006
_Cys2:- Arg-d y- Asp- Cys6- Phe-Cys] -NH2 H, Ml ecul ar Wei ght = 968. 150 Exact
MASS = 967. 346 Mol ecul ar Fornula = C38H57N 13011 S3 217 ng of thioether
~cycl o[ CH2CO- Lys- Cys(tBu)-Arg-G@ y- 10 Asp-Cys (tBu) -Phe--Cys]--NH2 was
treated with a solution of anisole (500 gL), DVMSO (2 mL) and TFA (100 ni)
for 60 m ngohobds@M Ng Which the TFA was renoved in vagenddgibde peptide
precipitated by the addition of diethyl ether. Purification by preparative

HPLC (Phenonmenex Luna 10 15 C18 (2) 250 x 50 nm colum) of the crude
mat eri al ‘ A —H20/01%TFA

N0+ ; : e : : = T . After
| yophi | i sdtvis¢aPaaP6 g ushr pbtﬁxﬂf@gﬂlmgmétmcxémﬁhytl cal HPLC
Gadient, 5-50 %B over 10 min where A = 20 H20/0.1 % TFA and B = CH3CN 0. 1
% TFA; colum, Phenonmenex Luna 3 CI18 (2) 50 x 4.6 mm flow, 2 nl/mn;

detection, W 214 nm pro 0 mn.). Further product
characterisation was cargijed o trometry: . Expected, MtH
at' 968, found, at 971). Y{Qg b uaryHYQu 3/0Q6491 PCT/ NC02/ 00250
321 g) Synt hesis of disd i @e . Ferycycl’o [ CH2CO
Lys(cPn216-gl utaryl)-Cyst - y- Asp Q/%)éo Phe ] NH2

Molecular Weight = 1407754
O H, Exact Mass = 1406.662
Molecular Formula = C60HSAN1801553

O-=
ek
=T
=22
O

5 9.7 mg of disulphide[Cys®*®] thiocether cyclo{CH,CO-Lys-
Cys-Arg-Gly-Asp-Cys-Phe-Cys]-NH,, 9.1 mg of cPn2lé chelate
active ester and 6 gL of N-methylmorpholine was dissolved in
DMF (0.5 mL). The mixture was stirred for 3 hours.

Purification by preparative HPLC (Pheénomenex Luna 5 [
10 C18 (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 =

CHiCN/OQ.1 % TFA, over 40 min at a flow rate of 10 mL/min.

After lycphilisation 5.7 mg of pure material was obtained
{(Analytical HPLC: Gradient, 0-30 % B over 10 min where & =
15 H0/0.1 % TFA and B = CH3CN/0.1 % TFA; column, Phencmenex
Luna 3 . C18 (2) 50 x 4.6 mm; flow, 2 wml/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 [CHCO-

Lys {cPn2l6-glutaryl) -Cys? -Arg Gly-Asp-Cys®~Phe-Cys] - (PEG) n-NH,

where n= 1.
25



Hz Mol ecul ar Wi ght =1407.754 Exact Mass =1406. 662 Mol eddIFSP 0 AP, =

- C60H9BNL B015S3 5 9.7 ng of disul phide [Cys2-6] thioether cyclo [CH2CC>Lys-
Cys- Arg-d y- Asp- Cys- Phe-Cys]-NH2, 9.1 ng of cPn216 chelate active ester
~and 6 L of N-nethyl norpholine was dissolved in DW (0.5 nL). The m xture
was stirred for 3 hours. Purification by preparative HPLC (Phenonenex Luna
5 10 C18w@pn@sd x 21.20 mm col um) of the reaction memtoneidas carried
out using 0-30 % B, where A = H20/0. 1390 TFA and B CH3CN 0.1 % TFA, over 40
mn at a flowrate of 10 niL/mn. After lyophilisation 5.7 ng of pure

material vas, obaLned;s (AnahYUheal SELG . S gLy, Or 3010 B over 10 min
where A = henonei i ex

Luna 3 ClBetppexahertadsgagpicfaid 2 L/ mi n: detectlon, W 214 nm pr oduct
retention tinme, 7.32 mn). Further product characterisation was carried
out using nmass spectronetry: Expected, MrH at 1407.7, found, at 1407.6).
20 Exanple 2: Synthesis of dlsulphlde [C s2- 6] thloether C cIo [ CH2CO L

s(cPn216- lutar |)-C s2-4&ryg-Qd ° \9\dl§i¢i PEG n-NH2 where n= 1
25 10 February 2006 WO 03 n6£9ﬂ Pcffﬁﬁ 700250 b

5 This building block is coupled to the solid-phase using Fmoc
chemistry. The coupled form of this building block will be

referred to in short as (PEG), where n is a pbsitive integer.

1,11-Diazido-3, 6, 9~-trioxaundecane

10
A solution of dry tetraethylene glycol (19.4 g, $¢.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

étirring 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 aqueous phase wag saturated
with sodium chloride. The phases were separated and the
aqueous phase was extracted with ether (4 x 50 ml). Combined
253 organic phases were washed with brine (2 x 50 ml) and dried
'(MgSO4)- Filtration and concentration gave 22.1 ¢ (91%) of
vellow oil. The product was used in the next step without

further purification.



2 a) Synthesis of 17-(Fnoc-ani no)-5-o0xo0-6-aza-3,9, 12, 15- 10 February 2006
t et raoxahept adecanoic acid 0 0 O 5 This building block is coupled to the
sol i d- phase using Fnoc chem stry. The coupled formof this building block
will be. referred to in short as (PEG, where n is a positive integer.
1, 11-Di azi do- 3, 6, 9-tri oxaundecane 10 A solution of dry tetraethyl ene glycol
(19.4 9, Gyd@fhoswl ) and nethanesul phonyl chloride (2%@ndozé2#%420 nol) in
dry THE (100 m) was kept under argqp and cooled to O Cin an ice/water
bath. To the flask was added a solution of 15 triethylamne (22.6 g, 0.220
- mol) indry THE, (- Q r 45 mn. After 1 hr the cooling bath

was rem)v I’ ((2,55”19)_1-_9 ;Paun%ec R for 4 hrs. Water (60 m ) was added.
To - the niTet areesEigddied, sodicwmuhydraogenedr bosrare 106 gf Jt,dlpH 8) and
sodi um azigde, (34,3 Jo-0- 220 MBklac | 1AL, O et THE WRss:20 Temoved by

distillation and the aqueous sol ution was re 24 h (two | ayers
fornmed). Twératkiamie wasd c@fealinvks edded ¢ 190-uHipnwas added. The aqueous

phase was s #e SQG ymychy grzdes) The, mgs%s Yed gugepaLat ed and
t he agﬁegugbgégs%%\xggmextr@g egbwrth e3t hgg')(4 x 50 () Oo?rbr ned 25

“organi c pRa¥Es dere RastRPTRtEebr TiHe IEACk 10D HNUERIVEF i EdrreRySOL) .

Filtratiokoandagoneent r#4 i 0aMe @RéasksOwkPd Befrarkl bWedkl . The product
was used in the next step without =~ further purification, 10 February 2006

VO 03/ 006&gﬁ}ep@n%21m%(tracted with dichloromethane (3 x

The aqueous phase was cooled in an ice/water bath and pH was
10 adjusted to ca 12 by additicn of KOH. The product was
extracted into dichloromethane {5 x 50 ml). Combined organic
phases were dried (MgSQy). Filtration and evaporation gave
14.0 g {88%) of yvellow o0il. Analysis by MALDI-TOF mass
spectroscopy (matrix: ao-cyano-4-hydroxycinnamic acid) gave a
15 M+H peak at 219 as expected. Further characterisation using
1H‘(500 MHz) and °C (125 MHz) NMR spectroscopy verified the

structure.

17-Azido-5~oxo-6-aza-3,9,12,15-tetraocxaheptadecanoic acid

20 _
To a solution of l1ll-azido-3,6,9-trioxaundecanamine (10.9 g,
50.0 mmol) in dichloromethane {100 ml) was added diglycolic
anhydride (6.38 g, 55.0 mmel). 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 yvield of a

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

structure




34 11-Az ido-3 , 6, 9-trioxaundecananm ne To a nmechani calﬁ Fe{?f”&@?%ot?gl y
stirred suspension of 1,11- diazido-3,6,9-trioxaundecane (20 8 g, 0.085
nmol) in 5% hydrochloric acid (200 m) was added a solution of 5

N tri phenyl phosphine (19.9 g, 0.073 nol) in ether (150 ml) over 3 hrs at

roomtenperature. The reaction mxture was stirred for additional 24 hrs.
The phaseswoasmosgrpar at ed and the aqueous phase was extT/mo®zédswn t h
dichloronethane (3 x 40 m). The aqugpus phase was cooled in an ice/ water
bath and pH was 10 adjusted to ca 12 by addition of KOH The product was
extract ed hﬂ% Q. dizghl opamethane, (e naQ Mdep GARALOED: QF:gARI ¢ phases were
dried (MySHA Filtration and evaporation gave 14.0 g (88% of yellow oil.
Anal ysi's b9uNKEIPDRETEOF nass  spectroscopy (matrix: a-cyano-4-hydroxyci nnamc
acid) gave a 15 M+H peak at 219 as expected. Further characterisation using
1H (500 _) and 33C (125 M—lzg NVR sectroscoy ver|f| ed the structure.

17- Azi do- 52 £13¥¢ 2 g e = = 2

sol uti on of 11- azi do- 3, 6 9- trloxaundecanam ne (10.9 g, 50.0 nmmol) in

di chl or onet hane aloo m ). was added di gl ycaolic_ _anhydride (6.38 g, 55.0
mol ). The® rEALEEeh b )élt TRETHRT P Petdviernitght®~ HPLC anal ysis (col umm
VWdac 218Tfa4aocR5heetamntscid sciMat(er16.4,%25EA andl B in aaeéoniltoni | e/ 0. 1%
TFA;, gradien o B over, detection at 214
and 284 n 13 §’ﬁ8m’éﬁc{%co%P§fL%9382]92&%)06;\,},&2} gt an’jFIEGf Faokl material “t6 a product
- With retentritdn LCrmes Ehalysis. sidwed complete conver51on of starting

10 material {column Vydac 218TPS54; 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 in the next step.

17- (Fmoc-amino) -5-oxo-6-aza-3,92, 12, 15-tetraoxaheptadecanoic

acid
To the aquecus 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 m1). A solﬁtion 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 agueous phase was extracted with
ethyl acetate. The agueous phase was acidified by additibn of
hydrochleric acid and precipitated material was extracted
into chloroform. The organic phase was dried (MgS0Qs),
filtered and concentrated to give 11.3 g (85%) of a vellow

30 syrup. The structure was confirmed by LC-MS analysis {column
Vydac 218TP54; scolvents: 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




sol ution was concentrated to give quantitative yield of 408608y sy r up.
The product was anal ysed by LCMS (ES ionisation) giving [MH)+ at 335 as
expect ed. 1H (500 MHz) and 13C (125 MHz) NMR spectroscopy was i n agreenent
with structure 1 0 February 2006 WO 03/006491 PCT/ NQ02/ 00250 35 The
product was used in the next step without further purification.

17- Am no- S5ywgxsedRseaza- 3, 9, 12, 15-t et raoxahept adecanoi ¢ geirfiodydessol uti on of
17- azi do- 5- oxo- 6-aza- 3, 9, 12, 15- tetrggxaheptadecanoic acid (8.36 g, 25.0
mmol) in water (100 ml) was reduced using Hz(g)-Pd/C (10% . The reaction

“Was run untll L & ySl te con er5| n.of. starting 10
mat eri al (gchI gf\}ygaacggkaﬁﬁi@e venc%rsmglh Src\)/vac\ér lgofcl)‘_‘l'l'EA§ and B =
acet oni t r imis@e$% TFW agaéym@rushébwa@%@yo&ew Qhtyenn; Off»‘?ﬂdﬂ 1.0 mM/mn; W

detecti on | YA at 335 for starting
mat eri al g%%d%gsa%}gir%t e pr cﬁuct%’gg} e soFﬁ%%eni}\%ﬁs iltered and used
directly piBifpcaWeomext step.

17- ( Fmgc- ami no) - 5- oxo- 6-aza- 3, 9, 12, 15- -t et raoxahept adecanoic acid To the
aqueous solution of 17- am no- 5 0X0 -6 aza- 3, 9 12 15- 20 '
t et r aoxaheépLad8rarifiSE Sa et 5 7 rase—gBs OEBYhtpl  ami no

acid) was P@@d@gss%@mmg@gm@mlw 04 g, 60 0 mml) and di oxan (40 m).
A sol utiof of Fnoc-chlorirde (/.11

c ~ ¥
°ﬁ> 3 9 HE
HN\/& %/H\i n\/ﬂ J\rn\/ﬁ\ J\’(n\/\ a0 /\/n NH,
v N I, 2
LI Wﬂy TR TN ¢ ° Eﬁmﬁl’
$=0 @
HO
Molgcular Welght = 1403,183

H
HN HN::(‘ Exact Mass = 1407.812
B NH Molecutar Formula = C58HIECINISO1753
z

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. before coupling. N-terminal amine groups were
chloroacetylated using a solution of chloroacetic anhydride
in DMF for 30 min.

The simultanecus 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 =
Hy0/0.1 % TFA and-B = CH3CN/0.1 % TFA; column, Phenomenex

25 TLuna 3 § C18 (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 usiﬁg mass spectrometry:

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




g, 0.275 mol) in dioxan (40 mM) was added dropwise. The r3&EPTEH % ure
was stirred overnight. D oxan 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 (MgS™), filtered
and concentvoatedsdio give 11.3 g (85% of a yell ow 30 syctimce2béeee Structure
was confirmed by LC-Ms anal ysis (col ym Vydac 218TP54; solvents: A =
water/0.1% TFA and B = acetonitrile/0.1% TFA;, gradi ent 40-60% B over 20
mn; flow 1.0 mM/mn; Wdetection at 214 and 254 nm ES ionisation 10
February 2006 V\D 03/ 006491 PC IN002/ 00250 36 gl Vi ng IVHrH at 531 as expected
for the prodi g ' S d¥ict s and t he

mat eri al \A@@ cpgr(t;glh)ca;tﬂeoaysyewgd)g\mgpah@f@ rpj 1Si de used w t hout further

2 b) Synthesis of . CICHZCO Lys-Cys(tBu)-Arg- d y-Asp- Cys(tBu)-
. Phe-Cys-(PEG Nn--NH2 where n= 1 Hs r o"'"Ir 0O O HEN Mol ecul ar Wi ght =
1404. 183 S

o S B
S NS S E B SN P
: H & H H/\'c‘: i H § i A : 8 o

HGO Molecuiar Welght = 1372.702
:NH Exact Mass = 1371.635
HN HN Molecular Formula = CSBHS7TN1501753

322 mg of ClCH,CO-Lys-Cys (tBu)-Arg-Gly-Asp-Cys (tBu)-Phe—
Cys- (PEG)n-NH; was dissolwved 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 W C18 (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*®] thicether cyclo[CH,CO-
20 Lys—Cysz—Arg—_Gly—Agp—Cyse—Phe—Cys]-(PEG)n—NHg where n= 1

J s

o s g :

0 H 9 H T H H

un L /L«,N\)J\ N\)?\ )\rN\)L \\TN\/\ O N NH
¥ N v N N N o o a 2
H H O 3 H’\]g H H a = H o jol/\ /\Ior

? HO Molacular Welght = 1258.468
H Exact Mass = 1257.494
H,N HN Molscular Formula = CS0H7AN1E01753




Exact Mass - 1467.812 Ml ecul ar Formula = CS8H98CLINL50L738 FEETUAREZHES uni ¢
was coupled manually to Rink Amide AM resin, starting an a 0.25 mol

scal e, nediated by HATU activation. The renmmi ning peptide was assenbl ed on
an ABI. 433A automatic peptide synthesiser using 1 mmol amno acid
cartridges. The am no acids were pre-activated using HBTU 15 before
coupling. Womowianal am ne groups were chl oroacetyl at ggyambogse sol ution
of chloroacetic anhydride in DWF foryg30 min. The sinultaneous renoval of
pepti de and side-chain protecting groups (except tBu) fromthe resin was
carried out tal | (2.5 %
for two hours%hﬁg?ggém%lﬁi&%%g §0C$y§ér{%?ielﬁ‘g’ Qﬁ‘d’f ’S@Ost{{EE?ged

(Anal yt i caPheHRIyE] —@}éﬂlreﬁfﬁg ‘@SS@r%thove?h 0 Smlntwhrercef AnxsoH20/ 0.1 % TFA
andB = CH3 % OPENEX 1. SeLung 2). 50 x 4.6 mMm
flow, 2 nLWOO“}‘éI B %% Wdﬁ§§ﬂ pr oguc?rret énﬁfll %é‘il# ‘)lng 6.37 mn).
Furt her prgdigt theh’al??a(y\taer lrs:awefahlwasa@a:r ramddtioeitoapsiing nass spectrorretry:

 RTRood) o0 ) aBle 0] bRty 2000 VO 03/ 006491

cycl of CHZCO Ly $uyB{dBuionAbyg - gt epa rAs pr OHREC Bk &hene@yp s | BHREG) np- NH2 where n=
1HH N~ Cié QQ) 956‘é1y1.95~ﬁé2651hkg) of 70 mg crude material was
carried out using 0-30 % B, where A = Hp0Q/0.1 % TFA and B =
CHzCN/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 =

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

Luna 3 w 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-

Dys(anZlG—glutaryl)—Cysz—Arg—Gly—Asp—CysﬁwPhe4Cys]~(PEG)n—NH2

20 where n= 1

*{\inj\g“\in’ﬁr“\i )\rnvi\yuwowowoﬁvnm,\o,\rwz
¢ o

H HN=(
o N,
Molocular Welght = 1698.073
o Exact Masa = 1696.810

Hr%x Malacular Formula = CT2H1 20N2002151
H )Y
o

H-OH

13 mg of [Cys®®] cyclo[CH,CO-Lys~Cys-Arg-Gly-Asp-Cys-
Phe-Cys] - (PEG)n-NHz, 9.6 mg of cPn216 chelate active ester



0 O Mol ecul ar Wi ght =1372.702 Exact Mass = 1371.635 Mol'@FEPHAYRNR a=
C58H97N1501783 5 322 ng of ClCH2CO- Lys-- Cys(tBu)- Arg-d y- Asp- Cys(t Bu) - Phe-
Cys-(PEG n-NH2 was dissolved in water/acetonitrile. The mxture was
adjusted to pH 8 with anmonia solution and 10 stirred for 16 hours. After
wor k- up crude peptide was obtained (Analytical HPLC. Gadient, 5-50 % B
over 10. m woM3gie@eiA = H20/0.1 % TFA and B = CH3CN 0. 1 p&x&bé¥coss0l um,
Phenonenex Luna 3 j Cl18 (2) 50 x 4.6;gmm flow, 2 nl/nmin; detection, W 214
nm product 15 retention ti me, 6.22 mn). Further product characterisation

. .was carried.out _usLn trqnmetr e MtH_at 7, found, at
1378). 2 117%%“%&{5 W gt ?Hﬁ?O&énﬁcV%?-‘g‘]XS%tO Sgt%rn“@yé?o o - 20
ys- Cys2 - - B¢ nGH}cyuﬁépﬂe@/ss&-lPhedG;cs: b ho@REGnA3NHAimierse n= 1 H H 0 0

Mol ecul ar Wei ght =1258. 469 Exact Mass =1257.494 Ml ecul ar For mula a
C50H79N15017$3 PrHt EEth &Ry PEORERAG2037 DO4E1L (BEFPROTTF0698D ° 38 Thi oet her

cycl of CH2G&x 4 yie Cys6 tBigh-. Abgmed dbl/&&ﬂi Cys (dHBU)reaPBec skt (PEGQs NH2 was
treatedswith a SOLYETON. O 03 9P where 2 = H,0/0.1 % TFA and B =
CHiCN/0.1 % TFA, over 40 min at a flow rate of 10 mL/min.
After lyophilisation 14.2 mg of pure material was obtained
(2nalytical HPLC: Gradient, 0-30 % B over 10 min where A =
Hp0/0.1 % TFA and B = CHiCN/(O.1 & TFA; column, Phenomenex
10 Luna 3 g 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).




(200 L), DVBO (2 M) and TFA (100 ni) for 60 nin fol | owi ng FeRAERR? e TEA
was renoved in vacuo and the peptide 5 precipitated by the addition of

di ethyl ether. Purification by preparative HPLC (Phenonmenex Luna 5 }!.

C18 (2) 250 x 21.20 mm colum) of 70 ng crude material was carried out
~using 0-30 % B, where A = H20/0.1 % TFA and B CH3CN 0.1 % TFA, over 40 mn
at a fl ow wabgoeis110 nL/mn. 10 After |yophilisation 4gragonfizgoure nmateri al
was obtained (Analytical HPLC. G adignt, 0-30 %B over 10 min where A =
H20/0.1 % TFA and B = CH3CN 0.1 % TFA; col um, Phenomenex Luna 3 .L C18
(2) 50 x ét;xgm@ %Iow 2 m/mn; detection, W 214 rim product retention
tinme, 6.8 rther product 15 characterl satl on was carried out using
mass spectivoirbess Hewt Sidl s at

Synt hesi s Q i
(cPn216- g ASP- CYSE ‘

n=1 HmWherﬁnanJq/sz b] cyclo[CHZCO Lys --Cys Arg-dy- Asp Cys-
Phe- Cysg] - (PEGQ n-NH2i 9.6 ng of cPn2l6 chelate active ester 10 February 2006
WO 03/ 006491 PCB’/ NOQ2/ 00250 39 and 8 L of N—rret hyI mor hoI i ne _Was

di ssol ved 3iLAal I')ﬁllﬂltr’h?sqan)f CIARLCOR IS TEES {ik g2 A5k Fivg

m nut es. @Hgl_&yga{tp«ﬂ@nnbyﬁzp&m ati ye HPLC (Phenorrenex Luna 5 Cl18 (2) 250
X 21.20 nmm columm) of the reaction mxture was 5 carried out using 0-30 %
B, where A:_ qu,o 1 % TFA a.r;;d B =

O
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o
NH S
H N HN=(
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Molecular Weight = 1699.482
Exact Mass = 1697759 Y
Molecular Formuta = CTOH120CIN1702353 S
H
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o)
$o
H,N
10 Agssembly 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 = CH;CN/0.1 % TFA; column, Phenomenex Luna 3 B C18 (2)
15 50 x 4.6 mm; flow, 2 mL/min; detection, UV 214 nm; product

retention time, 6.40 min).




CH3CNV 0.1 % TFA, over 40 min at a flowrate of 10 nmi/m n.‘EO FﬁP'Eungz(}OG

| yophilisation 14.2 ng of pure material was obtained (Analytical HPLC

G adient, 0-30 % B over 10 min where A = H20/0.1 % TFA and B = CH3CN 0.1 %.
TFA; col um, Phenonenex 10 Luna 3 Cl18 (2) 50 x 4.6 nm flow, 2 nmi/mn;
detection, W 214 run; product retention time, 7.87 min). Further product
char act er i watop/ona49nvas carri ed out using nmass spectronetrGINOERQECt ed, MtH at
1697.8, found, at 1697.9). 10 February 2006 WO 03/006491 PC | NC02/ 00250 40
Exanpl e 3: Synthesis of disulfide [Cys2"61 thioether cyclo [CH2CO L
s(cPn216- o yyakyhdndsig2ofr %ﬁé&h@%pcﬁﬁc@rdﬁb@@%c%’?@ﬂ DG -cwpere n= 2. 5
3 a) Synthesis oT a CHZCO Lys sStB A -AsSp-Cys(TBu)-

Phe- Cys- ( PEErAYRIHEWA 7 T B9 ar Wei ght =1699.482 Exact
Mass = 1697. 759 I\/blecut ar For nuia = C70H12OCEN1702383 H2N 10. Assenbly of
peptide as for exanple 2 b), both PEG units coupled nanually. After

wor k-up cru -ped (Analytical HPLC. Gadient, 5-50 %B
over 10 nin/where A = H2O0MD. 1 %\TFA

Hu\i Lr,.\)a \i )Y \,ii nwoﬁvo\,\oﬁvnroﬁrﬂ?
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" HO so
HN HN:(V
NH, ‘}
o]
Molecylar Waight = 1663.021 S
Exact Mass = 1661.783
Molecular Formula = C70H1 19MN1702353 H}(ﬂ
O
‘o
HMN
5 CILKhCO—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 and
stirred for 16 hours.
After work-up 380 mg of crude peptide was obtained

10 (Analytical HPLC: Gradient, 5-50 % B over 10 min where A =
H.0/0.1 % TFA and B = CH3CN/0.1 % TFA; colimn, Phenomenex
Luna 3 p C18 (2) 50 x 4.6 mm; flow, 2 mL/min; detection,-UV
214 nm; product retention time, 6.28 min). Further product
characterisation was carried out using mass spectrometry:

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

3 ¢) Synthesis of disulphide [Cys?™®] thioether cyclo{(&hco—

Lys—Cysz—Arg-Gly—Asp—Cysﬁ—Phe~Cys}-(PEG)n—NHz where n= 2,

J Jwr“\;ﬁmr“v& J\r fg\w“\ﬁoﬂv"wow”wr*oﬁr

H

\/\D/\,z:n

HN HN:
NH,
Molstutar Welght = 1548.788

Exact Mass = 1547.642
. Motecular Formula = CE2ZH101N1702353
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and B = CH3CN Q 1. % TFA; col um, Phenonenex Luna 3 C18 (19 e%]a@bzoo 4.6 mm
flow, 2 nL/mn; detection, W 214 nm product retention tine, 6.40 mn).

10 February 2006 WO 031006491 PCTI NO02100250 41 3 b) Synthesis of

t hi oet her cycl o[ CH2CO- Lys- Cys(tBu)-Arg-dy- Asp-Cys (tBu) -Phe-Cys ] -

(PEG n--NH2 where n=2 Ml ocul ar Wi ght= 1663. 021 Exec Mass A 1661. 753

- Mol ecul ar wongtks:1- C7OHL19N17023S3 H2N 5 PCT/NG02/00250

- CICH2CO Lys- Cys(tBu) - Arg-Qd y- Asp- Cys(t,Bu) - Phe- Cys - (PEGQ n-NH2 where n=2
was di ssolved in water/acetonitrile The mxture was adjusted to pH 8 with

pept | do was obta ned *fo (ARSI T E4T s S er NS e 1o i
where A =AsH20y9(uBu-PRA-Qrrl -BPEGM@W@GIG%IWAVa%GIr@ﬁhEd PHé&hofrenex Luna
?et gﬁ?l gﬁ)t ?rei(org %Bm %’18 5rth {prﬂ&gug er&Hlaglglgt eri Sé'[l o%grgglrj(r:it ed
out using fnsasso spectfodiering whbckxpgectTEd, wid Hatove868y fagmrdandt 1670). 3
Ei/ssyq/ntssge %i@l%&g%gjsg%a%gj' " %&?aﬂxﬁ{ %ygkgé}%%eﬂl\w ' N-N~NN-N
Purification by preparative HPLC (Phencomenex Luna 10
C1l8 (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'puré 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 p 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 [Cys}$} thioether cyclo[CH,CO-

Lys(an216—g1utaryl)—Cysz—Arg—Gly—Asp—Cysﬁ—Phe—Cys]—{PEG)n—NHz
20 where n= 2.
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o) ‘Molecular Weight = 1588.392
HN Exact Mass = 1986.958
Molecular Formula = CB4H142N2202753
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OHO- HHHN .411 NH, ~=Ob S0 4 Q1 Mlecul ar Wi ghf FEPHRE2RG o

; pct Mass :1547.642 Mol ecul ar Formul a=C62H761N17023S3 HN O 0 O

N~~0~~0~"Oni NOCO 10 February 2006 WO 03/006491 PCT/ NC02/ 00250 42 380 ng of -
t hi oet her cycl o[ CH2CO Lys- Cys(tBu)-Arg-d vy-

Asp- Cys(tBu) - Phe- Cys] - (PEG n- NH2 where n=2 was treated with a solution of
ani sol e (580@ 004 DVSO (2 nl) and TFA (100 nl) for BO¥RBEEL | owi ng
which the TFA was renoved in vacuo ardB 5 the peptide precipitated by the
addition of diethyl ether. Purification by preparative HPLC ( Phenonenex
Luna 10 [.L C18 (2) 250 x 50 mm columm) of the crude material (345 ny)

was carried out smgig)%?;:\;o H#‘L—HZO{: 2,7\%}5 c1J%%,CI—ISCI\I/Ol%
TFA, over 60 mi'ft a ERA Oég IRYR. YT fop i°l'i sation 146
ng of pur ePlt®s]al PREIS - Nhﬂfulﬂedmg of cPn2l6 chelate active ester
and 76 ML of N-methylmorpholine was dissolved in DMF (6 mL).
5 The mixture was stirred for 9 hours.
Purification by preparative HPLC (Phenomenex Luna 10
-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 =
CHzCN/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 = CH:CN/0.1 % TFA; column, Phenomenex
Luna 3 4 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[CE,CO-

20 Lys(anZlG—glutaryl)~Cysz—Arg—Gly—Asp—Cysﬁ—Phe—CysI—(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

- \+,
ﬁi)g;}wijr‘wjtnf\( Ti% jjr wjt )\{N\/\o’\’D\/‘O’\/Nm/“o”j;

/\/ZI

Molecular Weight = 2280.120
Exact Mass = 2278.055
Meatecular Formula = C94H164CIN2103583

/\rg\/\o/\w,o\/\o

Q

E"o

H NJI\/O\)LN/\/O\/\ONO\/\NJ\/O\)LN/\/O\/\O/\/O\/\




(Anal ytical HPLC: G adient, 0-30 % B over 10 m n where A19 F%H%fb?(io% TFA
and B = CH3CNV 0.1 % TFA; col um, Phenonenex Luna 3 C18 (2) 50 x 4.6 mm
flow, 2 nL/mn; detection, W 214 nm product retention tinme, 7.42 nin).
Furt her product 15 characterisation was carried out using nmass
spectronmetry: Expected, MrH at 1548.6, found, at 1548.8). 3 d) Synthesis
of di sul phwdesfo&ps2- 6] t hi oet her cycl o[ CH2CO PCT/NO02/00250
Lys(cPn216-gl utaryl ) TCys2- Ar g- Gly- AspsCys6- Phe- Cysl - (PEG n-NH2 20 where n=

- 2. Mol ecul ar Wei ght= 1988.392 Exac Mass = 1986. 958 Mol ecul ar Fornula =

C84H142N22027S3 HS5N 1 O February 2006 WO 03/006491 PCT/ NO02/ 00250 43 146
ng of [Cys2-6] cycl o[ CH2CO Lys-Cys-Arg-d y-Asp-Cys - Phe-Cys]--(PEG 2- NH2,
110 nmy of cPn23ssSedivaPé RRttiire ast &9F «xar¥s 4 (b)of 2Nl gty PE®r phol i ne was
di ssol ved unf t PMEo i il han®a1iRe M xture was stirred for ‘9 hours.

‘Purification bgf‘]pr eparative HPLC (Phenonenex Luna 10 Cl1.8 (2) 250 x 50

nmm col unm) of £heeT FREETT FRUdeUPEP LS wasr Prtednsdt (MRagi6280 % B, where A
= H20/ 6. 1 Hfr.dFAcd eBr 7 5 GHB@NEOodke H0IFAInOMESrHA Dimcab. @ ¢ gy rate of 50
m./mn. 10 After |yophilisation 164 ng of pure material was obtained

(Anal yti c&PdrPLf::C*é@géﬁ entt, TH2 30 o BovBRepgeRel ey 8 A &8 H20/ 0.1 % TFA
and B = O53CN 9.4l nife; TEAow COl 4imi FNENOROCY, 41218 nd18rbdhcP0 X 4.6 mm

flow, 2 nmL/mn; detection, ]
retentlon time, 6.50 min).

10 4 b) Synthesis of thicether cyclo{CH,CO-Lys-Cys{tBu)-Arg-Gly-

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

=

J Y X ¥
" n’Lg'“ziu’\g’“‘{&f%;“Y&u ooty

A
S g 70

Nolecular Waelght = 2243.659
Exacl Mass = 2242.078
Moalacudar Farmula = C94H163N2103553
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ClCHCO-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 (Ahalytical
HPLC: Gradient, 5-50 % B over 10 min where A = H;0/0.1 % TFA
and B =(3ﬁCN/O{1”% TFA; column, Phenomenex Luna 3 & Ccl8 (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,.E(M+2H)/2}
at 1122.0, found, at 1122.5).




214 nm produét retention tinme, 8.13 mn). Further produé? ngr.uaWZOOG

characterisation was carried out using nmass spectronetry: Expected, MtH at
1988.0, found, at 1988.0.). Exanple 4. Synthesis of disulfide [C s2-95]
thioether ¢ clo [CH2CO 20 Lys (cPn216-gl utaryl)

-Cyst-Arg--d y-Asp-Cys6-Phe-Cys] - (PEG n-NH2 where n= 4 4 a) Synthesis
of ClCH2CGwhysoos@ys(t Bu)-Arg- 3 y- Asp- Cys(t Bu) - Phe- Cy sediRieG#v2H2 where n=
4 Ml ecul ar Weight = 2280.120 Exact ,Nass = 2278. 055 Mol ecul ar Fornula =
C94H154CI N21035S3 H, N0 ~N*~0~/ ~O~~~O / ~N~O~-N"~O~/ ~O~~~0O~~ 10 February 2006
WO 03/ 006491 PCTI NO02/ 00250 44 Assenbly of peptide as for exanple 2 b),

all four PEG unlts coupl ed manually After vvork up crude pept| de was
obt ai ned (@Agal § = T b B iCH2G@

H2G'0. 1 %rJEAc @1@1@—@ sL e IE ]—Cﬁlﬁéﬁr&m?h@w'i&exgx Luna 3 g C18 (2)
50 x 4.6 MM oW, m n, —de ion, retention tinmne,
6.50 mn). I f thioet her cycl o[ CH2CO Lys Cys(tBu)-Arg-dy-
Asp _Cys (tBu) -Phe-Cys ] - G n-NH2 where n= 4 Wecular Wl Oht =

2243. 659 \jaigﬂ@ss ﬁ:\/zaﬂg;j\gj MOM\@LO/EQ{TWEL\?H: C94H 163N21035S3

_K3gﬂob

HN--%HZ

Molacular Waight = 2129.426
Exatt Mags = ¢127.937
Molecular Formula = C86H145N2103583
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Thicether cyclo[CH;CO-Lys-Cys (tBu) -Arg-Gly-Asp-Cys(tBu) -
Phe~Cys]- (PEG) ;-NH; was treated with a sclution of anisole
{100 pyLn}, DMSO {1 mL) and TFA (50 mL) for 60 min following
which the TFA was removed in vacuco and the peptide

10 precipitated by the addition of diethyl ether.

Purification by preparative HPLC (Phenomenex Luna 5 J
Cl8 (2} 250 x 21.20 mm column) of the crude material (345 mg)
was carried out using 5-50 % B, where A = Hp0/0.1 % 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 = CHaCN/0.1 % TFA; column, Phencmenex

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

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




0 CLCH2CO Lys- Oys(tBu) - Arg- G y- Asp- - Oys(t Bu) - Phe- Cys- ( PEQZEPREY G

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

anmoni a solution and stirred for 16 hours. After work-up crude peptide was

obtai ned (Analytical HPLC. G adient, 5-50 % B over 10 min where A =
H20/0.1 % TFA and B = CH3CN/ 0.1 % TFA; col umm, Phenonenex Luna 3 C18 (2)

20 50 x 4.9omwyposfshow, 2 nL/mn; detection, U 214 nm porodweboezsy et enti on

time, 6.37 mn). Further product chagacterisation was carried out using
mass spectronetry:. Expected, ((M+2H)/2] at 1122.0, found, at 1122.5). 10

- February 200§ m@%sqg%@ldl%%w;@gl&%s@} é@lagt@,)erswem@ﬂgc@f di sul phi de
[ CYs2-6] (hi o€t her C)ﬂCI 0 [ CHZCO; -

Lys- Cys2- A¥g{ePpellsnllpyas, AL PERy4 hi ' H: W' ht

=2126. 426whEa§LJq1 Ms.SS= 2127937 M eal er FURnuta - 066H145N2103583 05

Thi oet her cycl o[ CH2CO- Lys- Cys(tBu) - Arg-Qd y- Asp- Cys(t Bu) -

Phe- Cysl - (PEG)4 2 was treated w a solution of anisole (100 1LL), DWMSO
(1 nL) and TFA ( o'ror m,n Xyﬁl ow ng whi,ch the TFA was renoved in
vacuo and the p@‘ ‘%)ﬁﬂ vb‘y’\rﬁe‘oauﬁrt\mr? of diethyl ether.
Purification by epar}atl veHdPLC@henorrenex Luna 5

NH HN={‘H

o

Malacular Walght = 2569.029
Exacl Mass = Z567.253
o] Molecutar Formula = C10BH186N2603953

NH
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o
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HO-N

12 mg of disulphide [Cys®®] thiocether cyclo [CHCO-Lys-
Cys-Arg-Gly-Asp-Cys-Phe-Cys] - (PEG) ;-NH;, 5.2 mg of cPn2lé6
chelate active ester and 2 UL of N-methylmorphcoline was
dissolved in DMF (0.5 mL). The mixture was stirred for 7

10 hours.
Purification by preparative HPLC (Phenomenex Luna 5 U
Cl8 (2) 250 x 21.20 mm column) of the reaction mixture was
carried out using 5-50 % 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.
15 After lyophilisation 8 mg of pure material was obtained
(Analytical HPLC: Gradient, 5-50 % B over 10 min where A =
.IQO/O.l % TFA and B = CHiCN/0.1 % TFA; column, Phenomenex
Luna 3 U C1l8 (2) 50 x 4.5 mm; flow, 2 mly/min; detection, UV
214 nm; product retention time, 5.17 min). Further product
20 characterisation was carried out using mass spectrometry:

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




C18 (2) 250 x 21.20 mm col urm) of the crude materi al (34§0rlr:gef)rua\%%ocarr| ed
out using 5-50 % B, where A = H20/0.1 % TFA and B = CH3CN/ 0.1 % TFA, over
40 min"at a flowrate of 10 nmL/mn. 15 After |yophilisation 12 ng of pure
material was obtained (Analytical HPLC. Gradient, 5-50 % B over 10 mn
where A = H2O0 0.1 % TFA and B = CH3CNV 0.1 % TFA; col um, Phenonenex, Luna
3 p. C18 (PPBE%14. 6 mm flow, 2 nml/min; detection, RCTRAROMREY product
retention tinme, 4.87 mn). 20 10 Febravary 2006 WO 03/ 006491 46

PCT/ NO02/ 00250 4 d) Synthesis of disul phide [Cys2-6] thioether cyclo(CH2CO

Lys (cPn216-glut ar rI) - Cyst -sapupnGE pIgwpc  Cys6- Phe- Cys] - (PEG n- NH2
where n= 4 1§mss NI NN~y NyNYN HOOHS) OHO H NH O HN NH,

Mieal er Weirght 25868 653 gth BS

5

<120> Peptide based compound

' <130> N0 20014954
10
<150> NO20014954

<151> 2001-10-11
13

<160> 1

20 <«170> PatentIn version 3.1

<210> 1

25  <211> &8

<212> PRT

<2i3> Artificial sedquence
30

<220>
35 <223> Synthetic peptide

<220>
<221> DISULFID
40 <222>  (2)..(%)

<223> Disulphide bridge between amino acid residue 2 and 5.

45  <220>
<221> THIOETH

<222> (1)..(8)
30

<223> Thiocether bridge between amino acid residue 1 and 8.

: <400> 1
55 _

: Lys Cys Arg Gly Asp Cys Phe Cys
i - 5 :




El acl Mass =2567.253 M wiar Formals s CLOBHL 9%\2603953 (PRRP™FY% Ho N 5
~N/ ~0. ./ ~N~/ O~l ~Chi O-~N~O~Ni vO~/ ~O~~0~/ ~ 12 ng of di sul phi de [ Cyst - 6]
“thioether cyclo [ CH2CO Lys- Cys--Arg-d y-Asp--Cys-Phe-Cys | -(PEG 4-NH2,
5.2 ng of cPn2l6 chelate active ester and 2 .LL of N-nethyl norpholine was
dissolved in DNF (0.5 M.). The m xture was stirred for 7 10 hours. :
Puri fi cat iV60#P4t epar ati ve HPLC (Phenonenex Luna 5 QQENPROBEH) x 21.20 nm
colum) of the reaction mxture was c&&rried out using 5-50 % B, where A =
H20/0.1 % TFA and B = CH3CNV 0.1 % TFA, over 40 min at a flow rate of 10
m./mn. 15 Aftetaimgophilisation 8 ng of pure material was obtained

(Anal ytical HPLC di.ent, 5-50.%.B owver mn where A = HOO0.1 % TFA
and B = CHBCN .C1°"§§°$ﬁﬁ;"”%o%e§r$ﬁ?‘1p SRS Y Tina 3Tt Cua (2) 50 x 4.6 mm
flow, 2 nmL/mn; detection, W 214 nm product retention time, 5.17 min).
Further product 20 charactefisalion was carried out using nass :
spectronetry: Expected, {(N+2H)/2}(_at 1284.6, found, at 1284.9). 1 0

February 2006 WO 03/ 006491 PCT/ F/ 00250 I47

llalwc {=0) —Xl—Xz—X3-G—D-—X4—X5—}|{5——X7

= (CH,) 4,

(1)

3 or pharmaceutically acceptable salt thereof

wherein

G represents glycine
D represents aspartic acid

10 Ry represents -(CHz)n- or -(CH:2)a-CeHs- wherein
n represents a positive integer 1 to 10

h represents a positive integer 1 or 2

X1 represents an amino acid residue wherein said amino

15 acid possesses a functional side-chain such as an acid or

amine.

X; and X; represent independently an amino acid residue
capable of forming a disulphide bond,
‘ X3 represents arginine, N—methjrlarginine or an arginine
20 mimetic,
| Xs represents a hydrophobic amino acid or derivatives
thereof, and . _
Xs represents a thiol-containing amine acid residue,

and

25 X; is absent or represents a biomodifier moiety



SEQUENCE LI STI NG <110>Aner sham Heal th AS 5 <120>Pepti de B3< 35“35’6%006
<130>NO 20014954 10 <150>N020014954 <151>2001-10-11 15 <160>1
20<170>Patent|n version 3.1 <210>1 25<211>8 <212>PRT <213>Artifici al -
sequence 30 <220> <223>synthetic peptide 35 <220> <221>DI SULFI D
40<222>(2)..(5) <223>Di sul phide bridge between am no acid residue 2 and 5.
45, <220> <RD1FUHOOETH <222>(1) .. (8) 50 <223>Thi oet hepcimodgesbet ween

am no acid residue 1 and 8. 49

Z, represents an antineoplastic agent, a chelating agent
or a reporter moiety and

W; is absent or represents a spacer moiety

5 2. A compound 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,) -.
4. A compound as claimed in any of c¢laims 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;, X4 and Xs independently represent a cysteine or
homocysteine residue.

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

wherein X3 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.




<4005>1 55 Lys Cys Arg Gy Asp Cys Phe Cys 1 5 10 Februar§ F5BBEX¢906

03/ 006491 PCT/ NO42/00250 48 Clainms 1. A conpound of general fornula (T)
z1- w1 s |1 | 1-C (=0 -X-X2-X3-G D-X4-X5-X6-X7 s (CH2) h (1) 5 or
pharmaceutical ly acceptable salt thereof wherein G represents glycine D
represents aspartic acid 10 Rl represents - (CH2)n- or - (CH2)n-CoH4-
wherei n  nwhepieeent s a positive integer 1 to 10 h reps@apeibBs2& positive
integer 1 or 2 X1 represents an am n@qaci d residue wherein said amno 15
aci d possesses a functional side-chain such as an acid or amne. X2 and X4
represent independently an amno acid residue capable of formng a

di sul phi de bond,

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

wherein X, is absent or comprises 1-10 units of Formula II

n

___P}EN\v/"‘o’ﬁ\v’o‘v/”\o’h\vfﬁ\”/ﬁ‘o’ﬁ\rﬂ’
5 0

(IT)

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 asg claimed in any of the previcus claims

15 where Z, is a chelating agent of Formula ITI

2

B R4 R? R2
RZ _ R2
R2 R2
R HN R3 NH R1
RY R
R e N N~———" R
| i
OH OH
{ITI)

~ ‘where:
each R', R}, R

each R group is independently H or Ci.ip alkyl, Ci_yp alkylarvl,

3 and R* is independently an R group:

20. Cz-190 alkoxyalkyl, Ci-i1p hydroxyalkyl, Ci.ip alkylamine, Ci-yg

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




X3 represents arginine, N-nethylarginine or an arginine 19(5:%{”@9{?%({6 X5
represents a hydrophobic am no acid or derivatives thereof, and X6
represents a thiol-containing amno acid residue, and 25 X7 is absent or
represents a bionodifier noiety 10 February 2006 WO 03/ 006491
PCT/ NO02/ 00250 - 49 Z1 represents an anti neopl astic agent,, a chel ati ng agent
or a reporwerozomiety and WL i s absent or represents a sPag@ioims ety 5 2. A
conpound as claimed in claim1 whereiyy any of the amno acid residues are
i ndependently in the Dor L conformation. 3. A conpound as clained in

claim i Whel G RLAEPLESCL Sacried Qo HR)carnolyc £ EOMROUDLL A0, ) al med i

any of claims 1 to 3 'wherein represents as arti‘c aci am c

acid, | yS| e tureRsfyet nesgruratefl aringoal kylic acid or derivatives thereof.

15 5. A conpound as clained in any of the previous clains wherein X2, X4
and X& i ngs_!pendently represent a cysteine or honocysteine residue. 20 6. A
conpound cl &i AFPIURdany ofainrel pRedb s Ehaiprevinker el#iE represents an
argi ni /e n@shdue, i& Conpound as clained in any of the previous clains

NH,
HN NH
ﬁ/ \K<
N N,
HO OH

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 molety comprises 0y, S9mpg, Hltn, Y7se, ﬂGa,‘ﬂCr,

177 67 167 97
20 "sn, *'Cu, T™m, “"Ru, *®Re, ru, **°au, 2%pb, Mlce or 8%,

17. A compound as claimed in claims 1416 wherein the

reporter moiety is **rpc.




wherein X5 represents a tyrosine, a phenyl al anine, a 3- |o efgjaﬂ/?%m ne or
a napht hyl al ani ne resi due. 8. A conpound as clained in any of the previous
claims wherein X7 is absent or conprises 1-10 units of a nonodi sperse PEG
bui | di ng bl ock. 10 February 2006 WD 03/006491 PCT/ N0O0O2/ 00250 so 9. A
conpound as clainmed in any of the previous clains wherein X7 is absent or
conpri ses WOPgMg#ilt s of Formula Il H 10. A conpound asPEW¥0u@@si n any of

- the previous clains wherein X7 reprezent 1- 10 amino acid residues 10 11.
- A conpound as clainmed in any of the previous clains wherein X7 represent
gl yci ne, |ysine, caxsgsmirid' esacldlingia sartneing asidwdssrepizef 8y all y gl ycine. 12.
A conpound as clg ned Jn.any of the previous clains 15. where Z1 is a
chel ati ng agenf™ P ESRIAS1795Y0 where:  each Rl, R2, R3 and R4 is

i ndependently an R group; each R gr oup is independently H or C1-10 al kyl,
C3_14 al ky]jary % 1 Kk 10.Qyds ox K 10 al kyl am ne,
Cl1- 10 quo'c"raloalfAky? %Zg(%rm&e lﬁr%% ips, 1?08h eye(rEHvJ\;iy re% ae atons 10
February 2006 MD@W&%l%OdﬂO@mel ShuswlphiEingh t hey are attached

forma CarbOCyﬁLEﬁbtJE%%@E?Cé§HJfébine, fluorcuracil, wvinblastine,

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 succinice acid

21. A compound as claimed in claim 1 defined by the

15 following formulas

Compound I

20

“\i‘w"\i Hr“\i }ﬁx

H HN=<
2

e}




satutated or unsaturated ring. 13. A compound as cl ai med PHeRAE %206,
previous clains 5 where Z1 is e 10 14. A conpound as clained in any of the
previous clainms wherein Z1 conprises a reporter noiety. 15. A conpound as
clainmed in claim214 wherein the reporter noiety conprises netal

radi onucl i des, paramagnetic netal 15 ions, fluorescent netal ions, heavy
met al i onsWBPIHSt er ions. 16. A conpound as cl ai nedP¢TiN@R2a¢286 14 and 15
wherein the reporter noiety conprises 90Y, 99nifc, ' In, 97SC, 67G, S1Cr,
20 177nBn, 67 Cu, 167TM 97Ru, 188Re, 177Lu, 199 Au, 203Pb, 141Ce or 18F.
17. A conpoupduad Tiained in clains 1-16 wherein the reporter noiety is
9OMIC. 1 O February 2006 WD 03/006491 PCT/ NO02/ 00250 52 18. A conpound as
claimed in clainms 1-11 where Z1 is an antineoplastic agent. 19. A conpound
as clainmed iT i represent cycl ophospham de, chl oroanbucil,
busul phan, e g, S cytanabi ne, fluorouracil, vinblastine,
paclitaxelWyggipigg;gfgﬁ%&ﬁgﬁﬁf iCi i epwzteniposide, ci spl atin,
ansacri ne or; o&e’?ax .3=10°2?3r a

ChThyo~et
conmpound as °clafnmed in any of the previous
clains wherye W ks glfitaric

succinic acid

HO
4
N=CH

Compound III

HO
N-OH

5 Compound IV




21. A conpound as clainmed in claim1 defined by the 15 f18IFIe8Wa%2?0§r mul as
Canpound | 20 N-OH 10 February 2006 WO 03/ 006491 PCT/ N0O02/ 00250 53 Conpound
Il HN"HO Conpound 11l 3 HO VV O Vb NOH 5 Conpound 1V 10 February 2006
-54:22. A pharmaceutical conpositi onsgorrpri sing an effective anount of a
conmpound of general Fornula (1) or a salt thereof, together with one or
nore pharnmaceutically acceptable adjuvants, excipients or diluents. 23.
Use of a conpop as—ctatmed in any one of clains 1 to 2]. in the
preparation o O s1 ) pedig- R4~ 4A net hod of generating i mages of a
human or .ani mah * Body* \prey busly adrhi nfStered with a contrast agent, said
met hod i nvol vi ig wgeneratng an i nage qf at |east a part of said body to
which said . , :

M e e & & o

22. A pharmaceutical composition comprising an effective
_amount of a compound of genexal Formula (I} or a salt
thereof, together with one or wmore pharmaceutically

: 5 = acceptable adjuvants, excipients or diluents.

23.- Use of a compound as claimed in any one of claims 1

to 21 in the preparation of a contrast medium.

24, A method of generating images of a human or animal body

Ipreviously administered with a contrast agent, said method involving
- ‘generating an image of at least a part of said body to which said

contrast agent has distributed, characterised in that said contrast

agent comprises a compound as claimed in any one of claims 1 to 21.




contrast agent has distributed, characterised in that saﬂSF%@HF¥%@ROG agent
conprises a conpound as clainmed in any one of clains 1 to 21. 10 February
2006 55 25. A nethod of generating enhanced i mages of a human or ani nal

. body. previously adm nistered with a contrast. agent conposition conprising
a conpound as clained-in claim31, whi®h nethod conprises generating an
image of at |east part of said body. 26. A nethod of nonitoring the effect
of treatment of a human or aninal body with a drug to conbat a condition
associated wth cancer, said body having been previously adm nistered with
a conpoundsor ACeposidfi gheaat iHgabiRhckd @AYedHBe HMughRidtBadide 22, said
met hod i | I uptake of said conpound qr conposition by
cel | receﬂ%/dé(lr %kggg?%hgg%%qsst%%ﬁ gh&aﬁdc%f‘éttré%ft iagﬁrigﬁf”fl%‘i‘?éﬂ?}‘ but

pr ef er abl YHEF Pt % f f CEPRYY epedrétey ineckpinbbf ohich dethiaigcomatiags er

treat nent gavierht 8@ an CoAPO WTdaOrLeeONRPASE tdf0Bail hoase Of a conpound as
claimed in any one of clains 1 to 12 for the manufacture of a nedi canent

for the therapeutic or prophylactic treatnent of cancer or a related
di sease i #°'a hurghhet c4Mi9mifEoring the effect of treatment of a human or

animal body with a drug to combat a condition associated with cancer,
said body having been previously administered with a compound or
composition as claimed in any one of claims 1 to 22, said method
involvihg detecting the uptake of said compound.or composition by
cell receptors, sald administration and detection optionally but
preferably being effected repeatedly, e.g. before, during and after

treatment with said compound or composition.

27. 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.




