19 August 2005 TI TLE LABELED MACROPHAGE SCAVENGER RECEPTOR ANTAGONI STS FOR
| MAG NG ATHEROSCLERGCSI S AND VULNERABLE PLAQUE 5 FI ELD OF THE | NVENTI ON Thi s
i nvention provides detectably | abel ed macrophage scavenger receptor
ant agoni sts useful for the diagnosis and nonitoring of various
cardi ovascul ar 10 di seases including but not limted to atherosclerosis,
vul nerabl e pl aque, coronary artery di sease, renal disease, thronbosis
transient ischema due to clotting, stroke, nyocardi al |1’96H6U$f029050rgan
transpl ant, organ failure and hyperchol esterol emi a. The macrophage 15
receptor antagonists are bionolecules that bind to the nmacrophage ’
scavenger receptor class A (SR-A), which are’ over-expressed in
atherosclerotic |l esions. The detectable |abels include radionuclides for-
nucl ear scintigraphy or positron em ssion tonography (PET), 20
paramagnetic nmetal ions or superparanagaeitc particles for nagnetic
resonance imaging (MRlI), heavy netal ions for X-ray or conputed tonography
(CT), gas-fill edLABEGED MACBROPEACH SAAVENEER (REAHRTARO ANTAGINTETSUBPR  or
optical dyes for opt i Qéﬂ%é ggs for NWR,
fl uoresent imaging GP&&% 3%%%9% g?é.gﬁD |SRL§§§nt|on al so provides
in vivo nethods for detectlon and |nag|ng of those vascul ar pat hol ogi es
by admi nistering to a patient a detectably |abel ed scavenger receptor
ant agoni st of the present invenrzend oBCrENdNUERNELON Ng Or i magi ng the
| ocation of the pathologies. This invention also provides

This invention provides detectably labeled

macrophage scavenger receptor antagonists'useful for the
diagnosis and monitoring of various cardiovascular

10 diseases including but not limited to atherosclerosis,
vulnerable plaque, coronary artery disease, renal .
disease, thrombosis, transient ischemia due to clotting,
stroke, myocardial infarction, organ transplant, organ
failure and hypercholesterolemia. The macrophage

15 . receptor antagonists are biomolecules that bind to the
macrophage scavenger receptor class A (SR-A), which are
over-expressed in atheroscierotic lesions. The
detectable labels include radionuclides for nuclear
scintigraphy or positron emission tomography (PET),

20 paramagnetic metal ions or superparamagnetic particles
for magnetic resonance imaging (MRI), heavy metal ions
for X-ray or computed tomography " (CT), gas-filled
microbubbles for targeted ultrasonography (US), or
optical dyes for optical imaging, porphyrins or

25 texaphyrins for NMR, fluoresent imaging or photodynamic
therapy.. This invention also provides in vivo methods
for detection and imaging of those vascular pathologies
by administering to a patient a detectably labeled
scavenger receptor antagonist'of the present invention

30 and detecting or imaging the location of the

pathologies. This invention also provides



19 August 2005 pharmaceutically acceptabl e conpositions conprising the
detectably | abel ed scavenger receptor antagonists of the present

i nvention. 5 BACKGROUND OF THE | NVENTI ON Car di ovascul ar di seases are the

| eadi ng cause of death in the U S., accounting annually for nore than one
mllion deaths. Atherosclerosis is the major contributor to coronary heart
di sease and a primary 10 cause of non-accidental death in Wstern
countries (Coopers, E. S. Grculation 1993, 24, 629-632;19\agusi3q0da
Project. Circulation 1994, 90, '583-612). Considerable effort has been nade
in defining the etiology and potential treatnent of atherosclerosis and

15 its consequences, including nyocardial infarction, angi-na, organ failure
and stroke. Degphtmacditsiceflfipr acceptable armpomirhionsanswersinguebei ons

| ncl uding how aadecihen, alhes gackeiiise:! falansdRsRAB MlncRbLE, and |1 -

Hec
t hreat eni ng, the Best poi nt 0 intervention, and how to 20 detect and
nonitor the pr@ﬁ?é@%?dﬁ“ﬁPtPé§rons It is well-documented that mul tiple
risk factors contribute to atherosclerosis. Such risk factors include,
e.g., hypertension, elevated total serumcholesterol, high |evels of |ow
density 25 Lipoprotein (LDL)g " & peeP £ of high density
Ilpoprotelng-(HDL) cholester & & T 1y evere obesity, and

cigarette smoking (O f OrC%rngvé‘lsculAam d‘lse@ééﬂla&le t%gogea%g( SHBRL - )

6H 11H). To date, treatnment of atherosclerosis has been focussed on 30
| owering chol eSteflerth eveltieaHdS no AISPHREIRY ARFuallysfiey dfore EBBRt st udi es
have i ndi cat ed ohBahi A0 %rDideaths. Atherosclerosis is the major

contributor to coronary heart disease and a primary

10 cause of non-accidental death in Western countries
{(Coopers, E. S. Circulation 1993, 24, 629-632; WHO-
MONICA Project. Circulation 1994, 90, 583-612).
Considerable effort has been made in defining the
etiology and potential treatment of atherosclerosis and

15 its consequences, including myocardial infarction,
angina, organ failure and stroke. Despite this effort,
there are many unanswered questions including how and
when atherosclerotic lesions become vulnerable and life-
threatening, the best point of intervention, and how to

20 detect and monitor the progression of lesions.

It is well-documented that multiple risk
factors contribute to atherosclerosis. Such risk
factors include, e.g., hypertension, elevated total
serum cholesterol, high levels of low density

25 lipoprotein (LDL) cholesterol, low levels of high
density lipoprotein {(HDL) cholesterol, diabetes
mellitus, severe obesity, and cigarette smoking (Orford
et al. Am. J. Cardiol. 2000, 86 (suppl.) 6H-11H). To
date, treatment of atherosclerosis has been focussed on

30 lowering cholesterol levels and modifying lipids.

However, recent studies have indicated that 40% of



2 19 August 2005 deaths due to coronary disease occurred in nmen with total
chol esterol levels of below 220 ng/dl. (Oford et al. Am J. Cardiol.
2000, 86 (suppl.) 6H11H). In atherogenesis, elevated plasma |levels of 5
LDL lead to the chronic presence of LDL in the arterial wall. The nodified
LDL activates endothelial cells, which attract circul ati ng nonocytes
(Oford et al. Am J. Cardiol. 2000, 86 (suppl.) 6H 11H). These nonocytes
enter the vessel wall, differentiate into. nacrophages, ﬂ@%%@xu%t@ﬂoéct t he
nodi fied |ipoproteins to endocytosis through scavenger receptor pathways.
This unrestricted uptake eventually leads to the formation of lipid-filled
foamcells, the initial step in atherosclerosis. if the mcrophage is

present in an ERFEPSNARRLEY KFRFOPRTY SlissREPNASTYNF e iBr BeR fy odi fi ed LDL,
it will accunultatal thplsbtdropl eéseld ofhbkeswe22d mggtRlr S(Oxfmxd et ng unti |

t he macrophage dies fro |Ctasgd%§§gc%4doqlt %gbg%ﬁééi Ttgg_ligi:eased lipid then

forns the acell ‘arAﬁec ot osclerotic | esion.

Subsequent recruitnent ' S o} l.e cells,
circulating nonocytes, Ofanné%g#gﬁ%%%’eglggﬁg%%a%ﬁg %%%fm%afteory
response an@ t AOLf depdt ForFhsf chhenimmueseacherbdleint Fe taFiel

Macr ophage- der i,yad .f ogRe Geldi%iaseLsw eankhdbeldenddtheheas healider s of

pl aques, where their secreted 25 proteinases, and caql | agenases _
contribute to &&%&heatpé?ﬁtuFé?c%gtc’ﬁlgné‘&?nlogﬁﬁe? 0(05%1"5 aft tHronb6ti c event .
The progressi ow.ofcaedioharapoat hes osaipmylot)i 6H-tlKBleasFheaa menahivitieded i nto

}‘isve phases (Fl‘tlasn eel;: %ﬂea*\lre'ssel}.l' wgfg,l 'di‘]ffel\xl%gti;gg%.’nt%zﬁacgél&ia%%@,' Phase 1

10 and subject the modified lipoproteins to endocytosis
through scavenger receptor pathways. This unrestricted
uptake eventually leads to the formation of lipid-filled
foam cells, the initial step in atherosclerosis. If the
macrophage is present in an environment that is

15 continually generating modified LDL, it will accumulate
lipid droplets of cholesteryl esters, continuing until
the macrophage dies from its toxic lipid burden. The
released lipid then forms the acellular necrotic core of
the atherosclerotic lesion. Subsequent recruitment of

20 fibrbblasts, vascular smooth muscle cells, circulating
monocytes, and T-lymphocytes complete the inflammatory
response and the formation of the mature atheroscleroti¢
plaque. Macrophage-derived foam cells are concentrated
in the shoulders of plagques, where their secreted

25 proteinases and collagenases may contribute to plaque

rapture, which may lead to a fatal thrombotic event.

The progression of coronary atherosclerotic
disease can be divided intc five phases (Fuster et al.
N. Engl. J. Med. 1992, 326, 242-250). Phase 1 is
30 represented by a small plague that is present in most
people under the age of 30 years regardless of their

country of origin. Phase 1 usually progresses slowly



30 represented by a small plaque that is present in nost people under the
age of 30 years regardless of their country of origin. Phase 1 usually
progresses slowy 3 19 August 2005 (types | to Ill lesions). Phase 2 is
represented by a plaque, not necessarily very stenotic, with a high lipid
content that is prone to rupture (types IV and Va |esions). The plaque of
phase 2 may rapture with a 5 predisposition to change its geonetry and to
the formation of nural thrombus. These processes, by déff Ay
represent phase 3 (type | lesion), with a subsequent increase in stenosis,
possibly resulting in angina or ischem c sudden death. The nural and 10
occl usive thronbi from plaques of phases 3 and 4, by being organi zed by
connective tisstieypasay EOnIET brasdons) . t Rhaneogr é8sTeRr sfenthrd by a .

at her oscl er ot i CoPUREES ot BRELSRNIAY Pyrp BRNBLEY St 1€ hehh OcKdiesi ve
pl aques of phase S%ty)ége Vb and Vc | esions). The sev_\?rel stenotic 15
pl aques of phasg°3:® Abheh SN E8f TR Ss (5¥BPDrt c?é"é%HBt heli al i zati on,

can becone conplésiairad .byThe pluquebus pitsdeor2 mpgpraptdmy atitkear esponse,

al so leadin t l.usive_ pl o] Twoa t.hi of coronary
occl usi ons gsre ?ﬂ%r%%%ﬁﬁ% %cﬁi%%gfeig%)g%ﬁegnéogg%p% ct):ggpl aques and are
unrel ated to pl Gepgetigpt f emuraln|thrembye. r JegecPBPceTRs sbEnot i ¢

l'ipid-rich pl aggesiniMiioah Legsidgntt ghese! Hsitgpeandisssaquentniafarction or
other acute coronary syndrones, this_process. of occiusi on.from]ate
stenotic pl aque§ulf%e¥?ﬂ’§¥’ltolﬁ‘ér§‘?sleer}f’ S5ENREHuBESTHR P ro¥ed Y Fevere
stenosi s and i safeimiaa orehhaheei praotidet i dentdol | Therahral ragudl ati on (Fuster et
al, 10 occlusive thrombi from plaques of phases 3 and 4, by
being organized by connective tissue, may contribute to
the progression of the atherosclerotic process
represented by severely stenotic or occlusive plaques of
phase 5 (type Vb and Ve lesions). The severely stenotic
15 plaques of phase 5, by a phenomenon of stasis and/or
deendothelialization, can become complicated by a
thrombus and/or myopreliferative response, also leading
to an occlusive plague of phase 5. Two-thirds of
coronary occlusions are the result of this late stenotic
20 type of plaques and are unrelated to plagque rupture.
Unlike the rupture of less-stenotic lipid-rich plaques
which leading to occlusion and subsequent infarction or
other acute coronary syndromes, this process of
occlusion from late stenotic plagues tends to be silent
25 Dbecause the proceeding severe stenosis and ischemia

enhance protective collateral circulation (Fuster et al,

N. Engl. J. Med., 19982, 326, 242-250).

The ability to detect, quantitate, and monitor
atherosclerotic plagque formation is of major clinical
30 importance owing to the progression of these plaques to
stable coronary artery disease or to the occurrence of
acute ischemic syndromes caused by the rupture of

vulnerable plague. Various imaging modalities for the

4



N. Engl. J. Med., 1992, 326, 242-250). The ability to detect, quantitate,
and nonitor atherosclerotic plaque formation is of mgjor clinical 30

i nportance owing to the progression of these plagues to stable coronary
artery disease or to the occurrence of acute ischem c syndrones caused by
the rupture of wvul nerable plaque. Various imging nodalities for the 4 19
August 2005 detection of atherosclerotic |esion and throngﬁiis ci ated
wi th plaque rupture have been reviewed (Vall abhajosul a, 'S er, V.
J. Nucl. Med. 1997, 38, 1788-1796; Marmon, M and Deutsch, E. J. Nucl. 5
Biol. Med. 1996, 40, 121-131; Cerqueira, M D. Semnars Nucl. Med. 1999,

29, 339-351; Na . . rula, J. Nucl.
Med. Commun. %%%eactzl%n éﬁl %%?oswggggtgétle;ﬁ%%% afi3 &!roggﬁe?%n | mgi ng
1999, 10, 326- 33@%@?&@@ E%tlalplaﬂuel\/ﬁgntunﬂ Yﬁé@olﬁlee’ﬁlt r@j’i%@g’e%% 10,

314- 316; Goyenzg% aBlabrB %suﬂa, Radihal Fug000, B4, 724n2bbuBeckessel al .

Eur. Radi ol 0, 10, 629-635). Several invasive and noni nhvasive
t echni ques ar e3folt188eiy 965 ptmg onmalfe anhdeHEEFRr JBi s Tandufd- 15 assess

the progressy OI’IB_@@ﬂ b | 4996 | Qp, oﬁzghmph mgaelra'h@@,eu,ncl ude coronary
angi ography, intravascul ar  ul trasound a%gl OSCOSéi intravascul ar magnetic
pag

resonance i magPRERERT MARdr 9 mddPRg uNHg@nf Par ed-

catheters. Thesguéechni:gues. havspdheen suceesNauthly, used N1t omedent i fy
vul ner abl e pl aques However , e;%hes 6§§hm ques are Pene}.almla)énl. nvasi ve.

Sol ubl e mar ker sCOBHEh a29P0 g ef b tO0f ney e
Reson. Imaging 1999, 10, 326-338; Knopp et al. J. Magn.

10 Reson. Imaging 1999, 10, 314-316; Goyen et al. Eur. J.
Radiol. 2000, 34, 247-256; Becker et al. Eur. Radiol.
2000, 10, 629-635). '

Several invasive and noninvasive techniques
are routinely used to image atherosclerosis and to
15 assess the progression and stabilization of the disease.
These include coronéry angiography, intravascular
ultrasound angioscopy, intravascular magnetic resonance
imaging, and thermal imaging of plague using infrared
catheters. These techniques have been successfully used
20 to identify vulnerable plagues. However, these

techniques are generally invasive.

Soluble markers, such as P-selectin, wvon
Willebrand factor, Angiotensin-converting enzyme (Cl146),
C-reactive protein, D-dimer (Ikeda et al. Am. J.

25 Cardiol., 1990, 65, 1693-1696.), and activated
circulating inflammatory cells are found in patients
with unstable angina pectoris, but it is not yet known
whether these substances predict infarction or death
(Mazzone et al. Circulation, 1993, 88, 358-363.). It is

30 known, however, that the presence of these substances

cannot be used to locate the involved lesion.



W | ebrand factor, Angiotensin-converting enzyne (Cl46), C-reactive
protein, D-diner (lkeda et al. Am J. 25 Cardiol., 1990, -65, 1693-1696.),
and activated circulating inflammatory cells are found in patients wth
unst abl e angi na pectoris, but it is not yet known whether these substances
predict infarction or death (Mazzone et al. G rculation, 1993, 88,
358-363.). It is 30 known, however, that the presence of these substances
cannot be used to locate the involved lesion. 5 19 Augusﬂgﬁbmyﬁ#@W9§rature
sensing el enents contained in catheters have been used for |ocalizing

pl aque on the theory that inflannatory processes and ceII proliferation
are exotherm c processes, For 986, 671

di scl oses a fiber optical ‘B?%Ib% ‘We ﬁelas’srf%@%@m?ﬁ%io?% 8 By an el astic
| ens coat ed widatHetghts heté dotdny @seddfdreiperitiaing depengent thet eri al over

whi ch is coat e%r%dx@y%aef 1m%a%hz'%r@océs§e§b§9&péél\'ﬁ.e of ‘infrared

radi ati on. Such devices are used 10 determ ne characteristics of heat or
heat transfer RHQHGETAtEPB RS E¥9bhermife RIOFREESS me I X8RSy par anet er s

as the pressurey. 4 Qiélt@ﬂd fienperaaisysel afi sctlbeebl goflibetr aphliearl vessel. U. S

Pat ent No. 4,752,141 clos aflbero tic vi ce f.or .sensin terrperature
of 15 the arter®% Wl uﬁoﬁ ‘T—b’%e?@ %ng%reflm sta |§n S

t enper at ure by cmitegcwitbqligles ﬂetf@aphgre/mdettaNEer@mrteeﬁépem@ento be

pl aced. These tgaahi; ‘ieévH§'v5}91,ch%h8£:9£e°d Y 1964i-CoF i hayasime, and
sonmetinmes may result in or trigger plaque formation or_rypture. 20 An

angi ogr am s|np|§srq§ﬁoggpgvpuﬂﬁrﬁﬂ raraﬂég§glatlon Such devices are

10 used to determine characteristics of heat or heat
transfer within a blood vessel. The devices measure
such parameters as the pressure, flow and temperature of
the blood in a blood vessel. U.S. Patent No. 4,752,141
discloses a fiberoptic device for sensing témperature of

15 the arterial wall upon contact. However, discrimination
of temperature by contact requires knowing‘where the
catheter is to be placed. These techniques using
catheters or devices are invasive, and sometimes may

result in or trigger plaque formation or rupture.

20 ' . An angiogram simply reflects luminal diameter
and provides a measure of stenosis with excellent
resolution. An angiogram, however, does not image the
vessel wall or the various histopathological components.
Nevertheless, this technique has become the mainstay of

25 the diagnosis of coronary, carotid, and peripheral
artery lesions (Galis et al, Proc. Acad. Sci. USA, 1995,
92, 402-406; Ambrose, J. A. In: Fuster, V. (Ed.).
Syndromes of Atherosclerosis: correlations of clinical
imaging and pathology. Armonk, NY: Futura Publishing

30 Company, Inc., 1996, 105-122; Kohler, ?. R. 1In: Fuster,
V. (Ed.). Syndromes of Atherosclerosis: correlations of

clinical imaging and pathology. Armonk, NY: Futura



and provides a neasure of stenosis wth excellent resolution. An

angi ogram however, does not inmage the vessel wall or the various

hi st opat hol ogi cal conponents. Nevertheless, this techni que has becone the
mai nstay of 25 the diagnosis of coronary, carotid, and peripheral artery
|l esions (Galis et al, Proc. Acad. Sci. USA, 1995, 92, 402-406; Anbrose, J.
A. In: Fuster, V. (Ed.). Syndrones of Atherosclerosis: correlations of
clinical imaging and pathol ogy. Armonk, NY: Futura. Publ il9mf\ugyst@088mpany,
Inc., 1996, 105-122; Kohler, T. R In: Fuster, V. (Ed.) Syndrones of

At heroscl erosis: correlations of clinical inmaging and pathol ogy. Arnonk,
NY: Futura 6 19 August, 2005 Publishing Co a@y, Inc., 1996, 205-223;

Di nsnore, R E.PUlHEng Fempany \mInch, er2057228 gDINSIGF el Bnefs: of

At her oscl er osi sangaikaltat | ansmofr ! irkead, IWVRIEAQ) andsyRdtdelsogy. Arnonk,
NY: Futura Publishing Conpany, Inc., 5,1996, 272-289%,,and,is the "gold
standard" for afSRACLSIPTYROST I IfIESE PR |9 iGldd1§pe ctHiEEy 28Rd
sensitivity. AnpatigplghannerRynbe M&efFukuforryniddhahg nCodpanyyl mee abl e

pl aque, since | h Lons_opposite, flo di vi dey s, ar re.likely to
devel op at he§os§¥§e€'o§?@—%ﬁg 1078t A .%hﬁt h%?loéévcﬁtgfl\élgfg 1 081-5%11%9 °%Y2-302) .
However, nost @idddremtis deepilte eliop taduspeamyicartsi ahdi sérerddtivobyor sudden
death have not had prior synptonms, nuch | ess an_ angi ography (Farb et al.
Circul ation 1995, 93, 178%- angdogranCapyhe wHRfidgfaphrtedstdnfa¥e reveal ed

that a 15 regul aiiddamie piakhde dinc@ fahidnesPeeblibss ddiedRe EDseNSi tive,
| ndi cator of t hr?\;‘r:\j?(?esriss al léaxilé:ire e]t.ikaéll' toO ég\;'glai} | grt].hégggélegr%’siso?éﬁ 2065) .
Such pl aques ar® Y p
10 et al. Atherosclerosis 1985, 5, 292-302). However, most
patients who develop acute myocardiél'infarction or
sudden death have not had prior symptoms, much less an
angiography (Farb et al. Circulation 1995, 93, 1701-
1709). Certain angiographic data have revealed that a
15 regular plaque profile is a fairly specific, though
insensitive, indicator of thrombosis (Kaski et al.
Circulation 1995, 92, 2058-2065). Such plagues are
likely to progress to complete occlusion, while others
are equally likely to progress, but less often reach the
20 point of complete occlusion (Aldeman et al. J. Am. Coll.
Cardiol. 1993, 22, 1141-1154). Those that do abruptly
progress to occlusion actually account for most
myocardial infarctions (Ambrose et al. J. Am. Coll.
Cardiol. 1988, 12, 56-62; Little et al. Circulation
25 1988, 78, 1157-1166). One of the major limitations of
angiography is that diffuse atherosclerotic disease may
narrow the entire lumen of the artery, and as a result,

angiography underestimates the degree of stenosis.

The size of the plague occlusion is not
30 necessarily determinative. Studies show that most
occlusive thrombi are found over a ruptured or ulcerated

plagque that is estimated to have produced a stenosis of

7



|ikely to progress to conplete occlusion, while others are equally |ikely
to progress, but |less often reach the 20 point of conplete occl usion

(Aldeman et al. J. Am Coll. Cardiol. 1993, 22, 1141-1154). Those that do
abruptly progress to occlusion actually account for nost nmnyocardi al
infarctions (Anbrose et al. J. Am Coll. Cardiol. 1988, 12, 56-62; Little

et al. Crculation 25 .988, 78, 1157-1166). One of the mgjor |imtations of
angi ography is that di ffuse at heroscl erotic di sease may TRHuBIBt 2RB%ent i re
| umen of the artery, and as a result, angiography underesti mtes the
degree of stenosis. The size of the plaque occlusion is not 30 necessarily
determ native. Studies show that nost _occ¢lusive thronbi are found over a
ruptured or ul desst By Xfuett fie vessedt Arafetrto FAF8 PFERAREEJIRES st enosi s
of 7 19 August n2R0Dik€Bs ﬁ&@ause%ﬂjlﬂﬁerw%@it dimeepesitSuch stenoses are

not likely to ctausgmgggl fa,.or ng%%%rﬁﬁ ng05|§éﬁ/e whb eggg dd test. In

fact, nost patl i -of 2Tl Onodo not- have
three-vessel dimeasedtabrinfaretéoneda npgnhave uthreatyesanttdigeasFarb et al .

Grculationgl9 sggeréZﬁﬂi;%lerléﬂﬂhp%QQ?MnééuﬁpQ%Q%E technique for the

visualization of artery walls, rather than the lunmen, and for the
characteri zat i s zsHlather d@@lserf??r cltlisdd8e) - 10 The angi oscopy techni que

reveal s the plaque and surface features.not seen b n](_]i graphy. In
addition, it allows thSHOSFORY| th BPTRE E%&B?lq(‘lée%? \Aﬁol%f e or vyellow
of the materi alviisnat heatardreof, aahdry svallier, efatizehitiiahy thenbinenve for the
detection of thﬁQﬁ?H§'tbe characterization of atherosclerotic disease.
10 The angioscopy technique reveals the plague and surface
features not seen by angiography. In additiom, it
allows the observation of the color (red, white ox
yellow) of the material in the artery, and is therefore
highly sensitive for the detection of thrombus.
15 However, it views only the lesion surface and is not
representative of the internal heterogeneity of the
plaque. As a routine clinical tool, it may not be
practical due to the thickness of the catheter and the
invasiveness of this technique. U.S. Patent No.
20 5,217,456 and U.S. Patent No. 5,275,594 disclose the use
of light that induces fluorescence in tissues, and of
laser energy that stimulates fluorescence in non-
calcified tissues. These types of devices differentiate
healthy tissue from atherosclerotic plague, but are not
25 clinically useful for differentiating vulnerable plaque

from less dangerous, stable plague.

High-resolution, real-time B-mode
ultrasonography with Doppler flow imaging (Duplex
scanning) has merged as one of the best modalities for

30 visualization of carotid arteries (Patel et al. Stroke
1995, 26,.1753—1758). Measurements of wall thickness

and quantitative analysis of plagque mass and area can be




15 However, it views only the lesion surface and is not representative of
the internal heterogeneity of the plaque. As a routine clinical tool, it
may not be practical due to the thickness of the catheter and the

i nvasi veness of this technique. U S. Patent No. 20 5,217,456 and U.S.

Pat ent No. 5,275,594 disclose the use of light that induces fluorescence
In tissues, and of |aser energy that stinulates fluorescence in _non-
calcified tissues. These types of devices differentiate 10eAWaus}2008sue
from at heroscl erotic plaque, but are not 25 clinically useful for
differentiating vulnerable plaque fromless dangerous, stable plaque.

i gh r esol Ut ORaefiladd 1o ferBlRgdil b 230RPaNAPBLated e Famaksr 11 ow

i magi ng (Dupl ex scannin as ner as_one of the best nDdalltles for 30
vi sual i zati on ®fague d‘:’}?aefaé’F?éH‘é’scs( pgeBplescent hetpppgenenygsplague
1753-1758) . NPQ%UEQBEEEétéafwma%|bddu Gkeesplaquy nenanthddqd iawd anal ysis of

pl ague nmass an a c n 2005 determ ned The hogenicity
of the plaque & Fﬁau%éQﬁégég g??@?TQfou g&?ﬁscenf‘ﬁeg%r%geneous
pl aque, i sSasfobxrauecblmqule both adititdphaqtize vomfigheafaiam@f Ehei ds,

wher eas echodensg Qnﬂmqovéram%%uﬁrwééﬁ Yi nBi by {ausepl aque. In
addition, the con Prguratlon of pl ague (rural versus noqul a?%?can

identify activd™uEaf} atgsionsi B]i‘%t taH-’z?t morE FRIRE SroRECHFSFASEPRe?Ri on and
t hr onboenbol i Sﬂl&%b&&ﬁi@&%mekwainb&geénbtm Assam. MdDIRssb2,

1515-1521). 5@33 gighg not 10 mvask)n | t, can be used to
evaluate the e ac 5 rea FeRtS Sn%P?o S agu?he natural hi story
of 10 invasive, 1t can be used to evaluate the efficacy of

drug treatment and to study the natural history of

atheroscolerosis (longitudinal studies) by follow-up of

individuals at increased risk of atherosclerosis. In

coronary and peripheral arteries of low extremities,

15 however, Duplex scanning is clinically not as useful as

the traditional angiography.

Atherosclerotic calcification is an organized
and regulated process and is found more frequently in
advanced lesions, although it may occur in small amount

20 in eérly lesions (EBrbel et al. Eur. Heart J. 2000, 21,
720-732; Wexler et al. Circulation 1996, 94, 1175-
1192). There is a strong association between coronary
calcium and obstructive coromary artery disease, and is
clearly shown that the amount of coronary calcium was a

25 useful predictor of the extent of coronary artery
disease (Agatson et al. J. Am. Coll. Cardiol. 1990, 15,
827-832; Schmermund et al. Am. J. Cardiol. 2000, 86,
127-132; Budoff et al. Am. J. Cardiol. 2000, 86, 8-11).
MRI, fluoroscopy, electron beam CT (EBCT), and helical

30 CT can identify calcific deposits in blood vessels.
However, only EBCT can quantitate the amount or volume

of calcium (Wexler et al. Circulation 1996, 94, 1175-



at heroscol erosis (longitudinal studies) by followup of individuals at
increased risk of atherosclerosis. In coronary and peripheral arteries of
|l ow extremties, 15 however, Duplex scanning is clinically not as useful as
the traditional angi ography. Atherosclerotic calcification is an organized
and regul ated process and is found nore frequently in advanced | esions,
although it may occur in small anobunt 20 in early |lesions (Erbel et al.

Eur. Heart J. 2000, 21, 720-732; Wexler et al. G rcul atil8rAusst 2002 1175-
1192). There is a strong associ ati on between coronary cal ci um and _
obstructive coronary artery disease, and is clearly shown that the anount

of coronary calcj : f p I, C f _th iggga .coronary
artery di seasl'eﬁ%%{;ail\,z%n%gt%?gl??gﬂ ghﬁmﬁﬁ%gllﬁ.ﬂgégr 8?0?1.1&){& 90, r?%uﬁ 827-832;
Schrer nund et gkn P¢nokFaiggddinl0.12660; ecaupp7oflbhe BARIC iBeJal . Am J.
Cardi ol . 2000, 58Gui$rekbh +ilB)  mddiuRr as€OMErLhee! boiheamaCT (EBCT), and
helical 30 CT can identify calcific deposits | %OSI ood vessel s. _ However,
only EBCT can BE#I9R €% A - anBtinfUsF% ol Ume Ef - caf iR Re%fer et al .

Circul ati ons1936hePdsclkrtziQ : 180 At atti 028 08f LI call nimatdirigt end t he EBCT

i mages of the ardi um, _can, be_pbtai ned i L :SEC.- u of the rapid
i mage acquisig¥gﬁ°i?q¥é,Aﬁ%??%h%ggt%yg% 3 éﬁki%?%ﬁ%?n%?%é?%ﬁ%rzﬁ age et al.
In: Fuster, V. 1086, )417Sy20) onest dfas begn heeldsclognpented ddvatekhei ons of
clinical inagi : r1dnUt WeRe LD ixhiRgr Conpany,
Inc., 1996, 4%%%%%? I%I%i r&%ggg%%%?rm%g%-%ﬁ&ln%ﬁte ?ﬁat tb;); presence of
coronary arter pagabejamengdtéve Rpidy EEcer for the presence and

10 progression of atheroclerotic lesion before the

development of complicated lesions (Janowitz et al. Am.

J. Cardiol. 1993, 72, 247-254).

A major limitation using EBCT for the

characterization of calcium in the plaque is

15 reproducibility (Becker et al. Eur. Radiol. 2000, 10,
629-635). In particular the reproducibility of small
and very small calcium scores (<100) is lower than that
for higher score values. In addition, coronary calcium
screening can not reveal atherosclerotic plague that has

20 littie or no calcification-and suéh soft, lipid-rich
plagques are perhaps the most.dangerous of all,
vulnerable to rupture as a result of hemodynamic stress
or inflammation (Carrington, C. Diagnostic Imaging,
2000, (April), 48-53; Doherty et al. Am. Heart J.

25 1999, 137, 806-814).

As red blood cells and platelets gather at the
site of the rupture, a blood clot forms and blocks the
artery, causing a heart attack. Biologically, calcium
may not be the ideal marker because a calcified lesion

30 is presumably a stable lesion; less prone to rupture.
More recent data show that coronary calcium scores do

not seem to predict myocardial perfusion deficits,

10



may be a sensitive early marker for the presence and 10 progression of
atheroclerotic |l esion before the developnent of conplicated | esions
(Janowitz et al. Am J. Cardiol. 1993, 72, 247-254). A mgjor limtation
using EBCT for the <characterization of calciumin the plaque is 15
reproduci bility (Becker et al. Eur. Radiol. 2000, 10, 629-635). In
particular the reproducibility of small and very snall I ci um es
(<100) is lower than that for higher score values. In aggiﬁq%‘ﬁ,t 3@&gonary
calcium screening can not reveal atherosclerotic plaque that has 20 little
or no calcification-and such soft, lipid-rich plaques are perhaps the nost
dangerous of all, wvulnerable to rupture as a result of_ henbdynam c stress
or inflammati orP¥aBier PHEEYh, O CRFEAPRIGUW A nBYFHE (RBBBOTI¢Mpril ), 48-53:
Doherty et al. Am deauladior219%8999713095806981401aks edrbl ood cel I's and
pl atel ets gather atf the site of the rupture, a blood clot forns and bl ocks
the artery, ca‘@%‘?lrfgloélyh%%qq' #acR?2 B} )ogi cally, calcium nmay not be the
i deal marker because a cglcifi.ed_|esion 3Q i resu abl.e | esion,

| ess prone to rupture. Y EREOIRHE \Evng‘ﬁ%?s cq%?%ﬁa%géc%%& um scor es
do not seerd t ceqgirediethody donognakaper inagiesn ofeflawing, blgod RsAugust 2005

pl aque burden, or.6ardi QYASGILAL1BHEA! Snd RUFRAT §€TveskelsAar&i roul ation
1998, 97, 2095-2097; Polak, J. F. Radio]ogy 2000, 216, 322-3%@2. Magneti c
resonance t echn$Htieerusp ngPryrendiens!l an aBRBY NoUPHGUGENEY RS /i mages of

fl ow ng blood ag. and Pohost, G. In: Fuster, V. (Ed.). Syndromes of

Atherosclerosis: correlations of clinical imaging and

10 pathology. Armonk, NY: Futura Publishing Company, Inc.,
1996, 313-332; Grist, T. and Turski, P. A. In: Fuster,
V. (Bd.). Syndromes of Atherosclerosis: correlations of
clinical imaging and pathology. Armonk, NY: Futura
Publishing Company, Inc., 1996, 333-362). Magnetic

15 resonance angiography (MRA) of coronary arteries is
currently under development, and the resolution is
within the range of 1 mm’. MRA techniques provide
images of the vessel lumen, whereas MRI studies are
often performed to evaluate the effects of the disease

20 on the tissue supplied by the vessel. Recent
developments in high-resolution (0.4 mm), fast spin-echo
imaging and computer processing techniques visualize in
vivo, atherosclerotic plaque activity and intimal
thickening (Yuan et al. J. Magn. Reson. Imaging 1994,

25 4, 43-49).

In a recent clinical study in patients with
carotid atherosclerosis, MRI was the first non-invasive
imaging modality to allow the discrimination of lipid
cores, fibrous caps, calcification, normal media,

30 adventia, intraplaque hemorrhage, and acute thrombosis
(Toussaint et al. Atheroscler. Thromb. 1895, 15, 1533-
1542; Toussaint et al. Circulation 1996, 94, 932-938).

11




positive contrast within the |unmen of vessels are simlar to conventional
angi ography techni ques (Doyle, M and Pohost, G In: Fuster, V. (Ed.).
Syndromes of Atherosclerosis: correlations of clinical imaging and 10

pat hol ogy. Arnmonk, NY: Futura Publishing Conmpany, Inc., 1996, 313-332;
Gist, T. and Turski, P. A In: Fuster, V. (Ed.). Syndrones of

At heroscl erosis: correlations of clinical inmaging and pathol ogy. Arnonk,
NY: Futura Publishing Conpany, Inc., 1996, 333-362). MaghPefugust22008sonance
angi ogr aphy (MMRA) of coronary arteries is currently under devel opnent, and
the resolutionis wthin the range of 1 nmmB. MRA techni ques provide

I mges of the vessel |unen, whereas MRl studies are often perforned to
eval uat e the effhsckeyopdyartages @fseoyragt-erBaReed J@rddppPaEiddy t he

vessel . Recent téi@me.t;aagef@s;ﬂéwabhgﬁtg_ra;%obubwael(&saim, fast spin-echo

| magl ng and conputer .processin echni s.visuallze In, VIVO

at heroscl erotic f&“&&&@“ﬁ@t’rﬁ%’%‘a&hﬁni H&'Lé%aplg hT ERET g (I(k?h%]ﬁi’eF‘al C .
Magn. Reson. | magi mygh99Resor2b Mhagdlds 4996,| 14a IO ;chloveal Gst udy i'n
patients with carotid atherosc|erosi M wa e Jir st hon-d.nvasi ve

I magi ng rmd%l It ta8dagfj5%vk3frhsé %TS Fi rﬁ%ﬁéﬁgﬁyoigégl]’pizyic%?%g%}si‘)i'brous caps,

calcification, nornal mefcgl‘il gﬁhg,ﬁta%gvggg id%vcah%? g:%ﬂﬂgad%@ééél@e’ and acute

t hronbosis (Toussaint e eroscler. 95, 15, 1533- 1542;
Toussai nt et alhave peghafetriorsgebaserd cgrseyspyl molerylpg @Rt <2385 The key

advant age of caRlJeastnepivesad LapkfbddRGLREs .t effwipptestigl the ability to
provi de detail?ﬂﬁlity of these radiotracers for imaging -

10 atherosclerotic lesions has been studied in animal
models, and has been recently reviewed (Vallabhajosui&,
S. and Fuster, V. J. Nucl. Med. 1997, 38, 1788—1796{
Cerqueira, M. D. Seminars Nucl. Med. 1999, 29, 339-
351; Narula, J. J. Nucl. Cardiol. 1999, 6, 81-90;

15 Narula, J. Nucl. Med. Commun. 2000, 21, 601-608). 1In
general, radiolabeled proteins and platelets have shown
some clinical potential as imaging agents of
atherosclerosis, but due to poor target/background and
target/blood ratios, these agents are not ideal for

20 imaging coronary or even carotid lesions. Radiolabeled
peptides, antibody fragments and metabolic tracers like
FDG appear to offer new opportunities for nuclear
scintigraphic techniques in the noninvasive imaging of
atherothrombosis. However, noninvasive imaging of

25 ;therosclerosis remains a challenge for nuclear
techniques mainiy due to their intrinsic shortcomings,

such as low resolution, compared to MRI and CT.

Most of these technigques identify some of the
morphological and functional parameters of
30 atherosclerosis and provide qualitative or
semiquantitative assessment of the relative risk

associated with the disease. Xnowledge of the

i2



"functional information"” with high accuracy (McVein, E. R Magn. Reson.

| magi ng 1996, 14, 137-150; dover, G 5 D. and Herfkins, R J. Radi ol ogy
1998, 207, 289-235). In the last two decades, nany radi otracers have been
devel oped based on several nolecules and cell types involved in

at heroscl erosis. The potential wutility of these radiotracers for inmaging
10 atherosclerotic | esions has been studied in animal nodels, and has been
recently reviewed (Vallabhajosula, S. and Fuster, V. J. 1RAUQUS{§05 1997,
38, 1788-1796; Cerqueira, M D. Sem nars Nucl. Med. 1999; 29, 339- 351,
Narula, J. J. Nucl. Cardiol. 1999 6 81-90; 15 Narula, J. Nucl. Med.
Commun. 2000, 21, 6Q1 608 £ | n ai r.adi ol abel ed lprotel 3s and

pl atel ets haveC¥HRRG 188 cafrfrﬁ f‘°58 ‘seﬁqlgl PR HEYPn§TRYERT s of

at her oscl er osi #inda oduehé copuprestsdpgedf bk gee o, anfdicht amget / bl ood

rati os, these r o) I o205 g SPRE Or even carotid
| esi ons. Radi o?g%ﬁ%é & gggté%%egl%%g“ﬁ%?b%g 4ﬁg%n%§%nd rrtéf:abol I c tracers
li ke FDG appeaFrQ‘iﬁ%ﬁFeﬁOHewn‘fﬁ}b’GFlﬁaﬁN i é?vﬂeb’ﬁrnu’é?ll%%ﬁ diggpast4f aphi c
techni ques gn bbgcémweavaﬁw@lw&ghaga@ive ajrheteldronhasi s. However,

noni nvasi ve i maging of, 25 at hero Si S hal | enge_f or nuclear
t echni ques mai hg§°’%t?§lf’8 P’He‘%}f “ﬁ’%efﬁlg ﬁ%ﬁ?’@gﬁfh%]gogy SUCH 32 1 ow

resol uti on, corpaheihrt cohBbshimbrChE 8BeNbltquef, ahéddeidlactigiagues i denti fy
some of the marpholagicatcandk (D! LORBbydAr 3RCLAL pPlquabReERsC] erosi s

and provide qu vée or _sem quantitative assessment of the relative
ri sk associ at sdlegulart hevel sease. Know edge of the

10 As such, a non-invasive method to diagnose and
monitor various cardiovascular diseases (e.g.,
atherosclerosis, vulnerable plague, coronary artery
disease, renal disease, thrombosis, transient ischemia
due to clotting, étroke, myocardial infarction, organ

15 transplant, organ failure and hypercholesterolemia) are
needed. The non-invasive method should yield
information regarding the underlying pathophysiology of
the plaque, such as the cellular composition of the
plagque and biological characteristics of each component

20 in the plague at the molecular level.

DETAILED DISCREPTION OF THE INVENTION

The principal mechanisms involved in

atherogenesis are lipid infiltration, cellular invasion

25 and proliferation and thrombus formation. Molecular
imaging of atherosclerotic lesions is expected to target
one of the three major components of plaque-lipid core,
macrophage infiltration or proliferating smooth muscle
cells (Ross, R. Nature 1993, 362, 801-809). Since

30 predominance of any one component determines the
behavior of the plague, it is logical to assume that

detection of an abundance of a given component will

13



12 19 August 2005 conposition of an atherosclerotic plaque may provide a
w ndow on the progression of the lesion, which may result in the

devel opnment of specific therapeutic strategies for intervention. However,
t hese diagnostic 5 procedures are either invasive or yield little
information on the underlying pathophysiology such as cellular conposition
of the plaque, and biological characteristics of each conponent in the
plaque at the nmolecular level. 10 As such, a non-invasi V& Aegum20086

di agnose and nonitor various cardiovascul ar di seases (e.g.,

at heroscl erosi s, vul nerable plaque, coronary artery disease, renal

di sease, thronbosis, transient ischema due to clotting, stroke,

nmyocar di al i nf aiddxiess, tnégmbginssticarmmO@mte oOr gen dflagher e(Rasy] R.

hyper chol est er e NoR: i nvasi ve d should yield
piit S b R L e e

information re yT ng “pdt hop e pl aque, such
as the cellul arnemmma lipid goresecopidipueeanto bitel vgleatakiidtacpéri stics

of each conpon a ts (<) ALLED
DI SCREPTI O OF Ph N mu@e quﬁﬁgllﬁéfggsg%gg%%aghsyﬁ%aﬁ i

at her ogenesPs afe tF‘iepPHa‘H‘Fﬁ iJepAgt ’F‘brFelé*é‘lsleuPﬁrclf"rﬂ}‘d§F6na’2% matgix .

proliferation mauhbgﬁbu&rmreaaam@rthdméhogc%mers 2 ﬁ:ga@fe ahdbaeoscl erotic
| esions is equgted %g tar f t he three Jraj ar, conppnent s of

pl aque-1i pid core, E?Op epl %Ya 1% PEn =B & f:er atihg smooth nuscle
cell's (Ross, Rpriatidee st 898 1t3620 1804 8eQpe, Swe era@ddppeabifiaratdenof any

one conponent de! eLaLReRtddqrith rapidly progressive luminal stenosis

10 such as in post-angioplastic restenosis. ‘Therefore, it
ig possible to selectively target one of these three

components for molecular imaging of atherosclerosis.

Macrophages are known to play a significant
role in. the development of atherosclerosis. Macrophages
15 down-regulate their LDL receptors and express mRNA and
undergo’new protein synthesis for a novel receptor for
modified LDL. This receptor recognizes all modified
forms of LDL and come to be known as the macrophage
scavenger receptor (MSR). Numerous studies report the
20 presence of the scavenger receptors, which bind to a
broad range of molecules. It has been proposed that
macrophage scavenger receptors play a key role in the
development of atherosclerosis by mediating uptake of

ox-LDL by macrophages in arterial walls.

25 The scavenger receptors have been divided into
three classes. Class A scavenger receptors include type
I and ITI macrophage scavenger receptors (SR-AI and SR-
AIT). Type I SR-A differs from type II SR-A in that it
contains an additional C-terminal cysteine-rich domain.

30 Class B scavenger receptors (SR-B) include Fatty Acid
Translocase (CD36) and SR-Bl. Class B scavenger

receptors are also located on macrophages and possess

14



behavi or of the plaque, it is logical to assune that detection of an
abundance of a given conponent will 13 19 August 2005 address the
prognostic outcone of the plaque (Ross, R Nature 1993, 362, 801-809). The
presence of large necrotic lipid cores contributes to the vulnerability of
pl aque to rupture. The intense macrophage infiltration 5 of the plaque

| eads to rel ease of cytokines and matrix netall oproteinases and t hereby
renders the plaque prone to rupture. The preval ence of stbBuaushAdSe cell s
provide stability to the plaque, but rapid proliferation is associated
with rapidly progressive lumnal stenosis 10 such as in post-angioplastic
restenosis. Therefore, it 1is possible to selectively target one of these

three conponentssihof;&®lReiakaAL bmmga{aap@éaea Q2eh 8l oshs an¥BRIOPhages are
known to play a,si nlfjcant role in. the devel opnent of atherosclerosis.

Macr ophages 15 hoLiRA% ¢ BﬁEFIPt‘bDLaI‘EE‘ép"E]CﬁSf SEJSEXPTEEL nRNA and
under go new pr&teeieptsyrttaksewe&nf bdemt ifdedl as acepicatialon (emeb)f.i ed LDL. This
receptor recognizes all nodified forns of LDL and cone to be known as the
macr ophage scavenger rcdepEespresSin ofiuf@rdus seddilgscorfioed the 20

presence of th%&&@a@&@%a&gﬁag%s,wh%hcgcamatt@ an braad kange of
nol ecul es. It has been proposed that, macrop a,gegécavenger receptors play a

key role in the® &EW@?EﬁﬁbﬁPCBfaﬁtﬂ@Fﬁ?EF%$fﬁﬁ%? agB8i at¥thg upt ake of
ox-LDL by nacr eidagesni reigr tser-pahasedllss. b@én Tatowsic aveplay a eceptors have -
been divided i nig,;EIN&6 aeses ul 4551 AuREANEN SREERASERLPRIsLNCI ude type

| and Il nmacrophdge scavenger receptors i
defense, cellular activation, adhesion, and cell-cell

10 interaction, which makes SR-A a multifunctional player
in the atherosclerotic process. Therefore, SR-A can
gserve as a target and the biomolecules that bind to the
SR-A receptor can be used as new imaging agents for the
diagnosis of atherosclerosis, particularly vulnerable

15 plaqgue.

The molecules binding to the SR-A are

generally polyanionic macromolecules, including acetyl-
LDL (aclLDL), oxidized LDL (oxLDL), polyribonucleotides,
polysaccharides, lipopolysaccharides, lipoteichoic acid

20 dextran sulfate, and anionic phospholipids such as
phosphatidylserine. Radiolabeled biomolecules binding
to macrophages have been used for imaging
atherosclerotic lesions in animal models, and some of
them have been studied in humans. These include

25  radiolabeled LDL and oxidized LDL (Atsma et al.
Atherosclerosis4and Thrombosis 1993, 13, 78-83; Iuliano
et al. Atherosclerosis 1996, 126, 131-141) and Tc-99m-
labeled diadenosine tetraphosphates (Elmaleh et al.
Proc. Natl. Acad. Sci. USA 1998, 95, 691-695). It was

30 found that the uptake of I-125-labeled LDL is due to the
accumulation of oxidized LDL in macrophage and can be

suppressed by administration of vitamin E, a known anti-

15



All). Type | SR-A differs fromtype Il SRRAin that it contains an
additional Ctermnal cysteine-rich domain. 30 Cass B scavenger receptors
(SR-B) include Fatty Acid Translocase (CD36) and SR-Bl. Cl ass B scavenger
receptors are also |located on macrophages and possess 14 19 August 2005
affinities towards ox-LDL, apoptotic cells, and anionic phospholi pids.
Recently, a new class of scavenger receptor has been identified as
Macrosialin (CD68). The expression of SR-Ais mainly confihAugust 2095
activated macrophages, which accunmulate in areas of inflamuation such as
atherosclerotic plaque. In addition, the SR-A has al so been shown to play
a significant role in the inflammtory response in host defense, cellular
activation, adhedidant.anth geltlienek|wilth idm&etaatammro\ahuehofrm,es;hSR-A a

mul tifunctional_ pl ayer e her sclerotlc cess. Therefore SR- A can
serve as a tar gé{{agﬁd h%c bgltgg‘rr%'?%cu 2 s That i h tc?stlﬁ ﬁ'f}}l\ f'eceptor can
be used as newnawxgpbhggagenheress mm@rajlfagngsabci(ﬁicaphemcdlei oots,

particularly vynerabhee llaﬁalehage@eaTﬁ& W‘Ele@gue@%lb' nding to the SR-A are
general |y pol yani.oni ¢ macropol ecul es, includin ? acetyl - LDL (acLDL),

oxi di zed LDP (&%EBEPSCﬁG¥®§ﬁﬂm5ﬁﬁEPe@tl%ﬁ%§458 raeddRar pHeal- Eur.

| i popol ysaccharg deg.c1li pedeiiobal czacishg2@sdextran sul fate, and anionic
phosphol i pids such as phosphati dyl serine. Radi ol abel ed bi onol ecul es

binding to nacrophages Ko theena used f-ab1eoale Ngonpebeidscl eroti c | esions

in ani mal nodel s, sone. of then1havelbeen studi ed i.n h%gans These
i ncl ude- macrop age SR-A antagonist has been reported to have puM

binding affinity foxr SR-A (Lysko et al. J. Pharmacol.
10 Exp. Ther. 1999, 289, 1277-1285). PCT Patent
applications WO 99/07382, WO 00/06147, and WO 00/03704
disclose a series of SR-A anfagonists and their
potential use in the treatment of cardiovascular
diseases. Chart I shows the general structures of SR-A
15 receptor antagonists disclosed in PCT patent
applications WO 99/07382, WO 00/06147, and WO 00/03704.
Synthesis of examples of these diamidediphenolate
compounds have been disclosed (see, e.g., Anson et al.
J. Am. Chem. Soc. 1986, 108, 6593-6605). However, the
20 use of these SR-A antagonists or their metal chelates,
formed either via direct binding of metal ions or
through the attachment of a metal chelate, for the
diagnosis or detection of atherosclerosis and vulnerable

plague is not disclosed.

25
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25 radi ol abel ed LDL and oxidized LDL (Atsma et al. Atherosclerosis and
Thronbosis 1993, 13, 78-83; luliano et al. Atherosclerosis 1996, 126,
131-141) and Tc-99m | abel ed di adenosi ne tetraphosphates (El mal eh et al.
Proc. Natl. Acad. Sci. USA 1998, 95, 691-695). It was 30 found that the
upt ake of 1-125-1abeled LDL is due to the accunulation of oxidized LDL in
macr ophage and can be suppressed by adm nistration of vitamn E, a _known
anti 15 19 August 2005 oxidant. In patients with carotid H Aegexcd0050s;i s,
the wuptake of Tc-99m LDL was seen in soft lesions rich in macrophages,
whereas mature fibrocalcific plaque did not accunulate radiol abel ed LDL
(Lees et al. 5 Atherosclerosis 1988, 8, 461-468; Virgolini et al. Eur. J.
Nucl. Med. 1991, ch2rt948- 9§H)A Reeeptivit \Wntagsahsts mmisedvked nommapti de

macr ophage SR-A antagonisi- has . t bi ndy affinity
for SR-A (Lysko HHAAL 5801 [ ABGE WS ?%’0@%92%%‘?.3”"?&%3{',4728@% 157, 1285) .
PCT Patent applications WO 99/0738200¥¢3 00 06147, and WO 00/ 03704

di scl ose a series of SR-A antagonists and their potential use in the
treatment of cardiovascul ar disease .ZChart | shows the general structures
of SR-A 15 receptor antagonists di scls( s)ad in RCT patent applications WO
99/ 07382, WD 00/06147, and WO 00/03704
di am dedi phenol ate conpounds ha be
J. An. Chem Soc. 1986, 108,
ant agoni sts or their rret(azl‘
metal ions or

Synt Hesi § of exanpl es of these
0s Beey €.g., Anson et al.
weverst @ use of these SR-A

Therefore, one aspect of the present invention
is a detectably labeled SR-A antagonist that is useful
for the diagnosis and monitoring of wvarious
cardiovascular diseases (e.g., atherosclerosis,

10 vulnerable plaque, coronary artery disease, renal
disease, thrombosis, transient ischemia due to clotting,
stroke, myocardial infarction, organ transplant, organ
failure and hypercholesterolemia). The detectably

labeled SR-A antagonist is useful as a

17



t hrough the attachnment of a netal chelate, for the diagnosis or detection
of at herosclerosis and vul nerable plaque is not disclosed. 25 16 19 August
2005 Chart 1. SR-A Receptor Antagonists Disclosed in PCT Patent
Appl i cati ons WD 99/07382, WO 00/06147, and WO 00/03704. NH 5 ; or
Therefore, one aspect of the present invention is a detectably |abeled
SR- A antagoni st that is useful for the diagnosis and nnlgbgrln of _various
cardi ovascul ar di seases (e.g., atherosclerosis, 10 vul ner

coronary artery disease, renal disease, thronbosis, transient |schen1a due
to clotting, stroke, nyocardial infarction, organ transplant, organ
failure and hyperchol esterolem a). The detectably |abeled SR-A antagoni st

i s useful as a #ddidphAugacsutiRd ,r adi mphammdayt agalt, ax BRI Xir@gi ng
agent,. or an %& égga_%ont ast agent. [11 One enbodi nent of the present

i nvention prOV| %onpound of formula (I): MCh-Ln- (BMn (I) 10
wherein 15 '

(1] One embodiment of the present invention provides a

5 compound of formula (I):

M-Cp-Ln- (BM) n

(I)

10 wherein

M is a radionuclide selected from: ?*"rc,
Umgy 1y, gy S1ga, S8ga, 897y, 177ny, 4'se, 195Rh, %fRe,
" 80cu, %%cu, %cu and ®’Cu, or a paramagnetic metal ion of
atomic number 21-29, 42-44, or 58-70, or a heavy metal
15 ion of atomic number 21-31, 39-49, 50, 56-80, 82, 83,
90;
Ch is a metal chelator having a formula

selected from the group:

RNana N T S

20 , A ,




117nBn , Mis ,a radionuclide selected from 99ni TC, 111lln, 97Ru, 67Ga,
68Ga 60Cu, 62Cu, 64Cu and 67Cu, or atom c nunber 21-29, 42-44, ion of
atom ¢ number 21-31, 90; 89Zr 177Lu, 47Sc, '5Rh, '"Re, a paramagnetic

netal ion of or,58-70, or a heavy netal 39-49, 50, 56-80, 82, 83, Chis a
metal chelator having a fornula selected fromthe group: ~E-A2 20 A8 1 A
A AT 4- 6-E-A7 A F % A3 A5 and A5 E~Y"A6 A7 18 19 August 2005 %ggrein ’
A, A2, A3, A4, AS, A6, A7, and A8 are independently sel€tfBausti2003:nh
occurrence fromthe 5 group: NR19, NR19R20, S, SH, 0, OH, PR19, PR19R20,

wherein
al, a2, a3, a4, a5, a6, A7, and A8 are
independently selected at each occurrence from the
5 group: NR1S, Nr19R20, s, sH, o, oH, Pr19, pPR19R20,
P(0)R21R22, and a direct bond to Lp;

E is a direct bond, CH, or a spacer group

independently selected at each occurrence from the
_ group: (C1-Cig)alkyl subsfituted with 0-3 R23, aryl
10 substituted with 0-3 R23, (C3-C10)cycloalkyl substituted
with 0-3 R23, heterocyclo-(C1-C10)alkyl substituted with

0-~-3 R23, wherein the heterocyclo group is a 5-10
membered heterocyclic ring system containing 1-4

heteroatoms independently selected from N, S, and O,
15 (Cg-C10)aryl-(C1-C10)alkyl substituted with 0-3 R23,
(C1-C10)alkyl-(Cg-C10)aryl- substituted with 0-3 R23,

and a 5-10 membered heterocyclic ring system containing

1-4 heteroatoms independently selected from N, S, and O
and substituted with 0-3 R23;

20 R19 and R20 are each independently selected
from the group: a direct bond to Lp, hydrogen,

(C1-C10)alkyl substituted with 0-3 R23, aryl substituted
with 0-3 R23, (C3-C10)cycloalkyl substituted with 0-3

R23, heterocyclo-(C1-Cig)alkyl substituted with 0-3 R23,

25 wherein the heterocyclo group is a 5-10 membered
heterocyclic ring system containing 1-4 heteroatoms
independently selected from N, S, and O,

(Ce-C10)aryl-(C1-Ci0)alkyl substituted with 0-3 R23,

(C1-C10)alkyl-(Ce-Ci0) aryl- substituted with 0-3 R23, a
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P(O R21R22, and a direct bond to Ln; Eis a direct bond, CH or a spacer
group independently selected at each occurrence fromthe group:

(Cl-Cl0)al kyl substituted with 0-3 R23, aryl 10 substituted with 0-3 R23,
(C3-Cl10) cycl oal kyl substituted wth 0-3 R23, heterocycl o-(Cl-C10)al kyl
substituted wwth 0-3 R23, wherein the heterocyclo group is a 5-10

nmenbered heterocyclic ring systemcontaining 1-4 heteroatons independently
selected fromN, S, and 0, 15 (C6-C10)aryl - (Cl- C10)al kyl HuHHGustAADS wi t h
0-3 R23, (Cl-cC10)al kyl-(C6-Cl0)aryl- substituted with 0-3 R23, and a 5-10
menbered heterocyclic ring systemcontaining 1-4 heteroatons independently
selected fromN, S, and O and substituted with 0-3 R23; 20 R19 and R20 are
each i ndependert4y sebetred héteamiciybRi@rminy sgstem esinthdndng al14, hydrogen,

(C1- C10) al kyl titut i - 3,_aryl substituted _wit -3 R23,
(C3-d 0)cycl oalﬁfge??ers?ulégﬁgt #t’ée%e%dt%ﬁ% feall%f,eahggé’? ok\yc’ygl’ 0?%%‘5_16%8)3a| kyl
substituted w tdurktdtkd23d @bchwmtenerA3 f handaheedeyetdh,gpeupidsd ahatl0
menbered heteraqcyclic ri ng}l yst egpcont ai ning 1-4 heteroatons .

i ndependent | y sB18t198¢ PEof N OISR ands (A0 sleseam) dian Fhe- et aisy 1

substi t ut ed s tdn b InRA3ectf&7; CL0)al kyl - (C6- Cl0) aryl - substituted with 0-3

R23, a 19 19 August 2005 5110 mener ed heterocyclic ring system containing

1-4 heteroatons i ndepenBént?RA &&redFeeatoAPRePEdenidvossherteibst i t ut ed
with 0-3 R23, afbranthel gebupn, PE@vededddito Bhen-ame (oh -&l§ «akylR20 is an
el ectron, then the other is 5 al so gn el ectron;
substituted with 0-3 R43, (C1-C10)alkyl substituted with
0-3 R23, aryl substituted with 0-3 R23, |
10 (C3-C10)cycloalkyl substituted with 0-3 R23,
heterocyclo-(C1-Cig)alkyl substituted with 0-3 R23,

wherein the heterocyclo group is a 5-10 membered
heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, S, and O,
15 (Cg-Ci0)aryl-(C1-C1¢)alkyl substituted with 0-3 R23,

(C1-C10)alkyl-(Cg-C10)aryl- substituted with 0-3 R23,
and a 5-10 membered heterocyclic ring system containing

1-4 heteroatoms independently selected from N, S, and O
and substituted with 0-3 R23;

20 R23 is independently selected at each

occurrence from the group: a direct bond to Lp, =0, F,
cl, Br, I, -CF3, -CN, -COgR24, -C(=0)R24, -C(=0)N(R24),,
~CHO, -CH20R24, -0C(=0)R24, -oc(=0)0OR24a, -QR24, |
-0C (=0)N(R24) 3, —mi25c(=0)1224, -NR25¢c (=0)OR242,

25 -NR25C(=0)N(R24)3, -NR25505N(R24)5, -NR25503R242, -g503H,
-S0zR243, -sr24, -s5(=0)R242, -SO2N(R24)3, -N(RZ4)2,
~NHC (=S)NHR24, =NOR24, N0y, -C(=0)NHOR24,

'—C(=O)NHNR24R24a, -0CH2CO2H, 2- (1-morpholino)ethoxy,
(C1-Cx)alkyl, (C2-C4)alkenyl, (C3-Cg)cycloalkyl,

20



R21 and R22 are each independently selected fromthe group: a direct bond
to Ln, -OH, (Cl-Cl0)alkyl substituted with 0-3 R23, (Cl-C10)al kyl
substituted with 0-3 R23, aryl substituted with 0-3 R23, 10

(C3-C10) cycl oal kyl substituted with 0-3 R23, heterocycl o-(Cl-C10)al kyl
substituted with 0-3 R23, wherein the heterocyclo group is a 5-10 nenbered
het erocyclic ring system containing 1-4 heteroatons 15i nde gogndentidhse ’
selected fromN, S, and 0, R23, (CB-Cl0)aryl-(CLl-CL0)al kyl9 Ug4st; d with
0-3 (C1-C10)al kyl -(C6-Cl0)aryl - substituted with 0-3R23, and a 5-10
menbered heterocyclic ring systemcontaining 1-4 heteroatons independently
selected fromN, S, and O and substituted with 0-3 R23; 20 R23 is

i ndependent | y sglzeckedyeloldsime6Bel) I @36€6H Dkt kgloupiryh direct bond to
Ln, =0, F, O, Br, |, -CF3, -CN, -C02R24, -C(=O)R24, -C(=O)N(R24)2, 25
~CHO, - CH20R24 sul@@ét@;@zwltho@tzo;%ﬁaz@axd aORoL0 membered) N( R24) 2,

- NR25C(=0) R4, 1 WNRRSELEORA4R, sysDBRACTALN R24 2 1hB25SEEN R24) 2,
-NR25SO2R24a, - S03H, - S02R24a, § S(N 0£R24a - SOZN(R24) 2, - N(R24) 2,
-me=$va4,Eﬁ$&EeNé¥ I (3% HNR24R24a, - OCH2CORH,

2- (1- ﬁDrphO%ino)ethOXy, IMClaﬁﬁﬁa|£ﬁ& RZSIQrQAiﬁ&éSEHdentﬁ§3séi@dﬁ@@ Oa|ky|
20 19 August 2005 gc cl oal k | met hy §C2 Co) al koxyal g ar
substituted wit3 (?afh RCE fa t?ﬁ‘;ﬁ’rﬁ’é’r" I‘Petdé'rr@E% rﬁ%é‘nsyst em
containing 1- 4IﬂeU@&0@%FHEkyl, phenyl, benzyl, (C1-Cg)alkoxy, halide,
nitro, cyano, and trifluoromethyl;
' Ln is a linking group having the formula:
10 ( (W) h- (CR13R14) g) x- (2) k- ((cR13aR14a) oo - (W)n /) x
wherein,

W is independently selected at each occurrence
from the group: O, S, ﬁH, NHC (=0), C(=0)NH, NR1l5c(=0),
c(=0)N R15, c(=0), C(=0)0, OC(=0), NHC(=S)NH, NHC(=O)NH,

15 S0, SO2NH, (OCH2CH2)sg, (CH2CH20)g', (OCH2CH2CH2)g»,
' (CH2CH2CH20) £, and (aa)t';

aa is independently at each occurrence an
amino acid; |

Z is selected from the group: aryl substituted

20 with 0-3 R6, (C3-C10)cycloalkyl substituted with 0-3
R16, and a 5-10 membered heterocyclic ring system
containing 1-4 heteroatoms independently selected from
N, S, and O and substituted with 0-3 R16;

r13, Rr13a, rl1l4, grl4a, zng r15 are

25 independently selected at each occurrence from the
group: H, =0, COOH, SO3H, PO3H, (C1-Cs)alkyl substituted
with 0-3 R16, aryl substituted with 0-3 R18, benzyl
substituted with 0-3 R16, and (C1-C5)alkoxy substituted
with 0-3 R16, NHC(=0)R17, c(=0)NHR17, NHC(=0)NHR17,

30 nNHRY?, R17, and a direct bond to Ch;

21



i ndependently selected fromN, S, and 0; 5 R24, R24a, and R25 are

i ndependently sel ected 10 at each occurrence fromthe group: a direct bond
to Ln, H, (Cl-C6)al kyl, phenyl, benzyl, (Cl-C6)al koxy, halide, nitro,
cyano, and trifluoronethyl; Ln is a |linking group having the fornula:
((Wh-(CR13R14) g) x- (Z2) k- ((CR13aR14a) g, - (Wh')x1 wherein, Wis

i ndependently sel ected at each occurrence fromthe group: 0O, S, NH
NHC(=0), O(=O)NH, NR15C(=0), C(=0)N R15, C(=0), C(=0)0, ‘Qhugyst 2445 =s) NH,
NHC(=0) NH, 15 S02, SO2NH, (OCH2CH2)s, (CH2CH20)s', (OCH2CH2CH2)s
(CH2CH2CH20O) t, and (aa)t'; as is independently at each occurrence an am no
acid; Zis selected fromthe group: aryl substituted 20 with 0-3 R16,

(C3- C10) cycl oal kyl subst kl8t 84l ideBeRadnt Rl Ge1886ed & LAcHENDET ed
heterocyclic ring system containing 1-4 heteroatons i ndependent |y selected

from N, S, ando@cumrensebgrem uthed owptih: 0 3liRe6t BBl tR18n, FARI’R14a, and
R15 are 25 |nde endent | sel ect e%ﬁt each oclgurrence fromthe oup H,

=0, 0O+ SGBH bd%)l—’ﬂﬂptl 1-b § GFUR s PRt iR e 9\1’%% F93H. RI%P
: . -
(Chs o) al koxy. SRy SRt AN s 17 Rl By

NHC(=O) NHR1A  39ubdilcGit eBli ciarod 1arUB | emli@@nalk@:qﬁﬁub%liﬁﬁtéﬁlm 2005 R16

i s independently sel ected at each
0-1 R18, and a 5-10 membered he;erocyclic ring system

containing 1-4 heteroatoms independently selected from
N, S, and O and substituted with 0-3 R17;
R17 is independently selected at each
10 occurrence from the group: H, alkyl substituted with 0-

1 R18, aryl substituted with 0-1 R18, a 5-10 membered
heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, S, and O and substituted
with 0-1 R18, (C3-C10)cvcloalkyl substituted with 0-1

15 R18, polyalkylene glycol substituted with 0-1 R18,
carbohydrate substituted with 0-1 R18, ‘cyclodextrin
substituted with 0-1 R18, amino acid substituted with
0-1 R18, polycarboxyalkyl substituted with 0-1 R18,
polyazaalkyl substituted with 0-1 R18, peptide

20 substituted with 0-1 R18, wherein the peptide is
comprised of 2-10 amino acids, 3,6-0-disulfo-B-D-
galactopyranosyl, bis(phosphonomethyl)glycine, and a
direct bond to Ch;:

R18 is a direct bond to Ch;

25 k is selected from 0, 1, and 2;
h is selected from 0, 1, and 2;
h’' is selected from 0, 1, and 2;
g is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, and 10;
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occurrence fromthe group: a direct bond to Ch, COOR17, C(=0 NHR17,
NHC(=O) R17, OH, NHR17, SO03H, PO3H, -OP03H2, -0OSO03H, aryl substituted with
0-3 R17, (Cl1_C5)alkyl 5 substituted with 0-1 R18, (Cl-C5)al koxy substituted
with 0-1 R18, and a 5-10 nenbered heterocyclic ring system containing 1-4
het er oat ons i ndependently selected from N, S, and 0 and substituted with
0-3 R17; R17 is independently selected at each 10 occurre&t;& fro%t %e
group: H, alkyl substituted with 0- 1 R18, aryl substitut Woyst 490 R18, a
5-10 nmenbered heterocyclic ring systemcontaining 1-4 heteroatons
i ndependently selected fromN, S, and 0 and substituted wth 0-1 R18,
(C3-C10) cycl oal kyl substituted with 0-1 15 R18, pol yal kyl ene g7l ycol
substituted with 0-1 R189' mrsdkpirdtErosulst Lt #ed widvh50-6. 7. 8,
R18, ' cycl odextrg n apqubstituted with 0-1 R18, am no acid substituted with
0-1 R18, polycarboxyal kyl substituted with 0-1 R18, polyazaal kyl
substituted with 0-1 R18% ﬁpﬁqlﬁé’tﬁg s it bt etr it #7021 R18) éherei n the
peptide is conprisediof 2-10 amino acids, 3,6-0disulfo-B-D
gal act opyranosyl, bis(phgsp gl yci.ne d di pec ng to Ch;
R18 is a di ?’gct bond to %h;ﬂg%%kq%}:gxée é%‘\lgd Jffgérqﬁ(?? JA.,' %hdé'z?zo’ %'i s
sel ected from 02, Bndahfli2; h' is selected fromO, 1, and 2; g is selected
fromO, 1, 2, 3, 4, 5, 6g»Tig &e1Bct@0rh 022119 Asguat, 2005 ¢, igs sel ected
fromoO, 1, 2, 3, 4, 5, .6, 7, 8, '
9, and 10;

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

t* is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,

9, and 10; .
x is selected from 0, 1, 2, 3, 4, and §;

x' is selected from 0, 1, 2, 3, 4, and 5;
15 n is an integer from 1 to 10;

BM is an SR-A antagonist of formula:

OH
R2
)
o \r\( o x | O
M (r! R')
‘A N ; or m NH OH HN . m
(R)m' . A ' | |
H S .

wherein
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59, and 10; s is selected fromO, 1, 2, 3, 4, 5, 6, 7, 8 9, and 10; s’
Is selected fromO, 1, 2, 3, 4, 5 6, 7, 8 9, and 10; s" is selected from
o, 1, 2, 3, 4, 5, 6, 7, 8 9, and 10; t is selected fromO, 1, 2, 3, 4, 5,
6, 7, 8 109, and 10; t' is selected fromO, 1, 2, 3, 4, 5 6, 7, 8, 9,
and 10; x is selected from0O, 1, 2, 3, 4, and 5; x' is selected fromO, 1,
2, 3, 4, and 5; 15 nis an integer froml to 10; BMis an SR-A antagoni st
of forrmula: ; or wherein NH 23 19 August 2005 Rl is indep BﬂH?@kd@ | ect ed
from H R - benzam do, R -benzylether, Rl-benzylam no, am no, fluoralkyl,
hal o, cyano, nitro, aryloxyl, haloaryl, aryl, alkoxy, and 1,2-benzo; or Rl
represents a fused 5 ring form ng naphthal ene noiety with the six nenbered
aryl ring it substitutesR'R2 iindapdhdentlibeeleted rfroandHm RS- an i nt eger

from1 to 4 oryg, PRAYIRCRULICIA L REE CRRARLS, PablinbheLels, 10

fluoralkyl, halo, cyano, nitro, aryloxyl, haloaryl,
aryl, alkoxy, and 1,2-benzo; or R? represents a fused
5 ring forming naphthalene moiety with the six membered

aryl ring it substitutes;
R? is a direct bond to Ln; and

m is an integer from 1 to 4;

or a pharmaceutically acceptable salt thereof.

10
[21 Another embodiment of the present invention
provides a compound of embodiment [l] wherein Ch is
. 4 _A7
{E’ﬁz—E_ﬁ EATE
A3 A5
15
wherein,
I4
al is selected from the group: OH, and a
direct bond to Ln;
20 , 22, a4, and A6 are each N;
a3, a5, and a8 are each OH;
a7 is a direct bond to Ly or NH-bond to Lp;
E is a C2 alkyl substituted with 0-1 R23; and
R23 is =0.
25

(31 Another embodiment of the present invention

provides a compound of embodiment [1] wherein Ch is

24



[ 2] Anot her enbodi nent of the present invention provides a-conpound of
enbodi nent [1] wherein Ch is 15 wherein, Al is selected fromthe group: OH,
and a direct bond to Ln; 20 A2, A4, and A6 are each N, A3, A5, and A8 are
each OH, A7 is a direct bond to Ln or NHbond to Ln; Eis a C2 al kyl
substituted wth 0-1 R23; and R23 is =0. 25 [3] Another enbodi rent of the
present invention provides a conpound of enbodinment [1] wherein Ch is 24
19 August 2005 EN wherein, 5 10 Al is selected fromthe dgftpugushd008nd a
direct bond to Ln; A2, A3 and A4 are each N; A5, A6 and A8 are each OH;

A7 is a direct bond to Ln; Eis a C2 alkyl substituted with 0-1 R23; and
R23 is =0. [4] Another enbodi nent of the present invention 15 provides a
conmpound of enbodi ment [1] wherein Ch is Al' 20 wherein

/\5
e Aﬁ

AN
EN\\
: E—A
\
E

A7/

wherein,
5
Al is selected from the group: OH, and a
direct bond to Lp;
22, A3 and A% are each N;
a5, A6 and A8 are each OH;
10 A7 is a direct bond to Lp;

E is a Cg alkyl substituted with 0-1 R23; and

R23 ig =0.

[4]) Another embodiment of the present invention

15 provides a compound of embodiment (1] wherein Cp is

E—A?
AT

20 wherein

Al is NHy;
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Al is NH2; E -A2 25 19 August 2005 E is a direct bond; A2 is NHRL9; R19 is
a heterocycle substituted with R23, the heterocycle being selected from
pyridine and pyrimdine; 5 R23 is selected froma direct bond to Ln,

C(=O NHR24 and C(=O R24; R24 is a direct bond to Ln; R30 is selected from
t he group: -CO2R31, -OR31, -SG3H, and -N(R31)2; and 10 R31 is

i ndependent | y- selected at each occurrence fromthe group: hydro%en and
met hyl . [5] Anot her enbodi nent of the present invention 1&%%%@ Q5
conpound of enbodi ment [1] wherein Ch is 15 selected fromthe group: DTPA,
DOTA, TETA, TRITA, HETA, DOTA-NHS, TETA-NHS,

DOTA(d y) 3- L- (p-i sot hi ocyanot o) - Phe- am de, and DO3A. [6] Another

enbodi ment of the presergE isneedireat RMdprovi des. a conmpound of forrmula (I):
M Ch-Ln- (BMn 25 wherei Mis Egdionuclide selected from 99mIC, 117nBn,
1111n, 97 Ru, 67Ga 68Ga BO2A¥ ¥R{ 1/ 47Sc 105 ; 188Re 60Cu , 26 19 August

2005 620 60 and 67ty 3 OLSURADEIAS HEL.Baachs A BAEDS
heterocycle being selected from pyridine and pyrimidine;
5 R23 is selected from a direct bond to Lp,

C(=0)NHR24 and C(=0)R24;
R24 is a direct bond to Ln;
R30 is selected from the group: —C02R31,

-0Rr31, -s03H, and -N(R31l)5; and

10 : R?l is independently selected at each

occurrence from the group: hydrogen and methyl.

[5] Another embodiment of the present invention
provides a compound of embodiment {1] wherein Ch is

15 selected from the group: DTPA, DOTA, TETA, TRITA, HETA,
DOTA-NHS, TETA-NHS, DOTA(Gly)3-L-(p-isothiocyanoto)-Phe-
amide, and DO3A.

[6] Another embodiment of the present invention

20 provides a compound of formula (I):

M-Ch~Ln- (BM)n

ey

25 wherein,

M is radionuclide selected from: "rc, !"™mgp,

11111‘1, 97RU., 67Ga, SBGa, BSZr' 177Lu, 47SC, 1°5Rh,’ 188Re, GOCu’
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atom ¢ nunmber 21-31, 39-49, 50, 56-80, 82, 83, 90; Ch is a netal chelator
having a fornmula 5 selected fromthe group: A~~. A2 AVEAV~A3~A4
E4--"-E--,k7 10 i A3 A5 wherein, and A, A2, A3, A4, A5, A6, A7, and A8
are independently selected at each occurrence fromthe group: NR19,
NR19R20, S, SH, 0, OH, PR19, PR19R20, 15 P(O R21R22, and a direct bond to
Ln; Eis a direct bond, CH or a spacer group i ndependentl selected at
each occurrence fromthe group: (Cl-Cl0)al kyl substitut é@&h’

aryl substituted with 0-3 R23, (C3-C10)cycl oal kyl substltuted 20 mnth 0 3
R23, heterocycl o-(Cl-Cl0)al kyl substituted with 0-3 R23, wherein the

het erocyclo group is a 5-10 nenbered heterocyclic ring system containing
1- 4 heteroatorf%Cmncf dpermenfion, sek etk dimagmeblic Stetmiddi6n @F at®mAagust 2005
(C6-C10) aryl - ( ) a3k k it h

(CL- C10) al ky! - Q ?gry% Sd?ﬁ%%fu%?%dw = QF%%W Beah 2P0 Tenber ed
het erocyclic rlaf‘l-'gm!é-stl eorlathi nd®-42.4 Sert 8fo# orf2 i Adep¥hident |y sel ect ed
fromN, S, and 0 5 and gybsd iat wbegh WH 202 R2windRE9 ravgu20 are each

|ndependently sel ected
selected from the group:

A1,E—A2 A/E\ /E\ 3/E\

) A
/AS
s
AB\E/A‘*\
A1/ i T E\Aa /E
A3 A5 ., and A7 ;
10
wherein,

al, a2, a3, a4, a5, a6, A7, and A8 are
independently selected at each occurrence £rom the
group: NR19, nNR19R20, s, sH, o, on, Pr19, pR19R20,
15 P(0)R21R22, and a direct bond to Lp;

E is a direct bond, CH, or a spacer group

independently selected at each occurrence from the

group: (C1-Cip)alkyl substituted with 0-3 R23, aryl

substituted with 0-3 R23, (C3-Cig)cycloalkyl substituted
20 with 0-3 R23, heterocyclo-(C1-C10)alkyl substituted with

0-3 R23, wherein the heterocyclo group is a 5-10
membered heterocyclic ring system containing 1-4

heterocatoms independently selected from N, S, and O,
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fromthe group: a direct bond to Ln, hydrogen, (Cl-C10)al kyl substituted
wth 0-3 R23, aryl substituted wth 0-3 R23, (Cl-C10)cycl oal kyl
substituted with 0-3 R23, heterocycl o-(Cl-Cl0)al kyl substituted with 0-3
R23, 10wherein the heterocyclo group is a 5-10 nenbered heterocyclic ring
system contai ning 1-4 heteroatons independently selected fromN, S, and O,
R23, (C6-Cl0)aryl-(Cl-C10)al kyl substituted with 0-3

15( C1- C10) al kyl - (C6- Cl0) aryl - substituted with 0-3R23, al19-August#BBPed
heterocyclic ring systemcontaining 1-4 heteroatons independently sel ected
fromN, S, and 0 and substituted with 0-3 R23, and an el ectron, provided
that when one of R19 or R20 is an electron, then the other is 20 al so an

| ect R21 t.ex

clect on F2L g g3ty ereh eaepsSil pekes ety bramade orow: @
(C1-C10) al kyl sw@slaltoura@ﬂymtcﬂs Qo3 abeB, saib»sluaubéalvslttthe@-w £28 0-3 R23, 25
BT rur L ot WH0.5 238 nohirad hoe o iiaeos o RSP0 msbor o
substituted wi 0 menber e
heterocyclic rimngs ssé‘tte&arheezaéadﬂadwnaeﬁtlh;ets@ueatearsfrdnnmbepeno&m loy sel ected
fromN, S, and 0, 28 19 August 2005 ; Cl10) aryl - (C1-C10) al kyl substituted
with 0-3 R235 e -substakried (wghco a‘i‘% substituted with O- 3 R23 and a
5-10 nenbered heterocyclhggrwgmsgg@ Sont qgg %ndgntﬁyhsggg

i ndependently selected fromN titufe
from the group: a direct bond to Lp, hydrogen,

03R23

(C1-C10)alkyl substituted with 0-3 R23, aryl substituted
with 0-3 R23, (C1-C1ip)cycloalkyl substituted with 0-3

10 R23, heterocyclo-(Ci-Cig)alkyl substituted with 0-3 R23,

wherein the heterocyclo group is a 5-10 membered
heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, S, and O,
(C6-C10) aryl-(C1-Ci0)alkyl substituted with 0-3 R23,
15 (C1-C10)alkyl-(Cg-C10)aryl- substituted with 0-3 R23, a

5-10 membered heterocyclic ring system containing 1-4

heteroatoms independently selected from N, S, and O and
substituted with 0-3 R23, and an electron, provided that

when one of R19 or R20 is an electron, then the other is

20 also an electron;

R21 and R22 are each independently selected
from the group: a direct bond to Lp, -OH, (C1-Cig)alkyl

substituted with 0-3 R23, (C1-C10)alkyl substituted with
0-3 R23, aryl substituted with 0-3 R23,
25 (C3-C10)cycloalkyl substituted with 0-3 R23,

heterocyclo-{(C1-C10)alkyl substituted with 0-3 R23,

wherein the heterocyclo group is a 5-10 membered
heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, S, and O,
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R23 is independently selected at each occurrence fromthe group: a direct
bond to Ln, =, F, d, Br, I, -CF3, -CN, -C02R24, -C(=0) R24,
-C(=ON(R24) 2, -CHO -CH20R24, -0OC(=0)R24, -0OC(=0 OR24a, -0OR24, 10

-OC(=0) N(R24) 2, - NR25C(=0) R24, - NR25C(=0) OR24a, -NR25C(=0)N(R24)2,
-NR25SO2N(R24) 2, _NR25S2R24a, -S03H, -S02R24a, - SR24 - Y( O) R24a

- SO2N( R24) 2, -N(R24)2 - NHC( =S) NHR24, =NOR24, NO2, é

- C( =0 NHNR24R24a, - OCH2CORH, 2- ( 1- mor phol i no) et hoxy, 15 o ﬁl@saS&PQ%
(C2-CA4) al kenyl, (C3-C6)cycloal kyl, (C3-C6)cycl oal kyl net hyl ,

(C2- C6) al koxyal kyl , aryl substituted with 0-2 R24, and a 5-10 menber ed

het erocyclic ring system contai ning 1-4 heteroatons independently selected

fromN, S, and 43 5 j thy I3ect ed at each
occurrence from t6h 98&%1 F@ ach@cr}tCi]§% ﬁ%gt{M%%ﬁtWF 6 3? I'kyl , phenyl,
benzyl, (CL- ClQh%'—@Qd)’alkﬁakCglecldblatr@q,— SHBEO: tr AR tvttttlw@tﬁét hyl; Lnis a
Ilnklng group having the fornul a:

((W h- (CRL3R14ygRx2( 2K (“(%8%@21}2?&'—)9@70%’9\%0 )sdng smé%mnwgng
:\I ag(ep(e))ndegl )6) %ﬁM6ﬁ%%§t§aC&dK%if5&BQ§ sé:[ég)aetd&grg?gup gc?fg)s °Nﬂ’q _) N
NHC( =O) NH, 29 PodagHbsE tires ‘SB‘Zh 33@2%%15 (00RO 5, (CH2CH20) s | T

(0Crocoa) st (CH2CHRGHED) Laa gl daR) ) sofitien hedgpandent | y'at each

occurrence an amno acid sel ect ed romthe gl’ oup: aryI
substi t ut ed occurrence from the group a direct bond €o Lp, =0,

Ccl, Br, I, -CF3, -CN, -CO2R24, —C(=O)R24,»—C(=O)N(R24)2,
-CHO, -CH20R24, -0C(=0)R24, -0c(=0)0R242, -0OR24,
10 -0C(=0)N(R24)5, -NRZ5c(=0)R24, -NR25C(=0)0ORZ24a,
-NR25C (=0)N(R24) 3, -NR253503N(R24)5, -NR25g03R242, -SO3H,
-S0gR242, -gr24, -g(=0)R24a, -g03N(R24)3, -N(R24)j,
-NHC (=S)NHR24, =NOR2?4, NO2, -C(=0)NHOR24,
-C (=0)NHNR24r242, -OCH2CO2H, 2-(1l-morpholino)ethoxy,
15 (Ci-Cs)alkyl, (C2-Ca)alkenyl, (C3-Cg)cycloalkyl,
(C3-Cg)cycloalkylmethyl, (C2-Cg)alkoxyalkyl, aryl
' substituted with 0-2 R24, and a 5-10 membered

heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, S, and O;
20 R24, r24a, and R25 are independently selected

at each occurrence from the group: a direct bond to Lp,
H, (C1-Cig)alkyl, phenyl, benzyl, (C1-Cio)alkoxy,
hélide, nitro, éyano, and trifluoromethyl;
Ln is a linking group having the formula:
25 ((W)n- (CRI3R14) g) x- (Z2) k- ( (CRI3aR142) g/ — (W) n ' ) x ' ;
wherein,

W is independently selected at each occurrence
from the group: O, S, NH, NHC(=0), C(=0)NH, NRlSC(=O),
Cc(=0)N R15, c(=0), C(=0)0, 0OC(=0), NHC(=S)NH, NHC(=0)NH,
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with 0-3 R16, (C3-Cl0)cycloal kyl substituted with 0-3 R16, and a 5-10
nmenbered heterocyclic ring system containing 1-4 heteroatons independently
selected from N, S, and 0 and substituted with 0-3 R16; .10 R13, R13a,

R14, Rl4a, and R15 are independently selected at each occurrence fromthe
group: H, =0, COOH, SO3H, PO3H, (Cl-C5)al kyl substituted wth 0-3 R16,
aryl substituted with 0-3 R16, benzyl substituted with Q-3 R16, and

(Cl- C5) al koxy ‘substituted 15 with 0-3 R16, NHC(=0)R17, C{9&uausi2005
NHC(=O) NHR17, NHR17, R17, and a direct bond to Ch; R16 is independently
sel ected at each occurrence fromthe group: a direct bond to Ch, COOR17,
C(=0) NHR17, NHC(=0)R17, OH, NHR17, SO3H, PO3H, .-0P03H2, 20 -OSQ3H, aryl

substituted w isby0- 8o, (0CH2EH)) 8 Kyhyewpsitd 4, utieduyciicH)) i» R18,
(Cl1l-C5) al koxy substituted with_ 0-1 R18, and a 5-10 nmenbered heterocyclic
ring system cdREAFERRHRAt4 RBHEefHttdAs i ndependently selected from N, S,

and 0 and substituted widd i@ 3InEddendBt R} 7at Seddhdepensedidey afiel ect ed at
each occurrence,fromgthe group: H alkyl substituted with 0- 1 R18, aryl

substituted w PA*B°12RE, a 5-10 nmenbered heterocyclic ring system
cont ai ni ng %-4 heteroat arsis sellepestignbhytlselgobpd argndNbsEitabed 0 and

substituted 30 19 August 62005 Wi t O-i Ris (C%—ﬁClO cycl oal kyl _substituted
. 1 Tk, y -
with 0-1 RIS, WﬁBPy%%( ene (SPyEb‘P) Feher it & tllﬁ?lﬁg‘i “ﬁf%x 3carbohydrate
substituted w thGO'QIﬁBJa&S— YCLogeXtdd Bet SHOSId W edn S Qpl R18, amino
acid substituted wWith 5 0-?‘ ng, po%ycar oxé;%lkyl su%nst% uted with 0-1 R18,
containing 1-4 hetercatoms independently selected from
N, S, and O and substituted with 0-3 R16;
10 R13, Rrl3a, R14, rl4a, and R15 are
independently selected at each occurrence from the
group: H, =0, COOH, SO3H, PO3H, (C1-Cs)alkyl substituted
with 0-3 R16, aryl substituted with 0-3 R16, benzyl
substituted with 0-3 R16, and (C1-Cs)alkoxy substituted
15 with 0-3 R16, NHC(=0)R17, c(=0)NHR17, NHC(=0)NHR17,
NHR17, R17, and a direct bond to Ch;-
R16 is independently selected at each

occurrence from the group: a direct bond to Ch, coorl17,

c(=0)NHR17, NHC(=0)R17, oH, NHR!7, SO3H, PO3H, -OPO3H2,
20 -08S03H, aryl substituted with 0-3 R17, (Cc1-Cs)alkyl

substituted with 0-1 R18, (C1-Cg)alkoxy substituted with

0-1 R18, and a 5-10 membered heterocyclic ring system
containing 1-4 heteroatoms independently selected from
N, S, and O and substituted with C-3 R17;

25 R17 is independently selected at each
occurrence from the group: H, alkyl substituted with 0-

1 R18, aryl substituted with 0-1 R18, a 5-10 membered
heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, S, and O and substituted
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pol yazaal kyl substituted with 0-1 R18, peptide substituted with 0-1 R18,
wherein the peptide is conprised of 2-10 am no acids, 3,6-0disulfo-B-D
gal act opyr anosyl, bi s(phosphononet hyl)glycine, and a 10 direct bond to Ch;
R18 is a direct bond to Ch; k is selected fromO, 1, and 2; h is selected
fromO, 1, and 2; h' is selected fromO0O, 1, and 2; 15 g is selected from
o, 1, 2, 3, .9, and 10; ¢' is selected fromO, 1, 2, 3, 9, and 10; s is
selected fromO, 1, 2, 3, 20 9, and 10; s' is selected fA9August2085 3 o
and 10; s" is selected fromO, 1, 2, 3, 9, and 10; 25t is selected from
0o, 1, 2, 3, 9, and 10; t' is selected fromoO, 1, 2, 3, 30 4,5,6,7,8,
4,5,6,7,8, 4,5,6,7,8, 4,5,6,7,8, 4,5,6,7,8, 4,5,6,7,8, 4,5,6,7,8, 9, and

10; with 0-1 R18, (C3-C10)cycloalkyl substituted with 0-1
| R18, polyalkylene glycol substituted with 0-1 R18,
carbohydrate substituted with 0-1 R18, cyclodextrin
substituted with 0-1 R18, amino acid substituted with
5 0-1 R18, polycarboxyalkyl substituted with 0-1 R18,
polyvazaalkyl substituted with 0-1 R18, peptide
substituted with 0-1 R18, wherein the peptide is

comprised of 2-10 amino acids, 3,6-0-disulfo-B-D-
galactopyranosyl, bis (phosphonomethyl)glycine, and a
10 direct bond to Cp;

R18 is a direct bond to Ch;
k is selected from 0, 1, and 2;
h is selected from 0, 1, and 2;
h' is selected from 0, 1, and 2;
15 g is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, and 10;
g’ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, and 10;
s is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,
20 9, and 10;
s' is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,

9, and 10; '
s" is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, and 10;
25 — t is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,
9, and 10;
t’ is selected from O, 1, 2, 3, 4, 5, 6, 7, 8,
9, and 10; V
x is selected from 0, 1, 2, 3, 4, and 5;
30 x’ is selected from 0, 1, 2, 3, 4, and 5;

n is an integer from 1 to 10;
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x is selected fromO, 1, 2, 3, 4, and 5; x' is selected fromO, 1, 2, 3,
4, and 5; nis an integer from1 to 10; 31 19 August 2005 BMis an SR A
antagoni st of forrmula: 5 wherein RL is independently selected from H Rl -
benzam do, R -benzyl ether, Rl-benzylam no, am no, fluoral kyl, halo, cyano,
nitro, aryloxyl, haloaryl, aryl, alkoxy, and 1,2-benzo; or Rl represents a
fused 10 ring form ng naphthal ene noiety with the si x menbered ring

it substitutes; R2 is a direct bond to Ln; mis an |ntegé|9Alr'954ﬁt?0§5 4; M
is a netal ion selected fromFe(lll), 15 @(III) Co(lll), Ni(Il), or-
Cu(ll); M is a netal-containing noiety selected from V=0 M=0, or Re=0Q
and L is a coligand selected from trialkyl phesphine, triaryl phosphine, 20
triaryl yal kyl phosphi ne, Bwriisdanesmoa pytagdomestardl dgrinald: appropriate
substituent on the pyridine ring; 32 19 August 2005 or a pharmaceutically
acceptable salt thereof. 5 [7] Another enbodiment of the present invention
provi des a conpound of enbodr ment [ 6] wherein Ch |i2\/\/nere| n, Al is selected

fromthe group: OH, and a | I
5 \Z 5/ \Z
O O
<5 R
X / o \ / 0 I’
) | ).

R‘
m

5 wherein

R' is independently selected from: H, R-
benzamido, R'-benzylether, R}-benzylamino, amino,
fluoralkyl, halo, cyano, nitro, aryloxyl, haloaryl,
arylz alkoxy, and 1,2-benzo; or R! represents a fused

10 ring forming naphthélene moiety with the six membered

arvl ring it substitutes;
R? is a direct bond to Ln;
‘m is an integer from 1 to 4;

M’ is a metal ion selected from Fe(III),
15 O0s(III), Co(III), Ni(II), or Cu(II);

- M* is a metal-containing moiety selected from:
V=0, Mo=0C, or Re=0; and

L is a coligaﬁd selected from:
trialkylphosphine, triarylphosphine,
20 triarylyalkylphosphine, pyridine or pyridine analog with

appropriate substituent on the pyridine ring;
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10 direct bond to Ln; A2, A4,and A6 are each N, A3, A5, and A8 are each OH 15
A7 is a direct bond to Ln or NHbond to Ln; Eis a C2 al kyl substituted
with 0-1 R23; and R23 is =0. [8] Another enbodi nent of the present
invention provides a conmpound of enbodi ment [6] wherein Ch is 20 A7 33 19
August 2005 5 10 wherein, Al is selected fromthe group: OH and a direct
bond to Ln; A2, A3 and A4 are each N, A5, A6 and A8 are each OH__ A7 is a
direct bond to Ln; Eis a C2 alkyl substituted with 0-1 H33AUGHI 20853 s
=0. [9] Another enbodi ment of the present invention provides a conmpound of
enbodi mrent [6] wherein Ch is ~E-A2 A 15 mhereln Al is NH2; Eis a direct
bond; A2 is NHRL9;

or a pharmaceutically acceptable salt thereof.

(7] Another embodiment of the present invention

provides a compound of embodiment (6} wherein Ch is

wherein,

Al is selected from the group: OH, and a
10 direct bond to Ln;

22, a4, and A6 are each N;

a3, a5, and A8 are each OH;

A7 is a direct bond to Lp or NH-bond to Lp;

E is a C2 alkyl substituted with 0-1 R23; and

15 ' R23 is =0.

[8] Another embodiment of the present invention

provides a compound of embodiment {6] wherein Cp is




20 R19 is a heterocycle substituted wwth R23, the heterocycle being
selected frompyridine and pyrimdine;, R23 is selected froma direct bond
to Ln, C(=ONHR24 and C(=0)R24; R24 is a direct bond to Ln; 25 R30 is
selected fromthe group: -CO2R31, -OR31, -SO03H, and -N(R31)2; and 34 19
August 2005 R31 is independently selected at each occurrence fromthe
group: hydrogen and nethyl. [10] Another enbodi nent of the present
invention 5 provides a conpound of enbodinent [6] whereilf AtgusE28@Pect ed
fromthe group: DTPA, DOTA, TETA, TRITA, HETA, DOTA-NHS, TETA-NHS,
DOTA(d y) 3-L- (p-isot hi ocyanot 0) - Phe- am de, and DO3A. 10 [11] Anot her
enbodi nent of the present invention provides a conpound of the formula: m
"/, Oli "L Owherein; or mO-MNH2 o~L 15 Mis radionuclide selected
from 60Cu, 62%%breggu and 67Cu; M is 99i' Tc or 188Re;

7

Al is selected from the group: OH, and a
direct bond to Lp;

5 A2, a3 and A4 are each N;
A5, a% and a8 are each OH;
A7 is a direct bond to Lp;

E is a C2 alkyl substituted with 0-1 R23; and

R23 is =0.
10
{91 Another embodiment of the present inventidn
provides a compound of embodiment [6] wherein Cp is
. A
15
whergin,
al is NHp;
E is a direct bond;
22 is NHR1I;
20 R1% is a heterocycle substituted with R23, the
heterocycle being selected from pyridine and pyrimidine;
R23 is selected from a direct bond to Ly,
C(=0)NHR24 and C(=0)R24;
R24 is a direct bond to Ln;
25 R30 is selected from the group: —C02R3l,

-0rR31, -503H, and -N(R31)5; and
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35 19 August 2005 Rl is independently selected from H, R - benzam do,

R1- benzyl et her, Rl-benzylam no, am no, fluoralkyl, halo, cyano, nitro,
aryl oxyl, haloaryl, aryl, alkoxy, and 1, 2-benzo; or Rl represents a fused
5 ring form ng naphthal ene noiety with the six nenbered aryl ring it
substitutes; R2 is independently selected from H, fluoralkyl, halo,

aryl oxyl, haloaryl, aryl, alkoxy, and 1, 2-benzo; or R2 represen fused
ring forming 10 naphthal ene noiety with the six nenbered18ﬁwguﬁtéé0§t
substitutes; mis an integer froml to 4, and L is a coligand sel ected
from trial kyl phosphine, triaryl phosphine, 15 triarylyal kyl phosphi ne,
pyridine or pyridine analog with appropriate substituent on the pyridine
ring;, or a pharnaceuticaliy ;acag t . Anot her

enbodi ment of the pr ese?lf% inl\%g%??%ﬁ%%n%?gvfdggétgeqrrgtth%htlo di agnose a
cardi ovascul ar aicszasece i fran rhei gntur(:e. ydroégemmnd Fethwbt hod conpri ses
adm nistering to the patient in need of such diagnosis an effective anpunt
of a conmpound of enbodinent [1], [2], [3], [4], or [5] and detecting the
presence of the 25 conpound. [13] Another enbodi nent of the present

i nvention provil@ds ArRHERHOETBPIdReRHidfe fhe[BDFSSteABVRRERE! car di ovascul ar

di tsease3i68 el §&lR9abt O c AP RLRCESGhReRbse 1) RBlalig @) ague, coronary
artery
selected from the group: DTPA, DOTA, TETA, TRITA, HETA,
DOTA-NHS, TETA-NHS, DOTA(Gly)3-L-(p-isothiocyanoto)-Phe-

amide, and DO3A.

10 [11] Another embodiment of the present invention

provides a compound of the formula:

.Rz
/l\
o} = 0

8]
N
N PN
. / 9) O
(). )
m m
R2 R2
o X o ¥
9 | |
\ N y or x N
1 d P d
(R)m' 2 \,/o ( )m' ) _NH,
() M\ M\
< <,
wherein
15 M is radionuclide selected from: ®cu, ®cu,

84cu and ®'cu;

M’ is ™c or %%Re;
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19 August 2005 di sease, renal disease, thronbosis, transient ischema due
to clotting,

failure and hyperchol esterolem a. 5 [14] Another enbodi ment of the present

i nvention
patient.

[4],

or [5]

stroke, nyocardial infarction, organ transplant, organ

provi des a nmethod to nonitor a cardi ovascul ar disease in a
The nethod conprises admnistering to the patient in need of such

nonitoring an effective amount of a conpound of enbodi t, [1 , [3],
O ALt 2003 o

10 and detecting the presence of the compou r

enbodi ment of the present invention provides the nethod of enbodi ment 14
wherein the
vul nerabl e plaque, coronary artery _disease, renal_ disease,; thronbosis,
transi ent ischenia due & olgligdepapdertipieelenlt ££amal i fFarction, organ
transpl ant,
enbodi ment of the present _invention [ovi des hqd .t o nitor the
progressi on of f&H°P%Jt 'oE‘é?%‘r SO eg?‘s’ﬁ°1 r?lyﬁﬁg}(e:li'e%él%ﬁgghet hod
conprises adni BirgleraXigpxyo mméJpéb%entcinaméédreﬂraﬁguhs aoflisest i ng an

ef fect i ve agoupl,gle-UIPAUNGEh 23 REDOL Nk b sfhenbdteal 41, o (5]

and detecting

cardi ovascul ar disease is selected from 15 atheroscl erosis,

Or §afAzimiddir @ ashyapenehpleshenfemiino 20arhikfd, Anot her

presence e conmpound. [17] Anot her enbodi ment of the

present invent RsHl PiasiidesWbsHet6§it o detect vul nerable plaque in a 30

patient.

[4],

The net hod conmppi ses. adm nistering.to t 37 .19 August 2005
patient in need of such %ef%&ﬁ%ﬁﬁeﬁéﬁ%ﬁﬁfﬁ&eﬁeg% 2

emsodi ment [1],d[2], [3].

or [5] andldetsXtyInghthe, aryloxyl, haloaryl, aryl, alkoxy, an

10

15

20

25

30

1,2-benzo; or R? represents a fused ring forming
naphthalene moiety with the six membered aryl ring it

substitutes;
m is an integer from 1 to 4; and

L is a coligand selected from:
trialkylphosphine, triarylphosphine,
triarylyalkylphosphine, pyridine or pyridine analog with

appropriate substituent on the pyridine ring;

or a pharmaceutically acceptable salt thereof.

[12] Another embodiment of the present invention
provides a method to diagnose a cardiovascular disease
in a patient (e.g., human). The method comprises
administering to the patient in need of such diagnosis
an.effective amount of a compound of embodiment [1],
(21, (3], [4], or [5] and detecting the presence of the

compound.

{13] Another embodiment of the present invention
provides a method of embodiment [12] wherein the
cardiovascular disease is selected from:

atherosclerosis, vulnerable plaque, coronary artery
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presence of the conpound. 5 [18] Another enbodi nent of the present
invention provides a nethod of enbodinment [12], [13], [14], [15], [16],
or [17] wherein the detection conprises nagnetic resonance imaging. 10

[ 19] Anot her enbodi nent of the present invention provides a nethod of
enbodi nrent [12], [13], [14], [15.], [16], or [17] wherein the detection
conprises X-ray 1imaging. 15 [20] Another enbodi nent of the preigab
invention provides a nethod to diagnose a cardi ovascul ar Pn a
patient. The method conprises adm nistering to the patient in need of such
di agnosi s an effective anmount of a conpound of enbodinent [6], [7], [8],
[9], or [10] and 20 detecting the presence of the conpound. [21] Another
embodi ment of dheepseserandlndéacasn throwbas a trenhbenbfisshbods nent 20

wherein the capdi pyasrildngdi SEAS&, RySElasiAd Mgmg& athgLgscl erosis,

vul nerabl e pl aque, coronary arter ‘di Sease, renal disease, thrombosis,
transi ent i sch&XPRSPIRRE t GTEPBL f?*ﬁg‘res?F‘Bk@Pe}ﬁFG@éPaF%@eﬁ‘Fér ction, organ
transpl ant, organ failure and hyperchol esterol em a 38 19 August 2005 [22]
Anot her enbodi ment of the present invention provides a nethod to nonitor a

car di ovascubar dleantabihy 2uBALARE: oFNEnIHA ROTRELAGR-AM Ni Stering o

the patient in nee such nonitorin fective amount 5 of  a conpound
of enbodi ment pPEPvifes a mefthofofo %ﬂanQB] earfigapseriag dise2peetRnce of
the conpound. [23htfAaet her Taebadingnicofbrifés RIAEQRELEAMRNtHoOBhe

patient in need of such monitoring an effective amount
of a compound of embodiment [1], [2], [3], [4], or [5]
10 and detecting the presence of the compound.

[15] Another embodiment of the present invention
provides the method of embodiment 14 wherein the
cardiovascular disease is selected from:

15 atherosclerosis, vulnerable plaque, coronary artery
disease, renal disease, thrombosis, transient ischemia
-due to clotting, stroke, myocardial infarction, organ

transplant, organ failure and hypercholesterolemia

20 [16] Another embodiment of the present invention
provides a method to monitor the progression of an
atherosclerotic lesion in a patient. The method
comprises administering to the patient in need of such
monitoring an effective amount of a compound of

25 embodiment [1], [2]1, [3], [4]}, or [5] and detecting the

presence of the compound.

[17] Another embodiment of the present invention
provides a method to detect vulnerable plagque in a

30 patient. The method comprises administering to the
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provi des a nmethod of enbodi nent 22 wherein the 10 cardi ovascul ar di sease is
selected from atherosclerosis, vul nerable plaque, coronary artery

di sease, renal disease, thronbosis, transient ischema due to clotting,
stroke, nyocardial infarction, organ transplant, organ failure and

hyper chol esterol em a 15 [ 24] Anot her enbodi ment of the present invention
provi desa nethod to nonitor the progression of an atherosclerotic |esion
in a patient. The method conprises administering to the 192Av@uit 2085need of
such 20 nonitoring an effective anount of a conpound of enbodi nent [6],
[7], [8], [9], or [10] and detecting the presence of the conpound. [25]
Anot her enbodi nent of the present invention 25Aprovides a nethod to detect

vul ner abl e pl agggtidnt ipahbEAtor BUeHTEEBEGE LATE! befSnadTiori Stering to the

patient in need of uch d C nd of 2% ment [ 6] 71, [8],
[9], or [10] anamﬁ zifh [fb Zég gggﬁf‘?hésédWﬁgﬁkﬁ' L%dﬂfg August
2005 [ 26] Anotheresmnnnﬁoﬁenheodomduanﬂresent i nvention. prOV|des a met hod
of enbodi ment [20], [21], [22], [23], [24]', or [25] wherein the detection
conpri ses nagnetic resonance inmaging. 5 [27] Another enbodinent of the

present inventi provi des a nethod of enbodi nent .[20 211, [22], [23],
[24], or [25? mﬁ%?hlﬂ“Fﬁgeﬁe?¥Rﬂ %ﬁ?“&oﬁﬁr?%%§mis?%§ lnve tlg
provides a method of embodiment ({121, [13), [14], {151,

[16]1, or [17] wherein the detection comprises magnetic

resonance imaging.

10 [19]) Another embodiment of the present invention
provides a method of embodiment (12}, [13], [14], [15],
[(16], or [17] wherein the detection comprises X-ray

imaging.

15 [20] Another embodiment of the present invention
provides a method to diagnose a cardiovascular disease
in a patient. The method comprises administering to the
patient in need of such diagnosis an effective amount of
a compound'of embodiment {6], [7], [8), [9], or [10] and

20 detecting the presence of the compound.

{21]) Another embodiment of the present invention
provides a method of embodiment 20 wherein the
cardiovascular disease is selected from:

25 atherosclerosis, vulnerable plaque, coronary artery
diseasé, renal disease, thrombosis, transient ischemia
due to clotting, stroke, myocardial infarction, organ

transplant, organ failure and hypercholesterolemia
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10i magi ng. [28] Anot her enbodi ment of the present invention The provides a
nmet hod of radio-imaging in a patient. nmethod conprises admnistering to a
patient in need of 15such radio-inmaging a conpound of claim 11l and
detecting the presence of the. compound. [29] Anot her enbodi nent of the
present invention provides a pharmaceutical conposition conprising a
predeterm ned quantity of a conmpound of enbodi nent [1], ZEH&Z], E%b [4],
or [5], or a pharmaceutically acceptable salt thereof; wgust 5
pharmaceutically acceptable carrier or diluent. [30] Another enbodi nent of
the present invention 25 provides a pharmaceutical conposition of

enbodi nent [29] further conprising an effective anount of a stabilizer.

[ 31] Anot her enf2adi nenbtivér tdmdofiieaentofi ntienpresentprioventeiom phar maceut i cal

conposition Off%”%u ustQETéé?Jd 29 ¥g€§€§:P tggrégéygscP % +f% Sekegred from

t he group: 40 ascor enzyl gentisic acid
or a netal sala p@heﬁabf Theamehbod reoipriges da@vlr&sﬁr&mng Her &58, .

cysteanine, 5-agiiene- mdﬁ&;e/bs@n;@w nﬁﬁ’h@oi?iné‘ a(f?téf'fecﬁﬁlré dnfdRReof |
nicotinic acid or a netal salt thereof n|Cﬁ@ nlde ﬁ polyh¥?roxylated

aromati c cofpofifda SAMPEYRARS @maﬂ@+ﬂ9ntaﬂéla ral® c anine
[ 32] Anot her erdwadideeattiig tide presaide iofvehéi osmpqundvi des a phar maceuti cal
conposition conprising a 10 predeterm ned quantity of a conpound of
enbodiment [6], [7], [8], [9], or [10], or a pharmaceutically acceptable

[23] Another embodiment of the present invention

provides a method of embodiment 22 wherein the

10 cardiovascular disease is selected from:

atherosclerosis, vulnerable plaque, coronary artery

disease, renal disease, thrombosis, transient ischemia -

due to clotting, stroke, myocardial infarction, organ

transplant, organ failure and hypercholesterolemia
i5

[24] Another embodiment of the present invention
provides  a method to monitor the progression of an
atherosclerotic lesion in a patient. The method
comprises administering to the patient in need of such
20 monitoring an effective amount of a compound of
~embodiment [6], [7]1, [8], [9], or [10] and detecting the

presence of the compound.

[25] Another embodiment of the present invention

25 provides a method to detect vulnerable plague in a
patient. The method comprises administering to the
patient in need of such detection a compound of
embodiment [6]1, [7], [8], [9], or [10] and detecting the

presence of the compound.

30
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salt thereof; and a pharmaceutically acceptable carrier or diluent. 15

[ 33] Anot her enbodi nent of the present invention provides a pharnaceuti cal
conposition of enbodinent [32] further conprising an effective anount of a
stabilizer. [34] Another enbodi ment of the present invention 20 provides a
phar maceuti cal conposition of enbodinent [33] wherein the stabilizer is
sel ected fromthe group: ascorbic acid, benzyl alcohol, entlsic acid or a
nmetal salt thereof, p-am nobenzoic acid or a salt thereé SBV%?@Qﬁine,
5-anino-2-hydroxyben20|c acid or a netal 25 salt thereof, nlcotinic acid or
a netal salt thereof, nicotinamde, a pol yhydroxyl ated aronatic conpound,
an aromatic amne, and a hydroxyl ated aromatic am ne. [35] Another

enbodi ment - of uhe]pna&¢m9riemhmmimamt 30 pheoymdesnt pirzentrEceut i cal

composi tion CotpeL R0 25 41n42 AHGEhatA0n. REGe! g5 negAjuansify of a

conmpound of enﬁoav a pharmaceuti cal 'y acceptable salt

t hereof ; and a[2éhaﬂnadé§ﬂ|Eb?t%naéé@pﬂ9@¢Q¥49@rFP@Pr%ﬁeﬁhm%QQﬁFlCS [ 36]

Anot her enbodi peat,ai-d RaaBigseENt i nvention provides pharnmaceuti cal
conposition of enbodi nment ? further conprising an effective amount of a
stabilizer.s[37] Another enbodlnent of the present invention 10 provides a
phar maceuti cal conposition of enbodinment [36] wherein the stabilizer is
sel ect ed from tlA&] gramgrheraswbedimerdcipd, tivemneseakcobodntigant i sic acid or a

metal  salt thg&eeiaeso mempgn&@'egnb%ame,% Bosal ttzihergz@f] (8¥p! eam ne,
5- am no- 2- hydr oxybenzoic acid or_a metal 15 salt thereo nicotinic acid or
a nmetal salt tﬂéﬁéofor [25] wherein the detection comprises X-ray

imaging.
10

[28] Another embodiment of the present invention
provides a method of radio-imaging in a patient. The
method comprises administering to a patient in need of
such radio-imaging a compound of claim 11 and detecting

15 the presence of the compound.

[29] Another embodiment of the present invention
provides a pharmaceutical composition comprising a
predetermined qguantity Qf a compound of embodiment [1],
20 (21, [3]1, [4], or [5], or a pharmaceutically acceptable
salt thereof; and a pharmaceutically acceptable carrier

or diluent.

[30] Another embodiment of the present invention
25 provides a pharmaceutical composition of embodiment [29]

further comprising an effective amount .of a stabilizer.

{31] Another embodiment of the present invention
provides a pharmaceutical composition of embodiment [30]

30 wherein the stabilizer is selected from the group:
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ni coti nam de, a pol yhydroxyl ated aromati c conpound, an aromatic am ne, and
a hydroxyl ated aromati c am ne. [38] . Another enbodi nent of the present
invention 20 provides a kit conprising a sealed vial. The sealed vial
conprises a predeterm ned quantity of a conmpound of enbodinent [1], [2],
[3], [4], or [5], or a pharmaceutically acceptable salt thereof; and a
pharmaceutically acceptable carrier or diluent. 25 [39] Another %dinent
of the present invention provides a kit of enmbodiment [3&A FGH?
conprising at |east one of a reducing agent, a bulking agent, and a weak
transfer ligand. 30 42 19 August 2005 [40] Another enbodi nent of the
present invention provides a kit conprising a sealed vial. The seal ed

vi al conpri sesagcperbiletasid, nBeniplarilicododf gemtfigpeuacidfor ambetihlrent [ 6],

[7], [8], [9], or [10 or a arnmaceutically acce ta | e salt thereof;
and a phar rracéﬁ?Fcﬁt“%’iﬁ%CBpf“&ﬁ}@eE’&PtFe?C’cﬁ %’l Pug FPAnot her

enbodi ment of therpakset - QMQE@JMdeBbeQ%ﬁ kibtd ofr ehedirent [ 40]
further conpr|5|ng at 10 |l east one of a _reducing agent, a bul ki ng agent,
e

and a weak tr&fasEckherepidnifaninig aehdroRmdetatntall thsgepf esent
invention @royhdge;Rakide Cenpéiﬁiy&oeyﬁeeé&caf&etlcT&&tp%eehedarw vi al

conprises a predeterm ned quantity of a conpound of _enbodinent [11] or a
phar maceut i cal RycongEdptapine sand a1ﬂM§FéﬁY1a%ﬁﬁjaaoﬁﬁe}?niﬂéﬁﬁlcaIIy
acceptabl e carrier or

[32] Another embodiment of the present invention
provides a pharmaceutical composition comprising a

10 predetermined quantity of a compound of embodiment [6],
[71, [8], [9], or [10], or a pharmaceutically acceptable
salt thereof; and a pharmaceutically acceptable carrier

or diluent.

15 [33] Another embodiment of the present invention
provides a pharmaceutical composition of embodiment [32]

further comprising an effective amount of a stabilizer.

[34] Another embodiment of the present‘invention‘

20 provides a pharmaceutical composition of embodiment {33]
wherein the stabilizer is selected from the group:
ascorbic acid, benzyl alcohol, gentisic acid or a metal
salt thereof, p-aminobenzoic acid or a salt thereof,
cysteamine, 5-amino-2-hydroxybenzoic acid or a metal

25 salt thereof, nicotinic acid or a metal salt thereof,
nicotinamide, a polyhydroxylated aromatic compound, an

aromatic amine, and a hydroxylated aromatic amine.

[35] Another embodiment of the present invention

30 provides a pharmaceutical composition comprising a
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di luent. 20 [43] Another enbodi nent of the present invention provides a
kit of enbodi ment [42] further conprising at |east one of a reducing
agent, a bul king agent, and a weak transfer |igand. 25 [44] Another

enbodi ment of the present invention provides a kit conprising (a) a first
vial conprising a predeterm ned quantity of a conpound of enbodi ment [1],
[2], (3], (4], or [5], or a pharmaceutically acceptable 43 19 Au % 2005
salt thereof; and (b) a second vial conprising a pharnaé w99§ﬁ£¢
acceptable carrier or diluent. [45] Another enbodi nent of the present
invention 5 provides a kit of enbodi nent [44] further conprising at | east
one of a reducing agent, a bulking agent, and a weak transfer |igand. [46]

Anot her enbodi pretebérmiitediRaanity e At compdthd oFV eflBSdindsitt [CONPri Si ng
(a) a first vial conBrisin a Eredeternined gquantity of a conpound of
enbodi ment [ 6] °F F71P,a’f%"]c,eq"[t9ﬁ"" bY ForspraBle Fqftathgteeti @4 ¢ acceptabl e

salt thereof; ahdrhblded SROANa¥EebtAABPELASEIW B RBRAhEREEUt i cal ly
acceptable carrier or diluent. 15 [47] Another enbodi ment of the present

invention provides a kit of enbodiment [46] further conprising at | east

one of a reguciRg)adghdeher tbkiaNHeISR! thdWh-dsenteakvin@ngf er |igand. 20
[ 48] Anot her enbodi ment of the Eresent invention provides a kit conprising

(a) a first ViéFogﬁﬁﬁﬁigﬁqﬁfﬁgeu ical composition of embodiment [35]
further comprising an effective amount of a stabilizer.

[37] Another embodiment of the present invention

10 provides a pharmaceutical composition of embodiment [36]
wherein the stabilizer is selected from the group:
ascorbic acid, benzyl alcohol, gentisic acid or a metal
salt thereof, p-aminobenzoic acid or a salt'thereof,
cysteamine, 5-amino-2-hydroxybenzoic acid or a metal

15 salt thereof, nicotinic acid or a metal salt thereof,
nicotinamide, a polyhydroxylated aromatic compound, an

aromatic amine, and a hydroxylated aromatic amine.

[38] . Another embodiment of the present invention

20 provides a kit comprising a sealed vial. The sealed
vial comprises a predetermined quantity of a compound of
embodiment [1], [2], {3}, [4], or [5], or a
pharmaceutically acceptable salt thereof; and a

pharmaceutically acceptable carrier or diluent.

25
[39] Another embodiment of the present invention
provides a kit of embodiment ([38] further comprising at
least one of a reducing agent; a bulking agent, and a
weak transfer ligand.

30
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predeterm ned quantity of a conpound of enbodiment [11], or a

phar maceutical ly acceptable salt thereof; and (b) a 25 second vi al
conprising a pharmaceutically acceptable carrier or diluent. [49] Another
enbodi ment of the present invention provides a kit of enbodi ment [48]
further conprising at 44 19 August 2005 | east one of a reducing agent, a
bul ki ng agent, and a weak transfer |igand. [50] Another enbodi nent of the
present invention 5 provides a conmpound of enbodi ment [ 1]19 Awgust[2005 [ 4],
or [5] for use in nedical therapy or diagnosis. [51] Another enbodi nent of
the present invention provides the use of a conpound of enbodi nent [1],
[2], 10 [3], [4], or [5] as a radi opharnaceutical, as an MRl contrast

agent, or as an4§]r agnéeHYdy ambodgeait diHZheAppéhait eabedtimnt of the
present invention provides the use of a conpound of epbodiment [1], [2],
15 [3], [4], orPYyidpsrathd FEROFLSIRG @ Seadedetiddanentef$9aledl agnosing a

cardi ovascul ar diz3easfptiked BabkeAbt &fmifRla IR {197 bEJadcsmssiavagcul ar
di sease in a patient. [53] Another enbodi ment of the present invention 20

provi des the us@bsfimeronifdund’df E¥boditenpT[ EX41.wREr&in the
car di ovasculkar ﬁyéyﬁgggutfhéiqbeggggpéggﬁg sadthehaseieer gaSa Vul nerabl e

plaque, coronary artery disease, renal disease, thronbosis, transient
i schem a due tRhegmecevhipaldyr akeepgleacaraier i dddent - or gan 25
transpl ant, organ failure and hyperchol esterol em a. [54] Another enbodi nent

of the present invention provides the use of a conpound of enbodinent [1],
[ 2], ' [41] Another embodiment of the present invention

provides a kit of embodiment [40] further comprising at
10 least one of a reducing agent, a bulking agent, and a

weak transfer ligand.

[42] 2another embodiment of the present invention
provides a kit comprising a sealed vial. The sealed

15 vial cémprises a predetermined quantity of a compound of
embodiment [11] or a pharmaceutically acceptable salt
thereof; and a pharmaceutically acceptable carrier or

diluént.

20 [43) Another embodiment of the present invention
provides a kit of embodiment ([42] further comprising at
least one of a reducing agent, a bulking agent, and a

weak transfer ligand.

25 [44] Another embodiment of the present invention
provides a kit comprising (a) a first vial comprising a
predetermined quantity of a compound of embodiment (1],
[21, [3], [41, or [5], or a pharmaceutically acceptable
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[3], [4], or [5] for the manufacture of a nedicanent for 45 19 August 2005
nonitoring the progression of an atherosclerotic lesion or for detecting
vul nerabl e plaque in a patient. [55] Another enbodi nent of the present
invention 5 provides a conpound of enbodinent [6], [7], [8], [9], or [10]
for use in nedical therapy or diagnosis. [56] Another enbodi ment of the
present invention provides the use of a conpound of enbodi nent %ﬁb [7),
10 [8], [9), or [10] as a radi opharnmaceutical, as an MR 19dwayg §gent,
or as an X-ray contrast agent. [57] Another enbodi mnent of the present -
invention provides the use of a conmpound of enbodinent [6], [7], 15 [8],
[9], or [10], for the manufacture of a nedicanent for diagnosing a

cardi ovascul ar gHiscanereof A 41l i(Bita Wecohdr viRDI daxpgrigiag car di ovascul ar

di sease in a patient. %58 Anot her emhodi men{ of the_present invention 20
provi des the udbaimagegh d 3GFeR FERELEE T WHEHERh: t he

cardi ovascul ar disease is selected from atherosclerosis, vulnerable

pl aque, coronarélartery di sease, renal_ disease, thronbosis, transient
i schemia due tid3dl ofPPRBET Qbgrdment ff tapaPresinl dRVERtioN gan 25

transpl ant, sor &fk‘bvfiala!suéekﬁ{‘%fh)éﬂﬁéﬁh@rﬁsﬁﬁh?' £ éher eShp AL embodi ment
of the present invention provides the use of a conpoundpof enbodi nent [ 6],

[7], [8], (9),lesst] ¢0F PHra taeeufdRd fagentr eacPubkinsdipgghentands 219 August
2005 for monit QrdAd +t-BEsPLOY§RSON of an atherosclerotic lesion or for
detecting vul nerable plaque in a patient.

[46] Another embodiment of the present invention

10 provides a kit comprising (a) a first vial comprising a
predetermined quantity of a compound of embodiment [6],
[71, [81, [9], or [10], or a pharmaceutically acceptable
salt thereof; and (b) a second vial comprising a

pharmaceutically acceptable carrier or diluent.

15
[47] Another embodiment of the present invention
provides a kit of embodiment {46] further comprising at
leasf one of a reducing agent, a bulking agent, and a
weak transfer ligand.

20

[48] Another embodiment of the present invention

provides a kit comprising (a) a first vial comprising a

predetermined quantity of a compound of embodiment [11],

or a pharmaceutically acceptable salt therecf; and (b) a
25 second vial comprising a pharmaceutically acceptable

carrier or diluent.

{49] Another embodiment of the present invention

provides a kit of embodiment [48] further comprising at
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[ 60] Anot her enbodi ment of the present invention 5 provides a conmpound of
enbodi nent [11] for use in nedical therapy or diagnosis. [61] Another
enbodi nent of the present invention provides the use of a conmpound of
enbodi ment [11] as a 10 radi opharnaceutical. [62] Another enbodi nent of
the present invention provides the use of a conmpound of enbodi nent [ 11]
for the manufacture of a nedicanent for radio-imging. 15 It is
appreciated that certain features of the invention, whi de %‘HQ{StTQQPE’
clarity, described in the context of separate enbodi nents, nay al so be
provided in conbination in a single enbodinent. Conversely, various
features of the invention which are for brevity, 20 described in the

context of a silkgke endosh ERedutyy Aeh®, be WiIMndedgerparaiely or in any
subconbi nati on. The i magi ng _agent disclosed in the present .invention is an
SR- A ant agoni st"S3knkEF %arallg&ﬁfloi sot ope, wherein the radioi sotope is
useful for 25 ganma scintigraphy or positron em ssion tonography (PET).
Alternatively, the SR-A targeting receptor antagonist is attached to a

single or nultiglg &%@{@g@%ggiﬁgﬁ@!ofc@gkﬁ,}e‘_;se%ﬁzsgggégﬂrgmgneti c

particles for nagnetic resonance |nag|ng. A bi ndi ng
nol ecul es c&n A*EFiBes bouraresng phodpeeinent W2 .192Augl3t: ddds 8F pol yner

materi al that gmg @setud®d @NaRPSUABtheapySéAiildgaesikCr obubbl es, which can
be detectable by wultrasound inmaging following localization at the site of’
tissue injury. Since SR-Ais expressed by activated
[51] Another embodiment of the present invention
provides the use of a compound of embodiment (1], [2],
10 [3], [4], or [5] as a radiopharmaceutical, as an MRI

contrast agent, or as an X-ray contrast agent.

[52] Another embodiment of the present invention

provides the use of a compound of embodiment [1], [2],
15 {31, [4], or [5] for the manufacture of a medicament for

diagnosing a cardiovascular disease in a patient or for

monitoring a cardiovascular disease in a patient.

[53] Another embodiment of the present invention

20 provides the use of a compound of embodiment [52]
wherein the cardiovascular disease is selected from:
atherosclerosis, wvulnerable plaque, coronary artery
disease, renal disease, thrombosis, transient ischemia
due to clotting, stroke, myocardial infarction, organ

25 transplant, organ failure and hypercholesterolemia.

[54] Another embodiment of the present invention

provides the use of a compound of embodiment [1], [2],

{31, [4], or [5] for the manufacture of a medicament for
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5 macr ophages, which conprise 20-25% of the vul nerable plaque mass, the
i magi ng agents disclosed in the present invention can be used for both
detecting vul nerable plaque and nonitoring the progression of the

at herosclerotic lesion. 10 If the SR-A targeting bionolecule is linked to
a radionuclide, the inmging agent can be used as a target-specific

radi ophar maceuti cal. The radionuclide can be a gamma em tter such as
Tc-99m for gamma scintigraphy or the radionuclide can bé9akww§ﬁ@peﬁ 15
emtter such as F-18 for PET imaging. If the radioisotope is netallic, the
i magi ng agent is often called netalloradi opharmaceutical, -which often
contains four conponents: the SR-A antagoni st -targeting nolecule, a

| i nker, a bif umonibpaingdleapoeg¥BHGon afidabt hetlizGroseletdtiic Aedionucl i de.

The SR A receptor thar Geldd oL eEilSusel ¥93ad8 1A VENE fle The SR A

receptor-targeting nolecule Carries nuclide to the receptor site
on the activated nmacrophage. The SR-A receptor-targeting nol ecul e can be
25 a peptide, a peptidom netic, or a non-peptide receptor |igand. The
radi onucl i de i gsshe nactledr enbsainiaf fodr thgaprasenti envérgtiaphy or PET

i magi ng. Betwe : - to t agoni st, and e radi cljpde is the
bifunctiona% c%%FgF§?§?Eéaf%g§ﬁ$p fﬁ%ﬁ’ggg??%nﬁﬁy szthfﬁ‘389 tg ion via
several coor di 130l ofichortss iannedicale phgrany| gr stibgoheds+o the targeting

nol ecule either directly or through a Iinker. Selection of a BFCis 48 19

August 2005 | argely deternined by the nature and oxidation state of
[56] Another embodiment of the present invention
provides the use of a compound of embodiment [6}, [71,
10 (8], [9], or [10] as a radiopharmaceutical, as an MRI

contrast agent, or as an X-ray contrast agent.

[57] Another embodiment of the present invention

provides the use of a compound of embodiment [6], [7],
15 [8], [9], or [10], for the manufacture of a medicament

for diagnosing a cardiovascular disease in a patient or

for monitoring a cardiovascular disease in a patient.

[58] Another embodiment of the present invention

20 provides the use of a compound of embodiment {57]
wherein the cardiovascular disease is selected from:
atherosclerosis, vulnerable plaque, coronary artery
disease, renal disease, thrombosis, transient ischemia
due to clotting, stroke, myocardial infarction, organ

25 transplant, organ failure and hypercholesterolemia.

[59] Another embodiment of the present invention
provides the use of a compound of embodiment [6]}, [7],

(81, [9], or [10]) for the manufacture of a medicament
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the metallic radionuclide. The |inker can be a sinple hydrocarbon chain, a
| ong pol y(ethylene glycol) (PEG, a poly anionic peptide sequence, or
cationic peptide 5 sequence, which is often used for nodification of

phar macoki netics. In this invention, the use of a polyanionic peptide
sequence may prove to be beneficial because pol yani oni c macronol ecul es are
natural ligands for SR-A receptors. Sonetines, a netabollzeable I| ker ’
is used to increase blood clearance and to reduce the bé@K@V #09 t|V|ty,
thereby inproving the target-to- background ratio. Radionuclides, including
but not limted to 18F, 99nTC 1311 1231 117nBn 11111 67CGa 68Ga, 89Zr, 62Cu
15 "Cu and 67Cu, have been proposed for diagnostic imging. The choice of

the radionucli deoid%ﬁ%rhagg@ﬁaﬁ% &Q&:L&M%' cal a@fc&dmlegaélcpropertl es
(half-life and v- energy), avail F , and _cost. In general, generator-

produced radi onh%*’r%§ralférc‘3ﬁ%?ﬁépédv‘iﬂe&%abl§l BLaMdme Babktor system
consists of a long-lived parent isotope that decays to a short-Ilived
daughter isotope. The daughter can be easily separated fromthe parent by

ei ther ion- exch§g QQ{QgE &h&ﬂﬁ%@BE &Pdﬂgp%rgééﬁégﬁ&%gmﬁ % Near |y 80% of

radi ophar maceuti cal s use nucl ear are el ed conpounds.
The reason $orpseicifiss pr eemportt ofostleodiment dDKITcEGh uslei Acal use is its

extrenmel y favorabhecfahysiecaby a6 didgheads. characteristics. The 6 hour
half-life is long enough to 30 carry out radiopharmaceutical synthesis and

to collect wuseful images. At the sane tine, it is short enough to permt

the adm nistration of mllicurie ampunts of 9"Tc
[61] Another embodiment of the present invention

provides the use of a compound of embodiment [11] as a

radiopharmaceutical.

[62] 2Another embodiment of the present invention
provides the use of a compound of embodiment [11] for

the manufacture of a medicament for radio-imaging.

It is appreciated that certain features of the
invention, which are, for clarity, described in the
context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various
- features of the invention which are for brevity,
described in the context of a single embodiment, may

also be provided separately or in any subcombination.

The imaging agent disclosed in the present
invention is an SR-A antagonist linked to a
radiocisotope, wherein the radioisotope is useful for
gamma scintigraphy or positron emission tomography
(PET). Alternatively, the SR-A targeting receptor
antagonist is attached to a single or multiple
paramagnetic metal chelates or supérparamagnetic
particles for magnetic resonance imaging (MRI). The SR-

A binding molecules can also be bound to a phospholipid

a7




49 19 August 2005 radioactivity without significant radiation dose to the
patient. The nonochromatic. 140 KeV photons are readily collimted to give
i mages of superior spatial resolution. Furthernore, 99mic is readily

avai lable from 5 comercial 99Mb-99"Tc generators at | ow cost. For

99nilc- | abel i ng of SR-A receptor antagonists, bifunctional chelators

I nclude N2S2 diam nedithiols, N2S2 di am nedithiols, N2S2

monoani demonoani dedi t hi ol s, N3S ani nedi ani det hi ol s, N3S 18 Aygust2@89ni ol s,
and HYNIC, which fornms various ternary |igand systens when used in
conmbination wth tricine/water soluble phosphines, or tricine/pyridine
anal ogs or tricine/substituted i mne-N containing heterocycles. These
ternary |igand sysicdypehawatarded thatliae osed T ancSpspiatatomMo. 5, 744, 120,

U S. Patent No- s fhi910¢ GfrdeuBio1 BB Gifi Mo caft BY dtBeaBd BET Pat ent
Appl i cati on WO 98/ 3858, Vari.ous 99Tc-]| abel mgﬁtec ni ues have been

described in sé%ﬂé%%“%@ﬂé%@%‘gl follaying,doeq ad'smnDa sthengrhe REv. 1999,

99, 2235-2268; Rsasliar hﬁ§m Ssinbd $ydons éxpbesdatemy Revivddld, 99,
2205-2218; Andersaon nd.Velch .M 1. .Chem Rev 99,
3910. 5234, doi Aroeosds A Sa Bpfiesdd, 205260008 RRvudgda o,
2269-2292: Li u wagie magi odd dgagindiruentsod¥scmseip ing8hy prksent 25

r adi ol abel i ng, flRntesH! LdNGd %@El’i' 88 BothUhet 88 indPRul aBakbYe be purified
usi ng one or nore chromat ographi net hods, such as Sep-Pack or high

performance i cRﬁa&uecﬁFGrf%&’HﬁPéﬁW megr?ﬁél?f? &eP&d radi ol abel i ng
procedures are dtaaesclarediicceshionchel ati on can be
10 If the SR-A targeting biomolecule is linked to
a radionuclide, the imaging agent can be used as a
target-specific radiopharmaceutical. The radionuclide
can be a gamma emitter such as Tc-99m for gamma
scintigraphy or the radionuclide can be a positron
15 emitter such as F-18 for PET imaging. If the
radioisotope is metallic, the imaging agent is often
called metalloradiopharmaceutical, which often contains
four components: the SR-A antagonist targeting molecule,
a linker, a bifunctional chelator (BFC), and the

20 metallic radionuclide.

The SR-A receptor-targeting molecule serves as
a vehicle. The SR-A receptor-targeting molecule carries
the radionuclide to the receptor site on the activated
macrophage. The SR-A receptor-targeting molecule can be
25 a peptide, a peptidomimetic, or a non-peptide receptor
iigand. The radionuclide is the radiation source for
gamma scientigraphy or PET imaging. Between the SR-A
receptor antagonist and the radionuclide is the
bifunctional chelator (BFC), which binds strongly to the
30 metal ion via several coordination bonds and is
covalently attached to the targeting molecule either

directly or through a linker. Selection of a BFC is
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30 achieved without post-labeling purification. This invention al so
provides a kit formulation for imaging atherosclerosis and vul nerabl e

pl aque. In 50 19 August 2005 general, a 99nifc- based radi opharmaceutical kit
contains an excess BFC-derivatized SR-A receptor antagonist relative to
the amount of total technetium (99nlfc and 99Tc) in order to achieve high
radi ol abeling yield, a 5 reduci ng agent such as stannous chl ori de, |f
necessary, and other conponents such as a bul ki ng agent 18rAugUgt 2R05
transfer ligand. The kit may be provided in solution or in lyophilized
form Kits can be purchased and stored for daily preparation. In many
cases, the 99nilc-| abeling 10 can be acconplished sinply by adding

[ 99niTc] pert echdetrgedy det¢rrdnkitby Tihe netuné axt exdd8F@niatiafat Ped SR A

receptor ant agancshephiptd d A8 ofdbtid 03ka0PLAler! BEn BEGLRIAPIRI Nding of

t he radiol abel ed SR-A antagonist. |t al so should not cause anﬁ side effects
or unwant ed 15‘%‘[58?%’@%(%1%&# 7 okqisn pedy éetmgienerglyaal)  PERY  of her

metal l'ic radi opaakd éﬁsomcsq;%btaae 65den6Ror G241 0nb2 Geptidiau and 67Cu,
di et hyl enet FI amn negent aacetic'.aci

t et r aazacycPod SFSEEAES 1, HFM 45+ grreé"cé’rq'lé 52T PUBSHEFEHF £5d thei r
derivatives wowhdrhectkinetdngi.dalmsthifs ¢hueneioras tBEGsse Tife amacr ocyclic

chel at or s such 33, BRTANA GepkBBNNd ikl Alldrestabbe wEldcehe! ates due

to their hi ghlpy preorgani zéd macrocyclic |I1ga framework. DOTA and its
derivatives hat&caMss B%l@fﬁwéacagamlﬁsvlﬁérfsnﬁsﬁmﬂ AEPPAS of

proteins (anti lFesi sR-Arréddgthedy dJdmgiRetsS)a anutapepizeasiavltihkeari ous
dlagnOStlclandls used to increase blood clearance and to reduce the
background activity, thereby improving the target-to-

background ratio.

Radionuclides, including but not limited to
g 99mmp, 131y 1237 mgy  lpy  6gy S8gy, 897y, Sigy,

15 ®cu and ®’cu, have been proposed for diagnostic imaging.
The choice of the radionuclide depends largely on the
physical and nuclear properties (half-life and v-
energy), availability, and cost. In general, generator-
produced radionuclides are considered idéal, since the

20 gene&ator system consists of a long-lived parent isotope
that decays to a short-lived daughter isotope. The
daughter can be easily separated from the parent by
either ion-exchange chromatography or solvent

extraction.

25 ) Nearly 80% of radiopharmaceuticals used in
nuclear medicine are *™pc-labeled compounds. The reason
for such a preeminent positién of *™P¢ in clinical use
is its extremely favorable physical and nuclear
characteristics. The 6 hour half-life is long enough to

30 carry out radiopharmaceutical synthesis and to collect
useful images. At the same .time, it is short enough to

permit the administration of millicurie amounts of **"rc
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t herapeutic radi onuclides (such as 111l n and 90Y). Krejcarek and Tucker
(Bi ochem Biophys. Res. Commun. 1976, 77, 581-588) devel oped an activated
DTPA anal og 30 via a m xed anhydride, which can be |linked to proteins.
Later, Hnatow ch et al (Science 1983, 220, 613-616) used the cyclic
anhydride of DTPA for the sanme purpose. These l|linear BFCs bond to various
nmetal ions like In-111 51 19 August 2005 and form thernodynam cally_stable
netal chelates. However, netal chelates of |inear BFCs égeﬁ%“ﬁégpé@ly

| abil e, which contributes to the |oss of radionuclide fromthe netal
chel ate and often | eads to severe bone 5 marrow toxicity. Gansow et al

(Bi oconjugate Chem 1991, 2, 187-194; Inorg. Chem 1986, 25, 2772-2781)
prepared a seriradicdctsitbistyi witlsshtDERAnafR: s radibthon fdosm net ke chel at es

syt heor ve. macPRtbete BhRchphbroBRE LA RAOURREGES M) BebdRd \[0] (NG
Biol. 1986, 13co3limsusl td. givie imggem oSosurerd®g, spatlals266- 6267), which

form 67Cu and 2QYo1¢hed At egupbhdinitir@) thes nodyaank ¢y Sdvhlilhbl¥ ash Ki netic
i nertness. Macrocyclic chel anpg,s W h three-dinensi ongl 15 cavities are of
particul ar ?nt EPEBRX BRI 0f 1€ hELMTGTOTEt abi 19 ywOo5F -t he netal chel ates,

the substantial select iF\éirt yg,,,)},o_rl %rltigi nogeéﬁa_lA i Qns thxl ther by enforcing a
specific spatial arrangémént of "donor at ofs or 5y PRTT oduci ng different
donor at ons i neptadenistzantigandickbdnehelaitbushaneledpdbfiity to adopt a
preorgani zed goBAOKIRHARIED AR dNGRelat edifoy My gne higher the degree
of preorgani zation of _an unchelated ligand, the _, | )
monoamidemonoamidedithiols; N3S aminediamidethiols, N3S
10 triamidethiols, and HYNIC, which forms various ternary
ligand systems when used in combination with
tricine/water soluble phosphines, or tricine/pyridine
anmalogs or tricine/substituted imime-N containing
heterocycles. These ternary ligand systems have been
15 disclosed in U.S. Patent No. 5,744,120, U.S. Patent No.
6,010,679, U.S. Patent No. 5,879,659, and PCT Patent
Application WO 98/53858. Various **™Tc-labeling
techniques have been described in several reviews (Liu,
S. and Edwards, D. S. Chem. Rev. 1999, 99, 2235-2268;
20 Juriéson, S. and'Lydon, J. D. Chem. Rev. 1999, 99,
2205-2218; Anderson, C. J. and Welch, M. J. Chem. Rev.
1999, 99, 2219-2234; Volkert, W. A. and Hoffman, T. J.
Chem. Rev. 1999, 99, 2269—2292; Liu et al.
Bioconjugate Chem. 1997, 8, 621-636). After
25 radiolabeling, the resulting reaction mixture may
oﬁtionally be pﬁrified using one or more chromatographic
methods, such as Sep-Pack or high performance liquid
chromatography (HPLC). The preferred radiolabeling
procedures are those, in which the chelation can be

30 achieved without post-labeling purification.

This invention also provides a kit formulation

for imaging atherosclerosis and vulnerable plagque. 1In
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nore stable the conplex is. For the |last two decades, PET inmaging was only
25 used for academ c research, nost |likely due the short half-life of

i sotopes, availability of generator systens, practicality of isotope
production, transportation and distribution of the radiotracer. The
devel opment of outside vendors who can supply PET 30 isotopes to a Iarge
nunber of | ocal custoners on a unit dose basis and the ada tabl I|t
SPECT caneras for PET imaging should start to increase fRdugust gh

I magi ng 52 19 August 2005 nodality (Phelps, M E. J. Nucl. Med. 2000, 41,
661- 681; Bar-Shalomet al. Sem nars Nucl. Med. 2000, 30, 150-185;

O Doherty, M J. Nucl. Med. Commun. 2000, 21, 224-229; Nunan, T. 0. and
Hain, S. F. Nucgend¥ed, & W%se&OQleéiihaxaﬁaaueﬁ&l Miits Eeﬁtai‘ﬂs N. Nucl.

Med. Commun. 2000, 21 36 arrin I Commrun.
D000, 21 537 20 ASEPBREC-det tyataes "R B weSenber Haurnd8t 1710 Duncan.
K. J. NucI Medrelakdwenbd . tﬁ@%;o@@ 022312084 tebhyeaismet(*Hire dnd Nucl . Med.
10 2000, 41, 300u3ldin Welagh, oM 2 A0LNCERGE Yaaibrabey dug Phisly, Yed. 2000,

41, 315-317). ectlon o a sul | SOt ope for imaging is a
difficult task. r?@@@ﬁeaaﬁntuquqfs aKi ghm}nm@emlam%ertﬁé P§6?%WYdoes not

have decays ot hgig tdtaer 18omdondst¥ BAshti{HR BULEShO hgeHt Sr\alwedR Ni M ze the
o at 1 on bur detF AT tehe et Thnt Tuk R4 ks PEALAET oat SR dhed due
to the high spoeilyophatized tforivor Kéteptar beapedchagegeandpetifad

for daily preparation. In many cases, the °™Pc-labeling

10 can be accomplished simply by adding [”“Té]pertechnetate

to the kit. The use of excess BFC-derivatized SR-2A

receptor antagonist should not cause blockage of the

receptor binding of the radiolabeled SR-A antagonist.

It also should not cause any side effects or unwanted

15 pharmacological responses either.

For In and other metallic radionuclides,
such as %’Ga, %®Ga, %°zr, ®cu, S‘cu and ®'Cu,
diethylenetriaminepentaacetic acid (DTPA),
tetraazacyclododecane-1,4,7,10-tetracetic acid (DOTA)

20 and their derivatives would be the candidates of choice
as BFCs. The macrocyclic chelators such as DOTA are
known to form highly stable metal chelates due to their
highly preorganized macrocyclic ligand framework. DOTA
and its derivatives have also been used as BFCs for the

25 radiolabeling of proteins (antibodies or antibody
fragments) and peptides with various diagnostic and
therapeutic radionuclides (such as *'In and °%).
Krejcarek and Tucker (Biochem. Biophys. Res. Commun.
1976, 77, 581-588) developed an activated DTPA analog

30 wvia a mixed anhydride, which can be linked to proteins.
Later, Hnatowich et al (Science 1983, 220, 613-616) used
the cyclic anhydride of DTPA for the same purpose.

These linear BFCs bond to various metal ions like In-111
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20 radi opharmaceuticals. It is also nuch easier for transportation,
delivery, and quality control using a generator produced isotope. The

hal f-1ife of the parent isotope should be long while the half-life of the
correspondi ng daughter isotope should be short. in 25 addition, the cost
for the production of the parent isotope and availability of the enriched

source (for the production of the parent isotope) shoul | so
considered. 18F is a cyclotron-produced PET i sotope. Theq9§@“¥5$§pp§ely

long half-life (t1/2 = 110 m n) nmakes it possible for regional suppliers to
ship 18F-FDG radiotracers to the clinical sites and for clinicians to 53
19 August 2005 coll ect useful imges. 18F can be readily incorporated into

endogenous bi ol agdcedrt afeenodimaichlag 2tdsex aebal gdheletes. Fol | owi ng t he
foot-step of recent deyel.o nts_of . nobi | railers for E PET

mgi no has 5 Heaeier metElpRRIRREof 1 (R BrEE M S it M cees 1o
state-of -art PETabélei odsch| fonteibREEs| tot tpe lioss 18F, radienuat i@e - speci fi c

PET radi ophar meeghi Gal o201 bendead gxabsﬁgé{ 9daaCCo diiaget odie known
procedures (\Vai dyanathan, G and 10 Zalutsky, M R, Bioconjugate Chem

1990, 1, 2692 273arrem|RrdfatHan, Ca@soungt zal ukBdegonipaate [@Fem: Med. Bi ol .
1992, 19, 275-28d91 Vap dyianatban, rfarganendal utesley, 25 4372-Brecpnj ugate Chem
1994, 5, 352-364; Vai dyanat han, G nd, Zal ut sk M R NucL. Med. Biol.
1995, 22, 759 1BT7RAS L?téleﬁ?%-%%ﬁl‘*géﬁl‘é‘ft%ﬁ DA Y OHed iR Lot .
2000, 10, 1501- £668)metal ghakaﬁés wdthatiprvevelBlEolution stability.
Meares and coworkers were the first to
10 synthesize macrocyclic BFCs (2nal. Biochem. 1985, 148,
249-253; Nucl. Med. Biol. 1986, 13, 311-318; J. Am.
Chem. Soc. 1988, 110, 6266-6267), which form ®’Ccu and *°v
chelates with high thermodynamic stability and kinetic
inertness. Macrocyclic chelants with three-dimensional
15 cavities are of particular interest because of the high
stability of the metal chelates, the substantial
selectiﬁity for certain metal ions, either by enforcing
a specific spatial arrangement of donor atoms or by
introducing different donor atoms into the ligand
20 Dbackbone, and their capability to adopt a preorganized
conformation in the unchelated form. The higher the
degree of preorganization of an unchelated ligand, the

more stable the complex is.

For the last two decades, PET imaging was only
25 used for academic research, most likely due the short
half-life of isotopes, availability of generator
systems, practicality of isotope production,
transportation and distribution of the radiotracer. The
development of outside vendors who can supply PET
30 . isotopes to a large number of local customers on a unit
dose basis and the adaptability of SPECT cameras for PET

imaging should start to increase the use of this imaging
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contai ning internmedi ate, such as N-succinimdyl 4- [1BF]fluorobezoate, is
prepared in high yield and high radiochemcal purity, and is then
conjugated to an am no 20 group of the SR A receptor antagonist to formthe
4- [18F] fl uorobenzoyl conjugate. The 18F-1abeled SR-A receptor antagoni st
can be readily purified by sinple filtration, by regular colum

chromat ography, or by HPLC either using a size-exclusion_or by reyerse
phase. The 25 preferred procedure is that in which the 18R Augyist 200aR. A
recept or antagoni st can be prepared in high specific activity and hi gh
radi ochem cal purity. Another aspect of this invention is related to a
st abl e radi opharmaceuti cal conpositions conprising an 30 effective anount
of one or nore wediityz éPeelmd e.e8. fFomwmdcoMbidc #9009, Bénzédl-al cohol ,
gentisic acid Ofgq t S P- n o] S | t forms
54 19 August 20 c%g engkgin%n?ag‘laﬁ-% E%Alﬁ’%%rgo@%en%%dg aé?%l‘S orﬁflts met al
salt forms, nicbiq-3i86; a@fldolmrﬁmsMrreJal Ngilt. | Medhj db;tnmmazm deqoo, 21,

pol yhydroxyl at egzprzggat EnSPMPURds . 1q afqnmt kC lf\‘ll\/R pdghydroxyl at ed

aromati c amines. 5 Nucl ear magnetic resonance |s based on the
absorption of r&wuF redl@hcy’lenérgy-Ha it Nélﬁﬁ@hetl# - N-noNeat- dfedat omi ¢

hucl ei in sanpl @smilAcedobd, 3215t b@@gzsm@agkaﬁgéwl% gonvgpti onal magnetic
resonance imging (M) of human body relies nainly on the detection of 10

nost abundant t¥4e SPMEURI ei2000he 2Ry DGR 0F NPk e ( Bnd Vit NusEe ext ent,

fat). For the diseriabsaliey, af7okeabidy pudBdndigeased mubisugsy. adequate
contrast is essential. Such contrast de%ends not only on differences in
wat er Technol. 1998, 26, 228-234; Haynes et al. ~ J. Nucl. Med.

10 2000, 41, 309-314; Welch, M. and McCarthy, T. J. J.

Nucl. Med. 2000, 41, 315-317).

Selection of a suitable isotope for PET
imaging is a difficult task. In general, it is highly
desirable the isotope does not have decays other than

15 511-keV positron emission. This will mlnlmlze the
impairment of the spatial resolution due to energy and
will reduce the radiation burden to the patient. A
generator-based isotope is needed due to the high
specific activity for receptor-based target specific

20 radiopharmaceuticals. It is also much easier for
transportation, delivery, and quality control using a
generator produced isotope. The half-life of the parent
isotope should be long while the half-life of the
corresponding daughter isotope should be short. 1In

25 addition, the cost for the production of the parent
isotope and availability of the enriched source (for the
production of the parent isotope) should also be

considered.

8 is a cyclotron-produced PET isotope. The
30 relatively long half-life (tis; = 110 min) makes it
possible for regional suppliers to ship ®F-FDG

radiotracers to the clinical sites and for clinicians to
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concentration, but also on the NVR relaxation tines Tl 15 and T2, which in
turn are related to local nobility and interactions. The MRl contrast
agent is used to inprove diagnosis of disease by changing tissue signal
intensity. Contrast agents increase both 11T1 and 11T2 to varying degrees
depending on their nature as well as 20 the applied magnetic fiel d Agent s
such as gadoliniun(lll) that increase 1/T1 and 1/ T2 by roughly m | ar
anounts are best visualized using Tl-weighted images si ﬂ@eAl{g‘l@ ngéent age
change in 11T1 in tissue is nuch greater than that in 11Tl (Caravan et al.
Chem 25 Rev. 1999, 99, 2293-2352). Iron-oxide particles generally lead to
a nuch larger increase in 11T2 than in 1/ Tl and are best seen with in
T2-wei ght ed scansllebBl uskfigndsiagess a°Fetat ibeekyadily dmgornpratsd grow ng

| mging modal i Ly o Bohblngll $981SeLLAP cdiboliass FheETE- Gediially accepted
di agnosti ¢ noda |t For var 0 ses. Wen conpared to ot her

cont r ast agent%luctoﬁé Wokmlﬂasgh%g%‘?ﬂtssﬁleé et &I -oreFARS5 19 August 2005

concent aat i on resplIvbheRtd bt mSBYES . t4d%124@1 EbPNEDE BT gﬁSg:Q{g Malshcont rast
agents does _not InvQlv sure to | atlon Te
gadol i ni um Chel™%s lﬁa@%ss%?"@véﬂrt ‘6‘“?)@ aﬁﬁy%ig%b’? 3 Wel $<561%r at ed
class of 5 conttasitatedof-adtn pEar seculees. gadol i ni um I\/RI contrast agents
do not show any nephrotoxicity in distinction to the iodinated contrast
media for CT (Runge, V. M the PREghsofersiis [Hagthy POURL-FPecHhi: 213) .
General |y, the p@f &, 306FhiinaddeiastUsal ald @Badilly Prepateat rast agent
within the target tissue w hoaj{n

according to t own procedures (Vaidyanathan, G. and

10 Zalutsky, M. R. Bioconjugate Chem. 1990, 1, 269-273;
Vaidyanathan, G. and Zalutsky, M. R. Nucl. Med. Biol.

1992, 19, 275-281; Vaidyanathan, G. and Zalutsky, M. R.

Bioconjugate Chem. 1994, 5, 352-364; Vaidyanathan, G.
and zalutsky, M. R. Nucl. Med. Biol. 1995, 22, 759~

15 764; Sutcliffe-Goulden et al. Biocorg. Med. Chem. Lett.
2000, 10, 1501-1503). 1In general, an active °F-
contéining intermediate, such as N-succinimidyl 4-
[*®F] fluorobezoate, is prepared in high yield and high
radiochemical purity, and is then conjugated to an amino

20 group of the SR-A receptor antagonist to form the 4-
[*8F] fluorobenzoyl conjugate. The ®F-labeled SR-A
receptor antagonist can be readily purified by simple
filtration, by regular column chromatography, or by HPLC
either using a size-exclusion or by reverse phase. The

25 preferred procedure is that in which the 1¥p_labeled SR-
A receptor antaéonist can be prepared in high specific

activity and high radiochemical purity.

Another aspect of this invention is related to
a stable radiopharmaceutical compositions comprising an

30 effective amount of one or mbre stabilizers selected
from ascorbic acid, benzyl alcohol, gentisic acid or its

metal salts, p-aminobenzoic acid or its salt forms,
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distribution to surrounding tissue, the better the resulting |esion-tissue
contrast. There are several approaches in pursuing better delivery of
contrast agents to target tissues. In the conventional approach, 15
efforts are directed toward the search and synthesis of nolecules with
site specific accunul ati on. Exanples of this approach include Gd-porphyrin
conpl exes and Gd- EOB- DTPA (Eovist: EOB-DTPA =

et hyoxybenzyl di et hl enet ri ani nepent aacetic adis), which 28 Augugt2005

par amagnetic heptobilliary contrast agent characterized by a high biliary
excretion fraction and a predom nant effect on the MR signal intensity of
liver parenchynma (Stern et al. Acta Radiol ogi ca 2000, 41, 255-262).
However, di agneskiceahiye profaminbl 2-merbaypehidis kgiauet 18 mesadf these

conpounds are relatively l.ow _due to.heir.]ow cificity. The alternative
approach is th§a§§eg8¥m3hﬁﬂﬁ§Fﬁﬁl?éﬁﬂfg?rmh+%ﬁm%9 uﬁﬁ#gte at the desired
site by the usdcotitamiytd, ppdghydwoxydatidranmheacyy esmp@hdepti mal ly, the

target should | ?mglgtgé Q%Mgs's%&i@‘%%%ﬂﬁ%f gxg;maly&,aﬁﬂgshave a large
nunber of specific I nding sites an i g ood flow. The targeting 56 19
August 2005 sbi onol ecul eswidEardRagudtiRodesonardy | (apely {& agiat sn pepti des,
pol ysacchri des, npn-Fggénge %%cegép[_ ig%ngs, and IL o§$nes, w L ch have
been revi ewed ((REi EBFRIRTLM oL F o AHFHEHPEREE B Re gp%‘?@?ﬁ? 992, s,
55-63; 5 Caravammehtadf &mric Revleildd9safPle?3Anc2852).a Goroept ual |y, the
devel opment of faraet: SPOY .M EoRALATRADS! hiqt AN F8LAGENY HSGEnL e

(MRI) of human body relies mainly on the detection of

10 most abundant type of nuclei, the hydrogen in water (and
to some extent, fat). For the discrimination of healthy
and diseased tissues, adequate contrast is essential.

Such contrast depends not only on differences in water
concentration, but also on the NMR relaxation times T,

15 and T,, which in turn are related to local mobility and
interactions. The MRI contrast agent is used to improve
diagnosis of disease by changing tissue signal
intensity. Contrast agents increase both 1/T; and 1/T:
to varYing degrees depending on their naturé as well as

20 the épplied magnetic field. Agents such as
gadolinium(III) that increase 1/T; and 1/T; by roughly
similar amounts are best visualized using T;-weighted
images since the percentage change in 1/T; in tissue is
much greater than that in 1/7; {(Caravan et al. Chem.

25 Rev. 1999, 99, 2293-2352). Iron-oxide particles
'génerally lead to a much larger increase in 1/7, than in

1/T; and are best seen with in T,-weighted scans.

MRI diagnosis is a relatively new and rapidly
growing imaging modality. In just 20-years time, it has
30 Dbecome a widely accepted diaghostic modality for a
variety of diseases. When compared to other contrast

agents, the MRI contrast agents are superior in
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conbi nati on of high resolution of MR technology and the high specificity
of targeting bionolecules (e.g., 10 anti bodi es, antibody fragnents,

pepti des, polysacchrides, non-peptide receptor |igands, and |iposones).
The maj or chall enge in devel oping such a target-specific contrast agent S
to deliver a sufficient anount of paramagnetic netal chelate or

supermagnetic iron-oxide particles into the di seased proach
to enhance the accunul ation of the contrast agent is toﬁégﬁﬂﬁmtsogg

pepti de-nedi ated cellular delivery nmechanism Many peptide- and
protei n-nmedi ated 20 delivery systens have been used for cellular delivery
of genes or virus for gene therapy, and have been reviewed (Lindgren et

al. Treads in Bbaeaﬁ@ﬁﬂmaakesatwmslaoeﬂss&b 99n1w1tscdmthg J. J. and
Zhang, S.-Y. Cur rrep

i n. Mol.ec Iar er 162 25
167). In the p4§f ?T\Ib@ 58? ra%%vae?enlts O?S eog: gggi%%ee rmnsctgrat ed to
transl ocat e acxesayshargbmsnaradnﬁﬂynane @heeuﬁbﬂyﬁtv% Qhﬁﬂ§§e§yhﬁv%eentngly

energy- | “depeggg%dp@é hway, Akidaughathe \G@ﬂh%@uaﬁh@éde&mésté onto cells
often remains nown, these cell-penetratl % gggw de? ha¥g been used

successful | § t ophEreshaledie . nke RAHDIICELRES nol ecul ar
wei ght's sever@behtgedcgrr@&t erm‘lirhiﬁy trha@hﬁ:oemd:ﬁavﬁhl di¢tiction £ August

Bi ot echnol . 1963° S99IRIA. FOR%S 45 b arLAeEY (T PARES 3 T4 81 chem
1995, 270, 14255gﬁ42§é50d&:Hhagsnmrﬂnoo HlZJ 2B-2%8urosci . Res. 1996, 46, 258
Generally, the more specific the accumulation

10 of a contrast agent within the target tissue without
distribution to surrounding tissue, the better the
resulting lesion-tissue contrast. There are several
approaches in pursuing better delivery of contrast
agents to target tissues. 1In the cénventional approach,

15 efforts are directed toward the search and synthesis of
molecules with site specific accumulation. Examples of
this approach include Gd-porphyrin complexes and G4-EOB-
DTPA (Bovist: EOB-DTPA =

‘ethyoxybenzyldlethlenetrlamlnepentaacetlc adis), which

20 is a paramagnetic heptobilliary contrast agent
characterized by a high biliary excretion fraction and a
predominant effect on the MR signal intensity of liver
parenchyma (Stern et al. Acta Radiologica 2000, 41,
255-262). However, diagnostically profitable

25 target/background ratios of these compounds are

felatively low due to their low specificity.

The alternative approach is the use of
magnetic labels, which accumulate at the desired site by
the use of target specific carrier molecules.

30 Optimally, the target should be an organ of sufficient
size for MRI, and have a large number of specific

binding sites and high blood flow. The targeting
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5 262), antisence oligonucleotides (Murris et al. Nucleic Acids Res. 1997,
25, 2730-2736; Antopol sky et al. Bioconjugate Chem 1999, 10, 598-606),
peptide nucleic acid (Pooga, M Nat. Biotechnol. 1998, 16, 857-861), and
plam d DNA (Singh et al. Bioconjugate Chem 1999, 10 10, 745-754).
Recently, H V-TAT peptide has been used for internalization of macrocyclic
gadol i nium chelates into mammalian cells (Bhorde et al. gi oconj ggage Chem
2000, 11, 301-305). The same H V- TAT peptide has also bd rA'-iEs%g&

i nternalization of magnetic nanoparticles 15 into | ynphocytes from nouse
spl een (Josephson et al. Bioconjugate Chem 1999, 10, 186-191) or nouse
neural progenitor cells (Lewin et al. Nat. Biotechnol. 2000, 17,
410-414). PCT Rstoswfledppés ciatdlode Vi iOi%ogli284 antsiddadlyesrédmenise of a cel |
menbr ane- per e I de- | i _di tJ lkcal with
the diagnosti %&Egegbg’?%’?%#géuwo%cf”fégegloe? gggf);re%ﬁggg{ r?éicg%llr#glts al ion. If
the SR A receptad ddpageonest whdchiacsl hegnarepiewatadhet seleferaeti on such as

Gd3+, or 25 supgrpamagRepet ifedoh@R=OXhile-teaili £44a, tdhessoggi ng agent  coul d

be used as a target-specific MR contrast agent. Like_indium |anthanide

netal ions & sEFGVAPhRENRY: SBeBt eR9fet H998nefdt L3R ERPBTPA, DOTA, as wel |

as their derivatives (DIPA and dD\ggA chel at e% have b eF 30 extensively
i e

revi ewed recently (Liu SCOKPEGnAY dshHS 8 Bt & Heni stry, 2001,
12, 7-34. For DBHe&ifandpabDiisgnetliatashtdasitabgest udesr ehare t hree possible

58 19 August 2Q05:3BRE984 1SS High PEIINALIAALERANLARL SRR fhean SR-A

high specificity of targeting biomolecules (e.g.,

10 antibodies, antibody fragments, peptides,
polysacchrides, non-peptide receptor ligands, and
liposomes). The major challenge in developing such a
target-specific contrast agent is to deliver a
sufficient amount of paramagnetic metal chelate or

15 supermagnetic iron-oxide particles into the diseased

tissue.

One approach to enhance the accumulation of
the contrast agent is to use a peptide-mediated cellular
delivery mechanism. Many peptide- and protein-mediated

20 delivery systems have been used for cellular delivery of
genes or virus for gene therapy, and have been reviewed
(Lindgren et al. Treads in Pharmaceutical Sciences
2000, 21, 99-103; Schwartz, J. J. and Zhang, S.-Y.
Current Openions in Molecular Therapeutics 2000, 2, 162-

25 167). In the past five years, several peptides have
been demonstrated to translocate across the plasma
membrane of eukaryotic cells by a seemingly energy-
independent pathway. Although the mechanism of entry
into cells often remains unknown, these cell-penetrating

30 peptides have been used succeésfully to internalize
macromolecules (e.g., proteins) with molecular weights

several time greater than their own (Fawell et al.
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receptor antagonist. In the first approach, the derivatization or
attachnment is at one of the carbon atons of the chel ator backbone. In the
second approach, 5 the derivatization or attachnent is at the nethyl ene-
carbon atom of the acetate chelating arm In these approaches, the
derivatization or conjugation of the bionolecule does not lead to a
significant change in the thernodynam c stability and kinetic in ess of
the 10 metal chelate. In the third approach; the derivggﬁ¥§5§526ég
conjugation is at one of the acetate groups via a CO N am de bond.
Conmpared to the carboxylate-O the carbonyl-Ois a relatively weak donor
for yttriumand | anthanide netal ions. This often |eads 15 to the | ower

t her nodynam c skabi | fdar .ofackle se€pr nespandisya,metzal sehededt;eBayipsyever, the
kinetic inertness of its netal conplex_remains_relatively . unchanged. In
U S. Patent NoE-4Nghg B@Fecigafes ¥l 17201%657&9%%& RE &r el at e
conjugate for diagnostj.c gibit herapeuloios, appd,i aabsensa25te bi functi onal
macrocyclic chelants include substituted DOTA TE%Q% TREJA gnd HETA. The
linker is at | S58LUESSSHi H- I engtth ARHTPRE - di%Fac ﬂt‘%ds?? on of the

linker is op the2¢ardiadisznes dbigdnidieopoliyanimoeximcencylcl eNukll&ic Pat ent
N hyar oxybuccl ACAC S nd HETA REIS 103050 251 0P htOBk R oot bi ool ecul e.
Meares et al (BCbcBajwnite Spphi catdssn No, SNB-FBE262P€ptantt duBleRatent No.
509,958,979 530 Shatlosft! Gyl Ut Lofop! “U3e10:8, delayel | derl abel ed
DOTA( G y) 3- L- ( pnHspldmict yaati 6jagh et al. Bioconjugate Chem. 1999,
10 10, 745-754). Recently, HIV-TAT peptide has been used
for internalization of macrocyclic gadolinium chelates
into mammalian cells (Bhorde et al. Bioconjugate Chem.
2000, 11, 301-305). The same HIV-TAT peptide has also
been used for internalization of magnetic nanoparticles
15 into lymphocytes from mouse spleen (Josephson et al.
Bioconjugate Chem. 1999, 10, 186-191) or mouse neural
progenitor cells (Lewin et al. Nat. Biotechnol. 2000,
17, 410-414). PCT Patent Application WO 99/67284
discloses the use of a cell membrane-permeant peptide-
20 derivatized diagnostic pharmaceutical with the
diagnostic label being a radionuclide or a paramgnetic

metal ion.

If the SR-A receptor antagonist is linked to a

paramagnetic metal ion such as cgd*, or

25 superparamagnetic iron-oxide particle, the imaging agent
could be used as a target-specific MRI contrast agent.
Like indium, lanthanide metal ions also form highly
stable metal chelates with DTPA, DOTA, as well as their
derivatives (DTPA and DOTA chelates have been

30 extensively reviewed recently (Liu S. and Edwards D.S.
Bioconjugate Chemistry, 2001, 12, 7-34. For DTPA- and
DOTA-related chelators, there are three possible
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Phe-am de as the BFC. The pendant |inkers also include 59 19 August 2005
-CH2CO- (AA) m (AA-Phe-dy), where AA represents an amno acid diradical,
nore preferably the glycine diradical - NHCH2CO . Gansow et al (PCT Patent
Application WD 89/ 11475, PCT Patent Application No. WD 91/14458, U.S. 5
Patent No. 4,923,985 and U. S. Patent No. 5,428,154) disclosed a process of
maki ng 4-am nophenyl - DOTA and its wuse a BFC for the radiaal abeling of ‘
bi ool ecul es such as antibodies. Parker et al (PCT Pateﬂtge‘lﬁ}ﬁt Pon. No.
WO 87/05030, PCT Patent Application No. W89/01476, 10 European Patent No.
0382583B1 and European Patent No. 0382583Al1) disclosed a series of DOTA
anal ogs as BFCs, which are coupled with bionol ecules such as a protein,
especi al |y antidmdicashepepbi dizsioat L4ty Ghdl estddhrfeatno £ Canjaryat e

conpounds. The |IC[’I roraggtgé)orﬂlggatlfn &{o%rl“'g | S Al l chgg to either one of
the four acetate cer? atrng ~“armns or"to one0 carpbéon atons of the

macrocyclic ba@é@;ow@lﬂl\m%mr et tathrie@ET maaen@néb\mﬂ ithat carbddo. WO

9012050 and PCT,{zaiens éﬁ@'é}fé’lta't% DRk IRL306848) ¢ ‘Ee%%h&s M&th ants
and their netal chel]ates useful 20 1 n diagnostic I maging

radi ot her apy. TH® deFdVeEVEAGIOnCcRE| atachsieati &8 af é:l'!el HREHY%%th‘he backbone
. noi ety (dendridsebodr apehyégaﬂme)acat@tartwnaden@m Uz8. tiadent No

5 053, 053 di scl osedoaa: serigs, %e étl q: ccarrltal 0Qs as P
DO3A- based BFCSPRHECHES oM UGSET oA §F oup™ §rcon {%&a°to®a |nker attached
to one of the Yismolesihe- Ciitcpetsr ogenlaa@)rtm aF@nngﬂWardephaagewe‘s ‘thehe | i nker

gr oup i s con?ecaeéhtoeyﬁat\b@rsmehey 48 1aheR- BiOBe8 bReymer ocycl i c
ackbone of Ometal chelate. In the third approach, the

derivatization or conjugation is at one of the acetate
groups via a CO-N amide bond. Compared to the
carboxylate-0, the carbonyl-0 is a relatively weak donor
for yttrium and lanthanide metal ions. This often leads
15 to the lower thermodynamic stability of the
corresponding metal chelate. However, the kinetic
inertness of its metal complex remains relatively

unchanged.

In U.S. Patent No. 4,678,667, Meares et al

20 disclosed a copper chelate conjugate for diagnostic or
therapeutic applications. The bifunctional macrocyclic
chelants include substituted DOTA, TETA, TRITA, and
HETA. The linker is at least 8-atom in length and the
attachment position of the linker is on the carbon atom

25 of the polyamine macrocycle. U.S. Patent No. 5,428,156
disclosed a methliod of producing DOTA, TETA, DOTA-NHS (NHS
= N-hydroxysuccinimide) and TETA-NHS esters for
conjugation of biomolecule. Meares et al (PCT Patent
Application No. WO 95/26206 and U.S. Patent No.

30 5,958,374) also disclosed a method for preparing a
radionuclide-labeled chelating agent complex. It
specifically disclosed DOTA(Gly)i:-L-(p-isothiocyanato)-
Phe-amide as the BFC. The pendant linkers also include

59



t he met hyl ene-carbon atom of one of the four acetate 30 chel ating arns.
Tweedl e et al (European Patent 0292689 A2; U.S. Patent No. 4,885,363, U S.
Patent No. 5,474,756, and U. S. Patent No. 5,846,519) disclosed netal

chel ates, particularly those of neutral charge, 60 19 August 2005 for MR
contrast imaging. It also disclosed DOSA analogs as BFCs for the
radi ol abel i ng of bionol ecules. Kruper et al (U S. Patents No. 5 8§

and U S. Patent No. 5,739,323) disclosed the DOTA analé@é“&ysB? 5 for

t he radi ol abeling of proteins. The linker is connected to the acetate
chelating armand the conjugation group is on a benzene ring. It was shown
that the DOTA nonoam de has better kinetic inertness because of |ess bone

upt ake. Kubonurauety_ahaf AUGHA #hiag 40, Rakeat AN 3335549 A0dnEHsOPEaN
Pat ent No. 05656}9}%%86t gll s?b{)sed tﬁ})ouse ofg Be%—l‘%ZCO\IHCH CH2NH2 as t he

BFC, and the ﬁé?ﬁld%’&taés BPramEsgRrabhy Jﬁ’ﬁ@%yﬁﬁne XGOSR ¢ or
t her apeutic phmmt | CehfisovwsaAZ ial etc'ﬁlpat(aHGTAﬁa[ﬁattlAppm cation No. WO

motal Tons. andSURUTS pEST SrEERE Ay BRCHS ef el el B €08 Ded,
ei ther as tEeyPatent)qun4a§§éciB&5|md grs. fltarﬁﬂmtaNponSMM&?léﬁher conmponent s,

for diagnosticg;LERAAY d 33808k aé,f ‘&Iak§ﬂ§c4-fai:rﬁn68ﬂéﬁ§lﬁlnmeaﬁé fwy 20
specific tissues, organs or body tents. eC| fical %y di scl oses

DOTA as the BF@Seaf |cfr°6c§§§ 6?‘11%&???1@“‘1 tﬂsfsé’lﬁﬁe} TGS SUERetints with
DO3A- CH2CONHCIHaEHRBSH 2 and pagkyr (&adlo (BCT dBgtemts Rpplidattienm®di ates. W I son

et al (US Patgnhs Wy, chPPalERY application No. woss/01476,

10 European Patent No. 0382583B1 and European Patent No.
0382583A1) disclosed a series of DOTA analogs as BFCs,
which are coupled with biomolecules such as a protein,
especially antibodies, peptides or carbohydrates to form
conjugate compounds. The linker and conjugation group

15 is attached to either one of the four acetate chelating
arms or to one of the carbon atoms of the macrocyclic
backbone. Watson, et al (PCT Patent Application No. WO
9012050 and PCT Patent Application No. WO09306868)
disclosed polychelants and their metal chelates useful

20 in diagnostic imaging and in radiotherapy. The

| macrocyclic chelant moieties are linked to the backbone
moiety {(dendrimer or polylysine) via an amide-bond.
U.S. Patent No. 5,053,053 disclosed a series of DOTA and
DO3A analogs as BFCs. For DO3A-based BFCs, the

25 conjugation group is connected to a linker attached to
one of the four amine-nitrogen atoms. For DOTA
derivatives, the linker group is connected to either one
of the carbon-atoms on the macrocyclic backbone or to
the methylene-carbon atom of one of the four acetate

30 chelating arms. Tweedle et al (European Patent 0292689
A2; U.S. Patent No. 4,885,363, U.S. Patent No.
5,474,756, and U.S. Patent No. 5,846,519) disclosed

metal chelates, particularly those of neutral charge,
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25 al so discl osed DOTA anal ogs as BFCs. The conjugation group is attached
to a benzene ring and the |inker group 1is connected to one of the four
acetate chelating arnms. DEFIN TIONS 30 The conpounds descri bed herein may
have one or nore asymetric centers. Conpounds of the present 61 19 August
2005 invention containing an asymetrically substituted atom may be

I solated in optically active or racem c fornmns. IS WE|bAé6MM] the art
how to prepare optically active forms, such as by resol d ‘Btzbaﬁenic
forms or 5 by synthesis fromoptically active starting materials. Many
geonetric isoners of olefins, C=N double bonds, and the |like can also be
present in the conpounds described herein, and all such stable isoners are
cont enpl at ed i nfoxt MRIprcestrdst iweginon. i slanddisclvsedeDO®Ari c i sonmers -10

of the conmpoundg, of, gtJ‘%Fpﬁﬁése%r' Eﬁgnééﬂbt%‘élgﬁé%é '%‘i@moi‘@?hi@’. be

isolated as a m xture OMers or separated i SOMeric
chiral, diasterkoirgy &t aiaﬂéﬁicpﬁéﬁﬂﬁsdﬁu &l BlfedvtetrdcUr s®mreri c forns of

a struct ]yre arﬁatéﬁte!it%_eds iwj,@;s C)]I _ttaf—'sémd 5 :taelﬁo@t %aqebsga§tgpscsor
isomeric formis specifica i,ndi cate used to prepare
conmpounds ofsmt =2 &ft I?Jr%’ﬁ't‘ingn grﬂr?ttﬁlé%edﬁé‘t %nﬁﬁﬁe *¥herein are
considered to beomnﬁdtedftbhﬂmpmeséate|¢h&wauung afmeartdeithe” substi tuted, " as

used herein, g‘%%vm%%h lgggéequ‘{cylgng n@%&é}%g@@%h&%l gnat ed

atomis replac tion ront e I ndicate roug prOV|ded t hat’
the designat ed BR¥nitdienBPFaImopepeAds has better kinetic inertnes

because of less bone uptake. Kubomura et al (Australian
10 Patent No. 9335519 and European Patent Not 0565930A1)
disclosed the use of DO3A-CH,CONHCH,CH,NH; as the BFC,
and the metal chelates of BFC-BM conjugates as
diagnostic or therapeutic pharmaceuticals. Gozzin et al
(PCT Patent Application No. WO 97/32862) disclosed a new
15 class of polychelants, their chelates with metal ions
and their physiologically acceptable salts, which can be
used, either as they are or in association or
formulation with other components, for diagnostic
imaging in general or specific contrast agents for
20 specific tissues, organs or body compartments. It
specifically discloses DOTA as the BFC, and a process of
making these macrocyclic chelants with DO3A-
CH,CONHCH,CH,CHO and poly(amino acids) as key
intermediates. Wilson et al (U.S. Patent No. 5,756,065)
25 also disclosed DOTA analogs as BFCs. The conjugation
group is attached to a benzene ring and the linker group

is connected to one of the four acetate chelating arms.

DEFINITIONS

30

The compounds described herein may have one or

more asymmetric centers. Compounds of the present
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not exceeded, and that the substitution results in a stable conpound. Wen
a substitent is keto (i.e., =0), 25 then 2 hydrogens on the atom are

repl aced. Keto substituents are not present on aromatic noieties. Wen a
ring system(e.g., carbocyclic or heterocyclic) is said to be substituted
with a carbonyl group or a double bond, it is intended that t he carbonyl
group or double 30 bond be part (i.e., wthin) of the r| The Bsﬁe
invention is intended to include all isotopes of atons 3 t he
present 62 19 August 2005 compounds. I sotopes include those at ons having
the sanme atom c nunber but different mass nunbers. By way of genera
exanple and without limtation, isotopes of hydrogen include tritium and

deuterium | sot.a.apeﬁtpctn S:&ﬁratiﬁmngrecﬂ lacé@mgafhgthm% aads Carbe 4dom Wien any
vari able (e.qg. 1% §igp g etinge in an¥ constituent or
formula for a SB¥pBEntt dBf?‘h a& YabCehth B éaFFRht e 385 ndependent
of its defi n| Ttons aWebl/émpwnt her thec @urtr Boweto Enepartooptliraddgnpl e, if a

group i s shownt Es?. R %ﬁda.wwrgsglvﬁgion tdte@atgglar&msm

optionally be gu rou R1 at each
occurrence Ps b#l étt'éaeswcféﬁéna@mqallwr éﬁﬁ‘h% Sct@frthpslrbqlit%ﬂaﬂ& Al so,

conbi nati ons .Olafybsédhataiilcs laaﬁléﬂr o\fablébiﬁ &HN aéuﬁsé chﬁﬂsb' en@nly if
such conblnatlggg eﬁult i n._st gubstltuent

| e _conpou %% e ongd 1
is shown to cr %l EfRe i?ﬁf%ﬁ%g ito |9? §°PP iof ?ﬁﬁgﬁ tch
substi tuent lhayebelbormhdiami anyh atteiplenisbmers rege Whehemplated in

the present invention. Cis and trans geometric isomers

10 of the compounds of the present invention are described
and may be isolated as a mixture of isomers or as
separated isomeric forms. All chiral, diastereomeric,
racemic forms and all geometric isomeric forms of a
structure are intended, unless the specific

15 stereochemistry or isomeric form is specifically
indicated. All processes used to prepare compounds of
the present invention and intermediates made therein are

considered to be part of the present invention.

The term *substituted," as used hérein, means
20 that’any one or more hydrogens on the designated atom is
replaced with a selection from the indicated group,
provided that the designated atom’s normal valency is
not exceeded, and that the substitution results in a
stable compound. When a substitent is keto (i.e., =0),
25 then 2 hydrogens on the atom are replaced. Keto
substituents are not present on aromatic moieties. When
a ring system (e.g., carbocyclic or heterocyclic) is
said to be substituted with a carbonyl group or a double
bond, it is intended that the carbonyl group or double
30 bond be part (i.e., within) of the ring.

The present invention is intended to include

all isotopes of atoms occurring in the present
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20 a substituent is listed without indicating the atomvia which such
substituent is bonded to the rest of the conpound of a given fornula, then
such substituent may be bonded via any atomin such substituent.

Conbi nations of substituents and/or variables are 25 perm ssible only if
such conbinations result in stable conpounds. As used herein, "alkyl" is

I ntended to include both branched and straight-chain saturated aliphatic
hydr ocar bon groups havi ng the specified nunber of car bon18d\ugushg00 anpl es
of alkyl include, but are not limted to, nethyl, ethyl, n-propyl,

| -propyl, n-butyl, s-butyl, t-butyl, n-pentyl, and s-pentyl. "Hal oal kyl"
Is 63 19 August 2005 intended to include both branched and strai ght-chain
saturated al i phatp6uhisr ocridtopegr Mylundbavhege tdtwmsshaeidg atiensaker of

carbon atons, substituted with 1. re_hal ogen (for l.e - CvFw where
T o S ana HiRRLE e S s Plor R Ra08 R Ve IR PE 1t "ar e
not |imted togeneral uexamdtehphd withouitol ombtatyion, peetedsu@foet hyl, and

pent achl or oet hyl,a, 64K 0XYc1 udeCRESSRM InBNahEdt i . OURs8Sogkef bed above with
the indicated nunber of_ carbon atons attached through an 10 oxygen bri dge.

Exanpl es of Sal KgkpoPntrehide Garbapelhgnd Farpesd4-o, net hoxy, et hoxy,

n- pr opoxy, i - propoxy, - but oxy, .. S-.but ox t-b X - X nd
s-pentoxy. "Cycl oal kyl 'r}'ﬂllesn iaﬁiée\r’l%lrel(f%tlg %(ﬁé?‘u’dle&lga ﬁ?&sgg\%%lgn%hmgroups,
such as cycl opropykimeyit gyt ghnsboitusptl opefoyiulal Sonl &eegrroupg, i nt ended to

i ngl ude hydrocarlogegfa] NPt Shib&chrsbhéd WY AueBeAR&e@COBEI guration
and one or definition at every other occurrence. Thus, for

10 example, if a group is shown to be substituted with 0-2
R', then the group may optionally be substituted with up
to two R! groups and R' at each occurrence is selected
independently from the definition of R!. Also,
combinations of substituents and/ox variables are

15 permissible only if such combinations result in stable

compounds .

When a bond to a substituent is shown to cross
a bond connecting two atoms in a ring, then such
substituent may be bonded to any atom on the ring. When
20 a substituent is listed without indicating the atom via
which such substituent is bonded to the rest of the
compound of a given formula, then such substituent may
be bonded via any atom in such substituent.
Combinations of substituents and/or variables are
25 permissible only if such combinations result in stable

compounds .

As used herein, "alkyl" is intended to include
both branched and straight-chain saturated aliphatic
hydrocarbon groups having the specified number of carbon

30 atoms. Examples of alkyl inciude, but are not limited
to, methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl,
t-butyl, n-pentyl, and s-pentyl. "Haloalkyl" is
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nmore unsaturated carbon-carbon bonds which may occur in any stable point
al ong the chain, such as ethenyl and propenyl. "Alkynyl" is intended to

i ncl ude hydrocarbon 20 chains of either a straight or branched
configuration and one or nore triple carbon-carbon bonds which may occur

in any stable point along the chain, such as ethynyl and propynyl. "Halo"
or "hal ogen" as used herein refers to 25 fluoro, chloro, brono 8@ I odo;
and "counterion"” is used to represent a small, negatlvel9 Ea eci es

such as chloride, brom de, hydroxi de, acetate, and sulfate. As used
herein, "carbocycle" or "carbocyclic 30 residue"” is intended to nean any
stable 3- to 7-nenbered nonocyclic or bicyclic.or 7-to 13-nenbered bicyclic

or tricyclic, ;30¥n@baWy Cﬂldm}debﬁoé@ﬁo%ﬁ&ﬁé’d aqf%srfsltéla{gfh@%hla&nAugust 2005
unsaturated, or aronatic.. Exanples of such carbocycles 1nclude, but are

not linited t()SaEVEFB%@cﬁﬁﬂphat&90h¥ﬂﬁ999F OR v feving thsohexy! |
cycl oheptyl, adaﬁmﬂiaﬁ numbﬁroeﬁt&&rbthaBOQéknsubﬁteeﬁtéMleeﬁ 1 or

[4. 3. O]blcyclononan bIC dec 2] bic cIo
fluorenyl, phefiyfs n &]O OJ1 a‘f’raw}i%i and}L él?ra%glér onapht hyl .

As used herel na1 tbe(zﬂ:m )" hemampy@é e>"f helod hqtlermyud_iec Ispyskeal i s
I ntended to nmean, a}?%£$g t%r%91JL£E%ZQ fd ggyygﬁgggh&tég} bicyclic or 7-to

10- mrenber ed blcyc erdc C i's saturafed 'partially
unsat ur at ed orPBﬁ§ﬁﬁh¢%ﬁQ§FﬁM§noﬁa@|R§ntaah€°VWﬁRhyl coidlke® of carbon atonms

and from1 to 4epetesRad U alkyl group as defined above with the

indicated number of carbon atoms attached through an

10 oxygen bridge. Examples of alkoxy include, but are not
limited to, methoxy, ethoxy, n-propoxy, i-propoxy,
n-butoxy, s-butoxy, t-butoxy, n-pentoxy, and s-pentoxy.
"Cycloalkyl" is intended to include saturated ring
groups, such as cyclopropyl, cyclobutyl, of cyclopentyl.

15 Alkenyl* is intended to include hydrocarbon chains of
either a straight or branched configuration and one or
more unsaturated carbon-carbon bonds which may occur in
any stable point along the chain, such as ethenyl and
propenyl. "Alkynyl" is intended to include hydrocarbon

20 chains of either a straight or branched configuration
and one or more triple carbon-carbon bonds which may

occur in any stable point along the chain, such as

ethynyl and propynyl.

"Halo" or "halogen" as used herein refers to
25 fluoro, chloro, bromo, and iodo; and "counterion® is
uéed to represeﬁt a small, negatively charged species
such as chloride, bromide, hydroxide, acetate, and

sulfate.

As used herein, "carbocycle" or "carbocyclic
30 residue" is intended to mean any stable 3- to 7-membered
monocyclic or bicyclic or 7-to l1l3-membered bicyclic or

tricyclic, any of which may be saturated, partially
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| ndependently selected fromthe group consisting of N, 0 15 and S and

I ncl udi ng any bicyclic group in which any of the above-defined

heterocyclic rings is fused to a benzene ring. The nitrogen and sul fur

het eroatons may optionally be oxidized. The heterocyclic ring may be
attached to its pendant group at any heteroatom or 20 carbon atom which
results in a,stable structure. The heterocyclic rings described herein may
be substituted on carbon or on a nitrogen atomif the régtﬁl{Q%ZOQ%npound
is stable. A nitrogen in the heterocycle may optionally be quaternized. It
Is preferred that when 25 the total nunmber of S and O atonms in the

het erocycl e exceeds 1, then-these heteroatons are not adjacent to one

ﬁnot her . :t I s piafeiaedd] hat aiﬂ’&ﬁtaﬂ:ﬁl&amd:mﬁﬂléé of fmh’il&drﬁo@dll&s in the
eterocycle is not re.than 1. As..used. herein,.the term"aromatic

het erocyclic sy%?%ﬁ#E%Orbgg R oarPed £ nFERHRF P Thean a stable 5-to
7- nmenber ed noncysiclhiutydr dtyeladentydr dydleohedyirendyeriethepbityclic

het erocyclic aroiBti ¢ hi NGy MU ,§0N$E St 19k cvERE DAL At ons and from 1l to 4
het er ot ans i ndependent . %% 19 Aagﬂsf 200§.sg?ected romthe group o
consi sting of N4@-ddgigyclengnaney, bt of {HPpicHatode@not al nunber of S and 0

atons in the arpMALIIGiBSEESOREIE FSud@inyIQr 8héhdl), haph¥app) es of
het erocycl es infl de bué arquapt qu%&§%§tgé q&g}Qinyl, azocinyl ,
ben2|n1dazolyl,15§ﬁ?8Tu? \u en?'_hF?ﬁ PRERRE™ hi opheny!
e b Pk T )
4aH_Carbazo|y|,“heterocyclic system” is intended to mean a stable 5-to
10 7-membered 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
15 and S and including any bicyclic group in which any of
the above-defined heterocyclic rings is fused to a
benzene ring. The nitrogen and sulfur heteroatoms may
optionally be oxidized. The heterocyclic ring may be
attached to its pendant group at any heteroatom or
20 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. A nitrogen in the heterocycle may
optionally be guaternized. It is preferred that when
25 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 O atoms in the heterocycle is not more than 1. As
used herein, the term “aromatic heterocyclic system” or
30 “heteroaryl” is intended to mean a stable 5-to 7-
membered monocyclic or bicyclic or 7-to l1l0-membered
bicyclic heterocyclic aromatic ring which consists of

carbon atoms and from 1 to 4 heterotams independently
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10 carbolinyl, chromanyl, chromenyl, cinnolinyl, decahydroquinolinyl,
2H, 6H 1, 5, 2-di t hi azi nyl, di hydrofuro[ 2, 3-b]tetrahydrofuran, furanyl,

furazanyl, imdazolidinyl, imdazolinyl, imdazolyl, 1Hindazolyl,

i ndol enyl, indolinyl, indolizinyl, indolyl, 3Hindolyl, 15 isobenzofuranyl,
I sochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl,

| sot hiazolyl, isoxazolyl, nethylenedi oxyphenyl, nDrphollnyI

napht hyri di nyl, octahydroi soqui nol i nyl, oxadiazolyl, 1, 39 @MSﬁﬁﬁ?gg%Iyl,
1, 2, 4- oxadi azol yl, 1,2, 5-oxadi azolyl, 20 1,3,4-oxadiazolyl, oxazol i di nyl,
oxazol yl, oxazolidinyl, pyrimdinyl, phenanthridinyl, phenanthrolinyl,
phenazi nyl, phenot hi azi nyl, phenoxathiinyl, phenoxazinyl, phthal azinyl,
pi perazinyl, pispgeteédyirom Pherdbupy lconpiisting ofpNr abydnd Byr azknysé ,

purazel | 911 RGBS g WSSO U gL o0 dg0icol

pyrrolidinyl, pybmatimydqtezblcwle oﬂ%/lnot pyre dihgn lqui nazol i nyl, qU| noI I nyl,

4H qui nol i zi nyl , quinoxalinxl qui nucl i di nyl , tetrahydrofuran%
t et r ahydr oi soqui nol i nyl Exagpianyelr dwkeroryales isplyde. fouy gragnab nyI
1,2, 3-thi adBaZQﬁ)ﬁhteé o A-akhi ath@Z,0la¢ocindl 2, &ﬂzﬁh&d&ﬂﬂl}c ,

1, 3, 4-t hi adi I t hi ant h I t hi lyl,
t hi enoox:ago: 3IZ% éém_ct 0 en%‘b‘gutorﬁ]:ﬁ%ég%y LAY tﬁng?%er%]‘igﬂsl | ?f?aéll nyl ,

1,2, 3- trlazolybpzixazd&yhﬂ beokyhiazbl¥15- benzaulagblyl, 3, 4- triazolyl, and

xant henyl . Pr ﬂb%%%@@%@% &@Cyﬁéﬁélsdﬁ“zlow@ Mzﬁ%@hﬂ&’ioiylmtEd to,

ridinyl, furan I én rro razol yl rroI|d|nI
Pﬁida20¥y| bé%21m1daz011n¥l gg;bazo aH;cagéazo y y

10 carbolinyl, chromanyl, chromenyl, cinnolinyl,
decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl,
dihydrofuro(2,3-b]ltetrahydrofuran, furanyl, furazanyl,
imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl,
indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl,

15 isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl,
isoxazolyl, methylenedioxyphenyl, morpholinyl,
naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,

20 1,3,4—oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl,
pyrimidinyl, phenanthridinyl, phenanthrolinyl,
phenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,
pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl,

25 pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,
pyridoimidazole, pyridothiazole, pyridinyl, pyridyl,
pyrimidinyl, pyrroiidinyl, pyrrolinyl, 2H~-pyrrolyl,
pyrrolyl, quinazolinyl, gquinolinyl, 4H-quinolizinyl,
guinoxalinyl, quinuclidinyl, tetrahydrofuranyl,

30 tetrahydroisoquinolinyl, tetrahydroquinolinyl, 6H-1,2,5-
thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5-thiadiazolyl, 1,3,4-~thiadiazolyl, thianthrenyl,
thiazolyl, thienyl, thienothiazolyl, thienooxazolyl,
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i ndol yl, benzi m dazolyl, 1Hindazolyl, oxazolidinyl, benzotriazolyl,

benzi soxazol yl, oxindolyl, benzoxazolinyl, and isatinoyl. Al so included
are fused ring and spiro conpounds containing, for exanple, the 10 above
het erocycl es. The phrase "pharmaceutically acceptable,” is enployed herein

to refer to those conpounds, materials, conpositions, and/or dosage forns
which are, within the scope of sound nedical judgnent, suitable f use in
15 contact with the tissues of human beings and ani nmal s 1RiAyavst gaéessive
toxicity, irritation, allergic response, or other problemor conplication,
commensurate wth a reasonable benefit/risk ratio. As used herein,
"pharmaceutically acceptable 20 salts" refer to derivatives of the

di scl osed conpauidfoiddlylhetpidpitnytpnpeiduinya ,medefied by nmaking acid

or base salts thereof. anpl.es_of phar mac i.call cc ble salts

i ncl ude, but e ihE 13(1.'?"1'%84{ g,“a%%(grg?'%%b“rrg‘fi&ygcﬂg'p}s s of basic
resi dues such as}ESOEQﬁduﬁﬂd andtiedl.i Brebeygeed hegakvsyolfesaci di ¢ residues
such as car boxxlnbguggll q§u_t The ??@rﬂ% -?h{gl Eé‘,l lﬁ&ri%ﬁ?ﬂ apl[u_earﬁ,ql't s i ncl ude

t he conventional non-toxic _salts or quat'eérnary ampnj um salts of the
parent conpourtieBYhe PYHFELYéx Aoy L o kYRR LGTY L nbrPaTrdYBo or
organi ¢ aci ds. ih@bl1eXAMEr.imS8HoGANY eRt i A4 o13AN)- oka¥%bTidallls | ncl ude

t hose derived fromjnprgani.c acids suc s hydrochlLoric, hydrobromc,
sulfuric, sulf ﬁpé?éﬁﬁa%yhggg?zﬁfﬁ%azﬁﬂﬁgph‘?)’?/’irﬁi,%clé.’ d nitric; and the salts
prepared from bengemazolicivds sudhisetiacpli c,Aloopincinded succitnsed

ring and spiro compounds containing, for example, the

10 above heterocycles.

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

15 contact with the tissues of human beings and animals
without excessive toxicity, irritatibn, allergic
response, or other problem or complication, commensurate

with a reasonable benefit/risk ratio.

As used herein, "pharmaceutically acceptable
20 salts" refer to derivatives of the disclosed compounds
where%n the parent compound is modified by making acid
{ or base salts thereof. Examples of pharmaceutically
acceptable salts include, but are not limited to,
nineral or organic acid salts of basic residues such as
25 amines; and alkali or organic salts of acidic residues
such as carboxylic acids. 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
30 or organic acids. For example, such conventional non-
toxic salts include those derived from inorganic acids

such as hydrochloric, hydrobromic, sulfuric, sulfamic,
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glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, panoic,
mal ei ¢, hydroxynmal ei c, phenylacetic, 5 glutam c, benzoic, salicylic,

sul fanilic, 2- acetoxybenzoic, fumaric, toluenesulfonic, nethanesulfonic,
et hane disulfonic, oxalic, and isethionic. The pharmaceutically acceptable
salts of the 10 present invention can be synthesized fromthe parent
conpound whi ch contains a basic or acidic noiety by con¥§ tion?% @genica
met hods. Cenerally, such salts can be prepared by reacti Z“EWé 0 aci d
or base fornms of these conpounds with a stoichionetric anount of the 15
appropriate base or acid in water or in an organic solvent, or in a

m xture of the two; generally, nonaqueous nedia |like ether, ethyl acetate,

ethanol, isoprfRapBbri®f HELeBLLE] | B BePs£ltey pedpakeédtronf suitable
salts are found in Reniqg%?n's Phar maceuti cal 20 .,Sciences,. 17th ed., Muck

ces,.
Publ i shi ng ConpFBPIiEARFHIF SHRP 23 g¥Ectis: PRIRICRGs §HSeHdsUre of which is
hereby incorpafiatcediby seferienceacSiacamapiodrtysaaie, kabwrid.0 enhance

nunerous desir al I 1] o] igg; (L. sWbi lity,
bioavailability%ggﬁgﬁg ac %ﬁéﬁ%@,kgggf§'i;ﬁe té>c rnﬁ%}%gsgg?n %Ef%ﬁﬂgéent

i nvention mey bElwWemigerkeniaic.pFabitiglicor fuliaristicthé-present invention is
intended to0 CONRStRBERRE OffulnBei ®f esRlehksel/idiRg conpounds, met hods of
delivering the sanme and gonposi%#ons 0 ntainhgggphe same. "Prodrugs" are

i ntended to i nCYSIEREHY-Coval ERFFYS OBAFt i BPs Nihi BR7 rel ease an acti ve

parent drug of idexhivbasent invention in vivo when such 68

The pharmaceutically acceptable salts of the

10 present invention can be synthesized from the parent
compound which contains a basic or acidic moiety by
conventional chemical methods. Generally, such salts
can be prepared by reacting the free acid or base forms
of these cpmpounds with a stoichiometric amount of the

15 appropriate base or acid in water or in an organic
solvent, or in a mixture of the two; generélly,
nonaqueous media like ether, ethyl acetate, ethanol,
isopropanol, or acetonitrile are preferred. Lists of
suitable salts are found in Remington‘s Pharmaceutical

20 Sciehces, 17th ed., Mack Publishing Company, Easton, PA,
1985, p. 1418, the disclosure of which is hereby

incorporated by reference.

Since prodrugs are known to enhance numerous
desirable qualities of pharmaceuticals (e.g.,

25 solubility, biocavailability, manﬁfacturing, etc.) the
c&mpounds of the-present invention may be delivered in
prodrug form. Thus, the present invention is intended
to cover prodrugs of the presently claimed compounds,
methods of delivering the same and compositions

30 containing the same. "Prodrugs" are intended to include
any covalently bonded carriers which release an active

parent drug of the present invention in vivo when such
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19 August 2005 prodrug is admnistered to a manmal i an subject. Prodrugs of
the present invention are prepared by nodifying functional groups present
in the conpound in such a way that the nodifications are cl eaved, either
in 5 routine mani pulation or in vivo, to the parent conmpound. Prodrugs

I ncl ude conmpounds of the present invention wherein a hydroxy, anino or

sul fhydryl group is bonded to any group that, when the odrug 8&

present invention is admnistered to a nmanmalian subjec Augugh2QQ aves to
forma free hydroxyl, free am no, or free sulfhydryl group, respectively.
Exanpl es of prodrugs include, but are not limted to, acetate, formate and
benzoate derivatives of al cohol and ami ne functional groups in the
conpounds of tBrogresciit adminhstered tb 4 Shaimad iconpuogett.and "st abl e

structure” areprgggﬁgstd;|t@gl§@é§gﬂ% gﬁg@g&qgktgy@tpk§p§§gg|H9|ently robust

to survive isolation to a use degree of purity froma feaction nmixture,
and fornul at i oRCARERLRE TUPCELgRa b SEOUPR PEGRANY dlalRftComPOWReir oor di nat i on

sphere of the sachomuedy d:elatl o6é uds rakhtides ladr@anlsavdd,ge@upsy bgund to the
radlonuclld For a net al, ;c radi onucli de tfi:rﬂlggpestablet,r the netalllic

radlonucllde Tt YR %??ﬁmﬁﬁgu XY A8t YHRC N (Rerder <8P T at ons)
conpri sed of 2Bradrigs egwiludeeatrmountanobrtieygalesent direahtiess t han or

equal to 9; th%efémtmzrﬁraﬁgn%m& 8L Ol 11 Q- 4P sBb@haaqd 1t s

said to have a conplete coo ation here. "The requisite coordlnatlon
number for a st8bPRY gzR¥PofkhbeFi d@%ﬁbﬁe&r?%’f@epér FrlP?léEtFe’&?the i dentity of

invention is admlnlstgred to a mammalian subject, it
10 cleaves to form a free hydroxyl, free amiho, or free
sulfhydryl group, respectively. Examples of prodrugs
include, but are not limited to, acetate, formate and
benzoate derivatives of alcochol and amine functional

groups in the compounds of the present invention.

15 "Stable compound" and "stable structure* are
meant to indicate a compound that is sufficiently robust
to survive isolation to a useful degree of purity from a
reaction mixture, and formulation into an efficacious

therapeutic agent.

20 4 The coordination sphere of the radionuclide
includes all the ligands or groups bound to the
radionuclide. For a metalllic radionuciide to be
stable, the metalllic radionuclide typically has a
coordination number (number of donor atoms) comprised of

25 an integer greater than or equal to 4 and less than or
equal to 9; that is, there are 4 to 9 atoms bound to the
metal and it is said to have a complete coordination
sphere. The requisite coordination number for a stable
radionuclide complex is determined by the identity of

30 the radionuclide, its oxidation state, and the type of
donor atoms. If the chelant does not provide all of the

atoms necessary to stabilize the metal radionuclide by
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30 the radionuclide, its oxidation state, and the type of donor atons. If
the chel ant does not provide all of the atons necessary to stabilize the
nmetal radi onuclide by 69 19 August 2005 S conpleting its-coordination
sphere, the coordination sphere is conpleted by donor atons from ot her

| igands, terned ancillary or co-ligands, which can al so be either
termnal or chelating. Lyophilization aids useful in the &reparaﬁdgy of
di agnostic kits that are useful for the preparation of 19August200

radi opharmaceuticals include but are not limted to mannitol, |actose,
sorbitol, dextran, Ficoll, and polyvinylpyrrolidine (PVP). 10 Stabilization
aids useful in the preparation of radi opharnmaceuticals and in diagnostic
Kits that are degglutidpritsheoprenmtiion0BpRérd heneadbophitdmoautical s

i nclude but are _not |imted.t corbic acid, cystei not.hi ogl ycerol ,
sodi um bi sul 1 CEREES G RoTE LREEARTY %C’f“e?;:%%%tﬁ}é meokhen Tigapas, 03 Y0/
Sol ubi | i zat i on tzirdedusefilllary bhecprldgandsi ovhialf cradabphdveredsbercal s and

i n diagnostic %EEE‘SQ?Q»@%%.lHEEﬂ&! for the preparation of the
radiopharnaceutlcaﬁs include but“are not limted to ethanol, glycerin, 20

pol yet hyl ene gl ycol, prapgwpcdneigatytéd aikel yexsmat Ayl ene ps&fdHatadn
nonool eat e, sor%it n_nonql.oeat e, o“%sorbatgf £ h £

pol y( oxyet hyl erfé) p8t§Y Fo%ﬂlF%n@ﬁ) IAFEoXFETHYy T8RP P oBE @538 y ner s
(Pluronics) anci eefliéphnrmBcehiticalls iscilulelbwi rgeands biwited yet hyl ene
glycol, and 25nB5HEQQiF”&actose, sorbitol, dextran, Ficoll, and

polyvinylpyrrolidine (PVP).

‘10 Stabilization aids useful in the preparation
of radiopharmaceuticals and in diagnostic kits that are
useful for the preparation of the radiopharmaceuticals
include but are not limited to ascorbic acid, cysteine,
monothioglycerol, sodium bisulfite, sodium

15 metabisulfite, gentisic acid, and inositol.

Solubilization aids useful in the preparation
of radiopharmaceuticals and in diagnostic kits that are
useful for the preparation of the radiopharmaceuticals
include but are not limited to ethanol, glycerin,

20 polyethylene glycol, propylene glycol, polyoxyethylene
sorbitan monocoleate, sorbitan monoloeate, polysorbates,
poly (oxyethylene)poly (oxypropylene)poly (oxyethylene)
block copolymers (Pluronics) and lecithin. Preferred
solubilizing aids are polyethylene glycol, and

25 Pluronics.

Bacteriostats useful in the preparation of
radiopharmaceuticals and in diagnostic kits that are
useful for the preparation of the radiopharmaceuticals
include but are not limited to benzyl alcohol,

30 benzalkonium chloride, chlorbutanol, and methyl, propyl

or butyl paraben.
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Bacteriostats useful in the preparation of radi opharnmaceuticals and in
di agnostic kits that are wuseful for the preparation of the
radi ophar maceuticals include but are not limted to benzyl alcohol, 30

benzal koni um chl ori de, chl orbutanol, and nethyl, propyl or butyl
70 19 August 2005 Utility The diagnostic radi opharmaceuticals are 5

adm ni stered by intravenous injection, usually in saline _solution
dose of 1 to 100 nCi per 70 kg body weight, or preferab

to 50 nCG.

5,155, 215; U. S. Patent 5,087,440; Margerstadt et al. Magn. Reson.

par aben.

19 Angust 3008 of s

Imaging is performed using known procedures. The magnetic
resonance imagi ng contrast agents 10 of the present invention may be used
inasimlar

1986, 3, 808-812; Runge et al. Radiolog£.1988, 166, 835-838; and
et al. 15 Radiol ogy 1988, 166, 693-69HtL rally, sterile aqueous
solutions of the contrast agents are admnistered to a patient

i ntravenously in dosages

manner as other MRl agents as described in U S. Patent

Med.
Bousquet

ranging fromO0.01 to 1.0 mmol es per kg body

wei ght. For use as X-ray goni.rast gﬁr}fta%,iotpﬁgnggceg}q__r{%gigtéroens of the

present invention should genefﬁ???

ave a-neavy a

om concentration of 1 mM

to 5 M préf eraipigtergfitly AnMraveovagedniadhion stusnedlyyin isaliaeenous

injection, wllsdpiieal !l ¥erangRel 60M Qo 108MREL kted @olkg Wam) / kg,
preferably 0.8 mmpl/kg to 1.2 25 nnnl/k%. Inaglnq:ls performnmed ysing known
weight ose of 5 to

t echni ques,

10

15

20

25

30

or preferably at a

is performed using known procedures.

The magnetic resonance imaging contrast agents

of the present invention may be used in a similar manner

as other MRI agents as described in U.S. Patent
5,155,215; U.S. Patent 5,Q87,440; Margerstadt et al.
Magn. Reson. Med. 1986, 3, 808-812; Runge et al.
Radiology 1988, 166, 835-838; and Bousguet et al.
Radiology 1988, 166, 693-698. Generally, sterile
aqueous solutions of the contrast agents are ‘
administered to a patient intravenously in dosages

ranging from 0.01 to 1.0 mmoles per kg body weight.

For use as X-ray contrast agents, the
compositions of the present invention should generally
have a heavy atom concentration of 1 mM to 5 M,
preferably 0.1 M to 2 M. Dosages, administered by‘
intravenous injection, will typically range from 0.5
mmol/kg to 1.5 mmol/kg, preferably 0.8 mmol/kg to 1.2
ﬁmol/kg. Imagiﬁg is performed using known techniques,

preferably X-ray computed tomography.

Other features of the invention will become
apparent in the course of the following descriptions of
exemplary embodiments, which‘are given for illustration
of the invention and are not intended to be limiting
thereof.
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preferably X-ray conputed tonography. Qther features of the invention wll
becone apparent in the course of the follow ng descriptions of exenplary
enbodi ments, which are given for illustration 30 of the invention and are
not intended to be limting thereof. 71 19 August 2005 The

radi ophar maceuticals of the present invention conprised of a ganma
emtting i sotope are useful for imaging atherosclerosis, vul ner &i{i

pl aque, <coronary artery disease, renal disease, thronbolN\UgUQtf si ent
I schemi a due to clotting, stroke, nyocardial infarction, organ transplant,
organ failure and hyperchol esterol em a. The radi opharmaceuticals of the
present invention conprised of a positron emtting isotope are 10 usef ul
for inmmging atheroscl erOHieS,ra‘dlibphaﬁﬁﬂc&umHaﬂL@ of amreopaéyexatrter'y di sease,
renal disease, Ihrogbos S t.r ansi |schematdue t.Q gl ofttin stroke,

arction, Cdrng’rr*llster ansp? ag‘}‘?f“ma ?“6 J’rngl rGre”Bh Gar

nyocardi al infarc
hyper chol est er m@flué fQS iﬂ&gl@gnpmcdferDHESpm@mrabhveﬂta@m conpri sed

of one or nore Moﬁﬁ?ﬂnﬂd&ymé&éleabén%:eﬁ@ gei&dd,r eRreRgOtidli-um
dysprosium _iron, and nmnganese, are useful as cont r ast %gents for

magneti ¢ reSonde@siAREi FFIGIRR) IBE bR 1desEERRr sliTokey (TRRTEHFEL 20 pl aque,
coronary arteryiffageasen, raan draggsmant,t brgaipaRiidurer andi ent i schem a due

to clotting, sty oke ho VoSS, |aI | nfarction, organ transplant, organ
. er
failure and hy oes ero

The radlopharmaceuticals of the present
invention comprised of a positron emitting isotope are
‘ 10 wuseful for imaging atherosclerosis, wvulnerable plaque,
coronary artery disease, renal disease, thrombosis,
transient ischemia due to clotting, stroke, myocardial
infarction, organ transplant, organ failure and

hypercholesterolemia.

15 The compounds of the present invention
comptrised of one or more paramagnetic metal ions
selected from gadolinium, dysprosium, iron, and
manganese, are useful as contrast agents for magnetic
resopnance imaging (MRI) of atherosclerosis, vulnerable

20 plaque, coronary artery disease, renal disease,
thrombosis, transient ischemia due to clotting, stroke,
myocardial infarction, organ transplant, organ failure

and hypercholesterolemia.

The compounds of the present invention
25 comprised of one or more heavy atoms with atomic number
of 20 or greater are useful as X-ray contrast agenté for
X-ray imaging of atherosclerosis, vulnerable plaque,
coronary artery disease, renal disease, thrombosis,
transient ischemia due to clqtting, stroke, myocardial
30 infarction, organ transplant, organ failure and

hypercholesterolemia.
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The conpounds of the present invention 25 conprised of one or nore heavy
atons with atom c nunber of 20 or greater are useful as X-ray contrast
agents for X-ray imaging of atherosclerosis, vulnerable plaque, coronary
artery di sease, renal disease, thronbosis, transient ischem a due to
clotting, stroke, nyocardial 30 infarction, organ transplant, organ failure
and hyperchol esterolema. 72 19 August 2005 The conpounds of th esent
invention conprised of an echogeni c gas cont ai ni ng surf&%WStﬁg& osphere
are useful as ultrasound contrast agents for sonography of

at heroscl erosi s, vulnerable plaque, 5 coronary artery di sease, renal

di sease, thronbosis, transient ischema due to claotting, stroke,

myocardial infarction, Trg&eTPPERdDIdhitheoPEafcHaillyrPRESPR

hyper chol est er aprased SEMbBEkcRbg&RAS IJa@N coabeiMinoCaarbactaad to 10
attach the NVP i.nhib e surfactant, m Gros heretSX?fbrThese are

Hﬁor s,. 0O to tf gspher ¢
i | lustrated in"HSPERPRES FEadFFENt sthathed 2RREPS SR FERT 3T 2°5urf act ant
noi ety that fceomwgirhphgusf athentsoiercssshevelndmbleybdatied Reaction: Sf-C

(=0) -Y+ Q WH2 Q.o ¥y A€ ySdifed 50 rdlhQai QR OfnSorfodz0) -OQYis a
| eavi ng gr o%‘p oc%rrggt’l vea]gée;er dfge%s%ﬁ%}lg% &%I [ n'g:thg?-, SH EOQ SH -------- >
Sf-S S Q Sul f orfEdndd cEbupFFhfiasfus fo-mlpteing o fjppke,  myocardigl g

(=0 2-NHQ infarction, organ transplant, organ failure and
hypercholesterolemia. ‘
A number of reaction schemes can be used to
10 attach the MMP inhibitors,.Q, to the surfactant
microsphere, X'. These are illustrated in following
reaction schemes where S, represents a surfactant moiety

that forms the surfactant microsphere.

15 Acylation Reaction:
S,-C(=0) -Y+ Q-NH, or ---=-=--=> §,-C(=0)-NH-Q
Q-0H or S,-C(=0)-0-Q

Y is a leaving group or active ester

20 Disulfide Coupling:
S,-SH + Q-SH = ———m——e- > 8,-S-5-Q

Sulfonamide Coupling:

5,-5(=0),-Y + Q-NH, =  —-==---- > S,~S(=0),-NH-Q
25
Reductive Amidation:

S,-CHO + Q-NH, = -—-—----- > S,~NH-Q
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25 Reductive Am dation: Sf-CHO + QNH2 -------- > Sf-NHQ 73 19 August 2005
In these reaction schenes, the substituents S. and Q can be reversed as

wel | . Representative conmpounds of the present invention were tested in the
following in vitro and in 5 vivo assays and nodels and were found to be
active. D -AcLDL Uptake Assay A high throughput assay (Freeman et al. Proc.
Natl. Sci. USA 1991, 88, 4931-4935; Lysko et al. J. 10 Pharmacol (%p
Ther. 1999, 289, 1277-1285; PCT patent applications wo 69 2

00/ 06147, and WD 00/03704) was used for assessnent of bi nd| ng act|V| ty of
SA-R antagoni sts based on uptake of Dil-AcLDL (1,1'-

di oct adecyl - 3, 3, 3" 3' -tetranet hyl i ndocar bocyani ne 15 Perchl orat e-| abel ed
LDL) by the transtiesdedebikidn3sclnmlelss. thorsubast tassty s, ik @e3dncel | s
transfected with SR-Al were used, although both SR-Al and SR-All appear

t o have equi vabentewsrsed ty. w8Liefly, HEK 293 cells were seeded at 2 x 104
cells/well in a 96-well plate in 20 EI\/EMvm'th 2 MM glutam ne, 10% FBS, and

0.4 nmg/ mL geneticin. T%gagggggﬁ%yyéego |g | ¥nd gsqa_tnttachnent and

achi eved confluency by ornmed 1n serumfree EVMEM
contai ni ng 2 mihventEm We@énﬁﬁ%’éﬁ?ﬂ l@ths ﬁ@ﬂé’vﬂlﬁ@ubﬁt‘éﬁm fRADIM - AcLDL

(final 25 cencenysald s dnd/ Abdeld) ahBewahs R dOko PhERIIGRe0f the tested
SR- A antagoni sts (quadruplicate determnations) for 4 h at 37 C. During

aspiration of
Di-AcLDL Uptake Assay

A high throughput assay (Freeman et al. Proc.
Natl. Sci. USA 1991, 88, 4931-4935; Lysko et al. J.

10 Pharmacol. Exp. Ther. 1999, 289, 1277-1285; PCT patent
applications WO 99/07382, WO 00/06147, and WO 00/03704)
was used for assessment of binding activity of SA-R
antagonists based on uptake of DiI-AcLDL (1,1'-
dioctadecyl-3,3,3'3’-tetramethylindocarbocyanine

15 perchlorate-labeled LDL) by the transfected HEK 293
cells. For most assays, HEK 293 cells transfected with
SR-AI were used, although both SR-AI and SR-AII appear
to have equivalent activity. Briefly, HEK 293 cells
were seeded at 2 x 10% cells/well in a 96-well plate in

20 EMEM with 2 mM glutamine, 10% FBS, and 0.4 mg/mL
geneticin. The cells showed essentially 100% attachment
and achieved confluency by 3 days. Testing was
performed in serum-free EMEM containing 2 mg/mL BSA.
Confluent cells were incubated with DiI-AcLDL (final

25 concentration, 2 pg/mL) in the absence or presence of
the tested SR-A antagonists (quadruplicate
determinations) for 4 h at 37 °C. During aspiration of
solutions and a Loche’s buffer wash, there was a minimal
detachment of cells because of their enhanced attachment

*30 relative to unmodified 293 cells. Results were

74




solutions and a Loche's buffer wash, there was a mnimal detachnent of
cells because of their enhanced attachnment '30 relative to unnodified 293
cells. Results were 74 19 August 2005 quantified with a CytoFl uro 2350
fluorescence plate reader at 530 nm excitation/590 nm em ssi on. Background
fluorescence of unl abeled cells was substracted from Dil-AcLDL
fluorescence values (quadraplicate 5 determnations), and results were
expressed as percent total Dii fluorescence of cells ind@#sangt 2009 he
absence of SR-A antagonists. Radioligand Assay 10 This assay was used to
determne the effectiveness of an SR-A antagonist in bl ockage of SR-A
degradation and binding/internalization of (1251]AcLDL, and was adopt ed

from previ ous stuigh eseilGoldet &l '@ﬁ(@EFﬁlro ﬂsﬁﬁ £108téscedde §ee1979 76,
333-337; Gol dsteéin et a ds Enz 1983, 08 1B1-

15 sko et
al. J. Phar macbradex it Jf’ﬁgrnm f@@@taEB@n’y 9?77"“1?@5”’@5‘1‘ pafE ?m‘m&/
appl i cations VIIEMM&EEEE&peVWI(MHT&&&&@d el NRaB05BN I ctedBEreh | y, HEK 293

cells transfected SR- SR-All. werg s . x 105
col | o/ /vl | iR ‘é%f q:‘L “%lre & W EvEM Q%Js‘é?%ﬁ%ﬁ?%t with 2 nm
gl ut ami ne, £D96dG¥E¥m¥nﬂ$1°0$M«ﬁgﬁhtegehhﬁiwﬁnﬁ eppregsed 3sdagscemtedi um was

repl aced with 500:4 af;1senubrddeecaedi Ufe LoNtidiclbAfed idMBhel aBS¥hand
[ 1251 ] AcLDL (|od|nated actylated low density |ipoprotein) at 5 gg/niL, and

cel I's The cel | s°B55RHoa@¢a8eR-EHtS-al |y 100% at t achment and achi eved
confluency by 3 days. Testing was performed in serum free EMEM cont ai ni ng
2 ng/ mL. BSA, and cells were

Radioligand Assay

10 This assay was used to determine the
effectiveness of an SR-A antagonist in blockage of SR-A
degradation and binding/internalization of {**51]AcLDL,
and was adopted from previous studies (Goldstein et al.
Proc. Natl., Sci. USA 1979, 76, 333-337; Goldstein et al.

15 Methods Enzymol. 1983, 98, 181-190; Lysko et al. J.
Pharmacol. Exp. Ther. 1999, 289, 1277-1285; PCT patent
applications WO 99/07382, WO 00/06147, and WO 00/03704).
Briefly, HEK 293 cells transfected with SR-AI or SR-AII
were seeded at 2 x 10° cells/mL/well in a 24-well dish

20 in EMEM supplemented with 2 mM glutamine, 10% FBS, and
0.4 mg/mL geneticin. After 2-3 days, medium was
replaced with 500 pL of serum-free medium containing 2
mg/mL BSA and ['?*I]AcLDL (iodinated actylated low

density lipoprotein) at 5 pg/mL, and cells The cells
25 éhowed essentiaily 100% attachment and achieved
confluency by 3 days. Testing was performed in serum-
free EMEM containing 2 mg/mL BSA, and cells were
incubated at 37 °C for 5 h. After this suitable period
for ligand degradation, cells were removed to 4 °C room.
30 Supernatant was removed into trichloroacetic acid, and

the mixture was centrifuged. The supernatant was
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I ncubated at 37 Cfor 5 h. After this suitable period for Iigand
degradation, cells were renoved to 4 C room 30 Supernatant was renoved
into trichloroacetic acid, and the m xture was centrifuged. The
supernatant was 75 19 August 2005 chloroformextracted to isol ate

(1251 ] nonoi odot yrosi ne, the degradation product of [1251]AcLDL, and

portions were counted to determ ne the degradative acti #tﬁ Bl 2@5
pl astic wells containing equival ent anbunts of ligand 5 t ?s were

i ncubat ed and processed in the sane fashion to determ ne background |igand
degradati on, which was substracted fromthe total counts. Nonspecific:"
bi ndi ng was determ ned by incubation with poly | at 100 g/nm.. To determ ne
cel | - associ at eccHli®doifgandextoaidtefonol Bymdras enwgt?eI Inasiodddatyrdsicebat ed at 4

Cwith ice-col fof i.nj : 5 j 5- H and 2
mg/ mL BSA, pH (;\:}%u %egEgﬁ?gnP%Ha égaﬁ%%;%gcqtﬁlggﬁ'?hb%@ggbggﬁ%%g : Q%gﬁ S were
washed three tqav¥edappdfistarmine1the dearadphive ackiivétYor Bl@™e n each 15

in 1 nL of bufferachi {Bovs BeRaifli&reASRINBLE Odinddintsabl Vashhgbuf fer,

cells were lysed in 0.1 NaOH and renoved to counting vjals for
det er mi nati on dfltlﬁ%dFﬁga%&e&I?elﬁﬁ‘db%%éﬁfii BFOHR5tE gnd‘élfeelsﬁf“ﬁat i on
(Pi ece BCA assafgshibhetpréserimiaet backguorind L {E54hd alegesd20iaf, <50 pMin

riplicate deriimhuitonam s BhOE O B e RRREY Y i Chip an
experi nment, andiansepggafictpindiggpers oletegydppaeht sincybpEbemat thos
poly I at 100 pg/mL. To determine cell-associated
10 ligand, cell monolayers were washed and incubated at 4
°C with ice-cold buffer A containing 150 mM NaCl, 50 mM
Tris-HCl, .and 2 mg/mL BSA, pH 7.4, to eliminate
nonspecifically bound counts. Cells were washed three
times rapidly with 1 mL, incubated twice for 10 min each
15 in 1 mL of buffer A without BSA. After aspiration of
all wash buffer, cells were lysed in 0.1 N NaOH and
removed to counting vials for determination of
binding/uptake and sequential protein determination
(Piece BCA assay). The present active yield ICsy values
20 of <50 pM in degradation assays and <100 mM in
binding/uptake assays. In general, triplicate
determinations were made for each data point within an
experiment, and n equals the number of experiments

performed.
25
Rabbits Model for Imaging Experimental Atherosclerosis

The study involves the use of male NeWAZealand
white rabbits, 3-4 kg, fed with either normal rabbit
diet as controls or a diet with 1.5% cholesterol added

30 (Bio-Serv, Inc., Frechtown, NJ) for 3 months. After 1
week of the hyperlipidemic diet, the abdominal aorta was
denuded of endothelium by a modified Baumgartener
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Rabbits Model for Imagi ng Experinmental Atherosclerosis The study involves
the use of nale New Zeal and white rabbits, 3-4 kg, fed wth either nornal
rabbit diet as controls or a diet with 1.5% chol esterol added 30
(Bio-Serv, Inc., Frechtowmn, NJ) for 3 nonths. After 1 week of the
hyperlipi dem c diet, the abdom nal aorta was denuded of endotheliumby a
nodi fi ed Baungartener 76 19 August 2005 techni que (Baunggétener 5@ R Z
Gesante Exp. Med. 1963, 137, 227-249; Narula et al. GirddiAHqUsh298es oo,
474-484; Narula et al. J. Nucl. Cardiol. 1996, 3, 231- 241; Elmaleh et al.
Proc. Natl. Sci. USA 1998, 95, 691 5 695). Briefly, each aninmal was
anethetized with a mxture of ketam ne and xylazine (100 ng/nL, 10:1 v:/v;
1.5-2.5 n/sc), tactthiiue nBghhgdereamesl, B! tRry 20acesanste axd. MédA4F Fogarty

enbol ect ony cat r trpduced through an . arterioto d advanced
under 10 fl uorotg%%)%’i cl\ggﬂsji agﬂcie%j'o aﬁgi?e‘%e% of FRESH HpITFa %?19' 19%;1 cat het er
was inflated tod4adptsagsaeudbd & pdi. aboweuci.heabdlibdbornagsf,| at iZa1-pressure
wi th radi ographi¢. contrast i a ((Conr Mal ] i.nc t)ee aQd three passes
were made down %%Jé ;E%&‘S%F?{a tr'naalagir'ta \ﬁofhary%tél’i Fllaté%g%gggét Egt egrl{l The
femoral arte$y 98%) { h&riktfint eshchandinhke wasoandthesizddsgdh Jhe ani mal s
were al loved topfecouers Laega\ﬂ{ge%aeﬁ%fa@%.t%a AEIHING8 L0, LRRIT cages.
a hyperlipi i et

The animals continued to consune h emc or 171 additional
weeks. 20 After 135t RLdFCt hernd) 580 Fvhte femogprbt 2Tt W&Fs for imaging
studi es were inigesiakd.nt @ dheFod@ityl adbolRAtoM@l Batthdterapaeoxi mately 0.5

mG of the introduced through an arteriotomy and advanced~under

10 fluoroscopic guidance to the level of the diaphragm.
The catheter was inflated to a pressure of 3 psi above
the balloon inflation pressure with radiographic
contrast media (Conray, Mallinckrodt), and three passes
were made down the abdominal aorta with the inflated

15 catheter. The femoral artery was then ligated, and the
wound was closed. The animals were allowed to recover
from anesthesia and then returned to their cages. The
animals continued to consume a hyperlipidemic diet for

11 additional weeks.

20 ' After 3 month on the hyperlipidemic diet,
animals for imaging studies were injected into the
marginal ear vein with approximately 0.5 mCi of the
radiopharmaceutical. The animals are positioned on the
camera head so as to image the anterior or posterior of

25 the animals. Serial 5 minute dynamic images are
écquired over Z-hours using a 256x256 matrix and a zoom
of 2x. A known source is placed in the image field (20-
90 pCi) to evaluate region of interest (ROI) uptake.
Images were also acquired 24 hours post injection to

30 determine retention of the compound in the aorta. Upon
completion of the study, the images are evaluated by

manually circumscribing the aorta region as the target
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radi ophar maceutical. The animals are positioned on the canera head so as to
I mge the anterior or posterior of 25 the animals. Serial 5 mnute dynam c
i mages are acquired over 2 hours using a 256x256 matri x and a zoom of 2x.
A known source is placed in the image field (20- 90 i.iG) to evaluate
region of interest (RO) uptake. Inages were also acquired 24 hours post

I njection to 30 determ ne retention of the conpound in the aorta Ug

conpl etion of the study, the inmages are eval uated by mar§ tI‘S“s
circunscribing the aorta region as the target 77 19 August 2005 region of
interest (RO) and a background site in the surrounding area. The uptake
Is determ ned by taking the fraction of the total counts in an inscribed
area for RO/ svtegben &fdinbexest (ROF)t hed kndmckpro@d sdfteein thagi ng, the

ani mal s vere SCéﬁ&é\ﬁfhlanf aPbpdi Sﬂh"e' fptien :hsoheéél {0 897 fRRY

exam nations of the appropriate. gans. can al_so Ige used to
assess the ef f eReifxarddenopt e é’ﬁﬁ&inﬁ%@ﬁﬁ éal an oifnstq%’ébﬁ@egé?ﬂ 10

i nvention conprgseRa/saupesidid rmelipli iy lt&@tﬁﬂamﬂm After

radi ophar macseuthaIs ar e admnistered in a oa %}g g and t he

upt ake i n the adrtatHn 88 Yurawis Ve F 0 gSTst %V%’ET i magi ng
or by excision of attmwadopvrapind ezaminagidiye oanbhmtap@hropadabact ivity 15
present by stangdard,dechniques. This nodel can also be used to assess the
conpounds of the present invention conprised of paramagnetic nmetals as MR
contrast agents. After aHid hdddlatefnadéo tHe uap@rEePrdsalegsaspeint of the

effectiveness of radiopharmaceuticals of the present

10 invention comprised of a positron-emitting isotope. The
radiopharmaceuticals are administered in appropriate
amounts and the uptake in the aorta can be quantified
either non-invasively by PET imaging or by excision of
the aorta and counting the amount of radiocactivity

15 present by standard techniques.

This model can also be used to assess the
compounds of the present invention comprised of
paramagnetic metals as MRI contrast agents.‘ After
administration of the appropriate amount of the

20 paramagnetic compounds, the whole animal can be placed
in a commercially available magnetic resonance imager to
image the aorta. The effectiveness of the contrast
agents can be readily seen by comparison to the images
obtain from animals that are not administered a contrast

25 agent.

This model can also be used to assess the
compounds of the present invention comprised of heavy
atoms as X-ray contrast agents. After administration of
the appropriate amount of the X-ray absorbing compounds,

30 the whole animal can be placéd in a commercially
available X-ray imager to image the aorta. The

effectiveness of the contrast agents can be readily seen
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20 paramagnetic conpounds, the whole animal can be placed in a
commercially avail abl e nmagnetic resonance inager to image the aorta. The
ef fectiveness of the contrast agents can be readily seen by conparison to
the imges obtain fromaninmals that are not adm nistered a contrast 25
agent. Thi's nodel can al so be used to assess the conpounds of the present
i nvention conprised of heavy atonms as X-ray contrast agents. After
administration of the appropriate amount of the X-ray at9oMgus298Rpounds,
30 the whole aninmal can be placed in a comrercially available X-ray imager
to image the aorta. The effectiveness of the contrast agents can be
readily seen 78 19 August 2005 by conparison to the inmages obtain from

animal s that arng, dJdumbagtsbnitsd @hediBadedobasinagedit anthhss mdel agan al so be
used to assess Hﬂf co ognds of thg resent invention conprised of an S
echogeni ¢ gas ¢on ﬁdﬁ‘ﬁﬁgs e 9hé SRRCFASH 385REre as  ul trasound contrast

agents. After adm ni st r%ﬁgﬂ H%fdeﬁhg?n %roogg g;gdq__rg)gggegg dlle echogeni c

conpounds, the tunors in the animal can be inaging using an ultrasound
probe hel d proxqamoangs ehethp prasenydmafensdonvesyssel 20 athe contrast

agents can be realdidenisegas orkRIRSR ST Fhetah P ani JFRERRe8Ota N from ani mal s
that are not ad t:nlster d cogtrast agen&. Al | ,ubllcaglons, Egtents, and
patent docunents &F&Y cﬁ?rb% eBITFSef & Eﬁ’éea‘ﬁ‘glr“é'isﬁfa o 9% F86gh
indi vidual ly i rowmpprated dyourdf ef etioe.echogeniavemtbcondbastiizeen descri bed
with reference o’ 1QYUPhe animal can be imaging using an ultrasound

probe held proximate to the aorta. The effectiveness of

10 the contrast agents can be readily seen by comparison to
the images obtain from animals that are not administered

a contrast agent.

All publications, patents, and patent
documents are incorporated by reference herein, as
15 though individually incorporated by reference. The
invention has been described with reference to various
specific and preferred embodiments and techniques.
However, it should be understood that many variations
and modifications may be made while remaining within the

20 spirit and scope of the invention.
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specific and preferred enbodi mrents and techni ques. However, it should be
understood that nmany variations and nodifications may be nade while
remaining within the 20 spirit and scope of the invention. 79 19 August
2005 CLAIM5s What is clainmed is: 5 1. A conpound of formula (I): MCh-L., -
(BM n (1) 10 wherein Mis a radionuclide selected from 99nic, 117n6n,
1111n, 97Ru 67Ga 68Ga, 89Zr, 177LU, 47Sc, 105Rh1188Re, 6QCu 62%6’ 64CU
and 67Cu, or a paramagnetic netal ion of atom c nunber AP. Aggust @@, or
58-70, or a heavy 15 netal ion of atom c nunber 21-31, 39-49, 50, 56-80,
82, 83, 90; Ch is a nmetal chelator having a fornula selected from the
group: ASE A2 Ay/~AV AV~-Aa- 20 , 80 19 August 2005 ,A5 \\ A ~A8 A5. A3

AS. - CLATMS
What is claimed is:
5 1. A compound of formula (I):

M-Cp=Ly- (BM)

(1)

10 wherein

M is a radionuclide selected from: **™rc, !"™™gn, 'in,
YRy, 5Ga, %%Ga, ¥zr, "ru, ‘'sc, %gh, ®Re, cu,
%2cy, %cu and *'cu, or a paramagnetic metal ion of
atomic number 21-29, 42-44, or 58-70, or a heavy
15 metal ion of atomic mumber 21-31, 39-49, 50, 56-80,
82, 83, 90;
Ch i's a metal chelator having a formula selected from

the group:

A 1/E—A2 A /E\Az/ E\A/ _E\A“ ’

20 '
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E A$4 3' E-A( wherein A, A2, A3, A4, A5, A6, A7, and A8 are

i ndependently 5 selected at each occurrence fromthe group: NR19, NRL9R20,
S, SH, 0, OH PR19, PRI1I9R20, P(O R21R22, and a direct bond to Ln; Eis a
direct bond, CH, or a spacer group independently selected at each
occurrence fromthe group: 10 (Cl-Cl10)al kyl substituted with O- 3 R23 aryl
substituted with 0-3 R23, (C3-Cl0)cycl oal kyl substituted with O-

het er ocycl o- (C1- Cl10)al kyl substituted with 0-3 R23, vvheﬂéH’rUg‘{*r@2005

het erocyclo group is a 5-10 nenbered heterocyclic ring system 15
containing 1-4 heteroatons independently selected fromN, S, and O,
(C6-Cl0) aryl - (C1l-C10)al kyl substituted with 0-3 R23,

(Cl-Cl0)al kyl -(C6-C10)aryl - substituted with 0-3 R23,pA%nd a 5-10 nenbered
het erocyclic ring system 20 containing 1-4 heteroatoEéAindependently
selected fromN, S, and O and substituted with 0-3 3; R19 and R20 are
each independently selected fromthe group: a direct to Ln, hydrogen,

81 19 August 2005 (Cl-Cl0)al kyl substituted vvith 0- R23, R*Y Agubsti tuted
with 0-3 R23, (C3-Cl0)cycloal kyl substituted, g p-3 R23,
het er ocycl o- (G - C10) al kyl substituted with O- %\EE} \wher ei ik the heterocyclo
2—[F L - 7
e A EA—EA E—AY
AP A , and A ;
wherein

al, a2, a3, a4, a5, a6, A7, and A8 are independently
5 selected at each occurrence from the group: NR19,
NR1°R20, s, sH, 0, oH, PR19, pR19rR20, p(0)R21R2Z,
and a direct bond to Lp; -

E is a direct bond, CH, or a spacer group independently

selected at each occurrence from the group:

10 (C1-Ci0)alkyl substituted with 0-3 R23, aryl
_substituted with 0-3 R23, (C3-C10) cycloalkyl
substituted with 0-3 R23, heterocyclo-(C1-C10)alkyl
substituted with 0-3 R23, wherein the heterocyclo
group is a 5-10 membered heterocyclic ring system

15 containing 1-4 heteroatoms independently selected
from N, S, and 0, (Cg-Cj10)aryl-(Ci1-Cip)alkyl
substituted with 0-3 R23,
(C1-C10)alkyl-(Ce-Ci1p)aryl- substituted with 0-3
R23, and a 5-10 membered heterocyclic ring system

20 containing 1-4 heterocatoms independently selected
from N, S, and O and substituted with 0-3 R23;

R19 and R20 are each independently selected from the
group: a direct bond to Lp, hydrogen,
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5 group is a 5-10 nmenbered heterocyclic ring system containing 1-4

het er oat ons i ndependently selected fromN, S, and O,

(C6-Cl0)aryl -(C1l-Cl0)al kyl substituted with 0-3 R23,

(Cl-C10)al kyl -(C6-C10)aryl - substituted with 0-3 10 R23, a 5-10 nenbered
heterocyclic ring systemcontaining 1-4 heteroatons i ndependently sel ected
fromN, S, and 0 and substituted with 0-3 R23, and an elﬁ’&ron 239%\” ded
that when one of RL9 or R20 is an electron, then the ot HetANgush

el ectron; 15 R21 and R22 are each independently selected fromthe group: a
direct bond to Ln, -OH, (Cl-Cl0)al kyl substituted with 0-3 R23, ‘
(C1-C10) al kyl substituted wth 0-3 R23, aryl substituted with 0-3 R23,

(C3- C10) cycl oal kyl ug;ulwaeﬂywmsqzlau&@w&a hes a2y 6l:99 (Ol - C10) al ky!
substituted with 0-3 wherein the heterocyclo group 1S a 5-10 nenbered

heterocyclic ring systhsmitanéadivnitlg 0:34rbet eaategpeydwdapgadent |y sel ected
fromN, S, and 0, (C6-Cl0)aryl-(Cl-Cl0)alkyl substituted with 0-3 25 R23,
(C1-C10) al kyl - (C6- Cloistyruted psitih @radR + thetergeyroln- @:Idcaosal.mrhenbered

heterocyclic ring s ai ni.ng 4, fet eroat o depende
sel ected fromN, S, %‘ﬁ’(ﬁ?%mt ﬁésvﬂlbt'g’t %t% rﬁ“%%%’etgf%’éc gust 2005
R23 is indepgndent| yorelpedtea wlmaehbe:c@mmmecwmn dilng gyotem a direct
bond to Ln, =0, F, qt 1=£Lk CQ; %t? ted
&0 R 2, - cho Bk st o anly Klete

from N, S, and O (Ce-C10)aryl- (C1 C10)alkyl

substituted with 0-3 R23,

(C1-C10)alkyl-{({Cg-C10)aryl- substituted with 0-3

10 R23, a 5-10 membered heterocyclic ring system
containing 1-4 heteroatoms independently selected

from N, S, and O and substituted with 0-3 R23, and

an electron, provided that when one of R19 or r20

is an electron, then the other is also an electron;

15 R21 and R22 are each independently selected from the
group: a direct bond to Lp, -0H, (Ci-C10)alkyl
substituted with 0-3 R23, (C1-C10)alkyl substituted
with 0-3 R23, aryl substituted with 0-3 R23,
(c3-C10)cycloalkyl substituted with 0-3 R23,

20 heterocyclo-(C1-Ci10)alkyl substituted with 0-3 R23,
wherein the heterocyclo group is a 5-10 membered
heterocyclic ring system containing 1-4 heteroatoms
independently selected from N, S, and O,
(Ce-C10)aryl-(C1-Ci0)alkyl substituted with 0-3

25 R23, (C1-C10)alkyl-(Cg-Cip)aryl- substituted with
0-3 R23, and a 5-10 membered heterocyclic ring
system containing 1-4 heterocatoms independently

selected from N, S, and 0 and substituted with 0-3
R23;
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5 -0C(=O N(R24) 2, -NR25C(=0) R24, -NR25C(=0) OR24a, -NR25C(=0) N(R24) 2,
-NR25SO2N( R24) 2, - NRR5SQ2R24a, -SO03H, -S02R24a, -SR24, -S(=0) R24a,
-S02N(R24) 2, -N(R24) 2, -NHC(=S)NHR24, =NOR24, NO2, -C(=0) NHOR24,

- C(=0) NHNR24R24a, -OCH2CO2H, 10 2-(1-norpholi no)et hoxy, (Cl-C5)alkyl,
(C2-CA)al kenyl, (C3-C6)cycloal kyl, (C3-C6)cycl oal kyl net hyl ,

(C2-C6) al koxyal kyl, aryl substituted with 0-2 R24, and 5-10 red
het erocyclic ring systemcontaining 1-4 heteroatons 15 -i &@Mﬁy
selected fromN, S, and 0; R24, R24a, and R25 are independently sel ected at
each occurrence fromthe group: a direct bond to Ln, H  (Cl1-0C6)al kyl,
phenyl, benzyl, (Cl-C6)al koxy, halide, nitro, cyano, and trifluoronethyl;
20 Ln is a |inkRAgigr bnfedediently helfeeradl &t each occurrence from

A (SRS 0) X LR SN polbd i uBOTE! by VLS

i ndependently sel ec ch™occurrence fro >~ gr oup: TS’ NH,
NHO(=0), O(=0) NH, NRABL(=Qhn, 2804%240) NeRLE) pZ =Qb,(=6{ wRD) ;0L ERD
NHC(=S) NH,  NHC( =0 NH?Q(SOZ, SOZI\ﬁ( (OCHgaCI—I)Z)s, (lelzg&z%is'),z ’

( OCH2CH2CH2) s", ( CHRCHPMmHEA0) t—ocauij@éa)t-bc(as)dléMiamdeqne%ﬂientIy at each
occurrence an amno acid; 83,19 Augu 2005 is selLected fromthe group:
aryl substiButed wi rﬂCOE@)N@i%}z(cgU% @XE?H‘%%I WBSE%-SQ)MP&#% with 0-3

et er ot oms. | ndependtiy 15\ DON LK S 5URF SHPRT R ST AREAS ' ut e with
0-3 R16; -S03H, -SO0zR242, -gR24, -g(=0)R243, -502N(R24)3,

-N(R?4)2, -NHC(=S)NHR24, =NORZ4, NO2, -C(=0)NHORZ4,

-C (=0)NHNR24R242, -0CHCO2H,
10 2-(l-morpholino)ethoxy, (C1i-Cs)alkyl,

'(Cz—C4)alkenyl, (C3-Cg) cycloalkyl,

(C3—C6)cycloa1ky1methy1, ({C2-Cg)alkoxyalkyl, aryl

substituted with 0-2 R24, and a 5-10 membered

heterocyclic ring system containing 1-4 heteroatoms

15 -independently selected from N, S, and 0O;
R24, R24a, and R23 are independently selected at each

~occurrence from the group: a direct bond to Lp, H,
(C1-Cg)alkyl, phenyl, benzyl, (C1-Cg)alkoxy,
halide, nitro, cyano, and trifluoromethyl;

20 Lp is a linking group having the formula:
((W)n- (CRI3R14) g) x— (2) k- ((CR133R143) g - (W) p/ )%+
wherein, ,
W-is independently selected at each occurrence from the
group: O, S, NH, NHC(=0), C(=0)NH, NR15C(=0),
25 c(=0)N R13, c(=0), c(=0)0, 0OC(=0), NHC(=S)NH,

NHC(=O)NH, SO2, SO2NH, (OCH2CH2)s, (CH2CH20)g',

(OCH2CH2CH2) g, (CH2CH2CH20)t, and (aa)t';

aa is independently at each occurrence an amino acid;
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R13, Rl13a, R14, Rl4a, and R15 are independently selected at each
occurrence fromthe group: H, =0, COCH, SC3H, PO3H, (Cl-0C5)al kyl
substituted with 0-3 R16, aryl substituted with 0-3 R16, benzyl
substituted 10 with 0-3 R16, and (C -C5)al koxy substituted with 0-3 R16,
NHC(=0O) R17, C(=0)NHR17, NHC(=0)NHR17, NHR17, R17, and a direct bond to Ch;
R16 is independently selected at each occurrence from the roup:_ a d| rect
bond to Ch, COOR17, C(=0)NHR17, 15 NHC(=0)R17, OH, NHR1719 g@@‘ﬁ

-OPO3H2, -Os@H, aryl substituted with 0-3 R17, (Cl-C5) aI kyl substltut ed
with 0-1 R18, (Cl-C5)al koxy substituted wth 0-1 R1$, and a 5-10 nenber ed
heterocyclic ring systemcontaining 1-4 heteroatons independently 20

sel ected from 9 i§, sehectdrfdosubbe idneupd aryh ukEtiR1Ted RiiZhi §-3

i ndependent |y sel ec%ggj a 2gch,oceurr e from th roup. H gl kyl
substituted with 0 C3ar‘91°)°¥ﬁg%atllﬁ?’gt E‘db%’ttﬁ‘?@%lgh‘i}é,o’a? B*10 menmber ed
25 heterocyclic ri ngn&yzstmm&aﬁﬁéfud\gxeleﬂo&ﬁﬁrd)a{m&ssyémi@pendent |y
selected fromN, S, and Dnl%nd séetu ed \M{Ec{'e éte %? é(iSec(e‘,lg) cycl oal kyl
substituted with 0- ToRI¥ (ﬂya ky? PYR ot PRSIt WY €™ Wi th°0- 1 R18,
car bohydratg substl Eﬁ&;ﬁd\] 8% 1anAugu§{d 2085t Wt dteDwitR18:3 qy](ﬁl odext rin
substituted wt 3 Blélagl?o acidibstltuted wth 0-1
pol ycar boxyal kR suB%??‘t gt R and g ar‘bdl%&&ﬁﬁ?\'-hé@@éﬁfz'ﬁﬁ@ed with
0-1 R18, peptide 5 subsidd Hedrvbhée GrimRiBe yhRIEAI A, He, prPH, de s
SO3H, PO3H, (C1-Cs)alkyl substituted with 0-3 R16,
aryl substituted with 0-3 R16, benzyl substituted
10 with 0-3 R16, and (C1-Cs)alkoxy substituted with
0-3 R16, NHC(=0)R17, c(=0)NHR17, NHC(=0)NHR17,
NHR17, R17, and a direct bond to Ch;
R16 is independently selected at each occurrence from
the group: a direct bond to Cp, coorl?, c(=0)NHR17,
15 NHC (=0)R17, oH, NHR17, so03H, PO3H, -OPO3H2, -0SO3H,
aryl substituted with 0-3 R17, (C1-C5)alkyl
_substituted with 0-1 R18, (C31-C5)alkoxy substituted
with 0-1 R18, and a 5-10 membered heterocyclic ring
system containing 1-4 heteroatoms independently
20 selected from N, S, and O and substituted with 0-3
R17,
R17 is independently selected at each occurrence from
the group: H, alkyl substituted with 0-1 R18, aryl
subs;ituted with 0-1 R18, a 5-10 membered

25 heterocyclic ring system containing 1-4 heterocatoms

independently selected from N, S, and O and
substituted with 0-1 R18, (c3-C10)cycloalkyl

substituted with 0-1 R18, polyalkylene glycol
substituted with 0-1 R18, carbohydrate substituted
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conprised of 2-10 am no acids, 3,6-0-disulfo-B-D gal actopyranosyl,

bi s(phosphononet hyl ) gl ycine, and a direct bond to Ch; R18 is a direct bond
to Ch; 120 k i's selected fromO, 1, and 2; h is selected fromO0, 1, and 2;

h is selected fromO, 1, and 2; g is selected fromO, 1, 2, 3, 4, 5 6, 7,
8, 9, and 10; ¢' 'is selected fromO, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 15

16; éis selected fromoO, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10; s, is
selected fromO, 1, 2, 3, 4, 5 6, 7, 8, 9, and 10; 20 s"9AugustZO08d from

0, 1, 2, 3, 4, 5, 6 7, 8 9, and 10; t is selected fromO, 1, 2, 3, 4, 5,

6, 7, 8, 9, anle t',lsselel ed fromoO, 1, 2, 3, 4, 5, 6, 7, 8, 9, and
10; x is selected froﬁﬁl@) 3‘ CHC1%§ﬁi<t51n Egbs(tltunieslewmsheﬁd-lfromo 1,

2, 3, 4, and 5; n is gasi n%fﬁ::g‘g e g wher.ei s not a direct
bond if Chis a direct bon ggéi?lét%ﬁ%‘ égnY:‘a nd|q31t o? formula: 85 19
August 2005 wherein womcaﬁoamepynolﬂmﬁtyt&eé@cme@h fo-ank18, RI1-benzanmi do,
R1- 5 benzylether, Rl-b 2/ ‘ng am no, fluoral kyl

polyazaalkyl substituted with 0-1 R18, peptide

5 substituted with 0-1 R18, wherein the peptide is

comprised of 2-10 amino acids, 3,6-0-disulfo-B-D-

galactopyranosyl, bis (phosphonomethyl)glycine, and

a direct bond to Ch; :

R18 is a direct bond to Cp;
10 k is selected from 0, 1, and 2;
h is selected from 0, 1, and 2;
h’ is selected from 0, 1, and 2;
g is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10;
g’ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and
15 10;
s is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10;
s' is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and
10;
s" is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and
20 10;
t is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10;
t’ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and
10;
X is selected from 0, 1, 2, 3, 4, and 5;
25 x' is selected from 0, 1, 2, 3, 4, and 5;

n is an integer from 1 to 10;

wherein L, is not a direct bond if Cy, is a direct bond.

BM is an SR-A antagonist of formula:
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hal o, cyano, nitro, aryloxyl, haloaryl, aryl, alkoxy, and 1,2-benzo; or Rl
represents a fused ring form ng naphthal ene noiety with the six nenbered
aryl ring it substitutes; 10 R2 is a direct bond to Ln; and mis an integer
from1l to 4; or a pharmaceutically acceptable salt thereof. 2 The conpound
of claim1l wherein Ch is 15 86 19 August 2005 wherein, A is selected from
the group: OH, and a direct bond to Ln; 5 A2, A4, and A6 are each N A3,
A5, and A8 are each OH; A7 is a direct bond to Ln or NH BéhugestZ005E s a
C2 al kyl substituted with 0-1 R23; and R23 is =0. 10 3. The conpound of
claim1 wherein Ch is -\A6 15 wherein, Al is selected fromthe group: OH,
and a direct bond to Ln; A2, A3 and A4 are each N, 20 A5, A6 and A8 are
each OH, A7 is a direct bond to Ln; 87 19 August 2005 E is a C2 al kyl
substituted with 0-1 R23; and

) S HOnl,
7N N
(qu' Z OHH
R2
o :\ | o
or (Rllf\n NH OH HN /(H1)
X | | 4

wherein

R' is independently selected from: H, R'-benzamido, R'-
5 benzylether, R!-benzylamino, amino, fluoralkyl,
halo, cyano, nitro, aryloxyl, haloaryl, aryl,
alkoxy, and 1,2-benzo; or R! represents a fused
ring forming naphthalene moiety with the six
membered aryl ring it substitutes;

10 R? is a direct bond to Ln; and

m is an integer from 1 to 4;
or a pharmaceutically acceptable salt thereof.
2 The compound of claim 1 wherein Cp is
15
4pp6—f—p7
A1
A E lf

A3 A5 AB
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R23 is =0. 4. The conpound of claim1l wherein Chis 5 At' E-A2 wherein 10
Al is NH2; Eis a direct bond; A2 is NHRL9; R19 is a heterocycle
substituted with R23, the heterocycle being selected frompyridine and 15
pyrimdine; R23 is selected froma direct bond to Ln, C(=0 NHR24 and
C(=OR24; R24 is a direct bond to Ln; R30 is selected fromthe group:
-CO2R31, -OR31, -SO03H, 20 and -N(R31)2; and R31 is indepegn ent | SI ected
at each occurrence fromthe group: hydrogen and nethyl. %éﬁé und of
claiml1l wherein Ch is selected 25 fromthe group: DTPA, DOTA, TETA, TRITA,
HETA, DOTA- NHS, TETA-NHS, DOTA(d y) 3-L-(p- isothiocyanoto)-Phe-am de, and
DO3A. 88 19 August 2005 6. A conmpound of. fornmula (I): MCh-Ln- (BMn
wherein, Mis radessdse] i de sel ected from 99mIC, 117nBn, "1ln, 97Ru, 67CGa,
68Ga, 89Zr, 177Lu, 47SC, 105Rh; 188Re, 60Cu, 62Cu, 10 64Cu and 67Cu, or a
paramagnetic nmetal ion of atomc

Al is selected from the group: OH, and a direct bond to
Ln;
5 A2, A4, and A% are each N;
a3, a5, and A8 are each OH;
A7 is a direct bond to Lp or NH-bond to Ln;
E is a C2 alkyl substituted with 0-1 R23; and
R23 is =0.
10

3. The compéund of claim 1 wherein Cp is

AN At
= \E
\
/E
A7

15 wherein,

Al is selected from the group: OH, and a direct bond to
Lin;
22, A3 and A% are each N;
20 A5, A6 and A8 are each OH;

a7 is a direct bond to Lp;
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nunber 21-29, 42-44, or 58-70, or a heavy netal ion of atom c nunber
21-31, 39-49, 50, 56-80, 82,'83, 90; Ch is a netal chelator having a
formul a selected from 15 the group: E-,A 2 At' ~Eg2--Eq4--~q,7 E-A~ Al
f \ /E A3 15 Aa A7 and 20 wherein, 89 19 August 2005 A, A2, A3, A4, A5,
A6, A7, and A8 are independently selected at each occurrence fromthe
group: NR19, NRI9R20, S, SH, 0, OH, PR19, PR19R20, P(O R21R22, %Bg a
direct bond to Ln; 5 Eis a direct bond, CH or a spacer%éAi%¥St2

i ndependently selected at each occurrence fromthe group: (C1-C10)al kyl
substituted wth 0-3 R23, aryl substituted with 0-3 R23, (C3-C10)cycl oal kyl
10substituted with 0-3 R23, heterocycl o-(Cl-Cl0)al kyl substituted with

0- 3R23, mhereiglggeahg%gégk cggbgéﬁﬁgéksﬁatg-%glq@@be%§ het erocyclic ring

system contai ning 1-4 oat ons pe dent y sel éc fromN, S, and O,
(C6-C10) aryl - (R3C1Q) ahkyl substituted with 0-3 R23,

4. The compound of claim 1 wherein Ch is

Rala |
wherein
10 al is NH2 ;
E is a direct bond;
A2 is NHR19;
R19 is a héterocycle substituted with R23, the
heteroccycle being selected from pyridine and
15 pyrimidine; v
R23 is selected from a direct bond to Ln, C(=0)NHR24 and
C(=0)R2¢;
R24 is a direct bond to Lp;
R30 is selected from the group: -CogR31, -0r31, -s03H,
20 and -N(R31)3; and

R31 is independently selected at each occurrence from

the group: hydrogen and methyl.

5. The compound of claim 1 wherein Cph is selected
25 from.the group: DTPA, DOTA, TETA, TRITA, HETA,
DOTA-NHS, TETA-NHS, DOTA(Gly)3-L-(p-
isothiocyanoto)-Phe-amide, and DO3A.
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15(C1- C10) al kyl - (C6-C10) aryl - substituted with 0-3 R23, and a 5-10 nenbered
het erocyclic ring system containing 1-4 heteroatons independently sel ected
fromN, S, and O and substituted with 0-3 R23; R19 and R20 are each

i ndependently selected fromthe 20 group: a direct bond to Ln, hydrogen,
(C1-C10) al kyl substituted with 0-3 R23, aryl substituted with 0-3 R23,
(C1-C10) cycl oal kyl substituted with 0-3 R23, heterocycl o-(Cl- Cl%b@lékyl
substituted with 0-3 R23, wherein the heterocycl o 25 grodf August

menbered heterocyclic ring system containing 1-4 heteroatons independently
selected fromN, S, and 0, (C6-Cl0)aryl-(Cl-Cl0)al kyl substituted with
0-3 R23, (Ci-C10)al kyl-(C6-Cl0)aryl- substituted with 0-3 90 19 August
2005 R23, a 5-10 nenbered heterocyclic ring system containing 1-4

het er oat ons i ndependently selected fromN, S, and 0 and substituted with
0-3 R23, and an el ectr oh, cpmundedt t framudheiIbne of R19 or R20 5 is an

el ectron, then the other is also an electron; R21 and R22 are each

i ndependently selected fromthe group: a direct bond to Ln, -OH,

(Cl-C10)al kyl substituted with O- BM%BL 8%1- C10) alkyl substituted wth 0-3
R23, aryl substituted with 0-3 R23,™ 10T -1\@33-0) cycl oal kyl substituted with
0-3 R23, heferocyclo-(CLl-C10)al kyl subg{dtut ed with 0-3 R23, wherein the
het erocycl o group is a 5-10 nmenbered heterocyclic ring system containing
1-4 heteroatons independently selected fromN, S, and O, ' '

wherein,

M is radionuclide selected from: **"1c, ™gn, *!in, Ry,
7Ga, %%Ga, *2r, ""Lu, ‘’Sc, %5Rh; %%Re, °Cu, SCu,
10 %4cu and ®'Cu, or a paramagnetic metal ion of atomic
number 21-29, 42-44, or 58-70, or a heavy metal ion
of atomic number 21-31, 39-49, 50, 56-80, 82, 83,
90;
Ch is a metal chelator having a formula selected from

15 the group:

A B Nl E\AZ/ E\As/ ’:\A4,

’

AG

AB\E/AG\ }

4 7

g SATEATEA SEAN

A" F i AW E
A3 5 ) and A7 ;

20
wherein,
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15 (C6-Cl0)aryl-(Cl1-C10)al kyl substituted with 0-3 R23,

(C1-C10) al kyl - (C6-Cl10)aryl - substituted with 0-3 R23, and a 5-10 nenbered
het erocyclic ring systemcontaining 1-4 heteroatons independently

selected fromN, S, and 0 and substituted with 0-3 20 R23; R23 is

i ndependent|y sel ected at each occurrence from the group: a direct bond to

Ln, =0, F, d, Br, I, -CF3, -CN, -CO2R24, -C(=O R24, -C(=0O N - CHO,
- CH20R24, - OC(=0) R24, - OC(=0) OR24a, - OR24, 25 - OC(=0) N( %2)&9553%65
-NR25C(=0) R24, - NR25C(=0) OR24a, - NR25C(=0) N( R24) 2, - NR25SO2N( R24) 2,
_NR25SCRR24a, - SO03H, - SO02R24a, - SR24, -S(=0) R2da, - S02N(R24)2, -N(R24) 2,
“NHC(=S) NHR24, =NOR24, N02, - C(=0) NHOR24, _O NHNR24R24a, - OCH2CORH, 91

_
19 August 2005 ,3- ( 12mogrphqgla ngket hoxy7 ( KV i ngeb&Zasshd! kenyl, (C3
“06) cycl oal kyl > '(&%)’c%&l'oal kyFrrbﬁ]yl gg,?gé% al o?{’}m Kyl ,§’|ar yl
substituted with 0-2eR2dtedqmt aabhlf-awwbacedfrorheher gryai c MRiflg system
containing 1-4 hetero i ndependent | | ect ro 28nd 0; R24,
R24a, and R25 are iﬁﬁggp%oirpcsteﬁt'l §Hse‘i)ecqiled¥§?§eagﬁ‘ll%d1‘§fgwﬂ(g&&ekgr§0m t he
group: a direct bondnfica ldireldt befd-tal@hal kyl, phenyl, benzyl, _
) o oY e 38 oA Bebhd: oY A10a 808odd 'grotd” Bl dent 1 @
((Wh- (CR13R14) g) x_§&€&) &ctfddCRt3aREH adagpurfdhbe ) fqm bhleegerup: Wi s

' ndependent 'y el ected &l €505 UL AR LIRS 23

, aryl
substituted with 0-3 R23, (C3-C10) cycloalkyl
substituted with 0-3 R23, heterocyclo-(C1-Ci0)alkyl

10 substituted with 0-3 R23, wherein the heterocyclo
group is a 5-10 membered heterocyclic ring system
containing 1-4 heterocatoms independently selected

from N, S, and O, (Cg-Ci10)aryl-(C1-Ci0)alkyl
substituted with 0-3 R23,

15 (C1-C10)alkyl- (Ce-C10)aryl- substituted with 0-3
R23, and a 5-10 membered heterocyclic ring system
containing 1-4 heteroatoms independently selected
"from N, S, and O and substituted with 0-3 R23;

R19 and R20 are each independently selected from the

20 group: a direct bond to Lp, hydrogen,
(C1-C10)alkyl substituted with 0-3 R23, aryl
substituted with 0-3 R23, (C1-C10)cycloalkyl
substituted with 0-3 R23, heterocyclo-(Ci-C10)alkyl

substituted with 0-3 R23, wherein the heterocyclo
25 group is a 5-10 membered heterocyclic ring system
containing 1-4 heteroatoms independently selected

from N, S, and O, (Ce-Ci0)aryl-(C1-Ci0)alkyl

substituted with 0-3 R23,
(C1-C10)alkyl- (Cg-C1o)aryl- substituted with 0-3
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15 group: 0, S, NH, NHC(=0), C(=O)NH, NR15C(=0), C(=0)N R15, C(=0,
C(=0 0O 0OC(=0), NHC(=S)NH, NHC(=0)NH, S02, S2NH, (OCH2CH2)s, (CH2CH2Os',
(OCH2CH2CH2) s", (CH2CH2CH2O)t, and (aa)t'; as is independently at each
occurrence an amno acid; 20 Z is selected fromthe group: aryl
substituted with 0-3 R16, (C3-Cl0)cycloal kyl substituted with 0-3 R16,

and a 5-10 nenbered heterocyclic ring system contai ni ng 1 4 heter(&%

i ndependently selected fromN, S -and 0 and substituted 18 Apgyst 2 6; 25
R13, Rl13a, R14, Rl4a, and R15 are independently selected at each
occurrence fromthe group: H =0, COOH, SO03H, PO3H, (C1-C5)alkyl
substituted with 0-3 R16, aryl substituted with 0-3 R16, benzyl

substituted wth Og33RI5, 5_qr@dmg§ge£§§ q{elggiycﬁﬁqg ridbegdystdsh 92 19 August
2005 0-3 R16, NHC( O)Rl? C(=0) NHR e%‘l HR17,. NHR17, R1l7, and a

direct bond to Ch; F&%t?’sn‘lnﬁdépénﬁ%?ﬁq%?tg p exdeBLiR S FEnce from

the group: a-directsbgndytq, CandQQCBJa?,suQécQNd‘%l%ath%wcﬁm Bad, OH,
NHR17, SO8H, POSH, -OP03H2, '- OSCBH, aryl substituted with 0-3 R17,

(Cl- C5) al kyl subst i ant eteatizion, OptoRided (Bat GHex IO@EyOQulb%%MIutRéa with 0-1

R18, and a 3-10 ”E”@gréﬁiéﬁﬂd%&Bﬁycéﬁéh'Eh@gotﬁééhﬁﬂhieaté%rEﬂHlt%oﬂ
het eroat ons i ndependently 10 selected fromN, S, and O and substituted with

0-3 R17; R17 iRl pdé e pach| tndepgndently redectedefioan fihem  t he group:

H al kyl substituted, yigh Q L;iR18c Bdnd toSHRStidrit ge; Weihy O 1R18, a 5-10
menber ed

substituted with 0-3 R23, (C1-Ci0)alkyl substituted
with 0-3 R23, aryl substituted with 0-3 R23,
10 (C3-C10) cycloalkyl substituted with 0-3 R23,

heterocyclo-(C1-Ci10)alkyl substituted with 0-3 R23,

wherein the heterocyclo group is a 5-10 membered
heterocyclic ring system containing 1-4 heteroatoms
independently selected from N, S, and O,

15 (Ce~C10)aryl-(C1-C10)alkyl substituted with 0-3

R23, (C1-C10)alkyl-(Ce-C10)aryl- substituted with

0-3 R23, and a 5-10 membered heterocyclic ring
‘system containing 1-4 heterocatoms independently
selected from N, S, and O and substituted with 0-3

20 R23,;

R23 ig independently selected at each occurrence from
the group: a direct bond to Lp, =0, F, Cl, Br, I,

-CF3, -CN, -CO2R24, -C(=0)R24, -C(=0)N(R24);, -CHO,
-CH20R24, -0C(=0)R24, -oc(=0)or24a, -0oRr24,

25 -0C(=0)N(R24)3, -NR25c(=0)R24, -NR25C(=0)OR24a,
-NR25C (=0)N(R24)3, -NR25502N(R24)3, -NR25s0pR242,
-S03H, -S0R24a, _gr24, -g(=0)R243, -S07N(R24)3,
-N(R24)3, -NHC(=S)NHR24, =NOR24, NO2, -C(=0)NHORZ4,

-C (=0)NHNR24R24a, _OCH2CO2H,
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15 heterocyclic ring systemcontaining 1-4 heteroatons independently
selected fromN, S, and O and substituted with 0-1 R18, (C3-C10)cycl oal kyl
substituted with 0-1 R18, polyal kyl ene glycol substituted with 0-1 R18,
car bohydrate substituted 20 with 0-1 R18, cyclodextrin substituted with 0-1
R18, am no acid substituted with 0-1 R18, polycarboxyal kyl substituted
with 0-1 R18, polyazaal kyl substituted with 0-1 R18, peptide ‘fﬁgl%@bbt ut ed
with 0-1 R18, wherein the peptide is 25 conprised of 2- 19 A4 ds,
3,6-0disul fo-B-D gal act opyranosyl, bis(phosphononethyl)glycine, and a
direct bond to Ch; R18 is a direct bond to Ch; k is selected fromO, 1, and
2; 93 19 August 2005 h is selected fromO, 1, and_2; h' is selected from
0, 1, and 2; g is setedi@erPhohitp)ethoxy: (Gl-$s)aékel from0, 1,2, 510; s is

sel ected fromO,1, 2, (8, _d,5a3RLE¢1 eddire dikt®; S, Is selected from
0,1,2, 1010; t is sef%ct édaf rol‘r?nfo, Clj( 3 F)Qllrs ser%cf ed fromO,1,2, 10; x is
selected fromO, 1, 2, (C3-Cg)cycloalkylmethyl, (C2-Cg)alkoxyalkyl, aryl

substituted with 0-2 R24, and a 5-10 membered
5 heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, 8, and O;
R24, R24a, and R25 are independently selected at each

occurrence from the group: a direct bond to Lp, H,
(C1-C10)alkyl, phenyl, benzyl, (C1-C10)alkoxy,
10 halide, nitro, cyano, and trifluoromethyl;
Iyn is a linking group having the formula:
((W)n- (CRI3R14) g) x- (2) k- ((crR13aR14a) o - (W)p ' ) x/
wherein,
W is independently selected at each occurrence from the
15 group: O, S, NH, NHC(=0), C(=0)NH, NR15C(=0),
c(=0)N R15, c(=0), C(=0)0, OC(=0), NHC(=S)NH,
NHC (=O)NH, SO2, SO2NH, (OCH2CH2)g., (CH2CH20)g',
(OCH2CH2CH2) g, (CH2CH2CH20)t, and (aa)t';
aa is independently at each occurrence an amino acid;
20 2% is selected from the group: arvyl substituted with 0-3
R16, (Cc3-Ci0)cycloalkyl substituted with 0-3 rR16,

and a 5-10 membered heterocyclic ring system

containing 1-4 heteroatoms independently selected
from N, S, -and O and substituted with 0-3 R16;
25 Rr13, r13a, rl4, rl4a, zpng r1S are independently selected

at each occurrence from the group: H, =0, COOH,
SO3H, PO3H, (C1-Cs)alkyl substituted with 0-3 R16,
aryl substituted with 0-3 R16, penzyl substituted
with 0-3 R16, and (C1-Cs)alkoxy substituted with
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15x" is selected fromoO,1,2, 3, 4, 5, 6, 7, 8 9, and 10; 3, 4, 5, 6, 7,

8, 9, and 3, 4, 5, 6, 7, 8 9, and 10; 3, 4, 5, 6, 7, 8, 9, and" 3, 4, 5,
6, 7, 8 9, and 3, 4, 5, 6, 7, 8 9, and 10; 3, 4, 5, 6, 7, 8, 9, and 3,
4, and 5; 3, 4, and 5; nis an integer from1 to 10; wherein Ln is not a
direct bond if Ch is a direct bond; BMis an SR-A antagonist of formula: m
/mL ~OO\ L 20 wherein ,~r -1 N (Rtemom \ iNH2 O\ k94 ugust
2005 R1 is independently selected from H R -benzanido,1§IJKB€“%§p,ther

R ' -benzyl am no, am no, fluoralkyl,

0-3 R16, NHC(=0)R17, c(=0)NHR17, NHC(=0)NHR17,
NHR17, R17, and a direct bond to Ch;
R16 is independently selected at each occurrence from

the group: a direct bond te Ch, COorR}7, c(=0)NHR17,

5 NHC (=0)R17, oH, NHR17, SO3H, PO3H, -OPO3H2, -OSO3H,
aryl substituted with 0-3 R17, (C31-Cs)alkyl
substituted with 0-1 R18, (Ci1-Cs)alkoxy substituted -
with 0-1 R18, and a 5-10 membered heterocyclic ring
system containing 1-4 heteroatoms independently

10 selected from N, S, and O and substituted with 0-3
rR17.

7

R17 is independently selected at each occurrence from
the group: H, alkyl substituted with 0-1 r18, aryl
substituted with 0-1 R18, a 5-10 membered

15 heterocyclic ring system containing 1-4 heteroatoms

independently selected from N, S, and 0 and
'substitutgd with 0-1 Rr18, (C3-C10)cycloalkyl
substituted with 0-1 R18, polyalkylene glycol
substituted with 0-1 R18, carbohydrate substituted
20 with 0-1 R18, cyclodextrin substituted with 0-1
. R18, amino acid substituted with 0-1 R18,
polycarboxyalkyl substituted with 0-1 rR18,
| polyazaalkyi substituted with 0-1 R18, peptide
substituted with 0;1 R18, wherein the peptide is
25 comprised of 2-10 amino acids, 3,6-0-disulfo-B-D-
galactopyranosyl, bis(phosphonomethyl)glycine, and
a direct bond to Cp; '
R18 is a direct bond to Cp;

k is selected from 0, 1, and 2;
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hal o, cyano, nitro, aryloxyl, haloaryl, aryl, alkoxy, and 1,2-benzo; or R
represents a fused 5 ring form ng naphthal ene noiety with the six nenbered
aryl ring it substitutes; R2 is a direct bond to Ln; mis an integer froml
to 4, M is a nmetal ion selected fromFe(lll), Gs(Il11), 210 Co(lll),

Ni (11), or Cu(ll); M is a netal-containing noiety selected from V=0

Mo=O or Re=Q and L is a coligand selected from trial kyl phosphi ne

triaryl phosphine, triarylyal kyl phosphi ne, pyridine 15 or 18%'4’9}435@0%& og

Wi th appropriate substituent on the pyridine ring; or a pharnaceutically
acceptable salt thereof. 7. The conpound of claim®6 wherein Ch is 20 e,, 19

E 4-E & E-A7 A Eo7ETAB&B shamWherei ing Al. is selected fromthe group: OH,
and a direct bond to 25 Ln; A2, A4, an&1 A6 are each N. A3, A5, and A8 are

each OH 95 19 HMudsseebededafrrd & dir @@ Bond to Ln or NH-bond to Ln; E is
a C2 al kyl subgf iilsukededtdd t@oh R231, @Nd3, R23 3,5 607, 58 8.9, Thmacagpound of
claimé Wherei%"cqsigelected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and
5 10; |
s is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10;
s’ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and’
10; )
s" is selected from O, 1, 2, 3, 4, 5, 6, 7, 8, 9, and
10 10; ’
' t is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10;
t’ is selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and
10;
X is selected from 0, 1, 2, 3, 4, and 5;
15 x' is selected from 0, 1, 2, 3, 4, and 5;

n is an integer from 1 to 10;

wherein L, is not a direct bond if C;, is a direct bond,

BM is an SR-A antagonist of formula:

20

wherein
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ZE A7 wherein, 10 Al
Ln; - A2, A3 and A4 are each N, AS, A6 and A8 are each OH, A7 is a direct
bond to Ln; 15 Eis a C2 alkyl substituted with 0-1 R23; and R23 is =0. 9.
The conpound of claim6 wherein Ch is ~E-A2 20 A 96 19 August 2005

‘ Is NH2; Eis a direct bond; A2 is NHR19; 5 R19 is a
eterocycle substituted with R23, the heterocycle bein ect om
pyridine and pyrimdine; R23 is selected froma directgﬂgﬁgﬁ¥@?gﬂ§é

C(=O NHR24 and 10 15 20 R24 C (=0) R24; is a direct bond to Ln; R30 is
selected fromthe group: -CO2R31, -OR31, -SO3H, and -N(R31)2; and

R* is independently selected from: H, R'-benzamido, R'-

wherein, Al

10

15

20

25

Is selected fromthe group: OH and a direct bond to

benzylether, R'-benzylamino, amino, fluoralkyl,

halo, cyano, nitro, aryloxyl, halocaryl, aryl,

alkoxy, and 1,2-benzo; or R' represents a fused

ring forming naphthalene moiety with the six

membered aryl ring it substitutes;

R? is a direct bond to Ln;

m is an integer from 1 to 4;

M’ is a metal ion selected from Fe(III), Os(III),
Co(III), Ni(II), or Cu({II);

M” is a metal-containing moiety selected from: V=0,

Mo=0, or Re=0; and

L is a coligand selected from: trialkylphosphine,

triarylphosphine, triarylyalkylphosphine, pyridine

or pyridine analog with appropriate substituent on

the pyridine ring;

or a pharmaceutically acceptable salt thereof.

wherein,

The compound of claim 6 wherein Cp is

/A]Z—E— 4—E—A\6—'E—A7
el A"f B

A3 A5

Al is selected from the group: OH, and a direct bond to

Ln;

A2, al, and A% are each N;

a3, AS, and A8 are each OH;
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R31 is independently selected at each occurrence fromthe group: hydrogen
and nethyl. 10. The conpound of claim6 wherein Ch is selected fromthe
group: DTPA, DOTA, TETA, TRITA, HETA, DOTA-NHS, TETA-NHS, DOTA(dy)3-L-(p-
i sot hi ocyanot o) - Phe-am de, and DO3A. 11. A conpound of the fornula: 97 19
August 2005 ; or wherein 5 Mis radionuclide selected from 60Cu, 62Cu,
"*Cu and 67Cu M IS 99nTc or 188Re; Rl is independently §e| ect Fg 6%om H,
Rl - benzam do, R1l- benzyl et her, R1-benzylam no, am no, fl d r‘%l‘fgl‘? . 008 o,
cyano, nitro, aryloxyl, haloaryl, aryl, 10 al koxy, and 1, 2-benzo; or Rl
represents a fused ring form ng naphthal ene noiety with the six nenbered
aryl ring it substitutes; R2 is independently selected from H, fluoral kyl,
hal o, aryl oxyla7 had eardilrecarydnd abknyyer avHtbbnd- benzg; or 15 R2
represents a fused ring form ng naphthal ene noiety with the six nenbered
aryl ring it sBbbsid Weslkplisistitntegeritr orllR?D; 4ndand 98 19 August
2005 L is a coligand selected from trial kyl phosphine, triaryl phosphine,
triarylyal kyl ph hishe0.pyri di ne

5 8. The compound of claim 6 wherein Cp is

4
{ N B

AS
L
E \E_A

\
E

A7

wherein,
10 al is selected from the group: OH, and a direct bond to
' Ln;
22, A3 and A4 are each N;
a5, a6 and a8 are each OH;
A7 is a direct bond to Lp;

15 E is a C alkyl substituted with 0-1 R23; and

R23 is =0.
9. The compound of claim 6 wherein Chp is

E—A?
A"

20




or pyridine anal og; or a pharmaceutically acceptable salt thereof. 12. Use,
in the manufacture of a diagnostic reagent to diagnose a cardi ovascul ar
disease in a patient, of a conpound of any preceding claim 13. Use, in
the manufacture of a reagent to nonitor a cardiovascul ar disease in a
patient of a conmpound of any one of clains 1 to 11. 14. The use of claim
12 or 13 wherein the cardiovascular disease is selected from
at heroscl erosi s, vul nerable plaque, coronary artery diseagéyﬂﬁéﬁgpoﬁisease,
t hronmbosi s, transient ischema due to clotting, stroke, nyocardi al
infarction, organ transplant, organ failure and hyperchol esterolem a 15.
Use, in the manufacture of a reagent to nonitor the progression of an
at her oscl er ot i owhelrednen in a patient, of a conpound of any one of clains 1
to 11. 99 19 August 2005 16. Use, in the manufacture of a reagent to
detect vul neratte 5 J§aé, of a compound of any one of clains 1 to 11. 17.
A nmethod of radi Qg ABghpact Hodgpatient conprising admnistering to a
patient in need of such radio-imging a conmpound of claim 11 and

A2 is NHR19;

5 R12 is a heterocycle substituted with R23, the
heterocycle being selected from pyridine and
pyrimidine;

R23 is selected from a direct bond to Lp, C(=0)NHR24 and
C(=0)R24;
10 R24 is a direct bond to Ly;
R30 is selected from the group: -co9R31, -or31, -so3H,
and -N(R31)3; and

rR31 is independently selected at each occurrence from

the group: hydrogen and methyl.

15
10. . The compound of claim 6 wherein Ch is selected
from the group: DTPA, DOTA, TETA, TRITA, HETA,
DOTA-NHS, TETA-NHS, DOTA(Gly)3-L-(p-
isothiocyanoto)-Phe-amide, and DO3A.
20

11. A compound of the formula:
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detecting the presence of the conpound. 18. A pharmaceutical conposition
conprising a predetermned quantity of a conpound of any one of clains 1
to 11, or a pharmaceutically acceptable salt thereof; and a
pharmaceutically acceptable carrier or diluent. 19 . The pharnaceuti cal
conposition of claim18 further conprising an effective anount of a
stabilizer. 20. The pharnmaceutical conposition of cIa|n119 wher
the-stabilizer is selected fromthe group: ascorbic aci d9 Eogﬁcohol,
gentisic acid or a netal salt thereof, p-am nobenzoic aC|d or a salt

t hereof , cysteam ne, 5-am no-2-hydroxybenzoic acid or a netal salt
thereof, nicotinic acid or a netal salt thereof, nicotinamde, a

pol yhydroxyl ated aromatic conpound, an aromatic am ne, and a hydroxyl ated
aromatic amne. 100 19 August 2005 21. A kit conprising a seal ed vial
conprising a predeterm ned ggantity of a conpound of any gne of clainms 1
to 11, or a pharmaceutically_pcceptable salt thereof; an |

pharmaceutical ly acceptable/b ier or diluent. 22: t
erm

onprising (a) a

co d of ,any one of

first vial conprising 0

pr ed quantity of

claims 1 to 11, or ap ce c# |y acceptable saNt theyeqQf,; gand (b) a
second vial conprising g phag uli cal Iy acceptabl e 3 &Hepi% di | uent.
23. The kit of claim r Zémiurt conpr’i si ng easpﬂbng reduci ng
agent, a |yophilizatj 8 and® ) Wak, {ransfe Q. 0 ;
§ DM )
m m m o
H2 : R2
Q | LD
. A
» or N N
1 i
f—cﬁ L

wherein

M is radionuclide selected from: ®°Cu, %%cu, %‘Cu and
5 67Cu;

M’ is ?°"pc or ®%Re;

R' is independently selected from: H, R!'-benzamido, R!-
benzylether, R-benzylamino, amino, fluoralkyl,
halo, cyano, nitro, aryloxyl, haloaryl, aryl,

10 alkoxy, and 1,2-benzo; or R! represents a fused
ring forming naphthalene moiety with the six

membered aryl ring it substitutes;

R? is independently selected from: H, fluoralkyl, halo,
aryloxyl, haloaryl, aryl, alkoxy, and 1,2-benzo; or
15 R? represents a fused ring forming naphthalene
moiety with the six membered aryl ring it
substitutes;

m is an integer from 1 to 4; and
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L is a coligand selected from: trialkylphosphine,

or

12.

13.

14.

15.

triarylphosphine, triarylyalkylphosphine, pyridine

or pyridine analog;

pharmaceutically acceptable salt ﬁhereof.

Use, in the manufacture of a diagnostic
reagent to diagnose a cardiovascular disease
in a patient, of a compound of any preceding

claim.

Use, in the manufacture of a reagent
to monitor a cardiovascular disease in a
patient of a compound of any one of claims

1 to 11.

The use of claim 12 or 13 wherein the
cardiovascular disease is selected from:
atherosclerosis, vulnerable plaque, coronary artery

disease, renal disease, thrombosis, transient
ischemia due to clotting, stroke, myocardial

infarction, organ transplant, organ failure and

hypercholesterolemia

Use, in the manufacture of a reagent to
monitor the progression of an atherosclerotic
lesion in a patient, of a'compound of any

one of claims 1 to 11.
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16. Use, in the manufacture of a reagent
to detect vulnerable plaque, of a compound
of any one of claims 1 to 11.

17. A method of radio-imaging in a patient
comprising administering to a patient in need of
such radio-imaging a compound of claim 11 and

detecting the presence of the compound.

18 . A pharmaceutical composition comprising a
predetermined quantity of a compound of any one of claims 1 to 11, or
a pharmaceutically acceptable salt thereof; and a

pharmaceutically acceptable carrier or diluent.

19 . The pharmaceutical composition of claim ;g
further comprising an effective amount of a

stabilizer.

20. The pharmaceutical composition of claim jg
wherein the stabilizer is selected from the group:
ascorbic acid, benzyl alcohol, gentisic acid or a
metal salt thereof, p-aminobenzoic acid or a salt
thereof, cysteamine, 5-amino-2-hydroxybenzoic acid
or a metal salt thereof, nicotinic acid or a metal

salt thereof, nicotinamide, a polyhydroxylated
aromatic compound, an aromatic amine, and a

hydroxylated aromatic amine.
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21. A kit comprising a sealed vial comprising a

predetermined quantity of a compound of any one of claims 1 to 11, or
a pharmaceutically acceptable salt thereof; and a

pharmaceutically acceptable carrier or diluent.

22.. A kit comprising (a) a first vial comprising a
predetermined quantity of a compound of any one of claims 1to 11, 0or
a pharmaceutically acceptable salt thereof; and (b)
a second vial comprising a pharmacegtically

acceptable carrier or diluent.

23. The kit of claim 21 or 22 further comprising at
least one of a reducing agent, a lyophilization aid, and

a weak transfer ligand.

iol



