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Relaxivities per Gd at 20 MHz, 35 °C in tris 
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PEPTIDE-BASED MULTIMERIC TARGETED 
CONTRAST AGENTS 

RELATED APPLICATION DATA 

[0001] This application claims priority from US. Provi 
sional Application Serial No. 60/308,721, ?led Jul. 30, 2001. 

TECHNICAL FIELD 

[0002] This invention relates to contrast agents for diag 
nostic imaging, and more particularly to peptide-targeted, 
multimeric contrast agents, Wherein a peptide functions as a 
targeting group and a point of attachment for one or more 
chelates at both the amino and carboxy termini of the 
peptide. 

BACKGROUND 

[0003] Diagnostic imaging techniques, such as magnetic 
resonance imaging (MRI), X-ray, nuclear radiopharmaceu 
tical imaging, ultraviolet-visible-infrared light imaging, and 
ultrasound, have been used in medical diagnosis for a 
number of years. Contrast media additionally have been 
used to improve or increase the resolution of the image or to 
provide speci?c diagnostic information. 

[0004] 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 radiopharma 
ceuticals, provide the source of radiation itself. MRI and 
optical methods are unique among imaging modalities 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 suf?ciently sensitive and present at high enough 
concentration so that signal changes can be observed. 

[0005] Complexes betWeen gadolinium or other paramag 
netic ions and organic ligands are Widely used to enhance 
and improve MRI contrast. Gadolinium complexes increase 
contrast by increasing the nuclear magnetic relaxation rates 
of protons found in the Water molecules that are accessible 
to the contrast agents during MRI (Caravan, P., et al., R. B. 
Chem. Rev. 99, 2293 (1999)). The relaxation rate of the 
protons in these Water molecules increases relative to pro 
tons in other Water molecules that are not accessible to the 
contrast agent. This change in relaxation rate leads to 
improved contrast of the images. In addition, this increase in 
relaxivity Within a speci?c population of Water molecule 
protons can result in an ability to collect more image data in 
a given amount of time. This in turn results in an improved 
signal to noise ratio. 

[0006] Imaging may also be performed using light, in 
Which case an optical dye is chosen to provide signal. In 
particular, light in the 600-1300 nm (visible to near-infrared) 
range passes relatively easily through biological tissues and 
can be used for imaging purposes. The light that is trans 
mitted through, or scattered by, re?ected, or re-emitted 
(?uorescence), is detected and an image generated. Changes 
in the absorbance, re?ectance, or ?uorescence characteris 
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tics of a dye, including an increase or decrease in the number 
of absorbance peaks or a change in their Wavelength 
maxima, may occur upon binding to a biological target, thus 
providing additional tissue contrast. In some situations, for 
example the diagnosis of disease close to the body surface, 
UV or visible light may also be used. 

[0007] A need persists for contrast agents that can deliver 
suf?cient concentrations of the imaging moiety to the target 
to improve the sensitivity of the imaging process as Well as 
contrast agents that have a suf?cient half-life in vivo. 

SUMMARY 

[0008] The invention is based on peptides and peptide 
targeted multimeric contrast agents for MR, optical, and 
radionuclide imaging, Wherein a single peptide can function 
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 biologi 
cal targets such as ?brin and high relaxivity. Agents of the 
invention have a sufficient half-life folloWing in vivo admin 
istration such that effective imaging studies can be per 
formed. 

[0009] In one aspect, the invention features puri?ed pep 
tides that include the amino acid sequence: P*-Y*-X1*-L* 
(SEQ ID NO:1), Wherein P* is a proline or a non-natural 
derivative thereof; Y* is a tyrosine or a non-natural deriva 
tive thereof; X1* is G or D or a non-natural derivative of G 
or D; L* is a leucine or a non-natural derivative thereof; and 
Wherein at least one of P*, Y*, X1*, and L* is a non-natural 
derivative of the respective amino acid. X1* can be G or D 
and L* can be leucine. In some embodiments, 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 
N02. Compounds of the invention can include such peptides 
linked to a thrombolytic agent. 

[0010] In another aspect, the invention features puri?ed 
peptides that include the amino acid sequence Xl-Xz-C-P’k 
Y’k-X3-L-C-X4-Xs-X6 (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; XI 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 CH3, CF3, NH2, CH2NH2, CN, F, Cl, Br, 
I, Et, and 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 N02; X2 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 consisting of CF3, Et, iPr, and OMe; X6 is selected 
from the group consisting of N, Q, I, L, and V, or X6 is not 
present; and Wherein at least one of X1, X2, 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 
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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 N02. The puri?ed peptides can be capable 
of forming a disul?de bond under non-reducing conditions 
and can have speci?c binding af?nity for ?brin. In some 
embodiments, the peptides include a disul?de bond. Com 
pounds of the invention can include such peptides linked to 
a thrombolytic agent. 

[0011] The invention also features puri?ed peptides hav 
ing an amino acid sequence selected from the group con 

sisting of W-dE-C-P(4-0H)-Y(3-Cl)-G-L-C-W-1-Q (SEQ 
ID N014), Y-dE-C-P(4-0H)-Y(3-Cl)-G-L-C-Y-1-Q (SEQ 
ID N015), Y-dE-C-P(4-0H)-Y(3-Cl)-G-L-C-W-1-Q (SEQ 
ID N016), W-dE-C-P(4-0H)-Y(3-Cl)-G-L-C-Y-1-Q (SEQ 
ID N017), W-dE-C-P(4-0H)-Y(3-Cl)-D-L-C-W-1-Q (SEQ 
ID N018), Y-dE-C-P(4-0H)-Y(3-Cl)-D-L-C-Y-1-Q (SEQ 
ID N019), Y-dE-C-P(4-0H)-Y(3-Cl)-D-L-C-W-1-Q (SEQ 
ID N01 10), W-dE-C-P(4-0H)-Y(3-Cl)-D-L-C-Y-1-Q (SEQ 
ID N01 11), F(4-0Me)-H-C-P(4-0H)-Y(3-Cl)-D-L-C-H 
1-L (SEQ ID N01 12), Y-H-C-P(4-0H)-Y(3-Cl)-G-L-C-W 
1-Q (SEQ ID N0113), W-dE-C-P-Y(3-Cl)-G-L-C-W-1-Q 
(SEQ ID N0114), W-dE-C-P(4-0H)-Y-G-L-C-W-1-Q (SEQ 
ID N01 15), and F-H-C-P-(4-0H)-Y(3-Cl)-D-L-C-H-1-L 
(SEQ ID N01 16). The peptides can be capable of forming 
a disul?de bond under non-reducing conditions, and in some 
embodiments, the peptides include a disul?de bond. The 
peptides can have speci?c binding af?nity for ?brin. Com 
pounds of the invention can include such peptides linked to 
a thrombolytic agent. 

[0012] In some embodiments, P* is proline; Y* is 
tyrosine; XI 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 CH3, 
CF3, NH2, CHZNHZ, CN, F, Cl, Br, I, Et, and 0Me, 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 N02; X2 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 substituted at either the 3 or the 4 position 
With a moiety selected from the group consisting of CF3, Et, 
iPr, and 0me, Wherein at least one of X1, X2, or X5 is a 
non-natural amino acid derivative; and X6 is selected from 
the group consisting of N, Q, I, L, and V, or X6 is not present. 
Such peptides can be capable of forming a disul?de bond 
under non-reducing conditions, and in some embodiments, 
the peptides include a disul?de bond. The peptides can have 
speci?c binding affinity for ?brin. 

[0013] In other embodiments, the invention features puri 
?ed peptides that include the amino acid sequence: C-P* 
Y*-X1-L-C (SEQ ID N013), Wherein X1 is G or D, P* is 
proline or its non-natural derivative 4-hydroXyproline; and 
Y* is tyrosine or a non-natural derivative of tyrosine sub 
stituted at the 3 position With a moiety selected from the 
group consisting of F, Cl, Br, I, and N02; provided that at 
least one of P* or Y* is a non-natural derivative of the 
respective amino acid. The puri?ed peptides can be capable 
of forming a disul?de bond under non-reducing conditions 
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and can have speci?c binding affinity for ?brin. In some 
embodiments, the peptides include a disul?de bond. Com 
pounds of the invention can include such peptides linked to 
a thrombolytic agent. 

[0014] The invention also features puri?ed peptides that 
include the amino acid sequence: C-D-Y-Y-G-T-C-X1O (SEQ 
ID. N01 17), Wherein X1O is selected from the group con 
sisting of n(decyl)G, n(4-PhBu)G, MeL, Bpa, Bip, Me-Bip, 
F(4*), F(3-Me), F(3,4-di?uoro), Amh, Hfe, Y(3,5-di-iodo), 
Pff, INal, dINal, 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. Puri?ed peptides can 
include the amino acid sequence C-D-Y-Y-G-T-C-Xlo-XM 
(SEQ ID. N01 18), Wherein X11 is selected from the group 
consisting of D, dD, [3D, 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 
N0119), L-P-C-D-Y-Y-G-T-C-n(Decyl)G-D (SEQ ID 
N0120), L-P-C-D-Y-Y-G-T-C-Bip-D (SEQ ID N0121), L-P 
C-D-Y-Y-G-T-C-Bip-dD (SEQ ID N0122), L-P-C-D-Y-Y 
G-T-C-MeL-Inp (SEQ ID N0123), L-P-C-D-Y-Y-G-T-C 
MeL-Cmp (SEQ ID N0124), or L-P-C-D-Y-Y-G-T-C 
MeBip-D (SEQ ID N0125). The puri?ed peptides can be 
capable of forming a disul?de bond under non-reducing 
conditions and can have speci?c binding af?nity for ?brin. 
In some embodiments, the peptides include a disul?de bond. 
Compounds of the invention can include such peptides 
linked to a thrombolytic agent. 

[0015] 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 modi?ed 

peptide having both a C-terminal amine functional group 
and N-terminal amine functional group; 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 imag 
ing agent to the MR imaging agent. The linker-subunit 
moiety can be selected from the group consisting of: 

HZN : NH; 
NH2 

II 1]] 

HZN 
R NH2 

HZN 
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-continued 

OH / \ 
NH and HN NH, 

HZN NHZ HNU 

[0016] wherein n is an integer from 1 to 4; In is an integer 
selected 1 to 12; and R is an aliphatic or aromatic group. The 
linker rnoiety can be selected from the group consisting of 

NRW 
1]] 

O 
0 

LG 

| LG 
NR'R" I. 

"RR'N N 

“ R'O2C/\/ \/\CO2R', 

[0017] Wherein In is an integer from 1 to 4; n is an integer 
from 0 to 4; LG is a leaving group; and R‘ and R“ indepen 
dently are selected from the group consisting of hydrogen 
and a chemical protecting group. 

[0018] The linker rnoiety also can be selected from the 
group consisting of: 

NRlR2 

NRlR2 
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-continued 

0 

LG 

0 

LG 

O 

[0019] Wherein LG is a leaving group; and R1 and R2 
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 penta?uorophenol (Pfp), N-hy 
droXysuccinirnide (NHS), N-HydroXysulfosuccinirnide 
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, Frnoc, CBZ, t-butyl, benZyl, and allyl. 

[0020] Converting the precursor MR imaging agent to the 
MR imaging agent can include reacting the precursor imag 
ing agent With a precursor chelate rnoiety to form a covalent 
bond betWeen the precursor chelate moiety and the linker 
moiety of the precursor MR imaging agent, the precursor 
chelate rnoiety comprising a plurality of carboXylate pre 
cursor groups, the carboXylate precursor groups capable of 
being transformed into carboXylate rnoieties; transforming a 
plurality of the carboXylate precursor groups of the bound 
precursor chelate rnoiety to a plurality of carboXylate rnoi 
eties, the carboXylate rnoieties capable of cornpleXing a 
pararnagnetic metal ion; and cornpleXing a pararnagnetic 
metal ion to the plurality of carboXylate rnoieties to produce 
the MR imaging agent. The precursor chelate rnoiety can be 
selected from the group consisting of: 

X 
X 

X 
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-continued 

Y7AN/\ y 

02 

o 

>< 

“o 

O ‘510%’: M X’ 
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We’ Mr 
MRI/(U5, R? ,5, \_< k/ 

0%, 0 Oh R1L/N\—<< R1\\/N\—<< 

[0021] 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 carbonyl, and R1 is an uncharged 
chernical rnoiety, an aliphatic, alkyl group, or cycloalkyl 
group, or uncharged substituted versions thereof. The syn 
thetic rnoiety can be 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. The precursor 
chelate rnoiety also can be selected from the group consist 
ing of: 

COR 

COR 

kcoR 
COR 

N 

ROC /\JN /j/i \/\ /\COR 
ROC 0 LG kcoR 

o 

COR 
LG 

,0) K 
CO 

COR 
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-continued -continued 

LG 0 

0 RO 

ROCT /—COR N RO 

N N (\ 4>:O 
[ ] :<iN N N N O 

ROCJ \_/ LcOR k/NJ OR 

0 OR 

giLG O 
ROCjN/—\N COR and 

K I O NCS 

N N R0 ( I. 

ROCJ \_/ LCOR R0 

LG (N 4}: O 
O N N 

03K J OR N 

ROOT /—\ COR, OR 
N N 

K 1 O 
N N 

ROCJ \_/ LCOR 
O 

O H 

[0022] wherein LG is a leaving group selected from the R0 
group consisting of —OH, activated ester, halide, and anhy- R0 
dride, and Wherein each R, independently, is an O“ or an O“ N 

precursor selected from the group consisting of OH, —O- (\ 4>:O 
Me, O-Et, O-tBu, O-benZyl, and O-allyl, so that R, upon N N 

conversion to O, is capable of forming a carboXylate rnoiety (){k/ \) 
With its adjacent carbonyl. OR N 

[0023] The precursor chelate rnoiety also can be selected OR 
from the group consisting of: 

O 

O 

O L 
O OH NH N/§ 

RO ( n \= 

O O 
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-continued 
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-continued 

04w): OR 

OR 

o 

0 (ll 
O—P— 0 

R0 ( n (I; COZH, 

N N 

O:<—K/ \) N 
OR 

OR 

o 

[0024] wherein n is an integer from 1 to 4; R is selected 
from the group consisting of a negative charge and a 
negative charge precursor capable of being transformed into 
a negative charge; and X is a chemical leaving group 
selected from the group consisting of —Cl, —Br, —I, -MsO, 
-TsO, and -TfO. 

[0025] The precursor chelate rnoiety can be selected from 
the group consisting of: 

OR HO 



US 2003/0180222 A1 Sep. 25, 2003 

-continued 
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-continued 
0 

ifs R0 
QNJOR 

O 

O 

[0026] 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. The negative 
charge precursor is selected from the group consisting of 
—H, —Me, —Et, -t-Bu, -benZyl, and -allyl. 

[0027] 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 conju 
gate’s carboXylate precursor groups into carboXylate moi 
eties, the carboXylate moieties capable of compleXing a 
paramagnetic metal ion; and compleXing a paramagnetic 
metal ion to the plurality of carboXylate moieties to result in 
the MR imaging agent. The paramagnetic metal ion can be 
selected from the group consisting of: Gd(III), Fe(III), Mn(II 
and III), Cr(III), Cu(II), Dy(III), Tb(III and IV), Ho(III), 
Er(III), Pr(III), Eu(II) and Eu(III). Gd(III) is a particularly 
useful paramagnetic ion. 

[0028] The covalent conjugate can be selected from the 
group consisting of 

NR4R5 

NR3 
LG 0 

g 
HN I. NRlR2 and 

R1R2N o 
o 
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-continued 

LG 

0 o o 

H H 

[0029] 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 R1, R2, R3, R4, and R5 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. 

[0030] The covalent conjugate also can be selected from 
the group consisting of: 

R2 
| 
N 

R3—N N 

K/NJ O 
| 
R4 HN 

LG 

IIKZ HN 

R3—N N 

R1 
N 

| 
R4 
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-continued 

R2 

LG, 
HN 

[0031] wherein LG is a leaving group selected from the 
group consisting of —OH, activated ester, halide, and anhy 
dride; and R1, R2, R3, and R4 are selected from the group 
consisting of an acetate moiety, a -Me, -Et, or -t-Bu pro 
tected acetate moiety, an acetamide moiety, and an acetoXy 
moiety. 

[0032] The covalent conjugate can be selected from the 
group consisting of: 

Synthon 1: 

Sep. 25, 2003 

[0033] The covalent conjugate also can be selected from 
the group consisting of: 

LG 

OR HN 
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-continued -continued 
0 Base Base 

O O 
O 

N RO , , 

N H2N N LG 

(\ w 0 H2N/\/ LG V W 
N N 

R O 

0 Base 

Nk< OR 0 

NH O , and 

0 N O—LG 

H2N/\/ VI 
0 OH 

LG7 Base 

OR 0 

if N/w O O \)k 0 
/\/ N 

N N HzN LG, 

0 

N . ~ ~ . 

R0 [0037] wherein Base is selected from the group consisting 
R0 of adenosine, guanosine, thymine, and cytosine; LG is a 

leaving group selected from the group consisting of OH, 
O activated ester, halide, and anhydride; and R is an aliphatic 

or arornatic moiety. The linker-subunit also can be selected 

from the group consisting of: 
[0034] Wherein: 

[0035] R is a -tBu group, LG is a leaving group selected 
from the group consisting of —OH, activated ester, 

0 

O i halide, and anhydride. R < HN R 

[0036] Methods of the invention further can include, N )n 
before covalently attaching a linker rnoiety to the C- and HZN LG 
N-terrninal arnine functional groups, reacting a linker-sub- LG 
unit With the N-terrninal arnine functional group of the O HZN 
peptide to produce a derivatiZed N-terrninal arnine func 
tional group of the peptide. The linker-subunit can be 0 

selected from the group consisting of: O R_\ 

HZN n LG HZN N 
Base LG 

HN R 
Base 0 O 

O 

o O \)k 0 N /\ 

H2N/\/ LG, )1. 
HZN n LG, 

Base LG HN R 
H N 

0 Base 2 V 

O O 

0 

LG, 
H N/\/N\)i\ LG [0038] Wherein n is independently an integer from 0 to 3; 

2 R is an aliphatic or arornatic group; and LG is a leaving 

HZN group selected from the group consisting of: OH, activated 
ester, halide, and anhydride. 














































































































































































































































































































