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TECHNI CAL FI ELD This invention relates to contrast agents for diagnostic
i magi ng, and nore particularly to peptide-targeted, nultinmeric contrast
agents, wherein a pepti de functions as a targetr ng group and a point of
attachnment for one G : B %égﬁt’gcar boxy term ni
of the peptide. 10 ROOND . ' BT AT s, such as
magneti c resonance imaging (M), X ray, nucl ear radi opharnmaceuti cal
i magi ng, ultraviolet-visi bRELATEBARPLICATIONTDATY, and ul trasound, have
been used in nedi caI di agnosi s for a nunber of years. Contrast nedia
additional ly v tor baereas Iutr n of the
image or to 1 8%1 Fllsrp(t,loﬁlr % S[? F’ ]ioﬁlfsbqnﬁg‘f\r’@hca{l Brél Gective,
t he cont r@gogmcﬂrﬁ1erru§15/3rongm1f ere wwth the wavel ength of el ectronmagnetic
radi ation used in the i magi ng techni que, alter the physical properties of
tissue to yield an altered signal, or, as in the case of
radigphar maceutical s, provide tTECM&EF@ELDadI ation itself. MR and
optical nethods are unique anong i magi ng nodalities 20 in that they yield
conpl ex si gnallig insentipngcleted 40 WM’@S&QgeltlthéOT(ﬂi&ﬁOéfw imaging, endravere While the
si gnal fr I gents
are freeb céIapg%?Tng tgﬁqh%@téﬁ n%g%snc %gitrrﬁsgggén@ss, &h@?en?@”@%‘ﬁ%ﬁxﬁ&gg i nsi de
bone, cerat artan:gamgt grasp aepoiat oﬂai)tfaclhﬂnt drcoreRt ntat chelmes Mot the ahdne
drfferent i gnal characteristics in differing physiological environnents.
is i ﬁ?P%thXXWé‘Pmclﬁ Ei’@d’ﬁ??‘g%t agent be sufficiently 25 sensitive and
present at high enough concentration so that signal changes can be
observed. Conpl exes between gadol.i ni. um or_ot her paramagnetic ions and
org#hic ligands J BACKGROUND

Diagnostic imaging techniques, such as magnetic resonance imaging (MRI), X-

ray, nuclear radiopharmaceutical imaging, ultraviolet-visible-infrared light imaging, and
ultrasound, have been used in medical diagnosis for a number of years. Contrast media
additionally have been used to improve or increase the resolution of the image or to
15 provide specific diagnostic information. |
To be effective, the contrast media must interfere with the wavelength of
electromagnetic radiation used in the imaging technique, alter the physical properties of
tissue to yield an altered signal, or, as in the case of radiopharmaceuticals, provide the
source of radiation itself. MRI and optical methods are unique among imaging modalities
20 in that they yield complex signals that are sensitive to the chemical environment. While
the signal from X-ray or radionuclide agents remains the same whether agents are free in
plasma, bound to proteins or other targets, or trapped inside bone, certain contrast agents
for MRI and optical imaging will have different signal characteristics in differing
physiological environments. It is important that the contrast agent be sufficiently
25 sensitive and present at high enough concentration so that signal changes can be
observed.
Comp“lexes between gadolinium or other paramagnetic ions and organic ligands

are widely used to enhance and improve MRI contrast. Gadolinium complexes increase



are widely used to enhance and i nprove MRl contrast. Gadolinium conpl exes
increase 1 WD 03/011115 PCT/ US02/ 24261 contrast by increasing the nuclear
magnet i ¢ woloaxatiidn rates of protons found in the water molrasot/aget hat are
accessible to the contrast agents during MRl (Caravan, P., et al., R B.
Chem Rev. 99, 2293 (1999)). The relaxation rate of the protons in these
wat er nol ecules increases relative to protons in other water nol ecul es
that are -Bekas®6§ arsdRing thOnddr %e%ﬂé'ﬁd REkafdlfhtes oTBfo?or%%ﬁ&Fuﬂ the Watgxati on
rate | eads to inproved contrast the images. In addition, thrs |ncrease
in rel aximglegules Eﬁuaﬁe acospratde ta thepommasaagem BiringdIRE (GrsteouP g et Pr, & Bos can

result i e re.im ta in f time.
Thie i n G R 220 (R The Siloang of s troPudirrbi e Bk A ey
al so be mwréagemﬁqhtiwelt@grdmrghh otHeP waktk elbléoaks tidn a@iidt aédesdye th fnechosen 10
to provide signal. |In particular, |ight in the 600-1300 nm (visible to
neard i nf cae agealﬁgﬁhlwhw@én Flsation &ty leads fq ippreived sqntrast of éhgil@ageai ssues
and can f gs‘gﬁ T iy ted
t hr ough, I?Igr &@ggrtl ttglr ed by, e@t ed, hm ? gglh%gﬁulgm?ﬁqftﬁ)artéels@@%ﬂelgz IS

det ect ed pmtdnmmraml;langarabﬂmy &dcoll@hang;esmage ddie irebgioeib amoent of tiedd. efttiance,

or fluorescence gharacteristics . including an increase or decrease

in 15 t FeUREREE S’(f’fandﬁg’(’i‘?‘ffgrﬂgé‘ag@d}?ése&fm% change in their wavel ength
Mexi M, My OG/HEing ROy ddwH ﬁlﬂfotrﬂ&e@uﬁhg g FAWhiERE&8tn dphea dpE Vs Qp

additional tissué contrast. In some situafions, for exanple the di agnosis
of t seasepovistsignsl.t npasinjerskight ae the 6@0 1600\nns<ivmlde td ngirtinfrargd)aksge be
used. A neesd geatvef ssf‘log]I ont 813 aﬂ Q gan g iver.sufficient
concent r RETShE B EPHESIY W\gahgql%é)g% éstsk}esag A OF B5eqdpr impgine M Eneses e
sensi ti viThy light thheis iaBghiigd Biroeds r atterl by asfle@odior asbmag@nt s that have a
sufficient half-life in vivo., SUVWARY The invention is based on peptides
and pept (eresere)dd defgrted apd pe ingassteenepted g Shenges ép thorbsgpnceal , and

radi onuc 0 poth as a
targeti n%é%r%gaj&g@ g)lrrlgﬁ Ore\éécﬁ%%(?bo Qcéiéﬂtlsglg% %%&%ﬁ@m{ hllrerlé)étraéee (grhdgﬁl%fl eshat bot h
t he1d\-  amie e ofibsorbance peaks di & ebargy 110)thext|vaavalmgtﬂitmmmla may ecopeni ng

i nker ontr nts nyention nmaintain bindin
af fini tyuf’%lf {ﬁgﬁ ggg?’c/l@gﬁoglgﬁl 3grtggt projddin gﬁqh? 1f{o %axalssue contrast. }n some g

situations, for example the diagnosis of disease close to the body surface, UV or visible

light may also be used.
A need persists for contrast agents that can deliver sufficient concentrations of the
20 imaging moiety to the target to improve the sensitivity of the imaging process as well as

contrast agents that have a sufficient half-life in vivo.

' SUMMARY
The invention is based on peptides and peptide-targeted multimeric contrast
agents for MR, optical, and radionuclide imaging, wherein a single peptide can function
25 both as a targeting group and a point of attachment for one or more chelates at both the N-
and C- termini, either directly or via an optional intervening linker. Surprisingly, contrast
agents of the invention maintain binding affinity for biological targets such as fibrin and
high relaxivity. Agents of the invention have a sufficient half-life following in vivo

administration such that effective imaging studies can be performed.



high relaxivity. Agents of the invention have a sufficient half-life
followng in vivo adm nistration such that effective imging studies can be
per f or redw023M01038/ 011115 PCT/ US02/ 24261 | n one aspect, tReTIUsSIERLHDN
features purified peptides that include the amno acid sequence: P* - Y* -
Xl* - L* (SEQID NGO 1), wherein P* is a proline or a non-natural
derivative thereof; Y* is a tyrosine or a non-natural derivative thereof;
Xl* is Gor D AP eor
non- nat ur al dé??gg?ﬁp\@/gtnﬁﬁg%t%? b g%ﬁhgsaﬂ%igeg?ﬁ g{tiég t%%sutl&%%éetﬁ%%n F@)U&l\((il *,
and L* i sequenonPiat ¥t alxlde’rﬁ/é&EQ/H)NOﬂh@Vhee?mthus wprohavmnmnm—natura)l(l * can
be G or L* ca .IeC|ne SO epbodi ment s IS rqline or

2 hydr ox JERBT SRRk Y5 FER ettt AR E B eofiox Vs o r &
tyrosine noﬁ-lﬁaﬁlfraltdéh%h\%tof@@r B; D’Gﬁsl 4 le@ind\bt Anch-ARIRL Yeriehios tiRgedr 4 t he
group consisting of F, and NO2. Conpounds of the i nvention can
include sthereipaiensiese pf Bfeéﬁ" P%*,aan;dﬁlnﬂmmawmcdeag@tme ofithe weApacHEe aspect ,

e T ATREPKE 6 B LARPLIel JhRhTRAB AR 75,
wher ei n: piSlineor d-lpredsiypeolime, amdrﬁﬁhrsnﬂtommabr dﬁbn viafural detiveve of tyrd¥ding s a
tyrosine or a 1Qfgat(ﬂﬂeg\‘pura.l derivatjve ther XI is selected fromthe

group cofdystfyt ostion: Wit a rigty sefected roB})F e gegup qapsisiipe of &1, Bt pg) |
4-Pal, Dopalavo,. rﬂ&ﬁ?oﬁ\ﬁé ofifhe 15\4&41& Lan RBRdY Q@b@pegi’i@@sr 1§lkRd 1§43/ 4%) is a

phenyl al anine substituted at eirther the 3 or osition with a noi ety
sel #ct ed thrombolytie agerdup consi sting of CH3, CF3, NH2 CI—|2NH2 CN, F, O, Br,

| GE 2t O and her el i e R ner s aubsl et aluthe 3

and NOZ; aéiasb@eaeéquedzicamw9@%2@:1:12@54}@;4}(9@%@% 2E, S,
H(Bzl), 2-Pal, Dpr, and Th; X3 is selected fromthe group consisting of G
and D, xahereind)*ds pamolmegmames-ngisdslesvativesheragt: 3 isa tyrosive onmiony X5 i s

I t ed TI
N " praHUpTbR G e ORIl R on) the'mrouty obis R0 B g i W 11 ©
phfaffyl aljmfpr €y, f&ﬁbﬁﬂ; Hii, 6@P£,t4 Eatdt DepaMé:nezTy‘r, aw, uﬁgF@/ggﬁmﬂdﬂgwwﬂ%an m)l et y
sel ecte [ e coO | I N | Fr an | S
sel ect edf ﬁ/%%& ig ﬁ@hgﬁwgégme% ﬁ@sgmt%ﬁat&#hw tﬁ’@ of thej4 positipnywithys megety s not
present; sa8dedMismeh gfthup! c%ﬁs?lhlr%rlﬁ" G, &, Ni,, KBNS, eNeRACT By ' ISER and

non- natural derivative of
OMe, and wherein Y(3*) is a tyrosine substituted at the 3 position with a moiety selected

from the group consisting of F, Cl, Br, I, and NO,; Xj is selected from the group

20 consisting of E, H, dE, S, H(Bzl), 2-Pal, Dpr, and Th; Xj is selected from the group
consisting of G and D; X} is selected from the group consisting of H, F, Y, and W; X is
selected from the group consisting of I, L, V, N, Bpa, Bal, Hfe, Nle, Tle, Nval, Phg, Cha,
Taz, Fua, Th, 4-Pal, and F(3/4*), wherein F(3/4*) is a phenylalanine substituted at either
the 3 or the 4 position with a moiety selected from the group consisting of CF3, Et, iPr,

25 and OMe; X is selected from the group consisting of N, Q, I, L, and V, or Xy is not
present; and wherein at least one of X;, X, X5, P*, and Y* is a non-natural derivative of
an amino acid. For example, P* can be proline or 4-hydroxyproline, and Y* can be
tyrosine or a non-natural derivative of tyrosine substituted at the 3 position with a moiety
selected from the group consisting of F, Cl, Br, I, and NO,. The purified peptides can be

30 capable of forming a disulfide bond under non-reducing conditions and can have specific



an amno acid. For exanple, P* can be proline or 4-hydroxyproline, and Y*
can be tyrosine or a non-natural derivative of tyrosine substituted at the
3 positi owowsdias noi ety selected fromthe group consi stipeg/usb2/g426Cl , Br,
I, and NO2. The purified peptides can be 30 capable of formng a disulfide
bond under non-reduci ng conditions and can have specific 3 WO 03/011115
PCT/ US02/ 24261 binding affinity for fibrin. In some enbodi nents, the

pept i des biredg iy SirSibrinl dﬁs&aa@mbosia{aagumé%)egﬁdéshﬁcmd@f@@l%mae 8fq.| ncl ude

such peptides |inked to a thronbol ytic agent he invention also features
puri f i ed Goapopadsofithe inygnton eaniindudesush pepfides diskedtol aetbxcmbdlytmgene gr oup

Qe G P4 &y - PR foeyntssiids 612165[1%%“%)%% T pig Sl 5

d ) G L- elWttd RoinSE&stdap Nalﬁa;ungvzdfdﬁdE CRt4 O)- Y(SRCQLO} IGO-‘V\Q- ¥ (FEQ ITHEQ I D
(g WdE—C—P4O-g4@{_IQ c-wugsg@ (PE
dE- & P( 4 -CP 3@3»@1} C@@éfd Q NO 5), Y-dE-C-P(4-OH)-Y(3-

1 9 © PEH-GYAE (B o o) WRBSERA Bips Ao G0 SRR 4 1
OH) - Y( 3- ¥O: 7DW—dE-(E+P[(4-I_O}§)SEQ_ CD—I]_&KD; (D:ZW_I V\? (?EQ IISB(NO(ﬂjDY‘dES(i@(A}-(IBI)IdQSBCY\I/DI( 4
G -Y & DO DI SEER BN e A D B CW A I o 1 11
(SEQ | D N©:16) w-dBec-penbirfescan-ime -capal) @E@j 1 won D?F@l -OMVeYIH-cdpgbond
under non- reducing conditions, and in sone enbodi men t he” pepti des

i P;:Wude QB ¥@HED - Lborid-LISEChED b@bﬂz)dé@{@aﬂ(‘lh@ﬁé-%(ﬁédbﬁ-b CEHW}dHQ]g |
U i
' nked 1 RN PRGSO GG G D SRR O L g Gt o e

tyrosi neQH;LY IGSLéCe-IVE‘»(I-t@(BEQ IDNGDE 5] aed P-HECRRU-DINY (RCHD-IXC-HB.I-IS, Bi p, HX,
Dor , Pal , 4-Pal, DopaMe2, nTyr, dW dF, F(3/4*), and
Y(3*%) vxh%‘?v(énﬂﬁ Nf%/lé} Tlafv‘ RepfieT AL AAPTRle of foimingi dianlfifle Bondider net-3 or 20

tcgg Nﬂgﬁe'dhblﬂ cwﬁdlﬂoﬁ’s R ﬁltcﬁbnﬁeén%d‘ﬁﬁﬁ{tg QR %ébgg}gg ﬁgﬁgggmﬁépgidn% 8f CHB

tyrtssi neThe pqitldbmtmdheazb spémﬁ@bmdn@ affimity ﬁmrtﬁlbrm. Tohgpoyndsalfald ﬁ:ﬂeﬁtfdﬂn t he

group con3|st| and X2 is selected fromthe group
consi sti {3 1‘18%5“%11(?@??1%3 lﬁ’iﬁglj‘oa@ﬁ?mbﬁcwn tx3 is selected from the

gr Ol\J{p ;ggs' St i \@nf erfbcifitletds, PYisipfol iRt T8 iEGrdsiRiK, MM AR GRMR Sblp9 of H
consisting of W, Y, F, S, Bip, Hx, Dpr, Cy, Gu, Ad, Hfe, 3-Pal, 4-Pal, DopaMe2, nTyr,
dW, dF, F(3/4*), and Y(3*), wherein F3/4* is a phenylalanine substituted at either the 3 or

20 the 4 position with a moiety selected from the group consisting of CHs, CF;, NH,,
CH,NH,, CN, F, Cl, Br, I, Et, and OMe, and wherein Y3* is a tyrosine substituted at the 3
position with a moiety selected from the group consisting of F, Cl, Br, I, and NO,; X, is
selected from the group consisting of dE, H(Bzl), 2-Pal, Dpr, and Th; Xj is selected from
the group consisting of G and D; X4 is selected from the group consisting of H, F, Y, and

25 W; X5 is selected from the group consisting of I, L, V, N, Bpa, Bal, Hfe, Nle, Tle, nVal,
Phg, Cha, Taz, Fua, Th, 4-Pal, and F(3/4*), wherein F3/4* isa phenylalanﬁw substituted
at either the 3 or the 4 position with a moiety selected from the group consisting of CF3,
Et, iPr, and Ome, wherein at least one of X1, X2, or X5 is a non-natural amino acid

derivative; and X is selected from the group consisting of N, Q, I, L, and V, or X is not

30 present. Such peptides can be capable of forming a disulfide bond under non-reducing



25 W X5 is selected fromthe group consisting of I, L, V, N Bpa, Bal,

He, NNe, Tle, nval, Phg, Cha, Taz, Fua, Th, 4-Pal, and F(3/4*), wherein
F3/ 4* i s wophemhial ani ne substituted at either the 3 or wPhE/USIpDELLI ON
with a noiety selected fromthe group consisting of CF3, Et, iPr, and One,
wherein at | east one of X1, X2, or X5 is a non-natural am no acid
derivative; and X6 is selected fromthe group consisting of N Q I, L, and

V, or X6 chfdifiehs, 30 B SRRNmbodEBnBaRE heRRleS BRIRE Qﬁﬁ?@&@b mng a
di sul fide bond Sunder non- rnéduci ng 4 &33/6011115 aP USOZC?%LAE@j condi tions,

and in soaptidasisar haeeripscific hindiegpaffidisy forftirinde a di sul fi de bond. The

tid i f.i c_bi pdi. ffinity for. filbrjn. .ot h
B bodi ment o hateh OBRpHn Ry BF i ot it P Rise bl st N e ¢ ne
am no acihisealié sapends: C PP+ - YW-X X1, -IC (SKQ) (ISNO:BD wiereih X, We'RID p¥L i s G

or Db P 5 1is proline or its non-natural derivative 4-hydroxyproline; and
Y+ i% tyioRieHEe oF itanefspatpi deriyatiye fihydraxyarobineapdos’ isdyropive or 2uoed at the 3
position w ot et ; . . | Std Br, I,
bnd ncp: Ak TR R AR ATCAED paAYw ATk Wicleq gt

deri vat i geoupfconbistingsiie 1j Be Land NO g pralidetihtkatpb tdaft oad of @ptor ¥&sis gapnbe
capable of formng a disulfide bond un non-reduci ng conditi ons and can
have spe@f‘tflfaé%ﬁflmﬁ’ﬁé’f% IGFRCHYS ?‘nfn&acﬂqﬁherﬂmﬁﬁg§ 8 FRBEE FAPAPLS oft he

pept i des i ihe!d @isatfiednll ud8ertontdedu G RARDRs Ghd EQPhﬂv@‘é?&ﬁﬁ@ﬂﬁnﬁﬂ@ i ncl ude
such peptides linked to a thronbolytic agent. The invention also~features
pur 1§ | edafimtyifdeEbtimaln soned enfeodimentsithepepiidesiincbgeenialfii@ - Y G T C Xlo

(SEQ I D. r 17 rein Xlo is selected fr the, gro nsi sting of
Caoey!) EOmppibas IS¢ S Endd ey In Rl opf BT R ' Afopn R Senld
di fluoro), AnThe lifiv@ntidf dlso featlires petfled ébfideskhilincl@ddNak am@itfhdBL, Wher ei n
F(4*) is a phe%al anine substituted at the 4 position with a noiety

sel ect edSIUEATE feDg¥oufs-T-Eoksi(BERAY- BIO:HY), whrsin K)o iaselested fromuhe grovg
P eSS AR P N, SRR, (50
PD, | np, dilyoro)Manid, HAE,Y (Epp-di-aid), Off) INahd 1 Bxhand delawhefin B@*sam have the
o e WS AR I R Y
$‘ CB; _FI3_' Dc&rﬁ%@nk Br NOCGH,) 1, ahd BrCrbkided p%tfﬁeg:éﬁ ReRR: (I@%Qlihpagf@sg@encé’ P-GDY
C-D-Y-Y-G-T-C-X;0-X11 (SEQ ID. NO:18), wherein Xj; is selected from the group
consisting of D, dD, D, Inp, Nip, Me-D, dC, Cop, and Cmp. For example, a peptide can
have the follow amino acid sequences: L-P-C-D-Y-Y-G-T-C-n(Decyl)G-dD (SEQ ID
NO:19), L-P-C-D-Y-Y-G-T-C-n(Decyl)G-D (SEQ ID NO:20), L-P-C-D-Y-Y-G-T-C-Bip-
D (SEQ ID NO:21), L-P-C-D-Y-Y-G-T-C-Bip-dD (SEQ ID NO:22), L-P-C-D-Y-Y-G-T-
C-MeL-Inp (SEQ ID NO:23), L-P-C-D-Y-Y-G-T-C-MeL-Cmp ~(SEQ ID NO:24), or L-P-
C-D-Y-Y-G-T-C-MeBip-D (SEQ ID NO:25). The purified peptides can be capable of
forming a disulfide bond under non-reducing conditions and can have specific binding
affinity for fibrin. In some embodiments, the peptides include a disulfide bond.
Compounds of the invention can include such peptides linked to a thrombolytic agent.
In another aspect, the invention features a method of making an MR imaging
agent. The method includes reacting a peptide having an N-terminal amine functional

group with a linker-subunit moiety to form a modified peptide having both a C-terminal

amine functional group and N-terminal amine functional group; covalently attaching a



C-MeL-Inp (SEQ ID NO 23), L-P-CGDY Y-GT CML-Cmp (SEQ I D NO 24), or L-P-
CDYYGT CMBip-D(SEQ ID NO 25). The purified peptides can be capabl e
of formwgoaoditsul fi de bond under non-reduci ng conditi on®cansozraz6have
specific binding affinity for fibrin. In some enbodi nents, the peptides

i nclude a disulfide bond. Conpounds of the invention can include such
peptides linked to a thronbolytic agent. In another aspect, the invention
featuresy | udes
Foact | ng SKAERAN B e LA AR HERANIE RSl 1o RS TR s

l'i nker - stimetibhal rgpowgt tp foom berevussondR fmegingagent; ded bawienindiht preauSet er m nal
am ne fu i, onal rou t erm nal func i Qnal . group; covalently
att achi ng/ﬁ%il@aw ?cl%fg/[g P@Q@?ﬂ%Z% F WBT @OipTY entbgeselectiedr ni nal
am ne fumehi @Bako &ﬂggsﬁl@oﬁo the N-term nal am ne functional group to

forma precursor i mgi ng agent; and converting the precursor MR inmaging
agent to the MR i magi ng agent. The |inker-subunit noiety can be sel ected
fromthe group copsisting of: H2N R H2N ~-| N --'"NH2 H2N NH2 H2N CH H2N
JLNH2 NH HF\I afN wherei n | i

i nteger selecte

gre\ n NHes a from1l to mis an
A @- i s dfrNal a },c Ny arbmatlgnrg{zoup The
| i nker noi ety can be

NEg! ect ed fromthe group consi sting of

"RR N~--',"-"v - NRR "RR N-~,
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T HZN‘R‘NHZ HZN‘R
N> N,
NH,
H,N OH NH HN  NH
HN A N, N/ and TN

2

wherein n is an integer from 1 to 4; m is an integer selected 1 to 12; and R is an aliphatic

or aromatic group. The linker moiety can be selected from the group consisting of

0 0 )
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nRRvN/\/N\/\NR'R" "RRIN\/\/N\/\/NR'R" "RR'N NR'R"
0] O
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2

wherein m is an integer from 1 to 4; n is an integer from 0 to 4; LG is a leaving group;
and R’ and R” independently are selected from the group consisting of hydrogen and a

chemical protecting group.



LGRN - NR "RRNOONH LG, ,~NRR LGNRR LG"RRN "NRR' "RR N
Ol1LG n R02 CG,-_ - N--' COZR wherein mis an integer froml1l to 4; nis
an int egewoforsmmld)sto 4, LGis a leaving group; and R an@CRUSImgependent!|y
are selected fromthe group consisting of hydrogen and a chem cal
protecting group. 'NH2 n H2N mNH2 2T 6 WD 03/ 011115 PCT/ US02/ 24261 The

| i nker noiety al so can be selected fromthe group consisting of: NR R2

NR' R2 The linker moiety also can be selected from the group consisting of:

NR'R? R1\h—| L R! f\/\(

LG
LGR_Cé;NR1R2 C 0 <: :> ©

NR'R? RVLIR' AR

G

e

R'R:N 'NR'R? R'R2N NR'R?

rj LG
/\/N\/\N
'_% NR1 R?

NR'R?

wherein LG is a leaving group; and R! and R? independently are selected from the group
consisting of hydrogen and a chemical protecting group. The LG can be selected from
the group consisting of ~OH, activated ester, halide, and anhydride. The activated ester
can be selected from the group consisting of pentafluorophenol (Pfp), N-
hydroxysuccinimide (NHS), N-Hydroxysulfosuccinimide Sodium Salt (NHSS), 2~
Thioxothiazolidin-1yl, and hydroxybenzotriazole (OBT). The halide can be selected from
the group consisting of F, Cl, Br, and I. The chemical protecting group can be selected
from the group consisting of Boc, Fmoc, CBZ, t-butyl, benzyl, and allyl.

Converting the precursor MR imaging agent to the MR imaging agent can include
reacting the precursor imaging agent with a precursor chelate moiety to form a covalent
bond between the precursor chelate moiety and the linker moiety of the precursor MR
imaging agent, the precursor chelate moiety comprising a plurality of carboxylate
precursor groups, the carboxylate precursor groups capable of being transformed into
carboxylate moieties; transforming a plurality of the carboxylate precursor groups of the
bound precursor chelate moiety to a plurality of carboxylate moieties, the carboxylate
moieties capable of complexing a paramagnetic metal ion; and complexing a
paramagnetic metal jon to the plurality of carboxylate moieties to produce the MR
imaging agent. The precursor chelate moiety can be selected from the group consisting

of:



NRIR2 L MJ IN NH HN LG RIRZN NR1R2 RRZN NR1R2 R1IR2N NR1R2 Ri R2ZNR1R2,
wherein LGis a leaving group; and R and R2 independently are sel ected
from t he womapiiiednsi sti ng of hydrogen and a chem cal protegtisng2gsoup. The
LG can be selected from the group consisting of -OH, activated ester,
hal i de, and anhydride. The activated ester can be selected fromthe group
consi sting of pentafluorophenol (Pfp), N hydroxysuccinimde (NHS),

N- Hydr oxysul fosucm ni m de Sodi um Salt (NHSS), 2- Thioxothiazolidin-lyl, and
hydroxybeqzotr CBT) TheX |d can be selecg/ﬁifr m the group

consrstrng and |I. Jhe H cal protecti ngNgr,o can be
sel ectedO nrth |n >=6nm&< Z, t- N=cpenzyl, and
allyl. Con cursgﬁi%ﬁ agent % i%fl gi ng agent
can includ reactrng tPe pr ecdr sor |nag|ﬂg agentxX'w h a precarsor chelate
moi ety to forma coval ent bond between the precursor chelate noi'ety and

the linker noiety of the precursor MR inaging agent, the precursor chel ate

noi ety conprising a plurality of carboxylate precursor groups

car boxyl at e precursor groupslcap§bl U%%ggytr r med 4 nto rboxylate
noi et i es; transforn1 a pluéhr\ [lat e roups of

the bound pr ,ar~ chel at ek "étyN o a Pl ar¥l i of car moi eti es,
t he car box s cap of conpl exjyng a/par ar‘rﬁgn t tal ion;
and conp ng a p @ ﬁetr idn t Eﬂ9 Kal ity of lgarkoxyl ate

noi eties t& boduc ¥ | | g ent he ﬁrezprsor chel afle noi ety can
be selectea fromthe gr%up c,cbns sting 8f,:07 M0 03/ 021115 PCT/ U802/ 24261 Y\

NANNN

wherein Y is a synthetic moiety capable of forming a covalent bond with the attached
linker moiety, and wherein each X, independently, is an O or an O” precursor so that X,

upon conversion to O, is capable of forming a carboxylate moiety with its adjacent



nNOO-0CO0O00 XXO X900OYXN /[/?2N'"-I X NX/-Nni N/- ni R~\ eR
" RO~00799 Y---, ~-NNDXr'"NND~N X wherein Yis a synthetic

noi ety cawaebB®iuisform ng a coval ent bond with the attachedT/usonkest noi ety,
and wherein each X, independently, is an O or an O precursor so that X

upon conversion to O is capable of form ng a carboxylate noiety with its

adj acent 8 WD 03/011115 PCT/ US02/ 24261 car bonyl and R1 i s an uncharged

chem cal ety raliph r

e oegtRaney iR R ApRPEhe el oSetR a2 iniis, AR oup P EiRroafi

sel ect ed grdupQ6? lirttPathe@ Yibsti@Red $drkidfs tkredf. CEROS I elic ndfiétd cambt beladied ester,
aci d hallde anhydride, ~al kyl halide, isocyanate, and |soth|ocyanate and

wher ei n filng te geduncaonsisting ef & earberdig acidonstiveted egich apiddwlde.snhydpidst -

can_ be setaChdite, SIEREH: afloBldlidte all Gt ﬁm%ﬂ"b;ea%%%a%%%fhf%m
| COR Rthe*QﬂbhpbhﬁGﬂnB@E—DH]@R[&ﬂlEt,@ﬂ% ObéiR, laed O-allyl. The precursor

chelate moiety also can be selected from the group consisting of:

0]

COR COR
COR
:E/ N\/\ LG)H/
k ) /I ROC/\)N/\/ ~SNcor
RO COR ROC
ROC l\COR
LG o LG
o
F‘(L ° L
ROC—\ /—COR
ROC [—'\ COR
E j Y ROC—_ /| /—COR
N N
Roc——/\ / \—COR E ] and
ROC———/ / \—COR N N
roc—" \__/ —cor

>

wherein LG is a leaving group selected from the group consisting of—~OH, activated ester,
halide, and anhydride, and wherein each R, independently, is an O" or an O precursor
selected from the group consisting of OH, -O-Me, O-Et, O-tBu, O-benzyl, and O-allyl, so
that R, upon conversion to O, is capable of forming a carboxylate moiety with its
adjacent carbonyl.

The precursor chelate moiety also can be selected from the group consisting of:



O ROCS f~COR NN CN ND ROC- U "-COR LG ROC- ~-COR ROC U COR LG C N N RCC- -
n ,-COR ~N ND and CN ND LG COR ROCS N--_ N-~N'COR ROC) COR N N RCC--1 LJ
"- COR wheweimn/oLBls s a | eaving group selected fromthe groepTasny2eLsi ng

of -OH, activated ester, halide, and anhydride, and wherein each R

i ndependently, is an O or an O precursor selected fromthe group
consisting of OH -0-Me, OEt, 0-tBu, Obenzyl, and Oallyl, so that R
upon conversjgn 40 O is capabi e odo f or ni ng % ca.,(cpoxyl ate noiety with its

adj acent cab X" The prects ) ochel ate t%hal so can be selected from
t he group cgn _)a:@g of. 9 Wﬂ 311115 PC?F/N k24261 0 0 11 0 0-0
0=<0—RK/N\)OR =<0;K"‘\l:‘()°" Oj(()—RK’N\)OR
X o 5
2 o
00 H H)I\N X /U\N X

OR t\\g oR \\\(OR ORK”\\I:\()OR
ROO /(qé(o 0 foloj\/ j\/Bf
SN oy N
oﬁﬁ/“\) OR N(\N/E} ° ﬁrgj: °
‘\\g O=<o; Vo O{NK,N\)
‘\‘g OR I\\(OR

wherein n is an integer from 1 to 4; R is selected from the group consisting of a negative
charge and a negative charge precursor capable of being transformed into a negative
charge; and X is a chemical leaving group selected from the group consisting of -Cl, -Br, -
I, -MsOQ, -TsO, and -TfO.

The precursor chelate moiety can be selected from the group consisting of:

10



RO0-1C0zH (( n ~RNp CNNR 'NC/ORO OORNORRAA )n ~RO(-Np -NN
ONH// ( nn- [|I'" OR-NR KU N wherein nis an integer froml to 4; Ris
sel ect ed Woagioities gr oup consi sting of a negative charge aad/sonegative
charge precursor capable of being transformed into a negative charge; and
X is a chem cal |eaving group selected fromthe group consisting of -d,

-Br, -1, -MsQ -TsO and -TfO The precursor chelate noiety can be
sel ected fr@the group cagnsisting of: 1@ WO 03/011115 PCT/ US02/ 24261 NH2
Ro RO R"gtlf RQ RO RO,
A “{% L A
oK o) oK L) oLy )
OR \\\gOR " ° oR hL‘gOR Nco OR rL‘g°R Nes

OR k\( OR 4\‘( NH YR N—"0Rr ~
b by T Y G
AT 90l R?Nﬂ’}i
© KfN OR ° ORK/N OR N ° ( N )
OR \\‘g X l\\g ) Ji/ =<0—sz '\\gOR j;i/ N

o s
wherein R is selected from the group consisting of a negative charge and a negative
charge precursor capable of being transformed into a negative charge; and X is a chemical
leaving group selected from the group consisting of -Cl, -Br, -1, -MsO, -TsO, and -TfO.
The negative charge precursor is selected from the group consisting of -H, -Me, -Et, -t-
Bu, -benzyl, and -allyl.

In some embodiments, the linker moiety can be covalently conjugated to a
precursor chelate moiety, the covalent conjugate comprising a plurality of carboxylate
precursor groups, the carboxylate precursor groups capable of being transformed into
carboxylate moieties. Converting the precursor MRI imaging agent to the MR imaging
agent can include transforming a plurality of the covalent conjugate’s carboxylate
precursor groups into carboxylate moieties, the carboxylate moieties capable of
complexing a paramagnetic metal ion; and complexing a paramagnetic metal ion to the
plurality of carboxylate moieties to result in the MR imaging agent. The paramagnetic
metal ion can be selected from the group consisting of: Gd(III), Fe(II), Mn(II and III),
Cr(I1I), Cu(Il), Dy(III), Tb(IIl and IV), Ho(IIT), Ex(III), Pr(IlI), Eu(Il) and Eu(III).

Gd(III) is a particularly useful paramagnetic ion.

11



0 RO R -" N () O OR OR1~-NONHOON"'" "=NOOOwWereinRis
sel ected fromthe group consisting of a negative charge and a negative
char ge prwouws®oriizapabl e of being transformed i nto a negatcrasohange; and X

is a chemical |eaving group selected fromthe group consisting of -C,
-Br, -1, -MsQ -TsO and -TfO. The negative charge precursor is selected
fromthe group consisting of -H -M, -Et, -t- Bu, -benzyl, and -allyl. In

some embodi e cotallthe Lbifligie BRI & e1dfa Mot ARV ALEDbONiEARIOAL ed T @

precursor chelate nolety, e coval ent conjuga onprisfng a plurality of
carboxyl ate precursor groups,NRI®R® carboxyl ate precursor groups capabl e of
being transfornmed into carbpxylate noieties. Converting the precursor MR
i mgi ng agent t&& he MR i nag c{\;l sagent can include transformng a plurality
of the coval ent cogigdgate’s Boxyl ate precursor groups into carboxyl ate
moi eti es, the carbgxyldte noj eties capable of conplexing a paramagnetic
nmetal ion; and i rajmggnetic netal ion to the plurality of
carboxyl ate noiefies th r ul tNEERthe MR i magi ng agent. The paranagneti c
metal ion,can be|selecteddromthe group consisting of. GJ(I11), Fe(lll),
M(l1 an& BN (111), cu(ll), Dy(lll), Th(lll and IV), Ho(lll),
Er(l11), Pr(ll u(ll) and Eu(lll).

R*RON and

LG

o)

o ‘/KO

152

R'R Nj/“\N/\/N\/\N NR'R?
H H

R3Nj [

wherein n is an integer from 1 to 4; LG is a leaving group selected from the group

consisting of —-OH, activated ester, halide, and anhydride; and R!, R% R®, R* and R® are

NR3

45
R'RN NR*R®

independently selected from the group consisting of an acetate moiety, a -Me, -Et, or -t~
Bu protected acetate moiety, an acetamide moiety, and an acetoxy moiety.

The covalent conjugate also can be selected from the group consisting of:

12



&(I'1l) is a particularly useful paramagnetic ion. - 1-f 11 WO 03/011115
PCT/ US02/ 24261 The coval ent conjugate can be selected fromthe group

consi sti NyoaB/OINMRS RIR2ZN Y "OR 3 N 7 RARSN LG and NR2RF/OMhE2L6N N i S
an integer froml to 4, LGis a |leaving group selected fromthe group
consisting of -OH, activated ester, halide, and anhydride; and Rl, R2, R3,
R4' and R5 are independently selected fromthe group consisting of an
acetate noiety, a -Me, -Et, or -t- Bu protecteg acetate noiety, an
acet am de noi et P and an acetoxy noiety. Th egt conjugate also can be
sel ected fron(”ﬁb oRyp consi sting of: 12 03/041115 LG PCT/ US02/ 24261 LG
R4 2 3 NJ ein LGis a leaving (&Zseetedfromthe group

consi sting of Ke/q_l‘erd)a ated ester, halide nhy ; and Rl, R2, RS,
and R4 are sel fro fie group consi sting & an

LG
Re LG

2

wherein LG is a leaving group selected from the group consisting of —OH, activated ester,
halide, and anhydride; and Rl, R%, R, and R* are selected from the group consisting of an
acetate moiety, a -Me, -Et, or -t-Bu protected acetate moiety, an acetamide moiety, and an
acetoxy moiety.

The covalent conjugate can be selected from the group consisting of:

Synthon 1:
(CH3);CO,C CO.C( CHz)s CO,C(CH3)s

(CH3);CO, > <
C\— —/— N\—C0,C(CHy),

HN

HO NH

0]

—N N /—COC(CHa);
(CHy)3C0,C > < _\—N

(CH3)3C0O,C CO,C (CH3)3\—C02C(C Hy)s , and

13



acetate noiety, a -Me, -Et, or -t-Bu protected acetate noiety, an acetam de
noi ety, and an acetoxy noiety. The coval ent conjugate can be selected from
t he groupwomamigti ng of: Synthon 1: C (CH3)3C02C K Q2C( eaz)yudhz/2aC( CH( CH3
)3C02 ) N~N N CORC(CH3)3 / "N/N - ~C®RC(CH 3)3 (CH3)3Cx®C) ° N (CH
3)3C2C C02C (CH3) 3\-C2C(C H3)3 , and 13 WD 03/011115 Synt hon 2:

(CH3) 3C2C CRC(CH3) 3/ -CRC(CH3) 3 (CH3)3C02C) ( N\V--NN/- \--CORC(CH3) 3

O HO N NigohemaWe:-\ /- - C02C( CH3) 3 (CHS)SCOZC ) \ N /(
(043)30028002%043)3\--0020(043 3 O NH
H )3C02C COZC( H3)3/_'C02C(CH3)3
(CH3)3COZC
_/— \—C020(CH3)3

\j

NH
o
—N N /—C0C(CHaky
(CHg)sCO,C > < —\—N
(CH3)3CO.C C02C(CH3)3\—C02C(CH3)3 )

The covalent conjugate also can be selected from the group consisting of?

Ro)oﬁ RO RO)HN Ro_
(\N/w © N N
o L) g ﬂ
OR "\‘\\(OR 0 ‘\\g

o
o LG
OR HJ\ OR i HN LG
oi N/w © OR

N\B o O%—(N/R "
RO RO L n \%o 0
\g/’ RO\H/‘

wherein:
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PCT/ US02/ 24261 The coval ent conjugate al so can be selected fromthe group
consisting of- 0 0O RORO N N O OR-N-OR~-O wherein: 0 OR HN LG LG 14 WO

03/ 011115wB@3huUsDd2/ 24261 Ris a -tBu group, LG is a |eavi mgTgrsoups2sel ect ed
fromthe group consisting of -OH, activated ester, halide, and anhydride.

Met hods of the invention further can include, before covalently attaching a
linker noiety to the G and N-term nal am ne functional groups, reacting a
| i nker - swbRI-kBWEdup, LOGs B 2ok MR oG 0a) cH:MUiRe JF bl pepti de

to produce a deﬁrivlg%/a |’_zed I\I—terﬂr%!.ggalp am ne funct‘?lgnﬂél gr ou% of b?ﬁe pepti de.
The | i nkeetivigstaster, pdidepadsehydiidsd from the group consisting of: Base Base
J O Methods of the invention further can include, before covalently attaching a linker
moiety to the C- and N-terminal amine functional groups, reacting a linker-subunit with
the N-terminal amine functional group of the peptide to produce a derivatized N-terminal
amine functional group of the peptide. The linker-subunit can be selected from the group

consisting of:

Base
B
Base o ase O Base

o o 7

(0] N 2
N \/U\ LG N
HZN/\/ N\)J\LG HzN LG , S_ﬁk : HQN/\/ \/U\LG
’ HoN
Base Base Base Base

N o oS o o }/r
N HaN._N LG B Q
HNT j/U\LG N ~N_P-LG
R ’ \/\g ;TN R T
wherein Base is selected from the group consisting of adenosine, guanosine, thymine, and
cytosine; LG is a leaving group selected from the group consisting of OH, activated ester,
halide, and anhydride; and R is an aliphatic or aromatic moiety. The linker-subunit also

can be selected from the group consisting of:

o)
o 0
R-{ HN)LR
HoN LG
H,N N n "HN_ R
2 >‘LG LG A
0 HoN 0O

R— HN" R 0
HoNo N M HZNWLG
LG LG "HN_ R
O HZN ~N
0

wherein n is independently an integer from 0 to 3; R is an aliphatic or aromatic group;

>

and LG is a leaving group selected from the group consisting of: OH, activated ester,
halide, and anhydride.
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H2N,, - __NYLLG Base OYJ H2N~-NLG O LG Base LG O H2Ni-, _,,N,.,P-LG OH Base O
H2ZN i N LG Base O O and H2ZN~-~N-LG P wherein Base is selected fromthe
group comeDIBiong1df adenosi ne, guanosine, thym ne, and CcYCO4iSNE2426G is a

| eavi ng group selected fromthe group consisting of OH activated ester,

hal i de, and anhydride; and Ris an aliphatic or aromatic noiety. The

| i nker-subunit al so can be selected fromthe group consisting of: OR-,//0

HNAR O N HZ2N "Th¢ finkel-Saibubié Bisb Gafl bSsIDNE Hotdaht frop Yofkisting of:

Os_R

R
0 O
L /S SR { NP NH,
o HoN LG DA
0

HaN
LG 2 NRo
HZN”M'\”/ LG N
"y N and  HNTYT ‘M;U\LG
o)
R

2

wherein n is independently 1 or 2; R is an aliphatic or aromatic group; and LG is a
leaving group selected from the group consisting of: OH, activated ester, halide, and
anhydride.

In another aspect, the invention features a method of making a MR imaging agent.
The method includes covalently binding an amino acid residue to a linker-subunit moiety
to form a C-terminal end of a peptide, wherein the linker-subunit moiety is covalently
attached to a resin; synthesizing a peptide on the resin from the covalently bound C-
terminal end to an N-terminal residue of the peptide, the N-terminal residue comprising
an N-terminal amine functional group; cleaving the peptide from the resin to produce a
peptide having a C-terminal amine functional group; covalently attaching a linker moiety
to the peptide’s C-terminal amine functional group and N-terminal amine functional
group to form a precursor MR imaging agent; and converting the precursor MR imaging
agent to the MR imaging agent. The method further can include before cleaving the
peptide from the resin, covalently attaching a linker-subunit moiety to the N-terminal
amino functional group to produce a derivatized N-terminal amine functional group. The
linker moiety can be covalently conjugated to a precursor chelate moiety, the covalent
conjugate comprising a plurality of carboxylate precursor groups, the carboxylate
precursor groups capable of being transformed into carboxylate moieties.

Converting the precursor MR imaging agent to the MR imaging agent can include
reacting the precursor MR imaging agent with a precursor chelate moiety to form a
covalent bond between the precursor chelate moiety and the linker moiety of the
precursor MR imaging agent, the precursor chelate moiety comprising a plurality of

carboxylate precursor groups, the carboxylate precursor groups capable of being

16



H2N H2N Base n HZN YLG O G R wherein n is independently an integer fromO
to 3; Ris an aliphatic or aromatic group; and LGis a |eaving group

sel ect ed Wooaiotties group consi sting of. OH, activated este®CT/Usat/24té1 and
anhydride. 15 WD 03/011115 PCT/ US02/ 24261 H2N The | i nker-subunit al so can
be selected fromthe group consisting of: n OHRZNLGLGOY RH @G\ -~111
rNI.N2 jOnnO RO and HZN N -) 'LG wherein n is independently 1 or 2; R

's an al kphablGe ﬁat@éeﬂ?&?y‘&{c‘e HoRURs; t%gfogrg%ﬂga B8P B cBbBKApEC! ect ed from

t he group conS|s I'ng O activate ydrlde I n
anot her asqecsor gtoaps dbfithe bbindpfeeatardslate muietjoid agfluratiki efgracbovRateragi ng
agent. moieties, the carboxylate moieties capable of complexing a paramagnetic metal ion; and
complexing a paramagnetic metal ion to the plurality of carboxylate moieties to produce
the MR imaging agent.

Converting the precursor MRI imaging agent to the MR imaging agent also can
include transforming a plurality of the covalent conjugate’s carboxylate precursor groups
into carboxylate moieties, the carboxylate moieties capable of complexing a paramagnetic
metal ion; and complexing a paramagnetic metal ion to the plurality of carboxylate
moieties to result in the MR imaging agent. The paramagnetic metal ion can be selected
from the group consisting of: Gd(III), Fe(III), Mn(II and III), Cr(III), Cu(II), Dy(III),
Tb(III and IV), Ho(1II), Ex(11I), Pr(III), Eu(Il) and Eu(Ill). Gd(III) is a particularly useful
paramagnetic metal ion.

In another aspect, the invention features a method of making a MR imaging agent
that includes reacting a peptide having a C-terminal carboxylate functional group with a
linker-subunit moiety to form a modified peptide having both a C-terminal carboxylate
functional group and an N-terminal carboxylate functional group; covalently attaching a
linker moiety to both the N-terminal and C-terminal carboxylate functional groups of the
modified peptide to form a precursor MR imaging agent; and converting the precursor
MR imaging agent to the MR imaging agent. The linker-subunit moiety can be selected
from the group consisting of:

(@]
[e]
HO LG LG
N HO LG
O A R AR f g
R R (o]

o~ 0" "0

wherein LG is a leaving group selected from the group consisting of OH, activated ester,
halide, and anhydride; and R is an aromatic or aliphatic group. The linker moiety also

can be selected from the group consisting of:
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The nethod includes coval ently binding an am no acid residue to a

| i nker-subunit noiety to forma Ctermnal end of a peptide, wherein the

| i nker - suworBo1ms ety is covalently attached to a resin; PEyriSaws428i ng a
peptide on the resin fromthe covalently bound C termnal end to an
N-term nal residue of the peptide, the N-term nal residue conprising an
N-term nal am ne functional group; cleaving the peptide fromthe resin to
produce a pepti havi ng a Gyterm nal amyae functional group; covalently
attaching a |iffew noiety &gjyhe peptldqy$ C-term nal am ne functiona
group and Awterhimar: arine~f uoct i alv~gi'euprt:0 form a precursor MR i nmagi ng
agent; and converting the precursor MR inmaging agent to the MR inmaging
agent. The methog,further can include before cleaving the peptide fromthe
resin, covalenny§)attach|ng ﬂlnker subu f noiety to the N-term nal

am no funcg$gﬂam\gggyp bR _Pradute.a derivat zed N-term nal am ne functiona
group. The i nker noi ety can be covd%ently cénjugated to a precursor

chel ate noiety, the cgyvalent conjugate conprising a plurality of

car boxyl at e}recur so roups, v.he carboxylate precursor groups capable of
bei ng tr&&T6PMred kot ocopar kox §$ﬁf% n@yebkis\mﬁbnvertlng the precursor MR

i mgi ng agent to the MR imagi ng agent can incl dde reacting the precursor
MR i magi ivgheagjem iswintintegenfrans ris ¢t ndheh antegentiont §tord Rxsrmdeaaenalmﬁal ent bond

bet ween t or chelate no y_of 4 he
precursofgﬁﬁg?ﬁg i W SRS gfggdggbgﬁﬁ%% (kqﬁﬂ (ﬁé i%fng a
pl ural i t ynd¥hendeatlh gxlpttad &oﬁfﬁny&rsgtrn @aQhBsical P@teedh P e¥Upat € precursor
groups capable of being R1 o HN-~ N-ALG 16 WO 03/ 11115

PCT/ US02/ 2426 Thedinkes mpiebticandedelegicn dsey Bie &roum @opisdng ek ansf or i ng a
plurallty of t he carboxylau@mzprecursor gr,oups of the bound precursor

chel ate %:Te MR pIRIEMN rRef car@qxylate, ieties, the carboxylate
noi eti es ta %N%Q‘ conpl efh ng ag PR gnet i:t. abk ion; and conplexing a
paramagneti c "iF ion to t'Re plurality of carboxylate moi eties to pr oduce

the MR i %%%{i&aa%ﬁ&‘kz af YR iR pbAEn Rl AW $87erdR contRBAS G 1B en'aBqt NE MR

i magi ng agen
a chemical protecting group, the chemical protecting group selected from the group

consisting of: Boc, Fmoc, CBZ, t-butyl, benzyl, and allyl.

Converting the precursor MR imaging agent to the MR imaging agent also can
include reacting the precursor MR imaging agent with a precursor chelate moiety in order
to form a covalent bond between the linker moiety of the precursor MR imaging agent
and the precursor chelate moiety, the precursor chelate moiety comprising a plurality of
carboxylate precursor groups, the carboxylate precursor groups capable of being
transformed into carboxylate moieties; transforming a plurality of the carboxylate
precursor groups of the bound precursor chelate moiety to a plurality of carboxylate
moieties, the carboxylate moieties capable of complexing a paramagnetic metal ion; and
complexing a paramagnetic metal ion to the plurality of carboxylate moieties to produce
the MR imaging agent. The linker moiety can be covalently conjugated to a precursor
chelate moiety, the covalent conjugate comprising a plurality of carboxylate precursor
groups, the carboxylate precursor groups capable of being transformed into carboxylate

moieties.
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include transformng a plurality of the coval ent conjugate' s carboxyl ate
precursor groups into carboxylate noieties, the carboxylate noieties
capabl e oWoosspliexi ng a paramagnetic netal ion; and conplPeTiusg2/ai261
paramagnetic nmetal ion to the plurality of carboxylate noieties to result
in the MR imaging agent. The paramagnetic netal ion can be selected from
the group consisting of. Gd(1Il), Fe(lll), Ma(ll and Il11), C(Il1), Cu(ll),
Dy(l11), Tb( I I (reny.
GU(111) s o GaryEfe I o ik imBbid ekt 1The Mk oSk bbont B0 ol

aspect, iﬂamdemnaasﬁ)nnmgfaﬂumhesofahmvmmm odinjugcke: mgarhomﬁemursgr aoapts  t hat

i ncl udes reac ing a pepti hayi aC—termn rbo Iatefunctional
group wi o gar ﬁ%@ﬁ%@tﬁ ?‘F ﬁ%i"é%? etr’EBOlF%efSrﬁaBa g ‘qu@?] HERAPFERRIPY bot h
a C-ternpgl 1&@5@@% Qinp a4l Rdlic ﬁeav&nae%@ﬂum&ﬁmaﬂ%xy&@é boxyl at e

functional group; coval engly attaching a linker noiety to both the
N- t er mi nadoicdies taprodneri tha MR ambging hgand f uncti onal groups of the nodified

peptide to form a precutso e and converting t he precursor
MR i magi ng agert’ 18“&??@“%3%%&'3”%% %#P%tr%ﬁércmpnﬁ?@f‘ls% ?ﬁmt noi ety can be
selected fromthe group consi RRFE of HOCN-LG O O "OORO HO LG and
HO LG wherein LG F s a leaving group selected fromthe group consisting of
OH, activated ester, halidel and anhydride; and Ris an aronmatic or

al i phatic group. e |inker NRty also can be selected fromthe group
consisting of: 17 034 01115 PCT/ US02/ 24261 m NH2 R R2N - N-, NR1R2

RI R2N-, _~N. NR]HF}’%

NR'R?
R'R?N ©
R3Nj
R*R°N ,and
|
NH
O
O O
12 142
R'R°N N/\/N\/\N NR'R
H H
RN NR3

. (

wherein n is an integer from 1 to 4; and Rl, R?, R’ R* and R’ are independently selected

NR*R5

>

from the group consisting of an acetate moiety, a —Me, -Et, or -t-Bu protected acetate

moiety, an acetamide moiety, and an acetoxy moiety. The covalent conjugate can be:
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RO2C-"-CO R NH, R02C~-CO2R ~m Q02R~, N, - C02R NH2 R02C CO2R H2 R0O2C NH2
CORNH2 RRN~-_-N--"NRR2 (NH2 )n CO2R/ __ 4 "CO2R RO2C*_N""CO R 9
wher ei n iwoiog/oanii nteger from1l to 4; n is an integer fromC@/USO2/#426R i S

i ndependently selected fromthe group consisting of -H, -Me, -Et, -Bz, and
-tBu; and R and R2 are independently selected froma hydrogen or a

chem cal protecting group. The |inker noiety can be selected fromthe group

[ [ f. O NR1L i H2 gHz "0 - NR R, / 1 ¢’
\?\/ﬁnsol S}\I:%ng&:?; Wﬁ)@l §&§%3@%@ﬁr3gi n gl and R2 are sel ect edC "
t

i ndependentT the Agro M ing of hydrogen and a chem cal
protecting group, heni pr ot ectiofgC@up sel ected from the group

O
NH
H,oN /—/
_>‘N
d \—\
NH
O
(CHy)4CO,C > < _\—N
(CH3);CO,C CO,C (CHs)a\—COZC(C Ha)s

Converting the precursor MR imaging agent to the MR imaging agent also can
include reacting the precursor imaging agent with a chelate moiety, wherein the chelate
moiety contains a paramagnetic metal ion, to form a covalent bond between the chelate
moiety and the linker moiety of the precursor MR imaging agent to produce the MR
imaging agent. Suitable paramagnetic metal ions are described above.

In yet another aspect, the invention features a contrast agent that includes a metal
chelate complex at a —~CO,R and NHR termini of a biopolymer (e.g., a peptide), wherein
R is independently selected from the group consisting of hydrogen, alkyl, aliphatic, and a
leaving group. The contrast agent can include two metal chelate complexes at the CO,R
and NHR termini of the biopolymer. The biopolymer can have a specific binding affinity
for fibrin. The peptide can be capable of forming a disulfide bond under non-reducing
conditions, and in some embodiments, includes a disulfide bond. A contrast agent can

have the formula:

0
: 2
(Chelate)m—(Linker),—— (Linker-subunit)s NR (Linker-subunit)s—— (Linker),———(Chelate),,
R?
n

2
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consi sting of Boc, Fnoc, CBZ, t-butyl, benzyl, and allyl. Converting the
precursor MR imaging agent to the MR imging agent al so can include
reacti ng wbhae3ptacur sor MR i magi ng agent with a precursor eoglEvz24mi ety in
order to forma coval ent bond between the |inker noiety of the precursor
MR i magi ng agent and the precursor chelate noiety, the precursor chelate
noi ety conprising a plurality of carboxyl ate precursor groups, the

car boxyl %l%%reﬂﬁ %fa?eofegx‘?ég&g%Fgﬁ?a?t%f}élgﬁe%g)ﬁlg%ggrﬂ%% ﬂ%gfgesgﬂtg?ﬂnfc&trﬁoig  boxyl at e

noi eties; transformn precursor ¢roups of
t he bound.ijteeaubwat rephatmt e linkérafnpuiiomaidpy;un & intlgpealiertigrandxigbatfeomnabet i es,

t he carboxyl ate .noi eties capabl e of caqnpl.exing paramagnetic netal ion;
and conpleR F%ﬂ&d‘épeﬁg?l%}&a@w‘é‘%gér fﬁfﬁm g if @dﬁﬂ‘éﬁﬁpﬁﬁf dpr ¢ SR%# RAFBRy | at e
MDi et es b s?&é)&iéﬁ?ord& agiviiRvd R NGnAGE N ilndzmdéﬁtnkﬁyd}@g&t& aﬁféﬂﬁft?&ic

covalently conjugated to a precursor el ate noi éty,” the covale
conj ugat eragnpk ceitragt zgept als@bdnthaveh stractbexgflaay enppestuicsoes 4-foups, the

boxy! at : bl g of bei f d | boxyl
ol ot1 ks, 16 Vbebarg1ee B ERE el CoRfer I PR BRI SR
i magi ng 3epfde, tie epeddiinBen NoteARIRAL ardiing Gurefibnal ighsdp. The MeadAfindlildgg a

plurality of the coval ent conjugate's carboxyl ate precursor groups into
car boxy| aeastipsitha peptide wifh ad ikBosybuait ngiely de faB &pgPlige bayng @ﬁ@r@mahg a

e ek oo 0 OELSATBLT AR, FOATRIRGL Fulalos . © (1
coval ent teefihalgatige fimatitiel gelupehd iN-ferminal heigrionpionangoes tonfgrmfa H  HN Ri
ReN Y n%dli?ﬁgd Il)?(fblﬁ%y /Thcla_I metl\}j{:)ld further can include reacting the modified peptide with a
capping moiety to form a covalent bond between the capping moiety and the linker
moiety of the modified peptide. The method also can include reacting the modified
peptide with a precursor chelate moiety to form a covalent bond between the precursor
chelate moiety and the linker moiety of the modified peptide, the precursor chelate moiety
comprising a plurality of carboxylate precursor groups, the carboxylate precursor groups
capable of being transformed into carboxylate moieties. After transforming a plurality of
the carboxylate precursor groups of the bound precursor chelate moiety to a plurality of
carboxylate moieties, the carboxylate moieties capable of complexing a paramagnetic
metal ion; a paramagnetic metal ion can be complexed to the plurality of carboxylate
moieties. The method further can include assaying the stability of'the modified peptide or
assaying the stability of the unmodified peptide and comparing the stability of said
modified peptide to the stability of the unmodified peptide. Stability of the modified
peptide can be improved relative to the stability of the unmodified peptide (e.g., improved
10-fold, 20-fold, or 30-fold relative to the stability of the unmodified peptide). Stability

can be assayed using a rat liver homogenate assay.

In another aspect, the invention features a modified peptide having the structure:

R®> O
(Chelate—(Linker),—— (Linker-subunit); N (Linker-subunit);——(Linker);——(Chelate
precursor)y, R precursor),,
n
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RARSN / NRAR5 NN and N H H wherein nis an integer from1l to 4; and Rl, Rz,
R3, R4, and R5 are independently selected fromthe group consisting of an
acet at e nwoaBpI11as - Me, -Et, or -t-Bu protected acetate mpPCEFS)2/a1261
acetam de noiety, and an acetoxy noiety. The coval ent conjugate can be: 19
WO 03/ 011115 PCT/ US02/ 24261 (CH3)3CO2C CH CO2C(CH3)3 /--C2C(CH3)3 CO ( )
C3)3 2N(\V\ -NN--C2C(CH3)3 O

wherein Chelate precursor represents a chelate precursor moiety; Linker represents a
linker moiety; Linker-subunit represents a linker-subunit moiety; m is independently an
integer from 1 to 10; p is independently an integer from 0 to 5;
s is independently 0 or 1; R! is an amino acid side chain or a derivative thereof; and
R? is selected from the group consisting of H and an aliphatic group.

In yet another aspect, the invention features a modified peptide having the

structure:

R O
(Linker);——(Linker-subunit); N (Linker-subunit)y——(Linker),
R'I
n

B

wherein Linker represents a linker moiety; Linker-subunit represents a linker-subunit
moiety; p is independently an integer from 0 to 5; s is independently 0 or 1; R is an
amino acid side chain or a derivative thereof; and R” is selected from the group consisting
of H and an aliphatic group.

Method of making an MR imaging agent also are featured that include reacting a
peptide having an N-terminal amine functional group with a linker-subunit moiety to
form a modified peptide having an amine functional group on both its N-terminus and C-
terminus, or reacting a peptide having a C-terminal carboxylate functional group with a
linker-subunit moiety to form a modified peptide having a carboxylate functional group
on both its C~terminus and N-terminus; and converting the modified peptide to the MR
imaging agent. Converting the modified peptide to the MR imaging agent can include
covalently attaching a chelate moiety to the modified peptide, wherein the chelate moiety
contains a paramagnetic metal ion, to produce the MR imaging agent. Converting the
modified peptide to the MR imaging agent also can include covalently linking a linker
moiety to a chelate moiety to form a covalent conjugate, wherein the chelate moiety
contains a paramagnétic metal ion; and reacting the covalent conjugate with the modified
peptide to form the MR imaging agent. Suitable paramagnetic ions are described above.

In another aspect, the invention features a method of making an MR imaging

agent that includes covalently binding an amino acid residue to a linker-subunit moiety to
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H2N NH 0 , [ -N KN-/---CO2C(CH3)3 H (C CO2C (CH3) 3"-CO2C(C H3)3 3)3CeC
(CH 3)3C2C Converting the precursor MR inmagi ng agent to the MR i nmagi ng
agent al swomamiilisicl ude reacting the precursor imgi ng agect/usor/m2al chel at e
noi ety, wherein the chelate noiety contains a paramagnetic netal ion, to
forma coval ent bond between the chelate noiety and the |inker noiety of
the precursor MR imaging agent to produce the MR imaging agent. Suitable

par amagn@dinfa (ekAhinh DRl a8 ePRIE Medn ﬁ%ﬁﬁcef-hlg)lﬁﬁﬁtmﬁ&?g%]%vgﬁegﬂgm’ the

invention features a contrast agent that inc es a ne te conpl ex
at a - COattached to\riResing sythésizihg a pbptijeainytive resirefrgm, thacpapenilgdpundierein R i's

i nd dent |- f h j SLi f . hyd ,_al kyl
' phat 1 Somiet 358 B o AR Rt ecthe Asfinal feorE owmdmes ' et o
chel at e apMplegNRal ahideTancddAR grans deRiﬂg&héfbéﬁtid@ffrdn*ﬂﬁ#e%ﬁﬂ@d YidRlee 4 0€

bi opol ymer can have_a specific bi ndi&g affinity for fibrin.” The peptide
can be cipBinad aging Hpetiong! arogp of iheirgedifehpentidgeonverting seiiwodigied poptdde | ons,

d i ' [ ' | t t agent can
ave  hotd Beanraiiegeaon, Rnyifne TolSiib B me MR e
ni t)s_- ( nchidercopalehilehtedching a2dheldfe M3icOl tblhd nfddiflddpeplids sdibreth BeaihBlathel at e
represents.a netal chel ate corrpléi( Li nker resents a |inker noiety;

Li nker - s UIUFHY COVBES PAFARLHEYG HR ioéluwpfm‘ﬁrﬁ’[ef eMR imagingagenti peneeing y an
i nteger tHaMbdifit®peptide to the MR imaging agent also can include covalently linking a linker
moiety to a chelate moiety to form a covalent conjugate, wherein the chelate moiety
contains a paramagnetic metal ion; and reacting the covalent conjugate with the modified
peptide to form the MR imaging agent. Suitable paramagnetic ions are described above.
Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or tesﬁng of the present invention, suitable
5 methods and materials are described below. All publications, patent applications, patents,
and other references mentioned herein are incorporated by reference in their entirety. In
case of conflict, the present specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only and not intended to be limiting.
Other features and advantages of the invention will be apparent from the

10 following detailed description, and from the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 provides the chemical structures of non-natural amino acids.
FIG. 2 depicts the relaxivities per Gd at 20 MHz, 35°C in Tris buffered saline
(TBS) or 10 mg/ml fibrin in TBS.
15 FIG: 3 depicts the accumulation of a contrast agent in the thrombus.
FIG. 4A is an image of a thrombus. FIG. 4B is an image of a thrombus with black
blood.
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10; p is independently an integer fromO to 5; s is independently 0 or 1,
Rl is an amno acid side chain or a derivative thereof; and R2 is

i ndependewOlog/oaiinydr ogen or an aliphatic group. A contra®CTaent42al so can
have a structure of any one of structures 4-55. In another aspect, the
invention features a nethod for altering the stability of a peptide, the
peptide having an N-term nal am ne functional group. The nethod incl udes
reacting the peptide with a lqﬂﬂnﬁﬁmfmﬁﬁ to forma peptide having
a Ctermnal amne functional group; and covalently attaching a |inker
nmoi ety t ddfinigeepti de's C- terminal anine functional group and N-terninal

am ne functional group top form.a.. nodifie eptide. .The t hod further can
i ncl ude reacti é‘“ﬁﬂ@yﬁﬁﬁf‘ﬁff@&aciiébk’ﬁea@ 1%§Tﬂa%rge%%ph&%%ﬁen§pgﬂ indhisor m a
coval ent daeneuRehMERNIURE I TROARErIERY €h¥mRANSIdMGy Ktk @ﬁide[@é&)gu Fﬁité&rﬂe

I

nmodi fi ed peptide. The nethod al so can_i ncl ude react’ing the nodi
pept? de vimericgn Shemieal Socigtve Waashingisine DY (189702004 @udelinen forbuttiods®t ween t he

pr ecur son e [ ] i r. i of .t he i fi.ed .peptide,
t he pr ecg%gmg?@) ’?04%/%%661%o?r‘pérl}ogélﬁ‘éldgpopﬁﬁ%gylﬁl?/nsoq‘n carBosin 8t e
pr ecur soPeptidefgencen g, Raptidex3di.af, ¢6pUet oy, groups capabl e of being

transformed into carboxylate noieties. After transformng a plurality of
the carboxyl at'er fregwipasss olythisugpelieationnde frsoh ¢hpmisal protacting 810808 ofvi ety to a
plurality .car L6 =Y hei pabl e of
conpl exi ngﬁgecggggrmgnetl e %ta%e;ﬂﬁ?%rﬁ%&%yg%?g%n%lh&toi@%lgﬁﬂef%&%ﬁ%can be

cond exeddeulcthrqighoad dreyor afiore ayrithetiel chemistiyoitept iies reaCtien sefuboed thur t her can
i ncl ude assaxil}r%]gi t.he stability of-the nodified pegt ide or a,%spayi ng the

st abi | i t PreyPOkYREes} eACTIS REREPCU R BRPP Afetesies de4ssoribed bf  sai d
modi f i ed “pRRtdide GrBupdia ekt Shhtheql, THIa RIPPBEDT | bhity of
the nodified _lpgptri d% cagrfgbe i zprgved rel at ?%Ptvgg?ﬁgggt ggéi%flf’%qg?ét he
unnodi fi éehm®pley deS¢ms, fnc. i nproved 10-fold, 20-fold, or 30-fold relative
to the stability,.of the unmodified peptide). .Stability, can be assayed
using arat | FOLPRiRgtSen Ot Cpb iRy ik AR ot midS Ry sheron

f eataur es nvidtpehiat iscdispleqd e Mavdopdild e Siddsphiic@ubdfn®Pér@edldnb& 8F ) P

(Li nker - subhuni t?,; . precursor), (Linker-subunit)5--(Linker)p (Chelate

precur Sopgc}rglc,)n-e imination reactions. A molecule comprising a leaving group may be isolated

or it may be formed in situ as a transient intermediate in a chemical reaction.

For the purposes of this application, the term “aliphatic” describes any acyclic or

cyclic, saturated or unsaturated, branched or unbranched carbon compound, excluding
20 aromatic compounds.

The term “alkyl” includes saturated aliphatic groups, inchiding straight-chain
alkyl groups (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
etc.), branched-chain alkyl groups (isopropyl, tert-butyl, isobutyl, efc.), cycloalkyl
(alicyclic) groups (cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), alkyl

25 substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. The term alkyl
further includes alkyl groups, which can further include oxygen, nitrogen, sulfur or
phosphorous atoms replacing one or more carbons of the hydrocarbon backbone. In
certain embodiments, a straight chain or branched chain alkyl has 6 or fewer carbon
atoms in its backbone (e.g., C1-Cs for straight chain, Cs-Cg for branched chain), and more

30 preferably 4 or fewer. Likewise, preferred cycloalkyls have from 3-8 carbon atoms in
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21 WO 03/011115 PCT/ US02/ 24261 wherein Chel ate precursor represents a
chel ate precursor noiety; Linker represents a |inker noiety;

Li nker - suworpiriepresents a |inker-subunit noiety; in is ipaaddpsenzent|y an
integer from1l1l to 10; p is independently an integer fromO to 5; s is

i ndependently O or 1; R is an amno acid side chain or a derivative
thereof; and R2 is selected fromthe group consisting of H and an

al i phat i gegRisrubiird @hd 806 PRErABP Bato 5 bPE cArBYR Thitrihabuhes, aneodified
pepti de having the structure: (Lin ker)p (Linker-subunit);

(Li nker - tuii-€9 incluidakakylerompsrconiaiting k &9 6 cabprgomss a | i nker noi ety;

e Y REEI50} RN TR B 5 b RRERERL' Y, 50

chai n or aigyRerthy Bitte 6f Whieh eefbss 1 AlkyRRoieties Blvind absfituents idpadiioap consi sting

of H and_  an aliphatic group. Method. of naklng an MR |nag|n%_agent al so are

f eatbur edhydsagen PR Ipergcarbegs af the dydiosarbambrckons echspbititegntseanne

function i i z i i di fied peptide
o e P el Ak o B B Bk B B0ty Al QP IICER

havi ng an am he I'ona mnus-”a - termnus, or
r eact i ngaglqaepiny ey hdkoxygarbotylory, rrylakyaevdngloxly ataebdxytets, iatiyddarlopnylip with a
| nker-subijnit nPi ﬁﬁt?& to forma nodifi gd ﬁ%}t}j de having a carboxyl ate
functi ond¥ C@Fl??é?ﬁﬁa Efﬁrhorfyth_sa%n‘:t"@rr nyf &l RP¢EYIMPrus; and converting the
modi i edgRARIAERoELbIME, M 1tHidBRBNY], BRBRYI, phRBNAE {iHdShHASMBitsbhigghopept | de

to the MR imagi ng agent cdn include covai’ent y attaching a chel ate noiety
t o tohe noghnbj guinpdpiciudéng alkdragiino,tdiakylhming, eryhamiaoydiarytamiap,rada

aranmagnet i tal .ion, to praduce th i agi n ent. .Converting the
od, 11 saslsufrantioy Ehsmie Fhlfiing ol Batbcay BB AR MR Bal ent 1y
li nki ng garbidkrand WRdiEs)y afnio, A&l o ke fiyaiye] alk¥iehid, Qi yTikdo,aBvaArBatylSeN) ugat e,

wherein the chel ate noi et cont ai ns a@gfar amagnetic netal ion; and reacting
t he covaswftescalkylggldingl, wikonagnsulipaeyl; onmﬁ%i gigrog Biffusromethd, MRPMAgI g

agent. Sui. I L€ ] spect,
the 1 nvelti G ReRoRBERTI L oh 4R et RO AR e T AIMIOH ot
i ncisudesbe hurteenibsyitulad) digngvitnthasubsdtieaisdlesceibed dboiteo Jm Farpliakkyd Smbisny t

ety t
ot ety ios an alkyl substituted with an aryl (e.g., phenylmethyl (benzyl)). The term “alkyl” also

includes the side chains of natural and unnatural amino acids. The term “z-alkyl” means
a straight chain (7.e., unbranched) unsubstituted alkyl group.
The term “alkenyl” includes aliphatic groups that may or may not be substituted,
20 as described above for alkyls, containing at least one double bond and at least two carbon
atoms. For example, the term “alkenyl” includes straight-chain alkenyl groups (e.g.,
ethylenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, ezc.),
branched-chain alkenyl groups, cycloalkenyl (alicyclic) groups (cyclopropenyl,
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted
25 cycloalkenyl groups, and cycloalkyl or cycloalkenyl substituted alkenyl groups. The term
alkenyl further includes alkenyl groups that include oxygen, nitrogen, sulfur or
phosphorous atoms replacing one or more carbons of the hydrocarbon backbone. In
certain embodiments, a straight chain or branched chain alkenyl group has 6 or fewer
carbon atoms in its backbone (e.g., Co~Cg for straight chain, C3-Cg for branched chain).

30 Likewise, cycloalkenyl groups may have from 3-8 carbon atoms in their ring structure,
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22 WD 03/011115 PCT/ US02/ 24261 forma Ctermnal end of a peptide, wherein
the linker-subunit noiety is covalently attached to a resin; synthesizing
a pepti dewornnsbhdisesin fromthe coval ently bound C term meall/usnzi24261 an
N-term nal residue of the peptide, the N-term nal residue conprising an
N-term nal am ne functional group; cleaving the peptide fromthe resin to
produce a G termnal am ne functional group of the nodified peptide;
convertingg b bE%hahE ar:ToTMA(s) ting the
nodi fi ed perg??eggqr ﬁ ¢ Bfokggﬁrr?gﬁ%%@ﬁ?wﬁég |nIJ§I u g%cl%dv% %IrfCEudgftachl ng
a chel at elkenikgrpupsocankmnimgdith icedripaptdme, wherein the chelate noiety
contains a par net c .net duce t he i.ng_ agent.
Converting H\g rr?g &efﬁb%l(?f}}’ilqcé}lcgﬁg %RWW@?IW&%W% P8¢% can incl ude
coval ent |“¥uﬂst1ﬂiféd1ﬂk&1}hé ""ﬁt%rlattéf%!f%i/chtr@fe?s ohBleRAl PmBREEE Maiifk fEHuBusoVval ent
conjugate, wherein the chelate noiety contain$ a paramagnetic nmetal ion;
and ¥ eactrmi@cntlg]@hﬁdi@g%m 0@@)@] mg@toerhms hf thhéydmdalbpebaclqbepe i Secht 0 form t he

MR i magi c_ions descr ed abov. nl ess
ot her wi sggbdg%?& il aﬁl{{»@ﬁ c%lnl c a%@y &Rt P]IkPIB SPYRS h@%ﬁlﬁ&‘yéﬁ??‘}h{ave t he
sane neamimg:mngmnypaﬂykmszros@o&ﬁoma@aﬁyleiy,@fﬂbm%oﬁylok& inthe art to
which this. invention pertains. Al though nethods and materials sinilar or

equi val e§rbegyl ?“ﬁoé@yl"é@@&’ﬁ pdrahongl, ﬁll@awaﬁ@wé@mmwarb@ybr actice or

doscr | bed Bulan aR AL KRN Rl AR o BT B GO JIBIRRLS ° 00 ot ner

ref & enccphosmnnatonﬂwsplm'nﬁbmyane, dntino (1pdudmgd11@y améfoe dRliogarhiho! hei r
entirety. f confl rese t specification, including
definiti Bﬁgam%o* la@gﬂmn& ani aﬁﬁﬂafd?ﬁlﬁug?? ac ﬁglﬂﬁép@lng}gsa }ﬁl’é‘l‘rhﬁ'ébéamgﬁ’d
exanpl es a@@rbddylihind} éaY@axﬂé})l&in@ﬁf&db?tamlﬁh%” &'@ﬂotﬁlﬁa?dﬂ L {ywﬁﬂ; Q her

features and advantages of the invention w il be appar romthe 10
fol | ow ngr}di@tcaithle@arb@sdatcmﬂf@m, afiydisull iy twﬂfenﬁbaauﬂﬂhmo&ESﬂRbrﬁﬂldMIﬁEo

DRAWNGSFGl ides th mca res of n natural ami no acids.
AG 2 abpCrdmBhdt Uik oo BRM ORIk of By Srosst o Bettrasificr e

sal ine (n‘EE@)z or 10 ng/m fibrin in TBS. 15 FIG 3 depi cts t he accunul ati on
of a contrast agent in the thronbus. FIG 4A is an inmage of a thronbus. FIG
4B is an i magg s ferm ‘fallomyh iacesinsatyrated aliphatic groups analogous in length and

possible substitution to the alkyls described above, but which contain at least one triple

bond and two carbon atoms. For example, the term “alkynyl” includes straight-chain
alkynyl groups (e.g., ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl,

20 nonynyl, decynyl, efc.), branched-chain alkynyl groups, and cycloalkyl or cycloalkenyl
substituted alkynyl groups. The term alkynyl further includes alkynyl groups that include
oxygen, nitrogen, sulfur or phosphorous atoms replacing one or more carbons of the
hydrocarbon backbone. In certain embodiments, a straight chain or branched chain
alkynyl group has 6 or fewer carbon atoms in its backbone (e.g., C,-Cs for straight chain,

25 C3-Cs for branched chain). The term C,-Cg includes alkynyl groups containing 2 to 6
carbon atoms.

In general, the term “aryl” includes groups, including 5- and 6-membered single-
ring aromatic groups that may include from zero to four heteroatoms, for example,
benzene, phenyl, pyrrole, furan, thiophene, thiazole, isothiaozole, imidazole, triazole,

30 tetrazole, pyrazole, oxazole, isooxazole, pyridine, pyrazine, pyridazine, and pyrimidine,

and the like. Furthermore, the term “aryl” includes multicyclic aryl groups, e.g., tricyclic,
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bl ood. 23 WO 03/011115 PCT/ US02/ 24261 DETAI LED DESCRI PTI ON Defi ni tions
Commonly used chem cal abbreviations that are not explicitly defined in
this di scwoganelimsy be found in The American Chem cal Socipemyusst/sd2el Cui de,
Second Edition; 5 American Chem cal Society, Washington, DC (1997), "2001
GQui delines for Authors" J. Org. Chem 66(1), 24A (2001), "A Short Guide to
Abbrevi ations and Their Use in Peptide Science" J. Peptide. Sci. 5,

465- 471 (1A subhs hHIRINROBES oflz0lNbhABRKLAAL otk e m * chem cal
protecting-group” or ““protecting group® nmeans afy chem cal’ noi ety '
t enrpor ar ibeyzaimidazele; bgnzothivphens nzetiylendieyphenyl,iyumodineyitoqrilime, mor e
synthetic chem str teps Lh a reaction sequence to rreyent undesirable
react i op&?p%m%nlr‘ép%t g‘%)}zf)hﬁalb PYtp® P%Prﬁ@@ﬁe aﬁ‘i‘]%m&%s(grlp &lrlennr O8% ot ect i ng
G oups | Ay shaPnRHaRsbdtomd M thel riBg strudMrefnay¥te béRderfed t@a@eﬁﬁl (c) 1999
John Wl ey Sons, Inc. For the purposes of this application, the term

"| ea¥i ng hgtesrnycless Aheternsyclen @ haterparylss’ eroiheteyoarometidss’ dinsyylagreup togy e

nucl eophi 1 I il i i .0r _sequence of

additionﬁg $%@%§?ﬁ%%‘ggﬁg%F%%éggﬁsﬁ%ﬁﬁﬁﬁﬁgﬂgﬁ fising a | eaving group nmay

be isolated @or ite pryosesof BiswPlitation] *INTRS” Beférk &5 chdthichldogfpdagd ate in a
chem cal reaction. For the purposes of this application, the term

"al i phat CeMPHEEE 2jsya¥ruschiye geyposed ob dicthylenefriamise,wheseia dhefvopriaanr at ed,
branched ,Qr: ' ti.G. C ounds.
The. tor m AT Cpar pas e ARG ool ol 5 e Sodt Bty Hhiln RAP

st r & ght -oobacetyl gbigy toglentlp sittfched accordinpyd theefoywingdompylh:, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, etg.), branched-chain alkyl groups
(i sopropyl, tert-butyl, isobutyl, etc¢ ), ’E\ al kyl (alicyclic) groups
(cycl opropyl, cyclopentyl, cycl oheé—l . cycl ., cyclooctyl), alkyl 25
substituted cycl oal kyl groups, and% | oal il bstituted al kyl groups. The
termal kyl further includes al kyl Xgroups, i & can further include
oxygen, nitrogen, sulfur or phosphorous atons repl aci ng one or nore
carbons of t havhisyain Sciaredeteromenistasaonidanating group capable of coordinating a

metal cation, preferably O", OH, NH,, OPOs%, or NHR, or OR wherein R is any aliphatic
group. When each X group is fert-butoxy (tBu), the structure may be referred to as
15 “DTPE” (“E” for ester).
For the purposes of this application, “DOTA” refers to a chemical compound
comprising a substructure composed of 1,4,7,11-tetraazacyclododecane, wherein the

amines each have one acetyl group covalently attached according to the following

formula:
20 O j:\/ \—<0( ,

wherein X is defined above.
For the purposes of this application, “NOTA?” refers to a chemical compound
comprising a substructure composed of 1,4,7-triazacyclononane, wherein the amines each

have one acetyl group covalently attached according to the following formula:
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certain enbodi nents, a straight chain or branched chain al kyl has 6 or
fewer carbon atons in its backbone (e.g., Cl-C6 for straight chain, C3-C6
for brancwedsmhai®), and nore 30 preferably 4 or fewer. LiPkawise®242pr ef erred
cycl oal kyl s have from 3-8 carbon atons in 24 WD 03/011115 PCT/ US02/ 24261
their ring structure, and nore preferably have 5 or 6 carbons in the ring
structure. The term Cl-C6 includes allcyl groups containing 1 to 6 carbon
atons. Moreover, the term"al kyl" includes t hx "unsubstituted al kyl s" and
"substituted alkyls,” the latter of whi efers to al kyl noieties having
substituents replacing a 5 hydrogerP e nore carbons of the

hydr ocar bon backbone. Such substitue%t can rnclude, for exanple, alkenyl,
al kynyl , hal ogen, hydroxyl, al kyl carbon / aryl carbonyl oxy,

al koxycar bonyl oxy, aryl oxycarbonyl oxy, carboxxl ate, al kyl carbonyl,

aryl carbonyl , al koxycarbonyl, am nocarbonyl Jl al kyl am nocar bonyl ,

di al I cyl am nocar bonyl, all cylthiocarbonyl, §1koxyl, phosphat e, phosphonat o,
phosphi nat o, 16 &ﬁ@?mc@ﬁhgfd&%EC|Uding al kyl am no, dial kyl am no,
aryl am no, diarylam no, an al Kyl aryl am no), acylam no (including

al kyl car bony! dtwor e puzposes af ihisuppiitation, “Doanbastens!to artlerndical émpouadi di no,
imno, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates,

al kyl sul CPPpPFISInG @ subfrichIre soinpased ot L4shil H-siamaguclodqderae, pprein bresralt hy | |
cyang, i I I I i r er tic
ooty SRS SRR ong B AR corfler ) AR AR bAF U o W RERATE
subst i t uenbsitabas bavibg dewd chargdaccoating @l thy followingformules an al kyl

substituted with an aryl (e.g., pheByI met hyl (benzyl)). The term "al kyl "
.I u

al so includes the side chains of nayural nnat ural am no acids. The
term"n-al kyl" neans a straight ch (7} nbranched) unsubstituted

al kyl group. The term "al kenyl" includes aNkphatic groups that may or nmay
not be substituted, 20 as described fjor, al kyl s, containing at | east
one doubl e bond and at |east two carf®o For exanple, the term

"al kenyl " includes straight-chain al kenyl gr s (e.g., ethylenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl,’ octenyl, nonenyl, decenyl,
ete. ), branchagraha R REKEMMovILAYRS s ENGIARALEE DN EAIMGYS! bisterlifioUPS
(cycl opropenyl, cycl opentenyl, cycl ohexenyl, “cyc J%epteny ,- cyclooctenyl),
al kyl or haflogenylanyg wkiphaticualéyl @bum ot kepebikylydrowy, ang snchangbdaledvatisteky|  or

cycl pal kenyl S YRR bt & ks Potb- H O 0Ras R MC 8L romycn,.

In each of the four structures above, the carbon atoms of the indicated ethylenes

may be referred to as “backbone” carbons. The designation “bbDTPA” may be used to

refer to the location of a chemical bond to a DTPA molecule (“bb” for “back bone™).

Note that as used herein, bb(CO)DTPA-Gd means a C=0 moiety bound to an ethylene
15 backbone carbon atom of DTPA.

The terms “chelating ligand,” “chelating moiety,” and “chelate moiety” may be
used to refer to any polydentate ligand which is capable of coordinating a metal ion,
including DTPA (and DTPE), DOTA, DO3A, or NOTA molecule, or any other suitable
polydentate chelating ligand as is further defined herein, that is either coordinating a

20 metal ion or is capable of doing so, either directly or after removal of protecting groups,
or is a reagent, with or without suitable protecting groups, that is used in the synthesis of
a contrast agent and comprises substantially all of the atoms that ultimately will

coordinate the metal ion of the final metal complex. The term “chelate” refers to the
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al kenyl further includes al kenyl groups that include oxygen, nitrogen,

sul fur or phosphorous atons replacing one or nore carbons of the

hydr ocar bwo obackidbne. In certain enbodi nents, a strai ght PcmaiSn2/ar6r anched
chai n al kenyl group has 6 or fewer carbon atons in its backbone (e.g.,
C2-C6 for straight chain, C3-C6 for branched chain). 30 Likew se,

cycl oal kenyl groups may have from 3-8 carbon atons in their ring structure,
25 WO 03/,04,3i.15¢ ;SO AS2 ﬁqguﬂﬂ& carbons in
the ri ngastruct tﬁlrfe;g The t ﬁ Qé% |nc u e@gﬁgggéﬁg%ég{t% %lg({ cgnt aining 2to
6 carbon eacrﬁndlybﬂtﬂ@@daaatpdtmentedncahlﬁudeﬁﬂyﬂletalriomudes bot h "unsubstitut ed

al kenyl s" and ubsti t ut.e . the latter of ich refers to

al kenyl noi et |Té]§§?+’3‘\‘n% ?ﬁg&%ﬁﬁéﬁf@y @WE‘?)L%F@i%@efﬁrsﬁ%\g}eﬁ%@?ﬂﬁr?f@ne or nore
carbons @bntidreaend E&B@faﬁ&ﬂu@@f kbaned b§w§rfbo§ﬁ@% A bézfﬁ@ﬁlﬁr lﬁ@ﬂ)gic'aP' ude, for
exanpl e, al kyl groups, al kynyl groups, hal ogens,” hydroxyl,

al kyd car lserrppasay) fo aggﬁateadbgfﬁvtmptheapmﬁmtsb&wr@mgem yhadkgesethisony| oxy,

boxyl | ; honyls . al k bonyl |
o BBl AR resBi o0 R SR R RO MR BB
phosphat ehis ;;ﬁ)pphpawwmtoche “mb@&pévlfrha’tdi,“nﬁxy-@digete@mgéﬁts( mhels ﬂikaﬁHifﬂg

am no, dial kyl am_no yl am no, di arylam no, and al kyl aryl am no),

acyl ami nétlf (m%{(ﬂf@d?lﬂ‘anélgwqpéalf%@F&ﬂtéﬁrﬁxﬁ@%ed&ﬂﬁ%r@mwmw car bamoyl and
urei do), f;sg#xckj tth, d (§ul fhydryl, alkylthio, arylthio, thiocarboxylate,
sul f ates, yl's Ul Fi sul fonat o, sul fanoyl, sul fonam do, nitro,

trifd uor onet hylhe te:r;mfrelaxezzuyﬁas uslmdtheredmye:ﬂegslto tlad ingleage)ih cither clthealRiat i ¢ or
het er oar omat i.c noj . The term ! al k " .includes unsaturated

o phact Sugitissd C 5o e PRl A e b PTGl ©o ¢ he

al kyl' s desgkdsPggtnBhonien @ﬁhumnﬁiab@aﬂfe@érﬁ ifthe k&ﬁ%aist %T’:ﬁt tdrtRh€, bond and two
carbon atons. For exarrpl e, the term"al kynyl" includes straight-chain

al kynyl gn@iy@jg:ﬂ(y@f@aran@ghe;twpns Mh@m}mw is ﬂh@ﬂqnmudlnp]emwpnylartldeexynyl

hept ynyl 2 n branched-.ch

groups, 5 att%g?f%paq %’Q(Ii ITﬁgr t(?%g‘fi% Vl%fgé%rﬁ% FP msSBB]s%e}af‘ﬁ?oerbImBF R Wg fér B’fog so.r The

t er s al kyther nﬁagiﬁg'lef sﬁeﬂt@ésﬂddﬁs natlksy mdluc@tli fork édndl iA GholER1les DES SHan
nitrogen, sulfur or phosphorous atons rep acing one or nore carbons of the

hydr ocar WoterbRelesonty. is Expressed & wnismfotent s, a strai ght chain or branched

chai n The term “open coordination site” as used herein refers to a site on a metal ion

that is generally occupied by a water or solvent molecule.
As used herein, the term “purified” refers to a peptide that has been separated

20 from either naturally occurring organic molecules with which it normally associates or,
for a chemically-synthesized peptide, separated from any other organic molecules present
in the chemical synthesis. Typically, the polypeptide is considered “purified” when it is
at least 70% (e.g., 70%, 80%, 90%, 95%, or 99%), by dry weight, free from any other
proteins or organic molecules.

25 As used herein, the term "peptide"” refers to a chain of amino acids that is about 2
to about 75 amino acids in length (e.g., 3 to 50 amino acids).

As used herein, the term “biopolymer” refers to a polymeric substance that is

naturally formed in a biological system. Certain biopolymers can be constructed from a
defined set of building subunits and with common functionalities linking the subunits,

30 e.g., a peptide is usually constructed from a set of amino acids (both natural and non-

natural) with amide bonds linking the subunits.
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al kynyl group has 6 or fewer carbon atons in its backbone (e.g., C2-C6 for
straight chain, 25 C3-C6 for branched chain). The term C2-C6 i ncl udes

al kynyl gwouwp®inehtai ning 2 to 6 carbon atons. |n generalPCTiuse2te26m "aryl "
i ncl udes groups, including 5- and 6-nenbered single- ring aromatic groups
that may include fromzero to four heteroatons, for exanple, benzene,
phenyl, pyrrole, furan, thiophene, thiazole, isothiaozole, imdazole,

triazole, 30 ggé [ 340 ﬁﬁ%f’%phgp?%ﬁgg@s deﬁﬁ%gsz@&&matya{%mé &8 Ppyrazine,

pyri dazi ne, pyri mdine, a Furt hernore, e term"aryl”

i ncl udessuhubititioeredfi conguriginggt daapistwvoesogalently bandetl ichelat2§ ot nfi@tio piekbfsors

PCT/ US02/ 24261 bicyclic, such as naphthal ene, benzoxazol e, benzodi oxazol e,
benzot hi EEP , benzoi m dazol e, benzot hi ophene, net hyl enedi oxyphenyl ,

qui nol i ne, i s@QukOPhdrBB; the RGRE AlabFhIN@r “hHQAIS ocRRAZST MARB acRUEFREI0

benzof uran, deazapurine, or indolizine. Those aryl groups haV|q9

het ér oat omsof the twenty mwgt gxmmen ge@irmegaminogcisls. Nefusalraseine gcids modifydd 16

het er ocycl| es, " "heter les," "heteroar.yls." qr."hete romatjcs. " An aryl
or oup nagrte alabg Pt Aol buneste Bt bl PR AR b a R bencs.
For the psHsRRSISoYe dabiirsl aaflnd beias. i Matural YRR adidf #¢ sefbiPedtodyanitieal conpound
conprising a substructure conposed of diethylenetriamne, wherein the two

primary Stardanéenenas thagefetien oblirevietignsat t ached to two acetyl groups and the
secondary am 'T“ﬁ% %@nﬁ] ‘é?n%@ﬁr@%ﬁﬁ%& aﬁﬁ")&p“rﬁ)ﬁ‘-’rﬁhﬁ'&t’lré(fe?sttg%tﬁgrﬁngri@a?ﬁrg lL#LNg to

the foll ow ng erein I's a heter

el et r onngtondbini® gidinpludapdDd fernof and ald namingacad derbtativesc dt isartedothef er abl y
O, OH NH2, OP@32", or N Rd or q? erein R‘jjs a% al i phat.i c , gro. p. Wen
each X gfSi PBEcidsp BB RYORERIPInG that ate dossHiicd aRaPoRRa g amBY 248 as 15

"DTPE"  (fifreinf Blay Botr6ting infidfurd REHRLY B288S0:3hnikAIo? adRRldufR bt @GN, " DOTA" refers
to a chem cal compound conpri si ng a substructure conposed of 1,4,7,11
-t et r aazacyc| Gtothendistableiharused hetein, refers e sorapamdp thag pessessatebility gr oup

coval ent lSl}/ﬁigite}lt %%ﬁgwan%gr%fadciurﬁ% ahd v&hﬁﬁl I];lgill’lla?ﬁlg g intcl:g(%lrt}rlncﬂD fhie compound for a

15 sufficient period of time to be useful and safe for the purposes detailed herein. Typically,
such compounds are stable at a temperature of 40°C or less, in the absence of moisture or
other chemically reactive conditions, for at least a week. Combinations of substituents
and variables envisioned by this invention are only those that result in the formation of
stable compounds.

20 The terms “target binding” and “binding” for purposes herein refer to non-
covalent interactions of a contrast agent with a target. These non-covalent interactions
are independent from one another and may be, infer alia, hydrophobic, hydrophilic,
dipole-dipole, pi-stacking, hydrogen bonding, electrostatic associations, or Lewis acid-
base interactions.

25 The term “capping moiety” refers to a chelate, organic dye, contrast agent,
thrombolytic, or stabilizing moiety. Suitable stabilizing moieties are biologically inert,

i.e., does not have biological activity.
Contrast Agents

30 In general, the present invention relates to MRI, optical, and radionuclide contrast

agents that include a targeting polymer (e.g., peptide) in which both the N- and C-
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20 wherein X is defined above. For the purposes of this application, "NOTA"
refers to a chem cal conpound conprising a substructure conposed of

1, 4, 7- t rivpagypcliohonane, wherein the am nes each have on@Caaspyk42gr oup
covalently attached according to the followng forrmula: 27 WO 03/011115
PCT/ US02/ 24261 O wherein X is defined above. For the purposes of this
application, "DO3A" refers to a chem cal conpound conpri si ng a

SubSt r uCkgipg él%ﬁﬁﬂ&é‘éld%r ath donhisarddetHRRAGREN &499%?;\5}?0 (Glfind hree of
5 the four arrln nes each gvg on('q’en}%lgéletyl1 gr oup gjova | ent attagi Jﬂn%d t he

ot her amilinkehsbunit agd bskartt@aﬁﬂeahmnemgehamfmajara:mec docorgiatiy t o t he
follow n def] ned above .a Rl is an
unchar gegesgﬁﬁl?ﬁeégﬁagﬁgﬁ\l@i leoﬁf;té‘f (fcggp@{hp&cglrdgérgﬁgm%e@ﬁowélap8pt1 q%ﬁ group,

or cycl OQfo‘ﬁ)bbtléHl w@gmgﬁd/wﬂﬁmr geehpligiell Vidlein, @ linkr bhBfleekububitempy 8 er red
chel ate "HP"-DOBA h In each of the four structures

above, t P@%h@da@d @@Wﬁ@re atloer Ii(nhldlipm}@lﬁt@tqiiyﬂb’éﬁ@dw aftashaddo eadheandef t o as

"backb f toth
oackbonei ST HAGAEE ML A oSS 0t o 1
Not e t hatsyasmesrtal®neitsins bin{ G0} KayActud aseRmates @n@rz{whﬁé wmioestitde an

et hyl ene 15 backbone carbon atom of , DTPA, The ternms "chel ating |igand,"
"chel at | FEAIFISIETS, diasigrepmericanaitaes#deingividug] diggereqmists. 1! pusfidsonegsicany

pol ydent aig, 'dﬂﬁ&%&w%bs%%&agﬁ%@ A &%é‘ﬁ%e‘sé}ﬁ ifveflBbRI B, | | neluding

DTPA (and DTPE) or any sui tabl e
pol yaent ateecoghmk ahiboyg nhdydgeenef theRios Sfamnﬁgmaudeﬁmlﬂﬁckpheﬁmlly ddsigaateds ei t her

coordi na%{hrégwfase. Although the specific compounds exemplified in this application may be

depicted in a particular stereochemical configuration, compounds having either the
opposite stereochemistry at any given chiral center or mixtures thereof are also
envisioned. It should be understood that the compounds of this invention may adopt a

15 variety of conformational and ionic forms in solution, in pharmaceutical compositions
and in vivo. Although the depictions herein of specific preferred compounds of this
invention are of particular conformations and ionic forms, the disclosure of the invention
is not so limited.

Novel peptide-based multimers of the present invention offer several advantages

20 as targeted contrast agents.

1. The compounds can deliver two or more capping moieties (e.g., chelates,
organic dyes, or thrombolyticé) to the target using a single targeting peptide
so that sufficient improvement in the tissue contrast will be observed in part
because of a meaningful concentration of the imaging moiety around the

25 target.

2. The MRI contrast agents of this invention also exhibit a high relaxivity upon
binding to the target due to the receptor induced magnetic enhancement
(RIME) effect combined with the ability of the peptide to limit the local
motion of individual chelates when bound to the target.

30 3. The compounds have a high affinity for one or more targets.
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20 netal ion or is capable of doing so, either directly or after renoval of
protecting groups, or is a reagent, with or without suitable protecting
groups, tweatosjostiused in the synthesis of a contrast agentPCan$omaMIpri ses
substantially all of the atons that ultimately will coordinate the netal
ion of the final nmetal conplex. The term "chelate" refers to the 28 WO
03/011115 PCT/ US02/ 24261 actual netal-ligand conplex, and it is understood
t hat the pol yden g&}ﬁ?‘) medi cal |l y
useful netal gbn%l"%eth% er %{gge%ﬁefr?%ﬁg%lggg g??tﬁﬁsﬁ%esdcgg@ﬁ% gh(ﬁer ein,
refers to the capaathads d@écrﬁoedchen‘urraskorﬁtgemmpdldbpeltmkbnulapsﬂegulredehai ned by,
or bound to a part L a ical 5 co onent to ater degree than
ot her conponents: @iﬁﬂ?@s&%ﬁ@ﬁ?@ ‘Err?é%alﬂ% A ﬁ%%@gﬁ?aéﬁr%et 8§ to be
“targeted" to thecodomiig@ly. conponent. Contrast agents that lack this
property are said to be 2 non-specific" or "non-targeted" agents. The

speci fi ¢ bi ndiSng Thafcpmppusdset the W@tﬂloﬁg?a@h@@dﬂgbﬁf I vivasigbility §.caxlprggsed in

Felaxivity as DelraNe o ERERLRL PR Alln e R B e v

quantities 1/TI @epﬂdaias)per m I | i nol ar (nM concent rati on of paramagnetic
ion or contrast ag erin whi ch quantities nmay be different if the contrast

agent cont al #ese 2vorhie fegfures quegpdep%sgﬁg%@ppré apgpding ymeiedireset i s t he

| ongi t“‘“ﬂ%hﬁﬁm%ﬁéﬂm'n{"ﬁ&hﬂ? égg&ﬁ%{%ngsl me, and T2 is the transverse or
Spi n-spin refaxatlon time of ter prot or 15 other inmaging or

spect r 0s copl c The (cham,cal ﬂmcudc n@l\/ﬁﬂaﬂnd madiéroehide contrast apenisesnomipiated byan

wat er . alxwlig1 sg(f ﬂmﬂmtlﬁ of mils 1. The term "open

coordlna RVt ‘m%?’s oFgiet By fref@mld t0 a site on a netal ion that is

generally occupied by a water or solvent nolecule. As used herein, the term
“purified” refers to a peptide that has been separated 20 fromeither

natural ly occurring organic nolecules Wt ich it normally associates or,
for a cheni cal | y-SYyfthedrieed-pepeids, dfharateideteo-atyept-henheas,gani
nmol ecul es pr esent in the chem cal syn h§5| Typically, the polypeptide is

considered "purified" when it is at |east 70%( .0., 70% 80% 90% 95%
or 99%, by diergin fteack meindependenthy lonird, chelaie wprasewss 2 oregalwhelateol ecul es.

complex, p is independently an integer from zero to five; s is independently one or zero;
15 R! is any amino acid side chain including side chains of non-natural amino acids; R? is
any aliphatic group or hydrogen; and n is an integer from 3 to 50 inclusive. Alternately,
R! and R? may be taken together to form a ring structure (including proline and
substituted versions thereof). Linkers, if present, may be different.
Metal ions preferred for MRI include those with atomic numbers 21-29, 39-47, or
20 57-83, and, more preferably, a paramagnetic form of a metal ion with atomic numbers 21-
29, 42, 44, or 57-83. Particularly preferred paramagnetic metal ions are selected from the
group consisting of GA(III), Fe(IIT), Mn(II and IIT), Cr(III), Cu(II), Dy(III), Tb(III and
IV), Ho(III), Ex(III), Pr(IIT) and Eu(Il and IIT). Gd(III) is particularly useful. Note that,
as used herein, the term “Gd” is meant to convey the ionic form of the metal gadolinium;
25 such an ionic form can be written as GD(III), GD3+, gado, etc., with no difference in
ionic form contemplated.
For radionuclide imaging agents, radionuclides *°Y, ®™Tc, !1In, #’Sc, ¢’Ga, ° ICr,

1718, 7 Cuy, '"Tm, *'Ru, "**Re, "Ly, ' Au, **Pb, and *'Ce are particularly useful.
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25 As used herein, the term"peptide" refers to a chain of am no aci ds that
is about 2 to about 75 amino acids in length (e.g., 3 to 50 am no acids).
As used hwoaBfml1lthe term "bi opol ynmer" refers to a pol yneriPCTalsbz2ance t hat
is naturally formed in a biological system Certain biopolyners can be
constructed froma defined set of building subunits and with common
functionalities linking the subunits, 30 e.g., a peptide is usually
construct I OR- ) with
const ot EBSSublec ARSI LRALD 1T HAIRORORse e RL) 1 !

"mul timerl, L@h@m@%@mmm 1993d &1 ikl 8aoa opiical rraa;gmggﬂng cloglatas, subunit

or ecur son s it R E AR ERUTD LR NARHE Sl S Rl ) ©

occur ri ngid(em, rrre(mqlldy(mj GHo‘(III)OEﬁIIWﬂngi )tshrs(m)/\ﬁmt dgmv)setr e SRHBRD BGEH i ng

am no aci ds, ural am no acid dto provi | abel for detection
pur ppses 3pg. @(III)@%P%’B@%I?T\%W@@%I s opt| cal labels, or dyes) are

considered to I aci ds. referred to
oot her 1 st g 8. B} e s 18- 860 86

"non- nat lagait'smsage daouph the bodyg indheding hile bedRlt6 att@rgdiyssder $i ﬁiﬁcﬂﬁt Of a 10

natural idincludin qrns, .and (3 and_y am no acid derivatives.
i's notr ngreegyrtzg Idpns Cé%l ?ﬁbﬁté’é it‘H%CltYeW&lCh Wod 8sssalll naide acopptably- e

cl assi fied as IR 0RO BmBadiHeA, vﬁfﬂr@fér&ﬁb@?th@%ﬁﬂéqstrm ﬁ? E&H{&Qtdgé gg{fr
within a certaln or gani sm or articular protein The® term a

usedo her & n, s, RfandRtae d@ﬁrmdlmdbo‘tehamd thed sl nutietpicbinpyisessuf f i ci ent to

al | ow manuf acture and which maintains the integrity of the conpound for a
15 sufficient period of time to be useful and safe for the purposes
detail ed herein. Typically, such conmpg@nds ENe stable at a tenperature of
40C or less, in the absence of noi Qru%rao other chemcally reactive
conditions, for at |east a week. Conbiali ons of substituents and

vari abl es envi si oned by this invention ape—qnly those that result in the
formation of stable conpounds. 20 The terniN“thrget binding" and "binding"
for purposes herein refer to non- covalent interactions of a contrast agent

with a target. These non-coval ent interactions
The “Chelate” is preferably bb(CO)DTPA«Gd.

In another embodiment, with reference to the above structure of a contrast agent,

mis 2,0, s, R', and R? are defined as above, and the linker moiety comprises:

N
_0>_N\—\ %
HN—

15

Al

The “Chelate” moiety can be bb(CO)DTPA-Gd.
For the purposes of illustration, one contrast agent contemplated by the instant

invention is presented below with the various subunits annotated:
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are i ndependent from one another and may be, inter alia, hydrophobic,
hydrophilic, dipol e-dipole, pi-stacking, hydrogen bonding, electrostatic
associ at iwp3/ooriiiewi s aci d- base interactions. 25 The tePer/usappi2ng
noiety" refers to a chelate, organic dye, contrast agent, thronbolytic, or
stabilizing noiety. Suitable stabilizing noieties are biologically inert,
i.e., does not have biological activity. Contrast Agents 30 In general, the
present icmeention relates to MR, optical, and radi onuclide contrast

agents tha |nclumewamtarget|ng polyner (e g., peptide) in which both the
N and C 30 WO [ PCT/ US02/ 24261.term nal am no acids are each
conjugated] either dif¢ectly or via an optional intervening |inker-subunit
and IlnkerM,DTP;\go : bne chel ate of a paramagnetic (for magnetic
resonance i magi AY) orYragdi oactive (for radionuclide imaging) netal ion or
an optical dye ¥ cal |nag|ng) As further exenplified herein, the

i nker or | ker subun t R or
chel at es orL ves to beBEtﬂ he& ggﬁh Lgdgiﬂ%ﬁvﬁ\
nul ti mer. The conpounds “of thi’s |nvent|on may contai n on
asymretric carbon atoms and thus ngRy.Af&HL. @S racemate ndlmgegm

m xtures, single enantioners, diastereoneric m xtures\an ndi v 3um

di astereomers. All such isomeric forns of these conmpouynd are expressly
included in the present invention. Each 10 stereogenic garbon nmay be of the
R or S configuration unless specifically designated otherw se. Al though
the specific conmpounds exenplified in this applicati pp—ay—be—depicted in
a particul ar stereochem cal configuration, conpounds| hgginng eLther t he
opposite stereochenmistry at any given chiral center lor nmtur e tHéeof are
al so envisioned. It should be understood that the conpounds of |thils

i nvention nmay adopt a 15 variety of confornatigpal iggnic flarme i
solution, in pharmaceutical conpositions and in vivo. 7 Arﬁ///ih

depi ctions herein of specific preferred conpounds of tR"4°<4nvention are of
particular conformations and ionic forns, the disclosure of the invention
is not so limted. Novel peptide-based nmultinmers of the present invention

offer s e&zﬁ&%kn RLVANEAUER side chains such that the peptide has affinity for a biological

target, and m = metal ion (paramagnetic for MRI, radioactive for radionuclide imaging,

all ow for rrultiple
ide, i. e. a
or nore

and fluorescent, luminescent, or absorbant for optical imaging).
5 The chemical structure of optical contrast agents contemplated by the invention

may be illustrated by the formula:

RE O
(Optical Dye)m——(Linker);——(Linker-subunit)s N (Linker-subunit)s—(Linker),
R1
n

wherein 1<m<10, p is independently an integer from zero to five, nis 3 to 50

(Optical Dye),

inclusive, R! is any amino acid side chain including non-natural amino acid side chains,

10 and R? is any aliphatic group or hydrogen. Alternatively, R and R? taken together form a
ring structure (including Pro and derivatives thereof. The N- and C-terminal amino acids
of the peptide can be conjugated to the optical dye directly or via an optional linker (e.g.,
p=0or 1). The linker moieties can be different.
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20 as targeted contrast agents. 1. The conpounds can deliver two or nore
capping noieties (e.g., chelates, organic dyes, or thronbolytics) to the
target uswogsaidiihgl e targeting peptide so that sufficieRCTiuspr/peenent in
the tissue contrast will be observed in part because of a neaningful
concentration of the imaging noiety around the 25 target. 2. The MR
contrast agents of this invention also exhibit a high relaxivity upon

bi ndi ng to thept ap@al dfs!mal Be b VrgAGEBleVr ah AEMCBHIREHIAhelaRN BrgaSIENT
(RIME) effect co inedyﬂit t he 5%ilit of the geptide to Iin??%the | ocal

not i on oftydsrsitshle flerl optieell intaginadiasa b cribgdiang inchpdgefor ezgmple, The conpounds

have a high affjnity for e or e b ;

PCT/ USOZﬁg%f%Tnjﬁp or&?{%r&%a?cﬁgucggmnﬁgfpr? Sal%ygﬁ ltrhgi’ ([f? %\Fg?ylggagg%é fr%iég.y nt hesi ze
accor di ng 640,878l pattiehedsadtsle [idpelg NWr@06/2a 524 jomd/painacthartdyde [seer
nolecule is required, a multiplicity of netgl ionﬁ or otganngm?yes may be
del ibver egb VA Y/AIHIP] fasmemonty gseshortisel qreanic dyespie Hluenesssimdaodsming e

i nventio i i i t-abida-t o8t | =kives) from
i i snBSbang RS, A, (e 7Y o) WARAR IRIde o)
These f ajkog.aAhd. Basheme22 1) B39E94)H end s redi[et ¢. nBwos. THatt ki it GSAhe

Chen cal SSCHAR (L b Rem S R lmeEr du by e b ginPd U Enpl at ed by
the invepidsgn may be illustrated by the fornula:

(Chel ate) m - (Li nker) p_(Li nker-subunits
(Lifker-subunit)s_ (Linker)p--(Chelate)mwherein for each m independently,

1<nx10, chel ate resent,s al chelate conmplex, p is independently an
i nt eger %?’&?%zaél oﬁ{}%effsﬁ%l;”g eirggéeisndependently one or zero; 15 Rl is any

am no aci d si Ue phide rhoietyusdithgcaitdet apbats 08 thefpresent inaéntioal caagkhiditaci ds; R2
I's any aliphatic group or hydrogen; and n is an integer from3 to 50
i ncl usi vépeckja kindiag dpra biological target and function as a pont of attachment for one or

more chelates at each terminus. In general, biological targets are present in a low (e.g.,

15 micromolar or less) concentration and are inefficiently imaged using existing monomeric
gadolinium complex MRI contrast agents. The peptide-based multimeric MRI contrast
agents according to the instant invention, however, provide a much higher concentration
of the agent at the target as well as high relaxivity to make imaging of these targets
possible. Similarly, the peptide-based multimeric radionuclide contrast agents of the

20 invention may deliver more radionuclides to targets so that imaging can be further
improved. While not being bound to a particular mechanism, it is thought that targeting
creates an increased concentration of the imaging agent at the site to be imaged and
increases the relaxivity of MRI contrast agents in the bound state through the RIME effect
and also limits local chelate motion by rigidifying the bound peptide.

25 Targets for the contrast agents can be in any body compartment, cell, organ, or
tissue or component thereof. Preferred targets are those that are of diagnostic and
therapeutic relevance, i.e., those that are associated with disease states. Particularly
preferred targets are those in association with body fluids, and particularly those in
association with blood, plasma, lymph and fluids of the central nervous system. Other

30 preferred targets are proteins and receptors that either exist in high concentration or have
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R1 and R2 may be taken together to forma ring structure (including proline
and substituted versions thereof). Linkers, if present, may be different.
Met al | orwopseivns ed for MR include those with atom ¢ nuRGESI214280,

39-47, or 20 57-83, and, nore preferably, a paramagnetic formof a netal
lon with atom ¢ nunbers 21- 29, 42, 44, or 57-83. Particularly preferred
paramagnetic netal ions are selected fromthe group consisting of Gd(I1l1),

Fe(lll
111 g e U YA AL b

usef ul . N@teazymwandgscqm@dlnherel n, the term "Gd" is meant to convey the

o0, 1O o g HER ! SRR Ao eSS AR, Lo o
For radi gruned. ifde thﬂlﬂrfw)o@%ﬂl Pnagind k@nkcdIb@am i9 8 YrefQsalargel 1dihbe HEASC,

67Ga, 51Cr, 177mBn, 67Cu, 167TM 97Ru, 188Re, 177Lu, 199Au, 203Pb, and
141Ge ar & pesent atdigh Wca@@t@p in sgrumgppEpYmetel s 0parMYS0g bl 6 wike arhy

I I
K/ﬁﬂ)ueé teéf %fe@ulg§% red0 é(l)bgg’%‘ hléﬁ]l PRk it%?a %3%4&%@8{3@%%98@%{1 g&ﬁl%oﬁe
I magi ng peilrgnitdse hgdnts , HSAdni paticderly bﬂfareelstangatfmr a&dmed;dula)r,lmﬁ.‘g(ng 1),
o 111 e PentAmtiopton o1 48753 Hleabiy 24740 st whr 8628876 ) ' ana
To(111) are paptincishas ﬂhYonLﬂﬁef' Bin 1sl\£eﬁr@i*en€ﬁ' gt BecarBOM igpednt ¢ ApAGiat e to
any significant degree during the i'magi ng agent's passage through the

bodip, i nathdid mgbe/\tmxrgeéedmuh@twel’cfemrm\géh theirogmel, theingrlyticceraeess.r Boease of

free nmeta result i ne aIl

accept abf‘%dl%lﬁ’rf??g H%%ﬁfnr‘%ftarg mﬁ’flﬁllﬂgé?%%%ggat lgéf?(ﬂe&ér rpﬁg{lﬁ?se of a
contrastS@q&aﬂrpafeﬂtAﬁphcmo@W@\ol/@glg%l and R2 are defi ned as above, and the
Li nker noi ety conprises: The "Chel ate" is preferably bb(CO DTPAG. In

anot her enbod pﬂtﬁﬁﬂi’mt%nttﬁfg?’féﬂ@‘ﬁ@i?e butrase pefdimieslie, dphaeqidiglycoproteinont r ast
agent, = errllg e ccﬁﬁﬁ?n ﬁ%éeligﬁﬁﬂﬁgﬂﬂe%eﬁg; AEHoASHARDY e 1 RBfkot, N |1 nker

nmoi ety conpri
15 somatostatln receptors, vasoactive intestinal peptides (VIP) receptor, bombesin/Gastrin

release peptide receptor, and integrin receptors.

Suitable peptides for use in the invention include those capable of specifically
binding to the targets identified above. Included among such peptides are RGD-
containing peptides targeting platelet GPIIb/IIla receptor for thrombus imaging,

20 chemotactic peptides targeting white blood cells for infection/inflammation imaging,
Octreotide and P-829 peptide targeting somastatin receptors for tumor imaging,
vasoactive intestinal peptides (VIP) targeting VIP receptor for tumor imaging, bombesin
analogs targeting bombesin/Gastrin release peptide receptor for tumor imaging, and
RGD-containing peptides targeting the integrin avB3 (vitronectin receptor) for tumor

25 imaging.

In principle, any peptide with an affinity for a biological target may be used in a
contrast agent of the invention. The peptide may be linear or cyclic. Ordinarily,
insoluble lipophilic peptides are considered unsuitable for pharmacological use, but such
peptides may be suitable according to the invention because addition of hydrophilic metal

30 chelates to the two termini of the peptide may increase solubility. For ease of synthesis
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The "Chel ate" noiety can be bb(CO DTPAGI. For the purposes of illustration,
one contrast agent contenplated by the instant invention is presented

bel ow wi tWoOtoh®1MaF i ous subunits annotated: 33 WO 03/ 01111PCT@set/ates .,
MDTPA- CO- Li nker MDTPA-CO HN YfIN N=~Nl yN=xN N-J'-N N NJ~NHHO\S HORH
OHOSHO Targeting Peptide Linker subunit Il NH CO DTPAM Li nker t HN
Chel ates MDTPA-C~ wherein R = amno acid side chains such that the peptide
has af fi gid dost SdnsRicPitnO At Grefelred @6t the PBFtided lﬁa_:vé‘?ét@'lseﬂ B f@ﬁflﬁl@a@ﬂﬁt ic for

MR, radioactive for radionuclide inaging, and fluorescent um nescent,

or absor i 3 t©030,30pi20a8 t¢ Magditagp. S ® Ahé te hsm Cctal 1 2samine acideindength).i cal
contrast agents,contenpl at b he invention may be illustrated by the
Formia: (ot ILF Preme fpfedl b ey » s vy Sfaimeabic fothe ) s

(Li nker ) psedOstuitaisle afig) middiatRdendiu@MddnoiPndtiral ABReRURNANIn8Acidlt eger
fromzero to five, nis 3 to 50 inclusive, RL is any am no acid side chain
i nclbudi nyitharanyatifferent pietesting sfoupsaRpEoRsHE tos immgdigieisran fhe salig phasephat i c

21 Tuet r O AR SRl s B ey R BRe R BER L RRRERE B o7

am no achatsrally occurring amino acids, the following non-natural amino acids or amino acid

derivatives may be constituents of the peptide targeting group of the invention (common
abbreviations in parentheses, see FIG. 1): B-Alanine (B-Ala), y~-Aminobutyric Acid

10 (GABA), 2-Aminobutyric Acid (2-Abu), o,B-Dehydro-2-aminobutyric Acid (A-Abu), 1-
Aminocyclopropane-1-carboxylic Acid (ACPC), Aminoisobutyric Acid (Aib), 2-Amino-
thiazoline-4-carboxylic Acid, 5-Aminovaleric Acid (5-Ava), 6-Aminohexanoic Acid (6-
Ahx), 8-Aminooctanoic Acid (8-Aoc), 11-Aminoundecanoic Acid (11-Aun), 12-
Aminododecanoic Acid (12-Ado), 2-Aminobenzoic Acid (2-Abz), 3-Aminobenzoic Acid

15 (3-Abz), 4-Aminobenzoic Acid (4-Abz), 4-Amino-3-hydroxy-6-methylheptanoic Acid
(Statine, Sta), Aminooxyacetic Acid (Aoa), 2-Aminotetraline-2~carboxylic Acid (Atc), 4-
Amino-5-cyclohexyl-3-hydroxypentanoic Acid (ACHPA), para-Aminophenylalanine (4-
NH2-Phe), Biphenylalanine (Bip), para-Bromophenylalanine (4-Br-Phe), ortho-
Chlorophenylalanine (2-Cl-Phe), meta-Chlorophenylalanine (3-Cl-Phe), para-

20 Chlorophenylalanine (4-Cl-Phe), mefa-Chlorotyrosine (3-Cl-Tyr), para-
Benzoylphenylalanine (Bpa), fert-Butylglycine (Tle), Cyclohexylalanine (Cha),
Cyclohexylglycine (Chg), 2,3-Diaminopropionic Acid (Dpr), 2,4-Diaminobutyric Acid
(Dbu), 3,4-Dichlorophenylalanine (3,4-C12-Phe), 3,4-Diflurorphenylalanine (3,4-F2-Phe),
3,5-Diiodotyrosine (3,5-12-Tyr), ortho-Fluorophenylalanine (2-F-Phe), meta-

25 Fluorophenylalanine (3-F-Phe), para-Fluorophenylalanine (4-F-Phe), meta-fluorotyrosine
(3-F-Tyr), Homoserine (Hse), Homophenylalanine (Hfe), Homotyrosine (Htyr), 5-
Hydroxytryptophan (5-OH-Trp), Hydroxyproline (Hyp), para-lodophenylalanine (4-I-
Phe), 3-Iodotyrosine (3-I-Tyr), Indoline-2-carboxylic Acid (Idc), Isonipecotic Acid (Inp),
meta-methyltyrosine (3-Me-Tyr), 1-Naphthylalanine (1-Nal), 2 Naphthylalanine (2-Nal),

30 para-Nitrophenylalanine (4-NO2-Phe), 3-Nitrotyrosine (3-NO2-Tyr), Norleucine (Nie),
Norvaline (Nva), Ornithine (Orn), ortho-Phosphotyrosine (H2PO3-Tyr),
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of the peptide can be conjugated to the optical dye directly or via an
optional linker (e.g., p =0 or 1). The linker noieties can be different.
PCT/ US02/\2028/0118345 WO 03/ 011115 PCT/ US02/ 24261 The opti cal PdyaSergs2be an
organi c dye or an appropriate netal chelate. Organic dyes suitable for
optical imaging have been descri bed and include, for exanple, fluorescent
porphyrin and fluorescent phthal ocyani nes [see, e.g., U S. Patent No.

>, 641, 87 Ide KL ALSLERIIRY AGH SOl SRenidHdnine \WE2 D) fPehdiiRdlophenylakalngnet hi ne
dyes [segl,cta%ﬁgg) ., WO 97%4901%00%%@%%%% cal or gapni c dyes are

f1 uor escé %Phe)h%mmminq @ha), Papagolic Keid (Rir)HPropargylelycing(@ira), chem 73,

1967-1973 (2001)],, t.etr t r ] . Bi .3, 39
(1994)1, ﬁﬁgﬁg@%@cf@@@@?}95'11%40#%gg%gfﬁtr_aili%rggPq@@@_ﬁﬂeﬁ}g\%%}f&éﬁ (1988)].
Fl uor oscerip), and Thiaablidss-enfardoaplih Avidd@hivpedlateeThiarSterpacitehsttyaof aminasef ul .
10 Targets and Target Binding Peptides The peptide noiety.of the gantrast
agerft s ofcidhmap be devignater Rnpicesdinsine SRpe St ?€b1}§)}6‘€fE?]? e 6]?%@)‘?5}%‘3 o A

bi ol ogi cal . t.ar ges and j as 4a:+0Al - . or nore
chel at esmétc{’ eic Pgﬁma%?}@&%ﬁﬁ%eﬁé@é’l@é@’8@{)& %%Feq[hgi? g{é? élaglrn%pgs esent in a
| ow (€. gemplbFediias MAIDIsalinifs adidshivigpaa@pidoataining sidel claains (snelf 4 Ifsemtll y

i maged using exi sting nononeric 3ad I ié}i(um conpl ex MRl contrast agents.
The pept Pge-ipadieh thaleminghasbeprpcyigpd prakylatdent s according to the instant

i nventi on, howv%[ﬁes 82{}%}%?1&}12? @HPfthdglilﬁJgéﬁEﬁ‘Pf&h{uﬁPﬂlY*-X + RESPQent at

the target as g axivity to fake imaging of these targets
possi bl eNCSL )yiwherdiy P* idwepiotipt boendasadratrdbtivative iof prodige.oVitiéd 4 reossrmr@ast

agents of the 20 .,nvention eliver nore r.adignhuclides to,targets so
Chat | nmBPHESEEN JBR R CHETOL KrpP b e atAgt o o fEhaRS
particul gf 1%&99%%@5}@ dcid, Snll M@ YIRlucinb 8F a hah-Aefukd) deriC4tBatR&edN | ncreased
concentrat% n of the |ma%| ng agent at the site to be imged and i ncreases

the rel afypicely,of lenionc oh PF a¥t, XKufent B* isp narenaswiahderisiotive of fhe seigRCtivie RI MVE
cTree, S Tl osed A S TH LN O ARG Re B,
cel{s or gagomelof P* or Y* can be a non-natural derivative, such as hydroxyproline or a
tyrosine substituted at the 3 position with F, Cl, Br, I, or NOx.
A peptide of the invention also can include the general formula X; — X, — C —P*—
Y* - X3—L—-C—X4—-Xs5—Xs (SEQ ID NO:2), wherein P* is a proline or a non-natural
derivative thereof, Y* is a tyrosine or a non-natural derivative thereof; X;is W, Y, F, S,
20 Bip, Hx, Dpr, Cy, Gu, Ad, Hfe, 3-Pal, 4-Pal, DopaMe2, nTyr, dW, dF, F(3/4%), orY(3*).
F(3/4*) can be a phenylalanine substituted at either the 3 or the 4 position with a moiety
such as CHj;, CF3;, NH,, CH,NH,, CN, F, Cl, Br, I, Et, or Ome. Y(3*) can be a tyrosine
substituted at the 3 position with a moiety such as F, Cl, Br, I, and NO,, X; can be E, H,
dE, S, H(Bzl), 2-Pal, Dpr, or Th; X3 can be G or D; X3 canbe H, F, Y, or W; X5 can be I,
25 L, V, N, Bpa, Bal, Hfe, Nle, Tle, Nval, Phg, Cha, Taz, Fua, Th, 4-Pal, or F(3/4*), wherein
F(3/4*) is a phenylalanine substituted at either the 3 or the 4 position with a moiety such
as CF3, Et, iPr, or OMe; Xgcanbe N, Q, I, L, or V, or not present. Typically, at least one
of X1, X, X5, P*, and Y* is a non-natural derivative of an amino acid. For example, P¥*
can be proline and Y* can be a non-natural derivative of tyrosine substituted at the 3

30 position with a moiety such as F, Cl, Br, I, or NO,, Alternatively, P* can be a non-natural
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ti ssue or conponent thereof. Preferred targets are those that are of

di agnostic and therapeutic relevance, i.e., those that are associated with
di sease swetgdi1iParticularly preferred targets are thosePCh/is8%pRbALI ON
with body fluids, and particularly those in association with bl ood,

pl asma, |ynph and fluids of the central nervous system OQher 30 preferred
targets are proteins and receptors that either exist in high concentration

o, Tave s IMS IR LIaL s ler e SiplaRSES

certain Ilgan target protel
gl ycopr otfmnnadlsttlfuhrboaémderaiohuaﬂucir(g-&ﬁ)iltmmsl fibrin are useful targets for

MRl contrast ,agents ascul ar bl oo | . i.n seru | bumn is a
preferred targAé}% eéleﬁ%&ﬁ§ a pgpii tb?t&@??frpdgﬁbrm’@nﬁl%éﬁ@gﬁﬁ?eéﬁfs Brum

(approxi pateyy.. §t1 & M (sEQrmv ROS3)awhbdmh x.[ & ofD, Fﬂisq&ylln?esormstdamr easonabl y
high affinity, is a erredtarget pl asma protelnfor | ood pool

cont¥ ast haiyed td§r IVHSKA 4- hYCHOW@liﬂ&J YZrip (yrovied era m—mﬁu@bdenwxve af tresimes cul ar

and v oar 0 A SR RRA LR Ry RO BTN, nHiolt b P Cause

it is preaeofPtor ¥Flis ﬁh@lﬁ-&a’mﬂeﬂ dativhtive of @i egpetvgahiad asid Foutxdmples f eri ng
with the normal thronboly %&110 process. For. additional details concer ni ng
g Wl

target bilHPPYIFHIERFES e SEqHENCES: bW ﬁEtﬁ Rf-REpe@ri s L-Cd-@cr
Pat ent A@s)ﬁaqptm@m \g?dpﬂalb%mﬂ X e)-guolce. 35864P, N@céguﬁquatégmare not

limted to co ro ein, r|no
GPl1d/ | | IOH)F‘é@eﬁi)e(Er-L ChWﬁhQa(SEQ:IEpH@t@dW-dEdé-M@OH)l‘B@ @bmg@{m+@

ol ase pETRIRDep P RO BRI N TR R S N BT o1 use
in the i pgpy{Renipal-ude-tdesEQIBPRI0!%, Pidrsoagifogaitycnbadcow-1.0 t he
targets |dent|f| ed above. IncI uded anon sucho‘?e ptides are RG> containing

pept i des (?RQRJIBINAY Opl Wt &-6+PEFOHYN(B1G)- b@pff QEEQIR BRbLS, Fire@Meyr, 20

Cmmgi ng. H BRI BR 8- KR S PQIb{S0 428 Y Lo s RIS e or
tunpy i WWII(Q(SEQaBQ@@IIBYaVLdE-QSFJYm&JCIPGp]LJCﬂH\SL(Q/dSBQ IDH\QEM)IWWMEECI eceptor
for tum)r |rra esin__anal ogs tar Gastrin rel ease

bept 1 de- PELBRTOT-t-arCriinoR (FRAIPHYO: tohepr . RSB VAT BL (P
(SEQ ID NO:16). Such peptides can form disulfide bonds under non-reducing

conditions.
According to standard synthesis methods such as those disclosed in WO 01/09188
20 or in WO 01/08712, peptides having the sequence set forth in Table 1 were synthesized
(structure confirmed by mass spectrometry), cyclized, and assayed for affinity to the

DD(E) fragment of fibrin. Each peptide was found to have a Kd <10 uM (“-” indicates

truncation).
Table 1
Kd(uM)
vs. X; X, C P@-OH) Y* Xs LC Xy Xs X
DD(E) L
<0.1 F(4-OMe) H C Hyp YBCHD L CH I L
<0.1 F(4-OMe) H C Hyp YBCHD LC:H I
<0.1 F(4-OMe) H C+ Hyp YGBI) D L'C H Bpa
<0.1 F H ¢ Hyp YGBI) D L C H Hfe
<0.1 F H C’ Hyp YGBI) D L C H Bpa
<0.1 Y(3-CD) H C Hyp YBD D LCH I
<0.1 Y DE C Hyp YBCHG LC W I Q
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RCGD- cont ai ni ng peptides targeting the integrin av(33 (vitronectin receptor)

¢

for tumor 25 inmaging. In principle, any peptide with an affinity for a
bi ol ogi cawotoangatis nay be used in a contrast agent of thePCmusnteant The
are consi dered unsuitable for pharnmacol ogi cal use, but such peptides may
be suitable according to the invention because addition of hydrophilic
sol ubi I'i ty.~ Forg ease of synthegi sp3y W3/ 014115 R S0/ 24261 yand cost
consi der aﬁlbs it |s pr ef erred that ﬁsﬁe pept| des hgg&bet ween 3)?0 50
10 to 12 aga'po?iﬁs in le ' dek of the

vérlet 18 sL j
aci ds mcludlﬁ § non- ] aci d ' cids 5 with many
di fferent %(} &5}3@ gro s ap ropHP’Btter(%)[[) |Prrecfraffe}hse in the solid
phase syntﬁé df pepti des ar
twenty nost0 l:or"rﬂfﬂn nat utthl | y 8ccuHyp ng YéhnoDacildsC #he ¥ol | owi ng
non- nat ur af0.hn¥tleFlaci ds & ani@o atlypl d’é3—l)vaD| vds @mail bel constituents of
parent heses).1 see FIG 1) :H(3-Atani Hgp (nYA$-p) , Dy- Amcmoblut yric Acig, 10
(GABA), 2-40 nepuOyEe) ¢ A d (ZeAbtu a, (33-Behpdr a; 2z api noRp yri c 1Aci d
ACId(AIb)< @\mno- th| n -4- g ib ciq, &-fAmnpvalerig Acid
(5-Ava), 62 hexanoi c |d 6- ) 3%3 D gnoqft@nﬁl o gm d (8- Aoc)
4- Am noberrzooi kl)4cAm [0)'¢ -6-
(Statine, —(é)ch) (4A9Mﬁboxy§g & ¢ AC|H3’1(Aoyf, e-
Acid (At c)S0-4- Fami no- 5- cyEl ohe@& | - Bymy d¥&d)peRt adoic Ml dl ( ACHPA) ,
par a- Br omoghken¥(4aBani ne (H- Br -®he) Hypr t WB-DChDor dphenil al kni ne (2-C - Phe),
met a- Chl orsipheR@Mdbrani ne H 3- 0-@he) Hypar (20 bl orLop.heHyI al anine (4-d -Phe),

peptide may be linear or cyclic. Odinarily, insoluble lipophilic peptides
metal 30 tes to the two terimini of the peptide may increase
am no aciug,; Iy o 15,
]bhg y BI nng
i nvention,Zd i n n-be P% abl e ani no
Eat }

- cofer ciYaiDy Bvail dbi'E 1h addition to the
t he pepti d€0.t aig®li ng gr dip of Ct heHypve(3-Hn Dconro® Habbr evi ations in
(A-Abu), Il<o. ATFOOONE) Opr qpane cl-cay oxyyl 3.9 Api d [ ACRE) , ﬁf_;g noi sqbutyric
11- Ami noung ¢ ACI d n), A dodecanaql.c (12- Ado),
2- Ani noberz Rg geAmﬂ "3?:;" T %

c 89 | hepf%noi ¢ Aci d
CH_Rpi ﬂot%t al i 2- carboxylic

par a- Ami noghkny(4a ani ne 4- NI-@ PhHyp BYphBnyPal dnitheH(Bib),
met a- Chl or<tyr ei-Or3)( 3- G Tyr )¢  paHgp Bar(rzgylphern/l@l ani ne (Bpa),

tent - Butylg ycraeciyll e) , oycl obexyhgd anivgen(®a) L iciH 1
<0.1 Y(3-NO2) H € Hyp YGBID D LC H I
<0.1 Y(2-F) H C Hyp YGD D LCH I
<0.1 F(4-CH2NH2) H C' Hp YB3 D LCH I
<0.1 F(4-NH2) H C Hyp YGBD D L C-H 1
<0.1 F(34-F2) H C Hyp Y3D) D LIE¢GH I
<0.1 DopaMe2 H ¢ Hyp YGD D LCH I
<0.1 F(2-OMe) H C. Hyp YBD D L C.H I
<0.1 F(3-Me) H ‘€ Hyp YGBD D LCH I
<0.1 F H C! Hp YBD D LCH 1
<0.1 F H € Hyp Y@ D LG H FG-CF3)
<0.1 F(3-CF3) H ‘¢ Hyp YBI) D LCH I
<0.1 F(3-OMe) H ¢ Hyp YGBD) D LCH I
<0.1 Hfe H C: Hyp YGBIH) D LCH I
<0.1 nTyr H C Hyp YBD D LCH 1
<0.1 W E C Hyp YBCHDG LC W I Q
<0.1 F H €, Hp YBD D LCH I L
<0.1 F H C, Hyp YGBCHD LCH I L
<0.1 F(4-OMe) HBzl) C Hyp YGBI) D LC H I
<0.1 F H C Hyp Y3 D LC H N
<0.1 F H C Hyp YGBI) D LC H Tl
<0.1 F H C' Hyp YBI) D L C H F{4CF3)
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Cycl ohexyl gl yci ne (Chg), 2, 3-Di am nopropionic Acid (Dpr),
2,4-Di am nobutyric Acid (Dbu), 3,4-D chlorophenyl al ani ne (3, 4-C12- Phe),
3, 4- Di f | uworoplenys al ani ne (3, 4-F2-Phe), 3,5-Diiodotyrosi RET(UB052428t Tyr) ,
ort ho- Fl uor ophenyl al ani ne (2-F-Phe), nmeta 25 Fl uorophenyl al ani ne (3-F-Phe),
par a- Fl uor ophenyl al ani ne (4-F-Phe), neta-fluorotyrosine (3-F-Tyr),
Honoserine (Hse), Hoi nophenyl al ani ne (Hf e), Hom)tyrosi ne (Hyr), 5-
Hydr oxyt rﬁﬁmhan (5-0OH+Trp), Hydroxyproline (Hyp), para-lodophenyl al ani ne
(4-1- Phg),” 3- kpdot yrosi ng (B-é- Biom) Kol i ng: 2- -k bexy! XC Aci ﬂ ,ﬁl dc),

t

| soni pecqﬁ; , ACI d (1 np) rreta met hyI ryr osi ne 13 Ne Tyr) - Nap yI al ani ne
(1-Nal), NN i 30 R 3 e 2 A=NER2- Phe) ,
3-Nitrotyrgsy neg (3- NOZT)H), ,i ] orva neF f) Orni t hi ne
(Orn), ortho Phosphot yr ost ne (K ' l I 1 15 lgSOZ/ 24261
Cct ahydroiT bl &- 2- car boxE A% d I c) H ( PEf

Pent af | uordphefiyl al ani ne ™ ( F5- he) y@he@ﬁ | (CPGQL ﬂ?’&%@ﬂ ic Acid
(Pip), Pr 1rgg ép yci ne ra), c | ut Bei d- ), L Sarcosi ne (Ssar),

Tet r ahydr o¥5sbglii nol i ne- 3+fkar onyI i BYRci §G- )I'lB Iarfél

Thi azol i difel 4%ar boxyl i & Aci dC ( ThHppr oIYI(Chél) @h) L St eMeochenmi st r;Q of amino
5 aci ds nag0.beTdesi gnat ed)—Ey pﬁeceH'ymg tvieChaGe dr @bl evi ation W@th the
designati o0.2 DF or "d" &f "L"Cor "R" a¥(®REprbprilate. HAAdI tional lty,

ouV-al kyl ateerl F@eMerci dgimay de Bypl oyesiy ap wal lc ag ami no aci ds having
am ne-contg ni ng side cha ns (@uchH§\1§ Ly§3 andg O‘Ln)(jlﬁ whj ch the @m ne has
been acyl atesd prp al kyl atgj Pept i dggy, of vt @DI@VG |(9nwza i nclud the

gener al fog% P*-Y*- X & L* (éEQfI 19.@18 is a ptoline or

a non-natu rivati ve f prelin Si e or non- nat ur al
derivati veét ef_Ieof X .JF}OE 80| ngy%r @%t)ég %;gnd non- nat ur al
deri vat i ve0-of egC|neo spatlc #id eC| or aﬁbn nat ur al
deri vati ve%hef eof . Typi &hi | y,C Hast Yohi , Lis a

non- nat ur af%deWM vati ve of the (Fes ektivE amﬁo a{CICd Wi:or exarrpl é2 Xl * can
be glyci neO% Bspartic adld, L€ caHYIbe Y€ubi e, dnd all 1®dleast one of P*
or Y* can ¥& aFnon-nat ur & der(ﬁVatHy}e ¥(&h aB hydroxHpr oPligne or a tyrosine

substitute®.2atFthe 3 posittion @ithHfp CY(3-Br,DI, Iorc N2 AF@apd)i de of the
i nvention <@>s0Fcan include thec.gendyml FE-pulB XL € X®ad 1C - P*_

<02 S DE C. Hyp YBCHG LCW I Q
<03 W E C Hyp YBCDG LCY 1 Q
<03 Y E C Hyp YBCHG LC W I Q
<03 F DE ¢ Hyp YGCHG LE W I Q
<03 F H c: P Y D LE¢ H I L
<03 F H ‘€. Hyp YBDH D LCH I L
<03 F H C: Hyp Y D LT H Bpa

<04 F H C. Hyp YBCHG LCH I L
<0.4 S(Bzl) H C P Y D LC/H I L
<04 H E C. Hyp YBCHG LCH I Q
<0.4 F(4-OMe) H ¢ Hyp Y D LCH I L
<04 F H C Hyp YBID) D L C Bpa I

<0.4 Ad H ¢ Hyp YBDH D LCH I

<0.5 F H Hyp YGBCHF L'CH I L
<0.5 F E € Hyp YBCHG LC W I Q
<0.5 F H C' Hyp Y(GB-Cl)2-NalL C H I L
<0.5 F H C. Hyp Y D LCH I L
<0.5 Hfe H C Hyp Y D LCH I L
<0.5 Bip H C Hyp Y D LCH I L
<0.5 W E c P Y G LC W I Q
<0.5 F(4-OMe) \ C Hyp Y3 D LCH I

<05 F H €. Hyp YGBI) D L C 2Pall
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Y* - X3-L-C- X4- X5- X6 (SEQID NO 2), wherein P* is a proline or a
non-natural derivative thereof; Y* is a tyrosine or a non-natural

derivati votoderaes ; XI is W Y, F, S 20 Bip, Hx, Dpr, CyPCEuSoxes26Hf e,
3-Pal’, 4-Pal, DopaMe2, nTyr, dW dF, F(3/4*), orY(3*). F(3/4*) can be a
phenyl al ani ne substituted at either the 3 or the 4 position with a noiety
such as CH3, CF3, NH2, CH2NH2, CN, F, d, Br, I, Et, or Ore. Y(3 *) can be
a tyrosi (P@bstituted at the'3 position with a noiety such as F a, Br,

I, d be E, dE, Bzl.. 2 be G
T ol B 5 B JReabEd), i Py o T S o

or D, X4 -_ H F, Y, can ‘be I, N e,

Tle, Nvab,. U, A=—Paly -0 ¢ Tuheretn 4%) is a
phenyl al anT ubstl t ut e(rf[ at e the ‘ he 5 n wt h a noiety
such as (f—d;?% iPr, o b R b X R Efvi) or not present.
Typi cal | y,—Oa% last one }Bf XIC X2 Yis, YD) aflg Ve (Fs nbn- nat ur al

derivative of an am no acid. For exarrpl e, P* can be proline and Y* can be

a non- nat ural dssiuekisy eadhalethO ke THARIA Lubefvas 1t osc Sfoltps tion with

a noiety such as’F, . Al'ternatively, P* can
non- nat ubg): 1”8BV\M¢1@®3X®0]1$ni@cmlrmmgﬁ,ﬁ\ﬂeﬁ,@pwBup,\lée-&p,;ﬁ(é’l‘)l, EéB -Megh as

i <l 1§ dECh AT BRS M oY b Ao DY IR HaFeLs P s TS fept de

that can R%érgﬂjalﬁmﬂé Substififd i @ige 4 b@slg&ﬂ@itﬁla m&EPsLEh 4s Et, BT, T, IfiPr.Xh - L -

(SEQ ID wherein X1 is G or is proline or its non 5 natural
derivati S@Hﬂﬁmbmlm@ﬁtﬁs apppitde Cﬁfnllicéu4%dd§10ﬁél I'GiildaeSanv-Pn* eod/ar Xdetq vative of
tyrosine s e 0 t | t 3 Br, I,
or NC2. O;’?&c%a %&'ﬁe?% fﬁ{ené‘él Cglag?if:c(t}ﬂfe Ko “l 3 Iﬁoﬁﬁoﬁf@ gﬁs ﬁ\B/atl ve of

t he resp&cYiCLE-GHX;HX; aAESE) IIFdﬁO@éaa,mﬂie@em theamemwlqum el ahhmof ol | owi ng
sequences:, WdAE-C-P(4-0H)-Y(3 C‘a GL-CGCWI-Q (SEQ.I ﬁ )
Y- dE- C- Padidaty w@(f@hrm a@%l@lﬂr @V@@Eﬁhrw&@ié 11 1§ %Eﬂbﬁﬁz np, Nip, Me-

O N5 QL af il o e M O Gl K Bl -1 Q
Y- dE- C- Pa@ec@Bi5-dD ZSE)IDINQ: 10)Y:P-QI-SERG-D-GNGM¥cy])G-D (SEQ ID NO:20), L-

Wi G PeL e TG Bpn GEQ o2 Bl rcmis-agsEe o

H C P(4- Q. 2? B-IC0).pOy = @-T‘ELMEL(I%ES %ID‘@JG%)&)CLYPJ@ O PHACHEMB-C ) -G L-C

15 W1-Q (SEQ ID NO 13), WdE-C W1-Q (SEQTD NO'14),
W dE- ¢ Cmp (SEQ ID NO: 24) or L—P-C-D—Y~Y—G—T—C-MeBlp D (SEQ ID NO:23).

Peptides having the formula of SEQ ID NO:26 were synthesized (structure

confirmed by mass spectrometry) according to standard synthesis methods, such as those
disclosed in WO 01/09188 or in WO 01/08712, and assayed for affinity to the DD(E)
5 fragment of fibrin. Each peptide was found to have a Kd < 10 uM (Table 2).

TABLE 2

Xo1 Xy Xit
L n(Decy)G dD
L n(DecyDG D
L MeL Inp
L Bip D
L Bip dD
L Me-Bip D
L MeL Cmp
L Bip D
L L D
Cha Bip D
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P(4-OH)-Y-GL-CGCWI-Q (SEQ ID NO 15), or FFHCP-(4-OH)-Y(3-Cl)-DL-CGHI-L
(SEQ I D NO 16). Such peptides can formdi sul fi de bonds under non-reducing
condi ti orw0 0dcantli ng to standard synt hesi s net hods such &sTtusex2426i scl osed
in WD 01/09188 20 or in WD 01/08712, peptides having the sequence set
forth in Table 1 were synthesized (structure confirnmed by mass
spectronetry), cyclized, and assayed for affinity to the DD(E) fragnent of

fibrin. Each ' 37 R/
roncat i ony | PEPlebilfly Bhe RO AR Belhe o MSH dr irir AR L HESed

<0. 1F( 4- bynery ptiBodalggyDIFor €xadhple adﬁm af M}’«}bﬂ(ﬂd fpr i3 el He ds¢ssel

2 ARG L8 W 1 e s

<0. 1YD- EITIy@I(D?(Fﬁg}ﬁnt QDN @ DID) %&kﬁtlébﬁ b%dﬁ@Mylatéﬁﬁandem@ﬂﬁ@d vif. 1
F(4-Owve) <0.1 F(4 <0.1 F <O T F(4-Owe
5 avidin fo a solid substrate (e.g., a multi-well plate) Peptides can be incubated with the
immobilized DD(E) fragment in a suitable buffer and binding detected using known

methodology. See, for example, WO 01/09188.

N- and C-Terminus Linker-subunits and Linker

10 If present, linker-subunits and linkers are used to covalently attach capping
moieties such as chelates, thrombolytics, and other groups to the two ends of a peptide. A
linker-subunit moiety can (i) convert the functionality of either the C-terminus
carboxylate to an amine functional group or the N-terminus amine to a carboxylate
functional group; or (ii) provide a spacer moiety or group between the peptide terminus

15 and the linker, if present, or capping group. In one embodiment, a peptide can be reacted
with a linker-subunit to form a modified peptide having a C-terminal amine functional
group and a N-terminal amine functional group. In another embodiment, a peptide can be
reacted with a linker-subunit to form a modified peptide having a N-terminal carboxylate
functional group and a C-terminal carboxylate functional group. In another embodiment,

20 a peptide can be synthesized from a C-terminal linker-subunit that is bound to a resin,
whereby upon cleaving the peptide from the resin, a peptide having a C-terminal amine
functional group is produced. In still another embodiment, a linker-subunit can be used
as a spacer group and not to change the terminus functional group. A linker-subunit may
have multiple functional groups for attachment of linker moieties or capping moieties.

25 Many types of reactions can be used, including acylation, reductive amination,
nucleophilic displacement reactions, urea formation, thiourea formation, and
chemoselective ligation in chemically conjugating the linker-subunit to the peptide,
linker, and/or capping moieties. One advantage of using a linker-subunit is to create
similar functional groups on the peptide, thereby facilitating subsequent synthesis.

30 The linker moiety can be used to covalently attach one or more capping moieties

to the peptide terminus. The linker may be branched or unbranched and may comprise
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<0.1 Pal

F(4- CN)
F(34- F2)
F( 3- CF3)

10

15

<O 1 4Pal <01
<0.1 F(4-QOw)
<0.1 F <wWob3m(”413) <0.1

:50. 1 Y(3-NOR)

<O |

< 0.1 F <0.

<0.1 F(3-Q0Ow)
multiple functional groups for precursor chelate and chelate attachment. The chemical

F(4-F) <0.1 Y(3-1) < 0.1 F :50.1 F(4-OW)

1 1Nal <O 1 MIyr <0.1 F(4-Qwe)
F(4-Br) <0.1 F(4-Me) <0.1 F(4PCFR)S02/2061

< 0.1 Y(2-F) 50.1 F(4-CH2NHR)
DopaMe2 <O 1 F(2-QOwe)

<0.1 F(3-Me)

<0.1 F(4-Owe)

<0.1 F(4-NH2)
<0.1 F <0.1 F <0.1

structure of the linker may affect the physical and pharmacological properties of the

contrast agent, such as affinity, stability, blood half-life, relaxivity, and plasma protein

binding. Linkers may be substituted with alkyl, aryl, alkenyl, or alkynyl groups. Linkers,

if present, at each termini, typically are relatively small and rigid for MRI contrast agents.

For example, a linker can have a molecular weight less than about 350 (e.g., less than

about 200).

An example of a C-terminal linker-subunit moiety and a C- and N-terminal linker

is illustrated in the following structure:

Linker

Chelate
HN

2

r

Linker subunit

| NH-Peptide-CO-NH—

HN

Chelate

_@_/NH

Chelate
AY

-

X
NH

<

()

L NH

Linker

Chelate/

The C-terminus carboxylate of a peptide may be converted to an amine functional

group with a linker-subunit (e.g., a diamine synthon) to form a peptide having an amine

functional group on each end of the peptide to which the remaining linker moiety can be

attached. Examples of such peptides modified to have a C-terminal amine function group

are:
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<0.1 Hfe <0.1 nTyr <0.1 W<0.1 F <0.1 F <0.1 F(4-Owe) <0.1 F <0.1 F
<0.1 F PCT/US02/ 24261 X2 C P(4-OR) Y* X3 L CX4 X5 X6 HC H(Bzl) C HC
HC HCWwHo®IuHIC HC HC H,C HC HBzl) C H C PET@SOMEBE ) C:
HBzl) C HCH H

~

HoN—Peptide

JINH —
Of —
H,N Peptiole/ll ‘N/\I\/O\*/\NH
2INT 2
H n *\

2 linker subunits

0
H,N—Peptide N/\H/,,\NHZ J
H J
o) T |
N
H,N—Peptide” [N~ """ NH,
H

Wherein n=1 to 4.

Many diamine C-terminal linker-subunits can be conveniently derived from a

solid phase resin:
O

PS-PEG/\H

)4

The following resins (R) are commercially available from Nova Biochem:
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HHHHHHHUHIHHHAHUBHUMHIHMHIMHBMHUMHCCC C CHC

HBzl) C H;C HC HCHp Hyp
WO 03/011115 PCT/US02/24261

R=
M,
HoN n ﬁ
n=21 3’ 4)51 6177
8,9, 10, 12
HZN_R—III?
>
H,N HN
Vi
NH
HoN
H
HQN\/\O/\/N“}'{

HZN\/\ /\/O\/\ B" HN N-3-
° N __/ %

In some cases, the following linker-subunits may be employed as spacer groups at
the N-terminal amine functional group:
Base
Base o pase o }) Base
o ﬁ) o o ))

Vo N i
HZN/\/N\/U\LG HoN N\)kLG , £—7/U\LG ’ HZN/\/N\)J\LG

HoN
Base Base Base Base
o o}
o
7\1) i ﬁ/i ﬁ) ¢ Oﬁ/( o]
N__N LG _
HN" \HJ\LG HN pn N P-LG

5 R ’ \/\[o'/ v 2 on e HZN/\/N\)LLG
2

wherein “Base” is a purine or pyrimidine base (“Ad” = adenosine, “Gu” =
guanosine, “Th” = thymine, “Cy” = cytosine) and “LG” is a leaving group such as OH,
activated ester, halide, or anhydride.
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Hp Hyp Hp Hyp Hp Hp Hp Hp Hp Hp Hp Hp Hp Hp
Hp HpP Hp Hp Hp HP Hp HP Hp HP Hp Hp Hp Hp

WO 03/011115 PCT/US02/24261

Additionally, aN-alkylated amino acids may be employed, 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 in the following examples:

O
o) O
R-{ HN /U\ R
HoN LG
HaN— " "HN._R
i LG LG T
¢ HoN o
R—, HN R
HoN_ N ) HgN/\M/\(U\LG
\1 e LG "HN__R
0
5
wherein n is an integer from 0 to 3, R is any aliphatic or aromatic group, and LG
is a leaving group such as OH, activated ester, halide, and anhydride.
Still more linker-subunits include the following:
R Oy R
o) LG | © Y
HoN W
2 /\é/ n 5 H2N/\/N\)J\LG GL\H/\(_{nN\(V),nNHz
, 0
HaN
s OYR o
HoN
’ w lil ¢ and HzNAP):jN‘t')ﬁkLG
Lo
10 wherein n is independently 1 or 2, R is any aliphatic or aromatic group, and LG is

a leaving group such as OH, activated ester, halide, and anhydride.
Examples of linker moieties that are useful when following an amide bond
construction strategy in which a peptide molecule has two terminal amine groups include

the following:
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Hyp Hyp Hyp Hyp Hyp Hyp Hyp Hyp Hyp Hyp Hyp Y(3-1) DL HI L
Y(3-Cl) DL CHBpa Y(3-) DLCHI Y(3-1) DLCHI Y(3-1) DL :CI
Y(3-1) DWwO@3Mhi115Y(3-1) DL C-:H1 Y(3-1) DL CH I Y(3crjusizs26C H | L
Y(3-Cl) DL C,HBpa L Y(31) DLCHBpalL Y(3d) DLCCHI L Y(3-1)
DLCHI Y(31) DLCHI Y(3-1) DL~CHBpa Y(3-() DLCHI Y(3-1)
DLC3Pal | Y(3-1) DLCHI Y(3-1) DLCHI
0] e} 0]
LG
lgijl,kLG Id;U\LG l
uRRlN/\/ \/\NRIR" RRN\/\/N\/\/NRR "RR'N NR'R"
o) o)
i'LG \/\ELG Q L
, . IIRR'N
RN NR NR'R"‘
I NR'R" "RR'N
m n
0
Irlﬁj\LG
RO, N0

wherein each m is independently an integer from 1 to 4, n is independently an integer

from 0 to 4 inclusive, LG is a leaving group, and R’ or R” are independently hydrogen or

a chemical protecting group.
5 A linker moiety also may have branch points for attachment of more than two
chelates. For example, when following an amide bond formation strategy, a linker that

includes a carbonyl with a leaving group LG (for example, a carboxylic acid or an

activated ester) and three or more protected amines can be reacted with a peptide amine to

create a molecule with three or more terminal amines. The following carbonyl-based

10 linker reagents may be appropriate for introducing three or more amine functional groups:
NR'R? L6 RUM A~ Le
1p2
L G§—< ?—NR R [ 0 <: :>
NR 'R2 R1\—/ 'R
LG 1.G

O

Q N~y P Q =S—\
/_?—NH/\/ ﬁ‘ﬁ_\ _2—NH HN—-{_\
R'R:]N NR'R?

R'R’]N NR'R2 R'R®N 'NR'R? R'R2N NR'R?
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HI Y(3-1) DL CH I

CC'HI Y(3-I
CH | Y(3-1) DL :CHI

) DL
| Y(3-1) DL C

Y(3-1) DL CH I
Y(3-1) DL CH |

,06701-11115 Y(3-1) DL I
- CF3 D

1) DL C;HI

Y(3-1) DL CH |

Y( 3- | pCDusom4d61  Y(3- 1)
Y(3-1) DL C'H I

C
H
Y( 3-
) Y(3-1) DL CH I
CHI Y(3-4) GL CWI

Q Y(3-1) DL CH I

L Y(3-4d) DL ;CH

)y DLCHI Y(3-1)
F(4- CF3

DL HM Y(3-1)

DLCHTle Y(3-1) DL C"H

X4 X5X6

10

15

40 VWRnariPL&%id 3 1EGTH 5088 642 DI AUMPIted Sster@chaEP(4- OH) Y X3L C
pentafluorophenol (Pfp), N-hydroxysuccinimide (NHS), N-hydroxysulfosuccinimide
sodium salt (NHSS), 2-thioxothiazolidin-1yl, or hydroxybenzotriazole (HBT) and R and
R? are preferably independently hydrogen or a chemical protecting group (e.g., Boc,
Fmoc, CBZ, t-butyl, benzyl, or allyl).
In other embodiments, an amine functional group at the N-terminus of a peptide
may be converted to an N-terminus carboxylate functional group by reaction with a cyclic

acid anhydride (linker-subunit moiety) thereby producing a modified peptide with a N-

HOzC\/C;\
( NH,-Peplide-OO,H

terminal carboxylates

terminal carboxylate functional group:

NH,-Pepide COH + Oil
o Yo

Examples of other linker-subunits that can be used to convert an N-terminal amine

to a carboxylate functional group include:

0O

NH-Peptide-CO, H
HO |
O

R

4

linker subunits —»|

N

NH-Peptide-CO,H
HO

0

HO NH-Peptide-CO,H

\

wherein R is any aliphatic or aromatic group.

Subsequently, both terminal carboxylates in the above examples may be
simultaneously reacted with an amino group on a linker moiety as shown below to form a
precursor MR imaging agent. In this example, the precursor MR imaging agent is a

peptide molecule derivatized with linkers at both termini thru amide bonds:
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DD(E) <0. 1FHHypY(3-1) DL CHBi p <0.1FHHypY(3-1) DL CHF(4-Et) <0.1FHHypY(3-1)
DL CHF(4- OMe) <0. 1FHCHypY(3-1) DL C. HF(3-Owe) < O 1F(F5)HHypY(3-1) DL CHI
<0. 1FHHy pWO33M)1104; CHI L <0. 1WE, . ! CHypY(3-O ) GL CW Q <_OPRTIISEZMHpi( 3- Cl )
GL CW Q <0. 2FHCPY(3-C1) DL CHIL 50.2Y(26- Me) HHypY(3-1) DL CHI

<0. 2WEHypY(3-Cl) GL CHI Q <0. 2D- FD- EHypY(3-d) GL CW Q <0. 2YEHypY(3-Cl) GL
CYl Q <0. 2WEHypY(3-Cl) GL C, FI Q <0. 2HD- EHypY(3-d) GL CW Q <0. 2FHHypY(3- 1)
DL CHIL <0, 2WECPY GL C, W Q <_0. 2FHHypY(3-1) DL CHn\@z=0. 2FHHypY(3-1) DL

CHPhg <01 3-1) DL CHF(3-Me) <0.2FHHyp¥(3,+ DL C, 4Pal |

<0. 2SD- ECHypY(3- Q1) G.L CW Q 50. 3WECHypYiaOJ—6L CCYI Q <0. 3YEHypY(3-d) G

CW Q <0. 3FD-E HGHBeptle-COYHQ <0. 3FHPY DU CHIM—<0. 3FHHypY(3-1) DL CHIL
NR'R

<0. 3FHHypY DLCHBpa <0. 4FHHypY(3-CG) GL CHIL

Y

R'R®N o
N—OU\/NH)I\/j; 0 NR'R?
R RZN/—“ G NH-Peptid HN\/E—N

NR'R?

Specific examples of additional linker moieties useful for producing precursor MR

imaging agents terminating with two carboxylates are:

NH, NH, NH,

Y ) r(J )

RIRINTSTSNRIRE RIRING A A ANRTR? o~ Nt

NH, NH, NH,

I o )

RO, o,k COR AN~ _COR COR""co,R

NH
NH, 2

A

H, "
COR
RO,C™ “COR ROL COR  ROCT M, ° ROL™NNN"NCoR
2

wherein each m is independently 1 to 4 inclusive, n is independently O to 4 inclusive (e.g.,
n=1 or 2), and R is hydrogen or an appropriate chemical protecting group, such as
methyl, ethyl, benzyl, or t-butyl. In these examples, following attachment of the linker-
10 subunits, the protecting groups can be removed and chelating or precursor chelating
moieties can be attached through standard methods, for example, amide bond formation.
When following an amide bond construction strategy in which a peptide molecule
is terminated with two carboxylates, the following linker reagents may be appropriate to

introduce three or more amine functional groups:
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<0. 4S( Bzl )HCPY DL CHI L <0. 4HEHypY(3-Cl) G L C H Q <0. 4F(4-OMe) HHypY D L C
HI L <0.4FHHypY(3-1) D L C, Bpal <0.4AdHHypY(3-1) DL C H <0.5FHHypY(3-0)
F L CC HWOWBNEABHypY(3-Cl) GL C'WQ <0.5FHHypY(3- Cl) 2PRaAlSOZ2421 L

<0. 5FHHypY D LC HI L <0.5Hf eHCHypY D L' C HI L <0.5Bi pHCHypY D LC HI L

<0. 5VECPY G L C W Q <0. 5F(4- Ove) WHypY(3-1) D L C H <0.5FHHypY(3-1) DL C
2Pal | 41 WD 03/011115 PCT/US02/24261 JKd(p, N.i) vs. X1X2CP(4-OH) Y*X3L C

" X4X5 X6 DD(E) <0.5FHCHypY(3-1)DL :G§ k <0. 5FHCHpr(3 |)DL : C Dhtl

<0. 5GuUHCHy pY( 3- I) ~CHLINRARP EP ISR aI have he rmula GDYY
GT C X10 ( SEQN NOl? V\/nere n(dec - u)G MeL, Bpa,
Bi p, Me-Bip, F(4* , F(3 rdlf|UO sze, , asidb - 1 0d0) ,
Pff, 1Nal, diNal, %r\wélB R°wher ei n F(Nir¥ |s g phe y Ral ani ﬁz& ub@%ﬁt uted at
the4p03|t|on vvltharmlety such as Et I, or iPr. In sone

enbodi nent s, I ncl ude. a tlonal re due and/ or X11,
to provide tWé‘gﬁgrhgr ay ?rrerﬁ]il cpeidept vdr@gern@% R P("éﬁ%?ﬁg[gm‘ﬁb 18) or

XI - P* - C Rich¥%s \OS3EbCrtb0- 082, tbﬁ%@bbﬁ%yl@aﬁ?l) wherein XL is any natural or

non-natural am no
Linker strategies that involve formation of amide bonds are useful because they

5 typically are compatible with the protecting groups on the peptide. As mentioned above,
the peptide, linker, and linker-subunits may be covalently attached to each other by
formation of other bond types (nucleophilic displacement, reductive amination and
thiourea formation, for example).

The linkers may also have effects on the properties of the contrast agents such as
10 affinity, pharmacokinetic properties, stability in vivo, and relaxivity.
Alternatively, a covalent conjugate that includes both a linker moiety and a
chelating or chelating precursor moiety can be reacted directly with a peptide with
appropriate terminal functionality. One example of such a covalent conjugate capable of

reacting with terminal carboxylate groups follows:

Linker Chelate precursor

]
1
1
|
]
§
|
]
1
|
]
|
i
|
1
1
i
]

1 7 ’
whereinn =1 to 4, and R!, R%, R3 R* and R’ are independently an acetate group,
acetamide group, or an acetoxy group.

Another example of such a covalent conjugate has the following structure:
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acid, P* is proline or a non-natural derivative thereof, and X11 is D, dDb,
(3D, Inp, Nip, Me- D, Cop, or Cnp. For exanple, a peptide can have the
sequence WO WBAPHG DY Y GT C n(Decyl)GdD (SEQ I D NO 19pCTIUSPV/EREXY Y G T
C-n(Decyl )G D (SEQIDNO20), L - P-CDYYGT CBip-D (SEQ I D NG 21),
L-P-CDYYGT GBip-dD (SEQID NO22), L-P-GDY Y GT CML-Inp (SEQ ID
NO 23), L-P-CGDYY GT CML- Cmp (SEQID NG 24), or L-P-CGCDYYGT

C- MeBi p-D (SEQ | D NO. 25)L1-nkg,epti des having the fornula of SEQ ID NO 26 were
synt hesi zed (structure nfirmed by nmass spectronetry) according to
standard synt hesi s net hod such as thpse disclosed in WO 01/09188 or in
V\o01/0871éhelaﬁ@re§§r§%ryed fOfy af finity te DD(E) 5 fragment of fibrin.
Each peptide wa found to have a Ind <NM0 gM (Table 2). ABLE 2 Xoi XI oXi i

Ln(Decyl ) GID Ln(RQecyl ) GD LMeL|np LBi pO LBi pdD_LMe- Bip E@;@ J(,}E D LL
ChaBi pD 42 WO 03/ ;(15 PCTIdus02/ 2 The #gility of‘ t hé pe es to bind

a target such as HSA' fibri;n can be assesg ¢d by kn'own met hodol ogy. For
exanple, affinity of! R m*a%sessed using the
DD(E) fragnment of flbrl n, ilth contains sHbuni s of :55 kD (Fragment E) and
190 kD (Fragnment DD): | g 1

i mobi |i zed V|a5aV|d joa solid substratie (e BR, ,arrultl-well pl ate).

Peptides can be incubated jw tih the i nmobil |.zed DD(E)i fragment in a
suitabl e buffer and bRNTNg detected using kno NR4R5:

_____________

--------------

wherein Rl, RZ, R® , R4, and R’ are independently an acetate group, acetamide
group, or an acetoxy group.
An example of a covalent conjugate useful for converting a modified peptide with
5 carboxylate functional groups at the two termini to a precursor imaging agent has the

following structure:

CH3 )3COZC> {:OzC(CH3)3 Coz C(CH 3)3

(CH3);CO,
C\— N-——/— \‘——COQC(C Ha)s

w—~
rC

NH
O
/_—'002C(CH3)3
(CHg)sCO,C > < _\——
(CH3)3CO,C CO:zC(CHa)s\—CO C(CHg);
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met hodol ogy. See, for exanple, WO 01/09188. N and C-Term nus

Li nker-subunits and Linker 10 If present, |inker-subunits and |linkers are
used to cwoaBentiiy attach capping noieties such as chel aP€3/US02/24261

t hronbol ytics, and other groups to the two ends of a peptide. A

| i nker-subunit noiety can (i) convert the functionality of either the
C-termnus carboxylate to an am ne functional group or the N-term nus
amine to a ca iety
o Group bet veaaHiea o ot e AE e ERHR oRleablind pREMACAARA BaR
cappi ng Qn@upodlﬁﬁdpmldembfbdl ment, a peptide can be reacted wth a

| i nker-subunit to forma nodifi ed peptide having a C-term nal am ne
functional group and a N-term nal am ne functional gr . I'n anot her
enbodi ment, a peptide can be reacted vvith‘na-Jr-l-nkeJr bggﬁt to forma
modi fi ed peptide having g .N-termnal car bo'.xyl MR lﬁﬁunct late FPEYSCaNd a
C-term nal carboxylate f & onal gr oup. I|n aE()t her lenbodi nent, 20 a
peptide can be synthesized |f rom a-@ i @ er - nsubunlt that is bound
to a resin, whereby upon cheaving Nz i de om'the resin, a peptide

havi ng a C—tercfﬂen:fq< funcftion p S proddced In Stl | I anot her
enbodi nent In erp?é;el'lgs%mt can H Ezqr group and not to
change the term nus functignal__ ker-su ur]lt may have multiple
functional groups foR attdgh § Ia nker!'Qmieti_es/or capping noieties. 25
Many types of reactionS?Tan > e,oq ncl udi ng acyl ation, reductive

am nation, nucleophilic dil spl aerrent' reactions, urea for mat i on, thiourea
formati on, and chenosel e¢t| igati on in chemcal | y conjugating the

| i nker-subunit to the pepﬁl de, jl i nker and/ or capping noieties. One

advantage of using a |inkér-subunit |;s to create simlar functional groups
on the peptide, thereby f@(whﬁl,\; ating .subsequent synthesis. 30 The |inker
noi ety can be used to covalentty- att-ach one or m)re cappl ng noieties to
the pepti ter .nu The | i nker be q nbranched and may
conpri se™A8 3‘?6 PYZ G- @SO?F‘?% I’g =f3\§‘i4é?t iBHHNeRRIGENY oy

precur so AnghnGi hem cal structure of the
Ilnﬁéejr n%g/é%%f@%ﬁ%@ t he pﬁgﬁafgaéﬁg%?%%uy%?cal properties of the
contrast agent, such as affinity, stability, blood half-life, relaxivity,
and plasma protein binding. Linkers may be substituted with al kyl, aryl,

al kenyl , or al kynyl groups. Linkers,

Chelate precursor Linker —\‘

k_v prmmmmmm————
,

# ore

helate precursor

Y ——— - o o of e s S
N ——— o —— 0 2 o o

o v e e 0 T ——

wherein LG is a leaving group, wherein R!, R%, R®, R, and R’ are independently
an acetate group, acetamide group, or an acetoxy group.
10 A particularly useful covalent conjugate for synthesizing a multimer contrast

agent has the following structure, hereinafter “Synthon #1":
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5 if present, at each termini, typically are relatively small and rigid for
MRl contrast agents. For exanple, a |linker can have a nol ecul ar wei ght

| ess t harwawew111350 (e.g., |less than about 200). An exanpiCa/usb2/a261
C-termnal linker-subunit nmoiety and a G and N-terminal linker is
illustrated in the follow ng structure: Chelate Chel ate Linker 10 NH The
C-term nus carboxyl ate of a peptide may be converted to an am ne functi onal
group with a linker-subunit {(®.9co.@ di angde Sy, chor m a pepti de
having an amne functi O@Eﬁ %éééjgp f)n>eac djean(i o%y)tuh}: p}ecgtl ge to which the
remai ning |linker noiety he s of such peptides

nodi fied to have a C-term nal am NfunctiN grou @B8.CEHs); Li nker subunit
NH- Pepti de- CO-NH-\ /- N Li nker 44 WO 1115 PCT/ US02/ 24261 5 Wherein n=1
to 4. Many diamne Ctermnal |inker-jsubunits can be conveniently derived
froma solid phase resin: PS-PEG'N MNH2 ) The following resins (R are
commercially avail abl e from Nova chem 45 WO 03/011115 R=

Q
HO NH
0O
/—' /_‘ CO,C(CH3)s
(CHg)sCO,C > < _\—
(CH3)3CO,C CO,C (CHs)a\_C02 C(CH;),

Another embodiment of a covalent conjugate useful for synthesizing a multimer

has the following structure, hereinafter “Synthon #2”:

(CH3)3C0O,C CO,C(CHs)s /—-—C020(CH aks

(CH3)3CO, > <
C\—— N-—/_ \—COZC(C Ha)s

0]
N N /_C02C(CH 3)3
(CHa)5CO,C’ > < _\-—N
(CH3)3CO,C CO?_C(CH3)3\-—C020(C Ha)s .
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H2N \ /n N Hn=2,3,4,56,7, 8, 9, 10, 12 H2N,~ H OH H2NL,NJ 5 H
HZN~~~O"~N.r~'a H2N'~O -~'~0O' - Ntih H 0 PCT/US02/ 24261 NH I n sone cases,

t he fol | owmorg/olitmker - subunits nay be enpl oyed as spacer gIPCWfIES0A24261 he
N-term nal am ne functional group: H2N ' N Base LG H2N H2ZN HN J HN N-~ Base

Oy Base OY H2N, NLG
In the following example of an MRI contrast agent of the invention that includes a
peptide as outlined above, the effect of the N-terminus linker on the relaxivity of MRI

contrast agents is illustrated:

Linker

Chelate— 1~

“Linker-subunit

NH
Chelate+—
HO
OH :
H % H :
N g
o} = H o) = ,:
\ :
Peptide . .
Linker-subunit
) HNT
H
Chelate—N
\’\ >§ o
~
Chelate——NH
\ S
Linker
5 In this example, “chelate” refers to bb-DTPA-GA(III).

The “Linker-subunit” above was varied with the following results (relaxivities per

Gd(III) ion were determined at 20 MHz and 35°C, units are mM'ls'l):
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O | Base LG Base 0 11 Base ? v a H2ZN~,~N -~LG Base 0 O and H2N ~N~LG
HZN,,i Nv P-LG OH wherein "Base" is a purine or pyrimdine base ("Ad" =
adenosi new0'0®0111+5 guanosi ne, "Th" = thym ne, "Cy" = cytogcmasoandel LG' is
a leaving group such as OH, activated ester, halide, or anhydride. 46 WO
03/ 011115 PCT/ US02/ 24261 Additionally, oN-al kylated am no acids may be

enpl oyed, as well as am no acids having am ne-containing side chains (such
as Lys and On) in which the am ne has been acylated or alkylated as in the
following exanples: O GA RHNROHN Y ~ |G HN

Fibrin Affinity N-terminal Linker- Relaxivity Relaxivity
subunit PBS Fibrin DD(E) (10
mg/mL)

Structure 15 11.7 18.7

Ki=4.0 pM -,ﬁ”/\“/“\/&r.f
(9}

Structure 16 12.6 29.5
Ki=3.4 yM Hg /E’

~ /\OjNHvE;

Structure 32 (direct bond) 12.5 21.6
Ki=4.7uM

As shown above, structures 15 and 16 are similar to 32 except for different N-
terminal linker-subunits. The experimental results show that a linker can affect the

5 relaxivity, as well as other characteristics of a contrast agent of the invention.

Chelating Moieties and Reagents
Chelating moieties are chelating ligands complexed with metal ions. These
chelating moieties contain a synthetic moiety capable of forming a point of attachment to
10 the linker, linker-subunit, and/or modified peptide. One or more chelating moieties may
be covalently conjugated to the functional group at each terminus of the modified peptide.
In one embodiment, the chelate is attached to a linker-subunit. In another embodiment,
the chelate is attached to a linker moiety. In other embodiments, the chelate may be
conjugated with a linker moiety to form a covalent conjugate before attaching the
15 covalent conjugate to the modified peptide.

Precursor chelating moieties are chelating ligands that have not been complexed
with metal ions. Chelating ligands may have protecting groups or may be precursors to
chelating ligands. Precursor chelating moieties have a synthetic moiety capable of
forming a point of attachment to the linker, linker-subunit, and/or modified peptide.

20 Precursor chelating moieties can be converted into chelating moieties by complexing with

ametal ion. One or more precursor chelate moieties may be covalently conjugated to the
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R H2Nn LGy //-LGOH2ZNp O NH2ZN"~L LGLG H2ZNO 5 0 G R wherein n is
an integer from0O to 3, Ris any aliphatic or aromatic group, and LG is a
| eavi ng gwouwp/osueh as OH, activated ester, halide, and anirgarisds2428t i | |
nore |inker-subunits include the followng: HZN n HZN O/R HZN-----N LG G°
~N,NH2 0 11n n OY RO 0 and H2N.-( nN M.G

functional group at each terminus of the modified peptide. In one embodiment, the
precursor chelate can be attached to a linker-subunit. In another embodiment, the
precursor chelate is attached to a linker moiety. In other embodiments, the precursor
chelate may be conjugated with a linker moiety to form a covalent conjugate before

5 attaching the covalent conjugate to the modified peptide.

Precursor chelate moieties and chelate moieties according to the invention can

have any of the following structures:



1 0 R 10 wherein n is independently 1 or 2, Ris any aliphatic or aromatic
group, and LGis a leaving group such as OH, activated ester, halide, and
anhydri dewomsamali®s of |inker noieties that are useful wheoTfusbt/pizbhg an
am de bond construction strategy in which a peptide nol ecule has two

term nal am ne groups include the followng: HNR R 1 O 47 WO 03/011115

PCT/US02/ 24261 0 | LG n "RRN""---NRR' "RRN~~ 0, _,~NRR' LG"RR N
-NR R'" O LG X- RN "NR NRR "RRNO ILG n R®2C'~N-"~CO2R
wherein e LsFindependently an integer from1l to 4, n is independently

an integer —NoO A to 4 inclusive, LGis a |eavi ng group, and R or R' are
I ndependen N hyﬂ ogen or

RY l\/\l%x

wherein X is a heteroatom electron-donating group capable of coordinating a

metal cation, such as O, OH, NH,, OPO;%, NHR, or OR, wherein R is any aliphatic

group; R! is an uncharged chemical moiety, selected from hydrogen, any aliphatic, alkyl
group, or cycloalkyl group, or uncharged substituted versions thereof (e.g. alcohols); and

5 Y is a synthetic moiety (e.g., capable of forming a point of attachment, or being the point
of attachment, to the functional group of the modified peptide, linker, and/or linker-
subunit either directly or with an intervening carbonyl, methylene, methylene-oxygen,
thiocarbonyl). Moieties with (chelate moiety) or without (precursor chelate moiety) a
coordinated metal ion may be used.

10 A variety of chelating ligands may be used in contrast agents of the invention.
Such chelating ligands include, but are not limited to, derivatives of DTPA, DOTA,
NOTA, and DO3A. For MRI, metal chelates such as gadolinium
diethylenetriaminepentaacetate (DTPA+*Gd), gadolinium tetraamine 1,4,7,10-
tetraazacyclododecane-N,N',N",N'"-tetraacetate (DOTA+Gd) and gadolinium 1,4,7,10-

15 tetraazacyclododecane-1,4,7-triacetate (DO3 A*Gd) are particularly useful. Particularly
useful chelates include bb(CO)DTPA«Gd. Other metals may be substituted for Gd(III) in
MRI applications.

Examples of functionalized chelates that have been synthesized for the purpose of
preparing multimeric chelates include pNCS-Bz-DTPA [Martin, V., et al. Bioconjugate

20 Chem. 6,616-23, 1995] and Gd(4-NCS-phenyl)-amino-carbonylmethyl-DO3A
[Ramachandran, R. et al., Invest. Rad. 1998, 33(11), 779-797]. For optimal relaxivity
properties when bound to a target, it is frequently desirable to minimize chelate motion,
and hence, a minimal number of covalent bonds linking the target to the chelating ligand
are desirable. Below is an example of a reagent that includes a chelating ligand with a

25 backbone carbonyl group for connecting to an amine functional group or a linker-subunit

or linker, wherein “LG” is a leaving group (e.g., an activated ester) and R represents a

58



a chem cal protecting group. 5 Alinker noiety also may have branch points
for attachnment of nore than two chelates. For exanple, when follow ng an
am de bormaofoaonatls on strategy, a linker that includes a earhsnyt42eith a

| eaving group LG (for exanple, a carboxylic acid or an activated ester)
and three or nore protected am nes can be reacted with a peptide amne to
create a nolecule with three or nore termnal am nes. The foll ow ng

car bony| gap ShidiPmhy BK 84sily@aa0ed ® BB DE-GBRI P4 alifoxylite b9t dushyng t hree
or nore am ne functional groups: NRIR2Z NRIR2 NRIR2Z HN R1 R2N | NR1IR2 R1R2N
'NRLR2 " femmipgiseanyoigte vithitbe peightosime/corbrpyl giBei n LG is a | eaving group
(e.g., -OH, activated ester such as pentafl uorophenol (Pfp),

N- hydroxysucci ni m de ( Ng@hon{¥dingy ftensdd thosucci ni m de  sodi um salt (NHSS),
2- t hi oxot hi azol i di n- 1yl ¢hePitinBYidbKYRRBS ri azole (HBT) and R and R2 are
preferably independently hydro or a chem cal protecting group (e.g.,
Boc, 5 Fnoc, CBZ, t-butyllGberzyl ~Nqr allyl). In other enbodi nents, an

am ne functional group agticthie N-termmys_of a peptide may be converted to
an N-term nus car boxylagé funct i onal L§oudiby €@Bction with a cyclic acid
anhydri de (1i RS —3ubuni t/“rr‘o?é'?y) t her éldy-prpduci ng a nodi fied peptide with
a N termnal car | at unction gl‘re L MH2: th,i»d\e- Q2H + O O 10 40
INH2- PL- pt i de- OOZﬁerrni ml car®eXyl a) s k COR

N N
rRoc—" \__/ N—coR ROC COR

It has been found that the chemical motif of a carbonyl immediately adjacent to a
5 chelating ligand constitutes a class of high relaxivity MRI contrast agents.
The present invention also relates to intermediates useful in the synthesis of

contrast agents for MRI according to the following formulae:

L6 0 R®
R 1p2 ) N N
R<N NR*R
R1R2N:/(/N\/\NR4R5 and R /I
LG 0

N\

10 wherein, R!, R R3, R*, and R® may be any protected or unprotected acetyl ligand
suitable for forming a chelate of a paramagnetic metal with an appropriate formation

constant, including the following:

/\”/op /YNHP
o and O , wherein P is any protecting group, including
benzyl and tert-butyl groups. LG is a “leaving group” and represents —OH and ester
15 forms thereof including, NHS esters, pentafluorophenol, and other activated esters.

In a particularly useful embodiment, LG is ~OH, and R!, R%, R®, R*, and R® are
CH,CO,0"Bu, hereinafter “Synthon #3”, and has the following structure:
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Exanpl es of other |inker-subunits that can be used to convert an N-term nal
amne to a carboxylate functional group include: 0 r HO NH Pepti de- CO2H HO
0 NH- PeptwoOe@3@Qaith | i nker subunits-> 0 O R O N H Pepti de- CPOZ/U40924261 wher ei n
Ris any aliphatic or aromatic group. Subsequently, both term nal
carboxylates in the above exanples may be sinultaneously reacted with an
am no group on a linker noiety as shown belowto forma precursor MR

i magi ng agent. In this e e, CcokECcHy)ecursor MR i magi ng agent is a

pepti de nol ecul e derivatizpd with linkers at both termni thru am de bonds:
49 WO 03/ 0111}h &7l 802N FWGQZC(@.’;)S NH2- Pepti de-CO2H + 2 H2N Y
RIRRN O N -_NI—F R~ R2NJO NH Pept q_ Speci fi c exanpl es of additional I|inker
moi et i es usef ul (H;@);Ge00uci ng precur€@CER:):i magi ng agents terminating with
two carboxyl ates are:

Alternatively, the following reagent may be used in the synthesis of contrast

agents of the invention:

CO,H :
CO,C(CHa)s

(H3C)3COQC/\N/\/N\/\N “NCO,C(CH,),

(HsC)sCO, CO,C(CHsz)s
5 (vide Syn. Comm. 30, 3755 (2000).)

The present invention also provides methods of manufacturing compounds. In
particular, a novel oxidation reaction permits the facile preparation of Synthon #3, a
preferred embodiment of a chelating ligand. The synthesis of Synthon #3 can be achieved
through two different synthetic routes, both commencing with hydroxymethyl-

10 diethylenetriamine. One route involves a two synthetic step sequence (alkylation,
followed by oxidation) and the other involves a six-step process (protection, oxidation,
esterification, deprotection, alkylation and hydrogenolysis). Both produce Synthon #3 in
high chemical and optical purity (vide Examples, below).

U.S. Patent No. 5,637,759 discloses a synthesis of Synthon #1 from

15 2,3-diaminopropionic acid and aza-lysine by a selective hydrolysis protocol with sodium

thiophenoxide. The method disclosed herein avoids the use of this toxic reagent.

Synthesis of Contrast Agents
Synthesis of the peptide-based contrast agents may be carried out in the following
20 steps. First, a targeting peptide can be synthesized with or without a C-terminal linker-
subunit, typically using solid phase peptide synthesis. For cyclic peptides described
herein, a protected linear peptide may be cyclized in solution or on the resin. Unprotected

peptide may also be cyclized in solution or on resin. A C-terminal linker-subunit may be
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5 NHZ MR R2ZN, ~N-'-"'NRIR2 RIR2N, ", NN A, NR R2 RIR2N -~-1 NR R2 NHZ Y).
R®2C,, N-~CQR2 RNH2 RXCJI-CORNH2 NH Y, m CO2R - IJ .COZR RO C
CO, R ROZOVBNHMZ/ONHES HZ . CO2R n NH2 CO2R - N- ~COZR RO, C' PRHAGSOIDRR wher ei n
each in is independently 1 to 4 inclusive, n is independently O to 4
inclusive (e.g., n =1or 2), and Ris hydrogen or an appropriate chem cal
protecting group, such as nethyl, ethyl, benzyl, or t-butyl. In these

exanpl es ¢ofRhnlav aeriadd ﬁ&ﬂr’fﬁé@olf?lfphtag@syhﬂ{égﬁ e shOaR LN b ik iR BF REL | NG
groups can be renoved and chel ating or precursor chelating noieties can be

attac hedtmmghk@tmbdam damee ¢ropked 10 dhe peptidp Hetingiie delidphase fynthesis.on.  Wen
follow n

o torm RAPRATIPHOYR8 EPROr it LERer BB R B R 5 oy be
appropri ab@plédto the pesilieCProtdutiag sfsuphWete @ioved tdpevideniad 1igmd yRssursbry, M >n
5 and then chelates were prepared. Radionuclide compounds of this invention were
prepared from ligand precursors using commercially available radionuclides (for
example, 2™ Tc¢ from Nycomed Amersham Boston cat. #RX-290195, 'In from NEN Life
Science Products cat. # NEZ304, or 13Gd from NEN Life Science Products cat. #
NEZ142) by reaction in aqueous media, typically at pH 4-6 for 1 hour. In the case of

10 optical contrast agents, an organic dye may be substituted for a chelate precursor.

Structure of Contrast Agents:

4
GADTPACOH H HCODTPAGd
N::kfo o Qﬁ/t/wcommed
GADIPACON OH
L )t e (a2~
H =\ H o -=-\ :l 0 H 0 j H o s H
\( N u oH
oH
15 [synthesis is analogous to 32]
5

Gd-DTPA-CO-NI
Gd-DTPA-COH
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50 WO 03/011115 O'~-"NR1IR2 ' WN N 0--,, NRLIR2 QNRLR2 PCT/ US02/ 24261 NR1 R2
N12 RL RRNNRL R2 R ~R2 N NRL R2 wherein Rl and R2 are independently

hydr ogen w0 oa/ochiedri cal protecting group such as OS, Boc, PEFIS2/2BEY
tbutyl, benzyl, or allyl. Linker strategies that involve formation of am de
bonds are useful because they 5 typically are conpatible with the
protecting groups on the peptide. As nentioned above, the peptide, |inker,
and linkegy-subunits may be covalently attached to each other by formation
of other bond types (nucleophilic displacenment, reductive am nation and

t hi ourea for me®i™eeN~4 or exanpl e)q _The linkers may al so have et on t he

properties of the ¢ @ast agedmt § B 5, 10 affinity, ph PHEY i
properties, st@pi Tt y WV mn;'_ "y ternatively, a covalent
conj ugat e that |nclud@¥ﬂ6gt U.& ﬁAVéhéTa?th or chel ating
precursor noiety can réhdbedldtﬁébLLyihﬁthca%septide with appropriate
term nal functlonall exanp of such a coval ent conjugate capabl e of
reacting with term nal carboxylate gt oups follows: i Chelate precursor 15
wherein n =1 to 4, and Rl, R2, R3, R4, and R5 are independently an acetate

group, acetam de group, or an acetoxy group. Another exanple of such a
covalent7ponjugate has the following structure: H NRIR2 Q?

T&

CODTPAG
NH-QO-DTPAGA
GdDTPAQON OH
,.N/\/“\/INQ/E H H NH
GJDTPACOH 5 YN Y N C
Vs ¢ o
oH
5
8
Gd-DTPACON 0 OHH YR\/NHCOWAG‘J'
OH
o} H O H O H O H © H O NH
/\(LLI@(N‘:)L N Ay A N;)W&(/N;)‘l(_/ NHCODTPAGA
GIDTPACON \(’ O3gHo\Ho Hos [gsH
) OH
W
10 9
Gd-DTPA-CO-NI IS o H N,\/Ni-i~CC)-IJTF’A-Gd
Lapa i) s s ~onen e §
GIDTPACONH \(‘ Mo Mo J | 8/ NH-CODTPAGY
) oH
o8
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51 WD 03/011115 Linker Chelate precursor 3 NR R4RS5N ~ ----------

R5 are i reopantami | y an acetate group,

group. An exanple of a coval ent conjugate useful

peptide with 5 carboxylate functional

NRAW PCT/ US02/ 24261 Chel ate precursor wherein Rl, R2, R3, R4, and

acetam de group, @CTASIAZLREDXY
for converting a nodified

groups at the two termini to a

precur sor

i magi ng agent has the

follow ng structure:

(CH3 )30C2 N\ |

N CO

C(C H) N

/-N N~ /-CORC(CH3) 3

(CH3) 3CC2C C N (CH 3) 3CCRC C02C ( CH3)

3\---CoRC(C H3) 3 (043)3(:020‘ CRC( CH3) 3~" CORC( CH3) 3 52 WD 03/ 011115

PCT/ US02/ 2426 % s of
am ne functional group on

Huz@,

Gd-DTPA-CO-NH

S

Q

i de Ch precursor

%ﬂ??i§/
HAK}’ﬁ NH-CODTPAGH

covaleﬁﬁéginjugates capable of rea&%&ng yﬁth
a

°J |

1
GdDTPArCO—NI-k/P\(\r NHCO.DTPA-Gd
GADTPA-CO-NH \(= NHCO-DTPAGd
5
12
Gd-DTPA-CO-N H D H-CO-DTPA-Gd
,::L(O OH Q\(R/NH-CO‘DIPA-Gd
Gd-DTPA-CO
F 0 \J’o= Ho 3 H
—Qq I
OH
10 13
i
Gd-DTPACO NH-CO-DTPA-Gd
CH
IR NH
csomaconh Nié;iiéfi\ ki M«/K/wA« W
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wherein LGis a leaving group, n =11to 4, and Rl, R2, R3, R4, and R5 are

i ndependently an 5 acetate group, acetam de group, or an acetoxy group,
and Chel awe opoeaws sor LG ------------- " Chel at e precur soPCHRER2243R8 NR4R5
wherein LGis a |leaving group, wherein Rl, R2, R3, R4, and R5 are

i ndependently an acetate group, acetam de group, or an acetoxy group. 10 A
particul arly useful coval ent conjugate for synthesizing a nultinmer contrast
agent ha§4the foll owi ng structure, hereinafter "Synthon #1": 53 WO

03/011115 PCT/ US02/ 24261 (CH3)3CO2C C02C(CH3) 3r _CRC(CH3)3 (CH3)3C2C > (
NNN----CO2C(C H3)3 0 (CH3) 3C2C 1V -\
CO2C (CH3) 3\ -- COPC( C H3) 3 Anot her enmbéill
for synthe5|2|ng a imer has eCF
"Synt hon #2": (CH3)

C(CH 2 33 GHDTPACONH o/( Mo o™ Ho?

/ -ULgL4L M 3)3 (CH 3)3CmC

COVa' ent\ﬁ\ onjugale usef ul
cture rei nafter

M}MP"\,

=y

15
coornco. | T .
mmm‘)(K den:%wﬂ «—Cf -
° oH
16
—rh Bl —
edow:;? /\r N\/ﬁdww W (—Cf Nroo-oTPa-GI
0 17

seTree NH-CO-DTPA:Gd

GIDTPACONH AN \ o © °d T X NH-00-DTPAGY
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5LGO0\NH/---N (CH3)3C2C (CH 3)3C32C eN---\\. /-CRC(CH 3)3 < N 02C
(CH3) 3\-CR2C(C H3)3 54 WO 03/011115 PCT/ US02/ 24261 In the fol | owi ng

exanpl e ovoan/oMRIS contrast agent of the invention that ineCudss2zaepeptide
as outlined above, the effect of the N-term nus |linker on the relaxivity of
MRI contrast agents is illustrated: Linker Chelate Chelate ' OH Pepti de

Chel ate ggelate NH Linker 5 In this exanple, "chelate" refers to

bb- DTPA- Gd(111).

The "Linker-subunit" above was varied with the foll ow ng

results (relaxivities per (') ion were determned at 20 MHz and 35C,
units are mvtls ): 55 |

Gd-DTPACO o

19

I/‘ /W H-00-DTPA-GY
GADTPACONH
NH-CO-DTPA-Gd

Gd-DTPA—CO-NH\/\ WM@ Mé(kum HCO-DTPA-Gd
OH .

Gd-DTPA—OO-NH N--CODTPA-GA
5
20
H
"\z’ NH-CO-DTPA-Gd
Gd-DTPA-CONI-k/\ N’["/&)\N’\' He N\/Q 0o OE:\NQ/
Lk Y
OOE{OH 0N NH-CODTPA.Gd
Gd-DTPA-OO-NH
10
21
H HCO-DTPA-G
GA-DTPA-CONH__~, [ :E/\
° L% Y y N
’)(\(,'}"YNJLH - N»(g&/“\ Oo}/& NR ’ NH-CODTPA-GA
J o ;N AHO
GA-DTPA-CO-NH @ on ¢ o
22
NH.CO-DTPA-Gd
. h o ; oﬁ/\N/\/
GA-DTPACONH_ %(H\:*N%MN\.OO;?’\ x @ébﬁAONNH
o (1} o ~¢ m CODTPA-Gd
15 Gd-DTPA-CO-NH
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WO 03/ 011115 PCT/ US02/ 24261 Fibrin AffinityN-term nal

Li nker - Rel axi vityRel axi vity subuni t PBSFi brin DD(E) (10 ng/nmL) Structure
1511. 718.wWOKB/0¥11450 Mo H O Structure 1612.629.5 Ki = 3. 4PEHUSHZ2446N O O
Structure 32(direct bond)12.521.6 Ki=4.74M As shown above, structures 15
and 16 are simlar to 32 except for different N~ termnal |inker-subunits.
The experinmental results show that a |linker can affect the 5 relaxivity, as
wel | as other characteristics of a contrast agent of the invention.

Chel at i ng Moi eti es and Reagents Chel ating noieties are chelating |igands
conpl exed3wi th netal ions. These chelating noieties contain a synthetic
moi ety capable of formng a poing of attachmgnt to 10 the I|inker,

| i nker-subunit, and/g o) nodi fi epti de. Ch Nor nore chel ati n% noi eti es nmay
be coval eg[tglﬁ%/ conj ugated 0 um,c i ' AUEPAFP t he
nmodi fi ed® Pie~ 101 900 NSCat-ta edtoa
| i nker-subunit. IPJ(;Eot odi 2 thé o:HéIHacEe I's atta wh& a |inker
noiety. In_other lembodi nts, t he chel ate may be
5 24
%v \ N/\/NH'CO-DTPA.Gd
GA-DTPA-CONH__~ &kﬂ\" N¢H 0 H NH
o "/\H © N-|-CO~DTPA-Gd
Gd-D'IPAr(D-NH
25 ‘
HaC ' H
\"% NH-CO-DTPA-Gd
N N
CUDTPACONH_~ KL»LN(@A w‘i@uz LR~
o QLHO 7§ \ _H NH-CODTPA-Gd
?P/ A e <
Gd-DTPA-CO-NH
10
26
V‘Q@\ Oﬁ/\N/\/NI—l-CO-DTPA-Gd
Gd-DTPACONI-k/\ U H\-)\ ‘\
/ H '“ NH-CODTPA-Gd
Gd-DTPA-w-NH
27
H
GHDTPACONH__ . _~__0 m }ﬂ@\ | Nd:“ ‘N,\’,' Oﬁ/\ HCO-DTPA-GA
L HES M%H T AH R\/N
Gd-DTPA-CO-NH i OH NH-CODTPA-Gd
15
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conjugated wwth a linker noiety to forma coval ent conjugate before
attaching the 15 coval ent conjugate to the nodified peptide. Precursor

chel at i ngwowB®1i1¢s are chel ating |igands that have not be@cTasnptexed wth
nmetal ions. Chelating |igands may have protecting groups or may be
precursors to chelating ligands. Precursor chelating noieties have a
synthetic noiety capable of formng a point of attachnment to the |inker,

l'i nker-sydunit, and/or nodified peptide. 20 Precursor chelating noieties
can be converted into chelating noieties by conplexing wwth a netal ion.

One or nore precursor chgl ate noiveti es may be govalently conjugated to the
56 WO 0340PAdNG_R USO : i ro at yeach term nus of the
nodi fi ed pepti de. g e eaobesat t ached

ﬂ% & hb-Aprecomsok, chel ate is
attached t3°KPMhker noiety4 In ot her \anbodi ments, the predursene chel ate
may be conjugated with a ligker noiety to forma coval ent conjugate before
5 attaching the coval ent conjugate to the nodified peptide. Precursor
chel ate noieties and chel ate nnieties according to the invention can have

to a |inker-subu it a[<) dh%é
)

any of t@@ foll ow ng structures: "N YN NNO ~ ~NO O Or~'0
0-(? ~O0OX Xnx - X n X
GA-DTPA-CONH_~ o N/\/NH-OO-DTPA-Gd
UMQ P
/ H \/\ H ° NHCO—DTPA—Gd
5 Gd-DTPA-CONH oH

H
GA-DTPA-CONH_A, % Q,,/\ H-CO-DTPA-Gd
AN
5 0

Gd-DTPA-CO—NH NH-CODTPA-G
10 31
NH-CO-DTPA—Gd
Gd-DTPA-CO-N
"k/\ N\ﬁN,((&J\N,\" H\)O,\ Kd—NH
Ho 7 NH-CODTPAGd
°/ H oA
Gd-DTPA-CO-NH S
32
WNH-CO—DTPA-Gd
Gd-DTPA-CON
WP I
NHCO-OTPA-Gd
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NXCNN NI N ~NV. YXRA "NR-I INx VO 057 W 03/011115

PCT/ US02/ 24261 c175 RO wherein X is a heteroatom el ectron-donating group

capabl e ovomeordiihati ng a nmetal cation, such as 0-, OH NPF2T/USPD326NHR, or

OR, wherein Ris any aliphatic group; Rl is an uncharged chem cal noiety,

sel ected from hydrogen, any aliphatic, alkyl group, or cycloal kyl group,

or uncharged substituted versions thereof (e.g. alcohols); and 5 Yis a

syntheti ggnoi ety (e.g., capable of forming a point of attachment, or being

the point of attachnent, to the functional group of the nodified peptide,

linker, and/orf |inker- subunit either directly or with an intervening

car bonyl , rre{aéj.\yw} g, met hyl ene-oxygen, thiocarbonyl). Mieties with

(chel at e noi yd)'r%r wi t hout (precursor chelate noiety) a coordigmated netal
~0

i on may be )
agents of the ifyeMti dp)-\" Such el ating
limted to, derivatyves Qf D A, :
EE% i NI N |
chel at es S:CT/‘E?S_% oI N E‘f,g; vl :7\ \
OQ(_{N’GBJ" ° OH
K/N\) 0 NHO)O\‘
o - _
R ﬁ;}@m‘"
S

@)

variety of chelating |igands may be use ;ﬁb—contrast
{ pthds, iwgcl ude, bu (aQ_not
an , DOBA. I; VR, al

N o
Og\/HN\)O- © NH O
o} mi;;)é\x\' '3:
\ deN
oo
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di et hyl enetri am nepent aacetate (DTPA-Gd), gadoliniumtetraamne 1,4,7,10-
tetraazacycl ododecane-N, N , N', N'' -tetraacetate (DOTA-Gd) and gadolinium
1,4,7,10 wb oseinianzacycl ododecane-1,4, 7-tri acet at e ( DO3A- BAX/e0nB24261
particularly useful. Particularly wuseful chelates include bb(CO DTPA- (.
O her netals may be substituted for GJI(I1l) in M applications. Exanples
of functionalized chel ates that have been synthesized for the purpose of
preparingsmul timeric chel ates include pNCS-Bz-DTPA [Martin, V., et al.

Bi oconj ugat e 20 Chem 6, 616-23, 1995] and

Gd(4- NCS- ph - am no- car bonyl met hyl - DOBA [ Ranmachandran, R et _al.

I nvest. Rzido}llilé)7 o 33(11), 779-797]. For optimal relaxivity g_r ert| es

when bound r\QSd" arg Nht i s dor Bquently MHI ab Lo m n| 91 ate
c ent® dnds lin t ar get
, M . nBel V\}J}LS arrpl g€agent

not i on, dhepce.o majs._n
to the chel ati g Hil
that includes a ch Iatm?n IH oup for

connecti ng tojﬁanH m ne fodpc Onal group®or a li nker-subUnlt @r linker,
wherein d,, eavi ng gr ou (e.g., an activated ester ”&Q,él\,R repr esents
a 58 WO Cg.} PCT/ US02/ 24261 group which nay be easily I(E\g,“e_gﬂwto form
O (- O Bu,-cg"

d a carboxylate ester) thereby formng a capboxylate with

t he nei ghbor ng carbonyl group: carbonyl group attached to ¢€he&l&ting

|l i gand backbone I 1.k -0 LG b; COR ROC--\ /-COR CN N1 ROCL-~ NCOR N N
ROC-/ CGCOR ROCC COR It has been found that the chemcal notif of a carbonyl
i medi ately adjacent to a ?

36

0
- o
AR

Q\G,\;HIN ° N(l\
o’( \ N NHZ E/de
SR 8 e o
o] j/‘K NY ’\6’ N NJ’*N NH g)
o}

o} H(s)/ ” \/\H O
R o °<N§°?Nﬂ° :
K/ \) 0 N cd"
oY o= J
Y oo

0
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5 chelating ligand constitutes a class of high relaxivity MR contrast
agents. The present invention also relates to internedi ates useful in the
synt hesi swofo3/ocami r ast agents for MRl according to the folPCowisnz2426r mul ae:
LGR3 and R3 R1L RRN 1~-N' NRAR5 R1 R2 N ,~N*NR4 R5 10 wherein, R, R2, R3,
R4, and R5 nmay be any protected or unprotected acetyl ligand suitable for
formng a chelate of a paramagnetic netal with an appropriate formation
constant g7i ncluding the following: ~OP -1"Y NHP 0 and , wherein P is any
protecting group, including benzyl and tert-butyl groups. LGis a "leaving
group" and r presents -OH and ester 15 forns thereof including, NHS

esters, enb gophenol , and other activated esters. In a particularly
usef ul enb , LGis -C]—I and R1, R2, R3, R4, and R5 are C2CO2Cx Bu,
her ei naft p #3", and has the fol | ow ng structure: 59&V}&03/011115
PCT/ US02/ 24%1‘\(( c N6 C) 3C2 3 N' ' od C(C H3) 3
~ C02C(CH3) 3 Alte er 'gh ol I ow ng age
synt hesi s of contr ?@nt sN N\tﬂ F,jg@\ ennthpﬁ
o HO S/ H
%NQQ
OK/N:) o NH O
\1) ~O~NQ
o} HNG&" 0
(e
o
38
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(H3C)3CO2C*N __-NN J CORC(CH3)3 (H3C)3CC ~_C02C(CH3)3 5 (vide Syn.

Comm 30, 3755 (2000).) The present invention also provides nethods of

manuf act womg/ocampounds. I n  particul ar, a novel oxidati oRCTA®02/240201 permits

the facile preparation of Synthon #3, a preferred enbodi nent of a

chelating ligand. The synthesis of Synthon #3 can be achieved through two

different synthetic routes, both comencing w th hydroxynethyl 10

diethylengtriam ne. One route involves a two synthetic step sequence

(al kyl ation, followed by oxidation) and the other involves a six-step

process (prot ctron oxi dation, esterification, deprotection, alkylation

and hydrogen ). Both produce Synthon #3 in high chem cal and opti cal

purity (vid | es, below). U. S. Patent No. 5,637,759 discloses a

synt hesi s @#?Smnéh ottl fron115 2, 3-di ami nopr opi oni ¢ aci d andcazay! ysi ne by

a sel ective hydrplysi | th sodi t hi Qpnoxrde mr thod

di scl osed herein avgi i e re gent

Contrast Agents Syr st e tsrﬁaﬁ be

carried ouf iR, th P grﬂs wxa‘tar ety n peﬂfrde can be

synthesr@ﬁﬁ”&k of with a C-termnal® |inker- subunif ypi cal l'y usrng

solid phasevﬂjp pde synthesis. For cyclic peptides descrlb oherern

prot ect ed P%mear pepti de may be cyclized in solution or

Unprotectedo peptide may al so be cyclized in solution or on sw

C-termnal linker-subunit may be 60 WO 03/011115 PCT/ US02/ Q1.

conveniently derived fromthe solid phase synthesis resin an&‘éﬁp$+terninus

| inker or N~ term nal |inker-subunit can be coupled to the peptPde during

the solid phase synthesis. Typically, follow ng cyclization, the

| i nker - subuni t-chel ate precursor noieties were coupled to the peptide.

Protecting groups were renoved to provide the ligand precursors, 5 and then

chel atesy pere prepar ed. Radi onuclide conpounds of this invention were

prepared fromligand precursors using conmercially avail abl e radionuclides

(for exanpled 99nifc from Nyconed Ai nersham Boston cat. #RX-290195, 111ln

from NEN Lif j%tsice Products cat. # NEZ304, or 153CGd from NEN Life
s-cat

Sci ence Pro4§§a 0
(N
N gt
N 0 © —oka:)N}o
o \/U\N-\ /NJ\ N ‘AN N AH g)
o ,)k o\/\H o
{ dﬁN{é /u\l;

NH @

'
0\‘1’) Ot\r@ﬁ °
-

N
‘TKI(O'

{—f

0
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NEZ142) by reaction in aqueous nedia, typically at pH 4-6 for 1 hour. In
the case of 10 optical contrast agents, an organic dye nmay be substituted
for a chewetog/oprietur sor. Structure of Contrast Agents: 4 @COWRIZzEM ~
Gd- or PAW- N{-' O 15 [synthesis is anal ogous to 32] 5 61 WO 03/011115

PCT/ US02/ 24261 6 HCQDI PA Gd NHCO DTPkGd Q ~ 0~1~SNH 7 5 8 10 9 N*~,/
NHCOOTPAGD ov" O ~NH N 1- CODTPA-& 62 WO 03/011115 PCT/ US02/ 24261 10
NFFCCGDTPA¢d N+CCDI PA-0d 11 NH CaDl PAGd N} 4CabDr PAGd 5

O

- O o]
N O' H\
N de %}Z N Gd
N —
° HN])\ LH’N\/U\N'\:\ /2/9\ N’S NE -0 NJ}O
o

N
Hﬁé’ RO \/\HO¥@-\)K[NH

o=<—N G:T:}‘ 1>>N Gr\:i—\_); °
C'\H

@)

\/\HO

0 cl
& Ho O NHp 0
-0 o S H A
Y R 2 2 H o H o -0~ <0
Sy Nir Ay N KN N \=0
N G N N 05’ N o N \_<:>._ Gd F
HO -

43
Ho & H
s \ 7
R R ,((NVL 'Y ¢H 0 " o i
NN NSy T N NI NN HN N
o h/G\d"'\tN‘%: ‘R,_/(' H oY 2%4 S /i 0\/\5 5 ‘@‘o;(\rq cd N
< 0 o o
‘Oo;\—o L7%0 er_\!l\ o~ o ® —OO;\O o0
44
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12 10 13 N -1 ODDTPAG NHCODTPAC J 63 WD 03/011115 PCT/ US02/ 24261 14 15 5
16 H -DrPA-Gd NRN-DTPA-G 10 17 Gd- DTPACO-N /NH H NH CO DTPAGI

Gd- DI PA- G@oNBI0111A5V \ v \~ v v ¢l rr~ OH 64 WD 03/011115 PETRGSIZ/286L/ 24261
FFOO- DTPA- Q1 NKCO-DTPA-Gd 5 10 15 20 22

45
% HOGZ NH N o
BN N N\’kN'\n R‘)OKN NY'C’)\N ls‘:”‘OLN N R NH)\N/;\'I'@“
(}\ a"} ,@:‘ ﬁ( BA 3’ RO /R EAR %ﬁp{: %\}D“%(}O

e
".o(}?%ﬁz}" ﬁ" o

46
O @)w S ¢H \ 0
N HN A~ H\)(Z ’(n/ AT NS
N "&N N NN y N\/\ NJLN \_Q_\ NH O
SS e oiipltion A o0
9 ! ’
v T
c}\_o _O’<) o=(\ N Gc;l" ON
Lfe®
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Gd- DTPA-co-NH 65 WD 03/011115 23 ci 5 24 25 10 26 cl 15 PCT/ US02/ 24261 66
WO 03/ 011115 PCT/ US02/ 24261 28 Gd-DTPA -CONF | | Gd- DTPA- CO-NH 29

NH- CD- DTR%0@d/011Mlits CO- DTPA-Gd 5 30 10 31 NH CODTPA- Gd NH- CeCDRA2/et6B2
vy, NF} CO-DTPA-Gd NFFCO-D PA-Gd 67 :

48
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WO 03/011115 33 34 PCT/ US02/ 24261 68 WO 03/011115 35 PCT/ US02/ 24261 N d
HOZH O N~,O N ANII 0 0- ~0o- NHONHZ ~-Nm -ONGI1J Od 36 69 W
03/011115wB803@ B8 PCT/ US02/ 24261 NH 9 70 WD 03/011115 PCT/US02/24261
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Properties of Contrast Agents
Compounds of this invention can be more stable with respect to degradation by
endogenous enzymes than the parent peptide (i.e., the peptide without any attached
chelates), a peptide with one or more chelates attached to the N-terminus, or a peptide
5 with one or more chelates attached to the C-terminus. To estimate in vivo stability, test
compounds can be incubated with rat liver homogenates. After selected intervals, the
reactions can be quenched and centrifuged, and the supernatant can be analyzed by liquid
chromatography-mass spectrometry to quantitate the amount of compound remaining.
Compounds of the invention also can bind a target such as human serum albumin
10 or fibrin. For example, at least 10% (e.g., at least 50%, 80%, 90%, 92%, 94%, or 96%) of
the contrast agent can be bound to the desired target at physiologically relevant
concentrations of drug and target. The extent of binding of a contrast agent to a target,
such as HSA or fibrin, can be assessed by a variety of equilibrium binding methods. For
example, binding to HSA can be measured by ultrafiltration. For measuring binding to
15 fibrin, a fibrin clot may be formed in a well of a microtiter plate and contacted with the
targeting group. After an incubation time sufficient to establish equilibrium, the
supernatant is removed by aspiration (the insoluble fibrin remains bound as a gelled clot
to the bottom of the well). The concentration of unbound targeting group in the
supernatant is then measured. In both methodologies, the concentration of bound contrast
20 agent is determined as the difference between the total targeting group concentration
initially present and the unbound targeting group concentration following the binding
assay. The bound fraction is the concentration of bound targeting group divided by the
concentration of total targeting group.
Compounds of the invention can exhibit high relaxivity as a result of target
25 binding (e.g., to fibrin), which can lead to better image resolution. The increase in
relaxivity upon binding is typically 1.5-fold or more (e.g., at leasta 2, 3,4, 5,6, 7, 8, 9, or
10 fold increase in relaxivity). Targeted contrast agents having 7-8 fold, 9-10 fold, or
even greater than 10 fold increases in relaxivity are particularly useful. Typically,
relaxivity is measured using an NMR spectrometer. The preferred relaxivity of an MRI
30 contrast agent at 20 MHz and 37 °C is at least 10 mM-1s-1 per paramagnetic metal ion
(e.g., at least 15, 20, 25, 30, 35, 40, or 60 mM-1s-1 per paramagnetic metal ion. Contrast
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agents having a relaxivity greater than 60 mM-1s-1 at 20 MHz and 37°C are particularly
useful.
As described herein, targeted contrast agents can show an increase in clot uptake.
Specificity of uptake of fibrin-targeted agents can be determined by comparing the uptake
5 of the agent by blood clots to the uptake by blood. See Example 11 for more details. The
specificity of fibrin-targeted contrast agents also can be demonstrated using MRI and

observing enhancement of clot signal.

Use of Peptides and Contrast Agents of the Invention

10 Peptides of the invention can be used to improve therapies for treating
thromboembolic disease. Current thrombolytic therapy has limitations, including a
significant risk of bleeding, failure to restore blood flow, thrombotic reocclusion after
cessation of therapy, and a lag between initiation of therapy and clot lysis. An improved
therapeutic index can be achieved by conjugating a fibrin targeting peptide of the

15 invention to a thrombolytic agent (e.g., a protein thrombolytic such as plasminogen
activators of human or bacterial origin). Such conjugates can activate plasminogen
locally or increase endogenous levels of tPA. For example, a fibrin targeting peptide can
be conjugated to human plasminogen activators including recombinant tissue type
plasminogen activator (tPA), prourokinase and urokinase (both single and two chain

20 forms), bacterium derived plasminogen activator including streptokinase, staphylokinase,
and animal derived plasminogen activators, including vampire bat plasminogen activator.
In addition, fibrin targeting peptides can be conjugated to fibrinolytics such as copperhead
snake fibrolase, which exhibits direct fibrinolytic activity. Such enzymes and proteins
can be obtained commercially, extracted from natural sources or tissues, or prepared

25 recombinantly.

The compositions of the invention can be linked or fused in known ways, using
the same type of linkers discussed above with respect to constructing MRI contrast
agents. Conjugation to a protein can be achieved by standard chemical techniques
including the formation of amide, ester, disulfide, and thioether bonds. For example, a

30 fibrin binding peptide can be covalently linked, either directly or through a linker, to a
protein by forming an amide bond between the fibrin binding peptide or the linker and the
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lysine residues on the surface of the protein. These surface lysine residues are usually
distant from the enzyme’s catalytic site. Therefore, the tethered moieties do not interfere
with the enzyme’s catalytic activity. Multiple ligation can be achieved in a single step.
The ratio of the fibrin targeting peptide to the thrombolytic or fibrinolytic agent can be
5 controlled by adjusting the stoichiometry of the ligation chemistry. Multiple ligation is

particularly useful in the case of a moderately strong fibrin binding ligand because higher
binding affinity can be realized through the so called “avidity” effect. In particular, a
coupling agent or an activated ester can be used to achieve amide bond formation
between the lysine and the fibrin binding moiety or the linker. The below scheme shows

10 an example of a hybrid molecule formed by chemical ligation of urokinase to multiple
fibrin binding peptides via linker moieties. The number of surface lysine residues and the
number of fibrin binding molecules are illustrative. Alternatively, the fibrin targeting
peptide can be incorporated into the hybrid molecule using recombinant DNA
technology.

15

y ,I Linker—*-—l Fibrin binding peptide

Enzyme's active site II:JI—-I Linker I—I Fibrin binding peptide

\‘

Coapesg

NHz
In some embodiments, peptides of the invention can be linked to a thrombolytic
agent with a linker encompassing an enzymatic cleavage site, €.g., an enzymatic cleavage
site normally cleaved by enzymes in the coagulation cascade, such as Factor Xa,
20 thrombin, or plasmin cleavage sites, etc. The thrombolytic agent is not activated until it is
cleaved from the clot binding compositions of the invention at the site of the clot, the risk

of unwanted bleeding events at sites distant from the clot would be minimized.
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Furthermore, thrombolytic moieties can be linked to a peptide-targeted multimeric
contrast agent such that a clot can be identified, imaged and dissolved.

Contrast agents prepared according to the disclosures herein may be used in the
same manner as conventional MRI contrast agents and are useful for the diagnosis of
deep vein thrombosis, pulmonary embolus, coronary thrombosis, carotid and intracranial
thrombosis, atrial and ventricular thrombi, aortic arch thrombi, and high risk plaque.
When imaging a thrombus, certain MR techniques and pulse sequences may be preferred
to enhance the contrast of the thrombus compared to the background blood and tissues.
These techniques include, but are not limited to, black blood angiography sequences that
seek to make blood dark, such as fast spin echo sequences and flow-spoiled gradient echo
sequences. These methods also include flow independent techniques that enhance the
difference in contrast due to the T1 difference between contrast-enhanced thrombus and
blood and tissue, such as inversion-recovery prepared or saturation-recovery prepared
sequences that will increase the contrast between thrombus and background tissues.
Methods of preparation for T2 techniques may also prove useful. Finally, preparations
for magnetization transfer techniques may also improve contrast with agents of the
invention.

Compositions of the invention, including peptides, peptides conjugated to
thrombolytics, and peptide-targeted multimeric contrast agents, can be formulated as a
pharmaceutical composition in accordance with routine procedures. As used herein, the
compounds of the invention can include pharmaceutically acceptable derivatives thereof.
“Pharmaceutically acceptable” means that the compound or composition can be
administered to an animal without unacceptable adverse effects. A “pharmaceutically
acceptable derivative” means any pharmaceutically acceptable salt, ester, salt of an ester,
or other derivative of a compound of this invention that, upon administration to a
recipient, is capable of providing (directly or indirectly) a compound of this invention or
an active metabolite or residue thereof. Other derivatives are those that increase the
bioavailability of the compounds of this invention when such compounds are
administered to a mammal (e.g., by allowing an orally administered compound to be more
readily absorbed into the blood) or which enhance delivery of the parent compound to a

biological compartment (e.g., the brain or lymphatic system) thereby increasing the
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exposure relative to the parent species. Pharmaceutically acceptable salts of the
compounds of this invention include counter ions derived from pharmaceutically
acceptable inorganic and organic acids and bases known in the art.

Pharmaceutical compositions of the invention can be administered by any route,

5 including both oral and parenteral administration. Parenteral administration includes, but
is not limited to, subcutaneous, intravenous, intraarterial, interstitial, intrathecal, and
intracavity administration. When administration is intravenous, pharmaceutical
compositions may be given as a bolus, as two or more doses separated in time, or as a
constant or non-linear flow infusion. Thus, compositions of the invention can be

10 formulated for any route of administration.

Typically, compositions for intravenous administration are solutions in sterile
isotonic aqueous buffer. Where necessary, the composition may also include a
solubilizing agent, a stabilizing agent, and a local anesthetic such as lidocaine to ease pain
at the site of the injection. Generally, the ingredients will be supplied either separately,

15 e.g. in a kit, or mixed together in a unit dosage form, for example, as a dry lyophilized
powder or water free concentrate. The composition may be stored in a hermetically
sealed container such as an ampule or sachette indicating the quantity of active agent in
activity units. Where the composition is administered by infusion, it can be dispensed
with an infusion bottle containing sterile pharmaceutical grade “water for injection,”

20 saline, or other suitable intravenous fluids. Where the composition is to be administered
by injection, an ampule of sterile water for injection or saline may be provided so that the
ingredients may be mixed prior to administration. Pharmaceutical compositions of this
invention comprise the compounds of the present invention and pharmaceutically
acceptable salts thereof, with any pharmaceutically acceptable ingredient, excipient,

25 carrier, adjuvant or vehicle.

A contrast agent is preferably administered to the patient in the form of an
injectable composition. The method of administering a contrast agent is preferably
parenterally, meaning intravenously, intra-arterially, intrathecally, interstitially or
intracavitarilly. Pharmaceutical compositions of this invention can be administered to

30 mammals including humans in a manner similar to other diagnostic or therapeutic agents.

The dosage to be administered, and the mode of administration will depend on a variety
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agents having 7-8 fold, 83 10 fold, or even greater than 10 fold increases
in rel ax?@fp{n}Str&Flén)pﬁé??i‘ loxisy y usef ul . Typically, relaxivity is measured

using an NVMR gpeghkia The BE n r3@'1ﬁ‘1¥1héébft&’3ﬂf an MRl 30 contrast
agent at 20 I\Ag—hglg[n%l H%tc is at Ipe%{ g@b 1 per pasr amagnetic netal ion
(e.g., at |eadnistBplagd, 25, 30und§2-AMinuse nfj@thI s-1 per paranmagnetic
metal ion. COH)tAr ?v%rﬁd-type) 50-150 mg; infusion over up to 6 hrs

20 Two-chain urokinase (40-100 mg); infusion over up to 6 hrs

Single-chain urokinase (scuPA) 3-12 megaunits (30-100 mg; infusion over up to 5

brs
Hybrid plasminogen activators and derivatives 20-100 mg; injection or
infusion
25 Muteins of plasminogen activators  10-100 mg; injection or infusion

The invention will be further described in the following examples, which do not

limit the scope of the invention described in the claims.

EXAMPLES
30 Synthesis, characterization, and use of several high relaxivity contrast agent

compositions of the invention will be further illustrated in the following examples. The
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act 1vat opr in sofutipdd Aficobeing rlsayad frem des tepig, the prpuiésstedaeptide wonpwifiaday t o
fibrinol i h r fibrolase, which exhibits direct
fibrinol &flg?%@ttl&\'/ll?@ql&@g’g%@@grcr:eNZflg‘g proteins can be obtained

comer ci al |y, Lendier ddiegh: To asolutiot ba BosDpr@s)-OH.DCIBAI€E eq. Phindr epared 25
reconbi nant | The conpositions of the invention can_ be ?_i nked or_ fused in

known wapeitailugraphenohd 2 eghbin djehloromethang avas addedo Rk sahodibnide (W2l - espect t o

construc : g i i (0] Kt el be achi eved
by st andgéll'ggl;: eﬁxggﬁwaggﬁdhiegggg §ihna((t::? 61}?‘(51:11 %’gﬁéeg%u%brpgﬁae?%gﬁfg rg%ﬂt e, ester,
di st f i dndicatd thé reaetibre wabomupletel-the restampb esmaved by filtration and the solvent

was evaporated under reduced pressure to give the crude Linker Moiety (Boc-Dpr(Boc)-

OPft (N-a-Boc-N-f-Boc-L-diaminopropionic acid pentafluorophenyl ester, 356-128) as a
white foam.
Precursor MR Imaging Agent: To a solution of P-[linker-subunit moiety] (1
20 eq.) and the Linker Moiety {Boc-Dpr(Boc)-Opft } (2.2 eq.) in DMF was added DIPEA
(4-6 eq.). The mixture was stirred overnight at room temperature. After LC-mass results
indicated the reaction was complete, the solvent was removed under reduced pressure.
The crude product was then stirred in a mixture of TFA, water and anisole (90%/5%/5%)
at room temperature for 3 h. Diethyl ether was added and a white precipitate formed,
25 which was purified by RP-HPLC (C-18 column, H;O/CH3CN/TFA) to give the Precursor
MR Imaging Agent (tetrakisamino-peptide as a white solid.
Precursor Chelate Moiety: DOTAGA-Opft. To a solution of DOTAGA-OH (1
eq.) and pentafluorophenol (1.2 eq.) in dichloromethane was added PS-carbodiimide (1.2
—1.5 eq.). The mixture was shaken for 3-5 h at room temperature. After LC-mass results

30 indicated the reaction was complete, the resin was removed by filtration and the solvent
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fromt herecdlueéd %Me, l&ﬁd Hed'di Z’o%ibingc? fractions were treated with sodium acetate for
15 salt exchange. After lyophilization the excess salts were removed using reverse-phase

chromatography on a Waters Sep-Pak® C-18 cartridge with water and ethanol:water

(50:50) eluants. Appropriate fractions were combined, the ethanol removed under

reduced pressure, and the solution was lyophilized to give the desired peptide MR

imaging agent as a white solid.

20 Similar methods were used to synthesize other MR imaging agents.
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mammal (e.g., by allowing an orally adqhgsébef d conpoun&\&gcﬁﬁiynre
2 3/3

OK COZC(CH)
(H,C),CO, C/\ N\/\E/\co_,_o(c:H‘,,)3 e I

(H 30)3 COzC 1 COgC(C H3)3

a) Boc,O, NaOH-Dioxane

b) NaOCl, NaOCl,, TEMPO, phosphate buffer, ACN
c) BnBr, Cs,CO,, DMF

d) TFA, CH,Cl,; then 2M HCl, Et,0

e) t-butyl bromoacetate, DIPEA, DMF

) Hp, Pd/C, EtOAC

5 Method A for Synthesis of Synthon #3
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30 readily absorbed into the blood) or which enhance delivery of the parent
conpound to a biological conpartnent (e.g., the brain or |ynphatic systen)
t her eby iworcgasiing t he 80 WO 03/ 011115 PCT/ US02/ 24261 exp@surusor/zi2ati ve to
t he parent species. Pharmaceutically acceptable salts of the conpounds of
this invention include counter ions derived from pharmaceutically
accept abl e i norgani ¢ and organi ¢ acids and bases known in the art.

Phar maceuti cal conpositions gfentNepidivaitd Gum@fesPe adm nistered by any
route, 5 includingpboth oral aRd parepteral adm pjgtration. Parenteral

adm ni stration incl BdesH.myt i's not P???PLed to, suhcutggeous, intravenous,
intraarterial,, int LNL g, arh; d _int avN dm_ ni stration.
Wien admi ni st ;HQPE) is intra\'/\fg%%[?zfﬂégﬁg?%ggut Pedt] conp%g/iﬁ\'ﬁﬁgc may be
given as a bolus, as two or nore doses separated in tine, or,as a constant
or non- i near HydgsiyhidiigideahyldibaSamize 6P gl ihdiemsd Skrdobleenhigivgnt i on can be 10
formul ated for any route of adm nistration. Typically, cozrg)(ositi ons for

i nt r avenihydesiaaidst2ad b eh(aptisalkopuse sterfing matetid; Sym Canamt 44, aglikous
e . 48 Ceon inol ous
noert . altLAoPIE FRERLY sadehE nESERASCON RO BB NCIRE Lol 12 Ba0 3 IO ¥ O

ease pai was dissdlhed Bi 4 deiadizddwateri] dalivxane nEetines ald e pHhe thoxglwibnewas W I |1 be
suppl i ed either separaj el 15 e.g. ina kit, qr mxed together in a unit
dosage 1 BUHEY By beéWﬁ‘?Ppé _é{lﬁy it W%owefyﬁmklﬂs_ﬁ%wdi‘o gi&zf@frfjb&n%m&aébonﬂfee
concentr g 8¢ Lﬁbs R TRASIVEd BIdiBRMeRRA HQIESE tvEen? NGIIRF IS8tk YeachER! €d
contai ner su as an anpule or sachette indicating the quantity of active
agent i nmigtote wag stirtedibebveenti@rand 20 drovrap oxing temrperuad fiheiredctipe thikipre

infusion, it c di.spensed ith an.infusion battle cantajning sterile
phaftmoe s e pEda i REEE 3hg XeighePich AP ahu P Srefie sPai "« abl e

I nt r avengisactddiegsent M e fetht e Sa@EIdIsb@Rn BicdrBoRfe, 38 HIsAiud &Y RdiukY
injection, an anpule of sterile water for injection or saline nmay be

provi dedcBeridnsalutiens. Tiha@rgaticeairactiugs ditedrvrespdipn svlfate Hitpridaiesd r at i on.

Phar maceut j Lt i S, I N 1 | S€.1: conpounds of
the pr esg(% Cgl?#ﬁ%ﬁ |%§ Z%{r)]%%%ﬁg %R)gcgu |dég?6ﬁ13jl'v§l§ g%ﬁgcgng%%??%l thereof, with
any phar daogutdgeshlyywidce mptiatel of etliyd bedatehexaneXTheioedd tyicl@bf patfisder , adj uvant

or vehicle. A contrast ent is preferably adnministered to the patient in
Chet® or Lporugiyas 50.11g. APRIMR ol Mi 518 (0, I8 1z, T, 4.76 (bs, TH), 3.8-

3.0 (m, 10H), 1.47-1.42 (2s, 27H). MS (m/Z): 456.4 [M+Na]".

Step b — Oxidation of Hydroxyl Group
[based on the oxidation procedure disclosed in Zhao ef al. J. Org. Chem. 64, 2564~

2566 (1999)]
NaOCI, NaOCl,,
HO TEMPO, HO 0
ﬁoc > Eoc
BocHN ~"“NHBoc  Phosphate buffer,  pBocHN " NHBoc
20 acetonitrile

BOC-protected triamine (29.94 g) was dissolved in acetonitrile. Phosphate buffer,
consisting of 21.6 g NaH,POy, 21.6 g Na,HPO, and enough deionized water to produce a
500 mL volume, was added (300 mL), followed by 2,2,6,6-tetramethylpiperidinyl-1-oxy
(TEMPO) (0.07 equiv.). The mixture was stirred vigorously and warmed to 35°C.
25 Sodium chlorite (2.0 equiv.) was dissolved in deionized water (100 mg/ml). The sodium

chlorite solution and bleach (0.02 equiv., approx. 0.25% aqueous sodium hypochlorite)
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i nj ectabl e conposition. The nethod of adm nistering a contrast agent is
preferably parenterally, neaning intravenously, intra-arterially,

i ntrat hecablog/otiii erstitially or intracavitarilly. PharmeceaiSozad2el
conpositions of this invention can be adm nistered to 30 mammal s i ncl udi ng
humans in a manner simlar to other diagnostic or therapeutic agents. The
dosage to be adm nistered, and the node of adm nistration will depend on a

variety %revgadgélv@ﬂﬂ:%nt%ﬂﬁ%@@&{s%ﬂ?@ﬁl&;atéﬁc%q{e? a&dﬁﬁbﬁ'gf SBQdQEethewe' ght,

sex, condition of the patien enetic factors w | ultimately be
deci ded bycwmmM@akumm&ﬁmaﬁémusuBsﬁqummlTEbH@k@kﬁ%¢mwnmeﬂetbdan®ﬁk:ons of

d f ol | oned b d bed h d
Fequi r odrPERoh BN L T4 e D BB e e el RN fueange
from aboytaté: WA adde@ aR@HRGM 684 kdjustedto RitBRANMgheiuseBIDID. Akold 25.0 g/ kg
of host body mass. The optinmal dose wll be determned enpirically
f ol 15w ngol’m%@n of arprepas sodiume palfife weyadded E09ael) while maiisiaime agonstariatbol vt i c
condi ti ORg, b pﬁ?rﬂ%%]h*&%e@&xﬁﬁ Shb ol B SHATE o badERENG: tgéldé he

seri ousnéss o |c condition a posi“tion an e Size of
t he CIOtTh&h@xﬂﬂﬁhﬁ@ﬁw@@ﬁ&dﬁbdhﬁpHGp4Wmhd(Hquhhﬂwﬁﬁd&mﬂkx&&ﬁ&ﬂﬁmhlStratlon

can be deci ded accordl to. the ci ces by the physici.an per vi si ng
t r eat meniWo FRAGEARMES 0 g@%é@ﬁ@flﬁ'{ filcre ﬁ*&.%@dﬂ%’ slved eamineb B B i c
agent COBhé’gx%bR)u 'sle a{s?dé ool cfoﬁﬁe %agﬁ%&l&atTh% g?od&%’%@ﬁseﬁ%ﬂﬂoﬂ

t hrombol yt1 € agen one rov affinity for firbrin/clot
bi nthi ng puld@chtioy in Sé}apcfﬁ’oqum ¥ NMR (ﬁosMHa?;écB Chsy Bl Siiagm, allH)o4v4de dthease in

For use PA-TAIE CHeraby ! (aitn 2t et e e hot of © o

adm nistration) are as follows: Streptokinase 1-3 negaunits over 30 m nutes
to 3 hrs Anistrepl ase St ¢niBefizylProtéttioniof Gathegilicaitid PA (Wi | d- t ype)

50- 150 ng; infusion over up to 6 hrs 20 Two-chai n uroki nase (40-100 ny);

i nfusion over up to 6 hrs Single-chain urokinase (scuPA) 3-12 negaunits
(30-100 ny; infuUdPegrSver up to 5 hr§anB&£mhplasnlﬁ6 Qyctivators and

derivatives 20-100 J ngB°% nj ection or Boc
BocHN N\/J\NHBoc DMF BocHN N ~NHBoo
15 The carboxylic acid starting material (178 g) was dissolved in dry DMF. Cesium

carbonate (2.0 equiv.) was added, and the solution was stirred for 30 minutes. Benzyl
bromide (1.1 eq.) was added dropwise at room temperature. The reaction mixture was
stirred under an inert atmosphere for 18 hours. The reaction mixture was diluted with
water and extract twice with ethyl acetate. The organic layers were combined and

20 washed sequentially with saturated sodium bicarbonate and sodium chloride solutions.
The organic layer was concentrated to an oil (270 g) which was purified by silica gel
chromatography using ethyl acetate:hexane. "H NMR (300 MHz): 7.3 (s, 5H), 5.6 and
5.15 (2bs, 1H), 5.1 (s, 2H), 4.5 (bs, 1H), 4.0-4.1 (m, 1H), 3.5-3.2 (m, 6H), 1.45 and 1.4
(2s, 27H). MS (m/Z): 560.3 [M+Na]",
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i nfusion 25 Muteins of plasm nogen activators 10-100 ng; injection or

i nfusion The invention will be further described in the foll ow ng exanpl es,
whi ch do woto3/okiimit the scope of the invention described iPeTiUS@2/24260 NB.
EXAMPLES 30 Synthesis, characterization, and use of several high

rel axivity contrast agent conpositions of the invention will be further
illustrated in the foll ow ng exanples. The 82 WD 03/011115 PCT/ US02/ 24261

specific par arreterssﬂepghuﬁadaJnelsnfb%ecftfahloqwlﬂﬁe@mrm ai® | ntended to

illustrate the practice of the invention, and they do not in any way limt
t he scope of the invention. Those skilled in the art will recogni ze, or be
able to ascertaB ng no nore than routine BXR ment ati on, many

equi val ents to the spegb.{f,l c enbodinentel/acld net hods dascri bed 5 herein.

Such experlneg §4 Niemdggst 0 eencomlassed, @\sebnﬂ of the cl ai ns.
Exanple 1 - Synthesis of Pepti e Based MR Inaglng Agent s: The peptide with
| nker-subunl t noi ety bound to C-term nus (P-[linken-subunit noiety]). The
unprot ected peptide was prepared using g;/angé?%(Cﬁabi SibEAt egy and a
diamnotrityl resin. The peptide was cyclizgd usingjtibaFlium
trifluoroacetate on the resin 10 or in solulion Afuer bei ng cl eaved from

the resin, the unprot ect ed pept| de vvas purlf RP- HPLC (C- 18 col umn,
H2Q CH3CN TFA) . Li nker To u |on c- Dpr(Boc)-CH DCHA (1
eq.) and pentafluorophen IRE dICh|O 0 hane was added
PS-carbodiimde (1.2 -1.5 \ eq. ) CWhe nl ur ery n mmg 3-5 h at room

tenperature. After LC-mass results 15 indicat ed the reacti on was conpl ete,
the resin was renoved by filtration and the sol vent . was_ evaporated under

reduced presstheBOE- gm@tqdﬁea%mtfdéw Bhway Stwrﬁdéw splstien pp | (| Bsetpniteiior4

N-a- B 356- 128
b ¥ Corn PR T MaMoARR O ROL SorRifnaRS BhoR! AMISEA R Fas :
P-[ | i nkefenswbd tv ?adﬂi}?laﬁﬁ yHe refnain?ip ﬂﬂ]ut)onamt lyhlﬁnlclizagll‘tg mrd\@d{e&'t 15es1due that -

B r(B t - . e
En gtc ng \%@gﬁﬁmﬁ 1ptgly @wﬂvﬁdgﬂﬁw ap ‘Hﬁ Z%EP% kasuf 1F@ralll_(t‘l‘nh’g’s‘:§15?esul ts

the pH to 8). rerr-Butyl bromoacetate was added (12.0 equiv.). After the addition was
complete, the reaction mixture was warmed to 50°C and stirred for 18 hours. Upon

10 completion of reaction the volume of the reaction mixture was doubled by the addition of
water, after which it was extracted twice with ethyl acetate. The organic extracts were
combined and washed sequentially with water, saturated sodium bicarbonate, and
saturated sodium chloride solutions. The organic solution was concentrated in vacuo to
an oil which was purified by silica gel chromatography using ethyl acetate:hexane. The

15 total yield of purified product was 190 g. MS (m/Z): 809.5 [M+Na]".

Step f — Deprotection of Carboxylate

Bn H,, PdIC H
Ry, :
RoN SNR, RsN ~ONR,
< R - hOC(CHg,)g)

o)
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i ndi cated the reaction was conplete, the solvent was renoved under reduced
pressure. The crude product was then stirred in a m xture of TFA, water
and ani sowe 03P0ed5% 5% at roomtenperature for 3 h. D etrhyluser/hest was
added and a white precipitate formed, 25 which was purified by RP-HPLC

(G 18 colum, H20/CH3CN TFA) to give the Precursor MR |Imagi ng Agent
(tetraki sam no-peptide as a white solid. Precursor Chel ate Miety:

DOTAGA- Opf t . TOst&inkRb btbéi8ar %gﬁ%e%&%eﬁﬁ e)stef“{l@7%‘§ {3k Eh!@a[c@rﬁﬁ%ﬂm (1.2

eq.) in dichloronethane was add car bodi i'm de The
m xture werbos k& g) st etBylTcktatetand dydrogengied aftddmsi fq&\ﬂtzélroumcfnﬂae'som esul ts 30

i ndi cated th i 0 | ete, the resi. .ed. b ation
ond e SupogCoBERLsERG R BefritBS it TROLTATRERRY thall * bouce
pr essur e at¢@at8iheégarich @n@jf)mﬁiﬁ:daé}ﬂﬁhkfasgﬁl cl@@ﬁia&tg@aﬂlr@lwbbbv@@e the DMM e foam MR

| magi ng Agent. To a solution of the Precursor MR | na mg 4nt (1 eq and

Pr ecur s oearbpeylin asid peia-jer(-hutyl esteryield: BRAE) WS Gefded 19} Whenythjs' The

m xt ure r } mass results
i ndi cat e%ﬁmq? E%Jgtlrhg% g{e%(%%?F as{ {eﬁsgug enl?&&ggalréggrrr%%sdhgnder reduced
pressur e diafteeconieusigre pbeduat andahereﬁmuts:t conchdled thaa this miaterial wfessElallyphenol |
nmet hyl sul fonic acid gni,so e and %l{c l orometh 90% 2. 5% 2. 5% 2. 5% 2. 5%
for 15 nPRtcally DugRin the freton YB’EOrﬁ‘err added and a white
precipitate formed and was collected 10 as the crude product. The crude

product WashdEBFsEeSknthdsty SEhGARoh#@ i n dei oni zed water to formthe crude MR
i magi ng agent, which was purr fied usi ng RP- HPLC (C- 18 col unmm, Ethanol/ 50

mrol AcONH4) . ApproprQat e freghi ons L nmbi nedH ogthanoI renmoved
under reduced pressur a/d then th ned fractr ori/© were treated with
sodi um acet at P \EXS. fter i s salts
were renoved (SEédrc Ag r verse phasge cﬁlr?’@nat og,r%aﬁ n a V\a er Sep-“Pak(r)

C 1§ cartridge ‘gublchat er'’s et hanol : wat er gu@;c 0) elBu . Appropriate

fracti ons were conbi ned, the ethanol renoved under reduced pressure, and

t he sol ution was IYophrlrzed tog ve the desired fpe ptide MR inmaging agent
as a white solAlephol (see Syn. Comm. 29(14),2377-2391 (1999) for a synthesis from

hydroxymethyl-diethylenetriamine) starting material (105.0 g), acetonitrile (1.0 L),
phosphate buffer (1.0 L, prepared by dissolving 100 mg of NaH,PO, and 10 mg of
Na,HPO, into 1.0 mL of water and then adjusting the pH to 4.5 with H;PO4) and TEMPO

15 (7.0 g) were combined and warmed to between 45 and 50°C. A solution consisting of
sodium chlorite (29.8 g dissolved in 298 mL of water) and sodium hypochlorite (744 pL)
was added to the solution while maintaining a temperature of 45 to 50°C. The reaction
mixture was stirred vigorously for 4 to 10 hours. The reaction mixture was cooled to
room temperature and two layers were separated. The organic layer was isolated and

20 combined with saturated aqueous sodium chloride and stirred for 15 minutes. The
organic layer was isolated and concentrated in vacuo to give an oil (171 g) which was
purified by column chromatography using hexane:isopropanol with 0.1% triethylamine
throughout to provide 81 g of enriched product as an oil. MS (m/Z): 719.5 [MH]". The
optical purity of material produced by this method did not differ from that above.
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20 Sim |l ar nmethods were used to synthesize other MR inmaging agents. 84 WO
03/011115 PCT/ US02/ 24261 Exanple 2 - Methods for Synthesis of A Chel ate
Precur sorwbmseimig Synthon #3) HOe V Iib V 2 R HRNN, _,, - PCTNSRAR4HICI a
HCl H2N k ~N " NH2HCI (H3C) 3CQ2C-- -N (H3C)3CO2C C02 C(CH 3)3 C CC(CH3) 3
COC(CH23)3b r (H O3C2C N (H3C)3CRC-"N (H3C3 C2C (C2 C(CH3
)3 N, - jt "CRC(CH3)3 1 CC(CH3)3 E

Example 3 -Resins for Solid Phase Synthesis of Modified Peptides with C-terminal

Amine Functional Groups
The peptides have been prepared by solid-phase synthesis. In solid-phase
synthesis, the linkers and resins are selected depending on the type of the peptides to be
5 synthesized (e.g., the functional group required at the C-terminus, the protected or
unprotected peptide) and the synthetic method to be used (e. g. Fmoc or BOC chemistry,
manual or automated synthesis, the continuous flow or batch reactor). For example, in
the synthesis of a peptide with a carboxylic group at the C-terminus, a protected-amino
acid is attached to the different resins such as HMPB resins, 2-chlorotritylchloride resin
10 and SUSRIN resin. On the other hand, in the synthesis of a peptide with an amino group
at the C-terminus, a diamine can be attached to a trityl resin. The polystyrene (PS) resins
can be used for batch synthesis, while polyethyleneglycol (PEG) modified resins are
suitable for continuous flow and batch synthesis. Many trityl PS resins including 1,3-bis-
(aminomethyl)-benzene trityl PS resin are commercially available. If the required trityl
15 PS resin is not available, a similar procedure as described for PEG resins can be used to
attach a diamine to a trityl PS resin.
The synthesis of 1,3-bis-(aminomethyl)-benzene trityl resin is discussed as an

example. Other diamines can be attached to trityl resin in a similar manner.

20 Preparation of 1,3-bis-(aminomethyl)-benzene trityl PEG resin.
0

o)
PS—PEG” >N Q PS—PEG” N Q
H AcCl H
———
(™ ()

First, trityl alcohol resin (25 g, NovaSyn TGT resin, NovaBiochem) was placed in
a funnel and washed sequentially with DMF, CH,Cl,, and toluene. After removing all
solvent, the material was transferred to a flask equipped with a reflux condenser. Toluene

25 (250 mL) and acetyl chloride (25 mL) were added and the slurry was heated to 70°C and
stirred for 1.0 hour. An additional portion of acetyl chloride (25 ml) was added and the

90



J e /CRC(CH3)3 N --~N C02C(CH3)3 6 "C2C(CH3)3 a) Boc20 NaOH Di oxane b)
NaCCl, NaOd 2, TEMPO, phosphate buffer, ACN c¢) BnBr, Cs2CO3, DWVF d) TFA,
CH2Cl 2; tWwer3AMIHCI , Et20 e) t-butyl bronpacetate, DI PERCTISH224251 H2,
Pd/C, EtOAc 5 Method A for Synthesis of Synthon #3 (H3C)3CO2 Boc BocHN, ~N'
"N HBoc B: R=Boc, Rl=H R=Boc,R1=Bn d C5: R=H Rl1=Bn V 85 WD 03/011115

PCT/ US02/ 24261 Step a - Protection of Am nes HU, HO Boc20 HHCI N. Boc

HCl H2NA, s%y%ﬂ@hem Phoudne 7iec I"ﬁ1e|\§1“urf}l\‘(X’§§)ﬁItered and the resin washed
Hydr oxymet hyl - di et hyl enetrianmi ne of the indicated stereochem stry

t ri hydr os¢dusniially with talgeng)andddi@al |y pure starti ng material : Syn. Conm

29(14), 2377
Q PS~PEG™ O O
PS—PEG/\ﬁ O Q

vk

Second, freshly prepared trityl chloride resin and THF (250 mL) was placed in a
5 flask. To the slurry was added 1,3-bis-(aminomethyl)-benzene (10 eq., based on a resin
substitution of 0.23 mmol/g) and the mixture was stirred for 18.0 hours at room
temperature. The slurry was filtered and the resin was washed sequentially with water,
DMEF, CHCl,, methanol, and CH,Cl,. The resin was dried under vacuo (room
temperature,1-5 mm Hg) to a constant weight (25.4 g). The substitution stoichiometry

10 was conducted using a quantitative ninhydrin procedure.
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5 2391 (1999), racemc starting material: Coll. Czech. Chem Comm 34,

630- 634 (1969)) was dissolved in a deionized water/1, 4-di oxane m xture and
t he pH ofwohg/osalaiti on was adjusted to between 8 and 9 wpPCh/usquees sodi um
hydroxi de. Di-tert-butyl dicarbonate (3.5 equiv.) was dissolved in di oxane
and added between 10 and 20 C. The reaction mxture was stirred between 12
and 20 hours at roomtenperature. The reaction m xture 10 was then diluted

Wi th wat @fanids eiiRediesr mmeﬂt@aﬂjug&ﬁ ?sgﬁtho-ﬁhﬁﬂ, @b Oafhad @%) ract was
I satura

extracted sequentially wth water, d sodi Um bi ¢ar bonate, and

saturated sodium_ chloride solutions. The organic extract was dried over
sodi um s Methedefor the Syathagis edbanthesident rat ed under in vacuo to provide an
oil which was purifjed by silica gel chromgtography with a m xture of

et hyl acetate: hexa'ﬂé. t ot alcspHesgbrof pu Fl'c?' 5 product was 30.11 g.
'H NMR (300 MHzpoch. 1B (fl_ J= #9—Hz—+H) god. 78 (bR, 1H), 3.8- 3.0 (m
10H), 1.47-1.42 (Zshl 27H) . BO§ (n 2): 456.4 [I\ﬁNa +. BPep b - Oxidation of
Hydroxyl Group [based on the oxidation procedurg disclosed in Zhao et al.
J. Og. Chem %3it256dtoxy@5Mm6ny-1999)] Boc BocHN | HEN' ~NHBoc NaOCl, NaOCl 2i
TEMPO, phosphat @ntijgrirepionic agikt onitri | e HO - ~O Boc BocH N, A~N'~N HBoc 20

BOC-protected triamne (29.94 g) was dissol i acetonitrile. Phosphate
buffer, consisting of 21.6 g NaH2POQ4, 21.6 ¢ 2 and enough dei oni zed

water to produce a 500 nL volunme, was addad,N 9,' fol |l oned by

2,2,6,6-tetranet hyl pi peridinyl-1-oxy (TEMPO (0.07 equiv.). The m xture
was stirred vigorousihoand warged to 35C. 25 Sodj wmichhosrte (2.0 equiv.)
was di ssol ved i n dei oni ¢éd ,Watér (100 ng/ m). Thie2dtdPdm

Bu0,C” N N ™~N"co,'Bu

tBuozc/l ‘Buozc/l

/~CO0,'Bu
Bu0,c” N 2

;o
o N2 BU
HI \\co 'B
/—A ? i

tBuozc—\ o

N N
-/ \
tguo,c—N < ,CO,'Bu
tB u0,C CO,Bu

2,3-Bis-fert-butoxycarbonylamino propionic acid benzyl ester
5 A solution of cesium carbonate (6.5 g) and water was added to 2,3-bis-fert-

butoxycarbonylamino propionic acid (3.04 g) in acetonitrile (25 ml). The mixture was
stirred for 40 minutes at room temperature. The solvent was removed under vacuum.
DMEF (50 ml) was added to the solid residue. A solution of benzyl bromide (1.43 ml) and
DMF (5.0 ml) was added over 15 minutes at room temperature. The mixture was stirred
10 for 18 hours, and then the mixture was diluted with ethyl acetate (100 ml) and water (50
ml) and stirred for 15 minutes. The layers were separated and the organic layer was dried
over sodium sulfate. The mixture was filtered, and the filtrate was concentrated under

vacuum to give an oil (3.6 g). The oil was purified by column chromatography with ethyl
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chlorite solution and bl each (0.02 equiv., approx. 0.25% aqueous sodi um
hypochl orite) 86 WO 03/011115 PCT/ US02/ 24261 were added while maintaining a
constant werperature. After addition of oxidant, the rea®Cirasomagéstirred
for 24 hours. Additional TEMPO (0.07 equiv.) was added and the reaction

m xture was stirred for 24 hours. The reaction was cooled to room
tenperature. Water was added and the pH was adjusted to 8 with 2.0 N

aqueous u@%e/l@x&ﬂ:!t@p?oﬁ@é%B@g.@%h%mﬁ)s:zm_Q]'*&Lﬂlf’ﬁ. tlﬁmgg@ed (300

m.) while maintaining a consta | uti on was extract with a
smal | volMiHe): df4 (sefiy 2.4 @nt2Hud yi(me i Hyrd. &0u, W) 6a9ngd H), Thémafteous | ayer
was acidified to pH 3-4 with 2.0 N aqueous HCO and extracted with two
smal | volunes of nmethyl tent-butyl ether. The organic extract was conbi ned

with the one previousl3-Dihmasi-propieiic acidaeihydad@doride Vacuo. The product
was used without 10 purification in Step 3 below. 1H NWVR (300 M—lz;2§ 5.8

(bs,51H), 5. 3 A splutien of 23-bigiyr-tupgxycarporylgmnonrppigpic acid benzyl es@r ( 27H) .

M (nl2): j e - i r ic acid HO

~,, 0 Bn Btg)’%ﬁi%%gg% tzg)o@)Bgnc eto%ﬁlﬂ Qdﬁlﬁiﬁ%@%’%&‘cﬁk& ﬁg%g.é{hgﬁg)c 15 The
car boxy! it@mpgeateires t Biet sohgntraherengived fulder ghoumds add sisohisggteivas dilyitedMrith Cesi um
car bonat e V. ). .was adde nd the sgl ution was stirred for 30

) i d
m nut es. e@’é(ﬁ E‘%ta%g glqugrﬁlaé‘n@ jager éaq i sHEA PTdPdpIRuLss. e faysFs Wetkper at ur e.

The react, } j i 8yhours.
The 1 eacehfetE LS aAtushiyef (AfetBRiedtd ikl (B SRR R by PE O T
acet@t e. NIMB 30QMHD): 1383359 mp@Hg, £2#3i5r(ed 18D . PRSRALhelH sEqliedit3. BHzY. wit h

sat urat ed sodi um bi carbonate and sodi um chl ori de solutions. The organic
| ayer was concentrated to an oil (270 g) which was purified by silica gel

g hg Ogﬁé ography usi ng E3.Ris-cAbRLAPI L proSionicHchMbed3PEtddiz) : 7.3 (s, SH),
A solution of 2,3-diamino- propionic acid trihydrochloride (6.65 g), bb(CO)DTPE

(40.0 g, “Synthon 3”), HOBt (8.5 g), DIC (9.0 ml), diisopropylethylamine (15.0 ml),

15 CHCl; (400 ml) and DMF (200 ml) was stirred for 48 hours. The mixture was diluted
with methylene chloride (500 ml) and water (250 ml), and then stirred for 15 minutes.
The layers were separated and the organic layer was washed with saturated sodium
carbonate (250 ml), saturated sodium chloride (250 ml) and dried over sodium sulfate.
The mixture was filtered and the filtrate was concentrated in vacuo to obtain an oil. The

20 oil was purified by silica gel chromatography using ethyl acetate and hexanes fo obtain
28.0 g of material. MS (m/Z): [M+2]" = 798; [M+1]"=1595.

2,3-Bis-carboxy-DTPA propionic acid
Hydrogenation of 2,3-bis-carboxy-DTPA propionic acid benzyl ester (17.0 g) was
25 performed in ethyl acetate/triethylamine (10:3) using 10% palladium on carbon (6.0 g)
catalyst for 24 hours at 50 psi. The vessel was purged with nitrogen and the mixture was
filtered through Celite®, and concentrated under reduced pressure to give 16.0 g of an oil.
MS (/Z): [M+2]" =753; [M+1]" =1504.
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5.15 (2bs, 1H), 5.1 (s, 2H), 4.5 (bs, 1H), 4.0-4.1 (m 1H), 3.5-3.2 (m

6H), 1.45 and 1.4 (2s, 27H). M5 (mMZ2): 560.3 [ MtNa] +. 87 WD 03/011115

PCT/ USO2/\e0280181ps d and e - Deprotection of Am nes andPATKyshz2426n Boc 4N

aq. HCI/ACN BocHN , , "N'-~NHBoc 0 OC(CH3)3 DIPEA, DWF V R N-~~NR2 The

BOC-protected triamne (250 g) was stirred in a solution of 1:1

acetonitriler4 5 N aqueous HCl and allowed to stir for approximtely 2.0

hours. TheuasEbP el Synkisivas SyeieM@d i n vacuo and the remaining solution was

| yophilized to provide a residue that was inmediately dissolved in DVF and

di i sopropylam ne (a stffficient anoDi, HO(Bt,I’aI se the pHto 8). tent--Butyl

br onbacet at e vvagN’H‘de' N2 NH,equi the addition was conplete, the

reaction mixture was warnmed to 500 a?ﬁcp%a"ir ed for 18 hours. Upon 10

conpl etion of reaction the volume of the reaction m xture was doubl ed by

the addition of water, after whiCh,G@H)AS extracted twice with ethyl

acetate. The organi cnggyaC@gt e conbined and washed sequentially with

wat er, saturated SOdI um bi car bghati@, and _saturated sodi um chl oride

sol utions. The organic soluti @woﬂg::trat ed in vacuo to an oil which
¢iNd

was purified by silica gel cRronmkatograply using ethyl acetate:hexane. The
15 total yield of purified prhdut was 1
f - Deprotect (&) @a/;b;sl y| atGo,HIGHRd/

(HsC);COLC

g I\/IS(niZ) 809.5[M+Na]+. Step

(H,C),CO, C/\N N\/\N’\COZC(CH s

(H3C)3COZC (HsC)CO,C

l-» R=H

BIGH,CO,CH,Ph| WOCHZ Ph

R
H,, Pd/C“_— o

GO,C(CH3)s
(H5C)5CO,6 N

H
KS/N\/\N/\(OH
(HsC)3CO.C Ny /// CO,C(CHs)s N co ,C(CHj),

(H5C)sCOC
s (H3C)3COZC/\ N\/\N CO,C(CHs)s

(H3C)s COzC (Hs C)acozC

N1,N°-Bis[2-(bis-tert-butoxycarbonylmethyl-amino)-3-{[2-(bis-fert-
5 butoxycarbonylmethyl-amino)-ethyl]-(ter--butoxycarbonylmethyl)-amino}-
propionamide]-diethylenetriamine
To a solution of diethylenetriamine (3.16 ml), acetonitrile (700 ml), and

diisopropylethylamine (10.4 ml) was added pre-reacted (30 min) bb(CO)DTPE (42.0 g,
“Synthon 3”), HOBt (7.9 g), EDC (11.2 g) and diisopropylethylamine (10 ml) in

10 acetonitrile at room temperature. The reaction was stirred for 16.0 hours and then
concentrated under reduced pressure. The o0il was combined with ethyl acetate, extracted

with water and saturated aqueous sodium chloride and then concentrated. The oil was
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WO 03/ 011115 PCT/ USO02/ 24261 A stainless steel reactor was charged with
benzyl ester (157 g), 10% palladiumon carbon (19.8 g) and ethyl acetate
and hydrogemavediat 45 psi for 12 hours. Filtration throkgh/uSet242¢(r) and
concentration in vacuo gave an oil. The oil was dissolved in ethyl

acet at e/ hexanes and purified by silica gel chromatography to provide the
DTPA 5 carboxylic acid penta-tert-butyl ester(yield: 82%. M5 (nm2Z2): 719.5

[ MH] +. mem;ssmé@g@@arumlﬁcmmatog@phﬁesmgné*mss/mgfopmmwmmlamng usi ng
other chiral el'enents, no i astereoners are observed and therefore it is

concl udeprovidet22:he of peedaet MSK@/@SE\%HJ & Hy03.optical Iy pure to the limt of
detection by ordinary proton NVMR Method B for Synthesis of Synthon 43 10
t BuO2G--"N N,,,,”, CO2tBu tBuO2C NN NON CQRtBut t t Jt Bu H/CX2 tBu
oxi dation H 0 /IQR>BiGRABIE-rerrdhtdoeachdiyna ehil-ootin)-I-§e(bByfar-- Conm  29( 14),
237% 2391 ( IRGYycaebomylmetiiylasiifof-sthnl]-(Rysbatoxyeirbyhyldiethylyharire}-i ani ne)
starting materiglop§ idePN? é@&ﬁymyédxbbﬁyﬁﬂetﬂyly-)hethﬂhﬁammme buffer (1.0

L, prepared bﬁg&ﬁ%ﬂﬁ doekR0 (1184 8f whitddiePHo 2B6ludibh FBthelpreviigRiMe i nto 1.0
mL of water and then a ustln the pHto 4.5 with H3P04) and TEMPO 15 (7.0

g) were aﬁnpntmddlaﬁcg)mcmmlb@%m&fmd sagivanerrBote (A. ISd)uilhemiseinsi sti ng of

sodiumchlorite S e n 298.nL of. wa

hypochl ofF¥ E’af@%ﬁ%ﬁo C\%&g igggg‘}rdlg oW~ e geees n\'/éllg{%e %Ig% Oa‘lgdniztgrpoom

t enper at heepfiurdant QoRGatrattl @nd@asddced pregbutt. LEtﬁylvmtafetanﬂr@dewger ously for
4 to 10 hours. The reaction m xture was cooled to roomte erature and two

| ayers v@d@dsﬁapé&m&a‘dere‘ﬁhharéiﬁ@aﬁh%Oﬂmlérlam@aﬁ srkadavith spurared @gHgAYSed wit h
Yot od ; . .
ayer e RO R TR A B o P L BRSuEPt e B LRSS RS L 080k

was pur(Iﬁ/lzgd[My‘ =€pd;51rm chromat ogr aphy usi ng hexane: i sopr opanol with 0.1%
triethylamne throughout to provide 81 g of enriched product as an oil. M
(m2): 719.5 [WMH +. The optical purity of material produced by this nethod
di dgnot differ {1 Qegil|albRBMSutoxycarbonylmethyl-amino)-3-{[2-(bis-zert-
butoxycarbonylmethyl-amino)-ethyl]-(fert-butoxycarbonylmethyl)-amino}-
propionamide]-N"-(acetic acid)-diethylenetriamine
The above benzyl ester (14 g) was hydrogenated in ethyl acetate/triethylamine

(49:1) at 50 psi for 16.0 hours in the presence of 10% palladium on charcoal (3.5 g). The
20 resulting mixture was filtered through Celite®, and concentrated iz vacuo to provide

12.08 g of an oil. MS (m/Z): [M+H]" = 1561.
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89 WD 03/011115 PCT/ US02/ 24261 Exanple 3 -Resins for Solid Phase Synthesis
of Modified Peptides with Ctermnal Am ne Functional G oups The peptides
have beerwprogpariesl by sol i d- phase synthesis. In solid-pha®eT/tsynedresi s, the
l i nkers and resins are sel ected depending on the type of the peptides to be
5 synthesized (e.g., the functional group required at the C-term nus, the
protected or unprotected peptide) and the synthetic nethod to be used (e.

g. Froc 9yniRds 6MBMusdnA4  manual or automated synthesis, the continuous
flow or batch reactor). For exanple, in the synthesis of a peptide with a
carboxyl i ¢ group,athe CHoePNinu amno acid is attached to
t he differeﬁ@ resi ns sﬁch as HﬁEB%Fg§InSF|2 8ﬁﬂ%rotr|dchhlor|de resin 10
and SUSRIN resin. On the other hand, in the synt heﬂ/su\oftl de with an

amno group at the Ctermnus, a dianine can be attach®d o b trityl
resin. The polystyrene (PS) resins can be used for batch synthesis, while
pol yet hyl enegl yc )BF\G) nodi fied resins are suitable for continuous flow
and batch syeatHNesi VariyBot r ity P&szzudl ng 1, 3-bis-

(ani nomet hyl ) - benzehe trityl PBAresin ar connerC|éMP9DéWhllable I f the
required trityl 1% PSresin is S not avai[able, a S|ﬁTTﬁT—¥Wocedure as
described for P ns can be used tach a did®e to a trityl PS
resin. The synthesis , 3- bi s- (am nonet hy benzene trityl resin is

di scussed as an exa /Ot her diam nes ca attached to trityl resin in
a simlar manner. 20 Preparation of 1, 3-bis-(am nonethyl)-benzene trityl
PEGresin. 0 0 PS-PEG PS-PEG AcCl First, trityl alcohol resin (25 g,

NovaS d arel—and hed
seéﬁe%?la%gy ﬁﬁ?ﬂ/;ﬁgVagigﬁgg aﬂ%§tglSEEQCBEH%%?Nr;E?Vinﬂ“ﬁ&%gﬁg%ﬁvent,

the material was traffsferred to a "IP&Sk equi pped witlr a reflux condenser.
Tol uene 25 (250 niL nd acetyl chlori de (25 nm.) weregl added and the slurry
was heated to 70C red for 1.0 hour. An adfit®wnal portion of
acetyl chloride (25 m ) @ added and the

Nl,N3-Bis-Butoxycarbonyl-Diethylenetriamine
5 To a solution of diethylenetriamine (2.12 g, 20.6 mmol) and triethylamine (30.0 g,

41.3 mmol) in THF (100 mL) was added Boc-ON (10.65 g, 43.3 mmol) at room
temperature. The mixture was stirred for overnight. To the mixture was added 700 mL
of ether and then extracted with phosphate buffer (pH = 3, 100 mmol). The aqueous
solution was basified to pH = 11 and extracted with dichloromethane. The organic layer

10 was separated and dried over anhydrous sodium sulfate. The salts were filtered and the
solvent was removed under the reduced pressure to give the indicated compound as a
colorless oil (5.55 g). MS (mv/Z): [M+H]" =304.1.

N,N°-Bis-Butoxycarbonyl- N’-(Benzyloxycarbonylethyl)-Diethylenetriamine
15 To a solution of the compound above (1.0 g, 3.30 mmol) in methanol (40 mL) was
added benzyl acrylate (1.07 g, 6.59 mmol) at room temperature. The mixture was
refluxed for 3 days. The solvent was removed at reduced pressure to give a yellow liquid

that contains the indicated compound and benzyl acrylate. MS (m/Z): [M+H] " = 466.1.
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90 WO 03/011115 PCT/ US02/ 24261 slurry was stirred for 2.0 hours at 70C. The
slurry was filtered and the resin washed sequentially with toluene and
CH2C12. OWB®3PBEGINH2 Second, fleshly prepared trityl chl @cirasorazgsn and
THE (250 nL) was placed in a 5 flask. To the slurry was added

1, 3- bi s- (am nonet hyl ) - benzene (10 eq., based on a resin substitution of
0.23 mmol /g) and the m xture was stirred for 18.0 hours at room

tenperature. The sl urw_%% SHRAV ARV -PRetheRh P asindashed sequential |y
wth water, DWW, CH2C12, thﬁay%ol, gndHIyCLZCefLZ.? The resin was dried under

vacuo (room flempeixdureoéthe-comperrdabave aad benryl asrylateilghg) i025. 4 g). The
substi t ut,i st ok chi t 10 t sing.a quantitative ninhydrin
pr ocedur giehioro lhﬁ%? %&%W%Mggfne%%ﬁﬁ?@ tgnp %eﬁ?eslweoval ent
Conj ugat egs 6sired fRn Wt rodd terdtferamfartdaheMot tho thift@re wWieadAyati NGSCBaf Synt hon

#1 H CsOH, BnBr HBOC,, N, ,NBOC H 2,3-di-tert bu toxyca rbo nyl -
ami rfo- pr SicEn T he agequilager Wes seppigtod anlyophpized togpy thepindiqated pampoynd

(420 mg) as a sticky solid. MS [m/Z]: [M+H}+=266.2.

N.,N3-Bis [2-(Bis-Tert-Butoxycarbonylmethyl-Amino)-3-{[2-(Bis-Terz-
Butoxycarbonylmethyl-Amino)-Ethyl]-(Tert-Butoxycarbonylmethyl)-Amino}-
10 Propionamide]-N 2-(Benzyloxycarbonylethyl)-Diethylenetriamine
To a solution of the above compound, “Synthon 3”, HOBt and

diisopropylethylamine, in CH,Cl; and DMF is added DIC. The mixture is stirred for 48 h
at room temperature. The mixture is diluted with dichloromethane and water, and then
stirred for 15 minutes. The layers are separated and the organic layer is washed with

15 saturated sodium carbonate, saturated sodium chloride and dried over sodium sulfate.
The mixture is filtered and the filtrate is concentrated in vacuo to obtain an oil. The oil is
purified by silica gel chromatography using ethyl acetate and hexanes to obtain the

indicated compound.

20 N',N3-Bis[2-(Bis-Tert-Butoxycarbonylmethyl-Amino)-3-{[2-(Bis-Tert-
Butoxycarbonylmethyl-Amino)-Ethyl]-(Tert-Butoxycarbonylmethyl)-Amino}-
Propionamide]-Nz-(Propionic Acid)-Diethylenetriamine
A hydrogenation vessel is charged with the above compound, 10% palladium on

carbon, ethyl acetate, and triethylamine. The vessel is purged with nitrogen then
25 hydrogen. The mixture is shaken for 24 hours under a hydrogen atmosphere (50 psi).
The vessel is purged with nitrogen and the mixture is filtered through Celite®, and the

filtrate is concentrated under reduced pressure to give the product as an oil.
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t BuO2CN/ ,-C02tBu n _ ) N'CO2tBu r NO2tBu HN O CO2t Bu
2,3-Bis-tert-butoxycarbonyl am no propionic acid benzyl ester 5 A sol ution
of cesiumvoasbonaie (6.5 g) and water was added to 2, 3- bi PCTArsn2/24261

but oxycar bonyl am no propionic acid (3.04 g) in acetonitrile (25 m). The

m xture was stirred for 40 mnutes at roomtenperature. The sol vent was
renoved under vacuum DMF (50 ml) was added to the solid residue. A

sol uti on sofithegvaybyknenksle (1.43 mM) and DMF (5.0 nl) was added over 15

m nutes a roomterrperature The m xture was stirred 10 for 18 hours, and
then the m xtureGfa¥edi luted with ethyl acetate (100 nm) and water (50 m)
and stirred forrlLihn‘i nutes. The | ayers were separated and the organic |ayer
was dried overe%fsoﬁl un{lﬂfﬂzfate The mi xture was filtered, and the filtrate
was concentr at uRder~~wacuuQoiMe givéeMeicioi | (dBmg). The oil was purified
by col utm chromat ogr aphy Wi t hlet hyl 93ioxeg8 03/ 01 15 PCT7§J§@C’2\/22‘4%'61

acet at e/ hexane to provide arf oifl (178 Tgr—™M5 ( [M ®17. 1H NMR
(300 MHz): 1.4 (s, 9H), BnN#H (rHBRH)2. H4PAIC(m m*Hi)NHA 8 bt ithl 6.5 (m
1H), 7.3 (m 5H).CQNMs- DiEimi no- propionic acid trihydrochloride 5 A solution
of 2,3-bis-tert- oxycar bonyl am no propionic acid benzyl ester (1.8 @),
4N aqueous HO (40 m ), and acetonitrile (50 mM) was stirred for 18 hours
at room tenperdature. The solvent was renoved undecoygcuum and the m xture
was diluted with ethyl acetate (100 nl) and water 50 m) and stirred for

15 m nut es. The ch@yers were separat ed and t a ueo S Iayer was evapor at ed
to dryness (1.2 g of a foanisyrup). QB 5 (m 2H),
4.2-4.35 (m 5. 13-D2BE-CQH 2H J- 1 71 Hz) 6rboxy DTPA
propi oni ¢ aci Hpem—gyl ester—Asol L‘ﬁ“ﬁoé?ﬂ) 2, 3adi ami no- 24 d
trihydrochl oride (6.65 g), bb(CO) DTPE (B{J;OZ g\ " Synt hp )tBuﬁHCBt (8.5 @),
DIC (9.0 nl), diisopropylethyl am ndB{&%5. 0 rByQ.C CO,tBu
C02H
H,/Pd/C
SR Bu 020\ /\}/NH HN\//O CO?_tBu
tBquCﬂ (\ N/\ | —CO,tBu
lfB c COtBW
BuO,C uoztBuOZC goztBu 2BUC0,1Bu

Methyl 3-(Benzylamino)-2-((Benzylamino)Methyl)-Proprionate
5 Methyl-2-(bromomethyl)-acrylate (1.00 g, 5.6 mmol, 1.0 eq.) dissolved in

acetonitrile (20 mL) was added drop-wise with stirring at room temperature to a solution
of benzylamine (1.83 mL, 16.8 mmol, 1.5 eq.) in anhydrous acetonitrile (10 mL). After
16 hours, ether (100 mL) was added, and the white solid (benzylamine hydrobromide)
was filtered. The filtrate was concentrated under reduced pressure to give 1.90 gof a

10 crude oil. The oil was dissolved in ethyl acetate (150 mL) and washed with H,O and
NaCl brine. The organic layer was dried (MgSOs), and evaporated under reduced
pressure. The resulting clear oil was purified by flash chromatography (hexanes:ethyl
acetate) to give 1.38 g (79%) of the product. 'H NMR (300 MHz, CDCls): § 1.68 (s, 2H),
2.79-2.90 (m, SH), 3.68 (s, 3H), 3.75 (s, 3H), 7.21-7.32 (m, 10H).
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15 CH2C12 (400 m) and DWVF (200 m) was stirred for 48 hours.
was diluted wth nethylene chloride (500 m) and water (250

The
m),

m Xture
and t hen

stirred fwpoddimihutes. The |ayers were separated and thecerugan2e61 ayer
was washed with saturated sodium carbonate (250 m ), saturated sodi um
chloride (250 m) and dried over sodiumsulfate. The mxture was filtered
The 20 oil was

purified by silica geM&b*lmﬁ;(sﬁg{rﬁ.ngﬂﬁﬂoﬁgﬁ@}mp}@qﬁwﬁge and hexanes to

and the filtrate was concentrated in vacuo to obtain an oil.

obtain 28.0 g of materia [ MF2] + = 79 1]+ =

1595.

2, 3-Bi s-car boMeﬂmlﬁﬁ(bpnafimnmowa(ébwﬂmr@g@n@wcmomor@t 267, d & woye)- DTPA

pr opi oni

ster
Bt at of §0700 RoF Sheeed R itls Ry SugbPRamPLaREl0 B RE 4 Ehility oppc
cat al yst irf dibxa# wexdddedt ThOsdistion me&a&efoo\nfﬁ&n@dfm@ foy 20hminutdse@dn and

the mxture was filtered through Oellte(r) and concentrated under reduced
pr essur eselyenjs yerertheneypnaratedhunsier reduggd qragsiye togre white pesgder that )as = 1504.

R o e R D

( H3C) 3CCadedfat 0{CRMIE 2FRACndYhBnriGhkeAQENERENRI 45 pFdH f&x 18 hours, then
filtered through Celite®. The product (1.47g) was isolated following a MeOH was and
evaporation under reduced pressure. 'H NMR (300 MHz, D,0): & 3.25-3.43 (m 5H), 3.82

10 (s, 3H).

Methyl 3-(BOC-Amino)-2-(BOC-Aminomethyl)-Proprionate

Diamine (1.44 g) was reacted with di-zert-butyl dicarbonate (3.22 g, 14.8 mmol,

1.05 eq.) in dioxane/aqueous NayCOj at solution 0°C for 1 hour and then room

15 temperature for 18 hours. The mixture was then acidified (pH=4) with 0.5N KHSO4 and

20

25

30

dioxane was evaporated under reduced pressure. The aqueous portion was extracted with
ethyl acetate, dried over MgSO4 and concentrated under reduced pressure to give a crude
oil that was purified by flash chromatography (hexanes:ethyl acetate) to give 1.86 g
(80%) of the desired. NMR (300 MHz, CDCl;): 6 1.41 (s, 18H), 2.66-2.78 (m, 1H), 3.10-
3.27 (m, 2H), 3.50-3.62 (m, 2H), 3.68 (s, 3H), 5.17-5.27 (bt, 2H).

3-(BOC-Amino)-2-(BOC-Aminomethyl)-Propanoic Acid

Methyl ester (1.50 g) was dissolved in 15 mL of a 2:1 mixture of THF / H,O.
LiOH+H,0 (0.95 g) was added at 0°C. The mixture was stirred between 0°C and room
temperature for 44 hours. THF was evaporated under reduced pressure and the aqueous
solution was extracted with EtOAc. The aqueous layer was made acidic (pH=3) with
0.5M aqueous KHSO4 and extracted with EtOAc. Combined organic fractions were
washed with 30 mL H,O, and dried (MgSOs). Solvents were evaporated under reduced
pressure to give 1.32 g (92%) of the product. 'H NMR (300 MHz, CDCls): § 1.40 (s,
18H), 2.66 (s, 1H), 3.27-3.47 (m, 4H), 5.42 (s, 1H).
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OCH2 Ph 0 C2C(CH 3)3 (HBQ3CRCG'\ NJ ~233 HCCOQ ( 3)32

(H3C) 3CO2C"N N~~N CO2C(CH3) 3 (H3C)3CX2C (H3C)3CO2C1) N1, N3-Bis

[ 2- (bi s-twoteshoutioxycar bonyl met hyl - am no) - 3-{[ 2- (bi s-tert PCT/US02/24261

but oxycar bonyl net hyl - am no) -et hyl ] - (tert-butoxycarbonyl net hyl ) -am no} -

propi onam de] -di et hyl enetriamne To a solution of diethylenetriamne (3.16
m), acetonitrile (700 m ), and diisopropylethylamne (10.4 nl) was added
pre-reacted (30 nNpehzAN-EPOTARINA2-BQC-AmByorhéibpl)PropiddaBt (7.9 g), EDC
(11.2 g) and diisopropylethylamne (10 m) in 10 aceigni trile 5a,tg%é‘oom
tenperat ure. Heid (letice) B waredsatirppraderppgraturs ith benzy! Brogige, (bt &&nt r at ed

under re%ﬁ%grﬁﬁwoﬁgﬁgg &gidu%v@?m%@qum%{lébo %Q(%/ Acelpbey extracted

w th wat €r satura oride "an en concentrated. The
oi | was preidkurd and fheRexidud3)SpaNitiordd GEREELHBPANIHROASCCRIE ¢1ig3iiy 33ER C

(8 Cg 3 C%%’; uasche% vgi(dﬂ;'ri%e, %ﬁd Yd\gecP 8\’/{8&6})1%0@%1{ \&VJ%OeZ\{a%grza‘?e]d under reduced

pressure and the residue purified by flash chromatography on silica gel (Hexanes/ EtOAc
95:5 t0 9:1 to 85:15). Yield 1.16g (90%). "H NMR (300 MHz, CDCl): § 1.42 (s, 18H),
2.79 (quint, 1H, 5.6 Hz), 3.1-3.3 (m, 2H), 3.5-3.65 (m, 2H), 5.13 (s, 2H), 5.15-5.28 (m,
1H), 7.30-7.40 (m, 5H). MS: 431.15 (M+1).

10

Benzyl 3 —Amino-2-Aminomethyl-Propionate Dihydrochloride Salt
Benzyl 3-(BOC-amino)-2-(BOC-aminomethyl)-propionate (1.15 g) was dissolved

in 5 mL 4M HCI solution in dioxane. The mixture was stirred at 0°C for 6 hours and the
dioxane was evaporated under reduced pressure. The residue was tritrated with ether and

15 was filtered to give the unpurified diamine dihydrochloride salt (0.81g) 'HNMR (300
MHz, MeOD): 8 3.1-3.3 (m, SH + CHD,0D), 3.55 (s, dioxane), 5.19 (s, 2H), 5.15-5.28
(m, 1H), 7.20-7.40 (m, 5SH) MS: 209.00 (M+1)

Benzyl 3 —(N-BB(CO)DTPE Carboxamide)-2-(N BB(CO)DTPE Carboxamide)
20 Methyl-Propionate
Acid (2.00g, 2.8 mmol, 1.5 eq.) was dissolved in 5 mL anhydrous

dichloromethane. The diamine (0.26g), HOAt (0.32g), and diisopropylethylamine (0.65
mL) were reacted 0°C with HATU (0.88g) for 2 hr. Tris amine resin (0.5g), isocyanate
resin (0.5g), and HATU (0.42g) were added and the reaction mixture was stirred for 16h
25 at room temperature. The resins were filtered and the filtrate was evaporated. The
residue was partitioned between H,O and EtOAc. The organic layer was washed with
H;O, saturated NaHCO;3 , and brine (20 mL), and dried (MgSO;). Solvent was
evaporated under reduced pressure. The oil was purified by flash chromatography on
silica gel (Hexanes/Acetone/Et;N) and gave product (1.13g). MS: 1607.95 (M+1) and
30 1629.95 (M+Na).
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purified by silica gel colum chromat ography using

hexanes/i sopropanol /triethylam ne to provide 22.5 g of product. M5 (nl 2):
[ MFH] + = WB®3/01M15 N3- Bi s PCT/US02/24261

[ 2- (bi s-tent-but oxycarbonyl net hyl -am no)-3-{[2-(bis-tert 5

but oxycar bonyl net hyl -am no) -et hyl ] - (tert-but oxycarbonyl net hyl ) -am no} -

pr opi onam de] - N2- (benzyl oxycar bonyl net hyl ) - di et hyl enetri am ne

Benzyl - 2- bayNaagCODKPE BArbox-ikidep2NBH(CYDIWRICheboxainidé)eMpthyti ous

am ne conmpound (13.5 g), acetonitPidfoniéAtidl) and sodi um carbonate (1.18

g) . The m xtugg gg@ﬁe .9%905@ o b dissblved BB (AL Bib AR ELLN (Eniigact i on
m Xt ure was coo to roo 10 tenperature and concentrated under reéduced

pr essur ewaEnadded. 46&4 Balladamd catalystronvarongd@dég) wanadded pad thespixdurs aysar at ed.

The organi ¢ | r., \Wa h i th turated aguequ di | oride, then
conentr g“@%ﬁ“ ?}%ﬁé}l ‘%@%%&13‘3@8 gt :ﬁfeocagqtl\’/sg wgﬁ %gﬁeﬁea(afa% %0?‘].’6?%5 (m 2):
[M+ = 18@boratd to give the product (0.82g). MS: 759.55 (M+2H/2)

N1, N3- Bi s[ 2- (bi s-tert-but oxycarbonyl met hyl -am no)-3-{[2-(bis-tert-

but oxycar bonyl net hyl -am no-ethyl] -(tert-butoxycarbonyl net hyl)-am no}

propi onam de] -N - (acetic acid)-diethylenetriam ne The above benzyl ester

(14°0) V3, £080REL: P rAMiAREL MRIpiRIMEaRL e (49:D) at 50 psi

for 16.0 sin e presence o n charcoal (3.5 g). The

20 resulting mxture was filtered through Celite(r), and concentrated in
vacuo to3provide 12.08 g of an oil. M5S (m2): [MH + = 1561. 95 WD
03/011115 Synthesis of Synthon #4 |---\ | --\Boo-ON H2N NH2 -
BocHN-\ N ~NHBoc H BocH N \N -\ N HBoc H I’@: S02/ 24261 H2N'N/ \ N H2

H
Diamine trityl resin \_Q/H O

Peptide synthesis

10

Cleavage | 1%TFA/DCM

\
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TFA J bb(CO) DTP E- HNNN H- bb( CO) DTPE H2/ Pd- C bb( CO) DTPE Coupl i ng

bb( CO) DTPE-HN ' N "N H- bb( CO DTPE

N1, N3- Bi swBuwsoxmear bonyl - Di et hyl enetriam ne 5 To a sol ut ipam/ush2/24261

di et hyl enetriamne (2.12 g, 20.6 mol) and triethylamne (30.0 g, 41.3
mmol) in THE (100 nL) was added Boc-ON (10.65 g, 43.3 mmol) at room
tenperature. The m xture was stirred for overnight. To the m xture was
added 700 nL of ether and then extracted with phosph buffer (pH = 3,
100 mmol ). The aqueous solutjon was basified to pH = and extracted with
di chl oronet hane. The or gani o d dried over

anhydr ous sodi um sul fate. the solvent was

renoved under the ge q_;adop urce ed conmpound as a
%)JL M!Il - But oxycar bonyl -
= sol o ' of the

i geythg iondic
colorless oil H:

N2-(Benzy|oxygfg§ony hgl}+ etthyle etrlam1gg/15HT

conmpound abov 1.0 g, 3. 8Bcrimol met hameh)s(40 noXwas added fgnzyl
acrylate (1.07 6.59 nmol ) at temperature. The M%ture was refl uxed
for 3 days. The solvent was renoved @u reduced pressure to give a yell ow
liquid that contains the indicated conpound and benzyl acrylate. M5 (nf2):
[ MPFH + = 466.1. 96 WO 03/011115 PCT/ Us02/ 24261

N2- ( Benzyl oxycar bonyl et hyl ) - Di ePYRfaiffet|r Tidissne To a mixture of the
conpound above and benzyl acrylate (1.Q,9) in dichloronethane (25 nL) was
added TFA (13.8 nL) at roomtenperaturd. The m xture was stirred for 3 h
at roomtenperature and then to the m xture was added IN HC and 5 water.
The aqueous | ayer was separated and |yophilized to giyv he i ndi cat ed
conpound (420 ng) as a stickysolid. M5 [mZ]: [MH +=266.2. N ,N3-Bis
[2-(Bis-Tert- Butoxycarbonylnethy m no)-3-{[2-(Bis

were fil red
o ai ¢

OtBu
DTPECON
A ° Coupling
H
DTPE-CONH Synthon#2 Y
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But oxycar bonyl nmet hyl - Ami no) - Et hyl ] - (Tert-But oxycar bonyl nethyl)-Am no} 1 0
Pr opi onam de] - N2- ( Benzyl oxycar bonyl et hyl ) -Di et hyl enetriam ne To a sol ution
of the abwoesponpdund, "Synthon 3", HOBt and dii sopropyl echgisani42el in
CH2Cl 2 and DMF is added DIC. The mixture is stirred for 48 h at room
tenperature. The mxture is diluted with dichl oronmethane and water, and
then stirred for 15 mnutes. The | ayers are separated and the organic

| ayer is washed with 15 saturated sodi um|carbonate, saturated sodi um
chloride and dried over sodiumsulfate. |{The mxture is filtered and the
filtrate is concentrated in vacuo to obt i1nhy yS,lil. The oil is purified by
silica gel chromatography using ethyl ac tég@.yemg.{ hexanes to obtain the

i ndi cated conpound. 20 N1, N3-Bi s GHDIPACON

[ 2- (Bi s- Tert - But oxycar bonyl nmet hyl - Ani no) -Y3-{[ 2- (Bi s- t- ‘ﬁ/\ H

But oxycar bony lemeelagdi Al RQ)o Et hyl ] - t - But oxycar nyI met hyl ) {Am no}

Pr opi onam de] - N2- ( Propi pnifc_Aci dp | en 1 /7 A hydypogengti on vessel

e tod am
is charged with the a vm@@é{yﬁd H Qo Iilg % axDpn, etlhyl
acetate, and triethyldm ne? vessel Hi g pur g?i blh Mi t regetoiden 25
hydrogen. The m xture is*{haken Pm—%;fcmrs—u der %3,hydr ogen at mosphere
(50 psi). The vessel is purged with 4,00en and the mxture is filtered

through Celite(r), and the filtrate is concentrated under reduced pressure
to give the product as an oil. 97 WD 03/011115 Synthesis of Synthon #5

CCemMe Br Bn Nl_@ep%de%lyﬁugﬂoﬂ\%l@ g ofjtihg)i %%S-%MOM@E{}I)ZbCDE%{eP[% CO2Me i's

rj~

NovaSyn TGT resin (measured substitution = 0.59 mmol) was placed in a standard
5 peptide column and loaded onto a Peptide Synthesizer. Synthesis was carried out using a

standard Fmoc strategy. Capping was carried out after coupling the first amino acid using
acetic anhydride, 6% diisopropylethylamine in DMF. When the synthesis was complete,
the resin was removed from the column and placed in a reaction vessel. The resin was
rinsed once with CH,Cl, and filtered. The resin was then treated with 1% trifluoroacetic

10 acid in CH,Cl; and placed on a mechanical shaker for 10 minutes. The mixture was
filtered through the reaction vessel and the filtrate was collected. The pH of the combined
filtrate was adjusted to approximately 8 with triethylamine, and the solution was
concentrated under vacuum to an oil. Following precipitation with water, the white solid
was filtered and rinsed with water and diethyl ether. The solid was dried by suction

15 filtration, taken up in DMF and diluted with acetonitrile. The solution was cooled in an
ice bath and was treated with 1.5g of thallium trifluoroacetate for 2.0 hours. The pH of
the solution was adjusted with triethylamine to pH 8 and then concentrated under
vacuum. Water was added to the oil and the resulting precipitate was collected by suction
filtration. The solid was washed with water and diethyl ether to give 2.7 g of crude

20 modified peptide having a C-terminal amine functional group. An example synthesis of
H,N-Leu-Pro-Cys-Asp-Tyr-Tyr-Gly-Thr-Cys-Bip-Asp-CO-NHCH,CsHsCH,NH; (SEQ
ID NO:21) was confirmed by an observed m/Z of 1792.8 [M+Na]". The modified peptide
was purified by preparative HPLC. Fractions of similar purity (98-100%) were combined

and lyophilized without neutralization.
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Br CO2Bn  NH2 NH2 H2/ Pd/ C bbDTPE- CO2H > t Bu2CQ\ tBuO C .. CO2Me NH2 NH2
PCT/ US02/ 24261 | .Boc20O, 2. LiOH 3. BnBr, 4. HC NH HN--'/0 (CO2tBu N
N~~CO2t Bwo@eatBws 1  CO2t Bu CO2t Bu t BUuORC~u~t Bu C t Bu42C\ PRIHUSIE2426( CO2t Bu
tBu2C--\N NNNNN,-CR2tBu Il Bu2C i C02tBul tBu2C tBu2C CO2t Bu CO2t Bu
Met hyl 3-(Benzyl am no) - 2- ((Benzyl am no) Met hyl ) - Propri onate 5

Met hyl - 2- (bronmonet hyl )-acrylate (1.00 g, 5.6 nmol, 1.0 eq.) dissolved in
acetonitrile i =100 | WA ature
o a S0l Ut i on ol TEbdfiRe EEES il QRakhPC G Eapohie B W00 LR Cue
acet oni t disk@dvgdlim diehloronfethome. Déisoryapyethplaimine wao@idet Yropvaseaddddhe piid t he

O OB RSBl B3 BB 85) RS 121 1o
oi | was gihis@hatrdly t6 ths MistuRc eifed etifihd 0 Minhtca@lisopopoRiWldtinkias aaded NaCl
brine. The organic |layer was dried (MySO4), and evaporated under reduced
5 dropwise until the pH measured 9. The mixture was stirred at room temperature for two
hours. Additional pre-activated Synthon #2 (with diisopropylcarbodiimide,
diisopropylethylamine, and HOBt) was added in one portion. Solvents were removed in
vacuo and the residue was dissolved in ethyl acetate, which was washed sequentially with
0.1 N hydrochloric acid, saturated sodium bicarbonate, and saturated aqueous sodium
10 chloride. The organic layer was dried over sodium sulfate, filtered, and concentrated
under reduced pressure to obtain a light yellow foam (7.8 g). The foam was dissolved in
dichloromethane and purified by flash chromatography (dichloromethane: methanol
eluent) to provide a white solid (5.6 g). The white solid was stirred in a mixture of TFA,
water, and triethylsilane (90%/5%/5%, 30 ml) at room temperature. The mixture was
15 heated to 40 °C and stirred for 2 hours. The solution was concentrated to a volume
between 3-5 ml, then cooled to room temperature. Diethyl ether was added and a white
precipitate formed. The mixture was allowed to stir for 10 minutes, and the solids were
collected by filtration and washed with diethyl ether. The solids were dried under
vacuum providing a white solid (4.0 g). The solid was dissolved in a mixture of water:
20 acetonitrile (20 ml, 4:1 ratio) and purified by Prep HPLC to yield a white solid, precursor
MR imaging agent (1.6 g).
l Precursor MR imaging agent (1 g) was reacted with one equivalent of
GdCl3*6H0 in distilled deionized water with the pH adjusted to ca. 6 by the addition of 1
M NaOH. The gadolinium complex was purified by reverse phase chromatography
25 (Waters Sep-Pak® C-18) using distilled deionized water and 50:50 (v:v) methanol:water
eluent. Appropriate fractions were combined and the methanol removed under reduced
pressure at 50 °C and lyophilized to give 811 mg of the MR imaging agent.
Alternatively to the synthesis of 32 presented above, the peptide may be cyclized

on a resin as illustrated in the following Scheme:
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pressure. The resulting clear oil was purified by flash chronmatography
(hexanes: ethyl acetate) to give 1.38 g (79% of the product. 'H NMR (300
MHz, CDCI8P:038111168 (s, 2H), 2.79-2.90 (m 5H), 3.68 (s, PBHUS0OB24261 (S,
3H), 7.21-7.32 (m 10H). 98 WO 03/011115 PCT/ US02/ 24261 Met hyl

3- (Am no) - 2- (Am nonet hyl ) - Propri onate Met hyl

3-(benzyl am no) - 2- ((benzyl am no) net hyl ) - proprionate (2.27 g, 7.3 mol, 1.0
eq) was dissolved in nethylene chloride (2Q nL) and 4.0 nL of a 4M sol ution
of HO in dioxane was added. The sol uti -@ as stirred at roomtenperature
for 20 mnutes and 5 solvents were t evapor at ed under reduced pressure
to give a white powder that was S VRd @-'Q MeOH. Catal yst (10%
Pal | adi um on carbon catal yst, 750 ng) was | attded“&t OC under argon and the
m xture was shaken at 45 psi H2 for 18 hquhs, then filtered through
Celite(r). The product (1.47g) was isol ated followi ng a MeOH was and

evapor ati on under reduced pressur%lH NVR (300 WHz, D20): 8 3.25-3.43 (m

5H), 3.82 10 (s, 3H). I\/Etpgylgjesfyﬁ,{e Am no) - 2- (BOC- Am nonet hyl ) - Propri onat e
Diamine (1.44 g) was reacted with dj-tent-butyl dicarbonate (3.22 g, 14.8
mml, 1.05 eq.) in dioxane/ agueousyNa2CO3 at @ tion OC for ;1 hour and
then room 15 tenperature f &no houfs. The m xtAfire was then acidified
(pH=4) with 0.5N KHSO4 andg, di oxane was evap @ ed under reduced pressure.

The aqueous portion,was tragted WI tgyl acet ate, driseg over MgSH4 and
concent r at ed L@ng&mj{a SS r ! ‘

ride oil. that was purified
by flash chromatogfa @)zt ovgiya 86 9 (80% of the

desired. NVR ( RGI3)> 1 41(/(:'85/ 18Hio;( 2. 66-
20 3.27 (m 2H) 350362( H, 3.68 (s, 3HP® 5, 17-5. :
3- ( BOC- Ami no) - 2- ( BOC- Ami nonet hyl ropanoi ¢ Acid Methyl ef (1. 50 g) was

dissolved in 15 nL of a 2:1 mxture of THE / H20. Li OHH2 0.95 g) was
added at OC. The m xture was stirred beta&en 0C and room 25 tenperature
d

for 44 hours. THE was evapor at ed 8% uced pressure and the aqueous

sol ution was extracted with Et OAc”YHFEAquEda/ Wer was made acidic (pH=3)
with 0.5M aqueous KHSO4 and extracted wa'th Et CAc.

fractions were

ned organic

BuO.

otBu ot O
v TQ{N\/U\:N/)\( N\)\ H\{IL H}/L H B
= HO 3 H G H
\( Q ° OtBu O

Cleavage | 1% TFA/DCM

Y

tBuO.

H%N/vk/lw ﬁw@%@ W R

OtB u
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washed with 30 nL H2O, and dried (MJSO4). Sol vents were evaporat ed under
reduced pressure to give 1.32 g (92% of the product. 1H NMR (300 MHz,
CDC13): ow0.040111s5 30 18H), 2.66 (s, 1H), 3.27-3.47 (m ABFCI/GA2265, 1H).
99 WD 03/011115 PCT/ US02/ 24261 Benzyl

3- ( BOC- Ami no) - 2- ( BOC- Ami nonet hyl ) - Propi onate Acid (1.01 g) was reacted at
roomterrperature vm'th benzyl bromde (0.45 nL) in anhydrous DVMF cont ai ni ng

Cs2CO3 sure and the residue
was parti tll(z)lr?ed bet vveen ﬁ%gg%ggg%&%@ﬁfﬁégg’%gﬁ?% §§er 5 was washed with
brine, and dr Eech ¢fhSCHl]awise MR ithaging agantpeasdyathesinebanal egbusigdo ther essur e

Bt onc. ofemions Sefitbpd iy, dentih gregated ol E AR IR NI eI G0 DT S) S
1.42 (s, ydiiEhhallivda Yrﬁldcﬁézidé’éa:te Hﬁs parified By HPiClana @a&éﬂ WRH')Sym%o§#§ 65 (m

2H), 5.13 (S, 2H), 5.15-5.28 (i 1H),” 7. 30- EE MS: 431.15
(M+D) | 1dummyﬂetmylammmcd:@ompﬂwb@mmdp@pcu bn@dH t13 d@-dishl or i de Sal t

B | 3- - I t | ved
I S R RS b e R D S T N e e
hour s angdcdidie, widtipwan vadiesl seyepeiaiy adthNUNhydestuke’d doidesgufated sbiiRmi esi due

was trltrated with ether and 15 was filtered to give the unpurified diam ne
di hydr ochicabpagesindisapugated agreoyssadinem chlgpide.\ e om)layes“@s ﬂned 8vefm 5H +

oy e 5988 e S RER R et B pimiiet el i Qg Dondlal froe™

Car tnox amivde purif2éll iWabdesbarPby flasineliremamigehph .00 BIP L2 The mevnlting vlihteesgplijl vvas

(0° 320) - Ve ] PBEYe ol A oS T TG S0 EE 2l TR oI HaTU

(0. 889) {e%pe?atﬁre for: 2J65ho%F§ ®1efh€‘¢15étﬁe1(\9as5ﬂi)ded hﬁ&&%ﬂ@bﬁ‘emﬁiﬁ&' Rrh &, Ihich and
HATU (0.42g) were added and thé reaction m xture was stirred for 16h 25 at

room t enpes peifics byTRpiddi G CHBEN/HZO a4 d yidié afihitersalid premirssvapor at ed.

The resi was partitioned between H20 and Et QAc. The organic | ayer was
imaging agent.

Wa51h53d Precursor MR imaging agent was reacted with one equivalent of GdCl3*6H,0 in
deionized water (pH 6, NaOH). The gadolinium chelate was purified using reverse-
phase chromatography on a Waters Sep-Pak® C-18 cartridge with water and
methanol:water 50:50 eluant. Appropriate fractions were combined and the methanol
removed under reduced pressure at 50 °C and lyophilized to give the desired MR imaging

20 agent. Table 3 provides mass spectrometry data confirming each of the compounds. See

the detailed description for the structure of each of the compounds.

Table 3
MS data of Fibrin-Binding compounds
Molecular MS (M+3H)""/3
Compound Weight caled obsd
4 4016.884 1256.49467 1255.66
5 4025.96 1259.52 1259.9
6 4108.014 1286.87133 1284.53
7 4307.336 1353.312 1369.34
8 4076.064 1276.22133 1298.48
9 4233.208 1328.60267 1327.94
10 4221.199 1324.59967 1324.57
11 4142.146 1298.24867 1321.13
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H20, saturated NaHCO3 , and brine (20 mL), and dried (MyS04). Sol vent was
evapor at ed under reduced pressure. The oil was purified by flash

chr omat ogwaphgpiams silica gel (Hexanes/Acetone/ Et3N) and garaspr/agect
(1.13g). Ms: 1607.95 (Mtl) and 30 1629.95 (M+Na). 100 WD 03/011115

PCT/ US02/ 24261 3 - ( N-BB( CO) DTPE Car boxam de) - 2- ( N- BB( CO) DTPE Car boxam de)
Met hyl - Propionic Acid Benzyl ester (0 90g 0.56 mmol ) was dissolved in 30

nL Et OAc and B3N {1 1t 1 % I-"alla(]IUH KEP2q (,d.lU
(0.509) was @Q,@gé{,,_%ﬂj the m Wurﬁt anar\‘g.‘d Mﬁ?ﬁmuﬁ@ %b _
Hydr ogen ---\, U u St NS f d an t ha Sofvent S——‘;—V—&p—@-l’—gric lve
the produg m NEL 759 BB 3(~ 2H/ D) Exa 1.9%67 Synt hpqﬂ%&%?o
Fi bri n- Bi 1d| ncn IVP f magi Aaeﬁ?ss@ﬁ Pept i de 53%4%sis 10 O edd3Hd 11 PaFA /
DCM Y 101/ WD 031411115 WCl i 244 700833PCT] US02/ PR "N ' -, #0744 HO7 H
O (AcmS|OBu Ts(tfa)3]V Coupdadp2102 1371.98733 1393.99

16 4511.483 1421.361 1444.57

17 4169.128 1307.24267 1329.85

18 4503.826 1418.80867 1419.25

19 4387.428 1380.00933 1379.12

20 4305.369 1352.65633 1351.6

21 4419.473 1390.691 1390.53

22 4277.356 1343.31867 1341.04

23 4357.829 1370.143 1370.63

24 4443.644 1398.748 1398.9

25 4448.209 1400.26967 1400.11

26 4326.731 1359.777 1359.9

27 4423.505 1392.035 1392.79

28 4343.375 1365.325 1364.7

29 4342.387 1364.99567 1364.7

30 4313.366 1355.322 1354.9

31 4342.387 1364.99567 1364.8

32 4319.303 1357.301 1357.6

Example 7 - Synthesis of Fibrin-Binding Optical Contrast Agents:

Each of the following optical contrast agents is synthesized analogously to the
methods described above. Scheme X shows a general example wherein two identical

5 optical dyes are added to the same peptide.

5-Carboxytetramethylrhodamine-containing compound (3A)

The peptide 1 (177 mg, 0.10 mmol) and 5-carboxytetramethylrhodamine
succinimidyl ester A (111 mg, 0.21 mmol) are dissolved in dichloromethane (20 mL) and
10 DMEF (20 mL). Diisopropylethylamine is added dropwise until the pH measures 9. The
mixture is stirred for overnight and then the solvents are removed under reduced pressure.
The residue is purified by silica-gel flash column chromatograph

(eluants:dichloromethane/methanol) to give compound 2A.
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NH2 WO 03/011115 PCT/ US02/ 24261 1) hydrol ysis 2) Gda3, NaOH Pepti de
Construction: 3.39 g of the 1, 3-bis-(am nonethyl)-benzene trityl NovaSyn
TGT resi wOmsasured substitution = 0.59 innol) was pl acedpPcatsozrandard 5
pepti de colum and | oaded onto a Peptide Synthesizer. Synthesis was carried
out using a standard Fnoc strategy. Capping was carried out after coupling
the first amno acid using acetic anhydride, 6% diisopropylethylamne in
DVE. When t heTg¥Rhi8th®248SaddRiR!sBhfion of TEAT B5O AnW@TethATRME ¢ralibom t he
colum and placed in a reaction vessel. The réesin was rlnsef'once W th
CH2C12 afd/513, ek e dhe Thistureisishaligadot hbat toogateaypewiturh, dhdihérn the kreastiomcet i ¢ 10
acid in CHC12 d placed.o chanj cal shake or 10 m hu he

i xtur e Teure s oD BOwEA Sl 30 fE° PEGhei o ARG ELGln b8 faice e At e

col | ect egblvdiigareepdrated By comtifpton fthd &fiad prodas iaebiuetedthnt ShafirEddmat el y 8
with triethylam ne, and the solution was _concentrated under vacuumto an
oi | .5 Fol n¥0g mycpeadiapt HBECda oljaitcomnosind 3dhe white solid was filtered and
rinsed with water and diethyl ether. The solid was dried by suction 15
filtration, taken up in DV and diluted with acetonitrile. The solution was
cooled in an ice bath and was treated with 1.5g of thallium
trifluoroacetate for 2.0 hours. The pH of the solution was adjusted with
triethylamne to pH 8 and then concentrated under vacuum Water was added
to the oil and the resulting precipitate was coll ected by suction
filtration. The solid was washed with water and diethyl ether to give 2.7 g
of crude 20 nodified peptide having a C-term nal am ne functional group. An
exanpl e synt hesi s of

H2N- Leu- Pr o- Cys- Asp- Tyr- Tyr- @ y- Thr - Cys- Bi p- Asp- CO- NHCH2C6HACH2NH2 (SEQ I D
NO 21) was confirmed by an observed miZ of 1792.8 [MNa] +. The nodified
peptide was purified by preparative HPLC. Fractions of simlar purity
(98-100% were conbined and |yophilized wi thout neutralization. 103 WO

03/ 011115 PCT/ US02/ 24261 Modified peptide (3.2 g) and coval ent conjugate
(Synthon #2 above) (3.95 g) were dissolved in dichloronethane.

Di i sopropyl et hyl am ne was added dropwi se until the pH
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measured 9, and diisopropylcarbodiimde (2 eq.) and HOBt (2 eq.) were added
sinmul taneously to the m xture. After stirring 2 m nutes,
di i sopr opybeslyliairi ne was added 5 dropwi se until the pH nmePasursez2€261 The
m xture was stirred at roomtenperature for two hours. Additional
pre-activated Synthon #2 (wth diisopropyl carbodiim de,
di i sopropyl et hyl am ne, and HOBt) was added in one portion. Solvents were
renoved in vacuo and the residue was dissolved in ethyl etate, which was
washed sequentially with 0.1 Nh déochloric acid, satur d sodi um
bi car bonat e, and saturated aqueous"s {um 10 chl oride he organic | ayer

d under T¥4uced
o) mQM;Lgizgglved in

7H8%¢
Ech or orret hane:

was dried over sodium sul fate,o&PFt €
pressure to obtain i §h .%Ro 1=é¥n
di chl or onet hane anquﬁE$%N y N égs h oo [ aphy
met hanol eluent) t fovi de as . : e white solid was
stirred in a mxture of TFA, water, triethylsilaneotaéo%S%S% 30 m)
at roomtenperature. The nixture was 15°f%8atdd to 40 C and stirred for 2
hours. The solution was concentratedoto a yolune between 3-5 m, then
cooled to roomtenperature. Diethyl i:ﬂer s added and a white

I

—

precipitate formed. The m xturg@was-nl lfowed to stir for 10 mnutes, and the
solids were collected by filtration jJand shed with diethyl ether. The
solids were dried under vacuum provi & ng a white solid 0 g). The solid
was dissolved in a mxture of walggs: 20 acetonitrile n, 4°¢-Ratio)
and purified by Pr MPLC to yi gld rsor MR ijmagi ng
agent (1.6 g). Precursaqr acted wi Nne

ite solid, pr

MR, | I'ng ent JBuwas
equi val ent of GdClw\gﬁﬁﬁgéﬁl)di tin e dﬁLén'zéhgga KWt pH adj ust ed
to ca. 6 by the additfol ¢ 1 SMINEOH, FThe Hadold nl ufn Eordpl ex was purified
by reverse phase c mat ogr a iﬁak(r? md8) using distilled
dei oni zed water and 50:50 (v:v) net oi, Vet er el uent. ippropriate
fracti ons were conbi ned and the nethanol rerdved under reduced pressure at
50 C and lyophilized to give 811 ng of thg MR inaging agent. Alternatively
to the synthesis of 32 presented above, tHhHe peptide may be cyclized on a
resin as illustrated in the follow ng Schgne: 104 WO 03/011115
PCT/ US02/ 24261 5

109



Cyclization 0O Ceavage TI(tfa)3 / DV 1%FA/ DCM 105 WO 03/011115

PCT/ US02/ 24261 Exanple 6 - MR Imagi ng Agents Prepared in Anal ogous Fashi on:
Each of twe Boliies ng MR i nagi ng agents was synt hesi zed amaraggousd2y1 t o t he
nmet hods descri bed above. Peptide, prepared using standard Fnoc strategy and
cyclized wusing thalliumtrifluoroacetate, was purified by HPLC and reacted
with Synthon #2, 5 diisopropylethylam ne, diisopropylcarbodiimde (2 eq.)

and HOBt (2 eg-@a&&j_ﬂﬁj'o@&b&h%ﬁia_hﬁrﬁﬁeo@mﬁaQS\H;')hV\Bre renoved in vacuo and
the residue was dissolved in ethyl “acetate, which was washed sequentially
with 0.1 N hydr ashnidaripgocgding, as slasagibad éndths sutithesis off s r3oisayethesized wsirteur at ed

aqueous i |l o%4 de. i was. dried.over . sodi ul f ate,
it or od TSR BF 65, o IO ey AR e B e Pl FEr B 67 BIThuni ch 10
was puri higed.2lfmmebessary by flash chromat ography or HPLC. The resulting
white solid was stirred in a mxture of TFA, water, and triethylsilane
(909% 5% 5% 30 m) at room tenperature for 2-6 hours. Diethyl ether was
added and a i kpl.tate: farl icah was purified by Prep HPLC

( CH3CN H20/ A%%ﬁ%???%‘?ﬁgmv%@%w&? precursor MR imagi ng agent. 15
Precursor MR inraginfighr pgsetiureas deeaidedth the bintheses BN, 30 BRnthEsifdGEHHH20 in
dei oni zed wat er ilpH 6, NaCOH). The gadolinium chel ate was purified using
rever se- therestide h( bivanedt 49 pynahand Vs Red8ek spegigimidyteser €172 mgge wit h
wat er 3”621% nol : wat er 50:50 eluant. Appropriate fractions were conbi ned
and the n&thanol” renoved under reduced pressure at 50 C and |yophilized to
give the desired MR imagi ng 20 agent. Table 3 provi des mass spectronetry
dat® conExaniphg8 e Mdéasofing Bindingpd CotsrastSagents beTdaiess:| ed description for

the structure of each of the conpounds. Table 3 M5 data of Fibrin-Binding
conmpounds The extent of binding of a contrast agent according to the present invention to a

target, such as HSA or fibrin, can be assessed by a variety of equilibrium binding
methods. For example, binding to HSA can be measured by ultrafiltration. In a typical
binding measurement using ultrafiltration, the contrast agent is mixed with 4.5%

15 weight/volume HSA in a pH 7.4 buffer. The sample is loaded into a commercially
available centrifugation apparatus equipped with a 30 kDa molecular weight cutoff filter
(Millipore Ultrafree MC Low Binding Regenerated Cellulose 30 KDa mol. wt. cutoff
catalog # UFC3LTKO00), permeable to the targeting group, but not to HSA. A small
portion (5 - 10%) of the sample volume is filtered by centrifugation at 2000 x g for 20

20 min through the cutoff filter, and the concentration of unbound targeting group in the
sample is measured in the filtrate.

For measuring binding to fibrin, a fibrin clot may be formed in a well of a
microtiter plate and contacted with the targeting group. After an incubation time
sufficient to establish equilibrium, the supernatant is removed by aspiration (the insoluble

25 fibrin remains bound as a gelled clot to the bottom of the well). The concentration of
unbound targeting group in the supernatant is then measured.

In both methodologies, the concentration of bound contrast agent is determined as
the difference between the total targeting group concentration initially present and the

unbound targeting group concentration following the binding assay. The bound fraction
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Mol ecul ar M5 nB8+/ 3 ConpoundWei ght cal cdobsd 44016. 8841256. 494671255. 66
54025. 961259. 521259. 9 64108. 0141286.871331284. 53 74307. 3361353. 3121369. 34
84076. 064D 08/02A1831298. 48 94233. 2081328. 602671327. 94 PCT/US02/24261

104221.

1991324.599671324. 57 114142. 1461298. 248671321. 13 106 WD 03/011115

PCT/ US02/ 24261 Mol ecul ar M5 +3 +/ 3 ConpoundWei ght cal cdobsd

124123.
144470.
164511.
1845083.
204305.
224277.
244443.
264326.

5

3781291. 992671289. 80 134325. 6751359. 4251333. 3

A R R S 7 S famaion of ol

8@6@.@118%@8671419 25 194387. 4281380. 009331379. 12

gggigié@g’?’ % % %ﬁ%‘i%‘%’éi ggﬁgm%g@gm was examined as set

?%W% é%%ggp&te&iﬂ‘%ﬁem%Q@n@ﬁ&@fﬂaﬂﬁ@er@ﬁrowded in Table 4 refer
to the structures set forth in the detailed description. This data in multiple determinations

has an error frequency of no more than 20% in this biological assay.

TABLE 4
Affinity of Compounds for Fibrin

Compound Kd, DD(E),pM

4 : 33
5 12
6 13
7 12
12 5.0
13 5.1
14 4.9
32 4.7
15 4.0
16 3.5
17 6.2
18 5.9
8 8.6
9 6.1
10 9.6
11 13
27 0.7
28 5.3
29 0.8
30 3.7
19 10
20 1.2
21 9.1
22 3.5
31 0.8
23 0.25
24 0.7
25 5.6
42 0.07
43 0.08
44 0.09
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274423.5051392. 0351392. 79 284343. 3751365. 3251364. 7
294342. 3871364. 995671364. 7 304313. 3661355. 3221354. 9
314342. 38W03I6841095671364. 8 324319. 3031357. 3011357. 6 ExanplPeTUSO2/Bent hesi s
of Fibrin-Binding Optical Contrast Agents: Each of the follow ng optical
contrast agents is synthesized anal ogously to the nethods descri bed above.
Schene X shows a general exanple wherein two identical 5 optical dyes are
added to the sane pepti de. éoﬁ@bb@dytetKaﬂﬁthb hdam ne- cont ai ni ng
compound (3A) The pepti@e T (I4y ng, Of10 mph) and

5- car boxyt et r anet hyl r hogtanire UCTT T ayr’gﬁm A(111 ng, 0.21 mmol) are
di ssol ved in dichl oronethane ( M) —apd M=(201m ) .
Di i sopropyl ethylam ne i§ added33ir opwi se_unt i i 0.1l he pH mreasures 9. The

mxture is stirred for bverni gh® and tﬁen th&1§ol vent$ are renmoved under
reduced pressure. The fesidued4?s purified b9.18ilica-gel flash colum
chromat ograph (el uantsjdi chl og®net hane/ met hanep) to gi ve conpound 2A. 107
WO 03/011115 PCT/ US02/ 24261 Toggonpoung 2A 1 gr2added a|solution of TFA HO
and triethylsilane (ratio: 9U§§/b 51y~ _1pg mxture i's shaken for 3 h at
roomtenperature, and then Luc3Lcac1|uu nrxbgge sotufion is poured into 50
nmL of ether to precipitatethe—erude—preduct—AHer—the solvents are
separated by centrifugation, the crude product is collected and then

purified IQYiSTifcsA0asEadiAdeni® Obt ai n conpound 3A. 108 WO 03/011115
b Usoz PRI Y s ERIAE R O Bu Agen

Stability was assayed using rat liver homogenate, which contains both intra- and

extracellular enzymes and represents a particularly harsh chemical environment for

5 peptide bonds. Freshly prepared rat liver homogenate (630 pL) was placed in a glass test
tube and incubated at 37 °C in a water bath for 4 minutes. To the rat liver homogenate at
37 °C was added 70 uL of a 1 mM solution of test compound. At time points 0, 5, 15, 30,
and 60 minutes, a 100 uL aliquot of the reaction mixture was removed and mixed with
100 pL of methanol in a microfuge tube to quench the reaction. The quenched reaction

10 mixture was centrifuged for 3 minutes at 10,000 rpm to pellet the precipitated protein.
The supernatant was analyzed by LC-MS to quantitate the amount of test compound
remaining by comparing the area of the single ion MS peak to that of a series of
standards. Half life (T1/2) was determined by plotting log percent signal remaining vs.
time. The data were fit using an exponential curve fit, wherein T1/2=In2/slope.

15 The stability data of the below compounds was tested. Compound 5, which has
chelates at both the C- and N-termini of the peptide, had a dramatic increase in half-life
resulting from resistance to exopeptidase hydrolysis. A comparable increase in half-life
was not achieved through modification of one terminus with chelates, even when the
other terminus was capped with an unnatural organic moiety as in, for example,

20 compound 3 (containing a biphenyl group on the N-terminus).

NHM@ NJ%Y NLN«W%(/MNHQ
BALRLTAL LN LY

OH
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OHHOHOHO H2N JLN-1C N NJL N)I N,,,k NI O\SHOHO HOSHO=H
OBu RHOHN-L Ro 0 tBuO OBu N~ OBu VO HOHOHOHNNNNNN O\SH
O- HO GwhioewhH12 G Bu N LNcN-,L ii OS HO00 H O Bu OHPHTAIS02/24261
Structure 1: half-life = <2 min, free N- and amidated C-terminus
Gd-DTPA—M:j\r
GEDTPANH N © OH
0]
| NU&@YU 2R jﬁm
v O\)’\n/\/N\/\N/\/N\\{\O‘ 0¢ 2
NH-DTPAGd
NHDTPA'Gd
Structure 2: half-life = 10 min, N-terminus conjugated to chelates and amidated C-
5 terminus.
Ho. GdDTPA-
o GdDTPAN 0
’\Q{H ?va"* Nﬂllr( \)L MNHNMNNNHz
° \&o o0 " 8 - N HHOTPAG
“NoH NH-DTPA'Gd

Structure 3: half-life = 9 min, C-terminus conjugated to chelates and N-terminus

acylated with para-(phenyl)benzoic acid.

Gd.mp,wilj/ :@)wxa h@{@juw

'=' o) H O
s l °¢ =(

/

10 OH
Structure 5: half-life = 65 min, both N- and C-termini conjugated to chelates.

Surprisingly, the above data illustrate that the half-life of a peptide is most
significantly increased by the addition of gadolinium chelates to both the C- and the N-

termini.

15 Example 10 - Relaxivity of Contrast Agents
The MRI contrast agents of the present invention were evaluated for relaxivity
using a Bruker NMS-120 Minispec NMR spectrometer operating at 0.47 Tesla (20 MHz
H-1 Larmor frequency) and 37°C or a Konig-Brown relaxometer (20 MHz, H-1 Larmor

frequency) operating at 35°C. T1 of water protons was determined by an inversion
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NKNNAii OSHO/H OHAB NLNHO NH2 *~ RNH C 109 W 03/011115
PCT/ US02/ 24261 5- Car boxyf | uorescei n-contai ning conpound (3B) In a simlar
procedur ewa3denes i bed in the synthesis of 3A, 3B is syntiregiusezi241z6i ng t he
peptide 1 (177 ng, 0.10 mmol) and 5-carboxyfl uorescein succinimdyl ester B
(99.4 ny, 0.21 mol). 5 Texas Red(r)-X-containing conpound (3C) In a
simlar procedure as described in the synthesis of 3A, 3Cis synthesized
usi ng tt&@o{a@ptphﬂ;e s&qv,(eiha&usim the lﬂsﬂi'ul’ﬂm’['é scditwhrd eR elsxiReyl (i) dzteaumcﬂ by dyl
ester C (172 Measuring Bi.n nt r ast
Agent s t@eq%lf’é‘éttge T*’H@“ﬁ%@?\ﬁ"%@"%l“ﬁﬁeﬂ@rgﬁf (fgr eohmly n’é’d@ﬂ‘frsgg‘gﬁf’gong to
the pres a m@% faihb ERIG: ssessed
by a varﬁg% ygéfﬁfe}%tl?fﬂ E?ﬁngo e% f(gﬁE/ nmet %%ggy%g?z%ggnﬁaeuo bi nd(lh)(glgIji to HSA
can be nmpwtwellybﬁ‘tmlsamafeislarerlacuhatﬁdatﬁ7a'3 foyat Ieadt 15hindicadp ensteur enent  usi ng

' & pi Epere s RIS AToIe Cct§ AR L & e oRREr TP P R
fclem relr f ugpihi QAMBRP & i AU IREEL eyt oapRE plddthaTBhA6 hettrowRirg ICRE-ut of f
MS). The relaxivity (per Gd(III) ion) is determined by plotting the relaxation rate (1/T1)
in s versus the Gd(III) concentration in mM. The slope of a linear fit to the data gives
the relaxivity. The relaxivity of the compounds in the absence of target is also
10 determined in an analogous manner, except there is no target present.

Compounds of the invention show increased relaxivity upon binding to fibrin

(FIG. 2) as compared with the relaxivity in the absence of biological target.

Example 11 - Clot uptake of contrast agents

15 The uptake of a contrast agent into a thrombus (blood clot) was determined by the
following method: A 600 g guinea pig (Hartley male) was anaesthetized. An incision
was made in the abdomen and the inferior vena cava (IVC) isolated and the vessel was
allowed to recover for 10 minutes. A 1 cm portion of the IVC was clamped and human
thrombin (50 pL, 4 units) was injected into the vessel to promote thrombus formation.

20 The lower clamp was opened and closed allowing partial blood flow to the segment.
After 2 — 3 minutes the clips were removed. The thrombus was allowed to age in the
animal for 30 minutes. At this point the contrast agent, compound 32 at a dose of 2
nmol/kg and trace radiolabeled with 70 uCi of '*'In, was injected via the jugular vein.
Immediately following injection of agent compound 32, a non-specific control

25  comprising GA(DTPA)at a dose of 2 pmol/kg mixed with 70 pCi ™ TcDTPA was
injected via the jugular vein. After 30 minutes blood was drawn, the animal sacrificed,
and the thrombus removed. The blood sample was weighed and counted using a Packard
Cobra II gamma counter. The thrombus was also weighed and counted. Counts arising
from *™T¢ were detected from 128165 keV while counts arising from the decay of '''In

30 were detected from 390 — 500 keV. Control experiments with only *™Tc or !'In

demonstrated radioactivity arising from *™T¢ was negligible at detection energies used
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(MIlipore Utrafree MC Low Bi ndi ng Regenerated Cel |l ul ose 30 Kba nol . wt.
cutoff catalog # UFC3LTKOO), perneable to the targeting group, but not to
HSA. A smaDlo3/opantion (5 - 10% of the sanple vol une is fipCrarez24y1
centrifugation at 2000 x g for 20 20 m n through the cutoff filter, and the
concentration of unbound targeting group in the sanple is neasured in the
filtrate. For neasuring binding to fibrin, a fibrin clot may be fornmed in a

vel | of  gor 'McsRt vit@berd. at e ﬁaféa@t%t@ea}eahtm& édﬁ%ﬁt&ﬂﬂ% liMiflalHREBer Af ter

an incubation tine sufficient to establish equilibrium the supernatant is
renoved Bipmneiiissug.i%W/ctand themepn pf dreesxpetiments ﬁsarrasen@dtgn@nmcaély a gelled

o o SRR B R Pl BB A Sl AR O511 O

concent r amboit o hallnNee Rhglasd Nagieat) was adéddetothaBbriger dtéfﬁscdihhﬁéter ence
bet ween the total targetlEn?% group concentration |n|t|al% pr esent and the

gnbcﬁén? egael %@I{g’r’%@@"f de Aty addigionod || M kg Thﬁéalnpw%dlea@éay
bound ¢ oy Ui He WP A a0 REhed/ B0 e di86h br 1 30 NIDHE CTEPRBOIE] bl

group. Atdmpound 3afwason9§agturalgeptistettod lP3M.ubl e fibrin DD(E) fragment was
exam ned as set . forth above and is reported. in Table 4. The conpound

nunbers provi HEINrspeqifiagenys shomps mag(e@dn?lﬁ@eé@ Flot uptales Kt 3fSBQYVP‘| thah t he
gL CERSE O Ty T Ay B el ol o
Compoun dsomparecptoﬁr"‘f"fpmm 5AQ thetsis mg}ﬂez SoftefiB&ich df4le sent in the thrombus
than in the surrounding blood.
Specificity of clot ubtake also can be demonstrated using MRI. The procedure for
in vivo imaging of a thrombus with an agent is as follows: A 600 g guinea pig (Hartley
male) is anaesthetized. An incision is made in the throat and one of the jugular veins
15 isolated. A 1 cm section of the jugular vein is isolated with vascular clamps. Freshly
drawn blood from the animal (50 pL) is mixed with human thrombin (50 pl., 4 units) and
is injected into the clamped segment of the vein. Four minutes after injection, the clamps
are removed and the thrombus is allowed to age for 30 minutes. Agent, compound 32, is
injected at a dose of 6 pmol/kg and the throat area of the guinea pig is imaged at 1.5 T
20 using a spoiled gradient method TR=36, TE=5, flip angle = 30°. The thrombus appears
bright relative to the blood.

Example 12 - Obtaining an MR image of a thrombus with a targeted contrast agent
with and without black blood:

25 A 2.5 kg female New Zealand White rabbit was anesthetized with a cocktail of
Ketamine (50mg/kg), Aceapromazine (2.5mg/kg), and Rompon (Smg/kg) and anesthesia
maintained with sodium pentobarbital (approx.35mg/kg as needed). Ani.v. catheter
(24g) was placed into the ear vein and the ear artery. The jugular vein and carotid artery
were isolated. A stenosis was created in the carotid artery by placing an 18g needle on

30 top of the vessel and then suturing it into place with 3-0 suture. The needle was then

removed. A 5 mm portion of the artery was then segmented off distally to the stenosis
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324.7 154.0 163.5 176.2 185.9 88.6 96.1 109.6 1113 270.7 285.3 290.8 303.7
1910 201.2 219.1 223.5 310.8 230.25 240.7 255.6 420.07 430.08 440. 09
Conpound Wo,030016B, M 111 WO 03/011115 PCT/ US02/ 24261 450PTTAB02/242860. 11

with microvascular clips. The artery was then crushed twice along the 5mm section. The
proximal vascular clip was released to allow blood flow into the section for ca. 3 sec.
The clip was reapplied and artery was crushed twice again along the 5Smm section. After
4 minutes, the clips were removed. A 5 mm segment of the jugular vein was isolated
5 with microvascular clips. A thrombus was created by injecting 100 pL of a 3.7 units of
thrombin, 0.06 M CaCl,, rabbit whole blood mixture. After 4 minutes, the clips were
removed.
The thrombi were allowed to age for 50 minutes. A 1.0 mL solution of the
thrombus targeted agent (Structure III, 5 mM, 2 umol/kg) was administered via the ear
10 vein. After 10 minutes, the animal was placed inside a General Electric Signa LxCVi 1.5
tesla scanner and a first MRI data set was obtained using a 3D RF spoiled gradient echo
sequence (SPGR: TR =39 ms, TE = 3.1 ms, flip angle = 40 degrees, field of view = 8 cm,
acquisition bandwith = 31.25 kH). Chemical fat saturation was applied as well as 40 mm
spatial inferior and superior saturation bands. Immediately following this scan (8 minutes
15 later), a second MRI data set was acquired using the same parameters with the addition of
40 mm spatial inferior and superior saturation bands to generate a “black blood” image.
FIG. 4A shows the maximum intensity projection (MIP) of the first data set. The
blood vessels are partially enhanced from time of flight effects. FIG. 4B shows the MIP
of the second data set where the signal from in-flowing blood was suppressed (black
20 blood) by the use of superior and inferior saturation bands. In FIG. 4A and 4B, the
identification of the stationary target (a thrombus) through use of the targeted contrast

agent is clearly facilitated.

Example 13 - Synthesis of an optical contrast agent:

25 NovaSyn TGR resin (0.20 mmol/g, 100 mg, 20 umol) was washed with
NMP/ether/NMP. The peptide was assembled by the standard solid phase method using
the PyBOP/HOBt/DIEA activation. After the coupling of the final amino acid residue, the
resin bound peptide was treated with a solution of piperidine in DMF (20% by volume,
2.0 mL) for 10 minutes to remove the Fmoc protecting group. The resin was washed

30 thoroughly with NMP/ether/NMP, and was treated with a solution of fluorascein-5-
isothiocyanate (23.4 mg, 60 pmol) and diisopropylethylamine (11.6 mg, 15.7 pL, 90
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460. 15 470. 18 480. 199 490. 22 500.3 340.39 Exanple 9 - Stability of Contrast
Agents: Stability was assayed using rat |iver honpbgenate, which contains
bot h i nt r&o canditiextracel | ul ar enzynmes and represents a p&ctiusat/anby harsh
chem cal environment for 5 peptide bonds. Freshly prepared rat |iver
honogenate (630 L) was placed in a glass test tube and incubated at 37 C
in a water bath for 4 mnutes. To the rat |liver honpbgenate at 37 C was
added 70 { oints 0, 5, 15,

30, and lénod?fm ﬁ?JIt@{ESW sslﬁtggdrg? I%tlfsqgg% re%@@%‘%?sggﬁl}o%d@nbgt ure was renoved

and m xe@MR/étherTNNH), afd tretdiownith a solutdonmdLTICTEAR (180end, G4guancl) it DMIF
reaction. The quenched reaction_ 10 m xture was centrlfuged for 3 m nut es at

10, 000 r Hh ) EtTor thaegheus. dibe Aesiywas wedhed afterrihis tagpbaent

anal edv% t iqning b

COFYp)al.fl ng t a{é&acggg dgf 21%?]%6?&%:}%%@[\%%%% tf%%t hgt{—} ﬁlgf?g&sirgg% E%?dd?' o
st amlar dsvas iedefpitatedeby( éﬂﬂh@ ethvardo d&tcéwamgmcbckmﬂphm purrf@dl yprperatéet  si gnal

remai nin fit u an .ex tial curve fit,
wherei n PE{3Lusing Erapac Crif St Shtiveg Al o iid Th b ettt a el was
tested. @mm@magmmﬁms“%p@a@&@ﬁn@acmrersthe C and N-ternmini of the
peptide, had a dframatic increase in half-life resultl ng fromresistance to
exopepti dase hydrolysis. A conparable increase in half-life was not

achi eved through nodification »f one termnus with chelates, even when the
ot her term nus was capped W t )arbwunnatural rgam g”fml ety as in, for

o}

exanpl e, 20 conpound ( ot |cn bi phen e N-term nus). OH
NH2~ NJL Nom NFL WH "WSR, O H O H 0S7 H

00 OH
HO NovaSyn TCR resin,
Peptide was assembled by standard ! 0.20 mmol/g
procedure on NovaSyn TGR resin
1. , Triethylamine, 12h
2. Th(TFA)3/DMF, 3h
3. TFA/TIS/water, 95/2.5/2.5, 2h
N
NR
[ ) ()
i i X LR S R
N N N . u N. Ny NH;
o/ \. ©/ o (\ "o
) b
HO
]
10
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" OH Conpound Kd, DD (E), M 112 WO 03/011115 Structure 1: half-life = <2
mn, free N and am dated C-term nus GIDTP/ k GIDTPA-N O O NH DTPA Gd Ni t

NH- DTPA atossiouatsire 2: half-life = 10 mn, Nterm nus comCEgsoEeH26D
chel ates and am dated G 5 term nus. GIDTPA GIDTPA N NH 2 JL » N~ ,I{ N

~ NH 8W I LNH DTPA-Gd ' OH OH PCT/ US02/ 24261
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NH- DTPAGd Structure 3: half-life = 9 mn, Ctermnus conjugated to chel ates
and N-term nus acylated with para-(phenyl)benzoic acid. GIDTPA N GIDTPA- N
10 OH H DVPAGd1MNIts NH DTPAGd Structure 5: half-life = 65 mPay/usor/m2bk and
C-termini conjugated to chelates. Surprisingly, the above data illustrate
that the half-life of a peptide is nost significantly increased by the
addition of gadoliniumchelates to both the G and the N termni. 15
Exanple 10 - Relaxivity of Contrast Agents The MRl contrast agents of the

present invention were gevaluated for relaxivity wusing a Bruker NV5-120
M ni spec NVR gpect yojfefgr operati ng waf Q.47 Tesla (20_4Hz H 1 Larnor
frequency) and 37 prya ni g- |r own NeL onget er 1 Lar nor
frequency) oper at Ez\sz* m ned by an

9
i nversion 113 WO 03/011115 PCT/US °2 e sequence using the
instrunent's software. Relaxivity s d rm ried by rreasurlng the T1 of
mul tiple solutions of the target (for exahple, honodi sperse gels of
freshly polynerized fibrinogen, 10 ng/ ont ai ni ng zﬁ NJ:EE 30, and 40 M
Gd(111), respecgyively, iThe sanples re' ,»p | east 15
mnutes to ensure[5) tEm él/\/\/\rjp'@‘«/eﬁl”\/%1 ﬁﬂ“’%’% A@asurement is
perfornmed. Th& Gd(I1])[Lcontent of t sa S 1§ det erm ed by inductively

coupl ed plasnma - g spectronetry (I CP- The relaxivity (per Gd(I11)
ion) is determned by plotting the r xatlon rate (1/T1) ins 1 ver_sus t he

aj ar fit gi ves
@\_mpudf; mt»_/é hL!ar get is

the relaxivity. The relaxiyi t%ng/f\/t\bie c
al so O $ [P

\/0

N
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10 determ ned in an anal ogous manner, except there is no target present.
Conmpounds of the invention show increased relaxivity upon binding to fibrin
(FIG 2) woosomased with the relaxivity in the absence ofrChiushogizenl
target. Exanple 11 - C ot uptake of contrast agents 15 The uptake of a
contrast agent into a thronbus (blood clot) was determ ned by the

fol l owi ng nethod: A 600 g guinea pig (Hartley male) was anaesthetized. An

i nci sion made in the abdonen and the inferior ve ava (I'VC) isolated
and the vessél was allo o regdver for 10 m nutes. portion of
the 1 VC was_¢lagped and hu Ihponbj n (50L 4 |ts vva§| jectedlnto

t he vessel bt e th Q| M %N\ZJQ s opened and
cl osed all owm n HO 6 tfqt se*gmanto /Aft .03 mnutes the
clips were removed. The thrgéjs was ”al d to age in t animal for 30
mnutes. At this point the Ttohtrast a conpound- 32 at a dose of 2
gnol /1 cg and trace radiol abeled with 70 Ci of 111In, was injected via the
jugular vein. Imrediately follow ng injegtion of agent conpound 32, a

non- speci fi gacontrol 25 corrpri si ng a dose of gnol / kg m xed
with 70 G mTrcDTP. |nhe t va%(eoj gqeim . YAfL er 30 minutes
bl ood was dr m 3 &r%lbvzed The

bl ood sanplgo oghed and c nfeds ¢ Cobreadl | gamma

counter. The thronbus was al so wei ghed and{cdunted. Counts &fi si ng from
99niTc were detected from 128-165 keV while colints arising fromthe decay of
1 "In 30 were detected from 390- 500 keV. Control experinments with only
99mfc or %11ln denonstrated radioactivjty arising from 99 was

negligi bl e-at detection energi'é usedg? WD 03/ 011115 PCT/Us82/ gﬁl for
11l n and vifke versa. HTh.,e r adi Iy Qmaomroe n\pertad daq %initial
dose per ~{re ’hé\/%/& aﬁ*q ”Mﬁ is

present ed grapnic .S Radi ol abél } ng Wi t%—ﬁ—n—m&—p&(for i i n ‘advance:
An appropri ate -* ochem cal a t of 111Pm€13 (New Engl and Nucl ear) was
i targeted contriast 5 agent. The pH was adjusted to 4 by

added to the fi
addition of 1 MIHC1 The sanple was heated at 45C for 1 hour. The pH was
adjusted to nedt ral by addition~Qf 1 M NaOH The | abel ed agent conmpound 32
was > 95% P{lre by y-detected H

!
HO N ﬁ\/\/\/‘ol\,\, /<;N\)k N\)k_)]\J;(k\)k /¢
OO Y

HO

OH

HN._A° 05, M H Os_NH
[o] [o] o] (o) [o] (0] [e]
Ho ﬁ HN\/\/\)‘\ Z/SJNZSJN@(“JNJNK&H\J\N SJNENH
O O \fr N T S F oW H : p : H
s o . o ° < e (\

L) b 9!
OH N HO
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Fi brin-specific agents show a marked increase in clot uptake. FIG 3 shows
that an agent, conpound 32, is accunmulating in the thronbus. There is
speci fi c wbes/ouptdke 10 conpared to 99mIcDTPA and t here iPSTAIShY/ghrer
concentration of the agent in the thronmbus than in the surroundi ng bl ood.
Specificity of clot uptake also can be denonstrated using MRI. The
procedure for in vivo imaging of a thronbus with an agent is as follows: A
600 g guinea pig (Hartley nale) is ppgesthetized. An incision is nmade in
the throat and one of the jugular veins 15 isolated. A 1 cmsection of the
jugul ar vein is isol Affsitywi optical targefed ¢bnirpst agentsghfibrindr awn bl ood from
the animal (50 L) is mxed with human thronbin (50 L, 4 units) and is
i nj ectedpnt H‘lﬁ cl anped segnment of the vein. Four minutes after
injection, t cl’anps are renoved and the thronbus is allowed to age for
30 mi nutes. JA9SHte . i i kg _and the
throat area—s he—g S LIRS e . Q28 a8 =Ye
gradi ent Het hO@6TREB®r T&x5, WIFp Bngle =HgP. YDt Pronbls @pPedrs bright
relative to theshl ongdr Exanplye A2/¢ gbtaiging gn MRLi mage ofy a tdronbus
with a takget o] Sty,age wth,and w thout bl ack blood: 25 A 2.5 kg
femal e Ne§ Zea'ﬁd%é)\{g?tgvrabg%t}lvx/aés 'gnestf‘r%det”if z-éd Wi ?h a ct‘?'oc tVIai‘ﬁ‘of

5

or;p nd 32, is_ [njected atXa dose of 6_nol/

Ket am ne (50nfH¥g) FlUsE edkondZi fie H{ 250yl kg), Hie REMBND(Srmyfkd] 4nd
anest hesi maiopt aiFhed wilixh bdF ur pént obHybi t &3-Dappr oxL35GgHkd as
needed). Bn i g9 Chet &nx (340N WasHp aceg.hnpo the earigveirny and the ear
artery. The | quﬂé arF%u\(/)gi n, and W ak ot d.art i

arté i sol ated; A st.enosi s was
created i?f the carofid artery b eigi;ﬁg fé%’ 1&%&% e og 0. opI of the
vessel an

t h8A25uFler n& it ihtld B ake vu;:{ilhpws‘;,.g(%utl}r e. FhefnBedl e was then
renoved. A 5 mi2poftioon Kof t e @rthr i wasCt heriHsegn®¥@RdDofE di;sHallly to
the stenosis 315 WonR3/ @dd hlF PET/USH 242@1nwpt h njcrovaseyl ar clips. The
artery wag th rushed tw ce, al,ong‘the 5gm section  The. proxi mal vascul ar
clip was rel eggle%l ﬁ)uofal II%W bl%oo}é ngo%yﬁJ ntgalrsﬂeﬁsect{‘on f'g"r' ai( 3 sec. The
clip was reapplied and artery was crushed tw ce again along the 5mm

section. AfteN-tefmifiahlab&itng dfliBe péptidss Weth@pli€dIRyshds cdh RofilhReBNBAtingf t he
jugular vein was isolated 5 with m.crovascular clips. A thronbus was

credt ed BRANitYjof ghe enjicalongest geends.3Fqr example, gfhen comparing fluorescein, 4-
methoxycoumarin and tetramethylrhodamine derivatives of the peptide
(QWECPYGLCWIQ (SEQ ID NO:27); Kd=3 uM) the following Kd’s were observed

(Table 6):
10 TABLE 6
Compound | Fluorophore Kd
J Fluorescein 0.06
L Tetramethylrhodamine | 2.0
N 4-Methoxycoumarin 0.2

Example 14 - Fibrin targeted urokinase:
Fibrin targeted urokinase is prepared according to the following procedure. A
fibrin binding peptide with a Gly-Gly dipeptide linker is prepared according to solid
15 phase procedures. The N-terminus of the peptide is blocked with an acetyl group, and the

C-terminal carboxylic acid is converted to a succinamidal active ester. Direct chemical
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thrombin, 0.06 M CaCl2, rabbit whole blood m xture. After 4 mnutes, the
clips were renoved. The thronbi were allowed to age for 50 mnutes. A 1.0
mL sol utiwooepitine thronbus targeted agent (Structure || PCTASIVR4281
gnol / kg) was adm nistered via the ear 10 vein. After 10 m nutes, the

ani mal was placed inside a General Electric Signa LxCVi 1.5 tesla scanner
and a first MRl data set was obtained using a 3D RF spoil ed gradi ent echo
sequence field of
i ow = g e adlforedty Ahing bobinte e SR AT RS ur it on
was appl pegorpngdh hn agueds hutﬁersapétgmaly agntfa‘engﬁlesahmiomﬁqneiﬂ minugat ur ati on
bands. Imrediately following this scan (8 mnutes 15 later), a second MR
data set was acquired using the sane paraneters with the addition of 40 mm
spatial inferior and superi Saturation bands to generate a "bl ack bl ood"
imge. FIG 4A skaws the Jdm Jpr oj ection of the first
data set. The bl ogd cbfro me of flight
effects. FIG 4BC =t o ere t he signal
fromin-flow ng blo mas‘?uppresge bIood) by the use of
superior and inferioM saturation bands. In FIG 4A and 4B, the
identification of the stationary target (a thronbus) through use of the
targeted contrast agent is clearly f4ci Irtat'ed Exanpl e 13 - Synthesis of
an optical contrast agent: 25 NovaSyn|TGR rgsin (0.20 mmol /g, 100 ng, 20
gnol ) was washed with NW/ ether/NVP. |The --otrde was assenbl ed by the
standard solid phase nethod usi pgndhe PyBQPR/ OB " DI EA activation. After
the coupling of the final am no acid 1 e, /Jthe resin bound peptide was
treated with a solution of piperidine|in< 20% by volune, 2.0 nL) for
10 mnutes to renove the Fnoc protectijng group=sThe resin was washed 30

t horoughly with NWP/ ether/ NMP, and wa% treated with a sol ution of
fluorascein-5- isothiocyanate (23.4 ng, 60 gnol) and diisopropylethyl am ne
(11.6 ng, 15.7 gL, 90 I WO 03/011115 PCT/U802/24261ChDI) in DM (1.5 nl)

for 12 hours The resi;n was washed thor , treated
| oM t 4 Cfor
J NeQ,
N

Fibrin targeted urokinase can be purified by HPLC. Binding to fibrin can be
assessed. Compound 1 binds fibrin selectively versus fibrinogen.
The rabbit jugular vein model of Collen et al. (J. Clin. Invest. 1983, 71, 368-376)
is used for thrombolysis assays. Compound (2 mg/kg) is administered by infusion of a
10 bolus (consisting of 20% of the total dose) over 1 min, along with a heparin bolus (300
units/kg) over 1 min. The remainder of the dose is continuously infused over the next 60
min, and heparin (60 units/kg/hr) is continuously infused over the next 180 min. At 3
hours, the animals are sacrificed, and clots analyzed. Compound 1 is more potent in clot
lysis than scuPA alone. At 3 hr, with 2 mg/kg of compound 1, there is less consumption
15 of fibrinogen and a2-antiplasmin, relative to equivalent doses of scuPA alone,

demonstrating that compound 1 was more fibrin specific than scuPA alone.
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with a cocktail of TFA/TIS/water (95/2.5/2.5, 2.0 nL) for two hours. The
crude peptide 5 was precipitated by adding ether to the cl eavage cocktail,
and purifwed3sbyiips eparati ve HPLC using a Vydac C 18 col umT/USoraesur es AN
were formed in this manner and their fibrin DD(E) fragment affinities were
determ ned (Table 5). Peptide was assenbl ed by standard procedure on
NovaSyn TGR resin 10 Structures aau UO NovaSyn TGR resin, 0.20 mmol/g H\

| ~ N Triethylam ne, 12h 2. Th(TFA)3IDWVF, 3h 3. TFAITI S/water, 95/2.5/2.5,
2h 117 WO 03/011115 B A PCT/ US02/ 24261 118 WD 03/ 011115 E PCT/ US02/ 24261
119 WO 03/011115 H3CO L K OTHER EMBODIMENTS

It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate and
5 not limit the scope of the invention, which is defined by the scope of the appended claims.
Other aspects, advantages, and modifications are within the scope of the following

claims.
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HOJ Ho H N, ~ /N H~O PCT/US02/ 24261 NH2 120 WD 03/011115 PCT/ US02/ 24261
Table 5 Affinity of optical targeted contrast agents to fibrin. ID Ind (pM
Vs. DD(E)wBloaor1i1ild X2 X3 X4 Xs X6 X7 X8 X9 X10 X11 X12 X1®CTso2/oaé1 Fl uor
Ahx WF HC Hyp Y(3-1) DL C HI 0.055 Fluor QWE' CPYGL C . WI Q
K0.06 Fluor WFHG :PYDLCHI L EO0.09 Fluor Ahx G GF H C Hyp
Y(3-1) DLCHI CO0.097 Fluor Abx GF HC Hyp Y(3-1) DL C'.HI1 B 0.099

Fl uor A .DLCHI HO0.119 Fluor K WF HC Hyp Y(3-1) DL
CHI G“(r)[i?. ?ngf%‘g} Gi HCHyp Y(3-1) DLCHI 10.127 Fluor K GGF H

CHyp Y(3-1) DLC,HI AO0.136 Fluor beta-A F H~C Hyp Y(3-1) DL CHI F
0.212 Fl lor KARd¢th@HyPmdXiBg khh MR imepike hgddttseidnmethbd babp:ﬂifsing of the peptides

Wi t[] op';i cal gob%gcgggé%dglla%ﬁ@%r@ bi ndi n I}QS%%‘{“%@E upxﬂfﬁ?@telﬁg%}l cal
contrast agent’s gﬁ‘fj‘éﬂﬂiﬁ counmarin
and tet rﬁi‘ls%ﬁ‘)‘ﬂd" dsrdrita ARAINCAt eﬁﬁ‘&e mvﬁg;necn&mlh@l%mlﬁ%@ij%@@/&@ (SEQ ID

NG 27); Kd=3 e foll ow ng K s were observed (Table 6
and said N-termlnal amine functional group;

b) covalently attaching a linker moiety to the C-terminal amine functional group
and to the N-terminal amine functional group to form a precursor MR imaging agent; and

¢) converting the precursor MR imaging agent to the MR imaging agent.

2. The method of claim 1, wherein the linker-subunit moiety is selected from the

group consisting of:

HzN HoN NH, Al‘/o\l/\ /H\
\__Q_/ H.N - NH, HaNTT T SNH,
NH,

HoN
IT HZN—R_‘NHz HzN‘R
HoN~ > N Nm,
NH,
H,N OH NH HN  NH
HZN\/I\/NHZ HN_/ and "\_/
wherein:

n is an integer from 1 to 4;
m is an integer selected 1 to 12; and

R is an aliphatic or aromatic group.
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10 TABLE 6 ConpoundFl uor ophoreKd JFl uorescei n0. 06 LTetranet hyl rhodam ne2.0
N4- Met hoxycoumarin0. 2 Exanple 14 - Fibrin targeted urol dnase: Fibrin

t ar get ed wookionas® i s prepared according to the foll ow ngPprasezzer A
fibrin binding peptide with a Ay-Ay dipeptide linker is prepared
according to solid 15 phase procedures. The N-term nus of the peptide is
bl ocked with an acetyl group, and the GC-termnal carboxylic acid is
converted to gnsweah RS Jaln BG{HVEn BRtIflker MoledFls seﬂ_esﬂau%hfgié Jfg 03/ 011115
PCT/ US02/ 24261 ligation is achi eved by m xi ng ‘uroki nase and the acti vated
pepti de rconsigtivg®dri ate proportions in an aqueous buffer and gently
agitating the soluigon for 30 minutes. Ph 7 buffer r 5 Fibrin targeted
uroki nase can be puyrified by HPLC. Binding to fibrin can-Qe _assessed.
Conpound 1 bi nds Iﬂ#@ibmn sel ectively y % fibrinogen. Thg +&bbit jugul ar
vein nodel of Colhen.et al. . .(Jd. Cin.'Invest 083, 71, 368-376) is used
for thr or'i'BB'Ny/si\s/ a\sﬁféR'R'Con%%Uhd/l\z/Hg//@)/wgﬁadm nirRef edNRRY nf usi on of
a 10 bolus (consisting of 20% of the total dose) over 1 min, along with a
heparin bolus (300 units/kg) over 1 min. The remainder of the dose is
continuously iyfused over the next<g0, _mn, and heparip (60 units/kg/hr) is
continuously i d over the next 8Cnmin. At 3 hours he animals are
sacrificed, Gkots anal yz€eaR’ und 1 is nore potent in clot lysis

t han scuPA a Qggl At 3 hr, with 2 nmg/ kg _of corrpour],giR;IJN gpNRR' | ess
consunption 15 bfl 4i bri nogen and a2-a Bpl asmn, r ivd te equival ent
doses of scuPA alone, denonstrating that conpound 1 was nore fibrin
specific than scuPA alone. 122 WD 03/011115 PCT/ US02/ 24261

I, "Le
RO, >N co.R:

wherein:

m is an integer from 1 to 4;

n is an integer from 0 to 4;

LG is a leaving group; and

R’ and R” independently are selected from the group consisting of hydrogen and a

chemical protecting group.

4. The method according to claim 1, wherein the linker moiety is selected from the

group consisting of:

LG

RR? 1 R}

Ry L6 Ry

we THFT CO0

LG v 4 N
NR'R? R R R R!

LG G

0

N~ Q {—\

}—NH/\/ gﬁ \}-NH HN—<)_\
R'R®N NR'R?

R'R°N  'NR'RZ R'R®N 'NR'R? R'R®N  NR'R?,
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OTHER EMBODI MENTS It is to be understood that while the invention has been
described in conjunction wth the detailed description thereof, the

f or egoi ngwoagorilpti on is intended to illustrate and 5 notPClTiuso2£2ke scope
of the invention, which is defined by the scope of the appended cl ai ns.

O her aspects, advantages, and nodifications are within the scope of the
followi ng clainms. 123 WD 03/011115 PCT/ US02/ 24261 WHAT IS CLAIMED IS: 1. A
met hod ofyhsRid;ng an MR inaging agent, said nethod conprising: a) reacting a
peptide having an N-term nal am ne functional group with a linker- subunit
moi ety tbOfispheaxinegipap;éadpept i de having a C-terninal amine functional

d d. I I hi
2 1 Mk RmBTERy b FBb A e SRS it O B e @%gﬁbogeg 4By the 0

N-term na{enﬁmllpeotéumgtgroml group to forma precursor MR imaging agent; and
c) converting the precursor MR inmaging agent to the MR i magi ng agent. 2.
The nmethod of claim1l, wherein the |inker-subunit noiety is selected from

t he groyp co g 2t . R n integer
froml to 4; %ﬁél IZ‘feEn |0(r€ e‘alll:ﬁelrg’lééel}'r dé%yéd ?&fm?}w %’f&%{gﬁ I's atnﬁagr&f}ﬁat ic or
ar omat i ccapstipg oﬂzﬂilfﬂ-lﬁcfﬂw@td&fdﬂter halide, and anhydride, and wherein the chemical

protecting group is selected from the group consisting of Boc, Fmoc, CBZ, t-butyl,

benzyl, and allyl.

6. The method of claim 5, wherein the activated ester is selected from the group
consisting of pentafluorophenol (Pfp), N-hydroxysuccinimide (NHS), N-
Hydroxysulfosuccinimide Sodium Salt (NHSS), 2-Thioxothiazolidin-1yl, and
hydroxybenzotriazole (OBT).

7. The method of claim 5, wherein the halide is selected from the group consisting of
F,Cl, Br,and L.

8. The method of claim 1, wherein converting the precursor MR imaging agent to the
MR imaging agent comprises:

(a) reacting the precursor imaging agent with a precursor chelate moiety to form a
covalent bond between the precursor chelate moiety and the linker moiety of the
precursor MR imaging agent, the precursor chelate moiety comprising a plurality of
carboxylate precursor groups, the carboxylate precursor groups capable of being
transformed into carboxylate moieties;

(b) transforming a plurality of the carboxylate precursor groups of the bound
precursor chelate moiety to a plurality of carboxylate moieties, the carboxylate moieties
capable of complexing a paramagnetic metal ion; and

(c) complexing a paramagnetic metal ion to the plurality of carboxylate moieties

to produce the MR imaging agent.

126



OH H2N,i NH2 -NH2 n N HAND H2N mNH2 H NH and HN NH 124 WO 03/011115

PCT/ US02/ 24261 3. The nethod of claim 1, wherein the linker noiety is

sel ect ed womaiotties group consisting of O 11LG n "RR N -PCTASOMR2RA' 0 LG
RN 'NR OLGTI RRI'"'JIN/~-NRR' LG"RRNLG"RRN "NRR' NRR" "RRNO

9. The method of claim 8, wherein the precursor chelate moiety is selected from the

group consisting of:

O} //\N/>:\ NS N
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| LG n R02C,~ ~N ------ CO2R wherein: mis an integer from1l1l to 4; n
Is an integer fromO to 4, LGis a |leaving group; and R and R’

i ndependewOlog/oaries sel ected fromthe group consisting of hpdragemend a
chem cal protecting group. 4. The nethod according to claim1, wherein-the
| i nker noiety is selected fromthe group consisting of: RRZ NR R2 'NR R2
~LG ~NH ~N\N~ R R2N NR1IR2 AR2ZN NR R2 LG NH HN R R2N ' NR R2 R R2N ' NR R2,

125 WO 03h&bil¥3s E%tﬁ@ﬁ%@é%@ar mgﬁﬁf&mlng%dvme%t hGRMH S IR RPieqand R and

R2 i ndependently are sel ect om the group consisting of hydrogen and a
cheni cal liprestaaietynandgwlaergin ech Xhimdepandeuntlyois anl Qi onad Cbrpreﬁuaﬂonsanhav\b{er ein the

LG | ected f t . | St t d t hal i d
and anhyORTHETEERRST o soeihle EhBe i SRl G SoMERS RS e cot ed from
the group, £003] #d K'9s 3h uBOGrgddBEmiEBhoidty, R B¥bhatic, alkyl group, or eycloalkyl

group, or uncharged substituted versions thereof.

10.  The method of claim 9, wherein the synthetic moiety is selected from the group
consisting of a carboxylic acid, activated ester, acid halide, anhydride, alkyl halide,
isocyanate, and isothiocyanate, and wherein the O™ precursor is selected from the group

consisting of -OH, -OMe, OEt, OtBu, Obenzyl, and O-allyl.

11. The method of claim 8, wherein the precursor chelate moiety is selected from the

group consisting of:

o}

LG o} COR COR
: r COR
LG
N

N N\/\ PN N N\/\
ROC N N COR ROC N N COR N
PO oo SN

cor ) L

COR

ROC COR
LG o LG
0
0 LG
ROC—_ /_'(/L—COR g
N N
ROC— /| )—COR
[N N] [N Nj ROC—\N/ \N COR
roc—" \__/ N—coRr NN and
Roc—" N—CoR Roc—/N\ /N\—~—c:0R

wherein LG is a leaving group selected from the group consisting of—OH, activated ester,
halide, and anhydride, and wherein each R, independently, is an O" or an O precursor
selected from the group consisting of OH, -O-Me, O-Et, O-tBu, O-benzyl, and O-allyl, so
that R, upon conversion to O, is capable of forming a carboxylate moiety with its

adjacent carbonyl.
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benzyl, and allyl. 6. The method of claim5, wherein the activated ester is
sel ected fromthe group consisting of pentafluorophenol (Pfp),

N- hydr oxywoagioniims de (NHS), N Hydroxysul fosucci ni m de So@curusgat426( NHSS) ,
2- Thi oxot hi azolidin-lyl, and hydroxybenzotriazole (OBT). 7. The nethod of
claim5, wherein the halide is selected fromthe group consisting of F,

d, Br, and I. 8. The nethod of claim1, wherein converting the precursor
MR i magi ng, agqmk nethdd 6 cIAVR & m&aﬂt@qﬁ&m@@ﬁah@%w@a sdeadd #59 the
precursor imaging agent with a precursor chelate moiefy to forma coval ent
bond bet@éEWCDhﬁﬁme@hrsor chel ate noiety and the linker noiety of the

precur sor nggi ng agent, mhe pmecursor chel at.¢ moiety conprising a
plurality g; ar boxyl ate pR groupsRo car boxyl at e precursor
groups cap being trafis d into ¢ Late noieties; (b)
transform urality g Th carboxyla ursor groups of t he bound
precursoP e noiety t %’ eRality xylate noi eties, the

car boxyl ate m) et| es capable ob conpl exi ng a aranmagnetic net al ion; and
(c) conpl exing ‘a paramagnetic netal ion to the plurality of carboxylate

noieties to pr oduce the MR imagi ng agent. 126 WO 03/011115 PCT/ US02/ 24261
9. The net hod, &f ¢l ai m 8, Wnere /N?e pr ecur sor c)]\e te noi ety is selected

fromthe glRm‘hp gONSI st i ng, f)n NC)’0/-0 Y0 NN O =0~-0
Ay {ﬁ n faeis
T oL o Ly )
\\\g k‘g \\\gOR
Roo ( é(o 0 NH)?\/ )oj\/B
ﬁ/gf‘) RO”H {(n ROJOH ( )5:
Oj(o_RK/N\) OR S\N N} ° (N N_>= °
\\\g Oj{;;K/"t\()OR O=<O;K/N\)OR
b X
o—l'|="_—o

wherein:

n is an integer from 1 to 4;

R is selected from the group consisting of a negative charge and a negative charge
precursor capable of being transformed into a negative charge; and

X is a chemical leaving group selected from the group consisting of -Cl, -Br, -I, -MsO, -
TsO, and -T{O.
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0 OO0 YYOMCNNNLINIXN X - i x(r) (r) X0 0 127 W 03/011115

PCT/ US02/ 24261 wherein Y is a synthetic noiety capable of formng a

coval ent wond/owitihh the attached 1inker noiety, and wher elPeTAB0N24%61

i ndependently, is an O or an O precursor so that X, upon conversion to O
is capable of formng a carboxylate noiety with its adjacent carbonyl, and
R1 is an uncharged chem cal noiety, an aliphatic, alkyl group, or
cycloal kys 9 Aar : i i G e
met hod o?k cl aF%g&et%e%gﬁtﬁg%gﬁ?ﬁlgtp%&%f gﬁ@%ﬁ%ﬁiﬁ%ﬁ%ﬂ%@nﬂ@% gr oup
consi st i expupfcomsigingndxyl i ¢ acid, activated ester, acid halide, anhydride,

al kyl halide, isocyanate,o and isothiocygnate, and wherein the O' precursor
is selecteff the gro D)6 nsisting ofY-@H, -Ow, OEt, OBu, oenzyl,
( 1L{ The rretgg °cl ai m 8, (whey &Pn the precursor chelate
N of: LGCNr COR ROC~~N ~ ~'~

and O-ally
noi ety i§é€‘%l%%;e ofromﬁ;‘hva\)o NT%DNCCC)Nn{iN%Rw

COR RCc ROC- n’/-GOR -5 U\ -COR

o}

OR OR NH OR
% C ol T RG
=N
o Q o
RO R RO N/HRO RO RO
N )
At L o
O=<— N—"0Rr o N\) OR NH O=<_
OR \\‘( X R ‘\\( J\/ or " N—~0rR  WH
o} o o l\\g OJ\,Br
o
RO G
(o]
¢ W{
°=<— N\)OR
OR x\\( NH;z
o >
wherein:

R is selected from the group consisting of a negative charge and a negative charge
precursor capable of being transformed into a negative charge; and

X is a chemical leaving group selected from the group consisting of -Cl, -Br, -I, -MsO, -
TsO, and -TfO.

14.  The method of claim 12 or 13, wherein the negative charge precursor is selected

from the group consisting of -H, -Me, -Et, -t-Bu, -benzyl, and -allyl.

15.  The method of claim 1, wherein the linker moiety is covalently conjugated to a
precursor chelate moiety, the covalent conjugate comprising a plurality of carboxylate
precursor groups, the carboxylate precursor groups capable of being transformed into

carboxylate moieties.
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COR ROCNN--'"~N I-11COR ROCJJ 0 LGLCOR LGROC--\ n ,)--CORCNN NN
ROC-" U "-COR and LG COR ROC--~-N---" "N N*COR RCC J" COR LG RCC--\ n
[--COR CNWHNIOBION1IROC-" U \--COR wherein LG is a | eaving grempsszbect ed from
the group consisting of-OH, activated ester, halide, and anhydride, and
wherein each R independently, is an O or an O precursor selected from
the group consisting of OH -0-Me, OEt, 0-tBu, O-benzyl, and O-allyl, so
that R, upon conversion to O-, is capable of form ng a carboxylate noiety
with its adjacent carbonyl. 128 WO 03/011115 PCT/ US02/ 24261 12. The net hod
of claim®@, whbke mieﬂwdhé cimddr whereptibe aoelenticenjpgits isselestddtbrf them t he
group consistin ng.o O"OHRO--~ (-N")
group con stmg 0

NR4R5

NR3

R'R?N

R3Nj
RYRON and

LG
o '/KO o

1m2 152

R'R2N z /\/N\/\N NR'R
H H
R°N NR®

) (

wherein n is an integer from 1 to 4;

NR'R®,

LG is a leaving group selected from the group consisting of —OH, activated ester, halide,
and anhydride; and

RL, R? R?, R*and R® are independently selected from the group consisting of an acetate
moiety, a ~-Me, -Et, or -t-Bu protected acetate moiety, an acetamide moiety, and an

acetoxy moiety.
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NULDvrt 00 ONH=N RO(fn ~-NO N R-NFOROONHNO (\-NDO 11 O
T 0O O01C0zHN RO- Rvrt RONN' ONORO wherein: nis an integer from
1 to 4, RvDI3meliexted fromthe group consisting of a negacrasSetiange and a
negative charge precursor capable of being transfornmed into a negative
charge; and X is a chem cal |eaving group selected fromthe group
consisting of -, -Br, -1, -MsQ - TsO and -TfO

17. The method of claim 15, wherein the covalent conjugate is selected from the group

consisting of:

R
R I
|2 N Ry
N R
! Ry—N N
Ra ) \ N\)
\ o)
4
HN NH
LG
HN
Ry LG

L Nea el

wherein:

LG is a leaving group selected from the group consisting of —OH, activated ester, halide,
and anhydride; and

RY, R% R3, and R* are selected from the group consisting of an acetate moiety, a -Me, -Et,

or -t-Bu protected acetate moiety, an acetamide moiety, and an acetoxy moiety.
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rN 129 WO 03/ 011115 PCT/ US02/ 24261 13. The nethod of claim8, wherein the
precursor chelate noiety is selected fromthe group consisting of: y0 RO
| RQ (- NWOH3MI1INCS O wherein: R is selected fromthe gr@ap/usonsizsti ng of
a negative charge and a negative charge precursor capable of being
transforned into a negative charge; and X is a chem cal |eaving group

sel ected fromthe group consisting of -4, -Br, -1, -MsQ, - TsO and -TfQ
14. The gt PREmRihcEl AicRihd 50Whdrdin thE 85 Rildht tHGuPRO Al deltelTAIY el SGHT SOT 1S
selected fromthe group consisting of -H -M, -Et, -t-Bu, -benzyl, and

-al |yl . ¢ensisting oftet hod of claim 1, wherein the linker moiety is covalently

conj ugat ﬁd t}% g, Precursor chel ate noiety, the coval ent conjugate

conpri si ﬁn BI Grality of carboxylate precursor groups, the carboxyl ate

precursor gr ou(m—lﬁapa@l?e of (bﬂ(ﬂlj@&/ﬂﬂ@@éﬂ(@ﬁdki nto carboxylate noieties.
U

130 WO 03/@,].&%&5 CT/ U302/ 24261 16y The nethod of claim 15, wherein the
coval ent conj gaf is geleatedAromthe é;roup consi sting of /NRARS R R2N
CO,C(CH

Y O N N 3k
O
H

Q

0]

N N—\— /—COC(CHa)
(CH,)sCO,C > < N

(CH3)3CO,C CO:zC(CHs)s\'—COzC(CHs)s , and
Synthon 2:
(CH3)3CO.C CO2C(CHs)s Vo CO2C(CHs)s

(CH3)3COLC N
\-—N N—/— \___COZC(CH3)3

ol
\‘\

NH
6]
—N N /—C020(0H3)3
(CHa)sCO,C > < —\—N
(CH3)3C0,C COZC(CH3)3\—C020(CH3)3 _
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R4 R5 N1-1 LG and NRAR5 wherein nis an integer from1l to 4; LG
-OH, activated

R 3 NI
Is a leaving group selected fromthe group consisting of

ester, hawpde/o111ahd anhydride; and R, R2, R3, R4 and R5 &cCe/uisndzpendent|y
selected fromthe group consisting of an acetate noiety, a -M, -Et, or
-t-Bu protected acetate noiety, an acetam de noiety, and an acetoxy

noi ety. 131 WD 03/011115 PCT/ US02/ 24261 17. The nethod of claim 15, wherein

the coval Wh&ﬁ@ih%ﬁ%?%l id 188 i r N)
R Ra LG F3 B R S o SRERUTRR BT o ect b
fromt heC(gISlﬁupgoﬁnm Stl ng of -OH activated ester, halide, and anhydride;

and Rl, R2, R3, and R4 are selected fromtheggroup consisting of an acetate

noi ety,

a -Me,0-Et,

RO

)H

RO N o
(\ N/} o) (\ /}
Q{NK/ \5 O{ N\) 0
or " N—0R o OR ‘\\(
\\\g HN 0 NH
0 N LG
oR HJ\OR ! O LG
o o L0 "L,
N N O=<_ /ﬁ
Ly :
RO\H/’ N \éo o}
: oy
O -]
wherein:

R is a —tBu group,
LG is a leaving group selected from the group consisting of —OH, activated ester, halide,

and anhydride.

20. The method of claim 15, wherein converting the precursor MRI imaging agent to the
MR imaging agent comprises:
a) transforming a plurality of the covalent conjugate’s carboxylate precursor
groups into carboxylate moieties, the carboxylate moieties capable of complexing
a paramagnetic metal ion; and
b) complexing a paramagnetic metal ion to the plurality of carboxylate moieties to

result in the MR imaging agent.
21. The method of claim 8 or claim 20, wherein the paramagnetic metal ion is selected

from the group consisting of: GA(III), Fe(III), Mn(II and III), Cr(IIl), Cu(Il), Dy(II),
Tb(III and IV), Ho(1II), Er(IIl), Pr(IIT), Eu(Il) and Eu(IIl).
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or -t-Bu protected acetate noiety, an acetam de noiety, and an acet oxy
noi ety. 132 WD 03/011115 PCT/ US02/ 24261 18. The nethod of claim 15, wherein
t he covalwpto3ponjiuigate is selected fromthe group consisPCE@Set/2428ynt hon
1: (CH3)3002C 2C(CH3)3/-C02C(CH3)3 (CH3) C02 NQ-N N\-C02C(C H3)3 M N~
CORC(CH3)3 (CH3)3CX2C I N (CH 3)3C2C C02C (CH3) 3\-Cx2C(C H3)3 Synthon 2:
CORC( CH3) 31- CO2C(CH3) 3 (CH3)3C02C K (CH3)3C™x®2C ) \-N N/-N_ Q2C(CH3)3 O
HO /-N--c02C(CH3)3 N--\ (CH3)3CX2C > N (CH3)3CRC CRC(CH3)3 C2C(CH3)3
,and 133 WD 03/011115 PCT/ US02/ 24261

22. The method of claim 21, wherein the paramagnetic metal ion is GA(III).

23. The method of claim 1, further comprising, prior to step b), reacting a linker-subunit
with the N-terminal amine functional group of the peptide to result in a derivatized N-

terminal amine functional group of the peptide.

24. The method of claim 23, wherein the linker-subunit is selected from the group

consisting of:

Base
B
Base 0 ase O, o pase
Oﬁ) o
(0] N Q
N\)J\ LG N
! HoN
Base Base Base Base

o) 0 o) 0 o
o)
N HoN.__N LG L O
HZN/\/ \(U\LG N~ H N/\/N\/llD LG
I ’ \/\g/ ’ , i ,and HZN/\/N\)J\LG

2

wherein:

Base is selected from the group consisting of adenosine, guanosine, thymine, and
cytosine; LG is a leaving group selected from the group consisting of OH, activated ester,
halide, and anhydride; and

R is an aliphatic or aromatic moiety.
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19. The method of claim15, wherein the coval ent conjugate is selected from
the group consisting of: 0 0 RQ NO< R--~ OR HNO ORO LG 0O wherein:
Ris a -tBoogooupy LG is a |eaving group sel ected from t hecgrusap246nsi sti ng
of -OH, activated ester, halide, and anhydride. 20. The nethod of claim
15, wherein converting the precursor MR inmaging agent to the MR inmaging
agent conprises: a) transformng a plurality of the coval ent conjugate's
car boxyl abeTRE RMHOIVT claﬁx”n%p*%/hbﬁhpthe %ia&xgﬁk)a&@ls@le%fea%m Hﬁ%‘r&% boxyl at e

noi eti es capabl e of conpl exing a par amagnetic netal ion; conpl exi ng
a pararragmstmgrﬁt al ionto the plurality of carboxylate noieties to

result in the MR imaging agent. 2J. The nethod of claim8 or claim 20,

wherei n the pargragnetic netal i is selected fromthe group consisting
of: &(II1),R |||) Mi(I1 andNTI'R), Cr (1| |2 Dy(I11), Tb(lll and
V), Ho(IHI'I\l) ) Pr(111),£Eu(l1) drdE |1|| G
2 HN
HoN LG \g/

R— HN R 0
HoN N )n HZN/\F’)/\'/U\LG
X LG LG "HN_ R
o HoN ~
0

wherein:

n is independently an integer from 0 to 3;

R is an aliphatic or aromatic group; and

LG is a leaving group selected from the group consisting of: OH, activated ester, halide,
and anhydride.

26. The method of claim 23, wherein the linker-subunit is selected from the group

consisting of:

0 LG ) Y
HZN/\G/ \%/\[r

LG
ZNW
(o]

! ' and HZN/\M’nN\(\‘)fJ\LG

R

wherein n is independently 1 or 2;

R is an aliphatic or aromatic group; and

LG is aleaving group selected from the group consisting of: OH, activated ester, halide,
and anhydride.
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134 WO 03/011115 PCT/ US02/ 24261 22. The nethod of claim 21, wherein the
paramagnetic netal ion is GJ(I11). 23. The nethod of claim1, further

conpri si gp opoiansto step b), reacting a |inker-subunit WCrhuShhzi261

N-term nal am ne functional group of the peptide to result in a derivatized
N term nal am ne functional group of the peptide. 24. The method of claim
23, wherein the |linker-subunit is selected fromthe group consisting of:
Base Base LG H2N Base OYJ H2N,., M\ yLG O LG Base O 11 H2N~~N,,,P-LG OH

Base O H2NNLG --,Base , and O~ O H2N , ~N~LG wherein:
27. A method of making a MR imaging agent, the method comprising:

a) covalently binding an amino acid residue to a linker-subunit moiety to form a
C-terminal end of a peptide, wherein the linker-subunit moiety is covalently
attached to a resin;

b) synthesizing a peptide on the resin from the covalently bound C-terminal end to
an N-terminal residue of the peptide, the N-terminal residue comprising an N-
terminal amine functional group;

¢) cleaving the peptide from the resin to produce a peptide having a C-terminal
amine functional group;

d) covalently attaching a linker moiety to the peptide’s C-terminal amine
functional group and N-terminal amine functional group to form a precursor MR
imaging agent; and r

e) converting the precursor MR imaging agent to the MR imaging agent.

28.  The method of claim 27, wherein the method further comprises, prior to step c),
covalently attaching a linker-subunit moiety to the N-terminal amino functional group to

produce a derivatized N-terminal amine functional group.

29. The method of claim 27, wherein converting the precursor MR imaging agent to the
MR imaging agent comprises:
a) reacting the precursor MR imaging agent with a precursor chelate moiety to
form a covalent bond between the precursor chelate moiety and the linker moiety
of the precursor MR imaging agent, the precursor chelate moiety comprising a
plurality of carboxylate precursor groups, the carboxylate precursor groups
capable of being transformed into carboxylate moieties;
b) transforming a plurality of the carboxylate precursor groups of the bound
precursor chelate moiety to a plurality of carboxylate moieties, the carboxylate
moieties capable of complexing a paramagnetic metal ion; and
c¢) complexing a paramagnetic metal ion to the plurality of carboxylate moieties to

produce the MR imaging agent.
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Base is selected fromthe group consisting of adenosi ne, guanosi ne,
thymne, and cytosine; LGis a |eaving group selected fromthe group
consi st i NgowB/OOH]5 acti vated ester, halide, and anhydri depcansot4261 an

al i phatic or aromatic noiety. 135 WD 03/011115 PCT/ US02/ 24261 25. The

met hod of claim 23, wherein the linker-subunit is selected fromthe group
consisting of: RO HNR NH2N-_1 ~n LGHNLGO HNRLGH2N ') 0 A H2N n

H2N 9LG 0 LG R
30. The method of claim 27, wherein the linker moiety is covalently conjugated to a
precursor chelate moiety, the covalent conjugate comprising a plurality of carboxylate
precursor groups, the carboxylate precursor groups capable of being transformed into

carboxylate moieties.

31. The method of claim 30, wherein converting the precursor MRI imaging agent to the
MR imaging agent comprises:
a) transforming a plurality of the covalent conjugate’s carboxylate precursor
groups into carboxylate moieties, the carboxylate moieties capable of complexing
a paramagnetic metal ion; and

b) complexing a paramagnetic metal ion to the plurality of carboxylate moieties to

result in the MR imaging agent.

32. The method of claim 31, wherein the paramagnetic metal ion is selected from the
group consisting of: Gd(III), Fe(III), Mn(II and III), Cx(I1I), Cu(Il), Dy(III), Tb(III and
IV), Ho(III), Er(11D), Pr(IIT), Eu(Il) and Eu(IIl).

33. The method according to claim 31, wherein the paramagnetic metal ion is Gd(III).

34. A method of making a MR imaging agent, the method comprising:
a) reacting a peptide having a C-terminal carboxylate functional group with a
linker-subunit moiety to form a modified peptide having both a C-terminal
carboxylate functional group and an N-terminal carboxylate functional group;
b) covalently attaching a linker moiety to both the N-terminal and C-terminal
carboxylate functional groups of the modified peptide to form a precursor MR
imaging agent; and
¢) converting the precursor MR imaging agent to the MR imaging agent.
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wherein: n is independently an integer fromO to 3; R is an aliphatic or
aromatic group; and LGis a |eaving group selected fromthe group

consi sti rgo®B/O11My acti vated ester, halide, and anhydri decTasn2/Ifzel nmet hod
of claim 23, wherein the |inker-subunit is selected fromthe group
consisting of: ROLGO HZNn H2N,_ N -)~"LGLG HZNn OLGOY R Gy._.
NNK NH2 On n OY R~0O and H2ZN*( nN WMh 'LG 3 wherein n is independently 1

or 9. Bk AIBOYLLARIANARY fe ARAURLAI bR & Bl RAYORDIATOND

selected fromthe group consisting o activated ester,
anhydr i deonsis86gWh 03/ 011115 PCT/ US02/ 24261 27. A nethod of nmaking a MR
i magi ng agent, the nethod conpriging: a) covalently binding an am no acid

residue to | i nkewp- subLnit noi e taeform
o Rl o Sl § el S
R

o~ 0O o

wherein;
LG is a leaving group selected from the group consisting of OH, activated ester, halide,
and anhydride; and

R is an aromatic or aliphatic group.

36. The method of claim 34, wherein the linker moiety is selected from the group

consisting of:
Hz NH, NH,
) ) A,
RN R'R2 R'RPN_~_-N_~_-NR'R? RIRANT~N N ~r1R2

ot ad) ra

m
ROLCTNNNSCoR  COR AN~ COR GRS co,R

NH
NH, 2

Hy “
COR
RO,C™ "COR RO,L COR  ROCT I, ° ROL”~""""CO,R
>

wherein:

m is an integer from 1 to 4;

n is an integer from O to 4;

R is independently selected from the group consisting of -H, -Me, -Et, -Bz, and —tBu; and

R! and R? are independently selected from a hydrogen or a chemical protecting group.

37. The method of claim 34, wherein the linker moiety is selected from the group

consisting of:

NR'R?

H
O—\/\NR1R2 R1R2N NR1 2 o N
RN o\/\/NR1R2 n( ), " '_2_NH Pll—ﬁo_\
NR'R? NH; R'RN NR'R? RIR?N NR'R?

2
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C-termnal end of a peptide, wherein the linker-subunit noiety is
covalently attached to a resin; b) synthesizing a peptide on the resin
fromthe wowalentd3y bound C-termnal end to an N-term nalPCrasodeeeénf the
peptide, the N-termi nal residue conprising an N- term nal am ne functional
group; c) cleaving the peptide fromthe resin to produce a peptide having a
C-termnal amne functional group; d) covalently attaching a |linker noiety

to the peAticHERSarfe Réﬁt’%"sé'ﬁbteéfﬂdéﬁendfel%ﬂl%ﬁb&"tﬁé gﬂ)ﬁgl&gnﬁaﬁlgg&r%&g JoBRbn@m ne

functional group to forma precursor i magirng agent; converting
t he precarckanicNRroeatihgroapehe chamicaloraretingagydwysadeptert froiddhe Fioap net hod of

claim 27, whereinhe-neth further conmprisgs, prior to step c),

coval ent ?‘i}lsg?lp%gﬁ’i%ogc’ gaw&%%%@gﬂhhwg}%g%ﬁflo the N-term nal am no

functional group to produce a derivatized N-term nal am ne functi onal

group. 29. The nethod of claim 27, wherein converti nﬂ_the precursor MR
A

i magi ng a%ehbe method@f cloimi3tayherginggarertiag tsmreassor MR imaging agent ke thsr ecur sor
MR i magi | .ecursor chelate noiety to forma coval ent bond
bet ween {Q/ﬁ{eﬁg%%%&%?c%ﬂﬁ% e noiety and the linker noiety of the
precursor MR anmadting thgprecursoie Rpinegitps@entohich apeeconbethelaomoidtgimg a
plurality of carboxyl ate precursqr groups,. the carboxyl ate precursor groups
capabl e of beP‘%@rfC’r HE RGP nH??t“ b&‘&\‘eﬁB%ﬁlHitl@rm?ﬂeéYP é?%%cuf%ﬁ@orm ng a
plurality of {hecasoyPihe pRicREUF SRlatdfRIRY, tRS pleBfshUtetie BORENT SOF

chelate moiety to a plurality of carboxylate noieties, the carbdxylate
noi et i es capabémpuding aphirdity n§cabpailatenpeutsprgioppsa ithd @nboxylate piecarsompl| exi ng

a paramagnetic_rnet al 'f%no i}o.tI%e gtloura 1}% olf1 czflrbox |ate noieties to
produce the MECRLGIRGERISRRE tpstolpioaideriony 5 24261 30. The
net hod of cl abyrahbforMies £bRirdlite of hekefboRFaRlredusso? @¥aips BF thk beand ugated to a
precursor chelate noiety, the coval ent conjugate conprising a plurality of
car boxyl at e precursor chelate moiety to a plurality of carboxylate moieties, the carboxylate

moieties capable of complexing a paramagnetic metal ion; and

¢) complexing a paramagnetic metal ion to the plurality of carboxylate moieties to

produce the MR imaging agent.

39. The method of claim 34, wherein the linker moiety is covalently conjugated to a
precursor chelate moiety, the covalent conjugate comprising a plurality of carboxylate
precursor groups, the carboxylate precursor groups capable of being transformed into

carboxylate moieties.

40. The method of claim 39, wherein converting the precursor MR imaging agent to the
MR imaging agent comprises:
a) transforming a plurality of the covalent conjugate’s carboxylate precursor
groups into carboxylate moieties, the carboxylate moieties capable of complexing
a paramagnetic metal ion; and
b) complexing a paramagnetic metal ion to the plurality of carboxylate moieties to

produce the MR imaging agent.
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precursor groups, the carboxylate precursor groups capable of being
transforned into carboxylate noieties. 31. The nethod of claim30, wherein
converti rgotob@ipnecur sor MRl i magi ng agent to the MR i ma@crgsayznsl
conprises: a) transformng a plurality of the coval ent conjugate's
carboxyl ate precursor groups into carboxylate noieties, the carboxylate
noi eti es capabl e of conplexing a paramagnetic netal ion; and b) conpl exi ng
a paranmm 1 l e t I i : | el o]

etal ¢ ol PACRERborblin a3, WhtclHE Bl S GRAPR YRl R Bk %, e
par amagnednsistingbfil ion is selected fromthe group consisting of: Gd(I11),
Fe(111), M(Il and Il11), C(IT1), sQu(ll), Dy(lll), Tb(lll and 1V),
Ho(111), Er(111),yPr(il1), EmM®)Rand Eu(111). 33. The method according to
claim 31, whereip the paramapgnetic netal ion is GI(I111). 34. A nethod of
making a MR i magl Rg agent, t e hod conprising: a) reacting a peptide
having a C-term na car'_poxyl e functional group with a |inker-subunit

moi ety to forma mpdifiNed peptide having both a Gtermnal carboxyl ate
functional growNan ermypia® car boxyl ate functional group; b)
covalently attaching a_ |inker noiety to both the NNterm nal and Cterm nal
car boxyl atgenf_ unckl onal gr(ghps of the nodified peptide to forma precursor
MR i magi ng agent ;Oand c) converting the precursor MR inaging agent to the
MR i magi ng agent. 138 WD 03/011115 PCT/ US02/ 24261 35. The nethod of claim
34, whereigbpthe |inker-subunit noiety is selected fromthe group

consi sting of} HOYN'Y LG HO LG and HOOR OO LG

R*R°N , and
|
NH
O
0O 0
152 102
R'RN N/\/N\/\N NR'R
H H
R3Nj NR3
» (
RIR'N NRR® |
wherein:

n is an integer from 1 to 4; and
R R% R3, RY, and R’ are independently selected from the group consisting of an acetate
moiety, a —Me, -Et, or -t-Bu protected acetate moiety, an acetamide moiety, and an

acetoxy moiety.
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wherein; LGis a |leaving group selected fromthe group consisting of OH,
activated ester, halide, and anhydride; and Ris an aromatic or aliphatic
group. 36woDheirmes hod of claim 34, wherein the |inker noi @Cy/uss2/sebect ed
fromthe group consisting of: 2 )m R 1 RRN*~"N-~~NVWR2 Y H2 )m R02C, N
--"CO2RNH2 RO C1~-CORR2CNH2 Y)YmMR W, /,,,N.... NRL R2 NH2 Y
)m CO,R - N~~CO2R NH2 CO2R H2 NH2 )n R R2N'-i N-"NR R2 NH2 CQ,

R _N__~" 02 {Bethod of claim 39, wherein the covalent conjugate is:
(CH3)30020> {OZC(CH3)3 /—COZC(CH3)3

(CH3)3CO4 N
C\—N N——/— N\ G0,C(CH),

0
NH
H,N /—/
e
I\
NH
o]
(CH3)sCO,C > < N
(CH3)3CO.C Cozc(CHs)s\"—C(ch(CHa)a )
43. A method of claim 1, claim 27, or claim 34, wherein converting the precursor MR

imaging agent to the MR imaging agent comprises:

(a) reacting the precursor imaging agent with a chelate moiety, wherein the chelate moiety
contains a paramagnetic metal ion, to form a covalent bond between the chelate moiety
and the linker moiety of the precursor MR imaging agent to produce the MR imaging

agent.

44, The method of claim 43, wherein the paramagnetic metal ion is selected from the
group consisting of: Gd(III), Fe(III), Mn(lI and IIT), Cr(III), Cu(Il), Dy(III), Tb(IIl and
1V), Ho(III), Ex(I1I), Pr(II), Eu(Il) and Eu(III).

45.  The method of claim 44, wherein the paramagnetic metal ion is Gd(IIL).

46. A contrast agent comprising a metal chelate complex at a —CO,R and NHR termini of

a biopolymer, wherein R is independently selected from the group consisting of hydrogen,

alkyl, aliphatic, and a leaving group.
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R RO C' 2 RO2CM __ ' CO2R D wherein: mis an integer from1l to 4; n is an
integer fromO to 4; Ris independently selected fromthe group consisting
of -H -M¥QO03B11115Bz, and -tBu; and R and Ra are indepemrdenishy2eel ect ed
froma hydrogen or a chem cal protecting group. 37. The nethod of claim 34,
wherein the |linker noiety is selected fromthe group consisting of.
O--NRR2 101,NRIR2 O0-,--NRR RRRNNHR2 H zN R R NNRIRZ AR N NR R2
139 WO 03/011115 PCT/ US02/ 24261 wherein Rl and R2 are sel ected

i ndependent |y fromthe group consisting of hydrogen and a chem cal
protecti Ag Eﬁ@mﬁash@e@h@ml@m 4 comptising gwe msital chdpiecoswldxenat tht €QRoup

consi st %ﬂh&@%i%%%%’bi%&f butyl, benzyl, and allyl. 38. The nethod

of claim erelrn conver the precursor MR imagi ng agent to the MR
i magi ng agent conprises: a) reacting the precursor MR inmaging agent with a
precursor _chelate noiety | tqQ forma _coval ent bqnd between the

|i nker nf$ethe eentfq«?tea%ﬁngefﬁ%iag ‘Eégher%&}erm%féﬁﬁ@r has @ spefip Pwdinesdfinithel at e

moi ety, teHecursor chelate noiety

49. The contrast agent of claim 46, wherein the biopolymer is a peptide.

50. The contrast agent of claim 49, wherein the peptide is capable of forming a disulfide

bond under non-reducing conditions.
51. The contrast agent of claim 50, wherein the peptide comprises a disulfide bond.

52. The contrast agent of claim 46, the contrast agent having the formula:

0
2
(Chelate)m— (Linker)p—— (Linker-subunit)3 NR (Linker-subunit)s— (Linker)y
R'l
n

wherein:

(Chelate),

Chelate represents a metal chelate complex;

Linker represents a linker moiety;

Linker-subunit represents a linker-subunit moiety;

m is independently an integer from 1 to 10;

p is independently an integer from O to 5;

s is independently 0 or 1;

R! is an amino acid side chain or a derivative thereof; and

R? is independently a hydrogen or an aliphatic group.
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conprising a plurality of carboxylate precursor groups, the carboxyl ate
precursor groups capable of being transforned into carboxyl ate nvoieties;

b) transfwomBngias plurality of the carboxyl ate precursor @coapss2/sfet he
bound precursor chelate noiety to a plurality of carboxylate noieties, the
carboxyl ate noieties capable of conplexing a paramagnetic netal ion; and
c) conplexing a paramagnetic netal ion to the plurality of carboxylate

noi et i es53 oThdERBdsgbMONVRIMMBIRE AR hgerd Havilp § sl deRbteq RinMRs,
wherein the linker noiety is covalently conjugated to a precursor chelate
noi ety, giewp eonsitimgiofconj ugate conprising a plurality of carboxylate
precursor groups, the carboxyl ate precursor groups capabl e of being
transfornmed into carboxylate noieties. 40. The nethod of claim 39, wherein
converting the precursor MR inmagi ngirageizt 4t 0 the MR i magi ng agent

conpriseg: a) transformng a plurality of the coval ent con%u%ate's
car boxyl ate precursor groups™ 0 carboxyl ate noieti es, Q%gg &&ylate
noi et i esgGaRabl © conpl gxjNg paranagpetic [metal i O d conpl exi ng
a paramagneti c netlalp ¥pn (90 )t he phunald of rbogxyl at € nmoieties to
produce the MR i ' STIWIS027 24261 41. The

method of claim 39/ whéreiqn thé C % =nqu§§fris sel ected fromthe
group consisting of- HHN /NRARE_NR3 R R2ZN Y "O RH3 N RARSN
OH

Structure 5
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O ,and HI NHR RN--~ ~/N"I""" YI'"~HH' R 3 N RARSN NR4R5 wherein: n
is an integer froml to 4, and R, R2, R3, R4, and R5 are independently

sel ect ed wopmaiotties group consi sting of an acetate noiety, PATNSP22861 oOr
-t-Bu protected acetate noiety, an acetam de noiety, and an acetoxy
noiety. 141 WO 03/011115 PCT/ US02/ 24261 42. The nmethod of claim 39, wherein
the coval ent conjugate is: (CH3)3CO2C RC(CH3)3/-CRC(CH3)3 (CH3 )3CX2 > N

Q-N--CRC(CH3)3 I-NN---\ 1 ---CREFuEHEE (CH3)3C2A _ N (CH 3) 3CzCCca2C
(CH3) 3\---C2C(C H3)3 43. A nethod of claim1, claim27, or claim 34,
wher ei n conuestq ng the, precur so'F‘ |mag| ng agent to "HREGTATG agent
conprises: (a) reatln%the r ginog ent W chel ate noiety,
wherein the chel M

NH-CODTPA-Gd

Gd-DTPA-CO-NH =\

OH
OH

Structure 9
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uOH
2
Structure 10
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contains a paramagnetic netal ion, to forma coval ent bond between the
chelate noiety and the linker noiety of the precursor MR imaging agent to
produce tWwe oMRiiimmgi ng agent. 44. The method of clai m 43 PpCrusom2426t he
paramagnetic netal ion is selected fromthe group consisting of. GI(I11),
Fe(l'1l1), Mr(ll and I'11), C(lIl), Cu(ll), Dy(lll), Th(lIll and 1V),
Ho(l't1), Er(lIl), Pr(lll), EBu(ll) and Eu(lll). 45. The nethod of claim 44,
wherein the paramagnetic netal iongifc&délz!). 46. A contrast agent
conprising a netal chelate conplex at a -CO2R and NHR term ni of a
bi opol yner, whereinl?is i ndependently sel ected fr@D the group consisting
co

of hydr ogefigaco al i phatic, and a | eaving grQ 142 &Fh@11115
PCT/ US02/ 24261 4 he contr i

i S dowpaet al
chel at e cerpice t he bi ppol yner. 48. The
contrast agent ofH mgﬁ

NHR m ni
I nispeci fic binding
affinity for flbrln i rast ;E; of 5 C aﬂﬁfzg wherein the
bi opol yner is a t|de ; égent f, clai m 49, wherein the

peptide is capable of fornlng a | fi de bond under non-reducing
conditions. 51. The contrast agent of claim50, wherein the peptide
conprises a disulfide bond. 52. The contrast agent of claim46, the ,
contrast agent having the fornul a: éﬁhela ___ (Linker)p_

(Li nker-subunits 0 N R R (LinkerS Hf)'ih‘ﬁf - (Linker)p---(CheIate)m
wherein: Chelate represents a netal chel at

gonpl ex; Linker represents a
| i nker noi ety; Llnker subuni ts represents a ker - subuni t nDiet%:
Gd-DTPA—CON-l\/\ ¢! N/\/NH~ breacd

_O?\/\_)t . : N/\/o\/\o/\/NH \
Gd-DTPACONH = < = o) NH-CO-DTPA-Gd

\
o=(OH
OH
Structure 14
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Structure 15
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inis independently an integer from1l to 10; p is independently an integer
from0O to 55 s is independently O or 1; R is an amno acid side chain or
a derivatwoasbhareof; and R2 is independently a hydrogenpom/sn2/ai2bphati c
group. 143 WD 03/011115 PCT/ US02/ 24261 53. The contrast agent of claim52,
t he contrast agent having a structure selected fromthe group consisting
of: Structure 4 Structure 6 HCO DIP. Gd NH CO DTPA-Gd Structure 7 144
g'--O,/ NH WD 03/011115 U U Fi  Rpuditald 14502/ 24261 Structure 8 CH
Structure 9 OH pQ ~n~£HN Hpl O HNI1-CODIPA-Gd OH

Gd-DTPA-CO-NH

H-CO-DTPA-Gd

NH-CO-DTPA-Gd

/l

A AHCO-DTPAG

GU-DIPACONR /\r
GIDTPACO-NH \( N

NH-CO-DTPA-Gd

Gd-DTPA-CO-NH
Ny Sj‘ oj/\N A\ CO-DTPAGE
l/’ N/\/NH \
H

GADTPACONH 0 g=,( NH-CO-DTPAGA
Ol

OH

Structure 19
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e Mﬁ&&%\%@ﬁy@mf

GA-DTPA-CO -NH NH-CO-DTPA-Gd
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OH Structure 10 9 7 Structure 11 145 ( -'N, ~NH CO DTPM3d WO 03/011115
Structure 12 GJd-DTPA-CO-N G&I-DTP/-CO 0 HN J Structure 13 Structure 14
GAUTP. 4COWBH3AHDIXOH H O / GIDTPA-CD- I JH 0~( O ~s Struct ece/uks2/14261

PCT/ US02/ 24261 . NFFCODrPA-Gd N v 1 ,, IDAM~~ 6 1 NHCODTPA-Gd = H WO
03/011115
Structure 20
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e Lo
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Structure 16 Gd- DTPA-CO Gd- DIPA-CO-Ni Structure 17 Structure 18 Structure
19 FFCO DTPA-Gd NI - FCO- DTPA-Gd O~~~/ NI ECO DTP 4Gd C&DTPA CONH.,~p Nj OH
iiTHi//~wW0oBto11115/Q~ _ NNH OH '/\ H CO DIPA-Gd O Gd- DPPAIS@R/MNA6t_  OH S
PCT/ US02/ 24261 7 147 WO 03/011115 Gd- DTPA-CO-NH Structure 20 Structure 21
Structure 22

Structure 25
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Structure 23 C Structure 24 148 PCT/ US02/ 24261 WO 03/011115 PCT/ US02/ 24261
Structure 25 Structure 26 Structure 27 GJ-DTRACPNF /,n/,IDn 1l ., , f~~un
f N. O,,wNo3/01fl1iCaDTP4Gd Structure 28 Structure 29 r,,,, PRHAC/BEPA- Gd

NH- CO DTPAGd 149 WO 03/011115 Structure 30 Structure 31 and Structure 32 CH
PCT/ US02/ 24261 N ~ONH CO. Dr PA-Gd NH CO. 6TPA-Gd wherein Gd is a
paramagnetic netal ion GJ(I111), and wherein the GJI(I1I11) is coordinated to
the DTPA noiety; and wherein the [SiRAteRI3dBty is covalently linked to a
noiety conprising a C(=0 group at an ethylene or acetate carbon on the

DTPA noi ety. 150 701111 CT/ US02/ 2 Hy
con 7 O\l/\ HCO-DTPA-Gd
GA-DTPACONH A~ ~_0 N\_fk . '8 'KL_(?\ g A \(\\/\'
H O H o g O\/\H (o]

H O o]
o=( / A NH-CODTPA-Gd
Go-DTPA-CONH o
2
Structure 31
NH H NH
2 NHe %/\ NH-CO-DTPA-Gd
GA-DTPACO-NH_~, b0 H Lo On L
0 O! 0 o 0 S/ H OB-AHO
Gd-DTPACO-NH o
H
and
Structure 32

NH-CO-DTPAGd
YN/\/
NH \
(_6 NH-CO-DTPA-Gd

wherein Gd is a paramagnetic metal ion Gd(I1I), and wherein the Gd(III) is coordinated to

>

the DTPA moiety; and wherein the DTPA moiety is covalently linked to a moiety

comprising a C(=O) group at an ethylene or acetate carbon on the DTPA moiety.
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54. The contrast agent of claim52, the contrast agent having a structure
selected fromthe group consisting of: Structure 33 Structure 34 151 WO
03/011115w6tmsactius e 35 PCT/ US02/ 24261 0 Structure 36 ~ \ PCT@SONE461 O O
Ste" O Il HO~t HO\ N J°  NNN OHNY N ni = HOY HOO HN HON O -
Z OH m U

54. The contrast agent of claim 52, the contrast agent having a structure selected from the

group consisting of:
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GAN)-=O ~" OJ O Structure 37 NH O 152 WO 03/011115 Structure 38
Structure 39 153 PCT/ US02/ 24261 WD 03/011115 Structure 40 and Structure 41
PCT/ US02/02301101N Gd ~-NJ NH O N N GJulNYO N o- O 154 Wec@arsoiiedib
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PCT/ US02/ 24261 55. The contrast agent of claim52, the contrast agent

havi ng a structure selected fromthe group consisting of: Structure 42
Structurew@I3MNHIN NGIITITINHH O1F,~0 OOOr _ N RCHUSh/N2:0 O HH O
O . JW NNNNHO OOHO

Structure 38
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HO----/\ O OHOHS Structure 44 0 HNNONGIfl KN ,--O, OOODbO |,
0 155 WO 03/011115 Structure 45 PCT/ US02/ 24261 O Structure 46 0 N N NO kN
GJO -0 9 WOB/ONH1ID N Nil Gd O 0O~0 00 9 9 NON NN ,O0\H O PETHS02/24266
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N O/NGInI N-OO~O -009 9 00 WO 03/011115 Structure 48 Structure 49 0O

f NHNdn~N\V\N N~Grv 00 OOOH -0¢(r)-.0.000- 00 p,--NH

&' |

0 0WO00301819 0 PCT/US02/24261 0 NH O N-f J O NH "NPCT/US02/24261

55. The contrast agent of claim 52, the contrast agent having a structure selected from the
group consisting of:
Structure 42
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Gl NOO\f=0 9 0 and Structure 50 N\l O-N Gl io0 OF~-0 -00 O 00
157 WO 03/011115 PCT/ US02/ 24261 56. A nmethod for altering the stability of
a pepti dewotoheipepti de having an N-term nal am ne functi ecalusgraupy the
met hod conprising: a) reacting the peptide with a |inker-subunit noiety to
forma peptide having a C termnal am ne functional group; and b)
covalently attaching a linker noiety to the peptide's Cterm nal am ne
functional group and N-term nal agj@tdredsti onal group to forma nodified
peptide. 57. The method of claimb56, further conprising reacting the

nodi fied peptide wt 53 prec or chel Quefnoj ety to forn1% coval ent bond
bet ween t he pr &cur sor lefoy Al mg i nker m)l et \oh~t he nodified

pepti de, ok up-ab a"
car boxyl7 Qﬁ;éﬂ SK g%gﬁp$9 the ca xyl‘fé precuHP%T ¥§p59ggﬁable of
bei ng tra knto C&" boxyl ate noieties. ;Egr

U)

58. The nethed of claim57,
further co g: (a) transformng a plurality of the rk{?xylate
precur sor © %& t he bound precursor chel ate noi ety0 @ rality of
carboxylate noi‘e the carboxylate nvieties capable &f® | exi ng a
par amagneti c net al |on; and (b) conpl exing a paramagnetic netal ion to the
plurality of carboxylate noieties. 59. The nethod of claim57, furtHer
conprising assaying the stability of the nodified peptide.
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60. The nethod of claim57, further conprising: a) assaying the stability
of said unnodified peptide; and b) conparing the stability of said nodified
pepti de twotoheimtdmbility of said unnodified peptide. 61. PChasope4red of
claim 60, wherein the stability of the nodified peptide is inproved
relative to the stability of the unnodified peptide. 158 WO 03/011115

PCT/ US02/ 24261 62. The nethod of claim6l, wherein the stability of the
nodi fied peptide is inproved 10- {qphfttdl48tive to the stability of the
unnodi fied peptide. 63. The nethod of claim@gl, wherein the stability of
the nodified peptigde is inprie & 20-fold r Natlve to the saggfllty of the

unnodi fi ed pefat i de-\64. The-nB d cl ai még ereln t he ty of
t he nodnf‘ﬁﬁ]ﬁ%pti ks dppoved n3- d{g{relﬁ eN t e st W of the
; : : .cnlal e|n t he

unnodi fi e Npé? : S

stability_-ps ed( i ng &"rat Tower Shoanenate assayo %rnndlfled
pepti de havongothé’stmucture (Chel at e- (Li nker) P (Linker- subunPt),,
precursor)m(Linker-subunit); (Linker)p (Chelate precursor), wherein:

Chel ate precursor represents a chelate precursor noiety; Linker represents
a linker noiety; Linker-subunit represents a |linker-subunit noiety; inis
i ndependently an integer from1l to 10; p is independently an integer fromO
to 5; s is independently O or 1; SRudtgreat® am no acid side chain or a
derivative thereof; and R2 is selected fromthe group consisting of H and

an aliphatic group

0
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159 WO 03/011115 PCT/ US02/ 24261 67. A nodified peptide having the
structure: (Linker)p (Linker-subunit); (Linker-subunit), (Linker)p wherein:
Li nker repoasentiss a |inker noi ety; Linker-subunit represemC3/E02/24261

| i nker-subunit noiety; p is independently an integer fromO to 5; s is

i ndependently O or 1; R is an amno acid side chain or a derivative
thereof; and R2 is selected fromthe group consisting of H and an aliphatic

group. 6& AnmiJacR: SheriBkhE Skabili dﬁ%ﬁhlél,ghaﬁ@ﬁfde hhliRg AR INIREMGRIPT | Si ng:

a) reacting a peptide having an termnal  amne functional group with a
| i nker - @uoingdimctivpilegroup, dhe wethod copgiisingd pepti de having an ani ne

functional gragu n oth its Ntermnus and .G term nus,; .a b) cagnverting
e rodi 1 ed Degrtig BEbeh i 4 HT SipRtbo S oS Wi BBt e ity "o W
i magi ng agent teriatlariiefosttioanrbey;agd a) reacting a peptide having a
C-term nal carboxylate functional group with a_ _ linker-subunit noiety to

form a nodi fi ePoyalentiyattachingaylinkes mopRiy {o the @eptigecs Copmrinal fiEeg on both its
C-term nus an ) : ) rd. i i £ Lde to the MR
i ng. agent o B g A0 ritinsf QKR bbbl B REBRET | Pod
conpri sing: apeptideal ently binding an am no acid residue to a |inker-subunit
noiety to forma GC-termnal end of a peptide, wherein the |inker-subunit

noiety is covalently attached to a resin; 160 WO 03/011115 PCT/ US02/ 24261
2)n 4 gt hesi FhdgeRol @PLiadR 58NfutthEr doRirRidareaBihb ehCRv e bbyidearinda C t er ni nal
precursor chelate moiety to form a covalent bond between the precursor chelate moiety
and the linker moiety of the modified peptide, the precursor chelate moiety comprising a

plurality of carboxylate precursor groups, the carboxylate precursor groups capable of

being transformed into carboxylate moieties.

58. The method of claim 57, further comprising:
(a) transforming a plurality of the carboxylate precursor groups of the bound
precursor chelate moiety to a plurality of carboxylate moieties, the carboxylate
moieties capable of complexing a paramagnetic metal ion; and

(b) complexing a paramagnetic metal ion to the plurality of carboxylate moieties.

59. The method of claim 57, further comprising assaying the stability of the modified
peptide.

60. The method of claim 57, further comprising:
a) assaying the stability of said unmodified peptide; and
b) comparing the stability of said modified peptide to the stability of said
unmodified peptide.

61. The method of claim 60, wherein the stability of the modified peptide is improved
relative to the stability of the unmodified peptide.
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an N-term nal residue of the peptide, the N-termnal residue conprising an
N- termnal am ne functional group; c) cleaving the peptide fromthe resin
t o producwoas@ities m nal ami ne functional group of the no@cCTiEsd2/pepti de; d)
converting the nodified peptide to the MR imaging agent. 71. The nmet hod of
claim68, claim69, or claim70, wherein converting the nodified peptide
to the MR inmagi ng agent conprises covalently attaching a chelate noiety to
the nOOESiekk REMbE A claWh®l Shierti - L gk i gnetic
metal ion, to 5 ﬂgr oduce thQ%NERbi %%cfﬁ%%ﬁg@ﬂ@é%&f%ﬁ@kﬁ%ﬁg?ng?{vg aim71,
wher ei n théolgselativegndd sabibity0f theowrhedified pentidd. f rom t he group consi sting
of . &d(IIl), Fe(lll), Mi(ll and I11), C(I1l), Cu(ll), Dy(lll), Th(lll and
V), Ho(lll), Er(Ill), Pr(lll), Eu(ll) and Eu(lll). 10 73. The nethod of
cl ai m 7163.whigy @etholl b€ clabh 0pghetinGhemhtilityl fithé fao@dlell peptideid impRwedet hod of
claim68, claim®69, or claim 70, wherein converting the nodified peptide
to the MO-foldlaiyedgdpn stellirofdhaunmerdifisd pepfideent Iy 1inking a |inker noiety
to a chelate noiety to forma covalent conjugate, wherein the chel ate
noi ety contains a paranmagnetic netal ion; and b) reacting the coval ent
conj ugat @&.vllehmethed wbdiafm 61, wegptindee ttabifigyrofithdimotiRiedipeptidenig imp@wed 75. The
met hod o l.ai m 74, erei.n t ara netic, metal ion is selected fromthe
gr oup coi%f%l? F‘?T@“"c?ft."%itgﬁlﬂﬁy,Or}l%%ﬁ?‘l“}l?%gwﬁ??ﬂﬁd%d L1y, (1), cu(ll),
Dy(l111), Tb(lll and 20 1V), Ho(lIl), Er(lll), Pr(lll), Eu(ll) and Eu(l!
76. The nmethod of claim 74, wherein the paramagnetic netal ion is Gd(II
161 WO 0%.ClletnethpEvf cgorh2 4 elainy 60, Whrseinshassebility is hesayed@ing airat hiwer
conpri siﬁl(%%re%cttig\% the nodified peptide with a capping noiety to forma
coval ent T DECREEN t he capping noiety and the |linker noiety of the
nodi fied peptide. 5 78. A purified peptide conprising the am no acid
sequence: P* - Y* - X1 * - L* (SEQ

66. A modified peptide having the structure:

R 0
(Chelate— (Linker);—— (Linker-subunit) N (Linker-subunit)s—(Linker) (Chelate
precursor)y, 1 p
R precursor)y,
n

wherein:

1),
1)

Chelate precursor represents a chelate precursor moiety;
Linker represents a linker moiety;

Linker-subunit represents a linker-subunit moiety;

m is independently an integer from 1 to 10;

p is independently an integer from 0 to 5;

s is independently 0 or 1;

R! is an amino acid side chain or a derivative thereof; and

R? is selected from the group consisting of H and an aliphatic group.
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ID NO 1), wherein: P* is a proline or a non-natural derivative thereof; Y*
is a tyrosine or a non-natural derivative thereof; X1 * is Gor Dor a
non- nat urab oderitvati ve of G or D, 10 L* is a | eucine or aPaarzSezz4rsal
derivative thereof; and wherein at |east one of P*, Y*, X *, and L* is a
non-natural derivative of the respective amno acid. 79. A purified
peptide according to claim 78, wherein X1 * is Gor D and wherein L* 15 1is
| euci ne. 6804 nAdpfisd pdpide PeHELE BR saae@r«edi Ng to claim 79, wherein P* is
proline or 4- hydroxyproline, and wherein Y* is tyrosine or a non-natural
derivative of tyrosine substi !éfze% t the 3 position with a noiety

sel ected fromthe group consist|Nng fl F, d, Br, 201, and NO2. 81. A
puri f i ed(Lpkpi—de (dokgosilsini ' Lidkesequeitge:—Xhker2 - C - P*- Y* -
X3 - L-C- X4 - X5- X6 (SEQ IyNO|2), wherein: P* is a proline or a
non-natural derivative thereoft 25 Y#,is a tyrosine or a non-natural
derivative thereof; X1 is selected fromthe group consisting of W Y, F, S,
Bip, Hx, Dpr, Cy, Gu, Ad, Hfe, 3-Pal, 4-Pal, DopaMe2, nTyr, dW dF,
F(3/4*), and. Y(3 *), wherein F(3/4*) is a phenylal anine substituted at

ei t her t‘ﬁgergmor the 4 position with a noiety selected fromthe group

consi st i D@L&f repfdSenth BnkdiiltoietgH2NH2, CN, F, G, Br, |, Et, and 30 Owe, and
wherein Y(3*) 1s a tyrosi ne.substit.uted at the 3 position with a noiety

sel ect edlLibkeinsubheit garaessnis adbiker-sybgnisindgietyCl | Br, 1, and N02; 162 WO

03/0111&5’@%@%%5&%%?@%@%’%??t ed fromthe group consisting of E, H,

dE, S, X3 is selected fromthe group

consi st i 9@ independendlyD;or¥4 is sel ected fromthe group consisting of H F, Y,
and W 5 X5 is selected fromthe group consisting of I, L, V, N, Bpa, Bal,
H e, N eR 1f|ag amino acid side chain or a derivative thereof; and

R? is selected from the group consisting of H and an aliphatic group.

68. A method of making an MR imaging agent, the method comprising:
a) reacting a peptide having an N-terminal amine functional group with a linker-
subunit moiety to form a modified peptide having an amine functional group on
both its N-terminus and C-terminus; and

b) converting the modified peptide to the MR imaging agent.

69. A method of making an MR imaging agent, said method comprising:
a) reacting a peptide having a C-terminal carboxylate functional group with a
linker-subunit moiety to form a modified peptide having a carboxylate functional
group on both its C-terminus and N-terminus; and

b) converting the modified peptide to the MR imaging agent.

70. A method of making an MR imaging agent, said method comprising:
a) covalently binding an amino acid residue to a linker-subunit moiety to form a
C-terminal end of a peptide, wherein the linker-subunit moiety is covalently

attached to a resin;
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Nval , Phg, Cha, Taz, Fua, Th, 4-Pal, and F(3/4*), wherein F(3/4*) is a
phenyl al ani ne substituted at either the 3 or the 4 position with a noiety
sel ect ed wDrosfitih® group consisting of CF3, Et, iPr, and @UE/USKS24261
selected fromthe group consisting of N, Q I, L, and V, or X6 is not
present; 10 and wherein at |east one of Xl, X2, X5, P*, and Y* is a
non-natural derivative of an amno acid. 82. A purified peptide according
to claim8l, waneiRizHgd ephitdbh e @sinﬂfmhmrc_@meﬁtgl bdifd GREmial bfid fy/" OSi ne
or a non-natural derjvative of tyrosine substituted at 15 the 3 position
with a noi et yasdHeaniagl fesighe phihe peptige. Ewditerning residue cogiprisBg, aniN- and NO2.
83. The purifjed: L . i 0 or 81, the peptide further capable of
formng a di l[seg %If&gglhh%ﬁ:aﬂﬁlﬁ)%%%ﬁ-reduci ng conditions. 2084. The purified
pept :c dedof cl a);jmzﬁf&ng ?b@emﬁjﬁﬂmiﬁ tleorepin itgipﬂ%iuee ajtsmfrflindbathf' ecf%no&iignalThe
purified peptide of claim84, the peptide having a specific binding
affinity for giogpiofthemadifiad geptide; ed pepti de of claim 82 conprising an

i id | : : i st f:
A0 21§ SoAPSE BRI RIRAIAIOUn G ¢
Y-dE-C-P(4-OH)-Y(3-0)-GL-C Y-1-Q (SEQ I D NO 5)
\){\; SE: g: E%]j: éﬁgr}}Y 33[ S gcifgalﬁlilg:SVY%llping6§,§Egle{llg ﬂgvggare;)noconverting the modified
W dE- C- Ppdhsiidbho tHedviR! ihmabhnls- @eﬁ@o‘dom?ri@&'—z@vbﬁnﬂ%@ch A3 hBiekl dthe
PCT/ US02/ 24261 5 Y-dE- C-P{4-OH)-Y(3-CQ)-D-L-CY-1-8 (SEQ | D NG 9)
Y- dE- C- Padifigl pepdegmhersin the-opglate@npistrgoningg payymagnetic metal ion, to

(4 5ove) PROEps Mg g, |2 LTS ' (s 1D o 12)

Y-H CP(4-0H)-Y(3-A)-GL-CWI-Q (SEQ I D NO 13)
72. The method of claim 71, wherein the paramagnetic metal ion is selected from the
group consisting of: Gd(III), Fe(IIl), Mn(II and III), Cr(III), Cu(Il), Dy(III), To(III and
IV), Ho(I11), Ex(1II), Pr(IlI), Eu(Il) and Eu(III).

10
73.  The method of claim 71, wherein the paramagnetic metal ion is GA(III).
74. The method of claim 68, claim 69, or claim 70, wherein converting the modified
peptide to the MR imaging agent comprises:

15 a) covalently linking a linker moiety to a chelate moiety to form a covalent

conjugate, wherein the chelate moiety contains a paramagnetic metal ion; and
b) reacting the covalent conjugate with the modified peptide to form the MR

imaging agent.
75.  The method of claim 74, wherein the paramagnetic metal ion is selected from the
group consisting of: Gd(IlT), Fe(III), Mn(II and III), Cr(1IT), Cu(Il), Dy(III), Tb(IIl and

20 IV), Ho(IIl), Ex(IIL), Pr(IIL), Eu(ll) and Eu(II).

76. The method of claim 74, wherein the paramagnetic metal ion is GA(III).
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WAE-CGP-Y(3-A)-GL-CWI-Q (SEQ ID NG 14) WAAE-CGP(4-OH)-Y-GL-CGWI-Q
(SEQ ID NG 15), and F-HGCP-(4-OH)-Y(3-A)-DL-CGHI-L (SEQ ID NO 16).
1087. Thewpuwsioiiledl peptide of claim 86, the peptide furthecTamspabizel of
form ng a disulfide bond under non-reducing conditions. 88.The purified
pepti de of claim87, the peptide conprising a disulfide bond. 1589. The
purified peptide of claim86, the peptide having a specific binding

af f1nity7f0r Thdiethod ¥ i ¥ mer &ﬁﬁ’ﬁriéﬁ?g REGH; gqh@&oafﬁea'p@ faSkithyher ei n:

P* is proline; 20Y* is tyrosine; Xl is selected fromthe group consisting
of W Y, capping m@efy, toHixm Bgpyaleyt, bowml betagen teecappin@aioictyt apdthe lidkpaMe2, nTyr,
dwW dF, F 3/ N%t’hem éd"}%) V\/nerel n F3/4* is a phenylal ani ne substituted
at eithel® {eIIP’e 2P BSItI on with a noiety sel ected fromthe group
consisting of CH3, CF3, NH2, CH2NH2, CN, F, d, Br, I, Et, and Owe, and
wherein 25 Y3 * is a tyrosine substltuted at the 31905|t|0n W|th a _noiety
sel éct ed’&r onArpHélﬁaql seRjidecomprisingiipe apinp acid seqpgnee) P* o ¥ -N&F — I (SEQ

sel ect ed{ﬂm %11 Qup consisting of dE, H(Bzl), 2-Pal, Dpr, and Th; X3
is selected fromthe group consisting of Gand D X4 is selected fromthe
group consi stP’hg; a);ﬁrolﬂneEnah’on-aartdra‘l/\der&&ux&heseosf;el ected fromthe group
consi sting of a, Bal eh Tl.e, nVal, Phg, Cha, Taz,

Fua, Th, 4-P >k’1%1‘?'1H’r?ﬁ(“f!‘ﬁ %530%%%# ﬁerﬁf?:nﬁ@ eteof phenyl al ani ne 164 WO
03/ 011115 PCTX#JSQZ@}%@E&a%gsﬁah;rglt&glvgﬁveedft@gﬂ)t he 3 or the 4 position with

a noiety selected fromthe group consisting of CF3, Et, iPr, and Ome,
whetoei n at | eh%us a)lnecmf: OD(anonéﬂatumi dx@vative gherefhandat ur al  ami no aci d

derivative; .0 he oup _consi sti.n f N , |, L, and
Vo X6 ts nBber FORTH, Yoot AR B S BabRRantl HofBve P56 ¢ o
peptide furt h@rsp&ﬁp@afnqld)jmt orm ng a

79. A purified peptide according to claim 78, wherein X;* is G or D and wherein L*

15 is leucine.

80. A purified peptide according to claim 79, wherein P* is proline or 4-

hydroxyproline, and wherein Y* is tyrosine or a non-natural derivative of tyrosine

substituted at the 3 position with a moiety selected from the group consisting of F, Cl, B,
20 I, and NO,.

81. A purified peptide comprising the amino acid sequence:

X;-Xp—C—-P*~Y*-X35-L-C-X4—~Xs5—Xs (SEQ ID NO:2), wherein:
P* is a proline or a non-natural derivative thereof;

25 Y* is a tyrosine or a non~natural derivative thereof;
X; is selected from the group consisting of W, Y, F, S, Bip, Hx, Dpr, Cy, Gu, Ad,
Hfe, 3-Pal, 4-Pal, DopaMe2, nTyr, dW, dF, F(3/4*), and Y(3*), wherein F(3/4%) is
a phenylalanine substituted at either the 3 or the 4 position with a moiety selected
from the group consisting of CHs, CF3, NH,, CHoNH,, CN, F, Cl, Br, 1, Et, and

30 OMe, and wherein Y(3*) is a tyrosine substituted at the 3 position with a moiety
selected from the group consisting of F, Cl, Br, I, and NO,;
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di sul fide bond under non-reducing conditions. 92. The purified peptide of
claim90, the peptide conprising a disulfide bond. 10 93. The purified
pepti de oWoaBartm®l, the peptide having a specific bindi ngcaftfSome42¢1 f or
fibrin. 94. A compound conprising the peptide of claim78 linked to a

t hronbol ytic agent. 95. A purified peptide conprising the am no acid
sequence: C- P* - Y*- XI - L - C 15 (SEQID NO 3), wherein: X1 is Gor D,

P* i's prolinexpfs selebtel @rmieHelbiralp ElRisNAS bVE, 1-d1y & PXBEN.0)-PRACD Y anli S
tyrosine or a non-natural derivative of tyrosine Substituted gt the 3
position withua rmoiety selected fromthe group consisting of F, O, Br, 1,

and NO2; and 0. i t sk _one~of .B* or Y* is a non-natural
derivative of% ﬁggfr%é{ggg% |€% g@}rﬁ %0§%§%?%?F%€pd§;e purified peptide
accor di ng t o X} Rissiediad ftonethegpsipientistiihef Homnabhewaf forming a disul fide

bond under nop-reduci conditions. 25 97, The purified peptide according
to €l aim95, ﬁh@ Ssl@ﬁftea n&@}?@*w Grgsigting ol F4 Hégal%%cﬁal,lf%*s, Me. §51011115
PCT/ US02/ 242 upiph:i id : i t he peptide
havi ng a spe?ﬁﬁﬁ’cﬁggi’%agg&é??%r@f%Pffa%%%?ﬁg%i)h%hg%%lgg\@éﬁ)%g%nd conpri sing
the peptide ofheoylalami@Subititited at either ther3coriibé ¢ pbsitiaw evith.a Gty stlgotedi f i ed
pepti de conprgsi t he am no. aci ugnce:, CD-Y-Y-G T G X10 (SEQ ID.
NO 17), V\herei%r?fp%&%mflg chgxs&gggé%&?,ﬁ%‘ anI‘i@"& f consisting of n(decyl)G
%4- Pg?g) GS g;@;i;s sglé)@bed gf%:crrpthe%%@ dnsishidy 05 NG Mednd V(o3 X As bl prignp) . Ah,

e, , 5-di-iodo), :

10 and wherein at least one of X, X, Xs, P*, and Y* is a non-natural derivative of an

amino acid.

82. A purified peptide according to claim 81, wherein P* is proline or 4-
hydroxyproline, and Y* is tyrosine or a non-natural derivative of tyrosine substituted at

15 the 3 position with a moiety selected from the group consisting of F, Cl, Br, I, and NO,.

83.  The purified peptide of claim 80 or 81, the peptide further capable of forming a

disulfide bond under non-reducing conditions.
20 84.  The purified peptide of claim 83, the peptide comprising a disulfide bond.

85.  The purified peptide of claim 84, the peptide having a specific binding affinity for
fibrin.

25 86.  Anpurified peptide of claim 82 comprising an amino acid sequence selected from
the group consisting of:
W-dE-C-P(4-OH)-Y(3-CI)-G-L-C-W-I1-Q (SEQ ID NO:4)
Y-dE-C-P(4-OH)-Y(3-Cl)-G-L-C-Y-I-Q (SEQ ID NO:5)
Y-dE-C-P(4-OH)-Y(3-Cl)-G-L-C-W-I-Q (SEQ ID NO:6)
30 W-dE-C-P(4-OH)-Y(3-Cl)-G-L-C-Y-I-Q (SEQ ID NO:7)
W-dE-C-P(4-OH)-Y(3-Cl)-D-L-C-W-I-Q (SEQ ID NO:8)
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INal , diNal, and MeL, wherein F(4*) is a phenyl al anine substituted at the 4
position with a noiety selected fromthe group consisting of Et, CF3, I,
and i Pr. wOb3/oMipurified peptide of claim 100 conprising tea/tser/aeénci d
sequence: GCDYY G T CXlo-X11 (SEQ ID. NO 18), wherein: X11 is selected
fromthe group consisting of D, dD, (3D, Inp, Nip, Me-D, dC, Cop, and Cnp.
102. A purified peptide of claim 101 having an am no acid sequence sel ected

NO 1) LB D $°$‘S%EIT@ [SHC O I G R RgatyR) & b (SR 1D
L-P-C- D Y-Y-G T- C Bi-gE éﬂ)& e Q-LI-_C-IW{I‘-@(SEQ IB-NOCIOBl -dD (SEQ I D

(S£0 10 N 24) Dla?%%@f@% (SRR LR e S0 G O

purified peptide aﬁwm@gﬁi(ppm @l}])lﬂ(@lClQID-gL@JHr[.LO@EQ mNppm)l de further
capable of form ng a disulfid der_non-reduci n?)acondl tions. 104. The

purified peptide off HI‘QTPMM Yf%gl)déﬂrpdw LOMPERSIYOal i sul fi de bond. 166
WO 03/011115 PCT/ U%%Zé_%ﬁhélgi_ GINe Ry R/(Sﬁﬁoﬁ?mﬁ% of claim 101, the
|

pepti de having a specific bindi'ng affin ri‘n. 5 106. A conpound
conpri sing the pepiW-d&-GfP(¢IGHFY AG-L-CiWKeq@ (SBQADI NOor®)odnydt i ¢ agent. 167

F-H-C-P-(4-OH)-Y(3-Cl)-D-L-C-H-I-L (SEQ ID NO:16).

10 87.  The purified peptide of claim 86, the peptide further capable of forming a

disulfide bond under non-reducing conditions.
88.  The purified peptide of claim 87, the peptide comprising a disulfide bond.

15 89.  The purified peptide of claim 86, the peptide having a specific binding affinity for
fibrin.

90. A purified peptide according to claim 81, wherein:
P* is proline;
20 Y* is tyrosine;
X is selected from the group consisting of W, Y, F, S, Bip, Hx, Dpr, Cy, Gu, Ad,
Hfe, 3-Pal, 4-Pal, DopaMe2, nTyr, dW, dF, F(3/4*), and Y(3*), wherein F3/4* is a
phenylalanine substituted at either the 3 or the 4 position with a moiety selected from the
group consisting of CHs, CF3, NH,, CH,NH,, CN, F, Cl, Br, I, Et, and OMe, and wherein
25 Y3* is a tyrosine substituted at the 3 position with a moiety selected from the group
consisting of F, Cl, Br, I, and NO»;
X, is selected from the group consisting of dE, H(Bzl), 2-Pal, Dpr, and Th;
X3 is selected from the group consisting of G and D;
X4 is selected from the group consisting of H, F, Y, and W;
30 X5 is selected from the group consisting of I, L, V, N, Bpa, Bal, Hfe, Nle, Tle,
nVal, Phg, Cha, Taz, Fua, Th, 4-Pal, and F(3/4*), wherein F3/4* is a phenylalanine
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substituted at either the 3 or the 4 position with a moiety selected from the group
consisting of CF3, Et, iPr, and Ome, wherein at least one of X1, X2, or X5 is a
non-natural amino acid derivative; and

X is selected from the group consisting of N, Q, I, L, and V, or X is not present.

91.  The purified peptide of claim 90, the peptide further capable of forming a

disulfide bond under non-reducing conditions.

92.  The purified peptide of claim 90, the peptide comprising a disulfide bond.

93.  The purified peptide of claim 91, the peptide having a specific binding affinity for
fibrin.

94. A compound comprising the peptide of claim 78 linked to a thrombolytic agent.

95. A purified peptide comprising the amino acid sequence: C —P* - Y*-X;~L-C
(SEQ ID NO:3), wherein:
X1is Gor D,
P* is proline or its non-natural derivative 4-hydroxyproline;
Y* is tyrosine or a non-natural derivative of tyrosine substituted at the 3 position
with a moiety selected from the group consisting of F, CI, Br, I, and NO,; and
provided that at least one of P* or Y* is a non-natural derivative of the respective

amino acid.

96.  The purified peptide according to claim 95, the peptide further capable of forming

a disulfide bond under non-reducing conditions.

97.  The purified peptide according to claim 95, the peptide comprising a disulfide
bond.
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98.  The purified peptide of claim 96, the peptide having a specific binding affinity for
fibrin.

99. A compound comprising the peptide of claim 95 linked to a thrombolytic agent.

100. A purified peptide comprising the amino acid sequence: C-D-Y-Y-G-T-C-Xj,
(SEQ ID. NO:17), wherein:
Xio is selected from the group consisting of n(decyl)G, n(4-PhBu)G, MeL, Bpa,
Bip, Me-Bip, F(4*), F(3-Me), F(3, 4-difluoro), Amh, Hfe, Y(3, 5-di-iodo), Pff,
INal, d1Nal, and MeL, wherein F(4*) is a phenylalanine substituted at the 4

position with a moiety selected from the group consisting of Et, CF3, I, and iPr.

101. A purified peptide of claim 100 comprising the amino acid sequence: C-D-Y-Y-G-
T-C-X;0-X11 (SEQ ID. NO:18), wherein:

X1 is selected from the group consisting of D, dD, BD, Inp, Nip, Me-D, dC,

Cop, and Cmp.

102. A purified peptide of claim 101 having an amino acid sequence selected from the

group consisting of:
L-P-C-D-Y-Y-G-T-C-n(Decyl)G-dD (SEQ ID NO:19)
L-P-C-D-Y-Y-G-T-C-n(Decy)G-D (SEQ ID NO:20)
L-P-C-D-Y-Y-G-T-C-Bip-D (SEQ ID NO:21)
L-P-C-D-Y-Y-G-T-C-Bip-dD (SEQ ID NO:22)
L-P-C-D-Y-Y-G-T-C-MeL-Inp (SEQ ID NO:23)
L-P-C-D-Y-Y-G-T-C-MeL-Cmp (SEQ ID NO:24), and
L-P-C-D-Y-Y-G-T-C-MeBip-D (SEQ ID NO:25).

103.  The purified peptide according to claim 101 or claim 102, the peptide further

capable of forming a disulfide bond under non-reducing conditions.

104.  The purified peptide of claim 103, the peptide comprising a disulfide bond.
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105.  The purified peptide of claim 101, the peptide having a specific binding affinity
for fibrin.

106. A compound comprising the peptide of claim 101 linked to a thrombolytic agent.
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