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FIELD OF THE I NVENTION This invention is related to the use of ascorbic
aci d anal ogs as buffering reagents and chel ati ng agents for the
preparation of netalloradi opharmaceuticals . _ 10 This invention_is
particularly related to the use of ascorbic acid as a bl2fAsigust20@xgent, a
chelating agent, and a stabilizer for the preparation and stabilization

of radi opharnmaceutical s. This invention is also related "to processes of
maki ng stabl e radi opharmaceutical 15 d&#Bsitions using ascorbic acid

anal ogs as buffering agents, chelating agents, and stabilizers. BACKGROUND
Radi ophar naceuti cal s are drugs containing a 20 radi onucl i de.

Radi ophar maceut i GilcoRpT@r & 145 AHALOGK i FOR METAGLORADTOBHARMATEITICALSr t he

di agnosi s or therapy of various diseases. They are typically small organic
or inorgani ¢ conpouads middkeNceTbRENTEYRESIIChTIONThey - can al so be
macr onol ecul es, such as antibodies or 25 antibody fragnents, that are not
st oi chi onet ri gggl ~ ediahd Nodorti@diconprelisiRal liapb@r ra@Bert i cal s form
the chem ;1)71@5@? gﬁ?ﬁ}?ggﬁ%ﬁpsi s@gnd%erapy 51?9 various di seases. The
in vivo diagnostic information is obtained by intravenous injection of the

30 radi opharpaceutical and det§¥éﬂﬂﬁbggTﬁésngﬁﬂq&gﬁribution usi ng a gama
canera. The biodistribution of tHe :

This invention is related to the use of ascorbic
acid analogs as buffering reagents and chelating agents
for the preparation of metalloradiopharmaceuticals.

10 This invention is particularly related to the use of
ascorbic acid as a buffering reagent, a chelating agent,
and a stabilizer for the preparation and stabilization
of radiopharmaceuticals. This invention is also related
to processes of making stable radiopharmaceutical

15 compositions using ascorbic acid analogs as buffering
agents, chelating agents, and stabilizers.

BACKGROUND

Radiopharmaceuticals are drugs containing a

20 radionuclide; Radiopharmaceuticals are used routinely
in nuclear medicine for the diagnosis or therapy of ‘
various diseases. They'are typically small organic or
inorganic compounds with a definite composition. They
can also be macromolecules, such as antibodies or

25 antibody fragments, that are not stoichiometrically
labeled with a radionuclide. Radiopharmaceuticals form
the chemical basis for the diagnosis and therapy of
vaiious diseases. The in vivo diagnostic information is
obtained by intravenous injection of the

30 radiopharmaceutical and determining its biodistribution
using a gamma camera. The biodistribution of the

radiopharmaceutical depends on the physical and chemical



radi ophar maceutical depends on the physical and chem cal 1 12 August 2005
properties of the radiol abel ed conpound and can be used to obtain

i nformati on about the presence, progression, and state of disease.

Radi ophar maceuticals can be divided into two 5 prinmary classes: those
whose biodistribution is determ ned exclusively by their chem cal and
physi cal properties; and those whose ultimate distribution is determ ned
by their receptor binding or other biological interacti d3Augnst20@%t er
class is often called target 10 specific radi opharmaceuti cal s.

Met al | or adi ophar maceuticals include a netallic radionuclide. A
target-specific netall oradi opharmaceutical can be divided into four

parts: a targebidj MRLeCyt eshe rhiiikBibe13abbéngstiinaonad Jddn Ghelsddr (BFC), |

and a netallic_radionuclide. The targetjing nolecule serves. a vehicle,
whi ch carries ¢ H’gﬂﬁ""é&i 6ﬂ€%ﬂa éofloali’%u% 5%%% eosrenglgf ep% grrte%gl i 'seased
tissueilTBg taT@@anQgeneﬁe@&ﬁQ§§regn bezgacronphecules ;uch.astantibodges
or snma i onol ecul es, i ncl udi ept. i,dom netics, an
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non- pepti des. The it depends upc he targeted di sease
or di seaseb st primarphelpasgeonrdrreavhose Réodighz#bE#on sdur ce. The sel ecti on

of metallic radégsriGniedeedenanigely asy ttheii ntlendedlneadd qilysisel (e. g. ,

di agnostic or r.apeuti ¢) t ifiCs . .

nmet al | or adi ophé%‘%%gt}?’ igéa%ll_l&'I%%tsﬁﬁ%??sfseagg%miﬁﬁlgh%?%tiﬁggl?o t.he
targeting nol eBEFFHEREAePY diteddt F§HROt D éx"l PRRET ZURECHITRYs strongl y

to the netallitnteractions. The latter class is often called target-
10 specific radiopharmaceuticals.

Metalloradiopharmaceuticals include a metallic
radionuclide. A target-specific
metalloradiopharmaceutical can be divided into four
parts: a targeting molecule, a linker, a bifunctional

15 Chelator (BFC), and a metallic radionuclide. The
targeting molecule serves as a vehicle, which carries
the radionuclide to the receptor site at the diseased
tissue. The targeting molecules can be macromolecules
such as antibodies or small biomolecules (BM), including

20 peptides, peptidomimetics, and non-peptides. The choice
of biomolecule depends upon the targeted disease or
disease state. The radionuclide is the radiation
source. The selection of metallic radionuclide depends
on the intended medical use (e.g., diagmostic or

© 256 therapeutic) of the target specific
metalloradiopharmaceutical. The BFC is covalently
attached to the targeting molecule either directly or
through a linker and binds strongly to the metallic
radionuclide via several coordination bonds. Selection

30 of a BFC is largely determined by the nature and
oxidation state of the metallic radionuclide. The
linker can be a simple hydrocarbon chain or a long
poly({ethylene glycol) (PEG) or a “nalive” poly~anionic-or
cationic peptide sequence, which is often used for

35 modification of pharmacokinetics. Sometimes, a




radi onuclide via several coordination bonds. Selection 30 of a BFC is

| argely determ ned by the nature and oxidation state of the netallic

radi onuclide. The |I|inker can be a sinple hydrocarbon chain or a |ong

pol y(ethyl ene glycol) (PEG or a "naive" poly anionic or cationic peptide
sequence, which is .often used for 35 nodification of pharmacokinetics.
Sonetinmes, a 2 12 August 2005 net abolizeable linker is used to increase the
blood clearance and to reduce the background activity, fBdwugsst200®roving
the target-to-background ratio. The use of netallic radionuclides offers
many 5 opportunities for designing new radi opharmaceuticals by nodifying
the coordination environnment around the netal wth a variety of chel ators.
The coordination chemstry of the netallic radionuclide will determ ne the
geonetry of meeabeltizdeabhel hirnkeandstbeed sbuinoreasteabheibloagf the 10

r adi ophar Wﬁcelétlbsf'énceuah&eé@ rktedﬁ%teahhé qoarcﬁefmlaid&htﬁﬁme%f){;er ent
coordi nation chem strie wit.h di fferent donor atoms and

chel at or franeWBFRE"9 ﬁgg Ef‘?‘iac{ez}fl ggsé%cfﬁqrﬁfmdr’é%tl ‘Sphar maceutical s, the

bi odi stribution 'ST@Qllsuse;fqaé‘cad@aerﬁaa%qhueylme oEFepBYsmial properties of

the metal chel at t- I he " I
ag" Ty hive SBEPEHIEA Rt Lo AsERORARY VT PO AR G 2P har st 11 buti on

of the radi ophedibicing itbal coomfigation epydapapent taFG’Bn?ithe metal
met al | or adi ophatnes atlriieay Sobasrldaesr0 Thsl tosmlimatlies shemdetin many cases

the metal chelgatey, %%r&ggw&'tfa%l gﬁ@“r&'e mlih&e%ﬁu vk Zgeoaeryol ecul ar

wei ght. There ore esl gn an ecti

the metal chelate and the sog tlon stablflty of the

10 radiopharmaceutical. Different metallic radionuclides
have different coordination chemistries, and require
BFCs with different donor atoms and chelator frameworks.
For “metal essential” radiopharmaceuticals, the
biodistribution is exclusively determined by the

15 physical properties of the metal chelate. For target-
specific radiopharmaceuticals, the “metal tag” may have
significant impact on the target uptake and
biodistribution of the radiopharmaceutical. This is
especially true for metalloradiopharmaceuticals based on

20 small molecules since in many cases the metal chelate
contributes greatly to the overall size and molecular
weight. Therefore, the design and selection of the BFC
is very important for the development of a new
diagnostic or therapeutic radiopharmaceutical.

25 Metallic radionuclides, such as **"Tc, *"™™gn, "'in,
87Ga, %%Ga, %°zr, and ®‘Cu, have been proposed for
diagnostic imaging. Nearly 80% of radiopharmaceuticals
used in nuclear medicine are ?°"rc-labeled compounds.
The reason for such a preeminent position of 9%mpe in

30 clinical use is its favorable physical and nuclear
characteristics. The 6 h half-life is long enough to
allow a radiochemist to carry out radiopharmaceutical
synthesis and for nuclear medicine practitioners to
collect useful images. At the same time, it is short

35 enough to permit administration of millicurie amounts of



Is very inportant for the devel opnent of a new diagnostic or therapeutic

radi ophar maceutical. 25 Metallic radionuclides, such as 99mlc, 117nfS

1111 n, 67Ga, 68CGa, 89Zr, and "Cu, have been proposed for diagnostic

i magi ng. Nearly 80% of radi opharmaceuticals wused in nuclear nedicine are

99nic- | abel ed conpounds. The reason for such a preem nent position of

99nmlc in 30 clinical use is its favorabl e physical and nucl ear
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to carry out radi opharmaceutical synthesis and for nucl ear nedicine

practitioners to collect useful imges. At the sane tinme, it is short 35

enough to permt adm nistration of m I'l'icurie amounts of 3 12 August 2005

99' Tc radioactivity without significant radiation dose to the patient.
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10 forms various ternary ligand systems when used in
combination with tricine/water soluble phosphines, or

tricine/pyridine analogs or tricine/substituted imime-N
containing heterocycles. These ternary ligand systems
- have been disclosed in U.S. Patent No. 5,744,120; U.S.

15 ©Patent No. 6,010,679; U.S. Patent No. 5,879,659; and PCT
Patent Application WO 98/53858. Various 3mpe-~labeling
techniques have been described in several reviews (Liu,
S. and Edwards, D. S. Chem. Rev. 1999, 99, 2235-2268;
Jurisson, S. and Lydon, J. D. Chem. Rev. 1999, 99,

20 2205-2218; Liu et al. Bioconjugate Chem. 1997, 8, 621-
636). After radiolabeling, the resulting reaction
mixture may optionally be purified using one oxr more
chromatographic methods, such as Sep-Pack or high
performance liquid chromatography (HPLC). The preferred

25 radiolabeling procedures are those in which the
chelation can be achieved without post-labeling
purification.

Metallic radionuclides, including %Y, *"’Lu, *Pm,
153Sm, 166H0, 211At, 47Sc' 1°9Pd, 105R:h' 186,188Re, a.nd 67Cu' are
30 potentially useful for radiotherapy. Among these
radionuclides, lanthanide radioisotopes are of
particular interest. There are several lanthanide
isotopes to choose, including low energy B-emitter "’Lu,
medium energy P-emitters, ***Pm and '*3sm, and high-energy’
35 P-emitters, %°Ho and °°Y. Yttrium and lanthanide metals




t echni ques have been described in several reviews (Liu, S. and Edwards, D.
S. Chem Rev. 1999, 99, 2235-2268; Jurisson, S. and Lydon, J. D. Chem
Rev. 1999, 99, 20 2205-2218; Liu et al. Bioconjugate Chem 1997, 8, 621-
636). After radiolabeling, the resulting reaction mxture nmay optionally
be purified using one or nore chromatographic nethods, such as Sep-Pack or
hi gh performance |iquid chromatography (HPLC). The pref red 2
radi ol abel ing procedures are those in which the chelatl 6%0%§h|eved
wi t hout post-labeling purification. Metallic radionuclldes, |nclud|ng 90Y,
177Lu, 149Pm  1535m 166Ho, 211At 47S c 109Pd, 105Rh186/188Re and 67Cu
are 30 potentially useful for radiotherapy. Anmong these radionuclides,

| ant hani de radi oi sotopes are of particular interest. There are several
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chel ators sucffqRPTA & &HsRewNad Brcel M Mg ayretpdlie: whepdtck@ chel ates
due to their h“%ﬂl%spﬁgggqgnlin r%%¥ﬁlﬂlgh1y stable metal A
10 chelates due to their highly preorganized macrocyclic
ligand framework. Krejcarek and Tucker (Biochem.
Biophys. Res. Commun. 1976, 77, 581-588) developed an
activated DTPA analog via a mixed anhydride, which can
be linked to proteins. Later, Hnatowich et al (Science
15 1983, 220, 613-616) used the cyclic anhydride of DTPA
for the same purpose. These linear BFCs bond to various
metal ions and form thermodynamically stable metal
chelates. However, metal chelates of linear BFCs are
kinetically labile, which contributes to the loss of
20 radionuclide from the metal chelate and often leads to
severe bone marrow toxicity. Gansow et al (Bioconjugate
Chem. 1991, 2, 187-194; Inorg. Chem. 1986, 25, 2772-
2781) prepared a series of substituted DTPA analogs,
which form metal chelates with improved solution
25 stability.

Meares and coworkers were the first to synthesize
macrocyclic BFCs (Anal. Biochem. 1985, 148, 249-253;
Nucl. Med. Biol. 1986, 13, 311-318; J. Am. Chem. Soc.
1988, 110, 6266-6267), which form $'Cu and °°Y chelates

30 with high thermodynamic stability and kinetic inertness.
Macrocyclic chelants with three-dimensional cavities are
of particular interest because of the high stability of
the metal -chelates, the substantial selectivity for
certain metal ions, either by enforcing a specific

35 spatial arrangement of donor atoms or by introducing




| i gand framework. Krejcarek and Tucker (Bi ochem Bi ophys. Res. Commun.
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ngundance) and a gamma-photon (E = 137 keV, 9%
10 abundance) which should allow imaging during therapy.
1883e has a half-life of 16.98 h with an intense B-
emission (Emax = 2.12 MeV, 85% abundance) and 155 keV
gamma photons (15% abundance). The related chemistry,
medical applications, and antibody labeling with 186/188pg
15 by direct and indirect methods have recently been
reviewed (Fritzberg, A. R. et al. Pharmaceutical Res.
1988, 5, 325-334; Griffiths, G. L. et al. Bioconjugate
Chem. 1992, 3, 91-99; Dilworth, J. R. and Parrott, S.
J. Chem. Soc. Rev. 1998, 27, 43-55).  Since the rhenium
20 chemistry is very similar to technetium chemistry due to
the periodic relationship, the methods used for antibody

labeling with %®Tc should apply to that with %/1%Re.

Identifying the most appropriate isotope for

radiotherapy is often a difficult task and requires

25 weighing a variety of factors. These include tumor
uptake and retention, blood clearance, rate of radiation
delivery, half-life and specific activity of the
radionuclide, and the feasibility of large-scale ,
production of the radionuclide in an economical fashion.

30 The key point for a therapeutic radiopharmaceutical is
to deliver the requisite amount of radiation dose to the

tumor cells and to achieve a cytotoxic or tumoricidal
effect while not causing unmanageable side-effects.

The physical half-life of the therapeutic
35 radionuclide should match the biological half-life of

6



5 the conplex will be. Rheniumhas two isotopes, 186Re and 188Re, which

m ght be useful in tumor therapy. 186Re has a half-life of 3.68 days with
(3-emssion (Emax = 1.07 MeV, 91% abundance) and a gama-photon (E = 137
keV, 9% 10 abundance) which should allow i magi ng during therapy. 188Re
has a half-life of 16.98 h with an intense 13- em ssion (Emax = 2.12 MYV,
85% abundance) and 155 keV gamma photons (15% abundance). The rel at ed
chem stry, nedical applications, and antibody |abeling 2 Anousb3AdBRe 15
by direct and indirect nethods have recently been reviewed (Fritzberg, A
R et al. Pharmaceutical Res. 1988, 5, 325-334; Giffiths, G L. et al.
Bi oconjugate Chem 1992, 3, 91-99; Dilworth, J. R and Parrott, S. J.
Chem Soc. Rev. 1998, 27, 43-55).' Since the rhenium 20 chemstry is very
simlar to teaimethfREhEcSELy KHde opRarnidveupécabditc thel ancanshi p, the

met hods used far a“tiP Label 100w ik S2ms Thucphiilid apply to that with
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life of a radionuclide has to be long enough to allow
adequate time for manufacturing, release, and
transportation of the radiopharmaceutical.

Other practical considerations in selecting a

15 radionuclide for a given targeting biomolecule for tumor
therapy include availability and quality. The purity
has to be sufficient and reproducible, as trace amounts
of impurities can affect the radiolabeling and the
radiochemical purity of the radiopharmaceutical. The

20 target receptor sites in tumors are typically limited in
number. This requires that the chosen radionuclide have
high specific activity. The specific activity depends
primarily on the method of production and separation
technique of the radionuclide. Trace metal contaminants

25 must be minimized as they often compete with the
radionuclide for the BFC and their metal complexes
compete for receptor binding with the radiolabeled BFC-

BM conjugate.

For tumor therapy, both o and f-emitters have been
30 investigated. Alpha particles are particularly good
cytotoxic agents because they dissipate a large amount
of energy within one or two cell diameters. Most
o—-emitters are heavy elements that decay to hazardous
daughter products and their penetration range is limited
35 to only 50 um in tissue. The short-ranged particle



6 12 August 2005 the target-specific radi opharmaceutical at the tunor

site. If the half-life of the radionuclide is too short, much of the decay
wi || have occurred before the radiopharmaceutical has reached maxi nrum5
target/background ratio. On the other hand, too long a half-life would
cause unnecessary radi ation dose to nornal tissues. ldeally,'the

radi onucl i de should have a |ong enough half-life to attain a m ni rum dose
rate (> 0.4 Gy/h) and to irradiate all the cells during!? Atghst200

radi ation sensitive phases of the cell cycle.. The half- life of a

radi onuclide has to be |long enough to allow adequate tine for

manuf acturing, release, and transportation of the radi opharnaceuti cal.
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targeting bi onmligeelke £y nbwEDAttddRigpyif thleutdedophiabrabtéuttiyadnd qual ity.
The purity has t. fflsCh r uclk e anounts of

I mpurities cara113a_ g%?n%ﬁgefia%?%% a'gﬂ‘ﬁrng%%g thg&’&f ae&‘l%g%%@% cal purity of

e
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therapy, both é&é@@@)(é%ﬁﬂﬁd&ksrébéﬁ”ﬂ%ebsﬁékgy level. The long-range

10 penetration is particularly important for solid tumors
that have heterogeneous blood flow and/or receptor
expression. The B-particle emitters yield a more
homogeneous dose distribution even when they are
heterogeneously distributed within the target tissue.

15 Depending on the tumor size and location, the choice of
the P-emitter may be different. For example, medium or
low energy P-emitters such as !*3sm and *"’Lu are better
for smaller metastases while high-energy f-emitters such
as %y are used for larger tumors.

20 The choice of radiolabeling approach depends on the
type of biomolecules to be labeled and the purpose of
the study. Various radiolabeling techniques for
radionuclides, including °°y, !1n, Ga, **Ga, *°zr, ®cCu,
84cu and %'cu, have been described in several reviews

25 (Parker, D. Chem. Soc. Rev. 1990, 19, 271-291; Liu, F.
and Wu, C. Pure & Appl. Chem. 1991, 63, 427-463;
Anderson, C. J. and Welch, M. J. Chem. Rev. 1999, 99,
2219-2234; Volkert, W. A. and Hoffman, T. J. Chen.
Rev. 1999, 99, 2269-2292; Liu, S and Edwards, D. S.

30 Bioconjugate Chem. 2001, 12, 7-34).

There are two general approaches, the pre-labeling
approach and the post-labeling approach, useful for the
radioabeling of biomolecules with lanthanide
radionuclides. In the post-labeling approach, a BFC is

35 first attached to the biomolecule either directly or via




30 investigated. Al pha particles are particularly good cytotoxic agents
because they dissipate a | arge anmount of energy within one or two cell
dianeters. Most a-emtters are heavy el enents that decay to hazardous
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attractive if the radi opharmaceutical 1is internalized into tunor cells.
Auger electron enitters are shown to be very potent but1dMAugust2Q3ey can
cross the cell nenbrane and conme into close 5 proximty with the nucl eus.
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net al | or adi ophar maceuticals. The (3-particle emtters have relatively |ong
penetration range (2 - 12 mmin the tissue) dependi ng upon the energy

level . The |ong-nange 0 ReRetLAtEre0rkScRdfigatul ardne i nportant for solid
tunors that have Eeterp eneous bl ood f| Q%?nd/o%%recgggoge(ﬁﬁggession. The
(3-particle emAt8rePHHIH °28 AorAFNB eSaSP & §P8t FTHUT i on even when
they are het exfodbreBFGIBM ¢onivgdhe: wilthi the radhemetnlgehleridgdn 15
Dependi ng on thewlFgaer sSie oanih |theaprosenddhofchedlcechellatide R-enmitter may
be different. For exapple g*“”b ba-L LAY {bflebhgts such as 153Sm
and 177Lu g;tre ak?eetﬁtérlg?%?deé?% er #et as@gsh?s?? V\Ei?e, ni gh-enfr (3-emtters
such as 90Y arald¥dhavy vexy geioh Fagielabsy ipgeeERfi1eaY: ( %éﬁ ol abel i ng
approach deperdsi anghheielid/pebeliry)onehecdredet veddilyababetedind the purpose
of the study.,:¥aihous £a0i.@! 2b&H iRGpbeshiiddaa pors — adi omucl i des,
I ncluding 90Y’hi:lé:j 1'3:2610617a%ae’11r61§%ffi%%é£éy 6czaglu’be attributed to the
10 flexibility of the linear chelator backbone of DTPA

analogs. However, the radiolabeling kinetics of DOTA-

conjugated biomolecules is usually slow. In this case,

higher pH and elevated temperatures are often needed to

achieve fast labeling and high radiolabeling yield. The

15 post-labeling approach is useful for biomolecules that

are not sensitive to the harsh radiolabeling conditions

present in the chelation step. For biomolecules, which

are sensitive to heating, the pre-labeling approach

might be the best alternative.

20 The pre-labeling approach involves formation of the
metal chelate with a BFC, and conjugation of the M-BFC
chelate to a biomolecule in a separate step on the
tracer level. In this approach, the chemistry is well
defined, and the biomolecule is not exposed to the harsh

25 conditions used in the chelation step. For research
purposes, this approach is very useful to demonstrate
the proof of principle in a short period of time.
However, this approach is too complex and time consuming
for routine clinical use. It is also not practical for

30 large-scale production, since it involves
chromatographic separations of radiolabeled molecules at
high levels of radioactivity.

During radiolabeling, the pH of the reaction
mixture is often controlled with a buffering agent to
35 assure the reproducibility for the radiochemical purity



64CU and 67CU, have been described in several reviews 25 (Parker, D. Chem
Soc. Rev. 1990, 19, 271-291; Liu, F. and Wi, C Pure & Appi. Chem 1991,
63, 427-463; Anderson, C. J. and Wlch, M J. Chem Rev. 1999, 99,

2219- 2234; Vol kert, W A and Hoffrman, T. J. Chem Rev. 1999, 99,
2269-2292; Liu, S and Edwards, D. S. 30 Bioconjugate Chem 2001, 12,
7-34). There are two general approaches, the pre-labelin approach and the
post - | abel i ng approach, useful for the radi oabeling of %2 W th

| ant hani de radionuclides. In the post-I|abeling approach, a BFCis 35 first
attached to the bionolecule either directly or via 8 12 August 2005 a
linker to formthe BFC-BM conjugate. The radiolabeling can be acconplished
sinply by the reaction of the BFC-BM conjugate with the radionetal
chloride in (bfbuﬁéafadiﬁbhéfméutibhe prixeenheiad ofeakbehfErangng 5 agent,

i f necessary. Hudln? leys hi gh
r adi ol abel i ng ggg I Cl nlég Egn bdh%”gbﬁ %%?gﬂﬂl?éqg?é |rl %g%ﬁ%ﬁg ciag be

asf an
readi |y | abel é’ﬂ““"%‘f"hlaﬁéf r?n:hs'é& ?Bo r?Bﬁr <?Jre afd pH'% - 7. The high
radi ol abel i ng lebki iterndy DEBR- Fnda POTA bearddgabed Heorgletelesi | TR of t he

| inear chelsat gjurbagkhpnr@netaDIdA isanahRyy blovever.s ihe radi ol abel i ng
ki neti cs of DOTA- conjugated bi onolecules is usually slow. In this case,

hi gher pH and el evatmsilivphpenatantdsair eonposd hierddeduiéng d&ehi eve fast
| abel i ng and hightimsixelsabghéngies ahg. undeegdSradisilyisabeduriggaphe oach is

useful for biqnolecules th ans e 1 g?g S tadi ol abel i ng
condi ti ons prpesgnfa%m%t heg% BT At |t%%£§§ lt bM bi om%lag]é e \%\/m ch
: radlopharmaceutlcal comp051t10n Durlng radlo ysi

10 emissions from the radionuclide attack other
constituents of the complex or compound, or other
compounds in proximity, which results in inter- and
intramolecular decomposition. Radiolytic decay can
result in decomposition or destruction of the radiometal

15 chelate or the biologically active targeting molecule.
Radioactivity that is not linked to the targeting
biomolecule will accumulate in non-targeting tissues.
Decomposition of the radiopharmaceutical composition
prior to or during administration dramatically decreases

20 the targeting potential and thus increases the toxicity
of the therapeutic radiopharmaceutical composition.
Thus, it is important to ensure that the radionuclide is
linked to the targeting moiety and to ensure that
specificity of the targeting agent is preserved.

" 25 Radiolysis is caused by the formation of free
radicals such as hydroxyl and superoxide radicals
(Garrison, W. M. Chem. Rev. 1987, 87, 381-398). Free
radicals are very reactive towards organic molecules.
The reactivity of these free radical towards organic

30 molecules is a major factor influencing the solution
stability of a therapeutic radiopharmaceutical
composition. Stabilization of the therapeutic
radiopharmaceutical composition is a recurrent challenge
in the development of target-specific therapeutic

35 radiopharmaceuticals. Therefore, it is very important to

10



are sensitive to heating, the pre-|abeling approach m ght be the best
alternative. 20 The pre-1abeling approach involves formati on of the netal
chelate with a BFC, and conjugation of the MBFC chelate to a bionol ecul e
in a separate step on the tracer level. In this approach, the chem stry is
wel | defined, and the bionolecule is not exposed to the harsh 25
conditions used in the chelation step. For research purposes, this
approach is very useful to denonstrate the proof of pri fﬁgés‘%pgﬁshort
period of time. However, this approach is too conplex and time consum ng
for routine clinical use. It is also not practical for 30 | arge-scale
production, since it involves chromatographic separations of radiol abel ed
nol ecul es at high | evel's of radioactivity. During radiol abeling, the pH of
the reacti on us«tairedisabfscenenoer sl kedtalpilizarbud feimingzagent to 35
assure the reprasiuailizki &y der rhdifor-adneghsidnalcued ty 9 12 August 2005 of
t he radi opharmaceutical. The choice of a buffering agent depends upon the
opti mum pH val ue fa@r stheikizesnis AmMredioal asstvenging aftienidawd for the

90Y- or 1111n-:}abeldang1PfrddtPA-wati WSl fafO a0 alssk-Juie! ecul es. The 5
buf f er con05ent rafﬁf;f%ﬁ i s nor n%l %yllpz.i% - aoégt I\élo Atﬁégé oeqlt;:ar maceut i cal
' | 6' 3% Mf 'ng Fad "8 des naf)

conposi ti o i nct ( Auc! undér go radi ol ysis

during the preparoptiagnacewiicaseconnogispor thaudd, PeFRPSs &P8ge of the
radi ophar maceufs Cidwitgnplaidctenis s :ngowacht aloy sbsjcily ehkssitons fromthe
radi onuclide affaek 2! BEhan GORSAL{UBRESN O nd NECPFRI S LLiERMRAIND,  OF

ot her

delivery or receptor binding of the radiolabeled

10 compound to the target cells or tissue(s), and the
ability to stabilize the therapeutic radiopharmaceutical
for a reasonable period of time (e.g., during the
preparation,.release, storage and transportation of the
therapeutic radiopharmaceutical). . '

15 Radical scavengers such as gentisic acid and
ascorbic acid have been used to stabilize %*™Ic (DeRosch,
et al, W095/33757) and !®®/!®®Re (Anticancer Res. 1997,
17, 1783-1796) radiopharmaceuticals. U.S. Patent
5,393,512 discloses the use of ascorbic acid as a

20 stabilizing agent for %®Re and %'I-labeled antibodies or
antibody fragments. Gentisic acid and gentisyl
alchohol were also disclosed in U.S. Patent 5,384,113 as
stabilizers for radiolabeled peptides. U.S. Patents
5,093,105 and 5,306,482 disclose the use of p-

25 aminobenzoic acid, gentisic acid and ascorbic acid as
antioxidants for **rc radiopharmaceuticals. U.S. Patent
5,961,955 also discloses a method of ameliorating
degradation of radiolabeled peptides, especially
radiolabeled proteins such as antibodies, by including

30 PVP (polyvinylpyrrolidinone) as a radioprotectant.

A metalloradiopharmaceutical composition usually
includes the BFC-BM conjugate, a buffering agent for pH
control, a weak chelating agent to prevent radiometal
colloid formation, and a stabilizer to prevent

35 radiolytic degradation of the radiopharmaceutical

11




conpounds in proximty, which results in inter- and intranolecul ar
deconposition. Radiolytic decay can result in deconposition or destruction
of the radionetal 15 chelate or the biologically active targeting nol ecul e.
Radi oactivity that is not linked to the targeting bionolecule wll

accunul ate in non-targeting tissues. Deconposition of the

radi ophar naceuti cal conposition prior to or during admnistrat]
dramatically decreases 20 the targeting potential and thﬁgiWHE§ t he
toxicity of the therapeutic radi opharmaceutical conposition. Thus, it is
I mportant to ensure that the radionuclide is linked to the targeting

noi ety and to ensure that specificity of the targeting agent is preserved.
25 Radiolysis is caused by the formation of free radicals such as hydroxyl

and SUIoe(r]I oxXi ld%oﬁ.@&ﬁictqlo% alhEaig itmnpréyaé%isﬂﬁmellaage 4987, 87, h381-398).
Free radicals are very.reactiye towar k | S. e reactivity
of these freeifﬁla?%oﬁ'at%éﬁ/ﬁr#s t\(%lreggﬁgaﬁllf%aﬁtl):@cu gggpgfggﬁhj gkrlgf act or

i nfl uenci ng t P8 &9|qnitdralstemibhet juedess AR EARIPAPEIPEHAYPASr naceuti cal
conposi tion. Shabi%ti zed i*dhrnolabdleinghef apieicilecul exli oghatrelddngi cal

conposi tiog i Br (o 40" eng ghald %Flgeréa%tti@ﬁ feuslepeents, target-specific
therapeuti C 35 radi opharmaceuticals. _‘Therefore, it i very ioportant to 10
12 August ZOOSCBE%V%EiDtbé(dPEh‘Fg Sedvenyet %?mﬂc’%{%lalcle%geto et m ze
radi ol ysi s of arhetwadivsbabe$ eih hisdng| amendym Fcestadlsi £PT dihe sYg " radi cal
scavengi ng antizgxi dahlot pibmbidRadit y(1eaat Sontddl Aydinxyl and superoxide 5
radicals. The rsa %Qiéﬂeﬁii%% Sugggéssf %dt &e,r %Rﬁyﬁi&n acetate acts as a :
10 transfer ligand for Y** by forming a weak %y_acetate and
preventing the formation of [*°Y]colloid. The radiation
stabilizer can be added into the reaction mixture before
(i.e., pre-labeling addition) or after (i.e., post-
labeling addition) the radiolabeling. However, the
15 combination of a buffering agent and a stabilizer often
results in high osmolarity of the radiopharmaceutical

composition.

Ascorbic acid is known as an antioxidant and has

been used in various pharmaceutical and

20 radiopharmaceutical compositions. Unlike other
buffering agents such as succinic acid and
aminocarboxylates, ascorbic acid contains no amino or
carboxylic groups. One skilled in the art would not
expect to use ascorbic acid as a buffering agent and

25 transfer ligand for the preparation of %Y or *'In-
labeled biomolecules. Therefore, it is of great
significance, surprising and unexpected that ascorbic
acid and its analogs can serve all three purposes: (1)
as a buffering agent to control the pH of the reaction

30 solution during radiolabeling; (2) as a transfer ligand
to prevent the formation of radiometal colloid; and (3)
as a stabilizer for the radiopharmaceutical composition
during preparation, release, and transportation of the
radiopharmaceutical composition.

12




radi ophar maceuti cal conposition should possess the follow ng
characteristics: lowor no toxicity when it is wused for human

adm nistration, no interference with the delivery or receptor binding of

t he radi ol abel ed 10 conpound to the target cells or tissue(s), and the
ability to stabilize the therapeutic radi opharnmaceuti cal for a reasonabl e
period of time (e.g., during the preparation, release, rage
transportation of the therapeutic radiopharnaceutical).‘ﬁig“ﬂgaﬁé:léﬁ15
scavengers such as gentisic acid and ascorbic acid have been used to
stabilize 99ni Tc (DeRosch, et al, W95/33757) and 186/ 188Re (Anti cancer
Res. 1997, 17, 1783-1796) radi opharnaceuticals. U S. Patent 5,393,512

di scl oses the use of ascorbic acid as a 20 stabilizing agent for 186Re and
1311-1 abel ed anti bodi es or golddee\or rggnBftENTIERNt i Sic acid and genti syl
al chohol were also disclosed Tn US. Patent 5,384,113 as stabilizers for
radi ol abel ed pepti dbereUuS sRyeeamt Rdvendages 05 ipd RSB IY6C4BRLYP8c] ose t he
use of p 25 amyna¥eRzehé &fend. J8ddrPie aeidl rasdbéac Gipbrovedifbras
antioxidants far_99 ;3515%95 ghgggﬁ%>g5|g@&ﬁﬁﬁglgﬂxﬁgggg-gﬁg,961,955 al so

di scl oses a meY %ﬁTﬁf el oratin eqradati on radi el ed pepti des,
especi al | y 5 r abseAdi6l agidhresernehd fth4ad 2f PB8JTRS ,buﬁgeprﬂ:q udi ng 30 PVP
(pol yvi nyl pyrr edpatiitgna} s 3a0r asli @pr etebighwr. cénesttalatdradi Gi¥ar maceut i cal
conposi tion usyally o BCh3dES tRenBFEIBY AR Waakeeciahtbulhitesding agent for
pH control, a weak chelaéing agent tosgée en%irgduggpg%kcJ§%k10|d
formation, and“@P¥TaBi PF-E° £ g?réQfer?t' 38 Yadivofyti ¥ degradation of the
r adi ophar maceu¢é$rtfing] two hydroxyl groups, one of which is

10 deprotonable at pH > 4.2, it can also be used as a

transfer ligand to prevent the formation of radiometal
colloids. Although the use of ascorbic acid as a
stabilizer has been disclosed for a variety of
diagnostic and therapeutic radiopharmaceutical

15 compositions (see, e.g., Deausch, E. A. et al./U.S.
Patent No. 5,384,113/1995; Vanderheyden, J.-L., et
al./U.S. Patent No. 5,393,512/1995; Flanagan, R. J. and
Tartaglia, D./U.S. Patent No. 5,093,105/1992; Tartaglia,
D. and Flanagan, R. J./U.S. Patent No. 5,306,482/1994;

20 Shochat, D. et al./U.S. Patent No. 5,961,955/1999; and
Zamora, P. O. and Merek, M. J./U.S. Patent No. .
6,066,309/2000), there is no teaching or disclosure on
the use of ascorbic acid as a buffering agent and/or as
a transfer ligand.

25 If the radiolabeling is performed in the presence
of ascorbic acid at pH 4 - 6, there is no need for a
buffering agent such as ammonium acetate in the reaction
solution because ascorbic acid has sufficient buffering
capacity at this pH range. In doing so, it will

30 eliminate possible side effect from ammonium cation, a
well-known vasodilator, particularly at high
concentrations, and will result in dramatic reduction of
the osmolarity of the radiopharmaceutical composition.

13




12 August 2005 conposition during the preparation, rel ease and
transportation of the netall oradi opharnmaceutical. The pHis critical for
t he success and reproducibility of the 90Y- or ''11lln- |abeling of

bi onol ecul es. Controlling 5 pH (pH 4.0 - 8.0) in the reaction mxture is
often achieved by using 0.1 0.5 M amoni um acetate. There are two

pur poses in using anmmoni um acetate for the 90Y- |abeling of bionpolecules:
(1) pH control during radiol abeling process and (2) anmoh? AwgHse2®% act s
as a 10 transfer ligand for Y3+ by form ng a weak 90Y-acetate and
preventing the formation of [90Y]colloid. The radiation stabilizer can be
added into the reaction mxture before (i.e., pre-labeling addition) or
after (i.e., post labeling addition) the radiol abeling. However, the 15
conbi nation of a buffepefriagestsaiigraostebinyEz envENtr results in high
osnolarity of the radiopharmaceutical conposition. Ascorbic acid is known
as an anti oxi dant and has beén used in various pharnaceutical and 20

radi ophar maceyh i Capp £ QARBALHEMNSE Ui idi@sehbeinvdihbrrpngiagends such as
succinic acid and anlnocarggéy!ates“ ascorbi c acid contains no am no or
i

carboxylic gr GBPEOPRITESRIF CRPPRE PP GBT T HEP expect to use ascorbic
aci d as a buf frediotplejed chatht2a-biamsfecnlei genihgate ¢hether eparati on of 90Y
or 111in- Iabeled, bl qmehechl 68 JNEILLA" Enoddr ¥ ATelighRha & oni fi cance,
surprising and unexpected that ‘ascorbic acid and its anal ogs can serve al
three purposedorada Ed:a buffering agent to control the pH of the reaction
30 solution during radiolabeling; (2) as a transfer |igand

zZ

HO

HO OH

(1)

or a pharmaceutically acceptable salt thereof,
wherein

X is 0, NR), or CHR';

Y is O or S;

7 is hydroxyl or halogen;

R' is selected from: (C,-C,)alkyl substituted with
0-5 R®, (C;-C,,)cycloalkyl substituted with 0-5 R, (C,-
C,,) alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R®; and

R® is independently selected at each occurrence
from: NH;, OH, CO;H, C(=O)NH,, NHC(=NH)NH;, PO3;H;, and
SOsH;

14




to prevent the formation of radionetal colloid; and (3) as a stabilizer
for the radi opharnaceutical conposition during preparation, release, and
transportation of the radi opharnaceutical conposition. 35 12 12 August
2005 SUMVARY OF THE | NVENTI ON There are several advantages using ascorbic
acid as a buffering agent. Ascorbic acid has been approved for

phar maceuti cal and radi opharmaceutical applications. 5 Ascorbic acid has a
pKa of 4.2 and has the buffering capacity at pH 3.0 -5. 52 Angust 205
concentrations (>50 ng/nL or 0.25 M, it may al so have sufficient
buffering capacity at the pH range 5.5-6.0. Since ascorbic acid contains
two hydroxyl groups, one of which is 10 deprotonable at pH > 4.2, it can
al so be used as a transfer ligand to prevent the formati on of radi onetal

colloids. Although.the use of ascorhi C} talidhzefrjhas been
di scl osed for a vAPFERIF g‘:?‘e 81“3’6?\%5‘% ghgnédp %é?gpcéﬁtl c ruaéi gp’ﬂar maceut i cal

15 conpositi ops dfFeetriee Go: Dehustdbilkze Athewradiolabeg.ed Pat ent No.

5,384, 113/ 1995; Vander hevde Y +hld PorhdtLL M-chopn-
3! 393 517/ TooR e R ag%af’n“?gqﬁg“}% %#d”u#a?tg‘l‘gf{hg, BTU'S. Patent No.
5, 093, 105/ 1992eM)Taay=iyista radatimnd iBfueed fegramdatyiqnuagd Pata&nt No.

5, 306, 482/ 1994: 20 Shochat.,. D, ol S. o Pakgnt No. 5,961, 955/1999; and
Zanor a, P.éo.l%%s ﬁé‘ree‘l%’jfn ’?f’?ﬁ%f aetu"e’nt° No. . 6, 066, 309/ 2000), there is

no teachi ng oradicthosacentdralt hempasd topn aanshriB) cPEeYeRtas a buffering agent

and/or as a Egéggﬂg%gllégﬁygid formation.

[2] BAnother embodiment of the present invention

10 provides a radiopharmaceutical composition. of embodiment
1 wherein the amount is effective to: (1) stabilize the
radiopharmaceutical against radiation induced
degradation and (2) control the pH of the

radiopharmaceutical.

15
[31 Another embodiment of the present invention
provides a radiopharmaceutical composition of'embodiment
[1] wherein the amount is effective to: (1) stabilize
the radiopharmaceutical against radiation induced

20 degradation and (2) prevent radiometal colloid

formation.

[4] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment

25 [1] wherein the amount is effective to: (1) stabilize
the radiopharmaceutical against radiation induced
degradation, (2) control the pH of the

radiopharmaceutical and (3) prevent radiometal colloid

formation.

30

15



25 If the radiolabeling is perfornmed in the presence of ascorbic acid at
pH 4 - 6, there is no need for a buffering agent such as amoni um acet ate
in the reaction solution because ascorbic acid has sufficient buffering
capacity at this pHrange. In doing so, it will 30 elimnate possible side
effect fromamoniumcation, a well-known vasodilator, particularly at
hi gh concentrations, and will result in dramatic reduction of the

osnol arity of the radi opharmaceutical conposition. 13 1212Aygyst 205

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 1] One enbodi ment of the present

i nvention provides a radi opharnmaceutical conposition conprising a 5
radi ol abel ed chel at or - bi onol ecul e conjugate of the fornula M Ch-Ln-(BMA, ;
and an anount of a conpound of formula (I) HO OH or a pharnaceutical ly

accept abl e salt there e E|n X LS rs 15 Yis OQor S; Z
i s hydroxyl or'>al ﬁﬁ%ﬁ"érl?e\“,\'g ecf’lf F é 2 Sﬁﬁ 18 EE a?rf(yl substl tuted
with 0-5 R2, p(r@?ad:é@)&wldoapwma§§b§¥¢athtcéﬂpﬁﬁ‘ﬁ°@= gf perb eE 0) al kenyl
substituted mn % %@1 ﬁryl substituted 20 with O- 5 R2 and R2 is

| ec at eac

|ndependently occurrence from NH2, OH, CO2H, C(=0) NH2,
NHC( =NH) NH2, PO3H2, and SO3H, 14

5 [6] Another embodiment of the present invention

provides a radiopharmaceutical composition of embodiment

[1] wherein Y is O.

[7] Another embodiment of the present invention

10 provides a radiopharmaceutical composition of embodiment

[1] wherein 2 is hydroxyl.

[8] Another embodiment of the presert invention
provides a radiopharméceutical composition of embodiment

15 [1] wherein m is 1 to about 5.

[9] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment

[1] wherein m is 1 or 2.
20

[10] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment

[1] wherein m is 1.

25 [11] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment

[1] wherein m is 1 to about 5; X is O0; and Y is O.

16



12 August 2005 wherein the amount of the compound of formula (1) is
effective to: (1) stabilize the radiol abel ed chel ator-bionolecul e
conjugate of the formula M Ch-Ln- (BM,,, against radiation induced
degradation and to at 5 |l east one of (2) control the pH of the

radi ophar maceuti cal conposition and (3) prevent radionetal colloid
formation. [2] Another enbodi nent of the present- i nvention 10 provides a
radi ophar maceutical conposition. of enbodiment 1 wherei h2 AHEUsHARRR i s
effective to: (1) stabilize the radiopharmaceutical against radiation

I nduced degradation and (2) control the pH of the radiopharmaceutical. 15
[ 3] Another enbodi ment of the present invention provides a

radi ophar maceuti cal conposition of enbodinment [1] wherein the anount is

effective to: tabjliz t ' r DRGE | 6 ihnst radiation
I nduced 20 deé?%%a?ngh%%ds?ﬁfﬁ%?éggﬁ?Qgg |one%§L§§%f§%¥§§ formation. [4]
Anot her enmbodbrevidesf at rrdinriiaRaceuhicnti ePPPIFisHPRet LG+ ar maceut i cal

conposi tion of, enhadiaEng 25 i L whey glsnot he @meuNind sz afsf ective to: (1)
stabilize the radi opharnmaceutical against radiation i nduced degradation,
(2) control thedpxydf the radi opharmaceutical and (3) prevent radionetal
colloid fgrnation. 30 15 12 August 2005

[13] Another embodiment of the present invention

provides a radiopharmaceutical composition of embodiment

{1} wherein m is 1; X is 0; Y is 0; and Z is hydroxyl.

10 [14] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment
[1] wherein the concentration of- the compound of formula
(I) is about 2 mg/mL to about 200 mg/mlL.

15 {15] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment
[1] wherein the metallic radioisotope is present at a
level of about 10 mCi to about 2000 mCi.

20 [16] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment
[1] wherein the metallic radioisotope is present at a

concentration of greater than about 5 mCi/mlL.

25 [17] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment
[1] wherein the radiolabeled chelator-biomolecule '
conjugate of the formula M-Ch-In-(BM)x is a diagnostic

radiopharmaceutical.

17




[ 5] Anot her enbodi nent of the present invention provides a

radi ophar naceuti cal conposition of enbodinent [1] wherein Xis 0. 5 [6]
Anot her enbodi ment of the present invention provides a radi opharnaceuti cal
conposition of enbodinent [1] wherein Y is 0. [7] Another enbodi nent of
the present invention 10 provi des a radi opharmaceutical conposition of
enbodi nent [1] wherein Z is hydroxyl. [8] Another enbod t of(gﬂg
present invention provides a radi opharmaceuti cal conpos SUB?Z odi nent
15 [1] wherein mis 1 to about 5. [9] Another enbodi ment of the present

i nvention provides a radi opharmaceutical conposition of enbodi ment [1]
wherein mis 1 or 2. 20 [10] Anot her enbodi nent of the present invention
provi des a radi opharnaceuti cal conposition of enbodinment [1] wherein mis
1. 25 [11] Another enbodi nent of the present invention provides a

radi ophar maceuti cal conposition of enbodinment [1] wherein mis 1 to about
5, X is 0; andi¥]i sakbtierlenfidiuneht 2005 Hel predentt Hevesubodi ment of the

t t nmbodi t
R LR AN e s A i

enmbodi ment  of [tlﬂeWMJE%léhﬂth rmadicilahelest shedasorrhiggpP ﬁﬁ‘éﬁ‘eﬂaceut i cal
conposi ti o8 Of.cgHhgst ¥ the formula M-Ch-Ln-(BM), is a therapeutic

radiopharmaceutical.

[19] &Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment

10 [1] wherein the biomolecule is an antibody.

[20] BAnother embodiment of the present invention
provides a radiopharmaceutical composition of embodiment

{1] wherein the biomolecule is an antibody fragment.

15

[21] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment

[1] wherein the biomolecule is a peptide.

20 [22] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment

{1] wherein the biomolecule is a peptidomimetic.

[23] Another embodiment of the present invention
25 provides a radiopharmaceutical composition of embodiment

{1] wherein the biomolecule is a non-peptide.

[(24] Another embodiment of the present invention

provides a radiopharmaceutical composition of embodiment

18




[1] wherein mis 1; Xis O; Yis 0; and Z is hydroxyl. 10 [14] Another
enbodi nent of the present invention provides a radi opharnmaceuti cal
conposition of enbodinent [1] wherein the concentration of-the conpound
of formula (1) is about 2 ng/nL to about 200 ng/nL. 15 [15] Anot her

enbodi nent of the present invention provides a radiopharnaceutical
conposition of enbodinent [1] wherein the netallic radlﬂ%?ﬂ pr esent
at a level of about 10 nCi to about 2000 nCi. 20 [16] I ment
of the present invention provides a radi opharmaceutical conposition of
enbodi mrent [1] wherein the netallic radioisotope is present at a
concentration of greater than about 5 nC/nL. 25 [17] Anot her enbodi nent of
the present invention provides a radi opharmaceutical = conposition of

enbodi nent rejn e.r.adi el ed ch ecul e conjugate of
the fornul a M’]Clhwgﬁre’(rﬁil\t/) P§°I§°Jge é‘gﬁoﬁ i cc%fé]l op a?g%eut ical . 17 12
August 2005 [dAdjephnot fetragamibeti nen RGBS cartt@iping eprPYif®enti on provides a

radi ophar micef'z[ﬂr‘i%l: £ RSP N agBHDOd] B REL/ fi1a \M&Qéﬁ’td&- t he radi ol abel ed
chel ator-bio

ecule 5 conjugate of the farmula ﬁg % . is a
t her apeuti c Peﬂﬁ“@phér#e&aé@t €31 thyg EQ}W%P%W%’ lof‘l the present
i nvention sprovisiesia dasivepiesec digaodl faofpbeitdgemiof enbodi ment 10 [ 1]
wherein the DLATRLSEULE L 21a20L e 142 Thalnab AlopRO daanle Of 1 he

present invention har maceut_i cal con%05|t|on of enbodi nment
[1] wherein tmabmﬁﬁﬁ%ulae1”1%“‘3%\“"&%???@&?3?“?@59@

receptor ligand; a thrombus, platelet binding, or
atherosclerotic plaque binding peptide; a fibrin binding

10 peptide; a hirudin-based peptide; a fibrin binding
protein; a guanine derivative that binds to the IIb/I1TIa
receptor; a tyrosine derivative; a leukocyte binding
peptide; a chemotactic peptide; a leukostimulatory
agent; an LTB4 antagonist; a sométostatin analog; a

15 selectin binding peptide; a biological-function dpmain;
a platelet factor 4 or growth factor; a compound that
binds to a receptor that is expressed or upregulated in
angiogenic tumor vasculature; a peptide, polypeptide or
peptidomimetic that binds with high affinity to the

20 receptors VEGF receptors Flk-1/KDR, Flt-1, or
neuropilin-1; a peptide, polypeptide or peptidomimetic
that binds to avf3, avp5, a5pl, adfl, alfl, or ou2f2; a
compound that interacts with receptor tyrosine kinases;
a protein, antibody, antibody fragment, peptide,

25 polypeptide, or peptidomimetic that binds to receptors
or binding sites on a tissue, organ, enzyme Or fluid; a
R-amyloid protein that has been demonstrated to
accumulate in patients with Alzheimer's disease; an
atrial naturetic factor derived peptide that binds to

30 myocardial or renal receptor; an antimyosin antibody
that binds to areas of infarcted tissue; or a
nitroimidazole derivative that-localizes in hypoxic

areas in vivo.
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15 [21] Anot her enbodi ment of the present invention provides a

r adi ophar maceuti cal conposition of enbodinment [1] wherein the bionolecule
is a peptide. 20 [22] Another enbodi nent of the present invention provides
a radi opharmaceutical conposition of enbodinent [1] wherein the

bi onol ecul e is a peptidom netic. [23] Another enbodi ment of the present
invention 25 provides a radi opharnaceutical conposition of embod nent [1]
wherein the bionolecule is a non-peptide. [24] Anot her e OHOHENOQR t he
present invention provides a radi opharmaceutical conposition of enbodi nent
18 12 August 2005 [1] wherein the bionmolecule is a cyclic lib /Illa
recept or antagoni st; an RGD containing peptide; a fibrinogen receptor

antagonist; a llb/llla receptor ligand; a ligand for the polynerization
site of fibrin; 5 alamnin derivative; a ligand for fibrinogen; a
thronbin ligand; an oligopeptide that corresponds to the Illa protein; a

hi r udi n- based @%@ros(ﬁtﬁzrl LpAd 4llﬂént Ee\ﬂie%rhé&quvanémpnbus pl at el et

bi ndi ng, or erotic aque |n i ng g br N b ndi ng 10
pepti de; a h|ﬂu@Wﬁdba§bdaééﬁﬁhﬁﬁﬁaCSuF+Tﬂ4 ﬁ°BPﬂ Gﬁjﬂ BF ot uani ne
derivative t ha[tljbwﬂéﬁeltrp thBecHditbi!| Bs 4 esepiorgr acyylbsi ne’ der| vative; a

| eukocyt e hi ndi chenotacti c e;. a | eukostimul atory
agent; an I BA?‘%%’F&S%‘E Okﬁfastoerfafaoé llnﬁdggg%'ﬁ%%a 15 sel ectin bi ndi ng

peptide; a bi dlwgmidendnatbipbn agenraninemopbanidedithaetor2 4 or growth

factor; a conpiidnthédianRhBAsndt®id1 €5 aflaafinb8itdxine, expre&ssed or
upregul ated in )
hydrazine.

10 [26] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment
[1] wherein the chelator is tetradentate, with donor

atoms selected from nitrogen, oxygen and sulfur.

15 [27] BAnother embodiment of the present invention
provides a radiopharmaceutical coﬁposition of embodiment
[1] wherein the chelator is
diethylenetriaminepentaacetic acid (DTPA); 1,4,7,10-
tetraazazcyclododecane-1,4,7,10-tetraacetic acid (DOTA) ;

20 1,4,8,11—tetraazazcyclotetradecane—1,4,8,11-tetraacetic
acid (TETA); 1,4,7,1l0-tetraazazcyclododecane-1,4,7-
triacetic acid (DO33a); 2-Benzyl-1,4,7,10-
tetraazazcyclododecane—l,4,7,10—tetraacetic acid (2-Bz-
DOTA); alpha-(2-phenethyl)-1,4,7,10-

25 tetraazazcyclododecane-1l-acetic-4,7,10-
tris (methylacetic) acid; 2-benzyl-
cyclohexyldiethylenetriaminepentaacetic acid; 2-benzyl-
6-methyl-diethylenetriaminepentaacetic acid; or 6,6"-
bis[N,N,N",N“—tetra(carboxymethyl)aminomethyl)—4'—(3—

30 amino-4-methoxyphenyl)-2,2:6’,2"~-terpyridine.

20



angi ogeni c. tunor vascul ature; a peptide, polypeptide or peptidomnetic
that binds with high affinity to the 20 receptors VEG- receptors Fl k-1/KDR,
FIt-1, or neuropilin -1; a peptide, polypeptide or peptidomnetic t hat
binds to avj 33, av135, a5pl, a4j31, alpl, or a2132; a conpound that
interacts with receptor tyrosine kinases; a protein, antibody, antibody
fragnment, peptide, -25 polypeptide, or peptidomnetic that binds to
receptors or binding sites on a tissue, organ, enzyne ol 2 Augugt 20@5
f-anyloid protein that has been denpbnstrated to accunulate in patients with
Al zhei ner's disease; an atrial naturetic factor derived peptide that binds
to 30 nyocardial or renal receptor; an antinyosin antibody that binds to
areas of infarcted tissue; or a nitroimdazole derivative that |ocalizes
in hypoxic areas in vivo. 19 12 August 2005 [25] Another enbodi nent of the
present invention provides a radi opharmaceutical conposition of enbodi nent

[1] wherein t hgggheh@diHer SmBo@MfdnitCoPr 1AL Yekkn® NRle@IbmMOcar boxyl ate, a
di am nedithiol, a, trianigpnnggthiol . a nonoaninenonogni q%h&gigl, a
monoam nedi amRISNBABE H JTRIigPRRLRRSTEET O FETPEFL BHO j’ razine. [ 26]

Anot her enbodiM#nwhefeirhaher meeaitl icnvadidicetopeois d&&ua 1*3#.ophar maceut i cal
conposi ti o ohsegbodkientoy [ 1iryhengi nedzhe sehel atmy, | 87gt raggntate, with
donor ators sefectgd Trogmnitr 006Q,  OXygen and syl fure 15 4 27] Anot her

enbodi ment of 't k& pr&Sent Penvert on Repr ovittes &' r aflophGimaceiit i cal

conposition of’mnbed Hépi.

[29] Another embodiment of the present invention

10 provides a radiopharmaceutical composition of embodiment
[1] wherein the metallic radioisotope is %"rc, '"™gn,
Wi, 203py, 671Gy, 68Ga, gy, %y, 177y, ¥9pm, S3sm, !%%Ho,

47Sc' 1°9Pd, 105Rh, 186Re’ 188Rel GOCu’ 52Cu' 64Cu or 67cu.

15 [30] Another embodiment of the present invention
provides a radiopharmaceutical composition of embodiment
(1] wherein the metallic radioisotope is **!in, %, or

177Lu .

20 [31] Another embodiment of the present invention
provides a radiopharmaceutical composition comprising a
radiolabeled chelator-biomolecule conjugate of the
formula M-Ch-Ln- (BM)y; and a compound of formula (I):

HO

25 Ho©  TOH
(1)

21



[1] wherein the chelator is diethylenetriamnepentaacetic acid (DTPA);
1,4,7,10- tetraazazcycl ododecane-1,4,7,10-tetraacetic acid (DOTA); 20
1,4,8,11-tetraazazcycl otetradecane-1, 4,8, 11-tetraacetic acid (TETA);
1,4,7,10-tetraazazcycl ododecane-1,4,7- triacetic acid (DO3A);

2-Benzyl -1,4,7,10- tetraazazcycl ododecane-1,4,7,10-tetraacetic acid (2-Bz-
DOTA); al pha-(2 -phenethyl)-1,4,7,10 25 tetraazazcycl ododecane-1
acetic-4,7,10- tris(methylacetic) acid; 2-benzyl- 12 August 2005

cycl ohexyl di et hyl enetri am nepentaacetic acid; 2-benzyl -

6- met hyl - di et hyl enetri am nepentaacetic acid; or 6,6"-

bi s[N, N, NO, N'-tetra(car boxynet hyl )am nonet hyl )-4'-(3 30

am no- 4- net hoxyphenyl )-2,2':6"',2"-terpyridine. 20 12 August 2005 [ 28]
Anot her enbodi ment of the present invention provides a radi opharnaceuti cal
conposition of enbodinent [1] wherein the netallic radioisotope is 177Lu,
149Pm 5 153Sm 166Ho, 90Y,, 111ln, 67CGa, .68CG, Zr oOmrC, 117nBSn, 203Pb,
177Lu, 47Sc, FO9PIOhargeRAutiERY. ai%%?@?i’léo%a},t %%66‘,% 4Cu, 67Cu, 97Ru, or
212Bi . [29] Another enbodiment of the present invention 10 provides a

radiopharnaceg |C§Tnconposition of enbodiment [1] wherein the netallic

radi oi sotope is 9WILG 1hdebNic +3didisot@3Pb, 67Ga, 68Ga, 89Zr, 90Y, 177Lu,
149Pm 153Sm 166Ho, 47Sc, 109Pd, 105Rh, 186 Re, 188Re, 60Cu, 62Cu, 64Cu

or 67Cu. 15 [30] Acetiken eetxddichemétof; t he present invention provides a
radi ophar naceutical conposition of enbodinent [1] wherein the metallic
radi oi sotope is 11inris 89Yoptponat7iinking group;

BM is a biomeclecule;
m is 1 to about 10;
X is 0, NR', or CHR';
10 Y is O or S;
7Z is hydroxyl or halogen;

R' is selected from: (C,-C,)alkyl substituted with
0-5 R?, (C,-C,)cycloalkyl substituted with 0-5 R%, (C,-
C,,)alkenyl substituted with 0-5 R’, and aryl substituted

15 with 0-5 R;

R’ is independently selected at each occurrence
from: NH,, OH, CO.H, C(=O)NH;, NHC(=NH)NH:, PO3H:, and
SO3H;

provided the radiopharmaceutical composition does

20 not comprise an additional buffering agent or an

additional chelating agent.

{32] Another embodiment of the present invention
provides a method for buffering"a radiopharmaceutical
25 comprising contacting the radiopharmaceutical with an

amount of a compound of formula (I):
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20 [31] Another enbodi nent of the present
r adi ophar naceuti cal
chel at or - bi onol ecul e conj ugate of the
compound of formula (1):

pharmaceutically acceptable salt thereof;

r adi oi sot ope;

5 Ch is a netal chel ator

BMis a bionolecule; mis 1 to about 10;
is Oor S5 Zis hydroxyl or halogen; R is selected from (C, -Cl10 ) alkyl
substituted with 0-5 R2, (C3-C o) cycloalkyl
(C - do)al kenyl substituted with 0-5 R2,
R2; R2 is independently selected at each occurrence from NH2, OH CO2H,
C(=0O) NH2, NHC(=NH) NH2, PO3H2, and SO3H; provi ded the radi opharmaceutica

conposi ti on does
addi ti onal chel ating agent. [32]Z

i nvention

invention provides a

conposition conprising a

r adi ol abel ed

formula MCh-Ln-(BM.; and a
25 HO OH (I) 21 12 August 2005 or a

wherein Mis a netallic
Ln is an optional |inkin roup;
3 005 10"

X is 0, NRL ,1dAugHst2

10 Y

substituted with 0-5 R2,

and aryl substituted 15 with 0-5

20 not conprise an additional buffering agent or an
ot her enbodi nent of the present

provi des a nethod for b ffergpg a radi ophar maceuti cal
‘ Y

10

15

20

HO

HO

(I)

or a pharmaceutically acceptable salt thereof,

wherein
X is O, NR', or CHR%;
Y is 0 or S;

Z is hydroxyl or halogen;

R' is selected from: (C,-C,,)alkyl substituted with
0-5 R®, (C,-C,)cycloalkyl substituted with 0-5 R’, (C,-

C,,)alkenyl substituted with 0-5 R’, and aryl substituted

with 0-5 R%;

R? is independently selected at each occurrence
from: NH,, OH, CO;H, C(=O)NH;, NHC(=NH)NH;, PO3;Hz, and

SO3H;

wherein the amount is effective to control the pH

of the radiopharmaceutical.

{33] Another embodiment of the present invention
provides a method of embodiment ({32] wherein the

radiopharmaceutical is a radiqlabeled chelator-

biomolecule conjugate of the formula M-Ch-Ln- (BM)y;
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25 conprising contacting the radi opharnmaceutical with an anount of a
conpound of forrmula (1): 22 12 August 2005 HOOH (I) 5 or a
pharmaceutically acceptable salt thereof, wherein Xis 0, NRL, or CHR; Y
is Oor S; Zis hydroxyl or halogen; 10 R3 is selected from (C -C a) alkyl
substituted with 0-5 R2, (C3-d o) cycloal kyl substituted with 0-5 R2, (C2-
G o) al kenyl substituted with 0-5 R2, and aryl substitute W th %m; R2
i's independently selected at each occurrence 15 from N ,A“@JLSt \

C(=O) NH2, NHC(=NH) NH2, PO3H2, and SO3H, wherein the amount is effective to-
control the pH of the radi opharnmaceutical. 20 (333 Another enbodi nent of
the present invention provides a nethod of enbodi nent (32) wherein the
radi ophar maceutical is a radiol abel ed chel ator- bi onol ecul e conjugate of
the formul a M, -eliql-(Bl\/pm 23 12 August 2005 wherein Mis a netallic

r adi oi sot ope; is a netal chelator; Ln is an optional linking group; 5

BMis a bionol eculg;js@8Rthetallic radioisotope;

Ch is a metal chelator;

In is an optional linking group:
BM is a biomolecule; and

m is 1 to about 10.

{34] Another embodiment of the present invention
provides a method of embodiment [32] wherein the
buffering agent controls the pH of the
radiopharmaceutical during at least one of the
preparation, release, storage, and transportation of the

radiopharmaceutical.

[35] Another embodiment of the present invention
provides a method for chelating a radiopharmaceutical
comprising contacting the radiopharmaceutical with an

amount of a compound of formula (I):

HO

HO OH
(T)

or a pharmaceutically acceptabie salt thereof,
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mis 1 to about 10. [34] Another enbodi ment of the present invention
provi des a nethod of enbodi nent [32] wherein the 10 buffering agent
controls the pH of the radi opharnaceutical during at |east one of the
preparation, rel ease, storage, and transportation of the

radi ophar maceutical. 15 [35] Another enbodi nent of the present invention

provides a nethod for chelating a radi opharnmaceutical ¢ risi
contacting the radi opharmaceutical with an anmount of a %@Uﬁﬂggqf’fornul a

(I'): 20 HO OH (1) or a pharnaceutically acceptable salt thereof, 24 12
August 2005 wherein X is O, NR, or CHR; Y'is O or S; Z is hydroxyl or
hal ogen; 5 R is selected from (Cl-Cl0) al kyl substituted with 0-5 R2,
(C3-C10) cycloal kyl substituted with 0-5 R2, (C2- C10)al kenyl substituted
with 0-5 R2, and aryl substituted with 0-5 R2; R2 is independently

sel ected at each occurrence from 10 NH2, OH, CORH, C (=0) NH2, NHC

(=NH) NH2, PGBHZ, apd; SPHrWhgEekdk:t he amount is effective to prevent
radi onetal colloid ﬁ)srsmsith%ﬁ. [ 36] Anot her enbodi ment of the present
invention 15 providgs fac.peghod of enbodi ment [35] wherein the

Z is hydroxyl or halogen;

5 R' is selected from: (C,-C,;)alkyl substituted with
0-5 R’, (C,-C,,)cycloalkyl substituted with 0-5 R*, (C,-
C,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R%;

R’ is independently selected at each occurrence from:

10 NH,, OH, COH, C(=0)NH,, NHC(=NH)NH,, POH,, and SOH;

wherein the amount is effective to prevent

radiometal colloid formation.

[36] Another embodiment of the present invention
15 provides a method of embodiment [35] wherein the
radiopharmaceutical is a radiolabeled chelator-

biomolecule conjugate of the formula M-Ch-Ln- (BM)gu;
wherein
M is a metallic radiocisotope;
20 Ch is a.metal chelator;
. ILn is an optional linking group;
BM is a biomolgcule; and

m is 1 to about 10.

25 [37] Another embodiment of the present invention
provides a method of embodiment [35] wherein the

chelating agent prevents radiometal colloid formation
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radi opharmaceutical is a radiol abel ed chel ator- bi onol ecul e conjugate of
the formula MCh-Ln-(BM.; wherein Mis a netallic radioisotope; 20 Ch is
a netal chelator; Ln is an optional |inking group; BMis a bionolecule;
and mis 1 to about 10. 25 [37] Another enbodi nent of the present invention
provi des a nethod of enbodi nment [35] wherein the chelating agent prevents
radi ometal colloid formation 25 12 August 2005 during at |east one of the
preparation, release, storage, and transportation of th&2August2005

radi opharmaceuti cal. [38] Another enbodi nent of the present invention 5
provi des a nmethod for stabilizing a radi opharmaceuti cal against radiation
i nduced degradation and at | east one of (1) controlling the pH of the
radiopharnaceutica and (2) preventing radionetal colloid formation;

comprising - CoLag egegﬂeggtra&u OphedRaeyktfalod [a18asamount of a 10
conpound of formu 1) or anp arnaceutlcak%xﬁgﬁceptable salt

t her eof , wheﬁépﬁagéq §né tF&G?995FaEHRﬂ°f the ragligpharmace roxyl or
halogen; 20 R1 is selected from (Cl-Cl0) al kyl substituted with 0-5 R2,
(C3-C,0) cycloal kyl substituted with 0-5 R, (C2-

[38] Another embodiment of the present invention

5 provides a method for stabilizing a radiopharmaceutical
against radiation induced degradation_and at least one
of (1) controlling the pH of the radiopharmaceutical and
(2) preventing radiometal colloid formation; comprising
contacting the radiopharmaceutical with an amount of a

10 compound of formula (I):

HO

HO OH

(1)

15 or a pharmaceutically acceptable salt thereof,
wherein
X is 0, NR', or CHR';
Y is O or S;
7Z is hydroxyl or halogen;

20 R' is selected from: (C,-C,)alkyl substituted with
0-5 R?, K;-Cm)cycloaikyl substituted with 0-5 R’, (C,-
C,,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R;

26



C10) al kenyl substituted with 0-5 R2, and aryl substituted wth 0-5 R; 26
12 August 2005 R2 is independently selected at each occurrence from NH2,
OH, CO2H, C (=O NH2, NHC (=NH)NH2, PO3H2, and SO3H; wherein the anmount is
effective to: (1) stabilize 5 the radi opharmaceutical against radiation

i nduced degradation and to at |east one of (2) control the pH of the

r adi ophar maceuti cal and (3) prevent radionetal colloid formation. 10 [39]
Anot her enbodi ment of the present invention provides a TReAHgusic2005

enbodi nent [38] wherein the ambunt is effective to: (1) stabilize the
radi opharmaceuti cal against radiation induced degradation and (2) control
the pH of the radi opharnaceutical. 15 (40] Anot her enbodi nent of the
present invention provides a nmethod of enbodi ment [38] wherein the anount

is effective to: (1),stahilize the radio I [ jnst radiation
i nduced degradati dh shd" ?eﬁgﬁvgﬁtsﬁge?é%fgne§§#£éb?F6F§ %ornation. [ 41]
Anot her enbodifrent 0%, td Pogse R (=PhvEnt NE(=N31) Uz d sk .mepflod of

enbodi nment [SQ#Iﬁherein the amount is effective to: (1) stabilize the
r adi ophar macediti¢al .25 agai nst radi ation i nduced degradation, (2).control

t he H of the radj i nt ) Liloid
e or L he LN ARRn ARe UlGAl APl VLR (AU BBk i

5 the radiopharmaceutical against radiation induced
degradation and to at least one of (2) control the pH of
the radiopharmaceutical and (3) prevent radiometal

colloid formation.

10 [39] Another embodiment of the present invention
provides a method of embodiment [38] wherein the amount
is effective to: (1) stabilize the radiopharmaceutical
against radiation induced degradation and (2) control
the pH of the radiopharmaceutical.

15

[40] 2nother embodiment of the present invention
provides a method of embodiment [38] wherein the amount
is effective to: (1) stabilize the radiopharmaceutical
against radiation induced degradation and (2) prevent

20 radiometal colloid formation.

[41] Another embodiment of the present invention
provides a method of embodiment [38] wherein the amount
is effective to: (1) stabilize the radiopharmaceutical
25 against radiation induced degradation, (2) control the
pH of the radiopharmaceutical and (3) prevent radiometal

colloid formation.
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[42] Anot her enbodi nent of the present invention provides a nethod of
enbodi nent [38] wherein the radiopharnmaceutical is a radiol abel ed
chel at or- bi onol ecul e conjugate of the formula MCh-Ln-(BMm 5 wherein M
is a netallic radioisotope; Ch is a netal chelator; Ln is an optional
i nking group; BMis a bionolecule; and 10 mis 1 to about 10. [43]
Anot her enbodi nent of the present invention provides a nethod of
embodi ment [38] wherein the amount is effective to: stabh? AugEst2R05
radi opharmaceuti cal 15 agai nst radiation i nduced degradation and to at
| east one of (2) control the pH of the radi opharnmaceutical and (3)
prevent radionetal colloid formation; during at |east one of the
preparation, rel ease, storage, and transportation of the

radi 0phar MeCetyhtal ao i Ak BRReT o P ATL BN OliciiBe BiSsENt | nvent on
apl e

provi des a nethod for preparing a stal radi ophar maceutical conposition
conpri si ng co®ER¥Lfey & methad Ahssbedingt 4884 - BT It e conjugate of the
25 formul a M GaghiBphdBMcentdfsll dz anbadiiolabesed arhidandrof fornula (1): 28

12 August “2008 HO 1 = CH (L) 101, & BBRLIPGRUNLEE L k:a5aePhY) @ 3l ¢ her eof.

5 wherein
M is a metallic radioisotope;
Ch is a metal chelator;
Ln is an optional linking group;
BM is a biomolecule; and

10 m is 1 to about 10.

[43] Another embodiment of the present invention.
provides a method of embodiment [38] wherein the amount
is effective to: stabilize the radiopharmaceutical

15 against radiation induced degradation and to at least
one of (2) control the pH of the radiopharmaceutical and
(3) prevent radiometal colloid formation; during at
least one of the preparation, release, storage, and

transportation of the radiopharmaceutical.
20

[44] Another embodiment of the present invention
provides a method for preparing a stable
radiopharmaceutical composition comprising contacting a
radiolabeled chelator-biomolecule conjugate of the

25 .formula M-Ch-In- (BM),; and an amount of a compound of

formula (I):
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Xis 0, NRL, or CHR1 ; Y is Oor S; Zis hydroxyl or halogen; Rl is
selected from (C -C, .) alkyl substituted wth 10 0-5 R2, (C3-C, 0)

cycl oal kyl substituted with 0-5 R2, (C, C,,)al kenyl substituted with 0-5
R2, and aryl substituted wth 0-5 R2; and R2 is independently sel ected at
each occurrence from NH2, OH C02H, C(=0)NH2, NHC(=NH) NH2, PO3H2, and
15 SO03H;, wherein the anount of the conpound of formula ( IS fective
to: (1) stabilize the radiol abel ed chel ator-bionol ecul eJ%ﬁHQ%ﬂ;JOQ%Of t he
formula M Ch-Ln- (BM m agai nst radiation induced degradation and to at 20
| east one of (2) control the pH of the radi opharnmaceutical conposition
and (3) prevent radionetal colloid formation. 29 12 August 2005 [45]
Anot her enbodi ment of the present invention provides a kit conprising a
seal ed vial conprising a predetgrmned quantity of a radiol abel ed

chel at or- bi onol ecul e conjugate ofJthe formula M Ch-Ln-(BMrn, and 5 an
anmount of a conpound of forrmula (I}: (IY 10 or a pharnaceutically
acceptabl e salt thereof, vvhereié‘p N a allic radioisotope;. Chis a
nmetal chelator; Ln is an option | i nKi ng group;

HO "OH
(1)

or a pharmaceutically acceptable salt therepf ,
5 wherein
X is 0, NR', or CHR’;
Y is O or S;
Z is hydroxyl or halogen;

R' is selected from: (C,-C,)alkyl substituted with
10 0-5 R*, (C,-C,)cycloalkyl substituted with 0-5 R’, (C,-
¢,,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R’; and
R’ is independently selected at each occurrence
from: NH,, OH, COz;H, C(=0)NH;, NHC(=NH)NH,, PO3Hz, and
15 S03H;
wherein the amount of the compound of formula (I)
is effective to: (1) stabilize the radiolabeled
chelator-biomolecule conjugate of the formula M-Ch-Ln-
(BM). against radiation induced degradation and to at
20 least one of (2) control the pH of the

radiopharmaceutical composition and (3) prevent

radiometal colloid formation.




15 BMis a bionolecule; mis 1 to about 10; X is selected fromO, NR, and
CHRL; Yis Oor S, Zis hydroxyl or halogen; 20 Rl is selected from

(C, -Cl0)al kyl substituted with 0-5 R2, (C,-C1,)cycloal kyl substituted
with 0-5 R2, (C2 30 12 August 2005 C,,) al kenyl substituted with 0-5 R,
and aryl substituted with 0-5 R2; and R2 is independently selected at each
occurrence from NH2, OH, CO02H, C(=0)NH2, NHC(=NH)NH , 5’3H2, d 5
SO3H, wherein the anount is effective to: (1) stabilizel gus abel ed
chel at or - bi onol ecul e conjugate of the fornula M Ch-Ln-(BMA, against

radi ati on induced degradation and to at |east one of (2) control the pH of
10 the radi opharmaceutical and (3) prevent radionetal colloid formation.

[ 46) Anot her enbodi ment of the present invention provides a kit conprising

(a) a first vi QF C%&x&&ngm@odkﬁeﬁﬁersiﬁtt%nbﬂegierwaa%wlm a radi ol abel ed
chel at or- bi onol ecul e conjugate of the fornula MCh-Ln-(BMA,; and an

amount of a cowpvies of kisr eerRricing 3Hoealedr virl FRMRREENS Bal Iy acceptabl e
sal t thereof, whgr el 3kal Guitdist o200 I aMibaBe 1B @hbifrdradi oi sot ope;

biomolecule conjugate of the formula M-Ch—Ln—(BM)q. and

5 an amount of a compound of formula (I):

HO

HO OH

(1)

10 or a pharmaceutically acceptable salt thereof,
wherein
M is a metallic radioisotope;
Ch is a metal chelator;
In is an optional linking group;
15 BM is a biomolecule;
m is 1 to about 10;
X is selected from O, NR', and CHR';
Y is O or S;
7z is hydroxyl or halogen;

20 R' is selected from: (C,-C,)alkyl substituted with
0-5 R?, (C,~C,)cycloalkyl substituted with 0-5 R’, (C,-
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Ch is a netal chelator; Ln is an optional |inking group; BMis a

bi onol ecule; 5 mis 1 to about 10; X is selected fromO, NR and CHR, Y is
O or S; Zis hydroxyl or halogen; Rl is selected from (Cl-Cl0 alkyl
substituted with 10 0-5 R2, (C3-Cl0) cycloal kyl substituted with 0-5 R2,
(C2 C10)al kenyl substituted with 0-5 R2, and aryl substituted wth 0-5
R2; and R2 is independently selected at each occurrence from {}526 OH,
C02H, C(=0) NH2, NHC(=NH)NH2, P03H2, and 15 S03H ~whedAvgUtI0Rount is
effective to: (1) stabilize the radi opharmaceutical against radiation

i nduced degradation and to at |east one of (2) control the pH of the

radi ophar maceutical and (3) prevent radionetal 20 colloid formation; and
(a) a second vial conprising a pharmaceutically acceptable carrier or

novel | compouriie gt PaF oLt rca st AT e s SR g oY O
phar maceut i cavith ac6egt abh@ salt thereof, 5 wherein Xis 0, NRl, or CHR1;

Yis Oor S
R’ is independently selected at each occurrence

from: NH;, OH, CO;H, C(=0)NH;, NHC(=NH)NHz;, PO3;H;, and
5 S0O3H;
wherein the amount is effective to: (1) stabilize
the radiolabeled chelator-biomolecule conjugate of the
formula M-Ch-Ln-(BM)n against radiation induced
degradation and to at least one of (2) control the pH of
10 the radiopharmaceutical and (3) prevent radiometal

colloid formation.

[46] Another embodiment of the present invention

provides a kit comprising (a) a first vial comprising a
15 predetermined quantity of a radiolabeled chelator-

biomolecule conjugate of the formula M-Ch-Ln- (BM)g; and

an amount of a compound of formula (I):

HO

HO OH

20 (1)

or a pharmaceutically acceptable salt thereof,

wherein
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is hydroxyl or halogen; Rl is selected from (Cl-Clo) alkyl substituted
th 10 0-5 R2, (C3-C'") cycloal kyl substituted with 0-5 R, (C2

o) al kenyl substituted with 0-5 R2, and aryl substituted wth 0-5 R3; and
R 1is independently selected at each occurrence from NH2, OH CO02H,
C(=0) NH2, NHC(=NH) NH2, PO3H2, and 15 SO3H. It is appreciated that certain
features of the invention, which are, for clarity, described in the
context of separate enbodiments, may al so be provided i n1268BU8A@®n in a
si ngl e enbodi nent. Conversely, various 20 features of the invention which
are for brevity, described in the context of a single enbodinent, may
al so be provided separately or in any subconbination. 33 12 August 2005
DEFI NI TIONS The radi opharnaceuti cal conpositions of the present invention
are conprised of ayradi Dzt ope: chakai Heodd;0nol ecul e conj ugate, ascorbic
acid or an analog 5 thereof, and other optional pharmaceutical excipients.
The target-specificnraglipplasageabrea) s conprised of a gamma ray-emtting
i sotope or positron-emtting isotope are useful as inaging agents. The
radi ophar maceut i cals iz emrptishadf lankina graupi cl e, al pha particle or Auger
10 el ectron-emtti ng i sotope are useful as therapeutic
r adi ophar maceut i caP¥. isrfe PAePRI9GULes adi oi sotope is chel ated by the BFC
attached directly or.o it%n%é i lp@ @ linker to one or nore bionolecules.-

a

Bi onol ecul €s are rr‘)‘r%)?el ns, anti bodi es, antibody fragnments, single-chain

X is selected from O, NR*, and CHR';

z
W
c

Y is O or S;
7 is hydroxyl or halogen;

R' is selected from: (C,-C,)alkyl substituted with
10 0-5 R°, (C,~C,,)cycloalkyl substituted with 0-5 R’, (C,-
‘c,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R*; and
R’ is independently selected at each occurrence
from: NH;, OH, COH, C(=0)NH,, NHC(=NH)}NH,, PO3H,, and
15  SOsH; '
wherein the amount is effective to: (1) stabilize
the radiopharmaceutical against radiation indﬁced
degradation and to at least one of (2) control the pH of
the radiopharmaceutical and (3) prevent radiometal

20 colloid formation; and

(a) a second vial comprising a pharmaceutically

acceptable carrier or diluent.

[47] Another embodiment of the present invention

25 provides a novel compound of formula (I):
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15 anti bodi es, pol ypeptides, oligonucleotides, peptides, peptidomnetics
or non-peptides. Preferably, the bionolecules are peptides,
pepti dom netics, and non- peptides of |ess than 10,000 g/ nol nol ecul ar

wei ght. The ascorbic acid or anal og thereof serves three 20 purposes: it
acts as a buffering agent for pH control during radiolabeling, it acts as
a chelating agent to prevent radionetal colloid formation, and it acts as
a stabilizer to provide protection against radiation ihidvedst®¥adation
of the radiol abel ed conmpound. 25 Metallic radioisotopes that emt al pha
particles, beta particles, gamm rays, positrons, or Auger electrons
useful for imaging or therapy include 99i ATc, 117ntn, 111in, 97Ru, 203Pb,
67Ga, 68CGa, "Zr, 90Y, 177Lu, 149Pm 153Sm 166Ho, 212Bi 47Sc, 109Pd,
105Rh, 186Re, 188Re, 60CU, 62CU,_64CU and 30 67CU . Exanples of preferred
bi onol ecul es that nmay be part he netallic

r adi oi sot ope-chel at or-bi onol ecul e (M B&p BM_ conjugate include the
foll owi ng. For the diagnosis of t di sorders or 35

at herosclerosis, BMis sel ectedHO om he gfoup including 34 12 August 2005
the cyclic IIb/Illa receptor antagoni npounds described in U S. Patent
5,879, 657; the RGD containing peptigés described in U S. Patents
4,578,079, 4,792,525, the applicati®ns PCTObS88/ 04403 PCT US89/01742,
PCT 5 U890/03788, PCT US91/ 02356 and by Qim et. al. 204th Meeting of
the Aner. Chem Soc. 1992, Abstract 44 the pepti des that are fibrinogen
receptor antagonists

or a pharmaceutically acceptable salt thereof,
5 wherein
X is 0, NR', or CHR';
Y is O or S;
Z is hydroxyl or halogen;

R' is selected from: (C,-C,)alkyl substituted with
10 0-5 R?, (C,—Cm)cycloalkyl substituted with 0-5 R’, (C,-
C,)alkenyl substituted with 0-5 R, and aryl substituted
with 0-5 R'; and

R’ is independently selected at each occurrence
from: NHz, OH, CO:H, C(=0)NH,, NHC(=NH)NH,, PO3;Hz, and
15 SO3H.

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

20 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.
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described in European Patent Applications 90202015.5, 90202030. 4,
90202032. 2, 90202032.0, 90311148.2, 10 90311151.6, 90311537.6, the specific
bi ndi ng peptides and pol ypeptides described as IIb/llla receptor |igands,

|l i gands for the polynerization site of fibrin, lamnin derivatives,

| igands for fibrinogen, or thronbin Iigands in PCT WD 93/23085 (excluding
the technetium binding 15 groups); the oligopeptides that correspond to the
l1la protein described in PCT W90/ 00178; the hirudin- bkdAdgupletidSdes
described in PCT W90/03391; the IIb/llla receptor |igands described in
PCT W90/ 15818; the thronbus, platelet binding or atherosclerotic plaque
20 bi ndi ng peptides described in PCT W92/ 13572 (excluding the technetium
bi ndi ng group) or GB 9313965.7; the fibrin binding peptides described in
U S. Patents 4,427,646 and 5, 270, paknirthendi r udi n- based pepti des

described in U S. Patent 5,279,812; or the fibrin 25 binding proteins
described in U S PheerndiSphasmargmticak coppasi honteofy 5he ResERAt bind to
the I1b/1lla receRtosn £eSehbhpeibddnol. S. rddbeBbtdpddBhedstor-or the tyrosine

o v = S READ GUSGRRE, SRLeBSaR i andiggoens by
| i poprotei ? (Litereof Foand REheT Rptdorel gphamesertinpl PHFLRHHES on or
transpl ant rejmnt itapgeBMpesifit ertdddphaomdengigalbupompbnisediiafgat he
| eukocyte bi nciigaPenlidat cdes fdorede be REE V09U £218g ( Bactopdi ng t he
t echneti um bi ndi ng gyfo%g%, .%5 PCT e9%/ }3%@1[% ggé@#%ﬁg %m‘{?q%hnetl um
bi ndi ng gr oup)2 5 VST ifs £MSHHY S9°BES:  PateRt b /97, 494: the chenotactic
pepti des comprised of a beta particle, alpha particle oxr Auger
10 electron-emitting isotope are useful as therapeutic
radiopharmaceuticals. The metallic radioisotope is
chelated by the BFC attached directly or optionally via
a linker to one or more biomolecules. Biomolecules are
proteins, antibodies, antibody fragments, single-chain
15 antibodies, polypeptides, oligonucleotides, peptides,
peptidomimetics or non-peptides. Preferably, the
biomolecules are peptides, peptidomimetics, and non-
peptides of less than 10,000 g/mol molecular weight.
The ascorbic acid or analog thereof serves three
20 purposes: it acts as a buffering agent for pH control
during radiolabeling, it acts as a chelating agent to
prevent radiometal colloid formation, and it acts as a
stabilizer to provide protection against radiation
induced degradation of the radiolabeled compound.
25 Metallic radioisotopes that emit alpha particles, beta
particles, gamma rays, positrons, or Auger electrons
useful for imaging or therapy include **"rc, !'™sn, !lIn,
S7Ru, 203pb, 'Ga, %%Ga, *°zr, °°Y, "Lu, “°Pm, 153gp, 166y,
212Bi, 47SC, 109Pd' 105Rh, IBGRe' 188Re' 6OCU., 62Cu, SACu and

30 %cu.

Examples of preferred biomolecules that may be part
of the metallic radioisotope-chelator-biomolecule (M-
BFC-BM) conjugate include the following.

For the diagnosis of thromboembolic disorders or
35 atherosclerosis, BM is selected from the group including
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described in Eur. Pat. Appl. 90108734.6 or A. Fischman et. al., Semn.
Nuc. Med., 1994, 24, 154; the |eukostinulatory agents described in U S.
Patent 5 5,277,892; or the LTB4 antagonists described in U S. Patent

6, 416, 733. For the diagnosis of cancer, BMis selected from the group of
somat ost ati n anal ogs described in UK Application 8927255.3 or PCT

W94/ 00489, the selectin 10 binding peptides described in PCT W94/ 05269,
the biol ogical -function domains described in PCT W93/ 1b8Aggusts | et
Factor 4 or the gromh factors (PDGF, VEG-, EG-, FG-, TNF MCSF or the
interleukins 111-8). BM nmay al so be a conpound that binds a receptor 15
that is expressed or upregulated in angiogenic tunor vasculature. For

targeting the VEGF [ eSsPLLsreHl Kool KR ankbbod1o@RngElAP! |11, the
targ_etlng ITD!etI s_are_co_rlse (0} ept 1 des, PO eptldes, oQr
pepti dom net i csespribest da W £h FAtGRta 'f‘%rﬂ'tswi 0 1??1%%?0‘:?%%6‘9895. For
exanpl e, pepti geptidepdesedibéd an?B.Sarkatenasi 4, PO.1078n ©f792h62%- t er mi nal
of VEGE to VE “%Vf%“?%%iﬁ%‘gtﬁ“‘%gg’%“@” g T S 5eo gy
Ei near pep?isdeQSB? (13.?78?8:31 ngé‘rI{%H’O&g?%l A’%Sbyﬁfgmtfesejtfhg%' ﬁ%@éht o the %)ési o
FGF receptor (BEEFR)g mfe thdedrer hEHehy s d982, Ahstragp|44iakbecel | .
Bi ochem , h195;i>ep&§@es 1:1'&(11: éq:@rﬂftgﬁhedeﬂ ieeeptoeprtdgoansagoni st of the
RngFEr Io-SAtsp-eLe%-e%\g%%%%gkr Egﬁggé ﬁ?%ti Bp%}%\%?mns. 90%0‘%5(&)115'3{. al . (Cancer
Resear ch, 1997?03?,039ﬁ§3-28?0 Qﬁ%ﬂ?riBQZQ%ﬁézraen?éiﬁiiﬁgr%h of small peptides
that bind 24t obiybsnafd,i 908Y153Y Bhethagregddin piavdpoopepiidere -
and polypeptides described as IIb/IIIa receptor ligands,
ligands for the polymerization site of fibrin, laminin
derivatives, ligands for fibrinogen, or thrombin ligands
in PCT WO 93/23085 (excluding the technetium binding
15 groups); the oligopeptides that correspond to the IIIa
protein described in PCT W090/00178; the hirudin-based
peptides described in PCT W090/03391; the IIb/IIIa
receptor ligands described in PCT W090/15818; the
thrombus, platelet binding or atherosclerotic plaque
20 binding peptides described in PCT W092/13572 (excluding
the technetium binding group) or GB 9313965.7; the
fibrin binding peptides described in U.S. Patents
4,427,646 and 5,270,030; the hirudin-based peptides
described in U.S. Patent 5,279,812; or the fibrin
25 binding proteins described in U.S. Patent 5,217,705; the
guanine derivatives that bind to the IIb/IITa receptor
described in U.S. Patent 5,086,069; or the tyrosine
derivatives described in European Patent Application
047832821, and by Hartman et. al., J. Med. Chem. 1992,

30 35, 4640; or oxidized low density lipoprotein (LDL).

For the diagnosis of infection, inflammation or
transplant rejection, BM is selected from the group
including the leukocyte binding peptides described in
PCT WO093/17719 (excluding the technetium binding group).

35 PCT W092/13572 (excluding the technetium binding group)
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surface of endothelial cells. A preferred peptide is

Ala-d@ n-Leu-Ala-d@y-d u-Cys-Arg-d u-Asn-Val -Cys-Met-Ay 35 Ile-Qu-3y-Arg,
in which the two Cys residues forman 36 12 August 2005 intranol ecul ar

di sul fide bond. Yayon et. al. (Proc. Natl. Acad. Sci, USA, 1993, 90,
10643-7) describe other |linear peptide antagonists of FGFR, identified
froma random phage-di spl ayed peptide library. Two |ine 5 oct tides,
Al a-Pro-Ser-Ay-H s-Tyr-Lys-Ay and Lys- Arg-Thr-dy-d ﬁé’wgui@?eu are
preferred for inhibiting binding of bFGF to it receptor. Targeting
noieties for integrins expressed in tunor vasculature include peptides,
pol ypepti des and 10 peptidom netics that bind to avP3 , avl1l35 , a5(31,

~a4R1, al (31, and a2132, Piers acher and Rous] ahti (J. Biol. Chem
1987, 262, 1729&-?7%98‘?“"8%%{&{’bgggé%?ifae %ﬁgﬁ‘“mb?%&csg’ﬁ@léﬁa%ly to a531
and av(33. U. Besbrf36 8h4EudeRati.bdppkptIWe878ha ax Ad Rieehmangh affinity

to the 15)i3t egil Na 5P kenBH! GRRS. #Rd.l i Mds). 2bpdisGheme 1996, 39,

4520- 4526 i scl ose the._synthesis.three tides,tha [.pd with high
affinity to av 3313‘98%18[!%3@-3@?}:&S-ei?zgﬁ?%ddnk's% tPa t?hg

cycl o[ Ar g- Gby- Bsp7Ar8g2 :Goy-th%sl-ﬂ]maﬁét@g@lsltFné&?C i dgg U-S-
Arg-C]y-Asp-AwgégiytA§ﬁ4légﬁg35,770,565 20 and U. S. 5,766,591 disclose
peptides that bind with high affinity to avP3. U S. 5,767,071 and U.S.
5,780, 426, di scl oskoxrdlei digEmsige 9Lt pancavayBM F e‘%?é@?&?iicf% amino acid
that have hi ghtaéf redp ofosomarcdtatifir andlies descridded ifhCEKdi ovascul ar Res.

1997, 36, 408- éigé:% S 5?%5; he o&Y8ét Gydanhb s anagdari st ifor av(33,
cycl o[ Al a- f\(r)g- éﬁné?ﬁg&) -pll\é%;ﬁdes' de-l;rc%rnj.bgé' ingY PCT &(%f}) JS%'GS, the
biological-function domains described in PCT W0O93/12819,
Platelet Factor 4 or the growth factors (PDGF, VEGF,
EGF, FGF, TNF MCSF or the interleukins I11-8).

BM may also be a compound that binds a receptor

15 that is expressed or upregulated in angiogenic tumor
vasculature. For targeting the VEGF receptors, Flk-
1/KDR, Flt-1, and neuropilin-1, the targeting moieties
are comprised of peptides, polypeptides or
peptidomimetics that bind with high affinity to the

20 receptors. For example, peptides comprised of a 23
amino acid portion of the C-terminal domain of VEGF have
been synthesized which competitively inhibit binding of
VEGF to VEGFR (Soker, et. al., J. Biol. Chem., 1997,
272, 31582-8). Linear peptides of 11 to 23 amino acid

25 residues that bind to the basic FGF receptor (bFGFR) are

. described by Cosic et. al., Mol. and Cell. Biochen.,
1994, 130, 1-9. A preferred linear peptide antagonist
of the bFGFR is the 16 amino acid peptide, Met-Trp-Tyr-
Arg—Pro-Asp-Leu—Asp—Glu-Arg—Lys—Gln—Gln-Lys—Arg-Glu.

30 Gho et. al. (Cancer Research, 1997, 57, 3733-40)
describe the identification of small peptides that bind
with high affinity to the angiogenin receptor on the
surface of endothelial cells. A preferred peptide is
Ala-Gln-Leu-Ala-Gly-Glu-Cys-Arg-Glu-Asn-Val-Cys-Met-Gly-

35 Ile-Glu-Gly-Arg, in which the two Cys residues form an
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Med. Chem Lett. 1997, 7, 997-1002) disclose the cyclic peptide
cyclo[Arg-@y Asp-Val -G y-Ser-BTD Ser-dy-Val- Ala] that binds with high
affinity to avB3. Arap et. 30 al. (Science 1998, 279, 377-380) describe
cyclic peptides that bind to avf33 and av(5, Cys-Asp-Cys-Arg-

G y- Asp- Cys- Phe-Cys, and cycl o[ Cys- Asn-d y-Asp-Cys]. Corbett et. al.
(Biorg. Med. Chem Lett. 1997, 7, 1371- 1376) describe a series of avP3

sel ective 35 peptidominmetics. And Haubner et. al., (Angeld Abgesi2q0n . 37 12
August 2005 Ed. Engl. 1997, 36, 1374-1389) disclose peptides and

pepti dom netic av(33 antagonists obtained frompeptide |Ilibraries.
Alternative targeting noieties for tunor 5 vascul ature include conpounds
that interact with receptor tyrosine kinases. Receptor tyrosine Kkinases
(TKs) are nenbr amergmodesihay diisuifids dpnd. KEgroroPE- i3 - t(RE°¢r ansduction of
m togeni ¢ si gnakstBCARSS .t @i Colsh, t1pa3t, heo nundeads 7| Rascasbe eptti€r W et al

J. Med. Chem 1995, 1 - VAN ) - ] bomd-a Med. Chem
1997, 40, 3915- g’g’éésa)r. %5%%%%%%%9 55 %gti\?iv['elégréééfl%geﬁt?fied and
characterized, ¥FaeAcR PhaghsdiRlakrdaePtifs ﬁ’mt oh% 8pTdT (EGFR) fanmily
are particul &rl yctapgparitant , Almr@rbeSer-GdprHisvirchyedlivhapd VigrS-et y of 15
ectopic cell pr g{%jﬁ{xardlyegm.qg,gsg@g; LERCasy frefexpe® oron of human EGF

receptor is gre%t}}bjé%i npl Lﬁ{églr{gg?f%rgg PH%eEE_QPTS (Fry, D. W Exp.

Qpin. Invest. ardr nes, et al Pathobi ol ogy
1993, 61, 268-282), 1RECRERARIRA ebyeaEo20invesniesphpredsati tm winotrhei r
protein targetSVa;guf%ture include peptides, polypeptides and

10 peptidomimetics that bind to avf3, avf5, a5B1, adpl,
«1Bl, and a2B2. Pierschbacher and Rouslahti (J. Biol.
Chem. 1987, 262, 17294-17298) describe peptides that
bind selectively to a5p1l and avf3. U.S. 5,536,814
describe peptides that bind with high affinity to the

15 integrin a5fl. Burgess and Lim (J. Med. Chem. 1996, 39,
4520-4526) disclose the synthesis three peptides that
bind with high affinity to avf3: cyclo[Arg-Gly-Asp-Arg-
Gly-Aspl, cyclo[Arg-Gly-Asp-Arg-Gly-D-Asp] and the
linear peptide Arg-Gly-Asp-Arg-Gly-Asp. U.S. 5,770,565

20 and U.S. 5,766,591 disclose peptides that bind with high
affinity to avpf3. U.S. 5,767,071 and U.S. 5,780,426,
disclose cyclic peptides that have an exocyclic Arg
amino acid that have high affinity for avf3. Srivatsa
et. al., (Cardiovascular Res. 1997, 36, 408-428)

25 describe the cyclic peptide antagonist for avfi3,
cyclo[Ala-Arg-Gly-Asp-Mamb] . Tran et. al., (Bioorg.
Med. Chem. Lett. 1997, 7. 997-1002) disclose the cyclic
peptide cyclo [Arg-Gly-Asp-Val-Gly-Ser-BTD-Ser-Gly-vVal-
Ala) that binds with high affinity to avB3. Arap et.

30 al. (Science 1998, 279, 377-380) describe cyclic
peptides that bind to avp3 and avf5, Cys-Asp-Cys-Arg-
Gly-Asp-Cys-Phe-Cys, and cyclo[Cys-Asn-Gly-Asp-Cys].
Corbett et. al. (Biorg. Med. Chem. Lett. 1997, 7, 1371-
1376) describe a series of avfi3 selective

35 peptidomimetics. And Haubner et. al., (Angew. Chem. Int.
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I ncreased phosphoryl ation of substrate tyrosine residues by oncogenic TK
proteins is an essential step in the neoplastic transformation.
Consequently, there has been great interest in devel oping inhibitors of
TKs (TKlIs) as 25 anticancer drugs (Burke, T. R Jr. Drugs Future 1992 17,
119-131; Chang, C. J. and Geahlen, R J. Nat. Prod. 1992, 55, 1529-1560).
The over-expression of EG- receptors in tunor cells also provi deséhe
foundation for the devel opnent of diagnostic and ther apEit\wgusip200
radi opharnmaceuticals by attaching a chelator and a radionuclide onto the
TK receptor ligand (tyrosine kinase inhibitor). BM may al so represent
proteins, antibodies, antibody fragnents, peptides, polypeptides, or 35
pepti dom netics that bind to receptors or bhinding sites_38 12 August 2005
on other tissuekd- Fngant99qmzPfrestih-1881)qsis PEBti{eRP88e t he
i 3-anyl oi d pr otgégts dbhiietiavaviik emtagentatst phtathedo faomuprdtatie in patients
with Al zhei rrer'dlsﬂirqgjﬁ_%gse, atrial naturetic factor derived peptides that 5
Ial an

bind to nyocar renal receptors, antinyosin antibodies that bind to

areas of infarcted hlisatiesivertarpdtiopnaiztdes fadertumari ves that | ocalize
in hypoxic @reasdfadidd inthfad | deiBEnds ArA: LiraBeseime several roles.
10 First it provides a spacin roup bet enttp tale ghelator, Ch, and
the one or nor e YEPERE rﬁl}}d’ﬁﬁflgc ;[:éass,%s.B ) 35%0 M N mze the possibility
that the metal (Tl are narbrang pratedesi ofdchi PIA% ReXPHIEMEctPon of the
bi onol ecul e Wi tihd tgakédlagboaabs tiitgeenid hdgnale seirbgs the cell to

the nucleus (Rewcastle, G. W. et al J. Med. Chem. 1995,
10 38, 3482-3487; Thompson, A. M. et al J. Med. Chem.

1997, 40, 3915-3925). Of the many TKs that have been

identified and characterized, those of the epidermal

growth factor receptor (EGFR) family are particularly

important, and have been implicated in a variety'of
15 ectopic cell proliferative processes. The over-

expression of human EGF receptor is greatly amplified in

several human tumors (Fry, D. W. Exp. Opin. Invest.

Drugs 1994, 3, 577-595; Jardines, L. et al Pathobiology

1993, 61, 268-282), accompanied by an
20 overphosphorylation of their protein targets. This

increased phosphorylation of substrate tyrosine residues

by oncogenic TK proteins is an essential step in the

neoplastic transformation. Consequently, there has been

great interest in developing inhibitors of TKs (TKIs) as
25 anticancer drugs (Burke, T. R. Jr. Drugs Future 1992

17, 119-131; Chang, C. J. and Geahlen, R. J. Nat. Prod.

1992, 55, 1529-1560). The over-expression of EGF

receptors in tumor cells also provides the foundation

for the development of diagnostic and therapeutic
30 radiopharmaceuticals by attaching a chelator and a

radionuclide onto the TK receptor ligand (tyrosine

kinase inhibitor).

BM may also represent proteins, antibodies,
antibody fragments, peptides, polypeptides, or
35 peptidomimetics that bind to receptors or binding sites
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15 of incorporating a linking group in a reagent is dependent on the
identity of BMand MCh. |If nmetal chelate M Ch cannot be attached to BM

wi thout substantially dimnishing its affinity for its biological target,
then a linking group is used. A 20 linking group al so provides a nmeans of

I ndependently attaching nultiple bionolecules to one group that is
attached to M Ch. The linking group also provides a way of incorporating a
phar macoki netic nodifier into the 25 pharmaceutical s of 14hAugy

i nvention. The pharmacokinetic nodifier serves to direct the

bi odi sti bution of the injected pharmaceutical other than by the

I nteraction of the bionolecules, BM with the biological target. A w de

variety of functional groups 30 can serve as pharn&coklnetlc nodi fiers,
i ncluding, but omattherntiethero, O Hoh FAFAISSS OF pbtyisky | BXRFRI ol s,
pepti des or ot h;a{cmleyanb -aagloixl paetdeiny dhattehave feen The nodifiers can

be used to e”ha&&xﬁ‘o @&é%sﬁc&m{w%@ iﬁ%é&teﬁagl vilcthenhﬂﬁ@meer-sdecrease
the rate of 39 12 ust 20 + garanc rlv ng @n al so be
used to direct %ﬂﬁ?s ouf B 8? o] &tl AT ceu |ca The netal
chel at or or SHorklindy teomgegarddnl gnd r§éPéc’E%§lfPﬂ'-Sr$or%t§{“&B?’é‘ corrpl exes with
the netal ion Swiheseasl ehatt benPpard agebarofppfaratddonisSed abor s or
bonding i et'er%ltfr%%mqﬁggg'f)estd'e?l\;ﬂi'\fégh@ﬁé@(‘i%'éu@?é Sn AFBoR! ected to form

stabl e chel at es radi ol sotopes that have i mageabl e gamma ray or
Ap05|tron eni ssi ¥FR2S ienEi¥ors for technetium and rheni um i sotopes are

The linking group L, can serve several roles.
10 First it provides a spacing group between the metal
chelator, Cp, and the one or more of the biomolecules,
BM, so as to minimize the possibility that the metal
chelate M-Cp will interfere with the interaction of the
biomolecule with its biological target. The necessity
15 of incorporating a linking group in a reagent is
dependent on the identity of BM and M-Cn. If metal
chelate M-Cp cannot be attached to BM without
substantially diminishing its affinity for its
biological target, then a linking group is used. A
20 linking Qroup also provides a means of independently
. attaching multiple biomolecules to one group that is
attached to M-Cp. -

The linking group also provides a way of

incorporating a pharmacokinetic modifier into the

25 pharmaceuticals of the present invention. The
pharmacokinetic modifier serves to direct the
biodistibution of the injected pharmaceutical other than
by the interaction of the biomolecules, BM, with the
biological target. A wide variety of functional groups

30 can serve as pharmacokinetic modifiers, including, but
not limited to, carbohydrates, polyalkylene glycols,
peptides or other polyamino acids, and cyclodextrins.
The modifiers can be used to enhance or decrease
hydrophilicity and to enhance or decrease the rate of
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10 selected fromdiamnedithiols, triam denonothiols,

nonoam nenonoam dedi t hi ol s, nonoam nedi am denonot hi ol s, di am nedi oxi nes,
and hydrazines. The chelators are generally tetradentate with donor atons
selected from nitrogen, oxygen and sulfur. Preferred reagents are 15
conprised of chelators having am ne nitrogen and thiol sulfur donor atons
and hydrazi ne bonding units. The thiol sulfur atons and the hydrazi nes may
bear a protecting group which can be di splaced either pt?6ugEdt 2003 ng t he
reagent to synthesize a radi opharmaceutical or 20 preferably in situ
during the synthesis of the radiopharmaceutical. Exenplary thiol
protecting groups include those listed in G eene and Wits, "Protective

G oups in Organic Synthesis" John W] ey & Sons, New Yor5 g1991), t he 25
di sclosure of WAPeh dleaparedy TREOFRRVEILET TP PLFRIRAMEST My t hi ol
protecting grodpré&sowhel potte fr eliminatéonsell theFrbamasseusicalsi.ol
protecting groups include not . limted L0 oW ng:

,. byt are the foll
acet ani domet hyl , b"a’r?zﬁ‘l‘?f'ﬁ{)n%t%mf o SPRERL O ybeﬁ‘io%? and .30
tri phenyl met hylsel&xss®pltar fopm aitedbl e neprpleves Wikh hhermetiadei¢iondi ng units
arg th'y?r az?@es cl\ﬁfﬂéfxbdﬁ?”tﬂéhﬁdx%hﬁ@& %rplpkfelt:@lf&n.hydﬁéﬂzaws dilﬁ;/éiyng
substituents selecied fro Qgen r ; e.
Particul arly pg’SF‘gﬁge&‘O&Sgi%%[?grg§%a%%§§%yﬂ?%§§hggrg%é§ gégfl bed in U S
Patent 5, 750, 088lectath tqi Sermsiiablef ChALRS | Eithe FBP FIHCIFRO™Eed by
reference in itthaeridveetiyagdéls ehgemag inay- borphsigroni emdgsdandpound to a net al

Chelators for technetium and rhenium isotopes are

10 selected from diaminedithiols, triamidemonothiols,
monoaminemonoamidedithiols, monoaminediamidemonothiols,
diaminedioximes, and hydrazines. The chelators are
generally tetradentate with donor atoms selected from
nitrogen, oxygen and sulfur. Preferred reagents are

15 comprised of chelators having amine nitrogen and thiol
sulfur donor atoms and hydrazine bonding units. The
thiol sulfur atoms and the hydrazines may bear a
protecting group which can be displaced either prior to
using the reagent to synthesize a radiopharmaceutical or

20 preferably in situ during the synthesis of the
radiopharmaceutical. '

Exemplary thiol protecting groups include those
listed in Greene and Wuts, "Protective Groups in Organic
Synthesis" John Wiley & Sons, New York (1991), the

25 disclosure of which is hereby incorporated by reference.
Any thiol protecting group known in the art can be used.
Examples of thiol protecting groups include, but are not
limited to, the following: acetamidomethyl,
benzamidomethyl, l-ethoxyethyl, benzoyl, and

30 triphenylmethyl.

Exemplary protecting groups for hydrazine bonding
units are hydrazones which can be aldehyde or ketone
hydrazones having substituents selected from hydrogen,
alkyl, aryl and heterocycle. Particularly preferred
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5 radionuclide is terned a hydrazi do, or diazenido group and serves as the
point of attachnment of the radionuclide to the remainder of the

radi ophar naceutical. A diazenido group can be either termnal (only one
atom of the group is bound to the 10 radi onuclide) or chelating. In order
to have a chelating diazenido group at |east one other atomof the group
nmust al so be bound to the radionuclide. The atons bound ézg}he 2&@3 are
termed donor atons. Chelators for chelation of radionicl gush ing 15
111l n, 86y, 67Ga, 68Ga, 89Zr, 62Cu, "Cu and 67Cu, are selected from

pol yam nocar boxyl ates, such as diethyl enetriam nepentaacetic acid (DTPA),
1,4,7,10- tetraazazcycl ododecane-1,4,7,10-tetraacetic acid (DOTA),
1,4,8,11-tetraazazcycl otetradecane-1, 4,8, 11-tetraacetic 20 acid

(TETA), 1, 4, 7, 10-bxinaaaras A Sgseetkasein 4. 5. Ppienicat139.688 (DXBA),
2-Benzyl -1, 4,7,10- tetraazaecitsolndreans- w&hﬂ;h?;éaaémhaacetlc acid (2-Bz-

DOTA), al pha- ( 2- Loytda %%,4rgfé{gncteeg_ﬁafg§%9yﬁ&(§pdecane | -acetic-4,7,10
25 tris(methylacetic) acid, benzyl -
cycl ohexyl di et hyl enetrhe adngdrapéns daaeling anitd wheén Bennd to a metal

6- met hyl - di etsyl gRRLLLEM RERENE AAEERT 1aC ndGEdhi BNUod dAazenido group

glmsLI(;I ’A\fl wllet k’:r(;;(;e” %car bo%yrrgltnhyl It ngr?‘éﬁ%’g"e@b c1(535¥§8dures f or

synt hesi zi ng t hezadionuehids §ot b @"@lné?r afohercial |y avail able can be
found i n BrechbirldiophamiateuCbtwdw, 2a0diadeni@ddegrodpocanPBékéithbrans. 1992,

1, 1175; Brechhigh;nM @:J?xq. Qom0 ﬁk@%?@hb‘giast BofH8Mo k3l 2, 187
E:ts Qﬁta ng,eOGi 956:adéﬁguq-301r§€9m§rffhel\{%€1ng l’n or<’i{er.:'3 51:04Zave Kruper, J.. US.

chelating diazenido group at least one other atom of
the group must also be bound to the radionuclide. The
atoms bound to the metal are termed donor atoms.

Chelators for chelation of radioniclides, including'

15 1111n, 86y, 7Ga, %%Ga, ®*°zr, S%cu, %*cu and ®'Cu, are
selected from polyaminocarboxylates, such as
diethylenetriaminepentaacetic acid (DTPA), 1,4,7,10~
tetraazazcyclododecane-1,4,7,10-tetraacetic acid (DOTAa),
1,4,8,11-tetraazazcyclotetradecane-1,4,8,11-tetraacetic

20 acid (TETA),1,4,7,10-tetraazazcyclododecane-1,4,7~-
triacetic acid (DO3a), 2-Benzyl-1,4,7,10-
tetraazazcyclododecane-1,4,7,10-tetraacetic acid (2-Bz-
DOTA), alpha-(2-phenethyl)-1,4,7,10-
tetraazazcyclododecane-l-acetic-4,7,10-

25 tris(methylacetic) acid, 2-benzyl-
cyclohexyldiethylenetriaminepentaacetic acid, 2-benzyl-
6-methyl-diethylenetriaminepentaacetic acid, and 6,6"~
bis[N,N,N" ,N"-tetra(carboxymethyl)aminomethyl)-4'~(3-
amino-4-methoxyphenyl)-2,2/:6‘,2"-terpyridine.

30 Procedures for synthesizing these chelators that are not
commercially available can be found in Brechbiel, M. and
Gansow, O., J. Chem. Soc. Perkin Trans. 1992, 1, 1175;
Brechbiel, M. and Gansow, 0., Bioconjugate Chem. 1991,
2, 187; Deshpande, S., et. al., J. Nucl. Med. 1980, 31,

35 473; Kruper, J., U.S. Patent 5,064,956, and Toner, J.,
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41 12 August 2005 U.S. Patent 4,859,777, the disclosures of which are
hereby incorporated by reference in their entirety. Chelators or bonding
noi eties for therapeutic radi opharnaceuticals are selected to form stable
5 conpl exes with the radioisotopes that have alpha particle, beta
particle, Auger or Coster-Kronig electron em ssions. Chelators for rhenium
copper, palladium platinum iridium rhodium silver ang %ol d b&? opes
are selected fromdiamnedithiols, 10 12 August
nmonoam nenonoam dedithiols,..triam denonot hi ol s,
nonoam nedi am denonot hi ol s, di am nedi oxi mes, and hydrazines. Chelators for
yttrium bismuth, and the Ianthanide isotopes are selected from cyclic and
acyclic pol yam nocar boxyl ates, including 15 diethyl enetriam nepentaacetic
acid (DTPA), 1V48.7Pagent c4.858z 3%y dhedStRILATETes 22F7 WhaCk d¥faaceti ¢ aci d
(DOTA), 1,4, 8hddedyetnborprayeldhetreddeearte-ih, 4h&ixl bntétetyacetic acid
(TETA), 1,4,7,10-tetraazazcycl ododecane-1,4,7 triacetic acid (DGBA),
2-Benzyl -1, 4, 7, 10 Zeletormrazbyrdis@otietalies: far 7heFapgitifaceti c acid
(2-Bz- DOTA), siditpharmpderdichys)arel sélectid tbefommziabyel ododecan
Cyol ohexyl df et RYTEsEEF uict, HeAFRAcAboBShEs RalT = iphs

) : cetic _aci = )
6- met hyl - di et h’;‘r%l’é e aﬂ??ﬁéﬁ’%ﬁgégﬁeet %8”%&%?"3%%9‘2%}@9 Slectron
bi s[N, N, N', N' - emissinar behehnsohy | jemirhenimy Cpppgr . eglladium,
am no- 4- net hoxypheinyim) - 2r 24ium, , Zhedieipysi Bidre andhgolidhtiegtones efea

radi ophar MAceuL) £al:olsS e FGR WafidneitriBes ) adi ochemi cal purity (RCP) of the -
radl ol apel e
10 monoaminemonoamidedithiols,. triamidemonothiols,

monoaminediamidemonothiols, diaminedioximes, and
hydrazines. Chelators for yttrium, bismuth, and the
lanthanide isotopes are selected from cyclic and
acyclic polyaminocarboxylates, including

15 diethylenetriaminepentaacetic acid (DTPA), 1,4,7,10-
tetraazazcyclododecane-1,4,7,10-tetraacetic acid (DOTA) ,
1,4,8,11—tetraazazcyclotetradecane—i,4,8,11-tetraacetic
acid (TETA),1,4,7,10-tetraazazcyclododecane-1,4,7-
triacetic acid (DO3aA), 2-Benzyl-1,4,7,10-

20 tetraazazcyclododecane-1,4,7,10-tetraacetic acid (2-Bz-
DOTA), alpha-(2-phenethyl)-1,4,7,10-
tetraazazcyclododecane-l-acetic-4,7,10-
tris (methylacetic) acid, 2-benzyl-
cyclohexyldiethylenetriaminepentaacetic acid, 2-benzyl-

25 6-methyl-diethylenetriaminepentaacetic acid, and 6,6"-
bis[N,N,N",N"-tetra (carboxymethyl)aminomethyl)-4'-(3~
amino-4-methoxyphenyl)-2,2’:6',2"-terpyridine.

The integrity of a radiopharmaceutical is measured
by the radiochemical purity (RCP) of the radiolabeled -
30 compound using ITLC or more preferably HPLC. The
advantage of using HPLC is that radio-impurities caused
by radiolytic degradation can be separated from the
radiopharmaceutical under optimized chromatographic
conditions. Improved stability over time for
35 radiopharmaceutical compositions of this invention can
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30 conpound using I TLC or nore preferably HPLC. The advantage of using HPLC
Is that radio-inpurities caused by radiolytic degradation can be separated
fromthe radi opharnaceutical under optim zed chronmat ographic conditions.

| mproved stability over tine for 35 radi opharmaceutical conpositions of
this invention can 42 12 August 2005 be denonstrated by determ ning the
change in RCP of the radiolabeled compound in sanples taken at
representative tine points. The radi opharnaceuti cal coni)%ﬁulgpéhg()Qﬁ this
invention are effective in maintaining the long 5 termstability of sanples
t hat have been frozen, thawed, and re-tested up to 5 days post-I abeling.
The initial RCP of a radl ophar maceutical is largely dependent on

radi ol abel i ng conditions such as pH, heating tenperature and tine. Once a
10 radi ophar mapeuddndaktiscgdr bpadeteriminngithel ehahgd Ha REPIdf ttheof an

ant | o dan}] t0r§<§iac9.'albbzgd %ombagﬁmbar SERER e le6Rbn Wﬁkéé&{téﬁvgﬁasur ed by

the RCP chang ov%rma cert %{%ﬂ% e %Therp%%g 'Jc_(lms

r adi ophar naceuFFl’:%l BBﬁpog‘ i B 8 i%e"ﬁ‘t"g? 5954 %%t 1 ow |

t enper at ur e tothw)lldlvemmlave effatitdvgsin “@&PFWV’@I &8s elonva

transportatsontedhest Bﬂm@t @f saifl <3t ahiat iR bead firdzéhe thaeedpeuti c

radi ophar nnceugi&a&_l c ggg g gg angdl 3t gL a0 heppefature during rel ease and
a

transportation nay 20 according to the sensi t ivity of a
speci fic radi ol abelm 1ﬁmﬂmundptcmva:r dadi atiarhyteur idadoiposirigedn. Ascor bi ¢

achd ;S KNOWN 33pdidedill Bn GaclBiabel g EGRRIIYs Usksh @8t paxi dant to prevent
radiolytic heating temperature and time. Once a

10 radiopharmaceutical is prepared in hiqh yield, the
ability of an antioxidant to stabilize a
radiopharmaceutical composition is measured by the RCP
change over a certain period of time.

Therapeutic radiopharmaceutical compositions are
15 preferably stored at low temperature to avoid extensive
radiolysis during release and transportation. The
amount of the stabilizer used in the therapeutic
radiopharmaceutical composition and storage temperature
during release and transportation may be adjusted
20 according to the sensitivity of a specific radiolabeled
compound towards radiolytic decomposition. ‘

Ascorbic acid is known as vitamin C, and is a
commonly used antioxidant to prevent radiolytic
decomposition of °"rc and '%¢/1%Re radiopharmaceuticals |

25 (WO95/33757; Anticancer Res. 1997, 17, 1783-1796; US
patent 5,093,105, and US patent 5,306,482) or
radiolabeled peptides (US patent 5,393,512; US patent
5,384,113 and US patent 5,961,955). Ascorbic acid is
readily available GRAS (generally recognized as safe)

30 substance often used in pharmaceutical compositions and
other formulations used for biological purpose and may
be used at levels as high as 200 mg/mL of the final
formulation. The major advantages of using ascorbic
acid or its analogs in a radiopharmaceutical composition

35 disclosed in this invention include: (1) the
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deconposition of 99, Tc and ie6iieeRe radiopharmaceuticals 25 (W95/33757;
Anticancer Res. 1997, 17, 1783-1796; US patent 5,093,105, and US patent
5,306, 482) or radiol abel ed peptides (US patent 5,393,512; US patent
5,384,113 and US patent 5,961,955). Ascorbic acid is readily avail able
GRAS (generally recogni zed as safe) 30 substance often used in

phar maceuti cal conpositions and other formulations used for biolo cal
purpose and may be used at levels as high as 200 ng/ L 1dAugKst 20
formul ati on. The nmj or advantages of using ascorbic acid or its analogs in
a radi opharmaceutical conposition 35 disclosed in this invention include:
(1) the 43 12 August 2005 radi opharmaceutical can be prepared in high yield
(>909%9; (2) the radionetal colloid formation i.s m ni mal <19%; and (3) the
r adi ophar maceutradadplompositiani cam beperspared] ifohigewdedd days, while

mai nt ai ni ng the.568 5 @908k x&tnb:h@tama@bmpdsm mefitiaalis Theiradnpounds

hor el n descr | bed gRY 1I3Ve, ASUITELAI Gon SRRLEC S caORRMAE 101 doe P esent

i nvention cont stitute n%}ma)%/ be isolated in
optically acti \‘V’é éFOWG&Céﬁ?-’cSWﬁ% dayjs, F’Ql%\%lnfalﬁlﬁﬁ?iﬁ’}gn B §Hfe art how to
prepar e opt scal(byorctdfvehéorarsiopbaimcesitibyl v esol uti on of racem c forns or

by synthesis from optically active starti rkﬁee({mter{jal S. A eorretrl C
i soners of ol efi ns, TRE=NCEBRHId BERER dgfa-Hie® MeKe"T5h as%ﬁmg € present in

t he conpounds descersbed Chepainds afidtiks pakbent cinvenbidre coabaEtd%ar e
contenpl ated ignut Q %@8&119 RVBBE i tiitedCh Sord ithyt bansscgeesetid ¢ i somers of
the compounds 08 1c Je_\rr]é Olrn¥§géﬂll c,nfgg'rﬁs desi‘t\:r i?%’eﬁnﬁnm in
10 the art how to prepare optically active forms, such as
by resolution of racemic forms or by synthesis from
optically active starting materials. Many geometric
isomers of olefins, C=N double bonds, and the like can
also be present in the compounds described herein, and
15 all such stable isomers are contemplated in the present
invention. Cis and trans geometric isomers 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
20 forms and all geometric isomeric forms of a structure
are intended, unless the specific 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

.25 the present invention.

The term *substituted, " as used herein, means 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

30 not exceeded, and that the substitution results in a
stable compound. When a substitent is keto (i.e., =0),
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

35 said to be substituted with a carbonyl group or a double
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be isolated as a m xture of isoners or as separated isoneric forms. Al
chiral, diastereoneric, racemc 20 forns and all geonetric isoneric forns
of a structure are intended, unless the specific stereochem stry or
isomeric formis specifically indicated. Al processes used to prepare
conpounds of the present invention and internediates made.therein are
considered to be part of 25 the present invention. The term "su |tuted,"”
as used herein, neans that any one or nore hydrogens on12 Awoyes ted
atomis replaced with a selection fromthe indicated group, provided that
t he designated atom s normal valency is 30 not exceeded, and that the
substitution results in a stable conmpound. When a substitent is keto
(i.e., =0), then 2 hydrogens on the atomare replaced. Keto -substituents
are not presemionan #&r dsaintcemizidethats .thdhearbanyli ayowy strededkley. | '

carbocyclic om.hatgL Qaye! (£le],Swebntfi @£t endeisghstituted with a carbonyl
group or a double 44712 August 2005 bond, it is intended that the carbonyl

group or doubl e burd preseparinvention iwi thiendedf tohnqliudg. althe present
Invention Is 'i@%@@ﬂ&g o}foai;&ﬁsl %@%u@%‘in iiﬁﬁﬁl‘i’ep%eeénﬁtéﬂﬁi} oﬂﬁﬁﬁf ring in the
present conpounds. | sot i_ncl ude se vj.ng.the sane atomic
nunber but '}'gi #8?8‘?’&8 r}‘gg_gu%gﬁ%grsg. atﬁf’ﬁnswglﬁgﬁg %‘%Ea aé:%grlr%l e and wit hout
limtation, i|Sorbpedusf dhfErspenmassh lugleTs i BYUNRRME #&BeE? um I sot opes
of carbon i naxadpléahd ebthditldimithidben isvtopesi ablleydregen, R5) occurs

more than one ;i thBe ivk;0Yn GRS HehteRtunOr f8¥UBBka éOTcarreanPOUNd, its
include C-13 and C-14.

10 When any variable (e.g., R5) occurs more than one
time in any constituent or formula for a compound, its
definition at each occurrence is independent of its
definition at every other occurrence. Thus, for
example, if a grouﬁ is shown to be substituted with 0-2

15 RS, then said group may optionally be substituted with
up to two RS groups and R3 at each occurrence is
selected independently from the definition of R?. Aalso,
combinations of substituents and/or variables are
permissible only if such combinations result in stable

20 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
a substituent is listed without indicating the atom via

25 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
permissible only if such combinations result in stable

30 compounds.

As used herein, *alkyl® is intended to include both
branched and straight-chain saturated aliphatic
"hydrocarbon groups having the specified number of carbon
atoms. Examples of alkyl include; but are not limited

45




definition at each occurrence is independent of its definition at every

ot her occurrence. Thus, for exanple, if a group is shown to be substituted
with 0-2 15 R5, then said group nmay optionally be substituted with up to
two R5 groups and R5 at each occurrence is selected independently fromthe
definition of R9. Also, conbinations of substituents and/or variables are
perm ssible only if such conmbinations result in stable 0 conpo, . Waen
a bond to a substituent is shown to cross a bond connecﬁ?ﬁﬁgggﬁﬂﬁﬂins in a
ring, then such substituent nay be bonded to any atomon the ring. Wen a
substituent is listed without indicating the atomvia 25 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 nat i ons ofto$ ubsttylyeatisyland/fpropsdr,i dbbespydr en-lpeivti, sstiiteylonly if such
conbi nations resyht.d Noshella, 3Racoipeupds. AScusedaher gkn, "alkyl” is

i ntended to inglude_both , branched and straight-chain turated aliphatic
hydr ocar bon gr SOHERFER ity R H pﬁ?:?‘ﬁae’c?%nﬁ"%%rgrgf‘p%ar u%% g%lt_oms. Exanpl es
of al kyl includwcltmnoraie evrlobbhyied®qSYedoperfydt PGS et hyl, et hyl,
n-propyl, isprapybndées bdt Yheltebhydtqcarbohutydinsnepesitthler and s- pentyl .

" Oyol oal kyl ™ i g hLendedyl gl Yo SRLUE AR huld Be W:0UBBe suUCh as

cycl opropyl, cycfob yl,. or cyclopentyl. "Al kenyl" is 5 intended to include
hydr ocar bon ch¥PRatyratsd; farbap-carhest é??PdSrw%C%Fﬁﬁaocccélﬁf igutdati on and one

or nore stable point along the chain, such as ethenyl and
propenyl.
10 "Halo" or "halogen" as used herein refers to

fluoro, chloro, bromo, and iodo; and "counterion® is
used to represent a small, negatively charged species
such as chloride, bromide, hydroxide, acetate, and
sulfate.

15 . As used herein, "carbocycle® or "carbocyclic
residue® is intended to mean any stable 3- to 7-membered
monocyclic or bicyclic or 7-to 13-membered bicyclic or
tricyclic, any of which may be saturated, partially
unsaturated, or aromatic. Examples of such carbocycles

20 include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,-'
adamantyl, cyclooctyl, [3.3.0lbicyclooctane,
[4.3.0]bicyclononane, [4.4.0lbicyclodecane,
[2.2.2]bicyclooctane, fluorenyl, phenyl, naphthyl,

25 indanyl, adamantyl, and tetrahydronaphthyl.

As used herein, the term "“heterocycle" or
“heterocyclic system” is intended to mean a stable 5-to
7-membered monocyclic or bicyclic or 7-to l0-membered
bicyclic heterocyclic ring which is saturated partially

30 unsaturated or unsaturated (aromatic), and which
consists of carbon atoms and frbm 1 to 4 heteroatoms
independently selected from the group consisting of N, O
and S and including any bicyclic group in which any of
the above-defined heterocyclic rings is fused to a

35 benzene ring. The nitrogen and sulfur heteroatoms may
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unsat urated carbon-carbon bonds which may occur*in any stable point along
the chain, such as ethenyl and propenyl. 10 "Hal 0" or "hal ogen" as used
herein refers to fluoro, chloro, brono, and iodo; and "counterion" is
used to represent a small, negatively charged species such as chloride,
brom de, hydroxi de, acetate, and sulfate. 15 As used herein, "lcarbocycle"
or "carbocyclic residue" is intended to nean any stable 3- to 7-nenbered
nmonocyclic or bicyclic or 7-to 13-membered bicyclic or 14 Augest 2008 ny of
whi ch may be saturated, partially wunsaturated, or aromatic. Exanples of
such carbocycles 20 include, but are not |limted to, cyclopropyl,

cycl obutyl, cyclopentyl, cycl ohexyl, cycloheptyl ,- adamantyl, cyclooutyl,
[ 3. 3. O]blcyclooctane [4. 3. O]blcyclononane [4. 4. O]blcyclodecane

[2. 2. 2] bi cycl agrtishglly beuokxbdmyded. phﬁwlh;eteaqmtdiylc r25g imegdrabhy| , adamantyl,

and tetrahydr op3aehlY o A%sUpathaie! G dlp hECalPHBtebgheapayc! e of
“heterocyclic syste |n ended .t 0 frean ) #abl 5 t 0 Hgnbered

monocyclic or ctﬁrP?EI‘?'if’“bP” ¥R FeRFE ntfe Pe 8B © TR T e erocycl ic ring
whi ch i s sat urtetedoqeritiicakingsGiasssibed ferdinmayh st Eﬁﬂ%ﬁfé&u(‘%‘? omatic), and
whi ch cong sten @hrbad ken oAt £ taddeh rabmlit otk rekeloiions i ndependent |y

sel ect ed fromthe %}l&)u:ﬁ %Qgg% ti ng‘t_ J&en na{gie %e@egoéﬁﬁleuglwg any

bi cyclic group

ove efl t cyclic rings is
fused to a 35 %2@%@% H‘ngu?\"i%r%zﬁflogetr‘f ARPE ?ﬁe Sh'g‘?agtr é’gfaoms mag 46 12 -

August 2005 - the total number of S and O atoms in the heterocycle

exceeds 1, then these heteroatoms are not adjacent to

10 one another. It is preferred that the total number of S
and O atoms in the heterocycle is hot more than 1. As
used herein, the term “aromatic heterocyclié system” or
“heteroaryl® is intended to mean a stable 5-to 7-
membered monocyclic or bicyclic or 7-to 1l0-membered

15 bicyclic heterocyclic aromatic ring which consists of
carbon atoms and from 1 to 4 heterotams independently
selected from the group consisting of N, O and S. 1It is
preferred that the total number of S and O atoms in the
aromatic heterocycle is not more than 1.

20 Examples of heterocycles include, but are not
limited to, acridinyl, azocinyl, benzimidazolyl,
benzofuranyl, benzothiofuranyl, benzothiophenyl,
benzoxazolyl, benzthiazolyl, benztriazolyl,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl,

25 benzimidazolinyl, carbazolyl, 4aH-carbazolyl,
carbolinyl, chromanyl, chromenyl, cinnolinyl,
decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl,
dihydrofuro[2,3-b]ltetrahydrofuran, furanyl, furazanyl,
imidazolidinyl, imidazolinyl, imidazolyl, 1lH-indazolyl,

30 indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl,
isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl,
isoxazolyl, methylenedioxyphenyl, morpholinyl,
naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl,

35 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,
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optionally be oxidized. The heterocyclic ring may be attached to its
pendant group at any heteroatomor carbon atomwhich results in a stable
structure. The heterocyclic rings described herein may be substituted 5 on
carbon or on a nitrogen atomif the resulting conpound is stable. A
nitrogen in the heterocycle may optionally be quaternized. It is preferred
that when the total nunmber of S and O atons in the hete ox cle _exceeds 1,
then these heteroatoms are not adjacent to 10 one anot het2 ﬁ9U$ ferred
that the total nunber of S and O atons in the heterocycle is not nore than
1. As wused herein, the term"aromatic heterocyclic systent or

"heteroaryl" 1is intended to nean a stable 5-to 7 nenbered nonocyclic or
bicyclic or 7-to 10-nenbered 15 bicyclic heterocyclic aromatic ring which
consists of calboncxbdisdzdnd, f 6xamclitiongdl, heheoltlanexencbpdimsént | y

sel ected f1om Lhe;giaiup 0 QRkahing byl thatBfeBrolibyls preferred that the
total nunber of, S and § atons | aromat i c, het elrocycle I's not nore than

phen §£n Lhe& phenoxathiin g .o

1. 20 Exanpl esPBFRHER o BRI Tt e, PRU*&rE€ 1ot linmited to, acridinyl,
azoci nyl , benzbhenewesipyl, dshabizimaiy| piprnezdanl omipParifindenzot hi ophenyl ,
benzoxazol y§, peszidingZolplrinpenzdranz ol yibyradzenyl etoyv@aebyidinydnzi soxazol yl

benzi sot hi azol ?%raZ%Qnggﬂf%;pagg%ﬂlic%%?g%{/xﬁqz'% yacsabk&ad bazol yl

carbolinyl, chronanyl,: meny .decahydr ogui.nol i nyl ,
2H, 6H 1, 5, 2- di PHF 35 imRazolf hpEF I pE0se . By ¢ f‘?yghyﬁ?”é%rlan, furanyl ,
furazanyl, i npeazuidigyhy|pyrrotidiondl i pyrrolimydaz8i-pyrred¥indazol yl, 30
i ndol enyl , indglirylyl,i geoldzelmyyl, igadabyinyi3HekEaganph izit@obenzof ur anyl
i sochronan¥b, E§9£5§§i§8b¥1’quinuclidinyl, tetrahydrofuranyl,

tetrahydroisoquinolinyl, tetrahydroguinolinyl, 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, thienocoxazolyl,

15 thienoimidazolyl, thiophenyl, triazinyl, 1.2,3-
. triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-

triazolyl, and xanthenyl. Preferred heterocycles

include, but are not limited to, pyridinyl, furanyl,

thienyl, pyrrolyl, pyrazolyl, pyrrolidinyl, imidazolyl,

20 indolyl, benzimidazolyl, 1H-indazolyl, oxazolidinyl,
benzotriazolyl, benzisoxazolyl, oxindolyl, .
benzoxazolinyl, and isatinoyl. Also included. are fused
ring and spiro compounds containing, for example, the
above heterocycles.

25 The term *amino acid" as used herein means an
organic compound containing both a basic amino group and
an acidic carboxyl group. Included within this term are
natural amino acids (e.g., L-amino acids), deified and
unusual amino acids (e.g., D-amino acids), as well as

30 amino acids which are known to occur biologically in
free or combined form but usually do not occur in
proteins. Included within this term are modified and
unusual amino acids, such as those disclosed in, for
example, Roberts and Vellaccio (1983) The Peptides, 5:

35 342-429, the teaching of which is hereby incorporated by
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I soi ndol i nyl, isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl,

nmet hyl enedi oxyphenyl , norpholinyl, naphthyridinyl,

oct ahydr oi soqui nol i nyl, oxadi azolyl, 35 1,2, 3-oxadi azol yl,

1, 2, 4- oxadi azol yl, 1,2,5-oxadi azolyl, 47 12 August 2005 1, 3, 4- oxadi azol yl,
oxazol i dinyl, oxazolyl, oxazolidinyl, pyrimdinyl, phenanthridinyl,
phenant hrol i nyl, phenazi nyl, phenothi azi nyl, phenoxathlln

phenoxazinyl , phthal azi nyl, piperazinyl, piperidinyl, 5'§¥éﬂgﬂ$kﬁﬂq5
purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl pyrazol yl ,
pyridazinyl, pyridooxazole, pyridoimdazole, pyridothiazole, pyridi nyl,
pyridyl’, pyrimdinyl, pyrrolidinyl, pyrrolinyl, 2H pyrrolyl, pyrrolyl,
qui nazolinyl, quinolinyl, 4H quinolizinyl, 10 quinoxalinyl, quinuclidinyl
, tetrahydrof upafedenceet reduydaci sosidinobecutringesmadoy deddai nol i nyl, 6H
1,2,5- thiadiag &?ﬂd‘e g&tBaxL g@'f‘ﬁx&'%h redy %1én§£!é a%r%%ﬁiﬁ{é,,

1, 2, 5-t hi adi azo I azo i ant t hi zonI t hi enyl
t hi enot hi azol yPqurPﬁgé%ox%sz?ﬂVI"c i%l¥hF%%% ﬁﬂedagg%ﬁl ?ﬁl phenyl |
triazinyl, 1,2gBataminezoyitcing, ohistidingolidolenrcindg. depgirgyl, 1, 3, 4-
triazolyl, gndlyﬁﬁ&ew{;m&{ﬁ{eerpﬁ&;ﬂeneﬁnwcheslne ncthmdeguiwt are not

limted to, py , I I
pyrrolidinyl, E}rﬁdé oI y %X’xe d %t%géé%,zﬁ%goé@%é! Tﬁy(lrél-z?{r%;gzol yl,

oxazol i di nyl, Nﬁ@ﬁ%@tPPﬁzQﬁ%ﬂeln E@HEiéS%&ide Bxi enzoxazollnyl
and i satlnoyl 1dhisted molambmhqsmeCimm;edCL@Jrq}tanmlinﬁﬂ’GY§§¢ﬁn9unds

contai ni ng, fog,exaRl gcidhes, s1aboNpa Ry ER&ENGNaHing5 hbhecy&Ignean no aci d".
as used herSInhngggE%l%Q’ ornithine, 3-monoiodotyrosine,
3,5-diiodotryosine, 3,5,5’-triiodothyronine, and
3,3’,5,5’-tetraiodothyronine. Modified or unusual amino
acids which can be used to practice the invention
include, but are not limited to, D-amino acids,

15 hydroxylysine, 4-hydroxyproline, an N-Cbz-protected
amino acid, 2,4-diaminobutyric acid, homoarginine,
norleucine, N-methylaminobutyric acid, naphthylalanine,
phenylglycine, ®-phenylproline, tert-leucine,
4-aminocyclohexylalanine, N—methyi—norleucine,

20 3,4-dehydroproline, N,N-dimethylaminoglycine,
N-methylaminoglycine, 4-aminopiperidine-4-carboxylic
acid, 6-aminocaproic acid, .
trans—-4- (aminomethyl)cyclohexanecarboxylic acid, 2-, 3-,
and 4- (aminomethyl)benzoic acid,

25 1—aminocyclopenfanecarboxylic acid,
l-aminocyclopropanecarboxylic acid, and
2-benzyl-5-aminopentanoic acid.

The term "peptide" as used herein means a linear
compound that consists of two or more amino acids (as
30 defined herein) that are linked by means of a peptide
bond. A “peptide” as used in the presently claimed
invention is intended to refer to a moiety with a
molecular weight of less than 10,000 Daltons, preferable
less than 5,000 Daltons, and more preferably less than
35 2,500 Daltons. The term ”peptide' also includes
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or gani ¢ conpound contai ning both a basic am no group and an acidic

car boxyl group.Included within this termare natural am no
acids(e.g.,L-am no acids), nodified and unusual am no acids(e.g.,D am no
acids), as well as 30 am no acids which are known to occur biologically in
free or conbined formbut usually do not occur in proteins. Included
wWithin this termare nodified and unusual am no acids, such as those
disclosed in, for exanple, Roberts and Vellaccio (19835 $H8U$ﬁﬁﬂﬂ5des 5:
35 342-429, the teaching of which is hereby incorporated by 48 12 August
2005 reference. Natural protein occurring amno acids include, but are not
limted to, alanine, arginine, asparagine, aspartic acid, cysteine,
glutam c acid, glutanmne, glycine, histidine, isoleucine, |eucine, 5

| ysi ne, nethi mnnm:@unpheqwlltakmménotbewmdet M@Wnéeptlt% osine, tyrosine,

t rypt ophan, préﬂrﬂp‘&ﬁen@@d swahi &¢ pseN&Bﬁépﬁhd&OBr Pepicedomawayie aci ds i ncl ude,
but are not |im. td%e to, an | post %h‘%g coﬁé&&b&%' Neg,pygteine sulfinic

acid, 3,4- dlhyJ?oxy €ﬁ§fa anlne onocyst el ne onpserine, ornithine,

3- nonoi odot yr od9ReLnd cantgip R thofds PRREide §ng: n‘i“r‘PFBH’cﬂ%yr oni ne, and
3,3",5,5 -t®t rcmgodaehys omynelscwtmh frie€erord nussiad "mepPhbie aci ds whi ch can be
used to practigetfge invention include, but are not limted to, D-amno
aci ds, 15 hydroxyl ysi ne, 4- hydr oxyproline, an N-Cbz-protected amino acid,
2, 4- d| am nobut yri c 2a¢pskudopaprids "niome ! peptdidonimd e, lanﬁthwpa‘m%obutyrl C

aci d, napht hyfil @hmfiRics RRENYEGlotairBeof LHr phey ldeial tasdueest -d euci ne,
4-am nocycl Ohexé’;_.lotaild%r,“ Pc?r exgh\gfet,h)ﬁly- ﬂgixlxge lfﬂlﬂfng groups other than

10 amide linkages between the peptide mimetic and an amino
acid residue (pseudopeptide bonds) and/or by using
non-amino acid substituents and/or a modified amino acid
residue. A "pseudopeptide residue® means that portion
of an pseudopeptide or peptidomimetic that is present in

a peptide.

The term "peptide bond" means a covalent amide
linkage formed by loss of a molecule of water between
the carboxyl group of one amino acid and the amino group
of a second amino acid.

The term "pseudopeptide bonds" includes peptide
bond isosteres which may be used in place of or as
substitutes for the normal amide linkage. These
substitute or amide "equivalent* linkages are formed
from combinations of atoms not normally found in
peptides or proteins which mimic the spatial
requirements of the amide bond and which should
stabilize the molecule to enzymatic degradation.

The term "non-peptide" refers to a compound in
comprised of preferably less than three amide bonds in
the backbone core compound or preferably less than three
amino acids or amino acid mimetics.

The phrase "pharmaceutically acceptable" is
employed herein to refer to those compounds, materials,
compositions, and/or dosage forms which are, within the
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20 3, 4-dehydroproline, N, N-dinethylam noglycine, N- et hyl am nogl yci ne,

4- am nopi peri di ne-4-carboxylic acid, 6-am nocaproic acid,

trans-4- (am nonet hyl ) cycl ohexanecar boxyli c¢ acid, 2-, 3-, and

4- (am nonet hyl ) benzoi ¢ acid, 25 1-am nocycl opentanecarboxylic acid,

1- am nocycl opr opanecar boxylic acid, and 2-benzyl -5-am nopentanoic acid.
The term "peptide" as used herein neans a |linear conpound that consists of
two or nmore amino acids (as 30 defined herein) that ar €13 AHQB%F%QQ%ans of
a peptide bond. A "peptide" as used in the presently clainmed invention is
intended to refer to a noiety with a nolecular weight of |less than 10, 000
Dal tons, preferable less than 5,000 Daltons, and nore preferably |ess than
35 2,500 Daltons. The term "peptide" also includes 49 12 August 2005
conpounds cont addpen@gfbsvindp eptiicel Fadgment,pepitalle Conpessenns, such as

omponent s, SUa o o e pept i de 5
conponent s naywh“rl%oéltbﬁ’rggpeﬁsé'rvlee8°’fj§i§¥' air"rp%ﬁfg e aggg 3G, A PepLTEe
"pseudopept i detesgonspepe¥ dotierepyablenson qonRpbEHotwhFeINERSHY 2SS t he
structure of api@HNaN@easébshriRShHEMLF i@ rdsk pARLbde, for exanple, by using
l'inking groups other than 10 am de |inkages between the peptide m netic and
an amino acid resipgues¢pdrrgopeptabdenaritd Fadhv/asceByaRS AgtHon- ani no
aci d substituepéser andberivativdsfddhandimrlased campeudde . wharepseudopepti de
residue” neanstﬁé“ﬂargﬂEtééﬂbound is modified by making acid or base
salts thereof. Examples of pharmaceutically acceptable
10 salts include, but are not limited to, mineral or
organic acid salts of basic residues such as 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
15 quaternary ammonium salts of the parent compound formed,
for example, from non-toxic inorganic or organic acids.
For example, such conventional non-toxic salts include
those derived from ihorganic acids such as hydrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric, and nitric;
20 and the salts prepared from organic acids such as
acetic, propionic, succinic, glycolic, stearic, lactic,
malic, tartaric, citric, asborbic, pamoic, maleic,
hydroxymaleic, phenylacetic, glutamic, benzoic,
salicylic, sulfanilic, 2-acetoxybenzoic, fumaric,
25 toluenesulfonic, methanesulfonic, ethane disulfonic,

oxalic, and isethionic.

The pharmaceutically acceptable salts of the
present invention can be synthesized from the parent
compound which contains a basic or acidic moiety by

30 conventional chemical methods. Generally, such salts
can be prepared by reacting the free acid or base forms
of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic
solvent, or in a mixture of the two; generally,

35 nonaqueous media like ether, ethyl acetate, ethanol,
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of an pseudopeptide or peptidomnetic that is present in 15 a peptide. The
term "peptide bond" neans a covalent am de |inkage fornmed by |oss of a

nol ecul e of water between the carboxyl group of one ami no acid and the

am no group of a second amino acid. 20 The term "pseudopepti de bonds”

i ncl udes peptide bond isosteres which may be used in place of or as
substitutes for the normal am de |inkage. These substitute or am de
"equi val ent” linkages are formed from conbinations of éﬁbﬁﬁ9V§ﬁ2QQ§'nally
found in 25 peptides or proteins which mmc the spatial requirenments of

t he am de bond and whi ch should stabilize the nolecule to enzymatic
degradation. The term "non-peptide" refers to a conpound in conprised of
preferably less than three am de bonds in 30 the backbone core conpound or
pref erabl y | esssddrapandir,eeraatetpnitiiite dreaptefieraeld ny¥fssi e§. The phrase

" phar maceut i caldita8¢6efhiail 8re | foundph W nhesei Pharnadartitelt hose

conpounds, m;t ctcll%%g SREPQSI tipns, s?;%&'ﬂ?c%&)%n{(?rﬁ%t%i, chpare, wthin

the 50 12 Au scope of’ sound” nedi ca ment, suitable for use in
contact with tH8%i Bsukk8of theitBeriR °§nUhJa‘#T s'él Eer%’yf hout excessive
toxicity, i5riimidrporatadd dygrefamsgense, or ot her problem or conplication,
comensurate S5 with a reasonable benejit/&isk ra%%o.,As'used herein,
"phar maceut i cal |y ASEaRkea5PEPYMRY s and) (3taPle SHHTVRET vES BF*Fhe di scl osed
conmpounds wher & nindi betear entooorhehat is subfidiendlyyrelidtngCaci d or base

survive isolation to a useful degree of purity from a

reaction mixture, and formulation into an efficacious

10 therapeutic agent.

Lyophilization aids useful in the preparation of
diagnostic kits useful for the preparation of
radiopharmaceuticals include but are not limited to
mannitol, lactose, sorbitol, dextran, Ficoll, and

15 polyvinylpyrrolidine (PVP).

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

20 glycol, propylene glycol, polyoxyethylene sorbitan
monooleate, 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 useful for
the preparation of said radiopharmaceuticals include but
are not limited to benzyl alcohol, benzalkonium

30 chloride, chlorbutanol, and methyl, propyl or butyl
paraben.
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salts thereof. Exanples of pharmaceutically acceptable 10 salts include,
but are not limted to, mneral or organic acid salts of basic residues
such as 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 15 quaternary ammonium salts of the
parent conpound forned, for exanple, fromnon-toxic |nor anlc or organlc
acids. For exanple, such conventional non-toxic salts Sse
derived frominorgani c acids such as hydrochloric, hydrobronlc, sulfuric,
sul fam c, phosphoric, and nitric; 20 and the salts prepared from organic
acids such as acetic, propionic, succinic, glycolic, stearic, lactic,
malic, tartaric, citric, ascorbic, panoic, maleic, hydroxynalelc

phenyl acetic, glutam c, benzoic, maereMENTAL Sulfanilic, 2- acetoxyben20|c
fumaric, 25 toluenesul fonic, nethanesulfonic, ethane disulfonic, oxalic,
and isethionic. The pharnmaceutically acceptable salts of the present

i nvention can be s%pthe éﬁg%t%gﬁ é%gfggarentacgg (gﬂngﬁwg; éégntalns a

basic or acidic nnl em ca neral ly, such
salts can be byefhe sddbychendsel mpnify (RGR &fi Bhoragigtahedefs of these
conmpounds W t heampdumdC is DREITLC amsee pfefdrablaHRIOPr i Bhe base or acid in

water or in an &yagml © 523630k, whic B Endi Xddi - Dipuchgs LuCiBaneral |y, 35
nonaqueous med] a cetate, ethan August 2005

t
i sopr opanol Pya’caé%l&]l?{”r? Id(?gﬁ?‘gz"p]r%‘f SPRERE ﬁ_ng%tedf frsw 21"aebl e salts are

found in Ren1ng@@wpnhaﬁha$¢nﬂy§eil%nﬂer optimized chromatographic
conditions. Improved stability over time for

10 radiopharmaceutical compositions of this invention can
be demonstrated by determining the change in RCP of the
radiolabeled compound in samples taken at representative
time points. The radiopharmaceutical compositions of
this invention are effective in maintaining the long-

15 term stability of samples that have been frozen, thawed,
and re-tested periodically for 5 days.

The initial RCP of a radiopharmaceutical is largely
dependent on radiolabeling conditions such as pH,
heating temperature and time. Once a

20 radiopharmaceutical is prepared in high yield, the
stability of the radiopharmaceutical composition is
measured by the RCP change of the radiopharmaceutical

over a certain period of time.

Materials. Acetic acid (ultra-pure), ammonium

25 hydroxide (ultra-pure), ascorbic acid (sodium salt), and
sodium gentisate were purchased from either Aldrich or
Sigma Chemical Co., and were used as received. °°YCl;
and 'InCl; (in 0.05 N HC1l) were purchased from NEN®, N.
Billerica, MA. High specific activity '"'LuCl; was

30 obtained from University of Missouri Research Reactor,
Columbia, MO.

Analytical Methods. HPLC method 1 used a HP-1100
HPLC system with a UV/visible detector (A = 220 mm), an
IN-US radio-detector, and a Zorbax Cis column (4.6 mm X
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Sci ences, 17th ed., Mack Publishing Conpany, Easton, PA, 1985, p. 1418,
the di scl osure of which is hereby 5 incorporated by reference. "Stable
conmpound” and "stable structure” are nmeant to indicate a conpound that is
sufficiently robust to survive isolation to a useful degree of purity from
a reaction mxture, and fornmulation into an efficacious 10 therapeutic
agent. Lyophilization aids useful in the preparation of  _diagnostic kits
useful for the preparation of radi opharnaceuticals i ncl WFRuGust not
limted to mannitol, |actose, sorbitol, dextran, Ficoll, and 15

pol yvi nyl pyrrolidine (PVP). Solubilization aids useful in the preparation
of radi opharnmaceuticals and in diagnostic kits useful for the preparation
of said radi opharmaceuticals include but are not linmted to ethanol,

gl ycerin, pol yzthyhengo 20 pggcoize)pr dfhd dlewgralsowas pblnlgjet hyl ene
solrbi(tan hrmlnqslilt@ﬁtlﬁe ikt 9&@@%@@@%@@@@5@&& A (ﬁ.ozs |

pol y( oxyet hyl ene) po OXY PRI OpY. e) pal.y(oxyet n ogk copol yners

( Pl ur oni cs) (;}ﬁ(f?“\%@ff%/%jarﬁégﬁggf%&r}g%' %%I(Gugylalﬂzl%/r% g%%jgglé:rg ol yet hyl ene

gl ycol, and 25(ametpphixisle)Bset 24Y selwent Au3nf A% iSRIVARt 7 @pattiti on of

r adi ophar megeuhircalisl aévibd Bbydamgitestatikiwvashuseing 40%rof tdedvemtepar ati on of

said radi ophag nRgeWh4 Cal1ehRCE UERYS cARE RO, limted to benzyl al cohol,
benzal koni um 30 chl oride, chlorbutanol, and nethyl, propyl or butyl

paraben. 52 12 AugHsicC 283hod 2 used a HP-1100 HPLC system with a
uv/visible detector (A = 220 nm), an IN-US radio-
detector, and a Zorbax Cjs column (4.6 mm x 250 mm, 80 A
10 pore size). The flow rate was 1 mL/min with the mobile
phase starting with 92% solvent A (0.025 M ammonium
acetate buffer, pH 6.8) and 8% solvent B (acetonitrile)
to 80% solvent A and 20% solvent B at 18 min, followed
. by an isocratic wash using 40% of solvent A and 60%
15 solvent B from 19 to 25 min.

HPLC method 3 used a HP-1100 HPLC system with a
UV/visible detector (A = 220 nm), an IN-US radio-
detector, and a Zorbax Cig column (4.6 mm x 250 mm, 80 A
pore size). The flow rate was 1 mL/min with an

20 isocratic mobile phase with 92% solvent A (0.025 M
ammonium acetate buffer, pH 6.8) and 8% solvent B
(acetonitrile) over 25 min, fpllowed by an isocratic
wash using 40% of solvent A and 60% solvent B from 26 to
30 min. '

25 The ITLC method used reverse phase C;3 TLC plates
and a mixture of methanol, acetone and saline (2:1:1 =
v:v:v) as eluant. By this method, the radiolabeled
compounds migrate to the solvent front while
(9%¢1/Y"Lul colloid and [°%Y]}/*"’Lulacetate remain at the

30 origin.
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EXPERI MENTAL The integrity of a radi opharnaceuti cal

I's measured by the

radi ochem cal purity (RCP) of the radiol abeled 5 conpound using | TLC or
nore preferably HPLC. The advantage of using HPLC is that radio-inpurities
caused by radiolytic degradation can be separated fromthe

radi ophar maceuti cal under optim zed chromat ographic

conditions. |nproved

stability over tine for 10 radi opharnmaceuti cal conposit|%$§ of tiﬂdﬁ
i nvention can be denonstrated by determ ning the change he
radi ol abel ed conmpound in sanples taken at representative tine points. The

radi ophar maceuti cal conpositions of this invention

are effective in

mai ntaining the long 15 termstability of sanples that have been frozen,

thawed, and re-tested periodically for 5 days. The

initial RCP of a

radi opharnmaceutical is largely dependent on radi ol abeling conditions such
as pH, heating tenperature and tinﬁxfﬁnﬁf a 20 radi opharmaceutical is
i y .

prepared in high yield, the, stab

t he radi ophar maceuti cal

conposition is W@a@%ﬂ h'Ez-RQB) chanae, efpixeenypoi-ophanAezeut i cal  over

a certain peri _{Acet |
hydr oxi de (ultgg sco?% §?(f§ go%qﬂﬁSSg ¢
were pur cha§ethF6fﬁ¥ih°me%Y&r)| e¥rlndoderyhiaceky

L&avpygg) amroni um 25
an sodi um genti sate
© 25°PY%hd wer e used as

rN.ece:BYIefjer?gzas aﬁde#;sc%)e(%}’%m% ac&o\%?%‘%% gﬁ% Was Z% obt Elur)lrendNFer);n)

Uni versity of M‘ZSE)H“? dpzelndah R - 405

HPLC et hod 1 Médowildlalilmgrbonylamino)propanoic Acid

al ytical Methods.

Trifluoroacetate Salt (20 mCi) Using Ascorbic Acid (aa,
10 0.1 M or 20 mg/mL, pPH = 7.35) as a buffer agent,

Pransfer Ligand and Radiolytic Stabilizer.

(28)-2-1({2, 6-Dimethyl-4-[3~(N-{2-[3-sulfo-2-(3-
sulfo-2-{2-{1,4,7,10-tetraaza-4,7,10-tris (carboxymethyl)
cyclododecyllacetylamino}propyl)propyl]ethyl}carbamoyl) -

15 propoxylphenyl}sulfonyl)amino] -3~ ({7-[(imidazol-2~
ylamino)methyl]-1l-methyl-4-oxo (3-hydroquinolyl) }-
carbonylamino)propanoic acid trifluoroacetate salt was

prepared as disclosed in US Patent Application No.
09/456,300 and was subsequently dissolved in 0.1 M

20 ascorbic acid buffer (pH 7.35) to give a concentration
of 100 pg/mL. The resulting solution was immediately
degassed under vacuum for another 1 - 2 min. To a clean
sealed 5 mL vial was added 1.0 mL of 0.1 M ascorbic acid
(sodium salt) buffer (pH 7.35) containing 100 pg of

25 (28)-2-[({2,6-Dimethyl-4-[3-(N-{2-[3-sulfo-2-(3-sulfo-2-
{2-11,4,7,10-tetraaza-4,7,10-tris (carboxymethyl)
cyclododecyl]acetylamino}propyl)propyl]ethyl}carbamoyl) -
propoxy]phenyl}sulfonyl)amino]—3—({7—[(imidazol—z—
ylamino)methyl]-1-methyl-4-oxo (3-hydroquinolyl) }-

30 carbonylamino)propanoic acid trifluoroacetate. The

solution was degassed again under vacuum.

Upon addition

of ~10 uL of *°¥Cl, solution (20.5 mCi) in 0.05 N HC1,

the reaction mixture was heated at 95 °C for 5 min.

After cooling to room temperature, a sample of the
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HPLC systemwith a UV/visible detector (~ = 220 nm, an INUS
radi o-detector, and a Zorbax C18 colum (4.6 nm x 53 12 August 2005 250 nm
80 A pore size). The flowrate was 1 M./mn wth the nobile phase starting
with 92% sol vent A (0.025 M ammoni um acetate buffer, pH 6.8) and 8%
solvent B (acetonitrile) to 90% solvent A and 8% solvent B at 18 5 mn,
foll owed by an isocratic wash using 40% of solvent A and 60% sol vent B
from19 to 25 min. HPLC method 2 used a HP-1100 HPLC syst%eAHgustr2095
UV/visible detector (7. = 220 nn), an INUS radio- detector, and a Zorbax
C18 colum (4.6 nmmx 250 nm 80 A 10 pore size). The flow rate was 1 nL/mn
+ with the nobile phase starting with 92% sol vent A (0.025 M ammoni um
acetate buffer, pH 6.8) and 8% solvent B (acetonitrile) to 80% solvent A
and 20% sol vente&mmwsaixmmd‘mma@vmdutby s ficddcwath caldsé usi ng 40% of

sol vent A and ggaq,a@egmg 3 used a
HP- 1100 HPLC sgglt{%;n%%vhi ¥8&$m‘{3 fefgg{?gét% gg? é%[m(,Al g &g} an | N-US
radi o- det ect ofP2L¥&E%h ZOIFI%LOS( &[f ¥ IIUr'rﬁn AR S M0 A por e
size). The flofhe R was 39 rAY-ni ﬁhwlteweaﬁl% tizecrat i} foBite phase with
92% sol vent sA e OZtx NkedaraWighakacat atie)behéwed mibifiaB)(0aB8%B% sol vent B

(acetonitrile) gb f odo AbdriesLati c  wash using 40% of
sol vent A and éOA) soﬁr/,en dif EO&P%%QELW mn. 25 The | TLC net hod used

reverse phase Cl8 Huispkatesly ahdwa tHatt EPtYe(mS)-ma{[Haaoﬁ sDizetbyhe and saline
(2:1:1 = viviy) aselyant. . B bl b3 BhRE0s- $0q 1 adh Ol et fshza-
4,7,10-tris (carboxymethyl)
10 cyclododecyl]acetylamino}propyl) -

—propyl]ethyl}carbamoyl)propoxy]phenyl}sulfonyl)amino]-
3-({7-[ (imidazol-2-ylamino)methyl] -1-methyl-4-oxo(3- .
hydroquinolyl) }carbonylamino)propanoic acid
trifluoroacetate can be prepared in high yield and

15 radiochemical purity using ascorbic acid as a buffer
agent for pH control and a weak transfer ligand to
prevent the formation of [*°Ylcolloid. Based on the
results, a radiolabeling experiment was designed to £f£ind
optimal radiolabeling conditions in using ascorbic acid

20 as a buffering agent for pH control, a transfer ligand
to prevent [*°Y]colloid formation, and as a stabilizer
for the solution stability of °y-(2S)-2-[({2,6-
Dimethyl-4-[3-(N-{2-[3-sulfo-2-(3-sulfo-2-{2-[1,4,7,10-
tetraaza-4,7,10-tris (carboxymethyl)

25 cyclododecyl]acetylamino}propyl)propyl]ethyl}carbamoyl)—
propoxylphenyl}sulfonyl)amino]-3-({7-[(imidazol-2-
ylamino)methyl]-1-methyl-4-oxo (3-hydroquinolyl) }-
carbonylamino)propanoic acid trifluoroacetate. Four
factors were considered in the experimental design.

30 These include pH value (5, 6, and 7), heating time (5
min and 35 min), sodium ascorbic level (20 mg and 100
mg), and temperature (50 °C and 95 °C). Each condition
contains two vials. The activity level for each vial
was ~10 mCi. The reaction mixture from each vial was

35 characterized by HPLC and reverse phase Cig TLC.
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conmpounds mgrate to the solvent front while [90Y] /177Lu]

[90Y] /177Lu

Preparation 90Y-(2S)-2-[((2,6 -Dinethyl-4-[3-(N{2-
[3-sulfo-2-(3-sulfo-2-(2-[1,4,7,10-tetraaza-4,7,10 5 tris(carboxynethyl)
cycl ododecyl ] acet yl am no) propyl )-
propyl ] et hyl ) car banoyl ) pr opoxy] phenyl ) sul f onyl )anino]-3}2X(7-[(inidazol-

2-yl am no) et hyl ] - 1- net hyl - 4- oxo(3- hydroqui nol yl)) 1
car bonyl am no) propanoic Acid Trifluoroacetate Salt (20 nC ) Using Ascorbic:

colloid and
acetate renmain at the 30 origin. 54 12 August 2005 EXAMPLE 1

ugust 2005

Acid (AA, 10 0.1 Mor 20 mg/nm., pH: 7.35) as a buffer agent, Transfer
Li gand and Radiolytic Stabilizer. (2S)-2-[({2,6-

D nethyl -4-[3-(N-{2-[3-sul fo-2-(3 sul fo-2-{2-

[1, 4,7, 10-t et r aaza-Bhaséd léh tthiestadidiabeiibtdepul ts/.cliddddechdalr

acet yl am no} pr

Xé)&¥3°RX'ﬂé#éEYEéééﬂﬂy%”B¥$é'a LD fARAXKY | effect on

phenyl ) sul f onyl ) am no

S5 ((7- -2 . o
yl am no) net hyl F24-Bfgt %ﬁl 1&‘%%%%?‘%3@“?‘%&% SPEPT 3 Eat Bony | Shi (&) pr opanoi ¢

acid trifluorosbetei shows tlivkde efigedr ed the BB HHI=i A U PAfbnt

Appl i cati onsNoa 189e45hedhgaBinses veshsbigheny| yettiessBtPeat 96 0.1 M 20
ascorbic acld Buf fgh (PHnlaBolg nglelfedrL QCAN kRLE Moni®hnd 00 o/ ML The
y

resul ting sol ution was 1 nme
nn. To a cleah2°sFaP8dRS nlL vi al

late

(sodiumsalt) buffer (pH 7.35) containing 100 pg of 25

(25)-2-[({2, 6-

D nmethyl-4-[3-(N-{2-[3- sulfo-2-(3-sulfo-2-

{2-[1,4,7,10-tetraaza-4,7, 10- tris(Exnmpey/det hyl)
cyct ododecyy Jacet yl am 00), 20BN S ARELL SN EE) DO Das) -2

15

20

25

30

[({2,6-Dimethyl-4~{3-(N-{2-[3-sulfo-2~(3-sulfo-2-{2-
{1,4,7,10-tetraaza-4,7,10-tris (carboxymethyl)
cyclododecyl]acetylamino}-

-propyl)propyllethyl}carbamoyl) -
propoxylphenyl)}sulfonyl)amino] -3-({7-[ (imidazol-2-
ylamino)methyl]-1-methyl-4-oxo(3-hydroquinolyl)}-
carbonylamino)propanoic acid trifluorocacetate (100 mci
Level) Using Ascoxbic Acid (AA, 20 mg/mL or 0.1 M, pH =
5.0) as the buffer agent, Transfer Ligand and Radiolytic

Stabilizer.

(28)-2-1[ ({2, 6-Dimethyl-4-[3-(N-{2-[3-sulfo-2-(3-sulfo-2-
{2-11,4,7,10-tetraaza-4, 7, 10-tris (carboxymethyl)
cyclododecyl]acetylamino}propyl)propyl]ethyl}carbamoyl)—
propoxy]phenyl}sulfonyl)amino]—3—({7—[(imidazol-2—
ylaﬁino)methyl]-l—methyl—4-oxo(3-hydroquinolyl))~
carbonylamino)propanoic acid trifluoroacetate was
prepared as disclosed in US Patent Application No.
09/456,300 and was subsequently dissolved in 0.1 M AA
buffer (pH 5.0) to give a concentration of 100 pg/mL.
The resulting solution was immediately degassed under
vacuum for another 1 - 2 min. To a clean sealed 5 mL

vial was added 5.0 mL of 0.1 M ascorbic acid buffer (pH

5.0) containing 500 pg of (2S)f2—[({2,6—Dimethy1-4—[3—_
(N-{2-[3~-sulfo-2~(3-sulfo-2-{2-([1,4,7,10-tetraaza-
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egassed under vacuum for anot her
was added 1.0 nL of 0.1 Mascorbic acid



propoxy] phenyl } sul fonyl )am no] -3-((7-[ (i m dazol - 2-

yl am no) net hyl ] - 1- net hyl - 4- oxo( 3- hydroqui nol yl )} 30 carbonyl am no) propanoi c
acid trifluoroacetate. The solution was degassed agai n under vacuum Upon
addition of -10 uL of 90YC13 solution (20.5 nCi) in 0.05 N HCl, the
reaction m xture was heated-at 95 Cfor 5 mn. After cooling to room
tenperature, a sanple of the 55 12 August 2005 resulting sol ution was
diluted 50-fold with saline containing sodium genti sat e12('$99'14§f/39_0)5, and
was then analyzed by HPLC (Method 1, injection volume =5 AL). The RCP
was 99.3% The retention time was 14.7 mn. 5 The TLC (reverse phase C18
TLC) showed mnimal (0.38% [90Y] colloid and [90Y] acetate inpurities.
This clearly shows that 90Y-(2S)-2-[({2,6-Di nethyl -

4-[3- (N-{ 2- [ 3- sulsf 9o 2e ki3 (kb OretBy])l, 4, 7, 10-tetraaza- 4,7,
10-tris(carboxynethyl ) 10.c yl am no} propyl ) -
- propyl ] et hyl }cczi(rc 8%‘%%%/??%98%%3&%%%@%&%@%?; onyl ) am no] - .
3 ( é [ I( | m da)z Hrodyyl e&nﬁq):g.eﬁmgy_ ]]cl?’ﬁrdﬁﬁ:@thfnﬂN@(ﬁgorﬁmdl’aﬁwrdm!-yl %1 } )
car bonyl am no) prapanoi c. aci.d, {1 f at e 1bg_JJgpared in hig
yield and 15 ra((r:ﬁ:}oi1 le’fr%%agzloj‘ %Jr)fltaélnlﬁélﬁfﬁ\eg ggiorg?egt% cid as?qa buffer agent
for pH cont rfol h¥RgeguiRlY L) f sHEoBY LeP PO 8TPBANY e #ERE t he for mation of
[ 90Y] col | 0i d. Baséduorcddetateeshessokutriadi whaisigeaged qoein neriernas
desi gned to fi Rehcuapt i nAdonr addidiahebf ngrscandof i°Gyrsl,i solusiing ascorbic acid
20 as a bufferi agent..fQr |, fer 'lgﬁlqd 0 prevent
[90Y] col l oi d fo@%ﬁt’lgomgé,l)aﬁ'a gls-bs;%g%g i Iﬁh%e%gg{%lrogt ﬁ'LéJ(so u"t"‘la%n stability of-
90Y- (29) - 2-[ ({Ze@ted at 95 °C for 30 min. After cooling to room
10 temperature, a sample of the resulting solution was
diluted 50-fold with saline containing sodium gentisate
(10 mg/mL), and was then analyzed by HPLC (Method 1,
injection volume = 5 puL). The resulting mixture was
then kept in a dry-ice box (-78 °C) for 5 days. Samples
15 were analyzed at t = 0 (RCP = 98.5%), 24 h (RCP =
98.4%), 68 h (RCP = 98.0%), and 120 h (RCP = 98.8%). The

retention time was 14.8 min.

This experiment clearly demonstrated that °%vy-(28)-2-

[{({2,6-Dimethyl-4-{3-(N-{2-{3-sulfo-2-(3-sulfo-2-{2-
20 {1,4,7,10-tetraaza-4,7,10-tris (carboxymethyl)

cyclododecyl)acetylamino} - :

-propyl)propyl]ethyl}carbamoyl) -
propoxylphenyl}sulfonyl)amino]-3-({7-{ (imidazol-2-
ylamino)methyl]-1-methyl-4-oxo (3-hydroquinolyl) }-

25 carbonylamino)propanoic acid trifluoroacetate can be
readily prepared in high RCP (>98%) under the following
conditions: 500 pg (2S)-2-[({2, 6-Dimethyl-4-[3-(N-{2-[3-
sulfo-2-(3-sulfo-2-{2-[1,4,7,10-tetraaza-4,7,10-
tris(carboxymethyl)

30 cyclododecyl]acetylamino}propyl)propyl]ethyl}carbamoyl) -
propoxylphenyl}sulfonyl)amino]-3-({7-[ (imidazol-2-
ylamino)methyl]-1-methyl-4-oxo(3-hydroquinolyl)}-
carbonylamino)propanoic acid trifluoroacetate for 100
mCi of %Y in 5 mL of AA solution containing 100 mg Aa,

35 pH=5.0, heating at 95 °C for 30 min and remains stable
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D nethyl -4-[3-(N-{2-[3-sul fo-2-(3-sulfo-2-{2-[1, 4,7, 10-
tetraaza-4,7,10-tri s(carboxynet hyl) 25
cycl ododecyl ] acet yl am no} propyl ) propyl ] et hyl ) car banoyl ) -
propoxy] phenyl } sul fonyl )am no] -3-({7-[ (i m dazol - 2-
yl am no) net hyl ] - 1- met hyl - 4- oxo( 3- hydr oqui nol yl )} - car bonyl am no) pr opanoi c
acid trifluoroacetate. Four factors were considered in the experinental
design. 30 These include pH value (5, 6, and 7), heati ngj'ztll\%u 2003 n and
35 mn), sodiumascorbic |evel (20 ng and 100 ny), and tenperature (50 C
and 95 C). Each condition contains two vials. The activity |level for each
vial was -10 nCi. The reaction mixture fromeach vial was 35
characterized by HPLC and reverse phase Cl18 TLC. 56 12 August 2005 Based on
t he radi ol abel famatekedsts5 favs s(REPenr96Yhabs¢mpisaarid fangBes not have a
significant efffet a9 vuteeRGRYas,| angrasrehel fypald ngnd enperature is 95 ' C
(2) the pH sho It C, h = stilon 634 5 a | onger
heating tinme gﬁ%%é? hg'%llég%tt%i 1%@[:2?ok{c%né;?gbx@:;gﬁrgﬁgra(t%onhémi ng
tenperature i sSTARLHEALIOBRT nakT 1akedEtob e “*EXAMPLE 2 10 Preparation
and Sol uti Stability of 90Y-(2S)-2-
[({2,6-Dinethyl-4-[3-(N-{2-[3-sulfo-2.-(3- sulfo-2-{2-
[1,4,7,10-tetraaza-4,7,10-tri s(car exampeEhy| ) cycl ododecyl]acetyl am no -
- propyl ) propyl) et hyl } car banoyl 15 propoxy] phenyl ) sukfonyl )am no]-3-({7-
((i m dazol - 2- vyl a#ﬁ@ﬁ@t"—l’r%]’-‘i- Bt 1‘9&1-5&%%5%4‘?%8)%%%6 ﬁl% ‘%-

[({2,6-Dimethyl-4-[3-(N-{2-[3-sulfo-2-(3-sulfo-2-(2 .

{1,4,7,10-tetraaza-4,7,10-tris(carboxymethyl)

10 cyclododecyllacetylamino}-

-propyl)propyllethyl}carbamoyl) -
propoxy]phenyl}sulfonyl)amino]-3—({7-[(imidazolfz—
' ylamino)methyl]-1l-methyl-4-oxo (3-hydroquinolyl)}-
carbonylamino)propanoic. acid trifluoroacetate (2.8 mCi)
15 Using Ascorbic Acid (AA, 20 mg/mL or 0.1 M) as the
Buffer agent, Transfgr Ligand, and Radiolytic
Stabilizer. . :

(28)-2-[({2, 6-Dimethyl-4-[3-(N-{2-[3-sulfo-2-(3-

sulfo-2-{2~[1,4,7,10-tetraaza-4,7,10-tris (carboxymethyl)

20 “cyclododecyl]acetylamino}propyl)propyl]ethyl}carbamoyl)-
propoxylphenyl}sulfonyl)amino] -3-({7-{ (imidazol-2-
ylamino)methyl] -1-methyl-4-oxo (3-hydroquinolyl) }-
carbonylamino)propanoic acid trifluorocacetate was
‘prepared as disclosed in US Patent Application No.

25 09/456,300 and was subsequently dissolved in 0.1 M
ascorbic acid.buffer (pH 6.0) to give a concentration of
100 pg/mL. The resulting solution was immediately
degassed under vacuum for another 1 - 2 min. To a clean
sealed 5 mL vial was added 2.0 mL of 0.1 M ascorbic acid

30 Dbuffer (pH 6.0) containing 150 pg of (25)-2-[({2,6~
Dimethyl-4-[3-(N-{2-[3-sulfo-2-(3-sulfo-2-{2-[1,4,7,10-
tetraaza-4,7,10-tris{carboxymethyl)
cyclododecyllacetylamino}

59




car bonyl am no) propanoic acid trifluoroacetate (100 nC Level) Using
Ascorbic Acid (AA, 20 ng/nmL or 0.1 M pH 5.0) as the buffer agent,
Transfer Ligand and Radiolytic 20 Stabilizer. (25)-2-[({2,6

-Dinmethyl -4-[3-(N-(2-[3-sul fo-2-(3-sulfo-2- (2-[1,4,7,10-tetraaza-4,7, 10-
tris(carboxynet hyl)

cycl ododecyl ] acet yl am no} propyl ) propyl ] et hyl ) car banoyl ) -

pr opoxyl phenyl } sul f onyl )am' no) - 3- ({7-[ (i mi dazol -2 25 12 August2005

yl am no) met hyl ] - 1- met hyl - 4- oxo( 3- hydroqui nolyl'))- carbonyl am no) propanoi ¢

acid trifluoroacetate was prepared as disclosed in US Patent Application
No. 09/456, 300 and was subsequently dissolved in 0.1 MAA buffer (pH 5.0)
to give a concentration of 100 jig/m.. 30 The resulting solution was

i medi ately degmddpmnml]ethxtmlda@pymot her 1 - 2 min. To a clean seal ed

Eoﬁai \é: ﬁl \g/gg 8 Phényls sqflfgnﬂa)l\dknaﬁsp«m(q7a1:xﬁnﬂa?fz6w2([ 2“ 5.0)
-sul fo- 2- ?3 suﬂ’ O)Ee%@d % &%ﬁ@]t—#gg‘gg %%!yf% %ﬁnuoélyl&g
4,7,10-tris(caf £RYNY) PXOPRRRHHO AEAS | FrHINPTPATRTRG Fpr o -

pr opyI ] et hy$ } cashanioyl yps opweypkphergplihsuhden yiaFawi noPren addltlon
({7-[ (1 mi dazol o2-y1 gy BE)tetnay| |sclubkedyl2.4- aebY In50.05 N HCI,

hydr oqui nol yl )gcar b%r%l am n’gtgrop"?%oocaaﬁ% a}t tlechug_é)gaé:%gt e. The solution

was degassed ag® vacuum 90YC13
sol ution (101A8t¢ﬁ0<—)°°|1hn@ %rRPIP-IGmeFHétWéedctal SARE Phr EPSvas  heated at 95
C for 30 min. Aéé€rtigmObbhgrilon waormhbh teahered by diPlE s¥apisl 8f the

resul ting sl utjon.yvas oidsd ed;§Qufyol drud thstat iR eRBhaé Nagg sodi um

gentisate then kept at room temperature for 24 hours. Samples

were analyzed at t = 0 (RCP = 98.2%) and 24 h (RCP =
97.6%). The retention time was 11.7 min.

This clearly demonstrated that nlIn—(ZS)-z—[({Z,G;

15 Dimethyl-4-[3-(N-{2-[3-sulfo-2-(3-sulfo-2-{2-[1,4,7,10-
tetraaza-4,7,10-tris(carboxymethyl)
cyclododecyllacetylamino}

propyl)propyl]ethyl}carbamoyl) -
propoxy]phenyl}sulfonyl)aminol-3-({7-[(imidazol-2-

20 ylamino)methyl]-l-methyl-4-oxo (3-hydroquinolyl)}-
carbonylamino)propanoic acid trifluoroacetate could be
prepared in high yield using ascqrbic acid as a buffer
agent, a transfer ligand and a radiolytic stabilizer.
itn-(28)-2-[({2,6-Dimethyl-4-[3-(N-{2-[3-sulfo-2-(3-

25 sulfo-2-{2-[1,4,7,10-tetraaza-4,7,10-tris(carboxymethyl)
cyclododecyl]acetylamino}propyl)propyl]ethyl}carbamoyl) -
propoxylphenyl}sulfonyl)amino] -3-({7-[ (imidazol-2-
ylamino)methyl]-1l-methyl-4-oxo (3-hydroquinolyl) }-
carbonylamino)propanoic acid trifluoroacetate remains

30 stable in solution for at least 24 hours. Ascorbic acid
can be used as a buffer agent, a transfer ligand, and a
radiolytic stabilizer for the routine preparation and
stabilization of !''In-labeled biomolecules.
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(10 nmg/m.), and was then analyzed by HPLC (Method 1, injection volume =5
L). The resulting m xture was then kept in a dry-ice box (-78 C for 5
days. Sanples 15 were analyzed at t = 0 (RCP = 98.5%, 24 h (RCP = 98.4%,
68 h (RCP = 98.0%, and 120 h (RCP = 98.8% . The retention tine was 14.8
mn. This experinment clearly denonstrated that 90Y-(2S)-2-

[({2,6-Dinethyl-4-[3-(N-{2-[3-sulfo-2-(3-sulfo-2-{2- 20
[1,4,7,10-tetraaza-4,7,10-tri s(carboxynethyl) cycl ododel':%ﬁuﬁé@%)%ﬁ no} -

- propyl ) propyl ] et hyl) car banoyl ) -

propoxy] phenyl ) sul fonyl )am no] - 3- ({7-[ (i m dazol - 2-

yl am no) net hyl ] - 1- met hyl - 4- oxo( 3- hydr oqui nol yl )} 25 car bonyl am no) pr opanoi c

acid trifluoroacetate can be readily ¢ in high RCP (>98% under the

following conditions: 500 gg (2S5)-2-] , 6-Dinethyl -4-[3-(N-{2-]3-

sul f 0- 2- ( 3-sul f 0- 2- { 2-BAephrdt16n tfid 8oitibdn/sdabilitsy( 6ar Blwaynet hyl ) 30

cycl ododecyl ] acet '{%gggy -0 I_}_ty ranoyld - rve (oorara—

propoxy] phenyl ) sul o%} e{mﬁng k% {3%) fr#d@%% %arm {% [N-(2 {41 4

yl ami no) met hyl | - 1-éH IR -12Ca%Bee 1y d { byliindessad-2-vaarraie i o) 5r opanoi ¢

acid trifluoroacematkey¥-dr-ox603-hydroghi®dyl) h-5 nL of AA solution containing

iOO ngy 98\6531‘5 pkhéagaod}qgmgg)égh Rgggir{dg%gg@o 1r)_ggg_rerr§a| ns stgbl e 58d12
ugust or al.. > rbigc.a _gan be wused as

a buffer agent, aﬁf"ﬁ%i?grge??’%n ,taﬁ??ﬁlaé"fl{%%%ﬁha'ﬁgf%?s °§}blﬂl ?zer for the

routine preparati SRERFFRYLTeanRamexil) tAraginoptangydrBingidiol ecul es. 5

sulfopropyl}ethyl) carbamoyl]propoxy} -2, 6- :

10 dimethylphenyl)sulfonyl]amino}-3-({7-[ (imidazol-2-
ylamino)methyl] -1-methyl-4-oxo (3-hydrogquinolyl) }-
carbonylamino)propanoic Acid Conjugate
Bis(trifluoroacetate) Using Ascorbic Acid (AA, 20 mg/mL

or 0.1 M) as the buffer agent, Transfer Ligand and
15 Radiolytic Stabilizer.

" To a clean sealed 5 mL vial was added 2.0 mL of 0.1
M ascorbic acid buffer (pH 6.0) containing 137 pg of
DOTA/ (28)-2-{[{4-{3~[N-(2-{2-[ (48) -4~ (N-{1-[N-(2-{4-[4-
({[(18)-1-Carboxy-2-({7-[ (imidazol-2-ylamino)methyl]-1-

20 methyl-4-oxo(3-hydroquinolyl)}-
carbonylamino)ethyl]amino}sulfonyl)-3,5- ‘
dimethylphenoxylbutanoylamino}ethyl)carbamoyl]-2-
sulfoethyl}carbamoyl)-4-aminobutanoylamino] -3-
sulfopropyl}ethyl)carbamoyl]lpropoxy}-2, 6-

25 dimethylphenyl)sulfonyl]amino)}-3-({7-[ (imidazol-2-
ylamino)methyl] -1-methyl-4-oxo (3-hydroquinolyl))}-
carbonylamino)propanoic Acid Conjugate
Bis(trifluoroacetate) which was prepared as disclosed in
US Publication No. US20020182147Al1.The solution was

30 degassed again under vacuum. Upon addition of ~6 pL of
"Lucl, solution (~17 mCi) in 0.05 N HC1l, the reaction
mixture was heated at 95 °C for 45 min. After cooling
to room temperature, a sample of the resulting solution
was analyzed by HPLC (Method 2, injection volume = 2 pL)"

35 and reverse phase C;3 TLC. The radiochemical purity was
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EXAMPLE 3 Preparation and Solution Stability of 111In-(2S)-2-
[({2,6-Dinethyl-4-[3-(N{2-[3-sul fo-2-(3-sul fo-2-{2-
(1,4,7,10-tetraaza-4,7,10-tri s(carboxynethyl) 10

cycl ododecyl ] acetyl am no) -propyl)propyl]ethyl)carbanoyl) -

pr opoxy] phenyl }sul fonyl )am no] -3-({7-[ (i m dazol -

yl am no) net hyl ] - 1- net hyl - 4- oxo( 3- hydroqui nolyl)}- carbonyl am no) pr opanoi c.
acid trifluoroacetate (2.8 nCi) 15 Using Ascorbic Acid ( Auggst-%& or 0.1
M as the suffer agent, Transfer Ligand, and Radiolytic Stabilizer. '
(2S5)-2-[((2,6-Di nethyl-4-13-(N-{2-[3-sul fo-2-(3-
sulfo-2-(2-[1,4,7,10-tetraaza-4, 7, 10-ti s(car boxynet hyl) 20

cycl ododecyl ] acet yl am no} propyl ) propyl ] et hyl ) car banoyl ) -

propoxy] phenyl )sgubkoaty |0 anand]958- &€ 724 (i ppeazlebeZing. The TLC

vl ari no) et hy! Jsrbe 80t inda 0101 BY O IRE! 1kt ace@idhony! ari o) pr opanoi c
acid trifluoroacetate, was r.ed ags/ cIo g)ln US Patent Application

No. 25 09/ 456, §6@“5ﬁﬁl?ﬁa§ts@beséﬁdgh?l S%Yve in 0.1 M ascorbic acid
bu:‘fte_r (pH 6.0) to gtv% %1@&9%Ua%3nn@fm (289- 91{rtt<4 Tiaemﬂaul tlzng T
sol ution wa - mn. To a
clean seal Z’d ge;eq(g% lms?gmgg wt; %(Xfﬂéﬂ I\/ﬁasco bi E(gm d 30 buffer
(pH 6. 0) cont ai Hiipgdasy g-plaging) methyXl>lgmethyl-4-oxo(3-

Di net hyl -4-[3- (i Berh Brcliyll § PeddtoBy Sathirm) 2chPL (amidp YsWEonyl) -3, 5-

tet raaza-4, 7, 10stlk i SUNGKYIIHAbY 1 ansib L eripiRGYbhasAtI A n0) 59 12
August 2005 pr?H%oLE%éy% L gg%BQl%Cgiggand%ulanoylamlno] -3~

10 sulfopropyl}ethyl)carbamoyl]propoxy} 2,6~
dimethylphenyl)sulfonyl]lamino}-3-({7-[(imidazol-2-
ylamino)methyl]-1l-methyl-4-oxo (3~hydroquinolyl)}-
carbonylamino)propanoic Acid Conjugate
Bis(trifluoroacetate) could be prepared in high yield

15 using ascorbic acid as a buffer agent, a transfer ligand
and a radiolytic stabilizer. 'Lu- DOTA/(2S)-2-{[(4-{3-
[N-(2-{2-{ (48) -4- (N-{1-[N-(2-{4-[4-({[(18)-1-Carboxy-2-
({7-[(imidazol-2-ylamino)methyl]-1-methyl-4-oxo(3-
hydrdquinolyl)}carbonylamino)ethyl]amino}sulfonyl)-3,5—

20 dimethylphenoxylbutanoylamino}ethyl)carbamoyl]-2-
sulfoethyl}carbamoyl) -4-aminobutanoylamino] -3-
sulfopropyl}ethyl) carbamoyl]propoxy}-2, 6-
dimethylphenyl)sulfonyllamino}-3-({7-[(imidazol-2-
ylamino)methyl)-1l-methyl-4-oxo (3-hydroquinolyl) }-

25 carbonylamino)propanoic Acid Conﬁugate
Bis(trifluoroacetate) remains stable in solution for at
least 24 hours. Ascorbic acid can be used as a buffer
agent, a transfer ligand, and a radiolytic stabilizer

171

for the routine preparation and stabilization of "Lu-
30 1labeled biomolecules.
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propoxyl phenyl }sul fonyl )am no] -3-({7-[ (i m dazol -2- ylam

no) net hyl ] -1 - met hyl - 4- oxo( 3- hydroqui nolyl))- car bonyl am no) propanoi ¢ aci d
trifluoroacetate. The 5 sol ution was degassed agai n under vacuum Upon
addition of -7 pL of 111InCl3 solution (2.8 nCi) in 0.05 N HCl, the
reaction m xture was heated at 100 C for 5 mn. After cooling to room
tenperature, a sanple of the resulting solution was then analgééadj by HPLC
(Method 3, 10 injection volume = 10 L). The resulting mi & % hen
kept at roomtenperature for 24 hours. Sanples were anal yzed at t = 0 (RCP
= 098.2% and 24 h ¢1RERs= 97.6% . The retention tine was 11.7 mn. This
clearly denonstrated that 111In-(2S)-2-[({2,6 15

D nethyl -4-[3-(N-{2-[3-sul fo-2-(3-sul fo-2-(2-[1, 4,7, 10-

tetraaza-4, 7, 10- t rpatCas hQyyned Rk ) cycl ododecyl | acet yl am no)

propyl ) propyl | et hyl ) car banoyl ) - -

propoxyl phenyl } sul f onyl )am no]-3-({7-[ (i mdazol-2- 20

yl am no) net hyl ] --1-jret h o 0 r.0 car bon | ami no) pr opanoi c
acid trifluor oacet{;‘tee oual Xh(md?%ct o °°ﬁ‘p§s’?tr)11°n| cé‘?mcﬁ’ru& Hg®ascorbic acid
as a buffer agentradao%%sfl@hqlagmlam@e&uimoapwqt@ of diel i zer.

1111 n-(2S) - 2- [ ({ 2, forupR MaIvh-Ea{(BM[ N {4t B3- Shbuhe- @F @3cafpound of

sul fo-2-{2-[1,4,7,4Q:1Let r@qza-4,7,10-t ri s(carboxynet hyl)

cycl ododecyl ] acet yl am no) propyl ) propyl ] et hyl ) car barmyl ) -

.propoxyl phenyl ) sul fonyl ) am no] - 3- ({ 7-[ (i m dazol - '

yl am no) net hyl ] - 1- met hyl - 4- oxo( 3- hygdr oqui nol yl )) car bonyl am no) pr opanoi c
acid trifluoroacetate remains 30 stable in solution for at |east 24 hours.
Ascorbic acid can be used as a buffe yransfer ligand, and a
radiolytic stabilizer for the routi par ayron and

10 "HO OH

(I)

or a pharmaceutically acceptable salt thereof,

wherein

M is a metallic radioisotopes

Ch is a metal chelator;

Ln is an optional linking group:

BM is a biomolecule;

m is 1 to about 10;
15 X is 0, NR', or CHR';

Y is O-or S;
Z is hydroxyl. or halogen;

R’ is selected from: (C,~C,)alkyl substituted with
0-5 R’, (C,-C,,)cycloalkyl substituted with 0-5 R, (C,-
20 C,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R’; and
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stabilization of "1l n-|abel ed bionol ecules. 60 12 August 2005 EXAWVPLE 4

Preparation and Solution Stability of 177Lu-

DOTA/ (2S)-2-{[(4-{3-[N-(2-(2-[(4S)-4-(N-{1-[N-(2-{4-[ 4-

({[(1S)-I-Carboxy-2-({7-[(i mdazol -2-ylam no)methyl]-1 5 nethyl-4 -oxo (3 -

hydr oqui nol yl )}- carbonyl am no) ethyl]am no)sul fonyl)-3, 5-

di net hyl phenoxy] but anoyl am no} et hyl ) car banoyl | - 2-

sul f oet hyl } car banoyl ) - 4- am nobut anoyl am no] - 3- squoprth¥ﬁHgH§q3005

car baxnoyl ] propoxy} -2, 6 10 di net hyl phenyl ) sul f onyl

hyl - 4- oxo( 3- hydr oqui nol yl ) }- carbonyl am no) propanoi ¢ Acid Conj ugate

Bis(trifluoroacetate) U sing_Ascorbi Cl frbnc®r 0.1 M as the

buf fer agent, Tr a%s%%rlq‘_iieﬁﬁgﬁe% fﬁiﬁéﬁ%f"%‘f&%&éggﬁ i zer .. To a clean

sealed 5 ML \rah: WS, ackledozy 0 a=00NESD, NHC (BRI NBr hiFOHyi 8°Buffer (pH 6. 0)

containing 137 pg of

DOTA/ ( 2S) - 2- {Sf’eﬁ'-{

({[ (1S) - 1- Car box ywlibrdifi The
3

i1

di met hy| phe riSSSPHRE r dilnent 1s shont 4 mezml 1o abotrt,200'ms

sul f oet hyl } car banoyl 4. i HbUARAY! HTLAE] cclipotibh AP rRRHLLE! ()
b | : ,85?‘“

ey L o S ot earitioo} 48} (§alfidine GimoFagiolabeled

yl ami no) met hyl | sl LBYD: dhicd%e(3e Wl RgHES U khé - £ SN M-8R TRR) Pr opanoi ¢
Acid Conjugate Bis(trifluoroacetate) which was prepared_as disclosed in
US Publication KBY» eEsigesoTasiatin TARIGE AFFtriAlion and to at

least one of (2) control the pH of the
radiopharmaceutical composition and (3) reduce

10 radiometal colloid formation.

2. Thé radiopharmaceutical composition of claim 1

wherein the amount is effective to: (1) stabilize the

radiopharmaceutical against radiation induced ‘
'15 degradation and (2) control the pH of the

radiopharmaceutical.

3. The radiopharmaceutical composition of claim 1
wherein the amount is effective to: (1) stabilize the
20 radiopharmaceutical against radiation induced

degradation and (2)reduce radiometal colloid formation.

4. The radiopharmaceutical composition of claim 1
wherein the amount is effective to: (1) stabilize the

25. radiopharmaceutical against radiation induced
degradation, (2) control the pH of the

radiopharmaceutical and (3) reduce radiometal colloid

formation.




30 degassed agai n under vacuum Upon addition of -6 }3L of 177LuC13
solution (-17 nCi) in 0.05 N HCl, the reaction m xture was heated at 95 C
for 45 min. After cooling to roomtenperature, a sanple of the resulting
solution was analyzed by HPLC (Method 2, injection volune = 2 L)' 35 and
reverse phase C18 TLC. The radi ochem cal purity was 61 12 August 2005 94. 9%
at 0 h and 95% at 24 h post-labeling. The TLC showed m pj nal

[177Lu]col loid and [17Lu]acetate inpurities at the ori Ség‘%@uit 4Ry TLO).
It is clear that 17Lu- DOTA/ (2S)-2-{[(4-{3-[N-(2- 5
{2-1(4S)-4-(N-{1-[N-(2-{4-[4-({[(1S)-1-Carboxy-2-({7-

[ (i mdazol - 2-yl am no) net hyl ] -1 - net hyl - 4- oxo( 3-

hydr oqui nol yl ) } car bonyl am no) et hyl ] am no} sul f onyl ) - 3, 5-

di met hyl phenoxy] bummoyh@idpha}ﬁidfgﬂt)ical bamppisjtPon of claim 1

sul f oet hyl }car bgrmé/?) agB nobut anoyl am no] -3 10 sul fopropyl} ethyl)

car banoyl ] prop® & 2 di et hyl phenyl ) sul fonyl ] am no}-3-({7-[ (i m dazol - 2-
yl am no) net hyl ] -I - met hyl - 4- oxo( 3- hydroqui nol yl))- carbonyl am no) propanoi ¢
Acid Conjugate Bis(trifluoroacetate) could be prepared in high yield 15

usi ng ascor bi Cgaci Gas raafupbeha@dfRital dcdnipdastesn Idfgangim and a radiol ytic
stabilizer. 17Lu- DOTA (2S)-2-{[(4-{3-

[N (2-{2-[(2S)vheyedy ¥ FR-Q-2-{4-[4- ({[ (1S) - 1- Car boxy-2- ({7- [(| m dazol -

yl am no) net hyl ] - 1- et hyl - 4- oxo( 3 hydroqui nol yl)

} car bonyl am no) et hyl ] am no} sul fonyl )-3,5- 20

di met hyl phenoxy] bUtﬂJéOBé!aé fﬁm}ﬁaéwt)&aib@aﬂadshtzonsm toeidyl } car banoyl ) - 4--
am nobut anoyl am no] - 3- sul opi/ et hyl ) car barmoyl ] pr opoxy} - 2, 6-

di met hyl phenyl )"%ﬁ’r‘?’é‘n?l }%rﬁ‘*ﬁ%? XB={(7-[ (i m dazol - 2-

10 8. The radiopharmaceutical composition of claim 1

wherein m is 1 to about 5.

9. The radiopharmaceutical composition of claim 1

wherein m is 1 or 2.
15

10. The radiopharmaceutical composition of claim 1

wherein m is 1.

11. The radiopharmaceutical composition of claim 1

20 wherein m is 1 to about 5; X is O; and Y is O.

12. The radiopharmaceutical composition of claim 1

wherein m is 1 or 2; X is 0; Y is 0; and Z is hydroxyl.

25 13. The radiopharmaceutical composition of claim 1

wherein m is 1; X is O; Y is 0; and 2 is hydroxyl.
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yl am no) net hyl ] - 1- met hyl - 4- oxo( 3- hydroqui nolyl)} 25
car bonyl am no) propanoi ¢ Acid Conjugate Bis(trifluoroacetate) renains

stable in solution for at |east 24 hours. Ascorbic acid can be used as a

buffer agent,

10 HO OH (1) or a pharnaceutically acceptable salt thereof,

a transfer ligand, and a radiolytic stabilizer for the
routine preparation and stabilization of 17Lu- 30 | abel ed bi onol ecul es.
12 August 2005 Clains Wiat is clained is: 5 1. A radlopharnaceut

conmposition conprising a radiol abel ed chel at or - bi onol ecld BUgHS] éﬁéﬂ«a of
the fornmula MCh-Ln-(BMA,; and an anount of a conpound of fornula (I):

netallic radioisotope Ch is a netal chelator; Ln is an optional
DUD: BMis a biomolecule mis | to about 10; 15 X is 0, NR, or

is O- or S Zis hydroxyl. or halogen; Rl is selected from (C -C,,) alkyl
(C

I nki

ng

CHR1,

substituted with 0-5 R2, (C3-C') cycloal kyl substituted with 0-5 Re,

20 C10) al kenyl

10

15

20

25

substituted with 0-5 R, and aryl substituted

14. The radiopharmaceutical composition of claim 1
wherein the metallic radioisotope is present at a level
of about 10 mCi to about 2000 mCi.

15. The radiopharmaceutical composition of claim 1
wherein the metallic radioisotope is present at a

concentration of greater than about 5 mCi/mL.

16. The radiopharmaceutical composition of claim 1
wherein the radiolabeled chelator-biomolecule conjugate
of the formula M-Ch-Ln-(BM), is a diagnostic

radiopharmaceutical.

17. The radiopharmaceutical composition of claim 1
wherein the radiolabeled chelator—biomolecule'conjugate
of the formula M-Ch-Ln-(BM), is a therapeutic

radiopharmaceutical.

18. The radiopharmaceutical composition of claim 1

wherein the biomolecule is an antibody.

19. The radiopharmaceutical composition of claim 1

wherein the biomolecule is an antibody fragment.
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with 0-5 R2; and 63 12 August 2005 R2 is independently selected at each
occurrence from NH2, OH CO2H , SO3H, C (=0) NH2, NHC (=NH) NH2 ,

and wherein the concentration of the conpound of fornula (1)

pharmaceutically acceptable carrier or diluent is about 2 t he
radi ol abel ed

agai nst

radi ati on i nduced degradation and to at | east one of (té
the pH of the

radi ophar maceuti cal conposition and (3) rtifegud!

in an

PO3H2

chel at or - bi onol ecul e conjugate of the fornula M Ch-Ln- (BMn

cont rol

Q0Xi onet al

colloid formation. 2. The radi opharmaceutical conposition of claiml
wherein the anount is effective to: (1) stabilize the radiopharmaceutica

agai nst

radi ati on i nduced 15 degradation and (2) control

radi ophar maceutical. 3. The radi opharmaceutical conposition of cl
wher ei n the ano@ft iThefrhdidphagmaceut(itals tampdgitdonhef 2daim 1

radi ophar maceut g o2 4R NBlonoddbald A% nglsethe degradation and (2) reduce

r adi onet al

colloid

ormati on . The ra

the pH of the

aimil

| ophar maceuti cal conposition of

claiml1l wherein the anount | against radiation induced degradation, (2)
the pH of the radiopharmaceutical and (3) reduce radi onet al
format 2bn. W radigppgzrmacgpgcal composition of claim 1

control
colloid

5

10

15

20

25

30

wherein the biomolecule is a peptidomimetic.

22. The radiopharmaceutical composition of claim 1

wherein the biomolecule is a non-peptide.

2 3. The radiopharmaceutical composition of claim 1
wherein the biomolecule is a cyclic IIb/IIIa receptor
antagonist; an RGD containing peptide; a fibrinogen
receptor antégonist; a IIb/IIIa receptor ligand; a
ligand for the polymerization site of fibrin; a laminin
derivative; a ligand for fibrinogen; a thrombin ligand;
an oligopeptide that corresponds to the IIIa protein; a

_hirudin-based peptide; a IIb/IIla receptor ligand; a

thrombus, platelet binding, or atherosclerotic plaque
binding peptide; a fibrin binding peptide; a hirudin-
based peptide; a fibrin binding protein; a guanine
derivative that binds to the IIb/IITa receptor; a
tyrosine derivative; a leukocyte binding peptide; a
chemotactic peptide; a leukostimulatory agent; an LTB4
antagonist; a somatostatin analog; a selectin binding
peptide; a biological-function domain; a platelet factor
4 or growth factor; a compound that binds to a receptor
that is expressed or upregulated in angiogenic tumor
vasculature; a peptide, polypeptide or peptidomimetic
that binds with high affinity to the receptors VEGF
receptors Flk-1/KDR, Flt-1, or neuropilin-l; a peptide,
polypeptide or peptidomimetic that binds to avf3, avfs,-
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5. The radi ophar maceuti cal

r adi ophar naceuti cal
radi ophar maceut i cal
The radi ophar maceuti cal
9. The radi opharmaceuti cal
10. The radi opharnmaceuti cal
radi ophar maceut i cal
Xis 0; and Y is 0. 12. The radi opharnmaceuti cal
wherein mis 1 or 2; Xis 0; Yis O0; and z is hydroxyl. 25 13. The
conposition of claim1l wherein mis 1, Xis 0; Yis

r adi ophar naceuti cal
65 12 August 2005 5 14. The radi opharmaceuti cal

0; and z is hydroxyl.

conposition of claiml wherein Xis 0. 6. The
conposition of claiml1l 5 wherein Yis 0. 7. The
conposition of claiml wherein Z is hydroxyl.
conposition of claiml wherein mis 1 to about 5.
conposition of claiml wherein mis 1 or 2. 15
conposition of claiml wherein mis_ 1.
conposition of claim1 20 wherein 1o Aygust 2005, 0ut 5;
conposition of claiml

10 8.

11. The

conposition of asm‘ Molpinwhexrfai, not he2fet al ¢onouadi thotioperactspr esent at a

| evel of about febgﬁgaﬁgoggggtlﬁgge 1%?prl@§ a@h? ceutica

conposi tion of ¢

a concentrati ona@‘il@dafaﬁéﬁgm%n BeRtides; pelyyeptides orThe

radi ophar maceut pesd i GoaBReeid itdatobikdAitd) decaftorsi 6k Hiaairglisitabel ed

chelator-biogn
a

di agnostic

10

15

20

25

30

I"C ra I ‘oi sot Op S present at

| seul &5e0nl ugal e, 1. 0f kNS, W, 22 M L 1818 BdTeshS @

dPdph

that has been demonstrated to accumulate in patients
with Alzheimer's disease; an atrial naturetic factor
derived peptide that binds to myocardial or renal
receptor; an antimyosin antibody.that binds to areas of
infarcted tissue; or a nitroimidazole derivative that

localizes in hypoxic areas in vivo.

24. The radiopharmaceutical composition of claim 1
wherein the chelator is a cyclic or acyclic
polyaminocarboxylate, a diaminedithiol, a
triamidemonothiol, a monoaminemonoamidedithiol, a
monoaminediamidemonothiol, a diaminedioxime, or a

hydrazine.

25. The radiopharmaceutical composition of claim 1
wherein the chelator is tetradentate, with donor atoms

selected from nitrogen, okygen and sulfur.

26. The radiopharmaceutical composition of claim 1
wherein the chelator is diethylenetriaminepentaacetic
acid (DTPA); 1,4,7,10-tetraazazcyclododecane-1,4,7,10-
tetraacetic acid (DOTA); 1,4,8,11—
tetraazazcyclotetradecane-1,4,8,11-tetraacetic acid
(TETA); 1,4,7,10-tetraazazcyclododecane-1,4,7-triacetic
acid (DO3A); 2-Benzyl-1,4,7,1l0-tetraazazcyclododecane-
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17. The radi opharmaceutical conposition of claiml wherein the
radi ol abel ed chel ator-bi onol ecul e conjugate 20 of the formul a

M Ch-Ln-(BMm is a therapeutic radiopharmaceutical. 18. The

radi opharmaceuti cal conposition of claiml1l wherein the bionolecule is an
anti body. 25 19. The radi opharmaceuti cal conposition of claiml1l wherein
the bionolecule is an anti body fragnent. 66 12 August 2005 .2 0. T

radi ophar maceuti cal conposition of claim1l wherein the 1% HHey is a
peptide. 21. The radi opharmaceutical conposition of claiml 5 wherein the
bi onol ecul e is a peptidom netic. 22. The radi opharmaceuti cal conposition of
claim1l wherein the bionolecule is a non-peptide. 10 23. The

radi opharmaceutical conposition of claim1 wherein the bionolecule is a
cyclic lib/lllalredepgloEetrncridni a2id 4A-FPOTdt arlvhvg (Bepti de; a

fibrinogen recgpi iy ?msagoalﬁtm eeéfa*a&gééfclro%ee&%eiﬂ-qaeelm-a ligand for
t he pol yneri zation si brin; a lamnin 15 derivative; a ligand for

fibrinogen; a thrbifi-sris feetdhylagacisn)i gebdpta-#enevkt corresponds to the Ma

protein; a hi rUﬂ!lQ)'hQ?c?@glWﬂeﬂ@trﬁxﬁh@ﬁéﬂéa@c@@?@paI.cQ.rd ;| boghdi1a  thronbus,
platelet blndlng or atherosclerotic plaque |nd|nqﬁfept|de a fibrin

bi ndi ng pept ¥ de®-methvl ndiatng epgseipiapgpertacgtic BGidibPRIG ] protein; a
guani ne deri vagivm, WhRt ﬁ*%r&@cé%;&in&%ﬂ;}lbémiﬁ&ﬁ‘éﬁ}&ﬁa -& - (Byrosine

derivative; a Ieukocyte bi nd di ng peptld a chenotactic peptide; a
IeukostlrnJIator%m¥ﬁ$§ﬁrme%ﬁPﬁyFB& y1)-2,27:6,2"-terpyridine.

27. The radiopharmaceutical composition of claim 1

10 wherein the metallic radioisotope is "’Lu, °Pm, 53gm,
ey, Oy, Wl 6lgg, 68gy, 89g. mp  imgn 2°3Pb,_ Wy,
1g., 109pg, 105gy, 186pe 188, 60c, 620y, Scy, S'cu, 9'Ru,

or 1?pj .,

15 28. The radiopharmaceutical composition of claim 1
wherein the metallic radioisotope is **"rc, !'™gn, In,
0y, §7Ga, S8Ga, ®zr, Py, Lu, 4%pm, S3gm, 6o, sc,

1°9Pd, 1°5Rh, 186Re’ 188'Re' GOCu' 62Cul 64Cu or 67cu.

20 29. The radiopharmaceutical composition of cla;'.m 1

wherein the metallic radioisotope is **1in, °%, or ""Lu.

'30. A radiopharmaceutical composition comprising a
radiolabeled chelator-biomolecule conjugate of the
25 formula M-Ch-Ln-(BM),; and a compound of formula (I):
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ant agoni st; a somatostatin analog; a selectin binding 25 peptide; a

bi ol ogi cal -function donmain; a platelet factor 4 or growmh factor; a
conpound that binds to a receptor that is expressed or upregulated in

angi ogeni c tunor vascul ature; a peptide, polypeptide or peptidonm netic
that binds with high affinity to the receptors VEGF 30 receptors Fl k-1/KDR,
FIt-1, or neuropilin-1; a peptide, polypeptide or peptipo 'netiébgg:hat
binds to avfi3, avli5, 67 12 August 2005 a5(31, a4(3l, %RJSP# a2132;
a conpound that interacts wth receptor tyrosine kinases; a protein,

anti body, antibody fragnment, peptide, polypeptide, or peptidomnetic that
binds to receptors or binding sites 5 on a tissue, organ, enzynme or fl uid;
a t-anyloid protein that has been denonstrated-to accunulate in patients
with Al zheiner's disease; an atrialzgaturetic factor .derived peptide that
binds to nyocardial or renal receptor]; an _antinyosin antibody that binds
to areas of 10 infarcted tissue; or aj_ni s'nl;;zole derivative that

| ocal i zes in hypoxic areas in vivoygZ4. Fdi ophar maceut i cal

conposition of claim1l wherein the chel s a cyclic or acyclic 15

pol yam nocar boxyl ate, a di am nedithiol, \am denonothiol, a

nmonoam nenonoam dedithiol, a nonoam #&di am de@hot hiol, a di am nedi oxi ne,
or a hydrazine. 20 25. The radi opharmaceutical conposition of claim1
wherein the chelator is tetradentate, w R donor atons selected from

ni trogen, oxygen and sul fur. 26. The radi opharmaceutical conposition of
claim1l

or a pharmaceutically acceptable s;altv thereof;
S5 wherein |
M is a metallic radioisotope;
Ch is a metal chelator;
Ln is an optional linking group;
BM is a biomolecule;
10 m is 1 to a.bout 10;
X is 0, NR', or CHR%;
Y is O or S;
Z is hydroxyl or halogen;

R' is selected from: (C,~C,)alkyl substituted with
15 0-5 R’, (C,-C,)cycloalkyl substituted with 0-5 R’, (C,-
" C,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R%;
R’ is independently selected at each occurrence
from: NH;, OH, CO;H, C(=0)NH;, NHC(=NH)NH;, PO3Hg, and
20 SO;H;

wherein the concentration of the compound of formula () in ap pharmaceutically
acceptable carrier or diluent is about 2 mg/mL to about 200 mg/ml.; and
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5 wherein the chelator is diethylenetriam nepentaacetic acid (DTPA);
4,7,10-tetraazazcycl ododecane-1,4,7,10- tetraacetic acid (DOTA);
,4,8,11- tetraazazcycl otetradecane-1, 4,8, 11-tetraacetic acid (TETA);
4,7,10-tetraazazcycl ododecane-1,4,7-triacetic 30 acid (DG3A);

- Be nzyI -1,4,7,10-tetraazazcycl ododecane 68 12 August 2005
4,7,10-tetraacetic acid (2-Bz-DOTA); al pha-(2- phenet %/ é

et raazazcycl ododecane-1 -acetic- 4,7, 10-tris(nethyl acetd )Jg'd%t@p%
- benzyl - cycl ohexyl di et hyl enetri am nepentaacetic acid; 2-benzyl 5
6- met hyl - di et hyl enetri am nepentaacetic acid; or 6,6"- bi S(N, N, N',N'- tetra
(car boxynet hyl ) am nonet hyI )-4'-(3- am no-

4- met hoxyphenyl )-2,2':6',2"-terpyridine. 27. The radi opharnaceuti cal

conposi tion of cl agﬁﬁoilndé@ e kgaioghematdlildat cambaiisdbapiodss 177Lu,

149Pm  153Sm 90Y, | 1l.L 8 c. 117mBn, 203Pb,
177L , 47Sc, 18@\'90““‘?63&?\ é’ié’@ﬂégiﬂ‘%?é%ﬁfgﬁ‘dj %%é[ﬁ‘f°4 '67Cu. 97Ru, or

212Bi . 15 28. a&cﬁlﬂ:ﬂb@dﬂoph@latavguww conposition of claim1l wherein the
metallic radi oi sotope is 99ai Tc, 117nBn, 111In, 203Pb 67Ga, 68Ga, 89Zr,
90Y 177Lu 149Pm 153sm 166Ho, . 47SC, 109Pd, 305Rh, 186Re, 188Re, 60Cu,

62Cu, 64Cu or 67Cu. 20 29. The_radi ophar mac cal co SEL'[I on of claiml
wher ei n t heSnedat | i MekBPR| &8t BPELTS P13 TR ’S?@barﬁ?cﬁ 30. A '

r adi ophar maceutbgsli GREPEShEd ¥Ang OLRY Ir&tlﬂ@lfhrnﬁaduaicaﬂehﬁdh an ,
chel at or - bi onol ecul e conjugate qQf {he 25 fO{ rgul a MCh-Ln-(BM.; and a

cormpound of foPReNTF OF) 2 eampeynd gt foray

10

Y4

HO

HO OH

10 (1)

or a pharmaceutically acceptable salt thereof,
wherein
X is 0, NR', or CHR';
15 Y is O or S;
Z is hydroxyl or halogen;
R' is selected from: (C,-C,)alkyl substituted with
0-5 R*, (C,-C,)cycloalkyl substituted with 0-5 R’, (C,-
c,)alkenyl substituted with 0-5 R’, and aryl substituted
20 with 0-5 R%;
R’ is independently selected at each occurrence
from: NHz, OH, CO.H, C(=0)NH;, NHC(=NH)NH;, PO;H;, and
SO3H;

wherein the concentration of the compound of formula (1) in an pharmaceutically
acceptable carrier or diluent is about 2 mg/mL to about 200 mg/ml.: and
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HO OH (I) or a pharmaceutically acceptable salt thereof; 5 wherein Mis a
nmetallic radioisotope; Chis a netal chelator; Ln is an optional |inking
group; BMis a bionolecule; 10 mis 1 to about 10; X is 0, NR or Pnm; Y
is 0or S5 Zis hydroxyl or halogen; Rl is selected from (Cl-C o alkyl
substituted with 15 0-5 R2, (C -Cl,) cycloal kyl substituted with 0-5 R2,
(C - do)al kenyl substituted wwth 0-5 R2, and aryl subs{é}\uéﬁé ith 0-5
R2; R2 is independently selected at each occurrence from#ay ,2 . C02H,
C (=0) NH2, NBC (=NH) NH2, PO3H2 , and 20 SO03H, wherein the concentration
of the compound of formula in an phanmaceutically acceptable carrier or
diluent is about 2 ng/nL to about 200 mni: and 70 12 August 2005 '
provi ded t he radi opharnmaceuti cal conposition does not conprise an

addi ti onal bufferi nglegeinh the camouatidis ieffiattiteeltat cogtegjethe B 31, A

net hod for buffefd Pgearaadqghgggﬂé@%gg%i‘cal conprising contacting the
wth a

r adi ophar naceuti ca anount of a conpound of forrmula (1): HO OH or
a pharmaceutically acceptable salt thereof,

32. The method of ¢laim 3] wherein the
5 radiopharmaceutical is a radiolabeled chelator- '
biomolecule conjugate of the formula M-Ch-Ln- (BM)na;

wherein -
M is a metallic radioisotope;
Ch is a metal chelator;
10 In is an optional linking group:;
BM is a biomolecule; and |

m is 1 to about 10.

33. The method of claim 31 wherein the compound of formula (I)
15 controls the pH of the radiopharmaceutical during at
least one of the preparation, release, storage, and

transportation of the radiopharmaceutical.

34. A method for chelating a radiopharmaceutical

20 comprising contacting the radiopharmaceutical with an

amount of a compound of formula (I):




wherein Xis 0, NRL, or CHR1;, 15 Y is O or S; Zis hydroxyl or hal ogen;
. RLis selected from (Cl1-Cl0) alkyl substituted with 0-5 R3, (C -Cl0 )
cycl oal kyl substituted with 0-5 R2, (C3- Cl0)al kenyl substituted with 0-5
R2, and aryl substituted 20 with 0-5 R; R2 is independently sel ected at
each occurrence from NH2, OH CO2H, C(=0O) NH2, NHC(=NH)NH2 , PO3H2, and
SBH;, wherein the concentration of the conpound of forrru1lga in atrb
phhar maceutical acceptable carrier or diluent is about August 2008 apout
200 g/mL: and 71 12 August 2005 wherein the anobunt is effective to control
the pH of the radi opharmaceutical.z32. The nethod of claim 31 wherein the
5 radi opharnmaceutical is a radiolabel gd chel ator- bionol ecul e conjugate of
the formula M Ch-Ln-(BMA, ; wherein i lic radioisotope; Chis a
metal chelator; 10 Ln is an optiongly oup; BMis a bionolecule;
and mis 1 to about 10. 33. The nethod of ym 31 wherein the conpound of
formula (1) 15 controls the pH of the r armaceutical during at |east
one of the preparation, release, storag®, and @dHansportation of the
radi opharmaceutical. 34. A nethod for chelating a radi opharnmaceuti cal

(1)

or a pharmaceutically acceptable salt thereof,
5 wherein
X is 0, NR', or CHR';
Y is O or S;
Z is hydroxyl or halogen;
R' is selected from: (C,-C,)alkyl substituted with
10 0-5 R, (C,-C,)cycloalkyl substituted with 0-5 R’, (C,-
C,,) alkenyl substituted with 0-5 R, and aryl substi_tuted
with 0-5 R’;

R’ is independently selected at each occurrence from:
' NH,, OH, COH, C(=O)NH,, NHC(=NH)NH,, PO,H,, and SOH;

wherein the concentration of the compound of formula (1) in an pharmaceutically
acceptable carrier or diluent is about 2 mg/mL to about 200 ma/ml.: and

15 wherein the amount is effective to reduce

radiometal colloid formation.

35. The method of claim 34 wherein the
radiopharmaceutical is a radiolabeled chelator-
20 biomolecule conjugate of the formula M-Ch-Ln- (BM)a;

wherein

M is a metallic radioisotope;

73




20 conprising contacting the radi opharnmaceutical with an anount of a
conpound of forrmula (1): 72 12 August 2005 HO OH (I) or a pharnmaceutically
acceptabl e salt thereof, 5 wherein X is 0, NRl, or CHRI; Yis 0 or S
Z is hydroxyl or halogen; Rl is selected from (C, -C")alkyl substitut ed
with 10 0-5 R2, (C3-C,0 ) cycloal kyl substituted wwth 0-5 R2,

C,a)al kenyl substituted with 0-5 R2, and aryl substltuted vm 2 %5 R2; R2
i s independently selected at each occurrence from C (=0)
NH,, NHC (=NH )NH,, POSH2, and SQO3H, wherein the concentratl on of t he
conRau. n_d of formula (1) in an pharmaceutically acceptable carrier or
diluent is about 2 ng/nL to about 200 ntJnl: and 15 wherein the anount is
effective to reduce radionmetal colloid formation. 35. The nethod of claim
34 wherein the radi opiraridaaenétalakhesator;adi ol abel ed chel ator 20

bi onol ecul e conjugate of the formula MCh-Ln-(BM.; wherein' Mis a

met al | i ¢ radi oi sot ope;Liy3slan/erpiona(bikdngi graupret al chelator; Ln is an

optional I|inking group}jM IgMalgloe}notigggPé e%llgll e; and

m is 1 to about 10.

5
36. The method of claim 34 wherein the carpound of famula (I)
reduces radiometal colloid formation during at least
one of the preparation, release, storage, and
transportation of the radiopharmaceuticalj
10

37. A method for stabilizing a radiopharmaceutical
against radiation induced degradation and at least onme
of (1) controlling the pH of the radiopharmaceutical and

(2) reducing radiometal colloid formation; comprising
15 contacting the radiopharmaceutical with an amount of a

compound of formula (I):

HO

HO OH
(1)

20

or a pharmaceutically acceptable salt thereof,
wherein

X is O, NR', or CHR';




mis 1 to about 10. 5 36. The nmethod of claim 3:4 wherein the catpaxd of
fonnala (1) reduces radionetal colloid formation during at |east one of
the preparation, rel ease, storage, and transportation of

t he' radi opharmaceutical. 10 37. A nethod for stabilizing a

radi ophar maceutical . against radiation induced degradation and at | east
one of (1) controlling the pH of the radi opharnmaceutical and 2

reduci ng radi ometal colloid formation; conprising 15 conﬁ%ﬂg%%

radi opharmaceutic wth an anount of a conpound of forrmula (1): HO OH (I)
20 or a pharmaceutically acceptable salt thereof, wherein 74 12 August
2005 Yis O or S Zis hydroxyl or halogen; R is selected from (Cl-Cl0)
al kyl substituted w tthis@ ®rR$; (C3-Cl0) cycloal kyl substituted with 0-5
R, (C, 5 Cl0)al kenyl substituted with 0-5 R, and aryl substituted wth
0-5 R2; R2 is indepefidéathydrogrbceedisdrdeich occurrence from- NH2 OH,
C02H, C (=O NH2, NHC (= NH)NH2, PO3H2, and SO3H : wherein ;lhe
concentration of theRcofpsaterted £5pPRul &i1dy) athvh Fubshihutest Withca) |y
table carrier orod§ IRENC,ic5,) D01 dalyTBElbstiduBE@ UL LROO-STR’, (C,-

5 C,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R%;
R’ is independently selected at each occurrence
from: NH,, OH, CO;H, C(=0)NH,, NHC(=NH)NH,, PO;H;, and

SO3H;

wherein the concentration of the compound of formula (I) in ap pharmaceutically
acceptable carrier or diluent is about 2 mg/mL to about 200 mg/ml.; and

10 wherein the amount is effective to: (1) stabilize
the radiopharmaceutical against radiation induced
degradation and to at least one of (2) control the pH of

the radiopharmaceutical and (3) reduce radiometal

colloid formation.

15
38. The method of claim 37 wherein the amount is
effective to: (1) stabilize the radiopharmaceutical
against radiation induced degradation and (2) control
the pH of the radiopharmaceutical.

20

391. The method of claim 37 wherein the amount is
effective to: (1) stabilize the radiopharmaceutical
against radiation induced degradation and (2) reduce

radiometal colloid formation.

25

40. The method of claim 3 7 wherein the amount is
effective to: (1) stabilize the radiopharmaceutical

against radiation induced degradation, (2) control the
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10 wherein the amount is effective to: (1) stabilize the

r adi ophar naceuti cal agai nst radiation i nduced degradation and to at | east
one of (2) control the pH of the radi opharnaceutical and (3) reduce
radionetal colloid formation. 15 38. The nethod of claim 37 wherein the
anount is effective to: (1) stabilize the radi opharmaceutical' agai nst

radi ati on i nduced degradation and (2) control the pH of the
radi ophar maceutical. 20 39+. The nethod of claim 37 wher'® Augugt 208unt i s

effective to: (1) stabilize the radi opharmaceutical against radiation

i nduced degradation and (2) reduce radionetal colloid formation. 25 40,.
The nmethod of claim3 7 wherein the anount is effective to: (1) stabilize
t he' radi ophar maceuti cal agai nst radiation i nduced degradation, (2) control
the 75 12 August 2p9%lihefrddiephashajdudi &l et ¢3) redebe( 3)radiduetsal

radi ometal colloid for, %i on. .41. The nmethod of claim37 wherein the 5

r adi ophar maceut i ca?°]r]5°l§a %35 8Bel ed chel ator - bi onol ecul e conj ugat e of
the formula MCh-Ln-(BMm wherein Mis a netallic radioisotope; Chis a
metal chelator; 10 Ln is an optional linking group; BMis a bionvolecule;

and 41 . The method of claim 37 wherein the
5 radiopharmaceutical is a radiolabeled chelator-
biomolecule conjugate of the formula M—Ch--Ln—(BM)m

wherein
M is a metallic radioisotope;
Ch is a metal chelator;
10 Ln is an optional linking group;
BM is a biomolecule; and

m is 1 to about 10.

~ 42. The method of claim 37 wherein the amount is
15 effective to : (1) stabilize the radiopharmaceutical against
radiation induced degradation and to at least 6ne of (2)
control the pH of the radiopharmaceutical and (3)
reduce radiometal colloid formafion; during at least
one of the preparation, release, storage, and

3 20 transportation of the radiopharmaceutical.

43. A method for preparing a stable radiopharmaceutical

composition comprising contacting a radiolabeled

chelator-biomolecule conjugate of the formula M-Ch-Ln-
25 (BM)n; and an amount of a compound of formula (I):
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mis 1 to about 10. 42. The nethod of claim 37 wherein the anmount is 15
effective to : (1) stabilize the radi opharmaceutical against radiation

i nduced degradation and to at | east one of (2) <control the pH of the

radi opharmaceuti cal and (3) reduce radionetal colloid formation; during at
| east one of the preparation, release, storage, and 20 transportation of

t he radi opharmaceutical. 43. A nethod for preparing a stable ‘
radi ophar maceuti cal conposition conprising contacting é'zrgﬂgﬁ?tz%)@ﬁed

chel at or - bi onol ecul e conjugate of the fpryula MCh-Ln 25 (BMm and an
anount .of a conpound of fornula (1): 76 1 Auggst 2005 HO OH (I) or a

phar maceutical ly acceptable salt thereof, Y4 is a netallic

radi oi sotope: Ch is a netalchelator, HoOY is\an gptional |inking nroup BM
is a biomolecule; mis 1 to about 10; X is , or CHR ; Yis O or
S; Zis hydroxyl or halogen; R is select E@ rom ,-C,,) alkyl
substituted with 10 0-5 R2, (C -C') cycloal kyl substituted with 0-5 R,
(C C ,)alkenyl substituted with 0-5 R3, and(gryl substituted wth 0-5 R ;
and R is independently selected at each occurrence :

or a pharmaceutically acceptable salt therepf,

5 wherein
M is a metallic radioisotope;
Chis chelator;
BM is a biomolecule;
mis | to about 10;
X is 0, NR', or CHR';
Y is O or S;

2 is hydroxyl or halogen;

R' is selected from: (C,-C,,)alkyl substituted with
10 0-5 R, (C,-C,)cycloalkyl substituted with 0-5 R', (C,-
C,)alkenyl substituted with 0-5 R’, and aryl substj.tuted
with 0-5 R’; and

R? igs independently selected at each occurrence
from: NH;, OH, CO2H, C(=0)NH;, NHC(=NH)NH;, POsH;, and

wherein the amount of the compound of formula (I)
ig effective to: (1) stabilize the radiolabeled
chelator~-biomolecule conjugate of the formula M-Ch-Ln-
(BM), against radiation induced degradation and to at

20 least one of (2) control the pH of the
radiopharmaceutical composition and (3) reduce

radiometal colloid formation.




from NH2, OH, CO02H, C(=0)NH2, NHC(=NH) NH2, PO3H2, and 15 SO3H, _ heriu "-
concentration of the co of forma (1) inv A p tabLc carrier or diluent is
about 2 ne/nL to abut 200 mWri and wherein the anmount of the conpound of
formula (1) 1is effective to: (1) stabilize the radi ol abel ed

chel at or - bi onol ecul e conjugate of the fornula M Ch-Ln- (BM" agai nst

radi ati on i nduced degradation and to at 20 | east one of Zépcont ol_the pH
of the radiopharmaceutical conposition and (3) reduce 2N EH%tté?O%ol | oi d
formation. 77 12 August 2005 44. A kit conprising a sealed vial conprising
a predetermned quantity of a radiol abel ed chel ator- bi onol ecul e conj ugate
of the formula MCh-Ln- (BM., and an anmount of a conpound of forrmula (1):
5 HO OH (1) or a pharnaceutically acceptable salt thereof, 10 wherein Mis
a metal lic radi oi %Qt. 0pR;kitChoksridingt al sédRlat941 JdofiptSsidiy apti onal |inking
group; BMis a biomlecule; 15 mis 1 to abqut_ 10; X is _selected from O,
NRL , and CUR : PrPeetemiined guantify 05,8 1ragiolphela FhedatpPs-gel ect ed
from (C -Cl0) albighosetidlel toijadratket bf the formula M-Ch-Ln- (BM),, and

an amount of a compound of formula (I):

HO

HO OH
(1)

or a pharmaceutically acceptable salt thereof,
10 \.vherein
M is a metallic radioisotope;
Ch is a metal chelator;
In is an optional linking group;
BM is a biomolécule;
15 m is 1 to about 10;
X is selected from O, NR', and CHRY;
Y is O or S;
Z is hydroxyl or halogen;

R' is selected from: (C,-C,)alkyl substituted with
20 0-5 R’, (C,-C,)cycloalkyl substituted with 0-5 R, (C,-
C,,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0~5 R; and
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20 0-5 R, (C1-C10) cycloal kyl substituted with 0-5 R, (C, C10)al kenyl
substituted with 0-5 R, and aryl substituted wth 0-5R2; and 78 12 August
2005 R2 is independently selected at each occurrence from NH2, OH, CO2H
, C(=0)NH2, NHC (=NH) NH2, P 03H2, and 503H, wherein the concentration of
t he conpound of fornmula in an ceu d call acceptable carrier or diluent is
about 2 ne/m to about 200 ng/nL: and wherein the am)unt |s ef fﬁ:tg( ve to:
(1) stabilize 5 the radiol abel ed chel at or - bi onol ecul e co

formula M Ch-Ln-(BM ., against radiation induced degradatlon and to at

| east one of (2) control the pH of the radi opharmaceutical and (3) reduce
radi onetal colloid formation. 10 45. A kit conprising (a) a first vial
conprising a predeterm ned quantity of a radiol abel ed chel at or -

bi onol ecul e conj ugat e Rif i$ himdepemidnsl vt @ieched BY) eagin @cERTERRSENt of a

conmpound of formula, (I )NHz;'%PHOCSﬁ (El=Pnmg, RER(SROKE,] GdLiy asceptable salt

thereof, 20 wherein M1$ a I c radioisotope; Ch is a netal chelator;

Ln is an optional SP#Hki ng group; 79 12 Augus 05
g wherein thcgcognccntzgt_mn of the cog& ormula (D) in ap ghggaceug cally
acceptable carrier or diluent is about 2 mg/ml to about 200 mg/mL; and

wherein the amount is effective to: (1) stabilize
5 the radiolabeled chelator-biomolecule conjugate of the
formula M-Ch-Ln-(BM), against radiation induced
degradation and to at least one of (2) control the pH of
the radiopharmaceutical and (3) reduce radiometal

colloid formation.
10

45. A kit comprising (a) a first vial comprising a
predetermined quantity of a radiplabeled chelator-
biomolecule conjugate of the formula M-Ch-Ln- (BM)y; and

an amount of a compound of formula (I):

15

HO

HO OH
(1)

or a pharmaceutically acceptable salt thereof,
20 wherein
M is a metallic radioisotope;
Ch is a metal éhelator;

Ln is an optional linking group;
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BMis a bionblecule; mis 1 to about 10; X is selected fromO, NR3, and

CHR1 ;

Yis Oor S 5 Zis hydroxyl or halogen; R is selected from

(C -C)alkyl substituted with 0-5 R2, (C, TC ") cycloal kyl substituted with

0-5 R2,

(C2- do)alkeny | substituted with 0-5 R2, and aryl substituted

with 0-5 R2; and 10 R2 is independently selected at each occurrence from
NH2 , OH, CO02H, C (=0 NH2 , NHC (=NH) NH2 , PO3H2, and SO03H; _wherein
the anount is effective to: (1) stabilize the radi opharfEgu$cZ]05 agai nst
radi ati on i nduced 15 degradation and to at |east one of (2) control the pH
of the radi opharmaceutical and (3) a radionetal colloid formation; and
(b) a second vial conprising a pharnaceutically acceptable carrier or

di luent. wherein the conpound of fornmula (1) is present in an. anount
sufficient to proBMiésaa duemehedwsi;on of is about 2 ng/nmL to about 200

ng/ L

in the pharmaceutic
to

I rrier or diluent.
 mac Xtalcoc;eptabeca er or diluent. 80

%lbl)
X is selected from O, NR', and CHR;
f is O or S:

5 Z is hydroxyl or halogen;

R' is selected from: (C,-C,)alkyl substituted with

0-5 R*, (C,~C,)cycloalkyl substituted with 0-5 R’, (C,-
C,,)alkenyl substituted with 0-5 R’, and aryl substituted
with 0-5 R*; and

10 R’ is independently selected at each occurrence
from: NHz, OH, COjH, C(=O)NHz, NHC(=NH)NH;, POsHz, and
SO3H;
‘ wherein the amount is effective to: (1) stabilize
the radiopharmaceutical against radiation induce;i

15 degradation and to at least one of (2) control the pH of
the radiopharmaceutical and (3) reduceé  radiometal |

colloid formation; and

(b) a second vial comprising a pharmaceutically

acceptable carrier or diluent.

wherein the compound of formula (1) is present in an amount sufficjent to
provide a concentration of is about 2 mg/mL to about 200 mg/mL jn the
pharmaceutically acceptable carrier or diluent,
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