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studies are included in the publications (Waser et al., Eur. J Nucl.
Medi ci ne, WOGPOYH3295.100: 1 NucL Med., 2006, 47, 114RCTHP00DHOHEY3
virtue of selecting an antagoni st thaf targets GPR receptor at a
different site with high affinity, it is shown in this invention that
a conbi nation of spacer strategy results in unexpected high and
persistent tunor uptake conbined with a | ow uptake and rapid

cl earance in non-target organs. In a conparative study, renarkable

hi gher upThkferdgeing pricipla istfheghdr tﬂntandedm GBPBsexptoravadhpeptidesspeptides have highr

o agont <tRuR,for B iR af which MR RO TN rliRln BRbsiEat Bigd o o
o agant 2“’““@3‘%’?@ “*‘2@‘&‘;?“3“‘*‘“’*‘*‘@”’8 . e T - fose
Vi vo behadfi %ﬂetﬂzqémwg F{'ﬁ%% 5@9@5@% ?%ﬁﬁ%liﬁa?’ , Giotonjug. Chogre 124250

it is an D86t spiithehd, BiReAN:. cri;@menul(ma) Dg-maoaard&mwébmmgﬁumz-
pepti de ant agoni st 20 cg\? ugat es show ng upt ake and in vivo

st abi | i t y*@8RuRegsesed plrindidVicplind gagd U mw Bﬁéwwﬂmumﬂ"m@er

| NVENTI ON,, 216 I"nc;?emw:@%kd ARRES medlichR, S@Eﬁa&mﬂ ) (75 @1@99) EmJ@@mghgwez al,
anal og pegtl de ant a ni st conjéu gat es sel ectivel

bonbesi n ¢ersepkess §4 OIETE-HASE Lensryaa ng %Vﬂéiifel%vel@ é'fjflbpd)\m%dtmder et
triggering el Ndld, 43! begs 5t %@Q&sﬁgéthsﬂnéhw & BPUJ NakIORY.] $X2004),

t hrough cal’ci'umnmobi’l Tzat1 on “whi | € ant agoni zi n agoni st | nduced

ef f ect® i B9PRSEE; prmosyxsq!eﬁésncemﬁmﬂ@r#adhehqw §42i(%)n 0% §é¥ﬂl|€t¥é ;

ant agoni s Formula (1): 30 (I)IAB)dx-C WO
2009/ 1093@%@'%%@%%@%&26@?%& ein x is an integer fromlto 3, n
is an integer froml to 6, 5 Ais a netal chelator conprising at

| east onefqdl QP&J?DF;S’FRﬁé aﬁo%@b&i,?ﬁ%@%%&??)ﬁ 59# [rﬁ 29951 | Yol 2!

t her apeutic Use r i magi ng” or er apy, |s a
spacer | ingihgt 200)34, é}ﬁrﬂloﬂhimddfanfiy etralal/clnwd | Mast, 200md7, 1C4#t-S2pinagirgesd n

anal og. pe ﬁ?le ant on| st. of sequen .%I t %%%( iR, 10.
Caa10Pch ripiepEaBR B8R0 ord | FHD A bolebath A B O J a b
i s D Phe, QWASHGHLIA-NK1)) (' IATAMBY), besbesi dbsaibedvi ng any one of the
fornul ae descri bed bel ow. -11NCO -HNCO- - 11INCO- \ - FI NCO
~ 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
20  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
25  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 intemalized 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
30 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



Kis F, d, I, or NO2, Xaa2 is Ay or 0-Ala, Xaa3 is Statine,
Stati ne anal ogs and isoners, 4-Am 5-MeHpA, 4-Am 5- MeHXA or a20

subst it ut eWOZMINEEB? ds, WO 2009/ 109332PCT/ EP2009/ 0014 FE TEEZHA[0P1403
Leu, Cpa, Cba, CpnA, Cha, t-budy, tBhAla, Met, Nl e, or iso-Bu-Qdy,
and Z is NH or O; C 2:

Xaal6- GLn7- Tr p8- Ala9- Val m Xaa211- Hi si 2- Ler ny( CHOH CH2) - (CH2) 2- 043, 5
wherein Leuw CHOH CH2) - (CH2) 2-CH3 is (CH2)2-CH3 OH 10 Xaai is D Phe,
D-Cpa, D Tyr, D-Trp or a residue having any one of the fornul ae
descr i bedratheligands inklieNGDorsthat appeared to be reuicaddornoptimaFyisu@lizatiop amt  NO2,

ALK SETERE s T T e e
Xaal i s Dhitreficiddt Gpanaliationrs udally frovidedipredmnidarlybgapordstaf@odeireahyf/. t he
Formul ae ges il 300887, 3%5-377; Koenig et al., Trends Pharmacol, Sci., 1997;18, 276287,
5  Cescato et al., J. Nucl. Med., 2006;47, 502-511. Ginj et al., Proc. Natil. Acad. Sci. USA. 2006,
103, 16436-16441) and recently, it was demonstrated that, in the case of somatostatin
receptors, high-affinity metal labeled somatostatin receptor antagonists poorly intenalize into
tumor cells and perform equally or even better in terms of in vive uptake into tumor in animal
tumor models than the corresponding agonists, which massively internalize. GRP receptors are
10 over expressed in several neoplasms (Cornelio ef al, Ann. Onco., 2007, 18, 1457-1466 and
references therein) such as prostate cancer and metastasis, breast cancer and metastasis,
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. GRP receptors are also expressed
15  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

20  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

9mT¢-N4-labelled Bombesin antagonist may be preferred over agonists for tumor targeting.

25  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
30



CO-. - HNCO- - HNCO- | TNCO- 5Kis F, d, I, or N2, Xaa2 is Gy or
13-Ala, Xaas is Leinv-CH2NH, Xaa6 is Cys, Phe, Trp, Tpi or Tac, 10
wher ei n TpWORAW/IWEE2 have the fol | ow ng meani ng: and FLIYEP2001001843 O;
WO 2009/ 109332PCT/ EP2009/ 001403 9 C- 4%
Xaal6- 01n7- Tr p8- Al a9- Val m Xaa211l- Hi s12- Xaa7, wherein Xaal is D Phe,
D-Cpa, D-Tyr, D-Tip or a residue having any one of the fornul ae
descri bed bel ow. -HN -HNCO \s, "™
According to WO 2007/095443 A2, L70 sample with the particular sequence !"’Lu-DOTA-
Gly-4-aminobenzoyl-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH, behaved as an agonist wherein
the uptake at 1 and 24 hours was measured. The uptake is not optimal for therapeutic purposes

and needs to be improved.

Besides these patents and applications, pre-clinical and clinical studies are included in the
publications (Waser et al., Eur. J. Nucl. Medicine, 2007, 34, 95-100; J. Nucl. Med., 2006, 47,
1144-52),

10 By virtue of selecting an antagonist that targets GPR receptor at a different site with high
affinity, it is shown in this invention that a combination of spacer strategy results in
unexpected high and persistent tumor uptake combined with a low uptake and rapid clearance
in non-target organs. In a comparative study, remarkable higher uptake (> 2 X) in the tumor
was observed when a similar linker was used. Starting from in vitro assays validating the

15  antagonistic properties of the Bombesin analogs it was found that even after adding N-
terminally a spacer, a chelator and a metal these antagonistic effects were retained and

translated into excellent in vivo behaviour regarding tumor-to-background ratios.

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

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

SUMMARY

DESCRIPTION OF THE INVENTION

25 Ina 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 calctum mobilization
while antagonizing the agonist-induced effects in these two systems, wherein the bombesin
analog peptide antagonist conjugate has general Formula (I):

30
@ [A-(B)a]x-C



-HNCO- "N.,/ -HNCO Kis F, d, I, or NO2, Xaa2 is Gy or 13-Ala,
10 Xaa7 is Leu-O Al kyl, or Leu-NHalkyl. The invention further refers
t 0o phar macW@P¥a09332 accept abl e salts of these bonbesi n MIAEHHe1303 de
ant agoni st conj ugates of an inorgani cbor organic acid thereof, and
further to hydrates, conpl exes, esters, am des, solvates and prodrugs
of these conpounds having general chem cal 15Fornula (1). Description
A (metal chelator): In a preferred enbodi nent of the present
invention, the nmetal chelator (A) is a nmetal chelator for trivalent
metals or for pentavalent netals and their close anal ogs. WO
2009/ 109332PCT/ EP2009/ 001403 10 Preferably, the netal chelator (A)
for trivalfgftnetals is selected fromthe group conprising: DOTA-,
NODASA- ,  NglaGmeger MothA-to 3DTPA-, EDTA-, TETA-, and TRIM based
chelators and _ their close anal ogs, wherein 5DOTA stands for
1, 4, 7, 10-# sepigescyEpydda&eane- N, N, N', N'' tetraacetic acid, DTPA
st andss f ox ;i GEAVHERARE EOATISHEPLR Ma@R06 tdfon8Qidd mell WiefelaBR A8itdbR for

or

et hyl enedi amne-N, N -tetraacetic acid, TETA stands f
1, 4, 8, 11-diemmesticn dheeipsetisise.anere preferghly for iragingrardietherapyl, and NOTA

stands fOﬁislaﬁ%age;nm%eg%@gytsﬂnaﬂa%%%lcm&soxﬁe' d. 10 More preferably,
the nmetal chelator ) for trivalent netals Is selected fromthe
group con@is ahonpesib@mleg pandipentagomispef sequence KT 10 Gdswherginel at ors and
their close analogs. 15 The structures of these chelating ligands in
their fully deprotonated formare show bel ow. "COO'" rep> 1 _-coo-(

) C - O0C NCHi: COM3a;’-Gln'-Trp®-Ala’-Val'’-Xaa,''-His'2-Xaa;"*-Xaas *-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-
= .HN. _CO-  -HN_ _CO-
-HN__-CO- == g hd
S H z
= S
| 4
-HN. _CO- HN._ _CO-
o Y Y

W,
W

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

20 substituted aminoacids,



-0-00C/ 1 ]-coo OC NNCQ--- 001 (l)coo- DTPAn = n" = 1 DOTANOTA n =

n' = 2 TETA Even nore preferably, the netal chelator (A) for

trival ent YWOt2809%109332 sel ected fromthe group 20 conpri siB&J/BFERA001403

(di et hyl enetri am nepent aacetic acid) &nd pol yaza- pol ycar boxyl at e

macrocycl es such as DOTA (1,4,7,10-tetrazacycl ododecane-N, N, N', N'

tetraacetic acid) and the close anal ogs thereof. WO

2009/ 109332PCT/ EP2009/ 001403 11 2-hydrazi no ni coti narni de (HYN O,

Nechel ators, N4-X (N4 nay be linear or macrocyclic and X nay be an

azi de am mRa,i$ktn, 0pd, @8/ Cpndx, Chi}t,bufiyA MurdaMezNle, or iso-Bu-Gly, and

met apar acar.boxybenzyl , and carboxy (Nock, B. et aL (2003

[ 99n' c] Dérib éﬁrﬁkl, a novel bonbesin anal ogue for GRP

receptor-targeted tunour inmaging. Eur. | NucL ML Inmging, 30,
chelators. and R2 \O0

247-258)), Desferyioxam,n 5(DE d NcS(4., .
1 r HN N Cr2=n-3<aa1"f-(31n§e§ Hﬁe%lag(ﬁ‘i@@iﬁa%g-f@m#w( KO- L (ChppACRBo0H
Wnereicg 1Q, E;L; R15 are i ndependently from each ot her hydrogen atons or
(C1 -4) aP y'ln groups,

LGUW(CHOH-CHz)‘-(CHz)z-CH:; is

-HN (CH,),-CH,
OH
10  Xaa, is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having any one of the formulae described

below:
-HN\:/CO-
3 HN. _CO- -HN. _CO-
N O = Y Y
: S = z
S S
\ 4
.HN_ _CO- -HN. _CO-
-HN \:/CO- \-/ \:/
o [ 9
K
15 and

KisF,CL L or NO,,
Xaaj; is Gly or B-Ala;

C-3:  Xaa,>-Gln'-Trpt-Ala®-Val!®-Xaa,'!-His'>-Xaa; '*-Xaag '*-ZH,

20  wherein



wherein, in the noiety of the above fornula, t is 1 or 2 or 3 and at
| east one of the KY )t carbon atoms in the saidmiety is

substi t ut SWORPOMOEB2i s not substituted by Y, RI6 is a MREGVERIEF08kMM
or a O (Cl -C4)allcyl group; R17 an8 R18 are independently from
each other (Cl-C4) al kyl groups or phenyl groups; WO

2009/ 109332PCT/ EP2009/ 001403 12 Rig is CH2-COOH or a functi onal
derivative thereof; Eis (C -C4)allcylene, or phenylene; optionally
(G -C4)allcylene is substituted by CO2-al kyl, CH2-CCallcyl, CONHZ,
or CONHCHRad) (2P athk,dYICpa,D-Tpt, Dol dr ¢ régidne Yibwnearysons bbbt fértnikad desgribed
CO2- al kyl, wherein the al kyl groups have 1 to 4 carbon atons; Gis NH
or S Y’l?@%ﬁfunctlonal group capable of binding wwth a free am no
group of the peptide (N-termnal) or with the spacer; and 10 Z' is S
or O Nrchelators is preferably, ( H2)m 15 wherein m neans an
integer from1l to 4. NrS(ﬁNG\gﬂg?ators is defined wherein r is an
integer from1l to 4. 20 Said functional 3ﬂ$up Y preferably %gnprlses

i socyanat o, igQt hi geyanato, hal o m
epoxy, trichloro¥s-triazinyl, nei m no, chlorosulfoﬁyl
alkoxycarb-inido'l, (substi tut unsubstj ted)

al kyl car bonyl oxyc
succi ni m do- oxycar
hydr ocar bon bi radi cal~ Sui tabl e exanpl es of Mydrocarbon biradfcal s
are biradicals derived 25from benzene, (Cl -C6) al kanes, (C2-C6)
al kenes and (Cl-C4) - a%kylbenzenes }ﬁ@d t fg.cl ose anqhggs ldegr eof .

LR i)

Kis F, ClL, 1, or NO,,
Xaa; is Gly or p-Ala,
Xaas is Leny-CH,NH-

lIlu.
lllls

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

10  wherein Tpi and Tac have the following meaning:

HN
m CO-
~
N)w
~N CO- \—s
Tpi Tac

and

Z is NH, or O;



WO 2009/ 109332PCT/ EP2009/ 001403 13 Preferably Nt S(4) chelators are
selected fromthe group conprising bisam no bisthiol (BAT) based

chel at or s WO204286%82t i um r adi onucl i de netal , PCT/EP2009/001403
mer capt o-acetyl -gl ycyl -gl ycyl -gl yci ne? (MAG3) for technetium

radi onuclide netal and the close anal ogs thereof. Mre preferably,
the netal chelator (A) for pentavalent netals is selected fromthe
group conpri sing 10 and the cl ose anal ogs thereof, wherein
11.1-R19, Z', Y, Gand t are defined as above. Preferably, r is an

i nteger fe€am Kdad-@nalp e’ eVal’etans' hHlis)* Xad;s 2 or 3. 15 Preferably, m
means an integer froml to 2, nore preferably mis 1. WO

2009/ 1093% / EP2009/ 001403 14 Well Icnown netal chelators such as

| i near, nEgd @AY-Che,D-Ch&ID-Tpy D-Thpe a fa3ililubBHind\NSDneo bf thid feinelaaiaxdbar e
di sclosed in US 5,367,080 A, US 5,364,613 A, US 5,021,556 A, US
5,075, 099°KW:Us 5 886, 142 A, the discl osures of which are
incorpprated herein by reference in their entirety. 5 Wll known

nmetal chelators such as HYNIC, DIPA, EDTA, DOTA, TETA, bisam no

bi st hi ol (BAT) based chelBVor s e disclosed in US 5,720,934 A the

di scl osure of which is incorgorated herein by reference in its
entirety. Velgnknown.metal chelarqrs suctiMs ST er r ridNagiAQ-DFO) is
di sclosed in Doh‘_ﬁas et at 10 ( Endosonal and | ysosgnal effects
of desferrioxam fe: %rot ection La cel | s~{rom hydr ogéx

per oxi de- i nduced\D{jmage aducti on @ | -cycle Fr ee
Radi c. Bi oL Med., | /35, |s¢ /. 719- 28. A wi de varilg bf

chel ating agents is ailable a revi ewed By Banerjee et at,”(Nucl.
Med. 15 and Biol ogy, 2005, 32, 1-20 and references therein) included
herein by reference. 2-hydrazino nigpti ngani de (HYNgh iscgpot her

cl ass of chel at iy~ ge6éb (A), in the esénce of a col gand whi ch has
been widely used foE incorporation of ®9111Tc and 186' 188Re (Schwart z
et at Bioconj. Chenk , 2, 333-6; Bapf et at, J Nutd-VBd
1993, 34, 1964-70; Nu d. 20Biol., 1f |
Biol., 1995, 22, pp. . 1-10) DTP, gsed in COctreossyXT
(mar ket ed by Covi di an) r COHpl exi ng and several nodifi
are described in the literature (Brechb{ gt et at, Biocon.
1991, 2, 187- 194; Lie! "at, Nuct Med. Biol., 2001, 28, 145-154).
DOTA type chel ates for radi otherapy applications are descri bed by
Tweedl e et at, US Pat 48885363. O her pol yaza macrocycl es for

chel ati nd~ish $hiletiNPsot opes netals are described by Maecke et al in
Bi oconj . XQemGly éP8Al1a, 13, 530 and are included herein by reference.
30 M-chel ators, 999' c- Nd-chel at or have been used for peptide

| abel ¥hg X437 sAeuOadbkybor kptNEadkdi n for targeting CCK-2 receptors
(Nock et at, Nucl. Med., 2005, 46, 1727-36). WO

2009/ 109332PCT/ EP20091001403
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

15 Formula ().

Description A (metal chelator):
In a preferred embodiment of the present invention, the metal chelator (A) is a metal chelator
for trivalent metats or for pentavalent metals and their close analogs.

20



15 In a preferred enbodi nent of the present invention, the

radi onuclide nmetal is suitable for being conplexed with a netal

chel at or aWE&2P¥H8?33Y to radi oactive nmetal chel ator for BCHEFRHY/001403
Preferably, the radionuclide netal islselected fromthe group
conprising 133mn, 9944 Tc, 67Ga, 552 Fe, 68 Ga, 72 As, 111/ m 97 Ru,
203 Pb, 62 Cu, -u C64 Cu, "Cr, 52m m, 157 od, 1231, 124-, 1311, 75
Br, 76Br, Thr, 64Cu and 82Br. More preferably, the radi onuclide netal
is selected fromthe group s sraTc, 67Ga, 68 ra, conprisingu 111In,
and 1231. Piefeedblyydieangtdl eflﬂﬁt&bdﬁw fomhavalan inetulck belectatetoan the grom capridiven

enbodt o0 ED RS BAG s A0 TR: Bl et pe T Rae i B

sui tabl e §HRlatgzosnalteft diese\dhilbgsad Met al chel ator and | eadi ng to
radi oactive netal chel ator for radi ot herapy. Preferably, the

radi onucl VE&etal is selected fromthe group conprising | 86Re, 90y;
67cu, £8 ﬁ@TA@%mEé’fori-a]?sl@—teﬁ'ﬁé?cloli@t?déﬁne-ﬂ@M" N'1RE8McAIM, |61, mID
169Pd 188Rd, 186RU 166Dy, 15166H0, 149 pm 151pm

153sm 15@1‘%1%S@Mﬁﬁdl%ylenemwe@acetww% 175Th, 177Lu, 1"11h, "1Ag"

125L 123Lgp2d 3aadfor étgﬁeneﬁi%mme-N N’-tetraacetic acid, , Qu and 172nBn.
More preferably, the radi onuclide netal i's selected fromthe group

conpri si nEETAemeds faiglefs, 1 1-tetaszpcBiedodganah 4,85 cettapogtig acidpand f ur t her
alternati t 4 radionuclide nmetal is a
r adi oact |I¥}g %()sm&?ﬁef I‘(ii‘&%(tfl génghgﬁg&g%fc%gi i sot opes), the radioactive
hal ogth i s bonded directly to the peptide, such as by chem cal
reaction 13

' ly A
eact o1 gl bETBLELY 1 ERUR 0GB st AL oo

1111 n) armbmpasingt her apeuti c agents (90Y, 1535m 172Lu) 25 optionally

he. ant nBR e d Sty PRBR" iy BEa 0 o dfigfe @i i BIREE®, 10700 e

i sotopes "Yttrium "Indium , 149Pronethi um 1538arrar| um

t hesol ot Heehetias Dl HEr Shtmeesta i e Splaett RpdRabym et a

chemi stries, in that they remain in the +3 oxidation state and ppefer
to chelate to ligands that bear hard 30 opr)ﬁ//\nitrogen) dongr

atonms. WD 2009/ 109332PCT/ EP2009/ 001408 16 NDeNTr I'g000oNn B ( r

is a spacer linked to m nal of C or coval ent bond. a
preferred. errbodl ment of the present inven ion s a gqhpoun Vi o

For mul a (qu N/\/N\/\ /~coo i
00C/ \—COO’ I—fl).,- COO

DTPA n=n'=1DOTA NOTA
n=n'=2TETA

Even more preferably, the metal chelator (A) for trivalent metals is selected from the group
20  comprising DTPA (dicthylenetriaminepentaacetic 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



5 11BI-B2 wherein Bl is a coval ent bond, a natural am no acid,
an unnatural amno acid, a |linear diamne or a 10cyclic diam ne, B2
i's a coval WRt209042832 3 natural am no aci d, an unnatural REGHERBIBSIEIS g
| i near carboxylic acid or a cyclic calboxylic acid, with the proviso
that both Bl and B2 cannot be coval ent bonds at the sanme tine and

t hat, when Bl is a diamne, B2 is a carboxylic acid (Le, B2
cannot be a bond or a natural or unnatural 15amno acid in this
case). Preferably the unnatural amno acid is a conpound havi ng any
one of Fopayliraging hicdtnamfde\JLYNIC), Narchélioys, Winatr (@, maR BE lihéar or mawbeckd mda
is an integer from.Q to. 3, is an integer .fromQ to 3, 25an

o1 ot ve. Sl et A Ring: O Relagdh, s rih o Aty Spd mifaRtacsRoH oy, and
Pr ef er abl yarbxyi(Noék, B erlel. (P0039°CTEIDehobesQ, a novel bombesin analogue for GRP

2009/ 109332PCT/ EP2009/ 001403.17 I a -00- ein.b
i s an i nt EGEoTiAgeed tympup imaging, Euryf, Nugt é%é\r{')"%%%%%g?éggw%%ﬁ%c

C is ap i[pryYeind™N,9 ), khdlatdR, nore preferably c is from1 to 8, 10 d
is an integer froml 'to 3, nore preferably d is 1 . (V)

Ei >e( CH2) #1900 ( CH2) g- NH-

R, 0 Y
—f Y ]
HN N N NN

oy
HN=l\ NH
HG 1R, %

+ NH
HZ! NI{ G\RS 6 HZ NH
R, HS
COCH
% i
E
/k HN/ \NH
Rinn N NH R, o=" 0
R Ry, R — R
Rl‘i 4 Rys 6N '
vy
HOC OH R;-0C CO-Ry4

wherein

10 R;-Rys are independently from each other hydrogen atoms or (C; —Cs) alkyl groups,

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

carbon atoms in the said moiety is substituted by Y or is not substituted by Y,
Ris is a hydrogen atom or a CO; (C; -C4)alkyl group;
R, and Ry; are independently from each other (C,-C,) alkyl groups or phenyl groups;



wherein 15 E is NH, or CH2, f is an integer fromO to 6, g is an
integer fromO to 6; when E is CH2, then the 6-nenbered ring is

opti onal | yWOuZB&Y109332 ed at any carbon position of the 6-BEMRFRIEHEIHg
on the sane carbon of the ring or on ¥ fferent carbons, 20when E is
NH, then the 6-nmenbered ring is optionally substituted at any carbon
position of the 6-nenbered ring on the sanme carbon atomof the ring
or on different carbon atons and/or on the nitrogen atomw th the
proviso that for g is an integer equal to or higher than 1.

Pr ef er abl yRi9 B Hz-CO@HNIr filnciienabderivatiegberedff om 0 to 3, g is an integer
fromO tog3; C \L\Qﬁ@%%/elgg ?éZP]C'I;{_EPZOOQI 001403 18 WO wherein 5i is
an integePl%§6n11 B> P i nteger from1 to 6, Pis 0 or H2.

Pr ef er abl yptionaliy (C5 ~Ex)alkntesgie subfstimnad bytG-311kyl,(CH,-CQalkyl, CONEger from
Ito 3, P | ferably the spacer is selected fromthe group
conprisingamﬁg%gﬁésrgkﬁ’carboxynethylpiperidine,

(R, S) - sli apptivaabgihetdeieds suBbinlted By CBIafl4M), 8- am nooct anoi ¢ acid, 6-
15am nocaproi ¢ acid, 4-(2am noeth g-l-ca[boxynethyl pi per azi ne,

di am nobut§FFiE thiale! eruphiaved tad Feyf, onatgmsing- 1

- Boc- pi pegliginAar4; car boxylic acid, @ y-am nobenzoic acid,

5- am no3- oxa- pentyl -succi nam c_acid, Pegl 24-4-amno- 1 . .

- car boxyn&lhgfﬁn@welrsram@pa%%f(WW itk a 8¢ gyino groupsphths peptide M grninady
Descri pti gnyith hbregsidy anal og peptide antagoni st of sequence) In a
preferred enbodi nent of the present invention, the bonbesin anal og
pepti #& aAtia§enlOst sequence is selected fromthe group conprising C1
to C3, preferably CG1 to C 2. Preferably, the bonbesin anal og

pepti de antagoni st sequence is selected fromthe group 25conpri si ng:
Ns-chelators is preferably,

(CH,)m-

15  wherein

m means an integer from 1 to 4.
N;S(4.y) chelators is defined wherein r is an integer from 1 to 4.

20  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

25  from benzene, (C; -Cs) alkanes, (C,-Cg) alkenes and (C,-Cs)-alkylbenzenes,

and the close analogs thereof.



Compound | Seq: D-Phe-G@n-Trp-Ala-Val-dy-H s-Sta-Leu-N-12; Conpound

9 Seq: D Phe-d n-Ttp-Ala-Val -3 y-H s-Leutv(CHOH CH2) - (0-12)2-CH3; WO

2009/ 10933@PCWYEPZIDI/ 001403 19 Conpound 12 Seq: PCT/EP2009/001403

D- Phe-d n- Trp- Al a- Val - y- Hi s- Let ni r (I@H2NH) - Phe- NH2; Conpound 13 Seq:

Dphe-d n-Trp- Al a-Val - d y-Hi s-Let ni f (CH2NH) - Cys-NH2. 5 Preferably, the

bonmbesi n anal og pepti de antagoni st conjugate having Formula (1)

conprising at |east one radionuclide netal is selected fromthe group

conpri sing Conpound 1:

ggTA- a 3d/- PiRterdbDENSQY IchéhiBRardelcbted EPmAhagrvap cdahprishligs - St a- Leu- NH2;
nmpoun e . ) ;

DOTA- 4- an’i”% ispgigo pisthipl (BATY bayed qhelators far trehnstivsp gadigmycidemergly via) - @ y-Hi s

St a- Leu- N'FBEC& a&@ﬂ%ﬂ l9eyl-glycine G3) for technetium radionuclide metal and the

DOTA- 4- ami _no- FIk(glpl peri di n%§ /! cgayr bo% cgcr d- D- Phe-d n- Tr p- Al a- Val - d yH

i s- St a- Letloxmapalogsghgsertnd 4:

DOTA- 16- am no- 4, 7, 10 13 tetraoxapent adecanoi c

aci d- D- Phe-d n-Tr Hi s- St a- Leu- NH2; Conpound 5:

DOTA- ( 15- Mpternsefara Iy;L@e n@tarl ehei/ 25 A B perteelerbmetals é selected fram thogroup

car boxyrrego%lnsﬂahperl di ne) - D-Phe-Ad n-Trp- Al a- Val - d y- Hi s- St a- Leu- NH2;

Conmpound 6:

DOTA- di am nobut yri |d- Phe- Q@ n- Tr p- Al a- VaI d y- Hi s- St a- L¥u- NH2;

Conmpound 7:
DOTA- 4- ( 2- am noet hy rboxyrret hyI r)a2| ne- DPhe}éEI -Trp Al a- Va
| A y-Hi s-Sta-Leu- NH ound 8:
DOTA- ( 5- am no- 3- -penty UCCI 25 Hi s- Sta Leu NH2; Iéorrpound
9: R—

nRHhy he

DOTA- 4- amnolcarb I plperldl(he Gln Ti p- ZaNHaI-GIy Hi s
Let ay( CHOH CH2) - (CH ' WO 2009/ 10@5332!5CT/ EP2009/ 001 ®0
Conmpound 11: DOTA- 15-anin -44 7,10, 13-t et raoxapent adeca®i ¢ aci d

-D- Phe-A n-Trp- Al aval - &@OH s- Leuty(CHO—I—CHZ) (012) 2-013; 5 Conpound
12:

DOTA- 4- am no- 1- car boxynet hifl - pi peri di ne- D- Phe-d n‘ﬁ'rp Al a-Val -3 yHi s-
Leuxv( CH2NH) - Phe- N112; Congound 13: A

DOTA- 4- am no- 1-car boxyrret i peri di ne- D- Phe- UN- fm Al a- val - d yHi s-

Leuw( CH2NH) - Oys- ML.2; R 1214 o o

N4t ri azol es- dPEG - ! a n-Tr R,a- Val - A y- Hi g- St a- Jeur,NH2. Ot her
preferred enbodi MenRks: referred odi ne ofist he pr esent
i nvention, for the corrpo\mdméw ng Formula (1), ¥ i® 15an integer

froml to 2, preferably xlid 1. Wien x is eq o i gher than 2,
then (B)" isalinear S e I‘Br a branched sggt?' g 8 to the
N-term nal of the bonbesin anal og peptide antagonist (C). 20 In a
preferred enbodi nent of the present invention, for the conpound

havi n§ Fendthealost nalopsitteraf, i nteger from| to 4, preferably nis 1 or
3, nore preferably 1. In a preferred enbodi nent of the present

i nvention, for the conpound having Fornula (1), Ais additionally a
nmet al cheilate RERFA’] ¥] Ggndit ark defiied anshoeal d net al at om correspondi ng
or 25 equivalent to the |listed above radi onuclide netal. Such
conpounds are useful for in-vitro in-vivo binding assays and as

r ef er enc ereforaploUrislen intdgst ©sin albo¥ endonekprefatblgazadirzent s apply here.

15

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



In a preferred enbodi nrent of the present invention, for the conpound
having Formula (1), K30 is additionally Hor preferably H WO
2009/ 109337PCWHEPIIDI/ 001403 21 In a second aspect, thePUIYEPIHVI00IH03
rel ates to bonmbesin anal og pepti de antagoni st conj ugate precursors
whi ch sel ectively bind to bonbesin receptors and which nore
particularly bind to GRP receptor without triggering internalization
into the cell and w thout signaling through cal ci um nobilization
whi | e ant agoni zi ng the agoni st-induced effects in these two systens,
5 wher ei NWellgénbwirhetl chelifidt .@h pEiidaf] énaddk adioteipyfiting BghiNsS, NaS; or Ny

eneral Far Ia [ F.A - -C i 0x_ | i_nt eqge
Pro o o fleli mycisbiaredtin O 250 e Ay S5 dlanbs feflaiss B o9 a,
spacer |ioke®kss 4Nl e AisBRbure of WHh e BRMPORRE hbethy rfetehicdin MRSty
anal og peptlde antagonlst of sequence CG1 to G 4. 15The netal
chelator A' is a netal chelator free of radionuclide netal as defined

in thesfiggj kﬁé@@ﬁx@tai Helafors SRE SHEREE, IBrBAGHTIE IOTREETA, 388 bisthiol
peptide anAﬂgonlst are defined as above in the first aspect The

i nvent i on(BAlNbAed chelgtersqrg @sqéwaql PdR BTG4 4 ﬂ@cﬁ&é]@wﬁ oéwBishiss of the
bonmbesi n j ugates of an inorganic or
organic agﬁgbaﬁ%§58%54§ng@ %g?ggg conpl exes, esters, am des,
sol vat es and prodrugs of these conpounds havi ng gener al cheni cal

s an | nt Dol odh Aol (LAl EBRAB o (RS PhESEH: i DURRL LA
Ih| gEe(ijO : h@?OQ,Enu’m:ma(@d lys;osorml Ieﬁ% a'ssn&iaexanfme azrcqunﬁ héHeIfm&efrom

i nked to onbe na i de a S
O i b e ey i A e R A L

inventiothéIﬁMeESﬂ@u@ﬁ@h%ﬁ&aceutlcaI conposition conpr|5|ng bombesi n
anal og pepti de antagoni st conjugates having Fornmula (I) or (1') and a
pharmaceutical acceptable carrier. In a fourth aspect, the invention
rel at es tA widevatisty ofthdhaiihagdints ia aadilale papicvidecdby Baeness: of piNuul e s

havi ng For mul. I '), faqr bindi tQ.b in receptors and nore
bar t1 £l sPidabh OB 341t GerBiees B S s DerCsy PG 1 or

i nhi biting bonbesin receptors and nore particularly gastrin rel easing
peptide re tor (GRP)..In a fifth aspect, invention relates to_ a
met hod fof %E@H&WWQ“WBMW i AR %%‘pﬁfr’ atwﬁt%@ﬁﬁgtmﬁﬁﬁfﬁﬁamf

havi ng gen@ligndr@ichha bedn widkly &&&ﬂﬁkeéé&x&ﬁo%%m”ﬁ'“% (ShawdBzan gl

C are deflnegéas above, conprising t f elatln%@the
borbesi n Ziferth & hpEpt $He 233895 Babich et@én{ @Mya @feﬁa&?%g“gé%%q &k Mifa
(1) a5 dgbi neds aboyesomvi, by Bred Utibialbss, Q@quOEEJBb'Idﬁ) netal or netal
atom corresponding to 20 radi onucli de netal i sted above. Pref erably,
the nethod for preparing a bonbesin anal og pepti de antagoni st

conj ugat %mls'ﬁgmﬁﬁ'@ﬁ:ﬁ@&sc%ﬁfﬂgrﬁaé& Qy @mﬁd)si'&%o f%xﬁlheplnoafnd several

radi ochelating wth a sui radi onucl i de neta
modifications are described in the literature (Brechbiel ef al. Bzocon Chem., 1991, 2, 187-

194; Li et al., Nucl. Med. Biol., 2001, 28, 145-154).

25
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.

30  Ny-chelators, *™Tc-N,-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).



25 In a further enbodi ment, the nethod for preparing a bonmbesin

anal og pepti de antagoni st conjugate having general Fornmula (1) (I1)
1A- (B) nh- GvQLaA1e38tn n, x, A, A, B and C are defi ned PEI/ERR®E01403
conprises additionally the steps: W332009/109332PCT/ EP2009/ 001403 23
a) Coupling a spacer B to a bonbesin anal og peptide antagonist C for
obt ai ni ng a spacerbonbesi n anal og pepti de antagoni st of sequence C1
to G4, optionally repeating step a); and b) Coupling a spacer-
bonmbesi n anal og peptide antagonist with a netal chelator A for

obt ai ni ng bonbesi n anal og pepti de antagoni st conjugate havi ng gener al

Formula (]'), 5boptiaonglly repeating step b), above steps, occyrrjng
before t h& arpaﬁf%%%v‘%ﬁfm@t af tﬂ? RESHb N erion; %\ﬁ@% u‘gﬁsﬂe@iméh@@foﬁf st
conj ugat epdidVdoRfpl &M eitRh nfefd] BhdlAor(and Jeaink fo Adidbdtive Blctl ERMtGTHCagRg.
metal or netal atom corresponding or equival ent to radignuclkide netal

li sted abBrgferablyy thegadionyeclideanetalds iffpEnthe group gempRissgent 10 nv dfit | G,
n, x, gretalp,ohelatar Ay, BepaloRetal oF of 51 gpavey B hpresi n7s g,
anal og peptide antagonist C-are defined as above.  ~ I'n a sixth
aspect, thBni mrerey and ri Morsprefsrahlynie mslipnuelideimasd iisvglepisaieny the group
receptors L Ope S7pasd b cudiar | v, 1f BRSRA i : .
cells and ogrg’glts ﬁgo?g ’ an% p%érgi t?lulr‘%ir alli'%\?glgg%reg&%ma pa%el?gllﬁl?%hhy&g{al '
conpri si n§ GahBvestnae preferailintha ratienelivy negal as P2 ent a

radi ophar maceutical effective anmount of a bonbesin anal og peptide
ant agoni st conjugate having Formula (1); and - Inmaging the

radi otfluclide nmetal in the patient. 20 A preferred enbodi nent of the

si xt h aspgct ncerns .t he of a radi.o nnaceut.i.cal | y. effective

rount orid AEARERTPodiRy g e v R EmiaR AT RSRNY 08 Blalis KBk

For mul a (dompleaingtvwich avaetall chelator endibadiny tio radijdantveagetaltchélator foreaglictigerapy.

bonbesi n receptors and nore r.ticul gr.l Recept or  axpr essi

Cunor o e B e e e o Gous rtera T Roa b bt ed

enmbodi menga thier, s P e s, Fiee et Alnp'an s ' Piat S, #re 8R4, €0\ sf 1D,

t he group M§ LS BR:  HL OStal e n I Ngd. udi B} asisasqs,, hgseast

canceLS, i (’udi]ﬁ‘&1 %ét%&es%dsggé%gﬁglilhte@#’rr:g’?b%t B ’tuﬁﬁr’s,s‘i

smal | cel P Bipg, Bace 1?0 em,and V2000419 0R3BIRCGHE ERZNOMRHAD B setected

renal cell carcinomas, = gag}rogpt eLOPARC! gati c nguroendocrine tunors,
51 >

head and TR HeSHRYRFBNBIILRAS | Reands ndtr ot a¥Mdomk¥, and

In a further alternative of the first aspect the suitable radionuclide metal is a radioactive

20  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, lllIn) and radiotherapeutic agents (9°Y, 1538m, ""Lu)

25  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,
“Ipromethium, **Samarium, 16eiDysprosium, 186 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

30  (oxygen/nitrogen) donor atoms.



5- oesophageal squanous cell carcinomas. Even nore preferably, tunor
cells refer to cancers that are selected from prostate cancer,

i ncl udi ng WPt284¥18882  and breast cancer, includi ng metRVERSE/001103
In a further preferred enbodi nent tun¥ral and peritunoral vessels
refer to cancers that are selected from Ovarian cancers,

Endonetri al cancers, and 15-Pancreatic cancers. Preferably, the
tunoral and periturnoral vessels refers to Ovarian cancers. In a
seventh aspect, the invention relates to a nethod for treating or

pr event i nDedctfifion B @phced0 and/ or tunoral and peritunoral vessel

rel ated diseases co ising the ep. - Adm njstering a

t her apeut d%ﬁT%?ceéﬁ‘f’g%[tf’?éteg'fll’ﬂglrﬂfi%‘?‘pafoﬁﬂﬂﬁg]g’?‘iﬁ anal og peptide

ant agoni st conjugate having Formula (1). A preferred enbodi nent of

t he sevenjh aspect concerns_the use of a therapeutically effectjve 25
anmount offnaanssfg'a@i?rﬁbc’éﬁa?ftsgf %Eﬁf&f@éﬂaﬁw@ §P°’EB?H"§3’QY‘B€ oD
Formul@ (I) for the manufacture of a medicanent for treating or
preventing tunmor cell _and/or tunoral and peritunoral vessel related
di seases. In a BrBferred enmbodi ment the tunor cell related

di seases refer to cancers that are selected 30 fromthe group
conprising: -prostate cancer, including netastases, WO

2009/ 10938be@eT/ EP2009/ 001403 25 breast cancer, including netastases,
gastrol nt ﬁ;sfs 'aQQJ'alg?t bR nitthAPLino aag,eajnlunﬁzﬁﬁljal Jnﬂﬂtgacq@,ragin@mﬁne senal
cell carcrnomas, b5-gastroenteropancreatic neuroendocCrine tunors,
head #hd ewetikdigmirgnous cel|l cancers, neurobl astomas, and

oesophageal : ) _ .Br
oy ool T2 1 SPAPRY Gris Gl SRIONRY, axbiu ST holBY b Tt Bty dg
t he gr ouporaayplid @itngylic gidyst at e cancer, includi ng netastases, and

br east cance i ncl i t ast,ases..,15 | furt refer
ormodt mooPi e ol o it Bk R o bA8GRer bt BaalbnPodrldt VG ool GieR! ot when
cancers tBai adiamise Be staadrbox div dciie(i. g Bugnoaip uibshdioy a natural or unnatural

15 amino acid in this case).

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

or (VD)
wherein
20 (I
3
1
-HN-(CHz)r@ 4
(CH,) -CO-

wherein

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

25  and relative substitution patters or optionally 1,2-, 1,3- or 1,4-

Preferably,
aisGorl,
bisOorl,



ovari an cancers, endonetrial cancers, and pancreatic cancers. 20
Preferably, the tunoral and peritunoral vessel related di seases
refers to WRaP9EAI8ANcers. I n an eighth aspect, the i nwOTIERID01403 €S
to a kit for the preparation of a radi’ot herapeutical agent or

radi ophar maceuti cal imgi ng agent having Formula (1), which kit
conprises a vial 25 containing a predeterm ned quantity of bonbesin
anal og pepti de antagoni st conjugate of fornual (1') and an acceptable
carrier, diluent, excipient or adjuvant for the radiolabeling a netal
chel at or. In an nineth aspect, the invention relates to bonbesin
anal og pe&tyi de antagoni st of sequence 30 CG1 to CA wherein WO
2009/ 10938¥PCT1EP20091001403 26 CA:

Xaal6-01n7- Tr p8- Ala9- Val | - Xaa211- Hi s12- Xaa313- Xaa414- ZH, wherei n Xaal
is D-Phe, D-Cpa, D Tyr, D Trp_or [ €mavitg any one of the
fornul ae described bel ow - HNEY Kis F, O, I, or N2, Xaa2 is
Ay or fl-Ala, 10 Xaa3 is Statine, Statine anal ogs and isoners,

4- Am 5- MeMpgeing- Am 5- MeHxA or a-substituted aminoacids, Xaa4 is Leu,
Cpa, Da, . RRAteLPRomlilthyss v, tBuAla, Met, Mg, or iso-Bu-@y, and Z
is NHor 0; 15 G 2: ’

Xaa36- GlndisEn prfegtl fom\gb b- Xaa211- Hi s12- Leut v( CHOH CH2) - ( CH2) 2- CF13,
wherein Lany(CHOH CH2) - (CH2) 2-CH3 is 200H WO

2009/ 109332PCT/ EP2009/ 001403 27 Xaai is D-Phe, D-Cpa, D Tyr, D Trp or
a resi duePrafevablyy any one of the formul ae described bel ow. -FI NCO

¢ is an integer from 1 to 15, more preferably ¢ is from 1 to §,

10 dis an integer from 1 to 3, more preferably dis 1.

V)
(CH,)-CO-

E
[ (CH,),-NH-
N
H

wherein

15 E’is NH, or CH,,
fis 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,

20 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,
25 E’isNH,
f is an integer from 0 to 3,

g is an integer from 0 to 3;



5 and K i
Xaal6- Gli

Xaai is D-WRaMpIBsa, D Tyr,

s F, C, I, or NO2, Xaa2 is Ay or p-Ala; 10 C 3:
f-Ti p8- Ala9- Val w Xaa21l1l- Hi s12- Xaa5 "-Xaa5 14-ZH, wherein

D-Tip or a residue havi ng FEAVEPAHE/08IH0X he

formul ae descri bed bel ow. WD 2009/ 104332PCT/ EP2009/ 001403 28 K i s F,

a, 1, or
Cys, Phe,
meani ng:

NO2, Xaa2 is Ay or 11-Ala, 5 Xaab is Leuw CH2NH-, Xaab6 is
Tip, Tpi or Tac, wherein Tpi and Tac have the foll ow ng
Tpi Tac and 10 Z is NH, or 0; CA

Xaal6- GLn7- Ti p8- Ala9- Val | - Xaa211- Hi sl 2- Xaa7, wherein WO
2009/ 109332PCT/ EP2009/ 001403 29 Xaai is D-Phe, D-Cpa, D Tyr, D-Tip or
a resi due(‘p[javi ng any one of the fornul ae descri bed bel ow. -HNCO

10

15

20

25

30

P
-}B\I}/),ILMNH-CO-CHQ-CHZ-CO-
N

i is an integer from 1 to 6,

wherein

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, PEG.4, Sars.ig, 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).2s-4-amino-1-carboxymethyl piperidine, Dab(shikimic

acid), (D-Gln)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>),-CHa,

5



Kis F, d, I, or NO2, Xaa2 is Gy or Xaa7 is Leu-O Al kyl, or
Leu-NHal kyl . 10 DEFINITIONS As As used hereinafter in the

descri pti owWogR01ag332 nventi on and in the clains, the terR@GI/ERRKPI0110DY
itself or as part of another group, r@fers to a straight chain or
branched chain al kyl group with 1 to 20 carbon atons, such as, for
exanple, methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl,
15tert-butyl, pentyl, iso-pentyl, neo-pentyl, heptyl, hexyl, decyl.
Al kyl groups can al so be substituted, such as by hal ogen atons,

hydr oxyl g&ap@sd 1£5eED-BhdOXyTHrAENEI-Gly-Bh-ICLY (EHNH)PHRNIE, Mre
preferably alkyl is C-d o-al kyl, Cl-05alkyl or Cl-Ca-alkyl. As
used hereinafter in the description of the invention and in the
clains, t 3 . 4 RedNAY-Kyd- " shal
have the. ot L S e QNI AN PRI LR LARATRNA). )

2009/ 109332PCT/ EP2009/ 001403 30 unsubstituted, straight or branched

chain n i L . i Pry

and hyir oSt e o fiasile febt ki aRloth A e SOIRATHLII Bl
car bon at @it ame gadionpolidenwital lis seleced fiom theghoyp congirising, n- propyl ,

n- pentyl, ~1. 1-di,m Lethyl -(t- s, hept ol K€, S
moi ety rra?"’B%"“&% gﬁ%@?ﬁ?@?’ é&“%otrbelg%é%ﬁ%hﬁﬁalﬂ%é(&:%%;gG%S/n%ﬁ'gtaélgeél n at’oms,
5 hydr oxyComponns 2: BDTEM-ahinoH ycagtorvipsth v rpiiésidta-IaPld-Giyr- Duppsla- Vad-Glis Hik-
hereinaftgy inbﬁge description of the invention and in the clains,
the term “BHERNEne” group is based on a di- or optionally

tri - subst Comiponed BEDQEAS-ithing-1 -pigdridaan@kdxyabi(B-Pheben YipeaRn) Vil Glp
pol yrer pﬂikg E§+ﬁ onpar a- phenyl ene repeating units. Phenylene may be
10 subst i Pt Mirsubstituted. It may be substituted with hal ogen,
OH, al koxy, preferably Cl-C4- al koxy, carboxy, ester, preferably

Cl - Ca-ester, am itro. As uysed_hereinafter in th scriptign of
the i nventPBRPuY §=el?9‘?eﬂé-ae}la?-ﬁ§;I%tlﬁéetfaemema qeanple a%*ﬁ%?l’r%erév- TR-da-
fol | owi ngviRaANGSadRulNISAt Uurated al i phatic or alicyclic chemn cal
conpound 15 containing at |east one carbon-to-carbon double bond. The

sinplg%t acyclic al kenes, with only one doubl e bond and no ot her

functi onateBRHPS. DAPATY ﬁam&m,pggkﬁteg%ﬂa@téa&awﬁ %&GF(MH%&‘M th the
general fornula C61-12", e gﬁfdﬁgﬁylene (C2H4), propyl ene (C3H6). The
e

al kenes rfgsbosEmethyl pineridinghD Bl Veldaly-Hig-StaleeuNHene are
substituted, they may be substituted by hal ogen atons, hydroxyl
groups, Cl-C4-al koxy groups, C6-Cl2-aryl groups or the like. 20 As
used her eFararfound 6 ROT Areliaguinehulypicacdr Dof het Gla-TronfdaViebGlyalhig-StanLeustiHa;
claing the term™"aryl" shall have the nmeaning of an unsaturated ring
system preferably an aromatic ring system nore preferably having 6
to 12 carGuwpoatdreD QTAMHE-amiinagtheKel-etonrymBthakyberezindBrBhefGlail eo-plreVigit
and naphthalgpnyl..; JTheyaryl noieties may be unsubstituted or
substitué@gFﬂgﬁ%ﬁkﬁs V hal ogen atons, 25 hydroxyl groups,

Cl- C4- al koxy groups or C6-Cl2-aryl groups. As used hereinafter in the
description_of j tio i n_the clai.ns.. term" ;
aha 1 havind SO TR 00 Sl bRe St R H e SR ARy,
t he f25r mHiaSGslldusNHBenzene is an aromati ¢ hydrocarbon and the second
kkannul ene ([ 6]-annul ene), a cyclic 30 hydrocarbon with a conti nuous
pi bond. Benzene may be unsubstituted or substituted, such as by

hal ogen atomipoundy: AF@RAU-agiina PSarbbiynafindlpipen¥ing DORHRSGIQ T AW alRG iy His-
groups. WO 3 P2009/ 001403 31 As used hereinafter in
t he desc#FB?%%%%%%Qghéﬁgﬁgéﬁ?ion and in the clainms, the termns

"al kenyl " and "al kynyl" are simlarly defined as for al kyl, but
contain at |east one carbon-carbon double or triple bond, .

r espetdt i empound 10 RUTArtlyp-aRipes 8l drtetryansatadesansse ek éapinoahd

al kynyl  mRsoryriBity-plyeRiaE- 2PN OR-frg-ATR val-EWtis- LG (cied. dies-atmal Cay;



10 As used hereinafter in the description of the invention and in the
clainms, the ternms "salts of inorganic or organic acids", "inorganic
aci d" and WE2gRAMB3Aci d" refer to mineral acids, includGIEP2WM0IHGK
being limted to acids such as: carbdfic, nitric, phosphoric,

hydrochl oric, perchloric or sulphuric acid or the acidic salts

t hereof such as the potassium sodium calcium magnesiumsalts, for
exanpl e pot assi um hydrogen sulfate, or to appropriate organic acids
15whi ch i nclude, but are not limted to: acids such as aliphatic,

cycl oali phatic, aromati c, araliphatic het er ocycl i c, carboxylic and

sul phoni c_aci ds re formc, ace

S PO Bt ha ) PRS- Sl 71043 g Geec G 5 -D-Phesglor -l
mal i c, fumr:q;lgr,H@]z,éw(Cﬁomemzp@cﬂ{z)zmhr anilic, mesylic, fumaric,

salicylic, phenylacetic, mandelic, enbonic, nethansulfonic,

et hanesul foni ¢, benzenesul foni c, phantothenic, toluenesulfonic,

triflupor n@&:hﬁdml ht qmma%ﬁ&s Lbhfb%ﬁrhétsqusmeﬁdmemsp&ccmvnbymwakgw se,

t he organlc acids_ may al sg be present as the salts thereof, such as

t he pot asHisdpveds éﬁ] A um magnesi um salts. As used her ei naft er
|n t he description of the invention and in the clains, the term
“pharmaceutical |y acceptable salt” relates to salts of inorganic and

organi c ae¢meound 4HPREAFSmined ghrbaxymashylipinerigiaE-HyP hefaln-TiptAlp-Viel-Gbd
to, acidsy .nitric or sulfuric acid, or organic
acids, inc u& %gﬁiggﬁQﬁgt % mted to, acids such as aliphatic,
cycloﬁllphatlc aromatic, araliphatic, heterocyclic, carboxylic and
sul phoni [ r T e
tri Tl o conadige I‘S?%p%%?eé%sﬁ#“cﬂfﬁ?%éﬁ 1A o B Lo
malic, fumaric, pyruvic, benzoic, anthranilic, nesylic, sallcyllc
phenyl ace o Q%HQ én iSaponi ¢, nethansulfonic 30et hanesul foni c,
benzenesJ?@Uﬁ?c——ﬁﬁa%%ogﬁenrc, t ol uenesul fonic and sul fanilic acid.
WO 2009/ mama@wmamwm@ﬁe@m indsitius, dor thecempoand mvmngohhela (D, x is
descr1§n|on of g ] enté % and in the clainms, the term"prodrug"
{/ o eaa

means “anydoeT ofd &und whi ch rel eases the active
parent pharnaceuti cal accordlng to formila (). 5 The term "prodrug"

as used throughout thi i cat |.so..conpri ses phar.mcol o

o cont abl Uhgr gt o Bt SabePpd S SHFGE e p R ee en o
that the theNubrniif of the BbitBest e@ffal’o@-ﬁ&ﬁtﬂé mitagdn@f (@ oduct of the
derivative is the active drug as defined in Fornula (1). The
reference by Goodrman and G | man ( The Pharmacol ogi cal Basi s of

Ther aeutin ﬁ?tef&reﬁ‘iﬂlb%ﬁeﬁﬂbﬂﬂhd\ﬂredeﬂﬁ1nv££ion $89Re coRipRtun AR IR FeRkiIR (1),0f is
Drugs", 5) describes prodrugs, the 10 dlsclosure of which is
herei n |ﬁ”€d’i“ﬁ%ﬁ’§f’%‘dtﬁ Pfégéﬁb&kélqbﬁda?’ﬁg’ée fesebly lconpound of the
present invention are prepared by nmodifying functional groups present
in the conpound in such a way that the nodifications are cleaved

ei t her i npe@afsrred ephadipgntaf ﬂwr@ﬁenq ipveplign, forithe qompoprd kavins Fompdady A
Prodr ugs 1Q£dd§tib%al?ﬂm%f%%la%fr c&rﬁﬁm‘il{geai Rkt hEOVAB QA a'tdi&%d#i@pcfnﬁﬁ 8r
conpounds wherei n I nstance a hydroxy group, such as the hydroxy
gr ouptdon eahigalgs ttashy :lmtéd abaye caalumdl rentgl- %mh ammdbargmﬁﬁ forgn{yisredad
to any gr

ol caves T Rt asp SRR bl Erchh el P@dg@%ﬁ%&%éﬁe@éﬁ oPopak S beriy,
exanpl es hefe. pr odngs are descrlbed for instance in MO 99/33795 A mo
99/ 33815 A, WD 99/33793 A and WD 99/33792 A, the disclosures of which
are incorporated herein by 20 reference in their entirety. Prodrugs
ar e char doterefaed empodimest| df @rtpreseutemueatiay Farlhd dotmppundiarvmg Fednula (I), K
bi oavai | abi |t are.r |y metabolized into the active

i nhi toﬂ%mkﬁméﬂsagoﬁgtﬁggﬁﬁgd hereinafter in the description of the
inventlon and in the clains, the terns "am no acid sequence" and



wherein the carbonyl group is provided by one nol ecule and the
NH-group is provided by the other nolecule to be joined. An am de
bond bet we®R 200800%d7 acent ami no aci d resi dues which i s REIYER26(@H0FAIOM
such a pol ycondensation is defined astla "peptide bond". Optionally,
the 15 nitrogen atons of the polyam de backbone (indicated as NH
above) may be independently al kylated, e.g., with -Cl-05-al kyl,
preferably with -CHS3. As used hereinafter in the description of the
invention and in the clains, an amno acid residue is derived from
the corr e}s;mad @Buﬂgaspmé rtl?]e méxdxo]?yelitsertﬁiba%baamalog@eptmaradtfagbﬁra]h caijogaher
am no 20aci d. As use er ate in the descri n o telvenlon
and i n t RRICRERBICESplegiy ol bigiig lgbeamﬁmﬁoaapg’/%&gam ety bin

unnat ur al GRPiréteptofkihotid 8ig@bringlinfRAaliZatibn 80 ME cAlird Withot Sitialilethidugh
artificial amno_acid residue, proteinogenic and/ or non-protei nogenic

ani no aci SlGiwE mphdizatipgevipls aﬁ@ﬁorb?%% b Agpitindussd ehfgeta it Hesedwp aﬁé‘%nsrray
be furg hegnglin s Yohfbsiftnald) %ﬁ&%@@%&%ﬁﬁg&é hégrg@ﬁe%m%ﬁlh m no
acids, (b)13-hormo anal ogues of proteinogenic amno acid residues and
(c) further non-proteinogenic am no acid residues. Accordi ngly,
t he am ng ﬁ}Cl gAE?E“dl@S are derived fromthe correspondi ng am no
acids, e. rom WO 2009/ 109332PCT/ EP2009/ 001403 34

pr ot ei nogenl c amno acids, nanely Ala, My, Asn, Asp, Cys, Gn, Qu,
Ay, Hs, & Leu, Lys, Met, Phe, Pro, Ser, Thr, Tip, Tyr and Val;
or non-protelnogenic am no acids, such as hono anal ogues of

pr ot eleog:emauuameanomdltdé 5 wherein the side chain has been extended
by a net hﬁ/l ene HR 15 honoal ani ne (Hal ), honoargi ni ne (Har),
honocyst ei ne (’I—%? o m)gl ut ami ne (Hg!), honohistidine (Hhi),

honoi sol eAitis aencfdlbhelattronol euci ne (Hie), honol ysine (Hy),

nomoser i o (RS TR Y STBGRIN! LI AP HOLBIR pt ophane (1 1)+

honot yr oSt fsea Kd:ﬁbﬁglnaﬁulogmﬁﬂ@intmn(swa&queﬂ& C-1to Ci honpanal ogues of

pr ot ej hogeni ¢ 1 a |narret roup has serted
bt ok U e APUEAT S St CAT BRI QoL B g Bs AUSBbs,
e.g., 13-aspentenlaani ne (PHal ), 13-honoarginine (PHar),

0- honpaspar agi ne (PHas), 13-honocysteine (plicy), 13-honogl utarnine
(13Hgl), P-honohistidine (PHVM, P-honoisoleucine (pHl), 13- 1 5
honol euciTg spAetB hnd e BORBEsHSinAR pptide Yhtagdnidst TORDAINBA IUHICe infthd MRkt

P- honophenyl al ani ne (PHph), P- hom)prol ine (f3Hpr), P-honoserine
(13Hse), #BChonot hr eoni ne (1311th), 13- honotrypt ophane (PHtr),
f3-hompt yrosine (PHy) and P-honovaline (f3hva); fiirther

non- protei nogenic amno acids, e.g., a-am noadipic acid g

P- am noadhhSiievepiirciaher sefar gy phasmagentirgly esrepteblasalig of iy dppmbesin analog

a- ani noi %pﬁﬁe\é‘iﬂagorﬁ&'cgn_](!ﬁt&)of aﬂ-%o?éaﬁﬂ'opgrgﬁﬂ@‘%ﬁa thefkof, 3R sl ¢ acid
(4- Abu), 5-am novaleric acid -Ava), 6-am nohexanoi'c acid (6-Ahx),

8- ani nocemalesse s, @m@@s,m@b@tes anchprpéres Ahess eomeponeds(taving gyneral chemical
0- am nodggap@keryci d (1 0-Adc), 1 2-ami nododecanoic acid (12-Ado),

a- am nosuberic acid (Asu), azetidine-2-carboxylic acid (Aze),

13- ¢yl ohexyl al an| ne (Cha), citrulline (Ct), dehydroal anine (Dha),

y- car box [ ; 6D

pr opar gyﬁgllﬁym e ér%gé%bqﬁéoggg%p ’%%’ﬁﬁq%&el"ﬁm)’i%@pl}‘&h%? tertg)) ?BSfEf?raW/}c“Sne
(Tle), 4-lb¥heoylipinenlyd at bigharehahBptien (B Isyadinearyspacst oren Yriychdd spdeer linked
hydroxyp al.l o |sole cine. t hi oni ne (Lan),

(1- napht hy}h)erﬁet@f%fll-%gl)d thel\lfaoﬂbesn(lﬁna %Fp‘?’nef’ ypé'lk g’ﬁ“ﬁt ?2- Nal ), norl eucine
(Nl e), norval ine (Nva), omthine (O, phenylglycin (Phg), pipecolic

ac'd Sar el enocyst.ei ne_(Se tatine (Sta),, 13-
R P T e S R a e B LRSS Y
acid (T| (p}eferalbljymi hbxe}}mdaepl(eﬁﬂm))l_ thl azol i di ne-4-carboxylic acid



5al kyl at ed anal ogues, such as their N-nethyl ated anal ogues. Cyclic
am no aci ds may be protei nogenic or non-proteinogenic, such as Pro,
Aze, G p, WMPEAPES32Tic and Thz. 10 For further exanpl ACTHEPIEE01ENT S
reference can be nade to, e.g., J.H Z*ones, J. Peptide Sci., 2003, 9,
1-8 the disclosure of which is incorporated herein by reference in
its entirety. As used hereinafter in the description of the invention
and in the clainms, the terns "nonproteinogenic am no acid" and

"non- prot ei nogeni ¢ am no acid residue" al so enconpass 15 derivatives
of proteinogenic am no acids. For exanple, the side chain of a

pr ot ei nogeni ¢. am no id residye may be deri.vatized.thereby .rendering
Phe pr ot S RsPeH frbufton IS ra s PRRBICHIE PO combYsas Bt
appl i es t gnall@fpeyide avtigodiét chijegdtesttavink Fosnadd) @('§ hal I\tafndtenical of a
pr ot ei nogeni ¢ am nQ acid residue termnating the am no acid sequence.
20 As useffAEPEF ¥Rt er in the description of the invention and in the
clainmss a proteinogenic amno acid residue is derived froma

pr ot ei nogeni ¢ am no acid selected fromthe group consisting of Ala,
Arg, Asn, Ingstgurtinaspectthe inygntjon rglajes tpjthe usg pibompegin analog pegtide antaganistpr
Ser, Thr, cohfugathy havaliFo¥idhla®h bh@F) thfbikdin@to HombORA FBLiét b moleHarRaBARd
chiral center 1n Thr  and I'I'é nmay have either R- or “S-configuration.

Ther ef or egastrigyrelescingeptideapsepiss SERP eandfon far inbdhitiesbombgsin recaptpis and mogn
am no aci . : ' whi ch m ght naturally
occur r en%é?%%ﬁ}%%g??%%g%ggfﬂr}\gg%@{@%’m no aci d residue

"non- pP ot ei nogeni c", although in nature said amino acid residue is

i ncor por aj ede4 r | Does P b L el i j: .

el oot od Proekedeft ik fhnda hRE B eREl SRt BE f SneRleepride,
| ant hi oni agagonidiedoypgate havimpgeaciabiBgrmattad(l)am no aci ds wi t h al kyl at ed
guani di ne noieties. W) 2009/ 109332PCT/ EP2009/ 001403 36 As used
hereinafter in the description of the invention and in the clains,

t he term (Irar bpx@B)le-Caci d* or "di carboxylic acid" neans organic
corrpoggds havi ng one COOH noi ety or two COOH noieties, respectively,
such for exanple, formc acid, acetic acid, propionic acid,
butyric awhdlein@ys A BeandRare defhed b lovaci d, benzoic acid, salicyl
acid, lactic acid (carboxylic 5acids) or oxalic acid, malonic acid,
succi ni ¢ LEPFSEHEST® acid, fumaric acid, maleic acid, malic acid,
pht hal i ¢ aRidibchélhtaithoddrbesinABAI6Speptil € ERAGhIsV@JhgatbhatifLebnBRT Forfafa er

in the desgcription of the invention arld in the clains, the term

" di ani ne"(hasddingd ghoe &@bw&emﬁ gadioayelidlg mefb ONRETR 1B PRATSBNIIREHR e n
R angh R'rafeNuclife medEResid®sid. y from each ot her be al kyl, al kenyl,

al kynyl, aryl. Diamnes may for exanple be ethyl endi am ne,

1, 4-cycl ohexane di am ne, piperazine. As far as herei nbefore am no
aci ds, capBRbly, the @t fordirGRHRL X YbihbesRCndR g Piptidk AT ARt &dnfugaRiavingd
to, this also specifically i'ncludes the respective radicals obtained
when sucheeasmhiprmalad] ceompriggsilscsyen of redipchslating wish pepipble sadignuefedegpetal.
di am nes, respectively, are conprised in the conpounds of the
invention, i.e. , -H\N-...-00- (amno acid), -0C... (carboxylic

aci d)25 - dea furthepembqdinenis thomgihiod farerappring 3-pembesin mpalog REPHAG snéggonilor
exanpl e. . i i.nimt he description of the invention and
in the cl%ﬁ%égg%ﬁﬁ%{%gaqgo chelator” is defined as a nol ecul e
t hat conpl exes a radionuclide nmetal to forma nmetal conplex that is
stable u r p[kué)cil egi cal conditions and which may al so be

conj ugat ed’ wi t&rgeting group though a spacer. The netal chel ator
is conplexed or not conplexed with a nmetal radionuclide. 25 As used

hereipafter i.n th escription of the, invention and in the clains;
t he rdi”ﬁ}fm?ﬁ’d'i’gngcﬁﬂgé@?gfgnﬁdsasag?"lened as a radionuclide which
i S an at ammptitdd additemady alelsepstucl eus, the nucl eus being characterized




5(e.g., 67Cu and 64Cu); technetium (e.g., and99"ITc and 941nTc);
rhenium (e.g., 186Re and 188Re); 12n ;212-; lead (e.g., 2 ro) bisnuth
(e.g; bu awe 2pe¥Ed2um (e.g., 19Pd). Methods for preparBQTEPRINSHE1403
i sot opes are known. Mbl ybdenum t echné®i um generators for producing
99nTc are commercially avail able. Procedures for producing 186Re
i ncl ude the procedures described by Deutsch et aL, (Nucl. Med. Biol,
Vol . 13:4:465-477, 1986) and Vander heyden et aL 10 (Il norganic
Chem stry, Vol. 24:1666-1673, 1985), and nethods for the production
of d188 Re M@ph@dlspd&i(ﬂ tbb?dmggsu&éﬁlﬂg%%t&te aigliag&diﬂﬂdfbr dbtailﬁfnngBpaicjeﬁd
Radi ati on, a Jsoto Vo 467- A7 1 an Klof utar et at
(1 of Radb%nlrfam? phperée ArtaagBist obseanenes C-139 )‘2 OW%&FP@H%F%&&&}P
i s descri upling 248 - Bdmibin adalog\pephide Meshonisd 9@ merPchéBor A’ for
Productloﬁﬁ%¥ ngPb and 21 Bi . is described in Gansow et at,
Che m Socobtaiping bompgsin naleg pyptids antagonst oanugatehyving epassal 0@@111%1{1 N Pr oc.

| . 5 ACg8lionatfifrepdafing fippuary 1986), 83:474-478. 99""Tc is preferred
for di agnosti c ‘use, and t he other radionuclides |isted above have
t her apeut #hoveasteps oaguringbefprs ths radipehelatingof the berahesiniantlpg pepsifle antegonist

i nvention.g

i nking gr oﬁ% ibg'? %gﬁgeﬁe%uqa{@g%?{%ﬁﬁﬁgmﬁd&goﬁ%‘%g?ﬂmg@p??%

ant agoni staresprddiag ougpivalent wiradidtuelidd metellisted@bevei pt i on of the
invention and in the clains; the wording "agoni st” neans a substance
(l'tgand) which binds to a specific site at a receptor nolecule of a
cell &hd thus activates signal transduction in the cell. This |eads
: ﬁ eai ITSZ‘?] ! a%la arﬁ%if € q)O{]HIéCH??fAﬁe rcs?e?)hlgﬁern llog’aﬂ‘ gcer{;l%tﬁl?chélgt%r ersngtréi &1 fa%g AQf
subst ancesp@d:ar@aund))om}aesnfmialogqbspttda aatagoriis Codre dﬁ'methmbocel I V\:hl ch is
specific to an agoni st substance, thus blocking this site to the
agoni st, wi thout actuating an effect. Thus the antagonist inhibits

t he ef f eCh aGixth Aspeaq ehziistenti@reites u;ts:eﬁhemedl £ iraddirgy bontbetih eecel@eis rahdinoren

of the_invention in the clains, m"stati anal o

defin a%““éf“iﬁ%yﬁgﬁ’d?‘%fieﬁmm’%f'ﬁ‘ﬂg %ﬂoﬁc“t ‘5’8’1 tP’E}R{aL@r}'g“&HBW%‘"‘qé’F%S%&Hﬁ e
WO 2009/ 1083 2mphibing @R 391403 38 Rl Statine = OH, Rl can be
varied significantly but typﬁall are the_ sane as ani no@gm d sjde

chai ns St-at{HaisIkREs Kgepasent2 rdionkermpachntisal qfieFt et mOPRTR! APCRAEYRA3H0E

typi cal l ypegﬁ&gn Oﬁgtrm at@la Reidiagdmdchai ns Abbreviations: 5

NODASA = 1,4,7-T IAZAC ONONANE- 1- SUCCI NI C ACI D- 4, 7- DI ACETI C ACI D

NODAGA =1 maging thegadienpclidsyastalin hergtisntar i ¢ aci d-N , N'-di aceti ¢ aci d

TR TAg¢ 1,4,7,10 tetraazacyclotrldecane 1,4,7,10 N N, N,

N'-tetraacetlc acid Cpa = (S)-4- carboxanldophenylalanlne 4 Am 5- MeHpA
= 4-ani noﬁsreﬁeéteﬁymh@cbtnawf chegixtlyjaspect gonsgins thepisg @f aradiopharmaceutically

4 am no [

N 45 (acaiu T Ty B e bmB S o peg(deaniasonis coniasic having Formula D fr

moy| ) pr opihmymémhnepmwglpg Rgmﬂvma}glm gih saeeriers angmeye pptiretprly

fiNcll N'(§I@NRQ¢&ptor expressing tumor cells and/or tumoral and peritumoral vessels.

25
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,
30 - gastrointestinal stromal tumors,

- small cell lung carcinomas,



56H2)5 (Cl-12)2 #(6.142)5 (CH2)2 jeifds O :OH OOH 0 CH DFO WO
20091109332 39 triam de nmonot hi ol (MAG3) bi sami ne bis thiol (BAT)
-1"11-\ N OMOROI@®AA2 PCT/ EP2009/ 001403 OHOH NODAGA 5 \HOTHRR2€09/001403
fluffier elaboration, it is believed ¥hat one skilled in the art can,
using the preceding description, utilize the present invention to its
full est extent. The follow ng preferred specific enbodi nents are,
therefore, to be construed as nerely illustrative, and not |imtative
of the remai nder of the disclosure in any way what soever. 10 FI GURES
Fig. 1: Dose-respenskcelleaéomas, bonbesi n anal ogues determ ned by the
calciumrel ease assay. .The cal ¢ciumrel egse assay was perforned as
descri bed i n Nat e P HPENRRAIRESAIHORFUrOC OSBRI her e treat ed eit her

wi th bonbesin at GeRAGADhERsORSouk 3A1DEaRE:rHet ween 0. 01 nrmon and 10 15
gnol /L (40 alone, or in the presence of 10 gnol/L of the bonbesin
anal ogues Conpoungeuroilagjomasrandy_ Conpound 1 (), or bonbesin anal ogues
Conpound | a (). Cogneprideat squbgRhcbitdRiMonat. 1 gmol /L and 10 union
Compound 1 (A), In- npound 1 and conpound la (El') have no
effect on calciumrelease in PC3 cells. Compound la refers to binding
sequence 1 | TgTo t

(D Phe-d %%Fr pqr%{ae?eg/%b}l}f’glﬁquﬁzefg%{%- Leu%%ﬁ%?.a?ezsgle&tg %}&mnd 1l refers to
chel at e (D Phe= G profipfs-cApcsr, edlud@igmetpstas, and_eu- NH2) . | n- Conpound 1
refers to | n-chel - Al a-Val -3 y-Hi s-Sta-Leu- NH2) .
Fig. 2. HEK-GRPR g’tgﬁﬁqgé&n’fﬁ&%ﬁ“@ﬁ%@%ﬁbe mi cr oscopy

| mund® | uor escence m croscopy of Conpound 1, |n-Conpound 1, Conpound

| b and NTA! i_ng t.he use nacl anal, . HA-,epi-.t ope ant ,hod
and” HEK- PRy PRt R ediEal RS SRRG AR v e RinsR Bl Pl
Conmpound dekected djpmConpound Ib + 10 nnol /L bonbesin, WO

2009/ 109332PCT/ EPR009/ 001403 40 (d, f, h, j) cells treated with 10
nmol / L bonbesin i W@cﬁ?‘:&%nce of 1 !'Amon of the anal ogues Conpound
| b, CGRPR- ANTAG CBnijveiendhi dancaschnin- Conpound 1, (c, e, g, i) cells
treat wi th Conmpgund |.b, GRPR-ANTAG and Conmpound 1. 5 Fig. 3a, 3b,
4a, 4B PET-i rmagi NPTAUPAEER3) and LNCaP (4)-tunmor bearing mice of
Ga- 68-

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 ceil
20 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
25  amount of a bombesin analog peptide antagonist conjugate having Formula (1) 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
30  from the group comprising:

- prostate cancer, including metastases,



DOTA Conpound 2. a) | h after injection of 10 MBg radiotracer,

b) bl ocked with 100 jig bonbesin Fig. 6: SPECT/CT i mage of

99nlc- ARNAWOR0PIIBI/Bg/ 200 pnol ) in PC 3-tunor bearing MCTEPL@HIIGIB:
SPECT/ CT i mage of 99nilfc- ARN4- 05 (15 MBqg/ 200 pnol) in PC 3-tunor
bearing mce. Fig. 9: HPLC anal ysis of (Ga-68-DOTA Conpound 2 on a
reversed phase colum. 15 Fig. 10a, b, c, d, e: Stability assay of
Ga- 68- DOTA Conpound 2 in nouse plasma and urine anal ysed by HPLC.
Fig. 11: Human serumstability of Lu-177-DOTA Conpound 2. 20 Fig. 12:
Conpari son of 4 unbeast tarked)thcloding@ndRivEisasi t h F18 FDG and F18 choline
The entire discl osurﬁl{g%_o‘ al | ~applications, patents and

publ i cations, Tit &4 IS ﬁfoé’ﬁlﬂ‘@gq’%or ated herein by reference in
their entirety. 2gnadih@llfielgd @winignaexanpl es can be repeated with
simlar success by substituting the generically or specifically
descri bed react anfe8algRliF¥FINeBES at i ng conditions of this invention for
those gised i n 1 he,ppsGedbidcaRRhRendoEi bR, f or egoi ng descri pti on,
one skilled in the art can easily ascertain the essential 30
characteristics ohead@andngcksepmoyncedh@ncep. t hout departing fromthe
spirit and scaope jheleQfomacanqg WO 2009/ 109332PCT/ EP2009/ 001403 41
make various changes and nodifications of the invention to adapt it
to various usagesowuprhageshsivemonscellExaiPMES 5 wherein A has the

meani ng of A but also A" as appropriate for all exanples disclosed
bel ow. Exanple 1 (A-B-C) wherein A has the neaning of A but also A
as apir opiveatmeré preferdbly, theampérasll délated dismseshefewcank@rsahat Serstlheed Sorof
bonbesi n Re tOLdgo ant.a oni st conjugates with general sequence (A =
DOTA, B = Spacer Bi- B2, C = Peptide with Neternminal amide Z = NH)
DOTA- Spacer - Xaal6praitae cdncpd indlbdbhg Visdtastaxaadtll - H s12- St al 3- Leul4- NH2
Pepti des were_synl'g hefi zed n?lal lﬂ'é 0@ sol id phase using
Frnoc-strategy. To T&HT ARRCTNDE BPRE AP S ani des, Rink am de MBHA resin
LL (100-200 nesh) (

4-(2',4' -Di hoxyphenyl - Fpocam nonet hyl ).- phenoxyacet am .do- nor | eucyl-
o Vet Hy1 DBRIY Dren i ebRRy RS fod per RO R e SRR et
resin W tdandrd thet@reaskiceed fivmabk frguptontbridthel runol e/ g resin was given to
the reactor. N, N-Di nethyl formam de (DVF) was added to the reactor and
was shaken for 30°#HUEEE 0 al l ow swel ling of the resin. After
renovi ng the sol v@@bmetfials@hddtd, @il of 20% 20 pi peridine in DVF was
added and the resin was shaken for 15 mnutes to renove the 9-

Fl uor enyl net hoxy R#PHEHiF caR9eHoc) protecting group. This step was
repegiped twice. After this procedure, the resin was washed three
times for. 5 mn wth DVF. The piperidine solution and the DVF

sol ut i on Taeferably, the mory padperguReRkjesitbrelatedsliseaws sdera O TaRR CHE+ h
ethanol to 100 inL. Fromthis solution an aliquot was taken to
determ ne the amount of renoved Fnoc-protecting 25groups )
spect r opHp e pighthaspect.the iBeenyion rdyeipiaddf fertbe Eaparationiof a sadicthegechtcat i ve
t he resi Ne : ' i i v.gl .
Frmc. ami RAgRvg e b malthEey Lofais kf) nihproMuia @, SARKNRRbAcRh vial

N, NDi35s ogeuipiping arpisidiermingdqyaptitg)of bombgsitr apslph pentide pitaganise cqrii@Bteyofwer e

Adding sl @2t ffehhlBnRs R RIRE AR Wil bep

react i on med chelgabat ed for 2h under gentl e shaki ng.

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

30 C-1to C-4, wherein



WO 2009/ 109332PCT/ EP2009/ 001403 42 After the reaction, the solution
was renoved and the solid phase was washed twice for 5 mn with DW.
The react i WA 20850%8hi t ored by Kaiser-test. A certain afSIRP2¢P/0fideds
of the resin were washed 3 times wth%thanol, 50 uL of the solution
1 (20 g phenol in 10 inL ethanol were mxed with 1 nL of a solution
of 0.01 MKCN in 49 nil, pyridine) and 50 !IL of solution 2 5 (500 g
ninhydrine in 10 nil, ethanol) were added and the beads were heated
for 10 mm at 95C. Bl ue beads indicated uncoupled free am no

f unct i onsC-1Al | Xt Gla’-Aagi® dda’vieat B-Xad Y Hixd>- Xad; Byl &2 HFnoC - pr ot ect ed
derivates _and they were coupled in a simlar manner. Tryptophan was
used wi t WW¥8YE- but yl oxycarbonyl (Hoc) protecting group on 10 the side
chai n whi X, b BPhéliDn€pa T, DL Briplok B eesidé Baviiid angront 6£the tbrmblae Kescipsd
test perfornmed after coupling of each am no acids, indicated

i nconpl et@l%upl ing of amno functions, the coupling was repeated.
After quilding of the whol e desidered peptide sequence, the resin was
washed 5 tines with 15 DCM foll owed by 5 tinmes washing with diethyl
ether, each for 2 ninutesfind dr®ed under vacuum b) Coupling with
SPACER and prochel ator DOTA(':3u) 3 20 The prochel at or DOTA(Eu) 3 was
pur chased framMacpecyclics Frg. . Dall as; CPri or - Wing the
SPACER, the N-té_/m' nal Froc- prdfectd on was removed from the resin

bound peptides. The resin was gwelded for 15xgin in DVF, ed
twice with a sol ubd f 20%idinein(15 m n) aned
three tines with . /Ahe sol @ ) fromthe piperidine tred s and
the foll owi ng DMF washi ngs were ol | ected to”det erm ne the 25 anount

of cleaved Fnoc groups. 2 equivalents of the SPACER, preactivated
with 2-(1H 9- Azabenzotri azol e- 1- yOydy 1, SC%-VFt et ranetiyl - a4 um
hexaf | uor ophospHalle_(MH8FU) for 20 m N~ , were addeg”to the
DI PEA. The Eeaction

resin. The pH was adjusted to 8-9 by addi ng

m xture was shaken 0 30 and the Ceyy g was nonito

Kai ser test. The procig br DOTA(13u) 3 | qoupl ed in the

manner after renoval d plhc as previ ous géscri bed. The B 3u) 3
coupling WD 2009/ 10933PCT/&R2009/ 0014 413 was shaken over

After renoving the sol ution, the resin\gyas’ washed 3 tinmes wwR bMF, 5
times with DCM fol l owed by 5 tinmes washing with diethyl ether, each
for 2 mnutes and dried under vacuum 5c) Deprotection, cleavage and
purification The peptide-resin was taken in a syringe equipped with a
fit. A sdfisth&hId"NP% 1| uoroacetic acid (TFA)/ Thi oani sol

(TA)/ Tri ixspprsepybsplagne (T1S)/ H20 (94/2/2/1) was added and the
syringe was agitated for 2h. The solution was added to a m xture of
50% dili scfrpisyplainpettatingandessane isgmemsirper hMeHpA. fAanf e *he

preci pi t abb@bndf antilgacREPt i de. The peptide was col | ected by
centrifugation at 3000 rpmfor 5 mn and the supenmatant was decant ed.

The preci¥fetialen. s, Ghes hba SdinetiCly, tRadlayiMet Nig, ox 59BatGlyrandnd dri ed
under vacuymyg he crude product was dissolved in water and purified
by semi-preparative RP-HPLC on a Metrolun HPLC system LG CaDl 22-14
(Herisau, Switzerland) with a Macherey-Nagel VP 250/21 Nucl eosil

22 ot ittt G SR Vol SR oI ORlGRS CBR 1M

nmL/ m n) . wHeeiconj ugates were anal yzed by anal ytical RP-HPLC and

characteri ze ciroscopy (ESI-M5). 20 A-B-C1
DOTA- Spaé@?w&é'%%{%;iﬁﬁﬁﬁéﬂﬁfa& Val w- -H's 12- Xaa313-
Xaa414-ZH (Z = NH) Conpound 1: A = DOT.

Bl =dy, B2 =
4- am nobenzoyl ; Xaai = DPhe; Xaa2 = G5 = Sta; Xaad= Lett, 25
DOTA- G y- ani nobenzoy! - D- Phe- @ n- Tr ptIN a-

| - G(S;Hi){i'QHSt a- Leu- NH2;
C80HL(14N20020, calculated (nfz): 1675.8,0kound [ MkK]: 1715. 1.



WD 2009/ 109332PCT/ EP2009/ 001403 44 Conpound 3: A = DOTA, Bl=

4- am no- | - pi peri di ne-4-carboxy; B2 = none, Xaal = DPhe; Xaa2 = Qdy;
Xaa3= St a; WRRAWHI3EY PCT/EP2009/001403
DOTA- 4- ami no- 1- pi peri di ne-4-car boxyl iXaci d- D- Phe-Q@ n-Trp-Al a-Val - Q3 y-
Hi s-Sta-Leu-NH2 5 C77H 16N20019, calculated (mz): 1624.9, found

[ MEKr: 1663. 7 Conpound 4: A = DOTA, 131=

15-am no-4, 7,10, 13-t et raoxapent adecanoyl ; B2 = none, Xaal = DPhe;
Xaa2 = Gy; Xaa3= Sta; Xaa/ = Leu

DOTA- 15- aiie#)ds B;Phe,I0-Ch3-I0-Alyr, DX eppe atresitine daving an(bnk @ Othblfdmulae described
C82141271, ][19023 calculated (n'z): 1747.8, found [MtKr: 1785.1
Conpound belowt - DOTA, Bl= 15-am no-4, 7, 10, 13-t etraoxapent adecanoyl ;

B2 = 4-am no- Ip| peri di ne- 4- car boxy, Xaal = DPhe; Xaa2= dy; Xaa3=
Sta; Xaad4= Leu DOTA- (15- apj no-4 8 10, 13-tetraoxapent adecanoi c

aci d) - (4-am no- 1-car boxyﬁ% )

15pi peri dine)-D-Phe-Gri-Ti p-3Al a-Val -G y- Hi s- St a- Leu- NH?2;
C89H139N21024Ncal eg-at ed (r .~1886. 0;H¥quafQ; mwmw&@
Corpound 6: A = BOTA, _Bl= di ani obLgyrlcamd' B2 = none, iXaai = DPhe;

Xaa2 = @Y, Xaa3z St Xaad= L

DOTA- di am nobut yri - D- Phe TIr p- Al a- ce y-Hi s-Sta
C75H114N20019, cal I ed (m 98.9, [l\/H(] 1638 ound
7: A = DOTA, Bl =4-(2Z¥am noet hyTY-1-car boxy t hyl - pi per azi nyl

none, Xaal = DPhe; Xaa2 = Gy; Xaa3= Sta; Xaad= Leu 25
DOTA- 4- ( 2- am noet hyl ) - 1- car boxynet pi pgrazi ne- D- Bg- A p=lr p- Al a- Va
| -d y-Hi s- St aLeuHNK2,-@?9111211\ 12% Oy cai cul at ed (rn72')’ 1667. 9,

found [ MkNa] : 1691. 2 Conpound 8: A = DOTA, Bl =

(5- am no- 3- oxa- pent - S ci nam c aci d;™~B none, Xaar &, Xaaz2
Ay, Xaa3= Sta; Xaa 30 DOTA-(5-a 3- oxa- pentyl) i nam ¢
V\D 2009/ 109332PCT/ EP20§91001403 45 C7 ON20021, cal cubare

(mz): 1685.9, found [ M¥K]: . { )

46 Exanple 2 (A-B-C) a) I§ynt hesi s of bsgbegsi n peptide antag
conjugates with general sequence (A = Nd-azido, B = Spacer Bl - B2, C
= Peptjde with NNtermnal amde Z[Z =NH]) 5

N4-triazol es- dPEAQ - Xaal6- 01n7- Ti p8- Ala9- Val m Xaa211l- Hi s12- St al3- Leul4
-NH2 7w 2"-Hi s12- St an- Leul4- NH2

KisF,ClL 1, or NO,,
Xaa, is Gly or B-Ala;

10 C-3: Xaa,%-GIn'-Trp%-Ala’-Val'’-Xaa,'-His'%-Xaas '>-Xaas '*-ZH,
wherein
Xaay is D-Phe, D-Cpa, D-Tyr, D-Trp or a residue having any one of the formulae described

below:



a) Synthesis of the peptides: Fnoc-Xaal6-d nTi ps-Al a9-Vval - 10
Peptides were synthesized manually on solid phase using

Fnoc- st r at Wh20091I8938bt ai n N-t ermi nal ani des, Ri nk ani de PUBHR2¢08491403_|

(100- 200 nesh) was used. The synthesi® was perfornmed as described in

the Exanple 1. b) Coupling with the al kyl group

propar gyl - dPEGQ - NHS-ester Prior to coupling with the al kyl group, the

N-term nal Fnoc-protection was renoved fromthe resin bound peptides.

The resin was swelled for 15 min in DW, treated twice with a

solution of 20% pi peri di nEN.N (15 nun) and washed three tines

with DMF. The solution fromthe piperidine treatment and the

fol |l ow ng Dwgﬂwashi s were &l lected fOHﬂEQEQC@EterUHN ti -2

equi val ents @ ‘ NHS- est erTwer e added 10 t he resin.

he reactionzZm xtuyre was

shaken for 24 h e coupl iAa by Kaiser t 5c)

Deprot ecti on, clgggggngnd pu pt i de-resin ken

in a syringe equip ith af ] TFA/ TI S/ H20

(94/2.5/2.5) was added and the syringe was agitated for 2h. The

solution was added to a m xture of 50% di i sopropyl et her and 50%

di et hyl ether on _jige t @@l | ow t he prBeipitQtion of tHENIQ AEPtide. The

pepti de was coIIecFEﬂ'by centrifugatioh at 3000 rpmfor:5 mn and the

supernat ant was decgnted. The precipitate mas washed sewera i mes

wi th di et hyl et her andN-TWBx2009/ 109332PCT

vacuum The crude pros di ssol ved _i

seni - preparative RP-HPDGAS %gs @ .

anal yzed by anal ytical RP-HPLC and cha ¢ri zed by mass 5

spectroscopy (ESI-MB). d§ Synthesis of Néazido chelator. The

synt hesi s invol ves 3 steps. i) Synthesis of N,/1 r N',N

"-tetral ds(tert-butyl oxycabonyl)-6-(azido)-1,4,8,11- 10

t et raazaurcegang, ¢M¥OPoc) 4-N3) [3]: a) NNV ", N

"-tetral cjs(tert-buytyl oxycabonyl)-6-(hydroxy)-1,4,8,11-tetraazaundeca

ne (hM(Bd%Tﬁl OfEfﬁ&A sol ution of

6- (hydy oxxga-sjs,léeug,dﬁzm.ﬁtraazaundecane (19, 3.1 Mol ) in DMF (10 inL)

was cooled to 0 C. To this was added a sol ution of

Di -t ert - b¥tagisdrxsafisohas €Pivs Tpg. 32 nl, 15.5 nmol) in DMF (5 nl)

foIIomed‘QMHQ%Eﬁﬁmgqhzhgkﬂmggmﬁmggggbhn:The raction mxture was then

stirred at roomtenperature for 18h. /ﬁ%er this reaction tinme, the

reaction m xture was partitioned een water and ethyl acetate. The
th ethyl acetate and the

aghed with sodi um chl ori de

e. Filtration and

ssure yi el ded the

evaporation of the 20 sol vent
title conpound in 86% yield.
ttetral cis(tert-butyl oxycabonyIh- 6-¢ fonylp-1,4,8,11-

t et raazaundecane ( N4( Bob) 4- 0- SQ28R) D2 a solution of 1 (300
ng, 0.54 mol) in pyridine (3 niL) was added net hyl sul fonyl chloride
(84 pL, 1.08 mmol ). The reaction q§¥ture was sLirred at room
tenperature till it was conpleted as nonitored by TLC. The sol vent
was evapamdt ed under reduced pressure, the residue was taken into

et hyl aceja The ethyl acetate was washed thrice with 10% NaHCO3
and er”dnd>§f Fed over anhydrous sodium sulfate. Filtration and
evaporation of the solvent 30 under reduced pressure yielded the
crude product i was fyrther, purified by silica gel columm

chr omat od?'ﬁbh?‘ag\l,(@)'cﬁ?é'fraéﬂ%vép g’ l(r)ll 0 fzT}f=i‘f184% WO

2009/ 109332R4 T/ EP2009/ 001403 48

iii)./V,NN', \w-tetral ci s(tert-butyl oxycabonyl)-6-(azido)-1,4,8,11-tet



15 The peptide (6.2 ng, 5 pm with termnal alkyl group and 3 (3 ng,
5 pnm) were dissolved in a 1:1 mxture of water and tert-butyl al cohol
(1 nm). Coppeptpignder (10 ng) was added foll owed by 0. POWERWRO0S03
copper(l1) sulfate pentahydrate (60 p¥, 6 pm 1.2 equiv) and the
reaction mxture was stirred at roomtenperature for 24 h. The copper
powder was filtered off, the solvent renoved under reduced pressure.
The crude peptide was purified by sem- 20 preparative RP-HPLC. The
chel at or - pepti de conjugate was treated with TFA: TI S: H20 (95:2:3) for
2h. The suh¥eaD-PNASDICRADY G, DU orla@ekithue tavlh £ &6Lne of e Forfiulid AegFibeiuCt
was titurated with diethyl ether and purified by sem -preparative

RP- HPLC aBe®¥scri bed before. 25 The conjugates were anal yzed by

anal ytical RP-HPLC and characterized by nass spectroscopy (EST-M).
Compound 14: A =N4-azido, 131 = propargyl-dPEGQ - NHS-ester; B2 = non

Xaai = DPhe; 30 Xaa2 = @¥N 2- Sta; Xaad= Leu WO
2009/ 109332PCT/ EP2009/ 001403 #9

NAtri azol es- difgd - he- A n- T - Val - GHENj sC8-a- LeHNl\g&CO-

C68l i 105N21013, &l cul ated (nf zJT 1424.7, foénd [ M+H : 1425.5 Exanpl e
3 (AB-C2) S Z 2 3

DOTA- Spacer - XaalTr p8- @ | we Xaa2512- Leuw( 2) 2-
CH3 Al'l the pseuti des We ynt hesi lag n solution p by
condensati on of the thept apepti de

Frnoc- D- Phe- d n- Tr p- Al a- Val - Xaa2-Hi s-OH with the nodi fi ed am noaci d

H Leuwm CHOH) - 10 (CH2)3-CH3. a) S hesj.s, of the h apepid de

Frnoc- D- Phe- @ n- THN Ofal - Xak- Hi s%%ﬁ des wer eg@hﬁfﬁg}sq'zed
manual |y on 2-chlorgtrityl chloride regin using Fnoc stEategy.

I
15general, 2-chlorofRgt chl oride resrs R a t heoretivglRgadi ng
of 1.4 mmole/g resin ven to the reg . The resin el | ed
in DCMfor 30 mn and irst amno a ds coupl ed by = g 1
equi valent of amino acity”" mOEd with 4 i nol ar excess of HA i n
DCM The coupling reaction m xture was Pred at roomtenp e

for 2 h and then the resin was washed twice with a m xture of

DCM MepH DI PEA (17/2/1), twice with DCMand finally 20 swelled in
DMF. The Fnoc was deprotected using 20% of piperidine in DV and the
amount of Kisdréikdgo -protecting group was deternined
spectrophgga?mqglg,iopg_lmy, at 300 nm The next amino acid was coupl ed by
addi ng 2-fold nblar excess of am no acid, mxed with equinol ar
anount s o¥aapisdemBilkyd e LauNb-glkwpl ar excess of DI PEA in DWF. The
resin was agitated at roomtenperature for 2h and the coupling was
noni tored by Kai ser ninhydrin test. 25 Each am no acid was coupl ed
usi nglt he sane strategy. b) Coupling with SPACER and prochel at or
DOTA (‘B% gggpl ings were perforned as described above. WO
2009/ 109 II:‘ 09/ 001403 50 c) C eavage and purification The
fully protsstdberpiegiar dethe desceptuingd thednvention 4nden Selclaiing thepert “abyl”, by

suspendi he resin.| | xt f IE > [ 5] ral.
times. wen e OEspef of aiehe? gt splel 2 ik Fhate SRR g BERD i,
t he syri nige 20icadbodatbme, shch axi for exehpld) enetilyl athgl pfopgls isb- @aspylydnigl, iso-butyl,

collegted in a, 50 .flask, Afte | | e fracti were col | ected

S0 T3 e Dbt Bruse o Rt fein Heed RaLicBS, ARG PGl 6 St

evapor at edbsinded, gﬂ:hraﬁ by ﬁﬂbgeﬁlaﬁ)nﬁkt heltoat Mﬁmcci&-ﬁmbxﬁgrbup&gor Cbﬁ);pﬁr&l
u vacuum t hesi s. oG- Le - -(C113. The

D heay s Mo braitinelg Sk Eis L1 sl oS eV gF Ca et N cOL) €113

Boc-Leu-OH (1 g, 4.3 nunol) was dissolved in DCM (30 nL) and

2- (1H Benzotriazole-1-yl1)- 151, 1, % 3-tetramet hyl uroni um 3

t et r af | ugoIet BranaftepirURe desgmriiog of thednveptingy and i ihgelapys, Big ferg “lowes

20  unbranched or branched alkyl(en)” shall have the following meaning: a substituted or



mol ) and DI PEA (743 pL, 4.3 mmol) were added at OC. After 5 mn of
stirring, O, Ndinethyl hydroxyl am ne hydrochl oride (0.461 g, 4.73
nunol ) andWDI2PRAVYEA7 pL, 4.73 mmol) were added. Al sAGTERPOSPI4HY
di ssolved within 10 min and the m xtule was stirred overni ght at RT.
The sol vent was evaporated, the reaction m xture redissolved in AcCEt
and washed 20 with H20, 5%citric acid, H20, 5% aqueous NaHCGO3
solution, saturated NaCl solution several tinmes. The sol ution was
dried over My504 and the solvent renoved in vacuo. The desired
conpound wvasbspituted] steaiighivyr lshﬂ&edlclgmi mcmivulmn dibzlenet oyakpiradicd Sbashding of

cal cd. 269;, foun 92 [M + t 25 i si s .of Boc-Leu- 2) 3- CH3
Vagnesi urftemaat ulroRs; Soniaiats ndgheeainy B 5G SOTER (PR PTror B ene
fogI 30 rzné]%_ ulil.dﬁbt lhﬁ’ited‘[hmetlgl ethgk nviRcp i, e;mmgvg laRdinictheleVy] obatydly h-aebtyl
under N o, t nsi on n

br omobut aff¥ ?elh Oﬁy ’@a%ﬁ"o‘?r)s%%ﬁ%é‘gbfiﬁ'a‘tefih%“’}tlrf’ilfyﬁfag"%§t°ﬁ‘§’at ed
30 at gefy Mh&ﬂ @jlc LM TRENBSSb ved,

Boc- Leu- N(%E%) CH3$IrII 'IéHF \3\(/as agde%@a%‘gvn\fgzﬁgdnd the reaction was
stirred for 2h at OC. IMHCL (150 nL) was added foll owed by WO
2009/ 109332RETHEERRR ORI A3iplorkirad AGhIaN fnd iR lihs, (REmO @

| ayer was washed with 1M potassi um hyd en sul fate, water

(Na2SO4) &ipep e brred AR # 408 OPtPng R tinypbst E@@ﬁ@’@t"é’ﬂ P sienlc.paly (-
purified Iﬁﬁéeﬁbﬂeb (% ﬁﬁ}mé"g{lm fRd3 pIB N—b%%y%%?}‘eﬁsihﬁ uBftQ‘#’H&%yléﬁ@ﬁlay be

char acteri z 1-'NML2. and 1 cal cd f ound

293. 314 M subgtitatedsor unsybstiated his siay bgsubgé@teﬂe‘ﬁﬁhihebgmm alkpy 3 Pfmabiy CaCar
sol ution Iggg ) in methanol (5
mL) NaBH4 %ox%(%rﬂ&y eg%lli?m)%? %%Qr gmm{r%er?trréerggt |) on mxture vvag

further stirred for then neutralized with 10 acetic acid and the

sol vent Rude H%%ﬁ%?ﬁéﬂ %‘3.3&%%% <Invelich anlmﬁth%@a%%%%té’ ‘da:tji?ehe’was

preC|p|tate a sa |ca ona e solutiron e pe
col | ect edshblyhefweltlterfaﬂdmng nmhgdn\mn&mmm dlphatimaheycaqehedmaédomﬂ'dmed

pr odu was char riz by, 11-1-
f ound 73FOP n;'_%a ?qg%fnn? Trlé ﬁcarbfgl Vl)l %gundﬁ’lﬁhe sun%IeSI% %f)ﬁ.:?@alkgnes with on?y
Boc- Lenv (daei@bl)bl Eﬂﬂﬂ)aﬁd fbridthwafbndimpalaraps, e°dmus hmgolagcme baries ofhyaifoc8d¥asT FA

it DOM PR PR e r SR ROt VAP 326 Hpe e B

HATU (1. &ubawtmreﬂﬂh&)stlma I8ddatkeanste %sﬁﬂn&dmw i Ebembstiiited behnldgen

I'h. HLemy( s dissol ye DMF and,added to the
bopt | clo. ST BT P G i LB EQUP G oA B PhE Gt | on' was
stirrmd for 4h at RT. The solvent was concentrated and t he pepti de,
fully protected, was obtained recl pitati 5 H20 on |

The cr udé“‘sp‘ﬁﬁ‘(f hépeinies nptﬁl%é?smtwﬁ SABERER angélh%ﬁc H@seawaﬂal s% 3Hled
from t he 150t 18 Rleaklis SRHARERARA rink Bys@hd @Fefdrobl P&t arbMetideR d f mbdey

deprotected it was solubilized in a m xture of DCM TFA/ Tl / H20

10/ 85/ 2. Frefensbly kayipg 6 sh1Z qebonstams ip theiimg skedeten Fxpmplssithsisal 3rpehepeinndde
was precifhirdign] Uk 381 mokBidd Mﬁﬁb%ﬁ&%ﬂéﬁrhﬂstlﬁﬁﬂe&cﬁ@Qbﬁﬁ)a%gen atoms,
di i sopropyl ether on ice. The peptide was then collected

cent r45f ud’é(tilioéﬂ exursFOeCrakaxygroups AT Gs-Gndrtl gEOvBtpe mat ant 30 was
decanted. The precipitate was washed several tines with diethylether
and the crude WO 2009/ 109332PCT/ EP2009/ 001403 52 product was kept
then at aswsedhaneivafier i thhdeserdptionpbthe imvgationeand imiha glabes, (herierm. “bTpene”
crude pr } as
descri be%ggflﬁavm f%@ﬁ%}ﬁggﬁﬂ a}{\@} g&ﬁ%%%@&% gXthg%]a %@%g}/ﬂ%

RP- HPLC &edzaph mm@t’matzwdrbyarhtus@d%@q@emﬁr[@]smmplym( (IEGPanhﬂ)mE)&mpm nd

ﬁg) Dgrgf?cal?r)&ﬁ \vAh a contmuous lgon%xﬁge er@ma}ptg eglibcsi iR or substltut% suchxz?sal
DOTA- 4- arvymhalokercashg kydroti gtoups, 1R +Cchlkvay Broabeor@rC Hapd Moapsval - A y- Hi s



Compound 11: A = DOTA, Bl = 15-am no-4,7,10, 13-t etraoxapent adecanoyl ;
B2 = none, Xaai = DPhe; Xaa2 = @Y; 20

DOTA- PEGA- WORNA@3A2 Tr p- Al a- Val - d y- Hi s- Let uy( CHOH CH2)ROIHE2) 24 QHIG3
C781-11211417021, calculated (mz): 1832.8, found [ M-Kr: 1672.2
Example 4 (A-B-C-3) 25

DOTA- Spacer - Xaal6- d n7- Tre- Ala9- Val m Xaa21l Hi s12- Xn313- Xaa414- NH2
Synt hesi s of bonbesin conjugates with general sequence:

DOTA- Spacer - Xaal6- A n7-Ti psAl a9- Val m Xaa211- Hi s12-

Leuw( CH2NH) - Phe- NH2 30 a) Synthesis of the pepti de: Fnoc-

Xaal6- GIn7-Tr p8- Al a9- Val m Xaa21l-H s12- Leny(CH2NH) - Phe- NH2 .,
2009/ 10936211&9#1992166@;/1@%419%“3%0@&% laé@%ﬁléi 18 e i, £ %fdteﬁﬁmaqepxl on

MBHA resi ﬂmd'—‘alkgﬂ-)q@argggmfﬁﬁ A fiddhs fb?'aﬂcgl B%oﬁltafnaatt R4 oné BarB&NGK RN, doMREA

resin with a theoretical oadln ven to the

[
o st o el ATty BurSre Rl S ctionsinad dva sy
tlmesgl bbb .89 jon of 10% DI PEA in DCM The first
coupling o?il tr‘%fw% 2 \%CI-Ikgﬁ - Phe- OH was achi eved using 2

equi val ent of Boc-am no acid activated with 2 equivalents of HOBt and
2 equi val T e L »
Foom t empy e Rereifer jp BF SESHRITG dARGERAIE e B dSened iffbeh

Kai ser ni svhl Haverthe medninglH ¢, 8bBrwak deprot ect ed usi ng 30% of TFA in
DCM and this step was repeated twice. The resin was, then, treated
with a 10 solution of 10% Dl PEA in DCM and t he couplings were

per f ot0re dAsssed baeinafoe dn Ehbdmnptlon of the invention and in the claims, the terms “salts of

(H- D Phe-d n-Trp-Al a-Val.- H| s: Le - Phe., C561 211409,

ol at dorG B R e e . 0 e 1P TRt

SPACER andclmlﬁg, et &dt GeinPBhied ioBid)ds an\as aﬁthphicngmcyyﬁfoq;mﬁe fl@vt‘lﬂieliioﬁ@
20 The

descri bed a C rot.ection, R rificatio
pepti de vﬁé"?‘? FisAF é‘%JPW‘gH"*?ﬁNh(?fC‘HP 5a §“‘( e uhE H’i“kt%‘f’lélm
stirred ahagneQithsARPRE atadipte Ifdazrsmﬁmrnyamgéﬁhﬁlfme;@rué EppiBiftiatd WgantoRided i n

ice bath and trifluoromethanesul fonic acid TFIVBA 100 gL) added
dr opwlse Whehingluds, ppiage n#ﬁéﬂ@&w%@c é%ﬁ‘ﬁ’iia% £¥5oz lgftaa&ﬁé?mﬁﬁd t he

m xture siifph@tt, BéteroORITE, Tcﬁﬂbﬁ?lﬁtaﬂﬂ SulbinicZackls, ekR@pMObRMECHRS forRstl easc,
under vacuum and 25t he pepti was,_ precipitated addi ng cold di et hyl

et her . THElpraetipiprepienicguccinit Blgolice gWeeic, {acke anake HmaTie PHmVE: Prazoiand
the crude,prasis me¥AR, fidaRd sblllgﬁé p‘ﬁ@xéﬂ‘dé@’ﬁc FABdeHiE U oRfc Ot bihinsshic,

di ssolved in water and purif LC pfeparative as describe
above. eﬂlwthfow@rhea@a@se@%rpéaraﬁtapry%é@luwﬂéﬁmcwm@meﬂpnmgcm
char agf erd, zedy; Dy T3 ec%QeI? RGkdwi &S %Wgaﬁf:%tndmy alsm resent as t the salts
2009/°109332PCT/ EP2009/ 001403 54 ound ; DOTp Bl

4- am no- ﬁh@mfbmlyma@hwaq@mpem@i alcggm, maatmélm sebinl = DPhe; Xaa2 =

G y; Xaa3= Leunif(CH2NH); Xaa4= Phe

DOTA- 4- am no- 1- car boxymnet hyl - pi peri di ne-D-Phe-A n-Tip-Ala-Val -G y-H s
Leut y( mme@hmeimﬂ@r Onbe-Hcsamiin 0 bY thedruletidieand dn hetiajms, 1€16MO, f ound

[ MEKT : t i , i i . i £ r

Sequence: %%?lﬁ\é&%tléﬂl a{:‘c‘g‘gg{aa@g%&ﬁglfﬂ%r?gd8{éit§9ﬂh6{%§£§%dvé4r§£1&a%{h§, bt as

Al a9-2al nm)(aaﬂibitlsﬁndhfﬂng,ényx(cﬂ-ﬂﬁﬁkﬂ toOyads\dkich 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, pymvic, benzoic,
anthranilic, mesylic, salicylic, phenylacetic, mandelic, embonic, methansulfonic,

30 ethanesulfonic, benzenesulfonic, phantothenic, toluenesulfonic and sulfanilic acid.



a) Synthesis of the peptide: Fnoc-

Xaal6- GLn7- Ti p8- Ala9- Val m Xaa211- Hi s12- Lenv( CH2NH) - Cys- NH2 15
Pept i des wW¥paLeinteti zed manual |y by solid phase on MBEA/EPPHA0ILE 59
mmoUg) using Hoc-strategy. Boc-Cys(4-¥e0Bzl)-OH (2.5 eq.) was coupl ed
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.). un --2_

I ntroduction of reduced bond 13vi4(NH) was carried out using

Boc- Leu- al dehyde (2.5 20 eq.) dissolved in acified dinethylformm de.
NaBH3CN ( &s fisce ﬂer)ainhf;er%e}dﬁﬁ:ﬁﬁﬁiﬂﬂﬂ‘ tisd iavdnyion il iR Gherdldims, alitcteinh ¥prodrug”
reaction was stirre or at RT. After the formation of a reduced
peptide bYFAERS 2% ‘F°"61F“'Lh@“8‘c‘ﬁfpﬂ”lpﬁbn¢ &k ir‘c‘}ﬁﬁeﬁlxﬁg? %C‘BBP?TB?‘WE‘M?%‘@‘S‘:I

N- Boc- pr ofcesting i@fsmeiag¢hds. WO 2009/ 109332PCT1EP20091001403 55 b)
Coupling with SPACER and prochel at or DOTA (q3u)3 The couplings were
performed as descri bed above. 5c) Deprotection, .cl eavage and

puri figat ek sl Qk a6dditRBugHoL e ARAIch MY dobipFigds i ARmABSISgicall
performed as descrjbed previously. The conjugates were analyzed 5y
anal yt i cadccqpablqriegvativgs sueh phesteas jamides pyd phosphapauel Hatdbgpspsyiios in vy
Conpound %&rmﬁgﬁnm rodidt of i RAVARe lis thAJ0X Wﬁ%tamféﬁngﬁ REFIrALARY). B =
none, Xaal = e; Xaa2 = Qy; Xaa3= Leutp(CH2NH)-; Xaad= Cys

DOTA- 4- anteferenge bya@pestuarang (ilman p@’wifdrhneaqgaeml@wﬂfﬂbermc@ﬂiwﬁcdi y-Hi s
Leut v( CH - R O/ i -gﬁhqy| etk . und
[ MENar: 1 g@@§M§Q§§§PEgi§g%d$%?§%§%ﬁﬁﬁ of 't €$b§%gﬁé§%gg%§%onjsﬂgges
( Conpbundiisclostr®)of @brebrishergin dcegiarated by rdferepéegPrliivgsiof a epimpohed of the

chel at or - bonbesi n..pept. i ' ' i | -
25 2 e f R BERE biBuaRbF BBy RPkotdalSi It S sl i PRHR )
and 250- 5i€h pivay tift the dliiodionsm@cireddeeithef haout@embhipulkhpscisie vivp) tothe
was heated f d_cool eratgfe for 10

30 t, 95C d t ]
e e dareRtsynspnd, Phpdnigd of R CoBRRnS of e bR GIINEH HollgB poRl 1,
0 2) e o et by LBLC Tor oo ol ol
. Z. etermnitn e anoun un e .
ot o P EamYES Cabin A ety G0 bRk e B i bauo e i
1151 n. Thaneasereewad patientpdledvbetoiombe fahyalalyDerFresiatninol tegpdctival@s

performed followi ng the same protocol. The firmwas used in the form
oratInCl3 solution and in a nolar ratio of 1:1. Exanple 6 (In vitro

assays) MRkl hspRO6f fYbdtigdse datriteddor ifstitict HOWOBYBTLSAL RAD 99753805 A,
CGRP receptor antggonlsts ) . . .
WO 99/33793°A and WO 99/33792 A, the disclosures of which are incorporated herein by

20 reference in their entirety.

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

readily metabolized into the active inhibitors in vivo.

25  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"
30 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 amine acid is a molecule that has a



15 Reagents and peptides Al reagents were of the best grade

avai |l abl e and were purchased from conmon suppliers. The nouse

nonocl onal WREM2{dg8?38t i ni n (HA) epitope anti body was pur AeEd&RA0POBHI3
Covance (Berkeley, CA). The secondary®3anti bodi es Al exa Fluor 488 goat
anti-nmouse 1gG (H+L) was from Mol ecul ar Probes, Inc. (Eugene, OR).
Bonbesi n and t he antagoni st [ D Phe6, Leu- 20 NHEt 13,

des- Meti 41 - bonbesi n(6-14) ( GRPR- ANTAG were purchased from Sachem
(Bubendorf, Switzerland). RW26, RMLb, In-RMLb, and 175Lu- AMBA were
provi ded barbddyR adihfiletidnBhtyahd arfhingz eitlogeravinghelekst une Sddiydalgen, um

Assay kit s.fro | ecul Probes, 1Ingc. ne,. OR). 25Ce | i nes
o erbPOBTNY RARAYOIERs RISt o stk botd WRCeleiculb R .o
HA- epi t olpﬁipg;ﬂﬂ a@bbi:lrgmd fge £oRko EReE @ﬁtfﬁ N(tHEKn2008@%RRg frea\leira»@ggeﬁ@%te;nb @s |
previ ous lescri be scatq at al., 2 .and cul tured at an
B0 oo nieTHABE £ 16 DRGSR b VEBra Aty Vi eis iR e Aoy

cont ai §i Ngmilie YerddWerdech Bl athdj RN A¥EnS A dBsIATBIhichli? Soifitd R&RsEdH A 1 N,
30100 jig/nl streptonycin and 750 jig/ml GA18. Human prostate cancer
cel | s ( PCrdensption ipdsfimedypt & nsptiflerbogdn DSMZ ( Deut sche Samm ung von

M | croorgani snmen und Zelllculturen GrbH, WO

2009/ 109332PCT/ EP2009/ 001403 57 DSMZ No: ACCA65) and cul tured at 37C
and 5% COARamidghpad 75| useddiesein mgpnsi any covalanpbang| bayiagthestregtere suppl enent ed
with 10% (v/v) FBS, 100 Wi penicillin and 100 pg/ mlL streptomycin.
Al'l culture reagents were fromG bco BRL (Grand Island, NY). 5

Bi ndi h- afEE)INH-FHaseor enedtGHINNE-ORP receptor binding affinity of

t he vari ous conmpounds was determned by in vitro receptor

aut or adi ogr aphy on cryostat sections of either well characterized
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Cys), diaminopropionic acid (Dpr), 2,4-diaminobutyric acid (Dab), 3,4-diaminobutyric acid
(ypDab), biphenylalanine (Bip), phenylalanine substituted in para-position with -C;-Cg-alkyl,
-halide, -NHj,, -CO,H or Phe(4-R) (wherein R = -C,-C¢-alkyl, -halide, -NH,, or -CO-H);
peptide nucleic acids (PNA, cf, P.E. Nielsen, Acc. Chem. Res., 32, 624-30); or their N-
alkylated analogues, such as their N-methylated analogues.

Cyclic amino acids may be proteinogenic or non-proteinogenic, such as Pro, Aze, Glp, Hyp,

Pip, Tic and Thz.

For further examples and details reference can be made to, e.g., J.H. Jones, J. Peptide Sci.,

2003, 9, 1-8 the disclosure of which is incorporated herein by reference in its entirety.

As used hereinafter in the description of the invention and in the claims, the terms "non-
proteinogenic amino acid” and "non-proteinogenic amino acid residue” 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, lle, 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, -amino acids, y-amino acids, lanthionines,

dehydro amino acids, and amino acids with alkylated guanidine moieties.
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Tar getg ngacids) or oxalic acid, malonic acid, succinic acid, adipic acid, fumaric acid, maleic acid, malic

acid, phthalic acid (dicarboxylic acids), respectively.

As used hereinafter in the description of the invention and in the claims, the term "diamine”
means organic compounds having two NR’R” moieties, wherein R’ and R” may
10  independently from each other be alkyl, alkenyl, alkynyl, aryl. Diamines may for example be

ethylendiamine, 1,4-cyclohexane diamine, piperazine.

As far as hereinbefore amino acids, carboxylic acids, dicarboxylic acids or diamines are

referred to, this also specifically includes the respective radicals obtained when such amino
15  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),

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

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

20  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.

25  Asused 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 eitherto 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

30 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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sacrificed and the organs of interest were collected, rinsed of
excess bl ood, weighed and counted in a y-counter. 10 I 111 n- COMPOUND

11 "In- Ag used hereinafter in the descr&'gtion of the invention and in the claims, the term “spacer” is

DOTA- d y- ami nobenzoyl - D- Phe-d n-Trp- Al a- Val - d y-H s- St a- Leu- NH2 .

Organ 1h definegdps g ligking FEPup AHetpyegpthg metal ghelator agd the bombesin peptide antagonists.
20

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.

25  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.

30  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



0. 860. 17 0.040.00 0.020.01 0.010.00 0.000.00 0.000.00 heart 0.280.05
0. 040. 01 0.040.01 0.030.01 0.000.00 0.010.00 Liver 1.930.29 0.380.05
0. 390. 08 (OWO9EMO933200. 01 0. 090. 02 spl een 0.570. 21 0. 1ZFCTEP20UE4D 1
0. 050. 01 0.040.01 0.020.00 lung 0.820°13 0. 120. 04 0. 100. 03

R2 0

H,N
OH

R1

Statine R2 = OH, R1 can be varied significantly but
typically are the same as amino acid side chains

Statine Anatogs R2 = H, R1 can be varied significantly but
typically are the same as amino acid side chains

Abbreviations:

5 NODASA = 1,4, 7-TRIAZACYCLONONANE-1-SUCCINIC ACID-4,7-DIACETIC ACID
NODAGA =1,4,7-triazacyclononane-N-glutaric acid-N’,N’’-diacetic acid
TRITA = 1,4,7,10 tetraazacyclotridecane-1,4,7,10 N, N', N", N'"-tetraacetic acid
Cpa = (S)-4-carboxamidophenylalanine
4-Am-5-MeHpA = 4-amino-5-methylheptanoic acid

10 4-Am-5-MeHxA = 4-amino-5-methylhexanoic acid
DFOQ = N'-[5-(acetyl-hydroxy-amino)pentyl]-N-[ 5-[3-(5-aminopentyl-hydroxy-
carbamoyl)propanoylamino]pentyl]-N-hydroxy-butanediamide

0.~ 1
0 o Y N
HN—< HN-( HN O
JCH,); (CHp)y (CHY) (CHz):L (CHz)s

Sl SRS

QO  oH O OH OH
DFO
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Without further elaboration, it is believed that one skilled in the art can, using the preceding
description, utilize the present invention to its fullest extent. The following preferred specific
embodiments are, therefore, to be construed as merely illustrative, and not limitative of the

remainder of the disclosure in any way whatsoever.

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
pumol/L (*) alone, or in the presence of 10 pmol/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 la
(OJ) have no effect on calcium release in PC3 cells. Compound 1a refers to binding sequence
of 1, without the linker and chelate (D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH3).
Compound 1 refers to chelate (D-Phe-Gln-Tip-Ala-Val-Gly-His-Sta-Leu-NH3). In-Compound
1 refers to In-chelated {D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH»).

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, (c) Compound 1b, (d) Compound 1b + 10 nmol/L bombesin,
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21.921.34 1.320.31 0.070.02 0.150.02 0.060.01 0.060.01
7.801.90 0.850.45 0.110.09 0.210.19 0.030.03 0.050. 07

190.208/1093330. 01 0. 020. 00 0. 030. 00 0. 000. 00 0. CUU/IBLUIHNSI3

0.180. 07 0.040.01 0.140.03 0%030. 00 0. 030.01 tunmor 14.241.75

(4, £, h, j) cells treated with 10 nmol/L. bombesin in the presence of 1 pmol/L of the analogues
Compound 1b, GRPR-ANTAG, Compound 1, and In-Compound 1, (c, €, g, 1) cells treated
with Compound 1b, GRPR-ANTAG, and Compound 1.

Fig. 3a, 3b, 4a, 4b: PET-imaging in PC-3 (3) and LNCaP (4)-tumor bearing mice of Ga-68-
DOTA Compound 2. a) 1h after injection of 10 MBq radiotracer, b)blocked with 100 pg
bombesin

Fig. 6: SPECT/CT image of *™Tc-ARN4-06 (15 MBq/200 pmol) in PC-3-tumor bearing mice
Fig.8: SPECT/CT image of *™Tc-ARN4-05 (15 MBg/200 pmol) in PC-3-tumor bearing mice.

Fig. 9: HPLC analysis of Ga-68-DOTA Compound 2 on a reversed phase column.

Fig. 10a, b, ¢, d, e: Stability assay of Ga-68-DOTA Compound 2 in mouse plasma and urine
analysed by HPLC.

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 genencally 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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make various changes and modifications of the invention to adapt it to various usages and

conditions.

EXAMPLES

5  wherein A has the meaning of A but also A’ as appropriate for all examples disclosed below.

Example 1 (A-B-C)

wherein A has the meaning of A but also A’ as appropriate for all examples disclosed below.

10 a) Synthesis of bombesin peptide antagonist conjugates with general sequence

(A = DOTA, B = Spacer B; — B;, C = Peptide with N-terminal amide Z [Z = NH])

DOTA- Spacer-Xaa1f’-(_‘wln?—Trps-Ala9-Val"’-Xaazl ! His'%-Sta"*-Leu'*-NH,
Peptides were synthesized manually on solid phase using Fmoc-strategy. To obtain N-terminal

15  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 .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%

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

25  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
30 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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After the reaction, the solution was removed and the solid phase was washed twice for 5 min

with DMF. The reaction was monitored by Kaiser-test. A certain amount of beads of the resin
were washed 3 times with ethanol, 50 pL of the solution 1 (20 g phenol in 10 mL ethanol were
mixed with 1 mL of a solution of 0.01 M KCN in 49 mL pyridine} and 50 pL of solution 2

5 (500 g ninhydrine in 10 mL ethanol) were added and the beads were heated for 10 min at 95°C.

Blue beads indicated uncoupled free amino functions.

All amino acids were used as N-terminal Fmoc-protected derivates and they were coupled in a
similar manner. Tryptophan was used with tert-butyloxycarbonyl (Boc) protecting group on
10 the side chain while histidine and glutamine were Trt protected. If Kaiser test performed after

coupling of each amino acids, indicated incomplete coupling of amino functions, the coupling

was repeated.

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

vacuuin.
b) Coupling with SPACER and prochelator DOTA('Bu);

20  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

25  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
30  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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was shaken overnight. After removing the solution, the resin was washed 3 times with DMF,
5 times with DCM followed by 5 times washing with diethyl ether, each for 2 minutes and

dried under vacuum.
5  ¢) Deprotection, cleavage and purification

The peptide-resin was taken in a syringe equipped with a fiit. A solution of triflucroacetic acid
(TFA)/Thioanisol (TA)/Triisopropylsilane (TIS)/HxO (94/2/2/1) was added and the syringe
was agitated for 2h. The solution was added to a mixture of 50% diisopropylether and 50%

10  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 dried under vacuum. The crude product was
dissolved in water and purified by semi-preparative RP-HPLC on a Metrohm HPLC system
LC-CaDI 22-14 (Herisau, Switzerland) with a Macherey-Nagel VP 250/21 Nucleosil 100-5

15  C)3 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).

20 A-B-C-1
DOTA-Spacer-Xaa,*-Gln’-Trp®-Ala’-Val'%-Xaa,''-His"*- Xaa;"- Xaas'*-ZH (Z=NH)

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

25 DOTA-Gly-aminobenzoyl-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NHz ; CgoH114N20030,
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

30 DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gin-Trp-Ala-Val-Gly-His-Sta-Leu-NHy;
CoH118N20019; calculated (m/z): 1639.9, found [M+K]™: 1678.1
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Compound 3: A = DOTA, B, = 4-amino-1-piperidine-4-carboxy; Bz = none, Xaa, = DPhe;

Xaay = Gly; Xaa;= Sta; Xaas=Leu

DOTA-4-amino-1-piperidine-4-carboxylicacid-D-Phe-Gln-Trp- Ala-Val-Gly-His-Sta-Leu-NH;
5  CyH11gN2gOre, calculated (m/z): 1624.9, found [M+K]": 1663.7

Compound 4; A = DOTA, B; = 15-amino-4,7,10,13-tetraoxapentadecanoyl; B; = none, Xaa, =

DPhe; Xaa; = Gly; Xaa; = Sta; Xaas= Leu

DOTA-15-amino-4,7,10,13-tetracxapentadecancic acid-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-
10 Leu-NHjy; Cg:Hi27N 19053, calculated (m/z): 1747.8, found [M+K]": 1785.1

Compound 5: A = DOTA, By = 15-amino-4,7,10,13-tetraoxapentadecanoyl; B; = 4-amino-1-
piperidine-4-carboxy, Xaa; = DPhe; Xaa, = Gly; Xaaz= Sta; Xaas= Leu
DOTA-(15-amino-4,7,10,13-tetraoxapentadecanoic acid)-(4-amino-1-carboxymethyl-

15 piperidine)-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NHa; CgoH130N21004, calculated (m/z):
1886.0, found [M+K]": 1924.9

Compound 6: A = DOTA, B, = diaminobutyricacid; B, = none, Xaa; = DPhe; Xaa, = Gly;
Xaaz = Sta; Xaas= Leu

20 DOTA-diaminobutyricacid-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NHa; C75H 14N2¢Ohs,
calculated (m/z): 1598.9, found [M+K]": 1638.4

Compound 7: A = DOTA, By =4-(2-aminoethyl)- 1-carboxymethyl-piperazinyl; B; = none,
Xaa; = DPhe; Xaa; = Gly; Xaa; = Sta; Xaas= Leu

25 DOTA-4-(2-aminoethyl)-1-carboxymethyl-piperazine-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-
Leu-NH;; CyoH 2N Oy, 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

30 DOTA-(5-amino-3-oxa-pentyl)-succinamic acid-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-
NH;
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Example 2 (A-B-C)

a) Synthesis of bombesin peptide antagonist conjugates with general sequence

(A = N;-azido, B = Spacer B; — B,, C = Peptide with N-terminal amide Z [Z = NH;])
Ni-triazoles-dPEG-Xaa; *-Gln'-Trp®-Ala®-Val'%-Xaa, ' -His'2-Sta'*-Leu*-NH,
a) Synthesis of the peptides: Fmoc-Xaa,5-Gln’-Trp3-Ala®-Val'®-Xaa,'!-His'?-Sta'*-Leu'*-NH,

Peptides were synthesized manually on solid phase using Fmoc-strategy. To obtain N-terminal
amides, Rink amide MBHA resin L.L (100-200 mesh) was used. The synthesis was performed

as described in the Example 1.
b) Coupling with the alkyl group propargyl-dPEG,-NHS-ester

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 fiit. 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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dried under vacuum. The crude product was dissolved in water 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).

d) Synthesis of Ns-azido chelator. The synthesis involves 3 steps.

i) Synthesis of NN’ N, N’ " -tetrakis(tert-butyloxycabonyl)-6-(azido)-1,4,8,11-
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-tert-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. Afier 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.

i) NN NN -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% NaHCO;
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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iii) NN’ N N’ -tetrakis(tert-butyloxycabonyl)-6-(azido)-1,4,8,11-tetraazaundecane
(Na(Boc)s-N3) [3):

A suspension of 2 (250 mg, 0.38 mmol) and sodium azide (100 mg, 1.52 mmol) in DMF (3
mL) was stirred at 75 °C for 5h. Later the reaction mixture was stirred at room temperature for
18h. The reaction mixture was then portioned between water and ethyl acetate. The aqueous
layer was extracted thrice with ethyl acetate and the combined ethyl acetate was washed with
sodium chloride solution and dried over anhydrous sodium sulfate. Filtration and evaporation
of the solvent under reduced pressure yielded crude product, which was then punified by

column chromatography. (yield 88%).
d) Coupling in solution

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 tert-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 cmde 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 diethy! 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 =Ns-azido, B, = propargyl-dPEG,;-NHS-ester; B; = none, Xaa; = DPhe;
Xaaz = Gly; Xaa; = Sta; Xaas=Leu
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Ns-triazoles-dPEG;-D-Phe-Gin-Trp-Ala-Val-Gly-His-Sta-Leu-NHj; CggH9sN21 Oy, calculated
(m/z): 1424.7, found [M+H]": 1425.5

Example 3 (A-B-C2)
DOTA-Spacer-Xaa, 5-GIn"-Trp®-Ala’-Val'®-Xaa,'!-His'2-Leuy(CHOH)-(CH,);-CHj

All the pseudopeptides were synthesized in solution phase by condensation of the heptapeptide
Fmoc-D-Phe-Gln-Trp-Ala-Val-Xaa,-His-OH with the modified aminoacid H-Leuy(CHOH)-

(CH);-CHs.
a) Synthesis of the heptapeptide 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 finaily
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)s

The couplings were performed as described above.
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¢} Cleavage and purification

The fully protected peptides were cleaved from the solid support by suspending the resin in a
mixture of TFA/TIS/DCM (1/5/94). Several times were drawn up a volume of 5 mL of the

5 cleaving solution with the syringe, incubated 10 min and the cleaved fractions were collected
in a 50 mL flask. After all the fractions were collected 3X10 mL of toluene were added into
the flask, the solvents were evaporated and the product was dried afterwards for 1 h at the oil

pump vacuum.
10  d) Synthesis of Boc-Leuy(CHOH)-(CH,);-CH3. The synthesis involves three steps.
1) Synthesis of Boc-Leu-N(OCH;)CH;

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

15 1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU)(1.380 g, 4.3 mumol), HOBt (0.581 g, 4.3
mmo]) and DIPEA (743 pL, 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 pL, 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

20 with H,0, 5% citric acid, H;0, 5% aqueous NaHCOs solution, saturated NaCl solution several
times. The solution was dried over MgSQy4 and the solvent removed in vacuo. The desired
compound was purified by silica gel column chromatography. ESI-MS: caicd. 269; found 292
[M +Na]".

25 1) Synthesis of Boc-Leu-(CH3)3-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 Na. To the suspension of Mg in THF
(20 mL) was added bromobutane (1.46 mL, 13.6 mmol} dropwise and the mixture was heated
30  atreflux. When all the magnesium was dissolved, Boc-Leu-N{(OCH;)CH; in THF was added
dropwise and the reaction was stirred for 2h at 0°C. 1M HCI (150 mL) was added followed by
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ethylacetate (100 mL). The organic layer was washed with 1M potassium hydrogen sulfate,
water, dried (Na;S0O4) and concentrated in vacuum. The expected product was purified by
silica gel column chromatography. The product was characterized by '"H-NMR and C-NMR.
ESI-MS: calcd. 271; found 293.3 [M +Na]".

iit) Synthesis of Boc-Leuy(CHOH)-(CH;);-CH3

To a solution of Boc-Leu-(CH;)s-CHj3 (0.190 g, 0.7 mmol) in methanol (5 mL) NaBHj4 (0.104
g2, 2.8 mmol) was added. The reaction mixture was further stirred for 1h, then neutralized with
acetic acid and the solvent was removed under reduced pressure. The expected product was
precipitated with a saturated bicarbonate solution. The peptide was collected by filtration,
washed with water, hexane and dried. The product was characterized by "H-NMR and “C-
NMR. ESI-MS: caled. 272; found 273 [M +H]"; 547.7 [2M+H]".

iv) Coupling in solution

Boc-Leuy(CHOH)-(CH,);-CHj; 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:)3;-CH; 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>0 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 supemnatant

was decanted. The precipitate was washed several times with diethylether and the crude
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product was kept then at a vacuum overnight to remove the remaining solvents. The crude

product was dissolved in water and purified by preparative as describe earlier.

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

Compound 9: A = DOTA, B; = 4-amino-1-carboxymethyl-piperidine; B; = none, Xaa; =

DPhe; Xaa; = Gly;

DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-GIn-Trp-Ala-Val-Gly-His-Leuy(CHOH-CH,)-
10 (CH,)-CHa, C74Hy12N 1505, calculated (m/z): 1524.8, found [M+K]": 1564.3

Compound 10: A =DOTA, By = 15-amino-4,7,10,13-tetraoxapentadecanoyl; Bz = 4-amino-1-
carboxymethyl-piperidine, Xaa, = DPhe; Xaa, = Gly;
DOTA-PEG;-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-

15  Leuy(CHOH-CH;)-(CH,);-CHs; CssHiasN19On, 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;

20 DOTA-PEGs4-D-Phe-Gln-Trp-Ala-Val-Gly-His-Leuy(CHOH-CH,)-(CH,),-CH;
C73H|21N17021, calculated (m/z): 16328, found [M+K]+: 1672.2
Example 4 (A-B-C-3)

25  DOTA-Spacer-Xaa;5-Gln'-Trp3-Ala’-Val'®-Xaa, - His'2- X103 Xaae *-NH,

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

30  a) Synthesis of the peptide: Fmoc- Xaa;5-GIn’-Trp®-Ala’-Val'®-Xaa,'!-His'* Leuy(CH,NH)-
Phe-NHz
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Peptides were synthesized manually on MBHA resin LL (100-200 mesh) HCI using Boc
strategy. In general, MBHA resin with a theoretical loading of 0.59 mmol/g was given to the
reactor and it was swelled in DCM for 30 min. The resin was treated 3 times (10 min) with a
solution of 10% DIPEA in DCM. The first coupling of the Boc-Leuy(CH;NH)-Phe-OH was
achieved using 2 equivalent of Boc-amino acid activated with 2 equivalents of HOBt and 2
equivalents of DIC. The coupling reaction mixture was stirred at room temperature for Zh and
the reaction was monitored with the Kaiser ninhydrin test. The Boc was deprotected using
30% of TFA in DCM and this step was repeated twice. The resin was, then, treated with a
solution of 10% DIPEA in DCM and the couplings were performed as described above.

{H-D-Phe-Gin-Trp-Ala-Val-Gly-His-Leuy(CH;NH)-Phe-NHj: CssH7IN 1409, calculated (m/z):
1089.3, found [M-+HT": 1089.8

b) Coupling with SPACER and prochelator DOTA (‘Bu);
The couplings were performed as described above.
c) Deprotection, cleavage and purification

The peptide was treated with TFA (1 mL) and TI1S (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 nuL) 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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Compound 12: A = DOTA, B; = 4-amino-1-carboxymethyl-piperidine; B; = none, Xaa, =
DPhe; Xaa; = Gly; Xaas= Leuy(CH:NH); Xaas= Phe

N
Xaa3-Xaad= -
L

DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-GlIn-Trp-Ala-Val-Gly-His-
Leuy(CH,NH)-Phe-NH;
CroH114N20017, calculated (n/z): 1615.9, found [M+K]": 1654.9
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=
T
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10 Synthesis of bombesin conjugates with general sequence: DOTA-Spacer-Xaa,*-GIn’-Trp®-
Ala®-Val'*-Xaa,""-His"-Leuy(CH,NH)-Cys-NH,

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

15
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

20  eq.) dissolved in acified dimethylformamide. NaBH;CN (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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b) Coupling with SPACER and prochelator DOTA (‘Bu);

The couplings were performed as described above.
5  c¢)Deprotection, cleavage and purification

The deprotection, cleavage and purification were performed as described previously. The

conjugates were analyzed by analytical RP-HPLC and characterized by mass spectroscopy

(ESI-MS).
10
Compound 13: A = DOTA, B; = 4-amino-1-carboxymethyl-piperidine; B; = none, Xaa, =
DPhe; Xaa, = Gly; Xaa;= Leuy(CH;NH)-; Xaas= Cys
SH
N
X3 Kaas= 7 TN, N2
2 H
A
15
DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-
Leuy(CH;NH)-Cys-NHz; C73H110N20017S, calculated (m/z); 1571.8, found [M+Na]™: 1593.6
Example 4
20

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-
25 2 mCiof an aqueous solution of ("'InCls, ’LuCl; or ®GaCl3) 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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Ca-DTPA solution (0.1 M, pH 5.2) and analyzed by HPLC for determining the amount of

unlabeled radionuclide.
Example 5
5
Labeling of the synthesized conjugates with '"In,
The complexation of the bombesin analogs with **In was performed following the same
protocol. The "'In was used in the form of "'InCl; solution and in a molar ratio of 1:1.
10

Example 6 (In vitro assays)

Materials and Methods for the in vitro characterization of GRP receptor antagonists

15 Reagents and peptides
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-

20 NHEt", des- Met“‘] 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).

25  Celllines
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,
30 100 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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DSMZ No: ACC465) and cultured at 37°C and 5% CO, in Ham’s F12K containing 2 mM L-
glutamine and supplemented with 10% (v/v) FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin. All culture reagents were from Gibco BRL (Grand Island, NY).

Binding-affinity measurements

The GRP receptor binding affinity of the various compounds was determined by in vitro
receptor autoradiography on cryostat sections of either well characterized prostate carcinomas,
or on sections from HEK-GRPR or PC3 cell pellets as described previously (Markwalder et al.,
Can. Res., 1999; 59, 1152-1159; 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

Immunoflucrescence 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 ug/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
4388 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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cells were treated for 30 min either with vehicle (no peptide, a), or with 10 nmol/L bombesin
(b), a concentration inducing a sub-maximal internalization effect. Panels (d, £, h, j) show cells
treated with 10 nmol/L bombesin in the presence of 1 pmol/L of the analogues Compound 1b,
GRPR-ANTAG, Compound 1, and In-Compound 1. The effect of Compound 1b, GRPR-
ANTAG, Compound 1, and In-Compound 1 alone at a concentration of 1 umol/L is shown in
panels (c, €, g, i, k). Following incubation with the peptides, the cells were processed for
immunocytochemistry as described in above. A clear punctate perinuclear staining is
detectable for bombesin treated cells, This punctate staining is efficiently abolished by an
excess of the analogues Compound 1, In-Compound 1, Compound 1b and GRPR-ANTAG.
Compound-1, In-Compound 1, Compound 1b and GRPR-ANTAG given alone have no effect
on GRP receptor internalization.

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.x = 485 nm) in the presence of the analogues at the concentrations indicated.
Maximum fluorescence (F-max) was measured after the addition of 25 pM ionomyecin.
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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181-192; Michel et al., Cescato et al., J. Nucl. Med. 2008; 49: 318-326).). All experiments

were repeated at least three times in triplicate.

Fig. 1 shows that In- Compound 1 and compound 1a behave like antagonists shifting the dose-
5  response curve of bombesin to the right in presence of bombesin (BB).

See results in Table 1 and Fig. 1.

Compound 1: DOTA-Gly-aminobenzoyl-D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-NH;
Compound 2: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-

10 Sta-Leu-NH;

Compound 3: DOTA-4-amino-1-piperidine-4-carboxylicacid-D-Phe-Gln-Trp-Ala-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-NH;

I5  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-Gln-Trp-Ala-Val-
Gly-His-Sta-Leu-NH,

20 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-Gln-Trp-Ala-Val-Gly-His-
Leuny(CHOH-CH;)-(CH,),-CHj;
Compound 10: DOTA-(15-amino-4,7,10,13-tetraoxapentadecanoic acid-4-amino-1-

25  carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-Leuy(CHOH-CH»)-(CH;),-CH;
Compound 11: DOTA-15-amino-4,7,10,13-tetraoxapentadecancic acid -D-Phe-Gin-Trp-Ala-
Val-Gly-His-Leuy(CHOH-CHa)-(CH;)>-CHj
Compound 12: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Tip-Ala-Val-Gly-
His-Leuy(CH,NH)-Phe-NH,

30 Compound 13: DOTA-4-amino- 1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-
His-Leuy(CH,NH)-Cys-NH,
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Compound 14: Ny-triazoles-dPEG;-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH,

TABLE 1. In vitro GRP receptor binding, signaling and internalization properties of BN

analogs
5
Compound BINDING Signaling Receptor
ICsp (nM) Ca"'mobilization internalization
mean = SEM
1 30x45 ANTAG/ no agonist effect | Antag/ no agonist
effect
| 16£5,3 ANTAG / no agonist effect | Antag / no agonist
effect
2 9,7+3,8 ANTAG / no agonist effect | Antag/no agonist
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 agomist effect | Antag/no agonist
effect
5 7,3x0,6 ANTAG / no agonist effect | Antag / no agonist
effect
6 74+22 ANTAG / no agonist effect | Antag/no agonist
effect
7 11£0 NA NA
8 1930 NA NA
9 3,2£1,3 ANTAG /no agonist effect | Antag/no agonist
effect
B9 25x0,2 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.
10

Standard methods in relevant publications:
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somatostatin agonists and antagonists. J. Nucl. Med., 2006;47:502-511.




0. 380. 06
1.410. 22
1. 080. 15
0. 350. 05
2. 310. 96

10

15

20

25

30

0. 080. 04 0.050.02 0.180.07 kidney 5.233.01 2.430.47 2.881.52
0.970. 06 0.550.15 stomach 4.432.48 5.724.04 0. 160. 03
OWR289{Y9352 280. 09 i ntestine 3.610. 61 3.311. 61 RETIERIOYN01403
0.160. 07 0.100.01 adrenal 10°%662.64 5.161.55 1.360.56
2.241. 43

Cescato R, Maina T, Nock B, Nikolopoulou A, Charalambidis D, Piccand V, Reubi JC.
Bombesin Receptor Antagonists May Be Preferable to Agonists for Tumor Targeting.
J. Nucl. Med.. 2008; 49:318-326.

Magrys, A.; Anekonda, T.; Ren, G.; Adamus, G. The role of anti-alpha-enolase
autoantibodies in pathogenicity of autoimmune-mediated retinopathy. J. Clin. Immunol. 2007,

27, 181-192.

Markwalder R, Reubi JC. Gastrin-releasing peptide receptors in the human prostate: relation

to neoplastic transformation. Cancer Res. 1999;59:1152-1159.

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-
35t5 of somatostatin radiotracers selected for scintigraphic and radiotherapeutic use. Eur. J.
Nucl. Med., 2000;27:273-282.

Reubi JC, Wenger S, Schimuckli-Maurer J, ef 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
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Female nude mice were implanted subcutaneously with 10 millions PC-3 tumor cells, which

were freshly expanded in a sterilized solution phosphate-buffered saline (PBS, pH 7.4). Eleven

days after inoculation the mice were injected into the tail vein with 10 pmol of radiolabeled

peptides (about 0.18 MBq), diluted in NaCli (0.1% bovine serum albumin, pH 7.4, total

injected volume =100 pL). For the determination of the nonspecific uptake in tumor or in

receptor positive organs, a group of 4 animals was pre-injected with 0.02 pmol of unlabeled

peptide in 0.9% NaCl solution and after 5 min radiolabeled peptide was injected. At 1, 4, 24,

48, and 72 h intervals, the mice (in groups of 3-4) were sacrificed and the organs of interest

were collected, rinsed of excess blood, weighed and counted in a y-counter.

""m-COMPOUND 1
"[n- DOTA-Gly-aminobenzoyl-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH,

Infection amount:

1.5 pBCl/ 10 pmol / 100 pi/mice

Qlodki_ng compound

2000 fold

Animal: nude mice ba;rih(_; PC3 tumor; 3 micelgroﬁp
Time point: 1h, 4h, 4h blocking, 24h,48h, 72 h
Organ 1h 4h 4h blocking 24 h 48 h 72 h
blood 0.860.17 | 0.04+0.00 0.0210.01 0.01+0.00 | 0.00+0.00 | 0.00x0.00
heart 0.2820.05 | 0.040.01 0.04+0.01 0.03x0.01 | 0.00x0.00 | 0.01x0.00
Liver 1.8320.29 | 0.38+0.05 0.35:0.08 0.19x0.01 | 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 | 0.04x0.01 | 0.02+0.00
iung 0.82+0.13 | 0.12+0.04 0.10x0.03 0.05:0.01 | 0.02+0.01 | 0.01+0.0D
kidney 3.99:0.33 1.93+0.18 2.67+010 1.01+0.06 | 0.50x0.09 | 0.28+0.02
stomach | 3.31x0.63 0.76+0.14 0.07+0.03 6.05:0.02 | 0.01+0.00 | 0.02+0.01
intestine | 1.73x0.48 | 0.20x0.10 0.07+0.01 0.04x0.00 | 0.01+0.00 | 0.01£0.00
adrenal 4142146 | 1.20:0.12 0.10£0.06 1.24:0.16 | 0.38+0.09 | 0.3610.04
pancreas | 21.92+1.34 | 1.32+0.31 0.07+0.02 0.1520.02 { 0.0610.01 { 0.06x0.01
pituitary | 7.80+1.90 | 0.85:0.45 0.11x0.09 0.21+0.19 | 0.03+0.03 | 0.05+0.07
muscie 6.1 9+0.06 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 | 0.18+0.07 0.04+0.01 0.14+0.03 | 0.03+0.00 | 0.03+0.01
tumor 14.24+1.75 | 13.462080 | 0.46x0.00 6.58+1.14 | 2.08+0.12 | 1.31+0.23




13.175.01 0.380.08 8.390.88 5.890.351 3.041. 44

4h 24 h 48 h 72 h tunor:kidney 1.8 5.4 6.0 6.1

6.

Tunor to tissue 1 h
2 tunor:liver 12.7

26.7 42. 4 B9 28098952 ynor: bl ood 21.1 109.7 631.4 803. 8 PHI/ER3009/001403

Tumor to tissue th 4h 24 h 48 h 72 h

tumor:kidney 36 7.0 6.5 42 4.7
tumor:liver 7.4 354 34.6 208 14.5
tumor:blood 16.5 338.5 658.0 1600.0 1871.4

tumor:muscle 75.0 448.7 2193 6933 1081.7

%Ga-COMPOUND 1

68Ga-DC)TA-Gly—arninobf:nzoyl-D-Phe-Ghl-Trp -Ala-Val-Gly-His-Sta-Leu-NH,

Animal: nude mice bearing PC3 tumor; 3 mice/group
Injection amount: 1.27 pCi/ 10 pmol / 100 pl/mice
Blocking compound 3000 fold Compound 1
Time point: 1h, 1h blocking, 2h,
5
Organ 1h 1h blocking 2h
blood 0.86+0.09 0.55+0.30 0.39+0.15
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 1.06x0.55 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  0.26x0.08 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 2.044:1.04 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



tunmorpancreas 0.2 0.3 1.9 2.6 2.9 tunor:nuscle 42.6 94.7 169.2 191.9
42.9 Exanple 8 W) 2009/ 109332PCT/ EP2009/ 001403 69 PET/ CT-i magi n

bi odi st ri bR 8%52ri nent in PC-3 and LNCaP-t unor bearﬁqggpﬁ?@&o
Ga68- DOTA Conpound 2, binding affinity and stability Imging +

Bi odi stribution Compound 2: DOTA- 4-ani no-1

- car boxynet hyl - pi peri di ne- D- Phe- d n- Tr p- Al a- Val
10 Enpirical Formula: C78HL15N20019Ga; Mol ecul ar Weight: 1704. 89

Ga- 68- DOTA; Compound 2 was inaged on a microPET/ CT (Inveon, Sienens)
in PC-3 andmG@4POUNRY? - bearing mice | h after injection of 10 MBg

radi ot racery, Mg DR | "%ﬂé )
ant agoni st I{/lery Ah%n&ﬁ%&é%@hﬂaﬁ g %$%{1§iﬂéms ob(glflelrrlf/rg‘daa ?ﬁiﬁ SﬂSLeu
some Ki dnHﬁzand bI adder upt ake Hi gh tum)r-contrast visible in both
xenografts 1

-Ay-H s5 Sta-Leu- NH2

L oads
CI L IICI I H UUI[UCOI II UI

‘ tT 1 CL:L; VCI _y IJI UDI\CUCI J.UU
non-r adi oacHa%8 DRt FH UBlPor s were
successf ul | ] ung Rnrrhe,qzoﬁof%dinn to acritical laost of

signal in tUAimaki g, 33 and 3b deGJG’heamP%maﬂ@mcﬂrpri g4
and 4h LNCaPrimameint:beari ng_mi cd)th, 8 4Bbivaking, 2ahf8mi7eyw The bi ndi ng

affinity et _(Ga-68- DOTA-. Coppound 2 to the GRPr was determned via two
di fferent [mt®8Ys] conBti si hg réteptiofh Blgeliradi ogt4iphy |on 4Bl 72h
t1ssues and piogel | W&Er028ShY.0550.04 |P@. B:000k1 §. 060t000TE tcmzﬂs oy!|&J.6t84d.00
hi gh bi nditag afHaiby ot 9"?3" ¥n8 ; 3 a? ! C882CJO125 0. 0’1 5'(\)40"30‘:0922‘ %%
: + + +
the non-r4di 680t i jv&-TEHRS b IBA%IS ;édpq Y R 0
Liver 0.49+0.12 | 0.18+0.06 0.34+0.03 0.09+0.01 | 0.0710.01 | 0.06£0.02
spleen 0.53+0.20 0.12+0.06 0.16+0.02 0.06x0.02 | D.0520.01 | 0.06+0.03
lung 0.70+0.30 | 0.10+0.07 0.19+0.01 0.04+0.03 | 0.11+x0.24 | 0.0420.02
kidney 4.78x1.11 2.14+0.73 2.98+0.20 1.25+0.16 | 0.91x0.09 | 0.74+0.18
stomach | 3.15+0.78 | 1.07:0.15 0.12+0.02 0.06+0.02 | 0.03+0.01 | 0.05+0.01
intestine | 2.11x0.47 | 0.25+0.15 0.1120.01 0.0420.01 | 0.03x0.01 ) 0.03+0.01
adrenal 3.46+£2.07 | 1.17x0.54 1.10+0.60 0.71x0.29 | 0.542029 | 1.01x0.74
pancreas | 22.64+4.71 | 1.55+0.48 0.10+0.00 0.32+0.09 | 0.19x0.04 | 0.19x0.02
pituitary 7.00+5.68 0.59x0.55 0.5810.49 0.07+0.33 | 0.21+x0.33 | 0.51+0.24
muscle 0.29+0.17 0.05+0.04 0.06+0.02 0.02+0.01 | 0.01x0.01 | 0.02+0.01
bone 0.91+0.68 0.35+0.57 0.35+0.11 0.20+0.18 | 0.1220.11 | 0.15+0.05
tumor 15234478 | 11.7522.43 | 0.45:0.04 6.84:1.02 | 4.67+0.39 | 4.07+0.34
5
Tumor to tissue 1h 4h 24 h 43 h 72h
tumor:kidney 3.2 55 5.5 5.1 5.5
tumor:liver 30.9 64.6 74.1 67.2 63.0
tumor:blood 19.9 243.9 2744 6 3823.7 3391.2
fumor.pancreas 0.7 76 214 246 214
tumor:muscle 52.0 260.2 436.6 354.5 165.4




Stability in Muse Plasma and M crosones Ga-68-DOTA- Conpound 2
shows good _net abolic stability nmeasured by different in vitro and in
vi vo met ho&200H1%33%0 pl asna stability of Ga-68- DOTA- CSHBUNE9140RS
investigated in 30 non-tunor bearing ce Mouse plasma and urine was
anal ysed by HPLC at 1, 3, 5, 10 and 15 WO _

2009/ 109332PCT/ EP2009/ 001403 70 nm after intraveneous injection of
approx. 20 MBg of Ga-68-DOTA- Conpound 2 (Fig. 10a, b, c, d, e).

Af ter song m nutes, mnor plasma degradation of the radiotracer was
f ound showCadeQMBOUMIDY2 smal |/ pol ar netabolites at 1.3 nmin and 1.5

m n ret ents " i : ' ' I the
rine. - The RS IS RS RRER e RS Pl AT, VS s ShE Lo
11. 6- 11. 7N&lhow ng a doubl e peak starting 5 min p.i.. Mcrosonal
stability of Ga-68-DOTA- Conpound 2 was determ ned using nouse and
human m crosones incubated with the radiotracer and anal ysed by HPLC.
No degr adaﬁi on. b[}/_m)use or hifesconMpreseDes of Ga- 68- DOTA- Conpound 2
was found “HAWEF S npuri ties detected 10 an.f he cllgro. tograms al so
occurred viEMBEt the mi cr osorfde BECeSRENE .Cmﬁﬁ SUeF & / CT-i magi ng
and bi odi SEEFIRFEHYEX per i ment-27 HIPEI Bmolindfi0 WYausS ng ni ce of
99nTcARNA- e paintsee experi nent! prot ocol above
Radi ol ¥ gand: 99nifc- ARN4- 06 Ani nal : nude mice bearing PC-3 tunor; 3
m ce/ group Injection anmount: 10 pri / 10 pool / 100 plIimce Tine
point:1h, 4h and 24 h organ 1Otgastd Bev 4 h Std Dev 24 hStd Dev
bl ood 1.32 0.07 0.33 blood 0.4520.01

heart 0.19+£0.02

Liver 0.41+0.04

spleen 0.36+0.01

lung 0.3420.03

kidney 1.87+0.08

stomach 2.13+0.34

intestine  1.54+0.22

adrenal  2.48+0.48

pancreas 11.63+0.19

pituitary  0.36x019

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



0.05 0.040.01 heart 0.64 0.15 0.22 0.03 0.100.04 I|iver

1 5s 1 oo RRopRisE,

"n-Compound 4

3.91 0.66 1.29 0.53 0.870.18 lung

dney 6.55 0.59 2,673 0.42

5. 11

6.31 1.16 3.62

PCT!EPZ(}OQJ%(?I-‘IOBS L7

- DOTA-(15-amino-4,7,10,13-tetraoxapentadecanoic acid)-D-Phe-Gln-Trp-Ala-Val-Gly-

His-Sta-Leu-NH,

Injection amount: § uCi/ 10 pmol / 100 gilimice
Blacking compgaund 2000 fold
Animal; nude mice bearing PC3 tumor; 3 mice/group
5 Tima point: 1h, 4h, 4h blocking, 24h,4Bh, 72 h
Organ 1h 4h 4h blocking 24h
blood 0.2120.02 0.02+0.00 0.01+0.00 0.00+0.00
heart 0.08+0.01 0.02+0.00 0.02+0.00 0.00+0.00
Liver 0.22+0.01 0.09+0.01 0.02:0.01 0.0320.01
spleen 0.18+0.10 0.07+0.02 0.04+0.01 0.01+0.00
lung 0.24+0.01 0.07+0.01 0.04+0.01 0.01+0.01
kidney 1.85+0.15 1.380.37 1.40%0.29 0.2410.01
stomach 201036 0.56+0.18 0.03+H0.01 0.01£0.01
intestine 1.1620.24 0.10:0.04 0.05+0.04 0.02+0.00
adrenal 2.18:093 0.86+0.17 0.07+0.06 0.5910.16
pancreas 10.96+0.57 0.52+0.05 0.02+0.00 0.01x0.01
pituitary 4.23%1.46 0.55+0.20 0.17+0.10 0.000.00
muscle 0.08+0.02 0.02+0.01 0.01+0.00 0.00+0.00
bone 0.16x0.06 0.12+0.04 0.02+0.01 0.04+0.02
tumor 10.56+0.70 8.63x1.13 0.45:0.06 3.23:0.52
Tumor to tissue 1h 4h 24h
tumorkidney 5.1 6.27 13.40
tumor.pancreas 0.96 16.71 345.16
tumor:blood 49.67 55210 3457.24
tumormuscle 140.10 349.48 808.55
tumor-bone 64.16 71.75 86.62




1.280. 30 stomach 8.09 1.45 5.44 1.26 0.610.19 intestine 8.41 2.39

2.02 0.80 0.160. 08 WO 2009/ 109332PCT/ EP2009/ 001403 71 adr enal
1.62 6.31 WOHIORY 45 pancreas 72.

pituitary 6.86 2.85

"in-Compound 5
"1 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;

11. 99

50 8.98 11.18 2.89 R§ TAERGI09401403

Animal:

nude mice bearing PC3 tumor; 3~4 mice/group

Injectiont amount:

5 ucCi /10 pmol f 100 pifmice

Blocking compound

2000 fold

Time point; 1h, 4h, 4h blocking, 24h
Organ 1h 4h blocking 4 h 24 h

blood 0.75+0.21 0.02 + 0.00 0.03 + 0.01 0.01 + 0.00
heart 0.28 £0.06 0.02x0.00 0.03 +0.01 0.02+0.00
Liver 0.40 £ 0.09 0.14 + 0.01 0.15+£0.05 0.11+£0.02
spleen 0.80+0.28 0.06 + 0.1 0.09+0.03 0.07 + 0.01
lung 0.62+0.15 0.05+0.01 0.15+0.19 0.51+073
kidney 508+0.72 176 £ 0.36 204 +015 1.37x0.22
stomach 392126 0.06 = 0.01 0.87 £ 0.58 0.05+x0.01
intestine 239+042 0.03 £ 0.01 0.17 £ 0.10 0.05+0.02
adrenal 363053 0.07 x0.02 0.68 = 0.31 0.62+0.16
pancreas 26.83+434 0.06 £ 0.02 1.36 + 0.81 0.33%0.05
pituitary 9.02 +(0.99 0.23+£0.14 0.38+0.16 0.46 £ 052
muscle D.19+0.07 0.01 +0.00 0.02 +0.00 0.02+ 000
bone 0.34 £ 0.04 0.03+0.03 0.08+002 0.08 £0.02
fumor 1027 £ 0.368 0.61+007 9352073 6.33+0.76

Tumor to tissue 1h 4h 24 h

tumor.blood 13.73 319.66 1155.51
turmnor:kidney 202 4.59 4.62
tumor.pancreas 0.38 6.90 19.16
tumor:muscle 53.65 47517 364.92
tumor:bone 2993 124.55 76.65




2.12 0.59 0.830.31 nuscle 0.27 0.03 0.07 0.00 0.180.12
RN4- 05 bone 0.78 0.13 0.45 0.18 0.350,20 tunor

71 18.402. 58 Ki dneg/8 6.26 0.48 2.84 &F

53,66 1 76V9F U5

Tunor: Organ Ratio

Mn.Compound 9
"'-DOTA- DOTA-4-amino- 1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-
Leuy(CHOH-CH,)-(CHz),-CHs;

GIEERRIDAB148D

Injection amount:

& uCi ! 10 pmol / 100 ul/imice

Blocking compound 2000 fold
Animal: nude mice bearing PC3 tumor; 3 mice/group
Time point: 1h, 4h, 4h blocking, 24%,48b, 72 h
5
Organ 1h 4dh 4h blocking 24 h 48 h 72h
blocd 0.43£0.10 | 0.12+0.03 0.04+0.00 0.61+x0.00 | 0.01£0.00 | 0.01+£0.00
heart 0.17£0.03 | 0.09:0.02 0.15+0.05 0.03+0.01 | 0.02+0.00 | 0.08+0.03
Liver 0.73£0.12 | 0.49:0.14 0.40+0.02 0.20+0.02 | 0.11x0.01 | 0.10+£0.02
spleen 1.1310.41 0.57+0.24 0.23+0.03 0.21£0.06 | 0.15£0.04 | 0.15+0.04
lung 0.45+0.05 | 0.21xD.06 0.38+0.06 0.08+0.04 | 0.05:0.02 | 0.18+0.07
kidney 5.23+3.01 2431047 2.88+152 1.41+0.22 | 0.97+0.06 | 0.55+0.15
stomach | 4.43+2.48 | 5.72+4.04 0.16+0.03 1.0820.15 | 0.43x0.10 | 0.2810.09
intestine | 3.61+0.61 3.31+1.61 0.14x0.02 0.35:0.05 | 0.16+0.07 | 0.10:0.01
adrenal } 10.66x2.64 | 5.16+£1.55 1.36x0.56 2.31£0.96 | 2.24%1.43 | 1.84+0.36
pancreas | 65.69+8.14 | 39.80£9.25 | 0.18#0.04 4524053 | 2.30+0.19 | 1.0610.19
pituitary | 12.63+3.26 | 5.54+207 3.72+1.62 0.7120.37 | 0.56x0.24 | 2.56+0.28
muscle 0.2240.06 | 0.14x0.04 0.13+0.07 0.05+£0.01 | 0.03x0.01 ; 0.08+0.04
bone 1.31£1.28 | 0.712025 1.61x0.52 0.2920.14 | 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
fumor:kidney 1.8 54 6.0 6.1 6.2
tumor:liver 12.7 26.7 42.4 53.0 35.0
tumor:blood 211 109.7 631.4 803.8 304.0
tumor:pancreas 0.2 03 1.9 26 29
tumor:muscle 42.6 947 169.2 191.9 429

Example 8
10



1 h4h 24 h tunonbl ood 20.79 85.11 455.94 tunor: heart 36.75 150.38

176. 45 tungnl j V. 37 9.50 15.47 tunor: spleen 7.50 20.51 21.05
t urmor : | ung %%ﬁ{ﬂéﬁ 10. 88 tunor: ki dgey 4.26 12.92 14. RLITEP2009/001403

tunor : stomach 3.32 5.83 30.02

PET/CT-imaging, biodistribution experiment in PC-3 and LNCaP-tumor bearing mice of Ga-

68-DOTA Compound 2, binding affinity and stabili

Imaging + Biodistribution
Compound 2: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-
5 Sta-Leu-NH;

H

:EG::V CODOJL”WNJL g \ix( g é

10
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
15 some kidney and bladder uptake. High tumor-contrast visible in both xenografts was
effectively blocked by either 100 pg bombesin or non-radicactive 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).
20
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 ICsq of
25  ~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

30  non-tumor bearing mice Mouse plasma and urine was analysed by HPLC at 1, 3, 5, 10 and 15



t unor:
t unor:
tunor:
tunor:

intestine 3.20 16.51 117.53 tunonadrenal 2.31 2.62 13.07

pancy,

pituitary 4.43 4.40 22

g)az'ﬁ 921.0 3.28 44.93 tunor: 2, 19}00
nusc Y6852 283. 06 99. 65 t umoy; bone 34.10 35. 1 53091001403
ki dney 4.25 12.25 14.87 5 Figure 6 shows a SPECT/CT i mage of
99niTe- ARN4- 06 (15 MBg/ 200 prol )

10

15

min after intraveneous injection of approx. 20 MBq of Ga-68-DOTA- Compound 2 (Fig. 10a,
b, ¢, d, e). After some minutes, minor plasma degradation of the radiotracer was found
showing two very small/ polar metabolites at 1.3 min and 1.5 min retention time which also
occurred as main metabolites in the urine. The compound itself appeared with a retention time

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
SPECT/CT-imaging and biodistribution experiment in PC-3-tumor bearing mice of 99mTe-

ARN4-06

See experiment protocol above

Radioligand: M Te-ARN4-06

Animal: nude mice bearing PC-3 tumor; 3 mice/group
Injection amount: 10 pCi/ 10 pmol / 100 pl/mice

Time point: 1h,4h and 24 h

qujo

HN\/\O/\/O\/\O/\,WHN H;\ﬂ/
0 0

2T

. LA~
H N R Nel  wn
N N N \[r 2
H H H &u 8 I
= “NH = Nk
= N=/

HNH HN
[NHz HN
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 3.9 0.66 1.29 0.53 0.87 0.18
lung 5.11 1.00 317 1.51 1.69 0.84
left kidney 6.55 0.59 273 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




Exanpl e 10 SPECT/ CT-i magi ng and bi odi stri bution experinment i In
PC- 3-t unor ri 1 ce of 99nTcl0 ARN4- 05 See experinent protoco
above WD y@ﬁ@p%ﬁﬁzpm EP2009/ 0014021 72 Radi ol i gand: S TER2A¢HM143
Ani mal : nude m ce bearing PC-3 tunor; 6-9 mce/group Injection
amount: 10 uCG /10 prnol / 100 pi/mce Time point:lh, 4h, 24h or gan
1 h Std Dev 4 h Std Dev 24 hStd Dev blood 1.69 0.14 0.40 0.05

0. 090.02 heart 0.68 0.02 0.20 0.03 0.140.07

adrenal 11.99 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 2.12 0.59 0.83 0.31
muscle 0.27 0.03 0.07 0.00 0.18 0.12
Radioligand: T e- ARN4-05
bore 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
Tumer:Organ Ratio 1h 4h 24 h
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
fumor:adrenal 2.3 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 MBq/200 pmol)

Example 10
SPECT/CT-imaging and biodistribution experiment in PC-3-tumor bearing mice of 99mTec-
10 ARN4-05

See experiment protocol above



liver 12.32 1.01 7.75 0.62 3.880.40 spleen 4.00 0.60 1.72 0. 34

0.830.22 | ,47 1.24 0.41 1.151.47 |eft kidney 10.50 1.20 6. 12
1.17 1. 420%”@%’%&% 5.68 0.01 4.86 }, 04 0.420.15 int Rt 1/ jR2009/001403

Radioligand: #™Te-ARN4-05

Animal: nude mice bearing PC-3 tumor; 6-9 mice/group
Injection amount: 10 uCi /10 pmol / 100 pl/mice

Time point: 1h, 4h, 24h

o o]
NH HN = NH
N=/

NH, HaN

HaN_ O
[o] £ = o2 [o} Fs
u/\ﬁ HN, ; n i “ H n H NH:
Q N N N/\I-r N \r 2
(o] o] ]
%/ NH

5
organ 1h Std Dev 4 h 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 0.24 6.83 0.22
lung 3.1 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 74.77 167.74
tumor:heart 33.19 149,55 105.06
tumor:liver 1.83 3.86 3.91
tumor:spleen 5.62 17.41 18.21
tumor:lung 7.24 2411 13.21




6.97 1.57 2.12 0.37 0.120.01 adrenal 19.05 3.06 7.91 2.70 2.080.31

pancr eas %Oazlg%g@[agéélg. 86 2.35 0.570.21 pituitary 3.67 &19&2&09%51493 11

1. 531. 33 nusc 0.16 0.08 0.02 0,;,110. 04 bone 1. 34

tumor:kidney 214 4.89 10.71
tumor:stomach 3.96 6.15 35.99
tumor:intestine 3.23 14.08 129.43
tumor:adrenal 1.18 3.78 7.30
tumor:.pancreas 0.35 1.51 26.66
tumor:pituitary 6.14 25.96 9.93
tumaor:muscle 52.54 364.22 133.21
tumor:bone 16.80 52.85 37.06

Figure 8 shows a SPECT/CT image of *“T¢c-ARN4-05 (15 MBq/200 pmol)

5 Example 11
Synthesis of Ga-68-DOTA. Compound 2
Step 1: Non-radioactive peptides were synthesized by solid phase peptide synthesis (SPPS)
following standard Fmoc strategy using polystyrene-supported Rink amide resin.
Step 2:
10 350u] 0.25M HEPES in Wheaton V vial
« Add[68Ga)GaCl3 in 400pl 97.6% acetone/0.05N HCl
* Adjust pH to ~3.5 with 0.1M HCl
* Add 40pg peptide in 40ul water
» Heat 75W (95°C) for 30s
15 + Stand for 30s
* Repeat heating and resting three more times
* Add 5ml water to the reaction mixture
» Immobilize on tC18 Light SPE
*  Wash water (5Sml)
20 + Elute EtOH (500pl)

I
N
)i
H,N /© xy B0C \N

25 ES i \O T f H\/?L o H W §o H

H,N-RESIN —3= i _N N N
N\)Lw/ﬁr < N \_)LN N N N N-rESIN
H : H I H H H
(s \ Q 0 8] \I/ o]
CONH-Trt

1. tri-t-buty-DOTA, HOBT, HBTU
2. TFA, water, TIS, Phenol



0.26 0.57 0.11 0.410.19 tunor 22.50 2.62 29.91 4.00 15. 160. 45

Tunor: Orga ' h 4 h 24 h tunor:blood 13.30 74.77 167.
t unor heargf()%wiﬁg%iQ 55 105.06 tunor.)iver 1.83 3.86 3"%"2009/901403

tunmor:spleen 5.62 17.41 18. 21

5
10 (20-40 pg)
[68Ga)GaCl3 , 95°C, 0.25M HEPES
Microwave, 3 X 30 sec
4
15 H
mooxw pié
00C~—-N choo
CONH
20

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/pmol
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:pancreas 0.35 1.51 26.66 tunorpituitary 6.14 25.96 9.93
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Figure 9 shows HPLC analysis of Ga-68-DOTA Compound 2 on a reversed phase column.

Product Purity
Column: ACE 5p C18 50 x 4,6mm
Solvent: Solvent A: H20 + 0.1%TFA

Solvent B: MeCN + 0.1%TFA
Gradient: 5—-935% in 7 min
Flow. Zml/min

Example 12

Serum stability of Lu-177-DOTA Compound 2

Compound 2: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-GIn-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 '7’Lu-labeled peptide standard solution. The mixture was
incubated in a 5% CQ;, 37°C environment. At different time points, 100-puL aliquots (in
triplicate) were removed and treated with 200 puL of EtOH to precipitate serum proteins.
Samples were then centrifuged for 15 min at 5000 rpm. 50 puL 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 supemnatant 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



tunor: nuscle 52.54 364.22 133.21 tunor:bone 16.80 52.85 37.06 Figure
8 shows a ,mage of 99niTc- ARN4-05 (15 MBg/ 200 |l e
11 Synt hesﬁgﬁg?%@s}%& DOTA Conpound 2. Step 1: Non-radi g‘;m‘{%g”%%?
pepti des were synthesized by solid phase peptide synthesis (SPPS)
foll ow ng standard Fnoc strategy using pol ystyrene-supported Ri nk

am de resin. Step 2: 103500 0.25M HEPES in Weaton V vial Add

[ 686a] GaCl3 in 4000 97. 6% acetone/ 0. 05N HC1 Adjust pHto -3.5 with
0. 1M HC1 Add 40pg. ide.in ter Heat 75W (95C) for 30s 15
Stand for Cgﬁgans%ﬁétgﬁ{‘f&gﬂ‘ ggggﬁf%l ng three nore times Add 5ml
water to the reaction mxture |Imobilize on tCl8 Light SPE Wash

wat er ( SnBjodd@ibiotion &f Gh@BIRMDEp 1gble befloN N- Boct N O

Ga-68- DOTA- 4-amino-1-carboxymethyl- | D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-
piperidine- NH2

at 1 h p.i. in PC-3 tumor bearing mice was compared with the F-18 tracer

5  [“*F]Fluoroethylcholine (FEC) used for prostate cancer imaging, and FDG the gold standard
F18 tracer in oncology. High tumor-to-tissue ratios underline the diagnostic usefulness of the
Ga-68 compound RM?2 for PET imaging
See figure 12.
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N, RESINr Hr HO - CONHIIt 1 1. tri-t-butyl-DOTA, HOST. HBTU 2.
TFA, water, TIS, Phenol WD 2009/ 109332PCT/ EP2009/001403 74 5
10(20-40 gg) 15 20 Radiochemical Yield (Not79 -231 MBq (32 - 60%
d.c.) optimzed) Starting Activityl89 - 593 MBg No of | abelingslO

Fai | uresO Radi ochem cal Purity>98% (by EIPLC and | TLC) Specific
Activity3,2 - 11.8 GBg/grnol WD 2009/ 109332PCT/ EP2009/ 001403 75
Figure 9 shows HPLC anal ysis of (Ga-68-DOTA Conpound 2 on a reversed
phase colum. Product Purity Colum: ACE 5g C18 50 x 4, 6nrn

Sol vent: Sol vent A: H20 + 0. 1%FA,;

Claims

1. A bombesin analog peptide antagonist conjugate having general formula (I)

5 (D [A-(B)a]-C

wherein
X is an integer from 1 to 3,
n is an integer from I to 6,
10 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,*-GIn'-Trp®-Ala®-Val'%-Xaa,'-His'?-Xaas *-Xaas*-ZH,
15  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 \/ \_/
2\[S> \O
HN co —HN\/CO -HN\:/CO—

20



5Sol vent B: MeCN + 0. 1% FA Gadient:5 - 95%in 7 min Flow 2ml/mn
Exanmple 12 10 Serum stability of Lu-177-DOTA Conpound 2 Conpound 2:
DOTA- 4- am no- | - car boxynet hyl - pi peri di ne-D-Phe-A n-Trp-Ala-Val-Ay-H s
Sta-Leu-NH2 Serum stability of Lu-177-DOTA Conpound 2 radi ol abel ed
wWith Lu-177 was al so 15 investigated in human serum After 96h
i ncubation of Lu-177-DOTA Conpound 2 in human serumstill 70% of the
conpound was intact as anal ysed by HPLC nethods (Fig. 11). To 1 nL of
freshly prepared hunman serum previously equilibrated in a 5% CO2
environment at 37C, was added 0.03 nnol 177Lu-1abel ed peptide
standard sol ution. The m xture wag incubated in a 5% CO2, 37C
environnent. At different tinme points, 100-gL aliquots (in 20
triplicais@) Cviepsr@®zenoved and treated with 200 RL of EtOH to
preci pitaties E@;yg&protelns Sanpl es were then centrifuged for 15 mn
at 5000 rp uper natant were renoved for activity counting
inay- %@éﬂFSté‘B’ﬁﬁtpé?”@H@P%réd?%Me H¥ys washed twice with 1 nil, of
Et OH aerhaoomI(a:d,,Cba,mnA ftha aeltcnjzmuyual,MettMe,osisquﬁ optant was conpared
Wt het th|ty in the pellet to give the percentage of peptides
not oun to proteins or radionetal transferred to serum 25 proteins.
The supenmatant was anal yzed with HPLC (eluents: A = 0.1%
trifl uar-gacedhl Graahd Al ihas,' and- Bugcacetanj-iom,)h-en;, gradient: 0 nmin
95% A, Omnlnutes 50% A) to determine the stability of the peptide in
serum Fi'g.” 11 shows stability of Lp-177-DOTA Conpound 2 in Human
serum IZov(EXQH$He)-(CH2).-UD i2009/ 1093 CT/ EP2009/ 001403 76 Conpari son
i t gy F18- Chol i ne and F18-FDG Bi od{stribution of Ga-68 RW see table
bel ow Ga- 68- DOTA- 4-anino-|-e§$ 2¥E_ Biperidine-
D-Phe-A@ n-Trp-Ala-Val -@ y-Hi s- a- LeuNt ﬁF&th.inPGStmm
bearing mce was conpared with the ¥ 18 tracer 5
[ | 8F] Fluariosehy behioln.-Ag I{—’F\J{:rgargs?o%glhafvﬂé orR oREdr B Ca@;cr.ﬂeﬁmgl ng, and
FDG the gol'd standard F racer 1n oncology. H gh tunor-to-tissue
ratlos‘ﬁﬁﬁerllne t he di agnosti c useful ness of the Ga-68 conpound RWR
for1ET imaging See figure 12. 77 Cains

HN_CO-
g -HN._ _CO-  -HN._ _CO-
O N Ny
A S
Y,
-HN_ _CO- HN. _CO-
HN.__CO- ~ ~~

,and

KisF, ClL 1, or NOg,
Xaay is Gly or §-Ala;
20



1. A bonbesi n anal og pepti de antagoni st conj ugate havi ng general
formula (1) 5(11)[A-0B)1x-C wherein x is an integer froml to 3, nis
an integer froml to 6, 10Ais a netal chelator conprising at |east
one radionuclide netal, Bis a spacer linked to N-termnal of C or a
coval ent bond, Cis a bonbesin anal og pepti de antagoni st of sequence
C1lto G4, wherein: C1: Xaal6-GLn7-Trp8- Ala9-Val m Xaaz2li-H

- Xaa313- Xaa414- ZH, 15wherein: Xaal is D-Phe, D-Cpa, D-Tyr, D Trp or a
resi due having any one of the fornul ae described below 78 Kis F,

C, I, or NO2, Xaa2 is Gy or 0-Ala, Xaa3 is Statine, 4-Am 5-MeHpA or
4- Am 5- Mel | XA, Xaad is Leu, Gpa, Cba, CpnA, Cha, t-budy, tBuAla,
Met, Nle, or iso-Bu-@y, and 5 Zis NH, 0; C 2:

Xaal6- A7 - Xuaf 818 Iad-Avd at' Xea 2 His'L Xis T -2ad,&my C1- 101- 1- C112) - (CH2) 2- CH
3, whergjn;,.Leny(0101-1-0-12)-(0-12)2-CH3 is 10

-HIN----- -r(CH2)2-C113 CH Xaai is D-Phe, D-Cpa, D-Tyr, D-Tip or a

r esi due®¥taly Prige-dhiypadiréyroP-Tinmaa fepdunhinving apieose ofi thydermblet dsoerit® - ENCO-
-...." below HN. . - CO - HN- 1- | NCO-

5
N CO-
S .HN_ _CO-  -HN. _CO-
“HN,__CO- _ ~ ~
H S z H
-HN. _CO- -HN._ _CO-
HN_CO- ~ ~~

o R

KisF, Cl, I, or NO,,
Xaas is Gly or §-Ala,
i0  Xaa; is Leuy-CH;NH-,

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

wherein Tpi and Tac have the following meaning:

HN
o CO-

N X
-~ co \—s
Tpi Tac

and



Kis F, d, I, or NO2, Xaa2 is Ay or 0-Ala; 79 C3:
Xan6- 3@ n7- Tr p8- Ala9- Val m Xaa21ll- Hi sl 2- Xaa5 13- Xaa6 "-ZH, wherein:
Xaal is D-Phe, D-Cpa, D Tyr, fl-Tip or a residue having any one of

the fornul ae described bel ow -HNCO- -...", .., -HNCO- % ., ....... -
-HNCO- -...,". /] -ITNCO -..."ev Kis F, d, I, or NO2, Xaa2 is 4
or 0-Ala, 10 Xaas is Lenv-CH2NH, Xaa6 is Cys, Phe, Tip, Tpi or Tac,
wherein Tpi and Tac have the followng neaning: 80 Zis NH, or O;
C-4: Xaal6- GLn7-Ti p8-Ala9-Val |l - Xaa211l-H 2- Xaa7,

80

Z isNH, or O;

C-4:  Xaa,’-GIn'-Trp®-Ala’-Val''-Xaa,''-His'*-Xaay,

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

below

co- -

10 KisF,CLI orNO;
Kaay is Gly or 5-Ala,
Xaas is Leu-O-Alkyl,

and pharmaceutically acceptable salts of an inorganic or organic acid thereof, hydrates,

15  complexes, esters, amides and solvates 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.

20



wherein: 5 Xaai is D-Phe, D Cpa, D Tyr, D Trp or a residue having any
one of the formnul ae described bel ow - HN 10Kis F, d, I, or N
Xaa2 is Ay or 0-Ala, Xaa7 is Leu-O Al kyl, and pharnmaceutically
acceptabl e salts of an inorganic or organic acid thereof, hydrates,
15conpl exes, esters, am des and sol vates thereof. 2. The bonbesin

anal og pepti de antagoni st conjugate according to claim1 wherein the
nmetal chelator (A) is a netal chelator for trivalent netals or for
pent aval ent netals and the cl ose anal ogs thereof. 81 3. The
bonmbesi n anal og pepti de antagoni st conjugate according to claim?2
wherein the netal chelator for tgjvalent netals is selected fromthe
group conprising DOTA-, NODASA-, NODAGA-, NOTA-, DTPA-, EDTA-, TETA-,
and TRITA- Tizaseiksio helogbeaprid sanghnistvenjelat aeodingloaygsn 1 Wieresenfe 4. The
bonbesi ' i j - i claim?2
wher ei nﬂﬁtﬁg}% lr?%? ngﬁgﬂ%ﬂgﬁt@{Eg %%?[QA %0?1]% tﬁ%%%‘%%@@é‘%?@?éﬁg%{{%t ed from

t he gr SUPPAHPYP S PA- BT Ay, TEL A pyd (JRETA- bgsed chetedorgyand fhe closey |  NH cY

Il N analogs thereof.
5
4. The bombesin analog peptide antagonist conjugate according to claim 2 wherein the

metal chelator for pentavalent metals is selected from the group comprising:

7 r NH
HZl G\Rs RG HZ NH
R, HS
COOH
Y M
E
H:N/ \NH
Rign HN NH R, 0o 0
o QR Gy
14 15 S
Ny ]
HO OH R,,;-0C CO-R,

10 wherein

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

Y
M
in the moiety of the above formula, tis 1 or 2 or 3 and at [east one of the carbon
Y
Jt

atoms in the said moiety is substituted by Y or is not substituted by Y,
Ry is a hydrogen atom or a CO; (Cy -C4)-alkyl group;
15  Ry7and Ryg are independently from each other (C|-Cy)-alkyl groups or phenyl groups;



TINN I HN-7--=\,NH HETI .."..E=NH HS Ric\z r- HN NH N
FIN R 120==/ 13 NH \ == Rm SMr-RI5S1 11 1
82
R¢ is CH-COOH or a functional derivative thereof}
E is (C) —C4)-alkylene, or phenylene
optionally (C; —Cy)-alkylene is substituted by CO,-alkyl, CH;-CO-alkyl, CONH;, or
CONHCH;-COz-alkyl,
5 optionally phenylene is substituted by CO»-alkyl,

wherein the alkyl groups have 1 to 4 carbon atoms;
GisNHorS;
Y is a functional group capable of binding with a free amino group of the peptide (N-terminal)
or with the spacer, and

10 Z’isSorQ.
5.  The bombesin analog peptide antagonist conjugate according to claim 1 wherein the
radionuclide metal for imaging is selected from the group comprising **™In,
9m e, 7Ga, % Fe, ® Ga, ™ As, "'In, 7 Ru, 2 Pb, ©2Cu,  Cu, ' Cr, 2™ Mn, and '’ Gd.

15
6.  The bombesin analog peptide antagonist conjugate according to claim 1 wherein the
radionuclide metal for radiotherapy is selected from the group comprising 18Re, 20y, ¥'Cu, @
Er |2|Sn 127Te MZPr 143Pr 198Au 199Au 16[Tb 109Pd lsst ISGRe ISSRe 77AS |66Dy lﬁGHO
149 Pm, ISIPm, I53Sm’ ngGd’ I'IZTm, 90Y, IHII'I, 169Yb, ITSYb, 177Lu’ lOSRh’ “lAg,mBi, ZZSAC,

20 and '""Sn.
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:

25 II B1-B;

30 wherein



HO OH12. 17-0C CO- R18 10wherein Ri -R16 are independently from each
ot her hydrogen atonms or (Cl -C4) al kyl groups, wherein, in the -4tY
noi ety of the above fornmula, t is 1 or 2 or 3 and at | east one of the
carbon atons in the said noiety is substituted by Y or is not
substituted by Y, R16 is a hydrogen atomor a CO2 (Cl -C4)-al kyl
group; 15Ri 7 and Ri s are independently from each other (Cl-C4)-alkyl
groups or phenyl groups; 82 R19 is CH2-COCH or a functional
derivative thereof; Eis (Cl -C4)-al kylene, or phenylene optionally
(G -C4)-alkylene is substituted by CO2-al kyl, CH2-CO al kyl, CONHZ2,
or CONHCH2- 02- al kyl, 5optional | y; phenyl ene is substituted by
C2- al kyl, wherein the al kyl groups have 1 to 4 carbon atons; Gis NH
or S; MWiisa @vdidirtohd @ Aadturg kAl addpd abln@andfl aRind iidd a heahtiamidelbee am no
group oafc ﬂ{gg- Bﬁgtide (N-termnal) or with the spacer, and 10Z' is S
The bonbesi n anal 0g  peptide antagoni st conjugate according to
cI al m IBZ\A?rf’e?P@Ileﬁ“loFfb’f P B ARIEP ReEFeor prenagturgl @Rin pridyir A fneprraretylicct ed from
the groﬂﬁoemmrclc&bdxghckaamn "I'n Tc, "G, " Fe " Ga 72 As “ln, "
;03“, F l?ﬂe owsrgﬂatb tﬁ' antlB cannqliec vamlt borids aafnhe same tlme nd t&? when The
bonbe5| n anaW ? Hé tagoni st conj ate AEcrd to claiml
wher ei rBlt'mei mﬁ(ﬂﬁfb%l“rmldal for radl ot herapy is seI ect ed fromthe
group conpri si ng 186Re, 90y, 67ce 69 127Te, 142pr,r, 143-r,
| " Au, 9 18 L 86Re, | 88Re . 77As 66Dy 166} {0,
Er, 12|jggnAﬁ*"‘f9f5 i f"“a‘flf 6“"*’ a’i‘%ms‘ﬁadlm F5FHTE oM 'e 8y s “F75yh, 177t h,
105Rb, umquys@ amlzqga 1s a PMBONnd having any one of general Formulae I11, 1V, V or VI

10  wherein
3
1
-HN—(CHZ)@4
(CH,),-CO-

I

wherein
15 aisaninteger 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-;

v
. ,{,\/O{E(CHQ){CO-
20
wherein
¢ is an integer from 1 to 24,
d is an integer from 1 to 6;
25

v



6, 20 and m nSn 7. The bonbesi n anal og pepti de antagoni st conjugate
according to claiml wherein the spacer B linked to the N-term nal of
C has general Forrmula Il: 2511B1-132 30 wherein 83 Bl is a coval ent
bond or a natural am no acid or an unnatural am no acid or a |inear
diamine or a cyclic diamne, B2 is a coval ent bond or a natural am no
acid or an unnatural amno acid or a linear carboxylic acid or a
cyclic carboxylic acid, 5with the proviso that both Bl and 82 cannot
be coval ent bonds at the sane tine and that, when Bi is a diamne, 82
is a carboxylic acid. 8.The bonbesin anal og pepti de antagoni st

conj ugate according to claim7 wherein the unnatural am no acid
is a conpound having any one of general Fornulae Ill, IV, Vor VI 10
wherein Il 4 (042)b-00- I@LISE is an integer fromO to 3, b
is an integer fromO to 3, é?g;ﬁ? tlve substitution patterns or
optionally 1,2-, 1,3- or NHEIN wherein ¢ is an i nt eger
from1l to 24

wherein
E’ is NH, or CH,,
5 fis aninteger 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 opticnally substituted at any carbon position of
10 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;



dis an integer from1l1l to 6; 25 V 84 (Cl12)f-00- (CH2)g-NH wherein
E' is NH, or CH2, 5f is an integer fromO to 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-nmenbered ring on the sane
carbon of the ring or on different carbons, when E is NH, then
the 6-nenbered ring is optionally substituted at any carbon position
of 10 the 6-nenbered ring on the sane carbon atom of the ring or on
di fferent carbon atonms and/or on the nitrogen atomw th the proviso
that for g is an integer equal to or higher than 1; VI wherein 5i
is an integer from1l to 6, j is 3 integer froml to 6, Pis O or H
preferably, i is an integer Trom1l to 3, 10j is an integer from
Ilto 3, ®is 0, and the cl ose anal ogs thereof. 9. The bonbesin
anal og peptide antagoni st cqnjugate according to any one of clains |
-8, with the proviso that the bonbesi n anal og pepti de antagoni st

conj ugat e has gener al ' HHCGCHCH,{GR-- (B) "] "- C wherein 20A" is
i ncl uded instead of A and has t’he same nmeaning as A except that it is
a nmetal chel ator

wherein
5 iisaninteger from 1to 6,
Jj 1s an integer from 1 to 6,
PisOorH;,
preferably,
iis an integer from 1 to 3,
10 jis aninteger from I to 3,

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
15 (I

™) [A-(B)]-C

wherein
20 A’isincluded 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.

25
11. A method for preparing any one of the bombesin analog peptide antagonist conjugates
according to claim 1,
comprising the step
- Radiochelating the bombesin analog peptide antagonist conjugate having general Formula

30 (I’) as defined above with a suitable radionuclide metal or metal atom.



free of radionuclide netal. 10. A pharnaceutical conposition
conprising any one of the bonbesin anal og pepti de antagoni st

conj ugates according to any one of claims | -9. 25 11. A nmethod for
preparing any one of the bonbesin anal og peptide antagoni st
conjugates according to claim1, conprising the step -

Radi ochel ati ng t he bonbesi n anal og pepti de antagoni st conjugate
havi ng general Fornula 30(1') as defined above with a suitable

radi onuclide netal or netal atom 86 12. A kit for the preparation
of radiotherapeutical agent or of a radi ophannaceutical imagi ng agent
conprising a vial containing a pgedeterm ned quantity of the bonbesin
anal og pepti de antagoni st conjugate according to claim9 and an
acceptabl e carrier, diluent, excipient or 5adjuvant for the

radi ol apel Aﬁlﬁl fo@-th@‘ﬁ&ﬁlkatl&hff La@fo@lérapeutiegl ag&‘p(ma é]FIQaceutlcal imaging
| DOTA- G §‘tam nobenz n-Trp %/ Sta Leu- N112

68Ga- DAL 4 PUIRR 4 é‘)ﬂ?‘é}g}‘ﬁ Biegsfrani Eﬂdr‘i“a‘f’f‘%"f eab"\? S‘“@la;f’ﬁﬁ‘fpé‘ St a- Leu- NH2
1" | n- DOnAgeistawipgdiclaccemmp rojame? imyllan picqpeble cimipe dicR, excipient or

he- G!JL n- a-EfupanHolathe\@rilolgeIYngIE“ﬁfalS{thaatLieu15 NH2 | H n-DOTA-( 1
5-am no-4, 7, 10, 13-t et raoxapent adecanoi c

acid) - DPhe @ n-Trp-Ala-Val -A yHi s-Sta-Leu-N112
20" I n- DOTA- (15-am no-4, 7, 10, 13-t et raoxapent adecanoi ¢

aci d) - (4: angfiQalnacar boxy- met hyl -

pi peridi ne)-D-Phe-d n-Trp-Al a-Val -d y-Hi s-Sta-Leu-N112

DOTA- 4- am no- | - car boxynet hyl - pi peri di ne-D-Phe-A n-Trp-Ala-Val-Ay-H s
Let ny ( CHOHDCHRIGE fhinbBin2oyCIb PBe- G- 19O ATk o/ RN Oba-IdaaviBi N ARN4- 06 i S
99nlc- ARN4- 05 wherein ARNA-05 is 5 2

Lu-1770OTA- 4- ami no- | -carbox%/rreth yl - pi peri di ne- D- Phe-d n-Tr p- Al a- Val - G
ly-His- S QU A-Rypmipppenzoyl-D-Phe-GIn-Tip-Ala-Val-Gly-His-Sta-Leu-NI1;

Ga- 68- DOTA- 4- am no- 1- car boxynet hyl - pi peri di ne- D- Phe- d n- Tr p- Al a- Val -

:I))(/)TZI- E;{Zﬁ?&f‘%‘ %&%Q‘fa%%%ﬁ%%ﬂmﬁed@@w VSRR - N - 12

1t lIn—DO’l‘A—( 15-amino-4,7,10,13-tetraoxapentadecanoic acid)-D-Phe-Gln-Trp-Ala-Val-Gly-
His-Sta-Leu-NH;

20 ""In-DOTA-(1 5-amino-4,7,10,13-tetraoxapentadecanoic acid)-(4-amino-1-carboxy-methyl-
piperidine}-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH,

"'In-DOTA- DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gin-Trp-Ala-Val-Gly-His-
Leuy(CHOH-CHz)-(CHz),-CH,
25
99mT e ARN4-06
wherein ARN4-06 is



20 Conpound 2:

DOTA- 4- am no- 1- car boxymnet hyl - pi peri di ne-D-Phe-A n-Trp-Ala-Val -G y-H s

St a- Leu- NH2 Conpound 3:

DOTA- 4- ami no- 1- pi peri di ne- 4-car boxyl i caci d- D- Phe- d n- Tr p- Al a- Val - d yH

i s-Sta-Leu-NE12 88 Conpound 4:

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

aci d-D- Phe-d n-Trp- Al aval -d y- Hi s- St a- Leu- NH2 Conpound 5:

DOTA- ( 15- am no- 4, 7, 10, 13-t et r aoxapent adecanoi ¢

aci d) - (4- am no- 1- car boxynet hyl - pi peri di ne) - D- Phe-A@ n- Trp- Al a-Val -3 y-

H s-Sta-Leu-NH2 5 Conpound 6: 87

DOTA- di am nobut yri caci d- D Phe A n-Trp-Al a-Val -Ad y-Hi s-Sta-Leu-N142

Conmpound 7: J

DOTA- 4- (2-am noe}mgc%él car net y1
£y

qz;QWRheJ\GI n- Dp- Al a- Val
G y-His- ta T TEu
DOTA- ( 5-lami_no- 3- oxa- pentyl) ucci

aci d- D-Phe-)d n- Tr p- Al a- Val -@yHi s

a- Leu NH2 10 Conmpound 9:
DOTA- 4- affi*ho- 1- car boxynet hyl - pi peri'di ne-D-Phe-A n-Trp-Al a-Val -G y-H s
Leuw( CHOH CH2) - ( CH2) 2- CH3 Comnpound 10:
DOTA- ( P3renxirig-04, 7, 10, 13-t et r aoxapent adecanoi ¢ aci d- 4- am no- 1-
car boxynet hyI eri di ne-D-Phe-A@ n-Ti p-Al a-Val -d y-Hi s-Let ny(CHOH C11
2) - (CHZrLg &f@]‘@&ﬁﬁound 11
DOTA- 15- ami no- 4, 7, 10, 13-'te¢? aoxapent adecanoi ¢ aci d

- D Phe- @.n- 15 Val- 3 y- Hi s- Lgnmv( CHOG- (HCI;li~)2 Cl113
Conmpound <N
- car boxyfre hyI pI p ridi r'fg\ﬁjj h/ﬁrﬁwm@al eHGloyM Leuv( CH2NH) - Ph

e- NH2 rrpo nd 13:

DOTA- 4- - 1-carbox t hyl - er| di ne- D Phe- A n-Trp-Al a-Val -d yHi s-

Lemy{ CHZNH) Cys-N112 and 20 pound 14:

N4-triazol es-dPEQ - D- Phe-d n-Tr p- Al a- Val - G y- Hi s- St a- Leu- NH2.
Lu-177DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-

Leu-NH,

10 Ga-68-DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-

Leu-NH2
H
N
NH |
Doe™ 1 @ o - : \i H : OH ©
68Gal O N\)Lu/jrhl . ﬁ N : ﬁ N N N\:/k)LN NH,
15 o0c 1R L00 o = o °* o Ho& 3 Hog

14.  Compounds
Compound 1: DOTA-Gly-aminobenzoyl-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH;

20 Compound 2: DOTA-4-amino-1-carboxymethyl-piperidine-D-Phe-Gln-Trp-Ala-Val-Gly-His-
Sta-Leu-NH;
Compound 3: DOTA-4-amino-1-piperidine-4-carboxylicacid-D-Phe-Gln-Trp-Ala-Val-Gly-
His-Sta-Leu-NH;
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Compound 4: DOTA-15-amino-4,7,10,13-tetracxapentadecanoic 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-GIn-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-carbox ymethyl-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-Gln-Trp-Ala-Val-Gly-His-
Leuy(CHOH-CH,)-{CH;);-CH;

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 }-(CH,)>-CH;
Compound 11: DOTA-15-amino-4,7,10,13-tetraoxapentadecanoic acid -D-Phe-GIn-Trp-Ala-
Val-Gly-His-Leuy(CHOH-CH;)-(CH,),-CH,

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

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

Compound 14: Ni-triazoles-dPEG,-D-Phe-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH,,



