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Field of invention The present invention relates to new peptide-based ]
conpounds and their use in therapeutically effective treatnents as well 5
as for diagnostic imging techniques. Mire specifically the invention
relates to the use of such peptide-based conpounds as targeting vectors
that bind ™ meeapt ors associ ated with angi ogenesi s, iparRaGddossul ar
integrin receptors, e.g. the av(33 integrin receptor. Such contrast agents
may thus be used for 10 diagnosis of for exanple malignant di seases, heart
di seases, P_g,g&cgg&ggisgéigbmﬁo%jﬂgmti on-rel ated di seases, rheumatoid
arthritis and KapoSi s sarconma. Mreover such agents may be wused in
therapeuti&i]rﬁg Sy Ihese di seases. 15 Background of invention New

<

bl ood vessehs fraRehe {wrddohyréwrdi thes@ntpdReRANbSIE coMBSEids0genesi s or
angi ogenesi s, Angi ogenesis is the fgr mat i on of new bl ood vessel s by

br anchi ng ‘??%rﬁh%g!f:g THg™ VEEERPRICIPRS 1B $ RSP 1YEI RERRISSNGF £hiveldr ocess may

be 20 ihadeguairedsa@pbarief inagideneshanguaxy gene( ypomdiap1ie Rl ls in a
i ic factors, of which

tissue. The cell.s may. respond by secreting angi ogeni
there .are ﬁ%‘ﬁeﬁtlgﬁer%lxaatr?ﬁl N %‘%/é]ﬁeig 1€ éjr?gltﬂlg?g?aesreideﬂmf‘%?uqdf vascul ar
endot hel | ads grggehifaotsatof VEGRt blhdseo fagieptors nddaatiatédevisdcr et i on of
proteolytic .25 enzynmes that break down the proteins of the bassmant

menbr ane, HEWEFFEAES i dffi BRT OIS ' PRat PP CRESBER DN Sof - thed¥Ppotential Iy
har nf ul enizytEasin The-Qithel PhEHIRBRBFast 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 basemént
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




‘ - effect of angiogenic factors is to cause endothelial cel I1g Ftegruaﬁ’f%oroaete and
| di vide. Endothelial cells that are attached to 30 the basenent nenbrane,
whi ch forms a continuous sheet around blood vessels on the contral unenal
side, do not undergo mtosis. The conbined effect of |oss of attachnent
‘and signals fromthe receptors for angiogenic factors is to cause 10
February 2086:ME93/ 006491 PCT/ N0O02100250 2 the endotdighioadog®l | S to nove,
mul ti ply, and rearrange thenselves, Qnd finally to synthesise a basenent
menbrane around the new vessel s. 5 Angiogenesis is promnent in the growth
- and renod I lin su includin un eal and inflamuatory
processes. heTﬁ%S?éhEﬂ L %I e "SRG %&L}eﬁe ?Lg edn eygr %ach mllinetre
size in orujmmS'emvkeepan;ﬂpfmelly rtat evothegricnt A. bme@geme@r@nel s acconpani ed
by charactgrj; ?ﬁl ghgt}een“ge, L,leendot helial cells 10 and their environnent.
The surface 0 ese cel s renodelled in preparation for mgration, and
cryptic structures are exposed where the basenent nenbrane is degraded
in addist i %grlgggggs e£)¥0191{n991ﬁ:05§| fi%e Whogn al&s iamehyed dgnoef fecting and
controlling proteol yS|s he 15 case of tunmours, the resulting network
of bl ood VE$sEES. |@C@§&aglwldﬁdsbﬁgh%ﬁ%@dd i E FRed OF B PRAGCSReB shar p

- kinks and o@h$0 AkdENHingYeReL SghugtSesildinbht i, ebagnah0ognesis is al so
considered to be a promsing strategy for antitunour _therapy The

transf or métiizénén &RYKPRP ARgLBEENESLS aF IZAvEd - vé?%l"g@nﬁ?b?n sing for
di agnosi s,j saBcobMb IS KRN H-abeLAgs iR IcBRakés 3 SeasenelIul t&ELLONCEPt

al so s%ows %reat prom.se in
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.shews great promise in
"inflammation and a variety of inflammation-related diseases,
e including atherosclerosis, the macrophages of early
etherosclerotic 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.




i nflanmation and a variety of inflanmation-rel ated di seaggsr:?brulam:%%ogi ng
at’heroscl erosi s, the nacrophages of early atherosclerotic |esions being L
~potential sources of angiogenic 25 factors. These factors are also involved, |
in re- vascularisation of infarcted parts of the nyocardium which occurs
if a stenosis is released wwthin a short tinme. Further exanples of

undesi red g@diohdsOns that are associated 30 with neovasgNb@lhzati on or
angi ogenesi s, the devel opnent or proliferation of new bl ood vessels are

shown bel ow. Reference is also made in this regard to WO 98/47541. 10

February c21‘906 WO 03/9064 )1 PCT/ NQ02/ 00250. 3 Di seases and indications
associ at ed” Wi 1 “&angl o SPEFEPR 280§ A HET P Eh FOF PR SSE S cAliter and

nmet ast asi se.®. glifbeeast ,forski 0f colcetreatdlnetpanereal i< g.pbosdsat,e, | ung or
ovarian capgcer. r_.di seases and indications _are inflammation (e.qg.
chron ) S sBPEramS BRSSPt £oal ShRETU Tl o 10 Fur  her
di seases afmhdendi cations associated with angi ogenesis are arteriovenous

al formed i ons, astrocytomas, choriocarcinomas, glioblastonmas, glionas,
hemangi omas (chil dhood, capillary), hepatomas, hyperplastic endonetrium

i scheni ¢ rRfdear dii angsen dode i nd bmits onKapos i infdppoakiomdeutar 15

- degener at i GhonTR) 2NFerJASYELN AST QfBEN. AL UdLAE; P hpReral artery
di sease, ost eqar_;t:hrl tis, psoriasis, retinopathy
. gingivitis. .

‘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 markers

" 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. 5., {1992) J. Cell Biol. 116: 477-487]
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(di abetic, proliferative), scleroderma, sem nomas and ulcerative colitis.

20 Angi ogenesi s involves receptors that are unique to endothelial cells
and surroundi ng tissues. These markers -include gromh factor receptors
such as VEGF and the Integrin famly of receptors. |Imunohi stochem cal
studi es have denonstrated that a variety of integrins perhaps nost 25

i mpor t ant | wotohBesiey Cl ass are expressed on the apical spfasBneef bl ood
vessels [Conforti, G, et al. (1992) Blood 80: 37- 446] and are avail abl e

for targeting by circul ating |igands [Pasquallnl, R, et al. (1997) Nature
integrinin
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‘pronot i ng E%%é" }ig %Sssteur?ﬁlﬁ %)? ?Silﬁfloﬁéit tal’?&f"?f?( Q%&Hgﬁﬁ i%tifg cel |
attachnent(1a86)f FbroxidcBinl. 1106al sespdHis a crucial role in cell mgration
[ Bauer, J. S., (1992) J. Cell Biol. 116: 477-487] 10 February 2006 WO
031006491 PCT/ NO02/ 00250 4 as well as tunour invasion and netastasis

[ Gehl sen, The Rnteg{ID@YP3Jis Celel oBi bhe rEPEPtOLS-9B011s Thewmteghen av(i3 is

one of st he,secept of %utt@lagn%ﬁoglg%%@@stosm 12088 &ﬁo%sﬂlﬂ tf2,300i ogenesi s

Sti nmul at ed endot hel i al S Tappear to rely on this receptor for survival
during a a@Peprcet ysdwi od Ytis lﬂfécam‘g?%g?@ﬁeﬁerw\@deslsrim aant agoni st s of
the av(33 dAtegsi rberﬁeapggréﬂel Qﬂ?goéréﬁe%r 2pkbotkd nqgcsnté&%ﬁtsﬁzé' §¢ and

i nhi bit bl ood vessel grow ntegrins are heterodimeric nol ecules in
whi ch t he the gHeP (@tegabﬁmq@%eﬁé%%% fheeExIqioneimugre |ipid bil ayer.

The a- apoptosis and inhibit blood vessel growth.
i0
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




subunit has four Cat' binding domains on its extracelIUI&PFeEHEFh?xgnd t he

- p-subunit has a nunber of extracellular 15 cysteine-rich domains. Many

| igands (eg. fibronectin) involved in cell adhesion <contain the tripeptide.
Sequence arginine-glycine-aspartic acid (RE@). The RGD sequence appears to
act as a primary 20 recognition site between the |igands presenting this
sequence aubspesBpt ors on the surface of cells. It ispgenesablsy believed

t hat secondary interactions between thke |igand and receptor enhance the
specificity of the interaction. These secondary interactions mght take

pl ace bet vwgeReiRisetheSH r23atbecd igand a0l JLagPt Ofpthatcare i mediately
adj acent to the RCGD sequence or at sites that are distant fromthe RGD

sequence. F%@‘ﬁfeﬁf‘?ﬁ%stk%ﬁye tRAGAR tHe BilAbelS dntsagtr PLIREER I n 30
receptors and have the potential to regulate a nunber of cellular events

of 5|gn|f|ca£1t application in the clinical setting. (Ruoslahti, J. din.
| nvest. 1§1(’119 )3“9198?%%&?59 tll’i‘eth%%“teswbéfef‘?“%rt rédigrfdct of RGD
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thereof relate _to_thej as_anti-thronpbotic agents where they target
the pl at ol GFTECHY] B 436 PBI P14 0 MY DY 4 0Ro510 aingh BgoABE TR | ssucs. by

~adm ni st r adr AEDOEonGaiglihle peptt 4. 33P0578318(335eaf&ﬂga(§’lb$behfé‘s keen descri bed
in for exapple L 1(:7/ 791 nd MO 95/ 25543 usg do} r;ﬁ i.bodies or RGD
contalnlng pept T 578 %gldﬁkgrP €3 aager # Hﬁn%EEﬂfllc RGD

cont ai ni ngicblapm:dbsdnawd WeuBi¥ 1 41031 cl i e 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.




RGD- anti bodi es. Haubner et al. in the J. Nucl. Med. (199@9 Feliraawoz_OOS
- 1061-1071 describe a new class of tracers for tunour targeting based on
nonocycli ¢ RGD containing peptides. Biodistribution studies using

whol e- body aut oradi ographic 1imaging reveal ed however that the
1251 -1 abel | ed peptides had very fast blood clearance rates and

predom ngnfdsestsy hepatobiliary excretion routes resubdnm@ziashi gh
background. Cyclic RGD peptides congaining multiple bridges have also been
described in WO 98/54347 and WD 95/ 14714.. Peptides derived fromin vivo

bi opanni p WO 97/ 10507) .h been us. : QL & ast argeti ng
- appl i cat F%] *CCTRESS qeuser?geaa Wlﬁﬁ%%ﬁg Egﬁélyno used to target
drugs suahe doundoin rRMH/N0OAL (VD S3A1E 7BEN/ NOREEPRI0 abbasc @G Edenovi ruses to
cells (s 9 : AQQ_. ; 98/rad3dde. WO . 98/ 54346, US
5846782)853\(4%0%‘:?3%?9%%?& m%géﬁ%??ﬁ\ﬁ:ystei ne 25 residues do however
suffer fromthe disadvantage that nultiple disulphide isoners can occur. A
peptige 'gﬁé _bat?fic@&%ﬁ Qi et o5y GRS i RaPTh AS FRER: dfr ihagebisrapassi bi l ity of
formng different disulphide folded forns. The isonmers wll have varying
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: urther, exanpl es of: co i si ' e-ha conpounds
are f ourdPhYF tpestf NEEAG0 186 e pEYy Fggéﬁ'o?é] t%ﬁcgggé%chleﬁ'? glgf which are
i ncor por giRe ARt efdedy whberaRdenity Thegehli sgertts targatdmgoand i magi ng of

! nteﬂflr}ééa%%pégggieMS 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
,coﬁpounds 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.




associated wth angi ogenesis in vivo demands therefore a10§89389F§§? hi gh
affinity RGD based vector that is chemcally -robust and stable.
"Furthernore, the route of excretion is an inportant factor when designing
i mging agents i-n order to -10 reducte problens wth background. These
stringent conditions are net by the bicyclic structures described in the
present firpyespeon ofDescprpidnoninfent hen passeidks on oMiewed §4 om one
enbodi ggatal tdlendhiavent i on can provi de new peptide- based conpounds of
-Forrmula | as defined in the clains. These conpounds have affinity for
~integrity receptors, e.g., aiy*nity for the integrin acv(33. The. conpounds..
of Fornula | can conprisé®at |l*east two bridges, :wherein one bridge formns
a di sul phi de ‘bond and the se on&——b++dge conprises a thloether (sul phi de)
bond and wherein the bridge ¢l d the peptide noiety into a "nested'
configuration. 25 Thepca sx digsch gsed syhave a maxi num of one
di sul phi de bridge pef nggggqféﬁthq%9§ ;}hy xﬂs di scl osed are
surprisingly stable ig__vivo and nder Ihe cgﬂg;tlons enpl oyed during
| abel i ng, e.qg. durlng | abeling with technetium” These new conpounds nay be
used in therapeutically effective (f)reatnents as well as for. inmaging
pur poses. 10 February 2006 7 A first aspect of the present i nvention
prOV|des a conpound of general formula (1) zi W~

5 or pharmaceut1ca11y 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 forming a disulphide bond,

X, represents arginine, N-methylarginine or an

K 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 represents 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



S 1-C(=0)-X1- X2-X3:G-D- X4- Xs-X6-X, s (CHZ)n (1) 5 or pARFRR¥BMTPR |y
acceptable salt thereof wherein G represents glycine D represents aspartic
acid 10 Rl represents -(CH2)n- or -(CH2)a C6H4- wherein n represents a = -
“positive integer 1 to 10 h represents a positive integer 1 or 2 X1
represents an am no aci d residue wherein said 15 am no acid possesses a

. functi onaWogB/gRe4sshai n such as an acid or am ne. X2 dU/NQ2/0er esent

i ndependently. an am no acid residue capable of form ng a disul phide. bond,
X3 represents arginine, N nethyl argiﬁpail ne or an 20 arginine mnetic, X5
represenfts a hﬁdro,phc_)bi'c ‘amno acid or derivatives thereof, and X6 '
represents a1 ReBYEoMBONFHE a6t dartadiidue, and X, is absent or
represents a bionodifier noiety Z1 represents an anti neopl astic agent, a
"chelating agent or a reporter noiety and WL is absent "or represents a
spacer noiety 10 February 2006 WD 03/ 006491 7a '

Z,7 W,
g———=8
| | I
i‘i“c (=0} =X, ~X,-X;-G-D-X,~X; ‘}I(G"Xv
© s ' - {CHy)
(1)

5 .or physioiogiéally acceptable salts thereof
can be defined wherein

G represents glycine,. aizd
10 ' _.D represents aépartic' acid, and _
| 'Rl représents —(CHé)n— or —'(Cﬁz}ﬁﬂéqu-, preférably Iﬁ
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 ° ' Xy represents arginine, N-methylarginine or an arginine

mimetic, preferably an arginine, and




The new pept| de-based conpounds of Formula I: zr- wo S - &0 fepruary 2006
ti-C(=0) - X1-X2-X3-G D X4-X6 6 X7 (CH2) h (1) .or physiologically
acceptable salts thereof '.. can be defined wherein PCT/NO02/ 00250 G
represents glycine,.and 10 D represents aspartic acid, and Rl represents
-(CH2)n or -(CH2)n C6H4-, preferably Rl represents -(CH2)-, and n
represent suiy @R&u4dl ve i nteger between | and 10, and hpdeRbReeRES a
positive integer | or 2, and 15 X1 represents an am no acid residue wherein
said am no acid possesses a functional side-chain such as an acid or
am ne preferentially aspartic or glutamc acid, |ysine,

honol ysi ne, di am noal cylic acid or di am nopropionic acid, x2 and X4
represent i ndependerrtdsgnaa amyigopbeia egiidueac phpablerofatioras ng a

di sul phi dechonghe PLeLEAhY 2 GYALSLe o Qb houpeNst g Legl due, and 25

X3 represents ardgi |ne inine or an argrni'neg “m ne
pref er abl ytaresdingi af e na@ﬁ‘i@hﬂﬁmm@ar%@% WG@#@@MEEF@WH\I@OZ/ 00250

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.




8 XS represents a hydrophobic amino acid or derivatives 1? eb"E¥y2006
preferably a tyrosine, a phenylalanine, a 3-iodo- tyrosine or a
napht hyl al ani-ne resi due, and nore preferably a 5 phenyl al anine or a
3-iodo-tyrosine residue, and X6 represents a thiol-containing am no acid
residue, preferably a cysteine or a honocysteine residue, and 10 X7 is
absent or RIS a honogeneous bionodifier noietypPfedRhadd y based on
a nonodi sperse PEG building block cogprising 1 to 10 units of said
bui I di ng bl ock, said bionodifier having the function of nodifying the
phar macoki neti ¢s d_cl earanc t t S5 agents. In
addition X7 may*’ éls%b?epges%ﬁ$@fe§e T%%h%§ﬁ§é58?35&'e éuég preferably

gl ycine, |ysifegenaspeltt iderdeed Dromsetiperic PndéOprﬁﬂqgun%d apbbdi nent of
this inve o] uni rised. of
I e e S

17- ani no- Faoxwle-bka 20 3,9, 12, 15-t et r aoxahept adecanoi ¢ acid of Fornula ||
H 4 H2N, ~O-~O, -~O~ N 25 wherein n equals an integer froml to 10 and
where the C-terminal unit is an am de nnlety 10 February 2006 WO

03/ 006491 PCT/NC02L0£25Q\/9\ |&)ab en resents a spacer noiety and
is preferentially d rived f?on1g|utaﬁ?c and orckuq mnic acid and/or a
pol yet hyl enegl ycol based unit and/or a unit 8f For%ula I

| (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




n Z1 is an antineoplastic agent, a chelating agent or a 1955%’1"?%2019& ety
that can be represented by a chelating agent 10 of Formula |1l RL RL R~\N
N-~"Rl OH OH 15 where: each Rl, R2, R3 and H4 is independently an R group;
each R group is independently Hor CI-10 alkyl, C3_10 al kylaryl, C2_10
aI koxyal kyl , C _10 hydroxyal kyl, C-10 al kylam ne, Cl1_10 fluoroal kyl, or 2

nore R t oget her with the atons 10 February O 0"CH3
(1 o 11 B0 Rt RN W 03/ 006491 PCT/ NOO2/ oofég%%% whi ch t hey
are attached forma car bocycl ic, het ePocycI ic, saturated or unsaturated
ring, or can represent a chelating agent given by formulas a, b, ¢ and d.
N N, OH HO which they are attached form a carbocyclic, heterocyclic,

saturated or unsaturated ring,

or can represent a chelating agent given by formulas a, b, c

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



INHN'" jNHr a5 Cb d A preferred exanple of a chel at i nd® EgRamY; 2006
represented by formula e. e 10 10 February 2006 WO 031006491 :

PCT/ NO02100250 11 Conj ugates conprising chelating agents of Fornula |11
can be radiolabelled to give good. radi ochem cal purity, RCP, at room
tenperature, under aqueous conditions at near neutral pH The risk of
openi ng tygofkessd} Phi de bridges of the peptide 5 conpaENOIe025000mM
tenperature is less than at an elevajed tenperature. A further advantage
of radi ol abel ling the conjugates at roomtenperature is a sinplified

pr ocedur ho ] st & jherspzarngvi ety W is
to dista cé‘:"t’%%t %Bm]%lélvse S‘?Egtnﬁ’l t?na agerﬁ%%lromthe active site of

the peptdiadéotairgldednte dhtve Qpaderadmcéﬁvlwl IRrAftye B BCabPE™t o di st ance
a bul ky Wb DEOR]AS {153 A9 nbLOM SN c36hk Ve Sideg Qbutidie ppeprhde. 15

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 found that the biomodifier, X, modifies the
pharmacokinetics and blood clearanée rateé of the compounds.
The bieomodifier 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.




It is found that the bionodifier, X7, nodifies the phar&ggggpﬁﬁx?%gsand

bl ood cl earance rates of the conpounds. The bionodifier effects |ess
upt ake of the conpounds. in tissue i.e. nuscle, liver etc. thus giving a
better 20 diagnostic inmage due to | ess background interference. The
secretion is mainly. through the kidneys due to a further advantage of the
bi onodi fi efq obiamyer the. conpounds defined in Formul gdpyn@aYeeSO conprise
- 25 chel ating agents. Z1, as defined | Table I. In some enbodi nents of the
invention,.Zl may conprise a reporte#‘ noi ety where said reporter noiety
.conprises,f r.adi onuclide. Further definitions of chelating agents are .
listed in TH8% &flowing Table |. 0 10 February 2006 WD 03/ 006491 12 Tabl e
| . PCT/ NQX2/2882660 (lsagscirsSt ruct ur eDef i niefonstddrgand Am neoxi ngY 1-8 can
be H, alQyl., Y4\ /YSaryl or conbinations thereof Y3 HN Y6 and Y4 or Y5
contains |2 Y2'7 Y1|~r1 Y8suitable functiqgnality
: Amineoxime Y 1-8 can be H, alkyl,

Y, s aryl or combinations

Tj] thereof
HN

Y, ‘
iiI:fH 7 and Y4 or Y5 contalns a

EN/

Y suitable functionality
OH OH such that it can be
conjugated to the
peptide wvector - e.g.
preferably alkylamine,
alkylsulphide, alkoxy,
alkyl carboxylate,
arylamine, aryl sulphide
or a-haloacetyl

X= C or N when m’=n‘= 1

X= N when m*=n‘= 2




OH OHsuch that it can be conjugated to the peptide vectopofe%mawzgpgferabl y -

al kyl am ne,  al kyl sul phi de, al koxy, al kyl carboxylate, arylam ne, aryl

sul phide or a-hal oacetyl X= C or Nwhen mi=n"=1 X= Nwhen m=n'"= 2 10 :
February 2006 WO 03/006491 PCT/ N0O02/ 00250 13 C ass of StructureDefinitions
-Iitgand MAG3 typeYO P = protecting group >4 OKNH H Y2(preferably. benzoyl,
acetyl, ECkgozdoddy OYLl, Y2 contains a P COHsuitabl e fupgi/h@nabisiy such that
it can be conjugated to the peptide vector; preferably H (MAG), or the

side chain of any

Class of Structure Definitions
ligand
MAG3 type v o

>_“4( P = protecting group
Q NH E Y, {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.

O ¥1l, Y2, Y3 - contains a

G4 type Y,
ligands > 2 suitable functionality
Op MH N Y, ]
such that it can be
-conjugated to the
Y; NH, HN” Yo -
L\ _ peptide vector;
COH preferably H, or the

zide chain of any amino Y
acid, in either L or D

form.




amno acid, in either L or
| i gandssui table functionality O NH N Y such that

to the Y NH2 HN O peptide vector;

Dform &4 typeY 0Y1l, Y2, Y3 -"con
it can be 3 Xlconjugated
_ ~ CQ2Hpreferably H, or the side chain of
-any amno acid, in either L or Dform 10 February 2006 WO 03/ 006491 14

PCT/ NO02100250 C ass of StructureDefinitions |ligand Tetra-Y1l-Y6 can be H,
al kyl', am pgak¥sss@r combinations |igandsY 3 Y4t hereof pfer gy

10 Feb{uaalrynZSOOéG

Y1-6 groups contain one or nore NH thfuncti onal nopieties suc

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

Lwhere the




al kyl am ne,

sul phi de or a-hal oacetyl

al kyl sul phi de,

al koxy, al kyl
10 February 2006 WO 03/006491 15 PCT/ NOC02/ 00250

. . 10 February 2006
| i Y1 Yéthat the chel ate can be conjugated to the vector - e.gp’preferably'

car boxyl ate, aryl am ne,

'Cl ass of StructureDefinitions |igand Cyl an¥l-5 can be H, al kyl,
conbi nati ons |igandsYl Y2t hereof Y

“one or nor woNBleddiunct i onal

3 NH Nand where.
noi eti es such that the chepatmonansbe y

yconjugated to the vector a - e.g. preferably

aryl

typearyl or;

Yl -5 groups contain

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

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

or c-halocacetyl

functional moieties such




al kyl ani ne, al kyl sul phi de, al koxy, al kyI carboxyl ate, aryP&sPREY 200

sul phide or a-hal oacetyl 10 February 2006 WO 03/006491 16 PCT/ N0O2/ 00250
‘Class of StructureDefinitions ligand D am nedi Y1, Y2 - H, alkyl, aryl
phenol Yi\ / 2and where Yl or Y2 groups contains a H HNf unctional noi ety
such that the chelate can be H HO conjugated to the vector e.g. preferably

al kyl am n sul phi de, al koxy, alkyl carboxylate, aryl
sul phi de g‘FJ %‘@4 oacetyl W=C, N :rlr6 =1 or 2 HYN cﬁ%rfwogﬂi!ﬂ%

Class of Structure Definitions
ligand .
Diaminedi Y1, Y2 - H, alkyl, arvl
phencl
Y[\/"Y2 and where Y1 or Y2

W
vi/ ‘{\ 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
W= ¢C, N

m'=n’ = 1 or 2

HYNIC . 0

v V= linker to vector or

BN

vector itself.

Tz
AN/




"\ V V= linker to vector or | HZN- N N vector itself. / MOTEP®EB2AM6y 2006
WO 031006491 17 PCT/ N002100250 C ass of StructureDefinitions |igand Anm de

‘thiolsyy //0P = protecting group 0 ~ '1/ (preferably. benzoyl, \ i
OHacetyl, EOE); G Y4 Y 1-5 =H, alkyl, aryl; Y Y 1P 1 Y5or Y3 is aL or D
amno _

‘ WO 03/006491 ‘ _ " PCT/NO02/00250¢
17
Class of Structui:e ‘{Definitions
ligand
Amide _
thiols Y, /(0 o P = protecting group
(preferably. benzoyl, .
' o H OH :
acetyl, EOE); .
L Y; s Yo Y 1-5 = H, alkyl, aryl;
% P I]’ s or Y3 is a L or D amino

acid side‘—chaiz; 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 functiomality
| such that the chelate -
can be conjugated to the

vector - e.d.

alkylamine,

'alkylsuiphide, alkoxy,
alkyl carboxylate, .
arylamine, aryl sulphidev_? 7 {\)

| 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.




aci d side-chain or glycine. and the carboxyl ate my be usd®FFBMaBARRgati on
to the vector via an anide bond. Alternatively the RL_5 groups may contain
additional functionality such that the chelate can be conjugated to the '
~vector - e.g. al kylam ne, alkyl sul phi de, al koxy, al kyl .carboxyl ate,

aryl am ne, aryl sul phide or a-haloacetyl. In sone enbodi nents of the
i nvent i orwobsdeesnul a | the Z1 noiety can conprise tlperivondiomy of a 1F
i sotope or an isotope of Cu, incorpgration into the agent either as a

prosthetic group or by substitution or addition reactions. The resulting
conpound;may .t hys ..be us in Positron Enission Tonography (PET) | naging.
10 February 3006 A4/ 6%%5‘@193155?’?7\@@??’6@2’5‘0“ T8 FH-%ohe“&tBobf nent of the
present TIRFERERISH BY aropmuiingoplaZkhm\rgbet. reptiesentiediibynanhant i neopl astic

agent. |d§bn{p|6u;$d enbodiargot ahhgrlgi%@@ipi.@-jQgté’\’!alsgoéi%li:ggt[wi@ﬁ angLogeni ¢ S! te
associ atged with ca cer '?ansq:i brin 1Ehehant_l neopl asti c agent to the di seased
area. The antineoplastlc agent? ihy-béht ehrredsiit é8eby
‘The antineoplastic agent may be represented by _
cyclophosphaﬁ;ide., chloroambucil, busulphan, methotrexate,
cytarabine, fluorouracil, vinblastine, paclitaxel,
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 embodimeénts of the compounds of formula I are

illustrated by compounds I-IV below:

30




cycl ophospham de, chl oroanbucil, busul phan, nethotrexateﬁ059995¥%£HQ&n
fluorouracil, vinblastine, paclitaxel, doxorubicin, daunorubicin,

et oposi-de, teniposide, cisplatin, 10 ansacrine, docetaxel, -but a w de range
of other antineoplastic agents nay al so be used. The pepti de conponent of
t he conjugates described herein have preferably no free am no- or

car boxy-t esiodiossokhi s 15 i ntroduces into these conpoungsrRo®loes f1 cant
increase in resistance against enzynpjic degradation and as a result they
have an increased in vivo stability as conpared to many known free
peptides. 20 .45 4sed herein the term anmino acid refers in its broadest
sense to proteogenic L-am no acids, D-amno acids, chemcally nodified
am no acids, N-nmethyl, Ca-nethyl and anmino acid side-chain mnetics and
unnatural arp i pht hyl al ani ne. Any naturally occurring

am no ‘aci de natural occurring am no acids are
preferred. & Yol t.s of the conmpounds of fornula | are
illustrated . el dw 30 10 February 2006 5 10 WO 031006491
Compound | mpound |1 =19 éi}

Hi HN:

0 H,

Compound II

10




10 February 2006 WD 03/ 006491 PCT/ N002/ 00250 20 Conpound9fePrugry 2098
Compound 1V 10 February 2006 WO 031006491 PCT/ NO02100250 21 In npst cases,
it is preferred that the amno acids in the peptide are all in the L-form
However, in sone enbodinents of the invention one, two, three or nore of
the amino acids in the peptide are preferably in the Dform The inclusion
5 of s_uCh QfOQ/Pld?ﬂﬂm no acids can have a significant eff&at,9fse t he serum
stability OP t he conpound. According to the present invention, any of the
amino acid .residues as defined in #8rnula | may preferably represent ,a
natural ly occurring am no acid and independently in any of 10 the Dor L
conf or mti%?u%nggr%f t he conmpounds di scl osed can be high affinity RG
based .vectors. As used herein the term high affinity RG based vector'
refers to compounds that have a Ki of < 10 nMand preferably <5 nM in a
conpetitive binding assay for av(33 integrin and where the Ki val ue was
determ ned by conpetition with the known high affinity |igand echistatin.
Met hods for carrying out such conpetition assays are well known in the
art.

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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There may al so be provided a pharmaceutical conposition J8HRSPENE%n
effective anobunt (e.g. an anount effective for enhancing image contrast in
in vivo imging) of a conpound of general formula | or a salt thereof, '
together with one-or nore pharnaceutically acceptable adjuvants,

exci pi er%ﬁo?éusgi | uents. . A second aspect of the present invention provides
a phar MacoUtTCAl conposition conprising an effecti VECHYEI®%t a  compound
of general Formula (1), or salt theleof, together with one or nore
pharmaceutical |y acceptabl e adjuvants, excipients or diluents. 10 February
2006 WO B FROBb4ASSSCTANODR /BT E50red thgthshe r apinos @ésidsi e thgacer (W)

el ement pep@fiae NG 1 ShTd Woabsh Y PcRRVYS ACtl Al hde smbRiinkAES- t YPe
. pol ysaccharj des, pol yamno acids and nethyl and ethyl esters thereof, and

pol ypeptTrdE8e YITEI8 cPti U8  afF e PFgBRtR | Yotihgeaninthiaghdfmy or may not

.cont ai n ienEleBpelidavage fidresabian eperbefori erhesiddlkibhn the contrast

ag_en%s %f the}? r“%"rk\lg/)enti on. ma%(l'abe any noi ety, capabl e of detection either 10
r I

“dir8ct O 8F° &8 F1h 2R CF ni°3R VBVEi & Y CPRRgHHECtpPRcedur e.
Pref er althy $dsrcetabasit@Enthe arguposad. one reporter. Preferred are
. noietie ich emt,or may be caused to emt tectable radiation (e.g. by
- radi oac?ﬁggf&élgaﬁ. tl(i% Ef—rd%eﬁﬁ f'ﬁﬁa@%ﬁﬁnt Nt & 19 3Lt her be a non
zero nue‘ﬁééuesspisndésm«ﬂoe‘n( Soiulas T164y) mrefarableriedrebant g unpaired
el ect I 0B SRS 200 0RNGY BREATAUNG' L 5 AHRALRRLAIPUICLLG of O 1 magnetic or

ferromagnetic
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 géneral 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

. diluents.




properties; for light imaging the reporter will be a IigiP FoBru@pq%; e
(e.g. a coloured or uncoloured particle), a light absorber or a |ight
emtter; for magnetonetric imging the reporter will have detectable
magnetlc properties; for electrical inpedance inmaging the reporter wll
affect electrical inpedance; and for scintigraphy, SPECT, PET, and 25 the
li'ke, theysepessdber will be a radionuclide. Stated gemermDIzmse he reporter
may be (1) a chelatable nmetal or pgjyatonmic nmetal-containing ion (i.e
TcO, etc.), where the netal is a high atom c nunber netal (e.g. atomc

nunber . 30, gr %a%%s L0807 doa A PR AIRAADLI L cIPAGLER e 0. @ Transition

metal or lantha | oactive Isotope, (2) a covalently bound
non- met aﬁtmr@é“\ﬁm%quysaﬁchﬁ*ﬁ?aﬁeﬁedsmé?%‘rtﬁﬁes| te (e.g. an oxygen or
carbon 'Bofy&%rcﬂa:%&a@é fﬁ&%ﬁ%&%&a&aﬂ%n&é@ 0234 Qi 1e SEHNO02/ 00250
23 radical), hi gh atom ¢ _nunber _non- net.al ﬁ]ﬁfladl oi sotope, (3) a
pol yat onﬂ%e’éﬁclfst éPdoP°%¥%?§Féﬁe%0rﬂJ&F’H§?1‘gd?ﬁ’§l‘?e§t 3 number at ons,

di spl Qyi a9 fRRRAEBLEIEs TBGAGH I fap dFambpUiot (Congaisupeypar amagneti sm
ferrimagneti smor ferromagnetism 5 or containing radionuclides. Exanples
of partictE3H95r §-EFFed reporter groups (Z1) are described in more detail
-below.. 167Tm 97Rn 188Re 177Lu 199Au-203Pb and 141Ce. The netal ions are

exal ool EPERET A IRt UB obDeClls GoRELRr DRt O o 74T,
W89/ 005hkenti®oA- 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




5367080, US-A-5364613. Methods for metallating any chel at'PHGPEERAE D8 r esent
are 20 within the level of skill in the art. Metals can be incorporated
into a chelant noiety by any one of three general nethods: direct

i ncorporation, tenplate synthesis and/or transnetallation. Direct
incorporation is preferred. 25 Thus it is desirable that.the netal ion be

easily conmploas@eksert 0 t he chel ati ng agent, for exanpl e, pbyYNBBIfRIsY €XPOSi Ng
or mXxing an aqueous solution of the,g¢helating agent-containing noiety
with a netal salt in an aqueous solution preferably having a pHin the

range of ahout to . Th al t _ be _an al.t . referably
the salt i gg%cva\g*t)ér asofu Iaé%mégl t of t Hggnﬁ%l'sﬁ%hga]iaézi’c’%g?gé%% salt, and
more pref & lald poduehonid 1S ugker sef ecvedasocasadoting chigit ecbeie with the

bi ndi ng of i it.h L0Y AgeRt ; ' ry 2006 WO
03/ 006491 %%%%I\%%%?%SOZ%S\Hzl%ip'lr%\%eccoﬁ%%%tgik%‘ggagen{a%égg%}%ﬁ}?%gﬁmi ety is

preferrabl {£ih SaEEERAETSSNEEiTh deraiprrRttiset vEcheamaenstisi) about 9,

more prefegablghdhehween-fhloahoiiak to about 8. The chelating
agent-containing noiety can be mxed with buffer 5 salts such as citrate,

carbonate, acetate, phosphate and borate to produce the optinmm pH.

Pref er abl Yexdnke eBUbf fartsalil sr 350 re0heat £83Q @SgRAlpd QziNtBff ere with the
subsequent _ bi ndi ng of the nmetal_ion to the chelating agent. 10 The
fol | owi ng ‘%%Sé:tr&b@ Yt 16t BpE*Pai®e°¥an be used for both inmging and
therapy wi thout having to change the radiol abeling nethodol ogy or
ChelaIﬁH: égé %%%é %é%% %%ﬁo%égggeggé 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.




177 Lu71; "MIC43; 199 Au79 ; 47S czl; 131 90Y39 and 87Y38;Fe8%8%%ng 44sc
90 123 | 146 21% Y39 and 53% Sn62 153; 67Cu29 ; 131153 and 1231 188 s3;
Re75 and 15 and 153Sn62; and 90Y39 and 1111 n49 Preferred non-netal atomc
reporters include radi oi sotopes such as 1232 1311 and 18F as well as non
.zero nucl ear spin atonms such as 19F, and heavy atons such as |I. 20 In a
further enedspaRiy of this invention, the use of radiRifglhores of iodine
~or fluorine is specifically contean ted. For exanple, 1f the peptide or
linker is conprised of substituents®that can be chem cally substituted 25

. by iodine gr fluorine in a coval ent bond formng reaction, such as, for
exanpl e, sﬁb%t‘*‘?g%?ftnsg BYRP &I HIHG AYS B FRENYT Eg:&feﬁlf?‘nl?]tyr dfenzoyl
functi onaldadugpususdl siibat &t uenrtss of aretheenl abaked bydnasdads,wel | known in

the art vviﬂtlof}eapra li ol sot ppe Eeof ' odlimq~1 %rtf Iég)c;dtn% respectively. These
speci es can be 30 UsedYin ?ﬁefﬁﬁ ut 7T and aiagnostrc I'iragi ng applications.
Wi | e, at divdasame ddemt;ceonteindhgatdiztyedat oba mihleflatitig buffent on t he sane
peptideslinker can alsa.p sed_ipeither _therapeutic or di,agnostic
i magi ng app ications. ?6'%3%?ua?y 3&&%?’5 e ABhSSpact a

borate to produce the optimum pH. Preferably, the buffer

salts are selected so as not to interfere with the

subsequent binding of the metal ion to the chelating agent.

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:
T ngr; 2%Ause; YScar: PTsa: 7Cuse; lTss and 3T.; %*Reqs and
$MPegs; *%as and *vae; Y7Scs: and “Scgy; *%as and Isy; MfSms

15 and ®Smg; and 9%y, and MIng.

Preferred non-metal atomic reporters include radiocisotopes
such as '**1, 1 and F as well as non zero nuclear spin
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 functionality, such substituents can be
labeled by methods well known in the art with a radioisotope
of lodine or flucorine 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.




WO 031006491 PCT/ N002100250 25 A preferred embodi nent of CfREUEMANGE on
relates to a radiolabelled agent of general fornmula (1), particularly for
.use in tumour imaging. The diagnostic agents of the invention nay be -
‘adm nistered to patients for imaging in amounts sufficient to yield the
desired contrast with the particular inmaging technique. Were the reporter
Is a netavgexpesier al | y dosages of from 10 0.001 to. 5permoul@seof chel ated

i magi ng retal -ion per kilogram of patient bodyweight are effective to

achi eve ~ adequate contrast enhancenents. Were the reporter is a

radi onucl i de, dosages of 0.01.to 100 nC, preferably 0.1 to 50 nC wll
~nornal ly be sufficient 70kg bodywei ght 15 20 25 The dosage of the
conmpound® B?Eﬁ%éfeiin%@?ﬂ‘f ntopt tiher apeention ysdayes |tad@pend upon the
condltloaa@ﬂme&ié@t ntOdE béherB8N85AMIY I(h) bep@,_ftltaagaﬁi}deforof from1
prol / kg to 1 mmol / kg odywei ght. The conpounds di scl osed may therefore be
f or mul at B8 8 LM 4%9488on usi ng physi ol ogical |y acceptable carriers.

or .exgipients |nananner fully within the skill of the art. For exanple,
"~ the conpounds, tionally with the addition of %)lhar maceut i cal ly acceptable
. exci pi enfke dr?‘é'?“ Ci5 SFERTE dOD I TBFVEET PP AREBESS Rl um with the

-resul tingo spzitatehm fHr SHIPSHS BN ahbeit D Suligicbdad idol Z@€ld the.
des:.red contrast with the particular imaging techn:.que
Where the 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
"excip:,ents, ‘may be. suspended or dissolved in an agueous
med:.um, with the resulting solution or suspens:.on then belng

} ster:.l:.zed

" 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




/30 The conpounds. of . formula | may be therapeutically ef f 82FPOYa 2006,
treatnment of disease states as well as detectable in. in vivo imaging.
Thus. for exanple the vector on the reporter noieites nmay have therapeutic
efficacy, e.g. by 10 February 2006 _ WD 03/006491 26 PCT/NO02100250 virtue
of. the radi ot herapeutic effect of a radionuclide reporter of the vector
nmoi ety. Usgo@fnokfe conpounds of formula | in the nmanufraxmopzeoedo

t herapeuti c conpositions (nmedi cament gand in nethods of therapeutic-or
prophyl actic treatnent, preferably treatment of cancer, of the human or

animal, begy.aLe,¢ hus £ONYERLEHeut & aRbesest o sahlishuasect s of the
i nvention. 10 Further exanples of the-reporters which nmay be used in the

cont ext ofephrtemrafehbe HAAtoEalPERET e gi ven on pages 63-66 and 70- 86 of
W98/ 47541 and the disclosures nade on these pages are incorporated herein
by reference. in their entirety. It is hereby asserted thgt each and every
reporter SFepaf tthes COMRAIES AEsEPTREE dniRhEPLrBPERRRTYShES pages is
consi d§r ednei-fplift iRatbmptsilthengde ffediRlaimeat pfaddéni neemidsonfcont ained in
this application. A third g&Rect. of th resent f| nv. titoré @Irngvédes a use of
a conpoundteEPeH PR REREVRRE*Dr Pon B5EIETa3h rESPTE um A fourth
-aspect of ofEhe€anfeaseaft thw dnmkanoPraatimdsbhadyretreothed capendernedng i mages of
a human or _ani nal bod evi gusl y_adm pj st .W.th a contrast agent, said
: . 3 ik t . col My
net hod m&%l’fﬁ‘fﬁfsﬁgge g %ﬁ??%tifgé’rgoghéaﬁ{ﬁ%gla% a part of said body to
whi ch said contrast agent has
(:) 10 Further examples of the .reporters which may be used in the
. context of the current application are given on pages 63-66
and 70-86 of W098/47541 and the disclosures made on these
pages are incorporated herein by reference in their entirety.
It is hereby asserted that each and every_reporter or part - -
15 " thereof disclosed on the aforementioned:pagés 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.



distributed, characterised in that said contrast agent cdfprPuaey 2p06
conpound as defined above. A fifth aspect of the present invention provides
a nethod of generating enhanced i mages of a human or ani mal body
previously adm nistered with a contrast agent conposition conprising a
conpound as defined in the first asgg whi ch nmet hod conpri ses generating
an image of at least part of said bOdy. 10 February 2006 26a A sixth

aspect, qf; .1, ggsé%@ttﬂéﬁgﬁggangnuwe%w@%r@nr@%gh@%eeﬁod meni toring the effect
of treatrren human or animal body with a drug_to conbat a condition

 associ BREEGOHIh thafEErct S4i FeBbRRthali hG " He&h PrEGT FrsKy" Hdnfni stered with
a ConpaiRdtOrcoBPAPQS bndinias asdefiated ahovesncsai cahetidvog lnarmobw ng
det ect%ﬁﬁfgnﬁpsriw&% affni38Ley GAIPAUOGAG %@9&& boms yagel | receptors,

said a strati etection optiona Er ef erably being effected
r epeat @fiiped gabgve, [sefdmether irKgl Wng %GftteéF”’tgr E‘éﬁ h’é’ %8S d conpound or
COT'rpOScb&rdpﬁﬁnd Ars et iaspee tcedf Advepprrasestid awant somtppowindes a use of a

COMPOUNG 35 JLENEA 3PS Al oL hE IROLACLINS, 0 AoDRASGIENG (O the

therape Ic or ctic treat cancer or a related disease in a
human erfoan; rﬁhlrlnqr?éfiea%&ﬁ e i BvisaéY AmRBIRoET STERHEr R ng an i mage
of a human or animal body invol ving administering a contrast agent to said
body, e.g. into the vascul ar system and generating an i nage of at |east a
part of said body to which said contrast agent has distributed using

sci nt | Yreephyth PEFewr oSPBETrIAsdal i {iveRt iagheYWilAeas ¥8F Picdntrast agent s
used aporpgeRd =ef adanBlldoke R Hebhdalsac2R06 o fVWOrRd1604400 1:2CThAN002100250

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.




27 There can also be provided a nmethod of generating enﬂ%ﬁsBWaryn%Pé’és of a
human or ani mal- body previously adnmnistered with a contrast agent

conposi tion ‘conprising a conpound as defined by formula I, which nethod
conprises generating an inage of at |east part of said body. There nay be
provi ded thod ; of nonitoring the effect of treatnment of a human or

-~ ani mal 10 WW’[h a drug to conbat a condition assodCAEOMPh cancer,
pref erably angi ogenesis, e.g. a cytotdxic agent, said nethod involving
adm nistering to said body an agent of fornmula | and detecting the.uptake
of said agent by cell receptors, preferably endothelial cell receptors and

in 15 parthecul @in aMdo3bé §HORPLAIS a ﬁ@dh@ld&ﬁ%é&hé%%i’ﬂd{ %thdﬁ{.)gg ,
optional | y yi,4t, g;eé'[ng ?Igdbel n% ef fected repeated té:] ore, during
and after treatment W PO Y TR RO STE A IS EC‘F%é%Ftcéﬁerﬁ'e

synt hesi s&dPoY-tieR (fgrarisipgen Immmnnlcte@m@idsnm‘d bhefrireala gynttiesi s but

parti cul ardtyodisefptisks ddaersal lgdarphﬁ§@e %@tmqgk%)ba% oﬂ\@é{d Ebc‘? d enpl oyi ng
an aut omat ed peptide synt hesiser (J. Chem Soc. 5. 2149 (1964)). The

. peptides and peptide chelates nmay be purlfled usi ng h| gh performance
liquid 25 chromat ography (HPLC) and characterised by nass spectronetry and
anal ytical HPLC before testing in the in vitro screen. The present ,

i nvent i onrpaick | mdjowe BRofidingrmdthbyist rated by way of the foll ow ng
-non limt Ifn gtogi(éo@lnegsthe egf%cFegal:’ ut?rr atrznggg 02 a hﬁmah or anlmal
10 body with a drug to combat a condition associated 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.

{ Tl-le.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.
- 30 '




t hi oet her cycl o[ CH2CO

.Lys(cPn216-gl utaryl)-Cys2- Arg-d y- Asp- Cys6- Phe- Cys] - NH2 MlewW Wei ght

=1407. 154 Erad Mass = 1408. 562 MloMar Fornul a. C60HI8N1801559 1 a)

Synt hesis of cPn2l 6 chelate WO 03/006491 5 10 For details of the synthesis
of technetwamsglighate cPn2l6 the reader is referred tggmpajegibsei!ing
GB0116815.2 1 b) Synthesis of cPn216-, lutaric acid internmediate HON HH

©~ ¢cPn2l G (100 ng, 0.29 mmol) was dissol'ved in DVF (10 nL) and glutaric

- anhydride (33 ng, 0.29 nmmol) added by portions wth stirring. The reaction
was stirre af“B’rﬁrgsz'B hours to 20 afford conpl ete conversion to the desired
product. Thempueel: acid was obtained following RP-HPLC in good yield. 15 10

February 2096, Y0 03/ 000491 29, PETLIRD2/00250. 1 ). Sypkhes! s o

Lys (cPn216-glutaryl) -Cys®-Arg-Gly-Asp-Cys®-Phe-Cys] -NH,

D

H H H

N N NH HN=(~l )
NJX Molecular Weight = 1407.754
‘ i ¢ NH, Excict Mass = 1408.562

OH o o]
Malecular Formula » CEBOHI8N1BG1553

NH
HO.N/

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

MNon : [%j; N
H;I% o . H;IEOH
oH ,\,lf,\ oH
N e “ oS!

15

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.




N OH HNV OH N5 To cPn2l6-glutaric acid (300 ng, O.66 HhSPTah2F (2
m.) was added HATU (249 ng, 0.66 nmol) and NWM (132 1LL, 1.32 nmol)_ The
m xture was stirred for 5 mnutes then tetrafl uorothiophenol (0.66 nmol,
119 ng) was added. The solution was stirred for 10 m nutes then the
reaction mxture 10 was diluted with 20 % acetonitrile/water (8 nL) and the
product pumiddseesdy RP- HPLC yi el ding 110 ng of the despepgooeieguct
foll owing freeze-drying. 1 d) Synt hesit
Bu)

C1CH2CO Lys- Q/s(tBu) Arg G y- Asp- Q/s
=1118. 844 %1%7t§§‘ ulg&anrgyég%—-CAgﬂZQFINlSOll S3 The
pepti de i = B4 pe =—SyhRtH tarting with
Ri nk Am degwwa’z{ilcOaQEi mml scale using 1 mmol automatic resin on a am no
acid cartridges. The q?%no acids were pre-activated usi ng_ilngTU bef ore

a

5 Phe- Cys- NH2 Mol ecul ar Wi ght

coupling. N term nal e gr OUPSHAN@HIe chl or oacetyl ated ugLif a sol ution

of chl oroacetic anhy(‘] e in DMFTOr 30 nin. 1,0 February* 06 WO 03/006491
PCT/ N002/ 00350 , - - «/‘i\
HO N

N oM F H><r

=

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 mfnol, 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 Phe-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 § H o5 ;” o H 3 Molecular Formula = C46HTECINT 201153 v
O : §

The peptide was synthesised on an ABI 433A automatic
peptide synthesiser starting with Rink Amide AM resin on a
20 O._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.




- The sinmul taneous renoval of peptide and side-chain prot égtFieR'Ej‘aB’r%q?Bs
(except tBu) fromthe resin was carried out in TFA containing TIS (5 %,
H20 (5 % and phenol (2.5 % for two hours. 5 After work-up 295 ng of

‘crude peptide was obtained (Analytical HPLC. Gadient, 5-50 % B over 10
mn where A= H0/0.1. % TFA and B = CH3CN 0.1 % TFA; col um, Phenonenex

- Luna 3 Cl§obddesa? x 4.6 mm flow, 2 nl/mn; detectiomchdboryeiéh ri m
product retention tinme, 6.42 nmin). Fl.érther product 10 characterisation was

carried out using nmass spectronetry: Expect ed, I\/HrH at 1118.5, found, at

1118.6). 1 e) nt he5|s of thi oet her %:%CIOL ZCO sg Bu)- Arg- 15
dy- Asp- Cys(tBﬂg’/ VAV EFERED TEORBE U IPEP 'ln‘gal’ﬁ 518@2‘: Exact Mass =
1081. 467 Mi@rtul:aind:@muba FerkApid7 BRI BOkbrSBh@ Weatey ahs GIGHAGD by's

- Cys(tBu) - Ar

wat er / acet’Shi F{“l%/ taf'ﬁ ’I;( 3(3P\%§s Igédj( F%e % dh %V\ﬁ? IQ}‘rm)nl a sol ution

and stirreshof boudd. 20 hours. After work-up 217 ng of crude pepti de was
obtain (Anal yt PLC. i 5 I where A =

H20/ 0. T % TFA %%%é%%r'é%%f*? %S/@F;F%u%e 8 %ﬁﬁo\é’gno‘g’r%%{‘e@x&ﬂuna 3 C18 (2)
50 x 4.6 ndnalyoigal2HRLE niGraddenect 501, ¥V &R 14D nap wrasguét =ret enti on

. tP iCT”fNog'zig‘é%%)l é{m hels B Qdugicnlg . Fepryary 2896, Wendah06491

Luna 3 Y 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 thiocether cyveclo[CH;CO-Lys-Cys(tBu)-Arg-

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

Malecular Formula = C46H75N1301153

o S

" Nv?\ ﬁ\i \/E \/([f\ Molacular Weight = 1082.383
v v N/jr Exact Mass = 1081.487
= H o H

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




characterisation was carried out using mass spectrom&*try:10 FE?JH@@’tzeO&S M-H at -
1882.5, found, at 1882.6). 1 f) Synthesis of disul phide [Cys2-6] thioether
cycl o[ CH2CO- 5 Lys-Cys2- Arg-d y- Asp- Cys6- Phe- Cys] - NH2 Mol ecul ar Wi ght =
968. 150 Exact Mass = 967.346 Ml ecul ar Fornula = C36H57N13011 S3 NH2 217
ng. of thioether cycl o[ CH2CO Lys-Cys(tBu)-Arg-dy- 10 Asp-Cys (tBu) -Phe-Cys
-NH2 waswbrogedsed With a solution of anisole (500 [ XLporAdds@26@2 nl) and
TFA (100 nmL) for 60 mn follow ng which the TFA was renoved in vacuo and
the peptide precipitated by the addition of diethyl ether. Purification by
preparat i V&aléak@ewggea%em% &dina eh0oy e 13361804 2 %@Q&oﬁ&fpﬂ col um) of
the crude materi al %) was carried ouft using 0-3 where A =
H20/ 0. 1 %EPPR-&RE- B’“@-@@lr\Tl? 8- % PR oV 1662nPh- at a flow rate of 50
mL/mn. After lyophilisation 112 ng of pure material was obtained
(Anal yti cal HPLCtGradl ent 5 50 % B ovgr 10 m n V\/nere A = 20H20/0 1 %TFA
and B = N =2 ] -
flow, 3 ﬂidym—ﬂysﬁ@&:@@@lﬁﬂm&bygifbﬂ’ém:yﬁfQ@H—QCt retentl on time, 5.50 min).
Further product characterisation was carried out using mass spectronetry:
Expected, MtH at 968, found, at 971). 25 TO February 2006 WD 03/ 006491
PCT/ NO0O2/ 00256—32 §

s S '
O{j\ “\/ﬁ\ i f ”\/ﬁ\ Molecular Weight = 968.150
N = 968,
NSy Py N/\“’N\)LN N TN M. Exact Mass = 967.346
i o LMo "o d Q
e

Molecular Formula = G38H57N1301153
H
H,N HN

NH,

HO

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 g) Synt hesis of disulfide [ Cys2-6] thioether cycl o[CJ-lZéE)Febr”aryzooe
Lys(cPn216-gl utaryl)-Cys2- Arg-d y- Asp- Cys6-Phe-Cys]-NH2 H1 NH N
vrssas-s,, NHHN=~ 0 O NH2 Mol ecul ar Wei ght = 1407. 754 Exact Mass =1406. 662
Mol ecul ar Fornula = C60H96N1601553 5 9.7 ng of disul phi de[ Cys2-6] thioether
cycl o(CH2CO Lys- Cys-Arg-Qd y- Asp- Cys-Phe-Cys]-NH2, 9.1 ng of cPn2l 6 chel ate
active estwpoandwe® pL of N-nethyl norpholine was di ssolpeggdoslonzddV (0.5 ni).
The m xture was stirred for 3 hours. .Burification by preparative HPLC
(Phenomenex Luna 5 10 C18 (2) 250 x 1.20 nm col umm) of the reaction

m xture eA§ quOCJHO TFA and B =
CH3CN/ 0. 1= /5 : e—of T

| yophi | i sdtvis QHP52£5:|m9QE pbtﬁxﬂf@gﬂlmgmétmcxémﬁhytl caI HPLC:

G adient, 0-30 % B over 10 min where A = 15 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 —32 mn). Further product
characterisation was carpifed ogt—usingHasSSs spectr metry: Expected, MtH at
1407.7, found, at 1407.6) OJErx le 24 ﬂY s} of,, d| sul phi de [Q/SZ 6]

t hi oet her cycl o[ CH2CO- Ew“ji ﬁﬂﬂi \“ﬁy WE;E

Lys(cPn2l 6-gl utaryl)-Cys2- Arg- Cﬂy?Asp Q/%)éo Plie- @] (PEGQ n-NH2 where n= 1.

25
J><N N NH &m:(
-
Molecular Weight = 1407.754
H \/;/\/ Y NH, Exact Mass = 1406.662

Molecular Formula = C60HSAN1801553

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 €18 (2) 250 x 21.20 mm column) of the reaction mixture was

carried out using 0-30 % B, where A = H;0/0.1 % TFA and B =
CH3CN/0.i % 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
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- 17- (Frnoc- am no) - 5- oxo- 6-aza- 3,9, 12, 15- tetraoxaheptadecanoic acid 5 This

buil di ng bl ock is coupled to the solid-phase using Froc chem stry. The

- coupled formof this building block will be referred to in short as (PEQ™

where n is a positive integer. 1,11-Di azido-3,6,9-trioxaundecane 10 A

sol uti on ofwvodiyoesisat r aet hyl ene glycol (19.4 g, 0.100 nok¢mNendozse

met hanesul phonyl chloride (25.2 g, 0.220 nmol) in dry THE (100 nl) was kept
under argon and cooled to O Cin an ice/water bath. To the flask was added

- a solutiony of) 15 bhLEINY AR N 22261 fo) U5 220 BOL) 41 fAny, J4E (25 )
dropw se : 1 . d and

stirring wastxEsaepaneefgcgnodchpeid Water (60 m) was added. To the nixture
was added sodi um hydrogencarbonate (6 g, to pH 8) and sodium azide (14.3
g, 0.220 mmol ), in that. order. THE was 20 renoved by distillation and the
aqueous solution was refluxed 0for 24 h (two layers forned). The m xture
was cool ed and ether (100)\nl) Iwas _added. .The Jaguemus phase was saturated
with sodium chloride. Thé{plasSed! were Separatied and”the aqueous phase was
extracted with ether (4 x @ m ). Conbi ned 25 organi c phases were washed

Wwith brine (2 x 50 M) and dried (MgSO4) _Filtration and concentration
gave 22.1 g (9199 of vyellow oil. The product was used in the next step

Wi thouts fanitshetipaidd bCatkois 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

25 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.
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11- Azi do- 3, 6, 9-tri oxaundecanam ne To a nechanically, vigorously stirred
suspensi on 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 triphenyl phosphine
(19.9 g, 0.073 not) in ether (150 m) over 3 hrs at roomtenperature. The
reaction ry¥bido&eas stirred for additional 24 hrs. ThenNviases were
separated and the aqueous phase wasgxtracted with dichloronethane (3 x 40
m ). The aqueous phase was cooled in an ice/water bath and pH was 10

. adjusted t a.l2 ddition of KOH . The product was extracted into
dichloro 1‘1_221& - Qr 22 Sepaating gani ¢ phases were dried (MgSO4).
Fil trati orfcandnestsroratl Lon gaweoudly 0stg rir88% uefensdlohowf di /11-Anal ysi s by
MALDI - TOF S resEapy L X;~AgCYang- KrOXYygcidznam ¢ aci d) gave
a 15 M+H Sggg'%%‘% Sg%gba?gxpegt gg%ﬁ%:ucrztoﬁgr Xjéhg'r(g%s?él%ilgaty?oér?qusi ng 1H (500
MHz) and h3GreapBomez peMVR Hseal ) osrzompdedr #f seldittilea o8t ruct ure.

17- Azi go- %z@éﬂéxﬁ-@l%%:séh&el%l%Fest §1 ' dpaheRl pdeCangie aeid dQ Ip.2 sol ution
~of 11-azido-3,6,9-tri oxaundecanam ne (10.9 g, 50.0 mmol) in

di chl or o8t RaReA Y IO R tidle dTRE FIopesiee Mgty Er Va®e 6X384g, 55.0

Ml ) . TheokeagdiQRnat X3 MNE-Nasne Sthddegdworer St ebPhis amal ysis (col um
Vdac 218TP54; 25 solvents: A = water/0.1% TFA and B = acetonitrile/0.1%
TFA, gr adPBHECYE F9FB Beredganfad Widwlichlerrmthaneni et 48t Mo

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




at 214 and 284 nm), showed conpl ete conversion of starti 38 FeR%agﬁ%G to a
product with retention tinme 18.3 mn. The solution was concentrated to
give quantitative yield of a 30 yellow syrup. The product was anal ysed by
LC-Ms (ES ionisation) giving [ MH+ at 335 as expected. 1H (500 MHz) and
13C (125 MHz) NMR spectroscopy was in agreement with structure 40 February
2006 WO 03m@@64dd9:1PCTI NO02100250 35 The product was usendnoowbise next step
W thout further purification. 35

17- Am no- 5- oxo- 6-aza- 3,9, 12, 15-t et raoxahept adecanoi ¢ acid 5 A sol ution of
17-azi do- %ﬁé%r?daé@ 2 9uk2al5s bRt raQxabeR! 3deasnei £u:a6id (8.36 g, 25.0
nmol ) in water was reduced using H2(g)-Pd/C (109 . The reaction
was run dmﬂfllf_:@tl'\/e}"-anal ysi s showed conpl ete conversion of starting 10

mat eri al - (colum Vydac 218TP54; solvents: A = water/0.1% TFA and B =
acetonitrile/0. 1%TFA _rad| ent 4 16%B over 20 mn; flow 1,0 mM/mn; W
det ecti on at== z AT 3 ' s for starting
materiag and 309 for the product) The soI ution was flltered and used
directly 15 in the next ste

17- ( Fnoc- am98 520Xt 6+ f‘ﬁlg O PFOIEI P Tadxaflept adecanoi ¢ acid To the
aqueous so&aﬂrlaaﬂanépﬂaheaﬁha@c&m-(@ 3zay 3,29, bzmﬁl&) 2@ water (100

o e agecanel ¢ AL Lo ShoXeLequerDond 19.40:47 o IR! 2 1O

until LC-MS analysis showed complete conversion 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




mol ) and dioxan (40 m). A solution of Fnoc-chloride (719FePRan2®fs np))
in dioxan (40 m) was added dropwi se. The reaction mxture was stirred
over ni ght. Di 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

i nto chl orQ§@s4smsssfhe organi c phase was dried (MySH), sbichbesfsseand
concentrated to give 11.3 g (85% of ;a yellow 30 syrup. The structure was
confirmed by LC-MS analysis (colum Vydac 218TP54; solvents: A =

water/0.1%.TEA etoni tri Or L% TEA; adi ent. 4 0% B over 20
mn; fl owglleg%Q?H at 5 dSet ECr (%%éat rzf a%ﬁ’gg ﬁﬁ"?kl‘:% ?Oél sation 10
February 20068tWe) OSYT@OGAQMQGTISNGQQ@LO@&OQG gpnteng MHige 531 as expect ed
for the Produgh.pealy dhoSnftdiinyt 623 -uche,apalysicg shoed  products and the

material %as puri atron. very |ow content used wi thout further
2 b) Synt megildieft BICH2CO Lys- Cys(tBU) - Arg-Qd y- Asp- Cys(tBu)
Phe-Cys- (PEGQ n-NH2 where n=1 Hs O- OC --My-O-~IrNH O O Mol ecular W

al ght = 1499.193 E .t Mass=1407.912
2 b) Synthesis of ClCHCO-Lys~Cys (tBu)-Arg-Gly-Asp-Cys{tBu)-

Phe-Cys- (PEG}n~NH; where n= 1

o ~ Ng
°ﬁ> 3 9 HE
HN\/& %/H\i n\/ﬂ J\rn\/ﬁ\ J\’(n\/\ a0 /\/n NH,
v N I, 2
éﬁozﬁ/\géﬁoaﬂo ¢ °Tf\°/\£r
$=O @
HO
Molgcular Welght = 1403,1€3

HN ”Nz’(m olocular Sormala o GERHEBCINISO17SS

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).




Mol ecul ar Formul a a 058H99CI N15011s3 10 The PEG unit was '85SPMHEE fual 1y
to Rink Amide AM resin, starting on a 0.25 nmol scale, mediated by HATU
activation. The renmai ning peptide was assenbled on an ABI 433A automatic
pepti de synthesiser using 1 nmol ‘amno acid cartridges. The am no acids
~were pre-activated using HBTU 15 before coupling. N-term nal am ne groups
were chl owoasmetsyhat ed usi ng a sol ution of chl oroacetigcesdydszisde i n DVF
for 30 min. The simultaneous renoval pf peptide and side-chain protecting
groups (except tBu) fromthe resin was carried out 20 in TFA containing TIS
(5%, HO (5 % and phenol (2.5 9% for two hours. After work-up 322 ng of
crude pepti de was obt ai ned Anal yti cal HPLC Gradl ent, 5- 50 % B over 10
m n where A<} hgs thj k d¥ipnenex 25

Luna 3 Cl8d-2)=20s% 4He- m]I!@@,)nZNﬂj_égﬁéfle r;;Letlectl on, W 214 nm product
retention tinme, 6.37 mn). Further product characteri sati on was carried
. out using mass spectronetry: Expected, MrH at 1409, found, at 1415). 10
February 20 s00250 37 2 c) Synt hesis of thioether

cycl o] CH2CO/Lys>ys(t Bu) - Ar g~@ y- Asp- Oys (tBu) -Phe-Cys ] -(PEG n-NH2
- where n= loH H F\I,H_ poo- HIOQ_ OHl\I}iI O yNH. 0 0 5
| HN\)J\”L‘(N\E)LN/\",N\:)LNJYN A N\/‘o’\’o\/\o’\/”m/\o’\n’”“

H z

o H H L H fe] H o
HO Molecuiar Welght = 1372.702

:NH Exact Mass = 1371.635
HN HN Molacular Formula = C5BHS7N1501753

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
710 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

/ 3

o s 8 :

9 H 9 H\j\ Hoq H

HN\:/'LN/L«,N\:)\N/\H,N - N)\rN\:)LN N\/\OA\/O\/\O/\/nm/\o/\rNHz
2 H o 3 H Fo! 3= H 0 E H o o o

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




NH2 Mol ecul ar Wi ght =1372702 Exact Mass =1371.635 Mol edQiFEPUERY 706 =
C58HO7N15017S3 322 ng of ClCH2CO-Lys -Cys(tBu)-Arg-dy-Asp-Cys(tBu)- Phe-
COys- (PEG n-NH2 was dissolved in water/acetonitrile. The mixture was
adjusted to pH 8 with anmmonia solution and 10 stirred for 16 hours. After
wor k- up crude peptide was obtained (Analytical HPLC. Gadient, 5-50 % B
over 10 m wombedsseiA = H20/0 -1 % TFA and B = CH3CN 0. dcd&dbédzsecol um,
Phenonenex Luna 3 C18 (2) 50 x 4.6 yqgm flow, 2 nl/mn; detection, UV 214
nm product 15 retention time, 6.22 mn). Further product characterisation

was carried ou 0 : t found, at
1378). 2 d) Sy?ﬁh}%ééﬁlgeof ilégﬁgthEF% &g’ssél%‘?? Tl s 8’511?%:\?&00 20
5 LAY S et T e b g
Febr uéry 2@%)%643 11 gg%og%ﬁmé |%Detmﬁer9%/1(9: Wlfl&HZCO Lys

- Cys(t Bu) -#rigshGche ABTA @ps( rBudvedPhe- Gyslo (aﬁEkae Wdtigs treated with a
- solution %ﬁﬂ%ﬁ% a 48Pnb) 4ad NGO (85 Hie %g @4100 m) for 60 mn
cuo an

foll owi ng A was renoved In va he peptide 5
precipitated b)Puﬁ:li]El@ﬁdlohl bp fepdiret iwd HELlre PherRutenbikCRinI5 Ry preparative

HPLC (PhquﬂFQ3§ 5&&%{%1.20 mm column} 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

,{\i LEHJM,YRJ )\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



Cl18 (2) 250 x 21.20 mm colum) of 70 ng crude materi al wdd Fe@'ﬁn(%%o out
using 0-30 % B, where A = A20/0.1 % TFA and B = CH3CN 0.1 % TFA, over 40
mn-at a flowrate of 10 mi/mn. 10 After |yophilisation 46 ng of pure
material was obtained (Analytical HPLC. Gradient, 0-30 % B over 10 mn
where A = H20/0.1 % TFA and B = CH3CN 0.1 % TFA; col um, Phenonenex Luna
3 C18 (2) wasxesds6 nm flow, 2 ni/mn; detection, W 2¢dnobamezspr oduct
retention tinme, 6.80 mn). Further praduct 15 characterisation was carried
out using nass spectronetry: Expecte M-H at 1258.5, found, at 1258.8). 2

| Eg/s(sggﬁlgfgl %‘?8{ &%;/TS’? lﬁ}/n%e%h&% }ﬁfl ,&télgl ‘?ﬂ‘gtsg?r Sgc’)%‘?g][ g{%%) AONHE20 where n=

1 Mleal u VeMBhtixt686. <O stESkecﬂ/Bmt”2698uﬁé.(hﬂwaoummEmmul a=C 2H120N20021S3

13 nmg of [Cys2-6] cyclo] CH2CO Lys s- Ar GI - Asp- Cys- Phe- %dl) (PEG) n- NH2,
9.6 ng of cPn2FsTEhbFAE LY %E%F fwﬁ ‘&’BF‘-E}O 6491

PCT/ NOD2/ 08260,2)39sand 28 .Ab &k &‘&1mhb1ybﬂmrw1a4eaaelmsnleht&ﬁélm in DMF (0.5
m.). The mxture was stirred for Qours and 3 utes qﬂl.:]“flcatlon by
pr epar at i VEPEREE ‘(’%e‘i’?&r’f’@ngx?’?_u%?@ 5WAe¥q g (2t ZT B@E%Besl um) of t he

reacti on nimgCNYe. N\/OasTFﬁ Cafdyd ad fwk a.lSIal’lglew3ﬁal% B whene/nin= H20/0.1 % TFA
Vophi 1§ Sat1 103" W S6F LBy K fal'Br A PSS "BCE] Rod % AMET STkl HPLC |
G adi ent, (ARBOV¥ B8bwALCIOGnadiantter 8-70 =% 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).




H20/0.1 % TFA and B = CH3CN 0.1 % TFA; col um, Phenom::nexofgb'l'_uarqy 996 C18
(2) 50 x 4.6 nm flow, 2 nL/mn; detection, W 214 nm product retention
time, 7.87 mn). Further product characterisation was carried out usi ng
mass spectronetry: Expected, M+rH at 1697.8, found, at 1697.9). 10 February
- 2006 WO 03/006491 Exanple 3: Synthesis of disulfide [C
Lys(cPn216wglosrioasey! ) -C where n= 2. 5 6-Phe- Cys] - ( PE@rmadbi2ezea) Synt hesi s
of CLCH2CO- Lys-Cys(tBu)-Arg-Qdy-Asp-Gys(tBu)- Phe-Cys-(PEGQ n-NH2 where n= 2
HS PCTI NO02/ 00250 40 | thioether cyclo[ CH2CO Mol ecul ar Wi ght = 1699. 482
Exact Mass, = 1697, 759 Ml ecul ar Fornul a= C70H120CI N17023S3 10 Assenbly of
pepti de aszﬁgp—exanp le 2 b) both PEG unlts coupled manual | y. After

wor k- up criydé b jafe dhanl ivten eilne “H,GPadi ent, 5-50 % B
over 10 mbgsvefe@ﬁm\%ht@% &y 7 TEA AVth B 2, RN Byd) %Ehn 6l UM,

Phenonene
where n= 2.

5
3 a) Synthesis of ClCH;CO-Lys-Cys(tBu}-Arg-Gly-Asp-Cys (tBu) -
Phe-Cys- (PEG)n-NH; where n= 2
o Y
o
H H H
N ﬁj\(N\J\N/YN\)L 1( \)?\ﬁ%rN\/\O/\,o\/\ OAVNY\O/Y>
o 0 o
0
HO o
NH S
H N HN=(
NH,
Molecular Weight = 1699.482 (}
Exact Mass = 1697.749 Y
Molecular Formuta = CTOH120CIN1702353 S
H
>=o
o)
S
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).




15 50 x 4.6 mm. flow, 2 m./mn; detection, W214 nm proaggfabr%a&%or?ti on
tine, 6.40 mn). 10 February 2006 WD 03/ 006491 PCT/ N002/ 00250 41 3 b)
Synt hesi s of thioether cycl o[ CH2CO Lys-Cys(tBu)-Arg-dy-

Asp- Cys(t BU) - Phe- Cys] - (PEG n-NH2 where n=2 N H N, 20" O~ O, N11-O O\ 1100
(\O Mol ecul ar Wei ght = 1663. 021 Exact Mass =1661. 783 Ml ecul ar Formula =
C7011119N wp0286815 CLCH2CO Lys- Cys(tBu) - Arg- A y- Asp- Bex(nmedezhe- Cys-
(PEG) n- NH2 where n=2 was dissolved iniwater/acetonitrile. The m xture was
adjusted to pH 8 with anmonia solution and stirred for 16 hours. After

wor k- up 389 gy sohcieddide opephi sia Heas - pbi Aidrech 14 s Apak ¥kl cak-gHRLE G adi ent,
5-50 % B over 1() m n where A= HZU/O 1 %TFA and B = CH3CNV 0.1 % TFA;

col urm, PHSRshBALEY) V=l el fp Wheres gy flow, 2 nl/nin; detection,
W 214 rim product retentlon tlrre 6 28 mn) Furt her product
characterisation was carried out using mass spectronetry: 15 Expected, M+-H
at 1663, fo ynt hesi s of disul phide [ Cys2-6] thioether

cycl o[ CH2 Lyi’ Cys2- Ar g\b y- - Cys6- Phe- Cys] - (PEG n- NH2 where n= 2. 0 8
17

m”j‘iwﬁWAW”v'”j"lT'”i‘ HV“U“V“v“d“¢RE“G“E3

. b §
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

.oﬂrzmo o~




HN-H NV ~N-N~H H1 ~O'Y~ HHOOH H2N HN NH O O ~ HOPNFRREY 2006
Weght =1649.]188 Exact Massa 1547. 642 Ml ecul ar Fanmul a=C62H101N1702353 10
February 2006 WO 03/ 006491 PCT/ NO02/ 00250 42 380 ng of thioether

cycl o[ CH2CO Lys- Cys(tBu) - Arg- G y- Asp- Cys(tBu)-Phe-Cys]-(PEG n-NH2 where
n=2 was treated with a solution of anisole (500 L), DMSO (2 nL) and TFA

- (100 L) ¥vonsMessmi n foll owi ng which the TFA was renpuwednNogizwanuo and 5 the
~ peptide precipitated by the addition,gef diethyl ether. Purification by
preparative HPLC (Phenonenex Luna 10 It C18 (2) 250 x 50 mm col um) of the

crude materlal ) r ng e A = H20/0.1

% TFA and B R R EL et QA cd s PPl Aeg O E 0 — TBD 0 1o

After | yo@lﬂFiPI-CEaftiHm -Fh8- @zgsloﬂl’ﬁﬁr@‘%t‘fé?ﬂr&l n@Asvasbttaeaedd WiAbakyt i cal

HPLC. G adij 9 ve 0 n re,A = 0 TEA and B =
lllf*:kon 0350 143?0 50% um #gﬁa??g mldléln% ﬁfbo%o( 16)0

CH3CN/ 0. 1 “0% onenex’ nm flow, 2
nm./ m n; ddoectd omn \ﬂblZQmmunwhpcbdmﬁt TFat eas | xmmotviedein 7va4:210minnr;l. Furt her

producty 13nGNBLAGI AN L3all ON MBS £ L dalYE: 451 M0 oTBSS, SREELEOMRL rY:

Purification by preparative HPLC (Phenomenex Luna 10 p

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 lvophilisation 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 [Cysz'sl thioether cyclo[CH,CO-

Lys {(cPn2lé6-glutaryl) —C‘ys2 -Arg-Gly-Asp-Cys®-Phe-Cys] - {PEG)n-NH,

20 where n= 2.

Q

o ® 9 P - "
HN\giﬂ%H%Eﬁgn%ﬁ)}rnﬁthowomownrow

/\/ZI

o) ‘Molecular Weight = 1588.392
HN Exact Mass = 1986.958

%x - Modecular Formula = CB4H142N2202753
H
2 " -

Y
N-OH

=
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Expected, M+H at 1548.6, found, at 1548.8). 3 d) Synt hesi'9 F&Pr”aﬁ%ﬁ?op% de
[ Cys2-6] thioether cycl o[ CH2CO
Lys(cPn216-gl utaryl)-Cys2- Arg- d y- Asp- Cys6- Phe- Cys] - (PEGQ n-NH2 20 where n=-
2. 0 0/ Mlecular Wight= 1988.392 Exact Mass =1986. 958 Mlecul ar Formul a=
C84H142N22027S3 10 February 2006 WO 03/006491 PCT/ N0O02/ 00250 43 146 ng of
[ Cys2-6] cYWOIBPEBHRACO- Lys- Cys- Arg- A y- Asp- Cys- Phe- Cys] B¢IEERAUAH 110 ny
of cPn2l 6 chelate active ester and 78 L of N methyl norpholine was
dissolved in DVF (6 mL). 5 The m xture was stirred for 9 hours.
Purification by preparative HPLC (Phenonmenex Luna 10 C18 (2) 250 x 50 mm
colum) of the _reaction m xture was ied qut using 0-30 % B, where A =
F20/ 0. 1 9% TFA 48 1958 REN'b FORIERGudr B8 i SLY 2T SWorat e of 50
mL/ m n. 10rid+4eis ]k yepdi-Ngat ilan 464 firgPoRlpurkelmmkeent aivarastebt ai ned
(Analytical HPLC: G‘Efil_di ent -30 % B over m'ﬂ vge.re @7: H2Q/ 0.1 % TFA
and B = CHRNG. HLoB TRIKRSERY (AT PhSNERBER X SEANEES 17ChE (% ™6 x 4.6 mm
flow, 25nmdfwd miixgdetectd0rt:iWe? b bnho@roduct retention tine, 8.13 min).
Further product 15 characterisation was carried out using nass
spectrometry: PEXpEEERECOVPK BECPPOBEI0S Hidind Fharonges byre Bladpl e 4:
fynt th|2 ie@fal Otlz§Ub;fs¢ de doqﬁz ﬁAZ.c@iGunm:Ag@tﬂ% g@éﬁk%gﬂ?&@gﬁ% was
yS(C " c-agrruite%r Zug -u%gi.sng- 0£96 % )43-, W é]%/ SA = Hféx%lsi] EIs( TFA )arll‘.t-d 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({¢Pn2l6-glutaryl) ~Cysz—Arg—Gly—Asp—Cyss_—Phe—Cys 1-{PEG)n-NH;

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

~-

o \l/ § HS
R etk PP 0 i
HN\g)LN N . N/ﬁrN " ; ﬁ g O g ﬁl/\o/\n/
H H o i H . o 3=: o 2 fe) - O o]
g HO

H
HN HN=(q
NH,

Ca NN

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

I
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where n= 4 4 a) Synthesis of C1CH2CO Lys-Cys(tBu)-Arg-d prsegf@%%?%u)-
Phe- Cys- (PEG n-NH2 where n=4 H 170 -iQ ~ O~N1r~0O O Mol ecul ar Wi ght =
2280. 120 Exact Mass = 2278.055 Ml ecul ar Fornmul a = C94H164CI N21035s3 Hf
,NN\O~-No /O N 0 10 February 2006 WD 03/ 006491 PCT/ NO0O2/ 00250 44 Assenbly
of peptide as for exanple 2 b), all four PEG wunits coupled manually. After
wor k- up crwidesquepti de was obtai ned (Anal ytical 5 HPLCpcEnadi@ed, 5-50 % B
over 10 min where A = H20/0.1 % TFA s,and B = CH3CN/ 0.1 % TFA; col um,

" Phenonenex Luna 3 ).L C18 (2) 50 x 4.6 mm flow, 2 nL/mn; detection, W

214 nm product retention tine, 6.50 mn). 10 4 b) Synthesis of thioether
cycl o( CH2CO- Lys- Cys tBu) Arg-@y- Asp-Cys(tBu) -Phe-Cys ] -(PEG n-NH2
where n= 4 p~ ot hP%Ptlde as for example 2 b), all four PEG

units coupled manually.

After work-up crude peptide was obtained (Analytical
5 HPLC: Gradient, 5-50 % B over 10 min where & = H,0/0.1 % TFA
and B = CHiCN/0.1 % TFA; column, Phenomenex Luna 3 |L Cl8 (2)
50 x 4.6 mm; flow, 2 mL/min; detecticn, UV 214 nm; product

retention 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

=

% ﬂ’\g’n‘i %“\g\x ooty

Nolecular Walght = 224&659
Exacl Mass = 2242.0
Malacular Formula = 094H163N2103553

€L
OWQA\,Q\/\O
[+]

mwivQvﬁﬂﬁwﬁx/\yﬁwQw“wivmviwﬁvévﬁgﬁvavﬂéﬁo

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.C/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).




2006

‘Mol ecul ar Wi ght = 2243859 Heal Mass =2242.078 Ml ecul ar CESPHEN 2% coaH

163N2103553 Hp C1CH2CO Lys- Cys(tBu)-Arg-d y-Asp-Cys(tBu)-Phe-Cys-

(PEG) 4- NH2 was di ssolved in water/acetonitrile. The m xture 15 was adj usted-
to pH 8 with ammoni a solution and stirred for 16 hours. After work-up
crude peptide was obtai ned (Analytical HPLC. Gadient, 5-50 % B over 10

m n where Wwos3dgB40. 1 % TFA and B = CH3CN 0.1 % TFA; rmainowmgozdghenonenex
Luna 3 C18 (2) 20 50 x 4.6 mm flowys2 nb/mn; detection, W214 nm

product retention tinme, 6.37 mn). Further product characterisation was
carried out using mass spectronetry: Expected, [(M2H)/2) at 1122.0, {
found, at 1122.5). 10 February 2006 WO Q3/006491 PCT/N002/00250 45 4 c) {

Synt hesi s 40 dSwaiiesigect (Yiaulphidn| Hashed Elhioeiherp cpylo [CHCO-
Lys- Oys2- Ag= 6y Asp- s brnes Ok (PR N2 nWhe Grdie 4-Mlawl ar watoht =
212t 4as SS=127 a oram a= 5 H3O0
GJ ° g o p 5 n\i g
“"\{Lnj\g”‘f"n"g’“ﬁly oo e
LD o
HN=%:2 ?s ‘
. e b
Molacular Formula = CEGH145N2103581 ';
H
Q
H J,Lo\iﬁ»vf’\/\owoﬁui/" OHNO\/\DI\,‘J\/\ °
5

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 = H,0/0.1 % TFA and B
= CHiCN/0.1 % TFA, over 40 min at a flow rate of 10 mL/min.

.15 After lyophilisation 12 mg of pure material was obtained
{(Analytical HPLC: Gradient, 5-50 % B over 10 min where A =
H,0/0.1 % TFA and B = 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




O Thi oet her cycl of CH2CO Lys- Oys(t Bu) - Ar g- G y- Asp- Cys( t Bu)'0 February 2006

Phe- Cys] - (PEG 4-NH2 was treated with a solution of anisole (100 $.1L),
DMSO (1 nmL) and TFA (50 nL) for 60 min following which the TFA was renoved
in vacuo and the peptide 10 precipitated by the addition of diethyl ether.
Purification by preparative HPLC (Phenonenex Luna 5 C18 (2) 250 x 21.20
nm col um) wofestdieicr ude material (345 ng) was carri edeawnoowsizig 5- 50 % B,
where A = H20/0.1 % TFA and B = CH3@gl/ 0.1 % TFA, over 40 mn at a flow
rate of 10 niL/mn. 15 After |yophilisation 12 ng of pure material was

- obtai ned énabyﬁttki‘@élsHB’ECéls@@@lh@Qt[Cy'é:"25§’ i aver i0-mMmnhere A =
H20/0.1 % TFA and B = CI—B(,N/U 1 % II—/-\ col um1 Phenomenex Luna 3 p. C18
(2) 50 x 4¥s(aRp2k9-@ b)Y~ RS CHR icfHy et ent i on
time, 4.8¢nkR)n=20 10 Febr uary 2006 V\D 03/ 006491 46 PCT/ N002/ 00250 4 d)
Synt hesi s of di sul phide [Cyst-6] thioether cycl o[ CH2CO

Lys(cPn2l 6- gl ut afyTl) - Cys?Z Arg y3i Asp- Cys6- Phe- Cys] - (PEGQ n- NH2 where n=
4. S S HN NI ~' N~ vIPXWON-HC]\I HOHOHOOIO OHO

NH

[=}

HN- -\)L N\_)'LN/* N\/‘\o/‘\/o\/"—o/\/“\r\of\n/'}
o
4" §
NH HN
’ )
Molacular Weight = 2569.020
Exact Mass = 2567.253 o
o Molecutar Formula = C10BH186N26039S3 S
N

‘(\o

o
OH

2 ety bro

HO-N

5
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 =
CHiCN/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).




HNHHV O ONH Mlewer s = 2M25ES. 02S O El 00l Maaa=2u 'OPTELY 81 %anui a
la.d "~ ClOSH1S6N2601953 NH HN O ] 0 HOON 5 12 ng of disul phide [Cysz-6]

t hi oet her cycl o[ CH2CO Lys- Cys-Arg-Qd y- Asp- Cys- Phe-Cys] -(PEG 4-NH2, 5.2
ng of cPn2l16 chelate active ester and 2 gL of N-nethyl norpholine was

di ssolved in DMF (0.5 nL). The m xture was stirred for 7 10 hours.
Purlflcatlﬁﬁ“ﬁ@mﬁﬂeparatlve HPLC (Phenonenex Luna 5(1 PQIBOE2Y25@50 x 21.20
nm col um) of the reaction mxture wa& carried out using 5-50 % B, where A
= H20/0.1 % TFA and B = CH3CN 0.1 % TFA, over 40 min at a flow rate of 10
mL/mn. 15 After IyophiIisath@ﬁﬂ@cngGﬂNgure mat eri al was obt ai ned

(Anal ytlcal PLC C}gadl eP - % B over 10 mn where A= H2OO0.1 % TFA
and B = %bf%nn Phenonmenex Luna 3 g C18 (2) 50 x 4.6 mm

flow, anL/nln, detectlon, W 214 rim product retention tinme, 5.17 mn).
Furt her pr<aeuct repRReChraracbarobsat i on was carri ed out using nass

spectronetry:

<130> N0 20014954
10

<150> N0O20014954

<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 _
T Lys Cys Arg Gly Asp Cys Phe Cys
i - 5 :




Expected, [(M-2H)/2] at 1284.6, found, at 1284.9). 10 FeBP{&8PYeRE 50
03/ 006491 PCTI NO02/ 00250 47 SEQUENCE LI STI NG <110>Aner sham Health AS 5
- <120>Pept i de based conpound <130>NO 20014954 10 <150>N020014954
<151>2001- 10-11 15 <160>1 20<170>Patentln version 3.1 <210>1 25 <211> 8 30
35 <212> PRT <213> Artificial sequence <220> <223> Synthetic peptide <220>
<221> DI SWEPHIFIL <222> (2)..(5) <223> Disul phi de bridﬂ@wﬁyﬁwggh am no acid
residue 2 and 5. 45 <220> <221> TH OZ®H

Claims

1. A compound of general formula {I)

Z,7 W

S—3¢5

JI:«I~C(=0)—xl—xz—x3~G—D—x4—x5—}|~:6~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-methylarginine 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




<222> (1)..(8) 50 <223> Thi oether bridge between am no agngb “é‘é’ré%"é 1 and

B. 55 <400> 1 Lys Cys Arg Gy Asp Cys Phe Cys 1 5 10 February 2006 WO
03/ 006491 PCT/ NO02/ 00250 48 Clains 1. A conpound of general formula (1)
zi W S 1-C(=0) -X1-X2-X3-G D X4-X5-X6-X7 s (CH2)h (1) 5 or _
pharmaceutically acceptable salt thereof wherein Grepresents glycine D
represent swaspawisnc acid 10 RL represents -(CH2)n or -f&hdmniei4- wherein
n represents a positive |nteger 1 to 40 h represents a p05|t|ve |nteger 1
or 2 X1 represents an am no acid residue wherein said amno 15 acid

ossesses a fupctippakestdeschai hascangaed d o and x4
lroepresent i ndeggncfg%t I)P? an am nogg%#ﬁ resfdugé capaﬁ?gf%%ﬁf ﬁ%rﬁg a

d|su|ph|déﬂb§naeporter 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.




X3 réepresents arginine, N-nethylarginine or an arginine '36RUY X6 x5
represents a hydrophobic am no acid or derivatives thereof, and X6
represents a thiol-containing amino 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 antineopl astic agent, a chel ati ng agent
or .a repor¥welhsRisety and WL i s absent or represents a spaaRtoi® ety 5 2. A
conpound as clainmed in claim1 wherei;g any of the amno acid residues are
i ndependently in the Dor L conformation. 3. A conpound as clainmed in
claiml1l wherein R1L represents - 10 (CH2) -. 4_ A conpound as clained in any
of clains 1 to 3 wherein X1 represents aspartic acid, glutamc

aci d, | ysi rfe, haminymiuné as cleigiednimoaikpifi thacirevdrudesladatsi ves t her eof .
15 5. Ac ; s.cl ai i f._th :QUS . £l-al rein X2, X4
and X6 inﬁ?&gﬁggn’ﬁ ?gr%%)%%geh? g&%%/lgtsgigng g(?% lgrgm?:gslfdeﬁéa\r,\gisei due. 20 6. A
conpound as clained.in any of the previoug, clains wherein X3 represents an

ar gi ni ne residue. F@&Ep@iﬁ)—d\w\gj/alc{fbd\)f‘l % he previous clainms
wherein X5 represents a tyrosine, a phenyl a!iani ne,f0 8 3-1o0do

(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:

3 and R* is independently an R group:

each R*, R* R
each R group is independently H or Ci.ip alkyl, Ci_yp alkylarvl,
20. Cz-190 alkoxyalkyl, Ci-i1p hydroxyalkyl, Ci.ip alkylamine, Ci-yg

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




25 tyrosine or a naphthyl al anine residue. 8. A corrpound ag ngruar%%ol n any
of the previous clains wherein X7 is absent or conprises 1-10 units of a
monodi sperse PEG bui | di ng bl ock. 10 February 2006 WO 03/ 006491
PCT/ NO0O2/ 00250 50 9. A conpound as clainmed in any of the previous clains
wherein X7 is absent or conprises 1-10 units of Forrmula-ll H 10. A conpound
as cl ai redwonzamyeiof the previous clains wherein X7 regieeeRbsd- 10 am no
acid residues 10 11. A conpound as clgined in any of the previous clains
wherein X7 represent glycine, lysine, aspartic acid or serine residues,

- preferably.gl e qung C y . of r.evious clains

15 where Ztlcgl%ﬁaﬂcﬁ%é%ﬁfr%ggg%%nt offggor%rid%%gc#g%/ﬁ; h%tewg ., R2, R3 and
R4 is i nde‘iﬁhﬁéﬁ?ﬁyoﬁr\mﬁa@\d%lp%d gdel-R group is i ndependent ly Hor Cl-10
al kyl, C3y10 alkylaryl, 20 -10 al koxyal kyl, d _|l o hydroxyal kyl, C1_10
al kylam ne, C-10 fluoroalk or 2 or nore R groups, together W|th the
atons 10 F’ébruéryomdv@o% 43‘@‘6‘45’9&“%13! NEOShOOZHYions £&24M ch they are
attached fyfereazcardocyclic, heterocyclic, saturated or unsaturated ring.
13. A conpound as cl ai ned in any of the previ ous clains 5 where Z1 is

HN NH
2
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
Supe, Mlyy  47ge, ga, Sier,

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

reporter moiety comprises °%,

17. A compound as claimed in claims 1416 wherein the

reporter moiety is **rpc.




e 10 14. A conpound as clained in any of the previous cl éliorrsebrm?%qsn Z1
conprises a reporter noiety. 15. A conpound as clainmed in claim 14 wherein
the reporter noiety conprises netal radionuclides, paranmagnetic netal 15
ions, fluorescent netal ions, heavy netal ions or cluster ions. 16. A
conpound as clainmed in clains 14 and 15 wherein the reporter noiety

conpri ses WOPIOBHIC "In, 97Sc, fi7Ga, 51Cr, 20 177nSn BIONERZTM 97Ru 188

- Re 177LU 199Au 203Pb 191Ce or 18F. 1%&2 A conpound as clained in clains 1-16
~wherein the reporter noiety is 99nifC. 10 February 2006 WO 03/ 006491

PCTI NOO2/ 00250 A b2mdBindAaeoapoitied as €lained-iDh whedd g, lislhnwhere Z1 is an
anti neopl astic_a ent . 1%%3:"3‘ £o9 ound as clained in claim 18 where Z1

repr esent cycfa(r)lgf’los am-de, “Thlor oanbuci |, busul phan, nethotrexate,
cytarabine, fluorouracil, vinblastine, paclitaxel, doxorubicin,

daunor ubi cjpn, et , Lem posi i spl ati rnsacrin r docetaxel. 10
20. A congiogl}ndgaggﬁééll r%le Ei%%ﬁ“fdgﬁhtﬁiealgﬂr g%i‘g{ﬁ%@eclr%irrreéxegvﬁ%e W is
glutarix or sueerhbmhcsphdmnde, Ahdompuoundids bhsulman,.n claim 1 defined by

the 15 fo"°“ﬁ@9h$é¥é§ék@§ é}Hgy%%@ge! fluorouracil, vinblastine,

paclitaxel, doxorubicin, daunorubicin, etoposide,

teniposide, cisplatin, amsacrine or docetaxel.

10

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

where W, is glutaric or succinice acid

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

15 following formulas

Compound I

20

ﬁi?iwﬁfmviwﬂytgigiyﬂiiéllmm




20 Nt OH WO 03/ 006491 53 Conpound |1 ~ O~ 00 07ig-c0-Y NHOEEEE (2006 o g
X0 g~q 0 HO- Z o b NNI1I~jI'" 1 "NXO NOHS Conpound IV 10 February
2006 54 22. A pharnaceutical conposition conprising an effective anount of -
a conpound of general Formula (1) or a salt thereof, together with one or
nore pharnmaceutically acceptable adjuvants, excipients or diluents. 23.
use .of a cURPHWEHIas clainmed in any one of clainms 1 tBCENOGRM02BHe
preparation of.a contrast nmedium 24.53A nethod of generating i mages of a
human or ani mal body previously adm nistered with a contrast agent, said

met hod i nvodmplongd Tenerating an i nage of at |east a part of said body to
whi ch said

J iA Lr“iq’\g”\iu)\rﬂ\ilgnwo’\”wo"v”foﬂgf"w

HO
N=CH

Compound III

HO
N-OH

5 Compound IV




cont,rast agent has distributed, characterised in that saﬂgFE%HFT%gqmsagent
canprises a conpound as clainmed in any one of clains 1 to 21. 10 February
2006 55 25, A fethod of generating enhanced i mages of a human or ani nal
-bodly previously adm nistered with aggontrast agent conposition conprising
a conpound-as clained in claim1, ich nethod conprises generating an

i mage of at | east part of said body. 26. A nethod of nonitoring the effect
of treatnent o : ~animal body with a drug to conbat a condition
associ ated w ng been previously admnistered with
a conpound or - any one of clains 1 to 22, said
met hod involv nquetectl g the uptake of said conpound or conposition by
cell receptor%) sard administration anﬁldetection optional I'y but
preferably beif)g effected repeatedly, & g. before, during and after
treatment withy said conpound or conposﬁrion. 27. Use of a compound as
cclainmed in y¢ on f clai lgto 12 f t he manufacture of a nedi canent
for the th utic oI Tgrophy I eatnent of cancer or a related

di sease in a ungn or ani mal

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

: 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.
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25. A method of generating enhanced images of a human or animal
body previously administered with a contrast agent composition
comprising a compound as claimed in claim 1, which method comprises

generating an image of at least part of said body.

26. A method of monitoring the effect of treatment of a human or
animal body with a drug to combat a condition associated with cancer,
said 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.






