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Conpl exes _and Conj ugat es : The present invention relates to’' ™
novel, cha¥ ge--nodi fied chel ators useful to attach radi oactive netal
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or bifunctional coordinators, are known to be capabl e of bei ng

coval ently 2xARELE Rostrb P98 %ﬁbﬂg

cel | g%ll&i. opes or anti geérfg'. conlgugxes of such ant f“g%dy
chel ant conjugates are useful In d| agnost i ¢ and/ or therapeutic

applications as a nmeans of conveying the radlonucllde to a cancer or
A e, L e R L
581-585 s radic(aj:ﬁ?e?i)letal ions to tumor selective antibodies.

Functionalized chelanfs; or bifunctional coordinators, are known to be capable of
being covalently attached to an antibody having specificity for cancer or tumor cell epitopes or
antigens. Radionuclide cdmplexes of such antibody/chelant conjugates are useful in diagnostic
and/or therapeutic applications as a means of conveying the radionuclideto a cancer or tumor

‘10 cell. See, for example, Meares et al., Anal. B:ochem 124, 68-78 (1984); and Krejcarek etal,
- Biochem and Biophys. Res. Comm ., 77, 581-585 ( 1977)

Attachment of the metal ion to a protein such asan antibody has been achieved
by complexation by an acyclic chelate such as carboxymethylated amine derivatives of
ethyienediaminetetraacetic acid (EDTA) (U.S. Patent 4,662,420) or diethylenetriamine-

15 Ppentaacetic acid (DTPA) (U.S. Patents 4,479,930 and 4,454,106), covalently inked to the

. anti bédy. Such acycﬁc complexes, however, tend to be unstable in vivo either as a resuit of
acid-catalyzed decomplexation or competitive chelate binding by caicium or zincin serum. The
lack of stability can resultin uncomple_xed metal atoms in the body which have a cytotoxic
effect on healthy tissue (e.g., bone marrow).

20 ' An alternative to the use of acyclic chelates for the labeling of antibodies is the
use of mat.:rocycllic ligands. Certain macrocyclic bifunctional chelating agents and the use of
their copper chelate conjugates for diagnostic or therapeutic applications have been disclosed

inU.S Patent 4,678,667 and by Moi et al., Inorg. Chem., 26, 3458-3463 (1987). Attachment of
the aminocarboxytic acid functionality to the rest of the bifunctional chelating molecule fs

95. .through a ring carbon of the cyclic polyamine backbone. Thus, a linker attached at one end to
a ring carbon of the cyclic polyamine, is aiso attached at its other end to a functional group
capable of reécting with the protein.

Tetraazamacrocycles which can act as bifunctional chelating agents for use 1n
diagnosis and therapy are described in published European Patent Application 0 382 582, on

3g August 16, 1990. At least one of the side arms emanating from an amine of the ring being a
phosphinate ester The linker group being attached to a ring carbon of the
tetraazamacrocycie

U.S. Patent 4,994,560 discloses rhodium complexed to bifunctionai chelators
containing a poiyamine, wneremn the potyamine chelating agent can be a polyazamacrocycie,

'35 where the linker group 15 covalentiy attached to any one of the carbon or nitrogen atoms of
the polyamine. Such polyafnines form outstandingly inert compiexes with rhodium (1), but are

inappropriate for the radiochelation of lanthanide (i) metal ions.
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complexes with metal ions, especially “radioactive” metal ions having rare earth-type
1s chemistry. The complexes so formed can be covalently attached to an antibody or antibody
fragment to form conjugates and used for therapeutic and/or diagnostic purposes. The
complexes and/or conjugates can be formulated for in vivo or in vitro uses. A preferred use of
the formulated conjugates is the treatment of cancer in animals, especially humans.
Uses of the complexes and/or conjugates of this invention which contain a
20 hon-radioactive metal for diagnosis and/or treatment of disease states, such as cancer, are also
possible. See, for example, K. Pettersson et al., Clinical Chemistry, 29, 60-64 (1983) and
' C. Meares et al., Acc. Chem. Res., 17, 202-209 (1984), for a discussion of fluorescent-
-immunoguided therapy.

More specifically, the present invention is directed to a compound of the formula:

25 ' ‘ _ . Q
?
9 Y
R2 (CHp)——c— (CHp)y— N\’Q
1]
H h'I\/
30
Q
(1)
w'ner-'ein:
35 each Q'is independently hydrogen, (CHR5),CO,R; or (CHRS),C(O)N(R6}, with the

proviso that atleast one Qis (CHR5)pC(O)N('R5)2 ;
R at each occurrence is independently hydrogen, benzyl or C1-C4 atkyl;
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‘or therapeutic applications have been disclosed in U S. Patent 4,678,667
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m is an integer from 0 to 10 inclusive;

p=1tor2;
r=0or1;
w = 0or1;

16 with the proviso that n is only 1 when X and/or Y form an additional carbon-carbon bond, and
thesumofrandwisOor1;

R2 and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido. _
thiosemicarbazido, maleimido, bromoacetamido or carboxyl;

R3 is C1-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;

15 withthe proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hydrogen; or .

a pharmaceutically acceptabie salt thereof.

As used herein the term “alkyl” means a linear or branched alky!.

The present invention is also directed to rare-earth type metal ion complexes,

20 especially radioactive neutral or charged rare-earth type metal ion complexes, and to
conjugates formed with the aforementioned complexes and antibody or antibody fragments.
The term "radioactive” means a metal ion that emits particles and/or electromagnetic radiation
from the nucleus. The use of the amide-modified side arms offers advantages over chelating
agents known in the prior art which contain carboxylated side arms in that the chelating agents

25 containing the amide-modified side arms can be conjugated to proteins, such as antibodies,
under more mild conditions. The rapid formation of the conjugate is of importance in
production of a radiochemical compound for therapeutic and/or diagnostic purposes.

it has also been found that the chelating agents of the present invention, which
contain one amide-modified side arm, have a lower propensity for uptake in the bone than do -

30 chelating agents known in the prior art such as 1,4,7,10-tetraazacyclododecane-
-1,4,7,10-tetraacetic acid and bifunctional derivatives thereof.

In addition; the present invention also includes formulations having the
conjugates of the invention and a pharmaceutically acceptable carrier, especially formulations
where the pharmaceutically acceptable carrier is a liquid. The invention also includes a method

35 for the diagnosis or treatment of a disease state, especially cancer, ina mammal which
comprises administering to the mammal an effective amount of the formulation. The term

"mammal” includes especially humans.
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target site. Such a biological molecule, when attached to a functionalized chelate, serves to
carry the attached metal ion to specific targeted' tissues. Pfeferably, the biological material is
an antibody or antibody fragment.

As used herein, “antibody” refers to any polycional, monocional, chimeric
antibody or heteroantibody, preferably a monocional antibody. The term “antibody
fragment” includes Fab fragments and F(ab’); fragments and any portion of an antibody
having specificity toward a desired epitope or epitopes.

The term “conjugate” &5 used herein refers to a compiex of a biological material
attached to a bifunctional che!atihg agent or bifunctional chelate. The term "antibody/chelate

. conjugate” refers to an antibody which is covalently attached to a bifunctional chelate (i.e., the

bifunctional chelating agent having a chelated metal ion).

Metals which can form complexes with the bifunctional chelating agent§ of the
present invention include La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y an_d Sc.
Preferred radioactive rare earth-type metal ions include 153Sm, 166Ho, 90Y, 149pm, 159Gd, 740La,
1771y, 175Yb, 47S¢, and 142Pr. Other radioactive metal ions which may be of interest are 475¢,
99mTc¢, 186Re, 188Re, 97Ru, 105Rh, 109Pd, 197Pt, 67Cu, 198AL, 199AU, 67Ga, ésGa, 1114n, 113min,
115™in, 117mSn, and 212PH/212Bi. When the term “radioactive” is used in conjunction with the
word “metal ion”, it refers to one or more isotopes of the rare-earth type elements that emit
particies and/or photons, such as 153Sm, 166Ho, 90Y, 149Pm, 159Gd, 140La, 1771y, *75Yh, 47S¢, and
142pp.

' As used herein, “pharmaceutically-acceptable salt” means any salt of a compound
of Formula (i) which is sufficiently non-toxic to be useful in theraby or diagnosis of mammals.
Thus, the salts are useful in accordance with this invention. Representative of those salts, which
are formed by standard reactioné, from both organic and inorganic sources include, for
exanﬁple, sulfuric, hydrochloric, phosphoric, acetic, succinic, citric, lactic, maleic, fumaric,
palmitic, cholic, palmoic, mucic, glutamic, d-camphoric, glutaric, glycolic, phthaiic, tartatric,
formic, lauric, steric, alicylic, methanesulfonic, benzenesuifonic, sarbic, picric, benzoic, cinnamic
acids and other suitable acids. Also included are salts formed by standard reactions from both

organic and inorganic sources such as ammonium, alkali metal ions, alkaline earth metal ions,

4-
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char ged rdre-earth type nmetal ion corrpl exes, and to conjugat es formed with
the aforerrentloned conpl exes and anti body or anti body fragrrent The term

"radi oactive" neans a netal ion thatg3em ts particles and/og
1
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15 wherein: : _
each Qisindependently hyd.rogen, (CHRS),CO2R; or (CHR5),C(OIN(RS); with the
proviso that at least one Q is (CHRS),C(O)N(R6),;
R at each occurrence is independently hydrogen, benzy! or C-C4 alkyl;
m is an integer from 0 to 5 inclusive;
20 pistior2;
wisQort;
R2Z and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido,
thiosemicarbazido, carboxyl, bromoacetamido or maieimido;
R3 is C4-C, alkoxy, -OCH,CO,H, hydroxy or hydrogen;
25 -each RS independently is hydrogen or C1-Cq4 alkyl;
' each Ré independently is hydrogen, C;-Cq alkyl, or -(C;-C; alkyl)phenyl;
with the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hydrogen; or
a pharmaceutically acceptable salt thereof.

30 The bifunctional chelating agents described herein [represented by either of
Formula () or {I1)] can be used to chelate or sequester the rare-earth type metal ions,
particularly radioactive rare-earth type metal ions, so as to form metal ion chelates (also
referred to herein as “compiexes”). The complexes, because of the presence of the
funct;onalizing moiéty [represented by “R2" or “R4" in Formula (1) or ()], can be attached to

35 functionalized supports, such as functionalized polymeric supports, or preferably can be
covalently attached to proteins, or more specifically to antibodies or antibody fragments. Thus,
the complexes described herein (represented by either of Formula | or | complexed with

i rare-earth type metal ions, particularly radioactive rare-earth type metal ions) may be
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el ectromagnetic radi.ation fromthe nucleus The use of the am de-nodifi-ed
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3 conjugated to proteins, such as antibodies, under nore ml|d conditions.
The rapid f comlentivatigthedite anantjhegnerantibodit fragment endrrereferreditehefetnasn of a
radi ochem cal fggResnd for therapeutic and/ or diagnostic purposes.

It has al so been"found that the chel ating a%ent_s of the c&r] sent, i nventi on,

whi ch contain one ani'Be2haries epntibedy fraamenhichmIvRRese SRSIMET or
upt ake i n t hestibaehérdimtan be prepared by techniques well known in the art. Highly specific
5 monocional antibodies can be produced by hybridization techniques well known in the art,
. see, for example, Kohier and Milstein [Nature, 256, 495-497 (1975); and Eur. J. Immunol., 6,
511-519(1976)]. Such antibodies normally have a highly specific reactivity. In the radioactive
. metal ion conjugates, antibodies directed against any desired antigen or hapten may be used.
Preferably, the antibodies which are used in the radioactive metal ion conjugates are
- 10~ monocional antibodies, or fragments thereof having high specificity for a desired epitope(s).
Antibodies used in the present invention may be directed against, for example, tumors,
bacteria, fungi, viruses, parasites, mycoplasma, differentiation and other cell membrane
antigens, pathogen surface antigens, toxins, enzymes, aﬂergens, drugs and any biologically
active molecuies. Some exampiles of antibodies or antibody fragments are CC-11, CC-46, CC-49,
15 CC-49 F(ab'), CC-83, CC-83 F(ab'),, and B72.3. [See D. Colcher et al., Cancer Res., 48, 4597-4603
(Aug. 15, 1988) for CC-49, CC-83 and 872.3 antibodies. The hybridoma cell line B72.3 is
deposited in the American Type Culture Collection (ATCC) having the accession number
HB 8108. The various CC antibodies are disclosed in published PCT Application W0 89/00692, on
January 26, 1989 and published PCT Application WO 90/04410, on May 3, 1990. The other
.20 murine monoclonal antibodies bind to epitopes of TAG-72, a tumor associated antigen. A
more complete list of antigens can be found in U.S. Patent 4,193,983, which is incorporated
herein by reference. The radioactive metal ion conjugates of the present invention are
particularly preferred for the diagnosis and treatment of vari ous cancers.
Méthods for chelating the metal ion with the chelating agent of the present
25 invention are known in the art. The metal ion can be complexed with the chelating agent or
bifunctional chelating agent by adding the chelating agent or bifunctional chelating agent to
a solution of the radionuclide. Chelates form readily upon mixing in an aqueous solution at a
pH of 1to 10. Preferably, the reaction is carried out in a medium havingapHof5to 7.
Ambient temperatures of 20°C to 27°C can be readily employed for metal ion chelation. The
30 amountof metal ion employed may be from trace amounts to an amount exceeding equimolar
with the chelate. |
The conjugates of the present invention are preferably prepared by first forming
the chelate and then binding the antibody or antibody fragment. Thus, the process involves b
prepéring or obtaining the ligand, forming the complex with the metal and then adding the
35 antibody. Alternatively, a process for making labeled antibody conjugates can involve first ‘
conjugation of the bifunctional chelator to the antibody and its subsequent chelation to yield
the radionuclide-BFC labeled antibody. Any suitable process that results in the formation of

the conjugates of this invention is within the scope of this invention.
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4 5 purposesin that a shortened conjugation time reduces the amount of radiolysis and reduces
formation of by-products, such as antibody aggregates and chelate degradation products.

The conjugates of this invention, and in some instances the complexes of this
invention, may be employed as a formulation. The formulation comprises a compound of
Formula (1) with the antibody and/or metal ion and a physiologically-acceptable carrier,

10 excipient or vehicle therefor. Thus, the formulation may consist of a physiolagically-acceptable
carrier with a complex (metal ion + ligand), conjugate (metal ion + ligand + antibody) or
(ligand + antibody). The methods for preparing such formuiations are well known. The
formulation may be in the form of a suspension, injectable solution or other suitable
pharmaceutical formulation. Physiologically-acceptable suspending media, with or without

15 adjuvants, may be used. '

The formulations of the present invention are in the solid or liquid form
containing the active radionuclide complexed with the ligand. These formulations may be in
kit form such that the two components (i.e., ligand and metal, complex and antibody, or
ligand/antibody and metal) are mixed at the appropriate timé prior to use. Whether premixed

20 orasakit, the formulations usually require a pharmaceutically-acceptable carrier.

Injectable compositions of the present invention may be either in suspension or
solution form. In the preparation of suitable formulations it will be recognized that, in
general, the wa{er-solubility of the salt is greater than the acid form. insolution form, the
complex (or when desired the separate components) is dissolved in a physi ological'ly-acceptable

25 Ccarrier. Such carriers comprise a suitable solvent, preservatives such as benzyl alcohol, if
needed, and buffers. Useful solvents include, for example, water, aqueous alcohols, glycols,
and phosphonate or carbonate esters. Such aqueous solutions contain no more than
50 percent of the organic solvent by volume.

injectable suspensions are compaositions of the present invention that require a

30 liquid suspending medium, with or without adjuvants, as a carrier. The suspending medium
can be, for example, aqueous polyvinylpyrrolidone, inert oiis such as vegetable oils or highly
refined mineral oils, or aqueous carboxymethylcellulose. Physiologically-acceptable adjuvants,
if necessary to keep the complex in suspension, may be chosen from among thickeners such as
carbéxymethylcellulose, polyvinylpyrrolidone, gelatin, and the alginates. Many surfactants are

35 also useful as suspending agents, for example, lecithin, alkylphenol, polyethylene oxide
adducts, napthalenesulfonates, alkylbenzenesulfonates, and the polyoxyethylene sorbitan

esters.
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fragment " | nEPEYSE. QU8 metals i Soulier wsedor isaRos AieineHpe S Rte ' iy Nmiy i on

of an anti bodmah;a.wss@,spemflm ty toward a desired epitope or ep| t opes.
The term "conj ugate"

materi al dPtached to %%F‘fssgﬁ?,j?’?’gg& th% hsrar: %3“":@@%{‘”?'8#’%%*’;‘ mé}?é 11? "Ifcg‘rﬁj ag%Lﬁc |
chel at e. . The resemance amdgirgoely/, theabmplexes of Formula 1, especially complexes of Formula VI, with
Gd +3, attachment to polymeric supports for various purposes, e.g., as diagnostic agents, and
removal of lanthanide metal or pseudo-lanthanide metal ion by selective extraction.
Synthetic routes to add a linker moiety to the twelve-membered macrocyclic
15 (e.g., the free-base macrocycie, 1,4,7,10-tetraazacyclododecane), which would allow covalent
attachment of the bifunctional ligand to a protein, are disclosed in U.S. Patent Application
Serial No. 07/370,956, by Cheng et al., filed June 21, 1989, the disclosure of which is hereby
incorporated by reference. in general, thé process involves reacting a polyazamacrocycle with
between about one to three equivalents of an appropriate lelectrophile (e.g., any appropriately
20 substituted a-halocarboxylic acid ester) in a solvent which will not promote a proton transfer to
produce a mono-N-functional polyazamacrocycle, as disclosed in U.S. Patent 5,064,956, the
disclosure of which is hereby incorporated by reference.
The preparation of substituted a-haloacid esters, used as starting materials, is well
known in the art. One approach involves bromination or chiorination of'the acid halide
25 generated in situ, e.g., D.N. Harpp et al., J. Org. Chem., 40, 3420-27 (1975). This approach
allows for exclusive alpha-halogenation of alkanoic acids which may contain reactive benzylic
groups. A general method to substitute acid halides involves reaction of the organic acid with
thionyl chloride or sulfuryl chioride, e.g., E. Schwenk et al., J. Amer. Chem Soc., 70, 3626-27
(1944). Both methods utilize the free carboxylic acid which is frequently available from
30 commercial sources. _ g
Polyazamacrocycles such as 1,4,7,10-tetraazacyciododecane may be prepared by . -
* methods knownin the art, such as, T.J. Richman et el., Org. Synthesis, 58, 86-98 (1978).
Carboxylation of the mono-N-functional macrocycie may be performed by the
method of Desreux using bromoacetic acid derivatives and a suitable base [J.F. Desreux, Jnorg.
35 Chem., 19, 1319-24 (1980)).
Benzyl, or preferentially t-butyl ester of bromoacetic acid, should be employed
since purification of the resulting ester containing product is straightforward using silica gel

chromatography. importantly, removal of the labile ester group after purification is effected
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conj tjg.at e" refers to an anti body which is covalently attached to a

bi functional chelate (i.e., the bifunctional chelating agent having a

chel at ed® pet - Metals which can formco e
bi f &ncti o ‘ﬂ(f#e%Stl ng agents of the present invention incl H?ﬁglg%w
Nd, Pm Sm Eu, Gd, Th, Dy, Ho; Er, Tm Yb, Lu, Y and Sc. Preferred

radi oacti ve Pahydrelysiswith minerakacid(aaienys hydreshinfide[ae3q° Lot Cluaderils reagiop] v,
[err]Pm [er Eclr@@horls%fc}xlp?esefﬂl@srtﬁl Mdeﬁ‘tﬁf&&rﬁ?gr&uﬁr Sdrﬁ‘iyngwﬁ%e[aﬁélbb&s méthjier
radi oactive netal |o a \g&k}’ &E F&E nte{ﬁ a Jerr ]SC, [err]Tc,
[err]Re, [erfesffSeayidnespetyd ’]\; W't[‘%‘ftr' t f@’r“l"%lgf WP err]CU, [err] Ay,
[err]Au, [err]Ga, [erTﬂeGadutnbebfiublamu{eerd'e]akmto thie@blyddamacioeyclelntiry, bealode by
[err]Pb/[err ter radloactlve |s th
the word ® ms% ftmgoa“'anhalgar?'g?er stth'e i %em a%?' ?&lé&gé&?ﬁ%ﬁ%g@éﬂgg‘” h

t ype el enent ehlodefarme ithe plpaedureslfmrmmg an piheloamide tmnaﬂy imyolfesredcting a pempaiyHo,

[er]Y, [efrlExeec.{rﬁﬁgyaﬁﬁne&ﬂas&{rﬂalo[a&& ﬁallidﬁare ; ;.qe)ﬁzm&ﬁfnrti,&ﬂ and [err]Pr.

As used herein rmaceut | ca accept ab means any salt of a
conpound of For rrul a (Al}ofithe gtarting %’Pf%?%ﬁ@'ﬂ&ﬁf‘ﬁ&ﬂ\? cerapwdmefethm in

therapy or dind@mitniate &thePBVENBHIE from tofmerdif) sdutbds or ein®ewizak HomikAowh lifdrskare e
with this inventi onewI ﬁir)esentatlve of those salts, which are forned by

standard 1®a T ENE Bot h organi ¢ and inorgani c sources include, for
exanpl e, sul furi c hy&lgereral wmmtucpbmp&mpmduwmtelchzelateuocthapagserunmwenmn

Ll?gzilrrgh o malf' e{n gf & arg@or c'a%bmcrwg% ascgwe?n %T‘?'f'%e L %ﬁ\'oggh g‘lh'l%r@@oﬁipound

is md:cated by the terms shown, other similar moieties within Formula {(Dwherer = 0orl,n =

Oor 1,and m = 0 through 10 can also be prepared by this method.
15

20

25

30

35

REPLACED

THIS SHEET HAS BEEN




formc, lauric, steric, alicylic, methanesul fonic, benzenesul fonic, sorbic,-
pi cnc, benzoic, cinnam c acids and other suitable acids. Al so included are

salts for andard reactions fromboth organic and i nor
sal L2 for Rl btady orECE/Sss3iHeae

al kali metal ions, alkaline earth netal
5 5 and ot her srmlar I ons.
Part.i cul arIy preferred are the_salts of the con@(gunds of  Fornmula (1) where

the salt is chloride or theSGHEMEH: SYNEHEYSQF PADQTAMAL as acetate, or

m xtures thereof. Preferred conpounds of Formula (1) include those
conpounds where X ‘and §rare each H and r is 0 as shown by the follow ng

formul a: . COOtBY
f”ﬁ
L.

ll"H llll N 3

O,N tBuO0C

O2N
COOtBu l/ COOtBu
———-——9
N ““H ““N

tBuOOC ’\_N J coowy  BUOOC '\,,t/ COOtBu

CONH;

4 5

“2N coon
e
—_— -——-——-——>
HOOC COOH

CONH;

6

(a) 1.3 eq 2, CHCI, (78% chrom)

(b)2.05e t—buty? bromoacetate, Humg s Base, CHC!, (28% chrom);
(¢) 1.1 eq bromoacetamide, Humg ‘s Base, CHCI (90%)

(d) 10% Pd/C, H, (1 atm), ethanol H 0(100%)

(e) 6N HCL, 35-40 C (100%)

(f) Acid Washed Silica Chrom (50%)
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Q . ) [err] wherein: each Q
i s independently hydrogen, (CHR[err])[err]CJerr]R or '

(CH O N ith th [ that at | '
(SR eI B ARG N T ferr] v th the proviso LhaL ot | et

i ndependent |y hydrogen, benzyl or Cferr]-[err]al kyl; mis an
integer fromO0 to 5 intbeindiowing Scheme Il, the compoynds of Formula (1) Rre RIARPregdwhgrg two

i ndependent | o V@l 5B bre BdFbEBmid OAhQGHBNFoRe cRPBURE ishitfi¢atéd by the terms
shown, other similar moieties within Formula (1) wherer = 0or1,n = Oor1,andm = 0

through 10 can also be prepared by this method.

5

10

15

20

25

30

35
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t hi osemi car bazi do, carboxyl, bronpacetani do or nal ei ni do; Rlerr] is-

Cerr]-Cerr] aI koxy, -OCHerr]CJerr]H hydroxy or hydrogen; each
‘RS i ndept s hydrogen or Cerr]-Cerr]al kyl; e
indépendently i s%aydr ogen, Cerr]-Cerr] alkyl or -((err]-Cer r/ 93/03844

al kyl ) phenyl; with the proviso that R2 and R4 cannot both be hydrogen but

one of R2 and R4 nmust be h tically acceptable
salt thereof. The bﬁWEBnSQNJWQ?E%Q?ﬁéB escri bed herein
[represented by either of Formula (1) or (I1)] can be used to chelate or
sequester tthd -earth type netal iagns, particularly radioactive
rare-earth typ al ions, so as to yArtal ion chelates (also referred

to herein as " exes"). The cénpl exes, use of the prgsence of the

functional i zi ng noi repkésént d by "R &g o Rl erdy AN Fornula (I) or
(I'1)], can be attached n,ﬁi;,;, nal i zeg suppo su(#‘gs unctl onalized
pol yneric supports 8{) redib d.x/» can _be coyal entl) 'Ntna,qh QEQEE! ns, -
or- nore specifical FS’ 6 ant es or anti body,sbeanmen] h ég}ea]

conpl exes described herein (represented by either of F 6

conpl exed with rare-earthgtype netal ions, particularly rad| oactlve rare-
earth type netal ions) may be , 7

75:25 POSITION
{SOMERS: 95% SEL

O,N rCONHz rcr:mHz
N 8r (“N’\
\ e N
N ll"ﬂ\lll N—\ \
wood ) k‘/ COOtBy
kc:onxmz CONH;
9
8
CONHzHZN COOH
—————-—) r
Hood coon . HOOC CONHz
ONHz CONHZ
80% : . 20% .

(a) 1.05 eq t-butyl bromoacetate, CHCl; A (38% chrom)

(b) 2.3 eq bromoacetamide, Humg s Base, CHCI, (100%)

(c) 10% Pd/C, H, (1 atm), ethanol H 0(100%)

(d) 6N HCI, 35—4i)°C (100%); Acid Washed Silica Chrom (50%)
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6 covalently attached to an anti body or antibody fragnent and are referred
to herein as "conjugates" The anti bodi es or anti body

f ragment swehesya9g8Y be usedin the conj ugat es descri bed her eigpcERSoRH3I844
prepared byt echnl queswel I known inthe art Highl yspecific nonocl onal

2Tt el for exanpl SxchRafigts ca be poHaGRH T ey hosudamsseaklry = Pyt
Eur. J. | nnww@ba_rdeﬂmuﬁﬂﬁbu&w(tbal&fa)daraﬁlmbdﬂa.te ¢pdi es normally have a highly
ant1 bodi esdi rect ed’ a3l 2 AAVRER T au SR e e U0 novbe sed.
Preferably, the antihodthesmethod iof ehtemumeeldwwctlm; !Srtabpmh%f# inyelidepwidh Pargales

conj ugat &5 gh&linear accelerator or a cyclotron. Yet another way is to isolate the radionuclide from a
mixture of fission products. The method of obtammg the nuclides employed in the present
invention is not critical thereto. '

The invention will be further clarified by a consideration of the following

examples, which are intended to be purely exemplary of the present invention.

10 Glossary _
BFC = bifunctional chelator
DTPA = diethylenetriaminepentaacetic acid
HEPES = N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic Acid
HPLC = high performance liquid chromatography
15 IRMA = immuno-radio-metricassay

PA-DODADA = 1,4,7,10-tetraaza-1-N-(1-carboxy-3-{4-aminophenyl)propy!)-
-7-N-{1-carboxymethyl)-bis-4, 10-N, N-(carboxamidqmethyl)cyclododecane
PA-DOTA = 1-[2-(4-aminophenyl) ethyl}-1,4,7,10-tetraazacyclododecane-
-1,4,7,10-tetraacetic acid l
20 PA-DOTAMA = 1,4,7,10-tetraaza-1-N-{carboxy-3-(4-nitrophenyl)propyl)
-bis-4,7-N,N{carboxymethyl)-10-N-carboxamidomethyl)cyclododecane
PBS = phosphate buffered saline (containing 120 mM NacCl, 2.7 mM KCl, and
10 mM phosphate, pH 7.4)
_ SCN = isothiocyanato
25 TLC = thin layer chromatography
Generai Experimental
Mass spectra were obtained on a VG ZAB-MS high resolution mass spectrometer
(Positive lon Fast Atom Bombardment with Xenon using a matrix of
dithioerthyritol/dithiothreitol - “Magic Bullet” - uniess otherwise noted). 'H and 13C NMR
30 spectrawere obtained using a Varian VXR-300 spectrometer. Infrared spectra (IR) were
recorded on a Nicolet SSX FT/IR or Beckman Acculab instrument.
Elemental analyses are reported for the major chromatographed product without
further purification unless noted, and were determined by using a Perkin Eimer 2400 CHN
analyier. All samples were vacuum dried (50°-60°C at 10-* mm) overnight immediateiy prior to

35 analysis.

-13-




monocl onal antibodies, or fragnents thereof having high specificity for a
desired epitope(s). Antibodies used in the present invention nmay be )

di rect ed‘a%' for exanple, tunors, bacteria, fungi, viru ﬁﬁh LES,
nycaopl asma, cﬁ}?igeﬁr:"entiation and ot her cell nenbrane antigens, pa’tl%‘géen

surface antigens, toxins, enzynes, allergens, drugs and any biol ogically
active nol ecul es. Sord! selventsproployedwere hiBES arade materalowdich weresisedswithoutc. 11

CC- 46, CC 4 ; : VT D
ol cher et ol R e b
[

. ] 198%%_fgr (;?—49, CC- 83
and B72.-3 anif§ngoe Bash chromatogsaphyderhiniaup fescribrd ipthe iterpture (atih &5 Wa Kahty M e
Aneri c aﬂ Ty praita, Al n rmg.%bﬁgwa)g(oATm}gmgmmk h&dlacso,ess-hm"meamlﬁea gdtB
8108. The_ vaLyOMS.. ant.i | es e, di sdosed in i she ' ,cati on WO
89/ 00692, 5 oﬁé"'ﬁ‘éﬁéa‘?‘%"f&"aﬁ%&‘é" 3{‘%{?8'?1"’%’1?@8"’?5&1‘*"%06|“|“§% °?'64; Agg%yomm, on
May 3,1990. The ot herl) $alventBysteonbcl onal anti bodi es bind to epitopes of
TAG 72, a tunor associ at ednRiib@sn- A nore conplete listof antigens can be

found in U S. Patent4, 193, 983, ich is incorporated herein by reference.
The radioactive netal ionrmBM®hates of the present invention are

particularly preferred farkohdiftrsicdgmaionfundhydrésidat ment of various cancers.
Met hods for chelating the netal ion with the chelating agent of the present

i nventi ont%re known in t ié%4¥Y™¥ e netal ion can be conplexed with the
chel ati ng agent or bi2jsohednt Sy3&m 2hel ati ng agent by addi ng the chel ating
agent or bifunctional che_lcﬁltoir&g"@gent to a solution of the radionuclide.

‘Chel ates formreadily upon mXrng in an aqueous solution at a
: -methanol

- concentrate ammonium hydroxide
15 -12/4/1 vivratio
R¢ values are reported using these solvent systems and commercially available
Analtech silica plates (250 micron, Analtech Inc.).
All percentages are given in mole percents uniess otherwise indicated.
Structural identification of compounds is indicated by reference to the compound
20 humbersin the previous schemes.
Preparation of Starting Materials
Example A: Synthesis of d,l-2-Bromo-4-(4-Nitrophenyl)-Butanoic Acid, t-Butyl Ester
(Compound 1)
To a solution of 6 mL carbon tetrachloride and 15 mL thiony! chloride (0.2 mole)
25 wasadded 12.5 g of 4A-(4-nitrophenyl)butanoic acid (0.06 mole, FW = 209.20) under a nitrogen
atmosphere. The solution was brought to reflux for 1 hour with initial rapid liberation of
hydrogen chioride and sulfur dioxide. N-bromosuc-cinimide (11.5g, 0.062 mole) was then
added as a slurry in 20 ml carbon tetrachloride and three drops of 48 percent aqueous
hydrogen bromide catalyst were added to the warm solution wHereupon bromine liberation
30 Wwasnoted. The dark red solution was refluxed for an additional 35 minutes and at the end of
 this period, the red color discharged rapidly. A short path still head was attached to the pot
and unreacted thionyl chloride and carbon tetrachloride were distilled off (a total of 30 mL).
The solution in the pot was cooled and poured into dioxane (100 mL) with stirring. This dark
solution was slowly added to 250 mL of a stirred solution of 8 percent aqueous dioxane. The
35 dioxane was then removed on a rotary evaporator and 150 mL of methylene chloride was
added to the dark oil followed by removal of this solvent on the rotary evaporator. Another
250 mL portion of methylene chloride was added, the solution was dried over magnesium

sulfate and fiftered. To this solution was added dicyclohexylcarbodiimide (14.4 g, 0.07 mole),
-14-
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pH of 1 to 10. Preferably, the reaction is carried out in a nedium having a
pH of 5 to 7. Anbient tenperatures of 20[err]C to 27[err]C can be readily

I d’ [ hel ati on. Th t of tal i
enpl oye C&%iﬁétloncealon e anount of netal ion e%@@%@%ﬂ’f

fromtra 0 an anount exceedi ng equinmolar with the
The conjugates of the present invention are preferably prepared by first

form ng the &N¥-dimetyhamineryidisiefQi7 abandHe mittbutanelwith stisfing Wnsigya Ritragant .
Covsi oot h SRR NS S0AUAS UM ue oy (e
process for Wdﬁ??f{;‘?'i'%gf’gﬁ“ B3 ﬁﬁﬁvs‘@gm‘ﬁmyt@&ﬁ%ﬂ %F \W'é"t\"'le_r"ﬁs fltered to

conj ugat i on admdvédicxidheryiiiried Bad the hesliaing Solirthort vass eatradtdabaligh 2150 ispartibssexfuent
bt ocess. 1 Bat stk (POt ISR et (e Bl i CRad ] X Mym( BBl ralinet
i's wthin thEhenraanic pitase Wassiried pearragnesium sulfate, filtered and the solvent was removed.

The resulting oil was applied to a 1.5 X 14 inch column of flash silica gel which had been
pre-eluted with a 50:50 mixture of methylene chioride:carbon tetrachloride to afford 1(5.8 g,
0.169 mole) in 28 percent yield as a colorless oil the titled product d, 1-2-bromo-
10 -4-{4-nitrophenyl)-butanoic acid t-butyl ester. The product was characterized by:
THNMR(CDCl3)§8.18 (d, 2H, J,, = 8.7 Hz), 7.38 (d, 2H, J,p, = 8.7 Hz), 4.07 (dd, 1H,
Jy =8.1Hz, ), = 6.4 Hz methine H), 2.84 (m, 4H), 2.32 (m, 4H), 1.49 (s, 9H);
13CNMR (CDCl3) 5 168.9, 148.1, 146.9, 129.5, 124.0, 82.7, 46.3, 35.5, 33.0, 27.5;
IR(CDC!, film on NaCi plates) cm-1 2979, 2933, 1732 (ester), 1602, 1520, 1346,
15 1142 ' .
Example B: Synthesis of 1,4,7,10-Tetraaza-1-N-(1-Carbo-t-Butoxy-3-(4-Nitrophenyl)Propyl)
Cyclodo-Decane, Monohydrobromide Salt (Compound 3)

To astirred solution of 1.90 g cyclen free base (compound 2, 1,4,7,10-tetraaza-
cycilododecane) (10.5 mmol, FW = 172.28)in25 mLof pentene stabilized chloroform was

20 added 3.44 g of bromide 1(9.50 mmol corrected to 95 percent purity 1), prepared by the
procedure of Example A, over a 5 minute period under a nitrogen atmosphere with stirring.
The reaction solution was stirred for 48 hours at room temperature {T = 25°C). TLC analysis
(12:4:1 - solvent system 2) revealed conversion to the monoalkylation product
1.4,7,10-tetraaza-1-N-{1-carbo-t-butoxy-3-(4-nitrophenyi)propyl) cyclododecane -

25 (R_f = 0.79 ninhydrin, iodine, and ultraviolet active versus aminor, high R = 0.81). The yeliow
chloroform solution was applied to a 1.5 X 14 inch flash silica gel column which had been pre-
eluted with 10 percent methanol in chloroform. The oil was then eluted with this solvent until
passage of a light yellow band and then solvent system 1 was applied. An orange band
immediately preceeded the major UV active fraction which proved to be 3. The combined

30 * fractions containing this material were collected to afford the monohydrobromide salt of 3as a

_ thick oil (3.7 g, 7.67 mmol) in 80 percent yield. The oil wasdissolved in a minimum amount of
chloroform and this solution was triturated with ether to provide a gum which upon standing
1n this solvent became a white powder (decomposed between 70° to 110°C to a brown oil)
which proved to be analyticallly pure 3 upon vacuum drying, characterized by:

35 *H NMR (CDCi3) §8.13 (d, 2H, J,5, = 8.6 Hz), 7.48 (d, 2H, 155 =8.8 Hz), 3.71 (s, 3H),
3:23(dd, 1H, J1 = 8.2 Hz, J, = 6.3 Hz), 2.5-3.0 (m, 20 H), 2.65 (m, 2H), 1.46 (s, 9H);

13C NMR (CDCl3) 8 171.9, 149.7, 146.4, 129.6, 123.7,81.4, 64.8, 48.9,48.1, 46.6,
45.3,45.4,32.5,30.5, 27.9; |
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7 The chel ating agents of the present invention containing

t he am de- m)dlfled side arms have been found to conjugate with antibodies
under mI‘ O kéons nore rapi dIy t han chel ati ng agents con '

car boxyl at & SI arnms. The rapid conjugation is advantageous 1 n producl ng

radi ochem cal conJ ugates for therapeutic and/or di aq%gostlc pur oses in th
a shortened conj ugat i BAC ??h@"’r‘@ﬁ\‘ﬁ&@#ﬂﬁ@"&h@]ﬂ{zgﬁ?z ofi7 48 (peted. éﬂﬁ 1?&%&@3

formation of 1hy3;products, such as antibody aggregates and chel ate

degr adati on prodycts. tes nd in
so?re i nst anc<§-§—4’-‘?§$yE otypthegaef 1,4.7 1“’@"?%9‘3%{'“9%*%@)‘"8?@ @‘iﬂ gy&f igﬂ}gpy?)-
formul ati on. The f or nBik-417j-WN-(CarbortiBuesxymethyDelodddatnd: MonuhyirgkirpmigeSalt t he

anti body and/or netald @Qpa )@ physi ol ogi cal | y-acceptabl e carrier,
exci pi ent or vehicle (tch%o or. Thus, the fornulation nmay consi st of a

physi ol ogi cal | y- acceptadimt efshloreformyartaining 38me of F-hutyiiromezretate (2 memol)
conj ugat e (NMgh@hoo rﬁ’é‘du’%obl' ﬁﬁ@ﬂ‘\yf"arﬂﬂé {30GHMbI) Rlas £ddea gwbng(1aomtmrhaﬂaf)the The

met hods for preparin formul ations are wel | Iatlon may
Do 1t he- o PHSBbTOENA 1315 1 PERperad YR BIGFRSMER AT GEATRIS Bt e 444
phar maceut i ¢ ghe foleAtivasrembvedind ShéXradl gradidcy waspphiédddlaasusipeitkish gnfaﬁl
W th or \M1B hgglumn which had been pre-efuted with 5 percent methanol in chloroform. isolation of the
first UV active fractions (R, = 0.81in solvent systems, R, = 0.51in 10 percent methanol in
chloroform) upon elution with this solvent provided 4 (211 mg, 0.28 mmol) as its hydrobromide
sait in analytical purity. The coﬁrpound was further characterized by:
1H NMR (CDCl3) § 10.1 {broad s, 1H), 8.17(d, 2H, Jap = 8.6 Hz), 7.46 (d, 2H, Jap =
15 8.8Hz),3.2-3.4(m, 5H), 2.6-3.2(m, 18 H), 2.13 (m, 1H), 1.98(m, 1H), 1.50(s, 9H), 1.44 (s, 9H), 1.43
(s, 9H); o .
13CNMR (CDCl3) 6 171.3, 170,7, 169.6, 149.2, 146.6, 129.4, 123.8, 82.0, 81.8, 81.5
66.9,58.7, 51.5, 50.9, 49.6, 48.4, 47.7 46.9, 32.5, 31.2, 28.0, 27.9,27.8;
IR (CDCl3 film on NaCl plates) cm-1 2985, 1724 (ester), 1602, 1520, 1456, 1370,
20 1347,1151;
Example D: Synthesis of 1,4,7,10-tetraaza-1 -N-(1-Carbo-t-Butoxy-3-(4-Nitropheny!)Propyl)-
-Bis-4,7,- N,N—(Carbo—t-ButoxymethyI)—1O-N-(Carboxam4domethyI)Cyclododecane _
(Compound 5) and Reduction of the Nitro Group

To 1 mL of chloroform was added 83 mg (0.119 mmol) hydrobromide 4 as
25 prepared in Example C, 21.3 mg {0.159 mmol, 1.23 equivalents) bromoacetamide and 80 mg
(0.62mmol, 5.2 eq) diisopropylethyl amine, the solution was then placed ina 5 mm NMR
(nuclear magnetic resonance) tube. The NMR tube was placed in the NMR spectrometer (probe
T = 50°C) and the disappearance of the quaternary carbons of 4, (82.0, 81.8, 81.5 ppm) was
monitored. The corresponding increase in three new carbon quaternary signals for 5 (81.1,80.7-
30 80.5) was complete within five hours and characterized by:
'H NMR (CDCl,) 58.15(d, 2H, ) =8.4 Hz), 7.38 (d, 2H, J=8.4 Hz), 3.2-3.4 (m, 6H),
2.6-3.2(m, 18 H), 2.13(m, 1H), 1.85(m, 1H), 1.48(s, 9H), 1.46 (s, 9H), 1.41 (s, 9H);
13CNMR (CDCl,) § 174.3, 171.6, 176.3. 149.3, 146.2, 129.1, 123.4, 81.0, 80.7, 80.4,
62.6,. 57.0, 56.4, 56.1, 55.5, 55.0, 53.1, 52.8, 52.0, 51.6, 48.4, 46.0, 32.6, 31.0, 28.1, 27.9,27 7.
35 The chioroform was evaporated from the chioroform soiution of 5 and the
remaining light-yellow glassy solid was dissolved in 10 mL of 70 percent ethanol in water.
Palladium on carbon catalyst (100 mg, 10 percent Pd on carbon from Lancaster Synthesis Ltd.)

was added under a nitrogen atmosphere and hydrogen gas was sparged through the stirred
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adj uvants, may be used. - The fornul ati ons of the present

i nvention are in the solid or | iquid formcontaining the active

r adi onucl*\wis o§@ipé£xed with the ligand. These fornul ati ons nmapceusds/03844
kitform such that the two conponents (i.e., ligand and netal, conplex and

R R L R e
Fequire a phawamewmtbﬂltbwoarmeﬂﬁ@brleﬁ:oaarngia&ﬁnocompound 5b as a white] gtassydolie
conposi tions NERL i,ther in suspension or
solution for nﬁg? dere '"'" ud‘r‘??ﬁsasw%gﬁfz ber mulations it will be
recogni zed that, in gdﬁ&Dﬂl3,fllml¢e NagGiptates) ointl 13817, 298202936 g 24 (ebter)i 1588 famide)y

than the agi d1€09rﬁ56 1@9§q§5§ l,f)g) form the conpl ex (or when desired the
separate cdnponents)’ is di ssolve

Such carri ersE ‘s, éQrTffaﬁﬂzEf‘@bﬂ‘tﬁ@ﬁ*"%‘@%?‘(ﬁd?‘?’?@'éeng EAPYRS7- N Garpe-t-
al cohol, if needed, andudas& Wtﬁ«l)c}éﬁﬂw&aﬁ@tmﬁf@baud nqinu.da;ydffoafonﬁuasaw e,

wat er, aqueous al cohol S, sphon ters. Such -
aqueous sol utions cont'Bi %gHB?%‘V@f‘Y'MﬁP ‘58' %B’Fﬁg %B@gﬁ“@s HPTidR by
vol une. salt, as prepakred i eiaiiqbleama Pegidig YN0 ramel) wnwm«:moataate[ﬁndbhempbgem nt

i nvention t ha, 5tmo§r9n%'r£ %ng thF Sghjl!tl u%e éjvlep ?Ir;rtﬁ ﬁ]h% {aaﬁc%né;aq$%;olu\é¥?é un%%jsépplig‘a Eloe % Us

adj uvant s, %S a carri
pol yvi nyl pyr rbXﬁdtshélaShsﬂeagelc;pluswrmtuth \ucs em;géwabn@per'cem methaneldh khlorodgrmmed

m neral oils, g@horARKA HiISsoRROIIINIES N1Ght Failow, Bi3fue BENEAW RIS dt¥a GibingPt abI e

adJ uvants,

hydrobromide salt of 7 (230 mg, 0.38 mmol) as an inseparabie 75:25 isomer mixture of 1,7:1,4
diester positional isomers of analytical purity in 38 percentyield (R, = 0.14in 10 percent
15 methanol in chloroform) characterized by: I
~ THNMR(CDCl3) §8.17(d, 2H, J = 8.5 Hz), 7.52(75 percent) and 7.31
(25 percent)(two d, 2H total, J,p = 8.8 Hz), 3.23 (¢, 1H, } = 6.4 Hz), 2.5-3.1 (m, 18H), 1.8-2.2(m,
2H), 1.50 and 1.44 (two singlets for minor (25 percent) 1,4-diester t-butyl group), 1.46 and 1.39
{two singlets for major (75 percent) 1,7-diester t-butyl group)-the total integration for these
20 fourresonanceswas9H;
13CNMR(CDCI)§ 171.9, 171.3, 170.7, 169.8, 149.8, 149.0, 146.5, 129.6, 129.4,
123.8, 123.7,82.1, 81.8, 81.6, 81.3, 65.9, 65.6, 57.0, 51.4, 49.3,49.1, 47.1,47.0,44.5, 43.6, 32.5,
31.0,30.8, 27.9, 27.8,27.8;
IR (CDCl3 film on NaCl plates) cm-1 2979, 2942, 2856, 1724, 1602, 1520, 1456, 1354,
25 1152;
Example F: 1,4,7,10-Tetraaza-1-N-(1-Carbo-t-Butoxy-3-{4-Aminophenyl)Propyl}-7-N-(1-Carbo-
-t-Butoxymethyl)-Bis-4, 10-N,N-(Carboxyamido-Methyl)Cyclododecane
{Compound 9) '
In 7 mL of chloroform were dissolved 175 mg {0.289 mmol) diester 7 82 mg
30 (0.594 mmol), bromoacetamide and 116 mg (0.90 mmol) diisopropylethyt amine with stirring at
25°C. The solution was allowed to stir under a nitrogen atmosphere for 48 hours. After 48
hours the chloroform was removed on a rotary evaporator and the obtained light-yellow glass
was dissolved in 10 mL of 70 percent ethanol in water. Pailadium on carbon catalyst (120 mg,
10 pércent Pd on carbon from Lancaster Synthesis Ltd.) was added under a nitrogen
35 atmosphere and hydrogen gas was sparged through the stirred solution for 18 hours. TLC
analysis (solvent system 1) revealed a ninhydrin positive, ultraviofet (254 nm) a&ive spot. The
solution was filtered through Celite and the solvent evaporated to give 143 mg of 9 as a white

- glass.
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if necessary to keep the conplex in suspension. may be chosen from.anong
t hi ckeners such as carboxynet hyl cel | ul ose, polyvinyl pyrrolidone, gelatin,

and t he é%pﬁu}ezg%%!\/any surfactants are al so useful as suspenpépﬂjﬁgm

for "exanple, i n, al kyl phenol, polyethyl ene oxi de adducts,

napt hal enesul f onat es, al kyl benzenesul f onates, and the pol yoxg/et hyl ene
sorbitan esters. 'H NMR analysis of this material revealed two broadened doublets at 6.98 and

Many subst ancges ppii, aRindichsH ofinftfo redh AdBidn.Ci ty, density, and surface

Lensi on of the T aul §,2uspepel ON\IRA G37 bk, ob B PA LT hAP! ©

{amide), 1623, 1517, 1368, 1152.
5 Example 1: Synthesisof 1.4,7,10-Tetraaza-i-N-(1 -Carboxy-3-(4-Nitrophenyl)Propyl)-
-Bis-4,7-N,N-(Carboxymethyl)- 10-N-Carboxamidomethy!)-Cyclododecane
(PA-DOTAMA) (Compound 6) '
The crude amino derivative 5b (130 mg), prepared as described in Example D, was
dissolved in 10 mL of concentrated hydrochioric acid and the solvent removed (temperature did
10 notexceed 40°C at 10 mmto 0.1 mm) to give 6 as a'white solid. The white sofid was applied to a
column of acid washed, flash silica gel {1 X 12 cm with 10 g of gel, Alltech Inc.) which had been
eluted with 3:3: 1 chloroform:methanol:concentrated ammonium hydrbxide.
The triacidmonoamide 6 (R¢-0.19 in same solvent) was obtained as a
non-hygroscopic white solid (52 mg, 0.100 mmol) in 83 percent overall yield from 4. The isomer
15 ratio was determined by HPLC analysis (95:5 of 0.05 M sodium acetate (pH = 6):acetonitrile to
50:50 in 10 min, 1 mL min-1 at 254 nm using a 100 mm Econosphere C18 column with guard)
and indicated the material to be greater than 97 percent area purity. The NMR spectra of this
material under the following conditions were consistent with a pair of diastereomeric amides
which arise from restricted rotation about the C-N1 bond.
20 TH NMR (D20 with dioxane internal standard, pH = 4.5, 30°C) § 7.21 (m, 2H), 7.01
(m, 2H), 1.8-3.9(m, 27H):
13C NMR (D0 with dioxane internal sfandard. pH=4.5,30°C) § 180.5, 180.0,
177.5,177.3,175.3, 1749, 173.0, 142.9, 141.5, 137.3, 136.4, 132.9, 122.0, 121.6, 69.0 (dioxane),
65.1, 65.0, 58.9, 58.6, 58.5, 58.2, 54.6, 53.8, 53.2, 52.1, 51.6, 51.3, 50.7, 50.4, 49.7, 49.0, 48.7, 54.0
25 (“doublet”), 29.6, 29.1; '
- MS (FAB in “magic bullet” matrix) m/e {1 percent} 523 (100 pércent, (M+H)+),
545 (38 percent, (M + Na)+), 561 (M + Ca-H)*).
. This material was used directly in subsequent chelation studies.
Example 2: 1,4,7,10-Tetra-1-N-(1-Ca rboxy-3-(4~AminoQPheny!)Propyl)-7-N-(1-Carboxymethyl)-.
30 Bis-4,1 O‘N,N-(Carbbxamidomethy!)Cycl ododecane (PA-DODADA)
(Compound 10a/b) |
Compound 9 {143 mg) as isolated in Example F was dissolved in 6 N hydrochloric
acid and the solvent removed in vacuo (40°C, 10-1 mm) after ten minutes. The obtained white
.~ solid was applied to a column of acid washed, flash silica gel (1 cm with 15 g of gel, Alitech Inc.)
35 which had been eluted with 2:2:1 chioroform:methanol:concentrated ammonium hydroxide.
The symmetrical 1,7-diacid (R¢= 0.32 in same solvent) couid not be preparatively separated
from 1,4-diacid (Rs = 0.20) under these conditions, and fractions containing both compounds

were pooled to provide an 80:20 isomer mixture of 10 (80 mg, 0.134 mmol) in 58 percent
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For exanple,. silicone antifoans, sorbitol, and sugars are all useful
suspendi ng agents. An "effective amount” of the fornulation

i s used ﬁ%%ggﬁgy The dose will vary depending on the di Seﬁ@&%ﬂﬁw

treat ed. in vitro diagnostics can be performed with
formul ations of this invention, in vivo diagnostics are al so contenpl at ed.
The conj ugat eueaﬂdiefderVa‘fhedmemfatWa;dbtemhmd bnHRI&Rnalys<(9HB 0058 | n

radi oi rmuno- %ﬂ&ﬁurﬁuw&rs& pHEleS éton ﬂvaﬁ]x%qomimmrm@nﬁ, " sahnt Gl

used for this poseasomcu err Qéerr] n, [errJmn, [err Gaand
[err] Ga. 100 mm Econosphene|C48 caluras wigh gyandbansrindisated fhe matarial iorbegreaterthan nt

i nventi on nmaygsipafbatdpedigitgt i C resonance imaging, e.g., the conpl exes of
Formula |, especially l.exes .o oy

pol yneri c Supports fowg&gp "bdga%ﬁg"ﬂ& ’gat"é‘)'a)e“ %?‘W’%ﬁggﬁf’ﬁ“%aﬂmpéh%‘l
renoval of | 428 denent/@MANa)t). or pseudo- | ant hani de netal ion by selective

extract i on. B T AT e TR A

t wel ve- menber ed nacrocycllc nacrocyc 1,4,7,1
0- tetraazacy&ﬂﬂﬂdﬁtaﬁsparaﬂmeﬁLMQﬁT&M@w coval ent attachrrent of the

bi functional ligand t F far=7eTa) I i on
Serial No. 07/370. 956&:%55”@&‘%“”3 {'G"%é?t MLQEdA‘ﬁ“'P@t'RBﬁJlAggldoﬁe of

which is Her M“Wﬁ&%ﬁﬁbwa%@&e‘g??@f‘é@r%@ H(%HM(\MA“Q%O[SFHMSS i nvol ves
reacting a pmmmamgpommluemmteh uméry\eenpmawm@@amfmbwuemhmeanm of

an appropri at %akesl( to %‘Pewormat‘on oghwo gg¥te é%gters wnﬁ ter¥uon times of 3.53 and 3.66 min.

{100 mm Econosphere €18 3 p column, 95:5 t0 30:70 in 10 min., pH = 6.0, 0.05 M ammonium
acetate:acetonitrile, 1 mL/min, 254 nm, Hewlett-Packard 1090 liquid chromatograph). The free

15 ligand, PA-H(NH),DO0TAMA, had a retention time of 1.85 min.
Exarpled; Preparation of SCN-PA-DOTAMA

The starting amide, PA-H{NH;),DOTAMA (23 mg), was dissolved in 3 mL of

distilled water and thiophosgene (15.8 pL) was added. The mixture was mixed vigorouslyina
Mixxor™ for approximately 2 minutes. Excess thiophosgene was extracted with three 1 mL

20 portionsof chloroform. The aqueous layer was added to 20 mL of acetonitrile and the solvent

.was removed on a rotary evaporator at room temperature. The solid was dried for 2hoursona

vacuum line at room temperature.

Fast atom bombardment mass spectrum, m/e 565 and 587 (positive ion,
(M+H+]+ and M + Na+]+, respectively) and m/e 563 and 585 (negative ion, {M-H +}- and
25 [M-2H+ +Na+]-, respectively). '
The product was dissolved in approximately 4 mL of distilled water and stored at
-70°C. )
Example5: Preparation of [Lu(SCN-PADOTAMA)]
Lutetium trichloride (LuCl36H-0, 5.0 mg) was added to 1 mLofa
30 SCN-PA-DOTAMA solution (prepared as described in Example 4) and the resulting solution was
titrated, using a pH- meter, to about pH = 6.4 by the addition of 0.10 M sodium hydroxide. The
solution was reduced to dryness on a rotary evaporator at room temperature and driedon a

vacuum line. The HPLC reténtion times of the recovered products were 6.25 and 6.28 minutes

(two-diastereomers, 100 mm Econosphere™ C18 3 u column, 95:5 t0 30:70 in 10 min., pH=6.0
35 0.05Mammonium acetate:acetonitrile, 1 ml/min-1, 254 nm, Hewlett-Packard 1090 liquid

chromatograph).
Fast atom bombardment mass spectrum, m/e 737 and 759 {positive ion,

[M+H+]+ and [M + Na+]+ respectively) and m/e 735 (negative ion, {M-H +]-).
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substituted a-hal ocarboxylic acid ester) in a solvent which will not
promote a proton transfer to produce a nono-N-functional pol yazanmacrocycl e,

as disclo S. Patent 5,064,956, the disglosure of whic

i ncor por aﬁ‘gg%@‘? erence. The preparation of Suﬁgﬁﬁ}ﬁ/@%
a- hal oacid esters, used as starting materials, is well known in the art.
One approach Emmejg@s Ptﬂparﬁthapfbn(PerDQnAQﬁ)lﬁhat ion of the acid halide

generated in situ, e. %hﬁ HRJeOPAFNHﬁJDooAbA(%H: fé?'?ﬁﬁ%uré& isonfedDartl’

(1975). This appr oach a or exclusive al enation of al kanoic

aci ds whi ch nW"Q@fri-tuﬂsﬁHz‘éa'efqW@'b@dﬂ?lml@fSFB'LﬂS'é”atﬁ i7eh- &l TheSe!HERN wes
substitute ackedidadh hﬁswbatn\épweﬁ;rwaqmenm solveAt vids @R rémaddtbnai rotary hi ony|

chloride or sul fur | ori de, Schvvenke em S 70,
5626 27 ( 1948 HBIR AFLYRSUEA L1 28 HETTNER S AT C IRt 2P,
frequent |y avmodubtantdinehtweoopraaies (duato theforraation of multiple isomers) with retention times

POl a2 Tacr 08 3nd gl nfuds ipde ek 64 LORERAL 8O FFR A oaHR$ARRDL 508564

by net hods knowii i n the esl s,
58, 86- 98 ( 1978¥o isomers), had retent!on@alew&@tnﬂéﬁzmmtﬂasaﬁmbomb#rdmemml

macrocycl e W%e&ﬁmp%émds. :&ﬁﬁn?ﬁh@ﬂ%éﬁza%%ﬁ%dﬂﬁém [R-QpRafghd ¢ acid

derivatives and a suitable base . Desreux, Inorg 19, 1319-24
(1980)]. 10 IM*-H++C)Benzyl, or preferentially t-butyl ester of

br onpaceti ¢ ogxhg 1es;hom}é§,am.oaaps@ympsrmm wuwi fication of the resulting

ester cont aining pr Od Li‘o a rrlm%tursé ofgk gpotfﬂ%rLt\JN?Or?dmﬁl? {nrbgosﬁ\l | Id?c?ch%nc acid and 25 pl of

: HEPES buffer (1.0 M, pH 7.0) was added 4 ! of a SCN-PA-DOTAMA solution (S mM in H;0). This
was vortexed for about S seconds, and was allowed to stand at room temperature for 5 minutes

15 before purification on a PRP-1 Mini-Clean™ (Trademark of Alitech Associates, Inc.,-Deerfield, iL)
cartridge (80 ul). The yield of the SCN-PA-DOTAMA-177Lu complex was around 75 percent
determined by HPLC analysis on a GF-250 column (duPont™ Zorbax Bio series, 9.4 mm
1D x 25 cm), eluted with a citrate buffer (0.25 M, pH 7.0) containing 10 percent acetonitrile. The
HPLC system was equipped with UV (280 nm) and radioactive dual detectors (Spectro 757 UV

20 detector from the Applied Biosystems Inc. CA, and HPLC Radioactive Detector of Berthold
Analytical Inst., Germany). '

To purify the 177Lu complex, the chelation mixture was loaded onto a PRP-1

cartridge, pretreated with 800 yl of acetonitrile, 400 pl of water and 800 pl of a wash buffer
(10 percent acetonitrile in 50 mM carbonate, pH 9.5) after being washed with 800 ul of the

25 same wash buffer, the SCN-PA-DOTAMA-177Lu complex was eluted off in an acetonitrile-
carbonate buffer (2: 1) mixture. The first 50 pl of the eluent was discarded. The bulk of the
desired product came off in the next 50 pl. The SCN-PA-DOTAMA-177Lu complex was identified
by comparison of the retention time on HPLC with that of an authentic sample prepared per
Example 5. C

30 Example8: Preparationof PA-DOTAMA-177Lu F(ab?), CC49 Conjugate

F(ab’), CC49 was prepared by enzymatic digestion of 1gG CC49 according to the

procedure described by Lamayi and Nisonoff, J. Immunol. Methods, 56, 235-243 (1983),
exchanged into a carbonate buffer (50 mM, pH 9.5) and concentrated to approximately

‘ 16 rﬁg/ml. To 170 ul of the antibody solution (25 nmoles) was added 30 ul of the

35 SCN-PA-DOTAMA-177Lu complex (8.7 nmoles; 3.8 mCi) prepared as described in Example 7.
This solution was voﬁexed for about S seconds and was aliowed 10 stand at room temperature
(about 22°C) for 2 hours. The progress of the conjugation was foliowed by HPLCon a GF-250

column. Fifty-three percent of the 177Lu had become antibody bound with an average number
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chromat ography. |nportantly, rermval of the labile ester group after
purification is effected

9 by hy ¢y th mineral acid (aqueous hydrochlori deat 3PERdo3fd3844
40[evr]O) - un%:’slb mld reaction conditions which preserves the amc}j

functi onal grou Surprisingly, the anal ogous nethyl ester of 5 coul d_not
be hydr ol yzed* ¢ Rer@ntibosiyestimatedto baArennd . ZAfter two hours. Upon termipation e {744 of

the anide si d@beﬂédﬁ(&&)zmep@me\dﬁééﬂiﬁﬁ@ﬁwéi BrEgn h&hdmabyx eeae&mmg (BDmi;
Lor ) el oo Gt 15 B YEERIR L S5 shlfhoi e BAR S oty
I nvol ves r eadcitidi@fos2 annumr y
5 The integrity of the 177Lu labeled F(ab’)> was verified by HPLC on GF-250 (method
- of Sivakoff, BioChrom., 1(1), 42-48 (1986), gel electrophoresis coupled with autoradiography
and immunoreactivity by immunoradio-metric assay (IRMA). '
Exampie 9: Preparation of SCN-PA-DODADA-177Lu Complex
PA-(NH,) ,DODADA (4 pl of a 5 mM solution in water) was mixed with 25 ul of
10 177Lu (0.7 mM in 0.05 N hydrochioric acid). To this was added 25 pl of a HEPES buffer (1.0 M,
pH 7). It was vortexed and heated at 90°C in a sand bath for 30 minutes. The yield of chelation
was 86 percent based on the 177Lu activity. The identification was made by comparison with an
authentic sample prepared as described in Example 6.
The 177Lu chelate was derivatized by the addition of 10 yl of a thlophosgene
15 solution (1 percent in acetonitrile) at room temperature. After allowing the reaction to
continue for 5 to 15 minutes, the 177Lu-SCN-PA-DOTADA complex was purified on a PRP-1 Mini-
Clean™ cartridge as described in the Exampie 7.
Example 10: Preparation of PA-DODADA-177L|J Labeled F(ab'), CC49.
The conjugation of PA-DODADA-177Lu to F(ab’), CC49 was prepared as described
20 inExample 8. The rate of coupling of SCN-PA-DODADA-177Luy to antibody was considerably
L faster than that observed for DOTAMA and DOTA (see PCT Application No. WO 89/02788),
i.e,, greater than 50 percent reaction in 1 hour, compared to about 37 percent for
SCN-PA-DOTAMA-177Luy, and less than 30 percent for SCN-PA-DOTA-177Lu in the carbonate
buffer (pH 9.5), at room temperature (22°C) and antibbdy concentration of about 1.25x 104 M.
25 The integrity of the Lu-177 labeled antibody was verified by standard biochemical

techniques as those described in Example 8.
Example 11: Preparation of PA-DOTA-177Lu Labeled F(ab')2 CC49- for Biodistribution
Comparison
The titled compound was prepared according to the procedure described in
30 Examples8 and 10 except that SCN-PA-DOTA was the starting bifunctional chelant. PA-DOTA
was prepared as described in PCT Application No. WO 89/02788.
Example 12: PA-DOTA-177Lu, PA-DOTAMA-177Lu and PA—DODADA—’77Lu labeled IgG CC49.
The whole antibody conjugates were prepared in the similar fashion as described
in Exémples 8, 10and 11, except that i'ntact monoclonal antibody CC49 (whole igG) was used.
3 5 Again, rates of coupling of the SCN-BFC chelates to the antibody are in order of
| SCN-PA-DODADA > SCN-PA-DOTAMA > SCN PA-DOTA.
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‘or secondary am ne mﬁth an [err]-haloacid halide and are well known in the’
art. of the starting nmaterials required for preparing the

;conpounggggg?éﬁgéklnventlon are either avail able fron1connerptjqu§ﬁwﬁﬁ@§ or

can be nown |literature reference descriptions.
‘general synthetic approach to produce the chelators of t he pre
Egghene | .

‘i nvention whexample 3hdn \'S'Fm@a@f‘&mfs"?% Pa-QOTAM AN ' fdu DADA A

Al though only one compenigates | ndicated by the terns shomm other simlar

moieties within Formya %%;)riﬁ%?:gvﬁsec[eﬂgagd t%rtes%ther;taf:iligy&rthel"WL%erC@rﬁplgxéng ough

10 can al so be preparé‘ﬁe
lysosomal pH 4 through 5, or in the presence of other chelators such as

5 diethylenetriaminepentaacetic acid (DTPA). Thus, the antibody conjugates prepared per
Examples 8, 10 and 11 were incubated in acetate buffers (0.2 M; atpH 4,and pH 6), orina
DTPA solution (0.25 M, pH 7.4 in PBS) at room temperature and with the anti bi:dy
concentration at about 10 pM. The loss of Lu-177 label from the antibody was determined by
HPLC on a GF-250 column. The results, summarized in Table | and expressed as percent Lu-177

10 femained bound to the antibody, demonstrates comparable stability for the three conjugates
derived from different BFC's. '

Table I: Stability of Various 17TLu
BFC-Antibody Conjugates
(% Lu-177 remained antibody bound)

15
Time, hr. 0 18 48 72

PA-DOTAMA
in acetate, pH 6 99.4 99.2 99.1 99.1
in acetate, pH 4 99.4 98.4 98.6 98.9
in DTPA/PBS 99.4 99.4 99.3 99.3

20 PA-DODADA S _

' in acetate, pH 6 99.4 99.3 99.1 99.1

in acetate, pH 4 99.4 97.8 97.4 97.4
in DTPA/PBS ' 99.4 99.4 99.5 99.5
PA-DOTA
(Comparative)

_ in acetate, pH 6 99.2 99.3 98.7 99.5

25 in acetate, pH 4| 99.2 99.1 99.2 99.1
in DTPA/PBS .99.2 99.5 99.6 99.9

Example 14: Animat Biodistribution Studies of 177Lu-PA-DOTAMA, PA-DOTADA, and PA-DOTA
Labeled F(ab"); and 1gG CC49. '
30 In vivo localization of the 177Lu-BFC labeled antibody was determined in Balb/c

mice (purchased from Charles River Breeding Laboratories) of approximately 4 weeks of age.
Female Balb/c mice were each injected via tail vein with about 10 pCi *77Lu of labeled antibody
(710 10g) in 50yl of PBS. The mice were sacrificed at various time intervals. After
exsanguination, the selected organs/tissues were excised, weighed, and radioactivity was

_ 35 measured in a gamma counter. The counts per minute (CPM) of 177Lu in each tissue was

determined and expressed as CPM per gram of tissue per injected dose rﬁultiblied by 100
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SCHEME-1: SYNTHESI S OF PA-DOTAMA [err]
|~ 'W093/21963 B ' PCI/US93/03844

(percent injected dose/gram). Results for the chelates PA-DOTA, PA-DOTAMA and
PA-DODADA conjugated to CC49 F(ab’), are givenin Tablesll A, Band C.

10

15

20

.25

30

35 -
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Sm 153 + gamma

SRR

[Radi onucl i des can be produced in several

nucl i de

lerr]

aniea go-d<

DT3ISTIEIS I19TTIN0 03

anp po3joalaa anfea anssT]l AUQ e

N

REPLACED

THIS SHEET HAS BEE

N.@"G
S0°0 06°0 16°0 L1 e SE*O 682 PE*O £EL°T 1nwag
T1°1T ¥ °6€ 0€°8 Gz L8 Z8°L 96°v0T 1€°9 €0° %9 Kaupty
elp=u
EV°0 EVV 9L°0 ze's Z0°1 £0°6 S9°0 LZ°6 usatds
0€°0 90°¥ 00°T z0°8 80°'T TARA L9°0 8Z 1T SETNG |
T0°0 0T°0 02°0 8Z°1 1E°0 ze*s 65°0 8T ¥ pootd
‘Pis *bay ‘P3Is *bay *pas *bay *pPas 'bay

- uebio

*3H 02T “IH Ly "IH v *IH §

;Sn}15i

(g=u) weag/asoq pailoalul Juadiagd
6v00 [¢(,qe)d-VWVILO0a-¥d-nT,,{] S pa3odalur nq,,; JO UOTINQTIISTPOTH

€11 9TqeL

-25-




Anot her

‘particles in a linear acceleratoror a cyclotron.

jisolate ‘I‘Q’ﬁﬁﬁﬂtﬁgm ide froma mxture of fission products. pdegyses/eagsof

‘obtainin
it her et o.

i des _enpl oyed in the present
The invention w ||

met hod of obtaining radionuclides is to bonbard nuclides with -

Yet anotherway is to

i nvention is not critical

be further clarified by a

re intended to be purely

BFC =

enet ri am nepent aaceti c

- 2- et hanesul foni cAci d
| RVA ="

1,4,7,10-tetraaza-1- N-(

‘consi deration of the follow ng exanples, which a
exenpl ary of the pre¢sent invention G ossary
bi functional chel at ¢r w WARA = diglhy
acid HEPES| - 2 mydrvxyen,hytg)l peYaz| ne-N
HPLC hi gh performanpce Iiﬁw d:chrerr&b(g;ra:phyo
| mMmuno-r adi o- netri cassay PA- DODADA F
1- car boxy- 3-(4-amn pﬁeryl\rrnn"'\ -7-N- (1
- car boxynet hyl )-bis 4°1(-N N (car boxam donet hyl ) fycl ododecane
PA-DOTA = 1-[2-(4-a -n'op he.nyrl,‘f.] et:ﬁyll 1,87, 15 t bt raazacycl ododecane-
-1,4,7,10-tetrageetilc adi . BRA-DQJAMA =
1,4,7,10- t et r aada- 14N-(caﬁbcxy 3- T 4- ni t mophenyl ) propyl) .
:-bIS 4 7-N, N(ca&poxynetryl) 10- N- car boxam donet hyl ) cycl ododecane
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PBS = phosphate buffered saline (containing 120 nM NaCl, 2.7 nM KCl, and
10 mM phosphate, pH 7.4) SCN = isot hiocyanato TLC

'=thin Bk r t ogr aphy Ceneral Experinent al ' ra
were &bt Sf/‘ﬁéa;ﬂﬁggﬁve ZAB- M5 hi gh resol ution mass spect r onmet e@? 0S| t| ve
Jlon Fast Atom Bonbardment with Xenon using a matrix

dithioerthyritol/dit Fﬁhmemlwmwmeslmllva@fammthe%-mﬁm RASROBYIA@PD se not ed) .

[err]H and [ﬂ-bbSEDNmﬁd%ﬁélrcﬁelwsﬁmﬁbkeﬁéaﬁd m.ma.owmeaemwaataae F(ab’)

spectronmeter. Infrared spectra reco | R or
Beckman Accragmentsgf F%ﬂf‘e data af”"zm"’the?m’ﬁ’é’ﬁﬁgf af Bﬁﬁgﬂyyg 4°5€%§r§§6§'

for the naj oMaEp Emﬁgwaaa&lﬁﬁhréu PACDOTA E(bmttcoi‘uugaﬂeelesqaualiyfatMQemm'AIMIeﬁs
not ed, and ?,‘ﬁa eterm ned by using a Perkin Ei nmer 2400 CHN anal yzer. All

sanpl es wer e dried (50[err]-60[err]C at 10- mm) over ni ght
i mredi ateiy prior toRm&tk yEhigdistribution of chelates conjugated to CC491gG |sg|veanablesll D

andE.
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14 Al'l solvents enpl oyed were HPLC grade materials which.were
used without further purification. Al preparative.chronmatography of

organi ¢ tenp9s/aqgeere performed using the flash chromatogra \334$
described in"the ?iterature (Still, C W; Kahn, M; Mtra, zp&,‘r}ﬁ‘ﬁé}% .
Chem , 1978, 43, pp. 2923-2924.) (Merck G ade 60, 230-400 nmesh silica gel,

60A-Aldrich Chemcal __Co.) using the follow ng.solvent systens unl ess
ot herwi se not ed: : 1) Sol vent System 1: -
chl orof orm _ . lov mMalhangl _, _ - concentrated
ammoni um hydr oxi de BT T 2 H2AL vfv ratio 2)
Sol vent System 2: U L = o o o
_ 2 .
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- chlorof orm _ - et hanol - concentrate
anmoni um hydr oxi de . -12/4/1 v/v ratio

‘R err Wﬁ% 6§ reported using these solvent systens and QRNRISOBAIBY
-avai | abI ?ec silica plates (250 mcron, Analtech Inc.).

Al percentages are given in nole percents unl ess ot herwi se i ndi cat ed.
‘Structural identification of compounds is indicated by reference to the

conmpound nunbers inj|the|preyji ous schenmes. Preparation of Starting Materials
Exanpl e A: Synthesi$ of {d,|] -é}B;rpa;D 4-(4-N &,r phenyl ) - But anoi ¢ Aci d,
t-Butyl Ester o ( To a solution of 6 nm
carbon tetrachl orid¢ ang & id E:hg':ongsl &hl osi de (0.2 nole) was added 12.5 g
.of. 4-(4-nitrophenyl ] bt dnoid acid (0.06 nole,| FW= 209.20) under a nitrogen
atnmosphere. The sol §it Bor for 1 hour with initial -
rapid |iberation of h%drogen chl oride and sul fur dioxide.
N- br onosuc- ci ni m de 5 g,j0. 862 nBl & wa® f hen added as a slurry in 20
m carbon tetrachl orlde a®l 1Dr 8 dr'8psiof | percent aqueous hydrogen _
brom de cat al ysgvvere added t}d? h& warth €I ut Poh wher eupon bromne |iberation
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was noted. The dark red solution was refluxed for an additional 35 m nut es’
‘and at the end of this period, the red color discharged rapidly. A short

‘pat h s Pl db“s??l 943s attached to the pot and unreacted thionylpcairygossssqand
carboﬁ tetrac ride were distilled off (a total of 30 nlL). The solution in

't he pot wascool ed and ured into dioxane rri n s dark
sol ution was slowy aﬁﬁ@&ﬁ‘ﬁ"‘!@ﬁ?'ﬁﬂe’cﬂmﬂ‘eﬁ} Fr}er'ec}z‘gbf']f&"ﬂﬁé"b‘f’"’é' ﬂtﬁe#ent
aqueous di oX pADOTAMA slicompired ¥ednjugetes 6ERPODOTA arlorger tinapyins(dweeka). or  and

150 nL of rrethyleneclor ewasa d to the Spval
of this solvent on th&"FHEY %ﬁ'g%tf) Wre"tﬂn&'lﬂgégpf%gm oQLL;Q‘éGg%quftﬁ
met hyl ene chlfrom ai@nsidesatiardefdhe mheflmbubrmmgﬁwwemrdlmﬂé?m@n 85| f at e

and i1t g;sed.m;f&eh%%ﬁ%aaﬁamm SdRpis Bi forsbeag XydxemplRAnyTvith theldue! 3,

scope of and spirit of the invention being indicated by the foliowing daims.
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15 4- N,"N-di et hyl am nopyri di ne’(—f)".' 7 9) a -butanol with stirring
junder a nitrogen atnosphere for m m; ‘ ysis (50: 50 nethyl ene
ichl ori d&ye3al, trachloride) r wsproduct (Rf = @c4Pukosusias
@phoSphbmﬁggﬁégg%i d). The mxture® Was fLi |tered to renove di cycl ohexyl urea

.and the resulting solution was extracted with 2 x 150 ngﬁ rtions of water,
2 X 150 L portions ol 5 AmRietwhich coRREisesaspmpound qf they H‘E‘) ax 150 nL -
portions of water. The organi c phase was dried over magnesi um sul f ate,
filtered and the solvent was renoved. The resulting oil was applged to a
1.5 X 14 inch col um of fIashI§3Iica gel which had been pre-eluted with a

50: 50' m xture of nethylene c on?s:carbontetr hloride to 5.8
g,r 0.169 nole) in 28 perge [ acolorlezg oil the th\tled product d,
1-2-brono® - 4- (4- nig2.ophl bu eousht=but vl (@3La e producN-Was
characterized by: [ NNR?CDCI [érr]) [efr]d. 18 &d, 2
Jlerr] = 8.7 Hz), 7.38 (3—ZH, J]¥ = 8. 7%z) ,zg4. 07 (dd, =
8.1 Hz, J[err] =6.4 methine H, 284 (m 4H), 2.32 (m 4H),1.49(s, 9H) ;

[err]C NMR(CDCl[err])|err] 168.9, 148.1, 146.9,129.5,124.0, 82.7, 469,
35.5,33.0, 27. 5; IR(CDCl[err] filmon NaCl
plates)cm[err] 2979, 2933, 1732(ester), 1602, 1520, 18P, 1142. Exanpl e B:
Synt hesi s1®f ' :
1,4,7,10- Tetraaza-1- N- (| - Car bo-t - But oxy- 3- (4- Ni t rophenyl ) Propyl)
‘Cycl odo- Decawhereionohydr obrom de Salt (Conpound 3)
each Qis independently hydrogen, (CHR5),CO2R; or (CHRS),C(O)N(R6); with the
proviso that at least one Q is (CHRS),C(O)N(RS);
15 R at each occurrenceis independently hydrogen, benzyl or C1-C4 alkyl;
~ each RS independently is hydrogen, C1-C4 alkyl or -(C4-C; alkyl)phenyl;
each R6 independently is hydrogen, C1-Cg alkyl or -(C4-C; alkyl)phenyl;
X and Y are each independently hydrogen or may be taken with an adjacent X
and Y to form an additional carbon-carbon bond to produce an alkene or alkyne;
20 nisOori;
m is an integer from 0 to 10 inclusive;
p=1or2
r=0o0r1;
w=20or1;
with the proviso that nis only 1 when X and/or Y form an additional carbon-carbon bond, and
» thesumofrandwisOor1;
'R2 and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido,
thiosemicarbazido, maleimido, bromoacetamido or carboxyl;
. 'R3 is C4-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;
with the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
30 hydrogen; or
a pharmaceutically acceptable salt thereof;
complexed with an ion of a metal selected from La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Y or S¢.
2. The complex of Claim 1 wherein the metal ion is 1535m, 166Ho, 90Y 149Pm,
159Gd, 140La, 177Ly, 175Yb, 47Sc, or 142Pr. '

3. The complexof Claim 1 wherein X and Y of Formula t are hydrogen, ris 0,

35

and m is an integer from 0 to 5 inclusive.
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To a stirred solution of 1.90 g cyclen free base (conpound 2,1,4,7,1

'0-tetraaza- cycl ododecane) (10. ﬁ ’ m" ﬂm 28) in 25 nL of pentene
_stabl Iate‘gop%(?{gggormms added m"ul m Ile 1 (9.50 r’r‘miJcﬁgg:ggg@q to
95 petcen prepared bythe proceddre*of Exanple A overa 5 mnute

period under a nitrogen atnmosphere with stirring. The reaction sol ution was
stirred for 48 hours &t rBeromelesef Geim 2on3whereinthe cpmpoundis L,4:7<0qtaza -

'sol vent syst . & ion product
AT ok ek fgrsqﬁ&@dmmwmmnmdm NIREMBBhykEkiA)L ON D

5cyc| ododecane‘O(N?f‘am%amg°ﬂéﬁcﬁ$f§ﬂF'Pﬁ°dﬁ°ﬂRﬁ X'é” ﬁﬁt'iﬁzfq%ﬁoﬁgé&‘égwe%m\?ersus a
1 X 1A e e o o e b wi th 10 -
i nc sh. si Wi

percent m8t héﬁci' TR %ﬁéﬁg‘l"ﬁ’( g‘%ﬁ@’“dﬁ’ ‘ME"'Q ﬁ%‘ B %Ittwﬁttﬁgljs sol vent
until passages, tENA-(kargamiddrhathylspohetiosircaneinr %l%malgﬁsfﬂ'éhﬁalb%d§ (4ppre-ed.
An orange bagge,{,aﬁﬁr%ggu?w arb ract A AAidA o- ﬁw-esrbb&éna&amé&ﬁyufcwsadde&n@hl ch

proved to be ns contalning this % ;
collected to afford the nmmi%@fgm"ﬂéwgﬂﬂ“‘h?mSta!a'Q“é'faﬁF’d(s il Y?"V b

7.67 mol) in 80 percgnt Xic&njtaatd Eingtising\d@smgies 60dny 0fle 6 TIAMET 0o SRovalambyint
of chloroformand this. solution wa trlturated wth ether to provide a gum

whi ch uponoseBAdEA L Inenthedy wantRefY fFRIEEAL a white powder (decomposed
between 70[err] to, 110[er rﬂeeohmgatelmfoumewh§reimhebnt;bbdy/edantnbodﬁragment:sa

anal yti Cal 'y rrponogonal aRtObod\é%P agment¥t'1e?&lf characterized by:
8. A pharmaceutical formulation comprising a conjugate of Claim 6 or 7 with
a pharmaceutically acceptable carrier.
15 9, A method for the diagnosis of a disease state in a mammal comprising
administering to the mammal an effective amount of a pharmaceutical formulation of Claim 8.
10. A method for treatment of a disease state in a mammal which comprises

administering to the mammal an effective amount of a pharmaceutically formulation of

Claim 8. ]
20 . 11.  Acompound of the formula:
g3
, /x \ Q /\
! )
: R / \ G (CH») c— (CH2) —
' 1
25 ——
ol b m - H |
R Q
(1)

30 wherein:
each Q isindependently hydrogen, (CHRS),CO,R; or (CHRS),C(O)N(R6); with the
proviso that at least one Q is (CHR®),C(OIN(RS);; ' '
R at each occurrence is independently hydrogen, benzyt or C1-C4 alkyl;
each R® independently is hydrogen, C1-C4 alkyl or -(C4-C; alkyl)phenyt;
35 each R®independently is hydrogen, C1-Cq alkyl, or -(C;-C; alkyl)phenyl;
X and Y are each independently hydrogen or may be taken with an adjacent X

and Y to form an additional carbon-carbon bond to produce an alkene or alkyne;
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H NVR (CDCI[err}) 88.13 (d, 2H J[err] =8.6 rz) 7 48 (d, 2H, Jab= 8.8 Hz),

3. 712(23 3H), 3. 231 Zg 1 H9 Jlerr] = 8.2 Hz, = 6,3 Hz), 2.5-3.0 (m 20
e R AT [l
16

|R(CDCI[err] filmon Rés@ordiates) cm[err] 2979, 29362844 1718 (ester),
1602, 1519, 1457, 1343is Eﬁ(ﬁ\myegfr&n oy dikagdive; of 1 ,4,7,10-Tetraaza-1-N-(1
-Carbo-t-Butoxy-3-(4-Nt}roPhenyI)Propyl)
p=1or2;
r=0orli; |
5 " w=0orl;
with the proviso that nis only 1 when X and/or Y form an additional carbon-carbon bond, and
thesumofrandwisQor1; .
R2 and R4 are independently hydrogen, amino, isothiocy:—inato, semicarbazido,
thiosemicarbazido, maleimido, bromoacetamido or carboxyl;
: _ 10 R3 is C1-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;
i with the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hydrogen; or '
a pharmaceutically acceptable salt thereof.
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s — " gioisn- . REP HEETS
Bi s- 47, - K I ( CRERLACBDt &‘l?ﬁ’g?hyl ) &¥cl odp eo_{?é'-’nve, N I,QQEMENT S 3l 4, mged 5.

( Conpound 4)i[] Description : pagedTo..-2tp negedf~-ch] orof orm c ::g . % . "'vei 3
5- but yl - br ongacetiatsy ( 2pdEdndol o rmeef 4BO-hyg dii sopr """ff( ; r' -
mol ) was adeeerpkag@P : pige0...nmwl paged .-t-he| hydr obr o % """ -
by the procqfiia®sQhct ExXappied .B.... wi gagedst.isgf ng for 4

renoved and ﬁrdtd%zé&ﬂf“#“ was appl l.edito a 1l X6 in

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

col utm whi ch-Hie—Been—pre—etutretw T 5 Per cent net hdhATEliﬁFdhEGEdﬂb-rﬁ{'--ﬂf --------
| sol ati on CTARPR¥AMIDESMODIYIER tHOL¥AMTINE: CHELATORSIAND r RADIOAGIGVE | GOMPLEXES AND

sol ventsystens, Rlerr] = 0.51 in 10 FONBEKATERet hanol in chloroforn) upon
elution with this solvent provided 4 (211 ng, 0.28 mmpl) as its

hydrobrom de salt in analytical purity. The conpound was further
characterized by: Thepresentinvention réléte%o@éﬂiﬁ‘érbe-mhi)ﬁeﬂ eneldtods@sdful torattadh s,
1H), 8.17( 8. Jlerr] 8.8 Hz), 3.2-3.4 (m-
5H). 2. 6- 3. g"'{’gg"’f%ﬁ' ’E“??’T%n‘e'fﬁﬂ"“&'%%;fm 1H), 1.50(s,9H). 1.44(s,

9H), 1.43 (S. 9H); Functionalized chelpstsy q»r(blfumo(nejmp{dmapc}r; age k]:nawngo be capable of

500, 45 e B Shydentfstned Gyl oy i kel inGe epfidpch o
(CDCI [ er r | ‘antipgnso Radiguyclige seraplexesiaf F@hﬁpvmshelemnlewsws usefyfdrpdiegnestic
1456, 1370 lan@% zhéép':ehtlc Eﬁﬂﬁﬂh@nﬁs a %Yé%h?&?cbﬁv fng the radlonucllde t0'a cancer or tumor
1,4,7,10-tet {I a ee, for exar\ggle.cﬁeares et al3 }\t(r)a)f B-IOC- m 124 68-98h (Eil%) and %X;cgrek etal,
' Biochem and Biophys. Res. Comm., 77, 581-585 (1977).

.Attachment of the metaliontoa ‘protein such as an ant;body has been achieved

by complexatlon by an acyclic chelate such as carboxymethylated amine derivatives of
ethy(enedlamlnetetraacetlc acid (EDTA) (U.S. Patent 4,662 420) ordiethylenetriamine-

' pentaacettc acid (DTPA) (U.S. Patents 4,479,930 and 4 454, 106), covalently inked to the
anttbody Such acyclic complexes, however, tend to be unstable in vivo either as aresuit of
acid-catalyzed decomplexation or competitive chelate binding by calcium or zincin serum. The

. lack of stability can result in uncomplexed metal atomsin tﬁe body which have a cytotoxic
effect on healthy tissue (e.g., bone marrow).

B An alternative to the use of acyclic chelates for the labeling of antibodies is the
use of macrocyclic ligands. Certain macrocyclic bifunctional chelating agents and the use of
their copper.ch_elate co__njugates for diagﬁostic or therapeutic applications have been disclosed
inU.S Patent 4;'678,667 and by Moi et al., lnorg. Chem., 26, 3458-3463 (1987). Attachment of
the ammocarboxylic acid functionality to the rest of the bifunctional chelating molecule is
ti"-'\rough a ring carbon of the cyclic polyamine backbone. Thus, a linker attached at one end to

- aring carbon of the cyclic polyamine, is also attached at its other end to a functional group
capable of reacting with the"protein. _

B Tetraazamacrocycles which can act as bifunctional chelating agenis for use in
diagnosts and therapy are described in published European Patent Application 0 382 582, on
August 16, 1990. At least one of the side arms emanating from an amine of the ring being a
phosphinate ester The linker group being attached to a ring carbon of the
tetraazamacrocycie

U S. Patent 4,994,560 discloses rhodium complexed to bifunctionai chelators
containing a poiyamine, wneremn the pouyémine'chelating agent can be a polyazamacrocycie,
where the linker group 1s covalentiy attached to any one of the carbon or nitrogen atoms of

the polyamine. Such polyamines form outstandingly inert complexes with rhodium (111), but are .

in;ppmm:ialeimbg_ca_dioc'heiauon of lanthanide (1) mietalions.
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-Bisi4,7, <N, N (Car bo-t-But oxynet hyl ) - 10- N- ( Car boxam donet hyl ) Cycl ododecane
(Conmpound 5) and Reduction of the Nitro G oup To 1 nlL of

chl orof orm was added 89 ng (0.119 nmol ) hydrobronide 4 as prepared in
Exanple C, 21.3 ng (0.159 nmol, 1.23 equival ents) bronoacetam de and 80 ny
(0.62 mol, 5.2 eq) dii sopropyl ethyl ani2ne, the solution wasthen placed in
a5 mm NI\/R (nucl earmagneti c resonance) tube. The NMRtubewas pl acedi nt he
NMRspectrometer (probe T= 50[err]C) and the di sappearance of the

quat er nar ycar bonsof 4arbogymethgateg tmaasatpmcma@%gﬁendﬁ%lbedmbwh are capable

cor r espondi R forAfiAcgined cbrﬂpfehés@ﬂtm%&%hb RintrnRtfe Aitd ianS i @nbelcbhjubated io 1,

00,7100 SRR G g bbb B Ao g D g,

zi jBHf) 93{) Published HCIA@H):at:& WOBM2788 deidibed mmnmor(ahq[helatqirsc w%ﬁvrg&\(a(crgxgl\?dd)of])
S , err err

[err] 174. 3‘"%‘??%’@%‘“5,% %5“%‘2%@"?"”@5"1, 123. 4, 81. 0, 80. 7, 80. 4,

62. 6, 57.0, 56. 4, 56. 1, TaEprgsens hiventids@rovidGzardoxydretitylatgd tegrazamacrocycles, wherein

48. 4, 46. 0, 3%n§or3ﬂvcﬂof%ﬁ7 éarlgzg g%t&%r{ rePlaced wi ]gh carboxanild-gbefhswcﬂélgﬁﬁ’é Q&é’?ﬁssare

evaporated fromthe chlor rmso lon o remai ni ng ITght-yel |l ow

gl assy sol'i @ntikedyspaisgetable and form manxew-ﬂwr'ﬁ@n@eanﬁamsqhﬁt'wa&oeii"v'a ile
Pal | adi um ometdlidH3Rviichare m&u&aﬁ%em UpdRmiboHii offthe amusay&amgtawmese _

hs 3?33;? ga ﬁ%xgtgg Lérga dt%\ﬁcaﬁé?&tc ragwgge :ap H'-ncle;tglggases '?atvggs x?:gcrtedly ?ower

propensuy for uptake in bone. Lower bone uptake would be expected toresultina less tox:c
radlopharmaceutlcal The chelates also rapidly form chelate-protein conjugates.

The present invention is directed to novel bifunctional chelating agents that form
complexeswuth metal ions, especaally “radioactive” metali ons having rare earth-type
d;lgmlstry. The complexes so formed can be covalently attached to an antibody or antibody ¢

- fragment to form conjugates and used for therapeutic and/or diagnostic purposes. The
corhplexes and/or conjugateg can be formulated for in vivoor in vitro uses. A preferred use of
the formqléted conjugates is the treatment of cancerin animals, especially humans.

| . Uses of the complexes and/or conjugates of this invention which contain a
ribn-radioactive metal for diagnosis and/or treatment of disease states, such as cancer, are also
possible. See, for examplé, K. Pettersson et al., Clinical Chemistry, 29, 60-64 (1983) and
C. Meares et al., Acc. Chem. Res., 17, 202-209 (1984), for a discussion of fluorescent-
-immunoguidé& therapy.

More specifically, the present invention is directed to a compound of the formula:

9
a IS
(CHp)——c— (CHp) N\"Q
H I:I\/
Q

* This Sheet Has Been Replaced
LT —
wnerein:
i each Qs independently hydrogen, (CHRS),CO2R; or (CHRS),C(O)N(R6), with the

proviso that at least one Q is (CHRS),C(O)N(RS);;

R at each occurrence is independently hydrogen, benzyl or C;-C,4 alkyl;
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17 8&olution for 18 hours. The solution was filtered through a short pad of
celite and the solvent was evaporated to provide the.correspondi ng am no
conpound 5b as a white, glassy solid (150 ng crude containing Huni g base)
characterized by: | RCCDCLl[err] filmon NaCl plates) cm[err]
3317,2982,- 2936, 1724 (ester), 1688 (am dp), 1602, 1456, 1392, 1368, 1157.
Exanpl e E:

1,4,7,10-Tetraaza-|-N(1- Carbo-t-But oxy-3-(4-Nitrophen glPro I2-7-N-(Carbo
-t- - But e3dh-RRindependepty istydeogem éu-(iaj%e'u nyi;

Monohydr obr onmi de Sal t each R6 independently is hydrogen, C1-Cq alkyl, or~{C4-C; alkyl)phenyi;
X and Y are each independently hydrogen or may be taken with an adjacent X
and Y to form an additional carbon-carbon bond to produce an alkene or atkyne;

nisOor1; /—
m is an integer from 0 to io-inclusive; ' cet Has Been Replaced

- T
r=0ori; ‘ .

w=0orti; |

| w:th the proviso thatnis only 1 when X and/or Y form an additional carbon-carbon bond, and
thesumofrandwusOoH :
R2and R4 are independently hydrogen, amino, isothiocyanato, semlcarbazlda.
thgosemncarbazndo, malelmldo, bromoacetamido or carboxyl; .
R3isC1-Cy alkoxy, -OCH>CO2H, hydroxy or hydrogen, : ' T
; wq:h the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hydrogen. or '
a pharmaceuti;:ally acceptable salt thereof.
As used herein the tern; “alkyl” means a linear or branched alkyl.

_ The present invention is also directed to rare-earth type metal ion complexes,
e:"'specially radioactive neutral or charged rare-earth type metal ion complexes, and to
conjugates formed with the aforementioned complexes and antibody or antibody fragments.
Theterm * radioactive” means a metal ion that emitﬁ particies and/or electromagnetic radiation
from the nucleus. The use of the amide-modified side arms offers advantages over chelating
agents known in the brior art which contain carboxylated side arms in that the chelating agents
containing the amide-modified side arms can be conjugated to proteins,'such as antibodies,
under more mild conditions. The rapid formation of the conjugate is of importancein
pigduction of a radiochemical compound for therapeutic and/or diagnostic purposes.

‘ it has also been found that the chelating agents of the present invenuon, which
contain one amide-modified side arm, have alower propensity for uptake in the bone than do -
chelating agents known in the prior art such as 1,4,7,10-tetraazacyciododecane-
-1,4,7,10-tetraacetic acid and bifunctional derivatives thereof.

' in:addition, the present invention also ineludes formulations having the
conjugates of the invention and a pharmaceutically acceptable carrier, especially formulations
whe're the pharmaceutically acceptable carrier isa liquid. The invention also includes a method *
for the diagnosis or treatment of a disease state, especially cancer, in a mammal which
comprises administering to the mammal an effective amount of the formulation.” The term

“mammal” includes especially humans.
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In 12 nmL of chlorof ormwere dissolved 516 ny (1.00 mmol.) of 3 hydrobronide
salt, as prepared in Exanple B, and 198 ng (1.00 mmol) t-butyl bronoacetate
under a nitrogen atnosphere, and the solution refluxed over night. The
concentrated solution was applied to a 1 X 6 inch flash silica gel columm
whi ch was eluted-with 10 percent nmethangl in chloroform El ution with this
sol vent provided a lig el | ow, opague band which was isol ated VI ng
hydrobroni de salt of A’i’"‘@ﬂﬁefeﬁbthﬂe% shelating agenymeans a GRAPEHNG <amablect soppr

m xture of thefatingordeqrbtefing8 Rietdl UM IThé EPTBErelaé" Mems ¥ tidldtingigent whithhatd

percent vyi el err] =.0.,14 | 10 percent nethanol in chloroform .
characterizé%'%%"[’@h’fslt—ﬁmm(e Yerr]) [err] 8.17 (d, 2H, J[err] = 8.5

Hz), 7.52 (75 percenﬂ)eian'd'B‘ftﬂ'irtt(:ﬂdicpeiawm)mﬁ'mama@HpbumdiﬂhﬁtbE[S@rmqiety 8.8
Hz), 3.23 (i ; and
T4 (o PRSP iy St i nda ol ey hafinl Bordi SRl nbedtlo 25
and 1.39 (tm'etvﬂylt etcepabéﬂofrhg]nmac(%eq) wyallzecrmiee'sea msarﬁme ggva ently
group) -the LabhdltolaMifogiadi nlediRr these four resonances was 9H;

[err]C NMR (CDCl [err]f[err]., 171.9,171.3,170.7,169.8, 149, 8, 149. % 146. 5,
129.6, 129. 4, 123.8, Weterm “pislogicghmelecylq” rfegstto any prgtein. aglipagly. antibpdy

51. 4, 49. 3, 49'aéme|4t7 hdrntbhe lardigeh oflitapien WRic®fundtiondto rQ&gﬂxzeZZp&lfﬁhcﬂogt?J- 8,

ll E 2 g Cli)gé%er % L J Ay gxzh al\j%%mgD ca?moﬂ?cule, w&enza%t;%he%gtg % ‘fuzn%?oﬁah]ieaz c%elja(é sérves to

carry the attached metal ion to specific targeted tissues. Preferably, the blologlcal material is
an antibody or antibody fragment. .

Asused herein, “antibody” refers to any polyclonal, monodonal, chimeric -
antibody or heteroantibody, preferably a monoclonal antibody. The term “antibody
fragment” includee Fab fragmenis and F(ab'); fragments and any portion of an antibody
havmg specificity toward a desired epitope or epitopes. d

_ The term."conjugate” as used herein refers to a compiex of a biological matenal '
attached to a bifunctional chelating agent or bifunctional chelate. The term "antibody/chglate
. conjugate” refersto an antibody which is covalently attached to a bifunctional chelate (i.e., the
bifunctional chelating agent having a chelated metal ion).

Metals which can form complexes with the bifunctional chelating agents of the
present invention include La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho; Er, Tm, Yb, Lu, ¥ and Sc.
Preferred radigactive rare earth-type metal ions include 1535m, 166Ho, 90Y, 149Pm, 159Gd, 140La,
1770y, 175YD, 47":Sc, and 142Pr. Other radioactive metal ions which may be of interest are 47Sc,
99__m1'c, 186Re'.-'188Re' 97Ru, 105Rh, 109Pd, 197Pt, 67Cy, 198Au, 199Au, 67Ga, 68Ga, 111in, 113m|n,
ﬁs’"ln, 117mSn, and 212Pb/212Bi. When the term “radioactive” is used in conjunction with the
word “metal ion”, it refers 1o one or more isotopes of the rare-earth type elements that emit
pa:rticles and/or photons, such as 153Sm, 166Hg, 90Y, 149Pm, 159Gd, 140(a, 177Ly, *75Yb, 475¢, and
142pr, '

As used herein, “pharmaceuticaliy-acceptable salt” means any saitof a com_pound
of Formula (1) which is sufficiently non-toxic to be useful in therapy or diagnosis of mammails.
Thus, the salts are useful in accordance with this invention. Representative of those salts, which
are formed by s%‘é"andard reactions, from both organic and inorganic sources include, for
exarﬁple, sulfuric, hydrochloric, phosphoric, acetic, succinic, citric, lacuc, maleic, fumaric,
palmitic, cholic, palmoic, mucic, glutamic, d-camphoric, glutaric, glycolic, phthailic, tartatric,
formic, lauric, steric, alicylic, methanesulfonic, benzenesulfonic, sorbic, picric, benzoic, ccnnamic
acids and other suitable acids. Also included are salts formed by standard reactiona from both

organic and inorganic sources such as ammonium, alkali metal 1ons, atkaline earth metal ions,
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Exanple Fi 1,4,7,10-Tetraaza-1 -N-(1

- Car bo-t - But oxy- 3- (4- Am nophenyl ) Propyl )-7-N-(1 - Carbo-

-t-But oxynmet hyl )-Bi s-4,1 0-N, N-(Car boxyam do- Met hyl ) Cycl ododecane

( Conpound 9) In 7 nL of chloroformwere dissolved 175 ny
(0.289 nmmol) diester 7 82 ng (0.594 mmk), bronpacetanide and 116 ny (0.90
nmmol ) diisopropylethyl amne with stirring at 25[err]C. The sol uti on was
al | oned to @nf pthensimilacions. tPadipeiarlypneferserbare thesalt« thesgmpoundsiof Foraslatilr s

the chl or of QyEra@e sﬁl?ﬂQl‘{lﬁﬁdé’f‘r éﬁ @frdﬁ ﬁ%ﬁ&@ucﬁﬂ%&t@@ &bﬁlﬁtd?@ﬁhereof
light-yellow glass was di sso

lr‘f?tggscent et hanaol ter.
Pal | adi um on carbon &8 %EI’W"M’EO"W“W%QFE@ e SPMESy BH’thedfﬁ" are
Lancast er Syatheshdr ikd 8s showabyarsRMowinddorniulati t r ogen at nosphere and
hydrogen gas was sparged through the stirred solution for 18 hours. TLC
anal ysis (solvent system 1) reveal ed a ninhydrin positive, ultraviolet (254
nm active spot. The solution was filtered through Celite and Qhe sol vent

evaporated to give 143 rrg of 9 as apdhite glass. (\ /\
(CHz) -
’ k/ \)

is Sheet Has Been Replaced - (II)

each Qisindependently hydrogen, (CHRS),CO2R; or (CHR5),C(O)N(RE);; with the
proviso that at least one Q is (CHR5),C(0)N(RS),; -
R ateach occurrence is independently hydrogen, benzyl orCi-Ca alkyl

-

-

wherein:

m is an integer from 0 to 5 inclusive;

pistor2;

wisQort;

. R2 and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido,

thiosemicarbazido, carboxyl, bromoacetamido or maleimido;

R3is Cy-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;

each RS independéntly is hydrogen or C1-C4 alkyl;

each R6independently is hydrogen, C1-Cg alkyl, or -(C4-C; alkyl)phenyl;

" with the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be

hydrogen; or

a pharmaceutically acceptable salt thereof.

The bifunctional chelating agents described herein [represented by either of
Formula (1) or {I1)] can be used to chelate or sequester the rare-earth type metal ions,
particularly radioactive rare-earth type metal ions, so as to form metal ion chelates (also
referred to here‘?h as "corhplexes"). The complexes, because of the presence of the
funct;onalizing moiety {represented by “R2“ or “R¢” in Formula (1) or (1}], can be attached to
functionalized supports, such as functionalized polymeric supports, or preferably can be
covalently attached to proteins, or more specifically to antibodies or antibody fragments. Thus,
the complexes described herein (represented by either of Formula | or Il complexed with

rare-earth type metal ions, parucularly radloactwe rare- earth type metal ions) may be
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18 ¢ ; [err] HNWR analysis of this material revealed two

‘br oadened doublets at 6.98 and 6. 66 ppm an indication of nitro group
reducti on. | RCCDCl[err] filmon NaCl plates) cm[err]
3310, 2980, 934, 2836, 1721 (ester), 1672 (arri de), 1623,1517,1368, 1152.
Exanple 1: Synthesis of 1 '

,4,7,10- Tet Carb 3-(4-N h | )Pro

LT A ARk o PRSRA Femperine

( PA- DOTAMA) “dodjugiatasnd 6) ' The crude anmino derivative 5b (130
d d b I

Concentrated- hydr ochiSRECaUT P aube s B FER b oo Blyufees o,

exceed 40[ edes]ﬂibedthemnnanllecprehaIeMtetimngyevwelﬁkwaNMWta Highlly wecifipe white

solid was amahw&,ali fvioddfts KA, r\?\ﬁ&é gbwmauémm@ekmmmn inthe@rt2 cm

with 10 g of gel, Alltec been eluted wth 3:3:
chl or of orm WE(@?&F?@F“R!%HFGEH{ ?'EH Hsteimbiat (Ra2 a8, HASHASY 1875); and Eur. J. inirtunol. 60

triaci dnonosyvisie (976§} swch]anﬁbodh& doﬂnsmvsshymptsbecmaseaem@l e eatliGactive
metal ion conjugates, antibodies directed againstany desired antigen or hapten may be used.
Preferably, the antibodies which are used in the radioactive metal ion conjugates are
monoclonal antibodies, or fragments thereof having high ;pecificity for a desired epitope(s).
Antibodies used m the present invention may be directed against, for example, tﬁ_rh'ors.
bacteria, fungi, viruses, parasites, mycoplasma, differentiation and other cell membrane
antigens, pathogeh surface antigens, toxins, enzymes, allergens, drugs and any biologically
active molecules. Some‘examples of antibodies or antibody fragments are CC-11, CC-46, CC-49,

. CC-49 F(ab'),, CC-83, CC-83 F(ab);, and B72.3. [See D. Colcher et al., Cancer Res., 48, 4597-4603
(Aug 15, 1988) for CC-49, CC-83 and B72.3 antibodies. The hybridoma c_ell line 872.3 is . £
depasited in the American Type Cufture Coliection (ATCC) having the accession number -

_+ HB 8108. The various CC antibodies are disclosed in published PCT Application W0 89/00692, on

-, January 26, 1989 and published PCT Application WO 90/04410, on May 3, 1990. The other

murine monocional antibodies bind to epitopes of TAG-72, atumor assodiated antigen. A

-

more complete list of antigens can be found in U.S. Patent 4,193,983, which is incorporated
herein by re_ference. The radioactive metal ion conjugates of the presentinvention are
‘particularly preferred for the diagnosis and treatment of various cancers.

Methods for chelating the metal ion with the chelating agent of the present
invention are known i;'s the art. The metal ion can be complexed with the chelating agent or
bifunctional chelati ng agent by adding the chelating agent or bifunctional chelating-agent to

- asolution of the radionuclidg. Chelates form readily upon mixing in an aqueous solution at a
pH-of 1 to 10. Preferably, thé reaction is carried outin a medium havingapH of5to 7.
Ambient temperatures of 20°C to 27°C can be readily employed for metal ion c_helétion. The
amdhnt of metal ion employéd may be from trace amounts to an amount exceeding equimolar
with the chelate. |

The conjugates of the present invention are preferably prepared by first forming
the chelate and then binding the antibody or antibody fragment. Thus, the process involves
prepaﬁng or obtaining the ligand, forming the complex with the metal and then adding the
antibody. Alternatively, a process Tor making labeled antibody conjugates can involve first
conjugation of the bifunctional chelator to the antibody and its subsequent chelation to yield
‘the radionuclide-BFClabeled antibody. Any suitable process that resultsin the formation of

the conjugates of this invention is within the scope of this invention.
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non- hygr oscopi cwhi tesolid (52 ng, 0.100 nmol) in83 percentoverall yield

from4. The isoner ratio was determ ned by HPLC analysis (95:5 of 0.05 M

sodi um acetate (pH = 6):acetonitrile to 5: 50 in 10 mn,1 nL mn-[err] at

254 nmusing a 100mm Econosphere 8 colum wth guard) andindicated the

material to be greater than 97 percent gea purity. The NVR spectra of this

mat eri al under the follow ng conditions were consistent with a pair of.

di astereoneri c am de h ar.i

bon d ?hg\gje tl'q g?r%f LF&F]SFe%grEt Avgkt(?on Jog{a% ?‘re]gfm%% fé'rﬁaﬁle
4.5, 30[ esidpeymshave peen faand tq copjygatemith antibodigsyndeg mild corglitians W'dlv

[er r] C NMR &Qrﬂh@ia@n %MME bRiyRAMS I&EW% fﬂéraptéc&u@t%ﬁﬂ )

[err] 180.5, ,180. 177.3 75 3, ,174.9,173. 0, 142,

141.5, 137. 33%%“9991’82'"9"%'2"19 radigchemical @W%ﬁabﬁﬁé?réﬁ‘m%%mfa"‘ﬂ? Yagngstie

23 g gi (5) (Wrﬁseﬁﬁtiﬁt5&&en53c&u@t&n5&z&e&ke&h5@m3umfﬁad&ﬂys& afhe r&:lulctes

et

ity TasoRiat bi-niodud Syeiss aavibady aaregptes agfenbiateiegualBboal

Na) +), 561 (M + Ca- FP){@nfqga)esofthus invention, and iftome instenees the comaplexes ofithis

T\ 1+ Car by o e APl o B S, ﬁ@?@fﬁ;}"‘ﬁé’% fimaslridst

Bi s-4, 10- NFamubiihwiththedotibedianyioy arasaldereangiaahysivl A@peeptable carrier,

(Compound 1 Q%uh}nt or vehicle therefor. Thus, the formulation may consist of a physiologically-acceptable
carrier with a complex (metalion + ligand), conjugate (metalion + ligand + antibody) or
(l-i.'gand + antibody). The methods for preparing such formulations are well known. The
formulatlon may be in the form of a suspension, injectable solution or other suitable
'pharmaceutscal formulation. Physiologically-acceptable suspendmg media, with or without

: ad;uvants, maybe used. .

| The formulations of the present invention are in the solid or liquid form

. containing the active radionuclide complexed with the ligand. These formulations may be in
kit form such that the two components (i.e., ligand and metal, complex and antibody, or

' hgandlantlbody and metal) are mixed at the appropriate time prior to use. Whether premixed
or as a kit, the formulations usually require a pharmaceutically-acceptable carrier.

Injectable compositions of the present invention may be either in suspension or
solution form. In the preparation of suitable formulations it will be recognized that, in
general, the wﬁter-solﬁbility of the salt is greater than the acid form. insolution form, the
complex (or when desired the separate components) is dissolved in a physiologically-acceptable . .
carrier. Such carriers comprise a suitable solvent, preservatives such as benzyl aicohol, if
needed, and buffers. Useful solvents include, for example, water, aqueous alcohols, glycols,

. and phosphonate or carbondte esters. Such agueous solutions contain no more than
50 'bercent of the organic solvent by volume. _

injectable suspensions are compositions of the present invention that require a
liquid suspending medium, with or without adjuvants, as a carrier. The suspending medium
can be, for example, aqueous polyvinylpyrrolidone, inert oils such as vegetable oils or highly
refined mineral gils, or aqueous carboxymethyicellulose. Physiologically-acceptable adjuvants,
if necessary to kéep the complex in suspension, may be chosen from among thickeners such as
carbéxymethylcellulose, polyvinylpyrrolidone, gelatin, and the alginates. Many surfactants are .
also useful as suspending agents, for example, lecithin, alkylphenol, polyethylene oxide
adducts, napthalenesulfonates, alkylbenzenesulfonates, and the polyoxyethylene-_sorbitan

esters.
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Compound 9 (143 ngy) as isolated in Exanple F'was dissolved in 6 N
hydrochloric acid and the solvent renoved in vacuo (40[err]C, 10-[err] mm
after ten mnutes. The obtained white solid was applied to a colum of acid
washed, flash silica gel (1 cmwth 15 g of gel, Alltech Inc.) which had
been eluted with 2:2:1 chl orof orm met hgfol : concentrated anmoni um hydr oxi de.
The symetrical 1,7-diacid (Rf = 0.32 in sane solvent) could not be

preparatively separ amesy substncks whithatfeét thdihy@ira-phiticidy, dfsitylardisurfatetension of
n 80: 20 | s Sebiuld DEteh 87 pedimliat ot Bk BRI Rl EnPR icladal el ! €€
19 For exampile, silicone antifoams, sorbitol, and sugars are all useful suspending agents.
An “effective amount” of the formulation is used for therapy. The dose will vary
' dependir;g on the disease being treated. Although in vitro diagnostics can be performed with
the formulations of this invention, in vivo diagnostics are also contemplated. The conjugates
and formulations of this invention can also be used in radiqimmuno-guided surgery (RIGS);
however, other metals which could be used for this purpose alsoinclude 99mTc, 111in, 113min,
67Ga and 68Ga. | ..

Other uses of some of the chelants of the present invention may incl ude magnetic
resonance imaging, e.g., the complexes of Formula I, especially complexes of Formula VI, with
Gd +3, attachment to polymeric supports for various purposes, e.g., as diagriostic agents, and -
removal of lanthanide metal or pseudo-lanthanide metal ion by selective extraction.

‘ _ Synthetic routes to add a linker moiety to the twelve-membered macrocyclic
(e.g., the free-base macrocycle, 1,4,7,10-tetraazacyclododecane), which would allow covalent
attachment of the bifunctional ligand to a protein, are disclosed in U.S. Patent Application
Serial No. 07/370,956, by Cheng et al., filed June 21, 1989, the disclosure of which is hereby
incorporated by reference. in general, the process involves reacting’a polyazamacrocycie with

- between about one to three equivalents of an appropriate electrophile (e.g., any appropriately
substituted a-halocarboxylié acid ester) in a solvent which will not promote a proton transfer to
prc;d uce a mono-N-functional polyazamacrocycle, as disclosed in U.S. Patent 5,064,956, the
disclosure of which is hereby incorporated by reference. )

The preparation of substituted a-haloacid esters, used as starting materials, is well
known in the art. One approach involves bromination or chlorination of the acid halide
generated in situ., e.g., D.N. Harpp et al., J. Org. Chem., 40, 3420-27 (1975). This approach
éilows for exclusive alpha-halogenation of alkanoic acids which may contain reactive benzylic
groups. A general method to substitute acid halides involves reaction of the organic acid with
thionyl chloride or sutfuryl chloride, e.g., E. Schwenk et al., J. Amer. Chem Soc., 70, 3626-27
(1944). Both methods utilize the free carboxylic acid which i.s frequently available from
corﬁmercial sources.

Polyazamacrocycles such as 1,4,7,10-tetraazacyclododecane may be prepared by
methods known_in the art, such as, T.J. Richman et al., Org. Synthesis, 58, 86-98 (1978).

Ca:;boxylation of the mono-N-functional macrocycle may be performed by the
method of Desreux using bromoacetic acid derivatives and a suitable base [J.F. Desreux, Inorg.
Chem., 19, 1319-24 (1980)].

Benzyl, or preferentially t-butyl ester of bromoacetic acid, should be employed
since purification of the resulting ester containing product is straightforward using silica gel

chromatography. Importantly, removal of the labile ester group after purification is effected
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overall yield from7. The isomer ratio was determ ned by HPLC anal ysi s

. (95:5 0.05 Mamoniumcitrate at pH = 6:acetonitrile to 30:70 in 30 mn, 1
m mn-[err] at 254 nmusing a 100 nm Econosphere Cerr] colum w th guard)
and indicated the material to be greater than 96 percent area purity:
MS(FAB in [err]nmagic bullet[err] matrix) me (1 percent) 522 (100 percent,
(M+ H+), 544 (28 per cent, (M+ Na)+). ~ This material was used

Areotly | 0 SARSERNEDl Ak H\eS34s o BB ExRio £ BAR R eddion

L 4 f 5

mM Lu( OAc) [ e:pn nom[verlcf} prejenves the-argide functional groye; {ngry Va{*%n é&& d‘&%‘bht 0
sol gt' ?nl f’f de%r!tﬂ(d\!)dhﬁ{ ﬁdﬁé&%&&rﬂy@%&tl&%{tﬁéﬁud@bl(‘jdaPnM PA- H( NH4) ZDUFAIVAK
in I STI ed wat er chyoma r roauc eaKs
(due to the formatiofh®pdditign tﬁ%?'@f"’%&ﬁé pEgt %F‘fﬁg'ly%'?@ﬁ r°g %&%% },gvgyp

and 3.66 m meactnaaeenmmlaaarwmnﬂa p@;&zanﬁmcyc]lemcacsumhleorgmssomns@umsl n 10

pH = 6

Fewi ot | - pac RaPIPHoRB oMot 8 g g 36 £halhide ficafly bl votilo Btimary. |
‘DOTAMA, had oasecettdanyammetmtmamd-hd_oﬂﬁd mlﬂea&ﬁmeékmwmﬂéb%ﬂbtl on of
' SCN- PA- DOTAMA All pf the sqwag .{r‘a&gem@lfm pFfatikdNrk earaaoa&@g ol BETAVA (23

ng), was dissolved in ed water and thi ophosgene $v§
[err]L) was tm@@@@pam}e@hqﬁw@at&efgg@ cm:q}pweéggqay bF H'lage rom known literature

reference descriptions.

A general synthetic approach to produce the chelators of the present invention
wherein one of Q groups is a carboxamide as given in Scheme I. Although only one compound
is indicated by the terms shown, other similar moieties within Formuta (1) wherer = 0or1,n =

06r1,andm = 0 ihrough 10 can also be prepared by this method.




M xxor[err] for approximtely 2 mnutes. Excess thiophosgene was extracted
with three 1 nL portions of chloroform The aqueous |ayer was added to 20
m of acetonitrile and the solvent was renoved on a rotary evaporator at
roomtenperature. The solid was dried for 2 hours on-a vacuum|ine at room
t enper at ur e. Fast at om bog@ar dment mass spectrum nfe 565 and
587 (positive ion, [M+ H- ] - and [M+ Na -][err], respectively) and nie
563 and 585 (negative ion, [MH + ]-and [M2H err] + Na
[err]]-,respectively). The product was dissolved in
approximately 4 nL of distilled water and stored at -70[err]C. Exanple 5:
Preparation of [Lu(SCN- PADGEMMME 1: SYNTHESIS OF PAADGTAMA tri chl ori de
(LuClferr] 6Herr]O 5.0 ng) was added to 1 nL of a SCN- PA- DOTAMA sol uti on
(prepared as described in Exanple 4) and the resulting solution was
titrated, using a pH Mter, to about = 6.4 bythe addition of 0.10-M
sodi um hydr oxi de. The spT@OQsBuwas re € dryness on a rotary
evaporat or at room jrerper at ug dried vacuum | i ne. gkhe HPLC

t he recové?ed pt oduct s

retention tinmes e £ 6. 25 an 8 mnutes (two
Econosﬁbher eNerr] aC183[ er

di ast er eoner s, ol uﬁ%S .to 30: 70 in
05 M a 3\}1 acet'a't‘é acet oni t preLmeHumedy/ m nLer 4
ch .

1090 Ii qui r omat ograpl}huooc

Sagkart N\

1 ) 2 | 3

(kN

" tBuOOC

HyN

COOH

« Lt SN
HOOC \’N / COOH
N

i CONH>

6

(a) 1.3 eq 2, CHGI, (78% chrom)
(b) 2.05eq t- butyi bromoacetate, Humg s Base, CHCI, (28% chrom);
(c) 1.1 eq bromoacetamide, Humg s Base, CHCI (90%)
: (d) 10% Pd/C, H, (1 atm), ethanol H 0(100%)
(e) 6N HCL, 35-40 C (100%)
(f) Acid Washed Silica Chrom (50%)
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Fast+ at om bonbardnment mass spectrum me 737 and 759 (positive ion, [M+ H
-] and [M+ NaJerr] ] + respectively) and me 735 (negative ion, [MH +]-)
20 Exanple 6: Preparation of [Lu(PA-DODADA)]C The starting
am de, PA-(NH4) 2DODADA (20 ng) as a mi xture of isoners, and 14 ngy of
LuCl[err]6H err]O were dissolved in 2 of distilled water, pH = 6.0. The
solution was heated in an oil bath at 90[err]C for 30 m nutes. The sol vent
was then renoved on a rotary evaporator and the sanmple dried in a vacuum

oven at 50[err]C. A HOLC ¢ Q{,a%gﬁ.t:r%%eaﬂﬁ; cohpBunds of Formula (1) are prepared where two
. of the Q groups are carboxamides. Although only one comp_ound isindicated by the terms
shown, other similar moieties within Formula () wherer = 0or 1,n = Oor {,andm = 0

‘ thfough 10 can also be prepared by this method.
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product gontai ned two peaks (due to the formation of nultiple isonmers) with
.retention times of 4.58 and 4.66 mnutes (HPLC preferred as in Exanple 5).
The free ligand, PA-(NH err])[err] DODADA (two isomers), had retention tines
of 2.88 and 3.12 mn. Fast atom bonbardnment mass spectrum me 694,
(positive ion, Merr]) and me 692 and {829 (negative ion, [M+ -2H + ]-and
[M--H+ d-]). Exanple 7: Preparation of SCN PA- DOTAMA-[err]Lu

To a mixture of 25 [err] of [err]Lu (0.7 mM in 0.05 N hydrochloric acid
and 25 [err] of HEPES buffer (1.0 M pH 7.0) was added 4 [err] of a
SCN- PA- DOTAMA solution (5 mMin Herr]0). This-was vortexed for about S
seconds, and was al | owed tg@{mﬁntsyrwﬂ-ﬁsmmfd?ﬁa@ﬂ%p& 5 mnutes before
purification on a PRP-1 Mni-Clean[err] (Trademark of Alltech Associ ates,
Inc., Deerfield, IL) cartridge (80 [err]l). The yield of the SCN PA- DOTAVA-
[err] Lu c ﬁlg - as around 75 percentogelergi ned by HPLC anal ysis on a
bnt[err] Zorbax Bio serif 9.4-mm I D x 25 cn), eluted

er (0.25 My 7.0) comdaiAfing 10 percenP" acetonitrile.
et ppgd Wi Ny UV (280 Ny wadk radi gadd | dual
‘detectors (Spectro 757 Pv-uewmeoter fromathe Applisd Hiag ,';‘,Nerrswlinc. bca,
and HPLC Radi oact i ¢t ectdQr Sof MBer tHroto—Anal yti cdl lsts ryany)-. - -
‘To purify the 177If56%onpl e%t“n?/‘(?hel ation m RYAGE V\BSMO&Q&QUPRP-l
cartidge, pretreated with 800 [err] of acetonitri le, 400 [err] of water
‘and 800 [err] of a wash baffer ' 7 -

75:25 POSITION -
ISOMERS: 95% SEL

O2N ' l/CONHz

8r
N

- Ze

N e - i
l tBUOO(_: \; J —\COOtBU t8u00C \fN j COOtBu

‘\ kCONH;_,

CONH;
9
8
| HaN CONH,H2N COOH
i L T (‘N’\ (‘N’\
- —N N\ N N
HoOC \’Nj COOH  HoOC \‘N/ CONH;

kCONHZ ‘\cosz

500 20%
80% (]

a) 1.05 eq t-buty! bromoacetate, CHCl, A (38% chrom)
Eb)) 2.3eq ctlJromc’)acetamide, Hunig's Base, CHCl, (100%)
- () 10% Pd/C, H, (1 atm), ethanol, H,0 (100%) .
~ (d) 6N HCl, 35-40°C (100%); Acid Washed Silica Chrom (50%)




(10 percent acetonitrile in 50 nM carbonate, pH 9.5) after being washed
with 800 [err]l of the sanme wash buffer, the SCN PA- DOTAMA-177Lu conpl ex
was eluted off in an acetonitrile- carbonate buffer (2: 1) m xture. The
first 50 [err] of the el uent was discarded.. The bul k of the desired
product cane off in the next 50 [err] Thg SCN- PA- DOTAMA-[err] Lu conpl ex was
i dentified by conparison of the retention tinme on HPLC with that of an

aut henti c-sanpl e prepared per Exanple 5. Exanple 8: Preparation of

PA- DOTAMA- [err] Lu F(ab')[err] CC49 Conjugate F(ab')[err] CC49
Goscri bd by Loyl e e PR e o 235 245 (1663
escri bed by Lagoyi .an i sonof f . .J. no t hods, : - :
exchanged intb8m§a>éq§f’%ﬂ"aﬂeém8mtr°é¥“?'35"%"“ﬁ#—?ef'g’) and concentrated to
approxi mately 16 ng/ nbm-16@ 4 7eutenr ]» o$mith® +agsmimedy sol ution (25 nnol es)

was added 30 [err] of LA - | S - 3.
nCi ) prepar eq[ as gescﬁgﬁéﬁgﬁﬁg&@ﬁ é%hé %H{%Hsﬂgfﬂﬁ?’ﬁ*‘\?é@ n@é‘ﬁ%@ pfagtr‘g’es
about 5 secoffislingsgacsaleratpt enaciclowon t ¥et@nethenwnayiis todselats te mdionushidrifromac)

for 2 hours. miagrd¥rdusiss proabict:.heFethbdaH deRsininG thelmikilday@fipiByediRle stasedt
G- 250 columm. Fifty-three percent of the [err]Lu had becone antibody bound

with an aver JYENHRMis APt critical thereto.
: The invention will be further clarified by a consideration of the following

examples, which are intended to be purely exemplary of the present invention.
Glossary ;
' BFC = bifunctional chelator -
DTPA = d'iethyleﬁetriaminepemaacetic acid
HEPES = N-2-hydroxyethylpiperazine-N‘-2-ethane sulfonic Acid
: HPLC = high performance liquid chromatogi'aphy
| o . IRMA = imfmuno-radio-metric assay
PA-DODAD,A = 1.4.7.1Q-tetraaza-l-N-(1-carboxy-3-(4-aminophenyl)propyl)-
-7-N-(1-carboxymethyi)-bis-4,10-N,N-(carboxamidomethyl)cyclododecane
? ' . ' PA-DOTA = 1-[2-(4-aminophenyl) ethyl}-1,4,7,10-tetraazacyclododecane-
" -1,4,7,10-tetraacetic acid
PA-DOTAMA = 1,4,7,10-tetraaza-1-N-{carboxy-3-(4-nitrophenyl)propyl)
_ -bis-4,7-N,N{carboxymethyl)-10-N-carboxamidomethyl)cyclododecane
ﬁBS = phosphate buffered saline (containing 120 mM Nacl, 2.7 mM KCl, and
10 mM phosphate, pH 7.4)
SCN = isothiocyanato
TLC = thin layer chromatography
General Experimental "
' Mass s”p'ectra were obtained on a VG ZAB-MS high resolution mass spectrometer
(Positive lon Fast Atom Bombardment with Xenon using a matrix of '
dithioerthyritol/dithiothreitol - “Magic Bullet” - unless otherwise noted). H and 13C NMR

spectra were obtained using a Varian VXR-300 spectrometer. Infrared spectra (IR) were
recorded on a Nigolet SSX FT/IR or Beckman Acculab instrument.

Elemental analyses are reported for the major chromatographed product without
further purification uniess noted, and were determined by'using a Perkin Eimer 2400 CHN
analyier. All samples were vacuum d'ried (50°-60°C at 10-° mm) overnight immediateiy prior to

analysis.

Prm—
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21 ,of BEC per antibody estimated to be around 0.2 aftertwo hours. Upon
.termnation, the [err]Lu | abeled F(ab')2 was purified by centrifugal gel
filtration with a Sephadex G 25 colum (2.2 m; Q5 2B of Isolab Inc.,
Akron, Chio), on a duPont Sorval centrifuge (nodel RT 6000B at 2900 rpn) at

;4[err]Cfor 2 mnutes. Theld ntegrity of the [err]Lu | abel ed
F(ab')2 was verified by HPLC on GF-250 (nethod of Sivakoff, BioChrom,

'1(1), 42-48 (1986), ga|so|séme.mpmedmrmmgpuemavar@hwalfbmeé&ﬂssgw&bﬂvt and
o SO B ol BT oot N B e Brtpaet, o

[err] of a axsmt%ﬂ%sbmeaﬁom@rtfcmuqﬁemsewﬁ?ﬁ‘E fu&%}@“{%% (o 7
mMin 0.05 NnmédAoﬁ [BrgrdHem2Ai0%8, 43, 6p. bIU 3200 N(VRdckeaFadk60] 230+4D0 mikestesil B BEIS

buffer (1.0
- GOA-AIdﬂch Chemical Co.) using the followmg solvent systems unless otherwise noted:
1) Solvent System 1:
_ - chloroform

- m‘ethanol

- concentrated ammonium hydroxide

- 2/2/1 viv ratio .
2) Solvent System 2:

- chloroform

- methanol

. - concentrate ammonium hydroxide

~-12/4/1 viv ratio

Revalues are reported using these solvent systems and commercially available
Analtech silica plates (250 micron, Analtech inc.).

All percentages are given in mole percents unless otherwise indicated.

structural identification of compounds is indicated by reference to the compound
numbers in the previous schemes.

Preparation of Starting Materials
Example A: Synthesis of d,I-2-Bromo-4-(4-Nitrophenyl)-Butanoic Acid, t-Butyl Ester

(Compound 1)

To a solution of 6 mL carbon tetrachioride and 15 mL thionyl chioride (0.2 mole)
was added 12.5 g of 4-(4-nitrophenyl)butanoic acid (0.06 mole, FW = 209.20) under a nitrogen
éimosphere. The solution was brought to reflux for 1 hour with initial rapid fiberation of
- hydrogen chloride and sulfur dioxide. N-bromosuc-cinimide (11.5 g, 0.062 mole) was then

added as a slurry in 20 ml carbon tetrachloride and three drops of 48 percent aqueous
hydrogen bromide catalyst were added to the warm solution whereupon bromine liberation
was noted. The dark red solﬁtion was refluxed for an additional 35 minutes and at the end of
this period, the red color discharged rapidly. A short path still head was attached to the pot
and unreacted thionyl chloride and carbon tetrachioride were distilled off (a total of 30 mL).
The solution in tHe pot was cooled and poured into dioxane (100 mi) with stirring. This dark
solution was slowly added to 250 mL of a stirred solution of 8 percent aqueous dioxane. The
dioxane was then removed on a rotary evaporator and 150 mL of methylene chloride was
added to the dark oil followed by removal of this solvent on the rotary evaporator. Another
250 mL portion of methylene chioride was added, the sotution was dried over magriesium

sulfate and filtered. To this solution was added dicyclohexylcarbodiimide (14.4 g, 0.07 mole},
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pH 7). It.was vortexed and heated at 90[err]C in a sand bath for 30

m nutes. The yield of chelation was 86 percent based on the 177Lu activity.
The identification was nade by conparison with an authentic sanple prepared
as described in Exanple 6. The 177Lu chel ate was derivati zed
by the addition of 10 [err] of a thiopht&gene solution (1 percent-in

acetonitril t.ro t enper.at ur, fter gllow ng the reacti nt-inue
for 5 to 15t Rt PRt RlndEr bt ot S i e P ol
PRP-1 M ni - a8newhensdon td haes. TEC Analysisi($0:80 ethylare dadidpricarban temsaghigride)1 0:
Preparation rﬁa%h%&] (ﬁf]ﬂmgﬂ%&%l%ﬁ'aﬁh).@ﬁé%ixturewasﬁltered to 1he

conj ugation of PA- A-lTerr] Lu to | ] CC49 was_prepared as

descri bed i HePREHifvslopexyiuiga and the psulting olptien was exragied vl mperpiess 2o

ggtT i Rgd?/was WAES ngsm%‘éﬁ‘%@% ef85 ﬁdﬁéﬁ?\tb&?&ou@&&ﬁ{a\(ﬂr@]aﬁﬂx TX0Ti\Fortionk didter( See
( pl i cation No. , 1.e., greater than rcent reaction in

1 hour, conpar&@2p's PE%‘SM“??G%@%@& mﬁg“?%‘f'gﬁﬁb l-tﬂﬁﬂ‘i‘gf g‘f?‘fe]"gﬂ',as CERPVPdss

t han 30 per deates$iting SiCNaPdpdlied fo 4 7.3 X1 diinchichiembaf Bashsitiea geliwhieh hagbedh 5) , at

roomtenper er . &y i ho n i ;

10 Ter ] Arbbileeiiurd 50 S enBline B nehfehe SARIEL LA Pachlorl R bdnd is 80,

verified by Ost6dmate) ih 28 recdeotyieldias & eclbrieyoibtheaitled p@deﬁddskbﬂobmd i n Exanpl e

8. Exanpl e Ldie Rhgpuhis0Brlc s BT eddd e hRRE Wi FoiRiovkEd by:  OOA4O- for

Bi odi stribution nParl son . L :

H NMR(CDCIg)SB. 8(d, 2H, J;=8.7 Hz), 7.38(d, 2H, Jap, = 8.7 Hz), 4.07 (dd, 1H,
J1=8.1 Hz, J = 6.4 Hz methine H), 2.84 (m, 4H), 2.32 (m, 4H), 1.49 (s, 9H);’ _

- 13CNMR (CDCi3) § 168.9, 148.1, 146.9, 129.5, 124.0, 82.7, 46.3, 35.5, '_33_.0. 27.5;

' - R ((Il_)CI3 film on NaCl plates) cm-! 2979, 2933, 1732 (ester), 1602, 1520, 1346,

1142, ' - ' o I

Example B: Synthesis of 1,4,7,10-Tetraaza-1-N-(1-Carbo-t-Butoxy-3-(4-Nitropheny!)Propyl)

‘Cyclodo-Decane, Monchydrobromide Salt (Compound 3)

i To a stirred solution of 1.90 g cyclen free base {compound 2, 1 ,4,7,10-tétraaza- .

; cydododecan_é) (10.5 mmol, FW = 172.28) fn 25 mL of pentene stabilized chloroform was
added 3.44 g of bromide 1 (9.50 mmol correctéd to 95 percent purity 1), prepared by the
procedure of Example A, over a5 minute period under a nitrogen atmosphere with stirring.
The reaction solution was stirred for 48 hours at room temperature (T = 25°C). TLC analysis
(12:4:1 - solvent system 2) revealed conversion to the monoalkylation product
1,4,7,10-tetraaza-1-N-(1-carbo-t-butoxy-3-(4-nitrophenyl)propyl) cyclododecane
(R¢ = 0.79 ninhydrin, iodine, and ultraviolet active versus a minor, high R = 0.81). The yellow
chloroform solution was applied to a 1.5 X 14 inch flash silica gel column which had been pre-

- eluted with 10 percent methanol in chloroform. The oil was then eluted with this solvent until
passage of a light yellow band and then solvent system 1 was applied. An orange band
i mm_ediately preceeded the major UV active fraction which proved to be 3. The combined
fractions containing this matérial were collected to afford the monohydrobromide saltof 3as a
thick oil (3.7 g, 7.67 mmol) in 80 percent yield. The oil was dissolved in a minimum amount of
chloroform and this solution was triturated with ether to provide a gum which upon standing
n this_ solvent betame a white powder (decomposed between 70° to 110°C to a brown oil)
which proved to be analytically pure 3 upon vacuum drying, characterized by:

*H NMR (CDCl3) 88.13 (d, 2H, J,p = 8.6 Hz), 7.48 (d, 2H, J,, = 8.8 Hz), 3.71 (s, 3H),
3.23(dd, 1H, 31 = 8.2 Hz, J; = 6.3 Hz), 2.5-3.0{m, 20 H), 2.65 (m, 2H), 1.46 (s, 9H);

13CNMR (CDCl3) § 171.9, 149.7, 146.4, 129.6, 123.7,81.4, 64.8, 48.9, 48.1 . 46.6,
45.3,45.4, 32.5, 30.5,27.9;
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The titled conpound was prepared according to the procedure described in
Exanpl es 8 and 10 except that SCN- PA-DOTA was the starting bifunctional
chel ant PA- DOTA was prepared as described in PCT Application No. WO

89/ 02788. Exanple 12: PA-DOTA-177Lu, PA-DOTAMA-[err]Lu and

PA- DODADA- [ err] Lu | abel ed |1 gG CCA49. 16 The whol e anti body-

conjugates were prepared in the simlar fasnion as described &%es 8,
10 and 1 1, except t h{(CPHe fitrw onBaBinisAdcmA AP IR 28444 &7 18\priAT 1F ? 457,
used. Again, 1B4&;es of coupling of the SCN-BFC chelates to the anti body are

'22 order of §§l¥hél§"ch%%si ofS %7'?&:1%%'2‘%-ﬁ-(?—g\}b&%‘-Ble-%-(&NitrophenyI)Propyl)-
Bis-4,7,-N,N-(Carbo-t-Butoxymethyl)Cyciododecane, Monchydrobromide Sait

{Compound 4)

To 21 mL of chioroform cdntaining 386 mg of 5-butyl-bromoacetate (2.00 mmol)
and 400 mg diisopropylethyl amine (3.1 mmol) was added 516 mg (1.00 mmol) of the
hydrobromide salt of 3, prepared by the procedure of Example B, with stirring for 48 hours.
The solvent was removed and the crude product was applied to a 1 X 6 inch flash silica gel .
column which had been pre-efuted with 5 percent methér;ol in chloroform. isolation of the
first UV active fractions (R, = 0.81insolventsystems,R, = 0.51. in 10 percent methanol in
chloroform) upon elution with this solvent provided 4 (211 mg, 0.28 mmol) as its hydrobromide
saltin analytical purity. The compound was further characterized by: '

_ 1H NMR (CDCl3) § 10.1 {broad s, 1H), 8.17 (d, 2H, J5p = 8.6 Hz), 7.46 (d, 2H, J5, =
8. 8 H2), 3.2-3.4 (m, 5H), 2.6-3.2 (m, 18 H), 2.13(m, 1H), 1 98 (m, 1H), 1.50(s, 9H), 1.44(s, 9H), 1.43
Gs. BH),

13C NMR (CDCl3) 6 171.3, 170,7, 169.6, 149.2, 146.6, 129.4, 123.8, 82.0, 81.8, 81.5
66.9,58.7, 51.5, 50.9, 49.6, 48.4, 47.7 46.9, 32.5, 31.2, 28.0, 27.9, 27.8;

IR (CDCi; film on NaCl plates) cm-! 2985, 1724 (ester), 1602, 1520, 1456, 1370,
1347, 1151;

Exémgle D: Synthesis of 1,4,7,10-tetraaza-1-N-(1-Carbo-t-Butoxy-3-(4-Nitrophenyl!)Propyl)-
~ -Bis-4,7,-N,N-(Carbo-t-Butoxymethyl)-10-N-(Carboxamidomethyl)Cyclododecane
{Compound 5) and Reduction of the Nitro Group

To 1 mL of chioroform was added 89 mg (0.119 mmol) hydrobromide 4 as
prepared in Example C, 21.3 mg (0.159 mmol, 1.23 equivalents) bromoacetamide and 80 mg
(0.62 mmol, 5.2 eq) diisopropylethyl amine, the solution was then placed in a 5 mm NMR
(nuciear magnetic resonance) tube. The NMR tube was placed in the NMR spectrometer (probe
T =50°C) and the disappearance of the quaternary carbons of 4, (82.0, 81.8, 81.5 ppm) was
monitored. The corresponding increase in thrée new carbon quaternarysignals for 5(81.1, 80.7-
80'..5) was complete within five hours and characterized by:

TH NMR (CDCIE) §8.15(d, 2H, 1 =8.4 Hz), 7.38(d, 2H, J =8.4 Hz), 3.2-3.4 (m, 6H),
2.6-3.2{m, 18 H), 2.13 (m, 1H), 1.85(m, 1H), 1.48 (s, 9H), 1.46 (s, 9H), 1.41 (s, 9H);

13C NMR (CDCI ) 8 174.3,171.6,170.3, 149.3, 146.2, 129.1, 123.4, 81.0,80.7,. 80.4,
626 57.0,56.4,56.1,55.5,55.0, 53.1,52.8, 52.0, 51.6, 48.4, 46.0, 32.6, 31.0, 28.1,27.9,27 7.

i The chloroform was evaporated from the chloroform solution of 5 and the
remaining light-yellow glassy solid was dissolved in 10 mL of 70 percent ethanol in water.

Palladium on carbon catalyst (100 mg, 10 percent Pd on carbon from Lancaster Sy.nthesis Ltd.)

" was added under a nitrogen atmosphere and hydrogen gas was sparged through the stirred
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Exanple 13: In Vitro Stability of [err]Lu Pa- DOTAMAand 177Lu PA- DODADA

Ant i body Conj ugat es The experinment was desi gned
to test the stability of the [err]Lu BFC conpl exes at |ysosonal pH 4
through 5, or in the presence of other chelators such as

di et hyl enetri am nepent aacetic acid (DTPA)y. Thus, the antibody conjugates
prepared per Exanples 8, 10 and 1 1 were incubated i n acetate buffers
(0.2 M at pidiviionderdi 8hdufs) ThesolutionawasHilfdfedxtduih 8shorthad of ddiitqrandthd sdlver®BS)

at roomte with ntibo ancent r af i . ‘ :
ot The hatsrefiia o iexhf sl iR Gk Al SO U Bl
on a GF- 250 @30 manrudEentaining Hunig baseheharactadizedbyTabl e | and expressed as

percent Lu-177 remai Ngeotp 4t ohNdchGlatisf dnl iy, 248370055, 124 eSter T6ed (dmldR),
stability for_the three conjugates derived fromdifferent BFC s.

Table I:  St68Bi1pe1382. 1368 1 fs [err] Lu
BFC- Ant i bodyexa@BielEy at1947,10-Tetraaza-1-N-(1-Carbo-t8Uedxi 314 Nitrophenyl)PdpaAh-7iNx(@Erbo-t-
bound) -Butoxy-Methyl)Cyclododecane (Compound Z), Monohy&robrorr'\ide Salt
in 12 mL of chloroform were dissolved 516 mg (1.00 mmol.) of 3 hydrobromide
" salt, as prebared in Example B, and 198 mg (1.00 mmol) tfl_)utylbkomoa_cetate under a nitrogen
atmosphere, and the solution refluxed over night. Thé concentrated solution was appliedto a
1 X 6 inch flash silica gel column which was eluted with 10 percent methanol in chloroform.
Elution with this solvent provided a light yellow, opaque band which was isolated giving
hydrobromide salt of 7 (230 mg, 0.38 mmoli as an inseparable 75:25 isomermixture of 1,7:1,4 .
diester positional isomers of analytical purity in 38 percent yield '(R' = 0.14in 10 percent
_ TH NMR (CDCI3) 6 8.17(d, 2H, J, = 8.5 H2), 7.52 (7S percent) and 7.31
! (25 percent)(two d,'2H total, §,p = 8.8 Hz), 3.23 (t, 1H, J= 6.4 Hz), 2.5-3.1 (m, 18H), 1.8-2.2 (m,
5 2H), 1.50 and 1.44 (two singlets for minor (25 percent) 1,4-diester t-butyl group), 1.46 and 1.39
(two singlets for major (75 percent) 1,7-diester t-butyl group)-the total integration for these

f . methanol in chloroform) characterized by:

four resonances was 9H:

' 13C NMR (CDCL) 8 171.9, 171.3, 170.7, 169.8, 149.8, 149.0, 146.5, 129.6, 129.4,
123.8, 123.7, 82.1, 81.8, 81.6, 81.3, 65.9, 65.6,57.0, 51.4, 49.3, 49.1,47.1,47.0, 44.5, 43.6, 32.5,
31.0,30.8, 27.9, 27.8, 27.8;

IR (CDCl; film on NaCl plates) cm-1 2979, 2942, 2856, 1724, 1602, 1520, 1456, 1354,

1152;
' 'éxamgle F: 1,4,7,10-Tetraaza-1-N-(1 -Carbo-t-Butoxy-B-(tl-Am'inophenyl)Propyl)—7-N-( 1-Carbo-
' -t-Butoxymethyl)-Bis-4,10-N,N-(Carboxyamido-Methyl)Cyclododecane
{(Compound 9)
In 7 mL of chloroform were dissolved 175 mg (0.289 mmol) diester 782 mg
(0.594 mmol), bromoacetamide and 116 mg (0.90 mmol) diisopropylethyl amine with stirring at
25°C. The solution was allowed to stir under a nitrogen atmosphere for 48 hours. After 48
hours the chioroform was removed on a rotary evaporator and the obtained light-yellow glass

was dissolved in' 10 mL of 70 percent ethanol in water. Palladium on carbon catalyst (120 mg,

10 pércent Pd on carbon from Lancaster Synthesis Ltd.) was added under a nitrogen
atmosphere and hydrogen gas was sparged through the stirred solution for 18 hours. TLC
analysis (solvent system 1) revealed a ninhydrin positive, ultraviolet (254 nm) active spot. The
solution was filtered through Celite and the solvent evaporated to give 143 mg of 9 as a white

~glass.

REPLACEMENT SHEET




Time: hr. . | 0 18 48 .72

PA- DOTAVA In acetate, pH 6 99. 4 99. 2

99.1 99.1 : in acetate, pH 4 99. 4 98. 4

98. 6 98. 9 . i n DTPA/ PBS 99.4 99.4

99. 3 99. 3 ' ' PA- DODABA in acetate, pH 6

99.4 99. 3 99..1. . 99.1 ' H 4

99 4 . 97 8 H NMRgt,allels of this mgterigl revealed "cwo broadened d})ﬁbl%&%ﬁgﬁgn@

99. 4 6.66 ppm, an indic&ipn®f nitro grog®reduction. A- DOTA

g §0r7rpar ati Ve) c IR(CDCl3 film 6%?&2&%??-%’516 2980, 894 2836 1721 (este), 9872"5
cetate

99.2 9@"1“):‘523 1517,1368, 1152  pDTPA/ PBS - 99.2 99. 5

99.6  BQnfble1: Synthesis of 1,4,7,10-Tetraaza-1-N-(1-Carboxy-3-{4-Nitrophenyl)Propyl)-

-Bis-4,7-N,N-(Carboxymetl:ayl)-1 0-N-Carboxamidomethyl)-Cyclododecane

(PA-DOTAMA) (Compound 6) _ ‘

The crude’amino derivative 5b (130 mg), prepared as described in Example D, was

.f dlssolved in 10 mL of concentrated hydrochioric acid and the solvent removed (temperature did
" not exceed 40°C at 10 mm to 0.1 mm) to give 6 as awhite solid. The white solid was applied to a
.column of acid washed, flash eilica gel (1 X 12 cm with 10 g of gel, Alltech inc.) which had been

eluted with 3:3: 1.'chloroform:methanol:concentrated ammonium hydroxide.

| The tri acid_monoamide 6 (R¢-0:19 in same solvent) was obtained as a
non-hygroscopic white solid (52 mg, 0.100 mmol) in 83 percent _overall yield from 4. The isomer '

_ rei__:io was qetermia;\ed by HPLC analysis (95:5 of 0.05 M sodium acetate (pH = 6):acetonitrile to
5050 in 10 min, 1 mLmin-1 at 254 nm using a 100 mm Econosphere C18 column with guard)
and indicated the material to be greater than 97 percent area purity. The NMR spectra of this
material under the followin§ conditions were consistent with a pair of diastereomeric amides
- which aris_e'from restricted rotation about the C-N1 bond.

o 1H NMR (D,0 with dioxane internal standard, pH = 4.5,30°C) 6 7.21 (m, 2H), 7.01
(m; 2H), 1.8-3.9 (m, 27H):

13C NMR (D,0 with dioxane internal standard, pH = 4.5, 30°C) § 180.5, 180.0,
171.5, 177.3;, 175.3,174.9, 173.0, 142.9, 141.5, 137.3, 136.4, 132.9, 122.0, 121.6, 69.0 (dioxane),
65.1, 65.0, 58. 9 58.6, 58.5, 58.2, 54.6, 53.8, 53.2, 52.1, 51.6, 51.3, 50.7, 50.4, 49.7, 49.0, 48.7, 54.0
( doublet”), 29.6, 29.1;

MS (FAB in "magic bullet” matrix) m/e (1 percent) 523 (100 percent, (M + H) +),
545 (38 percent, (M + Na)+), 561 (M + Ca-H}*).

This material was used directly in subsequent chelation studies.

Example 2: 1,4,7,10-Tetra-1-N-(1-Carboxy-3-(4-Amino-Phenyl)Propyl)-7-N-(1-Carboxymethyl)-.
' ) Bis-4,10-N,N-(Carboxamidomethyl)Cyciododecane (PA-DODADA)

{(Compound 10a/b)

Compound 9 (143 mg) asisolated in Example F was dissolved in 6 N hydrochloric
acid and the solvent removed in vacuo (40°C, 10-! mm) after ten minutes. The obtained white
solid'was applied to a column of acid washed, flashssilica gel (1 cmwith 15 g of gel, Alltech Inc.)

; ; which had been eluted with 2:2: 1 chloroform:methanol:concentrated ammonium hydroxide.
The symmetrical 1,7-diacid (R¢=0.32 in same solvent) could not be preparatively separated
from 1,4-diacid (R« = 0.20) under these conditions, and fractions containing both compounds

were pooled to provtde an 80:20 isomer mixture of 10 (80 mg, 0.134 mmol) in 58 percent
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Exampl e 14: Animal Biodistribution Studies of [err] Lu-PA-DOTAVA,

PA- DOTADA, and PA- DOTA Labeled F(ab')[err] and |1 gG CC49.

In vivo localization of the [err]Lu-BFC | abel ed anti body was determ ned in
Bal b/c mce (purchased from Charles River Breeding Laboratories) of
approxi mately 4 weeks of age. Fermale Bg b/c mce were each injected via
tail vein with about 10 [err]C [err]Lu of |abeled antibod 8&7 to 10
[err]g) in §®=rflbsrleli:l frofn PBBe isbiver ratioavasdetermiaed by lrilﬂéendrslsxl%glﬁ SMinme

| ntervals, hiShiuntd? A b2 ﬂﬁkla‘é@mukﬂétﬁ%b%k@@n%,%n.%wssms'm@ £xci sed,

wei ghed, and radi oacti vit measured in The cqunts per
m nute ( CPMO&mm Ergnasphere Gh?cq?htmwl}a ayare) awé?%ngmamm'{%e@é%aé Q§ " cPM
-per gram of of p&redte afR@putifii €ct ed dose nul tiplied by 100

MS(FAB in "magic bullet"‘ matrix) m/e (1 perc_ent) 522 (100 percent, (M + H) +): 544
(28 percent, (M + Na) +).
This matenal was used directly in subsequent chelatton studies.
Example 3: Preparatlon of [Lu(PA-DOTAMA)].
Excess lutetium (Lu3 +) ion (400 pt of 5mM _I,y(OAc)3'4 Hz_O inpH = 6.0,0.50 M
- sodium acetate) was added to a solution of PA-H(NH,),DOTAMA (100 pLof SmM
PA-H(NH4),DOTAMA in distilled water). A HPLC chromatogram of the product contained two
‘peaks (due to the formation of two diastereomers) with retention times of 3.53 and 3.66 min..
(100 mm Econosphere C18 3 u column, 95:5 0 30:70 in 10 min., pH = 6.0, 0.05 M ammonium
acetate: acetonitrile, 1 ml.lmln, 254 nm, Hewlett-Packard 1090 liquid chromatograph) The free
haand PA-H(NH_), DOTAMA, had a retention time of 1.85 min.
Example 4: Preparation of SCN-PA-DOTAMA : ‘
The starting amide, PA-H(NH3)2D0TAMA (23 mg), was dissolved in 3 mL of
distilled water and thiophosgene (15.8 uL) was added: Theimixture was mixed vigorously in a
. Mixxor™ for approximately 2 minutes. Excess thiophosgene was extracted with three 1 mL
partions of chloroform. The aqueous layer was added to 20 mL of acetonitrife and the solvent
was removed on a rotary evaporator at room temperature. The solid was dried for 2hourson a
vacuum line at room temperature.
fast atom bombardment mass spectrum, m/e 565 and 587 (positive ion,
[M+H-]- and (M + Na+]+, respectively) and m/e 563 and 585 (negativeion, {M-H+}-and
{M-2H + + Na+]-, respectively).
. The product was dissolved in approximately 4 mL of distilled water and stored at
- -70°C. .
Example 5: Preparation of [LU(SCN-PADOTAMA)]

) Lutetium trichloride (LuCl3'6H,0, 5.0 mg) was added to 1 mLof a
SCN-PA-DOTAMA solution (prepared as described in Example 4) and the resulting solution was
zitrated, using a pH meter, to about pH = 6.4 by the addition of 0.10 M sodium hydroxide. The
solution was reduced to dryness on a rotary evaporator at room temperature and driedon a
vacuum iine. Thg HPLC retention times of the recovered products were 6.25 and 6.28 minutes
{(two diastereomers, 100 mm Econosphere™ C18 3 i column, 95:5 t0 30:70 in 10 min., pH=6.0
0.05 M ammonium acetate:acetonitrile, 1 mUmin-1, 254 nm, Hewlett-Packard 1090 liquid
chromatograph).

Fast atom bombardment mass spectrum, m/e 737 and 759 (positive ion,

[M+H-]}~ and (M +Na+]+ respectively) and m/e 735 {negativeion, [M-H+1-)__
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23 {percent injected dose/gram. Results for the chel ates PA- DOTA,
PA- DOTAMA and PA- DODADA conjugated to CC49 F(ab')[err] are given in Tables
11 A, B and C. :

20
_ Example 6: Preparation of [Lu(PA-DODADA)ICI
The starting amide, PA<(NH,),DODADA (26 mg) as a mixture of isomers, and
14 mg of LuCl3'6H30 were dissolved in 2 mL of distilled water, pH = 6.0. The solution was
heated'in an oil bath at 90°C for 30 minutes. The solvent wasthen removed on a rotary
- evaporator and the sample dried in a vacuum oven at 50°C. A HPLC chromatogram of the
product contained two peaks (due to the formation of multiple isomers) with retention times
of 4.58 and 4.66 minutes (HPLC preferred as in Example 5). The free ligand, PA-(N H4)2DODADA
(two isomers), had }eter;tion times of 2.88 and 3.12 min. Fast atom bombardment mass
. spectrum, m/e 694 {positive ion, M +) and m/e 692 and 729 (negative ion, [M+-2H+}and .
. IM--H* +CHD. | '
Example7: Preparation of SCN-PA-DOTAMA-177Ly
Toa .mixture of 25 ul of 177Lu (0.7 mM) in 0.05 N hydrochloric acid and 25 pl of
HEPES buffer (1.0 M, pH 7.0} was added 4 ul of a SCN-PA-DOTAMA solution (S mM in H20). This
was vortexed for about 5 seconds, and was allowed to stand at room temperature for 5 minutes
’ before purification on a PRP-1 Mini-Clean™ (Trademark of Alltech Associates, Inc., Deerfield, IL)
calstridge {80 nl). The yield of the SCN-PA-DOTAMA-177Lu complex was around 75 percent
_ determined by HPLC analysis on a GF-250 column (duPont™ Zorbax Bio series, 9.4 mm
i 1D x 25 cm), eluted with a citrate buffer (0.25 M, pH 7.0) containing 10 percent acetonitrile. The
- . HPLC system was equipped with UV (280 nm) and radioactive dual detectors {Spectro 757 UV
detector from the Applied Biosystems Inc. CA, and HPLC Radioactive Detector of Berthold
Analytical Inst., Germany).
~ Topurify the 177Lu complex, the chelation mixture was loaded onto a PRP-1
cartridge, pretreated with 800 pl of acetonitrile, 400 pl of water and 800 pl of a wash buffer
{10 percent aa_:etonitrile in S0 mM carbonate, pH 9.5) after being washed with 800 ! of the
same wash buffer, the SCN-PA-DOTAMA-177Lu complex was eluted off in an acetonitrile-
carbonate buffer {2:1) mixture. The first 50 pl of the eluent was discarded. The bulk of the
desired product came off in the next 50 pl. The SCN-PA-DOTAMA-177Lu complex was identified
by comparison of the retentién time on HPLC with that of an authentic sample prepared per
Exar_nple 5.
Exaﬁiole 8: Preparation of PA-DOTAMA-177Lu F(ab’)2 CC49 Conjugate
F(ab’), CC49 was prepared by enzymatic digestion of IgG CC49 according to the
. procedure described by Lamoyi and Nisonoff, J. Immunol. Methods, 56, 235-243 (1983),
exchanged into &carbonate buffer (S0 mM, pH 9.5) and concentrated to approximately
16 mg/ml. To 170 pt of the antibody sotution (25 nmoles) was added 30 ul of the |
SCN-PA-DOTAMA-177Lu complex (8.7 nmoles; 3.8 mCi) prepared as described in Example 7.
This solution was vortexed for about 5 seconds and was allowed to stand at room temperature
(about 22°C) for 2 hours. The progress of the conjugation was foliowed by HPLC on a GF-250

column. Fifty-three percent of the 177Lu had become antibody bound with an average number
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- of BFC per antibody estimated to be around 0.2 after two hours. Upon termination, the 177y

labeled F(ab"); was purified by centrifugal gel filtration with a Sephadex G-25 column (2.2 mi;
Qs-2B of isolab Inc., Akron, Ohio), on a duPont Sorval centrifuge (model RT 60008 at 2900 rpm)
at 4°C for2 mmutes - ‘
Thei mtegnty of the 177Lu label ed F(ab')z was verified by HPLC on GF-250 (method
of Sivakoff, BioChrom., 1(1),42-48(1 986), gel electrophoresis coupled with autoradiography
and immunoreactivity by immunoradio-metric assay (IRMA). )
Example 9: Preparation of SCN-PA-DODADA-177Lu Complex
PA-(NH,),DODADA (4 pl of a 5 mM solution in water) was mixed with 25 ul of
177Lu (0.7 mM in 0.05 N hydrochloric acid). To this was added 25 pl of  HEPES buffer (1.0 M,
pH7). It was vortexed and heated at 90°Ciin a sand bath for 30 minutes. The yield of chelation
wés 86 percent based on the 177Lu activity. The identification was made by comparison with an
authentic sample prepared as described in Example 6. ' '

The 177Lu chelate was derivatized by the addition of 10 pl of a thiophosgene
sol"y_tion (1-percent in acetonitrile) at room temperature. After allowing the reaction to '
céﬁiinue for5to 1S minutes, the 177Lu-SCN-PA-DOTADA complex was purified on a PRP-1 Mini- |
Clean™ cartridge as described in the Example 7.

Example 10: Preparation of PA-DODADA-177Lu Labeled F(ab'), CC49.
" The conjugation of PA-DODADA-177Lu to F(ab‘), CC49 was prepared as described

in Example 8. The rate of coupling of SCN-PA-DODADA-177Lu to antibody was considerably

faster than that observed for DOTAMA and DOTA (see PCT Appllcajzlon No. WO 89/02788),

i.e., greaterthan 50 percent reaction in 1 hour, compared to about 37 percent for

SCN-PA-DOTAMA-’"L’U, and less than 30 percent for SCN-PA-DOTA-177Lu in the carbonate

butfer (pH 9.5), at room temperature (22°C) and antibody concentration of about 1.25x 10-4 M.

i

The integrity of the Lu-177 labeled antibody was verified by standard biochemical

~ techniques as those described in Example 8.

Example 11: Preparation of PA-DOTA-177Ly Labeled F(_ab')zCC49- for Biodistribution
i Comparison .
The titled compound was prepared according to the procedure described in
Examples 8 and 10 except that SCN-PA-DOTA was the starting bifunctional chelant. PA-DOTA
was prepared as described in PCT Application No. WO 89/02788.
Example 12: PA:DOTA-177Lu, PA-DOTAMA-177Lu and PA-DODADA-177Lu labeted 1gG CC43.
Thé whole antibody conjugates were prepared in the similar fasnion as described
in Exémples 8, 10 and 11, except that intact monaoclonal antibody CC49 (whole 1gG) was used.
Again, rates of coupiing of the SCN-BFC chelates to the antibody are in order of
SCN-PA-DODADA > SCN-PA-DOTAMA > SCN PA-DOTA.
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- Example 13: in Vitro Stability of 177Lu Pa-DOTAMA and- 177Lu PA-DODADA Antibody
Conjugates ' i
The experiment was designed to test the stability of the 177Lu BFC complexes at
lysosomal pH 4 through 5, or in the presence of other chelato-rs such as
* diethylenetriaminepentaacetic acid (DTPA). Thus, the antibody conjugates prepared per
Examples 8, 10 and 11 were incubafed in acetate buffers (0.2M;atpH 4,and pH 6), 0orina
DTPA solution (0.25 M, pH 7.4 in PBS) at room temperature and with the antibbdy
concentration at about 10 uM. The loss of Lu-177 label from the antibody was determined by
HPLC on a GF-250 column. The results, summarized in Table | and expressed as percent Lu-177
i remained bound to the antibody, demonstrates comparable stability for the three conjugates
derived from different BFC‘s.. |

- Table I: - Si:ab-ility’ of Various 177Lu
: BFC-Antibody Conjugates
($ Lu-177 remained antibody bound)

Time, hr. 0 18 48 72
| PA-DOTAMA
' in acetate, pH 6| 99.4 | 99.2 99.1 99.1
in acetate, pH 4 99.4 98.4 98.6 98.9
in DTPA/PBS 99.4 99.4 99.3 99.3
PA-DODADA
in acetate, pH 6 99.4 99.3 99.1 99.1
in acetate, pH 4 99.4 97.8 - 97.4 97.4
in DTPA/PBS 99.4 99.4 99.5 99.5
PA-DOTA
(Comparative)
in acetate, pH 6 99.2 99.3 98.7 99.5
in acetate, pH 4 99.2 99.1 99.2 99.1
in DTPA/PBS 99.2 99.5 99.6 89.9

Example 14: Animal Biodistribution Studies of 177Lu-PA-DOTAMA, PA-DOTADA, and PA-DOTA
Labeled F(ab’); and IgG CC49.

_ In vivolocalization of the 177 u-BFC labeled antibody was determined in Balb/c
mice (purchased from Charles River Breeding Laboratories) of approximately 4 weeks of age.
Female Balb/c mice were each injected via tail vein with about 10 nCi '77Lu of labeled antibody
(7 to 10 pg) in 50 pl of PBS. The mice were sacrificed at various time intervals. After
exsanguination, the selected organs/tissues were excised, weighed, and radioactivity was
measured in a gamma counter. The counts per minute (CPM) of 177Lu in each tissue was

determined and expressed as CPM per gram of tissue per injected dose multiplied by 100
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- (percentinjected dose/gram). Results for the chelates PA-DOTA, PA-DOTAMA and

PA-DODADA conjugated to CC49 F(ab'), are givenin TablestlA,Band C.
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PA- DOTMA and PA- DODADA bi functi onal _
bi odi stri bution when conjugated to F(ab')[err] fragnents of CC49. The data

al so show the | ower uptake of [err]Lu by bone for

chelators with respect to

The results show the simlarity anong the PA-DOTA,

PA- DOTAVA F(ab)[err]

conj ugates as conpared to PA-DOTA F(ab' pigerr] conjugates, especially at
| onger tinme points (120 hours).

chel ates conjugated to

~F(ab'),] cCyq

ected as [17"Lu~-PA~DODADA

Table TIC
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Biodistribution of 177Ly. In
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27

The results show the similarity among the PA-DOTA, PA-DOTMA and
PA-DODADA bifunctional chelators with respect to biodistribution when conjuga_ted to F(ab’);
fragments of CC49. The data also show the lower uptake of 177Lu by bone for PA-DOTAMA
F(ab’), conjugates as compared to PA-DOTA F(ab’); conjugates, especially at longer time points
(120 hours).
Results of biodistribution of chelates conjugated to CC49 IgG is given in Tables I D
and E. T

REPLACEMENT SHEET

23 DEC19%

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




30

antea go-d< oT3syIEIS

I9TTINO O3 onp pajoalar anfea ansstl SUO

| onger tine points (3

28

uptake of the [err]Lu by the bone by conjugates of

. ) e!p=u . .
9¢°0 ¢S°1 Fc'o 0C°¢ G¢'0 19°¢C iv°0 LT°€ Jnuayg
T1°0 9€°¢ 76°0 Wy 96°0 L6°9 €6°0 TG ET Aaupty
Fv°0 80°9 GeE°'1 0L L 81°'1 0g’8 PL°0 6E°8 ‘uaatds

. el‘y=u
¢v'o AR % z8°0 6€°9 1€°0 099 0L°0 T0°6 13anT]
m-vﬂc
6v°0 Gf°L Le°o PETTT 9L°0 p9°ST £s°¢C G6°SC pootd
"P3s *bay *Pas *bay ‘pP3s bay "P3s bay
: _ uebig
joeM £ }99M Z yo9M T "IH ¥T

| ower

PA- DOTAMVA as conpared to conjugates of PA-DOTA at

weeks) .

A

[ery]

-The data show t he

600 [9bI-¥l10d-Yd-n1
_ (9aT

(g=u) weian/asoqg pa3idalur .juadiagd
se pa3joafur nq,,, JO UOTINQTIISIPOTE

jexedwo)) 4II °1deL

VREPLACEMENTSHEET
23 DEC 1996




be apparent tothose skilled in the
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practice of the invention
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The data show the lower uptake of the 177Lu by the bone by conjugates of
PA-DOTAMA as compared to conjugates of PA-DOTA at longer time points (3 weeks).

Other embodiments of the invention will be apparent to those skilled in the art
from a consideration of the specification or practice of the invention disclosed herein. Itis
intended that the specification and examples be considered as exemplary only, with the true

scope of and spirit of the invention being indicated by the following claims.
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1. A complex which comprises a compound of the formula:

} R3 '
r2__(/ \< /}c{\ (CH, . ; (\N N-Q
=\ A
o , : :

(1)

wherein: '
| . eachQis iqdependently hydrogen, (CHRS),CO,R; or (CHRS),C(O)N(R6), with the
E proviso thatat least one Q is (CHRS),C(O)N(RS);;
R at each occurrence is independently hydrogen, benzyl or C1-C4 alkyl;
'y each RS independently is hydrogen, C1-C4 alkyl or -(C1-C; alkyl)phenyl;
each R6 independently is hydrogen, C;-Cq alkyl or ~{(C1-C3 atkyl)pheny!;
X and Y are each independently hydrogen or may be taken with an adjacent X
" and Y to form an additional carbon-carbon bond to produce an alkene or alkyne;

nisOor1;

misan integer from 0 to 10 inclusive; ~ This Sheet Has Been Re
=1or2;

Hll!llHllllHlllllIfill

w=0or1i;
wnth the proviso that nis only 1-when X and/or Y form an additional carbon-carbon bond, and
the sumofrandwisOor1;
R2 and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido,
thiosemicarbazido, maleimiao, bromoacetamido or carboxyl;
- R3 is C4-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;
with the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hydrogen; or
a pharmaceutically acceptable salt thereof;
cotiplexed with anion of a metal selected from La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Y or Sc.
2. The complex of Claim 1 whefein the metationis 153Sm, 166Ho, 90Y 149Pm,
159Gd, 140La, 177y, 175Yb, 47S¢, or 142Pr.
3. The complex of Claim 1 wherein X and Y of Formula { are hydrogen, ris 0,

and m is an integer from 0 to 5 inclusive.
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4.  The complex of Claim 2 or 3 wherein the compound is 1,4,7,10-tetraaza-
-1-N-(1-carboxy-3-(4-nitrophenyl)propyl)-bis-4,7-N ,N-(carboxymethyl)-
-10-N-(carboxamidomethyl)cyclododecane; 1,4,7,1 0-tetraaza-1-N-(1-carboxy-3-(4-amino-

_ phenyl)propyl)-bis—4,7-N,N-(carbcl:xymethyl)-10-N-(carboxamidomethyl)cyclododecane;
1,4,7,10-tetra-1-N-(1-carboxy-3-(4-ami nophenyl)propyl)-7-N-{1-carboxymethyi)-bis-
-4,10-N,N-(carboxamidomethyl)cycl ododecane; or 1 ,4,7,i0-tetraaza- 1-N-({1-carboxy-3-(4-nitro-
phenyl)propyl)-7-N-(carboxym ethyl)-bis-4,1OQN,N-(carboxa'midomethyl)cyclociodecane.

5.  The complex of Claim 4 wherein the metal ion s 153Sm, 166Ho, 90Y, or 177Lu.

6. A conjugate comprising a compliex of any one of Claims 1 to 5 covalently

attached to an antibody or aﬁti body fragment.

. 7.  The conjugate of Claim 6 wherein the antibody or antibody fragment is a
monoclonal antibody or fragment thereof. - -

X 8. A pharmaceutlcal formulation comprising a conjugate of Claim6or 7 with
a pharmaceutlcally acceptable carrier.

_ _ 9. A method for the diagnosisof a dlsease state in a mammal comprising
adfninistering to the mammal an effective amount of a pharmaceutical formulation of Claim 8.

10. A method for treatment of a disease state in a mammal which comprises '
administering to the mammal an effective amount of a pharmaceutically formulation ofi
Claim 8. | _

i 11.  Acompound of the formula:’

Q

R3
—_— — N-Q
‘_<<"r>>(CH2)'n——-(') (CHp) s L/ \/
v/ y N
Q

This Sheet Has Been Reﬂlaced

[ARTRH

each Qisindependently hydrogen, (CHRS),CO2R; or (CHRS5),C(O)N(RE); with the
proviso that at I&ast one Q is (CHR®),C(O)N(RS);;

R at each occurrence is independently hydrogen, benzyl or C1-C4 élkyl;

(1)

wherein:

each R®independently is hydrogen, C1-C4 alkyl or -(C4-C; alkyl)phenyl;
each R®independently is hydrogen, C4-Cg alkyl, or -(C4-C; alkyl)phenyl;
XandYare each independently hydrogen or may be taken with an adjacent X

and Y to form an additional carbon-carbon bond to produce an alkene or alkyne'
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wherein: g each Qis independently hydrogen, (CHR[err])[err]CJerr]R
or (CHR[err])[err]C(ONRerr])[err] with the proviso that at |east one Q
is (CHRerr])[err]C(O N(Rerr])[err]; R at each occurrence is

i ndependent | y hydrogen, benzyl or C[err] Cerr]al

i ndependently is hydrogen, Clerr]-Cerr]38Kkyl or -
aI kyl ) phenyl ; each R6 independently is hydroH ‘ m ]' al kyl

-(derr]- C[err] ahkad orlibenyl ; X and Y are ermt |y
hydr ogen or may be taken with an adjacent X and Y to “form an addi ti onal
car bon- car bon bond t@'b?%@ﬁﬁ?@’ﬁﬂmé’ltRéﬂE‘dé‘F“’eaL kyne; _ nis Oor 1
mis an integer frompG 16r%0 inclusive; p=1o0r 2 r =0 or
1; with the provdsq that nis only 1 when X and/or Y form an
addi tional carbon- carboll bond; R2 and R4 are independently

hydrogen, am no, isomw@eyanato, sem carbazido, thioseni carbazido,
mel ei m do, Qi@TREFRNVRIMIR nYonfyPf RRVY and/or Y form an additional carbon-carbon bond, and
thesumofrandwisQOaqri; X - _
, ' R2 and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido,
" thiosemicarbazido, maleimido, bromoacetamido or carboxyt;
o R3 is C1-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;
with the proviso that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be
hidrogen; or

a pharmaceutically acceptable sait thereof. -

- ———
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Rlerr] +s.Cferr]-Clerr] alkoxy, -CCH err]CJerr]H hydroxy or hydrogen;
with the proviso that R2 and R4 cannot both be hydrogen but one of R err]

and Rl err] must be hydrogen; or : a pharmaceutically acceptable salt
t her eof ; conplexed with an ion of a netal selected fromlLa, Ce, Pr,
Nd, Pm Sm Eu, &d, Th, Dy, Ho, Er, Tm Yb, Lu, Y or Sc. 2. The

conplex of Cdaim1l wherein the netal ionis [err]Sm [err]Ho, [err]y
[err]Pm [err]CGd, [err]La, [err]Lu, [err]Yb, [err]Sc, or 142Pr. .
The conplex of Claim1l1l wherein X and Y of ggornula | are hydrogen, r is O,
and mis an integer fromO to 5 inclusive 4. The conplex of Claim
2 or 3 wherein the conmpound is 1,4,7, 10-tetraaza-1-

N- (1- car boxy- 3- (4-ni trophenyl ) propyl ) -bi s-4, 7-N, N- (car boxynet hyl ) - 10- N- (car

boxam i domet b)&'R)BUXMfm;? IFIED POLYAMINE CHELATORS AND RADIOACTIVE
1,4,7,10-tetraaza-1- N ( 1- car boxy- 3- (4- am no- phenyl - propyl ) -

bi s-4,7-N, N- (car boxynet hyl ) - XCOMRIENEDAND CONIGATESC| ododecane,;
1,4,7,10-tetra- 1- : :
; ABSTRACT
A group of functionalized polyaminocarboxamide modified chelators that form
complexes with rare earth-type metal ions are disclosed. The complexes, covalently

attached to an antibody or antibody fragment, can be used for therapeutic and/or

diagnostic purposes.
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( car boxam dorethyi)cyelsbdogecaneis paged .1, 4
- car boxy- 3- (4- @il Biexacphenyb)pr.opid )_Lh},dl\.h(c

4 V\/nerel n t hg
A conj ugat e ce

Aloax?v-7
005

[| - car boxynet
7.1 0-tetradeapgl AR(DEC BYT
arboxyrret hyl )ti-hi-s
1

5.

F(l DLACEMENT SHEET
yl)-bis-4

The corrpl ex of Claim

D, [err]Y, or [err]Lu. 6.
mind Gh@lalteréaml Radioactive y

attached to an ant| bodyor nt| v
G aim6 wherein the antibody Or@gﬂﬁ;{@%&”ﬁﬂg 98“!“9?‘

The conj ugat e of
a nonocl onal anti body

or fragnent ther éldfe present invegition rejatgshtar mbuhargerlmordﬁmmclmlatow wefidrtosattagh a
conj ugat e of,4%h ti%q%&ﬁl 17)n¥"t6 hinforRBREFRCSHIbbERS! Y acceptable carrier.

9. A net hod

e man cture of an agent f

r the diagnosis, of a

di sease state i n EnogHesaize 6 ARtS; A bifeRctional Goerdinaos; AL KRQMER erbe fapable of
conj ugat e ofbefigacovdlermily dttached to an antibody having specificity for cancer or tumor cell

epitopes or antigens. Radionuclide complexes of such antibody chelant conjugates are
useful in diagnostic and/or therapeutic applications as a means of conveying the
radionuclide to a cancer or tumor cell. See, for example, Meares et al , Anal. Biochem.,
124, 68-78 (1984); and Kreijarek et al., Biochem and Biophys. Res. Comm., 77, 581-585
(977). o
Attachment of the metal ion to a protein such as an antibody has been achieved by
complexation by an acyclic chelate such as carboxymethylated amine derivatives of
eihylenediaminetetraacetic acid (EDTA) (U.S. Patent 4,662,420) or diethylenetriamine
pentaaceticacid(DTPA)(U.S. Patents 4,479,930 and 4,454,106),covalently linked to the
antibody. Such acyclic complexes, however, tend to be unstable in vivo either as a result
of acid-catalyzed decomplexation or competitive chelate binding by calcium or zinc in
serum. The lack of stability can result in uncomplexed metal atoms in the body which
have a cytotoxic effect on healthy tissue (e.g., bone marrow).

The use of macrocyclic chelating compounds has the advantage of a higher
stability. EP-A-0 255 471 discloses macrocyclic chelating compounds for diagnostic and
therapeutic use applicable in high doses as their complexes with metal ions or radioactive
isotopes are very stable. In addition, the complex can be linked by biological substances
or substances capable of interacting with biological systems. Low molecular weight
substances, e.g. glucose, amino acids or fatty acids, as well as high molecular weight
substances, e.g. polysaccharides or antibodies can be used. Furthermore, these
compounds have the advantage of a low allergic potency. Alternatively to acyclic chelates
macrocyclic ligands can be used for the labeling of antibodies. Certain macrocyclic
bifunctional chelating agents and the use of their copper chelate conjugates for diagnostic
or therapeutic applications have been disclosed in U.S. Patent 4,678,667 and by Moi et
al., Inorg. Chem, 26,3458-3463 (1987). Attachment of the aminocarboxylic acid
functionality to the rest of the bifunctional chelating molecule is through a ring carbon of
the cyclic polyamine backbone. Thus, a linker attached at one end to a ring carbon of the
cyclic polyamine, is also attached at its other end to a functional group capable of reacting
with the protein.

EP-0 353 450 Al discloses macrocyclic bifunctional chelants, complexes thereof
and their antibody conjugates. This group of functionalized polyaminocarboxylate
chelants forms complexes with metal ions, especially radioactive metal ions having rare



wi th a pharnmaceutically acceptable carrier. 10. [fA—method 1ot
manuf act ure of an agent for the treatnment of a disease sf a@@%&?%ﬁﬁgﬁﬁﬁ
conprises fornmulating an effective anount conjugate of cliaim 6 @2

pharmaceutical |y acceptable carrier. 11. A conpdupRie f-t-hewe e

f or mul a: _ 2 Q
[err] wher ei n: each Qis independently hydrogen,

( CHR[ err]) [ egarfhCelper thdmisey. ( THB[ edniplitesr £dnCoO)y ety lattheted] toMah hantibody or
antibody fragment and used for therapeutic and/or diagnostic purposes.
Tetraazamacrocycles which can act as bifunctional chelating agents for use in
diagnosis and therapy are described in published European Patent Application 0 382 582,
on August 16,1990. At least one of the side arms emanating from an amine of the ring
being a phosphinate ester. The linker group being attached to a ring carbon of the
tetraazamacrocycle.
U.S. Patent 4,994,560 discloses rhodium complexed to bifunctional chelators
containing a polyamine, wherein the polyamine chelating agent can be a
polyazamacrocycle, where the linker group is covalently attached to any one of the carbon
or nitrogen atoms of the polyamine. Such polyamines form outstandingly inert complexes
with rhodium (III), but are inappropriate for the radiochelation of lanthanide (III) metal
ions
each RS independently is hydrogen, C;-C, alkyl or -(C;-C, alkyl)phenyl;
each RS independently is hydrogen, C;-Cg alkyl, or -(C;-C, alkyl)phenyl;
| X and Y are each independently hydrogen or may be taken with an adjacent X and
Y to form an additional carbon-carbon bond to produce an alkene or alkyne;
nisOor 1; ' i
m is an integer from 0 to 10 inclusive;
p=1lor2
r=0orl;
w=0or1l;
with the proviso that n is only 1 when X and/or Y form an additional carbon-carbon
bond, and the sum of rand w is O or 1; _
R? and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido,
thiosemicarbazido, maleimido, bromoacetamido or carboxyl;
R3 is C1-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;
with the proviso that RZ and R4 cannot both be hydrogen but one of RZ and R4 must be
hydrogen; or :
a pharmaceutically acceptable salt thereof.
P As used herein the term "alkyl means a linear or branched alkyl.
~ The present invention is also directed to rare-earth type metal ion complexes,
especially radioactive neutral or charged rare-earth type metal ion complexes, and to
conjugates formed with the aforementioned complexes and antibody or antibody
fragments. The term ‘"radioactive”" means a metal ion that emits particles and/or
electromagnetic radiation from the nucleus The use of the amide-modified side arms
offers advantages over chelating agents known in the prior art which contain carboxylated
side arms in that the chelating agents containing the amide-modified side arms can be




the proviso that at least one Qis (CHRerr])[err]C(O N R lc@hdaNT SHEET
R at each occurrence is independently hydrogen, benzyl or '

Cerr]-Cerr]al kyl; each R5 independently is hydrog Mate : 220EC|997
Cerr]-Cerr]al kyl or -(C 1-C2 al kyl) phenyl ; each |L————==

Rl err]independently is hydrogen, Cerr]-Ce¥r] alkyl or -(Cerr]-Cerr]

al kyl ) phenyl ; X and Y are each independently hydrogen or nay be

taken with apnfgfadedd pfoRif, Yukh 4s0aRtiBoliaddidder mdreCaildoBokhlitRN DR drapid
]P; ggn ug et g”l olffﬁ@ﬁ?ﬂg F’f/ Z}l,;eké’cg]n?ﬁgate is Bf ignﬁoréafnc%ir? E)rolduction Pf a r@”dfgﬁh%@icanéoeﬂﬁéund
with the prdoer ¢erageatic and/r didgpostiogmerposés.and/ or Y form an addi ti onal
carbon-  carbon bengs also been found that the chelating agents of the present invention, which
contain one amide-modified side arm, have a lower propensity for uptake in the bone than
do chelating agents known in the prior art such as 1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraacetic acid and bifunctional derivatives thereof.

In addition, the present invention also includes formulations having the conjugates
of the invention and a pharmaceutically acceptable carrier, especially formulations where
the pharmaceutically acceptable carrier is a liquid. The invention also includes a method
for the diagnosis or treatment of a disease state, especially cancer, in a mammal which
comprises formulating an effective amount conjugate with a pharmaceutically acceptable

carrier. The term "mammal” includes especially humans.




33 R2 and R4 are independently hydrogen, am no, isot hjoRyanteeNT SHEET
sem car bazi do, thiosem carbazi do, nal ei m do, bronoacetam do fr ca:znggEc 1997
Rlerr] is (Jerr]-Cerr] alkoxy, -OCHerr]Cderr]H hydroxy ol buslfo

with the that R2 and R4 cannot both be hydbogen but one of

Rierr] must 8@ ofed s2@8Rr idds. Particulady PRFEITES Gl the 3hks/ o e RhRRURS 8f Formula
t her eof .
(I) where the salt is chloride or the salt of an anionic buffer such as acetate, or mixtures
thereof.
Preferred compounds of Formula (I) include those compounds where X and Y are
each H and r is O as shown by the following formula:

7
R3 N
9
R? (CH,))—C—N N—Q
I
Q

M)

wherein:

each Q is independently hydrogen, (CHR3),CO,R; or (CHR5)pC(0)N(R5)2 with
the proviso that at least one Q is (CHR?),C(O)N(R%),;

R at each occurrence is independently hydrogen, benzyl or C;-Caalkyl;

m is an integer from O to S inclusive; i

p=1lor2;

R2 and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido,
thiosemicarbazido, carboxyl, bromoacetamido or maleimido;

R3 is C;-C, alkoxy, -OCH,CO,H, hydroxy or hydrogen;

each R3 independently is hydrogen or C;-Cjalkyl;

each RS independently is hydrogen, C;-Cg alkyl or -(C;-C, alkyl)phenyl;
with the proviso that RZ and R4 cannot both be hydrogen but one of R2 and R4 must be
hydrogen; or )

a pharmaceutically acceptable salt thereof.

The bifunctional chelating agents described herein [represented by either of
Formula (I) or (II)] can be used to chelate or sequester the rare-earth type metal ions,
particularly radioactive rare-earth type metal ions, so as to form metal ion chelates (also
referred to herein as "complexes"). The complexes, because of the presence of the
functionalizing moity [represented by "R2" or "R4" in Formula (I) or ()], can be
attached to functionalized supports, such as functionalized polymeric supports, or
preferably can be covalently attached to proteins, or more specifically to antibodies or
antibody fragments. Thus, the complexes described herein (represented by either of
Formula I or II complexed with rare-earth type metal ions, particularly radioactive rare-
earth type metal ions) may be
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CLAIMS
1. A complex which comprises a compound of the formula:

R3

oo $ 2
Oty <o
Y/m

H
R¢

®

wherein:

each Q is independently hydrogen, (CHRS),CO,R; or (CHR5)pC(O)N(R5)2 with
the proviso that at least one Q is (CHR3),C(0) N(RS),;

R at each occurrence is independently hydrogen, benzyl or C-C4alkyl;

each RS independently is hydrogen, C;1-Cjalkyl or -(C4-C, alkyl)phenyl;

each RS independently is hydrogen, C{-Cg alkyl or -(C;-C; alkyl)phenyl;

X and Y are each independently hydrogen or may be taken with an adjacent X and
Y to form an additional carbon-carbon bond to produce an alkene or alkyne;

nisOor1

m is an integer from O to 10 inclusive;

p=1lor2;

i

r=0orl;

with the proviso that n is only 1 when X and/or Y form an additional carbon-
carbon bond;

R2 and R4 are independently hydrogen, amino, isothiocyanato, semicarbazido,
thiosemicarbazido, maleimido, bromoacetamido or carboxyl; '

R3 is C;-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;
with the proviso that R2 and R4 cannot both be hydrogen but one of R? and R* must be
hydrogen; or

a pharmaceutlcally acceptable salt thereof;

complexed with an ion of a metal selected from La, Ce, Pr, Nd, Pm Sm, Eu Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu, Y or Sc.

2. The complex of Claim 1 wherein the metal jon is 153Sm, 166Ho, 90Y
3. The complex of Claim 1 wherein X and Y of Formula I are hydrogen, r is

0, and m is an integer from O to 5 inclusive

4. The complex of Claim 2 or 3 wherein the cbmpound is 1,4,7,10-tetraaza-1-
N-(1-carboxy-3-(4-nitrophenyl)propyl)-bis-4,7-N,N-(carboxymethyl)-10-N-(carboxam-
idomethyl)cyclododecane;  1,4,7,10-tetraaza-1-N-(1-carboxy-3-(4-amino-phenyl-propyl)-
bis-4,7-N,N-(carboxymethyl)-10-N-(carboxamidomethyl)cyclododecane; 1,4,7,10-tetra-1-
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N—(l-carboxy—3—(4—aminophenyl)prop3;l)-7-N—(1-carboxymethyl)-bis—4, 10-N,N-
(carboxamidomethyl)cyclododecane; or  1,4,7,10-tetraaza-1-N-(1-carboxy-3-(4-nitro-
phenyl)propyl)-7-N-(carboxymethyl)-bis-4,10-N,N- (carboxamidomethyl)cyclododecane.
5. The complex of Claim 4 wherein the metal ion is 153Sm,166Ho,%0Y, or
1771 . :

6. A conjugate comprising a complex of any one of Claims 1 to 5 covalently
attached to an antibody or antibody fragment.

7. The conjugate of Claim 6 wherein the ahtibody or antibody fragment is a
monoclonal antibody or fragment thereof.

8. A pharmaceutical formulation comprising a conjugate of Claim 6 or 7 with
a pharmaceutically acceptable carrier.

9. A method for the manufacture of an agent for the diagnosis of a. disease
state in a mammal comprising formulating an effective amount conjugate of claim 6 or 7
with a pharmaceutically acceptable carrier.

10. A method for the manufacture of an agent for the treatment of a disease
state in a mammal comprises formulating an effective amount conjugate of claim 6 or 7
with a pharmaceutically' acceptable carrier.

11. A compound of the formula:

- Q

R3 |
AT L
R2 CH(CH,)—C—(CH)— —Q
| oo '
R? Y/m o </1TT\>
Q
()

wherein:

each Q is independently hydrogen, (CHR3),COR; or (CHR3),C(O)N(RS), with
the proviso that at least one Q is (CHR3),C(O) N(R6),;

R at each occurrence is independently hydrogen, benzyl or C{-C4alkyl;

each RS independently is hydrogen, C;-Cyalkyl or -(C;-C, alkyl)phenyl;

each RS independently is hydrogen, C;-Cg alkyl or -(C1-C; alkyl)phenyl;

X and Y are each independently hydrogen or may be taken with an adjacent X and
Y to form an additional carbon-carbon bond to produce an alkene or alkyne;

nisOor1

'm is an integer from O to 10 inclusive;’

p=1lor?2;

r=0orl; :

with the proviso that n is only 1 when X and/or Y form an additional carbon-
carbon bond:
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R2 and R4 are independently hydrogén, amino, isothiocyanato, semicarbazido,
thiosemicarbazido, maleimido, bromoacetamido or carboxyl;

R3 is C;-C4 alkoxy, -OCH,CO,H, hydroxy or hydrogen;
" with the that R2 and R4 cannot both be hydrogen but one of R2 and R4 must be hydrogen;
or

Date 220EC1397

a pharmaceutically acceptable salt thereof.



