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Bonbesi n Anal og Pepti de Antagoni st Conj ugates

| NTRODUCTI ON The invention relates to therapeutic or
waQleagnesst c/ i magi ng radi opharmaceuti cal s, the PCT/EP2009/001403

preparation and use thereofl wherein the therapeutic or

di agnosti c radi opharmaceuticals are defined as binding

noi eties having an affinity for and are capabl e of

bi nding to bonbesin receptors and nore particularly to

gastrin rel easing peptide (GRP) receptor. The binding

et L ; npl exi ng group for

Bougﬁfeﬁﬁaél?ﬁgg? g‘-"{l@%‘géﬁ‘g?hg%gﬁﬁgg???on emtting i got opes.

The use includes treating a subject having a

e i.G. di sease conprising the step of
m%ﬁh@g’ﬁ ng to the subject an effective ambunt of a
The iMRABAEHIALE tb AtirQRIAE HBdiStHobEctmagame radiophdibéduticals, the

chelated with a chelating group attached to a noiety

prepeeatian ped vie theraefi werreip eBFNHC 08 dBERYSHIS raigplypRaceuticals are
defiflélf Js'b?ﬂﬂu?%!n&ehgs B dn ffifgt P laﬁkgare %Fﬁéb%tgpﬁuﬂ:%g to bombesin

receptor over-expre on “t unor
receptoed andesored |pagmokarlygo g)erstnrrmg:aslgg aemmlb (6BP) teaentorg The binding

B XN A -

emifting isdtdpRd TheAuPindhidachieting @ sabjeRheting @ apeilastic Aisease comprising
bi ndi ng to bonbesin receptgors and nore particularly to

the ij%‘?frqdﬁmi“éqe@%% forfe ppeqt A cffestivy ameeriinf 8 herapeitic
radl%‘fr%hn%gﬁ@a? A a%g n{emﬁelﬁgtll bvith a BRI 186D Qt%ﬁéds{osa Mbiety

mng a t euti c or diagnostic comrpound from a
capabieeafihindbng tpdrqnwm recepwirsandrgore pagicnlatlyto m@iraltelengng peptide
oup .coval ent | i nked wi noi ety ,ca
(R PGS BreBueiied bR ehel TR MBS R R B ppeine o
subje@siaving amebsiasicriisepenisinge c(l@ﬂBétld/mihgﬁig(}l&dlopharmaceutlcal having a

metal chelated with a chelating group attached to a moiety capable of binding to bombesin

receptors and more particularly to gastrin releasing peptide (GRP) receptor over-expressed on
tumor cells. The method consists of forming a therapeutic or diagnostic compound from a
precursor compound consisting of a metal chelating group covalently linked with a moiety
capable of binding bombesin receptors and more particularly to gastrin releasing peptide

(GRP) receptor.

BACKGROUND

In designing an effective radiopharmaceutical tracer for use as a diagnostic agent, it is
imperative that the drugs have appropriate in vivo targeting and pharmacokinetic properties.
Fritzberg et al. (1992, J. Nucl. Med., 33:394) state further that radionuclide chemistry and
associated linkages underscore the need to optimize the attachment and labeling chemical
modifications of the biomolecule carrier. Hence the type of radionuclide, the type of
biomolecule and the method used for linking them to one another may have a crucial effect

onto the radiotracer properties.
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BACKGROUND | n designing an effective

radi ophar naceutical tracer for use as a diagnostic
WQaWet093Br i s inperative that the drugs have PCT/EP2009/001403

appropriate in vivo targetihg and pharnmacoki netic

properties. Fritzberg et al. (1992, J. Nucl. Med.,

33:394) state further that radionuclide chem stry and

associ ated |inkages underscore the need to optim ze

the attachment and Iabeling chem cal nodifications of

t

re 8 BRSSO Sl HERRE Ay 98 Ghia procsps g
actiors @6 nétuotrénsmqng hohamets,oandraetlhlnotm Bpsqamh hasisteven their importance

. C [ fect ont.o the, radi,otrac
in s i Bev BB S B BT B BRGTIR: Pl folgey Some peptides
can 64t4€ tidmit4l IngeskdhgBR TYiePbind it®fc0gpteiedn the mega sas surfact bt the

acti ons as neurotransni tters, hor none

biolagied! §fiegtiof $1e |raand i ESmitieddn Bmargﬁé}swq Hﬁ@% thesgeific receptor
bmo%gg,k} féé[rﬁJ (gﬁhf\o ARALLPBE LEIGifed U b afig aﬂwmqgéle&)eilde

Jy. Some pept] dés can-act as chemical
Theoresslygthe hlg‘ﬁrvéf;'rmbr ofithe bgfmdcfepﬂlo reccpmt faellltm%}etenn@i of the radio

labefegig{ggﬂgf {ntarg(gepioa efcﬂrgsiug?tés&le %\(I:ér s s& unfl%e \éer)té%eﬁ n Wthh
peptides e by effitieablyRbeled ped ﬁr}deﬂfvhtch&ohdlﬁé’d};dh@ BBelig shall occur. It is

expl oited by labeling the liga radi onucl i de.
Welfﬂwewpéhqté%ﬂeps?r sRerEicHy gh ligandiRspt ‘gela?y th%t gfc gmycplreaction.

Thefe?&f@ Bh Qfatlrtlﬁcﬂebh&@tcg&tﬁlgttlﬁg% ARt rad' o | abel ed

l'Tgand Tn réceptor expressing tissues. However, it is

still under |nvest|gat|on whi ch peptides can be
Tmr}ec)];{)O\iCereey(g)tr % ao%g cr:eceg% & Fylpgs %‘%Nthpe&mdgsolﬂ.?% é\éegﬂi%altl he%lre following

publiqaeiond of@Bdeymard eddl. gSé)dmpﬁpiNﬂi&Beam‘Hlyeahﬁn@ |20@0, 80(3JurdsiReubi et al. J.

hem cal _reacti on. ept i di .
Nuc], A#E 2003, “Raupr) G@ggfg?@f ?hﬁfe&dmf (i %vz@%e ?Q@ép 24y, 389 provide
a nol @khREGve I8¢ 8%%1d5§’@§t%p€8ﬁ¥ﬁ]ly%@@ﬂ:‘éll d@FadRiré@ptors in neoplasms,

specifically | owi ng
i.e., somatostatin, vasoactive intestinal peptide (VIP), Bombesin binding to Gastrin-releasing

peptide (GRP) receptor, Gastrin, Cholecystokinin (CCK), and Calcitonin.

The potential utility of metal labeled receptor specific peptides for scintigraphic imaging and
radiotherapy is exemplified by somatostatin analogs, e.g., "n-DTPA conjugated Octreotide,
an FDA approved diagnostic imaging agent, Octreoscan®, marketed by Covidien in the
United States (Lowbertz et al., Seminars in Oncology, 1994, 1) and Reubi et al,. J. Nucl. Med.,
2005, 46, 67S-75S and references therein, respectively. Octreotide and its analogs have been
covalently linked to several imaging metal isotopes (**™Tc, ""'In, ®Ga) and to therapeutic
metal isotopes ('Rh, *¢'%¥Re, '*Sm, Y, 1%Ho, '""Lu). The metal labeled conjugates
specifically bind to the receptor, and upon binding to the receptor, the construct is internalized
by the receptor and the metal labeled receptor specific peptides or their metabolites are trapped

in the targeted cells.
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publ i cati ons of Boerman et al., Sem nar in Nuclear

Medi ci ne, 2000, 30(3), 195); Reubi et al. J. Nucl.
WORMWI/10B0D5, 46, (suppl) 67S; Reubi, J.C., EndBCFEP2909/001403

Revi ews, 2003, 24(4), 389 provide a non exhaustive

list of peptides that specifically bind to cell

surface receptors in neoplasns, i.e., somatostatin,

vasoactive intestinal peptide (VIP), Bonbesin binding

to Gastrin-rel easing peptide (GRP) receptor, Gastrin,

mhe SO P AP KL L A have i

affifityrfosthie n¢degtog)ph mtidhmaetalngnangdted Beodbmbesie aggnists gre used for
.exemplified b gt ost atli n . Qo 1 - DT

scing Al e P SOOI S A Ay et A Rt L) 610

BaiddoRGNBid&Mle. Chbh) © QBIRN (182350 GR epal., BodoRjtigdCREm.| 12 (2001),

the United States (Lowoertz et al, Sem nars in
35463030Pwifh ef alg BioconjugatberRelh{2083), 45-1023Cangge Res.\3(2003), 4082-
408@;%{%91‘8%? al. ﬁKﬁWﬁ%ﬂH&JgE{E% ',%it%&??‘ & hetium, rhenium and other
respectively. Cctreotide and 1I'ts anal ogs have been
meta@loiradhemistry dnid mkeldan mediene ISAIE Edmgiahigltatg( H199),500-6198s Zhang et al.,

99milc ~qand t t.i.c, .met al e
Canpeg e 54 Hobgh o b 158 ofel S MR S TRiTingy g Linder e
al., Tnacaial, 4520085y, aBR pdkesct aRBICChércalaly . el Medl.,145€2004),

receptor, and upon binding to the receptor, the .
139¢-JA81rJohnsop ¢! ¢hiCarpe Bioder RediomleredQfs dH2h1d5-OfiSmith et al.,
NuclBhad B{of'i!b@(ﬁﬁ‘,jﬂ eoephor specific peptides or their

met abolites are trapgped in the targeted cells. The

foregoing principle is further extended to GRP

ecept.or, avi,d,peptid (pepti ave, hi af fj nj

in ChEF SRt pBl BRTRT Pttt BR RO waRK Bl LBl e Mot
Ima@ig@ri0ey S4,2951005 afld L axtryserian t(V. gviap ifed. | 2086 4V 1 p4d52) imaging and

radiotherapy. (Smith et al, Anticancer Res., %3 ,
radigthergny of hfssinggppish  eku-HOTBrplsd t gNHdiféwF, -if-aminobenzoyl]-
QW%%%?I)ZM-QI]@)@Q]%@BA),%S Blen Rb@fRA) Ug. Chem, 12
Several patents and patent applications refer to metal labeled Bombesin agonists. Volkert et al.
(US 2007/0065362 A) claim metal labeled Bombesin agonists of the general structure
Metal labeling moiety-Spacer group-Bombesin agonist for imaging and therapeutic use. Other
patents and patent applications by the same inventors include: US 6,921,526 B (2005), US
7,060,247 B, US 7,147,838 B (2006) and WO 2002/087631 Al.

STATE OF THE ART

The underlying principle for the selection of agonists as a radiopharmaceutical in all the above
publications is that they produce or elicit a response by the GRP receptors upon interaction
wherein the radiopharmaceutical is subsequently internalized inside the cell by endocytosis.
GRP antagonists counteract the effect of an agonist and are not internalized into the cell and
hence it is assumed that antagonists may not well be suited for radioscintigraphic imaging and
radiotherapeutic purposes. Up to now the consensus has been to develop compounds with

good radioligand internalization properties, leading to a high in vivo accumulation of
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354-363; Smth et al, Bioconjug. Chem, 14 (2003),

93- 102, Cancer Res., 63 (2003), 4082- 4088; Rogers et
w@bk009/109332 M Nicolini and U Mzzi, Editors, PCT/EP2009/001403

Technetium rheniumand other netals in chem stry and

nucl ear medicine, SCGE Editoriali, Italy (1999),

519-525; Zhang et al., Cancer Res., 64 (2004),

6707-6715; Lantry et al., EANM Hel sinki (Finland)

(2004); Linder et al., J. Nucl. Med., 45, (2004) (5),

radlcgl%g(}lsg 1%?1? 1518’1%& gg%apge nsfgnt%;rte@hﬁed‘}%a%ﬂai g\!ﬁ zatléliﬁand

radidzaudlideptherrapy ir2006 It 12 eR)knowh Mmoﬁmlahphmbologm dhvestigations

that %@feg{ 1nt%2{112905 %glta'?lg’{%ﬁ;?vgéeé)érendo%ggp y&y%lgpni%égﬁl?dej et al.,J.

NucNwgdd., Wege; 47\/@f75lm91<6au%29 &7 T3éhds Phuikidh]. 308, 1L99m18yz76L287
Nucl 1144- 52) i magi ng

Cesqaauét@il héas) M. azoe@ﬁﬁegaznsglg&wma Froe @wméebwa 2006;
\Y/
103 B4 T R <L R R o somatpain
receptiock, hgheuﬁfﬁm@ppétablabelemspma&dsaxtmtrecepm ahtagaisgb pebrly internalize into
B ' t A k rt. et al 2007/ 0 65
i R AT B P B R T 7% PGP CPRES U G in ammal

tum&irhétfelsthh M8 lcafredpoidihg AEONITRY, WchSﬁ@@ﬁélygﬁt@ﬁﬁhE@ mlreaeptors are
agoni st for imaging and therapeutic use. Qther patent

oversgBrepeddmsevafmb RERPIaSMS K Somylie Ferl st Qg e PNy £8.i 1feY 466 and

R S o RS e et

gastwixdatilnyh strgmpl funiry lsmall gell tung camsineotas, cnnabfcelhg@ﬁnsmss, as
har nmaceut | ubl i catj ons._i s

s ReR B PR TR G Rrint ot S E RS By S @heer
neurbBIa&pinas snduResphapéat @mbionscell carcinomas. GRP receptors are also expressed
in tumor-associated blood vessels of human ovarian, endometrial and pancreatic cancers.
(Fleischmann et al., Cell Onc., 2007, 29, 421-33).Therefore, it is highly desirable to design

potent radiopharmaceuticals with antagonist properties for imaging and radiotherapy.

Jensen et al. (Pharma. Reviews, 2008 (in Press)) recently reviewed the receptor pharmacology

of three different Bombesin receptor subtypes of which GRP receptor belong to subtype 2.

In a recent publication Cescato et al. (J. Nucl. Med., 2008, 49, 318-26) demonstrated that

99mT¢-Ng4-labelled Bombesin antagonist may be preferred over agonists for tumor targeting.

Earlier inventions in the field of GRP-receptor targeted compounds are described in WO
2007/109475 A2, WO 2007/095443 A2, US 2008/0008649 Al and US 7,226,577 B2 with

metal chelated-Linker-Bombesin with a general scheme shown below.

Metal-Chelator-Linker-Bombesin Analog
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wherei n the radi opharmaceutical is subsequently

internalized inside the cell by endocytosis. GRP
wa@piagessst s counteract the effect of an agoni BCT/EPZH09/001403

are not internalized into the cell and hence it is

assunmed that antagonists may not well be suited for

radi osci ntigraphic i magi ng and radi ot herapeutic

purposes. Up to now t he consensus has been to devel op

conmpounds with good radioligand internalization

" , - .

Ao O001 BRI 178 i il L KB BRE IHAAKE PLu-DOTA
GlyMea:qnnmolmhzéyifGlnfiErpnﬁdh \Kail-ﬁlﬁ-lHiz-htni Met-dNI: behaiedas eh pglmist wherein

th Sl 2pd AP iraceah gt T PP RS 1 GRLCR ! fathyrapesiie porposes

andha&ﬁﬁ@g@hg@$¢&m is usually provided predom nantly by
agoni sts (Bodei et al., J. Nucl. Med., 2006; 47,

375-377; Koenig etal, Trends Pharnacol ScL, 1997; 18,
Bes%lggfhé pfteggsaﬁﬂ {)l%altlgﬁs pfg dmly@q cleégl sJudx%%ﬁ@ n%é,l&l_ed in the
pubR&fi6ns Waser éIGMSEwi GAN). Medicine290T) 34, 95{1 0Qwak Nucl. Med., 2006, 47,
114?§gnnstrated that, in the case of somatostatin

[ %ptors, high-affinity netal |abeled somatostatin

receptor antagonists poorly internalize into tunor
cell s _and perforn1equall% or even better jin terns of

By virjug phaslegprsiieantagonist thablargets GRR rReeptplshorditiergay stteprithrhish
afﬁrhﬁ)e it $OMoFDAR 'ﬂgé ﬁgelﬂgﬁr{haﬁtast:om\ﬂmaﬁgn BBkt Rlriteg gy res results in

er nall ze. recept ors are over expresse
unemd aighraad pbmsmt tuBor mptakocanbiaéd with a lovonpteke ax@ioemd clearance

6 ref.erenges th hSYS st
in ngib e SEEaT o SAPRRFUT SRES T b MR ub e . PR Bl umor
was @BSdrved wiliedsd dimihr 1ikeOWad usedRirsing sioai i vived dlssi}tsrvghdatmg the
carci nonas, renal_cell  carci nonas

antagenisticauppeatienniites Bambesinanalogs faws found thafryprsafies adding Ay

terndietly 2SPHAIOLShefrland 8 MR ShesO SMA LR B e BERS waRetained and
oesophageal squanmous cell carcinomas. GRP receptors

translated it exasienters vize behaviounmgankngiuingr-tabiskewound wmtios| s
of human ovarian, endonetrial and pancreatic cancers.

Therefore it is an object of the present invention, to provide new bombesin peptide antagonist

conjugates showing high uptake and high in vivo stability (human serum and tissue).
SUMMARY

DESCRIPTION OF THE INVENTION

In a first aspect, the invention relates to bombesin analog peptide antagonist conjugates which
selectively bind to bombesin receptors and more particularly to GRP receptor without
triggering internalization into the cell and without signaling through calcium mobilization
while antagonizing the agonist-induced effects in these two systems, wherein the bombesin

analog peptide antagonist conjugate has general Formula (I):

@ [A-(B)al-C
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(Fl ei schmann et al, Cell One, 2007, 29,
421-33) . Therefore, it is highly desirable to design
W@ 20ene93sadi ophar maceuticals with antagoni st pPGHEP200EE01403
for imging and radi ot herapy. Jensen et al. (Pharna.
Revi ews, 2008 (in Press)) recently reviewed the
recept or pharmacol ogy of three different Bonbesin
receptor subtypes of which GRP receptor belong to
subtype 2. In a recent publication Cescato et al. (J.
Nucl . Med., 2008, 49, 318-26) denonstrated that
99mlc- N4- | abel | ed Bonbesi n antagoni st may be preferred
whemewer agoni sts for tunor targeting. Earlier inventions
. in the {iel d f GRP-receptor targeted conpounds are
X 1s grineerhiEom; Idodo 2007/ 109475 A2, WD 2007/ 095443 A2, US
nis 2,99,848@9@&%1&0@ and US 7, 226, 577 B2 with netal
chel at ed- Li nker-BorrbeS| n with a general schene shown
A isganesel chyletos compasing afrleast preiadivaygids WtMP@gaAzbcwablﬁ dor

dlaéslgst%\@ﬁ ?%Q%/_y@tﬁé&%&% pr&f%%bgai%ﬁ ng egiﬂzgg (;}I %@thg%f)?' cul ar

B1saAba>ek/hi1keﬁlt§yN-lesnineUeﬂ‘¢Ebraxlbbv:aldnehmded as an agoni st

C isfeabein enipt Prptie et o ek s & ok BURR and |

needs to be inproved. Besides these patents and

ap ations, clinic apd clinic studies are
C-15 aa Gin?” Shcﬁagﬁw“? X&Qﬁoﬂ@B(X@SeT aé?L-QH, Eur. J.
Wheﬁégdzl Medi ci ne, 2007, 34, 95-100; J. Nucl. Med., 2006,

1144-52). By virtue of selecting an antagoni st

Xaat isd)-PhaDi€ps, [PRr, 2 dgpoms residuahatiifg avyame of thedomiulée described
blhi_gh affinity, it is showm in this invention that a
CO®nbi nati on of spacer strategy results in unexpected

hi gh and persistent tunor uptake conbined with a | ow

upt ake and rapiH(Ij\I cl egaance

\:/
Z .HN. _CO- -HN_ _CO-
-HN___CO- _— \_/ \/
: S : E
HN_ _CO- -HN.__CO-
-HN.__CO- ~

R

KisF, Cl, I, or NO;,
Xaa; is Gly or B-Ala,
Xaaj is Statine, Statine analogs and isomers, 4-Am,5-MeHpA, 4-Am,5-MeHxA or a-

substituted aminoacids,
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In non-target organs. In a conparative study,
remar kabl e hi gher uptake (> 2 X) in the tunor was
WoRr@eness2 when a simlar |inker was used. StarPCHEPI0OYM1403
in vitro assays validating the antagoni stic properties
of the Bonmbesin analogs it was found that even after
adding Ntermnally a spacer, a chelator and a netal
t hese antagonistic effects were retai ned and
transl ated into excellent in vivo behavi our regarding
t - 50s railos. reel L b ect
Xaag TR EREOROL Vohet PRIGH, AT G Rie by e PR
Z ispor @ ant agoni st conj ugates showi ng hi gh upt ake and
high in vivo stability (human serum and tissue).
SUMVARY DESCRI PTION OF THE INVENTION In a first
C-23S Pef! - GIn T N RV P LX) BHES L QA CHTSEOM, RICHAICH;,
pepti de antagoni st conjugates which selectively bind

whereinbonbesi n receptors and nore particularly to GRP
rnalization into the

r | t ~{,riggering int
Le“&'ZﬁsﬁB%ﬁg}%'{(ﬂ%&'Cg? Ynal i ng t ht cal ci um

nobi | i zati on whil e antagoni zi pg t he agoni st-i nduced

effects in these two systens {(n_the bonbesin

anal og peptide antagoni st-H¥bnj udate Hd)gERer a

Formula (1): (I) [A-(B)ynd -Cwhepgin x is an integer

fromlto 3, nis an integer froml1l to 6, Ais a netal
Xaag liseD-Phey DCpapbi Kir19-Tap ot & esstdue heving eiyorneaifitibeformula¢ described
bel referably suitable for diagnostic or therapeutic use,
“Nore preferably for imaging or radiotherapy,

'HN\:/CO'
Z _HN. _CO-  -HN_ _CO-
_HN \/CO- _— ~ \./
: S H z
-\ES> \O
_HN_ _CO- _HN. _CO-
-HN \:/co_ \:/ \:/

and
Kis F, Cl, L, or NO,,
Xaa, is Gly or B-Ala;

C-3: Xaa,’-GIn’-Trp?-Ala’-Val'%-Xaa,''-His'?>-Xaas 1*-Xaas '*-ZH,

wherein
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Bis a spacer linked to NNterm nal of C or a coval ent

bond , Cis a bonbesin anal og pepti de antagoni st of
wW@ewoaemse2 C-1 to G4, wherein CG1l: Xaal PCT/EP2009/001403

6- d n7-Trp8- Al a9- Val 10- Xaa® 11- H s12- Xaa3 13- Xaa4

14-7ZH, wherein Xaa is D-Phe, D-Cpa, D-Tyr, D-Trp or a

resi due having any one of the fornul ae descri bed

below. Kis F, d, I, orNO2, Xaa2 is Gy or b-Ala,

Xaa3 is Statine, Statine anal ogs and isoners,
R R T s
belomBuAl a, Met, Nle, or iso-Bu-@y, and Zis NH or O

C2: Xaal 6-@ n7-Tf 8-Al a9-Val 10-Xaa2 11-H s

12- Leuy(CHOH CH 2) - (CH2) 2- CH3, wherein

i 'HN\E/CO'
Z HN. _CO-  -HN_ _CO-
-HN__CO- _— ~ ~~
: S : :
HN. _CO- .HN. _CO-
_HN\/CO_ \/ \:_/

:
K
KisF,Cl, I, or NO,,

Xaaj is Gly or B-Ala,

Xaas is Leuy-CH,NH-,

Xaag is Cys, Phe, Trp, Tpi or Tac,

wherein Tpi and Tac have the following meaning:

and
Z is NH, or O;
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Leuy(CHOH CH 2)-(CH2)2-CH3 is Xaa is D Phe, D Cpa,
D-Tyr, D-Trp or a residue having any one of the
WO 2000082 descri bed below. O - -HN and K i s FCIZEP2009/001403
orNO 2, Xaa2 is Gy or b-A%f; C3:. Xaa -An -Trp Ala
Val -Xaa 1'-H s 12-Xaa5 13- Xaa6 14-ZH, whereinXaa is
D-Phe, D-Cpa, D-Tyr, D Trp or a residue having any one
of the fornul ae described below O - -HNKis F, d,
[, or N2, Xaa2 is Gy or b-Ala, Xaa5 is Leuy-CH2NHXaa

C-45 156 OG- THE: AR -Pal' TR, O Hi§ECK aa;,
wherein

Xaa, is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having any one of the formulae described

below:
-HN CO-
§ -HN CO- -HN CO-
-HN\:/CO- \:/ E
CO- -HN\/CO- -HN\:/CO-

>
=

K

KisF, Cl, I, or NO,,
Xaay is Gly or B-Ala,
Xaay is Leu-O-Alkyl, or Leu-NH-alkyl.

The invention further refers to pharmaceutically acceptable salts of these bombesin analog
peptide antagonist conjugates of an inorganic or organic acid thereof, and further to hydrates,
complexes, esters, amides, solvates and prodrugs of these compounds having general chemical

Formula (I).

Description A (metal chelator):
In a preferred embodiment of the present invention, the metal chelator (A) is a metal chelator

for trivalent metals or for pentavalent metals and their close analogs.
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wherein Tpi and Tac have the foll ow ng nmeani ng: Tpi
Tac and Zis NH, or O C4: Xaal 6-d n7-Ti p8- Al a9- Vval

WA oXaewd321 1-Hi s12- Xaa7, wherein Xaai i s D PhePCDEE}A9/001403
D-Tyr, D-Tf or a residue hdal¥ing any one of the

formul ae described below O - -HNKis F, d, |, or
N2, Xaa2 is Ay or b-Ala, Xaa7 is Leu-O Al kyl, or
Leu-NHal kyl . The invention further refers to

pharmaceutically acceptable salts of these bonbesin

P R 104 PR S SRR S50k Ry APEOAP G
DOTAINRRASA-,8DBAGA-aNOTes, DEBAY HRERA-a A8 Th- cotd TJITAF based

t hese c unds havin eneral chemical F I ).
chel B I B Ok PABEN! ool at or) : ormuta (1)

wherein

DOTA stands for 1,4,7,10-tetrazacyclododecane-N, N',N",N"' tetraacetic acid,
DTPA stands for diethylenetriaminepentaacetic acid,

EDTA stands for ethylenediamine-N,N’-tetraacetic acid,

TETA stands for 1,4,8,11-tetraazacyclododecane-1,4,8,11-tetraacetic acid, and
NOTA stands for 1,4,7-triazacyclononanetriacetic acid.

More preferably, the metal chelator (A) for trivalent metals is selected from the group
comprising:

DOTA-, NOTA-, DTPA-, and TETA-based chelators and their close analogs.

The structures of these chelating ligands in their fully deprotonated form are shown below.

: Coo’
ooc” N NI TCoo <\N/>
COoO

N N
| r . -
00C ) j ooc—" |_|\—coo

_ N\ N/\/N\/\N/\ COO -OOC\/N N\/ oo
00C~_/ : )
\—-Co0 L ) COO
DTPA n=n'=1DOTA NOTA
n=n'=2TETA

Even more preferably, the metal chelator (A) for trivalent metals is selected from the group
comprising DTPA (diethylenetriaminepentaacetic acid) and polyaza-polycarboxylate
macrocycles such as DOTA (1,4,7,10-tetrazacyclododecane-N, N',N",N" tetraacetic acid) and

the close analogs thereof.

Preferably, the metal chelator (A) for pentavalent metals is selected from the group comprising
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hi a preferred enbodi nent of the present invention,
the nmetal chelator (A) is a netal chelator for
wao eiogabssr netals or for pentaval ent netal s anelCT/BR1009/001403
cl ose anal ogs. Preferably, tlhe netal chelator (A) for
trivalent netals is selected fromthe group
conprising: DOTA-, NODASA-, NODAGA-, NOTA-, DTPA-,
EDTA-, TETA-, and TRI TA- based chelators and their
cl ose anal ogs, wherein DOTA stands for 1,4,7,
2 AR AR e o e X By b (BB Rl el and
X miapbA as wzidel amingy OB halbgene di, ar premiyjoNbenzylevetameasaiboxybenzyl, and

oty BB P el R Mg E W

receptod-tapéted AHRRY GhOANH IR NasleMot Iaagiflg, 30p247-258)), Desferrioxamin
preferably, the netal chelator (A) for trival ent
(DFRtapdNPan sheletetsed from t he group conprising: DOTA-,
and NOTA-, DTPA-, and TETA-based chelators and their close
anal ogs. The structures of these chelating ligands in
their fully deprotonated formare shown bel ow. DTPA n
=n = A NOTAn =n'" = 2 TETA Even nore

prefera , t metal chelator (A),for trivalent Y
netals is ected fromthe grou onpri si ng P
(di et hyl t Njigm nepent aace )i d) and N \

pol yaga-polyc %yl at e ymacf ocyclles such agNDOTA N
(1, 4,7, 1] 0-tetrlazatycl o ane-N, N, Ni{NN T IllH
tetraqce\ic aciaFOand R; H R, ,
G  NH
HZ NH \}{5 R6 HZ -
R HS
COOH
Y
Y I
E
* HN/ \NH
R HN NH R, o= o
R R
L e L
Ny ]
HO OH R,,-OC CO-Rg

wherein

R,-R;s are independently from each other hydrogen atoms or (C —C4) alkyl groups,

Y
)t
wherein, in the moiety of the above formula, t is 1 or 2 or 3 and at least one of the
Y

Mt
carbon atoms in the said moiety is substituted by Y or is not substituted by Y,

R is a hydrogen atom or a CO, (C; -C4)alkyl group;
R;7 and R;g are independently from each other (C,-Cy) alky! groups or phenyl groups;
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the cl ose anal ogs thereof. Preferably, the netal
chel ator (A) for pentavalent netals is selected from
WO b@9gewssp conpri si ng2- hydrazi no ni coti nam de PEIVEPIT)9/001403
N4-chelators, N -X (N4 nmay1be |inear or macrocyclic
and X may be an azide am ne, OH, hal ogen, o-, m,
p-am no benzyl netaparacarboxybenzyl, and carboxy
(Nock, B. et al. (2003 [99niTc] Denobesin 1, a novel
bonbesi n anal ogue for GRP receptor-targeted tunour

ngiigr@gﬂz-@_)Oﬁ-%a fhnctioh GkrivARt thek gl ng, 30, 247-258)),

“Desferrioxamn (DFO), and Nr S(4.7) chelators and
E is@er€i)alkRiendzior phenylendependent |y from each ot her

on LRl e it oy o

CONHOHa30D,-4lkg; of the carbon atons in the said noiety is
substituted by Y or is not liubstituted by Y, Rl6 is a

OPUH%lryd’é‘éﬁylﬁtedﬁﬁ‘&Sﬁ’é‘E@d}’ ¢@xralkigs) al kyl group; R)7 and

wherif (R dkyl BRRBSRARNT foYs Lafmeakd other (G -C4) al kyl
groups Or phenyl groups;R 9 is CH2-COOH or a

G issNiHor Spnal derivative thereof; Eis (ClL - C4)alkyl ene,

v oY B G5 PR 8Bt RSB R e
or waiNhiECkRe&sOBndal Kyl ; optional |y phenylene is substituted

"bé 082 al kyl, wherein the al kyl groups have 1 to 4
21X a0h

mn atons; Gis NH or S

Njy-chelators is preferably,

(CH,)m-

NH,H,N

wherein

m means an integer from 1 to 4.
NS4 chelators is defined wherein r is an integer from 1 to 4.

Said functional group Y preferably comprises isocyanato, isothiocyanato, formyl,
halonitrophenyl, diazonium, epoxy, trichloro-s-triazinyl, ethyleneimino, chlorosulfonyl,
alkoxycarb-imidoyl, (substituted or unsubstituted) alkylcarbonyloxycarbonyl,
alkylcarbonylimidazolyl, succinimido-oxycarbonyl; said group being attached to a (C; -C)o)
hydrocarbon biradical. Suitable examples of hydrocarbon biradicals are biradicals derived
from benzene, (C; -Cs) alkanes, (C;-Cg) alkenes and (C,-Cs)-alkylbenzenes,

and the close analogs thereof.
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15

Y is a functional

group capable of binding with a free

am no group of the peptide (NNtermnal) or with the

W pweae933and Z' is

S or O N4-chelators is preP&r/EP1099/001403

wherein mneans an integer 8rom1 to 4. N S(4-r)

chelators is defi

4. Said functiona
i sot hi ocyanat o,

i socyanat o,
diazoniun1 _epoxy,

ned wherein r is an integer froml to
group Y preferably conprises
formyl, hal oni trophenyl,
trichloro-s-triazinyl,

ersq}é 9&1%%& ér&ﬂy%e greweaﬁ{ﬁ%ﬁrg i m doyl,

unsu

stitut

Pref% %JI@ &4l}

bisaaiulqﬂblstb.rob (B]&Tbb@p@édtﬁdﬁigﬂs foraewmn butiyivclideiaztl, yI

mergp et R AL f o CURPAT R AR Bug

b
HRectt B QLR

clos@bndlygrth&ashon biradicals are bi radi cal s derlved from

benzene, (C -C6) al kanes, (C2-C6) al kenes and
(G -C4)-al kyl benzenes, and the cl ose anal ogs

Mor%: Fsom t @fﬁ@ﬁﬁé&ﬁl&h&«a&% ?i()f]f&% entdVal et RES1sas &1&%@&&& the group

group conpri I sam no bi st hi ol
comprsieg chel ators for technetlun1rad|onucllde netal

nercapt?%acetyl-glycyl-glycyl-glycine (MAG3) for Y
techneti ra nucl i de nmetal and _§he close ana
t her eof . preferably, he e chel ator (|A) for
pent aval als is seI )pn1the groupN
conprb N
NH
.NH
HZ' HZ
NH
R, HS
COOH
y T
E
)\ IH(\NH
NH R, o :Ii?)
R
i[ JiRllz R16 S S R19
/4
Y | |
HO OH R,;,-0C CO-R;g

and the close analogs thereof,

wherein R;-Rj9,Z’, Y, G and t are defined as above.

Preferably, r is an integer from 2 to 4 and more preferably ris 2 or 3.

Preferably, m means an integer from 1 to 2, more preferably mis 1.

? landthe
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and the close anal ogs thereof, wherein Preferably, r

is an integer from2 to 4 and nore preferably r is 2
W@p003/10Bs2f erabl y, m nmeans an integer from 1 tBCREP2909/€01403

preferably mis 1. Wll knowh netal chelators such as

linear, macrocyclic, tetrapyridine and NS, N2S2 or N4

chel ators are disclosed in US 5,367,080 A US

5,364,613 A US 5,021,556 A, US 5,075,099 A US

5,886,142 A, the disclosures of which are incorporated

Welﬂ%ﬁoﬁﬂ%ﬁ%} (Ea}t%ga?&srggﬁ ds 'TmEMEcrﬁ%llrlE GEfa S}%He ah@ W E7T Aor N4
chelbiossaare dsclosasltihilil 5,88AT30 Aa@éd 1&4&1&0’0&25 2021, 6156361 d8éd75,099 A,

] th cl asure

US § R T A PR dRostieh oby iR st Bittortisd Apis iy Rfesprpe ydefr entirty
known netal chel ators such as Desferri oxam n (DFC» IS
di scl osed in Doulias et al 8&003) Endosonal

Well knoygvmetal erelaters suchrasdBENKr, SXHA D TAIdP 6 TE??Ao'PlS%lBa bisthiol

(BAT é!as%fi %Héllu’&%’s F@HB?Jd%'(EeS TApeszed (NSRRI vAfich is

uction o cycle arrest.” Free Radic. Biol.
incolftated Merkin 35S efetaca o ifs étiget28. A wi de vari ety of
chel ating agents is avail able and revi ewed by Banerjee
et al., (Nucl. Med. and Biol ogy, 2005, 32, 1-20 and

Well RAGHEMEQBcHRS1E kiidh ds Midsfesr@sk abig EDFOY disefos¢dein@oulias ez al.
- hydr azi no nlcotinanide.%HYNIC i s anot her cl ass of
10

2
(2003p, dzéqspwgl Wﬁserp‘yl effegts gesﬁr@g{_ﬂygée FFoLCH qfd—&ﬁa cells from
hyd»@k&perlaﬁ e.*mgemm'damgs fnd %u&tmqyeay.g,taz@&rafz e ﬁaﬂc Biol.

wartz et al. Broconj
MeaBa‘(xplc}ﬁ é&suaV7;l9.18 Nucl . Med. 1993, 34, 1964-70; Nucl
Med. Biol, 1995, 22, 25-30; Nucl. Med. Biol, 1995, 22,
pp. 32, pp. 1-10)
A wide variety of chelating agents is available and reviewed by Banerjee et al., (Nucl. Med.

and Biology, 2005, 32, 1-20 and references therein) included herein by reference.

2-hydrazino nicotinamide (HYNIC) is another class of chelating group (A), in the presence of
a coligand which has been widely used for incorporation of 9mTc and 138 Re (Schwartz et al.
Bioconj. Chem., 1991, 2, 333-6; Babich et al., J. Nucl. Med., 1993, 34, 1964-70; Nucl. Med.
Biol., 1995, 22, 25-30; Nucl. Med. Biol., 1995, 22, pp. 32, pp. 1-10)

DTPA is used in Octreoscan® (marketed by Covidian) for complexing "1 and several
modifications are described in the literature (Brechbiel et al., Biocon. Chem., 1991, 2, 187-
194; Li et al., Nucl. Med. Biol., 2001, 28, 145-154).

DOTA type chelates for radiotherapy applications are described by Tweedle et al., US Pat
48885363. Other polyaza macrocycles for chelating trivalent isotopes metals are described by
Maecke et al in Bioconj. Chem., 2002, 13, 530 and are included herein by reference.

Na-chelators, *™Tc-Ny-chelator have been used for peptide labeling in the case of minigastrin

for targeting CCK-2 receptors (Nock et al., J. Nucl. Med., 2005, 46, 1727-36).
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DTPA is used in Cctreoscan(r) (marketed by Covidi an)
for conplexing 111 In and several nodifications are
weieeenddsdrl in the literature (Brechbiel et al,P®GI/BE29A/001403
Chem, 1991, 2, 187- 194; 1P etal, Nucl Med. Biol,
2001, 28, 145-154). DOTA type chel ates for
radi ot herapy applications are descri bed by Tweedl e et
al, US Pat 48885363. O her polyaza macrocycl es for
chel ating trivalent isotopes netals are described by
Maecke et al in Bioconj. Chem, 2002, 13, 530 and are
i ncl uded herein by reference. N4-chel ators,
In apeeférahahtaidonerh af dlebaeesnnuiawtibm,rthpeigtdndeiideab@ali imgpitahle for

bemt(g:%lga% fexed §’|1;th Tjr?elzt%tfi;leak% (9 feﬁ et ig%gf%gﬁ%@;cgclﬁ%té%rsimagmg.
Pref@faafye fHeqgdientRade ARA isablettog ﬁmneaae RoupRésptisiag, > TRE™™ Tc, *'Ga,

gdionycli tal,js itaple for in
o pl RO OLL B8, TPl 5, SULLPLE 4O BEL NS OTREXEH oy

76Brc hglr a“‘é’ﬁi ald®®Bi. Wﬁgé Pg’:fera;lﬁftﬁé ARl c}ﬁucl'i&emétgidik QJIé’éiéd ﬁigm the group

s selec roup conprising
con@ﬁsmg'égmrﬁ 7&aa, *50aF8' In,68d 1. EY'En ore preferably ©F rsmqnuzn@e metal is

68 P 62 Cu 596 1231, 1241, 131
G3. ‘?gn§F6b$g%@ﬂy?¥B?m°@%%@lgﬁﬁﬂ mlGdl\/bre preferably,
the radi onuclide netal is selected fromthe group
conprising 99nmlc, 67Ga, 68 Ga, 111lIn, and 123l. Even
nore preferably the radionuclide netal is 68 Ga. Even
In agpé & SHSIRRLY of fife p&&gﬁ@ﬂ%hbﬂ GhdBURhu IR I Gs sdlﬁb@ for
erred enbodi ment of the present invention, th
compleaingrwith 4 hetaheheddtor @dédeWb each@nctltf@mptaéﬁhqlﬁgoxv@t mdmtherapy-

Prefrg%éﬁg*h%?a*%t}u% 1 % nd%a{k 1esasgfec t%g Igﬁq%?cb%ﬁﬁn?ﬁé &kRe 90Y 67Cu 68

erap
Ga-Fegeli, Bigig 17 1ig 't 4°pi, §8Aellé°wuetf1m cb‘ﬁm H@R@;‘éﬂm 18Re, " As, '“Dy,
166 cogprl SiSS’%mR%Sm’Sﬁd”fgaf;r o%gilg]ébg; 81 111%_3;6'_(%5 1413Pr, 125y

121 1?8%6‘225&07'&31’ APl 7R I'Klor gfePam glé]rgﬂbn&ag‘metal is selected
159Gd, 172Tm 90Y,, 111;8| n b, 6}0 . J1777|_u 5Rh,
a, an

fron]_tb;,ggoup copBiking 53 Sm

In a further alternative of the first aspect the suitable radionuclide metal is a radioactive
halogen (iodine and bromine isotopes), the radioactive halogen is bonded directly to the
peptide, such as by chemical reaction to a Tyr or Trp moiety within the peptide, or optionally
A can be Tyr or Trp.

Preferred radiodiagnostic agents (¢’Ga, '!'In) and radiotherapeutic agents °Y, '53Sm, """Lu)
optionally contain a chelated +3 metal ion from the class of elements known as the lanthanides.
Typical radioactive metals in this class include the isotopes Yttrium, ''Indium,
149promethium, '**Samarium, 166Dysprosium, 166 olmium, " Ytterbium, and '"’Lutetium. All
of these metals (and others in the lanthanide series) have very similar chemistries, in that they
remain in the +3 oxidation state and prefer to chelate to ligands that bear hard

(oxygen/nitrogen) donor atoms.
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123 |, ,213Bi, 225Ac, 1291 , 64Cu and 177nBn. More
preferably, the radionuclide netal is selected from

WO b@9gewssp conprising 186Re, 188Re, 90Y, 153SnpPCBBP18A9/()01403
and 177Lu. In a further altlernative of the first
aspect the suitable radionuclide netal is a
radi oacti ve hal ogen (i odine and brom ne isotopes), the
radi oacti ve hal ogen is bonded directly to the peptide,
such as by chemical reaction to a Tyr or Trp noiety

L T hi eptide, or optionally A can be Tyr or Trp.

Lkég?ggég%gggﬁgdiodiagnostic agents (67Ga, 111 In) and

B israsgiacer hakeaite IN-tecmangboff € of 9004alehbB&d. 177Lu) optional ly
contain a chelated +3 netal ion fromthe class of
el ements known as the | anthanides. Typical radioactive

In a'pRiféké&d dribddithént ©ff Bprésefid iHAtbAB ik 8§ CbMPEINdHAVInG Hdmula (11)
n I ndi um 149Pronet hium 153Samarium 166Dysprosi um
166Hol m um 175Ytterbium and 177Lutetium All of

g these nqgghs (and others in the |anthanide series)
have very stnilar chemistries, in that they remain in
the +3 oxidation state and prefer to chelate to

hIL ands that bear hard (oxygen/nitrogen) donor
WheLi®ns. Description B (spacer): Bis a spacer linked to

B, ida t6¥aldnbBbnd) b nbiufl amiroOacad, @R inie@itdl anhifio acif] €fifaF @@dmine or a
enbodi ment of the present invention Bis a conpound

cycligedipmieror nula (11) |11 B1-B2 wherein Bi is a coval ent
B, igge&aléﬁt PG AhtuPTL RGP an AR H4RRPIHHE acid ™ BkaREdrfoxyfic acid
I near diamne or a cyclic diam ne,

or a cyclic carboxylic acid,
with the proviso that both B; and B; cannot be covalent bonds at the same time and that, when
B, is a diamine, B, is a carboxylic acid (i.e., B, cannot be a bond or a natural or unnatural

amino acid in this case).

Preferably the unnatural amino acid is a compound having any one of Formulae (III), (IV), (V)

or (VI)

wherein

{I1n

3
]
“HN-(CH,) @ 4
(CH,),-CO-

wherein

a is an integer from 0 to 3,
b is an integer from 0 to 3,

and relative substitution patterns or optionally 1,2-, 1,3- or 1,4-

Preferably,
aisOorl,

bisQOorl,
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B2 is a coval ent bond, a natural am no acid, an
unnatural amno acid, a |inear carboxylic acid or a
W@ yubi1e9382ar boxylic acid, with the provi so that PGOEP20B/001403
and B2 cannot be coval ent Bénds at the sane tine and
that, when Bi is a diamne, B2 is a carboxylic acid
(i.e., B2 cannot be a bond or a natural or unnatural
amno acid in this case). Preferably the unnatural
amno acid is a conpound having any one of Formul ae
(rer), (rv), (V) or (Vi) wherein (111) wherein a is an
integer fromO to 3, bis an integer from0O to 3, and
(IVx el ative substitution patterns or optionally 1, 2-,
1,3- or 1,4- Preferably, ais_ O or 1, bis 0 or 1,(1V)
wherein c is an int eggP{r/O@_}_(fcq_I ?4C0d i's an integer

froml to 6.

wherein
¢ is an integer from 1 to 24,

d is an integer from 1 to 6.
Preferably,

¢ is an integer from 1 to 15, more preferably c is from 1 to 8,

d is an integer from 1 to 3, more preferably dis 1.

H))CO
[ }(CHz)g-NH-

V)

wherein

E’ is NH, or CH,,

f is an integer from 0 to 6,

g is an integer from O to 6;

when E’ is CH,, then the 6-membered ring is optionally substituted at any carbon position of
the 6-membered ring on the same carbon of the ring or on different carbons,

when E’ is NH, then the 6-membered ring is optionally substituted at any carbon position of
the 6-membered ring on the same carbon atom of the ring or on different carbon atoms and/or

on the nitrogen atom with the proviso that f or g is an integer equal to or higher than 1.

Preferably,
E’ is NH,
fis an integer from O to 3,

g is an integer from O to 3;
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Preferably, c is an integer from1l to 15, nore
preferably c is froml1l to 8 dis an integer from1l to
W@200800%B3preferably d is 1 . (V) wherein E i SPEHEP2909/001403
CH2, f is an integer from08to 6, g is an integer from
O to 6; when E' is CH2 then the 6-nenbered ring is
optionally substituted at any carbon position of the
6-menbered ring on the sane carbon of the ring or on
different carbons, when E is NH, then the 6-nmenbered
ring is optionally substituted at any carbon position
of the 6-nmenbered ring on the sane carbon atom of the
(VIx¥ing or on different carbon atons and/or on the
nitrogen atomwth the,proviso that f or g is an
i nteger equal to or higher than 1. Preferably, E is
NH, f is an inte f NH-C8)-CH,, G, a004 nt eger from
0 to 3;(VI) whereint7/ii n integer froml to 6,

wherein

iis an integer from 1 to 6,
j is an integer from 1 to 6,
PisOorH,

Preferably,

iis an integer from 1 to 3,
j is an integer from 1 to 3,

PisO.

More preferably the spacer is selected from the group comprising 4-amino-1-
carboxymethylpiperidine, (R,S)-diaminoaceticacid, PEGj.4, Sars.;0, 8-aminooctanoic acid, 6-
aminocaproic acid, 4-(2aminoethyl)-1-carboxymethyl piperazine, diaminobutyric acid,
hippuric acid, 4-amino-1-Boc-piperidine-4-carboxylic acid, Gly-aminobenzoic acid, 5-amino-
3-oxa-pentyl-succinamic acid, Peg).24-4-amino-1-carboxymethyl piperidine, Dab(shikimic

acid), (D-GIn)x, (D-Asn)x.

Description C (bombesin analog peptide antagonist of sequence)

In a preferred embodiment of the present invention, the bombesin analog peptide antagonist

sequence is selected from the group comprising C-1 to C-3, preferably C-1 to C-2.

Preferably, the bombesin analog peptide antagonist sequence is selected from the group

comprising:

Compound 1 Seq: D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH; ;

Compound 9 Seq: D-Phe-GIn-Trp-Ala-Val-Gly-His-Leuy(CHOH-CH,)-(CH,),-CHs.
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J is an integer froml to 6, Pis Oor H2. Preferably,
i is an integer froml1l to 3, j is an integer from1l to
W@2001998320. More preferably the spacer is sel eREBHEPIOPYI1403

t he group conprising 4-am A%-| car boxynet hyl pi peri di ne,

(R, S)-di am noaceti cacid, PEG 1-24, SaTs-10,

8- am nooct anoi ¢ acid, 6- am nocaproic acid,

4- (2am noet hyl ) -1 - car boxynet hyl pi perazi ne,

di am nobutyric acid, hippuric acid,

néoﬁml poskq @Ph@bﬂ?'ﬁ‘l—;ﬁfxﬁhﬁvér -GR/ AR\ FCARNIS)-Phe-NH;

y-am nobenzoi ¢ acid
3- oxa- pentyl succi nani ¢ aci d, Peg
1-24-4

Coniofi 15 865 &ftie IR TI30% meb‘é?ﬁﬁﬁwd(gﬁle@ﬂ%g@gk' i

anal og peptide antagonlst of sequence) In a preferred
enbodi ment of the present invention, the bonbesin

Prefarablyothe pepbrsie aralesprntids antsgepis serjugate basing Fermuia @hgomprising
at le&gq nd} Cc)ﬁJ ushy ([)%)r%ﬁ nglé%:t%%}rgmq}ieg %raﬁé%rﬁé %ec' to

era esin a
Congiouad) dmID@tl"As@lymneberﬂoﬁd])%b{ﬁnﬂmmlzt-wal GiyeH|3-Sta-Leu-NH, ;

conprising:. Conpound Seq: .
Conpgoph i e ae: s borsidrd:nigegdine P Rpe 1o Tegy Al Gly-His-
Sta-Dewf@,; D-Phe-A n-T f -Ala-Val-Ay-H s-Leu y(CHOH CH

2)- (CH 2) 2- CH3; Conpound 12 Se
Conpoi SO A e WRIPEGpe t orhcayliopedHDrilp-GEdrpahla-Val-Gly-

His-Sta-Leu-NH;;

Compound 4: DOTA-15-amino-4,7,10,13-tetraoxapentadecanoic acid-D-Phe-GIn-Trp-Ala-
Val-Gly-His-Sta-Leu-NHy;

Compound 5: DOTA-(15-amino-4,7,10,13-tetraoxapentadecanoic acid)-(4-amino-1-
carboxymethyl-piperidine)-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH;;

Compound 6: DOTA-diaminobutyricacid-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NHj;

Compound 7: DOTA-4-(2-aminoethyl)-1-carboxymethyl-piperazine-D-Phe-GIn-Trp-Ala-Val-
Gly-His-Sta-Leu-NH;;

Compound 8: DOTA-(5-amino-3-oxa-pentyl)-succinamic acid-D-Phe-GIn-Trp-Ala-Val-Gly-
His-Sta-Leu-NH;;

Compound 9: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-
LeuW(CHOH-CHz)-(CHz)z-CH3;

Compound 10: DOTA-(15-amino-4,7,10,13-tetraoxapentadecanoic acid-4-amino-1-
carboxymethyl-piperidine-D-Phe-GIn-Trp-Ala-Val-Gly-His-Leuy(CHOH-CH;)-(CH;),-CH3;
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Compound 13 Seq: Dphe-@n-T f -Ala-Val-Ady-Hi s-Leu
Y(CH2NH) - Cys-NH 2. Preferably, the bonbesin anal og
Wepi1ek832ant agoni st conj ugat e havi ng Fornul a (PQT/EP2009/001403
conprising at | east one rad onuclide netal is selected
fromthe group conprising Conpound 1:
DOTA- @ y- am nobenzoyl -D-Phe-d n-T f
-Ala-Val -@ y-H s-Sta-Leu-NH 2 ; Conpound 2:
DOTA- 4- am no-
1- car boxynet hyl - pi peri di ne- D- Phe- QG n- Tr p-
Al a-Val -@y-H s- Sta-Leu-NH2; Conpound 3:
Conipouiad 41:dpONA-15-amino-4,7,10,13-tetraoxapentadecanoic acid -D-Phe-Gln-Trp-Ala-

var PO 2. conpound 4

DOTA- 15- am no- 4, 7 10, 13-t et raoxapent adecanoi ¢

aci d-D-Phe-A n-Trp-Al a- Val -3 y-His-Sta-Leu-NH 2;
Con@gwp@ @%CP@TAA ~amino-1 -carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-

Hls_@gﬂ]@sd}g}hgrpﬂgqqﬁ .7, 10, 13-t et r aoxapent adecanoi ¢
acl m no-1¢ar boxymet hyl - pi peridine)-D-Phe-Gn T

AIa Val -d y-Hi s- St a- Leu NH 2; Corrpound 6:

Corr_lp&ugq %wg?ﬁ%&lgf a(c:ai_ ox r1-2\/1 p@gn 1ne P}?e -GIn-Trp-Ala-Val-Gly-
His Dl CH N2 arystols;hy | ) -

1- car boxynet hyl - pi perazi ne-D-Phe-@n-T f -Al a-Val -

G y-Hi s-Sta-Leu-NH2; Conpound 8:

Lot _His-Sta-Leu-
o PR i

Corrpound 9: DOTA- 4- am no-
bo i peridine-D-Phe-An-T f
Otherﬁre eg&ﬁ&@ (P%entg Leuy( CHOH CH) - ( CHR) 2- CH3:
In a preferred embodiment of the present invention, for the compound having Formula (I), x is

an integer from 1 to 2, preferably x is 1.

When x is equal to or higher than 2, then (B), is a linear spacer or a branched spacer linked to

the N-terminal of the bombesin analog peptide antagonist (C).

In a preferred embodiment of the present invention, for the compound having Formula (I), n is

an integer from 1 to 4, preferably n is 1 or 3, more preferably 1.

In a preferred embodiment of the present invention, for the compound having Formula (I), A
is additionally a metal chelator comprising at least one cold metal atom corresponding or

equivalent to the listed above radionuclide metal. Such compounds are useful for in-vitro in-
vivo binding assays and as reference compounds. Listed above preferred embodiments apply

here.

In a preferred embodiment of the present invention, for the compound having Formula (I), K

is additionally H or preferably H.
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Compound 10:
DOTA- (15-am no-4, 7, 10, 13-t et raoxapent adecanoi ¢
WQ@20084@9332m1 no- | car boxymet hyl - pi peri di ne- D- PheP@/RP2D09/001403
-Al a-Val -3 y- Hi s-Leuy( CHOHCH2) - ( CH2) 2- CH3; Conpound
11: DOTA- 15-am no-4, 7, 10, 13-t et raoxapent adecanoi ¢ acid
-D-Phe-d n-Tr p- Al a-
Val -d y-Hi s- Leuy( CHOH CH2) - (CH2) 2- CH3; Conpound 12:
DOTA- 4- am no- | - car boxymet hyl - pi peri di ne- D- Phe-d n- Tr p-
In a%ﬁ;k}f}lsg%%ﬁae Hv@ﬁtk&f%&%% ‘kgrﬁl%sﬁf J}l'ﬁ%g pgﬂﬁ'%oéﬁ%oﬁéi conjugate
preciirsoes volnixly sﬂd:dniyblyﬂniirplsuoibdmbesiﬁ)rdéhﬁo@ and WhichAhare\faftic@layly bind to

NH2
GRET iGN T e BTz AE IO s Sorh P iphoy: iseglipg thygueh
calcrtﬁﬁ\ mogﬂlaﬁ[orﬂﬁlﬁie%ﬁ&@n&fﬁg(lﬁé @ﬂts&ndluﬁe@ef&rc&flﬁ tHeS€ltwo systems
enbodi ment of the present invention, for the_conpound

whefray fhedombesin ppalpg peptide antagenist sewysHe hasogangral Eorzﬂula @)
preferably x is 1. Wen x is equal to or higher than
2, then (B)n is a linear spacer or a branched spacer
@)1 i fke@BhR-Che N-term nal of the bonbesi n anal og
pepti de antagonist (C). hi a preferred enbodi nent of
the present invention, for the conpound having Formnul a
whetdin, n is an integer from1l to 4, preferably nis 1 or
3, nore preferably 1. In a preferred enbodi nent of the
msﬁ?é%@ﬁ‘ffrpﬁlv]e'i?ﬁ »on, for the conpound having Fornul a

msfﬂll)me aid\ngl onal | y a netal chelator conprising at
east” one co nmetal atom correspondi ng or equi val ent

A’ i @ miekpd chélatbed above radi onuclide netal. Such conpounds
are_us i nyiv é 1di ng assays and as

ul, f t
B lsraesP%?eéﬁejéedc:tS?F{) l’}ﬂglg eregf 25 E06V &% br ef er r ed
C isertoatbesihslog pgitide antagonist of sequence C-1 to C-4.

The metal chelator A’ is a metal chelator free of radionuclide metal as defined in the first

aspect for A.

The spacer B and the bombesin analog peptide antagonist C are defined as above in the first

aspect.

The invention further refers to pharmaceutically acceptable salts of the bombesin analog
peptide antagonist conjugates of an inorganic or organic acid thereof, and to hydrates,
complexes, esters, amides, solvates and prodrugs of these compounds having general chemical

Formula (I’).

In a preferred embodiment of the present invention, X is an integer from 1 to 2, preferably x is
1. When x is equal to or higher than 2, then (B), is a linear spacer or a branched spacer linked

to the N-terminal of the bombesin analog peptide antagonist (C).

In a preferred embodiment of the present invention, in Formula (I’), n is an integer from 1 to 4,

preferably n is 1 or 3, more preferably 1.
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here. hi a preferred enbodi nent of the present
i nvention, for the conpound having Forrmula (1), Kis
wQawonowsml |y H or preferably H In a second aspenEP200$1¢01403
invention relates to bonbegkn anal og pepti de
ant agoni st conj ugate precursors which selectively bind
to bonbesin receptors and which nore particularly bind
to GRP receptor without triggering internalization
into the cell and wi thout signaling through cal ci um
nobi | i zati on whil e antagoni zi ng the agoni st-induced
effects in these two systens, wherein the bonbesin
In aghix agperéphé theertivnaglates $¢ a platinacratical tampgetien edmprising bombesin

RETEIACREN PO IR RN Oe A

accéphdi@dafier. B i s a spacer linked to N-termnal of Cor a
coval ent bond, C is a bonbesin anal og peptide
ant agoni st of sequence C-I to C4. The netal chel ator

In aﬁo?lltﬁ a &?ttﬁ%]m%}ﬁloﬂtrglﬁteg tPthe gge 6%&1{%@% lah£16¢ PEIAL aﬁtﬁgomst

|ne In the first aspect for A The spacer B and
conjuigatedlaviressFormatea(looy (bérﬁarlwlwtod@mbﬁsn rezceatloes améfmcne garticularly

as above in.the firs Regt e
sas P e B st (D ROt oL i AE B lin ARG and more
partRRMIgHaitria ek ehg peptide receptor (GRP).

In a fifth aspect, the invention relates to a method for preparing a bombesin analog peptide

antagonist conjugate having general Formula (I)

@ [A-(B)u]-C

wherein n, x, A, B and C are defined as above,

comprising the step

- Radiochelating the bombesin analog peptide antagonist conjugate having general Formula
(I) as defined above with a suitable radionuclide metal or metal atom corresponding to

radionuclide metal listed above.

Preferably, the method for preparing a bombesin analog peptide antagonist conjugate having

general Formula (I) comprises the step of radiochelating with a suitable radionuclide metal.

In a further embodiment, the method for preparing a bombesin analog peptide antagonist

conjugate having general Formula ()

an  [A-Bul-C

wherein n, x, A, A’, B and C are defined as above,

comprises additionally the steps:
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pepti de antagoni st conjugates of an inorganic or

organic acid thereof, and to hydrates, conpl exes,
W@20ene933am des, sol vates and prodrugs of thesBCT/EP2009/001403

conmpounds havi ng general cBém cal Formula (F). hi a

preferred enbodi nent of the present invention, x is an

integer froml to 2, preferably x is 1. Wen x is

equal to or higher than 2, then (B)n is a |linear

spacer or a branched spacer |inked to the N-term nal

a) Cgp%lkgraar %35@?%5{031' tﬁ:%egig faHfﬁE% bg;rﬁid@ %ég&ﬁéﬁé f({rg}atair%ﬂ.l}]g Aspacer-

embodi ment esent I nvent1 on,
bonfbesimahaog poptidm antaganistiofi seagencefG-dite C-4, opdonally edpsatany spepa); and

A

obtakiAPborAbedth 4HaIdRgRblideditd odisPanligde: laringgendral Formula (1),
_coniyugat es having Formula (1) or (F) and a
optignadlyifercating &8P baccept abl e carrier. In a fourth aspect,

abo@éﬁeﬂsﬁ%&ﬂﬁh%gef()&l il Fﬁi&cﬂelﬁ!ﬁ?g Stfe 95ml’5’é§ﬂpﬁr§10% p%Pé(heo&tagonist
p g (1) or

ept’l de antagoni st conjugates having Formul a
conjugjte having gerdtral rotmoulb Ghibedh a svitabigradiogucidd nyetal eor metal atom

ti.cul arl in.rel [ id &R
confapfé pEr R i RORB I PERSBE: <ot nore.

particularly gastrin rel easing peptide receptor (GRP).
In a fifth aspect, the invention relates to a nethod
for preparing a bonbesin anal og pepti de antagoni st

In a PATEAERLROJIEHEN Of BRMRERt iFAALh &, k! thefal dhelafor{B)hetalhelator A’
wherein n, X, A B and C are defined as above,

spacso Bpmi dombedim enag},@ggﬁptide antagonist C are defined as above.

In a sixth aspect, the invention relates to a method for imaging bombesin receptors and more
particularly GRP Receptor expressing tumor cells and/or tumoral and peritumoral vessels in a
patient, comprising the steps:

- Administering to a patient a radiopharmaceutical effective amount of a bombesin analog
peptide antagonist conjugate having Formula (I); and

- Imaging the radionuclide metal in the patient.

A preferred embodiment of the sixth aspect concerns the use of a radiopharmaceutically
effective amount of a bombesin analog peptide antagonist conjugate having Formula (I) for
the manufacture of an imaging agent for imaging bombesin receptors and more particularly

GRP Receptor expressing tumor cells and/or tumoral and peritumoral vessels.

In a preferred embodiment the tumor cells refer to cancers that are selected from the group
comprising:

- prostate cancer, including metastases,

- breast cancer, including metastases,

-~ gastrointestinal stromal tumors,

- small cell lung carcinomas,
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- Radi ochel ati ng the bonbesi n anal og pepti de
ant agoni st conj ugate having general Formula (F) as
wa@ldooness3nbove with a suitabl e radi onucli de nePEI/ER2009/001403
nmetal atom correspondi ng t@4radi onuclide netal |isted
above. Preferably, the nethod for preparing a bonbesin
anal og pepti de antagoni st conjugate havi ng gener al
Forrmula (I) conprises the step of radiochelating with
a suitable radionuclide netal. hi a further
enbodi pRnt centAgidGRid0d for preparing a bombesin anal og
pepti de ant agoni st conj ugate havi ng general Formul a
(1) (1 g3strpéntéiBpacxeatic negoendocmne tamos, A', B and C are
def i neﬁ as gbos\é(: con}gri fes additionally the steps:a)
Coupl | A4S PECHEPY T 158NHBE%i n anal og pepti de
ant-agonhiéblastdBis, ed ai ni ng a spacer bonbesi n anal og
pepti de antagoni st of sequence C-I to C-4, optionally
r epeat PFFgPRaged sqrameysgeld rarcgpas-ng a spacer- bonbesin
anal og peptide antagonist with a netal chelator A for
obt ai ni ng bonbesi n anal og pepti de antagoni st conj ugate
Evehanorraprefpeatdy, ahmbocealis refer t¥)canaept thatread $ejectedfeani ng st ep
b), above Fte S _QCGULrinN b?fore he radi ochel ati ng of
the boRi9eefefales ' “B‘SEF?"&‘S 3% &Yoni st conj ugat e
hawi ngbgeqeamer, iulidih@mediptavdst h a sui t abl e
radi onuclide netal or netal atom correspondi ng or
equi valent to radionuclide netal |isted above. In a
In a%ﬂeﬁ bttt nhorhl B dYeRffitral ve¥RR bR o dAncefs that are
nmetal chelator A netal chelator A spacer B and
selettedrresi n anal og pepti de antagonist C are defined as
above. Ovarian cancers,
- Endometrial cancers, and

- Pancreatic cancers.
Preferably, the tumoral and peritumoral vessels refers to Ovarian cancers.

In a seventh aspect, the invention relates to a method for treating or preventing tumor cell
and/or tumoral and peritumoral vessel related diseases comprising the step:
- Administering a therapeutically effective amount of a bombesin analog peptide antagonist

conjugate having Formula (I).

A preferred embodiment of the seventh aspect concerns the use of a therapeutically effective
amount of a bombesin analog peptide antagonist conjugate having Formula (I) for the
manufacture of a medicament for treating or preventing tumor cell and/or tumoral and

peritumoral vessel related diseases.

In a preferred embodiment the tumor cell related diseases refer to cancers that are selected
from the group comprising:

- prostate cancer, including metastases,
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hi a sixth aspect, the invention relates to a nethod

for imagi ng bonbesin receptors and nore particularly
WG@RPIREISePt or expressing tunor cells and/ or t uPGF/EP208910D1403

peritunoral vessels in a p&bient, conprising the

steps: - Admnistering to a patient a

radi ophar naceuti cal effective anobunt of a bonbesin

anal og pepti de antagoni st conjugate having Formul a

(1); and - Imaging the radionuclide netal in the

pati enf . e el %[cqlroq% raglgtg{gﬁnt of the sixth aspect

concerns the use armaceutically effective
aneunt gasfroiatdsomd) sgomalanmbrsg pepti de ant agoni st

conjugatg hﬂﬁiq% Farmula (1) for the manufacture of an
i magi nY A A8 g bonbesin receptors and nore

par-t i Cxhalrdel cidcfhofReept or expressing tunmor cells
and/or tunoral and peritunoral vessels. In a preferred

entodi SASHPER$TEPANGFRGHC BEHTPEdpeAingUMgTSeancer s t hat are
Se|eCt&%dBB@H%kﬂ%u&ﬁ&&ﬂmﬁ%%ﬂkh?'ng prostate cancer,

i ncl udi ng net astases, breast cancer, including
nePastmsnnhhgnqyasmelntestlnal stronal tunmors, snall
cel | Iung car car ci nonms,

gast r o¥RPRIPS aﬁﬁ%‘ﬁaé%‘%“see‘ﬂéa%swa%cn ne tumors, head and

neck squanous cell cancers, neurobl astonas, and
Even more preferably, the tumor cell related diseases refer to cancers that are selected from
the group comprising:
—  prostate cancer, including metastases, and

- breast cancer, including metastases.

In a further preferred embodiment tumoral and peritumoral vessel related diseases refer to
cancers that are selected from the group comprising:

- ovarian cancers,

- endometrial cancers, and

-  pancreatic cancers.
Preferably, the tumoral and peritumoral vessel related diseases refers to Ovarian cancers.

In an eighth aspect, the invention relates to a kit for the preparation of a radiotherapeutical
agent or radiopharmaceutical imaging agent having Formula (I), which kit comprises a vial
containing a predetermined quantity of bombesin analog peptide antagonist conjugate of

formual (I’) and an acceptable carrier, diluent, excipient or adjuvant for the radiolabeling a

metal chelator.

In an nineth aspect, the invention relates to bombesin analog peptide antagonist of sequence

C-1 to C-4, wherein



- oesophageal squanous cell carcinomas. Even nore
preferably, tunor cells refer to cancers that are

waeieaewss2 f rom - prostate cancer, including nMmePCHERRE%(01403
and breast cancer, includig netastases. In a further
preferred enbodi nent tunoral and peritunoral vessels
refer to cancers that are selected from Ovari an
cancers, Endonetrial cancers, and - Pancreatic
cancers. Preferably, the tunoral and peritunora

C-1Y 58815 G e TRFSALOVAVEKLAN. GRNCRLSS s /A zggVenth
aspect, the’invention relates to a nethod for treating

whegdin pr eventi ng tunor cell and/or tunoral and

peri el rel ated di seases conpri.si t he .
XaalR I PhE Hhfiar IS Em 1P & § FrePu BT b PRl Pisriplfe described
belogount of a bonbesin anal og pepti de ant agoni st

conjugate having Formula (1). A preferred enbodi nment

of the seventh aspect concerns the use of a

therapeuticalL¥Dpffe@kive anount of a bonbesin anal og

pepti de ant agoni sty€onj ugate having Fornula (1) for

t he manufacture ofZa nedi canen or atin r

a perMhumstSr

pHNENLIOy t unor ¢ d/ or tufrorat” and perT oo
vesset rel ated diseages. sIn a preferred enbodi neént the
tunorscel [grelated g ses refe

cancers th
sel ect e
| 4

-HN.__CO- -HN.__CO-
“HN__CO- ~" ~~

Q.

KisF, Cl, I, or NO,,
Xaaj is Gly or B-Ala,
Xaas is Statine, Statine analogs and isomers, 4-Am,5-MeHpA, 4-Am,5-MeHXxA or o-

substituted aminoacids,
Xaay is Leu, Cpa, Cba, CpnA, Cha, t-buGly, tBuAla, Met, Nle, or iso-Bu-Gly, and
Z is NH or O;

C-2: Xaa,-GIn'-Trp%-Ala’-Val'’-Xaa,'!-His'>-Leuy(CHOH-CH,)-(CH,),-CHj,
wherein

Leuy(CHOH-CH,)-(CH;),-CH3 1s

-HN (CH,),-CH,
OH
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fromthe group conprising: prostate cancer, including

nmet ast ases, breast cancer, includi ng netastases,
w@awvnendst esti nal stromal tunors, small cell | REEHEP2009/001403

carci nomas, renal cell caré/nomas, -

gastroent eropancreati c neuroendocrine tunors, head and

neck squanous cell cancers, neurobl astonas, and

oesophageal squanous cell carcinomas. Even nore

preferably, the tunor cell related diseases refer to

¢ ASPhS, ARk, lgr"l%lrsﬁl'ﬁﬁgfag rdsld@PhhAE %91{}%&9: PR described

prostate cancer ncl udi ng netasta and breast
belavancer, including netastases. In a further preferred

enbodinent tunoral and peritunoral vessel related

di seases refer to cancers that are selected fromthe

group conpri siigN._ov@O-an cancers, endonetria

cancers, and pancrgatic cancers. Preferably, the

tunoral and peritugoral vesseIJheLELgﬁ}drsegﬁegvrekers

t 3Mugi cancers. =

CO-

S

-HN CO- -
'I'IN\/CO‘ \/

R

KisF, Cl, I, or NO,,
Xaaj is Gly or B-Ala;

2
<

C-3: Xaa16-Gln7-Trp8-Ala9-ValIO-XaazlI-Hislz-Xaas 13-Xaag 14—ZH,

wherein

Xaa, is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having any one of the formulae described

below:
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In an eighth aspect, the invention relates to a kit
for the preparation of a radiotherapeutical agent or

WO 209004332 naceut i cal i magi ng agent havi ng For nRCHEP309/001403

whi ch kit conprises a vial 2820ontai ni ng a predeterni ned
quantity of bonbesin anal og pepti de antagoni st
conjugate of fornual (F) and an acceptable carrier,
di l uent, excipient or adjuvant for the radiolabeling a
nmetal chelator. In an nineth aspect, the invention
relates to bonmpggi n al og pepti de antagoni st of
sequence G| to M@\%‘er ei nC-1: Xaai 6-d n7-Tf
8- Al a9- val 10- Xaa2 1 1-Hi s12- Xagl, 13- 4 14-}5\}4, CO-
wWHNgi pCRea is D Phe, _B\Cpa, D-Tyr [rp of a~y€sidue
havi ng any one of the fomnul ae deséri bed below zK is
F, A&l rNO 2, XgaaYs Gy or BPWla, Xaa is

§ and i sojre 4- Am 5- MeHp

i tut ed akg\ngdci ds, Xaa4d i

Nl e,

Statine,’ tine a
4- Am 5- NEHYA or a-
Leu, Cpa, a, CpnA, Tha, t-budy, "tBuAl a, Met,

or iso-Bu-dy, and Zis NHor O
-HN CO- -

o @
K

CO-
'HNvCO'

<
>
<

o

KisF, Cl, I, or NO,,
Xaay is Gly or -Ala,
Xaas i1s Leuy-CH,NH-

Xaag is Cys, Phe, Trp, Tpi or Tac,

wherein Tpi and Tac have the following meaning:

HN
o CO-
5
~N CO- \—s
Tpi Tac
and
Z is NH, or O;

C-4: Xaa,’-GIn’-Trp8-Ala’-Val'%-Xaa,!'-His'>-Xaas,

wherein
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C2: Xaal 6-d n7-Tf 8-Al a9-Val 10- Xaa2 1
1-Hi s12- Leuy( CHOH CH2) - (CH2) 2- CH3, wherein
WO 209(1CHB8H CH2) - (CH2) 2- CH3 isXaai is D Phe, D EBpBEP2009/001403
D-Tyr, D-Trp or a residue Baving any one of the
formul ae described below -HN O -H-HN and Kis F,
A, I, orNO2, Xaa2 is Ay or b-Ala; C3:
Xaai 6-d n7-Tf 8- Al a9-Val 10- Xaa2 1 1-H sl12- Xaa5 13- Xaa6
14-ZH, wherein Xaa is D-Phe, D-Cpa, D-Tyr, D-Trp or a

Xaal gss%\%_ﬁﬁ 151 @f)bﬂg é[l%/?yl? eI'P]Z opﬁﬁﬁ ha Lrﬂﬁon@%f‘c‘l{e' fgﬁﬁiulae described

aa2 dy or b-
below:
'HN\:/CO‘
z _HN_ _CO-  -HN_ _CO-
-HN \/co_ _— \_/ \./
S z z
S S
|/
-HN__CO- -HN___CO-

‘HN\/CO‘

B

Kis F, Cl, I, or NO,,
Xaa; is Gly or f-Ala,
Xaay is Leu-O-Alkyl, or Leu-NH-alkyl.

DEFINITIONS
As used hereinafter in the description of the invention and in the claims, the term “alkyl”, by

itself or as part of another group, refers to a straight chain or branched chain alkyl group with
1 to 20 carbon atoms, such as, for example, methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl,
tert-butyl, pentyl, iso-pentyl, neo-pentyl, heptyl, hexyl, decyl. Alkyl groups can also be
substituted, such as by halogen atoms, hydroxyl groups, C;-Cs-alkoxy groups or Cs-Ci,-aryl
groups. More preferably alkyl is C;-Cjo-alkyl, C;-Cs-alkyl or C;-Cy-alkyl.

As used hereinafter in the description of the invention and in the claims, the term “lower

unbranched or branched alkyl(en)” shall have the following meaning: a substituted or
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Xaa5 is Leuy-CH2NH, Xaa is Cys, Phe, Tip, Tpi or Tac,
wherein Tpi and Tac have the foll ow ng neaning: and Z
WO g00Mi)9382 O whereinXaa i s D-Phe, D Cpa, D TypPCT/EP200$001403

or a residue having any oné0of the fornul ae descri bed
below Kis F, d, I, or NO2, Xaa2 is Gy or b-Ala,

Xaa7 is Leu-O Al kyl, or Leu-NHal kyl. DEFIN TI ONS As

used hereinafter in the description of the invention

and in the clainms, the term"alkyl", by itself or as

uns %&teﬁf sé'@ii%{}a Pﬁﬂrgﬁ{(}f;ﬁ Rhaih %&5§alﬁﬁiﬁ¥§igﬂzt§r &ialénle f’gdfbapéonsisting of

ranche group wt carbon atons,
carbsuieind bglrogenr caataimipl @p unstigtion andrhaling froopee, to eight carbon atoms,

e SR BESR s B AR o SABE YT BB . e

and GeQikRSTIGa ot P Mah Be Shdibhtithtet o substitibedasuchys Bahalggeh atoms,
atons, hydroxyl groups, C -C4-al koxy groups or

hydrogylatoms, Gy Caglkanygrownsos Gerat-awhgioppal kyl i s
C-Qo-alkyl, G-C-alkyl or C-C4-alkyl. As used
hereinafter in the description of the invention and in

As usbdhertiaafig in thealesaiptioh obthe invenhomarshie theotlailns athe ezt “phenylene”

al.kyl (en)" shall .have . the foll|low ng nmeaning: a
o bbb 8 a ™R anatpl bR RPeh T FiranBplsapolye-
phe@ﬁ@iepismﬂéfrmﬂt uplfre@l pard-phénylent Yepestivig wrid] Rithylene may be
consisting o
substituted or unsubstituted. It may be substituted with halogen, OH, alkoxy, preferably C;-Cas-

alkoxy, carboxy, ester, preferably C;-Cs-ester, amide, nitro.

As used hereinafter in the description of the invention and in the claims, the term “alkene”
shall have the following meaning: an unsaturated aliphatic or alicyclic chemical compound
containing at least one carbon-to-carbon double bond. The simplest acyclic alkenes, with only
one double bond and no other functional groups, form a homologous series of hydrocarbons
with the general formula C,H,p, e.g., ethylene (C,Hy), propylene (C3Hs). The alkenes may be
substituted or unsubstituted. If the alkene are substituted, they may be substituted by halogen

atoms, hydroxyl groups, C;-Cs-alkoxy groups, C¢-Ciz-aryl groups or the like.

As used hereinafter in the description of the invention and in the claims, the term “aryl” shall
have the meaning of an unsaturated ring system, preferably an aromatic ring system, more
preferably having 6 to 12 carbon atoms in the ring skeleton. Examples thereof are phenyl and
naphthalenyl. The aryl moieties may be unsubstituted or substituted, such as by halogen atoms,

hydroxyl groups, C;-Cs-alkoxy groups or C¢-Ci2-aryl groups.

As used hereinafter in the description of the invention and in the claims, the term “benzene”
shall have the following meaning: an organic chemical compound with the formula CsHg,
Benzene is an aromatic hydrocarbon and the second [#]-annulene ([6]-annulene), a cyclic
hydrocarbon with a continuous pi bond. Benzene may be unsubstituted or substituted, such as

by halogen atoms, hydroxyl groups, Ci-Cs-alkoxy groups or Cs-Cyz-aryl groups.
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carbon and hydrogen, containing no unsaturation and
having fromone to eight carbon atons, e.g., but not

WO pospriens3z o net hyl, ethyl, n-propyl, n-pentyl , PCT/EP2009/001403
1, 1-di methyl ethyl (t-butyl®l n-heptyl and the Iike.
This noiety may be unsubstituted or substituted, such
as by hal ogen atons, hydroxyl atons, C -C4-al koxy
groups or C6-Ci 2-aryl groups. As used hereinafter in
t he description of the invention and in the clains,
the term "phenyl ene" group is based on a di- or
optionally tri-substituted benzene ring. For exanple,

As yed hépiphfienih drealesdriptian pbthgrievention hiid imghe claims, the terms “alkenyl”

and SRty S (RODELES PLPRek: BRteoRiin Hae GEa{iRsgoon double
or tifp1é BorkB k3gedtiveIPHALKBh @34 mBre@irefeblybe@ - CAalkédyk @d/alkynyl may

carboxy, ester, preferably C -C4-ester, amde, nitro.
morpgrafiesally he CaiGyaalld@yli n t he description of the

invention and in the clains, the term"al kene" shal

have the foll ow ng neani ng: an unsaturated aliphatic
As wed héreinyfiériin thehteseripgion o6 theonvedticn mdainnthegjaiats, the agtn ‘halogen”
hlgﬁrbog-to-carb cgnglq bond. The sinplest acyclic
shall PRERSM W R0 0N 8% 'doubl e bond and no ot her

functional groups, forma honol ogous series of

hydrocarbons with the general fornmula CnH2n,e.qg., w
As usehperematierap fhe)desgsingigy 08 the ipvention and iprthe clpiisnis toray “galts of
inorgéf?cc' b iRl aQls URARShiE heilegnd *drgddtCadd KBRS tPntneral acids,

ubstituted, they may be substituted by hal ogen atons,

inclh@inlg,cbnthtgqemgpimite@t@madkwy ag rqg[hggl,c, otaCphosp 91110, gy@gplgonc,
pr et T 5 RSP B RSP ol o
magli’lasi%ﬂntslil&;, fr @Rample Pbtassiumi hyadogernsudfite; big appopAte organic acids

.preferably an aromafic ring system . nor referably .
whlﬂwawwee,@%re Dot lmpterte: agidisuich as %lwélav?,ﬁ@ﬁgﬁm%@e% grontatic,
aral PR A h&Srot 1 QrbXyfic RAEMphddtthcids, examples of which are formic, acetic,

trifluoracetic, propionic, succinic, glycolic, gluconic, lactic, malic, fumaric, pyruvic, benzoic,

anthranilic, mesylic, fumaric, salicylic, phenylacetic, mandelic, embonic, methansulfonic,
ethanesulfonic, benzenesulfonic, phantothenic, toluenesulfonic, trifluormethansulfonic and
sulfanilic acid, respectively. Likewise, the organic acids may also be present as the salts

thereof, such as the potassium, sodium, calcium, magnesium salts.

As used hereinafter in the description of the invention and in the claims, the term
“pharmaceutically acceptable salt” relates to salts of inorganic and organic acids, such as
mineral acids, including, but not limited to, acids such as carbonic, nitric or sulfuric acid, or
organic acids, including, but not limited to, acids such as aliphatic, cycloaliphatic, aromatic,
araliphatic, heterocyclic, carboxylic and sulphonic acids, examples of which are formic, acetic,
trifluoroacetic, propionic, succinic, glycolic, gluconic, lactic, malic, fumaric, pyruvic, benzoic,
anthranilic, mesylic, salicylic, phenylacetic, mandelic, embonic, methansulfonic,

ethanesulfonic, benzenesulfonic, phantothenic, toluenesulfonic and sulfanilic acid.



napht hal enyl . The aryl noieties may be unsubstituted

or substituted, such as by hal ogen atons, hydroxyl
WwW@Qe@apeI33) G - al koxy groups or C6-C 2-aryl gr ORGEEPA89/001403

used hereinafter in the des2ription of the invention

and in the clainms, the term"benzene" shall have the

foll ow ng nmeani ng: an organi c chem cal conpound wth

the formula C H6. Benzene is an aromati c hydrocarbon

and the second ["]-annul ene ([6]-annul ene), a cyclic

t . CH i i . zen ¢ v

s USEQERERET S 0o R RSNl By PHRERB B B
meaa¢ anyscovhlgoil phorded caupsnd OwhiCl reltdsesthe getogparent plgémaeutical

2nar¥£f?%§§RB.As used hereinafter in the description
accopding f.fo; fon and in the claims, the terns

"al kenyl" and "al kynyl" are simlarly defined as for

al kyl, but contain at | east one carbon-carbon double.
The ggrmy ",pr(mr@g"b'@ niged wg@qti@é pg,pllcp\qlcpgbq-}w cqmpsml@nnacologlcally

N 50 e T S s i o

biottaheforteaonippodushofithe tidrévating srthé amivadogi as defieedah diormsyla (I). The

by bR ROk PR TR s B

McGraw eV, aat. 8ad1992, "Bsdr Ss ok WBtiort SYDALY"T83-1 5Ades &b prodrugs, the
~inorganic or organic acids", "inor%anic aci d" and
disclosyrg oh whichds Bereingnearqrated by gefanencee Prpdrugs of p Gampgundpfithe
Gt | adil HetibrdPe ERhCin the Edrhfound i
p ouép ggllggll,e p?@%fégcgﬁf}gr [ gyf%égp%r gtlri]bl or%rgglgs:ﬂ}sul f)lﬁutr [ CJ a%ug -
suchor wa thatithie sl facatibmss drbeleasld, eithehinaoutiteempropelstsingnin vivo, to the

sodi u Ch U nesium.salts. for.examle
parepcatiEhn i B e TREE R oS f o presdh AR Betpo hore
com@@ﬂuﬁﬁ M&fefithdrr] fgskdnde a h?(}hb)(}l’xlgﬁﬁp,(ldhclh as1the Addrogy g@p A8 the

such as aliphatic, cycloaliphatic, aromatic, )
asymmgc SARON o, OF R BRI greup is QP'&%&JW ey iwp Gigh PYhshthe prodrug is

admBfitid (X BIRhE 1l esWb st Afr6e KyAdRYE or RE&LArhiBo, respectively.

pres

Typical examples of prodrugs are described for instance in WO 99/33795 A, WO 99/33815 A,
WO 99/33793 A and WO 99/33792 A, the disclosures of which are incorporated herein by

reference in their entirety.

Prodrugs are characterized by excellent aqueous solubility, increased bioavailability and are

readily metabolized into the active inhibitors in vivo.

As used hereinafter in the description of the invention and in the claims, the terms "amino acid
sequence” and “peptide” are defined herein as a polyamide obtainable by (poly)condensation

of at least two amino acids.

As used hereinafter in the description of the invention and in the claims, the term "amino acid”
means any molecule comprising at least one amino group and at least one carboxyl group, but

no peptide bond within the molecule. In other words, an amino acid is a molecule that has a
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trifluoracetic, propionic, succinic, glycolic,

gl uconic, lactic, malic, fumaric, pyruvic, benzoic,
wa@peiobnessst i c, nesylic, fumaric, salicylic, PCT/EP2009/001403

phenyl acetic, mandelic, enmddnic, nethansulfonic,

et hanesul foni c, benzenesul foni ¢, phant ot heni c,

tol uenesul fonic, trifiuormethansul fonic and sulfanilic

acid, respectively. Likew se, the organic acids may

al so be present as the salts thereof, such as the

i g’%gn% t

cm%g%l§%¢ﬁg?§@%llwg gﬁscrl ptio QILnﬁ%e@t ?e%%/teonte Fg?]handg?n
preﬂehblydh alpﬂm pogitien theretn, 'bptmr arpide bond il thqmalpcelptsamtae Thus, a

" relates to salts i.norgani c ;and ani.c _aci
cipegfith oy 1ES ah P ery o eV G 4 Hes mPp R eadi i e C-
ternfifiisdS n6tL6 Be B6nsidw O acS.mgm tdmifio @chd'SWItﬁMthé?ab’:w{a defirifion. The

organi c acids, including, but not linmted to, acids
amidgbandhetvegen iwa piacent pmine-Acidyssidnes whistpiggbraged from such a

amééﬁgkﬁhéﬁaﬁwgQ?5@§&ﬁM$bg n car boxylic and sul phonic

exa es o are formc, acetic,
trlfluoroacetlc, propi oni ¢, succi nic, glycolic

| uconi lagctic, malic, fungari uvi ,
An Sidg PG 15 4588 hisip iEins Gy (RpL BongfhikiheufieqRgRze ©
mandel i ¢, enboni c, nethansul fonic, ethanesul fonic,
benzenesulfonlc hant ot heni ¢, tol uenesul fonic and
CE@NEHOH-conci d-Bs- N« @=Her ei nafter in the description
of the invention and in the clains, the term "prodrug"
nmeans any coval ently bonded conpound, which rel eases
wher¢in theaaibpaylgaeumis pmadadetwwteirmdecuéﬁcqutm NYl-groupf srpmenided by the

othe(r E}qlecunﬁo eeforp edO E‘\%darml'ig béha B E\%jenttvhlg %éilgcen%l I%ulmn%i a2id residues which
S0 CSHprT 8ES Pharmacoro

is oraied framl secldspmlyaind\imnsxu &Meﬁﬁecﬁ&taﬂﬁ)ﬁptlcﬁr’ﬂod&'s Gpitidnally, the

phos hates ch th uIt|n n viy
nitr¢gep @ E%f&b Gndigaed aai“# ghaveymay be jndgpendently
alkﬂaﬁ&d ¥$., %ﬂgcq&:sdaﬁtyl r}%@fefﬁlf@{tmm (). The reference

Go6dman and (The Pharnmacol ogi cal Basis of
Therapeutlcs 8 ed

As used hereinafter in the description of the invention and in the claims, an amino acid residue
is derived from the corresponding amino acid by forming a peptide bond with another amino

acid.

As used hereinafter in the description of the invention and in the claims, an amino acid is a
naturally occurring or unnatural amino acid wherein unnatural amino acid is a synthetic /
artificial amino acid residue, proteinogenic and/or non-proteinogenic amino acid residue. The
non-proteinogenic amino acid residues may be further classified as (a) homo analogues of
proteinogenic amino acids, (b) B-homo analogues of proteinogenic amino acid residues and (c)

further non-proteinogenic amino acid residues.

Accordingly, the amino acid residues are derived from the corresponding amino acids, e.g.,

from
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MGawH M Int. Ed. 1992, "Bi otransformati on of

Drugs", 13-15) describes prodrugs, the disclosure of
wWaR09h09332 her ei n i ncorporated by reference. PrBcf/ap0y601403

a conpound of the present Bhvention are prepared by

nodi fyi ng functional groups present in the conmpound in

such a way that the nodifications are cleaved, either

in routine mani pulation or in vivo, to the parent

conmpound. Prodrugs of the conpounds of the present

eV S i

pg&ﬁl)ﬁlgéég)%‘ar%@g h%iégeg%@gﬁjgs )sz&omg,r% y@gg éf}B Oh, ¢ Ggsmm@ Leu,
Lys a¥gtyithe, Pre, Stcar'lbm,ril"ral'BmandrVa&rDram no group is bonded to

any group that, when the prodrug is admnistered to a

patient, cleaves to forma free hydroxyl or free

néffipRfteinb@mpedthihy atills, stihPdsdRimoenalvgh@sof@hotpinogunitganias acids

descri bed for instance in WO 99/33795 A, WO 99/ 33815
wheyein (o sgly/chaindigs heemetops oy ampdlenc srayp. ¢ig-sberpagipniae Gfal),

f

e M A S S T S
homaipolencige sldil)u bomoleyging (H:lle)a hewdlyisine &bl b)) lmhndmeltlyxomn@l (Bme),

r eadi hzed | active i n.
R e R s
homofypidphane (HY hofhotyhesind @itiBandtHaemol slimes Hva)yi no aci d

sequence"” and "peptide" are defined herein as a

polyanide obt ai nabl e by (poly)condensation of at |east

T \WOh MYaRfo ke @?{)roﬁ‘:?ndg%ﬁfé aﬁﬁﬁ@éd’@sf Jifﬁ‘érelh% ntxéiﬁylene gr;nllqp has been

description of the invention and in the clalns,

mserted htrtWam the aereihn ang descaghexyhesber vielinefrpminsi asiis 2 2., B-

hom[())a amr1]18 pep?lﬁ]ohe ?rbo% I%HIBC Waﬁ?{]}hﬂeo?@%pa? nec(%:l—ir%g)gp ho%%b?eme
(BHuWY ﬂ&omﬁ@lu&i’ﬁliﬂ@(ﬁﬁgﬂ)d Bihem@hiztilliae (ﬂlﬂn} lﬁi&torﬂi‘(ﬂﬁ)leucme (BHll) B-

hon]%gﬁ?lgzll%g)éé%ﬂie} gggoltm Ul @gg}ﬁé hp%l@g]ﬁt 10nme J[?Hnme) FB flcgrggp%enylalanme

(BHph), p-homoproline (BHpr), B-homoserine (BHse), f-homothreonine (BHth), -
homotryptophane (BHtr), B-homotyrosine (fHty) and B-homovaline (BHva);

further non-proteinogenic amino acids, e.g., a-aminoadipic acid (Aad), B-aminoadipic
acid (B Aad), a-aminobutyric acid (Abu), a-aminoisobutyric acid (Aib), § alanine (BAla), 4-
aminobutyric acid (4-Abu), S-aminovaleric acid (5-Ava), 6-aminohexanoic acid (6-Ahx), 8-
aminooctanoic acid (8-Aoc), 9-aminononanoic acid (9-Anc), 10-aminodecanoic acid (10-Adc),
12-aminododecanoic acid (12-Ado), a-aminosuberic acid (Asu), azetidine-2-carboxylic acid
(Aze), B-cyclohexylalanine (Cha), citrulline (Cit), dehydroalanine (Dha), y-carboxyglutamic
acid (Gla), a-cyclohexylglycine (Chg), propargylglycine (Pra), pyroglutamic acid (Glp), a-
tert-butylglycine (Tle), 4-benzoylphenylalanine (Bpa), 8-hydroxylysine (Hyl), 4-
hydroxyproline (Hyp), allo-isoleucine (alle), lanthionine (Lan), (1-naphthyl)alanine (1-Nal),
(2-naphthyl)alanine (2-Nal), norleucine (Nle), norvaline (Nva), omithine (Orn), phenylglycin
(Phg), pipecolic acid (Pip), sarcosine (Sar), selenocysteine (Sec), statine (Sta), -
thienylalanine (Thi), 1,2,3,4-tetrahydroisochinoline-3-carboxylic acid (Tic), allo-threonine
(aThr), thiazolidine-4-carboxylic acid (Thz), y-aminobutyric acid (GABA), iso-cysteine (iso-
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preferably in al pha position thereto, but no am de
bond in the nolecule structure. Thus, a dipeptide
Wh2000nep332 free ami no group at the N-term nus aPCI/BPF0PEE01403

carboxyl group at the Cterdfnus is not to be

considered as a single "am no acid" within the above
definition. The am de bond between two adjacent am no
acid residues which is obtained fromsuch a

condensation is defined as a "peptide bond". An am de

Cys} %‘fh‘?m rrgﬁi_g%f %@h&g@gﬁﬁg@m&%b%%g%@ gl 'a?athH&ouEﬁi% acid

Struct e’n
(yBI@ah) Jophenylgtanine (Bip)mhmi'ldbdinbyub}ﬁaltettihe)@ml-m)sam WIﬁe-Cl Ce-alkyl,

il e T Bl AR et R o Ay Bl aoora 00

peptﬁ@ihﬁléﬁﬁac\iﬁy (PNA, 8/ GOE aNieBen,l 4@NTRE Red, 32, 624-30); or their N-
pol condensatlon i's defined as a peptlde bond"

alkytgied analaepss. syohens thaiy Nyesthyetsdranaleguene pol yani de
backbone (indicated as NH above) may be independently
al kyl ated, e.g., with -C -C6-al kyl, preferably wth
CycliCkhminoAgids sy Heaqreteimagende oi nont fretethogoni¢, su¢toas Ryb, A Glp, Hyp,
Pi bpvg@é'on and in the clainms, an amno acid residue is
Do romthe corresponding anmino acid by forming a
pepti de bond with another am no acid. As used

hereinafter in the description of the invention and
For futhe pxampdes aad dgilnesteaencs cpa bamads tor g81 J-Fodenfer .4’5%46 Set.,

2008 rwats%é hls@md}g o%hfih%ﬁe&b&a%ﬁ@m By refdFbQ iR SntirStyd

synthetic / artificial amno acid residue,
protelnogenlc and/ or non-prot ei nogeni ¢ anino acid

due. . The .no te| eni c n d.5&sidye
A #1 th eg?rl? t n!idoatll(l:ecalm #hlt‘erﬁlng(y-
 BETherFAy 8 PR oL ARt o it THn
proteinogenic amino acid" and "non- protelnogemc amino acid re51due also encompass
derivatives of proteinogenic amino acids. For example, the side chain of a proteinogenic
amino acid residue may be derivatized thereby rendering the proteinogenic amino acid residue

"non-proteinogenic”. The same applies to derivatives of the C-terminus and/or the N-terminus

of a proteinogenic amino acid residue terminating the amino acid sequence.

As used hereinafter in the description of the invention and in the claims, a proteinogenic
amino acid residue is derived from a proteinogenic amino acid selected from the group
consisting of Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser,
Thr, Trp, Tyr and Val either in L- or D-configuration; the second chiral center in Thr and Ile
may have either R- or S-configuration. Therefore, for example, any posttranslational
modification of an amino acid sequence, such as N-alkylation, which might naturally occur
renders the corresponding modified amino acid residue "non-proteinogenic", although in
nature said amino acid residue is incorporated in a protein. Preferably modified amino acids
are selected from N-alkylated amino acids, 3-amino acids, y-amino acids, lanthionines,

dehydro amino acids, and amino acids with alkylated guanidine moieties.
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pr ot ei nogeni ¢ am no acids, (b) b-hono anal ogues of
prot ei nogeni ¢ am no acid residues and (c) further
Wo0099938%1 nogeni ¢ am no aci d resi dues. Accor dPEEER2009/001403
the am no acid residues arééderived fromthe
correspondi ng am no acids, e.g., fronproteinogenic
am no acids, nanely Ala, Arg, Asn, Asp, Cys, Gn, Qu,
Gy, H's, He, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp,
Tyr and Val; or non-proteinogenic am no acids, such as
As J&Q@Re@fﬁ@hél%% Rbcriphish oF BRI GoARIA tﬁ@élgﬁls"‘@l@ k&M carboxylic
he side chain has been extended by a nethyl ene group,
acxdé og'‘Jicdrborydit acid) exefndedrpanih oompaugidnhaveng ¢er GOOH moiety or two

ste ne )... sho ut a honDh stidine. .
CO R hcirDre By Y AL o P ot Bk ac PR SR acic
butﬁﬁﬂiﬁidy Sydltﬂle((duﬂe)t)arboh?]ﬁ@mﬁd ez &eid, ISaldyl acid, lactic acid (carboxylic
hono henylalanlne (Hph),. honopraoline (Hpr), haonoserine

amde)_géy(a ihaskd mpalenn Adid, SCJF‘&IHI}) ac o REHPIE S;lﬁd a%lﬂn linjilelc a01d malic
ac1dhﬂﬁH$chr &?d @?ca@d&%‘l)c Negry@ldye (Hva);

onpanal ogues of pro?elnogenlc am no aci ds wherein a
nethylene group has been inserted between the a-carbon

As 1bse %rrﬁ]%g an bﬂ'éeytjfgcga%)og g{ < dr(rljr\gglgoxll %r?{g] élqg%?e]_éiifr}ds?the %erfli "diamine”
meags Eﬁgﬁiﬂalﬁﬁ?{)&md@ (ha‘ﬁlbt'llaﬁ() NbRbI;hﬁﬂib.tlyﬁ tvsgieﬁ@n RbieyR” may
1ndeBe1pﬂ%%y grg{ngq?elirl] g@ex( lg%}lfq’}l algen(;lﬂo o ¥ elil'yﬂg) %b}Hgnrééjnay for example be

eth}}pena%mhé/ Sl'ﬁ@yc(&?l’éu&éﬁ)e didnife 'B?ﬁ@?ﬁﬂeon' ne (bHe),
b- honophenyl al ani ne (bHph), b-honoproline (bHpr),

b- honoseri ne (bHse), b- honnthreonlne (bHt h), b-

As tg %Sql e?(pr Q %?‘lglﬁ/%"_&s qphy rd?(:%ot?)%?’{l(p Mla@ or Q]nzgmnes are

r AGH- pr nogeni ¢ am no
refefred tibsthlsaalg) spealﬁaﬂi}rmalddm the aspettifdeadjcalsiobaainadoelcinsiich amino

acids, carboxylic acids, dicarboxylic acids or diamines, respectively, are comprised in the

compounds of the invention, i.e., -HN-...-CO- (amino acid), -OC-... (carboxylic acid),

-OC-...-CO- (dicarboxylic acid), -HN-...-NH- (diamine), for example.

As used hereinafter in the description of the invention and in the claims, the term “metal
chelator” is defined as a molecule that complexes a radionuclide metal to form a metal
complex that is stable under physiological conditions and which may also be conjugated with
a targeting group though a spacer. The metal chelator is complexed or not complexed with a

metal radionuclide.

As used hereinafter in the description of the invention and in the claims; the wording
“radionuclide metal” is defined as a radionuclide which is an atom with an unstable nucleus,
the nucleus being characterized by excess energy which is available to be imparted either to a
newly-created radiation particle within the nucleus, or else to an atomic electron (see internal
conversion). The radionuclide metals used herein are especially suitable for diagnostic or
therapeutic use, more preferably for imaging or radiotherapy. The radionuclide, in this

process, undergoes radioactive decay, and emits (a) gamma ray(s) and/or subatomic particles.
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acid (b Aad), a-am nobutyric acid (Abu),
a- am noi sobutyric acid (Aib), b alanine (bAla), 4-
WQ@rionoassyri c acid (4-Abu), 5-am noval eric aciBCT/EP2009/001403
(5-Ava), 6-am nohexanoic aéfd (6-Ahx), 8-
am nooct anoi ¢ acid (8-Aoc), 9-am nononanoic acid
(9-Anc), 10-am nodecanoic acid (10-Adc),
12- am nododecanoi ¢ acid (12-Ado), a-am nosuberic acid
(Asu), azetidine-2-carboxylic acid (Aze),
The& e;ﬁaﬁ?él%i’tkt@!e%}hﬂﬁ§ C4diRion, ﬁé&l&ﬁﬂchﬂ&eﬁnéﬂ&ﬁr naturall)S but can also

dr oal ani ne - carboxyglutam ¢ acid
be agifeyallyghiedugkd)l yci ne (Chg) propar gyl gl yci ne (Pra),
pyroglutamc acid (A p), a- tert-butylglycine (Tie),
4- benzoyl phenyl al ani ne (Bpa), d-hydroxylysine (Hyl),

Thesderam)r?dmmy Pictd]$ eludehbu) areaiot Iimits@{oegaﬂhfme dg) q7eh,, 68 Ga) copper
t hi onj ne (Lan

(e8¢ S ChapRrion )tﬁ?*ﬁlﬁ?l\*f@((fg» Nal ) ey %I&{IE]@(H%W (54 '*Re and **Re);
leadr(ngaIZP[S)eb{sf}Mﬁ))(e FngrzBlt) funa‘f,aﬁé?ﬁmg Sgh@md ) K ELES foPP@baring these

coli'¢ acid , sar cosi ne sSel engcyst ei ne
isot¢r8e ede, knowat Mnbfb(i@ttm)/;ec}mnetmm gemyiatirafor meod@iﬁhg?

com{dﬁrdé%ly aavaﬁ%bl% ﬁ% ﬁureg (?r é’?ﬁ Lll)c&eg I%R% e ud(eytile progeduges described by

Deutsoh 8z, (Midleméd. CBibeCW;yJ 13c4:463-4177, THE9) ang Vandeihdydety ed o,
GABA) , t ei ne oprquonlc

i d 1
(Inogéqlng: {:Imylui 1Y, é/ oi nlég%ﬂ I&I’Sg)g %iﬁnathe%g’ I11e production of '*¥Re
hav%be%nql'eﬁﬁbg@p%‘wefch& A6l Qnt1op DR piiddl B AR M Ipes, Vol. 20:467-

al ani ne substituted in para-position Wth

470, 1960) sdh ofutartes aj. 4é of RiwipanalopHCham, Pfad( 43R, 1970). Production
) r k | i
of* BB  rashadd et e 8 5y DY BhodulhigThe et ana ™

Bi 1ﬁl‘fﬁﬁmbeﬂeﬁ Gansihy et6124A81@b ;Chem. Bdre SympiHek \(I 2849,P241:215-217, and

Koz na) c;gges A%HQQF@E g}é{ée ﬁ?%g{%gggﬂ‘@ngg%g& is preferred for

dia Qﬂlcﬁfsé’taﬁﬂ RRURRrGadiStcNd@isRdbo e Bave BdPapetitidusePi P,
ic and Thz. For further exanples and details

reference can be nmade to, e.g., J.H Jones, J. Peptide

As u%g&‘hereinafter in the description of the invention and in the claims, the term “spacer” is

c arc

defined as a linking group between the metal chelator and the bombesin peptide antagonists.
As used hereinafter in the description of the invention and in the claims; the wording “agonist”
means a substance (ligand) which binds to a specific site at a receptor molecule of a cell and

thus activates signal transduction in the cell. This leads to a measurable effect.

As used hereinafter in the description of the invention and in the claims; the wording
“antagonist” means a substance (ligand) which binds to a site at receptor cell which is specific
to an agonist substance, thus blocking this site to the agonist, without actuating an effect. Thus

the antagonist inhibits the effect of the agonist.

As used hereinafter in the description of the invention and in the claims, the term “statine

analog” is defined as a di-peptidic mimetic with the following generic structure
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2003, 9, 1-8 the disclosure of which is incorporated
herein by reference inits entirety. As used
woereiieesr er in the description of the inventiBCI/EPW09/601403
the clains, the terns "nonpg#otei nogenic am no acid"
and "non- protei nogenic amno acid residue" also
enconpass derivatives of proteinogenic am no acids.
For exanple, the side chain of a proteinogenic am no
acid residue may be derivatized thereby rendering the
prot ei pggenhc am no acid residue "non-protei nogenic".
The sa appl i es to derivatives of the Cterm nus
Hi¥ g # rm nus of a proteinogenic amno acid
resi flue term ing the am no acid sequence. As used
herernafter in the description of the invention and in
the clains, a proteinogenic am no acid residue is
StatilRrR2=edH fR10d%h 8e périet @ighit@emibut am no aci d sel ected from
typidalyearg the spme anamisg agidgsidef chahe, Arg, Asn, Asp, Cys, dn,
GQu, Gy, H's, He, Leu, Lys, Met, Phe, Pro, Ser, Thr
Statie[Anaibys R2B M, Kakarchd Vaged dighificanti@butD- conf i gur ati on; the
typicatycanentthe sémne @ anumrdait sidechdihg and | ie may have either R
or S-configuration. Therefore, for exanple, any
posttransl ati onal nodification of an am no acid
sequence, such as N-al kylation, which mght naturally
occur renders the correspondi ng nodified am no acid
Abbr&sdtiddge " non- prot ei nogenic", although in nature said
amno acid residue is incorporated in a protein.

NOIDAé‘Ae:r w JRIAEARY L QUPNANE N SUSENEACH-£7-BRCEEE A8IDF r om
a ¥ @b%ﬂafwwﬁn%%@ﬁ Qfamae N":tCN dalacgmaaramo aci ds,

i ani nes fo anfno acids, and am no aci ds
TRIﬂ\‘/At=h1 dJ7k130I tatlraadacgfahxtmdhcmee hi7d0iNSN' AS", I e tbtraagedit neiflt er

scrl the invention and in the clains,
Cbafhéhte? Qg%fpd%mgg?d" or "dicarboxylic acid"

4Aﬁ9ﬁwﬁe}@mgamaﬁuﬁ@ﬂpﬂ¢mﬁﬁeﬂimm@wne COOH noi ety or two
eties, respectively, such as for exanple,

4- AF‘O?‘M"@"&CTG -amjpespimpethydherangic 3pidoni ¢ aci d,
DFO = N'-[5-(acetyl-hydroxy-amino)pentyl]-N-[5-[3-(5-aminopentyl-hydroxy-

carbamoyl)propanoylaminoJpentyl]-N-hydroxy-butanediamide

R; co..M

0 0 WNH
HN—< HN<
{CH,)5 (CH,), (CH,); (CH,), ,(CHZ_),
>N N N

O obH O TOH OH
DFO

E J f” ”Nk

COOH



10

15

20

25

butyric acid, cyclohexane carboxylic acid, benzoic
acid, salicyl acid, lactic acid (carboxylic acids) or
W@@bie93dxzi d, mal onic acid, succinic acid, adi PCER202(01403
fumaric acid, maleic acid, 3%mlic acid, phthalic acid
(di carboxylic acids), respectively. As used
hereinafter in the description of the invention and in
the clains, the term "di am ne" nmeans organi ¢ conmpounds
having two NR R' noieties, wherein R and R' may
wriachRPSREBARTMAGHOM eackisahiiehistriopBat) al kenyl,
al kynyl, aryl. am nes may for exanpl’e be
et hyl endi am ne, 1, 4-cycl ohexane di am ne, pi perazine.
As far as herei nbefore am no acids, carboxylic acids,
O di baxyl\c [ or diamnes are referred to, this

so Bpeci Mcal Ity incl udes the respective radicals
@y akned when sggh ami no acids, carboxylic acids,
L

di carRoxy acids or diam nes, respectively, are
conprisefl in the conpounds of the invention, i.e.,

- HNO Q0O pf8o acid), -OC ... (carboxylic acid),
- OC - (df'carboxylic acid), -HN\N-... -NH

(di amgme), for @xanple. As used hereinafter in the
description of the invention and in the clains, the

NODAGA "netal chelator” is defined as a nol ecul e that
conpl exes a radionuclide netal to forma netal conpl ex
that is stabl e under physiol ogical conditions and

Wittt Gl HERY abdraor) & i€BeljeveBihaCondiskilled ir fhe Qﬁtcbﬂ,glsﬂngh@preceding
t hough a spacer. The netal chelator is conplexed or

desqpiption g she @rssprtinventen i its fyHess axent; e folgwinggueferred specific
o D S DR PR BP0
remaedér o€ thealisciosn@dn emywehy ddatsbéveh i s an atomwith an

unst abl e nucl eus,
FIGURES
Fig. 1: Dose-response curves of bombesin analogues determined by the calcium release assay.
The calcium release assay was performed as described in Materials and Methods. PC3 cells
were treated either with bombesin at concentrations ranging between 0.01 nmol/L and 10
umol/L (®) alone, or in the presence of 10 umol/L of the bombesin analogues Compound 1
(&), or In- Compound 1 (#), or bombesin analogues Compound 1a (®).Compound 1, Tested
alone at 1 pmol/L and 10 pmol/L Compound 1 (A), In- Compound 1 (X) and compound 1a
(0O) have no effect on calcium release in PC3 cells. Compound 1a refers to binding sequence
of 1, without the linker and chelate (D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-NH;).
Compound 1 refers to chelate (D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH,). In-Compound

1 refers to In-chelated (D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-NHj).

Fig. 2: HEK-GRPR cells immunofluorescence microscopy

Immunofluorescence microscopy of Compound 1, In-Compound 1, Compound 1b and GRPR-
ANTAG using the mouse monoclonal HA-epitope antibody and HEK-GRPR cells. (a) no
peptide, (b) 10 nmol/L bombesin, (¢) Compound 1b, (d) Compound 1b + 10 nmol/L bombesin,
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t he nucl eus being characterized by excess energy which
is available to be inparted either to a new y-created
WO 200409380 particle within the nucl eus, or el SECT/BP2A9/001403
atom c electron (see interd&l conversion). The
radi onuclide netals used herein are especially
sui tabl e for diagnostic or therapeutic use, nore
preferably for imging or radiotherapy. The
radi onuclide, in this process, undergoes radioactive
( %
o, el B E Dt o AR iR Bl G oBAMAT e analogues
Cont}ﬁ)dhdiﬂ b, GRPIRANTAG cCotipsundaly and iuCompdunddl, (o e, $uf cetlamreated
so be artificial rodyced. These radi onuclide
wit ?%P%‘nfiﬁgi Gg‘gﬁ‘gﬁltrxg}? én‘gg?mp?‘fﬁdt]ed to gallium (e.g.,
67Ga, 68 &) copper (e.g., 67Cu and 64Cu); technetium
_ (eggé, " Tc_and 94nﬂc§; r heni u EN% ? 186Re and
Fig. Bagite i, 4be RET(imaging i RGB4P) anst ENGelh (4)dugor beapimg micefiGa-68-
I adi , t
DO el 2 3 It sEton Mol PR e e iDbloRe R o0 e
bombaﬁnprodu0|ng 99nifc are comercially avallable
Procedures for producing 186Re include the procedures
descri bed by Deutsch et al, (Nucl. Med. Biol, Vol.
Fig. b3 SPEAP Piffage bP %TCMN@Ggﬂ %0 p h PC( 3-AGhERhEng mice
Chemi stry, Vol. 24:1666-167 nethods for
the production of 188Re have been descrlbed by Bl achot

Fo AR Dl AR08 (BRI ROS9PS buingice
Radloanalytlgal Ehenl yblﬁaaﬁg-lgt ;?70) Pr oduct i on
Fie. By BEHF" sl Sis 6 CoR0I T AT RIng 29 TS gy cof g

descrlbed in Gansow et al, Anmer. Chem Soc. Synp Ser.
1984), 241 :215-217, and Kozah et al, Proc.
Fig. ABad, cabie: Stakahity fsyanefdrar68-0§EHA Csslpam?wsnm@fsmm@@nd urine

f for diagnostic use, and the other
1¥sed.b . : .
ana?&% ? clides |isted above have therapeutic use.

Fig. 11: Human serum stability of Lu-177-DOTA Compound 2.

Fig. 12: Comparison of tumor /tissue Ga-68 RM2 with F18 FDG and F18 choline

The entire disclosure[s] of all applications, patents and publications, cited herein are

incorporated herein by reference in their entirety.

The following examples can be repeated with similar success by substituting the generically or
specifically described reactants and/or operating conditions of this invention for those used in

the preceding examples.

From the foregoing description, one skilled in the art can easily ascertain the essential

characteristics of this invention and, without departing from the spirit and scope thereof, can
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As used hereinafter in the description of the

invention and in the clains, the term"spacer" is
waeledfoonessns a | i nki ng group between the netal BCEER2009/001403

and the bonbesin peptide adtagoni sts. As used

hereinafter in the description of the invention and in

the clains; the wording "agonist" nmeans a substance

(l'igand) which binds to a specific site at a receptor

nol ecul e of a cell and thus activates signal

makk R/?H&QL&BA@Q ahd'mblficHEirs of H&'lﬁvénﬁéﬁj?b Jdgpﬁt m%%&@@a es and
effect.

used hereinafter in the descrlptlon of e
condinemsnt i on and in the clains; the wording ' antagonlst
means a substance (ligand) which binds to a site at
receptor cell which is specific to an agoni st
EXAMPIERce, thus blocking this site to the agoni st,
wi t hout actuating an effect. Thus .the antagonls
whergimAdias ghermpeanyyerd 4 byralsopy a&@gﬂqogpate Jor allexamples disclosed below.
hereinafter in the description of the invention and in
the clains, the term"statine analog" is defined as a
Exagtpleple(@®-BeC minetic with the foll ow ng generic

stryctureStatine = ARl .can b
il il RE AR i i P apBbpi e K amaler diseigesd pelow.
side chains Statine Analogs R2 = H Rl can be varied

a) qutg%:sgf%ggeg&g ggé@eég{aggélstyqq%gggp \%lt generﬁssec?urgncr:]eo acid

A i%éﬂ BRl %%@Wﬁﬁ’ebn&mhﬂl Seriihht fmite 2 (XEN)

4,7 triazacycl ononane-N-gl utaric
acid-N ,N'-diacetic acid TRITA = 1,4,7,10

DO’f\Tﬁtsrp?Zetzr?gaégL(t%f g&gpac.gl“evjal“*v(aa 10pN2 1 N4 NH,

Peptide} whresmthexiaed ﬁi@mlhﬁyy)habMplﬂPfSe using Fmoc-strategy. To obtain N-terminal
amides, Rink amide MBHA resin LL (100-200 mesh) ( 4-(2°,4’-Dimethoxyphenyl-Fmoc-
aminomethyl)-phenoxyacetamido-norleucyl-4-Methylbenzhydrylamine resin) was used. In
general, Rink amide MBHA resin with a theoretical loading of 0.34 mmole/g resin was given
to the reactor. N,N-Dimethylformamide (DMF) was added to the reactor and was shaken for
30 minutes to allow swelling of the resin. After removing the solvent, a solution of 20%
piperidine in DMF was added and the resin was shaken for 15 minutes to remove the 9-
Fluorenylmethoxycarbonyl (Fmoc) protecting group. This step was repeated twice. After this
procedure, the resin was washed three times for 5 min with DMF. The piperidine solution and
the DMF solution of the last three washings were collected and filled with ethanol to 100 mL.
From this solution an aliquot was taken to determine the amount of removed Fmoc-protecting

groups spectrophotometrically.

Before coupling the Fmoc-aminoacid derivative the resin was washed twice for 2 min with
DMF. 2 equivalents of Fmoc-aminoacids, preactivated with 2 equivalents of N,N-
Diisopropylcarbodiimide (DIC) / N-Hydroxybenzotriazole (HOBt) were added to the resin and
the pH was adjusted to a value of 8-9 by adding about 4 equivalents of N-
Ethyldiisopropylamine (DIPEA). The reaction was incubated for 2h under gentle shaking.
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4- Am 5- MeHpA = 4-am no- 5- net hyl hept anoi ¢ aci d

4- Am 5- MeHXA = 4-am no- 5- net hyl hexanoi ¢ acid DFO =
woneopAeBazret yl - hydr oxy- am no) pentyl ] - N-[ 5- [ 3- (BECHEP2VOP@ 1403

ntyl - hydr oxycar banmoyl ) 42

pr opanoyl am no] pentyl ] - N- hydr oxy- but anedi am de

DFQ ri am de nonot hiol (MAG3) bisam ne bis thiol (BAT)

NODAGA Wt hout further elaboration, it is believed

that one skilled in the art can, using the preceding

0

AngHIREbRlon e sl 6 KuDl BRARE YRMANGY QM LRpd Buice for s min
witleDVF The rdastiar eas mbtoeédbbeKaiser-tos. A@nmm amguatof ﬂveerCEIOj? the resin

illystrative eof r i.nder
werg i odimaes vt et so o Rl it (0 R 1B i thanol were
mxx%@ﬁ/ﬁh Nesp ens SolGisn/srD.Of MIQCNES 40 ndNFYridig and 60 ﬁLerBﬁdtlon 2

he cal ci umrel ease assa The cal ci um rel eas

(50%@ %@ay% ipd Py pibanollwere eddgdrnd thebagels wefedicatcq fer 10 min at 95°C.
t her th bonbe
Blug/tﬁéa?gﬁl?écﬁ??}tn?o égdr%%a?rrl%s g&{c\%grésﬁl 0.01 \rl1mrml /L andS|18
mml /L () alone, or in the presence of 10 nmol /L of
All imten)o%%gllsb %%tc%bsgg %%&qgrgli%{}éﬁo%%%%ﬁﬁ 82:1iiva?e{s)alng &e%wrg%g gcpu%led ina
sunﬂar rﬂ-aﬁﬁible d'rﬁité}ﬂl@n &Ias ﬁseﬂm&m lertetiflyldycarohyll(Booprortithglgroup on
and conpound la (D) have

(X) 0
the @#? @@en Uhﬂ%lalptedlmﬁrldesléta@@q Werpdst regterted 1E8A{SEURY Prgormed after

couf;lﬁ{ f%a Ipalﬁlln? %{:1%% elﬁ(ﬁ@df&f‘ﬁl@orﬁf)lefle’co K%Q{/Itaﬁfug@fé%lg% Lt}le coupling

waszypeated

After building of the whole desidered peptide sequence, the resin was washed 5 times with
DCM followed by 5 times washing with diethyl ether, each for 2 minutes and dried under

vacuum.

b) Coupling with SPACER and prochelator DOTA(‘Bu);

The prochelator DOTA(‘Bu); was purchased from Macrocyclics Inc., Dallas, USA. Prior to
coupling the SPACER, the N-terminal Fmoc-protection was removed from the resin bound
peptides. The resin was swelled for 15 min in DMF, tretated twice with a solution of 20%
piperidine in DMF (15 min) and washed three times with DMF. The solution from the
piperidine treatments and the following DMF washings were collected to determine the

amount of cleaved Fmoc groups.

2 equivalents of the SPACER, preactivated with 2-(1H-9-Azabenzotriazole-1-yl)-1,1,3,3-
tetramethyl-aminium hexafluorophosphate (HATU) for 20 min in DMF, were added to the
resin. The pH was adjusted to 8-9 by adding DIPEA. The reaction mixture was shaken for 2 h
and the coupling was monitored by Kaiser test. The prochelator DOTA(‘Bu); was coupled in

the same manner after removal of Fmoc as previously described. The DOTA(‘Bu); coupling
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Compound 1 refers to chelate
(D-Phe-A@ n-Trp-Ala-Val -@y-H s-Sta-Leu-NH 2).
WO ppogaogsduind 1 refers to In-chel ated PCT/EP2009/001403
(D-Phe-d n-Trp-Al a-Val -d y48i s- Sta-Leu-NH 2). Fig. 2:
HEK- GRPR cel | s i mmunof | uorescence m croscopy
| mmunof | uorescence m croscopy of Conpound 1,
I n- Conrpound 1, Conpound Ib and GRPRANTAG usi ng the
nouse nonocl onal HA-epitope anti body and HEK- GRPR

was SfRlides? uc{vgl)nllégf? I?fg%}tr%%rgrvp%é ﬁ)g sIE)EmBHDthé l-cs&qmev?dsﬂed { filnes with DMF,

npo 10 nnol / L bonbesi n, (d,
5 tmﬁe;s with PCM follbed by 6 aitveed wakliihg #Gthrdmashyl lethso rebelsfon 2inmnutegand
E Eence of 1 mmol/L of the anal ogues Conpound I b,
Compound 1, and In-Conpound 1, (c, e, g,
i) cells treated W th Cbnpound | b, GRPR—ANTAG, and
Compound 1. Fig. 3a, 3b, 4a, 4b: PET-inmaging in PC 3
c) Deprptegtion, ceyaze(@ay punfentiopear i ng ni ce of Ga- 68- DOTA
Conpound 2. a) |Ih after injection of 10 MBq
radi otracer, b)blocked with 100 ng bonbesin Fig. 6:
The BEWHAE/ESIN mag:kemfn agﬁmﬂige £qRliped 6vithlHirivaY ISQloﬁorpqﬁh}fluomacetlc acid

CTF ST AT 85 P8P aBF 96 BIaCl (2D iR fang s rivee
was BEi€sted fok gh. The sbﬁh@n ma hdded 3o @ mikiareast-SDGT liscpropolethdr Znd 50%
on a reversed phase colum. Fig

b, c, d, e:
dietylgfhgr|oneige taéélay the pr@wé@l%@fﬁbmﬁgﬁ e peptiderscaliccted by

centfszlg\%gfr?n@}g?gg?@ Ifﬂtng ?oor%r}ﬂt]%’ﬁ@ %%ﬁzﬁa&:@r}p »gts%iecézi%ed I'I'H@’Bfkapltate was

l@dmpmralsmmso’f'ltlt dinthylether aurl driedaungder VRVRUM Th'e Ry mwcawas
e.The-entire .dj
dlss%‘lrg% Lln Cvg ter ﬁg punﬁ cpbnx Sefi. ag'par %Ig éﬁ;t[llgdé%é on% IYI%t dp%%—lg%ﬁl system
LC-as®l 22-14 (Herisau, Sw1tzerland) w1th a Macherey-Nagel VP 250/21 Nucleosil 100-5
C1s column (eluents: eluent 1 =0.1% TFA in water and eluent 2 = acetonitrile; gradient: 0-20

min, 90%-50% eluent 1; flow: 15 mL/min).

The conjugates were analyzed by analytical RP-HPLC and characterized by mass
spectroscopy (ESI-MS).

A-B-C-1

DOTA-Spacer—Xaal6-Gln7-Trp8-Ala9-Vallo-Xaa;;_1 !_His'%- Xaa3'*- Xaa,'*-ZH (Z = NH)

Compound 1: A = DOTA, B, = Gly, B; = 4-aminobenzoyl; Xaa; = DPhe; Xaa, = Gly; Xaa3=
Sta; Xaas= Leu,

DOTA-Gly-aminobenzoyl-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH; ; CgoH114N20020,
calculated (m/z): 1675.8, found [M+K]": 1715.1.

Compound 2: A = DOTA, B; = 4-amino-1-carboxymethyl-piperidinyl; B, = none, Xaa, =
DPhe; Xaa, = Gly; Xaa; = Sta; Xaas= Leu
DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-NH,;
C79H118N20019; calculated (m/z): 1639.9, found [M+K]+: 1678.1
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i ncorporated herein by reference in their entirety.
The foll ow ng exanples can be repeated with simlar
W@ aeaes3by substituting the generically or  PCI/EP2009/001403
specifically described readtants and/or operating
conditions of this invention for those used in the
precedi ng exanples. Fromthe foregoing description,
one skilled in the art can easily ascertain the
essential characteristics of this invention and,
wi t hout departing fromthe spirit and scope thereof,
canmake various changes and nodifications of the
Conipound8i A ROQTAJBpt 4-amino-1vapdroline-4rsajexsy; Bd- none, Xaa, = DPhe;
XaaC 2R ong.StE?I\/gL S wherein A has the neaning of A
AUt %I A U B/hprBhriate for all exanpl es di scl osed
DOD&140xhinEXN apipértlide-4-BaBo)licabia B Phe-Sih Asp-ANEVEEGRI-HB-S1i-Leu-NH,
A but also A" as apPr opriate for all exanples
Crillin brQeeglenbtedn/ay 16t faudd MiKlyoi98é<i n' pept i de
ant agoni st conjugates with general sequence (A = DOTA,
B = Spacer Bl - B2, C = Peptide with N-term nal am de
Compopzd 4 AHDODATB: Spaceringkad 1 06L3aenaoxapgiglepdnagl; Val= none, Xaa; =
| O, Xaa2 N H sl12-Sta 13- Leuld-NH2 Peptides were
DPhﬁ%i’%éz?g'e§a?F§n%t8ﬁ(§/m6§“e§lol i d phase using
Dof/lgrﬁmiiﬁiﬁ@emﬁ’gm 1(3T&tr@éﬁapéﬂtadeﬁafdid #vad - DaPiied@ - T1p- Ake- Pali Glg-His-Sta-
resin LL (100-200 S
Leufliop oo FRYBROATY S E I S fonBhM IS 1785.1
phenoxyacet am do- nor | eucyl - 4- Met hyl benzhydr yl am ne
resin) was used hi general, Rink amde MBHA resin with
Congpotthyd &1 At RAT Al Badil Agrmifio-0,734), Idntetrayxgpentasiepangalts By i=/Aeamino-1-
. tq. the reactor, | et hyd £ ke was added
pipii e BT Sho PR S Xy SR e
DOTA-(15-amino-4,7,10,13-tetraoxapentadecanoic acid)-(4-amino-1-carboxymethyl-
piperidine)-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH,; CgoH 39N21024, calculated (m/z):

1886.0, found [M+K]": 1924.9

Compound 6: A = DOTA, B; = diaminobutyricacid; B; = none, Xaa; = DPhe; Xaa, = Gly;
Xaa3= Sta; Xaay=Leu
DOTA-diaminobutyricacid-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH;; C75H114N2¢O1o,
calculated (m/z): 1598.9, found [M+K]": 1638.4

Compound 7: A = DOTA, B; =4-(2-aminoethyl)- 1-carboxymethyl-piperazinyl; B; = none,
Xaa; = DPhe; Xaa, = Gly; Xaa; = Sta; Xaas= Leu
DOTA-4-(2-aminoethyl)-1-carboxymethyl-piperazine-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-
Leu-NH;; C79H 21N, 019, calculated (m/z): 1667.9, found [M+Na]+: 1691.2

Compound 8: A = DOTA, B; = (5-amino-3-oxa-pentyl)-succinamic acid; B, = none, Xaa; =
DPhe; Xaa, = Gly; Xaa; = Sta; Xaas= Leu

DOTA-(5-amino-3-oxa-pentyl)-succinamic acid-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-
NH,



30 mnutes to allow swelling of the resin. After
renovi ng the solvent, a solution of 20% pi peridine in
wWOrmIMS3ndded and the resin was shaken for 15PGA/REP208%001403
to renove the 9- Fluorenyl #&t hoxycar bonyl (Fnoc)
protecting group. This step was repeated tw ce. After
this procedure, the resin was washed three tines for 5
mn wth DM. The piperidine solution and the DW
solution of the last three washings were collected and
cmﬁ,lfoh\izg@zt,,vuatcma%dkﬂmt 16859 Wuddlpm-AR10M ABi7s sol ution an
al'1 quot” was taken 'to determ ne the anount of renoved
Frmoc- prot ecti ng groups spectrophotonetrically. Before
coupling the Fnoc-am noaci d derivative the resin was
washed twice for 2 mn wth DV. 2 equival ents of
Frnoc- am noaci ds, preactivated with 2 equival ents of
N, NDi i sopropyl carbodiimde (DIC /
N- Hydr oxybenzotri azole (HOBt) were added to the resin
and the pH was adjusted to a value of 8-9 by adding
about 4 equival ents of NEthyl dii sopropyl am ne (DI PEA).
The reaction was incubated for 2h under gentle
shaki ng. After the reaction, the solution was renoved
and the solid phase was washed twice for 5 min with
DMF. The reaction was nonitored by Kaiser-test. A
certain anount of beads of the resin were washed 3
times with ethanol, 50 nL of the solution 1 (20 g
phenol in 10 nL ethanol were mxed with 1nL of a
solution of 0.01 MKCN in 49 nL pyridine) and 50 nL of
solution 2 (500 g ninhydrine in 10 nL ethanol) were
added and the beads were heated for 10 min at 950C.
Bl ue beads i ndi cated uncoupled free am no functions.
Al'l amno acids were used as JV-term nal
Frnoc- prot ected derivates and they were coupled in a
simlar manner. Tryptophan was used with
tert-butyl oxycarbonyl (Boc) protecting group on
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the side chain while histidine and glutam ne were Tit
protected. |If Kaiser test perfornmed after coupling of
we@amb/1e938n0 aci ds, indicated i nconpl ete coupl i POI/BP2009/001403
am no functions, the coupl 4hg was repeated. After
bui | di ng of the whol e desidered peptide sequence, the
resin was washed 5 tines with DCM fol |l owed by 5 tines
washing with diethyl ether, each for 2 m nutes and
dri ed under vacuum b) Coupling with SPACER and
Exa&gﬁ,o% @tey DOTA(' Bu)3 The prochel ator DOTA(' Bu) 3 was
S rom Macrocyclics Inc., Dallas, USA Prior
to coupling the SPACER the iV-term nal
bound

te t i.on nmoved fromthe,res
o) SRRt PR Pt HEELSConbet M s R AR
(A £ NehatedB E\Wpecer B, LB,aCsoPeptiderwith NAePmiapamidd 21¢Zi=NH,])
DMF (15 min) and washed three times with DMF. The
solution fromthe piperidine treatnents and the

N,-tHas QM v Swf@mmqua?@t}ﬁéﬁ & UeL g e the
o R o R

anount Cc groups. 2 equivalents of the
SPACER pr eact | vat ed with

o) bt R RS PSR P resear DI TSR A sAl S ety e Nt

mn in DW, were added to the resin. The pH was
adjusted to 8-9 by addi ng DI PEA. The reaction _m %,
Pepiides vermmpatestspd mapuallypryhiid elasp ping Fngs-siraiReY-dro t%rg/ -terminal

amléfé' Rtk ahfidd MBHIR rfPCH 1 0ot 0 R \NvaBiskd. TR SyRMEAY @gs péHformed

he same manner after renoval of Frnoc as preéviously
asde@sbwhechiﬂmpl@(DTA( Bu) 3 coupl i ngwas shaken
overni ght. After renoving the solution, the resin was
washed 3 tinmes with DM, 5 tinmes with DCM fol | oned by
b) @u%lﬁﬂmitw\aﬁlalkyggWup prapagiyhdPEGL-NEIS-eseach for 2 m nutes
an

Prior to coupling with the alkyl group, the N-terminal Fmoc-protection was removed from the
resin bound peptides. The resin was swelled for 15 min in DMF, treated twice with a solution
of 20% piperidine in DMF (15 min) and washed three times with DMF. The solution from the

piperidine treatment and the following DMF washings were collected for Fmoc determination.

2 equivalents of the propargyl-dPEG;-NHS-ester were added to the resin. The pH was
adjusted to 8-9 by adding DIPEA. The reaction mixture was shaken for 24 h and the coupling

was monitored by Kaiser test.
¢) Deprotection, cleavage and purification

The peptide-resin was taken in a syringe equipped with a frit. A solution of TFA/TIS/H,O
(94/2.5/2.5) was added and the syringe was agitated for 2h. The solution was added to a
mixture of 50% diisopropylether and 50% diethylether on ice to allow the precipitation of the
peptide. The peptide was collected by centrifugation at 3000 rpm for 5 min and the

supernatant was decanted. The precipitate was washed several times with diethylether and
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dri ed under vacuum c) Deprotection, cleavage and

purification The peptide-resin was taken in a syringe
weowoppsaz with a frit. A solution of trifl uor oRCEEP2909/001403

acid (TFA)/ Thi oani sol (TA)ATriisopropylsil ane

(TI'S)/H20 (94/2/2/1) was added and the syringe was

agitated for 2h. The solution was added to a m xture

of 50% di i sopropyl ether and 50% di ethyl ether on ice to

all ow the precipitation of the peptide. The peptide

dnegﬁgde(f Qhduaed. §dle PXud€ ?fgd{lbtf WaaHidsBRedtn Q%Padd%ff‘a& b§ s&thid

t he supernat an decanted. The precipitate was
prepacesive BPIERIcC a$ descniessl beifork. di et hyl et her and dri ed under
vacuum The crude product was dissolved in water and

purified by sem -preparative RP-HPLC on a Metrohm HPLC

The %y@h%dﬁ@ﬁlly&a-@lhnéwﬁédl RPUHPEB ahd ehdradiehjzedibl inads
Macher e VP 250/ 21 Nucl eosil 100-5 C18 col um

Speccr@wem(é MI%Qrent 1 =0.1% TFA in water and el uent 2 =
acetonitrile; gradient: 0-20 mn, 90% 50% el uent 1;
flow 15 niL/mn). The conjugates were anal yzed by

d) Szmthésyt ofddd-aziRie- dHela@raflak symthesis insolveed stgps.nmass
spectroscopy (ESI-MS). A-B-C- | DOTA- Spacer - Xaai
6-Ad n7-Tf 8-Al a9-Val 10-Xaa2 n -H s 12- Xaa3 13-

i) SQﬁ&l@eéih%fZW (M N trdkasteantidyldkycAbenyDB-fazidd)- 134,84 i, B2
4- am nohenzoyl ; Xaai = DPhe; Xaa2 = Gy; Xaa3=
tetraazaundecane (N4(Boc)s-N3) [3]:

a) NN’ N’ N’ -tetrakis(tert-butyloxycabonyl)-6-(hydroxy)-1,4,8,1 1-tetraazaundecane
(N4(Bob)4-OH) [1]: A solution of 6-(hydroxy)-1,4,8,11-tetraazaundecane (1 g, 3.1 mmol) in
DMEF (10 mL) was cooled to 0 °C. To this was added a solution of Di-zert-butyldicarbonate
(3.32 mL, 15.5 mmol) in DMF (5 mL) followed by DIPEA (2.7 mL, 15.5 mmol). The raction
mixture was then stirred at room temperature for 18h. After this reaction time, the reaction
mixture was partitioned between water and ethyl acetate. The aqueous layer was extracted
thrice with ethyl acetate and the combined ethyl actetate phase was washed with sodium
chloride solution and dried over anhydrous sodium sulfate. Filtration and evaporation of the

solvent under reduced pressure yielded the title compound in 86% yield.

it) NN’ ,N’’,N’ " -tetrakis(tert-butyloxycabonyl)-6-(O-methyl sulfonyl))-1,4,8,11-
tetraazaundecane (N4(Bob)s-O-SO,CH3) [2]:

To a solution of 1 (300 mg, 0.54 mmol) in pyridine (3 mL) was added methylsulfonyl chloride
(84 pL, 1.08 mmol). The reaction mixture was stirred at room temperature till it was
completed as monitored by TLC. The solvent was evaporated under reduced pressure, the
residue was taken into ethyl acetate. The ethyl acetate was washed thrice with 10% NaHCOs3
and water and dried over anhydrous sodium sulfate. Filtration and evaporation of the solvent
under reduced pressure yielded the crude product, which was further purified by silica gel

column chromatography to yield title compound in 84%.
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Sta; Xa = Leu, DOTA-G y-am nobenzoyl-D-Phe-dn-T f

-Ala-Val -@y-H s-Sta-Leu-NH 2 ; C380Hi | 4N20CR20,
w@20080%82d (' z): 1675.8, found [ MEK] +: 1715. BCT/EP2009/001403

Compound 2: A = DOTA, Bi =48

4- am no-| - car boxynet hyl - pi peridinyl; B = none, Xaai =

DPhe; Xaa2 = Qy; Xaa3= Sta; Xaa4 = Leu DOTA-4-am no-

1- car boxynet hyl - pi peri di ne- D- Phe-d n- Tr p- Al a-

Val -A y-Hi s-Sta-Leu-NH 2; C79HN8N20019 ; cal cul at ed

(mz): 1639.9, found [ MK] +: 1678. 1Conpound 3: A =

DOTA, Bi = 4-am no-I|-piperidine-4-carboxy; B = none,
iii) RAGIN 5N DPtegrakix@ar 2 butylaxycabxapld-6=(agtda)- 1, X844 -tetrdagaundecane

-4< am no- | - pi peri di ne-4-carboxylicacid-D Phe-An-T
<N4<3§.I>’A\ﬂ\&> |-Qy-Hs-Sta-Leu-NH 2 C77H | 6N20Qi 9,
cal cul at ed (rﬂz) 1624 9 found [ MFK] +: 1663. 7

A SEBORIAS 2425) 106, (3 msnal nesgeivearid A0 me. BS2 mipfbin DMF
)?%gz?s' stifte th%’ OCX%S?’& éLa[%the A8@nT rm§gﬁ wxé‘ﬁlheﬁ a ?&)Mﬁ%eramre for

amno-4,7 et raoxapent adecano
18h aTtiedte42tiBh eniiure v'v"isphéi{ Iﬁbrt{aﬁed(ﬂewédn&eafdrand bﬁM- &dieate. The aqueous

layeggfgg'!:)gt;alc\:%g %}gﬁmigg thyl atceet%e-(laggi %1% com i‘rnldsethyﬁ gc%rt]ate as xlﬂashed with
SOdlill.l'él ABride 'Séiuﬁ@rlgndlﬁ'leﬂ%tvé 2%35 35806A 9@Ydte. Féraffon and evaporation

-am no- | pi peri di ne- 4-carboxy, Xaai = DPhe; Xaa2 =

of th@t sylvemw@er 1sdeped ersgre isldedomple pradsicy mhmbumawhen purified by

anoi ¢ acid)-(4-am no-
comj car %%WW%???@. ne)- D-Phe-An-T f
-AI a-Val -d y-His-Sta-Leu-NH 2; C89H 39N2i O24,

d) Cog}l)l?nl'lgllgtso d. nm z): 1886.0, found [ M+K] +: 1924.9

The peptide (6.2 mg, 5 pm) with terminal alkyl group and 3 (3 mg, 5 pm) were dissolved in a
1:1 mixture of water and terz-butyl alcohol (1 mL). Copper powder (10 mg) was added
followed by 0.1 M aqueous copper(Il) sulfate pentahydrate (60 pL, 6 pm, 1.2 equiv) and the
reaction mixture was stirred at room temperature for 24 h. The copper powder was filtered off,
the solvent removed under reduced pressure. The crude peptide was purified by semi-

preparative RP-HPLC.

The chelator-peptide conjugate was treated with TFA:TIS:H,O (95:2:3) for 2h. The solvent
was removed under reduced pressure. The crude product was titurated with diethyl ether and

purified by semi-preparative RP-HPLC as described before.

The conjugates were analyzed by analytical RP-HPLC and characterized by mass
spectroscopy (ESI-MS).

Compound 14: A =N;-azido, B, = propargyl-dPEG,;-NHS-ester; B, = none, Xaa; = DPhe;
Xaa; = Gly; Xaaz = Sta; Xaas= Leu
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Conpound 6: A = DOTA, Bi = diam nobutyricacid; B2 =

none, Xaai = DPhe; Xaa2 = Qy; Xaa3= Sta; Xaa4 = Leu
WOBDAAH33M nobut yri caci d-D-Phe-@n-T f PCT/EP2009/001403

-Ala-Val -d y-His-Sta-Leu-NHP2; C75Hi | 4N20G 9,

calculated (m'z): 1598.9, found [ MtK] +: 1638. 4

Conmpound 7: A = DOTA, Bi

=4- (2-am noet hyl ) - I - car boxynet hyl - pi perazi nyl; B2 =

none, Xaai = DPhe; Xaa2 = Gy; Xaa3 = Sta; Xaa_ = Leu

t?g s4dI(E’)Gl I']I‘EIQQE)IP)F;IE% -Ala-Val- Gl)ﬁ)ﬁhs -Sta- Leu-NHz, AIngHlosNZ.Ou, calculated

car boxynet azil ne- D
(m/2Yal42dlly forind {8+ :UdRB BIH2; C79H 2i N2| 0 19 cal cul at ed
(mz): 1667 9, found [ MNa] +: 1691.2 Conpound 8: A =
DOTA, Bi (5- am no- 3- oxa- pent yl )-succi nam c acid; B2
ExampRON@A- B).@a) = DPhe; Xaa2 = Jy; Xaa3 = Sta; Xaa4d =
Leu DOTA- (5-ani no- 3- oxa- pentyl)-succi nam c
acid-D-Phe-@n-T f -Al a- VaI-GI y-Hi s- St a- Leu-

poPARFHRBNOE T RSl 25 )tﬁg A (i,
borbesi n peptide ant agonl st conj ugates wi th general

All %g%g?elﬁépmglﬁﬁs:wpl\r%éa ?Fé?edéﬂ?(&% %Clﬁ?se%wﬁg)ensanon of the heptapeptide

Fmd¥D IPhe AARITe5- ARV -x%8.3HisCO B withr the B&dﬂe@%ﬁdacid@&ﬂ@(@{OH)
1-H s 12-Sta 13-Leu 14-NH2 a) Synthesis of th

(CHpg$iHldes: Fnoc- Xaai 6-d n7-Tf 8- Al a9-Val 10- Xaa2 1
1-H s 12-Stal3-Leu 14-NH2 Pepti des were synthesi zed
manual |y on solid phase using Fnoc-strategy. To obtain

a) Sinthéséy ofith@aheptapeptide Fmoc-D-Phe-Gln-Trp-Ala-Val-Xaa,-His-OH

Peptides were synthesized manually on 2-chlorotrityl chloride resin using Fmoc strategy. In
general, 2-chlorotrityl chloride resin with a theoretical loading of 1.4 mmole/g resin was given
to the reactor. The resin was swelled in DCM for 30 min and the first amino acid was coupled
by adding 1 equivalent of amino acid, mixed with 4-fold molar excess of DIPEA in DCM. The
coupling reaction mixture was stirred at room temperature for 2 h and then the resin was
washed twice with a mixture of DCM/MeOH/DIPEA (17/2/1), twice with DCM and finally
swelled in DMF. The Fmoc was deprotected using 20% of piperidine in DMF and the amount
of removed Fmoc-protecting group was determined spectrophotometrically at 300 nm. The
next amino acid was coupled by adding 2-fold molar excess of amino acid, mixed with
equimolar amounts of DIC/HOBt, and 4-fold molar excess of DIPEA in DMF. The resin was
agitated at room temperature for 2h and the coupling was monitored by Kaiser ninhydrin test.

Each amino acid was coupled using the same strategy.
b) Coupling with SPACER and prochelator DOTA (‘Bu);

The couplings were performed as described above.
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am des, Rink ami de MBHA resin LL (100-200 nmesh) was
used. The synthesis was perforned as described in the
WEWARPIS32ZL. b) Coupling with the al kyl group PCI/EP2009/001403

propar gyl -dPEG - NHS-ester PPior to coupling with the

al kyl group, the TV-term nal Fnoc-protection was

renmoved fromthe resin bound peptides. The resin was
swelled for 15 min in DMF, treated twice with a

solution of 20% piperidine in DMF (15 m n) and washed

DMF. The solution fromthe piperidine
C)CHAg%% il ﬁﬁégtltoﬁe foll ow ng DMF washi ngs were

col | ect ed for Fnoc determ nation. 2 equivalents of the

e ST 7 BETES: o) VRO G 1 R B aisp it B Fesin ina

nuxﬂi'ré(éﬂil'meSjM KE'5/94Y Seddalnirmddtvdrt @rab@Uipl 4 MGue st 5 mL of the
noni t or ed e}é Kai ser test. c) Deprotection, cleavage
Wi

cleaying splytiph With theoiyTinge | insaipted 40 pen prel g slepygddfpctiangwere collected
A A e P TT Sly

the flask, tBh solVéres welelevamorated sndadie ecbduct wasndriet aftervairds5084 h at the oil
di i sopropyl et her and 50% di et hyl ether on ice to all ow

p“nlph"éc‘ﬁ'ﬁféci pitation of the peptide. The peptide was
collected by centrifugation at 3000 rpmfor 5 mn and
t he supernat ant was decanted. The precipitate was

d) Syptbessoidarel av(CHOED-(GHo -l e Thy Pbétﬂpf’éis Rl vesithige stebfer
vacuum The crude product was dissolved in water and
purified by sem preparative RP-HPLC as descri bed

i) Speliesiseof Bohd.codWjQUJBH€EHs wer e anal yzed by anal yti cal
RP- HPLC and characteri zed by mass spectroscopy
(ESI - VB) .

Boc-Leu-OH (1 g, 4.3 mmol) was dissolved in DCM (30 mL) and 2-(1H-Benzotriazole-1-yl)-

1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU)(1.380 g, 4.3 mmol), HOBt (0.581 g, 4.3
mmol) and DIPEA (743 uL, 4.3 mmol) were added at 0°C. After 5 min of stirring, O,N-
dimethylhydroxylamine hydrochloride (0.461 g, 4.73 mmol) and DIPEA (817 uL, 4.73 mmol)
were added. All solid material dissolved within 10 min and the mixture was stirred overnight
at RT. The solvent was evaporated, the reaction mixture redissolved in AcOEt and washed
with H,0, 5% citric acid, H,0, 5% aqueous NaHCO; solution, saturated NaCl solution several
times. The solution was dried over MgSO, and the solvent removed in vacuo. The desired
compound was purified by silica gel column chromatography. ESI-MS: calcd. 269; found 292
[M +Na]".

11) Synthesis of Boc-Leu-(CH;);-CHj3

Magnesium (0.330 g, 13.6 mmol) was activated by suspending in toluene for 30 min under N,.
The toluene was removed and the Mg was dried under N,. To the suspension of Mg in THF
(20 mL) was added bromobutane (1.46 mL, 13.6 mmol) dropwise and the mixture was heated
at reflux. When all the magnesium was dissolved, Boc-Leu-N(OCH3)CH3 in THF was added
dropwise and the reaction was stirred for 2h at 0°C. 1M HCl (150 mL) was added followed by
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d) Synthesis of N -azido chelator. The synthesis
involves 3 steps. i) Synthesis of , ', ", ""-tetrakis(

WO 2000009880 xycabonyl ) - 6- (azi do)-1, 4,8,1 1- PCT/EP2009/001403
tetraazaundecane (N4(BoC)4SN ) [3]: a) NN ,N ', N
"'-tetrakis(tert-butyl oxycabonyl)-6-(hydroxy)- 1, 4,8,
11-tetraazaundecane (N4(Bob)4-OH) [I]: A solution of
-(hydroxy)- 1,4,8, 1 1-tetraazaundecane ( 1 g, 3.1
mol) in DMF (10 nmL) was cooled to O C. To this was

i N ) .
ety FEEGR (0P ML) ity orSlds bl SRS Bt By difachbuifce,
watér5driedridia; S04) Finkcanaertrated inivacwame Thasxpdeted pseduct was ptrified by
..roamte rature for 18h. After this reagti [
silic g Qo T ioRERRe TS oet Vs QR BEr e ATNAE g nG NMR.
ESIaI§alcdcEliafsind DS 3anuemss. | ayer was extracted thrice

with ethyl acetate and the conbined ethyl actetate

phase was washed with sodi um chl oride sol uti on and

iii) SRy ' |fate. Filtrati d
iii) lt}gegls%\fﬁ%ci%w&}ﬁyﬁ)-r@ﬁ%?—mu ate Iltration an

vaporation o e solve under reduced pressure
yielded the title conpound in 86%yield. ii) NN ,N',N

To g iR e LU ST R0 b T RABY s ) N, 0104
g, 28N B9 Mad a@@@@'ﬁ%ﬁct{oﬁ]rﬁixft@e was firthibr ifredfforll h 820 n6Wralized with

0.54 nmol ) in pyridine (3 nL) was, added t hyl sul f onyl
acetigrfcist anddhq @Avqﬁwaareewﬁﬁgmer réﬁr«}eed_r@%tweoﬁﬁ%aea% pigghot was
precﬁ%iiaferd%t}ﬂ RO bRATBBRAL 61BribH. e ipbp iR S QB RS @ration,
nitored by TLC. The solvent was evapor ated ynder 3
washelwitiewater, dssaneand dhied. (Tds ipchducimas dhatectierized by &-MMR and ~C-

C . Ih hyl > hrice with 10%
NM&E@@- 8%@\%2%&?“%%%%1 [ S@%ééﬁi%‘ﬁs ous sodi um
sulfate. Filtration and evaporation of the solvent

iv) Coupling in solution

Boc-Leuy(CHOH)-(CH;);-CH3 was deprotected using a solution of 80% TFA in DCM. After
1h the solution was concentrated, washed several time with DCM and dried.

The chelator-spacer-peptide was dissolved in DMF, HATU (1.2 equivalents) was added and
the mixture was stirred for 1h. H-Leuy(CHOH)-(CH;);-CH3 was dissolved in DMF and added
to the peptide. The pH was adjusted to 8 using DIPEA and the reaction was stirred for 4h at
RT.

The solvent was concentrated and the peptide, fully protected, was obtained by precipitation
with H,O on ice. The crude peptide was precipitated, cooled, centrifuged and separated from
the solvent by decantation. In order to get the peptide fully deprotected it was solubilized in a
mixture of DCM/TFA/TIS/H,O 10/85/2.5/2.5. After 4h the solution was concentrated and the
peptide was precipitated using a mixture of 50% diethyl ether and 50% diisopropylether on ice.
The peptide was then collected by centrifugation at 3000 rpm for 5 min and the supernatant

was decanted. The precipitate was washed several times with diethylether and the crude
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under reduced pressure yielded the crude product,

which was further purified by silica gel colum
w@ boootresssyr aphy to yield title conpound in 84%GT/EP2009/001403

NN.N ", N ' 52

"-tetrakis(tert-butyl oxycabonyl)-6-(azido)- 1,4,8,

11-tetraazaundecane A suspension of 2 (250 ny, 0.38

nmol ) and sodi um azide (100 ng, 1.52 mmol) in DWMF (3

m.) was stirred at 75 OC for 5h. Later the reaction

. . _ T

prodfith Eepl i 3l 4 el RHTNS RS B ol SR ens T pruce
prodethyhs dissetvatl én witve ambpredied by pyeparanas agdéscalot @dligrhr i ce

with ethyl acetate and the conbined ethyl acetate was

washed wi th sodi um chl oride solution and dried over
The @aﬂmgﬁ@me@ Qfhlypedpy dnalyfical RP-HPBCiad chdiskt@yRA 0F alidson

of the solvent under reduced pressure yielded crude
speqhiopepy (ESIWMISEh was t hen purified by col um

chromat ography (yield 88% . d) Coupling in solution

The peptide (6.2 ng, 5 nm with term nal al kyl group
Congpodnd@ 91 8 =nOTA, Buy dweniso-di sstmixymdthyhpperddife;Bct none, Bha, =

at.er and tert-butyl alcohol ( 1 nlL). Copper powder

DPM?33%g)aﬂbs added fol | owed by 0.1M aqueous copper(11)

DOBAl4 @h@oResirsdxyiettyd plpefldiik-D-BhérGin- Trp2 ARV lyald-1tdd§(CHOH-CH,)-

reaction m xture was stirred at roomtenperature for
(CHal-Gs, €l oDl cplswiated (ae: 20 i8efaind M Klt:Ha04d| vent
renmoved under reduced pressure. The crude peptide was
purified by sem preparative RP-HPLC. The
Congioghdii OrA pa@T AeBronfaganed ids, 18rtetaoxdpentadecanppl; Be S:4-pmino-1-
20 (95:2:.3) . f.or 2h. | vent, was renoved under
cmb?@ﬂégggﬂﬁPégéﬁ? ?afﬁégg%éggzﬁréﬁuct was titurated with
DOTIA PB4 H4-ahiner 1 -ediboxyuiettyil-@ipebiding DPheGhiparmiila ¥ aRBHHRISC
as_descri hed bef ore. N
Leuy(CHOH-CH,;)-(CH;)»-CHj3; CgsH135N 19022, calculated (m/z): 1786.9, found [M+K]":

1811.1

Compound 11: A = DOTA, B, = 15-amino-4,7,10,13-tetraoxapentadecanoyl; B, = none, Xaa; =
DPhe; Xaa; = Gly;
DOTA-PEG4-D-Phe-GIn-Trp-Ala-Val-Gly-His-Leuy(CHOH-CH,)-(CH,),-CH3
C73H121N17Oz|, calculated (m/z): 16328, found [M+K]+Z 1672.2

Example 4 (A-B-C-3)

DOTA- Spacer-Xaa16—Gln7-Trp8—Ala9-Vallo-Xaaz ! 1-Hislz-Xm 13 -Xaa414-NH2

Synthesis of bombesin conjugates with general sequence: DOTA-Spacer-Xaa,*-Gln’-Trp®-
Ala’-Val'®-Xaa,''-His"2- Leuy(CH,NH)-Phe-NH,

a) Synthesis of the peptide: Fmoc- Xaa ®-Gln'-Trp?-Ala’-Val'®-Xaa, "' -His'*- Leuy(CH,;NH)-
Phe-NH,
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The conjugates were anal yzed by anal ytical RP-HPLC and

characterized by mass spectroscopy (ESI-M). Conpound
WQ 20090938 - azi do, Bi = propargyl - dPEG - NHS- est BCT/ERR089/001403

none, Xaa = DPhe; Xaa2 = G5y; Xaa3 = Sta; Xaad=

LeuNd-tri azol es-dPEG 1-D-Phe-d n-T f

-Ala-Val -@ y-Hi s-Sta-Leu-NH 2; C68H 05N2i G 3,

calculated (mz): 1424.7, found [ M+tH] +: 1425.5 Exanpl e

3 (A-B-C2) DOTA-Spacer-Xaa 1 6-d n7-Tf 8- Al a9- Vval

10-Xaa2 n -H's 12-Leuy(CHOH)-(CH 2)2-CH3 Al'l the

pseudopepti des were synthesized in solution phase by
Peptidns censsnilesized mhneallyeptNMBHp iesie LL (100-200 mesh) HCI using Boc

stratﬁ% gﬁ?@rﬁﬁgﬁrfﬁw@ﬁ%ﬁﬂl%{j (P? gg‘_‘tggl g; Wwas given to the

reacRhdRSVaS s@Ellddia e faP8Phi] The resin was treated 3 times (10 mm) with a
Frnoc- D- Phe- d n- TéjoAIaVaI-XaaZHs- Pepti des we
solugom ph Hp PABRE fram DSIMy Therfirst conplinggrfithg Boc- éﬁ#\ﬂ%@ﬂ)&lﬁ@H was

achi¥ %dqgm': D ul‘:‘\,:a[e%{ oc Jl nd&0fd 1V21t&1 with Ol Sﬁlgéfllt:ﬁ](_tg 2f HOBt and 2

sin Wt eoretl cal 1oadin
equwnlnhtebgDil@sTha: omaplug; m&monmmktmee westtined at om tempenatunafor 2h and
stsani no

e SATop Gtpe g R TP i RO e bing

309G TF A iff DCM 41l tBis s@poRBTepthteDitwicd The rEXﬁvaag'hEerg augtbd Wgh a
reacti on mxture was stirred at roomtel’rpera ure fo

solugjom a1 Q% EHPE Adn PEIV anduihs cauplined weth Resforn ehasessrifiet 2 ove.
of DCM MeOH/ DI PEA (17/2/1), twice with DCM and finally

(H-D-Phe-Gln-Trp-Ala-Val-Gly-His-Leuy(CH,NH)-Phe-NH,: Cs¢H76N140o, calculated (m/z):
1089.3, found [M+H]": 1089.8

b) Coupling with SPACER and prochelator DOTA (‘Bu)s
The couplings were performed as described above.

c¢) Deprotection, cleavage and purification

The peptide was treated with TFA (1 mL) and TIS (30 pL) and the mixture stirred at room
temperature for 5 min. The mixture was then cooled in ice bath and trifluoromethanesulfonic
acid (TFMSA) (100 pL) added dropwise with stirring. The flask was sealed with a stopper and
the mixture stirred at room temperature for 2 h. The volume was reduced under vacuum and
the peptide was precipitated adding cold diethyl ether. The precipitate was washed several
times with diethylether and the crude product was dried under vacuum. The crude product was

dissolved in water and purified by HPLC preparative as describe above.

The conjugates were analyzed by analytical RP-HPLC and characterized by mass
spectroscopy (ESI-MS).
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swelled in DM. The Fnoc was deprotected using 20% of
pi peridine in DMF and the anpunt of renoved

WO-pa9eAN382 ect i ng group was det erm ned PCT/EP2009/001403
spectrophotonetrically at 30 nm The next am no acid
was coupl ed by adding 2-fold nolar excess of am no
acid, mxed wth equinolar anounts of DI C/ HOBt, and
4-fold nol ar excess of DIPEA in DMF. The resin was
agitated at roomtenperature for 2h and the coupling

i £ar yrKapser: ni

o o AL ot min o AR ki B e, oo -

DPhej Xha, SRBIFERagywLangChieNBl);aXaadpOPAe (' Bu) 3 The coupl i ngs
were perfornmed as described above.c) C eavage and
purification The fully protected peptides were cl eaved
fromthe solid support by suspending tpe-resin in a
m xture of TFA/TIS/DCM (1/5/94). Sevef | TS wer e
drawn up a volune of 5 nL of the clea ol ution
with the syringe, incubated 10 mn a e cl eaved
fractions were collected in a 50 nL §lask. After all
the fractions were_colle h/ubd 3X10 iy of toI uene were
added into theXahafkast e\'apor at ed and
the product was dried afterwwds fHor 1h at the oil

punp vacuum d) Synthesis of /Boc-Leuy(CHOH) - (CH
2) 3-CH3. The synthesis invgl{es three steps i)
Synt hesi s of Boc- Leu- N 3) Boc-Leu-OH ( 1 g, 4.3

nmol ) was di ssolved in DCM (30 nL) and
2- (I HBenzotriazole-1-yl)- 1,1, 3, 3-tetranet hyl uroni um

DOT A4 ahinodraittarxgtrethyFRipehidibe-BBBhg Gl TR - AtapV 31; GlidiBs-

.3 mol) and DI PEA (743 nL, 4.3 mol) were
Leux&&.&l—i%&@?l’@é&ﬁz After 5 min of stirring,
CrolR NAL OB dYdulby &l @iy): 36915)% found [M+K]*: 1654.9

Synthesis of bombesin conjugates with general sequence: DOTA-Spacer-Xaa16-G1n7-Trp8-
Ala®-Val'%-Xaa,"'!-His"2-Leuy(CH,NH)-Cys-NH,

a) Synthesis of the peptide: Fmoc- Xaa,®-Gln’-Trp®-Ala’-Val'’-Xaa,"'-His'>-Leuy(CH,NH)-
Cys-NHz

Peptides were synthetized manually by solid phase on MBHA resin (0.59 mmol/g) using Boc-
strategy. Boc-Cys(4-MeOBzl)-OH (2.5 eq.) was coupled to the resin using DIC (2.5 eq.) and
HOBt (2.5 eq.) as activating reagent. The pH was adjusted to 8 with DIPEA (5 eq.).
Introduction of reduced bond *y'*(CH,-NH) was carried out using Boc-Leu-aldehyde (2.5
eq.) dissolved in acified dimethylformamide. NaBH3CN (2.5 eq.) in DMF was added slowly,
in 20 min, and the reaction was stirred for 1h at RT. After the formation of a reduced peptide

bond, all of the coupling reactions were performed using N-Boc-protected aminoacids.
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hydrochl ori de (0.461 g, 4.73 mmol ) and DI PEA (817 ni,
4.73 mmol ) were added. All solid material dissolved
WQRP1P33D nmin and the m xture was stirred ovePCl/gP2002001403
RT. The sol vent was evaporafed, the reaction m xture
redi ssolved in AcOEt and washed with H2O, 5%citric
acid, H20O, 5% aqueous NaHCO sol uti on, saturated NaC
solution several tinmes. The solution was dried over
MygSO and the sol vent renoved in vacuo. The desired
éﬂﬁﬁﬁ’ rifil iNd ¢ col umm
b)C%E 0 t@5?§§ﬁ§34%%P3%§9M§§FE§99§%§¥ found 292 [M
+Na]+. ii) Synthesis of Boc-Leu-(CH 2)3-CH3 Maghesi um
0. 330 13. ), was gctivated by suspending in
Thet(CBWﬁ'éﬁ%%Fﬁerpﬁgnﬂn%magﬁaﬂ%eﬁ@gwfhe t ol uene was renoved
and the My was dried under N2. To the suspension of My
in THE (20 nL) was added bronpbutane (1.46 nL, 13.6
¢) Depastertion. isayage aad @unfieationxt ure was heated at refl ux.
When all the magnesi um was di ssol ved, BoC-LeU N( OCH
)CH3 in THF was added dropw se and the reaction was
Thesleprotegtiorf, sleagdgeand p@ifi¢atiohiGlerd desformed asdescralzbdgpaeviously. The

fol | oved b |  The oraganic |
conl G Y SRS 1A b T 8% o SR

(ESHMS3d (Na2SO ) and concentrated in vacuum The

expected product was purified by silica gel colum

chr omat ogr aphy. The product was characterized by

NVRs-a0d JGEANBR= indp- (diperh =

C"“:JIFJN—'LS] ER S ath ﬁ?@gg%gﬁsf%ﬁ%? 7% one, XM,
DPhe; Xad,ut Glyn Xeh; Boowl(EHLNEMH2 X8aCHBYS 0. 190 g, 0.7 nmol )

in methanol (5 nm.) NaBH4 (0.104 g, 2.8 mol) was

added. The reaction m xture was further stirred for

Ih, then neutralized wth SH

H
_—N

R

DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-
Leuy(CH,NH)-Cys-NH,; C73H;10N20017S, calculated (m/z): 1571.8, found [M+Na]*: 1593.6

Xaa3-Xaad=

\\\\\u"'j
4
I
S

Iz

Example 4

Radiolabeling of the synthesized conjugates (Compounds 1-13)

General procedure

To 10 pg aliquot of the chelator-bombesin peptide antagonist conjugate in water was added 1-
2 mCi of an aqueous solution of (*''InCl;, 7TLuCls or ”GaCl,) and 250-500 pL of 0.4M
sodium acetate buffer (pH=5). This solution was heated for 30 min at 95°C and cooled to

room temperature for 10 min. An aliquot of 5 pl of the reaction mixture was added to 25 pl of
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acetic acid and the solvent was renoved under reduced
pressure. The expected product was precipitated with a
W@ 210011643821 bi car bonat e sol ution. The pepti de WBGT/EP2009/001403
collected by filtration, washed with water, hexane and
dried. The product was characterized by 1H NWVR and
13CNVR. ESI-Ms: calcd. 272; found 273 [M +H| +; 547.7
[2MtH] +. iv) Coupling in solution
Boc- Leuy( CHOH) - (CH2) 3- CH3 was deprotected using a
' Q. T f at
CaIZEER shifloplo, PR g M P EE ALy P g or
unlabéled cdd@inatlate- spacer - pepti de was di ssol ved in DMF, HATU
(1.2 equival ents) was added and the m xture was
stirred for Ih. H Leuy(CHOH) - (CH2) 3- CH3was di ssol ved
ExampleBVF and added to the peptide. The pH was adj usted
to 8 using DI PEA and the reaction was stirred for 4h
at RT. The solvent was concentrated and the peptide,
( r e p,negd by precipitation wth
Lab%—l&é%ﬁ&i sg{éﬁggllﬁégi °€}qﬁ‘§8‘%g%gtthi dgl' was precipitated,
cool ed, centrifuged and separated fromthe sol vent by

decantation.. I.n qQqrder to get. ti ti.de f,ul .
The GER RSk Bion 2 the by o tiRer Pt 1 oS Prirgiigh dolighving the same
protbXM THe A [ s lddéd ihAhSford 037°AnOl; sélhitiéd arthintahigol&Qhtis bOTt 1.

was concentrated and the peptide was precipitated
using a mxture of 50% di ethyl ether and 50%

Exa@kiewﬁggy,lgsga? r on ice. The peptide was then

| ecte ntrifugation at 3000 rpmfor 5 mn and
t he supernatant was decanted. The precipitate was

Ma e e e Rt A harC A B G, Boron Ghectiss

renove the remaining solvents. The crude product was
di ssolved in water and purified by preparative as

Reageids angypeptides er

All reagents were of the best grade available and were purchased from common suppliers. The
mouse monoclonal hemagglutinin (HA) epitope antibody was purchased from Covance
(Berkeley, CA). The secondary antibodies Alexa Fluor 488 goat anti-mouse IgG (H+L) was
from Molecular Probes, Inc. (Eugene, OR). Bombesin and the antagonist [D-Phe®, Leu-
NHEt", des-Metl‘{]-bombesin(6-14) (GRPR-ANTAG) were“purchased from Bachem
(Bubendorf, Switzerland). RM26, RM1b, In-RM1b, and Lu-AMBA were provided by H.R.
Micke (Basel, Switzerland). The Fluo-4NW Calcium Assay kit was from Molecular Probes,
Inc. (Eugene, OR).

Cell lines

Human embryonic kidney 293 (HEK293) cells stably expressing the HA-epitope tagged
human GRP receptor (HEK-GRPR), were generated as previously described (Cescato at al.,
2008) and cultured at 37°C and 5% CO, in Dulbecco’s Modified Eagle Medium with
GlutaMAX™-1 (DMEM) containing 10% (v/v) fetal bovine serum (FBS), 100 U/ml penicillin,
100 pg/ml streptomycin and 750 pg/ml G418. Human prostate cancer cells (PC3 cells) were
obtained from DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH;
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The conjugates were anal yzed by anal ytical RP-HPLC and

characterized by mass spectroscopy (ESI-M). Conpound
W@200(1893BX0TA, Bi = 4-am no-| - car boxynet hyl - pi pRECT/EP2989/001403

B = none, Xaai = DPhe; Xaa27= Qy;

DOTA- 4- am no- | - car boxynet hyl - pi peri di ne-D-Phe-Gnhi -T f

-Ala-Val -@ y-H s-Leu y(CHOH CH2) - (CH2) 2- CHS,

C74H112N18G 7, calculated (nfz): 1524.8, found [ MtK] +:

1564. 3 Conpound 10: A = DOTA, Bi =

bo
DSI‘JIEWP{E? Z r;tpctﬂ'l%rédeatt @Wﬁﬁeﬁ% @féﬁ‘ﬁ?ﬁ% s FIBKS conta1r>n<ng % mM L-

-amn oxymet hyl - pi peridine, Xaai = DPhe;
glutamideyand supplemented with 10% (v/v) FBS, 100 U/ml penicillin and 100 pg/ml

strellgjt%;pfcmﬁ cglgiirg]éa%erlﬁé §vae;c-E ﬂ%%%ﬁlﬁ?’er I ne- g&she Adn

C86H135N19022, calculated (mz): 1786.9, found [ MEK] +:
181 1.1 Compound 11: A = DOTA, B =
Bindipgaffinidy measurgmetst et r aoxapent adecanoyl ; B = none,

i B ey o BT ey i

recepdl d@dradiapadphyloatceybsianier)ionskdeth@, wdlloehathcfelil¢d prostate carcinomas,
o ki RTPAE Cs LT REESh Bbisy (iwlderr
Carnl Res$e@98459\1252-1159; Reubi et al., Eur. J. Nucl. Med., 2000;27: 273-282; Reubi et
al., Clin. Cancer Res. 2002;8 1139-1146). The radioligands used were '*’I-[Tyr*]-bombesin,
known to preferentially label GRP receptors (Vigna et al., Gastroenterology. 1987;93: 1287-
1295) and '* I-[D-Tyr®, B-Ala”, Phe'?, Nle'*]-bombesin(6-14) as universal bombesin receptor
ligand (Gastroenterology. 1987;93: 1287-1295).

See results in table 1.

Immunofluorescence microscopy

Immunofluorescence microscopy based internalization assays with HEK-GRPR cells were
performed as previously described (Cescato et al., 2006; Cescato et al., 2008). Briefly, HEK-
GRPR cells were grown on poly-D-lysine (20 pg/ml) (Sigma-Aldrich, St. Louis, MO) coated
35 mm four-well plates (Cellstar, Greiner Bio-One GmbH, Frickenhausen, Germany). For the
experiment, cells were treated either with 10 nM bombesin, or with 1 uM of the various
bombesin analogs, or, to evaluate potential antagonism, with 10 nM bombesin in the presence
of a 100-fold excess of these various analogs for 30 min at 37°C and 5% CO; in growth
medium, and then processed for immunofluorescence microscopy using the mouse
monoclonal HA-epitope antibody at a dilution of 1:1,000 as first antibody and Alexa Fluor
488 goat anti-mouse IgG (H+L) at a dilution of 1:600 as secondary antibody. The cells were
imaged using a Leica DM RB immunofluorescence microscope and an Olympus DP10

camera.

GRP receptor internalization induced by bombesin is efficiently antagonized by the bombesin

analogues Compound 1, In-Compound 1, Compound 1b and GRPR-ANTAG. HEK-GRPR
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Synt hesi s of bonbesin conjugates with general

sequence: DOTA- Spacer-Xaa -Tf - Ala9-Val 10-Xaa2 1'-Hi s
W@ 200910939 CH2NH) - Phe-NH 2 a) Synt hesi s of the PEREP2089/001403

Fnoc- Xaal 6-Ghi 7-Tf 8- Al a®8Val 10- Xaa2 1'-Hi s 12-

Leuy( CH2NH) - Phe- NH2Pepti des were synt hesi zed manual | y

on MBHA resin LL (100-200 nesh) HO wusing Boc

strategy. In general, MBHA resin with a theoreti cal

| oadi ng of 0.59 mmol /g was given to the reactor and it

o 3 B8 B oo RS SRR 1 R b

(b), Thendentrationdodypingxgsubf maimaBoerabinyt{ocHifdel) Piieds @HE, hap show cells
achi.eved usi.n equi val ent of Boc-am '

trealZ IO Ny RS kI i B! 1R S 5B Coppgund 10,

GRﬂi-A@lﬂG,T@&n{;&Hﬁl 11, 35 [re@Shh QM. KhIE@eNBECSIpEURI bLAGRPR-

room tenperature for 2h and the reaction was nonitored
ANTAGhCoinpowtali s @nd hi-Ghmdound t dene at Blvenddotatiesof 1 pmol/L is shown in

epr ot ect ing 30%of TEA in and this step wa
panglE e Gt R FRLY R BOH P Wihahe papaes: e il o3 or
immuRb&tdHemDiry i YedkiBEdin dbolM aBsl pub&aePeRhidIgs staBfik: is

per f'ormed as_ descri bed above. S i _
dete(:qabl@fpxrﬂgn@eﬁqugtemcglls\/g]tusmuyctpﬁegap_xggg is efficiently abolished by an

3 2 , I ( ' .
excéfh BRI S WA VAN Ao SO fila 1Blafd GRER-ANTAC.
Congrotngil phh@drapamd DOTAmpodhd) B aideGRORHAN TWE ghemmeilone have no effect
(?1&5 f or ned. §\s tii.escr i bed above.
on receptor 1nternalization.

See results in Table 1 and Fig. 2.

Calcium release assay.

Intracellular calcium release was measured in PC3 cells using the Fluo-4NW Calcium Assay
kit as described previously (Magrys et al., J. Clin. Immunol. 2007, 27, 181-192; Michel et al.,;
Cescato et al., J. Nucl. Med. 2008; 49: 318-326). In brief, PC3 cells were seeded (10,000 cells
per well) in 96 well plates and cultured for 2 day at 37°C and 5% CO; in culture medium. At
the day of the experiment, the cells were washed with assay buffer (1 x HBSS, 20 mM
HEPES) containing 2.5 mM probenecid, and then loaded with 100 pL/well Fluo-4NW dye in
assay buffer containing 2.5 mM probenecid for 30 min at 37°C and 5% CO, and then for
further 30 min at room temperature. To measure the intracellular calcium mobilization after
stimulation with the bombesin analogues to be tested, the dye-loaded cells were transferred to
a SpectraMax M2° (Molecular Devices, Sunnyvale, CA). Intracellular calcium mobilization
was recorded in a kinetic for 60 sec at room temperature monitoring fluorescence emission at
520 nm (with A, = 485 nm) in the presence of the analogues at the concentrations indicated.
Maximum fluorescence (F-max) was measured after the addition of 25 pM ionomycin.
Baseline (F-baseline) measurements were taken for dye-loaded, untreated cells. Data are
shown as percentage of maximum calcium response (F-max — F-baseline = 100 % of

maximum calcium response) as reported previously (Magrys et al., J. Clin. Immunol. 2007, 27,
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c) Deprotection, cleavage and purification The peptide
was treated with TFA ( 1 nL) and TIS (30 nL) and the
WOrR00009%83%t i rred at room tenperature for 5 m nPCIER2009/001403

m xture was then cooled inSce bath and
trifiuoronethanesulfonic acid (TFMSA) (100 nli) added
dropwise with stirring. The flask was sealed with a
stopper and the m xture stirred at roomtenperature

for 2 h. The vol une was reduced under vacuum and the

18 lfli%E,I M?c‘flef’@_%l. Pégs(c‘:hte'e'i at ,ij]\@gldmg 08 d49? '3@§-t3¥6).)‘?meerxpeﬁments
€ precipitate was washed several tines w tH
werelreptdigd gtlenst thagedinhdsan enipldtetepr oduct was dri ed under
vacuum The crude product was dissolved in water and
purified by HPLC preparative as descri be above. The

Fig. QRbw§ BaC - \@krpoaii@l u&® oripound ab pehavalikEhtifiinG1otdfting the dose-
characterized by mass s ,ectroscopg (ESI - I\/B}% Compound
respense cnrve qfibpmbessh to-thg righy inpresercgr §grhesim(BEi peri di ne;

See %ﬁﬁ@ﬁﬁ%ﬁl&ﬁaﬁid FgOPhe; Xaa2 = Gy; Xaa3= Leuy(CH2NH);
aad = Phe
DOTA- 4- am no- | - car boxynet hyl - pi peri di ne- D- Phe-d n- Tr p-

Cortiafa TR 3mSR D il VAL GRS ew

Coniponhd 2SDOTAL4-aMiHe B itb6OyihétBylipiseridiriet D PRBEGIAITrp-Ala-Val-Gly-His-
sequence: DOTA- Spacer-Xaai 6-d3 n7-Trp8- Al a9- Val
Sta-Leu-NEk2 n - Hi s12- Leuy(CH2NH) - Cys-NH 2 a) Synt hesis of

CorbgdBn® §PHOFR-4- 5B~ 1 $ERAd e DA dfsokhli S BPhYab A Or 882 - Val-Gly-
His-Sta-Leu-NH;

Compound 4: DOTA-15-amino-4,7,10,13-tetraoxapentadecanoic acid-D-Phe-Gln-Trp-Ala-
Val-Gly-His-Sta-Leu-NH,

Compound 5: DOTA-(15-amino-4,7,10,13-tetraoxapentadecanoic acid)-(4-amino-1-carboxy-
methyl-piperidine)-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH;

Compound 6: DOTA-diaminobutyricacid-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH,
Compound 7: DOTA-4-(2-aminoethyl)-1-carboxymethyl-piperazine-D-Phe-GIn-Trp-Ala-Val-
Gly-His-Sta-Leu-NH;

Compound 8: DOTA-(5-amino-3-oxa-pentyl)-succinamic acid-D-Phe-Gln-Trp-Ala-Val-Gly-
His-Sta-Leu-NH,

Compound 9: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-GIn-Trp-Ala-Val-Gly-His-
Leuy(CHOH-CH,)-(CH;),-CHj3

Compound 10: DOTA-(15-amino-4,7,10,13-tetraoxapentadecanoic acid-4-amino-1-
carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-Leuy(CHOH-CH,)-(CHz),-CH;
Compound 11: DOTA-15-amino-4,7,10,13-tetraoxapentadecanoic acid -D-Phe-GIn-Trp-Ala-
Val-Gly-His-Leuy(CHOH-CH;)-(CH_),-CH3

Compound 12: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-
His-Leuy(CH,;NH)-Phe-NH,

Compound 13: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-GIn-Trp-Ala-Val-Gly-
His-Leuy(CH,NH)-Cys-NH,



1 1-Hi sl12-Leuy(CH2NH) - CyS-NH2 Peptides were
syntheti zed manual |y by solid phase on MBHA resin
W@ 2003909381 / g) usi ng Bocstrategy. Boc- Cys(4- MNeBBEEP2002401403
(2.5 eqg.) was coupled to tle® resin using DIC (2.5 eq.)
and HOBt (2.5 eqg.) as activating reagent. The pH was
adjusted to 8 with DIPEA (5 eq.). Introduction of
reduced bond 13y14( CH2- NH) was carried out using
Boc- Leu-al dehyde (2.5 eq.) dissolved in acifed
ConfollRd PN O sd@PEd}'ag- 6indrrp. Ad-Valdly iEshetaadgd
oWy, in e reaction was stlrredfor
at RT. After the formation of a reduced peptide bond

AR bl GRP B Rt BB D R eb: BOREEE SN
analpgPchel at or DOTA (' Bu) 3 The couplings were perforned

as descri bed above. c) Deprotection, cleavage and
pur| fication The deprot ect| on, cl eavage and

éb{nggl‘?ﬂd ) Wrr 0 escriped preLVI LYor
The con| ugdte V\%{ ana aﬂfﬁz@ tical Rl C%E’iga Q'ion
characteri Ze L nir%i‘{M pec roscopy () S -I\/IS) rrp
%I_A—=_%A — T aﬁ JUA IICLII I I UI II
B L none, YazZf¥he; Xa W@{/no%oé'(’sﬂ {f‘é‘ﬁy Wlfno agonist
Xaad = Cys ect
DOt AB4- am ro- 16+ 88boxynet ANTASY pBe pganist stfegdre- @“ﬁg Tng agonist
-Ala-Val -Gly-His- |leuy(ICH2NH) - Qys- NH 2; effect
C73H1l ON201 7957 £3a8 cul at e ANIAG ) no agonist 8ffedt qunéintag / no agonist
M-Na] +: 1593. 6 Exanpl el 4 effect
In-2 9,3+1,9 ANTAG / no agonist effect | Antag/ no agonist
effect
3 43+ 14 ANTAG / no agonist effect | Antag/ no agonist
effect
4 21+ 6,5 ANTAG / no agonist effect | Antag/no agonist
effect
5 7,3+0,6 ANTAG / no agonist effect | Antag/no agonist
effect
6 7,4+22 ANTAG / no agonist effect | Antag/no agonist
effect
7 11+0 NA NA
8 19 +£3,0 NA NA
9 32+1,3 ANTAG / no agonist effect | Antag/ no agonist
effect
PIn-9 2,5+0,2 ANTAG / no agonist effect | Antag/ no agonist
effect
10 6,9+0,5 ANTAG / no agonist effect | NA

Binding affinities of Compounds 1, 2 and 9 were measured after complexation with "In non-
radioactive isotope. The data reaveals that complexation with isotope does not affect the

binding affinity to the receptor as well as antagonist properties.
Standard methods in relevant publications:

Cescato R, Schulz S, Waser B, et al. Internalization of sst2, sst3 and sst5 receptors: Effects of

somatostatin agonists and antagonists. J. Nucl. Med., 2006;47:502-511.
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Radi ol abel i ng of the synthesized conjugates (Conpounds
1-13) General procedure To 10 ng aliquot of the
W@ bwb/aowss2 bonrbesi n pepti de ant agoni st conj ugat BCT/RP2009/001403
wat er was added 1- 2 nC of 64n aqueous sol ution O (
111Ind 3, 177Lud 3 or 67768Gad 3) and 250-500 niL of
0. 4M sodi um acetate buffer (pH=5). This solution was
heated for 30 min at 95C and cooled to room
tenperature for 10 mn. An aliquot of 5 m of the
reaction m xture was added to 25 m of Ca- DTPA sol ution
(0.1 M pH5.2) and anal yzed by HPLC for determ ning
Cestdte RaNaimatT, dock B, Mloladlembutach dPhacdlardbidisEX dhplaad ¥, Reubi JC.

abel j ng of  the synthesi zed. copjugates with 115/ n. The
B Nl el Y e Y 0
J. NRer Medanecost ab-3o8i3pg t he sanme protocol. The natln was

used in the formof natInCl 3 solution and in a nol ar

ratio of 1:1. Exanple 6 {In vitro assays) Materials
Maggsd AVELRGAEqd, 97; ReG!; A dhbduS G CHR BRI Lk d.ggghg\lrblngiasﬁp

deptor ant agoni st s ’Reagents and pept i
autdqaptib@tiessn wethegaficitytog ablegtmapreaediated irétatopethpnkl Cliar lemmunol. 2007,
27 E%kr‘_rg%gsed from comon suppliers. The nouse nonocl onal
’ lutinin (HA) epitope antibody was purchased from
Covance (Berkeley, CA). The secondary anti bodi es Al exa
Fl uor 488 goat anti-nmouse |1gG (H+L) was fraom Mol ecul ar

Manppaldesk, Rewol ¢ eosgivesrelesyns PRBHESE P AR " thed Bt Aot g elation
to néngquslf&@ an;tESHiatl A Ean3r Re€ 1959381 1sbL 1 3onbesi n(6- 14)

(GRPR- ANTAG) were purchased from Bachem
Michel, N.; Ganter, K.; Venzke, S.; Bitzegeio, J.; Fackler, O. T.; Kepplet, O. T. The Nef
protein of human immunodeficiency virus is a broad-spectrum modulator of chemokine

receptor cell surface levels that acts independently of classical motifs for receptor endocytosis

and Galphai signaling. Mol. Biol. Cell. 2006, 17, 3578-3590

Reubi JC, Schaer JC, Waser B, et al. Affinity profiles for human somatostatin receptor ssti-
sst5 of somatostatin radiotracers selected for scintigraphic and radiotherapeutic use. Eur. J.
Nucl. Med., 2000;27:273-282.

Reubi JC, Wenger S, Schmuckli-Maurer J, et al. Bombesin Receptor Subtypes in Human
Cancers: Detection with the Universal Radioligand (125)I-[D-TYR(6), beta-ALA(11),

PHE(13), NLE(14)] Bombesin(6-14). Clin. Cancer Res., 2002;8:1139-1146.

Vigna SR, Mantyh CR, Giraud AS, et al. Localization of specific binding sites for bombesin in

the canine gastrointestinal tract. Gastroenterology. 1987;93:1287-1295.
Example 7

Biodistribution Experiments in PC-3 Tumor Bearing nude mice



10

(Bubendorf, Switzerland). RVM6, RMb, In-RMb, and
175Lu- AMBA were provided by H R Macke (Basel,
w@Epovaea3Band) . The Fl uo- 4NW Cal ci um Assay kit REBEP20091901403
Mol ecul ar Probes, Inc. (Eugéne, OR). Cell lines Hunman
enbryoni ¢ ki dney 293 (HEK293) cells stably expressing
t he HA-epitope tagged human GRP receptor (HEK-GRPR),
were generated as previously described (Cescato at

al ., 2008) and cultured at 370C and 5% CO2 in

P sty ARl LG ) ot a1 Bou ot B bl which

werd 08shly atpapdwi igial skdrlhzedlﬁfmtugdpiﬂos;ﬂiatedptffﬂn}kxahnaWSZ BH 7.4). Eleven
day%eé u&p&lépﬂléglléfrn?lg %%“i%%%& E:Ha%g gﬁéalgﬁﬂmwd&‘gﬁs 61?10(? of r;)dlolabeled
pepMésr(Mgams MBY), diffedZRINICI(0.9%BoviaENehuRSMEumD:, pHGHA 65th

nd cultured at 370C and 5% CC2 in Ham s Fl 2K
mjeeteqh velupiertd 09 nv Hog thetdgtrminatipriokihp prrspesifie Hpigke 1 tymop or in

rece ¥r phsifitior ;.T%O gRhidld \IVQS qmé’&@d I(5102 ol of unlabeled
fork 1. o o

ptonycin ture reag S wer e
pep(idariardcD% Nagh sbluﬂi@@ andBiftad? ngn &fdfOI?Iheiejll mpwm’mnCSd 'Iihtel 4,24,

t i ndi ff f t
48, G L PP A By Pt P St calioe g gy ahere
wer€ ENRRtea! ried bf 8R8ssHlo&, WeBthedVBhd coubRdas b §lcodmer.
pr ost ate carci nomas, or on sections from HEK- GRPR or

PC3 cell pellets as described previously (Mrkwal der
111 Gﬁﬁ Res 1999; 59, 1152-1 159; Reubi et al,
IKEEO{MPO c 2000; 27: 273-282; Reubi et al.,

'l‘IIGID(DTAC(Zﬂmaﬁﬁn(R&azoyI-(DDBhé%GMZBﬂ»AIaNﬂ)Glyillhie-StaﬂbmlNH},ands
used..uwer.e 1')RI B B0 RYZ 0/ N WP YoV aV=X N 10 B 4 Y 1V.V'a W 2o

pr 4 o dimicet 3|
Gag tBIeﬂmgadsd)hmmd 1987, 92100 16387- B ,
Animal: nude mice bearing PC3 tumor; 3 micel/group
Time point: 1h, 4h, 4h blocking, 24h,48h, 72 h
Organ 1h 4h 4h blocking 24 h 48 h 72 h
blood 0.86+0.17 | 0.04+0.00 0.02+0.01 0.01£0.00 | 0.00x0.00 | 0.00+0.00
heart 0.28+0.05 | 0.0420.01 0.04+0.01 0.03+0.01 | 0.00+0.00 | 0.01x0.00
Liver 1.93+029 | 0.38+0.05 0.39:0.08 0.19:0.01 | 0.10+0.01 | 0.09+0.02
spleen 0.57+0.21 0.12+0.01 0.09+0.01 0.05+0.01 | 0.04+0.01 | 0.02+0.00
lung 0.82+0.13 | 0.12+0.04 0.10+£0.03 0.05:0.01 | 0.62+0.01 | 0.01+0.00
kidney 3.99+0.33 1.93+0.18 2.67+0.10 1.01+0.06 | 0.50+0.09 | 0.28+0.02
stomach | 3.31x0.63 | 0.76%x0.14 0.0710.03 0.05:0.02 | 0.01+£0.00 | 0.02+0.01
intestine | 1.73x0.48 | 0.20+0.10 0.0720.01 0.04+0.00 | 0.01+0.00 | 0.01+0.00
adrenal 4. 14+1.46 1.20+0.12 0.10+0.06 1.241x0.16 | 0.38+0.09 | 0.36x0.04
pancreas | 21.92+134 | 1.32+0.31 0.07+0.02 0.15+0.02 | 0.06x0.01 | 0.06+0.01
pituitary | 7.80+1.90 | 0.85+x0.45 0.11+0.09 0.21+0.19 | 0.03+0.03 | 0.05+0.07
muscle 0.1910_06 0.03+0.01 0.02+0.00 0.03+0.00 | 0.00+0.00 | 0.00+0.00
bone 0.40:0.10 | 0.18x0.07 0.04+0.01 0.14+0.03 | 0.03+0.00 | 0.03+0.01
tumor 14.24+175 | 13.4620.80 | 0.46+0.00 6.58+1.14 | 2.08+0.12 | 1.31+0.23




1295) and 1251-[D-Tyr6, b-Ala 11, Phe 13 , Ne
14] - bonbesi n(6-14) as universal bonbesin receptor
WO p@anep3szast r oent er ol ogy. 1987; 93: 1287- 1295) PCTBER2009/001403
results in table 1. |nmunofBuorescence m croscopy
| mmunof | uor escence m croscopy based internalization
assays wth HEK-GRPR cells were perforned as
previ ously described (Cescato et al, 2006; Cescato et
al, 2008). Briefly, HEKGRPR cells were grown on
| H fal ad L.

ol y- Hrstre— 30— y—Sto Al ;LII, S— ot ;
E/D)ycog‘f%mbé'és“ ) f gC'- ITI blua e?( Ils‘t‘gr‘ GZ?ﬁer
Bi 0- Chdur@rikidneyr|i ckRehhajuseh9 Gernfifly) .| Fd2 the 4.7
exper TeIforiver! [[S Wed © [T G8ucd| et [Whdlg 10 Yk 5
bonbesin,. or witlh 1 nMbf the VYarious lhaonhesiln
anal ogsiumgrbloady [evd®vate ptenti 8P8-GntladBM&m Wih Lo
NM bofagsdrimustie t{he7po eseness. of | a 21908- floled3exclesivon?
t hes elwvareus—arat-ogs—For—30—r—at—3FCc—art—5% 2
growm h medium and then processed for
i mmunof | uorescence m croscopy using the nouse

SGa6EMPOUND HA- epi t ope antibody at a dilution of
68~ 1 00.,as_first antiho d I t
G RETRGHE mingh e AR YnSIP O R G 1G5 e RS
seggipdhry anti body. ThedeglidebensnePCiraged; 3igidederaup
Lei ca DM RB i mmunof | uor SCCSQC m ?rﬁﬁcol{%gi and an
Qlyﬁﬁﬁ%"?ﬂi‘i"@t-cane_ra._ s égtp&”( Ly “Fzat i on
| nsldagHe Bmpriesi n i 3066 td18 ceRlpbindnt agoni zed by the
bonbesi n anal ogues Corkﬁ)lound 1, I'n-Conmpound 1, Conpound

| Blimedo@®RPR- ANTAG. HERhGHPHeeking 2here treated for 30
mn either with vehicle (no peptide, a), or with 10

|
LILL

Sub- et Gt ddndi ot on AR ponlh (9% "
) show cblopd ~ 0.86=0.09 0-55+0.30 0.39+0.15 7
heart 0.33+0.21 0.30+0.18 0.14+0.02
Liver 1.14+0.37 1.05+0.60 0.98+0.32
spleen 1.2940.53 0.08+0.05 0.08+0.01
lung 0.80+0.33 0.71+£0.23 0.21+0.09
kidney  2.79+0.39 3.18+1.79 1.21+0.12
stomach  3.09+0.51 0.41+0.31 1.68+0.02
intestine  2.09+0.17 1.06+0.55 5.39+0.52
adrenal  3.31%0.78 0.07+0.06 0.89+0.62
pancreas 27.84+4.88 0.96+0.45 10.73+2.76
pituitary  13.35+£1.32 0.28+0.08 0.22+0.00
muscle  0.26+0.08 0.07+0.05 0.20+0.02
bone 0.03+0.01 0.18+0.11 0.03+0.01
tumor 8.71+0.67 2.04+1.04 10.45+1.61
1h 2h
tumor:kidney  3.13 8.64
tumor:liver 7.66 10.68
tumor:pancreas 0.31 0.97

tumor:blood 10.18 27.08
tumor:muscle  33.74 53.51



treated with 10 nnol/L bonbesin in the presence of 1

mmol /L of the anal ogues Conpound | b, GRPR- ANTAG
wW@9pa0a3d2 1, and | n- Conpound 1. The effect of EIHBRALI001403

| b, GRPRANTAG Conpound 1, 64nd | n- Conpound 1 al one at

a concentration of 1 mmol/L is shown in panels (c, e,

g, I, k). Follow ng incubation with the peptides, the

cells were processed for i munocytochenistry as

descri bed in above. A clear punctate perinuclear
'”@E » detectabl e for bonbesin treated cells.

'S punctate staining is efficiently abolished by an

" re ROTSS 4 @imindré-cartak pyethgl- iperitnmB-Phe-Gin- TprpletNed-Gly-His-Sta-Leu-
NHConpound I b and GRPR- ANTAG Conpound- 1, | n-Conpound

4, Conpound |Ib and GRPR- ANTAG gi ven al one have no

Y recept DB LChE R pHadl' 486 hRiceSee results in

ﬂgck é ﬁ”ﬁ u'ﬁdg .%&Ifgm rerease dassaday.
:lllcu.. retease—was—reasted ||| PES
Ayl mice beaing €3 fumar; 3 gucelgrou
Jérgepméd previ ously ﬂhﬂbr%bhﬁk'ﬂg, 24h. 48t 32h | nminol
nn7 27 1Q1 1 ’)' I\ll r\hal at 2l Caocpatno o

Al 1
9" Jved. Moos] 494M31s] 3“5‘6‘3'°°‘1‘h9trie?‘?*‘Pc3 cetdh 72h

wRbe Sleededo (80 QQ@51<0&14I $ per3xoebl )| omo2Gooe] b.opi@oes 0.00+0.00

turod £ A4 2 dAavs o 200 and 100 o0 3l _~aal + e A
Emum AT 198 ia@OWQ%t @%?Wnﬁer p‘ot?'i)"\%%e P?%?@ 0.0210.02

waghed \0.49R0a3S #y0.basicar | ( 0BAx0BBSY, 029:0 HEPHZ0.01 | 0.06+0.02

bre-albana P +L

b T A W e A S T

pur@eneam+ﬂﬁ 00.m940.07t | 3PA%aNO15% COA+ANd | bdm+d.24 | 0.04+0.02

k'ﬁl 1r:e;cell’lq]‘gl'aI wc(il%?ﬁsr?;'fr?o ):IP;ﬁzsg ?g: a# %5 #5157 59145709 | 074018

stomach | 3.15x0.78 1.07+0.15 0.12+0.02 0.06i0.02 0.03+0.01 | 0.0520.01

intestine | 2.11x0.47 | 0.250.15 0.11+0.01 0.041+0.01 | 0.03x0.01 | 0.03+0.01

adrenal 3.46x2.07 1.17+0.54 1.10+0.60 071+x0.29 | G.5420.29 | 1.0120.74

pancreas | 22.64+4.71 | 1.5520.48 0.10+0.00 0.32+0.09 | G.19x0.04 | 0.19x0.02

pituitary | 7.00+5.68 0.59+0.55 0.58+0.49 0.07+0.33 | 0.21x0.33 | 0.512x0.24

muscle 0.29+0.17 0.05+0.04 0.06+0.02 0.02+0.01 | 0.01+0.01 | 0.02+0.01

bone 0.91+0.68 0.3520.57 0.35+0.11 0.20+0.18 | 6.12+0.11 | 0.1520.05

tumor 15.23+4.78 | 11.75+2.43 | 0.45+0.04 6.84+1.02 | 4.67x0.39 | 4.0720.34

Tumor to tissue 1h 4h 24 h 48 h 72 h
tumor:kidney 32 55 55 5.1 55
tumor:liver 30.9 64.6 74.1 67.2 63.0
tumor:blood 19.9 2439 27446 3823.7 3391.2
{fumor.pancreas 0.7 7.6 214 24.6 214
tumor:muscle 52.0 260.2 436.6 354.5 165.4




stimulation with the bonbesi n anal ogues to be tested,

the dye-l oaded cells were transferred to a SpectraMax
WORWI(M3B2cul ar Devi ces, Sunnyval e, CA). | ntr aR€l/EP1089/001403

cal cium nobi l i zation was régorded in a kinetic for 60

sec at roomtenperature nonitoring fluorescence

em ssion at 520 nm(with lex = 485 nm in the presence

of the anal ogues at the concentrations indicated.

Maxi mum f | uor escence (F-nax) was neasured after the

G RA8MPEIND2 25 MM i ononycin. Baseline (F-baseline)
neasurenents were taken for dye-loaded, untreated

*GaBIOTA-4-Batino- brerbeypmethplspiperidienb éRpe-@ifi-Trasd el €dy-Histfita-Leu-
Ng| €sponse (F-max - F-baseline = 100 % of naxi mum
al cium response) as reported previously (Magrys et
al., J. din. Irmunol 2007, 27,181-192; M chel et ai,
Cescato et ai, Nucl . Med. 2008; 49: 318-326).). All
Ra@éggqﬂdnents were re Pt QUPHUNR dst three t| mes in
I cate. Fig. %'ﬁ@t&% gr Ed
Ini gngound | a behave ‘@ylﬁg: 2{26 gp/ éftl n
J%‘: ?glgﬁohse curve. 0 onbelin to e rg in
Tim¢ p¥Bfce of bonbesth (BB). See results |n Tabl e 1 and
Fig. 1. Compound 1:
DOTA- @ y- am nobenzoyl -D-Phe- d n- Tr p-
Al a- Val - d y- H s- St afQrgep NH Ph Conpound 2: DOTA- 4- ani no-
1- car boxynet hyl - pi pélacdi ne-D4$HEROIG n- Tr p- Al a- Val - d y- H
I s- Sta-Leu-NH2 Conpeamnd 3:0.DEH4- am no-
1- pi peri di ne-4- car b@xydri caco.diLd.¢2he- &
i -Trp-Ala-Val -dy- Ehgemt a-6.86kd¥2 Conpound 4:
DOTA- 15- ami no-4, 7, 1 -t et § axA@ent adecanoi ¢
aci d- D- Phe- Q@ n- Tr p- Ak -eyVaI I.gal,%.(ﬂ s-Sta-Leu-NH 2
stomach 2.13+0.34
intestine  1.54+0.22
adrenal  2.48+0.48
pancreas 11.63%0.19
pituitary 0.36£019
muscle 0.13+0.00
bone 0.23+0.03
fumor 9.31+1.58

1h
tumor:kidney = 4.98
tumor:liver 22.60

tumor:pancreas 0.80
tumor:blood 20.85
tumor:muscle  74.02



Compound 5:

DOTA- (15-am no-4, 7, 10, 13-t et raoxapent adecanoi ¢
W@ei0dne93d2 am no- | - car boxynet hyl - PCT/EP2009/001403

pi peridine)-D-Phe-CGhi-T f 68l a-Val -d y-Hi s-Sta-Leu-NH

2 Conpound 6: DOTA-di am nobutyricacid-D-Phe-An-T f

-Ala-Val -@y-Hi s-Sta-Leu-NH 2 Conpound 7:

DOTA- 4- ( 2- am noet hyl ) -

1 car boxynet hyl - pi perazi ne- D- Phe-@ n-Trp- Al a-Val @ y-

%%dqeu NH2 Conpound 8:
am no- 3- oxa- pentyl)-succi nham ¢
" i DIOT-AX Phemi@b ;7T (1 Pt earav/zdpeBagecandis aG pDERNG- Gl rp-Ala-Val-Gly-
Hls_%or]g gj 9: DOTA—_4 am_ no- _
e arboxymet hyl - pi peri di ne- D- Phe- G n- Trp- Al a- Val - @ y- H
i s- Leuy(CHOH CH2) - (CH2) 2- CH3 Conpound 10:
A-(15-anmino-4,.7, 10 13-tetraoxapent adecanaoic
binjedtidn amburd: | car boxySpiCihy10 pmol / 100 yl/mice
ois:aem'h eompéanidne- G n{ 3ogp lg- Val - G y-His- Leu
+ UH2) - (LH2) 2- CHau O mRAWeEring Pc3Adhisr; 3 mice/grou

rﬁnﬁ'ao’l AT 10 15T HRF‘&Z‘Q&’SB&E&W, bk, 73

|5 i | \JII II'J A A

o3 h" Y~ H Sty (OO Cr2) g C2) 2 CHR BtoelRE ™ 12° 24 h
| L 4ani no-
Dblat b( xyn@PhyD 0gi peli dDR+D-0Phe- [d N8 0ApB BDa- fal - A1G0+0.00
j re—p2—CorparRe—H3—DoFA ﬁm Ae-~
NE&L g Xy fl '%i pefi dpr Y mne- e nQ'gZE@O a-|val 9(9({7{9‘00
HigerLe gy ( Gh2DH) 0y s- NH B8@wrpaind [[4: 0 94+0.01azql esodj3=06.01
_ -An-Tf -Ala St a-leu-No 21 TABLE

spleem \i tr@18HR1Pecept OP-Q?I—ﬁ(ﬂzng, si @R40RY arja 0.01:0.00
"MEE' ar e ZFoRP O OPFT L D97 801N PG BA%0 01 0.01+0.01
kidney 1.85+0.15 1.38+0.37 1.40+0.29 0.24+0.01
stomach 2.01+0.36 0.56+0.18 0.03+0.01 0.01+0.01
intestine 1.1620.24 0.10x0.04 0.05:0.04 0.02+0.00
adrenal 2.18+0.93 0.86x0.17 0.07+0.06 0.59+0.16
pancreas 10.96+0.57 0.52x005 0.02+0.00 0.0120.01
pituitary 4.23+1 46 0.55+0.20 017+0.10 0.00+0.00
muscle 0.08+0.02 0.02+0.01 0.01+0.00 0.00+0.00
bone 0.16+0.06 0.12:0.04 0.02+0.01 0.04+0.02
tumor 10.56x0.70 8.63+1.13 0.45+0.06 3.23+0.52

Tumor to tissue 1h 4h 24h

tumor kidney 511 6.27 13.40

tumor.pancreas 096 16.71 34516

tumor:blood 49 67 552.10 3457.24

tumormuscle 140.10 34848 808.55

tumor:bone 64.16 7175 86.62




Binding affinities of Conpounds 1, 2 and 9 were

measured after

conpl exation with 1151 n non radi oactive

WO 290832 The data reaveal s that conpl exati on RET/EP2009/001403
i sotope does not affect th&’binding affinity to the

recepto

r as well

as antagoni st properties.
Cescato R, Schulz S,

nmet hods in rel evant publications:

Waser B
recepto

, et al.
rs:

Nucl .

Med. ,

Internalization ofsst2,
Ef fects of somatostatin agonists and
2006; 47: 502-511. Cescato R,

St an

sst 3 an

dard

d sstb

111 s, J.
hﬁgpﬁg&#@%kbck B, Ni kol opoul ou A, Charal anbidis D,
" EPDOTARH SvamiRe-dis, 1 Q) 3-teBoortapsntad Rensp tad) - @Erdmigo i @ttoxvagethyl-

oo G5 B S S

.. Ren
aut oant

, G ; Adanus
ibodies in p

Tar geti ng.
, A.; Aneko

J.
nda,

G The role of anti-al pha-enol ase

thogenicity of autoimune-nediated

n dnimap

athy. J. di

hnudermine béaringRTB tu@dr; 318 inideddroup

Mir‘jk&@n

Gfoult: Reubi

§Ci 150 Phnidl N1d0alimasd Ng pepti de

&My compduhd© NUIRidokgidst at €. reration 1o

I ES"H"%@E*%;I T ?:Ill.bl a :ﬂ% 'AH,” b_‘rﬁ” CeT Eﬁeb. T999; 59~ T 1521
J.; Fackler: Cl’T.; Kepblet: o T %hehﬁf protein bf
human i mmunodeficiency virus is a broad-spectrum
nodgdnat|or of chénoki ne|r edeplamkingel || surfakk | evell s 24 h
fhada adts omependently @ox!a®sl cal mposh Of _0.01 % 0.00
A 4o 0RO S Yoo DT BT 03T o0l 102+ 0.00
cvel " BAOLO0 oo bt A4 DT o (i 008 o611 z002
spleept qr s$td0ss0.38 of $ondkGist AONN rladi 00D adE0F 0.07 £ 0.01
SRIGCL 0 T @le2SCH RS ! 9T fiPNigQsAng ofadi ot NgHgR{IHd C YIS 51+ 0.73
L 5.08 +0.72 176 +0.36 2.04 +0.15 1.37 +0.22
stomach 392+126 0.06 + 0.01 0.87 £ 0.58 0.05+0.01
intestine 2392042 0.03 £0.01 017 £ 0.10 0.05+0.02
adrenal 3.63+£0.53 0.07 £0.02 0.68 +0.31 062 +0.16
pancreas 2683 +4.34 006 £0.02 1.36 +0.81 0.33+0.05
pituitary 902+099 023x0.14 038+0.16 0.46 £ (.52
muscle 0.19+0.07 0.01 £0.00 0.02+0.00 0.02+0.00
bone 034004 0.03+0.03 0.08 £ 0.02 0.08 £0.02
tumor 1027 £ 0.36 061 +0.07 935073 6.33£0.76
Tumor to tissue 1h 4h 24 h
tumor:blood 13.73 319.66 1155.51
tumor:kidney 202 4.59 462
tumor:pancreas 0.38 6.90 19.16
tumor:muscle 53.656 47517 364.92
tumor:bone 2993 124.55 76.65
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Nucl . Med., 2000;27:273-282. Reubi JC, Wenger S,

Schruckl i - Maurer J, et al. Bonbesin Receptor Subtypes
WO pooblatgs2 Cancers: Detection with the Uni ver saPCT/EP2009/001403

Radi ol i gand (125)1-[D-TYR(®, beta-ALA(Il), PHE(B)

NLE(U)J Bonbesin(6-14). Cin. Cancer Res., 2002;8:

139-1 146. Vigna SR, Mantyh CR, Graud AS, et al

Local i zation of specific binding sites for bonmbesin in

t he cani ne gastrointestinal tract. Gastroenterol ogy.
‘”hég pomid 9t287-1295. Exanpl e 7 Biodistribution

|nents in PC-3 Tunor Bearing nude m ceFenal e nude

“‘hnDcérAm@TAmsammddcasbm«ymemmlmhgmwn Rha-Gludlrp-Adm¥al-Gly-His-

which were freshly expanded in a
Le“&’&éﬁ@hu‘ggé?@%&% phosphat e- buf f ered sal i ne (PBS, pH
(nfettionramhrt: days ar| gy CUW@FJkuﬁ,nfépm CE Vere

Iél! agl cu | IIc % lIIU. tad hoo\btig ' Uir 1Y [JIIUI UI

a A 0 é ge pt I de S \ ANYU C J.U IVL) {u UI | %ALY \il rlobl
jHime@piad vol ume =100I Hin)éh, finblo '9» '7

nonspeci fic uptake in tunor or in receptor positive

organs, a group of 4 anlnals was pre- |nJected Wi th
Brg ﬁ I IIUI MI UTl bU|4§lh| OTrl 72h
and afiter 5 nmn ected
blood [28.432810 5 H iOﬂO@p@gpSO_m;*O.OO
AbarP~ 1) OV’ﬁf_w&o§aCfo!.dg&§_ 9 an@'.15£ﬁﬁ)50r Uy 53+0l01! 'od 28100 | 0.08+0.03
were dollected ! rinsed hhed and
&8aht ddO7A*R 1 FOA9eR14 | HAFR.EBopBAA0D2; | 0 1z001 [010:002
30N ¢ Y1380 APDEZATYS 2B- [Phe2sdonal | 0.21+0.06 | 0.15+0.04 | 0.15+0.04
- Al o=\ j COMROIND 1
&NDOTAOEPH Grri h8aRa 851 | 9 BHO-G n| Fr{p=A0a- [/ A0%eP P2 Q182007
kidriey- es 2Bk 31 2.43+0.47 2.88+1.52 1.4120.22 0.97+0.06 | 0.55+0.15
stomach | 4.43+2.48 5.72+4 04 0.1620.03 1.08+0.15 0.43+0.10 | 0.28+0.09
intestine 3.61+0.61 3.31+1.61 0.1410.02 0.35+0.05 0.16x0.07 | 0.10+0.01
adrenal 10.66x2.64 | 5.16+1.55 1.3610.56 2.31+0.96 2.24+1.43 | 1.84%0.36
pancreas | 65.69+8.14 | 39.80+9.25 0.18x0.04 4 52+0.53 2.30+0.19 | 1.06+0.19
pituitary | 12.63£3.26 | 5.54+2 07 3.72+1.62 0.71+0.37 0.56+0.24 | 2.5610.28
muscle 0.22+0.06 0.1410.04 0.13+0.07 0.05+0.01 0.03+0.01 | 0.08:0.04
bone 1.31x1.29 0.71+0.25 1.61+0.52 0.29+0.14 0.23+0.13 | 1.08+0.83
tumor 9.18+1.16 | 13.17+5.01 0.38+0.08 8.39+0.88 | 5.89+0.351 | 3.04+1.44
Tumor to tissue 1h 4h 24 h 48 h 72 h
tumor kidney 1.8 54 6.0 6.1 6.2
tumor:liver 12.7 26.7 42 4 53.0 35.0
tumor:blood 21.1 109.7 631.4 803.8 304.0
tumor:pancreas 02 03 1.9 26 29
tumor:muscle 426 947 169.2 191.9 429

Example 8
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Ani mal : nude m ce bearing PC3 tunor; 3 mce/group
Injection amount: 1.27 nCi / [ Cpnol / 100 m/mce
WBk@eM9382 conpound 3000 fold Conmpound 1 Tine pRCHEP200$7001403

I h bl ocking, 2h, Organ I h b% bl ocking 2 h bl ood

0. 860. 09 0.550.30 0.390.15 heart 0.330.21 0.300.18
0. 140. 02 Liver 1.140.37 1.050.60 0.980.32 spl een

1.290.53 0.080.05 0.080.01 lung 0.800.33 0.710.23
0. 210. 09 kidney 2.790.39 3.181.79 1.210.12 stonach

VPE'%C L 3 e aglde %io‘h%in%lthl.eQ Q‘HQ&I ‘uEEé S dnﬁil\gcﬁ’ggnsz béarglg%éé of Ga-

B adre 3.310. /8 U.070. 06 0.3890.6Z2 pancr eas
68-DXIT 84%ngBuid Q,Gﬁndiﬁg mmaggaam itwi tary 13.351. 32

0. 28Q..08 0. 220. 00 nuscl e 0.260. 08 0.070. 05 0. 200. 02
Ima%}Bﬁgq% ‘g%‘bb‘im’o 180.1 1 0.030.01 tumor 8.710.67

Compolddd 2:030TA- A &hird11 -carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-

Sta-Leu-NH,

\

ZT ZV

oo

ooc\/"l'_’l“\/coo

Empirical Formula: C78H115N20019Ga; Molecular Weight: 1704.89

Ga-68-DOTA- Compound 2 was imaged on a microPET/ CT (Inveon, Siemens) in PC-3 and
LNCaP tumor-bearing mice 1h after injection of 10 MBq radiotracer. Due to the rapid renal
clearance of this bombesin antagonist very low background activity was observed with only
some kidney and bladder uptake. High tumor-contrast visible in both xenografts was
effectively blocked by either 100 pg bombesin or non-radioactive Compound 2 itself.
Bombesin receptors were successfully blocked with Bombesin leading to a critical lost of
signal in tumor Fig. 3a and 3b in PC-3 tumor bearing mice + Fig. 4a and 4b LNCaP-tumor

bearing mice).

Binding affinity
The binding affinity of Ga-68-DOTA- Compound 2 to the GRPr was determined via two

different methods comprising receptor autoradiography on human tissues and a cellular assay
using PC-3 cells. Both methods yielded high binding affinity of Compound 2 with an ICsg of
~8 nM based on the non-radioactive DOTA-Compond 2 peptide.

Stability in Mouse Plasma and Microsomes

Ga-68-DOTA- Compound 2 shows good metabolic stability measured by different in vitro and
in vivo methods. In vivo plasma stability of Ga-68-DOTA- Compound 2 was investigated in

non-tumor bearing mice Mouse plasma and urine was analysed by HPLC at 1, 3, 5, 10 and 15
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15

I h 2 h tunor:kidney 3.13 8.64 tunor:liver 7.66 10.68
t unoppancreas 0.31 0. 97 tunopbl ood 10.18 27.08

W@ eoenossscl e 33. 74 53. 511111 n- COMPOUND 2

1111 n- DOTA- 4- ani no-

1- car boxynet hyl - pi peri di ne- D- Phe-d n- Tf
-Ala-Val -A@ y-His-Sta-Leu-

70

NH268Ga- COMPOUND 2

PCT/EP2009/001403

68CGa- DOTA- 4- ami no- | - car boxynet hyl - pi peri di ne-D- Phe-d n

-Tf -Ala-Val-dy-H s-Sta-Leu-
nﬁn%?tg”/ﬁltﬂa%@ '

group

mce

occurred as main metabolites in the urine. The compound itself appeared with a retention time

s iJSL i of

njection

of 11.6-11.7 showing a double peak starting 5 min p.i..

Microsomal stability of Ga-68-DOTA- Compound 2 was determined using mouse and human
microsomes incubated with the radiotracer and analysed by HPLC. No degradation by mouse

or human microsomes of Ga-68-DOTA- Compound 2 was found. Minor impurities detected

on the chromatograms also occurred without the microsomal co-factor.

Example 9

NH2 68Ga- COMPQOUND 2

. . : _ '
i U S S
b, cyld, re).cAftdi sem@aninttes, | ininOr gdasmia Hegradatidn ®f 466 rédiotnasar twas found

0. 190. 02 Liv

showing two very smaﬁ[/ p%lafr %r(l)étg)%lites at 1.3 min and 1.5 min retention time which also

SPECT/CT-imaging and biodistribution experiment in PC-3-tumor bearing mice of 99mTc-

ARN4-06

See experiment protocol above

Radioligand:
Animal:

Injection amount:

Time point:

9™ Tc- ARN4-06
nude mice bearing PC-3 tumor; 3 mice/group

0, HN\/\O/\/O\/\O/\/O\/\ITHN
0

NH HN.

C

NH, HoN

HoN. o]

10 uCi/ 10 pmol / 100 pl/mice
1h, 4h and 24 h

Zj
0 ¢ 0 0 0 H =)\
H H H H H N_E
A N. N N X NH,
o} A~ © 0 _ OH O o
NH NH
= N=/

organ 1h Std Dev 4h Std Dev 24 h Std Dev
blood 1.32 0.07 0.33 0.05 0.04 0.01
heart 0.64 0.15 0.22 0.03 0.10 0.04
liver 6.31 1.16 3.62 1.16 1.19 0.36
spleen 3.91 0.66 1.29 0.53 0.87 0.18
lung 5.11 1.00 3.17 1.51 1.69 0.84
left kidney 6.55 0.59 2.73 0.42 1.28 0.30
stomach 8.09 1.45 5.44 1.26 0.61 0.19
intestine 8.41 2.39 2.02 0.80 0.16 0.08
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spl een 0.360.01 lung 0.340.03 kidney 1.870.08 stonmach

2.130. 34 intestine

1. 540. 22 adr ena

2.480. 48 pancreas

Wa20083®330 pituitary 0.36019 nuscle 0.130. 00 bRECEEP2009/001403
0. 230. 03 t unor
tunor:liver 22.60 tunor:pancreas 0.80 tunopbl ood 20. 85
tunor: nuscle 74.021111 n- Conpound 4 in | n-DOTA- (
5-am no-4,7, 10, 13-tetraoxapent adecanoic
acid)-D-Phe-@n-Trp-Al a-Val -G y-

| BreHRMPOYNG 1 39

9.311.58 |

filt unor ki dney 4. 98

Hi s- St a- Leu- NH21

1.62 6.31 0.27 1.41 0.45
pancreas 72.50 8.98 11.18 2.89 0.41 0.20
pituitary 6.86 2.85 212 0.59 0.83 0.31
muscle 0.27 0.03 0.07 0.00 0.18 0.12
Radioligand: #9mTc- ARN4-05
bone 0.78 0.13 0.45 0.18 0.35 0.20
tumor 28.66 1.75 34.68 3.7 18.40 2.58
Kidney 6.26 0.48 2.84 0.49 1.24 0.32
Tumor:Organ Ratio 1h 4h 24h
tumor:blood 20.79 85.11 455.94
tumor:heart 36.75 150.38 176.45
tumor:liver 4.37 9.50 15.47
tumor:spleen 7.50 20.51 21.05
tumor:lung 5.64 11.78 10.88
tumor:kidney 4.26 12.92 14.35
tumor:stomach 3.32 5.83 30.02
tumor:intestine 3.20 16.51 117.53
tumor:adrenal 2.31 2.62 13.07
tumor:pancreas 0.38 3.28 4493
tumor:pituitary 4.43 4.40 22.14
tumor:muscle 116.82 283.06 99.65
tumor:bone 34.10 35.16 52.06
tumor:kidney 4.25 12.25 14.87

Figure 6 shows a SPECT/CT image of *®Tc-ARN4-06 (15 MBg/200 pmol)

Example 10

SPECT/CT-imaging and biodistribution experiment in PC-3-tumor bearing mice of 99mTc-

ARN4-05

See experiment protocol above




1111 n- DOTA- (15-am no-4, 7, 10, 13-tetraoxapent adecanoi c
aci d) - (4-am no- 1- car boxy- net hyl pi peri di ne) -
W@2MEPAoBBN- Tr p- Al a- Val - d y- Hi s- St a- Leu- NH PCT/EP2009/001403
21111 n- Conpound 9 1'' | n- DOTA-
DOTA- 4- am no- 1- car boxymet hyl - pi peri di ne- D- Phe-d n- Tr p-
Al a-Val -@y-H s- Leuy(CHOH CH2) - (CH2) 2- CH3 Exanpl e
8PET/ CT-i magi ng, biodistribution experinment in PC3
and LNCaP-tunor bearing mce of Ga- 68-DOTA Conpound

.. binding affinity jLity Imaging +
Radé?l’@ﬁ?‘gt ri bution Conpgﬁ'ﬂﬁfwi A- 4- ami no-
Anifratar boxynet hyl - pi penudtimige BedPing-PG- B tufnqy; AOamivelgro@py - H
Injebfion Sh@mkeu- NF2_ Enpi 16 gl /150N 860 Fifisl 15N20019Ga;
. Mol ecul ar Wi ght: 17%@9 ‘&na 68- A- Compound 2 was
TimepoWtd on a m cr oPETHEP hveon, Sienmens) in PC-3 and
LNCaP tunor-bearing mce Ih after injection of 10 MBq

radiotracer. Due to the rapid renal clearance of this
bonbesi n ant agoni st very | ow background activity was

observed with only™ ki dney and bl adder upt ake.
oHi gh_tlnpr-contrgst visihle in bogh xenogpaf S )\
ecfi fel y blocked: by eilt hér 800 banb@si -
,N,/i?[ﬁe:g. NBojfbegi iy r dce tor\sr(
H

- radi dachf vey Cafmpaun

N successful ly bl §ck fh esfn ng to a °
crityical I ost i gnal umor Fig. 3a 3b in

NPEN3 t unor bear mce i g. 4a and 4b LNCaP-t unor
bearing mce). Binding affinity

organ 1h Std Dev 4h Std Dev 24 h Std Dev

blood 1.69 0.14 0.40 0.05 0.09 0.02

heart 0.68 0.02 0.20 0.03 0.14 0.07

liver 12.32 1.01 7.75 0.62 3.88 0.40

spleen 4.00 0.60 1.72 0.34 0.83 0.22

lung 3.11 0.47 1.24 0.41 1.15 1.47

left kidney 10.50 1.20 6.12 1.17 1.42 0.13

stomach 5.68 0.01 4.86 1.04 0.42 0.15

intestine 6.97 1.57 212 0.37 0.12 0.01

adrenal 19.05 3.06 7.91 2.70 2.08 0.31

pancreas 64.86 6.72 19.86 2.35 0.57 0.21

pituitary 3.67 2.03 1.15 0.11 1.53 1.33

muscle 0.43 0.16 0.08 0.02 0.1 0.04

bone 1.34 0.26 0.57 0.11 0.41 0.19

tumor 22.50 2.62 29.91 4.00 15.16 0.45

Tumor:Organ Ratio 1h 4h 24 h

tumor:blood 13.30 7477 167.74

tumor:heart 33.19 149.55 105.06

tumor:liver 1.83 3.86 3.9

tumor:spleen 5.62 17.41 18.21

tumor:lung 7.24 2411 13.21




10

15

20

25

The binding affinity of Ga-68- DOTA-
GRPr was determined via two different nethods
W@ a9pnosBhg recept or aut oradi ography on hunman PCHEP2989/001403

and a cellul ar assay using7®C-3 cells.

Compound 2 to the

Bot h met hods

yi el ded high binding affinity of Conpound 2 with an
| G50 of ~8 nM based on the non-radioactive
DOTA- Conpond 2 peptide. Stability in Muse Plasma and
M crosones Ga- 68- DOTA- Compound 2 shows good netabolic

itro a|r6q1|n vijvo

tumc‘JrQ(E‘u Ekt yl rreasureg1py di f

n lI \ln nl ancrnm

at

fer eqtagl n v

TN DO DATA

IIDL TTUOUUOD . T 1T T O R
tu S i nsngtl gat

h_l
Laulllly 5

ed i ®Won-t

tunhdsirtestipea s and 8RB ne wd

is_and-9%ed

L I ce
by HPUZ48 1, |3,

tunvor:adienand 15m n afygr int
tu g ea 0, m;

\Jullb LILILENS M B ¥

t“"&ﬁ' PitHiATY 54 oh racef-1tas fq

tunpwinauscieet abo| i t ess2a@ 1. 3

g two v®PY smalll/

mn 3Ma@21. 5

m n n&d.2Znti on

tunﬁdr"ﬂ%nm ch a|| SO ORI I ed

as ngj gs Met

aibol I t99el N the

ur rire. IIIU bUIIpUUIIU I lbel

mn p.i.. Mcrosomal stability of Ga-68-DOTA-
Figute 8@Eowked SPRCTVE iusiga gf fBTsarRAmMI0H(15aVIBg200 psoljes

f—appeared—wth a retenti on
time of 11.6-1 1.7 showi ng a doubl e peak starting 5

Compound

i ncubated with the radiotracer and anal ysed by HPLC.

No degradati on by nouse or human m crosones of
Exafip1ef8- DOTA- Conpound 2 was found. Mnor inpurities

detected on the chromat ograns al so occurred w t hout
Synthiegis nfGaégd?@TA&smfmgnd)?- Exanpl e 9 SPECT/ CT-i magi ng

Steg 1dN9r'5° 'St ﬁ‘e&hﬁ&s \%%Q%Htﬁg&ted b s8I Fabd PRaL SRR (SPPS)

mce

following standard Fmoc strategy using polystyrene-supported Rink amide resin.

Step 2:
350ul 0.25M HEPES in Wheaton

V vial

e Add [68Ga]GaCl3 in 400l 97.6% acetone/0.05SN HCI

» Adjust pH to ~3.5 with 0.1M HCl
* Add 40pg peptide in 40pl water

* Heat 75W (95°C) for 30s

+ Stand for 30s

* Repeat heating and resting three more times

+ Add 5ml water to the reaction mixture

+ Immobilize on tC18 Light SPE
* Wash water (5ml)
» Elute EtOH (500pl)

e

H,N-RESIN — \O\)LN/\"/ \/([)L

CONH Trt

N- BOC

1. tri-t-butyl-DOTA,
2. TFA, water, TIS,

HOBT, HBTU
Phenol

Trt
g (2
OoH O
o] =\|/ (¢)



See experinent protocol above Radi oli gand:

99mlc- ARN4- 06 Ani mal : nude m ce bearing PC-3 tunor; 3
WorR@enesdup | njection anount: 10 mC / 10 pnol PCT/ER®09/001403

m/mce Time point: Ih, 4h7&nd 24 hRadi ol i gand:

99niTc- ARN4- 05 Figure 6 shows a SPECT/ CT i mage of

99mlc- ARN4- 06 (15 MBg/ 200 pnol) Exanple 10

SPECT/ CT-i magi ng and bi odi stribution experinent in

PC-3-tunor bearing mce of 99mic- ARN4- 05 See

experi ment protocol aboveRadioligand: 99nlc- ARN4- 05

Ani mal : nude m ce bearing PC-3 tunor; 6-9 m ce/group

Injection anount: 10 mG /10 pnol / 100 m/mce Tine

point: Ih, 4h, 24hFigure 8 shows a SPECT/CT i mage of

yymic- ARN4- 05 (15 MBg/ 200 pnol ) Exanple 11 Synthesis

of Ga-68- DOTA Conpound 2 Step 1: Non-radi oactive

pepti des were synthesized by solid phase peptide

synthesis (SPPS) follow ng standard Fnoc strategy

usi ng pol ystyrene-supported Rink am de resin. Step 2:

350m 0. 25M HEPES i n Wheaton V vi al

(20-40 pg)
68Ga]GaCl3 , 95°C, 0.25M HEPES

icrowave, 3 X 30 sec

Cueag UJ(sz) A JLI(NJL

‘00C~—-N \v/

ZI ZQ/

H

CONH

Radiochemical Yield (Not 79 -231 MBq (32 - 60% d.c.)
optimized)

Starting Activity 189 - 593 MBq

No of labelings 10

Failures 0

Radiochemical Purity >98% (by HPLC and ITLC)

Specific Activity 3,2-11.8 GBg/umol
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Add [68CGa] GaCB in 400m 97.6% acetone/ 0. 05N HC

Adjust pHto ~3.5 with 0.1M HC Add 40ng peptide in
wWaeh/1093882r Heat 75W (95C) for 30s Stand f orPGUEP2009/001403

Repeat heating and resting7hree nore tinmes Add 5mi

water to the reaction mxture |Imobilize on tC18

Li ght SPE Wash water (5m) Elute EtOH (500m ) 1.

tri-t-butyl-DOTA, HOBT, HBTU 2. TFA, water, TIS,

Phenol (20-40 ng) [68Ga] GaCB , 95C, 0. 25M HEPES

Figlfp 8 BB APLG T e §PGa R OERT R b Sh sl ¥fiet PG Homn
Pro@BPWBY No of |abelings 10 Failures O
Column: ACE 5p C18 50 x 4,6mm
Solvent: Solvent A: H20 + 0.1%TFA
Solvent B: MeCN + 0.1%TFA
Gradient: 5-95% in 7 min
Flow. 2ml/min

Example 12

Serum stability of Lu-177-DOTA Compound 2

Compound 2: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-
Sta-Leu-NH,

Serum stability of Lu-177-DOTA Compound 2 radiolabeled with Lu-177 was also
investigated in human serum. After 96h incubation of Lu-177-DOTA Compound 2

in human serum still 70% of the compound was intact as analysed by HPLC methods (Fig. 11).
To 1 mL of freshly prepared human serum, previously equilibrated in a 5% CO, environment
at 37°C, was added 0.03 nmol '""Lu-labeled peptide standard solution. The mixture was
incubated in a 5% CO,, 37°C environment. At different time points, 100-pL aliquots (in
triplicate) were removed and treated with 200 pL of EtOH to precipitate serum proteins.
Samples were then centrifuged for 15 min at 5000 rpm. 50 pL of supernatant were removed
for activity counting in a y-well counter, the sediment was washed twice with 1 mL of EtOH
and counted, and the activity in the supernatant was compared with the activity in the pellet to
give the percentage of peptides not bound to proteins or radiometal transferred to serum
proteins. The supernatant was analyzed with HPLC (eluents: A = 0.1% trifluoroacetic acid in
water and B = acetonitrile; gradient: 0 min 95% A; 20 minutes 50% A) to determine the

stability of the peptide in serum.
Fig. 11 shows stability of Lu-177-DOTA Compound 2 in Human serum.

Example 13



Radi ochem cal Purity >98% (by HPLC and I TLC) Specific
Activity 3,2 - 11.8 @GBg/ mmol Figure 9 shows HPLC

W@ e@bAted3s2 of Ga- 68- DOTA Conmpound 2 on a rever seC/pPae®001403
colum. Product Purity Col Gém: ACE 5m C18 50 x 4, 6nmm
Sol vent: Solvent A H20 + 0. 1% FA Sol vent B: MeCN +
0. 1%FA Gadient: 5 - 95%in 7 mn Flow 2m/mn
Exanple 12 Serum stability of Lu- 177-DOTA Conpound 2
Conmpound 2: DOTA- 4- ani no-
-gy?- re G D- Phe- @ n- Tr p-

Conkagl- a f{}éﬁ'}?{é E%ls)rupésitgg FI_lgu Serum stability of

~ Lu-177-DOTA Conpound 2 radi ol abeled with Lu- 177 was

BiogistgibutionfsEp§a 2 pee tAblaheloser um  After 96h incubation

Ga63l |HOTA: T~ DOTA QoI Heatbokyhe BT HD- wawwmalval T S Leu-
t he[ conpound was | gicagike-as anal yseéguby HPLC net hods

(Fig. 11). To 1nl of freshly prepared human serum

previously equilibrated in a 5% CO2 environnment at

37C, . was _added 0.03 nmol 177Lu-1abel ed_pepti de
at 1 Bepainimelier > SUNO HeHIE THE HASEOMPAARSth e EDAUENST n a 5%

ISF%rogtKﬁc}?cﬂl‘ﬁ'e r(fralﬂg?lﬁyed féitprOitdet 84:R08 infd gﬂ% BRI F1HS th d E'i‘&ndard

quots (int i cate) were renoved and treate
F1 82@@erml ondoldgyOHighotumoe te- psspatzélog endamlipy the diagrostic usefulness of the

Ga-68 compound RM2 for PET imaging
See figure 12.
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Sanmpl es were then centrifuged for 15 mn at 5000 rpm
50 nL of supernatant were renoved for activity
w@owatdoasgz in a g-well counter, the sedi ment waBCTWEB1962001403
twice with 1nL of EtOH and7Zounted, and the activity
in the supernatant was conpared with the activity in
the pellet to give the percentage of peptides not
bound to proteins or radionetal transferred to serum
proteins. The supernatant was anal yzed with HPLC
Clainfl uents: A = 0.1%trifluoroacetic acid in water and B
= acetonitrile; gradient: 0 mn 95%A; 20 m nutes 50%
A) to determ ne the stability of the peptide in serum
sho abilit fLul??DOT Co nd .2 N
R e T L T e ot A T
F18- FDG Bi odi stribution of Ga-68 RW2 see table bel ow
at 1 i. in PC-3 tunor bearing mce was conpared
Dwi t h thdAF(B)xl]S'q racer [ 18F] Fl uoroet hyl chol i ne (FEC)
used for prostate cancer imaging, and FDG the gold
standard FI 8 tracer in oncology. H gh tunor-to-tissue
wher@hi os underline the diagnostic useful ness of the

Xis%-.ﬂ%S _(:?anggyg RV for PET inmaging See figure

’bonbesi n anal og pepti de ant agoni st
n is@AMte@REen B 6)g general formula (1) (11) [A-(B)n -
wherein x is an integer from1l to. 3,
A is a metal chelator comprising at least one radionuclide metal,
B is a spacer linked to N-terminal of C or a covalent bond ,

C is a bombesin analog peptide antagonist of sequence C-1 to C-4, wherein:

C-1: Xaa 6-Gln7-Trp8-Ala9-ValIO-Xaaz1 1-Hislz-Xaa3 13.Xaa, 14-ZH,
wherein:

Xaa; is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having any one of the formulae described

below
-HN\:/CO-
Z HN. _CO-  -HN_ _CO-
-HN___CO- _— ~ ~
= S
Y
Co- - CO-

'I'[N\/CO‘

R

5
<
7
<
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nis an integer froml1l to 6, Ais a netal chelator
conprising at |east one radionuclide netal, Bis a

WG pwea993Bi nked to N-term nal of C or a coval eneCHBP2H09/001403
C is a bonbesi n anal og pept’8de ant agoni st of sequence
Cl to G4, wherein: CI:
Xaai 6-d n7-Trp8- Al a9-Val 10- Xaa2 1 1-Hi s12- Xaa3 13- Xaa4
14-ZH, wherein: Xaa is D-Phe, D-Cpa, D Tyr, D Trp or a
resi due having any one of the formnul ae described bel ow

(% I F, d, 1l ,or NO2, Xaa2is Gy or
Kis gl %3@ Statine, Statine analogs and isoners,

Xaa{hs;ﬁtybrﬁ@ﬂp,A 4- Am 5- MeHXA o r a- substituted

OaCI
Xeag RS Nane RpBes B4 spREselAR g et 7 R B or o
substitded af@iRodcids,
Xaayis Leu, Cpa, Cba, CpnA, Cha, t-buGly, tBuAla, Met, Nle, or iso-Bu-Gly, and

Zis NH, O;

C-2: Xaa,’-GIn’-Trp3-Ala’-Val'’-Xaa,"'-His'2-Leuy(CHOH-CH,)-(CH,),-CHs,
wherein:

Leuy(CHOH-CH,)-(CHy),-CHj is

-HN (CH,),-CH,
OH

Xaa, is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having any one of the formulae described

below
-HN\:/CO-
= .HN_ _CO-  -HN_ _CO-
-HN___CO- _— ~~ ~
: S H :
co. -HN_CO- - CO-

>
<

>
<

o F R

KisF, CL I, or NO,,
Xaa; is Gly or B-Ala;
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6-Ghi IJIn/ -T-.rp8 -AAla " 9 -LV a~Il1li Ou-X a_ a_ 2
HL -Ht i:.sJ12 -Leu y(CHOHCH 2)-(CH 2)2-CH 3,
WoR®PaI9332 Leu y(CHOH CH 2)-(CH 2)2-CH 3 i s XaaPCT/ER2009/001403
D-Phe, D-Cpa, D-Tyr, D-Trp7 r a residue having any
one o f the fornul ae described below O - -HNKis F ,
A, I ONO2, Xaa 2 is Ay or b-Ala;C3: 13-Xaae
14-ZH, wherein: Xaa is D-Phe, D-Cpa, D Tyr, D Tf or a
resi due having any one of the formnul ae described bel ow
O - -HNKis F, d, I, or NO,

C-3: Xaa16-Gln7-Trp8-Ala9-ValIO-Xaazl 1-Hislz-Xaas 13 -Xaag 14-ZH,

wherein:
Xaa; is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having any one of the formulae described

below
'HN\:/CO'
S HN.___CO-  -HN___CO-
HN._CO- _ ~ ~
: S z z
co. “HN.__CO- “HN._-CO-

LR
K
KisF,Cl I, or NO,,

Xaay is Gly or B-Ala,

Xaas is Leuy-CH,NH-,

Xaag is Cys, Phe, Trp, Tpi or Tac,

wherein Tpi and Tac have the following meaning:

_ CO-
NP
AN CO- \—s
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Xaa2 is Ay or b-Ala, Xaa5 is Leuy-CH2NH, Xaab6 is
Cys, Phe, Trp, Tpi or Tac, wherein Tpi and Tac have
w0 b@ofie3Bowi ng nmeani ng: Tpi Tacand Z is NH, orP@/EE2049/001403
Xaa -@n -Trp Ala Val -Xaa8l'-H s 12-Xaa7, wherein:
Xaa is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having
any one of the formul ae described below O - -HN K is
F, d, I, ON®R Xaa2 is Gy or b-Ala, Xaa7 is
Leu- O Al kyl, or Leu-NH al kyl, and pharmaceutically
acceptable salts of an inorganic or organic acid
t hereof, hydrates, conplexes, esters, am des, solvates
Z is&H] opOgdr ugs thereof. 2. The bonbesi n anal og pepti de
ant agoni st conjugate according to claim1l wherein the
netal chelator (A) is a netal chelator for trival ent

C-4iretahb3-Gln’-Tet- Aghvavakent' - uet?aks,and the
wherein:

Xaa, is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having any one of the formulae described

below
-I‘H\I\:/CO-
_I_]N CO‘ < = HN\-/CO' -I‘H\I < CO'
'HN\/CO' -I‘H\I\/CO-

“HN.___CO-

b

KisF, Cl, I, or NO,
Xaa; is Gly or f-Ala,
Xaay is Leu-O-Alkyl, or Leu-NH-alkyl,

and pharmaceutically acceptable salts of an inorganic or organic acid thereof, hydrates,

complexes, esters, amides, solvates and prodrugs thereof.

2.  The bombesin analog peptide antagonist conjugate according to claim 1 wherein the

metal chelator (A) is a metal chelator for trivalent metals or for pentavalent metals and the

close analogs thereof.



cl ose anal ogs thereof.3. The bonbesi n anal og pepti de
ant agoni st conjugate according to claim2 wherein the
woredoaliowsbel at or for trivalent netals is sel ectedI/EP9AY/001403
t he group conprising DOTA- 81 NODASA-, NODAGA-, NOTA-,
DTPA-, EDTA-, TETA-, and TRI TA- based chel ators and
the cl ose anal ogs thereof. 4. The bonbesi n anal og
pepti de antagoni st conjugate according to claim2
wherein the nmetal chelator for pentavalent netals is
selected fromthe group conprising: wherein RL-R1S are
i ndependently from each ot her hydrogen atons or (Cl -
3. CZhe hokbpé¢sigaminepeptidieansagonist corfjigteascendingdd claime 2attwvan the

fo la, t i or .2. or, 3 d | east one .of
metg) Shefiin? T steTont el s P P he 07 hPPrnipeRCi-NgPASA-
NODAGAINOTRSI DTPASEDILA-YTBTA-, a8d TRIY AL Bged chél@bisid ghe close
C2 (C1 -Cc4)-alkyl group; R7 and Ri are independently
5 analpggheiealch ot her (Gi-C4)-al kyl groups or phenyl groups;
Ri9 is CH2-COOH or a functional derivative thereof; E
is (G - C4)-alkylene, or phenylene optionally (G -
4. Chhe hbmésimanalag rephde artagoadit bynj\@ER>- akdrding to claim 2 wherein the

e RBGPG s PRl Erth BBy LEp Ak rouh spPBrE ne

al kyl gRQUpPS have 1 to 4 carbon atons; Gis NHor Y5, Y

is a funch&gﬁ group capable of Jtnding with ree
am no group qf the peptide g m nal ) |
NH t

HN AN
i Q. N
R] O R9 H HN ,NH

G R, ,NH
gy NH “R, R, HZ -
R, HS

COOH
Y
Y |
E
* N NH

Rion IN NH R, 0 0

Ili“ Eg” Ri§ Ry

14 15 S S

\III % |
HO OH R,,-OC CO-R

10
wherein

R;-R;;s are independently from each other hydrogen atoms or (C; —Cj) alkyl groups, wherein,

¥
ot

in the moiety of the above formula, t is 1 or 2 or 3 and at least one of the carbon

Y
ot

atoms in the said moiety is substituted by Y or is not substituted by Y,
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or with the spacer, and Z° is S or O 5. The bonbesin

anal og pepti de antagoni st conjugate according to claim
W@ 200ha@0%880 t he radi onuclide netal for inmagi ng PGI/EP2009/001403

selected fromthe group colprising 133mn, 99m Tc,

67Ga, 52 Fe, 68 Ga, 72 As, 111lln, 97 Ru, 203 Pb, 62

Cu, MCu, 51 Cr, 52ra Wn, 157 d, 1231, 1241, 131 1,

75 Br, 76Br, 77Br, and 82Br. 6. The bonbesi n anal og

pepti de antagoni st conjugate according to claiml

R, Whatyaldkeh Bt @0i COVEL,i-29)-MRY1dkod@r T adi ot herapy is
¥ sel e}?tdeég fromthe gg%ugg)cgﬁ%?élrgilﬁg 186Re, 90Y, 67Cu,

R,7 @8l Kz arelipdepgndently fiom each ather (GUGHralkyl gmns orwlgaml groups;

164Tb Pd, . 188Rd, . 186Re. . 188Re, 77As, 166Dy, 166Ho,
Ris ?%IZP%O&)%@T mf‘m%s"?%‘rﬁler‘%gé%d‘}‘er%g%ns 90Y, 111D|yn,
E is [60MD,)-ali@foxb, orbhéhylenelO5RN, 111Ag, 1251, 1231, 213Bi,
225A¢C

o b g BT D S . o

coNBiesgido Ldigyispacer B linked to the N-terminal of C has
general Fornula Il: |1 Bl-B2 whereinBi is a coval ent

optiaatly pbenydensas subatitutedibyC@eallylor an unnat ural ami no

whefin Hﬁe%il%y?ﬁiolunseﬁa{veql B0 A8 ratoq'nsCyCI I C diamne, B2 is a
coval'ent’ bond or "a natural am no acid or an unnatural
GisN#eeSacid or a |linear carboxylic acid or a cyclic
car boxyljc acid, . . . : :
Y is aaglnctﬁ)){lal group capable of binding with a free amino group of the peptide (N-terminal)
or with the spacer, and

Z’is SorO.

5.  The bombesin analog peptide antagonist conjugate according to claim 1 wherein the

radionuclide metal for imaging is selected from the group comprising 133mpy,

1 51 124
9m Tc. 5Ga, 2 Fe, ® Ga, ™ As, "'In, ¥ Ru, 2 Pb, 2 Cu, ® Cu, *' Cr, 2™ Mn, '’ Gd, 21, ',
1311, 7 Br, "Br, "'Br, and ®Br.

6. The bombesin analog peptide antagonist conjugate according to claim 1 wherein the
radionuclide metal for radiotherapy is selected from the group comprising 186Re, Y, ¥Cu, &
Er, 121gn, 127 ¢, 142py, 143py 198y 1994y 161, 109pg 188Rq 186Ro 18R T7Ag 166Dy 166,

b ¢l b b > b > > 2 2 2 b > 2 >
149 pin 1Slpm 153G 19Gd, 12T, 0y, Wn, '9yb, 15Yb, 7Ly, 1R, M Ag, 1251, 121, 21%B;,

225AC, 129 I and 177mSn.

7.  The bombesin analog peptide antagonist conjugate according to claim 1 wherein the

spacer B linked to the N-terminal of C has general Formula II:
II B;-B;

wherein
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with the proviso that both Bi and B2 cannot be
coval ent bonds at the sanme tine and that, when Bi is a
wele@aiens32 B2 is a carboxylic acid. 8. The bonbeGI/EP2009/001403
anal og pepti de antagoni st &®njugate according to claim
7 wherein the unnatural amino acid is a conmpound
havi ng any one of general Formulae IIIl, IV, V or VI
wherein Il wherein ais an integer fromO to 3, bis
an integer fromO to 3, and relative substitution
B; iP 9&(‘5\%&% ba{d &Qtﬂ ?lﬁ‘ﬁl alrﬁ{nc]'atgd or Jn ghnaRﬁal Jam‘%no adid oMﬁﬁe%l‘ Biamine or
C I's an I nteger om1lt 4, I's an integer from1l
acytlic diamingherein E is NH, or CH2 f |s an |nteger from

.0 to i nt.eqger fr. S .
B it ey Bon e ah B P € Sh g BB a4 b Bifaggarbonyic
acid®i¥ cyalidbdR9EE di@n Of
with the proviso that both B; and B, cannot be covalent bonds at the same time and that, when

B, is a diamine, B, 1s a carboxylic acid.

8.  The bombesin analog peptide antagonist conjugate according to claim 7 wherein the

unnatural amino acid is a compound having any one of general Formulae III, IV, V or VI

wherein
11
3
1
-HN-(CH,): 4
(CH,),-CO-
wherein

a is an integer from O to 3,
b is an integer from O to 3,

and relative substitution patterns or optionally 1,2-, 1,3- or 1,4-;

v

HN ,[/\/O-JE(CHZ)d-CO-

wherein
¢ is an integer from 1 to 24,

d is an integer from 1 to 6;

\%



the 6-menbered ring on the sane carbon of the ring or
on different carbons, when E is NH, then the
W@200e109882d ring is optionally substituted at BEI/EP2009/001403
carbon position of the 6-nmé#bered ring on the sane
carbon atomof the ring or on different carbon atons
and/or on the nitrogen atomw th the proviso that f or
g is an integer equal to or hi gher than 1;VlI wherein i
is an integer froml1l to 6, j is an integer from1l to
6, Pis Oor H2. preferﬁl (CH)IéOan integer from1lto
3, J is an integer fr Pis O and the close
anal ogs thereof. 9. The b Q;Hp_mqal 0og peptide
ant agoni st conj ugate a di ng *t%0 any one of clainms 1-
8, with the proviso thatgthe bonbesi n anal og pepti de
ant agoni st conjugate has general Formula (V) (F)
[A-(B)n] -C wherein A" is included instead of A and
has the same neaning as A except that it is a netal
wheggiy| ator free of radionuclide netal.

E’ is NH, or CH,,

f is an integer from 0 to 6,

g is an integer from 0 to 6;

when E’ is CH;, then the 6-membered ring is optionally substituted at any carbon position of
the 6-membered ring on the same carbon of the ring or on different carbons,

when E’ is NH , then the 6-membered ring is optionally substituted at any carbon position of
the 6-membered ring on the same carbon atom of the ring or on different carbon atoms and/or

on the nitrogen atom with the proviso that f or g is an integer equal to or higher than 1;
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10. A pharmaceutical conposition conprising any one of
t he bonbesi n anal og pepti de antagoni st conj ugates
wa@e@oneissy to any one of clainms 1- 9. 11. Use BET/BP3009/001403
one of the bombesi n anal og8pepti de ant agoni st
conj ugates according to any one of clains 1- 9 for
bi nding to bonbesin receptors, preferably to gastrin
rel easi ng peptide receptor (GRP) and/or for inhibiting
bonbesin receptors, preferably gastrin releasing
yi peptide receptor (GRP).12. A method for preparing any
one of the bonbesin anal og peptide antagoni st
conj ugat es accordiT:e;Eni;?in1l, conprising the step -
Radi ochel ating t bonfpesi ety thde ant agoni st
conj ugat e havingﬂﬁg fa _gpﬁgﬁgeﬁf¥ﬁ§§tgefined above
with a suitable radionuclide nmetal or netal atom 13.
A net hod for imagi ng bonbesin receptors, preferably a
GRP Recept or expressing tunor cells and/or tunoral and
WhefsiR i ¢ unoral vessels, in a patient, conprising the
i is &1 iBRger oMb 8i Stering to a patient a
~_ radi opharmaceutical effective amobunt of a bonbesin
J is amiategey foupditelé, ant agoni st conj ugate according to any
Pis&gf claims 1- 8, - Imaging the radionuclide netal
inthe patient. 14. Use of a radi opharmaceutically
prefedfablyct i ve anount of a bonbesin anal og pepti de
.. ant agoni st .copj ugate according to any one of clainms 1-
11s a Ipgge ‘gnﬁﬁﬁgfacture of an imaging agent for inmaging
j is fOARES fforh @GeRL Or s, preferably GRP Receptor expressing

~tunor cells and/or tunoral and peritunoral vessels.
P is O, and the close analogs thereof.

9.  The bombesin analog peptide antagonist conjugate according to any one of claims 1 — 8,

with the proviso that the bombesin analog peptide antagonist conjugate has general Formula

@)
@) [A-Bl-C

wherein
A’ is included instead of A and has the same meaning as A except that it is a metal chelator

free of radionuclide metal.

10. A pharmaceutical composition comprising any one of the bombesin analog peptide

antagonist conjugates according to any one of claims 1 — 9.

11. Use of any one of the bombesin analog peptide antagonist conjugates according to any
one of claims 1 — 9 for binding to bombesin receptors, preferably to gastrin releasing peptide
receptor (GRP) and/or for inhibiting bombesin receptors, preferably gastrin releasing peptide
receptor (GRP).
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15. The use according to claim 14, wherein said tunor
cells refer to cancers that are selected fromthe

WQ@e@apowsdenpri sing: - prostate cancer, includi NBCT/EP2009/001403
net ast ases breast cancer, Bfcl udi ng net ast ases
gastroi ntestinal stromal tunors small cell |ung

carci nomas - renal cell carcinonas,
gast roent eropancreati ¢ neuroendocrine tunors, head and
neck squanous cell cancers, neurobl astomas, and

12. 0 9\319% greg)glgiﬁggﬁsﬁo&edﬂm&%&ﬁ&ﬁ%@i&@?%d&%&@ﬂﬁéﬂ &i)njugates

tunnra rmoral vessels re 0 cancers th
mmeMggeﬂ@otbd fromthe group conprising: ovarian
com nceﬁg tendomatrlal cancers, and - pancreatic
BBﬂB% S'P6. A nethod for treating or preventing tunor

- RadR\chel &/ thé bdirﬂl%%[nadnaﬁig%epﬁdd &M’g@hﬁ{ confifpatd hakitlggdeétal Formula
di seases, conpr|3|zg the step - Adm nistering a

() asrisfiapdehave ayity 2 ayitable rla@‘@n'éf'rlr’éiﬁ ﬁ‘tetaéf’r BepbavEsi n anal og

pepti de ant agoni st

13. A method for imaging bombesin receptors, preferably a GRP Receptor expressing tumor

cells and/or tumoral and peritumoral vessels, in a patient, comprising the steps:

- Administering to a patient a radiopharmaceutical effective amount of a bombesin analog
peptide antagonist conjugate according to any one of claims 1 — 8;

- Imaging the radionuclide metal in the patient.

14. Use of a radiopharmaceutically effective amount of a bombesin analog peptide
antagonist conjugate according to any one of claims 1 — 8 for the manufacture of an imaging
agent for imaging bombesin receptors, preferably GRP Receptor expressing tumor cells and/or

tumoral and peritumoral vessels.

15. The use according to claim 14, wherein said tumor cells refer to cancers that are selected
from the group comprising:

—  prostate cancer, including metastases

- breast cancer, including metastases

- gastrointestinal stromal tumors

- small cell lung carcinomas

- renal cell carcinomas,

- gastroenteropancreatic neuroendocrine tumors,

- head and neck squamous cell cancers,

- neuroblastomas, and

- oesophageal squamous cell carcinomas

and wherein
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conj ugate according to any one of clains 1- 8. 17. Use
of a therapeutically effective anount of a bonbesin
w@eabaep3prept i de ant agoni st conj ugat e accor di ngPEER2999/001403
one of clains 1- 8 for the8ianufacture of a nedi canment
for treating or preventing tunor cell and/or tunoral
and peritunoral vessel related diseases. 18. The use
according to claim17, wherein said tunor cell related
di seases are selected fromthe group conprising: -
saldgﬁﬁ&ta?&{f‘d gﬁe?ﬁ‘&ﬁ&ml VSV ER %o BREAS LR &R seQEt%é?xtonP@\@ efdup
i ncludi netastases, - gastrointestinal stronal
composmwgs, snmall cell Iung carci nomas, renal cel
carC|nonas astroent eropancreati ¢ neuroendocri ne
t unor s? %5%39% % neck squanmous cell cancers, -
nGUIObbﬂﬁhﬁﬁﬁﬁcmﬁﬁﬁ,QﬁBOphageal squanous cel
carci nonas and wherein said tunoral and peritunora
vessel P#Ereatiega§ESeases are sel ected from the group
conprising: - prostate cancer, including netastases,

andbr east cancer, i ncluding netastases.
16. A method for treating or preventing tumor cell and/or tumoral and peritumoral vessel

related diseases, comprising the step of:
- Administering a therapeutically effective amount of a bombesin analog peptide antagonist

conjugate according to any one of claims 1 — 8.

17. Use of a therapeutically effective amount of a bombesin analog peptide antagonist
conjugate according to any one of claims 1 — 8 for the manufacture of a medicament for

treating or preventing tumor cell and/or tumoral and peritumoral vessel related diseases.

18. The use according to claim 17, wherein said tumor cell related diseases are selected from

the group comprising:
—  prostate cancer, including metastases,
-  breast cancer, including metastases,
- gastrointestinal stromal tumors,
- small cell lung carcinomas,
- renal cell carcinomas,
- gastroenteropancreatic neuroendocrine tumors,
- head and neck squamous cell cancers,
- neuroblastomas, and
- oesophageal squamous cell carcinomas

and wherein

said tumoral and peritumoral vessel related diseases are selected from the group
comprising:

—  prostate cancer, including metastases, and



19. A kit for the preparation of radi otherapeutica

agent or of a radi opharmaceutical inmging agent
w@owpnissng a vial containing a predetern ned PCERBPI009001403

of the bonbesi n anal og pep#8de ant agoni st conj ugate

according to claim9 and an acceptable carrier,

di l uent, excipient or adjuvant for the radiol abeling a

nmet al chel at or

-  breast cancer, including metastases.

19. A kit for the preparation of radiotherapeutical agent or of a radiopharmaceutical imaging
agent comprising a vial containing a predetermined quantity of the bombesin analog peptide
antagonist conjugate according to claim 9 and an acceptable carrier, diluent, excipient or

adjuvant for the radiolabeling a metal chelator.



