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(57) ABSTRACT 

The present invention describes novel compounds of the 
formula: 

useful for the diagnosis and treatment of cancer, methods of 
imaging tumors in a patient, and methods of treating cancer 
in a patient. The present invention also provides novel 
compounds useful for monitoring therapeutic angiogenesis 
treatment and destruction of neW angiogenic vasculature. 
The pharmaceuticals are comprised of a targeting moiety 
that binds to a receptor that is upregulated during angiogen 
esis, an optional linking group, and a therapeutically effec 
tive radioisotope or diagnostically effective imageable moi 
ety. The imageable moiety is a gamma ray or positron 
emitting radioisotope, a magnetic resonance imaging con 
trast agent, an X-ray contrast agent, or an ultrasound contrast 
agent. 
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BENZODIAZEPINE VITRONECTIN RECEPTOR 
ANTAGONIST PHARMACEUTICALS 

FIELD OF THE INVENTION 

[0001] The present invention provides novel pharmaceu 
ticals useful for the diagnosis and treatment of cancer, 
methods of imaging tumors in a patient, and methods of 
treating cancer in a patient. The pharmaceuticals are com 
prised of a targeting moiety that binds to the vitronectin 
receptor that is expressed in tumor vasculature, an optional 
linking group, and a therapeutically effective radioisotope or 
diagnostically effective imageable moiety. The therapeuti 
cally effective radioisotope emits a gamma ray or alpha 
particle suf?cient to be cytotoxic. The imageable moiety is 
a gamma ray or positron emitting radioisotope, a magnetic 
resonance imaging contrast agent, an X-ray contrast agent, 
or an ultrasound contrast agent. 

BACKGROUND OF THE INVENTION 

[0002] Cancer is a major public health concern in the 
United States and around the World. It is estimated that over 
1 million neW cases of invasive cancer Will be diagnosed in 
the United States in 1998. The most prevalent forms of the 
disease are solid tumors of the lung, breast, prostate, colon 
and rectum. Cancer is typically diagnosed by a combination 
of in vitro tests and imaging procedures. The imaging 
procedures include X-ray computed tomography, magnetic 
resonance imaging, ultrasound imaging and radionuclide 
scintigraphy. Frequently, a contrast agent is administered to 
the patient to enhance the image obtained by X-ray CT, MRI 
and ultrasound, and the administration of a radiopharma 
ceutical that localiZes in tumors is required for radionuclide 
scintigraphy. 
[0003] Treatment of cancer typically involves the use of 
external beam radiation therapy and chemotherapy, either 
alone or in combination, depending on the type and extent 
of the disease. A number of chemotherapeutic agents are 
available, but generally they all suffer from a lack of 
speci?city for tumors versus normal tissues, resulting in 
considerable side-effects. The effectiveness of these treat 
ment modalities is also limited, as evidenced by the high 
mortality rates for a number of cancer types, especially the 
more prevalent solid tumor diseases. More effective and 
speci?c treatment means continue to be needed. 

[0004] Despite the variety of imaging procedures avail 
able for the diagnosis of cancer, there remains a need for 
improved methods. In particular, methods that can better 
differentiate betWeen cancer and other pathologic conditions 
or benign physiologic abnormalities are needed. One means 
of achieving this desired improvement Would be to admin 
ister to the patient a metallopharmaceutical that localiZes 
speci?cally in the tumor by binding to a receptor expressed 
only in tumors or expressed to a signi?cantly greater extent 
in tumors than in other tissue. The location of the metallo 
pharmaceutical could then be detected externally either by 
its imageable emission in the case of certain radiopharma 
ceuticals or by its effect on the relaxation rate of Water in the 
immediate vicinity in the case of magnetic resonance imag 
ing contrast agents. 

[0005] This tumor speci?c metallopharmaceutical 
approach can also be used for the treatment of cancer When 
the metallopharmaceutical is comprised of a particle emit 

Aug. 7, 2003 

ting radioisotope. The radioactive decay of the isotope at the 
site of the tumor results in suf?cient ioniZing radiation to be 
toxic to the tumor cells. The speci?city of this approach for 
tumors minimiZes the amount of normal tissue that is 
exposed to the cytotoxic agent and thus may provide more 
effective treatment With feWer side-effects. 

[0006] Previous efforts to achieve these desired improve 
ments in cancer imaging and treatment have centered on the 
use of radionuclide labeled monoclonal antibodies, antibody 
fragments and other proteins or polypeptides that bind to 
tumor cell surface receptors. The speci?city of these radiop 
harmaceuticals is frequently very high, but they suffer from 
several disadvantages. First, because of their high molecular 
Weight, they are generally cleared from the blood stream 
very sloWly, resulting in a prolonged blood background in 
the images. Also, due to their molecular Weight they do not 
extravasate readily at the site of the tumor and then only 
sloWly diffuse through the extravascular space to the tumor 
cell surface. This results in a very limited amount of the 
radiopharmaceutical reaching the receptors and thus very 
loW signal intensity in imaging and insufficient cytotoxic 
effect for treatment. 

[0007] Alternative approaches to cancer imaging and 
therapy have involved the use of small molecules, such as 
peptides, that bind to tumor cell surface receptors. An In-111 
labeled somatostatin receptor binding peptide, In-111 
DTPA-D-Phel-octeotide, is in clinical use in many countries 
for imaging tumors that express the somatostatin receptor 
(Baker, et al. Life Sci., 1991, 49, 1583-91 and Krenning, et 
al., Eur. J. Nucl. Med., 1993, 20, 716-31). Higher doses of 
this radiopharmaceutical have been investigated for poten 
tial treatment of these types of cancer (Krenning, et al., 
Digestion, 1996, 57, 57-61). Several groups are investigat 
ing the use of Tc-99 m labeled ananlogs of In-111-DTPA 
D-Phel-octeotide for imaging and Re-186 labeled analogs 
for therapy (Flanagan, et al., US. Pat. No. 5,556,939, Lyle, 
et al., US. Pat. No. 5,382,654, and Albert et al., US. Pat. 
No. 5,650,134). 
[0008] Angiogenesis is the process by Which neW blood 
vessels are formed from pre-existing capillaries or post 
capillary venules; it plays a key role in the pathological 
development of many solid tumor cancers and their 
metastases. Tumor released cytokines or angiogenic factors 
stimulate vascular endothelial cells by interacting With spe 
ci?c cell surface receptors for the factors. The endothelial 
cells then proliferate and invade into the tumor tissue. The 
endothelial cells differentiate to form lumens, making neW 
vessel offshoots of pre-existing vessels. The neW blood 
vessels then provide nutrients to the tumor permitting further 
groWth and a route for metastasis. 

[0009] Angiogenesis is also in?uenced by cell adhesion 
molecules (Folkman, J ., Nature Medicine, 1995, 1, 27-31). 
The integrin otVB3 is a receptor for a Wide variety of 
extracellular matrix proteins With an exposed tripeptide 
Arg-Gly-Asp moiety and mediates cellular adhesion to its 
ligands: vitronectin, ?bronectin, and ?brinogen, among oth 
ers. The integrin otVB3 is minimally expressed on normal 
blood vessels, but, is signi?cantly upregulated on vascular 
cells Within a variety of human tumors. The role of the otVB3 
receptors is to mediate the interaction of the endothelial cells 
and the extracellular matrix and facilitate the migration of 
the cells in the direction of the angiogenic signal, the tumor 
cell population. 
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[0010] Because of the importance of angiogenesis to 
tumor growth and metastasis, a number of chemotherapeutic 
approaches are being developed to interfere With or prevent 
this process. One of these approaches, involves the use of 
anti-angiogenic proteins such as angiostatin and endostatin. 
Angiostatin is a 38 kDa fragment of plasminogen that has 
been shoWn in animal models to be a potent inhibitor of 
endothelial cell proliferation. (O’Reilly et. al. , Cell, 1994, 
79, 315-328) Endostatin is a 20 kDa C-terminal fragment of 
collagen XVIII that has also been shoWn to be a potent 
inhibitor. (O’Reilly et. al., Cell, 1997, 88, 277-285) Sys 
temic therapy With endostatin has been shoWn to result in 
strong anti-tumor activity in animal models. HoWever, 
human clinical trials of these tWo chemotherapeutic agents 
of biological origin have been hampered by lack of avail 
ability. 
[0011] Another approach to anti-angiogenic therapy is to 
use targeting moieties that interact With endothelial cell 
surface receptors expressed in the angiogenic vasculature to 
Which are attached chemotherapeutic agents. BurroWs and 
Thorpe (Proc. Nat. Acad. Sci, USA, 1993, 90, 8996-9000) 
described the use of an antibody-immunotoxin conjugate to 
eradicate tumors in a mouse model by destroying the tumor 
vasculature. The antibody Was raised against an endothelial 
cell class II antigen of the major histocompatibility complex 
and Was then conjugated With the cytotoxic agent, deglyco 
sylated ricin A chain. The same group (Clin. Can. Res., 
1995, 1, 1623-1634) investigated the use of antibodies raised 
against the endothelial cell surface receptor, endoglin, con 
jugated to deglycosylated ricin A chain. Both of these 
conjugates exhibited potent anti-tumor activity in mouse 
models. HoWever, both still suffer draWbacks to routine 
human use. As With most antibodies or other large, foreign 
proteins, there is considerable risk of immunologic toxicity 
Which could limit or preclude administration to humans. 
Also, While the vasculature targeting may improve the local 
concentration of the attached chemotherapeutic agents, the 
agents still must be cleaved from the antibody carrier and be 
transported or diffuse into the cells to be cytotoxic. 

[0012] Thus, it is desirable to provide anti-angiogenic 
pharmaceuticals and tumor or neW vasculature imaging 
agents Which do not suffer from poor diffusion or transpor 
tation, possible immunologic toxicity, limited availability, 
and/or a lack of speci?city. 

[0013] There is also a groWing interest in therapeutic 
angiogenesis to improve blood How in regions of the body 
that have become ischemic or poorly perfused. Several 
investigators are using groWth factors administered locally 
to cause neW vasculature to form either in the limbs or the 
heart. The groWth factors VEGF and bFGF are the most 
common for this application. Recent publications include: 
Takeshita, S., et. al., J. Clin. Invest., 1994, 93, 662-670; and 
Schaper, W. and Schaper, J., Collateral CirculationzHeart, 
Brain, Kidney, Limbs, KluWer Academic Publishers, Bos 
ton, 1993. The main applications that are under investigation 
in a number of laboratories are for improving cardiac blood 
How and in improving peripheral vessal blood How in the 
limbs. For example, Henry, T. et. al. (J. Amer. College 
Cardiology, 1998, 31, 65A) describe the use of recombinant 
human VEGF in patients for improving myocardial perfu 
sion by therapeutic angiogenesis. Patients received infusions 
of rhVEGF and Were monitored by nuclear perfusion imag 
ing 30 and 60 days post treatment to determine improvement 
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in myocardial perfusion. About 50% of patients shoWed 
improvement by nuclear perfusion imaging Whereas 5/7 
shoWed neW collatoraliZation by angiography. 

[0014] Thus, it is desirable to discover a method of moni 
toring improved cardiac blood ?oW Which is targeted to neW 
collateral vessels themselves and not, as in nuclear perfusion 
imaging, a regional consequence of neW collateral vessels. 

[0015] Another therapeutic application of the radiophar 
maceuticals of the present invention that emit cytotoxic 
radiation (Beta and Alpha particles and Auger electons) is in 
treating rheumatoid arthritis (RA). In RA, the ingroWth of a 
highly vasculariZed pannus is caused by the excessive 
production of angiogenic factors by the in?ltrating macroph 
ages, immune cells, or in?ammatory cells. Therefore, the 
radiopharmaceuticals of the present inventions can be used 
to destroy the neW angiogenic vasculature that results and 
thus treat the disease. 

[0016] It is one object of the present invention to provide 
improved anti-angiogenic pharmaceuticals, comprised of a 
targeting moiety that binds to the vitronectin receptor that is 
expressed in tumor neovasculature, an optional linking 
group, and a radioisotope. The vitronectin receptor binding 
compounds target the radioisotope to the tumor neovascu 
lature. The beta or alpha-particle emitting radioisotope emits 
a cytotoxic amount of ioniZing radiation Which results in cell 
death. The penetrating ability of radiation obviates the 
requirement that the cytotoxic agent diffuse or be trans 
ported into the cell to be cytotoxic. 

[0017] It is another object of the present invention to 
provide tumor imaging agents, comprised of tumor neovas 
culature vitronectin receptor binding compounds conjugated 
to an imageable moiety, such as a gamma ray or positron 
emitting radioisotope, a magnetic resonance imaging con 
trast agent, an X-ray contrast agent, or an ultrasound contrast 
agent. 

SUMMARY OF THE INVENTION 

[0018] It is one object of the present invention to provide 
anti-angiogenic pharmaceuticals, comprised of a targeting 
moiety that binds to a receptor that is expressed in tumor 
neovasculature, an optional linking group, and a radioactive 
metal ion that emits ioniZing radiation such as beta particles, 
alpha particles and Auger or Coster-Kronig electrons. The 
receptor binding compounds target the radioisotope to the 
tumor neovasculature. The beta or alpha-particle emitting 
radioisotope emits a cytotoxic amount of ioniZing radiation 
Which results in cell death. The penetrating ability of radia 
tion obviates the requirement that the cytotoxic agent diffuse 
or be transported into the cell to be cytotoxic. 

[0019] It is another object of the present invention to 
provide pharmaceuticals to treat rheumatoid arthritis. These 
pharmaceuticals comprise a targeting moiety that binds to a 
receptor that is upregulated during angiogenesis, an optional 
linking group, and a radioisotope that emits cytotoxic radia 
tion (i.e., beta particles, alpha particles and Auger or Coster 
Kronig electrons). In rheumatoid arthritis, the ingroWth of a 
highly vasculariZed pannus is caused by the excessive 
production of angiogenic factors by the in?ltrating macroph 
ages, immune cells, or in?ammatory cells. Therefore, the 
radiopharmaceuticals of the present invention that emit 
cytotoxic radiation could be used to destroy the neW angio 
genic vasculature that results and thus treat the disease. 
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[0020] It is another object of the present invention to 
provide tumor imaging agents, comprised of targeting moi 
ety that binds to a receptor that is upregulated during 
angiogenesis, an optional linking group, and an imageable 
moiety, such as a gamma ray or positron emitting radioiso 
tope, a magnetic resonance imaging contrast agent, an X-ray 
contrast agent, or an ultrasound contrast agent. 

[0021] It is another object of the present invention to 
provide imaging agents for monitoring the progress and 
results of therapeutic angiogenesis treatment. These agents 
comprise of targeting moiety that binds to a receptor that is 
upregulated during angiogenesis, an optional linking group, 
and an imageable moiety. Imaging agents of the present 
invention could be administered intravenously periodically 
after the administration of groWth factors and imaging 
Would be performed using standard techniques of the 
affected areas, heart or limbs, to monitor the progress and 
results of the therapeutic angiogenesis treatment (i.e., image 
the formation of neW blood vessels). 

[0022] It is another object of the present invention to 
provide compounds useful for preparing the pharmaceuti 
cals of the present invention. These compounds are com 
prised of a peptide or peptidomimetic targeting moiety that 
binds to a receptor that is upregulated during angiogenesis, 
Q, an optional linking group, Ln, and a metal chelator or 
bonding moiety, Ch. The compounds may have one or more 
protecting groups attached to the metal chelator or bonding 
moiety. The protecting groups provide improved stability to 
the reagents for long-term storage and are removed either 
immediately prior to or concurrent With the synthesis of the 
radiopharmaceuticals. Alternatively, the compounds of the 
present invention are comprised of a peptide or peptidomi 
metic targeting moiety that binds to a receptor that is 
upregulated during angiogenesis, Q, an optional linking 
group, Ln, and a surfactant, Sf. 

[0023] The pharmaceuticals of the present invention may 
be used for diagnostic and/or therapeutic purposes. Diag 
nostic radiopharmaceuticals of the present invention are 
pharmaceuticals comprised of a diagnostically useful radio 
nuclide (i.e., a radioactive metal ion that has imageable 
gamma ray or positron emissions). Therapeutic radiophar 
maceuticals of the present invention are pharmaceuticals 
comprised of a therapeutically useful radionuclide, a radio 
active metal ion that emits ioniZing radiation such as beta 
particles, alpha particles and Auger or Coster-Kronig elec 
trons. 

[0024] The pharmaceuticals comprising a gamma ray or 
positron emitting radioactive metal ion are useful for imag 
ing tumors by gamma scintigraphy or positron emission 
tomography. The pharmaceuticals comprising a gamma ray 
or positron emitting radioactive metal ion are also useful for 
imaging therapeutic angiogenesis by gamma scintigraphy or 
positron emission tomography. The pharmaceuticals com 
prising a particle emitting radioactive metal ion are useful 
for treating cancer by delivering a cytotoxic dose of radia 
tion to the tumors. The pharmaceuticals comprising a par 
ticle emitting radioactive metal ion are also useful for 
treating rheumatoid arthritis by destroying the formation of 
angiogenic vasculature. The pharmaceuticals comprising a 
paramagnetic metal ion are useful as magnetic resonance 
imaging contrast agents. The pharmaceuticals comprising 
one or more X-ray absorbing or “heavy” atoms of atomic 
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number 20 or greater are useful as X-ray contrast agents. The 
pharmaceuticals comprising a microbubble of a biocompat 
ible gas, a liquid carrier, and a surfactant microsphere, are 
useful as ultrasound contrast agents. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] [1] Thus, in a ?rst embodiment, the present inven 
tion provides a novel compound, comprising: a targeting 
moiety and a chelator, Wherein the targeting moiety is bound 
to the chelator, is a benZodiaZepine nonpeptide, and binds to 
a receptor that is upregulated during angiogenesis and the 
compound has 0-1 linking groups betWeen the targeting 
moiety and chelator. 

[0026] [2] In a preferred embodiment, the targeting moiety 
comprises a benZodiaZepine and the receptor is selected 
from the group: EGFR, FGFR, PDGFR, Flk-l/KDR, Flt-1, 
Tek, Tie, neuropilin-1, endoglin, endosialin, Axl, otv[33, 
otv?s, (x561, (x461, and (x262 and the linking group is present 
betWeen the targeting moiety and chelator. 

[0027] [3] In a more preferred embodiment, the receptor is 
the integrin otv[33 and the compound is of the formula: 

(Q)d—Ln—Ch 
or 

(Q)d—Ln—(Ch)d' 
[0028] Wherein, Q is a compound of Formula (I): 

(1) 
R1 
/ 

R2\ N 
/ N 

R o 

N '1,’ 
| a 
R4 I 

CO2R3 

[0029] Wherein: 

[0030] one of R or R1 is selected from a bond to LH 
or (CH2)1_4 or an NH bond to LH and the other of R 
or R1 is selected from CL4 alkyl, benZyl or phen 
ethyl; 

[0031] R2 is selected from benZimidaZole or imida 
Zole; 

[0032] R3 is selected from H, C1_4 alkyl or benZyl; 

[0033] R4 is selected from H, CL4 alkyl or benZyl; 

[0034] d is selected from 1, 2 and 3; 

[0035] Ln is a linking group having the formula: 

[0037] W is independently selected at each occur 
rence from the group: O, S, NH, NHC(=O), 
C(=O)NHC(=O), c(=o)o, oc(=o), 
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NHC(=S)NH, NHC(=O)NH, s02, (OCH2CH2)1,, 
(CHZCHZOr, (OCHZCHZCHQSH, (CHZCHZCHZOx, 
and (aa)ti; 

[0038] aa is independently at each occurrence an 
amino acid; 

[0039] Z is selected from the group: aryl substituted 
With 0-3 R10, C3_1O cycloalkyl substituted With 0-3 
R10, and a 5-10 rnernbered heterocyclic ring system 
containing 1-4 heteroatorns independently selected 
from N, S, and O and substituted With 0-3 R10; 

[0040] R6, R63, R7, R73, R8, R83, Rsb, R9, R9'‘) and R9b 
are independently selected at each occurrence from 

the group: H, :0, COOH, SO3H, PO3H, C1-C5 
alkyl substituted With 0-3 R10, aryl substituted With 
0-3 R10, benZyl substituted With 0-3 R10, and CJL-C5 
alkoXy substituted With 0-3 R10, NHC(=O)R11, 
C(=O)NHR11, NHC(=O)NHR11, NHRll, R11, and 
a bond to Ch; 

[0041] R10 is independently selected at each occur 
rence from the group: a bond to Ch, COORn, OH, 
NHRll, C(=O)NHR11, NH(C=O)R11, SO3H, 
PO3H, :0, R11, aryl substituted With 0-3 R11, CL5 
alkyl substituted With 0-1 R12, C1_5 alkoXy substi 
tuted With 0-1 R12, and a 5-10 rnernbered heterocy 
clic ring system containing 1-4 heteroatorns inde 
pendently selected from N, S, and O and substituted 
With 0-3 R11; 

[0042] R11 is independently selected at each occur 
rence from the group: H, C1-C1O alkyl substituted 
With 0-1 R12, aryl substituted With 0-1 R12, a 5-10 
rnernbered heterocyclic ring system containing 1-4 
heteroatorns independently selected from N, S, and 
O and substituted With 0-1 R12, C3_1O cycloalkyl 
substituted With 0-1 R12, polyalkylene glycol sub 
stituted With 0-1 R12, carbohydrate substituted With 
0-1 R12, cyclodeXtrin substituted With 0-1 R12, 
amino acid substituted With 0-1 R12, polycarboXy 
alkyl substituted With 0-1 R12, polyaZaalkyl substi 
tuted With 0-1 R12, peptide substituted With 0-1 R12, 
Wherein the peptide is comprised of 2-10 amino 
acids, and a bond to Ch; 

[0043] R12 is a bond to Ch; 

[0044] k is selected from 0, 1, and 2; 

[0045] h is selected from 0, 1, and 2; 

[0046] h‘ is selected from 0, 1, 2, 3, 4, and 5; 

[0047] h“ is selected from 0, 1, 2, 3, 4, and 5; 

[0048] h‘" is selected from 0, 1, 2, 3, 4, and 5; 

[0049] g is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10; 

[0050] g‘ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; 

[0051] g“ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; 

[0052] g‘" is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; 
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[0053] g““ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; 

[0054] s is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10; 

[0055] s‘ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10; 

[0056] s“ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; 

[0057] t is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10; 

[0058] t‘ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10; 

[0059] Ch is a metal bonding unit having a formula 
selected from the group: 

[0060] A1, A2, A3, A4, A5, A6, A7, and A8 are 
independently selected at each occurrence from the 
group: NR13, NR13R14, S, SH, S(Pg), O, OH, PR13, 
PR13R14, P(O)R15R16, COZH and a bond to Ln; 

[0061] E is a bond, CH, or a spacer group indepen 
dently selected at each occurrence from the group: 
C1-C1O alkyl substituted With 0-3 R17, aryl substi 
tuted With 0-3 R17, C3_1O cycloalkyl substituted With 
0-3 R17, heterocyclo-C1-C1O alkyl substituted With 
0-3 R17, Wherein the heterocyclo group is a 5-10 
rnernbered heterocyclic ring system containing 1-4 
heteroatorns independently selected from N, S, and 
O, C6_1O aryl-C];1O alkyl substituted With 0-3 R17, 
C1710 alkyl-C6_1O aryl- substituted With 0-3 R17, and a 
5-10 rnernbered heterocyclic ring system containing 
1-4 heteroatorns independently selected from N, S, 
and O and substituted With 0-3 R17; 

[0062] R13, and R14 are each independently selected 
from the group: a bond to Ln, hydrogen, C1-C1O alkyl 
substituted With 0-3 R17, aryl substituted With 0-3 
R17, CMO cycloalkyl substituted With 0-3 R17, het 
erocyclo-CL‘1L0 alkyl substituted With 0-3 R17, 
Wherein the heterocyclo group is a 5-10 rnernbered 
heterocyclic ring system containing 1-4 heteroatorns 
independently selected from N, S, and O, C6_1O 
aryl-CL‘1L0 alkyl substituted With 0-3 R17, C1_1O alkyl 
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C6_1O aryl- substituted With 0-3 R17, a 5-10 mem 
bered heterocyclic ring system containing 1-4 het 
eroatorns independently selected from N, S, and O 
and substituted With 0-3 R17, and an electron, pro 
vided that When one of R13 or R14 is an electron, then 
the other is also an electron; 

[0063] alternatively, R13 and R14 combine to form 
=C(RZ°> (R21); 

[0064] R15 and R16 are each independently selected 
from the group: a bond to Ln, —OH, Cl-C1O alkyl 
substituted With 0-3 R17, Cl-C1O alkyl substituted 
With 0-3 R17, aryl substituted With 0-3 R17, C3_1O 
cycloalkyl substituted With 0-3 R17, heterocyclo-C1_ 
10 alkyl substituted With 0-3 R17, Wherein the het 
erocyclo group is a 5-10 rnernbered heterocyclic ring 
system containing 1-4 heteroatorns independently 
selected from N, S, and O, C6_1O aryl-C1_1O alkyl 
substituted With 0-3 R17, C1_1O alkyl-C6_1O aryl-sub 
stituted With 0-3 R17, and a 5-10 rnernbered hetero 
cyclic ring system containing 1-4 heteroatorns inde 
pendently selected from N, S, and O and substituted 
With 0-3 R17; 

[0065] R17 is independently selected at each occur 
rence from the group: a bond to Ln, :0, F, Cl, Br, 

I, —CF3, —CN, —CO2R18, —C(=O)R18, 
—C(=O)N(R18)2, —CHO, —CH2OR18, 
—OC(=O)R18, —OC(=O)OR18"‘, —OR18, 
—OC(=O)N(R18)2, —NR19C(=O)R18, 
—NR19C(=O)OR18"‘, —NR19C(=O)N(R18)2, 
—NR19SO2N(R18)2, —NR19SO2R18"‘, —SO3H, 
—SO2R18", —SR18, —S(=O)R18"‘, —SO2N(R18)2, 
—N(R18)2, —NHC(=S)NHR18, =NOR18, NO2, 
—C(=O)NHOR18, —C(=O)NHNR18R18"‘, 
—OCH2CO2H, 2-(1-rnorpholino)ethoXy, Cl-C5 
alkyl, C2-C4 alkenyl, C3-C6 cycloalkyl, C3-C6 
cycloalkylrnethyl, C2-C6 alkoXyalkyl, aryl substi 
tuted With 0-2 R18, and a 5-10 rnernbered heterocy 
clic ring system containing 1-4 heteroatorns inde 
pendently selected from N, S, and O; 

[0066] R18, R188, and R19 are independently selected 
at each occurrence from the group: a bond to Ln, H, 

Cl-C6 alkyl, phenyl, benZyl, Cl-C6 alkoXy, halide, 
nitro, cyano, and tri?uorornethyl; 

[0067] Pg is a thiol protecting group; 

[0068] R20 and R21 are independently selected from 
the group: H, Cl-C1O alkyl, —CN, —CO2R25, 
—C(=O)R25, —C(=O)N(R25)2, Cz-Clo-alkene 
substituted With 0-3 R23, C2-C1O 1-alkyne substituted 
With 0-3 R23, aryl substituted With 0-3 R23, unsat 
urated 5-10 rnernbered heterocyclic ring system con 
taining 1-4 heteroatorns independently selected from 
N, S, and O and substituted With 0-3 R23, and 
unsaturated C3_1O carbocycle substituted With 0-3 
R23; 
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[0069] alternatively, R20 and R21, taken together With 
the divalent carbon radical to Which they are attached 
form: 

R23 n R23 

[0070] R22 and R23 are independently selected from 
the group: H, R24, Cl-C1O alkyl substituted With 0-3 
R24, C2-C1O alkenyl substituted With 0-3 R24, C2-C1O 
alkynyl substituted With 0-3 R24, aryl substituted 
With 0-3 R24, a 5-10 rnernbered heterocyclic ring 
system containing 1-4 heteroatorns independently 
selected from N, S, and O and substituted With 0-3 
R24, and C3_1O carbocycle substituted With 0-3 R24; 

[0071] alternatively, R22, R23 taken together form a 
fused arornatic or a 5 -10 rnernbered heterocyclic ring 
system containing 1-4 heteroatorns independently 
selected from N, S, and O; 

[0072] a and b indicate the positions of optional 
double bonds and n is 0 or 1; 

[0074] R25, R258, and R26 are each independently 
selected at each occurrence from the group: hydro 
gen and Cl-C6 alkyl; 

[0075] and a pharrnaceutically acceptable salt 
thereof. 

[0076] [4] In an even more preferred embodiment, the 
present invention provides a compound Wherein: 

[0077] d is selected from 1, 2, 3, 4, and 5; 
[0078] Z is selected from the group: aryl substituted 

With 0-1 R10, C3_1O cycloalkyl substituted With 0-1 
R10, and a 5-10 rnernbered heterocyclic ring system 
containing 1-4 heteroatorns independently selected 
from N, S, and O and substituted With 0-1 R10; 

[0079] A1, A2, A3, A4, A5, A6, A7, and A8 are inde 
pendently selected at each occurrence from the 
group: NR13, NR13R14, S, SH, S(Pg), OH, and a 
bond to Ln; 

[0080] E is a bond, CH, or a spacer group indepen 
dently selected at each occurrence from the group: 
Cl-C1O alkyl substituted With 0-3 R17, aryl substi 
tuted With 0-3 R17, C3_1O cycloalkyl substituted With 
0-3 R17, and a 5-10 rnernbered heterocyclic ring 
system containing 1-4 heteroatorns independently 
selected from N, S, and O and substituted With 0-3 
R17; 
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[0081] R13, and R14 are each independently selected [0091] [5] In a still more preferred embodiment, the 
present invention provides a compound, Wherein: from the group: a bond to Ln, hydrogen, CJL-C1O alkyl 

substituted With 0-3 R17, aryl substituted With 0-3 
R17, a 5-10 membered heterocyclic ring system 
containing 1-4 heteroatoms independently selected 
from N, S, and O and substituted With 0-3 R17, and 
an electron, provided that When one of R13 or R14 is 
an electron, then the other is also an electron; 

[0082] alternatively, R13 and R14 combine to form 
=C(RZ°> (R21); 

[0083] R17 is independently selected at each occur 
rence from the group: a bond to Ln, :0, F, Cl, Br, 
I, —CF3, —CN, —CO2R18, —C(=O)R18, 
—C(=O)N(R18)2, —CH2OR18, —OC(=O)R18, 
—OC(=O)OR18"‘, —OR18, —OC(=O)N(R18)2, 
—NR19C(=O)R18, NR19C(=O)OR18"‘, 

[0084] R18, R188, and R19 are independently selected 
at each occurrence from the group: a bond to Ln, H, 
and C1-C6 alkyl; 

[0085] R20 and R21 are independently selected from 
the group: H, C1-C5 alkyl, —CO2R25, C2-C5 1-alk 
ene substituted With 0-3 R23, C2-C5 1-alkyne substi 
tuted With 0-3 R23, aryl substituted With 0-3 R23, and 
unsaturated 5-10 membered heterocyclic ring system 
containing 1-4 heteroatoms independently selected 
from N, S, and O and substituted With 0-3 R23; 

[0086] alternatively, R20 and R21, taken together With 
the divalent carbon radical to Which they are attached 
form: 

R22 R22 

R23 

[0087] R22 and R23 are independently selected from 
the group: H, and R24; 

[0088] alternatively, R22, R23 taken together form a 
fused aromatic or a 5-10 membered heterocyclic ring 
system containing 1-4 heteroatoms independently 
selected from N, S, and O; 

[0089] R24 is independently selected at each occur 
rence from the group: —CO2R25, —C(=O)N(R25)2, 
—CH2OR25, —OC(=O)R25, —OR25, —SO3H, 
—N(R25)2, and _ocH2co2H; and, 

[0090] R25 is independently selected at each occur 
rence from the group: H and C1-C3 alkyl. 

[0092] Q is a peptide selected from the group: 

[0093] K is an L-amino acid independently 
selected at each occurrence from the group: arginine, 
citrulline, N-methylarginine, lysine, homolysine, 
2-aminoethylcysteine, d-N-2-imidaZolinylornithine, 
d-N-benZylcarbamoylornithine, and b-2-benZimida 
Zolylacetyl-1,2-diaminopropionic acid; 

[0094] L is glycine; 

[0095] M is L-aspartic acid; 

[0096] M‘ is D-aspartic acid; 
[0097] R1 is L-valine, D-valine or L-lysine optionally 

substituted on the e amino group With a bond to Ln; 

[0098] R2 is L-phenylalanine, D-phenylalanine, D-1 
naphthylalanine, 2-aminothiaZole-4-acetic acid or 
tyrosine, the tyrosine optionally substituted on the 
hydroXy group With a bond to Ln; 

[0099] R3 is D-valine; 
[0100] R4 is D-tyrosine substituted on the hydroXy 

group With a bond to Ln; 

[0101] provided that one of R1 and R2 in each Q is 
substituted With a bond to Ln, and further provided 
that When R2 is 2-aminothiaZole-4-acetic acid, K is 
N-methylarginine; 

[0102] provided that at least one Q is a benZodiaZ 
epine; 

[0103] d is 1, 2, or 3; 

[0104] A1 is selected from the group: OH, and a bond 
to Ln; 

[0105] A2, A4, and A6 are each N; 
[0106] A3, A5, and A8 are each OH; 
[0107] A7 is a bond to Ln or NH-bond to Ln; 

[0108] E is a C2 alkyl substituted With 0-1 R17; 

[0109] R17 is :0; 
[0110] alternatively, Ch is 
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[0139] or a pharmaceutically acceptable salt form 
thereof. 

[0140] [7] In a further preferred embodiment, the present 
invention provides a kit comprising a compound of the 
present invention. 

[0141] [8] In an even further preferred embodiment, 
the kit further comprises one or more ancillary 
ligands and a reducing agent. 

[0142] [9] In a still further preferred embodiment, the 
ancillary ligands are tricine and TPPTS. 

[0143] [10] In another still further preferred embodi 
ment, the reducing agent is tin(II). 

[0144] [11] In a second embodiment, the present invention 
provides a novel diagnostic or therapeutic metallopharma 
ceutical composition, comprising: a metal, a chelator 
capable of chelating the metal and a targeting moiety, 
Wherein the targeting moiety is bound to the chelator, is a 
benZodiaZepine nonpeptide and binds to a receptor that is 
upregulated during angiogenesis and the compound has 0-1 
linking groups betWeen the targeting moiety and chelator. 

[0145] [12] In another preferred embodiment, the metal 
lopharmaceutical is a diagnostic radiopharmaceutical, the 
metal is a radioisotope selected from the group: 99mTc, 95Tc, 
111In, 62Cu, 64Cu, 67Ga, and 68Ga, the targeting moiety 
comprises a benZodiaZepine and the receptor is selected 
from the group: EGFR, FGFR, PDGFR, Flk-l/KDR, Flt-1, 
Tek, Tie, neuropilin-1, endoglin, endosialin, Axl, OM33, 
(XVBS, (x581, (x481, (x1B1,and (x282 and the linking group is 
present betWeen the targeting moiety and chelator. 

[0146] [13] In another more preferred embodiment, the 
targeting moiety is a benZodiaZepine and the receptor is 
avg? 

[0147] [14] In another even more preferred embodi 
ment, the radioisotope is 99mTc or 95 Tc, the radiop 
harmaceutical further comprises a ?rst ancillary 
ligand and a second ancillary ligand capable of 
stabiliZing the radiopharmaceutical. 

[0148] [15] In another still more preferred embodiment, 
the radioisotope is 99mTc. 

[0149] [16] In another further preferred embodiment, the 
radiopharmaceutical is selected from the group: 

[0150] 99mTc( (S)-2-(2,5-diaZa-5-(6((6-(diaZ 
enido)(3-pyridyl))carbonylamino)heXyl)-9-(N-(ben 
ZimidaZol-2-ylmethyl)-N-methylcarbamoyl)-4-oXo 
bicyclo [5.4.0]undeca-1(7),8,10-trien-3-yl) acetic 
acid)(tricine)(TPPTS); 

[0151] 99mTc( (S) -2-(2,5-diaZa-9-(N-(6-((6-(diaZ 
enido)(3-pyridyl))carbonylamino)heXyl)-N-(benZ 
imidaZol-2-ylmethyl)carbamoyl)-5-methyl-4-oXobi 
cyclo [5.4.0]undeca-1(7),8,10-trien-3-yl)acetic acid) 
(tricine) (TPPTS); 

[0152] [17] In another even more preferred embodiment, 
the radioisotope is 111In. 

[0153] [18] In another still more preferred embodiment, 
the radiopharmaceutical is selected from the group: 

[0154] 111In complex of 6-(N-(3-(3-aZa-10-(N-(ben 
ZimidaZol-2-ylmethyl)-N-methylcarbamoyl)-5-(car 
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boXymethyl)-4-oXobicyclo [5.4.0]undeca-1(7),8,10 
trien-3-yl)propyl)carbamoyl)-3-(2-((2-( 
(carboXymethyl) (2-((carboXymethyl)methylamino) 
ethyl)amino) ethyl) (2-((carboXymethyl)ethylamino) 
ethyl)amino)-acetylamino)-4-oXooctane-1,8-dicar 
boXylic acid; 

[0155] 111In compleX of (S,S,S)-4-(N-(3-(3,6-diaZa-5 
(carboXymethyl)-10-(N-(imidaZol-2-ylmethyl)-N 
benZylcarbamoyl)-4-oXobicyclo[5.4.0]undeca-1(7), 
8,10-trien-3-yl)propyl) carbamoyl)-4-(4-carboXy-2 
(2-(1,4,7,10-tetraaZa-4,7,10-tris(carboXymethyl) 
cyclododecyl)acetylamino)butanoylamino) butanoic 
acid; and 

[0156] 111In compleX of (S,S)-3-(N-(3-(3,6-diaZa-5 
(carboXymethyl)-10-(N-(imidaZol-2-ylmethyl)-N 
benZylcarbamoyl)-4-oXobicyclo[5.4.0]undeca-1(7), 
8,10-trien-3-yl)propyl) carbamoyl)-3-(2-(1,4,7,10 
tetraaZa-4,7,10-tris(carboXymethyl) 
cyclododecyl)acetylamino)propanoic acid. 

[0157] [19] In another preferred embodiment, the metal 
lopharmaceutical is a therapeutic radiopharmaceutical, the 
metal is a radioisotope selected from the group: 186Re, 
188Re, 153Sm, 166H0, 177Lu, 149Pm, 90y, 212Bi, 103Pd, 109Pd, 
159Gd, 140La, 198Au, 199Au, 169Yb, 175Yb, 165Dy, 166Dy, 
67Cu, 105Rh, 111Ag, and 192Ir, the targeting moiety is a 
benZodiaZepine nonpeptide and the receptor is selected from 
the group: EGFR, FGFR, PDGFR, Flk-l/KDR, Flt-1, Tek, 
Tie, neuropilin-l, endoglin, endosialin, AXl, otv[33, (XVBS, 
(x561, (x461, (x161, and (x262 and the linking group is present 
betWeen the targeting moiety and chelator. 

[0158] [20] In another more preferred embodiment, the 
targeting moiety is an benZodiaZepine and the receptor is 
avg? 

[0159] [21] In another even more preferred embodiment, 
the radioisotope is 153Sm. 

[0160] [22] In another even more preferred embodiment, 
the radioisotope is 177Lu. 

[0161] [23] In another even more preferred embodiment, 
the radioisotope is 90Y. 

[0162] [24] In another preferred embodiment, the metal 
lopharmaceutical is a MRI contrast agent, the metal is a 
paramagnetic metal ion selected from the group: Gd(III), 
Dy(III), Fe(III), and Mn(II), the targeting moiety is a ben 
ZodiaZepine nonpeptide and the receptor is selected from the 
group: EGFR, FGFR, PDGFR, Flk-l/KDR, Flt-1, Tek, Tie, 
neuropilin-1, endoglin, endosialin, Axl, OM33, (XVBS, (x561, 
(x461, (x161, and (x262 and the linking group is present 
betWeen the targeting moiety and chelator. 

[0163] [25] In another more preferred embodiment, the 
targeting moiety is a benZodiaZepine and the receptor is 
avg? 

[0164] [26] In another even more preferred embodiment, 
the metal ion is Gd(III). 

[0165] [27] In another preferred embodiment, the metal 
lopharmaceutical is a X-ray contrast agent, the metal is 
selected from the group: Re, Sm, Ho, Lu, Pm, Y, Bi, Pd, Gd, 
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La, Au, Au, Yb, Dy, Cu, Rh, Ag, and Ir, the targeting moiety 
is a benZodiaZepine nonpeptide, the receptor is OM33, and the 
linking group is present betWeen the targeting moiety and 
chelator. 

[0166] [28] In another even more preferred embodiment, 
the present invention provides a novel method of treating 
rheumatoid arthritis in a patient comprising: administering a 
therapeutic radiopharmaceutical of the present invention 
capable of localizing in neW angiogenic vasculature to a 
patient by injection or infusion. 

[0167] [29] In another even more preferred embodiment, 
the present invention provides a novel method of treating 
cancer in a patient comprising: administering to a patient in 
need thereof a therapeutic radiopharmaceutical of the 
present invention by injection or infusion. 

[0168] [30] In another even more preferred embodiment, 
the present invention provides a novel method of imaging 
formation of neW blood vessels in a patient comprising: (1) 
administering a diagnostic radiopharmaceutical, a MRI con 
trast agent, or a X-ray contrast agent of the present invention 
to a patient by injection or infusion; (2) imaging the area of 
the patient Wherein the desired formation of neW blood 
vessels is located. 

[0169] [31] In another even more preferred embodiment, 
the present invention provides a novel method of imaging 
cancer in a patient comprising: (1) administering a diagnos 
tic radiopharmaceutical of the present invention to a patient 
by injection or infusion; (2) imaging the patient using planar 
or SPECT gamma scintigraphy, or positron emission tomog 
raphy. 

[0170] [32] In another even more preferred embodiment, 
the present invention provides a novel method of imaging 
cancer in a patient comprising: (1) administering a MRI 
contrast agent of the present invention; and (2) imaging the 
patient using magnetic resonance imaging. 

[0171] [33] In another even more preferred embodiment, 
the present invention provides a novel method of imaging 
cancer in a patient comprising: (1) administering a X-ray 
contrast agent of the present invention; and (2) imaging the 
patient using X-ray computed tomography. 

[0172] [34] In a third embodiment, the present invention 
provides a novel compound capable of being used in an 
ultrasound contrast composition, comprising: a targeting 
moiety and a surfactant, Wherein the targeting moiety is 
bound to the surfactant, is a benZodiaZepine nonpeptide, and 
binds to a receptor that is upregulated during angiogenesis 
and the compound has 0-1 linking groups betWeen the 
targeting moiety and surfactant. 

[0173] [35] In a preferred embodiment, the targeting moi 
ety comprises an benZodiaZepine and the receptor is selected 
from the group: EGFR, FGFR, PDGFR, Flk-l/KDR, Flt-1, 
Tek, Tie, neuropilin-l, endoglin, endosialin, Axl, OM33, 
otv?s, (x561, (x461, (x161, and (x262 and the linking group is 
present betWeen the targeting moiety and surfactant. 

[0174] [36] In a more preferred embodiment, the receptor 
is the integrin oLV[33 and the compound is of the formula: 
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[0175] Wherein, Q is a compound of Formula (I): 

(1) 
R1 
/ 

R2\ N 
/ N 

R o 

N | a 

R4 I 
CO2R3 

[0176] Wherein: 

[0177] one of R or R1 is selected from a bond to LB 
or (CH2)1_4 or an NH bond to LH and the other of R 
or R1 is selected from C1_4 alkyl, benZyl or phen 
ethyl; 

[0178] R2 is selected from benZimidaZole or imida 
Zole; 

[0179] R3 is selected from H, C1_4 alkyl or benZyl; 

[0180] R4 is selected from H, C1_4 alkyl or benZyl; 

[0181] d is selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10; 

[0182] Sf is a surfactant Which is a lipid or a com 
pound of the formula: 

E1—A10; 

A9 

[0183] A9 is selected from the group: OH and 
27, 

OR , 

[0184] A10 is OR”; 

[0186] E1 is CMO alkylene substituted With 1-3 R28; 

[0187] R28 is independently selected at each occur 
rence from the group: R30, —PO3H—R3O, =O, 
—CO2R29, —C(=O)R29, —C(=O)N(R29)2, 
—CH2OR29, —OR29, —N(R29)2, C1-C5 alkyl, and 
CZ-C4 alkenyl; 

[0188] R29 is independently selected at each occur 
rence from the group: R30, H, C1-C6 alkyl, phenyl, 
benZyl, and tri?uoromethyl; 

[0189] R30 is a bond to Ln; 

[0190] Ln is a linking group having the formula: 

g... 
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[0192] aa is independently at each occurrence an 

amino acid; 

[0193] Z is selected from the group: aryl substituted 
With 0-3 R10, C3_1O cycloalkyl substituted With 0-3 
R10, and a 5-10 membered heterocyclic ring system 
containing 1-4 heteroatoms independently selected 
from N, S, and O and substituted With 0-3 R10; 

[0194] R6, R68, R7, R73, R8, R88, R9 and R9'‘) are 
independently selected at each occurrence from the 

group: H, :0, COOH, SO3H, PO3H, C1-C5 alkyl 
substituted With 0-3 R10, aryl substituted With 0-3 
R10, benZyl substituted With 0-3 R10, and C1-C5 
alkoXy substituted With 0-3 R10, NHC(=O)R11, 
C(=O)NHR11, NHC(=O)NHR11, NHRll, R11, and 
a bond to Sf; 

[0195] R10 is independently selected at each occur 
rence from the group: a bond to Sf, COORn, OH, 
NHRll, SO3H, PO3H, aryl substituted With 0-3 R11, 
CL5 alkyl substituted With 0-1 R12, CL5 alkoXy 
substituted With 0-1 R12, and a 5-10 membered 
heterocyclic ring system containing 1-4 heteroatoms 
independently selected from N, S, and O and sub 
stituted With 0-3 R11; 

[0196] R11 is independently selected at each occur 
rence from the group: H, aryl substituted With 0-1 
R12, a 5-10 membered heterocyclic ring system 
containing 1-4 heteroatoms independently selected 
from N, S, and O and substituted With 0-1 R12, C3_1O 
cycloalkyl substituted With 0-1 R12, amino acid 
substituted With 0-1 R12, and a bond to Sf; 

[0197] R12 is a bond to Sf; 

[0198] k is selected from 0, 1, and 2; 

[0199] h is selected from 0, 1, and 2; 

[0200] h‘ is selected from 0, 1, 2, 3, 4, and 5; 

[0201] h“ is selected from 0, 1, 2, 3, 4, and 5; 

[0202] g is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10; 

[0203] g‘ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; 

[0204] g“ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; 

[0205] g‘" is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; 

[0206] t‘ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10; 

[0207] and a pharmaceutically acceptable salt 
thereof. 

[0208] [37] In another even more preferred embodiment, 
the compound is of the formula: 
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[0209] Wherein, Q is a compound of Formula (I): 

(1) 
R1 
/ 

R2\ N 
/ N 

R o 

N | a 

R4 I 
CO2R3 

[0210] Wherein: 

[0211] one of R or R1 is selected from a bond to LB 
or (CH2)1_4 or an NH bond to LH and the other of R 
or R1 is selected from C1_4 alkyl, benZyl or phen 
ethyl; 

[0212] R2 is selected from benZimidaZole or imida 
Zole; 

[0213] R3 is selected from H. C1_4 alkyl or benZyl; 

[0214] R4 is selected from H. CL4 alkyl or benZyl; 

0215 S is a surfactant Which is a li id or a com r P 
pound of the formula: 

El_A10; 

A9 

[0216] A9 is OR”; 

[0217] A10 is OR”; 

[0218] R27 is C(=O)C1_15 alkyl; 
[0219] E1 is C1_4 alkylene substituted With 1-3 R28; 

[0220] R28 is independently selected at each occur 
rence from the group: R30, —PO3H-R3O, =0, 
—CO2R29, —C(=O)R29, —CH2OR29, —OR29, 
and C1-C5 alkyl; 

[0221] R29 is independently selected at each occur 
rence from the group: R30, H, C1-C6 alkyl, phenyl, 
and benZyl; 

[0222] R30 is a bond to Ln; 

[0223] Ln is a linking group having the formula: 

[0224] W is independently selected at each occur 
rence from the group: O, S, NH, NHC(=O), 
C(=O)NH, C(=O), C(=O)O, OC(=O), 
NHC(=S)NH, NHC(=O)NH, SO2, (OCH2CH2)2O_ 
200> (CH2CH2O)20-200> (OCH2CH2CH2)20-200> 
(CH2CH2CH2)20-200> and (“)6 

[0225] aa is independently at each occurrence an 
amino acid; 

[0226] Z is selected from the group: aryl substituted 
With 0-3 R10, C3_1O cycloalkyl substituted With 0-3 
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R10, and a 5-10 membered heterocyclic ring system 
containing 1-4 heteroatoms independently selected 
from N, S, and O and substituted With 0-3 R10; 

[0227] R6, R63, R7, R73, R8, R83, R9 and R9'‘) are 
independently selected at each occurrence from the 
group: H, :0, C1-C5 alkyl substituted With 0-3 R10, 
and CjL-C5 alkoXy substituted With 0-3 R10, and a 
bond to Sf; 

[0228] R10 is independently selected at each occur 
rence from the group: a bond to Sf, COORH, OH, 
NHRll, CL5 alkyl substituted With 0-1 R12, and CL5 
alkoXy substituted With 0-1 R12; 

[0229] R11 is independently selected at each occur 
rence from the group: H, aryl substituted With 0-1 
R12, C3_1O cycloalkyl substituted With 0-1 R12, amino 
acid substituted With 0-1 R12, and a bond to Sf; 

[0230] R12 is a bond to Sf; 

[0231] k is selected from 0, 1, and 2; 

[0232] h is selected from 0, 1, and 2; 

[0233] h‘ is selected from 0, 1, 2, 3, 4, and 5; 

[0234] h“ is selected from 0, 1, 2, 3, 4, and 5; 

[0235] g is selected from 0, 1, 2, 3, 4, and 5; 

[0236] g‘ is selected from 0, 1, 2, 3, 4, and 5; 

[0237] g“ is selected from 0, 1, 2, 3, 4, and 5; 

[0238] g‘" is selected from 0, 1, 2, 3, 4, and 5; 

[0239] s is selected from 0, 1, 2, 3, 4, and 5; 

[0240] s‘ is selected from 0, 1, 2, 3, 4, and 5; 

[0241] s“ is selected from 0, 1, 2, 3, 4, and 5; 

[0242] t is selected from 0, 1, 2, 3, 4, and 5; 

[0243] t‘ is selected from 0, 1, 2, 3, 4, and 5; 

[0244] and a pharmaceutically acceptable salt 
thereof. 

[0245] [38] In another still more preferred embodiment, 
the present invention provides a compound selected from the 
group: 

[0246] Sodium 1,2-dipalmitoyl-sn-glycero-3-phos 
phatidylethanolamine-(S)-2-(2,5-diaZa-9-(N-(benZ 
imidaZol-2-ylmethyl)-N-methylcarbamoyl)-5-(6 
aminoheXyl)-4-oXobicyclo[5.4.0]undeca-1(7),8,10 
trien-3-yl)acetic acid-dodecoanoate conjugate; 

[0247] DPPE-PEG34OO-[(S) -2-(2, 5-diaZa-9-(N 
(benZimidaZol-2-ylmethyl)-N-methylcarbamoyl)-5 
(6-aminoheXyl)-4-oXobicyclo[5.4.0]undeca-1(7),8, 
10-trien-3-yl)acetic acid]-dodecoanoate conjugate; 
and 

[0248] -2-(2-aZa-(2-((S-(N-(1,3-bis-N-(6-(ami 
noheXyl-4-oXobicyclo[5.4.0]undeca-l(7),8,10-trien 
3-yl)acetic acid)(2-(2,5-diaZa-9-(N-(benZimidaZol 
2-ylmethyl) carbamoyl) propyl) carbamoyl] 
-W-amino-PEG34O0-dodecanoate-DPPE conjugate; 

Aug. 7, 2003 

[0249] [39] In another even more preferred embodiment, 
the present invention provides a novel ultrasound contrast 
agent composition, comprising: 

[0250] (a) a compound comprising: a benZodiaZepine 
that binds to the integrin OM33, a surfactant and a 
linking group betWeen the benZodiaZepine and the 
surfactant; 

[0251] (b) a parenterally acceptable carrier; and, 
[0252] (c) an echogenic gas. 

[0253] [40] In another still more preferred embodiment, 
the ultrasound contrast agent further comprises: 1,2-dipalmi 
toyl-sn-glycero-3-phosphotidic acid, 1,2-dipalmitoyl-sn 
glycero-3-phosphatidylcholine, and N-(methoXypolyethyl 
ene glycol 5000 carbamoyl)-1,2-dipalmitoyl-sn-glycero-3 
phosphatidylethanolamine. 

[0254] [41] In another further preferred embodiment, the 
echogenic gas is a C2_5 per?uorocarbon. 

[0255] [42] In another even more preferred embodiment, 
the present invention provides a method of imaging cancer 
in a patient comprising: (1) administering, by injection or 
infusion, a ultrasound contrast agent composition of the 
present invention to a patient; and (2) imaging the patient 
using sonography. 

[0256] [43] In another even more preferred embodiment, 
the present invention provides a novel method of imaging 
formation of neW blood vessels in a patient comprising: (1) 
administering, by injection or infusion, a ultrasound contrast 
agent composition of the present invention to a patient; (2) 
imaging the area of the patient Wherein the desired forma 
tion of neW blood vessels is located. 

[0257] [44] In another even more preferred embodiment, 
the present invention provides a novel therapeutic radiop 
harmaceutical composition, comprising: 

[0258] (a) a therapeutic radiopharmaceutical of the 
present invention; and, 

[0259] (b) a parenterally acceptable carrier. 
[0260] [45] In another even more preferred embodiment, 
the present invention provides a novel therapeutic radiop 
harmaceutical composition, comprising: 

0261 a a dia nostic radio harmaceutical, a MRI g P 
contrast agent, or a X-ray contrast agent of the 
present invention; and, 

[0262] (b) a parenterally acceptable carrier. 
[0263] Another aspect of the present invention are diag 
nostic kits for the preparation of radiopharmaceuticals useful 
as imaging agents for cancer. Diagnostic kits of the present 
invention comprise one or more vials containing the sterile, 
non-pyrogenic, formulation comprised of a predetermined 
amount of a reagent of the present invention, and optionally 
other components such as one or tWo ancillary ligands, 
reducing agents, transfer ligands, buffers, lyophiliZation 
aids, stabiliZation aids, solubiliZation aids and bacteriostats. 
The inclusion of one or more optional components in the 
formulation Will frequently improve the ease of synthesis of 
the radiopharmaceutical by the practicing end user, the ease 
of manufacturing the kit, the shelf-life of the kit, or the 
stability and shelf-life of the radiopharmaceutical. The 
inclusion of one or tWo ancillary ligands is required for 
diagnostic kits comprising reagent comprising a hydraZine 
or hydraZone bonding moiety. The one or more vials that 
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contain all or part of the formulation can independently be 
in the form of a sterile solution or a lyophiliZed solid. 

[0264] Another aspect of the present invention contem 
plates a method of imaging cancer in a patient involving: (1) 
synthesiZing a diagnostic radiopharmaceutical of the present 
invention, using a reagent of the present invention, capable 
of localiZing in tumors; (2) administering said radiopharma 
ceutical to a patient by injection or infusion; (3) imaging the 
patient using planar or SPECT gamma scintigraphy, or 
positron emission tomography. 

[0265] Another aspect of the present invention contem 
plates a method of imaging cancer in a patient involving: (1) 
administering a paramagnetic metallopharmaceutical of the 
present invention capable of localiZing in tumors to a patient 
by injection or infusion; and (2) imaging the patient using 
magnetic resonance imaging. 

[0266] Another aspect of the present invention contem 
plates a method of imaging cancer in a patient involving: (1) 
administering a X-ray contrast agent of the present invention 
capable of localiZing in tumors to a patient by injection or 
infusion; and (2) imaging the patient using X-ray computed 
tomography. 
[0267] Another aspect of the present invention contem 
plates a method of imaging cancer in a patient involving: (1) 
administering a ultrasound contrast agent of the present 
invention capable of localiZing in tumors to a patient by 
injection or infusion; and (2) imaging the patient using 
sonography. 

[0268] Another aspect of the present invention contem 
plates a method of treating cancer in a patient involving: (1) 
administering a therapeutic radiopharmaceutical of the 
present invention capable of localiZing in tumors to a patient 
by injection or infusion. 

DEFINITIONS 

[0269] The compounds herein described may have asym 
metric centers. Unless otherWise indicated, all chiral, dias 
tereomeric and racemic forms are included in the present 
invention. Many geometric isomers of ole?ns, C=N double 
bonds, and the like can also be present in the compounds 
described herein, and all such stable isomers are contem 
plated in the present invention. It Will be appreciated that 
compounds of the present invention contain asymmetrically 
substituted carbon atoms, and may be isolated in optically 
active or racemic forms. It is Well knoWn in the art hoW to 
prepare optically active forms, such as by resolution of 
racemic forms or by synthesis from optically active starting 
materials. TWo distinct isomers (cis and trans) of the peptide 
bond are knoWn to occur; both can also be present in the 
compounds described herein, and all such stable isomers are 
contemplated in the present invention. The D and L-isomers 
of a particular amino acid are designated herein using the 
conventional 3-letter abbreviation of the amino acid, as 
indicated by the folloWing examples: D-Leu, or L-Leu. 

[0270] When any variable occurs more than one time in 
any substituent or in any formula, its de?nition on each 
occurrence is independent of its de?nition at every other 
occurrence. Thus, for example, if a group is shoWn to be 
substituted With 0-2 R52, then said group may optionally be 
substituted With up to tWo R52, and R52 at each occurrence 
is selected independently from the de?ned list of possible 
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R52. Also, by Way of example, for the group —N(R53)2, each 
of the tWo R53 substituents on N is independently selected 
from the de?ned list of possible R53. Combinations of 
substituents and/or variables are permissible only if such 
combinations result in stable compounds. When a bond to a 
substituent is shoWn to cross the bond connecting tWo atoms 
in a ring, then such substituent may be bonded to any atom 
on the ring. 

[0271] The term “nonpeptide” means preferably less than 
three amide bonds in the backbone core of the targeting 
moiety or preferably less than three amino acids or amino 
acid mimetics in the targeting moiety. 

[0272] The term "metallopharmaceutical” means a phar 
maceutical comprising a metal. The metal is the cause of the 
imageable signal in diagnostic applications and the source of 
the cytotoxic radiation in radiotherapeutic applications. 
Radiopharmaceuticals are metallopharmaceuticals in Which 
the metal is a radioisotope. 

[0273] By “reagent” is meant a compound of this inven 
tion capable of direct transformation into a metallopharma 
ceutical of this invention. Reagents may be utiliZed directly 
for the preparation of the metallopharmaceuticals of this 
invention or may be a component in a kit of this invention. 

[0274] The term “binding agent” means a metallopharma 
ceutical of this invention having af?nity for and capable of 
binding to the vitronectin receptor. The binding agents of 
this invention have Ki<1000 nM. 

[0275] By “stable compound” or “stable structure” is 
meant herein a compound that is suf?ciently robust to 
survive isolation to a useful degree of purity from a reaction 
mixture, and formulation into an ef?cacious pharmaceutical 
agent. 

[0276] The term “substituted”, as used herein, means that 
one or more hydrogens on the designated atom or group is 
replaced With a selection from the indicated group, provided 
that the designated atom’s or group’s normal valency is not 
exceeded, and that the substitution results in a stable com 
pound. When a substituent is keto (i.e., =0), then 2 
hydrogens on the atom are replaced. 

[0277] The term “bond”, as used herein, means either a 
single or double bond. 

[0278] The term “salt”, as used herein, is used as de?ned 
in the CRC Handbook of Chemistry and Physics, 65th 
Edition, CRC Press, Boca Raton, Florida, 1984, as any 
substance Which yields ions, other than hydrogen or 
hydroxyl ions. As used herein, “pharmaceutically acceptable 
salts” refer to derivatives of the disclosed compounds modi 
?ed by making acid or base salts. Examples of pharmaceu 
tically acceptable salts include, but are not limited to, 
mineral or organic acid salts of basic residues such as 
amines; alkali or organic salts of acidic residues such as 
carboxylic acids; and the like. 

[0279] The phrase “pharmaceutically acceptable” is 
employed herein to refer to those compounds, materials, 
compositions, and/or dosage forms Which are, Within the 
scope of sound medical judgment, suitable for use in contact 
With the tissues of human beings and animals Without 
excessive toxicity, irritation, allergic response, or other 
problem or complication, commensurate With a reasonable 
bene?t/risk ratio. 
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[0280] As used herein, “pharmaceutically acceptable 
salts” refer to derivatives of the disclosed compounds 
Wherein the parent compound is modi?ed by making acid or 
base salts thereof. Examples of pharmaceutically acceptable 
salts include, but are not limited to, mineral or organic acid 
salts of basic residues such as amines; alkali or organic salts 
of acidic residues such as carboxylic acids; and the like. The 
pharmaceutically acceptable salts include the conventional 
non-toxic salts or the quaternary ammonium salts of the 
parent compound formed, for example, from non-toxic 
inorganic or organic acids. For example, such conventional 
non-toxic salts include those derived from inorganic acids 
such as hydrochloric, hydrobromic, sulfuric, sulfamic, phos 
phoric, nitric and the like; and the salts prepared from 
organic acids such as acetic, propionic, succinic, glycolic, 
stearic, lactic, tartaric, citric, ascorbic, pamoic, maleic, 
hydroxymaleic, phenylacetic, glutamic, benZoic, salicylic, 
sulfanilic, 2-acetoxybenZoic, fumaric, toluenesulfonic, 
methanesulfonic, ethane disulfonic, oxalic, isethionic, and 
the like. 

[0281] The pharmaceutically acceptable salts of the 
present invention can be synthesiZed from the parent com 
pound Which contains a basic or acidic moiety by conven 
tional chemical methods. Generally, such salts can be pre 
pared by reacting the free acid or base forms of these 
compounds With a stoichiometric amount of the appropriate 
base or acid in Water or in an organic solvent, or in a mixture 
of the tWo; generally, nonaqueous media like ether, ethyl 
acetate, ethanol, isopropanol, or acetonitrile are preferred. 
Lists of suitable salts are found in Remington ’s Pharmaceu 
tical Sciences, 17th ed., Mack Publishing Company, Easton, 
PA, 1985, p. 1418, the disclosure of Which is hereby 
incorporated by reference. 

[0282] As used herein, “alkyl” is intended to include both 
branched and straight-chain saturated aliphatic hydrocarbon 
groups having the speci?ed number of carbon atoms, 
examples of Which include, but are not limited to, methyl, 
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, t-butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, and decyl; “cycloalkyl” 
or “carbocycle” is intended to include saturated and partially 
unsaturated ring groups, including mono-, bi- or poly-cyclic 
ring systems, such as cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, cyclooctyl and adamantyl; “bicy 
cloalkyl” or “bicyclic” is intended to include saturated 
bicyclic ring groups such as [3.3.0]bicyclooctane, [4.3.0] 
bicyclononane, [4.4.0]bicyclodecane (decalin), [2.2.2]bicy 
clooctane, and so forth. 

[0283] As used herein, the term “alkene” or “alkenyl” is 
intended to include hydrocarbon chains having the speci?ed 
number of carbon atoms of either a straight or branched 
con?guration and one or more unsaturated carbon-carbon 
bonds Which may occur in any stable point along the chain, 
such as ethenyl, propenyl, and the like. 

[0284] As used herein, the term “alkyne” or “alkynyl” is 
intended to include hydrocarbon chains having the speci?ed 
number of carbon atoms of either a straight or branched 
con?guration and one or more unsaturated carbon-carbon 
triple bonds Which may occur in any stable point along the 
chain, such as propargyl, and the like. 

[0285] As used herein, “aryl” or “aromatic residue” is 
intended to mean phenyl or naphthyl, Which When substi 
tuted, the substitution can be at any position. 

Aug. 7, 2003 

[0286] As used herein, the term “heterocycle” or “hetero 
cyclic system” is intended to mean a stable 5- to 7- mem 
bered monocyclic or bicyclic or 7- to 10-membered bicyclic 
heterocyclic ring Which is saturated partially unsaturated or 
unsaturated (aromatic), and Which consists of carbon atoms 
and from 1 to 4 heteroatoms independently selected from the 
group consisting of N, O and S and including any bicyclic 
group in Which any of the above-de?ned heterocyclic rings 
is fused to a benZene ring. The nitrogen and sulfur heteroa 
toms may optionally be oxidiZed. The heterocyclic ring may 
be attached to its pendant group at any heteroatom or carbon 
atom Which results in a stable structure. The heterocyclic 
rings described herein may be substituted on carbon or on a 

nitrogen atom if the resulting compound is stable. If spe 
ci?cally noted, a nitrogen in the heterocycle may optionally 
be quaterniZed. It is preferred that When the total number of 
S and O atoms in the heterocycle exceeds 1, then these 
heteroatoms are not adjacent to one another. It is preferred 
that the total number of S and 0 atoms in the heterocycle is 
not more than 1. As used herein, the term “aromatic hetero 
cyclic system” is intended to mean a stable 5- to 7- mem 
bered monocyclic or bicyclic or 7- to 10-membered bicyclic 
heterocyclic aromatic ring Which consists of carbon atoms 
and from 1 to 4 heteroatoms independently selected from the 
group consisting of N, O and S. It is preferred that the total 
number of S and O atoms in the aromatic heterocycle is not 
more than 1. 

[0287] Examples of heterocycles include, but are not lim 
ited to, 1H-indaZole, 2-pyrrolidonyl, 2H,6H-1,5,2-dithiaZi 
nyl, 2H-pyrrolyl, 3H-indolyl, 4-piperidonyl, 4aH-carbaZole, 
4H-quinoliZinyl, 6H-1,2,5-thiadiaZinyl, acridinyl, aZocinyl, 
benZimidaZolyl, benZofuranyl, benZothiofuranyl, ben 
Zothiophenyl, benZoxaZolyl, benZthiaZolyl, benZtriaZolyl, 
benZtetraZolyl, benZisoxaZolyl, benZisothiaZolyl, benZimi 
daZalonyl, carbaZolyl, 4aH-carbaZolyl, [3-carbolinyl, chro 
manyl, chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H 
1, 5,2-dithiaZinyl, dihydrofuro[2,3-b]tetrahydrofuran, 
furanyl, furaZanyl, imidaZolidinyl, imidaZolinyl, imidaZolyl, 
1H-indaZolyl, indolenyl, indolinyl, indoliZinyl, indolyl, 
isobenZofuranyl, isochromanyl, isoindaZolyl, isoindolinyl, 
isoindolyl, isoquinolinyl, isothiaZolyl, isoxaZolyl, morpholi 
nyl, naphthyridinyl, octahydroisoquinolinyl, oxadiaZolyl, 
1,2,3-oxadiaZolyl, 1,2,4-oxadiaZolyl, 1,2,5-oxadiaZolyl, 1,3, 
4-oxadiaZolyl, oxaZolidinyl., oxaZolyl, oxaZolidinylperim 
idinyl, phenanthridinyl, phenanthrolinyl, phenarsaZinyl, 
phenaZinyl, phenothiaZinyl, phenoxathiinyl, phenoxaZinyl, 
phthalaZinyl, piperaZinyl, piperidinyl, pteridinyl, piperido 
nyl, 4-piperidonyl, pteridinyl, purinyl, pyranyl, pyraZinyl, 
pyraZolidinyl, pyraZolinyl, pyraZolyl, pyridaZinyl, pyridoox 
aZole, pyridoimidaZole, pyridothiaZole, pyridinyl, pyridyl, 
pyrimidinyl, pyrrolidinyl, pyrrolinyl, pyrrolyl, quinaZolinyl, 
quinolinyl, 4H-quinoliZinyl, quinoxalinyl, quinuclidinyl, 
carbolinyl, tetrahydrofuranyl, tetrahydroisoquinolinyl, tet 
rahydroquinolinyl, 6H-1,2,5-thiadiaZinyl, 1,2,3-thiadiaZ 
olyl, 1,2,4-thiadiaZolyl, 1,2,5-thiadiaZolyl, 1,3,4-thiadiaZ 
olyl, thianthrenyl, thiaZolyl, thienyl, thienothiaZolyl, 
thienooxaZolyl, thienoimidaZolyl, thiophenyl, triaZinyl, 1,2, 
3-triaZolyl, 1,2,4-triaZolyl, 1,2,5-triaZolyl, 1,3,4-triaZolyl, 
xanthenyl. Preferred heterocycles include, but are not lim 
ited to, pyridinyl, furanyl, thienyl, pyrrolyl, pyraZolyl, imi 
daZolyl, indolyl, benZimidaZolyl, 1H-indaZolyl, oxaZolidi 
nyl, benZotriaZolyl, benZisoxaZolyl, oxindolyl, 
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benZoxaZolinyl, or isatinoyl. Also included are fused ring 
and spiro compounds containing, for example, the above 
heterocycles. 
[0288] As used herein, the term “alkaryl” means an aryl 
group bearing an alkyl group of 1-10 carbon atoms; the term 
“aralkyl” means an alkyl group of 1-10 carbon atoms 
bearing an aryl group; the term “arylalkaryl” means an aryl 
group bearing an alkyl group of 1-10 carbon atoms bearing 
an aryl group; and the term “heterocycloalkyl” means an 
alkyl group of 1-10 carbon atoms bearing a heterocycle. 

[0289] A “polyalkylene glycol” is a polyethylene glycol, 
polypropylene glycol or polybutylene glycol having a 
molecular Weight of less than about 5000, terminating in 
either a hydroxy or alkyl ether moiety. 

[0290] A “carbohydrate” is a polyhydroxy aldehyde, 
ketone, alcohol or acid, or derivatives thereof, including 
polymers thereof having polymeric linkages of the acetal 
type. 

[0291] A “cyclodextrin” is a cyclic oligosaccharide. 
Examples of cyclodextrins include, but are not limited to, 
ot-cyclodextrin, hydroxyethyl-ot-cyclodextrin, hydroxypro 
pyl-ot-cyclodextrin, [3-cyclodextrin, hydroxypropyl-[3-cy 
clodextrin, carboxymethyl-[3-cyclodextrin, dihydroxypro 
pyl-[3-cyclodextrin, hydroxyethyl-[3-cyclodextrin, 2,6 di-O 
methyl-[3-cyclodextrin, sulfated-[3-cyclodextrin, 
y-cyclodextrin, hydroxypropyl-y-cyclodextrin, dihydrox 
ypropyl-y-cyclodextrin, hydroxyethyl-y-cyclodextrin, and 
sulfated y-cyclodextrin. 

[0292] As used herein, the term “polycarboxyalkyl” 
means an alkyl group having betWeen tWo and about 100 
carbon atoms and a plurality of carboxyl substituents; and 
the term “polyaZaalkyl” means a linear or branched alkyl 
group having betWeen tWo and about 100 carbon atoms, 
interrupted by or substituted With a plurality of amine 
groups. 

[0293] A “reducing agent” is a compound that reacts With 
a radionuclide, Which is typically obtained as a relatively 
unreactive, high oxidation state compound, to loWer its 
oxidation state by transferring electron(s) to the radionu 
clide, thereby making it more reactive. Reducing agents 
useful in the preparation of radiopharmaceuticals and in 
diagnostic kits useful for the preparation of said radiophar 
maceuticals include but are not limited to stannous chloride, 
stannous ?uoride, formamidine sul?nic acid, ascorbic acid, 
cysteine, phosphines, and cuprous or ferrous salts. Other 
reducing agents are described in Brodack et. al., PCT 
Application 94/22496, Which is incorporated herein by 
reference. 

[0294] A “transfer ligand” is a ligand that forms an inter 
mediate complex With a metal ion that is stable enough to 
prevent unWanted side-reactions but labile enough to be 
converted to a metallopharmaceutical. The formation of the 
intermediate complex is kinetically favored While the for 
mation of the metallopharmaceutical is thermodynamically 
favored. Transfer ligands useful in the preparation of met 
allopharmaceuticals and in diagnostic kits useful for the 
preparation of diagnostic radiopharmaceuticals include but 
are not limited to gluconate, glucoheptonate, mannitol, 
glucarate, N,N,N‘,N‘-ethylenediaminetetraacetic acid, pyro 
phosphate and methylenediphosphonate. In general, transfer 
ligands are comprised of oxygen or nitrogen donor atoms. 
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[0295] The term “donor atom” refers to the atom directly 
attached to a metal by a chemical bond. 

[0296] “Ancillary” or “co-ligands” are ligands that are 
incorporated into a radiopharmaceutical during its synthesis. 
They serve to complete the coordination sphere of the 
radionuclide together With the chelator or radionuclide 
bonding unit of the reagent. For radiopharmaceuticals com 
prised of a binary ligand system, the radionuclide coordi 
nation sphere is composed of one or more chelators or 
bonding units from one or more reagents and one or more 
ancillary or co-ligands, provided that there are a total of tWo 
types of ligands, chelators or bonding units. For example, a 
radiopharmaceutical comprised of one chelator or bonding 
unit from one reagent and tWo of the same ancillary or 
co-ligands and a radiopharmaceutical comprised of tWo 
chelators or bonding units from one or tWo reagents and one 
ancillary or co-ligand are both considered to be comprised of 
binary ligand systems. For radiopharmaceuticals comprised 
of a ternary ligand system, the radionuclide coordination 
sphere is composed of one or more chelators or bonding 
units from one or more reagents and one or more of tWo 

different types of ancillary or co-ligands, provided that there 
are a total of three types of ligands, chelators or bonding 
units. For example, a radiopharmaceutical comprised of one 
chelator or bonding unit from one reagent and tWo different 
ancillary or co-ligands is considered to be comprised of a 
ternary ligand system. 

[0297] Ancillary or co-ligands useful in the preparation of 
radiopharmaceuticals and in diagnostic kits useful for the 
preparation of said radiopharmaceuticals are comprised of 
one or more oxygen, nitrogen, carbon, sulfur, phosphorus, 
arsenic, selenium, and tellurium donor atoms. A ligand can 
be a transfer ligand in the synthesis of a radiopharmaceutical 
and also serve as an ancillary or co-ligand in another 
radiopharmaceutical. Whether a ligand is termed a transfer 
or ancillary or co-ligand depends on Whether the ligand 
remains in the radionuclide coordination sphere in the 
radiopharmaceutical, Which is determined by the coordina 
tion chemistry of the radionuclide and the chelator or 
bonding unit of the reagent or reagents. 

[0298] A “chelator” or “bonding unit” is the moiety or 
group on a reagent that binds to a metal ion through the 
formation of chemical bonds With one or more donor atoms. 

[0299] The term “binding site” means the site in vivo or in 
vitro that binds a biologically active molecule. 

[0300] A “diagnostic kit” or “kit” comprises a collection 
of components, termed the formulation, in one or more vials 
Which are used by the practicing end user in a clinical or 
pharmacy setting to synthesiZe diagnostic radiopharmaceu 
ticals. The kit provides all the requisite components to 
synthesiZe and use the diagnostic radiopharmaceutical 
except those that are commonly available to the practicing 
end user, such as Water or saline for injection, a solution of 
the radionuclide, equipment for heating the kit during the 
synthesis of the radiopharmaceutical, if required, equipment 
necessary for administering the radiopharmaceutical to the 
patient such as syringes and shielding, and imaging equip 
ment. 

[0301] Therapeutic radiopharmaceuticals, X-ray contrast 
agent pharmaceuticals, ultrasound contrast agent pharma 
ceuticals and metallopharmaceuticals for magnetic reso 
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nance imaging contrast are provided to the end user in their 
?nal form in a formulation contained typically in one vial, 
as either a lyophiliZed solid or an aqueous solution. The end 
user reconstitutes the lyophiliZed With Water or saline and 
WithdraWs the patient dose or just WithdraWs the dose from 
the aqueous solution formulation as provided. 

[0302] A “lyophiliZation aid” is a component that has 
favorable physical properties for lyophiliZation, such as the 
glass transition temperature, and is added to the formulation 
to improve the physical properties of the combination of all 
the components of the formulation for lyophiliZation. 

[0303] A “stabilization aid” is a component that is added 
to the metallopharmaceutical or to the diagnostic kit either 
to stabiliZe the metallopharmaceutical or to prolong the 
shelf-life of the kit before it must be used. Stabilization aids 
can be antioxidants, reducing agents or radical scavengers 
and can provide improved stability by reacting preferentially 
With species that degrade other components or the metallo 
pharmaceutical. 

[0304] A “solubiliZation aid” is a component that 
improves the solubility of one or more other components in 
the medium required for the formulation. 

[0305] A “bacteriostat” is a component that inhibits the 
groWth of bacteria in a formulation either during its storage 
before use of after a diagnostic kit is used to synthesiZe a 
radiopharmaceutical. 

[0306] The folloWing abbreviations are used herein: 

Acm acetamidomethyl 
b-Ala, beta-Ala 3-aminopropionic acid 
or bAla 

ATA 2-aminothiazole-5-acetic acid or 2 

aminothiazole—5—acetyl group 
Boc t-butyloxycarbonyl 
CBZ, Cbz or Z Carbobenzyloxy 
Cit citrulline 
Dap 2,3-diaminopropionic acid 
DCC dicyclohexylcarbodiimide 
DIEA diisopropylethylamine 
DMAP 4-dimethylaminopyridine 
EOE ethoxyethyl 
HBTU 2-(1H—BenZotriaZol—1—yl)—1,1,3,3— 

tetramethyluronium 
hexa?uorophosphate boo-hydrazinonicotinyl group or 2 

NMeArg or MeArg 

pyridinyl]hydrazono]methyl]— 
benzenesulfonic acid, 
a-N-methyl arginine 

NMeAsp a-N-methyl aspartic acid 
NMM N-methylmorpholine 
OcHex O-cyclohexyl 
OBZl O-benzyl 
oSu O-succinimidyl 
TBTU 2-(1H—BenZotriaZol—1—yl)—1,1,3,3— 

tetramethyluronium tetra?uoroborate 
THF tetrahydrofuranyl 
THP tetrahydropyranyl 
Tos tosyl 
Tr trityl 

[0307] The folloWing conventional three-letter amino acid 
abbreviations are used herein; the conventional one-letter 
amino acid abbreviations are NOT used herein: 
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Ala = alanine 

Arg = arginine 
Asn = asparagine 

Asp = aspartic acid 
Cys = cysteine 
Gln = glutamine 
Glu = glutamic acid 
Gly = glycine 
His = histidine 

Ile = isoleucine 

Leu = leucine 

Lys = lysine 
Met = methionine 

Nle = norleucine 

Orn = ornithine 

Phe = phenylalanine 
Phg = phenylglycine 
Pro = proline 
Sar = sarcosine 

Ser = serine 

Thr = threonine 

Trp = tryptophan 
Tyr = tyrosine 
Val = valine 

[0308] As used herein, the term “bubbles”, as used herein, 
refers to vesicles Which are generally characteriZed by the 
presence of one or more membranes or Walls surrounding an 

internal void that is ?lled With a gas or precursor thereto. 
Exemplary bubbles include, for example, liposomes, 
micelles and the like. 

[0309] As used herein, the term “lipid” refers to a syn 
thetic or naturally-occurring amphipathic compound Which 
comprises a hydrophilic component and a hydrophobic 
component. Lipids include, for example, fatty acids, neutral 
fats, phosphatides, glycolipids, aliphatic alchols and Waxes, 
terpenes and steroids. 

[0310] As used herein, the term “lipid composition” refers 
to a composition Which comprises a lipid compound. Exem 
plary lipid compositions include suspensions, emulsions and 
vesicular compositions. 

[0311] As used herein, the term “lipid formulation” refers 
to a composition Which comprises a lipid compound and a 
bioactive agent. 

[0312] As used herein, the term “vesicle” refers to a 
spherical entity Which is characteriZed by the presence of an 
internal void. Preferred vesicles are formulated from lipids, 
including the various lipids described herein. In any given 
vesicle, the lipids may be in the form of a monolayer or 
bilayer, and the mono- or bilayer lipids may be used to form 
one of more mono- or bilayers. In the case of more than one 

mono- or bilayer, the mono- or bilayers are generally con 
centric. The lipid vesicles described herein include such 
entities commonly referred to as liposomes, micelles, 
bubbles, microbubbles, microspheres and the like. Thus, the 
lipids may be used to form a unilamellar vesicle (comprised 
of one monolayer or bilayer), an oligolamellar vesicle (com 
prised of about tWo or about three monolayers or bilayers) 
or a multilamellar vesicle (comprised of more than about 
three monolayers or bilayers). The internal void of the 
vesicles may be ?lled With a liquid, including, for example, 
an aqueous liquid, a gas, a gaseous precursor, and/or a solid 
or solute material, including, for example, a bioactive agent, 
as desired. 
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[0313] As used herein, the term “vesicular composition” 
refers to a composition Which is formulate from lipids and 
Which comprises vesicles. 

[0314] As used herein, the term “vesicle formulation” 
refers to a composition Which comprises vesicles and a 
bioactive agent. 

[0315] As used herein, the term “lipsomes” refers to a 
generally spherical cluster or aggregate of amphipathic 
compounds, including lipid compounds, typically in the 
form of one or more concentric layers, for example, bilayers. 
They may also be referred to herein as lipid vesicles. 

[0316] Angiogenesis is the process of formation of neW 
capillary blood vessels from existing vasculature. It is an 
important component of a variety of physiological processes 
including ovulation, embryonic development, Wound repair, 
and collateral vascular generation in the myocardium. It is 
also central to a number of pathological conditions such as 
tumor groWth and metastasis, diabetic retinopathy, and 
macular degeneration. The process begins With the activa 
tion of existing vascular endothelial cells in response to a 
variety of cytokines and groWth factors. The activated 
endothelial cells secrete enZymes that degrade the basement 
membrane of the vessels. The endothelial cells then prolif 
erate and migrate into the extracellular matrix ?rst forming 
tubules and subsequently neW blood vessels. 

[0317] Under normal conditions, endothelial cell prolif 
eration is a very sloW process, but it increases for a short 
period of time during embryogenesis, ovulation and Wound 
healing. This temporary increase in cell turnover is governed 
by a combination of a number of groWth stimulatory factors 
and groWth suppressing factors. In pathological angiogen 
esis, this normal balance is disrupted resulting in continued 
increased endothelial cell proliferation. Some of the pro 
angiogenic factors that have been identi?ed include basic 
?broblast groWth factor (bFGF), angiogenin, TGF-alpha, 
TGF-beta, and vascular endothelium groWth factor (VEGF), 
While interferon-alpha, interferon-beta and thrombospondin 
are examples of angiogenesis suppressors. 

[0318] Angiogenic factors interact With endothelial cell 
surface receptors such as the receptor tyrosine kinases 
EGFR, FGFR, PDGFR, Flk-l/KDR, Flt-1, Tek, Tie, neuro 
pilin-1, endoglin, endosialin, and Axl. The receptors Flk-1/ 
KDR, neuropilin-1, and Flt-1 recogniZe VEGF and these 
interactions play key roles in VEGF-induced angiogenesis. 
The Tie subfamily of receptor tyrosine kinases are also 
expressed prominently during blood vessel formation. 

[0319] The proliferation and migration of endothelial cells 
in the extracellular matrix is mediated by interaction With a 
variety of cell adhesion molecules. Integrins are a diverse 
family of heterodimeric cell surface receptors by Which 
endothelial cells attach to the extracellular matrix, each other 
and other cells. Angiogenesis induced by bFGF or TNF 
alpha depend on the agency of the integrin avb3, While 
angiogenesis induced by VEGF depends on the integrin 
avb5 (Cheresh et. al., Science, 1995, 270, 1500-2). Induction 
of expression of the integrins a1b1 and a2b1 on the endot 
helial cell surface is another important mechanism by Which 
VEGF promotes angiogenesis (Senger, et. al., Proc. Natl. 
Acad, Sci USA, 1997, 94, 13612-7). 

[0320] The pharmaceuticals of the present invention are 
comprised of a non-peptide targeting moiety for the vit 
ronectin receptor that is expressed or upregulated in angio 
genic tumor vasculature. 
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[0321] The ultrasound contrast agents of the present 
invention comprise a plurality of vitronectin receptor tar 
geting moieties attached to or incorporated into a 
microbubble of a biocompatible gas, a liquid carrier, and a 
surfactant microsphere, further comprising an optional link 
ing moiety, Ln, betWeen the targeting moieties and the 
microbubble. In this context, the term liquid carrier means 
aqueous solution and the term surfactant means any 
amphiphilic material Which produces a reduction in interfa 
cial tension in a solution. A list of suitable surfactants for 
forming surfactant microspheres is disclosed in 
EP0727225A2, herein incorporated by reference. The term 
surfactant microsphere includes nanospheres, liposomes, 
vesicles and the like. The biocompatible gas can be air, or a 
?uorocarbon, such as a C3-C5 per?uoroalkane, Which pro 
vides the difference in echogenicity and thus the contrast in 
ultrasound imaging. The gas is encapsulated or contained in 
the microsphere to Which is attached the biodirecting group, 
optionally via a linking group. The attachment can be 
covalent, ionic or by van der Waals forces. Speci?c 
examples of such contrast agents include lipid encapsulated 
per?uorocarbons With a plurality of tumor neovasculature 
receptor binding peptides, polypeptides or peptidomimetics. 
[0322] X-ray contrast agents of the present invention are 
comprised of one or more vitronectin receptor targeting 
moieties attached to one or more X-ray absorbing or 
“heavy” atoms of atomic number 20 or greater, further 
comprising an optional linking moiety, Ln, betWeen the 
targeting moieties and the X-ray absorbing atoms. The 
frequently used heavy atom in X-ray contrast agents is 
iodine. Recently, X-ray contrast agents comprised of metal 
chelates (Wallace, R., US. Pat. No. 5,417,959) and poly 
chelates comprised of a plurality of metal ions (Love, D., 
US. Pat. No. 5,679,810) have been disclosed. More 
recently, multinuclear cluster complexes have been dis 
closed as X-ray contrast agents (US. Pat. No. 5,804,161, 
PCT WO91/14460, and PCT WO 92/17215). 
[0323] MRI contrast agents of the present invention are 
comprised of one or more vitronectin receptor targeting 
moieties attached to one or more paramagnetic metal ions, 
further comprising an optional linking moiety, Ln, betWeen 
the targeting moieties and the paramagnetic metal ions. The 
paramagnetic metal ions are present in the form of metal 
complexes or metal oxide particles. US. Pat Nos. 5,412,148, 
and 5,760,191, describe examples of chelators for paramag 
netic metal ions for use in MRI contrast agents. US. Pat. No. 
5,801,228, US. Pat. No. 5,567,411, and US. Pat. No. 
5,281,704, describe examples of polychelants useful for 
complexing more than one paramagnetic metal ion for use in 
MRI contrast agents. US. Pat. No. 5,520,904, describes 
particulate compositions comprised of paramagnetic metal 
ions for use as MRI contrast agents. 

[0324] The pharmaceuticals of the present invention have 
the formulae, (Q)d—Ln—(Ch-X), (Q)d—Ln—(Ch-X1)d,, 
(Q)d13 Ln—(X2)d,., and (Q)d—Ln—(X3), Wherein Q repre 
sents a non-peptide that binds to a receptor expressed in 
angiogenic tumor vasculature, d is 1-10, Ln represents an 
optional linking group, Ch represents a metal chelator or 
bonding moiety, X represents a radioisotope, X1 represents 
paramagnetic metal ion, X2 represents a paramagnetic metal 
ion or heavy atom containing insoluble solid particle, d“ is 
1-100, and X3 represents a surfactant microsphere of an 
echogenic gas. The interaction of the non-peptide recogni 
tion sequences of the vitronectin receptor binding portion of 
the pharmaceuticals With the otv[33 receptor results in local 
iZation of the pharmaceuticals in angiogenic tumor vascu 
lature, Which express the otv[33 receptor. 
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[0325] The pharmaceuticals of the present invention can 
be synthesized by several approaches. One approach 
involves the synthesis of the targeting non-peptide moiety, 
Q, and direct attachment of one or more moieties, Q, to one 
or more metal chelators or bonding moieties, Ch, or to a 
paramagnetic metal ion or heavy atom containing solid 
particle, or to an echogenic gas microbubble. Another 
approach involves the attachment of one or more moieties, 
Q, to the linking group, Ln, Which is then attached to one or 
more metal chelators or bonding moieties, Ch, or to a 
paramagnetic metal ion or heavy atom containing solid 
particle, or to an echogenic gas microbubble. Another 
approach involves the synthesis of a non-peptide, Q, bearing 
a fragment of the linking group, Ln, one or more of Which 
are then attached to the remainder of the linking group and 
then to one or more metal chelators or bonding moieties, Ch, 
or to a paramagnetic metal ion or heavy atom containing 
solid particle, or to an echogenic gas microbubble. 

[0326] The non-peptide vitronectin binding moieties, Q, 
optionally bearing a linking group, Ln, or a fragment of the 
linking group, can be synthesiZed using standard synthetic 
methods knoWn to those skilled in the art. Preferred methods 
include but are not limited to those methods described 
beloW. 

[0327] The attachment of linking groups, Ln, to the non 
peptides, Q; chelators or bonding units, Ch, to the non 
peptides, , Q, or to the linking groups, Ln; and non-peptides, 
bearing a fragment of the linking group to the remainder of 
the linking group, in combination forming the moiety, 
(Q)d—Ln, and then to the moiety Ch; can all be performed 
by standard techniques. These include, but are not limited to, 
amidation, esteri?cation, alkylation, and the formation of 
ureas or thioureas. Procedures for performing these attach 
ments can be found in Brinkley, M., Bioconjugate Chemistry 
1992, 3(1), Which is incorporated herein by reference. 

[0328] A number of methods can be used to attach the 
non-peptides, Q, to paramagnetic metal ion or heavy atom 
containing solid particles, X2, by one of skill in the art of the 
surface modi?cation of solid particles. In general, the tar 
geting moiety Q or the combination (Q)dLn is attached to a 
coupling group that react With a constituent of the surface of 
the solid particle. The coupling groups can be any of a 
number of silanes Which react With surface hydroxyl groups 
on the solid particle surface, as described in co-pending U.S. 
Ser. No. ‘2?? (DM6896), and can also include polyphospho 
nates, polycarboxylates, polyphosphates or mixtures thereof 
Which couple With the surface of the solid particles, as 
described in US. Pat. No. 5,520,904. 

[0329] Anumber of reaction schemes can be used to attach 
the non-peptides, Q, to the surfactant microsphere, X3. 
These are illustrated in folloWing reaction schemes Where Sf 
represents a surfactant moiety that forms the surfactant 
microsphere. Acylation Reaction: 
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[0334] In these reaction schemes, the substituents Sf and Q 
can be reversed as Well. 

[0335] The linking group Ln can serve several roles. First 
it provides a spacing group betWeen the metal chelator or 
bonding moiety, Ch, the parama netic metal ion or heavy 
atom containing solid particle, X , and the surfactant micro 
sphere, X3, and the one or more of the non-peptides, Q, so 
as to minimiZe the possibility that the moieties Ch—X, 
Ch—X1, X2, and X3, Will interfere With the interaction of the 
recognition sequences of Q With angiogenic tumor vascu 
lature receptors. The necessity of incorporating a linking 
group in a reagent is dependent on the identity of Q, Ch—X, 
Ch—X1, X2, and X3. If Ch—X, Ch—X1, X2, and X3, cannot 
be attached to Q Without substantially diminishing its affin 
ity for the receptors, then a linking group is used. A linking 
group also provides a means of independently attaching 
multiple non-peptides, Q, to one group that is attached to 
Ch—X, Ch—X1, X2, or X3. 

[0336] The linking group also provides a means of incor 
porating a pharmacokinetic modi?er into the pharmaceuti 
cals of the present invention. The pharmacokinetic modi?er 
serves to direct the biodistribution of the injected pharma 
ceutical other than by the interaction of the targeting moi 
eties, Q, With the vitronectin receptors expressed in the 
tumor neovasculature. A Wide variety of functional groups 
can serve as pharmacokinetic modi?ers, including, but not 
limited to, carbohydrates, polyalkylene glycols, peptides or 
other polyamino acids, and cyclodextrins. The modi?ers can 
be used to enhance or decrease hydrophilicity and to 
enhance or decrease the rate of blood clearance. The modi 
?ers can also be used to direct the route of elimination of the 
pharmaceuticals. Preferred pharmacokinetic modi?ers are 
those that result in moderate to fast blood clearance and 
enhanced renal excretion. 

[0337] The metal chelator or bonding moiety, Ch, is 
selected to form stable complexes With the metal ion chosen 
for the particular application. Chelators or bonding moieties 
for diagnostic radiopharmaceuticals are selected to form 
stable complexes With the radioisotopes that have imageable 

' ' ' 99m 95 111 

gamma ray or positron emissions, such as Tc, Tc, In, 
62Cu, 60Cu, 64Cu, 676a, 686a, 86Y~ 
[0338] Chelators for technetium, copper and gallium iso 
topes are selected from diaminedithiols, monoamine 
monoamidedithiols, triamide-monothiols, monoamine-dia 
mide-monothiols, diaminedioximes, and hydraZines. The 
chelators are generally tetradentate With donor atoms 
selected from nitrogen, oxygen and sulfur. Preferred 
reagents are comprised of chelators having amine nitrogen 
and thiol sulfur donor atoms and hydraZine bonding units. 
The thiol sulfur atoms and the hydraZines may bear a 
protecting group Which can be displaced either prior to using 
the reagent to synthesiZe a radiopharmaceutical or prefer 
ably in situ during the synthesis of the radiopharmaceutical. 

[0339] Exemplary thiol protecting groups include those 
listed in Greene and Wuts, “Protective Groups in Organic 
Synthesis” John Wiley & Sons, NeW York (1991), the 
disclosure of Which is hereby incorporated by reference. Any 
thiol protecting group knoWn in the art can be used. 
Examples of thiol protecting groups include, but are not 
limited to, the folloWing: acetamidomethyl, benZamidom 
ethyl, 1-ethoxyethyl, benZoyl, and triphenylmethyl. 

[0340] Exemplary protecting groups for hydraZine bond 
ing units are hydraZones Which can be aldehyde or ketone 
hydraZones having substituents selected from hydrogen, 
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alkyl, aryl and heterocycle. Particularly preferred hydra 
Zones are described in co-pending U.S. Ser. No. 08/476,296 
the disclosure of Which is herein incorporated by reference 
in its entirety. 

[0341] The hydrazine bonding unit When bound to a metal 
radionuclide is termed a hydraZido, or diaZenido group and 
serves as the point of attachment of the radionuclide to the 
remainder of the radiopharmaceutical. A diaZenido group 
can be either terminal (only one atom of the group is bound 
to the radionuclide) or chelating. In order to have a chelating 
diaZenido group at least one other atom of the group must 
also be bound to the radionuclide. The atoms bound to the 
metal are termed donor atoms. 

[0342] Chelators for 111In and 86Y are selected from cyclic 
and acyclic polyaminocarboxylates such as DTPA, DOTA, 
DO3A, 2-benZyl-DOTA, alpha-(2-phenethyl)1,4,7,10-tet 
raaZaZcyclododecane-1-acetic-4,7,10-tris(methylaceti 
c)acid, 2-benZyl-cyclohexyldiethylenetriaminepentaacetic 
acid, 2-benZyl-6-methyl-DTPA, and 6,6“-bis[N,N,N“,N“ 
tetra(carboxymethyl)aminomethyl)-4‘-(3-amino-4-methox 
yphenyl)-2,2‘:6‘,2“-terpyridine. Procedures for synthesiZing 
these chelators that are not commercially available can be 
found in Brechbiel, M. and GansoW, O., J. Chem. Soc. 
Perkin Trans. 1992, 1, 1175; Brechbiel, M. and GansoW, O., 
Bioconjugate Chem. 1991, 2, 187; Deshpande, S., et. al.,J. 
Nucl. Med. 1990, 31, 473; Kruper, 1., Us. Pat. No. 5,064, 
956, and Toner, J ., US. Pat. No. 4,859,777, the disclosures 
of Which are hereby incorporated by reference in their 
entirety. 
[0343] The coordination sphere of metal ion includes all 
the ligands or groups bound to the metal. For a transition 
metal radionuclide to be stable it typically has a coordination 
number (number of donor atoms) comprised of an integer 
greater than or equal to 4 and less than or equal to 8; that is 
there are 4 to 8 atoms bound to the metal and it is said to 
have a complete coordination sphere. The requisite coordi 
nation number for a stable radionuclide complex is deter 
mined by the identity of the radionuclide, its oxidation state, 
and the type of donor atoms. If the chelator or bonding unit 
does not provide all of the atoms necessary to stabiliZe the 
metal radionuclide by completing its coordination sphere, 
the coordination sphere is completed by donor atoms from 
other ligands, termed ancillary or co-ligands, Which can also 
be either terminal or chelating. 

[0344] A large number of ligands can serve as ancillary or 
co-ligands, the choice of Which is determined by a variety of 
considerations such as the ease of synthesis of the radiop 
harmaceutical, the chemical and physical properties of the 
ancillary ligand, the rate of formation, the yield, and the 
number of isomeric forms of the resulting radiopharmaceu 
ticals, the ability to administer said ancillary or co-ligand to 
a patient Without adverse physiological consequences to said 
patient, and the compatibility of the ligand in a lyophiliZed 
kit formulation. The charge and lipophilicity of the ancillary 
ligand Will effect the charge and lipophilicity of the radiop 
harmaceuticals. For example, the use of 4,5-dihydroxy-1,3 
benZene disulfonate results in radiopharmaceuticals With an 
additional tWo anionic groups because the sulfonate groups 
Will be anionic under physiological conditions. The use of 
N-alkyl substituted 3,4-hydroxypyridinones results in 
radiopharmaceuticals With varying degrees of lipophilicity 
depending on the siZe of the alkyl substituents. 

[0345] Preferred technetium radiopharmaceuticals of the 
present invention are comprised of a hydraZido or diaZenido 
bonding unit and an ancillary ligand, AM, or a bonding unit 
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and tWo types of ancillary AL1 and AL2, or a tetradentate 
chelator comprised of tWo nitrogen and tWo sulfur atoms. 
Ancillary ligands AL1 are comprised of tWo or more hard 
donor atoms such as oxygen and amine nitrogen (sp3 hybrid 
iZed). The donor atoms occupy at least tWo of the sites in the 
coordination sphere of the radionuclide metal; the ancillary 
ligand AL1 serves as one of the three ligands in the ternary 
ligand system. Examples of ancillary ligands AL1 include but 
are not limited to dioxygen ligands and functionaliZed 
aminocarboxylates. A large number of such ligands are 
available from commercial sources. 

[0346] Ancillary dioxygen ligands include ligands that 
coordinate to the metal ion through at least tWo oxygen 
donor atoms. Examples include but are not limited to: 
glucoheptonate, gluconate, 2-hydroxyisobutyrate, lactate, 
tartrate, mannitol, glucarate, maltol, Kojic acid, 2,2-bis(hy 
droxymethyl)propionic acid, 4,5-dihydroxy-1,3-benZene 
disulfonate, or substituted or unsubstituted 1,2 or 3,4 
hydroxypyridinones. (The names for the ligands in these 
examples refer to either the protonated or non-protonated 
forms of the ligands.) FunctionaliZed aminocarboxylates 
include ligands that have a combination of amine nitrogen 
and oxygen donor atoms. Examples include but are not 
limited to: iminodiacetic acid, 2,3-diaminopropionic acid, 
nitrilotriacetic acid, N,N‘-ethylenediamine diacetic acid, 
N,N,N‘-ethylenediamine triacetic acid, hydroxyethylethyl 
enediamine triacetic acid, and N,N‘-ethylenediamine bis 
hydroxyphenylglycine. (The names for the ligands in these 
examples refer to either the protonated or non-protonated 
forms of the ligands.) A series of functionaliZed aminocar 
boxylates are disclosed by Bridger et. al. in US. Pat. No. 
5,350,837, herein incorporated by reference, that result in 
improved rates of formation of technetium labeled 
hydraZino modi?ed proteins. We have determined that cer 
tain of these aminocarboxylates result in improved yields of 
the radiopharmaceuticals of the present invention. The pre 
ferred ancillary ligands AL1 functionaliZed aminocarboxy 
lates that are derivatives of glycine; the most preferred is 
tricine (tris(hydroxymethyl)methylglycine). 

[0347] The most preferred technetium radiopharmaceuti 
cals of the present invention are comprised of a hydraZido or 
diaZenido bonding unit and tWo types of ancillary designated 
Am, and AL2, or a diaminedithiol chelator. The second type 
of ancillary ligands AL2 are comprised of one or more soft 
donor atoms selected from the group: phosphine phospho 
rus2 arsine arsenic, imine nitrogen (sp2 hybridiZed), sulfur 
(sp hybridiZed) and carbon (sp hybridiZed); atoms Which 
have p-acid character. Ligands AL2 can be monodentate, 
bidentate or tridentate, the denticity is de?ned by the number 
of donor atoms in the ligand. One of the tWo donor atoms in 
a bidentate ligand and one of the three donor atoms in a 
tridentate ligand must be a soft donor atom. We have 
disclosed in co-pending U.S. Ser. No. 08/415,908, and US. 
Ser. No. 60/013360 and 08/646,886, the disclosures of 
Which are herein incorporated by reference in their entirety, 
that radiopharmaceuticals comprised of one or more ancil 
lary or co-ligands AL2 are more stable compared to radiop 
harmaceuticals that are not comprised of one or more 
ancillary ligands, AL2; that is, they have a minimal number 
of isomeric forms, the relative ratios of Which do not change 
signi?cantly With time, and that remain substantially intact 
upon dilution. 

[0348] The ligands AL2 that are comprised of phosphine or 
arsine donor atoms are trisubstituted phosphines, trisubsti 
tuted arsines, tetrasubstituted diphosphines and tetrasubsti 
tuted diarsines. The ligands AL2 that are comprised of imine 
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nitrogen are unsaturated or aromatic nitrogen-containing, 5 
or 6-membered heterocycles. The ligands that are comprised 
of sulfur (sp2 hybridized) donor atoms are thiocarbonyls, 
comprised of the moiety C=S. The ligands comprised of 
carbon (sp hybridized) donor atoms are isonitriles, com 
prised of the moiety CNR, Where R is an organic radical. A 
large number of such ligands are available from commercial 
sources. Isonitriles can be synthesiZed as described in Euro 
pean Patent 0107734 and in US. Pat. No. 4,988,827, herein 
incorporated by reference. 

[0349] Preferred ancillary ligands AL2 are trisubstituted 
phosphines and unsaturated or aromatic 5 or 6 membered 
heterocycles. The most preferred ancillary ligands AL2 are 
trisubstituted phosphines and unsaturated 5 membered het 
erocycles. 

[0350] The ancillary ligands AL2 may be substituted With 
alkyl, aryl, alkoxy, heterocycle, aralkyl, alkaryl and aryla 
lkaryl groups and may or may not bear functional groups 
comprised of heteroatoms such as oxygen, nitrogen, phos 
phorus or sulfur. Examples of such functional groups 
include but are not limited to: hydroxyl, carboxyl, carboxa 
mide, nitro, ether, ketone, amino, ammonium, sulfonate, 
sulfonamide, phosphonate, and phosphonamide. The func 
tional groups may be chosen to alter the lipophilicity and 
Water solubility of the ligands Which may affect the biologi 
cal properties of the radiopharmaceuticals, such as altering 
the distribution into non-target tissues, cells or ?uids, and the 
mechanism and rate of elimination from the body. Chelators 
or bonding moieties for therapeutic radiopharmaceuticals 
are selected to form stable complexes With the radioisotopes 
that have alpha particle, beta particle, Auger or Coster 
Kronig electron emissions, such as 186Re, 188Re, 153Sm, 
166H0 177Lu 149Pm QOY 212Bi 1O3Pd 1O9Pd 159Gd 14OLIa 
198Au: 199Al’l, 169Yi), 17,5Yb, issDy, ,166Dy: 67Cu,,1O5Rh: 
111Ag, and 192Ir. Chelators for rhenium, copper, palladium, 
platinum, iridium, rhodium, silver and gold isotopes are 
selected from diaminedithiols, monoamine-monoamidedi 
thiols, triamide-monothiols, monoamine-diamide-monothi 
ols, diaminedioximes, and hydraZines. Chelators for yttrium, 
bismuth, and the lanthanide isotopes are selected from cyclic 
and acyclic polyaminocarboxylates such as DTPA, DOTA, 
DO3A, Z-benZyl-DOTA, alpha-(2-phenethyl)1,4,7,10-tet 
raaZacyclododecane-1-acetic-4,7,10-tris(methylacetic)acid, 
2-benZyl-cyclohexyldiethylenetriaminepentaacetic acid, 
2-benZyl-6-methyl-DTPA, and 6,6“-bis[N,N,N“,N“-tetra 
(carboxymethyl)aminomethyl)-4‘-(3-amino-4-methoxyphe 
nyl)-2,2‘:6‘,2“-terpyridine. 

[0351] Chelators for magnetic resonance imaging contrast 
agents are selected to form stable complexes With paramag 
netic metal ions, such as Gd(III), Dy(III), Fe(III), and 
Mn(II), are selected from cyclic and acyclic polyaminocar 
boxylates such as DTPA, DOTA, DO3A, Z-benZyl-DOTA, 
alpha-(2-phenethyl)1,4,7,10-tetraaZacyclododecane-1-ace 
tic-4,7,10-tris(methylacetic)acid, 2-benZyl-cyclohexyldieth 
ylenetriaminepentaacetic acid, 2-benZyl-6-methyl-DTPA, 
and 6,6“-bis[N,N,N“,N“-tetra(carboxymethyl)aminom 
ethyl)-4‘-(3-amino-4-methoxyphenyl)-2,2‘:6‘,2“-terpyridine. 

[0352] The technetium and rhenium radiopharmaceuticals 
of the present invention comprised of a hydraZido or diaZ 
enido bonding unit can be easily prepared by admixing a salt 
of a radionuclide, a reagent of the present invention, an 
ancillary ligand ALl, an ancillary ligand AL2, and a reducing 
agent, in an aqueous solution at temperatures from 0 to 100° 
C. The technetium and rhenium radiopharmaceuticals of the 
present invention comprised of a tetradentate chelator hav 
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ing tWo nitrogen and tWo sulfur atoms can be easily prepared 
by admixing a salt of a radionuclide, a reagent of the present 
invention, and a reducing agent, in an aqueous solution at 
temperatures from 0 to 100° C. 

[0353] When the bonding unit in the reagent of the present 
invention is present as a hydraZone group, then it must ?rst 
be converted to a hydraZine, Which may or may not be 
protonated, prior to complexation With the metal radionu 
clide. The conversion of the hydraZone group to the hydra 
Zine can occur either prior to reaction With the radionuclide, 
in Which case the radionuclide and the ancillary or co-ligand 
or ligands are combined not With the reagent but With a 
hydrolyZed form of the reagent bearing the chelator or 
bonding unit, or in the presence of the radionuclide in Which 
case the reagent itself is combined With the radionuclide and 
the ancillary or co-ligand or ligands. In the latter case, the 
pH of the reaction mixture must be neutral or acidic. 

[0354] Alternatively, the radiopharmaceuticals of the 
present invention comprised of a hydraZido or diaZenido 
bonding unit can be prepared by ?rst admixing a salt of a 
radionuclide, an ancillary ligand Am, and a reducing agent 
in an aqueous solution at temperatures from 0 to 100° C. to 
form an intermediate radionuclide complex With the ancil 
lary ligand AL1 then adding a reagent of the present inven 
tion and an ancillary ligand AL2 and reacting further at 
temperatures from 0 to 100° C. 

[0355] Alternatively, the radiopharmaceuticals of the 
present invention comprised of a hydraZido or diaZenido 
bonding unit can be prepared by ?rst admixing a salt of a 
radionuclide, an ancillary ligand Am, a reagent of the 
present invention, and a reducing agent in an aqueous 
solution at temperatures from 0 to 100° C. to form an 
intermediate radionuclide complex, and then adding an 
ancillary ligand AL2 and reacting further at temperatures 
from 0 to 100° C. 

[0356] The technetium and rhenium radionuclides are 
preferably in the chemical form of pertechnetate or perrhe 
nate and a pharmaceutically acceptable cation. The pertech 
netate salt form is preferably sodium pertechnetate such as 
obtained from commercial Tc-99m generators. The amount 
of pertechnetate used to prepare the radiopharmaceuticals of 
the present invention can range from 0.1 mCi to 1 Ci, or 
more preferably from 1 to 200 mCi. 

[0357] The amount of the reagent of the present invention 
used to prepare the technetium and rhenium radiopharma 
ceuticals of the present invention can range from 0.01 pg to 
10 mg, or more preferably from 0.5 pg to 200 pg. The 
amount used Will be dictated by the amounts of the other 
reactants and the identity of the radiopharmaceuticals of the 
present invention to be prepared. 

[0358] The amounts of the ancillary ligands AL1 used can 
range from 0.1 mg to 1 g, or more preferably from 1 mg to 
100 mg. The exact amount for a particular radiopharmaceu 
tical is a function of identity of the radiopharmaceuticals of 
the present invention to be prepared, the procedure used and 
the amounts and identities of the other reactants. Too large 
an amount of AL1 Will result in the formation of by-products 
comprised of technetium labeled AL1 Without a biologically 
active molecule or by-products comprised of technetium 
labeled biologically active molecules With the ancillary 
ligand AD, but Without the ancillary ligand AL2. Too small 
an amount of AL1 Will result in other by-products such as 
technetium labeled biologically active molecules With the 
ancillary ligand AL2 but Without the ancillary ligand AM, or 
reduced hydrolyZed technetium, or technetium colloid. 






























































































