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RADI OLABELED PEPTI DES BACKGRQJND OF THE I NVENTION 1.

Fiel:d of the Invention Q' Sel &=l 0 therapeutic agents
| %%:id ,j, d8s.Jf adi odi agnosti c agents
; stch™ | abeled ga&lipgi 888ostic

and peptides, radiotherapeu

and peptides, and nethods f

and radiotherapeutic agents. Specifically, the invention relates to
cyclic peptide derivatives and anal ogues of sonmatostatin, and enbodi nents
of such peptides |abeled with gamma- radiation emtting i sotopes such as
technetium99m (Tc-99m, as well as nethods and kits for meking,
radi ol abel i ng and usi ng such peptideslto i mage sites in a mammualian body.

The invention also rel ates t %ﬁ éﬁ{d}ﬁs and anal ogues of
|c radi oi soto

somatostatin | abeled with cy ox pes such as rheni um 186
([err]Re) and rhenium 188§, ( anand kits for nmaking,
radi ol abel i ng and usi ng y in a mamual i an body.
2. Description of the Prior Art Somatostatin is a
terradecapept&de tﬂ@ﬁti%h@:v@ enously produced by the hypothal anus and
pancreas in humans and ot mal s. The peptide has the fornul a:

Fornmul a | Thay lave@!wws:sw@crmnmmmd mRppddsy mdipieraputic Thr - Ser - Cy's
(Single lette br.av n u Zubay,

Bi ochem stry Eiegt} fﬂﬂ béb%& %&&ﬁagﬁ&hf]gﬁa&tgﬁ ?ﬁlﬁ?@@ LN%W&\Q/‘(})‘H}) %rp 33). This
pepti de exert@f%umﬁjes‘vhr|‘é‘t°iFdofmﬁJ‘P‘BF&5'@$‘t§al a"éff'éé‘?%‘emPF“\S‘Fvégeqt% i s known to

act Specifically, the invention relates to cyclic peptide derivatives and analogues

of somatostatin, and embodiments of such peptides labeled with gamma-
radiation emitting isotopes such as technetium-99m (Tc-99m), as well as
methods and kits for making, radiolabeling and using such peptides to image
sites in a mammalian body. The invention also rclz;tes to peptide derivatives
and analogues of somatostatin labeled with cytotoxic radioisotopes such as
rthenium-186 ('“Re) and rhenium-188 (*'Re), and methods and kits for
making, radiolabeling and using such peptides therapeutically in a mammalian
body.

2. Descripti the Prior A
Somatostatin is a tetradecapeptide that is eridogenously produced by the -
hypothalamus and pancreas in humans and other mammals. The peptide has

the formula:
Formula [

Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys
| J

(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 vive. 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



physi ol ogically on the central nervous system the hypothal anus, the
pancreas. and the gastrointestinal tract. Somatostatin inhibits the
rel ease of insulin and glucagon fromthe pancreas, inhibits
growt h hornone rel ease fromthe hypot hal amus, and reduces gastric
secretions. Thus, somatostatin has clinical and therapeutic applications
for the alleviation of a nunber of ailnents and di seases, both in humans
and other animals. Native somatostatin is of limted utility, however, due
toits short half-life in vivo, where it is rapidly degraded by peptidases.
For this reason, somatostatin anal og&es "having inproved in vivo stability
have been de I, b J b di r . Pat ent No.
4,235, 886 di é%’cgcggqg@cfsigg t@)@%ﬁ%ﬁ?? exsg%t%es{éﬁh%%@%gla%dgtéggc%sef ul in the
treat ment of gastmauseoretionsf Thuscamatestitin fasehinical and therapeulioyapplivatiddsr phy, U. S.

Patent No. 4,48 . o i ptide somatostatin

anal ogues. or r?e %‘%éaﬂé;‘g%ggiﬁm%@%ﬁ@%gﬂﬁg‘g@%ﬁ&‘ﬁd% u'aimsscﬁngse cyclic
hexapept i de stwarnsaiat i Naisaboyoestain s of timikd utilty, howeenaive tofitsa nunber of
di seases in - Vila in i e M SR 3 i.scl ose cyclic
hexapepti de g%?%&%ﬁgt‘fnﬁwghgﬂ%d‘eg ﬁgggﬁ?&?‘tﬁ%é p??%%%?r’eg‘tgorg#‘ﬁa nunber of
di seases i n heasemssomatostatin an@lpguest haying  impRveddn eive Mbility h8&E3PGTA1 di scl ose

synt hetic octdg%q e gaLestatin anal ogues. Coy and Murphy, U. S
Pat ent No. 4, , .7.5\|esc ose synthetic heptapeptide somatostatin
anal ogues. Fregingent Ul . Patat do. pa2EhE8ONdisclaseoayrlig lrxggiegtideose synt heti c

oct apept i de sﬁﬁﬂﬁﬁﬂg‘ fﬁaioﬁuér\ﬂkﬂgﬂp%e treatment of;r@éﬁgxfﬂf:creﬁf fseasesUnS.  Patent No.

5,073,541 disclose a nethod of treating snal | ung cancer.

Brady, EuropdéMaFatent Application No. 83111747.8 discloses dicyclic
hexapepti de somat @g} afiyn MuRMy OXYSS mRAE Uo.i B 485801 rE@IIENYyn@Euca nunber of

human di seases.
dodecapeptide somatostatin analogues,

Freidinger, U.S. Patent No. 4,611,054 disclose cyclic hexapeptide
somatostatin analogues useful in the treatment of a number of diseases in
humans,

Nutt, U.S. Patent No. 4,612,366 disclose cyclic hexapeptide somatostatin
analogues useful in the treatment of a number of diseases in humans.

Coy er ul., U.S. Patent No. 4,853,371 disclose synthetic octapeptide
sornatostatin analogues.

Coy and Murphy, U.S. Patent No. 4,871,717 disclose synthetic
heptapeptide somatostatin analogues.

Coy er al., U.S. Patent No. 4,904,642 disclose synthetic octapeptide
somatostatin analogues,

Taylor er al., U.S. Patent No. 5,073,541 disclose a method of treating
small cell lung cancer, ‘

Brady, European Patent Application No. 83111747.8 discloses dicyclic
hexapeptide somatostatin analogues useful in the treatment of 2 number of
human diseases. '

Bauer er af., European Patent Application No. 83810617.2 disclose
somatostatin derivatives useful in the trcatment of a number of human diseases.

Eck and Moreau, European Patent Application No. 90302760.5 disclose



Bauer et al., European Patent Application No. 85810617.2 discl ose
somatostatin derivatives useful in the treatnent of a nunber of hunman

di seases. Eck and Moreau, European Patent Application No.
90302760. 5 di scl ose 3

t her apeuti c octapepti de somatostati n anal ogues. Coy and Mur phy,

I nternational Patent Application Serial No. PCT/US90/07074 disclose
somat ost ati n anal ogues for therapeutic uses. Schally et at., European
Patent Application Serial No. EPA 911048445.2 disclose cyclic peptides for
t her apeuti c use. Bodgen and Moreau, International Patent Application

Serial No. PCTMSBGQRTepe smarstatimpprbegues: ons and net hods for treating
proliferative skin g seﬁae'Murptg. rméﬁﬂgmstﬁkm ﬁﬁﬁc&@on‘ tseghif 0G4S by
Xp e e celT's

bi nding to specific receptors ress at t urface of cells
conpri si ng t he PEEHISORI07REr ditsipse symatastetin ahdogvpp barribérageutis usehe pancreas, and
the gastrointestin cl. .Ah Lgh i ng S at¢ n ki,Rding sites
have been found toa%cgb%u%ldggt ??/‘gg%"?egg%{‘j‘ ;%Mhazlgggblsﬁgsuﬁoéc%bg‘f nost
endocr i ne- act i Vel0¢&HSrZsdislase icyrlictpepiides fystherapesitivse, Expr essi on of
high-affinity bindi giies] L83 MBfad OTRLARIALI balsih AfpRLAEH S01y LAESE T UMDY
cells, and specific bi'nding with somatostatin can be exploited to |ocate
and identify tFFIFURIQ1827 disalqsy sompositions andempbers foo trextingi psvlifp@livang

somat ostati n anghQeldps that have been nodified so as to contain a tyrosine
am no acid (Tyr or Y) are known in the prior art. Al bert et al., WK
Pat ent Application Sugapsytn sxegs dicsffsste by Rindnentagperifiuissreniors oxpiessest at i n

derivatives sugh fs Lgtfuaalel de RPebaeidMt e Sdikl ne k et al.,
1500, 3. "Rt e <G8 TR 96 SBP Spfbriss ud Shinel neniow yrER L Of

somat ost ati n artiPABEpaHE, he Pfsad. ANA dhesgastoigientioal sy (Thessrigh-#ffipity o.
Bakker et al., sd@8dstarid. biddie! sitcdMBEle 0320 fdh840 1A 88udRAG G sedSffhd ness of

radi ol abel ed somatostatin for radioiimaging in vivo. Bomanji et al.,
1992, J. Nucl. Rbdurfas: of most FRIOFripksacive eMPlie it dfom JirsRatisers( Tyr - 3)
octreotide for B:ARGidAGoMBiAGtiRty Hndia Gied @hrtiokbidRAE: is 2 marker Pk kAt i vely,

met hods for rac{Lg(I’ract;ﬁL |ar:1}g Sso,ntzattg),st.atl n. by covalently .
. , pecific binding with sOmatostatin can be exploited to locate
and identify tumor cells in vivo,

Methods for radiolabeling somatostatin analogues that have been
modified so as to contain 2 tyrosine amino acid (Tyr or Y) are known in the
prior art.

Albert er al., UK Patent Application 8927255.3 disclose radioimaging
using somatostatin derivatives such as octreotide labeled with '2I,

Bakker er al., 1990, J. Nucl. Med. 31: 1501-1509 describe radioactive
iodination of a2 somatostatin analog and its usefulness in detecting tumors in
vivo.

Bakker er al., 1991, 1. Nucl. Med. 32: 1184-1189 teach the usefulness
of radiolabeled somatostatin for radioimaging in vivo,

Bomanji e¢f al., 1992, J. Nucl. Med. 33: 1121-1124 describe the use of
iodinated (Tyr-3) octreotide for imaging metastatic carcinoid tumors.

Alternatively, methods for radiolabeling somatostatin by covalently
modifying the peptide to contain a radionuclide-chelating group have been
disclosed in the prior art.



nodi fying the peptide to contain a radionuclide-chelating group have been
disclosed in the prior art.

4 Al bert et al., UK Patent Application 8927255.3 discl ose
radi oi magi ng usi ng somatostatin derivatives such as octreotide | abeled with
[err]In via a chelating group bound to the am no-term nus. Al bert et

al ., European Patent Application No. WO 91/01144 di scl ose radi oi magi ng
usi ng radi ol abel ed peptides related to growh factors, hornones,
interferons and cytokines and conprised of a specific recognition peptide
covalently linked to a radi onuclide chél at | ng group. Al bert et al.
Eur opean Pat ent Apg,h gltgn PaiRat A L pepti des
havi ng am no-term na f k‘Hg aﬁ ? ?ﬁﬁ%o}l Qz%s%&fa&g%&ﬁlﬁ 'E%T

| nt er nati onal mgemn"uqsmm clgrivasives Pudbl a&:&tnr@ndwdabe\ﬁﬁ%mw‘?movm scl oses
radi ol abel ed SQAEEQR Alb BolR8 Faglia et al., 1991, J. din.
Endocri nol . 1@% %5‘()) 82[% ea;‘%lp?-f)cém!tnﬁe detection of somatostatin
receptors in patienlbert er al., Eurgppaek Resend dipplicatian No. Y@QPI/QJIMI\JQMIQSC Med. 32:
981 Abstract #30RinialRhe bl RORI BlnSPERLY a bes with
[err]In. l ber n% Bal Iﬁgﬁgst ract L%ﬁ Bjagglaﬁ rrerl cén Pepti de
Synposi um 199@@@5@#@5@ qmls@e# @nd [cempTised- ofap espeaific recognition peptide

di ethyl ene-tri M&g‘fﬂ%’@?@& 'rde&h%IQre dﬂ@lﬁt‘in‘égérb d somatostatin anal ogues.
Krenning et al., 58 describe clinical

sci nti graphy usi ng Alp&st €] F’h}FEJ’PPWP Baent chapiigrsion No. 9281G38¢dedisglesnods can be
readi |y adapt egonia@os&ﬁ@%éﬁd&eﬁa%xfg'a@ﬂn&fcnﬁxHﬂBrhr&@& l:l%ldt&sv' vo by radioi naging,
based on the expression inity bi'ndi ng{ sites for somatostatin on
tunor cells. Radi ork&d ﬁié’é ﬁﬁhﬂnt@rﬁaqonaammr Aoplicatioon Rublcaen rNadi | y

detected by SCWQMVSWMs@JsésehdIoQb&EJ k&ﬁhtés&hﬁ’ peptfirBn or an animal. A
vari ety of radionuclides are known be useful” for radioi magi ng, including

[err]Ga, [err]Ga, [%Hq qfcal(.ﬁ@i;bgma"{ dirdaeriol. (Mepty |13 850-834 describeThe

sensitivity of erRaa JRbRGRathSieididr-asH pachik.vel y- 1 abel ed peptides is much
hi gher than ot her technlques knomn |n th rt si nce the 58e0|f|c bi ndi ng

to radiolabeling somatostatin analogues with '“[n.

Albert er al., 1991, Abstract LM10, 12th American Peptide Symposium:
1991 describe uses for ''In-labcled diethylene-triaminopentaacetic acid-
derivatized somatostatin analogues.

Krenning er al., 1992, J. Nucl. Med. 33: 652-658 describe clinical
scintigraphy using {'''In}{DTPA }octreotide.

These methods can be readily adapted to enable detection of tumor cells
in vivo by radioimaging, based on the exprcssion of high affinity binding sites
for somatostatin on tumor cells. Radionuclides which emit gamma radiation
can be readily detected by scintigraphy after injection into 2 human or an
animal, A variety of radionuclides are known to be useful for radioimaging,
including “Ga, ®Ga, * Tc (Tc-99m), "'In, "I or '"¥I. The sensitivity of
imaging methods using radioactively-labeled peptides is much higher than other
techniques known in the art, since the specific binding of the radioactive
peptide concentrates the radioactive signal over the cells of interest, for
example, tumor cells. This is particularly imporant for endocrine-active

gastrointestinal tumors, which are usually small, slow-growing and difficult to



pepti de concentrates the radi oactive signal over the cells of interest, for
exanple, tunor cells. This is particularly .inportant for endocrine-active

gastrointestinal tunors, which are usually small, slow grow ng and
difficult to 5 detect by
conventional nethods. Labeling with technetium99m (Tc-99n) is

advant ageous because the nucl ear and radi oactive properties of this isotope
make it an ideal scintigraphic imging agent. Tc-99m has a single photon
energy of 140 keV and a radioactive hajf-life of about 6 hours, and is
readily available froma [err]M- [err]|Tc generator. O her radionuclides
have effecti vdebnlol-cohweasonghimetho®d € much | onger (for exanple, [err]In,

which has a half-ljfe.of 60-70 h ar oxic (for exanple, [err]l).

Al t hough Tc-99m i s-RRIAEGRER o %ﬁ“%ﬂ“gg@& fﬁﬁéﬁﬂéa &%’@W@%;@CW en widely
used for | abehidgrpspiadidesive propbrtienod thirisaopet MakeNearPides alhtidriphRnt i on (see,
for exanple, Lanberts ]_29%) J}E Nch.1 I\/P.l_:‘tl]0 32; 1182-@?&3&

Somat ost ati n ARE T 7Bl abbi 2 SBhet SUBY: PN SRR & n“Y 289 e used

t her apeut i cal lradicactivedralf-1ifér @§ @boun [Gphduzh t dndnis readlily @ivdkbie fronhdi ¥NMs-0t opes are
advant ageous, 4gkch_as sc ium.47,..copper-57,. | dLum 72 ttri,um90, tin-
117m i odi ne- 12?)‘,: g?n(?%foﬁé%,rgas‘%"%‘r"%ﬁﬁ@‘i%ﬁ“&‘é%@ﬁléﬁeﬁFﬁ B3 BYhr osi um 165,
hol m um 166, Vddzer (Brueeaple, iyt elich hasly Ralf-tifeost] 603701 B6or 4k edxidl b 88,
astatine- 211 d,bi,squth-212 _The r.heni SO es [err]Re and [err] Re, as
wel | as Sn- lfgapn”péer‘e ar‘{‘]'fhgﬁaﬁ'gﬁrédﬁl%t’%%e@u@ag g 'Lageﬁ’héte}@é‘%f chel ati ng
agents for radeol sidelyiuey for Bbeingpeptides km tharuri pridrhe tigr presentaintentiamd et hods

for | abeling t] i -99 e ,di,s¢cl dad. - ed U S. Patent
Serial No. 5, Q%E}Tg?ﬁgﬁﬁxgaﬁspg\n ilhé' . T%g‘t %‘éﬁp&%ﬁ@gti ons Serial Nos.
071653, 012, 07/ 807S@B2sa07 286 tadilebeled ALBTLsIRB2nBELBIA) 26 beQREBI3, 981,
071902, 935, 07/955. 466, 07/.977.628..08/019, 864, . 08/ 044. 825 and._08/ 073, 577,
08/ 092, 355, 0 é‘%ﬁ’%‘:’“fgl&’ osf%o,‘*g%z,apg’ﬁﬁ%g‘r |°Pi§°é°r"§°/at ﬁéimﬂ%mpcsAp%Ti cati ons
TS e st e e g e

) M b by b 7 - an
PCT/ US94/ 018931,”%1"8#"'2%9%‘[2?% v nééJ?'ﬁﬁP t%aég’g‘;}“ﬂ%?é%@“"‘A *ALL THE
PATENTS holniun 66 ygterblunS] 7P atteivim- NY. rénidrhd] 86 90enien dBs xswtine- seri es of

technetium  cfigl gk infich,A9R9! STRESEMLANGofks NisRE TR) SARL GRGRIANI §O)

pr opanoat e.
117m are particularly advantageous.

The use of chelating agents for radiolabeling proteins are known in the
prior art, and methods for labeling peptides with Tc-99m are disclosed in co-
owned U.S. Patent Serial No. 5,225,180 and in co-pending U.S. Patent
Applications Serial Nos. 07/653,012, 07/807,062, 07/851,074, 07/871,282,
07/886,752, 07/893,981, 07/902,935, 07/955,466, 07/977,628, 08/019,864,
08/044,825 and 08/073,577, 08/092,355, 08/095,760, 08/210,822, and PCT
International  Applications  PCT/US92/00757, PCT/US92/10716,
PCT/US93/02320, PCT/US93/03687, PCT/US93/04794, PCT/US93/05372,
PCT/US93/06029, PCT/US93/09387, and PCT/US94/01894, which are hereby
incorporated by reference. ADD ALL THE PATENTS

Fritzberg, U.S. Pateat No. 4,444,690 describes a series of technetium-
chelating agents based on 2,3-bis(mercaptoacetamido) propanoate.

Gansow er af., U.S. Patent No. 4,472,509 teach methods of

manufacturing and purifying Tc-99m chelate-conjugated monoclonal antibodies.



Gansow et al., U S. Patent No. 4,472,509 teach nmethods of nmanufacturing
and purifying Tc-99m chel at e- conj ugat ed nonocl onal anti bodi es.

6 Reno and Bottino, European Patent Application 87300426.1 discl ose
radi ol abel i ng anti bodies with Tc-99m Pak et al., European Patent
Application No. WO 88/ 07382 di sclose a nethod for |abeling antibodies with
Tc-99m Cox, International Patent Application No. PCT/US92/ 04559

di scl oses radi ol abel ed sonatostatin derivatives containing two cysteine
resi dues. Rhodes, 1974, Sem Nucl. Med. 4: 281-293 teach the

| abel i ng of human serum al bumin with t Bchnet i um 99m Khaw et al .

1982, J. Nucl. NEdR r?o?’ d]'%%j]‘:ng‘oﬁgrogean%?:iag_lﬁg:gltﬁiap 89%4@?%“ 0

bi ol ogi cally active nmacronol ecCu ésc}ﬁ d Tol man,
supra, di scl ogadiclatziifgiantibodinaivitt TMedBact one chel ati ng agent for coupling

Tc-99m to biologic t ract, 7th
I nt ernati onal Syrrpglg‘l g%’ﬁ%%‘% 5‘?%%"@%‘3@” W?stsa)?%?c@lg%; e use of,
Tc-99m, [err]methudnfgr [«beling| aﬂ\ilb@bﬁél%‘d\ ToMmost ati n anal ogues in :

radi ol ocal i zation ﬂ-geofitbﬁh‘? FalAD R i A

Mct hods for direct FE"I abe in somat o??lgctg}lar? Nge?m‘gﬁgv@g%gﬁag%oﬁﬁ ostatin,
anal ogues of MﬂWamtmﬁmWBMS CPM&N“MWMHS@\QGH@S!@G#M ostatin
receptor and conta S n sul fide or
wherein the disul flkg%&irssb?gdﬁa(ﬁéﬁ%qo%ge@si&@?a aﬁ&‘?g‘%% are ig{scl osed in
co- pendi ng U. SerupaalbyminApgl teerelivwd8eri al  No. 07/ 807,062, now U.S. Patent
No. 5,225,180, 'SSR%QNJCW @982199§ua@hm&1 33 1bﬁrﬁﬁy dtseﬁwaaﬁgas% by

ref erence. There remains a need for synthetic e routine
manuf act ure priaisting higlagicatiyl aqtive sugwmoisgulesavish Fed@@ept ance) somat ostatin
anal ogues having i @2&%%3%‘1&@“&1&@&@&65@ thunE&nQQhHﬁ@tgné Relgpgutically,
as scintigraphic agénts when radi ol abel Tc-99m or ot her detectable
radi oi sot opes 4go fas eoupking Fe§Pmdo tinlegics! Fﬂﬁlew%so and as radi ot herapeutic
agents when radi ol aRel ed W t hiogy cyAmrQegl C7tﬁa%tah§8§£p%yﬁ\ﬁﬁs}hn§s of heni um 188.
Smal | synthetic sonmatostati 'n anal ogues are provi L, this i nvention that
speci fical |y fRadidpharmaplegyngedb. disclose the use of, Te-99m-, “'I- and In-labeled

somatostatin analogues in radiolocalization of endocrine tumors in vive by

scintigraphy.

Mcthods for directly labeling somatostatin, derivatives of somatostatin,
analogues of somatostatin or peptides that bind to the somatostatin receptor and
contain at least 2 cysteine residues that form a disulfide or wherein the |
disulfide is reduced to the sulfhydryl 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 hereby incorporated by reference.

There remains a need for synthetic (to make routine manufacture
practicable and to ease regulatory acceptance) somatostatin analogues having
increased in vivn stebility, to be used therapeutically, as scintigraphic agents
when radiolabeled with Tc-99m or other detectable radioisotopes for use in
imaging tumors in vivo, and as radiotherapeutic agents when radiolabeled with
a cytotoxic radioisotope such as rhenium-188, Small synthetic somatostatin

analogues are provided by this invention that specifically fulfill this need.



7 SUMVARY OF THE | NVENTI ON The present invention
provi des somatostati n anal ogues that are cyclic peptides for therapeutic
applications, including radiotherapeutic applications, and diagnostic
applications, including radiodiagnostic applications, in particular
scintigraphic imging applications. D stinct from native sonmatostatin and
somat ost ati n anal ogues known in the prior art, the cyclic peptides of the

i nvention do not conprise a disulfide bond. The invention al so provides
cyclic peptide reagents conprised of the cyclic peptide sonmatostatin

anal ogues of the invention, wherein sut¢h peptides are covalently linked to
a radi ol abel - bi ndi ng nniet§ypggg§hgégg Qv s such cyclic peptides,
cyclic peptide reagents an bhﬁgygéighgéptlde reagents that are
scintigraphic i mag’l['mgpagaﬂnﬁrﬁrencroaCbr@\ddaagdamﬁﬁotmmaﬁamg&esaﬂﬁﬁt iracby@icher ?peUtl c
agents. Scinti .. magi.n ents.o e_jnvention cQ rise cyclic

pepti de reageﬁlg%‘adg%lt?f ?Bg"ltlégp tons, inclyging; ?tgeﬁé"cu?ﬁ'@f’g‘gg

t echnet i um 99wrliagnosRadipplidatignap énchidingagdiotiagraktid lapplicmisant irOIpamamﬁ'rl se cyclic

pepti de reage i ol. abel ed th ac c_ radioi sotope, preferably
tin-117m rhegléﬁt%'%g‘ "ﬁPl%eﬁ?pWﬁ%"fg% ?é/b‘ﬁ?lcgdém?o g‘ﬁ%lﬁ?‘ﬂﬂ"gw& 8’5 ng such
cyclic pepti desmateyatini anajpewdsi kiewneiagthat gricanatt, radiayblab@é;gdeeﬂbcm& nments
thereof are alu?v%nt?cfno% n%?go pnsc adxsg}ge(b’%rp cl 18\%:1% I de ?esc%éﬁzr ¢ peptl de

v

that is a somatostatin anan d05|t|on ‘O et ising a
somat ost at i n- pepiptreagedss ndnprgeq)eff)mn atgclhapcpmrg sometoftatinmarakbgues of the

Formul a |1 r rr err] and
Rlerr] are eac%vew}lo&é Whe ‘tuf:h ph%dgs] It cov%ll\%?lp qm&dg%bs{z df atdalJ 19 ’ aryl or
substituted amydiety. R['@Frl]weam Rpetrhﬁ] suglr @y@@mﬂpumdeqyemmﬂq rdalcenltsomer al kyl

L e e e 4, 57

L-ami no aci d; rak{'@iiag]\qstmpggnts]amanaqueapcquc agents. Scintigraphic imaging agents

of the invention comprise cyclic peptide reagents radiolabeled with a
radioisotope, preferably technetium-99m.  Radiotherapeutic agents of the
invention comprise cyclic peptide reagents radiolabeled with a cytotoxic
radioisotope, preferably tin-117m, rhenium-186 or rhenium-188. Methods for
making and using such cyclic peptides, cyclic peptide reagents and radiolabeled
embodiments thereof are also provided.

The invention provides a cyclic peptide that is a somatostatin analogue
as a composition of matter comprising a somatostatin-receptor binding peptide
having the formula:

Formyla [T

R'((‘:R’)-{C(R"R‘) }a-CO-A'A?A’B'BB*B*C'C*C*-NH-CR"-X?

Z——(CR'RY) (CR'RY),

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 I.-amino acid; B' is D- or
L-Phe or D- or L-Tyr or D- or L-2-naphthylalanine (Nal) or 2-aminoindan-2-



are each independently a bond or a lipophilic D or L-amno acid; B[err] is
D- or L-Phe or D or L-Tyr or D or L-2-naphthylalanine (Nal) or

2- am noi ndan- 2- carboxylic acid (Ain) or a substituted
derivative thereof; Blerr] is D or L-Trp or a substituted derivative
thereof; Blerr] is D- or L-Lys or honolysine (Hy), 4-

am no- cycl ohexyl al ani ne (Achxa), 4-am nonet hyl phenyl al anine (Anf), S-(2-
am noet hyl ) cystei ne (Aec), S-(3-am nopropyl)cysteine (Apc),

O (2-am noet hyl) serine (Aes) O ( 3- ali nopropyl )serine (Aps) or a
substituted derlvtlve r eof is.Thr, Val, Phe, Ile, Leu,

2- ani no- i sobu?{h"?‘glca%idd i )2 g”’l’“[“&?d' k%ﬁ'ﬂ ‘f’?fe"?c?d‘s(%ﬁf) L-TRyPYal i ne (Nva),
or norl euci nea éNs@t)lr,ed %ﬁﬁh}/c itferadf:0BNEE DE of hﬁL;l}oromooniﬁtner@w)Saﬂer s of Thr,
Ser, Val, Phe fSQ?StI tuted

or
derivative t hdé?lgcbfy l%f’g?allﬁ“ qe 04273%&%%’ ’}“j‘f‘%‘?erﬁ]y%hﬁ\ﬁé”?aé‘ ‘?a e s
[ ngependenéI I yadnyqu@ememeo(\m«r:]) ?L(Bmhxmro@yﬁb)@twwtm)l ov(mam&io&yy% Oa(r]I y: or
stituted a | n, abou al t ons;
?(Fer r] is - C{eéeﬁ Q’{%‘f &&d ! ?pr’T ‘F&}’? ffﬁﬁf‘i?tf{l ergpme&i\f ferr])[err],
where each R[BY{ Ths, iSadeyelhdBin, | ;re,HLe\r rg; anﬁrmvxmbuﬂynaeard QA1b¢,yQLi c al kyl or
a substituted deri IIV ereof ar dro I|c i.et s than about
1500 dal t ons; %H?Jb %n{ﬁ%gj O"OIVESZ)H%?N‘?&a?fd iméneof@e) rf'y 28 Fﬁ"%‘fr] and
Rlerr] are i naieqbemeleamtu yerédisomemesf Birk§dr, Wal, s‘-'udqstel At £Nle| ImerNﬁL kyl , or

either Rerr] NglrcirRLgér &l %Qub?atutwnva{wc t%q'eol\K @E‘ &% eIl &e mcérrgg;?[ err], or

Rlerr] and R err ar e en cat g’ r ‘] | ower
al kyl or substsi md&penﬂehmvéydragdnyllowearglkylowr subbdted ddveetd akyyl aryFors a sul fur

atom an oxygen atQ [ e erk N R[err] SJerr],
NR[ err] S err bst utfcﬂkryl\lRJa {1 d]rzngl}%méletk (th%‘n boﬁ}ﬁrpé]d onF 52 hydr ogen,
| ower al kyl oCOQRb,siGHﬂHed!H@Q@R’ alr kgo\l(m,yhhne e&ht&’txs indepedidaly| ; and where

oo oer | FEURREL 18 FLEGS) A6 40k LORSHEL ARy e Breferred

conpri si ng1 lohxdron’néimemmamQﬂdesadha:isz}bomr 1580 rr-blmls.amdhuhrqrdm Br0,bRigosacchari de

conpri si ng 1010£ndf r% hg,rl eaan i%re %rdc {)e&]y Q'rep §1I yl)am ne or
t car

a pol y-oxy anioh a efrT nol e I's oxya amne or a
pol yoxy- ani on;ub@trtutam lewdir redk yacoeidher zi's’per’l :de ﬁ@OHngr sﬁoa&@‘% oael d sequence

g]‘: [‘ﬁe”‘g;‘fbgg%ﬂﬂ‘} [ S AME e :béla‘ﬁlei-‘gh”% 9:5%?. gﬁ\ W(s%g?m’és%x 1§@be0xy' group
yI™-termnal  amno-acid is reduced to an 6hal

nmonosacchar i delkpr oro$ubgvsted idwar iatkg!, coytpori sbstitgptetiCarpl; Z eswesulfur atom,
an oxygen atom, NR™, NR¥NR', NR">.CO.NRP, §0Q,, NR"SOQ, or the moiety
(§=0y); and further where R is hydrogen, lower alkyl or substituted lower
alkyl, aryl or substituted aryl; and where Z is NR¥, R’ and R® are not
together an oxygen. In a preferred embodiment, the X! moiety is an amino
acid or a peptide sequence comprising 10 or fewer amino acids, or a
monosaccharide or oligosaccharide comprising 10 or fewer saccharide units, or
a poly(N-carboxyalkyl)amine or a poly-oxy anion and the X? moiety is poly(N-
carboxyalkyl)amine or a polyoxy-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

tyrosing, B? is D-tryptophan, B® is lysine and B* is threonine or valine.



saccharide units. In another preferred enbodinent, B[err] is phenylal ani ne
or tyrosine, Blerr] is Dtryptophan, B[err] is lysine and B[err] is

t hreoni ne or vali ne. 9
The invention al so provides a cyclic peptide that is a somatostatin

anal ogue as a conposition of matter conprising a somatostatin-receptor

bi ndi ng peptide having the formula:

Formula 111

cyclo-Alerr]-Blerr]B[err]B[err]Blerr]- Cg[err]- where Blerr] is D or L-Phe
or D or L-Tyr or D or L-Nal or Ain or?7a substituted derivative t her eof ;

B2 is D or L-Trp . SU i erivative t ereof err] is D or
L-Lys or Hy, AchngheAxr??, iéca?s'ﬂ ch,Y‘gﬁeg,cy s POt t%b‘étﬁ EFARr i vat i ve
t hereof ; B[ err nalogudhas 2 c@epo,sitibfabf mitee ;omﬂarismg/hbmmal&ktmn-ﬂe&mor bindingr Al b;

Cerr] is an L- grip sing a sidechain having a nercapto group;
and Alerr] is |%g‘%ﬁg‘4 Cr%{m‘l& mno acid or a lipophilic L-([err]-N-alkyl)

am no acid or L-cysteine or L-proli bermuadlsubstituted derivative thereof.
This noiety is a cyclic peptide g)crd‘eky w%u%r the am no term nus of the
Alerr] residue is covalently lin Ph e carboxyl term nus of the
derr] residuewhpe B' fx 8- eorr bdPhersodi werk-TyBpem-] o &-NdlemyAml aniane or

tyrosine, Bfer @Jﬁ]mt&&rlmﬁen@&g B S DL it b il sdiddleoon! e of

val i ne. I nvention provi des a de’'r ent
conprising a soeoisBaisi B- peddys or Wyndichn. rﬁelrft iAde, hwrm e of @r nul a:

Formula TV substityted de vatw the ?rﬁ‘] is 'I‘hr1 ST r\Fal I%h%r E%: f.ﬁ{ elgfeail.ER[ err] and:

Rlerr] are each |n3e end L{o 'ower a subs aryl or
substituted aryva OR[Peb.rq3 arad IR@rermp]amdrcemeawg ] nxdeqbsndhenngy metmbtower al kyl

or substitutedgg ub%\g,gr@ragla lg*’ iﬁh@ﬁtdrﬁrhﬁ&% g{ayh ﬂﬁrc%@ﬁ'ﬁf}ﬁﬁ'ﬁnﬂﬁr Rlerr] or

Rlerr] is X[err] err are in ent| a D or
L-ami no acid; Afidwr CYﬂF@P ] Lafrlincpes ﬁ?bsaﬁu@dém\ﬁﬂvm@@p@fnd@m ingieyy bond or a

lipophilic D ¢ 3ley@if PobtiR€ inthietPl ®hdrd the allinoAbrminus of the A* residue is
covalently linked with the earboxyl terminus of the C' residue. In a preferred
embodiment, B! is_phenylalaninc or tyrosine, B? is D-tryptophan, B® is lysine
and B! is threonine or valine.
The invention also provides a cyclic peptide reagent comprising a
somatostatin-receptor binding peptide having the formula:
Formula TV

R‘((tIR’)-{C(R’R‘)},-CO—A‘A’A’B'B’B’B‘C‘C’C’-NH-CR"-X’
Z ——(CR'R®———————(CR'R");

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-
carboxylic acid (Ain) or a substituted derivative thereof; B? is D- or L-Trp or
a substituted derivative thereof; B? is D- or L-Lys or homolysine (Hly), 4-

amino-cyclohexylalanine (Achxa), 4-aminomethylphenylalanine (Amf), S-(2-



L-Phe or D- or L-Tyr or D or L-2-naphthylalanine (Nal) or 2-am noindan-2-

carboxylic acid (Ain) or a substituted derivative thereof; B[err] is D or
L-Trp or a substituted derivative thereof; Blerr] is D or L-Lys or

honol ysine (Hy), 4- am no-cycl ohexyl al ani ne (Achxa),

4- am nonet hyl phenyl al ani ne (Anf), S-(2-

10 am noethyl)cysteine (Aec), S-(3-am nopropyl)cysteine (Apc),

O (2-am noethyl) serine (Aes), O (3-am nopropyl)serine (Aps) or a

substituted derivative thereof; B[err]i0is Thr, Ser, Val, Phe, lle, Leu,

2-am no-i sobut yri anmi nobut yri (; aci d u),. norvaline (Nva)

or norl euci ne %‘I\‘R t}"?ﬁ%ft@?‘? ]('?%';l; é%%m*a%’v Rptee @IPC)L%‘%%“@B‘P%HH s of Thr,

csier Val , Phﬁ,seﬁrie?(AeAFO (’3Nnﬁxopﬂo§yl)seﬁhba(,ﬁspﬁﬂadr a%t\)l\%ﬁtukbdeenaaﬁﬁUR[ Bitbf;ut ed
erivative t =T0) rr err [e ere._eac err] is

i ndependent | y *hylir Shen § to‘é@é'r ’R£’ LJ%%‘%‘P?‘H‘PWW‘O\%?’ @Ry12- aryl or

substituted aramhnobﬂtyﬁubeﬁI(Ablt)edommtnla (VR @F @piduking (RRY; e(f:’ystic bdnﬁss t han

about 1500 dal t ans, r] [.e COCR[err] or
CO\I(R[err])[é’lr?‘] ¢ Dy eﬁé{eeegé?f“ﬁf %ﬂ“’l% |¥ftﬁ’c§% h%r{g_{ @ Y| i near  or
cyclic al kyl oV¥al ar bt latsubsedxtadefmvatvemredﬁ;exétxfN(R‘°)§bmxsltcl ebtli ad’ with a
hydr ophi | i c nmpj et t ut is 0,1,2
or 3 and p is 'b? d%pendergl,?sk&freo:}?rf %w% I?{‘[ké ?sgbre %38‘5 %Em] I—?r | ower al kyl
or substitut edutsowed aaylloy bybstituted mith arhyBfophiti§ moietyRjfdesk lhmlabom @s0H or
-CO.N(R[err])E? B o er and- &, Lr] . toget are an
oxygen at om fu#n]s %sts hy ., éﬂ{’q}gvﬁgﬁé B(rjc@{ﬁ@s)f’i %ﬁﬁgaaﬁ?’ Y r al kyl,
aryl or subst nt unrtckdendﬂylly H,Zlqv&r dinkaynat, cy&lxe;laJIQyUDr at sabstinadd derisgive at om

NR[err], NRfer, fur bsnﬂ%]%iéh] Ez[qgrdrr ?%rh?}a&qtew thanR%bou ;@ err] or the

noi ety (S O: ogen
substituted | Giamnsalakwlwhear ml isof, IQubs i sndt pds &) y1 or @ndR'winelr B Z.rel s NRlerr],

d ) mbod
the derr] monaepetEfy loh 08, S@%ﬂ%““g&f“am AR R g 10 or

fewer ami no acC@OH er -GOHﬂRBBan'c-Im‘HeoroR aildi Bbmevhtramom o:qurl sing 10 or

fewer sacchari goqn u&tnt $q h%ro@cnp%:égéri\%ﬁ%g)? ﬁ%nlﬂ}féd) %u ypblai;ﬁ yé/ oXy anl on

and the X[err] noi € anine o ani on,
an amno acid subsnaltqsiwm dgs hdend)g saﬁurammoa:awdyglemmehdk‘é BRUNB"*nor e than 10

residues (inclyigh &% REPL ggeg%%r %5, e 9‘eﬁa(Fb%yind%% “(,'}‘ the car boxyl -

term nal am no aci I'S reduced to an a a m)nosacc arlde or
ol i gosacchari defdwecrprlo\s¢rra@;ky1©r @trbslﬁtemérlovscmdﬂtyararyj@runbsnmdlam’laamct her

gte]; 5;{ gghgnnb ere is. gh?{/rp\]’ and I?hﬁ'gyllo‘?lt@é&h@zearQroxE'Q/eEOSih{]g’ptg{eﬁ&f] IS

embodment the X' moiety is an amino acid or a peptide sequerce comprising
10 or fewer amino acids, or a monosaccharaide or oligosaccharide comprising
10 or fewer saccharide units, or a poly(N-carboxyalkyl)amine or a poly-oxy
anion and the X? moiety is poly(N-carboxyatkyl)amine or a polyoxy-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 cyclic
peptide is covalently linked to a radiolabel-binding moiety, wherein the

radiolabel-binding moiety is not covalently linked 10 the moieties B!, B?, B,



and B4 is threonine or valine. In such preferred enbodi nents, the cyclic
peptide is covalently |inked to a radi ol abel -bi ndi ng noi ety, wherein the
radi ol abel -binding noiety is not covalently linked to the noieties B[err],
Blerr], Blerr], Bl[err] or Alerr] of the peptide. The
invention al so provides scintigraphic imging agents conprising the cyclic
pepti de reagents of the invention wherein the cyclic peptide is covalently
| i nked to a radiol abel -bi nding noiety, wherein the radi ol abel - bi ndi ng
noiety is not covalently linked to the noieties B[err],B[err],B[err],
Blerr], or Alerr] of the peptide. The invention al so provides a
cyclic peptide that is a somatostatin ﬁnalogue as a conposition of matter

conprising a sgan@,tpsggag,brmgt@gept or binding peptide having the forml a:
Formula V

cycl o- Al err] - B[ er r [TBE &veptigpalse |pepéter )intBEPhIF Smaging asemf eemyrisiog t: or L- Phe

or D or L-Tyrcyy 8¢ rebgeBlof e N AU wikrQH BRI Lt RBNASE civafehiye T hereof
Blerr] is D o?ﬂm%s or. g suO stellt utte]d ‘ﬁerrl vat |c\5/(e tlﬁgrleof wB[erf is D or

L-Lys or Hy, Jsdde 3%°labﬁb@“d‘%@°‘eﬂe§ erﬁqﬁs‘h"oﬁd‘ﬁhgﬂt?é"cdiftgu’t‘@ﬁyd%rl vative
t hereof ; B[ err joticpvaldntly 1&9&1 m\éaé mofeii&, B!l B3, B’AMI,, orNh€of {aelpepiléa or Al b;

Cferr] is an L-amng acid; Al er.r i hilig Damno acid or a
l'i pophilic L- ([err]ﬂ’ﬁl-‘éYWP‘) 8"‘%\%' )5&“: E‘BX’@[ Hehds @rsomaigsgil ne or a
substituted degiaghd ¥ea &dwoa@cﬁn of hdtt8r ¢BAipeikivg b SorRatEyGihirscepBPbindlRg NDI et y,

where the amno termnus of the Alerr] residue is covalently I|nked W th

t he carboxyl t BYPHAS havings the ffrmeta: 1 esi due. 1n a preferred enbodi nent, B[err]

i s phenyl al anine or tyrosine, Blerr |;:Qh-§u@_ylt ryptophan, Bferr] is | ysi ne and
Blerr] is threonine or valine; and the lc;%1 4G peptide is covalently Iinked
to a radiol abel - bi ndi ng noi ety, Rl ATRBERCadi ol abel - bi ndi ng noiety is

not coval ent |y whirgkedist D- tdieL¥hé &F i BS oB[LETyr] or Bl &irr 1-NaBlogrAih, oBherr] or
hmgi g agent s SOBHFT SFRGhEerEcR: § Bopt LaEP SabSHELGH SR Fyant | on
wherein the rageRbfbE sDnN6i DIyEr ally, AétkaShal) Ked 0| eeedAMd bhaa
radi oi sotope. In one such enmbodi t, i.s provided, a_scintigra hIC i magi ng
agent wherein YPENKKHLERELNE ’eageatp o‘@t}i‘ Sc M%c Fhepls: by, Nie, Leu,

Nva or Aib; C* is an L-amino acid; and A‘ is a lipophilic D-amino acid or a

lipophilic L-(o-N-alkyl) amino acid or L-cysteine or L-prolinc or a substituted

derivative thereof; . This moiety is a cyclic peptide moiety, where the amino

terminus of the A* residue is covalently linked with the carboxyl terminus of

the C* residue. In a preferred embodiment, B' is phenylalanine or tyrosine,

B? is D-tryptophan, B? is lysine and B! is threonine or valine; and the cyclic

peptide is covalently linked to a radiolabel-binding moiety, whercin the

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

B* or A* of the peptide.

The invention also provides scintigraphic imaging agents comprising the

cyclic peptide reagents of the invention wherein the radiolabel-binding moiety

is stably complexed with a radioisotope. In one such embodiment is provided

a scintigraphic imaging agent wherein the somatostatin analogue, cyclic peptide

reagents of the invention are radiolabeled with technetium-99m. In other

embodiments of the scintigraphic imaging agents of the invention the

radioisotope is indium-111 or gallium-68. In still other embodiments, the

scintigraphic imaging agents of the invention are cyclic peptides that are



reagents of the invention are radiol abeled with technetium99m In ot her
enbodi nents of the scintigraphic imagi ng agents of the invention the

radi oi sotope is indium111l or gallium68. In still other enbodi nents, the
scintigraphic imging agents of the invention are cyclic peptides that are
12 radiol abeled with iodine-123 or i odine-125. The invention al so

provi des radi ot herapeutic agents that are the cyclic peptide reagents of
the invention radiol abeled with a cytotoxic radioi sotope that is selected
fromthe group consisting of scandium 47, copper-67, gallium72,
yttrium90, tin-117m samarium 153, adol i ni um 159, dysprosium 165,

hol m um 166, ytterbium 175, lutetium 177, rhenium 186, rhenium 188, and
bi smut h-212. | paRiekied wq lgdmoggrgg dne-f23€ radi oi sotope is tin-117m
rhenium 186 or rhenium 188. In adglét?eonal preferred enbodi nents, the

cyclic peptides of Th@éﬂ%%)@hﬂﬁ%ﬁ%‘ﬂ@ redigihetapavtic @eenis thit $fedhme¥CMQ5
i odi ne-131 or Asphial 'réﬂﬁn?slc;f the invention raBR1abaMER Ry LBMRXLQ‘?CBO&W e S

therapeutic agents comprising the cyclic pepti &’ reagent s o t e invention,
optional |y whebettciehdrome fig it @6%‘?%“& of seApfiam-4 copPar-6b re2liva Bact i ve

metal , preferabhsunbeni umnncormmﬂmnnm ernginiBNi®, \Wek&lum-845ch a conpl ex
is al so radi ol abel ed, éil t her Ji;ectl ?‘/\ of_via a radiol abel - bi ndi ng noi ety,

are al so provi B@H"‘W eYerRiumid TonluisHemaAr e fhiema 86y §he§t96‘p1588 and The

invention al sommwzdesnpb@foﬁa@auﬁddﬁﬁmscmm&ot@e% PN, $HeRfmt he
somatostatin re ptor-bln ng pecF des of the invention in a
phar maceut i cal I gaﬁf’é‘ﬁt"&b‘ o peduigqnal preferred emyodimenn theSirelici PEPESFAI ogues of

the invention gf ectinRhaRPartiriadihnéled SAhUbding 119) Godid BY i das@imeof11di seases or
other ailments in humans qr Pt her animals. The inventi on provides a nethod

for alleviating sonbt“d8Y&t'¢hi L&”@F'a?‘@‘dd‘ﬁl‘geé%b‘éc 3850t8 GPTRRILSNE 8¢ &YUFabl y

humans, conpri s;emca;dfgemsdfeuhbrl@»eau&nhecrpa&aupn@l&kduy uea‘ r@gtdty @ormaunt of the
sonmat ost ati n anal og&l;es of the i.nvention .to ILn preferred

onbodi ment s, ¢ REVERDIRE 6 "PTRUGHTR G PrETCRH BT CAFBRRIBd | fr om
about 0.1 to akpuédimehuiTOiteerib Oy AInpldx/idlako radiolabeled ABiBfeh@irectiynrct of the

PNt L e O R olAser Binding Feorety, are alsh prbaded' Sy the invention and are
within its scope.

The invention also provides pharmaceutical compositions comprising the
somatostatin teceptor-binding peptides of the invention in a pharmaceutically
acceptable carrier.

The somatostatin analogues of the invention are therapeutically useful
in the alleviation of diseases or other ailments in humans or other animals.
The invention provides a method for alleviating somatostatin-related diseases in
animals, preferably humans, comprising administering a therapeutically effective
amount of the somatostatin analogues of the invention to the animal. In
preferred embodiments, the amount of the somatostatin analogue administered
is from about 0.1 to about 50 mg/kg body weight/day.

Another aspect of the present invention provides reagents for preparing
radiotherapeuic and radiodiagnostic radiopharmaceuticals, including preferably
scintigraphic imaging agents. Each such reagent is comprised of a peptide that
is somatostatin analogue covalently linked to a radiolabel-binding moiety.

It is an advantage of the somatostatin analogues provided by the

invention that the non-disulfide cyclic linkage is stable in the presence of



radi ot herapeui ¢ and radi odi agnosti c radi ophar maceuti cal s, including
preferably scintigraphic i mging agents. Each such reagent is conprised of
a peptide that is somatostatin anal ogue covalently linked to a

radi ol abel - bi ndi ng noi ety. It is an advantage of the somatostatin
anal ogues provided by the invention that the non-disulfide cyclic |inkage
is stable in the presence of

13 reducing agents used to forma conpl ex between a radi oi sotope and a
radi ol abel binding noiety of the invention conprising a thiol group. The
somat ost ati n anal ogues of the inventith are advant ageous over somatostatin
and previously-used di sul fide-containing sonatostatin anal ogues. These’
prior art readfdHEes 8L UHFIatogiUn R ERIVIIGH QEWRAN @h riiaisetopF RRdband i s
unstable in t hﬂidl’zlb@ﬁBiﬂ@iﬁiQrfoidt}edﬂ%d?&vétﬂi%ﬂt&n#ﬁﬁﬁgl|a infbl tga&upPr ggleict i on of
radi ol abel conpl exes w varl ous radi ol ahel binding noieties. The

bi ol ogi cal actPTHPSAUBAMRUEET PeDTHHET $Fo BRI WA gER e Hagatinsf eby r educed,
and the effi caeyioaily-aet risulfidepdtitdningraghangstigentvgeter | YRde pher ghr om

conprom sed, by reducti.on qf ese .peptide structure-detern ning disulfide
bonds. Such dééﬁ%ﬁﬁ PP o s%ég]et ﬁ?—f-’dst v g‘?‘gh‘éﬁ g?'ﬁelsp%‘f"g{ﬁe‘“r Bsgents of
this inventi opredaes o eidudag agend Usefuloint the praiaétionfofstidiblabel chiaplegesdi sul fi de

bonds in the sqmatostatin, recept.or bi.nding.co unds conppri_sing the instant
i nvention. ThJgh ‘t"’r‘i‘@“ﬁé’@m&bgt ﬁ‘%f‘g SRR E@" gg&ggﬁ BEIVItE 1| 8 ng noi et es

and the use ofprdviRdiigikngvragedgeds t @ad ahdrelyadiediced)t Qpe eRMRIRY¥ES dfherewith
does not result in |loss af biolo i.c%l hac};i Vi _t%/n of .t%?He sonmat os:t’f%ti n receptor
bi ndi ng conpodHERETRS {i2&ng AR GeGYed theretrom ofnpomised by, 1eduehpd Mt age of t he
sonmat ostati n aead pgridsstpronetddechibing tdisuKide buelat iSach dd3abilikaion®t tten of t he
coval ent conjugate between .t he pepti and .t hiol - cont ai ni ng r.adi ol abel

bi ndi ng noi et isg"écnﬁf Q?ﬁ!ée Peﬁeéenfcf‘%ﬂgaocggggHBYCHP%"S 7% 1o, oeuz E’é{ﬁg‘? 15" of
structural | y- ilzRosft sueh wibishid fdisdifid® doslss. inUrhei somapeptin decepior dirditg conpri si ng
a disulfide bond, the non-disul.fide. cyclic._lLinkage cantained.in the peptide
Feagents of ¢ RAMPRDER TRt B TAAE iEih e bR SO B ng

radi ol abel bi natdislgbetrodhetttings moiatiay amnd ethy, uteheft kdadinge cigtras nbngrmadi ol abel

bi ndi ng noi et

R T L R
contrast, for ofxismpimatostatin receptor binding compounds of this invention.

It is another advantage of the somatostatin analogues provided by this
invention that formation of the covalent conjugate between the peptides and
thiol-containing radiolabel binding moieties of the invention does not result in
"scrambing” of structurally-important disulfide bonds. Unlike peptide moieties
comprising a disulfide bond, the non-disulfide cyclic linkage contained in the
peptide reagents of the invention does not interfere with thiol-containing
radiolabel binding moieties. Conversely, the thiol-containing radiolabel binding
moieties cannot disrupt the three-dimensional structure of the peptide by
"scrambling” structurally-important disulfide bonds. In contrast, for example,
a thiol-containing Tc¢-99m binding moiety covalently linked to native
somatostatin, or to a somatostatin analogue having a disulfide bond, can result
in disulfide bond formation betwesn a sidechain sulfur of a peptide amino aicd
and the thiol group of the radiolabel binding moiety. Such "scrambling” of
disulfide bonds can be accompanied by a loss of biological activity., The

present invention is not subject to similar losses in biological activity in vive

~a



a thiol-containing Tc-99m binding noiety covalently Ilinked to
native somatostatin, or to a somatostati n anal ogue having a disul fide bond,
can result in disulfide bond formati on between a sidechain sulfur of a
pepti de am no aicd and the thiol group of the radiol abel binding noiety.
Such "scranbling"” of disulfide bonds can be acconpani ed by a | oss of

bi ol ogi cal activity. The present invention is not subject to simlar

| osses in biological activity in vivo

14 because the non-disulfide cyclic |inkages in each of the somatostatin
anal ogues of the invention conprise sﬂéble coval ent bonds, Such | oss
of bi ol ogi cal LVt Y G ool j i IR, tostatin, or
to any somat og%g‘%s%\r@ea%ogﬁgsghrgkEgi}ﬁgﬁgiyéfe%jlﬂsuc?i%(fjgh% b%%él{a%nugfa&g e peptides of
t he present i afthatinvsntiaareompase gableeuvalertabpsds as somat ost ati n anal ogues

over native somat tyd it Al B e L A disulfide
bond because theyoszi’%tgl 1él’sgtdr?i ﬁs?%%%;&ﬁgr gms?g%ﬁg&ﬁg%a ‘?‘éq};lms‘?éaﬁgmt%o chem cal
oxi dat i on. somatosfafin,j ¢ 98y KePatesthliafrdeguediaving e Gadfidediondt iThuanal ogues

provi ded by t RcSpe, ke 3k i@NprbddAt inkdhBof ¥l hér 56 QMAnBBEsi BKBRR RGNS T O Protect
t he peptide from degradati on by exopeptidases. Further, the cyclic

structure conRefagues Aveq Matve FOBRRHAGR Nt FAMAASAKR FNpgups t9mPrEnHEpt | de t hat

can act o enanese WoAsietue! P IRHIRILOmbics sBiEl S fRbakaiget (i .,

the somatostatin receptor). irst "aspect of the reagents provided

by the invent icbﬁﬁni%lo"iﬁ%‘@ﬁari ng radi ol abel ed agents are reagents that are

each conprised of R iCY¥fiHef adANBEOST @Eiﬁmﬁtgﬁﬁﬂtmarogﬁégcgr@\g?&eﬁ)}l?L'e as
descri bed above that is covalently linked to a radi ol abel -bi'ndi ng noi ety
havi ng the forifgptpn that the cyclic covalent linkage acts to protect the peptide from

C(pgp) [err] - (adradatinw By edpepidabeer erdrien e Eydic istudine QERA £degied hi O

protecting group and ((g&i .S, an a- or, rLerr]- am no acid not conprising a.
thiol group. I°hcenformarienal dgidiniodhs reatds thaheanpst oenheics bindingifdthshe.  1n

anot her pr ef eregge RO YoMkl tatdhe( ag§Nke Edmatostfih RédeftbdPhi € i magi ng agent,
In yet another preferred enbodi nent, the.a%ent i s a radiotherapeutic agent.
In a second embodi frefifet 25pask Of HhFeisagchls RIPBIEddRYsthe ipyenbon fostATeRaifd agent s

radiolabeled agents are reagents that are each comprised of a cyclic
somatostatin receptor-binding peptide as described above that is covalently
linked to a radiolabel-binding moiety having the formula:

C(pgp)*-(aa)-C(pgp)°®
where (pgp)® is hydrogen or a thiol protecting group and (aa) is an «- or 8-
amino acid not comprising a thiol group. In a preferred embodiment, the
amino acid is glycine. In another preferred embodiment, the agent is a
scintigraphic imaging agent, In yet another preferred embodiment, the agent
is a radiotherapeutic agent,
| In a second embodiment, the invention provides cyclic peptide reagents
capable of being radiolabeled to form radiodiagnostic and radiotherapeutic
agents, each comprising a somatostatin analogue covalently linked to 2
radiolabel-binding moiety of {ormula;

A-CZ(B)-[C(R'RY)},-X
wherein A is H, HOOC, H,NOC, (peptide)-NHOC, (peptide)-O0C, R%NCO,
or R% B is H, SU or -NHR", -N(R*)-(peptide) or R*; Z is H or R% X is SH
or -NHR¢, -N(R")-(peptide) or R?; R*, R® R® and R? arc independently H or



capabl e of being radiol abeled to formradi odi agnostic and radi ot herapcutic
agents, each conprising a somatostatin anal ogue covalently linked to a
radi ol abel - bi ndi ng noi ety of fornul a:

A-CZ(B)-[C(Rerr]Rerr])}[err]-X wherein Ais H HOOC H err]NCC,
(peptide)-NHOC, (peptide)-OOC, R err]NCO, or Rerr]; Bis H SH or -NHR
-N(R[err])-(peptide) or Rerr]; Zis Hor Rerr]; Xis SH or -NHRerr],

-N(R[err])-(peptide) or Rerr]; Rerr], Rerr], Rerr] and Rerr] are
i ndependently H or 15
strai ght or branched chain or cyclic l1éwer alkyl; nis 0, 1 or 2; Rerr] is

err]-Cerr aL I, an anino, acid or. a tj de conpri 2 to about 10
g[ni no] a(C::i[ ds; ! 3t )br%ﬁ}gge%gnlcg cYRigRIo, FEPR #' n W(QQ[WIEP‘? ?) R?b"e%t‘@de) X is SH
and nis 1 or aﬂql (aﬁ)ameiomaH@epuw% rislng0y taiﬂbﬁ{m&mo(a@iaptdnale) Bis SH

and nis 1 or r rl. ] NOC,
(pepti de) - NHO&D ‘6'?'“% Bébfmg%)"r(&?@) éﬁﬁHﬁ“$§ i§ g 7'1[(2)("‘4‘)”Wmer e Ais H
or Rlerr], thepisvngre d3 -NeR Stieptide),SB ﬂ\lsﬁ[aaﬂrri isor or 2]\N(IR[variete] B-if pepti de) and

Rlerr] Ais i Xif ROBERERNOR mebhoph e SepiidBig deje W dnd 51 o st
(6) wher e Ziw imldsryl (4Xviheren tih Al or B, itsenHERate BHs SH, | RAQC; NHIRe@t 4+ de) - NHOC,
i 5" hot 0 arkIRREPETe) 0 S RO ik By o VA el i n &
preferred enbadisnEndr,R' Aeis H@OC, HNAC s (peptideyNAQU, or i(papgie)OGQaend . | n yet
apother b of ST B LTRGIERLs bl BPShe ) R.p MO EARERABEST
formul a that imaoc or (peptide)-Q0C and B is SH andR{ Br(; ]and)C})(v_am'rdm iastM er r]-(amno
?(rildg)pgaﬁ(rj(ra]nt IZy %r?&aﬁﬂ[ é?‘ff’ggrgf‘ %%pﬁqné a%glbsnﬁ ﬁ%l"% "aefiagé%s r|’1ot conpri se
a thiol group,a Zrefeﬂ’edi cmbodiinentpd'ret@emtl s sabatigraphichiataging agem.t elnmeet
gonm;(rzzz:)telogreopy?lg?# %[% r(r:nitltsh'gl"1 %l\ﬁésrg&f@ﬁ ca 'Ef?g%‘mﬁlj a;r: E§I Oran am no
acid or a peptide Etafqmred smhgduzcttmoﬂiﬁxsaadmiabe&bmdisg mdlegnhaZe B shemical

formula that is:

I
R'-CO-(amino acid)'-(amino acid)*-Z

wherein (amino acid)! and (amino acid)? are each independently any primary

o- or fB-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*) alkyl,

an amino acid or a peptide comprising 2 to 10 amino acids. When Z is

cysteine, homocysleine, isocysteine or penicillamine, the carbony! group of said

moiety is covalently linked to a hydroxy) 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

IL,
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 independenily any primary o- or B-amino



cystei ne, honocysteine, isocysteine or penicillamne, the carbonyl group of
said noiety is covalently linked to a hydroxyl group, a NRerr]R err]
group, wherein each of R err] and R err] are independently H or |ower
((err]-Clerr]) alkyl, an amino acid or a peptide conprising 2 to 10 am no
acids; or :
Y-(amno acid)[err]-(amno acid)[err]-NHR[ err] wherein Y is a
thiol-containing noiety that is cysteine, honocysteine, isocysteine,
penicillam ne, 2-nercaptoacetate or 3-nercaptopropionate, (amno acid)' and
(amno acid)[err] are each independently any primary [err]- or [err]-am no
16 acid that does not conprise a thiol group, and R err] is Hor |ower
(Cerr]-d err] ycidl thatldoesamnt @omprise acthid! group, amd [R*iidl &l erdoped @409 Ao 10 ani no
acids. Wen Y i | e stein | SORyStei ne, or niglillamne, the
am no group of agaﬁﬁérg‘%ngt%}' | cggaoeﬁf'?“ffg Pi RicEyapige_agids, Fﬁ'ﬁ}o‘saci d or a
pepti de conpri Sysnegng HomodBieingi -isocyawingdr penicillamine, the amino group of said
e i on b he Moisl i syaiendy B U 64! & o RRPRA) PRTERL bRbRASPEST OF the
10 amino acids; or

R R
R 0
0 R R
NH HN R
R
C; N . R)p
R NH', HS R
R R
R
R 0
o N R
NH  HN R
R)
C‘ n Rp
R SH R'IN R
R R

In particular embodiments of this aspect of the invention, the radiolabel-

or

binding moiety has a formula that is:

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

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

[ic. -(a primary a.w- or B.w-diamino acid)-(amino acid)'-A-CZ(B)-
{C(R'RY},-X}, or

fld.  -A-CZ(B)-{C(R'RY)},-X}-(amino acid)-(a primary a,e- or fu-
diamino acid) wherein (amino acid)' and (amino acid)® are each independently
any naturally-ocurring, modified, substituted or altered - or §-amino acid not
containing a thiol group: A is H, HOOC, H,NOC, (amino acid or peptide)-
NHOC, (amino acid or peptide)-OOC or R* B is H, SH or -NHR?, -N(RY)-
(amino acid or peptide) or R*; Z is H or R X is SH or -NHR?, -N(R?-
(amino acid or peptide) or R* R!, R? R’ and R’ are independently H or
straight or branched chain or ¢yclic lower alkyl; n is an integer that is either

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



bi nding noiety has a formula that is: Ila. -(amno acid)' (am no

acid)[err]-A-CZ(B)-{C(Rerr]R err]}[err]-X}, I'lb. -A-CZ(B)-
{C(Rerr]Rerr])}[err]-X)-(am no acid)[err]-(am no acid)[err]. lI'lc.
-(a primary [err]- or [err]-diamno acid)-(amno acid)[err]-A-CZ(B)-
{C(Rerr]Rerr])}[err]-X}, or [1d.

-A-CZ(B)-{C(Rerr]Rerr])}[err]-X}-(amno acid)[err]-(a primary [err] or
[err] diam no acid) wherein (amno acid)[err] and (amno acid)[err] are
each independently any naturally-ocur¥ing, nodified, substituted or altered
[err] or [err]-am ng acid not containing a thiol group, Ais H HOCC,

H err] NOC, (&hisrdVHERS | YR préamingiagid oRpentidel, atisntH 284 & v $ebt®He) - 0OC or

Rlerr]: Bis vl’ﬂpercskl @LNHNHBE emm(amhlfoFﬂc@iréﬂ peptide}TBNO SACAM Ofs PePLi de) or
Rerr]; Zis i's, SH or - rr -N(R[err])- (amno acid or
pepti de) or Iﬁ[e@r }”he’R[%l‘er orRard Jis HRQGr 1”(9$]d @prioracidapiePsptigdpendent |y H

or straight QﬁH@Cagﬁhﬂdac@&w ﬁepqae)comlxxkgw%da\l €Y or It pwhéteint eger that

is either 0, .1 _or epti de etld f 2 to.apout 10 am no aci ds;
and: (1) vvher‘é or R*, npwhere)B is S%—I P p NHIé3 or -N(R%)-(amino acid or 17 B i s

(QI?R[ vﬁ”] g(r dRBeﬁd]u}xez(eammsnaw i§ -SIHRA P -NER)-(amind &idSbt tgéyaldé) IE I orS H'2; .
ere X i rr] o 0. aci e is an
nis 1 or (?hY Réf }L° é ﬁ%%(%ér%l]t&?&@@mﬂ&%orm }d?)]'lﬂgék (ami no acid
?21) p\iﬁti de% RniRe, ad Aot rpeptme)-doarmeatisdﬁ_) @YGvhere |25szhleR§1d xnss 0 or 1;
ere Ais H.or ere B i err
-N(R[err]) - (dﬁ?{gﬁ éc?a%é’p%%ﬁecge(fmﬁ’ﬁ&c pgpt% é*@i (

acigl; err] or
-N(R[ err]) - ( ap¥btide)- DO ady BePHi £he)n is((R)andi(®y ehe¥e ZsisISHOandRKas 8H, A i s HOCC,

BN (a1, 5904 RS WSl T el P 1) O and B 15
or peptide)- NHCC, A(dambm Iﬁefbxdecbbmpmmm:tﬂe)ncmtram@iatﬁl btndimgl :adsiéhesl is 0; and
(1) here 2 | bk iyl CPofiniupEiaLn HedByel orou 1s
radi ol abel bi Ogtl— n@ m) 6ly-en- niy-Dan)-GliyeC yis Q randl H@: DapiaGyy-Clrsy - Qinsthese
U err - oab) oo il fndefsspl ey madbaged spenreSdeds SBbroul do, 1 ¢
w || be under gt @aehidchgrout, etithdr- thys the epyies erdnsina gloys, 8 @ovaailgltiekedn whi ch t he
111800, S04 8ok AL U P B) 8 bl aBTy IRy £ covalent Y
bond; [err]- Om represents an omithine residue in which the §-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; ~-Dab represents a 2,4-

diaminobutyric acid residue in which the y-amino group is covalently linked to

the carboxyl group of the adjacent amino acid to form a peptide bond; and 8-

Dap represents a 1,3-diaminopropionic acid residue in which the f-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 peptidc reagents capable of being radiolabeled with a

radioisotope to form radiodiagnostic and radiotherapeutic ageats, each

comprising 2 somatostatin anzlogue that is covalently linked to a radiolabel-

binding moicly of formula:



On represents an ornithine residue in which the [err]-am no group, rather
than the typical [err]-amno group, is covalently |inked to the carboxyl
group of the adjacent amino acid to forma peptide bond; -[err]-Dab
represents a 2,4- diam nobutyric acid residue in which the [err]-am no
group is covalently linked to the carboxyl group of the adjacent am no acid
to forma peptide bond; and [err]- Dap represents a 1, 3-di am nopropi onic
acid residue in which the [err]-amno group is covalently linked to the

car boxyl group of the adjacent amno acid to forma peptide bond.)

I n anot her enbodi nent,, the invention p?sow des cyclic somatostatin
receptor-binding p i de beag ents. ¢ pabl e of ég}el ng .r.adi ol abeled with a

radi oi sot ope to fary gnos‘f cﬁdmr adi ﬂ‘éutl c agents, each
conprising a somat i n anal ogue thatSXs covalently linked to a

2221' gl)agg: d) b'_ﬂ'g!] urpa n'e&ft%&gvcrrugﬁ mﬂ&tgl’abcl-bmdmg moieties having thlL ?tmclure )

SX {for purposwidl tsf refdnied tp mewphmacui &le)chasgdeshoibtienldi ng noi eties having this
structure willgbe referred to as picolinic acid (Pic)- based noi eti es} or

peptide - HN - cysteine - amno acid) - NH- CHerr] I| [err] wherein X
ai

is Hor a protecti mgptifec -(WAEINS - é%ﬂ"d? a¢id) alj! afHno and the
radi ol abel - bi ndi ng noi ety is c lently |linked to the|fNeptjide, For purposes

of this invention, radiolabel-binding noieties having ™S structure wl|
be referred tovhaseini% i| K loaaipmiceling eWpPI@RIEE a4 it dngaminonacid andaher r ed

enbodi ment ,  t hgqRhabigtmbisty ¢ YRRl itkedtd fie <P RES F%Wg%g !av'

protecting group. In another “preferred embodi
sci nti graphi c tirdpyengom gedielabel-pindiag maictieshaving this srucwes mﬂbhmhefegm the agent

is a radiothergpgu k:G AARR (Pica)-based m%%e@n%@ msadérm?%agn ﬁi d:we I nvention

provi des cyclic pept e reagents _capabl e of bel';z radi wWth a
r adi oi sot ope f#pinp rﬁstjh Bgelysitee dndyiX iS AN Acsiamifemetth Asoepiingereupr  In

radi ot her peut i gnofidf PR%RRA BRBMmEN TRl :3kMJs @ 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:

{CRy).
N
H F{~A-CO-X

(C’sz)m (CRy),

S-(pgp)* S-(pgp)®
wherein each R can be independently H, CH; or C,H;; each (pgp)® can be
independently a thiol protecting group or H; m, n and p are independently 2
or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or
substituted derivatives thereof; and X is peptide; or



somat ostatin anal ogue that is covalently |linked to a radiol abel -bi ndi ng

noi ety that is a bisam no-bi sthiol radiol abel -binding noiety. The bi sam no
bi st hi ol radiol abel -bi nding moiety in this enbodi ment of the invention has
t he fornul a: [err] wherein each R
can be independently H CHerr] or (Jerr]l]Herr]; each (pgp)[err] can be

I ndependently a thiol protecting group or HH m n and p are independently 2
or 3; Ais linear or cyclic lower alkyl, aryl, heterocyclyl, conbinations
or substituted derivatives thereof; angy X is peptide; or

19 [err] wherein each R is

i ndependently H, CH err] or Clerr]H R}y m n and p are independently 2 or
3; Ais linear or cyclic | ower al 5& aW,,Atgﬁ @k?ﬁycl yl, conbi nations or
substituted derivatives thereof; Is Ho E is Hor peptide;
provi ded that when Vis H R is(q&ntlde@&abv\hen R is H V is peptide.
For purposes of this invention, rladi ol abelé}pi ndi ng noi eti es having these
structures will be referred to as "BAT" noieties. 1In a preferred

enbodi ment, t heheaageneach sRaiss sidependgnBphiic GHsmgr nGHagemt n ahd pyere anot her .
preferred enbo aglept;. | r [ Thi s

i nvention provi g :'{Heml){]aeor ¥ R s r@ﬁrérﬁgk% %eg%ﬂ&gaﬁyﬁ%g&?ytﬂb i nvention
by cheni cal sysprtbéinatiansi ¢f F«FP’C“I‘%@" qdenivativey é“fe@PFe\ﬂ léﬁbgﬂpﬁﬂeﬂwﬂd%%lw c peptides
are synthesi zeg J?X: Qie HroRiAEd RaP@Rdnl W es ﬁ}"&t h@ﬁégﬁdc and whcn Rhi gt iypvention

provi des reagents for reparing a radiolabled somatostatin
is peptide. For purposes of this invention, radiolabel-binding moieties having

these structures will be referred to as "BAT" moieties. In a preferred

embodiment, the agent i3 a scintigraphic imaging agent. In yet another
preferted embodiment, the agent is a radiotherapeutic agent.

This invention provides methods for preparing peptide reagents of the
invention by chemical synthesis in virro. 1n a preferred embodiment, cyclic
peptides are synthesized by solid phase peptide synthesis.

This invention provides reagents for preparing a radiolabled somatostatin
receptor-binding agent comprising the somatostatin receptor-binding cyclic
peptides of the invention covalently linked to a radiolabel-binding moiety. In
a preferred embodiment, the reagent is radicactively labeled with Te-99m. In
another preferred embodiment, the reagent is radioactively labeled with '"™Sn,
1%Re or '**Re.

The invention also comprises agents that are complexes of the cyclic
somatostatin receptor-binding peptide reagents of the invention with 2
radioisotope, as well as methods for radiolabeling the peptide reagents of the
invention.” For example, scintigraphic imaging agents provided by the invention
comprise Tc-99m labeled complexes formed by reacting the peptide reagents
of the invention with Tc-99m in the presence of a reducing agent. Preferred
reducing agents include but are not limited to dithionite ion, stannous ion and
ferrous jon. Such T¢-99m complexes of the invention are also formed by
fabeling the peptide reagents of the invention with Tc-99m by ligand exchange
of a prereduced Tc-99m complex as provided herein.



recépt or - bi ndi ng agent conprising the somatostatin receptor-binding cyclic
peptides of the invention covalently |linked to a radi ol abel -bi ndi ng noi ety.
In a preferred enbodi nent, the reagent is radioactively |abeled with
Tc-99m In another preferred enbodi nent, the reagent is radioactively

| abeled with [err]Sn, [err]Re or [err]Re. The invention al so

conpri ses agents that are conpl exes of the cyclic somatostatin

recept or-bi ndi ng peptide reagents of the invention with a radi oi sotope, as
wel | as methods for radiol abeling the peptide reagents of the invention.
For exanpl e, scintigraphic imaging ag%’gt s provided by the invention :
conprise Tc-99m | §PeiCchicR RS Fro8Res Bl T500 sk j :L.de reagents
of the invention \?\npt k? .Tcl- 99m ?n tﬁeﬂpr;esé%E%@?#g u'gﬁlagﬁg%lént. Preferred
reduci ng agerf@aoguse Fyrlie PeRitdesfrem {bg peptidé reagentsopfdha tavention.e Kiwrfor st annous i on
and ferrous i9fqiabelHS el SepQRMea AR §X8S iRkl Gird B ' r so forned by
| abel i ng the pe%'?i d_e'_’réaagegnt s of the [ n\z/enﬁoqn é\/\,1 ét(lﬁﬁlgg@%%s%]/&{ i gand
exchange of @%@F%@%%W@@MGW%O%% PEPHiGs, redgadt 106 thei inyention

20 The JnBVve R el MR b Ydad@Rg Kbdnd b UdidtRPMel Rapenadigl abel ed

somat ost ati n- anal ogue,  cyclic p_e'otl deS fromthe peptideé reagents of the

i nvention. KiRreferes embpdinng kg jafiglabeied eptotaia analegyent 3 seMURARNG nvention are
conpri sed of igagigglagehtVi alsogﬁa’é@édn]gsn&d@meéxﬁ»g%@wt{caewgea?tdftme of a peptide

reagent of the rnvention and a sufficient amunt of reducing agent to

radi ol abel t HeveBeRyetith TePn-a Kite farr preetriagisetivthepeutic tagenty ath dsdbel ed

somat ost ai N agtadi@Qk QyHefeirPthe (rétbir& ABIIsGLopd¥BLE 18 1 8BR NihenivAli86 sRd eferred is
radi ol abel i ng the pegtl de reagents of the invention with Tc-99m Kits for
preparing radiét¥Bdgeuti c agents are al so provided, wherein the preferred

radi oi sot opes ar e Thishindehdéh proiBsYl Hethck3 GortiithgRERHIbeldBSmatostatin - Thi
i nvention provides nethods tor using the ragl ol abel ed somatostatin

r ecept or - bi ndieFFPOHGIEe Rertif§eftgett Chetlenivaitionn dasassdl; @iy and

t her apeut i cal {h¥rmpduficaMPe 18RO EthEBRNEenObf thB EnvieRioR NinbBSds arzr@fnlaoﬂéd fre provided
for using scintigraphic .imging agents that are Tc-99m | abel ed pepti de

reagents for YSREgIGeraghic bRaziferarts BaaitntalPPalbsisd pewsife sepesithidig in vivo
gama SCi Nt i iRtk C sitddBGRBin 2 THESMBL Be8s WouREnmE i $h/MANYG an
effective diagnostic anount of radial abel’ed_pcptide reagents of the

i nventi on andScintigraphic images. These methods comprise administering an effective

diagnostic amount of radiolabeled pcptide reagents of the invention and
detecting the gamma radiation emitted by the radiolabel localized at the site
within the mammalian body.

The invention also provides methods for alleviating somatostatin-related
diseases in animals, preferably humans, comprising administering a
therapeutically effective amount of the radiolabeled somatostatin-binding peptide
reagents of the invention to the animal. In preferred embodiments, the reagent
is radioactively labeled with ''""Sp, ¥'Re or '*'Re,

This invention also provides somatostalin receptor-binding peptides
covalently linked to a metal-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 tissuc sites in vivo., Thus, the invention provides non-

radioactive methods for localizing tumor and other somatostatin receptor



detecting the ganma radi ation emtted by the radi ol abel |ocalized at the
site within the mammal i an body. The i nvention al so provides nethods
for alleviating somatostatin-rel ated di seases in animals, preferably
humans, conprising adm nistering a therapeutically effective anount of the
radi ol abel ed somat ost ati n-bi ndi ng pepti de reagents of the invention to the
animal . In preferred enbodi nents, the reagent is radioactively |abeled with
[err]Sn. [err]Re or [err]Re. This invention al so provides

somat ostatin receptor-binding pepti dzels covalently linked to a netal -binding
noi ety that are conplexed with a nmagnetic, paramagnetic, supernmagnetic, or
super par anagixpiebsthg @i iatvog) ion or particle, and nmethods for using such
conpl exes for magnetic-based detectjon of |ocalization of such somatostatin
receptor bi ndi ng 'pesYsligePeatifsh 2ad sxcligiPepinsoreagspts A HBS Inveatonemay tes in vi vo.

Thus, the i nu@ndel @thpRsvifdesolyvalant nkE Qasidt).v PoliRiitedisihomoleped! | zi ng t umor
and ot her somatostatjn rec

S ept or Co e . .
21 expressi$ght iyerion aF%CQ}ﬁP%‘?d of ar leastr{, ddealica} Jigkes dipctiral s2a¥8s cycl i c
pepti de reagapitte of coVientlipVialing o r@maekatn BldeEHyEIRS degiitiesdopOl yval ent

| i nki ng noi ety. | yval ent. |inkin jeties of the inyention are conprised
of at |east ’?X‘P]Ggglb?/“é% 'P?‘ﬁtff‘érorf‘iiﬁbﬂdﬁ%fr ligksn Jurctipnal | ZoWs ¥oval ent | y
bonding to s o RkténdaynaligLisydeel grouRPRitioNAR R1d graws @k afi@l - bi ndi ng
noieties or both. Preferred Ii kebr- functi onall ro Ps are, Pri mary or
secondary anfeHE¥e BIRY o{ﬁﬂrefﬁ?‘iﬂ?{% 0diment§y e o vage&tg YRRl hi ol -
reactive groshasprisddf fis-elceintntidy methglethergBS M E), UHE 2 pahatvadcen)bdnbdiki Ng noi et es
e 1 ST GG I LN LN
N-{ ﬁ I( N'2, N -Jaieﬂ()aﬁuﬁeicrﬂmiéebgo?tyhy-lﬁ).arﬂim@efxgwdrba}maéi[&(la_r tBAMNBI), ] - bi s(2-
nmet hyl - 2- mer capt o: pr. - 6,.9- onanam, de, -
tris(succini WF@%%?’H@?‘%%@%"? 1@%@1 g’f"s‘-"%%‘@idﬂ]i‘e%‘?’lfof{ggé}\e 4BsH), 4-(0O
CHerr]CO-G gﬂ@tﬁ-faﬁl%mmﬁ;ﬁnmwm&wipcrpbilsmregone f) EERRC), doet v
L et L) R Bganpuds SRR o80Skiallsi 8 o oot
1, 8- bi s- acet qisdaacaylysihe OX dyset ame, 1@Fbisiedetamdol NG liokhedtaef . or
Specific preferred ehrrbogi ments of the present invention will becone

derivalives thersof.

Specific preferred embodiments of the preseny invention will become
evident from the following more detailed description of certain preferred

embodiments and the claims.

BRIEF DESCRIPTION QF THE DRAWINGS
Figure 1 illustrates localization of a somatostatin receptor expressing

tumor in a tumor-bearing rat in vivo,

ETAI 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.



evident fromthe follow ng nore detailed description of certain preferred

enbodi nents and the cl ai ns. BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 illustrates localization of a somatostatin
receptor expressing tunor in a tunor-bearing rat in vivo.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention provides

cyclic peptides that are somatostatin anal ogues and that are not conprised
of a disulfide bond. Such somatostatin anal ogues thereby possess increased
in vivo stability conpared with natiyve somatostatin or sonmatostatin
anal ogues that conprise a disulfide Pond. These cyclic peptides are

t hensel ves t her aggh%ip%%@n%ﬁg&s :ﬁ@fin&L&&Via%t ic%cdﬁe%ﬁgéeﬁugnrgayower ail ments

in aninmals includi
22 Al sdiofndingled e @r byadiqastatinaieg nahdn whick agec| therepepusefids ishat may be
radi oi odi nat ggd: i : A Ly.ch are thereby useful in
r adi ot her apega?}og{eraaﬁ%g?%g?gg%%éﬁg%gf gﬁg‘ﬁp ?‘%at I ons. Anot her
enbodi nent of t hekwthey empedipenital desse cyrlic Heptides Gwt deprovided by shisnvention are
cyclic peptiggediBAISR Sycih16LGidR (B&aRY &GhérEin PGP ; gyention are
covalently Ii nﬁé.d to aé,fadﬁ% abel -‘Binndi. n ] rrlr[)lff‘i(ﬁ(.at y@ﬁ%ggérd%{)c fi @gpept | de
reagents ar einvepaniae sevaiein dinkeddios sasiqlavgl-biesing owietie Sach oytliagnostic or
radiof her ape g, HUFHRS are BB AR Aliichotidf i PODIBNbdagRRRLT Cati on using
the.radi ol abel’ed agents_of the invention is scihtigraphic 1naging, wherein
the | ocati on hFdiodirageHtic seesonaioeaple vl Raadqsiagnotie appliseionusives nmay be
determ ned. Heng¥abd& PR iend RAGAM % Riniblphit DS WheleBNm@! SO
advant ageously be radi ol abel ed with cytotoxic radi ol sotopes such as
tin-117m rhédFRiRRAI86X 61 F RRTARAIT SB-Rer DRErs YrRBreAydtdelemisel.  The cyclic
peptide reagené cyefic phiRide MegRhis OFF Bk Cinddnditn UasTdo bdvaphaSBRAlY g conpl exes
w th non-radi oactive netals, . .

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, cirrhosis of the liver and hepatitis infection,
bleeding ulcers and other gastrointestinal bleeding, pancreatitis, ceatral nervous
system disorders, endocrine disorders, Alzheimer's disease, acromegaly and
other diseases and disorders related 1o the production of inappropriate levels 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 nalive 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 ideal

scintigraphic imaging agent. This isotope has a single photon energy of about



sai d conpl exes being useful diagnostically and therapeutically. The
i nvention provides a nethod for using the somatostati n anal ogues of the
invention to alleviate diseases or other ailnments in animals, preferably
humans. These di seases and ail nents include but are not limted to diabetes
and di abetes-related 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 ner' s di sease, acronegaly and.pther diseases and disorders related to
t he production of inappropriate |evels of growh hornone in vivo, and

cancer, parMcpklé\aﬁxl@/aH‘i&!ﬁb’i&w@&ﬁﬁ@iféoﬂ%@ﬁ@G%ﬁWﬁd'ﬁ ré3peae@Rdie or i nfluenced
by grovvth hor nong or_somat ost atin production. Dosages of the somatostatin

anal ogues pfa®i 3 a‘%yTPh%“‘?’?fQ tQ‘B“ﬁ Tadignyslides Harysalife ba 5edhidsle dosages of

native somabRshidatdfnnd PMEniBELY diddeed heint reat ment of the above or ot her
di seases, or less of the conpounds ,of the invention nmay be adm ni stered due

to their |onger TH§ GioCIREpENG fipaging ageal 3s,psed; brgeiy i hmesat dOm i s an

advant age Ofeqdoh@aspraelﬁﬁﬂlhbd]ddv&&ttlmbhm detebed Migl £eddicagtiity adi oacti ve
properties qf this isoto i deal scinti hic | nmagi ng agent.
This isot opg'tffé‘gg g“’%‘}sr{@fﬂg‘?%nﬁ‘itd'ﬁt I(Lé‘ﬂ‘éelr‘}g@ G R\ $ T 1o i GElger-Mulle?

23 140 keV atghten ahdrdisciagitativie dhiahdr - ﬂmﬁ‘eﬁ of about 6 hours, and is readily
avail able from rat.or. .Qx her i onu i des may al so be
used in the pr ac 4‘1& %Pe‘{"%é“\%hq}@ﬁﬂ thﬁsm‘fff‘g‘if‘l (S’Eéﬁeﬁ Prch 8 The term
scintigr aphndvanﬁmmglaagmmﬂas oy&e;dxchedxeus«ﬂopcs imkding Huonﬁﬂﬁﬂtéﬂass a

radi ol abel e abe_ bej cte vvlth radi.oactivity detecting
means (i ncl S"dl ﬁ"é‘g ?°pP"1r%f7’t éah' %72 gantglr ma '@‘f”@g%'l\ml ler counter
and a scint hddhratnfson sdﬁramtmﬁ madﬂlﬁ)m-lSQ dyspr%ﬂﬁﬂem&aﬁuﬁn% enbodi ment s of
the inventio

cyt ot oxi ¢ régf%ﬁg’o@gp l“t"ﬁ“ﬂ% ml ﬂ’(jm 'otr ?nit‘a ?tﬁ{je%’ﬂ}w4;h :
copper-67, @QahuindtR,/@ost \edferatiyry K, ort 'F‘neljsmmy cmw:uﬁertsla’é usé¢fgidinne- 131,
PR U 15 e B SR S 15 S AR 1 2L 7S,
preferably [pesfér}tﬂiﬁ hamagserindifding Gitcdot dithicedi weainseraird ohef diseaksdd t he treat nent
o SRt Ot A L b AR e A O R, P o0
somatostatin or somatostatin analogues via the expression of somatostaun
receptors on the cell surface of cells comprising such tumors.
In the radiolabel-binding moieties and cyclic peptides covalently linked
to such moieties that contain 2 thiol covalently linked to a thiol 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 phenyl or alkyl or alkyloxy substituted pheayl);
-CH-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
-C-(aryl);, (aryl is phenyl or alkyl or alkyloxy substituted phenyl);
-CH,-(4-methoxyphenyl};
-CH-(4-pyridyl)(phenyl),;
-C(CH;)
-9-phenylfluorenyl;
-CH,NHCOR (R is unsubstituted or substituted alkyl or aryl);
-CH,-NHCOOR (R is unsubstituted or substituted alkyl or aryl);



characterized by the gromh of malignant or benign tunors capabl e of

bi ndi ng somatostatin or somatostatin anal ogues via the expression of
somatostatin receptors on the cell surface of cells conprising such tunors.
In the radiol abel -binding noieties and cyclic peptides covalently linked to
such noieties that contain a thiol covalently [inked to a thiol protecting
group {(pgp)[err]} provided by the invention, the thiol-protecting groups
may be the sane or different and nay be but are not limted to:

-CH err]-aryl (aryl is phenyl or alkyd or alkyloxy substituted phenyl);
-CH(aryl)[err], g i s, phenyl or alkyl or aIkonxy substituted phenyl);
-C(aryl)[err], (&P R| R Brwmpsttyed o7 gybstityted gkl bogyDsubst i t ut ed phenyl ) ;
-CH err]-(4- ”Ethqénpbﬁﬂ%hﬁlwh -CH (4-pyridyl)(phenyl)[err];

-C(CH err])[err] enyl f | uor enyl ; -CH[err]NHCCR (Ris
unsubstituted or RsefpEe mret@@@garwf hae the Jarpula -CH,-NHCQEHwbemrin RAHCOOR (R i

unsubst|tuteg o1 w?e%'ti. A hadh@di 3h& Rl caonat¥rhd,  ph henyl-substitut
24 i (ﬁRéIS ur%substltcl}t éacrjl or Supng;[nylltoa 1'Je‘eny S‘Iisi‘ uor aryl);

-CHerr]-S cpqptérlw&r pHahyydroxyl, lower Pﬁk@FYerCﬁ@Gx)br%t*%‘ﬁ%fl ﬁtpxg@&ms have t he
formula - CH qn¢ }rmkdmré@hﬁbutﬁhv%md s @n|OMBHideth&1 gagpl Ng 1 and 8 carbon

at ons, phenyl or phen substitute with | ower alKky I F%drox yl, | ower

al koxy, car boxy, %‘%@r“a%ﬂ TessRRE RENg g Fyclic Wﬂ@eﬁﬁ%@"ﬁ‘gé ?dr‘@ﬁf“prot ecting
group is an Qf el amlefuiat ByhpritedbPa sequence of aﬁ%f"acﬁﬁmmstw kfiino

recept or - bi ndi ng ﬁl i C 58 t| de: cont -?e% ll(I)dl ment  of the invention is
conprised of agid 2p 4sed At Bipinvaahehis 1ates d¢ all &7 338 Ro2mige 2¢dss used in
this inventi @RudBy b@hﬂmgadd bedwie| L!dﬁa@ltsl corprififgl sdhatéuiBii Qecdtbds, natural ly
occurring and, ot herw se. ?pgents co sing sonatostatin receptor-

bi ndi ng pept ibldiaz PeRiifeTB@VESE Phdhe inves P‘i‘ éﬂ?l forLEE Mo dimied t‘héhe limted to

the follow RgiowidgUsitsiraiivevixaRfapl @8 peftideenbb@pehs@f eEbadnBRt s of the
i nvention: cyclo.(NNCH err])F. YWerr]KV.Hcv [err] FYWerr] KTFC. am de
cyclo. (N-CH)F. YW KV .Hey

cH.co FYW,KTEC.amide
CH.CO.FFW.KTF Hhc.amide

cyclo. CYW KVC

CH.CO, FFW, KTEC.amide

¢yclo (N-CHIE. YW, KV.K (BATY

cyclo. (N-CHOF YW,KV Hev(cH.co.K(e-K)GC.amide)
cyclo (N-CH)E. YW KV Hey(CH.CO.C, . .GCu-2mide)
cyclo (N-CHOE. YW KV, Hev(CH,0.CGC.amide)
cyclo (N-CHOF YW,KV Hey(CH,co.CGC)
CH.CO.FEW KTEC,.(BAM)

cyclo (N-CHOF YW, KV, Hey(CH.CO. (e-K)GC amide)
cyclo. (N-CHOF. YW, KV Hey(CH.c0,GGC.amide)
cyclo. (N-CH,)E. YW, KV, E.(BAM)

CH.CO. NFEW KTETC

CH,CO.FEWKTEC

CH,CO FFW KTFC(e-K)GC.amide

CH,CO.FFW KTFCC,...GC,.-amide

CH,CO FFW KTF Hey

CH,CO. YW KTC

CH,CO. YW, KT Hcy.amide

CH.CO YW, KT.Hhc. T(CH.0H)

CH,CQ. YW, KTCTGGC,,,,.2amide
CH.CO. YW KT Hhc

D-pheayl-CH.CH.CO. YW KTC

QHQCO. FWI)ET- Pen

CH.CO FW KTHcy.amide

CH,CO. YW,KTCT




[err] FFWerr] KTF. Hhc. am de cyclo. CYWe[err] KVC [err]. FFWerr] KTFC. am de
cyclo.(NCHerr])F, YWerr]KV. K (BAT) cyclo.

(NNCH err])F, YWerr]KV.Hcy([err].K([err]-K)GC. am de) cyclo.(NCH err])F.
YWerr]KV. Hcy([err]CJerr] G err] am de)

cyclo.(N-CH err])F. YWerr]KV. Hcy([err].CGC. am de)
cyclo.(NCHerr])F.YWerr].Hcy([err].CGC) [err]. FFWerr] KTFC. (BAM cyclo.
(NNCH err])F. YWerr]KV.Hcy([err]. ([err]-K)GC. am de)
cyclo.(N-CH err])F. YWerr] KV. Hcy([err] . GCC. am de)
cyclo.(N-CH err])F. YWerr]KV.E. (BAM pe&rr]. NFFWerr] KTFTC CH err] CO.

FFW err] KTFC r err] KTFC([err]-K)GC. am de CH err] CO
FFWerr] KTF T(CHPYe CH err] CO. FFWerr] KTF, Hcy
CH err] CO. YW : mPfe@aMifeer r | KT. Hey. anide  CH err] CO

YW er r ] KT. Hhc! yLHe C;Héerr]CO.YV\[err] KTCTGG err].anide CHerr]CO
YW err] KT. Hhc St -1

RIfg ] | err]KTC CH err]CO FWerr]KT. Pen
CH err] CO. FW MR C°(§{fy& ] ! ] werr]

2 % ;{p@@) YW er r] KTCT
25 CHerr] ASm eI Caghi¥Er 1 CO. YWerr] KTCTC[err] G err] . ani de
CH err] CO. FW 5P )

1]a

&p - rr] KTC. am de

24 )3 - Az ymide
(N-Me) FYW er r EFKK = .ar):ide

CH.CO.FFW KTFC(e-K)GCKKKKX.amide
qclo.{N-CHJ)FIw,,KV,Hcy(CHcco.KKKKK(e-K)GC.amide)
CH.CO. FFW KTFCGGC.amide
cyclo.(L\!-CH,)FIWDKV.Hgy(CH:CO.GGCK.amide)
cyclo. (N-CHYEYWLKV Hey(CH.Co.(e-K)GCK.amide)
cyclo. (IN-M SF YW KV. Hey(cH,c0.GGCR.amide)
cyc.’o.Q\J-M;:)FYWnKVHcv(Cr{:CO.GGCR.amide)

cyclo. (N-MeYFYW KV . Hey(CH.0.(e-K)KC.amide)
cyclo. (N-MeYFYW KV, Hey(CH.c0.GGCKK.amide)
cyclo.(N-Me)FYW KV, Hey(CH,c0,GGC.Om.amide)
cyclo. (N-Me)FYW, KV, ¢¥(CH,c0.GGC.,Orn.DOm. .amide)
cyclo. (N-Me)EYW KV Hev(CH,co,K(e-K)KCK.amide)
cyclo. (N-MeYF YW, KT

cyclo. (N-MeYFYW K VHey(CH.co.(e-K)YGC KK.amide)
cyclo. N-CHIFYW, KV, Hey(CH.COKKC.amide)

cyclo. (N-CHYFYW, KV . Hcy(CH,COKKCK.amide)

¢yclo. (N-CH)FYW.KV.H ¥(CH,COGGCKKK.amide)
cyclo. (N-CH)FYW KV, HeycH.co.GGCRR, amide
cyclo. (N-CH)FYW, KV Hey]¢I1,c0.GGCRK, 2mide
cyclo. (N-CH,)FYW KV HeyCH.co.GGCRD.amide
cyclo.(N-CH)FYW KV . HeveH:c0. (e-K)DCK.amide
cyclo. (N-CHIFYW KV HeycH,coGGC.Om.amide
eyclo. (N-CH)FYW. KV, Hey(CH,c0.GGCKDKD.amide)
cyclo. (N-CHOFYW, KV. HeyCH.co.GGCKD.amide
cyclo {N-CH)FYW,KV Heven,co.GGCKDK, amide
cyclo. (N-CHY)FYW KV HcvCH,co. (e-K)GCKKK.amide
r:yclo.(N-CHQFXWHKV,Hcy(CH:co.(ﬁ-Dap)GCK.amide
cyclo.(N-g}_{_,)FYW,,Kv.Hcv(CH:co.(6-0m)GCK.amide)
cyclo.rN-g‘cH,)FYW,,gV.Hgy(CH:Co.(e-K)GCRK.amide)
cyclo.(N-CHJFYW.,KV.HCY(CH._CO.(e-K)GCR.amide)
cyclo (N-CH)EYW, KVC

cyclo (N-CHIEYW, KT Hey

eyclo. PYWoKV. Hey
cy(.la.(N-g;H,)EYWnKV,f-_lgx(cHzco.('y-Dab)GCK.amide)
cyelo (N-CH)FYW KV Hey(cH,c0.GRCK.amide)
cyclo.(N-QHm,,KM,Hcy(CH:co.KRC.amidc)
oyclo (N-CH)EYW KV Hey(CH.c0.GKCR.amide)




CH err]COFFWerr] KTFCKC[err]GJerr]-am de CHerr]CO
FFWerr] KTFCC er] G err] K. amde CHerr] CO

FFW err] KTFCC[ err] GO er r ] KKKKK. ami de

CH err] CO FFWerr] KTFCKKKKK([err]-K)GC .am de CHerr]CO
FFWerr] KTFC([ err] - K) GCKKKKK. am de cycl o.

(NCH err])FYWerr] KV. Hcy([ err] KKKKK([ err]-K)GC. am de)
[err]. FFWerr] KTFCGGC. ami de cyclo. (NeCH err]) FYWerr] KV.

Hey([err]. G3CK am de) cyclo. (N-CHerr])FYWerr]KV. Hey([err].([err]-K)GCK

.ami de) cycl oyclq. SKENEYW KM HRMCH R RRCeamiie) GGCR. ani de)
cycl o, (N- Me) Fevfie (- ERVKM He 3(CmR GER- aheifie) cycl o.
(N-Me) FYW er r Jop¥e. Bl WiV oK. Hex(FH K RIGG Apaiafide)cy cl 0.
(N- Me) FYW er r JejkNo. BRCH S e YW BOCKHBY ani de) cycl o.
(N- Me) FYW er r JepNo. B KYE Hev(GER.COCKdmidd) cycl o. (N Me) FYWe[ err] KV
HeY([err]. GaglNMMeDYKVC (et CEesmide). (N- Me) FYW err] KV.
Hey([err] . K([ epald.LRMEERY KT He(CH.eECEK.anNddye) FYW er r ] KT cycl o.
(N- Me) FYW er r [ekie-4y-OHRYEYW HOAHCY (CRYFGBHC.amidede)  cycl o.
N- CH[ er r]) FYWepale. IR H e )XW K. HEWOHERiGJK .amide) o.
(N-CH[ er r] ) FY\tpado. (A KW SR HeKRIERO ¥ (e pmide)
cycl 0. ( N- CH[ ercyd/y. ENAHRIGYW HeY) Her(c K CBCKKRK amideX e)
cycl o. ( N CH[ erapd/y ENAGERIEYWAKWHHEH(ORCD. KOG RRamidele  cycl o.
(N- CH[ er r]) FY\Wdo. (FHOH WK e Hc} (cRECRIGGEGRuEe) cycl o.
(N- CH[ er r]) FY\apeo (FHQH HICW t ¥V HeACARD. GHEAK.amider| 0. (N-CH err])
FYW er r ] KV. Heydyeo (Q-QH &YW KY HEKCH e RGGE poide)
(N-CH er r]) FYWyep (i OH HEXW X Y HERACHOM SH0. aieide)
cycl 0. ( N- CH[ erayly ENAGHIIE Y WNK Vel (C81C0] SSCEUKIME. ani de)
cycl 0. ( N- CH[ eray§/y AR WWKY By (ceco] (S CRpRE K amide)
cycl o. (N- CH[ eray$y ENAGHENEYWOKY Hcy (c#iico] (S RBpKDEK amidde
cycl o. ( N- CH[ eray¢ly NV FYWWKV oy {osirao} (B¢ DapiKID n@EKKK. ami de cycl o.
(N-CH er r] ) FWidyelo (NIQH MEYWLISY (Hey (dHeror (B- IRl (kmie) de
cycl o. (N- CH[ erayblp XIS T WVK WidHol{asao)} (3-RppGCR a@ide)SCK. ani de)
cycl o. (N- CH[ erayblp ENVZIED E T WVK Wy [aerao] (3(Dap)RK KnBERK. ami de)  cycl o.
(N-J err]) FYWerh(KCHIEYWLEY iHey(GH{erH:40.)Q. GaRe)an de)
cycl o. (N- CH[ eraybip E¥VLIENE TWWICY . Hoy (dHero GCR{aeid) | ) FYW er r ] KT. Hey  cycl o.
PYW er r] KV. Heycycloy®itCHJRY WK BrHdvidry. @RE Jaride)
Hey([err]. ([ eraybio DNeQIEIRY WKW dcy(ayad. GGCKMci@Hper r[) FYWerr] KV. Hey([err]
. GRCK. am de) cgehdN-CHYEYVaKV] HdvidN e EKRMcidHcy (CH: CO.  KRC. ami de)
cycl o. (N- CH[ er eyblp. (RYUR OF Y KKV HIar(dHera. GRGHEI) am de)
cyclo.(N-CH)FYW KV Hey(cH.c0.KKC.acid)
cyclo (N-CH)FYW KV Hey(CH.co.CG.Dap.Dap.amide)
cyclo. {IN-CH)EYW KV, Hev(CH.c0.(8-O)YGCR.amide)
cyclo (N-CHIFYW, KV Hey(cH.co.GNCR.amide)
cyclo N-CH)FYW KV Hey(cCl(.c0.(6-O)GCN.amide)
cyclo (N-CH)FYW KV Hey(cH,cO0.GGC. Dap.amide)
cyclo.(Hvp YW KV Hcy)
cyclo.(Hyp, YW KV Hey)(CH.co,GGCK.amide)
cyclo. {N-CHOFYW, KV, Hey(CH.CO.(v-Dab)KCK.amide)
cyclo (N-CH,)FYW KV Hey(CH,co.(y-Dab)KCR.2mide)
cyclo (N-CHOF YW KV.Hcy(CH,cO.(3-OYKCK .amide).

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

intended to be represented by the following abbreviations: Ac is an acetyl group;
ma is mercaptoacetic acid group; Aca is 6-aminocaproic acid; Hey is
homocysteine; Hhc is homohomocysteine (3-mercaptopropylglycine); Pen is

penicillamine; Mob is the sulfhydrul protecting group 4-methoxybenzyl; Acm is



26 cyclo.(N-CHerr])FYWerr]KV Hey ([err]. RRC am de)

cyclo.(NNCH err])FYWerr]KV. Hcy([err]. GGCE.am de) cycl o.

(NNCH err])FYWerr]KV. Hcy([err]. GGC .Apc.an de) cyclo.

(NNCH err])S[err]YWerr]KV. Hcy cyclo. PYWerr]KV. Hy([err]. GGCK. am de)
cyclo. (NMe)FWerr]KVC([err].GECK. am de) cyclo. (Nwve) FWerr]KT.
Hcy([err]. GECK. am de) cyclo. (NNCH err])FYWerr]KV .Hcy([err]. RKC. am de)
cyclo.(I\I-CI—I[err])S[err]YV\[err]KV Hcy ([grr].G3CK. ami de) cyclo.

(I\I—CI—I[err])g}V&erréw [err].GKCK. ami de) cyclo. (N-CHerr])FYWerr]KV.
Hcy( CH. CO. K &sil 91ryb9f@1°6m(zwrm[@pw deveth el A}W apenoifobutytic #EENA ani de)

gzg: 8 (I(\I-NCI?[_|£:?E fz%v}_g%(@%%héﬂfmmyQﬁ%&&%&%ﬁ%)dam Hiy, is homolysine;

(N- CH[ err]) FYVjehxa Pwam@yéﬁwylﬂmm ddyamisphethyl-pMngefaging; |46 YN er r ] KV.
Hcy([err] SSC. L Rteidel &k r FX 64, er,r S am de)
cyclo. (N-CH efﬁ%ﬁw e &_‘L P‘ EM" EQ&!}V)@QJ L )§ e

cyclo. (N-CH[ erm}gmw@)eqmrmpmwf( m}nop{oevlbs;n@amw Zagrnidebutyric acid;

cyclo. (N-CH[ ery,) E]YWreilm]: Mé Blahin '({Neb @]Dégﬁéphﬂ:gf A zdsifey €l O-

(N-CHerr])FYWerr y‘terr err -

cycl 0. ( N- CH[ er £33 is¥fpshle ]Wnetb :rThP i Eémrqo-'aﬁby@@moammé)c&'boxyhc
I N- CH R

g)y/gl 0 E M CH% g:él& \?\Y/\’\@hgr Hﬂ@/ép:ﬁdgwﬁxeé rr}p%,)k %rpgapygmam%dﬂomme

(N- CH[ er r]) FYWB rmajurally iqegqmrer ﬁTm@@Qs agq brqy%dousmg standard abbreviations

N- CH F
EN CH% Z;H g r vg{mﬂ K¥- %“‘L’E;H GGinéV“ ﬂs()heﬁbéﬁb Q2d. ed.), 1988 (MacMillen

cycl o. (N-CH[ er WW&‘?"‘] ‘1>1d>y{3[)err] GKC acid) cyclo.

(N-CH err]) FYWerr Jiy. ﬂlﬁ‘??{ &k bf th%cnﬂ@rl Cﬁnc naturally-occuring amino acids are
cyclo.(N-CHerr])FYWerr err]. C. aci d)

cycl 0. (N- CH er fjyacteiifed r%ﬁ]h@@%%/éa[aé‘t“ﬁ] lsoleeenaabummweamner@) phenylalanine,

| 0. (N-CH
cyclo. ( [erf}SsF\éV\ﬁ)?JlTn]zW?;g!ri{r%ﬁ [&Br\]ahge(rh[%gﬁlht%%ﬂcy?i&%%&nev%yﬁlz O er 1] Kv.

(N-CHerr])FYWerr

Hey([err]. ([ eFBfS]c“@ @m&# dosparagins, RIARIOH] WPT‘)’FWP@(H (slegmicerr] .

GGC. Dap. am dejcid and aspartic acid), basic (arginine, histidine and lysine). T(CH.OH) represents
a threoninol residue, wherein the carboxyl group of the amino acid is reduced to
a primary 2lcohol, incorporated into the peptide using the procedure of Neugebauer
et al, (1990, Peptides: Proceedings of the 11th American Peptide Svmposivm, pp.
1020-21), eK is intended to represent a covalent: linkage via the e-amino group
on the sidechain of a lysine residue. &Orn represents an omithine residue in
which the §-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.
~-Dab represents a 2,4-diaminobutyric acid residue in which the y-amino group
is 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
f-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-(aminomethyl)pyridine); (BAT) represents N°,A”-bis(2-mercapto-2-



e e o m

cyclo (Hyp YV\[err]KV Hcy) cyclo(
cyclo.(NCH err])FYWerr] KV, Hcy([err]. ([err]-Dab)KCK am de) cyclo.

(NNCH err])FYWerr]KV. Hcy([err].([err]-Dab) KCR am de) cycl o.

(NNCH err])FYWerr] KV .Hcy([err]. ([err]-OKCK .am de). As used
herein, the follow ng am no acids and am no acid anal ogues are intended to
be represented by the foll ow ng abbrevigtions: Ac is an acetyl group; m
i's nercaptoacetic acid group; Aca is 6-©dm nocaproic acid; Hey is

honocyst ei ne; "%, .’;gg% a{ 0 gl ) ihePEN 1S
penicill am ne; bbll%gp‘?he sul f g'&%u:aaprggﬁlﬁﬁmd Eg‘O@m %?ﬁ%ﬁt lz)henzyl Acm
i's amino acid lysine, acylated at the e-amino group on the ampp aqdhsedeghynf Wydr y|
protecting gr C doget | is

D mapht hyl al e A G N e D PR Jo Rfeer®
homol ysi ne; AGh§BANban- Glri(BAM yepresers tyel antiamacibglutamic acid having a y-amide
4-am nomet hyl mpgycbaivaea' e sifekail %ar%g;(z%camdngl%h 4f) QYShE! R& aﬁepfa s

S- ( 3- am nopr op ysteine, Aes IS am noet %/ serine; Aps

O ( 3- ami nopr or&%}”ﬁeﬁer‘h@ Pmary s amineni BWHRIt yBAT-BY) dis NYH2i(4’ No‘?li)(&‘l i ne;
Flerr] is [err I 7 R _is
[err] tyrosi ne &agpt%ﬁaaekr@ )Qﬂld&@th?«lg\gl\g ({]ﬂ,uw@cirsanzw w%g%@mz\%ﬁw:

4- am not et rahy@%miﬁi@mﬁv%ﬁ,ﬁd‘mmlﬂﬁ adﬁd’r‘@) Nalis | sh[iz‘lﬁnﬁphi(ﬁyl al ani ne;
Dpg is dipr opyJugL%%ﬁk?oeu?)ns’armln%eml)nmJvey&mﬁrercalp{o Dakdif A Jﬁéygwwrl ng

am no acids are abbreviat'ed usi ng”standard abbreviations can be
found in G Zubiesnongpagtigasni(BMME)( dg. bbdnaeimidogerhylpberMm (BSME)PUBI Pishi ng: New
York) p.33),  succinimidoflethiyR@iePUTROS @STEA) tibi axelhpl‘é%dnqrbgcﬁ&@euc acid.

natural | y-occuri g am no aci ds are characteri zéd ophilic (al anine,

i sol euci ne, | eden(#ly! gieuphiohemrsyteisheirpikalpiash w8 the groe imearendicssi ne,
tryptophan and val ifg comm | dscPReretn J fophALiRids 99 uhdeRidinges cRblmRhEl Ne)
hydrophi l'ic (asparagine, utam ne, threonine, Seri ne), acidic (glutamc
aci d and aspareatweeacitems arwasﬁoem( ol giPAP.neich 35 316 MiRR terfminus 2ad ﬁ@jvoxylr( [err])
represents a tJBFn’%ﬂ{H t‘éﬁﬂm r%aﬁ 'tt@@ché’%ﬁ&'s 3f %Qn&ﬁﬁ&?zo&’hmgirquﬂes@ﬁmﬁoh? am no

acid is reduced al’cohol', i ncorporated into pepti de using
the procedure @ﬁcm@fe‘b@d@g t@twea‘r the( Sdrghain pelpiri e of Pr%é‘é‘é%h‘"ﬁtﬁ’é‘ 8f the 11th

Anerican Pepti @é?xv%(%ﬁﬁ&le&frgnd% ambPfRrrtibdl-acliSgrbilp &? étﬁer iretRBdAM als6 bE €pr esent

a covalent linkage via the [err]-amno group on the sidechain of a |ysine

residue. [er r]mdgﬁwoﬁéﬁr‘b@ér‘r’flg‘ Sl By BE 2R n'Q‘er‘ééloﬁlS‘%f’ term whckh hesis is
[err]-am no gr QuRded @ ABkatt BAD WeNGplidePisCGiib®bY loRiTlitPo9 @\Rlend Songoval ent |y

between the atoms of the amino terminal substituted or unsubstituted amino group

Hyp, YWerr] KV. Hcy) ([err].GECK. am de)

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



i nked to the carboxyl group of the adjacent amino acid to forma peptide
bond. [err]-Dab represents a 2, 4-di am nobutyric acid residue in which the
[err]-am no group is covalently | i nked to the carboxyl group of the

adj acent amno acid to forma peptide bond. [err]-Dap represents a

1, 3-di am nopropionic acid residue in which the [err]-arm no group is
covalently linked to the carboxyl group of the adjacent amno acid to form
a peptide bond. Pic is picolinoyl (pygldlne 2-carbonyl); Pica is

pi col yl ami ne (2-(ami nomet hyl ) pyri di ne}? (BAT) represents

nferr], N -bi §((v2n @s@Ptb@ piepared on a peptide synthesizer. The peptides of thi
28 net hyl - propy -di az%,nonanm g paC| dyf"’}’ éaxﬂ T) angeleyg ‘Ilf represent
jojape

t he anmino acl"d"’l“)?glcﬁ‘é be éb'weéﬂ'?@d“' greip ie 1ad ding geisys Gﬁvaienéy am no acid

si dechai n t 0};1BAT; the pEANME duhﬁg chemical synl:ht:SIs m vura usmé ttechmquesdwell E. (BAW
ri azadecane;

(Nerr], N[eMul bi s(2-ner¢ ﬁptkg rreth E
and 4 u. (BA pietheift Mhe i dhea d tP&Pﬁdés §EY34F“HHW*F?§ L5} ‘hferr] ani de
| i nkage bet V\mfblalbblebusdmtemaﬂymuﬁag byogdis GreamhghigEduy BeQliseipttlifidThies aci d and a

BAM - d d AT. B N{2-(N . N-bis(2-
S G e AT B Sk (2O R

(t-but oxycar bonyls.sz[labéIr bindibg iroletibs 6f Bre nivicAidn Aag b nlﬂﬁﬁmd:ad into the
met hyl t hi opr opyl ) - - di az nonanam d a(e tg é Ig—gé N - bi s(2-
succi ni m doe %{W‘?ﬁ?@f’ﬁ{} 7ﬁuﬁl[pé?qdfs E\[qé‘ﬁr P §é’ hesisr Byt ’H’ét‘qﬁyl propyl ) -6
, 9- di azanonamra;msdug prc(oBM:/E:)ld |(®slbmedn(alce; mddﬁeﬂbyd:;e(ﬁm&qtmg Bobp)),i s bis-
SUCCI ni m dongt and TPA) eth net ri.am ne| ent aacetic acid.
Hcy(al kyl gpg‘up 181 éi’r?%c te°|g°P C‘A “Iy @ Slzt° é %cel tt(‘h‘?é ﬂﬁ‘rﬁ“}? ar ent hesi s.
The conventi m1duseui tl’fﬂaIS]HIthl&f mepddamnlthmgncdﬂyuwmd@cdnw’nm raliglabelal ent bond
bet ween ato t he. ami no terni nus .and car boxyl
t er mi nus reg§1n mﬁ y %%é% C%Tt'ﬁlmi') e%gtggﬁ% 2THE §RPe ﬁ?’%’ﬁc FV% i | ar
representati @Tsexamplco\ofm(émbc){iqndﬂw OytQysépnotedieg grdﬁ?ﬁhamtbhsmhi e at om of a

cystei ne resi v f no m nal acyl group or
ot her resi due%v\ﬁ%f)%[egldag %Hrépeer s? ﬁgn B@Q?%%g S%Ckfaff’ sKi'Pl s‘ﬂ"ﬁ“‘f"hé art. The
use of the temmmychd)/mhgmm ms itsaffondseard exby t wodenafi madrporhtivat intcheéhepepti de i s
cyclized by f f bond between the atons of the am no
termnal subst gctm%%ﬁ’%slm% ua?%lg ? fed ani no group and the carboxyl term nus
of the peptide. Similasly, tﬁ@rptcblylanwwr {Pis e eonesfinitgh ragliclabelenindingnmbiety (-er m

“poly(N-carb e J ser.l f conpounds
exenplified g{i’y(ﬁh@réil%ga?r@g giryrhc nga'ﬁ% gn#’nodl a@e“t R’gptﬁje gylngx,%ﬁs %y
et hyl enedi aminvhidegrthasaperce ((h’eﬁpcbtecm(gzg)w;)) Gly-and thediadohyll temmépasndfaacet i ¢
acid (DTPA). the pepride o BAIBRYIARRGE ofne e AYS M Aa RS IR

terminus of the peptide is activated and coupled to picolylamine. This synthetic

'IO

route requires that reactive side-chain functionalities remain masked (protected) and
do not react during the conjugation of the picolylamine.

This invention also provides small synthetic peptides that are somatostatin
analogues and incorporate bisamine bisthiol (BAT) chelators that may be labeled
with Tc-99m,

This invention provides for the incorporation of BAT chelators into virtually -
any position in the peptidc, vie covalently linkage o any appropriate functional
group of the peptide, except that the chelating moieties of the invention are not

covalently linked to functional groups comprising the amino acid side chains of the



enconpass sul fates, phosphates, sul fonates, phosphonates, and |ike
conpounds. Somat ost ati n anal ogue peptides of the present invention
can be chemcally synthesized in vitro. Pepti des of the present
invention can generally

29 advantageously be prepared on a peptide synthesizer. The peptides of
this invention can be synthesized wherein the radiol abel -binding noiety is
covalently linked to the peptide during chem cal synthesis in vitro, using
techni ques well known to those with skfil in the art. Such peptides
covalently-| izgxlﬁ‘r?ga&ﬁ’s ghqazr?dbpbagsehedgky%d@g noi ety during synthesis are
advant ageous becauseé specific sites of coval ent |inkage can be deternined.
Radi ol abel bi ndi ngn figriméttg 2 soraplex hE radivadiveiteshnatigm Wwith ithet reggtots eodl thimt 0 t he

t arget sonat o e or

enbodi nent s c%‘r’r%hw tﬁg%ﬁ?%g ﬁ:?@%fgg gx %gﬁr b?@%{f@%’t‘%%é%&gﬁ%ﬁe 3

Pic-dy- q/s(pfemtzsbmthgwegrpmw)m)the pigeengenefi a)redma: adentdi Rrpfemoil eedpciomn be

synt hesi zed t hesi s.

I n addition, a&n%@%felcgﬁ‘l or?l(% s%é‘?"“iimé&r:?e fﬁo E{ %@n??lg%{ngfitﬁﬁ%dbl %Rﬁ Eérér\gl ety may
be coval ent | yis| sfaﬂaw tioridse [Meany farmpmmngowhoqompwmeret epng¢WHonr
exarpl e, Lor I AP G o Yi-lof oo Rling @ YedDISRY RESHIY eiPblnes W11 D MY
be incorporated at any appro riate position Int e chain. This
sequence is pa#niY Al rsyg%}a@ Ricatirention g bptlabakﬂ@nélg suificiens pmawd eof of

i ncor porati ongdsfMify ia'%ﬁk tb%h@ﬁﬁxe&%’@&%@hafd @n@”ﬂh&‘i&lﬁm@e%'c@ﬁpm may
Simlarly, the C | am ne Plca)-contalnlng radi ol abel - bi ndi ng” noi ety (-
Cys(protecti nb“'g’m g ¥ CRGHnpiadsaseHa b inyerdion Ml adg-fosgedlabils @aplent hesi s by

i ncl udi ng t heoSRERMAKE akd Qsa{cpwﬁmaa %w&raqwanﬁeyn%mat ThCprB@EPRXY |
term nus of the peptide chain. owng@gveavageo he peptide fromthe

resin the car KX 2y lgand fychapge %’H’e‘sp‘tﬁfﬁlt nj lg thesei skidled dn é‘l‘ffd%ouﬁeed to

pi col yl ani ne. 1abti Sompiet hleatyl se FSthie® ualagt&uéhe&aﬁsreatngaﬁ'&cw Wlratd d@rgtdiai n
functionalities remain nmasked (protec and do not react duri nq t he

conj ugat i on oBlUEeRateHAT dRANYitohnfon gxample. Am""ﬁﬂhg Terf9mrmernepnaate sl rstfildes snal |

synthetic pepijifQge bRt HvenRf R Bfuddd ﬂleaaﬂéixciﬂé{‘ﬁsm?snﬂxch B¢ HePRERME DI sam ne
bi sthiol (BAT) chelators that may be | abeled with Tc-99 Thi s

i nvention provides aW“t"Hb“?‘ﬁ@bl“ﬁ‘Gfél‘?bﬁ“@?“’B'A'Fa]éshel at ors into virtually
any position in thg @ﬁe!‘rgzpem%dﬁn&\pﬁﬁd‘w@r\{vﬁﬁlom DERGS drébadhly teaiRRBGRY | at e

functi onal group of t pepti de, except that the chelating noieties of the
i nvention ar e labgled pepudes & provrded 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, citrate, gluconate or mannitol, for
example) can also be included. 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
embodiment, kit components are provided in lyophilized form.
Tc-99m labeled imaging reagents according to the present invention may
be prepared by thc addition of an appropriate amount of Tc-99m or Tc-99m
complex iato the vials and reaction under conditions described in Example 2

hereinbelow,



covalently linked to functional groups conprising the am no acid side
chains of the 30 am no
acids B[err], B[err], Blerr] or Blerr] as defined above. In form ng a
conpl ex of radioactive technetiumw th the reagents of this invention, the
technetium conpl ex, preferably a salt of Tc-99m pertechnetate, is reacted
with the reagent in the presence of a reducing agent. Preferred reducing
agents are dithionite, stannous and ferrous ions; the nost preferred
reduci ng agent is stannous chloride. hns for preparing such conpl exes

Me
are conveniently prQui L. it formc rising a sealed vial containing
a predeternined quéﬁgﬁoé@gg}' ﬁga#é%'g' pggc 1?’ Eénﬁ %ﬁ?@%tﬁr%vﬁ‘?e?obybtga P48t ed and a
suf fici ent anpiam¢ntios arceptoddadchazige rtsutiabld et ofdivetigent IVFdrRingCFc@9m
Al ternatively, 4 he ¢ | ex be. far by. reactin . reagent of this
i nvention wit h9§a{“ Eﬁdg)?%ﬁ %%’BH?%B i’?g’ %(:%y%ge&rgf(%?e@gcfﬁrﬁgfa?ﬁﬁ&ggﬁorﬁﬂ‘&eﬁer-
conpound knowninasludodsrcanginamg ridiggatndty aT hogenmates 9f fiost dbnavin0 lamillidugand

exchange and i I n . to those skilled in the art. The | abile conpl ex
may be forned ﬁ%‘?ﬁé‘l éﬁdgﬁw&n@ er ligands as tartrate, citrate, gluconate

or mannitol, for exX@&epgmaging\magenis beovited OPMhepprricecinvatiab eas bt tusedufoef ul Wit h
the present in %5% j ) Xal L. TR such as,the
sodi um sal t, o}l@@ﬁ%’}ggf m Sggf}f%%gg%ég%oﬁg@?%mgﬁﬁ%h?ﬁ Ishg 1958405 éd In a
preferred enbothimeesain pérticulrs gavitpémastiush funeprsimyefomas,psmei aell ng teerciname i um

| abel ed pept i dgs e NAMHRY e APRIRR! LBl & ADRHI ik DS RERL g r eagent
is introduced into a vial containing a reducing agent, SUch as A" annous
chloride, in apitdanunmosubRindbopts su@d dsanaingiomes pwbastroeytomashanfigu®@m  An
appropriate anggit & bk | i (gu ELrate,
citrate, gl ucong{tﬂe p%frs.tarrénr??s?' g({o,ﬁornf gﬂ%&gﬁpﬁggﬁi%lr&%g e&??\rc ﬁ%lg'éfk The
kit may al so ctus ventionnihe fci99malabgiedapeptite trrpantsl araddministererhines ismgls such as,
for exanple, pharnRCeid Gade! Y TREC |12 ehB! £S5t de0 r2 6 ic
pressure, buff .er{s?apr eserggae'ti ves gdgé' t he eﬁ?k‘;e'e.ﬁn eTﬁ%“%“?n%BJﬁéhﬁ? gﬁgﬁret he kit
may be in |iquinygntiononeh beradarysigred mtravenousip e fagy rogtveanidnatlinredivm, foki t _
component s ar e yafub@efhidcliod QAN b7 Sudold Wine medium, 167 %9%\4395?3&9.% i magi ng
reagents according to the present invention nmay be ‘prepare the

addi ti on of anmagipmepPenarally.alfip unit dese I be gdminisiereichas @ radieastiyityesf dbatto t he

vials and reachigdneN@eibotO Nl AP NSeAQ85 | RRY b RoRIGMPRe Zotudlar &1 gabel ow.

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
radivlabeled 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



31 Radi oacti vel y-1 abel ed scintigraphic inmagi ng agents provi ded by
the present invention are provided having a suitable anmunt of

radi oactivity. In formng Tc- 99m radi oactive conplexes, it is generally
preferred to formradi oactive conpl exes in solutions containing

radi oactivity at concentrations of fromabout 0.01 mllicurie (nC) to 100
nCi per nL. The i magi ng reagents %‘ovi ded by the present invention
can be used for visualizing organs such”as the kidney for diagnosing

di sorders in thes I gfa&@a par Y, Sty.Ql i_nal
tunors, nyel onas, gféc(rara el %lﬁmr%é(%a’ r?gcr}r]aﬁa‘h%%ot hé’rﬁgg\ P[g%ﬁdé& %?g‘ﬁdocri ne
tumors such asitwendign nsed\as thetapelitig awrsanmbmimnmrpd byjmyaapprqmatmrmu brain
tunmors such as g AN AN t rs ost at e,
breast, col on, m%ghgvgﬁ?%gocaﬁna ma% A g’(q:ggor dg’xr?'c %p{% Ic’th

i nventi on, thepmem@@mcpla@eﬂwédmp@&sl ‘@Elvsaé'g@rﬂbsutaﬁéttadmum%trr@i@lqum a single
unit injectabl %e@ﬁ@a% The Tc-99m | abel ed peptide reagents provided by the
invention may be~ adm ni stered intravenously in any conventional nedium for

i ntravenous injectiBys sigkptions alse apioeidess peptidese mdelrbled withi ytblosiod pl asnm
medi um - Gener alddgybisolops 48k s BR87HRO Réni ﬁﬂ%@b?hﬁ:ﬁﬁﬁa Sthi ivity of
about 0.01 nC tolsgbout 100 srrCl, pr ef er‘a fng & gdtf'ﬁgggol ution
to be inj ect edftradigtheranyd serain @"Pfscﬁﬁdﬁifﬁb‘%d @06‘-1 mebptamgtanla@wm After

i ntravenous adgf Hd%é@@llweopclﬁa?«glamt Immm YO a5RN 200G RLPAEE aliRinfiep@i L Er Of a
few m nutes. However, |maog can take place, if desired, in lhours or even
| onger, after ideany AHitagieapisicalaropepprefeeabiy by ijtmysners injectiona patient. |n most
instances, a sufficigntinadkasmt a1gf 6r5‘§de’§d%:ﬂi@&éﬁ%eqe&ﬂ%ﬁbsﬂﬁxké Eéé‘-.»%tl'&”' ate In
the area to be imaged within about 0.1 of an hour to permt t t aki ng of
sci nti phot os. CRRMENEHHYEALP Snaftalindingameirty Bt s geraglened Wittegimagnetior

di agnosti c pur pasRsgned) sbscrmignhaczeﬁ sk r@&ﬁ@argq&ﬁcaew 5Bm! RdrSof Bééeaél on.

The somatostatin recgci)tor- nd |ng é)peptl es and non-radf oact'i ve netal
conpl exes of t A EFEPISIOREIE HE W}&éf‘& r FrRetete-brsed dpestion ofipsalizatiqis ed

clinically as theicansmhtosatR0REpior behdMEORBE®R doRPIeRESAOIMOY of Bthérttishuel YPES Of
tunors, particu)arly those that express_ somatostatin receptors. The

somat ostatin aRdSIHHET ¢yl the Eentige grayides Aen-rRAlpesiive aethednionllasalizng used to
reduce the hor ipndl anB YRR SERAiGakiR Receptor expressing tissues in vivo.

This invention provides methods for using the diagnostic and radiodiagnostic

and therapeutic and radiotherpaeutic agents 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 is 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 neoplastic sites wherein said neoplastic cells express
somatostatin receptors (SSTR), and in particular such primary and especially

v



32 that often acconpani es certain cancers, such as the APUDonmas. Pepti des
of the invention used as therapeutic agents may be adm ni stered by any
appropriate route, including intravenous, intranuscular or by nouth, and in
any acceptabl e pharmaceutical carrier, in doses ranging fromabout 0.1 to
about 49 ng/ kg body wei ght/day. This invention al so provi des peptides
radi ol abl ed with cytotoxic radi oi 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 &fount of radioactive isotope from
about 10nCi t t ' 1 [ red via a ui.t abl.e clinical
route, pref er%ﬁ‘?@ﬁgymﬁg? @&se%ﬁggvﬁn?%g{f%éﬁy r wc“ﬁﬁ‘hp"gdaw&ht‘ﬁs‘% al so
provi des sonatms¢sibnah medod@ogies. binnatiditign pehp imaking agemalo el ipveniistkae to a

nmet al - bi ndi ng kety,that e |l exed with a,nmagneti.c, ,paramagnetic,
super magnet i cusgglﬂ g ud|5Ee°rct T g‘[ﬁég";fgm%"@e"gﬁr' At lal’f’gr‘?ssc?F’a{ﬁgr‘f’P‘c P%C,%tand

nmet hods for udissage stpdthdagypk.gxes dearrs irapniebie Guifiaing drote tudercinlogs. of

| ocal i zation of such s ostatin re r hindin eptide _co exes at
tunor or other ti slﬁg’ﬁemés?‘l est%f %3%950@8'?‘%%%,"3 Bh%cicﬁgg?%nl %ﬁrep%(ﬁng‘&

non- r adi oact i kstmttdhiodbe fidlowingcBrampleng Thesm Examplesotl intnateserizin gsgeas i n

recept or expr i I I j Thi.S,.l i ) i.des net hods
for using t heodSaasr RRER: Warkh Wiy aduanageoud Ry RFHE APrE RN

r adi ot her paeupf Blusitptian andnottlimitaliovent i on. For radi ol abel ed enbodi nents of

t he agents of the invention, for exanple, Tc-99m | abel ed scintigraphic

i magi ng agents, an effective diagnostic or therapeutic anmount of the

di agnostic or radiodi agnostic or tHXAMELEIL or radi ot herapeutic agent of
the invention are adm nistered. In radi odi agnostic enbodi nents,

| ocal i zati on of the radi ol abeBalid Phiase Reptide withesisconventi onal met hodol ogi es
such as gamma scintigraphy. In hon-radioactive diagnostic enbodi nents,

| ocal i zati on of siSOéig PhRse pepiifeLyRthesn(SBPS Was pramesnerd weta @ 2frmillimolcabel ed

di agnostic agenisie o vent & i i 1 1 £ onance

i magi ng net hoglcl:]){ng1 ’ljgecsai.e %}}%%rﬁﬁ? '%Bg’?g)g?\ct%g !gy%gﬁgzﬂaag%/ﬁ?%g&#ﬁ&é{ﬁﬁ?on have
utility for tusteg Stiimersinpigethylorydatbanyr(Fynotlormingdgrinings protetion, eovplinget ast ati c

neopl astic si R RERV ROR! BSJbEnEflatdte &XPY-ASErs BLeE] a8 n
receptors (SS : anﬁlf} partxllcu a# sjgﬁnzpﬁ r?zo?y ging e%%gm afgﬁ/?i
1,1,3,3-tetremethyluronium  hexafluorophosphate/ hydroxybenzotriazole

(HBTU/HOBT), and using p-hydroxymethyl henoxymethyl-polystyrene (HMP) resin
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 ¢l. (1990, Peptides: Proceedings
of the 11th 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 derivitizalion as described by

Atherton er al, (1989, Solid Phase Peptide Synthesis, IRL Press: Oxford).



33 netastatic tunor cells that have been clinically recalcitrant to
detecti on using conventional nethodologies. In addition, the imging agents
of the invention are useful in detecting sites of T |ynphocyte accunul ati on
associated wth occult disease or pathology, e.g., as occurs in patients
suffering from tubercul osis. The met hods for making and | abeling

t hese conpounds are nore fully illustrated in the foll owm ng Exanpl es. These
Exanples illustrate certain aspects of tfge above-described nethod and
advant ageous results, and are shown by way of illustration and not
limtation. Fmoc.homohomocysteine(Trt) was prepared by red EXag\PIVEDidBoc- glutamxc acid-

Solid Phase Pep i |de sy esi.s ( SPPS)
was carried out& gﬁﬁgﬁ%&;gﬁ& q%lmﬁgﬁg °‘§9)F2é§ R-{l?ﬁﬁ,oR mcm Affﬁtb f@ﬂ

Bi osyst ens Modetherd@tide, Hobaved dySpmoted of ﬂsrBoargﬂoupslvmg BF,OEtz in acetic acid,

9-f 1 uor enyl net J t n ' oupl i ng
with dicycl ohe%‘:dgg%/%ggeg wé"‘g‘%gﬁ‘%&g E%ﬁﬁ%gta?’?ggzo:ﬁmg{_egﬁére&:ﬁwap

2- (1H benzotri alzrewafeli—lwl treating phegyl@anizst (irapreal¥tioh of onatenamd MBALShumedopidos phat e/
hydr oxybenzotri : ﬁ,tqd_d W8

henoxynet hyl - po yﬁs?r ?rlé@%lw -Drefgll n 0?5 }lﬁﬁpégr%yﬁgﬁmrﬂww

car boxyl -t erm nus acVies oppmnmteam%rélomsm, f @rbrayegabidy | andt d-bromaS- ani des.
Wher e appropri I & si zed,
Homocyst ei n &’%’?E‘%ﬁ‘fﬁ’g B e e e o b e,
or by reducti omsghe L“h@ﬁé%f‘é’ﬁ?lﬁ‘édwgrﬁpﬁe@fa‘m freating the i¥rteirminkyg fred dmaq:rrmnl a.
Thr eoni nol resi @maﬁﬁi

reduced to a pr?%e?(7 U?E\%ﬁ%% %ggﬁﬁ@ﬁﬁkggﬁgg C‘lg{ldlggﬁrﬂ ept es of t he

i nventi on wher ehxéimwﬁmmi@’mﬁrfg Thado prid etydride/ dﬂsqnequb@alaeune@imm (1990,
Peptides: Proceedi ngypdre b #&khnﬁn@r phGAdY 2. fa@d&&}lﬁé‘d am%.tem chfd by 020- 21) .

Frmoc. Hey(Trt) and  Fnoc. PenE) were prepared from ppropr| at e” am no
aci ds by trityl #irfieh a0 ! r'T‘%!H’énS‘I‘F et i abrerhase ‘f‘Fbe“fP?ﬂ“f"o%éﬁ’ 9y itptec
derivitization aﬁmdﬂmrw@aﬁl dby(pﬁt B.@y,t eptiordllyadontaint®B8.5- 50! it Ebgag oPept i de

Synthesis, IRL Pres
y accton%nle or Tng for 1-48 h followed optionally by acidification with acetic

acid, lyophilization and HPLC purification.

Where appropriate, thiol-containing peptides were reacted with chloroacetyl-
containing, thiol-protected T¢-99m complexing moieties at pH 10 for 0.5-4 hours
at room temperature, followed by acetic acid acidification and evaporation of the
solution to give the corresponding peptide-sulfide adduct. Deprotection and
purification were routinely performed as described to yield the chelator-peptide
conjugate.

Where appropriate, BSME adducts were prepared by reacting single thiol-
containing peptides (5 to 50 mg/mL in DMF buffered to pH 7 with N-
methylmorpholine or N-ethyl-morpholine, or 50mM sodium phosphate buffer, pH
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-



34 Fnoc. honohonocystei ne(Trt) was prepared by reducing

N, N- bi s-Boc-glutamc acid- [err]-nethyl ester with borane-THF. foll owed by
nmesyl ation and reaction with trityl- mercaptide, foll owed by renoval of the
Boc groups with BFferr]CEt[err] in acetic acid, and then Fnoc
derivitization as described above. phenyl-C err]H err] CHBr COOH was prepared
by treating phenylalanine (in a solution of water and TFA/ saturated with
NaBr) with sodiumnitrite, followed by3¥istillation to recover t he pure
product .

riate, chl acet vl r onp cet and
2- br ono- 3- phcé’ﬁ‘fi‘f“br}goB‘f?g%ciﬁgf%‘ﬁ&mm}’e fﬂpr%dhﬁ) (Tgépﬁh@m 5 the
appr opr i atﬁ Z:I\lli;ﬁﬁkeﬂ RCPH Bsith e-rletifyimarptet d lidei@r Nlbtﬁigﬁﬂrﬁgﬂﬁdeﬂgﬁ SPBSSO or byh
treating the n ani no_aci e hound to,the resin wt
ei t her 2-hal omﬁé?ﬁd Hi?‘i ’é’o{gpgbfﬂdb”é? B%anfﬁp (Bgﬂﬁg yenahx FLERrs PmdE/ NVP or
2-hal o acid aBlh’Y.dl’drdBMFdd)ri ’smprompyétatx&niyd) awitin /3 hNvikdlar eq_uwalem.&/\hewpr opri ate,
HPLC-purified pti recc;lze rring an 0.1-1.0
my/ m . sol uti% 'ﬁ@ %ﬁéﬁﬂgﬁém%% g é’f%“ ngpglag% Pé“’é{ ni um
hydr oxi de (pH1 Sndlr, eqmpuemroalquhmollama:enmg:oﬁ temfcrfludgMor Egptdkimaelyacetonitrile
or THF for 1- f d I i ication wih aceti.c acid,
| yophi | i zat i on an Eﬂéf nglu'?'l }es rlﬂ%P]Mg oS “QWCOP%“%[&‘ Wr&%ﬁ‘@as

t hi ol - cont-ai nwag theppurified umg HPLéZact ed with chl oroacet yl - contai ni ng,

t hi ol - protected Tcw?%ema%ﬁ)m N gggNﬁo ﬁ@)‘?‘f?@aﬁ%ﬁ 9}5’8"328?‘3‘{3 Irs at room

tenperature, followe n of the
sol ution to girazadedage)C Gis e:opgogmbmgo pept pegides by f fide aazddting .the [pepidet ecti on

B oot kbl leC P G o BRI AR BRI BB 40

chel at or - pept i propri at
prepared by r HB’(fUmgstsmngME, NM B br netuglcad nh!mgicpéqibwd@by (cbupliog TDthey/ L i n

DMF buffered to Jet hyl nor p Ln t hyl - mor phol i ne, or
50mMM sodi um pﬂgicgﬁ'at% tslllijpg&'p,ylg%ﬂa%\yg? og\c%%c(r)ngwlyngCoﬁ'falx?ﬂJ%‘ﬁg BRf% EDTA or
DMVF or THF or depestéansal ztsrdels@);edm'audveo 5 nol ar equi val ents of BMVE

(bi s-mal ei m donet et her etoniteil t rao

tenperature for ap L%-%I % rﬁ??l giﬁi) f’g’”%zfg‘oiw gr{“%gmﬁpdﬁé@'trat ed and
t he product vvﬂrazamumain&icecﬁdbyvad-ﬁhcﬁporatcd into péftde @s YHUFope)-¥(-Bod)SER -adduct s

\glgr e prepared :%tyl%clsfysxge Eprepgreg frto Ha(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
synthesis and then deprotected after cleavage of the completed peptide from the
synthetic tesin.

Where  appropriate, = BAT-BS (N-{2-(N',N'-bis(2-succinimidoethyl)
aminoethyl)}-N°, A-bis(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide) 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 acctonitrile) with 0.5 molar equivalents of
BAT-BM  (N-{2-(N',N’"-bis(2-maleimidoethyl)aminoethyl)}-N ’-(t-butoxycarbonyl)-
N NP-bis(2-methy)-2-triphenylmethylthiopropyl)-6,9-diaza-nonanamidepre-dissolved



contai ning peptide (at concentrations of 10 to 100 ng/nL peptide in DV
buffered to pH 7 with N-nethyl norpholine or Nethyl norpholine, or 5 to 50
ng/ mL peptide in 50mMM sodi um phosphate, pH 7-8, optionally containing 0.5nM
EDTA or DVMF or THF or acetonitrile) with 0.33 nolar equival ents of TMEA
(tris(2-mal ei m doet hyl )am ne) pre-dissolved in acetonitrile or DVF, with or
w thout 1 nolar equivalent of triethanol amne, at roomtenperature for
approximately 1- 18h. Such reaction m§ ures containing adducts were
concentrated and the adducts were then é)uri fied using HPLC. Wher e
appropri at e, &Bééﬂonﬁ%{be&r ] & rer@'é&\gergewe%ptagp‘%xm&w'mrsﬂpylﬁm 1,4, 10-
triazadecane) was conjugated to the peptid Irst activating the pept| de
car boxyl at e wsoltioa MWrstthere CM#WEﬁtqué?Jr%‘}qS%aaﬂ%oéﬁf’ihﬁ@d?epﬂ*@ehywmsﬁ%UCC| ni m de

or HBTU HOBt 'd;ral sopm% enmtﬂyllme'rﬁﬂla%'o%l_ treth ewﬁ.d, fbyxﬁowé' ng in the

presence yl am ne. After couplin %ugat es were
depr ot ect ed a@lldté‘scﬂsb@d@a%% the product Wﬁéfsepf%iﬁﬁémlﬁ’aﬁ‘b“' 2BRIFY
(Nerr], N[errl,u,.mea( @apto 2 rret hyl propyl ) -6, 9- di azanonanoi ¢ aci d) was

|ncorporated |nto eptide as rr N- Bo
bi strityl-BAT) I ysi e’E ﬁ?@?ﬁ'}“@d EHQF iy(%ﬁgE)mMgﬂ%g}c method
N err] (NBOC)oﬁBS.kkerbk:STaII tigbr, BHJ S5 desqsidbegl) merE%)aﬂﬁﬂo@po&tﬁf bg0- owned

and co-pending U S. Patent Application Serial No. , i ncor por at ed
by reference) &iEI%BY peptide synthesis and t hen depr oct ed after cleavage of

the conpl eted peptwq@efagmﬁm peiiide R bdubsofs©Sdrd cyclized (betwdBE iR amiApPpropri at e,
BAT- BS (N-{2- 2-succi ni_m doet

1.S
ani noet hyl )) - N[de?aid]m‘N[ té‘i”?‘]“g By Leatiogf Is‘dfd}?ér%%tﬁﬁt%%m‘?aéreg A"Sz anonanani
de) adducts W@-@,r,-ﬁmrf@ aay wlea@bndagxpﬁdsﬂ@kpazﬁdal ol -contai ning peptide (at
concentrations of tq 50 Rtl de |ln buffered tfolr#)g 7 wWth
N- et hyl nor phol i nesaé?‘“ r\m@tﬁw%% 17558 cleayed 5nE; A SRIFUQT? fésBhat e (pH
7-8), opti Onaldicho%?xMrﬁhéllt@gneﬁh 5tli’SVbroEBfEé\ febtidaVF Wherel biffpréyria giraudtddr i | ) with
0.5 nol ar eqw val ents of BAT-B

(N-{2- (N, N - BFRUAS - BrEAUER defet Wl'?&n‘?%“é’i‘ ¢ RN @rd | 2o BBl Y bony ! ) -
N[ er r!j N[ elr r] 5&§&£oma&yivn$roﬁerctephe:ambnatnhw fred apimepyd )ca.rﬁoﬂﬂ-dﬂrggxal- nonanami d
eore-dl ssol ve in

acetonitrile &FcPrg usive PRMIPOSHISRI%Er e for approxi mately 1-18h. The

sol ution was then g¥aper aliskl aided regin@ssndapebd(dBA eRSyoutiedly | diaveiomdugat es

deprotected b%rgu[.\.? tanhzcd pepttigcsld%rr%te-crtlgéa\ usz%r?gda s%luztigril' c<':[>rrr'qlmestecs.| Xg t%lﬂ{xﬁ'gfceécor 1h. The

acid (TFA), or TFA and methylene chloride, optionally comprising water,
thioanisole, ethanedithiol, and tricthylsilane or triisopropylsilane 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 :5:5:2.5:2for 0.5 -3 h 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



sol ution was concentrated, the product adducts precipitated with ether, and

then purified by HPLC Where appropriate, the (DTPA) noiety can be
i ntroduced using the nmethod of Bakker et al. (1991, Life Sci. 49:
1583- 1591, hereby isncorporated by reference). Wher e appropri ate,

pepti de precursors were cyclized (between the am no- and carboxyl-term ni)
by reaction of the sidechain-protected, N-termnal free am ne and
C-termnal free aci d wi t h di phenyl phosph@)? yl azi de. Sasrin[err]

resi n-bound pep v i,n ion of 1% TEA in

di chl or onet hane% 5 yie cg'? m%%é?? c@éﬂ%ﬂgﬁﬁgdg?‘c SRR e°]fa"oﬁﬁ} By s

pr o';)ect th pept i cefipnet lys fass am dsomjmdinzmdrriaﬂz \m?m(:-jst:ds]g fiH)\B?fS) %}db{ f

carboxyl -termn n-protected, amino-terminal free
rboxy gxﬁlzeefgrs‘f&&gs BeBloscBbr BB PT O !

am ne and carbo erm nal *Tree i ng di phenyl phosphoryl azi de.
HVP or Rink am de r é®imatoblatim dnaboguebu synthesieedeasr pwvtdaelhyrem eqvedl addinpr ot ect ed

l'i zed [ d d fl
ceid (TrA) or TRACERONER RS R ARS, SRIRPY FoRe Lot vator

t hi oani sol e, et hanedl thiol, and tri etEMMPLErZe or tr| | sopropyl silane in
ratios of 100 : 5: 5: 2.§: - rs at. enperature. \Were
appropriate, products we Z,, % ﬂd'S l%a: g st - hanol / TFA, and
N- Boc groups re- int&bdigcefda peptide pleparpdpt indExangilag waBatigshieed 1100.1 mL

Resi n- bound pro i of .,
trifluor oacelto i cgg‘gi&t %ﬁ%"f%@?‘%‘%@? |pﬁ&§§a?°d%§#°6¢grfg]fnl"fﬁr&hé%grﬁ"&’i“ﬂ%,
optional |y conphfispiaieg Budfeer (PH hioahi s6l ef ét4ham}'d|09%ol salimndor 10%
triethylsilane, hr&H, gﬂd)}crbdéﬁxtlﬁ ngC[%fm TR, 9l9réxoghbcepmreewa§rpéﬁpavg'b ¥i gh

at room tenperature. e pepti viere purif
pressure |iqui drepnstivingod Ciyspsrar MRL(E)1. BuiPary de Neroues; §nd:)erxImumkl OB} col urm

~and gradient el yij o H‘x?ﬂ, 9 R-ob¥e E&fu]cnk fté%ﬁr?ﬂ?ztté %orﬂﬁmg e%T{;A%QQ ﬂ{-ﬁat gr

nodi fied with acetonitrile. Acetonitri’le was evapor
37 el utcd fract llpwed whptand faed® mitues at scophiempaaee. T iod @oi9vtygladeptaach

product was conf, pectrosco FABMS) or
by el ectrospray %%sr&gqs%g(?{ ?%tst%eggg }%%%%ed%&on”g%%ve? tgt%f)f zgaffxg) ues
synt hesi zed as pMe¢REEdIoher BOIC fersabaet] §-3Qmin bl pren dilteed tiobughuz B.2symt hesi s

identified by FARMS, are shown in Table | bel ow

EXAMPLE 2 A Ceneral Method for Radiol abeling with Te-99m
The Tc-99m labeled peptide purity was determined by HPLC using the

following conditions: a Waters Delta Pak RP-18, S, 4.6mm x 220mm analytical
column, or a Waters NovaPak Radial Compression C-18, 4uxm, 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 beginning with 100% solvent A
(0.1% CF,COOH/H,0) and ending with 100% solvent By, (0,1% CF,COOH/90%
CH,CN/H,0) over the course of 10-20 min.

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

Te-99m labeled peptides eluted after 2 much greater amount of time, as illustrated
in Table [ below.



0:1 ng of a peptide prepared as in Exanple 1 was dissolved in 0.1 nL of

wat er or 50/50 ethanol/water or phosphate-buffered saline or 50 mM

pot assi um phosphate buffer (pH =5, 6 or 7.4), or 0.9% saline or 10%

hydr oxypr opyl cycl odextrin (HPCD) in water. Tc-99m gl uceptate was prepared
by reconstituting a G ucoscan vial (E I. DuPont de Nenmours, Inc.,

Wl mngton, DE) with 1.0 nL of Tc-99m sodi um pertechnetate containing up to
200 nCi and al lowed to stand for 15 mtutes at roomtenperature. 25 [err]l
of Tc-99m gl uceptate was then added to the peptide and the reaction all owed
to proceed at roomtenperature or at 100[err]C for about 5.30 mn and then
filtered through a 0.2 [errfmfilter. The Tc-99m | abel ed pepti de
purity was determ ned by HPLC using the followi ng conditions: a Waters
Delta Pak RP-18, 5[err], 4.6mm x 220mm anal ytical colum, or a Waters
NovaPak Radi al Conpression C 18, 4[err], 8nmm x 100mm anal yti cal col um was

| oaded with each radiol abel ed peptide, and the peptides eluted at a sol vent
flow rate equal to 1 niL/mn (Delta-Pak) or 3nL/m n (NovaPak). G adient

el ution was perfornmed beginning with 100% sol vent A (0. 1%
CFlerr]COOH H err]O and ending with 100% sol vent B[err] (0.1%
CF[err]COO—VQO%CH[err]CI\I/H[err]O) over the course of 10-20 mn.

Radi oacti ve CONPOpRARLS—llaLe-—0otatlodteiAtdiiialln o=t a0 aBiiic—t
linked to an i nteratl ng recor d,er Tc; 99m gl uceptate and Tc-99m [sodi um

pertechnetate el ue betweejrﬁ 1 afid 4 nminQteS under 3 hese conditions, | wher eas
the Tc-99m | abel e peﬁ)tl des el uted afteT. a nuchSgreater ampunt of tfme, as

t ector

illustrated in Tapl ed Felow™ < « “

- - L )
n~~'eﬁ-§8~°.*n°° a T o
LE = @8 ®ny g dg by AR
> o
EER-E: B B A * 8k 2% Z
- - 2=
E]
t8 oo e85 588885% 33
[ ]
" e - o «=r
SR oo ad@ =28 Fag e R

TABLE [

vV _Hey(ch,co.(e-K)GC.amide)

LKV, Hey(cH,co.CGC.amide)
*(e-K)GCKKKKK .amide

cyclo. (NQH,)EYW,,K\',Hcy(t:ﬂ,cq.KKKKK(e-K)GC.amide)

CH,CO,. YW,KTC. amide

oKTEC.(BAM)

cyclo {N-CILIF, YW,

W, KTFCKKKKK(e-K)GC.amide

FW,KTFC(e-K)GC.amide

CYW,KVC
AN-CHOF. YW, KV K(BAT)

clo.

cyclo {N-CH JOE. YW, KV, Hey(cH,co.GGC.amide)

cyclo {N-CHOF. YW,KV Hey(en.co.CGC)
cyclo.(N-CH F.YW,KV, E(BAM)

(N-CHIFFW,KTFCKC,,,GCycn amide)

CH,CO.YW,KTCTC,oGCpen.amide

cyclo (N-CH,)F.

CH.Co.FFF
C1L,co, FEWLKT

CIt,C

97 cy
cyclo
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[err] 40 The follow ng

| abeling conditions were used with the appropriate peptides: 1. The
peptide is dissolved in water and | abel ed at roomtenperature. 2. The
peptide is dissolved in water and | abeled at 100[err]C (15 mn). 3. The
peptide is dissolved in 10% hydroxypropyl cycl odextrin and | abel ed at
roomtenperature. 4. The peptide is d| ssolved in 50% ethanol/water and
| abel ed at room temperature. 5. 40 The peptide is dissolved in 0.9%
sal ine and | abel e i ssalyved in water
made pH 9 with bﬁ%afrggonag g bgﬁxg@oﬁ'&mno@ e ug% WIﬂl %50%8 robg@*‘g pﬁ%@ff met hods:
general : sol vent 0. ) er,

sol vent Blerr] , T@ pe&fg}ieﬁj{ ) é‘fgp 'fééte fure.

sol vent flow reste =T& %'J@ 9 dﬁgol {:r{b‘ mgﬁf T ga{% %r%EiTPS4
RP-18, 5[err] X 220 s D, I ca co a? P Wat er s

=
;(
'7[

\3\2![22 hO\:/aPake{Qadlé -mr éss"501 eﬁfg 4[errf§l&%n§3d\/\%b§°dsafz? 2

5. The peptide is dissolved in 0.9% saline and labeled at 100°C (5 min).
6. The peptide is dissolved in water made pH 9 with bicarbonate and
labeled at 100°C.

*% HPLC methods:

general: solvent A = (0.1% CF3COOH/H,0

solvent By = 0.1% CF,;COOH/90% CH,CN/H,O
solvent flow rate = | mL/min or 3mL/min

Vydak column = Vydak 218TP54 RP-18, 5u x 220mm x 4.6mm analytical
column with guard column

Waters column | = Waters Delta-Pak C18, Spm, 39 X 150mm

Waters column 2 = Waters NovaPak Radial Compression C-18, 4um, 8 X
100mm

Method 11 Waters column 100% A to 100% By in 10 min
Method 2:  Vydak column 100% A to 100% B, in 10 min
Method 3:  Waters column 1 100% A to 100% By 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<chlorophenyl)alanine; Thp =  4-amino-
tetrahydrothiopyran-4-carboxylic acid, D-Nal = D-2-naphthylalanine; Dpg =
dipropylglycine; Nle = norleucine; Hcy = homocysteine; Hhe =
homohomocysteine; Pen = penicillamine; Aib = aminoisobutyric acid; Nal =
2-naphthylalanine; D-Nal = D-2-naphthylalanine; Ain = 2-aminoindan-2-
carboxylic acid; Achxa = 4-amino-cyclohexylalanine; Amf = 4-aminomethyl-
phenylalanine; Aec =  S-(2-aminoethyl)cysteine;, Apc =  S-(3-
aminopropyl)cysteine; Aes = O-(2-amincethyl)serine; Aps = O-(3-

aminopropyl)serine; Abu = 2-aminobutyric acid; Nva = norvaline; T{(CH,0H)



Method 1: Waters colum 1 100% A to 100% B[err] in 10 m n Method 2:
Vydak col um 100% A to 100% B[err] in 10 mn Method 3: Wat er s
colum 1 100% A to 100% B[err] in 20 mn Method 4: Waters colum 2
100% A to 100% B[err] in 10 mn Single-letter abbreviations for am no
acids can be found in G Zubay, Biochemstry (2d, ed.), 1988 (MacM Il en
Publ i shing: New York) p.33; Ac = acetyl; Acm = acetam donethyl; m =
mer capt oaceti c acid; I\/bb 4- mt hoxybenzyl4t Aca = 6-am nocaproi c acid; Hy =
honol ysi ne; Apc = L- é - am nopr opyl ) cystei ne; _F[ errlJ D- phenyl al ani ne;
V\[err] = D-trypt Oméhreony:f r(P‘} whiqh @19 BPPRgic ac@p@owty has been reduced t0 2

L- (4- chl or ophenyIpYisdagnalnshol); e-Khpr a:‘.ysme4zea1ﬂumm a peptide in which the peptide

t et r ahydr ot hi opy gy ﬂfv@ﬂré@%ﬂ-dnﬁn@%i &mallym@slaecnaphathw mﬁramcn&'- Dpg =
di propyl gl yci ne; N engroup %.Qfm eu anthx Xﬁsgme uhwﬂlgﬁ;\/ éd-{\lng? qu%f m&cr Nal =

honohonocyst ei ne; TS eni Ci I

2- napht hyl al ani nék anDhNamcﬂ Baﬁ““ﬁaﬁﬂ?ﬁphy? S‘I"’&}?F%h“’)@ﬁo mezcaglpﬁxyﬂogrﬁ% ft 2-

car boxylic acid; thcidiament adiranacidaoe dgrol D beptiie hdraniyridab Anf2,&didmambutgiret hyl -

phenyl al ani ne;  AgR residue inSwHicdr @81 ﬁ@fglﬂuﬁ)ﬁb@»’a&ﬁﬂy link¥ACto tFe car&xgll?’

am nopr opyl )CySt?&?sA%f tﬁ@% acenl: am o( da{U RoG! %ﬁgrboﬁlae ;313'“)95- 413. 0 (3
2 iy

am nopr opyl ) seri
T(CH gr r ]p é_g dlammoproplomc acz ue 1¥1 Whlch ! the B-amine group 1s covalcrkpy linked

t hreoni nol (on whb die ¢armxylogroupxef] the adjadedt aminetagidita Jodrer peptidel bord] Rio a
primary al cohol) ,-[er;ﬁ&ouﬁj:x a jwy&idm -2RAtEbAGDE N @iqept kde jiBolphintiRe t he

pept i de_bond 'nvqm%sﬁsn&n&h BHAbraILe U R Al hEbYs) asmghglsjag 0. at her

than the [err]
[err]-anino grou ‘azF”eﬂ“Pﬂé’Im fcﬁia Alheeid %?‘E%?d)[ef\}r;l‘f" FH"M‘B‘"?}NSQJH?' -&@Q@oval ent | y
| i nked to the carthakyi2-tgpieaymethyltiepreny))as Bdiazaanianoicacidd RBAM oF nV'aV'pept de
Fond] -[err]-Dab brs(@-n%rcﬂrptldf’&f@tﬁ}@;lbbﬁmw .8, l@-@hﬁadeeﬁiedE&M hravedeh Izuf-%

err]-anmino grou Wy, e
EEARL BRIk o L e Con O

i am nopr opi oni ¢ alently
linked to the carthosyycagbanyb)-of, Mkms(adpaftbehﬂ tammlmctlﬂltbwpf@’ym &.9pepti de

bond; Pic = pi & %hcﬂx@bﬂm:de (M eé} 0oy £2- QRN Y-3uccininfidetyhaminoethyl}-
ﬂ'[ gf'r%" glms?g ﬁér ggwoog? H;g ‘??s@ )S%AJ diazanhfiahlde: (BMME} = bis-
malc'mldomethy her bis-succinimidomethylether; {DTPA} =

dlethylcnemamnncpentaaccuc amd.

Non-radioactive rhenium complexes were prepared by co-dissolving each
of the peptide reagents of the invention with about one molar equivalent of
tetrabutylémmonium oxotetra-bromorhenate (+5), prepared as described by
Cotton et al. (1966, Inorg. Chem. §: 9-16) in dimethylformamide or
acetonitrile/water and stirred for 0.5-5 days. The rhenium 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 perrhenale 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 betwesn 5 and 60 min.



di azanonanoi ¢ acid; BAT acid (protected) =

N err]-(t-butoxycarbonyl)-Nerr],Nerr]-bis(2-

met hyl - 2-tri phenyl net hyl t hi opropyl ) -6, 9-di azanonanoic acid; BAM = Nerr],
N err]- bis(2-nmercapto-2-nethyl propyl)- 1,4, 10-tri azadecane; BAM
(protected) = Nerr]-(t-

but oxycarbonyl)-Nerr], N err]-bis(2-nmethyl-2-triphenyl nmethylthiopropyl)-1

,4,10- triazadecane; {BAT-BM = 42
N-{2-(Nerr],Nerr]-bis(2-nmal ei mdgethyl)am noethyl}-Nerr]-(t-
but oxycarbonyl )-Nerr], EXAMIXLI% 3

N[ err] - bi s(2- et hyl - ZmhHitiaestyBinghe ¥t {HIORAORYInhcetafln-14] azanonanam de;
{BAT-BS} = N-{2- (N, Ntg RRSZPRHUPSHcRa dYtPien@RIdY | } -
N err],Nerr]-bi SI(:EZ;[ rre,r_cagt o- 2- et hyl propyl ) -6, 9-di azanonanamn de; {BMVE} =
bi s- nal ei mi donet HE SPHBY Of yageRifomatosialin aagieguph PhitgomeanHyt & biad; {DTPA} =
di et hyl enet r i @ngoRRRQRER ALGHIrE /R Gikrd . was .demonstrﬁi@&“b?'aa@a?ﬁgttﬁé/ _@oil’it?%@i um
conpl exes vverek\ﬁ]t‘)re ared by g}o- dlgsol |n‘_g .each of the peptide reagents of
the i nvent i onSYi 2RGEISH O SHPitRipdine 8é6i diplabpiedotomaastaun dp3PmiBN um
oxot et r a- br onpAGRRGE rdcdRdrrcoRBRRR ANmISbARSKC rTHRast paXcrEvk iRkt al . (1966,
I norg. Chem 5: 9- Q in dinmethyl formam de or acetonitril e/ water and

ling 5*%%%/5‘.”

stirred for 0 I EXPIFEYS UG CORBIoSRWS TaRsPIOT| waY sLByedhyinr ever se
pﬂase {-IPL_C angm@lggié bwngmm%@nmrméﬁﬁ- eﬂngggbﬁbﬁapmt iﬁdﬁ_swmﬂcmelr e
characteri ze . ) oactive rheni um conpl exes,
using for exaPr‘ﬁ%(’é’ ﬁ&“ié’gésdt‘mgg%ﬁl,mﬁ?@ ‘ﬁraeb%[?%é‘adf ?%rﬁ: HMIPRFEpr i at e

pggI rhenat e 3ah¢§7°@siinnuﬂ§§k§: S’rﬁmlstﬁd _651@0&15(: &\ﬁmé@hiz@é@&m st iriﬁﬂ, or by

addi ng a redugjn ent .to a solution of the pepti nd perrhenate, or
optional ly us%ﬁbgﬁ%@éﬁdgﬂ‘%ﬁ’gf’%?‘°g§§jaéﬁfhe§Mfﬂgw&‘te’?ép& éﬁélo‘”f“ﬁcubati ng the
[) eacti on5at Sattf?@e?ﬁtettl’\ecrb%m Bnde QAN BuERP efdothe fespehddd & &Y icd-C f or

etween 5 an

EXAMPLE 3 c‘gg Squr‘]ib? i B9 o ArissHC ki (PR ?ré)'of Equal aliquots of this cell
{[err]l-Tyr[ erembaaspiepattihivwerclitcubated with (*¥I-Ty0' ) &intdobtaliall4 GaRENGAt | ¢ Tunor

Cel | Menbranes . Th iljty,of_various somatostatin anal ogues of the
invention to 5?‘\‘?8“?%"’50%&@3&“&%% %Sé)égb? Bl maly At SRS s 3‘3’@%n§ft rated by
assayi ng the abd0Ci/mtnodf AmeesharanArDguas HelphisNLPIiahd Hepitiengr @éprides adi ol abel ed
somat ostatin anal ogue to sormmtostatin, rec t of-,GoNt aj il’,lr(t:] cel L nmenbranes.
The rat pancr &4fU8 ‘E‘Wﬂ’ﬁﬁ" % 811P2) SOREEIAHRD P &ﬁf"ck) é‘gﬁ?gé&gé ?ﬁé“%%‘rmt ostatin
receptor was oHFOHMEHEPES [P Deremtatning 1'% rvaline saem talbamidresi A, $MEM)

. o . . :
suppl ement ed Wl Pl Aho AR LRafSta ER ol A Mh AR 11 2

phenylmethylsulfonylfluoride (0.02mg/mL) for 2Smin at 30°C. Using a

filtration manifold, this mixture was filtered through a polyethylencimine-
washed GC/F filter (Whatman, Maidstone, England), and the residue remaining
on the filter washed thrice with 5SmL cold HEPES buffer. The filter and a
sample of the filter washings were then counted in a gamma countzr, To
assess non-specific binding, the assay was performed in the presence of
unlabeled somatostatin-14 at 200nM. Data znalysis including Hill plots of the
data provided inhibition constants (see Bylund & Yamamura, "Methods of
receptor binding", in Meth in__Neurotransmitter Re r _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



at 37[err]Cin T-flasks. Harvested cells were honogeni zed in cold 50mM
Tris- HO buffer (pH 7.4) and the honogenate then centrifuged at 39, 000g
for 10mn at 4[err]C. Pellets were washed once with buffer and then
resuspended in an ice- cold solution of 10mM Tris-HO (pH 7.4). Equal
aliquots of this cell nmenbrane preparation were incubated with
{[err]lI-Tyr[err]}somatostatin-14 (at a final concentration of 0.5nM and
750, 000cpni L, at a specific activity of 2000C /muol, Anersham Arlington
Hei ghts, IL) and peptide or peptide- rheniumconplex at a final
concentration of from10[err]Mto 10[err]Min a solution of 50nM HEPES ( pH
7.4) containing 1 % bovine serum al bumin (BSA), 5nM Mgd [err], Trasyl ol
(200, 000 International Units), bacitracin (0.02ng/ ) and

phenyl met hyl sul fonyl fl uoride (0.02nmg/ ML) for 25mn at 30[err]C. Using a
filtration manifold, this mxture was filtered through a pol yet hyl enei m ne-
washed GC/F filter (Watnman, Maidstone, £ngland), and the residue renaining
on the filter washed thrice with 5nL cold HEPES buffer. The filter and a
sanpl e of the f.qofr@wsmrﬁcwggs were then counted in a gamm counter. To
assess non-specific binding, the assayagmg gerfornmed in the presence of

unl abel ed somatostatin-14 at 200nM_Data analysis including Hill =gl___ﬂpts of
e et Bt O IR Re PR o, (oce /] o L TR o i od o
Yamanmura et al . o, Qﬁ&&%m&ﬁsﬂmx&rmﬁﬂwaé). 1529 THeSE rdsults
the Tnetant i nvahbl B S ARG ed BO M T ng a0 |- GRS @
43 somatostatin Wcmccmamide 1480 TRELE [l

cyclo {N-CH)F. YW, KV.Hey(CH,C0.(e-K)GC.amide) 1401 0.92

cyclo. (N-CHOF. YW, XY Hey(cH.co.CGC.amide) 1373 1.7

cyclo . (N-Me)EYW KV Hev(cH.c0.GGCKK.amide) 1386 0.06

cyclo. N-CHIFYW KV Hey(cH.co.GGCK,amide) 1458 0.15

cyclo.(N-Me)FYW . KVHev(CH,c0.GGCR.amide) 1485 0.23

wiesesia s Tro LEUAESAAIUANNAN, AMIAE 2145 0.33

cyclo. (N-CHIFYW KV Hey(cH.co.{e-K)GCK.amide) 1529 0.34

cyclo (N-M\EYW_ KV .Hcv(cH,CO.(e-K)KC.amide) 1472 0.42

CH.CO FEW KTFCGGC.amide | 2042 1.3

CH,CO.EEW KTFC(e-K)GC 1506 5.6




{Re=0} - conpl exed Pepti des M err]

Klerr](nM cyclo.(NCH err])F. YWerr] KV. Hcy([err].K([err]-K)GC. am de)'
1529 0.51 cyclo.(NCHerr])F.YWerr]KV. Hcy([err].G3C . am de)
1330 0.59 CHerr]COFFWerr]KTFCC[err] G err].am de
1480 0.67 cyclo.(N.CHerr])F.YWerr]KV.Hcy([err]([err]-K)GC. am de)
1401 0.92 cyclo.(NCHerr])F.YWerr]KV.Hcy([err].CGC. am de)
1375 1.7 cyclo.(N-Me)FYWerr] KV. Hcy([err].GECKK. am de)
1386 0.06 cyclo.(NCHerr])FYWerr] KV. Hcy([err].G3CKam de)
1458 0.15 cyclo. (N-Me)FYWerr] KVHcy([err]. GECR am de)
1485 0.23 J[err] 2145
0.33 cyclo.(NCHerr])FYWerr]KV.Hcy([err].([err]-K)GCK. am de) 1529
0.34 cyclo.(N-Me)FYWerr]KV. Hcy([err].([err]-K)KC. am de) 1472
0.42 [Jerr]. FFWerr] KTFCGEC. am de 44 2042
ég CH[err]CO.FFV\[err]KTFC([err]-K)%%‘BLE it " 1506
TABLE 111 Pepti de - Klerr](nM
cyclo.(NCHerr] ) EX\Werr1 KV Hoy < 0.01
CH err]CO FYWerr .am de ) .16
CH err] CO FFWerr , Hhc. ami de K. (nM) .41
cyclo. CYWerr] KVC cyclo (N-CH)F YW KV Hev < 0.01 |0.43
CH err] CO FFWerr|] - hl id .45 cyclo
(N-CH err])F. YV\[eILr LK At c‘ 00.1646
cyclo. (N-CH err]) F. Fﬁ;—mﬁ. 83 r] CO. K([err]-K)GC. dht#lde) 0. 65
cyclo. CYW KVC 0.43
CH,CO FFW,KTEC.amide 0.45
cyclo (N-CH)E YW KV . K.{BAT} 0.46

cyclo. (N-CH)F. YW KV Hey(CH,CO.K(e-K)GC.amide) 0.65
cyclo (N-CH)E, YW, KV, Hey(CH,C0.Cp (uGCuc.amide)  0.79

cyclo. (N-CH)F. YW, KV Hey(CH,CO.CGC.amide) 1.5
cyclo. (N-CHOF, YW KV, Hey(CH,CO.CGC) 1.8
CH.CO FEW KTFC.{BAM} 1.9
eyclo . (N-CH)F. YW, KV. Hcy(CH,CO.(e-K)GC.amide) 2.0
cyclo. {N-CH\)F YW,KV Hey(CH,CO.GGC.amide) 2.4
cyclo (N-CHOIF. YW, KV E.{BAM} 2.6
CH,CONFFW,KTFTC 2.7
CH,CO.FFW KTFC 4.0
CH,CO . FEW KTFC(e-K)GC.amide ' 5.2
CH,CO.FEW KTECC,enGCa - amide 7.5

CH,CO.FFW, KTF . Hey 2.8




cyclo.(N-CH err

1.

4.

])F.YWerr]KV. Hcy(CH err] CO CJerr] G err].am de) 0.79
cyclo.(NCHerr])F. YWerr] KV. Hcy(CH err] CO CGC. am de) 1.5
cyclo.(NNCH err])F. YWerr] KV. Hy(CH err] CO. CGC) 1.8
CH err] CO FFW err] KTFC. { BAM 1.9
cyclo.(NNCH err])F. YWerr]KV.Hcy(CH err] CO. ([ err] -K) GC. am de) 2.0
cyclo.(NNCHerr])F. YWerr] KV, Hcy(CH err] CO GGC. am de) .4
cyclo.(NNCH err])F. YWerr] KV. E. {BAM . 6
CH err] CO. NFFW er r ] KTFTC 45 7
CH err]CO FFWerr] KTFC , .0
CH err] C err] FFW er r] KTFC( [ er r] - RPEEE I Jgont’d.) 5.2
CH err] CO FFWerr errlamde .5
CH err]CO FFWerr s 4dcy : . 8
45 Befnidd® TABLE 111 (cont'd.) Pepti de K (M)

Klerr] (nM cycl o. ( NyNe M EYWLKT 0.26 |

0. 26 cyclo. (N-M) Y%Z@ Ol 26

cycl o. (N- M) FYW erffr pﬁﬁ%\ gﬁﬁ‘aﬁ?ée) U'8.629

CH[ err] CO. FFW er r JfKF: @@ﬁpQMmd@m de 0.29 _

cycl o. (N- Me) FYW effir Q&gﬂ de) 282 cycl o.

(N-CH err]) FYWer ]%ﬁ%%%rdﬁ”@g@&kx ?én 2. %'4

cycl o. (N-CJ[ err]) BorplednMaE YiVK ¥ilfoy (GHaode K)K Er@mide) GCK. antde)

CH err] CO FFWerr] 4

(N Me) FYW er r] KV. @?@%Mﬁé@%cx amide) >3 gis

CHl err] CO. FFW er r jKyACOHCHRITA¥KY Hey(CH,CO.(e-K)GCK.amide) 4.2 9.4
CH.CO . FFW KTFCC,.oGComK.amide 8.4
{N-Me)FYW KV _Hcy(cH.co0.CGCE.amide) 8.5
CH.CO.FFW KTFCGGC.amide 9.4

2

4



46 EXAMPLE 5 Localization and In Vivo

| magi ng of Somatostatin Receptor (SSTR)- Expressing
Tunors in Rats In vivo i magi ng of somatostatin receptors expressed by
rat tunor cells was performed essentially as descri bed by Bakker et al.
(1991, Life Sciences 49: 1593-1601). CA20948 rat pancreatic tunor
cells, thawed fromfrozen harvested tunor brei, were inplanted
intranuscularly in a suspension of 0.05 to 0.1 ni/animal, into the right
hind thigh of 6 week old Lewis rats. Th® tunors were allowed to grow to
approximately 0.5 to 2g, harvested A \pignor brei was used to inplant a
second, naive set of Lew.s rats. Passagl ng1n this fashion was repeated to
generat e successLaeligtiosrad |lmrié.va)ﬁn:tgmu)n£ Swtnﬂguamemtm- (SFER)-t unor - beari ng
animals used for the in vivo SHum prs) it Rl fromthe third to fifth
passage and carrie t e specificity
of radiotracer | ocgf??% ';"g%%gmt %hnm&%{am receptors éiegsdy %k i ﬁ%mo\;/vgglé gi ven an
subcut aneous S8TRpdrfoomed exgentiaiiyeay descrgieﬂg:)y chrctrr«:éofli%b, By Fiiamcdses prior to
injection of t 59?'1655““ (This protocol has been shown by Bakker et
al. toresult 1 owefing of [err]In-{DTPA}octreotide tunor uptake by

40% ) Thi r d-CA29948 frathppersafieg bInEA2@ Y18 thawerb rfrare droery hioses rats were
restrained andur eo@ére%wrnra%%aomwus\ér@n}h@ darp%gm& %rloosewowth a dose
of 0.15-0.20 err] Tc-1 abel ed peptide corres to 3 to 8 [err]g

peptide in 0. 2“16-&“0“% ipto the right hl“AttmE*éIOéét‘é?fktql W‘Stlﬁ@ aRienaiersner e

sacrificed by e,@rcvmra%d@u gro@cataperaxﬁf&@crysglaeratf@ HRERADSHA WeRoPsE Or med.
Harvested tissue sanples were wei d and counted along with an aliquot of

the injected d¥seufd & Gpiath 2vsFq! c@errr% &pt, of Lewis ratyhe Poxsagifgnif this

bi odi stributi opigs uldsSe re%ekc?(‘gtax?e?'até %b&&sﬁk%&ﬂrﬂ@r&t bl @SmaliRaffgesent ed in
Table IV. Notably, [err] P587,” [err] Tc-P617, [err] Tc-P726, and

[err] Tc- P736 shumeld v"léwumrgtwarwmﬂfw@ﬁef%m i ivg rstuies ogra eserllys

denonstrating e fhe MifhoSRRChdstage gﬂ;eﬁﬁed 0.2t @' Befumblsumor) tissue. _
Figure 1 shows an i1 mage of kerr] -P587 in a tunor-bearing rat. The high

upt ake in the tunorFarrtudiss o (S‘WefPWEﬂW( e FgiRjrages localizgtion, in, fhg tymers,
selected animals were given an subcutaneous SSTR-blocking dose (4 mg/kg) of
octreotide 30 minutes prior to injection of the radiotracer, (This protocol has
been shown by Bakker et al. to result in a lowering of '"'In-{DTPA}octreotide
tumor uptake b.y 40%.)

Third- to fifth-passage CA20948 tumor-bearing Lewis rats were
restrained and injected intravenously via the dorsal tajl vein with a dose of
0.15-0.20 mCi *~Tc-labeled peptide corresponding to 3 to 8 ug peptide in 0.2
to 0.4 mbL.

At sclected times, the animals were sacrificed by cervical dislocation and
selected necropsy was performed. Harvested tissue samples were weighed and
counted along with an aliquot of the injected dose in a gamma well-counter,

The 90-minute biodistribution results of selected radiolabeled peptides
are presented in Table 1V. Notably, ¥™Tc-P587, ®"Tc-P617, ¥ Tc-P726, and
#$mTc-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.



47 [err] Tc-P587 uptake in tunors in rats was conpared with and

w thout pre- injection treatnent with octreotide, a sonatostatin anal ogue
known to bind to the somatostatin receptor in vivo. In these experinents,
receptor-blocking by adm nistration of octreotide prior to admnistration
of [err] Tc-P587 reduced specific tunor uptake of the radiol abel ed peptide
by 76% These results confirnmed that binding of [err] Tc-P587 in vivo was
SSTR-speci fic. 48 [err]

- 47
¥ 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 reducad
specific tumor uptake of the radiolabeled peptide by 76%. These resulis
confirmed that binding of ®~Tc-P587 in vivo was SSTR-specific.



49 EXAMPLE 6 In Vivo | magi ng of Human
Somat ostatin Receptor (SSTR)- Expressing Tunors with Tc-99m
Label ed P587 In a clinical trial, scintigraphic imging of hunman
patients bearing SSTR-expressing tunors was achi eved using the Tc-99m

| abel ed P587 reagent. A total of 10 patients, four fermal es and six
mal es ranging in age from27 to 69 years, hgd been previously diagnosed
with growth hornone-secreting pituitary adenoma (4 patients), nelanoma (1
subject), nedullary thyroid cancer (1 subject), small cell lung carcinona
(SCLC; | patient), non-Hodgkin's |ynphoma (1 patient) or gastric carcinoid
(1 patient). Each of these patients were adm nistered Tc-99m | abel ed P587
at a dose of 10-22nC per 0.2-0.5nmg by intravenous injection.

Sci ntigraphic imagi ng was them perforned as descri bed herein on each
patient for 4 hours post-injection. Gamma canera inmaging is started
simul taneously with injection. Anterior inmages were acquired as a dynamc
study (10 sec imge acquisitions) over the first 10 mn, and then as static
images at 1, 2, 3 _and 4h post- injection. Anterior inmages were acquired
for 500, 000 countfs or is shorter), at approximtely 10-20
mn, and at approximately 1, 2, 3 and 4h post-injection. The
SC|nt|graph|c i =pgent Was dound<tp clear rapidly fromthe

bl codstream resujtingl i Fes§ tRarF 10% of the injected dose remaining in
the circulation thin 30 minutes of injection. This allowed i mage
acquisition of tupd si ievied as early as 15-30 mn after

i njection of sci Fgr h;ccgnaglngvag-i . Al known tunors were detected in
this study, as dsFuMOupreV|eu§§y_, detected netastatic | esions which

were later confirjred usi ng conputer-assl| sted tonography (CAT scan).
These results denpnstgpated that the sgiihtigraphic imging agents of this
i nvention were hlhlyEEfEecﬁ SZeIncdeHe,ting SSTR- expressing primary and
metastatic tunorsfin mans in viv It should be understood that
t he foregoing discl osure enpha5|zes cerffain specific enbodi nents of the
invention and thag all nodifightBons orf al ternatives equivalent thereto are
within the spiritj and sogpq;dgt:ealnvewtion as set forth in the appended
cl ai ns. NI
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50 CLAI M5 1. A
somat ostatin receptor-binding peptide having a fornul a:

[err] wherein Rlerr], Rerr], Rerr] and Rl err] are independently
H, lower al kyl or substituted al kyl, aryl or substituted
aryl ; Rlerr] and R err] are each independently H, | ower

al kyl or substituted al kyl, aryl or

substituted aryl, or wherein either Rerr] or Rerr] is Xerr];

Alerr] and Cferr] are independently a bbhd or a D or L-anino acid;
Alerr], Alerr] and Clerr] are each igydagppglgnt!y a bond or a lipophilic D
or L-amno f\:raVzvo Iﬁ%bﬁ’lg of Huma Somatostat Bﬁ&%ﬁt]or (ﬁ’l%) or L-Phe or D
or L-Tyr or D or L- ],EO[-maO ll{h (i

PSR derivative
t her eof ; I:S[EI’ O or |_-|rp ituted derivative

t her eof ; In a CB{ue&ﬂrf}’iall, s‘cm"f@phld_m;gsnoopf Hhman A@th:xa,beéxﬁg Aec, Apc,
Aes, Aps or o ‘o Il VAT & ;

Blerr] is Thr g E@g%s’?igphuen}ori‘]vg’ acf&fi\fﬁd ‘ﬁﬂ‘g }ﬁeﬁé@fﬁ?ﬁﬁﬁéﬁ% E%Bbr?agem'

Cerr] is a bond or /totarof| 10aHentsséour femdles A aix miles rapgiog inMge frameu, Nva,

Nal or to 69 y&rp Had b&n%i‘m&uklﬁ%%ﬁosg@ GAtd BrdwiR nbid@h& Gk reting
X[err] is N(R[ert 23 efr], wherein eac err] .is 1ndependentl|y hydrogen
ui

| ower al kyl or Pituialy adenoma (4 patigiisdy elznosyd (! guRiscta rriyliarythyrpidfancsfibst i t ut ed
aryl or substit gl ghjudey, Nonidll cell lung carcinoma (BCAKQPN &&t)moﬁi-%dﬂ&nﬁess than
about 1500 dal t ons Xerr] is - err], -CHerr]OH,

CH err] COOR[ err }ympaiama CORRIRPR (O [Ep{tds parcingifh dF @atisabh [REkof phepespatients .

i ndependent |y HyelcOMRfinikbB@RE-99 14b¥1ed PSERIaKY biosRTof 30-381REH det Bl286]s ng' vative

thereof, or substituted with a hydrophilic noiety ? I'ess than out 1500
dal t ons; by intravenous injection.” Scintigraphic imaging was thern performed

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 ﬁfst 10 min, and thea 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 tomography (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
equivalent thereto are within the spirit and scope of the invention as set forth

in the appended claims.



51 ms 0, 1, 2 or 3; pis 0, 1 or 2
Rlerr] and R err] are independently H, |ower alkyl or substituted | ower

al kyl, or either Rlerr] or Rerr] are -COCH or
CONRerr])[err] or -COOR[err], or Rerr] and R err]

t oget her conprise O R err] is hydrogen, |ower al kyl or
substituted | ower alkyl, aryl or substi t$|¢ aryl;

Zis S, O NRerr], NRerr]NRlerr], N ] CONR[err] SJerr],

NR[err] SO err] or S=0 Si s hydrogen | ower al kyl or
substituted | ower al kyl, aryl or substitut ed aryl; wherein
when Z is NR err] Rlerr] and R err] do not together conprise an oxygen
atom : . o Lf: sel ected from
the group consi stl ng O?rﬂgtﬁ&gﬁn%hﬁ%e@ér%ﬁ?@g&g?%%giogpépgl %g 10 or fewer

am no aci ds, a nonosaccharide, an oligosaccharide conprising 10 or fewer

saccharide Units, a pabyORYFACHRORYR KO0 WANFATE!BBIBIC W%i on; and

Xerr] is sel ected from the group consisting of a poly(

car boxyal kyl )ani ne, a pol.yoxy- éﬁnlgsg an_am Nq-as %ﬂp pepti de having no
nore than 10 am no acid re_’H nmonosacchar i and an ol i gosacchari de
conprising 10 or fewer saccharide units. 3. The peptide of
claim1l1l, wherein B is phenylal ani ne or tyrosi ne, Blerr] is D tryptophan,

Blerr] is e, a = 6 tituted dlkyl,
r eagent co‘%’r%?rffs}‘ll ng I]Q\ %[eﬁ erjdﬁ aErgrlnatt gsta r’gdc‘}eégt%})kryl Blr ?rci)sr%tél epep X ary'P‘
havi ng a fornul a: or substituted aryl; [err]

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-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 a bond or D- or L-Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva, Nal or

Aib or a substituted derivative thereof;

X! is N(R"),, wherein each R" is independently hydrogen, lower alkyl or

substituted lower alkyl, aryl or substituted aryl or substituted with a

hydrophilic moiety of less than about 1500 daltons;

X2 is -COOR®, -CH,OH, CH,COOR’, or -CON(R®),, where each R’ is

independently H, lower linear or cyclic alkyl or a substituted derivative

thereof, or substituted with a hydrophilic moiety of less than about 1500

daltons;

Hlll"l Illlll mr Ul lll!



52 wherein Rlerr], Rerr], Rerr] and R err] are independently H,

| oner al kyl or substituted al kyI aryl or substituted
aryl ; Rlerr] and Rlerr] are each independently H, | ower
al kyl or substituted al kyl, aryl or substituted aryl, or
wherein either Rerr] or Rerr] is Xerr]: Alerr] and

Clerr] are independently a bond or a D g{] L-am no aci d;

Alerr], Alerr] and Clerr] are each independently a bond or a l|ipophilic D
or L-amno mis 0, 1, Zer ¥; Blerr] is D- or L-Phe or
D- or L-Tyr or D or Ld\lql Qf Ain or a substituted

derivative thereof; Blerr] is D or L-Trp or a substituted

derivative thereof; R7and R® are 1ndependex'iffyelilr lovies alRyl 8 substitied Wwed AlkylA6hxa,

Anf, Aec, Apc, Aes, Aps or a substituted derivat’i ve
t her eof ; either RBpeR? 3rei-€0TH or SELNR/D} ,orPEOORY, @r Riland Rl e, Leu,
Nva or Ai b; C[erb] is a bond or D or L-Thr, Ser, Val, Phe,
Ile, Abu, N e, Leu, tRggtherngampgise O; Aib or a substituted

deri vat ' ve t her eof ; I% is Wdrocen lowelr a W‘Xl bls?\@gﬁﬁ[ﬁﬁrléﬂ)léreaﬁﬁ)]l drw&r ﬁlb@nt‘ﬁ?eﬁh

Rlerr] is independentl

substituted | ower aldfyll aryl or substltuted aryl or substituted with a
hydrophilic noiety of less than about 1SOQ 5 X err]
is -COOR[err], -CH e#ig&H), BR e NR BHORNR ]CO é@ﬂ(ﬁzﬁ% §9)TSTP; where
each R err] is

al kyl or a substi tut% 1Sd1@'|dlrQF§Pr1P degﬁ\(n 8P£db¥tltlﬁ|tedllgﬁtrﬂn%f a&[‘)PPéuLngEﬁlefiﬁt ed

with a hydrophilic rg;ypty of | ess than about 1500 dal t ons;
ms 0, 1, 2 or 3; pis 0, 1 or 2 Rl err]
and R[ er r | whereini witkeyi@ iNR{%, R kind Rbde nottogstherqompriss it bxiteed atoowmer al kyl ,  or
either Rerr] or Rerr] are -COOH or CON(R[err])[err] or -COOR err], or
Rlerr] and Rl err] t oget her conprise 0;

Rierr] is hydrogen, tuehqal Ky éllai(ﬁ{ 1 SWRSEIn %t £ et QUL Frof! ¥ broupbhsisting of
substituted aryl;
an amino acid, a peptide comprising 10 or fewer amino acids, a monosaccharide, an
oligosaccharide comprising 10 or fewer saccharide units, a poly(N-carboxyalkyl)amine, and
a poly-oxy anion; and X? is selected from the group consisting of a poly(V-
carboxyalkyl)amine, a polyoxy-anion, an amino acid, a peptide having no more than 10
amino acid residues, a monosaccharide, and an oligosaccharide comprising 10 or fewer

saccharide units.

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

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

4. A reagent comprising:
a) a somatostatin receptor-binding peptide having a formula:
' (CRY)-{C(R’R%},, -CO-A'A’A’B'B’B’B‘C'C*'C’- NH -CH-X*

lz_ (CR'RY) (CR°RY,

———e
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53 Zis abond, S O NRerr], NRerr]NRerr],

NR[err].CONRerr], SOerr] , NRerr]SOerr] or S=0 R err]
i s hydrogen, |ower alkyl or substituted |ower alkyl, aryl or substituted
aryl ; wherein when Z is NRerr], Rerr] and R err] do not together
conprise an oxygen atom and b) a radi ol abel - bi ndi ng noi ety
covalently linked to the peptide other tf@an through B[err], Blerr], B[err],
or Blerr]. 5. The reagent of“claim4, wherein X is selected

fromthe group consisting of an am no acid, a peptide conprising 10 or
f ewer ami nwhereimds, aRhRfoRAenhRf argendepandenily &% dcwtrealkyd ©r cubwtitited aigyl] Arydr
fewer saccharide units, a%é:)ol y( l}l;car boxyal kyl )am ne, and a pol y- oxy ani on;
and X[err] is sel ect ¥SUWsEHEd R gr oup consisting of a pol y(N
car boxyal kyl ) am ne, @3 OX M a0 i | i i no
more than 10 ami no agi %mr%s%(r Sgéﬂ, ﬁgepﬁgg%@c%ﬁlgsl%%Fylgor{%ﬁggrglt%?? g%g%cqg#ari de
conprising 10 or fewsrsubstitatedrargeotiwhérsin either R® or R* 8.X!; The reagent of
claim4, wherein B is phenylalanine or tyrosine, Blerr] is D tryptophan,
Blerr] is lysine, and Bpkkrjrejisdepppdestly adoad oyal-ps L-amino acid; 7. The
reagent of any of cl g 4 .t hyr 6, .Wh L,h .the. radiol abel - bi ndi ng. noi ety
is selected fromt hegg;%juaﬂldc&ohnag?g%]clhrfad%%e?lgy a'bofid of 2 hpol%ﬁc Db or L-4ming
Clpgp)[err]-(aa)-C(pgyg;[ err] wherein (pgp)[err] is Hor a thiol protecting
group and (aa) is an am no acid; (b) a radi ol abel - bi ndi ng noi ety :
conprising a singl e Bhisd)- adnPhe oi By onbi- ByryoriwvémigNal boAmubaa substituted
A-CZ(B)-{C(Rerr]R err err%@-'XMerein Ais H HOOC, Herr]NCC,
derhvles s

(peptide)-NHOC, R er . ,thf ptide)-0OCC or Rlerr]; ~ Bis H
SH, -NHRlerr], -N(Rg7{Ip-dieath 88) sutdtinflEidrivative thereof, X is H SH
-NHR[err], -N(Rerr] ;(speptlde) or R‘[lerr];

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 a bond or D- or L-Thr, Ser, Val, Phe, lle, Abu, Nle, Leu, Nva, Nal or
Aib or a substituted derivative thereof;

X' is N(R'®),, wherein each R" is independently hydrogen, lower alkyl or
substituted lower alkyl, aryl or substituted aryl or substituted with a
hydrophilic moiety of less than about 1500 daltons;

X? is -COOR’, -CH,0H, CH,COOR’, or -CON(R?),, where each R’ is
independently H, lower linear or cyclic alky! or a substituted derivative
thereof, or substituted with a hydrophilic moiety of less than about 1500
daltons;

mis0, 1,2 o0r3;

pis0, 1or2;

R’ and R® are independently H, lower alkyl or substituted lower alkyl, or
either R or R® are -COOH or CO.N(R™), or -COOR", or R’ and R®
together comprise O;

R" is hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted
aryl;

—— .

A



54 Zis Hor Rerr]; Rlerr], Rerr], Rerr] and
Rl err] are independently H or |ower straight or branched chain or

cyclic al kyl; Rlerr] is (Jerr] -Cferr] alkyl, an am no acid
or a peptide conprising 2 to about 10 am no aci ds;

nis 0, 1 or 2 and where Bis -NHRerr] or -N(Rerr])-(peptide), X
Is SH and nis 1 or 2; WneeXis-NHR[err] or
-N(R[err])-(peptide), Bis SH and nis 39 ; where Bis H

or Rlerr], Ais HO@ZIHZNmI,i,-‘E@,pR\RdeNRW N)R”QﬁbbT "d8D, , NR”SO, or $=0;
O0C, Xis SH and n hen
where B is S X i RRRRirpRen Jowry Al oF pybsplia louey Hikyt afl of sibsthieg, g
where X is SH Bis sNpRerr] or -N(Rlerr])-(peptide); wher e
Xis Hor Rerr], Al 'HOOC, H2NOC, (peptide)-NHOC, or (peptide)-

OOC and B is SHwherem when Z is NR{uRémad R”lde noetogyther Oémpansemn loyygen/atom; &AOC,

H2NQOC, (peptlde%) &gtlde- IS SH and n is O;
and wher ei n the th‘tﬂlOlﬁ‘Eﬁl@E%ﬂm?smP’r“rtyt Wéfa}eé Bpdstp thy pep(1é9 other than through
[err] gin X = H or a protecting group;

(am no aci g) any am no acid; (d)

- HN- cyst ei ne-(am no acid) - HN-CH[err] [err] wher ei n X =H
or

a protecti ng:Sgrou%il . ol o
. e reagent of claim 4, wherein X' is selected from the group consisting of
an amino acid, a peptide comprising 10 or fewer amino acids, a monosaccharide, an
oligosaccharide comprising 10 or fewer saccharide units, a poly(N-carboxyalkyl)amine, and
a poly-oxy anion; and X is selected from the group consisting of a poly(N-
carboxyalkyl)amine, a polyoxy-anion, an amino acid, a peptide having no more than 10
amino acid residues, a monosaccharide, and an oligosaccharide comprising 10 or fewer

saccharide units.

6. The reagent of claim 4, wherein B' is phenylalanine or tyrosine, B? is D-

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

7. The reagent of any of claims 4 through 6, wherein the radiolabel-binding
moiety is selected from the group consisting of:

@) C(pgp)*-(aa)-C(pgp)®
wherein (pgp)® is H or a thiol protecting group and (aa) is an amino acid;

(b)  aradiolabel-binding moiety comprising a single thiol containing moiety having a
formula:
A-CZB)-{C(R'R"}, -X
wherein A is H, HOOC, H,NOC, (peptide)-NHOC, R*, NCO, (peptide)-O0C or R%;
B is H, SH, -NHR", -N(R°)-(peptide), or RY;
X is H, SH, -NHR®, -N(R")-(peptide) or RY;

Hllllll AR Illl



55 (amno acid) = any am no acid; (e)

[err] wher ei n each R is independently H CHerr] or
Clerr]Herr]; each (pgp)[err] is independently a
thiol protecting group or H; m n and p are

I ndependently 2 or 3; A = linear or cyclic |ower

al kyl, aryl, heterocyclyl, a conbination t hereof or
a substituted derivative thereof; and 5‘&f)

[err] Z is HhoeRdi n each R is independently H CHerr] or

Cerr]Herr]; ) n d are | . :
A = linear or cycli R} &wek 4| are &T‘&?P‘?r}}dﬁ%qy:ﬁc%gﬁ‘f’?ﬂ s,tra%%ggﬁgﬁjaﬁgﬁc%dy i >
thereof or a substi td‘%ﬁ&'aﬂ?f'i vative thereof; V. H
or -CO peptide; ’ R = H or peptide; and
wherei n when V = H, R is€,pephlkdl anathinheid B a peptide YompriGag Be¢ptbate.10 amino

acids;
nis 0, 1or2;

and  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 n is 1 or 2;
where B is H or RY, A is HOOC, H,NOC, (peptide)-NHOC, or (peptide)-
00C, Xis SH,andnisOor 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 RY, 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;

(©
N ) . .
@CO—(ammo acrd)—cystrleme—CO—
= SX
wherein X = H or a protecting group;
(amino acid) = any amino acid;
(d)

N
—HMN—cysteine—(amino acid)—HN—-CH, | X

SX Z

wherein X = H or a protecting group,



8. A conposition conprising a peptide having a fornula selected fromthe
group consi sting of:

56 CH err] CO. FYWerr] KTF. Hhc. amide; CHerr] CO FFWerr] KTFC. ([err]-K).
GC . amde; CHerr]CO YWerr]KT. Hcy. am de;

CHerr]CO YWerr]KT. Hhc. T(CH err] OH); CHlerr] CO YWerr] TF. Hhc;

CH[ err] CO FWDKTC, CH err] CO FYWerr] KTFC_am de;

CH err] CO. FFWerr] KTF. Hhc. am de; CH err] FFW err] KTFC. am de;
CH[err]COFFV\[err]KTFC(BAMHO@Q)EF@W&r]KTFC([eH] K) GC. ami de;
CHerr]COFFWerr] KTFCJ err] G err].amde; CHerr]CO YWerr]KT. Hcy. am de;
D-phenyl -CH err]CH err] CO YWerr] KTC, CH err] CO FWerr] KTHcy;

CH err] CO KTFCK
CH err] CO. ‘EE% orr } KTFCC[qerG: ]r ]Gé[.qeﬂ ]r ]K am(éﬁ”\

CH err] CO FFWerr] KTF err err .am

CH err] CO FFWerr] KTF%KKKK]( [Ggr] -RFGC. ani de; -A-CO-peptide

CH err] CO FFWerr] KTFC([err]-K) KKKK. am de; an

CH err] CO. FFW err] KTFCGGC. ani de. (CRy)n 9. Roladi ot her apeuti ¢ agent
conprising the peptide of any of ﬂaims 1 or 2 ridi ol abel ed with

i odi ne-123, iodine-125, iodine-13K-@gpAstatine-2 -(pgp)®

wherein each R is independently .H, CH, or C,Hy;
each (pgp)® is independently a thiol protecting group or H;
m, n and p are independently 2 or 3;
A = linear or cyclic lower alkyl, aryl, heterocyclyl, a combination
thereof or a substituted derivative thereof;

and
® CRy,

H lN -A-CH(V)NHR'

(IRZ)m (IRZ);;
H H

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

8. A composition comprising a peptide having a formula selected from the

group consisting of:

* c L M S *



10. A radi ot herapeutic agent conprising the reagent of any of clains 3

t hrough 5 radi ol abel ed with a radi oi sotope selected fromthe group

consi sting of scandium 47, copper-67, gallium72, yttrium90, tin-117m

i odi ne- 125, iodine-131, samarium 153, gadolinium 159, dysprosium 165,

hol m um 166, ytterbium 175, lutetium 177, rhenium 186, rheni um 188,
astatine-211, and bisnuth-212. 1. A radi ot herapeuti c agent
conprising the conposition of claimé, rein the peptide is radiol abel ed
wi th a radioi sotope selected fromthe group consisting of scandium 47,
copper-67, gallium72, yttrium90, tin-117m i odine-125, i odine-131,

samari um 153, 57

gadol i ni uncix%. -pmmﬂsmmagiﬁgb hol m um 166, ytterbium 175, lutetium 177,
rheni um 1%%,0({ WW@'K rh fag: 211, and bisnuth-212. 12.

Use of the uec‘por | Z ‘ains’ 1 or 2 for preparing a nedi canent for
treatnent & ¢ t'reI at ed di sease. 13. A scintigraphic
i magi ng ag&ﬁ:&&%ﬁm@ (RE:08pt i de of any of clains 1 or 2 radiol abel ed
wi th i odi nEHXCRYNY K TliHhe; 125, 14. A scintigraphic i magi ng agent

conpri si ngCHr&DFﬁqm of any of clains 3 through 5 radiol abeled with a
radi oi sot ope,coeF W, KA Framidé;he group consi sting of gallium 68,

t echnet i umcAUB FFWIK RS hmidnd i odi ne- 123. 15. A scintigraphic
i magi ng aggmcoc rK‘i"Fthx fie conposition of any of clainms 6 through 8 and a

radi oi soto (ool he gr oup consisting of gallium68, technetium
99m i ndi uny: 16. The agent of clai m 15,
wher ei n t h&BES @E‘I‘?ﬁ’etl um 99m

CH,CO. FFW, KTF cAcch aep-aMide;
CH,CO.YWy, KT.Hcy.amide;

D-pheny I-CH')CH')CO YWpKTC;
CH,CO.FW, KTHcy;
CH,CO.FFW KTFCKC,,,,GC ,-amide;
CH,CO.FFW KTFCC,,GC,K.amide;
CH.CO.FFW KTFCC,,,GC,4, KKKKK amide;
CH,CO.FFW KTFCKKKKK (e-K)GC.amide;
CH,CO.FFW KTFC(e-K)GCKKKKK amide; and
CH2CO. FFW,,I\TF CGGC.amide.

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

radiolabeled with 1odine-123, iodine-125, iodine-131 or astatine-211.

10. A radiotherapeutic agent comprising the reagent of any of claims 3 through
5 radiolabeled with a radioisotope selected from 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.

11. A radiotherapeutic agent comprising the composition of claim 6, wherein the
peptide is radiolabeled with a radioisotope selected from the group consisting of scandium-

47, copper-67, gallium-72, yttrium-90, tin-117m, iodine-125, iodine-131, samarium-153,

TR Y



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

medi canent for imaging a site within a mammal i an body. 18. A
pharmaceutical conposition conprising the peptide of any of clains 1 or 2
and a pharnaceutically acceptable carrier. 19. A pharmaceuti cal

conposition conprising the reagent of any of clainms 3 through 5 and a
phar maceutical ly acceptable carrier.

58 20. The conposition of any of¥7cl ai ns 6 through 8, further
conpri si nggadofihumrhs® udyisprakiuyi- H65; dptmibinel Goaytterbium-175, lutetiumAL7, rheAivki-t f or

prepari ng adi qphay paceuti cal. preparation, said kit conprising a seal ed
vi al  cont a?%‘é’ﬁge%lg F]:égggf‘g?ﬁ‘ﬁeﬁgd’aﬂi&ﬁ“{l@‘@fg-t he conposition of any of
clainms 19 or 20 22. A kit for preparing a radi opharmaceuti cal
preparation, said kit conprising a sealed vial containing a predeterm ned
quantity of thelZonpUsé bf tha peptidd afiany 20 chimds hosBffér preparinganmeditamdnt dor
reduci ng agent to | abel the conposition with technetium99m rheni um 186,
or rheni ungsm@.ent of a somatospagin-related #8638’y f or | abel i ng a reagent according to
any of clainms 3 through 5 conprising reacting the reagent with

technetium 99m rheni um 186, or rhenium 188 in the presence of a reducing

agent . 124, A &cifGTRpHE ithiing SERE bSthplink GO PRHtRI Jf AhfeflclRing EBEDI NQ
the reagent of any of clains 3 through 5 with a non-radi oactive netal .
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.

17.  Use of the agent of any of claims 13 through 16 tp prepare a medicament for

imaging a site within a mammalian body.

18. A pharmaceutical composition comprising the peptide of any of claims 1 or 2

and a pharmaceutically acceptable carrier.

19. A pharmaceutical composition comprising the reagent of any of claims 3

through 5 and a pharmaceutically acceptable carrier.

—
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25. The conpl ex of claim 24, wherein the non-radi oactive netal is

rheni um 26. A conposition conprising a conplex forned by
reacting the radi ot herapeutic agent of any of clainms 15 through 17 with a
non-r adi oacti ve netal. 27. A conposition conprising a conpl ex

formed by reacting the scintigraphic imaging agent of any of clains 9
through 11 with a non-radioactive netal 58

20.  The composition of any of claims 6 through 8, further comprising a

pharmaceutically acceptable carrier.

21. A kit for preparing a radiopharmaceutical preparation, said kit comprising a
sealed vial containing a predetermined quantity of the composition of any of claims 19 or

20.

22. A kit for preparing a radiopharmaceutical preparation, said kit comprising a
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 rhenjum.

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.
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