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conposi tions conprising radiol abel ed cyclic
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further directed to net hoQghiddr eparing the

radi ol abel ed cyclic polypeptides. Such polypeptides
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such as cycl ohexane diols or polyols. One
(%Pd‘%g-mage di sclosed in the present application is a

Irc{%amkulahﬂm sﬂpmcaimbdisclmessthe prdpaedtionandasy of mdidatededn
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for different integrins have been determ ned using

Asp 685‘@%1 feagmant aydl thed fgthesparry éluéwphﬂwd@ﬂqag@s, Faghngg oligo- or
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mapetics aueloss kameayn%dmtsmrsm}ngqu Qng ndmrmgmgsclosed in the
e
oSG b e PR o AR o
fdst gind provides dnpglaiueldamﬁ ridiglabeled predvets thiwyase ghsy to purify. The
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AR B L S RO SO ET R M e e i
i dRskoarl fasellsarameanioigh pfédiesihantprenpl hes). can be
ra.diolabeled  p, CKGROUND OF THE INVENTION

A number of medical diagnostic procedures, including PET and SPECT utili‘ze
radiolabeled compounds. PET and SPECT are very sensitive techniques and require
small quantities of radiolabeled compounds, called tracers, The labeled compounds
are transported, accurnulated 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 ''C, N, 0, 1B, 81Cu, ®Cu,
%Cu, “Cu, ®Ga, 121, '%°1 and "', or with a radionuclide useful for SPECT imaging,

such as *Tec, 7Br, ¢'Cu, 'Gd, '*°1, P*'I and *?P.
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with a radionuclide useful for PET inmaging, such as

wé SooshaNe; 150, 18F, 61-u, C 62CU, 64cl2, 67cu,
PGnangorns

1241, such as 59Tc, "Br, 61 CU, 133G d, 1231,

32P. PET creates imges based on the distribution of
nol ecul ar i maging tracers carrying positron-emtting
i sotopes in the tissue of the patient. The PET net hod
has the potential to detect mal function on a cellul ar

PE®VRdatd ' [ b ns. PET has .
been useé{t a}%ﬁs Eléglégl%@atﬁggﬁggfdggé 56?3%03%"“3%‘9‘ oa%'%téacers carrying
PeSYEeR-REIBNE dentepes inthe et afthesesientarThe BT hetndiss dhe
i ' £ t ai i i $eases S. ] as
péi@iiel 1S ARRSt Raftbnifthioh 4 velfublrloftt BEMR TR ycsRBatoE et o reans
PEE has beent wsed dnplisivehincalugygardiesifondieitagingbf tumbezada
D entatien can be hel pful, foy exanple,
et ol ERACSERNA B st ol Coltai brain dhssasis, B well as
mbpping brein gnd hesre Sirktiph ABimBarly, SHETDLE bduded ¥ coMpRMdAt any
ﬁﬁﬁ ni%t astati£ spread. T@ﬁor 10 angi ogenesis is a
e e i, BB v D arprsan Py o hsnfioh foeample,
inmgirggemior, indspieagRuRbegad aiyhsid 8 bRkl S t 0 angi ogeni c
A r.owt h faFﬁtors,. rot gol yti c degradation of
g&?ﬁ%eéfﬁ P48 il TPle In SHEonhEenih ppd metistasiedpraad] Tamor
anpiddentls BY DOUILBWIDSbeSXHAR Ry IR dider¥Bll %i?o%ﬁp%
i ntegri.n ec% tors. Each of these Steps nmay repres
reSPanSY ohPRAathel i Gels oanEiageisaran BpiReies,atolbolyti degradation of

exBRGEINIS &) dndRIcAa1a8bh 6 r dhAGNASH icgﬁ interactidl] %iegﬁ'gcellular

are a famly of menbrane-spanni ng adhesion recept
matmx nedisted by initasn apeentars: Esdikefdheseasteps(mdy eaphesaiittaspotential
tadlat £ 1BOABINSHrh&ht : f rodi.ners wth
i I fferent Ic:r_@pan‘tgjhtr0 g@%ﬁﬁ z%ﬁ%(‘i)é#% %?co%gr‘ﬂg%gt? ggg{?gflgﬁms'
Integrigy preras familpeo hoembetnovpanong adisrsamt recktbrsaohypeat btle
' i i rg- -Asp. (" ') am no acid
RGPS LR 4t b M el P ite Qi o VarieS o
hepgedimerawitholifferedt HgtnelseoepnPfgl yropprek e 5oeeraBatizfAS have been

shﬁg'h:tg ?x@l&%ﬁi P8 PEBAEE Sormbing LolBining the Are-Qly-asp FROD")
amino acid sequence present in various extracellular matrix-associated adhesive
glycoproteins. Besides cell adhesion to extraceilular matrix, integrins also mediate
intracellular events that control cell migx"ation, proliferation, and survival.

One member of the integrin family, oyBs 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, cuBs 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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intracel lular events that control cell mgration,

wPz0es/hd38612t i on, and survival. One menmber of t hRvryea007/020175
integrin famly, a433 integrin, plays a key role 1n
angi ogenesis. It interacts with several extracellular
matri x proteins, such as vitronectin, fibrinogen,
fibronectin, thronbin, and thronbospondin, and
cooperates with nol ecul es such as 25netal | opr ot eases,

t hei tors. Due to.it

ISR A s S8 o SERR: ntEchenh P moisbeed

petpBdesi doutaining thd R GBSmiotif 64 beluscPoLasivadie @ﬁ&ésﬁgétio}ﬁ%f ovBs
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qRafi i AR grif USP; SeridstdiCRaGid ébpe%}s% g %ﬂ)%@lar r?ﬂagedd&ﬁhe success

t.hronbospondin interact with rntegrins Vi
of apfirsigieenissthpragy baged dreingegvial amvagonisnof Peyise letamentation of
xf O% i R e% ; ?%f%%fg&s%@?l‘dgggﬁegeg&ﬁfég of qu%gsj g%g%wﬁgnost likely
benefifdram an aws-imegdn ﬂ@imerw&g/inﬁﬁﬁ I#8ding Wen 8156 /Hé,lﬁ&ﬁto provide
: . 008/ 033561PCTI US2007/ 020175
e 085, 10t co 0 SORE CRarEIT o0 DTS
In eddifiompnekmatintegrinadprssibe ivgsedepbisasteaan LifieBHiA Srehifent

' be used for .ngn-invasjve investigation
e@@gﬂ?@%@cﬁ 3 .%%ﬁﬁf%&?‘%ﬁ%fﬁ*@au%\yaa&ﬂﬁ@mor grgeting and in
vivglkiimetigsi ve net hods to visualize and quantify integrin

pression i.n Vvivo ears to be closely rel ated
’ﬁ%%ﬁ%hae)éSCSa‘&é rsled? dsﬁ?%%ﬁs@sﬂﬁaeeawr%;p(werge@yoasp-n-rhe-
Viah) €5(RODMNYIGAHICE Sho WP Righ QAN RISy Qbr I B,. To

rece propriate selectidon o

d gtor lev%ﬂlxﬁ al | ows a_g ¢
e PavHIReEHB Py targried PET|saidjesavebieen facusechon radiolabeling of
DfVYbeRe4 | | : i an _al so be -
e Lo o et o MR8l 6%0foB8 1 o,
S‘#’I"@‘é?'ﬁ%]ﬁf ra5ge dor waAnermernp eud mudtimprn ofRGDEY) espedtively). In the

I g . : ; i I, i j used.to .

L AR R NEN T AT -
de@qlq)igaq%wwbda'pWWe;mpifgsmmot pfaky &F adpb.e Hower, the

labaed phhit: l‘?a'aq-abi'a b0 Wik D&l 2G5 unfavorable hepatobiliary excretion

resulting from its high lipophilicity, which limited its further application.
Glycosytation on the lysine side chain of a similar RGD peptide, c(RGDyK), .
decreased lipophilicity and hepatic uptake [3]. A glycopeptide based on ¢(RGDIK),
['SF]g_alacto-RGD, was then synthesized: |

HD 10
Py
“Oﬁoé\ﬂ\n—k
o
D-Phe 9 Lys
l"ll,mc *}
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" H q’}\/\’nw'/“"t
HH HH
Asp Ay
Gly

['¥F)galacto-RGD
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Kessl er and co-workers [1] devel oped the pentapeptide

WOPH64/00a3dr 9- G y- Asp- D-PheVal -) ("c(RGDFV)") wh
dsa??omgjg (ﬁlrgh affinity and selectivity for i nwggcﬁ.ﬂ]r?z"“””“”"s

a.433. To date, nost integrin cx,,03 targeted PET
studi es have been focused on radiol abel i ng of

15c( RCGDf V) - based ant agoni sts due to its high binding
affinity (nanonolar to subnanonol ar range for

I By [ . ' .
1 PRI Sy DS SOTRMb kR ) Yot umor
uptaltzeinddtegyintimsbive M2t malanofiz] xepografi@ede! [#16, seq alae 9]

MBRRERE, TiR g ans R esr ke e abr S et 8t ntcerin oufs
e;qf@lﬂékswhz &mﬁ_ﬁﬁ% b)leqlhﬂpﬁy l(ﬂinrh itlmrt;amnﬁx Grﬁﬁ:lnila‘.mremirﬂ&ﬂ Aithlghuman
romits nhi I pophi.licit) ' imted j f
ScpBOpE SEH SHOEryIBBgT a1 WhiCh Y Il B ¥Ctsk e pbA Y
Ini't’t_iaﬂ Iclllilrhﬁci'a_[ triiinealthy eoluatdtsyig) a linkied @aasber of cancer patients
sl 6 okt e pu 1 Eepter g A Bt TRt ane whs abik to
déi{lﬁhmﬁﬁlésim ffat WerdHntegRepdsitivelyih Feasbhable Eontrast.

| HI,
- ['*F]Galacto-RGD currently represents one promising integrin marker for PET

imaging of angiogenesis. Asa monomeric RGD peptide tracer, it has relatively low
tumor targeting efficacy; clinical use of this tracer is severely limited because of its
relatively low integrin binding affinity, modest tumor standard uptake values, and
unfavorable pharmacokinetic behavior. Therefore, tumors with low integrin
expression level may not be detectable. In addition, prominent activity accumulation
in the liver, kidneys, spleen, and intestines was observed in both preclinical models
and human studfes. As a result, it was difficult to visualize lesions in the abdomen.
This tracer is also very difficult to synthesize, 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 pharmacokinstic 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
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NHNH ASPArg Gy 25[18F] gal acto-RGD WO
561PCT1US2007/ 020175 It was denonstr
woﬁgﬁﬁsgﬁact 0- ROD exhi bited integrin ovi33- Spggﬁﬁjsﬁmhzons
tunor uptake in integrin-positive M1 nel anona
xenograft nodel [4-6, see also 19]. Moreover,
[ 18F] gal act o- RGD was sensitive enough for
visualization of integrin av[33 expression resulting
boﬁ?‘ﬁx‘elﬂﬁﬁr\éﬁ' hodd1O8hd n@mw&ea;eg akich dhaides uttﬁﬁnguﬁa vﬁ%ﬁze
human 53% uanous cel |l carcinoma nodel, in which the
lestenson thestdpmgne Sewp@@lm mmaigyairaweack of the sirategipnexagined by
! &h 1fits th
ot & et e PRARBANIBLE B oI RirRul S pb ORISR Lo the
exph»miqn qfdmmomdedemauwsmﬁltbmuse effilieseisnagirigageots as standard
eate certain |l esions that were integrin-positive
CIlwc?Lgiogqasoeﬁzsabl e contrast. [18F] Galacto-RGD currently
Twsqpemem;ﬂwanen disoluses efecting dgaging mgeite devaopdddor dé¢fecting

bigqE kst afon o PR oRIos TS PLAGP. LAFHUEPHEE Erelépeptides of

thfefnfeisaaaapgh&dtidﬁl, RﬂD-ﬂGﬂaﬁlﬁng &jctictpeptides da@rys;mlaﬁewucs on a

imte ecaus its rel |veI Iowmte bi ndj n

peRPARTIDS Srd it SheiT RO Pard ap dt RSt ORI f i anie

cowpframgraama)rmbﬂw vacOkiigethamigehanhioige (Ther P,ﬂod&zel s-
Mmrs w |0W rin,.e SSIOn|.eV

dig aered é@ ‘Fﬁlza':? t fﬁ??ﬁ chi sﬁ?fH@HP’*CE’&VFg lchslPXuncPs are Gasy to
bof Suithésidd 1a radiolabeheThd éfcﬁﬁ%odﬁdé @eMonsisAk e@prisibgl high

i ntesti nes was observed i n bot h\ngrecl i ni cal npodel s and
birding sffnibodsteeris oabr asd impraved pharrppgokineic prepsrties compared

to \62 %&lﬁeﬂt 5 ‘Bgl%ngﬂlﬁ:tﬁ %@Qm%er Ek;l'has‘xn{a%‘I eht% cﬁéc'f’&sed in

I'cul't to esl ze
theypreserisipplication aj:giupqma oarksf fcmgcgagmg mtegrms zn vavo More

I . 0
BRSSOl R SR s
ceirtaidl ecaticery iphivees welhbs & imeans for monitoring the efficacy of cancer
therapy. Since the imaging agent allows in vive imaging of blood vessel growth in
solid tumors, it enables persconalized anti-angiogenesis cancer therapies.

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

_markers vusing 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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20 imunogenicity, and pharnacokinetics. Chen et al.

wo[zﬁosc?%ss&‘inl ugat ed ROD-contai ni ng peptides wt %C@E]g'zoo?/ozons
noletres of different sizes and synthesized

radi oi odi nated, 18F- and 64Cu-| abel ed derivati ves.
PEGy| ati on denpnstrated an effect on the

phar macoki netics, tunor uptake and retention of the
RCOD peptides, which seemto depend strongly on the
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be SphstRyES Pﬂgﬂzﬁcpaee the a@egwwawhwéyls@ﬁﬁn%%@y by the

ap]b@mdﬂlaﬁms,be resolved. Firstly, the pharnmacokinetic
behavi or of the tracer needs to be inproved. Al though

Brigf\Reesiptibh of the'Pigarest t he phannacoki netic behavi or of
a nunmber of tracers to a certain degree, prom nent

FIGC! isv fiyie 26Gis8nagingMsing rhitfo- thaglm\%ﬁeayﬁmm Rehograft
ines is still observed in

and in
M%ﬁM?A?iB%?P@PPHS@@O?/ 020175 both preclinical nodels
FI@nz e Ripedke Grg ¥r) %&&Rw fva US?WIéf}tﬁﬁgﬁaff IQIouse Modet.

Flél sualize |l esions in the abdonmen. Secon

r 2R ugtake 98 Comnpauadi7ds adi8RvIfeY etnaraft M@lssell\doddtat
FI& f@lsr@ﬁ&he 'c@@t%b 'nﬁg%nBF %9@1%%?0?0 Fsﬁrl“yirrg Hgo?x% A4§‘9Xexaograﬂ

per orml e explorati g
oégom@umé use of these |mag| ng agents as

Flétmq’sae[ fa s@'tﬁﬁ% pﬁl?é@éd‘t%fosho {'gﬂ:@ ot O%Jnggggl | ?n%tra%on of

di scl oses ect e | magi ng agen
Conwound 7n@abu’d@d ngedﬁlﬂcmm Modelt um)rs (angi ogenesi s)

T e T TR A SR T
Copprand 7 éts Bl veiR 7 ermgpaffonke Modeh aci d si de chai n;

Fi ot Sraafe By S pAaiFE nib e b B dmeghade Fhvig: Xgrosean
MduseiNbgle] ¢f Eompoindti0.or 1, 5-

FIG. 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 Xenografi Mouse Model,

F1G. 7 is a time course imaging using micro-PET imaging in a A427 Xenograft
Mouse Mode! of Compound 10.

F1G. 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 collect'ed two hours after intravenous administration of
Compound 10 in an A427 Xenograft Mouse Model.

F1G. 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 accumutation (% Injected Dose/g) vs. time for Compound

7 in a UBTMG Xenograft Mouse Model.
6
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di substituted 1, 2,3-triazole). These click

woR6ssid Y- deri ved conpounds are easy to bOthPCTfUSZ 07/020175
synt hesi ze and radi ol abel. The conpounds dem)nstra?e

surprisingly high binding affinity to integrin a433,
and i nproved pharmacoki netic properties conpared to
cyclic polypeptides belonging to the sanme class. The
i magi ng agents- di scl osed in 15the present application

e ' ' ' [ YRy
FROF LY SoE P BRI A il 10 IRAL TS R it sepy optake
over tigeof Elomupubll Gad avedeKenpgyaft Mouseddodaeli N cancers
! b V.0 - a ns r itoripg t .
FA0, Y4 K B B2 eoier PR B it B %1 e o] Couapund 7 i
L 7MGsX ¢nogvafuMausaylodgl.of bl ood vessel growth in solid

.. 1t _enabl es nersonal.i zed anti-angi o esi s .

FIYTR Beq smp BF B oS08 B o6 o suPeiime b omrgdap ina
AA2TrderegrafaManse Modet.brary of potential integrin

rkers usi t he sequence as a binding notif have
PRI PR AT oo PRI oS Spiske VaHTIg of ogtoound 10 in a
U700 S{enografiMones BRyderl for binding to integrins.

0 conpounds that displayed high binding affinities
Plr BAGRBRo Fom & meehsinokbiiy S0t o5 6oritond inreibn by
radie a3, or conjugation with appropriate |inker

ieséies and 25radi oactive isotopes such as

FEBQIZ 2 13 2,8%2ph drony prodistsibutipnptdiphefiCompowpp ¥ e mitss !
FEOPIORGR: ShphSHHS Lol 10 8db iy 190 in mi
synt hesi sélfglr)]d testﬁs&g?ﬁﬁ%ﬁ%{%{?gygg@ %d{ogﬁ{jﬁglm mice by
radi@dHtliGr 1 i gands as candi date PET tracers. DETAILED

(& R, | - j ' nd.t he
FIE IR 4 Ehph FooPURARNIERG St SrEPHBRIGT Minidsss
DRbRigaR:ai ned nore fully with reference to the

non-limting enbodi ments and exanpl es that are

. ( . > o .
RS P A AR ohetibe RSt bk S AGRUIRANE yed e
stapdard dleBaitions vsed indhe e of peganis axl pdptide eyatirbsis andnt

pﬁ%%a?@utﬁﬁpls‘fﬁé%@sw th other enbodinents as the skilled
artisan woul _
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 alkyl groups that have a
chain of between 1 and 6 carbon atoms, and include, for example, the groups methyl,
ethyl, propyl, isopropyl, viny, 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
“Ci-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 afkenylenyl, alkynylenyl, arylenyl group
respectively.

An alkyl as noted with another group such as an aryl group, represented as "arylallkyl"

for example, is intended to be a straight, branched, saturated or unsaturated aliphatic
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recogni ze, even if not explicitly stated herein. The

wo%mé&q used herein are intended nerely to fpe‘f}dsbﬁo%ﬁn'fs

an under st andi ng of ways in which the invention
practiced and to further enable those of skill in the
art to practice the enbodi nents of the present
application. Accordingly, the exanples and enbodi nents
her ei n shoul d not 5be construed as limting the scope
of t he a [ which is defined sol el y the
E(BP ﬁﬁtﬂﬂ%}ﬂi’%@ ferres indicatd Tgithe lky pé@% in
((EJ Cs)alkyl, S'Oﬁeidrﬁﬁﬁeﬁﬂuf/&earyﬂﬁﬁh Sr Whie ﬁo@t&ﬁQat%E?{dlcated means a
nF%@“’“i% [ n a 187MG Xenograft Muse Mdel of Conpound
bon et ezwl 34 te aliptl grevre NeREjuslicxemPRED isHctagroup
IWM%gppghé\{)qetfgmt}{p@% FIG 2B is the uptake of
nﬁ)ound \ Xenogr,aft Mouse Model. FIG 3 is
enss Brewp Phitadkenyl erewp it o staiphT breraiied,paturated or
uﬁé‘a@&ra%% afid d%ﬁ?g%ﬁg%iqﬂp{hegﬁ flat%ms IP%[IC&'!: h% the alkyl

is atra nverselrra ecte oursa
TV frevempladnl Gi-Sorkkyleon- of -(Escaaimwu- 7 in an A427

THERGH 'aJllEeM er%c‘flﬁllu ELE%'E@P ﬁ?{%@)\/ 'Whifh Egﬁ g&aelt l%agggne garbon-

coll'ected ours enous m nrs
cyybordapdlahgnd and !Imiumzﬂ‘a@mlgmaf bratihesiecHalrland cyfeliGgrdups.

. . o s : PET
A b 181 08 Bt R MR, R et et eny,
2 @pitény 1,3 -butengl eobetenpiag garopéﬂfye,go-ﬁtbpbmgl bodicthenyll er

y t o.u I N,an
Th R A AR AL bh e Lo R oL B Boon-
carbbh erdpple (Haohdvamﬂ] mcmdeafstrerght-ammﬁg\@ﬁwﬁ‘edaﬂmrmﬁ &alik @Foups.

10 in.an UB7 ograft Mouse Mgde|
A?kyne gngups may ge optionally su st:tute %xemp lary groups include 1-butynyl,

2-butynyl, 3-butynyl, 1-propynyl, 2-propynyl and ethynyl,
The term "carbocycle” (or carbocyelyl) 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 8. 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 heterocyele) 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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FIG 7 is a time course inmaging using mcro-PET

i ' in a A427 Xenograft 25 Mouse Model o
WOfg&glP?%l m‘?ﬂﬁ%ﬁ%%m

8A is a transverse inmage collected
after intravenous adm nistration of Conmpound 10 in an
A427 Xenograft Muse Mddel. FIG 8B is a corona] inmage
collected two hours after intravenous adm nistration
of Conpound 10 in an A427 Xenograft Muse Mdel. 30

DY ARfe O RH BHE 3t nftie aficokpjghniped Alk
reﬁr@o%hm pgltgl{l?re%tg{SCo oEiJnd 7 |n%a A4%7 Xe%o raft oy

grivbpss mayiha optiomglly subgtifute Mﬁn SR ORD (reEs: aryl group that
ls%gfogé}ﬁget ﬁ%x?%?ﬂ ahyéphéngrr@-fae Conpound 7 in a

enog use
Tixogsm('spdeniyHubsotr) opOabstimed” refers to the gpegific gioup wherein

orkﬁattg Ofgglf glyc{rgg&{( ébgl\slstéfrl ﬁﬁuﬁg&gﬁ&b% reﬁiag&gyl gﬁ% Q)af'obr substltuents,
indepogieatly seWbmjlet ﬁwh?gll:yl En\‘lygir alkﬂen%afa'IQIWWwfalkﬂem Fybixy,
PR TR PrY TRt ondalc: BbiBrfo. SBIRALTI s, oxo,
adyddtkgl, Oﬁrbggﬁeﬁgﬁﬁgcdrbﬁadmwmmﬂﬂdm\ﬂﬁﬁol aqyboxf, mmdiqﬂ,dh
alytapipgus o lrbmor B nal e braamit ey St
cdPaoRAniddarid) Hydraxydfkdid/hakeiod) ajahol\m&ts:eydvbﬂehnd perhaloalkyl. In

e IR PO RO OB P BE Brielorinsd o R gr

mghﬁiéb gf'd’ bR by Rk it Forf istiblitRGerns, 260dgmifiRd aBove) that

nm ce. 16A are graphs from a_netabolic stabil
ﬂgthtfaymaprl%ﬁﬁaﬂﬁan PR EMAY Rty TURR RSP mgfye, but arc

nbtirRited &P M d,ra BooWrst CubBtuofcel Udive ol ' Minity *1t:, ™Br,
135Gt and 7P,

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 a- 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),
omithine, 2-aminobutyric acid (2-Abu), o,3-dehydro-2-aminobutyric acid (8-AU), 1-
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15Definitions: Unless specifically noted otherw se
§%3 the definitions of the terns used ar g ?ﬁ%ﬂ&ﬁkQHJS
|n| ons used in the art of organic and pep e

syntheS|s and pharmaceutical sciences. An "al kyl™

group is a straight, branched, saturated or

unsaturated, aliphatic group 20 having a chain of

carbon atons, optionally with oxygen nitrogen or

b t h
oo BRI | BB R FEERC HinE0is ity 38R tul S
cashld)s’gk lmama:chcuf,\hz( ?ﬁxxﬁ&hﬁlz&bﬂ;}e-tﬁoaﬂ?cﬁgﬁfﬁbﬁ STE’rﬁhcwiﬁéi'd % ic acid (5-
ups a al.n o el We, an
PN T A R o v S A S Y N
] 1naahh;dundeiah¢ic, acid (RYAun)i $mfrﬁmydodevaﬂmé acld|(12(-Ado)

| [,.1-
ARG rid (B A ngniol a3 B0 anobesaic
actd”(@-Albiﬁ%—aﬁﬂn@JS]ﬂwdr&fyoéh%etﬁﬂdﬁgbtéﬁm@ acid @Ratiekyh),” that

forns a part of roup or 1inker is a divalent alkyl

AP/ ACEHiE a%.lfﬂéaowa -ayeinpietalined-cagParyligacid{ Ak e fremino-5-
cygfdl’i'éi@yl BhiFitokypdhtafdic a&:h%mdnmp Qva—ﬁhﬁ%ﬁuén}gil%me (4-NH;-

roup, etfc in a structure I'S snown as

PMD:\}:ap Igjpring (Ripy. w—b@r@m@aﬂam @nBa-Pk@nyﬂbw
|
chirb Y TNLin POICEPD, &%%&*%@ﬁaﬁéﬂgﬁ*ﬁgr% Cldfhef g

, chﬂ@ppb@mwwna@-(ﬁfmehlwa-c fovotyrosimep(3eCl-Tyr); mrended to

el Apfb e (8607 oSty RBHEUTF bt RhRb B (ero
cyghdmpyl@btclmq G@MMaMOmm1¢ acd ¢Bpex 2j4adinménablukyric acid
NN T e A
Pmmédmoﬂh?’rmtyd (365?@-1‘&16), @Jrﬂogﬂuqrophmywlam lea-u‘-SIr’]hea, metg-
t

e SRy e i U B e Ao PPN G 1 s
ﬂL&)lriGttyr(éml?il@&af' elfa }?}e} Gbambsersiad leﬁ{sta) Qﬂngiprl]lﬁﬂﬁlgl;auglfﬂ(gltfg) mgomotyrosine:
oftpar 3y Proshan & PEOTEN B ary R e () pere:
ioddpHen{BlaHine Y-PPRe), Q-flodc(tﬁosm@:ﬁfil-'l‘ﬁy, lﬁﬂMhneLZ-Eﬁl%ok?ﬁ@hmd

enyl re to unsaturated grou contain

| k
(159, ¥ omepeasteeauh BBl s B EEE CoNip-Er. | Aepietanine (1-
Ny, rBhaHhPBRhihe (R4S PRc-fR_pReRNafine (1t NOS-PHDS 3-nitrotyrosine

(3-NO2-Tyr), norleucine (Nle), norvaline (Nva), ornithine (Om), ortho-
phosphotyrosine (HaPOs-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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10Al kene groups may be optionally substituted.
Iary groups i nclude 1-butenyl, 2-butenyl
WO§GQ;{}E i sobut enyl, 1-propenyl, 2- propenyPCTQIJ%OOF”020175
ethenyl The tern1"a|kyny|" refers to unsaturated
groups which contain at |east one carbon- carbon
triple bond and includes straight-chain,
branched-chain and cyclic groups. Al kyne groups nay be

op tlonaII¥ substi t ut ed. Exe | ar %roups i ncl ude
V@CB&%I’S}W* egsz&www -gpb %ma P,_ iﬁoawm actmosamme

d&tﬁfs&ﬁmyk ?nda@{daxﬁn{e ridtdSarh@e D ga&d@@m CNQneﬂ*x?I -D-glucamine,

car bocyc as used herein refers to a

Dnsinewmq a,el , Phrecatat-Basluppsaming. Nra%eérlupa&aé%?t%aﬂa% Falyig acid,

c{)ulr&gc a Qnﬂsfub&eaa&@{}QQ%C eﬁ&%e 'sﬁék?&’s Bibose of D-&qb&%&e.e
onds that can be either’single or double bonds.

k@asdscuyic ke B- nhg&obeo:optﬁ-lmwadet fisaechetides guell as 2-O-(a-L-

R Y 5B SElAe Ot A SRy T DRERT i Coseminy)-p-D-

gRite ﬁ’ﬁﬁéfs{%n Sucr63es lalels&a: mmwg&pd&am&me@ﬁﬁ@y cbelRxafies,
cyc ohe ene cycl ooct ene enz na en
ﬁ?m@?ﬁ‘éugﬁ‘isp&%‘fﬁgﬁﬁ?hﬁ?g%@v“)ﬁ from 2 to

logegﬁqgggcle is a carbocycle group wherein one or
nore of the atons formng the ring i.s a heteroat
Asiged hereip, gy heaoseoﬁmeturfrﬁet koreareselied Belowy fefeexamp et
saturehgd partially 25saturated or aromatic. Bonds in
HY x;le depicted as "---" indicate bonds that

er single or double bonds. Heterocycles may
CE@

opPional |y substituted. Non-exclusive exanpl es of
morphol yi , ~ Ab@Wing the PHEEL

erocyclyl (or heterocgcle) i n¢l,ude piperidyl, 4-
h&wﬂg Sl'leagt@ﬁ%ém%ﬁ‘? BE By 011@819&1@ Py sﬁg@:@emcludmg allose, altrose,

ligg§ ¢ ori)ds Hygnded to represent a structure
i oxanyl, thiophenyl, furanyl, pyfrolyl

gplyflmzelg}mcosgﬁql@ﬁm;dose,pvaanutwwe YO Y1 d%ﬁﬂl gfjtheir unnatural
|
SRS RAADSndbSEnd U5 6L o R fctBles Ahl

mati¢tzgshed to di val ent oxygen. The alkyl group is as
defined above. Exanples of such substituents include
Amtshd) kereirot ‘hasay mimeigt esfors ta sarbopecles wichetanesyeles substituted with

at K %ngt ?lbr]dfé%/r gro\ﬁg ?s%ﬁ/c&%%ég %39&69% Qe 2relrioh Bhited to

up that is su one or nore
cmd:lhbwgang,r mwcxmdg Syt ogema:psanmch@m; sl Heperocycles include,

ot 5o el TS S BlaigagnLerers Lo an ary!

rou oxygen, such as
Arshfsagt he@in, “®EEC moiety” refers to a fragment of poly (ethylene glycol), a

HO. OH
polymer of ethylene oxide. PEG has the formula: \/(I\O/jf\“/ , where mt’ 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 | 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, 8, -8(0)-, -8(0),-, CO, -C(NR)-, a
PEG moiety, and the like, and wherein R is H or is selected from the group consisting
of (Cy-i0)alkyl, (Cs.g)cycloalkyl, aryl(Ci-s)alkyl, heteroaryl(C,-s)alkyl, amino, aryl,
heteroaryl, hydroxy, (C,-jp)alkoxy, aryloxy, heteroaryloxy, each substituted or
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The term "optional ly substituted" or "substituted"

refers to the specific group wherein 5 one tq _four
“KM§8§%E§ﬁ atons in the group may be repl aced %ngﬁ%mF@mM7s

four substituents, independently selected from al kyl,

aryl, al kylene-aryl, hydroxy, al koxy, aryl oxy,

per hal oal koxy, heterocycle, azido, am no, guanidino,
arni di no, hal o, al kylthioroxo, acylal kyl, carboxy

esters, .carboxyl, .carboxam do. nitro I
ungbsHsaiery e JKSH SHATHBAY 1o RPIRISE Rt 88 4 i sied, unsaturated or
arink8¥ YiagYincluding mohosyclip iagphdsecyclublekgleyyl, group, sugar mimetic,

10car boxam doaryl ,.. hydr.oxyal | cyl,, hal oal kyl, cvag
ang) WAL APIENY ) PM}’%}&%& I@g,%/rp@ryﬁétlp AIngs 3?.{;1 %%,’4—3%@1% Sroup stc
..)ORitHe GBS shtaidRsa“(l Stk yDT, forsexagiplé, us eskd intercimhgeablycwith
Lo R2 or R3 includes groups substituted by gne t% fou(ft link
‘GoBsalkyllghmean e saient/hy Vg hesdtdhe {97 ke ey Be used to i _

infRPBreSnnioRtich 505 & —QAMRIR S Hchidpig litliah f%sm pelgpeptide

{
emtters Tnclude, but are not limted to,
moRhy asda trigele BoEly. 62cu, "Cu, 67icu, 680a, 1241,
A% 98:d herdin whgt%TaCdivaﬁgt grbop Osiofl a8 AGinRer, is A?réé%ﬁﬁd by a structure
efeln, the term"side chain™ of a natural or
— At sldwmbelow, itds ihterafedrte alse repyesant a@sowmthehmay be giached

.acid forml : ] W . As used
’%e(ftgPH?SI%@%%IS%%ESI%%%I%M;@{S 5 oI etsyc/gg%‘;edf ers to

the side chain,, Q of a polar K natural sgk_aunnatura

ami no aci d. Pol%g'ﬁé{' ur al MEHARP B.i dsgio%czlegde but are

not 20limted to arginine, asparagine aspartic acid, ..
Agyseherein, gre RIEAEC PHETERCeyTich B ASREREPie CATTRT h Eotd 4o an excipient
tk{a% é‘laﬁgitpa'r a?l#f/ﬁ@id%ﬁfcﬁh'?m thd @ RlticdRlofehApresent bHiRfatioh @nd that

I ure occurring am no acids: glycine, alanine,
cawses ne sighdfirenhedversedpsizelagical sEpsth whepafmigters in vivo.

Atgguéf%) H&%ﬁ-r, élf%ﬁ%ﬂﬁ lé‘aliﬁelﬂ'lé? I?%f 145 95) DRrmiBI¥Bd<Pi@Ral, such as a

ei ne, ?ne, aspartic acid,
nithias,pivgagibmelangl ut am ¢ aci d, gl utam ne, arginine and

Tk BB o e les P NE R oGP B RS, RS Epe b
phumiveleatidaliyngcéptilole meid aiditier salts thet@farfhedeme f'phannaceut:cally-
<% A o S G B LD A o o
additionably 6f fresndids aclreb bseei The natyreoef tho saltimay vamt, previded
e By SR, SRR RE P SRl e acia

a88it#dA sakd @Scompounds 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, carbonie, 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,

algenic, hydroxybutyric, salicylic, galactaric and galacturenic acid. Suitable
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and am no acid derivatives nmay be used according to

t he | ication (common abbreviations in par S
W0/2§080{1):§ %ﬁfﬂ%z(?m 020175

The (f3-ALA), y-am nobutyric acid (GA
om t hi ne, 2-am nobutyric acid (2-Abu),
a., 13-dehydr o- 2- am nobutyric acid (8-AU), 1- WO
2008/ 033561PCT/ US2007/ 020175
anmi nocycl opr opane- 1- car boxylic acid (ACPC),

gm noi sqbutyri c aci d Al%ij ycar boxygl utam ¢ aci d,
phanmgceutisslyacsepisbledasa pitition setsaficommunds efnssiin thapresent
n@théds(iRciud¥ Metalfic §£lﬂs‘ ﬁQ&?ﬁ&%‘Hl&nﬂﬁfn‘# cafidif X hehium, magnesium,
8- ani nooct anoi ¢ aci d (8-Aoc), -'a@m noundecanoi ¢

Patasgium sodiym) andizing py mwéehﬁmade &ondN( ¥I-Ado), 5
d%&%ﬁﬂm%gm@ge%%%g f%kaél)ng,(%oi’i%‘b NRRRRAS SRS eg-nylenedlamme,
mﬁgénmm= MNtpethplgluceming)tapt ipeptadmeni ¢ acid (Stati ne,

Sta), am nooxyacetic acid (Aoa),
Ezn'avﬁhmﬁnés,rﬂaﬂnen@mbﬁabetcyns of ttmlldv(mﬁﬁ) 4- ami no- 5-

|
T P e bR b, mesisamd perfations:
qng|quect pditlze tneesnd pheiinatiah dna opcl(gepBide Blﬁﬁ)r,muiﬂ sho- 10
chl or ophenyl al ani ne]_ (g; Cl - Phe),
met a- chl or ophenyl al apﬁir\li}e (3-Cl-The), para-
chl or ophenyl al ani ne 514 C’} Phe), neta-chl orotyrosine
(3-C-Tyr), para- benzg¥¥.phenyl al am ne (Bpa),
tert-butyl glycine (TLG ycl oh_mq/{ al ani ne (Cha),
cycl ohexyl gl yci ne ( m Mfar opi oni ¢ aci d
(Dpr), 2, 4-di am nohut
3, 4-di chl or ophenyl ni ne T 4-Cl2- Phe)
3,4-difluror phené@ 4- Fr 15Phe),
3,5-diiodotyrosin 3, 5¥TJ2-T9r)
ortho f 1 uorophenyT al arf ne (2- F-Phe), neta-
fluor ophenyl al ani ne (3-F-Phe),
WRSEEY | yor ophenyl al ani ne (4- F- Phe), netafl uor ot yr osi ne

(3- FRIVis peledrodtiont m%félkﬂs@ﬁnmsﬁﬁ e @Jaﬂf’d)ﬂ'kﬁne(tﬁifaﬁhmmo acid
nom)t rosk)cr ﬂ"%‘ Bg‘dr 0oX ryptophan -OHTrp

hydf BR§Be814 e %)“"r}? 8l 500 BISKl dhersin Iqazturfl Fxngyo acid
3-1i Oﬁﬁﬂﬂi@mdﬁ%rﬁﬁarﬁn@)ﬁad :s'e&ﬂ@ﬂ i'npcﬁe P G gyl i ¢ acid

20( i soni pegotl c acid (Inp met a- et hyl tyrosine

lﬂ'x‘ld 3 e R H%@ﬂ%ﬂﬂbﬁ@k{q@d fuary the group consisting of H, C;-
2 namtamW%aC@@ﬁ Rekehgt, M8l all@! ()FI‘ %%_ﬁ?}qtt@)@(;ail?}g 28 3-to 7-

(4- NO2- 3-nitrotyrosine nor

(NI e)\'nenmﬁr%pqrh@qul@, and agnite Rrmembeeyl heterocycle, wherem the alkyl,
or t hapRasn AL %%ﬁeallﬁ)g%gé) ge(lzr_géé}cde ?lbd h?terocé/cle EFpyps are each

oct ahydr oi ndol e- 2-"car am ne
( PenPPtipeilyasubsiditasheny| al ani ne (Fr Phe), phenyl gl yci ne

PhoRk, ; |
I(o ik 57 PhRRAOL 5@%@{ g"nmhe r%égﬁ&&?%&é)&w @08, SR ¢,
t et r abpaylo Cadeualkonileey B agd(GoGslallcylewd)d a(3Fits J7-membered

E Pk?gﬂb@{:ﬁ% 'E‘?Lﬁlha;‘f qxgg\h?ﬁggﬂaeﬂlh%?er%yﬁ ;)Yt}g{% tl%ﬁﬁ?]%%l alkenyl,

aci delkyayl, bellt&ﬁadene:asanbﬁbjfcIaandahetﬁ@egéﬁe@oﬁ]ﬁ\frggach optionally
am n epcha C L an n
TERTLA ARSI ey, e e G

the ari ne || cyl at ed.
XisaS5or6- membered heterocycle or a linker comprising a hydrophilic

I

moiety selected from the group consisting of hydroxyl, carbonyl, sulfonamide,
sulfonate, phosphate, polar amino acid moiety, PEG moiety, sugar mimetic,
and sugar moiety;
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reduced or substituted sacchari de
wo??é‘#]ﬂgéé%gcal or diradical covalently att achedpg}rglséq%/mOWS

aton(s) of the sugar noiety. Representative sugars
i nclude, by way of illustration, hexoses such as
D- gl ucose, D-mannose, D-xylose D- gal act ose,
vancosam ne, 3-desnethyl -

. 2008/Y0§ %@&P &He%zeg%i ﬂ&g%%gﬁg,oog-gqfrﬂgr cgglgglgwg ﬁléIydl‘Ophlllc

3-epi-varicosam ne
acti mamsaleptedeftmmﬂm'gmep c&as@ﬁingdﬂih?ﬂﬁﬁd}il r@rbonyl, sulfonamide,

rD'_ th 8@?0 &ﬂ? ok #1&9 le ng m’\é' ‘fﬁ‘é;f'%’d aﬁ#ﬁgﬁé?egf sugar mimetic,

N- acenq/bugargahagt osami ne, sialyic acid, iduronic acid,
L-fuc nd t he nt oses such as .D-rj bose or

D ar eF?o%t eang%? Bég ngﬁ’“égor[?qtﬁ ‘E)‘gg iga 5 or b-membered
D—frbetbﬂﬁ@glegjm&_ﬁccharl des such as 2-0-(a-L-

vancosami py.l) - 13- Dgl ueopyr anose,
2-0- (’VB‘SQ‘Iegn%t‘h T5a- L- vancosani ny1) - 3- Dgl ucopyr anose,

sucr agerein gy 85Cof XY Y‘TRE s ﬁnd fe "cbfﬁﬁhbé’seéraai!ﬁﬁcﬁ&e selected
acetal s, amnes, acyl at ted, sul fated and phosphoryl ate

sugalom HRETSHR eRNsistion Hf PEUEON Y EAGTAARES 0 10 S ugar
Indtrdath vakfheids BEESEHRE anbaa,p%&s% h&&& Bf hchlent S

represented bel ow, for exa
apphisation, 4hg Sinembered bet@rqcacieepa é@bﬁﬂittutad ét%mwl lERou My
dikdl8set Kdrgpchem stry of any one of the natural sugars,
Including all ose, altrose, gal actose, glucose gulose
In ehgsmbaramenises, arlyaifah@asmc'us disclqsed hensin, IY &= § be6membered

h Eepra?%éi%'aelndaf qu 2 YHI{%} etlfh%r c %‘n sm§ g?]ltlgzg's %‘la ié:rselected from the

ives SO | nc
gmsm:vom:stam 0%4 trs @dmbmbered, cattmegale substithied w:ﬂﬁét&éa&t bﬂe

R R T
h)tdnbng r@outp)br d:omp)msédg & ggﬁtgﬁcﬁéb@m&eteﬁ@? glg@%tlﬁéhg ,consisting of
e RE B Toss i AP FRnedt XA iR FEpaRge o sugar
mpnq%mr $e(ﬂ¢dbf£l ﬁ?ﬁa tA8 guﬁ@ﬁ;iméfsﬁhgl olf a Rﬁﬁioﬁfylaﬁd’cyclcﬂfeﬁﬁﬁy] tg@oup,
bR ExelOpsRe ebes. nS i I9(ed liralidinyEoubrAn

h}&iﬂox)ﬂﬁteg @Epebﬁ!iﬁ“ﬁ @ao% am%@ Qibthéll drebtRieHE hrylskaeﬁ YeSelbered

Iqand )g %_zt wegg_ and 90; nj can _also be an
SIEPEYs: X dt tRleqted Fomihe groupsongistiBg efy i can be an
I nt eggp.fQet vaen 1 qmd 50 or even between 1 and 15.

H% » ‘g’l\tﬁ"’" ,J’Y\,O{/\ )-\,H i\ o,
o

, 0O , Z W/,and

14
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25 "Linker" as used herein refers to a chain

Woga%gﬁ%iggglng | to 200 atons and may conprise atP?:&F%%o_'f{mons

such as C,0, S, -5(0)-, -5(0)2-, CO

a PEG noiety, and the like, and wherein Ris Hor is

sel ected fromthe group consisting of (Cl-10)alkyl,

(C3_8)cycl oal kyl, aryl (Cl1-5)al kyl, :

het eroaryl (Cl-5)allcyl, am no, aryl, heteroaryl,

hydroxy, (Cl-10)alkoxy, aryloxy,. hetefoaryl oxy, each

subs e éds iﬁ}ef')“ﬁﬁﬁﬁ%‘éf G SEPERTE607/ 020175

unsubsti t ufy TR/E | i nker chain may al so conprise part

of aRsat ur at 2% urated or aromatic ring,

i lic (e.gs@a 5- I group,

Swfar “MihePi=¢, and sugar noijpty), palyc pCc and

Bewrings (end). a2, 4-pyridinyl group etc

) e Ther sentation of "(Cl4al kyl", for exanple,

5 U Tel R R srPh Rrnisir g sl 1 byl to mman

t he edChErEinRsthe term"linker" may be
cin@ noi eti es such as

i nking™a cyclic pol ypeptide

ety d%ﬁ a tjri azole nbiety., used herein, where

adi val ent grolup, such as a i fKer, is represented by

a structure -A-B- afsshown below, it is intended to
téee [y A t may be attached 10in both
pégsjble er@&?ﬁfio S, noted in the two structures
bef ow. hot-B4may al S0 bel-E£3-Al. As used herein, the
phr ageis' RRASEHRSHMihE Btdup cRasismigdl:e carrier” refers to

an excipient that nay opti org)al l'yodpe included in the
conpositio of the presentH cation and that
caui es no gﬁ%yﬂdficant adver seu i col ogi cal effects

when admi % 6tered in vivo. 1 used herein, the term

het er oar q

"patient" p¥fers to any warm BHooded animal, such as a
nousegy dgglor human. Thegrco unds of the present
'%a%lo may be ig,6he; m of free bases or

i
a/mil

ically a at¥—fci d addition salts

Q
t her 8k HN ter ga " phar ffHgedt 1T alll yws accept abl e sal ts”
ar & Pm§‘€8ﬁhﬁﬁL¥ uséﬁﬂgsggbfﬁrél gl i metal salts and

to fornP

>

o
NH
Q. 1 P
L L
o NHy HN O
H
oA M A~
NH;
Q >

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;-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, C|-Cs-alkoxy-C-Ce-alkyl, and a PEG moiety, wherein
15
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20 addition salts of free acids or free bases. The
nature of the salt may vary, provided that it is

WO&H%’%@éuti cally acceptabl e. Suitable phar na&’EG{qSE%WW"S

acceptable acid addition salts of conpounds for use in
the present nmethods may be prepared from an inorganic
acid or froman organic acid. Exanples of such
i norgani ¢ acids are hydrochloric, hydrobronic,

ati o hSEIRE) DA Bl MRS Sl setting Yol nd BB s

al i praa¢ each eptivinaly ispisaiited; aromatic, arali phatic,

het erpocycl. c arbgxylic and,sul fqgnj.c _cl asse f

or garti seietied T fhe arovn FoRytiog o rH FarnalolapeCealkenyl, Co-
pr opiCyulRynAUCHOYialicylgiyy GBJ1j fyl-@F UCQaNKGIentRCE 16, 7-membered
malic, tartarjic, citric, ascorbi ucur onl c,

, gl |
f unarPRocsgieud o 7-a?a%hﬂrq%betfapaxcg%fg@r®@n9m%zalgﬁ and C;-Ce-
ant hrauedxyl €, -OaRIvHi Fherdin MY ,Yal?@é?%ia(?kyﬂggwlggﬁtw;

mandel i ¢, enbonj ¢ (panoic), 30net hanesul'f )
et harféshficyelsi end hetprosyels.grpupl are epehertionally substituted;

hydr xye R @mﬁegﬂﬁeggy s$104ME ﬁ%ﬁgﬂhte%wé@n?@ﬁk&ﬁguftﬁ; -OH, C,-Cs

cycl ohexyl am no c, Stearl

hy dr ekpdutsCs @lkesal.iloyCd gkympdl Gefarlicylemt agdi(GetGsradinilene)-,
aci d. i1 abl e . 2 033" JA US2 ;
phar DR, B M ARG PE AR B G ek fi e o,
conp iy l.afkynyd, dlkyloks apdesyralkylentgrdsps acl eadk optionally
nmet a's'uia&itﬁ%'dts made from al umi num calcium |ithium

magnesi um pbtassi um sodi um and zinc or organic salts
made ekelmiNd, NEdiBbendytheas Byl, @nddir dppriean integer between 1 and 110;

chl or ppr,0gai . chal lbne,,. di.et hanol ani ne ] . .
ot hyl CRdaEahons AT 2dF o b Ol s gt
pr ocds seectEdifiodi thergrsyp dapisting ofhC, VA, 40| Birs® e, 0w, Cu,

| nvenyiong - Thes, pies e PdsiC A ayi des th _
ol | vt ool ranr ok “ABhaBr e bt b HhFwiL the ggafiguration
aspeaif thd chiket cphRaSRby B9 R oreadr iktiugs theddystl opept i de of

formul g |I: . . . . . . .
In yet ano?her emb%%Iment, R, is a side chain of a natural amino acid; Ry is absent;

T
X is ;\Z/N\W}% or ’ss\z Ivl/wy;

Y is 1,2,3-triazolyl; and R; and R; are each independently selected from the group
consisting of -H, C;-Cs alkyl, C2-Cs alkenyl, and Cz-Cg alkynyl, wherein the alkyl,
alkenyl, and alkynyl groups are each optionally substituted, wherein Rz and R; are not
both H; and either Rz or R3, or both Rz and Rs; comprise a radionuclide selected from

the group consisting of ''C, PN, *0, ¥F, "Br, %1, '*I and '*'1. In one variation, Z is

NH
Al
(o)
H OH HO
SIS W g,
and A is o M2 | In another variation, Z is
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10

D%:y, H O RyYyILN O NH HN HONH HN O 10wherei n:
' el ected fromthe group consisting of j
Woﬁﬁﬂiﬁ%ﬁ a natural am no acid and. a side chgﬁﬁﬁfgsﬁgﬁmns
unnatural am no acid, wherein the natural am no acid
and the unnatural amno acid is either inthe Dor L
form R2 and 123 are each independently sel ected from

the group consisting of H Cl- 15C6 al kyl, C2-C6

al kenyl, C2-C6 al kynyl, aryf, aryl-(C 1-05

allcylene)-, a 3- to 7- Red car bocycle, and a 3-

to 7- nenbered heterocycl e, yyherein the al kyl, al kenyl,

al kynyl , aryl-allcyl ene, arbocycle and heterocycle

groups are each optiohald ¥y substituted; R7 is absent
iRy selected fPY oup consisting of H Cl1-C6

al , C2-C6 2 aI kynyl, aryl,
& H HN
: -C6 al kyl m)a.ﬁ\, NF - rrerrbered car bocycl e,
d a 8- ;49 A/igmenber ed eterocm@ e Bgagfggﬁﬂglk%hs

In
al kenyl , allcynyl, aryl al I cyl ene, %rboc C
heterocycle groups are each optlonally bstltuted
wherein R2, R3 and R7 are not all H, X<{&% 5 or
6- menbered heterocycle or a |inker conp HSing a
hydr ophi lic

NH-IN
;”‘f Y\/O(\/\QM H HN™™0 M
"0 and A is o “2 )

One aspect of the present application is a cyclopeptide of formula H;

HzN
u“’”ﬁ h
. HH HN—(Y

N N
Yeit
[»; H
H H NkNH;
o
‘}NHHN
R 0
N
o
<y
) 1

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 Rj are each independently selected from the group consisting of -H,
C1-Cs alkyl, C2-Cg alkenyl, and C;-C alkynyl, wherein the alkyl, atkenyl, and
alkynyl groups are each optionally substituted, wherein Rz and R; are not both
H; and either R; or R3, or both Ry and R3 comprise a radionuclide selected
from the group consisting of ''C, *N, 0, "*r, "Br, *?*I, "I and 1%'1;

17
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25noi ety selected fromthe group consisting of

, carbonyl, sulfonam de, sulfonate,
Wo%ﬁsg(%%% no acid Mdiety, PEG noiety, sugar #%ﬁﬁg@%ﬁzoﬂs

and sugar noiety; WD 2008/ 033561PCT/ US2007/ 020175 Y
is ab or 6-nenbered heterocycle, or a linker
conprising a hydrophilic noiety selected fromthe
group consi sting of hydroxyl, carbonyl, sulfonam de,:
sul f onat e, th§phate pol ar am no acid noiety, PEG
noi ety, sugar metic, and sug I et m Fhere at
| east ongof nd Y, {?QL %a 5 or

6- menber ed Ilhet er gtycl e and w p 2, 3 4, 5;

wher eMnisany? one of 9K, ¢? 122, R3, and RPconp rlses a
WIRAE B Gh iflEget BLRAAD drcP!B; tvhs 091 03Rr @Oﬁﬁs%t 139 20bach R s

OSI ron or gamma emtters. I'n cértain variations

lmnéwtmlmﬁoméh@ grramoas;pr@aﬁ of &1, GiHes plkiek £ntCs alkenyl

SRR CPIR, bty TR 51 LN o gr o spionaty
sHbstiniedpanbBs isseiectsid feory thof grobp capgistingso itk €hdSealkyl, Cz-Cs

G ing U Aol SEPH A ASHE Lo st e

aptiendlgsunstittethaidwherginothe &onﬁgwaﬁan n’éﬂbmhadl center that carries
b it t. t one hydroxyl

tﬁéﬁk Qﬁgsgg?elﬁgﬁ?z Be }g&eg mWI é%]té% SHe ée?%cycl e substituted

W|th at | east one hydroxpb of, cepprising a sugar

noi ety selected fromt hg Wof gl ucose
and gal actose. In. anoth % I ment s a |inker

S yfetic isel ected ?rom the group
Iﬁ%@ﬁ%@?ﬁ%&n@ a ﬁ{'/td%xyl ated eyel ohexanyl group, a
In one embodiment of the any of the disclosed aspects, each R, is benzyl; R is H; R

o

is an optionally substituted C-C¢ alkyl comprising a radionuclide selected from the
group consisting of ''C, °N, 1°0, '3F Br, 11, "L and ®'1; and -

“J\n/\’{/\)’\' W&‘

W is ;wherepis0,1,2,3,40r5.-
Another aspect of the present application is a cyclopeptide of formula IIL:
|rs|=N
N~ Rq
| Rz
NH
R4

NHLUHN"TO H
oA N N NH
. E)\/\, \“:“2 III

wherein
R is selected from the group consisting of a side ¢hain 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;
Rz and R3 are each independently selected .fro‘m the group consisting of H, C~
Cs a]kYI,‘CZ"Cﬁ alkenyl, C2-Cs alkynyl, aryl, aryl-(C,-Cg alkylene)-, a 3- to 7-

18
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20 hydroxyl ated cycl opentanyl group, a hydroxyl ated

rroI i di nyl group, and a hydroxyl ated piperidipyl
Wog%%qussqln yet another enbodiment, Yis a 5 o:FgTR%ZOWMO”S

6- menbered heterocycle; X is sel ect ed fromthe group
consi sting of: WD 2008/ 033561PCT/ U32007/ 020175 where
Zis selected fromthe group consisting of: Ais

sel ected fromthe group ‘consisting of: HOOH R40 OHOH

00 NHH HN O UNHNH HN O H odar). r3/4,, Nt.NH ONH2
- ONHRembgred carbocycle, and a 3- to 7-membered heterocyc]e, wherein the alkyl,

alkenyl, alkynyl, aryl-alkylene, carbocycle and heterocycle groups are

optionally substituted;

wherein R, and R3 are not both H; and either Rz or R3, or both Rz and Ry

comprise a radionuclide selected from the group consisting of positron or

gamma emitters; and

X is a linker comprising a hydrophilic moiety selected from the group

consisting of hydroxyl, carbonyl, sulfonamide, sulfonate, phosphate, polar

amino acid moiety, PEG moisty, sugar mimetic and sugar moiety.
In one embodiment of any of the aspects disclosed herein, Ry is a side chain of a
natural amino acid; R; is hydrogen; and Rz comprises a radionuclide selected from the
group consisting of ''C, PN, °0, 1*F, ¢'Cu, ©Cu, Cu, “Cu, ®Ga, 124y 1257 By e,
5B, 53Gd and P. In another embodiment, R, is benzyl; and R comprises a
radionuclide selected from the group consisting of ''C, *N, %0, ®F, %1, ¥, Py,
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‘”ﬁ/\,(/\)—v” i

/(OH)q 4
W H?’): SS_, f\n/g)b},

,and O ;
where each Ry is independently selected from the group consisting of -H, C,-Cs alkyl,
C3-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, C-Cs-
atkoxy-C;-Cg-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, 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-Ci-Cs-alkyl, and C-Ce-
alkoxy-C,-Cs-alkyl, wherein the alkyl, alkenyl, alkynyl, alkyloxy, aryl,

carbocycle and heterocycle groups are each optionally substituted;
19 .



10

15

20

25

30

each Rl is independently selected fromthe group
consisting of a side chain of 10a natural am_.ng

id
WOLW'UG3lde chain of an unnatural amino acid, PW%@“WOZ‘)”S

the natural am no acid and the unnatural amno acid is
either in the Dor L form each Itt is independently
sel ected fromthe group consisting of-H Cl-Cs al kyl,
C2-C6 al kenyl, C2-C6 al kynyl, CI-C6 al kyl oxy, aryl,

oY1 OB bl SRSkercda o i RRNCLERERARRONC G, o1
3 - G - Glkl, D9y akert; @J—@yhlk}'ﬂﬂdC&GBE&}dm)etayyl-(ﬂnﬁealkylene)-
Bl IR dyTkgl 74 Ceorgror et Camo v B P

gr ouglkerdl ealEﬁC;h SRYIoay pdridyargldlRylehel kashps Rfe ¢2ch Splienalyd
fromthe oup consisting of-H, C1-05 al kyl, C2-C6

al k C6 al kynyl, Cl-C6 al kyl oxy, aryI
aryl v(@ 1O§ aldpd; eneo,.1, 3; 3 bP4;p mmgt rﬁﬁ%b@(naﬁﬂe,lo qis

3- nmenber ed het le, hyd
R e e et sk ot anathe e i
al | cytred ﬁloJthe H@uﬂdﬂsnsﬂﬁé‘ bbUey the,S@nér Wéetﬁ,r"’éeu ey, Cy,

ted; each
ncloRosdin, T3, 2r deTaq s L300 Rt SN poro AT RRYFBPD A the

| k |, Cl-Cs
aI kyf@t(ai[/?é%tr@*ska{% b%&%‘ﬁhﬁ?@(@e_ gflége&%a?k ynyand

In@bo@&alem;hr@ntdlaarkq& ampfe mdepmdeaﬂk;spfécfarim the group

| | |
odhs tgm% of 1) & bbgtén%@dcgég(c Al Lﬁa/tg@;% fazﬁs,»psw@rmﬁeakyl
aiksn)o, an’tl, alﬁyn)a gooups: ar@ eaqh cmﬁmnaiﬂggdqstzb@Qanpm &@nﬂjg are not
bciqh }g agd ezthizsRéor ﬁ{; I br0§1 d&%gndjﬁ gmnf)rlsé £ rdliHuchide Selb&ed from
the group consnstmg of ''C, PN, 150 g, Br, 1%, 1 and P'L; X is

where R; is selected from the group consisting of -H, C;~Cs alkyl, C2-Cs alkenyl, and
C1-Cs alkynyl, wherein the alkyl, alkeny! and alkynyl groups are each optionally
substituted and wherein the configuration of the chiral center that carries the Rs
substituent may be R or § or mixtures thereof; and mis 0, 1 or 2.

In yet another embodiment, Rz is hydrogen; R is selected from the group consisting
of C-C4 alkyl, Co-Cy alkenyl, and C,-C4 a]kyny?, wherein the alkyl, alkenyl and
alkynyl groups are each optionally substituted, wherein R; comprises 2 radionuclide
selected from the group consisting of ''C, '*N, °0, and '®F; R; is hydrogen; and m is
0.

In a further embodiment, Rz and R3 are each independently selected from the group
consisting of -H, C,-Cs alkyl, C»-Cs alkenyl, C;-Cs alkynyl, wherein the alkyl, alkenyl
and alkynyl groups are each optionally substituted; wherein Rz and R3 are not both H;
and either Ry or Rs, or both Ry and R3 comprise a radionuclide selected from the
group consisting of ''C, ®N, '*0, "*F, "Br, '*1, %1, and P'1;

20
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15

15is selected fromthe group consisting of "C, 13N,
150, 18F, 61cu, 620u 640u, "Cu, "Ga, 1241, 1251

WORBNY033aTC  25131-. |.53Gd and "P: wherein t R&1/U52007/020175

configuration of the chiral centers may be R or S or
m xtures thereof. In yet another enbodinment, R is a
side chain of a natural am no acid; R7 is-absent; A A
ZN Xi sZWor Hsr 20Yi3123triazoly1 and R2 and R3

are each |ndependently sel fromthe group
conS|st| - -05 | k al kenyl , and C2-C6
al kynyl , ere n &kyt, ke , and aIkynyI
groumssardbeach op |on Ply substltuted wherein R2 and

(3 are : and either 1 or, hoth 1(2
h ?Fﬁ Rlﬁ(‘é § 5'%?@ SR ANSSiHe 0% HeEr ﬁ #ieirfe alkeiiyl, and

07¢10) uncyegn Seirl"ﬁatrélﬂ Qh@ﬁlk!ﬂ afkenH3Nd all%chyl k?d:ups E&Béach:b%ﬁénaﬂy

1251s 131 and |. In one variation
subslitas ng sorfigratiosof the cl-ural center that cames the Rs

substituent may be R or S or mixtures thereof; m is 0, 1, or 2; and p is an integer
between 1 and 90.
In still another embodiment, R is hydrogen; Rj is selected from the group consisting
of C1-C4 alkyl, C2-C4 alkenyl, and C;-C, alkynyl, wherein the alkyl, alkenyl and
alkynyl groups are each optionally substituted, and Rs comprises a radionuclide
selected from the group consisting of e BN, 0, and 'SF; Rs is hydrogen; m is 0;
and p is an integer between 1 and 15.
In another embodiment of any of the aspects disclosed herein, X is
R
H (OH
$ N\ 4

s )
O (HNFQ
where each R is independently selected from the group consisting of -H, ~OH, C,-Cs
alkyl, C>-Cs alkenyl, C1-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'isQ;andsis 1 or 2,
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WOf%'FWP%ﬂII 5wherein each R is independentl

.S. A" NH NHHFINOHO Oand A i sONH2 One
ect of the present application is a cycl 0§C§t| de

hjsipiprs

fromthe group consisting of a side chain of

In yet another embodiment of the present application, X is
R4

s

o] : where each R, is independently selected from the group consisting of -
H, C-Cs alkyl, C2-Cs alkenyl, C,-Cs alkynyl, C;-Cs alkyloxy, aryl, aryl-(C1-Cs
alkylene)-, hydroxy-C,-Cg-alkyl, C;-Cg-alkoxy-Ci-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, or 4. In one variation, each Ry is
independently selected from the group consisting of -H, C;-Cs alkyl, C2-Cs
alkenyl, C2-Cs alkynyl, and a PEG moiety, wherein the alkyl, alkenyl, and alkynyl
groups are each optionally substituted.

One aspect of the present application is a radiolabeled cyclopeptide of formulaIV:

ﬁ—r"\)*h)
HO / G 18
H F
NH
. )
C o QA
© NH Q
WH 1, HN
Cfd\/lzll H
I NHg v

wherein: R; is selected from the group consisting of H, Cy-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;-Cs-alkyl, and C,-Cs-alkoxy-
C,-Cg-alky!; wherein the alkyl, alkenyl, alkynyl, alkyloxy, aryl, carbocycle and
heterocycle groups are each optionally substituted; wherein the chiral centers attached
to »wwbonds are R or § or mixtures thereof; mis0,1,2,3 or4;andnis 1,2,3,40r5.
In one embodiment, R;s is selected from the group consisting of H, C;-C4 alkyl, C>-C4
alkenyl, and C»-C4 alkynyl, wherein the alkyl, alkeny] and alkynyl groups are each
optionally substituted; wherein the chiral center in the cyclic peptide is R configured
and the chiral center bearing the R;s residue is R or § or mixtures thereof; mis 0, 1 or
2;andnis 1, 2, 3 or 4. In another embodiment, Rs is selected from the group
consisting of -H, and an optionally substituted C,-Cs alkyl; mis O or 1; and nis 2, 3 or
4,

22



a natural ami no acid and a side chain of an unnatura
m no acid, wherein the natural am no acid and th

WO&H?FAQ36?6A| anmino acid is either in the D or PFBWOWONHS

R2 and R3 are each independently selected fromthe
group consisting of-H Cl1-C6 al kyl, C2-C6 al kenyl, and
C2-C6 al kynyl, wherein the al kyl, al kenyl, and
10al I cynyl groups are each optionally substituted,

Aﬁﬁﬁﬁéﬁlsﬁe@%f ﬁ’i%r@?etﬁ a ﬁl‘i‘ca@i‘% 1Pt blabBd i1 E);Féi;tldl' @gleetred from

or bhot 3 conprise a radionu

QQQﬁ@BS$V%%?fhe group consisting of I IC 13N, iso;
I8F, "Br, 124/; 1251 angl3llon WO
2008/ 033561PCT/ US2007/ 020 R f 3N, or OPO where
p is an integer between 0o8NUgl5; 3.8 1, 2, or 3;
mis O, 1 or 2; each 4 i ndependent]y sel ected
fromthe group consi g H Cl-Cs kyl, C2-05
al kenyl, and C2-C6 al Xynyl} wherein tfe al kyl,
al kenyl , and al k I'?rgm s are each optionally 5
substi tut ed; i%gﬁgéf%ﬁh ected fromthe group
consi sting of N I , C2-C6 al kenyl, and C2-C6
al |l cynyl, mherelnokQS a;kxthﬂ Ayl and al |l cynyl
groups are each optiondlly subsfjfuted and wherein the
configuration of the cral center that @&#fries the RS

substituent ‘ngy be R or S or mxtures thereof. HR5
Ni htel/ 4 o mgy#n

NH HN

?wm

S ___“/\/D.._/\. NOW:NR‘Y\ Nf]\"\_’?ﬂF
0‘-=<'

Q

H\—\j-f y }LNH,
Q‘:}_NHHN

H . H
=
HO o
< '

Yet another aspect of the present application is a pharmaceutical cornposition

comprising a radiolabeled cycIOpeptide of formula I:

wherein:
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In yet another enbodi nent, Wis 10 In one enbodi nent
the any of the discl osed aspects, each Rl i

of )
Wok?'@?\sé@? IR is H R3is an optional 'y substit GELYSEO7ITS

al kyl conprising a radionuclide selected fromthe
group consisting of I 1C, 13N, 150, 18F, 75Br, 124-, 1
1251 and 1311 and HR5 N O; where pis 0, 1, 2, 3, 4
or 5. Another aspect of the present application is a

CyC g?ﬁ“?_lgéif‘.?t?d Bonf ﬁ{e@%&b FlsistlB o sk 4fZm S Nitidab Dinfho acid

and a side cham 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,-
Cs alkyl, C2-Cg alkenyl, C2-Cg alkyny!, aryl, aryl-(C;-Cs alkylene)-, a 3-10 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, C>-C;s 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 § 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 c0nsislting of hydroxyl, carbonyl, sulfonamide,
suifonate, 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 a8 5 or 6-membered
heterocycle; and wis 1, 2, 3, 4, or 5; wherein any one of X, Y, Ra, R3, and R;
comprises a radionuclide selected from the group consisting of positron or

gamma emitters; and a pharmaceutically acceptable carrier.
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wherein RL is selected fromthe group consisting of a
side chain of a natural am no acid and a side _chai n_of
WOZR08/33%0 ur al ami no aci d, wherein the nat ural PGRUSY07/020175
acid and the unnatural amno acid is either in the D
or L form 20R2 and R3 are each independently sel ected
fromthe group consisting of H Cl1' C6 al kyl, C2-C6
al kenyl, C2-C6 al kynyl, aryl, aryl.-(Cl-Cs allcyl ene)-,
a 3- to 7- WO 2008/ 033561PCT/ US2007/ 020175 nenber ed
Yéeambary abmct aftheprasent applicatomisradehanapesubicgbgasmposition

wherein th L al kenyl, kvl ene.
B

sulpgt iw; wherein 122 and R3 are not both H
and e ™K, Br8r R-3, or both R2 and 113 5conprise a
radi onucTiLgde, ted fromthe group consisting of

posi tron oca—ganﬁ’?a emtters; and X is a |inker
conprisiqg a“hydrophilic noiety selected fromthe
group c@hsi sting of hydroxyl, carbonyl, sulfogami de,
sulfo e, phgsphate, polar am no acid noietw R,
noi ety, ;ug@r)ﬁlfl‘arreti c and sugar noiety. 104%n o
enbodi nént ofw=@ny of the aspects disclosed #drein, R1
Is a gde chainugf a natural am no acid; S

and Ra/oWnprises a radi onb l'i ¢¢ Sel ected

fromthe upe consi sting of | O3N, 0,y I 8F, 6l cu,
6201, GdewRy Bfcy, 680a, 124/ Pl ST

ned

VUONH L HNTO NHL HNT O

o?,&‘m) o N NN?NH

e G 1 0 NHz

wherein each R, is independently selected from the group consisting ofa 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,-Cs alkyl, C2-Cg alkenyl, and C,-Cs alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are optionally substituted, wherein R, and Rj are not both H;
and either Ry or Rs, or both Rz and R3 comprise a radionuclide selected from
the group consisting of ''C, N, 0, '*F, ®'Cy, 2y, Cu, °'Cu, ®Ga, 1,
1237 1317 997¢, Tpy, 1G4 and 32P;

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

Ry HO OH . Rs .
S‘s \‘(wb}r HOO Q 0 m
o ; nnan ; and
H Rs
_‘J‘\']/\,OV(/\O)—F)\,N m""t.
o

where each Ry is independently selected from the group consisting of -H, C;-Cs alkyl,
C,-Cg alkenyl, Ca-Cs alkynyl, C-Cs alkyloxy, aryl, aryl-(Cy-Cg alkylene)-, 3-to 7-
membered carbocycle, 3- to 7-membered heterocycle, hydroxy-C)-Ce-alkyl, C)-Cs-
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1 1311, 99Tc, | 7913r, 1930cl and 32P. |In another

enbodinment, R, is benzyl; and R3 conprises a
WO MG i de sel ected fromthe group consi st pﬁgmggowozons

15and 7913r. In yet another enbodinment, R is a side
chain of a natural amno acid; X is selected fromthe
group consisting of: HOOHH R 5 ?H R5 Ho" )Ce'Cc)nilt.
srcr.,J)0 .4.--,,,, Nlrkeet. / p 00, HOdqg 0l 1%

alﬁ&y—%}-@éeﬂkﬂl; é\}]d-é PEG moiety, wherein the alkyl, alkenyl, atkynyl, alkoxy,

aryl, carbocycle, and heterocycle groups are each optionally substituted;
Rs is selected from the group consisting of -H, C;-Cs alkyl, C2-Cs alkenyl, Ca-
Cs alkynyl, C,-Cs alkyloxy, aryl, aryl-(C,-Cs alkylene)-, 3- to 7-membered

5 - carbocycle, 3~ to 7-membered heterocycle, hydroxy-C;-Cs-alkyl, and C;-C¢-
alkoxy-C,-C¢-alkyl, wherein the atkyl, alkenyl, alkynyl, alkyloxy, arvl,
carbocycle, and heterocycle, groups are each optionally substituted; wherein
the configuration of the chiral centers may be R or § or mixtures thereof} v is
0,1,2,3,0or4;, mis 0, 1, 2, 3 or4; and p is an integer between 1 and 25; and a
10 pharmaceutically acceptable carrier.
Still another aspect of the present application is a pharmaceutical composition

comprising a radiolabeled cyclopeptide selected from the group consisting oft

HO OH "
RO
N
o™ I
NH
18F
z O
o <
Oili'z—Nl’HN
NH O HN O H
H
O;K’N NNFNH
o) NH; and
HaN
Q
oy TN NHﬁ,H:F

o=§ '
N_‘(\,O\/\OI\,O\/\DNHY\N%
o

o NN g
< 3
HN\-\V Hi
' £°

NHz

NH HN
PN
H HN
AR
HO. [¢]
[e]

15  and a pharmaceutically acceptable carrier.
One aspect of the present application is a method of monitoring the level of integrin
avPs or visualizing integrin o f33 expression within a body of a patient, the method
26
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r' Nss) where each R4 is independently selected from
roup consisting of -H Cl-Cs al kyl,
‘VO&P%%ﬁ ; C2-C6 allcynyl, Cl-Cs alkyl oxy, aryf'(;%T’%gzo07"020175

aryl- (CI C6 al kylene)-, 3- to 7- nmenbered carbocycl e,

3- to 7-neMoered heterocycle, hydroxy-Cl-Cs-alkyl,

Cl- Cobal koxy-Cl - C6-al kyl, and a PEG noiety, wherein the

al kyl, al kenyl, allcynyl, alkoxy, aryl, carbocycle,

and hetero cle groups, are, each i opal | de:
T S D AN )
erﬁ,lfalo?'in m@@ezﬁl 1ﬁq¥.kmg@cl'@§q@ SERIYE, frath Qe gdokip Rphsistitlg é¥positron

emtsﬁ!eﬁﬁemesraegw XW@( Slsgletpbggnc S P€8°‘HBPT§F’38'§‘8F@P*‘Y

(é% on%nﬁ }g l&Y lv:suﬁ'lﬂﬂn ?la ﬁ%b&i&%&h&a@aﬂélk& byclopeptlde
wher n the al al kynyl , aIIconxy

withinbtbe potiy oamdthirre@ eﬂﬁwd @egf ailisecin tiae wdidlabel @’Reytlde 15
O@ﬂg%&g pted; WO 2008/033561PCT1U820071020175 each R6
ependently selected fromthe group consisting
of -H, -OH, C1-05 al kgl ,€2 Cs al kenyl, C2-C6 al kynyl,
Cl -Cs al kyloxy, aryl - o al kyl ene) -
hydr oxy- C1- 05- al kyl , "dnd -OS-aIkoxy-Cl-Cs-aIIcyl,
wherein the al kyl, al ke kyl oxy, and
aryl -al kyl ene groups ar |y 5substituted;

al kynyl ,
e)‘?]opt'
vis 0, 1, 2, 3, or N ol,
10H isf{d 2, 3or 4, r is 1,2

, NHg 4; pis an
i nteger between 1 and

or 3; r' is O or N 1H or 4; and the

radi onuclide is asl ec e hg the group consisting of
11C, 13N, 1561 % 048, 67CU, "Ca, 1241,
1251, 131.,

I

whetein 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 Rj are each independently selected from the group consisting of H, Ci-
Cs alkyl, C»-Cs alkenyl, C2-Cs alkynyl, aryl, aryl-(Ci-Cs atkylene)-, a 3- 10 7-
membered carbocycle, and a 3- to 7-membered heterocycle, wherein the alkyl,
alkenyl, alkynyl, aryl-alkylene, carbocycle and heterocycle groups are each
eptionally substituted,;
Ry is absent or is selected from the group consisting of H, Ci-Cs alkyl, C;-Ce
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;, Rz 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,
27



1 99TC, "Br, 1834 and 32P; where the configuration of

t iral centers may be R or S or m xtur

wotzﬂgﬁﬂég?. I n anot her enbodi nent, R2 and R3 ar géggjgﬁoomzoﬂs
i ndependently selected fromthe group consisting of-H,
Cl-Cs al kyl, C2-C6 al kenyl, and C2-C6 ancynyl, wherein
the al kyl, al kenyl, and al kynyl groups are each
optionally substituted wherein R2 and It3 are not
both H  and R2 .or , Or both and R3 N
Comprlfeneie, B sbiftier vols aid e S PrbiF ik RQISyoigar mimetic,
conS|a$1tjlsaga;qﬁme@ 1311, 150, '8F, "Br, 1241, 1281 and

1311; Xis where 115 js selected fr mthe rou
Consi WhGTh 3t Rstane @l Jead bt nesoBEX dPAchia 5 S8 Teehssed
al ky mekerod¥8s: @ing w 51,3, Kyd  or 3, lﬁm%m Woﬁ\é BE’K%K’ 25.0RDSnd Ry

are each optionally substituted and wherein ¢
5 conf icgmRaisER restionyrlide feleated deom Bre grawr censistingofipRaitron or

|ts %;ngygpgt,ﬁ&éfgnt may be R or S or mxtures thereof;
s O, 2. In yet another enbodinment, 1(2 is

Anpthesgepect RE thespressans epplitatien i 2 methgdafmenitesing: the !f-vet of

585 Yool S B AR oy i

nesthdd ophposiagi (7) sdipftisttting th thelpetiaitra rﬁdiblaimtqnhysb:@eptlde, and

10 GREmR e g e AR Rt & SBgoRiFing of
positioReimissibe chmegraphyl (FE Bt St e phtﬁﬁﬁ hmm@tﬁ'pemﬂp.rtédl y

%%l(}%%tpg? &é%g&l‘ % lﬁr C} r}%%quilsst}aw gg & cHstE‘tHgfl 108 Rg}ﬁne erlolabeled

cgtkopbptideanithial sy bydly of Githih @pertion cierops; wdredih Yhe radiolabeled
substlt ed vvherel n 5%0 % 1(3 are not both H and
CYFIORER wig I H'“?i" and 1(3 conprise a

radi onygel | eI ected fromthe 30group consisting of
"I C ;l,,,?)i\h 1‘3*—", 75Br, 124/, 125-,
NHHN—(\F
O:Sq IN$
e NZ R,
—-—W\N‘J:YR; ¥ R,
:g h=N NH
3,
}w 4\,2*
NH HN ° O H
HHN
N._-NH
) Ho W\/ \f
15 ¥ 1 o NHz

wherein each R, is independently selected from the group consisting of a side chain of
a natural atnino 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,-Cp alkyl, Ca-Cy alkenyl, and C>-Cg alkynyl, wherein the alkyl, alkenyl, and
alkkynyl groups are optionally substituted, wherein Rz and Rj are not both H;

and either Rj or Rj, or both Rz and R3 comprise a radionuclide selected from
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| and 1311; WD 2008/ 033561PCT/ US2007/ 020175 H RS /p0

Xis O where R5 is selected fromthe group consjistin
WOR0URP33281_ 5 al kyl, C2-C6 al kenyl, and C2-C6 5?@"%?09"020175

wherein the al kyl, al kenyl and aIkynyI groups are each
optionally substituted and wherein the configuration

of the chiral center that carries the R5 5substituent
may be Fe or S or mixtures thereof; mis 0, 1, or 2;

and [ ' r nis 61 b7 @i(j'herm
enbog}enéﬂﬁﬁcééﬁ&% ?fé?%ggﬁ éﬁ.mﬁd % ect éd fdror(r%qitqhe .
groubzsl;bﬂsig%’rd ARrof Gl acd ieﬂ kyl, C2-C4 al kenyl, and

oL U5 i g gpy o7

derlOsel ected fromthe group
~~and 18F;, R5°is hydrogen; m
tween 1 and 15. | n another

nt ofmgny of the aspec} sy di scl osed herein, X

where each R4 is independently selected from the group consisting of -H, C,-Cs alkyl,
C»-Cs alkenyl, Cs-Cs alkynyl, C-Cs alkyloxy, aryl, aryl-(C,-C¢ alkylene)-, 3- to 7-
membered carbocycle, 3- to 7-membered heterocycle, hydroxy-C,-Cs-alkyl, Cy-Ce-
alkoxy-C;-Cs-alkyl, and a PEG muoiety, wherein the alkyl, alkenyl, alkynyl, alkoxy,
aryl, carbocycle, and heterocycle groups are each optionally substituted;
R; is selected from the group consisting of -H, C;-Cs alkyl, C-Ce alkenyl, Co-
Cs alkynyl, Ci-Cs alkyloxy, aryl, ary}-(C,-Cs alkylene)-, 3~ to 7-membered
carbocycle, 3- to 7-membered heterocycle, hydroxy-C;-Ce-alkyl, and C,-Cs-
alkoxy-C;-Ce-alkyl, wherein the alkyl, alkenyl, alkynyl, alkyloxy, aryl,
carbocycle, and heterocycle, groups are each optionally substituted;
wh‘erein the configuration of the chiral centers may be R or S 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 a.,B3 or visualizing integrin oyBs expression within a body of a patient, the
method comprising: (&) 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 radiclabeled

cyclopeptide is selected from the group consisting of:
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Re SS(OH)q )r 0 where each R6 is independently
selected fromthe group consisting of-H, - -

WO 2808 ‘PWII, C2-C6 al kenyl, CI-C6 al kyl oxy, O_IPC%IUS%%WOZOHS
hydr oxy- Cl1- C6- al kyl , and Cl- C6- al koxy-Cl - C6- al kyl,
wherein the al kyl, al kenyl, and al kyl oxy groups are
each optionally substituted; qis 2, 3 or 4, r is 2 or
3; r' is 0; and sis 1 or 2. WO
2008/033561PCT“H§2007/020175 In yet anot her enbodi nent
of the p applHcation, Xis R4 0; where each
R4 is inggzrnkéﬁT+ﬂMﬁéT ™ed fromthe group consisting
of - H, Cloth & kyl,K 0C2%€6 al kenyl, C2-C6 allcynyl,

Cl- Co6 yl o Y% aryl, aryl-(CJ-05 al kyl ene) -,
hydr o 1- @-al kyl, Cl1-§6-al koxy-Cl -C6-al kyl, and a
PEG nof ety, )Swherein t A al kyl, al kenyl, al kynyl,

al %
QHk@Xyr—‘?‘ , carbocycle, and heterocycl e groups
o NHEN
NHLHN" O H
H NH
0 N}’)\/\/N‘f
0 NH; and

Ky i
Hu)“ﬁ’\;\\ilk ﬁ/HTO .
. HN d
o :
=§N _"(VO\/\ONO\/\ONHY\MHF

=N
% o W
HN)L
w2

HN
L\‘\—e“’ '
@\ }NHHN

ol o

o H n HN

HO. #}

. ¢ |
A still further aspect of the present application is a method for imaging of blood
vesse! growth in solid tumors based on expression of integrin o3 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 thercqf; and ¢) 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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Wolebms?ﬁ’é group consisting of-H, Cl1-C6 al kyl,

whete

are each optionally substituted; and v is 1, 2, 3, or
In one variation, each R4 is independent I¥ sel ected
E€B/USH07/020175
al kenyl, C2-C6 al kynyl, and a PEG noi ety, wherein the
al kyl , alkenyl, and alkynyl groups are each optionally
substituted. 100ne aspect of the present application
is a radiol abel ed cycl opeptide of formula IV: wherein:
R5 is selected fromth%zgroup consisting of H Cl-C6
al kyl, C2-C6 al kenyIR3 C6 al kynyl, C1-C6 al kyl oxy,

aryl, -(C1-C6 aIkyI ~gryl, 3- to 7-nenbered

carbocycle, 3- to 7 red het er ocycl e,

hydr oxy- Cl1- C6- al kyl , ), CB- al koﬁ‘-" 15C1 - 6- al ky! ;

wherein the al kyl, alk yl alkynﬂﬁ, ﬁlkyloxy, aryl,

carbocycl e and het ps./are Hach optlonally

substi t ut ed; mhereln t hral centers attached to
thereof; mis 0, 1,

,vv-bonds are R orO
2 3 or 4; and ds 1 4 or 5. I n one

enbodinent R5 |s se ec e5§fr t he group consisting
of H Cl- Ca aIkyI g? al kenyl , and C2- ¢4 al kynyl ,
wherein the aIkyI al kenyl and alkynyl groups are each
ZOoPtlonaIIy substltuted wherein the chiral center in
Teyclic peptide is R conflgured and the chiral

centry 1sQ@li:k:terdlgfr&:h&hR§rdu@$odsienmgoﬂ mde shain offiaxiaturelsamino acid
t her eof ;

anot #ula g% SE@M@H Lﬁgaiiugrﬁ é’ig}lg% fl(‘ég yh%rﬁ; Iﬁlg r1‘1&1f’ixrall dinino acid

c Onshﬁd 1heqmﬂ§turahl an@tA6l adidl 19 pitheriakieyDu kisitomut ed CI Ca
mis O or and

al ky
S005Ra 8 B3 prersRskBROITE DS %‘f&%"ré‘?mé%%f&“!’&f’“%‘ﬁ““g of H, Ci-
Pr esepb PRt abikehyl €, aBeing), kel 8g1cgplapliptinty. 2 3- o 7-

selected’fromthe consi stl ot he

2P ST pR G AN B i £ ATTRDATER SRRy e BHfpieu e Al

£ O dfkehy 10 BUSATP Hfl 13y 1énd, Batibabalie hrdthacgsie zirtws aé each

optionally substituted; |
R is absent or is selected from the group consisting of H, C}-Cs alkyl, Co-Cs
alkenyl, Co-Cs 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 euch 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, Rs, R3, and Ry

31



R7TA" ,))F HNO N\w R ylI.N O NH H HN HONH HN 00

wherei n: WD 2008/ 033561PCT/ US2007/ 020175 R1 i s
WO from the group consisting of a sidePERA{SRNG020175

a natural amno acid and a side chain of an unnatural

am no acid, wherein the natural am no acid and the

unnatural amno acid is either in the 13 or L form R2

and R3 are each independently selected fromthe group

consisting of H C - 5Cs alkyl, C2-C6 al ke_n%/_l, gZ-OG

al kysgmprigesa l:adwfhfé@el@%efbﬁnm B gyoup ¢pngistipg oy positron or

menb C cle, and a 3- to 7-nenbered

het e%’?}%ﬁ %,amv%\iﬁyérei n the al kyl, alkenyl K allcynyl

Yar giothedagpesiof thepisseny epplicatignfive sregioptios imppng el Rlasd vessel

sEar gt et FEns KA SR B R onat s B RS by Rln g pedy ofa

5  p#iterffthe 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 ¢) correlating the

10  distribution of the radiolabeled cyclopeptide to the growth of blood vessels in solid
turnors, wherein the radiolabeled cyclopeptide is of formula II or formula I11:

HaN

PN

NN o WH B

/Yg
_(Yo

A by HO

Ry

NH HI
P!

H HN [»)
\-\‘v" on 4
..02‘ RHRN 0’[\—2— NFHN
RI™NH ) YO NH O H
H HN
Hg ﬂ\g) O’l\,N NYNH
¥ m 0 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 Rj; are each independently selected from the group consisting of -H,
C~Cs alkyl, C2-Cs alkenyl, and C,-Cg alkynyl, wherein the alkyl, alkenyl, and
alkynyl groups are optionally substituted, wherein R; and Rj are not both H;
and either Rz or Rs, or both R; and R; comprise a radionuclide selected from
20 the group consisting of ”C, 13N, 0O, '8F, %' Cu, GZCu, $4Cu, 67Cu, 68Cial, 124y

1251’ ISII’ 99-1-0’ 7SBI', |53Gd and 32P;
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10al kenyl, C2-C6 al kynyl, aryl, aryl-(Cl-05
allcylene)-, a 3- to 7-nenbered carbocycle, and a 3-

G 2908933 ber ed het erocycl e, wherein the al kyl ,chﬂﬁ@W{O?OIFIS

al kynyl , aryl -al kyl ene, carbocycle and heterocycle
groups are each optionally substituted; wherein R2, R3
and R7 are not all H X is a 5 or 6-nenbered

het erocycle or a linker conprising a hydrophilic
15nDietK sel ected fromthe group consisting of

hydr soagh of daansbW/is selegiel drramihegroyp kowsigting ofphosphat e,

pol ar, am ngﬁ_@)ci d ngyety, PEG noiety, sugar mnetic,

;;n}ﬁ;\ar Y A [ é&l;i%}_o& nmenber ed het erocycl e,
r atiNnkeH I, £1'Ng h philic noiety sel ected

fripmt @f"grou consi sti Rg of hydroxyl, carbonyl,

s f onani éde, ul fonate, phosphRdte, polar am no acid

noi ety. PEG noi et sggar minetic, and sugar noiety,;

ere a t). f d Y, but t both X and Y i
a or E){T};qs gn hgfc'a\r(ﬁggcl e; aﬁd \?vois g, 2, gn 4, Io?
5;Owherein any one & X, VY; R2, 1(3, and 1(7 conprises

cld; .

AT B RReER e b P LR CABBRE bES.Ror-Co el
GeCeplkalyleCo-dlsrallomyl, EC2 HIRGIAS 34§ I, RSIHISADDAk PI20d)7,B- to 7-
Yet, anot her a t. af th r.esent applicati ol |.S
TIPSR SosLn ot daTE TR S R YOIty P oo Grefirh C-Co
aliyeadyoQ s atleylpdnd DPBG molety, vhetein e alkyl, hikeflyl, alkynyl, alkoxy,

aryl, carbocycle, and heterocycle groups are each optionally substituted;

R; is selected from the group consisting of -H, C;-Cs alkyl, C>-C¢ alkenyl, C»-
Cs alkynyl, C,-Cs alkyloxy, aryl, aryl-(C,-Cs alkylene)-, 3- to 7-membered
carbocycle, 3- to 7-membered heterocycle, hydroxy-C,-Cg-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 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 o,B; 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 ¢) 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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wherein each Rl is independently selected fromthe
consisting of a side chain of 5a natural,_amn
WO%@?%J?%W& a side chain of an unnatural am no EEF@SNMMOUS
wherein the natural am no acid and the unnatural am no
acid is either inthe Dor L form R2 and R3 are each
i ndependently selected fromthe group consisting of
-H, C-C6 al kyl, C2-C6 al kenyl, and C2-C6 al kynyl ,

wherein the al Ioﬂ aI kenyl and al kynyl groups are
opti onaII erei n R2 and R3 are not both
H, 10and e mr both Ry and R3 conprise a
radi onucl | seI ect qm t he group consi sting of |
IC 1 u, 6204- u C 67CU, 68Ga, 1241, 1251, |
321, : Br, 1530d 32P; each of X and Wis

sel ectéed g rrOm t he group consi sting of: where each R4

oM n%’(&p@n ntly selected fromthe group consisting
oA O al kyl, C2-C6 al kenyl, C2-Cs al kynyl, CI-C6
al ky NaTG| , Harm{ (C1-C6 al kyI ene)-, 3- to 7-
ne tfe, 3- to 7-nenbered heterocycl e,
hydr oxy-i - Cs- al W’I’z Cl - 054pgWO
2008/ 033561PCT/ US2007/ 020175 al koxy- Cl1- C6-al kyl, and a
*PEG, ok W wherein the al kyl, al kenyl, alkynyl,

HN alﬁ k
;"—"ff\"

__‘(\,D\/\. D/\,Q\/\o./\_, N\"/\ N%

)Lnnz

z

One aspect of the present invention is a compound of formula V:
R3

Ra

NH

O O R+
Q %——{
NH = HN“ O : O “NH | HN ©
H HN
o’{\,Nm)\/\’H N YH"\“%(N\/‘*O
NHz HZN '

wherein each R, is independently selected from the group consisting of a side chain of

v

a natural amino acid and a side chain of an unnatural amino acid, wherein the natural
amino acid and the unnatural amine acid is either in the D or L form; R; and R; are
each independenily selected from the group consisting of H, C-Cg alkyl, Ca-Cs

alkenyl, C»-Cs alkynyl, aryl, aryl-(C-Cs alkylene)-, a 3- to 7-membered carbocycle,
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aryl, carbocycle, and heterocycle groups are each

g@tionally substituted; R5 is selected fron1then%roqp
WO %@Pé?ﬂng of -H, Cl-C6 al kyl, C2-C6 aIkenyI,P€E- ¢4)7/020175

al kynyl, Cl1-C6 al kyl oxy, aryl, aryl-(Cl-C6 al kyl ene) -,

3- to 7-nenbered 5carbocycle, 3- to 7-nenbered

het erocycl e, hydroxy-Cl-C6-al kyl, and Cl- C6-

al koxy- Cl- Cs-al kyl, wherein the al kyl, al kenyl,

| L cynyl | k aryl : e,
andh 3 ien el oo B Wy SEIBE E Y ol LR N
carbotyfclgaridlidteracydle ghmups ke edchaptiveally substitnedR vdversn & and Rs

m xt u ther.eof ;. v is O 2, or 4. Mmi Sy o1 s
arehol ol gl G Ra o Ry @peth B pad B Spriprist befdidnuphige
selddied fofme grdgaddngistiag ef paditren oagamern. enGttetst Vaisot Hndrer

aspect of the present, aggl i.cati grn i S a pharnaceuti %al
COTHBIHBE £F500 ANG BB RIS FHATHSY K08t %@l&? %‘B’é&?‘f‘ﬁé’
hy@r%kflc t&®ohy10 mlmﬁnqa@,lm]faﬁﬁwsmt@fﬁomﬂ aiA3-atid¥hbiety, PEG

i gNfF401; .~ UN  OHN'\ NN2 D NN AN )
moiety, sugar mimetic, and a sugar moiety; J 1s a linker comprising a moiety selected
from the grdup consisting of C,-Cs alkyl, -C;-Cs alkenyl, -C;-Cs alkynyl, aryl, aryl-
(C1-Cs alkylene)-, 3- to 7-membered carbocycle, 3- to 7-membered heterocycle, and
natural amino acids wherein the alkyl, alkenyl, alkynyl, aryl, carbocycle, heterocycle
groups are each optionally substituted. In one aspect, the radionuclide is selected
from the group consisting of ''C, "N, 1°0, '*F, ®'Cu, Cu, %Cu, ¥'Cu, ®Ga, '*4, ',

131y 99T¢, PBr, %3Gd, and *?P; W is selected from the group consisting of

r \;
and
where Ry is independently -H, -C,-Cs alkyl, C,-Cs alkenyl, Ci-Cs alkynyl, Ci-Cs
alkyloxy, aryl, aryl-(C;-Cs alkylene)-, C3-C; carbocycle, 3- to 7-membered
heterocycle, hydroxy-C;-Cs-alkyl, C,-Cs-alkoxy-C,-Cgs-alkyl, and a PEG moiety, R; is
selected from the group consisting of -H, C,-C; alkyl, C3-Cs alkenyl, C3-Cg alkynyl,
C:1-Cs alkyloxy, aryl, aryl-(C,-Cs alkylene)-, 3- to 7-membered carbécycle, 3-t07-
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 R¢ is independently selected from the group consisting of
-H, -OH, C,-Cs alkyl, C2-Cg alkenyl, C;-Cs alkynyl, C1-Cs alkyloxy, aryl-(Ci-Cs
alkylene)-, hydroxy-C;-Cs-alkyl, and C-Cs-alkoxy-C)-Cg-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 or4;ris 1,2 0r3;r"is0orI;8is 1,2, 3 or

4; and m is 0, 1, 2, 3, 4 or 5; wherein the configuration of any of the chiral centers
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HHN O MO 0 15and a pharmaceutically acceptabl e

carrier. One aspect of the present applicati '
WO L0BA564¢ 1roni t or i ng the level of integrin Og§§h]§F(%7/020175

visualizing integrin avf33 expression within a body of

a patient, the nmethod 26 WO

2008/ 033561PCT/ US2007/ 020175 conprising: (a)

adm nistering to the patient a radi ol abel ed

cycl opeptide; and (b) enploying a nucl ear |nqg|ng

techni que 'sel ected fromthe group coﬁgﬁst n

positron em ssion tonography (PET) a ?ﬂﬂﬁﬁﬁ?
mwmmm@@@m&%wﬂww@ﬂ&ﬂdﬁM@mwtmm@%md

f nlabg} eg 18- 1247 125

thé/ {f cgrlpdé;gl{iggs é&gdtef‘c{fr r?ll{ht!: g{)})u co'imgligtzrg%aﬁfl" nbabg&dr?)onF 1, 1,

thereof wherein the radlolabeled CYcl opeptide is of

formula I: wherein Rl is selegte Hfron1t e group

consi sting of a side chain of a acid and

aci d,

131 n. unpat.ural .amn er ej he

ﬁ’aﬁ'ﬁ?g? hﬁ#ﬁ% a38 r%‘ﬁg(’cilﬁ‘ef’hé Rinnat ural anmi no &S s
radibhbelidel i sélbete®frim thefgroup consisting of ''C, PN, 150, 18, 1241 1251 By,
and "Br.

One aspect of the present invention is a compound of formula V1
o]

M~y

NH HN

oo

j e S S e e
° "

H

e
IW

wherein m is 0 to 4, and n is 1-5. In one aspect, m is 0 and n is 3.

Vi

One aspect of the present application is a pharmaceutical 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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R2 and R3 are each independently selected fromthe

wo%rﬂg%sgﬁqnsi sting of H C-Cs alkyl, C2-C6 al lﬁ%&)i%goot'f@zons

| cynyl, aryl, aryl-(Cl-Cs al kyl ene) -,
7- menbered carbocycle, and a 3- to 7-nenbered
het erocycl e, wherein the al kyl, alkenyl, allcynyl,
aryl -al |l cyl ene, carbocycle and heterocycle groups are
each 1l5optionally substituted; R7 is absent or is

sel.ected fromthe group consisting of. H Cl-Cs al kxj , .
nEspuosing | disfyiputien 98@6&934059 ﬁ?‘lﬁ%ﬁ‘% withipythe pedy exwithin a portion
z . - le, and a 3- to
Gk AROhG epbodimbdl (e TRERD SR PEIR aTkenyl
Aalddyemaspecho§ thaatrhgdne amliqaa'pbdn:g/meﬁl_t:dmf wﬁ%laliz'mgyp!egﬁn
50 i RSO AT SRS LA OGN g o e
pattetrang ot itle drova dited katiolbelpd icgelnpepaidey;cdimdp(h) employing a nuclear

BBt B e B B AR BT Rl PR
tafibfaphe (mE'npareis s\l(n.gllaaﬁotmi @itigsios U@apuigﬂﬁb graphn FSPECT) for

. ty. a 5 -.enpere eferao , Oor...,
Goiiiriegn Susfbefar abhe tngafbske D EoRor e v LBndoY ot pithin
poRForDierR £.C BNEh St badif{en RE ﬁ?ﬁéég)in 1638 6N % o, Bs.

sul fonam de, 27 WD 2008/°033561Pa/ 1182007/ 020175
Anntharngpest of Hsspyesant applitagien ane methed fgr impging of plagd vessel

q;'m b o) Q?r'ﬁo . . e S in%. Ly i

east%gﬁgao X angg‘%nbgé nsgét'wgf)t ﬁlaa{n" 3\\(}@?{5,!?5}%5‘)0&}' ofa

patiempnthemecthbd compuiginige(a) adohinistesing to the @fiedt anyrofBhe above cited
) -~y - :

SR el ) sl SR BlmBB R i

fpoos the group cogsstive @i pdsttenrsemilsiot hemograpby (PBT) 4ritksingle photon

: t lication | d,of i t.oring th
Frigarn srophen§rraeaehy SPETRE iBeadRadRrblpp ATt
rﬁ@itola%g&de)ybropsgsﬂi dwithinthe badp eflwit_hfn aﬂitnﬂaithir':ehére?i_'; laﬁ(t:l c)

nmet nNod conmpJ1 Sl nNg: aqgm.nl Il Q e.patl e
RO S Eyers st e GEo ety hbbin RoyR R ofblood
VRUGHERY soliTRENBES. LRGN IR ISRERCIHR Gnib kAR 2B O BIBs.

consi sting of positron em ssion tonography (PET) and
HierigtegriplobBo playsies sinpertagmplstie degubating wpy geopband f or

RSO AL Bl U ey s
lpéais irpputicharemables wharietynoftdpplicatitine] ghelsadh eyplicapients de
Je%err%fingt%%nc}yoaﬁg lev%[s I;ce?'cr}rré%g‘allaylf Iw:ith o.B3 antagonists. Patients with low
or no oy expression might not benefit from a,P3 antagonist therapy and could then
receive alternate treatment. Patients with o3 positive lesions could have their
treatment optimized, based on the use of the compounds of the present application to
evaluate inhibition of the a,p3 integrin.

Pharmaceutical compositions of the compounds of this application, or derivatives
thereof, may be formulated as solutions or lyophilized 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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0 Hztl L AN. . ... ro Hpr ON wher ei n each

Wo?boég&g%ggdependent ly selected fromthe group gg@lﬁjg%&o%g}l%

e chain of a natural am no acid and
chain of an unnatural am no acid, wherein the natural
am no acid and the unnatural amno acid is either in
the Dor L form R2 and R3 are each independently
sel ected fromthe group consisting of-H, 20Cl-C6

oo P S R BBy, BOSEELR L0 o
palywaygyntodidinonkcgeatin, RY deoxycélfnlases acueta, potylethylererglycol,
m%érb?og;i?g%frg ‘ré:hgo%]?ﬁgcgrre@%%rg m%yﬂy%r}gay a sg ggra).éclie%? gltematively, these
cOMEKRINQS Ay 1 Eickiiilaléd, GZRIEEY, bingreparod in s eRuBdG tup for
orLFédnl'lg'xl}ls'tra%i%g.' P gJ"lzﬁac%IuggéIly6a20(c::gp’:tagléemsglid 9!7' ‘I:ialfl}ﬁid(sc%l@r%érs ;anaglrlﬁe
added to enhance or stabilize the composition, or to facilitate preparation of the
composition. Liquid carriers include syrup, peanut oil, olive oil, glycerin, saline,
alcohols, or water. Solid carriers include starch, lactose, calcium sulfate, dihydrate,
terra alba, magnesium stearate or stearic acid, talc, pectin, acacia, agar, or gelatin,
The carrier may also include a sustained release material such as glyceryl
monostearate or glyceryl distearate, alone or with a wax. The pharmaceutical
preparations are made following the conventional techniques of pharmacy involving
milling, mixing, granulation, and compressing, when necessary, for tablet forms; or
milling, mixing, and filling for hard gelatin capsule forms. When a liquid carrier is
used, the preparation may be in the form of a syrup, elixir, emulsion, or an aqueous or
non-aqueous suspension. Such a liquid formulation may be administered directly p.o.
or filled into a soft gelatin capsule. Suitable formulations for each of these methods
of administration 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 appliéation may be in the form of a sterile
injectable preparation. Formulations suitable for parenteral administration include
agueous 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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125-, 1311, 99TC, 7513r, 1570d and 32P; each of X and
el ected fromthe group consisting of:
woezggszosgég FS??#%EJO?/OZOI’!S

is independently selected fromthe g
consisting of-H Cl-C6 al kyl, C2-C6 al kenyl, C2-C6
al kynyl, Cl1-C6 al kyl oxy, aryl, aryl-(C, -C6
allcylene)-, 3- to 7- nenbered carbocycle, 3- to
7-menmber ed heterocycl e, hydroxy-Cl-C6-al kyl, C1-C6-
hlg#wy%ixlngl ﬁ?g%}?é“ﬁ% %&pﬁ%chaagﬁ I%’gﬁk} frypha%%&iﬂeﬁch&operﬁes of
these atopeptide am:iogeﬁrereaﬁncﬂned@‘fedups are each optionally

SR L aagr D SIS AR
cﬁlolﬁﬁaﬁ& kaslea eilactsy mimid.y 1L4(C5cléHexadikyé Gﬂ\ﬁbno—eﬁox:ﬂi&ed using

@éed cargo’%&lrgmhég% m;ln‘aered eterag?%gcﬂred

arm.aﬁﬁmm chidfidaskikion Sk K889/ oph KN@l‘illono-%prﬂd@XY[heQéMhmmg
150arbocyc|e and het erocycl e, roups are

alkgits 5 sRPXIPIZEdRSIE hwy "P’H % wéortﬁ;mthgma&almﬁrmum of
vénlaeypetuefﬁéce@@r&ftee kS féfgyth%p&u% §I%O&MQsﬁﬁekewr§®poxlde

v is 0, ;
WiHh amipere resy@p e am azidgaming, dihydroxyl substituted cyclohexane ring.

Alternatively, the epoxide can be opened with a variety of nucleophiles in order to
install the desired functionality. This method can be adapted to the labeling of any
cyclic RGD peptide that contains one lysine.
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Yet anot her aspect of the present application is a
nmet hod_of monitoring the |evel of 20integrin
WO, J08LP367 ng integrin c'433 expr ession wthi nPgT‘g@@Wg?{mS
a patient, the nmethod conprising: (a) admnistering to
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WO 2008/ 033561PCT/ US2007/ 020175 A stihh further aspect
of the present appl icationd soa nmet hod for inmagi ng of
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pat| ent, the 't od”’éfon‘pm-smg——ea-) aderi nrsmerynyrto

t he patl ent a radiol abel ed &Sopeptide; (b) eRfidying

a nucl ear imaging technique selected fromthe group

conS| stl ng of Neesit YUY egAcSssi on tom)gP’ P Thaand
=Y rp«ﬁ\[ob.ﬂp% ofQ
i rrﬁr PCHQ5§“8‘| stributiton & it he radi ol aBeI ed H L )ia}
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Scheme I 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]-
labeling 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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wherein: R is selected fromthe group consisting of a
side chain of a natural am no acid and a side_chain_ of
WORR08/43% ur al  ami no acid, wherein the natural PGMURePI7020175
acid 5and the unnatural amino acid is either in the D
or L form R2 and R3 are each independently sel ected

fromthe group consisting of H C3-C6 al kyl, C2-C6

al kenyl, C2-C6 al kynyl, aryl, aryl-(C-C6 allcylene)-

ﬁ 3- .o 7- menbered carbocycle, and a 3- to 7-nenbered
SchePeltbcycl e, wherein the al kyl, alkenyl, allcynyl,

aHp ene, carB ol e nd@etgaw‘mﬁms are
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C2-C6 al kenyl, C2-C6 al kynyl, aryl, aryl-(Cl-C6

al kylene)-, a 3- to 7 merrbered car bocycl e, and a 3- to

7- T Oteg/hetero"fr? ereint Aey) , al k LOAE 4

al kyny\, rylaeg Kyl en rmlmt%ladﬁycl e

gr oup® arl®y each optA@waIM{c %‘ﬁg’mbstAcgut [Je S \@p‘g‘l'r ei Red2, Dac
R3 and R7 are not all H X is A 5 or 6-nenbered

het erocycl e or a anker ﬁonpﬂ"‘& ng a hydrophilic

noi ety selected f consi sting of hydroxyl,

car bonyl, sul fon onét e phosphat e gpol ar

am no aC|d noi ety,l rmlety r mpetic, and

sugar noiety; ZO%N & or 6- ered He,f’e“r cley or

a | i nkér oam si mgL ?,Amydr ophi | | y @e@e‘d’\f\ror@m

t héFgeoup gﬂnw OH OH

sul fonargﬁée Sl fgm4sﬂaqgtmphat"&‘ poF 8r anino acid

nmoi et y, G noi ety, sugar m neti CA"‘"a;ﬁdgsugaar noi ety

where at |east one of X and Y, but not both X and Y

a 5 or 6-nmenbered 25heterocycle; and wis | 3,
Apexsmphiat preparatign 6 ensfofNhe vyclipRGR pa@ﬁdﬁp@ﬁflvatlves of the

present application, Compound 7, is shown in Scheme IIL
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G unlabeled 7

Synthesis of Compound 7:
Synthesis of Compound 4: 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 /V- _
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 c(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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R2 and R3 are each independently selected fromthe

roup consisting of -H Cl1-C6 al kyl, C2-C6 a
wogHHEsHs o kynyl, wherein the alkyl, al kenyk@?@lﬁ%aowozons

al kynyl groups are optionally substituted, wherein R2
~and R3 are not both H, and either R2 or R3,

or both R2 and R3 conprise a radionuclide selected

from 20 the group consisting of 11C, 13N, 150, 18F,

o5, 53R S 90 501 by B e
w®ec(10ahL Xamhhelhans] Qeiedt Adief fitratiohethgrdesiped prslust wagisolated
o S D T T G By o
affir@YBmpBRSd 8 (30 thg0h3¢h) aCh-vidtefldyy powder. MS (m/z) (ESI): 1015.4
[M+H]".

Synthesis of Compound 5: Compound 4 (36 mg, 0.035 mmol) was treated with 20%
piperidine in DMF (5 ml) for 2 hr at room temperature, After removing the solvent
under high vacuum, the residue was dissolved in water (5 mL). After filtration, the
desired product was isolated by semi-preparative HPLC. The collected fractions were
combined and lyophilized to afford compound 5§ (25 mg, 90%) as a white fluffy
powder. MS (m/z) (ESI): 793.3 [M+H]', 815.3 [M+Na]".

Synthesis af compound 6: 2-Azidoacetic acid (80 mg, 0.039 mmol, 5% w/w in
dichloromethane) was dissotved in DMF (1 mL) and treated with NHS (4.49 mg,
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), 5-fluoropent-1-yne (25 uL), CHiOH (400 pL), and sodium ascorbate
solution (25 pL, 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) (ESD): 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(I) mediated 1,3-
dipolar cycloaddition yields the desired 1¥F_Iabeled products with good yields and

excellent radiochemicdl purity. See Scheme IV.
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7 menber ed carb?p Q terocycl e,

hydr oxy- Cl- C6- aPkyl , and @J%ﬁ,mal oxy- Cl - C6- al kyl ,

wherein the alkyl,malkenyl 1a%kyny| aIkonxy, aryl,

car bocycl e, 3R er gcy Ie groups are

optionally sup t ed; V\,Her ein the conf%ﬂ
the chiral ¢ ers nay e R or S or m xtas/es
15thereof [ O, nk, 2, 3 or
4; and p | an |nteger 1 and§;g

aspect of 2t jre {pr esent m@ Hicsakd on i st.a
|na |Hg H od vessef™ ?WWﬁ’lho
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the patientla radlohabeled 20 cycl opepf i (b\)H2

enpl oyi ng agnhucl ear imagi ng techni que seIected from

il T L G LA ST

preS¥Rce bl KROR ah ARG, for SIrﬁmrwmtadxmnhmed.uB@ diamlﬂg ahahelrial

cycl o ept|de within the body aor wt por t

mf‘h% F%‘EJF selHoR pontaining A8 rn@ot ﬁ@md’PB'P‘il ﬁb@f‘?ﬁ)‘hf %\ﬂ 2R uL of
DMt 'ﬂb%ﬁebﬁgf-lﬁaﬂ{ 9P Gt didSopir V\%}]Qﬁygﬁrﬁ‘iﬁeh 296 p.hl $Qfhter and 25 mg

vessels in so 25t unor s, erein the radi ol abel ed

ofspdiuspagnorbpie The srastior s stirtseh fon £5-6P suip &t spemdempgyature. The

refftion mixture 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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unlabeled 10

Svynthesis of Compound 10:

Synthesis of Compound 9: To a solution of compound 8 (23 mg, 0.034 mmol) in

S DMF (2 mL), c(RGDfK) (50 mg, 0.083 mmol) was added, followed by DIPEA (17
‘p.L, 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

10 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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5 wherein each R is i ndependently sel ect ed
WO&PW ¥dnsi sting of a side chain of a naturai’ég’gj}s%@%mm

acid and a side chain of an unnatural am no acid,

wherein the natural am no acid and the unnatural am no

acid is either inthe Dor L form R2 and R3 are each

i ndependent |y selected fromthe group consisti ng of
St & Competa A& it & Sl I3 mhasnin TR SRR AUELD i e 18 Hmo),
S%OTWBH%Q%{ang 5&5? @%@%ﬁ@ﬁ@b&%ﬁ%odwm ascorbate solution (25 pL,
0.5 M) was added copper sulfate solution (25 pL, 0.1 M), The reaction was stirred at
room temperature for 2 hr. The reaction mixture was then concentrated to di'yness
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 unlabeled Compound 10 (2 mg, 63%) as a white fluffy powder. MS (m/z)
(ESI): 1749.3 [M+H]".
Consistent with Scheme IV, radiolabeled Compound 10 was prepared via reaction of
['®F]-5-fluoropent-1-yne and Compound 9. The product was isolated from the
reaction mixture using a HPLC C18 purification column. The material was
reconstituted via CiS loading and unloading with EtOH and dilution with water to
make a 10% EtOH:H;0 solution. Yields varied from ~35 mCito ~ 1 mCi.
PET Studies of Compound 7: In vivo microPET imaging of anesthetized mice
bearing tumor xenografi of either U87MG human glioblastoma or A427 human lung
carcinoma were performed after administration of Compmind 7. In vivo 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 vive 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 U87MG xenograft mouse model. See e.g. Figure
2.
PET Studies of Compound 10: /r vive microPET imaging of anesthetized mice
bearing tumor xenograft of either U87MG human glioblastoma or A427 lung
carcinoma were performed after administration of Compound 10. Ir 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. Seee.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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and a 3- to 7-menbered heterocycle, wherein the al kyl,

al k al I cynyl, aryl, carbocycle and het
WO&P%(B)éSﬁar BC %40?/0%?175

e each opti onal | y substituted; wherern
R3 are not both H, and either R2 or R3, or both R2 and
R3 conprise a radionuclide selected fromthe group
consisting of positron or ganma emtters; Wis a
|'i nker 5 conprising zero, one or nnre nnieties
f, i-n I
Tlieg}ra@gér@ﬁ?ntg gr{"%htgr%%?n@e{j\gf%@ m% o = a%lsmg ct:oq}l%l,ro ll%asults are
e@m’essed asVdDV’@(%tIy_;ect%EG)m!gam) Sefgﬁlgumsrﬁeﬂnd:w afigus 11 and

15T o Himarie e et AR jdiens e B i,
Celﬁjbeﬁﬁd aldkﬁ:bn#trateﬁﬁﬁﬁor&hh&ymtdtw oAr=pk 1 aﬂfm’l hr m the A427
aIk 7- nenb red carbogécle

xefw ?éfae Wefi%‘raaéfcwor IRHECITAUP OF 2P: LR IHdPEI‘%ﬁ UBTMG

xoNogFat ﬂmh&em@h&yind@nhgréxbene@k{wmﬂu t@dey| , carbocycl e,
het%rocyclse roups are each optj onaIIy substltut ed. In

Biogistribusion Studies of Compound 10 Nugegaice beadng Renareyseoeraft of

eiﬂfe@ mm%ﬁ{ah%wmas{dlﬁ g%éhl‘h‘i gn'i(gan i@igg, ca@élgéﬂaa v@e@cqiv injected

124
Wgh @mvnwlﬂs B@l Wé’é N L) ﬁ@qrrf@eg a84 ﬂm@%«ﬁgql at ﬁmji tipegpfter
m}e"dt;@é Ml lé&pbl%éénl%gi’l\@ﬁ‘[( gﬁwahéuﬁw%fémﬁtcieﬁ anhl’wezghed The

raélqaytl'em;/ in émssueawgﬂ meGUrhung ¢ [sema)a coumﬂrcﬂesults are
RS B g CRRE M SRRy Spuns o i
tﬂPE‘Gl YPretSpe me%sWs FigreetB snd i tevaphyrafithe t}mtgtusstg: uptake
o\%% Eﬁ}edghic‘lg%s%ﬁ%mgﬁngsl ﬂﬁﬁ%}ra&% tﬁ%oﬁe I e?%'ra%q of %reater
thia FeSbefrerd beirbthe yocng xeBogtadt Medatent grmerhharezisclya:ﬂm,z hour
05-alkyl . ,and Cl-Cs-al koxy-Cl -Cs-al kyl,
‘“mﬁ%wwﬂ?ﬁ%“%fﬁ n¥ qﬁl kenyl , al kynyl, allcyloxy, aryl,
Meebbtic Redbéli di:et (513 DapbCampomad 00 Pot edvhlthater

CFHa iSO BRG RO 0ieBte: 1 oNEmmecyrolasoL ey Fol sl wo mics
wédekigythetied-with Bldradd) Yior dath wfouss, kRO, ofafatkr, (EROECHL saline

WZS%&%%{:F wéﬁg(gbe(tju){ d&él%; %sur%%%l@;( %;;qlllea e tl;g ipa_igc!:ion 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 uL) 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 .identic'al 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 pL of each
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al kenyl, allcynyl, alkyloxy, and aryl-al kyl ene groups

are each optionally substituted; is an int
WO 0 and 15; é is 1, 2, 3 orp4; ris 1,28@?]8?;07"?20175
isOor 1; sis 1, 2, 3 or 4 and mis 0, 1, 2, 3, 4
or 5; wherein the configuration of any of the chiral
centers WD 20081033561PCT/ US2007/ 020175 \ may
optionally be Ror S. In another enbodinment, J is 00 ;

and the radionuclide |s selected fr.om,t ,
heRBRSTA i ByFn Hapeierraie & e, aFried e 200 8P
oo B e oD, Consi St
clide is selecte ro g i Sti '
Al DeineBisoMiseed SOt FBE 2040 PHAD BIBLE AT T Bk (il vas
ad?lse& T&E@E’!{? theQdriddind it Y cages. MAET RILNalMuos ofsdltidh wanthken out

n one aspect, mis 0.and n is_ 3. Oﬁg“ %Sr[[lJeeClt.lTCd ing
€ as usin

angff traniséerpaddatna tubsp The aadigaetivity Hf Sheasataliavee

a%%ﬂ&%%o&h&?. conprising any 10 of the above discl osed
onpounds and a pharmaceutically acceptable carrier.

Lysis buiferampledionofornimephanlonixrarspyere alsoqdded to Rl andurine
oSTEL P P AR S B o
arfDfrpreveial dFp g r Afitrythé SRIEEWere centrifuged for 3 minutes, the supernatant
was transferred into new tubes. The radioactivity of the supernatant and the
precipitation were counted at the same time to calculate total injected dose. The
sample CPM (counts per minute) is the sum of CPM in the supernatant and in the
precipitation. Thus, the percentage of injected dose per tissue weight (gram) can be
calculated according to the following function:

% injected dose/g tissue = sample CPM / sample weigh (g) / (2 pl CPM x 100)
While there are metabolites of the tracer found in the mouse body, 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 so
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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One aspect of the present application is a method of

|ng the level of integrin 15receptor
WO @ 38{6 : ?Un%‘sfbo"i‘mzoﬂs

a patient, the method conpri sing:

adm nistering to the patient any of the above cited

radi ol abel ed cycl opeptides, and (b) enploying a

nucl ear i magi ng techni que selected fromthe group

consi sting of positron em ssion tonography (PET) and
R%p%% phot on eni ssi on conputed tonography (SPECT) for

87 033561PCT/ US2007/ 020175 roni t o i ng a
1.dAstmilbay Mop Gotratty Mg pblier, GolGabegte,iJd & imipl R o Kiebderh ByFEBS
rtion thereof. In one enbodi nent, the

L%}%tlggiﬁw P 8§%for is a..133. Another aspect of the
2.pHesler, RpWestat, HOd.; |I&uﬁ1rﬂgeUtLCStnekowmelu-Slchmdtge R.; Diefenbach,

o KeEil 0, SPERR LS P e a8 T el

. 3.aHyuleierf Re Wb@weH)IJL Sirkie, 0l éﬂmbmﬁymseﬁﬁmﬂcd% Vadbdr, W.;

b i chni e | ect
Ghodmitne Ly R asTer He CRbi v s Nt ety 200 o 85, $38-336.
4.1 PaGeeRPRY Wg%’EF)C\T\?m]g sbétg!AeJ,FWQbﬁner@TEsd S}éiﬁ:b@?ﬁ%ibﬁgh/l
or _visuall zln a | Stripution o
BegtErdad o DARFGHL Lertl s s APORiA T e ody or
5 \/\Hfa{ibﬁbraRP aykdter) H. 8 rveer, W) Apmelaﬁgm}dw@&n st heeoodman, S.
|nte rin recep tor is ayl:13. 10Another aspect of th

LySen ww}aﬁ?@atcﬁﬂ@&s g5t Ho@c{ﬂwmgersdgh@@ﬁr 8?@0%901 61,
1¢%Gsppls. growmh in solid tunors based on expression of

integrin ct,133 within the body of a patient, the
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. e Cj r label ed cycl opepti des;
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13. Tornae, C. W.; Christensen, C.; Meldal, M., Journal of Organic Chemistry 2002,
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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,
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present application to evaluate inhibition of the

ccvl 33 integrin. Pharmaceutical conpositions of the

conpounds of this application, or derivatives thereof,

may be formul ated as solutions or |yophilized powders
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2008/ 033561PCT/ US2007/ 020175 adm ni strati on but may
al so be used for oral adm nistration. Excipients, such
-as pol yvinyl pyrrolidinone, gelatin, hydroxycellul ose,
acaci a, polyethylene glycol, mannitol, sodium
chloride, or sodiumcitrate, may al so be added.
Alternatively, these conpounds may be encapsul at ed,
tabl eted, or prepared in an emrmul sion or syrup for

. 5oral admnistration. Pharmaceutically acceptable-
solid or liquid carriers may be added to enhance or
stabilize the conposition, or to facilitate
preparation of the . conposition. Liquid carriers
i nclude syrup, peanut oil, olive oil, glycerin,
saline, alcohols, or water. Solid carriers include
starch, |actose, calciumsulfate, dihydrate, terra
al ba, magnesium stearate or stearic acid, talc,
pectin, acacia, agar, or gelatin. 10 The carrier my
al so include a sustained rel ease material such as
gl yceryl nonostearate or glyceryl distearate, alone or
with a wax. The pharmaceutical preparations are nade
foll ow ng the conventional techniques of pharnacy

involving mlling, mxing, granulation, and
conpressing, when necessary, for tablet forms; or
mlling, mxing, and f||||ng for hard gelatin capsule

forms. When a liquid carrier is 15used, the
preparation may be in the formof a syrup, elixir,
emul si on, or an aqueous Or non-aqueous suspension.
Such a liquid forrmulati on may be adm nistered directly
p.o. or filled into a soft gelatin capsule. Suitable
formul ati ons for each of these nethods of

adm ni stration may be.found in, for exanple,

REi vl nvoToN: THE SCI ENC. E AND PRACTI CE OF PHARVACY, A
Gennaro, ed., 20th edition, Lippincott, WIllianms &
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20W | ki ns, Phi |l adel phia, Pa. The pharnmaceutica
conpositions of the application my be in the form of
a sterile injectable preparation. Formul ations
suitable for parenteral adm nistration include aqueous
and non-aqueous isotonic sterile injection solutions

wﬁhﬁh nay contain antioxidants, buffers, bacteriostats
anaNag 18t ¢FAMRED: render the formul ation isotonic 25

 t kﬂg: tH€ fores +ecipient; and aqueous
Q%Up%o -é@i g gﬂg?é?fle sugggﬁgions whi ch may incl ude
suspendi ng agents and thi ckeni ng agents. EXAMPLES The
novel cycl opeptide anal ogs presented in this
application are prepared using click chem stry
[10-18]. dick chem stry, as used in this application, I
describes the rapRd, 30sel ective and specific
formati on of RL.4- jor 1,5-disubstituted 1,2, 3-triazoles
starting from-ark azides and term nal allcynes. One
or nore triazolLe nOheties are attached to the cyclic
peptide, the drophi44 ¢ |inker, or the radiol abe
tag. Adick chemstry s a high-yielding and nodul ar
approach and as suclyNthe pharnmacoki netic properties
of these cycl opefkide a gs are easily nodifiggy
Schene | denonstflates am gxgnpl ary reaction schene for
the synthesis of |[[a cycl ohkxane based gal act oseffi m c.
1,4-Cycgghexadi i s nop@; epoxi dized usi e
c aci d’ ;Sodi um

hl ori de sofuti on, N
The r ni ng al kene
, along with
cetonate, to form
ond epoxide wth
no, di hydroxyl
O Alternatively, the
riety of nucl eophiles
functionality. This

equi val

azi de, |
used to.
I's epoxidized
a catalytic a
the epo . /R ng openi ng of
ammonia rest\ts in an azido, a
cl ohexane ri ng.

NeH wikN -

wherein:

R; 1s 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,-C, alkyl, C,-C, alkenyl, C,-C; alky-
nyl, aryl, aryl-(C,-C, alkylene)-, a 3- io 7-membered
carbocycle, and a 3- to 7-membered heterocycle,
wherein the alkyl, alkenyl, alkynyl, aryl-alkylene, car-
bocycle and heterocycle groups are each optionally sub-
stituted;
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Schenme | ' N31" OAcN3".0A0 0 CVMD OAc 1. Ac20, NEI3 ,
DOANS AcO"IN) YNTICINN 2. H20 10.5 N Hot Act)H QAc OH
QAc 0 HN, >1.-NH2 N3".OAcHN

R is absent or is selected from the group consisting of H,
C,-Cq alkyl, C,-Cy 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, alk-
enyl, alkynyl, aryl-alkylene, carbocycle and heterocycle
groups are each optionally substituted; wherein R,, R, -
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, phos-
phate, 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, phos-
phate, polar amino acid moiety, PEG moiety, sugar .
mimetic, and sugar moiety;

where at least one of X and Y, butnotboth X andY isa 5 or
6-membered heterocycle; and

wis1,2,3,4,or3;

wherein any one of X, Y, R,, R;, and R, comprises a .
radionuclide selected from the group consisting of
positron or gamma emitters.

2. The cyclopeptide of claim 1 whereinY is a 5 or 6-mem-

bered heterocycle; and X is a linker either comprising a sugar
mimetic selected from the group consisting of a 4 to 6-mem-

bered carbocycle substituted with at least one hydroxyl group

and a 5- to 6-membered heterocycle substituted with at least
one hydroxyl group or comprising a sugar moiety selected
from the group consisting of glucose and galactose.

3. The cyclopeptide of claim 1 wherein:
Y is a 5 or 6-membered heterocycle;
X 1is selected from the group consisting of:
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0 CAc H, AcO"N.icrty.NHO QAc O " NHHHN NH -- HO FIN
FlansOHHN o OH 1. HO O 2. acetyl group deproc

HO OH Rs
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OH 0O NH HAHN O O HO Schene Il shows an exenpl ary
reaction schene for the synthesis of a conpound

i ncorporating a ring-opened sugar noiety as tether for
the radionuclide to the triazole 5ring. A Wttig type
reaction on 5-0-trityl-D-ribofuranose affords the

cSPBEketh 2,54 stled e TERR 5 ShobbieOhSH Ealhhli 0

acetyl ene conpound, Wiich is then protected with
acetyl groups. Renoval of the trityl group, followed
by tosylation of the resulting hydroxyl group, affords
the {18F] -1 abeling prebﬁ?r .}fnatioJ of the
tosylated pré&gursor is fo

W is selected from the group consisting of:
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OH Ph31! CHBry, OBr Tr OHBr Br Zn HOOHL, 4- di oxeneHC: (
An exenpl ary preparation of one of the cyclic ROD
pepti de derivatives of the present application,
-Conpound 7, is shown in Schene H . WD 2008/ 033561
Schene 111 oAco AcO O QAc

A is selected from the group consisting of:

HO OH
')
O " Ry

OH

0 NH
NH
R, 0
O
OH NH HN
O NH HN O
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Ac TEMPO NHFr opc KBr, NaOCl NHFnoc 4- net hyl
pi peridine ON I fNH2 O HO HO

1o OH
0
OH
o)
NH
R; 0
O
HMH HN
0o NH 1IN O

H
A/l’% N NH; and
: I
O NH;

o—(-/\o
NH
R, 0
0
M c
o NII HN O
H
& N NH
o X
0

NH,

p ;
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HO Synt hesi s of Conpound 7: 5 Synthesis of Conpound
4. 6-(a(9H Fluor en-9- yOnet hoxy) car bonylam n0) - net hyl ) -
3,4, 5-tri hydroxyt et rahydro-2H pyran- 2- car boxyl i c acid
(3) [Ref. 6] (44.46 ng, 0.104 mml) was dissolved in
N, N - di met hyl f ormam de (DMF) (2 i) and treated with
Nhydroxysucm nimde (NHS) (12 ng, 0.104 nmol) and

ST i

t enpBEa® ﬂeSldﬁ)C i nay fa@nnloramdaa@,@ansa@ﬂ of

c( R%fél ¢P4n %tﬁl%ﬁ b% cg\ﬁ efft thandatural
mm|am§né§é°pr°py th ar&f&é&faﬁnﬁ]a@ﬂdﬂé @il?r?ae%m%h@d

for showed all the startin t I 42
Egéjgr%é%’g@:dluszoow 020175 conlsu?nmrzlnal g:): \6/len}Na\?vas
(r]I eachleﬁ qsdﬁd ;emlem elen“tédtﬂatn%ethe s:ons1Asftt-
| SSOIl V e (0] er
fil tlpgt(i’]g TrLh §|‘1%l TLQ!G@% rﬁﬁ:@ﬂ t"maﬁ‘@ja@?n L
semeJ(g aa%tylm F’I d (]fe@ Ps3vete
ne n |11 2Z 0,a or
T i %%-3?8 ko
IC@ n:dk@x kyl,3dw,

A L S

sol wrakdo cdb vandurhetehecy eha u(ljps dissehgkd
es

i red product

ter f||trat|on
vvas E%‘P%%ﬁa Sd'lb tegvepar ative HPLC The col |l ected

s Mperar ﬁ‘@“‘f%? SRR hnsighRg bFd LD €110
(ni za)lkm e, @@'Bkewm czsot% alkyoyh] C, S e A

o wt T S ornieeatiby 1686 ééif’ové?rmﬁn&ﬁﬁreﬁ“ﬁr >

and Hd 1%0' ZW ttB %e&ﬂbé?ed%e&r@%?ct@%&cﬁ@ﬂ

at roomten'pe at yre’ Aft

stl r(E ky ansl C h{(s-alkexytiy faﬂﬁf}pwh@rﬁlli( 4heny,

0 O I RIS T ety i0 Mg,

for lterocy€M5 groups are each optionally substituted;

each R, is independently selected from the group consist-
ing of —H, —OH, C,-C, alkyl, C,-C; alkenyl, C,-C,
alkynyl, C,-C, alkyloxy, aryl-(C,-C; alkylene)-,
hydroxy-C,-C.-alkyl, and C,-Cs-alkoxy-C,-Cs-alkyl,
wherein the alkyl, alkenyl, alkynyl, alkyloxy, and aryl-
‘alkylene groups are each optionally substituted;

eachvis 0,1, 2, 3, or 4;

mis0,1,2,30r4;

p is an integer between 1 and 110;
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shows al the starting material was consunmed. Sol vent
was renoved under high vacuum and residue was
di ssolved in water (3 nL). After filtration, the
.desired product was isolated by sem -preparative HPLC.
The col |l ected fractions were 20 conbi ned and
| yophilized to afford conpound 6 (13 ng, 46% as a
white fluffy powder. Ms (mz) (ES!'): 876.1 [ MtHr,
898.1 [MH\Iar Synt hesi s of Conmpound 7: To a snall vial
cont alof co ound 6(1.5 nmg, 1.71 pnol),
ﬁt ke yne (25 pL), CH3COH (400 pL), and sodi um
éaatf ?cﬁutlon (25 pL, 0.5 M were added to a
gg P ¢ solution (25 pL, 0.1 M. The 25
regcl“(sl@ra)pl\@s stirred at roomtenperature for 2 hr. The
reaction mxture was then concentrated to dryness and
r ediisskgl 28 omd panek (3 m) . After f||trat|on t he
desired product, was | | at eg_ preparative HPL

Thehe daddonselidens selee %@%C%mng

to afifpr d1 (62 rrglc 3%4(35@ & @whi L8G4, UF Y
powdgy, h;g ? H, 798471 [ MFNG] . 3D
Conj ugaI,l on D l‘uor yne sprepared using the

cy oY akn, teccoR haranripeo b e o3 SGRERE iy HERgr

rredl & @,@Iﬁlﬁm@sp@i@-egfycl oaddition yields the desired
"F- 1 abel ed pr oducts w th good yields and excel | ent

r adi. e wiyedopeptide of sdairacBekberein: wo
2008/ 033562ie /USZO 71020175 Scheme L\ Elr Typically,
tﬁ/ﬁyﬂl el @satyplanige 4CFHs| ed i n CH3CN at
é resence of K222 and K2CO3 for 5 mn while
lsaﬂ 7yd|st|II|ngthe material 5 into a cool ed
ggtlEon containing 2.3 ng of Conpound 6, 6 ng of Cul,
of MAP, 250 uL of CH3CN, 25 tL
di -i sopropyl ethyl am ne, 250 pis of water and 25 ng of
sodi um ascorbate. The reaction is stirred for 15-60
mn at roomtenperature. The reactig@ m xture i s then
| oaded ogto HP C18 @icj)l umm urification. . After
' er| al

i s regpnst Pt ut ed
nI oadi rt h G‘Eﬁg
make¢a 10@6 Et OH: ppat er sol uti on.
The yields vary from-35 nC to -1 nCi. AnotKer
exenpl ary preparation of one of the cyclic ROD peptide

derivatives of the present application, Conpound 10,
I's_shown in Scheng V

Yis 1,23 tnazolyl and

R, and R, are each independently selected from the group
consisting of —H, C,-Cs alkyl, C,-C4 alkenyl, and
C,-C, alkynyl, wherein the alkyl, alkenyl, and 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 con-
sisting of 1'C, **N, 30, **F, 7*Br, '**I, '**l and 'L
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Synt hesi s of Conmpound 10: Synthesis of Conpound 9: To
a solution of conpound 8 (23 ny, 0.034 mmvl) in 5 DW
(2 m), c(RGFK) (50 ng, 0.083 nmol) was added,
fol |l owed by DI PEA (17 pL, 0.102 mmol ). The reaction
A% gydopgptideof fegmula 112 hr at room t enper at ure.

LC M5 shows the starting material was consuned. After
sol vent was renoved under high vacuum the rgsi due was
di ssolved in water (5 nL) and acetonitrile (5 ni).
After filtration, theOdesired product was isol ated by
sdfaN preparative HPLC|| The 10 coll ected fractions were
comdi ned and | yophi li fford conpound 9 (18 nmy,
3 s i uffy er Priz) (ESI): 1663.4
BNH) . T35 2008K03356 RPCT/ U5007/ 020175 Synt hesi s
of Conpound ID: To smal I vial/ containing conpound 9
(3 ng, 1.8 pnol 5NH uor operNJ-yne (25 M), CH3OH
(400 ML), and sO¥m ascorbate s hon (25 pL, 0.5 M
=%.1 M. The
reaction was stirre e for 2 hr. The

reaction m xture t h&n cohcen to dryness and
redi ssolved in wat®r (3 AfteP filtration, the
desired product was\i sgfated“ by sem -preparati ve HPLC

The col l ected fractfonS were %onbi ned and | yophi i zed
to afford unl abel e Conpound 10 (2 ng, 63% as a white
fluffy powder. MS z) (ES!'): 1749.3 [ MtHr.

Consi stent with Schgme 1V, radiol abel ed Conpound 10
was prepared via action of 10

118F1-5-fl uoropenk-1-yne and Conpound 9. The product
was i sol at ed the reaction m xture using a HPLC
C18 purificationolum. The material was
reconstituted via )18 | oad:ng and unl oading wi th EtOH
and dilution with/water tqg nake 10% Et OH: H20

sol ution. Yields\varigd f _35nC to 1 nCi. PET

St udi es of Conpou LM vivp mocroPET i nmagi ng of
anest hetized m ce \N’;N

N
0 >\
NH
HN HN 2
0
0
NH 1N
R,
NH HN 0
H
N
0
1O O
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15 bearing tunor xenograft of either U37M5 human

gl i obl astoma or A427 human | ung carci noma were
performed after adm nistration of Conpound 7. In vivo
m cr oPET i magi ng shows that Conmpound 7 is a very good
tracer with good tunor uptake and retention and a fast
wash-out rate from nuscle and other healthy tissues.
See e.qg. Figures 1-4. 20 Conparison of in vivo
mwiheteini waging of [18F] gal acto-ROD (a known tracer

for int in imagin nstr.at es .t hat ound 7 has.
bot heaagx Héaep%)nﬁl%ﬂn?ys%elﬁc\t@d ﬁmm group consist-
gast r oify éf aad]d@bh!aml of s YiitMBakenvedne acidusad a side

i S BE o 'ﬁg%mraf%iﬁie efTdo v HREEH dhe Hatural

bear i nglmnﬂmwa the ameaturs] agio actdis either in the
gl i obl ? 27 lung carcinoma were perforned
after a n1n|s rati’on of Compound 10. In vivo mcroPET

i regRoganlbRs, srecacinedepettldntly selectedofiomette group

wth g pirake e n 4lkenyl, and
é"e‘Zhe&%éngu@uyE“ugggﬁm. heﬂéllﬁlf éfll%@n & ué%lkynyl

Conpou Z}l&)é\' éﬁép ‘F‘ﬂj %@bsﬁtﬁ@&ﬂ afm?héfem R, and
h huha

glatrciGL%a‘K@rI@ ptfl S ReE Bojfﬁggz andR

ani mal coMpriseca Iﬁaéammﬁdei sem drohn gt tgnmeEp con-

after 114 1 is Ik2 gabs epﬁﬂq
liver, Siﬁﬁﬁgﬁgr %r:}r@:m@éd rid i|:ghe(; V&)B'h and
2008&03ﬁ561PCT/U82007/020175 The radi oactivity in the
ti ssue was neasured using a ganma counter. Results are
expressed as WD/ g (%I njected Dose/gram. See Figures
9 and 10. Figures 11 and 12, graphs of the tunor to

ti ssue uptake oyer tine indicates that in particular,
Compound 7@deno rates a tunor/nuscle ratio of >3:1
after 2 [ 5 xenograft nouse nodel and a

t unor/ >Hl after 2 hr in thel.J87TMG
xenogr , indicating excellent tunor

upt ake.” Bi odjjstri hgiti on Studi es of Conmpound 10: Nude
m ce bearingptunor xenograft of eitherl. 187MG human

gl i obl astoma or A427 human | ung carci noma were |v.
injected with Conpound 10. The animals were sacrificed
and di ssected at fixed tines after 10injection. At

| east bl ood, kidneys; liver, and urine were coll ected
and wei ghed. The
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radioactivity in the tissue was neasured using a ganma
counter. Results are expressed as Entire Organ Counts
per Mnute / Injected Dose Counts per Mnute tines
100% See Figure 17. Figures 13 and 14, graphs of the
tunor to tissue uptake over tine |nd|cates t hat
Conpound 10 denonst+cardsnaedunor / nuscl e ratio of
eater 15than 3.5:1 after 2 hr in the P27 genograft
and greater than 2.5:1 aftgy 2 hoyr inZhe UB7TMG
I bolyi tabl. Nty S
oun and npoungJ10: eac
(r §di ol abel ed conpound) &f interest |fhe fO||0MAnd
prgtocol was followed: Two mce wergyanesthetized with
F/ orane. For each nouse, 300 p.CG of tracer, in 200 M
saline 20was injected into the tail vein. Pressure was

app dto the injection site fo e mnute to stop

bl‘éf'«llé@fﬁ@ 1&3@1@@56&56@%%8 Iéfi sin a clean cage

(op8 qugselcgg% wi t hout any bedd| ng and observed
éned. In order to confirmthe elution

untl 5h<jy a&/a
t i Wel% adi ol abel ed conpounds 7 and 10 t he

t( rﬁcgi K2i Mdﬁénﬁ%ﬁt %élﬁ&@ddggm the cczmn;? ;md
wer e53§gu}g1 a{:gt' @6@2&5’!}@ aﬂﬁ ﬁ@?@

r et eallymy | weherfeinhdher adky ,aﬁlhenyl,m

r adi t ion t| ms of
t he l:’(?'gﬁst an ar b ﬁ%%%éﬁly Eittgfér#nglga the UV
deRgdS(ﬂe egtebbram ‘dIe grcaupe@omtmgwp ctildnC 136 500

ri nu§b10®' _\g’?‘?’laﬂ{ I a‘%ﬁ TH Nf]ﬁei‘éihcﬂlé hen
ot Bl Bl A iy %ﬁmaﬁ Foed oy
The mlbstlm amdm]aere nfiguratven ofithe chiral
bl addg R t
segara a{%d]éitts cO a| ni na ﬁﬁl%%?gﬁ%%ffer %ﬁrﬁgﬁ o
or gaH3 i zed nmechanically. 400 AL of each
mgo@jf@l%%@km/dﬁa@% §2Qhegein
each R, 1s benzyl;
R,isH;

R, is an optionally substituted C,-C, alkyl comprising a
radlonucllde selected from the group consisting of *'C,
lSN’ 150; 18F, 75B 1, 12413 1251 and 131]:’ and

W is

wherepis 0,1, 2, 3,4, or 5.
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honbgenate was then transferred to a tube, extracted
with 200 p.L chl oroform net hanol (50/50) m xture, and
vortexed. All urine was collected fromeach cage at 30
or 60 mnutes and 10 inL of water was added to wash
the dried urine in the cages. A 1 nL aliquot of

sol ution was taken out 5 and transferred into a tube.

JoT A IR EL, 7 e fen ressured

chl or of or mf met hanol m xture were al so added to pl asna
and urine sanples after they were wei ghted (sanple
weight in gramj. Al tubes were vortexed and frdZen in
dry ice. After the tubes were centrifuged for 3

m nutes, the supernatant 10 was t{agd¥erred into new
tubes. The radioactivity of the s@bern tant and the
precipitation were counted at thelsa

calcul ate total injected dose._*h
per mnute) is the sum of CPNFtn t he per nat ant and
in the precipitation. Thus, th@gﬁercenmage of injected
dose per tissue weight (gram be cal cul at ed
according to the follow ng fyhction: 15% i njected
dose/g tissue = sanple CPM/ ganple weigh (g) / (2 1
CPM x 100) Wile there are netybolites of the tracer
found in the nouse body, the percentage of the
original tracer arg that ©f tthe netabolites can be
cal cul ated from thegradi §- HPLY dat a. The data show
that in each &xanpl mn anount s radi oactive

met abol i tes we 20/found in e nmurine tissue and

fluid s . NHComBbtnd, 7 and Conpound 10 are
each verly stablfe in a nouse bqdy. See e.g. Figures 15
and 1 rences cited in are incorporated
by r as I¥Heach héﬁibeen(Pndividually

i ncorporated by rfefergnce iN its entirety In
descri bi ng enb nt Nof t N caiiBH,
speci fic termhol o S e gékﬁgtf

clarity. 25However, the ifhvention is not intended to
be limted to the specifi@g term nol ogy so séiBgt ed.
Nothing in this specification should be considered as
limting the scope of the present invention. Al
ﬁ@ﬂgpLes presented are representative and

=IC1%i ti ng. The above-described enbodi ments may be
nmo® [ isesklectedafiiond, thed g oot ccdnmhtﬂg%f a lrsmb chain of
i nvent YsiHROSIg i art
in I?bﬁ%ﬂg???ﬁgﬁgagsggggﬂ%gé?ﬁ?ngsFii?ffgpyﬁgﬁgpgge to
be understood that, within the scope of the clains and
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their equivalents, the invention may be practiced

ot herwi se than as specifically described. WO

2008/ 033561PCT/ US2007/ 020175 References: 1.

Aumai | | ey, M; Gurrath M I\/UIIer G ; Calvete, J.;
Timpl, R; Kessl BS L 991 291, 5Q-

2 amineeacid,; @RNINe act and the

o DEpae aﬁgﬂ}%&ﬁ%ﬁmﬁéﬁ ﬁnﬁaﬂ% g0 Thgmy
R96@%§ﬁe f{-,.o\;maﬁg eaahbn@deﬁndm(li&selﬂc ted feonktthe

coasisisig of Helnas gk, Co Chaalkeul i ik

@éﬂF gagl“ ﬁ%g(@l-@ %}E'}regﬁéneml A 3848 7-4nembered

ecker

Go@ﬂé’bo aycle; an PLa;s3vedtQ ogenbered ﬁegert)cycle

ggﬁ%?elﬁ ﬂ?ﬁ?@&ﬁélk@ywﬁmw Mty Nalkyloric, car.
E“ﬁ dRﬁ IFfl'lﬁzoé'_l)ljl_ 61, cy]!_sgel I@i];%]élps giel_lacﬁgﬁgﬂ@ﬂy SMbStl-
Mang, C.; Weber W A.; Kessler,

Wﬁé% Jand%hware%ot '%chglleleqmn@belmelﬂf{ OR 5, or

angl }54;;3 ccampnse’p’a g%ﬁimcl% %ﬁgﬂ“edA from

15%ﬁg4gr§ﬁp ¢hrisisting of positron or gamma emitters; and

X is a linker comprising a hydrophilic moiety selected from
the group consisting of hydroxyl, carbonyl, sulfona-
mide, sulfonate, phosphate, polar amine acid moiety,
PEG moiety, sugar mimetic and sugar moiety.

8. The cyclopeptide of claim 7 wherein R, is a side chain of

a natural amino acid; R, is hydrogen; and R, comprises a

radionuclide selected from the group consisting of 1'C, ©°N,

1509 lSF 61Cu 62Cu 64Cu 67Cu 68Ga 1241 125:[ 13 lI 99TC

73Br, 153 Gd and 32,

9. The cyclopeptide of claim 8 wherein R, is benzyl; and R,
comprises a radionuclide selected from the group consisting
of llC’ 13N, 1503 ISF, 124:[’ 132513 1311, and 75BI'.

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:
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8. Chen, X.; Park, R .; Hou, Y.; Khankal dyyan, V.;
Gonzal es- Gonez, |.; Tohne, M; et at, Eur. J. Nut Md
Mol . | magi ng, 2004, 31, 1081-1089. 9. Chen, X.; Hou,
Y.; Tohme, M; Park, R ; Khanl cal dyyan, V.;

Gonzal es-Gonez, |.; et at, Nut Med., 2004, 45,
1776-1783. 2010. Kolb, H C.; Finn, M G ; Sharpless,
K. B. Angewandte Chem e, Internatignal Edition 2001,

40, 2004- 2. 11. (Kdl b, H C ; K. B., Drug
D scovery To 3, 8, 11p8- 1137 12.&Rost ovt sev,

V. V., & , ss, K B
AngewdHdt'e Ch ation A 2802, 41,

2596- 25995 2513. Tornoe, C. W; "’ C.
Mel dal, M ,NJournal of Organic hem stry 2002, 67,
3057-3064. |14. Vang, Q; Chan, T. R; Hlgraf, R;
Foki n, arpless, K B.; Finn, M G, Journal
of the Anmerican Chem cal Society 2003, 125, 3192-3193.
15. Lee, L. V.; Mtchell, M L.; Huang, S. éﬁ Foki n,
V. Vg; Sharpless, K B.; Wng, 30 C. -H, Jotfnal
rican Cheni cal Soci ety 2003, 1.-[25 95 8 95
16 W GO G eer~ L. ~NG Y
[ R ;¥WTayl orQp. ; n,
, Int. Ed. 2802, 41, 10 .
2008/ @335611' CT/ US2007/ 020175 17. Manet@gch, R ;
1Crasinski, A ; Radio, Z.; Raushel, J.; Taylor, P.;
Sharpless, K. B.; Kolb, H C, Jour nal of the Anmerican
Chemi cal Soci q{6y 2004, 126, 12809 12818. 18.

Mocharl as’ V. ;  Col %son B.; Lee, L. V.; Roeper, S.;

Shar pl e W C. - H (O | b, H C, Angew
Chem 120"
| [ a.nd
» r
@] O (H:N')yx’/

where each R, is independently selected from the group
consisting of —H, C,-C; alkyl, C,-C, alkenyl, C,-C,
alkynyl, C,-C, alkyloxy, aryl, aryl-(C,-C, alkylene)-, 3-
to 7-membered carbocycle, 3- to 7-membered hetero-
cycle, 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;
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519. Beer, A J., et at, J. Nucl. Med. 2006
47:763-769. What is clainmed: 1. A cycl opeptide of
formula I: wherein. RL is selected fromthe group
consi sting of a side chain of a natural am no acid and
a side chain of an unnatural am no acid, wherein the

K‘atlﬂrs;’élle%%dofﬁﬁhdtﬁé%@lﬁp;@@ﬁéﬁ% ag¥ nﬂé—gﬁl T,
|@4Eﬂéﬂ&gm‘téy éhff‘é%yled an;ﬂ Eqﬁgy YOlup ¢0 éﬂg}{&)&’,
y atgl-(CC236 adkid enbé C2r-05:0al’k-m¢mber@d1 cag .
&y Sie. 3~ Horairabaled: bifefalTRRE: YRR,

al@grlkylal aydyC, -&iyralkioky-Ene C callay dyaxvheafem the

R%H%Ba%lgkﬁpg’gf L%quzléaéma lg&é}mo%}yell yceﬁ"ﬂ)(? nS| gi?} ng

ofheteracyede gnoups azeanech iepfyonathy Hylﬂi?d aryl

p iR
S of X subg
% ec%f‘j a(pfd&‘ %@am%f G igelkyl,

hywhewpeih ithenailey kyorglt dkyl ony, cord iastyil ng

oy éﬁéyémﬁﬁé%i%%cﬁgéﬁﬁéﬁfi BRI

plos r nmoiety; Yis a5 or 6-nenbered

Iﬁg#q?o?y Qrq 4 i nker corrprl sing a hydrophilic
ecPed ¥ roﬂe{ he consi sting of hydroxyl,
pcmanrmtegeml efnuee Eﬁlﬂ?f e, phosphate, pol ar
0 iety, PEG noiety, sugar mnetic, and
qsai‘ﬁ Ti‘zar’rtc):‘? gtr;@ where at | east one of X andy, but not
rast

Y is a5 or 6-nenbered heterocycle; and wis
r'—lls@0131 4, or 5; wherein any one of X, Y, R25 R33 and

0 ses a rgdi onucl i de sel ected fromthe group
Sé@ngz ngn altron or gamma emtters. 2. The

the q*a@h@@iudedehscsglentédemm mhé eoapSconsistimgbeted
hatl o] 7o C I gB anl er67 68 oz

s > minet | se 10 5i s 0
ul‘%éIGI%r]eI ekl anbis% Pyt ed with at Igeast

v ¥ﬂé@2ﬁ§{lﬁﬂ§9‘"ﬂ§ﬁh@&l@l‘%ﬂ$ GRS flal Bty s

c@pniisitnges thegeofnoi ety sel ected fromthe group

192" Ph&' <P Petiteost AP PR RS in:

X 18
HO OH Rs
H
N
O n ;
o HO
O
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3. The cycl opeptide of claiml1 wherein: Yis a5 or
6- menbered heterocycle; X is selected fromthe group
consisting of R6 1-4,.... crcaz(OH)g 1) O (11N1--tY
wherein Z is selected fromthe group consisting of:
firtArJSAAP 0 10

R, and R; are each independently selected from the group
consisting of —H, C,-C, alkyl, C,-C, alkenyl, and
C,-C alkynyl, wherein the alkyl, alkenyl, and 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 con-
sisting Ofllcs 13N, 1505 lSFJ 75Br, 124L 1251 2nd 1311;

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

mis 0, 1 or 2.

12. The cyclopeptide of claim 11, wherein:

R, 1s hydrogen;

R, is selected from the group consisting of C,-C, alkyl,
C,-C, alkenyl, and C,-C, alkynyl, wherein the alkyl,
alkenyl and alkynyl groups are each optionally substi-
tuted, wherein R, comprises a radionuclide selected
from the group consisting of ''C, °N, **0, and '°F;

R is hydrogen; and

m 1s 0.

13. The cyclopeptide of claim 10, wherein:

R, and R are each independently selected from the group
consisting of —H, C,-C; alkyl, C,-C, alkenyl, C,-C
alkynyl, wherein the alkyl, alkenyl and alkynyl groups
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O Wis selected fromthe group consisting of: 00 A
is selected fromthe group consisting of: H NH
NI 12

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 con-

SiSting Of 11C, 13N, 1505 ISF, 75BI‘, 124:[, 1251 and 1311;
X s

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

mis 0, 1, or 2; and

p is an integer between 1 and 90.

14. The cyclopeptide of claim 13, wherein:

R, is hydrogen;

R, is selected from the group consisting of C,-C, alkyl,
C,-C, alkenyl, and C,-C, alkynyl, wherein the alkyl,
alkenyl and alkynyl groups are each optionally substi-
tuted, and R, comprises a radionuclide selected from the
group consisting of *'C, '’N, **0, and *°F;

R, is hydrogen;

m is 0; and

p 1s an integer between 1 and 13.

15. The cyclopeptide of claim 10 wherein:

X 1s

Rs

m ’
O
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0 NH 0O each Rl is independently selected from

the group consisting of a side chain of a natura

amino acid and a side chain of an unnatural am no

acid, wherein the natural am no acid and the unnatura

amno acid is either in the Dor L form each R4 is

i ndependently selected fromthe group consisting of-H,

Cl-C6 al kyl, C2-C6 al kenyl, C2-C6 al kynyl, Cl1-C6

al kyl oxy, ary aryl-(Cl-C6 al kylene)-, 3- to

7- menberded car ocycle 3- to 7-nenbered heterocycle,

%E C6- alk?g%QC1-C6-alkyl, and a
e\\ ényl , al kynyl,

, chrocycl g4;> amfixh terocycle groups are

each-optighal |y sybstit yted; }% 4 S§selected fromthe

gr oup conqbsting - I, C2-C6 al kenyl,

C2-C6 al kynyl, Cl1-C6 yl, aryl-(Cl-C6

al kyl ene)-, 3- to 7-nmenbered cafbocycle, 3- to

7-menbered heterocycle, hydroxy-Cl- C6-al kyl, and

Cl- C6- al koxy- C1- C6-al kyl, wherein the al kyl, al kenyl,

al kynyl', al kyloxy, aryl, carbocycle, and heterocycle,

?L og iy P eyef il %ﬁ@ct@ﬂcﬂdﬁ roup
oa S%s%nsmmngg Ffigﬁ‘ir % e pﬁg@myﬁfi r@g@nﬂ

and” o1 GGt gﬁé‘i@ WH?BS%&E?‘E; %kit yind ©3-Ce-
al kenylalkoxyn(l, -3 ko allsy gﬂk@pyl and
o effﬂfﬂ%ﬁgaggduggbafgé&aﬁ oﬁﬁshanyss&osﬁm?ed3

qis 2, 3 or 4;

ris 2 or 3;

¥ 1s 0; and

sis 1 or 2.

16. The cyclopeptide of claim 10 wherein:

X is
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pis an integer between land 110; qis 1, 2, 3 or 4,

risl,2or 3; T." isOor 1, sis 1, 2, 3 or 4; and

the radlonuclide is selected fromthe group consisting
"N, 150, 18F, 61Cu, 62Cu, 64Cu, 67cn, 68Qa,

1%1%?1@& s i indChendatly S ﬁs:qtgﬁfrapaﬁ*éer esq‘ﬂug
ewﬁfﬁléﬁei. Conarn B Ry A e e
ik C Ay BLRSACH, ey (€ -Gy lone)-,
hydroxy-C,-Ce-alkyl, C,;-Cs-alkoxy-C,-Cg-alkyl,
and a PEG moiety, wherein the alkyl, alkenyl, alky-
nyl, alkoxy, aryl, carbocycle, and heterocycle groups
are each optionally substituted; and v1s 1, 2, 3, or 4.

17. A radiolabeled cyclopeptide of formula IV:

IV

HO OH Rs N#

%Wﬁq\)\q )
5 O " 18F

J f H
OA,NV\/\/NYNH_

NH,
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R2 and R3 are each independently selected fromthe

group consisting of -H Cl-C6 al kyl, C2-C6 al kenyl,

and 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 R2 or R3,
wherepgdih rR2 and R3 conprise a radionuclide selected

s sol i 18ai The il S lﬁaéiﬁpﬁagéﬁwl

Formica 'alkdﬂylo (}'SC Vﬁikﬁ:ﬂ yi, e kyloxy

BTN éﬁ&%‘?‘iyﬁﬁwz @%ga%ww%,of

a”3“”f@t?r1§ieﬁ'ﬂé}%c? dtervse y wralce
ac I [

acid and t e unn an1n s eithet

or and ﬁilnC &yl; wibpeate r‘theyaﬁqlecalkd

10 LB ﬁvﬂ ithaSieRatibesiiie

utps are eachyopticallyssubstitakgd;opt i onal | y
ted mhereln R2 and 1(3 are not bat h H; and
hizl centers aterhed teswwwhonds are R or S

”" ' %ﬁﬂ%hff?%iﬁéﬁ% r5er 12470 125 and 1311 W<

mis 0,1, 2,3 or4; and

nis 1, 2,3, 4 orS5.

18. The cyclopeptide of claim 17, wherein:

R, is selected from the group consisting of H, C,-C, alkyl,
C,-C, alkenyl, and C,-C, alkynyl, wherein the alkyl,
alkenyl and alkynyl groups are each optionally substi-
tuted,

wherein the chiral center in the cyclic peptide is R config-
ured and the chiral center bearing the R, 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, is selected from the group consisting of —H, and an
optionally substituted C,-C, alkyl,

mis O or 1; and

nis 2, 3 or 4.

- 20. A radiolabeled cyclopeptide selected from the group
consisting of’
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-conti nued where p is an integer between 0 and 15;
visO 1, 2, or 3; mis O, 1 or 2; each R4 is

i ndependently selected fromthe group consisting of-H,
Cl1-C6 al kyl, C2-C6 al kenyl, and C2-C6 al kynyl, wherein
t he al kyl, alkenyl and al kynyl groups are each
optlonally su ted;zand R5 is selected fromthe
group consisti : %ﬁgﬁﬁwdkk yl, C2-C6 al kenyl, and
C2-C6 al kynyl , omherein t i alkenyl and alkynyl
groups are ealkyoptionally subptituted and wherein the
configuration of the chiral cenhter that carries the RS
sub stituent be R or S or\m xtures thereof. 6. The
cyclopeptlde of\ clai m5 wherein each Rl is benzyl; R2
is H R3,s an/ptionally subStituted C, -C6 al kyl

conpr|§|n ragi onucl i de selected fromthe group
con&gst C, 13N, 150, 18F, 75Br, 1241, 1251 and
131 r; and
o)
ﬁ
NH

LN

)\ o
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Wis H

csssed/4........... R A A 0 LS S e,
O,N 00 where pis 0, 1, 2, 3, 4, or 5. 7. A
cycl opeptide of forrmula Il11: 111 wherein: RLis

selected fromthe group consisting of a side chain of

A Rl b bR ot

u j i dp j .inthe Dor L form R2
an%gkgig&gﬂgggﬁtﬁﬁ%gggﬁggﬁpp§qéeIected fromthe group
consisting of H Cl1-C6 al kyl, C2-C6 al kenyl, C2-C6
al kynyl, aryl, aryl-(Cl-C6 al kylene)-, a 3- to
7-menber ed carbocycle, and a 3- to 7-nenbered I
heterocycle, whereip, the alkyl, alkenyl, alkynyl,
aryl-alkylene,§§arb %ycle and heterocycle groups are
optionally sub §$u£ed; wherein R2 and R3 are not both
H, and either R2 or"®R31l or both R2 and R3 conprise a
radi onucl i de séfBcted Bfom the group consisting of
positron or gamma emttlers; and

HN

O ) NH

R; O HN /(
N NH;
H

NH HN
0
HO NH HN
0
O 0)

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 from the group
consisting of H, C, -C, alkyl, C,-Cg alkenyl, C,-Cy alky-
nyl, aryl, aryl-(C,-C4 alkylene)-, a 3- to 7-membered
carbocycle, and a 3- to 7-membered heterocycle,
wherein the alkyl, alkenyl, alkynyl, aryl-alkylene, car-
bocycle and heterocycle groups are each optionally sub-

stituted;
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X is a linker conprising a hydrophilic noiety sel ected
fromthe group consisting of hydroxyl, carbonyl,

sul f onam de, sul fonate, phosphate, polar am no acid

noi ety, PEG noiety, sugar mnetic and sugar noiety. 8.
The cycl opeptide of claim7 wherein R is a side chain
of a natural amno acid; R2 is hydrogen; and R3

conmpri ses ,a radionuclide selected fromthe group.

conds s @psgntion as:,seiemtqg fi'emdh,e gpeup @%Bs,lsp‘f@ng@f H,

e S eRE1 . Co RIS, PRGBS o
sel ect(®d, #C ralk?ﬁ]eg spa Bertel Feimegmbiered earbsoyclamnd a
27, 1918 T MaH el RO e

of cl

2;“62i"gjlﬁxlgj,?a(}#}ﬁlﬂqiai}ﬂ%wl%hé,r@ﬂﬁﬁéygléﬁﬂd he:[erocycle
csscesgroups.are each optignally substituted; wherein R,, Ry

-+ 0+ and'R: are Aok dl1 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, phos-
phate, 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, phos-
phate, polar amino acid moiety, PEG moiety, sugar
mimetic, and sugar moiety;

where at least one of X and Y, but not both X andY isa 5 or
6-membered heterocycle; and

wis 1, 2,3, 4, or5;
wherein any one of X, Y, R,, R;, and R, comprises a
radionuclide selected from the group consisting of
positron or gamma emitters; and a pharmaceutically
acceptable carrier.
22. A pharmaceutical composition comprising a radiola-
beled cyclopeptide of formula II or formula III:
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00 where each R4 is independently selected from
the group consisting of -H Cl-C6 al kyl, C2-C6

al kenyl, C2-C6 al kynyl, Cl-C6 al kyl oxy, aryl,
aryl-(Cl-C6 al kyl ene)-, 3- to 7-nenbered carbocycl e,

3- to 7-nenbered heterocycle, hydroxy-Cl-05-alkyl,

Cl- 05- al koxy-C1-C6- al kyl, and a PEG noiety, wherein
the al kyl, al kenyl, al kynyl, "al koxy, aryl, carbocycle,
and heterocycbe groups are each optionally
Blibstituted; ||R5 is selected fromthe group consisting

- k - al kenyl, C2-C6 al kynyl, C1-C6
Nalk§/loxy, akyl , saryl/- (Cl -C6 al kylene)-, 3- to
7- menber ed qar bocyeke, 3- to 7-nenbered heterocycle,

Ccal kyl , - C6- al koxy- Cl1- C6- al kyl
wher ei n t he\al gyl -al kenyl, al kynyl, al kyl oxy, aryl,
carbocycl e gnd\heterdcyd® e groups are each optionally
substituted) efch2R6 Is independently selected from
the group cgn$istifig of -H, -OH, Cl1-C6 al kyl, C2-C6

al kenyl , C6 al kynyl, Cl-C6 al kyl oxy, aryl-(Cl1-05

al kyl ene) -, /hydr oxy- Cl- 05-al kyl, and

Cl - 05- al kogy- C1- 05-al kyl, wherein the al kyl, al kenyl,
al kynyl ¢ kyl oxy, and aryl al kyl ene groups are each
optional | yysubsti,tuted; v is 0, 1, 2, 3, or 4, mis 0,

1, 2, 3 or/4; p/Lngn i nteger between 1 and 110; q is
==
\N/ N

hydr oxy-

1, 2, 3 orN4W\N

¢

UN
o} >\
N NH,

i

N §
o \E)k\y/“\v/ \Té
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risil 2or 3, r"  isOor 1sis 11 2, 3 or 4; and
the radionuclide is selected fromthe group consisting
of 11C, 13N3 1503 18F3 61cu3 62cu, 64cu3 67013 68Gal
12413 12513 131-3 99TC5 75Br, 1530d and 32P; where the
configuration of the chiral centers may be Ror S or
niwheresnt her eof 11. The cyclopeptlde of claim10

ol cerch Ry gminkiSrudsndsnseiates BOm (hegroumcrpsist-
C2- C6 ﬁhge@f la sidd aieb of 5Y1'i!ﬁhlral’%ﬁﬁh'ﬂ) hgﬁi%&l'a side

alkeny and | kynyl groups ar.e each.op
substi € ﬁﬁ?él é‘ﬁ Amdng acid; "Bbﬁf\em thganatural

ei t her aP%uRﬁ a'@iﬁ Md B?%%ﬁa@ﬁ?al%ﬁﬂ@ébf& 8 elther in the

radi on cte the group con
of 13N514 64

I 2E4 §5Br, 12413 1251 an? 1311; R5 |s
25! CRLARISE AR BRIRELAATS, S o oy
| k |
Z‘ubi?.ytba’?*ggs“;‘ham%ﬁéﬂﬁl“?ﬁ’ G Ay e o é‘%‘enyl and
chiral Cg 1¢ avhesein Kbe Lhﬂmyl 1

Cycl opBrOrRs B PRy GlyihiRd whebbirf R, 1§ndTﬁe are

not both H; and either R, or R;, or both R, and R,
comprise a radionuclide selected from the group con-
sisting of "'C, °N, 0, '®F, ®'Cu, ®2Cu, **Cu, *’Cu,
GSGa 1241 1251 1311 99Tc 75Br 153 Gd aﬂd 32P,

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

HO OH Rs
H
N
}ﬂ)z;ig%zg;::i§;7wqq“//' \\T[/,J\\ﬁv;;aah; wnd
V\]’\Mﬁ O
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R2 is hydrogen; R3 is selected fromthe group
consisting of Cl1-C4 al kyl, C-C4 al kenyl, and C2-C4
al kynyl, wherein the al kyl, al kenyl and al kynyl groups
are each optionally substituted, wherein R3 conprises
a radi onuclide selected fromthe group consisting of
11C, '3N, 150, and "Bo hfediydrogen; and mis O 13.
The cycl opepti de of é?a|n1 , Wherein: R2 and R3 are
each i ndependently selected fromthe group consisting
-H, C1-C6 al kyl, C2-C6 al kenyl, C2-C6 Rkkynyl,
erein the al kyl, al kenyl and al kynyl

ach optional iy subsiituted, where R2 apd R3 afpe not
X 't E%S "o POt .
rise a radio uclide(% bected froml{he group”™cohn-

ing of 11C, 13N, 150; 18F; 75Br; 41 1251 and
1312; Xis 00 where R5 is selected frdwthe group
consisting of-H, Cl-C6 al kyl, C2-C6 al kenyl, and C2-C6
al kynyl, wherein the al kyl, al kenyl and al kynyl groups
are each optionally substituted and wherein the

SRR 70, 5L ARy R AL SO’

1, comsistiapd of —H, C,-Cq alkyl, C,-Cg alkenyl, C,-Cg
alkynyl, C,-Calkyloxy, aryl, aryl-(C,-C alkylene)-, 3-
to 7-membered carbocycle, 3- to 7-membered hetero-
cycle, hydroxy-C,-Cs-alkyl, C,-Cs-alkoxy-C,-Cg-
alkyl, and a PEG moiety, wherein the alkyl, alkenyl,
alkynyl, alkoxy, aryl, carbocycle, and heterocycle
groups are each optionally substituted,

R, is selected from the group consisting of —H, C,-Cq4
alkyl, C,-C, alkenyl, C,-C, alkynyl, C,-C, alkyloxy,
aryl, aryl-(C,-C4 alkylene)-, 3- to 7-membered car-
bocycle, 3- to 7-membered heterocycle, hydroxy-C,-
C-alkyl, and C,-C4-alkoxy-C,-Cs-alkyl, wherein the
alkyl, alkenyl, alkynyl, alkyloxy, aryl, carbocycle, and
heterocycle, groups are each optionally substituted;

vis 0,1, 2,3, 0r4;

mis0,1,2,3 or4; and

p is an integer between 1 and 25;

wherein the configuration of the chiral centers may be R or
S or mixtures thereof; and a pharmaceutically accept-
able carrier.

23. A pharmaceutical composition comprising a radiola-

beled cyclopeptide selected from the group consisting of:
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pis an integer between 1 and 90. 14. The cycl opepti de
of claim13, wherein: R2 is hydrogen; R3 is selected
fromthe group consisting of ClL-C4 al kyl, C2-C4

al kenyl, and C2-C4 al kynyl, wherein the al kyl, al kenyl
and al kynyl groups are each optionally substituted,
and R3 conprises a radionuclide selected fromthe
group consisting ofollC, 'BN, 150, and 18F; R5 is
hydrogen; mis 0; an an |ﬂ§€ger betmeen 1 and
15. 15. The cycl opeptT Xis
where each R5 is in ndgntly sele ted he group
consi sting of-H OH ¢l-C6 al kyl, - C6 nyI, Cl- Co6

al kyl oxy, hydroxy- - al kyl, and Ol - Cc
al koxy- Cl1- Ccal kyl, wherein the al kyl, al kenyl, and
al kyl oxy groupg are eagh optionally substifuted; q is
2,3 or 4; P or B; r' is 0; and
ISF
/,’ O
0 7“—<
OH NH HN
0 NH N 8]
/Q/ﬁ\“/\\/\/iTI NH
0 ‘\r¢
o} NH
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s is 1 or 2. 16. The cycl opeptide of claim 10 wherein:
Xis where each R4 is independently selected fromthe
group consisting of-fl, Cl-C6 al kyl, C2-C6 al kenyl,
C2-C6 al kynyl, Cl1-C6 al kyl oxy, awl, aryl-(Cl-C6

al kyl ene) -, hydroxy- Cl- Co_al.ky! ,

Cl- C6- al koxy- C1-C6-al kyl, and a PEG noi ety, wherein

t he al kyl, al kenyl, al kynyl, al koxy, awl, carbocycle,

and hef er qcyche ou are each optionally
SHT U ed) anWl, 2, 3, or 4. 17. A
r adi ol abel e ycl eapeptide of formula I'V: IV N
wher ei n: is sele domthe group consisting of
H, Cl-C6 al @GR kenyl, C2-C6 al kynyl, C1-C6

al kyl oxy, afyl y-(C1bC8 al kyl ene)-aryl, 3- to
7-menber ed cardocycle, 3- to 7-nenbered heterocycl e,

hydr oxy- C1- C6- al kyl , and Cl- C6- al koxy- Cl- C6- al kyl ;
wherein the al k al kenyl , al kynyl, al kyl oxy, aryl,
car bocycl ezand rocycl e groups are each optionally

substitu&e{; wherein the chiral centers attached to
intrbonds are R or S or mxtures thereof;

2 & = 18
N—<\/O\/\O/VO\/\0/\/ \n/\N
N =N
0 o N
HN
o Yo
HN o e
o]
o)
NH HN
it
NH HN o
H
N,
a \‘R
HO o
O
and a pharmaceutically acceptable carrier.
I
]
LEN
24. A method of monitoring the level of integrin o f; or 2 /Y\x
;
visualizing integrin o B, expression within a body of a mL
patient, the method comprising: (a} administering to the ? ), NH
patient a radiolabeled cyclopeptide; and (b) employing a B o HN/(NH
N z
nuclear imaging technigue selected from the group consisting H
of positron emission tomography (PET) and single photon o NH HN,
issi uted tomography (SPECT) for monitoring or
emission comp graphy T) I3 0 NE N

visualizing a distribution of the radiolabeled cyclopeptide
within the body or within a portion thereof; wherein the d
radiclabeled cyclopeptide is of formula I:
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mis 0, 1, 2, 3 or 4; and is 1, 2, 3,4 or 5. 18. The
cycl opeptide of claim1l7, wherein: R5 is selected from
the group consisting of H Cl-C4 al kyl, C2-C4 al kenyl,
and C2-C4 al kynyl, wherein the al kyl, al kenyl and

al kynyl groups are each optionally substituted;

mhergk %ﬁlchiral center in the cyclic peptide is R
configured and the chiral center bearing the R5
residue is Ror S or mxtures thereof; mis 0, 1 or 2;

137 et el Cond e RGO it o

0 o 1; ahdtpgal aBEl] ueraRaid ARG Chah Of A4l unfibtiral

cycl opept agansehetd edviiersint tiee aiatupat cnaiso i agidofand 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, -C alkyl, C,-C alkenyl, C,-C alky-
nyl, 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, car-
bocycle and heterocycle groups are each optionally sub-
stituted;

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

X is a 5 or 6-membered heterocycle or a linker comprising
ahydrophilic moiety selected from the group consisting
of hydroxyl, carbonyl, sulfonamide, sulfonate, phos-
phate, polar amino acid moiety, PEG moiety, sugar

mimetic, and sugar moiety;
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0 18F. 21. A pharnmaceutical conposition
conprising a radi ol abel ed cycl opeptide of fornmula I|: |
wherein: Rl 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 am no

;?"E fos i Srer Gpfiiepbere ﬂ%xa&%@p?ﬁ%ﬁﬁﬁé r Bndpifsine
Al Kenyl %%@’Wé s¥llectbd Hotith ﬁkﬁ@%ﬁi@“ﬂg
ﬁ ? too'fl}gy V\:hG?lél n the alI;LmlfagFEZde- ndfon
et erocyc
ar yL )Iéhaéﬂe par rEyapeas m@ﬂ%%%ﬁ@ @%Gﬁé apgar
7

EZFeCSEMrﬁ%M atbshea bt S o R e os 8l Kyl
v % 3 regSPoh MY, BUYhot b X Ead¥isa 3 or
7I rkrenbe eiaberedihgtero ¢ |ar1i1|he aldkﬁlt al kenlyl,

n r
o s 3L h Mf@nm 'y substituted: wherein R2, R3
ﬁcr;?erm az;leengtr gl : | H Xis ab or 6- mﬁn‘oered
moi StGRnGtE ot BhEERG Bt I R EBHISes & radip-

car haide Seldcedndam e f?‘@%l{ﬁco@ﬂﬁ@fﬁ phatef positron or

ami no acid noi ety, PEG noiety, "sugar mnetic, and
sug@¥HBBMEeyuﬂ$rSs a 5 or 6-nmenbered heterocycle or a
i nker conprising a hydrophilic noiety selected from
the group consisting of hydroxyl, carbonyl,

sul fo 0

o et F,g &Hbgi Sﬁgﬁogﬁﬂ%ﬁ%ﬁﬁ@ lege%’f 8f &g’gé yul e,f@g or

V\herxasaahlzﬁagumegnmf dg[iagncéﬁprleesmmmﬁhnh 4 bﬁdy

5 or (Bredh cl e; .and is. .2 rth

5: pat1e11t the” metho mprlsmg &?’1) adnilmStering 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 of formula II or formula III:
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wherein any one of X Y, R2, R3, and R7 conprises a
radi onuclide selected fromthe group consisting of
positron or gamma emtters; and a pharmaceutically

acceptable carrier. 22. A pharmaceutical conposition
conprising a radiol abel ed cycl opeptide of fornmula I1I
or formula II1: 11 O 1I,NNNVNl HHIII wherein: each

Rl is independently selected fromthe group consisting
of a side chain of a natural am no acid and a side

B¥hai n of an {pnnatural anmi no acid, wherein the natura
i acad natural amno acid is either in
BNt Dor LSforin and R3 are each independently

sel ected fram t hemgroup consisting of -H Cl1-C6 al kyl,
C2-C6 al al kynyl, wherein the al kyl,

al kenyl , al ups are optionally

substi t ut }ggé i R, R and R3 are not both H and
either R2 §r , x0r both R2 and R3 conprise a

radi onucl i de °sel etted fromthe group con- sisting of

HC, 13N, 1%03 18F, 61lcu, 62cu, 64cu, 67th, 68Ga, 124L
1251, 131-,/ 99TC, 7513r, 153 Gd and 32P;

O

NH HN O
o \W)
HO 0
o
I
=N
|
N / Rj
X/
oW
Ry o)
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each of X and Wis selected fromthe group consisting
of : -continued 00 where each R4 is independently
selected fromthe group consisting of -H, Cl-C6 al kyl,
C2-C6 al kenyl, C2-C6 al kynyl, C1-C6 al kyl oxy, aw ,
aryI“ﬂﬁreﬁq al kyl ene)-, 3- to 7-nenbered carbocycle,

C_l 05- §P@®e§q@3ﬁ§ﬁ§%ﬂf fﬁﬁf%qéé@fﬂﬁ g{l:é g@g\)ﬁlﬁ %(PHSIS'[-
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7-menb

- e
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each of X and W 1s selected from the group consisting of:
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H
N
HOS%%\’\/ M; -
vl\’\f O
Rs
O\‘/\ %/\/ N
O » m ;
O 0

82



-conti nued and a pharmaceutically acceptabl e
carrier. 24. A nmethod of nonitoring the | evel of
integrin a, 135 or visualizing integrin CLA33
eXpI‘eSSI on within a body of a pat| ent t he mat hod

d i st i t t
sihitts daehoR ﬁ%ﬁaﬁgﬁﬁmﬁi N S tedbiommn %gcrt&mar
i e C I S
E@g{g@%ﬂfi@?ﬁ@-}? Ctelo%g 9ﬂlggm ((:%cg @aﬁeﬁ 9IS J@g
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o allones
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poc bP'Eh‘bD{ -al keyl; adi(o] dBgtalkoxpeiOpdpit de
63'6—‘/ oL P@@W?ﬁ{)i‘%@@ R%ﬂ%‘%ﬁ?ﬁf ﬁié FIRE S
nyla alidexyhabryhf carboreels,alamdi hetecddycle

vvhereln the nat aI am ac the unnatural am no
ac@ouPSeﬁif%@acﬁnopFF@@ ﬁ_ﬁbgﬂﬁﬁ é aﬁd R3uare each

Ro B SRbled 5815 W erbiB ts%erbﬁéﬁ%%y%‘f“ ﬁ @ @ "
ar alky L1
ol CERlA wﬁ%@“&%ﬁé@w&ﬁ ord- Eod *@’”otp,%p@ ”*a at!
e e e ol
A b
nylraeyrl® ah by
E@Wmc%gl@ér&mups Arcigagh ?a(ibt%naﬂbbgﬁ shiture
AR &@%a%ﬁg%ﬁé&ir% Genferd iy Ror
6-?9 qﬁ?ﬁ or a |linker conprising a
hydrophi ['1 ¢ noi ety se ’ected fromthe group consisting
vflshﬁ)dﬂg»QgB @pz]l;onyl sul f onam de, sul fonate,
phosphate gol ar am no acid noiety, PEG noiety, sugar

m aetl,cl, 2;1 |ety Yis a5 or 6-nenbered

het er ocycl e, a I|n I‘ISI ng a hydrophilic
Pdiseﬁﬂ? 13@@%@1' lih p consi sting of hydroxyl,

S e e @@%@@wﬁﬁﬁaﬁa O or
vistidarinmi sitegrin o, B, 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 consist-
ing of:
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where at | east one of X andY, but not both X andY is a
5 or 6-nenbered heterocycle; and wis 1, 2, 3, 4, or

5; wherein any one of X, Y, R2, R3, and R7 conprises a
radi onucl i de sel ected fromthe group consisting of
positron or gamma emtters. 25. A nethod of
monitoring the level of integrin a.,I133 or visualizing
integrin av[33 exppessi opuwi thin a body of a patient,
the method conpri si adniini stering to the

pati ent a radi ol abefe eptirde; ~wandh (b) enpl oyi ng
a nuclear imging t ni que sel ed@dt ed tHe group
consi sting of posidrgn em ssion tonogr y (PET) and

si ngl e photon em ssi
noni t ori ng o¥<Vi sual

r adi ol abel | opgptide within the bddy or within a
portion ths wherei n the radiol abel ¢d cycl opepti de
is of formulj@ Il or Yormula |'IP whegein each Rl is

i ndependent Ly seleecfed fromthe group consisting of a
side chain of_aattral amino acid and a side chain of
an unnat amyno id, wherein the natural am no
aci dPtand HnEato{al amino acid is either in the D
are each independently sel ected
m t gmaup ¢ istang of -H Cl-C6 al kyl, C2-C6
al kenyl , agd qg-C6 alkynyl,gmhengjn t he al kyl,

al kenyl 4 I y 0 optionally
substituted, wheflein R2 and are not both H and
either R2 or R3,%0or both R2 af¥ R3 conprise a

radi onucl i de selected fromthe group con- sisting of
11C, 13N, 150, 18F, 6l1lcu, 62cu, 67cu, 68Ga, 1241 125L
131) 99TC, 7513r, 153CGd and 32P; each of X and Wis
selected fromthe group caasisting of: 00
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where each R4 is independently selected fromthe group
consisting of -H Cl-C6 al kyl, C2-C6 al kenyl, C2-C6

al kynyl, Cl-Q al kyl oxy, aryl, aryl-(Cl-C6 al kyl ene) -
3- to 7-nenbered carbocycle, 3- to 7-nenbered

het er ocycl e, hydroxy-Cl- C6-al kyl, C1-C6-al koxy- Cl- C6-
al kyl, and a PEG noi ety, wherein the al kyl, alkenyl,

al kynyl , al koxy, aryl, carbocycle, and heterocycle

g OUPET aA anedsid 6t ixﬁagiﬂg/ ofBebiltvsedl oRSwils 113 gbiet ed
fromthe group consisting of -H Cl-C6 al kyl, C2-C6
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soF&Eﬂgﬁﬁgﬁs based og egpression of integ?in ci.J33
within the body of a patient, the nmethod conpri sing:

(a) admnistering to the patient a radi ol abel ed

cycl opeptide; (b) enploying a nuclear imaging

techni que selected fromthe group consisting of

positron em ssion tonography (PET) and single photon

em ssi on cgﬁputed t omogr aphy (SPECT) for Imaging a

di stribyti of the radiol abel ed cycl opeptide within

t he bod within a portion thereof; and c)

correl a un@ di stribution of the radiol abel ed

cycl opepti de tP the grom h of blood vessels in solid
tunors, whergip the radiol abel ed cycl opeptide is of

formula I: OI grein NH
R, 0 HN”ﬂL
N NH,
H
NH HN
O
HO NH HN
}_/ O
0 0

85



Rl is selected fromthe group consisting of a side
chain of a natural amno acid and a side chain of an
unnatural am no acid, wherein the natural am no acid
and the unnatural amno acid is either in the Dor L
form R2 and R3 are each independently selected from
%gﬁ%%goup consisting of H Cl-C6 al kyl, C2-C6 al kenyl,

W) kynyl, aryl, aryl-(Cl-C6 al kyl ene)-, a 3- to
7- menber ed carbocycle, and a 3- to 7-nenbered

ar e 5 vsleeted Tnue,mouitsinsislioigabaisidt FHRR of, o

each pputend disebsidtantdd; side chambe€mn unnatural

?:gl_ ect edrpér omdjt heh OuDgfﬁ?G}atB% 3H8§PHP{>@}@ %5yl ,
al kylmeamralaammcacidrmrdnﬂr@dncgnebm Leforamd a 3- to

7-menbered heterocycle, wherein the al kyl, al kenyl,
al kynyl , aryl -al kyl ene, carbocycle and heterocycle

gr R &ndfF: aa@ba@htmdapéhdeﬁﬂ el ecteddronh hegro®a, R3
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I|nker conprlsmga |eyse ec edfrom

t he dracycl emadlseﬁangcw ergROupPs,are ashioo) ona ly sub-
sulfo at%%% sul fonate, phosphate, pol ar am no acid
NI et%& noi ety, sugar mnetic, and sugar noiety;

where at | east one of X andY, but not both X andY is a
5 or 6-nenbered heterocycle; and wis 1, 2,

5; Rdaeua abﬁeahw theelected Tompbe mmﬁ@nwh@@ﬁf H>es a
radi o cted qro

RecRire s e v LB, ACoumsagB A gfﬁég. ng
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the p@hylemk yladi le@ewgt pentle ded hdribr(w_\pd:leyl ng
a nucl ear i rraegl ngh ech %i fﬁ%’g m t.-h up
consi ST 8FC 8 tQI-HH) ¥§| UGS BT nd
Si nglgn@q{)tgféﬁmglgqqn comput ed t onogr aphy (SPECT) for
i magi ng a distributioh of the radiol abel ed

cycl opeptide wthin the body or within a portion

t hegeof ; _an correlating the di st ' of -t he
s s Sersuet it ts S 2tfike e Srdih
Vessehﬁ dﬁ*ogﬁﬂh@ ni@li@vy %elé@ted(ﬂdi!ﬂﬂﬁz ngpod:@nalsamig
cycl op L f or fdorrrul?lll 0
112N 5 hy 0Xyl, onyl, onamide, sulfonate, phos-
phate, 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, phos-
phate, polar amino acid moiety, PEG moiety, sugar
mimetic, and sugar moiety;
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1l wherein: each RL is independently selected from
the group consisting of a side chain of a natura

am no acid and a side chain of an unnatural anm no
acid, wherein the natural am no acid and the unnatura
amino acid is either inthe Dor L form R2 and R3 are

eachy t %S1d
of hEFGREIER; oneE R afl] Y, B BORXARIFNCIL A5 or
wher eiormiemnbieked, hetareoyclegrandl kynyl groups are
optionally substituted, wherein R2 and R3 are not both
H, and either R2 or R3; or both R2 and R3 conprise a

r adi cli geqsej e fromthe group consisting of "C,
'3NF9§§O!’2F?’ggd@?§g2CU, 64Cu, 67Cu, osGa, 1241

e A o R N R St aver AP fonipfisel ATAG-
rRaud1de dsplecded: lﬁgpma thet gromp reamss siing ot pRsgrongor
w

8&?@@“§$%§ﬁgqgh§% , C2-C6 al kenyl, C2-C6 al kynyl,

, aryl-(C1-05 al kylene)-, 3- to

7- menber ed carbocycle, 3- to 7-nenbered heterocycle,

hydr oxy- Cl1- C6- al kyl ,. Cl- C6-al koxy-Cl- C6- al kyl, and a .
PEG2thi At methiod dor imagangyof blokehyessel gyoyth in solid
al koxy, gryl, carbocycl e, and,heterocycle gr.qups ar

efamais based 9 axprassiondd ! MtegriBelePrewithignihe jpody
L8R pafiSHs h8tlibad eptapriShil () BImirstEAkE to the
PR raclo W Bl B RpBRI T8 Sstnefoy!fgn muctear
Shriheitle STl Jeebredt BT 1% AR oOhkRihe of
IpRRoH enfReToARDIROBHIUBLT yfd sittite B ditomis-

tscompIRElon gty (YEECT o rimepag st
tion of the radiolabeled cyclopeptide within the body or

within a portion thereof; and ¢) correlating the distribution of
the radiolabeled cyclopeptide to the growth of blood vessels
in solid tumors, wherein the radiolabeled cyclopeptide is of
formula II or formula II1:
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29. A nethod for imaging of blood vessel growh in

solid tunors based on expression of integrin avf33

within the body of a patient, the nmethod conpri sing:

(a) admnistering to the patient a radi ol abel ed

cycl opeptide; (b) enploying a nuclear imging

techni que sel ected fromthe group consisting of

positron em ssion tonography (PET) and single photon
w®M ssi on conput ed t onography (SPECT) for inmaging a
¢?Lstribution of the radiol abel ed cycl opeptide w thin

HN Q W NI N portion thereof; and c)
cofrelating the distribution of the radiol abel ed

to t H8\growth of blood vessels in solid
rein the fadihe¥@bel ed cycl opeptide is
NEL h & updconsisting of: -conti nued
(&)

sel ected fr
?i sp. Nc--{N ;}~4;
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HN
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R, 0
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wherein:

each R, is independently selected from the group consist-
ing 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,-C; alkyl, C,-C; alkenyl, and
C,-C, alkynyl, wherein the alkyl, alkenyl, and alkynyl
groups are 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 con-
sisting of ''C, *N, 0, '®F, *'Cu, **Cu, **Cu, 67Cu,
68, 1241, 125 131] ST 75By, 153Gd and 32P;

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

R4

v

O ;
HO OH Rs
H
N
HOO o M; and
O
Rs
H
O\V\ *\/N
O A n ;
0] §)
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where each R, is independently selected from the group
consisting of —H, C,-C; alkyl, C,-C, alkenyl, C,-Cgq
alkynyl, C,-C, alkyloxy, aryl, aryl-(C,-C; alkylene)-, 3~
to 7-membered carbocycle, 3- to 7-membered hetero-
cycle, hydroxy-C,;-Cs-alkyl, C,-C,-alkoxy-C,-Cg-
alkyl, and a PEG moiety, wherein the alkyl, alkenyl,
alkynyl, alkoxy, aryl, carbocycle, and heterocycle
groups are each optionally substituted;

R, is selected from the group consisting of —H, C,-Cj
alkyl, C,-C, alkenyl, C,-C, alkynyl, C,-C, alkyloxy,
aryl, aryl-(C,-C, alkylene)-, 3- to 7-membered car-
bocycle, 3- to 7-membered heterocycle, hydroxy-C, -
Ce-alkyl, and C,-C;-alkoxy-C,-Cgs-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
S or mixtures thereof;

vis0,1,2,3,or4;
mis0,1,2,30r4;and
p is an integer between 1 and 25.

29. A method for imaging of blood vessel growth in solid
tumors based on expression of integrin c.,3; 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 emis-
sion computed tomography (SPECT) for imaging a distribu-
tion 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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-continued
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