‘e3eM "<B~6T 65~~ 5 FEB 200 RADI OLABELED PEPTI DES BACKGROUND OF THE
INVENTION 1. Field of the Invention This invention relates to therapeutic
agent's and peptides) radi otherapeutic agents and pepti des, rﬁggg gnostic
agents and peptides, and nethods for produci ng such | abel e@ agnostic
and radi ot herapcutic agents. Specifically, the invention relates to cycl iC
pepti de derivatives and anal ogues of somatostatin) and

peptides | abel ed with ganmmaradi ation enitting isotopes SWMH@M"””’”””"’
technetium 99m (Tc-99rn)) as well as rret hods and kits for

radi ol abel i ng and usi ng such pept| de to image sites in a marfifélééan body.

The invention also relates g es and anal ogues of
R R

somat oscatin | abeled with cyt ot OXI c r es such as rheniuml 86

(' ~6Re) and rheni umIBBM%%MtS for maki ng,
radi ol abel i ng and usi ng" such pep ; ly in a mammal i an body.

2. Description of the Prior Art Somatoscatin is a terradecapepride that is

endogenousl y, prom?ﬂlgﬁ mb&t@ipot hal anus and pancreas in humans and ot her
manmal s. The pept], ornmul a: Form Ai a-G
~y- Cys- t - ys- P~snTBhaVERen Telprcy \pgherpneutithasc i pndSpaptityss radidthebpie) € | et ter

abbrevi ati oagcnisoancarphmegchdﬁ,dﬁmsgp@ agg‘wqrq% %@dgg) Q’@]/_m Eog%Bem stry (2d

ed.), 1988) %/BQM | I'an ngel shi New Yo Pide exerts a

wi de vari et J'GECBE oSbGi %d‘%HOS\?IFVOMFit fadiothampentico agetts.

physi ol ogi capdcjficany.t fae lmaﬁcsrakem@r MOHRIIS YRR uehifiiviY RS Qﬁaxc%’[{‘gss t t he
Inn

pancreas. astrointestinal tract. ‘Somatost at he rel ease

t he e
of insulin QEJ’OGF“B Jon2 ¥ SWS?‘HEC”‘S of » sugh Fepsides) Jabelecharitr garsmai nhi bi t s
growt h hor rrmd&nbel eniamgf rsaapéshmchyaonéaamwmnagﬁc E@H}'C%S wAaskyic
secretions. T a dogxat &st aitin has clinical erdpeutic &applications -
for the all 5\/ 283 (AR rafiolaheling ARd using) Sehspepddss, tobmage | n humans

and ot her asitaveih 2 mhlamaN® leatvﬁctﬁlwnfﬁoh %ls@frclla!eﬁnté Hﬁ:'dela\tfé% flovever, due
e ra y pepti dases.

to its shor alf life.in vivo is raprd

For this r e%nch])n Analogssh e 85‘95‘?505'3%3‘?’65% ‘§“}h§§7‘PWQ‘°| r@ﬁrcwmes sughi @0 stability
have been deeluopts (HREhandrhetiulEs (Frred) diaRwermddncats Bat gt . 4,235,886
di scl ose Cyfﬁla.kx% heéI gaggtl de ,sommat ostatlg anal ogues useful 1n the treatnent
of a nunber B BEIRER= 8 A0 HRNg SUChoBSPidr O RAaPEIIGallying: memmatian No.

4,485, 101 dbsiyl ose synthetic dodecapeptl de somat ostati n anal ogues.
Freidinger, U S Patent No. 4,611, 054 disclose cyclic hexapeptide

somat ost ati n anal ogues useful in the treatnment of a nunber of diseases in

humans. Nut2. U. mmuh_pﬁgﬁﬁ, 366 di scl ose cyclic hexapeptide
somat ostatin ana%ogrgy%agﬁ ? n the treatnent of a nunber of diseases in

hunans. Coy er %WPCCRBcp“ﬁe HukisFRIoRENQUS ORISR b ehe ¢

oct apept i dehypothataosis ahd paamnedsdgirmandCay anet MampY, PhSpedtiakanl No.

4,871, 717 d!hgql {)ﬂﬁﬁbsynt heti c heptapepti de somatostatin anal ogues. Coy et
aI , US P A 4,904, 642 di scl ose synthetic octapepti de somatoscatin
anal ogues. Taylor er al.) U S Patgphuldlg. 5, U73, 541 disclose a nethod of
treating small cell lung cancer. ' Brady) European Patent Application No.

83111747.8 di scl og;gdﬂngwl_cyjs ‘&h%x?ﬁgmggg&ihr@geoﬁréstel n, anal ogues useful in

the treatnment of

(Single letter abbreviations for amino acids can be found in G. Zubay,
Biochemistry (2d ed.), 1988, (MacMillan Publishing: New York), p.33). This
peptide exerts a wide variety of biological effects in vivo, Tt is known to act

physiologically on the central nervous system, the hypothalamus, the pancreas.
and the gastrointestinal tract.

Somatostatin inhibits the release of insulin and glucagon from the
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Bauer et al.) European Patent Application No. 85R10617.2 disclose
somatostatin derivatives useful in the treatnment of a nunber of human

di seases. Eck and Moreau, European Patent Application No. 9038%76gp Sy

di scl ose - 5 FEB 2004 3 therapeutic octapeptide somatostatin anal ogues.
Coy and Murphy, International Patent Application Serial No. pCT/US90/07074
di scl ose somat ostati n anal ogues for therapeutic uses. Schally er al.)

Eur opean Patent Application Serial No. EPA 911048445.2 disclose cyclic
pepti des for therapeutic use. Bodgen and h4oreau, |nternational Patent
Application Serial No. PCT/US92/0 i027 disclose conpositions and methods

for treati Pegd i {esiaty ] i sease. Somatostatin exerts it effects by
bi ndi ng tonl%aem filiﬁlg oD g?‘é“’; “gr@%?&(imé& 8‘?%%@”"‘3%@@1@@“% cells

conpri si ng &atric seeraional Ties,vsoustostytit Ry clinhel M@Eﬁﬁéxﬁi@lh?gnéat}&gpancr eas, and
t he gastroi | ; ese high-affinity somatostatin binding sites
have ban foﬁhﬁ#ﬂg{gl{%%%gﬁgpv (g-x%ggféeaﬁdé’l“‘f’%é b jin Sumpnscandof nost
endocr i ne- aR¥PInARIMsro ratiag isgmasgstdtinoin dfesiesdt itiRyCRowdwdRT RS SR Of
hi gh- af fi ni snyrtbiaydis® g, Skbe rs in,s a nmarker for these tunor
cell's, and specific bi n.dvib’rlgh\ém@tlﬁgﬁgd?%tsd?éﬂ&ﬁ o ReRsEasspI BATt 8H to | ocat e
and i dent i f4LAm?MateY3Ls nglogias chavisg hionpsovedrinr eidh ataBitie) ihage sQ@aL OStatin
anal ogues tdhaﬂo%@vig the@Rogli fied so as to contain a tyrosine amno acid
(Tyr or Y) are blown in the prior art. Albert et al.) UK Patent Application
8927255. 3 di scl §3edingsti I -Fradiategt Wi, n 230880 alitchisé neydRe ineadpepi Such as
octreoti de doma@s@tn Wnhlheyes' B r . 990, J. Nucl. Med. ~:
1501- 1S09 descri be radlie%)u(il:gztuilsci/fgl ?ﬁ?ﬁngﬁtrg%{to%f WRsr Rt dssases aifal og and its
usef ul ness 1™M"&t ecting tunors in vi vv. Bakker er al., 1991, J. Nucl. Md.
32 1184-t 189 t hakdhemusef ulkngs radi ql l.ed ,sgmat ostatjn for
radi oi magi n di ne%?vo. Bongnfi erg Zfia%])(“‘ 1%%2?'"‘%Bﬁlglﬁcfjfsgﬁ/§°d.sy§ U 21- 1124
descri be t HEYEERRHES SoDRAABANRIoENes3) octreotide for imaging netastatic
carci noi d tunor Freidihge| Masi @t Nt Iy i O l.i ng _somat ostatin by
covalently nodjfyin gt Le epti de P?Eg ?gﬂfgléfl désrcfog%i%’%fg%lqcé%?%cg?ati ng group
have been dslogléﬁoé%'é'ﬂ ﬂoﬁ‘ﬁg usifplopn ghet treatment pi-EBugwRs of dibdaesstinet al ., UK
Pat ent Appltiveahs.on 892725S. 3 di scl ose radi oi magi ng usi ng somatostatin
derivatives such. as treocide |abeled with "'In via a chelating group
bound to the ani poegrﬁaﬁﬂ%r.‘hﬁv@@rﬁt“é’rlsclﬂw ¥ychio hopgemidPadeabstAiapl i cati on No.
WO 91/ 0l 14. zhaldpsee | u86rel madle Qieamg) i r.adj; d_peptides related to
growt h factors,g or nones) inter?tg‘?oéjngh‘gﬂcé dgddtl%kl gg'ls'%e"{ﬂ"amgonpri sed of a
specific recognit¥dh Pept Td&aesy NpeAidsy Il sstbse oyrtheticdbaapepiidede chel ati ng
group. Al beomawestatil analdguésppean Patent Application No. 92810381.1 discl ose
somatastatin peg\tti des Vi am no-term nal %ﬂl i nked chelators. Lyle et
ul., PCT Internat¥ ol VuPBht UsSpifaisat i Nov) 48781717 adisohosdNaynW@R3/ 15770
di scl oses riegiapdptibe satatointagb@lesn peptides. Faglia cr al.) 1991 ) J.
|VEI’L}b. ~: $50-856 describe the detection of somatostatin
receptors in pafiért <L ISk FalsaoNpe t 99,642 1iglose Bynthetid octdfiepdde ~: 98t
Abstract (G0matosthtiri &fmldgRes; adi ol abel i ng somatostatin anal ogues with "'In.
Al bert er ul., 911 ) stract LM 1% 12t h American Peptide Synposium 1991
describe uses faf'% Fndt-adbdt 88teRt He-n3sPEhes i diselpservo pethod ad ateating
aci dder i vatsmaiccel denpatansdrat i n anal ogues.

Brady, European Patent Application No. 83111747.8 discloses dicyclic
hexapeptide somatostatin analogues useful in the treatment of a number of
human diseases. '

Bauer er al., European Patent Application No. 85810617.2 disclose
somatostatin derivatives useful in the treatment of a number of human diseases.

Eck and Moreau, European Patent Application No. 90302760.5 disclose



Krenning er al.) 1992, J. Nucl. Med. ~: 652-658 describe clinical
scintigraphy using {"'In} {DIPA~octre~otide. These nethods can be readily
adaptul 'to enabl e detection of tunor cells in viva by radioi magisngEBt%pﬁed
on the expression of high affinity binding sites for somatostatin on tTunor
cells. Radionuclides which emt ganma radi ati on can be readily detected by
scintigraphy after injection into a human or an animal. A variety of

radi onucl i des are known to be useful for radioimging) including 'Ga, 68G,
~""Tc (Tc-99m), "'In, "2'1 or "I'l. The sensitivity of inmaging nethods
usi ng radioactivel y-| abel ed peptides i's nuch higher than other techniques
known in the therepeuti¢ netepeptiie Spacishiic abilowicng of the radioactive peptide
concentrates the E%gi Q‘%t M g?al over the cells of interest, for

exanpl e, tunor celT%. “Thi § 187part{EHioRY (Fateshorpakiratipnr Serrodi ne- act i ve
gast r oi nt est iMAVUSRHOTA# dishiossh saiatostasibi ahhiyg @ bhet%héém'cgf owi ng and
difficult to 5 ggg_gi;)ggl ot det ect by conventi onal t.hoés.' Labeling with

t echni eum 99rn ( Tc- | S advAtAY e SAE My ctrRlisEINh Serglc | Har  ERW

radi oactive o843 dlisolose dyickic ipsmikdep eorrtakeapdutic @k, i deal scinti graphic

i magi ng agent. Tcngéghh a}wg‘jcﬂgl Em hot o?r} ergy of 140 . keV and a

radi oactive half-lIife of about ourdyodnda=nt Appligatiop Senall Alske front a

' Mb9" ~Te gendiClBE92/AMAR disclasti compokitidesatiameedst @etnieg@’ghg‘lofifeﬁgygs whi ch arc
much | onger (sk@rdigx@mple "In, which has a half-life of 60-70 3 or are
toxic (for exanmple "=s |). Although Tc-99mis an ideal radiolabeling
reagent, it has néPMYBEHINGxer it effsas by dindirglre| spegfi ebitelg exbidskdie art prior
to the present thovent i € ol O I L>nberts™ 1991) J. Ir'ucl. Ted.
32: 1189-1191), éS]o‘?n[alt ggf&;{lscﬁ i §°§ﬁ[@bﬁfe€dcg"6‘ﬁgt’ﬁ§‘f%ﬁiW“&Wal Bgues can

al so be used MYPRpEIRYS thearangreBornd Hesgastapptbtioslt ir@ns Thedt RERY ity

radi oi socopesoaite Vg andi um 47, coppe: -57,

gal lium?2., ytt r?tﬁﬁ)} ggalﬁ??%iﬁ%\’ U%’dfbﬁ%‘ﬁi& iagﬂldﬁ’ﬁlylw,’esé"é]nﬁr?’ﬁm 153,

gadol i ni um 158! Wfass 01 mest 1eWoctintaniiveta6@s arisirar Ifidat Nthésg Stisshast et i um 177,
rheni um 186, BxbREHdad LS. i i th-212. . The rheni um

i sotopes "Re ZEd "' Re, %sa@mﬁﬁpggﬁéﬁlt%%%gg?rﬁhé‘g;r{ini 18 3 e g’d\f%ﬁi? ageous. The
use of chel ati ™Y SHEM sPerifiG Biarioe atdl samutpspriotcen s capleitkd@Macitd) ta te
prior art, amfd tRhidsmboEellkakehhbng peptides with Tc-99m are disclosed in
co-owned U.S. Patent Seri) h'o. 5,225,180 and in co-pending U S. Patent
Appl i cations Seri MeEhRes fohradisiabating 2 yorameseain, 620107/ Ba1,Have ,be@7 1871, 282,
07/ 8E6, 752) GhouRd 5o S tb cofldih W0 R0 46 1977, b28) 081019, 86,
0810: 4, 825 and 08| 073, 577?%}3%0 5@%25%"9%%?%%#%6%{ %éﬁ\“&“@z &nd PCT

| nt er nati onaP™"¥p{Hli cations 1' C 1'/US92100757, PCTI US9211U7186,

FCT/ US931023Z0, PObeID3U.03A8% g 0 - [ 1JS93105372)

PCT/ US93! 06029) PCT/ US93/ ogssy}tegn ﬂ’%’é’g}% sggf%issg%“ #ﬂ?@glﬁ%reby

i ncor por at ed “By# AP leripativey bush s agirsntidedsteted Wah 'L, 4: 4, 690 descri bes a

series of technetiumeha!atiney ag . 2, 3P S(rer capt oacet ami do)
pr opanoat e, G%nsow er al., US. I?’\!z}%gnr}qaﬁlgﬂil?sgé,’%89‘5?%H“%?‘:—“ﬁbds of
manuf act ur i nifCHREHAF Bf PMAGSEEN apingc hrsd it aisefuloes) iu gldn oAk gaal

enti bodies yip5 FES 2004 6 Reno and Bottino, European Patent Application
87300426. 1 di sclose radiol abeling anti bodies with Te-99m Pal, et al.,

Eur opean Patent AfR¥keicdidon9No.J. WeclB e 32 | B4 t1soaeach thethdsindor | abel i ng
anti bodi es Wbt Ridiblab@@MsofREstatin fof kA : | L -Pat.ent Application No.

PCTI US92/ 04559 di scl oses raséai' ol %gé%hggﬁat‘%gpgti n derivatives containing
two cysteine resiRAR eRHEAED2, 1ON3]. Sexh INULIRI- IVRM degbiib 8k-1293f t €ach t he

| abel i ng of {ydHaRd FELN ' tth.technetium 99m Khaw et al., 1982, J.
Nucl . Med. 23: 101?&0?9&%%{{:5:338@mnaef%ﬁg‘aftfﬂc FaIHBe'd HymeNsol ogi cal |y acti ve
nmacronol ecul es wiAlErmagivegmmdyodn efonnddibbibeiig, sHRbRardis Ck&%ﬁenﬁ%bi funti onal

t hi ol act one j 1) nt far _coupli Tc-99m t o bi ol 0gi ca | ecul es.
Cox et al., %gggﬁ& éAlS%t ?%ﬁ@e 'Pe PRI gr WQ?Q“BH%JF'CWSBWdNVC been

Radi ophar macéisaeppd imp thel@jordinscl ose the use of, Tc-99m, '3'1- and

"~I n-| abel ed somatostatin anal ogues in radiol ocalization of endocrine
tunmors in vivn by scintigraphy. Methods for directly |abeling somatostatin)
derivatives of somatostatin) anal ogues of somatostatin or peptides that
bind to the somatostatin receptor and contain at |east 2 cystein.e residues
that forma disulfide yr wherein the disulfide is reduced to the sutfhydryl
form are disclosed in co-pending U S. . Patent Application Serial No.

07/ 807,062) now U.S. Patent No. '5,225,180) issued July 6, 1993 which is

her eby incorporated by reference. There remains a need for synthetic (to
make routine manufacture practicable and to ease regul atory acceptance)
somat ost ati n anal ogues having increased in vivo stability, to be used

oy o S



7 SUMMARY OF TAE | NVENTI ON The present invention provides somatostatin
anal ogues that are cyclic peptides for therapeutic applications) including
radi ot her apeuti c applications, and di agnostic applications, i ncl udi ng

radi odi agnostic applications, in particular scintigraphie imgi FEB 2004
applications. Distinct fromnative somatostatin and somat ostati n anal ogues
known in the prior art) the cyclic peptides of the invention do not
conprise a disulfide bond. The invention also provides cyclic peptide
reagents conprised of the cyclic peptide somatostatin anal ogues of the

i nvention, wherein such peptides are dovalently linked to a

radlolabel bi ndi n i ntlon p des such cyclic peptides,
cyclic peptide regé)g;rgteg Ghd 81 B@fc‘gﬁoncé%\éhs pélitclage redicigeing t hat are
SC|nt|graph|@ﬂhm&gmﬁgmagedtswmwaﬁmmmlagnﬁ&&nﬂeaﬁﬁﬂ&ﬁ\ﬁﬂﬂ'mﬂdbﬁtberapeUt'C

agents. Scin n ents of.the invention conprise cyclic
pepti de reagtgiﬁ%ggl?? 6’%9}{ e(g ”%gi’?.‘“%‘ﬁ“m “Si sot ope) preferably

t echneti um 99m Rétbmteh@f aBewpetan B:gent.@pﬂéau“bhmd nwendi/aNgaRidsse cyclic

P he 117m T heana iy, 2 Bunllel bl xTHEALS el haninry BATODS ng. cuch
cyclic pepti dueferenscande cyseldnésdend samerites ad spaciiiol absinathne plydl nents
thereof are ehaadf avided-s Hagnlauenslin Prayl des @ ovelic peptide that is

a somatostatin anal ogue as Wkt t er conprising a
somat ost at i n- r ecePper %lfﬁdlrn‘gom:@ptﬁ’w@u hepplivagioh hiwo.f O28MEBEL.1 RAS@dka 1t Ry |

R R R : - Z CR R6 CRf R6) P wh
R’g I{?Sg R ;E%maﬁg%gﬁeﬁggﬁhagéﬁ ﬁqcﬁmh%l"}kgg\éf‘(d ( or )SUE)S'[I'[U% ed e

al kyl, aryl or subﬂ%|Q"Lﬁledpgrl"y[ntermuoaﬁdPR:ntaAgple:aadsh i Fdlﬁfé@ﬁilﬁ\ewo' y H [lower
al kol or subswosuad aikigles Aliflndls sHbBkLLNLEd ALY!) or whereln el ther R
or R is ~C; A are | ndependent dr a D- or L-anino acid;
Az) A and C ar eF"éﬁélﬁ" Phdé?)"énderﬁll}'lyEad‘tmnd (Meraeb | 23 BSbigl6 @leRribor 1- - ani no
acid; B~is Dﬂ:d%fecﬁorPBteso(ﬂ{atd?mnf?re%pfg}/srmoﬁmp or L-2-naphthyl al ani ne (Nal)
or 2-am noi ndan carboxylic acid (Ain) or a substituted
derivative theredfwekisboom ¢.aler199L, 7 pNNer Myds 3Bs88 1t Abetcd#tSwakieye t her eof ;
B is D or taka\dﬁ)la@éndgoamabe%ﬂaﬂhﬁ n{) cycl ohexyl al ani ne (Achxa))
4- am nomet hyl phenyl al ani ne (Anf), Séam noet hyl ) cystei ne (Aec),
S- (3- am nopr opy| ) ePet & 4e 19 tﬁbStr@t(L’MH}nlﬁdae&myﬂu@n%pum)(mﬁ@s:)m
O (3-am nopr opyl )@eibee yéafPSY, ON shkstd derlvatl ve thereof; B~ is
Thr) Scr, Val, . Phe, IIeu Leu, ' 2- g\ﬁi]ano |so%ﬁ#lyr|t8mé’&q°8°'(%cbt) i i nobutyric
aci d (Abu) Aerivpazed aﬁ@métﬂﬁi&f)n agplogtex: | euci ne (Nle); C~is a bond or the D- or
L-stereoi soners ofreddiig S0, 1983, sP [ a, Nal or Ab
or a substituted der i vat | ve hgr ot ma Mg) @%52'\55{% én%aﬁﬁ,vﬁl i's :
i ndependent | FIH{BRAPBY &sing I{O\AE}{Dé’lPMW@pn@ubstl tuted | ower alkyl, aryl or
substituted aryl THeseamBeUORRIYe n about 15 dal t ons;
X= is COOR, -,CI-|~O-|CSCIn-1| Bt r&d%?%?(“pmvﬁ?gagd %FP Fé%t?‘@ ff‘f"g pendent | y
H |ower |in&aFvopy aﬁdﬂlmﬂl%a kfvlscdocrn tiesubstsidnucfebighl @ffinigt binding kigseof or a
hydrophilic mlgawtggA% t bo n and vvhe mis 0,1,2 or
3 and p is 0) R Qu &a&”gr eﬁdﬁ%ﬁggdng ‘i%emlf PN TR or
substituted F'\‘.‘)\/\Bﬁ' "ﬁldlbjlldct @)‘Pdém prétigRiphp raf@n igieeion GBEN 20hum£GOoNGR ~Z or
COOR 2, or Raniapd R vd@ t i s hydrogen, |ower
al kyl or substlltut eglVa %mﬁawﬂﬁ&d@aﬁx%'rgggl} bt%ﬂsc{{ééorafag}oy 5933 a sul fur
atom an oxyHeWdiag orifa N a, WW@S’HNR"%IHC@’NB’? "’Sofrhd\lEénSﬂrvuproft he noi ety
(S=O; and f yfdgh@rmethuak @ ﬁ{, r_alk substituted | ower
al kyl) aryl or SSGbSLit Ut e é%ﬁ?awwri?pgvxﬂ é@%es 15 Ch rF‘{gh éu}H‘"F%é‘ére not
together an BXYLRME kppwa ‘pr@#eﬂfheﬁnenﬁ@dsmﬁt blhdh&g)()f (i elibattiean ani no
acid or a pepipide cgg& e Q. or acids) .or a

pdphi HEAMES tl?coq%éaﬂt@eg signal var&ﬁ Of;éfq‘e\mgr

nonosacchari de or ol i gosacchari de conpr IneISEh & de uni ts,
or a pol y(N &&mpisxytumRy Ichlisyi nEhipris apapmjduyafkyxyn@mﬁn 8N @ndRBinKFetRI €ty 'S

| y(Ncarb d tid
T R R e

pepti des wherein the carboxyl group of the carboxyl-termnal amno acid is
reduced to an al cohol), or a nonosaccharide or oligosaccharide conprising
10 or fewer saccharide units. In another preferred enbodinent) B is
phenyl al anine or tyrosine, BZ is D-tryptophan) Bl is lysine and 8~ is

t hreoni ne or vali ne. ' 5 FEB 2004 9 The invention also provides a cyclic
peptide that is a somatostaiin anal ogue as a conposition of matter
conprising a sornatostatin-receptor binding peptide having the formul a:
Formula Il T cycle-A-BBBB-C where B is D or L-Phe or D .or L-Tyr or
D- or L-Nal or A|n or a substltuted derlvatlve thereof BZ is D or L-Trp

b g o . Y o



am noet hyl ) cyst ei ne (Aec), S-(3-am nopropyl)cysteine {Ape))

0-(2-am noethyl) serine (Aes)) O (3-am nopropyl)serine (Aps) or a
substituted derivative thereof; B is Thr) Ser) Yal) Phc, 1le) Leu
2-amino-isobutyric: acid (A b), 2am nobutyric acid (Abu)) noival PncE] RifA)
or norleucinc (Nle); G is a bond or the D or L-stereoisoners of Thr, Ser)
Val) Phe) 1le, Abu) Nl e, Leu) Nva, Nal or Aib or a substituted derivative
thereof; X is hl(R ~z, where each R is independently hydrogen, |ower

al kyl or substituted |ower alkyl, aryls or substituted aryl or substituted
with a hydrophilic nmoiety of |ess than about 1500 daltons; X is -COORy)
-CH-OH) CH~ by @ﬂ'\\ée@@ﬂ@Ry\)emodmhere each R is independently H, | ower

| i near or cyclic Stl te rlvatlve t hereof or substituted
with a hydrophi l |L%wrm ﬁhq eususf'1 %ﬁﬁn&afd%lﬁ‘t) S5HMHAIcPEnR< Adthahere m i s

U 1,2 or 3 andlepr irsl @)hoaCtm: pqu_thsaﬂdhtR'xsoacrpe rhﬂéﬂp@:ﬂiiﬁgtibﬁnb}.a Klwer al kyl
R .or R are R'~z or

or substl t ut, t her -
COOR", Fqu%tl V\%r"nt?oge"lt%u af !?frsc "Dy N2 £ HFY IQFZI‘OSLhY/cHﬂéQEn | ower
al kyl - or subsdtptqmtvedtalfdmem. abkyl § haus| aed, nsld&atlyt..uh&@'caf.&lwa #\is @ bond, a

sul fur atom m , NR' SO~ or the
noi ety (S= O)h%qr‘ﬁg)é¥%§f herLQTAhréfilé’nﬁhd“sR“ﬁVﬁ E?@‘é‘ff hc%?"‘o]\}\'ié"ls ‘%@F%y‘lﬁ- Grckubst i t ut ed

|l ower al kyl lowyl(faorasrqddst'i‘tlmtedxcartw a Rl feher -2 hﬁoNBc ffe (pRd R~ are

not toget her XY eryed emhodi e X noiety is an
amino acid or‘a}'Q g qfde h@q‘%’ ﬁ&ég B & ‘i‘gﬁB?““ﬁ%“‘am P #R¢i ds, or a

r nonosacchartamdexmaty okadgosa(belhzgrpd;bade@fhpﬁb%%omo Qe ﬁﬁﬂﬁtmi‘?@ﬁﬁﬁar i de
e Xz noiety

units, or a N-cark) agk ne % ?aﬁ oxy ani on and t

“i's pol y(N—ca So%5af K’y ¥ )amn Sr" I‘ﬂz X4F: F’i’Jn:L ort 82 1% no acid or a
“peptide having ar&,oamomuraand raﬁatﬁ&esmﬁatémtfﬁ%ﬁo%ﬁa%aﬂr%s'beo%' ?ﬁd@

(i ncluding pgptl des Wneregn the car qu% group of “the car boxyl t er m nal
amino acid i G FEHCRE to AR aFEShoRFP!IGHOR, nﬁh‘@?ét?cha-ﬁioé@m@’rs are

ol i gasacchardddentaeapy IQtH’lg_s Iseamrurtamercopp&%harchntemw tyquriuhboAngf. her
preferred en‘qul ment ial anipe or tyrosine,” B  1s D-tryptophan)

B is lysine ﬁ'dlﬁ“m) T3y WF[’—S’B ﬁ gy H?e”qoﬁmg:lurbh”pldéﬁpé?st%dl@rbodl nent s,
the cyclic p‘e:ptmudeldss yaakhahtemil Yutdtiudk@ 97 tr@ecdurh 36k QJharh@rJn 108 ”egéag&?c noi ety,

wherein the Iabel di iety,is not coval gntly I'i'nked to the

noi eti es B )zr@ Bb‘mumgl '%% %WH%‘”W% *Ret 2dhe’ Pﬁe}éi "¢8.2T¥e i nventi on
al so provi deﬂ7sqci,—|atpagtc@nhycadwmggeags agents conprising the cyclic peptide
reagents of the invention wherein the cyclic peptide is coval ently Iinked

to a radi ol abel - JiMAdSH ' AAIRING 22eHader mdiaRdclingipoteitsedre bnovl ngtheoi ety i s
not coval entgdqs: ladrnlkegd r‘ié%ot:'.t‘?ombatd Ecgll%“ whh )TCE§9m g% %(osél Eo—t he

peptide. The i nvention al so provid bélc I Cc peptli

sonmat ost at i rPYIK¥Al Hg%epéfé'“astfdﬂ#pbgt t-'l 4,630 ad tlerCQ:mndWsUrﬁg aatcnt
somat ost at | HAB;S,—%%QVS-W-P%@Q d@%%ts'(ﬂ% *‘t??‘ltd?%stzh%ﬁa%ﬁrﬂt' ag?/': 591
cyclo-A -B where B~ iIs

or Ain or a@ﬂ&%ﬂS@thgéﬁ%@l&lv&ﬂﬁ\% 9t3ﬁerQié95548’>6 Qet/SDV 6(28 DS/DM),B&# a
substituted (yge(gnv [ Anf, Acc,
Apc, Aes, Aps or4 %tbs% s?éf)teffeeﬁd ﬁr’%ﬁ?ﬁ)e@{/?ﬁr’@%ggw@ Tﬁ'écgégr) val ,
Phc, IIe) Abfalerpategnal eu, AdpHicetio s ARGT/O39160737, L- adTigsaelig7iend A is a

|Ip0phI|IC @T_ﬁ,n o] | & ioLi C al

L-cystei ne ?? -p?f)l ?f#eb OF@/%%@?@EP e%&ﬂé‘ﬁgglapt %% %’ﬁgﬂé@’&%ﬂm s noi ety

is a cyclic REPUSIs/0601% PLT/VBET/E0I3Te aAdiPId/USIMD 1898, @hick R Weretiyesi due is

covalently Il,inked with the carboxyl term nus of the C residue. In a

preferred erfﬂ%?d??féﬁ‘r?)byls"“ ¥¥phenyl al anine or tyrosine, Bi is Dtryptophan,

B is lysine ariGgbets 1Rr @oRWIROOY Mﬁlégaedcs@fttdsmeneyeﬂ ﬂ:&w@t‘ﬁ%l de is

covalently linked to a radiol abel - bi hdi hg nmoi ety, wherein

radi ol abel - tﬁhﬁtﬂi“?f&g agRtselased 8n Fot- bésvancemm"ytamxdﬂtmomoame rml et| es B, B-,

B, B4 or A of p i gvent i owdss aphlc
(s REPL d{?hethg BYERL! QD & 5 RN R e

i magi ng agents conprising clic peptide're ntion
wher ei n t he madifctabelanbipodiyhe TﬁnQQt\tyclie&tsttﬁtﬁtlgmeqmoem@ﬂ .a_)t\ttttdalma.
radi oi sotope. In one such enbodi nent is provided a scintigraphic inmaging
agent wherein the somatostatin anal ogue, cyclic peptide reagents of the
invention are radi ol abeled with technetium99m |In other enbodi nents of the
scintigraphic i magi ng agents of the invention the radi oisotope is indiumt
11 or gallium68. 1n still other enbodi nents, the scintigraphic inmaging
agents of the invention are cyclic peptides that are - 5 FEB 2004 12
radi ol abel ed with iodine-123 or iodine-125. The invention al so provides
radi ot herapeutic agents that are the cyclic peptide reagents of the
|nvent|on radlolabeled mnth a Cy|O|OXIC rad|0|sotope that |s selected from

-, = N e~ N\

or L- Nal



S FEB 2004 14 because the non-disulfide cyclic |linkages in each of the
somat ost ati n anal ogues of the invention conprise stable coval ent bonds.
Such | 0ss of biological activity can also occur in vivo using naiive
somatostatin, or to any somatostatin anal ogue having a disul fi ded f&@d2004
Thus, the‘peptldes of the present invention are per se advantageous as
somat ost ati n anal ogues over native sonmatostatin or somatostatin anal ogues
conprising a disulfide bond because they are intrinsically nore stable and
resistant to chem cal oxidation. It is another advantage of the
somat ost ati n anal ogues provi ded by thi $ invention that the cyclic coval ent

linkage acts to prgdngcingt B p fr e datio opept i dases.

Further, the cyclic struct gtruggcglﬁggus gméﬂce1 ’rqug Bionc g?#é‘r’?ré{ idb%se rigidity

to the pepti dEdiokabelingapntisedics withTiselon bi nd| ng of the peptide to its

b1 ol 001 ool {ar et fod S, BASPTRAELAIECRRPLAL by ol Tot, sspect of the
g

reagents provided by the invention repar F‘éﬁ“&g"’ents are
reagents t hat Mathed é(archb%i@mnPMsomaTwemc somat ost atin recept or - bi ndi ng

peptide as descri hegk, aRRwabat I

r adi ol abel - bi ndj ng i et y nar{\}?r?életﬁh%%}sﬂ&% bYo &@3@%95/8‘&?59 @Eqﬂb‘f% s where

(pgp) S i's hdeaﬂtj’ clgd sgmitastyin ?ﬂ*‘k}!ﬁ’e@ﬁlcngfmgmmwoaaystc@aaésxd@s an a- or aam no

acid not conprisi nghoded, hbpd, S350 R /2 f i.ren t he am no

acid is glycinc. In another lor e?%flre ¢ ﬁgfﬁl%gr%%qh?ﬂﬁagé@ﬁ o fuman

sci ntigraphic rLr‘l‘d’"éQ"é fetechnptivieeP9mnot her preferred enbodi rrent) t he agent
,i's a radi ot her apexitahCeaggntos | N .&u@emﬂdzﬁm@)‘?ﬁlw& 15%8 tF%F gion

prOV| des cycl I g lg{ g) tide reagents capable of beilng rad Po form

radi odi agnost [*2¢! B8 PiplggirlyHCH RS aaeiomoisglas with EeeF¥msonpri sing a somat ostatin

anal ogue coval ent Ipyrhd ke dolnna shREl 8 | .- of rmul a:

A-CZ(B)-(C(R Reg ENX V\/nerelon fspa 8&3&9& ﬁfﬂ?&&g m?&?&é}a }N{@&?

(pepti de) - OOC8¢ ceyPise ?@'99’” tp P@lcra)casmolegwex NHR’ ) - N( R) (peptide) or R

Zi5Hor R Xis @j Oé; d)\IHRl);%%N(‘fgs)m&peﬂ}‘lq )ern%cgm% 3{%%03% R _and R are

r i ff

i ndependent |y I—% EB 2004 15 straight o or cyclic
| over al kyl ; R? ‘%°hefm3f°18$>’zp IR djsgloge the useypeylie;99%am, B aral Héni- mbﬂéd a pepti de
Conprising 2 tomaskauh dhlogndsni Agidiscalialdh df! €

-N(R ) - (pepti %gg) Xhl S SHgand nis 1a5r ﬂZrl o d%‘% tuﬁol-ssm I\IEJ:Q by

-N(R) - (pepti 8%'s SHand nis 1 or 2; (3) where B is H or R~ Ais
HOOC)  HINGC, (pepthﬁddstQ@)rear LRaRL 0 or 1; (4)
where Ais H or é IS SE} %fogm I—%ﬂbﬁw%jf’g%a?om 't de) and
where X is SFB“‘%gP“ o r&Pﬁa@F‘amNemh iféb%ﬁ@@)to th® Joratastatin Xedeptorland R A i s

HOOC) H2NCC, {onefr iatlelpasNHOGY stéife (r@Edfel d83t- % 2N BrdeS o?"dzhﬁgcg )(?r % :'irsld

methyl, Xis (pept i de) NHOC,

Bis SHand n li"‘@g%“ fs rﬁﬁ“ﬁ)”\)\ﬁﬁ%?‘ﬂ“ﬂﬂ’% tegim, el dXCIPMSH Conpqnsmsld.ﬂ S0; and
wherein the tPkitelt Applieitioni Seriah Nohev@gzed nb@ris. ﬂa&nf‘N%r%f?!r%
enbodi nent) the %gent6 f?;} sci.ntigraphi c i magi ng agen 'n’yet "ahot her
referred embSHFTRERY, 6t Q> ayusht 's kerebyr inenraeried Aycraferascagent . Pref erred
p g

enbodi rrent s of t hl’ISlcfeadtr@i@sb@ n&dn%rng AMRigt bfo haye ?ou%p?%%lf ol mél ? t hat
and (ami no

is: i. é’ﬁ r@ érﬁé no acid)-Z wherein (amn

aci d) Z are ea AR %6§ﬂd %/"&H?‘%Ylaﬁﬁ%&a“@r—) somagstatin ﬁmlegued haviag does not

conprise a ~t ilntreise@]rm)umn ﬁau,myata B Q,Isgcpg,tc n@g e%‘ﬁ’“?gﬁ]ﬁw ageﬁyst ei ne)
aE toe

honocyst ci ne) _jsoc sia%l ga %enl ei | I am ne) rrerc ne °or

3- mer capt opr o‘ﬁéﬁ SRR Tedd F‘oﬁferou‘(ccdzmblalrkq;bl,sotapcsaﬁmrmcam dor a

pepti de conprinaging témé@ r&@zvanhrimaﬁﬁa'd%'ihcréﬁ@&f& %ehé agngelngmgyst ei ne,
up o sa| d° o1 8

i socyscei ne or icillamne, the carbonyl
covalently . ﬁﬁ@ XFORQ‘WWBX%‘F gs d’b?j"llfal Rmyl ombctmkwnmtdstaéﬁich of Rs
and R4 arelruj@nam%ély r no acid or a
peptide conpri si %g tgoldéaegrgylnglyﬁﬁré an%a)t ‘%@a?%n@ﬂmﬁ‘é “C -(am no
acid)'-NHR wherein Y is a thiol- contal n| ng noi ety that is cystel ne,
honocyst ei ne, isocysteine, penicillamne, 2-nercaptoacetate or

3-nmer capt opropi onate, {amno acid)' and (am no acid)' are each

~i ndependently any primary a- or Samno - 5 FEB 2004 Z6 acid chat does
not conprise a thiol group) and R=is Hor lower (G-C) alkyl. an am no
acid or a peptide conprising 2 to 10 amno acids. Wen Y is cysteine,
honocysteine) . isoysteine or penicillamne, the amno group of said noiety
is covalently linked to -H an amino acid or a peptide conprising 2 to 10
am no acids; or



RRROOR~RRNHHVR ~RaRR~-NHLHS R~ RRRRRUW ROO0ORTRhH
HN RR ~Rn JRR---SHR=N~RD- R RIn particular enmbodinents of this
aspect of the invention, the radiol abel bi nding noiety has a forgu,l_.fB t251

is: lla. -(amno acid)'-(amno acid)i-A-CZ(B)-{C(R R=)}a- X}, 0%
-A-CL(B)-{C(RR)}~-X}-(amno acid)'-(amno acid)', Ilc. -(a primary a, ~-
or Qca-diamno acid)-(amno acid)'-A-CZ(B){C(R-R=)}~-X}, or 1ld.
-A-CZ(B)-{C(R~-R~)}~_X} _(am no aci d)‘-(a primary a,~r- or a,wdiam no acid)
wherein (amno acid) and (amino acid)' are each independently any
natural l y-ocurring, nodified) substitut/led or altered a- or ~-am no acid not

containing a thiol group; H:IHEgI iam no acid or peplidc) NHCC,
(am no acid ur peptide)- CI%LJ*WM@ HR, -N(R)(amno acid
or peptide) or R~; T prasent drtveRticn @éobxscsskbrﬁ&tostdﬁﬁﬁnaIOgMRhit( 281 gygi@aci d or
pepti de) or H or straight or

e
br anched chal '355 g?ﬂhf%ap?ué\%épplﬁFWF mﬁluggg &ﬁ*ﬂ“}ﬁ%&% 3PRLGatipRs, &3d her 0) 1
or 2; (pepti dé}lgmcstxca applpiiahe, dficl@idg rﬁd)@diignbﬁxcamppheatﬁat dén paﬂidulal( 1) where

- 5 FEB 2004 I cid or, peptid s SH and n
is 1or 2 %c '\’Aﬁdrpﬁ"’xli\'lhgmgNﬁ?@““g‘}°“)‘ &5]13““6%1%{ gy § ?‘“‘Bﬁ%&ﬂ a%% Bis SH
and nis 1 orscﬁnath&)xnvmrogudB kisowdd G th )pnér iag, HﬁDGychbEﬁ,de( Jppo acid or

ti de) NHCC, (4
there 1o 1 SRR SR ERIRE 0ok, oot i e afito aci 4 or
peptide) and peptide reagergs eanchd of 41NH5¢clxo|pep{N(e Boratpaarinnanakogied afrthpept i de) ;

5) wh X NHOC,
(i o acid o™y (hered i Hebiaes U Qpeh (MRS loidiERlheivd X s
methyl) Ais H@@@ Ifll'z‘\Ndmcwmmmats@hmycpepeptdeg -dye#tCpeptiderireageraci d or
pept i de) - OOC Wra@xd]a%el?ﬁ c?ﬂﬁ ;Q-]plxéc Rﬁ rkdthg? are%%xgraéb ?chluq??gc is SH) n

is not 0; and wherein rou |nthe r di tional
preferred enmbbdiodngnestic agantsdod tramhthﬂraigehc kgentdi rngngmpmc esaghrgwvighgs t he

(G- . 1 PRt e, e I Sy R ¥
formul ae, it vadidisolpey Frablaodihctnhatlme%lnys Regdiothsmpeusicaageysi o€ thesi due in
which the e-a r a t p r S

coval ently Ilwgg‘gm?ogdtﬁﬁ%n%a%%géy%g?c m%%‘* ha%%h&%iacgg}ﬂg 3 ﬁg&é’g‘rd to form
a peptide bon&Rdigorpey @ﬁf@éhtm-&?mmhnmm Hé crfe@mdure 1i88. vMﬁth«bdstﬂoe b- ani no
group, father d to the
car boxyl grougﬁgﬁgtakgﬁg g’ég% dg:nglzﬁh&q %ﬂggé‘%dg%&g&%%ﬁ éﬁxoh)aggl v-nah ro~
di ami nobut yr i eémbedigieneiectaé arenalyhproidethie y-ami no group is coval ent ly linked
to the carboxyl gr'ﬁ‘cbomoénukn%rwée@% crlytll@ ;ﬂgcQHtg s 4%k tromxt?n e bond;

and t3Dap represents a 1, 3-di am nopropi n|c aclid resi ue |n the

Q amino group?i 3 ceeveﬂltecriitqumtrqmseapmnz R esomatoksatiry teceptesupindifig ptreldadj acent

am no aci d t op{\akgni@ BERlii.de bond.) In another enbodiment, the invention
provides cyclic sonmatostatin receptor-binding peptide reagent s capabl e of
bei ng radi ol abel ed with a radi oi sot @ef_’_t-ﬂ@_lior m r adi odi agnosti ¢ and

radi ot herapeutic agents, each corrprl sing a somatostain anal ogue that is
covalently linked to a raéi (ﬁlRébHHRr&ﬁ}m\ng atA/BEFBIRACYRICANH-CR"XFEB 7004
18 ~O - (amno acid) - cystadinc - - peptidC SX {fmses of this

i nvention, radiolabcl-bi nd| ﬁg—rTDGC‘éVRbs—ham-ng——tGﬁ?lRéR%,truct ure will be
referred to as picotinic acid (Pit)-based noieties}

where R', R? R’ and R® are each independently H, lower alkyl or substituted
alkyl, aryl or substituted aryl; R* and R* are each independently H, lower alkyl
or substituted alkyl, aryl or substituted aryl, or wherein either R* or R* is X';
A' and C’ are independently a bond or a D- or L-amino acid; A%, A® and C!
are each independently a bond or a lipophilic D- or L-amino acid; B' is D- or

L-Phe or D- or L-Tyr or D- or L-2-naphthylalanine (Nal) or 2-aminoindan-2-



or t peptide - HN - cys' ine - (anmino acid) - NH. CHZ _ SX o wherein X is
H or a protecting group; (amno acid) is any amno acid and the

r.adi ol.abel - bi nding noiety is covalently (inked to the peptide, For purposes
of this invention, radiol abcl-binding noieties having this struftiEBem | |
be referred to as picolylamne (Pica)-based noieties. In a preferred

enbodi nent, the amno acid is glycine and X is an acetam donet hyl
protecting group. In another preferred enbodi ment, the agent is a

sci ntigraphic imagi ng agent. In yet ahother preferred enbodi nent, the agent

is a radiot utic nt. Yct .anqt her enbodi nenj, of the invention

provi des cyrc}%rbggﬁbcpﬁcfdd@gp e%rg%ﬁ%m(‘:' égr*éa‘w t}l!'ﬁé‘?‘)rﬁigB;r #dPorabdie@rwith a

radi oi sot ope fubstititeBglerigntive tibareatt tHiiD D& mm@si@mmingrmﬁ)grr 4- _
T e LR s
bi sat t t i no- bimindethyt)cysiitieo{Aeb); | S-(8-araihoygopyllcestaine W),bbflé‘iﬁinﬂ@edﬁ&lzt hi ol

r adi ol abel - hindi iety d is.enbodi.nent of the invention has the
formul a: ( ?%I %ﬂ% i/ml%\%f@f’ly'l),ss crg’-e((g,ng‘Yszl %ﬁ-&(‘%?‘fﬁcr\m%‘f"e‘f‘ﬂ"'@éch R can be
i ndependent IB} K, TBH Sor, Gzhj Phaadk, (lzgp)Baminc-scbitgepenidenalsy, a-t hi ol '

protecting  Hos a .arg. independent | ] .3; Ais linear or
cyclic | ome%r”gwyﬁgmal_&?cildln%t{‘}%'t g&é@?@l(ylv,a)’ c°6r?8ﬂﬁ‘5ﬂeo¢§§‘%o%§ duBpderd ut ed
derivatives aries Pofor LasetedisomerpepThiSer, dval, Ple, 118, Ab¢, Qi) Lel\-MvaCH( V) NHR
(CR~}m (CR=) I R4S i pendeptly H CH or C~H ; m n
and p are i nﬁ%?gnﬁgnﬁggﬁﬁ E@%E\%‘gglte‘%%g’r %o(r?s g&%%i“cw’iwd?/ﬁcga?‘%yl , aryl,
het er ocycl ylis igdeapndendy drdroprn. dawet atkut od sdiestiiveedt lowes aldyir &9f orV is H or

CO pepti de; i i.0es. i t hat i .R. 1s peptide
and when R iﬁs)ml-'l? V ?fs°rga§§’idfg‘g‘?“°g’é’&%°?g%5§e‘%“&%‘ﬁﬂ?@l" F%Wlégt}lc dny '
rgg}rol abel - thQ@Rngﬂrb@Ht C&CARR! ny O0N(B")stwheot exck RO\ Indegeadendf er r edht o as
" " noi etigs, il ers odj . ent i s . a scintigraphic
i magi ng agent” (I)n%}.ye?e?gﬁ%t Eyec‘rﬁg ?g?e?}r gg%ebé%%gﬁrrgn vanyeh °§§gn‘i" fs a
r adi ot her apelygiophidigemricty Tilessi thanezhoubhSq8r dalonte sndetteeds i§ d;1,preepari ng
peptide reagenhs #fistdre) ipventgrol bys ] Si.g.lNpvitro In a
preferred enbodi rngr;%) "cyc ig' ge,pﬁddés%gfghés%gﬁdg%g glgdfo%f/xl E‘B‘P” (?rphase
pepti de syntHesiwed fayes alkylert pither it owri Bbsrer &Qfites €CO.NR'Bpari-ng a
radi ol abl e soOBRBSLAR? Ang 88GH N eTMg[al .C b, S th omat ostatin
recept or-bi ndi ng cycl i cn epti%égier%?Q%]SQY%\g:a%T’oﬁﬁE%b%rg%{nr &&cﬁnked to a
radi ol abel - AIAYIOR gUbgitEed, lowen alkyprasyleen atstsnbddryiedtis at hubfur emgent i s
radi oacti vely Jabgl admWivkn .Qﬁ{n 3 Ber @ &ffiged _gnbodi ment, the
reagent is radixggcti vel ykl éﬁg‘e vhrﬁ: pok n' S@égeﬁgro?'oé d%e invention
al so conpri s€sQyand Jutheatwherce REolvdiydsagen, olowehalkplyerd substiomdtioedrat i n
recept or - bi ngiyig i d@sd S I $1V L @NW L r adi oi sot ope, as
7o T alrel e e R e HckencTon

or exanpl e +C 1 0 ai amiwt i on
conpri se Tc-Q{Mmekap Gaec lLgte y i pg: the..pepti de reagents
of the inventi or? Wi f‘%ﬂe-%@% ?er% ?ﬁé%{%g.elﬁcg\r g%sar ?@H‘hc?cﬁgs’aége%t. Preferred
reduci ng ageRPROSIRRATIIg T 9ligosagchaidst compmising d 0top felersarhiride unitm, orst annous i on
and ferrous 4 AL ‘ ( : Lavent ion .ar so formed by
| abel i ng the g(tgal{)(ti de r"ggé’g%{ms’%’p?k@f"%&gﬁ‘ﬁ‘ gﬁd \k/\l}rlt%ﬂﬁlg@g'dipgv@*i gand
exchange of @fereliediaadns qica polypromdreroras ooy kdédr hepepiide havidg FEB 2004

5 FEB 20p4,;2Qmithe i Vit | so _provides, kits for preparing radiolabeled
somat ost at i nnangﬂca)’ga%? ‘?@”Eﬂ“?é; °_§g’§°ti éés)\{#a?lo?r?trﬁséguﬁép{”icﬁﬁg"&egﬁé'ﬁfss of the
i nvent i 03. :cﬂfh%mﬂ adhe czabhwll atebiaighd kmbqqutdrg'aalr aai_gera'(tjiﬂ i0fredubgl tm¥ent| on f’i(rje
conpri sed of,a ed _vi C Lning a predeternm ned quantity of a peptide
reagent of tﬁeﬂ?‘%@ghs f\énﬁgrﬁoc?%a%%b f?c?léﬁ’?“ﬁ%ﬂﬁtm%’fm?‘%ggi% *¥¥ent to
radi ol abel t¥echadéganits. iln @mopeefpesfered embeitherenB! i§ phedyatin@leabel ed

somat ostai n | ogue . s cintigraphic i ing, agent. Al so preferred is
r adi ol abel i ntggtg‘ﬁg' gebgt ?dgpioggagnén s'-sg¥5'rf°h@di v‘éﬂ?‘iegﬂ“%\ﬂ KA. gom Kits for

preparing radi ot heapcutic agents arc al so provided, wherein the preferred
radi oi sotopes are tin-117m rhenium 186 and rhenium 188. This invention
provi des nmethods for using the radi ol abel ed somat ostati n receptor-bindi ng
pepti de reagents of the invention diagnostically and therapeutically. In
one enbodi ment of the invention, nethods are provided for using
scintigraphic imging agents that are Te-99m | abel ed pepti de reagents for
imaging sites within a manmal i an body by obtaining in vivo ganm
scintigraphic i mages. These nmethods conprise adm nistering an effective
di agnosti c anount of radiol abel ed peptide reagents of the invention and
detecting the ganmma radi ation emtted by the radi ol abel |ocalized at the

e o



The invention al so provides nethods for alleviating somatosta.tia-rel ated
di seases in aninmals, preferably humans, conprising admnistering a
therapeutically effective anount of the radiol abel cd somat ost ati n-bi ndi ng
pepti de reagents of the invention to the animal. In preferred ngg i ments,
the reagent is radioactively labeled with "''Sn, 'Re or 'Re. ﬁh iZMent i on
al so provi des samatostatin receptor-binding peptides covalently (inked to a
nmet al - bi nding noiety that are conplexed with a magnetic, paranmagneti c,
supermagneti c, or superparanagnetic tal atom ion or particle, and
met hods for using such conpl exes for gneti c- based detection of
| ocal i zati on of SHENnEQAH®E QRb Ayl & i odi peptide conpl exes at
tunor or other, tissue sifts |?3?§%§9Tﬁﬁ§£ @ tEehqi [rill’\g)ter‘l ?‘of‘?“&fcﬁwqges
nonr adi oact iFVABHE T SROMPSHIIRlAPier qerptisite a somehtastatiemccepmnbiagingt i n r ecept or
- 5 FEB 2004cpidechapingtit figmulassues in vivo. The cyclic peptides and cyclic
pepti de reagents of the invention nay al so be conprised of a polyval ent
| i nki ng noi ety. Pol yval ent |inki nd@B#atlles of the invention are conprised
of at least 2 identical |inkerc¢felngtpaagigigroups capabl e of covalently
bondi ng to sqmat gst.atin analogue cyclic peptides or radiol abel -binding
noi eti es or ‘@‘Sfeh% g e]JT)'ePF g‘dhi’ei Rke? PudeTyoral Dgrodpdaare Aini oraay or
secondary amibsdsitednyetvanyd thgfeafiPB? isCaL Xy i S thiolreactive
groups. In RE e;og_r ?:d F)rrbodlj&- nts, the pol y\%gﬁf& ﬁ.}bﬂt&t?&%ﬁg’ dr?gl['aetivf'es are
conprised of Dra: Sudkitifi g??nﬁ’f FY efRra. (“BxvR)ec, Apc, Aes, Aps or a
4- (2, 2- di netshstiocel gdrivhivezinbreoa@ ds (TAVBAYs, Val, P -
N{2-(N,N 'as&z-fgu&ciisngnm%go-.ct I%%\I gam',noet hyl t)’c}’.-I}Q:B,'ﬁ_ﬁ'u! ﬁ%’(rzenuét hyl - 2- mer ca
pt a- propyl ) - b 29 sz SndhAh AU FEATOBRSIS NG  skedfainchavingrd wetcapthy| ) ani ne
El T(SEA) ) Ct())l a%mc'amﬂ Ad MﬁméiC{%ﬂlﬁol acid or a liﬂophilic L-éaé-l‘yAaékYI) amino

- (OCHz e - ; e)-2-1NC . opi ophenone ,
tris(acet am?éc(fg?trﬁ'y%g%m%rr?é?‘ x%)rf’é"!':a ‘et %@Bﬁétﬂﬁ?‘fa“& H'\éfePf-hﬂélSa%Qi@tam doet hyl
it ge[)_, a, e- Ind .a_scyakitetpymld;smoier,y, {Wi’d’lﬂlcaﬂgino_tcrn%ipus of tthﬁ' Al r!];sidué is y

, 8-bi s-ace =3, 6- -oct.ane) or, derjvatives ereof. Spécitic
pref erred e%ﬁ:ﬁéﬁ?g&g#ﬁ%ﬂg FFeEEhEriRgL At e C* iSidueh elsonpreteriedent from t he
fol | owi ng membodietati Beds diesglaiapint @f tpiosiaer 8%8is DA BlbBHE B> @g@gggmant s and
the clains. ,BRBER LEX IeP'Ir'Ivg}lcO: THE DRAW NGS Figure 1'illustrates
| ocal i zation of a somatostattin:r eceptor expressing tunor in a tunor-bearing
rat in vivo. DETAhd BEYeDEBCRIsE THOMNdEF a Tt NBTdONaEbR SRR hnvention

provi des cyg¢li t] that are.somatostat|n anal ogues and that are not
conpri sed O@d&ﬁ&#@i&#&%ﬁor%@&g @@8% DR %tgafm‘ﬁa:anal ogues thereby possess
increased in vivo stability conpafegn i nati ve somatostatin or

somat ost ati n anal ogues that conprise a disulfide band. These cyclic
peptides are themsel ves R URR{ERERY) a0ONK'3824°0rp 81 g€\ al_\RO gin_ ases and
other ailments in aninals|including humans. S FEWS so provided
by the invention are cycl Zc—pe(@R'HYs—t-hat—omydrers &di oi odi nat ed or

radi oa~tati nated and which are thereby useful in radiotherapeutic and

radi odi agnosti c applications. Another enbodi nent of these cyclic peptides
that , is pwootedRd R3yRf RiGRf ancesath drteper@iemtyCli] CouFéEIatld'lyﬂsr LERAGERES Wherein
the cyclic fi fo ol i_nventio re covalently lNinked to a

radi ol abel - Eiﬁ diaﬁg%ﬁg‘u‘besg‘{‘;‘gdfr’éughaf&‘{)EFF% Bebtinderendetly &hilewerralkdapabl e of
bei ng radi obabdistidted alipncarylder suadinned agnost wEereih eith@0RObNRF APRULI C agents.
One exanpl eAOfan@d’%jJ I ica nosti c aBpI ication usjing the N adi ol abel ed agents
of the inventioni s SOl oAyt EOMNUGA Ry, of khampracidh el édant ¢H and ext ent

of somat ost aeieach dlepndentlyaalsdnd @r taUlFIPSiIFEY- ReLdrifR Hdad. s Big,cyclic
pepti de reag_q;%sorgg_ Sp?_'f nvertgi on ;an FI so_advant ageous'l_y 'f)e radi ol abel ed
with cytotoxic radiorsot opes Lulhlxanaphthyleianiae (NAer @ramigeindan-2-heni um 188

for radi ot hearapelit iacid (2dry .or Bheabayteted defeRive dRrdgagents. gf LH}? J;nvention are
al so useful _in ol ring.conpl exes:w th non-radi oactive netals, said
3yl e e

conpl exes b&i*NY Yy HGEPR Bl ISy Darfr bkt @seamobasidey(HIThet-i nvent i on
provi des a aeinhegclbloxylatining (AvaxH0rBERELRHePIPBSFIAH _e?A@F, t T&}fb_i nvention to
al l evi ate di seases or other ailnents in animals) preferabl’y humans. These
di seases and ailnments include but arc not limted to di abetes and

di abetes-rel ated retinopathy, cirrhosis of the liver and hepatitis

i nfection, bleeding ulcers and other gastrointestinal bl eeding,
pancreatitis, central nervous system di sorders) endocrine disorders,

Al zhei mer' s di sease,  acronegaly and ot her diseases and disorders related to
t he production of inappropriate levels of growh hornone in vivo, and
cancer, particularly chose cancers whose growh is dependent or influenced
by grow h hornmone or somatostatin production. Dosages of the somatostatin

o o o " o o



I'n the radiol abel -binding noieties and cyclic peptides covalently linked to
such noieties that contain a thiol covalently linked to a thiol protecting
group {(pgp)g} provided by the invention, the thiol-protecting groups may
be the sane or different and may be but are not limted to:~5CHB ayl (aryl
i s phenyl or alkyl or alkyloxy substituted phenyl); -CH (aryl)Zz, (aryl is
phenyl or al kyl or al kyloxy substituted phenyl); -C(aryl)) (aryl is phenyl
or al kyl or al kyl oxy substituted phenyl); -Cl~~-(4-mnmethoxyphenyl);

-CH (4-pyridyl}(phenyl); -C(CH,), -91ﬁhenylfluorenyl -CH NHCOR (R is

unsubstituted.: It ut.e yl .or ar CH. - NHCUUR (R i s
unsubst it ut :’%1 g%t@k}gis{él & )'Z#'EXW“‘B?F’SQ%IC%CI“C (Aps), F@gz@m%mrzw CONHR (R is
unsubsti t ut @dmm (b - (> mxecbraﬂ;)kyémar(A@E)ydr)& Sub@dltedsaéﬁi‘étxﬁh%}&% bPr eferred

a

protecting ave t f a CHi wherein Ris wer al kly
having | an 8 car l.LEo\né%ait cl‘]))%rr% % 1c’l L&” pﬁ HRYP-1pHEty tagidedAllt B- 1 ower al kyl |

hydr oxyl) | dumsrobatykioxagid mubon(qualmc (Nez)eror a:lo}{wé},heeqmlgnnh is 4 M@adrost
preferred pretgchL e th ou Fach_somatostatin
receptor - bi ndltngb gg L?%wa%dsg&cgﬁt té?‘rr?l\ﬂa?nﬁr?bé&l g@‘htﬁﬁf Lethd¥Nanvention i s
conpri sed ofN& ety éﬁc?eSLt?FmaM rﬁienmwdshcréﬁlﬁ.ext exrh‘(mm Nehep€ egthageused in this
invention issijpd g1y BydrBgdnl | a natural ly
occurring an?j 1ot erw s’te & &n qg\;é}clﬁlﬁgr Fg:g%’ E}mt 85? éﬁﬁyfta’?’eeépt or hi ndi ng
pepti des pr dypgiadedaryt We‘ubfrﬁ'%m Wtsmalhmd:doghiéc bmtetyecrfecsaojﬁa_nlgbmtt 1gdot o t he

| ovent! on: | o e ORI RO RPN HBethae BB K7 i de
cycl n. ~~ CK,1&dngepgndratlys i, d@werybmr 0|KI~C)’61!9 glkyl) Bt ‘(Wulisliulﬁed BéENanWCI 0.1N CH, 1~
K~( CH: CO. K( Ehe‘Q@Coﬁm&ﬁ% Y& ( de)

cycl 0. (N~CH~ Kl(oHtego & i‘;ﬁ;gﬁagﬁg{Wé{oxﬁ% S;Hkﬁf 5‘-7‘" afdu 330"

F~~YW ~K. ~~ ?;'H é@:)wlt% &.is B LY KRTEGN pBAY) wel2o. RNand R* are .
?;il)g mhulf;é L()eHK)o%r %mkldsr) suE)(mut'cQ léwcr%é?}lﬂ;_%‘ﬁ”écﬁ co. GGC. am de)

i CO. FI =V KT 2 QLV@DO&E, ,O,r BinindeR] Migetr EEVMNT Bxyden~~r W

~~~KT. Nc T KT__Hh~ Dphenyl -
KT Nev. amdi@em[ﬂ: Céﬂo% Q@wer g dyT E%m%d%%er%lzoﬁl Dpheny

~H, ~CO-~, szub‘Rﬁh@dr?(' ' @ﬂ)bfm ~9ﬂrlfuretorm ‘28 QByzem atemn NEE, NR”NR” THe .

\Tf\éVCIEEC fgcdiﬂﬁ NCU?NEWVS& (NIE‘Fl zv&qgﬁr g”dﬂt?‘%é 6} &ﬁ funhe:é‘%ere RY is

CH?CO, FFW-Chydroéi‘,‘ %RKK%&W%SHEWW@OGCFFW R IOK KIs6 kAGEy la endl e

S~i : ~~(e- K) GESKKIEKisaNiRtbe 0y LGldORE ( KK ani de)

cH. co. FFW-GGC, ami d:a C (G:i?v I N- CHCilléll?acl:lﬁkj—tl:ﬁj e %}COQ%EF ﬁé&ﬂ%%ﬁ

cycl o. | N~CHERPRYTERG it Kompisty 1s|2g)amine acmi@ey Wy&bncqudeoﬁiﬁﬁéV H

(ct ~t _co. GOQR. @feder rﬁmslad{l\b el n. {N-Mel FYW v
He (ctt, co. ( K KC aam de)a ryclrg@hﬁ%&ég\%\,ﬁﬁ%e&%% ?ﬁ%@m‘a cycl 0.
LN-Mel FYW HEYVER Sechuidessniey o aaﬂﬂﬁdé’)carboxyalkyl)amme or a poly-oxy

anion and the X? moiety is poly(N-carboxyalkyl)amine or a palyoxy-anion, or

an amino acid or a peptide having an amino acid sequence of no more than 10
residues (including peptides wherein the carboxyl group of the carboxyl-
terminal amino acid is reduced to an alcohol), or a monosaccharide or
oligosaccharide comprising 10 or fewer saccharide units. In another preferred
embodiment, B' is phenylalanine or tyrosine, B? is D-tryptophan, B? is lysine
and B* is threonine or valine. In such preferred embodiments, the c¢yclic
peplide is covalently linked to a radiolabel-binding moiety, wherein the

radiolabel-binding moiety is not covalently linked to the moieties B!, B?, B’,



cyclo, fN-Me~FYW K~(cH, co. GGC. Orn. L70rn. . am de) cyclo. INMe)FYWr, KV.
HcY(cH: co. K{ e- K) KCK. arni de) cycle. I NMel FYWKT cycl o. f N- Ml FYWK ,

VHcy( CH/co. ( E- K) GCKK. ani de) cycl o.r | V~CH, 1~FYW K~V. - HOC (cH, C%KKC. am dc)
rycio. IN.CH FYWV H (CH, coKKCK. arni de) cycln. (NCH )FYWV H =9 FEB 2004
v(crt, coGECKKK, am de) cyclo. N-CH, | ~"KV. HcycH, co. GGCRR. am dc

rycln. I N CH-~Cl i ; co, GEGCRK, am do cycl n. f N-CHCH FYW, KV. HcYCH, co. GGCRD. ani de
rycln. fN-CHCH FYW V. cvcH, co. (e-K)DCK. am de cycln. I N~ H' FYWV He

cH, coGGC. Om ami de cycl 0. ~, ~yW K~( CH: co. GGCKDKD, am de) cyclo.fN~-CH LYW V. H
cH, co. GBCKD. am de cycl o. | N~CH~ KV cvghi co. GGCKDK. ami dc cycle. N

Hs, | FYW KV. HcvcH, co. (e- K) GCKKK. am de cyclo, fN C-i~r K~(cH. co. (/S Dap}GCK
am de cycl o.B*NerCht bf-Mié/géptiddcv(cH, co. (8- Orn) GCK. ami de) ryclo. ~("H, }, FYW,

V. Hcv(cH, co. (e-K K. am d rycl o.&@(} ,.) EYW KV,
i cX(cH, co. (e- K) GCR® dheay" %%?c?rﬁw@ﬁ‘ nUgRRIHE\raging RBERts CNmpLisi)EK . He
E)\//\S\l/ nkP a; E)d&cld:cYpepkiﬂe rc(agéﬁya%}(&/\lnv:ﬁ(tlb?ﬂ,vﬁ‘@gqymg% él@%éﬁgéé(ﬂa}wﬁéﬁﬁkg I N gH)CH

. £). 'yclLoO. | —1- ) 2 cH, CO, . am ae
cyclr ~Y~, N}/é&';% %%E}n@m; \itReLop) e radiglapeiehindimpimoistyrigc| 0. | NCHCH;
) ~FYW K~( oH, mot cRREnépilaésd toythk ondidbeCln! 1B \B KB?,, oryAV 6Lt GRO@CE. ani de)

cyclu. (NNCH- F < VA (QH, . Apc..am de vcl,o. | N~\CH~S~ V. Hc
rycl o. PYW ~KV. Hcv: cH cé‘.“@aé%ga%%&é 89@1‘:89 IW@CF&FV( H3CHFESREAN de)
cycl o. f NVe~Fanelopis/{soH aposiaK o rmi ke Joompiding { %rﬁtbsﬂalﬁ}ﬂfédépwy’oiﬂ@m%c H;
co. RKC. ar ni : I "~W K~(cH, co. GCCK. ami de) ryclo. (NC~~,);
YW=, KV~Hev ( ﬁ%@y@@ﬁ @Fﬁ%e |11‘§<iy<:| 0. I N-("~H, t | FYW K~( cH, co. KGCK. ani de)

cycl o. (N CH FYW-, KV. H~v( cH, co. KGCQkaraiad¥) cycl o. 1~- H, ~FYW

K~(cN: co. KGEC. am dc) cyclo. LN ~Elg_) F_é\e%,BJ@r_ icy(cH: CO. GEECK. ami de)

cYclo. f N~CH-) FYW V. H (cN_CO. . aﬁ‘i ~TVl v~~~~0KV. Hcv( CH; co. SSC. am de) -
cycl u. ~I Y~CHvhere BIViSKP (36, b@h&3eKParr deTycyar| D- of , INNaHtdr EAX\Wr a o

KLt ee: (o PRRMR R doaho st B EC (P w60l RaRR B am 0o)

((:éal 0. ( (N C HhgrEfNB’ K. Moo b%yscﬁir(m-ym?mraf&i A2) Apeelars ~ABYWE Y. H
, CO. ( a- : . )
V. Nov(cH_co. g&@%‘?g@%gﬁl g‘%&%’y%%éﬁ',\gwg\}}% ”(QH((N%H,L'E‘Q). ) C. am de)

rycl n. ~~" KV, N¥ceq &14; (8. isari-amind)acidy ehd & (\a GpbphRiclDMmine ¥éi@tor@o. GRC. ani de)

cycl v. I N=CH, DsaptiiEi . L %@?@y FXSeRe 2N CH | ~" KV, Hev(cH
cg. GI\QC. aci d)l)p&‘}%:/?'F‘g'. WFZEH&Q~ F : %} (’5%31?!80?@&&_ %’g% °‘b§éi‘%%‘f\?\é&<, ZF~ V c
(cH, co. KKC. aferigtiveytheraofs N-This moigtp i T oyaUG. peptxdeDapistgmatiere thy afminol N~CH~ V. H

VU (Gt oo, Pl Re At oAt Wsel e Bt R o ey
cycle. Hv e cltesifyay ~dn wupreforrad enbodiiners, BG0Kplami/idiapine or tyrosine, -

ryclv. ~Y_- CHy, ; - 0, G8); clo LN CH .
FYW-Hcv( CH, co. %ﬁjggg@&%é ??ﬁ?%[??“%?ﬁ{’ gﬁi Wit G (Rfing; gpd the cycli
(CU, co. ( b- O)mexdaars coyalemly lisked heraeiradiolatedbindingowiokey, awheRinacieds and ani no

aci d anal ogugs; i r ed by the f.ollow,n

abbr evi at i olr?gflo%g? i slmé ggg’f%/ﬁ %?oﬁﬁﬁé“ﬁge‘?“ts‘%? xé%p‘f‘B‘ﬁ%%‘t#cvg;c%& group; Aca
i s 6-ani nocaPr®i &' 8Et; PPEde.i s honpcysteine; Hhc is honphonmpcyst ei ne
(3-rnercapt vpr opyg iyl ‘ j Leild amne: . Moh is the sul fhydrul
protecting group 4-_&eﬁ%ﬁ?ﬁ%ﬂd&A@ﬁﬁ?%ﬁm?%QE%EE?GOWW”?‘H%%%I f hydryl
protecting el pertide apse@inef i tnvelitioh whercimiheoiadiohbélsbindingaottty Nai i s

2- napht hyl al @ani.Ag; Ayl 1.nai ndan- 2- car boxyli.c acid, Hy i

honol ysi ne; ]igLa)B(? § g&x%?ﬁﬁntgﬁag‘obsﬁ%@l ar gAY ﬁ'écfﬁ cipppdiment is p’°¥‘de‘f

4-am nontt hyd sqtigmphisl iataging egendedicied (Be (Emacinveinmsble; K§EIR ppiiddAre i s

S- ( 3- am nopr eine:. Aes is,. arni.noet hyl)serinc;_ Aps is

O ( 3- ani nOpr’gg%/q1 sgf?/i%r‘fe?“" IR as“"z’-a%\'%aﬁébit‘w‘ﬁ' &’Cg'é“gl?"%% i b Abevalinc: F
[ s( D pmanyl aérmwidmgms?/\a;fi seDstinygrapydhaniagiXg bagents- toyr @si Mviendde thé

z-(4-chl orop .ani ne; p.is,. ) .

4- am no-t et r%ﬁ%%{’%i‘%5‘9%’?1‘12-°6a%185wf5§-c Wil otherpmbogiments, the

D- 2- napht hy| ®intigiapic Dpgingsagnpr opyHeginventi; aRNdydNE pepriBQr kRUGEoe. All
natural l y-occurring am no acids are abbrevi ated using standard

abbrevi ati ons (which can be found in G Zubay, Biochemstry (2d. ed.))
1988. (MacM Iten Publishing: New York) p.33). For the purposes of this

i nvention, the naturally-occuring am no acids are characterized as ' ili
(al ani ne, isol'eucine) |eucine) nethionine, phenylal anine) tyrosine,
proline, tryptophan and valine) as well as S-al kylated dcri.vatives of
cystei,ne), ~Dhl'ljC (asparagine, g(utam ne, threonine, serine)) ci i
(glutam ¢ acid and aspartic acid), basic (arginine, histidine and |ysine).
T(cH=0H) represents a threoninol residue) wherein the carboxyl group of

v o T



synthesized in vitro. Peptides of the present invention can generally 'S
FEB 2004 29 advant ageously be prepared on a peptide synthesizer. The
peptides of this invention can be synthesized wherein the

radi ol abel -binding moiety is covalently linked to the peptidé& AREBn0E
chem cal synthesis in vitro, using techniques well known to those with
skill in the art. Such peptides coval endy-1linked to the radi ol abel - bi ndi ng
noi ety during synthesis arc advant ageous because specific sites of coval ent
| i nkage can be determ ned. Radi ol abl e binding noieties of the invention may
be introduced into the target somatos 2ati n anal ogue peptides during peptide
synthesis. For enbodi nents conprising picolinic acid (designated (Pie-);

e. K, Pic-QG pmdrbera litiCioding 123 6 dine.126he radi ol abel - bi ndi ng noi ety can be
synt hesi zed as t last (i.e., amino-termnal) residue in the synthesis. In
addi tion, the picbis et Eiaﬁ’pcpé?l\fl%sﬁ? BNFTAREUHF 4BRNHIMHAKGASYEISY nay be
coval ently | peptiael réagedthef te ddviemibngadivipbadd Wi b RGIRIOkYiBisobsd thexanpl e,

aN(Fmac) - Lys: eN{ Pj e- 3 y-C ys(protectin roupll, which_may. L ncor por at ed
at any appropr ?lgiﬁc pféﬁt‘?dogroﬁﬁ cf"ﬁ@“%ﬁ? is‘%@&&ﬁ’éﬁ}"n.°°WF'E7S§%U%'JZ' i's ,
particul arl y yadwa#0agdioud7as isdimafufelds gaddiabyn-nisde dykprosicarigdy ation irto
the target s tostatin, apnal ogie pept i il arly), the pieotylam ne
(Pica)-cont af%rxi?nﬁﬂn'rlgé’i &t%lrgé'fn- i nd}[’)‘ﬁ‘g“ ?7ét ’3“(‘ 2{81& Jhey ﬁég a"YJ

group) - G y- Pbsanths2i2. He ppefenpsir embodintenngthp eqaidi sheope intisé Sirs, dagniemc! udi ng t he

sequence (- rotecti gyoup).-Gy-). at, the carboxyl term nus of the
pepti de chai n. g ¢l eavage o t he
i de ch %gé Bt Fegli: k. %)@8*°"a‘fpf%fﬁfé°dp%%??d&a=n?%E‘?%fxﬁﬁc PERRS | 1

_(I:_ﬁ_r boxyl t':]e{ ot hesineéntibharp exdtalaeled swiacibdiyauﬁd_igmde-ﬁny@d ];mhth?_zpi.c?)! %/I am ne.

is synthetic ro . T ir . ve.side-chain.functiopalities
r _ema: nI masked étfﬁcz gb%éﬁvgﬂf:gﬁgﬁgiﬁé e§?§°§{§;uz&£°ﬁ8 Cgﬁf“ﬁ%@?ﬁi ![“?03 of t L hte
pi col yl am ne.pe STeaganeN veuiqor oot y swiedréin sthet dazgen ades a
are somat ost gt j n _qg}q:'- 0 at.e.hi } i sthi gl (:BAT)
chel ators _thgc%’nprlég %letplgiajlg‘gpe V%I!: t{&% 5?‘(?859%1%%{?2 %E@%ﬂtl pér:d?g:l_r"(l)a\({/ﬁ%@es for the
i ncor por at i orembpdiBAms c Wberainosush @raomplexris wkb | rgdialahelqgo sithérodireetly tohe pepti de,
via coval ent | i nk. t i ty | . f, I.he pepti de,
except that t‘%aekcxﬁgl?g'? ?‘n"g’“’?}’{m}y&g f&gg%g% aﬁ%?r{:ﬁ{l}c@n fglf]e 5"?%%&&80%% ently
i gkle:céBt gogugfgﬁimhalscmpé’gsﬁcorrggi si ng thﬁ am na acid side chai nsf of the
- a . =, T B : ormng a
conpl ex of radi omg\lfg%techn:gtﬁrunglc\f\,i%thﬁq{aﬁetlfﬁgaeﬁgé&gg C?TE?PS( ?.gn\?g.nti on) the
t echnet i um coeprlesatiprestripabinging peptides of tRcingentiopeint 2 phrreresutigallyi react ed
with the reaggpi bk (8. Presence of a reducing agent. Preferred reducing
agents are di tﬁh!tponl&te, ?srt annous and ferrous ions; the nost preferred _
reduci ng agent i s TheSAmegsaishpelesges ofvignisvanden pre gerapayicallic isEdnpl exes are
conveni ently :prayi i dl i Sl I =10 taining a
pr edet er m nedlgqtg%r?glg‘g%/ddgf&a@%é%%ﬂ%%@%ﬂ% %V@Jﬂ I gnogfbép( rginll agg'l ed and a
"sufficient disuinventibn pentides agnestpdrfor alteyvialisphedmatdstinaegted dispdsehinTc- 99m

Al ternatively,.: - A I g : this
i nvention w t?1‘“Aéngrﬁe;%%ﬁg“é‘%%?F'gﬁég{ﬁ'ﬁ%&é@%‘? g‘?gg%:ﬁg‘gp‘f% lﬂlrcn8 %ﬁ%tﬁg her
conpound knowkmast ®ftthersomatostrlingandoguthio (he deesstion so Rownimad. | Igand
exchange and 4 sk lekBaMan: Ok NBRERSHS bl SlhnbBilienfldsue Iifickabld e comp! ex
may be fornmed using such transter ligands as tartrate,” citrate, gluconate
or mannitol, #drorexbopik! taapng 50 mes/fe bognmepehtidayhnet ace salts useful with
the present inventj el | kal | | t . t he
sodium salt) or arr'#rrgorrq?egr%ggsegwgsmg?gﬁséﬁg?%ﬁhﬁy#rogﬁn%gﬁeﬁ %Est:of%g&}arﬁga
preferred enbodiottempedt anthgadipdizgnvitisrmadiapharmadenticats; dmpduding preferably
t echnct i um abgl. til [ ouj de r i t he
peptide r eage%%ﬁgéa%ﬁﬁtlbggﬁéggcﬁ&;ﬂ %écg Svf’b@%%ﬁ?‘a%ﬁ%‘?@%ﬁ%@ﬁgﬂaégent , such
as stannous chl smateitin rnadeguamouaitntiyufinked ite atradiolabadbéidirtghmoipept i de with
Te-99m An appropry at e, amunt_ of transfer |igand as described,(such as
tartratc) citrat e)llt Silts u%no%’t' aén'iagF ‘ﬁiﬁh i E%Ta)mf%lf‘ g‘?é??ﬁf’e)pr%vé?ciedalgg oth%e
i ncl uded. Theirkedtionathaakieo neodibdfide cpalicelikagnad spbier ivaareupicemke adj unct
materials such as) fir exanple, pharmaceutically acceptable salts to adjust
the osnotic pressure, buffers, preservatives ~ and the |ike. The conponents
of the kit may be in liquid, frozen or dry form In a preferred enbodi nent)
kit conmponents are provided in |yophilized form Tc-99m | abel ed i magi ng
reagents according to the present invention may he prepared by the addition
of an appropriate anmount of Tc-99mor Tc-99m conplex into the vials and
reacti on under conditions described in Exanple 2 hereinbelow - 5 FEB 200
31 Radi oactivel y-1abel ed scintigraphic inmaging agents provi ded by the
present invention are provided having a suitable anmount of radioactivity.
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32 that often acconpani es certain cancers, such as the APUDonas. Pepti des
of the invention used as therapeutic agents may be adm ni stered by any
appropri‘ate route) including intravenous) intramuscul ar or by ~npyeR, spand i n
any acceptabl e pharmaceutical carrier, in doses ranging fromabout 0.1 to
about 49 ng/ kg body wei ght/day. This invention also provides peptides

radi otabl ed with cytotoxic radioi sotopes such as tin-117m rhenium 186 or
rhenium 188 that may be used for radiotherapy of certain tunors as

.descri bed above. For this purpose, an anount of radioactive isotope from
about | OnCi to about 200nCi nmay be adm nistered via any suitable clinical
route, preferahbly by intravenous in'ecEion. This invention al so provides
sonat ost at i FIPEES ASEHS H@?ﬁ’di‘%g‘%%p‘ii BRlXobelivest 12y Rdiqiseiapet #1da anet al - bi ndi ng
noi ety that @iabeD BRRY doivdy LT Re TRGMEDA ComPAKRAITRIMES! | froups UPRfeNBgNEti C, OF
super par amagneti ¢ ,rretg at omh i, on orO%arél cl e) and nmethods for using such
conpl exes f STTHARIBIAEOHSS BIU™HAERTIGRS BF YN BERNF 24T SBR2BFAE N somat ost atin
recept or bi peévivgsipepddi deultderpheioéy simatasmin anslogieger Théss Paidr Hirf €S i n Vi va.
Thus, the invention provi,de n-r adi Qact.i hods for.localizing hunor
and ot her 56%?’8&"8?'.33 argg%%f’ ‘g%og‘i‘p%ggi é\lé‘xﬁeggénéis 5 H“s\?ﬁb\lleoml' 1% invention
provi des nephodse fobrredisinpggtrte gt gmabed podactibnrafdiadidlabel nstplexeand

erboal mont < "G O AR P4 PRGRRE, ofe PRiceliER &) oL et | mbei ca

sci nti gr aphipgevicuelgikngwageagents 'ven efieckebyt i reduced, agndstliec efficathenfipeuti c
anmount of the diagnostic or L odi,agn I.c.or_therapeutic.or

r adi ot her apéﬂf"i‘%a g‘;CeH?agf)Wg ﬁgﬁ'{et?lgﬁr\l/vecﬂf‘ ﬁ%ﬁéé‘rlewglal:ﬁn}%fcgt gl‘" er&‘%ucfl%“ of

r adi odi agnostédse penidodirrrame¢-dstedmimiag dzdfidobhorals. tSuch tiesthbiizatinal ofitse det ect ed
usi ng conventli gnal | _ clntidraphy.. JAn

non- r adi oac{}h/gurﬁi %gﬁ%ggﬁ@“e}%%@f %g@;%ﬁgggﬁ@%%@g ogg'[rs@'{éetg %

accunul at i orlaakf of lsechpanstabiggdieutfide bendal in| thsesooritadiatipnrosapior kinding s of t he
invention is [ ' d 250 | L g Logi es. The
i magi ng agenctO gﬁ%@ggi@g&g@fgir@ghgﬁgaﬁ@gﬁl?g.nﬁﬁ\gggm%t(rl?ﬁg éﬂgloﬁé@uﬁﬁr i magi ng,
parti cul ar | yradiolrbsl maligiatigs pmpietgsy aathdthpetises tofit redusinppigastsi  dotres wher ei n

sai d neopl asft j.C. t C ; .apd in
parti cal ar - SesFiais SnBREE SARIRRR b Aol RERRLEF Gtoffilldadpl D,
tunor cel | s afithe somparestaiadeccator hindig| opmpentds @ tthiaitvendordet ect i on usi ng
conventi onal net 0, L ki b PR .t he

i nvention are uszﬁ}l alnlgﬁklggdtvgct cﬂgdig%tsg@atg%ﬁﬁ %ynﬁh%%?‘?gﬁgéz%%?ati on
associ at ed vinvdntior ¢hat tfordiaiernof ther cqralentorargygpteebagweenathe qreplides and pati ent s
suffering fr : ' . ater 1TBdiing g80d ing these
conpounds artg{arr'%é{gﬁélﬁ?%@@ﬁﬂu%? @3@3@%&0 g{eflol (t)l\?\ngng (g#g }a‘s{a These
Exanpl es i | | sstamaing” o€ sinsiunliysipgenant disulfide bassut Unldecpeptidsdmaigti¢sod and

advant ageous_resyl t s, 4 S by Ak rakd not
limtation. ﬁ)@%gfé%ldlg'@ﬁeggo‘éﬁég‘g%@?{{ﬁu e S %{&EE}I&EL g{“:mggdp?fggg pepti de
synt hesi s ( SRPSYe weagentarali td Buention ¢oed. BB imcrficrenwtith (histodoalringital e usi ng an
Applied Bit~ . 43 1A ' ' :

9-fl uorenyl né%iﬁi/ﬁ%gsbé%%? c(’)1ny ) (@ﬁng%wgn@/ngﬁ?g:r%h%ﬁt%qgggftdg%?%gﬁgg coupling

wi t h di cycl ofmeicti¢sc aartvouidisripd ethérythireedinemniooa!r stasctire afr the peptide by

2- (I Hbenzot o= L 301 C onj_u a osphat e/
hydr oxybenzotgtcgg‘%ll)lpé %%418)1@%%%13&3??#@% h?d&g%ﬁ’eﬁ&?aﬁag

henoxynet hyl a ptligisoyrising Tl rbdsiing omoishys rcovdlentlyedinked oo  native

carboxyl -term i | 1 L0 EQr g A ] am des.
Wher e appr opgs: alfle ﬁghgrs%oga{ ?vﬁ‘&ﬁg]ﬁ%qﬁ%é“gﬁag‘“égr‘?‘%@'ﬁ?ﬁ%“%ﬁ%“g}"g@ﬁt hesi zed.
Honocyst ei neindisu fideepad dormiayiom bétwkdnre sidgabaiol syfiisofod peptidemoinssied ne | act ose,

of by reductio f CY¥SLI ne. using. net pILcosedi,um.in . |iguid amonia.
Thr eoni nol r@%({]gﬁetg!d\%ogpe&ﬁh% Eaed‘éég"reﬂg%‘gﬁ‘gg*b%‘ﬁ@' o?gémggcgrrﬁ‘brll’g a((:)?d IS
reduced to adpulfidarbpndd cahbt accanpahied i byt rotbsc ®ff biolbgicilhectivept ifdes of t he

i nvention where ap ropriate usbi.nﬁ t he .ﬁricedureiﬂ f .Nelu%gb.aue. [oer ul .
(1990, Pepti &S PIGEEEAT IS 811 ThE T'TVRT Avre¥i 'CatOPRIGY V'S HbesT um pp,
1020-21). Fnoc.Hcy('I'rt) and Fnoc. Pen(Trt) were prepared fromthe
appropriate anmino acids by tritylation with triphenyl ncthanol in TFA

foll owed by Frnoc derivitization as described by Atherton et al. (1989) Ilid
Phase peptide Synthesis, IRL Press: Oxford). - 5 FEB 2004 34 Fnoc.
honohonocystci ne(Trt) was prepared by reducing N, N bi, r-Boc-glutamc

aci da-nmethyl ester with borane-THF, followed by nesylation and reaction
with tritylmeredptide, followed by renoval of the Boc groups w th BF~OEt~
in acetic acid) and then Fnoc derivitization as described above.

phenyl - CH~CHBr COOH was prepared by treating phcnylalanine (in a solution of

. N ——— oy



- 5 FEB 200 35 containing peptide (at concentrations of !0 to 100 ng/nL
peptide in DMF buffered to pH 7 with N nethyl norpholine or

N- et hyl rror pholine) or 5 to 50 ngl nL peptide in 50mMM sodi um phosphate, pH
7-8, optionally containing O SnM BDTA or DMF or THF or acet oni t FEB)2084 th
0,33 nol ar equivalents of TMFA (tris(2-mal ei m doethyl)arnine) pre-dissol ved
in acetonitrile or DMF) with or without 1 nolar equival ent of

triethanolam ne, at roomtenperature for approxi mately 118h Such reaction
m xtures contai ning adducts were conqgntrat ed and the adducts were then
purified using HPLC. Where appropriaté, (SAM

(1'VY, N -ht, (tReaitsy thaplof-dRuifes bydir - i_ai adecane) , was conj ugat ed
to the peptide by first acti v%thienlg@%%%‘égag%hi éfgtgéé?'ﬁ%%ﬁtg‘t 9 a mixture
of diisopro |‘E“a¥‘58m°l‘ r?PEl'BV‘“I\MW‘dFWQUg@Mi mi de or HSTU HOBt in DVF, NWP
or net hyl ene chl gtdhdiss oo ltid : i i he presence of

di i sopropyl et hyl ani ne- Aft er&g%lj%ﬁﬁg}fg%mgg&o%cﬁrgz'f eYOWEFE GdPfot ect ed as
descri bed aB8Vas%R\fe P8 AP HIWASEEN 403igpwe) having a disulfide bond. Thus,

(1 V6, ~P- bi s(tB petidespsoth2 -peatyihnaey ke SerOgh @d;a,;i}g i i %}ms
i ncor por at edanialg;o pﬁgti de asoﬂéNa Errvc)-%ls(N Boc -%,%E?E%isgrﬁt? P BAT) | ysi ne
(prepared fromNg Fioc ety sToTBasiRin NE( somssesiatig. maloghess compyNifgAT as _
descri bed i rdisaainpbond 2basiuse ocheywaes imidsieOVP 81 1 . Pat Appl i cation
Serial No. Qﬁ%mi' li{g?ug&gnor ated by refer encrg) duri %ng%’o i’%é&s}‘;i/ntf’hesi s and
t hen deprotec effa ¢l eavage of the conpleted peptide fromthe synthetic
resin. Wiere appltdpmhahe, adBdhlagBof(the embdsady adiichds SHcEdpini doet hyl )
am noet hyl )}iﬁJeM%nl?hQ‘ tajggséZ-.net h%/{l - 2-ner capt o ?@;‘) %é%&dlﬁ? gZatﬁlénanarn' de}
adducts were prepar 8 YISy S¥eNs gov @"‘s“%ﬁ%%ﬁi | Prtnst dharipaptideefromde ( at
concentrati dng‘a@moQ by exBfeptitpsed. [Faphdrgiehd BydBMstdlbthfeCldnbers taod'egﬁie? with N
met hyl nor phlei, o%ﬁkl?%b%wfé%%' I ne r in SO'M sodi um phosphate (pH 7-8),
optional |y containing O BPUEMEALFanTagE o prhapes Bnding of 8 with 0.5
Enz)l ?r equi \é@ﬂ?ﬁbgo afs bBﬁﬂgiBMu(rlgét (ie., thehsolnsa}costatin(recc tor). bonyl ) b
-(N,N-brs(2- ] m doct anm noet -N - (t-but'oxycarbonyl)11~, 11~=bi
. s(2-net hyl - 2-t rggﬁ’g!ng%’??gﬁﬁ% ?ﬁ?aéﬁ}‘%afﬂ%eé,iy- Hi 42 eentiom dorapriepheinge- di ssol ved
r :36 in acewdlateled] egants BHF)regdenfsOCHR: t SFPREAN WoRiphiedy pgoq&gt ely 1-18h.
The sol ution M@ﬁst&mepmg\{g}%qrcﬁt ed tp dr gess, and (lgAT- B%?- peptide conjugates
depr ot ect ed .%y reat memow g PepHdeTisndgscaber aheve: thabdinyrowiléndle for 1 h.
The sol uti ofinkwaistocordmiebeleiating oty hOGHE theafdei@ls precipitated with ether,

and then purified by HPLC Were, a ‘HF)B” ate, the (DTPA) noiety can be
i ntroduced using the method of Eﬁ?ﬁ% dp)etPgr)” (1991, Life Sci. 4Q

1583- 1591, MWérwbipep)ihdohpoogen et dihid afreeangedrouy bR R RPLARY. i@tL, peptide
precursors Weke g&@ln'bﬁggn&%%t meqF Ehe am Boan (Ear boxyl -termni) by
reaction of the sidecharn-pratectad &Pt elhidnBrefsredeeabrdimenantheC t er i nal
free acid waminodigihenyglysires pHor sroaet decfeSas 'dnbodimeRE! {pl-chggay,pqiﬁ gepti des were
cl eaved usi @gn%glwag% of, it % TFA in dichloromethane to yield the
protected peptide, VhereSafpt bpi“i Ei frolirn Pedered grabndimientpiheagemor s+ ver e
cyclized betswewnidthreamntinagenand car boxyl -ternmini by re.-tction of

si dechai n- pr ot ecﬁ\eﬁd g}m’ﬂ@;ot ermnal .free am ne acrd carboxyl-term nal fret
aci d using di phenyl phospHOr AT bdEE TRYGRIQT PIRVidRS ayaligeeptédsi teagsolsind pr oduct s
wer e routi néippble| efabein andlolpeddde od e'drncyrﬁhibaie%.oﬁﬁ:@takgleédg &g&gf&t ed using a
sol ution cogp:rn'lsseér{ pfco irifsiln oroacetic .acid (T'"F A, or TFA an nmet hyl ene
chloride, optiohally COmpriei hg WRISRNin paloguni eqmpisatiyt linkeddiot i ol ) and
triethyl si| s@déolabel-bindispprotgmy bsi Ifaseea:i n ratios of 100 5 : 5 : 2.5 : 2) for
0.5 - 3 hours at roomtenperatyr ere_appropriate, products were
re-S-tritylated in triphenol ms’ltr‘j‘r?}ﬁgwc(ﬂﬁz)ﬂa?ﬁd N Boc groups reintroduced

into the pepheria Adh by I(KBOCTQ,N8€$i(ﬁpgegg?g@g?qk;ﬁi?f)\g@be rkoeﬁd&el y cl eaved

using a sol ut 'gggn%othl { rifl uoroace uoroacetic'aci d and

met hyl ene cRl 6ri %é® Fostl 8hafiE . R MtrepHdevait BY )2 ishHoamRS ot és SH

et hancdi t hi ot ;NHRY -tN{R" ligd) lopne; ROr @paged.d Rer.at i of 0, 5: 5: 25
. 2 for 0.5 - 3 h at r%ﬁ”ter)rper at tiﬂr@'e?Q B 1rrzugned geﬁ?'itﬁggpc\f\‘é?égpﬂr?rfi ed by
preparative high pressure liquid chromatography (HPLC) using a Waters Delta
Pak C18 columm and gradient elution using 0.1~ trifluoroacetic acid (TFA)
in water nodified with acetonitrile. Acetonitrile was evaporated fromthe -
5 FEB 2004 i - 5 FEB 2004 37 eluted fractions which were then

| yophilized. The identity of each product was confirmed by fast atom
bonmbar dnerit mass spectroscopy (FABMS) or by el ectrospray nmass spectroscopy
(ESMS) . -Somat ost ati n anal ogues synt hesi zed as provided herein, as well as

t he products of such synthesis identified by FABMS) are shown in Table |
bel ow. EXAMPLE 2




A General Method for Radiolabelling with Tc 99n 0.1 ng of a peptide
prepared as in Exanple 1 was dissolved in 0.1 nL of water or 50/5a
et hanol I'wat er or phosphat e-buffered saline or 50 nM pot assi um phosphat e
buffer (pH- 5, 6 or 7,4), or 0.90 saline or 10~ hydroxypropyIc§EB @Extrin
(HPCD) in water, Te- 99m gl uccptate was prcpare<i by reconstituting a
Cl ucoscan vial (E. I. DuPont de Ncnours, Inc., WIlrnington, DE) with 1.0 tnL
of Tc-99m sodi um pertechnetate containing up to 200 nCi and allowed to
stand for 15 mnutes at roomtenperature. 2S ul of Tc-99m gl uceptate was
then added to the peptide and the rea&ti on allowed to proceed at roam
tenperature t 100C. f about 5- mn and then filtered through a 0.2
~cmfilter. %ﬁ cltﬁy?ﬁhf{gﬁlé?%ar GEDIi 'Géfc’bﬁ‘tkb’lty’ We® Her & R ried 46 HPLC using
the fol | owi n@qhamchmm@aad oa aWebedescdadrisingPalo RRud M 220mm
anal yti cal %I um nﬁx_\\é\gt er%(gg)o adl:gg}k g di al % g?é@sr?oo%iq% . 4~cm 8mm X
| OOmm anal yt'i’ca coI & %Idfh %a%?ﬂraaﬂlnollsdbﬁ'l'bd%wmmde and the
grenrzltl deS( alo U ggl:ﬁﬁ‘aorsmmeﬂpcﬂuﬂewzr At S Qﬂﬂ'&a' 1stponlzmd)%ﬂbré Beltg hp‘i‘éé(yor

m n \y egi nni.ng W t 0
sol vent A (0(?1 W}&%ﬁ%ﬁ% %é\#%ggvgﬁf?g? pﬁ?ﬁ?‘%@%ﬂ&éﬁ Bﬂd(o 1 %
CF3CO0H 90q nasHiony Hz(d) vwer AtiseH colR’s ehenfwhebe BOisMHH). X RAOERE L ve conponent s
wer e det ect [ det f.or | i nked to an
i nt egrati ngqﬂgg%ﬁg é}r}"?h mdﬁ}cnﬁlléggpga’t’e% 'Tcﬁ PQB‘E:ﬁcbrfﬁbthQrechnet ate
el ute bet \NeéhlslHaMOR‘4ArnanO@€ &huac t(haRideNHOC, ldﬁrlﬁépnuﬁ)%@é% ho Tc-99m
| abel ed pept f reater unt of tinme, as illustrated
in Table | Eﬁ %P\%ﬁegﬁg ‘%g'([ﬁ'%’ "%B‘V ’ﬁl'ﬁx% Q8 HNOC dpepside)-~ 00 00 M
~'-~elh "NI‘@GKIOF @CPWG}-OOGO.nleHSHanMn)tsO and=(7) whtle Z is8H- -and nvi=ve -
T /':l ~~Z~~?< 2 SH r?ls&]ot 0; a%l %ﬁem t%e thxel‘[go‘;tles in thq,i-e'dgc'e'gcgom In~ _ ~~R~to (N?
pp~-~w U3~Pf=fe”ﬁ1ﬂ_Em)’°4JnEﬂt thelgent §s 7 sGntigraphis iGdging @dar.V M get~ ~ t~v ~ X

|4 V - Y - -
~ch. .rcé. >5< (';‘nlot!}“cardVpre?fer\r(::d~ embddidted?, the aogﬁ isa radxotherapcxﬁxc?’avcnt v V e e

Preferred embodiments of this radiolabel- -binding moiety have a chemical
formula that is:
1. .
R!-CO-(amino acid)'-(amino acid)®-Z
wherein (amino acid)! and (amino acid)? are each independently any primary
«- or f-amino acid that does not comprise a thiol group, Z is a thiol-
containing moiety that is cysteine, homocysteine, isocysteine, penicillamine, 2-
mercaptoethylamine or 3-mercaptopropylamine, and R! is lower (C'-C*) atkyl,
an amino acid or a peptide comprising 2 to 10 amino acids. When Z is
cysteine, homocysieine, isocysteine or penicillamine, the carbony! group of said
moiety is covalently linked to a hydroxyl group, a NR’R* group, wherein each
of R* and R* are independently H or lower (C'-C% alkyl, an amino acid or a
peptide comprising 2 to 10 amino acids; or
I1.
Y-(amino acid)’-(amino acid)'-NHR?
wherein Y is a thiol-containing moiety that is cysteine, homocysteine,
isocysteine, penicillamine, 2-mercaptoacetate or 3-mercaptopropionate, (amino

acid)' and (amino acid)! are each independently any primary o- or S-amino
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acid that does not comprise a thiol group, and R? is H or lower (C'-C*% alkyl,
an amino acid or a peptide comprising 2 to 10 amino acids. When Y g
cysteine, homocysteine, -isocysteine or penicillamine
moiety is covalently linked to
10 amino acids; or

, the amino group of said
-H, an amino acid or a peptide comprising 2 to

R R
R 0
. o R - "
NH HN R
R
G n . R)p
R NH', HS 2
R H
R
R 0
o R} R
NH HN R
R)
(: n R%
R SH RN R
R R

In particular embodiments of this aspect of the invention, the radiolabel-
binding moiety has a formula that is:

or

lfa.  -(amino acid)'-(amino acid)’-A-CZ(B)-{C(R'R’)},-X}.

Ib, -A-CZ(B)-{C(R'RY},-X}-(amino acid)'-(amino acid)?,

lle. -(a primary a,w- or 8,w-diamino acid)-(amino acid)'-A-C2(B)-
{C(R'RYH} -X}, or

I1d. -A-CZ(B).-{C(R'R’)},,-X}-(amino acid)'-(a primary a,w- or B,w-
diamino acid) wherein (amino zic:id)l and (amino acid)? are each independently
any naturally-ocurring, modified, substituted or altered «- or B-amino acid not
containing a thiol group; A is H, HOOC, H,NOC, (amino acid or peptide)-
NHOC, (amino acid ur peptide)-00C or R%: B is H, SH or -NHR?, -N(RY)-
(amino acid or peptide) or R Z is H or RS X is SH or -NHR?, -N(RY-
(amino acid or peptide) or R*; R', R%, R' and R* are independently H or

straight ‘or branched chain or cyclic lower alkyl: n is an integer that is either

0, I or 2; (peptide) is a peptide of 2 to about 10 amino acids; and: (1) where
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(7

B is -NHR? or -N(R*-(amino acid or peptide), X is SH and n i{s | or 2; ()
where X is -NHR® or -N(R%)-(amino acid or peptide), B is SH and n is 1 or
2; (3) where B is H or R*, A is HOOC, H;NOC, (amino acid or peptide)-
NHOC, (amino acid or peptide)-O0C, X is SH and n is 0 or 1; (4) where A
is H or RY, then where B is SH, X is -NHR® or -N(R%)-(amino acid or
peptide) and where X is SH, B is -NHR® or -N(R%)-(amino acid or peptide):
(5) where X is H or R*, A is HOOC, H,NQOC, (amino acid or peptide)-NHOC,
(amino acid or peptide)-OOC and B is SH; (6) where Z is methyl, X is
methyl, A is HOOC, H,NOC, (amino acid or peptide)-NHOC, (amino acid or
peptide)-O0C and B is SH and n is 0; and (7) where Z is SH and X is SH,
n is not Q; and wherein the thiol group is in the reduced form.

Additional preferred embodiments include radiolabel binding maieties
having the formula: -Gly-Gly-Cys-, Cys-Gly-Gly-, Gly-Gly-Cys-, -(e-Lys)-Gly-
Cys-, (6-Orn)-Gly-Cys-, -(y-Dab)-Gly-Cys-, and *(8-Dap)-Gly-Cys-. (In these
formulae, it will be understood that e-Lys represents a lysine residue in which
the e-amino group, rather than the typical a-amino group, is covalently linked
to the carboxyl group of the adjacent amino acid to form a peptide bond; -
Orn represents an ornithine residue in which the b-amino group, rather than the
typical o-amino group, is covalently linked to the carboxyl group of the
adjacent amino acid to form a peptide bond; y-Dab represents a 2,4-
diaminobutyric acid residue in which the y-amino group is covalently linked to
the carboxy! group of the adjacent amino acid to form a peptide bond; and g-
Dap represents a 1,3-diaminopropionic acid residue in which the 8-amino group
is covalently linked to the carboxyl group of the adjacent amino acid to form
a peptide bond.)

In another embodiment, the invention provides cyclic somatostatin
receptor-binding peptide reagents capable of being radiolabeled with a
radioisotope to form radiodiagnostic and radiotherapeutic agents, each

comprising 2 somatostatin analogue that is covalently linked to a radiolabel-
binding moicty of formula:
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@.—_CO - (amino acid) - cysteine - CO - peptide
|
SX

{for purposes of this invention, radiolabel-binding moieties having this structure
will be referred to as picolinic acid (Pic)-based moieties}
or

peptide - HN - cy§t'einc - (amino acid) - NH - CH, -

§X

wherein X {s H or a protecting group; (amino acid) is any amino acid and the
radiolabel-binding moiety is covalently linked to the peptide, For purposes of
this invention, radiolabel-binding moicties having this structure will be referred
to as picolylamine (Pica)-based moieties. In a preferred embodiment, the
amino acid is glycine and X is an acetamidomethyl protecting group. In
another preferred embodiment, the agent i$ a scintigraphic imaging agent. In
yet another preferred embodiment, the agent is a radiotherapeutic agent.

Yct another embodiment of the invention provides cyclic peptide
reagents capable of being radiolabeled with a radioisotope for imaging sites
within a mammalian body or for radiotherpeutic purposes, each comprising a
somatostalin analogue that is covalently linked to a radiolabel-binding moiety
that is a bisamino-bisthiol radiolabel-binding moiety. The bisamino bisthiol
radiolabel-binding moiety in this embodiment of the invention has the formula:

(CRZ)n
N
H N-A-CO-X

(C,-‘Rz).,. (CRy),

S-(pgp)* S-(pgp)*
wherein each R can be indcpcndently H, CH, or C,H;; each (pgp)® can be
independently a thiol protecting group or H; m, n and p arc independently 2

or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or
substituted derivatives thereof; and X is peptide; or



z 0 ' S FE8 2004 40 '" The follow ng | abeling conditions were used with
t he appropriate peptides: 1. The peptide is dissolved in water and | abel ed
at room’tenperature, 2. The peptide is dissolved in water and Iabael,:gg @
100C {15 min}. 3. The peptide is dissolved in 10~ hydroxypropyl cycl odexXtrin
and | abel ed at roomtenperature. 4. The peptide is dissolved in 50~

et hanol /water and | abeled at roomtenperature. 5. The peptide is dissolved
in 0.9% saline and | abeled at 100C (5 min). b. The peptide is dissolved in
wattr nmade pH 9 with bicarbonate and h@abel ed at 1QQC. ** HPLC net hods:
general : solvent A =0.1 ~ CFSCOCH H=0 solvent B~ = 0.1 % CF, COOH 90%

CH CNH-(7 solvent flowrate = @R or 3Ll min Wydak col um = Vydak
218TP54 RP-18, S~c x 220mm X 4.6 analy ‘g@ g,?&ﬂgn wi th guard col um
Waters colum 1 = Waters Delta- C18, [§ }g 50nrn Waters colum 2 =
Wat ers NovaPak Radi al Conpressi zJG;- 18, (cGRzm 8 X 100nrn Method 1:Waters
colum 11009'ol 1 to 10098~ in L@yn nMet hag, 2: Vydak col um100i A to 100B, ~ in
IUrrinl\/Ethodw§ ter% ol.umn 1100%A to 1 ~ in 20 m nMethod 4; Waters

col urm 21003"0A o St Dol i§ nndeperdentlisi Bgl GHy airt €sHabhy, ewi ald gns.f or ani no
aci ds can beinfiepgndentip Gor Aybays 1,5@9(‘3?96?':% e 28y ed ). 198 fMacM |l en:

Publ i shi ng: = acety Acm - acet § ’dBﬁ%VP‘HS?Y' m -
mer capt oacet %\J’?{Kam 8}9 R}gf’)‘%ﬁ“ﬁ%&ﬁﬁ%ﬂé‘éﬁszwfwﬁ\c‘d is Hp-oardQvpeide; oRclsam d: H y =

honol ysi ne; Bpw PﬂPLqu-p(<8f4da:mtm|wrﬁpw )scushel nyl al ani ne;
p-trypt ophanjs ?udé DFBryéLRﬁ& fgg‘ ~ (. }igﬁepuﬁo%dew?)g zf‘n?né( Thp -
4- am not et rah;)% thi opyFaneT 8 oB?y‘F’i“B“'a@ﬂt?hbﬂMmg:mmeﬁemmh{ghyl al ani
Dpg = di prop'Pesgl stoichees Mile be raférteUed e, * B md’l Qipcy i t ei ne;. Hhe
honohonocyst giwg; meP«? p cngncl | | ani ne Aib = amnol'so utaylpfetfe"éfé’l d; Nal
2- napht hyl al ani nc mal gen "23‘ kfl HPAENE agénn - In yet another

2- am noi ndarPIQféEPCb@mbdxme:ac:}d agéﬁlhxf& radr@»the\%}d?ﬁ ygl ohexyl al ani ne; Anf
4- am nomet hyl pherylal 991'(199 vqc %?%2 am noet y{g) cysteine; Apc -

S=( 3arii nopr opy!| )cyst Bl neCT REyides gef &P BEPHYIE) Beptide esag e of the

O ( 3ani nopr dp¥enliee by rebsmidkiusyRURS M Rkt Y& 'anr Wh,l Cﬁmﬁﬁmsﬁr 66‘3] i ne;

T(CH: Ol i 1 oni nol t lic acid
m()l ety h?as bget?l)derggg gﬁ@ pizch bypf"?@aﬁ?“‘a?%ﬁ%ls)(mh@wK = a lysine Sr(ie5| due in a

peptide in whi cthhen\pﬁemrl ld'evxbﬁndageﬂt‘wdar\/ $pdring aSa oup an the |ysine
si dechai n rath Lror-‘oﬂﬂﬂ ?‘e"“?%ﬁ] gﬁi H{) lﬂ P ngza aﬁ%@%‘%ﬁ%@ Bsidue in

whi ch the 8- aﬁl@@ tReP i fart ﬁ@"‘ta@&%falfe@pmmbmdugr oupiE i s

coval ent |y |PEPiKies o d\etitnecrman hovaydntgniaksd &f a o anigo acid to form
a pepti de bqqqefe*d)gp‘ il l}ﬂidl amgnobutyr?c alé%%l ?@gﬂﬁdﬁmﬁg Wi ch the
y-am no group s cova entf ° fRaean i rifEactinelp dabpled grivue-89mt e adj acent
amino acid W‘h@irmfarrpdapmbdbmmhtﬁc r&xgkiRtis Ta:ﬁoa%fx?éi‘* 'EE[@QD @ﬂhﬁ%‘ c acid
residue in wegch g, ~-anino group is coval ent ed t *car boxyl
group of the adjacent amino acid to forma pepti de bond; Pic = picolinoyl

(pyridi ne-2-car bﬁhwigventhncaso:cmmbyh@msnga( gre( @4 HBIATEL ?){%ﬂ) | dine); BAT =

N, 'V -hi s(Zsm 0 Lo 9di azanona 0| ¢ 8Ci aci d
(pr ot ect ed) 168 r&e%} mﬁdﬂ %gpt}dc reagents of the invention wu‘.h a

JVO- (t - but oﬂ?‘é?&%"mmyla; WEW, ! masheal Zor taaidlabeting trRNepiAd RL DN B geropyl) - 6, 9-d

i azanonanoi ¢,
N, |V bis(2- r‘{ee@cogpt?%arm%l sfm %%E’/’T?’Tag&"gl@-ct“ﬁ PEvided bartes inBeMilog pr ot ect ed)

=]

e;

N - (thbut oxy EHRIEsA YT I Iztt}elcbn:a(n teR@t foyhed bl ! n | t hi opr opyl ) - 4,1
Otri azadecagp‘ aﬁ%nﬁ i N‘c P ed bl r'e&hﬁ XL@B@&P& reag cx?
~2-(N,N -hi . &i M doct Tyt aHerRSEERsA 9t 3 seduginpugenty chreheray! ) - hi , N- hi s

2-net hyl - Z- tesiuqammgdmmmuydm bitipé apyl napani de: {BAT-HS} = N
{2- (N, N - bz la‘uccguc%nil ggget hyl )arlrlhrtl%e't%ﬂg/lﬁ@g V- sr;ﬁng ds i }’?\%raﬁ‘élpto 2- nct hyl
pr opyl) 6, 9- d"l azanonanan de BRRBE s 9 @ﬁallnmrmpuimretahw@hha{b {BSME} -
bl s- succi nllﬁbﬂmaﬁhﬁyépemhmger{tDIPfh}a itVeRlisl LWaR et 099%%%31 rhtsgxgﬁ%ggc amﬂ .
g each o

Non-r adi oac§d ye rhen npl exes were prepare
t he pepti deéflre géer%scdg? ?ﬁg SR IeK (3 Rrovifledhhextiout one ol ar equi val ent of

t et r abut yl ammoni um oxot etr a- bronor henate (+S), prepared as descri bed by
Cotton et al. (1966, Invrg. Chem ~: 9-16) in dinmethylformam de or
acetonitrile/water and stirred for 0.5-5 clays. The rheni um conpl exes were
i sol ated by reverse phase HPLC as descri bed above for Tc-99m | abel ed

pepti des and were characterized by FABVS or FrSMS. Radi oactive rheni um
conpl exes, using for exanple Re-186 or Re-188, are prepared fromthe
appropriate perrhenate salts using the sane protocol as for Tc-99m :

| abel i ng, or by adding a reducing agent to a solution of the peptide and
perrhenate, or optionally using a Ligand transfer agent such as citrate and
i ncubating the reaction at a tenperature between roomtenperature and 100C



- 5 FEB 2004 42 EXAMPLE 3 I|nhibition of Binding of
{t~-"1-Tyr"}somtostatin-14 to AR42~1 Rat Pancreatic Tunor Cell Menbranes
The abillity of various somatostatin anal ogues of the invention to bind to
somatostatin receptors in vitro was denmonstrated by assaying the FES P00ty of
such anal ogues to inhibit binding of a radi ol abel cd somatostati n anal ogue
to somatostatin receptor-containing cell nenbranes. The rat pancreatic
tumor cell line AR421 which expresses the somatostatin receptor was
cultured in Dul becco's mninmal essential nedia (DMEM supplenented with

109' 0 fetal bovine scrum (FBS) and 8## gl utamine in a hundified 5% CO

at nosphere at 37thd Mvdntibh a8k d cells were honogenized in cold’
SOM Tri sHC, buf f er F H 7, 4) %’KE&H??EE%@M Bdiclpbeled somatostaiged at 39, 000g
for lOTin a ve o2y CHE Peptides Eomabp oeptisia ceagitt lof Hef hednuand ’&G%i resuspended
in an i cecordiokabklitg e whtidOrdybekkd . (pH 7.4). Equal alTquots of this
cel | menbrapg preparation werga"ci ncﬁfbgl?éa‘ge\?ﬁ?%”{"' compripsd of s gaalecdst at i n- 14
(at a final Content Phafi B mnes i of 5 peRORORIERL of &k idvSRGCH Tt C
activity of aR08 O fidiemramoudsl sdiah. Abld,. NGt on Heights, 1L) and peptide or
pept i der henb@%%&é at a final c%ngéedr%prga‘%?%ﬁgﬂf the T538en’ T™Ma 0 10' Min'a
sol ution of 5 TR R, Tagiolabglecasamiatagtaihdmalogyd 3G S@RsERAILUM n (BSA),
SmM MyCl, ,  ifrag gl dent, 20058 Ebféﬁﬁde[snﬁgjo%ggﬁ Uni tqs‘%‘)‘ bacitracin (0.02ng/ n)
and phenyl gyl sulfonylgof tigri de (670 RUIEnY’S ReBfide swaents af tBOC Using a
filtration mani told)" tHi’sMmi it ©rvereparing trediettledpbutRUgitnd are also

pol yet hyl enrsoviderswalsdneid tRaChietdrielit @biofs rpan) ,Mai dst ope) Engl and), and the
resi due renﬁgﬂgﬂglggn the filter vvaslﬁe%%r%?%g}lvﬁly?'ﬂ' BiPiugbi ¥ MEPFS buf fer .
The tiller and a sanple of the fitter washings were then counted in a gama
counter. To ass&Rés ineentivpeedvides nriiadi Yy ay . was performed in the -
presence of unlahel d songéﬁost atin-14 atungi%ﬂ%élﬂgﬁbg@‘zﬁ%}‘%}gﬁ%mi ncl udi ng
Hill plots gm the data Provi dEdeshi ¢ tthen invemishantisgnésiealyByidand & -
Yamanur a) "tMsepestisallgf Ineme pinbsdiRiendifngs i ds in Neurotransnitter
Recept or Aﬂ@’n%%l:inﬁ raYE}rrarrur.a}, ul ., eds.‘/,r{a&g{%‘r’r}gﬁsﬁﬁg.?’rw sy k) 1990).
These results”are %r%r%%hrf’%gdnﬁ 3Eepindhat are Bewmy labelbd oeptidd heagdat drshow that the
pepti des ofimegieg i sies andthinneMab@mtibavigg Bl oh,.affinity.of binding for -5
FEB 2004 43:505mL0stal %n reﬁ}eE tors. TAB?EB.‘}’Ié&?t e26-1c IiTl ERBAAPe~pci desMHHK
(nM cycl o. ;,,I ﬁynl@% A co' %e"i’@‘lms APmPeyel BB sdring C hn | diesiieH~, 1F~YW Ko
V, i - ~~(ct ~¢5EBBUC anndea) 183 0didi eted Creglige 2 ARl 8Q ,

0, 67rycl o. ﬁg#cgg,%- ~§Wr~3ﬁ%cklzco_ ﬁ B Gcr.cé’%]m e?iiﬁid."&é‘&?’&l%?’ww, KV~He ~(
cH: co. CGC. am pfe 195 " 1y EP GO\t VY theveagiolabél clbealiced @CHHEKsi@Ni de) | 3860. 06
cycl n. f N- CHithikothe mammalian body. .

V~Hev(ct-t: co. G Rm,de).}4580..15cycl o. (N-hi e) FYW KyHcv(cH ~o. GGCR. am de) 14
8S0.23.-"w.yv. ~ t l’ﬁmnti%% 5°\R/’9‘f‘?"i5-%%b%|\fm plleviatingrbeitosiAinQela@gycl n. ~, | ~
K~(cH, co. ( dispas@CKinanirdmpli5 2 0@ cda chgmgnsgl- @%g; YW

: V..H
ctt: co. - ani de) . 14720. 47cHco,  FEW L Ak dioyaisteriag 12, c

\Iél(:VV~C, TFCE %;g%%%’%%%g&%‘m 2moun-epths grdiolabeleg ApBatobtatimbinting P?Etidez

(nMicycl n. , ofRthy\Mditidd, toQh® eSmial, O} FrOEKT o2 03 .1ﬁCH CO. FFW-

KT~, ani dc @ ~ C. 0.43=Hx~. , ~~C.am 5ega.’ %F &1 S FREEN, 1F. YWKV. K

~AT~, 0. 46c$c‘|4‘ao1§f§"%y~1€%’%?@\wg @%ng%tmrd&w ~-K) GC. a?n’ de) 0. 65cycl O LN

CHL1F~YWKYV, - ~Thiy (i@HnGpo Gion pelyids Mealid8):0- clo. = ) F=YW V,

( CH-CO. COCeiefi) zf&r ff’ ?) 6& ﬁbch _E V, Hpcfi @E« %%%twa@iimlms

{BAM 1. 9~~yc' I~~~~= F\‘i(‘&uﬁ eekbiRfee. meiede izt Oary cbamptéxed FwithV a

K~(CHi CO. Ggnstis. ey @nagoyid, aufenGiiede, & VELKYELBAVR2, 6-H NFFW K, TFTC

¢ metal atonT, ion

or particle, and methods for using such complexes for magnetic-based detection

of localization of such somatostatin receptor binding peptide complexes at

tumor or other tissuc sites in vivo, Thus, the invention provides non-

radioactive methods for localizing tumor and other somatostatin receptor



2 .7-3'~""Q FFWTF4. 0FFW K TFC(e-K)GC. am deCH, O FFW-C, ~~mGCA~m ami de7~~
K~9. 8 - 5 FEB 2004 45 TABLE I'll (cont'd.) Pe t~~de K~nM cyclo.|N ~el FYW-
0. 26 cyclo. I N M| FYW-K~(cx. co. GBCKK, ami de) U. 26 cycl o. | N- Mel FYW Ko
VH~y(ctt~co. GGCR am de) 0.29 ~~, C O FFWTF C'~, ~GC"'~. CFCKKK. attbdEEB 2004

cycl o. (~N- Mel FYW K~(cx~co. (e-K)KC. am de) 2.2

cycle. I NNCHCH, ) ~(CHi CO. G&CK. amicie) 2.5 ryclo.flV-CH 1FYW

Ky~. Hc' v(CNi CO. (e-K) GCK. ami de} 4.2 ~~CO FFWKTF C,,, GC'~nK. ami de 8.4

I N-Mel FYW-K V_Hcv(GF-t. co. CGCE. am '1 de) g, 5 ~~~CGCC. am de 9,4 " 5 FE8
2004 46 EYAMPLE 5 Localization arid’ln Vivo Imagi ng of Somatostatin
Recept or ( SPRBikx isseesimgvslunors in Rats In vivo imagi ng of somatostacin

receptors expr e r tunpr cells was performed essentially as
descri bed by B:@%eg@@%’ p%qq{dcs( f%ﬂ‘?‘EiWE“@cTeé%Rﬂésomg@ in¢5€8n heP1l) . CA20948
rat pancredtd e tampised ef b polyvilaneidiing miégp,o%gvmgﬁtvlgﬁ%&dmgiut@r brei, were
i npl ant ed ?}%EWﬁ&%‘W'%A n °§ oi.usqens ch]1 of 2. 05 to 071 74ni mal , into
the right hind thigh of o wesk Yl 'fasif ddgngead linirefunetivonlsgrommse al | owed to
grow to apiPei¢ mit @ivyleglys bomligg to hammesitid anadple t 4RRE dahiles S used to

impl ant a $8eRBd NGV Lewi g rats. Passagi'ng in this fashion was
repeated to generbzlar{agdgsﬁl&%géss?{/émg’enzlfq?‘ir%g“]w fPﬂm@ﬂaleawESngcani mal s. The

t unor - bearPHEErARF sgbeslansaings hydroeyligrougs, M&l!ﬂﬁgm@%rqﬁwﬁ! ly fromthe
third to fﬂcﬁ&ibe??ogﬁégﬁq g{agn% A e@ 0.2 E‘o Zlg tunprs” For studies of the
specificity of radfotrater I ocarr2Reenint ROYYent linng moissieeareed ani mal s
wer e gi verFomprisadnd bis avesinimidgEERybitier BIMEX 9882 LBy 1%Qy18E,,95t F €ot i de 30

m nut es pric.Qr (wlm e?\;_{'qg@,,w,_bthl?f radj agtracer, (Thi's protocol has been
shown by , Bakker et al. to Tesult {HIUEISHEYIIRireshyD M. A -t A} oct r cot i de
turor upt dRELIHY-208E0¢ 3P IBhp rap y 1) o6 f9-it diz Nesmagen GA20948 + -bearing -
L.ew s ratg; &ih ' apd.d,njected jntravenously via tHe dorsal tail
vein with as(‘é%ge‘ O?iﬁ‘«%\?flﬁﬁgf Z@Qr%r} ~g's'15‘t°-°’|"é{?)‘8?h§da’§ed? Hb ofQ-esponding to 3
tsgc?i ;I gefrféq:g;s;i@ﬁgyg{mﬂi?ﬂ;ﬁ-ﬂ;\t‘a@ﬂg%?ggk%ggfbpgg?&%g.ggl ?o\r,\emreg

Har vest ed i s?ue Eafr’%”& n\/\}eér?l(('g'gvévetz} e lé"icf"}?btﬁﬁ'{‘%m&liwywww.an al i quot of
the inj ectettbiddsyliviing gdrsine wetd - dobibisetetarline-3 H0diBk Detemebi Qi st ri bution
resul ts ofdes@liged adrebdi ol abel ed peptides are presented in Table |V.

Not ably, "y'uTg-P587, ~I'c-P617, ~"Te-P726, and 9~'"Tc-P736 showed very

hi gh tunor upt aRETEnerefomed ranbodiownis adfi the resmnFvEdioh gt b&bke hi gh specific
upt ake i n lREMCHoml WHIDF £ SS Figure 1 shows an image of 9~' Tc-P587 in a
t unor - bearing r at. The ‘%‘ﬁ@fiupﬁ%é gelgﬂcfﬁgxf'ﬁ‘fﬂ?r of feripa prstesied | eg (arrow) s
cl early vitgiPpdiments and Bherel8m@004 a7 |

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates localization of a somatostatin receptor expressing
tumor in a tumor-bearing rat in vivo,

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides cyclic peptides that are somatostatin
analogues and that are not comprised of a disulfide bond. Such somatostatin

analogues thereby possess increased in vivo stability compared with native

somatostatin or somatostatin analogues that comprise a disulfide bond. These

cyclic peptides are themselves therapeutic agents for alleviating diseases and
other ailments in animals including humans.



s''"' Tc-P587 uptake in tunors in rats was conpared with and w t hout

' ' nown to
preinjection treatnment with octreotide, a somatostatin anal ogue k

. : . s
bind to'the somatostatin receptor in vivo. In these experinent

I ni i i i to adnt hi BEB 200k on
- ' dministration of octreotide prior _
E)]‘ec'eg't'?rc-Blsggklrgguggdaspecific tunor uptake of the radiol abel ed peptide by

R N . <
These results confirned that binding of 9 ~TC-P587 In vivo wa
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Also provided by the invention are cyclic peptides that may be
radioiodinated or radioastatinated and  which are thereby
radiotherapeutic and radiodiagnostic applications.

useful in

Another embodiment of these cyclic peptides that is provided by this
invention are cyclic pepde reagents wherein the cyclic peptides of the
invention are covalently linked to a radiolabel-binding moiety, Such cyclic
Peptide reagents are capable of being radiolabeled to provide radiodiagnostic
or radiotherapeutic agents. One example of a radiodiagnostic application using
the radiolabeled agents of the invention is scintigraphic imaging, wherein the
location and extent of somatostatin receptor-bearing tumors may be determined.
The cyclic peptide reagents of the invention can also advantageously be
radiolabeled with cytotoxic radioisotopes such as tin-117m, rhenium-186 or
rhenium-188 for radiotherapeutic uses. The cyclic peptide reagents of the
invention are also useful in preparing complexes with non-radioactive metals,
said complexes being useful diagnostically ‘and therapeutically,

The invention provides a method for using the somatostatin analogues
of the invention to alleviate diseases or other ailments in animals, preferably
humans. These diseases and ailments include but are not limited to diabetes
and diabetes-related retinopathy, cirthosis of the liver and hepatitis infection,
bleeding ulcers and other gastrointestinal bleeding, pancreatitis, central nervous
system disorders, endocrine disorders, Alzheimer's disease, acromegaly and
other diseases and disorders related to the production of inappropriate lavels of
growth hormone in vive, and cancer, particularly those cancers whose growth
is dependent or influenced by growth hormone or somatostatin production.
Dosages of the somatostatin analogues provided by the invention ‘may be the
same as those dosages of native somatostatin routinely used for treatment of the
above or other diseases, or less of the compounds of the invention may be
administered due to their longer in vivo half-life.

Labeling with Tc-99m is an advantage of the present invention because
the nuclear and radioactive properties of this isotope make it an jdeal

scintigraphic imaging agent. This isotope has a single photon energy of about
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140 keV and a radioactive half-life of about & hours, and is readily available

from a ¥Mo-""Tc generator. Other radionuclides may also be used in the
practice of the invention as disclosed herein.

The term scintigraphic imaging agent as used herein is meant to
cncompass a radiolabeled agent capable of being detected with a radioactivity
detecting means (including but not limited to a gamma-camera, a Geiger-Muller
counter and a scintillation detector probe).

Radiotherapeutic embodiments of the invention, on the other hand, are
advantageously labeled with a cytotoxic radioisotope, including but not limited
to scandium-47, copper-67, gallium-72, yttrium-90, tin-117m, iodine-125,
iodine-131, samarium-153, gadolinium-159, dysprosium-165, holmium-166,
yterbium-175,  lutetium-177,  rhenium-186, rhenium-188,  astatine-211 ang
bismuth-212, most preferably '™Re or Re. Such embodiments are useful in
the treatment of somatostatin-related discases or other ailments in animals,
preferably humans, including but not limited to cancer and other diseases
characterized by the growth of malignant or benign tumors capable of binding
somatostatin or somatostatin analogues via the expression of somatostatin
receptors on the cell surface of éclls comprising such tumors.

In the radiolabel-binding moieties and cyclic peptides covalently linked
to such moieties that contain a thio] covalently linked to a thig] protecting
group {(pgp)*} provided by the invention, the thiol-protecting groups may be
the same or different and may be but are not limited to:

~CH;-aryl (aryl is pheny! or alkyl or alkyloxy substituted phenyl);

-CH-(aryl),, (ary! is phenyl or alkyl or alkyloxy substituted phenyl);

-C-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);

-CH,+(4-methoxypheny!); |

-CH-(4-pyridyl)(phenyl),;

-C(CH,),

-9-phenylfluoreny!;

-CH,NHCOR (R is unsubstituted or substituted alkyl or aryl);

-CH,;-NHCOOR (R is unsubstituted or substituted alkyl or aryl);



f't' V.,

~Vr x>L A a AZ’zVvwW4VW ~r pHNt~1 NV-1
5 FEB 2p04 49

24

-CONHR (R is unsubstituted or substituted alkyl or aryl):

-CH,-S-CH,-pheny|

Preferred protecting groups have the formula -CH,-NHCOR wherein R
is a lower alky! having 1 and 8 carbon atoms, phenyl or phenyl-substituted
with lower alkyl, hydroxyl, lower alkoxy, carboxy, or lower alkoxycarbonyl.
The most preferred protecting group is an acetamidomethyl group.

Each somatostatin receptor-binding cyclié peptide-containing embodiment
of the invention is comprised of a sequence of amino acids. The term amino
acid as used in this invention is intended to include all L- and D- amino acids,
naturally occurring and otherwise, Reagents comprising somatostatin receptor-
binding peptides provided by the invention include but are not limited to the
following illuscr_ative examples of the peptide embodiments of the invention:

cyclo (N-CHE. YW, KV Hev
CH.CO. FYW,KTFC.amide

CH.CO.FFW,,KTF, Hhc.amide

cyclo. CYW . KVC

CH.CO FFW, KTFC.amide

cyclo (N-CHOF. YW, KV.K.(BAT)
cyclo.(N—CHMM.HQ(CH@O.K(e-K)GC.amide)
cvclo.!_h_/-_C_P{;lEﬂ_VuKlligy(C&CO-CmGCm-amidc)
cyclo.(N-CH.)F, YWl,KV,Hgv(CHzco.CGC.amide)
cyclo.(N-CH\F, ﬂ\_/nKV,Hcy_(CH:CO.CGC)

CH.CO. FFW,KTFEC.(BAM) _
cyclo.(N-CH)F. YW KV. Hcy(CH;Co.(s-K)GC.amide)
cyclo.(N-CH, )F.YWDKV,Hgy(CHzco.GGC.amide)
cyclo (N-CH,)F. YW, ,KV.E.(BAM)

11,0 NFEW, KT

CH,CO.FFWoKTFC

CH,CO FFW KTFC(¢-K)GC.amide

CH,CO FFW, KTFCC, ,GC, op-amide
CH,CO.FEW KTF, Hey

CH,CO. YW, KTC

CH,CO. YW KT.Hey.amide

CH,CO YW, KT Hhe. T(CH,0#)
QH;C_QXV_V,,&ETG GCM,,,.amide

CH,CO. YW KT .Hhe

D-phenyl-CH.CH.CO. YW ,KTC

E)CO FWnKLT Pen

CH,CQ.FW, KTHcy.amide

CH,CO. YW, KTCT

a.. ~1ir
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EXAMPLE 6 Ire Vivo I maging of Human Sonat ostatin Receptor (SSTR)Expressing
Tunors with Tc-99m Label ed P587 In a clinical trial, scintigraphic inmaging
of human patients bearing SSTR-expressing tumors was achi eved usj pggt
Tc-99m | abel ed P587 reagent. A total of 10 patients, four femal es and six
mal es ranging in age from27 to 69 years, had been previously diagnosed
with grow h hornone-secreting pituitary adenona (4 patients), nelanoma ( 1
subj ect), ntdullary thyroid cancer (1 subject), small cell lung carcinona
(SCLC; 1 patient)) non-Hodgkin's |ycnphoma ( 1 patient) or gastric
carcinoid { 1 patient). Cach of thege patients were adm ni stered Tc-99m

| abel ed P58 of 10-22nCi per 0.2-0.5ng by intravenous injection.
Sci nti grap)‘é_éI ﬂ%%jﬁg%ﬁ?*ﬁem performed as described herein on each '
patient fors# oA AwﬂﬁFe@taFTb‘i’ﬁ Gamme , canera imaging is started

si mul taneou W {-A ctl on. Anterior |mages were acquired as a dynamc
study (10 bfﬁil S &T%"s %lonqé over the first 10 mn) and then as static

i mages at t‘b P Anterior inmages were acquired for
500, 000 co E?DA B f’el S shorter) ‘at approxi mately 10-20

mn, and at R et " ' d 4h post-injection. The scintigraphic
i magi ng ag —IICH" FW' ok Pk raéﬂ‘ fromthe bl oodstream resulting in
| ess t han ’ g I |n|ng|nthe circulation within 30
m nut es of LJ) P each|S|t|on of tunor sites to be
¢ WCM FEEE@midsd scintigraphi c i maging
'?‘e tected in this study) as well as two

ety X1G%C9- GG Emamidel ch were I ater confirmed using
B2y FOGOK.amridese results denmpnstrated that

achi eved a
agent. All i
previ ousl y-J ng

conput er - as n

the scinti é’”%ﬁi}_ww}fﬁyﬁ §°§GQ%F§“4¢hvent| on were highly effective in
detecting ok J)-‘?W Q/}ﬁ'{( statlctum)rs in humans in vivo.
It should ing K \;L'ﬁ‘ X |a Yi scl osur e enphasi zes certain
specific e 9'%5?1 ’“ﬂ‘mlt alt modifications or
alternativ ARidche spirit and scope of the

i nventi on C'&@% @rePAmsamide). 5 FEB 2004 50 CLAI MG 1.
A somat ost A EpRUECRamidey a fornula: OyA O A4-B' BZB

or, D- or L-Tyr or D or L-Nal or Ain or a
°E§£‘1§)§C5K YRide) Trp or a substituted
q_°KL apidey y Achxa, Anf, Aec, Apc, Aes,
pmidgh” i s Thr, Ser, Val, Phe, Ile,

substitute
derivati ve

Abu, N e, %aﬁbd%m d having a si dechain

conpri si ng a1 |I|c D-amino acid or a

| i pophi I i c?{fﬁ&m C‘h%‘? HG&R a’ﬁ}dél ine or a substituted
ds

derivative et HEGQERRaIdeoval ently |inked to forma
cyclic peptd eﬂ';:'—g’)‘ W }E%YQ?‘S‘? (KGR amidgher ein B1 is phenyl al ani ne or

tyrosi ne, Va f $QC r%ﬁéde and B4 is threonine or valine.
3y A reay en)(clo N-CEENRY RV Boy HCY(CH c0.GGCKDKD.amide)
o R P KV HeyCH,C0.GGCKD.amide
cyclo (N-CH)FYWr KV, HeveH,.c0,GGCKDK. amide
cyclo. (N-CH)FYW, KV HcvCH.CO. (- K)GCKKK.amide
cyclo, (N-CH,\FYW r,KV,HC)(CH C0.(8-Dap)GCK.amide
cyclo. (N-CH)FYW KV, Hev(cH,Co. (- -Om)GCK.amide)
cyclo (N-CH)FYW KV, Hey(CH.CO. (e- -KYGCRK.amide)
cyclo. (N-CH,)FYW KV Hc CY(CH.CO.(e-K)GCR.amide)
eyelo (N-CHNEYW KVC
cyclo. (N-CHOE YW KT, Hey
cyclo. PYW,KV Hey
¢yl (N-CHOF YW KV, Hey(CH,Co. (y-Dab)GCK.amide)
cyclo. (N-CH))FYW, KV, Hey(cH,c0.GRCK. amide)
cyclo (IN-CHOEYW, KV, Hey(cH.c0.KRC.amide)
cyclo. (IN-CH)FYW XV Hev(CH.co.GKCR. amide)




a) a sommtostatin receptor-binding peptide having a formul a:

C, YC-O A4-B B2B3B4-C4_ wherein B is D or L-Phe or D or L-Tyr or D or
L-Nal of Ain or a substituted derivative thereof; BZ is D or Lérr&@ o§0€
substituted derivative thereof; B3 is DD or L-Lys or Hy, Achxa, mB }l\ c,
Apc, Aes, Aps or a substituted derivative thereof; B4 is Thr, Ser, Val,
Phe, Ile, Abu, Nle, Leu, Nva or Aib; C4 is an L-amno acid having a
sidechain conprising a nmercapto groups - 5 FEB 20p4 51 AA is a lipophilic
D-amino acid or a lipophilic L-(a-N alkyl) a mno acid or L-cysteine or
L-proline offYHo-Ed eV dEay{amed. RBCtdmedaof ; wherein A4 and C4 are

coval ent |y IFH&EE-GHF OV Y. Hay(tH.@0. GEEIE. ahside)and b) a radi ol abel - bi ndi ng
noi ety coval®it-(NOH:HEN K ¥ HavécHoep GiGdeApd. oigidex han t hrough B, B2, B3, B4,
O A4, 4. TEKle. SufWeKMiHoy3, wherein B is phenyl al ani ne or tyrosine,
BZ is D trystop Hew(cHyoiG@fKamdde4 i s threonine or valine. 5. The
reagent of &rfo-GIMaIY eV cHicosGGGlameda) t he radi ol abel - bi nding noiety is
sel ected fr 6H/q-AEMEYEW KT Hax(cHcor@GOK anidd) C( PgP) S- (aa) - C(PgP) S wher ei n
(pgp) S i s HEHro-§ HONKY dHay(acyREGmnede) (aa) is an amino acid; (b) a
st nfE W oy (@G GECK.anglle t hi ol cont ai ni ng noi ety

g
radi ol abel - 5% %%E
having a fo % L ,k‘W%%C}-GKCKMée)ei n Ais H HOOC, H2NCC,

(pepti de) - N . (RCHIRY {dreR0. KGOB.onide)d; B is H, SH, -NHR,
-N(R) - ( pepfYeesN-CEh EdW KV Hev(gH, GHK GORMRimide)N( R ) - (pept i de) or Rd;
Zi sHor Rd; R&YC/REN-CENEYAMA A, HoyéeHandE0&denitiey H or | ower straight or
br anched ChQW.W,M(GH,CO.GGGCK.amide)
cyclo.(N-C ,)FYW“KV.Hgy(CHzco.RGGC.amide)
c'yc'(n;(N-CH,)FYW'D}gV.ng(CH,CO.SSC.amide)
r:yclo.(N-QH,)EXWM(CH,CO.SSCK.amidc)
cyelo (N-CHIFYW, KV Hey(CH.co. (8-Dap)KCK.amide)
cyclo.LN-CHLIFYWnM.Hcy(CH:CO.(B-Dap)DCK.amide)
cyclo.(ﬁ-QH,)EYW,,KV.Hgy(CHzco.(&Dap)KCD.amidc)
cyclo.(N-QH,)EYW,,KV,Hcy(cmco.(ﬁ-Dap)KCR.amidc)
cycla.LN;CH,)FYWDKV.Hgy(cx—{,co.(B-Dap)GCR.amide)
cyclo.([\_l-QH,)EIWDKL_HH(CH:CO.(B-Dap)RCK.amidc)
cyclo.(N-g;H,)FYW,,KV.Hgy(GK(—cuzco.)C.amide)
cyclo.(r_\]-g;H,)FYWDKV.Hgy(CH:Co.GGCR.acid)
cyclo (N-CHIFYW KV, Hey(CH,co.GRC.amide)
cyclo.(.N-g:H,)FYWI,KV.Hcy(CHzco.GGCK.acid)
cyclo.(N-g;HJ]FYWnKV,Hcy(CH:co.GKC.acid)
cyclo (N-CHOFYW KV, Hcy(CH.co.GRC.acid)
cyclo.(N-CH)EYW KV, Hey(CH,c0. KK C.acid)
¢yclo (N-CH)FYW KV Hgy(cu:co.CG.Dap.Dap.amide)
cyclo.(N-g;ﬂ,)FYW,,KV.Hgv(CH,co.(6-O)GCR.amidc)
,cyclo.(N-CHdEYW1M.H_cg(CH:Co.GNCR.amide)
cyclo.@CHxLFYW.\KV.Hcy(cu:co.(6~O)GCN.amidc)
cycla.(N-gH,)wangv,Hg!(CHzco.GGC.Dap.amidc)
cyclo.{Hyp YW KV Hey)
cyclo.ﬂiyo.YWrJQ/.Hcv)(CHzco.GGCK.amidc)
cyclo. (N-CH)FYW KV, Hey(CH,CO.(y-Dab)KCK.amide)
cyclo.(N-g;H,)FYWDEV,Hcy(CH,CO.('y-Dab)KCR.amide)
cyclo. (N-CH)FYW KV, Hey(CH.cO. (&-O)KCK.amide).

As used herein, the following amino acids and amino acid analogues are

intended to be represented by the following abbreviations: Acis an acetyl group;
ma 15 mercaptoacetic acid group; Aca is 6-aminocaproic acid; Hey is
homocysteine; Hhe is homohomocysteine (3-mercaptopropylglycine); Pen is
penicillamine; Mob is the sulfhydrul protecting group 4-methoxybenzyl; Acm is



R is C -C4
am no aci ds;
SH, and'n is
1 or 2; 5

(peptide)-NHOC, or (peptide)OOC, Xis SH and nis 0O or

al kyl, an amno acid or a peptide conprising 2 to about 10

nis 0, 1 or 2; and where Bis -NHR~ or -N(R ) -(peptide),
1 or 2; where Xis -NHR or -N(R")-(peptide), B is-SHgmnghyn is
HZNQOC,

FEB ZOp4 52 where Bis Hor R, A is HOCC,

Xis

1; where Ais Hor

R, then where Bis SH X is -NHR~ or -N(R)-(peptide) and where X is SH B

is -NHR or

-N(R~) - (peptide); where X isg Hor R A is HOOC, H2NCC,

(peptide)-NHw pepti de) OOC and B‘i s SH, where Z is methyl, X
s ny CCHBegroi ] detakidEetion; Mbef@tahﬁlre&is‘o%c Q:ia;sl\{q H and n

(am no

met hyl, A

Is 0; (c) an
aci d) -cystei
any amno ac
or a protect

( R)p )s Pgl:mgnlggP CO pepti de

% :igg*%?ﬁhﬁ’g%t anln;lls :ﬂﬂhfé?%ging%-éa[}g%x[} 1ﬁé§i§$§§¥);is (@)\gmrg)ludna
A% i) am@w@ww@_a@am—hmfwudhﬁd&@b‘?pﬂcnﬁzla@éﬁzmﬁri?
wﬂg-aﬁﬁ@é@yl)&y@mn@? ?fsﬁ d?s 'S”-(g-na%ir%rpro?:%)a%;sctiéine(; e)Acs is O-(2-

thyl)serine; Aps is O-(3-aminopropylyserine; Abu is 2-aminobutyric acid;
Nva is norvaline; F, is D-phenylalanine; W, is D-tryptophan; Y, is D-tyrosine:
Cpa is L-(4-chlorophenyl) alanine; Thp is 4-amino—tetrahydrothiopyran-4-carboxy1ic
acid; D-Nal is D-2-naphthylalanine; Dpg is dipropylglycine; and Nle is norleucine,
All naturally-occurring amino acids are abbreviated using standard abbreviations
(which can be found in G. Zubay, Biochemistry (2d. ed.), 1988 (MacMillen
Publishing: New York) p.33),

For the purposes of this invention, the naturally-occuring amine acids are
characterized as lipophilig (alanine, isoleucine, leucine, methionine, phenylalanine,
tyrosine, proline, tryptophan and valine, as well as S-alkylated derivatives of
cysteine), hydrophilic (asparagine; glutamine, threonine, serine), acidic (glutamic
acid and aspartic acid), basic (arginine, histidine and lysine). T(CH,0H) represents

S

ci d)
in X
A (

a threoninol residue, wherein the carboxyl group of the amino acid is reduced to

a pumary alcohol, incorporated into the peptide using the procedure of Neugebauer
et al, (1990, Peptides: Proceedings of the {1th American Peptide Symposium PP

1020-21). e-K is intended to represent a covalent linkage vig the e-amino group
on the sidechain of a lysine residue. &Ormn represents an c;rnithine residue in
which the é-amino group, rather than the typical «-amino group, is covalently
linked to the carhoxyl group of the adjacent amino acid to form a peptide bond.
ty—Dab represents a 2,4-diaminobutyric acid residue in which the y-amino group
1s covalently linked to the carboxyl group of the adjacent amino acid to form a
peptide bond. B-Dap represents a 1,3-diaminopropionic acid residue in which the
B-amino group is’ covalently linked to the carboxyl group of the adjacent amino
acid to form a peptide bond. Pic is picolinoyl (pyridine-2—carbonyl); Pica is
picolylamine (2-(aminomcthyl)pyddine); (BAT) represents M,M’~bis(2-mercapto-2-

= H
Rz) ~,



S FEB 2004 53 wherein each Ris independently I~ CH or C rHs;, each
(pgp) S i s independently a tliiol protecting group or HH m n and p are

i ndependently 2 or 3; A= linear or cyclic lower allyl, aryl, _E bo clyl,
a conbination thereofor a substituted derivative thereof; and ﬁ
-A-CHVNHR ( al~-m( r~I~P Hf-1 wherein each Ris independently H, CH or
C2H,; m n and p ace independently 2 or g A = linear or cyclic |ower

al kyl, aryl, heterocyclyl, a conbinati oMt hereof or a substi tuted derivative

t hereof; v = Imetl'Q/Il ) ahg@ 2o o] vcrherein cvhen v
Lo Y moeprccfgﬁgw te£h@ond nc-ac|i‘c|i Ok. (gg?é) ﬂ? Bés ANeRISHIbE | on
coct ~pri si n~ a pep?‘il Sﬁ’&ca?y&qt?f’gatt 'b° @taﬁi”?ﬁ Efoha\fon e amfroravidl adesrlieed ed from

the group congB&T);ngBAM) ci~I @, NMbisE2-fbhcadto-2:
oyel 0. OV-ol el G el et ellodo e B pnagernge)
c~~clo. t11 AM)ERTEeR, ‘@5amkﬂg@c’dﬂhtltanmdan)havxﬁ§d€,L@mde
N- CE- f ~I F. Y~Vjpfikage f bnesen Clfie 26803 GE. @moqﬁ)c, agwé,gup ‘of glutamic acid and g

N-CE-1~)F. Y1~ l t ~~co. CGC
N—CE-f,gF | @%]" CV\(/E%'t'B%g ("é’“i)’e G@ma‘P: u&%f)T-BM)- B RVERRVZ200siR3- cycl o.

O O et o 1, s UL (O
FYl, ~' cKV. Hc~~?@¥|—%éb Ey‘%f "ggAmide;  (BAT-BS)  is  N-{2-(N',N'-bis2-

CyC| 0. (N-i VI e5mmdb'eW@ﬂme&@ﬁ)wg’-%m(ﬂ%erc&ﬁfg 20mcthylpropyl) 6.9-
(o) o) ey B RO 1 K s demeibulehecy BBME) is bis
(N-1vle) FY~VoF0¢c1h’hm@®hthXIhtK(r$ Kﬂd(Ct()'ﬁﬂ&)l de) dxc%&ln&na,

(=1 - Me~FY~V~Kyour CHec. ani cyc PRS2y ( oo
' CK. ami de); cy~cl o: ‘%—@Hsl %W' F@W‘E%@C@:Kmlﬂpampd@mcmy cl o. :
- CH, ) FYWOKV: Hey ~ ommmnﬁpm&damﬁeor eepedshtink b%:{qﬁ'dclrﬂnf

Y1 VoKV, Hev( G GO an del oyl o (1 § SPAS! B3, ani de;
cyci o (N-CHB 1%, Huefe 2s é ar@moAcrmmus and ca:boxyl
i CHl 1FY§\éﬂK\1/mewwl(lﬁg i) tGCKWﬁc bifes of the invention, or similar representations
gg& 8 E N CHS)%A ip%(f EE dfngtgeﬁw&%&gt%bﬁd%@%mlﬂé)amwé laocygteihe Fesidue or
FYI , VpKV. Hcv(gmet@/o(tbcddpma&ramﬁe)tem@r}é@ h@yl group or Other rcs#c{}\e\yn&\%o be
(N C"BlFY Vo%dle"%yo(a%qgo wm %m thcdae% Thc use of the term "cyclu" herein s
intended to indicate that the peptide is cyclized by formation of a covalent bond
between the atoms of the amino terminal substituted or unsubstituted amino group
and the carboxyl terminus of the peptide.

For the purposes of this invention the term "poly(N-carboxyalkyl)amine” in
intended to describe a series of compounds exemplified by nitrilotriacetic acid,
iminodiacetic  acid, ethylenediaminctetraacetic  acid (EDTA) and
diethylenepentaacetic acid (DTPA).

For the purposes of this invention the term "polyoxyanion" is intended to
encompass sulfates, phosphates, sulfonates, phosphonates, and like compounds.

Somatostatin analogue peptides of the present invention can be chemically

synthesized in vitro, Peptides of the present invention can generally



¢ycl 0. ~3 FY VoKT. Hcv; cycl o. PY VpKV. Hcv; cyclo. (NCl-1C -1,
FY~VpKV. Hcy( cH~co. (y- Dab) GCK. am de) ;
cycl o. ~N, ) FYWoKV. Hcv{ cH2CO. GRCK. am de) ;

cycl o. ~" N-CH " ~FY~VpKV. Hcy( CHZCO. KRC. ami de) ; cycl o. ~I V~CH, ~ 5 FEB 2004
FY~VoKV. Hcv( CHZCO. GKCR. ami de); cyclo. (N-CH3 F1 Y VoKV. Hcv( CH~co. RRC. ani de) ;
cyclo. (NCH3 F) Y~VpKV. Hcy{CH2co. GGCE. arriide); cyclo. i -CH,

FY~VoKV. Hev( CH2CO. GGC. Apc. ani de) ; cy%o f N- CHCH, ) So~Y~VpKV. Hev;

cycl o. PY~VphV. Hcv(cH?co. GGCK. am de); "Cycl o. Me F V~KVC(CH2co. GECK. am de) ;
cyclo. Me ﬁmwedddy(sd-@e@m@@%& Me synth

cycl o. (N-CH Y VpK\. Hov(.cH2co. gpgkﬁ‘l dey: G esgzc[r The peptides of this
-CH 1S _a~ YI ~ vltcde 85l A d@ W"@F blmﬂlh%]m,lcty is covalentl

FY~VpKV. chmmr@@gnmd@g, CHeYia0 syt fY. V‘WKXN& gﬁﬁmﬁ 20 KGCK. ani de) ;

P VoRY. Hoy FEPEL I g i G0 el ( am g ok ot g SEGG0K, an de)
cyclo. | NCH@MGWKMnH@D@ﬂ}HngF@G(BemQ%N K\ﬁ%c I—é é@zcsicl 0. -CH3 FI
v(c _,

KV~Hc NCH3 F M de
Zz\f:)l 0. (ﬂ&g%&?ﬁ@‘%%ﬁcg& p) KCKYX\lrbn de); °)
cycl o. ( N~CH3) meqbya(mmzomems dahy DiSkenbod g O% beCHEbAreadi b 3he

Emw~$§%%ﬂ% %%1 W@ génng%s) dunng pepud(c synthesis. For embodiments

cyclo. (N IrAgKAjegHais a@ﬂZ@GﬂKMM KBJP))@E\’- anig- Gg C)_'s(protectmg gr{lc_)u&)_% 0

cyclo. (N, %Em Aﬂ%‘é(rﬁ&%g%ﬁ b2 Prﬂp%sﬁ%j&j_‘g; Kg g.m?no—tcrmmal)

YWDKV~, Hcvg)e cH2co.) C am

V. Hev( cH2e g@:ﬂ"é Be gynthesisc| dn (aﬂd@bm mwm@rmldcma»bamn@%émﬁig)
I NCHBih B ¥ Y\pkere ol 7 Tos |

%KSH("CY(C‘%ECO GKA15 Ec%:&él) cggmg) ¢ ?%(% O-ﬁ&ﬁ‘iP(Efl—héW GReivaci d) ;

cycl 0. ~N- CI95) $59p R ﬁ@@ﬂﬂ@@fmcddyﬂ)ys(wolcctmg group)}, Whl(li\fl'L may

cycl o. (N- Grdadbondai 4 am d clo( lfie)

YV\pKV~Hcy(CHZ 8 o#g@ﬁ@%@ cy(%a&e(‘ﬁ? ghan  This sequence is

FYWKV~Hc CRECRM agAoHE RS 'byff@fds @n~asy mode of incorporation into the

FYV\DW~HCY(aE§d2€&m(t&tth% ca%c

cycl o. (NCH3) F KXE_HcngHZCO Dap ami de); cyclo. H . YWKV~Hcy);
cycl 0. ~Hyp. YW taepicolyamine SRiFalepruising! mdiolabel-binding moiety (-

-CH,) FY\/\DW sldsw(c@t ro(u)é -850 @Kc B&"&gﬁ" dan r?apttd}e,dy(gﬂﬁxv 3

cycl o. (NCH3 E%V\g (cHzco.

FYWOKV~Hc yPEHER @/%Sﬁ'e#lﬁ’fk@@a Qesping Ftwpbﬁmabsu meﬂrb@f(letEﬁxhlmsGQf wherein the
pepti de hage ide QhEH! aEon 8- Orn) GCK. am de). 8.
The conposi t:pgﬁ of claim gwm\%l?%éae thgy\g@{&dyg og’hg‘é’ ’Fﬂé theoramRnxyt

cycl o. (N “”IW“W?{)W%WC’HZ@@W“%M)JN&(t@picdky)amlp& r ardisof hme@peut i ¢ agent
conpri si ngrobfaQequ@Ré trd radi ol abel ed with

i odi ne-123, i odi ne- 12‘;@‘?“33? e hlf kcnahuifire faih Hsea Broseatintos 56 10. A
r adi ot her afelRti T JuHRE d6rRoniugating afitbe pisalylntinof any of cl ai ms 3 through 5
radi ol abel ed vvrnhh iavéndidh Q1s8 Prides for roup con i sting of
scandi um 47 per - 67, ggié i um 7§ﬂa§%%$ﬂﬁm%%ha{lqﬂglﬁﬁ? ?8 t’r’i‘e 125,

i odi ne- 137 a‘@&‘f?éraﬂﬁdﬂmratga&emm hiniobBATysehass wm &B9, bchabeRaim 166,
ytterbi umlidbTco9met i um 177, rheni unml86, rhenium 188, astatine-211, and

bi snrut h-212. 11.. A radi ot herapeutl c agent conprising the conposition.of
claim®6, wherei H‘St‘ﬁ‘@ﬂb@pﬁpmﬁéca for ﬂadmot';admioe@r\&muﬁla&ﬁﬁlnw siegRe - sel ected
fromthe g;rn si er-67, gallium72, yttrium 90,
tin-117m 9 mg-&m% ,%H |ng§a ?gacgglglg, %‘ﬁv‘?géaﬂyg%‘?wmﬂangwal

dyspr osi urﬁrﬂ‘@Sm WSIH?PL#F\- 8@ Pt yat ehtbchem:ﬂxg&;md:m F itk Minddnfion € RHUNMLES,

r heni uml&gval I rruth 212. 12. Use of the peptide of any
of clains @fﬁzq%nggda%’rzéé%}oﬁﬁ%rmﬁ SOTRAHRE, the AgYing; 3eihtife phaingfof ahe

somat ostatl n-rel ated di sease. 13. A scintigraphic imging agent conpri sing
the peptide of any of clains 1 or 2 radiol abeled with iodine-123 or

i odi ne-125. 14. A scintigraphic imaging agent conprising the reagent of any
of clainms 3 through 5 radiol abeled with a radi oi sotope selected fromthe
group consisting of gallium68, technetium99m indiuml 11, and i odi ne-123.
15. A scintigraphic imaging agent conprising the conposition of any of
claims 6 through 8 and a radi oi sotope selected fromthe group consisting of
gal lium 68, technetiun®9m indium 111, and iodine-123. 16. The agent of
claim 15, wherein the radioisotope is technetium 99m - 5 FEB 2004




57 17. Use of the agent of any of clains 13 through 16 tp prepare a

medi cament for imaging a site wwthin a mammal i an body. 18. A pharnaceuti cal
conposi tion conprising the peptide of any of clains 1 or 2 and a
pharmaceutical ly acceptable carrier. 19. A pharmaceutical conpdsiFEBO04
conprising the reagent of any of clains 3 through 5 and a pharnmaceutically
acceptable carrier. 20. The conposition of any of clainms 6 through 8,
further conprising a pharmaceutically,acceptable carrier. 21. A kit for
preparing a radi opharmaceuti cal prepa?@tion, said kit conprising a seal ed

vi al contai ahing aiderezdet, enindned,Cuantd Ly,,ef the conposition of any of
clainms 19 or 20. it for preparing a radi opharmaceutical preparation,

22. A kit f
said kit conpri sﬁ"ngémyngé"a‘f%ﬂ’l’\fi of radigrative eahgetanpwa ahe rabaRd ofipaNt 1 Ly Of

t he conposi invemioaf thel tacharetReh L& nt,.of a reducing agent to
h e t mpl&'%%hg%ep%ﬁg%tﬁtﬁitgi%‘?eﬁﬁ?hnrz%niinm 188. 23.

| abel the C@Bgﬁl t‘}’g‘ with technetium9
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conpri si ng #seastaradittitvétel eagRid ad felotoRN6Ed om. _rheni ym 186, or
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of technetium and another compound known as a transfer ligand, This process is
known as ligand exchange and is well known to those skilled in the art. The
labile complex may be formed using such transfer ligands as tartrate, citrate,
gluconate or mannitol, for example, Among the Tc-99m pertechnetate salts useful
with the present invention are included the alkali metal salts such as the sodium
salt, or ammonium salts or lower alkyl ammonium salts.

In a preferred embodiment of the invention, a kit for preparing technetium-
labeled peptides is provided. An appropriate amount of the peptide reagent is
introduced into a vial containing a reducing agent, such as stannous chloride, in

an amount sufficient to label the peptide with Tc-99m. An appropriate amount of
a transfer ligand as described (such as tartrate,

example) can also be included.

citrate, gluconate or mannpitol, for

The kit may also contain conventional
pharmaceutical adjunct materials such as, for example, pharmaceutically acceptable

salts to adjust the osmotic pressure, buffers, preservatives and the like. The
components of the kit may be in liquid. frozen or dry form. In a preferred
cmbodiment, kit components are provided in lyophilized form.

Tc-99m labeled imaging reagents according to the present invention may
be prepared by the addition of an appropriate amount of Te-99m or Tc-99m

complex into the vials and reaction under conditions described in Example 2
hereinbelow.
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of the prostate, breast, colon, and ovaries can also be imaged. In accordance with

this invention, the Tc-99m labeled peptide reagents are administered in a single

unit injectable dose. The Te-99m labeled peptide reagents provided by the

invention may be administered intravenously in any conventonal medium for

intravenous injection such as an aqueous saline medium, or in blood plasma
medium, Generally, the unit dose to be administered has a radicactivity of about
0.01 mCi to about 100 mCi, preterably | mCi to 20 mCi., The solution to be
injected at unit dosage is from about 0.01 mL to about 10 mL. After intravenous
administration, imaging in vivo can take place in a matter of a few minutes,
However, imaging can take place, if desired, in hours or even longer, after the
radiolabclcd' peptide is injected into a patient. In most instances, a sufficient
amount of the administered dose will accumulate in the area to be imaged within
about 0.1 of an hour to permit the taking of scintiphotos.  Any conventional
method of scintigraphic imaging for diagnostic purposes can be utilized in
accordance with this invention.

The somatostatin receptor-binding cyclic peptides and non-radioactive metal
complexes of the cyclic peptide reagents of the invention may be used clinically
as therapeutic agents to promote regression of certain types of tumors, particularly
those that express somatostatin receptors.  The somatostatin analogue cyclic

peptides of the invention can also be used to reduce the hormonal hypersecretion
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covalently linked to a mctal-binding moiety that are complexed with a magnetic,
paramagnetic, supermagnetic, or superparamagnetic metal atom, ion or particle,
and methods for using such complexes for magnetic-based detection of localization
of such somatostatin receptor binding peptide complexes at tumor or other tissue
sites in vivo. Thus, the invention provides non-radioactive methods for localizing
turmor and other somatostatin receptor expressing tissues in vivo,
This invention provides methods for using the diagnostic and radiodiagnostic
and therapeutic and radiotherpaeutic ageats of the invention. For radiolabeled
embodiments of the agents of the invention, for example, Tc-99m labeled
scintigraphic imaging agents, an effective diagnostic or therapeutic amount of the
diagnostic or radiodiagnostic or therapeutic or radiotherapeutic agent of the
invention are administered. In radiodiagnostic embodiments, localization of the
radiolabel s detected using conventional methodologies such as gamma
scintigraphy. In non-radioactive diagnostic embodiments, localization of sites of
accumulation of the paramagnetic metal-labeled diagnostic agents of the invention
is achieved using magnetic resonance imaging methodologies. The imaging agents
provided by the invention have utility for tumor imaging, particularly for imaging
primary and metastatic ncoplast.ic sites wherein said neoplastic cells express
somatostatin receptors (SSTR), and in particular such primary and especially
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or Sasrin™ resin for carboxyl-terminus acids or Rink amide resin for carboxyl-
terminus amides.

Where appropriate, the following amino acid derivatives were synthesized,
Homocysteine was prepared by alkaline hydrolysis of L-homocysteine lactone, or
by reduction of L-homocystine using metallic sodium in liquid ammonia.
Threoninol residues, wherein the carboxyl group of the amino acid is reduced to
a primary alcohol, can be introduced into the peptides of the invention where

appropriate using the procedure of Neugebauer er ul. (1990, Peplides: Proceedings
of the 1ith American Peptide Symposium, pp. 1020-21). Fmoc.Hey(Trt) and

Fmoc.Pen(Trt) were prepared from the appropriate amino acids by tritylation with
triphenylmethanol in TFA, followed by Fmoc derivitization as described by
Atherton et al. (1989, Solid Phase Peptide Synthesis, IRL Press: Oxford).
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7-8, optionally containing 0.5mM EDTA or DMF or THF or acetonitrile) with 0.5
molar equivalents of BMME (bis-maleimidomethylether) pre-dissolved in

acetonitrile at room temperature for approximately 1-18 hours. The solution was
concentrated and the product was purified by HPLC.

Where appropriate, TSEA adducts were prepared by reacting single thiol-
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Where appropriate, {BAM} (N‘.N‘-bi\'(2-mercapto—Z-methylpropyl)-1,4,IO-
triazadecane) was conjugated to the peptide by first activating the peptide
carboxylate with a mixture of diisoprapylcarbodiimide/ N-hydroxysuccinimide or
HBTU/HOBt in DMF, NMP or methylene chloride, followed by coupling in the
presence of diisopropylethylamine. After coupling, the conjugates were
deprotected as described above.

Where appropriate, (BAT) (N‘.A’-bis(2-mcrcapto—2-methylpropyl)-6,9-
diazanonanoic acid) was incorporated into peptide as (Ne(Fmoc)-Ne(N-Boc)-S, 5’ -
bistrityl-BAT)lysine (prepared from Na(Fmoc)-lysine and Ne(N-Boc)-S, 5’ -bistrityl-
BAT as described in Example 2 of co-owned and co-pending U.S. Patent
Application Serial No. 08/___ | incorporated by reference) during peptide
syathesis and then deprotected after cleavage of the completed peptide from the
synthetic resin.

Where  appropriate, BAT-BS (N—[2-(N',N’-bis(z-succinimidoethyl)
aminoethyl)}-N‘,N’-bis(z-mcthyl-?.-mcrcaptopropyl)-é,9-diazanonanamidc) adducts
were prepared by reacting single thiol-containing peptide (at concentrations of 2
to 50 mg/mL peptide in DMF buffered to PH 7 with N-methylmorpholine or N-
ethylmorpholine, or in 50mM sodium phosphate (pH 7-8), optionally containing
0.5mM EDTA or DMF or THF or acetonitrile) with 0.5 molar equivalents of
BAT-BM (N-{Z-(N',N’-br’s(Z-maleimidocthyl)aminoethyl)}-N ’-(+-butoxycarbonyl)-
N’,N’~'bi.r(2-mcthy]-2-triphenylmcthylthiopropyl)-s,9-diaza-nonanamida,‘ire-dissolved
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% 0% v& ()-1in acetonitrile or THF, at room temperature for approximately 1-18h. The
solution was then evaporated to dryness and (BAT- -BS)-peptide conjugates
deprotected by treatment with 10mL TFA and 0. 2mL triethylsilane for 1h. The
solution was concentrated, the product adducts precipitated with ether, and then
purified by HPLC.

Where appropriate, the (DTPA) moiety can be introduced using the method
of Bakker es al. (1991, Life Sci. 49: 1583-1591, hereby incorporated by
reference).

Where appropriate, peptide precursors were cyclized (between the amino-
and carboxyl-termini) by reaction of the sidechain-protected, N-terminal free amine
and C-terminal free acid with diphenylphosphorylazide.

Sasrin™ resin-bound peptides were cleaved using a solution of 1% TFA in
dichloromethane to yield the protected peptide. Where appropriate, protected
peptide precursors were cyclized between the amino- and carboxyl-termini by
reaction of sidechain-protected, amino-terminal free amine and carboxyl-terminal
free acid using diphenylphosphorylazide.

HMP or Rink amide resin-bound products were routinely cleaved and
protected cyclized peptides deprotected using a solution comprised of trifluoroacetic
acid (TFA), or TFA and methylene chloride, optionally comprising water,
thioanisole, ethanedithiol, and tricthylsilane or trilsopropylsilane in ratios of 100

$5:5:25:2, for 0.5 - 3 hours at room temperature. Where appropriate,
products were re-S-tritylated in triphenolmethanol/ TFA, and N-Boc groups re-
introduced into the peptide using (Boc),0.

Resin-bound products were routinely cleaved using a solution of
trifluoroacetic acid or trifluoroacetic acid and methylene chloride, optionally
containing water, thioanisole, ethanedithiol, and triethylsilane, prepared in ratios
of 100:5:5:2.5:2for0.5-3h at room temperature. Crude peptides were
purified by preparative high pressure liquid chromatography (HPLC) using a
Waters Delta Pak C18 column and gradient elution using 0.1% trifluoroacetic acid
(TFA) in water modified with acetonitrile. Acetonitrile was evaporated from the
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eluted fractions which were then lyophilized. ‘The identity of each product was

confirmed by fast alom bombardment mass spectroscopy  (FABMS) or by
electrospray mass spectroscopy (ESMS).

Somatostatin analogues synthesized as provided herein, as well as the
products of such synthesis identified by FABMS, arc shown in Table I below.

EXAMPLE 2
A_General Method for Radiolabeling with Tc-99m

0.1 mg of a peptide prepared as in Example 1 was dissolved in 0.1 mL
of water or 50/50 ethanol/water or phosphate-buffered saline or 50 mM potassium
phosphate buffer (pH = 5, 6 or 7.4), or 09% saline or 10%
hydroxypropyleyclodextrin (HPCD) in water. Te-99m gluceptate was prepared by
reconstituting a Glucoscan vial (E.I. DuPont de Nemours, Inc., Wilmington, DE)

with 1.0 mL of Tc-99m sodium pertechnetate containing up to 200 mCi and
allowed to stand for 15 minutes at room temperature. - 25 ul of Tc-99m gluceptate
was then added to the peptide and the reaction allowed to proceed at room
temperature or at 100°C for about 5-30 min and then filtered through a2 0.2 um
filter.

The Tc-99m labeled peptide purity was determined by HPLC using the
following conditions: a Waters Delta Pak RP-18, Su, 4.6mm x 220mm analytical
column, or a Waters NovaPak Radial Compression C-18, 4xm, 8mm x 100mm
analytical column was loaded with each radiolabeled peptide, and the peptides
eluted at a solvent flow rate equal to | mL/min (Delta-Pak) or 3mL/min
(NovaPak). Gradient elution was performed beginniﬁg with 100% solvent A
(0.1% CF,COOH/H,0) and ending with 100% solvent By, (0.1% CF,COOH/50%
CH,CN/H,0) over the course of 10-20 min.

Radioactive components were detected using an in-line radiometric detector
linked to an intcgrating recorder.  Tc-99m gluceptate and Tc-99m sodium
pertechnetate clute between 1 and 4 minutes under these conditions, whereas the

Tc-99m labeled peptides eluted after 2 much greater amount of time, as illustrated
in Table I below,
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1434
1258
1329
1285
1472
1244
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TABLE I (cont'd.)

FYW,KV, Hcy(CH,c0. GGCK.amide)

-CH)EYW,KV, Hey(cH,c0.(e-K)GCK amide)
cyclo. (N-MeYFY WKV, Hey(ci,co.GGCR.amide)

cyclo (N-Mea)FYW KV I Iey(cH,CO. (e-K)KC.amide)

cyclo.(N-

Peptide

cyclo.

cyclo. (N-Me)FY W, KV, Hey(cit,co.GGC.Om amidc)
cyclo (N-CH)EYW KV, Hey(cH,co. (3-Dap)KCK.amide)
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m temperature,

The peptide is dissolved in water and labeled at 100°C (15 min),
3. The peptide is dissolved in 10% hydroxypropylcyclodextrin and labeled

at room

temperature,

4. The peptide is dissolved in SO% ethanol/water and labeled at room
temperature,

The peptide is dissolved in 0.9% saline and labeled at 100°C (5 min).

5
6. The peptide is dissolved in water made PH 9 with bicarbonate and
labeled at 100°C,

** HPLC methods;

general:

Vydak column

solvent A = 0.1% CF3COOH/H,0
solvent B,y = 0.1% CF,COOH/90% CH;CN/H,0
solvent flow rate = | mL/min or 3mL/min :

= Vydak 218TPS4 RP-18, 51 x 220mm x 4.6mm analytical

column with guard column

Waters column
Waters column
100mm

I = Waters Delta-Pak C18, Spm, 39 X 150mm
2 = Waters NovaPak Radial Compression C-18, 4um, 8 X

Method 11 Waters column | 100% A to 100% B, in 10 min
Method 2:  Vydak column 100% A to 100% B,, in 10 min
Method 3;:  Waters column 1 100% A to 100% B, in 20 min
Method 4:  Waters column 2 100% A to 100% By in 10 min

Single-letter abbreviations for amino acids can be found in G, Zubay,
Biochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) p.33; Ac =
acetyl, Acm = acetamidomethyl; ma = mercaptoacetic acid; Mob =

4-methoxybenzyl; Aca = 6-aminocaproic acid; Hly = homolysine; Apc = L-
{S-(3-aminopropyl)cysteine; Fp = D-phenylalanine; W= D-tryptophan; Y, =

D-tyrosine; Cpa = L-(4-chlotophenyl)alanine; Thp = 4-amino-
tetrahydrothiopyran-4-carboxylic acid; D-Nal =‘D-2-naphthyla1aninc; Dpg =
dipropylglycine; Nle = norleucine; Hcy = homocysteine; Hhe =
homohomocysteine; Pen = penicillamine; Aib = aminoisobutyri¢ acid; Nal =
2-naphthylalanine; D-Nal = D-2-naphthylalanine; Ain = 2-aminoindan-2-
carboxylic acid; Achxa = 4-amino-cyclohexylalanine; Amf = 4-aminomethyl-
phenylalanine; Aec = §-(2-aminoethyl)cysteine; Apc =  §-(3-
aminopropyl)cysteine; Aes = O-(2-aminoethyl)serine; Aps = O-(3-

aminopropyl)serine; Abu = 2-aminobutyric acid; Nva = norvaline; T(CH,OH)
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group of the adjacent amino acid to form a peptide bond; B-Dap = a 1,3-

diaminopropionic acid residue in which the B-amino group is covalently linked

to the carboxyl group of the adjacent amino acid to form a peptide bond: Pic

=  picolinoyl  (pyridine-2-carbonyl); Pica picolylamine
(2-(aminomethyl)pyridine); BAT = N‘,N’-bis(Z-mcrcapto-?.-methylpropyl)-é,g-
diazanonanoic acid; BAT acid (protected) = N’-(r—butoxycarbonyl)-AP.Iv"-bis(Z-
methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanoic acid; BAM = N' M-
bi:(2-mercapto-2-mcthy1propyl)-1,4,IO-triazadecanc; BAM (protected) = N-(r-
butoxycarbonyl)-N‘,N"-bis(z-methyl-Z-triphenylmethylthiopropyl)-1,4,10-
triazadecance; {BAT-BM} = N-{2-(N '.N'-bLf(Z-maJeimidocthyl)amin‘oethyl}-N"-(t-
butoxycarbonyl)-N°,N’-bis(z-methyl-z-triphenylmcthylthiopropyl)-6,9-
diazanonanamide; {BAT-BS} = N-{2-(N'.N '-bis(2-succinimidoethyl)aminocthyl}-
M,N’-bis(z-mcrcapto-z-mcthylpropyl)-6.9-diazanonanamide; {BMME} = bis-
maleimidomethylether; {BSME} = bis-succinimidomethylether: {DTPA} =
diethylenetriaminepentaacetic acid.

Non-radioactive rhenium complexes were prepared by co-dissolving each
of the peptide reagents of the invention with about one molar equivalent of
tetrabutylémmonium oxoletra-bromorhenate (+5), prepared as described by
Cotton et al. (1966, Inorg. Chem. 3t 9-16) in dimethylformamide or
acetonitrile/water and stirred for 0.5-5 days. The thenium complexes were
isolated by reverse phase HPLC as described above for Tc-99m labeled
peptides and were characterized by FABMS or ESMS.

Radioactive rhenium complexes, using for example Re-186 or Re-188,
are prepared from thc appropriate perrhenate salts using the same protocol as
for Tc-99m labeling, or by adding a reducing agent to a solution of the peptide
and perrhenate, or optionally using a ligand transfer agent such as citrate and

incubating the reaction at a temperature between room temperature and 100°C
for between 5 and 60 min.
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Rat Pancreatic Tumor Cell Membranes
The ability of various somatostatin analogues of the invention to bind

to somatostatin receptors in vitro was demonstrated by assaying the ability of
such analogues to inhibit binding of a radiolabeled somatostatin analogue to
somatostatin receptor-containing cell membranes. The rat pancreatic tumor cell
line AR42J which expresses the somatostatin receptor was cultured in
Dulbecco’s minimal essential media (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 8mM glutamine in a humdified 5% CO, atmosphere
at 37°C in T-flasks. Harvested cells were homogenized in cold SOmM Tris-
HCI buffer (pH 7.4) and the homogenate then centrifuged at 39,000g for 10min
at 4°C. Pellets were washed once with buffer and then resuspended in an ice-
cold solution of 10mM Tris-HCI (PH 7.4). Equal aliquots of this cell
membrane preparation were incubated with {"¥I-Tyr''} somatostatin-14 (at a final

concentration of 0.5nM and 750,000cpm/mL, at a specific  activity of
2000Ci/mmol, Amersham, Arlington Heights, IL) and peptide or peptide-
rhenium complex at u final concentration of from 10™'M to 10°*°M in a solution
of 50mM HEPES (pH 7.4) containing 1% bovine serum albumin (BSA), SmM
MgCl,, Trasylol (200,000 International Units), bacitracin (0.02mg/mL) and
phenylmethylsulfonylfluoride (0.02mg/mL) t'or'25min at 30°C. Using a
filtration manifold, this mixture was filtered through a polyethylencimine-
washed GC/F filter (Whatman, Maldstone, England), and the residue remaining
on the filter washed thrice with 5mL cold HEPES buffer. The filter and a
sample of the filter washings were then counted in a gamma counter, To
assess non-specific binding, the assay was performed in the presence of
unlabeled somatostatin-14 at 200nM. Data analysis including Hill plots of the
data provided inhibition constants (see Bylund & Yamamura, "Methods of
receptor binding", in Methods in Neurotransmitter Receptor _Analysis,
Yamamura et «l., eds., Raven Press: New York, 1990).

These results are presented in the following Tables. The data show that

the peptides of the instant invention have a high affinity of binding for
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somatostatin receptors.
TABLE 11
Re= mplexed Peptide MH* K (nM)
cyclo. (N-CH)F, YW KV, Hey(CH,c0.K(e-K)GC.amide) 1529 0.51
cyc!a.MMDKV,_Hg!(cx-gco.GGC.amidc) 1330 0.59
CH,CO.FFEW,KTFCC,.uGCo...amide 1480 0.67
cyclo.(N-QI_:I,)E,YW,,KV.Hgy(CH,Co.(e-K)GC.amidc) 1401 0.92
cyclo (N-CH)F. YW, KV.Hcy(cH,co.CGC .amide) 1375 1.7
cyclo.(;\_I-Mg)Exwl,gV.I-_Igv(cn,co.GGCKK.amidc) 1386 0.06
cyclo. N-CH)FYW KV Hey(cH.co.GGCK, amide) 1458 0.15
cyclo.(N-Mg)FIW.,KVch(CH;.o.GGCR.amide) 1485 0.23
LB E L YY) IU RN DA, ATHAC 2145 0.33
qcIO.MmDKV,Hcg(CH;O.(e-K)GCK.amidc) 1529 0.34
cyclo. (N-MeIEYW KV Hey(cH,Co. (¢ K)KC. amide) 1472 0.42
CH.CO. FFW KTFCGGC.amide | 2042 1.3
CH,CO.FFW KTFC(e-K)GC 1506 5.6

e



10 !y10% & ()-!y10% & ()- 9zX6rS4
11s10%& ()-@'s10% & ()-@'!s10% & ()-@ s10% & ()-@'!s10% & ()-@!s10%"
& ()-@YyxVa 1!:10%2&'()-!@10%2&'()-@10%&'()-10%&'()-&310(@5'2%5 P 10
10y9% S1™ 1! &109%HH& () - - 109%4& () - -! CLO%HE () - - &10%4& ()- 10ZZ 1

10ZZ! L' MLO9®ZZ&' ()-. 111" 1 wU6+1 10H&L0%H& () -

| 1094HHE () - - ! 109%HH& () - - ! 109%HH& () - - ! 109%HH& () --! 109HH& () --"1#! $1 & 31411 "]
Hl 10H8&10% MLO%\ & ()-! MLO%\ & ()- @L10% & ()-:%.10% & ()-' 10% & ()-L 10H

10H'"d9% ((((wi [ ML 10H&L109%8 10\\ 10\\

10MVIL! 109\ & ()-!L! 10%\ & ()-! MLO%\ & ()-!~ MLOY% ()-((((( )")zX6ML

44
TABLE III
Peptide K. (nM)
cyclo.,(_&g_ﬂ,)F,Y\_?{oKV,Hgv < 0.01
CH,CO FYW, KTFEC.amide 0.16
CH,CO FFW, XTF.Hhe.amide 0.41
cyclo. CYW KVC 0.43
CH,COQ , FFW,KTFC.amide 0.45
cyclo.,{__N;C_H,)F.YWDKV.K,{BATE 0.46

cycla.!N-E:H;)ELWDELH_C_Y(CHZCO.K(e—K)GC.amidc) 0.65
cyclo (N-CH)F, YWDKMJicx(CH;,CO.CM,GCA‘,“.am‘Lde) 0.79

cyclo.(N-CHyF, YW KV Hey(CH,C0.CGC.amide) 1.5
(:yClo.ﬁN-CHQELYWnLV‘Hg(CH,CO.CGC) 1.8
CH.CO.FFW.KTEC.{BAM]} 1.9
(:yclo.L!\_/ﬂ;)m,.M._H_cx(CHzCO.(e-K)GC.amide) 2.0
cyc!o.(N—CHmLF.YWnKV.HCV(CHZCO.GGC.amide) 2.4
cyclo (N-CH)F. YW, KV_E. {BAM} 2.6
CH,CONFFW, KTFTC 2.7
CH,CO.FFW XTFC 4.0
CH,CO FEW KTFC(e-K)GC.amide ' 5.2
CH,CO. FEW KTECC,..GC,....amide 7.5

CH,CO FEW,KTF. Hey 9.8

e
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are presented in Table IV. Notably, *™Tc¢-P587, ™™ Tc-P617, % Tc- P726, and
»Tc-P736 showed very high tumor uptake and tumor/blood ratios
demonstrating their high specific uptake in target (tumor) tissue.

Figure 1 shows an image of **Tc-P587 in a tumor-bearing rat. The

high uptake in the tumor in the lower leg (arrow) is clearly visible.
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*Tc-P587 uptake in tumors in rats was compared with and without pre-
injection treatment with octreotide, a somatostatin analogue known to bind to
the somatostatin receptor in vivo. In these experiments, receptor-blocking by
administration of octreotide prior to administration of ™™ Tc-P587 reduced
specific tumor uptake of the radiolabeled peptide by 76%. Thése results
confirmed that binding of ®™Tc-PS87 in vivo was SSTR-specific..
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EXAMPLE 6
In Vivo Imaging of Human Somatostatin Receptor (SSTR)-
X ing Tum wi - Labeled P587

In a clinical trial, scintigraphic imaging of human patients bearing

SSTR-expressing tumors was achieved using the Tc-99m labeled P587 reagent.

A total of 10 patients, four females and six males ranging in age from

27 to 69 years, had been previously diagnosed with growth hormone-secreting

. pituitary adenoma (4 patients), melanoma (1 subject), medullary thyroid cancer

(1 subject), small cell lung carcinoma (SCLC; ! patient), non-Hodgkin's

lymphoma (1 patient) or gastric carcinoid (1 patient). Cach of these patients

were administered T¢-99m labeled P587 at a dose of 10-22mCi per 0.2-0.5mg

by intravenous injection.  Scintigraphic imaging was them performed as
described herein on each patient for 4 hours post-injection.

Gamma camera imaging is started simultaneously with injection.
Anterior images were acquired as a dynamic study (10 sec image acquisitions)
over the ﬁrSt 10 min, and then as static images at 1, 2, 3 and 4h post-
injection.  Anterior images were acquired for 500,000 counts or 20 min
(whichever is shorter), at approximately 10-20 min, and at approximately 1,
2, 3 and 4h post-injection.

" The scintigraphic imaging agent was found to clear rapidly from the
bloodstream, resulting in less than 10% of the injected dose remaining in the
circulation within 30 minutes of injection. This allowed image acquisition of
tumor sites to be achieved as early as 15-30 min after injection of scintigraphic
imaging agent. All known tumors were detected in this study, as well as two
previously-undetected metastatic lesions which were later confirmed using
computer-assisted tombgmphy (CAT scan).

These results demonstrated that the scintigraphic imaging agents of this
invention were highly effective in detecting SSTR-expressing primary and
metastatic tumors in humans in vivo.

It should be understood that the foregoing disclosure emphasizes certain
specific embodiments of the invention and that all modifications or alternatives

cquivalent thereto are within the spirit and scope of the invention as set forth
in the appended claims.
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CLAIMS
1. A somatostatin receptor-binding peptide having a formula:
cyclo-A*-B'B’B*B*-C*-

wherein B' is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a substituted
derivative thereof; '
B? is D- or L-Trp or a substituted derivative thereof;
B’ is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a substituted
derivative thereof;
B* is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva or Aib;
C* is an L-amino acid having a sidechain comprising a mercapto group;
A* is a lipophilic D-amino acid or a lipophilic L-(o-N-alkyl) amino acid or L-
proline or a substituted derivative thereof;

wherein A* and C* are covalently linked to form a cyclic peptide.

2. The peptide of claim 1, wherein B' is phenylalanine or tyrosine, B? is D-

tryptophan, B is lysine, and B* is threonine or valine.

3. A reagent comprising:

a) a somatostatin receptor-binding peptide having a formula:

cyclo-A*-B'B*B*B*-C*-
wherein B' is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a
substituted derivative thereof;
B? is D- or L-Trp or a substituted derivative thereof’
B’ is D- or L-Lys or Hly, Achxa, Amf, Aec, Apc, Aes, Aps or a
substituted derivative thereof;
B*is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva or Aib;
C* is an L-amino acid having a sidechain comprising a mercapto

group;
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A‘ is a lipophilic D-amino acid or a lipophilic L-(a-N-alkyl) a

mino acid or L-cysteine or L-proline or a substituted derivative

thereof;

wherein A* and C* are covalently linked to form a cyclic peptide; and

b) a radiolabel-binding moiety covalently linked to the peptide other than through
B', B?, B?, BY, or A",

4.

The reagent of claim 3, wherein B' is phenylalanine or tyrosine, B? is D-

tryptophan, B is lysine, and B* is threonine or valine.

5.

The reagent of any of claims 3 or 4, wherein the radiolabel-binding moiety is

selected from the group consisting of:

(a)

C(pgp)*-(aa)-C(pgp)’*

wherein (pgp)°® is H or a thiol protecting group and (aa) is an amino acid;
P

(b) a radiolabel-binding moiety comprising a single thiol containing moiety having a

formula:

wherein

and

A-CZ(B)-{C(R'R")}, -X
A is H, HOOC, H,NOC, (peptide)-NHOC, R® , NCO, (peptide)-OOC or RY;
B is H, SH, -NHR®, -N(R®)-(peptide), or R%; |
X is H, SH, -NHR°®, -N(R°)-(peptide) or R%;
Zis Hor RY |
R% R R°and R" are independently H or lower straight or branched chain or
cyclic alkyl;
R® is C, -C, alkyl, an amino acid or a peptide comprising 2 to about 10 amino
acids;
nis0, 1or2;
where B is -NHR® or -N(R®)-(peptide), X is SH,; and n is 1 or 2;
where X is -NHR® or -N(R°)-(peptide), B is SH, and nis 1 or 2;
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where B is H or RY, A is HOOC, H,NOC, (peptide)-NHOC, or (peptide)-

O0C, Xis SH, and nis O or 1;

where A is H or RY, then where B is SH, X is -NHR® or -N(R%)-(peptide)

and where X is SH, B is -NHR® or -N(R%)-(peptide);

where X is H or R%, A is HOOC, H,NOC, (peptide)-NHOC, or (peptide)-

OOC and B is SH;

where Z is methyl, X is methyl, A is HOOC, H,NOC, (peptide)-NHOC,

or (peptide)-OOC, B is SH and n is 0;

and wherein the thiol moiety is in the reduced form;

(©)
(Nj—co—(amino acid)—cystTine—CO—
7 SX
wherein X = H or a protecting group;
(amino acid) = any amino acid;
(d)
. . . N
—HN-—cysteine—(amino acid)=~HN—-CH, | X
SX 7
wherein X = H or a protecting group;
(amino acid) = any amino acid;
©) (CRY;
H -A-CO-peptide
(CRY)n ( Rz)p

i-(pgp)S i—(pgp)S
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6.

wherein

wherein

each R is independently H, CH, or C,H;;

each (pgp)® is independently a thiol protecting group or H;

m, n and p are independently 2 o 3; '

A= linear or cyélic lower alkyl, aryl, heterocyclyl, a combinatio.n

thereofor a substituted derivative thereof:

CR)),
H -A-CH(V)NHR'
(IR»m (CR),

H H
each R is independently H, CH, or C,H;;
m, n and p are independently 2 or 3;
A = linear or cyclic lower alkyl, aryl, heterocyclyl, a combination
thereofor a substituted derivative thereof;
V=Hor -CO-peptide;
R = H or peptide; .

and wherein when V = I{, R' = peptide and whenR' = H,"V = -CO-peptide.

A composition comprising a peptide according to Claim 1 having a formula

selected from the group consisting of:

cyelo (N-CH,)E.YW,KV.Hey:

cyclo.CYWKVC;

cyelo (N-CH,)E. YW KV.Hey(CHzc0. K(e-K)GC.amide);
cyclo (N-CH )F.Y W KV.Hev(CH20.C, ., GC, . amide);
eyclo (N-CH,)F.Y W KV.Hev(Ctpco.CGC.amide);
cyclo (N-CH,)F.Y W, KV.Hev(Ci2c0.CGC);
cyelo.(N-CH,)F.Y WoKV.[ey(ctyc0.(e-K)GC.amide);

10%

10%
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cyclo (N-CH)F. Y WKV Hev(CH2c0.GGC.amide);

cyelo.N-CH)F YW KV.Hev(cH,c0. KKKKK (6-K)GC.amide);

cyclo.(N-CH, )FYWDI\V Hey(cH,C0.(e-K)GCK.amide);
cyclo.(N-Me)FY W KV.Hey (CHzC0.(e-K)K C.amide);
cyclo.(N-1 \/Ie)FYWDI\V Hcy(CH,c0.GGC.Orn.amide);

cyclo.(N-1 \Ie)FYWDI\V Hey(CH3¢0.GGC.Orn.DOrm..amide);

cyclo.(N-Me)F'Y WK V.Hey(CHac0. K (e-K)KCK .amide);

cyclo.(N-Me)F Y W KVHey(CH;c0.(e-K)GCKK .amide);
cyclo.N-CH,)FY W, KV.Hev(CH,COKKCK., amide);
cyclo.N-CH)FY W KV, Hev(CH,COGGCKKK. amide);
cyclo.(N-CH, )FYW,,I\V HcyCH2C0.(e-K)DCK.amide;
cycloN-CHIFY W KV. Hey(CH2c0.GGCKDKD.amide);
cyclo.(N- CHJFYWnI\V HcvCH2c0.GGCKD.amide;
cyclo.N-CH, )FYWnI\V HeyCH2c0.GGCKDK amide;
cyelo.(N-CH; )FYWHKV HeyCH,C0.(e-K)GCKKK .amide;
eyelo.(N-CHIFYW_KV. Hev(CH,C0.(B-Dap)GCK .amide;
eyelo N-CH)FY W KV. Hev(cH€0.(6-Om)GCK.amide);
cycloN-CH,)FY W, KV.Hev(CHCO.(e- K)GCRK .amide);
cyclo.(N- CHJFYWnKV Hcv(CH,c0.(e-K)GCR .amide);
cyclo.(N-CHOF YW KVC;

cyelo (N-CH)FY W KT.Hev;

cyclo. PYW KV . Hey;

cyclo. N-CH)EY W KV.Hey(CH,c0.(y-Dab)GCK. amide);
cyclo.(N- CHQFYWnKV Hcy(CH2¢0.GRCK .amide);
cyclo. (ﬂCI—LEYWnKV Hcy(cHyc0.KRC.amide);

cyclo. (N-CH)FY W KV.Hey(CHaco.GKCR amide);
cyclo.(N- CHJFYWnKV Hey(CHC0.RRC.amide);

cyclo N-CH, )FYWHI\V Hev(CH,c0.GGCE . aniide);
cyclo.(N- CI—I,lFYWnKV Hey(CH2€0.GGC.Apc.amide);

cyclo(N-CH ,)_n YWnKV Hey;

cyclo.PY W, KV .Hev(CH,c0.GGCK.amide);

cyclo. NMe)FW KV C(cHc0.GGCK.amide);
cyclo NMeF WK T.Hey(CH2C0.GGCK.amide);
cyclo.N-CH)FYW ol V.Hey(CHyc0.RKC.amide),

cycloN-CH )SB“YW KV.Hey(cH,c0.GGCK amide);

cyclo.(N=CH, )FYW,,I\V Hcy(CH>CO. GKCK. amide);

- cyelo.(N-CH,)FY WK V.Hev(CH,c0. KGCK.amide);

eyclo.N-CH)FY W, KV.Hey(CH2c0. KGGCK .amide);
cyclo.N-CH)FY WK V.Hey(CH2c0.KGGC.amide);
cyclo.(N- CH )FYWDI\V Hev(CHyc0.GGGCK.amide);
cyclo. (IN-CH, )FYW,,KV Hey(CHc0.RGGC.amide);

10% & () -

10% & () -

10% & () -

(

10% &
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0 &
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cyclo (N-CH)FY W, KV . Hey(CH2C0.SSC.amide);
cyclo.(N- CH,)FYW KV Hcy(CH,c0.SSCK .amide);
cyeloN-CH)FYW,_KV. Hcy(CH,C0.(B-Dap)KCK.amide);
cyclo (N-CH)FYW_KV.Hey(CHyc0.(B-Dap)DCK.amide);
cyclo.(N- CH,)FYWDKV Hey(CHyC0.(B-Dap)KCD.amide);
cyclo. (N- CHQ)FYWHKV Hey(CHpC0.(B-Dap)KCR.amide);
cyclo.(N- CH,)FYW KV . Hcy(CH2C0.(B-Dap)GCR.amide);
eyclo (N-CH,)F YWnKV Hey(CHC0.(B-Dap)RCK .amide);
cyclo(N- CH;)FYW KV.Hey(GK(-CH3€0.)C.amide);
cyclo.(N- CHQ)FYWnKV Hey(CH2c0.GGCR.acid),
cyclo.(N-CH )F YWDKV Hey(CH2€0.GRC.amide);
cyclo.(N-CH )FYWDKV Hey(cHyc0.GGCK .acid);
cyelo (N-CH,)FYW_KV.Hey(CH,c0.GKC. acid);
cyclo N-CH)FYW, K V.Hey(CHyC0.GRC acid);
cyclo (N-CH)FY W KV Hey(CHyc0.KKC.acid);
cyclo. N-CH,)FYW K V.H¢y(CHyc0.CG.Dap.Dap.amide);
cyclo (N-CH)FY W KV Hey(CH,C0.(5-Orm)GCR..amide);
cyelo.(N-CH,)FYW_KV.Hey(CH,c0.GNCR .amide);
cyelo (N-CH)FY WKV Hey(CH;C0.(8-Orn)GCN.amide);
cyclo.IN-CH,)FY W KV.Hey(CH,c0.GGC. Dap.amide);
cyclo.(Hyp. YWDKV Hey),
cyclo.(Hyp.YWpKV.Hey)(CHoC0.GGCK.amide);
cyclo (N -CH,)F-YW,,KV.Hcv(CHZCO.(y-Dab)KCK.amide);

&0 10% & () -

10% & () -
& ()- YYYYYYYp: +45Wb - 10% & ()- 10% & ()-' 10% & () -
YYYYYYYYI L, 4 10% & ()- 10% & ()- 10% & () -
10% & () - YYYYYYYr Q0, 4 &&F"10% & () -

10% & () -
10% & () - 5\

cyclo. (N-CH)FYW_ KV Hcy(CH2CO.(y-Dab)KCR..amide); and

cyclo (N-CH)F YW, KV Hey(CH,C0.(8-Orn)KCK .amide).

10% & ()- 10% & ()-5W

10%

10% & ()- 10%

10% &~ (%) FEB 00

7. The composition of claim 6, wherein the peptide has the formula:

cyclo (N-CH)FY W KV.Hey(CH»C0.(8-Orn)GCK.amide).

8. The composition of claim 6, wherein the peptide has the formula:

cyclo. (N-CH,)FY WKV . Hey(CHyco.(B-Dap)KCK.amide).

9. A radiotherapeutic agent comprising the peptide of any of claims 1 or 2

radiolabeled with iodine-123, iodine-125, iodine-131 or astatine-211.
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&10%E#E é;?tlcfgznl(s) CF olv\gel% Lv1th a rad?mso ope selected frcgr)n the group consisting of scandium-
47, copper-67, gallium-72, yttrium-90, tin-117m, iodine-125, iodine-131, samarium-153,
gadolinium-159, dysprosium-165, holmium-166, ytterbium-175, lutetium-177, rhenium-

186, rhenium-188, astatine-211, and bismuth-212.

12, Use of the peptide of any of claims 1 or 2 for preparing a medicament for

treatment of a somatostatin-related disease.

13, A scintigraphic imaging agent comprising the peptide of any of claims 1 or 2

radiolabeled with iodine-123 or iodine-125.

14. A scintigraphic imaging agent comprising the reagent of any of claims 3
through 5 radiolabeled with a radioisotope selected from the group consisting of gallium-68,

technetium-99m, indium-111, and iodine-123.

15. A scintigraphic imaging agent comprising the composition of any of claims 6
through 8 and a radioisotope selected from the group consisting of gallium-68, technetium-

99m, indium-111, and iodine-123.

16.  The agent of claim 15, wherein the radioisotope is technetium-99m.
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sealed vial containing a predetermined quantity of the composition of claim 20 and a
sufficient amount of a reducing agent to label the composition with technetium-99m,

rhenium-186, or rhenium-188.

23. A method for labeling a reagent according to any of claims 3 through 5
comprising reacting the reagent with technetium-99m, rhenium-186, or rhenium-188 in the

presence of a reducing agent.

24. A composition comprising a complex formed by reacting the reagent of any

of claims 3 through 5 with a non-radioactive metal.

25.  The complex of claim 24, wherein the non-radioactive metal is rhenium.
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26. A composition comprising a complex formed by reacting the radiotherapeutic

agent of any of claims 15 through 17 with a non-radioactive metal.

27. A composition comprising a complex formed by reacting the scintigraphic

imaging agent of any of claims 9 through 11 with a non-radioactive metal.



