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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 peptide functions as a targeting group and a point of
attachnment for one : G L1658 79 H %ég%car boxy term ni
of the peptide. 10 ROOND ToSti ¢ P ragt 1t s, such as
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i magi ng, ultraviolet-visi bRELATEBARPLICATIONTDATY, and ul trasound, have
been used in medical diagnosis for a nunmber of years. Contrast nedia
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optical nethods are unique anong inmaging nodalities 20 in that they yield
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present at hi gh enough concentration so that signal changes can be
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( ultrasoundt, 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



Chem Rev. 99, 2293 (1999)). The relaxation rate of the protons in these
wat er nol ecules increases relative to protons in other water nolecul es

t hat are wotosacaessi ble to the 5 contrast agent. Thi s chamge/uisnz/eebaxati on
rate | eads to i nproved contrast of the inages. |In addition, this increase
inrelaxivity within a specific popul ation of water nolecule protons can
result in an ability to collect nore image data in a given anount of tine.
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and peptide-targeted | t.i meri.c contrast agents for optical, and
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the N and G termni, either directly or via an optional intervening
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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.



amno acid. XI* can be G or D and L* can be | eucine. In sonme enbodi nents,
P* is proline or 4-hydroxyproline, and Y* is tyrosine or a non-natural
derivati weOaB/0oiM1Dsi ne substituted at the 3 position w tirCa/usor/2eyl

sel ected fromthe group consisting of F, C, Br, 1, and NO2. Conpounds of
the invention can include such peptides linked to a 10 thronbol ytic agent.
I n anot her aspect, the invention features purified peptides that include

the amino aciiloSeRACHe thventidh féatlf;les_‘ pifified beptide$3nat iﬁclﬁ?eqaé amithg ack - X6

(SEQ ID NO 2), wherein: P*VI S a proline or "a non-natura erivative
t her eof ; saquenee: R*t-yYHsiXé -o* SEQDHD Nexi )y metleredie P iod proding hea paf-patitali s

selected fromt rOuUR .consi sting of Y, . F i p, R, .1 . Cy, G,
A b o, A Werdif? ¥R ERRTH SR Ok Son ety adrtvafig Belkon Kt S RaTD opts ef n
F(3/4%) nsndakigmiétidhtari oTes SUDSLT ts 106ciad ofd Adifhatiaeddivaitive BRrébrPasi ti on
with a noiety selected fromthe group consisting of CH3, CF3, NH2, CH2NHZ,

CN, &, Cwhegn afjleagtone afl*, YOV * and edgiop-ngpual-derivative affhexssprstive
substitu .1 he 3 j ki i 1trh i S roup

conai st | AETiGid. "8y P28 ¢'oPD g ulBBISTHEELE SrpbEARAT B & D0,

consi st i peplizie oE4-Hydrakyprdbine HdA ™ is t@roBlak or Ppon-natueal Gbivatdeios tyaesinet ed from
t he group C.on?s}; sthg of. G and D, X4 if?fisﬁl ectg% fromthe gro consi sting
of H, F, Sypst thecs ppgition BitaaraefelGierted dtog Bl gregheansistingoll. GL By, v, N,

Bpa, Bal | JHiaNON Compdirds Y e infdifon ChPincluidZuchiiédtideNiniéd ?ﬁja and F(3/4*),
wherein F(3/ 4*LIT| s a phenyl al ani ne substituted at "either t 3 or the 4

posia i ontwpmbolytigegenty sel ected fromthe group consisting of CF3, Et, iPr,

25 and Owe; X6 is .select fromthe. group censisting,of. Q, !, L and V,
o X.is mot  TpReih SRk dnc Pl bR Buf AR RSl spbtuafine gmifiv g v
I's a nonagidisedidhcel®y et ge i yanxgmno Aeky - SEor Xexspoie Ndé™).can be
proline or 4-hydroxyproline, and Y* can be tyrosine or a non-natural

deri vat | Wheesin:tRjyis gipreling g gtopmadialderivativezhersef; (Y dp afiyrpsing onphen-y

sel ected St St.| . EPW\?Z The rified
pept i desn%wgéﬁg%%gﬁeg ft‘é&&ﬁ%%? %d%ongthg%% Ifédélgﬂsg%g un ’eli’ Sﬁ?)%z’rq%%uci ng
c](c)][\da' ti om]?r,a@g? Ggaﬂdhblf@ 3SM,M-PQ#%D3&NM,&3)&Q??W,IE, HG?*i)lSﬁﬂ/Xl?@gﬁizvhe?iﬂdi Pgd
affinity for fibrin. In so enbodi mepts, the peptides include a disulfide
bond.  CHipdiHaE P%anlﬂémm%@m%w # &b he & QethecrpspBevida Mosiked to a

t hrombol Y1t GeREERL the ERRip ONGH VT IS eFf 8aiTL CERNIH! EN F,dcggp,tn fesnfaving an
am no acl d sequence selected fromthe group consi’sting o

W dE- G- POM&dnd YitBradh Y{(F)lis CtywesinaGubSHGedRt ths IN@sition with a moiety selected
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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



Cd)-DL-CY I-Q (SEQ ID NO. 9), Y-dE-C P(4-0H)
NO 10), WAE-GP(4-OH)-Y(3-d)-D-L-CY I-Q (

F(4- Owe) -Wo@3R(1U110 OH)-Y(3-A)-DL-CH1-L (SEQ | D NO 12PCTNIS02/24261
HCP(4-OH)-Y(3-d)-GL-CWI-Q (SEQID NO 13), WdAE-CP-Y(3-d)-GL-CW
|-Q (SEQ ID NO:14) , WAE-GP(4- OH)-Y GL-CWI-Q (SEQ ID NO 15), and
F-HGCGP-(4-0H)-Y(3-d)-D-L-CGH1-L (SEQ ID NO 16). The peptides can be
capabl e ofndfi®y 4¥ingy Sordittl %Q&n@@ﬂl@o&hﬂﬁﬁfs ﬂﬁr})e?ﬁ&élfﬁdlﬂ& &&@Qﬂib 8834, and in
sone enbodi ments, the peptides include a disulfide bond. 15 The pepti des
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t eith d
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is a nonOIBBtYHG'le camuImQ @E@IDG&D:IS}}%&FTH@H FDupysrCecbgdctram, t he group
consi st n of N % and V, or X6_ is_not 30 (i)resent Such peptides can
be capabf %#DNQ hg lamﬁpgdmaa&etfan@lwﬁ@rmmm igdfide hopd wndpmners/ 011115

PCT/ USOZfe%ﬂaﬁ% co&ﬁaslﬁst LoD o‘ﬁfédedl%ﬁ%ﬁgfﬁs ‘%ﬁ@?ﬁiﬂ'&@%@%@d& Q%u gﬂia &3 i nclude a

di sul fide bon pept | es can have spec y for

fibtsi n. The pepiigles earbludiespertific bindgaffiityt foo ﬁbfmaOonmupﬂsroﬁthﬂva&mn des that
i nclude the. anino. aci Y*- X1- L - C (SEQ ID NO 3),
wher ei n %" ‘inglug3 Sichiep eselgﬂﬁegg‘ﬁ)?glr?ﬂgowc P8L%non- nat ural derivative

4- hydr oxypr ol Iif\@me&abodimbsts B Rrdlfed¥* ds HPELiMa kY E@%elé%%d (ﬁg'tl}/ee%rgfl? he

tyrosine substituted at the 3 position with a noiety sel ect
group coeaisistinggf 8 YFF, SIBip.Aix, Dpr, @I?LCGlN@ZI I‘Hc,d\fP@leﬁ-PahﬂopaMelZﬂBE’tr one of P*

or Y* is q tive, of.t ectiv The

pur 111 ecd BBl ARy 0L Bl B i Fhh SRl e PR Beifpef et o

noreor eduthie Aigposiveli WitlDd Sotstd seledied Bum tBe 8 icenditiidi oTTH;, 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

-Y(3-0)-D-L-CWI-Q (SEQ ID
SEQ ID NO 11),
SE

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



10 affinity for fibrin. In sone enbodinents, the peptides include a

di sul fide bond. Conpounds of the invention can include such peptides

| i nked t owa oshrambol ytic agent. The invention al so features/ysar/ef£red
peptides that include the am no acid sequence: CDY-Y GT G Xlo (SEQ I D
NG 17), wherein Xlo is selected fromthe group consisting of n(decyl)G
n(4-PhBu) G ML, Bpa, Bip, Me-Bip, F(4*), F(3-Me), F(3, 4- difluoro), Amh,
Hf e,  Y(3comdiflbnd, 8@ sdRld emgd}ﬁthentg ]tﬁ@beptﬁ@éjldyﬁfde A&l 8d b4 Thel S 2

phenyl al ani ne substituted at the p05| tion wth a noiety "Sel'ected from the
group conptidasicaghate specifichinding affindy feribripur i f| ed peptides can include the

am no acid se ue ce 10X SEQ | in X11 is
sel ect ed fromq Re 5?%&%&%8%\%59?‘??8 18§ f44 E‘%’ %ﬁd Hﬁgskﬁ‘)ﬁ lmxlﬁgqj%edc Cop,
and Cnp. afmifio guidegjuence (Pept l—qeu:m{L Lhay E@ﬂ)m Bp\%@mlﬂ%@&(}%ﬁﬁwences
L-P-CDY-Y GT Gn(Decyl) G dD I D N019) -P-GDVYY

C- n(Decy 9 #obng ity non-nitueabylerive 1IW denwwpl@lme@ngﬁb* lsnyrpseegor DHN® 21),

No 25 BaifraabiGeejelirda e R b S 8he 2 bijindy il g Fndherd sefgeffl bl fhel 552 10
143 ememmapiar e s e e 1
bi ndi ng D] APy oL s ot o Ao B IOk TGS Peitis s@bbq ¢ipeb kemﬂ ude a

di sul fi desaan adlsm%d%ngér rfolﬁereélﬁb @&dnqﬂl&@anae&hﬁa% gvem pisd des

linked to a thronbolytic agent. |In another aspect eatures a
met Hod orffinityi fnlgﬁbmn MR $onmm@duagmtthe ir¢m1dnsmhhde iariisuliidsbondact i ng a

pepti de term pal amne.functi on l i nker-subunit
oy ety t SorsPapd it PR el @u%ea 6 e R et bl et
functional grqup irdtidh bies Manabs gﬁ@ésltﬁétahclﬂd@ﬂh@ amRyAient |y
attaching a 5 WD 03/011115 PCT/ 802/ 4 linker noiety to the C-term nal

ami ne f upRAUEBFRAC-BrbupCahti-Xo (BRE IN- N iiaahersin Ko is selpwied Goml thgewup to
or™ 2, DEGRHARorHRCHIGL IR MBS T B EERYERILIR 18 PEPE 3005 gl no
f rom t hedghouy), Aors B¢, Y(8, HHi-iddal PHE NiNal, NHRaHHaMN Setn Wﬂibﬁeltﬁdﬁ*) Isat- M NH2
NH2 - H2N l\ilm_'en %alamne substituted at the 4 position with a moiety selected from the group
consisting of Et, CF3, I, and iPr. Purified peptides can include the amino acid sequence
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



R2 H2N ~-i N NH2 NH2 OH\ H2N H2N L NH2 HNV NH and HN | JNH wherein n is
an integer froml to 4, mis an integer selected 1 to 12; and Ris an

al i phati cwoms/oariesrat i ¢ group. The |inker noiety can be selPettusd2/i«2em t he
group consisting of OO O 11LGI ~n ' LGJILG "RR NN--NR R
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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
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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.



consi sting of hydrogen and a chem cal protecting group. The LG can be

sel ected from the group consisting of -OH, activated ester, halide, and
anhydri dewobh®iacet i vated ester can be selected fromthe @gCcoaumorensi sting
of pentafl uorophenol (Pfp), N hydroxysuccinimde (NHS),

N- Hydr oxysul f osucci ni m de Sodi um Salt (NHSS), 2- Thi oxothiazolidin-lyl, and
hydr oxybenzotri azole (OBT). The halide can be selected from the group
consi sting of : . 1 1k up can be

sel ected- fro%ﬁ%Héigfgﬁgy%%%ékgﬁgﬁge%??gggahgggg%%%ﬁ%gg%-fﬁtyl, benzyl, and
allyl. Converting the precursor MR imaging agent to the MR i magi ng agent
can include reacting the precursor imgng agent with a precursor chelate

noiety to for Gval e 1%@9@@ Q the precursor chel ate noiety and
cu

the |inker nmie dﬁmthw CUr s O i mgi ng agent, the precursor chel ate
nmoi ety conprising "l ura iFy of ®arBoxylate precursor groups, the

car boxyl ate precursor groups capable of being transfornmed into carboxylate
noieties; transforging a plurality of the carboxyl ate precursor groups of
the bound precurgg%;chelate nniet§{ig a plurality of carboxylate noieties,
t he carboxyl at e._npigip»es capabl ogpl exi ng a paranmagnetic netal ion;
and conpl exj m%“:Ha pararsgneti g 2n¢§'§j‘ﬂ:‘g to.the plurality of carboxylate
moi et i es®td pPR&duce the MR iMadi NYFEUEht "Wrhe precursor chel ate noiety can
be selected fromthe group consisting of: 7 WO 03/011115 PCT/ US02/ 24261 Y
NENr-~-NNN 0~-00 XO0OO0OO=00 XOX: XXp)OXOX09)0x OYYYY

0 /~ X NwkSieiNLGli} hllddviig dionp;lnd RL-ant 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:



O ONNXCN xx Oxx\-i 000XQOxp797) OxOY YO)--\
~- (foONNXNI IX ~NXNNNNY XNYNN, "N1 X---,RI-* L jN
R~ ~N, ~cWwB#301A1X 0 0 OY OY O ~~ 2?N ThJ X N N N N { PNTNSoR426N ND X Y

R~ IN,N XN -)J; RRNNDXO, 0Qand X-OX N. ICY N R" [- ]
wherein Y is a synthetic noiety capable of form ng a coval ent bond with the
attached |I|inker noiety, and wherein each X, independently, is an O or an O
precursor so that X, upon conversi on to Ois capabl evyof formng a

car boxyl atye /J,E‘\¥ ithits adj V\D 03/ 011115 PCT/ USQ2/ 24261
car bonyl , a charged che noi ety, aIN ic, alkyl
group, crO é_ oal kZ& ‘$@Op ogr unchar ﬁubstoat(—ed ve _§>==b‘1ereof. The

synt hetic ty c select fro group i sti
acid, activated ester, %crd h anhydr@de hal i de,Oi socyanat e,
and i sot hi ocyanat e, and mherern the o precursor |s sel ected from the
group consisting of -CH -Owve, OEt, OBu, Qbenzyl, and Oallyl. The
precursor chelate noiety also can be selected from the group gpne*strng of
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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



0 LG/CORJICORLGTr ( COR ROCI ~~N N'*' COR ROC~~N N~~N~COR RCC, , ,
N'""N'COR ROC COR ROCI 0 LGCOR ROCC ~ICOR LGO LG OO0 ROCSIOCORLGNN
ROC-\ n COBamMINIF CN N ROC-- COR ROC-/ U\-COR N N andPCTROG2/24264 \ - - COR
INND ROC--1L J -COR wherein LGis a |leaving group selected fromthe
group consisting of-OH, activated ester, halide, and anhydride, and
wherein each R independently, is an O or an O precursor sel ected from

the grou ) - 0 O, Et t B : and O , SO
that R SRRSO RLR G Pebespr iR mioien: pliphil alkepissRyt EAL y

Wi th itsgragh sc@ithafpad kebryiuted P sibhegidfedOr T BHefic MUY ¥abs Scl6asy be

sel ected fromthe group consisting of- 9 WO 03/011115 PCT/ US02/ 24261 00 OH

RO ' NCOfionnds greuporgistigoof Rearbolio agidoagtiveferesier, agid-haffe,|anhydridss\ | N OR

|O)~Nn NN kyl me,qgo%na%e%cﬂsot&ogyan%t%mgeg tﬁw )O E&Ms\f N sgekt:ehl fro% RO Rp)
the group consisting of —OH, -OMe, OEt, OtBu, Obenzyl, and 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/\/ \/\f\ll\/\COR
RO COR ROC
ROC COR
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0
F‘(L ° ke
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ROC———/ / \—COR N N
roc—" \__/ —cor
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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:



NNNON 0O OORNOR O~N-~-ORO-NOR OR "OR 0

~ROO0O NHO N/k Br (=N _ORO~- ()n n O\~N NRO-OR ~NRO OR1 ORO-, NN
N? OR WOORINICR OORO0O O O NH2 I 10 0-0--1C0 H RO~ PpPrTrusk®rer ~RO R
(NV-ONO JY- O- NNNN N OOR~-SOROOR'OR 0 O wherein nis an
integer froml1l to 4, Ris selected fromthe group consisting of a negative
charge and a negative charge precursor capabl e of being transfornmed into a
negative ch r;geOH and X is ac«chemiocal | eavi g gtQup selected fromthe group

004 0r('~1~00 RO
0

consi stingx , - RO TsO any rf O. The precursor chel ate
noi ety can je@t ed from(\ R p consr(zs‘m 10 WD 03/011115
PCT/ USOZ/ )
OR b\l\\(OR Oj(()—RK/N\)OR
e o 5
(o]
H H)j\N = I

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



00 RO~ ROROII | ROR)J ROO INTh O~N- O _J OROR O OR HO OR NCO OR
NCS O ROJ~ RORO' RROJ O (-N-) O N-01-N~p -NNOGORORN-ORO
O~ N-pRWHWH0ORIP N OO ON 0~ 00 RIN-) p RIN-OPOTRSZD261 0 N
O-NL pR O-NpRNH O-p X OOR O pNBr ORON-O ~NO INNO 'ORNHZ O

wherein Ris selected fromthe group consisting of a negative charge and a
negative charge precursor capable of being transformed into a negative

char ge; and °X | s a chem c I eaV| ng gro p selected fromthe group
conS|st|n - Br, , -TsQO ® re TF O The negatlve char ge
precursor ected f group co gi%:? of -H -M, -Et, -t- Bu,
-benzyl, < odi nmen K,N I nker noiety can be

coval entIy con ugat ed to a ‘\ﬁrecursor cqnel e noi ety, the coval ent
conj ugat e corrprl sing a pI urality of carboxyl ate

1y G
AT 90l R?Nﬂ’}i
OK"NOR OORK/NOR NH ONNN
. ‘\‘g g l\\g OJ\/ =<0—RK/ I\\gOR oji/ﬂr
°=<0; N\)OR

\\\( NHz

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



precursor groups, the carboxylate precursor groups capable of being
transforned into carboxylate noieties. Converting the precursor M

i mgi ng awerw/oiui1i he MR i magi ng agent can include transf@cmiusgz/apl urality
of the coval ent conjugate's carboxylate precursor groups into carboxylate
noi eties, the carboxyl ate noieties capable of conplexing a paramagnetic
nmetal ion; and conpl exing a paramagnetic netal ion to the plurality of

car boxyl at e i el . i WagzTol : par amagnet i c
metal ion cag? %Eée‘g%?%@ﬁg#%%?1ﬁ%§%$%%§ﬁ%on5|@?Fﬁggéﬁsqug 1), Fe(llil),
Mr(Il and I11), Cr(I11), Cul( LNR¥RDy(I11), Tb(lll and 1V), Ho(lll),

Er(lr1r), Pr(lll), Bu(ll) andfEu(lll). Gd(Ill) is a particularly useful
paramagnetic iohnG 11 WO 03/ 041115 PCT/ US02/ 24261 The coval ent conjugate
can be selected fr he groygNBonsisting of NRARS LG NR3 H HN 11 N NR R2
RIRRNO ORIN R 4 R 8N an LGO OO0 RIRRN N --~ Nv/ANNRIRZ HH R 3 N
(NR RRN NR4R5 VQ@ } 1S intgger from1l to 4, LGis a |eaving group
sel ected fromthe group nsi@%fhg of -OH, activated ester, halide, and
anhydride; and RlL, R2, R3,0R4" and RS are independently selected fromthe
group CORST Sy f an acetate noiety, a -M, -Et, or -t- Bu protected
acetate noietyl an acetam de noiety, and an acetoxy noiety. The coval ent
conj ugate al can be selected fromthe group consisting of: 12 WO

03/ 011115 Ffbé‘ﬁusoz/ 24261 R

R*RON and
LG
o ‘/KO o

R'R2N N R1R2

N/\/ \/\N N

H H

R3Nj NR3

R*RSN [

NR*R®

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
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



N2 N~ RR " RB5 R*~-N N RORI O 4NH HNLG N2 HNOp RHNY LG
(" RBR-NN1-1Np -((-L)R RRKMNR R4 wherein LGis a

| eavi ng gwouwp/ossliect ed fromthe group consisting of -OH &cTivsar/adeest er,
hal i de, and anhydride; and Rl, R2, R3, and R4 are selected fromthe group
consisting of an acetate noiety, a -Me, -Et, or -t-Bu protected acetate
noi ety, an acetam de npbiety, and an acetoxy noiety. The coval ent conjugate
can be selected fromthe group consisting of §ynt hon 1 (CH3) 3C02C

CORC( CH3) 3/ - CO2(f2CH3) 3 (CH3 )3C02 N ~N N~ 0 HN 0 HO NH /
"N/ (CH3) 3C+0€@"(/(}}3)131002C CO2C( CH3) 3" - Ccan 33/011115 PCT/ US02/ 24261

Synthon 2: gy
NJ .

A Naatealk

wherein LG is a leaving group selected from the group consisting of —OH, activated ester,

2

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\— ——/— \—COZC(CH3)3

HN

HO NH

0]

—N N /-—COzC(CHs)s
(CHy)3C0,C > < _\—N

(CH 3)3002C C02C (CH3)3\_C02C(C H3)3 , and

13



(CH3) 3C2C CRC(CH3) 3/ -CRC(CH3)3 (CH3)3CXRC ) ( N\--NN/- \--CC(CH3) 3
ONH HONNH O=~/-NN-\_N/--CRC(CH3)3 (CH3)3Cx2C\ ( (CH3)3CxC
CO2C( CH3)wo-030Ra@{CH3) 3 The coval ent conjugate al so can bePsglusor/atef rom t he
group consisting of- 0 0 RO-RG RO (-NONN NNpORO 0 OCROROORN
HNONH OOLGHNO OROROOORHNLG ORN~OO OCNO RO-RON O
Roy RO OO

Synthon 2:
(CH3)3C0O,C CO,C(CH3)3 /-—CO?_C(CH3)3

(CH3)3C0O,C N

04_/
NH

-

H

LS

(CH3)3COLC
(CH3)3C0C CozC(CHs)s\—CC)zC(CHs)s ]

/—N> N /—CO2C(CHy);
< N

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

RO)OH RO RO)J?\] RO o
(\N/w © N N

Lo nN
o N LG
OR OR i HN LG
N o0 OR
oif

N N \5 ] o :<— (N/R 0
Ro:;f RO L n \%o 0
RO\H/‘

o)

wherein:
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wherein: 14 WO 03/011115 PCT/ US02/ 24261 R is a -tBu group, LGis a |eaving
group selected fromthe group consisting of -OH, activated ester, halide,
and anhydwpDda/01¥et hods of the invention further can incl ueer/uset/anel
covalently attaching a linker noiety to the G and N-term nal am ne
functional groups, reacting a |linker-subunit with the N-term nal am ne
functional group of the peptide to produce a derivatized N-termnal am ne
functi on@ isare8e ofuprt e P8 MaviR- ' 5 ' : Legted from
the group consi g?f rli’_ of : Eéadggﬁgggﬁgé%%%ﬁgl%g%g@rﬁloé?ﬁ%%%;N@ﬁY N O
H2NN~LG Betivated gsterHRNdeNnd@nhydrideB ase Base Base Base OO0 O OO O H

N~N LG H2N~-N\ .~ /L -1G 2. R 2N~~.S a H2NL erein B S

sel ected from eﬁéo rogﬁ% 1@8?@P&@ﬁ eroc,ﬁnél&ghﬁ&ﬁ% re Cé’&’gﬁ{}’g’]ﬁ a}clh’t"ﬁfﬁﬁﬁ??,r and

cyt 0si nemdiddyitsthe ¢-emd N\gergil Bm$ie) faattashal @gﬁ%&t RcGAOH AnR@NSbeAit Aekhof OH,
an

activated ester, halide, and_ anhydride; a is an aliphatic or aromatic
noi ety. ¥ieeN1teraingl agine finctional groupad thepeptife tn rr@dvgesrderivatizpddVnterounali st i ng

of: 00 argiﬂ%fuﬁétidﬁal\lgllgub\lo? theli])%Bjti(ll'e(:?’ THANKe o Y Be R1ERDN Fom the group
consisting of:

Base Base

Base o O 0 Base
O O
o O
N\/U\ N LG
HZN/\/N\/U\LG HoN LG Lﬁk , HZN/\/NJJ\LG
, " HN
Base Base Base Base
O, O,
N HoN_ N LG L 0
HzN/\/ W/U\LG N A~NP-LG
H.N !
T ’ \/\g/ ’ X &H ,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. The linker-subunit also

can be selected from the group consisting of:

O
0o @]
R-{ HN)LR
HoN LG
N ) n
HoN n HN_ R
LG LG Al
0 HoN 0O

R— HN" R 0
N
g HoN LG HN._R
o)

>

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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OR1 HNR O H2N LG 4LG H2N HZN HN, _, R O wherein n is independently an
integer from0O to 3; Ris an aliphatic or aromatic group; and LGis a

| eavi ng gwouwp/ossliect ed fromthe group consisting of. OH &cTivsar/adeest er,
hal i de, and anhydride. 15 WD 03/011115 PCT/ US02/ 24261 The |inker-subunit

al so can be selected fromthe group consisting of R/O LG~ OYRJ n Il
H2N--~- N-ALGG N.NH2 OOn LGH2NDO YRO HZN n O'N -. LG and H2N-N

hTn LGO R vwmeqm@eﬁsdbanhaﬁ%@&@@@&é&e&ﬁ% tﬁ 33 ?s@stﬁlg‘ hatic or

aromati c group; and i's a leaving group se om-the group

consi sting of. OH, actl vated ester, halide, and anhydride. In another
aspect, the invention features; a rret hod of maki a MR imagi ng agent. The
met hod i )cre(e@ tent |y bindi an amino acyd residue to a

| i nker - subunl t ety t anfOR dermfi @fa peptide, wherein the

| i nker - subunit noi e y is covalently attacbed to"a resin; synthesizing a
peptide on the resin fromthe covalently bound G termnal end to an
N-term nal residue of thgypeptide, the N-terminal residue conprising an
N-term nal amne functiona roup; cleavi ngoti%hﬁopeptlde fromthe resin to
produce aHyp hgle havi ng tesmn tional group; covalently
attaching a linké& noiety Io he p |Hé" er'fi nal amine functional
group and N-term nal am ne kunctional group to form a precursor MR inmaging
agent; and converting the precursor M inaging agent to the MR i magi ng
agent . Tﬁ@eﬁlﬁﬁéﬂmﬂ@?‘?@éﬁlﬂ%hﬁr?%FWW@?%@%P@&W ggupad Lfajtd de from the

510 SR LAY & Ll S O LR T 1
group. Thehydride.

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



| i nker noi ety can be covalently conjugated to a precursor chelate noiety,
the coval ent conjugate conprising a plurality of carboxyl ate precursor
groups, tweosartexyl ate precursor groups capabl e of bei ngcCrresnztasned into
car boxyl ate noieties. Converting the precursor MR inmagi ng agent to the MR
i magi ng agent can include reacting the precursor MR inmaging agent with a
precursor chel ate noiety to forma coval ent bond between the precursor
chel at e t i ng agent,

t he pr ecur sor c g‘%éb&%%%ghggaiegrtgﬁn%%@h% u@ﬁﬁﬁwéﬂp w%%g?%%%?l ate

precur sorpr@urmpgrouphef marbbomq/plabursancérelmtesmmeg,rkomﬂumhpam ertokylag ng 16 WO
03/011115 RCJT/ U 02/?%?4)261 transforn@d nt o .carboxyl ate noi etria -

t r ansf or FAGHS Ky ltegnoiFHes @Rp 89?/?‘5?%1@“&3@(? thonpel v 2 pound

precurs Orcoﬁfﬂfelxﬁ{gea I%ruﬁ&g/nehe n‘?etﬂllbﬁ & th& YruedlitG 8f LAYNyRE moidiestd l%du&ehe
carboxyl ate noi eti'es capabl e of conplexing a paramagnetic nmetal ion;

conpl exi e MRoianagimgpageni.c netal ion to the plurality of carboxyl ate

g ng agent CLBYEREE N PYRRPIG k) SRR hesa MMM AT pRE RO B o

pl ural i t ¥nddhdel ththsfoRmed gepluadiny Uﬂﬂhb@oﬂial&ﬁrcbﬁyngdtta’fseaﬂbbﬁﬂufe%@écwdﬁlg{:kﬁlpsl nto
carboxyl ate noieties, the carboxyl ate npieties capable of conplexin

par amagnéitp carbaiylate mejgticsa g ‘@WD’@& W@Ieﬂe%‘éﬁpalhlﬁ@ﬁ gemplexing Paf%%a&n@g? he
plural |t ool 68l RR 0SBl ing bl fithcli® plefl i 1ol e bfﬁ?almgof SR gent - The

par amagnéti c neta rom-t consr I ng of.
Gd(111), nieaétidstd restit(n theaVR itdaging a@er(tl Mhy paGmakhdtic Myt ibh an bél'hf(ld:dtd:d and

part i cul diorthegien conishiabal D hreed, MR s Cadh dovafne
I nventi OfrL{§PINA18S, BofThb, @@II%‘CPI'@HB' EISKIB aNBEiugH?' GA(1RY Y partib@hrly Dsdrydes

reacting a peptidé having a term nal "car bo ate functional group with a
| i nker - sqvbmmagnﬂmmt:t}lm forma nodified pepti de havi ng bot h a C-term nal

car boxyl at e unct i onal up..and a er m al

group; coval e&’?f‘“@l Y A RH 8 g“%%&%?%r Esia ?(!Ll) ﬁr%f"%% line r?ggﬂand

Gt er m Nahat GRARIRY YeRtifg b postdediaingdl O4@ i) chﬂb@xylﬁﬁ%ﬁdtﬁﬂa@@ﬁ}b dJ@thtaO forma

precursor MR i magi ng. agent; and converti n%a t he precursor, i ng agent
A\'%

to the MHnkeragibrgt mpisty to e 4 madidied pepideihavingibetha @atﬁmy@alsC@ﬂéw from
the gr Ou@ulgc?%ﬁélsgtrb&igarﬁ anolﬂgernl_%l%a}b%xl}@e%ﬁti'oﬁa%ug c%@gleﬁ{?y 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:

(o]
o]
HO LG LG
N HO LG
J\/t\l\ \g/\ I /\[C])/ )’k(\g/ and Ho)j\/\ﬂ/
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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OORROMWerein LGis a leaving group selected fromthe group consisting
of OH, activated ester, halide, and anhydride; and Ris an aromatic or

al i phati cwgrospt11The |i nker noiety also can be sel ected Pcamsonai2gr oup
consisting of: 17 WD 03/011115 PCT/US02/ 24261 NH2 NHZ NHz ),,, )n Y

RIRZN. NR1R2 R1IR2N,.~N,,,-,,NRIRZ RR2ZN' N, ,-~ NRR2 gH2 H2 NH2 ) )n
R0O2C ' - COR CO2R, _--,,N, - CO2R CO2R -N-- CO,R NH2 H2 NH2 HH rl~ R02C
CO2R R02C CO2R CO2R RO2C "' CO2R 9mwherein in is an integer froml

to 4; nis an tleger from D4 Ris ierlependentIy selected fromthe
group consi'tt™Mg-oOfree H'RLMe, N SRR Bgsv~aitd-~kBU;, and R and R2 are

i ndependently sel ected froma hydrogen or a chem cal protecting group. The
| inker noi ety can,be selected fromthe groyup consisting of. NRL Rz

O ~NR R2 RIR2NoMR)Rz Q / ~/ N, H)ZHZNowl\IR'I'%z r;i ""NHN \o~- NRR2 NHz AN
Rz wherein R.~and-RZ.argesel act&do.kndepen e"(t:olp%/ fromthe group consisting
of hydrogen and a chemical protecting group, the chenical protecting group
sel ected fromthe groyp consisting of Boc, Fnoc, CBZ, t-butyl, benzyl, and
allyl. Convétting th recursor. VR imagi ng agent to the MR imagi ng agent

al so can ®fnéttide kgactirng rb, P%CUR(&GI\/"%R\&ODiB.gi ng agent with a precursor
chelate moiety in order to forma coval ent bond between the |inker noiety
of the préwwisorisMR integerifrgmddedt n isaaintéger fomclitoshR shndeaerdanyet y, t he

precursor_chel at e iety conprisi | yralj t fo.carboxylate precursor
gr oups, tsﬁl(SCthi?rﬁg}(@gg%%p%oé@ﬁ{l%?fqg% %S’%’a’?gb%gpﬁpubﬁ yr}cf%nagg ornmed into
car boxy| atdepemdcatly 8slected &ogf Dhydrogencorl dieidat pro@dctihferoupl boxyl at e

precursor groups of the bound precursor chelate noiety to a plurality of
car boxyl at e he linker moiety can be selected from the group consisting of:

- , NR'R? H
2|
2 () 152 n n
QA NR'R (), - H, -
O NR'R? NH, R'IR'N  NR'R? R'R?N NR'R

2

wherein R' and R are selected independently from the group consisting of hydrogen and
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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noi eties, the carboxyl ate noi eties capable of conpl exing a paranmagnetic
nmetal ion; and conplexing a paranagnetic netal ion to the plurality of
car boxyl awe mawoidlf es to produce the MR imagi ng agent. TheCriuskze426pDi ety
can be covalently conjugated to a precursor chelate noiety, the coval ent
conjugate conprising a plurality of carboxylate precursor groups, the

car boxyl ate precursor groups capable of being transfornmed into carboxyl ate
noi eties. 18 : CoMME Nl ] MR

i magi ng agent @%Q%Egé %ﬁ%ﬁ]d@é@%@ag%%% can%il\%%{?%aélﬁgra g‘%@%’%& %g{llg a

pl ur al i t inchidetthesfonuaigentluating efght edwlanh cdgugdtels earpoedate porcugroogpmps i Nt 0

car boxyl at e ieties, .the carboxylate noi.eties capable of conplexing a
par amagn&¥{ DR LEe %ﬁ}esaﬁla_0@3&%3/1@%%@6%68&&?%@13@@_ ¥iag 4P LT he
plural it ,0ff i GRALRPXhpkRing Taflnh £l OmRLOHIGS thdSluMR SRGinGyBgent . A

coval ent conjugate can be sel ected fromthe group consisting of- H CNRRS |
HN (NR Boi¢tiestd pirdRe thRMR in@ingeg®t.3 NR 4 R5 N, and H NH OOY O

R1IR2N NNN NR1R2 R 3 N NR3, R4R5N. NR4 wherein n is.an integer froml
to 4 and R, Akevalest el ot e SRR Sl e $ Sefe 8d” fromche group

consi sting of an Hicetate noi et \yr*gf -Me, -Et, or -t-Bu protected acetate

¢
NR?
H
N
HN n NR'R?
0
0

R'R?N
R3Nj
R*R°N ,and
|
NH
O
0O 0
12 142
R'R°N N/\/N\/\N NR'R
H H
RSN] NR3
R*R°N [

NR*R5

>

wherein n is an integer from 1 to 4; 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. The covalent conjugate can be:
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noi ety, an acetam de noiety, and an acetoxy noiety. The coval ent conjugate
can be: 19 WD 03/011115 PCT/ US02/ 24261 (CH3) 3CO2C CO2C(CH3) 3 /--C02C(CH3) 3
(CH3) 3CO2wO oBlo1 @IS N \ --COR2C(C H3)3 0O NH H2N N NH O z, - RCT(USHB)R2e02C |
KN-/-Q2C(CH3)3 N (CH 3)3C2C// CO2C (CH3) 3"-CO2C(C H3)3 Converting the
precursor MR imagi ng agent to the MR i magi ng agent also can include
reacting the precursor inmaging agent with a chelate noiety, wherein the

chel ate noi et ycggd®chs a @E@(@ﬁ)@ dyeiom,),i on, to forma coval ent bond
e | et
e
I

bet ween thgﬁfggla and t | i nker nolety of the precursor M

i magi ng agefie 2 nk;EV_TﬁQging agent. Suitabl e paranagnetic neta
ions are described t ano 868kt , the invention features a
contrast agent that inc s a nmetal chelate conplex at a - CO2R and NHR
termni of a biopolﬁne (e.g., a peptide), wherein R is independently
selected fromthe grouR consisting of hydrogen, alkyl, aliphatic, and a

| eavi ng group. The contnast agent can include two netal chel ate conpl exes
at the CQ@R and NHR t#rm ni of the biopolyner. The biopol ymer can have a
specific ndigg affinity for fibrin. The peptide can be capabl e of
formng a disupfi bond under non-reducing conditions, and in sone

enbodi nents, phclu di sul fide bond. A contrast agent can have the
formula: 0 (Chelate)m\(Linker)p_ (Linker-subunit)5 N R

(Li nker-subunit)5_-(LinkKer)p-(Chelate)n, R1 20 WO 03/011115 PCT/ US02/ 24261
wherei n Chel ate reppesgnts a nmetal chelate conpl ex; Linker represents a

| i nker noi ety;

(CH3)sCO,C > < _\—N

(CH3),CO,C CO.C (CHs)a\—COZC(C Ha)s

oduge t
e.

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)z NR (Linker-subunit)s—— (Linker),——(Chelate)
R’ "
n

2

20



Li nker-subunit represents a linker-subunit noiety; in is independently an
integer froml to 10; p is independently an integer fromO to 5; s is

i ndependewplog/o011e5 1; RL is an amno acid side chain or &caddarSovat2sve
thereof; and R2 is independently a hydrogen or an aliphatic group. A
contrast agent also can have a structure of any one of structures 4-55. In
anot her aspect, the invention features a nethod for altering the stability
of a pepty i Vi i 1 i . group. The
et hod | UG CrouERBlc R R AR OB, Pl AL RS ARl PO o
a pepti ddéihiearisaurdt Eptedents B dihkerasubmet foiety; i ivihdepeadentlyandniegatat@ntl |ty
attaching a Linﬁgr iﬁ%y,to the peptide' s, G term nal ig%pe functi ona
group and ONP{EinAFRERACTR, HeltisgRcEPBNEP dgrSdt Jdependeniy 4 or holdi PR ARt i de.

The met hodiqf sud ity Mdérﬁ%ﬁb@lﬁefe%ﬁ%hhw it ﬂﬁeﬁﬁhﬁiﬂhﬁﬁ_@gén% aWialiBhic

capping noiety to forma coval ent 'bond between thé cappihg noiety and the
| i nker  repdwgt YA ofnttaseagentialse eah hpep nisttuctuiehe anpvhe df sttuwtiresth 5bncl ude

reacting the difjed ptide w.th.a precursor .chel ate.noiety ta forma
coval ent bond IBaryErePRE e SErlgy AR L reaRa A e AhE iR D e moi ety
of the mydpfide therptitieBavihd n FLSEHIMEIOIMiGE BhrfttiendRr&iny The H¥HOdShelGded
plurality of carboxyl ate_ precursor groqps, t he car bpxgl ate precursor groups
capabl e afachag ihy nepide Féthrdinkersubupl mprsty (e femppetide saving g &r-termimes f or ni ng

I i - d »
Chol at o il hmelOf ERBOK ShEICRAF AR, SRR m Ry eI REET I 20T
noi et i es t@apadllaminé fidatigladxiony aad Pateaumighamine funaioahbl growy tosfopamanmagnet i ¢

metal ion can be conplexed to the plurality of, carboxyl.ate ieties. The
met hod f GRQcheed E%dpngﬁ%%t@ésfwh%@a{l el arsfiqﬂfﬂg@iedm%ﬁsé ReRitde uih Pepti de

or assa}é&fg‘)@n% g[%ét& %%}Jirfn%)’c&falehhﬁodﬂ%%é#tﬁgcﬁ% lg; ftr‘lgie f dGREBAkNg the

stability fled peptide to the stabi the unnodi fied

pept i de. nStieiyidfithemodlified @eptitti fThe dnethabilsaeandacluberdacirgthe choddfisgdt i ve to t he
tability of.th nnodi fi ed .pepti.de .g., inprove 0-fqld, 20-fold, or
30-Fol d Pebuds vah fgeanos EiaE R0 fird dsovBliFbEY hsbiiebdhs breditianst 7

can be aggaMRdnsistyHhdahé Bhkdrin¥fty 0P HRABNGFE] PGSR, the @r&ﬁﬁbhﬁ{e%gé?%ﬁ%ty the

invention features a nodified peptide having the structure:
( Chel at e-comprikiag prplynalitykdrcaghonplate precussar 12 ¢Hder the adybaxxlyte pracufsak syopps

(Chel ate eﬁga[bzn% gtr ge?ré%t& %%org{eﬁq%%gfb)oxylgtecxﬁéi]eﬁ\%gé %l[eg :{Ijagigfgngl i/aégt%?;%{i 4&6 L

wher ei n pr SOr represents precursor i nker
r epr esentise éarbdxyidte pregmiset yroupsd srkhe boutlpredursoe phelae e tb bphealitywiuni t
noiety; in_is jindependently an integer from1 to 10; p is independently an
i nt eger cAerplategngieties, 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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s is independently 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 phati cwgrospt113 n yet anot her aspect, the invention featardasoza24redi fi ed
peptide having the structure: R2 0 (Linker)p (Linker-subunit)s N

(Li nker-subunit)5 (Linker)p R n wherein Linker represents a |inker

noi ety; Linker-subunit represents a |inker-subunit noiety; pis

i ndepend i r . S «.R 1s an
am no aci ﬁ%{%gﬁec agéitrﬁgg{rsgé rg;glra%r}gsﬁ %lgla?eh%rr%%dorgg %gﬁgg’%h{kér %Bferé%‘g%é fromthe
group cohisketmeigty; dinkier-awlminitrrepiesepisct inkegsomit dvsetyoth is findepkidegtipan VR

i magi ng agent .al so. a featured, t hat iLnclude reacting a epti de havi ng an
Nt or e n BREgRET F AR R PR S PRRLS R b ¢ mor oty to form &
nodi f i ed spepUbsRIBRK M6r BR 'aFhA emiddwid S0&thdal 6P daRaB0E thekdoF; Adt er mi nus

and G termnus, or reacting a peptide having a C-termnal carboxylate
functi on® igsedestedairemn the gropp Remsising ¢h iphgtis grevpn a nodi fi ed pepti de

havi b f j l; ' - 1 ] d
NCtermi nus. asavecRoel REEbe B iBlR eoRRedPhiblded iepAINIRIET ) cgent.

Converti sgudtire: nodi fi ed peptide to the MR imagi ng agent can include
covalently attaching a chelate noiety to the nodified peptide, wherein the
chel ate noiety contains a par tic netal ion, to produce the M

i mgi ng agent. Converting the ied peptide to the MR i magi ng agent

al so can (HpfNude—¢oertsebirits 11 I(Hinker-subdiitit-y—(Llonkar)chel ate noiety to
forma coval ent conjugate, whefei p'the chelate noiety contains a
paramagnetic metal ion; and reacting-thhe coval ent conjugate with the

modi fied peptide to formthe MR imaging agent. Suitable paramagnetic ions
are described above. In another aspect, the invention features a nethod of

maki ng an.MVR.li in agent .t hat i.ncludes cqval ent| i ndi,n n_amno acid
Tost due. eEin FREF RorGHRRh thRRupb R0, a3 GG R el BR8] For m
a G ter mybdty et infepandailyiagentepdrafddh 0 tb BEs Isindependentiyi0idr 10RT @iah i S
covalently attached to a resin; synthesi mﬁg a pegtl de on the resin from

t he covaP@ing geibsidpghain of adeiivaiive dirgealoand R NS seleetd fony B igewe consisting

pepti de, m i due conprising an N-term nal am ne functional
group; c gg\e/a}nﬁu-gaht 1@%@&@%@ fromthe resin to produce a C termnal am ne

functional gr Mghad of hekingdn MR ingsng aghat alsoareekdtireg thaténdindd teaathgpept | de

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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to the MR imagi ng agent. Converting the nodified peptide to the MR inmagi ng
agent can include covalently attaching a chelate noiety to the nodified
pepti de, wbas®inii he chel ate nviety contains a paranmagnePCt/use/a426i on, to
produce the MR i magi ng agent. Converting the nodified peptide to the MR

i magi ng agent al so can include covalently linking a linker noiety to a
chelate noiety to forma coval ent conjugate, wherein the chelate noiety

contai ns fmpa CHIRRAEL &l TR Rl HheAlf tiAARkT-Mbihi Ol Efaic@y) ugat e wi th

the nodified peptide to for MR 1 magl ng agent e paramagnetic
ions are au@céw@dutm@desab@y@hemmngapemdmmhs eestefromabe ccadalenﬂgdabnmcté‘} and
scientific terns er ei .under st ood
by one ofterg’rulﬁlﬁ%?f %I%\Ih[r‘rr?lﬁa rﬁ%}{%ﬁ ?ft}ﬁ%pﬁﬁr%h{ﬂgﬁ]tm%?ﬁi Ffens.

Al t hough af®-feel fab Bl inEEhReti oAb Beréind dl@ i@ the géptmlfﬁm tHeqeshH @@ﬁroddé’é& ¢l bed
herein can be used in the practice or testing of the present invention,

sui t abl e tsmigal Awdre Ginetioral sropn of thermaodifisd peniisle; ensiventing Ahe mpdified pgptidms,
P o o BPUE K1 M0Bin AL Doy ARG RS GEELENERIE TR L BRRE ddef ) 2 e

i ncor porate ceint case o

pr esent &mﬂmiefdo(zﬂénﬂmattachmlgmﬂahlagttdjmbiety tol the modifiddl pepidd, fdlereih theadidiatd on,
the materials, nmethods, and exarréLes are illustratjive only and not i ntended

to be |i AYGRGONAES aAarqagneiceh wpnatoprAducgdhe MR ipagingagsnt. | GPNNEINE be

t
SpBE ont e ANl Ul o, S BBl A

non- nat unaliety o mohelate dwietfFitGfor fdexpaatﬂms corfjegate Iveherain theahelpgr mGattyat 20 MHz,
35C in Tr(iﬁrz[ buffered s l| ne

B m . fib 15 E
Gom ot's | Bt b bRkl Bl b Rt (IR taldnt Renifed S pih dhe RdBER s an

i mage of Jloepﬁdart@mthelihﬁlﬂﬁgm&%éhﬂ Isaﬂ@ol@fé%@mfa ARG e%aéscﬁbé&gboda' ood. 23
WO 03/ 011115 PCT/ USQ2/ 24261 Al LED DESCRI PTTON Definitions Commonly

used cheni caI Ualstse ethienvise Aefinedanll tachninatand gpientific teymsiusedrhetein haeths

CS“eiglngsé | on- ﬁg%ﬁé&ﬁrggfgl éﬁlem caflb%om g?gml'%%%ﬁéﬁ% gl?“% V(l?ﬂ@]gt}}ls " 2001

Gui del i nﬁﬁ/eﬁtMn pettavar Althodgh ﬁe@od@hﬂdﬁnaftﬁ{aﬂs)mmﬁ%r(e&ﬁﬁl&knt toAh&eor t GU' de to
Abbr evi at.i ong d’:\nd Their Use in  Peptide Science" J. Peptide. Sci.
465- 471 flesstbsd hargin cap be Hﬁ‘?%‘&é@"sP’@Pt“terﬁfée%ﬁBSIOif therpresent mﬁ@ntm ?ﬁwaékem cal

Pr oteCt I REHHIQ R ndferials 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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"protecting group" neans any chem cal noiety tenporarily coval ently bound
to a 10 nol ecul e throughout one or nore synthetic chemstry steps in a
reacti on wogaenaesto prevent undesirabl e reactions. ConmPaTrser/zesi ng
group strategies are described in "Protecting Goups in Oganic Synthesis,
Third Ed." by P. Wits and T. Greene, (c) 1999 John Wley & Sons, Inc. For
t he purposes of this application, the term"| eaving group" neans any

chem cal 15 moiety that is ¢ sPAAS phile in a nucl eophilic
substitution or sequence of qja}glfi tlﬁ-ﬁgsl% naﬁl(glﬁ reactions. A nol ecule
conpri si degfiaitiomavi ng group may be isolated or it may be formed in situ as
a transient internedi ate i.n a gchem cal. reaction. For, the purposes of this
appl i cation, t émfl@?l%us%ﬁ ?mfeﬁéggnﬁgg PRy et %ﬁ?o%@?L‘Fliﬂé( d@ﬁne hisc,

sat ur at edilostRSAdbtREd iPTROARRSCAE CHARANSOSdy SRIOER; 0SRAUABaitae! udi ng
20 aromatic conmpounds. The term "al kyl" includes” saturated aliphatic

groups, iAdedrisgn fdenrioad iSgpietye Nséashingmnipc @PB0pS2008 Gpidelines fiyd Autbodsy|
|, , tyl t l.. d | . ),
om e oy Do LR S oS i Ol

cycl oal kieptide$dience’ I Beptidoges. 5, 4gs4op(99)., cycl opentyl, cycl ohexyl,

cycl oheptyl, %ycl ooctyl ), alkyl 25 substituted cycloal kyl groups, and
cycl oal kyl  sulb§f theyugepsss fithisappligationsihe teray Tehamia profesting &roupner udes al kyl

A B e e T

atons repfacing-one or nore ‘car e ‘hydrocar one. In

cert@i n embaciathriughost ateraaingire spdthétic chemintgrstdpe dn & barctiombdiybndeas 6 or
fewer carbon atons.in its backbone (e,g., Cl-C6 for strajght chain, C3-C6
for br anPRERGAPTbCiracdr e COAMLTBIEEi SV er adies ek Raliedan pr of or  od
cycl oal kybgthame drb@s iR (Rt RORhaliQ MhildEd. 20y WEAVAR/Q4 ¥l ERRCTH Y598/ 24261
their ring structure, and nore preferably have 5 or 6 carbons in the ring
st ruct ur éohimraley dePonsCinoCs i ncl udes al l cyl groups containing 1 to 6 carbon
atons. Moreover, .the term/al kyly includes hoth."unsuhstituted al kyl s" and
“substi tuted 181 IyEETROSER PisPphodibn fiF i dreing $rR0RT RS ABY ebeteaay i ng
subgd it uﬁﬂiét% e isadibplaced By diydl@Bile Bt AREeoPhillFREBstRM RO Sc@lentb BT

hydr ocar bon .backbone. Such substituents can include, for exanple, alkenyl,

al kyny! , afdifiggreRminafign ssapfions| A yalequbrotprsioing a lspying aravonyaobeyisolated
al koxy caLPRm U or LY h O GRRARRMLA erGaRRNY b Bhdini Al LR PONY!
a , onyl, al Ky

aryl car bonyl, Koxycar bony am nocar am nocar bonyl ,
di al | cyl am no€ar thopyiposed ditistapplicaiohothy termatakiphatic’” dpdepibphatyeacypliosiphonat o,
g? 3 |S gfr: ﬂgyﬁc?ig-r %g%?,rl %é: Q):r') @nsaaélnwgged,( f)rgr(iclzh%g Io? %nl?rlarl%qled %argbgg ’corclimlpglllri(c%,/ 'chTué'i?lg

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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al kyl aryl am no), acylam no (i ncluding al kyl carbonyl am no,

aryl carbonyl am no, carbanoyl and ureido), am dino, imno, sulfhydryl,

al kyl t hi owoasmitiind o, thi ocarboxyl ate, sulfates, alkyl sul fPcagusp2/s26f onat o,
sul fanoyl, sul fonam do, nitro, trifluoronethyl, cyano, azido,

het erocycl yl, alkylaryl, or an aromatic or heteroaromatic noiety.
Cycloallcyls can 15 be further substituted, e.g., with the substituents

descri beéleﬁ% trueﬁre ahy hﬁirgﬁeferamy%ye 5b86 eabaﬁéaﬁlthéﬂagm&cmredmt h an
aryl (e.g., met hyl ( benzyl)). The term"alkyl" also |ncludesthe

si de chatens (gf-Cmmhﬂdaif allsyloerovipserontaining hitn6 catbpuigton®he t erm " n- al kyI means

a strai ght ch uan nche ns bstlt » u term

"al kenyl " i ncﬁ?&%&e&ﬁp%h i & f lﬁg%d?% o Sﬁ%ﬁ@ ltlk%is %_%&) 1%"8 g’t ed, 20
as descr hleg "ahelgtef @fwﬁﬂcKYéfBrs t6 @l’MyBinﬂieﬁ@s Hdv1ﬂ1§§ﬂ5(st11@6ﬁs el ebOﬂd and at
| east two carbon atons. For exar’% he term "al kenyl " jncl udes

st r & ght bydragen of s meESane e hde@PWPP%h%kb%f‘r o&‘}@hﬂl SUHRANEGAD,

pent enyl ; t

br anched- cﬁﬁéh a ﬁmﬁ@P agg%l&%saﬂ%gp%%’?%%?%ﬁ |cy§{amo§1ygrgups

( %C: opr mghﬂsy‘donylomymlkmeswaﬂmwmmw*lohwam{ylomyccdrbﬂmiﬁtg raikylciambc;zighfct enyl),
al kyl or al keny bsti t ut cl oal ken and cycl oal kyl or

cycl oal k&AL e@tﬁ‘%la yiém}fméf \L ﬁei"?{?é’"g otjlkenyl " further includes
al kenyl  giq 1h@@at.rb<5rﬂ@ AR RAERR Y, Blkbkﬁ%ﬂ{bs Bath fﬂﬁ)sp}fona@h@m PRingles at ons
replacing o or nore carbons of t?; drocargon ‘backbone n certain

enbedi rreqyaslp, aanKmCQldungzaibylmrmno bh@lh}dhmmoc hlanlamlabkd;mwﬂangnommdh as 6 or

f ewer n.ato in its ht chain, C3-C6
for br an%ﬁ%@r%ﬂg} acﬁ’@nﬁl?(g&ﬁg‘gng 89‘&? S%Oi%l%zﬂmo Pg’ﬁf)agg 2 from 3-8

carbon atQBEmbYl dnbirdid6), Bekidhd, idine, Sulfhydbyl WD Ai6) byt MRibEAIHOZ1A44261 and
nore preferably have 5 or 6 carbons in the ring structure. The term C2-C6

i ncl udes SUI@It%e@iWISgH'@Mb§u}(f@r@tt<alshlifﬁ§0§2 gubfogamiglopaifroatrdieromaihdeoGxano, t he ter m
| k | | k |
the I at ¢ BRSO TR BRLT AIIINP DY bh oRh® K RO oL moBHP i, BhaeETY! o

repisaci npe ﬁlrﬂmﬂslﬂgﬁmt@h e.@nevithr thersmlﬁtmmnb@mcribfed thbeveh i Geplnlkgi’ laizkbone.
Such subst ents can inc|lude, for e le, al kyl gr s, g groups,
hal ogensIS F3g Rylpstitutegd M@B@H@ﬁ?g@?i}(m 19ti1¥]adb6%?¥§ﬁoiggteémk6ﬁ%’@a‘?l%nyI oxYy,
aryl OXYCR{) %’ BY@%Yde chafs Q@ﬁXt’u@atl 8nd el EBMRARY¥Eids T €A PARYLYI” means

al koxycar bony am nocar bonyl, al kyl am nocar bonyl , di al kyl am nocar bonyl ,

al kyl t hi msfaalghtm}nhl‘,n (abkonlgd‘anclpﬂbwhhstéutedelkphgl@p]honat 0, phosphl nat o, cyano,
am no (includ

al kyl aryl am n@gteg%lﬁéhﬁlﬁ’ uedilﬁcg L‘P aélcgr%%;qs léa%ﬁ%l aq@é%? rilzbocti lbgrs’XbS%mtn& and

ar yjocar bgygdsaiibddaboo@ FrameNd, caimeiniiiosit texks o@ruodbmbonu ahd et lesst bw b atbyh .

alkylthi gtoms 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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arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfanoyl,
sul fonam do, nitro, trifluoronethyl, cyano, azido, heterocyclyl,

al kyl arylwoms/oar1zar omati ¢ or heteroaromatic 15 noiety. TReTUSome42al kynyl "

i ncl udes unsaturated aliphatic groups analogous in |ength and possible
substitution to the al kyls descri bed above, but which contain at |east one
triple bond and two carbon atoms. For exanple, the term"al kynyl" includes
st rai ght i I Ub entynyl,
exynyl . Ront bty hadk 945G cafbolh n i BR Mmool BN A oY MelnaeRar

al kynyl gti@nplsgroa;uajcmlymmngl2l¢yl6 carboanmml kenyl substituted al kynyl gr oups.

The term al kynyl further includ psth | | ude oxygen,

ni trogen, sul MQreB}zerp "ﬁlﬁ cg‘ffég%%l g@‘f‘ ré¢€ar bons of the

hydr ocar b&fbsﬁﬁﬁé@zﬂ@&lylé ﬂt&ﬁﬁﬁe’i"o@ \ﬁ[ﬂ?ﬁ‘gfe@t@taﬁ{enﬂ ﬁbfeﬁb%wﬁ?ﬁﬁ;@ﬂﬁ&z@r anched
bat

chain al kynyl group has 6 or fewer carbon atois Iin it
C2- G& f orepaging ghydiosen an opsomBoaarhons bf ﬁnnd:lbléwceﬂban hyckbbhe $wrhm C2- C6

| ud t I, th
torm -ar g otk ShINARAE SO ARl st Srofos, BB BN B! Biloatsoitoming
aromatic anyMﬂﬁ)ntyhﬁ{ty ﬁﬁ@lkatb”lfatlldﬁ?, eflk@?ké@bﬁ’ylb@y fa%ﬂbxﬂﬁi%h?@k?“ for
u

exanpl e, benzene, ran, thiophene, thiazole,
i sot hi ao##bexylats; éllg.’Z’GFl@oner F‘ré’i‘i?ﬂ@nYB@lklOéY‘Paélz@Yé aHpWC@‘Zbﬂnéfl oxazol e,

I sooxazol,g la{i’%&b%ﬂ&%lp&{élﬁﬁ %}f’fﬁw aZﬂlkP@?c cﬁ @X ;b%b,%}%‘apd the |ike.

Furt her rmr e ter

tricycl i phospA6nadd) M&Sﬂﬁﬂﬂm&yﬁﬁﬂldﬂﬁﬁahﬁdﬁﬁ]hg alky(l:ymino(; dlaﬂt}ﬁé}nﬁs napht hal ene,
benzoxazol e, ben odi,oxazol e {}) >ﬁ benzoi m dazol e
benzot hi 8pHERE0: %W’@ﬁe%ﬁdo%l g mo #njnedinc Ur%‘F“i‘rh@nylammo

napt hri diaR@earbdiPfino PERBRAY ahd ufé‘rt[d) r‘cﬁnldﬁﬁnﬁﬁﬁﬁr&ﬂ‘ﬂa or
i ndol i zi né. Those aryl groups having heteroatons in t é r| ng étructure may

al so be pwithia, ddocasberylatersplias, ditydsubiinyd) &Bléﬂoi’latbhelﬂﬁmyyshléma'fmdo nitro,
het het bstituted at
one. or  mtairpmEh &7 RBOGTR: Sl ot of R ARRAR s pseiugd i o

apptd cat nfiety." DTPA" refers to a chemi cal corrpound conprising a
substructure conposed of diet hél enetriamne, wherein the two prinmary

ami nes are eadhe &sualadamyy aclndesimeatitted dlivhatie groupy analngounin 1tehghgleldondar y
ami ne _hag %sgorlﬁu Qﬁ)sﬁﬁﬁ%}ﬂ ﬂ{e%@lﬁi’%’ bﬁ%t elb%v%tbg?%fcﬂ R & 108 5% tr1p‘lee

foll ow n
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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wherein X is a heteroatom el ectron-donating group capable of coordinating a
nmetal cation, preferably O, OH NH2, OPO32", or NHR or OR wherein Ris
any al i pmapios/oignidup. Wien each X group is tert-butoxy (tBar/usbhas2st ructure
may be referred to as 15 "DTPE" ("E" for ester). For the purposes of this
application, "DOTA" refers to a chem cal conpound conprising a
substructure conposed of 1,4,7,11 -tetraazacycl ododecane, wherein the

am nes eag \ g ding to the
ol 1 owi e e e B R T T et 1 e

above. Fdenzdimidmaripobawothfiophens naginlemediaxypheryhNiAiolinef issquinading, cheni cal
conpound __conpri si a, substructure.conposed,of 1,4, 7-trigzacygl ononane,
Wheroi n oREBERRowadies R RN GhS LERTICR el iy e hoae

accor di N@rl @réupe HatinkNeteRchtéAE Mihdring srl¥iR3INBLAII] Be REIHAATB26 24961 X

FA~ ~NJ Irx O wherein X is defined above. For the purposes of "this
appl § cat heigrocypies R ‘heterasyeles, d “leternatylse a0r ‘beteprrueaticssimpmi asylrgyoup may be

SUbStrUCtsHﬂs?inftQ&TRPc?n%d% orérﬁgi)ggigioﬁ%\atﬁg&ésﬁ%}égts()d()decane’ wherei n three of

5 the four "amnes eac ave ace val ently attached and the

ot her ami ne h&%r thespiippdset bEMEs dpplitaaDnNEDTPAT reftra i@l cR&ERiRhIofipoid t he
followng formula: . O NR- X O. wherein X is defined above and Rl is an

unchar ge GORRESING 3 su]a&;w? c%rpg@sggi 26 Fl'y:thylenetriamine, wherein the two primary
amines are each covalently attached to two acetyl groups and the secondary amine has

10 one acetyl group covalently attached according to the following formula:

Ko o

>

wherein X is a heteroatom electron-donating 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 PO

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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hydr ogen, any aliphatic, alkyl group, or cycloal kyl group, and uncharged
derivatives 10 thereof. The preferred chelate "HP'-DBA has R =

- CH2( CHOHvaH3/0111ms each of the four structures above, the earhsn2/atens of
the indicated ethylenes may be referred to as "backbone"” carbons. The
desi gnati on "bbDTPA" may be used to refer to the location of a cheni ca
bond to a DTPA nol ecule ("bb" for "back bone"). Note that as used herein,
bb( CO) DTPA- Gd neans a C=0 noi ety bound to am.ethyl ene 15 backbone carbon
atom of DTPA. The terns "chelating |igand,"” hel ating noiety,"” and

"chel ate noiety" may be used to réd? pol ydentate |ligand which is
capabl e of coordinating a netal ion, x' g DTPA (and DTPE), DOTA,
DO3A, or NOTA nol ecul e, or any other “sul pol ydent ate chel ating Iigand
as is further defined herein, that is either _xoordinating a 20 netal ion or
is capable of doing so, either directly or dfter renpoval of protecting
groups, or is a reagent, with or wthout s@table protecting groups, that
is used inth i ontrast agent and conprises substantially
all of the at ?ﬁ@@h%ﬁu@pﬁ%ﬁ%ﬁq@ will coordinate the nmetal ion of the
final metal cdoptiexpurgdses bethis dppliedtne*DOBAL kefetsdo hltRedEaMdnddad 1115

PCT/ US02/ 24261, actual netal -1igand conplex, and it is understood that the
pol ydent &PBPFSEEASY fmcwe%mpeﬁgﬁw 14e/, Ebtstignsasy dadqdscanepdipielt thieepfef ul
met i o 2 SPERLT el [ At Y i,N. sto
t hea}é apa?llJ et f}_"ﬁg g{eglg%nt r ast&gagﬁﬁ%%g&{aﬁgk%%&%% tdﬁ(?e eg’?lﬁf"z H;l/é Rgc?'rsa{ bound
t o a par tsilbsittént badhg gewsdl chargoagorting ta the folpvang formukbgr ee t han ot her
conponents. Contrast agents that hawe this_ property are said to be
"targeted” to the "target" conponen Cont agents that lack this
property are said to be " non-specif'é}TWn n-targeted" agents. The
specific binding affinity of a bin i@ grQy for a target is expressed in
terms of the equilibrium dissociatio onst/agt "Kd." 10 The term
"relaxivity" as used herein, refers Ro i ease in either of the M
quantities 1/ Tl or 1/T2 per mllinolar (mMV centration of paramagnetic
ion or contrast agent, which quantities may be  different if the contrast
agent contain : iRkl G i I Cod : el k. iSt he

| ongi t udi nal ?Fh%geﬁﬁgd- flzsegtg ?P%de%%vfgtg?(ggaﬁ%ﬁﬂlﬁégg?d g%}l%%@?%%ﬁ%gﬁr %bzgver se or
spi n- spi hydwigex any atiphdtivealtf! guavgor pydoakyl group andtherargedalgiingtives

et d RERBsT S el e o RN Bo e B RORREER 1 open
coordi nation $ bg&h ASheRRE sl abReehs ch®of aliniLofe fdiEBldlettiyIhes
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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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 from
ei t her naworaloimidccurring organi c nmol ecul es with which i PCmarsorb42¢1
associates or, for a chem cally-synthesized peptide, separated from any
ot her organic nol ecul es pr esent in the chem cal synthesis. Typically, the
pol ypeptide is considered "purified' when it is at |east 70%(e g., 70%
80% 90% %4 ; jpteins or
organic Qﬁ%&gg%lefeag h%ﬁm@ con}lﬂu?&ejgx %Yeiﬁéelgllrilﬁemtﬁ(;&ﬁ%t];&rﬁg%lga?ntg& ri'&r e er s to a chain
of am no eacntddl}t'lbmctom@natbd)mamedltcalhamn:ﬁﬂn?cﬁalammo acids in length (e.g., 3

to 50 ani ids). As . in, . the term "biopol f t
ol yreri ¢ SubtiiEE Soats Bindiie ey bt Bereitn A O o geRaIy Sy 8t e
Certain RbApak XHERE So BHAKBEUSBRTbhiel 8¢, dtethdto Ap4tibas: BislogRhl bui | di ng

subunits and with conmon functionalities |ink ing the subunlts 30 e.g., a
peptd de icempenestfya ersater degreethan ofer sompenests. antrestageuts thabbate thist ur al - and

et usozPisby BRELEC AR IR Al ot 1o S e s

cont r ast tléigeripeaty ate sabiorbet nbhepedfic a@mabh-Sirfgedt adeBRS Thb Wty Bina ! Y
bonded chel ates qr. synthetic precursors thereof. As used herein, the term

“nat ur al HEHY KA RipdPE gropdar ¢ fargpt issprRssdndermsral the eailirwe of the twenty
nost comfa%@ SESH d©® acids. Natural amno acids nodified to provide
a | abel for %et ecc{dl gﬁnﬁfﬁposes (e.g., radioactive |labels, optical |abels,
or tiyes) are Themshdéekdivity” beusmdmﬁrem raéfiersrto tlecincieaseNa teitherl ofalnd MRIaci ds are
referred to h ir andar. t hree-letter abbreviations. The term
" non- nat GP%H“R%/?F&}!E@ %FCVE& ﬂﬁ@ﬂpaﬁ&‘?&bépncqngf‘%?%o RYAIENGHS 1A% ve of a 10
nat ural @ghtARt ﬁ‘%‘én@ WHIGh q@unﬁﬂegnfay walffe@aﬁ iffBe @&ﬁraxt AP QRGhd, deri vati ves.

It is noted tha certain amno acid %p ydroxyproline, that are

cl assi fi ewnltplicityred parmanagpetic ians, rwheemm gl ig é@ngltudmyl trespimlatittej n nat ur e
within a ain. or articul.ar_pr The term"stable,"

used her éelci%xatnlp 8187 (glrcésntglgun RSt S%‘BSSB%SIS aﬁté%} e Q%Wg{?f PO to
al | v mastheaithafify anspeddidsebpioRucIER intSudikeprioting Fsuddyin @loléditesamaend for a
15 sufficient period of tine to be usefH 1and safe for the purposes

det ai | edm@treﬁﬁlaxiliyﬁyi1saxprysse@ummltsmfpd«1nds are stable at a tenperature of

bsence .0 chem,cal |

40C | ;o he . , t
conditi one. " 1 oo 15t SRR OGSt Rano alin Ratt hsndh ot R ERIes foniuidny '

¥ar i abl ealae]gsvgeﬁb@nsz@c@plédu;sa waest iovendh@lley those that result in the
ormation o
As used herein, the term “purified” refers to a peptide that has been separated

as

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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stabl e conmpounds. 20 The terns "target binding" and "binding" for purposes
herein refer to non- covalent interactions of a contrast agent with a
target. TWevg/o0mams coval ent interactions are independent fPCarusoz2s2anot her
and may be, inter alia, hydrophobic, hydrophilic, dipole-dipole,

pi - stacki ng, hydrogen bondi ng, electrostatic associations, or Lew s acid-
base interactions. 25 The term "capping noiety" refers to a chel ate,

organi c dye, S », G i kzi j.ety. Suitable
ot abi 11 21 g oy oras mAGREE for pPTRRL & dcfheP ARl AR Y
bi ol ogi calbuattttheredficonPoisingas leadigent®vabntinbgeled chélates besyptlesie precursoent i on
relates to MR, optical, and radionuclide contrast agents that include a
targeti néieff(?if'yner (e.g., peptide) in which both the N and C 30 WD

03/ 011115 PCTAYS03! Rdefiline kEM BRkaln B! NR:cAGlfScalrfneaefinsaBidioRted, i ther
directly or via an optional intervening |inker-subunit and |inker, to at

| east onencdfghateensy nwspenmamen nequirdng domorpgishie Nabirplowsna aeids medifiaddy or

radi oactive. {far. r.adi onucl i de_ i nagi ng) tal ign;or an tical,dwe (for
oot oar ' PiSiderroa Rt b PR e radSidiva s Rt Bk G o e are

| i nker - sphisfticted®@¥bek@turdl dMiasakias Hadrd beief aid 2 kavwrédio biuthéit pl e chel at es
or dyes to be attached to each end of the peptide, i. e. a multiner. The

conpoundstagdard pnes qrrﬁ]%fé?rﬂqt@ﬁawﬁ?"iéwsai n one or nore asymetric carbon
atons and t huzlhg@fmo%%ﬂ-rnaﬁalraﬁﬁﬁg%iﬁ’s oM In%r%ﬁﬁﬁi"’% sﬁ}) %? Jerivtivd lo‘? a

enanti oners, astereoneric m Xtures an I Vi dua Iastereoners. Al such
i sofer i cnathial amimf acidaskdognip domnos amd @ ankp amésd acid derivatiees. iInhistdogedothets ent
i nventi on. Each, 10 s%ereo eni c ca{,boIt rtra the Ror S confi gur ation

e

e
unl ess sPREETH PRI AFIdes By HELIONYPIIRR .ctf?ﬁsﬁjwé&_aﬂnpﬂ-éla%?é&m% @8npounds
exenpl i f}gdigl Fha{yme%@mh'rﬁa&é RNLIFRY cRin SERiSH A _a'ﬁﬂﬁrtﬁ:u%ﬁﬂ%dtéiﬁ.' ar

stereochem cal configuration, conpounds having either the opposite
st er eochem st The termdistable, Vasnseh hergin, vders ée camporings thagposshssrstebilitsir e al so

envi sioned,. It shoul d be .understooad.that . the. conpounds.,af this I RAvention
my adoptilGeips (0 Aow AR B Mt by SR 5T 0 Pt St an, i n
phafsmacewfticiaht SRIBQTitincdDe vaERI il 3aFy/fr tHY gudsusehdéthigeddapdial Topisaligr ei n of
specific preferred conpounds of this invention are of particular

conf or masychrompaandsae stablsratd terppreatyies| 409G pelesy. 10 Fis absensa of BQIStIE ot so

7 0 BSO8R b =
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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1. The conpounds can deliver two or nore capping noieties (e.g., chelates,
organi c dyes, or thronbolytics) to the target using a single targeting
pepti de wooBhatiisufficient inprovenment in the tissue contcadaiSome42b1 be
observed in part because of a neaningful concentration of the inmaging
noi ety around the 25 target. 2. The MRl contrast agents of this invention
al so exhibit a high relaxivity upon binding to the target due to the

recept or (L HANAGthiHREAES i 88D em(eBhi\@ﬂ;ﬁ&rfﬁ&%n 8%5%) %r%rﬁ the

ability of the peptide to [imt the [oca not’i on o0 | at es
when bourhmkclbsubhelttaad tieker, ®t lbasfldn@ cholateonfradsiramsagaetic ffpgmaglﬁa‘tlcm ty for one
or nore tar X\D ﬁ J,[ /US(?%{ 24261 ﬁ%{a nce the c?ggounds
are rel aE?%? Weég]f%mtg OLPRIREL Orefé SPEldg TRaL rELmRtal 100 L 2R QRECALSYE her ei n
and only (ﬂiﬂ@pﬁ@ﬂ’ﬁmﬁgn@)ﬁ‘rAﬁﬁirﬁ@ﬂé}@nip‘hf'é@ﬂHﬂeirﬁﬂie ItnkePbt finlRh shinyt by p@t al
ions or organi may be delivered to a target nore econom cal Ify 5 5.

The %orrp@mhe‘bﬂlm{ uhérﬂfm eHewder makipieshelatmsgidies te heiafteckaddpieadh gnd(a
| d d
o1 oavage PR a bhAh e THY GREGGREN TR TRARON hET fiufh opc §HEE°

mul ti mer asyaseefridi daghonatérheamd daeniay octlraB ricemarslaad htbeﬁwﬁl@&uﬂestsaﬂg@t ed
contrast agents. 10 The chem cal structure of, MRl and radi onuclide contrast
agents cGPAEIRFIES, éiéPSWeonﬁfﬁé’ xRt ashindidugbdiastergemers: odl! SRehispmersy nul a: 0

(Chel ate ( %

(Li nker - gépglsn(%ﬂtt ker(%yp()a? é e%#&%l} th lﬁd&iﬁ% the Rﬁgernéf%vep g(rm e%% m

i ndetpendemtdqumﬂ;cmbm mayHe dtthe RepSewefiggratiometlais apbeﬁeally desipapledx, p is
|ndepende te er fro zero to . five; (S ependent | ne or zero,
15 Re 1 s otegism AuBaEtihe TG Sifpd s triin Tk 3o UERSICHGR ménBhat ur a

ani no acig cteBZn a@aﬁi&maabﬂewaaﬁérﬁxcar&ﬁﬁgﬁlaﬁum%ﬁ@@ﬂnds%dlﬂg citferdfie | Nt eger
from3 to inclusive, Alternately, be taken together to

forma r iopgosg@rstmqsih@m(strﬁ@lt &Rl giyerpelsral genteiet mixghes ﬁhﬁmé@re\?@m ons
t her eof ) ela\h's,]{aﬁgc{ St S}!l({lh@ B? Afitrato apﬁle%' A gﬁnecgé)f }P}N? nyen 1«%&%@2 %ﬁj«%r red for

inclu om C nunbers dand, nore
pr eiser ablyriets op asrefoRgatRinbCarfddonic @rmes iBbAkioh,dA phidnthcatitiysl CorpuEeins 21-
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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29, 42, 44, or 57-83. Particularly preferred paramagnetic netal ions are
selected fromthe group consisting of Gd(I111), Fe(lll), Mi(lIl and II1),
Cr(lin), wosiyttiy(l11), Tb(lll and 1V), Ho(ll1), Er(IIPCI/US0E/2426) and
Eu(ll and 111). &d(II11) is particularly useful. Note that, as used herein,
the term"CG" is neant to convey the ionic formof the netal gadolinium 25
such an ionic formcan be witten as G(II11), GD3+, gado, etc., with no
difference ingi =t agents,
radi onucl i des 490%‘%9%%6&‘%%?%% %6%1%763/%%%%8 dﬁ%&d&g% 167TM
97Ru, 188Re, 177msthadsSiescrited Biwin anicbonlyl depeptide par moleadlald mqmsﬁ al . 32 WO
03/011115 PCT/ USQ2/.2426 t conpl exes. . with s tica erties

al so have been d&&t f’llb ° ‘fég“ﬂ)i%ﬁrqfd’f%%mc dyes may eér‘?@?f? @6‘&3 %‘%rﬁl ®onm
1993, 1116-1118. eE&{onqggu}cal i magl ng using chelates, |anthanide chel ates
such as La(IIg) (rrer) H%lll , Nd(I11 Pn(IEr), Sm(LIL), Eu(Clll),
Gd(131), Tb(lB) Thwemlppymds tha inyention(can hyverhighariiy vzvzsrb(abmty (iaendonget! | 1)
are suitable. Eugl I e cuI usef Met a
chel ates shoul d ﬁllo{fl 2 s‘r)f(r)((?;ylﬁgi Jf%,géh g)ﬁ%z%éﬁ‘ grﬁ {’61 o%’g(%egléeaﬁﬂ@r‘il??&ag% i magi ng
agent's passage tpbpﬁu:gés).t he body, including V\:hl I e bound to a target ti-sssue.

Significant__ rel ease of free nmetal jons can result in toxicity, which would
general |y nrgl{xesggavgg@é%feggqrg of npHdrsbases suiliimers acirding tetheruesedt t o t he above

Sbove. Ur Gfhidh FRARE HRH u8AMrpcll cbiirastfichis N0 RL, and R2 are defined as

noi ety orrprl ses he " Chel ate" is preferably
bb( @O DTPAGd. Tha chemichkstruetive df MRitand waditnuctfle canest dgentshventaimplegedsby uct ur e

of a contrast a and R2 are defined as above, and
t he |.nké@elﬁﬁ?‘§g’§”€%¥nﬁ @%atemths@rmu ~~-N O - 15 HN The "Chel ate"
noi ety can be bb(CO) DTPAGI. For the purposes of illustration, one contrast

agent contenpl ated by the instant

(Chelate)m—— (Linker),——(Linker-subunity; ™~ ' H‘%\(Lmker ~subunit)s——(Linker)p———(Chelate)y,

wherein for each m, independently, 1<m<10, chelate represents a metal chelate
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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invention is presented below wth the various subunits annotated: 33 WO
03/011115 PCT/ US02/ 24261 Chel ates-. NMDTPA-CO NH MDTPA-CO NH-\-N ~Lo Ho
HO HO Li mkero3eiNIls N NNy N N NNKN N =)N NJ~NH H O ~S H O HCOUd0t2€S6H O
Targeting Peptide Linker subunit NH I O NH CO DTPAM Linker HN Chel ates
MDTPA- C~ wherein R = ami no acid side chains such that the peptide has
affinity for a biological target, and in = netal ion (paramagnetic for

MR, 1 adinaat dorsplbRds, vcla%s@ﬁu%hgﬁ pt%&ﬂie@also }1%99b%énl&§&?&ﬁn§ee {(gﬁiéﬁs?ce“t

or absor bant for optical inmaging he chemi cal structure G I cal
cont r ast aégbﬁl@ﬂt@m&e@m&mmylﬁ%ell}ﬁfbﬂt& dior opiigal beagihg usihg aledatedyy t he

o e B R RS N L S iy 1

i ndependemi(i1y), aa(umtlb%( 1), fHdQIII)ZEf(HI)t'Rn(HNeYb('.['II) Sd3LdAnple sm%w%ﬁ(ﬁl) R is
any am no acid ai_ n including non-natural am no acid side chains, 10
and R i snd A3 apheartieulgibouisidr  hydr ogen. AI ternatively, R and R2 taken

together Tor Maedi dbipld H6EM' R isAetdidiolhy KSR, derlyatias, Ihenge! . The
e pep e Con %Hn?% £ he

N and C-terminal amno aci can
optical dgentdipassapé ﬂlrolligh/ﬂlabady dmﬂmdiﬁ@{;vhﬂe ‘B&ﬁ’fd tbe.target tigue: Gighificdnt The
| i nker noieties _can be different. 34 W 03/011115 PCT/ US02/ 2§261
release of free metal ions can result in toxicity, which would generally not be acceptable.
In one embodiment, with reference to the above structure of a contrast agent, m is

10 2,1, s, R!, and R? are defined as above, and the Linker moiety comprises:

0O HN— %

<~

HN—§

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—

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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The optical dye may be an organic dye or an appropriate netal chel ate.
Organic dyes suitable for optical i1imaging have been descri bed and i ncl ude,
for exanpwe,03flues escent porphyrin and fl uorescent phthal ecyasonee6| see,
e.g., US Patent No. 5,641,878], particulate naterials [see, e.g., WO
96/ 23524], and pol ynethine dyes [see, 5 e.g., WO 97/13490]. Comonly used
optical organic dyes are fluorescein, rhodamne [see, e.g., Kojima H, et
al ., Analcrelaehemm 73, 1967-1973 (2001)], tetranethylrhodamine [e.g., Anal.
Bi ochem 223, 39 (&B24)], and Texas red [e.g., Proc. Natl. Acad. Sci. USA
85, 3546 (11988)—Fugroscein and | um nescent |anthanide chel ates are
particularly wuseful.(10jTargets and Target Bi nding Peptides The peptide
moi ety of fhe.contrash agents of the present invention can exhibit

specific bindin bl ol ogi cal target and function as a point of
attachnent for %pr e chel ates at each termnus. In general,

bi ol ogi cal rgets are, tR itnpag | cr | ar or |ess)
concentratr%%'gnd are F%éwf E{éh 'y 'ﬁ% lﬁsadboexrsW| g nononeric

gadol i ni um conpl ex MR Eontrast agents The peptrde b mul timeric MRI
contrast agents according to the nventi on, ver vide a
much hi gher concentration of the gggﬁfﬂ%%éthe t ar get lﬁwpwgn“
relaxivity to make i maging of these targets possible. ilarly, the

pepti de-based nultimeric radionuclide contrast agents of the 20 invention
may deliver nmore radionuclides to targets so that imagi an be further

i nproved. Wi le not being bound to a particular mecha LS thought
that targeting creates an increased concentration of 441 inmggin ent at
the site to be imaged and increases the relaxivity | ' gents
in the bound state through the RIME effect and also|limYs | od chelate
motion by rigidifying the bound peptide. 25 Targgss for tjne co %h?%t agent s
can be in any body conpartnent, cell, organ, or tisSUe nt
thereof. Preferred targets are those that are of di agh8%tfe—=
t herapeutic relevance, i.e., those that are associated with di sease states.
Particularly preferred targets are those in association wi th body fluids,

and part i and fl uids
of the c{eV?rl?Ilr gr{kner vﬁégcg;géctlea&%% ﬁéﬂ %Lbﬁ%ﬁje?ﬁe)#e%eg % sagr%({%&%t ei ns and
r ecept or srgdiainden Hhaetakioh §parhmagrietio foOMRENhdidhdtive fof raﬁﬁ?ﬁ&chdﬁ'ﬁnﬁé@r@& 011115

PCT/ US02/ 24261 a | arge nunber of binding sites for certain |igands.
| ncl udedm%ﬁ%eicﬁﬁh?%%’?mp%%lﬁp%m g’?ép%??imn%)nd gl ycopr ot ei ns.

5 The chemical structure of optical contrast agents contemplated by the invention

may be illustrated by the formula:

(Optical Dye)m—(Linker);——(Linker- subunrt)s"{ H\(Lmker subunit)s—(Linker),

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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Human serum al bum n (HSA) and fibrin are useful targets for MRl contrast
agents. For vascul ar bl ood pool imaging, serumalbumn is a preferred
target. SVO®8/OHIA 5 is present at high concentration in PETAIRN2/24261
(approximately 0.6 mV) and binds a wi de array of nolecules with reasonably
high affinity, it is a preferred target plasma protein for blood pool
contrast agents. HSA is a particularly preferred target for cardi ovascul ar

i magi ng;  seeThb SptidaHSE maNBR lbh 683N IRIOr 2l @pFrOPriE Metdlichekte) Wigamid, 1997,
and WO 96/ 23526. For imaging thronmbi, fibrinis a preferred target because
it is prégsruitabie &1 opticaltimaging hawe bean deseritisd and inpdudsd fogierample. i nterferi ng

with thegnornal . thronbol vikc praoce . itio i concernin
t ar get bﬂﬁﬁeﬁ(ﬁn%?@ﬁyré% a%%g?or?%gﬁtup}ghaflgﬁ{almﬁlg%Esﬁ%fie' atgeSg? %%{elﬂsﬁo' see PCT °
Pat ent Apphi 8481, partidGlalm ARS8 [see) gl WD 062824 |angbpdymathinediyes fwat, are not

limted to, _al pha acid glycoprotejn,. fibrinqggen, collagen,. p|atelet
GPl 150/ | | £-&> " EOSH BA90h ﬂg%%?%lt’ uged gpicalr ganie EpRsaye ﬁﬂ@r,eswlﬁw{@m n

recept or v, ] i St i _ End Gastrin
rel ease Esg%t I ’gﬁ ? fél\ég?’(?? %ﬁ’aénﬁoiﬁ‘?‘éﬁ%%h%cie%%? géﬁgﬁﬁ@%‘fﬂéﬁg{?g@?’ li es for use
in the i f@nAnginBicvhbmd223, 309X abd Eexdfs rep e, f Proal Watl. AxaddSaigUS4 t he
targets identif] ve. | ncluded.anong.such.peptjdes are. cont ai ni ng
pept i desIggaa#téét(if@)ﬁlb@f‘@ioé‘fm@F‘fﬁ’ﬂlﬁsﬁe’&é@@fﬁ"&fe ‘ﬁ’ﬁlﬁgﬁsﬁ%mmm ng, 20
chenot acfigypeptides targeting white blood cells for infection/inflammtion

i mging, Cctreotide and P-829 peptide targeting sonmastatin receptors for
tunt®r imagi ng, vasoactive intestinal peptides (VIP) targeting VIP receptor

for tunor, i i n bonmbesi n , anal ogs targeti ng bonbesin/ Gstrin rel ease
pepti de ?@’(%n%?a&ﬁa&gett ﬁ%’ﬁgfﬁ%gﬁ?eﬁg, and RGD-containi ng peptides targeting
the integrin auédeptide hoietiestithdicard@eigerits of te presadr indéntloegh Bghibitn
principle, any peptide with an affinity for a biol ofgi cal target may be used

in a copiecHisbindiagdons bipkgiqahtpesat pethiinetien pepbeigboltiachyaentforeane &r cyclic.
O di nari i I it ty: s Al i : i le for
phar mac ob%a? %}gpﬁ%sée{%%ﬁt&@g%ﬁ hlp e|cr)lt [ eHsl(% 1;/:5‘1&%@5%{5?%@{% é&ggg%%&iﬁ’f o the

i nvent i omikrenwliser dsl) donoentratiohynd aehindfficientty ahagdsd vsingleatséisg nwnbiverit wo

termni of the peptide i ncrease sql ubil.i.ty. For ease nt hesis 36
W 03 01§ielnpe Fopls MBRaoTiapecns: R i nete MRESBHES ed ¢ hat
the pept !1%%%5 J&@Mﬁil@{o‘é’cﬁa@ﬁlgéﬁ?g ﬁ’llfélgci(ﬁ‘lnh@\%@%' p36vidé 8 nflich hisHeP c@fenatich 20, 3

to 15, 510 30, 5 to 20, 5 10 to 12°amno acids in length). In the
t ar get i nof the peérdas theftanghieasi welbas highrelaxivitwlatmakerimegipgoff thas trogetei ds can be

Z?n'eg-o gglio%sglq)llee. 1nrr1.1if'a?1yfjl ie %%ptiic{]egllaa%gg m%?t%muér?c! ragﬂ)%ua?d%'c%%{rﬁlgt %!gen%sm op e aci ds.

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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5 wth many different protecting groups appropriate for imediate use in
the solid phase synthesis of peptides are commercially available. In
addi ti on wo oBleltismventy nost common naturally occurring arcmasav4dsi t he
foll owi ng non-natural amno acids or amno acid derivatives may be
constituents of the peptide targeting group of the invention (comon
abbreviations in parentheses, see FIG 1): (3-Alanine (n-Ala),

y- Am nob f ; r ;
L4 ot SRR, ot 18,06 ol 0t v

1-car boxyﬂelevzmwlar(dmrotﬁmnm sobutyric ACI d (A b) 2- Ami no-

t hi azol i ne-4- rbox I|c - Am aleric i.d (5--AAva),. 6- Am nohexanoi c
Acid (6- Ahx) @ }gg@cqng m,&g?:}lse%% tar'&%% ﬁ@iﬂ@&&%ﬁ% Acid (11
-Aun), 1goefis. mwwﬁwu@d@@bdmﬁalgzn@d@m 2Abuiiin/16 b prererad té«ﬁgeﬂ $idcABRN,

3- Am nobenzoi c ACI d 15 (3-Abz), 4-Am nobenzqgic Acid (4-

4- A no- BIHGERGBHNIEN SRICARIIAHIOR i AR (mrwm(aalﬁ@l%M)spéjvmdm)an"ﬁé@w@x etic

Acid (A
A o 5. SLyepz AR PR FHBLAC REREANARL KA £ pTG RSl platia protein S bload, 41 e
(4- NH2- Edsxﬂ)cpnﬁaqo bgemyd aHaAiline p4Beyhsly pefardd targepfoe nyldadvasdulee ifhdgiBg;- Phe) ,

par o 20 €590 o R BN, AR A P T el S o Wl Rl Tyr)

para- Benzoyl phenyd g%ﬂ&d?ﬁmﬁ%m ad Qferr@&'ka)fﬁ&lbfé@dugglt(l-rﬁn%ﬁent in all clots;
Cycl ohexyl al ani ne Cycl ohexyl gl ycin 3- D am nopr opi oni ¢

Aci® ( Dpand it ZMbﬂaagﬁtctLWUhWNuemmg wit )norma ndmlyirmheesw E¢>1an| ol
3, 4- Cl12- 4-Dif| h N
23 5.1 2- q@?&ﬂa&ﬁ?tﬁgs ﬁrﬁg{ng% enrgllngﬁlrélﬁlg&f 3 ﬁﬁ%H%31u£'%§rg1 é@glngp QYT osi ne

Fl uor oph%yp@faaleﬂ@q}g}ﬁrcﬁna{\WQ opanagd| uor ophenyl al ani ne (4-F-Phe),
meta-fluorotyrosine (3-F-Tyr), Honpserine é Hoi nophenyl al ani ne (Hf e),
<

Horot yr osi ne @Heeymfotelmatwf@mﬁlwe@ Yt asp Rt iy mqipba acifiglycoRi®inl i ne (Hyp),
par a- | Odﬁgﬁﬁ%& éoqﬁg&? Rczﬂf%}l: ?/)[II? i?écle 910 tc){ rﬁéﬂa %ﬁ% Fi ;r%éegtbr

| ndol i ne- péco I'C

met & met ythatystadi ﬂa@eﬁtBrleasEya‘ti)va 1ﬂie£th1|ahpéjmld6$ @ﬁil’b]fbcéﬂtof;l&ab)nbeﬁn/ Gastrin
Napht hyl al ani ne ( % 30 para- Ni trophenyl al ani ne (4- NO2- Phe),
3-Nitrot W%?Heé’tt‘é TRRSP! OFy"i“)d mﬁglﬁl}lé‘i?&l"i%s (Nle), Norvaline (Nva), QO nithine

(Gn), ortho- F’ m@g‘%@gfd@ﬁ&%sé ﬁ?tﬁ%v@ﬂg idn m@ﬂldm&@é%ﬂa}'&]& sﬁ&Tﬁé&%@Z/ 24261

Cct ahydr oi ndo oxylic , Penicillammne
Pent af | ubindijnigeo yeataegeisident{ffe8-abhes. , InPluded/igdbyasuch peptides arePRGBeoI ic Acid

Tot  ahy o BICBRBN Herascst bt Wel TR T epftyEr Gt mBha ! 1 (5200

Thigzol i aaeﬂwéct&q;epﬁaéslt %eﬁﬁg Whitd hlo@@ célld foeinfddtibn/ i AhBAEHEMBidy of am no
5 acids may be designate precedi ng the nane or abbreviation with the
desi gnat Peteotige and P-829 peptlde 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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or "d" or "L" or "1" as appropriate. Additionally, ouV-al kylated am no
acids may be enployed, as well as am no acids having am ne-containing side
chai ns (swoh3asiiiys and On) in which the am ne has beenPpPaggusat/aéor

al kyl ated. Peptides of the invention can include the general fornula
P*-Y*-X,*-L* (SEQID 10 NO 1), wherein P* is a proline or a non-natural
derivative of proline, Y* is a tyrosine or a non-natural derivative

t her eof , anfl cdist EdnsfleYAionS, iPfs pRSPBRED et RE ipBptidRE havd wBaE YR ﬂ@fnb\a%{ds.ve of

gl ycine or aspartic acid, and L* is |eucine or a non-natural derivative
t her eof . (eTyp? &830.\3,1020, B &b, Sdné00f tor20, 56 15X0+to Igrantino asidaimlengthit ur al

derivative of . the.respectiyV i no_acid. For_ exanpl Xl * can be glycine
or aspartic ablge e %%P%’ﬁg‘fse‘ﬁ%%&ve%o&% gtgreaﬁgarregxggfa%wg ag?islgang? Y* can
be a nonugd! WuahbldamiveddidEincBie hatam] Bydheyanel hffhodcid. AR iabRls
substituted at the 3 position with F, G, Br, I, or NO2 A pe{gtide of the

i nvént i oWithmaanydifereppratssting groyahanpsppriay fou irmgdiate ysp in the solipphasey* - X3 -
L - C- = , i o d r i

mon- nat uedfEesipeBiuce e drinbitaflm MIRIE 1 gt oS R ekl cBymon

deri vat i usutaligoeairrinXlamiso MfidsytheFpllSyingGoBinaturdbamipucidOyy arfino abd, Hf e,
3-Pal, 4-Pal, DopaMe2, nTyr, d dF, .F(3/4*), orY(3*)., F(3/4*) can be a
phenyl al ﬁ‘?ﬁ"ﬁé“’%ﬂg@}"\/ﬁ? G?‘@H}/%Ptsé\ﬁlﬂ?‘%ﬁ’epflﬂ%t@g%zngtgﬁ@lp@fﬁé%l"t"F%W’PW?WnnDi ety
such as : : N 1, pL : 3 [ .. X(:3 *) can be
a tyrosi %@e\gu %tsidt}lgt ed at {%g@bgéi%géaﬁlﬁ@hA?)’i%%Ob%ﬁ %(éaF, d, Br,
|, and NEBABX3, L-AmihebutyritiAciddB;Atm), difE2Ehydraz2 Radinotuyric AtidTA-ABD, tan be G

or Db X4 can be H, F, Y, or V\{ X5 can be |, 25 L, V, N Bpa, Bat, H e, Ne,
Tl e, Nvafmippgycloprepangdcarhaxylic fyqid (AGRG), Amingisauiyric AGHLAEN2-AmiBe4+) s a

henyl al g i : el : ki d WAL R noi et
g uc hy as ﬁ%ﬁn%? %ﬂg(?hggc%f g?ilhﬁgé%ﬁ(sé @“ﬁ’, é_@&gpﬁw(gy‘%{:@% ?66 r e!s e n%/ :
Typi cal | phxp-Amastocneic Adid ¥8-AoXR | 1 ¥EminBindeamobidyAcids(1a-Axar); Pat ur al
derivatiye.of, an am np .acid. For exanple, .P* . can b rol.ine and Y* can be
= hon- nad GHarBEFol Rv8 (bf-AdposRhaBans peika b heungEmgReiAGen wi t h
a i et y(BN6H), aAHinobbnzoR Acid(4Xb Anﬁﬁé-?fﬁ}éidx}{rfﬁ-Meﬂnghe??agofé%&d

non-natural 38 WD 03/011115 PCI/US02/ 24261 “derivativé of proline such as
4- hydr ox(ftatile, ha).advdinpoxyammtib A cid(Aos), FeAmSiundé¢irabinpi2-chaloxylin AcidAmc) 4-

di sul fide _bond u [ -reduci ng _condi t not her .ex |.e, of eptide
that  can BRRGoIS BRI R ReEn R A ACp At C R AR aflpo WP TP G
( SEQ | D N@23phe) Bigheiylaldiné 6Bif), purdBréfiophenflbRhine§4 Br-PHey, J#Ho-5 nat ur al
derivative 4-hydroxyproline; Y* is tyrosine or a non-natural derivative of
t yr osi neChlogapbienylatame42-GliRhe) %@Y%WWYW@%?’&%P@D}WF% F, d, Br, I,
or . L. Cal I t Y* -natural derivative of
s ospaBr et (P28 bl B R ChiBrotfosthe (TIETVR e

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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t he peptide can have the foll ow ng sequences:
WdAE-C-P(4-OH)-Y(3-A)-GL-CWI-Q (SEQ ID NOG 4),

Y- dE- G- P(WOoOB1N(3-Cl ) -G L-CY-1-Q (SEQ I D NO 5), Y-dE-C PC#/s02/24261
OH-Y(3-A)-GL-CWI-Q(SEQ ID NO 6), WAE-CP(4-0OH)-Y(3-Ad)-GL-CGY-1-Q
(SEQID NO7), WAE-GP(4-OH)-Y(3-d)-DL-CGWI-Q (SEQ I D NO 8),
Y-dE-C-P(4- OH)-Y(3-A)-DL-CVY-1-Q (SEQ I D NO 9),

Y-dE-C P%)éfag%ml\fﬁgleq ):ar@bkylf% X\'flﬂ'(@ic (IRERilldn NSO (BE), Pentaﬂuorophenylalanine
WdE- G- P CCY- - Q LD NO 11) Q\E) -
H C- P( 4- CHﬂ}Phe()sPhanylgbzd_nﬁRhg) P&pe(cgeow () pargyigh@m(@r -Y(3-d)-GL-C

15 W L Gl SR RNt o Ve SR ed Qb i Gt SERoAR MR AY)

F- H C P- (FcPahd Yhidz6Hdind4 lcafbolklyllic Ac1d(($E@pth1ﬂHQFﬂﬁ)Ste1ﬁudmmam ofthesinoan form
di sul fi de bonds_ under non-reducj ng condltlons Accorgl to st.andard

syntthesi ecifemanas detignaiedby Hsswling hemgmegr ahbrapiatan Hehdae dostpng Opr "’ WO
01708712 %‘?f?’p Ligles, Bavl Qg%ﬁ)?ﬁaé eg‘dgﬁ%ﬁal?g o Bk%ﬂtéd”an{ﬁ laéid§m|

synthe3|9 rdct ure spectronetry cycltzed, and

assayed f:x'ﬁf)lo%d iaQiviel] ds@niihe ac1ﬂl[1(1£z)in§ arﬁ:@lmhtanﬁng sile clminFaoth dptsi abd was
found to have a Kd < 10 M ("-" ng es ncatlon) Table 1 Kd(M vs.
X X2 C Q(rmlmhlqhthxmn@@&beﬂsa ate%@( <Ylé 91 F(4-Ove) H C Hyp Y(3-C) DL

S(:( 3HI ; IE) L C E @a%s gf/g‘)e fkﬂé@%h%@iﬂ_lg{n%m%)ch%&efa@f&mﬁ@a 1:* @(5*406(?5@% (gf‘,@ggyp
Y(3td ) DNO:O, Hthmn PS5 d préfiBe @1y néh-h@uidy der(aive pf proling, YHisla ty@osineyorp- E ' C
Yo Yo 0) G G ML 030,90 03 QULIS FCHLISE! Rz, PR G ©
<0. 1 F(45MetinkoBzdpartie dd® axli 3G deublnb ofa BBA-natural derivative thereof.

Typically, at least one of P*, Y*, X;*, or L* is a non-natural derivative of the respective

amino acid. For example, X;* can be glycine or aspartic acid, L* can be leucine, and at

15 least one of 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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<0.1 FHCHyp Y(3-O) DLCHI <O1F40w) HCHyp Y(3-1) DL CHI

50.1 Pal HC Hyp Y(3-1) DL C | <Ol 4Pal HC Hyp Y(3-1) DLCHI <O

F(4-F) HWOMgpINg8-1) DL C-,HI <0.1 Y(3-1) HC Hyp Y(Bchjusiz/42@ H |

<0.1 FHC Hyp Y(3-1) DLCHI L <0.1 F(4-Ove) HC Hyp Y(3-Cl) DL C H

Bpa L <01F(4OVE) HC Hpr(3I) DL CHBpa L <0.1F H(Bzl) CHyp
|

Y(3-O) DL 'CH I <0.1 1Nal Hyp Y(3-1) DL CH

Y(3-1) D 4

Fa ove) e °fp?‘9mj°y?&h i ﬁ%d""”“@ib?*?&ﬂ%@ﬁ??i kel Goth 5@8@?9#3% |
<0.1 F( 4-fd>1jrn Hdﬁu]ﬁq@ bupd uhjlerRob-rluding cogﬁ1tfbn§(4 Br) HC Hyp Y(3-1) DL H I
50.1 F(4- Me CE3) H C Y(3-1) DL C
H | <(() 1 F% 4%@(1}}% @‘ﬁéﬁ Oz?(lé’ePt)‘CFedth i fi fjbé 1:{1"1?‘(1?) an{g%onﬁwg Y(3-1)
DL CH lpx <@+1XY(Z; F{° BEQYIHD N()33)| w)thein)@; i"dorEOP’@mF;{réhxg@N@%nH C. Hyp

Y(3-1) DL CH I <01)ﬁg)1NH2 1) HI <0.1 F(34-F2) HC
Hyp 5v( 3- Bptup (derigatiye|4- 2‘ 1%}@0&4@01\@(@11 yatmaLd@%tlve of<l®rqsnm( 2- ove)

T e g R S o BB A P O BB By G, 0
F( 3- CF3) ohk 6f PiSIDr Yt 3s & honhtutal detivailve bf BedePeelivdiufinblepidY (F3r kxarkple, C H |
<0.1 Hre thlic| pCepla%e carf havle)theDfolTlogvag slzequefn(gzes:;L \%TﬁE-CﬁP&-%-S}{(g?)(-Jll)-)G-E-(Il_-\Rg-Il-_'Ql
(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-
10 OH)-Y(3-CD)-G-L-C-W-I-Q (SEQ ID NO:6), 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-C])-D-L-C-W-I-Q (SEQ ID NO:8), Y-dE-C-P(4-
OH)-Y(3-CD)-D-L-C-Y-I-Q (SEQ ID NO:9), Y-dE-C-P(4-OH)-Y(3-CI)-D-L-C-W-I-Q
(SEQ ID NO:10), W-dE-C-P(4-OH)-Y(3-Cl)-D-L-C-Y-I-Q (SEQ ID NO:11), F(4-OMe)-
H-C-P(4-OH)-Y(3-CD)-D-L-C-H-I-L (SEQ ID NO:12), Y-H-C-P(4-OH)-Y(3-C])-G-L-C-
15 W-I-Q (SEQ ID NO:13), W-dE-C-P-Y(3-C])-G-L-C-W-I-Q (SEQ ID NO:14), W-dE-C-
P(4-OH)-Y-G-L-C-W-I-Q (SEQ ID NO:15), or F-H-C-P-(4-OH)-Y(3-Cl)-D-L-C-H-I-L
(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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<0.1 WE C Hyp Y(3-d) GLCWI Q <0.1 FHCHyp Y(3-1) DLCHI L 50.1
FHCHyp Y(3-A) DLCHI L <0.1 F(4-OWve) H(Bzl) CHyp Y(3-1) DL CH I

50.1 F HwWO®3klyp1%(3-1) DL CHM <0.1 F H C Hyp Y(3-1) POTIS®/H2d e 50. 1
FH:CHyp Y(3-1) DL C"H F(4-CF3) 40 WD 03/ 011115 PCT/ US02/ 24261 Kd(WA)
VS. X1 X2 CP(4-OH) Y* X3 L CX4 X5 X6 DDE) <0.1 FHC Hyp Y(3-1) DL CH

Bi p 501FHCHyp Y(3-1) DL CHF(4-Et) 50.1 FHCHyp Y(3-1) DL CH
F(4- OWe) g HCHyp Y(3-1)"DL CHF(3-Ov) <01 F(F5) H C Hyp Y(3-1)
DL CH ;(FHCWZY(BE)QL,IOI&/WLXSO ﬁ\f‘v% P Y(3~g) GL W
IQ<O%)]3' CHpr(SCI)GL . PY3C1) L CHI
L V(2P 25 TP 1 Ty WECHY C-H
IQ<02 -., p]gl G @ 0. 2 Y B Y(3&1)GLCC
VAR ng)z(/v é)yac,Y -; Hpr(BCI)G
L C Wl LoFy C D Y351y B LD < PYGL W
<0.2 F H &% pFé(@-e D L |(4ﬁv;|Hg® 2er3?~1 CDHpr£3HI) bL ! "H Phg °
<0.2 F H GHp3¥3-1) D LH F(S- |ve yp <0 ¥£3-B HPC F%’ YE3- 1§ DL C4Pa| |
<0.2 S D-EC H¢BrlY(3-d) BB L cCw Y@ D Cc H 1

<0.1 F(4-F) H C Hyp Y3 D LCH I

<0.1 Y3 H C Hyp YB3D D LCH I

<0.1 F H ¢, Hyp YGBID D Li¢iH 1 L

<0.1 F(4-OMe) H C Hyp YBCHD L C.H Bpa L

<0.1 F(4-OMe) H C. Hyp YBD D LC H Bp L

<0.1 F HBz) C: Hyp YGBCHD LC H I L

<0.1 INal H € Hyp YGD D LCH I

<0.1 MTyr H C Hyp YBD D LG H I

<0.1 F(4-OMe) HBzl) C Hyp YGI) D L C H Bpa

<0.1 F(4-OMe) H@Bzl) C° Hyp YBCHD L CH I

<0.1 F H C! Hyp YGBD) D L C 3Pal I

<0.1 F(4-D) H ¢ Hyp YGD D LC.H 1

<0.1 F(4-Br) H ¢ Hyp YBD D LCH I

<0.1 F(4-Me) H C/ Hp YBD D LCH I

<0.1 F(4-CF3) H «C Hyp Y3 D LICH I

<0.1 F(4-CN) H C Hyp Y3D D LCUH I

<0.1 Y(3-NO2) H C: Hyp YB3DH D LCH I

<0.1 Y(2-F) H C Hy YBD D LCH I

<0.1 F(4-CH2NH2) H Cc! Hyp YGBIH) D LC H 1

<0.1 F(4-NH2) H C Hyp Y3BI) 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 YGD D LC./H I

<0.1 F(3-Me) H ¢ Hyp YBD) D LCH I

<0.1 F H CY Hyp YB3D) D LCH I

<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 YGBD 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 €. Hyp YGED) D LCH I L

<0.1 F H C, Hyp YGBCHD LC H I L

<0.1 F(4-OMe) HBzl) ¢, Hyp YGI) D LC H 1

<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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provide the general fornmula: GD Y Y GT G X10-X11 (SEQ ID. NO 18) or
X-P*-CGD YYGT CX10-X11 (SEQ ID. NGO 26), wherein X1 is any natural or
non- nat urabD canes acid, P* is proline or a non-natural decaesnz/yest hereof,
and X11 is D, dD, (3D, Inp, Nip, Me- D, Cop, or Cnp. For exanple, a peptide
can have the sequence of L-P-CD Y Y GT C n(Decyl)GdD (SEQ I D NG 19),
L-P-CGDYYGT CGn(Decyl)GD (SEQID NGO 20), L - Pr-CDYYGT CBip-D

(SEQ I D (%L P-CDYY GT CBip-dD (SEQ I D NO'22) LP—C—D—YYG—T
C MeL-In DN023) L- P~ T,C—

L-P-C D C—lVEBI p-D (SEle %%@@GY Peptl de%aw ng fhe for H{H a
SEQ ID : " ont et by e ot v

accordi ng'zd)

td sclosed in WO
01/ 09188 of zn g(:} e DD(E) 5
f ragnment GFin. Each 10 gM (Table 2).

TABLE2X0| Xlo Xii Ln(DecyI)GdD L n(Decyl)G D LIVELInp LBipD L

Bip db L Me-BiRobde bl N%Lmﬁl{l%thé éie?al@omhl&cllb YveG A28, 48r¥en03/ 011115
PCT/ US02/ 24261 1{Ra‘Fheealg'l ty of t% ptides to bind a farget “such as HSA or

fibrin chiD:bd), whewis X lbyl(@mk)ﬁ H(éiHhB@@GM?L Biom, Bepgdﬂ@-lBep EB{#1), B{3-Medf the

Phpch cohtairtitteuatnt. i T Rniesdls Ao o R e e i tbind il oy
The DIX Eghéﬂy@élﬁﬁﬂé sERHRR] RIS 4 PYdiRsLHtARAMIBHRREN AZRdCYL A, SriRYiHi N to a

solid su strate@é 9., amlti-well plate). Peptides can ‘be i ncubated with

the i rmotme pmbedipppts) a periifesar nchude asditioan I@SlﬂUﬁsﬁ & Binandfondimtp det ect ed
usi ngKngun. YL DOAELG 7. DI PN QAR S:x VRSB IBBR1 ) ¥: 2Ash. ST i nus
Y-Y-G-T-C-X;0-X11 (SEQ ID. NO:26), wherein X is any natural or non-natural amino
acid, P* is proline or a non-natural derivative thereof, and X;; is D, dD, D, Inp, Nip, Me-
D, Cop, or Cmp. For example, a peptide can have the sequence 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(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).
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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10 If present, linker-subunits and |inkers are used to covalently attach
capping noieties such as chelates, thronbolytics, and other groups to the
two ends wboaopapti de. A |inker-subunit noiety can (i) ceoramsh/e4rel
functionality of either the CGtermnus carboxylate to an am ne functi onal
group or the NNterminus amne to a carboxylate functional group; or (ii)
provi de a spacer noiety or group between the peptide termnus 15 and the
linker, if pr i an be
eacted i bh oo D B e B B i AR A

C-t er mi n&y kaawnendtiedolégyn dlor eyaroplp, affiditnof\the peptidedbor fibiimearf bmssd:ssmhl group.

forma mosPE nRopLg ot $P RS, KPh Phar Ml Rl i ol Crogren: B or oup
and a C tep RDN@tagdanb D)l athe DINE) tiagmaht @h@é@M@l@&%ﬁﬁh@@ﬁ?@ggd@m 20 a

pepti de can be synthesized froma Ctermnal |inker-subunit that is bound
to & respHdin igfeiodidypubsitie @ SdMHG-WRk PlEnt Paptides 6pn bhimcrlatedhwith theept i de
havi ng a t i anot her
embod: mopre G A EDETkAEme HASIMRRA bOA R BAMERH wifl Bldr o Fo
change t hethceiotagyuSeé,ubcexamngée, WOoRP09188] | nker - subunit may have nultiple
functional groups for attachnment of |inker noieties or capping noieties. 25
Many types of reactions can be used, including acylation, reductive

am nati opz ang@yg%gﬁglﬁkg@@bmmkﬁactl ons, urea formation, thiourea
formati on, and chenoselective ligation in chem cal ly conjugating the

| i nker - subuni If prosd;llhelmkelpsutxumts and Iimders, ara nshdap comi@nth@pttmh edipiEg One

advant age of u5| ni.t is t creat simlar, functio groups
o e Byoidtiet Shietfastp RSl PP, o B S it okt B BBl A e
noi ety Cﬁmcéiesuuﬁﬁdnio@etyr@a@{lﬁwdvm@ﬁet RESIHABtyQST iREShS EPRMBuEDI eties to

t he pept| de termn nus I nker may be branched or unbranched and may

conpr i secathgxyhge (s 20 apinesfupctinaberenp apde N-tauminys|agineioct ¢asbeyylage oup fs f ﬁ r
Pl ker *miydped o lthS: Al pustiSy A pAEOTERY: or Eur RERRGR lhe pBpEACD AR, 1

co 315 i’ist afdyhetlinke) Mpga&gafo& capping g@hpblﬂ 01%)&mﬂli€ﬁﬁéhthﬁbefjpﬂdb fcﬁn bf E%alatedw t Iy
an plrasm proteln I, nai_n m e.substituted wt al Ky ary
al keny! , V&b 2¥GFGTLEHHR &rm Emﬁf ed pegtids hayingaGricrmypalasmipe funchpral

typical | &rgﬂpﬁngﬁll‘@ttérﬁﬂha)f aftfiRY funfitha %Ir%hae {{1&% cr®BhinARt, o bg&?fig‘g%&m lfeo r

exanpl e, nker can have a nol ecu ss than a ,
| ess t hareactabotith Qﬂ@er-smmmﬁpmamiodéﬁc@pe@ndw hafing ahkkmmabmbcbxym:te et y and

?Zh(ca:l- a? gd Ny %1ona g?c?llp and aké termllrslallclal.!b%%fla e ﬁrcljct{o?lalt gr}guf)c Ofnl a(%lthhegg em%oéll(r:r}elfll{,e:
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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Chelate HN NH Linker N Linker subunit NH Peptide-CO NH N Linker --/ -~p
~\ NHHN O NH Chelate Chelate 10 The C-term nus carboxylate of a peptide
may be cowoesmedii o an amine functional group with a |inperAsobest (e. g.,
a diam ne synthon) to forma peptide having an am ne functional group on
each end of the peptide to which the remaining |inker noiety can be
attached. Exanpl es of such peptides nodified to have a C-term nal am ne

functi onygHeye ﬁml:ﬁoﬁdl rm&f&, M@&&%%ﬁ&&e@ﬁ@ch@%&%&ﬁﬁm HZhE Blephicgle NH (1)
NH2 H2N- Pepti de | i nker subunits O H2N-Peptide N +-[ n- NH2 H OR

H2N- Pept smctNquf thel—hﬂk?éﬁ@i&’ﬂffﬁ&tﬂh@ physicahensd pharmasolegical peonertingiof the

::.IS[] II;ErG;]SHu _ L@ ﬁ]ﬁ %uaiaascacfﬁ\ﬁ%ﬁ's?a@ 1@/, bcf(%d IYaGf;Ehite[ Pe’ﬂﬂvﬁﬁ 9}1(11 BlaBﬂé‘ﬁFotélﬁsi n: 0 n

binding. Linkers may be substituted with alkyl, aryl, alkenyl, or alkynyl groups. Linkers,
5 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:

Chelate ,
Chelat
AN ) ela e\ w

2 NH
Linker Linker subunit

N
‘}—NH-Peptide-CO—W N Linker
3 C NH 8

()

HN
Chelate — /NH ~
Chelate

10
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

16 are:
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H2 I NH2 H "linker subunit* CI 5 NH2 The followng resins (R) are
comercially avail able from Nova Bi ochem 45 WD 03/011115 PCT/ US02/ 24261
R= R Hz2NvoO\o3pomiN - H n=2,3,4,5,6,7, 8, 9, 10, 12 H2N \ PCHANOtR42BN % H2N
HN OHH H2N,,,,,Nl  NH H2ZN HN~N-~- HHN ~ O, N HZN'~O ~'/O'/"H HN N
In sonme cases, the follow ng |inker-subunits may be enpl oyed as spacer
groups at the N-term nal am ne functional group: Base Base Base O~ | Base
QIO OYO O %tlde -tG+H2N—=aN-t6GN LG H2ZN~-~NLLG ' H2N Base Base Base Base

Op O0--H "b NH
jf <
. o)
H,N—Peptide m/\l\/ \k\NHz 4\

= 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

A '\;ismumf'

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

-

solid phase resin:
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H2N~~NNLG H2N,, . N LG, iN,p-LG O 5 R O H2N OH and H2N ~Nj LG wherei n "Base"
is a purine or pyrimdine base ("Ad" = adenosine, "GQ" = guanosine, "Th" =
t hym ne, wQO3/oH1eytosine) and "LG' is a | eaving group sucirCagsai4261
activated ester, halide, or anhydride. 46 WO 03/011115 PCT/ US02/ 24261
Addi tionally, oN al kylated am no acids nmay be enpl oyed, as well as am no
aci ds havi ng am ne-contai ning side chains (such as Lys and On) in which
the am ne has been acylated or alkylategas in the follow ng exanples: 0
RHNRHNnN LG H2ZN m LG nL MW 0O R-\ HWRIO H2NLGin
H2N-" )nLG LG HN, ,R H2N O nis an integer fromO to 3, Ris
any aliphatR& or aronmtic group, is a leaving group such as OH,
activated ester, halide, and anfydyi Still nmore |inker-subunits include
the foll ow ng:\ HZN~( ~LG ~ 0 O R R 2N—--iN)LGGL Nl,NH2 0O nn O LGH2N
0 YRO I N¥LG and HZN-,, ( nN=v%h LG | o R 10 wherein n is
i ndependently B#kr 2, Ris any aliphatic or aromatic group, and LGis

n=23,4,5,6,7,

8,9, 10, 12 HN

M
HZN—R-NH
H,N
7,
HgN‘lﬁ
OH
. H

WA

NH HzN\)\/N}{
H,N

o

HN e~~~

T

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

Ba:
Base O}) se o) }) o Base
Oﬁ’) 0 H
o N o
N\)L LG
HZN/\/N\/U\LG HoN LG M ’ HgN/\/N\)J\LG
H ! I_lzN
Base Base Base Base
N HN N LG b 0
HN" \HJ\LG N pn N P-LG
5 R ; \/\[o'/ 2 OH , and HZN/\/N\)L LG
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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a leaving group such as OH, activated ester, halide, and anhydri de.

Exanpl es of |inker noieties that are useful when follow ng an am de bond
constructwon3®irat egy i n which a peptide nol ecul e has twoPCg&rushnai26am ne
groups include the following: 47 WD 03/011115 PCT/ US02/ 24261 O OO | LG
LGLG lan "RRN-~-N-~-NRR' "RRNNRR' OOLGLGO "RRNLG RNNR ~/
NRR | I MNRR "RRNnO I LG nROC-_N---"C2R wherein each m

i s i ndependentysy: i - : irS o ' er
om0 T Af AR ARl WA olgb s iy b6 MRAENASRY X B 9
i ndependhatihy amiidrageiniog sida chiianisael apl.ys @l Omy ilgwhich thdandink hakBgennoi et y

al so may have_ branch points for attachnent of nore than two chel ates. For
exanpl e, aWiaéﬁd ’Plb"ﬁﬁ eﬁésé{‘hﬁ’grf?]i%w%gﬁﬁarflﬁlreﬁati on strategy, a linker that
i ncludes a carbonyl with a | eaving graup LG (for exanple, a carboxylic acid

or an activated ester) and three or or e protected amifles can be reacted
wth a peptide anRrr%to Create a ecBl e wi I ° Lr&)retermnal

am nes. The f II\Ilovvi ar bonyl - bas ),:}.0 | i nker®'re eglh y be appropriate
for introduci hg %—mre am ne¢ fuynctional groups. R2 1--1LGRL
r---) LGRF ~NN G MR1IR2 CNHN R ~IN, JND NRAR R R

O

R— HN" R o
HoN_ N ) HgN/\M/\(U\LG
LG LG "HN_ R
o)

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
H N/\G/O%r LG | \)CJ)\ OYR
2
n /\/N GL N NHZ
o HoN LG \n/\(vrn A
) o}

HeN Os_R
H N/\M\[]’LG LG 13
2 n
o Iil and HzNAP):jN‘t')ﬁkLG
o)
R

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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LG=G OO(r) NNOHN ~R2 R1 R 2 NNRLIR2 R
NR1IR2 48 WO 03/011115 PCT/ US02/ 24261 wherein
-OH, actiwetoedi®asi er such as pentafl uor ophenol
(NHS), N-hydroxysul fosucci ni m de
2-thi oxot hi azolidin-lyl, or hydroxybenzotriazol
preferably independently hydrogen or a chem cal
Boc, 5 Fnoc, CBZ, t-butyl, benzyl, or allyl )O I
am ne functional grou

an N-term nus car boxylrl) )2
anhydride (Ilinpke WNW I YIrg'Rer eby
a N term nal %gg\lboxyl ate fungti onal \g};&/
NH2- PL- pti de- CO2H 10 term nal
| i nker-subunits th can be used to conyert an

carboxyl ate functio Ichroup i nclude: O
NH- Pepti de- CO2H | i gker subunits-s_HO O

oduci

NH Peptide-C Q20H OR

N NRIR2 R1 R2N NR1R2 R1R2N
LGis a leaving group (e.g.,
(Pfp), N hpdrmsyzueei nim de

sodi um salt (NHSS),

e (HBT) and R and R2 are
protecting group (e.g.,
n ot her enbodi pents, an

t the N-term nus of pepti de nay be on erted to
elfunctional gr oqu?[g*u@acti on with a %yc ic acid
p:

RER& m)dj f ile e t.i de with
NH2- Pept RN CoszRrR N O

car boxyl at es Exanpl es of ot her

N-term nal amne to

a
O

NH- Pept i de- CO2H MNLO R O
R'N” NR' "RRN
NR'R"
NR'R" "RR'N
m n
0
A
R'OZC/\/N\/\COZR'

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

NR'R?

linker reagents may be appropriate for introducing three or more amine functional groups:

LG

RL L] LG R! I
LG NRR? [ 0 <:N N:> 0
) RY R 1 g
NR'R R R
- 5 LG
AR s SUNIN Lo )
R'R®N 'NR'R? RIRN NRIR? R'R°N  NR'R?2 R'R®N 'NR'R?
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15 wherein Ris any aliphatic or aromatic group. Subsequently, both

term nal carboxylates in the above exanples nmay be sinmultaneously reacted
wi th an awDmd/ogrieip on a |inker noiety as shown bel ow t o fPamrasa2.2q26ecur sor
MR imagi ng agent. In this exanple, the precursor MR inaging agent is a
pepti de nol ecul e derivatized with linkers at both termni thru am de bonds:
49 WO 03/011115 PCT/ US02/ 24261 HX2 ~NR R2 + 2 HZN -~N O NH2- Pepti de- CO2H

NRL R2 -~V RIRGNefin L& i%%&vﬁgﬁﬁﬁ) g%ge.,li}u(ﬁ-l,%%ﬂbbté’@9§t£&‘ﬂlaﬁ\‘?s RRN NR' R2

Speci fic exanples of addition noi eti es usefu or producing
pr ecur sopeEludroplgnob(Pdge ht-bydrexysuocitinide @VHE), Naby draxyrokfpsmemenalee: 5 NH2

RO2Con N SO e B BRS) - Rpgdiggelitin- 1 or ey e iagols (DM oS8 00 R
RO, C CO, R? Bt SpeferdBhRindepdadetly hydebidR ottaediheinicat hflecting ig?odpr(@.%giﬂ&,e ntly 1 to
n =

4 inclusive, nis i ndegendentlé O to 4 inclusive (e.qg., or 2), and R
i s Hydr o§eecorBént-bippk opravhtcs alieni cal protecting group, such as nethyl,

et hyl, benzyl - t e f Y] .at t achnent, of the

| i nker 10 SublIJIhlg glf e‘ﬁﬁée&{ps 1(1)‘](9’}& Qﬁé@gﬁ%ﬁig@é%upb@g kﬂ%eem%%gsn%caﬁeé’ﬁg?i ng or
pr ecur somagibelcahver@gd torah dl-ic@aintia Balbexyhfedaneidnilgrougby fdasticiawih ariybles, for
exanpl e, am de bond formatiagn. _\Wen follow ng an am de baond construction
st r at egy2§1f appydeidleAlinfesssibrenitagpisé thaereby producing a modified peptide with a N-

terminal carboxylate functional group:

HO;
NH,-Peptide-COH + —_—
c 0 NH,-Peplide-OO,H

10 terminal carboxylates

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 |

R
(7

linker subunits —»{HO

N

O

NH-Peptide-CO,H

0

HO NH-Peptide-CO,H

\

15 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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is termnated with two carboxylates, the following |inker reagents may be
appropriate to introduce three or nore am ne functional groups: 50 WO
03/011115wB@30USOR/ 24261 NR1 R2 0-~--NRWWMW n NR~R2 ~- NIBCTN'S02/N26N ~~NR
R ()n1IW1 2 ~, NWR2ZNH RNNR R2ZRR2NNRR wherein R and R2 are
i ndependent|y hydrogen or a chem cal protecting group such as OS, Boc,
Frmoc, CBZ, tbutyl, benzyl, or allyl. Linker strategies that involve
formation of am de bonds are useful because they 5 ypecally are conpatible
with the ing groups on the peptide. meAtdi oned above, the
peptide, linker, land |i nker-subuntt may,Nae Mal ently attached to each

ot her by for nmad1 OmNHfPeptideecOpONd t ypes (nucl eo}&h’r\l i ¢ displacenent,
reductive am nation and thiourea;formation, for ek@ﬁ‘bzl e). The linkers may
al so 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 noiety and
a chelating or chelating precursbr noiety can be reacted directly with a
pepti de V\A%EizNappr opriatedgermnal functionality. One exanple of such a
covalent c 'uga.he eapabl g of  reacting vvbth term nal carboxyl ate groups

fol l ows: Linker S5'NHChetat & precursor|i Link e p/"ﬁNRN\N Chel ate
precursor N HN-ANWRY e , t(oc mpleH@/\N 15 ---meeeao -

R'R°N

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 )

N
ROLT"TTNC0R COR AN ACOR oo r~"coR

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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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
coval ent wonplgal® has the followi ng structure: 51 WO 03PQTABLE24261

PCT/ US02/ 24261 Linker H -Chelate precursor NH ----------- R
Chel ate precursor YIR RZN/N-/\ NR-R2' HHIl e R3N NR3 wherein Rl, R2,
R3, R4, and R5 are independently an acetate group, acetam de group, or an

acetoxy group. An exanple of a coval gftkzconjugate useful for converting a
modi fied peptide w ,{]‘Rﬁarb hat e Gld onal groups iat theytwo termni
to a precursSoHN hng a t ﬁ?sat %’Fow ng N Ha\é\ ) 3C2C

N O 1 M (NocRQ) u%a@) QS0 S et o) R @ Rs 52
WO 03/011115 PCT/ US02/ 24261
wherein R! and R* are independently hydrogen or a chemical protecting group
such as OS, Boc, Fmoc, CBZ, tbutyl, benzyl, or allyl.
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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Exanpl es of coval ent conjugates capable of reacting wth am ne functional
groups on a nodified peptide are: NR4ARS5 Chel ate precursor Linker LG NR3

Chel ate pweamamsans N HN NRIR2 | ----------- --- WW ------ PCTAGS02/23261 R3N
RARSN ; ------------- wherein LGis a leaving group, n =1 to 4, and R1,
R2, R3, R4, and R5 are independently an 5 acetate group, acetam de group,
or an acetoxy group, and Chel ate precursor Linker LG ~-~ ---- F7~

--------------- Chel ate pjgcursor R RAN NN~ NNRR2Z ' HHRINNRS i
---------------- NR4~R5 erein LGis a |eaving group, wherein Rl, R2, R3,
R4, and R5 are independent\ly an acetafe group, acetam de group, or an

:

acet oxy gr&lglete pecsHarti c r | ent conjugate for synthesizing
a mul ti mer E:Qntrast agent has the fol Nowi ng structure, rei nafter
%2&1&23?% ; 53@??&/—91&;}5‘& PCT/ NS02f 2426 ?___(_gﬂ_e,)g_\i C‘Ci@a?e%r%go?/

E R'RN :HN/\/N\/\HN: NR1R2§

lWRNj [NRRs

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

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)s COZC> {OZC( CHs)s /— CO,C(CH3)s

(CH3)5CO, N
C\—N N-——/— \‘——COQC(C Ha)s

0]
NH
HoN /—/
__>‘N
3 \——\
NH
O
N N CO,C(CH5)
(CH3)3COZC/— > < _\———N/_- 3
(CH3),CO,C CO,C (CHa)s\—CO?_C(C Ha)s
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(CH3)3CR2C > ( N N N----C02C(C H3)3 HN O HONH O~N (OH3)3CRC I (\__/
(CH 3)3C2C 002C (CH3)3\--Cx2C(C H3)3 Anot her enbodi nent of a coval ent
conj ugat ewoggful11s or synthesizing a nultinmer has the fol IPO®iUSg2/326UCt ur e,
hereinafter "Synthon #2": (CH3)3CO2C\ CO2C(CH3)31CRC(CH3)3 (CH3 )3C2 N
fff v _CRC(CH3)3 0OONH LG/-/" NNH O/-NN N-\__ /-C02C(CH3)3
(CH3)3CR2C I ( N (CH3)3CRC CRC(CH3)3-CRC(CH3)3 5 54 WO 03/011115

PCT/ US02/ 2426 opi; t he

i nvention thatk Xﬁﬁglégrggggg%@gﬁﬁqgﬁa @hﬁefbﬁgﬁa@%ﬁ@ygﬁ the gn ect g}‘&l&)ﬁ

N-t er mi ngs almedifed peptidearg:el axi vity of MRl contrast agents is illustrated:
Li nker H Chel ate Nonf\ N Li nker-subunit Chelate NH -- -- -----

T

helate precursor

-

Linker

Chelate precursor |
&* ' RRN

'
1
]
|
]
1
|
)
|
!
]
|
]
!
t
[
]
)

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

wherein LG is a leaving group, n =1 to 4, and R', R, R*, R, and R® are independently an

5 acetate group, acetamide group, or an acetoxy group, and

# ore

elate precursor

.

N ——— o —— 0 2 o o

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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/ HO/ 1 OHOOH FINNNN N~ LNNXNNNN- O O~-SHOHOHOS/ HOr OH
(@ o B e Peptide NH Linker-subunit HN H
Chel ate NWwOoOMIGel ate NH Linker 5 In this exanple, "chelparaSoz/af2zers to
bb- DTPA-GJ(111). The "Linker-subunit” above was varied with the follow ng
results (relaxivities per GJ(I1l) ion were determ ned at 20 MHz and 35C,
units are mvls ): 55 WD 03/011115 PCT/ US02/ 24261 Fibrin Affinity

N-term nal Linker- RelaxivityiReta V|ty @g!l@j(i@,q &ideHy, DX(E) (10
rrg/rrL) Structure 15 11. 7 18(% %@ 33?1 Structure 16 12.6 29.5 Ki
3.4 MH3 X (CHy)sC

\——N N—'/_— \—COZC(C Ha)s

(0]
HN
Q
HO NH
6]
/ /_—C02C(CH3)3
(CH3)3CO,C > < _\—

(CH3)CO,C COQC(CHs)e,\—CO2 C(CHy)s

Another embodiment of a covalent conjugate useful for synthesizing a multimer

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

(CHg 3COZC> <COZC(CH3)3 /—-—C020(CH aks

(CH3)3CO,
C\—— N-—/_ \—COZC(C Ha)s

0]
N N /_C02C(CH 3)3
(CHa)5CO,C’ > < _\-—N
(CH3)sCO,C CO?_C(CH3)3\-—C020(C Hs)a .
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H NO O Structure 32 (direct bond) 12.5 21.6 Ki=4.74M As shown above,
structures 15 and 16 are simlar to 32 except for different N term nal

| i nker - sWwonBOsL115The experinmental results show that a |inker/usamabf ect the
5 relaxivity, as well as other characteristics of a contrast agent of the
invention. Chelating Mieties and Reagents Chel ating noieties are
chelating |igands conplexed with netal ions. These <chelating noieties
contain a synhbﬁfe'fsumngtexaﬁal%%ﬁwméoqmtrageﬁ &Qﬁé‘ﬁw&ﬁm%ttﬁﬁq &Ihs

the linker, linker-subunit, and/or nodified peptide. One or nore c éﬁatlng
noi eti es pnm‘;del@@ optlinetl @hovey ﬂmcnﬁfeggﬁttb@Nttgmumes Finlee oh dreadel agpivitypf MR Each

term nus Oft tp rr% IL %tﬁﬁptl de. In one enbodinent, the chelate is

at t ached ¢804 $5°RkeT TStiBa I n anot her enbodi nent, the chelate is
attached to a |inkeimkeroi ety. I n other enbodi nents, the chel ate may be
conjugated w tlth, a Iinker nojiety to forma coval ent conjugate before
attaching, t pg/ﬂS coval ent, conjugate to the nodified peptide. Precursor

chel ati ng “70i et ies e ellating |ligands that have not been conplexed wth
metal ions. Ckelat%j; | i gands may have protecting groups or may be
precursors to| chelating |i QWW$p§ﬁﬁﬂh“SOF chel ating noieties have a

synt heti cmmieert'y"\gbabl e of| /formng a point of attachnment to the |inker,

l'i nker - subuni t, and/ or m)drf'ed pepti-de---26--Pr-ecur-sor--chel-attng--noi-st i es

One or nore precursor chel te noieties pay be covalently conj re’d 'to the
56 WD 03/011115 PCT/ USO2/ 24261 functional” yroup at each ter
nodi fied peptide. In or1e odj mreno=t he ecur sor el at e
to a |inker-subunit. In aholthéd Rnbodl ment a prdcul sar
attached to a |inker rrulafg/ N'n Oothe{]{ nzo nts

may be conjugated with nker~ nols
5 attaching the coval ent tonjugate to the di fied peptide.

...............................................................................

Linker-subunit

HN
s N
H
Chelate—N
\’\ o
N

Chelate——NH

\. J

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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ONGOG OO NO)) OO NOOXOX0 XOXXOXO0O0 OYY OV OX Y ONN
NN ~1 XNNNjJj( NN>>JJO0O-0O0ON XN XX XXO0O0X00X00YOoO
>Nnt O >iwpeEBaHix - vNJ NJJ X IJX\R~-L_ /NDR- ~ R~ ~JPCOUWS0224%0 0 o O
OY O 0~ 2N1J XCNNX-CNNNXOCNN Ljy; )V VYRL *"N X RAN RAN N X RAN
O 01 G or 57 WD 03/011115 PCT/US02/ 24261 t'N Th Nci O wherein Xis a

het er oat om el ect ron-donati ng group capable of coordinating a netal cation,
such as 0-, OH, NH2, OP032 NHR, or OR wherein Ris any aliphatic group;

Rl is an uncharged chenical noiety, selected fromhydraogen, any aliphatic,
al kyl  group) Elem Affeitvoal kyl Wun Relaviit) supRelpdvied vef si ons
thereof (e.g alcohols); and®n js a sypthetic no E‘Pg‘:lg]@@b@? capabl e of
f 1 I 1 ho.nol nt mg L
ormng a po A o —bei-ng—t-he-—point
Structure 15 H\/& 11.7 18.7
Ki=4.0 uM ;” 3
[o]
Structure 16 12.6 29.5
Ki=3.4puM Hy H
o
O*H
J-‘JH/\/N\/ﬁ}J:’
Structure 32 (direct bond) 12.5 21.6
Ki=4.7 uM

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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of attachment, to the functional group of the nodified peptide, |inker,
and/or linker- subunit either directly or with an intervening carbonyl,

met hyl enewormpimpiene- oxygen, thiocarbonyl). Mieties w tirCraiset/atel noi ety)
or without (precursor chelate noiety) a coordinated netal ion nay be used.
10 A variety of chelating Iigands may be used in contrast agents of the

i nvention. Such chelating ligands include, but are not limted to,

derivati ‘ﬁﬁﬁu@ﬁal@}aﬁa at R&Ti term NG Bf the b dEF peptide. I\I'Rbne gimticalimerigthat es such as
gadol i nium di et i enetriam n‘ﬁgent aacet at e, ( DTPA- Ogdol iniumtetraam ne

1, 4, 7, 10Precursprelessy smbbr#iachertong Ipkersulynit, tI’éﬁMB%fe%h ungwtthe o) and
gadol ini A- Gd) are
parti cuI C&rsérs‘g ehﬁ gs%lar tg]? cha‘? fh\l(&l usegg ﬁﬁﬁ%gfﬁ?&dﬁ%ﬁ?ﬁ%& CO) DTPA-

Q her nebbélstemmy H:ee:oa;ﬂytedmaﬂea:lhﬁlmr nedéty ltd Forimma cdviRlenappljugast bafore.  Exanpl es
of function d chel ates. t hat hav t hesi zed for the purpose of
prepar i n§tt tﬁEFP@?@HQF’%}Pg%tC gﬂ Mﬁ%@ﬁ%@emm [Martin, V., et al.

Bi oconi uaat e 20 Chem 6,616-23, 1995] and

Gd( 4- NCS- phenyldey Ak BiRs15:8 nRetes ABd BivdlatPaRAetids Ba&mai@? e iR InvdRtioflca! -

I nvest. Rad. 1998, 33(11), 779-797]. For optinal axivity propertles

when bouhdvetfmya)ftﬂaﬁr@élpwmlgStl’@tltrﬁsequent |y desirable to mnimze chelate

nmotion, and hence, a mnimal nunber of coval ent bondsy | inking the target

to the chelating ligand are desjrable. Below is an exanple of a reagent
N s//g?: /J\

t hat i ncl uge a |ng IlgandITJ a5 backboneNcarN yl group for
an am\n nctao grou gi - subuni d i nker,
sl o e ol

connect i

wherein "LE\is a | gro ctivateyd ester R represents
a 58 WD 03K01P115 /U$02/ 24 gr oupX dch mayb& easi cbeaved to form
O (-OBu, e.g. a carboxylate ester) thereby ’forming a carboxyldte with

t he nei ghboring carbonyl group: carbonyl group attached to chelati ng

| i gand backbone LGj LG b; COR ROC\N/ CCR~- C C rROC NN

N N J ROC-' - OOR ROC' CORY t ou othec*e e SNASHif of a
car bonyl |rrmed| aterYadj acent%q)ga\‘ [ 5—2 Yj/

P ;XUNJ( jSY

O, O



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:
LGRZ3 RL RR NOVW-NR4 R5 and RL R2 N NNR4R5 LG 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 ,Qinclu the following: ~OP -1"Y NHP 0 and O , wherein P is any
protecti r%*—g( yncl uding benzyl and tert-butyl groups. LGis a "leaving
gr oup” nts -OH and ester 15 fornms thereof including, NHS
esters, pe Iuo ophenol, and other activated esters. In a particularly
useful e ed\? XGis -OH, and Rl, R2, R3, R4, and R5 are CH2CO2O Bu,
her ei nafter n #3", and has the follow ng structure: 59 WD 03/011115
PCT/ US02/ 24261 HOW@, (CO2C(CH3) 3 H3C)3C02C N N C2C(CH3)3 (H3 C)3C02CJ

~ C02 CCH3 )3 Alternatlvely the follow ng reagent may be used in the
synthesi s of &heteimstis aé@@@m%or@ﬁlepﬁ@nﬁﬁ%wglg@wp@mwo Pendicpipsy 3

g:ommcr? 3%%%@§Wg56%5§)ﬁ&0§§ grﬁéel)@_‘lgﬁgllégl on aTVso pr ow%@ahieé éogg ?%/n

manuf act FfduBQRb&%QHﬁﬁérged EhenR8d] tnh &by el ected MR hy @ béldtah @ ah}smetanaﬁ permts
the facile preparation of Synthon #3, a_ preferred e enbodi ment  of

chel at i ngrdupg@nmcldaﬂ@l gyvphesinshageSyrhshigtedagraens tb@rea’é(mgew@dholshm@gh t Wo

i ety onidd Franiras mat) e, SRRl SPIURAG! § o/t o dh s e et B
(al kyl at bpattachinehd, exed@ fimyctionaldabiosy) thapdifivd papﬁ@er hnlmphnm lmksi-x- st ep

process (protection, oxidation, esterifi catl on, depr ot | on, al kyl ation
and hydr sgumrgiejbpsdirectly op withsaisiervspingicarbonsl. methy e, 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
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hi gh chem cal and optical purity (vide Exanples, below). U S. Patent No.
5,637,759 di scloses a synthesis of Synthon #1 from 15 2, 3-di am nopr opi oni c
aci d and wepaslygihe by a sel ective hydrolysis protocol w PhTasd/2Hr61

t hi ophenoxi de. The nethod di scl osed herein avoids the use of this toxic
reagent. Synthesis of Contrast Agents Synthesis of the peptide-based
contrast agents nmay be carried out in the followng 20 steps. First, a
targeti n&oﬁﬁ%&ﬁnﬁﬁBe BasilgMakESi0ZBEn O ({0tBE, b tdh@uboxgldle tértiRadby | nker -
subuni t, typicall g using solid phase peptide synthesis. For cyclic peptides
descri beﬁmnm%?ﬁﬂi owlzﬁml@dh@aelghm@g cadonylgEotiRly be cyclized in solution
or on the resin. Unprotected peptide may also be cyclized in solution or
on resin. A Ctermnal Ilbpkeyicssipiatiabhdby be 60 WO 03/011115 PCT/ US02/ 24261
conveni ently derived frgadtig Iixghd backbBese synthesis resin and an N-term nus

linker or N~ termnal |inker-subynit can be coupled to the peptide during
the solid phase synthesi skG Wbuc}%fol | om ng cyclization, the

| i nker - subuni t-chel ate p cyrsor noi eNjes were coupled to t he pepti de.
Protecting gr O#S wer to prb@Gi e Qhe €Pgand precursors, 5 and then

%‘g'ﬁcllde c ounfs of this invention were

chel ates wer eRHCepax éd

prepared fromlig pr SOrs_usiRg ¢ i a avj | abl e radionuclides
(for exanple, 99fifc from Nycon®CA n&rsham BBs)tlt?rchat CQRRX- 290195, 111In
fromNEN Life Sci e e FNoduct S cat. NEZ304, or 3Gd from NEN Life

Sci ence Produ&og @J?) B9Creaction in aque®®R nedia, typically at

pH 4-6 for 1 hour. In t he case of 10 optical contrast agents, an organic
dye may be substitut ed for a chelate precursor. Structure of Contrast

Agent s: PA H NH
4H 0 H o H O & E?e&j u@ﬁ%’ﬁlﬁ ?’he Sgiﬁgf(’gf a%&rh %gous %&EEE?% %Jgngd 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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G6Df R400- N f CODTPA-d  Gd-0TPACAa 0 CHOHHO HH\ H OOO0 0 i 00~NCH'OH
61 WD 03/011115 PCT/US02/24261 6 C4-OTPA CO H HCQDIPAGd Gd- DTPACD- O CH
OH NFTCOWwOmA@i1IN |1 g ~~ ggqg ~' I1g YAH NH O ~ 0- O BEQAS®/S20H CH 7
. CODTPAfid -0TP4AQ GIDI PA O-NV \ r~H CFl He~ NH JL N H po;: H\H Gd
DTPA-CO~ 0 OO O= 5 \1( OH< 3 8 GIDTPAACO NF, ~C H ~NRCO.DrPAGd i CH H N

N NNI CODTPA Gd GJd-OTPA CONi DH- C\~ CHS5 | WOH " ~(1 CH 10 9
Gd- DTPA- CO- NFKO  , , , OHO%EFCDZB?AEE% QFi ~1-1, , DH1
(HsC)sCO,C~ N N NN C0,C(CHy)s
(Hs C)3CO, C0O,C(CHz)s

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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HN ~.J~ N~ HRFNO / O'~NH GAIDTPA CON 0 O HO HO Hp pN/~H N 1
CODTPA-Gd  ~(\ OFi OH 62 WO 03/011115 PCT/ US02/ 24261 10 Gd- OTPA- CONH H
\/PH 0 NAFWCGO@3DTRACd OH N, JI " Gd-OTPACGNH O -S" OO\ O H @cir/uSoz/ 24361 \
N+CaDTPA-Gd  (~/ CH 11 WDTPACD-NFk O - ~* CHCH QH Q H N 1f NFFCOMG
Gd-0TPA-CO-NH O Hp~HO Hp HO 5 CH 12 H HCO DTPAGd Gd-0TPA40N CH
NRCaDTPAGd Gd- DTPACO, O OHArk OHOHOHO HO HON 10 13 Gd- D1PA0O* kk

PHI U-XH EhAdnNa e kol the éﬂ)lgp‘fﬁse g/n‘?ﬂésis GekiPIRAMPNHe AniBudtifke? or K-
NHCADTPAGD OH 63° WO 03/ 011115 PCI/ US02/ 24261

terminal linker-subunit can be coupled to the peptide during the solid phase synthesis.
Typically, following cyclization, the linker-subunit-chelate precursor moieties were
coupled to the peptide. Protecting groups were removed to provide the ligand precursors,
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

GdDTPACON CODTPA-Gd
N-+-CO-DTPA-Gd
oH
H

OTPACO ;&@U}N

N\
S

o
O \ -
]

OH
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14 G DTPAC. CH Po g-1 N. % a C#D1P. 400-tJH ~ HO H O H %N DITPAGd O 15

HC6DTPA, Gd Gd. DTPA-CO-N1 _ YH \/ off NN OH H H Gd- DTPA- CONi

10HO

H H

HOH 5 GMODBODIIIN-O pay?\ HCO- OFPA-Gd  GdDI' PA-00. /0 H PEIM)S02/44861 ON Nry
1 H NF4AMDTPA-ai Gd-DTPAA-CONN O HOHOOHH S OH/ OH 10 17 H «d
17fPACO NO OHb NHc .DTPAGD Hey ~ H7 off 'Ij YN-Il 5H_H O

GIDTPACONH O O- H O H H NI +CDf PGd OH OH 64 WD 03/ 011115 PCT/ US02/ 24261 18

0 6
CGAd-DTPACO- HCO-DTPAGd
N;jW%O NHCO-DTPA-GA
Gd-DTPACONI
m LA E I X
7
\EEE
o CODTPAGH
(\2 NHQO-DTPAGH
GdDTPAQON!
GdD’I'PA—CO\::L‘(
5
8
GHDTPACONH A o OHH O\\[/\R\/NI“FCODTP/A«GGI
OH
O HOY HOYHOY HO(HO NH
HN\_—)L'@(N‘.-.)L NE)L N N‘-_-)\N&(/N;)Ll\/_/ NH-CODTRA-Gd
GADTPACONH \(' o3 Hoifo H°s7|8.[H
) OH
W
10 9
Gd-DTPA-CO-N IS OHH Q\l/\ N,\/NHCO-DTPAGd
OH
LB i)k (g o
G4DTPACO-N \(‘ 03 Mo \&o Hog | g/ M N--CODTPAGA
) oH
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Fl k Gd OTPA-CO- } A~~Jl v ~p 0
OHOHpPHHGg p~ NHCO. OTPA- GL
RCO- DTPA-WE0 03i0Q1s H OH Hp O H
N-1-CO-DIPA-Gd 5 20 H ~01---
POHOOHN~ p 41INNAl NH OH /

10 21 H F+CO-DrPA-Gd Gd DTPMCO NFk~ O |

me, O?yi%wﬁl(dﬁ; “@J

off r+co rFPA m off H W GIOTPACO-NH p H
OHOH 19 H CxHDTPACONFI® Ol | NOr_

= HH 0 O ~N Gd- DI PA- CO- NIFCTHISg2/24261

Il Ny (~, N NH CO DTP 4Gd Gd DTP4CO NFl
Hp-/\ HO S NH CO OTPA-Gd Gd- DI PA- OO NH
11 NHNOHO ~ NI-CODTPA-d
PA-co-NH/ | OH S

NH-CODTPAGd

NH-CODTPA-GA

‘rj pp i O-p | / H p-~ &d-Di
GdDTPA-CONI-k/\
Gd-DTPA-CO-NH .:-\
11
GdDTPACONI—k/\

G—i

NHCODTPAGd

NHCO-DTPAGd

12
Gd-DTPACON H O HCO-DTPA-GA
,::L(C’ oH Q\(R/NH-CO‘DIPA-Gd
G4-DTPACOH
LU VWV UJYF@ L~
\(= o] =\5H o X H o ; 0=('
" [
Q. .
10 13
GA-DTPACO! NH-CO-DTRPAGA
CH
GGWAOON}(,(\( \/ﬁﬁ( :?Y Nvﬁ Ili/\/o\/\O/\/NH

NHCO-DTPAGH
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22 H I I I NH O-N*/NRCO Dr PA-Gd G&d- DTPACO- NF~~ HIf~'Lry.l~ N.J~ O, NH ti
OHHOW OHS NHCODITPA-Gd 15 Gd- Dl PA-OCo-NH 65 WO 03/011115

PCT/ US02/\0281011123 CI H N, ~NH-CO- DTPA-Gd \1 O\1l tN~ | CoCDNRM/DH, ~ H
41,H0 ~}t \H HOS HO_/\ HO NI-CODTPA-Gd Gd-DTP,4CO-NH 5 24 H

Ni NHCO-DF PA-Gd NV \I \1 I~ L-5y 0, ~ Gd DTPA CO~I F~~ H NJL O ~0 NH HO $CH
S Hp- NHCODIPA-Gd Gd-DTPACO-NH 25 H3C I H I N ,NHCO DTPA-Gd Nom, - NH
O Hp

GdDTPA CQWFL,POO O Hp ~H N 1-CO-0TPA Gd H

GIDTPACON A -
ISPV 352 N1 ¥ T i ]
G3DTPACO-NH o/ OKS—AW——HO-BO Rod
o
15
CjA HCO-DTPAGY
Gd-DTPA-CO- H/KMM ‘ L
N I d
ﬂ/ﬁ\ W ’/_Cf NH-CODTPAG
Gd-DTRA-CO-NH W
5 OH
16
Tﬂ\ HOO-DI’FA-Gd
ed-mwfoo»\?‘ /\r \H
N\i"dj\ mm M—Cf NH-CD-DTPAGi
Gd-DTPA-CO-NH W /E
OH
10 17

Gd-CTPACO-N! NH-CO-DTPA:Gd

GIDTPACONH N\ °Y T X NH-00-DTPAGA
o
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/HOO-lSGdDTPACONH\\ 1026 G H11 A- O NNHCODIPA-Gd Hp N
Gd- DTPA CO-NPO ~~ ~~/~ N, J'~ NH H OH OHNI1-CODIPA-Gd V, HOOH S
Gd- DTPA- GooNBtopid15H  Gd, DTPXCO- IFI _~ 0 HI1 H I p~ FlI 4Df PRCEAISOTR42%60 1' O O

- I
70 '"Hp-~ Gd-DTPPrw\IH OHS HNI-COOTPA-Gd 15 66 WO 03/011115
PCT/ US02/ 24261 28 H GJd-DTPACO-NH'. 0 1 1 1 N 411 ONO*_NHcODrPPrGd Hp
HOF Q - cry OHO_~ fHV~-OHN Gd-DTPA 00-NH C Il OH N+CO- DTPA-Gd H 29 \
NH kH / KB NH ~r (~ NH 00- OTPA-Gd Cd- DTPA- CO- NH

Gd-DTPACO o

/T o OH o H-CO-DTPA-GI
I/‘ Mw/t W H H W
= g oy = H H g H
GHDTPACONH 0 N_° \Qo °f NH-CO-DTPAGd
oH
19
H
Gd-DTPA—CO-Nl—k/\ % | h:g 0\1/\ HCO-DTPA-Gd
Nﬁ ul,(&)km | o/\/NH
°o=( T-AH
Gd-DTPA—OO-NH : NH-CODTPA-GA
5
20
NH-CO-DTPA-Gd
%/\W
Gd-DTPA-CONH__~_ y ¥ .
O H A H O
4 ° NH-CODTPA-Gd
Gd-DTPA-CO-NH
10
21
07/\ H-CO-DTPA-Gd

Z2T

Gd-DTPA-CONH__~ o X HQ@R | HN
me HN_/&Nd:M OM NH-CODTPA-G
Rg H o °o=() S o

/ H Oj\Ho
Gd-DTPA-CO-NH & g

22

mq (AAHCODIPAGY
G-DTPACONH__A, %(MN%MN\'OOJM " MwébAﬁ:‘(—H\AONo?q:\
o (1 o ~¢

N-I CODTPA-Gd

15 Gd-DTPA-CO-NH
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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
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
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
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
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
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
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
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

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

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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of ¢ ho 1roRbSE iR Ape SeRERE BHo, SRL MR bR L MUIIRER T PUT ¢
such as Wiaariimagiggr thagibuspdedtaim MR tatlimidques and palse séqubnds nGiyhe. pr&feabd

conj ugates can activate plasm nogen |ocally_or increase endogenous |evels
of tPA. lfbffﬂhé%&rng gontgast fiﬁ #“P%’%B%?‘?‘%@Iﬁ%@ttﬁ%lEa‘é<§FPm16@IQQS’1ﬂ“ég§§‘é€‘é- to human

pl asm no I iqac i negenhi I : aSH: n

acti vat o?ﬁ?ste%%hl,d%}reg&% dléhgg’%!rg%o& lﬁﬁg@hggg&(%g?ﬁ%%%@yaﬁg t\/\oygﬂgi n 20
forts), bmkitemalkmbttedidadd sptheanfasicgareche s¢quatces and flowdipogled pradiEnokihoase,

st aphyl oki nase, nd anjnmal .derived_pl asm nogen activators,  including
vanpi T BAOREls TSRO glenalhde Py TaiRncodel CERpghrS HRCbE e pept i des
can be cafficiart @6l cérirasi dic DAY/ T1 EFfepdied batveeR PORFREathansaPkforhblrplase,

whi ch exhibits direct fibrinolytic activity. Such enzynmes and proteins can

be obt ai hlegd eodtissuei schys insesionetesaVery prepared oF astustioneecovely nmepsseds, or
prepar edseqﬁ%&eﬁﬁ?amiﬂ%%%e tl%"c%ﬁ?&%&%&e%b%%m%s {aﬁlﬁ%dcﬂgl%gkél fd.gan be |inked
| nown ways, UusI ng € sane i nker [

or fused ype o SClsseéd above

W t15 r espRgliods of prupatatios for LR Wehnigesstniasdlso proeatiseful Chipallyapricparationsa pr ot ei n
can be achi eved by standard chem cal techniques including the formation of
ami de, ef¥&pagngtizdtiontgastehicahniayesdpayetlsqipHueve gowiragyifhagentsplde £ prin

bi ndi ng peptigle can be covalently linked, either directly or through a
linker, to a protein by formng an am de bond between the fibrin binding
pepti de or th€ohpokitipnaeitht heenfi@, including peptides, peptides conjugated to

thrombolytics, and peptide-targeted multimeric contrast agents, can be formulated as a
20 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,
25 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
30 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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WO 03/ 011115 PCT/ US02/ 24261 |ysine residues on the surface of the protein.
These surface |ysine residues are usually distant fromthe enzyne's

cat al yti cweios®111Therefore, the tethered noieties do not i mCcenfsera26w th the
enzyne's catalytic activity. Miultiple ligation can be achieved in a single
step. The ratio of the fibrin targeting peptide to the thronbol ytic or
fibrinolytic agent can be 5 controlled by adjusting the stoichionetry of

the |i gakkguyufdy8mkist to/the Watcht HleBiek.| DRdrh@BeutRallPAEhGabeablyot4aef Ul in the
case of a noderately strong fibrin binding |idgand because higher binding

af fi ni t y cempotalsio #1is myantidn imalgde commnterdornsederiodd frami phiarmicesficallyt . | n

particul ar couplin ent . or..an tivated est.er can be used to achieve
am de boﬁ%dePgaP ity C%ga&é%aﬁmtaﬁé%la?g%ﬁ%es 8@%%}‘Fia5tri n bindi ng noiety or
the linker. TiPhadaelcowicatbafBosthewsf H idventivadm Be Sdmididirbd belampioRgd)l e
formed by chem cal ligation of urokinase to nmultiple fibrin binding

peptd des ngluding batk oratgnd ppissteratgdmpistnsion o Parsniera adminigration ircdudpsdaitand t he
nunber o i By - i ndi : e: | i . Al i y, the
Fibrin ¢ ok s e R e ko AbleK RS BRIBH M V.

usi ng r eaorbavignddnihiktrati@c Wbk gdminisiration isikeavehbls, iphariagelitizgl pept i de
Enzyme's active site N Linker, Fibrin binding peptide toYa~as N H2 In sone

E
enbodi meAYEPOBEIASTBESOGEVEES § PRIBREF B0 enfoRedqseicBarated 18 tite Bt yt i
agent W bk bPKGE-1IAOE AAARAI. AMuSEHITRLHEnCOARY BARnAL] m 1 0. . AN

enzymatic cleavage site normally cleaved by enzynes in the coagul ation
castade, fauuiatebioFasy orutef adiintstratorbi n, or plasmin cl eavage sites, etc.

The thronbol ytic. agent is .not activated until. it.is cleaved fromthe cl ot
bi ndi ng._compodyPEAG BmPPHEOT e S Aminigation dre RERIF Gt SoFRe (i sk o
unwant edisgtReslhqigoeViaiffes. IWheit h@essais i donigoitioh igayCdi®d invREE 8 be m ni m zed.
79 WO 03/011115 PCT/ US02/ 24261 Furthernore, thronbolytic noieties can be

li nked t éolubibigingiagent; & pigbitizmepgent #askg localeppithetivisuglyantidasging te prse pairc| ot

can be i i I [ . . accordi ng
o the aronp it fiue IBARE. WMRISARL HiReaiiEWITE: o BRRRE SRl SHALAM,SE 0o
MRI 15cont e.gsin akje i sniaeditogetbeninefunit doaaget fosm dioagtumspls, afa dry Hephilized n

t hronbosi s, ,pul nonary enbol us Qﬂ{sonary ,t,hronbg);i s, carotid anq(il

i nt r acr aRPHACT o FYASFTIERSI conceptiates  Thy campasitipn gay De stz hermetially ar ch

thrombi, sand QnBlindrisith £ AMSpule 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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When i magi ng a thronbus, certain MR techni ques and pul se sequences nay be
preferred to enhance the contrast of the thronbus conpared to the

backgr ourmolmBoodiand ti ssues. These tecl uiiques include, Pomtusar/a2ont
limted to, black bl ood angi ography sequences that 10 seek to make bl ood
dark, such as fast spin echo sequences and fl ow spoil ed gradi ent echo
sequences. These nethods al so i nclude flow i ndependent techni ques that
enhance bhgtodl bRIGEHC el Qei%ﬁf‘%é@%&ndiﬂ@n bPthk Petickit aﬂd %&%ﬁe R5GorS SR

cont rast - enhanced thrombus and Bl ood and tisSsue,

i nver si onkinaedely de ylegided by extdizal mmqmnahsubsﬁquwdvexperm@mirde&msqumm@S t hat

will increase the c between s and, back nd tissu

Vet hods. ST PeASTER FODREDPY T8 R RGeS LOETH A Ge GRoIr e s 1y,
prepar at iRBsostit QEnsMRERLd tK@fbpéhlﬁctef@d’zhﬁff Qill t2EH moﬁu%uﬁam@k@sro (10,0 pg
contrast wth ag)gnts of the invention. Conpositions of the invention,

i ncléudi ngre&rpblv tvecpd]i 9eX-Lielke ghhest bedy massy dhassipfitiat doseanidl be
tid be f | at ed 20
Phor g e IR &8 el 7 B RE MR- R 0, P e ocodur ea. As used

her ei n, the cm:imwpkscttn‘trédm@emtmfemmnlmamondlﬁbmelepjwnﬂi]@czﬁmdtérwl| y
accept abI e deri vg es there 'Phar t%eu“ C IIy ccept apl e" neans t hat
the conpBifRtRigse Wéé@ﬁ St %I%Prwesneaﬂ ¢ direrbaerhibolicpogAftionAnd t hout

unacceptg ﬁ 1§§1z€fF {Fot, Ahe 'Ié%%l% eadn oy Qﬁ@ﬁb&egﬁ“vat've
ar mac

means an eutlca accept e salt, est t of an ester, 25 or
ot her deadmamgtmaombarabe:demindrm caflingtto ¢hel omwmstancestbyathe phlxmlamdm ni stration

tomouncSERNiARg teRpERE: Drecapal Bhsef pDe bomhiEn bbbl Mo e  cor

QG her depganatbni@sat@ivall EdIREthe H@Eag'e@ﬁfaﬁ@r%@oﬁthﬁ fopth@wehibawnlclagymcﬂoﬂehe
conpounds of this invention when such ounds are admnistered to a

namc’ira: ( altepugh he improvidrdiiniy &fé'lblﬂwcéﬂil’ﬂi ing added bcyélmﬁf)@ﬁmsﬂ@nae nmore 30
read ly 8%8'18 %ﬁbderélﬁﬁﬁaytaﬁ \J’A 8&93 Q{nt\p@ Eﬁﬁdﬁ&‘ﬂf}ﬁ&%gggl :,cllx%{g\é]% {%:fon' par ent

corrpound ogl ca ic system

t herseby tlﬂ@th@l?tldi’ﬁgcdnltﬁinlﬂﬁ)teH\ﬁ)ﬁ&é 0 thislthefap5F (Wi 2xatdA éslof dvspasdimethodloft | ve to
the parent species. Pharmaceutically acceptable salts of the conpounds of
this i nvadminéatiap) ages MSer i ons derived from pharnmaceutically

accept abl e '”ﬁ{r Bkitagd Org@@&egﬁhg§o@é}g0%ﬁﬁés@9 in the art.

Phar maceuti ca onpositions of th nventi on can be adm ni stered by any
route, 5 incl Adistrgplast h or al 3Qud1tmdrémﬁm1tainj®dinhni stration. Parenteral

adm nistratio cl but not mted to, bcut aneous, intravenous,
intraarterial &4E ’é‘?g}fﬂe{’l al , P r}?’P é@ﬁ?lonﬁﬁ?f up; 1R ﬁ’é%aw ty administration.
Whesy adm ni st 1@bichRin L&oklﬁasrea(a@nm@ang)@ REGIBE BWriupab 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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conpositions may be given as a bolus, as two or nore doses separated in
time, or as a constant or non-linear flow infusion. Thus, conpositions of
t he i nverwDeg/ocams be 10 fornul ated for any route of adm niPSTrEDY/ D61
Typically, conpositions for intravenous adm nistration are solutions in
sterile isotonic aqueous buffer. \Were necessary, the conposition may al so
include a solubilizing agent, a stabilizing agent, and a | ocal anesthetic
such as koG REmbRrGASRdRRInhe flloWity StdnShIe arb MReddali e HidRate @RNET Al 1Y,

the ingredients will be supplied either separately, 15 e.g. in a kit, or

m xed t ogeacties of the anvention, dod gy dooratin my wex limtl the sape af theyinventiphi | i zed

powder or,water,fr.ee concentrate. The c osition may be stored in a

her met | cABPS Sl IR BRNEN risPele o Be ARl S s tE P R RPN EEE | ng ¢ he
quant i ty epferigdntatonaBRAY eduivalats ko/ihe ¥petifié smboiglkststahe neaaae gbidr®Bd i S

adm ni stered by infusion, it can be dispensed wth an infusion bottle
cont@i ni Bgrelt eYuchexperineris aiptinteadedto bgencompassed by the spenstaf dhe claipg. sal i ne,

or other suitable intravenous fluids. Were the conposition is to be

admi ni st _ Qb Wel~F X £V Iyl er for injection or

sal i ne n§§gggﬂ€¥o§?hg§%gg?gﬁgﬁd€ﬁg&l|ngrgﬁ%éﬁﬁéﬁﬁﬁgﬁbe m xed prior to

adm ni st r at i ofihe Paptideacith linked-subunjroraicly bogndio Chesninun YPflinien-sabmpiri se t he

conmpounds of resent, invention and armaceuti cal | acceptable salts
Chereo . iatp) afy RE sted BVl Ay deagl S g Lapet e et , 25
carrier, dagiilmani r&in.VERIebBde Was QRiL@&BLsiRd@AlivhS i8Rt ablelonddeidist er ed
to the patient in the formof an 'injectable conposition. The nethod of

adnithi st er infgliiogeAdienbeing gleared; fsorp thef igpiabihg unpretestadareatify wasparnifiedgby
i nt ipt1as i ' h 1y, int titiall
in ravenlﬁ?gfr{?%?;‘&_ﬁcow’rﬁﬁkﬁﬁwiﬂﬁgi ecally, interstitially or

i ntracav arfraceuti cal” conpositions of this invention can be

admi ni st ered Link¥d Maietyalls aisohitiotiof BobPR(Boc)ORDUHWET eg) fidd ar to ot her
di agnostic or therapeutic agents The dosage to be adninjstered, and the

mode of Befriicsephenphi - 4eq-) Mlighlprpmsthane yvas iddsd P garhpstionydg (1.2 145

PCT/ US02 ' [ j , 1 ceandi L f th
pati ent g 'gzlg%r%ﬁlgg?%%%%g?@gﬂn%g%ﬁgr&gﬁﬁ%%{ey Ee é“ecgﬁlgggd& %@&mce)di ca?a
per sonneindiabsidhe esrction wex penpleenthalreshe tves nionatel] by Silotionvarythaspldagage

foll owed by imaging as described herei.n. In eral , dosage requjred for
di agnost B SHETHFY iy SrUELPS U oW e G MORGABPe iR disih 0. 00 1
to 50, 000 P9 G- Bod NP B HBI B i BhicQ ﬁa O/ QsRf, 3583 mass.
The opti nal?gggse 3\/i I I'Bbeo det gr rln;p%é%enﬁi rc%ipae?’fb go%ﬁoﬁna t’ﬁg ({itzg}c)?%és/ure
herei n. Whitafeaespect to treatnment of thronbolytic conditions, the quantity
,? ];“, gamtjg(ralngljl i ggﬁﬁlilﬁéﬁiﬂg%ln!g fg%g?:nldo e? Qohtlt?o% osfe}l;-l[ﬁn Sep-gtstgun?tfmgiggz] (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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position and the size of the clot. The precise dose to be enpl oyed and the
node of 10 adm nistration can be deci ded according to the circunstances by
t he physiwpan/oi1Hupervi sing treatment. In general, dosages Pefi/ushz2426nbi ned
conposition/thronbolytic agent conjugate will follow the dosages that are
routine for the thronbol ytic agent alone, although the inproved affinity
for fibrin/clot binding added by the conpositions disclosed herein may
all ow a t

Fhr ombol v etk U s ol RpE B Ptk i RSt TR I ose
and neth@duwﬁbmadnlnlstratlon) are as foll ows: Streptokinase 1-3 nmegaunits

30 minutes,to 3.h t 0 t t PA
Qi1 dotype) 5818 it Repihot Sh S GhiEe BERUPIME i Afethl g eithase
(40- 100 Fgacmsoﬁtuéﬂaweiew (AP ed PitDRIFSwA araab@mﬂﬂemw eng' TRSRL{aRURY 3-12

megaunits (30-100 ng; infusion over up to hrs | asm nogen
act i v at ofdrethevageight/afrpomdepperainee. idisr Lﬁnljné%,strﬁmhtsmdlcat?ﬁ ililglr@i@tl%%t ei ns of

pl asm nogglga%get 'tlYegsto(P\;&t JV?%%BQ]?O gna&jrg&}ce%gfeggmé nfusi on The invention w |l

be further descéri W ng exa ‘which do not limt the
scope of the Theenideanodlesons thed stlﬁedhfamimf TEXAWREIE maRylSyifddiesi s,

characteri atlo e of sev \ rel axivity contrast agent
conposi t A€ saIB?fO?ﬁ‘éP ‘i(illﬁ@@mmﬁha%(% °6?e5 14’ &rS 4’42@/@{ foud @ IR ALERRENS o] | owi ng
exanp! 5 ol fi. W03 Ol 2 e&pg%ﬁg?gec Bl BRI IRl Bledrel 101 uded
mthefollovmng exanpl es are iIntended to I rate e practice of the
i nvént i ons tharcdudelregdeld. not in any way limt the scope of the invention.
Thoseskilled'nt ar i1l recogni 0 e able. to ascerfain using no
nore than routt %gﬁﬁ%ﬁcﬁ% ’é?f‘?%&g’ "r‘?az(ﬁ@éﬁagdaﬁ@ﬁwe{‘)wfeﬁio t"ﬁ‘é‘c‘h‘?l c
enbodi rrealtuaem nﬁ’i& 1h@@%erﬂeﬁﬁfch%§ phrified §difly RBUGIP ,ewqrsl d@&ﬁﬂﬁ@ Ehhol/Hended

to be enconpassed e scope of the clains. Exanple Synt hesi's of

Pept | de- W&WH@aﬁmom%%ﬁgetlm avepreganbiacdyindihe Dol rembiad undeo, et y
bound t ty_
U 0 Gk LA ) L BN R B O OG0

pepts de MSemmhgez exlfterdy oyhilizagibh thtmxbéssthlmma@@havtzeel megtzheers@phﬁe 10 or in

solution. After being cleaved fromthe resin, the unprotected peptide was
purifi edclyymatography 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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RP- HPLC (C-18 colum, H2O CH3CN TFA). Linker Miety: To a solution of
Boc-Dpr (Boc)-OH DCHA (1 eq.) and pentafluorophenol (1.2 eq.) in
di chl or orwDlanelwas added PS-carbodiimde (1.2 -1.5 eq.) PCThsSom42bur e was
shaken for 3-5 h at roomtenperature. After LC-nass results 15 indicated
the reaction was conplete, the resin was renoved by filtration and the
sol vent was evaporated under reduced pressure to give the crude Linker
Moi ety ( : B - - - fdi.an ORI id
pent af | eRaman s it MR A B AT MBRA A BB regi ng
Agent: To a solution of P-[linker-subunit noi etm] (1 20 eq.) and the
Li nker Moiety {PBegc-Dpr(Boc)-Opft } (2.2 eq.) in was added DI PEA (4-6
eq.). The m xture Was gdigired overnight at roomtefpe ure. After LC nass
results indjcat Leacki,on- was—coimpl et e,BdchR”S vent Wassdzenoved under
reduced pressurée. The crude zpr%duct was then stirred, in a mxture of TFA,
wat er and ani sole (90% 5% 5% at roomtenperature %@ h. D ethyl ether
was added and a white precipitate forned, 25 which purified by RP-HPLC
(G 18 colum, H20/ CH3CNJdFA) to give the Precursor | magi ng Agent
(tetraki sanmi no-peptide ws a white solid. PrecurSaP | ate Moiety:
DOTAGA- Opft. To a solution of DOTAGA-OH (1 eq.) an peﬁ\t af | uor ophenol (1.2
eq.) in dichloromethane was added PS-carbodiini @@N(IT>N2"~>1 NrH4.). The
m xture was shaker\_[lﬁf)or 3-50%Hroomterrperature. After LC-mass results 30
o n e
3 0

indicated the rea te, the resin was rgng\i d Q%l_filtration
B%/ /\2){11/5\ PCT/ US02/ 24261 sTe 533(99 € under
e

and the sol vent
reduced f€3E€"t oNgi udeORB(@dily sor  Chel ateey MRLGlY @S- g, White

foam MR | ' nt. To a t] of the Precyrsor MR I'mdgi ng Agent (1
eq.) and &Eggggé r Chel ate Moi {%‘595(?9?)@ eg.) in aR =atjaéee Bl PEA (4.0
eq.). The mxture was 5 stirred overnight at roomtenperature. After
LC-mass results indicated the reaction was conplete, the solvent was
removed under reduced pressure. The crude product ¢ then stirred in a

m xture of TFA, phenol, |nethylsulfonic acid, anisoye and dichl oronet hane
(90% 2. 5% 2. 5% 2. 5% 2.5% for 15 mn. at roo te ergé%réﬁ_.l D et hyl ether
was added and a white pYecipitate fornmed and I % 310 as the crude

product. The crude product was reacted with 9101 . HRO in deionized water to
formthe crude MR irmaging agent, whiBER@sCHUN T IEd dsihg HeHY; (C- 18
colum, Ethanol/ 50 ) k

(H5C)3CO,C 6 CO,C(CHa)s

(HSC)scozc/\)N e (\CO?_C(CHs)s 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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mol AcONH4). Appropriate fractions were conbined and the ethanol renoved
under reduced pressure, and then the conbined fractions were treated with
sodi um acwpDaB®1fley 15 salt exchange. After |yophilizati onPChasexzess salts
were renoved using reverse-phase chromatography on a Waters Sep- Pak(r)

C-18 cartridge with water and ethanol :water (50:50) eluants. Appropriate
fractions were conbi ned, the ethanol renoved under reduced pressure, and

the solution was |yophili zedsﬁg ag—l‘f-‘otE&ﬁnﬂﬁsAﬁlﬁfLspept i de MR imaging agent

as a white solid.y@0 Simlar t hods were used gynthesize other MR

i magi ng agents. 84 WO 9:34(911115 PCT/PE@ L24261 ;.]rrpl - Met hods for
Synt hesi s of R eewy; t hon HHCI a ~/ No/ ~
PARTANR: <3 U e tiredal A Tl ey = g HRN,_, NHBoc \ R Ho
CO2C(CH 3)33 R=Boc, R1=H (H30)3cozc--"N N,_,,-~ COR2C(CH3)3 ¢ a4: R =
Boc, R, di?eﬂfémﬁ léndrignihg oPthe 1ﬁd13at\:c5 stefdobhdrlis le V Ib Bn
/COZC(CH33 (H30) ---"N fN~—~N CO2C(CH3)3 H C @ (H3C)3CmRC 6

LCORC( uag)lydrocblqg@pém&g) (qutically-pwestertmengerial: S Qozanp2d(EH2 23
5 2391 (1999), racemic starting material: Coll. Czech. Chem. Comm. 34, 630-634 (1969))

was dissolved in a deionized water/1,4-dioxane mixture and the pH of the solution was

adjusted to between 8 and 9 with aqueous sodium hydroxide. Di-fert-butyl dicarbonate
(3.5 equiv.) was dissolved in dioxane and added between 10 and 20° C. The reaction
mixture was stirred between 12 and 20 hours at room temperature. The reaction mixture

10 was then diluted with water, and extracted with ethyl acetate. The organic extract was
extracted sequentially with water, saturated sodium bicarbonate, and saturated sodium
chloride solutions. The organic extract was dried over sodium sulfate, filtered, and
concentrated under in vacuo to provide an oil which was purified by silica gel
chromatography with a mixture of ethyl acetate:hexane. The total yield of purified

15 product was 30.11 g. 'H NMR (300 MHz): 5.18 (d, J= 7.9 Hz, 1H), 4.76 (bs, 1H), 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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a) Boc20O NaOH Di oxane b) NaOC, NaCd 2, TEMPO, phosphate buffer, ACN «c)
BnBr, Cs2CO3, DMWF d) TFA, CH2ClI2; then 2M HCl, Et20 e) t-butyl

br onvacetwoa3/oDIPEA, DV f) H2, Pd/C, EtOAc 5 Method A fPom/uSymedresi s of
Synt hon #3 85 WD 03/011115 PCT/ US02/ 24261 Step a - Protection of Am nes HO
Boc20 HO HHCI Boc HCIH NN, ' NH HC NaOH D oxane ~N~/~ z z BocHN NHBoc
Hydr oxynet hyl - di et hyl enetri am ne of the indicated stereochem stry
trihydrogRioidde vide nqaﬁnﬁhnﬁg)@wrfs%% bémgiéfa@ur%t Atk 944 f1Bh sfbﬂaam%}se Comm
29(14), 2377 5 2391 racemc starting materi al Czech. Chem
Conm = 34eabBon Waslst(rl@h@) )24 hews. diddigisingEBEMP Qa0 mmm)a'daw\@ddedmd thedi oxane
m xture and.the.pH of the I j on adj,usted to 8 and 9 with
Mueous SBGHORPIRORIRTeRIot i BT, Do BRRSogled s MR i i

di ssol vegydir Whsdae aad theadlds Mgtnetn sLRitRnd NQq@ouImOEaAtdow m xture
was stirred between 12 and 20 hours at roomtenperature. The reaction

m xtiur e 39ULiRR Of WO sqdﬂ@@ S\}lﬁiehWWa?tdéPd (30Qcnkxw nBJé%tr@ulthnﬁ aOR§tAntaddt at e.
The orga oxt g ed

sodi um b?gg?@gﬁér?%s cgat ur}gggﬁgu% um nﬁ%dé?lllt ttblaa»@{ :ago%%éé%%'ﬁgela%r ganic
extract Was aqi[doesilaweWamrﬂdnﬁﬂﬂ saupH atewithi2l @ Nragdeowa HC] andrseadtediivittl under in

vacuo to provide an oi | ified by silica gel chro aphy
with a nf%Q &pall yelugienpf %@gﬁé@e%ﬁ%ﬁg TR GPXUACE RS eﬁmlﬁa?ﬁfrfggh

g 3 4.76 (b
Iilr-l;) ugt 8\9@%@%@10&@%& l_?)isﬂié% C@%%#Még)m v§cu% ”[(h@wgrc)dic‘?w_gs E%eg v%ﬂﬂ% Na] +. ( Sf ep

b -100xi daumﬁcpatmh nh-lﬁthpciixlydlox@r 1&11HMlbé?é)é)d\/Ile) tﬂ'&(hﬂ;(ﬂd)aﬁdﬂm FiijC‘éélﬂVé 1#)scl osed

0 onao &t 2 ) rrS) 1%7-F15 Bs, 890, R s 2 W0 IR HO NaCdl . NaGTl 2, HO O

TEMPO, B

Step ¢ - Benzyl-Protection of Carboxylic acid

HOIO/B BnBr, Cs,COs, BnOIO/B
OC S OC
BocHN N ~NHBoc DMF BocHN N ~NHBoc

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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~, N' Boc ~ phosphate buffer, N N'~BocHN NHBoc BocHN NHBoc 20 acetonitrile
BOC-protected triamne (29.94 g) was dissolved in acetonitrile. Phosphate
buf fer, wongistliihg of 21.6 g NaH2PO4, 21.6 g Na2HPO4 andpemaisgii4tei oni zed
water to produce a 500 niL volune, was added (300 nlL), followed by
2,2,6,6-tetranet hyl pi peridinyl-1-oxy (TEMPO (0.07 equiv.). The m xture
was stirred vigorously and warned to 35C. 25 Sodiumchlorite (2.0 equiv.)
was di ssol ved i n deippi daddwal BéprlotQPioAW Nnkined RRd A% 1#Hdn Chl Orite sol ution
and bl each (0.02 equiV., approx. 0.25% aqueous sodi um hypochlorite) 86 WO
03/ 011115 PCT/ US02/ 24261 were added while mai nt ai ning a constant

tenperature. AfB dition of oxidant, the rB& n was stirred for 24
hours. Additional I\/P@)&O 07 equiNaq. stoladded and tHe reaction mxture
was stirred fgé Ne.~Theish mcooh P’&eﬁ’!\Nﬂgperature

Wat er was added and the pH was adj usted to 8 wwth 2.0 N aqueous NaCH A

cold 5 solution of aqueous sodiumsulfite was added (300 nL) while

mai ntai ning a constant pH  The sol uti og; %@((@Ha)e'ieﬁpqu,th a small vol une
of nmethyl tent-butyl ether and set aside. She aquequsMFayer was acidified
to pH 3-4 with 2.0 N aqueous HC and extractied withy two small vol unes of
nmet hyl tent-butyl ether. The organi ¢ extract s onbined with the one

previ ously set aside and ntrq%@ﬁHl n vac e product was used

wi t hout 10 purification i §/\3/ W | 1H NVR[(30 MHz): 5.8 (bs, 1H),
5.3 (m 1H), 4.4 (M 1H), -302 : . (28R, 27H). M5 (M 2):
470. 2 [ MtNaj +. St ep c - Benzyl Pr ot ectl on of Carboxylic acid HO O BnBr,

Cs2C03, BnO O Boc N. Boc BocHN N' ~NHBoc DMF BocHN N-' ~NHBoc 15 The
carboxyl i ¢ acie BOsrpiogtedeitiaming (264 gaway stizepd la|a§§bllt19@ef i1l agetpnitide:4 Cesi um

car honat t r 30

m n%t es. ﬁé@ﬁg%sqg(gfr%@aél%ﬁ?‘ggﬁ% go}hg%cfggbghom \ggl%aa? étlr)%lgr%gtv&ea%per ature.
The r eactenwVedixbtauie andshe ﬁmarm@sdhmdmrwariyopiﬁhiedabmmp)dimmsjfdue tHe8 hours.

The reaction mxturewa with wat ,an extract twice wth ethyl
acet at e. WFhEUBegaihcd 1ﬁ%§‘@d§nm€ ap AtoREPY édﬁ%fﬁéﬁ@%r BRI ERE y Wit h
sat ur at eﬁlle? L1 fo ¢ D58 3%9'%?6&0&99‘:&955 é&'&b&t"ﬂz% écﬂﬁv?OAHEx' ﬂl@%ddmgf?%va@rgan' c

| ayer was tratedto an oil (270 which" was purified by silica gel
chr omat ogpaplhte, hsireagtien hyktua@waswth&dﬂaﬁé C and sivrRA(fBOMB Miz}.: UpoB (s, 5H),

> %02”3 ?q%lp gl Zgﬁfeﬁéwgﬁ@i&&&% 'of %@r’eac%i’o?l n(lil))(ﬁfre %‘vlég dmﬁﬂé)d_ ﬁy t:lﬁe (aH}liti%lﬁi)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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(2s, 27H). M5 (m2): 560.3 [M-Na]+. 87 WD 03/011115 PCT/ US02/ 24261 Steps d
and e - Deprotection of Am nes and Al kylation Bn Bn CBoc 4N aq. HCI/ACN H
BocHN N1"WBBeo1HEN NH2 Br (OC(CH3)3 DI PEA, O DWW V Bn0O RCFUSC{/ea8) 3 R 0
R2ZN N " NR2 The BOC-protected triamne (250 g) was stirred in a solution of
1:1 acetonitrile:4 5 N aqueous HCl and allowed to stir for approximtely
2.0 hours. The acetonitrile was renoved in vacuo and the remnaining

sol ution was Ly@pid 386l it cfrgdd I KAIIHRE (15993, 10WBdliaighbn

di ssolved in DVF and dii sopropylamne (a suffici en anou o raise the pH
to 8) tearfoonBlﬁ&g) anrdetbleertateanddy deddened at2tSpsetpild h))urSAfPul@atlome addi tion

was reaction Xt ure ti.r.re or 18
hour s CUBbRtcuREel 8 b Mt i e Bt RhRe R s E ol Bl Of 1 e
was doubh@&atb&ﬁekms aﬁdipﬁmm Wsﬂld@ée@blnroﬁfatc%&apl@lt@ brdvtidemsmm acted twice
W th ethyl acetate. The organic extract | washed

sequient i &tbgxyliaasidugnig-rershuty eptayiddd S%f@ bMSa@WZﬁa?clg 5 @fﬂfﬂc1 SHhen thived
Dol um ¢ Reabilep o O Ame TG ORARR! SRl iAot AAGRIK, Fhed |1 vacuo
roma

an oi ography using et hyl
ac et at e ﬁax*aF@mefmaebﬁsmmchdtndwhaieﬂar@ft mctrnctudedl that ddumibtenabis E&@ntalliMs (nl Z) :
809.5 [ MtNa] + tep. f_ .- .Depyrotectjon of Carbo e Bh 21 Pd/CH R R R2N
N- " ~NR2 @‘i’\?@uypuﬁ?tgl\‘mh fg@te@il%‘) daggr 06%9%@15 PCT/ US02/ 24261 A

stainl ess steel reactor was charged W|th benzyl ester (157 g), 10%
pal | adi URYGIRbd B for Synthesis of Synthon #3

t . . t
H |/002 Bu oxidation HQ 0 rCOZ Bu
>
Bu0,C” N ch\/‘\/\COZtBu Bu0,C~ N N~ co,tBu

10 'BUO,C 'BuOy

'Bu0,C 'Bu0,C

Alcohol (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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carbon (19.8 g) and ethyl acetate and hydrogenated at 45 psi for 12 hours.
Filtration through Celite(r) and concentration in vacuo gave an oil. The
oil was dwegslvads i n ethyl acetate/ hexanes and purified IpgTdaishit/zaeégel
chromat ography to provide the DITPA 5 carboxylic acid penta-tert-butyl
ester(yield: 82%. M5 (m2): 719.5 [IWH +. When this reagent is used in the
synthesis of contrast agents using other chiral elenents, no diastereoners
are obsepygdpRB-RsaisopSelid Phiase SyithésiclefiViodifledt Pupsiden vithi Giterminal
essentially optically pure to the limt of detection by ordinary proton
NVR.  Met AptingFpaetienal {G18ps of Synthon 43 Bu H /CO2 tBu oxidation H 0 /CO2

t tBuGQ C N N, A Bu ,t BUuO2C7NN ., ~~ tBu 10 t _ u02 t Bu02C2
tBUORC2 Al cohbt P?Pg’ggsz Vﬁ.be@%mﬁpa?g(bi’ffﬁﬁ'%sf-sﬁggfgf'fgggl%acﬁ%&rsga synt hesi s
from hy dgmnear! hellimdeRtbhY k@nstdré ko) ddpeading b8 thietyps dthe P3G t@be
acetonitrile (1.0 L), hosphate buffer (1.0 L, prepared by dissolving 100
ny of Naﬁ@ﬂ@&za@éb.g.othmg@monMqum%atﬁh@ Criprmpinugydheprotistedien adj usti ng

the pHto 4.5 wth 4 i -warmed to
ot when. ptafeith et 8 RGeS BedBald b0yt (o Bu T HIE AOSNGT 7
di ssol veghainiul 3P Buttmatll syathesiy, thecomsindousntldwy pobdttlordatter), Fof ekdmplegim added t o

the solution while maintaining a tenperature of 45 .to 50C. The reaction
mi xt ur e hESYRbesiy el pengide s aycqf'aqchtgéow‘fmﬁé-&?rmm‘é% ?é’%‘?qtﬁfﬁ'aﬁ% ure was

cool ed t 9.4 fsqa?ﬁbﬁe?rfgglé@gigfegeg@ | %fggﬁcﬂ AVELPDRERSs, 306G IchiTMRIeREGRNI C

| ayer was i1solate w th saturated aqueous sodi um chloride
andiost i raIdSTRIN Fesin. N €= otfdrdrandyrig dhmi gyntheyie of agsptideovigh aaming group

trated jin v. i i 71 whi i fjed b |
Chr omat i yernsy Asbsnbe 4 Bp st o A ko fhe vl s e coghout
to provigdg ®lused &fr AR ShedsiBr 7 USholpsthebnediycol (MM Edified Aing akdvH] +. The

optical purity of material produced this nmethod did not differ fromthat
above. sitapleddy gmtinasusiny esdbitol seihesis Mapy érity] PReesinssneladingdl3-HisPhase
Synt hesi s_0of ifi.ed Pept.i A - 1: ine ' | .G oups The
et | des REbZ GRS aepERALT B il s Skt ER, py bR ITARE R0 il 2

synighesi BS rdsheislnonkeiilabeng singki pocadige actieetibel fhe PEGdicsigs can behesetlype of the
peptides to be 5 synthesjized (e.g., the functional group required at the
C-t er ni ndftach aslaping tea tréyl BY 1$$Hbr ot ect ed peptide) and the synthetic method

to be used ( eThegsyn't:HQg,& o?rl,%-(ﬁxﬂﬁmﬁettﬁﬂ)—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.

0O 0
. AN N
PS—PEG” N O Q AcCl N O
———
O OH O Cl

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
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manual or automated synthesis, the continuous flow or batch reactor). For
exanple, in the synthesis of a peptide with a carboxylic group at the
C-term nusp oaopraed ected-am no acid is attached to the di PCersnt 2492660 ns
such as HWB resins, 2-chlorotritylchloride resin 10 and SUSRIN resin. On
the other hand, in the synthesis of a peptide with an am no group at the
C-termnus, a diamne can be attached to a trityl resin. The pol ystyrene
(PS) resispgry &@srbuﬁ%d%ﬁziofheﬁrsf&@?@@ Y JHEPY Fas BLE @Jth)é%g}ﬂ I\A% ycol
(PEG nodified resins are suitable for continuous ow and

synt hesi sequentiglist with yolu@® and<ibhg’li.ncl udi ng 1, 3-bis- (ani norret hyI ) - benzene
trityl PSresin are commercially avail abl e. If thegrequired trityl 15 PS
resin is not available, a simlar procedure as desri bed o PEG resins can
be used to attach a di gm a trityl /s S SIS of

1, 3- bi s- (am nerEbhg byl resinis d| dtuske exanpl e.
Gt her di ami nes can behatt

ti 'NH” a s ~manner. 20
Preparation of 1,3-bis-(a thyI) be @- tri%yl '@ & . 0O
PS- PEG'H AcCl PS-PEG H \ \"‘« ClFirst, yl ,al coholt£si 5 g, NovaSyn
TGT resin, NovaBi ochem) was gl aced in a funnel and washed entially
with DVF, CH2Cl2, and toluene. After renoving all solvent,\sp at eri al
was transferred to a flask equi pped with a refl ux condenser. Tol g ne 25
(250 mL) and acetyl chloride (25 nL) were added and the slurry was ‘heated
to 70C and sSkconeldfibshly prepatedurityl Anloridieliesincind| THIO(S50 L phassiated m@hl oride

(25 m ) ded and t he WO 03/011115 PCT/ US02/ 24261 slurry
stired \ﬁg?i afi‘b&‘?@ Wes %‘@8 lnbis{pyiopnelhyd)-psnzens @4 e&n@?a?{eﬁé’nr%ﬁﬁ vvas hed

sequent i PEG N - |
HON NH2 %ﬁzﬁtdgggggw# oy %&?ﬁ%ﬁ%&fﬁ ?ﬁ‘? o8t 18 Ghbualtobir [E7 N (250~

m.) was pEngmeatuien The shurfyl wakfilteFed wibthe resin Wamslmddeqilentlally with water,

1, 3-bis- ] hyl ).- benze .,__hased on.a resin ubstitution of

0. 33" mro PR G el Gl Ty Tl g o2 B ipEeadSiBom
terrperatwhq)el&m% 1S5 Wirh YIonas a tohsten 0Righb (R 1.48). 'BIR sibvidstiesbREiosfayent i al 1y
wth water, DM, CH2C12, nethanol, agzlddzmz@lz The resin Was1 dri éd under
vaclfo (rW@ﬁPOftdélﬁ’fﬁérUétngraequﬁnEtaﬁﬁ? pighydin roseshese.ant wei ght (25.4 g). The
substitution stoichionetry
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10 was conducted using a quantitative ninhydrin procedure. 91 WO 03/011115
PCT/ US02/ 24261 Exanple 4 -Synthesis of Coval ent Conjugates (synthon #1,
#2, #4, awoosb)1iMet hod for the Synthesis of Synthon #1 HOPOTHSCyLdie1 BnBr
BnO OH BOCK N, BOCK N, N BOC NBOC HH 2,3-di-tert butoxycarbonyl- ( HC
am no-propionic acid V BnO O CIH3 N~C NH3CI H 02tBu 1. DIC, HOST 2. H2,
Pd/C tBuO2C*N N'' ~N'' ~' CO2t Bu t Bu2C/ tBU02C) tBu02C1 \N -C02tBu Bu tBu
[ 02 € pBlimpi  -syhebodls 2 Bilond Con GRG0 RURGu, b M) afa WS tBu BuCeC
CO2 Bu i s-tert-butoxycar bony am no propioni ¢ aci d benzyl ester 5 A
sol ution of cesium carbonate ( ? and water was added to 2,3-bis-tert-
but oxycab&h@ﬂ@ﬁhﬂﬁ)ﬁﬁ@lsﬁfﬁo’nﬁ@n& (3.04 g) in acetonitrile (25 n). The

m xture was sti rr 40 m nutes at roon% c?rrp rature. The sol vent was
renoved under vacu (50 O¥bH, wasy adde E' solid residue. A

sol ution of bengmb\b BEWE Onym ) was added over 15

m nut es at roomte era ur 8 CThe mxture was tlrreaBQQ for 18 hours, and
then the m xture vvas diluted with et hyl acetate (100 m) and water (50 m )
and stirred fa3-d&erroniokyearbodyie | ayers were seppmated and the organic |ayer
was dried over a8HurRUPRiN fdte. The mixture was filtered, and the filtrate

was concentrated under BnO-_ O
CIHSNI/NHac'
t | 1. DIC, HOBT
Oﬁfooz Bu 2 H,, PdIC
tBuo C/\ N\/\N CO,'Bu
‘BuO, C ‘BuO, C

/~C0,'B

tBuOZC/\; 2BU
\/COZtBu

ﬁ /\co;Bu
/_(K COztBu
'B uOZC-—\

N N
tBuozo——/N‘/_ <—_\co2 Bu

tB u0,C COztB u

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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vacuumto give an oil (3.6 g). The oil was purified by colum
chromat ography with ethyl 92 WO 03/011115 PCT/ US02/ 24261 acet ate/ hexane to
provi de awo®Bl111158 g). M5 (nfZ): [M +Na] + = 417. 1H NVR @8OQSoMeezpt 1.4

(s, 9H, 2.4 (m 2H), 4.4 (m 1H), 4.8 (in, 1H), 6.5 (m 1H), 7.3 (m b5H).
2,3-Diam no-propionic acid trihydrochloride 5 A solution of
2, 3-bi s-tent-but oxycarbonyl am no propionic acid benzyl ester (1.8 g), 4N

aqueous el eARx Mo pRBHdR&EER .8 bI.! FIs(@Pz mé];&tahrf e rglgmt @ohour s at

room tenperature. The sol vent wasS renoved under vacuum a m xture
was di | utMdzniltdn(s, etlhyl4 @ecXtht 4.4(000H)i4) 8 emdlHader(n(, 36DNT.3 (@andHstirred for
15 mnutes. The |layers were separated and the aqueous | ayer was evaporated
to dryness (1.23 g of a foamsyrup). 1H 10 NWR (300 WMHz): 3.2-3.5 (m 2H),

4.2-4.35 (m 1H), 5. 13'2§3-Zﬁaﬁliho-f3’ﬁp_i&ﬁc 2did&rih§dodtildride 2, 3- Bi s- 6r boxy- DTPA
propioni c acid benzyl ester A solution of 2,3-diam _no-b&gopl onic acid
t ri h§dr ochl or iAdgolpigoreef %3-binisdmiexypabopylemmogpropigpistasishbenzyl estaoft.8( 8. 5 g),

(200" ni ) el afebBEHCRPI0 SUMALRERSHENH ol bas IR 1S b5 Mgy 275, Vo
chl ori de tdrhfdatiite) Ertolv@hewad Rbibved ynderRedciune And the mduk avas BHlutedrwities.  The

| ayers were_ separated and the grganic | ayer was washed with saturated
sodi um  Eawbateate (ToDing waka( o B SBHFS IR BRI TRSESRI™ERA dr i ed

| _ _ _
Concentr SUEET P 0Ll aaf SRt Mg WPl gs St 28 LMAEPET L 1 co

gel 1¢chr oMABYBa(pMHZ)s 3133 St(y RHacke2-4136 (amdHhex Ehre25t(q, 2Hht.bd 1l.8,281 Bz of
material. MS (m2Z): [M2]+ = 798; [M1l]+ = 1595. 2, 3-Bi s-carboxy- DTPA
propi oni ¢ acid Hydrogenati on of 2, 3-bis-carboxy-DTPA propionic acid benzyl

ester (17.0 g) was 203B34-tAbEREDTP L phypioAfelch Béizyl &fthy! am ne (10: 3)
using 10% pal | adi um on carbon (6.0 g) catalyst for 24 hours at 50 psi. The
vessel was pudgedutign ¢f Zh3-dicpeeer mepionisacid tihydrecherde (6.6% @ B GOyDIRFh

e el ST A e R BT IR 201
Met hod f QH,Ohe(46§ nilhas] BMI (289 milhoas #tdrdd O 43 ht#Bt The MiadNure-his dilud
DTPE- C Qith 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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V CRC(CH3)3 (HB O3CRC-\NJ ry N, ,-~, NR .~ NO (H3C 3002C X

| CO2C(CH 3)3 HN GO CO2C(C H3)3 (H3C)3 C02C N (H3C)3C02C'N ' -~

N CO2C( CHBPI3/0(HIBL) 3CA2C) (H3C)3CRC L R=H B r CH 2CO2CH2 PhT@SHZ22M1 ~' R =
H2, Pd/Cvl 0 CQRC(CH 3)3 (H3C)3C02CG'\ NJ N,,,,-~, f* OO

(H3C) 3C2C--\N C02C(CH3)3 HN 0 (C 2C(CH3)3 H3C C2C )3 (H3C) 3CC* (N

N -~N'CQ2C(CH3)3 (H 303 C02C) (H3 ©)3C2C ) NI1,N3-Bis

[ 2- (bi s- hpmtodoret heySaiRRRWISehitsh #am no) - 3- {[ 2- (bis-tert 5

but oxycar bonyl net hyl'- ami no) - et hyl ] - (tert - but oxycar bonyl net hyl) - anm no} -

pr opi onam de] - di et hyl gnet riamne D,8080l uti on of diethylenetriamne (3.16
m), acetonltrl-lgma/l\l@r I NHnd  di F}/ thylamne (10.4 m) was added
pre-reacted (30 nmin) bb(CO DTPE (4 "$ynthon 3"), HOBt (7.9 g), EDC
(11.2 g) and diisopropyl et hyl am ne (10 rr1) in 10 acetonitrile at room
tenperature. The reaction was stiCo@CHHsr 16.0 hours and then concentrated
under reduced pressuggc),toscoN Jﬂlas conbined with ethyl acetate, extracted
wi th water and saturated aqueo sigdi um chl ori de and then concentrated. The
oil was 94 WO 03/011115 PCT/ M2sr~plrified by silica gel colum,

chr omat ogr aphy usi ng hexanesg{i sopropanol/triethylam ne to

"\
(H;C)5CO,C /}\; CO,C(CH3)s HN_ O (C02C(CH3)3

HsC)s COLC
(HsC) 002 (H,0),C0,C”N" N~ N"co,c(cHy),

(H3C)3CO,C~  (H3C)sCO,C

l-» R=H

BICH,CO.CH,PH| WOCHgPh

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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provide 22.5 g of product. M5 (m2Z): [MH + = 1503. N1, N3-Bi s

[ 2- (bi s-tent-but oxycar bonyl net hyl -am no)-3-{[2-(bis-tert 5

but oxycarworglmatihyl - am no) - et hyl ] - (tert-but oxycar bonyl nerkylysezami2nn} -

pr opi onam de] - N2- (benzyl oxycar bonyl net hyl ) - di et hyl enetri am ne

Benzyl - 2- bronpacetate (2.54 g) was added to a solution of the previous
am ne conpound (13.5 g), acetonitrile (200 m) and sodi um carbonate (1.18

9). The Fdd sy sinsgdebRmth dRoBitoaphyusing he:eled/BoprbpatuitricthylTinénerteact i on
m xture was cooled to room 10 tenperature_and concentrated under reduced

. +
pr essur eproridea2. g of nrodusin MAGnEy): IMiE] aade? the | ayers were separat ed.
The organic | ayer was washed with saturated aqueous sodium chloride, then
concentrat ed under reduced pressure to give an oil (14.5 g). M5 (m2):
[M+ = 1651. 15N ,N3-Bis[2-(bis-fert-butoxycarbonylmethyl-amino)-3-{[2-(bis-tert-
N1, i3- Bi s[ 2-Hutbeycaphényliethyl-aaiinopythyBi(fyi-batvxpairbdnylnthyl)-antine)--
but oxycar bonyl OraAEIERNEI betlzy loxy éAbon Pl cilyy-AidiRyih é@iamihg - ami noj -
propi onam de]g NG hoadtht )(z.léltgj ¥4 SIRH 6 A501080d bethahexerRenané est er

(14 g) was hydrogenated in ethyl acetate/triethylamne (49:1) at 50 psi

for 16. Ocdmpowmdi(h3 5w, eeesinled2ed miowdsafivarecabarnate @H@rdodlhe 0BxBIrg) . The

20 resulting m xture was fi.ltered . throu Cel it e(r. 0 trated in
vacuo to"“pt g’\‘ﬂ'ﬂ%} tfﬁbg@a&d&tmgﬁ 1055 hogs- ?ﬂ}ezfa}ctxf M&‘fﬁi@vﬁ%gﬁ"?gf@g O%

03/ 11115, PellidedRh 268G htraiSl MhfaSkeuceld pRY&irb Athldcetate amd-wat@overN > H2N H
NH2 BocHN~\'N NHBoc J- OQ BocHN'"N'"NHBoc H2N NN H2 TFA bb( CO) DTPE

Coupl i ngaddedghelaygrewelstsemmyet-PEL-RIgRRchconpeTRhed with saturated aqueous

N NS pi Sl SR BR PSP BRGFFediofd feSheto ive o 14,5 g S

di et hyl egetn)i pi're142.12 g, 20.6 mol) and triethylamne (30.0 g,

15 NI, N°-Bis[2-(bis-zert-butoxycarbonylmethyl-amino)-3-{[2-(bis-tert-
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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41.3 mmol ) in THE (100 nL) was added Boc-ON (10.65 g, 43.3 mml) at room
tenperature. The m xture was stirred for overnight. To the m xture was
added 700wpio3/oofi1et her and then extracted w th phosphat e Ipafrfuso2/tb = 3,
100 mmol ). The aqueous solution was basified to pH = 11 and extracted with
di chl oronet hane. The organic | ayer 10 was separated and dried over
anhydrous sodium sulfate. The salts were filtered and the solvent was

renoved mﬁésigmg)}ﬁwﬁq@ﬁ pressure to give the indicated conpound as a
colorless oil (5.55 g). Ms (mM2Z): [MH + = 304. 1. NI, N3-Bi s- But oxycar bonyl -

N2- ( Benzyl o, et hy|Boc-Bl et hyl| enetT, a1 5 To a solution of the
conpound a%%e (8.0 6’?’23.30 n’m%) )él‘x%&rret hanol " (40 m.)owas added benzyl
acrylate (1.07 g, 6.59 mmol) at roomtenperature. Lh/eu\m e was refluxed
for 3 days. The solvent was renoved at reduced pressur eoto e a yell ow
liquid that contains the indicated conpound and benzyl acryfate. M5 (nlf2):
[ MtH + = 466. 1. 96 )AD\03/011115 PCT/ USQ2/ 24261

N2- ( Benzyl oxegcdt¥ bony| et Kiydoy - Di et hy|lezﬂét_}\fNé—rT?}l&12TO a mxture of the conpound
above and benzyl agrylate (1.0Fg) in didhloronet h&kEOP2EE nl) was added TFA
(13.8 mL) at room[tenperaturé. The m xt{ire was sti A Por 3 h at room

t enperature and ¢Mep~{ o the m xture dded I N HO™4Md 5 water. The

aqueous | ayer was sepgrated and | yophilized gi ve the indicated conpound
(420 ny) as a sticky & d. M5 [mZ]: [MH 266.2. N ,N3-Bis

[ 2- (Bi s- Tert - But oxycar bonyl net hyl - Ami no) - 3-{[ 2- (Bi s-Tert -

But oxycar bonyl net hyl - Am no) - Et hyl ] - (Tert - But oxycar bonyl net hyl ) - Am no}- 10

Pr opi onani - N2 - (/BENZYTOX Y et hyl)-Di et hyl eretriani ne To a sol ution
of “he aBKAbTEEk TP, SIMFREIBIE © i bR Eopr iy CAYPSRTES. | n
CH2Cl 2 and DWF is added DIC. The mkffre is stirred for 48 h at room
tenperature. The m & ure is diluted wth dichloronetfpane and water, and
then stirred for 15 % hutes. The |ayers are separ8teed and the organic

| ayer is washed with 15 urated sodi um carbonate, saturated sodi um
chloride and dried over Soudiumsulfate. The mxture is filtered and the
filtrate is concentrated in vacuo to obtain an oil. The oil is purified by
silica gel chromatograp Y, usi ng ethyl acetate and hexanes to obtain the

i ndi cat ed conpound. 20NNY;-Rés-Bitoxycarbonyl-Diethylenetriamine

But Sxycar bony HECRUTCAR REDEPRY AP er 2 a0y RaTberapie @0,

Pr opi ona 8lelmbiy i PHERI 00int ) Ack diddd Béda@Naneiss igans.8enmol) 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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A hydrogenation vessel is charged with the above conpound, 10% pal | adi um on
carbon, ethyl acetate, and triethylam ne. The vessel is purged with

ni t rogen wbhen/o2G1hydr ogen. The m xture i s shaken for 24 hearaSonziest a

hydr ogen at nosphere (50 psi). The vessel is purged with nitrogen and the
m xture is filtered through Celite(r), and the filtrate is concentrated
under reduced pressure to give the product as an oil. 97 WO 03/011115

PCT/ US02/ 24261 Synt hggi LS AR nENER B BT O2Me 1. 4M HCI,
CO2Me di oxane | 1. Boczo@eﬁy% ANH I\?%gnﬂzl ﬁ|%¥|2/ Sipptue 40 3. BnBr, 4.

HCl  co2Me i sTpj amleFredﬂBrcomp@thacha@nd:beml RiateCdt Suin bbDTPE— CC2H t Bu

C\ NH2 NH Ft t BuQeC t t Bu

oC2t Bu g@%ﬁrﬂﬁ‘?’%}‘%ﬁ@éﬂg ?\ﬁ%&ﬁ‘%&%ﬁ% 55%%‘65@19‘?%”{ i R, - coPt Bu
| BUO2C ) wias ai}r&chblc 3t1&t@&nttauﬁaﬁuﬁmﬁaue@@ah3mxtm \kwd added IN HC] and

3- (Benzyl am no) - 2- ((Benzyl am no) Met hyl ) - Propri onat e

Vet Hy| - 23@ko %@WW laé(éfrw%&e@al(aledo’@déyor{hll@emgwe ihmné@atrd@p@@@wvbd in
t t t t t t
e sol (P e e MR RIS S 1T 8 ) OPn ey ous

acetonitrile (10 m). After 16 hours, ether (100 m.) was added, and the

white solid (bepzyla hydrobrom de) was filtered, The filtrate was
concentr at ed ulﬁ é' ‘é?a[éésd¥ Wé’af' rgf,llygthyl-@gn igoy-R2-Bisdeitle oil. The

oi | was di s@whoygeprpan hyl dthyHe(TartyButany ek omsdmethyd)-Apanahd
10 Propionamide]-N (Benzyloxycarbonylethyl)-D1ethylenetr1amme

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—Ammo)—Ethyl] (Tert-Butoxycarbonylmethyl)-Amino}-
Proplonamlde]-N -(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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NaCl brine. The organic |ayer was dried (MgSO), and evaporated under
reduced pressure. The resulting clear oil was purified by flash

chr omat ogwaphgi(ihexanes: et hyl acetate) to give 1.38 g (79¢/ush2/e42e1
product. 'H NWMR (300 MHz, CDC13): 8 1.68 (s, 2H), 2.79-2.90 (m 5H), 3.68
(s, 3H, 3.75 (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 onat e Met hyl

3- (benzylsshihegs o2s{ithenzy| am no) met hyl ) - proprionate (2.27 g, 7.3 mol, 1.0
eq) was dissolved in nethylene chloride (20 nL) and 4.0 nL of a 4M soI ution
of HO in di oxaf®Mas added. The solution was stirred at roomtenperature
for 20 m nutes 5 solvents were then evaporated under reduced pressure
to give a whitel poider Boidt was dissolved in 50 nL MeOH. Catal yst (10%

Pal I'adi um on cafboR caral yst, c@s@ no) 4MetiC, addedcatie0C under on and the
ni xture was shaken at 45-psi K2 for 1¢Aurs, then fi Ii@‘?cé(aztﬁh‘g'éugh
Celite(r). The product (14g) srsvl—a'l-ed’folo ng a VEOHWas and

evapor ati on under reduced®tessiiBa. AH/RIMR ( 308HIVMNE; D28)BnBg4.3Ch5. 3. 43 (m
5H), 3.82 10 (s,CMp. t hyl 3-(BOC- Ani no) - 2- (BOC- A nonet hyl ) - Propri onat e
D am ne (1.44 qg) S reacted with di-tent-butyl dicarbonate (3.22 g, 14.8
mml, 1.05 eq.)] in dioxane/agueous Na2CO3 at solution OC for 1 hour and
then room 15 tenmperature for 18 hours. The m xturecosEn t hen acidified
(pH=4) with 0.5N KHSO4 and di oxane was evapor at edlunder reduced pressure.
The aqueous porghen was extracted with ethyl ac tat dr| ed over MpSH and
concentrated un er reduced pressure tdB”é?z a 2Bas purified

by flash chronat dgr aphyotOlesaogs: et E%/& aFet to |ve 0% of the
desired. NVR (BOMNHVHz, —€bct3y—® U , 2662 %WB% 10-
20 3.27 (m 2H), 3.50-3.62 (m 2H), 36@uo§c 3N) | 517(5

3- (BOC- Ami no) - 2- ( BOC- Ari nonet hyl ) - HBYRGN0i dBUREd Met hydO,st er QOB0 g) was
dissolved in 15 nL of a 2:1 mxture of THE / H20. LiOHH20 (0.95 g) was

added at OC. The m xture was stirred bet %2 0C and room 25 tenperature
for 44 hours. THE was evaporated under r ed pressure and the aqueous

solution was extracted with EtOAc. The eous | ayer was made acidic (pH=3)
with 0.5M aqueod&®MfGson angsy QAg {égnbl ned organic
fractions were Washed with 3% and |e¢’( SO4). Solvents were
evapor at ed under reduce@u S|§JrNe gl ve 17 '\[ @ f the product. 1H
NMR (300 MHz, CDC13): 6 40@% ZO"HlSH) 2. ga‘ﬁ—\é 3 27-3.47 (m 4H),
5.42 (s, 1H). BuC,C tBuOZC COtBU COztBu

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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99 WD 03/011115 PCT/ US02/ 24261 Benzyl

3- ( BOC- Ami no) - 2- ( BOC- Am nonet hyl ) - Propi onate Acid (1.01 g) was reacted at
room t enpwoasirgimni t h benzyl bromde (0.45 nmL) in anhydr ®@a3/USWR24026nNt ai ni ng
Cs2C8 (2.07 g). DWF was evaporated under reduced pressure and the residue
was partitioned between H20 and Et QAc . The organic | ayer 5 was washed with
brine, and dried (MySO4). Sol vent was evaporated under reduced pressure

and the residue purifyeghy3-fAdftd _czb(rfgﬁﬁrogg,&%,ﬂ Pr@;ﬁq&ﬁdtbca gel (Hexanes!
EtOAc 95:5to 9:1 to 85: 15 Yle 16 NMR (300 MHz, CDCl13): S

1 42 (s 18H) Metlzvlﬁg(b@qmlmmnOl &((@n@ylam}m)metby -oprignatery. 273, .3me®l( m

1 5 5
(I\/Hrl) go§@P‘}‘§?F %SS‘QX%%?mm t% fr%n%(b)}rlrlg{llﬁ%/ %Oﬁggwgnéﬁéé IB})ﬁ'IaS/J(gg/IOC I(S)rn i ngéal t
Benzyl 3id BOkarrvaxadded.(BaX sclitisiowsd diivle)l apfoopi RAmktatird fd52 (hintes gdssol ved
in5 nm 4M HC solution in dioxane. The m xture was stirre at OC for 6
hourSs angplvems Wareoth%évamgat@iﬂa&@r reduepd irgssire te ginecVBiteBewdes thatwasy esi due

it hyeir oc HEs et AL ABEQR oty AR R Pl ) ch bafioRalaliGe O WG LR, ne
CHD2OD) , adkled5it ogc udldenaagme) a,nd&haﬁm(tm;e \24d)shalfentd 45 p&igH, foml 8 hblys, theR0- 7. 40 (m

5H) MS: 209.00 (M+1) Bep zyr (N—BI%&CO) DTPE, Car boxam de) - 2. (N BB(C0) DTPE
Car boxandifiesed ﬂzeua}hﬁﬁlﬂe Pr @smmda%(l &) wag pobtrg folowi OH wasgd) was

(0° 320) ; YRR SBAPIRIVGHRY T afondL ﬁ%@ﬁaﬁ@@%ﬁﬁ%&%@%ﬁ@w
(0. £89) EQBH hr. Tris amne resin (0.5g), isocyanate resin (0.5g), and

HATU (0. 42g) "were added and the reaction mxture was stirred for 16h 25 at
roomtenperature. The resins were filtered and the filtrate was evaporat ed.

The residue was bet we nd. Et e or n| c layer was
washed with Hzo%é’gl B?a@%ma@% 1‘%?5‘%(%’3’6)&5’1’“8 Cdried (MySO4).
Sol vent was pyap@edl.ad gymgfeabedwﬁﬁmlaé%abyn dicalbo@atei(3.20as 1p8mithbld by

flash chr omat ogr aphy on sili cacg@ Hexanoes/Acetone/ Et3N) and gave product
(1 13g) . 1 06:eq o droxgng/auepusiNapCRaot selnton8°( farNhour arbthemrepsn 011115

{]USO 2 epitePrture For {REHRE. Cﬁ@fﬁ%ﬁ&%&%&ﬂ&%}ie@ (PHEARGH) G868 hoyam de)

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-
20 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
25 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,
30 18H), 2.66 (s, 1H), 3.27-3.47 (m, 4H), 5.42 (s, 1H).
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Propionic Acid Benzyl ester (0.90g, 0.56 mmol) was dissolved in 30 nL Et OAc
and Et3N (1 nL) was added. 10% Pal | adi um cat al yst on carbon (0.50g) was
added andwOlg/onmixi ure was 5 shaken for 15h under 45psi Hya@cogsn2/24Bhe
catalyst was filtered and the solvents evaporated to give the product
(0.82g). Ms: 759.55 (Mt2H/ 2) Exanple 5 - Synthesis of Fibrin-Binding MR

| magi ng Agents 32 Diamnetritylresin H N Peptide synthesis 10 o: aaj

0() uo wo UOXHO HOBehifylIl$- @%mﬁnﬁ)@@@@tﬁmlﬁﬂ)m&ﬁu-ﬂm})mrﬁeaVage 1 %I'FA /

IECIé)/I #01 WD 03/011115 PCT SUSOZ/ 242r61 t;[: BanG B\g z qt\>/rl 13@, @ =
p Hp @cidlAing) was reaged 3 ropm temypgraturq %h o ( élilon
Ti(tta) 3an1%7dr51.ﬁliﬁ/lg<%ﬂtammg Cs;CO3 (2.07 g). DMF was evaporated under reduced
pressure and the residue was partitioned between H,O and EtOAc . The organic layer
5 was washed with brine, and dried (MgSOs). Solvent was evaporated 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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Bu 0 1~-r RN NMN-Nj=NNONNMNMNN/\ OHp=HpHp=HH_ \S SO
p- NHz OQBu OBu DTPE, CONH\,,,, O Coupling D Synthon #2 1PECD-NH 4 ~Df PE
NH DTREOGONIHT150 G E3u Ot NHL OXH O H\~ NO N~ n~, +~PRI/USDFEPR6 OO~1H
DIPF O4" JHO~-SHp HpHpHpHCGBu o0E3u 102 WO 03/011115
PCT/ US02/ 24261 1) hydrolysis 2) Gda3, NaOH as G&&DTPA- D-N r N~/
Gd-DfF PA-CANF~ DI \ DCHCHNH Hyx 4 H N= GchDTPFbCANT j O HOHO i p
1 Fi 0~ H l{RARCOYDTIRICashbRegiders-(SasCO)DIRIMCath Bangde)f Mettyl-
1, 3- bi s- (am nonet hyl) - benzene tri pydpiodfeaayn TGI resin (neasured
substi tution Eeﬂzaé%sﬂeﬁ@d VBB rhhal s diksatved AstAnY oReNidR; el #M) and
| oaded onto a Peptide ntghe5| zer. "Synthesis was carried out using a

was added. 10% Palladium catalyst on carbon (0.50g) was added and the mixture was

5 shaken for 15h under 45psi Hydrogen. The catalyst was filtered and the solvents
evaporated to give the product (0.82g). MS: 759.55 (M+2H/2)

Example 5 - Synthesis of Fibrin-Binding MR Imaging Agents

" ®
Diamine trityl resin \_Q/H O

Peptide synthesis

32

10

Cleavage | 1%TFA/DCM

\
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standard Fnoc strategy. Capping was carried out after coupling the first
am no acid using acetic anhydride, 6% diisopropylethylamne in DVF. Wen
t he synt hweiog/owass conpl ete, the resin was renoved from tir€Tasbeazéand

pl aced in a reaction vessel. The resin was rinsed once with CH2Cl12 and
filtered. The resin was then treated wwth 1 %trifluoroacetic 10 acid in
CH2C12 and placed on a nechani cal shaker for 10 m nutes. The m xture was
filtered through the reaction vessel and the filtrate
of the conmbined filtrate was_adjusted to approxi nate
triethylamne, and the sol uti B concentrated upder vacuumto an oil.
Fol I owi ng preC|p|tat|on t the white.soli

rinsed with water @an Tl_heos |a’\/ms drd ed by suction 15
filtration, takegh J ] Njle The sol ution was
cooled in an i bat afqd Breatgd with d. 59 of g hal 1

ic
trifluoroaceta&{for 2.0 weums. pH of ¢ sol ub=Qn was a frgd Wi th
triethylamne to pH 8 and then c ntrated under vacdiim Water was added
to the oil and the resulting precipi®te was coll ected by suction
filtration. The solid was washed with ter and diethyl ether to give 2.7 ¢
of crude 20 nodified peptide having . a G-term nal am ne functional group. An
exanpl e synt hesi s of Cyclization | Titfa)s
H2N- Leu- Pr o- Cys- Asp- Tyr - Tyr- @ y- Thr - Cygl; Bi p- Asp- CO- NHCH2C6HACH2NH2 (SEQ | D
NO 21) was confirmed by an observed m ¥ of 1792.8 [ MNa] +. The nodified
peptide was purified by preparative HPLC. Fractions of simlar purity
(98-100% were conmbined and |yophilized w thout neutr zation. 103 WO
03/011115 PCT/ US02/ 24261 Modgfd ed peptide (3.2 g) an oval ent conjugate
(Synthon #2 above) (3.95 Q) were Nssol ved in dichl t hane.
Di i sopropyl et hyl am ne wasg i rreasur ed 9, and

di i sopropyl car bOqu €H - H HOBt 0(2 et ) ed Qul t aneousl y
to the mixturé m Yﬁ' ”zﬁw i 8 dedmi @was added 5
dropwi se until the pHomeagUt el & *T*héDmxt"br@ vias "str7ed’at r oo,
tenperature for\two hour & Addi Jf onal pr e- acti vate g,hon #2 (with

di i sopropyl carbodii m de, diisopr Lgt hyl ami ne, and HOBt) was added in one
portion. Solvents were renoved in vacuo and the residue was dissolved in

et hyl acetate, which was e uen tiglly wth 0.1 N hydrochloric acid,
saturated sodi um bi car bonat e, ur at|€dpingueous sodi um 10 chl oride. The
organi c | ayer was dried over sod msulf te, filtered, and concentrated

under reduced pressure to obtai i grhdght |yell ow foam (7 8 g). The foam was

di ssol ved in dichl oronet h%% purifiqd by flash chromat ography
(di chl oronmet hane: nethanol eluent) to provide a white_solid (D%,E%O . The

white solid was stirred in a m xture of TFA, 0\{/\
DTPECON o B
O O o (o] ot o] o] ™
H H H H H 1
HN wn(u &ENI,(M N DIPEQONH
DIPECONH ; O3 HOxHO HOZ HoO; H
\( S u S/ O-(GBJ
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water, and triethylsilane (90%5% 5% 30 m) at roomtenperature. The

m xture was 15 heated to 40 C and stirred for 2 hours. The solution was
concent r awed3wol1as vol ume between 3-5 nl, then cool ed to PowmSHBEIREr at ur e.
D ethyl ether was added and a white precipitate formed. The m xture was
allowed to stir for 10 mnutes, 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

m xture of water: 20 acetonitrile (20 m}, 4:1 ratio) and purified by Prep
HPLC to yield a white solid, precursor M}g}%ng agent (1.6 g). Precursor

MR i maging agent (1 g) was reacted with Wpaal ent of  GJC13. 6H20 in
distilled deionized water with the pH adjjusted to ca., 6 by t hkeoedditi on of
1 M NaOH The gadoliniumconplex was punified by re se pﬁf;e./\/

chr omat ogr aphyEBcoNALQr 18) using d¢stilled dgﬂl ni zed wat er
and 50:50 (v:v) methanol: op{i at&fracti re conbi ned
and the nethanol renovéd O @C(Q@;EW philized to
give 811 ng of the MR/ magin 3 z }gelwo::(b he @yBidoRsi s of 32
present ed above, the peptide naysb'e—cgzzc-)ﬁed— n a®Kgsin as illustrated in
the follow ng Schenme: 104 WO 03/011115=R(T/ US02/ 24261 H \ Peptide
syrthesis 1 r\ tBu ~tnmjxu O u 0 O~S(AcmO/ 0 (AcmMS 0 ~H OGBu QBu
Cyclization TI(tfa)3 / DMF /\ if tBuO QBur \ OOQBu HZNNN N N A NY N.
M- Peptide Construction: 3.39 g of the 1,3-bis~(aminomethyl)-benzene trityl

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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OHO=HOHO7HOHSs\ OtBu OB u Ceavage 1 % TFA/ DCM V tB uO
GBu OOBu OOHOHOHOHO H2NN NN NNN N~ XXNNNn HNNO~SHO=HO
O SO H NAxo 0@wBu1s Of Bu 5 105 WO 03/ 011115 PCT/ US02/ 24261 PExarspt/a261 - MR

| magi ng Agents Prepared in Anal ogous Fashion: Each of the follow ng MR

| magi ng agents was synthesi zed anal ogously to the nethods described above.
Pepti de, prepared using standard Fnoc strategy and cyclized wusing thallium

trifluoroacet afqiifdBseplbs (1.2 eflalycdVRleht . r%ageg@gﬁgigﬂ#?*ag%é)f&%g? g?gveg% ) in

di i sopropyl et hyl am ne,” di i sopr opyl car bodi i n _
di chl or ofissdlaerein dbehloromethaner Piisepropdethilamieewoes abidd dipwissindil ¢henpld

hyar oot Bt faind SEGH b B RN BRREHGRE Y SR B i cd aqueous
sodi um ckihfiliafiéousite thy Gadine. |Afwe stinkg 20hinieks JMeopropPRtiyRAEuk vk @dded

filtered, and congcentrated under reduced pressure to obtain a foam which 10
was Spur i fiiopyiseruntid gieph mpanyed 9.aShe wivuieavasgitingA ¢t wonHPmperae fordsial t i ng

whi t | St hrred. | ' ri ethylsil ane
(0% 504 gts JORAGhA e eR STl (Bien MibhpriiElbodiifal | Bl Y Rer s
added andiispwpylethylamiiepandH OBl owaedidedvivi @i pontien. pulivdrtedetytreoeg HPLC

CH3CN H20/ AcON t, leld. a whjte solid, precursor | magi hg agent. 15
b ecur soPaR HTAR g U AR Cirstdh SR Shieh B sl e e Y20 T
dei oni zeg, 1@ h§drobIAbYi6 acitibirated BEAIGANMATI A, GAEL ALt WRT RIS 'sBéliﬁlgl using

reverse- phase chromat ography on a Waters Sep-Pak(r) C 18 cartridge with
wat®r anchloride. 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:

104



met hanol : wat er 50:50 el uant. Appropriate fractions were conbined and the
nmet hanol renbved under reduced pressure at 50 C and | yophilized to give

t he desi rwo oMRiIilMRgi ng 20 agent. Table 3 provi des nass sp@crusnB242¢1 dat a
confirm ng each of the conpounds. See the detailed description for the
structure of each of the conpounds. Table 3 Ms data of Fibrin-Binding
conpounds Mol ecul ar M5 nB+/3 Conpound Wei ght cal cd 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 EBG.22133 1298.48 9 4233. 208
1328. 60267 1327.94 10 4221.199 1324/50967F 1324.57 11 4142. 146 1298. 24867
1321. 13 106 WO 03/011115 PCT/USOEN?Zégﬁ/Hkn @ M5 +3 +/ 3 Conpound

Wei ght cal cd obsd 12 4123.378 1291.99267 |1289. 8% 13 4325. 675 1359. 425

1333.3 14 4470.833 1407.811 1407.44 15 63. 362 1371.98733 1393.99 16
4511. 483 1421. 361 1444.57 17 4169. 128 13Q#. 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. @g;hde]s%%gég 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 V
tBu

OtBu
Cyclization | TI(tfa), / DMF
tBuO @
] > OtBu \ OtBu . . O
HzN\___)\rﬂ(H\_/u\ H\z/u\ KL/L N-_- ' HYLN/—Q/H -
5 *—'\u H o =\ f 0 H o S; H ; H
u OtBu O

Cleavage | 1% TFA/DCM

Y

tBuO.

0 o= 0 o Y™ o 0
0
an L2 1( EAAL LA~
2 o X, N N Ei o) H o) S,E H o) '/E N NH,
\( C Q OtBu

OtBu
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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. 380 03864199567 1364.8 32 4319. 303 1357. 301 1357. @CTHSanpi2el 7 -
Synt hesis 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
opti cal

S Car box L ampe € AR Tfholhg REeniE PERRR b Analogous Fashioni e beptide 1 (177
nmg, 0.10 mmol Faenaf tIiecE@lidmngﬂ\& nmmgn@ygerﬂtmwlmymélesmertanathguuslyltodﬁ er A (111

ng, 0.21 nmmol,) .are.d olv di chl qr onet

1) . Dt BERRSGRETRG Biie Hopl Sy B B R SEC N e oD PRASHE o, The
m xture {§ng tuanhﬁﬂltrﬁmor@a/c@fa@é &k paffled BfHPL@ean%l%é/&éH '&nﬁ'S?n thefgyed under
reduced pressure. The resjdue |2@Bur| | i ca-gel flash col um

chr dmat odiisgpropylethylamine .dliicepropy h@mevdnéz mh@mc} HOBt§? @) bonpound 2A. 107

and cri eRpRLTEhatt SR yetds EOVRAIMAL SR RRRRe Sl b BT P, 2°

room t enpetaé,uritich aas waklesd deljgentieie (Withro. 1 Nilwidiclosiel adid, ostulatedobivgd i nto 50
mL of ether to precipitate the crude product. After the solvents are

separ at ebicapop@as andrsgHEated AdueonBsediyn shloridery Ehe prgapis|lave a8 dEpd OY9ien

b3/ 1111 R RERsy Bl3EG T REal Rl or R RE T oRRERO W bt Sl iR, |,
0 H2NN Nas puriidd iNnbbdssar s flabh dhrefdatogtaph@br HPHA. TGE resultin® whifd s8lill 007 H
was stitred in a mixture of TFA, water, and triethylsilane (90%/5%/5%, 30 ml) at room

temperature for 2-6 hours. Diethyl ether was added and a white precipitate formed, which
was purified by Prep HPLC (CH3CN/H20/AcONH4) to yield a white solid, precursor
MR imaging agent.

15 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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7 QBu OBu 00 RKON O RROtBUO_ GBu NH OHOHOHOGOGHU 0 HO
HN~LNN' ~N NLN NNNNFNNONO S HO-HOH OO HOH S O<, OBu GBu 2 RO
HO R Owdodkiits O HOHO HOHOHO HN~KN N ~(V NN RCTiushe/2486N ON N
O-\SHO HOHOS HOOH7O4 OH3 00 RAOON= 0 ABC 109 WO

03/011115 PCT/ US02/ 24261 5- Car boxyf| uor escei n-contai ni ng conpound (3B) In
a simlar procedure as described in the synthesis of 3A, 3B is synthesized

using thepeptide I (177 MRpo1eatde MO ). 9nd'_‘5-T(,dr Msm_,%ﬂ)nj eiP __
zgﬁgloﬂlnan jgl{\@%ﬁ{mﬁ (9p. 4 Weig )y 21 D RldE Xas Rttt X poptarning

T 12 4123.378 1291.99267 1289.80
13 4325.675 1359.425 1333.3
14 4470.833 1407.811 1407.44
15 4363.362 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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In a simlar procedure as described in the synthesis of 3A 3Cis

synt hesi zed using the peptide 1 (177 ng, 0.10 mmol) and Texas Red(r)-X
succi ni mwploesties C (172 ng, 0.21 mml). 10 Exanpl e 8 - puFassaz/242g1 Bi ndi ng
of Contrast Agents to Targets: 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 equilibriumbinding nethods. For exanple,

bi nding to HSevo%aﬂlptaﬁnd@&%yéfdédlaxomhbﬁ%%'rw O tﬁ&hﬂsﬂéﬁ@ )g&gb bi ndi ng
measurenment using ultrafiltration, the contfast agent 1s m with 4.5% 15
wei ght / vB0/affe SHsD). iTihe allplﬂre7154hddt¢hffelr3 h‘ﬁhmosawmperaher anddbeh thateaction

commer ci al. aval l abl e centri arat.u ed i 0 kDa
ol ecut aptreg Mot prufe e s0 wnpd s P BRGig e e PR brosieb e e
Regener agditerftehleubpsitted By léél@tnﬁ(gatloﬂ\’tthe ErdlOplodu&at 8bie@tdd AdEERMnPiPHed
perneabl e to the target|n8 group, but not to HSA. A small portion (5 -
10%° of bHieg sepeehas HRECite Obialft@inéiwuw?’éent rifugation at 2000 x g for 20
20 mn through the cutoff filter, and the concentration of unbound
targeting group in the sanple is neasured in the filtrate. For measuring
binding to fibrin, a fibrin clot may be fornmed in a well of a mcrotiter
pl ate and contacted with the targeting group. After an incubation tinme
sufficient to establish equilibrium the supernatant is renoved 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 neasured. I n both nethodol ogi es, 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 follow ng the binding assay. The bound fraction 110 WO
03/011115 PCT/ US02/ 24261 is the concentration of bound targeting group

di vided by the concentration of total targeting group. Affinity of
contrast agents to a soluble fibrin DD(E) fragnent was exam ned as set
forth above and is reported in Table 4. The conpound nunbers provided in
Table 4 refer 5 to the structures set forth in the detailed description.
This data in multiple determ nations has an error frequency of no nore
than 20%in this biological assay. TABLE 4 Affinity of Conpounds for Fibrin
Compound Kd, DD E , M

108



433 512 613 7 12 12 5.0 13 5.1 14 4.9 32 4.7 15 4.0 16 3.5 17
6.2 185.9 88.6 96.1 109.6 11 13 27 0.7 28 5.3 29 0.8 30 3.7
19 10 20w0.03/0142159.1 22 3.5 31 0.8 23 0.25 24 0.7 2¥8CIUB02/24260.07 43
0.08 44 0.09 111 WO 03/011115 PCT/ US02/ 24261 Conpound Kd, DD M

tBuO

OtBu
OtBu
E)LH N‘)LN N\:)J\N
X 0 H O - H
O T

Q
0 H O H
HN A GACN AN
; 0 X_H O
\( s
OtBu 4
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45 0.1 33 0.1 35 0.11 46 0.15 47 0.18 48 0.199 49 0.22 50 0.3 34
0.39 Exanple 9 - Stability of Contrast Agents: Stability was assayed using
rat |iverwbegogamiat e, which contains both intra- and extragaiShutesl enzynes
and represents a particularly harsh chem cal environnent for 5 peptide
bonds. Freshly prepared rat |iver honbgenate (630 L) was placed in a glass
test tube and incubated at 37 Cin a water bath for 4 mnutes. To the rat
liver honogengt@ar%xyfﬁz,régcgiﬁscoﬁg%g% Z&nﬁglﬁ @Bt mv sol ution of test
conpound. At tine points O, and 60 mnutes, a 100 L aliquot of
t he reaction mgtsméarmcscedwdascalhadmtheaywlm of g 3B isfsymbesizadalsinign a

cent ri f ugsepare § (rERE A DR BT B Pan RPE SEeRRL el B G o el e

The supengl2itmmel). anal yzed by LC-MS to quantitate the anmount of test
conpound remaining by conparing the area of the single ion M5 peak to that
of & series of st andar ds. Half life (T1/2) was determ ned by plotting | og
percent signa | ta were fit using an exponenti al
curve fit, wh‘re{{ 2odiainin 3(e&)stabuluty data of the bel ow
conpounds was i &singithr pﬁmeﬁm‘e s dBscribbd mhthé ayntheied fHAS SCis shhésitddaustag and
N-term ni. of the peptide, had a dramatic increase in half-life resultlng
from resﬂ?tl?i’ﬁ@@e 1 61 Bhappehl 9 auaed) andiFenay Red®-X saeninimidy lester 6 €amg, i n
hal f-1ifg aﬁt achi eved through nodification of one termnus with
chel at es even en the other term nus was capped wi th an unnatural
organic noiety as in, for exanple, 20 conpound 3 (containing a biphenyl
grotep onExhmple 8 eMiéasugihg Biifing Ofl GdnGrakt OgéhitOtdDhigetsd H O H O NHZ~N
"t'" YW-rN~N N~ ~"~NH2 O ASH OH OH0S7 H OO

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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OH "OH 112 WD 03/011115 PCT/ US02/ 24261 Structure 1: half-life = <2 mn,
free N and am dated C-term nus Gel -DTPA- H GIDTP/KkNOOH s HO Ho-N'Y
(N H OVWooBliid150 YOH / O O-'~ , NHDTPA Gd OH O NH OTPRCEWSH/2426t ur e 2:
half-1ife = 10 mn, N-term nus conjugated to chelates and am dated G 5
term nus. GIDTPA- O HO/ OH OH GAIDTPA N / N,' ~/ HHO UXHNNN,,,,-\ H2
W~ Y o Ny0" ASHO O HGS HO~ /~) OT NH DITPAGd OH OH OH NH DTPAX

Structur : =) eh ) A ' j es and
N or i i Ot B e AR e B O T N H O

NH- DTPAGHrgeGaBDERAN. O O OH U OH QQ Q HN~~N, ~~N~ 4.1~ NH 7 p ~SHO HOHO
and.C-term ni

S~ HHO H 10 Structure 5; half-Life. .6 ] bot h N-
conj ugat ed t ogﬁ@g’a?fejcém&ai&gﬁlftf g‘} a3lygble fifun i’&%ﬁ?@ fragosnt Was LZpminsd 885t t he
hal f-1if @rfabdveerd isdepdriedT@Thble 4. The compound numbers provided in Table 4 refer

5 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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significantly increased by the addition of gadoliniumchelates to both the
C and the N termni. 15 Exanple 10 - Relaxivity of Contrast Agents The
MRl cont raetosagams s of the present invention were eval uat @dTfuse2/2ebaxi vity
usi ng a Bruker NV5-120 M ni spec NVR spectroneter operating at 0.47 Tesla
(20 Mz H1 Larnor frequency) and 37C or a Koni g- Brown rel axoneter (20
Miz, H1 Larmor frequency) operating at 3 5T. T 1 of water protons was
determ ned by an inversion ¢dap¥end3/ 01KH] BDIXEY LVB02/ 24261 recovery pul se
sequence using the inst[UMENT 5 Softwafe. Repaxi vity Ywas detern ned by
measuring the Tl of mul tipre—sgutionsiof thgitarget {for exanple,

honodi sperse gel s of f'_eshl_y_?gl_y-rceu_ed fibri-negen—{ 10 ng/ nL) contai ni ng
zero, 20, 30, and 40 M [11)2 5 respectivel LlThp sanpl es are incubated at
37C for at least 15 minltes to4@ensure b tem)éﬂéture equi libration before
the Ti neasurenment is performed? The Gd(111)0d48ntent |of the sanples is
determ ned by inductively coupiged plasm - nags9spectronetry (ICP- M5). The
relaxivity (per Gd(I111) on) 149 determ ned byoplotting the relaxation rate
(2/T1) ins 1 versus th L:(](I @0 conce’\traﬁ@@ in mv | The sl ope of a linear
fit to the data gives fre—r-etzaxi Fhet gxrvﬁ—y- of the compounds in

t he absence of target is—al °m?4“ Dteﬂn Ared 64.% af—anal ogous nmanner, except
there is no target present. Conpounds of the invention show increased

rel axi vi bi LG 2) as conpared with the relaxivity
in the absen gen%f %%P%éﬁgéﬁt?{égrtgme%eﬁ% Exanple 11 - C ot uptake of contrast
agents 15 TheStapilitk evashssayebwsingst hagémnqgnmaje,aNhlbh oot ns B@h@m -¢indt) was

determned by the follo n nmet.hod; A 600 mal e) was

anaest heE¥BACHIVIALenZxmes PRd rePIGS RNt & harty CHI%% gd%‘ i%ag(lﬂg’ {(’%elﬁ{n erior vena

cava (I Vidp tid%%'oﬁ&@de@ﬂﬂ%i’@aﬁé&&@tﬂiveM@mo@dnlaQV@ﬂO 110) tvas pleed far gl tedtnut es.

A 1l cmportion of the | was clarrged and human _thrombin (50 L, 4 units)
F

was i nj ebbeand incgbatpd a2k Yeln @ watsr oaber 4 mimHes sTorthe ﬁ@éllyvgqﬂ,hormgeph’r@ af oner

| d t.
Arer 537 LHRAAIMELERPE 1AM RBRB I BryORR Ao St 053 PO9TE" & age
in the amti 6ﬂih11ﬁuiés aa 001'pmuthqaot dﬁthé naanmnmm Ivmscanovedsanda:gxad with

conmpound- 32 at a dose of 2 and race radi | abel e th.70 G of
1111 n, w0 phjokaedhang] @tfﬁhcfﬁgfgv %‘n‘eﬂi‘c therraciont gjhﬁ qPBTFquwF‘??ﬁtl?fh jection

f t t
305@93 p ?%a{q%%&%%ﬁ%é d‘fB?B%Bﬁ%% hﬂ(ﬁmlgﬁi to%;éuetqﬁpbfeam@te@%eazﬁﬂ\) at a

99mic injected via the jugul ar
vei n. Af The sxaﬁmatamms abdlpond byaIster&quuanhatcathﬁ melougbefrtesticomgound

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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and the thronbus renoved. The bl ood sanpl e was wei ghed and counted using a
Packard Cobra Il gamma counter. The thronbus was al so wei ghed and count ed.
Count s arweiong111is om 99mic were detected from 128- 165 keVpramiusezzaont s
arising fromthe decay of 1 "In 30 were detected from 390- 500 keV. Control
experinments with only 99mlc or 111In denonstrated radi oactivity arising
from99nlc was negligible at detection energies used 114 WO 03/011115

PCT/ US02/ 2426¢udtere 11 hhi-lidne <2imid, fe¢ H¥aand heidatedi Osemins decay data were
converted to % initial dose per grain of tissue, 4D/ g, and the nean of
three experinments is presented graphically. Radiolabeling with 111l n was
performed i n advance: An appropriate radi ochem cal anmount of I nC13 ( New
Engl and Nucl ear) was added to the fibrin targeteg, contrast 5 t. The pH
was adj ust ed %" y addition of 1 M HC1. Thesoa @- was heat at 45C for

1 hour. The pb usted to neutral pORy Q yf ’@2 .y Fhe | abel ed
agent co gujg 32 s > QSW%%%_WW- et e INOY PANSHYChd, i C
agents s;h;gé)\'/ i al\l/g\a{e Ny cl ot°~|=(f)t ake.'s Sy she §t ha#<,,an agent,
|
A

conmpound 32, i s accunul 'mg:rriwmgthe t hrombus. Ther¥‘4gss specific clot uptake
10 conpared to 99nTcDTP, E,QDT;AQgre is a higher concentration of the agent
in the thronmbus than in the surrounding blood. Specificity of claot uptake
al so can be dStresteter2aheld-lifis=ri§ VRl NV-tomaingy enndieaatas tp ghelatepaid ypidaiedding of a
thrombus, with an agent is as follows: A 600 g guinea pig (Hartley male) is
ana@st hefP¥4S An incision is made in the throat and one of the j ugul ar
veins 15 isolated. A1 cmsection of the jugular vein is isolated with
vascul ar clanps. Freshly drawn bl ood froth;%. ijal (50 L) is mxed with
human thrQnmbin (50 L, 4 und is injected i t he cl anped segnent of
[ m nutes a nj ectiqq, thg/cid@mp @ renoved and the

thronmbus | £al lwo d , N5 1 njected
at a dose ‘ 'Y;LI)E

' piy iS i maged at
1.5 T 20 usi n@\f spoi | flj gPeAsd30. The
t hr ombus appear bri ght ye to he bl ood. Exanple I2 Ng% id}i ng an
MR i mage of a thronbus with a targeted contrast agent wth and w thout
bl ack bl ood: SfuduR.H hkif-lifesdl min\cweramua ochjrtedtorchblates and §-tameistbet i zed
with a cocktail  of Ketam ggpéofso / kg), Aceapronazine (2.5ng/kg), and
Rompon (®wiptecdyith paraypben} 1c 3gflnt ai ned wi th sodi um pent obar bi t al

(approx. 35 ;\k as needed). An i.v. catheter (24g) was pl seetacnt o t he ear
vein and%™ 'a?]\;rtery. Thet ular vein and carotid arvﬁeiy/NH-DTPA'Gd

0 OH
Gd-DTPAN o OH
HOY HOY HOY H H NH
5 O x_HOXHO Ho;7; Ho 7 H
\( s s s o=(OH
10 OH

Structure 5: half-life = 65 min, both V- 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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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. TWeoamedi® was then renoved. A 5 mm portion of tIReTASIER426IVaS t hen
segnented off distally to the stenosis 115 WD 03/011115 PCT/ US02/ 24261

Wi th mcrovascular clips. The artery was then crushed twi ce along the 5mm
section. The proxinmal vascular clip was released to allow blood flowinto
t he sect jeeBvdrgipuba seienesusidfithe chdtymmuats sofanaps. i Relazinidy st detgrmimsd by ushed

twice again along the 5mmsection. After 4 mnutes, the.clips r

r enoved. MeasITiRg e § kehmugiple Ff@u‘il‘i}&lﬂ% et\‘?@eh(twé%x q,&pmdgpgﬁ? ﬁgﬁ of

m crovas s u Anlof YeroM @301 2 40vabd@fn,a 3.7
units of ﬁg%@g%#%ﬁz%fg%mh%’c?Z%r abbc?’t?ﬁa\?lmqggee biood m xture. After 4

m nut es, respeetiveiyp S hesamples arsinewhatetirag 37 1 foriaf leagrlé minbisataenssreage f or 50

i t . A1.0 nL Jut f h t hr onb t t ed t I,
5 A R sRbiienheSire PR Lingh PRy PSR B n PERbAGR SHRE Gt es.
the ani ngfuasmPled GedtdriishditryAn@enRes! coibRa ipldsmaSingia specE¥nedky FI¢Es| a
scanner and a first MRl data set was obtai néed usi n%ha 3D RF spoil ed

gr adi ent M§ohBhe stagirdtic@ey €AER ionRisdetgmiged bymlettisg thewglaxpiienyratadlBl)= 40
degrees, . fiel d of, vj < ClN,. {S it i = C Chem cal
fat sat ult i%eﬁsm c Qgg?%gmgis’&%‘?’ﬂ%g‘?“ﬁ hr?%[bpgﬁgg ;i\fg%}ifﬁftgﬁegd‘r% %aa eSsuperi or
sat ur at i gR rblaREsy. Mwedhdiey yf thelcbmpbnglstihitie sedite OBtangsiid dso 15 | ater), a
second MRl data_ set was acquired usi n% the sane paraneters with the

addio i ondefermined ipansgralagaps manesr; Ghcepibers (e Eget BX6¢Hat i on bands to

generate a " i1 : : : ]5135}3(15'- i ity

proj ection (V\/Fg%%gﬁtll(%%ﬁgtﬁ frﬁgfgﬁg)éltsgbgel?é&rsﬁg? oloic%fuessellqgmglrt&eﬁggﬁti ally
enhanced(FlGoR) 4s commhed Wity tite refakvitysn thel aBsentB of himlegitadhéarpdtP of t he second
data set where the signal fromin-flow ng bl ood was suppressed (bl ack 20

bl ood) by the use of superior and inferior saturation bands. In FIG 4A and

4B, the Ekﬁ'ﬁ?iéfﬂﬁﬁﬁéﬂfbtgﬁebf%nﬁifﬁihgmy target (a thrombus) through use
of the targeted contrast agent is clearly facilitated. Exanple 13 -

Syntshesi s of %he opiekeef a eunitestagentdygtors thrasbusdblesyd slonaray d¢rmiyel Bothanol / g,

100 : I ) ' . : i de. nbl ed
oyt he. stsdmeelBR AER0EL bt s el M RENE mlBPER SISt on,
After thgacoum intlle @bddhen drdtat irdefidioreas cabar(@sCyhigelatedad thieewdssel hagnd
peptide was treated with a solution of pjperidine in DM (20% by vol une,
2.0 i) #pwedgonspyerldr 6 mighsy At pagion sl HieddiG Was gfreag! anhimpasi n was
washed 3&5&{1@@%6 Ry 4 Whi8) WYRARERE id: DR veRQ 10 RBntok Rt G thin@icRo! ut i on of

fl uorascei
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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| sot hi ocyanate (23.4 ng, 60 gnol) and diisopropylethylamne (11.6 ng, 15.7
gL, 90 116 WD 03/011115 PCT/ US02/24261 nol) in DW (1.5 nL) for 12 hours.
The resi rwaag/owashed t horoughly (NWP/ ether/NWP), and trea&Cadser/2dr6n
solution of TI(TFA)3 (18.7 ny, 34.5 nol) in DVF (1.5 nL) at 4 Cfor three
hours. The resin was washed after this treatnent, and treated wth a
cocktail of TFA/TIS/water (95/2.5/2.5, 2.0 nL) for two hours. The crude

pepti de Byytgn MieELOVERE. EThdMIRABE RS Ita Werd BRVEH QP A i AdEsBbky and
purified by preparative HPLC usin dac C-18 colum. Structures AN were

formed i sranhpktisvasvelD/grandithemean 9?@?@&%@9@1&?11% isyessntedgiranbidallyes wer e
et o " R TAOAE Sl et YR S legieielil, 7 o
was assenhbest dY' BiGIn@%w Bhgland Nuokad) hgis apd@icedh BbomtaNestaSRonth&R resin s
Il ¢ HN 1. o Triethylamne, 12h OH O_ 2. Th(TFA) 3/DW, 3h 3.
TENB S/ waget., Thepd visadgistedrio 4\ynddition gh] YIHIE dhe sppaplegvas heptedapt NG ~ N~
N~ N- H B3 hour. The pH was adjusted to neutral by addition of 1 M NaOH. The labeled agent
compound 32 was > 95% pure by y-detected HPLC.
Fibrin-gpecific agents show a marked increase in clot uptake. FIG. 3 shows that
an agent, compound 32, is accumulating in the thrombus. There is specific clot uptake
10 compared to *™T¢DTPA and there is a higher concentration of the agent 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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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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pmol) in DMF (1.5 mL) for 12 hours. The resin was washed thoroughly
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(NMP/ether/NMP), and treated with a solution of TI(TFA); (18.7 mg, 34.5 umol) in DMF
(1.5 mL) at 4 °C for three hours. The resin was washed after this treatment, and treated
with a cocktail of TFA/TIS/water (95/2.5/2.5, 2.0 mL) for two hours. The crude peptide

5 was precipitated by adding ether to the cleavage cocktail, and purified by preparative
HPLC using a Vydac C-18 column. Structures A-N were formed in thié manner and their
fibrin DD(E) fragment affinities were determined (Table 5).

Tt
N

[ ) sa

HN \)L&rn\)L_/lk

H 0 i H k.
T 3
NovaSyn TCR resin,

Peptide was assembled by standard 0.20 mmolig
procedure on NovaSyn TGR resin

Q=W

, Triethylamine, 12h

2. Th(TFA)3/DMF, 3h

3. TFATIS/water, 95/2.5/2.5, 2h

10
Structures
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ty of optical targerasorantr ast
E) Fluor XI X2 X3 X4 Xs X6 X7 X8 X9
FHCHyp Y(3-1) DL C HI 0.055
.06 Fluor WFHC PYDLCHI LE
0.09 Fluor Ahx G G FPHC Hyp Y(3-1) DL CHI C 0.097 Fluor Ahx GF H C,
Hyp Y(3-1) DL CH oQ099 Fluor Ahx F HC Hyp Y(3-1) DL CHI HO0.119

Fl uor K WF HEC Hyg 1) DL CH Iy GO. 124 Fluor K& F HC Hyp Y(3-1) D
. GF EWE@?“@W@&@ ﬁ;o 136 FI uor
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| N-terminal |abeling of the peptyidess peitdl probes can nodul ate the
binding 5 affinity of the optical“contagt agents. For exanple, when
conparing fluorescein, 4 nethoxycoumarin and tetranet hyI r hodam ne

derivatives of the peptide (Q/\ECPYGL Q ©SEQ | D ,/ ¥ Kdg3 M the
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N 4- Met hoxycoumarin 0.2 Exanple 14 - Fibrin targeted urol dnase: Fibrin
targeted urokinase is prepared according to the follow ng procedure. A
fibrin biwoiosgipeptide with a Ay-Ay dipeptide |inker isPprasar/agel
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 a succinam dal active ester. Direct chemcal 121 W 03/011115
PCT/U802/24§91 ligation is achieved by m xing urokin and the activated
pro

peptide in priate pé rtl@ "in an aqueous buff Nand ently

agi tati ngeo ut i on for n tes CxH ~\H 0 =0=HO0- O HOH
00 HH O PPN rmUk |m,k He,. Hz HC O
Enzym&s active silte O 0 H*O “0: yRC}B Ho\ 3 0 HN H CpO CH H

Urakinase NHz 5 Fibrin tar ed urok|q§J£ can be purifiéd by HPLC. Binding
to fibrin can be o

Iz
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assessed. Conpound 1 binds fibrin selectively versus fibrinogen. The rabbit
jugul ar vein nodel of Collen et al. (J. din. Invest. 1983, 71, 368-376)

is used fwoohrambol ysis assays. Conmpound (2 ng/kg) is ad®CRitsbreed by
infusion of a 10 bolus (consisting of 20% of the total dose) over 1 mn,
along with a heparin bolus (300 units/kg) over 1 mn. The remai nder of the
dose is continuously infused over the next 60 mn, and heparin (60
units/kg/hr) is continuously infusedrgygs the next 180 nmin. At 3 hours,
the animals are sacrificed, and clots analyzed. Conpound 1 is nore potent
inclot Ilysis than é@ﬁﬁwaﬂ'anecalmrggeﬂrcontmstragzanblf@ruf compound 1, there
is less consunption 15 of fibrinogen and a2-antiplasmn, relative to

equi val ep, (k) @ of scuPA al one, denonstrating that corrpound 1 was nore
fibrin speci han scuPA al one. 122 WD 03/011115 PCT/ US02/ 24261 OTHER
EVBODI NENTS‘}StDb) 0 be nder t god that V\:hl e the invention has been

descri bed ure oL aVoisila 3 de s ati:Wa¥a :-u:.“t 13

f or egoi nnges@toﬁlpt iFdor i sbxhxnt éMdEd HoCl 14 uﬁw at ¥(®RdD 5 nbt .Ci Eﬁ tI t he scope
of the inventiposs Whicehgs defi pect by theyscop@ of Lhe agpewded | ai ns.

Q her aspect s,  @dv catigns a hi n o] e of the
fol | ow ng.cl ai m; %%9@03/3211%0$P [ USQ2f-24 61 T f:se{a_g DIS 1. A
met hod of —makiHl af™¥oR 4 Ggent H sai & met Hol c8RpPi Bi rg: Ca)flrdacting a
pepti de h&vi ng.08h Riwer mhmal Canf néif Gnet | Byl Y(BOpDW t hLa i Hker- subuni t
noi ety t oBf or g nm{iof-l esglxpegt i de dnam,@g gEHt er m nal an‘bner gncti onal

group ang saloqlé\l- th %ﬁit arQ,nle fI_klnEtl onﬁl?%gr ]P B) coxal(enhl Y attachi ng

a |linker iety erm nal “am-pe functio roup” ahd to the
N-term na an‘Pﬁ%“f@H’@fl 6?1a| Gt otip H oSf or nf#p_pr &6WsBr  MRLi fagFind agent; and
c) convertli ngotiie Frecuksor NR Gneyi Hg ageént . tHyp heYMR)i padi ng .dgemt . 2.
The net hod of ggb@i Myby WagMeim Hh(—zg I H eryfg,ul{;)um t npietyci sgsel ect ed from

the group co ti of H2 N \ H2N n NH2' H2 niNH2
NH2 H2N NE Hzﬁ?ké A ¥ HENG MF ved' o e H e

N-terminal labeling of the peptides with optical probes can modulate the binding
5 affinity of the optical contrast agents. For example, when 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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R 2 H2N --i N-/"NH2 NH2 OH H2N-NH2 HNNJNH and HN ~NH H2N --t~j wherein: n
Is an integer froml1l to 4, mis an integer selected 1 to 12; and R is an
al i phati cworozaramat i ¢ group. 124 WD 03/ 011115 PCT/ US02/ 24P€1/US82/24Bhe net hod
of claim1l, wherein the linker noiety is selected fromthe group

consisting of OO O I11LGLG n ~LG"RR N~~-NR R' "RR N~~, N~/ ~NR R" "RR N
NRR OOLGLGO "RRNLG RNNR NRR I mNRR "RRN OLG n

R Q2C |, ~iizMisris achi }gpggr : | | 3 4 nis an

I nt eger %lrg%dlnqnol > tal %hl%%%lmei s1 a‘%1°g‘§3|§9n%ﬁgtrﬁ€%dﬁ%§%§’re§&e§% }’El}tp%ln%tgependent |y
are sel eptopdrtions i amequgoosipuffansd genthpgitting theaghmtion fiok 3 minnesi cal
protecting group.

Ha
Ph 7 buffer

Enzyme's active site

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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4. The nmethod according to claim1, wherein the linker noiety is selected
fromthe group consisting of: RIRZ RR LGR %AG c/~" NRRZ E1 0O RLGNR ~
OCN ~ RwoosmadiR LJ Ri -,1 LG 0=1G ,Qy-Nf-N-\ o~ NHPEHWIRIFZMMNRIR?2 R
02N NR1IR2 R1IRZN NRi R2 R R2N NR1R2, 125 WD 03/011115 PCT/ US02/ 24261
wherein; LGis a leaving group; and R and R2 independently are sel ected
fromthe group consisting of hydrogen and a chem cal protecting group. 5.
The nethod of claim3 or claim4, wherein the LGis selected fromthe group
consisting of -OH, activated ester, halide, and anhydride, and wherein the
chemi cal protecting group i SOTHER EMBODIMENESgr oup consi sting of Boc,

Frnoc, CBZ, t-bhutyl benzyl.,.and .allyl. 6. The nmethod .of claimb5, wherein
the activated é%%loel?e ‘i'%(ggsi‘%loéjctpgtdwdkflfeoth?fw DQTHRAS be%ﬁ%ﬁcgg?q'ﬂdj‘ @pyunction

pent af | Uﬁrﬁtﬁﬁﬂ@d&#ile_(dﬁe@éﬂpth%nhﬁé%@,(ﬁx‘é%feﬁ%ﬂn?d@@cr b¥p)s infénded to illustrate and

Hydr oxysul f osucci ni m de_ Sodi um Sal t (NHSS), 2-Thi oxothi azolidin-lyl, and
hy drfoxy bBefAbnit theAsppe piOBT juvention; péhicheis idefinesk bycthgisears, of Wheeanpendedrdaimsl i de i s
sel ected kSt B e met hod of
ol ai m 1. Ol e, 80HRerCaRl idattalbns Be witin Besedls e Prolife” R

i magi ng elgand. conprises: (a) reacting the precursor inmaging agent with a
precursor chelate noiety to forma coval ent bond between the precursor
chelate noiety and the |inker noiety of the precursor MR imagi hg agent,
the precursor chelate noiety conprising a plurality of carboxylate
precursor groups, the carboxylate precursor groups capable of being
transforned into carboxyl ate noieties;
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(b) transformng a plurality of the carboxyl ate precursor groups of the
bound precursor chelate noiety to a plurality of carboxylate noieties, the
car boxyl awe oaoigli es capabl e of conpl exi ng a paramagnet i ®@Cwaisat/2426n; and
(c) conplexing a paramagnetic netal ion to the plurality of carboxyl ate
noieties to produce the MR imaging agent. 126 WO 03/011115 PCT/ US02/ 24261
9. The nethod of claim8, wherein the precursor chelate noiety is selected

fromthe“;{gg USit of: Y YNI' NYN N~-NOC OG-O0O- OGOIN OO X
O Xx X O ?g@)@%ﬂ%&/ﬁ%ﬁ YOY~~X Y5 ~2~OXNIIXTNN NNNNX ~/
0 XN XX XOXXYOOx00X0O0077?279, YOXOOYOQz~'0 NN
I I x XN BN ThAXndthod of mxkinglan ¥R iNagingagdRt, spjd\netKod Bemprising: X R~ ~ \-, O O
©O0 000OY 8 r>e§(>: iﬁJgOa gepl\tli e 'e\ilvfngzak\l ﬁ?ergﬁla?azﬁinlg i%‘nyional group with a linker-

subunit moiety to form a modified peptide having a C-terminal amine functional group

and said N-terminal 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:

HN HoN NH, Al‘/o\l/\ /H\
\__Q_/ H.N - NH, HaNTT T SNH,
NH,

HoN
IT HZN—R_‘NHz HzN‘R
HNS NS,
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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RAN D XY RANNRAN 3 RI"NND X LO OOQand XN NJYO127 W
03/011115 PCT/ US02/ 24261 wherein Y is a synthetic noiety capabl e of

form ng awomsalamt bond with the attached |inker noiety, pamdSetizrei n each
X, 1 ndependently, is an O or an O precursor so that X, upon conversion
to Ois capable of formng a carboxylate noiety with its adjacent

carbonyl, and Rl is an uncharged chem cal noiety, an aliphatic, alkyl
group, on cychpa od I ereof. 10.
The met hod of hTgll MQ &r\/\cﬁ%@ell (r?ﬂﬁkgﬁggn?ﬁgﬁ ﬁg@o%sgg%eﬁégﬁ??{ggt%g%@r omt he
group ceessiginged of a car boxylic acid, activated ester, acid halide,

anhydride, alkyl hg]ide, isocyanate, and i sot hi ocyanate, and wherein the
Q' precursor is seljected fromthe groupO consisting of -Gd, -Owe, OEt,

Ot Bu, Obenzyl, ar“q’uotallyl 11. The of claim8, wh réﬁn t he
precursor ch at ey |s,. ect ed omth roup consiisting of 0 LG O
(COR ( CORR ﬁﬂ\' RRT~ Com “NRR"

N-_, N~ N’\CCRROCCCRROCO LGCCRROCCCR LG O LG OO0 ROCS r--~ ~COR
LGNNROC—-\iCO?CNNCNNROC—-\NCO? ROC--" U\-COR N NJ and ROC-" U
"-COR N N~ -" U \--COR wherei nq G is a leaving grogp selected fromthe
group consi sting ‘fﬁ OH, activated e tép hal i de, and awhydri de, and
wher ei n eachR™>{gdependent | YRR O or an O' precursor

I NRR" "RR'N nNR‘R"

il

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
R'R? R‘\N e R M
1
e NR'R2 |1:/ s <: :}
NR'R2 R R! RR—/

LG G

N~ {—\
,_}—NH/\/ gﬁ F_?—NH HN—<)_\
RZN NR1 RZ

R'R°N  'NR'RZ R'R®N 'NR'R? R'R®N  NR'R?,
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selected fromthe group consisting of OH -0-Me, OEt, 0-tBu, O-benzyl, and
O-allyl, so that R, upon conversion to O-, is capable of formng a
carboxyl awe oaoigly with its adjacent carbonyl. 128 WO 03P0TABLE24261

PCT/ US02/ 24261 12. The nethod of claim 8, wherein the precursor chelate
noiety is selected fromthe group consisting of 00 OHO i n Co O NCS

RO 1- RRORRO)~( in RONONNO(- NO NNN~ OORNOCROR~ORO
NoR~-NWQeIg% 00 OOHONHN-/ N\ RNRORO~ )RO\--NRO) ( )o ~N O
N O RON ~ (-NO NOORN-ORON~-NO-OR/ OR~-NOR O~1 OR 00 Q
n ~~ 0 ~Lg is RGaR@ermep;eNH ~N N~0 RO~ ()R ROIRO O-~N1 N O N~ NO OR OR

O~ NN ﬁl %&%d%%nger% ge%elgctéeld from the group consisting of hydrogen and a

chemical protecting group.

5. The method of claim 3 or claim 4, wherein the LG is selected from the group
consisting of —OH, activated ester, 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.
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0O ONH2 u RO- () n0OOP-O~-COHz RRO\RO~-NONO O=<-~-NON R Q~ N
OROR ™ 4N L( OR 0 0O wherein: nis an integer from1l to 4; Ris selected
from t he womapilaehsi sting of a negative charge and a negatPCrasohange
precursor capable of being transfornmed into a negative charge; and X is a
chem cal |eaving group selected fromthe group consisting of -, -Br, -1,
-MsO, - TsO, and -TfO 129 WO 03/011115 PCT/ US02/ 24261 13. The et hod of

cl ai m 8, gwher g4 n{eﬁ%dFHf%%ﬁ&lS@ th%rb% ﬁfﬁré&kﬂ Xhél&te%?d(i;@tﬁi@ogﬂwgﬁ‘éﬁe group

conS|st|ng of 0 0y Oy

OO0 /7

OCR' sgro‘apcnmtmgofemmso oo RO ) RORpR N-O -N) ONO NN
RORNHO(' O0ON ORO O—--NON \=N v

) r\r\ N/\\N N N
O{;o >;BZX ’ O{X— o );E)Zx ’ O=<>>;o %ﬁx ’
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O0ORRORCN-1 ROORO N RO1 ("NT O N N_ NO~NJOR-N-OR NH /~N~A 1-(
ORORX~ORORO HBr 00 RO 1 ROO if 0 0 ORORNH2 0O wherein: Ris
sel ect ed Wopmniotties gr oup consi sting of a negative charge amdTaSNBYRSGI ve
charge precursor capable of being transforned into a negative charge; -and
X is a chem cal |eaving group selected fromthe group consisting of -d,
-Br, -1, -MsQ - TsO and -TfO 14. The method of claim 12 or 13, wherein

the nega{vhgl%np{pqg Q%'If?ﬁ@ffé%&@é' éaﬁaﬁ@b?ﬁrﬁ’ﬂagrﬁ ERRnPBorfif Mt&%@tﬁbl?éd‘ ng of -H,
- Me, t-Bu , -allyl. 15 he method of claim 1, wherein

t Ee | i nkllankammceéty ansl eineach X, hxdnpqnglamtiafllstm (aforptn@qxr@tmsoc heflat X, noi et Y,
t t t t

aroups. PSP R SRR O BB B R BT e ar® o ed i nt o
car boxyl gi Igﬁ)l S 1ESis aﬁ%ﬂc%&%@%%ﬁlo?eg /aygﬁﬁllé%‘?ggic?fl %rgul% h?%yéfsﬁlﬂ of

cl ai m 15, rein the coval ent conjugate 1s se rou
consi st gt@upjorl\lﬁchargﬁ fiBsthRBverdibid thétdbfi NRIR2 RIR2N 0 O

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
o
ROC—_ /_'(/LB-COR e
[N N] Roc—\F N ooR ROG— [\ J—COR
RoC—" N\_/N‘LCOR [N Nj and NN
Roe—"1LJ "~con rRoc—" N\_/N\--—C:OR

2

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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RBN R4 R5 Nand LGO OO0 2N N _-\

N,/~ NNRIRZ RIRHH R 3 N (NR RRN

NR 4 R 5 wherein n is an integer from1l to 4, LGis a |eaving group

sel ect ed Wopmaiotties gr oup consi sti ng of

anhydride; and R, R2, R3, R4
group consisting of an acetate noiet
acetate noiety, an acetam de nvoiety,

-OH, activated esteCThsb/2iesl and

and R5 are independently selected fromthe

a -Me, -Et, or -t-Bu protected
acetoxy noiety. 131 WO

Y,
and an

03/ 0111197 PCTHHSOARALN e 1aih’8, witkeeiBleRebu@dor & 1élht'€‘n4<§ety"i@ %I&L'téﬁ frg'ﬁ froval ent

conjugate is selected fromthe group
N R3 N OgrqupRonsiglingpf: HN Y LG HN N2

R3 -N~I R o NGO
?HO on RO /(Q"
RO R JAR o
N(‘Njg}o N(\ N}

o
O’Q;K,N\)OR ORK/'\\I:‘()OR
‘\‘(
y o
0
)(H') H 0 NH)J\ N\:
RO RO RO {{in =N
- T
o L) P
or ~N0R O=<_K/N\)OR
OR v
© )
0 X 2
RO /(ng ) NA 4
SE A At
Oz(()—RK/N\) OR g\ N °
= <o
X
Q (N 0 o—ﬁ—o-—\
RO ((In {((In (|)
<2 L
° ORK/’\\I:\()OR ° ORK/N\)OR
b X
wherein:

n is an integer from 1 to 4;

NZ 1 R3_N -N
R3 N NJ RI

consi sting o
OO0 RHN LG --) --lA 12 o]

s %z

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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R4 ~ - 1 R4 wherein: LGis a leaving group selected fromthe group
consisting of -OH, activated ester, halide, and anhydride; and Rl, R2, R3,
and R4 arwoggleat®d fromthe group consisting of an acet aPeTRS0BL4261 a - Me,
-Et, or -t-Bu protected acetate noiety, an acetam de noiety, and an
acetoxy noiety. 132 WD 03/011115 PCT/ US02/ 24261 18. The nethod of claim
15, wherein the covalent conjugate is selected fromthe group consisting

f: S 1 i ate 0 C
aB 5 ygt E@no Thé ﬁgﬁiﬁ%%ﬁ mwﬁfheg%%ﬁ@ﬁé t Q@‘Q%(Il%&’%)%d% %‘dﬁ%“coc(

oozo(aﬂgmlp@@@mtmga)fs, and Synthon 2: (CHS)SCOZC\
| CORC( CH3) 3%- cozqc:Hs)s ,CH3) 3002C \ - NoN N~ \---C02C(CH3)3 0 0 NH HO NH

0 /- NN-¥T 02 CH3) ® 3CA2C >ro
{,DN/?, C( ) Lw ) > p%%\
QRN {Lk\é w ST,

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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(CH3) 3C2C C2C(CH3) 3 CO2C(CH3)3 133 WO 03/011115 PCT/ US02/ 24261 19. The
met hod of claim 15, wherein the coval ent conjugate is selected fromthe
group coweispingsof: 0 RO 0 RO'-J ROO NO ~N O =<- NPCFAUSA/N261 O
OR~-NJOR O ORNORONH HNO OLGHNO OR~ORO0~-ORHNLG O ORN ~
00O ~N,s ~CN RO-ROINJ O RO- RO OO wherein: Ris a -tBu group,
LGis a leaving group selected fromthe group consisting of -OH, activated
ester, halide, and anhydride. 20. The nethod of claim 15, wherein
converting the precursor MR imaging agent to the MR inmaging agent
conpri sekd. a) The methodraficlkagma Spivherain thy cofalert eomjugait edelectadfinyatie s
car boxyl at e precur sor

group consisting of

NR*R®

NR?

o [
0
H
fw«“
HN n NR'R?
o)
o)

R'R?N

R3Nj
RYRON and

LG
o '/KO o

1m2 152

R'R2N z /\/N\/\N NR'R
H H

R3Nj NR®

R*R5N E

NR'R®,

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

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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groups into carboxylate noieties, the carboxyl ate noieties capabl e of

conpl exing a paramagnetic netal ion; and b) conpl exi ng a paranmagnetic
metal | orwO®3pha1pl urality of carboxylate noieties to regartusomebhe MR

i magi ng agent. 21. The nethod of claim8 or claim?20, wherein the
paramagnetic netal ion is selected fromthe group consisting of: Gd(I11),
Fe(lll), Mi(ll and 111), C(I11), Cu(ll), Dy(lll), Tb(lll and IV),

HO( 1T 1), 14" Thd hbtholrdfflclaivh, 1 5EWhédein @8 Aot bbnjugakd & s\é@c%/f%;ﬁ%%{ou

PCT/ US02/ 24261 22. The nethod of claim 21, whérein the paranag etri)c met al
ion is Cequsistingof£3. The nethod of claim1, further conprising, prior to
step b), reacting a linker-subunit wth the Ntermnal am ne functional
group of the pe@hide toresult in a derivati(zey\kfzd(\)k %erm’ nal am ne
functional grgup Rhe peptide. 24. The nef hod Y ai m 23, wherein the

| i nker-subuyniyt is ected fromthe gr oupR3‘gonsL§| of : Base Base Base
ase Base 3%0 O\OW-O H2N--~NLG H2N N, , , LLG H2N Base Base
Base Base 012N ) OY20 H2N-N LG H2N~N LG H2NN , P-L | O OH and H2N& LG
d fromthe group consisting ofNadenosi ne,

cytosine; LGis a leaving grgup selected fromthe
group consisting of OH, 4dctivated ester, halide, and snhydride; and Ris
an aliphatic or aromaiyy ' 135 WO 03/ 011115 PCT/ Ys02/ 24261 25. The
met hod of cl ail?m 23, reinithe |inker-subunit is S?ih LSom t he group

N t |
Ra—N N S _g\ N/E ‘{_/é ©
“Ef) | AR

I
R4

wherei n: Base i $4sel e
guanosi ne, thym ne, and

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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consistingof 0 00 R-/ HNRHNLG Nn HZNLGNLGHNROHNO O
R-\ HNRO H2N N~-LG ~n HZNALG o0 H2ZN LG HN, ,R 0O wherein: n is

i ndependewOlog/oanii nteger fromO to 3; R is an aliphatic @cTarsomatbt group;
and LG is a | eaving group selected fromthe group consisting of. OH,
activated ester, halide, and anhydride. 26. The nethod of claim 23,
wherein the |inker-subunit is selected fromthe group consisting of: H2N(

/O-LG R @8 Orfe m@tHd@Nf.clalﬂn 1)5~wh§eﬁ5—the cc)\Mléﬁt Nﬁ%ugeﬁe is seltcfdGrontidl Sop R O LG

HZN n 0 "N -y LG and HZN*( nNn wherein n is i ndependent 1 or 2
R is an eguspfiagio€ or ar OITB.tI C gr oup, and LG is a leaving group sel ected
fromt hesygr&lug 1conS| sting of. OH, activated ester, halide, and anhydride.

(CH3)5CO,C 0,C(CHa)s /-—COZC(CH s
(CH3):CO, > {
C\— —/_ N\ 0,C(CH)

O
H
Q
0]
—\— /__C02C(CH3)3
(CH3)3C0O,C > <
(CH3)sCO,C COZC(CH3)3\——COZC(CH % and
Synthon 2:
(CH3)3C0O,C COzC(CH3)3/—COZC(CH3)3

(CH3)3COLC N
AN N—/— \—C0,C(CH)s

\j

NH
0

(CHa)sCO,C > < —\—N

(CH3)3C0,C COZC(CH3)3\—C020(CH3)3 _
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136 WO 03/ 011115 PCT/ US02/ 24261 27. A nmethod of making a MR inagi ng agent,
the nmethod conprising: a) covalently binding an amno acid residue to a

| i nker - suvormsoimd ety to forma C-termnal end of a peptipde/usetiznei n t he

| i nker-subunit noiety is covalently attached to a resin; b) synthesizing 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
terni nal j@MACHEHRE AR 197 RHBeindhe E6vaBH: BShihdRe RERTL @fitoranHeth?uﬂ esin to
produce a peptide having a Gtermnal amne“functional group;

coval ent ¢onsistingefii ng a |inker noiety to the peptide's C-termnal am ne
functional group and N-term nal am ne functignal group to forma precursor

MR i magi ng agent; and e) converting the pg rsor MR inmaging agent to the
MR i magi ng aggﬁg. 28, The nethod of claim ef@in the method further
conpri ses, pkrs gp c), covalently at(gﬁ in Qi nker-subunit noiety
to the N-term nal ¥no functional group N pro e a derivatized

N-term nadzfnhl'nef notional group. 29. @ @/t 0d’ o | ai m 27, wherein
converting tﬁa,pmegyfso i magi ng agent oRo t he °FR i @i ng agent

conpri ses: %5 re In he precursor MR imagi ng Rgent pgyth a precursor

chelate noiety toofo
noi ety and the |inker noilety
precursor chel at gf noi i
groups, the carpoxgpkate prefursor groups capalyle of

car boxyl at Pgm Nes;
precur soP=gr dups o

e bound precursor @h noi
car boxyl at € ieti t he carboxyl ate Omi €ti es
par amagneti c i/6om° and c) conpl exin par gnetic metal ion to the
plurality eb.ca bd?xcg/l ate noieties to prodiceyt i magi ng agent. 137 WO
03/011115 PCTAUS02/ 24261 30. The net hodggf claifff 27, wherein the |inker
nmoi ety is cov& ently conjugated to a precunysor chelate noiety, the

coval ent conjugate conprising a plurality ofo carboxyl ate ,

oto a plurality of
| e of conmplexing a

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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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 paramagnetic nmetal ion to the plurality of carboxylate noieties to

result in the MR imaging agent. 32. The nethod of claim 31, wherein the

par amagn@i dhemeghod; dfielaim Lo whereduithe peramageetigmetapionanSidgiling of 1 Gd(111),
Fe(lll), Mi(ll and 111), C(I1l), Cu(ll), Dy(lll), Th(lll and 1V),

Ho(l1l), Er(ClIl), Pr(lIl), Eu(ll) and Eu(lll). 33. The nethod according to
cl ai m 3123 Wra¢ giethddhsf chamalydgies comprsiag, jrivf td Sefd), kdacding a BdkerAubBhipod of
maki ng a MR i nagi ng, agent, the nmethod conprising: a) reacting a peptide
havi ng avdthtBe Nrisgninghapine,fimgtional giown ofthe pgﬂtﬂ@%ﬂ sl ima dpsivatiged ghbuni t

noi ety t ama[%'ﬂg)%h k i i: both a C-term nal carboxylate
functi ongﬁnggé (l)uplan gﬂlll lglg)rahiog%erb%ﬁ%%xyl ate functional group; b)
covalently attaching a |inker noiety to both the NNterm nal and Cterm nal

car boxyl gte_functian roups.of .the npdified peptide to forma precursor
MR i nag?%rngﬁgﬁfh,OdzfﬁJ&lag‘)n %OW\;’SWI} l @'#%&%&C@ﬁ%&eﬁo%ent to the
MR i magi peh@geplor; 138 WD 03/011115 PCT/ US02/ 24261 35. The nethod of claim
34, wherein the linker-subunit noiety is selected fromthe group

consisting of 0 O NY LG HO LGBamd HO LG B0 'O 0 R 0gQ. R 0 wherein;
LGis a leaving gr %?sel ected 4 he gr consi sting of ) OH, activated

The: mothot of ' gharmisdspherel i Miaker ﬁ-‘y’%ﬁt&&”@wﬁjﬁa” chigomihe
group R OrEes ' " HpN i ]
o Base o Base Base Base
/\/N\('?\ HaN N LG ° N E_LG Oﬁjo
HoN r LG , ~ \/\g/ ’ HNT \/IOH " and HZN/\/N\)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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consisting of: HZ YNHZ NHz ,m)m((°J /n RMW/ N/~N\R2

RRN-,,,N,-, ,NRIR2Z RIR2ZN --N--NRLIR2 NH, Y NH2 ~NH2 Y R02C, N--"CO2R
CO2R. , \Moosﬂ)lllm R CO2R _N__~"CO2R JI NH, IN "H2 ~, 2, PROUSIIEEZR RO2C
CO2R Ra: n 02R RO2C" (QO2R wherein: mis an integer from1 to 4; n is an
integer fromO to 4; Ris independently selected fromthe group consisting
of -H -Me, -Et, -Bz, and -tBu; and R and Ra are independently sel ected
from a hyer Qg fefoda i SalvhBreH @6 linRe:-SbaMPis s%I%cteIfiﬁmmfe@?&l f claim 34,
wherein the Iinker noiety i$ selected fromthe group consisting of. NRLR2
ONRLIR2 R¢#psistingDfl | NRIR2 O - NH2ZN Q. NRIRZ n NH N Q-~NRIR2 NH2 RWN
NR1R2 ARZN1- ~NR1R2 139 WD 03/0111]5 PCT/ US02/ 24261 wherein RL and R2 are
sel ected indepegdently fromthe oup consi sti ng ob hydrogen and a

chem cal proR |ng group, theH Rl cal pro ec roup selected fromthe
group con5| stl ng . Boc, Frmc he zyI'—Gand allyl. 38. The
net hod ofi2R 3 ere|n C nvértlng the prec RMR i magi ng agent to
the MR imagi nt conpy reacting the ppecursor MR imgi hg agent
with a precurs chel ate rml etyy |n order to forma coval ent bond between
the linker noiety of the precursor i magi ng agent and the precursor

chel ate noiety, the precursor chel ate noi ety conprising a plurality of
car boxyl ate precursor groups, the car boxyl ate precursor groups capabl e of

belngtransfor into carboxyl atNe i eties; b) trarsform ng a plurality of
t he car box te pm ursor groups pf t he boun cuyrsor chelate noiety to
a plurality? ilgte noiefiés, the (':'ki‘?‘bo ,Jae Loi eti es capabl e of
conpl exi ng a p netl c r’relt hG and HN__R

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
e A
n d Hp_N/\/N\/LLG GL N\M,HNHQ
0 n
HoN ow R
LG Yo
ZNW LG N
fo) I? and HzN/\(")/n \(“)fj\LG
0
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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c) conplexing a paramagnetic nmetal ion to the plurality of carboxylate

noi eties to produce the MR inmagi ng agent. 39. The nethod of claim 34,
wherei n two oionkes noiety is covalently conjugated to a pceasyonrechel ate
noi ety, the coval ent conjugate conprising a plurality of carboxyl ate
precursor groups, the carboxylate precursor groups capable of being
transfornmed into carboxylate noieties. 40. The nethod of claim39, wherein
converting the precursor MR inmaging agent to the MR imagi ng agent
conprises: a) transformng a plurality of the coval ent conjugate's

car boxyl a7.eApreibed ebomakigg e B linaging egetitaky methodromprising; t he car boxyl ate

noi eti es capabl e. 0 onpl €xi ng.__a _paranmagnetic.petal, ign; .an conpl exi ng
a paramagneti gi?%z@%lnﬁygﬁnd?% ?‘ﬂaé“%‘t’&?lgﬁﬁ@“eotf’ a@&’ﬁr{g{iwuﬁfq@%ﬂ?’g‘?? to
produce the I\/R-ﬂeﬂﬁﬁliah@daﬁ%rﬁeptide’-}@vh@@i@ﬁi&ﬁ&éﬂ-@bﬁﬁh&&&%@&%ﬂemﬂ?1- The

met hod of claim 39, wherein the covalent conjugate is selected fromthe

group consi sfitaiedto HEENRRS HN ONR3 H HN In N NRIR2 RIR2N O O4 R 3 N
RARSN , and ‘55 éyn%siz%gq gepq’idelc:)‘)nthﬁeﬂn%om 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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R 3 N (NR RARS5N NRARS5 wherein: n is an integer froml to 4; and R, R2,

R3, R4, and R5 are independently selected fromthe group consisting of an
acetate woioeyi11: Me, -Et, or -t-Bu protected acetate noiPemyysSoaes2acet an de
noi ety, and an acetoxy noiety. 141 WO 03/011115 PCT/ US02/ 24261 42. The
met hod of claim 39, wherein the coval ent conjugate is: (CH3)3CO2C
RC(CH3)3/-CRC(CH3)3 (CH3 )3CX2 > NCQ-N\---CORC(CH3)3 ONH HZN N O
NH O (CH3) 3C02CKN CO2C(CH3)3 N (CH 3)3CO2C CO2C (CH3) 3\---C2C(C H3)3
43. A nmethod of claim11, claim27, or claim34, wherein converting the

pr ecur so030. VFhe methgi ofclage a7, whereindhd/nkermapiety ineponatentp wpriugsed tqa) reacting
the precursor i ing agent with a chelate noiety, .wherein the chel ate

noi ety WBﬁWﬁ?rﬁgg%%?gpgﬁhg}?ecﬁvgleﬂte og;uga%nc,orr[pgsgﬁarﬁlgraﬁbrv%q]cgmoxg U bet ween
t he chel gkeurB®l @byps, BRrEatdgylatdesurstr sQhpdbieof aeforM3diim@gi ng agent
to pr odu%g t he gl?/RlyIi magi ng ggent. 44, g%uep rreli hod of claim43, wher ei% t%e
par amagnebexyhase Hioigtish | s sel ected fromthe group consisting of. Gd(I111)),
Fe(lll), Mi(ll and 111), C(I11), Cu(ll), Dy(lll), Tb(lll and 1V),

Ho(ll11), Er(l1l), Pr(lll), Eu(ll) and Eu(lll). 45. The nethod of claim 44,
wher ei n 3heTlpamnatiad o€ tiaon 68f whereinrcongertlg thelprecudor MR Cinnigimsdgeag®rthe
conprising a netal chelate conplex at a -CO2R and NHR term ni of a

bi opol yn¥iR 13881818 1ReqIP s ependent | y sel ected from the group consisting

of hydrogen, ) 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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al kyl, aliphatic, and a | eaving group. 142 WO 03/011115 PCT/ US02/ 24261 47.
The contrast agent of claim46, conprising two netal chel ate conpl exes at

t he COZR wand/oNHS t er mi ni of the biopol ymer. 48. The cont pestusayasl of

clai m 46, wherein the biopolymer has a specific binding affinity for
fibrin. 49. The contrast agent of claim46, wherein the biopolyner is a
peptide. 50. The contrast agent of claim49, wherein the peptide is capable

of fornigg ?h%%@%ﬁ'o?%lalﬁgﬁgm&‘éﬁf th@ﬁﬁkéresqwﬁlgﬂl %nfg'srzfegt@ﬁ fro tshgg B ond.

contrast agent of claimb ereint pept i nprises a
52. The cmmsistiagbfiagent of claim 46, the contrast agent having the fornul a:
0 (Chelate)m (Li nker)p (L| nker-gubunits N R

(Li nker - i t)s-HoLli Lg---Fg elatie)m RIf “wherein: Chelate represents a
met al cheﬁiﬁ conpl ;| i nker Y efr dsemids+ &f noiety; Linker-subunit
represenfs @ Pinker-subunit nmoietyrR in is independently an integer from1l
to 10; p s |Independently an integer fromO to 5; s is independently O or
1; R isWaf®®i no acid side chain or a derivative thereof; and R2 is

| ndependeptiky &y rQQI? Bel&teP o thP Blub %oﬁk’i&h'@ of B a\é@v&%@é & lilatide,
PCT/ US02/ 24261 53.” The contrast agént of clarm 52, the contrast agent

havi ng aamstanhydudes awdl ected from t he group consisting of: Structure 4
Gd OTPPr H H NH-CODTPl kGd Gd-DTPXCO-N O 11 O OH 11 N OHH kv
N N B S O el

36. The method of claim 34, wherein the linker moiety is selected from the group

consisting of:

L

RIRNSNNANRIRZ RIRN A~ N~ _NR'R? RN~ N ~R1R?

ot af, ra

ROLCTNNNSCoR  COR AN~ COR GRS co,R

NH
NH, 2

COR
RO,C™ "COR RO,C CO,R  ROC 2 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:

o NR'R?
O™~~~NR'R R1R2N NR1R2 /\/N\/\N
O~_NR'R? n h NA
NR'R (N 152 152 2 1p2
NR'R? NH, RIRN - NR'R RIR?N NR'R

2
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OH OH Structure 5 Gd-DTPA-CO-N CO DTPA-Gd NI CODTPAGd OH HI CGd-O0TPA C4 O
ZOHOXI H HY HH \'H HSNOOOS/ O / \ S=(e OH OH
Struct ur ew6 01 0TPA-CO- H H CQ DTP/ Gd O OCH NH. CO DTPP Gd PGEASIRA261 N OH N~
I T=NNH HHXO\0I 00SS o OH4 OH Structure 7 ~I NI O -CO 0TPAG

Ni - OO DTPA-Gd CGd-DTP/ -N OFi ~~/\/NJNrj HHO O O /\ 0 0 O=OFi OH 144 WO
03/011115 PCT/ US02/ 24261 Structure 8

wherein R! and R? are selected independently from the group consisting of hydrogen and
a chemical protecting group, the chemical protecting group selected from the group

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

38. The method of claim 34, 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 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;
b) transforming a plurality of the carboxyléte 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.

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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L NN~ N~ 4-)A NN ~N NJ~~ $ H CO DTPA-Gd Gd- DTPA-CO-NH O HS 0 H O H O 5!
O--k Hwe o®ki11GH Structure 9 Gd- DTPA-00ONF 7~ O H (~nr_, RCT/USKZEDFPAG] T
HOOHHHHHGI-O0TPACONI HH pHpHp H~\00 NI-CODTPA-0d S | OWH
OH Structure 10 Gd- OTPA-CON H OH ~~NKCO-DTPA-Gd H ~ 0 "Ka Gd- OTPACON- 1
meen a0 HO- Hp HHO 10 H'A\ NHCODTPA-Gd OH OH Structure 11 O H
Gd- DTPA . ) - - CO-NH pS
TR paeot- o e ofblaln B9, Stk inctbvatiat o et A G P o6
St r uct ur eonkRtiGgeHHTPA- CO-N H | HCO DTPA-Gd NHCO DTPMBd Gd- DTPAr CO Gs OH H

OHS{ q 1 —~ QH "k RS

HN [
NR?
H
N
HN n NR'R?
0
o)

Gd- OTPA-CO-NH O OH H or NRCODTPAGdA 1/ OHNHOHOHOHOHOHODO)Y =
H
I
r

R'R?N

RN

)

R*R°N , and

1p2 1p2
R'R*N N L N N NR'R

R3Nj [NR3

455
R'R°N NRR®

H

wherein:

n is an integer from 1 to 4; and

R! R% R3, R4, 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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OHOH

OHOHOH OH OH Structure 13 H GJI-DTPA-CO-NI O C=p O\ ~

NH- 00- DTPA-Cd \\ OHyl HNB = HOP H= H O-~~O H Gd-DTPALANH ] OO0 OO0 O
NH CO. DTP%O@®d/0113131- ] OH OH Structure 14 GIDTP.4CO H " O OHPOHUB0D24261

ot I\

Gd- DTPA,

avrHlL JANi~/~/NH1/ G HO=HOHO HO H NH CODTPAX
00-NH O'~~ it ~H SOH Structure 15 HCO DTPA. Gd GIDTPA-CO-NI n

H

\Y

OH

OHNH H 1Q p {7 H\W/~~/VvH H~ YH Fi R H NH-CO OTPAGd Gd-DTPA-CO-NH 0 0 \

0"~ 0 HAAETIQ il or sk 30H A6 W Aokt dokfuRTUS02/ 24261 Structure 16
p (CH3)3COZC {OZC(CH;;):; / 08 C(CH3)3
(CH3)sCO>
C\— N——/— \——0020(C Ha)s
0
NH
oN
Y
I\
NH
o]
(CH3)3CO,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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OHN-~\/NNOHHHH- \ / NF- CODIPA-GI Gd-01PA-CONi OHp HOHH O = H
17 ~( S OH OH Structure 17 i H Gd-DTPA CONl O OH NH CO-DTPA-Gd ~NN OH XN
HIN H N HyoNsmutiisH N, , ITH 0 HOHH O H O H Gd- 0TPACO- NHPES/Usd2/N61

CO DTPAGdI Q OH OH Structure 18 O H Gd4)TPAACONH ~ A 'NO O OH OH ~

"N ~NHCO-DTPA-Cd N HHHH~I 'Y-NYjp~~ ~H Gd-O0TPA-OONH NHOHOHH
p= H NHCO- DTPA-Gd OH OH Structure 19 H PAGd D Gd- DTPA-CO-NF~ 0 ~~ J~~~ 1
| NN<l OO +COT _ NI\ NN NHO _OH

47. The contrast agent of claim 46, comprising two metal chelate complexes at the CO,R

and NHR termini of the biopolymer.

48. The contrast agent of claim 46, wherein the biopolymer has a specific binding affinity

for fibrin.
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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wherein Gd is a paramagnetic netal ion Gd(I11), and wherein the GI(II1l) is
coordinated to the DTPA noiety; and wherein the DTPA noiety is covalently
linked to a nbiety conprising a C(=0 group at an ethylene or acetate
carbon on the DTPA noiety. 150 WO §}34Qddelild PCT/ US02/ 24261 54. The
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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.

150



S-O2 O HONJLNKOHOZHO - OOpp HNNDHOHO OHO-/\ HO HNH
O /-NOOHHO~wOHNNHOuu OY O GNdui O 0 153 WO 03/011115

PCT/ USO2/ 02801118 ructure 40 O or O N Gdw 0 O-0~ X00 HNPOT@isoz/242&¢ DO NH
O HOHNHZ NG-dmS ~I HO~~)y HHN-O .J~-NN (~-NA  OHNHONNH p
N\ HONNHO AID- OHOA S H NG"NOH~-NOONHo~NO ONdniNOOO
and Structure 41 00 _O0O0Tf~0- - al'~/ NHHO\ d eN-; OH NHS o- N GIWN

Q0 H O K ticoRtrast agent of claim 52, the contrast agent having a structure selected from the

group consisting of:

Structure 33

N
Un W NH_ Q .
N
¥ G-
[Ny
o)
Structure 34
)05
=0 =0
$a

151



HNO HNOHO NO J~N NN ~N [i
OSHp~\HOHONOOOOANHOGI~CAONGaNc~N") 0 0 NJ

.NJINN- 1l NNNCi NHOHNHOHHOHO

l-p 00 154

WO 03/ 01M093eami3JS02/ 24261 55. The contrast agent of cl @acmBa24£2he

contrast agent having a structure selected fromthe

Structure 42 0 NH HO C
ONO'" NNANOGIII

HHOo SHOHo0z- H ~o0-

NNOJN NNNV HNY N~ HO=NnNCG' 0 0 HO CH

N~OOOO 0 0-- 0,0-

N- -

group consisting of:
NHONHR2 O -/ S\VNI/ O rNOHOHHOHOMHDO
/o GAI~-NNNNNNrf\\ OHO-HOOHO OHO O-
0 StructSaret#id@ 33O C1 HS N .0~ -N ~, N NLNNN
=~ HOOOHOHO hi O~NGXIi

o

crNr‘\o_
}C(}dﬂ
0 0 - N<Ly ©

°zf °

NHZ

NJ"*N

N
\/\HO H

ﬁw

Structure 36

\)kr\"N/\

S o

Structure 37

152



H Structure 4 NHSHOC \ 1 NHNH2Z OOHOHO~Y HOHHY 7 & ~N
HNHN ZH H~ JLH JLNN j~H N J~H N~ON Gdul ~ONO ) 0J (~HOH -N- O9
00 VU O NvBEO3BIEHIN NN N O G 11 P P 155 WD 03/011115 PCTPUOSOBRO222611
Structure 45 NHHCJO NHNHz p \ o HOSNHOH/-,NHOHpP NH\~ NN1
HNC*N~NHN N~g}~H( ~H oN XxNXN nH N J~H N i N~p~GdN Oa~HN- OOII
HO /NHp O~ OOHNN O=n GIl O-NGIn N-0 ~9 9 @b o0 09 0 O Structure
H OGN SRppNO ~N~\ OX HNNNNJI'N.NJINN"NNHO N HWAD
O pppHMNMN-HO-HHHOSHO' HOiIi_ HNNGAdONi NC/ OHH

Structure 38

\ O @
O H H \/\H ° /N\(NH °
AN 0 OH NH§
O ~ N0 0 [0 —O/“ﬁ <0
(ol TS
(nr/ =0 N Gd'py
O-\HN o S K/N\)
o H(O-
© 0
Structure 39
2
—O -
Oﬂ(g::m ° (o]
) 0 o [ o
O- k\go—H qu\’ Ho © HO. NH, D{i@ﬁm
S LN o]
H o Ho Ho ¢ H - ~d
N NASACNA L N 9)\(,“} ?:N ' ¥
) Hr\jﬁ,/g 5 ﬂ%ﬁ« NE Ny }./\H \/\E B~ A O
S(ar I=al N c ”
1l OH
N
L\,NJ 0 N Q
o )HN N

153



NN OO - 0~-p0990C p(NGNn" N, - pO0O0 9 100 0 Structure 47 HO
I7N)

0O ! HNH(~*1 00 ID ™ _ N NJIJLNN~NNJIANIrNNHN-0 9 00- Oof
HOHIi OowBoeo606s pH O Hp-\ HO HN ON GditOl~N N -O 1| acrAuspzNaé0 9 9

00- 0 Gl NH-0Q~O0OONL O1-DOp NG&IIl NOOO1O - Op D9 00 156
WO 03/011115 PCT/ US02/ 24261 Structure 48 HOC HO S 1 NJ) -2i O HN N~
ONp- HOHOOHOHHNIIINO \' Gd ON il HN pN~N ~N xN N xN N

_ N
XNN/ HOHHOOAHO-/\HO O Ntfxetufd40H S OO OOY NHO 0

0
=0~ N0
g\edlll (o]
O’COS,N\)C)— 7o) o NH\O"
NH Ho @ H ("
o y NH, N "
57/ S N )
H o Ho Ho ¢H - Yo
N NSO N N\/O\ NG ACN 0
N N TN N NN ¥< >—-\ NH O
o) 1/80‘ A o " OOB)\ " 30;0\HONHQS/ H o~ © rl:ll
0
K,NJ o NH 8\|
o e A N
Y (o
5 NGd"
G
e}
b
and
Structure 41
o}
o}
-0 N/So 0 Sy K\é-
i NH HO Cl OH O (\N
Gd
N ) NH, N Gd" f
o’( \/Njo— 00 S AN
O N “Ol,(tu\ N2 o | RoygH o o -y 0
o N N NSNS NG A AN = oo
b o H gé» H O 0/ y JAHRO N o
[o] HN S H
- Ao © VI
§<_O(~N O o] —O),\‘N <0
N Gd" A=)
N 0 E’Gd\)N
O-\H (o N [0 d

154



Structure 49 H HOKH Op~ GN N..HNN-N N O S NJNY, 0O HOO~0 0 OH O
HOCbpH 4~N HNJ O i HNONGI' 0O MO O OO~ NHOCH-00-09\ - OGI'" NH OO0
NMAT -0wW009/00010 N &l l"k < 00 -00 0 Oo- and StructurePB@/US0220260 N Gdm
ONp- OO OHNHOO Hp NOO gl 111j NN-~NNJLN~"'ANj NANO _
O-N OO OHNC- " N=NO~~OHNHY HOpHSHO MHO HNOC NH O
NGlIl NNOHONHO OO-0/ O NNGIINo O 157 WO 03/011115

PCT/ US02/52 438 L ontpSt a@enﬁf%r Bafn 5orthakéBidstabehtigviiabithictute eéledtePapin We, t he
peptide having an N-Term nal anine functional group, the method

conpr i signoup eonsisdagofing the peptide with a linker-subunit nmoiety to forma

peptide having a C Structure 42
A el
I GdIB ﬁ % \MH\N\/\ )‘
0N AN~0- HO 0’
0
0
Structure 43

OLMNW s E;NN;L

o{;\ duk N‘>=H Q 3/ SAGd"L j\l{
Structure 44
NH NH, o
% u AR, %b% 0 H)\(*
Gd"g%—gf \/\N’fN N ~AH %ﬁ_,\{_/v ng\ _O-N%/O{;l‘:o
Q NH

(F Tra

155



term nal am ne functional group; and b) covalently attaching a |inker

noi ety to the peptide's Ctermnal amne functional group and N-term nal
am ne furwOioenali1fyroup to forma nodified peptide. 57. TreTnsSvhopgeénf claim
56, further conprising reacting the nodified peptide with a precursor
chelate noiety to forma coval ent bond between the precursor chelate noiety
and the linker noiety of the nodified peptide, the precursor chelate noiety
conprising a plurality of carboxghat&rpuscursor groups, the carboxyl ate
precursor groups capable of being transformed into carboxyl ate noieties.

58. The nethod of cl ﬂh W57, f her co T8I ngne( @) transzrnlng a
plurality of the carb ylgt
.ll

CHLSOR, gr qp§ f the boun,g;jI ecur sor
chel ate iy L ! | ate
noi eti e xm g a par arfgh ‘fb netal(?%ﬂ* &{gi(ggﬁgonpleX|ng
a paranag |c nQMaI |o Oto the plurality of carboxylate Dieties. 59. The
nmet hod of cl acr further conprising assaying the sta /ys of the
nodified © 60 The nmet hod of claim57, further @0f o‘“r%%ﬂ
assayi ng th I|ty of said unnodified peptlde and b ¢ ring the

stability of sald nodi fied peptide to the stability of sald unnodi fi ed
peptide. 61. The nethod of claim60, wherein the stability of the nddified
peptide is inproved relative to the stability of the unnodified peptide.
158 WD 03/011115 PCT/ US02/ 24261 62. The nmethod of claim61l, wherein the
stability of the nodified peptldesﬂglciltfﬁr"éved 10-fold relative to the
stability of the unnodified peptide. 63. The rrethod of claim@®6l, wherein

t he stablllty of hem) fied p |de|S| ov 20-fold, relative to the

stability o dj fi gi\)qp B NJQ\G ex| od of cIdlmGl wher ei n
the stabbyT mﬂ%’dﬁ i
stablllty i fi Gfepep‘t“lde

IoS/ |N ve to the

"65.° The rret hod o) NcI a —Fccl aim
60, wherein the stg/lllty i s assayed using a rat |iver nogén % assay.
66. Armdlfled Meptide having the structure: R2 0 o o
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(Chel at e- (Li nker) P (Linker-subunit),,- N (Linker-subunit), (Linker)p

(Chel ate precursor), Rl precursor),,, wherein: Chelate precursor
repr esentwoasohsaiisat e precursor noiety; Linker representsPaTiisoksnrenvi ety;
Li nker-subunit represents a |linker-subunit nmoiety; in is independently an

integer from1l1l to 10; p is independently an integer fromO to 5; s is

i ndependently 0 or 1; R is an amno acid side chain or a derivative
thereof; and R2 is selected from tdpructiieud consi sting of H and an aliphatic
group. 159 WO 03/011115 PCT/ US02/ 24261 67. A nodified peptide having the

structure: R2_0 (Ld ker)p ( LiKkr - subuni t) S _N (Li nker - subuni t (Linker)p
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derlvatlveo R2 ¢ sel%ot e ron1?he group codisi |ﬁ@ of H and
an allphatlo gPoud’ 6% A met hod of meking an MR imaging agent ° the method
conprising: a) reacting a peptide having an N-term nal am ne functional
group with a linker- subunit noiety to forma nodified peptide having an
am ne functional group on both its Ntermnus and Cterm nus; and b)
converting the nodified peptide to the MR i magi ng agent. 69. A nethod of
maki ng an MR i magi ng agent, said rggtdgrecONpri sing: a) reacting a peptide
having a C-termnal carboxylate functional group with a Iinker-subunit
noiety to forma nDdleSj pept i haV|ng ji?arboxylate functional group on

both its ();4y4n&nus an o VAR 0
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b) converting the nodified peptide to the MR inmaging agent. 70. A method of
maki ng an MR i magi ng agent, said nethod conprising: a) covalently binding

an am no wWoiod/otass due to a |inker-subunit nmoiety to form &CT@Svze4zonal end
of a peptide, wherein the linker-subunit noiety is covalently attached to
a resin; 160 WO 03/011115 PCT/ US02/ 24261 b) synthesizing a peptide on the
resin fromthe covalently bound CGtermnal end to an N-term nal residue of

the peptige nfdiRdYol ShdRdahe S@BiliGHS acltﬂimﬁé,%hélﬁe;ﬁﬂe Naving AN REm#H ne
functional group; c) cleaving the peptide fromthe resin to produce a

C- t er mi nathing funsiohalraroum ke meod gpmpfisingle nodi fi ed peptide; d) converting
the nodified peptide.to th i i ng .agent .. . clhe t.h of claim 68,
claimeo, or BthbpmRe TR At e a tita BEE nedinea 5t he R
i magi ng agent teaAinal arfige fomtdhalndrbyp;ahdlaching a chel ate noiety to the

nodi fied peptide, wherein_ the chelate noiety contains a paramagnetic netal

ion, to 5 prodrovateRdy pitashingyn Wakes groigty torthe pepfiderst fieraniadl aming m 71, wherein

G Ty e TR ioH Blab 3 R e AT o B BRRRAIRGHTD, °2
V), Ho(ll11),pdptiel 1), Pr(l11), Eu(ll) and Eu(l11). 10 73. The method of

claim 71, wherein the paramagnetic netal ion is GI(II1l). 74. The nethod of
claim68, claim®69, or claim70, wherein converting the nodified peptide

to the MY iTROLEGAGE Bk SBPfutESScondRisil eAYRL Y hydifed pbpticaviih fker noi ety
to a chelate noiety to forma coval ent “conjugate, wherein the chelate
moi ety comeursorshalapamaietigiodbin apevalentibond befgen te nrecassar eheleisanaietyal ent

jugate with th i fied i.de t th i Magi t  75. Th
ot hod ofaddhe takel i R oBRRle Bl @, HE Ry M RO SR E bg oo t e
aSity ' tek s, ¥ o1 durbor, gr&rislch: su(ll),
B L1 e B P Pt T o LTy e T e R amel Bl 11
76. The baingbanséprmadanie cprboxylats @pigtithe par anagnetic metal ion is Gd(111).
161 WD 03/ 011115 PCT/ US02/ 24261

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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77. The nmethod of claim56, further conprising reacting the nodified
peptide with a capping noiety to forma coval ent bond between the capping
noi ety armeotod@iitihker noiety of the nodified peptide. 5 7@CTASpue42hi ed
pepti de conprising the am no acid sequence: P* - Y* - XI * - L* (SEQ 1D
NG 1), wherein: P* is a proline or a non-natural derivative thereof; Y* is
a tyrosine or a non-natural derivative thereof; X * is Gor Dor a

non- nat ugal [ [ ' Aatid i - 8 AoN- ral

or vt | 1o Tametol o fafh of, BherCln (AP RO TG QIR pRbridy BApRAEE S ¢
non- nat ut@fold eslatingt toee gabitityeof thewpeedifiedpentidao acid. 79. A purified
peptide according to claim 78, wherein XI * is Gor D and wherein L* 15 1is
| eucine. 80. A purified peptide according to claim79, wherein P* is
proline 63. Phe Mylod Y plaith bhewhersid thasldliry ofthé motiifled Pepeddik idpRRBA nat ur al
derivative of tyrosine substituted at the 3 position with a noiety

sel ect ed?d-fiddrelpivedp daspstalyhty ofthegnmaedified pyptidgy . 20 1, and NO2. 81. A
purified peptide conprising the am no acid sequence: Xl - X2 - C- P*- Y* -
X3 -L-C- X4- X5- X6 (SEQID NO2), wherein: P* is a proline or a
non- nat uédl Tieemethad ot elairh 61 owhereid Shevdtabilityeoftthe medifed peptidene timputvad al

derivati hereof; X is .selected fr he group consisting of W Y, F, S,
Bi p, Hx,y‘%&i&‘?f"d?}veéﬂ,)é‘%ﬁ;gblﬁwg,%h%%?ﬁ%‘i?%H’“,%eoopawez, 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 noiety selected fromthe group

consi st i ¢y Bie @ptbod cf glainpP or drizneR., wighkginthe thbiligris agsaydd ysingalragbivave, and
wherein Yﬁ’;%%ﬂis a tyrosine substituted at the 3 position with a noiety

sel ecteah 2 ?tﬁélssgalybup consisting of F, d, Br, 1, and NO2; 162 WD
03/011115 PCT/ US02/ 24261 X2 is selected fromthe group consisting of E, H,
dg, S, H(Bzl), 2-Pal, Dpr, .and Th; X3 is selected fromthe group

consi st i ¥y Amodifiadieptidxhaying e suveta: f r om t he group consisting of H, F, Y,

and W 5 X5 is selected fromthe group consisting of I, L, V, N, Bpa, Bal,
Hfe, Nl e, Tle, R® O
(Chelate— (Linker);—— (Linker-subunit)g N (Linker-subunit)s—(Linker) (Chelate
R1
n

precursor)y, ° precursor)y,

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.
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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 clai mﬁﬁlAmMaI@ﬁ&lﬁh Hﬁehmﬁgﬂielgﬁ&ct@fe 4- hydroxyproline, and Y* is tyrosine
or a non-natural derlvatlve of tyrosine substituted at 15 the 3 position
with a noiety selected fromth 2r consisting of F, d, Br, 1, and NO2.
83. The purified peptide of cl ale or 81, the pepti de further capabl e of
form ng &inkelstif(Liokerbandit)gn tinkeg-soomitj.t--efmker0 84. The
purified peptide of claim83, [thegpeptide conprising a disulfide bond. 85.
The purified peptide of claim'84, theppeptide having a specific binding
affinity for fibrin. 25 86. A purified peptide of claim82 conprising an
am no acid sequence selected from the group consisting of:

W dE- C- P(4- O—Q-Y(B-O)-GL-C—WI-Q (SEQ I D NG 4)

Y-dE- G PR - ¥(3- 0 )-G L-C Y-1-Q (SEQ I D NO 5)

Y- dE- G P @Hepébdnsh linrlmGety¥ | - Q (SEQ 1D NQ 6) 30
WdAE-CGP(4-0H)-Y(3-A)-GL-CY-1-Q (SEQ I D NO. 7)

W dE- C- Finkergubyyig rapryseqs - lipkey-subgnit SRdEtyD NO: 8) 163 WO 03/ 011115

T Sl S B sy (10109
W dE- C- R 4 -ifddpedeatio)orD; L- C- Y- 1 - Q (SEQ | D NO 11)

F(4-OVB)-H G P(4-OH)-Y(3-C)-DL-CHI-L (SEQID NO 12) 5
YE H C P%&H@%lﬁs?(l@oagljiséﬁﬁh@%lw pdeyiyatpet %g‘PanQll :

(SEQ D NG 1By A Fgh e e é@?&% %?%%% G (SEQ'1D N 16) . 10
87. The pur|f| ed peptide of claim86, the peptide further capable of

form ng i d d und non-r educi condi,tions.. 88. The purified
pepti de @f‘ ﬂ%?fF t?lﬂ et m&%‘ﬂﬁ ?%qnhglg ihot comPEsiBENd.

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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15 89. The purified peptide of claim86, the peptide having a specific

bi nding affinity for fibrin. 90. A purified peptide according to claim 81,
wher ei n: wbB*3jostips ol i ne; 20 Y* is tyrosine; Xl is sel ecte@Crusor/d4rel gr oup
consisting of W Y, F, S, Bip, Hx, Dpr, Cy, Gu, Ad, He, 3-Pal, 4-Pal,
DopaMe2, nTyr, dW dF, F(3/4*), and Y(3*), wherein F3/4* is a

phenyl al ani ne substituted at either the 3 or the 4 position wth a noi ety
sel ect ed frorrb %h@f gt oh iitdredih B the(bPaleMPbotaddNmidaNendto O
Br, I, erein 25 Y3 * is a tyrosine substituted at the 3
posi t| on Wi t halaNn‘@fléWI weidge pEthepepide e Niteropnal eeidiesompgisisg a8 N-Cl | Br, |,
and NO2; X2 | oup consisting of dE, H(Bzl), 2- Pal

Dpr, and Th; ﬂaﬁ%@%%&@%ﬁ%mﬁg,he group consisting of Gand D, X4 is
sel ect ed front)dieavigthp peptidk fsérh nig: efint pfodule a @r@drdihaBinixs finsctivahlect ed
fromthe group con |st|n of 1 , V, N Bpa, Bal, W, Ne, Tle, nVal,
Phg, Cha, Taz&°pp#&! thgmo figd peptidge F( 3/ 4*), V\/nerel n F3/4* is a

phenyl al ani ne tuted at either the 3
or the 4 posi 9%02147&%9%%9%‘%)%%@4;3& from tgﬁ %{up consi sting of CF3,
Et, iPr, and Ove, wherein at |east one of X, X2, or X5 is a non-natural

am o 2oL etk Bl ordid X8 bR Rh e g o Phbles b BS BShB O
90, the pawide @@tﬂe%Rhﬁfagﬁ%%@ﬁt@:oﬁfprifséHdBvHEnﬁy attdchitofd (ﬂﬂla@@ﬂl@w‘&'}“ﬂ)@ﬂhe

non-r educi ng_ condi tions purified peptide of claim90,” the peptide
conpr i si mgddiedipentids, avhersim the chelaanoipiyecopining 4 patamagnetidaetdl ion.46 m 91, t he
pept.i de ding affinity for fibrin. 94. A conpound
corrtﬁ'rl &ﬂé’&?ﬁegth%g?g%%%lhg g% gl m 78 linked to a thronbolytic agent. 95. A
purified peptlde corrpr|5| ng the am no aC|d sequence C- P - Y- X - L -
C 15 (SEQ I D NO ein. X1is proline or its

non- nat ufal d&h¢ V‘&fho@é’fﬁlalli?(ﬂlowyﬁﬁm tpﬁ@aramagp@ctrgetg@pﬂ@ wiectedfespm kg ur al

Sl oot e PR AT AREGRUNR 1D Sl o P CRED. R, DHGID, ol

IV), Ho(IIT), Ex(IIT), Pr(IID), Eu(II) and Eu(IIl).

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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20 provided that at |east one of P* or Y* is a non-natural derivative of
the respective amno acid. 96. The purified peptide according to claim 95,
t he peptiwe oBottiber capable of formng a disulfide bond weaarsoznaser educi ng
conditions. 25 97. The purified peptide according to claim 95, the peptide
conprising a disulfide bond. 165 WO 03/011115 PCT/ US02/ 24261 98. The
purified peptide of claim96, the peptide having a specific binding

af finityzfor i Qairh SEORRGEN t im 95
| i nked t? a trﬁfrl%%%g{a 3t0?clazla1 entfmﬂ}1 ‘%‘%ﬁ%{gp‘ﬁ?‘??igetg@%@gﬁeugﬁgg&ﬁpﬁtgu ng the

am no ac¢a1bpmqnelntyeto f@:rmavoml@tbonﬂ Ratoeeq SEQapPing NOiY pnd tiedinden: X10 i s

sel ected fr co |st|ng of n(decyl)G n(4-PhBu)G ML, Bpa,
Bi p, ve- B t%“f’)“%doﬁ%lwa ‘F(3, 4-difluoro), Arh, He, Y(3, 5-di-iodo),

Pff, 1Na| leaI and MeL, wherein F(4*) is a phenyl al ani ne substituted at
the 4 p05|t|on W|th a noiety selected fromthe group consisting of Et,

%hd .#rpurlﬁetipem%ﬁomnr@@gﬁbwm@@ agtd sepugnee 10— &SmKi st hg (PBQ ani no
aC|d se T G Xlo-X11 (SEQ ID. NO 18), wherein: X1l is
sel ecte rom)i’he group conS|st|ng of D, dD, (3D, Inp, Nip, Me-D, dC, Cop,
and Cnp. 102. memhnedrmaqnt—nmterabﬂem&aawaﬂibﬁébfhaw ng an am no aci d sequence

selected fro he rQup consistin L-P-C-DY-Y-G T- G n(Decyl ) GdD ( SEQ
I D NO 19) [T}é‘ S Bty ﬁﬁ‘é’fh’(‘%%’@gﬁﬁf@aﬁvfﬁﬁﬁc’ D NO 20)

L-P-C-D- Y- Y- GgJ QcBbPDQr(a%Q da%r&iQe%%mLe d?‘@oPDY- Y-G T-C Bi p-dD (SEQ I D
NO 22) 10 L-P-C D np (SEQ I D NO 23)

L- POC- D Y- Y- & Tisa llvsc_mejnpa @@E@aﬂutal N@u@@ve ﬂmn@bfLalﬁ- G D Y-Y-G T-C MeBi p-D

SEQ I D NO 2 103. Th I fd t' d 1 | ai
102 the pept PIESRFBIORTEL R B pnd RGOt RevBisiat Heger © °'
non-reduci ng &epetivé afsno acid.

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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15 104. The purified peptide of claim103, the peptide conprising a

di sul fide bond. 166 WO 03/011115 PCT/ US02/ 24261 105. The purified peptide
of cl ai mwOb3/01hes pepti de having a specific binding affiniPCy/usboe426i brin. 5
106. A conpound conprising the peptide of claim 101 linked to a

t hronbol ytic agent. 167

10

15

20

25

30

Xj is selected from the group consisting of E, H, dE, S, 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;

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 F(3/4*) is a
phenylalanine substituted at either the 3 or the 4 position with a moiety selected
from the group counsisting of CFj3, Et, iPr, and OMe;

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

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.

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.

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)
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)

163



10

15

20

25

30

WO 03/011115 PCT/US02/24261

Y-dE-C-P(4-OH)-Y(3-C1)-D-L-C-Y-I-Q (SEQ ID NO:9)
Y-dE-C-P(4-OH)-Y(3-C1)-D-L-C-W-I-Q (SEQ ID NO:10)
W-dE-C-P(4-OH)-Y(3-CI)-D-L-C-Y-I-Q (SEQ ID NO:11)
F(4-OMe)-H-C-P(4-OH)-Y(3-C1)-D-L-C-H-I-L (SEQ ID NO:12)
Y-H-C-P(4-OH)-Y(3-C)-G-L-C-W-1-Q (SEQ ID NO:13)
W-dE-C-P-Y(3-C])-G-L-C-W-I-Q (SEQ ID NO:14)
W-dBE-C-P(4-OH)-Y-G-L-C-W-I-Q (SEQ ID NO:15), and
F-H-C-P-(4-OH)-Y(3-Cl)-D-L-C-H-I-L (SEQ ID NO:16).

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.

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;

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
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;

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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