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The present i nvention concerns chI ant snm 5%@‘1 grtho ligating
functionality, conplexes and: COI’]J heredl, prgcessors for their
preparation, fornul at Jjons for“their use and met hoos-for their use in cancer
di agnosti cs and/ or therapy Functional i zed chel ants, or bifunctional

coordi nators, are known t.0 be capabl e of being covalently attached to an
ant i body haV|ng specificity for cancer or tunor cell epitopes or antigents.
Radi onucl i de conpl exes of such antibody/chel ant conjugates are useful in

di agnostic and/or therapeutic applications as a neans of conveying the

radi onuclide to a cancer or tunor cell. See,.for exanple, Meares et al.,
Anal . Bi ochem 142, %.7.8”..0.(&%%Lm.mamdu&xg%waﬁkmmu@mm&%%m and Bi ophys.
Res. Comm 77, m@dﬂmn S their preparation, foimpiations don el @er Jrid imethogdsiar Bleircbeed at | Ng agent s
have been known anﬁn’ﬂ.%’.fu oo, & & obokdhaoe alo ko 16 B caritRVoR e co¥iBdy S TyDi cal
Of the am nOCBI’W l anapegﬂclm o Fm:;fucl.tl:’ dzoa:sglﬁceqa’;lm:hg utic glleaﬁong o

et hyl enedl am nein m&? yﬁé’fﬂ]‘” 'or tumor oe?lnSee formmrpalgeMlaargsetal Anal.

hydr oxyet hyl et hgldc@nemsammmqnq Keeicaek ot 8., Bfpchpng anfl HE@I camm 77, 581-685 (1877).

diethyl enetri ammmmmmmmmmm: '°;:::,°:;'EV;:;;,

2- di am nocycl ohe«mmeﬁeamm acRIQHE }/{%‘ amwwm A} adneabst onal

chel ating agent g (1 ﬁ g"mgmg,gposed and
|4d7@93®andla

prepared. For eoeuam&he,anida&cd: cl 1Ia»e|5 OmhyCh et al .

Sci ence, 220,™ t’éhf""ct,"&%”
car boxycar boni c;%;f .drxeh mfas:ﬁ}%ﬁ%%m .@Efnfgmm 106 and
4,472,509, K ] rpmpmen 9.@:::.::..”@5,5:;,3&:% Gk mﬁgxm%y . 581-585,

1977) have bes Nusiip Odegkbu b o %THes are coupl ed

to pr oteins t heabi’ amﬂ%ﬂd include dlanl'tl| thq’o :J gl‘)’lﬁ ing lenediam?rmaqcﬂe'e d;t?(}) nd t hUS
| eavi ng four of an ﬂyldﬁd’ #,2Q bk ahc\éﬁ‘d P@etdrb@é(%ﬁﬁ 'b(ﬁ wQUQﬁm cb Lo
di et hyl enetri an?'ne"g:%?ﬁ Eilserm {eigys dleshpsto fechgidues. Corlum'on vigla Appl | sot.

33, 327-332, 9Bt %@'ﬁm "i:.. g“‘zzelémrmﬁmmfmq.msz 751

di scl ose bi func!wumfedmtbpherbtmm ragremalsmust@fmld clie@rﬂ(ia» i kerg) dissedeal 1 ons to

"Organi c Speci e Jf ﬁ‘ﬂnﬁﬁm pl8) o Yevi S o?"’,ddrﬁ'ﬁd'i“'f}sz*es " As in the

above, coupl mgzene@azsabmamns@-dﬂnm«&racwmp eto gybt smulsheanaumd |'i zation of

G am ot ot raac ol BT LA A mmmrﬁ% A ] ! ude

di anhydri des oOf imiofirt A, notd 3hatl aftacherign ShiunThd IRt EhHAACHIubG cated dnand phenyl ene
1, 2 diani neg eﬁgﬂm%mg "izﬁ’gg?ﬁ"%“ LI ST di scl oses
sever al conpl €Xac frcloi raaadm o aﬂﬂﬂlbl%l mugaaammmemy@&mﬁg:l d for use in

various di agnos mm@smﬂ nymlqam“ gepupcivhichappnigingythg cgz!'a@up of the

CONPl eXi NG ACH CiurktBnatby KM Wtorolbbob 4o tleh Gy 1oode InPATe s mﬂm fstaioa de bond.
Anot her cl ass“f@ﬁﬂﬂ)BFme\'dWGha#apeWF@h |=m'ﬂw%§ vnwrbm@bl-@mmmenmar boxylic

aci d funct i onal inig sl b il of ety o dotae Thiey. Thus,

Sundberg et al . Atpctmegt H@ejmlme@oxﬂlmdd tunElbretimto tib AstloDihe brfuic&@aﬂch(lain@ wdlepuisd SC| 0Ses

bi functional anSEEdane proFi o %ﬁm&mrm mmﬂﬁﬁgqu are 1-

(- p- ni trophenyl yetehwgibenedi am net et raaceti ¢ aci d enyl) -

et hyl enedi ami ne&aﬁ'ﬁ‘mﬁﬂ“m”mvnﬁﬂhgﬂﬁmmmg " e

et hyl enedi am netntefiaee efitie @oleu® icdtaidiog tid okt GpatileD! rbtiaytwah ta Brotdin Ws @lbgaipld he

par - Subst |  UBNEA R A 1 R A A B PECAPe e o he

chel at i Nng gr Oupfoliovidd by reaction with bromosacetic acid to make the aminocarboxylic acid. The nitro group is reduced to

. the corresponding amine group and Is then converted to the [sothiocyanate group by reaction with
thiophosgene. These compounds are blfunctional chslating agents which can be conjugated to bio-organic

85 molecules for use as diagnostic agents capable of chelating ianthanides. Since attachment of the linker

portion of the molecule is through one of the nitrogen$ of the aminocarboxylic acid, then one potential

aminocarboxyl group Is lost for chelation. Thus, 2 DETA-based bifunctional chelant containing four {not five)

acid groups is prepared. in this respect this class of bifunctional chelant is similar to those whers
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di scussed The conpounds are al so disclosed in Bi ochem Bi ophys. Res.
Comm 75(1), 149 (1977) and in U.S. Patents 3,994,966 and 4,043,998. It is
I nportant to note that attachnent of the aromatic group to the EDTA
structure is through a carbon of the ethyl enedi am ne backbone. Optically
active bifunctional chelating agents based on EDTA, HEDTA and DTPA are
disclosed in U S. Patent 4,622,420. Also in this reference the attachnent
of the am nocarboxylic acid functionality to the rest of the bifunctional
chel ating nolecule is through a carbon of the ethyl eneam ne backbone. In
t hese conpounds an al kyl ene group |inks the aromatic group (which contains
the functionality needed for attachment to the protein) to the carbon of
the pol yam ne Whh&nl&m@@ﬂl %m@m Gon dnldShott vt Y sefubb1ed of Bl cfoiding ofclisNET T € €r ences
to such conpounds mmal mh) 569t564a1Re0), RaiN@ . xl@memwmmaﬁ?Z 2781
(1986), U.S. PatZhfe? ;mﬂ%z w=1o1o a1 '"gmmgm ?r ol navi ng
| nt er nat i onal meumim:n@mnmmwaﬁ&mg%&o atMD'ﬁaﬁl W ene\ertal n
maor ooyl i o bi  UEFRUIEU SEThiRIE v S e "agm ":'rim: copper
chel ate conj ugataasm%)arsvsmya@mesmma- @édianie bHabuGienauiaike iwihals byprBatsN aVe been
disclosed in U, 9;,‘"":;9 o frore £PBTEIGBT. TRt h AiRATEot o PETTE meRpeTBRERboxyl i ¢ aci d

W Edy, naémtaheohmnfuwmi o) Mhiddnatiot@hrebhcb BiOMoREEMnE &4 € 1S t hrough

functionality to
a ring carbon of“‘t‘eﬁmm @pr attached at

one end t0 a ri NgAn aﬂ’ghe ﬁ W@Eﬁ'\%ﬂmﬁ%ﬁ:ﬁwhed at its

other end to aesf'vmm'i le'nad 'eefﬂ# F'e'mamhu of {afliygn{{ 11 {cgmelexeslr Ot i N.
o o ”%
h

Anot her cl ass 01:ED T&mlﬁf‘l lSd unl el"g;rsg mﬂg&mdn()t €,

consi sts of corrwaln@ﬁsm @H@haw gﬁ:\? ng #gens wheteif @tach-

ani nocar boxyl i g I@%}Eﬁmmmﬁr ﬁ’mﬂﬁmmﬁm’t rogent to

the functional gndwrgio lndtu eamm aeusoomtoraquqalg&?ngb e noi et

reacting with thg bR e ;"‘,‘;; ’"mg jﬁf‘ﬁm Hg ;ﬁ bl i shed PCT

application (I ntg@ipeatrvdgadions ummrm:astptesanuk&\lmntne& Qi08:8 pn pprubl I shed

9/ 2711984) di S| ,;;;ﬂ;;ﬂr%g\% H?l%f)"l’.’l"éﬁ"’mm g‘p‘:ﬁ; Y reacting

p- ni tr obenzyl broﬁmn &:a\ma.tahun reactl on ronoacetic acid
to make the am ng dﬂ’ﬂ ‘g%h C‘P‘y " "'" “‘P Gﬂen‘ t he

ical 8, natirolo; cal eficits d rc cause
corr espondi ng sam,aa@,ﬁog;sae.u i '“%aacsasf'%m @nanar.h a 3 sl fa@cyanat e group

by reaction wt matmm,p me#fe“ isTikrgecsiace mest gl chel ati ng
agen ts Whl Ch ca éérclcﬁab moma e{emu ly dmloE bone meg;@ ases. Bone malaalasas al also s‘h erem e as

di agnostic agent'ysmpﬁbfle"evprwp 'nbocbeywleﬂmletha#etﬂachrrent of the
een

| i nker portion® T Y e %mﬁéﬁﬁrﬂm‘gnﬁﬁm of the

am nocar boxyl i ¢ tesgheeed thatshye of the raaergratbesaed al  am nocar boxyl 'glr E is lost for

chel ation. Thus, mﬁﬁ“mﬂmmmﬁMLﬁm&m = our (not

five) acid groepseie Beiof raBigkbat shchinutilis 19 cohc@BIBEIE the alod 1F 1> b@ lalrs«moimmbu functi onal
C hel ant I s SI m | m I3 e m normal bone. Radioactive phosphorus (P-32 and P-33) compounds
been p: and biolocalization properties limit the ufility of these compounds.
{Kaplan, E., et al J. Nm:. Med. 1(1). 1, (1880); (U.S. Patont 3.965,254)].

: Another attempt to treat bone cancer has been made using phesphorus compounds containing a boron

45 residue. The compounds were injected inta the body (intravenously) and accumulated in the skeletal
system. The treatment area was then irradiated with noutrons in order lo activate the boron and give a
therapeutic radiation dose. (U.S. Patent 4,399,817).

In the above mentioned procedures, it is not possible to give therapeutic doses to the tumor without
substantial damage to normal tissues. in many cases, especially for metastic bone lesions, the tumor has

so spread throughout the skeletal system and amputation or irradiation is not practicel. (Seminars in Nucleer
Medicine 1X(2), April, 1979).

The use of Re-188 complexed with a diphosphonate has also been proposed. [Mathieu, Loetal., it J. -
App. Rad. & Isot. 30, 725-727 (1978); Weinenger, J., Ketring, A. R., et al,, J. Nuc. Med. 24(5), 125, (1983)).
However, the preparation and purification needed for this complex limits its utility and wide application.

55 Strontium-89 has also been proposed for patients with metastic bons lesions. However, the fong half-life
(50.4 days). high blood levels and low lesion to normal bone ratios can be disadvantageous. [Firusian, N..
Mellin, P., Schmidt, C. G., The Journal of Urology, 116 764, (1976); Schmidt, C. G., Firusian, N., Int. J.
Clin. Pharmacol., 93, 199-205, (1974)].




A attachnment to the protein Is through an am de
group W th subsequent |oss of a carboxyl chelating group. I n
the J Radl oanaltal Chum 57(12), 553- 564 (1980), Palk et al. disclose the
use of p-nltrobenzyl. : :-CFFE%—CFr'an with a "bloclc

dl ethyl anettiamine, I.e. blse-pht ATHIBISHEETHABRERR [f of | oved by

debl ocki ng procedures and car boxyitet hyl BEP ER| hl oroacetic acid, to
give N-p-nltrobenzyl - 6 direthyrenetiramne N,N.N', N-tetraacetlc
acid. Again, since the attachment Is through a nitrogen, a

teareacetc acid derivative |Is obtained. Conjugation of the bifunctional

chel ati ng -agent and chel ation with I ndium | s di scussed.
Substitution on the nitrogen atomls al so taught by Eckeiman et at. in the
J. Pharm SC). 84(4), (1975) by reacting am nes such as

| et hyl enedi am ne A eisivel ire@indatys} 1eria @étdsthssbNas Been rapbribalnidh Brioyadd{it GHated ouinito-(3-

alkyl B o de. bgRE-RATARY mémm:,m"ﬁmmm;:axmoposed as

potential radi meeu&l aalmut lists lodide ad &ke bt IfFBL BhbelBiG) madkBREA lofihis compound. In
Recently Camfe 'mmmgmmmwwws@ P Rsgted(inpe yashing precederpie | onal
Conf erence on Nb [fe lkrown to chelate metal lons. PRMAGkHYEMBGI Rl didR@@win Cal | fomi a -

February 46. 19‘8@‘ \o3 giee. Absence of I ntrinsically Hi gher
Trosue Uyt ake u.,omf.ﬁ%’ﬁ?:% EET R et K i ol on o

| ndi um 111 and i:gg*g %@'s In add"'on to high bonq ypthike |highGmdeis2! @iajomwere obdergin Nbuse Mbdel
mu apg/or ki t
suil

and ' I nfl uence ,,T:?;'.'d: Vi P ﬁ,@@“&%ﬁfﬁmﬂn@f i s

indium1 L abelﬂ@ﬂ@? 3 I mru ocon at es In Nude M ce". The biodistribution

of indium 11 cqxnﬁr@m mcides, 1,’2‘.’..33"9;2"4‘2 ’3&14@451%9%“&%1@??@"&%“ i onal

chel ati ng agentonitg octhescbrdmediy uitdyt saivme sownOdhsiit rome@r EBdisser £11Wag t 0 t he
EDTACDTPA noi efFEE" 14 "PHPeUgH™ & Posedy AteetratiP dafver spretiiryues ¢ Hunt ot al . in
U. S. Pat ent s 24. O88prefefiinveptianis directed to novs! chetants fossekSny pr@tﬂl&!lrﬁ by, vakichserula® S €d

et hyl enedi ami ngfif FERTE & aﬂmmm%ﬂ t’i’ e semher ei n at t ach-

ment of an ar om'emo @aagugmgsst G’ )N Bnth ('rm)eumaﬁu 17 (t Ghighlim-t781 @7swaf, Ky | ene or :
acet ate radi gaf® “m&;] mgﬁggﬂ'“"a‘l‘%“’"? The com eqisiesf | as chel at es
for studying hetpadmd sa?aarcw e o @i "a‘i.’p.roer fé"ﬁfro"ea é?’?.lif"m ‘s nt echneti um 99m
| ndl um 111 and*°1";l‘l%§’$?mg ﬁB‘“a;"f’gm P ar Iy esregially wmpesf | 1 adi onuci des for
I magl ng useful a: “therap};hc “hoic wfs:l' gehr?; f:;j%? cls ?fn?a ;PEII‘ﬁ dayed by commafﬂ ce Acte 138
215-230 (1987) "eputrs 140 47 Eor ool a agent for treating
Cool ey' s anem a. %ﬁ?ﬁa e "1\7\5?‘:55 ana°"" LB PREA with ani no and
car boxyl at e donor ox
35 Rs Ry R3
l |
c }-—- C—B
. 1y ]

z 2 4 (1)

wherein:

45 Z is an electrophilic or nucleophilic molety which allows for covalent annchment to an antibody or
Iragment thereof or a synthetic finker which doss not interfore with the formation of complexation with a ) =
radionuclide and which can be attached to an antibody or fragment thereof;

X s hydrogen, C1-Cs alky} or CRs R« COOH;
Ri, Ra, Ry and Rs each are independently hydragen, hydroxy, CO2H or a C:-Cs alkyl group:

50 Rs Is hydrogen or (CR: R2),CRaR«B;

B represents a linear or branched amine or polyalkylene amine where st least one of the amme
hydrogens has been substituted with a CRaR«COOH group;

nisOort;or

& pharmaceutically acceptable salt thereof.

65 it Is preferred that the carboxyl group (when present) be attached to the first or second carbon from the
nitrogen of the B group, i.e. the carbon « or 2 to the nitrogen in the chelant molety. Preferred compounds of
formula | are those where n is 0; or Ry, Rz, Ry and Rs are each hydrogen; or n is 0 and one of Rs or Ry is
hydrogen and the other is COOH; or X Is hydrogen. When the chelants are to be used as bifunctionat
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groups, or having additional donor groups present |ike phenolic or phenolic
groups substituted on pyridine 25 rings: am nophosphonic acid or
ester groups with additional phenolate and am no donors; macrocyclic

pol yam nes havi ng car boxyl at e and/ or=phs oups; trlshydroxam c
acids: triscatechols; and a Wi th coordinating
am de groups. The devg pt ast ases |s a common
and often catastrophic event for a cafr ) The pain,

pat hol ogi cal fractures, frequent neurol ogical deficits and forced

| mobi lity caused by these 30 netastatlc lesions significantly
decrease the quality of life for the cancer patient. The nunber of patients
that contract netastatic disease Is |large since nearly 50% of all patients
who contract breast, lung or prostate carcinoma will eventually
devel op bone t . LW . ients

w th carci nonan%g?mﬁjzpaﬁ m{%‘ﬁ%‘l&oﬁ, bl g‘%ﬂ“ﬁ%’rﬂ%éggﬁﬁ%ﬂg%a&%% her tunors.
and col | ect i vel yAddtorirdng prpsentjprosiopipgirected to compounds having fhedarmiisy g 209 of pati ents who
devel op bonesnet ast ases. Matastat,ic bone cancer Is rarely life threatening
36 and occasional ly- patient$ liye for years f(ﬁd owi ng the discovery of the

bone lesions. initially, tr gggLéLﬁﬁ;"" center on relieving
nartotic di Cats on and | ncr easi ng

pai n, reducing requirenent
anbul ation. &early, It Is hoped that sone of the cancers can be

t

T

cured. . The usk of .ra@Bonuclides for treatnent of cancer
nmetastatic to the bone dates®back to the early 1950as. It has
been proposeet to Inject a radioactive partitdie-enmtting nuclide In a
suitable formfor the treatnent of 40 <caicfic lesions. | is

desirabl e that suebn 6iBirdehos:, ie. NeQMBCR NRAWeE R ismydbdrer @camy:of the bone | esion
with minimal, REMeeess S SfNfP%P®chi ng the soft tissue and normal bone.

Radi oacti ve pht%;g Br%d;iﬂ's af8 indbpenc@ritChydrdged 3 oA 00RO G Broviso that at tesst one of F1AVE  been
proposed, but + Y 0gegy iol pcal i zation properties limt the utilty
of these conpounﬁﬁﬁﬁﬁ?ﬁﬁ&ﬁ%ﬂ%ﬁﬁg ophﬁ&mmﬁmmmﬂhmﬁhwm. Nuc, Med. 1(1), 1
(1960); (U.S* Patent 3, 965.254)1. Anot her attenpt to treat
bon' e cancer has been nade usi ng Bhosphor &3 -conpounds contai ning a boron
as residue. The conpounds wtere Injectgd Imto tﬁﬁwpody (i ntravenously) and
accunul ated Lh the skeletal, S~ ysteml The treatnent area was then
irradiated with neutrons iR4drder t ivate t boron and give a

t herapeutic radi ati on dose. (U S. Patént 4.399, 817). In the
above nentioned procedures, It is not Zpossible to give therapeutic doses to
the turmor wi thout subst anti al daqﬁge to normal tissues. |In nmany
cases. especially for nelastic bone |esions.”'the tunor has so spread
t hroughout the skelefal system an I atian . or lrradigtion I's not
practical . (Seni nanh%m’éﬁ%‘ﬁ'ff‘ﬁ%mi‘ﬁ LA ﬁ/b’d‘f"@‘f"h"éé‘%ﬂ‘%, April. 1979).

The use of Re- 183 &b g BSOS Y rmdsp Petaticest ane 1§ G0N M St B@én pr oposed.

[ Mat hi eu, L et q"é Shprm s ”'”p;m;,ﬁ*%m%ﬁ?ﬁﬁ;ﬂmass‘?’?f%&f 725-727 (1979):
Wi nenger, J. e priepryivenion s RReo diregiq! toggdicacive Jnetal IR gomtoat < s (1983)].
However, the dpr?.ﬁ?'a%‘?.%i"s{%ﬁ&m bR m@éﬁ%@éﬂgﬁﬁ&? o el ex limts Its
Ui 1ty and w Qupsp oot o ve oo 9 i S ouiEYIGOSMCIS: SO been
Proposed fOr Pakudsa inSholori ddfisiedenbcniont 90 dissss oot bbbkl contah VW el byie € | ONG

hal f-life 80 administration WW@&%&@W% | evel s and | ow |esion to

nor mal  bone 1 at-jdiimies Rodis ey AR O S moogaial, i o, o, i

Mellin. P.. Schusstelt thiop@helin@e. , N-nfdmeysudniny rvadr. mfoyt detiteogy phedv] Gice: Z@sbis ( 1976)

Schmi dt. C G oo e e b b o e tevontl o RALHBRD ., 93,

190- 205, ( 1974)0] being covalently attached to an antibody or antibody fragment, preferred synthetic linkers are biodeg-

- able synthelic linkers which are stable in the serum of a patient but which have a potential for enzymati .
VAELAOTT 4 SHEE.lfavage within an organ of clearance for the radioisotope, for example biodegradable peptides or pemt e..3.. S.. |
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A palliative treatnent. of bone netastases has been reported which

enpl oyed ~1-131 | abel | ed a- am no- ( 3-i odo- 4- _

hydr oxybenzyl i dene) di phosphonate [ Ei senhut, M, J. Nuc. Med. 25(12),

1356- 1361, (1984)]. The use of radioi odine as a therapeutic radionuclide
is Iess than desirable due to the well known tendency of iodine to |ocalize
in the thyroid. Eisenhut lists iodide as one of the possible netabolites of
this compound. In addition, any I-131 Ieft over fromthe iodination
reacti on and not separated_in t he washi ng procedure al so constitutes a
threat to the thyroid: Am nocar boxylic acids are known to chel ate netal
lons. Particularly stable chelates are forned with netals fromthe al kaline
earth and transition netal series. O Mara et al. (J. Nuc. Med. 10,
49-51, 1969) have prepared rare earth conpl exes of am nocarboxylic acids at
chel ant to el g eRlpk. Qﬁm&fm&ﬂmlmm isdRE rand, brihhc@A@naSHsErhiR @ bre-pI OpEr ti €s and
pr opose thelnmmsqmumw e fotettie mpjcleophiticcrppletigs amino @gqnﬁaon to hi gh bone

upt ake, high ;&b:n mpﬂm‘,&ﬁmﬂ&'ﬁ A A e e and/ or |iver. Of
al3d 16 b ho

the rare east mtaedNSnmawa.amdwhEerwliﬂdrcmwle')whndl cated as

havi ng t he nﬁ%‘g’;“'ﬁm m@m°m&%ﬂ i magi ng i n.humans. The utility

of these agent Sthef £dr Srphvhed aI0d/dE podlkylend dinind @iban m«g»elsabcaad chain akyl Rosof f, B. et

al., Int,. "‘a‘aﬁ'd"flasdd“a“y"l%"“‘" Qitrogep I di.sghose conpl exes of
EDTA and NFh “E’ ;i;e%m"“ Ey '“ohm".‘u?&f‘. e %" "°“"” ’%Q’%)“""‘, 7- SSJ:’L’ La- 140 and

SnOL53. The resey! ons r're"@tahﬂ\mli'? m‘g?" JreePiese conpl exes of
o nary excr AT EE Ry R e i “a?%"fﬁg‘g e e o e e

enpl oyed ans rhawghala@'@mnttmpgaﬂoomu@i' lveaaﬁbs’adtfrww cufeede wfysiesr ved in the

d i ver,  Spl e o Ut B oo e o Wier Csdbl Bbocied dVGERE | ON | S i rect ed

to novel chel @and7gs. pe ssess ngagws Ueiih@nols-tpdgatnpam%wf%lm@ovaaﬂadw% minanhi ch chel ant

f orns COI'Tp| §Xgim rrsnmtr&t B“ESTBB@ET TnTeynonm}lo d;rhg:&éf)mdtoemtopes é‘fis havi ng rare
earth-type = chewhssdnbryh, "radioactifslimeii @i Gir "CoRmki0ee6 toja warlew thedompoingpbthe de  samar i um 153

(153Sm, hol mg"';("' 0 Wi A g g;:‘, P T NEL AR 149 (149Pm),

gadol i nium 1 njugate melal BohldodLigud Lirrs ok adionft; atcomuua:bmletto\ram 177 (177Lu,

|- attached to an anﬂbody or antibody fragment; "radioactive” when used in conjunction with the word “metal
yt ter bl um 1% 5Ion refers to one or more isotopes of the rarg-earth type elements that emit particles and/or photons, such REPLACMENT
SHEE as 153§m, $6Ho, SOY, “SPm, B3Gd, “OLa, 7Ly, VSYb, *7Sc and “2Pr. The terms “bifunctional

coordinator®, "bifunctional chelating agent" and "functionalized chelant” are used interchangeably and refer
to compounds that have a chelant molety capable of chelating a metal ion and a linker/spacer moiety

3o covalently bonded to the chslant molety that is capable of serving as a means to covalently attach fo an
antibody or antibody fragment.

As used herein, "pharmaceutically acceptable salt” means any salt of a compaound of formula (1) which
Is sufficiently non-toxic to be useful In therapy or diagnosis of mammals. Thus, the salts are ussful in
accordance with this invention. Representative of those salts formed by standard reactions from both

35 organic and inorganic sources Include, for example, sulfuric, hydrochloric, phosphoric, acetic, succinic,
citrlc, lactic, maleic, fumaric, palmitic, cholic, pamolc, muclc, glutamic, d-camphoric, glutaric, glycolic,
phthalic, tartaric, formic, lauric, steric, salicylic, methanesulfonic, benzenesulfonic, sorbic, picric, benzoie,
cinnamic acids and other suitable acids. Also included are salts formed by standard reactions from both
organic and inorganic sources such as ammonium, alkali metal ions, alkaline earth metal fons, and other

40 similar lons. Particularly preferred are the saits of the compounds of formula (I) where the salt is potassium,
sodlium, ammonium, or mixtures thereof.

The bifunctional chelating agents described herein (represented by formula I} can be used to chelate or
sequester the raro-earth type metal ions, particularly radioactive rare-earth type metal ions, so as to form
metal ion chelates (also referred to herein as "complexes”). The complexes, because of the presence of the

45 functionalizing moiety (represented by "Z" in formula 1), can be attached to functionalized supports, such as
functionalized polymeric supports, or preferably covalently attached to antibodies or antibody 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 the conjugates described herein can be

so prepared by techniques well known in the art. Highly specific monoclonal antibodies can be produced by
hybridization techniques well known in the art, see for example, Kohler and Milstein [Nature 258, 495-497
(1975); and Eur. J, Immunol. 8, 511-519 (1976)]. Such antibodies normally have a highly specilic reactivity.
In the antibody targeted radioactive metal fon conjugates, antibodies directed against any desired antigen or
hapten may be used. Preferably the antibodies which are used in the radioactive metal ion conjugates are

s5 monoclonal antibodies, or fragments thereof having high specificity for a deslred epitope(s). Antibodles used
in the present invention may be directed against, for example, tumors, bacterla, fungi, viruses, parasites,
mycoplasma, differentiation and other cell membrane antigens, pathogen surface antigens, toxins, enzymes,
allergens, drugs and any biologically active molecules. Some examples of antibodies or antibodiy frag-
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REPLACEMENT SHEET Date .3

--------- mnars are O-11, G016, OG0, cc-43 co40 Faby Bo-as, coa3, cees AP, Bc-@RAGREI Cal |y, the
pr esent inventi ase p)mw @ Larer Ras. mmm 15, @baevbraugg Cp@srﬁle'&%hnm:gﬂeﬂr tho |i gat [ ng
i en deposited In ATCC as-follows: 11 as HB 9455;

functionalit y h%’%"mmﬁm 8458; CC-49 as HB 9458; CC-83 as HB 9453; and co@g
R5 been depasited in ATCC as HB 8108. A more complete list of anligens can be tdud In B
R2 R4 ( )u .S. Patent 4,193,083. The radlozchva metal ion chelate/antibody conjugates of the prasent invention are

particularly preferred for the diagnosis and treatment of various cancers.

The preferred rare-earth type (lanthanide or pseudo-lanthanide) complaxes of the present invention are
represented by the formula.
10
Cln(BFC)

wherein:
Ln is a rare-earth metal (lanthanide) ion, such as Ce?, Pr3*, Nd?*, Pm¥*, Sm3*, Eu®*, Gd*, Tb3*, Dy¥,
15 Ho*, Ef*, Tm3*, Yb* and Lu®, or pseudo-lanthanide metal ion, such as Sc3*, Y** and La¥; BFC
represents a bifunctional chelant; and C represents a pharmaceutically acceptable ion or group of ions of
sufficient charge to render the entire complex neutral. If the BFC conteins four or more negatively charged
moieties, then C is a cation or group of cations such as H*, Li*, Na*, K*, Rb*, Cs*, Mg?*, Ca?*, Sr?t, Ba®*,
Re?*, NH.*, N(CHa)*, N(CzHs)s*, N(CaHr)i*, N(CsHs)i*, As(CeHsk*, [(CeHs}aP=1N* and other proto-
20 nated amines.. if the BFG contains three negatively charged moleties, then C is not required. if the BFC
contains two negatively charged moleties, then C is an anion such as F~, CI=, Br=, 1=, ClOs~, BFy~,
Hz2PO.~, HCO3™, HCO2~, CH3S804™, HaC-Cs Hs-805™, PF¢~, CHaCO.™ and B(CsHs k.

This invention Is used with a physiologically acceptable carrler, excipient or vehicle therefor. The

methods for preparing such formulations aré well known. The formulations may be in the form of a
26 suspension, Injectable solution or other suitable formulations. Physiologically acceptable suspending media,
with or without adjuvants, may be used.

An "effective amount” of the formulation is used for therapy. The dose will vary depending on the
disease being treated. Although in vitro diagnostics can be performed with the formulations of this
invention, in vivo diagnostics are also contempleted using formulations of this invention, The conjugates

30 and formulations of this invention can also be used in radioimmuno guided surgery (RIGS); however, other
metals which could be used for this purpose also include %9™Tg, 1%In, 1'%"In, ¥7Ga and $¥Ga.

When the chelant-radionuclide complexes of this invention are to be used for the treatment of bone
cancer certain criteria must be met. While the properties of the radionuclide are important, the overall
properties of the composition containing the radionuclide-chelant complex is the determining factor. The

85 disadvantages of any one property may be overcome by the superiority of one or more of the properties of
either ligand or radionuclide and thsir combination, as employed in the composition must be considered In
toto.

The following Is a discussion of those criteria which must be considered In choosing any particular
combination (i.e., complex) of radionuclide and ligand employed in the compositions of the invention.

40 Radionuclide-chelant. complexes, when used In the absence of an appropriate excess of the ligands
employed in the invention may not be therapeutically useful or effective. :

There is a need, therefore, for compositions possessing the following criteria by which it is possible to
deliver therapeutic radiation doses to calcific tumors with minimal doses to soft tissue.

The radionuclide must be delivered preferentially to the bone rather than to soft fissue. Most

45 particularly, uptake in either liver or blood is undesirable. ’

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

The proposed use for some of the compositions of this invention is the therapeutic treatment of calcific
tumors in animals. As used herein, the term “calcific tumors” includes primary tumors, where the skeletal

so system is the first site ot involvement, and metastatic bone cancer where the neoplasm spreads from other
primary sites, such as prostate and breast, into the skeletal system. This invention provides a means of
alleviating pain and/or reducing the size of, and/or inhibiting the growth and/or spread of, or causing
regression of and/or destroying the calcific tumors by delivering a therapeutic radiation dose.

The composition may be administered as a single dose or as multiple doses aver a longer period of -

55 time. Delivery of the radionuclide to the tumor must 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
metals {l.e. iron) from the body, magnetic resonance imaging, aitachment to polymeric supports for various

7



wherein: ;- : Zis an electrophilic or nucleophilic noiety which allows
for covalent attachnent to an antibody or fragnent thereof or a
synthetic |inker which does not interfere with the formation of

conpl exation with a radi onuclide and which can be attached to an anti body
or fragment thereof; X is hydrogen, Cl1-C3 alkyl or CR R CO H

Rl, Rz, R3 and R4 each are ..independently hydrogen, hydroxy,
CO2H or a Cl1-C3 al kyl group; R is hydrogen or (CR R2) nCR3R4BR;
B. represents a linear or branched polyalkylene pol yam ne where at

| east one of the am ne hydrogens has been substituted with a CR3RACO2H
group; B represents a linear or branched. anine or

pol yal kyl ene pol yam ne where at |east one of the am ne hydrogens has been
substituted with a CR 3R4C 2H group; nis Oor 1; or a
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- REPLACEMENT™ER¢ peyon = Sm-i83 + gamma

Dt A3 NOV 197 Ancther method of obtaining radicnuciides is to bombard nuclides with particles produced by a tinear | Dat e
3 10 accelerator or a cyclotron, Yet another way is to Isolata the radionuclide from a mixture of fission products. 5b are each
"""""" The 'mbthod of obtaihirig hd nuclides employed in the present invention is not critical thereto.
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ox
Rs

25

a0 Z

wherein:
Z Is an electrophilic or nucleophllic molety which allows for covalant attachment to an antibody or
as fragment thereof or a synthetic linker which does not interfere with the formation of complexation with a
radionuclide and which ¢an be attached to an antibody or fragment thereof;
X Is hydrogen;
Rs is hydrogen or {CR;R2),CRsRsT, where Ry, Rz, Rs and R each are Independently hydrogen,
hydroxy, CO2H or a C,-Cy alkyl group, n is 0 or 1, and T represents a linear or branched aming or
40 polyalkylene amine where at least one of the amine hydrogsns has been substituted with a CRaR;CO2H
group; or
a pharmacsutically accsptable salt thersof;
with a compound B and an aldehyde or aldehyde precurser equivalent, where B represents a linear or
branched amine or polyalkylene amine wheve there is at least one amine hydrogen;
S in the presence of caustic and a suitable solvent, at a temperature of 20°C or less, followed by heating
and separating the desired product of formula 1, 1l or IIi;
B) reacting the product obtained from Step (A) with 2 halo~{CR; R2),CRaRs acid, at a pH of 9 or higher,
in the presence of caustic, at a temperature of 20*C or less, o provide the compounds of formula ¢, 1l or
Ml where at least one of Ri, Rz, Ry and R is CO2H;
50 C) hydrolyzing the product of Step (B) where Z is NHC(O)CH, with NaOH in H20, to provide the
products of formuta 1, it or Il where 2 ig NH2;
D) reacting the product obtained from Step (A} with glycolonitrile, in caustic, at a pH of 9 or higher, at 2
temperature of 20°C or less, followed by hydrolysis of the cyano group with HCE in H20, to provide the
products of formula 1, It or il where et least one of R, Rz, Rs and Rs is CO:H:
55 E) hydrolyzing the product of Step (A) where Z i3 NHC(O)CH; with DCI in D0, with heating, to provide
the products of formula 1, It or Il where Z is NHz; and
F) reacting the product obteined from any one of Steps (A} through (E), where Z is NHz, with
thiophosgene to provide the products of formula 1, I or Il where Z is Isothlocyanato.



chel ant possessing ortho ligating functionality having the fornula

0X » i R/ RI R3 C
C-B o~~~| ~nl ' ' R2 R4
(A NHC( O) CH3 wher ei n: X is hydrogen, C1-C3
al kyl or -CR3R4CO2H,; ' R1, R2 R3 and R4 each are

i ndependent |y hydrogen, hydroxy, Co2H or a Cl-C3 al kyl group; R5
i s hydrogen or (CR1R2) nCR3R4Be; B represents a linear or
branched pol yal kyl ene pol yam ne where at | east one of the am ne hydrogens
has been substituted wi.th a CR R CO H group; ' B' represents -a

linear or branched amine or polyal kylene polyanine where at |east
one of the am ne hydrogens has been substituted with a CR3RACOZH group;
nis 0 or 1; or a pharmaceutically acceptable salt thereof.

The present i NVentrieGeactch tadithns fnblieddtefor 1 Vablsl sfed Boovitard e idilvs. Mhen WbHeripklanfeONPr | SES @

chel ant havi ng tl '@-F erriep(’| hig is usually accomplished by use of an ice/water bath. "Heating” is done either at

x or above room temperature. The preferred "caustic” is sodium hydroxide, but any suitable basa the is
REPLACEMENT SH le to maintain the desired pH without adverse effect on the product formed from the reaction is 1 NV
19971 & acceptable. A "suitable solvent” is inert and provides solubiiity for the reactants, examples of such solvents

are water, and alcohols such as methanol. The desired product may be sepsrated by any conventional
methods, for example precipitation from a solvent such as acstone.
The complexes of formuta 1, Il or Hi are prepared by conventional mathods, for example by reacting the
chelant with the metal under conditions such that the metal is sequestered by the chelant. Frequently, the
10 chelant is in excess to that of the metal. )
The conjugates of formula I, Il or 1l are prepared by conventional methods, for example by covalently
attaching the complex to an antibody or antibody fragment.
The invention will be further clarified by a consideration of the following examples, which are intended
to be purely exemplary of the use of the invention. Structures of compounds with reference to the generic
15 formula | are shown in Table L. R

Preparation of Starting Materials

Example A. PREPARATION OF UNSYMMETRICAL ETHYLENEDIAMINEDIACETIC ACID.

Delonized water (60.6 g), 98% N-acetylethylenediamine (20.4 g, 0.2 mole), and bromoacetic acid (55.7
g, 0.40 mole) were added to a reaction vessel and cooled in an Ice-water bath. The pH of the mix was
adjusted, while stiring, to approximately 8.1 with 25% sodium hydroxide solution. The temperature of the
mix was maintained at less than 20 C during the caustic addition. The Ice-water bath was removed and the
26 pH maintained between 7 and 8 by the addition of 25% sodium hydroxide solution. The temperature was
controlled at less than 37 * C by perlodically cooling with an Ice-water bath. The reaction mixture was stired
and maintained as above for approximately 31 hours and then transferred to a round-bottom reaction flask
equipped with a water-caaled reflux condenser, magnetic stirrer bar, thermomaeter, addition funnel and a
heating mantle. Sodium hydroxide solution (40.1 g of 50% solution) was added and the mix heated, with
30 stirring, at reflux for approximately 15 hours and then coaled and filtered using & medium glass #it funnel
and vacuum. The filtrate was transferred quantitatively (using daionized water) to a beaker and cooled in an
ice-bath to less than 25°C, Delonized water (100 mi) was added with stirring and the pH adjusted to
approximately 4 with concentrated hydrochloric acid while maintaining the temperature at less than 25°C.
The mix was filtered using a medium glass trit funnel and vacuum. Approximately 1200 ml of ethanol were
35 added to a large beaker and stired with a magnetic stirrer bar. The filtrate from above was added to the
ethanol with thorough mixing. An olly materlal forms which gradually tums into a white solid. Agitation was
continued for two hours at which time the sollds were collected by filtering using a medium glass it funnel
and vacuum. The solids were allowed to dry by exposure to alr for about 1.5 hours and then placed In a
vacuum oven and dried at 55-60°C for several hours. Approximately 42.9 g of white solids containing
40 inorganic salt were collected and identified as unsymmetrical ethylenediaminediacetic acid by proton and
carbon NMR.

Example B. PREPARATION OF  2-OXO-1-PIPERAZINEACETIC ACID; LACTAM OF
ETHYLENEDIAMINEDIACETIC ACID.
45
Deionized water (150 g), 25.0 g (0.14 mole) of symmetrical ethylenediaminediacetic acid, and 28 g of
concentrated hydrochloric acid were added to a round-bottom reaction flask equippsd with a thermometer,
temperature controller, water-cooled reflux condenser, and heating mantle. The mixiure was stirred with a
magnefic stirmer bar and heated at reflux for four hours and cooled. The contents were filtered using a
50 medjum glass frit funne! and vacuum. The pH of the fillrate was adjusted to approximately 1.5 with 50%
sodium hydroxide solution and filtered with & medium glass Irit funnel using vacuum. The pH of the fillrate
was adjusted to about § with 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 55-80° C for several hours. The lactam
of symmetrical ethylenediaminediacetic acid was confirmed by proton and carbon NMR.
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bromoacetic acid were added to a beaker and stired till all the bromoacetic acid had dissolved. The pH
was adjusted to approximately 7 with 25% sodium hydroxide solution. The temperature was maintained at
less than 25 C during the caustic addition by cooling in an ice-water bath. The ice-water bath was removed
16 and the mix allowed to stir for approximately 4-5 hours at approximately 35° C while maintaining the pH at
about 7 by the periodic addition of 25% sodium hydroxide solution. The reaction mix was allowed to stand
for several hours and then concentrated (/n vacuo) to a weight of approximately 80-100 g and filtered using
a medium glass frit funnel and vacuum. Volatiles were removed (in vacuo) from the filtrate at a temperature
of 55-60°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 of the crude 2-oxo-1,4-piperazinediacetic acid, prepared by the procedure of
20 Example C, and 280 g of deionized water were added to a beaker and agitated till the lactam had dissolved.
Caustic solution (110 g, 50%) was added with agitation. 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 the presence of trisodium ethylenediaminetriacetic

256 acid in the alkaline hydrolysis medium,

Example E. PREPARATION OF 4-DIETHYLENETRIAMINEACETIC ACID.

To a flask equipped with a water-cooled reflux condenser, magnetic stirrer and thermometer were
3o added 75.0 g of phthalic anhydride, 350.5 g of acetic acid and 26.0 g of diethylenetriamine. The mix was
stirred and heated at approximately 116*C for 1.5 hours and then cooled. Volatiles were removed under
vacuum at 65-70*C until a weight of 218 g was obtained. The mixture was poured Into 600 g of athanol with
stirring. After two hours the solids were filtered using 2 medium glass frit funnel. The solids were washed
twice with 500 ml of ethanol and then dried In a vacuum oven at 60-65°C. Approximately 86 g of material

a5 of the diphthaloyl compound were collected.

The sthyl ester of the diphthaloyl compound was prepared by adding 65.6 g of the above prepared
diphthaloyl compound, 17.7 g of sodium carbonate and 800 mi of ethanol to a flask equipped with a water-
cooled reflux condenser, addition funnel, mechanical stimer and a thermometer with a temperature
controller. Ethyl bromoacstate (51.0 g) was added over a 15 minute period to the stimed mixture and then

40 heated at reflux for 16 hours. Ethanol was removed (200 ml) by distillation using a Dean-Stark distillation
trap and the remaining reaction mixture cooled fo less than 5*C by the addition of crushed ice. The mixture
was cooled for an additional § hours in an ice bath and filtered using a medium glass frit funnel. The solids
were washed twice with ethanol and dried in a vacuum oven at 65-70 * C. Approximately 81 g of ethyl 1,7-
diphthaloyl-4-diethylenetriamineacetate were obtained. In 30.32 g of water and 768.4 g of concentrated

45 hydrochloric acid was dissolved 20.1 g (0.045 moles) of ethyl 1,7-diphthaloyl-4-diethylenetriamineacetate
with heating to 93°C and the mixture held at 93 *C for 6.5 hours. The resulting white precipitate was (iltered
and washed with water. The combined filtrate was concentrated at 80° G under vacuum to give a white
solid. NMR analysis indicated that the phthaloyl groups were not completely hydrolyzed. The two solids
were then combined and added to concentrated hydrochioric acid with a small amount of water. The slurry

s0 was then heated to reflux for 8 hours, cooled to room temperature and filtered to give 12.3 g of phthalic
acid. The filtrate was then evaporated 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°C followed by filtraion and evaporation under vecuum to give 152 g 4-
diethylenetriamineacetic acid.

55
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Example 1. PREPARATION OF 2-(2-{IBIS(CARBOXYMETHYL)]JAMINO}ETHYL)AMINO}-2-(5-ACETAMIDO-
2-HYDROXYPHENYL)-ETHANOIC ACID.

Delonized water (10.3 g), 88% 4-acetamidopheno! (15.1 g 0.1 mole), 50% aqueous glyoxylic acld (14.8
9, 0.1 mole), and methanol (50.5 g) were added to a beaker and mixed using @ magnetic stirer bar.
Unsymmetrical ethylenediaminediacetic acid (19.5 g), prepared by the procedure of Example A, was added
and the mix cooled in an ice-water bath. The pH of the mix was adjusted, while stirring, to approximately
8.0 with 50% sodium hydroxide solution. The temperature of the mix was maintained at less than 20°C
during the caustic addition. 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 lo a round-bottom reaction flask equipped with
a water-cooled reflux condenser, magnetic stirrer bar, thermometer, 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
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 29.8 g of solids were collected. The material was
then sgitated with approximately 300 g of acetone and filtered using a medium glass frit funnel and house
vacuym. The solids were washed once again with an additionat 300 g of acetone, air dried and then placed
in a vacuum oven for one hour at 55-60°C. Approximately 26.7 g of 2-f{(2-{[bis(carboxymethyl)]-
amino}ethyl)amino]-2-(5-acetamido-2-hydroxyphenyljethanoic acld, sodium salt were collected. These solids
and 180 g of deionized water wers placed in a beaker and stimed with a magnetic stirrer bar. The pH was
adjusted to 2.2 with concentrated hydrochloric acld at which point the acid form of the product began to
precipitate from solution. The product was collected by filtration and washed with approximately 150 g of
delonized water. The product, 2-[(2-{[bis{carboxymethyl)]amino}ethy!)amino]-2-{5-acetamido-2-hydrox-
yphenyl)ethanoic acid was dried In a vacuum oven at §5-80*C for several hours, Approximately 14.2 g of
product were obtained. Proton NMR verified the structure of the product. (See Table 1.)

Example 2. PREPARATION OF 2-[(2-{[BIS(CARBOXYMETHYL)JAMINO}ETHYL)CARBOXYMETHYL)-
AMINOJ2-[5-ACETAMIDO-2-{CARBOXYMETHYLOXY)PHENYLIETHANOIC ACID.

Delonized water (4.5 g), bromoacetic acid (2.0 g) and 2-[(2-{Jbis(carboxymethyl)]amino}ethyl)amino}-2-
{5-acetamido-2-hydroxyphenyl)ethancic acld (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 8.3 with 25% sodium hydroxide solution. The temperature of the mix was maintained at less
than 20°C during the caustic addition. The ice-water bath was removed and the mix allowed to stir for 48
hours at a temperature of 35-40 °C while maintaining the pH bstween 10.5 and 11.5 by the periodic addition
of 26% sodium hydroxide solution. A portion of the reaction mixture (10.2 g) was added to a beaker and
stirred with a magnetic stirer bar. Acstone (125 g) was added to the solution over a 15-minute period
resulting in the pracipitation of an oll. The acetone portion was removed by dscanting and an additional 50
g of acetone added to the precipitate, mixed, and the acetone layer removed. The oil was air dried and then
dried in a vacuum oven at 60-85°C for about two hours to give a crispy yellow solid. The product was
purified by anion exchange chromatography on Q-Sepharose™ from Pharmacia Inc. on a 15 mm X 500
mm column sluting with a gradient of 0-30% formic acid over two hours at a rate of 3 ml/min and collecting
fractions. The fractions were monitored by UV absorplion and the appropriate fractions combined and
lyophilized to give the desired product. (See Table 1.)

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

Approximately 40 mg of 2-[{2-{[bis(carboxymethyl)]lamino}ethyl){carboxymethyl)amino)-2-{5-acetamido-
2-(carboxymethyloxy)phenyljethanoic acid, prepared by the procedure of Example 2, was dissolved in 700
1l of D20 and adjusted with NaOD/D20 to pH 13. Hydrolysis of the N-acelyl group to the corresponding
anlline functionality proceeded at amblent temperature and was followed by proton NMR which confirmed
the structure. {(See Table L)

11



I wherein Z' is hydrogen, NH2, NO2, NHC(OCH3 or
N(

I _

R-)2' where‘R is hydrogen or C1-C3 al kyl; X is hydrogen or C
-C alkyl or CR R COOH; 1 3 - CR3R4COH
R and R each are hydrogen or COOH, wth the 1
~~~2 proviso that at |east one is COOH RI3, R4, R5 and R6 are
| ndependent |y ' _ E
REPLACEMENT SHEET . *13 NOV
199 | Date...............
...... | | t 5e -
hydr ogen 'or CR3R4COOH, with the proviso that at | east three are CR3R4ACOOH,
or  a pharnmaceutically acceptable salt thereof. = The present

invention is also directed to radioactive netal ion conplexes, especially
radi oactive rare-earth type nmetal ion conplexes, and to conjugates forned
w th the af or esemti resectneotRieetgenauanbegsnnicvanteriyodyof r agnents. I n
addi tion, theZFrESwPe-EGRHENYPETNAGACPNC] udes forrul ati ons having the

chel ant - r adi 0NUGdokiettwater I TRl EXES 242- (B A oFhetyhahidRmBRibigabiatoof the i nvention

i 1 f ple 1, all 1
and a pha THCeHERE Ry R SRR Sty Y DECE rhhar mceut | cal |y
accept abl @ Cahehbokile & e kxS Rairtabud & £3FtSdurngSthel chlsti 1. the lobtathes ThE i NVeENt i ON
al so romoved and 1.0 g of an aqueous 40% glycolonitrile solution was added with mixing and the pH adjusted to
. 8.9-10.0 with 25% sodium hydroxide solution. The mix was transfarred to a small reaction flask equipped
10 with a thermometer containing a temperature controller, water coolad reflux condenser, and heating mantle.
The reaction mixture was stired with a magnetic stirrer bar and heated at 43-50*C for sight hours, cooled
and allowed to stand at ambient temperature for 72 hours, A pontion of the reaction mixture (8.5 g) was
added to a beaker and stimed with a magnetic stirrer bar. Acetone (148 g} was added to the sofution over a
10-minute period, resultng in the precipitation of a solid material. The acetone portion was removed by
15 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 60-65 * C for about four hours. Approximately 2.9 g of
product was collected. Proton NMR supported the desired aminoacetonitrile derivative. (See Table 1.)

Example 5. PREPARATION OF 2-[(2-{[BIS{CARBOXYMETHYL)JAMINOJETHYLYCARBOXYMETHYL)-
20 AMINO}-2-(5-AMINO-2-HYDROXYPHENYL)ETHANOIC ACID.

Approximately 1.0 g of 2-[(2-{(bis(carboxymethyl)]amino}ethyi)(cyanomethyijamino]-2-(5-acetamido-2-
hydroxyphenyl)ethanoic acid, prepared above by the procedure of Example 4, was hydrolyzed under acidic
conditions to convert the aminoacetonitrile functionality to the corresponding acetate group and the N-acetyl

25 group to the aniline group. The aminoacetonitrils compound, 2.2 g of D:0, and 7.8 g of 20% DCI were
added to a glass tube. The tube was placed In a temperature-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
then freeze-dried and lyophillzed to give 1.3 g of solids. The product was purified by anion exchange (Q-
Sapharose™) on a 15 mm X 500 mm column eluting with a gradient of 0-1 M acetic acid over one hour at

ap a rate of 3 mimin and collecting 6 ml fractions. The fractions were monitored by UV absorption and the
appropriate fractions wera combined and tyophiiized to give the desired product. (See Tabls 1.)

Example 6. PREPARATION OF 2-{BIS(2-{{(BIS(CARBOXYMETHYL)JAMINOJETHYLIAMINO]-2-{5-

ACETAMIDO-2-(CARBOXYMETHYLOXY)PHENYLIETHANOIC ACID AND 2-[{2-[(2-{{BIS-
35 (CARBOXYMETHYL)AMINO)ETHYLYCARBOXYMETHYL)AMINOJETHYL} (CARBOXYMETHYL)AMINO}-2-

[5-ACETAMIDO-2-(CARBOXYMETHYLOXY)PHENYLJETHANQIC ACID.

Deionized water (24.8 g), 15.1 g (0.1 mole) of 88% 4-acatamidophenol, and 14.8 g of 50% aqueous

glyoxylic acid (0.3 mole) were added to a beaker and cooled in an ice-water bath. The pH of the mix was

40 adjusted to 3.3 with 25% sodium hydroxide solution while maintianing the temperature at less than 20°C.

DETA (9.8 g} was then added. Once again the temperature was kept below 20*C by coolng in an ice-water

bath. The pH after addition of the DETA was approximately 10.2, The mix was transferred to a reaction flask

equipped with a thermometer, a temperature controlier, water-cooled refiux condenser, and heating mantle.

The reaction mixture was stirred with a magneftic stirer bar and heated at 75°C for approximately saven

45 hours and cooled. Acetone (1400 g) was added to a large beaker and stimed with 2 magnetic stirrer bar.

Approximately 40 g of the reaction solution prepared above was added over a 10 minute period resulting in

the precipitation of a solid material. The acetone portion was removed by decanting and an additional 1480

g of acetone added and the solid titurated and mixed thoroughly under acetone. The solids were recovered

by filtering using a medium glass frit funnel and vacuum. The solids were washed with a copious amount of

s0 acetone and then dried in a vacuum oven at a temperature of 60-85 * C for several hours, Approximately 7.8

g of solids wers recovered with proton NMR showng a mixture of the desired isomers of the DETA
compound,

Deionized water (5.3 g) and 4 g of the above isalated sofids were added to a beaker and stirred with a

magnetic stirrer bar for about three hours at which ime the solids had completely dissoived. Bromoacstic

65 acid (10.1 g) was added with stirring and the mix coofed in an ice-water bath. The pH of the mix was

adjusted to approximately 11 with 25% sodium hydroxide solution. The temperalure was maintained at less

than 20+ C during the caustic addition. The ice-water bath was removed and the mix aflowed to stir for 50

hours at a temperature of 35-40°C while maintalning the pH betwean approximately 10.5-115 by the
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includes a nethod for the diagnosis or treatnment of .a disease state,
especially gcancer, ,in a mammal by the adm ni.stration to the manmal of an

ef fective anmount of the fornulation. As used .heréein, ‘the following

i ndi cated terns have these neani ngs: with respect to the definition
of Z; "electrophilic" noieties include, but are not limted to,

| sot hi ocyanat e, br onpacet ani de, mal ei m de, I m doest er,

t hi opht hal i m de, N-hydroxysuccininyl ester, pyridyl disulfide and phenyl
azi de; suitable "nucl eophilic" noieties include, but are not limted to,:
carboxyl, amno, acyl -hydrazide, sem carbazide, and thiosem carbazide;
"synthetic linkers" include any synthetic organic or i norganic |inkers
which are capabl e of being covalently attached to an antibody or antibody
fragnment, preferred synt hetic | i nkers are bi odegradabl e synthetic

| i nkers which ammﬁm&%ma%%%nﬁw&ﬁl&mﬂ%ﬁsm@;},k&%%&%ﬁh&ﬂm@ave a

potential for enmypatsicairgbe | glofite Rac@iNsol@énGyasadd@ito 16 boatané e f O t he

axpEgea :
r adi oi sot ope, f &8t g,‘.,',j_:‘_- g %mew.
CONt ai Ni NG T GUPEw sdlacubrk Ere 611 st m%gas: S/ don RG0SR ©,
br onpacet am de 2 PPHEH ABrOHTais 28 grofsoliigwesm collected. Sgedbp B, especial |y preferred Is

| sot hl ocyanat e; eatfid 7.0heridrgoN T eeRB IS GAhEDXWBIHR fiaMRE)EflARRo2 B AKERX Y| , Ssem car -
(EARBWME'I'HYLOXY)PHENYL]ETHANOIG ACID AND 2-[{2-[(2-{[BIS(CARBOXYMETHYL)}-
10 AMINO}ETHYL)(CARBOXYMETHYL)AMINO]EI’HYL} {CARBOXYMETHYL)AMINO}-2-{5-AMINO-2-
{CARBOXYMETHYLOXY)PHENYLJETHANOIC ACID.

Approximately 376 mg of 2-[bis(2-{[(bis(carboxymethyi)lamino)ethyl)amino}-2-[5-acetamido-2-
{carboxymethyloxy)phenyljethanoic acid and 24{2-[(2-{[bis(carboxymethyl)lamino}ethyl){carboxymethyl)-
15 aminojethyl} (carboxymethyl)amino}-2-{5-acetamido-2-(carboxymethyloxy)pheny!]ethancic acid, propared by
the procedure of Example 6, was dissolved in 1.0 g of D, O and ireated with 5 drops of 37% DCL. The acidic
solution was then heated at 80*C for 2 hours after which time the proton NMR spectrum indicated that
virtually all of the acetanilide groups had been converted to aniline groups and acetic acid. The solution was
then frozen in a dry-ice acetons bath and lyophilized ovemight to yield the desired product as a light brown

20 solid. (Ses Table 1.)

Example 8. PREPARATION OF 2-[{2{(2-{[BIS(CARBOXYMETHYL)JAMINO}ETHYL){CARBOXYMETHYL)-
AMINOJETHYLYCARBOXYMETHYL)AMING  }-2-[5-AMINO-2-(CARBOXYMETHYLOXY)PHENYL]JETHANOCIC
ACID.

In 40 mi of water was dissolved 8.0 g of 4-diethylenetriamineacetic acid, prepared by the procsdurs of
Example E, and then the mixture was cooled in an ice bath. To this cooled solution was added 6.08 g (0.04
moles) of 4-acetamidophenol and a chilled solution of 5.85 g (0.04 moles) of a 50 weight % solution of
glyoxylic acid in water. While keeping the shurry at less than 20 *C with the Ice bath, a 2.5 ml portion of 50

30 welght % sodium hydroxide was added. The resulting slurry at pH 8.75 was heated slowly to 80*C, held at
this temperature for 4.5 hours with stiring, then allowed to cool ovemight. The solution was then evaporated
under vacuum to about 25 m! volume and added to 300 ml of acetone. The acetone was dacanted from the
resulting salid. The solid was washed several times with acetone and dried to pive 26.1 g of product as a
dark sticky solid. A 26.05 g portion of this solid was dissolved in 50 ml of water. Into this solution was

35 dissolved 26.7 g (0.192 moles) of bromoacatic acld. The resulting solution was cooled in an ice bath, the pH
adjusted to 10.5 with 50 weight % sodium hydroxide, allowed to warm to room temporature, and then
heated to 48°C. The temperature was kept at 46°C and the pH kept at 10.5 by addition of 50 weight %
sodium hydroxide for about 23 hours. The volume was then reduced to 50 m! under vacuum. The
concentrated solution was added to 500 mi of acetone with vigerous stirring and the resulting precipitate

40 allowed to settle. The acetone was decanted and an additional 400 ml of acetone was added, vigerously
stimed and then decanted. A final wash in the same manner using 100 ml of acetone was done. The solid
was drled under vacuum to give 52.55 g of crispy brown solld. A 2.00 g sample of this brown solid was
dissolved in 20 ml of water and treated with 1.48 g of concentrated hydrochloric acid. This solution was
heated at 80°C until analysis by proton NMR indicated complete hydrolysis of the N-acetyl moiety. The

45 solution was then freeze dried to give 2.13 g of brown solid containing the title product. {See Table 1) '

Example 9. PREPARATION OF 2-[(2-[(2-{(2-{IBIS(CARBOXYMETHYL)JAMINO}ETHYL)-
(CARBOXYMETHYL)AMINOJETHYL) (CARBOXYMETHYL)AMINOJETHYL)(CARBOXYMETHYL)AMINO)-2-{5-
ACETAMIDO-2-(CARBOXYMETHYLOXY)PHENYLIETHANOIC ACID AND 2[(2-[(2-{(BIS-
so (GARBOXYMETHYL)]AMINO}ETHYL)(GAHBOXYMEI'HYL)AMlNOJEI'HYL)(Z-{[BIS(CAHBOXYMETHYL)]-
AMINO}ETHYL)AMINOJ-2-{5-ACETAMIDO-2-(CARBOXYMETHYLOXY)PHENYLIETHANOIC ACID.

Deionized water (12.5 g), 98% 4-acetamidopheno! (7.6 g), and 50% aqueous glyoxylic acid solution 7.4

9) were added to a beaker and cooled In an ice-water bath, The pH of the mix was adjusted to 3.6 with 25%

s5 sodium hydroxide solution while maintaining the temperature at less than 20 * C. Linear triethylenetetraamine
(72 g) was added while keeping the temperature below 20°C. The pH after addition of the
triethylenetetraamine was approximately 10,6. The mix was transferred to a reaction flask equipped with a2
thermometer containing a temperature controller, water cooled reflux condenser, and heating mantle. The
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bazi de and thl osem carbazl de are preferred, especially preferred are am no
and carboxyl: It is desirable that the nature andfor position of Z be

such that It does not appreciably Interfere with the chelation reaction. Z
s can also be a non-reactive noiety such as H, NO2, NHC(O CH3, NRF2 (where
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nore preferably humans. . "Antibody" refers to any polyclonal,
nonocl onal ,  ChiBE dufore 33 QY monetid Wiriorbhr Qd Matd 208 ¥s-¢ B4 hork APdodea.2

nonocl onal antAcdwedys o wa addd Da dm#nmwmd@mMWnts and F(ab')2

fragnents, anﬂﬂﬂfﬂﬂﬂf‘ﬂﬁ;gmﬂm“ﬁmm&mm IPcity toward a

desi red epit opencdd an@p 85 1Gar dovaril Agurs. mddn@mwe is metal

chel abeant i '“o’i:'”'-j mﬁﬁﬁ mwm o awelgeant to include

whol e ant i bodi ®dried once -'aao,icuuamen BB RS, Applokivas Rgmee@M synt heti c or

genetical |y engtpreesd Qgﬁﬂa‘mmfﬁwgmgg‘ %“m:’::}lw;eb odi es are CC-49

and anti body fdagea lida\&fe xaaapasa.h. ) e anti bodi es

are .CC_ 83 'r?fz ole31n il tomper: wol%;?rmll:grhe Hbetwee HL%Obngpos' ted
Aneri can Type ,?55% awsu o ta Fﬁ Qa;ﬁG&ﬁrﬁSSI on nunber
ATCC HB 8108’5 mmm“m ﬁﬂ%gnmﬁg@rm sg.m'n gﬂ ggd’:‘gd@ ep| t apes of

TAG-. 20 7_2. a ¢£ ipitéle> k& tdfadved. The solids wared
'radi oactive n%tcaérsevwm‘pﬂlsesa*bx-ﬂ@wlﬂ%e!ntfﬂsmmlwteap@bht'b a corrpl ex of t he

conpound Of J Ngampie 10.! AA¥RRNNbIO F 28-eiSeisicAbiRMheRvhameRARbEERnYA4N @ rare-earth
type netal | oncEravpeeENal |y a radi oactive rare-earth type metal 1on,

where at | east %Qmﬁlﬁk@hn@fa& %s&s&&ﬂﬁ&ﬁ&ﬁ%ﬂhaﬁ#ﬂ%ﬁh%ﬁ%omusr adi oactive
met al i on chel @nhenwadBs Hodyk aqueous EOVI; tig @k, 20 BO d'oF @Ehiz@aad. imvenixwvst al | on

conj ugat ¢" r@fm:,ade;mmm mmmmm SN TN < coval ent |y

25 attached t\@smferama r@iGh\lasiCatuipmRNith Ev@iek Yo ?;g r. hémirGdeO agiedtige” When used in
y7
roxide

conj unct on i B %«w T e ToETI L BEET SRR f or 150t opes of
the rare- eal'&aholiis)hﬁg 40Q 13 dbionifady ﬁﬁd&lﬂ- 104, hgda@bnONS, such
as lassm "' oAy ﬁgﬁ,mmm’a"mw"’@mm” Bend ' 42Pr. The

terms blfunctwm ral hours Grid B4 m.haﬁdsmm wnﬁ.tuym usirg johk ditg agent " and
"functionali ze'dr'm;l MPW@W#W "b'[f,&m rauohiyyand to

conpounds t hit "11@,%@”'"’"’5«%’3’@@ ﬁ’&oﬁi’“ﬂﬁzﬁ;’smt al ion and a
| i nker dspacer mwree »{@Dﬂcwﬂ@m Ssmndwaﬁvo@ﬂghleoneymdeaw mare!t y that is

capabl e of ser SO EeL 2 Sy ki ard o, Poniy sy pmiod b Ayapen Mppape st v 31 oy or
ant i body f r agmmeindntained some inorganic 4. wessedzedmprscmmm énpthm:mo:eutinam\ahelby accept abl e
salt means any™¥4retrge & P¥Hbhound of formula (i) which Is sufficiently
non-toxi ¢ to beewsef ul | medale@prapyoror 2ekb iscpecafvErumVROEHYiFhus, the salts
are useful Ip ‘E“RE%E%N’H'&‘W PP rent i on. Representative of those
salts formed by 18 siind asoslun eBylestiimékBestic boB RaidA pripard Sy B pGade € Bdipd D] NOr gani

sour ces | ncl udgmm;p;r;‘“ﬁnwrw'ﬁ;f{gn@? ”F"E;d Brae s e Pt mp% oric, acetic,
succi ni c, at Gnkbjerit feripera ﬁumwrm@w.ﬂeaua,gmc'ﬁol I c, panoic.
muci c. gI ut afi E’;’;:Lﬁgm@ﬂ‘"e’ ma;ﬁ ;?“‘Y"cgm?‘:gg:: ng”ml ic, tartaric,
fOrmc, | auri Cassd tohkel1The sicHed saiibd el f oni ¢, sorbic,
picric. benzoi 6"’”““"” ceym d GV Fperpamayi fueaepbs. Al so

I ncl uded ar €S Sirmemhs M"Eﬁn‘%ﬁﬂ%’ '“o.rmé”?)"fa"é&" 3 %ﬁhﬁim or gani ¢ and
i norgani c sour@@@dgﬂleﬁhw@"'&mm'w oled tttansfpred om s’dmwg bopelafoi ne eart h net al
1 0ns, and Ot Nl ealsithoiix whsiiar i coath éﬁa‘ﬁﬁf %ﬂf#ﬁéﬁiﬂ%’kﬁ:ﬁﬁ%‘t he salts of

t he corrpounds of formula (I) where the salt is potassium sodi um
anmoni um or m xtures thereof. .14 The bifunctional chelating agents
described herein (represented by fornula 1) can be used to chelate or
sequester the rare-earth type netal ions. particularly radioactive
rare-earth type netal ions, so as to form metal ion chelates (al so
referred to herein as "conpl exes"). The conpl exes, because of the presence
of the 45 functlonalizing noiety (represented by "Z" In formula Q. can be
attached to lunctionalized supports, such as - lunctionalized polyneric
supports, or preferably covalently attached to anti bodies or anti body
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Thus the conpl exes described herein may be covalenly attached to an

anti body or,anti body fragnent and are referred to herein as

"conj ugat es". The anti bodi es or anti body fragnments which may be
used In the conjugates described herein can be so prepared by techni ques
wel |l known In the art. Hi ghly specific nonoclonal antibodies can be
produced by hybri di zati on techni ques well known In the art, see for
exanpl e. Kohler and MIstein [Nature 256, 495-497 ~ (1975); and Eur. J.
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specific reactivity. In the antibody targeted radloictive netal 1on
conj ugat es, antibodl es directed agai nst any desired antigen or hapt en
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metal ion conjugates are sa nonoclonal antibodies, or fragnments thereof
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product was dissolved in 3 minimum amount of water and Ioaded omo a Q-Sepharose“' column (1.5 cm X
50 cm, acetate form) and eluted using.a gradient of 0 to 1 M ammonium acetate over three hours at 2
mi/min. The absarbance at 300 nm was observed. The product was contained In the third major peak. This
was isolated and freeze-drled to leave a pale amber solid (122 mg) which was a mixture of the desired
amina product and ammaonium chlaride. The praduct mixtura was characterized by proton and carbon NMR

30 and elemental analysis. The salt-contalning product (250 mg from combined batches) was further purified
on Q-Sepharose™ (1.5 cm X 50 cm, formale form) using a gradient of 0 to 10% formic acld over four
hours.l'The absorbance at 300 nm was observed. The first major peak contained the desired product. This
was Isolated and freeze-dried to yleld 8.3 mg of a white crystalline solid. The structure was confirmed by
proton and carbon NMR and fast atom bombardment mass spectrometry. (See Table 1)

Example 13. © PREPARATION OF 2,6-BIS{I(2-(IBIS(CARBOXYMETHYL)JAMINO}ETHYL)-
(CARBOXYMETHYL)JAMINOMETHYL }-4-(SOTHIOCYANATO)PHENOL.

Product containing 26- bls{[(z-([bls(carboxymethyl)]amlno}euwl)(carboxymeihyl)]aminomalhyl}-4-

40 (amino)phenol and inorganic salt (208 mg, 16% in NH,Cl), prepared by the procedure of Example 12, was

dissolved in a minimum amount of water and passed through a Sephadex™ G-10 (Pharmacia, 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 flask. Thiophosgense (0.015

ml, 10 eq) dissolved in methylene chloride (1 ml) was added. The reaction midure was sfimed at room

45 temperature for one hour. The mixture was then washed with several portions of methylene chloride to

remove excess thiophosgene and the aqueous layer freeze-dried to give the cruds isothiocyanato product
which was characterized by [ast atom bombardment mass spectrometry. (See Table I.)

Example 14. PREPARATION OF 2-({IBIS(CARBOXYMETHYL)JAMINO}METHYL)-4-(ACETAMIDO)PHENOL.

Deionized water (35.3 g). 35.3 g of 98% iminodiacetic acid (0.25 mole), and 29.8 g of 50% aqueous
sodium hydroxide solution were weighed into & round-bottom reaction flask equipped with a water-cooled
refiux condenser, mechanical stirrer, thermometer with a temperature controfier, and an addition funnel. The
mix was heatad, with stirring, to a temperature of 55 ° C. Aqueous 37% formaldehyde solution (21.5 g) was

&5 placed in the addition funnel and added to the reaction flask over a 15 minute period. The reaction mixture
was heated at 55°C for approximately 45 minutes, cooled and transferred to an addition funnel. To a round-
bottom flask equipped as above was added 38.7 g {0.25 molo) of 98% 4-acetamidophenol, 35.3.g of
delonized water, and 12.2 g of 50% aqueous sodium hydroxide solution. The mix was heated, with stirring,
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represented by the fornula. to d Ln(BFC) 1 wher ei n: Lnis a
rare-earth nmetal (lanthanide) ion, such 2s Ce3*. PrP. Nd3'. Pn8,. Sm +.
Eu3+, Gd32, Th3+. Dy3+, Ts Ho3+, Er+. Tnmi +. Yb3+ and Lush, or

pseudo- | ant hani de netal ion. such as Sc3+. Y'+ and La3+; BFC represents
a bifunctional chelant: and C represents a pharnaceutically acceptable ion
or group of ions of sufficient charge to render the entire conpl ex
neutral. If the BFC contains four or nore negatively .charged noi eti es,
then Cis a cation or group of cations such as HW U+. Na+, K+. Rb+, Cs+,
My2+. Ca2+. -Sr2+. Bat +, Ra2+, NHM+, N(CH), +, N(C2s)4+,. N(CsH). +,

N(C. H) 4+, As(CgHs)&t+. [(CrHs)3P-J2N+ and ot her proto-- 2a nated amnes.. |If
the BFC contains three negatively charged noleties. than Cis not required.

If the BFC contains two negatively charged noleties, then C1ls an anion
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regression of and/or destroying the calcitic tunors by delivering a

t her apeutic,radi ati on dose. The conposition nmay be adm ni stered as
a single dose or as multiple doses over a longer period of 55 tine. Deliey
of the radionuclide to the tunor nust be in sufficient anbunts to provide
the benefits referred to above. Q her uses of sone of the

chel ants of the present Invention may |Include the renoval of undesirable
netals (i.e. Iron) fromthe body, magnetic resonance | magi ng, attachnment to
pol ymeric supports for vaeious

7 , pur poses, e.g. as diagnostic agents, and
renoval of |anthani de netal or pseudo-| mthani de metal |on by sel ective
extraction. In addition the netaltigand conpl exes used to deliver

radi onuclildes to calcific sites may have utility for the ablation of

bone marrow (.' f ToYqT=Snr T (o MVLVAN B ) A0 5o Radi.apucl i des can
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present | NVeNt | @sherpsutbbionCib e ilaldiartins @l G 030 mole) was added at a temperaturs 1636 then

30°C. The ico bath was removed and the reaction mixture heated and stirred for five hours at 85-86°C.

Approximately 20 g of the aqueous reaction product was treated with 10 g of ethyl ether. The ether fayer

was removed and the procedure repeated again. The agueous portion was then adjusted to a pH of

15  approximately 4.2 with hydrochloric acid and agitated with 35 g of acetone. The acetons layer was removed
and discarded. To the remaining material was added 85 g of methanol with stirring. The resulting solids
were filtered and dried in a vacuum oven at $5-80C for several hours.

EXAMPLE X. PREPARATION OF ETHYLENEDIAMINEDI[(2-HYDROXY-5-AMINOPHENYL)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 filired and 6 g of water added. The solution was placed in a round-bottom
reaction flask equipped with 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 volatiies were removad /n vacuo and
the product, the hydrochioride of ethylenediaminedi(2-hydroxy-5-aminophenyljacetic acid, was dried in a
vacuum aven at 60 * C for several hours. Hydrolysis of the acslyl functionality was followed by proton NMR.

COMPLEX PREPARATION AND PERCENT COMPLEX DETERMINATION. N

In the following examples the following terms were used: cone. means concentrated; OAc means the
acetate moiety, OCOCH;; TLC means thin layer chromotography; ambient temperature means room
temperature or about 20 to 25+ C; overnight means from about 8 to 18 hours; SP-Sephadex™ C-25 resin is
a cation exchange resin having sulfonic acid functionality, sold by Phamacia, Inc.

25 The yitrlum and/or samarium complexes of several of the compounds were prepared and percent
complexation determined as follows:

Yttrium Complex Preparation:

L] Complexes were made by preparing a 0.0003M yttrium solution in water. (YCl3+6H20, 303.26 g/mole;
Y(OAc). 12.1% H20). Radicactive YCl; (Oakridge National Laboratories) was added to give the desired
number of counts. Ten i of ligand solution (at 0.03M) were added to 880 i of the Y solution. giving a
ligand-to-metal ratio of 1:1. (Ten times the amount of ligand solution was used for a 10:1 ligand to metal
ratio.) The pH was then adjusted to 7.4 using microliter quantities of hydrochloric acid or sodium hydroxide.

«5 The solution was then tested for the amount of complexed ytiium using the cation exchange method given
below.

Percent Complex Determination:

50 A disposable 10 ml plastic (Biorad) column was filled with 1 to 2 ml of water-swelled Sephadex™ C-25
cation exchange resin. The water was pressure eluled to the top of the resin. Fifteen u! of the 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
saline:conc. ammontum hydroxide solution as an eluent which was allowed to drip into a counting tube. This
was also pressure eluted to the top of the resin. An additional 2 mi of the eluent were added and the

s5 column pressure eluted to remove all liquid. The dried resin was then placed in a third counting tube and
the three tubes counted on a Nal well counter using a Canberra multichannel analyzer linked to a computer.
The percent complex was determined by dividing the number of counts In the two elutions by the total
counts in the elutions plus the column, all times 100. By this method, uncomplexed yttrium was retained on
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The chel ating agents di scl osed herein can be prepared in ways well known to

the art. Thus, for

exanpl e,

see Chel ating Agents and Met al

Dwer & Mellor, Academic Press (1984). Chapter 7.
maki ng am no acdds In Synthetic Production and Utilization of Am no Acids.

(edited by i5 Kaneko,
the formul a)

met hods known
17. 202-209 (1984).

used to prepare the chelants of formula 1.

et al.) John Wley & Sons (1974).
is chosen to be an electrophilic noiety it can be prepared by
to the arL Such methods may be found in Am Choe.

Chel at es,
See al so net hods for

When Z (in

Raes.

Exanpl es of sone of the methods which may be

reacting a conpound of the fornmula 20

0X

Z wher ei n:

which all ows f@peffival ent attachment to an anti body .or 3s
S not Interfere with the fornmation

Zls an electrophilic or

thereof or a synthetic
of conplexatio%ﬂﬁﬂgﬁmg”

anti body or fsr agpeemim @Mﬁg@fe ,fc;nﬁed 2s descibed previous fof v
O cranghm )<y T N e g
@i Yissoud(Blefoe [complex (Gprerminglion vai thage in Yy senpppnanngs as) iy 1§ o
dhrRE or 40

hydr ogen or (
hydr ogen.

1

Fleacnhy:gl

represents a ) MELP™ST AR EARES

li nker which do
Preparation/% Complex Determi

It

or

are: A)
RSv 25 30
nuci eophlilc noiety
f ragnment

“de and which can be attached to an

. e Pa |s
ﬁm&%&,ﬁm ndependent |y

1, and T

pol yal kyl rne -am ne where at
| east one of the ami ne hydrogens hasmbeen substituted with a CRRACOZH

group, or a phaLnnceuLLcaE;%_accepLabLe salt thereof,
with a compound B and an pldehyde gelesfe E‘Hyd'_e'__p_r_e_c_ursor equi val ent, where B
represents a’inear or e 1 4 FREpRnd i HOPRE gy “Bb| yal kyl ene ami ne where
there I's at | east one am pe hydrqgen; 4b——mjttig—presence of caustic and a
sui tabl e solvent, at a teppergtufe—of 23'C%¢r +essy foll owed by heating
and separating the desirep—proaugt—ef—Fpragge—t—2L or ill; B
reacting the product obta ne#afrcn1§ ep (A§ whigen hi o- (CRIFI') . CRRF aci d,
at a pH of 9 or higher, -H—he—p esgpee s caustic, at a tenperature
of 20-C or less, to proviie_ﬂhe dorpoungs ot flormd a 1,11 or 11
where at |eagt one of Rn. |[RZHlaland' P |itadu sh C) hydrolyzing the
product of Step (B). wherelZ 25 NBIC( 5 wft h INaOHl in H20, to provide the
products of fornula 1. Iflor #1l fwhete F 1 NH22® D) reacting the
product obtaisned from Step (A wilth Hl ykolonitk el in caustic. at a pH of
9 or higher, at a emibratlure® of | 20-  C 1o¥*1 bss, fol | owed by
hydrol ysis of the cyano gfou@Pwitlh HO In HO i 3%provide the .
products of forrmula 1. 11}or #1| Jwhéfe ht Pbast onk of Rl, R2, Ra and Px Is
CO2H: 5s hydrol yzing t1#¢ prloddtt bf & ep (A)|lwhere Z I's NHC(O) CHx
with DCl In D20, with healind td pridyvi fle
- 29 12 29

40 30 12 a8

k1l 12 Ly
32 12 o8*
P 33 18 29
*Ligand/metal ratio was about 1:1;
“Ligand/metal ratio was about 50:1.
§0

Examples | - XV and Comparative Examples A-F IN V/VO SCREENING OF BIFUNCTIONAL CHELATES.

The stabllity of certain rare earth chelates has been correlated 'wilh in~vivo testing in animals. For
example, Rosoff, et al. in the International Journal of Applled Radlatlon and Isotopes, 14, 120135
(1963), report on the distribution of radioactive rare earth chslates in mice for certain aminocarboxylic 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 liver. However,
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the products of formula 1. Il or Ill where Z Is NH2; and F)
reacting theg product obtained fromany one of Steps (A) through (E). where

Z1ls NH2, with t hl ophosgene to provide the products of fornula 1,
11 or Il where Z Is Isothlocyanato.

8 The reaction conditions and reagents for
ths various steps above are as follows. VWen the tenperature is "20"C
or less this is usually acconplished by use of an ice/water bath. 'Heating"
I s done either at reflux or above roomtenperature. The preferred
"caustic" Is sodium hydroxi de, but any suitable base the is able to

mai ntain the desired pH wi thout adverse effect on the product formed from
the reaction is a acceptable. A "suitable solvent” is Inert and provides
solubility for the reactants, exanples of such solvents are water, and

al cohol s such a%cﬁﬁ&ﬁﬁ&% ﬂﬁ.&ﬁ?H mﬁu%pmﬂa%ﬁ@m&g; d by any

conventi onal due ¥thb mmemnm duatbe ERipics A @ Mnaab8 @1 Vent such as
acet one. ) _',g_, ,;Y;"“‘" “YSJ‘“"‘ﬁj;; "%%t,;ﬂlﬂ epared by
conventional BEkB{HEEHmban exarrp e y reactl rrg hel'ant with the

netal under condi T Rrgionechivedha gﬁ%ﬂa‘% whe chelant.
Frequent |y, theasby & o bk, '"°w"s“~é’>§ﬁ£sﬁa thl cooriotn) Wb ElR A The
conj ugat es of fblrmmsaf"#mmeh'#"de@mc%ww P gar ed by conventl onal nmet hods,

for exanpl e by mxamwm::&m r TR eaRma s body or

anti body frag rreh@stﬁvedavsbeforeuse fmepwe»rwmn@nmwwalswmlwﬁm@rheqmmbawf| ed by a

consi der ati on ofh® :‘rmmmm b Ao iecio thle et biaced 1O be

pur-ely exenpl &r y ater dadacr mwgﬁ:d%lgmq?mdmo 'ﬁmw'fcecgifl fehtw?tduﬁc&s: wfenigorpoUNds W t h
the parts rin: sionized H> O, patted dry, and weighed into a & counting vial.
reference to t hﬁaam jection was made, at least three standards of the same material were prepared and
counted with the animal parts. Percent of dose is the number of counts in the organ divided by the number
of counts in the standard times 100 (see Table Ill).
20
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1s fornmula I

are shown in Table .

Preparation of Starting Materials

Exanpl e A. PREPARATI ON OF UNSYMVETRI CAL ETHYLENEDI AM NEDI ACETI C ACI D. 20
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Exanpl e B. 2
OF ETHYLENEDI Al
25.0 g (0.14 nol e)
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N
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C AQD LACTAM

=R AT
|

qu,aplll Z_Cl

wat er (150 g),

£ Ak +o
Ul Dx reud

L

bt ddl s o

- N

acid, and 28 g of
m reaction flask

concentrat ed hydro

y “uuru

equi pped with a the
i efl ux condenser,
magnetic stirrer

b\ﬂ

wat er - cool ed
rred with a
and cool ed. The

contents weree filt @

ottt

pH of the filtras

|\I 1. % with

el and vacuum The

50% sodi um

hydr oxi de sol ution gmﬁmmmﬂwmygm‘m; A rberddd” funnel using

vacuum The pH of tmweefiltrate

was adjusted to about 5 with 50% sodi um

hydr oxi de solution and the volatiles renoved (I n vacua) at a
tenperature of fQs{fhsxi>- The solids were dried In a vacuum oven at 55-60 |

C for severa

| act am

aci d vas conf [ Lo SrBT A b p TR

Example 12 (now Ex. XVII) were prepared using the techniques described eartier. Several 100 microliter
aliquots 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 after metal addition, the percent complex

of synnetrlca

et hyl enedl am nedl aceti c

acetic acid (ABDTPA), a well
gan of Example 2 (Now Ex. XVI) and

was determined by the Sephadex™ C-25 method and this was compared to the original amount of

compiex. The percent complex versus added metal gives an indication as to the lability of the ligand-meial
complex. Results are given below and are compared to the EDTA-yttrium complex.
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Exanpl e C. PREPARATI ON OF 2- OXO 1. 44Pi PERAZI NEDI ACETI C ACI D; LACTAM OF
ETHYLENEDI AM NETRI ACEl | C ACI D. Approxi mately 40.8 g of

2- cx0- 1- pi perazi neacetic acid, prepared by the procedure of Exanple B. and
5 70 g of deionized water were added to a beaker and stirred for several

hours with a magnetic stirrer bar. The contents were filtered using a
medi um gl ass frit tunnel and vacuum The filtrate and 26A g of

bronmoacetic acid were added to a beaker and stirred till all the

br onpaceti c acid had di ssol ved. The pH was adjusted to approximately 7

w th 25% sodi um hydroxi de sol ution. The tenperature was mai ntai ned at

|l ess than 25 - C during the caustic addition by cooling in an ice-water
bath. The ice-water bath was renoved so and the mx allowed to stir for
approximately 4-5 hours at approximately 35 * C while maintaining the pH at
about 7 by the periodic addition of Z5% sodi um hydroxide solution. The

reaction mx was allowed to stand for several hours and then
concentrated (hi vacu@) To a wer ghicoplxsa@pr OX1 nat el y 90- 100 g - and filtered
usi ng a redi um gl aSReligardimodr BRIIET  and wammien VOl at]i | es were renoved (in

vacua) fromthe filtrate at a tenpgeeadrexw] aofeadEotd] C and the nateri al
dried In a vacuum ovefrat 5% bUUT [T 0 JeVesr al- moufsss [the | actam of is

et hyl enedi am neti acet [T aci ds Was Clorgsl Tjmesd Dy pg of 08 gnd car bon NVR.

Exanpl e D. PREPARATI ONOF TRy SCOrgV & THYLGNEDI &V WERRI|ACETI C ACI D. .
Approximately 44.5 g ¢f—tieZTUde j2-0X0- 18- P| Pef 241 meqi acetic aid, prepared
by the procedure of 2¢—ExamgyeC—jarg 250,70 Pf 7dcl[om Zed water were added

to a beaker and agit atet—t++Ht—the—tactanTtaddirssUved. Caustic
solution (110 g, 50% was added with agitation. The tenperature was
mai nt ai ned at |EegdeXhan 25-C by cooling In an Ice-bath. Hydrol ysis was
t hen achi eved by aioA6iiR bk § 1-{phBmBnz@uihfictdtiEiinbehtaici¥Cac GBOTRA) ©danjidpilicd a wat er

R X n ot the 1 paced In 0. di r Hm

bat h Cont r ol i sims e jped & parph Syem pprset SRS AMLINAIARAS removed and
cooled in an i Gﬂmn\‘pgorﬁbfex was 5-B. Excoss Y-00 was removed by passing the complex through a one mi bed
' volume of Chelex™ resin (Bio-Rad Laboratories). The concentration of the complex in this purified form was
0.0013M. An appropriate amount of the solution was added to 1.7 x 10~? 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 NaCNBH, was added and the solutions allowed to set for approximately one hour.
After this time the antibody {and any covalently attached complex) was separated from unbound complex
by Sephadex™ G-25 gel filtration. This procedure gave an average of 5.0 comiplexes per antibody for 1-{p-
aminobenzyl)diothylenetriaminepentaacetic acid and an average of 5.4 complexes per antibody for the
ligand of Example 12. .

Example XiX.

In order to demonstrate the inertness of the antibody-complex conjugales of Example XVIil, the
conjugates were challenged with an excess of diethylenstriaminepentaacetic acld (DTPA) in the following
manner. The purified antibody-complexes were added to HEPES buffer (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic 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 aliquot was
removed and the antibody-complex conjugates were separated from low molecular weight substances using
gel-fittration. The resuits 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 yitrium.

EXAMPLE XX, PREPARATION OF 2,6-BIS{[(2-{IBIS(CARBOXYMETHYL)JAMINO}ETHYL)-
= {CARBOXYME THYL)AMINOMETHYL}-4-(AMINO)PHENOL, SAMARIUM COMPLEX .

A samarium solution was prepared by combining In a 1 ml vial radioactive 53Sm (200 ul of a 3 X
10~*M solution in 0.1M hydrochioric acid, 6 X 10-5 mmole) and "cold” SmCla.6H20 (4.8 mg, 1.31 X 1072
mmole). This solution was added to 2,6-bis{[(2-{[bis{carboxymethyl)jamino}ethyl){carboxymethyh]-
aminomethyl}-4-{acetamidojphanol (3.2 mg, 5.31 X 10~2 mmole), prepared by the procedure of Example
11. The pH was then adjusted to 7 by the addition of sodium hydroxide (40 ul Of a 1.0M solution). The
percent complex was determined to be 88% using the Sephadex™ C-25 method.

The above complex was purified by anlon exchange chromatography (Q-Sepharose™ , 1.5 em X 21 cm,
0 to 1M NaCl over 30 min, 2 mUmin, detection at 285 nm). Complex-containing fractions (1 mi each, & ml
o5 total) were combined and the percent compiex was determined to be 85%.

EXAMPLE 4. CONJUGATION OF 2,8-BIS{[(2-{[BIS(CARBOXYMETHYL)JAMINO}ETHYL)-

(CARBOXYME THYL)JAMINOMETHYL}-4-(AMINO)PHENOL, SAMARIUM. COMPLEX TO CC-48 MON-

OCLONAL ANTIBODY
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bath. Analysis by proton and carbon NVR confirned the presence of trisodlum
et hyl enedi | am netrlacetic 25 acid In the al kaline hydrolysis nedirum

Exanpl e E. PREPARATI ON OF 4- DI ETHYLENETRI AM NEACETI C ACI D. To a
flask equi pped with a water-cool ed rafl ux condenser, magnetic stirrer and

t hernoneter were so added 75.0 g of phthalic anhydri de, 350.5 g of acetic
acid and 20.0 g of diethylenetriamne. The m x was stirred and heated
at approximately 118C for 1.5 hours and then cooled. Volatiles were renoved
under vacuum at 56-70* Cuntil a weight of 218 g was obtai ned. The

m xture was poured Into 600 g of ethanol with stirring. After two hours
the solids were filtered using a nediumglass frit funnel. The solids were
washed twice with 500 mMl of ethanol and then dried In a vacuum oven at
60-85 * C. Approximately 86 g of material 3s of the dl phthal oyl conpound
were col | ect ed. sodium bicarbonatel Soeng 14 W b-ra&b)efsspeﬁdutaheddh vmhhahaylummcorrpound was

prepar ed by adﬂ\"m mﬁi"m;ﬂ”fﬁg %Q%%ﬁé 'P’ P":‘ag"::a [;13 oyI conpound,
17.7 g of sodi a:mwaa withCeFlordh morts)opeaam qui pped with a
wat er - c@)o# a:l&?&' agﬁnsgrﬂb“@%éjyﬁffmgﬂe o macg_qcal stirrer and

a thernoneter mn&han m! solution, GHGUNS.d larﬁone)a hﬁ@fsmacet ate (51.0
g) was added ovw"&ﬂ@mmcmpewwmemw vesristengitefl oo % by s gcksiomnd t hen 40

heated at refl UX™PB¥™16 hours. Ethanol was rem)ved (200 M) by distillation

usi ng a Dean- otPFﬁPbPaT“Pban HBlst&U@lag; CAHBWMH "”Lts_eacti on m xture
cooled to | essA , ﬂ@gﬁy }I % 325 MINGHE5-A m xture _
was cool ed for(cmoammu-mmmﬁmkmm\gn chpwbat h and f| I tered using a

medi um gl ass™f i § wufubh iR licancd RS 65l bk &S VYm0 RSB W3 Gidd t h et hanol  and
dried in a vacuulr;rdﬁ;uensﬁ%r:ﬂaﬁuﬂﬁgﬁﬁso@o: m;y@@ml:rramels 18&2&%&2& hyl 1,7-

i pht hal o1 - - BEERTNC I Gt e BRSPS 32 g of wat er

and 75.4 g o% wmmmcmaﬁ viaCdeGﬁlhedas\lmlbdln%@Mddm 20 1 9 (0.045

not es) of et hyfeuhsyex ‘gﬁfﬁ% sdsdlet hyt M%J Jeael . with heating
to 9S I C and ﬁkha:r;t;ﬁmstohsﬁm ; v:;ﬁgz;&y:}oﬁo: G%m yalaenlb u.asmu'%%' MZ; esulting white
precipitate yagwer rﬁ}%‘”“‘““’é’l’fﬁ" & é’d“"\/W@FF‘M;" °P“°Ptfé:°w‘|j'z ned filtrate
Pe. concent r B S ek BAE oo Tt dier sl =l Skl il o0 1 10

anal ysi s i ndi clapdd®=hiehat t he pht hal oyl groups were not conpletely:

hydrol yzed. The two solids wer e #dd@n conbi ned and added to concentrat ed

hydrochl oric®acid with a small amunt of water. The slurry so was then
heated to reflux for 6 hours, coobd%Eompleem t enperature and filtered to
give 123 g of phthalic acid.| The fiestrdte was then evaporated under
vacuumto giye 13.9 g of product] a@as| a yel |l qw solid. The product was
di ssolved In water by the additijon Jof &g df 50% sodi um hydr oxi de and
treated with activated char doal| at 1@00-]C fol |l owed by filtration and
evapor ati on under vacuumto giveg &5 2 god- di et hyl anet r am neaceti c
acid. 55 ° 7 100 10
: 9 100
. 1 100
“ 13 oo

EXAMPLE 20 PREPARATION OF 2-[{2-}(2-{{BIS(CARBOXYMETHYL)JAMINO}ETHYL})-
- {CARBOXYMETHYLAMINOJETHYL) (CARBOXYMETHYL)AMINO}-2-{5-AMINO-2-{CARBOXYMETHYLOXY)-

PHENYLJETHANOIC ACID, SAMARIUM COMPLEX

A solution of the ligand from Example 8 was prepared by dissolving 13.9 mg of the brownish solid in
772 ul of water. A complex was prepared by dissolving 500 il of this ligand solution in 1 ml of 3 X 10~*M
SmCly (containing 0.1N hydrochioric acid) that had been spiked with radioactive %3Sm. The pH of the
complex solution was adjusted to about 7 by the addition of 1.0N sodium hydroxide. The percent
complexation was determined by the method described for Examples 16 through 33 and found to be 98%.

The inertness of the complex was demonstrated by placing two 500 1 aliquots of the complex solufion
in separate vials. One portion was treated with 1-2 1| portions of 1.0N hydrochioric acid until the pH was
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Preparation of Final Products Exanpl e 1. PREPARATI ON OF

2- (f 2-,UBl S(,CARBOXYMETHYL) JAM NG ETHYL) AM NO - 2- ( 5- ACETAM DO

2- HYDROX YPHENYL) - ETHANO C ACI D. Dei oni zed watr (10.3 g), 96%

4- acet am dophenol (15.1 g 0.1 nole). 50% aqueous glyoxylic acid (14.6

g. 0.1 nole), and nethanol (50.5 g) were added to a beaker and ni xed usi ng
a magnetic stirrer bar. Unsymmet ri cal et hyl enedi aminedi aceti acid (19.5
g), prepared by the procedure of Exanple A was added and the m x
cooled in an Ice-water bath. The pH of the m x was adjusted, while
stirring. to approximately 10 A.0 with 50% sodi um hydr oxi de sol ution. The
tenperature of the mx was maintained at | ess than 20-C during the
caustic addition. The ice-water bath was renoved and the m x adjusted to pH
8.7 and stirred at 25-320C for approximately 2 hours. The m x was
transferred to mgpamom;omwswmmm1£dmkweeﬂulsm.addmemmm a

wat er - cool ed reﬁﬂumxheevomlengelbm #H cligrgy, then thiy and
heating mant| e. RIMEa b Somiieise owing & 'ﬁf”éd""‘W“’f‘ﬁ@T‘ﬁ’?’lE’ﬁ'&m t"'“%*a C for 8 hours
and then cooled and filtered using a msdl umglass frit funnel and is
vacuum The solids were allowed to drf?®By exposure to air for 7 hours and
then placed in a vacuum oven k:cdmﬁ&adct 55-40 C for several hours.
Approxi matel y,291 g of solids werfesdot g,u ed. The material was t hen
agitated with approxi mately 300 of a\,wu.. and filtred using a nmedium
glass frit funnel and house agyym 92..“: solids were washed once again
with an additional 300 g of acetgngatt;drfied and then pl aced in a
vacuum oven f8r one hour at 5560-CiApprextmately 28.7 g of
2-((2-{[bis(carboxymethylfl- 20
am no) ot hyl ) am nol - 2- ( 5- acet am ddg 152 hyeeererghenyl ) et hanoi ¢ aci d, sodi um
salt were col kected. These solids Rd—1+80 g of deionized water were

pl aced In a beaker and stirred wileB 1 pagreti c stirrer bar. The pH was
adjusted to 2.2 with concentrated hydrochl oric acid at which point the acid
form of the protHetesipegensTRYTIONDATADr eci pitate from sol ution. The product was
col lected by fil téomwm,e@mmymnﬁd sOfdhich 5 g BHG Retel U Sefbehind elonQs 7. 1R

del oni zed wat er amodftpemepirttetoMes:bmplexed to ligand was detarmined by cation exchange chromatography. Free

2[ (2-{[ bi s(car bamﬁmuha Ak e b g o veit e i gL AT G- hydr ox- 25
yphenyl ) et han®i sugsr dlawﬁadﬁmw:ngmlﬁw?mwm zﬁubﬁ'd’grb tissel el HhoOr sever al
hOUI’ S. Ap pr OXI nﬁtﬂgpﬂxe ?%hevza :g:nl a::noompaﬂ:'gn:\el;'le::c st:::::ds.et::: I;‘G dosye rl':\“bfoo: gwlasedm::;::

assuming that the weight of blood was 8.5% of the animal weight. Muscle was calculated using 46% of

body weight. The amount In bone 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 biodistribution.

&

EXAMPLE XXIV.

40 The ligand of Example 10 was mixed with a Sm-153 solution. The concentration of Sm was 3x10~*M
and the ligand was used with a 300 times molar excess. The biodistribution showed 52.7% in the bone,
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-186. The concentration of Ho was 3X10™*M and the
formulation contained 300 times molar excess ligand. The biodistribution showed 52.9% in the bons, 0.26%
in the liver, 0.007% in the spleen, 1.1% in the muscle, and 0.09% in the blocod.

so EXAMPLE XXVI. .

The ligand of Example 10 was complexed to Sm-153 using & concentration of Sm of 3x10™*M and 10

times molar excess ligand. The biodistribution showed 48.5% in the bone, 1.3% in the liver, 0.01% in the
spleen, 0.73% In the muscle and 0,18% in the blood.
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product were obtained. Proton NVR verified the structure of the product
(See Table 1.) Exanpl e 2. PREPARATI ON OF

2. [ (2-((BI S( CARBOXYMETHYL) j AM NO) ETHYL) ( CARBOXYMETHYL) -

AM NC} - 2- [ 5- ACETAM DO- 2- ( CARBOXYMETHYLOXY) PHENYL] ETHANO C ACI D. 30

Dei oni zed water (4.5 g), bronoacetic acid (2.0 g) and

2-[(2-9g[ bl s(carboxynet hyl )jam nol et hyl ) am nol - 2- -

(5-acet am do- 2- hydr oxyphenyl ) et hanol ¢ acid (2.5 g), prepared by the

procedure of Exanple 1, were added to a small reaction vessel and
cooled In an Ice-water bath. The pH of the m x was adjusted, while
stirring, to approximately 9.3 with 25% sodi um hydr oxi de sol ution. The

tenperature of the mx was maintained at | ess 3s than 201C during the
caustic addition. The ice-water bath was renoved and the mx allowed to
stir for 48 Eexambpeyem at a tenperature of 35-40 *C while maintaining the pH
bet ween 10.5 an them%erl odic a d| tio 35%‘ di um hydr oxi de
sol ution. A p%&mmﬁﬁb%&eaﬁi’%m M@J%ﬂaiﬁﬁa&m&ed to a beal er
and St i ry eeenmitttyr (51 %hreegm ON$%Q mustlq (15r%kend blogd [0.68%) ghewingpinimal (5 ) was added to
the sol uti on ONRIeLEBodD- M NUt e peri od resulting in the precipitation of
an oi L The acetone portion was renoved btr decantl and an additional 50 40
g of acet one, o A TTR TP LAR S 1y e | ayer
renoved. The O®i% wons Ds7% Gt Bel, 0.280h tie kpaen, o7a%inu@|ms$dandomaenmawum oven at

60- 85C for abqyf.eladxhours to give a crispy yellow solid. The product was
purified by am_OTI—E'X'Change chromat ogr aphy on QSephar ose0' from Pharnaci a

Inc. on a 15°% qm“X”B,‘y(cz::;"f:;mml ”’ "y m‘.« “ﬂf“g‘tﬂ'llugn of 0-30% fornic

acid over two Biuckfation Em?asﬁnﬁi“@laﬂthe Iibd’lvmad’hﬁbﬁﬁ@ 142 &bebsI e speciic f I ACt i ons. The
fractions wer L g clfitelonol e cemaierron %% fractions
conbi ned andew * %ﬁs o°§?"v" REES T ed pro d‘cwt'ﬁmﬂg de Table |.)

Exanpl e 3. PREPARATI C]\l CF

2-[ (2- ([ BI S( CARBOXYMETHYi 41 AM NO) ETFI YL) ( CARBOXYMETHYL) -

AM NQ - 2- [ 5- AM NO- 2- ( CARBOXYMETHYLOXY) PHENYLI ETHANO C ACI D, PENTA SODI UM

SALT. s * Approximately 40 ng of

2-((2-{[bi s(carboxymet hyl f| am no) et hyl ) (car boxynet hyl ) am no] - 2- [ 5- acet am do
2- (car boxymet hyl oxy) phenyl j ethanoi c aci d, prepared by the procedure

of Exampl e 2 was di ssolved in 700 iii of D20 and adjusted w th NaODODO

to pH 13. Hydrolysis of the N-acetyl group to the corresponding ani l i ne

functionality proceeded at anbient tenperature and was foll owed by proton

NVR whi ch copfirned the structure. (See Table 1. sa
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Exanple 4. PREPARAf I ON OF

.[ i Bl S( CARBOXYMETi i YL) | AM NO ETHYL) ( CYANOVETi HYL) AM NO .

2 (5 ACIi TAM MO, 2. HYDROXYPHENYL) ETHANO C ACI D.

g) and 2.5 g of

2-[ ({fbis(carboxynet hyl )l am no)thyl)am nol - 2- (5. acet am do-

Del oni zed water (3.1

2- s

hydr oxyphenyl Q hanol e add, prepared by the procedure of Exanple 1. were

added to a snall gl ass vessel

and cooled in an ice-water bath. The pH .

was adjusted to 9.8.0.9 with 25% sodi um hydr oxi de sol ution. The

tenperature of the m x was naintai ned at

addition. The ice-bath was

- 0.010.0 with 25% sodi um hydr oxi de sol uti on.

| ess than 20-C during the caustic

renoved and 1.0 9 ot an aqueous 40%
glycolonitrile solution was added with m xing and the pH adjusted to

The m x was transfenred to a

smal |l reaction flask equi pped Yo with a thernoneter containing a

tenperature controller, wat
The reaction m xture was st
49-50 * C for, ei ght hours,

d
ool
tenperature for 72 hours. Alpont{ o

added to a beaker and stirr
was added to the solution o
precipitatior of a solid ma
decanting and an a
m xed, and the acetjone | aye

vacuum oven af 60-45 | C fof
product was col | ecjed. Protjf

g

2-[ (2-{ (bl (carbox
hydroxyphenyh;eth
was hydrol yzed um

to the aniling gr
g of 20% DCl were &
t enper ature-controlfl e te
m nutes and then rgny n
NVR. The sol w#¥i on
solids. The product] was pur
a 15 mm X 500 mm cql umm el u
one hour at 39 ar
Iractions were nonitored by
wer e conbi ned and | yophtil

45 -

50

frrgd with a mmnm|CSUrrm
énd aII wEd to § %ﬂ

of t r agglon n{xt
O i g|c= irrer r
er a perlfod re

150 of

Terlg . Tﬁg ace port 0

aclet one bhdded to:the

heating mantl e.
ar and heated at
at anbi ent.
e (85 g) was
Acetone (146 )
ultng in the
removed by i5
recipitate.

f

odIr hour§ Approglnat

Exanpl e 5. PREPARATI ON OF
T ETHYL) ( CARBOXYMETHYL) -

Qﬂ Eenmoves: 1ne matertarwag dried in a
Oou

ly 2.9 g of
noacetonitrile

2a

FANU U AU D.

Approxinﬁtely 1.0

et ||yrﬂ cyeamonet ||y| )aTrl ot 2-(5- acet am do- 2-
ptflepar ed above by the procedyre of Exanple 4.

caorndi bt i ona t o ~con A L d ha

am noacetonitrfie

ot 1

jorfdi Iy acktate dtoup -and®the N acetyl 2s group

A=A B "] I.v Cuoliver B BLLAZ

bgt h at

*1nqacetontrile conpound. 2.2 (
terla gl ass tube.x The tube was

of DzGs and 7.8
placed In a

88-89 * C for a totall of 33

d By

ik

abSor
Vi

&hi on emthange (0-

n ghdgtol | ecting 6 migfract

cdol'ed. The hydrolysis was ral | oned by proton
freez -drledgand | yoph~l zed to give 1.3 g of

SepharoseM ) on
icetic acid over
ions. The

tion and the § apprjopriate fractions

t 02gi ¥e the &esired product]. (See Table 1.)

@D
ExampleNo | Q. E 3
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Exanple 6. PREPARATION OF

2- . Bl S¢2- ({{ G S( CARBOXYMETHYL) AM NO) ETHYL) AM NOI - 2- 15.

ACETAM DO- 2- ( ARBOXYMETHYLOXY) PHENYL] ETHANOI C " ACID AND
2-[{2-[(2-{[BI'S. as

( CARBOXYMETHYL) | AM NO) ETHI YL) ( CARBQXYMETHYL) AM NOI ETHYL)

( CARBOXYMETHYYL) AM NO) - 2-

[ 5- ACETAM DO 2- ( CARBOXYMETHYLOXY) PHENYL] ETHANO C ACI D. Dei oni zed
water (24.8 g), 15.1 g (0.1 nole) of 98% 4-acet am dophenol, and 14.8 g of
50% aqueous gl yoxylic acid (0.1 nole) were added to a beaker and cool ed

In an Ice-water bath. The pH of the m x was 40 adjusted to 33 with 25%
sodi um hydroxi de solution while maintianing the tenperature at |ess than

20- C. DETA (9.8 g) was then added. Once again the tenperature was kept
bel ow 20 * C by coolng in an ice- mater ~bath. The pH after addition of
t he DETA was appr oxi 2 ‘ erred to a reaction

flask equi pped wi tlh 2 thernoneter a tenperatur ¢
wat er - cool ed refl ux condgnser. egtlng mant | e. The reaction m xture
was stirred with a naonetlc stlrr P'bérsand heated qt 75-C for

i urs and d) Acgtone (1400 8) was added to a
az ma glc st rrer bal. Appr oxi mately 40

controller,

| arge beakej, and stirrjed wi
g of the reaction sol ;on p ep red ove wé% added|over a 10 m nute period
resulting in the precjpit % a soli ﬁg’aterlal The acetone portion
was renoved by decantijng l8d @n addl ional 1 g of acetone added and

the solid tfturated a .':F*e t horoughly uhdér acet ¢ne. The solids were

using a mediumpl gss fM |funnel and vacuum The
copi ous anount of jso acet¢ne and then dried in a
e of 05 * C for several lours. Approxinmately 7.8
2d_with protgn NVMR showng ajm xture of the desired
pgpound. & Dei oni zed|water (5.3 g) and 4 ¢
and stirred wth a

g of solids were recoy
i somers of the DETA 3
of the above |sol at eds
magnetic st¥rrer bar -8 ppout three¥hours at which{time the solids had
conpl etely dissol ved.2 was added with stirring
and the m x cool ed trgaﬁ e-wat er bat h. The pH of the m x was adj ust ed
to approxinately 11 wrgh P5% sodi um hydroxide solutijon. The tenperature was
mai nt ai ned at | ess Fhb—20—C—ghH-i-hg—t-he—eausti-ed addi ti on. The ice-water
bath was renpbved and the p#x all owedesto stir for 50 hours at a
tenperature of 35-40- Crmh-Fe—ﬁﬁ+ﬁ+ﬁ+ﬁ+ﬁg—bhe—pH—be+ween approxi mat el y
10.5-11.5 by t he ol =
A

12

H

CHCOH

Z
NH,
-NHCOCH,

xample
No.
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pedodi ¢ addition of 25% sodi um hydroxi de sol ution. Acetone (240 g) was
added to a beaker and strnred with a magnetic stirrer bar.

Approxi mately 5 g of the reaction solution was added to the acetone
resulting In the precipitation of a solid. The acetone portion was
decanted and.an additional 245 g of acetone added, m xed and the
acetone | ayer renoved. The solids were collected by filteing using a nedi um
glass trit a funnel and vacuum The solids were washed with acetone and
then dried In a vacuum oven ats55-0 * C for several hours.

Approxi mately 2.8 g of solids were collected. (See Table 1.) Exanpl e

7. PREPARATI ON-:OF 2-[ BI S(2- f ( Bl S( CARBOXYMEF HYL) HAM NO) ETHYL) AM NOL25. AM NO-
AND

( CARSOBYMETHYLOXY) PHENYL] ETHANOI C
2-[{2-[(2-{[ Bl S(CARBOXYMETHYL) J. sc
AM NO) ETHYL) ( CARBOXYNETHYL) AM NOJETHYL)

ACI D

( CARBOXYMETHYL) AM NQJ 4
ACl D. Approxi
2- [ W (2-{E(bi s(car boxy
(car boxymet hyl oxy) pher
2-({2-[(2-Y bi s(car boX
(car boxynet hyl ) am no--3
prepared byw t he pr
and treated with 5 drd
at SOC for 2 hours aft
virtually aj

light brown 2s solid.

2. [{2-[ (2- {#Bl S( CARBOX

of the &
groups and acetic acid.
acet one bath and Iyophwh

natelﬁ 37& nmy @

nethyH\Ia no) th I)anlno 2-[s
yljeth n . aci and

yagt h I) no et hyl ) (car boxy
-5-lacet a= 2\( c@ b t:hyl§ox
ocedure of [?I jS
ps

er htum monNMQS
cetanlfn € grougs had been conv

LOXY) PHENYL] ETH ANO C
et am do- 2-

hyl)- is am nojethyl)
) phenyl | et enoi ¢ aci d,
| ved In 1.0 g of DaO
uti on was then heated
ctrum i ndi cated t hat
rted to aniline

AM NOI ETHYL) ( CARBOXYI
1- 2- [ 5- AM NO- 2- ( CARBG4¥V

m of water,was di sscf

ved] 8. 0' g of 4diethylenetrifam n

The splution was thep frogen in a dry-ice
zed Hvernight to yield $he desired product as a
(e lapre I.) —EXanpl € 8.1 PREPARATI ON OF
YHE(I‘HYLT) | AM NO) ETHYL) ( CARBOXYNMHTHYL) -
THYL) AM NO
FHM-OXY-RIHEN-EFHANO-C- \Cl D. 25: In 40

pacetic acid. prepared

by the procedure of

4- acet anm dophenol and®
wei ght % sof’uti on of
at less than 20C with
sodi um hydr oxi de was
slowy to 841 C, held
then allowed to coo
vacuum to about 25 ni
was decanteg fromthe

.o
oy

| ce bat h. Tothiscoﬁ“

0

anple E, and then the g Xxtu

e was cooled In an
04 nol es) of

04 noles) of a 50

e keeping the slurry
bf 50 30 wei ght %

pH 8. 75 was heat ed
nours with stirring,
bvapor at ed under
cet one. The acetone

2 chilled solution of 5. % g (0
gl yoxylic acid In mater
el lcexbath, a 2.5 mM p
dell. The resulting slurgg
this tenmperature f hS
ol hne @nd added to 300 M of a
g T
= 5"
~ 8 g
-3 - e
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resulting solid. The solid was washed severa
to give 28,1 g of product as a
this solid was dissolved In 50 M of water.

tinmes

I nto thi

dark sticky solid.

with acetone and dried
A 26.05 g portion of

s sol uti on was 3s

di ssolved 28.7 g (0.192 nol es) of br onoaceti ¢ aci d. The resulting solution

was cooled In an | ce bath,
sodi um hydr oxi de,

the pH

adjusted to 10.
allowed to warmto room tenperature,

S with 50 weight %
and then heat ed

to 45C0. The tenperature was kept at 46-C and the pH kept at 10.5 by
addition of 50 weight

was then reduced to 50 mM under vacuum The

%

sodi um hydr oxi de for abo
conc

ut 23 hours. The vol une
entrated sol uti on was

added to 500 ml of acetone with vigorous stirring and the resulting

precipitate o allowed to settle.
400 m of acetone was added,

final
was dried
sanpl e of
with 1.48

at SD -C unti |

N-acet yl
brown sol i

PREPARATI ON *
( CARBOXYMETHYL) AM NO| TH\
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reaction mxture was stirred with a magnetic stirrer bar and heated at

800-3-£L for, 4.5 hours and cool ed.

and stirred with a magnetic stirrer
reaction solution was added resulting In the precipitation of an oil.
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The aqueous | ayer was adjusted w th aqueous hydrochloric acid solution to a
pH of about 0.5 and vol atiles renmoved (in vacua) at a tenperajure ~of
50-55 C. Approxinmately 13.5 g of solids were collected. Methanol (75 9)
was added to the solids and the Insoluble salts renoved by filtration.

Met hanol was renoved (In vacua) and the remaining solids dried In a
vacuum oven at 70-76 * C for several hours. The product, which 40 stil
cont ai ned sone inorganic salt, was analyzed by proton NMR and found to be
predom nately the bis- ~ substituted product (See Table I.) Exanpl e
11. PREPARATI ON OF 2, 6- Sl Sfl (2- Bl S( CARBOXYMETHYL) | AM NO) ETHYL) -
(CARS i Yun HYL) nAM NOVETHYL) +( ACETAM OO) PHENOL 45 The al kal i ne
trisodi um et hyl enedi am netriacetic acid solution, prepared by the procedure
of Exanpl e D. was cooled in an Ice-bath and hydrochl oric acid added
with stirring to obtain a pH of about 13.8. The tenperature was

mai ntai ned at |l ess than 351 C during the acid addition. Volatiles were
removed (I n vacua) at anbient tenperature to a weight of 210 g. The
solids were renoved by filtering on a nediumglass fit so funnel using
vacuum The filtrate was transferred to a 250 m round-bottom fl ask

equi pped with a water- cool ed reflux condenser, magnetic stirrer bar.

t hernoneter, tenperature controller, heating mantle. and addi tion
funnel. The pH was adjusted to about 11 with hydrochloric acid. The
tenperature was nai ntai ned at | ess than 300C during the acid addwon.
The m x was heated to approximately 40-C and 11.8 g of 37% aqueous

f or mal dehyde sol uti on added dropwl se fromthe addition funnel over a 35

m nute period. The as reaction mxture was stirred and heated for an
additional 30 m nutes and then cool ed. The sol ution was adjusted with
25% sodi um hydr oxi de soIutlon'to—a—pFrUf—abUUr*g_B and transferred to an
addition funned. To a beaker—was added 10.3 g of 98% 4- acet am dophenol ,
25.2 g of deionized water, and 9.5:/g of 25% sodi um hydr oxi de sol uti on.
The m x was stirred till conplete dlssolutlon was obt ai ned. The sol ution
was transferred 14




>

to a round-bottom reaction flask equi pped-as descri bed above and heati ng

and stirring Initiated.

The m x
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40 (am no) phenol and Inorganic salt (208 ng. 15%in NHAC), prepared by the
procedqure of Exanpl e 12. was di ssolved in a m ni mrum anount of water and
passed thr'ough a SephadexTh e-10 (Pharn30|a desalting colum (1
cm X 35 cm. The salt-free am ng Nt er and freeze-dried
(11.5 ng). The amine was di §Uﬁh§ﬁt$hl 0 M) and placed in a
round-bottonlreaction fl ask. Thi-phos&@#& P .,“_-J m. 10 eq) dissolved
In methyl ene chloride (1 m) wasadded. The reaction mixture was stirred at
room 45 tenperature for one hour. The m xture was then washed with several
portions of methylene chloride to renove excess thl ophosgene and the
aqueous | ayer freeze' dried to give the crude isothbocyanato product

whi ch was characterized by |ast atom bonbardnent mass spectronetry. (See
Table 1.) Exanpl e 14. PREPARATI ON OF

2- ({t Bi S( CARBOXYMETHYL) | AM NO) METHYL) - 4- (ACETAM DO PHENOL so

Dei oni zed water (35.3 g). %%6. lg of 98% i m nodi acetic acid (0.25 nDIe) and
29.9 9 o 50% aqueous hydrOX|deNsaWut|on were wei ghed Into a
round- bottom reaction fl equiphed Wit a~yat er - cool ed r Tet ux
condenser, mechanical st er, thernoneter with a tenperature controtler.
and an addition funnel. THe m'x was heated, with stining, to a
tenperature of 55 C Aquébus 37% f or mal dehyde solution (21.5 g) was as
placed In the addition funnel and added tg the reaction flask over a 15 .

m nute period. The reaction m xture was heated at 55 1 C for

approxi mately 45 nmgug@ﬁmwﬁmph@gm&adﬁamamsferred to an addition funnel. To
a round- s bot t gere i kugwe %?e as above was added 38.7 g (0.25 nole) of
98% 4- acet am dophp i35 %" 5’ €% dei oni zed water, and 122 g of 50%
aqueous sodi um hyd:r Boehd}t) o1 tdopatdontbriycodBine Crf ROOWEE: 1 @erkoekl, ot gt bobiof ST 1T i ng, '
to a tenpergtur & B e T ) ¥edd5- C. and the forurial dehydel ni nodl acel | e

aci d adduct solutlon added
The chelant of Claim 1 wherein R"y is COOH, R's is hydrogen, and R's and R's are CH2COOH.

3. The chelant of Claim 2 wherein Z' is NHG(O)CHs, and X is hydrogen,
25
4. A complex which comprises a chelant as claimed in any one of Claims 1 through 3 , or a
pharmaceutically acceptable salt thereof;
complexed with a metal lon selected from La, Cs, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu,
Y or Sc.
30 :
§. A complex of Claim 4 wherein the metal ion is 53Sm, '$5Ho, 39Y, “3Pm, %3Gd, ¥%La, V7Lu, Y5Yb,
47Sc or “2pr, .

6. A conjugate comprising a complex as cliamed in Claim 4 or 5,
35 covalently attached to an antibody or antibody fragment.

7. A conjugate of Claim 6 wherein the antibody or fragment thereof is 2 monoclonal antibody or fragment
thereof. .

4« 8 A conjugals of Claim 7 wherein the antibody or antibody fragment is CC-46, CC-49, CC-48 F(ab")z, CC-
B3, CC-83 F(ab"): or B72.3.

9. A pharmaceuticat formulation comprising a complex as claimed in Claim 4 or 5, and
a physiologically acceptable carmier.

{
10. A pharmaceutical formulation comprising a conjugate as claimed in Claim 8, and
a physiologically acceptable canier.

11. A pharmaceutical formulation according to Claim 9 or 10 for the freatment of cancer.

12. A pharmaceutical formulation according to Claim 9 or 10 for the treatment of bone pain.
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'50% sodi um hydr oxi de sol ution, and OS g’ eof->met’hanql . Thes T x :wa?s ;
'to 051C and the aqueous g T et eSS edrmmdy e o
rosmpTTe Ao LC UL L (CER LA\ R ] 2 acra aaaucty M@Mﬁ‘déﬁﬂ'&b a
Hour and 3§ flfteen m ngEt e perlod The reaction an

ok sy e

Pidi tfi onal| 12 Bours a§ 64-85@ andgt hen cool ed.

IR

__react on pyodu

I e reeo—E e er—Yac T

. MS goncent fat edjand the met hanol
" The ol utipn s s aflj ust ed %0 1.-2.0 with hydrochlorlc aci d resultlng
in the prefipitagidmof the agétyl product. The LA |E§€ ed,
washed- wi th deifoni zed ater,and dried in a vacuum gy [isa F{SE:E%\ &E ﬂeral
hoursf ®he} str tm corffi rmede by spr ot on NVR. _
PREPARATI N  OF 2- HY XY-58AM8\ICB NZYLEETHY&EN DI AM NE-N, N - ss
. DiACHTIC ACI D, DROCHIZORI DE. ™ ( Coppar |v) approximately 0.9 g
| of the profuct i sol ate@ | n+Exarfhle U adde 12 pf dei oni zed wat er
! and 8 p of cCwac at.ed #ydrochl or Iut on was heated at
- refl uk and] stirred for Zone our In @und-
bott ogm r maki on |f | ask ‘Phe vol warn renoved ('l n vacpa), and the am ne
hydrochl or§ de pr due-t——/dJH ed In,l a vacuum oven at 50-p0 IC for several
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----------------------

0
ether. T8e eg;%r I@ye
roceduhe ¢ epeat ed ggaln The aqueBus %E )

por
f is/ap rOXIEﬁte| 4.2 with hydroghl or§c
Ehe ac tone | ayer was

of a et ne ed

dded. The solutl s placed In a round-b
i pped with a mat zdool ed reflux condenser)
rnonmeter. The 25 sblutlon was heated for-o

n cooIed The volatiles were renoved I n va

1 L
CTImurT UC \UA)

!

. Czor several hours.
f 081 owed by proton NWMR

| TI#?MNATIC]\I 30 Inthefollovvinge

cco- a: TLC neans th|n Iayer chronabography,_
t enperature or about 20 10 25 C

SP- Sephadexnl C-25 resin IS a d

™M

hours;

( 2- hydr oXy- 5- anmi nophenyl )acetlc acid, was dfied In a
Hydr ol ysis of§the acefyl
COVPLSEX PREPARATI ON AND

ol
a vacuum oven

(Conpar ati ve)

dei oni zed

was filtred
ttom
nmechani ca
e hour at
o and t he

anpl es the'
s=fdhe

anbrent
ver ni ght neans
ation exchange

resin havilig s Fnlc acid functionality, sold by Pharmacda, {Inc. as
The yttrltﬁQ samari um conpl exes of several of the conpqunds were
pr epar ed ent conpl exation determned as foll ows: Yttrium
Conpl ex Pre ipn:. 40 Conpl exes were nade by preparlnd a 0.0003M
yttrium sol RSRRVY-T 0=V .7 & B N e o3 o W~ T 1 B AC) . 121% __
HaO) . Radio YCl 3 (anuldge Nati onal Laboratories) .was gdded to give
the desired inb@r of counts. Ten ga of flgand $dlution (fjat 0.03M were
added LS 9 the Y solution . giving.a Jdigand-to-netlal ratio of -
1:1. (T ns thp amount of |l i gand solution was used for a 240:1 ligand to
nmet al ra i &) The pH was then adjusted to 7.4 uskng mcrdliter
guantities of hydjochloric add or sodi um hydroxide. 45 The sdl ution was
then tested for € anount of conpl exed yttrrum using tne catji on exchange
met hod gi ven el gw. Percent Conpl ex Determgation: |so A
di sposable 1p M plagtic (Biorad) colum was filled@ith | td 2 m of
wat er - swel | efl Sephadgx"' G 25 cation exchange resi n. The ter was
pressure eluged t@ t top of the resin. Fifteen al @f the cgmplex (or

~ | 2

|

Q

o

5(5 ~ -
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) counts were | ow) were added to the top of.-the
S d by 2 mM of 4.1 (V:V) Isotonic

I UUIIL

"4 so ess&re eluted to ghe tgp of the resin.

sal i neatong.”
wrTh was allowed to drip tnto a

-

re'5| n. ThIs.«wasa . o
WO ubt hydr Xt dg®
ountl ng tube. This

An A{ RS nnJ_ r) M nf 1’he
werfe a dded and3the as oI u pressure el uted to rﬁﬂmeEMElNﬁsﬁéﬂTd-
emgﬁ s t8en pla a third counting t hr ¢e
a Na wel | usi ng a Canberra npDatecha®nEll. aral H I
a Cco tér"" The rcent conpl ex was det efffFrree—by=th=wtizth-ag
of qounts I the wo el utions by the total counts In the
us te col ugn, aljl ti rre;s 160 By th| S rret hod, unconpl exed
i retai e TN z
17" . - T h_e coI m& anael unp Conpl ex
Prepgrati ogn/ % Qnpl ex termi pation: \s Sa r|u copnpl exes were formed
as dgscri bed previzo for ggttriumco exes t hpt 0. 0003M
samarf um Was pr€pared By di ssol LM‘OF Sy B (3@ 7 gfpoole) In 0.1M
hydrgchl orj ¢ adji d. Radfoacti vez 153 was obt'ai ned ps a 0. 0003M
solutfon In 0.1M#A chloric gcid fromthe University pf Mssouri Research
Reactjor ol unbi al M ssouri . Percent conplex determnat) on was nmade in the
same § [ as f(z)r t he yttrium conplex. Results are pummarized In Table
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* Table 1) | Col{PhEMAICEMENRSHEES ‘\
Conpl ex Compound of % Conpl ex (10: 1)

Exanpl e No. Ex. No. Date 1“.}““‘397
\Y Sm 16 | —
98 20 17 1 2 >S9
18 2 >09
4119 crm&éﬁi'rs POSSESSING-ORTHD LIGATING FUNCTI(;NALITY AND COMPLEXES
. > 1 5
99 JHEREOF a
>99 30 23 7
gg‘ ' Th% present invention concerns chelalﬁégossessing ortho ligaﬁ%;ﬁmctionality, complexes
26 and conjuggtes thereof, procegsgrs for their preparation, formulations for their use and methods
11 for theiPfbe in cancer diagnostics and/or therapy. 28 11
980 ... . . r%a? . 12 9fC) 40
30 Fh&célonalmed chelants, or bifunctio; coggmators, are. kriown to be capable of being
31 covalently Zttached to an a@iBody having specificity for cancer or tumor cell epifbpes or
12 1s

99 antigents. Radionuclid® %omﬁ]léxei of such dw.u odglchelant conjl\}%atel 5 useﬁ% “i %lagnostlc

ULl gandi méRd{pr thexapentigeappligtions as@: ra!eans of genveying, th| radionuclidedp » FCEIOMFHBMSE i ve
Exanpl es geil: §&d, Y¢exmhpie;atiedés &hal. BMEMN%P:%M%L?%TE@M) and Krejcardk\&t al.,

stability of cert rar earth been correlated with In- \Vlvo
testing | ﬁ‘%ﬁf’ﬁéf"gé] W %&R%%&%SI) ‘et al. In the international
g)(rjlu{ Egl dof Ap AniirctafBagylict dciinchelating sgent3(taee bebd, lmd\iﬂmti:B&udied in( ﬂz@ﬁﬁe)-atureefp?r t

[ u o] ChLV. e e ain
am nocar b(§)yle ali) gé&gsn &yﬁéﬁihgﬁc%% r%?ﬁﬁag)ﬁgﬁg g\;va;]srgt &pﬁ&\k}fc’v%&& %\?ﬂ)
conpetiti othybmdmmnetetra@cwn gcigt (BRI Ay éimdromm@mened;mmmwﬁ@ gcid (HEDTA),
(i nor gani g; eﬁﬁﬁ Tiﬁ@mse@rnon iclddfl (IBTEACEsd BraksOl)- zﬂﬁhﬁfo@mm&@u%&fes hdig on

and excret|on. rare- earth chel ates. are beli ey
di ssoci at &CREA) IN‘F‘N"@‘%‘H&‘W“@X@?@% ageps; haged; ons amingearbopylic Ag H%’Gl been
strength. h@bﬁd&ﬁd gtepaed] BoeexampR theadiid Faddridd of DFRAL(HIRRMEH st dL. iStientegans

igCh as th80 " 514%1s, TYETNES: Patent 4,479,930) and mixed carboxycarbonic anhydrides of DTPA

(Gansow, U.S. Patents 4,454,106 and 4,472,509; Krejcarek et al., Biochem. and Biophys.Res.
Comm. 77, 581-585, 1977) have been reported in the literature. When the anhydrides are
coupled to proteins the coupling proceeds via formation of an amide bond thus leaving four of

the original five carboxymethyl groups on the dlethylenetnamme (DETA) backbone (Hnatowich
et al., Int. J. Appl. Isot. 33, 327-332, 1982). In addition, U.S. Patent 4,432,907 and 4,352,751
disclose bifunctional chelating agents useful for binding metal ions to "organic species such as
organic target molecules or antibodies." As in the above, coupling is obtained via an amide
group through the utilization of diaminotetraacetic acid dianhydrides. Examples of anhydrides
include dianhydrides of EDTA, CDTA, propylenediaminetetraacetic acid and phenylene 1, 2-
diaminetetraacetic acid. A recent U.S. Patent 4,647,447 discloses several complex salts formed
frofh the anion of a complexing acid for use in various diagnostic techniques. Conjugation via a
carboxyl group of the complexing acid is taught which gives a linkage through an amide bond.
Another class for bifunctional chelating agent based on aminocarboxylic acid functionality
is also well documented in the literature. Thus, Sundberg et al. in the J. of Med. Chem. 17(12),
1304 (1974) discloses bifunctional analogs of EDTA. Representative of these compounds are 1-
(-p-nitrophenyl)-ethylenediaminetetraacetic acid. 1-(p-aminophenyl) ethylenediaminetatraacetic
acid and 1-(p-ben-zenediazenium) eﬂlylenediaminetrétaacetic acid Coupling to proteins through
the para-substituent and the- binding of radio-active metal ions to the chelating group is



concentration of radionucllde In the Iver |Is not always_due to_weak conple

formation, but In some cases is due to the affinity tﬁ@LA@ﬁﬂm{ﬁlﬁ ET
chelate has for the liver (see Conparative Exanples A &iB I'n Tab e I1I§

Conpounds have. In fact, been prepared and utlized for ,hfatgv‘hlﬂjaﬂmom]‘m
liver function (Fritzberg, Alan R, 2 Radophar r eut caf &x—-Prass—and-CANN-
Perspec/v&es 1, (1988); US. Patents 4,088,747 and a 4, 091 088 (Hunt et a.)

The bl odlgd-phtd l%e% g&m& ate 9@0 hnaoégrmrmmeﬁnﬁ r??ﬁysthTe.{ i Whﬁ(@f e%9

di scl ose here ose in Ilver used

o T m T andin s Ratertt . BEa66 21 d ERITh o i GIPOrtut ¢ Rete dnat Aigachment of
st abi | i t theodroinbc gloep &t 86 EDIACItACRSe 8 Tthrbligh aambolﬁlbl‘&eadtmmemhmﬂedyaﬂmne

Cinchol at aaptpAhyfouye BRinctiel BRtzing apenlHoled o MG TR B DIBN s Wloigsed 11
pur chasednfU. SrrP@hlztr4 622,420y e Alsbdh dhisitrefeience, the attackmenseofhé aminocagboxyliplagided | n
cages andyldadnify ;ffégd?st 3P U BithdcRbla | blahRCmBREAIR i sl ?%{uoﬁﬂs@ﬂwf or

at east ore use. Prior to i Jectlon the ani mal s

were pl a@éulqymne ach@arp i Hgse comppgnds an aligpleng sﬁmr@sqksm mmﬁxcesrme(wmm
vein. Th%ﬂM@%&ﬁh&&hﬂWW@W@nf@%é rdwﬁ)gtoqaa@rbéﬂﬂef blyﬁbﬁﬁned
with an hi al cohol ‘E%MB?}?P t he ’%@ cted 200 v th
tail vei f7g copramg,, et 1 Sﬁc ﬁ?ﬂlﬂ é‘!fz

two hour Bredhbiet etwhl. dhorgi Gher.h25, awrrmavsmags@aus fPabmd 44647 Ad7 \and @l published

di sl ocat m@m&t{i&ﬂ ggﬁg% Intemz\@% 2L Fbfs 6§ﬁi?rﬁ$e?%otsﬁ@6coutl§lofe' r@éeﬁﬂ?v Veeltlin

dei oni ze to a tare ntin
What ever rgaczosy@;c blﬁ}nétma ahelasing ragents and theewset ofttlhﬁéecomearchdmascoamgatwef@ane

gat erial tmhsst%o?m hcatloﬁ‘s?ﬁ% B \Msélgseﬁ hguam Ipm%u Lgrd, érgg P&&&ﬁﬁ&?tof

ose is e, nunper oun s.in the organ divide

count s i 1P theo anREAby ‘Elaﬁésf“‘l“ﬁeﬂig% P o s Etinbionaf chataing molecule”ls
through a ring carbon of the cyclic polyamine backbone Thus a linker, attached at one end to a
ring carbon of the cyclic polyamine, is also attached at its otlzler end to a functional group

capable of reacting with the protein.

Another class of bifunctional chelating agent, also worthy of note, consists of compounds
wherein the chelating moiety, i.e. the aminocarboxylic acid, of the molecule is attached through
a nitrogent to the functional group of the molecule containing the moiety capable of reacting with
the protein. As an example Mikola et al. in a published PCT application (International
Publication Number WO 84/03698, published 9/27/1984) disclose a bifunctional chelating agent
prepared by reacting p-nitrobenzylbromide with DETA followed by reaction with bromoacetic
acid to make the aminocarboxylic acid. The nitro group is reduced t the corresponding amine
group and is then converted to the isothiocyanate group by reaction with thiophosgene. These
compounds are bifunctional chelating agents which can be conjugated to bio-organic molecules
for use as diagnostic agents capable of chelating lanthanides. Since attachment of the linker
portion of the molecule is through one of the nitrogen$ of the aminocarboxylic acid, then one
potential aminocarboxyl group is lost for chelation. Thus, a DETA-based bifunctional chelant
conféining four (not five) acid groups is ptepared. In this respect this class of bifunctional
chelant is similar to those where
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" Table I]1

hydrogen, and R‘, and R’s are CH,COOH.

, Bl odistribution Data.
2 ”IH“’"IHH“IWHIH THT’quﬁgé‘PﬂAQTBE'EN No- |l MebRhcemEN? ]
Dose In Uver REPLACED Y
0. 87 : ” Date I\QYJUNISS'I
022 11 31
0.22 IV 4 _
1.4 _ \ 5 Y
0. 38 Vi CLAIMS 8 Sm
0.38 is Vi | 9 Sm
2.8 Vi | k(10) 10 Sm
1.3 VI 11(300) 10 Sm
0.12 20 1. A chelant pybbégadhg ortho ligating fanctionality hawing
0.39 the formula \ﬂll&?OO) . 10 ~- Ho.
0. 26 . Y
0.22 ‘R'a Sm
0. 33 m( Y
0. 28 . N 12> R Y
0.18 | Sm
~0.35 30 R’ ‘12 Sm
0.26 3 15 ..
0. 37 (R) U( conp) Sm’
12 35 (B) X(cggp) Sm
24. . (9 Sm
i‘j wherein 2 igtkydrgen, NH, , NO,, ﬁﬁ@?b)CH3 or N(Réig,
' where R’ is hydrogen or C,-C; alkyl;
X is hydrogen, C;-C; alkyl or CRzR,COOH;
R‘; is COOH; :
R’y , R‘, and R‘s are ihdependently hydrogen or
CRy; R, COOH, with the proviso that at least one of R‘}, R’3,
R, and R‘s is hydrogen; or
- a pharmaceutically acceptable salt thereof.
2. The chelant of Claim 1 wherein R‘; is COOH, R‘; is

3. The chelant of Claim 2 wherein %’ is NHC(O)CH;, and X is

hydrogen.

4. A complex which comprises a chelant 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,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y or Sc.

Pr, Nd, Pm,

5. A complex of Claim 4 wherein the metal ion is 1538m,

1660, 90Y, 149pm, 159Gd, 140La, 177Lu, 1™5Yb, 47

6. A conjugate comprising a complex as cliamed
or 5,

Sc or 142pr,

in Claim 4

This Sheet Has Been RTlaced :
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Exanples I-XI, X I[I, and XV: : REPLACED: Exffimle kY AN | ot
5:1 for Exanple C, and at about 38%: 1 for Exanples D | A and--E
Exanples XVI & XVII. so The 1:1 conplex of yttriumwth '
1-(p-am j1q) I L e n sjl.c ' _wel |

known Dbi % %%&?g#éq} &%%gz’t% ug:é’dr%nn%tqﬁ'eﬂ?la? ezrj-gt %%ig%ég%{)@?mg | i gand of
Example 2 (Now Ex. XVI) and Exanmple 12 (now Ex. XVI) were prepared

usi ng L he .t ecri?nidqu;qus:efoexiaqaf lg %erfSeueﬁnéba@eim@y Oéftﬁzfa?meﬁtm i ggog s
were then,wt awn Into separagte centrifuge.tubes, cess petal was adde
such tha{%hteﬁ"@ ot & mor’\f’é"l‘iﬁ?@q'cﬁéﬁg‘?ofig ﬁ?nfﬁ?%ﬁngn THeT1 me not ed.
One-hag hour alter metal addition, the percent conplex as was determ ned by
the SephgdexTR EoirjdRitOGaRd di 37 Were®APEhEUahLibby 06k JAmEd badpunt of

Fher | abi (SRR AP (G ameants s CEATDRARD: fes rreedr SETbE Lol and
are conpane®? 3.he EDTA-yttrium conpl ex.
20

9. A pharmaceutical formulation comprising a complex as
claimed in Claim 4 or 5, and

a physiologically acceptablé carrier.

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

a physiologically acceptable carrier.

11. A pharmaceutical formulation 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. -

This Sheet Has Been Replaced
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* TABLE |V

Corrpl ex Study 5

Met al / Li gand Mol ar Ratio .- 9% Conpl ex ' ;

Ex. XVI  Ex. XVI| ABDTPA EDTA ' REPLACEMENTSHEET
99 95 97 gHIS SHEET Has BEEN 1 0 JUN 19920
94 93 95 86 _REPLACED Date .10 1O ereeree
84 90 92 78 — 250
- 90 87 48 500
75 79 70 18 1533 Exanple XVII1. A

0.18M L solution of 1-p-am nobenzyl)diethyienetriam nepentaacetic acid

(ABDTPA) and an identi cal
were prepared In 0.5M sodi um acet at

pH
were then treQHELAINTS POSSES$INGOBRTHO BIGATING Y

chloride. The pH of the resul ti

renoved by passing the conplex(¥nﬂ3

Chel ex[ err]
in this

resin (Bi o-Rad Laborato

hour exposure a

added angpjh Q;oﬁiﬂl%ﬁgk With g%h%\éﬁgntg&a

After this tine“t

e buffer at 6. 5.

20 0.18M L solution of the Iigand of Exanple 12
: The
NOTHINALFEM AN t ri um

sol uti ons

ex_was 5-6. Excess Y-90 was

LE e TEREOR o0

ries).

vol une of

The concentration of the conplex
0.0013M An appropriate anount of the

P il or m was
solutionAQgghggggg to 1.7 x 10[err] noles of al dehyde containing CC
nonocl onal ant I&%g‘é’ t& ﬁwt?orﬁli%&ilaﬂlﬁfei
p'm)lar €Xcess

(BB SAPRE S s, Y] e

fifetal liGhs RPJiSLIbIER! e’p(e

ny coval ently attached c

46

98@ﬁ%%&¥mn1be

ex) was

separ at eqobalenty atahed 16 afiRhA¥ody or Mtibeap FRgmehesnd udedder ARirageutit aaljop gb

Thi s procedure ‘gave an average of 5.0 conpl exes pger anti body for

1-p-

am nobenzijagndtid putposest r Iadditioadesaired theachethne-ralicuchie cogplegés dar! be

conpl exes per antibody for the

| i gand of Exanple 12.

Exanpl e Xl X.

| n order effectivaiy eaiplaged inheonpositions sisefof ag therapeutic and/or diaghesticcagentsgfares of

Exanple XVII1, the

purified anti body-conpl exes were ad
(N-2- hydr oxyet hyl pi per azi ne- N- 2-

After one hour an aliquot was

ded to HEPES buffer

| conjugates were challenged with an excess of
di et hyl ervelcific:tunarp and/on celief ©f heneIpgimTPA) in the fol | owi ng

manner. The

et hanesul fonic 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 nol ar excess of DTPA over conplex attached to anti body.

renoved and the anti body-conpl ex

conj ugates were separated from | ow nol ecul ar wei ght substances using

gel-filtration
of the yttriumwhile the system
approximately 39% of the yttrium

The results Indicate that the ABDTPA system | ost over 98%

using the ligand of Exanple 12 | ost

This Sheet Has Been Replaced
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EXAMPLE XX PREPARATI ON OF e =
278-BI S{[ (2-{[ Bl S( CARBOXYMETHYL)] AM NO) ETHYL) - 454 REPLACEMENT SHEET
1]

( CARBOXYMETHYL) ] AM NOVETHYL) - 4- (AM NO) PHENOL SAVAR| UM COVP&% A
samari um sol ution was prepared by combining In-a Watevi. Ald. ..Mt-i e
[err] Sm (200 pl of a 3 X 10[err] M solution il C acid,

6 X 10[err] mole) and cold" SnCl[err].6H err]O (4.8 ng 1.31 X 10[ err]
mol e) . AhPalibdpbiven tweatagadd ofo bone metastases has been reported

o g et el it et
the ot odBF Gotremsahbiene] SBheshanaty JaLeRuitadtus: oh e belne’ ™
addi ti oe®{13pdi whsEyr-d3sd,de (1484)] . O Thé. AMdesobit ixagdiodddine aspeacent
conpl ex yas. @Eﬂng‘gdg.?m?x?:é.g%;é; Usl ngefle sﬁha&%gﬂﬂ e Ga6 T hefle

The aboveé compl ex waS puri ,anion exchange chromato raphl);y _
( Q Sepharekk[ &nopn] . tergency 1 0fmiodine oteo lpgaldge over t3@ nthyroidi / nin,

det ecti ofli SEnWEL Mkt sCABRitl GRNtGhdI B EhACHRRI L Hetadsdhitedl of
total) were conbi ned and the percent conplex was determned to be 95%
EXAVPLE thiscxcompepidjcaTieyy 8ddigdon, any I-131 left over from the

2, 6- Bl S{{d4Rin4 Bl & CARBSY¥NOAHY QM i} ETsMparated in the washing

((CARBOCMETLA L AM NOVETENL) 3 45 { AW NQREENCT ., SAERUM o QVPLEX TO G0 46

21 Aminocarboxylic acids &erli knowhcdrchorhebate0 maraly. 1ank. -
10[err] I n r IlES e A4 X,
sol ution ro?nt)J y\gfn]ﬁfeg‘)a(?(ﬂ%gs cgggggegl‘a%e, abo&%ﬁ g}léﬁi)](q“l% erjof]of%g’rtlﬁ)l g ‘.e

Thiopho§©%ﬁ%1%49 %@Ftﬂ.éﬁdXFEBPﬁiF}°n metal series.

O'Mara et al. (J. Nuc. Med. 10, 49-51, 1969) have
prepared rare earth complexes of aminocarboxylic acids at
chelant to metal ratios of 10:1. They find good skeletal
properties and propose their ‘use as diagnostic skeletal
agents. In addition to high bone uptake, high amounts of
radiation were observed in muscle and/or liver. Of the rare
earth nuclides evaluated Sm-153 and Exr-171 were indicated as
having the most suitable characteristics for imaging in
humans. The utility of these agents for therapy, however, is
not suggested.

Rosoff, B. et al., Int. j. App. Rad. and Isot. 14, 129-
135 (1963), disclose complexes of EDTA and NTA with certain
radionuclides, namely Sc-46, Y-91, La-140 and Sm0153. The
relationship of the stability constant of these complexes of
urinary excretion is shown. Chelant to metal molar ratios of
5:1 were employed and high concentrations of radiocactivity
were observed in the liver, spleen, kidney, lung and bone.

The present invention is directed to novel chelants
possessing ortho ligating functionality, which chelant forms
complexes with metals, especially "radioactive" metals having

rare earth-type chemistry. Preferred radioactive metals
include samarium-153 (153Sm), holmium-166 (166Ho), yttrium-90
(°0yv), promethium-149 (Y4%pm) , gadolinium-159 (159cqa) ,

lanthanum-140 (140La), lutetium-177 (177Lu, ytterbium-175



nnDIe) In chloroform (1 m) was added and the vial was_seal ed: ¥ Ir e
was shaken for 15 minutes, . after which the aqueo RtgyﬁﬁgmaﬂTsaﬁﬂﬁd
twice with chloroform (1 m portions). Percent conpl d
found to be 96% The above isothgocyanate Sm qf k@ﬂ @1 ab ut
8.8 X 10[err] nmmole) was conbined with CC 46 non B .Euuuy tT00

pl of an 8 /m solution, about 5.3 X 10[err] nmole) and allomed to stand
for 24 (1R¥0s. srradmink? of*’S6hprad wﬁﬁegéﬁ@autnoléﬁu(%ﬁefrb\as The
det er mi ne@orh BLe46%dY £8ABAEXEANSIHRN usedCHPMRhERERDVYs 18 carEXHMPLE

1Rl o ol ST 8 et LA g EC o 2

2-[{2-[( &néﬂﬁwmcmuﬁwangnostml\,pu@ﬁgemxcmmwnﬂwess ANMEIPHETHYL)

CARBOXY! ; - 2- [+o: = @) O RHEN? NO C
,(ACI D. SAW%%OEQ%&% A&%m%a | on@% W%@r%an s fr on%f]E%lt-E‘él e 7
was prepé?@%ﬁ%wr@d33666|ﬁ§ Z@@|ﬁ?ﬂﬂuhdﬁ?dyﬂﬂﬂﬂu9%§ﬁﬁsﬁﬁ|%h$ntreatmeﬁt of

water. A 38. Snféralhlifinis! hégpéehanynhm&ngreat ed with 1 nm of 3 X
10[err]M S lorjc_acid ggntaln a tracer anount

0g
of radloact|v£P %A?}%%?nTﬂ%rB?FBf°F ﬁ%oﬁB?%ﬁ“Eo?% TohuGasce COUBIEEREd to
- about 13 ¢ ngb50 wnfgbtl%eagdl @nphodfedki de ansbrigss taihnsst edséPubboak pH

7.5 using..1. 0N 20 h rlc Th e { th o] xed was
det erm ne %’5 %%%EJI’ %’w aq%%rgosl & %iqi&%ugﬁglﬁ g%%i%v\g%gf g§H§°{f g be
-100% and/dnelnn@oumtaionmels@npl easwitbegepenticatgenns pfexi het wo
500 pl an%ygéﬁ 8F bBB=CEEPhEX sol ution in separate vials. One portion
was treat - p gortlons of 0. 1N hydrochloric acid until the pH was
| ower ed and the other portion was treated with 0.1 N sodi um hydroxide to
.bring Ihe pH up. The conpl exes 25 were allowed to set for 5-10 m nutes’ at
each pH change, then they were sanpled to determ ne the percent

conpl exation at that pH by the method described for Exanples 16 through 33.

The results are shown in the foll owi ng table.

Table V 30 pH % Conpl exed

1 98 35 2 100

3 100 4 100

5 100 40 -7 100

9 100 11 100 45
13 10 EXAMPLE XX, PREPARATI ON OF

2-[(2-[ (2-{[ Bl S{ CARBOXYMETHYL) ] AM NO) ETHYL) -
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{( CARBOXYMETHLY) AM NO| ETHYL} ( CARBOXVETHYL) AM NO. 2- 15/ Aﬁﬂdcf“fﬁﬁ%%r

XY) - PHENYL] ETHANO C ACI D, SAMARI UM COMPLEX T NVt 199@__.9} t he
| igand from Exanpl e S was prepared by dissolving 13. %iﬁ; """"""" E$h
solid In 772 ALl of water. A conplex was prepare y di ssol ving 500 pl

of this ligand solution in 1 mM of 3 X@10[err]M55 SnCl[err] (containing
0. 1N hydr ochl orifmraci@e&hﬁicbadybee&hépbkedemﬂ hi mreesh o | e dveirdgsSma The

pH of th . e} st by, | of
1oN S ReHLEREE denSTalt  PoERBsBThT (IS pGdkiAg LS PUHa1LED, N
met hochakebug | bhe formEiarrpI es 16 through 33 and found to be 96%

The inertness of the conplex was denonstrated by placing two 500 pl

aliquots of the conplex solution In separate vials. One portion was
treated with 1-2 pl portions of 1.0N hydrochloric acid until the pH was
22 OX | owered and the other portion was treated

with 0.1N, 1.0N and % soBgum hyggoxi de to bring the pH up.
The conpl exes were al

o se :lo aboHt 5 m nutes at each pH change,
then they were sanpl ed tefm Qe the percent conpl exation at that pH
by the net hod descri -c@ xarnpl €s ¥ oogh 33. The results are

eoye.

shown in the foll owing | |
Tabl e VI '
abl e Re " R4 (1)

wherein:

z is an’ electrophilic or nucleophilic moiety which
allows for covalent attachment to an aﬁtibody or fragment .
thereof or a synii:het':ic linker which does not interfere with
the formation of complexa:t:ion with a radionuclide and which
can be attached to an antibody or fr'agment thereof;

X is hydrogen, _C1~C3 alkyl or CR3 4COZH, .
Rl' Rz, R3 and R4 each arg . independently
hydrogen, hydroxy, C02H or a Cl C3 alkyl group; -

R5 is hydrogen or (CR )nCR3R4B'~ _ _

B. represents a 1inear or branched polyalkylene
polyamine where at least one of the amine hydrogens has been
substituted with a CR4R,CO, |

B' represents a linear or branched amine or
polyalkylene polyamine where at least one of the amine
hydrogens has been substituted with a CR3 4CO

H group;

SH group;
n is 0 or 1; or

a pharmaceutically acceptable salt thereof.

It is preferred that - the carboxyl group (when
present) be attached to the first or second carbon from the
nitrogen of the B group, i.e. the carbon « or B to the
nitrogen in the chelant moiety. Preferred compounds of

formula I are those where n is 0; or Rl’ Rz, R3 and R4
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9 99 _ (57210 S0 vs S et ot
20 13 99 EXANPLES
OF BI ODI STRI BUTI ON DATA 25 Cor%! exes were prepared by mxing a

sol ut |a)f|eofehcgandya&6g@1t ;al dihem adjgistg ngarid‘edﬂét%ﬁ 3{ Thee g, ammunt

of net onpl e to 1 was det er.n on exchange
chro }?)!c') ag% W%Iﬁ—ldc Ehe x%& |g%?5§lHal Sr%’ﬂ %yltshz}q%ggﬂenrr:etaw é’f’l tbrTgeform
of a dUh%l%&tWagr@otto be usedOas- thirftlrmest imnaf ¢m1abmgeagen\mereﬂhurect ed
into the tagl vgkgngaEHQee %mhggpe D%Méﬁﬁ é?iﬁ 30 Qﬁgegrﬁ

injection, the rats were kil led by cervi fon an

ti ssueRF NI GRERAZFAE ., CarhaXfes REAWO ‘hrﬂrtlhélﬁmelﬁP of

radi ation in each tissue determ ned by neasurlng t he nunber of counts
using'a Nal wel o] ng to st andar ds. T @6 Qs

bl ood was_ det er%h%egr}te%renea{gghﬁ%g}%%t £ i §ACVS5 d‘bdb %9%”6‘\‘1 t he
ani nelCh@lamt. pessesshag carthpat édga!:ung 4ﬁ%ot10na1ﬁdtyy \halvghtg Thshe
anountfd ¥mbpae was 25 tines the % dose In a femur. The exanpl es bel ow
differ in the 35 I|igand, anobunt of |igand and anount of netal used.

Non-r adi oactive netal was used to obtain the desired i gand to netal
rati os and tracer radi-oactive_netal was used to obtain the biodistribution.
EXAMPLE XXI'V. 40 - i gdRe of Exanple 10 was m xed with a Sm 153

sol ution. The concen Sation Af Sm Bas 3x1®zxerr] M and-the |i.gand was
used with a 300 tines 3 gs.! Yhe bipdistribution showed 52. 7% in the
bone, 0.12% in the e 0./005% An the spleen, 0.23%in the nuscle,
and 0.05%in the bl ood “ vPEE - 45— 8B, The |igand of Exanple
10 was conpl exed to Ho\®6B/ The ®orcehtrat| on of Ho was 3X10[err] Mand the

fornul ati on contained 800 times nokgr rexcess |iga The bi odi stribution
showed 52.9% i n the \ineo ) € 26% inthediver,'07007%in the spleen,
1.1%in the miscle, and 0 09% in the blood. so EXAMPLE XXVI. The
| i gand of Exanple 10 was conplexed to Sm 153 using a concentration of Sm
of 3xlI0O[err]Mand 10 times nol ar excess ligand. The biodistribution
showed 48.5%in the bone. 1.3%in the liver, 0.01%in the spleen. 0.73%

in the nuscl e and 0 18% I n the bl ood.

wherein:

X is hydrogen, Cl—C3 alkyl or CR3R COZH;

Rl' Rz, R3 " and R4 each are independently
hydrogen, hydroxy, COZH or a C1 3 alkyl group;

R5 is hydrogen or (CR )nCR3R4B

B represents a linear or Dbranched polyalkylene
polyamine where at least one of the amine hydrogens has been
substituted with a CR3R COZH group;

B' represents a linear or branched amine or
polyalkylene polyamine where at least one of the amine
hydrogens has been substituted with a CR3R4C02H group;

n is 0 or 1; or

a pharmaceutically acceptable salt thereof.

The present invention still further provides a
complex which comprises a chelant having the formula
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EXAMPLE XXVI | . A rabbit was injected In the sdpe Cp@&ﬁ

rats with a formulation having Y-90 with Y at 3X10[err]l\/Date an e..li.gahd
of Exanple 10 at 10 tinmes nolar excess. The activity we
concentrate In bone 5 (59% wth liver (1.1%, spleen (0.19%, nuscle
(1.5% and bl ood (0.68% show ng mn ni mRE upt ake. EXAMPLE XXVI I .
The |igand of Exanple 1 was conplexed using Y-90 as a tracer. The Y
concentration was 3x10[err] Mand 10 the |ligand was added in a 10 tines
nol ar excess. The rat biodistribution (average of two rats) showed
58.1%in the bone, 0.87%i he liver, 0.03%in the spleen. 0.78% in the

Ry R3

I l

o C—B

| l

Re " Ry (1)

wherein:

%2 is an electrophilic or nucleophilic moiety which
allows for covalent attachment to an antibody or £fragment
thereof or a-synthetic'linker which does not interfere with
the formation of complexation with a radionuclide and which
can'bga attached to an antibody or fragment thereof;

X is hydrogen, Cl C3 alkyl or CR3R CO

Ry, Ry, R, and R, each are .independently ’
hydrogen, hydroxy, C02H Oor a Cl—C3 alkyl group;

R5 is hydrogen or (CR ) CR3 B*; )

B represents a llnear or branched polyalkylene
polyamine where at least one of the amine hydrogens has been
substituted with a CR3R4C02H group;

B' represents a linear or Dbranched amine or
polyalkylene polyamine where at 1least one of the amine
hydrogens has been substituted with a CR3R4CO H group,

n is 0 or 1; or

a pharmaceutically acceptable salt thereof;

complexed with a metal ion selected from La, Ce, Pr, N&, Pm,
Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, ¥b, Lu, Y or Sc.

The present invention still further provides a

chelant possessing ortho JAigating functionality having the
formula



"EXAMPLE XXI X 15 A dog was ﬁresented with an osteosﬁrBEﬁhAGEMEﬂﬂﬁmEght

proxi fmal hunmerus and wal ked with significant | amengss. A canpl ex was
prepared using the ligand of Exanple 10 with a Sm 153 dPate i.ond.3HNOV. 1997
concentration of Smwas 3xl0O[err]Mand the |igand was SO+
mol ar excess. The specific activity of the Sm 153 was 30 nC/nm . The
dog was given an |V. injection of thi%onplex containing 0.95 nC  of
Sm 153 per Kg body wei ght of the dog. One week after injection the dog's
gait was noticeably 20 inproved. 25 35 40 45
0x R | . ;
‘ : _~R4

N
i
R'3

11

wherein z' is hydrogen, NH,, NO,, -NHC(O)CH, or N(R'),,
where R*' is hydrogen or Cl-c3 alkyl; _
X is hydr'ogen,‘cl--c3 alkyl or CR
R'l is hydrogen or COOH; o _
R'3, R'4 and R'5 are independently hydrogen or

CR,R,COOH, with the proviso that ° at least one of Ry,

R,COOH;

374

374 . ] i
R'3, R'4 and R's:ls hydrogen; or

a pharmaceutically acceptable salt thereof.
i
The present invention still further providesf a
.chelant possessing ortho 1ligating functionality having the

formula
R4 )¢ R2

l ‘
R’ ! R's
3 ~ N P
f N \ ‘
R's R's

Zl
III
wherein 2Z' is hydrogen, NH,,, NO,, , NHC(O_)CH3 or

N(R')Z, where R' is hydrogen or C,-C; alkyl;

l-—C3 alkyl or CR3R4COOH;
R'l and R'2 each are hydrogen or COOH, with the
proviso that at least one is COOH; ;

R';, R'y, R'; and éfﬁ are independently

X is hydrogen or C
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hydrogen or CR3R4COOH, with the proviso that at least three
are CR3R4COOH; or

a pharmaceutically acceptable salt thereof.

The present invention is also directed to radioactive
metal ion complexes, especially radioactive rare-earth type
metal ion complexes, and to conjugates formed with the
aforementioned complexes and antibody or antibody fragments.
In addition, the present invention also includes formulations
having the chelant-radionuclide complexes and/or the
conjugates of the invention and a pharmaceutically acceptable
carrier. Typically the pharmaceutically,acceptable carrier
in these formulations is in liquid form. The invention also
includes a method for the diagnosis or treatment of a disease
state, especially cancer, in a mammal by the administration
to the mammal of an effective amount of the formulation.

As used herein, the following indicated terms have these

meanings: with respect to the definition of Z;
nelectrophilic" moieties include, but are not limited to,
isothiocyanate,  bromoacetamide, maleimide, imidoester,

thiophthalimide, N-hydroxysuccinimyl ester, pyridyl disulfide
and phenyl azide; suitable "nucleophilic" moieties include,
but are not limited to, carboxyl, amino, acyl hydrazide,
semicarbazide, and thiosemicarbazide; "synthetic linkers"
include any synthetic organic or inorganic linkers which are
capable of being covalently attached to an antibody or
antibody fragment, preferred synthetic linkers are
biodegradable synthetic linkers which are stable in the serum
of a patient but which have a potential for enzymatic
cleavage within an organ of clearance for the radioisotope,
for example biodegradable peptides or peptide
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CLAIMS

| 1. A bifunctional chelant posssessing ortho
ligating functionality having the formula

OX
Rs Tl R3 ;
(L |
NV
. Re " m (1)

wherein:

~Z is an electrophilic or nucleophilic moiety
which allows for covalent attachment to an antibody or
fragment thereof or a synthetic linker which does not
interfere with the formation of complexation with a
radionuclide and which can be attached to an antibody or
fragmént thereof;

X is hydrogen, C;-C3 alkyl or CR3RyCO,H;
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Ry, Rp, R3 and Ry each are independently
hydrogen, hydroxy, COzﬂ or a C1-C3 alkyl group;

Rg is hydrogen or (CRqRj),CR3RyB';

B represents a linear or branched polyalkylene
- polyamine where at least one of the amine hydrogens has
been substituted with a CR3RyCOpH gfoup;

B' represents a linear or branched amine or
polya;kyiene polyamine where at least one of the'amine
‘hydrogens has been substituted with a CR3RyCO,H group;
n is 0 or 13 or .

a pharmaceutically acceptable salt thereof.

2. The bifunctional chelant of Claim 1 wherein
‘n is 0. ' ) 2

3.  The bifunctional chelant of Cléim'1 or 2
wherein Ru is C02H.

f

Y4, The bifunctional chelant of Claim 1, 2 or 3
wherein X is hydrogen.

5. The bifunctional chelant of any one of
Claims 1 through 4 wherein Ry, R; and R3 are each
hydrogen.

6. The bifunctional chelant of any one of
Claims 1 through 5 wherein Z is amino, isothioeyanato,
semicarbazido, thiosemicarbazido, carboxyl, bromoacetamido
or maleimido.

. 7. The bifunctional chelant of Claim 1 which is
2~-[(2-{{bis{carboxymethyl)laminoiethyl){carboxymethyl Yamino]
~-2-[5-amino-2-(carboxymethyloxy)phenyilethanoic acid.




der e 0 O R
. * c L M s * !

REPLACEMENT SHEET |

33

8. The bifunctional chelant of Claim 1 which is
2-[(2-{bis(carboxymethyl)]aminolethyl)(carboxymethyl)amino]
-2-(5-amino-2-hydroxyphenyl)ethanoic acid.

9. The bifunctional chelant of Claim 1 which is
2-[bis(2-{[bis(earboxymethyl)]amino}ethyl)amino] -2-[5-amino-
2-{carboxymethyloxy)phenyllethanoic acid.

-

10. The bifunctional chelant of Claim 1 which is
2-[{2~[(2-{[bis(carboxymethyl)lamino}ethyl) (carboxyme thyl)
amlno]ethyl}(carboxymethyl)amlno] 2-[5-am1no-2-. '
(carboxymethyloxy)phenyllethanoic acid.

11. The bifunctional chelant of Claim 1 which is
2,6-bis{[(2-{[bis(carboxymethyl)lamino}ethyl)~
(carboxymethyl Ylaminome thyl}-4-{amino) phénol .

12. The bifunctional chelant of Claim 1 which is
2,6-bis{[(2-{[bis(carboxymethyl)laminc}ethyl)~
(ecarboxymethyl)laminomethyl}-4-{isothiocyanato)phenol.

13. A bifunctional chelant posssessin_é ortho
ligating functionality having the formula
OoX

Rs 1 R3

|
C—8
_ l

NHC(0)CHs Re (IA

wherein:

X is hydrogen, C;-C3 alkyl or CR3R,COH;
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R, Ro, R3 and Ry each are independently
hydrogen, hydrogy, CO2H or a C1-C3 alkyl group;

Rg is hydrogen or (CRqRp),CR3RyB';

B represents a linear or branched polyalkylene
polyamine where at least one of the amine hydrogens has
been substituted with a CR3RyCOoH group;

: B' repreéesents a linear or branched amine or
polyalkyléne.pblyémine where at least one of the amine
hydrogens has been subﬁtituted with a CR3R4002H groups;

n is 0 or 13 or

a pharmaceutically acceptable salt thereof.

14. The bifunctional chelant of Claim 13 which
is 2-[(2-{[bis(carboxymethyl )lamino}ethyl){carboxymethyl)
amino] -2-[5-acetamido-2~(carboxymethyloxy)phenyllethanoic
acid. '

15. The bifunctional chelant of Claim 13 which
is 2-[bis(2-{[(bis(carboxymethyl)lamino}ethyl)aminol-2-[5-
acetamido-2-(carboxymethyloxy)phenyllethanoic acid.

16. The bifunctional chelant of Claim 13 which
is 2-[{2-[(2-{[bis(carboxymethyl)lamino}ethyl)
(carboxymethyl)aminolethyl}(carboxymetnyl)aminol]-2-[5~-
acetamido-2-(carboxymethyloxy)phenyllethanoic ac¢id.

17. The bifunctional chelant of Claim 13 which
is 2;[(2-[(2—[(2-ﬂbis(carboxymethylHamino}ethyl)(carboxy-
mefhyl)amino]ethyl)(carboxymethyl)amino]ethyl)(carboxymeth .
yl)amino]-2-[5-acetamido-2~{carboxymethyloxy)phenyl}-
ethanoic acid.

18. The bifunctional chelant of Claim 13 which
is 2[(2-[(2-{[bistcarboxymethyl)jamino}ethyl) (carboxymethyl)
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aminolethyl) (2-{[bis(carboxymethyl)lamino}ethyl)amino]-2-[5~
acetamido-2-(carboxymethyloxy)phenyl]lethanoic acid.

19. The bifunctional chelant of Claim 13 which
is 2,6-bis{[(2-{[bis(carboxymethyl)lamino}ethyl)-
(carboxymethyl)laminomethyl}-4-(acetamido)phenol.

. 20. The bifunctional chelant of Claim 13 which
is 2-({[bis(carboxymethyl)lamino}methyl)-6-{[({{bis-
(carboxymethyl)lamino}ethyl) (carboxymethyl)aminolmethyl}=-4- .
(acetamido)phénol. L

21. The bifunctional chelant of Claim 13 which
"is 2,6-bis{(bis{carboxymethyl)amino){carboxy)methyl}-4-
(acetamido)phenol.

22. The bifunctional chelant of Claim 13 which
is 2-[(2-{[bis{carboxymethyl)lamino}ethyl)aminol-2-(5-
acetamido-2-hydroxyphenyl)ethanoic acid.

23. The bifunctional chelant of Claim-13' which
is 2-[(2- N
{[bis(car‘boxjrme thyl)lamino}ethyl)(cyanomethyl)amino]-2-(5-
acetamido-2-hydroxyphenyl)ethanoic acid.
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24, A complex which comprises a chelant ha;ing
the formula

OX
Rs Il‘,_l R3
O
C —
VAR
: Re " Ry (1)

wherein:

Z is an electrophilic or nuéleophilic moiety
which allows for covalent attachment 'to an antibody or
fragment thereof or a synthebic linker which does not
interfere with the formation of complexation with a
radionuclide and which can be attached to an antibody or
fragment thereof;

X is hydrogen, C1—C3 alkyl or CR3R4C02H;

Ry, Ry, R3 and Ry each are independently’
hydrogen, hydroxy, CO2H or a C1—C3 alkyl group;

R5 is hydrogen or (CRqR2),CR3RyB';

B represents a linear or branched polyalkylene
polyamine where at least one of the amine hydrogens has
been substituted with a CR3RyCO,H group;

B' represents a linear or branched amine or
polyg;kylene polyamine where at least one of the amine
bydrogens has been substituted with a CR3RMCOZH'group;

n is 0 or i; or

a4 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, Y or Sec.
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25. A complex of Claim 24 wherein thé metal ion
is 153Sm, 166H°’ 9OY, 149Pm, 159Gd, IMOLa’ 177Lu, 175Yb,

147Sc or 142Pr.

26. A complex of Claim 22 wherein the chelant is
as claimed in any one of Claims 2 through 12.

27. A conjugate which comprises a complex as
claimed in any one of Claims 24 through 26;

covalently attached to an antibody or antlbody
fragment.

28. A conJugate of Claim 27 wherein the antibody

‘or fragment thereof is a monoclonal antibody or fragment

thereof.

; 29. A conjugate of Claim 28 wherein the antibody
or antibody fragment is CC-46, CC-49, CC-49 F(ab'),, CC-
83, CC-83 F(ab'), or BT2.3.

30. A pharmaceutical formulation comprising a
complex as claimed in any one of Claims 24 throuéh 26,
anda physiologically acceptable carrier.

31. A pharmaceutical formulation comprising a
conjugate as claimed in any one of Claims 27 through 29,
and a physiologically acceptable carrier.

32. A method for the diagnosis and/or treatment
of -a disease state in a mammal which comprises
administering to said mammal an effective amount of the
formulation of Claim 30 or 31.

33. A method of Claim 32 wherein the disease
state is cancer.
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34. A method for the therapeutic treatment of an
animal having bone béin which comprises administering to
said animal a therapeutically effective amount of the
formulation of Claim 30 or 31.

35. A chelant possessing ortho ligating
functionality having the formula

| —~R4
N.//*‘\~/”N RS

Il

wherein 2' is hydrogen, NHy, NO,, NHC(O)CH3 or
N(R')>, where R' is hydrogen or C1-C3 alkyl:

X is hydrogen, C1—C3 alkyl or CR3RuCOOH;

R'4 is hydrogen or COOH;

R! 3s R'y and R's are 1ndependently hydrogen or
CR3RyCOOH, with the proviso that at least one of R'y, R'3,
R'y and R's is hydrogen; or

a pharmaceutically acceptable salt thereof.

36. The chelant of Claim 35 wherein R'q, 1s
COOH, R'3 is hydrogen, and R'y and R's are CH,COOH.

37. The chelant of Claim 36 wherein Z' is
NHC(O)CHj, and X is hydrogen.

38. A complex which comprises a chelant as
claimed in any one of Claims 25 through 37;

complexed with a metal .ion selected from La, Ce,
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CLAI M8 1. A chel ant pOSsessilrl“l“lr“M“l“i“"‘E!“b funct‘ BERLACEMENY SHEETH
formul a [err] *C ereins Z[+err] is hydrge‘g W
NC2, NHC(O CH3 or N(R)[err] , where R is hydroger] &gteg p-r- S 3t _
al kyl ; X is hydrogen, C[err] -C3 alkyl or CR3RACOOH [eTTT T8
COooH, R 3, RJerr] and R 5 are indépendently hydrogen or CR3R4COCH,
with the proviso that at least one of R, R[err], R4 and R5 is hydrogen;
or a pharmaceutically acceptable salt thereof. 2. The chel ant of
Caiml wherein R[err] is COOH_R 3 is hydrogen, and R4 and R 5 are
CH[err]&EI}Nd’ Pm, Sm," Eu, Gd, Tb, dy, HU, Er, Tm, ¥Yb, Lu, Y or

Sec. -

e T

39. A complex of Claim 38 wherein the metal ion
is 153sm, 166yo, 90y 149p,  159g4, W0, 1TTLy, 175vh,

.4750 or 142Pr_

40. A conjugate which coﬁprises.a complex as
claimed in Claim 38 or 39; |

eovalehtly attached to an antibody or antibody.
_fraément,

41, A-conjugate of Claim 40 wherein the antibody
or fragment thereof is a monoclonal antibody or fragment
thereof.

42. A conjugate of Claim 41 wherein the antibody
or antibody fragment is CC-U46, CC-49, CC-49 F(ab'),,
CC-83, CC-83 F(ab'), or B72.3.

43. A pharmaceutical formulation comprising a
complex as claimed in Claim 38 or 39, and a ’
physiologically acceptable carrier.

44, A pharmaceutical formulation comprising a
conjugate as claimed in any one of Claims 40 through 41,
and a physiologically acceptable carrier.

45, A method for the diagnosis and/or treatment
of a disease state in a mammal which comprises '
administering to said mammal zn effective amount of the
formulation of Claim 423 or ui,



3. The chelant of daim?2 mherel and=¥=s=hydrogen

4, A conpl ex which conprises a c H{lwmlm In g ﬂEBh&CWEWMTll
through 3 , or a pharnaceutically a€c @ saltxtheredf; IeX@g
a nmetal ion selected fromlLa, Ce, Pr, Nd Pm Sm Eu, 4Dﬁb ;ey L.,
Tm Yb, Lu, Y or Sc. 5. A conplex ap Claimi4 mherei i i

153Sm 166Ho, 90Y, 149Pm 159Cd, 140La, 177Lu, 175yb, 47Sc or 142Pr 6.
A conjugate conprising a conplex as cliamed in Claim4 or 5,

32 covalently attached to an anti body or antlbody fragnment. 7. A
conjugate of Cdggm 6y h o] ereof is a

nonocl onal anti gédy o\rM& rac %rhe%tg?% éé"?)f'%Ly OqIStﬁgap g%t e of daim7
wher ei f uned 0md bbkly bavamsu tdgy frarapdent is CC 46, CC- 49, CC-49 F(ab')?2,

CC-83, CC-83 F(ab')2 or B72.3. 9. A pharmaceutical formnulation
conprising a conplex as clained in Claim4 or 5, and _

Rt OX R
R'3
~
RQ;”N' N
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wherein Z' is hydrogen, NH,, NO,, NHC(0)CH3 or
N(R'),, where R' is hydrogen or C1-C3 alkyl;

X is hydrogen or C4y-C3 alkyl or CR3R4000H;

R'qy and R', each are hydrogen QriCOOH,fwith the
proviso that at least one is COOH;

3'3, R'y, R's and R'g are independently hydrogen
or CR3R4COOH, with the proviso that at least three are
CR3RyCOOH; or '

a pharmaceutically acceptable salt thereof.

T, _The chelant of Claim 46 wherein R'y and R'5

48. The chelant of Claim 47 wherein Z' is
NHC(0)CH3 and X is hydrogen.

49, A compiex which comprises a chelant as
claimed in any one of Claims %6 :tarough 48;

complexed with a metal ion selected from La, Ce,
’r, Nd, Pm, Sm, Eu, 3d, Tb, Dy, Zo, Er, Tm, Yb, Lu. Y or
Sc.
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a physiologically acceptable carrier. 44 10. A phar nacelttead fu:nuia;?%ﬁFJ
conprising a conjugate as clainmed in Claimé6, and a physiologically
acceptable carrier. 11. A pharmaceutical fornulation according to
Claim9 or 10 for the treatnent of cancer. 12. A pharnaceuti cal
formul ation according to Claim9 or 10 for the treatnent of bone pain

50. A complex of Claim 49 wherein the metal ion

is 153sm, 166mo, 90y,” W9py, 159gq, WOLa, V7TTLy, 175yp,
4Tse or 42pp,

51. A conjugate which comprises a complex as
claimed in Claim 49 or 50;

covalently attached to an antibody or antibody
fragment. .

~ 52. A conjugate of Claim 51 wherein the.antibody
~or fragment thereof is a monoclonal antibody or fragment
thereof. '

53. A conjugate of Claim 53 wherein the antibody
or antibody fragment is CC-46, CC-49, CC-49 F(ab'),, CC-
83, CC-83 F(ab'), or BT72.3.

54, A pharmaceutical formulation comprising a
complex as claimed in Claim 49 or 50, and a
physiologically acceptable carrier.

55. A pharmaceutical formulation comprising a
conjugate as claimed in any one of Claims 51 through 53,
and a physiologically acceptable carrier.

56. A method for the diagnosis and/or treatment
of a disease state in a mammal which comprises
administering to said mammal an effective amount of the
formulation of Claim 54 or 55.



