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Cick Chem stry-Derived Cycl opeptide Derivatives as

| magi ng Agents for Integrins FIELD OF THE | NVENTI ON
wab@spsdssent application is directed to radi ol ByEUSM07/020175

cyclic polypeptides (cyclopeptides), pharmaceutica

conposi tions conprising radiol abel ed cyclic

pol ypepti des, and nethods of using the radi ol abel ed

cyclic polypeptides. The present application is

further directed to nethods of preparing the

r adilick atiedmidtigyDerice Clyyloppeptide DerButivepas Iipagingdegents for

can be used in imging stubhitegginsuch as Positron

Em tting Tonography (PET) or Single Photon Em ssion

Comput ed Tonogr aph ) eular this
appl i cation discloﬁgéﬁgﬁggﬂpgﬁiwggﬁitﬁgﬂd use of
ma%éﬂeab@p@ﬂawism&awdd@ r@dialaeel‘éd fegelid ﬁmgpdsmldes
integrins_(e.g., integrin ayb in vjvyo.
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RER! hilemelndak of Qstha ke ARidhitEd dycl . Th t
PEVESRENES ARRER: pLrehe e ang hydr%ychlﬁ??c%%ef”epmen
ele clic

agnmt@@ ipfurgisr dispetpd F9ymethods OF BEAPFEBE tf(@'ll@ i8lgb

fl i Bfagif gt@afe,@fh%y Bki
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One
Excittang Bgmogiaphy 62 H) erSingle BhoteFmissg 8@@?!16’14 T‘%n%%faph.‘/
(st' %PChenistry | abeling step that is easy to perform
at s fast and provides high yields of radiol abel ed
Ippetticuias thisappligation akéselases therpreparatipreany wgi gfgadiolabeled

bbb o oA RSB HBRERIL 63 000
AEMEIBNs Ql&'llzdad'ltovattabb aasdialabel wUGielapepiddsl thiti codtangan Arg-Gly-
%szqaﬁy(fgp?r aépg\frax{l o tﬁ%ﬁafzgggr éﬁ%g&a?s Tci%%ages Ts'%%h %s oﬁgo- or
poly-ethyleneglycol (“PEG”) moieties, polar amino acid moieties, sugars, or sugar
mimetiés, such as cyclohexane diols or polyols. One advantage disclosed in the
present application is a click chemistry labeling step that is easy to perform, that is
fast and provides high yields of radiolabeled products that are easy to purify. The
binding affinities of the radiolabeled cyclopeptide analogs for different integrins have
been determined using biochemical in vitro assays, such as cell-binding assays or
surface plasmon resonance assays. The click chemistry-derived inteérin ligands of
the present application display surprisingly high binding affinities to the biological
target, and demonstrate very favorable pharmacokinetic behavior in mice (e.g. high
tumor uptake and fast clearance through predominantly renal routes).
BACKGROUND OF THE INVENTION
A number of medical diagnostic procedures, including PET and SPECT utilfze
radiolabeled compounds. PET and SPECT are very sensitive techniques and require
small quantities of radiolabeled compounds, called tracers. The labeled compounds
are transported, accumulated and converted ir vivo in exactly the same way as the
corresponding non-radioactively compound. Tracers, or probes, can be radiolabeled
with a radionuclide useful for PET imaging, such as e, BN, 150, 1¥F, 6]Cu, ©2Cu,
%Cu, ’Cu, %Ga, ‘21, '*1 and "1, or with a radionuclide useful for SPECT imaging,

such as *T¢, "Br, ¢'Cu, 153Gd, 2%, 13'1 and *?P.
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the present application display surprisingly high
bi nding affinities to the biological target, and

waeletmnsissat e very favorabl e pharmacoki netic beb@wius2007/620175

mce (e.g. high tunor uptake and fast cl earance

t hrough predom nantly renal routes). BACKGROUND OF THE

I NVENTI ON A nunber of nedical diagnostic procedures,

i ncl udi ng PET and SPECT utilize radiol abel ed

conmpounds. PET and SPECT are very sensitive techniques
Pﬁﬂl’d:rez&emim@es hiaidd aypLtha distiigiodf ofirAdlieohlabhaing tracers carrying

caonpound led tr cers oun re
PO RGeS0t 1A BUFOR AU DGRER ol PED R Ras the
péteandllty dehet fAMNMEBA @fa téIRIAAEVEASRANintEstigated tissues or organs.

di oactjvely conpound. Tracers, or probes, can be
PRI aoibspa Rtk i tHica] PAGR QY EVF RS (98 16 ImaERS plpmors and

metREHsBY and e bésh Used For diddhosidsP ceiltﬁﬁr btﬁxrﬂt@s‘ea@ag@ds well as
64Cu, 67Cu, 68Ga, 1241, 1251 and 11, or wit

neggingrhyain ane hegaffunctionr SmPeanty; w“gC'ﬁg:an b @heda@ @mrdement any
g;rﬁﬁ{a’ m%%“hs e% ds t el@é'n’uejj e{)?éggntgﬁgn E%I Fg?hlﬁﬁfg{} ie)rc]aémple,

I mages e distribution o
imaging tumeninfpetien askocyigh-thyrioid,ionyohewnt opes in the

Atni ﬁesq pfa §aly 51 x%%r Hx%r PFOWH‘BQ‘R&Q ti g‘e d. T mor,
A ALY ety

ect unction on a ce
ammegmwsss agmﬂsd;tcm mq@s cbaraciegaed by @Eﬁ'mhtastndw&hmueg@hw

| such as for th

roffie o SECE I AR RE e lan oo PR dipageion of
exliacxeﬁntaa inrathix, aanld mibdaatsasof dms!ot/ltelhbl &l imegpipctiog \bitlaemacellular

and hear unction. 'Iar g can be use
e FeRished B e ritrs Hsth oBiFoe siee By Epgeensppotentia
targarfos tietdai elopmeanohanioe Iaﬁglugemf; ahd eXAaRAtR, dibgmatieg

tunor, |nfect|o | eukocyte), thyroid, or bones.
ISR adpeily of piembrong-Brariniiecadhssion rerepirs spmpaisd of
ndRdcValeatll GinkBd 8adld BlIuBDAiItR RN GOESIRBINS tb orth AVAfity DEEP

process characterized by chenDtactle and_aut ogeni c
heterodimers with different ligand recognition properties. Several mntegrins have been
shown to interact with polypeptide domains containing the Arg-Gly-Asp (“RGD”)
amino acid sequence present in various extracellular matrix-associated adhesive
glycoproteins. Besides cell adhesion to extracellular matrix, integrins also mediate
intracellular events that control cell migi’ation, proliferation, and survival.
One member of the integrin family, avBs integrin, plays a key role in angiogenesis. It
interacts with several extracellular matrix proteins, such as vitronectin, fibrinogen,
fibronectin, thrombin, and thrombospondin, and cooperates with molecules such as
metalloproteases; growth factors, and their receptors. Due to its numerous functions
and relatively limited cellular distribution, o3 integrin represents an attractive target
for diagnostic and therapeutic intervention. In addition, findings that several
extracellular matrix proteins, such as vitronectin, fibrinogen, and thrombospondin
interact with integrins via the RGD sequence has lead to the development of synthetic
linear and cyclic peptides containing RGD sequence for integrin targeting. See e.g.
DE 197 25 368, US 5,849,692, US 6,169,072, US 6,566,491, US 6,610,826, and WO
2005/111064.
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response of endothelial cells to angiogenic growh
factors, proteolytic degradation of extracellul ar

woredosis3seand nodul ati on of endothelial cell i nP@r/ESI0DOR0175

with extracellular matrix nediated by integrin
receptors. Each of these steps nmay represent a
potential target for the devel opment of tunor
angi ogeni ¢ and netastatic diagnostics. Integrins are a
fam |y of menbrane-spanni ng adhesi on receptors

E0aPase et dipesodtdaanta nnhbd? %%%lﬁuﬁﬂqn}ar ¥ ths v radiolabeled

whi ch conbine to forma variety of- heterodi ners
RfPtides egitainingshe RGR maptifidaniye mquOesmvmmbsngauon of cLyPs

t er act eptide
SR B S0 P B b I B
@EqUHNntegpines@l expressian D uso eppéaa@fd beidlasely related to the success

t ed adhesiy coprotei ns. Besides cell
et REERE LA BRPTRn ety PabEshiemg Hrpgagamenition of

imegdriatrecapedriiaesls hldvag appeplisie ts@l%&tn&@@ff pAlentBhho w1ll most likely
{_ i on, o] i feration, and survival. One nenber of
‘F’Hg 1t fﬁ t‘f“é‘ﬁ‘?HTV‘ treaiHSNFESHRS T, [mAgingscan ales be u$e@l tpprovide

A EHRGH f&l@@dg% anldttirh® E&h@@ kot tWaErherﬁ%‘é@écﬁé E@&E%t%? ?Judf)laf%y studies.

mat.rj x protel ns, such as V|tronect|n
IfluaﬂtﬂtSWé'e {N3BINE HiteRFH) PRPrassPTt lﬁmémmhmtmantanuegrm treatment

r188.d8-d18p WQHﬁJaFéut H%&ljagl@rtgﬁ‘?ﬁa?getmg and in

h factors, rece tor
“ﬁ‘(ﬂT‘é‘Pé‘L@functlons and relatively limted cellular

Lt {
s YL B89 ISR FANETTEE PR 6
%q;](_ﬁ (& 1:(&GDW Yiol wiingeh sﬂqrateds}egi'eaﬁinlts'mﬂaemlctluﬂt)aforﬁﬁﬁegtm avB3 To

B iR B oS PET ben bath bSPaeeie megbetiog o
cgaqmoe)ahmsaﬂtagﬂumdnm ikehvigh %ﬁmﬁﬂé a Ig(l%ymhﬁ&hblﬁr to

B A RS S Bl B TSl 1 e
lﬁc 8990 60e rhndmekittpddiide cHEGDy VO BvtYdbelblPbP HalBn&d 20 ul. [2] with
,glil T\}{\ils) tracer revealed receptor-specific tumor uptake in vivo. However, the
labeled peptide had rapid tumor washout and unfavorable hepatobiliary excretion
resulting from its high lipophilicity, which limited its further application.
Glycosylation on the lysine side chain of a similar RGD peptide, c(RGDyK),
decreased lipophilicity and hepatic uptake [3] A glycopeptide based on ¢(RGDfK),

”&\/ﬁ T

Rz

[ISF]galacto-RGD

['SF]galacto-RGD was then synthesized:
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2005/1 11064.1t has al so been denonstrated in a nunber
of murine tunor nodels that radi ol abel ed pepti des
weowsasissng the RGD notif can be used for non-PEWESI00B020175
i nvestigation of avb3 integrin expression. The
devel opnent of noninvasi ve nethods to visualize and
guantify integrin avb3expression in vivo appears to be
closely related to the success of antiangi ogenic
t herapy based on integrin antagoni sm Precise
Ttdoss dendrstiaea thit [Ff‘m@gadmm eghibitet émteglsin atﬂseapsaﬁc tumor

a ropriate sel ect atients
SR Intsarbmp s e M Relabs T Oy e hgtdel [Pk aldo R
Md@&&g[ SEgalabROROE WaesknkRive reﬂngiEfoﬁtﬁnﬁﬁhta’fﬁin afds@egen o.B;
and tinme course for treatnent based rece

elﬁ@‘@’éﬁp@lﬁ ggﬁugtnlgcﬁxggxswp}y e t{l? BH'noq Ylaéalrllﬁalr? Hflgé ap r¢l°x43 1 human

cit%%?ﬁ(ﬁ%sdeﬂrba&‘c‘in&ﬁg thddel, & ¥hicH Bie Aabr £d)IsQPE irtedrirtRdgaeng.
i cacy and to- devel'op new

thera eutic drugs with
Irlilaabcpla‘bpzd trigdain headthystolygesh and 4 \yqugqsi YRET| oggancer patients

| 1
EEARho IR FHO0NEES shitly &ﬁﬂﬁhs‘(@&%& 14 PRIORNADRR dileto

dshmmd c¢rtagh lesidnis thatyeze integrineppsitive ynﬁhdrcasqaﬁ@grcr)ntrast

S e R R A o ot

imagiagafiaagogdumsis 0AS & mdmom@rlb|RQDrrg9p§ﬂ¢ tIﬁWYylt haS relatively low
8{1 ?%elrta}{g {03 Ub@? gﬂls@ Fi'gssérqlg, sé%ﬁ g?ﬁﬁlfed%Qause of its

espec 'ate 1990
rélb.ﬁvﬂ@ Nnewttiiegrif ®p{dn®aﬁ’(nﬁ?§5l)yl\7f)lewalsmbattehmd loptaiie Ul’bhléh and

w th 125]
R GBI PRSP REREI R BT O Bblray in'sgiin
expRabiof Ipaphiagmdiad déﬁmad]d lehﬂdmhpuﬁmamt actnvnty accumulation
unf avor apl e hep &FObI li,ar excretl

AR 13T SSRFY SPESP B NSRS of i pRBpreciita hbaes
ARMHunfA dt@dles q\&’ﬁ@@s‘iﬂltattlvm dffidultaoc vysialige Riidas dhiberabddbmen.

’Ighls Itrg::elcrag also very gtffl'lgu?t tocsyr?tcﬁggé)e, thereby limiting its availability.
Conjugation of PEG (poly(ethyleneglycol)) (“PEGylation”) has been shown to
improve many properties of peptides and proteins, including plasma stability,
immunogenicity, and pharmacokinetics. Chen et al. [7-9] conjugated RGD-
containing peptides with PEG moieties of different sizes and synthesized
radioiodinated, '*F- and %*Cu-labeled derivatives. PEGylation demonstrated an effect
on the pharmacokinetics, tumor uptake and retention of the RGD peptides, which
seem to depend strongly on the nature of lead structure and on the size of the PEG
moiety. Additional strategies for improving pharmacokinetic behavior as well as
tumor uptake and retention pattern of peptides with an RGD motif include
introduction of hydrophilic amino acids and muitimerisation of RGD.

| SUMMARY OF THE INVENTION
Applicants observed that despite a few good examples of RGD-containing tracers,
several key challenges remain to be resolved. Firstly, the pharmacokinetic behavior
of the tracer needs to be improved. Although glycosylation improved the
pharmacokinetic behavior of a number of tracers to a certain degree, prominent

activity accumulation in the liver, kidneys, spleen, and intestines is still observed in

4
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decreased lipophilicity and hepatic uptake [3]. A
gl ycopepti de based on c(RGDf K), [18F]gal acto-RGD, was
wa b@s/033pnt hesi zed: [11 SSFT ] gal act o- RGDIt was PCT/US2007/020175
denonstrated that [18F] gal acto-RGD exhibited integrin
avb3-specific tunor uptake in integrin-positive M1
nmel anonma xenograft nodel [4-6, see also 19]. Moreover,
[ 18F] gal act o- RGD was sensitive enough for
visualization of integrin av 3 expression resulting
bash preddinical yoidelsrant hanmanrsbrdicss sduthamakes it diffigula o wiggalige
hunan u c Male)
tepioh B8 4PUBEn Sitoafff § MBEEA RN of helibalihice Bamined by
othersds ehat thehadioldbeliug bm’ttssanswe@ndhfﬁcdlt wi pertbrmymthéch lirhits the
cancer tients, revea t tracer coul d
xEiination BRRReRe PEAAR Sh e Bl SRR ERagig YO8 standara

cliigtdivesharkesl t ai n | esi ons that were integrin-positive

w th reasonab] e ontras 8F] Gal act o- ur
T prRetE P RIS s AR HEQT A REY Squ5{OReR for deecting
bloBRIENE! Slovah Gh AGENS $ifioRAhedis)MNGVERT IcthBEBeRAMyciiPeptides of
tracer, It has relatively |low tunor targetin

thePressRLIPPLcRHIPN. CHPDROBIRINg 1§y S!ig PeRtides earr g Eqsydues on a

péridht £HindecMS8e Ghaih! hoSEpaihid A8idved AW dolbRAM I Alidhktig
affl nity, nodest tumor standar d upt ake val ues, and

cQIpPTiSIBe aBrdoprlideEDR | Aok Céle@éﬂamlmkagerﬁér aflgt-er 1,5-
d,fswge&étegﬂ@smﬁonégt GHebCIRKHRRTAN dLSVE] cdipounal afkeasy to

det ecta Ition, promnent activity
betbshintesiee and radielakel| The pompun@%@em@pﬁrr@mur@mngly high

R L

tc;\/dy&:h&lpbt@ebﬁéésdf&ongmg toethabalomelass. Thhe utmg’ng agérﬁs disslosed in
ffi cu .t to synthesiz

thg\})é%/s]egt?;mltc? 1oAY ysad a5 gﬁna(ggérpftgblmagIXg mtegnnsnzg: Vivo: More

speRica(iof thyd ﬁfjﬂ@bﬁ(@ﬁﬁxﬁéloé sREQyhat fopde t)acdﬂa@blbeémsbbgmmh in
to . i nprove many ro erties of lpeptldes 6]1 fproteifns,
C?l’ﬁ)élpﬁ Cﬁ@% lﬁl Vé\é[hﬁ é&te tﬁs|a| rp@a’ns fo monttoring t 1cacy Or cancer

therapy. Since the imaging agent allows in vive imaging of blood vessel growth in

solid tumors, it enables personalized anti-angiogenesis cancer therapies.

To solve the problem of low signal to noise ratios, a library of potential integrin

markers using the RGD sequence as a binding motif have been prepared. The library,

assembled using click chemistry, was screened for binding to integrins. Those
compounds that displayed high binding affinities were selected for radiolabeling with
positron-emitting isotopes or conjugation with appropriate linker moieties and
radioactive isotopes such as ['*F]-fluorine for in vivo PET imaging. Applicants’
approach of using click chemistry enabled rapid synthesis and testing of many

different potential integrin ligands as candidate PET tracers.
DETAILED DESCRIPTION

The embodiments of the invention and the various features and advantageous details
thereof are explained more fully with reference to the non-limiting embodiments and
examples that are described and/or illustrated in the accompanying drawings and
detailed in the following description. It should be noted that the features of one

embodiment may be employed with other embodiments as the skilled artisan would
‘ 5
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i mmunogeni city, and pharmacoki netics. Chen et a [7-9]

conj ugat ed RGDcont ai ni ng peptides wth PEG noieties of
walrdoBesasnt si zes and synt hesi zed radi oi odi nat epiCT/LI8$607/020175

and 64Cu- 1| abel ed derivatives. PEGyl ati on denonstrat ed

an effect on the pharmacoki netics, tunor uptake and

retention of the RGD peptides, which seemto depend

strongly on the nature of |ead structure and on the

size of the PEG noiety. Additional strategies for
recogrioe;ienen ffhat erglidiily efated] Hegdlav MhE eR8mpPREs lusédhérdiiire intended

ti tt f ti > With an RGD )
B o TR 60 LSRRG o Sy SGHH TR e Saion vt rracticed
arfiG futthér eMRbIeIAbIeT skfll MGRe aRlyMARY cOheléthbd daME! Bhhe

| i cants observed that despite a few good exanpl es
Pfggéonﬁaéfpa‘tféﬂ% AicRRrdinaledhs exaipples and pepodimgntehgyein should not

be @IBirled & BRAItHRSAL ¥6she &iths hbpMicalibs, WhRh @?&&Meﬂ%ie@ué by the

behavj or, of the tracer needs to be inproved. Altho
appePdeskslpias on i nproved the phar macoki netic behavi or of

a nunber of tracers to a certain degree, prom nent
Byjef Posariptignceflreiigurest n the |iver, kidneys, spleen,

and intestines is still observed inboth preclinical
Fihddp 8 tampiconismiinagingineng mipiocPE Fimagingtin diU§ NGl Xenograft

MbuSRlddéEot EShpHend 1 the abdomen. Secondly, a major
drawback of the sirat egi es exam ned by others is that

Fith@Ar isdhonptelst PR HeolectosRGD iner YSEMIG Xeubgrafidouse Model.

' ] . [ | (1 oV
FIRE PR Mhe MEC 0! CRtnb3uld P ¥ RIOMG 8hodlp L TR Floge.
FI&}. 3rislatiane¢dunsacimbaginpnsing erisro-ARE ipagisg in aa’gﬂﬂ Xatdgedatt

[.SC i Ve, i magi ng agents devel ope or
Mg{éfeec ?ﬁ‘;"‘g‘?‘g)’g@‘t"{/‘“@gel growth in tunors (angi ogenesis)
FIiGh 44 s a. trdmsvérse iThadead odlidcieyd cvo repts aes imttavicheupidsi@iitration of

CRPLIRL L ABDAESNLARN M0 L PePLTdes carry

FIG. 4B is a coronal image collected two hours after intravenous administration of
Compound 7 in an A427 Xenograft Mouse Model.

FI1G. 5 is a time course imaging using micro-PET imaging in a US87MG Xenograft
Mouse Model of Compound 10.

FI1G. 6A is a transverse image collected two hours after intravenous administration of
Compound 10 in an U87MG Xenograft Mouse Model.

FIG. 6B is a coronal image collected two hours after intravenous administration of
Compound 10 in an U87MG Xenograft Mouse Model.

FIG. 7 is a time course imaging using micro-PET imaging in a A427 Xenograft
Mouse Model of Compound 10.

FIG. BA is a transverse image collected two hours after intravenous administration of
Compound 10 in an A427 Xenograft Mouse Model.

FIG. 8B is a coronal image co]lecfed two hours after intravenous administration of
Compound 10 in an A427 Xenograft Mouse Model.

FIG. 9 is a graph of tumor accumulation (% Injected Dose/g) vs. time for Compound
7 in a A427 Xenograft Mouse Model.

FIG. 10 is a graph of tumor accumulation (% Injected Dose/g) vs. time for Compound
7 in a US7MG Xenograft Mouse Model.
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pendant am no acid side chain; those polar residues
are coupled wth a noiety conprising a radi onuclide

wor@sm33sel i ck chem stry' linkage (i.e. a 1,4- PCT/LSH07/020175

di substituted 1, 2,3-triazole). These click

chem stry-derived conpounds are easy to both

synt hesi ze and radi ol abel. The conpounds denonstrate
surprisingly high binding affinity to integrin avb3,

and i nproved pharmacoki netic properties conpared to
Eiellilds paryprept iate of hehangitissud Gnidede, kidiry Orasl bladder) uptake

L.magin ents djsclo in the sen lication

SR e o 76 ¥ RS plhmgpgT Mibag AR 1 Vi vo.

Rig. € 25ipagiriptcat dajio of Riroraprhisedd btk b e tRSESE @ofBaITd 7 in a

‘if"gj}]%%g cti n&é\ql oogvlvsssel growth in certain cancers
enggraflylpusedMadeleans for monitoring the

FIC.11Ga€ ¥ gRiplcaMnaasd of ARG tisShdEtakd8vdrTRAL 890@191%8\5?(1 %jO ina

Llows in vivo i magi ng of bl ood vessel growth in soli
‘gﬁ#z?@}mgﬁaﬁéﬂ%ﬁe@é{"ﬂ@rsonal i zed anti-angi ogenesis

ER5104is bp@aipbGatio SO niRdMe nsﬁb%l@ﬁ&m@e&?&funk&m Eb@Blind 10 in a
to noise ratios, a library of potential integrin
HAME Xenegral MawseRdpdelequence as a binding motif have

r I ' i ek .
B 0%t 0 AT T LR T i
FRpsHP ounds that displayed high binding affinities

- gl LGk Wi t ositran-enm tting
s ot Ol i AR Bl S Sr LB RR e i
Int6i. d 6Aeare gnaphs detinp a atdtatm licstdboliysstedycbf @smpound 10 in mice by
I[ah%EI]{PLFuori ne for in vivo PET inmaging. Applicants’
approach of using click chem stry enabled rapid

Hy¢ntlkBsis @ gragh fremttiodiswiburian ytudidsfefGutipREIdaItt indhice.
integrin |igands as candi date PET tracers. DETAILED
DEBgHoRs! ON The enbodi nents of the invention and the

vari ous features and advant ageous details

Unless specifically noted otherwise herein, the definitions of the terms used are

standard definitions used in the art of organic and peptide synthesis and
pharmaceutical sciences.

An "alkyl" group is a straight, branched, saturated or unsaturated, aliphatic group
having a chain of carbon atoms, optionally with oxygen, nitrogen or sulfur atoms
inserted between the carbon atoms in the chain or as indicated. Alkyl groups may be
optionally substituted. A (C,.Cs)alkyl, for example, includes alky! groups that have a
chain of between 1 and 6 carbon atoms, and include, for example, the groups methyl,
ethyl, propyl, isopropyl, vinyl, allyl, 1-propenyl, isopropenyl, ethynyl, 1-propynyl,
2-propynyl, 1,3-butadienyl, penta-1,3-dienyl, and the like. An alkyl group, such as a
“Cy-Cs alkyl,” that forms a part of a group or linker is a divalent alkyl group,
and also may be referred to as an “alkylene” group. Similarly, an alkenyl
group, alkynyl group, aryl group, etc in a structure that is shown as a divalent
group may be referred to as an alkenylenyl, alkynylenyl, arylenyl group
respectively.

An alkyl as noted with another group such as an ary! group, represented as "arylalkyl"

for example, is intended to be a straight, branched, saturated or unsaturated aliphatic

7
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t hereof are explained nore fully with reference to the

non-limting enbodi nents and exanples that are
waemsnsdsed and/or illustrated in the acconpanyP@muUsS2007/020175

drawi ngs and detailed in the follow ng description. It

shoul d be noted that the features of one enbodi nent

may be enployed with other enbodinents as the skilled

arti san woul drecogni ze, even if not explicitly stated

herein. The exanpl es used herein are intended nerely

divalbACrolp %ﬁ\ me nifRF 81 ABRHsHEiChtedRY hel diyBr&l EiGn

i nvent] on practiced and to further ‘enabl’e those
h-Coalkyl, fq*r etXﬁ@péﬁ)tanti@r BM(&“P%OQ‘Mbelbm aigmseare indi¢atehmeans a

lﬂfn%%eé?‘pmta'a?ﬁtdng% PELPINGNek 16isi6d 8P%ch group
ST aEaD b g Bhrh

enbodi nents herein s construe
lﬂﬁbdgbéwkmhmﬁbﬂaﬁphd@mhﬂm V\,hl ch is defined soI eI y

%ﬁ( "Llngleﬁglﬁ%‘%ﬁ%r?‘g&gmﬁy nglrolugﬁ }552 g‘t?%%l?tr i)parr]xcl%d tsarllt%rated or
unsetruoatétﬁli]bhmigi digalemt grow8wilG th@nmgbaf of d\;bms endvbededl irothe alkyl

SRUBHB oL 2 s e VL Shid gl et o R0
TITH @ke "elkefpltpeferco hinsmuentdBgidtpXemigi adntailvay kastidedarbon-
G T ot 5 R B et B S s .
A?llk@ne £RUps neayt eadRicdale sitstigeed. 0k &apRey Eisuph ortlsde 1-butenyl,
Ry AR b0 B SN, e
T}Q:l teftfi r'emkyhy\w B & dishi@fatbdEroaps Wdch &ﬂﬂ&xﬂ'aﬂéa@ttdrférbarbon-
A427 Xenogr aft Mouse Model. FIG
‘ia§b°é‘ tHP?FeQW@SmFE‘&@? fEpighirehg l%b&rﬁhﬁtvhalﬁﬁgﬂﬁgclmgr@ups
AN pe @RS Be optionally substituted. Exemplary groups include 1-butynyl,
2-butynyl, 3-butynyl, 1-propynyl, 2-propynyl and ethynyl.
The term "carbocycle" (or carbocyclyl) as used herein refers to a C; to Cg monocyclic,
saturated, partially saturated or aromatic ring. Bonds in a carbocycle depicted as “---<
indicate bonds that can be either single or double bonds. Carbocycles may be
optionally substituted. Non-exclusive examples of carbocycle include cyclopropane,
cyclobutane, cyclopentane, cyclohexane, cycloheptane, cyclopentene, cyclohexene,
cycloheptene, cyclooctene, benzyl, naphthene, anthracene, phenanthracene, biphenyl
and pyrene.
A "heterocycle” is a carbocycle group wherein one or more of the atoms forming the
ring is a heteroatom that is a N, O, or S. The heterocycle may be s.aturated, partially
saturated or aromatic. Bonds in a heterocycle depicted as “---* indicate bonds that
can be either single or double bonds. Heterocycles may be optionally substituted.
Non-exclusive examples of heterocyclyl (or heterocycle) include piperidyl, 4-
morpholyl, 4-piperazinyl, pyrrolidinyl, 1,4-diazaperhydroepinyl, acetonidyl-4-one,
1,3-dioxanyl, thiophenyl, furanyl, pyrrolyl, pyrazolyl, pyridinyl, pyrimidinyl,
pyridazinyl, pyranyl and the like.
The term "alkoxy" or “alkyloxy” includes linear or branched alky! groups that are
attached to divalent oxygen. The alkyl group is as defined above. Examples of such

substituents include methoxy, ethoxy, t-butoxy, and the like. The term "alkoxyalkyl"
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Mouse Model of Conpound 10. FIG 6A is a transverse
i mge collected two hours after intravenous
wa@ehosnassr at i on of Conpound 10 in an US7MG Xenpdr/E§1007/020175
Mouse Model. FIG 6B is a coronal inage collected two
hours after intravenous adm ni stration of Conpound 10
in an UB7MG Xenograft Muse Mdel. FIG 7 is a tine
course imaging using mcro-PET imaging in a A427
Xenograft Muse Mdel of Conpound 10. FIG _8A is a
refeatoveradioylignegethebisisubttiuted wo thens or mprealkpry FrovRhoflkoxy

adm._ni d by f
SR LR GETRENECTO Ly AT R g o
mattHche;dg\deoxygenasnf@hcnwhant{i‘r@f,ﬂq ation of Conpound 10

an . "

gwmxﬁ%gg% u%tg/ﬁ/bﬁtf g%@g&lﬁo EJ]f%s t§ él’\essp%cﬁfcaé}guﬁtwherem

oﬁ@WﬁﬂLﬂ&y?rdgren atoMRih the gogparhty bb ugdaddddel oneftb Eurliibstuents,
.a gra 0 r I W I
RS s itk Hleietsr By T g o, atony,
pMfiedalikdks, hdtkrdcycRr, &1&@&1‘@%0{ @Idnﬁxhﬁtf) dnnikiizfo, helot akkglikio, oxo,

(nuscle ki dney or ' t ak
BT RoD FoLePepbOR hGEATE A S B O3 Vg
aﬂ(ygﬁxﬁ%a%fl alﬁyllaﬁu@cﬁalwmakowarwaﬁm@nuw; plesphoas, sulforyl,

npound ft M del
caaRamae s AP Valkyl hEioa Ty o, ARCSRROnrLis AR In
altc:i}:l{éﬁ) OfheGorm gyﬂqjon]agy sOb@itdld7 oren®gtimtdd N wsferdvoe & R, or R;

_ 147i's a graph of ratio of tumor to nusgle, uptak
ingludes grﬁgps):pub@mmoq@tq fiqugsubstituents, as 1dentified above, that

further comprise a positron or gamma emitter. Such positron emitters include, but are
not limited to, ''C, N, '°0, ®F, §'Cu, %2Cu, **Cu, “’Cu, ®Ga, %1, "1, "*'L, *Tc, "Br,
'3Gd and *P.

As used herein, the term “side chain” of a natural or unnatural amino acid refers to
“Q” group in the amino acid formula, as exemplify with NH,CH(Q)CO:H.

As used herein, the term “polar amino acid moiety” refers to the side chain, Q, of a
polar natural or unnatural amino acid. Polar natural amino acids include but are not
limited to arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine,
histidine and lysine.

As used herein, “natural amino acid” refers to the naturally occurring amino acids:
glycine, alanine, valine, leucine, isoleucine, serine, methionine, threonine,
phenylalanine, tyrosine, tryptophan, cysteine, proline, histidine, aspartic acid,
asparagine, glutémic acid, glutamine, arginine and lysine.

The term "unnatural amino acid" refers to any derivative of a natural amino acid
including for example D and L forms, and o- and B-amino acid derivatives. It is.
noted that certain amino acids, e.g., hydroxyproline, that are classified as a non-
natural amino acid herein, may bé found in nature within a certain organism or a
particular protein. The following non-exclusive examples of non-natural amino acids
and amino acid derivatives may be used according to the application (common
abbreviations in parentheses): B-alanine (B-ALA), y-aminobutyric acid (GABA),
ornithine, 2-aminobutyric acid (2-Abu), a,3-dehydro-2-aminobutyric acid (8-AU), 1-
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UB7M5 Xenograft Muse Mddel. FIG 15A are graphs from
a netabolic stability study of Conpound 7 in mce by
wo 2080333LC. FIG 15B is a graph from bi odi st rP@USIN7/020175
studies of Conpound 7 in mce. FIG 16A are graphs
froma netabolic stability study of Conpound 10 in
mce by radio-HPLC. FIG 16B is a graph from
bi odi stri bution studies of Conpound 10 in m ce.
Definitions: Unless specifically noted otherw se
atétoelytloptdpanddt¢anbdiydiencif (ACRC), emiBoissndyrde ecid t(Attday-d

definiti ; int rf of organic an eptide . .
A PRt E AR AL DRl A G BRCALS 2 5B aferic acid (5-

AgaY) lépari‘lﬁloﬂgﬁérfolﬁ:b hd (g-m\am,csl@.el;]no%@taubaia&ﬁd (E—Ao]?), .
unsat ur at e , .a |_p ati c rOUp navi ng a chaln o car non
UK AR A A xR A S R

23nIABbAMRRS 4G (RALYE SParhinBb&HOROAi A (b z), U-h A dbRA I
or as indicated. Al yl-oﬁgrou s may be optional l%@e
- I S

2GS AP fotming- -y drosy 4 Teglhy liepranei ot £Stafing
aRido0kyHRiRRid Ma),@‘é%i@ot&%lﬁ%—?—&x@%{:ﬁﬁ@ﬁ& (ﬁﬁ@a%ls-aminoé-

carbon atons, and’include, for exanp e gro
cyrielsuy]-3ehydrpxypentpgic, acis GHEHBN), parptinopfienylajanine (4-NH,-
PO BAGHY b R RS DB AR, o,
chliokapheAplakdnind] (1@ the).sueth-chboraptiety@léning 3+C)-Pht) aara-
APy e L ASRL ST 8. 2
bgroyfpheBy haldrind (HpajteaitoeriglycigrqUp.G)atyyolybxytiaips (Cha),
cgg?léllé?)%ﬁéigj/&he %&ﬁgi 9.,3qd1%}nrirlljocptrg15i%nltcha%gd tﬁpr?,@%ia?nsﬁn%butyric acid
(Dbu), 3,4-dichlorophenylalanine (3,4-Cl>-Phe), 3,4-diflurorphenylalanine (3,4-F»-
Phe), 3,5-diiodotyrosine (3,5-I-Tyr), ortho-fluorophenylalanine (2-F-Phe), meta-
fluorophenylalanine (3-F-Phe), para-fluorophenylalanine (4-F-Phe), meta-
fluorotyrosine (3-F-Tyr), homoserine (Hse), homophenylalanine (Hfe), homotyrosine
(Htyr), S-hydroxytryptophan (5-OH-Trp), hydroxyproline (Hyp), para-
iodophenylalanine (4-1-Phe), 3-iodotyrosine (3-I-Tyr), indoline-2-carboxylic acid
(Idc), isonipecotic acid (Inp), meta-methyltyrosine (3-Me-Tyr), 1-naphthylalanine (1-
Nal), 2-naphthylalanine (2-Nal), para-nitrophenylalanine (4-NQO,-Phe), 3-nitrotyrosine
(3-NO»>-Tyr), norleucine (Nle), norvaline (Nva), ornithine {(Orn), ortho-
phosphotyrosine (H;POs-Tyr), octahydroindole-2-carboxylic acid (Oic), penicillamine
(Pen), pentafluorophenylalanine (Fs-Phe), phenylglycine (Phg), pipecolic acid (Pip),
propargylglycine (Pra), pyroglutamic acid (PGLU), sarcosine (Sar),
tetrahydroisoquinoline-3-carboxylic acid (Tic), thienylalanine, and thiazolidine-4-
carboxylic acid (thioproline, Th). Additionally, N-alkylated amino acids may be
used, as well as amino acids having amine-containing side chains (such as Lys and
Orn) in which the amine has been acylated or alkylated.
As used herein, “sugar moiety” refers to an oxidized, reduced or substituted
saccharide monoradical or diradical covalently attached via any atom(s) of the sugar
moiety. Representative sugars include, by way of illustration, hexoses such as

D-glucose, D-mannose, D-xylose, D-galactose, vancosamine, 3-desmethyl-
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group may be referred to as an al kenyl enyl

al kynyl enyl, arylenyl group respectively. An al kyl as
woi08d33st h anot her group such as an aryl gr oupCT/US2007/020175

represented as "arylal kyl" for exanple, is intended to

be a straight, branched, saturated or unsaturated

al i phati cdi val ent group with the nunber of atons

indicated in the alkyl group (as in (C -C6)al kyl, for

exanpl e) and/or aryl group or when no atons are

viaRebsaaliggl 3rEsinansofaatifle, betpieancodaeing,bcosmint hectiabsarhine,

roup. .Nonexcl I f I .
B oSy R TS e Db S ARG g

Dlgluckdit 85l NOARUA D ipfucdssihing] Elbdc.eghfm@ﬁheﬁbsamme snalylc acid,
saturated or unsaturated aliphatic

val ent
idwreniaamsdrL-Gtcose.cind the ke dies SF%SLtq‘?é‘Sal?‘Rghosﬁg’bﬁpﬁa‘P‘BPse
@PE@ & D-(r s?ldfﬁ-%gfos@dls&grar%zihgﬂ L@M-’(a-ﬂ:he
erm eny refers to unsaturated groups which
\caandssanmﬂt) A-Baglicapyearuse 2 0e (- desmadloylbk 4. -bargsamikyl)-B-D-
i.ncl udes straight-chain
SRR SR LRIy BTSSR B gy ey SO B e b enines.
diy&mﬁ ali)fatgd alP phosphibiydsted shgtrerinld, oligobaticRaydes having from 2 to
butenX I sobut enyl, 1-propenyl, 2-propenyl, and
%}ﬂﬁﬁyP itSth e term"al kynyl" refers to unsaturated
A QsHITHNTh CA hedk Airlictate thediSrerogntal Raewafdr@Rainpiep! e
bond and i ncl udes straight-chain, branched-chain and
i cogroups. Al kyne groups may be optionally
suMds ed. Exenplary groups include 1-butynyl,
yl, 3-butynyl, 1-propynyl, 2-propynyl and
nyl. The tern1"carbocyc|e" (or car bocyclyl) as

herei n gefvahs thedodvéd fiResGSRP ROieRkbE to feprdsent £etructure
partially saturated or aromatijc rlng Bonds in. a
BB

Rayingbhp sfaeerhsmistetokany ene qiils paftea! sugrs 1pFlutingallops altrose,
ﬁlééﬁ@sre, éld@ggee, 2flos8aHBLL nRARGse, 14D OEY.Cl &8 wRYas Rigeir unnatural

and synthetic hexose analogs and derivatives, and also includes certain sugar

moieties.

As used herein, “sugar mimetic” refers to carbocycles or heterocycles substituted with
at least one hydroxyl group. Such carbocycle groups include, but are not limited to
cyclohexane, cyclohexene, cyclopentane and cyclobutane; such heterocycles include,
but are not limited to, pyrrolidine and piperidine.

As used herein, “PEG moiety” refers to a fragment of poly (ethylene glycol), a

HO OH
polymer of ethylene oxide. PEG has the formula: \/6\0/‘)}/ , where m’ is

an integer between 1 and 200, alternatively between 1 and 110 or between 10 and 90;
m’ can also be an integer between 50 and 75. Alternately m’ can be an integer
between 1 and 50 or even between 1 and 15.

“Linker” as used herein refers to a chain comprising 1 to 200 atoms and may
comprise atoms or groups, such as C, —NR—', 0, S, -S(0)-, -S(0)2-, CO, -C(NR)-, a
PEG moiety, and the like, and wherein R is H or is selected from the group consisting
of (Cy-10)alkyl, (Cs-g)cycloalkyl, aryl(C)-s)alkyl, heteroaryl(C;-s)alkyl, amino, aryl,
heteroaryl, hydroxy, (C;-jp)alkoxy, aryloxy, heteroaryloxy, each substituted or
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optionally substituted. Non-exclusive exanpl es of

carbocycl e include cycl opropane, cycl obut ane,
w@y®BogEnt ane, cycl ohexane, cycl oheptane, cyclpPPEOS®NE()20175

cycl ohexene, cycl oheptene, cycl ooctene, benzyl,

napht hene, ant hracene, phenant hracene, bi phenyl and

pyrene. A "heterocycle" is a carbocycle group wherein

one or nore of the atons formng the ring is a

heteroatomthat is a N, O or S. The heterocycle my
uhibsafutedat Bek liglar thaihinyaysata cmhpdsmaraobﬂmtumtedlsgmﬁéuramd or

sl SN B R ok bR R B g
aﬁ&s |n€lﬂé‘t|y ,)b&y&;&ht thid Beterdiopmeatictings (ecs. ea)aa«tﬁpb/sgmorf group etc
ﬁgﬁﬁﬁgfey?éscataépb af & %ﬁl}(}?ll yeor Is?z?rlmgjl%wspusgg mte%héng%ably with

«d, 4, Sk PABIAEAHHE S0 EY As 1REEhERIr] e tér linker” may be used to link
1, 3-di oxanyl, thiophenyl, furanyl :

insgrcanmeaping Tpgieties SuPh as pykr ¥R d?‘l’md‘ﬁﬁrl}'%ﬁé hgyclic polypeptide

i AARdz41Bendikdge. The term "al koxy" or "al kyl oxy"
mc@% 3 |%1ear ]&branched al kyl ]groups t hat

.Aa:tusad lheu:m, hfirg alddyaderd gyt sugihgs aa I @,rggfﬁsqngédglgy a structure
%%dshé%‘b%loﬁé‘gﬁhéﬁdé’é toszu&hre?i‘géﬁﬂ d gx%ﬂhsthét'}ﬁi}uﬁ’@attached

ST HoXy, hoxy, but'oxy, and e term
it hbﬂhqaq;saﬂbmementaémsm reptechinkipe typ stpcturesbe|aw.
substituted with one or nore al koxy groups., Al koxy

groups may be optAqndl |y sdysalsbwesd. fFBeArkr m
"aryl oxy" refers to an aryl group that is attached to

AL RUNRRn, BE phirads "Mh%‘&ibe@call?h@eepﬂ_dwe EQFiBY" refers to an excipient
optlonally substi t'ut ed” "substituted" refers to

thmen@pemqnaﬂy@eowu‘mewhﬁ cemeovsoqnsoqﬁ the parssReapPLcgian and that
can%etsnl% s%%ﬂﬂgamﬁvg‘@e E(gcg n@?@@al@ffe@ﬂewﬁéh {Bfihistered zn vivo.

stituents, indepen y selected from al kyl , Kl
A kselddwesing the teriny/ Gratigyt” rafq(sor;@yanyaym}@&poded animal, such as a

er hal,oal kox het erocycl e, azi do, am no, guani dino,
r§ Gt ﬂ%g rhlg er:m ‘al kyl t hi o, oxo,

The compounds of the present appllcatlon may be in the form of free bases or
pharmaceutically acceptable acid addition salts thereof. The term "pharmaceutically-
acceptable salts” are salts commonly used to form alkali metal salts and to form
addition salts of free acids or free bases. The nature of the salt may vary, provided
that it is pharmaceutically acceptable. Suitable pharmaceutically acceptable acid
addition salts of compounds for use in the present methods may be prepared from an
inorganic acid or from an organic acid. Examples of such inorganic acids are
hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric and phosphoric acid.
Appropriate organic acids may be selected from aliphatic, cycloaliphatic, aromatic,
araliphatic, heterocyclic, carboxylic and sulfonic classes of organic acids, examples of
which are formic, acetic, propionic, succinic, glycolic, gluconic, lactic, malic, tartaric,
citric, ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, glutamic, benzoic,
anthranilic, mesylic, 4- hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic),
methanesulfonic, ethanesulfonic, benzenesulfon/c, pantothenic, 2-
hydroxyethanesulfonic, toluenesulfonic, sulfanilic, cyclohexylaminosulfonic, stearic,

atgenic, hydroxybutyric, salicylic, galactaric and galacturonic acid. Suitable
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acyl al kyl , carboxy esters, carboxyl, carboxam do,
nitro, acyloxy, am noal kyl, al kylam noaryl,

wa@bdoglozasonoal kyl , al koxyaryl, aryl am no, phospPORUS$2007/020175
sul fonyl, carboxam doaryl, hydroxyal kyl, hal oal kyl ,
cyano, al koxyal kyl, and perhal oal kyl. In addition, the
term"optionally substituted” or "substituted" in
reference to R or R3 includes groups substituted by
one to four substituents, as identified above, that

ﬁH&%B@d’utfé@Hﬁfab%té’ol@Q&etardgﬁlo‘ﬁrsaﬁé H'f@orﬁm)ﬁﬁcﬁ of ug’é' mhi present
lg@iltron emtters include, but are not imted

odg el u_pggnetfg};c salfs made fppralungnay, czﬂtp@m, lﬁlggm,, magnesium,
ﬂ&és%nunl%%lhurﬂ%ﬂn‘l zm%%-;%r azlwa’lts]'x?gﬂ@ﬁ‘] ot N, 'F As used

herein, the term "side C al n
dipenayinthylensdipminge plloraptegaine, gholgye, granhmmoﬂmnmh,eethymnmamme,
Iﬂgéldnfu?éffﬁi-ﬁmtlﬁﬁn%lﬁéﬁ%kj i Woblabr2CH(Q CZH. A used

her ei n 4CTd noi ety" refers to

lt_',llﬂ%oaiﬂ@nﬁhﬂgﬂﬁact@an&’f\/a@#@n@%f PR K el Unnat ur al

am no acid nat ur am no acids I n¢lude but are
Thstpresant epplicagionmydvidessthe delawiagienodirapats f dspeats huld variations:

L.yt am ne, .. is di ne .and
Pt peBror it BhaB Bt H oG LePai Bl er < o
the naturally occurrrugzam no acids: gl yci ne, al ani ne,

val i ne, |eucine, isolg e'kne serine, nethionine,
t hreoni ne, phenyl al ani ngy tyrosine, tryptophan,

cysteine, proline, hlSt@CT§7; aspa, Hic aci d,
al

aspar agi ne, glutam g, .acld th H Rty argi ni ne and

| ysine. The term "unn uH o acid" refers to any
derivative of a nat HamNsoJaci d i ncl uding for
exanmple D and L fhor ms ,@ﬂ_ﬁ{11 - and b-am no acid
derivati ves. S te certain am no acids,

2 ¥ ha

e.g., hydroxyprol one, phat are classified @as a
nonnat ur al

wherein:

R, is selected from the group consisting of a side chain of a natural amino acid
and a side chain of an unnatural amino acid, wherein the natural amino acid
and the unnatural amino acid is either in the D or L form;

R» and R; are each independently selected frorn the group consisting of H, C;-
Cs alkyl, C3-Cs alkenyl, C,-Cs alkynyl, aryl, aryl-(C,-Cs alkylene)-, a 3- to 7-
membered carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl

b

alkenyl, alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each
optionally substituted;

R is absent or is selected from the group consisting of H, C;-Cg alkyl, C,-Cs
alkenyl, C>-Cs alkynyl, aryl, aryl-(C,-Cs alkylene)-, a 3- to 7-membered
carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl, alkenyl,
alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each optionally
substituted; wherein Ry, R3 and R7 are not all H;

X is a 5 or 6-membered heterocycle or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,

sulfonate, phosphate, polar amino acid mbiety, PEG moiety, sugar mimetic,
and sugar moiety;
13
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amno acid herein, may be found in nature within a
certain organismor a particular protein. The

w0 200B0%dSAy non- excl usi ve exanpl es of non- nat ureCT/ERI0ND020175

acids and am no acid derivatives may be used according
to the application (comon abbreviations in

par ent heses): b-al anine (b-ALA), g-am nobutyric acid
(GABA), ornithine, 2-am nobutyric acid (2-Abu),

a, b- dehydr o- 2- am nobutyric acid (8-AU),

- 1- ami Yidgey 6loo6rmpmbercd-tetarbapcld, ioc adinker (oMihGing a hydrophilic

2 am RGPt REHtng Bl rieisBk PRV EORHE Fabafel Ptonamide,
aci d spbfon#teaphosphate] pulinearninoiacidanility, PEG Koiety, sugar mimetic,

8-am A oct anoi e acid (8-Aoc), 11-am noundecanoic acid
( 1 2 lfl’f ar gy 91¢4¥ri nododecanoi ¢ aci d (12- Ado),

am \m@ére Az Riagt diel o X End\WW7 but ot &BHNHNHAZPiLa 8 B-membered
m ngbenzoi c aci d(4- Abz),
ergcﬁ%}raé‘gy 6- met hyl hept anoi ¢ acid (Statine,
St a) W ad rmgxya&egi c acid (Aoa),
2-ani not et ral i ne- 2- car box§g| c acid (ATCO), 4-am no-5-

cycl o‘ﬁ‘é@{?!“ WYRAG )?gsp%rﬁxa i andyRi Qpr{lp(@qp,q)radlonuchde selected
par a- ek P B dh&BifEof fostibbs o éﬂma'@hﬁ@%w al ani ne

(Bi p), para-bronmophenyl alani ne
Ip cER@B HRbRbtAagh af rweqml(crzhr@bntphef,ﬂ aspects of the present

aphi&nh! ﬁ{eoﬁhﬁﬂ'w Fédafﬂilt%f}(cﬁ Cf;‘ %ﬁjﬁg‘)ﬂutad 1,2,3-triazolyl group as

(ﬁ@iachl or opheny ani ne
esed et yr osi ne (3-C - Tyr),
but |
e BB AR R Bl Soo Bpoto Sl Herplt, ¥ o Emembered
he@inepycle? a8d K &ra lirdger eppharviompaising £ paj mimetic selected from the

%01%; %Jn%[?lnﬂgop eL;/I a%ielrwdlheg%ggrzo%lw&sntuted with at least one

h3drbxgl fraupemdhesiyib @ ariniteeréBhetetodyclPRehstituted with at least one
-d'iodot rosine. (3,5-12-T

thES%g BIoyB, ﬁﬂ@“’yﬁséﬂ sugar wyey& g,ﬂgsted from the group consisting of

ghodoad hmﬂ)gﬂa&tesa/ | Eh| aMotHe efndolfimiR) X is a linker comprising a sugar
"Fara-fltég ﬁh al ani ne (4: F-Phe) mstafluorotyr05| ne

IZICHC PG Y group 69&%5“%6"@6&?@% ated sy Flehygmy] group, a
hivaraxyJat@béyttopentanyl group, a hydroxylated pyrrolidinyl group, and a

hydroxylated piperidinyl group. In yet another embodiment, Y is a 5 or 6-membered

heterocycle; X is selected from the group consisting of:

HO Mo R R
N f, H Rs
H%% L SOl N A
e .0 b
Rs
H (OH)
SSWN\\/‘\% ; Ry A
O o (HN)wl g

. & ‘
' \55’ o) ’fy,’;\z/N\w}h,a

nd
A
/k W,
£ N
H
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(Htyr), 5-hydroxy tryptophan (5-0H Trp),

hydr oxyprol i ne (Hyp), parai odophenyl al ani ne (4-1-Phe),
w@2008d835¢r osi ne (3-1-Tyr), indoline-2-carboxyl PCT/E81007/020175
(ldc), isonipecotic acid (Inp), meta-nethyltyrosine
(3-Me-Tyr), 1-naphthylal anine (1- Nal),
2-napht hyl al ani ne (2-Nal), para-nitrophenyl al ani ne
(4- NO2- Phe), 3-nitrotyrosine (3-NO2-Tyr), norleucine
(Nle), norvaline (Nva), ornithine (O n),
or t haplhes Phigtsyleort Tong tHidRgodp Tyisisting of:
oct ahydr oi ndol e- Zz£arboxylic acid (G c), penicillamne

ophegnyl al ani ne (Fs-Phe),
7"pi pecgl i ¢c_aci Pi p),
9ld8ne (Pra), pyrogrl cro :

, tet rarr%%ar oi #oqui nol | ne- S-'car boxylic
actd (Ticy, enyl al ait'ne, and thiazolidine-4- "
car bowyisiseleaeid drdrh ktieogroop cosisting)of: Addi tional |y,

N-al kyl ated am no g¢i ds nmay be used, as well as amno

aci ddhavi n§'apnge- cort aifsi ng si de chains (such as Lys

s@nd ) i MN ' ,;%’as been acyl ated or

argyl a . AS=f'se® herebn, "sugar noiety" refers to an

oxodi zed, ;red d or substitut;eidsacchari de

nmonor adi cal or diradi &al coval ently attached via any

{g}o Ss) P th sugﬁxr ie.LLy. Representati ve sugars
ute, ration, hexoses such as

D- @l ucose, D-rEnnos® D-xyl:ose, D-gal actose,

vancosam ne, 3-desnet hyl vancpsam ne,

3- epi AvaARlsEaRTiom the sETP CRNfSHe8 M ne, acosani ne,

acti nosam ne, daunosam ne, 8egRi Afaunosani ne,

ri stosani ne’X.D-gl ucani ne, N gl ucam ne,

D gl ucur ord;f’a&i d, N acetyl - | Bcosani ne,

N-acetyl - D- gal act osam ne, sial ¥gyc acid, iduronic acid,

ri bul ose or D-fructose;
vancosam nyl ) -

W t hyl :NH

Ry andbe)

o] 2 and

O
NH
0, 1 0
Lt
o NHL,HN O H
H
OJ\/N\K\/\/NYNH
NH,
O >

each R, is independently selected from the group consisting of a side chain of
a natural amino acid and.a side chain of an unnatural amino acid, wherein the
natural amino acid and the unnatural amino acid is either in the D or L form;
each R, is independently selected from the group consisting of -H, C;-Cs
alkyl, C,-Cs alkenyl, C,-C¢ alkynyl, C,-Cg alkyloxy, aryl, aryl-(C,-Cs
alkylene)-, 3- to 7-membered carbocycle, 3- to 7-membered heterocycle,
hydroxy-C;-Cg-alkyl, C;-Cs-alkoxy-C;-Cs-alkyl, and a PEG moiety, wherein
15
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sucrose, lactose, or nmaltose; derivatives such as
acetal s, am nes, acylated, sulfated and phosphoryl at ed

w@awans3seand ol i gosacchari des having from 2 t opdDUS209Z020175

units. As used herein, a hexose structure that is
represented bel ow, for exanple: show ng the curved

lines () is intended to represent a structure having

the stereochem stry of any one of the natural sugars,
including allose, altrose, galactose, glucose, gulose,

i dosethermdyloslsenylahlizayl, alkoxy,.aryl, esrboeydle,andthietarocycle groups
unnat yr xose anal ogs and
derlvafﬁ%gggggﬁ%ﬁah StltHE%Udes certain sugar noieties.

As usBgiheiated frosubaproupnminsicting ef € ,3C -G alkyhdyCl slkenyl, C,-

ar oupCe SRSHIL St YRy B S sialtn Sace Harmenbered

i rr} t gdbbc)ycﬁ:@',@ b gxanabered ab@mﬁ&?hﬁwﬁgmmg -ag1,and C,-Ce-
cycl obut ane u et eracycl es ingclude ut are_not

i mi t BOFY; C‘p@‘r @wr d’f‘}?ée‘a dkyle Atkanyle alkxayl, aligyloxy, aryl,

her ei garbo&kle, %U%ﬁéroé}@fee "g?outpg afe $dcAPPEiBhalPf sﬁ@hﬁ:tcd

(et hyl ene egcoI) of ethyl ene oXi de. PEG

has t fRShf Ry mn%ﬁpend?ﬁtg se ertﬂfmthfr groan copsigdrg of -H, -OH, Ci-Cs
bet Wte'Ry% @[@5 @lQmelatg @fs @ﬁé'y‘n\f? loy- @S&l%&y}ax?ﬂgc L& aﬁkrylene)-

bet ween be an 1n

50 anbydzexyﬁutGrnuwblayd ﬁ?h fésaﬂk%v-gm Gsnallég]e wvhgeemémlhyl
d>5
and SQeh leXIq’(S}n?letan'ﬁ:&Iy, al?cp%%i[ glkpllén' pzsoagé gty%h ngpthr?ally

herein re ers to a n co
may ce#pstifed;at oms or groups, such as C -NR-, O S,

-S( O 0 .
(O eéach’ \st@ % 2, ?&riélé gf_#?, 11 2 63 glFlp %t1Xte%§{llg%tw§§%b6nd 110;

i ke, and whéréii S “se §H¥YS
consi gti§ hg,3or4;ris1,2o0r3;r'isOor 1;sis 1, 2, 3 or 4; and the radionuclide

is selected from the group consisting of ''C, 1*N, '°0, '®F, ¢'Cu, %Cu, %*Cu,
67Cu, 68Ga, 124I, 125I, 131, 99Tc, Br, '3Gd and 32p. wherein the configuration
of the chiral centers may be R or S or mixtures thereof.

In yet another embodiment, R; is a side chain of a natural amino acid; Ry is absent;

TN
Xis f‘\Z/N\W% or S‘S\Z ﬁ/wy

Y is 1,2,3-triazolyl; and R; and R3 are each independently selected from the group
consisting of -H, C;-Cs alkyl, C2-Cs alkenyl, and C;-Cs alkynyl, wherein the alkyl,
alkenyl, and alkynyl groups are each optionally substituted, wherein R, and R; are not

both H; and either R, or R3, or both R; and R3 comprise a radionuclide selected from

. . 11 1 . . .
the group consisting of ''C, N, 30, '*F, ™Br, '?*I, '*’I and '*'I. In one variation, Z is
OH

HO
OH

NH

. In another variation, Z is



of (G- i1o0)alkyl, (C3-8)cycloal kyl, aryl (G- 5)alkyl,
heteroaryl (G -s)al kyl, am no, aryl, heteroaryl,
whgasos3pel (C - 10) al koxy, aryl oxy, heteroaryl orRgT/US0TI020175
substituted orunsubstituted. The linker chain may al so
conprise part of a saturated, unsaturated or aromatic
ring, including nonocyclic (e.g. a 1,5-cycl ohexyl enyl
group, sugar mmetic, and sugar noiety), polycyclic
and heteroaromatic rings (e.d. a 2,4-pyridinyl group
etc . . .). The representati for exanple, is used
i nterchangeably with "G - dlkyl" to nean the sane.
As used herein, the term "|Nthker" may be used to link
i nt erconnecting noi etres_shch as- X- YR2R3, i ncl udi ng
linking a cyclic Qob iYle noiety and a triazole
noi . As usedgbkr grNtHNier e a di val ent group, such
inker, is repr®8gRet bn qrﬁtructure -A-B-, as
sffown 'hel ow, it isnek “fal so represent a group
tRat nay #rd Atisached i nSbot h po§’§i-tilne'epem¢thtxa‘tairi§tisn, 4ass
noted in the two structures below. - A-Bel- may al so
be B-Ai - As used herein, the phrase "g&g}nageutically
acceptable carrier” refers to an exciprént that may
optionally be included in the conpositi of the

present application and that cause%agg i gnificant
adverse toxicol ogical effects n mni stered in
PR

fﬂivo. As.ysed herein, the tepm_pa " refers to any
6%§eﬂ\am§ﬁakgﬂsuch as a gg&%gﬂ"d dr_dwunan.
- T compounds of Pthe p appl i€ay1 oh naﬁige in the

relgnt
formof free bases or ﬁﬁg fceuticalPy acceptabl e acid

Onelaspeicoof thalprssehhgipiohtion’’R@ dyeldPeptide of formula IT:
"pharmaceuti cal | yacceptabl e gsalts” are salts conmonly
used to form al kal i d%i and to form addition

salts of free acids Of free“ba¥es_oThe nature of the
salt may vary, provided e?%ﬁ? \, HO

(o] R,
HN
O
=§ R
Ra
N W Nljy
NN

[o} HN
HN »\NHZ

HN
ol
0,

”2~NHHN
Ry

NH |, HN o
T Y
o I
5  wherein each R; is independently selected from thé group consisting of a side chain of
a natural amino acid and a side chain of an unnatural amino acid, wherein the natural
amino acid and the unnatural amino acid is either in the D or L form;
R; and Rj3 are each independently selected from the group consisting of -H,
C1-Cs alkyl, C2-Cs alkenyl, and C,-Cg alkynyl, wherein the alkyl, alkenyl, and
10 alkynyl groups are each optionally substituted, wherein R, and R; are not both
H; and either R; or R, or both R; and R; comprise a radionuclide selected

from the group consisting of ''c, PN, ®0, '*F, Br, 1?4, T and 1?1,

17
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that it is pharnmaceutically acceptable. Suitable
phar maceutically acceptable acid addition salts of

w@eooposases for use in the present nethods may BPET/US2007/020175

prepared froman inorganic acid or froman organic
acid. Exanples of such inorganic acids are

hydr ochl oric, hydrobrom c, hydroiodic, nitric,
carbonic, sulfuric and phosphoric acid. Appropriate
organi c acids may be selected from aliphatic,
cycloaliphatlcR4aronat|c arallphatlc het ocycllc

car boxyl | an ul fonl cl as% org ém
exanples
succi Ry g gbycol i, Igl ucmnl c, @ maloc tart aric,

citric, ascorbic, gI ucur oni c, rral e|c fumaric
PREIRR 15, andisieaet beswegn Qeadils; v ichdoeor Zrmhy anx ps 2; each Ry is
qu)@ﬁlp . I
RN oy eIl RORP R R0 RAREHE R, O R CECoatkenyl
%ﬁ@h@eﬁe@dﬂfwﬂ\/% erptaﬁh@gllkyh iatkengl, and alkynyl groups are each optionally
t f an
(g Rﬁ c)F}yaF.ariﬁsiH 'sél E& froBP{h‘éggr C&Jr&[&‘nﬁﬁ oFUlf Nid,lafiey1, C,-Cs

am nosul fonic
alycemydx g Cy-Gsalkysal,ivdydreio, thgalkal talalmyl amblalgﬁh)d@nuuasmr@ each
géfapﬁ}alllg%hé%ﬂﬁe d%l ?elfj }1 tlg;al l %%Eﬁled?ltO%Qt’)]e chlrﬁcl centter that carries
thetyoibstitmehtusiey belRairIS a):r rsiadtmrgs thedeoff r om aI um num
calcium lithium magnesium poégs& unilz sodi um and

zinc or organic salts ma N,
%Ihéj\uﬁ?‘chol i ne,

NTdi benzyl et hyl enedi am
Z{QP i n& meglum ne-

di et hanol am ne, ethylened
Iﬂ\yatmhbyiegbmbadinm) Whe pr i ne. Enbodi nents, Aspects

i SR b S oD S ST s o
Bsmle.mt&nahyl swisetiinated Gl-iCs alad caﬁmeﬂ.]zngd raﬁhﬁmpfﬁé;ﬁﬂécted from the

I catlon | q erein:
&t 5Bt b B A (7B Bhouly coher ety bend o1 de

chain of a natural, ampo Rgi d

Aoty

W is ; wherepis0,1,2,3,40r5. -
Another aspect of the present application is a cyclopeptide of formula III:
N=N
xRy
| Rz
NH
Rt
o, 7—{’
. OH_Mhin
NHLUHNTO H
H NH
0N Np
\ E)\/\/ NHz 111
wherein

R is selected from the group consisting of a side chain of a natural amino acid
and a side chain of an unnatural amino acid, wherein the natural amino acid
and the unnatural amino acid is either in the D or L form;

R and R3 are each independently selected frdm the group consisting of H, C;-
Cs a]kyl,'Cz—Cs alkenyl, C,-Cs alkynyl, aryl, aryl-(C,-Cs alkylene)-, a 3- to 7-
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and a side chain of an unnatural am no acid, wherein
the natural am no acid and the unnatural amno acid is

we@pRaok®es3ssn the D or L form R 2 and R3 are eackCT/US2007/020175

i ndependently selected fromthe group consisting of H,
C- C6 alkyl, C2-C6 al kenyl, C2-C6 al kynyl, aryl,
aryl-(GC -C 6 alkylene)-, a 3- to 7- nenbered
carbocycle, and a 3- to 7-nmenbered heterocycl e,
wherein the al kyl, al kenyl, al kynyl, aryl-al kyl ene,

car b%ﬁﬁ&eaes’rbt‘i@&&é MGl R 1870HESbEEE HRaFEcyRIN, Wiadih Yhe alkyl,
substituted; R7 i's absent or is selected fromthe

gr ouplkeonb ialeinyl asyl-alkylene. catiorygle apd hejsrogyelegroupsarec
alkyﬁ%nongﬁybdmﬁﬂﬂé .(C -C6 alkylene) a 3-to

ered “carbocycl’e, and a 3- to nenbered
het ewdwy@héiz ankleR gt npheoth Heyand eathRIéR}fo Ra|geypeih Ra and Rs

aryl -al kyl en nq-fldlgs s%{e%t g%\;\ﬁer eél%ﬁé%hﬁ&%@@ﬁp@ft?on or

each “opti | GRal tute R3 and 'R7 are
not @amrﬂ;emlttess&mﬁ or 6- member ed heterocycle or a

ol S R o a e AR R B E il sBloti A SR ATl

t he oxXy
sul f Qﬁﬁﬁbd@ oBchrOﬁlﬁlt Earbpdinﬂhﬁmamldmlsalfom rphosghate, polar

iety. PEG D v
i

18 AP Db BEneént Y dh P phitel a@péms disylossl lﬁﬁ‘éledRﬁ isoarsitll eham ofa
group consi sting of hydrox

b | f
oA sonshal 09, Mo oy, ot b0y BULSIRT G o e

gfahﬁédﬁsmﬁﬁg%rf‘m Jigyj €o, ﬁﬂd‘“@ug‘&t:unﬁcat VCuv\ﬁe:rae 14t 1251, 11, Y1,
asy, o Y, but pot both X n1 ks a5 or
"Be ngg,a@g Bt Iéyml&qré’,mbgﬂanent R) 1s benzyl; and 3 comprises a

radionuclide selected from the group consisting of ''C, °N, 0, '®g, ', '°, 1*'1,
and °Br. In yet another embodiment, R, is a side chain of a natural amino acid; X is

selected from the group consisting of:

%W“f\[{\/{ﬁ)\,

(OH)q
: ﬁr‘)’wr \/\/ "
,s\’/%
55. ~ ,and O ;
where each R4 is independently selected from the group consisting of -H, C;-Ce alkyl,
C,-Cs alkenyl, C»-Cs alkynyl, C,-Cs alkyloxy, aryl, aryl-(C;-Cs alkylene)-, 3-to 7-
membered carbocycle, 3- to 7-membered heterocycle, hydroxy-C,-Cs-alkyl, Ci-Cs-
alkoxy-C;-Cs-alkyl, and a PEG moiety, wherein the alkyl, alkenyl, alkynyl, alkoxy,
aryl, carbocycle, and heterocycle groups are each optionally substituted;
Rs is selected from the group consisting of -H, C-Cs alkyl, C2-C¢ alkenyl, Ca-
Cg alkynyl, Cl;Cs alkyloxy, aryl, aryl-(C;-Cs alkylene)-, 3- to 7-membered
carbocycle, 3- to 7-membered heterocycle, hydroxy-Ci-Cs-alkyl, and C,-Ce-
alkoxy-C;-Cg-alkyl, wherein the alkyl, alkenyl, alkynyl, alkyloxy, aryl,

carbocycle and heterocycle groups are each optionally substituted;
19 :
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wis 1, 2, 3, 4, or 5; wherein any one of XY, R2, R3,
and R conprises a radionuclide selected fromthe group

we@oensioztseng of positron or ganma emtters. | n PEr/USI0N7/020175

vari ations of each of the enbodi nents and aspects of

the present application, the 5-nenbered heterocycle is

a substituted 1,2,3-triazolyl group as discl osed

herein. I n one enbodi mrent of any of the aspects

di scl osed herein, Y is a 5 or 6-nenbered heterocycle;

and Xa¢lsRaid indimandentihenlegehfipinsthe greupseapaisting A& tH.c-OH, C1-Ce

sel ect,e remthe i st i A iy )
-2 eah CLETHIIR R ERNE FOTSE PR i g vty
hy dr GwitoxgrOpQs-atic/ pans-C i-Os-6lkonprheCedkyb tvaraseipdhealkyl,

' | east ,on

subst i tuted wt t roxyl group .
corrpla#l%e’lnﬁ ag(y§'&’ng$(yrlr%’fyéta§7dggﬁ'ea®¥y§%n? %’fé?‘rﬂg% 5 "6‘?‘%88“0“&‘”
consisgbdtit@gte@f gl ucose and gal actose. I n anot her

enbodinent, X is a linker_ conprising.a sugar mneti o
sel eti&d: 11 ChE ﬁ‘rléﬁp‘ft%ﬁ’s‘?q}sj‘{’ iPrg agf‘r?tﬁg Pgﬁfiﬂngf“écglm’ q15
cycl gh Qz@ﬁyg; Qfsqll;'Qora%; sl O%Mgaiﬁﬁ % vdrapend erytadionuclide is
group, a hydroxylated pyrrolidinp r qup . s.aRd. a 6
hydr GRIPFRASEPTD IRETONP ROTSIENE AT G et @88 2, “cu, e,
enbodbpnty Wi 5190 BE; WRIPM EUPNGhereaRY 6befigufatién of the

sel ect_ed fromthe group consisting of:where Z is
sel echizal ¢aniers My B R apSesmiraessigesel wis sel ected

1 GROMEDEN IS AHRAE KSInAR e Bhich MdLFendCh@F sQ6ktEd Ohi he group
group consisting of: each R 1s independently selected
conuistinghef -t SupCodlizl, ShiGrplitnyd asdde-ehalkymyh Waerep thealkyl,
| InRt; r
<P o flyRP puBL AR LR oRuGIB UAREIAY FheRfh R and Rp are not
bath Hoamdt eithdr RairtRyeor bothtReeand Ryrcomifrisers radionuclide selected from

the group consisting of ''C, PN, '°0, '*F, Br, '], '®I and "'L; X is

HO OH | Rs
NN
HO o o m
o

where Rj is selected from the group consisting of -H, C,-Cs alkyl, C2-Cs alkenyl, and
C>-Cs alkynyl, wherein the alkyl, alkenyl and alkynyl groups are each optionally
substituted and wherein the configuration of the chiral center that carries the Rs
substituent may be R or S or mixtures thereof; and mis 0, 1 or 2.

In yet another embodiment, Ry is hydrogen; R is selected from the group consisting
of C;-C4 alkyl, C,-C4 alkenyl, and C-C4 alkynyl; wherein the alkyl, alkenyl and
alkynyl groups are each optionally substituted, wherein R3 comprises a radionuclide
selected from the group consisting of He, PN, %0, and '®F; Rs is hydrogen; and m is
0.

In a further embodiment, Rz and Rj are each independently selected from the group
consisting of -H, C;-Cs alkyl, C>-Cs alkenyl, C>-Cg alkynyl, wherein the alkyl, alkenyl
and alkynyl groups are each optionally substituted; wherein Rz and Rj are not both H;
and either R, or R3, or both Rz and R3 comprise a radionuclide selected from the

group consisting of ''C, ®N, '*0, *F, 7Br, '*'I, "], and '

20
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each R is independently selected fromthe group
consisting of -H G -Ce al kyl, C2-C6 al kenyl, C2-C6

w@bdopngdsel C - C6 al kyl oxy, aryl, aryl-(C -C6 al Rgl/Eesmp?/020175

3- to 7-nenbered carbocycle, 3- to 7-nenbered

het erocycl e, hydroxy-GC -C 6-al kyl,

G - C6- al koxy-Ci - C6-al kyl, and a PEG noi ety, whereinthe
al kyl, al kenyl, al kynyl, al koxy, aryl, carbocycle, and
het erocycl e groups are each opt] onaIIy substitut ed; RS

is selected fromt e up ns t| -H, G-C
al kyl, C - %2 C| C al kyl oxy,
aryl , aryl | k - S0 7- menber ed

carb cI e, 3- to 7- menber ed het er ocycl e, hydroxy-GC -C
whead Rylis seﬂ?&hﬂec(?freﬁ&he gfdup@n@st-lﬁ‘g oﬂﬂ‘k,}d:n, Cyhity8iQy-Chalkenyl, and

Gt ey Do biptrein s censo dnlAiype pipt §re sactoptionally

sabERiitel 4he drheesf hhé%drm gluPdiﬁﬂGj’de@ thiyal s:e}nefs iR cé&:@mﬂehes

gl;oup consi stl n H C.al k%/I
Sﬁ'é'l’ﬁﬂ mayob ﬁ@ﬁg,lpdtur@ th@'eg[f k’?I‘%Qy oglzy pnq pjis ainteger

b@{%gne]nﬁ)d 90. hydr oxy -C -alkyl, and G -C
- al koxy-Gi - Ce- , vvherelnthe aIkIy, al kenyl ,
Iy st} ﬁwthewrnyp@wm deds ByguogamiBA isselegied dpmn Q?eegr@ae gonsisting
o@@{;l@z;nélkﬂ'l)z/@-ltﬁsiﬂkér\lﬂ efd (‘?za@I‘aH({hﬁ thel:km the kAl al enIsmand
, i's an i1 nteger between 1 an
aacyngi groups arg: egch mpn@nalb' spbstituad, 3nd Rs cpmppsesra rediopuckde

ueyl;i ¢
Hees b indloBBLAIRLAR Q0oL 1y o8, bt m i
agd @us aB 4QagerdeCycencB@d 13.241, 1251, 131 1, 9Tc, 75Br,

l&gﬁﬁexa&gbg’&ﬁenggﬁérg)é& otLQ gsp%ggfd gclilé% 'h%p?uq fX rllge chi r aI

centers nm mxtures
anot her errbodl nment, Rl s a i§i de chaigngf a nat ur al
am no acid; R is algsent N K

\~p)
0 o) HN .I T
( )r\w\;
where each Rg is independently selected from the group consisting of -H, -OH, C,-Cs
alkyl, C,-Cs alkenyl, C-Cs alkyloxy, hydroxy-C,-Cs-alkyl, and C,-Cs-alkoxy-C,-Cs-
alkyl, wherein the alkyl, alkenyl, and alkyloxy groups are each optionally substituted;

qis2,3o0or4;ris2or3;r'is0;andsis 1 or 2.
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Yis 1,2,3-triazolyl; and R2 and R3 are each
i ndependently selected fromthe group consisting of

WO B)os@83566 al kyl, C2-C al kenyl, and C2- C6 al kyPg1/PS2007/020175
wherein the al kyl, al kenyl, and al kynyl groups are
each optionally substituted, wherein R2 and R3 are not
both H, and either R2 or R3, or both R2 and R3
conprise a radionuclide selected fromthe group
consisting of 1 1C, 13N, 150, 18F, 75Br, 1241, 125l

I1# t 4RdtHer ehib&ﬁﬁxéfﬂb'f@l‘ié 9fbse1¥t ASplandiof, bsisl N anot her

|at|on Zisand Ais In yet another variation, Zis
pect of the pr esent application is a
spyc ptide of formula Il: wherein each Ris

epe ntly selected fromthe group consisting of a
S|Qle chal n“mhrmemhtmwlahnC&mmndElSleQWd fepre thgegrohp icanssting of -

TN e R e e e S SR RGNS

a;lkyléne‘)q hyrdx3-apdesRBkas €- wmdﬁyd%pégw,[(aﬁldw%mety,
romt rou t - - -

eyt atkyf) el ARG IR at Pty e niogiglp sroves

RO EacH éﬂi&\ﬁhllﬁ EEbERSute:arRAC 10p1 3.l | n msamamleceach R, is

wherein R2 and R3 are not both H and either R or
indepritdently seherted foumihe geoup cenfiging pf dd. GeCeelled Cz-Cs

e

@cmbsleﬁtz ewch sptignally sBbstouted; mis O, 1 or 2; each Ris

(5 nd e e n d efgfn% éfessglafem 19%[;3&121?9%? 10 :Pfo%g Cée o?':ﬁt%en(?f f%tmula 1V:
ky,

vvher ein the alkyl, alkenylyo ypyRsgry are
each optionally subst i tuted, ) from
the group consisting of -H, H -© al kys, - Cgéral kenyl ,
and C -C6 al kynyl, where in TXe al kyl, al kenyl and

al kynyl groups are eaclh OptidHally substituted and
wherein the configuration ofy the chiral center that
carries the Rssubstdte y be Ror or mxtures

t her eof . © O N NHnn
O
NH .| HN (o} H
H NH
NH
ol 2 v

wherein: R is selected from the group consisting of H, C;-Cs alkyl, C2-Cs alkenyl,
C,-Cs alkynyl, C;-Cs alkyloxy, aryl, -(C;-Cs alkylene)-aryl, 3- to 7-membered
carbocycle, 3- to 7-membered heterocycle, hydroxy-C;-Ce-alkyl, and C,-Cs-alkoxy-
C,-Cs-alkyl; wherein the alkyl, alkenyl, alkynyl, alkyloxy, aryl, carbocycle and
heterocycle groups are each optionally substituted; wherein the chiral centers attached
to wwwbonds are R or S or mixtures thereof; mis 0,1,2,3 0r4;andnis 1,2,3,40or5.
In one embodiment, Rs is selected from the group consisting of H, C;-C4 alkyl, C;-Cq4
alkenyl, and C>-C, alkynyl, wherein the alkyl, alkenyl and alkynyl groups are each
optionally substituted; wherein the chiral center in the cyclic peptide is R configured
and the chiral center bearing the Rs residue is R or § or mixtures thereof; m is 0, 1 or
2;and nis 1, 2, 3 or 4. In another embodiment, Rs is selected from the group
consisting of -H, and an optionally substituted C,"C4 alkyl; misOor l;andnis 2,3 or

4.
22



In yet another enbodinent, Wis , In one enbodi nent of

the any of the disclosed aspects, each R is benzyl;
WER2008833%1 R3 is an optionally substituted C - (QPel/kKg1007/020175

conprising a radionuclide selected fromthe group

consisting of 1 1C, 13N, 150, 18F, 75Br, 1241, 125l

and 131 |; and Wis OP O; where pis 0, 1, 2, 3, 4

or 5. Another aspect of the present application i's a

Ap¥%%?5§pt'd of fornula I Ll:. wherein i is select
fi el 58 PRl Siigion s 1spialabeira syclpertigataraisd from
thargrowp esisiktiagbfa si de chain of an unnatural am no

aci d, wherein the natural an1n8 acid and the unnatura

amino acid is either in {4 or lHform R2 and R3 are
each i ndependently sel ect y-®up consi sting

of H G- Calkyl, C2-C6 @ eﬁ§|, - H'Ikynyl aryl ,
aryl-(GC -C 6 al kyl ene a g to 7-menmbered
carbocycle, and a 3- nber ed hete ocycl e,

en

wherein the al ky], al al kynyl , aFyI al kyl ene,
carbocycl e and hen ﬁggﬁe groups are optionally

substi t ut ed; mh R are not both H and
erther R2 or R3, or'B&th Oanﬁ R@; conprise a

radi onucl i de seled% Bdnvfhe oup consisting of
positron or gamma emtters; an 2is a |lipker

conpri sing-a, hydrophl iC nnlety selected fromthe
group conS|st| carbonyl, sul fonam de,

sul f onat e, phﬂsph r an1no acid noiety, PEG
noi ety, sugar m netgy ugar noiety. In one

enbodi ment of any °t he aspects di scl osed herein, Ri
is a side chain of (fg

_‘(\,0\/\0/\/0\/\0/\/" \t(\ %

S
o
H >LNH,

@Hﬂf
§;ﬁ

Yet another aspect of the present application is a pharmaceutical composition |

comprising a radiolabeled cyclopeptide of formula I:

wherein:
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natural amno acid; R2 is hydrogen; and R3 conprises a
radi onuclide selected fromthe group consisting O 1

waenosazNgt 150 18F, 6 1Cu, 62Cu, 64Cu 67Cu, 8GaPCIR&DN7/020175

1251, 1311, 9 Tc, 75Br, 153G and 32P. In another

enbodi nent, R is benzyl; and R3 conprises a

radi onucl i de selected fromthe group consisting of 1

1C, 13N, 150 , 18F 1241, 1251, 131 1, and 75Br. In yet

anot her enbodinent, R is a side chain of a natura

am nB1 icielected framdbe sraupEonsising pka sids ghaia G @ingtyrakpmino acid
20 WG Rafaftan %%n?t%ra{l RAGRE Qgiﬁn&/h&eﬁﬂ HRGaffal &b acid

the group consistin CpCe C2- C al kenyl,

Cc2- wldaﬂicymylbtur@ an(mo atikdyis gstlycr imthd D Carlyfﬂn(nc: C6

?l ﬁgi&ggr egg eearcg éZdﬁpggﬁ'%et‘lé{rsgle%?er b@(@’xéﬁ@ F'i?%lp ctogswt&g of H, C;-
al kogy alliyi, CCz-@ls k}}(bnyla@d-Ch aBE@ylrtalryelt yl;yli\éﬁe-ﬂalaﬂ(yld!r@)- a3-to7-

al kyl | ke al kox ar rbo

net oFSEETE Yool le o 22k Titminta poGRsER fhiri g aven

i's S@lkeﬁjlled]kfyhjblmat)h&ll@ﬂﬂwp crbosycdd ambhetérocktle Groups are each

al kyl | kenyl , C2- C6 al kynyl, Q C 6 al kyl oxy,

aryI°P%ﬁ%ﬂ“y( sQﬂ?@QPkylene) 3- to 7-menbered

c a:r ER;; y§£&ent3or ib Qelécte® foai 8¢ gaa&;eémystlhg of 1§y, dI.aXA/aIQ/I- C,-Cs
a e

al ky%‘llke‘a}'lk é?mﬁs a“a!mz@rmf( aﬁdﬂ&(}r &fﬂﬁ%}ﬂ* Vg{g’*a 86}}8’?’5“3‘1

and RALBERIY,Gn@ a3-QH ISmehBeRaMRtRHEycl) AHeYein the alkyl, alkenyl,
subst i tuted; each Ris |ndependently sel ected from.the

- gr ouplkysik AEY lrakgylene, sprbocygle apd betergeygle sreupsers each optionally

al keE\Yﬂsth@dCﬁhé}EWkg aQéR%r@thﬁ/AlpHy aryl - (G -C6
al kyl ene) -, 'hydroxy-C - kyl G -C -al koxy-G -C

~al k¥ is agher @mﬁmb@ecahwytocy%lm@é h;lmkelamepmmg alhygraphilic
and ﬂ{&féty%g*% QoI MR BIuf EnSaRE SiHyaPs8h) darbonyl, sulfonamide,

subs
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,

and sugar moiety; -

Y is a 5 or 6-membered heterocycle, or a linker comprising a hydrophilic
moiety selected from the group consis.ting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;

where at least one of X and Y, but not both X and Y is a 5 or 6-membered
heterocycle; and w is 1, 2, 3, 4, or 5; wherein any one of X, Y, Rz, R3, and Ry
comprises a radionuclide selected from the group consisting of positron or

gamma emitters; and a pharmaceutically acceptable carrier.
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visO0 1, 2, 3, or 4, mis 0, 1, 2, 3 or 4; pis an
i nteger between 1 and 110; gis 1, 2, 3 or 4; r is 1,

wWQ2e8/0856fF is O or 1; s is 1, 2, 3 or 4; and tPheI/US2007/020175

radi onuclide is selected fromthe group consisting of
1 1C, 13N, 150 18F, 6 1Cu, 62Cu, 64Cu, 67Cu, 68Qa,
1241, 1251, 131 I, 99Tc, 75Br, 153CGd and 32P; where
the configuration of the chiral centers may be Ror S
or mixtures thereof. In another enbodinment, R2 and R3
HEflWWdmposition
R R e %PL‘%*&”‘S%PEW%E‘W o G- Ce
cailpyising, a mimldiated %@l@e@yﬁe offormmia 11 ox fernaip JHy |
groups are each optionally substltuted wherein R and
R3 g»nn$ﬁbﬁhhoH; and either Ror R3, or both R2 and
R3 "Romprisg® @™ sadionucl i de sel ected from the group
consi st % v, HC, 13N, 150 , 18F, 75Br, 1241, 125I
and 131 I/ +S where Ris selected fromthe group
consisting of -H C-Calkyl, C-C alkenyl, and\C?
al kyny}, mhereln t he al kyl, alkenyl and alkyn oups
are eac optl had, | y substituted and mherelnxr 649L
confi gur T’Gﬂq f the chiral center that car,# £ ?he R
5 subst%;uent be R or or m xtures ther and m
is 0, ¥ aor 2. In »@% anot her enbodi rent , IS

hydr ogen, is"Selected fromthe ol oNsi sting

O di- C4$éw4 -C al kenylndm ynyl,
wherein the #Ry{, al kenyl | groups are each
optlonally Yt tut ed, wherein R c Hyes & i

radi onucl | Geys¥l ect ed from t he gr® [ \?

1C, 13N, i%P and 18Fj RS is hydrogen; dmis O Nt a 1
further enbodi ment, R and R3 are each independently

\%gér%ﬁ\t c%ghflf QQTrtdgzﬁelgc[e%!Q sgféﬂéﬂﬂdnﬂ ﬂmeoérouﬁco@xst(ﬁgadﬂ@yéxde chain of

-C al kynyl, wherein the alkyl|, nl)(
a natural amino acld and a side chain of an unnatural amino acid, wherem the natural

amino acid and the unnatural amino acid is either in the D or L form;
R, and R; are each independently selected from the group consisting of -H,
C-Cs alkyl, C,-Cs alkenyl, and C,-Cs alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are optionally substituted, wherein Rz and R3 are not both H;
and either R, or Rs, or both Rz and R; comprise a radionuclide selected from
the group consisting of ''C, N, 0, '*F, ¢'Cu, ®*Cu, *Cu, §7Cu, %Ga, %1,
1257 1311, 99, "By, 'Gd and 32p,

each of X and W is selected from the group consisting of:

R4 HO SH L Rs
N ar
HO
f‘s\‘& (@] O m
0O ; wnn ; and
H Rs
:’:ﬁ(\/o\é/\ok)\/ N ':’—
O

where each Ry is independently selected from the group consisting of -H, C;-Cs alkyl,
C,-Cg alkenyl, C2-Cs alkynyl, C-Cs alkyloxy, aryl, aryl-(C;-Cs alkylene)-, 3- to 7-
membered carbocycle, 3- to 7-membered heterocycle, hydroxy-C,-Ce-alkyl, C 1-Cs-
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and al kynyl groups are each optionally substituted;

wherein R and R3 are not both H and either R or RS,
w@eooBo3I56R2 and R3 conprise a radionuclide sel BCt/E82007/020175

fromthe group consisting of 1 1C, 13N, 150 , 18F,

75Br, 1241, 1251, and 131 |;where R5 is selected from

the group consisting of -H G -Ce alkyl, C-Cg

al kenyl, and C2-C6 al kynyl, wherein the al kyl, al kenyl

and alkynyl groups are each optionally substituted and

aloay ¢ nCé-hikyt.omtliagREEGmi@ietyo fvhetein theiallayl, dkmsdr alkhayl, alkoxy,
r e | R.or res
f}ﬁ Ezlrg?cfcna aﬁé B&%Eoc&cfe'“%gﬁ ngg e?clﬁ‘lsopéchona ger t%t%ttfween
1 ands38 selbcteé tfiioint tlarm'bmecorfsmnmgldfeﬁt CiR2 allsylhgwfla gﬁn:;nyl Ca-

C - SPeieli: O-Gh R, B A EREGR RS ok 1 Ripeinbered

5 - aI lgemyfbo&yeﬂe&JWlWR};emt@Sh@érﬁcﬁﬂﬁ,giyﬂmeloﬂﬁrUs%lllcyl anddC1 -Ce-
substitute n onprjse r adi clide selecte
£ r om ARV 56 -aﬂaﬂswﬁ?r?ﬁ'gt brliony g alloylgXheEy!,
R5 i &afbo@wg;eahd KBtérsciile agrdu;sze airé eddh oiRARY stsdtMees; Wherein
and 15. anot her _enbodi nent of any of the aspects

di sclBs &%Prl” iR, o5¢he ShiFplieateERpAY RO heeperuesthsreot, v is
sel eqf, ed2 3, ot hieis@, QUD, TENS anldigd aflfintelbr beeed Qnd 25;and a
al kyl , c2-C6 afken G- Ch al kyl oxy, hydroxy-Gi -

10 -4l WP““%FW&“G“K%"CSP%BB@WGWCeaI kyl , wherein t he
Sghlﬁhghhaealagg%sﬁﬁbg %hlé%?sghkyﬂﬁ?é%&{ QWa%Qcé?ﬁﬁQl composglon
cpmpriging;a radiplabejogl qycapeatlﬁmsg}@qte@ﬁgmﬁfbﬁ gecrmm@hng of:

the present application, 44 is weaere each Ris
i ndependent|ly. selected fro Hup copsi sting of -

H G-C6 alkyl, C2-C6 al kenfihg | Knyl, G-C 6
al kyl oxy, aryl, aryl-(G - @ Ikylenefl, droxy G-C
6-al kyl, G -C6- alkoxy | kyl, and PEG nvi ety,
wherein the al kyl, al I al kynyl, alkKoxy, aryl,
car bocycl e, and heter cy gr oups F
HHN It ﬁ NH
0 NH; and
HaN it
HN ﬂ OxNH H;:FO °
. O
o -
e e,
° HN HN»\NH"’
O\ z-NHHN
" NHHHN o
O
HO. r

G

15  and a pharmaceutically acceptable carrier.
One aspect of the present application is a method of monitoring the level of integrin
o33 or visualizing integrin o33 expression within a body of a patient, the method
26
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are each optionally substituted; and v is 1, 2, 3, or
4 . In one variation, each R4 is independently

w@ 200808361 from t he group consisting of -H G -ECHUR2007/020175

C -C6 alkenyl, C-C alkynyl, and a PEG noi ety, wherein
t he al kyl, al kenyl, and al kynyl groups are each
optionally substituted. One aspect of the present
application is a radiol abel ed cycl opeptide of fornula
I'V: wherein: R5 is selected fromthe group consisting
cOmphisingt ¢4y aﬂhhuisterﬁ% +&tled patieyt a rﬁel%db&yy@bpc;ﬂd&:&rﬁl (b)

| kyl -C. al k
e;pil‘%\ﬁgé%é)dnc[gf BB%%}EW éech%qu% 8&70%@% 31&: g{gwtl% con s1st1n§ of positron
ehﬁﬁsﬁ&xmgrgplluﬁtﬁm), andltheld plcotsn ahksmn c&fnpt(fﬁd &hkcygraphy

wherein the I, al keny

(ERE632 on mOBNer HEP ey i BINE 393 Wigh @?Qb%fﬁgb%%‘?eiﬂgﬂ%f’l’ep“de
v@iﬂhﬁ bind B BLor WRRIG PortibR tifdiédfalvheRM feSadioladel@dtytpeptide is

onds are 'R or 5Or m xtures thereof; mis 0, 1, 2, 3
offormulahd n is 1, 2, 3, 4 or 5. In one embodi nent, RS

is selected fromthe Fgrqqp consisting of H C-C4

al kyl, C2-C4 al kenyl C2-C4 al kynyl, wherein the

al kyl , al kenyl and aIR{ﬁ?M groups are each optionally
substltuted wher ei n thekmhlral centend n the cyclic
peptide is R configured (and\)wvhe chi r% center bearing
the R5 residue is RQr o méesi'l € f; mis 0, 1
or 2; and nis 1, 2, or t her énbodi nent, R5
is sel ected fromthe grioyp! esnsi gting of -H and an -
optionally substitu G- afkyl; mis 0 or 1; and n
is 2, 3 or 4. AnotHter KidH [ [
is a radi ol abel ed op de Gel ected fromthe group
consi sting of: YetQoanotlger aspect of the prnesent
application is a pharmaceutical conposition conprising
Whérdf R] akeleRetdaysh Reploug @ondistiny $MH €idé chain of a natural amino

acid and a side chain of an unnatural amino acid, wherein the natural amino acid and

the unnatural amino acid is either in the D or L form;

R> and Rs are each independently selected from the group consisting of H, C;-
Cs alkyl, C,-Cs alkenyl, C>-Cg¢ alkynyl, aryl, aryl-(Ci-Cs alkylene)-, a 3- to 7-
membered carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl,
alkenyl, alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each
optionally substituted;
R is absent or is selected from the group consisting of H, C,-Cs alkyl, C>-Cs
alkenyl, C,-Cs alkynyl, aryl, aryl-(C,-Cs alkylene)-, a 3- to 7-membered
carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl, alkenyl,
alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each optionally
substituted; wherein R, R3 and Ry are not all H;
X is a 5 or 6-membered heterocycle or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,

- sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
Y is a 5 or 6-membered heterocycle, or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
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wherein: R is selected fromthe group consisting of a

side chain of a natural am no acid and a side chain of
w@poosisssbur al am no aci d, wherein the natural BEI/082007/020175

acid and the unnatural amno acid is either in the D

or L form R2 and R3 are each independently sel ected

fromthe group consisting of H C C6 al kyl, C2-C6

al kenyl, C2-C al kynyl, aryl, aryl-(C -C6 al kylene)-, a

3- to 7- menbered carbocycle, and a 3- to 7-nmenbered

het er Qﬂﬁcﬁia&: phbsghatd) pblae anlingy/dcid aldienyPEGahdigtyy lsugar mimetic,

aryl - | ene, carbocycle and heterocycle groups are
each AR Yubstituted: R is absent or is
sel ecivpdrd artoéast BRe 6f maadop Mt %bt lIStSthQI aﬂra YGk a@ & éctlembered

- C al kenyl -C6 al kynyl,
al kyl Bﬁssocyclg and wgs . %M@P’éé w%\ rswcw qne %fr?& Y, Bo. Ragand Ry
5  7- Menbehgdsdia! ﬁﬂﬂﬁ%@ilé‘e seMtRé EfrBmithe gAdupYdonsilik€BY besitron or
: al kynyl, “aryl - al kyl ene, carbocycl e and heterocycl e
groupgmafftii wmigiersopt i onal | y substituted; wherein R2, R

Hgth@a%r Ft &‘H’le 4[ ﬁli( licRidh 2 a%etﬁoﬁrﬁg‘g'fr%ﬁaﬁgrmg the level of

et eroc conprising a h
mginyoc\sﬁeloe @’isadhimg Amtegen gn[@mcpc@n&nsmth@ adfodyyafragayient, the

g‘ﬁfﬁ?@%g} PEISHRSG 3 e Z?G)FIH“B g&tefﬁlllgftg nh gell}be%pg Szpc{l ageleg lx@opeptlde and
10 Sﬂ@ﬂfplﬂﬁhghyxucléar Emagibg (Hchﬁtq[le ﬂd&ied:tedi ﬁhﬁ’i &fecgryc;b eonsisting of

I i nker risi a . h sel ected fr
YT EH ST BBHOMEr R 5 ERy AP RPER R fsion Computed
Rt pasy (S@,ECSEM fop ﬂﬁﬁm&onﬁ@ of phailézing e distributioncofane chdiolabeled

cyclc?];é{)tlde within Ithee:t B/ody or 1th1rr1n a%%trngn th%pe%f S\%J/ eremn%e raa/lolabeled

cyclopeptide is of formula II or formula III:

o)
HoN

A<
NN

o NHHHN

NH HN—Z’\f

o [:q:N
=§ R3 ’N\?\er
/W\ S

X
:é e NH 2
o )
HN »‘NHz R1 O
LM\—« ony It
NE—NHHN OQNI’HN
NH HN NHLHN"TO H
H NH
N N
: HO? 2))) o’&, T’)\/\/ Y
15 o II o]

III

wherein each R; is independently selected from the group consisting of a side chain of
a natural afnino acid and a side chain of an unnatural amino acid, wherein the natural
amino acid and the unnatural amino acid is either in the D or L form;
Rz and R; are each independently selected from the group consisting of -H,
20 C,-Cs alkyl, C2-C; alkenyl, and C,-Cg alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are optionally substituted, wherein Rz and Rj are not both H;

and either Ry or R3, or both R; and R3 comprise a radionuclide selected from
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where at |east one of X and Y, but not both X and Y is
a 5 or 6-nenbered heterocycle; and wis 1, 2, 3, 4, or

w®B2008/0835¢i n any one of X, Y, R, R3, and R7 cop@r/USH87/e20175

radi onucl i de sel ected fromthe group consisting of
positron or gamma emtters; and a pharmaceutically
acceptable carrier.Yet another aspect of the present
application is a phar rraceuti cal corrposi tion corrpri si ng

a radi ol abel ed cycl opept f [
L1l thhemipmoeaiefmg?pp fi k ‘9 g% e 662€P=e68€éd pg];‘!nga L,

t he gEpUiB! cgq\gm&ngscﬂf rm‘s de chain of a natural
am no aC| a side chal n of an unnatural anino

aci d,eavhof ¥i and: Weis selected Ifraamthrecgrasp donsigtingraf: unnat ur al
amno acid is eithgy inthe Dor L form R and R are
each 4ndepeﬁ'8 seltfect’®d fromthe group consisting
- - CHal y h)'?‘l and C -C6 al kynyl,
rel IJ,:(he Q& yl O al keRyl , and al kynyl groups are
O[:QI onally su itut ed wher ei;An®2 and R3 are not both
H, and either R or or both R2 and R3 conprise a

{ﬁdl onue,[é%g ?KI[% @Q‘ the group consisting of 1
18dyn 62Cu 64Cu 7Cu 68Ga5 124l
1261, 13115 98Tc, ¥5Br 153Gd and 32P; each of X and W
|s sel e omth onsi tin
eiprs Eadt e BRSPS e Recf PR Rt EEnopeiiaE B Gs atiot
@lt%, %rlkaaylccgidgxahkynﬁ}l?, &;-al k]&mdxyl, &34, @6y1@40q><tnyél17<y1@rle)@; 3-to 7-
a oxy, , - ene)-, 3- to.7;
@Pé&awp%ﬂeﬁﬁé T ety hHéfOé‘Wa%ygﬁ'é“kY‘ Ci-Co-
ANSORY- cgaﬂ@l &y PEGGhofeby, a»meeem K3 alﬁy} alklenyl aa@dya alkoxy,
PEG noi et wherei n t he al kyl alken
agy I 63 P%)fvlandéﬂéﬁ%%w %rouaﬁarerF@F’éPB Sg‘%é‘{w’?dar e
each Rpisi@ptddrei s gttoﬂb%@nmstmg of -H, C1-C5 alkyl, C,-Cs alkenyl, Co-
Cs alkynyl, C;-Cs alkyloxy, aryl, aryl-(C,-Cs alkylene)-, 3- to 7-membered

carbocycle, 3- to 7-membered heterocycle, hydroxy-C;-Cs-alkyl, and C,-Ce-

alkoxy-C;-Cs-alkyl, wherein the alkyl, alkenyl, alkynyl, alkyloxy, aryl,

carbocycle, and heterocycle, groups are each optionally substituted;

wherein the configuration of the chiral centers may be R or § or mixtures

thereof; vis 0, 1,2,3,0r4; mis 0, 1, 2, 3 or 4; and p is an integer between 1

and 25. '
Yet another aspect of the present application is a method of monitoring the level of
integrin o,B3 or visualizing integrin o33 expression within a body of a patient, the
method comprising: (a) administering to the patient a radiolabeled cyclopeptide; and
(b) employing a nuclear imaging technique selected from the group consisting of
positron emission tomography (PET) and single photon emission computed
tomogréphy (SPECT) for monitoring or visualizing a distribution of the radiolabeled
cyclopeptide within the body or within a portion thereof; wherein the radiolabeled

cyclopeptide is selected from the group consisting of:
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R 5 is selected fromthe group consisting of -H G -C
al kyl, C2-C6 alkenyl, C - C alkynyl, C -C al kyl oxy,
w@eooB/ 0336yl - (Ci - C6 al kyl ene)-, 3- to 7-menber eRICT/US2007/020175
carbocycle, 3- to 7-nmenbered heterocycle,
hydr oxy-C - Ce-al kyl, and C -C - al koxy-G -C 6-al kyl,
wherein the al kyl, al kenyl, al kynyl, al kyl oxy, aryl,
carbocycl e, and heterocycle, groups are each
optional l'y substituted; wherein the configuration of
y be R or S or mxtures thereof;

vis 0, 1, [N ANs O, 1, 2, 3 or 4, and pis
an integer oBfween 1 @ndiZB; and a pharnaceutically
accept abl e Still Janot her aspect of the
presen Inﬁatlon IS a<pharmaceutical conposition
conprl a radlolabelag cycl opepti de selected from
t he gr a@hsisting of: and a pharmaceutically
aoH rrier. One aspect of the present

n |s a method of nonitoring the | evel of
inte orHV|@MaI|Z|ng integrin avp 3 expression
Wi t § atient, the nethodconpr|5|ng (a)

adm ni st |ng to t patlenbna radi ol abel ed

cycl opeptide; and (b) enploying a nuclear inmging

"tle ohn#&ﬁeyselected fromthe group consisting of
“bOS|? i on tonography (PET) and single photon
em ss{ofifcymput ed t onogr aphy (SPECT) for nonitoring or
Vi su ng a distribution of the radiol abel ed

cycl e@de wWithin the body or within a portion

t he of wherei n the radiol abel ed cycl opeptide is of
for ovAywmn£»{h$i*§w§f$egted fromthe group

con g of a side chai'fi' of a natural amino acid and
e chaleof an unnatural am no acid, wherein the

natdFaI aC|d and the unnatural amno acid is
eit o' e Dor L form
2—NHHN
NH | BN O
o N
HO. o]

© o
A still further aspect of the present application is a method for imaging of blood
vessel growth in solid tumors based on expression of integrin o B3 within the body of
a patient, the method comprising: (a) administering to the patient a radiolabeled
cyclopeptide; (b) employing a nuclear imaging technique selected from the group
consisting of positron emission tomography (PET) and single photon emission
computed tomography (SPECT) for imaging a distribution of the radiolabeled
cyclopeptide within the body or within a portion thereof; and c) correlating the
distribution of the radiolabeled cyclopeptide to the growth of blood vessels in solid

tumors, wherein the radiolabeled cyclopeptide is of formula I:
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R and R3 are each independently selected fromthe
group consisting of H G- C6 al kyl, C2-C6 al kenyl,

w@200803d5kynyl , aryl, aryl-(C -C6 al kyl ene) -, aPGFUS®07020175

menber ed carbocycle, and a 3- to 7-nenbered

het erocycl e, wherein the al kyl, al kenyl, alkynyl,
aryl -al kyl ene, carbocycle and heterocycl e groups are
each optionally substituted; Ris absent or is

sel ected fromthe group consisting of H G -Ce al kyl,
C2-Ce al kenyl, C-C 3Lk§nyl, aryl, aryHG -Ce

al kyl ene)-, a 3- to 7-Degbered carbocycle, and a 3- to
7- menber ed heterocycf%} Wﬁerein the al kyl, al kenyl,

al kynyl , aryl-alkylene,lﬂﬁﬁ ocycl e amdH het erocycl e

groups are each optionaRy bstigkﬁé©; wherein R2, R
and R are not all HR X S_@ meriiy ed
het erocycle or a .linkKer Yonprisigkng a hydrophilic

nmoi ety sel ected frqsn.tMNel gr
car bonyl, sul fonam de

onsi sting of hydroxyl,
sul fong@te, phosphate, polar

am no acid noi etfQ P YN\ sugar mnetic, and
sugar noiety; Y i 5 -nefRbered heterocycle, or a
| i nker conprisingOa hyd@ophilic noiety sellected from

t he group consisting of "hydroxyl, carbonyl,
wheteionam de, sul f onat e, phosphate, polar am no acid

moi ety,. PEG i.et S i et ' -, d
Tk A i s
a 5 and@-sidedinired freteragytieinogeit, whesein thonatgral gming acid

5: wher gl{l n an

° SRS 0o TS PR B oo @

posi tR,GMdIR; Farach kilpériestly selected from the group consisting of H, Cy-
Ce alkyl, Co-Cs alkenyl, C,-Cs alkynyl, aryl, aryl-(C,-Ce alkylene)-, a 3- to 7-
membered carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl,
alkenyl, alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each
optionally substituted;
R is absent or is selected from the group consisting of H, C-Cs alkyl, C2-Cs .
alkenyl, C»-Cs alkynyl, aryl, aryl-(C;-Cs alkylene)-, a 3- to 7-membered
carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl, alkenyl,
alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each optionally
substituted; wherein Rz, R3 and Ry are not all H;
X is a 5 or 6-membered heterocycle or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
Y is a 5 or 6-membered heterocycle, or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
where at least one of X and Y, but not both X and Y is a 5 or 6-membered

heterocycle; and w is 1, 2, 3, 4, or 5; wherein any one of X, Y, Rz, R3, and Ry

31



Anot her aspect of the present application is a nethod
of nmonitoring the level of integrin avb3 or
WO e@eMabisgi ng i ntegrin avb3 expressi on wthin aP@puyg2001/020175
a patient, the method conprising: (a) admnistering to
the patient a radiol abel ed cycl opeptide; and (b)
enpl oyi ng a nucl ear imagi ng techni que sel ected from
the group consisting of positron em ssion tonography
(PET) and single photon em ssion conputed tonography
( SPEGbnpri¥es HRadibMidIidg selectet Frtth kird @toup cOhsidtirigaftpositron or
of the radiol abel ed cycl opeptide within the body or
Wi t hi SRR EMIREIR t her eof ; wherein the radi ol abel ed
H%h@%?&éﬁé@t Msth@fprésgﬁtrﬂﬂpﬁcétiorpirs al REAYA Forl 1Hag1ﬂ/g”@ﬂ' Hbsd vessel
each I s independently selected fromthe
growti mtaohg tehors briseid on kEpIgsHen af mdearinagwPanyi nalaq bpdyref 2
C
5 sRph Byt ag ShnBRsiiateb iRl AR FblchadshEs Rbikiiea
cgclopeptidey (bhenplogingla fumierr iR2gingdedRBiquesclestdd from the group

CoRSISRRL B B SRSt o oMb 0 3R B TRAR SBRR LA iPerlssion
d&@i&ﬂo&ﬂt@r@ﬂ%&PEﬂReﬂwimam@a disln‘ym;tiongrfdh@sachwlebeled
bst ted R-and { t
cREloggaie ¥irkin e bpdat saiE prties ok iel shePatiaghe he
10 dli%gb?gﬁc bt:"L tglg radibRotrd cfyblblﬁi'élbt&i@bagﬁ gﬂigﬂlgi;ﬁbidtgl wafssels in solid
tymars, wiiesin thsypdiolirbey lanspidy isRifoRn e Iber Remte BF:

X and M}llz\/ste‘Iﬁected fromthe group consisting of:

wher e @é t‘.s/ﬁ“"hdependent ly selected fromthe group
consi st ng Ce al kyl, C2-C6 al kenyl, C2-C6
al kynyl , Cé—a yPoxy, aryl, aryl-(C-C 6
al kyl ene) 3% tfo 7-
HN N=N
0=§ Rz h‘] y R
3 < 3
N/W\N_)VR )l( \ﬁ:
=N NH
OHN )‘N”z R,

NH () HN NH, HN ~O H
H
Hc:;rf QJ\/NT’)\/\/N\(NH
g i o NHz

wherein each R, is independently selected from the group consisting of a side chain of
a natural amino acid and a side chain of an unnatural amino acid, wherein the natural
15  amino acid and the unnatural amino acid is either in the D or L form;
R, and R3 are each independently selected from the group consisting of -H,
C;-Cs alkyl, C,-Cs alkenyl, and C;-Cg alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are optionally substituted, wherein R, and R3 are not both H;
and either R; or Rs, or both R; and R3 comprise a radionuclide selected from
20 the group consisting of e, BN, %0, 1¥F, SiCu, 82Cy, %Cu, Cu, 68Ga, 1241

lZSI, lSlI, 99TC, 75BI‘, I53Gd and 32P;
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menbered carbocycle, 3- to 7-nmenbered heterocycle,
hydr oxy-GCi -Ce-al kyl, G -C - al koxy-G -C 6-alkyl, and a

weEBsnsiset y, wherein the al kyl, al kenyl, al kyngdT/US2007/020175

al koxy, aryl, carbocycle, and heterocycle groups are
each optionally substituted; Ris selected fromthe
group consisting of -H G -C6 al kyl, C2-C al kenyl, C2-
C al kynyl, G -C al kyl oxy, aryl, aryl-(C -C6

al kyl ene)-, 3- to 7-nenbered carbocycle, 3- to

7- ”En@a?dhe&f)bﬁﬁg WWQI&)temﬁ%QKé( ﬁ@lrpqeonﬁshﬂ of:and G -C
- al koxy-G - Ce-al k % wherei n the al kyl kenyl ,

ryh Bar bocycl e, and heterocycle
jt&w§ﬂbst|tuted wherein the
t®e chigal "Centers may be Ror S or
vis 0, 1, 250 or 4, mis 0, 1, 2,
3 or 4; and p |s an |nteger betmeen 1 and 25. Yet

apot her agpec lt-ihe resent application is a nethod
GM% | ntegrin avb3or visualizing
I nkegrin avb3 resshpon W|th| n a body of a patient,

the met hod conprising: (a) ’adnministering to the
wh@n‘e@ach B4 risaijidsp@mi@héyi selpetbd fropt theegrown dor(sistingmil-Oy Cings alkyl,

CoRUFEAY, IO AR AL URELESLAS LA EXARR 5 07
men@lemdpdadmnycbmssm bmemhepm lmiemomig,rl@plngx)( GElEETe)IkﬂoCl -Cs-

TRBkseasir e phF 8 3ast bl Phetbim e SR ooy cony,

a9l tcarocy tler amf hewﬂ&eycﬂe grdupe arcaetichlopbiehsity substiapapt i de

Fur  nbs xated B e Byiteaie s pl e Cofe PO, GraChlieny Cr

for i @gg]mygfc,bmmﬁym?sa&l GFAWH-Gguls@bhd)- t:wwns;nembered
based on expressiaogn of 1 ntegrin avb within t he E‘iyﬂ
a pat PERPCYd e’ ﬁ%?ﬁBEF“E%‘ﬁBPF?F‘?F@CI% H)’d'é’&bﬁ% S¢a @“?631'(36'

the pandoRptc,acy-antylvaledifehe alkyl, alkenyl, alkynyl, alkyloxy, aryl,

carbocycle, and heterocycle, groups are each optionally substituted;

wherein the configuration of the chiral centers may be R or S or mixtures

thereof; vis 0, 1,2,3,0or4; mis 0, 1, 2, 3 or 4; and p is an integer between 1

and 25.
Yet another aspect of the present application is a method for imaging of blood vessel
growth in solid tumors based on expression of integrin a3 within the body of a
patient, the method comprising: (a) administering to the patient a radiolabeled
cyclopeptide; (b) employing a nuclear imaging technique selected from the group
consisting of positron emission tomography (PET) and single photon emission
computed tomography (SPECT) for imaging a distribution of the radiolabeled
cyclopeptide within the body or within a portion thereof; and c) correlating the
distribution of the radiolabeled cyclopeptide to the growth of blood vessels in solid
tumors, wherein the radiolabeled cyclopeptide is selected from the group consisting
of:
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cycl opeptide; (b) enploying a nuclear imging
techni que selected fromthe group consisting of
W@e®BHEIBKL e ssi on tonography (PET) and si ngl eP@iosmn7/020175
em ssi on conput ed t onography (SPECT) for imaging a
di stribution of the radiol abel ed cycl opeptide within
the body or within a portion thereof; and c)
correlating the distribution of the radi ol abel ed
cycl opepti de tog he grow h of blood vessels in solid
tunors, i hexr adi ol abel ed cycl opeptide is of
formula 1: | AT R —Bﬁlected fromthe group
consi sting aPsi de@hdir of a natural amino acid and
a side ain 9{ an unnatufal am no acid, wherein the
nat ur ' acid and t unnatural amno acid is
ei ther/in t Dor L fofl R2 and R3 are each
ingg e@dQﬂt y selected fromthe group consisting of H
%f%nm C2-C6 al kenyl, C2-C6 al kynyl, aryl,
Saryt ¢ | kyj ene)-, a 3- to 7- menbered
cardadc HF d to 7-nmenbered heterocycle,
wherein e al kyl yugl kenyl, al kynyl, aryl -al kyl ene,
car bocycPe and heterocycl e #bups are each optional Iy
waubstifguted ; R7 is absent or is selected fromthe
wgoup GENETsting of H, G -C6 alkyl, C2-C alkenyl, C
- Ce ajkw m}%ryl, aryl-(GC -C6 al kylene)-, a 3- to
7- merfbgred® car bocycl e, and a 3- to 7-menbered
het eo | e, wherein the al kyl, alkenyl, alkynyl,
ar yI* al'%yl ene, carbocycl e and heterocycle groups are
eacly optional |y substd tuted; wherein R2, R3 and R are
not a@rVﬁrAX”F§”5“5\bﬁ(@{ﬁﬁhﬁered heterocycle or a
Iigﬁer conprising a hydrophilic noiety selected from
theagroup cohsisting of hydroxyl, carbonyl,
sul f m de
Q,

@\ 2—~H HN
NH BN O
[o} N
HO o

(o]

One aspect of the present invention is a compound of formula V:

N3
N’ I

| R
I
J

ZT

NH

O o) R‘l
O
% { Y o
NH HN—f\’i
(o}
N H HN. B OTONH  HN
NH N H
O&Nm)\/\/ N\f HZ/ \/\/kn/N\/\Qo .
N 2
o) Ha o) V
wherein each R; is independently selected from the group consisting of a side chain of
a natural amino acid and a side chain of an unnatural amino acid, wherein the natural
amino acid and the unnatural amino acid is either in the D or L form; R; and R; are

each independently selected from the group consisting of H, C-Cg alkyl, C2-Ce

alkenyl, C»-Cs alkynyl, aryl, aryl-(C,-Cg alkylene)-, a 3- to 7-membered carbocycle,
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sul fonate, phosphate, polar amno acid noiety, PEG
noi ety, sugar mnetic, and sugar noiety; Yis a5 or

w@20un08s5ed heterocycle, or a |inker conprisi NBCHUS2007/020175

hydrophilic noiety selected fromthe group consisting

of hydroxyl, carbonyl, sulfonam de, sulfonate,

phosphate, polar am no acid noiety, PEG noiety, sugar

m netic, and sugar noiety; where at | east one of X and

Y, but not both X and Yis a5 or 6-nenbere
anfat %o Jymemberedelgrpeycie, whergn the alksyl, slkewfﬁle FB@’HY’aﬁWI
ca%%g&% él?rj\(d fthg%g%?ycl rouf D&k RECD BPGdmft sﬁbgtﬁgieﬁn%kie@?Rg and R3

ct roup consi sti ng posi tron_or
ar@amiwth i;tand resthewléi oG ok épthaEpecd Rncommsqm E@@Qﬂuﬂlde

Uror s easion of i nt egr
co&\pr&mg 1o, rbrtehﬁ' rhardymaoibties smﬁcitm]fromtthe grm!pru@dsxstmg of

ol S %@fes%ﬁ%; 2 e B PR Siigrofe r

mbn@%g shghrtrembuticy ted & elhg'}ﬁtnaﬂetfyt ) Iiﬁ d hﬁkegroﬁuﬁortsm mibietg selected

RO LT BRI 68 ST R SR By rv, al-

(O, fediiRPleRe)di Hith '7%Em68re@fcaiﬂb@yéléd3 Obabgleftbered heterocycle, and
cycl opeptide within the body or within por

naipral &Bmo agids whergtsythe RO gkanyd anaws F%fhoefcq?sﬁ’@temcycle
erb@od geahet @Stl&ié‘ﬂ&%ﬁﬁﬂhh@@ th@ ohd Ss&&@‘tﬁé"raﬁfonbbﬁ@eﬁls selected
vessels in solid PD lgl the, , 0 aBk; 64 . - 1240 125
ﬁ@ydh@gwmesxisgngwf 6% :acl)l % n’ﬁP Cw ChnePain L L
Pq el Rl S 3 GREMICRY wse?@ét@&ﬁ@& thé QponSisaHE of
onS| sting of 'a sid hain of a natural am no acid and
e Phai p oRsan unnatural am no acid, ein the

Q,dccs;dya the unnatura\ am Si d, i
r@nthDF‘Lr%ewrﬁ\/p\ W h"‘-fﬁﬁ\!ﬂ

T \“y
and
where Ry is independently -H, -C,-Cs¢ alkyl, C;-Cs alkenyl, C,-Cs alkynyl, Ci-Cs
alkyloxy, aryl, aryl-(C;-C¢ alkylene)-, C3-C, carbocycle, 3- to 7-membered
heterocycle, hydroxy-C,-Cs-alkyl, C,-Cg¢-alkoxy-C;-Ce-alkyl, and a PEG moiety, Rs is
selected from the group consisting of -H, C,-Cs alkyl, C3-Cs alkenyl, C;-Cg alkynyl,
C;-Cs alkyloxy, aryl, aryl-(C,-Cs alkylene)-, 3- to 7-membered carbécycle, 3-to 7-
membered heterocycle, hydroxy-C,-Cs-alkyl, and C;-Cg-alkoxy-C;-Cs-alkyl, wherein
the alkyl, alkenyl, alkynyl, alkyloxy, aryl, carbocycle and heterocycle groups are each
optionally substituted; each Rg is independently selected from the group consisting of
-H, -OH, C,-Cs alkyl, C>-C¢ alkenyl, C;-Cs alkynyl, C;-Cs alkyloxy, aryl-(C,-Cs
alkylene)-, hydroxy-C;-Cs-alkyl, and C,-Cg-alkoxy-C;-Cs-alkyl, wherein the alkyl,
alkenyl, alkynyl, alkyloxy, and aryl-alkylene groups are each optionally substituted; p
is an integer between 0 and 15;qis 1,2,3 0or4;ris1,20r3;r'isOor1l;sis1,2,3 or

4; and mis 0, 1, 2, 3, 4 or 5; wherein the configuration of any of the chiral centers
35



R and R are each independently selected fromthe group

consisting of -H G -Ce alkyl, C-C al kenyl, and C2-C
w@bdogngdsel wherei n the al kyl, al kenyl, and al kyPg1/US2007/020175

groups are optionally substituted, wherein R and R3

are not both H, and either R2 or R3, or both R2 and R3

conprise a radionuclide selected fromthe group

consisting of 1 1C, 13N, 150 18F, 6 1Cu, 62Cu, 64Cu,

67Cu, 68Ga, 1241, 125|, 131 1, 99Tc, 75Br, 153Gd and

32P; each of X and Wis selected fromthe grou

consisting of: where each R is indepe

[ alkyl , C2 Co6

mfap%ghhﬁﬁl%@&br%o T a%f){h%%er%ggalﬁr?a%%’ 3 o ,and
tfmtydiw(lcwh@sabllcyﬂeérf@)m;heegrouwcansmmgbﬁr )t(lzir Beeyth, &1, 11,

3- to 7-nenbered heterocycle, hydr G-C -al kyI

G -C - alkoxy-C-C -alkyl, and a PE goi ety, wher ei n

t he al kyl, al kenyl, al kynyl, al kgxy, L, rbocycl e,

and heterocycle groups are each op |o I

B45,bsd TRt édyeﬂ%rﬁatherméioel(merd § tsom ©he gr o@p cprad did ng

Ronugtigr e Gy BRPCEr e aF kT one) O B T 1,

aﬂdWmeered car bocycl e, 3- to 7- rrenbered heterocycl e,

al kyl ,

Ol et of e Bap ek ImvanREh e compgRgior Ry Sy aryi
carbocycle,H@nd het grocycl e, groups are each
optlonally,§ ad;7wherein the configuration of
the chiral certePf “" or S or mxtures thereof;
vis O 1, 2, 3, %@? wos O 1, 2, 3 or 4, and pis
an integer betwee nd 25. Yet another aspect of the
present applicati n<;§ a nethod for imaging of blood
vessel growth id/sol tunors based on expression of
integrin avb3 wi phin the body of a

N—“/\/Q\/\o(.’\/ ‘)/\OI\’N\H/\NW’BF

o V1

wherein m is 0 to 4, and n is 1-5. In one aspect, m is O' and n is 3.
One aspect of the present application is a pharmaceutio;al composition comprising any
of the above disclosed compounds and a pharmaceutically acceptable carrier. In one
aspect of the present application the compounds disclosed herein can be used as
tracers in Positron Emission Tomography (PET) or Single Photon Emission
Computed Tomography (SPECT).
One aspect of the present application is a method of monitoring the level of integrin
receptor within a body of a patient, the method comprising: (a) administering to the
patient any of the above cited radiolabeled cyciopeptides, and (b) employing a nuclear
imaging technique selected from the group consisting of positron emission
tomography (PET) and single photon emission computed tomography (SPECT) for |
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patient, the nmethod conprising: (a) admnistering to
the patient a radiol abel ed cycl opeptide; (b) enploying

w@20v8083ar i magi ng techni que sel ected from t hep@r/osgw07/020175

consi sting of positron em ssion tonography (PET) and
si ngl e photon em ssion conput ed tonography (SPECT) for
i maging a distribution of the radi ol abel ed

cycl opeptide within the body or within a portion
thereof; and c) correlating the distribution of the

ﬁ@ﬂt@ll@@ﬁ%ﬁl&ﬁﬁnmﬁé EpRictdlyeptigs Withiin Bfe HJd9Q# within a portion

vessel s in solid tunors, wherein the radi ol abel ed
yreobpbpenckenbedinient éb%dltffgf Brieeerionis oups-consi st i ng

e
RpofBeygRactio Shobr pyfsaly F‘!ﬁ%*h%@fek%uﬁﬁﬁmé%
ogiresstomdwvitihiora bdvky ermq@leﬂumm wethod cofnpalsmg;i €a)cdaiinistgfring to the
SR AR AR S 0L P BRIt
mpAigiteahnigue selected drons thei grnvgy cormdtlhg dbpositrdonfenrisgiolR

Epiveratyip Bl b SEERCPETRY i RRonconmusd gy GPEe for
viklalinyg a afs}ﬁbutiblh)ﬂf-t(lﬁ‘a-d@alﬁdl&ybﬁﬂl@eptlda wathih ¢he body or within a
7- menber ed carbocycle,and a 3- tqQ 7-nenbered

pRitiep thereete InwRe F&ﬁﬁ’ trn@*taWyvtegIav KSR 1508y | |

Ah¥th @p&e/tﬁé &BRk IRNIBLRSYIS laBn&hOY BS: iad: rfga&m d 1
opti 8%%?’%’ subs |rtut ;ﬂﬁ”\/\herellr? I]? and R31 gr%:e not g%t ﬁesse

gtowalm éh eqltdwtelmqns beseRn axprassioh of intagrilRew Bowphinsthe ody of a
%OSI Efgér:] ln'gﬁa%d %}@%és?n% (é)oéﬁrﬁ-&%&h%‘{ﬁlt §E?ﬁe§%h€§ o?Ihe gbove cited
theradiolabeled rcynimpepmdnse(b)emm@mgaexdclfeanhmatgmg mcbumue selected
ERLEEP ShoBile BE bR o B EERAGTED spgineephotn
émiseioy, coﬁwwd tohiography (SRPECT) swlgxadagﬁng etistribution d&f the

I EREE TN LT AN R T T
kg thaldydtsib@tiof of theiradioRbélel ¥l &BpIptidedo thdgrowth of blood
7- menber ed carbocycle, 3- to 7-nmenbered heterocycle, /
vgpgels in solid tumors. In one embodiment, the integrin receptor is o, 3.

The integrin oy B3 plays an important role in regulating tumor growth and
angiogenesis. The non-invasive \}isualization and quantification of o33 integrin
levels in patients enables a variety of applications. One such application is
determination of a3 levels before therapy with a3 antagonists. Patients with low
or no o.yP3 expression might not benefit from a.,B3 antagonist therapy and could then
receive alternate treatment. Patients with o33 positive lesions could have their
treatment optimized, based on the use of the compounds of the present application to
evaluate inhibition of the o3 integrin.

Pharmaceutical compositions of the compounds of this application, or derivatives
thereof, may be formulated as solutions or Iyophilized powders for parenteral
administration. Powders may be reconstituted by addition of a suitable diluent or
other pharmaceutically acceptable carrier prior to use. The liquid formulation is
generally a buffered, isotonic, aqueous solution. Examples of suitable diluents are
normal isotonic saline solution, 5% dextrose in water or buffered sodium or

ammonium acetate solution. Such formulations are especially suitable for parenteral
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natural am no acids wherein the al kyl, alkenyl,
al kynyl, aryl, carbocycle, heterocycle groups are each

wW@piosossabl y substituted. In one aspect, the  PCT/US2007/020175

radi onuclide is selected fromthe group consisting of

1 1C, 13N, 150, 18F, 6 1Cu, 62Cu, 64Cu, 67Cu, 68Ga,
1241, 12SI, 131 1, 99Tc, 75Br, 153CGd, and 32P; Wis
selected fromthe group consisting of where Ris

i ndependently -H, -G -C 6 alkyl, Cl1-C6 alkenyl, CG-C6
adtrﬁlyiﬂgratjo@ut(ma)adllkq bexyed for pkal admyhisfraionC Excipients, such as

.C3-C7 rbpcycle, .3;: to 7-menbered
BB o s P BT elplost CyoheiRPap Gy pneselxeol
nﬁiafmlitbylsodmndclﬂoﬁ&'@ drBbeiuynh ciR’éte:, Eals'eﬂl%ﬁﬁdéﬁhcfefkio mlidﬁ@tlvely, these

S . Ci-C a a
Smeghy SOIQ‘@" e én%mw E%ta%é‘itw O ghspierqen a@aerﬁwmﬁéymp for
ofal adéhidistBfGIE " PRhriAEOQERTY Qccoptatl®solid &eli%ﬁdi @8kriers may be
hgte ocycl e, hydraoxy-Ci -Cg-al kyl, and -
\Qo?xy‘\a@fe 4 %aballkmhe SRAMOEIHEN; pretofpgdlifate preparpion of the
c@Hﬁ)zSé‘inbn aliknb ‘éébher@fnﬂude%?ﬁfbo S¥&LR oﬂngh\rrke&ﬁ r%ﬂ}’egfn, saline,

roups are each optionall éﬁéubstltuted i
GebelseAtwAtery Sekid é%‘l”@éﬁ ing ﬁwécfgmmec@ﬂ@m $Wfptedihydrate,

té)’Hl a]b%a%esgﬁn @ek%lte or(;%cef;ﬁ: éélléf QED% engi)% @dhsaldrb l)rcfcl%m

yl ox aryl - -
T@S&Iﬂkwr m%h@lSﬁﬂO@@m%tm}ed@ele@%mtdxw ﬁuqhmsrgycwrylhe

¥ enrdil bxegpaokﬁry@h}gyeayelt a%ri% Q¥¥n a%g, ol ph%n%xée%?%al

groups are L onal rtate
Prepacafmnslace wede f(ﬂlqmdg 15 ccqwlestldna] chhﬁlqnues df plnam&cjl indlving

.3 r.'.is r and
i, ofjxirle® gfhnfllaib, shd Goryrebane? when e BlEn ThdSailer foms; or
mihirrgalmixiﬂgt mdsﬁﬁylgcfpt hamdadelatinb@pbulo foitas. | Whanatiiygid carrier is
e radl nuclide i.s selected from

<ER6 ¥t DR i iR o adep i cfaam.pr an adacous or

nbR&lguedidlsubperaivg. Balh.a lquiy ﬁimﬁﬂaﬁtdﬂﬁhaﬁﬁ’@@&hfﬁ%xedhlte‘étly p.o.
n elected fromthe grou

° @ﬂ'&g E'ie‘fP :?Ss%lét?g#gtfga%i%% 551‘5‘6?‘?8°P““‘1 latigns fpp sach qfsfhfse methods

of B@mTHBFation may be found in, for example, REMINGTON: THE SCIENCE AND
PRACTICE OF PHARMACY, A. Gennaro, ed., 20th edition, Lippincott, Williams &
Wilkins, Philadelphia, Pa.

The pharmaceutical compositions of the app]iéation may be in the form of a sterile
injectable preparation. Formulations suitable for parenteral administration include
aqueous and non-aqueous isotonic sterile injection solutions which may contain
antioxidants, buffers, bacteriostats and solutes which render the formulation isotonic
with the blood of the intended recipient; and aqueous and non-aqueous sterile

suspensions which may include suspending agents and thickening agents.
EXAMPLES

The novel cyclopeptide analogs presented in this application are prepared using click
chemistry [10-18]. Click chemistry, as used in this application, describes the rapid,
selective and specific formation of 1,4- or 1,5-disubstituted 1,2,3-triazoles starting

from alkyl azides and terminal alkynes. One or more triazole moieties are attached to

~ the cyclic peptide, the hydrophilic linker, or the radiolabel tag. Click chemistry is a
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One aspect of the present invention is a conpound of
formula VI wherein mis O to 4, and nis 1-5. In one
w@swensisemis 0 and n is 3. One aspect of the PCEESW7/020175

application is a pharmaceutical conposition conprising
any of the above disclosed conpounds and a

phar maceutically acceptable carrier. In one aspect of

the present application the conpounds discl osed herein
can be used as tracers in Positron Em ssion Tonography

h{dhEyiplding Shdglodulhapproadhriusdassuchpiiip pherndwivhgtiapyperties of
ect _of the sent application is a
HHe3E RORIoBE PTG AR B A £ FeFeET | P byt (a1 oceptof
Swhérhé b dambnstyatasf arfeEmiplaryireadtion sthéhe dorcthaRyhthedigor 4 a)
ni st to the patienf any. of fhe above cite
P St et e rirap s 4GP By acifs iR poxidized using
oRel ehnﬁamehﬂ@gmngﬂmg&mw@zaw £5d.eSodi@aZAide i h Buffered
consi.stin ?Qﬁ?%ﬁ&ltron emn ssi on tonography (PET) and

agyRyHim, Qg SuseE i QPERthE SRR R I]- SPRemaining
aflRhEWFoRidiBE asifll BbhiyPUHYiRPekideh moﬁ%%tﬂza Qahm%&md&%t of

within the body or within a portion thereof. In one

varastyd ?Pﬁéﬁkacetpn@ei totfonpithe erRAXigR: JRinBoPEYHE-of b sesend epoxide
“ﬁﬁpﬁﬁﬁoﬁfa e8RtheReRtd AR E Aty sﬁ’oﬂﬁ%@@ @y@l%hexane ring.

visualizing integrin expression with

Aderasiyely, threepaxd ndtmnehsd mgth a(we@neé:dnf nmcd@cmhlhg int grder to
n]isl?aql ﬂx@tdegi?%d ﬁﬂ%tlQ%aIEtge @thSJi tcglgbé Q p%c?‘&)el!hg (iiabelmg of any
cycl opepti des; an ) enployrng a nuclear
CY@MG@mm@edbatmnfaimmrtel'iesxgcoup consi sting of

positron eni ssion tonography (PET) and single photon

em ssi on conput ed tonography (SPECT) for visualizing a

di stribution of the radiol abel ed cycl opeptide within

the body or within a portion thereof. In one

enbodi ment, the integrin receptor is avb3- Another

aspect of the present application is a nmethod for

I magi ng of bl ood vessel
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growmh in solid tunors based on expression of integrin
avb3 within the body of a patient, the nethod
W@ 9p3®dbng: (a) administering to the patient BECHUSH007/020175
the above cited the radi ol abel ed cycl opeptides; (b)
enpl oyi ng a nucl ear i magi ng techni que sel ected from
the group consisting of positron em ssion tonography
(PET) and single photon em ssion conputed tonography
(SPECT) for imaging a distribution of the radi ol abel ed
Sahguiedpeptide within the body or within a portion
thereof and c) correlatln thﬁ distribee on of, t

! Q he owt §OBEIMN| 00, ;:<o
es ajavs soici.d Dynors. | n onec'enbodi Nt , t e

|nt egrin receptor is avb3. The int egri1 8¥H'S pl ays an
i mportant role in regulat|n tunor growt h and

angi ogenesi s. The non- i nvas V|suaI|zat|on and
quant Mogaf | o b3 i nt g ﬁiﬁ evel sNar ‘?’{Denb,&
enabl é8Ca var fnngappl | cat| OAS . €0 OH
application is determ nationggé, avb3 'evel s 'bef
therapy with avb antagoni sts. Patients with | ow or no

avb3expr essi onN{n :ht th benefi t from,@vb3 ahagoni st

t hermspynand cou Eeioue padi@r nat eagnepfr. o
Pata g8t &s widi h A pysi | esiONs"cEQ et hei
treatnment optim zed, ba%d’ on the use of the ccﬂ’ﬁb@u&éﬁ
of the present application to evaluatg inhibition o
the avb3 int egr| n. Pharmaceutical conppsit:i ons of the
conpérunsks of thgﬂﬁ‘}ﬁc tQn, or dertyatives thereof,
may be T or nmul af Ns’btrx{@ or | yephili zed powders
for parenteral adnini'st batéon. s may be
reconstituted by addition @bstr gdi luent or

ot her pharnmaceutically acc “engg/tN er prior to

use. The liquid formulation is y a buffered,

i sotoni c, aqueous sol ution. Exar’TBI of suitable
di luents are

o
HN
1819, N=N_ }—-NHz
NI,
F1819 \—k\/ /,O,OHO oH |, HN
1, / Ho .,,u)H/kn/N o

2. acetyl group deproc. WN
O
O

Scheme II shows an exemplary reaction scheme for the synthesis of a compound
incorporating a ring-opened sugar moiety as tether for the radionuclide to the triazole
ring. A Wittig type reaction on 5-O-trityl-D-ribofuranose affords the expected olefin.
The reaction of the olefin with an excess of n-butyllithium provides the corresponding
acetylene compound, which is then protected with acetyl groups. Removal of the
trityl group, followed by tosylation of the resulting hydroxyl group, affords the ['®F}-
labelirxgr precursor. Fluorination of the tosylated precursor is followed by click
reaction with cyclic RGD-containing peptide, which has been conjugated with acetyl-

protected serine azide, to afford the final product.
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normal isotonic saline solution, 5% dextrose in water
or buffered sodi um or ammoni um acetate sol ution. Such
WO 2008108361 ons are especially suitable for PCT/US2007/020175
par ent eral adm ni stration but nay al so be used for oral
adm ni stration. Excipients, such as
pol yvi nyl pyrrolidi none, gelatin, hydroxycellul ose,
acaci a, pol yethylene glycol, mannitol, sodium
chloride, or sodiumcitrate, nmay al so be added.
Sddemey Hat i vel y, these conpounds may be encapsul at ed,
t ald-ef ed, or prepar | Ny an erru!gsi on Bo-{YRHP fgr oral
admﬁ{r@cy—aw OmmcdPhar madE Ut @l dhyorag Bept %@(grd A®Li
li qujd'Tarri€rgapay be . added {0 enhance of bl [FoZ@ rx.
the @8npddition, or t8°faclilit&t®pr epart i oé'?of the .
conposition. Liquid carriers include syrup, peanut

oi lo-ql i oi |, ghyseri sal i ne, cqhol s, or r

Sol i d adur”.re &r s.,b ncl udy st @a,.azbgg%gé%h@m Ohe 4
sul fat e, di hydrate, terra alBam nmagnesium StEmarat e o
st ear'? agﬁd, tal c, A58ct iN°® &t%ci a,g°%ga9’,‘° ofr@pe| atPn. ©Ac
The carrier may al so include aensustained rel ease

material such as *i/ceryll,;} nanost earate or gl yceryl

di stearate, al one wi th g Wex. The pharnaceuti cal
preparations are q)er | 18w ng tBg conv&ntk@h’al

t echni ques of pharr |Onvol ving Mg llin I XINg, oy
granul a&iQn, and ¢pppr €5si ng, whéglnece sﬁ}qﬂ/\a/\ "
tablet forwS g miTedng, mxing, Lamd filling™ ok hard®
gelatin capstf e TorEe, WiEhea 1| ANTO dasrier is (8efH
the prepéfati 8Acmay be in the formeof A& syrup, elixir,
enul si on, or an aqueous or non-aqueSEé suspensi on.

Such a liquid fornmulation may be adm nistered directly
A &erfplaty bt rdihQ Porf0bf th@&yRlicTR GEPPEptTde el AN & of the
fornmulations for each of thése nethods of .
pradenhapplicationm Graypdand duiscshiown froBclemedlle,

REM NGTON: THE SCI ENCE AND PRACTI CE OF PHARMACY, A
CGennaro, ed., 20th edition, Lippincott, WIllianms &

W ki ns, Phil adel phia, Pa. :
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The pharmaceutical conpositions of the application may
be in the formof a sterile injectable preparation.

wWO-008108361 ons suitable for parenteral adm ni stPEL/US2907/020175

i ncl ude aqueous and non-aqueous isotonic sterile

I njection solutions which may contain antioxi dants,

buffers, bacteriostats and sol utes which render the

formul ation isotonic with the blood of the intended

reci pi ent; and aqueous and non-aqueous sterile
SehSREnsi ons whi ch may include suspending agents and

t hi ckeni ng agents. EXAMPLES The novel cycl opepti de

analfofisar esent eds-enastsloes appl Eon are prepark o
us; df% heMeNORRT [10.18 i

Ac g ]'\ ! Ha NB
use Bt 2 appllcatlon destri besoAche r ¥t HO 2

selectlve and specific formati-on of 1,4- or
1,5-disubstituted 1,2,3-triazoles starting from al kyl

aziggscapg ten A al kyne&Mp@ﬂe or’*@ﬂ?“t ri azol ems, enc, DMF
noietres_are a to dax & GBEl 160 i rhdae :
h d]ﬁéﬁ‘ﬁwcﬁc MPnkér, o'P'HFf“ﬁ‘ie radl ol abel"d ag. dick cRGDIK

chen1stry i s ahi gh-yi el di ng and nodul ar®approach and
as such, the ki netic properties of t
cyclopeptlde a Fe@si |y nodi fied. Sch
denonstrat es am@hiex | ary reaction schene for ddheo

synt hesi s -f a %%clohexane based gal act ose miSc.
1, 4- Cycldag e i's nono-epoxidi zed ust ongH
equivale of

NHz

chl or oparRx) BeRdei ¢ aci d. m
azi de,, Duf f ered antmromiumnTchitori de. saol IS
use HEC he nono- epoxi de. ThePHef Nﬁh al kene

ﬂlze |n9 t-butyl hydro wit h
a cat @#&Rrunp q?MVanadyl acetyl ac q;gajf\/

t he epOX|d ng opgghi ng of the secoﬂ e Mﬁtﬁ
ammoni a resUlts in an azido, amno, dlhxgréxyl

substltuted‘cyclohex%ge rigg. Alternatively, g OH

epoxi de can be opene qa%Lgty of nucleo [ Nj(“w’N
in order to g o 3 N

Cu(l) DIPEA, F

NHS, EDC, DMF DMF, CH3CN, HzO
NH HN NH HN
© NH , iN” O H © HN” O H
o Nw)\/\/N\(NH O%HWVNYNH
g NH, a NH;
6 unlabeled 7

Synthesis of Compound 7:

Synthesis of Compound 4z 6-((((9H-Fluoren-9-yl)methoxy)carbonylamino)-methyl)-
3,4,5-trihydroxytetrahydro-2H-pyran-2-carboxylic acid (3) [Ref. 6] (44.46 mg, 0.104
mmol) was dissolved in N,N’-dimethylformamide (DMF) (2 mL) and treated with N-
hydroxysuccinimide (NHS) (12 mg, 0.104 mmol) and N-(3-dimethylaminopropyl)-N'- .
ethylcarbodiimide hydrochloride (EDC) (19.9 mg, 0.104 mmol) at room temperature.
After stirring for 1 hr, a solution of ¢(RGDfK) (50 mg, 0.083 mmol) in DMF (1 mL)
and N,N’-di-isopropylethylamine (DIPEA) (20 pL, 0.115 mmol) were added to the

reaction mixture and stirred for 6 hr. LCMS showed all the starting material was
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install the desired functionality. This nethod can be
adapted to the labeling of any cyclic RGD peptide that

W@ ewBAasIsel one | ysi ne. Schene | Schene || shows BEIT/US2007/020175

exenpl ary reaction schene for the synthesis of a

conmpound i ncorporating a ring-opened sugar noiety as

tether for the radionuclide to the triazole ring. A

Wttig type reaction on 5-Otrityl-Dribofuranose

affords the expected olefin. The reaction of the

coisfried. \Wol Venamvae xereg sedofinddr bighyvaciiutni amdh the cesidieswasdissolved in

[ e s then
w%? g@ B@[}%nﬂ &B%xlic%i )S? nglr ug@eruiggrﬁ%(\)/rgltﬁe fieil’heél qrf)ﬂw{? was isolated
bg serupprefpafdtwm{i’[h@ Tas gbA¢dtahfradtidn evere soinbineg and lyophilized to

r af f s the, [ 18FlL: | abgeli r r
AT ReR OF Pre il svbte frovaeenrn B breSiEsSoipiss
[MI-I-H]’K reaction with cyclic RGD containing peptide,

been n ated with acetyl protected serine .
Jé&f?vasés Of Gompeigids h@g?HOHHF 44D O: SSamel) Wagireated With 20%
S;éﬁﬂﬁieah DNMIFB3h tfmom hPht a6 tepkheurey At raﬁ@vmgnhé Qcﬁvent

erivatives of t resent anI i.cation, Conpound_7

undsneh HRcssAL e Tesidus s lissp edNpiatqr[se, mip\FARRCEtiation, the
dé’sﬁ}ealiﬁb@&:t zva§){§51£‘t%§ ib$ sehni PREPARHIE HPLOY ThB@8118cted fractions were

oun

cwnp(n@(i 9pd rtyqpév ligedgo wffored EPBERYUNEET BonrEall “ed s awhiig| fJuffy

poyfler> WS\ B 7 gﬁm‘qﬁg“%ﬁﬁ% S aaslved i’
Skmheﬂmwf doyrHasariedy HAz{doerstiq idd 30 mgd0 038 amradl, &4 W/w in
d%?cf g&%ﬁ%@%&?é‘hﬂ%wé\&@ ch (TBL) Ind B2l Q) idh RES (4.49 mg,

am no
0.039 mmol) and EDC (7.48 mg, 0 039 mmol) at room temperature. After stirring for

1 hr, a solution of compound 5 (25 mg, 0.032 mmol) in DMF (1 mL) and DIPEA
(10 pL, 0.058 mmol) were added to the reaction mixture and stirred for 3 hr. LCMS
shows all the starting material was consumed. Solvent was removed under high
vacuum, and residue was dissolved in water (3 mL). After filtration, the desired
product was isolated by semi-preparative HPLC. The collected fractions were
combined and lyophilized to afford compound 6 (13 mg, 46%) as a white fluffy
powder. MS (m/z) (ESI): 876.1 [M+H]", 898.1 [M+Na]".

Synthesis of Compound 7: To a small vial containing compound 6 (1.5 mg,

1.71 pmol), S5-fluoropent-1-yne (25 pl), CH3;0H (400 pL), and sodium ascorbate
solution (25 uL, 0.5 M) were added to a copper sulfate solution (25 uL, 0.1 M). The
reaction was stirred at room temperature for 2 hr. The reaction mixture was then
concentrated to dryness and redissolved in water (3 mL). After filtration, the desired
product was isolated by semi-preparative HPLC. The collected fractions were
combined and lyophilized to afford compound 7 (1.2 mg, 73%) as a white fluffy
powder. MS (m/z) (ESI): 962.2 [M+H]", 984.1 [M+Na]".

Conjugation of [ISF]ﬂuoroalkyne, prepared using the corresponding tosylated alkyne
as a precursor, to cyclopeptides derivatized with azido group via Cu(l) mediated 1,3-
dipolar cycloaddition yields the desired '*F-labeled products with good yields and

excellent radiochemical purity. See Scheme IV.

43



10

et hyl car bodi i m de hydrochloride (EDC) (19.9 ng, 0.104

mmol ) at roomtenperature. After stirring for 1 hr, a
w@i0snssel of c( RGDFK) (50 ng, 0.083 mmol) in DRET/SH07/020175
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stirred for 6 hr. LCVS showed all the starting

mat eri al wasconsuned. Sol vent was renoved under high

vacuum and the residue was dissolved in water (10 ni)
SehemedVhanol (2 nl). After filtration, the desired

product was isol ated by sem -reparati ve HPLC. The

col | ected fractiefs “WepPEk comazned a#d yophilized to

afford conpound 4 (36 ng, #SWHLY a white fluffy

powder. MS (mhe I)H 1015.4°[ M+ H] +. nt hgsi s of
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with 20% pi pediqhi n€ in

tenmperat urge Af Ler rem)w ng the sol ve er high

vacuum te I'due was/lssof’ved m@ er M5 nl).

After filtralign, the %etsql)md/\product was )i sol at ed bwr

seni - a/r‘éf e HPLC. e saakegt &d FrEC§i ons were

conbi an ophilized to aff; d 0] nd 5 (25 ng,

909 as Ne"fl owder. M5 (IWHz)H I 3.
[M/?- F{g% p. Synt hesiogfkeﬁ) A )H Z@ X

2- Azi doacet i°c acid ng, 0.039 mmol, 05% w y |NF\2
di chl or onet t&ne) was di ssol ved in DI\/F ( 1 nm) and

'nypeﬁus:m eatmMNHOs(14te435 rﬁ?g) i9! ‘%SI?bﬂa@haA ??H@NE%?Q 10PCH3 the
om e erature er s II‘I‘II’]

P?%F“? %&QZ% e @n 0 Ele}hn%BUﬁ ginsulpapsopsly distidiae ﬁl?ﬁmterlal

intd al¥oldd sbiution @Jﬁdalﬁahg@s ik fitom dﬁb&fé&s m%)ofwgﬂ,ﬁzroo pL of

added to the reaction mxture and stirred

11 hleot SH G2 SoitTa di-isegrapyieshylaming. SOaks gfwater and 25 mg
o@%d&ﬁfht as¥&datet nﬁ%éez@?&mq'é sﬁfr?@ f%?%él? ?%ooﬁf‘ﬁ%%r%@lse The

di ssolved in water
repstipn agixture is then loaded onto an HPLC C18 column for purification. After

collecting the product, the material is reconstituted via C18 loading and unloading
with EtOH and diluting with water to make a 10% EtOH:Water solution. The yields
vary from ~35 mCi to ~1 mCi. -
Another exemplary preparation of one of the cyclic RGD peptide derivatives of the

present application, Compound 10, is shown in Scheme V.
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product was isolated by sem -preparative HPLC. The
collected fractions were conbi ned and | yophilized to
wa@bdosnsBsepnpound 6 (13 ng, 46% as a white fl uPdTyUS2007/020175
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tosyl ated al kyne as a pr cursor, to cycl opeptides
derivatized with azido ghoup via Cu(l) nediated 1, 3-

di pol ar cycl oaddi ti on yi&lds the desired | 8F-1abel ed
products with good vyi el and excel | ent radif'ochéni cal
purity. See S me V.S em§IPV "OTs K222Fsfipearsy,
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unlabeled 10

Svynthesis of Compound 10:

Synthesis of Compound 9: To a solution of compound 8 (23 mg, 0.034 mmol) in
DMF (2 mL), c(RGDfK) (50 mg, 0.083 mmol) was added, followed by DIPEA (17
'pL, 0.102 mmol). The reaction mixture was stirred for 12 hr at room temperature.
LC/MS shows the starting material was consumed. After solvent was removed under
high vacuum, the residue was dissolved in water (5 mL) and acetonitrile (5 mL).
After filtration, the desired product was isolated by semi-preparative HPLC. The
collected fractions were combined and lyophilized to afford compound 9 (18 mg,

32%) as a white fluffy powder. MS (m/z) (ESI): 1663.4 [M+H]".
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reaction mxture is then | oaded onto an HPLC O 8
colum for purification. After collecting the product,

wao besosaseri al is reconstituted via G 8 | oadi nBCHOR007/020175
unl oading with EtOH and diluting with water to make a
10% Et OH: Wat er solution. The yields vary from ~35 nCi
to ~ 1 nCi. Another exenplary preparation of one of
the cyclic RGD peptide derivatives of the present
application, Conmpound 10, is shown in Schene V. Schene
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di ssol ved i n water acef on
SAW@reﬁaWNedﬂPbﬁ ’lifﬁemdie@tﬁd Gciorsducre ommbmesbdmt lydplilized to

T
LGRS GIHE P4 L LT SRS 0

(gﬁ% 1249.3 INHHE. f Il uffy powder. M5 (mz) (ESI): 1663.4

(EcMEl_s'lent Wit §&isé5ﬂ¢'e q g&) P‘%%gl%g q%po-rl};,?rrlgal) SvrvraasI }laregared via reaction of

contalnlng conmpoun
[?Fﬂbufgwppmt-u -yyerend Compbhind CHIBE peekiRt wa} isokited Sodi then

SR e sk ey 8 BBl
ret¢dnstimtedatia @Kﬁmobélﬂ'geiha:umcﬁdg@{ vgﬁh Fﬁ(ﬁlgldgﬂaﬁgﬁi@hlvﬁﬂl water to
P [ G HECh P B ek Sapa ol Tis mtran ~ L wE

REB S tudibsoif @hstpoundsy: | 50bias ﬁﬁcr@?E%”Qﬂi‘agﬁfg%h@ithé’&eU%ﬁe

The col |l ected fracti.ons. were conbi ne lized

beAring FHRQY XFRCEEE A PIBSRESINC hamen gh@blaﬁtg%a %rgﬁézmm@ lung
chidiidrifa PRYEISIrforiYRd(dfe hdministration of Compound 7. In vive microPET

imaging shows that Compound 7 is a very good tracer with good tumor uptake and
retention and a fast wash-out rate from muscle and other healthy tissues. See e.g.
Figures 1-4.

Comparison of in vivo microPET imaging of ['*F]galacto-RGD (a known tracer for
integrin imaging) demonstrates that Compound 7 has both faster kinetics and less
liver and gastrointestinal uptake in a UB7MG xenograft mouse model. See e.g. Figure
2.

PET Studies of Compound 10: /n vivo microPET imaging of anesthetized mice
bearing tumor xenograft of either U37MG human glioblastoma or A427 lung
carcinoma were performed after administration of Compound 10. In vivo microPET
imaging shows that Compound 10 is a very good tracer with good tumor uptake and
retention and a fast wash-out rate from muscle and other healthy tissues. See e.g.
Figures 5-8.

Biodistribution Studies of Compound 7: Nude mice bearing tumor xenograft of either

U87MG human glioblastoma or A427 human lung carcinoma were i.v. injected with
Compound 7. The animals were sacrificed and dissected at fixed times after injection.

At least blood, muscle, gall bladder, liver, and tumor were removed and weighed.
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(ESI): 1749.3 [M+H +. Consistent with Schene 1V,
r adi ol abel ed Conpound 10 was prepared via reaction of
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See ur 1-4. .Conpar.i son of in_vivo mcroPET
xF?r%ﬁjF‘ 3"‘81‘56?‘7‘ ‘%&]‘@‘3’1"8@%3 REURREHAtakEacer for

Biddiegibufioh SaeHi 00 f OERBHSid P0:ENulld ﬁilcé@ég?ﬂéwmgr RéSograft of
kinetics and less |iver

t
egﬁgr%%?ﬁpg W eliohlasiRea;gy %Zﬂs‘mrweﬁs GRIEFROMYSEE i.v. injected
WIBHEbmpSRed £0.9ThE hRiials gverep ﬁ&@%&ﬂé&ﬁd@&c@a@%?&% tikiLs after

In vivo m croPET inmagin anest hetized m ce beari ng
inj geHnD. xféh'@@fftmocbkl@eo/ﬁgrvewﬂmrmme ghlletiechandweighed. The
r
e O N A SR 5 el Sbuner, Rgsults are
exprggiadas Fwire Orgen CQJ@)TFFB oendlingey Injacted Dosg @;mdntsrm Minute
d t a .f ast
tffis11 0890 4o Pr om nugcfegqang'hgltq hg%gﬁeaﬁkﬁ FUHOL LQ fissue uptake

wash-out rate I 'SSUES.
oBerctime gndicates that Compound 10 demonstrates a tumor/muscle ratio of greater

than 3.5:1 after 2 hr in the A427 xenograft model and greater than 2.5:1 after 2 hour
in the U87MG xenograft model.
Metabolic Stability Studies for Compound 7 and Compound 10: For each tracer

(radiolabeled compound) of interest the following protocol was followed: Two mice
were anesthetized with Florane. For each mouse, 300 uCi of tracer, in 200 puL saline
was injected into the tail vein. Pressure was applied to the injection site for one
minute to stop bleeding. The mice were then placed in a clean cage (one mouse/cage)

without any bedding and observed until they awakened.

* In order to confirm the elution time of the radiolabeled compounds 7 and 10, the

tracer (2 pL) and the corresponding unlabeled compound (‘the cold standard®)
(dissolved in 200 pL water) were co-injected into radio-HPLC. In each case, the
refention time of the tracer as determined by the radiodetector was .identicél to the
retention time of the cold standard compound as determined by the UV detector.

At 30 or 60 minutes post injection, 300-500 pL of blood was drawn via cardiac
puncture into a syringe containing anti-coagulant. The blood was then centrifuged for
3 minutes to separate the plasma. The mice were then killed and the liver, the gall
bladder and the kidneys were harvested and placed into separate tubes containing 2

mL lysis buffer. The organs were homogenized mechanically. 400 uL of each
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Figures 5-8. Biodistribution Studies of Conpound 7:

Nude m ce bearing tunor xenograft of either US7TMG
Wwheovas33bi obl ast oma or A427 human | ung car ci NOPET/We2087/020175

i.v. injected with Conpound 7. The animals were

sacrificed and dissected at fixed tines after

injection. At |east blood, nuscle, gall bladder,

liver, and tunmor were renoved and wei ghed. The

radioactivity in the tissue was neasured using a ganma
heRléBERAte WAS Fhidr ﬁaﬁf&r@mra&&'s@dzx&sct% B¥ith Z006 4hj ect ed

Dose/ gram . See ur es an Figures 11 and 12,
chlospfesmane tf‘ﬁ’é"lt(éﬂég) FBx'i”Fesgﬁ Vﬂ‘ﬁ?’%ﬂgegover time

AINGisahas cobiéted RoRadakh ¢ @&t 30@3"6@@&41’1‘@@5 dﬂﬁmﬂlﬁLroﬁ‘tv%er was
a tunor/nuscle ratjio of >3:1 after hr in the, AA2

agderblgr wash the wsied woiaglin HisFages: T hibighet ohgelgicgy wasiaken out
ailxd glrahgifen%d hﬁto'antuBQ eThB/Mia¢80R0 bafe JIRHRAA WRABkn measured using

cati ng excellent tunor uptake. Biodi'stribution
a&mﬁnesomte(:on'pound 10: Nude m ce bearing tunor

[;}'%&O&fffertang fch%r[)i%%/&@tﬁ%l %&ﬁﬂe gJe'ré’Ql's@%H@éEEt ggas%lggnd urine

carci noma were i.v. Injected ound
siﬁnple’éhéteamayat/aemmghtsdiéﬂanfnl@wdlgbnm giagve dtlbiibgs Wterqwexed

s _af te 1] e S
g drer A Seies. core S e bERien IRt s AR, o Rpematant
weaadiortiried ihto hew tubest The valiowmsivity @f drestipamiatent ang thema
counter. Resul r ressed. as Entir t
R R O L S A S S
shple CBRE(dougty prer ifinute) Bithe surhdf&IRM i thegnupphsitaptt abdhén the
t unor tot Ssu ake over .ti i ndi cates t
REEFIPRIR 1o S B FEATAE8 oL IIGHER ARITORAT 5P S ey (Bram) can be
@AIRAed aédoading 16 the Bilb@ingfunttiom t he A427 xenogr af t
nodel and greater than 2. fter hour

LB ROAGEN St friome. - Wstlp bR/ SEmBlerTeigh 69 4784 GRM x 100
WRNE e ade RRALERIB YR tHdder FindeREHe thbasody, the percentage of

the original tracer and that of the metabolites can be calculated from the radio-HPLC
data.

The data show that in each example only minor amounts radioactive metabolites were
found in the murine tissue and fluid samples. Thus, Compound 7 and Compound 10
are each very stable in a mouse body. See e.g. Figures 15 and 16.

All references cited herein are incorporated by reference as if each had been
individually incorporated by reference in its entirety. In describing embodiments of
the present application, specific terminology is employed for the sake of clarity.
However, the invention is not intended to be limited to the specific terminology 80
selected. Nothing in this specification should be considered as limiting the scope of
the present invention. All examples presented are representative and non-limiting.
The above-described embodiments may be modified or varied, without departing
from the invention, as appreciated by those skilled in the art in light of the above
teachings. It is therefore to be understood that, within the scope of the claims and
their equivalents, the invention may be practiced otherwise than as specifically

described.
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(radi ol abel ed conpound) of interest the follow ng

prot ocol was followed: Two mice were anesthetized with
wo-b@sasss6l For each nouse, 300 nCi of tracer, iPCROS200i/020175

saline was injected into the tail vein. Pressure was

applied to the injection site for one mnute to stop

bl eedi ng. The mce were then placed in a clean cage

(one nouse/ cage) w thout any beddi ng and observed

until they awakened. In order to confirmthe el ution
Reéfexenges:t he radi ol abel ed conpounds 7 and 10, the

t t dj
| AGEEP. PRI O BRIGESPOLIHAR YOLREL 56 RRRGLRG ress
L@a-lmleé‘pédso-ﬁ#o radr o- HPLC. In each case, the

t ti fo t t t by, th .
] et Wl r:ﬁfrrsgsfwo%eﬁ%q%r%rsam@wme&mam
B. hKessth L. ssmmdanﬁeqmgpwurgétr,aﬂ d'erv?me@d, 1999} h@olldm -1071.

or m _nut es pos i on,

g &A{’fra?fgﬁaﬁn%r‘@aea di S’&e‘iﬁ‘rﬂﬁ‘ﬁh%@mﬁi@@g‘ Weber, W

cswdlnwe SCDHH@sBlleHSH aBthwaigad Want Nucihgrell, 2001 Wes 3b83136.
trlfug{ew mnutes to separatethe plasrra
B!

The
m AREf, ereu‘M B¢ Tt 4nbs Valudienes Be Rgany Dp| Sqafeier M.

BiRer, RE FI GH&3ES, MEIR sN P88, m Bl @red into
segar ate tupes cont ai ni ng 2 nL lysis buffer The

Sor eiudt-e WSS g N - z@@bﬁ’ééﬁaﬁhé\éﬁmgrcﬁ@gfﬁ{ $fl.; Goodman, S.
Leaeé}ﬁﬁm%ﬂﬁ&n%@&et ﬁerkésEr@P?io Walggrﬁi/[[ Fggﬁf es., 2001, 61,

extracted with chloro
178 ktld8e, and vortexed Al urine was col | ected from

663?1'5) 2 Waf(ﬁﬁlq%s?@ 6[9[a r&'t Wetdl 119 IiQEsﬁ \f—g ?&fﬁfflga 35y, J.;

e dari urfnern ‘he” cages.
Sehivgigst, Mf, ltod?mug:r(?m 200de A5 cait-62nd transferred into

s T
200,01 Iofl o+ I, et hanol m xture were al so added to plasnma .
8‘?”&6%[ kh;ePark, R.; Hou, Y.; Khankaldyyan, V.; Gonzales-Gomez, I.; Tohme, M.;
etal., Eur. J. Nul. Med. Mol. Imaging, 2004, 31, 1081-~1089.

9. Chen, X.; Hou, Y.; Tohme, M.; Park, R.; Khankaldyyan, V.; Gonzales-Gomez, I.;
etal., J Nul. Med., 2004, 45, 1776-1783.

10. Kolb, H. C.; Finn, M. G.; Sharpless, K. B. Angewandte Chemie, International
Edition 2001, 40, 2004-2021.

11. Kolb, H. C.; Sharpless, K. B., Drug Discovery Today 2003, 8, 1128-1137.

12. Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B. Angewandte
Chemie, International Edition 2002, 41, 2596-2599.

13. Tornge, C. W.; Christensen, C.; Meldal, M., Journal of Organic Chemistry 2002,
67,3057-3064.

14, Wang, Q.; Chan, T. R.; Hilgraf, R.; Fokin, V. V.; Sharpless, K. B.; Finn, M. G.,
Journal of the American Chemical Society 2003, 125, 3192-3193.

15. Lee, L. V.; Miichell, M. L.; Huang, S.-J.; Fokin, V. V.; Sharpless, K. B.; Wong,
C.-H., Journal of the American Chemical Society 2003, 125, 9588-9589.

16. Lewis, W. G.; Green, L. G.; Grynszpan, F.; Radic, Z.; Carlier, P. R.; Taylor, P.;
Finn, M. G.; Barry, K., dngew. Chem., Int. Ed. 2002, 41, 1053-1057.
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sanples after they were weighted (sanple weight in

gram. Al tubes were vortexed and frozen in dry ice.
WQ@RG0e0335he t ubes were centrifuged for 3 m nut eBCT/UR®07/020175

supernatant was transferred into new tubes. The

radi oactivity of the supernatant and the precipitation

were counted at the sane tinme to cal culate total

i njected dose. The sanple CPM (counts per minute) is

the sumof CPMin the supernatant and in the

15 edapetsat, iRo;nKra'Ehukx, A, hRa@nerZemaag&l of; TAjiec Pedhdasiess, K. B.;

( culated accordin

b, Mo Eh ot A M e Copripbiaceet J08%) 74 fadisuTas1s.
I8aryibehdCRVWV. PSaDglhesoneBGiet ). V. Gz%eﬁér §Pl‘§h>arp1195@2 KV\hl 'Wong,
cg(i}g ?(a{’re“nét abolites of the tracer found in

ql p dE8EY T YhEDRIP . 1L 6de8r and that

5 1of Bd%e AFEL, a&rQJII YeRusiaIC2608 £1:h34.989f rom the

radi o- HPLC data. The data show that in each exanpl e
only m nor anounts radioactive netabolites were found
in the murine tissue and fluid sanples. Thus, Conpound
7 and Compound 10 are each very stable in a nouse
body. See e.g. Figures 15 and 16. Al references cited
herein are incorporated by reference as if each had
been individually incorporated by reference in its
entirety. In describing enbodi nents of the present
application, specific term nology .is enployed for the
"sake of clarity. However, the invention is not
intended to be limted to the specific term nol ogy'so
selected. Nothing in this specification should be
considered as |imting the scope of the present
invention. Al exanples presented are representative
and non-limting. The above-descri bed enbodi nents may
be nodified or varied, wthout departing
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fromthe invention, as appreciated by those skilled in
the art in Iight of the above teachings. It is

wao besessse to be understood that, within the seCopesSWNIN20175

the clainms and their equivalents, the invention may be
practiced otherw se than as specifically
descri bed. References: 1. Aumailley, M; Q@rrath, M;
Mul ler, G; Calvete, J.; Tinpl, R; Kessler, H, FEBS
Lett. 1991, 291, 50-54. 2. Haubner, R ; Wester, H J.;
e mcLiiMEenekow sch- Schm dt ke, R ; D ef enbach,
B. ; Kesser, H.; Stocklin, G; Schwaiger, M, J. Nucl.
1999, 40 1-1071. 3. Haubner, R ; Wester, H

BﬁFR’F\lQPFp“qf’ gfofggﬂé—‘?dw sch- Schni dtke, R Wéber,
W Goodman, S. L.; Kes H.; Schwai ger, M, J.
NucI. Med., 2001, 42,Ri%’- 336. 4. Haubner, R ; Wber,
W A ; Beer, A J.; VA ixene, E.; Reim D.; Sarbia,
M ; Becker, K F.; Goe eI M, et aI P 0S Med. 2005,
2, e70. 5. Haubner, R ; , ber, W A
Mang, C ; Ziegler, L; drmn }SN/K.
Senekow sch- Schmi dt »LVI%J\ H. NHi%chwal ger, M,
Cancer Res., 2001, 61, ij!l 85/ 6. Haubner, R ;
Kuhnast B,, l\/ang,
Vester, Sq..mval g
15, 61- 69 7 Chen ; ; Shahinian, A H.;
Bading , J . R; S., Nucl. Med. Biol, 2004,
37, 11-19. 8. Chen X.; Park, R ; Hou, Y.;
‘@eargll%al dyyan, V.; Gonzal es- Gonez, L; Tohms, M; et al,

u J. Nul Med. Mol Imaging, 2004, 31, 1081-1089.
R, is selected from the group consisting of a side chain of a natural amino acid

Bi 6conj ug. Cherﬁ , 2004,

and a side chain of an unnatural amino acid, wherein the natural amino acid
and the unnatural amino acid is either in the D or L form;
R, and Rj3 are each independently selected from the group consisting of H, C;-
Cs alkyl, C2-Cg alkenyl, C;-Cs alkynyl, aryl, aryl-(C;-Cs alkylene)-, a 3- to 7-
membered carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl,
alkenyl, alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each
optionally substituted;
R~ is absent or is selected from the group consisting of H, C-Cs alkyl, C2-Ce
alkenyl, C,-C¢ alkynyl, aryl, aryl-(C;-Cs alkylene)-, a 3- to 7-membered
carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl, alkenyl,
alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each optionally
substituted; wherein R;, R3 and R are not all H;
X is a 5 or 6-membered heterocycle or a linker comprising a hydrophilic

" moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
Y is a 5 or 6-membered heterocycle, or a linker comprising a hydrophilic
moiety selected from the group consistiné of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,

and sugar moiety;
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9. Chen, X ; Hou, Y.; Tohme, M; Park, R ;

Khankal dyyan, V.; Gonzal es-Conez, |.; et al, J. Nul
woe@s/02B36eY, 45, 1776-1783. 10. Kolb, H C ; FiPper/ukt007/020175

G ; Sharpless, K B. Angewandte Chem e, International

Edition 2001, 40, 2004-2021. 11. Kolb, H C;

Sharpless, K B., Drug D scovery Today 2003, 8, 1128-1

137. 12. Rostovtsev, V. V.; Geen, L. G; Fokin, V.

V.; Sharpless, K B. Angewandte Chemie, I|nternational

Edi t i @RerkOfl Zeasfdne 3&6@3%9 %ut i‘lg‘t botf P@E?d gls XVS’ or 6-membered

- Christensen, C; , Journa
Cheni %Qtﬁspczel@zan%7 3057 3064 14. \ang, Q Chan T.
R ; Hlvllgrlaﬁ 3,@ or50kin, V. V.; Sharpless, K B.; Finn,
M , Journal ¥ t he Arrerl can Chem cal Soci ety 2003,
125 whezigamoene abX, YeBy, Rs, aivl R; M)mphed:sl a ralﬂioriuchde selected

Huang har | ess Mbng,
3&‘?‘%5(0 éﬁt”lg‘St‘}A(ﬁé’yP?:%ﬁ Dgaie e§6‘£‘ 5t Ly 2003,
125 9588 9589. 16. Levvl s, W G; Green

[ xﬂs'fﬁﬁa%lopeggrﬁrés, M’ga{'ﬁm 'ér"hs of . “%ﬂ ?%b%terocycle and

Xis a liob&-elhb7 cdmpridibg atsagdfr mﬁhendﬁeﬁi&tﬁfﬁbm the grdﬁ%ciioﬁmstmg of

£p 158 Beted caoks Vs Sttt e it Bk ek Prusistsy! siogh and a 5-

td 86 meh2ood E&Sﬂc&yc&&ub&(ﬂﬁﬁd hith atMeasPone Q?Jh%éi??@m Cgor
Sh arp I ess,

Lee,. L. V.: Roeper, K. B.

RBTBisTig 2 uigar Aok selSRish T e g3 SapBstingio! Sagreeapd
ghtactddeer, A J., et al, J. Nuci. Med. 2006

47: 763-769. WHAT |'S CLAIMED: 1. A cycl opepti de of
formula | : wherein:

3. The cyclopeptide of Claim 1 wherein:
Y is a 5 or 6-membered heterocycle;

X is selected from the group consisting of:

&/ W“m "J\n/\/O(/\ )\/H Rs
SSW \/\/“’”*’ -,
o HN)\, 1

l
Sf -‘é :er:‘s\/N\ ;""-'

’ O s Z w N and
A
/k W,
f N
H

wherein Z is selected from the group consisting of:

R4 A
oy AR
) ,an (o] ;
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Ri is selected fromthe group consisting of a side
chain of a natural amino acid and a side chain of an

waeovansasal am no acid, wherein the natural an POI/ES2007/020175

and the unnatural amno acid is either inthe Dor L
form R 2 and R are each independently selected from
the group consisting of H G- C6 al kyl, C2-C6
al kenyl, C2-C6 al kynyl, aryl, aryl-(Cr C6 al kyl ene) -,
a 3- to 7- nenbered carbocycle, and a 3- to 7-nenbered
het eMbdsssllestedifremghe grawp qonkipting aftkenyl , al kynyl ,
-aryl-alkyleq$ cappocycl g and heterocycle groups are
eac Rbptioﬂé bst“tu 2d, R7 is absent or is
sseldoked fhi JGFounrcanststing of H G -C alkyl,
- C6 enylSy C2°C al ®§nyl, aryl, aryl-(C-C
aPkyl ene)s-, av8 to 7-nmenber edarhr bocycle, and a 3- to
7- menber ed hetero&yck&, wherei n the al kyl, al kenyl
| kynylg:faryl Yal kyl ene rbocycl e and heterocycl e
{}ﬁﬁhﬁf%&%ﬁéé}ﬁ\ﬁpfﬁ%h%ﬁfg substituted; wherein R2, R3
afdl R7 are not"all ® X is;a 5 or 6-menbered

het er,ocycl e, ar. a _Lij nker conpr,i S| a hydrophilic
noi et“y‘ssssieé%:e I FEHEHR CEPERIE Phsi st ng of hydroxyl,
car bonyl, syl fonamni de, sulf 2" phosphat e, pol ar
am no aci d ppiety, PEG noietg: m netic, and
sugar noi Y™ is a5 or 6-mnbered het erocycl ej or a
l'i nker co i sing a hydrophil jve noi ety sel ected from
t he gg,0u onsi sting of , carbonyl,
suld o e, sul fonat e, hate, polar am no acid
o WHNPEG noietyb' i+{feti c, and sugar noiety;
WNET 8H Qi sg leo X N ﬁthmot both X and Y is
Nﬁﬂﬁnﬂﬁg o
® 8 o) Tﬁg’ r\/\/ T'Hz ; and
04/\g;)%
"0
NH

each R, is independently selected from the group consisting of a side chain of
a natural amino acid and a side chain of an unnatural amino acid, wherein the
natural amino acid and the unnatural amino acid is either in the D or L form;
each R4 is independently selected from the group consisting of -H, C(-Cg¢
alkyl, Cy-Cg alkenyl, C2-Cg alkynyl, C;-Cg¢ alkyloxy, aryl, aryl-(C,~Cs
alkylene)-, 3- to 7-membered carbocycle, 3- to 7-membered heterocycle,
hydroxy-C;-Cs-alkyl, C;-Cgs-alkoxy-C,-Cs-alkyl, and a PEG moiety, wherein
the alkyl, alkenyl, alkynyl, alkoxy, aryl, carbocycle, and heterocycle groups
are each optionally substituted;

Rs is selected from the group consisting of -H, C;-Cg alkyl, C2-Cs alkenyl,.Cz- '
Cs alkynyl, C,-Cs alkyloxy, aryl, aryl-(C,-Cs alkylene)-, 3- to 7-membered
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heterocycle; and wis 1, 2, 3, 4, or 5; wherein any
one of X, Y, R2, R3, and R7 conprises a radionuclide

W@ 200808361 from t he group consi sting of positroPCDUS2007/020175

gamma emitters. 2. The cyclopeptide of Caim1l wherein
Yis a5 or 6-nenbered heterocycle; and X is a |inker
ei ther conprising a sugar mnetic selected fromthe
group consisting of a 4 to 6- nenbered carbocycl e
substituted with at |east one hydroxyl group and a 5-

to 6- cam%ﬁgereeé RET- SRR Eh S DB 1k, U yRRoNY- ULG@;talkﬂélﬁﬁd Ci-Cs-
one hydr ox roup ng a sugar

sel ecl %@‘W&mﬂgt%@’lg?"éﬁ’f? n@‘ﬁ?ﬂ@th e, "{il‘m‘)ﬂs@k}ﬂ‘?&y’ aryl,

gal acéa?@cfcycl’% aﬂ@ﬁet@%&k%e@&)h9§a&fea@1 @bﬂ%rﬂal%bﬁitﬂtedY

is ab or 6-nenbered heterocycle; X is selécted from

t he crach &a@nsiescmdﬁgﬂmseleaﬁqd ﬁmeﬂm gropp pensigingfel, -OH, C,-Ce
from | | r@mn -

ar oupahc hsf%é%&&pa/? éﬁtﬁ&% IWZ %ﬂmf f’ec e f(tr:{)]ﬁwky]ene) ’

t he gminmbetﬂmﬂssalkyﬂg and C:&eahkcmy-Cs-Gsfadieﬂewumn the alkyl,

LR R R e
am ncsubgtithtedgher ei n t he natural am no acid and the
unnatéJarcE\IVlsrg rl10 83CI d |s either in the Dor L form

mis0,1,2,3 or4;

p is an integer between 1 and 110;

qis1,2,3 or4;

ris 1,2 or 3;

risOorl;

sis1,2,3 or4; and ,

the radionuclide is selected from the group consisting of ''C, BN, 150, '®F,

61Cu, ©2Cu, %Cu, 'Cu, 8Ga, 21, 121, 1*'1, ®Tc, ™Br, '3Gd and 2P,

wherein the configuration of the chiral centers may be R or S or mixtures

thereof.

4. The cyclopeptide of Claim 3 wherein:

R, is a side chain of a natural amino acid;

R is absent;

DN
W,
Xis ssS\Z/N\W}%' or és\z H/ \"f;

Y is 1,2,3-triazolyl; and

R, and R; are each independently selected from the group consisting of -H,
C,-Cs alkyl, C,-C¢ alkenyl, and C»-Cs alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are each optionally substituted, wherein R, and Rj; are not both
H; and either R; or R3, or both R and R3 comprise a radionuclide selected

from the group consisting of ''C, PN, 0, ¥, PBr, ', "1 and P'L
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each R4 is independently selected fromthe group
consisting of -H G -Ce al kyl, C2-C6 al kenyl, C2-C6

w@Pbdopngdse1r C1- C6 al kyl oxy, aryl, aryl-(CrC 6 al Rgl/Esm)?/020175

3- to 7-nenbered carbocycle, 3- to 7-nenbered

het erocycl e, hydroxy-G -C -alkyl, G -C -al koxy-G -C
-al kyl, and a PEG noi ety, wherein the al kyl, al kenyl,
al kynyl , al koxy, aryl, carbocycle, and heterocycle
groups are each optionally substituted; R5 is selected
from Nt%/c%{géidﬁdégﬁﬁirﬁhwm of -H G-Calkyl, C-C

al kenyl , - C6 al kynyl, G -C6 al kyl oxy, aryl,
aryl-(Ci -C6 al kyl ene), 3- tof 7-nmenberedcarbocycle, 3-
to 7-menbered het er ocyéhe; pox§-C -C -al kyl, and

Gi - Ceal koxy- G -C -al kyl", %ierei'ntpe al kyl,  al kenyl,
al kynyl, al kyl oxy, aryl, cafbpgycd®, and heterocycl e,
groups are each optionally &Ubstituted; each Ris

i ndependently sel ected fromthe group consisting of
-H, -OH, C-C alkyl, C2- al kenyl, C2-C6 al kynyl,

G -C6 alkyloxy, aryl-(G-Q6.,al rene)-, hydroxy-C -C
6-al kyl, and Ci - C6-al koxy-&i - CB4%al kyl , wherein the

al kyl, al kenyl, al kynyl, jafkyl oxy,wand aryl -al kyl ene
groups are each optional |'yysubstitted; each v is 0,

1, 2, 3, or 4, mis 0, 1, 23 or, 4, p is an integer
between 1 and 110; g is 1, 29 For 4: r is 1, 2 or 3;
r'is Cor | ; szr
NH , HN O
fo} N
Y
o II
wherein

each R, is independently selected from the group consisting of a side chain of
a natural amino acid and a side chain of an unnatural amino acid, wherein the
natural amino acid and the unnatural amino acid is either in the D or L form;
R; and R3 are each independently selected from the group consisting of -H,
C-Cg alkyl, C2-Cg alkenyl, and C,-Cg alkynyl, wherein the alkyl, alkenyl, and

. alkynyl groups are each optionally substituted, wherein R; and R3 are not both
H; and either R; or R3, or both R; and R3 comprise a radionuclide selectéd

from the group consisting of ''C, N, '°0, '®F, Br, '**1, '**I and "*'I; and

. R Rs
Wis O or \g/\/ \(/\Oz;\/ \101)\6’)/ >

where p is an integer between 0 and 15;

vis0,1,2,0r3;

mis0,1or2;

each Ry is independently selected from the group consisting of -H, C;-
Cs alkyl, C,-Cs alkenyl, and C,-Cg alkynyl, wherein the alkyl, alkenyl,
and alkynyl groups are each optionally substituted; and

Rs is selected from the group consisting of -H, C,-Cg alkyl, C,-Cs
alkenyl, and C,-Cs alkynyl, wherein the alkyl, alkenyl and alkynyl
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sis 1l 2, 3 or 4; and the radionuclide is selected
fromthe group consisting of 1 1C, 13N, 150 18F, 5

waaws/osdeu, 64Cu 67Cu, 68Ga, 1241, 1251, 131 |pCPOI2P7/020175

75Br, 153CGd and 32P; wherein the configuration of the
chiral centers may be R or S or m xtures thereof. 4.
The cycl opeptide of Claim3 wherein: R is a side
chain of a natural amno acid; R7 is absent; Y is
l,2,3-triazolyl; and R and R3 are each i ndependently

sel ect ed f gdupshace adom@n@aﬁm aiﬂsﬂgue& andHwhédeirGhaldepfiguration of
C -C6 al kenyl, .and C -C ynyl, wherein the g)é

al kenyl , aMif %{vwﬁwergﬁhahwls%@eé&aﬁlbwﬁr&ﬁaw or S or
substi t ut echixh&y ®kRoR and R3 are not both H, and
either R2 or R3, or both R2 and R3 conprise a

radi onucl ide sel ected fromthe group consisting of
C 1 1251 and 131 1 .5. A
%ycl oggf)t %é&o&%?o%rf%%%%é%%r ein each R is

i ndepeartelit Isyoesaylect ed from the group consisting of a

side ghaipf.of a natural amno acid and a side chain of

an unnatural amino aci d, wherein the natural am no

aC| d Ra s arheptirmadly snbdtitaiei b -Goallyl eoneprisieg a ratiotslite selected

P om PR e B D oSl o A B B B it S 5 ane

al kenyl , and C2 Czl/k\ ry\/wneﬁel n t he al kyl, al kenyl,
and

W is
wherepis0,1,2,3,4,orS.
7. ‘A cyclopeptide of formula II:
N:N
X/N\2\R3
| R,
NH
R4 o
Q H
OH NH4N
NH U HN O H
H
ng/N NYNH
' o NHz 1
wherein:

R, is selected from the group consisting of a side chain of a natural amino acid
and a side chain of an unnatural amino acid, wherein the natural amino acid
and the unnatural amino acid is either in the D or L form;

R, and R3 are each independently selected from the group consisting of H, C;-
Cs alkyl, C,-Cg alkenyl, C5-Cg alkynyl, aryl, aryl-(C,-Cs¢ alkylene)-, a 3- to 7-
membered carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl,
alkenyl, alkynyl, aryl-alkylene, carbocycle and heterocycle groups are
optionally substituted;
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al kynyl groups are each optionally substituted,
wherein R and R are not both H and either R or R3, or

whoik/0BB6and R3 conprise a radi onuclide sel ect edI/iis07/020175

the group consisting O 1 1C 13N, 150, 18F, 75Br,
1241, 1251 and 131 |; and where p is an integer
between 0 and 15; vis O, 1, 2, or 3; mis O, 1 or .2
each R is independently selected fromthe group
consisting of -H, C - C alkyl, C2-C al kenyl, and C2-C

al kKynyherethRS 8hdRE AR @t ovth Haﬁljfd:‘é‘m{er B Rl 515’56’:11 R, and R3

groups are each optionally substituted; and R5 is
sel eceanpriseontadimnuglideseleciers frem the segup. ¢gnsisting of positron or

al kyl On-1H n lq and C2-C6 al kynyl, wherein the
al kyl ga"gﬂ%ﬁeny*g‘(zé al kynyl groups are each (g?r ional ly

subst Xtisadikencomprisieg a hydeopbiief mgighasdlegied fromhide grOUP

chi ra!:on%‘las?ﬁ\ fthpﬁ%xg c'éfbgﬁyfrlgﬁlfgﬁa ngdlfogﬁ{é% c al m gﬂar

or or n1xtu he'c o ept |

wher eamimmastid Rioiéty, BBG2ydiptyRugas nHyneRmasdangarpnbigt}al ly
substituted G -C al kyl conprising a radi onuclide
selected fromthe group consisting of 1 1C, 13N, 150 ,
8.8F, TEBbycldﬁéHtidelﬂ@laianﬂ whaieih R,dnd sideeheinpfiasnddyrallamino

%ﬁ%% i§: ’hygrogen and 1'%3 Xrgllar? % ICletrla x%ngélicfeosrem’cjzkead tlrc|>r|n:the group
consisting of ''C, PN, 130, '8F, $'Cu, Cu, %Cu, ¥’Cu, Ga, 1, 21, '¥'], 9Tc, P Br,

153Gd and 3?p.

9.  The cyclopeptide of Claim 8 wherein R; is benzyl; and R3 comprises a
radionuclide selected from the group consisting of ''C, 1N, 0, ¥, '*41, '#°1, PI1,

and "Br.

10. The cyclopeptide of Claim 7 wherein:
R, is a side chain of a natural amino acid; and

X is selected from the group consisting of:

&W‘f\(\,\(ﬁ}v” fy

fe y (OH)q

SorNes, 1

O O (HN}-S r 5;\”/@%}:

( )r\,\; ,and O ;

where each Ry is independently selected from the group consisting of -H, C,-
Cs alk}}l, C,-Cg alkenyl, C»-Cs alkynyl, C;-Cs alkyloxy, aryl, aryl-(Ci-Cs
alkylene)-, 3- to 7-membered carbocycle, 3- to 7-membered heterocycle,
hydroxy-C,-Cg-alkyl, Cy-Cs-alkoxy-C;-Cg-alkyl, and a PEG moiety, wherein
the alkyl, alkenyl, alkynyl, alkoxy, aryl, carbocycle, and heterocycle groups

are each optionally substituted;
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Ri is selected fromthe group consisting of a side
chain of a natural amino acid and a side chain of an

waeovansasal am no acid, wherein the natural an POI/ES2007/020175

and the unnatural amno acid is either inthe Dor L

form R2 and R3 are each independently selected from

the group consisting of H G- C alkyl, C2-C al kenyl,

C2-C6 al kynyl, aryl, aryl-(C-C alkylene)-, a 3- to 7-
menber ed carbocycle, and a 3- to 7-nenbered '

het er RQYsCsle@ectémﬁbﬁ‘n' the Hﬁlpadolﬁh’llsﬁmg'lbkﬂ{‘}(tl,-Cé‘bik_Y/m@zrcs alkenyl, Cs-
aryl -al kyl ene, carboc cI e and heteroca&w e3roups are

opt i ofraplyn¥lGatGe alk¥axysy e rRY ECarts Fotto gupgmbered
H ang, 840, 3Ru9f7 rBembafed*B@EePo@%leaH%%ﬁ KQ0PL- hﬁé}l and C,-Cs-

radi onucl i'de sel ected fromthe group” conSisting 0O

posi t #isAxYICifaerikybtherein she ek, Xkesylaalkynkle alkyloxy, aryl,
conpr Ly

ar oup Soagkcl PUERGPRICYHE sileR ot SRRTHRHalY PstiRet,

sul f oeretheRs lphm@thad@tlmﬂ@tedaﬁwmdh%m@prmnststgvng PEEL, -OH, C-Cs
noi et [ I

cyol obSSFR L IR G ToRIHIRIC i At atBacpaligione)-
a nat hydszw@m@ﬁ alkiylt];anBZ,+-Ge- hiydxyc—g,‘e{(:s-@lkyﬂ Reoximphe akyl,

a radiQnu e sel ed fromth rou conS|st|n

10 ToRrea RS SR, Sl el R B Bty
1251, sudiitited;9Tc, 75Br, '153Gd and 32P. 9. The

cyclo aim8 wherein R is benzyl; and R
con‘prlB gé g%rgd?rc‘lhucl i de selected fromthe group

consi gtisg 108, Aod4, 13N, 150 18F 1241, 1251, 131 I,

and 75Br. 10. The cycl opedotl de of Claim7 wherein:
p Is an integer between 1 an

qis1,2,3 or4;

risl,2or3;

r'isOorl

sisl,2,3 or4; and

the radionuclide is selected from the group consisting of e, BN, %0, '¥F,
S1cu, 2Cu, %Cu, Cu, %Ga, 21, 151, B'1, ®Tc, Br, '3Gd and 3P
“where the configuration of the chiral centers may be R or S or mixtures

thereof.

11. The cyclopeptide of Claim 10 wherein:

HO OH . Rs
N S
HO o o) m
(o]

Xis :

R and Rj are each independently selected from the group consisting of -H,
C,-Cs alkyl, C2-Cs alkenyl, and C,-Cs alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are each optionally substituted, wherein R, and Rj are not both
H; and either R; or R3, or both R; and R3 comprise a radionuclide selected

from the group consisting of ''C, N, 0, '*F, ™Br, 1247 1257 4ng 131,
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Ri is a side chain of a natural amno acid; and X is
sel ected fromthe group consisting of: where each R4

w0 g008/08Bspendent |y sel ected fromthe group consPGr/USI0ODO20175

-H, - C6 alkyl, C2-C al kenyl, C2-C6 al kynyl, G -C6
al kyl oxy, aryl, aryl-(GC-C6 al kylene)-, 3- to

7- menber ed carbocycle, 3- to 7-nenbered heterocycl e,
hydroxy-C -C -al kyl, C -C6-al koxy-GCi -C6-al kyl, and a
PEG noi ety, wherein the al kyl, al kenyl, alkynyl,

al koxm, iPdldoteFRORARY GtSup aﬁhénshﬁg ef qqy@l €5 HIKQUIC,-@% Stkenyl, and
each t| onal |y substituted; iS selected fromthe

gr oup &ﬁsﬁ nyhgVhgreinthe @N‘-}'b@lléﬁfll?('§/ pnd glkynylgrepsare each
C al k%ﬁt\é nall@ sugstgh{%\ﬂl a‘f%théi‘&Wthe %ﬁﬁgu&gﬁonqgsf the chiral center that

al kyl e nmber ed car bocycle, 3-

7- nenbaries thﬁeR9$tﬁv@ymeet MRy Be Sxgr-hr Wixtpte ylllere%ﬁ;] éandl - C
- alkgr -6-alkyl, wherein the alkyl, alkenyl,

al kyny élkyloxy, aryl, car bocycl e and heterocycle
groups are each optionally substituted; each Ris

dep e roup consi sting of
521 @g%?ig"%e&i q(i{(ﬁ%f& &?am}"{}eny C2- C6 al kynyl
C| OBRahédyydmgen aryl (G-C 6 al kyI ene)-, hydroxy-G -C

Y e 00 S B Qe L by S £ KRS onn ana o

gr oup€, atlgnghothedgihithaalily atuehgt ardd dlleghyl\growpsure dachdptionally
i’ ag(rj s%’rrnutlag,i Vgﬁeffeli’né’% @%‘Es&?é rgdilogucqlrgielsgfegt% ﬁ'obrrel }\{\éeg6roup
consisting of ''C, N, 10, and '*F;
Rs is hydrogen; and

mis 0.

13. The cyclopeptide of Claim 10, wherein:
R; and R; are each independently selected from the group consisting of -H,
C-Cs alkyl, C,-Cg alkenyl, C5-Cs alkynyl, wherein the alkyl, alkenyl and
.alkynyl groups are each optibnally substituted; wherein R, and R3 are not both
H; and either R; or R3, or both R; and R3 comprise a radionuclide selected
from the group consisting of ', BN, 10, '8F, ™Br, '*1, '], and "'I;

| fpo(ﬂot\,nﬁa;

where Rs is selected from the group consisting of -H, C;-Cs alkyl, Ca-
Cs alkenyl, and C;-Cs alkynyl, wherein the alkyl, alkenyl and alkynyl
groups are each optionally substituted and wherein the configuration of
the chiral center that carries the Rs substituent may be R or S or
mixtures thereof;

mis 0, 1, or 2; and

p is an integer between 1 and 90.
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risl 2or 3, r" isOor 1sis11 2, 3o0or 4; and
the radionuclide is selected fromthe group consisting

wW®@2008/033361 13N, 150 , 18F, 6 1Cu, 62Cu, 64Cu, 6FCIIPS2007/020175

68Ga, 1241, 1251, 131 1, 99Tc, 75Br, 153CGd and 32P;
where the configuration of the chiral centers may be R
or S or mxtures thereof. 1. The cycl opeptide of Claim
10 wherein: R 2 and-R3 are each independently sel ected
fromthe group consisting of -H C -C6 alkyl, C-C

a4 kenihe caoldpeRtidecofallaimy B, whbergi n the al kyl ,

al ken al kynyl groups are each optlonally
substllitzlﬁgiﬁ‘gJI °%H&rein R and R3 are not both H, and

ei t heR; R seled®d i ﬁh@@i’o@ccﬁa@f&h@ o?@"'-’l@lﬂ;' aly13C,-C, alkenyl, and Cyp-
i de selected fromth egrou onsisting of 1

radi onuc
1C, 1%41@@@1 vilgq:em—;g%?lky& guqeny 3l al&yﬂgyl BIayps:are eqch optionally

sel echerktitutod dnlaer f
ol ek lt(le nt i o dﬁml&93§éﬁ§?@ldg es?I'eeFLﬁdt gr%ljéw)

al kenﬁ‘P“%H’ga‘r ky?w'IBNg Suprd afe each opti onal I y

subst r} W Beh8 Eg]v\,herel n the configuration of the
chiral center that carries the R5 substituent may be R
or S Brisfiapdres thereof; and mis 0, 1 or 2. 12. The

cyclo gpgﬁqjq 1 erein: Ris hydrogen; R3
s se ect ed ?%q{)m t aéeemglr%nl?pyggonsi sting of Cl-C4 al kyl,

C2-C4 al kenyl, and C - C4 al kynyl, wherein the al kyl,
Pl kenghe waoségsmvafcgmwew L&;igach optional Iy

Rg
© (H N)\.,\
Xis SS)
where each R is independently selected from the group consisting of -
H, -OH, C;-Cs alkyl, C>-Cs alkenyl, C-Cg alkyloxy, hydroxy-C;-Cs-
alkyl, and C;-Cs-alkoxy-C,-Cs-alkyl, wherein the alkyl, alkenyl, and

alkyloxy groups are each optiohally substituted;
qis2,3 or4;

(OH),

ris 2 or3;
r'is 0; and

sislor2.

16. The cyclopeptide of claim 10 wherein:

where each Ry is independently selected from the group consisting of -
H, C-Cg alkyl, C,-Cs alkenyl, C;-Cg alkynyl, C,;-Cg alkyloxy, aryl, aryl-(C,-Cs
alkylene)-, hydroxy-C,-Cs-alkyl, C,-Cs-alkoxy-C,-Cs-alkyl, and a PEG
moiety, wherein the alkyl, alkenyl, alkynyl, alkoxy, aryl, carbocycle, and

heterocycle groups are each optionally substituted; and v is 1,2,3, 0or 4.

60



10

15

20

25

substituted, wherein R3 conprises a radionuclide
sel ected fromthe group consisting of 1 1C, 13N, 150

w@easA8Be1 RS i s hydrogen; and mis 0. 13. The PCT/US2007/020175

cycl opeptide of Claim 10, wherein: R and R3 are each

i ndependently selected fromthe group consisting of

-H G -Ce alkyl, C-CO al kenyl, C2-C6 al kynyl, wherein
the al kyl, al kenyl and al kynyl groups are each
optionally substituted; wherein R2 and R3 are not both
H, and either Ror R3, or both R2 and R3 conprise a
radi onuclide selected fromthe group consisting of 1
Wc, 1Aredighabeledgyclopspiide offgmulpdXt - and 131 1; where
Rs is selected fromthe gpgup coosistingsof . C-C

alkyl, C - C alkenyl, and kyRy! & wh@r el t he
e fadhnopt i, pival |y
onfigurat®on of th

al kyl, al kenyl and al kynyl
substituted and wherein the

chiral center that cagries the Rs substituent may be R
or S or rrixturesthe, NS oo, 1, or 2; and p is an
i nteger between 1 and/90. 14) The cycl opeptide of Claim
13, wherein: Ris hydgogen{ R 3 is selected fromthe
group consisti @ |, C-C4 alkenyl, and C2-
C al kynyl , i n/t NG A al kenyl and al kynyl

groups are each optiNenald bsyi tyted, and R
oprer ) iNle é’dfﬁg"omthe gr oup

conprises a radi
3 NH, v
wherein:
R; is selected from the group consisting of H, C1-Cs alkyl, C2-Cg alkenyl, C,-
Cs alkynyl, C,-C¢ alkyloxy, aryl, -(C;-Cg alkylene)-aryl, 3- to 7-membered
carbocycle, 3- to 7-membered heterocycle, hydroxy-C,-Ce-alkyl, and C,-Cs-
alkoxy-C,-Cs-alkyl; wherein the alkyl, alkenyl, alkynyl, alkyloxy, aryl,
carbocycle and heterocycle groups are each optionally substituted;
wherein the chiral centers attached to «w~bonds are R or S or mixtures thereof;
misO0,1,2,30r4;and '
nis1,2,3,4o0rS5.

18. The cyclopeptide of Claim 17, wherein:
R is selected from the group consisting of H, C,-C4 alkyl, C,-C4 alkgnyl, and
C2-C4 alkynyl, wherein the alkyl, alkenyl and alkynyl groups are each
- optionally substituted;
wherein the chiral center in the ;:yc]ic peptide is R configured and the chiral
center bearing the R;s residue is R or S or mixtures thereof;
mis 0, 1 or 2; and

nis 1,2, 3 or4.

19. The cyclopeptide of Claim 18, wherein:
R;s is selected from the group consisting of -H, and an optionally substituted
Cl-C4 alkyl,
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consisting of 1 1C 13N, 150 and 18F Rs is hydrogen; m
is 0; and p is an integer between 1 and 15. 15. The
weyeBopspt | de of Claim 10 wherein: where each RCT/BS2007/020175
i ndependently sel ected fromthe group consisting of -
H -OH GC-C6 al kyl, C2-C6 al kenyl, C -C6 al kyl oxy,
hydroxy-G -C 6- al kyl, and G -C -al koxy-G - Cg-al kyl,
wherein the al kyl, al kenyl, and al kyl oxy groups are
each optionally substituted; qgis 2, 3 or 4, r is 2 or
3; r tﬂlsOinaﬁdds is 1 or 2. 16. The cycl opeptide of
claim 10 in: where each R is independently
sel ech &2 ?f ‘the group consisting of - H G -C6
al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C -C6"al kyl oxy,
aryl r Co alk Iene) hydroxy G - C6-al kyl,
- CeAdPa‘SJ&&)CGd ngl%ek il sel¢riehirPRGhergraupycongisting of
the al kyl, al kenyl, al kymg al¢wxy aryl, carbocycle,

and heterocycle groups are ||
substituted; and v is 1, 20 ‘ED@

"N adi ol abel ed
cyclopeptlde of formula I\)b ereln :2% sel ect ed

fromthe group conS|s ofN#l, Cl1-C al , C2-C
al kenyl, C - 18
g F
o ¢
OH NHHN
H”N o ﬁ NH
5 o NH2 and

oséq_(\/o\/\o’\/o\/\o/\/ NY\ %

N=N R

o2
HN HN»\ NH

21. A pharmaceutical composition comprising a radiolabeled cyclopeptide of

formula I:

10 o ) I
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C al kynyl, G -C al kyl oxy, aryl, -(G -C al kyl ene)-aryl,
3- to 7-nenbered carbocycle, 3- to 7-nenbered

whedoensssycl e, hydroxy-Ci -C -al kyl, and G - C 6-PCT/US2007/020175

al koxy-G -C -al kyl; wherein the al kyl, alkenyl,

al kynyl , al kyl oxy, aryl, carbocycle and heterocycle

groups are each optionally substituted; wherein the

chiral centers attached to > bonds are R or S or

m xtures thereof; mis 0, 1, 2, 3 or 4, and nis 1, 2,
wheredn:0r 5. 18. The cycl opeptide of Claim 17, wherein:

e 5Ll TS0 21048, 6005 1108, E B i
al Ky land @l kot aibfarthinatirhl #hRieRsid Meheeif thopitumb aiyo acid
substltuted; wherein the chiral center jn the cyclic
pept iate thesurmageial aginoagidissiRRinghe Lhpr fcfg?i‘iné’r beari ng
tlhe % Jnﬁ%g;%@ chéh Rd8pendeftly B1Xdtbd BDnt MRIROHP cfisisting of H, C)-
or Zand nis 1, 2, 3 or 4. 19. The cyclopeptide of
d ai @skkylwReCs aikean,iCsz—@eﬂléméda%mlr@ (g gigplene)-, a 3-to 7-
i e iy BB, ARG gyl e i,
radi alilevgl, edkynpt) opeplkyigae.settmsyels ahddwicreeycl gigyps are each
o R i Pl Compos! U on
- Ry is absent or is selected from the group consisting of H, C,-Cs alkyl, C2-C¢
alkenyl, C2-Cs alkynyl, aryl, aryl-(C;-C¢ alkylene)-, a 3- to 7-membered
carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl, alkenyl,
alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each optionally
substituted; wherein R,, R3 and Ry are not all H; ’
X is a 5 or 6-membered heterocycle or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sﬁlfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
Y is a 5 or 6-membered heterocycle, or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
where at least one of X and Y, but not both X and Y is a 5 or 6-membered
heterocycle; and
wisl,2,3,4,0r5;
wherein any one of X, Y, Rz, R3, and Ry comprises a radionuclide selected
from the group consisting of positron or gamma emitters;

and a pharmaceutically accepfable carrier.
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formula |:wherein: R is selected fromthe group

consisting of a side chain of a natural am no acid and
w@2@Bais3sehai n of an unnatural am no acid, wherBCTU$1967/020175

natural am no acid and the unnatural amno acid is

either inthe Dor L form R2 and R3 are each

i ndependently selected fromthe group consisting of H,

C - C6 alkyl, C2-Ce al kenyl, C2-C6 al kynyl, aryl,

aryl-(GC-C 6 al kylene)-, a 3- to 7- nenbered .

22ar boAyphaemaceutical @mpasitiormmeistt deideslasaled Byclopeptide of

%./(\)Ag%rlei tge al kﬁt‘, al kenyl , al kynyl, aryl -al kyl ene,

carb c]gé’r orﬁ}ﬂ!ia terocycl e groups are each optionally

subsiitutedf R7 is absent or is selected fromthe

gr oupcopskst g of H G -C alkyl, C2-C alkenyl, C2-

al kynyl , Moo P-(G -Q alkylene)-, a 3- to

7-menber efl g&r betycle, and a 3- to 7-nenbered

het erocyc{ e, Wherein the alkyl, alkenyl, alkynyl,

aryl - al ene, carbocycle and heterocycl e grouyps, are

each oftyonal Iy substituted; wherein R2, R3 a 7}2 are

not all ;,V\KNiJsf"a 5 or 6-nenbered heterocyclg aRs

I'i nker cOnpristng a hydrophilic noiety sel eq'med Rz om

the grg consi st ng of hydroxyl, carbonyl,

sul f onanw de, suIHt.)b‘n*ate, phosphate, @l ar_am no acid

noi ety, i£eyy, sugar mnetjc.o an’yLd?Bg r moiety; Y
is ab or B red heterocyc%g:ez\— Ker
con‘prisimg%th ophilic noi e® ﬁtedf m t he
group consd=stk of hydroxyl, carb,g@y/lﬂ"’ ul onaﬁl%mq
sul f onat ego??;o phate, pol ar am ndPacyd y,o P

o NH:  m

noi ety, sugar m netil,

wherein:

5 each R, is independently selected from the group consisting of a side chain of
a natural amino acid and a side chain of an unnatural amino acid, wherein the
natural amino acid and the unnatural amino acid is either in the D or L form;
R; and R3 are each independently selected from the group consisting of -H,
Ci-Cs alkyl, C,-Cg alkenyl, and C5-Cs alkynyl, wherein the alkyl, alkenyl, and

10 alkynyl groups are optionally substituted, wherein R, and Rs are not both H;
and either R or R3, or both R, and R; comprise a radionuclide selected from
the group consisting of e, BN, 150, 8F, S'Cy, 62Cu, 64Cu, 7Cu, 68Ga, 1241
125] 1311, 99T, 5Br. 153G and 3?P;

each of X and W is selected from the group consisting of:

R, HO OH L Rs
N -
s"\‘(()%}; H%’g\?‘v W
15 0] ; wann ; an

:"ﬁo(\/O\(/\ O>;\/ H \[C])/Rf(v)i%. |

where each R, is independently selected from the group consisting of -H, C;-

d

Cs alkyl, C>-Cg alkenyl, C,-Cg alkynyl, C;-Cs alkyloxy, aryl, aryl-(C,-Cg
alkylene)-, 3- to 7-membered carbocycle, 3- to 7-membered heterocycle,
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and sugar noiety; where at |east one of X and Y, but

not both X and Y is a 5 or 6-nmenbered heterocycle; and
wove08/033562, 3, 4, or 5; wherein any one of X, PMCT/RS2007/020175

R3, and R7 conprises a radionuclide selected fromthe

group consisting of positron or gamma emtters; and a

phar maceutically acceptable carrier.22. A

phar maceuti cal conposition conprising a radi ol abel ed

cyclg&&ptide of formula Il or formula Il1: wherein:

each MHEToRE-GindeplybidnrCoralkexedideg-tikphand e RiG@upicty, wherein

consistdl S| haij f ' ' d

S G R, BkeyIShGnp Dp ardl, R e Y B AEEB ups

nat upE eaghioponallysubadtutase unnatural amno acid is

ei ther ;i r . e~eagh
i ndegé ﬁéd%%%#é;d Rofi it ehSU/onSerl 3? ?6’;6 SR e GrCoplkenyl, Co-
5 er;l @6 alkaml, I(?H—Cs z@kyll@xal dflﬁhw}{la(ﬁmfﬁs(ﬁlk}lﬂeI@é)K)myb 7-membered
er | kyl, n an oups,, ar e
opt 1 aptie iy Bl nereRy ot B R uE o or-ce
H, aaldory{heCs-#HRyhwiesein dlie hﬁyh afRen@N dikignglp mkryll&@yf, aryl,
r adi | de selected fromthe group consisting o
o GRBLIEE B RSl SR il oronsl)y pieiniada
_125Iy|i51(3,t11,5,f996'ﬂat ESBr i5 Gd and §2P; e?chv\ﬁf X anthR
is sele om. group consi sting of: ere eac
10 et 91

is i Nd&pe ‘#fected fromthe group consisting of
- H, flis an integer between 1 and 25;

wherein the configuration of the chiral centers may be R or S or mixtures

thereof; and a pharmaceutically acceptable carrier.

15 23. A pharmaceutical composition comprising a radiolabeled cyclopeptide

selected from the group consisting of:
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C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl, C -C6
al kyl oxy, aryl, aryl-(C-C 6 al kylene)-, 3- to

wQq 200808886 ed car bocycle, 3- to 7-nmenbered PCT/US2007/020175

het erocycl e, hydroxy-GCi - C -al kyl

C - C6- al koxy-Ci -C6-al kyl, and a PEG noi ety, wherein
the al kyl, al kenyl, al kynyl, al koxy, aryl, carbocycle,
and heterocycle groups are each optionally
substituted; R5 is selected fromthe group consisting
of -H C-Calkyl, C-COgkenyby C - C alkynyl, C-Ce
al kyl oxy, aryl, aryl-(Ci- e)-. 3 to

7- menber ed carbocycle, 3- tgM edNhe§ er ocycl e,
hydr oxy- G - Co- al kyl, and CP=Ceal koxy® G Ce- al kyl ,

wherein the al kyl, al @i}l, , al oxy, aryl,
carbocycl e, and hetero

gr oups arq ach
optionally substituted O 1, 2, 3%or 4; mis O
1, 2, 3 or 4; andp?y s/l |

teger between land 25;
wherein the coqj u aFVUH f the chiral centers may be

R or S or mxtures eaf T @andHa Hgarnaceutically
acceptabl e carrleroﬁésa i cal conposition
conprising a radiol abel cyclopéﬁhlde selgﬁPed from
the group consisting of:and a pharmaceutica

accept abl e carre ﬁvgig Jret hod of n0n|tor|ng t he

| evel of integffntaw Fou isualizing integrin avb3
expression within a iéﬁfh patient, the nethod
conprising: (a) admhFstiering to the patient a

r adi ol abel ed cycl o t ; and (b) enploying a nucl ear
i magi ng techni que | ected fromthe group consisting
of positron em ssio) tomgraphy (PER._Aaf ingle
phot on em ssion conpus ed toanraphy GSPE@E?V?%r

noni toring or visug?|2|ng an

HN

HN

NHg

o]

[::l\nfz-uann

NH L HNTO
o N
HO. [e]
o]

and a pharmaceutically acceptable carrier.

24, A method of monitoring the level of integrin o3 or visualizing integrin B3
expression within a body of a patient, the method comprising: (a) administering to the
patient a radiolabeled cyclopeptide; and (b) employing a nuclear imaging technique
selected from the group consisting of positron emission tbmography (PET) and single
photon emission computed tomography (SPECT) for monitoring or visualizing a
distribution of the radiolabeled cyclopeptide within the body or within a portion

thereof; wherein the radiolabeled cyclopeptide is of formula I:
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di stribution of the radiol abel ed cycl opeptide within
the body or within a portion thereof; wherein the

w0 ae80s3Ebel ed cycl opeptide is of formula 1: wheP€l/nSR07/020175
is selected fromthe group consisting of a side chain
of a natural am no acid and a side chain of an
unnatural am no acid, wherein the natural amno acid
and the unnatural amno acid is either in the Dor L
form R and R3 are each independently sel ected from
the group consisting E G- C alkyl, C2-C al kenyl,
C -C alkynyl, aryl, a 91}7(0 C 6 alkylene)-, a 3- to
7- menbered car bocycl & antl a 3- to 7-nenbered
het er ocycl e, wherein the kév al kenyjy al kynyl,
aryl - al kyl ene, carbocycl @ a het er oc cIe groups are

each optionally substitulled;3 R7 i sHNBs or is
sel ected fromthe grolipcomsi . °Ci-C al kyl, C
-C al kenyl, C -C al H -(G-Ce

al kyl ene)-, a 3- nber edyCar bocycle, and a 3- to
7- menber ed heter +Q the al kyl, al kenyl,

al kynyl , aryl -al kyl , ocyal e and heterocycle
groups are each opmionald’y substituted; whgrein R2, R3
apnd R7 are not all H X is a 5 or 6-nenbered
WE?EFbcycle or a linker conprising a hydrophilic

noi et R, selefskQOfrbmaRE tghﬁ:p@d’o%'i@tn@@ﬂ% 8idk r&ﬁamfof'wr%%yémmo acid
carbonyl, sul fonam de, sul fonate, phosphate, polar

ani no2tt gidgshainof appmnagiralagning aeidy Wheest the nagyrgl amino acid

sugar amh%t%nat\ﬁrélsanﬁné a@ird ife Fﬁ&qﬁﬂ?éjDrb‘?tLe oMnycl e, or a
i nker congoly ng a hydrophilic noiety se ected from

t he gRoapd Bonsd eachrigdependsrdbyoelactedcfaerb dhe group consisting of H, C;-
sul T opagide.c,-C; alkenyl, Co-Cs alkynyl, aryl, aryl-(C1-Cs alkylene)-, a 3- to 7-
membered carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl,
alkenyl, alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each
optionally substituted;
Ry is absent or is selected from the group consisting of H, C;-Cs alkyl, C,-Cs
alkenyl, Cz-C_6 alkynyl, aryl, aryl-(C,-C¢ alkylene)-, a 3- to 7-membered
carbocycle, and a 3- to 7-membered heterqcycle, wherein the alkyl, alkenyl,
alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each optionally
substituted; wherein R,, Rs and Ry are not all H;
X is a 5 or 6-membered heterocycle or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety; '
Y is a 5 or 6-membered heterocycle, or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
where at least one of X and Y, but not both X and Y is a 5 or 6-membered
heterocycle; and
wis 1, 2,3, 4,or5;

v
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sul fonate, phosphate, polar amno acid noiety, PEG
noi ety, sugar mnetic, and sugar noiety; where at
wo emsn3see of X and Y, but not both X and Y i SP@EI/BSm07/020175

6- menbered heterocycle; and wis 1, 2, 3, 4, or 5;
wherein any one of X, Y, R5 R and R conprises a

radi onuclide selected fromthe group consisting of
positron or gamma emtters. 25. A nethod of nonitoring
the Il evel of integrin avb3or visualizing integrin avb3

WHRERSHyUheW NIV, Ry, ROIIhDR ; SorRtide8AtradibhfcIiR! Sedted from the
conprising: (a) admnistering . to the patient a

graup 6PpEinePfPPEIOPsERRE2 §RHTD) enpl oyi ng a nucl ear
i magi ng techni que sel ected fromthe group consisting
of positron em ssion tonmography (PET) and single )
Fhot o raethed pbmonitaping dhe lewehngriaieann CePE@TYisyadizing integrin owfs
nmoni toring .or Vi lLizi. |Shrj ion. of .t e

s SRR RRf b iR s frnhou RaaBRg (b dBpyistring to the
mviehi ©radidiebaed cyolbeeptida; 4rkie(b) aiptd yalxeh edcleycinopegg fednique
[ f . fornmula Il or formula LI11: wherein each, R i .
SeTReGerREAD? g BDsERE PHRYTES G Bais CBROER R ED gnd single
plioten efisidon@onipubal toiidgraghyNSPECITY fanthoRitshisieociaualizidg a

n unnatural anj cid, wherein the natyral amno .

St of fhe satibsfe valapRat G ihinghg Sortepr »fBihpeytion

10  tBbrebf:fvidieinfha RelliflaBsled eaélbpdptide peotiftinula B &k €6inttda I11:
fromthe group, consisting of -H C -C6 al kyl, C2-C
al kenyt=} and\ggr &l kynyl , wherein the al kyl, al kenyl,
and aWN?ﬁylo woups_.are optionally substituted, wherein

R2 and R are tnR0ls H, and either R or R3, or both
R2 and R3 conprixse a radionuclide selected from

o I1 O
wherein

each R, is independently selected from the group consisting of a side chain of
a natural amino acid and a side chain of an unnatural amino acid, wherein the

15 natural amino acid and the unnatural amino acid is either in the D or L form;
R, and R3j are each independently selected from the group consisting of -H,
C,-Cs alkyl, C>-Cg alkenyl, and C,-C¢ alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are optionally substituted, wherein R; and Rj are not both H;
and either Rz or R3, or both R; and R3 comprise a radionuclide selected from

20 the group consisting of ''C, I’N, is 0, '%F, ¢'Cu, *Cu, **Cu, *’Cu, %Ga, '*1,
1251 1311 99T¢ 75Br, '$3Gd and 32P;
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the group consisting of 1 1C 13N, 150 18F, 6 1Cu,
62Cu, 64Cu, 67Cu, 68Ga, 1241 1251, 131 |, 99Tc, 758Br,

waaesuszmnd 32P; each of X and W's sel ected fronP@€h®S82007/020175

group consisting of: where each R4 is independently
selected fromthe group consisting of -H Q- C6

al kyl, C2-C al kenyl, C2-C6 al kynyl, G -C6 al kyl oxy,
aryl, aryl-(d-C 6 alkylene)-, 3- to 7-nenbered
carbocycle. 3- to 7-nmenbered heterocycle, hydroxy-G -C
- al kydachdrE8nd K %’@éle@te‘dqgoxﬁltﬁé/gnouﬁ%‘énﬁsﬁrfg@bﬁm ety,
wherein the al kyl, alkenyl, alkynyl, alkoxy, aryl,
carb®ycl e, rogchﬁ groups are each optionally

g%étf%io om the group consisting

, |I70C -Cp al Kenyl, C2- C6 al kynyl, G-C
al gyl oxy, .arylt.aryl-(C -C6 al kygene)-, 3- to
7- nenber ed carbocycl e 7- menmber ed het er ocycl e,

3- to
hydr oxy- Cy- C 6 al klgl,Rénd C - C6- al koxy-GCi -C 6-al kyl,
' Q\ée’\f(b , e al kynyl, al kyl oxy, aryl,
cappocycl e, arfe® het ghocycl e, groups are each

optionally substituted; wheérein the configuration of
t he chhem eachRuds depgndsetiRseectsd drommthetaroes cotsstiogiof -H, Ci-

vis Q . Lad cind 4,
an § nee gty Gp et G oAt G iglond; s St
nmoni t alkiylege}-h#- to€i-alemiferédndaelgpdynleadbB07-mensheaitd hétarpcycle,
i ntegyi avqg Xp§ essi it hi b of .a I ent .
R PSR LR, 00 G LR, werei
pat i etie atkylasikehylbslkeaylcylkboneapyil darboeyule, (@hy hetgpdbayiangroups
a nucl ear f]magl ng t echni que
are each optionally substituted;
R is selected from the group consisting of -H, C;-Cg alkyl, C2-Cg alkenyl, Ca-
Cs alkynyl, C,-Cs alkyloxy, aryl, aryl-(C,-Cs alkylene)-, 3- to 7-membered
carbocycle, 3- to 7-membered heterocycle, hydroxy-C;-Cs-alkyl, and C;-Cs-
alkoxy-C,-Cg-alkyl, wherein the alkyl, alkenyl, alkynyl, alkyloxy, aryl,
carbocycle, and heterocycle, groups are each optionally substituted;
wherein the configuration of the chiral centers may be R or § or mixtures
thereof;
vis0,1,2,3,0r4;
mis0,1,2,3 or4; and

p is an integer between 1 and 25.

26. A method of monitoring the level of integrin o3 or visualizing integrin o33
expression within a body of a patient, the method comprising: (a) administering to the
patient a radiolabeled cyclopeptide; and (b) employing a nuclear imaging technique
selected from the group consisting of positron emission tomography (PET) and single
photon emission computed tomography (SPECT) for monitoring or visualizing a
distribution of the radiolabeled cyclopeptide within the body or within a portion
thereof; wherein the radiolabeled cyclopeptide is selected from the group consisting
of:
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sel ected fromthe group consisting of positron

em ssi on tonography (PET) and single photon em ssion
w@e 0vplas3sel t onogr aphy (SPECT) for nonitoring orPCT/US2007/020175

visualizing a distribution of the radi ol abel ed

cycl opeptide wthin the body or within a portion

t hereof; wherein the radi ol abel ed cycl opeptide is

sel ected fromthe group consisting of:27. A nmethod for

i magi ng of bl ood vessel growmh in solid tunors based

on expression of integrin avb3wmth|n n¥=body of a

patient, the nethod conpr|5|ngn~:ao sfering to

the pati erHO Volﬁbeled cyclopeptcgg ) enpl oyi ng

a nucl ear i gue sel ecte om the group

consi sting 85l Oon to hy (PET) and .

si ngl eton em ssi on co ut ed t6?§ography (SPECT}a for

i magi nd a)di stHi bution of<t he rad|o$ﬁnxﬁﬂa§“““““°
cycl opep |ge Wi thin thewddy or wit |n a portion

t hergof? c) correlating the di's{ ri butidm: of the
cycl opeptide to the 3{m£§a? bl ood
|d t unors, mhereln Iabeled
cyclgﬁ%j‘Eggﬁyg/ﬂLgNﬂrnula 1: wherei "RH}I% sel ect ed
frof congi,sting of a side Eﬁﬁ«n of a natura
am no aci@ and a si % chai n @ an unnatural am no
acid, wherein the natural am no acid and the unnatura

amno acid is either in the Dor L form R2 and R3 are
Bach Andetped deminagingofloedivésselgroweh iy wlid twmess kasedgn

eg{p{ﬁHs:siogrcgflir_l gﬁ{x@c@ gﬁﬁgﬂ engfg}? oYL gat%ht% %lnér%&y Lodnprxsmg (@)
admiineigato the ﬁataeriﬁa rﬁmolﬁbaledbycleﬂeﬁtﬁiee (yangpleying a nuclear
wWherein the a al kynyl., aryl -.al kyl ene

et oo o sk ot BF et tSiebe SEhenRan SrERam o
oHRBtdphyt(PET) and single photon emission computed tomography (SPECT) for
imaging a distribution of the radiolabeled cyclopeptide within the body or within a

portion thereof; and c) correlating the distribution of the radiolabeled cyclopeptide to
the growth of blood vessels in solid tumors, wherein the radiolabeled cyclopeptide is

of formula I:

R3\$2

wherein
R, is selected from the group consisting of a side chain of a natural amino acid
and a side chain of an unnatural amino acid, wherein the natural amino acid
and the unnatural amino acid is either in the D or L form;
R; and R3 are each independently selected from the group consisting of H, C,-

Cs alkyl, C2-Cg alkenyl, C,-Cg alkynyl, aryl, aryl-(C;-Cs alkylene)-, a 3- to 7-
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R7 is absent or is selected fromthe group consisting
of H G -Ce alkyl, C-Ce alkenyl, C2-Ce al kynyl, aryl,

w@eooBH08B36t C6 al kyl ene)-, a 3- to 7-nenbered cap@DUyWDBE)20175

and a 3- to 7-menbered heterocycle, wherein the al kyl,
al kenyl , al kynyl, aryl -al kyl ene, carbocycl e and

het erocycl e groups are each optionally substituted,
wherein R2, R and R7 are not all H Xis a5 or

6- menbered heterocycle or a linker conprising a

hy dr opBirbefedBaridcycrehts 8did T-amnitheedhdtupcoclBswhtieiigthe alkyl,
of hydroxyl, car bg&){l sul fonam de, s Ifonat%,

phos pHkewyl iyl 'rﬁkyéeaedcaﬁh?wfﬁ ansEhsteRgP Xty Eraitpg gFe cach

m netj)lgﬁor@ngiswgaﬁteapi ety; Yis a5 or 6-nenbered
heterocycl e, or a |linker conprising a h dro?PiIic

. . ny
moi et B seabsentay is pedpstedh Eogy B8 grawnqnsisting obH Gydrosdifyl, C2-Ce
car bo syl Mo WY g -t ol
o Dt LTI arp el € BRSS9 i
sugar carbpaicle, apfl@rde taf-membered hetegicyxleamderein Big alliyl alkenyl,

bot h j 0 - : .

s 1, S59RG, I RB1chelLarBo LRI AIFH AR (010 KIS By bprionally
and Rubstimed; séereinRadRonnd Ry dee nadladidied fromt he

gr oup nsd stin f ' r J j -

met hot FaS Tratatbestirisaor IR Ebfigs potdroritc

t unor siolag selectnd dvopr gesgroup odnsistinggifihydeoxyB oartidmyh sulfenamide,
body

R T T Y G —
cycl opspéugde moidty; enpl oyi ng a nucl ear
Y is a 5 or 6-membered heterocycle, or a linker comprising a hydrophilic
moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
where at least one of X and Y, but not both X and Y is a 5 or 6-membered
heterocycle; and
wis1,2,3,4,0r5; .
wherein any one of X, Y, R, R3, and R comprisés a radionuclide selected from the

group consisting of positron or gamma emitters.

28. A method for imaging of blood vessel growth in solid tumors based on
expression of integrin a3 within the body of a patient, the method comprising: (a)
administering to the patient a radiolabeled cyclopeptide; (b) employing a nuclear
imaging technique selected from the group consisting of positron emission
tomography (PET) and single photon emission computed tomography (SPECT) for
imaging a distribution of the radiolabeled cyclopeptide within the body or within a
portion thereof; and c) correlating the distribution of the radiolabeled cyclopeptide to
the growth of blood vessels in solid tumors, wherein the radiolabeled cyclopeptide is

of formula IT or formula III:
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I magi ng techni que selected fromthe group consisting
of positron em ssion tonography (PET) and single

W@bwsosB5eti Ssi on conput ed t onogr aphy ( SPECT) fBCT/US2007/020175

i magi ng a distribution of the radiol abel ed

cycl opeptide wthin the body or within a portion
thereof; and c) correlating the distribution of the
radi ol abel ed cycl opeptide to the growth of bl ood
vessels in solid tumors, wherein the radi ol abel ed
cyclo pti ﬁ“fL fornula IT or formula I11:wherein:
each N Sol Rdepie dently sel ected fromthe group
consi sting W&%i%@é chain of a natural am no acid and
a side chai bﬁ ah unnatural amno acid, wherein the
natural ami{o acid and the unnatural amino acid is
either in®he Dor L form R2 and R are eagﬁN

i ndepend&8yly s Lected fromthe group consnsi of
-H, O -C al ko, g™ Ce alkenyl, and C'-C ¥l kyfyl,
wherein the al kytY, al kenyl , and al kynyl Hbups are
opti onal b substitﬂ&ed mhereln R2 and are not both
H, and ei ther R2 ow , or both ang R conprise a

radi onucl i de ed fron1Qh¢ r copsi sting of

| 1C, 13N, 15 6 1Cu, Mt!dN 7Cu, 68Ga, 124l
1251, 131 "9 ewo 7581 5 T5 g}[ oeacm of X and
Wis sel ect F the group B each
R is indepe y selected from group COIRg,stin
of -H, G- C6°a| kyl, d-0C6 al kenyl, Q:z c6 al kynyl , éﬂ

C6 al kyl oxy, aryl, aryI (d-C 6 alkylene) 3- to

whekeihher ed car bocycle, 3- to 7-nenbered heterocycle

hydr @ &) 1squ@déﬁﬁéntl>ge1egte@1*r5ﬂ)ﬂie Eroug coﬁHﬁME% oPA€idR chain of
PEG noi ety, whereinthe al kyl, al kenyl, al kyny

al ko%wattaawmm@aipbbwica gide plpin B e m@a}etaé agvmwsd wherein the
natural amino acid and the unnatural amino acid is either in the D or L form;

R; and R3 are each independently selected from the group consisting of -H,
Ci-Cs alkyl, C>-Cs alkenyl, and C,-Cs alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are optionally substituted, wherein R, and R3 are not both H;
and either R or R3, or both R; and R3 comprise a radionuclide selected from
the group consisting of ! lC, l3N, 15 O, Bp , 6'Cu, 62Cu, 64Cu, 67Cu, 68Ga, 124I,
1251 131 99 TS 153Gq and P,

each of X and W is selected from the group consisting of:

Ra HO OH Rs

;;
4
I
oQ
O
pran
O
iy

o H : and
o PN
\H/\/O\(/\ O}f\/ N m""t.
o) p o)

where each Ry is independently selected from the group consisting of -H, C;-
Cs alkyl, C»-Cp alkenyl, C;-Cs alkynyl, C;-C¢ alkyloxy, aryl, aryl-(C;-Cg
alkylene)-, 3- to 7-membered carbocycle, 3- to 7-membered heterocycle,

hydroxy-C;-Cg-alkyl, C;-Cs-alkoxy-C;-Cs-alkyl, and a PEG moiety, wherein
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are each optionally substituted; Rs is selected from
the group consisting of -H3G -C alkyl, C -C al kenyl,

w@2008@835al kynyl, G -C al kyl oxy, aryl, aryl-(C PCT/US2007/020175

- C6al kyl ene)-, 3- to 7-nenbered carbocycle, 3- to
7-menbered heterocycle, hydroxy-G -C -alkyl, and G -C

- al koxy-G -C 6-al kyl, wherein the al kyl, al kenyl,

al kynyl , al kyl oxy, aryl, carbocycle, and heterocycle,
groups are each optionally substituted; wherein the

conf i @eradkyl Oélk@ﬁylt 'Ill?yﬁ}h' il%xy:? @Pﬁleéairbml@ an&iheferceyle groups
m xtures thereof; v 3, or 4, mis 0, 1, 2,

3 or ¢ eﬁﬁ*&l%“ﬁ“?“é(r?“bﬁt%@@r betvveen 1 and 25.29. A

met hog, {sQleld P0G tRE gMuBQ:@né’i J)f o Q‘!Yt-@ bRy B @21@6 alkenyl C,-
tunors based on expression of ﬁp-% i'n av 3vv|t inth

body ©6 abkypsh Carfts, alkﬁexy;@Momd:é s sikgene)y - to 7- membered
admi ”&a%fa@é}lg'ikg 3L ? %hﬁer?@éﬂ:&ﬂ&eﬂm é\@ &Gﬁg?ﬂ-(k-alkyl and C;-Cé-
cycl opept oyl ng ear

t ech naléquy€e+@aealkﬂl fwhgmm H"@ %gkadu plkenyls a&wnyﬂg aHﬁMOXy, aryl,

posi t i SSi a T S ]

e ssiSRoBRE Sn8 Ret BRI BRrt Elspoarft Prdhilf SuRinnae
distr wba:teummeafonﬁgeranad io6 tretubliratl canters opagpbé Aer Wi drmimtures
t he b ¥ %r within a portion thereof; and c)

correﬁ 5t9%y the distribution of the radiolabeled

cycl Oﬁﬁpmlde Bpoitdte growt h of bl ood vessels in solid
tunors,, rein the radiol abel ed cycl opeptide is

sel ecF‘e‘&%Soﬁa?ﬂ‘é&g@ up consisting of:

p is an integer between 1 and 25.
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29, A method for imaging of blood vessel growth in solid tumors based on
expression of integrin a,B3 within the body of a patient, the method comprising: (a)
administering to the patient a radiolabeled cyclopeptide; (b) employing a nuclear
imaging technique selected from the group consisting of positron emission

5  tomography (PET) and single photon emission computed tomography (SPECT) for
imaging a distribution of the radiolabeled cyclopeptide within the body or within a
portion thereof; and c) correlating the distribution of the radiolabeled cyclopeptide to
the growth of blood vessels in solid tumors, wherein the radiolabeled cyclopeptide is

selected from the group consisting of:

H
N\r(\ N
N7
O@\/ Q ‘?N
18F

10 0 NH, and

o=§
H
N_\(\/o\/\O’\/o\/\O/\*’N\]]/\N./W

% o N=N e
o H'BL
HN HN NHz .
O
0,
NH HN:
o
NH (, HN 1
o N
HO. o
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