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The present Invention concerns chelants passesslng ortho Hgattng fuctlonallty, complexes and con· 
Iugatas thereof, processes for their preparation, formulations for their use and methods for their use in 
cancer diagnostics andtor therapy. 

Funcllonallzad chalants, or blfuncttonal coordinators, are known to be capable of being covalently 
s attached to an antibody having spaclftclty for cancer or tumor call apltopas or antigens. Racllonucllda 

complaxlr.s of such antlbodylchalant conlugates are useful In diagnostic andlor therapeutic appllcallons as a 
means of conveying the radionucllda to a cancer or tumor cell. Sea, ·for example, Meares et al., Anal 
B/ochem.142, 68-78, (1984); and l<rajcarak et al., Blochem. and Blophys. Ras. comm. n, 581-585 (1977). 

Aminoearboxylic acid chelating agents have bean known and studied in the literature for several years. 
10 Typical of the aminocarboxyllc acids are nltrllotriacatic acid (NTA), athylanadiamlnatatraacatic acid (EDTA), 

hydroxyathylathylanadiamlnatriacatic acid (HEDTA), diathylanatrlaminapantaacatic acid (DTPA) and trans-
1.2-diaminocyclohexanatatraacatlc acid (COTA). Numerous blfunctional chelating agents based on 
aminocarboxyllc acids have bean proposed and prepared. For example Iha cyclic dianhydrida of DTPA 

• (Hnatowich et.al. Science, 220, 613·815, 1983; U.S. Patent 4,479,930) and mixed carboxycarbonic anhy· 
15 drides of DTPA (Gansow;-"U.s. Patents 4,454,108 and 4,472,509; Krajcarak et al., Blochem. 8tld 

Blophys,Res. Comm. n, 581·585, 1977) have bean reported in the literature. Whan the anhydridas are 
coupled to proteins the coupling proceeds via formation of an amide bond thus leaving four of the original 
five carboxymethyl groups on the dlethylenelriamine (DETA) backbone (Hnatowich et al., Int J. AppL Jsot. 
33, 327-332, 1982). In addition, U.S •. PatBnts 4,432,907 and 4,352,751 disclose biluncllonal chelating agents 

20 Useful for binding metal Ions to •organic species. such ·lis organic target molecules or antibodies.• As In the 
above, coupling is obtiiined via an amide ;r!>UP. through :.Iha utllliation of dlaminotatraacatlc acid dlan· 
hydrides. Examples of anhydrtdes Include dlanhydltdes·of EDTA, COTA. propylenedlamlnetetraacetlc·acld 
and phenylena 1,2-ctlamlnatetraacatic acid, A recan~.u.s~ Patent"4,847,447 discloses several·complex salts 
tormad from Iha anion ot a complexing acid for use In various dlagnosllc techniques. Conjugation via a 

25 carboxyl group of the complexing acid Is taught which gives a linkage through an amide bond: 
Another class of blfunctlonal chelating agent based on amli1oc8rboxyllc acid furictionallty Is also wall 

documented in the literature. Thus. Sundberg at al. in the J. of Med. Chem. 17(12), 1304 (1974) discloses 
blfunctional analogs of EDTA. Reprasanlatlva of these compounds are 1·(-p·nilrophenyl)­
ethylenadiamlnatatraacatic acid. 1-(p·amlniophanyl)athylenadlaminatatraacatic acid and 1-(p·ban· 

30 zanadlazanlum)athylanadiamlnatrataacetlc acid Coupling to proteins· through the para-substltuant and the 
binding of ralfro-actlva metal Ions to the chelating group Is discussed. The compounds are also disclosed In 
Blochem. Blophys. Res. Comm. 75(1), 149 (1977) and In U.S. Patents 3,994,968 and 4,043,998. It Is 
Important to note that attachment Oftha aromatic group to the EDTA structure Is through a carbon of the 
athylanadlamlna backbone. Optically active blfunctlonal chelating agents based on EDTA, HEDTA and 

35 DTPA are disclosed In U.S. Patent 4,622,420. Also In this reference the attachment of the aminocarboxylic 
acid functionality to the rail of the blfunctlonal chelating molecule Is through a carbon of the ethylanaamlna 
backbone. In these compounds an alkylana group links the aromatic group (which contains the functlonallty 
needed for attachment to the. protein) to the carbon of the polyamina which contains the chelating 
functionality. Other references to such compounds Include Brechbiel et al. lnorg. Chem. 25, 2772·2781 

«1 (1986), U.S. Patent 4,847,447 and a published PCT application having lntemational PublicationNumbar WO 
86I06384. Mora recently, certain macrocyclic blfunctional chelating agents and Iha use of their copper 
chelate conjugates lor diagnostic or therapeutic applications have bean disclosed in U.S. Patent 4,878.687. 
Attachment of the amlnocarboxylic acid functionality to the rest of the bifunctional chelating molecule is 
through a ring carbon of the cyclic polyamina backbone. Thus, a linker, attached at one and to a ring 

45 carbon of the cyclic polyamina, Is also attached at its other and to a functional group capable of reacting 
with Iha protein. 

Another class of bifuncllonal chelating agent, also worthy of note, consists of compounds wherein Iha 
chelating moiety, I.a. the amlnocarboxylic acid, of the molecule Is attached through a nitrogen to the 
functional group of Iha molecule containing Iha moiety capable of reacting with the protein. lw an example 

so Mikola et al. in a published PCT application (lntamational Publication Number WO 84J03698, published 
9127/1984) d.lsclosa a blfunctlonal chelating agent prepared by reacting p-nilrobanzylbromida with DETA 
followed by reaction with bromoacatic acid to make the aminocarboxylic acid. The nitro group is reduced to 
the corresponding amine group and Is than converted to the lsothlocyanata group by reaction with 
thlophosgana. These compounds are blfunctlonal chelating agents which can be conjugated to blo-organlc 

85 molecules for use as dlagnosllc agents capable of chelating lanthanldas. Since attachment of the linker 
portion of the molecule Is through one of the nitrogens of the amlnocarboxylic acid, than one potential 
arnlnocarb!)xyl group Is lost for chelation. Thus, a DET A· based blfunctional chalant containing four (not ftva) 
acid groups Is prepared. In this respect this class of blfunctlonal chalant Is similar to those where 
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attachment to the protein Is through an amide group with subsequent loss of a carboxyl chelating group. 
In the J. Radlaanalytlcal Chem. 57(12), 553-584 (1980), Palk et al. cllsclosa the use of p-nHrobanzyl• 

bromide In a reaction with a •111oc:ked7' dlethylanetriamlna, I.a. bls-(2-phthallmldoathyl)amlna followed by 
dabloclclng procedures and carboXymethylallon using chloroacatlc acid, to give N'·p-nHrobanzyl· 

s dlathylanatrlamlna N,N,N" ,N"-tetraacatlc acid. Again, since the attachment Is through a nitrogen, a 
tatraac:etlc acid derivative Is obtained. ConJugallon of the blfuncllonal chelating agent and chelation with 
Indium is discussed. Substitution on the nHrogan atom Is also taught by Eckelman et al. in the J. Phann. 
Sci. 84(4), (1975) by reacting amines such as "athylanediamina or diethylenelriamine with Iha appropriate 
alkyl bromide before cBrboxymethylatlon. • The compounds are proposed as potential radiopharmaceutlcal 

10 Imaging agents. 
Recently Carney, Rogers, and Johnson disclosed (3rd. International Conference on Monoclonal Anti­

bodies; San Diego, California • FebRlary 4-8, 1988) absttacts anlitlad •Absence of Intrinsically Higher 
Tissue Uptake from lndium·111 l.Jlbaled Antibodies: Co«lministrallon of lndium-111 and lodlne-125 
Labeled 872.3 in a Nude Mousa Model" and "Influence of Chelator Denticity on lha Biodislribution of 

75 lndium·111 Labeled 872.3 lmmunoconjugatas In Nude Mice". The biodistribulion of indium-111 complexed 
with an EDTA and DTPA blfunctional chelating agent is diselosad. Attachment of the aromatic ring w the 
EDTAIDTPA moieties Is through an acetata radical. Previously Hunt el al. in U.S. Patents 4,088,747 and 
·4,091,088 (1978) disclosed alhylenadiaminedlacetic acid (EDDA} based chelallng agents wherein attach· 
mant of an aromatic ring lo the EDDA moiety Is through the alkylena or acetate radical. The compounds are 

20 taught to be useful as chelalas for studying hepaloblllary tundlon. The preferred metal Is technatlum-99m. 
lndlum·111 and Indium 113 are also taught as useful radlonuclldes for Imaging. 
~ Martell at al. In the lnorganica Chemlca Acta 138, 215·230 (1987) disclose an Iron chelating agent for 

treating Cooley's anemia. The ligands used were analogs of EDTA with amino and carboxylate donor 
groups, or having additional donor groups present like phenolic or phenolic groups substituted on pyridine 

25 rings: aminophosphonlc acid or aster groups wllh additional phenolate and amino donors; macrocyclic 
polyamlnes having carboxylata and/or phenolate donor groups; trlshydroxamlc acids; trlscatachols; and 
mullldenlate ligands with coordinating amide groups. 

The development of bone metastases Is a common and often calaslrophlc event for a cancer patlenl. 
The pain, pathological fraclures, frequent neurological deficils and forced Immobility caused by these 

30 metastatic lesions slgniffcantly decrease the quality of life for Iha cancer patlenl. The number of patients 
that contract mataslallc disease Is large since nearly 5Q% ol all patients who con1racl breast, lung or 

· prostate carcinoma wlll eventually develop bone metastases. Bona merastases are also seen In patients 
with carcinoma of Iha kidney, thyroid, bladder, cervix and other tumors, and collectlvely, these represent 
lass than 20% of patients who develop bona metastases. Metastatic bone cancer Is rarely life threatening 

34 and occaslonally patients live for yeara following the discovery of the bona lesions. Initially, miatment goals 
center on relieving pain, reducing requirements for narcotic medication and Increasing ambulation. Cfaarly, 
fl Is hoped that some of the cancers can be ciired. 

The use of radionuclldes for treatment of cancer metaslallc to the bona dates back to the early 1950's. 
It has been proposed to lnlecl a radioactive particle-emitting nuclide In a suitable form for the treatment of "° calcific lesions. II ls desirable that such nuclldas be concentrated In the area of the bona lesion with minimal 
amounts reaching the soft tissue and normal bone. Radioactive phosphorus (P-32 and P-33) compounds 
have been proposed, but the nuclear and biolocalizallon properties limit Iha .utilily of these compounds. 
[Kaplan, E., at al., J. Nuc. Med. 1 (1), 1, (1980); (U.S. Paton! 3,965,254)). 

Another attempt to treat bona cancer has been made using phosphorus compounds containing a boron 
45. residue. The compounds ware Injected I~ Iha body ~nlravenously) and accumulated In the skelatal 

system. 1ba trealment area was than irradiated with neutrons in order lo actlvale the boron and give a 
therapeutic radlaUon dose. (U.S. Patent 4,399,817). 

In the above mentioned piocedures. ii is not possible lo give therapeutic doses w the tumor without 
substantial damage lo normal tissues. In many cases, especially for metaslic bone lesions, the tumor has 

liO spread throughout lha skeletal system and amputation or Irradiation Is not practical. (Seminars In Nuclear 
Medicine IX(2), April, 1979). 

The use of Re·188 complexed with a diphosphonata has also bean proposed. (Mathieu, L et al., Int. J. • 
App. Rad. & lsot. 30, 725-727 (1979); Welnengar, J., Ketring, A. R .. at al., J. MJc. Med. 24(5). 125, (1983)). 
However, the preparation and purlftcallon needed for this complex Umlts Its utility and Wide appllcallon. 

55 Strontlum-89 has also been proposed for patients with metastlc bone lesions. However, the long half-life 
(50.4 days), high blood levels and low lesion to normal bona ratios can be disadvantageous. [Flruslan, N., 
Mellin, P., Schmidt, C. G., The Journal of Urology, 116, 764, (1976); SChmldt. C. G., Firuslan, N., Int. J. 
Clln. Phannacol., 93, 199-205, (1974)). -
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A palllatlve treatment of bona metastases has bean reported which amployad 1·131 labelled -amlno-(3-
lodo+hydroxybanzylldana)dlphosphonala [Elsanhut. M., J. Nuc. Med. 25(12), 1358-1361, (1984)). Tha usa 
of radlolodlna as a tharapeullc radlonucllde Is less than desirable due to the well known tendency of Iodine 
to localize In the thyroid. Elsenhut lists Iodide as one of the possible metabolites of this compound. In 

s addition, any 1·131 left over from the IOdlnatlon raactlon and not separalad In the washing procedure also 
constitutes a threat lo the thyroid. 

Amlnocarboxylic acids are known to chelate metal Ions. Particularly stable chelates are formed with 
metals from the alkaline earth and transition metal series. 

O'Mara et al. (J. Nuc. Med. 10, 49-51, 1969) have prepared rare earth complexes of aminocarboxyllc 
10 acids at chelant to metal rallosof 10:1. Thay find good skeletal properties and propose their use as 

diagnosllc skeletal agents. In addition to high bona uptake. high amounts of radiation were observed in 
muscle and/or liver. Of the rara earth nuclldas evaluated Sm·153 and Er-171 wera indicated as having tha 
most suitable characteristics for Imaging in humans. The utility of these agan1S for therapy, however, is not 
suggested. 

1s Rosoff, B. el al., Int. J. App. Rad. and lsot. 14, 129-135 (1963), disclose complexes of EDTA and NTA 
with certain radionuclides, namely Sc-48, Y·9f:" La-140 and Sm-153. The relationship of the stability 
constant of these complexes to urinary excretion is shown. Chelant lo metal molar ralios of 5:1 were 
employed and high concentrations of radioactivity were observed in Iha liver, spleen. kidney, lung and 
bone. 

20 The present Invention Is directed lo novel chelants possessing ortho ligating functionality, which chelant 
forms complexes with metals, especially "radioactive" metals having rare earth-type chemistry. Preferred 
radioactive metals Include samarlum-153 (153Sm). holmlum-168 (1"Ho), yttrlum-eo (9°Y), promethium-149 
(149 Pm), gadollnlum-159 (159Gd), lanthanum-140 (140La), lutetlum·177 (177Lu), ytterblum-175 ('75Yb), 
scandlum-47 (47Sc) and praseodymlum-142 (142Pr). The complexes so formed can be usad by themselves 

25 or can be attached lo an antibody or fragment thereof and used for therapeutic and/or diagnostic purposes. 
The complexes and/or conjugates can be formulated for In vivo or In vitro uses. Preferred uses of the 
formulated conjugates Is the treatment of cancer In animals, especially humans. 

In addition certain of the chelant-radlonuclide complexes can be effectively employed In compositions 
useful as therapeutic and/or diagnostic agents for calcific tumors and/or In compositions useful as 

ao therapeutic agents for the relief of bone pain. 
More specifically, the present Invention Is directed to compounds having the formula: 

ox 

wherein: 
"5 Z is an electrophilic or nucleophilic moiety which allows for covalent attachment to an antibody or 

lragment thereof or a synthetic Hnker which does not Interfere with the formation of complexation with a 
radionucllde and which can be attached to an antibody or fragment thereof; 

X Is hydrogen, C1·C4 alkyl or CRaRaCOOH; 
R1. Ra. Ra and Ra each are independently hydrogen, hydroxy, CO!H or a Ci ·Ca alkyl group; 

r;o Rs Is hydrogen or (CR1Rz)nCRaR.B; 
B rJpresents a 6near or branched amine or polyalkylane amine where at least one of the amine 

hydrogens has been substituted with a CRaR.COOH group; 
n Is o or 1; or 
a pharmaceutically acceptable sail thereof. 

li5 It Is preferred that the carboxyl group (when present) be attached to the first or sacond carbon from the 
nitrogen of the B group, I.e. the carbon 11 or /J lo the nitrogen in the chelant moiety. Preferred compounds of 
formula I are those where n Is O; or R1, Rz, Ra and Ra are each hydrogen: or n Is O and one of Ra or Ra Is 
hydrogen and the other Is COOH; or X Is hydrogen. When the chelants are to be usad as blfunctlonal 
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Chelatlng agents, than Z Is preferably amino, l&Othlocyanato, samlcarbazlde, thlosemlcarbazlde, carboxyl, 
bromoacetamldo or malelmldo. 

Addlllonally, the present Invention Is directed to compounds having Iha formula: 

OX R'1 
/R'4 

N~N........._R' 
I s 

. R'3 
z• 

II 

wherein Z' is hydrogen. NH2, NOz, NHC(O)CH3 or N(R')z. where R' is hydrogen or C,-03 alkyl; 
Xis hydrogen, Ci-03 alkyl or CA3R.COOH; 
R'1 Is hydrogen or COOH: 
R'a, R'• and R's are Independently hydrogen or CA3R.COOH, with the proviso that at least one ol R'1, 

R'3, A'• and A'5 Is hydrogen: or 
a pharmaceutically acceptable salt thereol. 
Furthermore, the present Invention Is directed to compounds having the formula: 

ox R'2 · 

R'3 / R's 
'N N 

R'4 / ........._ R'6 

z• 

III 

f, 

wherein Z' ls hydrogen, NHz, NOz, NHC(O)CH3, N(R')z, where A' ls hydrogen or C1-C3 alkyl; 
ofO X Is hydrogen, C,-03 alkyl or CR,R.COOH; 

R'1 and R'2 each are hydrogen or COOH, with the proviso that at least one is COOH; R'a. A'•· R's and 
R's are Independently hydrogen or CA3R.COOH, with the proviso that at least three are CRaR.COOH; or 

a phannaceullcally acceptable salt 1hereof. 
The present Invention Is also directed to radioaclive metal ion complexes, especially radioactive rare-

46 earth type metal ion complexel, and to conjugates formed with the aforan)8nlioned complexes and antibody 
or antibody fragments. In addition, the present invention also Includes formulations having the chelant­
radionuclide complexes and/or the contugatas ot the invention and a pharmaceutically acceptable carrier. 
Typically the phannaceutlcally acceptable carrier in these formulations Is In liquid form. The invention also 
includes a method tor the diagnosis or 1reatmant of a disease state, especially cancer. in a mammal by the 

so administration to the mammal an effective amount of the lormulaHon. 
As used herein, the following Indicated tenns have these meanings: with respect to the definition of Z; 

"alectrophilic" moieties Include, but are not limited to, isothiocyanate, bromoacetamide, malalmide, im­
ldoaster, thloph1hallmlde, N·hydroxysucclnlmyl ester, pyrtdyl disulfide and phenyl aside: suitable 
•nucleophlllc" moieties Include, but are not llmlted to, carboxyl, amino, acyl hydrazlde, semlcarbazlde, and 

55 thlosemlcarbazlde; •synthallc Unkers• Include any synthetic organic or Inorganic linkers which are capable 
of being covalently attached to an antibody or antibody fragment, preferred synthetic linkers are biodeg­
radable syntheUc linkers which are stable In the serum of a patient but which have a potenHal for enzymatic 
cleavage within an organ of clearance for the radioisotope, for example biodegradable peptides or peptide 

5 



.I.. 

containing groups. Of the elactrophRlc moieties lsothlocyanate, bromoacetamlda and malalmlde are pre­

ferred, especially preferred Is lsothlocyanate; and of the nucleophlllc moieties amino, carboxyl, semicar· 

bazlde and thlosamlcarbazlde are prafarrad, especially preferred are amino and carboxyl. It Is desirable that 

the nature and/or position of Z be such !hat It does not appreciably Interfere with the chelation reaction. Z 

s can also be a non-reactive moiety such as H, NC4, NHC(O)CHa, NR'2 (where R' Is Hor C1·Ca alkyl) when 

the end use does not Involve attachment of the chelate to a protein. 
The tann •c, ·Ca• alkyl includes methyl, ethyl, n-propyl and isopropyl. 

The tanns •linear or branched amine or polyalkylane amine• mean straight or branched chain alkyl 

molaties that contain at least one, and usually more than one, nitrogen atom. ' 

10 · As used herein, the term •mammal• means animals that nourish their young with milk secreted by 

mammary glands, preferably warm blooded mammals, more preferably humans. 
•Antibody" refers to any polyclona~ monoclonal, chimeric antibody or hateroantibody, preferably a 

monoclonal antibody; "antibody fragment• includes Fab fragments and F(ab')2 fragments, and any portion 

ol an antibody having specificity toward a desired apitopa or apitopas. When using the term •radioactive 

rs malal chalaJ.a!antibody conjugate• or •conjugate•, the "antibody• Is meant to include whole antibodies 

and/or antibody fragments, Including samisynlhatfc or genetically engineered varianls thereof. Preferred 

antibodies are Cc-49 and antibody fragments such as Fab and F(ab')2. Other possible antibodies are CC·83 

and 872.3. The hybridoma cell line 872.3 Is deposited American Type Culture Collection (ATCC), having 

the accession number ATCC HB 8108. The other murina monoclonal antibodies bind to apitopes of TAG· 

211 72, a tumor associated antigen. 
As used herein, "radioactive metal complex• or "complex" refera to a complex of the compound of the 

Invention, e.g. formula I, complexed with a rare·earth type metal Ion, especlally a radioactlYe rare-earth type 

metal Ion, where at least one metal atorii Is chelated or sequestered; "radioactive metal Ion chelate/antibody 

conjugate" or "radioactive metal Ion conjugate• refers to a radioactive matal ion conjugate that Is covalently 

2s attached to an antibody or antibody fragment •radloacflva" when used In conjunction with the word •metal 

Ion• refers to one or more Isotopes of the rare-earth type elements that emit particles and/or photons, such 

BS IS3Sm, 156 Ho, IDV, ••'Pm, '"Gd, ••0 La, 177Lu, '75 Yb, use and '42Pr. The terms "blfunctlonal 

coordinator•, "blfunctlonal chelating agent• and "functtonallzed chelant" are used interchangeably and refer 

to compounds !hat have a chalant moiety capable or chelating a matal ion and a linker/spacer moiety 

ao covalently bonded to the chelant moiety that Is capable of serving as a means to covalently attach to an 

antibody or antibody fragment. 
As used herein, •pharmaceutically acceptable salt~ means any salt of a compound of formula (I) which 

Is sufflclenlly non-toxic to be useful In therapy or diagnosis of mammals. Thus, the salts are useful In 

accordance with this Invention. Representative of those salts formed by standard reactions from both 

as organic and Inorganic sources Include, for example, sulfuric, hydrochloric, phosphoric, acetic, succlnlc, 

citric. lacllc, malelc, fumaric, palmllic, chollc, pamolc, rriuclc, glutamlc, d-camphorlc, glutarlc, glycolic, 

phthalic, tartaric. formic, laurlc, starlc, salicylic, methanesulfonlc, benzenesulfonlc. sorbic, plcric. benzolc, 

clnnamlc acids and other suitable acids. Also Included are salts formed by standard reactions from both 

organic and Inorganic sources such as ammonium, alkali matal Ions, alkaline earth metal Ions, and other 

40 similar Ions. Particularly prafarred are the salts of the compounds of formula (I) where the salt is potassium, 

sodium, ammonium, or mixtures thereof. 
The bifunctlonal chelating agenls described herein (represented by formula I) can be used to chelate or 

sequester the rare-earth type matal ions. particularly radioactlYB rare-earth type metal ions, so as to form 

metal ion chelates (also referred to herein as •complexes"). The complexes. because ol the presence of the 

45 functlonalizing moiety (represented by •z• In formula I), can be attached to lunctionallzed supports, such as 

lunctionalized polymeric supports, or preferably covalently attached to antibodies or anUbody fragments. 

Thus the complexes described herein may be covalently attached to an antibody or antibody fragment and 

are referred to herein as •conjugates". 
The antibodies or antibody fragments which may be used In Iha conjugates described herein can be 

&o prepared by techniques wall known In the art. Highly specl6c monoclonal antibodies can be produced by 

hybridization techniques well known in the art, sea for example, Kohler and Milstein [Nature 256, 495-497 

(1975); and Eur. J, tmmunol. 6, 511-519 (1978)). Such antibodies normally have a highly specific reacUvity. 

In the antibody targaled radloictlve metal Ion conjugates, antibodies directed against any desired antigen or 

hapten may be used. Preferably Iha antibodies which are used In the radioactive malal Ion conjugates are 

ss monoclonal antibodies, or fragments thereof having high specificity for a desired apitope(s). Antibodies used 

In the present Invention may be directed against. lor example, tumors, bacteria, fungi, viruses, parasites, 

mycoplasma, differentiation and other cell membrane antigens, pathogen surface antigens, toxins, enzymes, 

allergens, drugs and any blologlcally active molecules. Some examples of antibodies or antibodiy frag· 
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raments are CC·11, CC-15, CC-30, Cc-48, Cc-49 F(ab'b, Cc-49, CC-83, Cc-83 F(ab'):i, CC-92 and 872.3. 
(See OJ.Colcher et al., Callt:fJr Res. 48, 4597-4803 (Aug. 15, 1988) for Cc-49, Cc-83 and 872.3 antibodies.) 
The following CC antibodies have biin deposited In ATCC as·follows: CC-11 as HB 8455; CC-15 as HB 
9460; Cc-30 as HB 8457; Cc-48 as HB 9458; Cc-48 as HB 9459; Cc-83 as HB 9453; and Cc-92 as HB 

11 8464. 872.3 has been deposited In ATCC as HB 8108. A more complete HSI of anllgens can be found In 
U.S. Palent 4, 193,983. The radioactive metal Ion chelalelanllbody conJuglll8s of the present lnvenllon are 
particularly preferred for the diagnosis and lreatment of various cancers. 

JO 

The preferred rare-earth type (lanthanide or pseudo-lanthanide) complexes of Iha present Invention are 
18presented by the lonnula. 

C[Ln(BFC)] 

wherein: 
Ln is a rare-earth metal (lanthanide) Ion, such-as Ce3+, Pr3•, Nd3+, Pm3+, Sm3+, Eu3+, Gd3+, Tb3+, 0y3+, 

T5 Ho!+, Erl+, Tm3+, Yb3+ and Lu3+, or pseudo-lanthanide metal Ion, such as Sc3+, y.i+ and La3+; BFC 
represents a bilunclional chelanl: and C represents a phannaceutically acceplable ion or group of ions of 
sufficient charge to render Iha entire complex neutral. If Iha BFC conlains lour or more negatively charged 
moieties, lhen c is a callon or group of calions such as H+, u•, Na•, K•. Rb+, es•, Mg2+, er+. s,z+, eaa+, 
Ra2+, Nl-'4+, N(CH:i).+, N(QiHs),+, N(C!H1).+, N(C.H,),+, As(CcHs).+, [(CcHs)3P=]2N+ and other proto· 

:zo nated amines.. If the BFe contains three negatively charged moieties. lhen e Is not required. If the BFe 
conlalns two negatively charged moieties, then e Is an anion such as i=-, er-, Br-, r-. era.-. BF,-, 
HzPO.-, He03-, He0z-, e1-1aso..-, H:iC-Cct'4·SOa-, PF,-, CHae02- and B(CcHs).-. 

This Invention Is used with a physlologrcalry acceptable carrier, exciplent or vehicle therefor. The 
methods for preparing such formulallons are well known. The formulations may be In the form of a 

25 suspension, Injectable solution or other suitable fonnulatlons. Physiologically acceptable suspending media, 
with or without adfuvants, may be used. · 

An "effective amount" of the formulation Is usad for therapy. The dose will vary depending on the 
disease being treated. Although fn vitro diagnostics can be parformed with the formulations of this 
Invention, tn vivo diagnostics are also contemplated using formulations of this Invention. The conjugates 

ao and formulations of this Invention can also be used In radlolmmuno guided surgery (RIGS): however, other 
melals which could be used for lhis purpose also Include 18"'Tc, 1111n, 113"1n, 57Ga and "Ga. 

When the chelant-tadlonucDde complexes of this Invention are to be used for the treatment of bone 
cancer cerlain criteria musl be mel. While the properties of the radlonucllde are lmporlanl, the overall 
properties of the composlllon conlalnlng the radlonucllde-chelant complex Is the delennlnlng factor. The 

as disadvantages of any one property may be overcome by Iha superiority al one or more of the properties of 
either ligand or radionuclide and their comblnallon, as employed In the composition musl be considered In 
Iota. 

The following Is a discussion of those criteria which must be considered In choosing any particular 
combination (I.e., complex) of radionuclide and irgand employed In Iha compositions of the Invention. 

"" Radionucllde-chelanl complexes, when used In the absence of an appropriale excess ol the ligands 
employed In the invention may not be lherapeulically useful or effac6ve. 

There Is a need, th818fore, for compositions possessing Iha following criteria by which It ls possible to 
deliver lherapeullc radiation doses to calcific tumors with minimal doses to soft tissue. 

The radionuclide musl be delivered preferentially to the bone rather lhan to soft tissue. Most 
.fS particularly, uptake In either liver or blood is undesirable. _ 

The radionuclide should be cleared rapidly from non-osseous tissue to - avoid unnecessary damage to 
such tissues, e.g. it should clear rapidly from the blood. 

The proposed use for some of the compositions of lhis Invention Is the therapeutic lreatmenl of calcilic 
tumors In animals. As used herein, the term •calclfic tumors" includes primary lumors. where Iha skeletal 

5o system Is the first site of involvement, and metastatic bone cancer where the neoplasm spreads from other 
primary sites, such as proslale and breasl, Into the skeletal system. This invention provides a means of 
alleviating pain and/or 18duclng Iha size of, and/or Inhibiting the growth and/or spread of, or causing 
regression of and/or deslroylng the calclllc tumors by delivering a therapeutic radiation dose. 

The composlllon may be administered as a single dose or as mulllple doses over a longer period of 
55 time. Delivery of Iha radlonucllde to the tumor musl be In sufficient amounts to provide the benefits referred 

to above. 
Other uses of some of the chelants of the present Invention may Include the removal of undesirable 

melals (I.e. Iron) from the body, magnetic resonance Imaging, attachment to polymeric supports for various 
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purposes, e.g. as diagnostic agents, and removal of lanthanide metal or paeudo-lanthanlde metal Ion by 
aelactlve extraction. In addition the matal-llgand compl8lCas used to dallvar radlonuclldas to calclfic sites 
may have utlllty for the ablation of bona marrow (I.a. for bona marrow transplants). 

Radionuclldes can be produced In SBY8l'lll ways. In a nuclear reactor a nuclide Is bombarded with 
s neutrons to obtain a radionuclide, e.g. 

Sm-152 + neutron - Sm-153 + gamma 

Another method of obtaining radionuclidas is to bombard nuclldas with particles produced by a linear 
10 accelerator or a cyclotron. Yet another way Is to Isolate the radionucUcle from a mixture of fission products. 

The method of obtaining the nuclidas employed in the present Invention is not critical thereto. 
The chelating agents disclosed herein can be prepared in ways wall known to the art. Thus, for 

example, see Chelating Agents and Metal Chalates, Dwyar & Mellor, Academic Prass (1984), Chapter 7. 
Saa also methods for making amino acids in Synthetic Production and Ulillzation of Amino Acids. (edited by 

15 Kameko, at al.) John Wiley & Sons (1974). 

llO 

25 

30 
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When Z (In the formula) is chosen to be an elaclrophilic moiety it can be prepared by methods known 
to the art. Such methods may be found in Acc. Chem. Res. 17, 202-209 (1984). 

Examples of some of Iha methods which may be used toprepara the chalants of formula I. II or Ill are: 
A) reacting a compound of the formula 

wherein: 
Z is an alaclrophlllc or nucleophlllc moiety which allows for covalent attachmanl to an antibody or 

fragment thereof or a synthetic linker which does not Interfere with the formation of complexatlon with a 
radionuclide and which can be attached to an antibody or fragment thereof; 

X Is hydrogen; 
Rs Is hydrogen or (CR1F12)0CR,R.T, where R1, fl2, R, and Rt each are Independently hydrogen, 

hydroxy, CO:!H or a Ci ·Ca alkyl group, n ls O or 1, and T represents a Rnaar or branched amine or 
polyalkylane amine where at leas! one of the amine hydrogens has bean substituted with a CR:iRiCOl!H 
group; or 

a pharmaceutically acceptable salt thereof; 
wllh a compound 8 and an aldehyde or aldehyde pracurser equivalent, where B represents a linear or 
branched amine or polyalkylane amine where there Is at least one amine hydrogen; 
in the presence of caustic and a suitable solvant. at a temperature of 20 • C or less, followed by healing 
and separating the desired product of formula I, II or Ill; 
B) reacting the product obtained from Stap (A) with a halo-(CR11'12).CRaRi acid, at a pH of 9 or higher. 
In the presence of caustic, at a temperetura of 20 • C or lass. lo provide the compounds of formula I, II or 
Ill where at least one of R1, 1'12. Ra and Rt is COl!H; 
C) hydrolyzing the product of Step (B) where Z is NHC(O)CH:i with NaOH in 1-bO, to provide the 
products of formula I, II or Ill where Z ls NHz; 
D) reacting Iha product obtained from Step (A) with glycolonitrila, in caustic, at a pH of 9 or higher, at a 
temperature of 20 • C or less. followed by hydrolysis of the cyano group with HCI In 1-bO, to provide the 
products of formula I, II or Ill where et least one of R1, Rz. Ra and A. Is CO:!H: 
E} hydrolyzing 1he product of Step (A} where Z ls NHC(O)CHa with DCI In OzO, with heating, to provide 
the products of formula I, II or Ill where Z Is NH2; and 
F) reacting the product obtained from any one of Steps (A) 111rough (E). where Z is Nl-b, with 
thlophosgene to provide the products of fOrmula I, II or Ill where Z ls lsothlocyanato. 
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The reacllon conditions and n111gents for the various steps above 111'8 as follows. When the temperature 
Is •20•c or less• this Is usually accompllshed by use of an Ice/water. bath. "Heating" Is dona either at 
reflux or above room temperature. The preferred "caustic" is sodium hydroxide, but any suitable base Iha Is 
able to maintain the desired pH without adY81S8 effect on Iha product forinad from the reaction Is 

11 acceptable. A •sullabla solvent• Is Inert and provides solublllty for the reactants, examples of such solvents 
are water, and alcohols such as methanol. The desired product may be separated by any conventional 
methods, for example precipitation from a solvent such as acetone. 

The complexes of formula I, II or Ill 111'8 preP111'9d by conventional methods, for example by reacting the 
chalant with the metal under conditions such that Iha metal Is sequestered by the chalant. Frequently, the 

10 chalant is in excess to that of the metal. 
The conjugates of formula I, II or 111111'8 prepared by conventional methods, for example by covalently 

attaching Iha complex to an antibody 01 antibody fragment. 
The invention will be further clarified by a consideration of Iha following examples, which 111'8 intended 

to be purely exemplary of Iha use of Iha invention. Structures of compounds with reference to the generic 
ts formula I are shown in Tabla I. 

20 

Preparation of Starting Materials 

Example A. PREPARATION OF UNSYMMETRICAL ETHYLENEDIAMINEDIACETIC ACID. 

Deionized water (60.6 g), 98% N-acetytethylenadtamlna (20.4 g, 0.2 mole), and bromoacetlc acid (55.7 
g, 0.40 mole) were added to a reaction vessel and cooled In an lea-water bath. The pH of the mix was 
adjusted, while stirring, to approximately 8.1 with 25% sodium hydroxide solution. The temperature of Iha 
mix was maintained al lass than 20 • C during the caustic addition. The lea-water bath was removed and the 

2s pH maintained between 7 and 8 by the addition of 25% sodium hydroxide solution. The temperature was 
controlled at lass than 37 • C by perlodlcally cooling with an lea-water bath. The reaction mixture was stirred 
and maintained as above for approximately 31 hours and than transferred to a round-bottom reaction flask 
equipped with a water-cooled reflux condenser, magnetic stirrer bar, thermometer, addition funnel and a 
heating mantle. Sodium hydroxide solution (40.1 g of 50% solution) was added and the mix heated, with 

:JO stirring, at reflux for appl'OlClmately 15 hours and then cooled and flltared using a medium glass frit funnel 
and vacuum. The filtrate was transferred quantllatlvaly (using deionized water) to a beaker and cooled In an 
Ice-bath to less than 25°C. Deionized water (100 ml) was added with stirring and the pH adjusted to 
approldmataly 4 with concentrated hydrochloric acid whlle maintaining the temperature at lass than 25 • C. 
The mix was filtered using a medium glass frlt funnel and vacuum. Approicimitely 1200 ml of ethanol ware 

as added to a large beaker and stirred with a magnetic stirrer bar. The filtrate from above was added to Iha 
ethanol with thorough mixing. An olly material forlns which gradually tums Into a white solid. Agitation was 
continued for two hours at which time the solids ware collected by filtering using a medium glass frit funnel 
and vacuum. The solids ware allowed to dry by aicposure to air for about 1.5 hours and then placed In a 
vacuum oven and dried at 55-60 • C for several hours. Approldmately 42.9 g of white solids containing 

"" inorganic salt were collected and identified as unsymmetrical ethylenadiaminedlacatic acid by proton and 
carbon NMR. 

Example B. PREPARATION OF 2·0X0-1·PIPERAZINEACETIC ACID; LACTAM OF 
ETHYLENEDlAMINEDIACETIC ACID. 

Deionized water (150 g), 25.0 g (0.14 mole) of symmatrlcal ethylenadiamina<iiacatic acid, and 28 g of 
concentrated hydrochlorlc acid ware added to a round-bottom reaction flask equipped with a thermometer, 
temperature controller, water-cooled renux condenser. and heating manUe. The mixture was stirred with a 
magnetic stirrer bar and heated at reflux for four hours and cooled. The contents ware. filtered using a 

&o medj_um glass fril funnel and vacuum. The pH of the filtrate was adjusted to approldmately 1.5 with 50% 
sodium hydroicida solution and filtered with a medium glass lrit funnel using vacuum. The pH of the filtrate 
was adjusted to about 5 wilh 50% sodium hydroxide solution and the volatiles removed (In vacuo) at a 
temperature of 60-70·C. The solids were dried In a vacuum oven at ss-ao•c for several hours. The lactam 
of symmetrlcal athylenedlamlnadiacatlc acid was confirmed by proton and carbon NMR. 
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Example C. PREPARATION OF 2-0X0-1,4-PIPERAZINEDIACETIC ACID; LACTAM OF 
ETHYLENEDIAMINETRIACETIC ACID. 

Approximately 40.8 g of 2-oxo-1•plperaztneacetlc acid, prepared by the procedure of Example B, and 
s 70 g of deionized water were added to a beaker and stirred for several hours with a magnetic stirrer bar. 

The contents were ftHared using a medium glass frit tunnel and vacuum. The flHrate and 20.0 g of 
bromoacetic acid were added to a beaker and stirred ta11 all the bromoacetic acid had dissolved. The pH 
was adjusted to approximately 7 with 25'11. sodium hydroxide solution. The temperature was maintained al 
lass than 25 • C during the caustic addition by cooling in an ice-water bath. The ice-water bath was removed 

10 and the mix allowed to stir tor approximately 4-5 hours at approximately 35 • C while maintaining the pH al 
about 7 by the periodic addition of 25% sodium hydroxide solution. The reaction mix was allowed to stand 
lor several hours and than concentrated (In vacua) 1o a weight ol approximately 90-100 g and filtered using 
a medium glass frit tunnel and vacuum. Volalllas were removed (fn \ISCUO) from the lillrate at a tamperature 
of 55-80 • C and the material dried In a vacuum oven at 55-80 • C for several hours. The lactam of 

15 ethylenediaminetriacetic acid was confirmed by proton and carbon NMR. 

Example D. PREPARATION OF TRISODIUM ETHYLENEDIAMINETRIACETIC ACID. 

Approximately 44.5 g ol the crude 2-oxo-1.4-piperazinediacalic acid, prepared by the procedure of 
20 Example C, and 280 g of deionized water were added lo a beaker and agitated till Iha lactam had dissolved. 

Caustic solution (110 g, 50%) was added with agllatlon. The temperature was maintained at less than 25•c 
by cooling In an Ice-bath. Hydrolysis was then achieved by Immersing tubes containing the solution Into a 
water bath controlled at 87 • C. After 15 minutes, the solutions were removed and cooled in an ice-water 
bath. Analysis by proton and carbon NMR confirmed Iha presence of trisodium ethylanedlaminetriacellc 

:zs acid In the allcallne hydrolysis medium. 

Example E. PREPARATION OF 4·DIETHVLENETRIAMINEACETIC ACID. 

To a flask equipped with a water-cooled reflux condenser, magnetic stirrer and thermometer were 
30 added 7!1.0 g of phthallc anhydride, 350.5 g of acetic acid and 26.0 g of dlethylanetriamlne. The mix was 

stirred and heated at approximately 118 • C for 1.5 hours and then cooled. Volatiles were removed under 
vacuum al 85·70·C until a weight of 218 g was obtained. The mixture was poured Into 600 g of ethanol with 
stirring. After two hours the solids were ftHarad using a medium glass frlt tunnel. The solids were washed 
twice with 500 ml of ethanol and then dried In a vacuum oven at 60·65 • C. Approximately 66 g of material 

35 of the dlphthaloyl compound ware collected. 
The ethyl ester of the dlphlhaloyl compound was prepared by adding 65.6 g of the above prepared 

dlphthaloyl compound, 17.7 g of sodium carbonate and BOO ml of ethanol lo a flask equipped with a water· 
cooled reflux condenser, addition funnel, mechanical stirrer and a thermometer wHh a tamparature 
controller. Ethyl bromoacetate (51.0 g) was added over a 15 minute period 1o the stirred mixture and then 

40 heated at reflux for 18 hours. Ethanol was removed (200 ml) by dlsllllallon using a Dean-Stark distillation 
trap and the remaining reaction mixture cooled 1o less than 5 • C by Iha addition of crushed ice. The mixture 
was c;ooled for an additional 5 hours In an ice bath and filtered using a medium glass frit funnel. The solids 
were washed twice wilh ethanol and dried in a vacuum oven at es-10•c. Approximately 81 g of ethyl 1,7· 
diphthaloyl-4-dlethylenatriamineacatate ware obtained. In 30.32 g of ~ater and 76.4 g of concentrated 

4S hydrochloric acid was dissolved 20.1 g (0.045 moles) of ethyl 1,7-dlphthaloyl-4-dlethylenetrlamineacatale 
with heating to 93 • C and the mixture held at 93 • C for 8.5 hours. The resulting white precipitate was filtarei:t 
and washed with water. The combined filtrate was concentrated at 60 • C under vacuum to give a while 
solid. NMR analysis indicated that the phthaloyl groups were not completely hydrolyzed. The two solids 
were then combined and added to concentrated hydrochloric acid with a small amount of water. The slurry 

so wes then heated to reflux for 8 hours, cooled to room lempereture and filtered 1o give 12.3 g of phthalic 
acid. The filtrate was than 9vaporeled under vacuum lo give 13.9 g of product as a yellow solid. The 
product was dissolved In water by the addition of 8 g of 50% sodium hydroxide and treated with activated 
charcoal at 100•0 followed by ftltndlon and evaporation under vacuum 1o give 15.2 g 4· 
dlethylenetriamlneacetic acl~. 

55 
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Prepatatlon of Final Producls 

Example 1. PREPARATION OF 2-((2-(IBIS(CARBOXVMETHVl)]AMINO}ETHVL)AMIN0]-2·(5-ACETAMIDO· 
2-HYDROXVPHENYL)-ETHANOIC ACID. 

Deionized water (10.3 g), 98% 4-acetamldophanol (15.1 g 0.1 mole), 50% aqueous glyoxyllc acid (14.B 
g, 0.1 mole), and methanol (50.5 g) were added to a beaker and mixed using a magnetic stirrer bar. 
Unsymmetrical ethylenediaminediacetic acid (19.5 g), prepared by the procedure of Example A, was added 
and the mix cooled In an Ice-waler bath. The pH of the mix was adjusted, while stirring, to approximately 

10 8.0 with 50% sodium hydroxide solution. The temperature of the mix was maintained at less than 20 • C 
during the caustic adcl'ltion. The ice-water bath was removed and the mix adjusted to pH 8.7 and stirred at 
25·32 • C for approximately 2 hours. The mix was transferred 10 a round-bottom reaction Dasie equipped with 
a water-cooled reflux condenser, magnetic stirrer bar, lhermomeler, and a heating mantle. The mix was 
heated, with stirring, at 70 • C for 8 hours and then cooled and filtered using a medium glass frit funnel and 

1s vacuum. The solids were allowed to dry by exposure to air for 7 hours and then placed in a vacuum oven 
and dried at 55-80 • C for several hours. Approximately 29.B g of solids were collecled. The material was 
then agitated with approximately 300 g of acetone and filtered using a medium glass fril funnel and house 
vacu1,1m. The solids were washed once again with an additional 300 g of acetone, air dried and then placed 
in a vacuum oven tor one hour al 55-80 • C. Approximately 28.7 g of 2-((2-{[bls(carboxymethyl)]-

20 amino}elhyl)amino]·2-(5-acetamldo-2·hydraxyphenyl)athanolc acid, sodium salt were collecled. These solids 
and 180 g of deionized water were placed In a beaker and sUrred with a magnetic stirrer bar. The pH was 
adjusted to 2.2 wllh concentrated hydrochloric acid at which poinl the acid form of the product began to 
precipltale from solution. The product was collecled by lillration and washed with approximately 150 g of 
deionized water. The product, 2-((2-{(bls(carboxymethyl))amlno}ethyl)amlno]-2·(5-acetamldo-2·hydrox· 

2s yphenyl)elhanoic acid was dried In a vacuum oven at 55·BO•c for several hours. Approximalely 14.2 g of 
product were obtained. Proton NMR verified the structure of the product. (See Table I.) 

30 

Example 2. PREPARATION OF 2·[(2·{[BIS(CARBOXVMETHVl))AMINO}ETHVL)(CARBOXVMETHYL)­
AMIN0]-2-(5·ACETAMIDo-2·(CARBOXYMETHYLOXY)PHENYL]ETHANOIC ACID. 

Deionized water (4.5 g), bromoacetic acid (2.0 g) and 2-[(2-fibls(carboxymethyl))amino}ethyl)amlno]-2-
(5·acetamldo-2-hydroxyphenyl)ethanolc acid (2.5 g), prepared by the procedure of Example 1, were added 
to a small reaction vessel and cooled In an ice-water bath. The pH of the mix was adjusted, while stirring, to 
approximately 9.3 with 25% sodium hydroxide solution. The temperature of the mix was maintained at less 

35 than 20 • C during the caustic addition. The Ice-waler bath was removed and the mix allowed to stir for 48 
hours at a temperature of 35-40 • C whlle maintaining the pH between 10.5 and 11.5 by the periodic addition 
of 25% sodium hydroxide solution. A portion of the reaction mixture (10.2 g) was added to a beaker and 
stirred with a magnetic stirrer bar. Acetone (125 g) was added to the solu6on over a 15-mlnule period 
resulting in the precipitation of an oll. The acetone portion was removed by decanting and an additional 50 "° g of acetone added to the precipi1ale, mixed, and the acetone layer removed. The oil was air dried and then 
dried In a vacuum oven al 80-85 • C for about two hours to give a crispy yellow solid. The product was 
purified by anion exchange chromatography on Q-Sepharose111 from Pharmacia Inc. on a 15 mm X 500 
mm column eluting with a gradient of D-30% formic acid over two hours at a rate of 3 mVmin and collecting 
fractions. The fractions were monitored by UV absorption and the appropriale fractions combined and 

"5 lyophilized to give Iha desired product. (See Table I.) 

Example 3. PREPARATION OF 2·((2·{(BIS(CARBOXYMETHYL)]AMINO}ETHYL)(CARBOXYMETHYL)­
AMIN0]-2-(5-AMIN0-2·(CARBOXYMETHYLOXY)PHENYL]ETHANOIC ACID, PENTA SODIUM SALT. 

so Approximately 40 mg of 2-{(2-{[bis(carboxymethyl)]amino}elhyl)(carboxymethyl)amino]·2·[5-acetamido-

55 

2·(carboxymelhyloxy)phenyl]ethanoic acid, prepared by the procedure of Example 2, was dissolved in 700 
111 of DzO and adjusled with NaOD/DzO to pH 13. Hydrolysis of the N·acetYI group to the corresponding 
aniline lunctionallty proceeded at ambient temperature and was followed by proton NMR which confirmed 
the structure. (See Table I.) 
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Example 4. PREPARATION OF 2-[(2-{[BJS(CARBOXVMETHVL)}AMINO}ETHYl)(CVANOMETHVL)AMIN0]-
2-(SOACETAMID0-2·HYDROXVPHENVL)ETHANOIC ACID. · 

Deionized watfir (3.1 g) and 2.5 g of 2-((2-{(bls(carboxymethyl)}amlno}elhyl)amlnoJ-2·(5-ecetamldo-2· 
s hydroxyphenyl)ethanolc acid, prepared by the procedure of Example 1, were added to a small glass vessel 

and cooled In an Ice-water bath. The pH was adjusted to 9.8-9.9 with 25% sodium hydroxide solution. The 
temperature of the mile was maintained at less than 20•c during the caustic addition. The ice-bath was 
removed and 1.0 9 of an aqueous 40'JI. glycolonitrile IOlution was added with mbcing and the pH adjusted to 

. 9.9-10.0 with 25% sodium hydroxide solution. The mix was transferred to a small reaction flask equipped 
10 with a thermometer conlaining a lemperature controller, water cooled reflux condenser, and heating mantle. 

The reaction mixture was stirred with a magnetic stirrer bar and heated at 49-50 • C for eight hours, cooled 
and allowed to stand at ambient temperature for 72 hours. A portion of the reaction mixture (8.5 g} was 
added to a beaker and stirred with a magnetic stirrer bar. Acetone (146 g} was added to the solution over a 
10-minute period, resultng in the precipitation of a sol"rd material. The acetone portion was removed by 

ts decanting and an additional 50 g of acetone added to the precipitate, mixed, and the acetone layer 
removed. The material was dried in a vacuum oven at 80-65 • C for about lour hours. Approximately 2.9 g ol 
product wes collecled. Proton NMR supporled the desired aminoacetonibile derivative. (See Table I.) 

Elcarnple 5. PREPARATION OF 2·[(2·{IBIS(CARBOXYMETHYL)}AMINO}ETHYL)(CARBOXYMETHYL)· 
20 AMIN0)-2·(5·AMIN0·2·HYDROXYPHENYL)ETHANOIC ACID. 

Approximately 1.0 g of 2·[(2-{[bls(carboxymelhyl)Jamlno}ethylJ(cyanomethyl)amlnoJ·2·(5-acetamido-2· 
hydroxyphanyl)ethanoic acid, prepared above by the procedure of Example 4, was hydrolyzed under acidic 
conditions. to i;onvart the aminoacetonltrlle fllnctlonallty to the corresponding acetate group and the N·acetyl 

25 group to the inlllna group. The amlnoacetonitrile compound, 2.2 g of DzO. and 7.8 g of 20% DCI were 
added to a glass tube. The tube was placed In a lemperatura-controlled water bath at 88-89 • C for a total of 
33 minutes and then removed and cooled. The hydrolysis was followed by proton NMR. The solution was 
lhen freeze-dried and lyophlllzad to give 1.3 g of solids. The product was purified by anion exchange (0· 
Sepharose,,.) on a 15 mm X 500 mm column eluting with a gradient of 0·1 M acetic acid over one hour at · 

30 a rate al 3 mUmln and collecting 6 ml fractions. The fractions were monitored by W absorption and the 
appropriate fractions were combined and lyophlllzed 10 give the desired product. (Sea Table I.) 

Example 6. PREPARATION OF 2·[BIS(2-{[(BIS(CARBOXYMETHYl)]AMINO}ETHVL)AMIN0]·2-(5-
ACETAMID0-2-(CARBOXYMETiiYLOXY)PHENYL]ETHANOIC ACID AND 2·[{2·[(2-{[BIS­

as (CARBOXYMETHYl.)}AMINO)ETHYL)(CARBOXYMETHYL)AMINO]ETHYL) (CARBOXYMETHYL)AMIN0}-2-
[5-ACETAMI00-2·(CARBOXYMETHYLOXV)PHENYL]ETHANOIC ACID. 

Deionized water (24.8 g), 15.1 g (0.1 mole) or 98% 4·acetamldophenol, and 14.S g of 50% aqueous 
glyoxyllc acid (0.1 mole) were added to a beaker and cooled In en Ice-water bath. The pH of lhe mix was 

40 adjusted to 3.3 wHh 25% sodium hydroxide IOlution while malntianing the temperature at less than 20 • C. 
DETA (9.8 g} was then added. Once again the temperature was kept below 20 • c by cooing in an ice-waler 
bath. The pH after addition of the DETA was approximately 10.2. The mix was lransfened to a reaction flask 
equipped with a thermometer, a temperature controller, water-cooled reflux condenser, and heating mantle. 
The reaction mixture was sllned with a magnetic stirrer bar and heated at 75 • C for approximately seven 

ot5 hours and COOied. Acetone (1400 g) was added to a lalge beaker and stirred with a magnetic stirrer bar. 
Appl'OKimately 40 g Of the reaction solution prepared above was added over a 1 O minute period resulting in 
the precipitation of a solid material. The acetone portion wes removed by decanting and an additional 1480 
g Of acetone added and the solid tlturated and mixed thoroughly under acetone. The solids ware recovered 
by Hllering using a medium glass frit funnel and vacuum. The solids were washed with a copious amount ol 

so acetone and then dried in a vacuum oven at a temperature al 80-65 • C for several hours. Approximately 7.8 
g ol solids were recovered with proton NMR showng a mixture al the desired Isomers of the DETA 
compound. 

Deionized water (5.3 g) and 4 g al the above Isolated sofids ware added to a beaker and stirred with a 
magnetic stirrer bar for about three hoUrs at which time the sollds had completely dissolved. Bromoacelic 

55 acid (10.1 g) was added with stirring and the mix cooled In an Ice-water bath. The pH of the mix was 
adjusted to approximately 11 with 25% sodium hydroxide solution. The temperature was maintained at less 
than 20 • C during the caustic addition. The Ice-water bath was removed and the mix a Rowed to stir for so 
hours at a temperature of 35-W•C while maintaining ~ pH between approximately 10.5·11.5 by the 
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periodic addition of 25% sodium hydroxide solution. Acetone (240 g) was added to a beaker and stirred 
with a magnetic stirrer bar. Approximately 5 g of the reaction solution was added to the acetone l'8Slllting In 
the precipitation of a solld. Tha acetone portion was decanted and an additional 245 g of acetone added, 
mixed and tha acetone layer removed. The solids ware collected by tlll8ring using a madlu!" glass frit 

s funnel and vacuum. The solids ware washed with acetone and then dried In a vacuum oven at "55-80 • C for 
several hours. Approximately 2.6 g of solids ware collactad. (Saa Tabla I.) 

Example 7. PREPARATION OF 2-[BIS(2-{{(BIS(CARBOXYMETHYL)]AMINO)ETHVL)AMIN0]-2-[5·AMINQ-2.. 
(CARBOXYMETHVLOXV)PHENYL]ETHANOIC ACID AND 2-[{2-[(2-{[BIS(CARBOXVMETHVL)]· 

10 AMINO)ETHVL)(CARBOXVMETHVL)AMINO]ETHYL) (CARBOXVMETHVL)AMIN0]-2-[5·AMINQ.2· 
(CARBOXVMETHVLOXV)PHENYL]ETHANOIC ACID. 

Approximately 378 mg of 2-[bls(2-{[(bis(carboxymethyl)]amino }ethyl)amino )-2·[5-acetamido-2· 
(carboxymathytoxy)phanyl]ethanoic acid and 2-[{2-[(2-{[bis(carboxymethyl))amino}ethyl)(carboxymethyl)-

15 amlno)ethyl} (carboxymalhyl)amino)-2-(5-acatamido-2-(carboxymethyloxy)phanyl]ethanolc acid, prepared by 
Iha procedure of Example 6, was dissolved In 1.0gof1>20 and treated with 5 drops of 37% DCI. Tha acidic 
solution was than heated at 80 • C for 2 hours after which time Iha proton NMR spectrum indicated that 
virtually all of Iha acetaniHda groups had baan convartad lo aniline groups and acetic acid. The solution was 
then fromn in a dry-ice acatona bath and lyophillzad overnight to yield the desired product as a light brown 

20 solld. (Saa Tabla I.) 

25 

Example 8. PREPARATION OF 2·[{2·[(2·{[BIS(CARBOXVMETHYL)]AMINO}ETHYL)(CARBOXVMETHVL)· 
AMINO]ETHYL}(CARBOXYMETHYL)AMINO )-2·[5·AMIN0-2·(CARBOXVMETHYLOXY)PHENYL]ETHANOIC 
ACID. 

In 40 mt of water was dissolved 8.0 g of 4-diethylanatrlamlnaacatlc acid. prepared by the procedure of 
Example E, and than tha mixture was cooled In an lea bath. To this cooled solution was added 6.08 g (0.04 
moles) of 4-acatamidophanol and a chllled solution of 5.95 g (0.04 moles) of a 50 weight % solution of 
glyoxyllc acid In water. While keeping Iha slurry at lass than 20 • C wHh the lea bath, a 2.5 ml portion of 50 

:to weight % sodium hydroxide was added. The rasuHing slurry at pH 6.75 was haatad slowly to BO• C, held at 
this tamperatura for 4.5 hours with stirring, than allowed to cool overnight. The solution was than evaporated 
under vacuum to about 25 ml volume and added to 300 ml of acetone. The acetone was decanted from tha 
resulting solld. The solld was washed aaveral times with acetone and dried lo give 26.1 g of product as a 
dark slfcky solid. A 26.05 g portion of this solid was dissolved In 50 ml of water. Into this solution was 

:is dlssolvad 26.7 g (0.192 moles) of bromoacalic acid. The resulting solution was cooled In an lea balh, tha pH 
adjusted to 10.5 with 50 weight % sodium hydroxide, allowed to warm to room temperature, and than 
heated to 46•C. The temperature was kept at 48•C and tha pH kept at 10.5 by addllion of 50 weight% 
sodium hydroxide for about 23 hours. The volume was than reduced to 50 ml under vacuum. The 
concentrated solution was added to 500 ml of acetone with vtgerous stirring and Iha resulting precipitate 

«1 allowed to setlle. Tha acetone was decanted and an additional 40D ml of acetone was added, vigarously 
stirred and than decanted. A final wash In the same manner using 100 ml of acetone was dona. The solid 
was dried under vacuum to give 52.55 g of crispy brown solld. A 2.00 g sample of lhis brown solid was 
dissolved In 20 ml of water and treated with 1.48 g of concentrated hydrochloric acid. This solution was 
heated at 8D • C unlit analysis by proton NMR indicated complete hydrolysis of the N-acetyl moiety. The 

~ solution was than freeze dried to give 2.13 g of brown solid containing Iha title product. (Saa Tabla I.) 

Example 9. PREPARATION OF 2-[(2·[(2-[(2·fiBIS(CARBOXYMETHYL)]AMINO}ETHVL)­
(CARBOXVMETHVL)AMINOJETHYL) (CARBOXVMETHVL)AMINO]ETHVL)(CARBOXVMETHVL)AMIN0)·2-[5· 
ACETAMID0·2-(CARBOXVMETHYLOXV)PHENVL]ETHANOIC ACID AND 2[(2·((2-fiBIS· 

so (CARBOXVMETHVL)]AMINO}ETHVL)(CARBOXVMETHYL)AMINO]ETHVL)(2·{[BIS(CARBOXVMETHVL)]-
AMINO}ETHYL)AMINOJ-2-[5·ACETAMID0-2·(CARBOXYMETHYLOXV)PHENYL]ETHANOl6 AdtD. 

Deionized water (12.5 g), 98% 4-acatamtdophanol (7.6 g), and 50% aqueous glyoxyllc acid solution (7.4 
g) ware added lo a beaker and cooled In an lea-water bath. The pH of the mix was adjusted to 3.6 with 25% 

55 sodium hydroxide solulion while maintaining Iha temperature at lass than 20 • C. Unaar trialhylanetetraamina 
(7.2 g) was added while keeping the temperature below 20 • C. The pH after addition of Iha 
lrlathytanatalraamlna was approximately 10.6. The mix was transferred to a reaction flask equipped with a 
thermometer containing a temperature conlrollar, water cooled reflux condenser, and heating mantle. The 
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reaction mixture was stirred with a magnetic stirrer bar and heated at 80-83 • C for 4.5 hours and cooled. 
Acetone (175 g) waa added to a bealcar and stirred with a magnetic stirrer bar. Approximately 12 g Of Iha 
reaction solution was added resulting In the precipitation of an off. The acetone portion was removed by 
decanting and an addlUonal 175 g Of acetone actddad and stirring continued. The acetone portion was 

s removed and the precipitant dried In a vacuum oven at 60-65 • C for savaral hours. Approximately 3.1 g of 
IOllds ware collected. The sollda were lhan slurried In 100 g of acetone, thoroughly mixed and filtered using 
a medium glass rrit funnel and vacuum. The solids were then washed with an additional 250 ml Of acetone 
and dried once again In a VllCl!Um oven at 6Q.65 • C for about four hours. Approximately 2.0 g Of material 
was recovered with proton NMR Indicating a mixture of Iha trialhylanetetraamina Isomers present. 

10 Deionized water (2.0 g) ani:I 1.88 g of the above solid product ware added to a baekar and stirred for 
one hour at which time the solids ware mostly dissolved. Bromoac:atic acid (5.0 g) was added with stirring 
and the mix cooled in an ice-water bath. The pH Of the mix was adjusted to approximately 10.5 and 
maintained for 47 hours at a temperature ol 35-40•C while maintlanlng the pH between 10.5·11.5 by the 
parlod"ic addition of 25% sodium hydroxide solution. Acetone (130 g} was added to a beaker and stirred 

15 with a magnetic stirrer bar. Approximately 10.8 g Of Iha reaction solution was added to the acetone resulting 
In the precipitation of a solid. The acetone portion was dacantad and an additional 150 g of acetone added 
to the precipitate, mixed, and the acetone layer removed. The solids ware dried in a vacuum oven at 60· 
65 • C for several hours. Approximately 7.2 g of solids ware collactad. (Saa Tabla I.) 

20 ex&mpla 10. PREPARATION OF 2.6-BIS{(BIS(CARBOXYMETHYL)AMINO)(CARBOXY)METHVL}4-(A· 
CETAMIOO)PHENOL 

To a beaker was added 38.6 g of 98% 4-acatamldophanol, 35.3 g Of 98% lmlnodlacetlc acid, 150 mis. 
of methanol, 38.5 g Of 50% aqueous glyoxyllc acid solution, and 30 g Of deionized water. The mbc was 

2s cooled In an Ice-water bath and the pH adjusted while mixing to approximately 9.4 with 50o/o sodium 
hydroxide solution. The temperature was maintained at less than 30 • C during the caustic addition. The mix 
was transferred to a reaction flask equipped with a waler cooled reflux condenser, thermometer, and heating 
mantle. The reaction mixture was heated to approximately 74-78•C and the pH monitored and kept 
between 8.7-9.5 by the periodic addition ol 50% sodium hydroxide solution. The mix was heated for a total 

ao ol 18 hours. During this time approximately 40 g of deionized water wera added. After cooling, the reaction 
mix was fil18rad using a medium glass frlt and vacuum. Deionized water (75 g) was added 1o the flllrata and 
the methanol removed (In vacua) at ambient temperature (about 20·25•C). The solution was allowed to 
stand for several hours and Iha precipitated solids removed from solution by filtering using a medium glass 
lrlt funnel and vacuum. Approximately 30 g Of the filtrate and 15 g of ethyl ether ware mixed thoroughly and 

as the ether layer then separalad. The process was repeated using 15 g and 10 g of ethyl ether in succession. 
The aqueous layer was adjusted with aqueous hydrochloric acid solution to a pH of about 0.5 and volatiles 
removed (In vacua) at a tamparalure of S0·55•C. Approximately 13.5 g ol soDds were collected. Methanol 
(7S g) was added to the solids and the Insoluble salts removed by filtration. Methanol was ramoved (In 
vacuo) and Iha remaining solids dried In a vacuum oven at 70-75"C for several hours. The product, which 

.co still contained soma Inorganic salt. was analyzed by proton NMR and found lo be predominately the bis· 
substitutac:I product (Saa Tabla I.) 

Example 11. PREPARATION OF 2.8·BIS{((2-{IBIS(CARBOXYMETHYL)]AMINO}ETHYL)-
(CARBOXYMETHYL)]AMINOMETHYL}-4-(ACETAMIDO)PHENOL 

The alkafina trisodium athylenadiaminatriacatic acid solution, prepared by Iha procedure of Example D, 
was cooled in an Ice-bath and hydrochloric acid added with stirring to obtain a pH ol about 13.8. The 
temperature was maintained at lass than 35 • C during the acid adcfrtion. Volalllas ware removed (/n vacuo) 
at ambj~ tamperalura to a weight Of 210 g. The solids were ramowd by filtering on a medium glass frit 

&o funnel using vacuum. The filtrate was transferred to a 250 ml round-bottom flask equipped with a water· 
cooled reflux condenser, magnetic stirrer bar. thermometer, temperature controller, heating manue, and 
addition tunnel. The pH was adjustad to about 11 with hydrochloric acid. The temperature was maintained 
at less than 30 • C during the acid addnton. The mix was heated to approximately 40 • C and 11.6 g ol 37% 
aqueous formaldehyde aoluUon added dropwlll8 from the addlllon funnel over a 35 minute period. The 

55 reaction mbcture was stirred and heated for an addntonal 30 minutes and then cooled. The solUtion was 
adjusted with 25% sodium hydroxide solution lo a pH Of about 9.8 and ltanslerrad lo an addition funnel. To 
a beaker was added 10.3 g ol 98% 4-acetamldophanol, 25.2 g Of deionized water. and 9.5 g ol 25% sodium 
hydroxide solution. The mix was stirred till complete dissolution was obtained. The solution was transferred 
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to a round-bottom reaction Oask equipped as described above and heating and stirring lnlllalad. The mix 
was heated to approximately 85 • C at which point the formaldehyde adduct solution prepared above was 
added dropwlse aver approximately a one hour period The reaction was stirred and heated at 65 • C for an 
addltklllal 12 hours and then cooled. Acatone (150 g) was added to a beaker and stirred with a magnetic 

s stirrer bar. Approxlm~y 10 g of the crude reaction mbcture was added to 1he acetone resulting In the 
precipitation of an olly material. The acetone portion was decanted and an additional 150 g of acetone 
added to the precipitate, mixed, and 1he acetone layer removed. The material was dried in a vacuum aven 
at 55-110 • C for several hours. Approximalaly 3.1 g of solids ware collected. Approximately 165 mg of the 
solids ware dissolved in a minimum of water and loaded onto a 0-Sapharosa,.. (from Pharmacia Inc.) 

10 column [1.5 cm X 50 cm~ acetate form) and eluted using a gradient of O to 1 M ammonium acetate over 
two hours at 2 mUmin. The absorbanca at 300 nm was observed. The product was contained In the third 
major peak. This was Isolated and freeze-dried to yield 38.4 mg of solids which was characterized by proton 
and carbon NMR and fast atom bombardment mass spectrometry as 2,8-bis{[(2-{[bis(carboxymelhyl))-
amino}ethyl)(carboxymethyl)]aminomathyl}-4-(acetamido)phenol. (See Table I.) 

15 

Example 12. PREPARATION OF 2,8-BIS{((2-{[BIS[CARBOXYMETHVL))AMINO}ETHYL)· 
(CARBOXYMETHYL))AMINOMETHYL}-4-(AMINO)PHENOL. 

Approximately 264 mg. of 2,8-bls{[(2-{lbls(carboxymathyl))amino}ethyl)(carboxymathyl)]aminomelhyl}-
:zo 4-(acetamldo)phenol, prepared by the procedure of Example 11, was placed In a 5 mm NMR tube and 

dissolved In a mixture ot D.!O (0.5 ml) and OCL (0.5 ml, 20%). The NMR tube was placed In a hot water 
bath (85 • C) for short periods of time and the reaction progress monitored by NMR (disappearance of the 
acetamlde methyl protons and appearance of acetic acid). After 35 minutes the reaction was complete. The 
reaction mixture was freeze-dried to yield the crude amine hydrochloride as a dark solid material. The crude 

25 product was dissolved in a minimum amount of water and loaded onto a 0-Sepharose,.. column (1.5 cm X 
50 cm, acetate form) and eluted using .a gradient ot O to 1 M ammonium acatate over three houra at 2 
mVmln. The absorbance at 300 nm was observed. The product was contained in the third major peak. This 
was Isolated and fraeze·drlad to leave a pale amber solid (122 mg) which was a mixture of the dasired 
amine product and ammonium chloride. The product mixture was characterized by proton and carbon NMR 

oo and· elemental analysis. The salt-containing product (250 mg from combined batches) was further purified 
on 0-Sapharose •u (1.5 cm X 50 cm, formate form) using a gradient of O to 10% formic acid aver four 
hours.

1
• The absorbance at 300 nm was observed. The first major peak contained the desired producL This 

was Isolated and freeze-dried to yleld 8.3 mg of a white crystaUlne solid. The structure was conDrmed by 
proton and carbon NMR and fast atom bombardment mass spectrometry. (See Table I.) 
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Example 13. PREPARATION OF 2,6-BIS{[(2-{[BIS(CARBOXYMETHYL)]AMINO}ETHYL)-
(CARBOXVMETHVL)JAMINOMETHVL)-4-(ISOTHIOCVANATO)PHENOL. 

Product containing 2,8·bls{[(2-«bls(carboxymethyl))amlno}elhyl)(carboxymethyl)]amlnomethyl}-4-
«J (amino)phenol and Inorganic sail (208 mg, 15% in N~CI), prepared by the procedure of Example 12, was 

dissolved in a minimum amount of water and passed through a Sephadex,.. G-10 (Phannacia, Inc.) 
desalting column (1 cm X 35 cm). The salt-free amine was eluted with water and freeze-dried (11.5 mg) •. 
The amine was dissolved in water (10 ml) and placed in a round-bottom reaction Dask. Thiophosgene (0.015 
ml, 10 eq) dissclved In methylene chloride (1 ml) was added. The reaction mixture was stirred at room 

45 temperature for one hour. The mixture was !hen washed with saveral portions of methylene chloride to 
remove excess thiophosgene and Ille aqueous layer lreeze-<lried to give the crude ISOthlocyanato product 
which was characterized by last atom bombardment mass spectrometry. (See Table I.) · 

Example 14. PREPARATION OF 2-({[BIS(CARBOXVMETHVL))AMINO}METHVL)-4-(ACETAMIDO)PHENOL 
5'0 

Deionized water (35.3 g), 35.3 g of 98% imlnodiacetic acid (0.25 mole). and 29.9 g ol 50% aqueous 
sodium hydroxide solution were weighed lnl!l a round-bottom reac6on flask equipped with a water-cooled 
rellux condenser, mechanical stirrer, thermometer with a temperature controUer, and an addttlon funnel. The 
mix was heated, with stirring, to a temperature of 55 • C. Aqueous 37% formaldehyde solution (21.5 g) was 

ss placed In the addition funnel and added to 1he reaction flask over a 15 minute period. The reaction mixture 
was heated at 55 • C for epproxlmataly 45 minutes, cooled and transferred to an addition tunnel. To a round· 
bottom Dask equipped as above was added 38.7 g (0.25 mole) of 98% 4-acetamidophenol, 35.3. g ot 
deionized water, and 12.2 g of 50% aqueous sodium hydroxide solution. The mix was heated, with stirring, 
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to a temparalure of approximately es. c. and the fonnaldehyde-lmlllodlacellc acid adduct solution added 
over a 30 minute period. The reaction mhcture was healed at 85•C for an addlllonal twelve hours and 
cooled. Concentrated hydrochlOJtc acid (55.5 g) was added and the reaction mixture stirred for one hour. 
The solution was allowed to stand for savaral waaks and than the crystalllna precipitate filtered, washed with 

6 deionized water and dried In a vacuum oven at e5•c tor several hours. Approximately 17.4 g. of sollds 
ware recovered. The struc:tura was conflnnad by proton NMR. (Saa Tabla I.) 

10 

Example 15. PREPARATION OF 2·({[BIS(CARBOXYMETHVL)]AMIN0}METHVL}-6·{[({[BIS· 
(CARBOXYMETHYL))AMINO}ETHYL)(CARBOXVMETHVL)AMINO]METHYL}-4-(ACETAMIDO)PHENOL 

Approximately 5.7 g of crude 2-oxo-1,4-plperazlnadiacatic acid, prepared by the procedure ol Example 
C, and 38.8 g of deionized water ware added to a beaker and mbaid till dissolution of tha lactam was 
achieved. Caustic solution (13.5 g ol 50% solution of sodium hydroxide) was added while maintaining the 
temperature at lass than 30 • c by cooling In an Ice water bath. The solution was than tranSferred to a glass 

1s tube and immersed In a 9D • C water bath for 1 O minutes and then cooled in an ice water bath. The 
conversio~· of the lactam to the trisodium salt of alhylenediaminatriacalic acid was confirmed by proton 
NMR. The alkaline solution was than adjusted to a pH of approximately 11..9 by the addition of hydrochloric 
acid. The temperatuni was maintained at lass than 25•C by coo6ng In an ice water ba1h. The solution was 
transf811'ed to a reaction vessel and 1.5 g of aqueous 37% formaldehyde solution added dropwiss over a 2D 

20 minute period. A small amount of aqueous caustic solution was also added during this time for pH 
adjustment. The mix was stirred for an additional hour with periodic addlllons of aqueous sodium hydroxide 
lo maintain tha pH belWeen 11.D • 11.5. 

To a separate reaction vessel was added 1.5 g of 2-({(bls(carboxy-mathyl)]amlno}mathyl)-4-
(acelamldo)phenol, prepared by the procedure ol Example 12, and 2.5 g of deionized water. Aqueous 25% 

:is sodium hydroxide was added, while cooling In an Ice bath. to obtain a pH ol about 11. The formaldehyde 
adduct solution prepared above was then added over a 30 minute period to the phenolic compound at a 
temperature ol approxtmately so•c. The reaction mixture was mixed and heeled for an additional 10 hours 
at 7D•C and then cooled. Acetone (1DO g) was added to a beaker and stirred with a magnauc stirrer bar. 
Approxlmately 10 g ol the crude reaction mixture was added to Iha acetone resulting In the precipitation ol 

ao a gummy material. The acetone portion was decanted and an additional 5D g of acetone added to the 
material and the product tlturatad under acetone. The acetone layer was removed by decanting and the 
sollds dried In a vacuum oven al 60-85 • C for several hours. The desired product was Isolated from the 
crude mhcture by passing an aqueous solution of the solids over a Q.Sapharose tu column and isolating the 
desired fraction as In Example 11. (Saa Tabla I.) 

&ample U. PREPARATION OF N,N'-01(2-HYDROXY, 5-ACETAMIDOBENZVL)ETHYLENEDIAMINE-N,N'· 
DIACETIC ACID. (Comparative) 

' . 
Ethylanadlamlne-N,N'-cllacatlc acid (10 g, O.D56 mole), 25 g of deionized water, 7.0 g of 50% sodium 

40 hydroxide solution, and 6.0 g of methanol were added IO a round-bottom reaction ftask equipped with a 
water-cooled reflux condenser, machanlcal stirrer, thannometer with a temperature controller, and an 
addition funnel. The reaction mixture was heated to ss•c. Aqueous 37% formaldehyde solution (9.2 g, 0.11 
mole) was weighed Into the addition funnel and added over a twenty minute period. The reaction mixture 
was healed at 56 • C for one hour and than cooled and transferred to another addition furinel. To a reaction 

45 llask. equipped as above, were: added 17.2 g of 4-acetamldophanol (0.11 mole}, 38 g of deionize<I water, 
2.0 g of 50% sodium hydroxide solution, and 38 g of methanol. The mix was heated to 65 • c and the 
aqueous formaldehyde/ethylenadiamine-N,N'-diacetic acid adduct solution added over a one hour and 
fifteen minute period. The reaction mhclure was heated an additional 12 hours at 64-85 • C and then cooled. 
A portion of Iha reaction product was concenlraled and the methanol removed under vacuum. The solulion 

50 was adjusted to pH 1.5-2.0 with hydrochloric acid resulting in the precipitation of the acalyl product. The 
material was filtered, washed with deionized water, and dried in a vacuum oven at 55-80 • C for several 
hours. The struclure was confirmed by proton NMR. 

EXAMPLE V. PREPARATION OF N,N'·Dl(2·HYDROXY·5·AMINOBENZYL)ETHYLENEDIAMINE-N,N'­
ss DIACETIC ACID, HYDROCHLORIDE. (Comparative) 

To approximately 0.9 g of the product Isolated in Example U ware added t2.5 g of deionized water and 
B g of concentrated hydrochloric acid. The solution was heated at reflux and stirred for one hour In a round· 
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bottom reaction flask. The volatllas ware removed (In vacua), and Iha amine hydrochloride product dried In 
a vacuum oven at 50-60 • C for sawral hours. The structure was conflnned by proton NMR. 

Example W. PREPARATION OF ETHVLENEDIAMINEDl[(2·HYDROXV-5-ACETAMIDOPHENYL)ACETIC 
s ACID). (COlriparatlva) 

Aqueous (50%) glyoxylic acid (30.0 g, 0.20 mole), 98% 4-acetamldophanol (30.9 g, 0.20 mole) and 
deionized water (22 g) ware added to a round-bottom reaction flask equipped with a water-cooled reflux 
condenser, mechanical stirrer and a lhannometar with a temperature controller. The flask was cooled with 

10 an lea-water bath and 19.0 g of 50% sodium hydroxide solution added slowly with stirring while maintaining 
the temperature below 30•C. Ethylenedlamina (6.1 g, 0.10 mole) was added at a temperature less than 
30 • C. The ice bath was removed and the reaction mixture heated and stirred for live hours at 85-88 • C. 
Approximately 20 g of the aqueous reaction product was treated with 1 O g of ethyl ether. The ether layer 
was removed and the procedure repeated again. The aqueC?us portion was than adjusted to a pH of 

1s approximately 4.2 with hydrochloric acid and agitated with 35 g of acetone. The acetone layer was removed 
and discarded. To the remaining material was added 65 g of methanol with stirring. The resulting solids 
were filtered and dried in a vacuum oven at 55-60 • C for several hours. 

EXAMPLE X. PREPARATION OF ETHYLENEDIAMINEDl[(2·HYDROXY·5-AMINOPHENVL)ACETIC ACID] 
20 (Comparative) 

To approximately 4.5 g of the above solids were added 6 g of deionized water and 21 g of concentrated 
hydrochloric acid. The mix was flllrad and 6 g of water added. The solutlon was placed In a round-bottom 
reaction flask equipped wHh a water-cooled reflux condenser, mechanical stirrer, and a thermometer. The 

25 solution was heated for one hour at 100-103•C and then cooled. The volatiles were removed In vacuo and 
the product, the hydrochloride of alhylenedlamlnedl(2-hydroxy·5-aminophenyl)acatic acid, was dried In a 
vacuum oven at BO • C for several hours. Hydrolysis of the acelyl functionallty was followed by proton NMR. 

:JO 

COMPLEX PREPARATION AND PERCENT COMPLEX DETERMINATION. 

In the following examples the following tanns were used: cone. means concentrated; OAc means the 
acetate moiety, OCOCHa: TLC means thin layer chromotography; ambient temperature means room 
temperature or about 20 to 25 • C: overnight means from about 9 to 18 hours; SP·Saphadax tu C-25 resin is 
a cation exchange resin having sulfonlc acid functionality, sold by Pharmacia, Inc. 

:is The yttrium and/or samarium complexes of several of Iha compounds ware prepared and percent 
complaxation determined as follows: 

Yttrium Complex Preparation: 

"° Complexes were made by preparing a 0.0003M yttrium solution In water. (YCla•6HzO. 303.26 gtmola; 
Y(OAc)a. 12.1% HaO). Radioactive VCla (Oakridge National Laboratories) was added 10 give the desired 
number of counts. Tan ILi of Hgand solullon (at 0.03M) were added to 990 ILi of the Y solution. giving a 
ligand-to-metal ratio of 1:1. (Ten times the amount of Ugand solution was used for a 10:1 ligand to metal 
ratio.) The pH was than adjusted to 7.4 using mlcrolitar quantities of hydrochloric acid or sodium hydroxide. 

«; The solution was then tasted for the amount of complexed yltrium using the cation exchange method given 
below. 

Percent Complex Determination: 

so A disposable 10 ml plastic (Biorad) column was filled with 1 to 2 ml of water-swelled Sephadex111 C-25 
cation eKChange resin. The water was pressure eluted to the top of Iha resin. Fiftaen ILi of Iha complex (or 
more if counts were low) were added to the top of the resin. This was followed by 2 ml of 4:1 (V:V) Isotonic 
sallna:conc. ammonium hydroxide solution as an eluenl which was allowed to drip Into a counting tube. This 
was also pressure eluted to the top of the resin. An additional 2 ml of the aluent were added and the 

55 column pressure eluted to remove all llquld. The dried resin was then placed In a third counting tube and 
Iha three tubas counted on a Nal well counter using a Canberra multichannel analyzer linked to a computer. 
The percent complex was detennlned by dividing the number of counts In the two elutions by the. total 
counts in Iha alutions plus the column, all times 100. By this method, uncomplexed yttrium~ retained on 

17 



lhecolumn. 

Samarium Complex Preparation/% Complex Determination: 

11 Samarium complexes were formed as dellClibed previously for yttrium complexes except that 0.0003M 

ID 

15 

20 

25 

311 

samarium was prepared by dlssolullon of S'"20a (348.7 glmole) In 0.1M hydrochloric acid. Radioactive Sm· 
153 was obtained as a 0.0003M solution In 0.1 M hydrochloric acid from the University of Missouri Research 

Reactor, Columbia, Missouri. Percent complex determination was made in the same manner as for the 

yttrium complex. Results are summarized In Table Ii. 

Table II 

Complexallon Data 

Complex Compound of "lo Compl8i< (10:1) 
Example No. Ex.No. 

y Sm 

16 1 98 

17 2 >99 

18 2 >99 

19 3 >99 

20 4 >99 

21 5 99 

22 B >99 

23 7 95-

24 8 >99-

25 9 >99 

26 10 98 

Z1 11 99 

28 11 98" 

29 12 99 

30 12 98 

31 12 98' 

32 12 98' 

33 15 99 

'Ligand7metal ratio was about 1 :1: 
"Ligand/metal ratio was about 50:1. 

50 
Examples I • XN and Comparative Examples A-F IN VIVO SCREENING OF BIFUNCTIONAL CHELATES. 

The stability of certain rare earth chelates has been correlated with In- vivo testing In animals. For 

example, Rosoff, et al. In the lntemattonal Journal of Applied Radiation and Isotopes, 14, 129-135 

115 
(1963), report on the distribution of radioactive rare earth chelates In mice for certain amlnocarboxyllc acids. 

The correlation found was that In vivo •the competition between the chelating agent and body constituents 
(inorganic and organic) for the rare-earth ion, determines its deposition and excretion.• The strong rare­
earth chelates are believed to dissociate very little and be excreted, while the weak and Intermediate 

strength chelates dissociate more readily and thus are deposited in organs such as the river. However, 

18 



concentration of radionuclide In the Over Is not always due to weak complex formalion, but In some cases Is 
due to the affinity that the metal chelate has for the liver (sea Comparative Examples A & B In Table Ill). 
Compounds have, In fact, been prepared and utilized for Iha avaluallon al liver function (Frllzberg, Alan R., 
Radla(lharamceutlcals: Progress and Cllnlcal Perspectives 1, (1986); U.S. Patents 4,088,747 and 

s 4,091,088 (Hunt el al.) -
The blodlstrlbutlon of several of the samarium and/or yttrium chatates dlsclosecl herein was detBrrnlned 

and the percent dose in the liver used as an In vivo screening procedure to qualitatively estimate ·the 
stabHity of the chelates. Chalates of NTA and EDTA are included for comparison. Also samarium was 
Injected as samarium chlorii:le In unchalated fonn. 

ro Sprague-Dawley rats weighing fnxn 150 to 200 g were purchased from Charles River Laboratories. 
These animals were placed In cages and fed water and load ad llbltum. The animals were acclimated for at 
least five days before use. Prior to Injection of complex, Iha animals were placed under a heat lamp (15 ID 
30 minutes) to dilate the tail vein. Then, the animal was placed in a restraining cage, lhe tail cleaned with an 
alcohol swipe, and the animal injected (50 to 200 ILi) via Iha tail vein. After Injection. the· animal was placed 

. 25 in anolhar cage for two houns after which time the animal was sacrificed by cervical dislocation. The animal 
was than dissected. Iha parts rinsed with deionized H20. patted dry, and weighed into a tared counting vial. 
Whatever size al lnjacllon was made, at laasl three standards of the same material were prepared and 
counted with Iha animal parts. Percent al dose is the number of counts in the organ divided by the number 
of counts in the standard times 100 (see Table Ill). 

20 

25 

30 

50 

55 

19 

' ' 



5 

10 

15 

20 

25 

30 

35 

Table Ill 

· Blodistribution Data 

Biology Example No. Compound of Ex. No.• Metal % Injected Dose In Uver 

. 1. 1 y 0.87 

It 2 y 0.22 

Ill 3 y 0.22 

IV 4 y 1.4 

v 5 y 0.38 

VI 8 Sm 0.38 

VII 9 Sm 2.8 

Vlll(10) 10 Sm 1..3 

Vlll(300) 10 Sm 0.12 

Vlll(10) 10 y 0.39 

Vlll(300) 10 Ho 0.26 

IX 11 y 0.22 

x 11 Sm . 0.33 

XI 12 y 0.28 

XII 12 y 0.18 

XIII 12 Sm 0.35 

XIV 12 Sm 0.28 

xv 15 y 0.37 

(A) U(comp) Sm 12 

(8) X(comp) Sm 24 

(C) EDTA Sm 8.4 

(0) EDTA Sm 4.4 

(E) NTA Sm 8.6 

(F) SmCla Sm 39 

"Complexes were prepared at ligand/metal ratios of 10:1 for Examples l·XI, XIII, and XV; 
et 1:1 for Example XII & XIV: at 5:1 for Example C: and et about 300:1 for Examples D 
and E. · 

Examples XVI & XVII. 

so The 1:1 complex of yttrium with 1·(p-aminobenzyl)diethylenetriaminepentaacetic acid (ABDTPA), a well 
known bilunctional chelant used In the literature, and with the ligand of Example 2 (Now Ex. XVI) and 
Example 12 (now Ex. XVII) were prepared using the techniques described earlier. Several 100 micro6ter 
allquots were then withdrawn Into separate centrifuge tubes. Excess metal was added such that the total 
volume change Is minimized and the time noted. One-half hour alter metal add'rtion, the percent complex 

55 was determined by the Sephadexiu C·25 method and this was compared to the original amount of 
complex. The percent complex versus added metal gives an Indication as to the lablllty of the ligand-metal 
complex. Results are given below and are compared to the EDTA·yttrium complex. 

20 



TABLE IV 

Complex Study 

II Metallllgand Molar Ratio % Complex 

Ex.XVI Ex.XVII ABDTPA EDTA 

1 99 95 97 98 

10 
10 94 93 95 86 

100 84 90 92 78 

250 - 90 87 48 

500 75 79 70 16 

15 

Example XVIII. 

20 
A 0.18MIL solution of 1·(p-amlnobanzyl)dlathylenatrlamlnapentaaca1ic acid (ABDTPA) and an ldanflcal 

0.18MIL aolution of the ligand of Example 12 were prepared In 0.5M sodium acetate buffer at pH 6.5. The 

solutions ware then treated with 1.5 equivalents of yttrium·90 as 0.03M/l yttrium chloride. The pH of the 

resulting complex was 5-6. Excess Y-80 was removed by passing the complex through a one ml bed 

volume of Chalex 111 resin (Bio-Rad Laboratories). The concentration of the complex In this purified form was 

25 
0.0013M. An appropriate amount of the solution was added to 1.7 x 10-t moles of aldehyde containing CC· 

46 monoclonal antibody to give a 40:1 ratio of complex to antibody. After one hour exposure a 236 molar 

excess (over antibody) of NaCNBHa was added and the solutions allowed to sat for approximately one hour. 

After this time the antibody (and any covalently attached complex) was separated lrom unbound complex 

by Sephadax 111 G-25 gal filtration. This procedure gave an average ol 5.0 complexes par antibody for 1-(p· 

:ro amlnobenzyl)diethylanetrlaminapantaacatlc acid and an average ol 5.4 complexes par antibody lor the 

ligand of Example 12. 

Example XIX. 

35 
In order to demonstrate the inertness of the antibody-complex conjugates of Example XVIII, Iha 

conjugates were challenged with an excess of dlathylanetrlamlnapentaacetlc acid (DTPA) In the following 

manner. The purified antibody-complexes were added to HEPES buffer (N·2-hydroxyathylpiperazlne-N'·2· 

elhanesulfonlc acid) at pH 7.4 and treated with an appropriate amount of 0.1 M DTPA solution (pH 7.4) to 
ensure a 1000 fold molar excess of DTPA over complex attached to antibody. After one hour an allquot was 

40 
removed and the antibody-complex conjugates were separated from low molecular weight substances using 

gel-filtration. The results Indicate that the ABDTPA system lost over 98% of the yttrium while the system 

using the ligand of Example 12 lost approximately 39% of the yttrium. 

EXAMPLE XX. PREPARATION OF 2,6-BIS{[(2·{(BIS(CARBOXVMETHYL)]AMINO}ETHYL)-

45 (CARBOXYMETHYL)]AMINOMETHYL}-4-(AMINO)PHENOL, SAMARIUM COMPLEX 

A samarium solution was prepared by combining In a 1 ml vial radioactive 153Sm (200 111 of a 3 X 

1o-4M solution In 0.1M hydrochloric acid, 6 X 10-S mmole) and •coJd• SmCla.6Hz0 (4.8 mg, 1.31 X 10-2 

mmole). This solutlon was added to 2,6-bls{[(2-{[bls(carboxymethyl)]amino}ethyl)(carboxymathyi)]· 

50 
amlnomathyl}-4-(acatamldo)phenol (3.2 mg, 5.31 X 10-s mmole), prepared by the procedure of Example 

11. 1ba pH was than adjusted to 7 by the addition of sodium hydroxide (40 ul Of a 1.0M solution}. The 

percent complex was datarmlned to be 68'1'o using the Sephadex 111 C-25 method. 

The above complex was purified by anion exchange chromatography (Q-Sepharosa 111 , 1.5 cm X 21 cm, 

O to 1 M NaCl over 30 min, 2 ml/min, detection at 285 nm). Complex-containing fractions (1 ml each, 6 ml 

55 
total) were combined and the percent complex was determined to be 95%. 

EXAMPLE XXI. CONJUGATION OF 2,B-BIS{[(2·{[BIS{CARBOXVMETHVL)]AMINO}ETHYL)· 

{CARBOXVMETHVL)]AMINOMETHYL}-4-(AMINO)PHENOL, SAMARIUM. COMPLEX TO Cc-46 MON· 

OCLONAL ANTIBODY 

21 



Sodium bicarbonate (60 mg, 7.14X10-• mmole) was placed In a one dram glass vlal and the complex 
solution from Example XX was acldad (1 ml, about as X 1o-4 mmola). Thlophosgene (10 111, 1.31 X 10-' 
mmole) In chloroform (1 ml) was added and Iha vial was sealed. The mixture was shaken for 15 minutes, 
after which the aqueous layer was washed twice with chloroform (1 ml portions). Percent complex was 

s chachad and found to be 98%. 

10 

15 

The above lsolhlocyanata Sm complex (100 111, about as X 10-s mmole) was combined with Cc-46 
monoclonal antibody (100 111 of an 8 mg/ml solution, about 5.3 X 10-S mmole) and allowed to stand for 24 
hours. Tlia amount of complex conjugated to antibody was determined to be 46% by size exclusion 
chromatography. 

EXAMPLE XXll. PREPARATION OF 2-(BIS(2-{[(BIS(CARBOXYMETHVL)]AMINO}ETHYL)AMIN0)·2-[5· 
AMIN0:2-(CARBOXYMETHVLOXV)PHENYL]ETHANOIC ACID AND 2-[ {2-[(2·{[BIS(CARBOXYMETHYL)]· 
AMINO}ETHYL}(CARBOXYMETHYL)AMINO]ETHVL} (CARBOXYMETHYL)AMIN0)-2·[5-AMIN0-2· 
(CARBOXYMETHYLOXV)PHENVL]ETHANOIC ACID, SAMARIUM COMPLEX 

A solution of tha·ligands from Example 7 was prepared by dissolving 288 mg ol lhe lyophilizad sorid in 
1 ml of water. A 33.85 ul aliquot of this solution was treated with 1 ml of 3 X 10""'M SmCla In 0.1N 
hydrochloric acid containing a tracer emount of radioactive 153Sm. The pH or the complex solution was 
adjusted to about 13 using 50 weight% sodium hydroxide and then adjusted to about pH 7.5 using 1.0N 

20 hydrochloric acid. The percent Sm that was complexed was determined as described In Examples 16 
through 33 and was found to be 100%. 

The Inertness of the complex was demonstrated by placing two 500 111 aHquots of the complex solution 
in separate vials. Ona portion was treated with 1·2 ILi portions of 0.1 N hydrochloric acid unlll the pH was 
lowered and Iha other portion was treated with 0.1 N sodium hydroxide to bring the pH up. The complexes 

25 were allowed to 1et for 5-10 minutes at each pH change, then they were sampled to determine the percent 
complexatlon at that pH by the method described for Examples 16 lhrough 33. The results are shown In the 
following tabla. 

TableV 
30 

pH %Complexed 

1 98 

35 
2 100 

3 100 

4 100 

5 100 

7 100 

9 100 

11 100 

13 JOO 

EXAMPLE XXlll. PREPARATION OF 2-({2·[(2-{[BIS(CARBOXVMETHYL)]AMINO}ETHVL)­
(CARBOXYMETHYL}AMINO]ETHVL} (CARBOXYMETHYL)AMIN0)-2-[5•AMIN0-2-(CARBOXVMETHVLOXY}-

611 PHENYL]ETHANOIC ACID, SAMARIUM COMPLEX 

A solution of 1ha ligand from Example 8 was prepared by dissolving 13.9 mg of the brownish solid In 
n2 ILi of water. A complex was prepared by dissolving 500 ul of this ligand solution In 1 ml of 3 X 10-4M 

65 
SmCl1 (containing 0.1 N hydrochloric acid) that had been spiked wHh radioactive •sssm. The pH of the 
complex solution was adjusted to about 7 by the addition of 1.0N IOdium hydroxide. The percent 
complaxation was determined by the me1hod described for Examples 16 through 33 and found lo be 98%. 

The Inertness of the complex was demonstrated by placing two 500 111 aliquots of the complex solution 
In separate vials. One portion was treated 'With 1·2 Ill portions of 1.0N hydrochloric acid until the pH was 

22 
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20 

25 

lowered and tha other portion was treated with 0.1 N, 1.0N and 50 weight % sodium hydroxide to bring tha 
pH up. Tha complaxas wera allowed ID 1111 for about 5 minutes at each pH change, then they were sampled 
ID determine Iha percent complaxatlon at that pH by Iha method described for Examples 16 through 33. 
The results are shown In the followlng tabla. 

Tabla VI 

pH %Complexed 

1 91 

2 88 

3 92 

5 96 

7 96 

9 99 

12 98 

13 99 

EXAMPLES OF BIODISTRIBUTION DATA 

Complexes ware prepared by mbdng a solution of ligand and metal then adjusting the pH to 7-8. The 
amount of metal that was complexed to ligand was determined by cation exchange chromatography. Free 
metal was retained by the resin, metal In the form of a complex was not. 

One-hundred I.LI of the complexes were Injected Into the tall vein of three Sprague Dawley rats. Two 
30 hours after Injection, the rats were lcllled by cervical dislocation and samples of tissues ware taken. The 

tissues were weighed and the amount of radiation In each tissue determined by measuring Iha number of 
counts using a Nal well counter and comparing them to standards. The % dose In blood was determined 
assuming that the weight of blood was 6.5% of the animal weight. Muscle was calculated using 46% of 
body weight. The amount In bona was 25 times the % dose In a femur. The examples below differ In the 

35 ligand, amount of ligand and amount of metal used. Non-radioactive metal was used to obtain the desired 
ligand to metal ratios and tracer radioactive metal was used to obtain the biodlslribution. 

EXAMPLE XXIV. 

40 The ligand of Example 10 was mixed with a Sm-153 solulion. The concentration of Sm was 3x1o-4M 
and the ligand was used with a 300 times molar excess. The biodislribution showed 52.7% in the bona, 
0.12% In the liver, 0.005% in the spleen, 0.23% In the muscle, and 0.05% in the blood. 

EXAMPLE XXV. 

The ligand of Example 10 was complexed to Ho-166. The concentration of Ho was 3X1o-4 M and the 
formulation contained 300 times molar excess ligand. The biodistribulion showed 52.9% in the bone, 0.26% 
In the liver, 0.007% in the spleen, 1.1 % In the muscle, and 0.09% In the blood. 

so EXAMPLE XXVI. 

55 

Tha ligand of Example 10 was complexed to Sm-153 using a concentration of Sm of 3x1o-4M and 10 
times molar excess ligand. The biodlstrlbution showed 48.5% In the bone, 1.3% In the liver, 0.01% In the 
spleen, 0.73% In the muscle and 0.16% In the blood. 

23 



EXAMPLE XXVll. 

A rabbit was Injected In the same manner as the rats with a foonulatlon having Y-80 with Y at 3lc10"'4 M 
and the ligand of Example 10 at 10 times molar excess. The activity was found to concentrate In bone 

s (59%) with liver (1.1%), spleen (0.19%), muscle (1.5%) and blood (0.68%) showing minimal uptake. 

EXAMPLE XXVlll. 

The ligand of Exampl!!I 1 was complexed using Y·90 as a tracer. The Y concentration was 3x10"'4M and 
10 the ligand was added In a to·t1mes molar excess. The rat biodlstribution (average al two rats) showed 

58.1% In the bone, 0.87% in the liver, 0.03% In the spleen, 0.78% In the muscle, and 0.57% in the blood. 

EXAMPLE XXIX 

rs A dog was presented with an osteosarcoma in the righl proximal humerus and walked with significant 
lameness. A complex was prepared using the ligand of Example 10 with a Sm-153 solu6on. The 
concentration of Sm was 3x1 O-' M and the ligand was used with a 300 times molar excess. The specific 
activity of the Sm-153 was 30 mClhnl. The dog was given an l.V. injection of this complex containing 0.95 
mCi of Sm-153 per Kg body weight of the dog. One week after injection the dog's gait was noticeably 

:za improved. · · · 
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wherein Z' is hydrgen, NHz, NO:z, NHC(O)CHi or N(R')a, 
1s where R' is hydrogen or Ca-Oa alkyl: 

X Is hydrogen. C1·Ca alkyl or CRaR.COOH: 
R'1 isCOOH: 
R'3, R'• and R's are independently hydrogen or CR3R.COOH, with the proviso that at least one of 

R'1, R'3, R'• and R's Is hydrogen; or 
:zo a pharmaceutically acceptable salt thereof. 

25 
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2. The chelant of Claim 1 wherein R'1 Is COOH, R'3 is hydrogen, and R'• and R's are CH2COOH. 

3. The chelant of Claim 2 wherein Z' Is NHC(O)CH3, and X Is hydrogen. 

4. A complex which comprises a chalant as claimed in any one of Claims 1 through 3 , or a 
pharmaceutically acceptable salt thereof: 
complexed with a metal Ion selected from La, Ce, Pr. Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho. Er, Tm, Yb, Lu, 
VorSc. 

5. A complex of Claim 4 wherein Iha metal Ion Is •usm. "'Ho, '°Y, ••9Pm, t59Gd, "ala, 'nlu, 11sYb, 
47 Sc or 142Pr. 

&. A conjugate comprising a complex as cllamed In Claim 4 or 5, 
ss covalently attached to an antibody or antibody fragment. 

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

.fO a. A conjugate of Claim 7 wherein the antibody or antibody fragment is CC-46, Cc-49, Cc-49 F(ab')2, CC· 
83, CC-83 F{ab'):z or 872.3. 

so 

55 

9. A pham1aceulical fom1ulalion comprising a complex as claimed in Claim 4 or 5, and 
a physiologically acceptable carrier • 

.. 
10. A pharmaceutical formulation comprising a conjugate as claimed In Claim 6, and 

a physiologically acceptable carrier. 

11. A pharmaceutical fom1ulation according to Claim 9 or 10 for the treatment of cancer. 

12. A pharmaceutical formulation according to Claim 9 or 10 for the treatment of bone pain. 
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