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?1.ﬁTCVELOAZANACROCYCLCPHCSPHONIC'ACID, CONJUGATES, CONTRAST EFNTSFAND
"PREPARATI ON Thi s invention concerns |ligands that are . A‘ ] Czﬁtj
bi cycl opot yazanmacr ocycl ophosphoni ¢ 5 adds, and conpl exes and conj ugat es—
‘thereof, for use as contrast agents in nmagnetic resonance inmaging (Ml).
Sone |igands and conpl exes are al so useful.as oral care agents and as scal e
i nhibiting agents in watertreatnentsystens. To better understand this
‘invention, a brief background on MRl is provided in the follow ng section.
Background 10 MRI is a non-invasive diagnostictechni que which
_produceswel | resolved cross- sectional images of soft tissue within an

ani mal body, preferably a human body. Thjs technique is based upon the
property of certain atom c nuclei (e.g. ter protons) which possess a

BICYCLOAZAMACROCYCLOPHOSPHONIC ACID, CONJUGATES, CONTRAST AGENTS AND PREPARATION

This inventian concerns ligands that are bicyclopolyazamacrocyclophosphonic
-5 acids, ana complexes and conjugates thereof, for use as contrast agents in magnetic resonance
imaging (MRI). S6me ligands and complexes are also useful as oral care agents and as scale ' ]
inhibiting agents in water treatment systems. To better understand this invention, a brief
background on MRl is provided in the following section.

Backqround
10 MRI is 2 non-invasive diagnostic technique which produces well resolved cross-

sectional images of soft tissue within an animal body, preferably a human body. This technique
is based upon the property of certain atomic nuclei {e.g. water protons) which possess a
magnetic moment [as defined by mathematical equations; see G. M. Barrow, Physical
Chemistry, 3rd Ed., McGraw-Hill, NY (1973)] toalign in an applied magnetic field. Once
15 aligned, thi§ equilibrium state can be perturbed by applying an external radio frequency (RF)
pulse which causes the protons to be tilted out of alignment with the magnetic field. When the
RF pulse is terminated, the nuclei return to their equilibrium state and the time required for,
this to occur is known as the relaxation time. The relaxation time consists of two parameters
- known as'spin-lattiée (T1) and spin-spin (T2) relaxation and it is these relaxation measurements
20 which gi;le information on the degree of molecutar organization 2nd interaction of protons
with the surrounding environment. _ . .
Since the water content of living tissue is substantial and variations in content and -
environment exist among tissue types, diagnostic images of biclogical organisms are obtained
» which reflect proton density and relaxation times. The greater the differences inrelaxation
25 times (T1and T2) of protons presentin tissue being examined, the greater will be the contrast
4 in the obtained image [J. Magnetic Resonance 33, 83-106 {1979)]. '
itis known that paramagnetic chelates possessing a symmetric electronic ground
state can dramatically affect the T1 and T2 relaxation rates of juxtaposed water protons and
that the effectiveness of 'the chelate in this regard is related, in part, ta the number of unpaired



magneti c nonent [as defined by mathematical equations; see G M Barrow,
Physical Chemistry 3rd Ed., McGawH Il, NY(1973)]to align in an applied
magnetic field. Once 15 aligned, this equilibriumstate can be perturbed by
applying an external radio frequency (RF) pul se which causes the protons to
be tilted out of alignnment with the magnetic field. Wien the RF pulse is
termnated, the-nuclei return totheir equilibriumstate and thetine
required for this to occur is known asthe relaxation tine. The rel axation
time consists.of two parameters known as spin-lattice (T1) and spin-spin
(T2) relaxation and it is these relaxation neasurenents 20 which give

I nformati on on the degree of nol ecul ar organi zation and interaction of
protons with the surrounding environnent2 Since the watercontentof |iving
tissue issubstantial and variations in content and environment exist anong

tissue types, dilegamptddocnigiieitanedt mitheal Mblghictit ReSdn@REAMIE, 2{-8560RLa1 ned
Press, NY (1985)]. Ithasalso been'shown that when a paramagnetic chelate of this typeis
administered to a living animal, its effect on the Tt and T2 of various tissues can be directly
observed in the magnetic resonance (MR) images with increased contrast being observed in the

5 areasof chelate localization. it has therefore been proposed thatstable, non-toxic
paramagnetic chelates be administered to animals in ordeér ta increase the diagnostic -
information obtained by MRI [Frontiers of Biol. Energetics 1, 752-759 (1978); J. Nudl. Med. 25,
506-513 (1984); Proc. of NMR Imaging Svmp. (Oct. 26-27, 1980); F. A. Cotton et al., Adv. Inorg.
Chem. 634-639 (1966)]. Paramagneticmetal chelates used in this manner are referred to as

10 contrast enhancementagents or contrastagents.

There are a number of paramagnetic metal ions which can be considered when
undertéking the design of an MRI contrast agent. In practice, however, the most useful
paramagnetic metal ions are gadolinium (Gd *?), iron {Fe *?), manganese (Mn*2) and (Mn *3},
and chromium (Cr*3), because these ions exert the greatest effect an water protons by virtue of

15 their large magnetic moments. In a non-complexed form (e.g. GdQl,), these metal ions are toxic
to an animal, thereby precluding their use in the simple salt form. Therefore, a fundamental
role of the arganic chelating agent (alsa referred to as a ligand) isfo renderthe paramagnetic
metal non-toxic to the animal while preserving its desirable influence an T1 and T2 relaxation
rates of the surrounding water protons. '

20 Artin the MRI field is quite extensive, such that the following summary, not
intended to be exhaustive, is provided only as a review of this area and other compounds that
are passibly similar in structure. U.S. Patent 4,899,755 discloses a method of alternating the
proton NMR relaxation timesin the fiver or bile ductof an animal hsing Fe*3.athylene-bis(2-
hydroxyphenylglycine) camplexes and its derivatives, and suggests among various other

25 compounds the possible use of a pyridine macrocyclomethylenecarboxylic acid. U.S. Patent
4,880,008 (a CIP of U.S. Patent 4,899,755} discloses additional imaging data for liver tissue of
rats, but without any additional complexes being shown. U.S. Patent 4,980,148 disclose
gadalinium complexes far MRl which are non-cydlic compounds. C.J. Broan etal., J. Chem. Sac.,
Chem. Cammun., 1739-1741 (1990) describe some bifunctional macracyclic phosphinic acid

30 compounds. C.J. Broanetal., J. Chem. Soc., Chem. Commun., 1738-1739 (1990) describe
compounds that are triazabicyclo compounds. 1. K. Adzamli etal., J. Med. Chem. 32, 139-144
{1989) describes acyclic phosphonate derivatives of gadolinium complexes for NMR imaging.

At the present time, the only commercial contrastagent available in the U.S.A.is
the complex of gadolinium with diethylenetriaminepentaacetic acid (DTPA-Gd*3 - .

35 MAGNEVIST™ by Schering AG). MAGNEVIST™ is considered asa non-specific/perfusion agent
since it freely distributes in extracellular fluid followed by efficient elimination through the
renal system. MAGNEVIST™ has proven to he extremely valuable in the.diaghosis ofbrain
lesions since the accompanying breakdown of the blood/brain barrier allows perfusion offhe

&,
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contrast agent into the affected regions. In addition to MAGNEVIST™, Guerbet is commercially

marketing a macrocyciic perfusfbn agent (DOTAREM ™) which presently is only available in

Europe. A number of other potential contrast agents are in various stages of development.
Surprisingly, it has now been found that various bicyclopalyazamacrocycio-

< 5 phosphonic acid ligands can be contrast agents. Furthermore, these ligands may have their
charge modified, i.e. by the structure of the ligand and metal selected, which can effect their
’ ability to be more site specific. Specifically, the present invention is directed to novel ligands

that are bicyclopolyazamacrocyclophosphonic acid compounds of the formula
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wherein:

20 R = =[C), ~T;

where:
Xand Y are ihdependently H, OH, C-C, atkyl or COOH;
. 5 N isanintegerof 1,20r3;
with the proviso that: when n is 2, then the sum of X and Y must equal two or more H; and
when n is 3, then the sum of X and Y must equal three or more H;
TisH, C-C,, alkyl, COOH, OH, SO H, '

_@_ _@ .-on o

Rl

where: R' i OH, C,-C, alkyl or-0-(C-C, alkyl);

RéisH, NO,, NH, , isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl;

R?is H or OH: with the proviso that when R? is OH, then the Rterm contalmng the R* must have
all X and ¥ equat to H;

with the proviso that at least one T must be P{O)R'OH, and with the proviso that when.one T is
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adm nistered to a living animal, its effect on the Tl and T2 of varlous

ti ssues can be directly obser#ed—+nLhe—nagneL+e—¥esonance ( WL
i ncreased contrast bei ng observ Baeﬁr %gjof chel at e [Lc E égf ENI
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has therefore been proposed tha

adm nistered to aninmals in order e di agnostic |nfornat|on
obtained by MR [Frontiers of Bi -1, 752-759 (1978); J. Nucl
Med. 25, 505-513(1984); Proc. of NMR Imagi ng Svrno. (COct 26-27,1980); F.A
Cotton etal ., Adv. Inorg. Chem 634-639(1966)]. Paramagnetic netal chel ates
used in this mannerare referred to as 10 contrast enhancenent agents or
contrast agents. There are a nunberofygparamagneti c netali ons which can be
consi dered when undertaking the design of an MRl ‘contrast agent In
practice, however, the nost useful paramaghetic netal ions are gadolinium
(d[err]), iron [err]), manganese (Mni[err]) and (Wnh [err]),

R4

5 thenoneXorY of thatR term may be COOH and alf other X and Y terms of that R term must be
H;
AisCH, N, C-Br, G-Cl, C-OR®, GOR®, N*-R° X,

C-C= RS
1

RisH, C,-C, alkyl, benzyl, or benzyl substituted with atleast one R%;
Rtisdefined as above;

Ris C,-C,q alkyl, benzyl, or benzyl substituted with atleast one R;
R®isC-C alkylamino;

15 ] 'lS
X-isCt, Br, 'or H,CCO;
Qand Zindependentlyare CH, N, N*-R°*X;, C-Cl-(l-OR3 or C-C(Q)-R%;
Reisdefined as above;
R®is-0-(C,-C, alkyl), OH or NHR";
R7is C-C, alkyl ora biologically active material;
X isdefined as above; or
pharmaceutically-acceptable salts thereof;
with the proviso that:
a)whenQ,AorZisNor N*-R°X, ihen the other two groups must be CH;
b) when A is C-Br, C-Cl, CG-OR* or C-OR®, then both Q and Z must be CH;
<) the sum of the R®, R” and R terms, when present, may not exceed one; and
d) only one of Q or Z can be G-C{0)-R® and when one of Q or Z is G-C(O}-R%, then'A
must be CH.
When the above ligands of Formula (1) have at leasttwo of the Rterms T equal to
-PO3H; [P(O)R'OH where R1is OH] and the third T equal H, COOH or C, o alkyl; A,Qand Z are
CH; nis 1; and X and Y independently are H or C -, alkyl; then the ligands are useful fororal
care. Particularly preferred are those ligands where in the three R terms T is P(Q)R'OH, where
R'is OH; nis 1; and X and Y are H. The use of these [igands is discussed and claimed in other

~e

20

25

30

capending applications.
When the above ligands of Farmula (I} have:
in the R term atleast two T equal P(O)R'OH, where R'is QH, and in the other R s
term, Tis COOH or P(O)R'OH, and n, R', X, Y, A, Q and Z are defined as above;
in atleast one Rterm T is P{O)R'OH, where R'is OH, and in the other two Rterms,

35
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artek-e4f omi um (Cr[err]), because these ions exertthe greatest effect on
wat er protons by virtue of 15 their large magnetic nonents..1n a

non- conpl-exed form (e.g. Lﬁﬁl_eLL}}~—%hese—ﬂetal ions are 't Croa— =
ani mal , thereby precl udi ng th i r Le‘ﬂ Rteaﬁ:eél mpl e salt form Wé@ﬁﬁTé—lA%BEEN f
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fundamental role of the or gafgpeet % agent (al so refer t RERIACED
| i gand) isto renderthe para non-toxicto the ani mal wWhiTe
preserving its desirable |nf nd T2 rel axation rates of the
surroundi ng wat er protons. Art in the MR fieldis quite

extensive, such thatthe follomnng summary, not intended to be exhaustive,
is provided only as a review of this area and other conpounds that are
possiblysimlarin structure. U.S. Patent 4,899, 755 di scl oses a met hod of
alternating the proton NVR rel axation tinesin the Ilver or bile ductofan
ani mal using Fele e bi X n ci ne) conpl exes and
its derivati ves.l éé]éd" §E’f§é: s"da'h%'%y A% d%g?é&?ﬁeé’as gone) com

. e Rterm three T equal P(O)R'OH, where R'is C-C, alkyl or -0~(C-C, alkyl),

and n,RY, X, Y, A, Q and Z are defined as above;
then the ligands are useful as contrast agents.

mt

« 5 ' Particularly preferied are those ligands of Formula (I) where:

XandY areH;

nis1; or

A,Qand ZareCH.

Bifunctional ligands of Formula (1) are desxrable to prepare the conjugates of this
10 invention. Such ligands must have:

one R term where the T moiety is

15
where R? and R* are defined as above, especially where in the two R terms not
* containing an R* term, both T terms are P(d)R‘OH, where R'is deﬁr_\ed asabove or
where in the two R terms not containing an R* term, one T term is a COOH and the
other T termis P(O)R'OH, where R! is defined as above; preferrably that moiety of
20 the above Tterm where one of X or Y of that term is COOH; and

also preferred are those ligands wherenis 1 andlorﬂle-remaining Xand Y terms
areH; or

-

Ais C-OR® or C-OR?, where R® and R8 are defined as above or

25 ) .

- where R* is defined as above; or

e

30 Ais CH, and one of Q or Z is CH and the other is C-C(Q)-R®, where R®is defined as

above;

especially those ligands where R®is NHR’, where R’ is a biologically active material.

The ligands of Formula (I) may be complexed with various metal ions, such as
gadolinium (Gd*?), iron (Fe*?), and manganese (Mn*3), with Gd **being preferred. The
complexes so formed canbe used by themselves or can be attached, by being covalently
bonded to alarger molecule such as a dextran, a polypeptide or a biologically active molecule,
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25 conpounds the possible ‘use of a pyridine macrocycl onet hyl enecar boxylic
acid. U S. Patent 4,880,008 (a CIP of US. Pa Pat ent 4, 899, 755) di scl oses
addi ti onal i magi ng data for—tiver Tissue of rats, but wit hout any
addi ti onal conpl exes being mpmcmak&en ot 4, 980 148 di df S
S T —

gadol i ni unconpl exes for M iy cl i c .conpounds.

al.,J. Chem Soc., Chem Co (1990) describ REPLACED

bi functi onal macrocyclic phos | C aC| .30 conpounds. C.J. Broange S ﬂ
Chem Soc., Chem Conmun., 1738-1739 (1990)describe conpounds thatare '
triazabicyclo compounds. |. K Adzanli et al.,J. Med. Chem 32, 139-144

(1989) describes acycli.c phosphonate deri vat | ves of gadolini um conpl exes
for NVR imaging. Atthe present tinme, tRe only comercial contrastagent:
avail abl-e in the U S. A is the conplex of gadoliniumwth
di et hyl enet r i amtiiaanbraBER of feagmeit tHelSHdhd Gl RF dijgnosti SfurdWeNaM cSrflatet |
bySchering AQC) ang MNadlare LEefli fdeodeistagunel dered as a non-specific/ perfusion
agent The complexes and conjugates of this invention can be designed to provide a
specific overall charge which advantageously influences the /n vivo biclocalization and image
5 contrast. For example, when the metaf ion is +3 the following can be obtained:
(A) an overall charge of -2 or more-when
inthree Rterms T is P{O}R'OH, where R'isOH, and nis 1; or
_ intwa Rterms Tis P(O)R'OH, where R' is OH, in the third R term Tis COOH, and n

¥

ist;or
10 intwo Rterms Tis P(OJR'OH, where R! is OH, in the third Rterm T is P(OJR'OH,
where R'is C-C alkyl,and nis {; or
in two R terms T is POJR'OH, where R” is OH, in the third R term T is F(OJR'OH,
where R'is-0-(C-C, alkyl), and nis 1; or -
(B) an overall charge of -1-when
15 in one Rterm T is P(O)R'OH, where R' is OH, and in the othertwo Rterms Tis
P(O)R'OH, whereR'is -0-C,-C, alkyl), and nis 1; or
inone Rterm Tis P(O)R'OH, where R'is OH, and in the othertwo Rterms Tis
P(O)R'OH, where R'isC -C_alkyl, and nis 1; or
. inone Rterm T is P{O)R'OH, where R' is OH, and in the other two R terms T is
20 COOH,andnist;or
{Q anoverall neutral charge -when
in the three R terms Tis P{OJR'OH, where R'is-0-(C -C, alkyl), and nis ; or
in the three R terms T is P(O)R'OH, where R'is C-C,alkyl, andnis1;or
(D} anoverall charge of + 1 -when
25 one of A, Q or Zis N*-R* X, where R* and X are defined as above; and inone R
term,the T t';noiety isP(O)R'OH, where R' is C,-C, alkyl or-0-(C-C_ alkyl}; and in the other two R
terms, the T mbietyis COOH or P{O)R'OH, where R'is € -C_ alkyl, -0-(C -C, alkyl); and all Xand Y

terms are H.
Both the complexes and conjugates may be formulated tobeina

30 pharmaceutically acceptable form for administration to an animal.
Use of the ligands of Formula (1) with other metal ions for diagnosis of disease
states such as cancer is possible. The use of those complexes and conjugates is discussed in

another copending application. .



si nce |t freely distributes in extracellular fluid followed by efficient
elimnation through theremnal sy§f§ﬁT’K@ENEVIST[err] has pro
extremely val uable in they , stﬁgmﬁ%&na&plabﬂal n | esions since tie.
br eakdown of the bl ood/br ml\ vvs perfusi on ofthe

agent into the affected r tionto MAGNEVI ST,
commercially marketing a I-c perfusion agent (DOTAREM whic
presently is only available in.Europe. A nunber of other potential contrast
agents are i.n various stages of devel opnent. Surprisingly, it has now been
found that various bicycl opol yazamacr ocycl o-

7

) The compounds of Formula (i) are numbered for nomenclature purposes as
follows: * ' '

10 | .\\“/l

One aspect of the present invention concerns development of contrast agents
having synthetic modifications to the paramagnetic chelate enabling site specific delivery of
the contrast agent to a desired tissue. The advantage being increased contrast in the areas of-

15

interest based upon tissue affinity as opposed to contrast arising from non-specific perfusion
which may or may not be apparent with an extracellular agent. The specificity of the ligand of
Formula {I) may be controlled by adjusting the total charge and lipophilic character of the |
20 complex. The overall rat;:ge of the charge of the complexisfrom-3to + 1. For example, fora
. complex having 2 or more PO H, groups, the overall charge is highly negative and bone uptake .
is expected; whereas when the overall charge of the complex is 0 {thus neutral), the complex
may have the ability 10 cross the blood brain barrier and normal brain uptake may be possible.
Tissue specificity may also be realized by ionic or covalent attachment of the
25 chelate to a naturally occurring or synthetic molecule having specificity for a desired target
tissue. One possible application of this approach is through the use of chelate conjugated
monacional antibodies which would transport the paramagnetic chelate to diseased tissue
enabling visualization by MRL In addition, attachment of a paramagnetic chelateto a
macromolecule can further increase the contrast agent efficiency rgsulting inimproved
contrast relative to the unbound chelate. Recent work by Lauffer (U.S. Patents 4,880,008 and
4,899,755) has demonstrated that variations in lipophilicity can result in tissue-specific agents

and that increased lipophilic character favors non-covalent interactions with biood proteins

30

resultmg in enhancement of relaxivity.
Additionally, the present contrast agents of Formula (1) which are neutral in
charge are particularly preferred for forming the conjugates of this invention since undesirable
33 jonic interactions between the chelate and protein are minimized which preserves the antibody
immunoreactivity. Also the present neutral complexes reduce the osmolarity relative to DTPA-

Gd"*?, which may alleviate the discomfort of injection.



phosphoni c acid |igands can be contrast agents. Furthernore, these |igands
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netal selected, which ca g%g]g&hn{e;ahbdlty to be nore : _
Speci fically, the presemEh‘g | rected to novel iTgﬁ‘ﬁafssEEhamsagggN N
bi cycl opol yazamacr ocycl ophﬂm ﬂ conmpounds of the {Lor mulRERPAACED | !
wherein: [err] where: X an pendently H, OH, C[err
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While not wishing to be bound by theory, itis believed that when a charged
complex of the invention is made (e.g. possibly -2 or -3 for bone, -1 for liver, or + 1 forheart),
the variations in that chelate ionic charge can infiuence biolocalization. Thus, if the antibody
or other directing moiety is also specific for the same site, then the conjugate displays two

5 portionsta aid in site specific delivery.

The terms used in Formula (1) are further defined as follows. “C -C, alkyl”, “€-C,
alkyl”, “C-C,, alkyl®, include both straight and branched chain alkyl groups. An “animal”
includes a warmblooded mammal, preferably a human being.

- “Biologically active material” refersto a dextran, peptide, or molecules that have
10 specificaffinity for a receptor, or preferably antibodies orantibody fragments.

“Antibody” refersto any polyclonal, monocional, chimeric antibody or
heteroantibody, preferably a monocional antibody; "antibody fragment” includes Fab
fragments and F(ab'), fragments, and any portion of an antibody having specificity toward a
desired epitope orepitopes. When using the term “radioactive metal chelate/antibody

15 conjugate” or “canjugate”, the “antibody” is meant to include whole antibodies and/or
antibody fragments, including semisynthetic or genetically engineered variants thereof,
Possible antibodies are 1116-NS-19-9 (anti-colorectal carcinoma), 1116-NS-3d (anti-CEA), 703D4
{anti-human lung cancer), 704A1 (anti-human fung cancer), CC49 (anti-TAG-72), CC83 (anti- *
TAG-72) and B72.3. The hybridoma cefl lines 1116-NS-19-9, 1116-N5-3d, 703D4, 704A1, CC49,

20 CC83 and B72.3 are deposited with the American Type Cufture Collection, having the accession
numbers ATCC HB 8059, ATCC CRL 8019, ATCC HB 8301, ATCC HB 8302, ATCC HB 9459, ATCC HB .
9453 and ATCC HB 8108, respectively.

As used herein, “complex” refers to a complex of the compound of Formula (f)
complexed with a metal ion, where at least one metal atom is chelated or sequ‘_.estered H

25 “conjugate” refersto a metal ion chelate that is covalently attached to an antibody or antibody
fragment. The terms “bifunctional coordinator”, “bifunctional chefating agent” and
“"functionalized chelant” are used interchangeably and refer to compounds that have a chelant
moiety capable of chefating a metal ion and a moiety covalently bonded to the chelant moiety
thatis capable of serving as a means to covalently attach to an antibody or antibody fragment.

30 The bifunctional chelating agents described herein (represented by Formula f) can

. be used to chelate or sequester the metal ions so as to form metal ion chelates (also referred to
herein as “complexes”). The complexes, because of the presence of the functionalizing moiety
(represented by R4 or R8 in Formula [), can be covalently attached to biologically active
materials, such as dextran, molecules that have spacific affinity forareceptor, orpreferably

35 covalently attached to antibodies or antibody fragments. Thus the complexes described herein
may be covalently attached to an antibody or antibody fragment or have specific affinity fora

receptor and are referred to herein as “conjugates”.
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As used herein, “pharmaceutically-acceptable salts” means any salt or mixtures of
salts of a compound of formula (1) which is sufficiently non-toxic to be useful in therapy or
diagnosis of animals, preferably mammals. Thus, the salts are useful in accardance with this
invention. Representative of those salts formed by standard reactions from both arganic and
inorganic sources include, for example, sulfuric, hydrochloric, phosphoric, acetic, succinic, citric,
lactic, maleic, fumaric, palmitic, cholic, palmoic, mucic, glutamic, gluconic acid, d-camphoric,
glutaric, glycolic, phthalic, tartaric, formic, lauric, steric, salicylic, methanesulfonic,
benzenesulfonic, sorbic, bicric. benzoic, cinnamic acids and ather suitable acids. Also inciuded
are salts formed by standard reactions from both organic and inorganic sources such as
ammonium or 1-deoxy-1-{methylamino}-D-glucitol, alkali metal ions, alkaline earth metat ions,
and othersimilarions. Particularly preferred are the salts of the compounds of formula (1)
where the salt is potassium, sodium, ammonium. Also included are mixtures of the above salts. _
Detailed Description of the Process

The compounds of Formula () are prepared by various processes. Typical general
synthetic approaches to such processes are provided by the reaction schemes given below.

In Scheme 1, the compounds of Formula (I) are prepared whereinXandY = H,n
= 1(but would also apply if n = 2or3with the correspondmg change inthereagent), T =
PO3H2, and Q, A andZ = CH.

4
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PR e :
REPLA”za

above; Rerr] is (err]- C[e or benzy
atl eastone Rerr]; Rerr] i alkylanrno
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X[err] is Cferr], Br[err], I[err] or Herr]CCOerr]; Qand Z independently
are CH N, Nerr]-Rerr] X, CCHerr}-ORerr] or GC(O-Rerr]; Rerr] is
defined as above;, Rerr] is -Q err]-Clerr] alkyl), OHor NHRerr];
Rlerr] is  eri] - ®uisShee CeIpE ceBiologically active material: X is
defined as above; or ﬂ \ | y-acceptable salts thereof; with the
proviso that: a) whe i Nor Nerr] -Rerr]X, then the other two
groups nmust be CH b) when Ais CGBr, GO, CGORerr] or GORerr], then
both Q and Z nmust be CH c)the sumof the Rerr], Rerar] and R err] terns,
when present, may notexceed one; and o

11

~ Scheme 2 prepares the compounds of Formula (1) wherein Xand Y = H,n = 1
* (butwould aiso apply if n = 2 or 3 with the corresponding change in the reagent), T =

f

- ~P-OH;
s 5 Vo
R
- where R' = -0-(C -C, alkyl); and Q,Aand Z = CH.
10
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t hen t he.
Particularly preferred are those |igands of For

t henA nust be CH
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] ¢ o .
A, Qand Z are CH Bifunctional ligands of Formula (1) are desirable to
prepare the conjugates of thisinvention. Such Iigands nust have: one R
term where the T noi ety |s [er eﬁ] where R2 and R4 are defined as

above, especially whBu wo R ternms not containing an R4 term
both T ternms are P(O Rlerr] is defined as dpove, B
where in the two R te ing an R4 term one T tbr-rﬁﬁ’?g"‘a“&ﬁﬁBEEN

and the other T termis P(O)R[err]C]—I where R err] is defingd as RS ED

preferably that noiety of the above T termcontaining R err] where one of X
or Y of that termis COOH, and
13

Scheme 3 prepares the compounds of Formula () wherein X and Y = H,n=1
{but would also applyifn = 2 or 3 with the corresponding change in the reagent), T =

9
-P-0H;
% 5 i]. '

whereR' = C-C,alkyl; and Q,Aand2.= CH.
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al so prleferred are those I'igands wher e ri:is 1 and/or the remaining X and Y

terns are H or A ig/ggRLﬁLH’m~CTU§rerr], where Rlerr] and Rerr] are

defined as above or Terr WEL BeeRRediitedlel | ned as above; or Ais CH and one

of Qor Zis CH and t Abisa4S O -R6, where R6 is ve
especially those ligan NHR7," where '‘R7 is | THi®BAGET flakYsrey
active material. The |i la (1) may be co exed REALRCER | OUS

metal ions, such as gadolinium (Gd+3), iron (Fe+3), an
(Mi[err]), with Gd[err]. being preferred.
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or fragment thereof,

conpl exes are usefu
this invention-can be d
advant ageousl y influencesthe in vivo biolocalization and T

pol ypeptide or a blologlcall e.cpl-ecul e,
as gﬁ? g‘ﬁ The conpl exes a

10

15

20

25

30

whereR! =

a

. ( .
The conpl exes so fornmed can be used by thensel ves or can be attached, by
bei ng coval ently bonded to_a_LaLge—ﬁﬁ+ecule such as a dextran,

6 includi'ng an anti body

-ygates _and

gnosti c purposes.
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Scheme 4 prepares the compounds of Formula () whereinXandY = H,n = 1

R

~P-0H;
L

-0-(C,-C, alkyl) or C-C, alkyl; A = C-Br,and Qand Z = CH.

{but would also applyif n = 2 or 3 with the corresponding change in the reagent), T =

————

soé%EN



cohtrast. For exanple, when the netal ion is +3 the follow ng can be
obtai ned: an overall neutral charge - when in the three Rterns T is
P(ORerr]OH, where Rerr] 1s -G ((err]-derr] alkyl), and nis 1; or in

the three R terns ThiSh aaReplidel Where Rlerr] is (Jerr]-Cerr] alkyl,

and nis 1; or an o I f + 1 -when one of A Q - S
-Rlerr] X. where R[Zﬁ'mlmﬂ defined ‘as above; and i 6fE $HERT iAS BEEN
T noiety is P(OR[err]CH, ang_in tREPbAGEDt wo
Rternms, the T noiety is COOH or P(O R err] CH.
all X and Y ternms are H Both the conpl exes and conjugates may be

formulated to be in a pharmaceutically acédéeptable formfor admnistration
to an ani mal .
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Use of the |igands of Forrul a (1) with-ether

di sease states such as cancer

)

i ons for diagnosis of

net al

onpl exes and

7 The

S

ndi ng appl i cation.

1a

S

i blLe. The use of those c
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nonencl ature p
on concerns devel

or
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i

i s di scussed ThigSkt

conmpounds of Fornula (1)

[err]

conj ugat es

One aspect of the

agents
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i ,
havi ng synthetic nodi f_watl ons to the parammgnetic chelate enabling site
specific delivery of the contrast ‘agent to a desired tissue. The advant age
bei ng i ncreased cont r astt s!aaﬂ i nterest based upon tissue
affinity as opposed to c l g from non-speci fi ' whi-ch.
may or nmy not be appare acel l-ul ar agent THe spe ‘if_Tcﬁf\@B@ts;\;
the ligand of Formula (I) may be controlled by adj usti ng
and |ipophilic character of the conpl ex. Ty
For exanple. when the overall charge of the conplex is O (thus neutral),
the conplex may have the abilityto cross the blood brain barrier and nornal
brai n uptake nay be possible. Ti ssuelsspem ficity may al so be realized by
ionic or covalent attachnment of the chelate to a naturally occurring or
'synt heti'c nol ecul e having specificity for a desired target tissue. One
possi bl e appl i cati on Shemelfipsrarsheseretpundsofifprryla@letsis XzoeY s thdl at e
‘conj ugat ed {but would also applyifn = 2 or 3 with the corresponding change in the reagent), T =

R
-P-0H;
Rl <

where R* = -0-(C-C, alkyl) or C-C, alkyl; A = ’ N

q .
1 7

R* = H, NO,, NHzorSCN;' andQandZ = CH.
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monocl dnal anti bodi es which woul d transport the paramagnetic chelate to

di seased tissue enablinrg—visualization by MRI. In addition, attachnment of a
par amagnetic chelate to ﬂ“meétﬂmﬂeed&ﬁ cedan further increase the contrast
agent efficiency resultin ontrast relative to the unbound
chel ate. Recent work by Lgm tents 4, 880, 008 pag=—=4-899-755}-has -
denonstrated that variati |poph|I|C|ty can resul tjl iTRIS $SEERHAPEHE:fI €
agents and that increased |Ip0phI|IC character favors ngh-cov&EPRACED d
interactions with blood proteins resulting in enhancene of—Ter axtvity— "
Addi tionally, the present contrast a%ents of Formula (1) which are neutral
in charge are particularly preferre for formng the conjugates of this

i nvention since undesirable ionic interact’ions between the chelate and
protein are mnimzed which preServes the antibody i munoreactivity. Al so

t he present neutral conplexes reduce the osnolarity relative to DTPA-

= i
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Q[err],

which may all evi ate—

wi shing to be bound by theqmﬁsmkf{
is made (e.g. possibly -2 or
the variations in that chel
Thus, if the antibody or ot

sane site,

beI

the—disconfort of injection.

i eve that when a

laced_ for

liver,
e can |nfluencp biolocalization.
|ety I's al so

delivery. The ternms used in Formula (1) are further defi

"Clerr]-Cerr]

"err]-(err] alkyl",

Scheme 5 Cont'd
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ll‘

al kyl "Cerr]- C[err] aIkyI" —rﬁETUdE—bﬁ%h strai ght and branched chain
al kyl groups An "anlnal””Hﬁbkudeamﬁ ap! ooded mammal , preferably a human

being. "Biologically activ fers to a dextran pepti de, or
mol ecul es that have specif ”ﬁr a receptor, or nrpfprahlv
ody" refers to arafmgong 9ﬂ§|BEEN

anti bodi es or -anti body fragnents
nonocl onal , chineric antlbody or heteroantibody, preferjably @E@QQQQ al {
anti body; "antibody fragnment" includes Fab fragnents an

fragments;, and any portion of an antibody having speC|f|C|ty tomard a
desired epitope or epitopes. Wien usimdtthe term "radioactive netal

chel ate/ anti body conjugate" or "conjugate", the "antibody"” is neant to

i ncl ude whol e anti bodies and/ or anti body fragnments, including senm synthetic

or genetically engineered variants thereof. Possible antibodies are:
1116-NS-19-9 (anti-col orectal carcinoma), 1116-

oY)
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L 4 'OH
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i o~
EZ TS5 -t
0O& [ =3
O~ -
o Ouw
o & Dard
(-]
= g &
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Scheme 5 Cont'd

HaCP (OC2Hs) 2
_ CH20, THF
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NS- 3d, ‘(antl -CEA), 703D4 (ant| -human _lung.cancer), 704Al (anti-human |ung
cancer), CC49 (anti-TAGT72), CC83 (anti -TAG 72) and B72.3. The hybri doma

cell lines 1116- NS-19- QH&SMtMBS@Re 4, 704A1, . CC49, CC83 and B72.3
are deposited with the Arre ture Collectlon the S
accession nunbers ATCC HB 8019, ATCC HB 831‘[}4!3@9113-{,@@2&{\}
ATCC HB 9459 ATCC HB 9453 HB 8108, respectively

i
"conpl ex" refers to a conpl ex of the conpound of Fornula -—-----------'-----v‘v— B
a netal -ion, where at |east one netal atomis chel ated or sequestered;
"conjugate" refers to a netal ion chelpate that is covalently attached to a
bi ol ogically active agent especially an anti body or anti body fragnment. The
ternms "bifunctional ‘coordinator”, "bifuncti-onal chelating agent" and

"functionalized chel a@éhtam@éﬁed’é&?ﬁtéLoﬂggjngmgquM)%hgggXandY =Hn=1

* (butwould afso apply if n = 2 or 3 with the corresponding change inthe reagent}, T =
0
il
-P-0H;
I8

where R' = -0-(C,-C, alkyl) or C-C  alkyl;
A = C-OR®, where R® = C -C_alkylamino; and
QandZ = CH.
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refersto conpounds that have a chelant'nDiety capabl e of chelating a netal
ion and a noiety covalently bonded to the chelant noiety t-hat is capabl e of

serving as a neans to covalentl attach to.an antibody or antibody
fragment. The bifuncti gfent s descri bed her Fted
by Formula I') can be us r sequester the %q 59n51@68£§qw
formmetal ion chelates to herein as "c fexq&?ﬁﬁﬁﬁﬁa T;

conpl exes, because of the presence of the functionali zi
(represented by R4 or R8 in Forrmula |), can be covalently attached to
biologically active materials, such as dextran, nolecules that have
specific affinity for a receptor, or preferably covalently attached to

anti bodi es or anti body fragnents. Thu&3the conpl exes descri bed herein may
be covalently attached to an anti body or antibody fragnment or have specific
affinity for.a receptor and are referred to herein as

e =
=
- b e o
- 8 2
o \ -
-
= - -
* m & —
3 j<3]
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> ] E (o}
2 — g =
B -
Sl =
m -
(8]
o
' =S
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Scheme 6




“conjtgat es". 9 As used herein, "pharmaceutically-acceptable salts"
nmeans any salt or mxtures of salts of a conpound of formula (1) which is
sufficiently non- toiMs&ka}hﬁBaﬁﬂé plikced N t herapy or diagnosis of aninmals,

preferably manmmal s. TH ﬂﬂ are useful in accqordance-—wth=th s°

i nventi on. Represent salts forned by standars;ldr’é&'chﬁﬁrﬁé’r-f*rom
bot h organi c .and |norgan| Cc sou i ncl'ude, for exanplip, sulRERLAGED Y
hydrochl ori ¢, phosphoric, acetic, succinic citric, Iaé ¢, mar erc, ftunaric,

palmtic, "cholic, palmoic, mucic, glutamc, gluconic aC|d,'d-canphoric,
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~

glhtarfb, gl ycolic, phthalicﬂ_LarLaLLcT_iLmnicT

met hanesul f oni c, benzenesulf
and ot her suitable acids. “
reactions from both organlc an I

1- deoxy- 1- (et hyl am no) - D-gluc

taI

Iauric,

benzoi c,

al k

ions, and othersimlar ions. Partlcularly preferred arethe
conpounds of formula (1) where the salt is potassium sodi
Al'so included are m xtures of the above salts.
Process The eonpounds of Formula (1) are_prepared by various processes.

Typi cal general synthetic approaches t 02

reaction schenes given bel ow. In Schene 1,

J

steric, salicylic,

ci nnam ¢ aci ds

m? Its formed by standard
urces such as annnnlun1or
i ons,

1 PR,

s AHISSOHEET HAS BELT-
m__anfER-GFED .

Det ai | ed DeSETTﬁr“Uﬁ"GT”Tﬁ€

3uch processes are provided by the
conmpounds

ar e

prepared wherein X and Y = H n =1 (butwould also apply if n=2or 3wth

t he correspondi ng change in the reagent),
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and Q A and Z
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13 Schene 3 prepares the_t:anpaunds_oi_EciLmJla (1) wherein X and Y = H n

1 (butwould also apply if = or 3vmththe correspopd

reagent), T = [err] where fITHaSB £4] - C[err]alk, Iﬁ__,
S
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QC: L_I——z ], ‘bBEtN
RL‘.PLALED

Scheme 7 prepares the compounds of Formula (f) whereinXand Y = H,n = 1

f

-p=0B
b
whereR' = -OH, -0-{(C -C, alkyl) or C -C, alky};
= C-C(O)-R®, where R6 = OH; and Qand A = CH.

" (but would also apply ifn = 2 or 3'with the corresponding change in the reagent), T =

change in the
o A=—e=Br,



;14 [,err] 15 Schene 4
“and Y = n =

prepares the compounds of Formula (I) wherein X
1 (butwoul d al so appl ylf n

2 or 3 with-the correspondi ng
hange |nt he reagent )ThisBheet H2BEH Re

a=werr= el N O *San “and Qand(.q__.__are”] der] 3 h)

THIS SHEET HAS BEEN
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17 [err]
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18 Schene 5 preparesthe_conpounds of Formula (1) wherein X and Y = H, n
1 (but would al so apply |f n =2 or vmth the correspondi ng change in the

reagent), T = [err] wherl Bee" err]- C[err] aI kyl) A = C—CR[err]
where Rerr] = (err]-C I and Q and Z = CH
: fﬂQSHFFFPA%BtE\

THIS oSrziz 1AL i
- REPLACED !

30

Scheme 8 prepares the compounds of Formula ([ whereinXand Y = H,n = 1
(butwould also apply if n = 2 or 3 with the corresponding change in the reagent), T =

0
Il
-P~0H ;
; B! .
whereR® = -OH, -0-(C,-C, alkyl) or C-C  alkyl;
Z = G-CH,-OR? where R® = benzyl; and )
QandA = CH.
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) Scheme 9 prepares the compounds of Formula () wherein Xand Y = H,n = 1
(but would also apply if n = 2 or 3 with the corresponding change in the reagent), T =

o
I
-P-0H ;
‘ 5 {11
. where R' = -OH, -0-(C,-C; alkyl) or C-C  alkyl;
A = NorN-R%; R® = C-C, alkyl halide; and
QandZ = CH.
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Scheme 10 prepares the compounds of Formula (I whereinXandY = H,n = 1
‘(but would also applyifn = 2 or 3 with the corresponding change in thereagent), T =

f

=-P=-0H ;
. 5 . Ll
. where R’ = -OH, -0-(C-C, alkyl)orC-C, alkyl;
Q = N-R%; R® = C,-C, alkyl halide; and
AandZ = CH.
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37 [err] 38 Schene \u%onpounds of Formula (1) wherein X
and Y = H n =1 (but would also n=2or 3 wth the correspondi ng

change in the reagent), cetH p03|t|ons have T = [err] where
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Scheme 11 preparesthe compounds of Formula () whereinXandY = H,n = 1
{butwould also apply ifn = 2 or 3 with the corresponding change in the reagent), T =

i

~P~OH ;
5 b _ q
whereR' = -OH, -0-(C-C, afkyl) or C-C_alkyl;
Q = Nor N-R%, &® = C-C_ alkyl halide; and
AandZ = CH.
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42 Schenme 14 preparesthe conpounds of Fornul a (I') wherein n =1 (but

woul d al so apply T m—=—2-e+-3-with the correspondlng change in the
reagent), Rternsmtssgégm Bgn 91p05|t|ons have T = [err] where Rerr] =

-C)(C[err] Cerr] ’ - H, the R term at the 6 pasition has
[err] where R[ I ‘ NH[err] and one of {W\Joﬁ‘iﬁrﬁﬁﬂuihe~'
other = COOH, and REPLACED o
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Scheme 12 prepares the compounds of Formula () whereinXand Y = H,n = 1
' (but would also applyif n = 2 or 3 with the corresponding change in the reagent), Ratthe 3

positionhas T =

5 g

. -p-0OH ;
L

where R' = -OH or -0-(C,-C_alkyl); and the other two Rterms have T = COOH; and
A,QandZ = CH.
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Sclherrép 15 Wunds of Formula (1) V\,herel nn =1 (but
woul d al so appIyThi&s;{}et ~th the correspondl ng ch gpge 1 n
\| " o :

reagent), Rterms d'i@,;agé)dsmlons have T = [err]
:-O(C[err] C[err] andY H, the Rtermat
[err] where: or NHerr]; and one of 2

;‘other = COOH, AQand _:
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Scheme 13 prepares the compounds of foarmula (I) wherein Xand ¥ = H,n = 1
“({but would also apply if n = 2 or 3 with the comresponding change in the reagent), Rat the 3
and 6 positions have T = )

whereR' = OH or -0-(C -C_ alkyl); and the other Rterm atthe 9 position has T = COOH; and
A,QandZ = CH.
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The syﬁfheticSchene 1 begins with a hal ogenation of commercially avail able

bi s- pyri dyl al cohol usi ngt hi onyl chloride. Simlar procedures for
converting an .al coholto an el ectr substrate, such aStreatnFnTmnfh_ .
t ol uenesul fonyl chl or %&sﬂmﬂg& egShoul d al so result |nJa‘—§bm; ~afiy| A)BBLEN

reacti ve productwhich i n_subsequent ring closwwaﬁgﬁgaagms h
rous’in the literature & : -
p

Macr ocycl i zation proce
tetraazanmacrocycle (3) was pre according to the nethod of Stetter et
al ; Tetrahedron 37, 767-772 (1981). Mre general procedures have since been
published whi ch give good yields of simlar macrocycles using mlder
conditions [A. D. Sherry et al., J. Og. Chg?1 54, 2990-2992 (1989)].

(

Detosyl ation of the internediate nacrocycle 3) toyield (4)] was
acconpl i shed under acidic -
P Scheme 14 prepares the compounds of Formula () whereinXandY = H,n = 1

{(but would also applyif n = 2 or 3 with the corresponding change in the reagent}, R terms at
the 3and 9 positionshave T =

where R' = -OH or-0-(C -C, alkyl); and the other R term atthe 6 position has T = COOH; and

A,QandZ = CH.
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conditipns in good yield. Reducti ve det osyl ation procedures are also well
known in the lit dapted to the present

reaction
sequence. PhOSIOh @L@ﬁg@egﬁﬁceabt ain the tris-am nophos d

l()lll aCl u
derative (5, PCTN undertypi cal Manni ch base %5‘0 BEEN
usi ng phosphor ous a MHM ehyde In-addition to phos hom
derivatives, phospho ~of -formula (6)] can al so be prepared
under organic conditions in alcohols or aproticsolvents (e.g. acetonitrile,
benzene, t ol uene, tetrahydrofuran) and using the desired dial kyl phosphite as
the nucl eophi I'i cspeci es (see Schene 2) Dependi ng upon the reactivity of
the am ne, these reactions may be condu%

ted atatenperature between
-10 to 100[err]C. In addition, .
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tr| al k§| phosphi tes_can be enpl oyed under. similar Mannich conditionsto gi ve
the phosphonate ester via oxi of phosphorous (rrr) to. _.LQMH_L\Q

with sinul'taneousTh srame@lfte pRfg nol e of al cohol. (Arbuzov {f gags bﬂ,ﬁér J;"""‘““‘“
These reactions ca gmw with or wthout the presenge of ggpphX BIBE&N
|t 1S [

When al cohol s are sol vent for. either dialkyl
phosphite reactions, cial to use the alcohol from which the )
correspondi ng phosphonate ester-is derived in order to avoid alternative
products arising fromtransesterification. Esters ofthistype are also
prepared via N-al kylation of [err]-hal odi al kyl phosphonates in solvents such
as acetonitrile, chloroform dinethylformam de, tetrahydrofuran or

L, 4-di oxane with or W dfgube LG SRldhbahath rml2fwhbieh FRAMbL WEuRARS Such as

pot assi um car bonat.e at
. applyifn=2or 3 w:th the corresponding change in the reagent), R termsatthe 3 and 9

positionshave T =

f

v -P-0H ;
b

whereR' = -OH or-0-(C,-C, alkyl); and X and Y = H;
the Rterm at the 6 position hasT =

10
R
. 14

whereR® = NO, or NH,; and oneof X orY = H and the other = COOH; and

1s A,QanfiZ = CH.
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ferrpérature or ab The resultl ng peresterinternediate is then readily
48 hydrol yzed under baS| c condi

(aqueous hydrOX| de, pH = 8-14,
30-110[err]C) to g S]!ebtd{aeBEeﬁQS,ﬂé}@I ng hal f-acid derivative. Schene 3
illustrates an appr % rate additional functionali ty into the
pyridi ne unit of th gg”{ertaazamacr ocycl e. TL.C_aci

. (Sigma Chem cal Corrpany e conveited to the bi %‘L é’f@iBEE[\ !
| derivative (13) having appropriate substitution at thg_pyri
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Pk . ' . .. . .
position. Transfermations |leading to this intermediate are general in

nature and its prepar t|on |s descri bed by Takalo et al. [Acta Chenica
Scandi navi ca B 42, ed Subsequent macrocyclization using this
i nternedi ate (15) - M shed by the standard DMWF reaction at
100[err]C with the ed triamne, or at roomtenperature with .

the tritosylated free base and pot assi um car bonate, sodi um %QﬁkﬁﬂwQ&SBEEN 1
cesi um carbonate as base to give products similarto those p eVlouﬁéﬁLACED i
descri bed. Subsequent reactions |eading to phosphonate half Ss—and =

phosphi nate functionality are identic&B to those transformati ons and
conditions described in the preceding Schenes. In Schene 4, 4-hal opyridyl
substituted macrocycles (16) are described which can undergo substitution
at the 4-position of the pyridyl
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nnleﬂy as descrlbed—fn_ikiuﬂni¢i__lhg§_,Organonetalllc Pd(I11) conpl exes can

be enpl oyed to faci
phenyl acet yl ene deri
conditions for this ty
triethylam ne as SO|V'

t.

Wi

the coupllng reacti on between phenyl acetyl ene and
cfﬁlyrldyl macrocycl e. Typical reaction
ttlllze anhydrous conditionsw th
tion tenperature betineen 10 to 30C for

opti mumyields. The identical product can al so be obtained using Cu(l)
phenyl acetylide in anhydrous pyridine at a tenperature between 80.to

110[err]C. I-n addition,

sodi oal koxi des i n DVF or

Scheme 15 Cont'd
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uéingﬁbases such as potassium carbonate or sodi um hydroxi de. Macrocyclic
t et raazamacrocycl es (24, 25:26:2728) dervatized in this nmanner are
conpatible with trahBSﬂkﬂ@kBQﬁ§{ es ri bed in previous Schenes resulting in.

anal ogous phosphonat rlatlon of 4-pyridyl_substitution is
descri bed in Schene a’ HH ’4 h droxypyr| dyl noi e[ é‘rat ed
with a bronoal kyl nitri ban |nterned|ate et her [il i nke 'TM$$ EEB1L)
which is subsequently incorporated into the nacrocycllc LSt yps

of al kylation procedure is best acconplished under anhydrous cdﬁarfrﬁﬁs e
an aprotic solvent such as 55

Scheme 16 prepares the compounds of Formula () wherein n = 1 (but woulid aiso
apply if n = 2 or 3 with the corresponding change in the reagent), Rterms at the 3and 6
positions have T =
Rl
where R' = -OH or -O-(C -C_alkyl); and XandY = H;
the R term atthe 9 pasitionhas T =

10
R‘
r
where R* = NO,or NH,; andone of Xor Y = H and the other = COOH,
15 AQ an_d Z = CH.
20
25
30

35



t&tra'hydrofuran (THF) and using a non-nucl eophilic base such as sodi um
hydri de or buty—l~|—r—t—l'n—mﬁ‘f’”g—’

tenperatures between from -30'to 80[err]C The
general ity of thiss @ehiessde Riprcddeen descri bed by Chaubet et al., for
acyclic anal ogs Tﬁ
macrocyclic nitri JM“

‘tersBl :(40), 5729-5732 (1
thi s nenner can be reduce TWSHEEPHA%I?EJ .
am ne- (36) by sta oce ures fol |l oned by protection |

It hRBRLATED
amne with 2-(t- butoxycarbonyl oxyi m no)-2-phenyl acetoni tri

Subsequent functionalization of the macrocyclic secondary am nes (38,

39,40, 41,42,43) can then be acconpli &ed by the procedures discussed with

t he addi t| onal requi rement that the protecting group be renoved using
trifluoroacetic acid as described in Schene 5.
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orral’ 1 zati on can al so be carrled outon the 3-position of the pyrldlne
,ring within the macrocyclic structure.as illustrated: in Schene 6._NewKOEe.
et al. [Tetranedrom39{12),—2001-2008 (1983)] has previ ousky ne .
synt hesi s Oﬂh@sm%hﬁ@B Q@Ionethylnlcotlnate (45) which Eexm@é* al
starting nat thetlc route. Thus, the tri\s
nacrocyclel
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result in the 37

prior
ydroxynet hyl intermediate (47). The
nicotinic acid nacrocycle can then be substituted into the general schene
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Formil“a (1) (49, 50,51,52,53). In contrast  the 3-hydroxynethyl analog is
advant ageously protected mzatl on of .the.nmacrocyclic

ami nes. The benzyl (Bz) prmhxesﬂebtﬁﬁsﬁéf?ﬂ ey Shown in Scheme 7 since it nust

step. After appropriate fun

mld catal ytic L_——————""/

be resistantto the severe a encount ered in t:_;_he__,.ggi:asgd:a{—’l—crr‘
: _ wﬂ Lof the secondatjyram ses=thess BEEN
acconpl i shed as described ¥ViMls Schenes, the‘benzth@LeG'Di s

renoved under
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Scheme 17 prepares the compaunds of Formula (n whereinn = 1 (butwould also
apply ifn = 2or3 with the éorresponding change in the reagent), the R term at the 6 position
hasT = '

whereR! = -OH; and Xand Y = H;
the Rterm atthe 3 and 9 positions have T = COOH; and
A,QandZ = CH. '



{hydviogenat i on conditidﬁiﬁ(§§YT*NEEFGEVC#deerivatives can al so be prepared

asin Schemes 11-13 wher &b HosBdeaRylate and phosphonat-¢ chel ati ng

functionalitiesare presej nmol ecul e. Thus, varying degrees of
car boxyl ate: functionali [ duced under typical _ag : N
al kyl ation procedures using bronoacetic acid. Follow ng ;@ggﬁaﬁéﬁﬂHQE§ |
remai ni ng am nes can be phosphononet hyl ated by procedu é$‘di@gﬂuﬁ§§P' ‘
previ ous Schemes using formal dehyde and phosphorous ac i
phosphonates or trial kyl phosphites. hemes 14 and 15 delineate a
synthetic approach which introduces arr aromatic nitrobenzyl substituent

atone of the macrocyclic nitrogen positions. Typically, the macrocyclic
am ne i s nono-N-functionalized in an
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or gani ¢ sol vent SWOF DMF at room tenperature using. a

non- nucl eophtlic Sé such as potassi um carbonate. Additional ST
functionalization ofrnit $ieet Aoy} trogen positions is ther;‘—ger]‘ or ma-dH,Qg BEEN
nmet hods and conditio ‘previous Schemes. After t D

: : gﬁ‘mm‘ EXEP ACE

I ntroduction of the ng noieties, the nitro gr

usi ng pl ati num oxi de and hydrogen in water. In this form the chelating
agent is conpatible with conjugation techniques which will enable
attachnment to |arger synthetic or natural nolecules. The netal ions used to
formthe conplexes of this inventioneare Gd [err], M [err], Fe [err] and
avai | abl e cormmercially, e.g. fromAldrich Chem cal

Qo2

In the above Schemes, the general process discription illustrates
“specificsteps that may be used to accomplish a desired reaction step. The
general descripfion of these process steps follows.
The synthetic Scheme 1 begins with a halogenatton of commercially
5 available bis-pyridyl alcohol (1) using thionyl chioride. Similar procedures for -
converting an alcohol to an efectrophilic substrate, such as treatmentwith
toluenesulfonyli chloride, HBr or HCI, should also result in a similarily reactivé .
product which would work well in subsequent ring closure reactions.
Macrocyclization procedures are numerous in the literature and the desired
10 tetraazamacrocycle (3) was prepared according to the method of Stetter et al.,
Tetrahedron 37, 767-772 (1981). More general procedures have since been
published which give good yields of similar macrocycles using milder conditions
{A. D. Sherry et al., J. Org. Chem. 54, 2990-2992 (1989)]. Detosylation of the
. intermediate macrocycle [(3) to yield (4)] was accomplished under acidic
15 conditionsin good yield. Reductive detosylation procedures are also well ,'
known in the literature and can be adapted to the present reaction sequence.
Phosphonomethylation to obtain the tris-aminophosphonic acid deratlve (e,
PCTMP) was conducted under typical Manmch base conditions using
phosphorous acid and formaldehyde. -
20 in addition to phosphonic acid derivatives, phosphonate esters [e.g.
of formula (6)] can also be prepared under organic conditions in aicohols or
aproticsolvents (e.g. acetonitrile, benzene, toluene, tetrahydrofuran) and
using the desired dialkylphosphite as the nucleophilicspecies (see Scheme 2).
Depending upon the reactivity of the amine, these reactions may be conducted
25 atatemperature between about-10to about 100°C. in addition,
trialkylphosphites can be employed under similar Mannich conditions to give
the phosphonate ester via oxidation of phosphorous (flf) to phosphorous (V)
with simultaneous expulsion of one mole of alcohol (Arbuzov reaction). These
reactions can be conducted with or without the presence of a solvent. When
30 alcohols are employed as the solvent for either dialkyl or trialkyl phosphite
reactions, it is beneficial to use the alcohol from which the corresponding
phosphonate ester is derived in order to avoid alternative products arising from

transesterification. Esters of thistype are also prepared via N-alkylation of .
f-halodialkyiphosphonates in solvents such as acetonitrile, chloroform,
35 dimethylformamide, tetrahydrofuran or 1,4-dioxane with or withoutthe .

addition of a non-nucleophilic base such as potassium carbonate at room
temperature or above. The resulting perester intermediate is then readily
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5 1 Conpany. The anion present is halide, preferably chloride, or salt free
(nmetal oxide). A "paramagnetic clide" of this invention nmeans _a |

whi ch di'spl aysThiptheet diagBdemRepeaEnt um and/ or orbital an cERe
two types of rmiﬁs to give the observed par tﬁ@‘r?e?ﬁl,_ L@:%}égr? in\.“.a
manner that dep I t he at ons "beari ngt he unpai __r_e_d,g_‘_egjzfzeﬁ—aﬁd

to a.lesser extent, upon the environnent of such atons. “The par amagnetic
nuclides found to be useful in the practice.of the invention are

61

hydrolyzed under basic conditions (aqueous hydroxide, pH = 8-14, 30-110°C) to
“give the corresponding half-acid derivative.
In Scheme 3, macrocyclic methylphosphinic acids (10 and 11) are
prepared under conditions similar to those described in Scheme 2. Using
5 diethoxymethylphosphine asthe nucleophilic species and paraformaldehyde,
condensation can be conducted in solvents such as tetrahydrofuran,
dimethylformamide, dioxane, acetonitrile or alcholic media. The resulting
phosphinate ester is then hydrolyzed under acid (6N HCl, 80-100°C) or basic
(stoichiometric quantities of base, 40-100°C) conditions to give the
10 corresponding methylphosphonic acid. Alternatively, the method devised by A.
D. Sherry et al. (Inorg. Chem., submitted 1991) using ethylphosphonic acid
generated in situ can be used to obtain phosphinate derivatives having
increased lipophilic character.
Scheme 4 illustrates an approach to incorporate addmonal
15 functionality into the pyridine unit of the 12-membered tertaazamacrocycle.
Thus, chelidamic acid (Sigma Chemical Company; 12) can be converted to the
bis-halomethyl derivative (13) having appropriate substitution at the pyridy! 4-
position. Transformations leading to this intermediate are general in nature
and its preparation is described by Takalo et al. [Acta Chemica Scandinavica
20 B 42,373-377(1988)]. Subsequent macrocyclization using this intermediate
(15) can be accomplished by the standard DMF reaction at 100°C with the
sodiotritosylated triamine, or at room temperature with the tritosylated free
base and potassium carbonate, sodiunrcarbonate, or cesium carbonate as base
to give products similar to those previously described. Subsequent reactions
25 leading to phosphonate half-acids and phosphinate functionality are identical |
to those transformations and conditions described in the preceeding Schemes.
in Scheme 4, 4-halopyridy! substituted macrocycles (16) are =
described which can undergo substitution at the 4-position of the pyridyl
moiety as described in Scheme 5. Thus, organometallic Pd(lf) complexes can be -
30 “employed to facilitate the coupling reaction between phenylacetylene and
phenylacetylene derivatives and the pyridyl macrocycle. Typical reaction
conditions for this transformation utilize anhydrous conditions with
triethylamine as solvent and at reaction temperature between about 10 to
about 30°C for optimum yields. The identical product can also be obtained
35 Using Cu(l) phenylacetylide in anhydrous pyridine at a temperature between
about 80 to about 110°C. In addition, standard anionic alkylation procedures
can be employed to affect substitution on the pyridine nucleus with, for
example, sodioalkoxides in DMF or dioxane at from about 80 to about 100°C



gadolinium (Gd[err]), mnganese (M [err]), with d

af8}(})repared by nmet hodswel | known in

[err] being preferred. S BXARANE,

the art. Thus, forexanpl g Agents and Metal Chelates, ..Dwer &
Mel'l or, Academic Press ( ﬁﬁl’mﬂ 7. See al so net hods |if a5;smldAG 0B0EN
acids in Synthetic Production an f49 zation of Am no Acigs, (eftbesoby

Kaneko, et al.) John Wley & Sons (1974). An exanple of th t-on=of
a conpl ex involves reacting a bicycl opol yazamacr ocycl ophosphonic acid with
the netal ion under aqueous conditions®t a pHfrom5 to 7. The

conpl exforned is bya chenmical bond and results in a’ stable paramagnetic

nucl i de conposiyigas® slch a3 pRsGurhCarbBRatd 0P &RFEH hifiroQide Olnakfitydier amagneti c
nuclide fromt Qgtr alzgr%ra]g"ocyc!es (24, 25, 26, 27, 28) dervatized in this manner are
- compatible with transformations described in previous Schemes resulting in
analogous phosphonate chelants.

5 A variation of 4-pyridyl substitution is described in Scheme 6
whereby the 4-hydroxypyridyl moiety (29) is alkylated with a bromoalkylnitrile
yielding an intermediate ether linked nifrile (31) which is subsequently
incorporated into the macrocydic structure. Thistype of alkylation procedure
is best accomplished under anhydrous conditions in an aproticsolventsuch as

10 tetrahydrofuran (THF) and using a non-nucleophilic base such as sodium
hydride or butyllithium at temperatures between from about -30 to about
80°C. The generality of this approach has been described by Chaubet et al., for
acyclic analogs[Tetrahedron Letters 31 (40), 5729-5732 (1990)]. The macrocyclic
nitrile prepared in this manner can be reduced to the primary amine (36) by .

15 standard procedures followed by protection of the primary amine with 2-(t-
butoxycarbonyloxyimino)-2-phenylacetonitrile (BOC-ON; 37). Subsequent
functionalization of the macrocyclic secondary amines (38, 39, 40, 41,42, 43)
can then be accomplished by the procedures discussed with the additional
requirement that the BOC protecting group be removed using trifluoroacetic

20 acid asdescribed in Scheme 6. )

Functionalization can also be carried out on the 3-position of the -
pyridine ring within the macrocyclic structure asillusatrated in Scheme 7.
Newkome et al. [Tetrahedron 33(12), 2001-2008 {1983)] has previously
described the synthesis of ethyl 2,6-halomethylnicotinate {45) which serves as

25 the inital starting material in this synthetic route. Thus, the tris-tosylated
macrocycle intermediate (46) can be detosylated under acidic conditions
(HBr/AcOH, 25-115°C) with simultaneous hydrolysis to yield the nicotinic acid
derivative (48), or reduction of the ester in refluxing ethanol prior to
detosylation will result in the 3-hydroxymethyl intermediate (47). The nicotinic

30 acid macrocycle can then be substituted into the general scheme for secondary
amine functionalization to yield the various types of phosphonate chelants of
Formula (1) (49, 50,51, 52, 53).

In contrast, the 3-hydroxymethyl analog is advantageously
proteéted priorto functionalization of the macrocyclicamines. The benzyl (82)

35 protecting group is shown in Scheme 8 since it must be resistant fo thesevere .
acid conditions encountered in the detosylation step. After appropriate
functionalization of the secondary amines has been accomplished as described
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The conplexes of the present |nvent|on are nrstered ata ligand to netal
nolar ratio of at least 1:1,Thi 1 to 3:1, nore preferably
from1l:1 to 1.5:1. A large excé ‘ s undesrrabli B .
unconpl exed |igand may be t oxi of may resu in ) &
arrest or hypocal cenmic convulsrons The antrbodres or ant (the ents
whi ch may be used in the conjugates described herein can be prepared by
techni ques well known in the art. H ghly speci-fic nonocl onal antibodies can
be produced by hybridization techni ques well known in the art, see for

exanpl e, Kohler and M| stein [Nature,b3256,495-497 (1975); and Eur.J.
| mmunol ., 6, 511-519 (1976)]. Such antibodies normally have a highly

speci fic react iy plabiout Senlehfes 3Rk bBRAY grto%‘ils%ﬁgv&&)rm&ég HilBatatytic
- hydrogenation conditions (58).

Macrocyclic derivatives can also be prepared as in Schemes 12-14
where both carboxylate and phosphonate chelating fuctionalities are present

5 inthe same molecule. Thus, varying degrees of carboxylate fuctionality can be
introduced under typical aqueous alkylation procedures using bromoacetic
acid. Following this step, the remaining amines can be phosphonomethylated
by procedures discussed in previous Schemes using formaldehyde and
phosphorous acid, dialkyl phosphonates or trialkyl phosphites.

10 Schemes 15 and 16 defineate a synthetic approach which introduces
an aromatic nitrobenzyl substitutent at one of the macrocyclic nitrogen
positions. Typically, the macrocyclic amine is mono-N-functionalized in an
organicsolvent such as acetonitrile or DMF at room temperature using a non-
nucleophilic base such as potassium carbonate. Additional functionalization of

15 the remaining nitrogen positionsis then performed by methods and conditions
described in previous Schemes. After the introduction of the desired chelating
moieties, the nitro group is reduced using platinum oxide and hydrogen in
water. In this form, the chelating agent is compatible with conjugation
techniques which will enable attachment to larger synthetic or natural

20 molecules.

Scheme 17 illustrates the synthesis of the macrocyclic compounds (4)
where the amines at positions 3 and 9 are reacted with at least two moles of
the sodiumsalt of hydroxymethanesulfonicacid in water at a pH of about 9 to
provide the corresponding macrocyclic compound where positions 3 and 9 are

25 the sodiumsalt of methanesulfonic acid (119). The sulfonic acid group is then
displaced using sodium cyanide to form the corresponding cyanomethane

= derivative (120). The cyano group is hydrolyzed to the carboxylic acid either:
simultaneously with the addition of phosphorous acid and formaldehyde; or by
sequential reaction with a derivative of phosphorous acid and formaldehyde to-

30 formthe phosphonic acid at the 6 position (121), followed by acid hydrolysis, at
an elevated temperature, of the cyanato groups and any derivative moiety of
the phosphorous acid present. The resulting compound is 2 macrocycle with
two carboxylic acid groups at positions 3 and 9 and a phosphonic acid group at
position 6. The phosphonomethylation can also be preformed by the methods

35 discussed above. : )

The metal ions used to form the complexes of this invention are
Gd+3, Mn*2, Fe*3 and available commaercially, e.g. from Aldrich Chemical
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anti bodi es directed agai nst any de5| red antigen or hapten may be used.
Preferably -the anti bodies which are used in the conj ugat es are nonocl onal
anti bodi es, orfragnents ther’l‘bcﬁhdqaw meépem ficity for a desired

epi tope(s). Antibodi es used | i nventi on may -ﬁﬁ——ﬁH-b‘b—t—-EH—-—-—-——-—‘-—‘
agai nst, for exanple, turmrs . Viruses, [pdiésBresT HAS BEEN
nmycopl asma, differentiation an ther

ceII menbr ane antijgens, FrtlAGE

surface antigens, toxins, enzynes, allergens, drugs and any
bi ol ogi cal | yacti ve nol ecul es. Sonme exanples of antibodies or antibody

fragments are 111 6-NS-19-9, 111.6-NS-3d,
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Company. The anion present is halide, preferrabliy chloride, or salt free {metal

oxide).
A "paramagnetic nuclide” of this invention meansa metal jon

which displays spin angular momentum and/or orbital angular momentum.

5 The two types of momentum combine to give the observed paramagnetic
momentin a manner that depends largely on the atoms bearing the unpaired
electron and, to a lesser extent, upon the environment of such atoms. The
paramagnetic nuclides found to be useful in the practice of the invention are
gadolinium {Gd*3), iron (Fe*3) and manganese (Mn*2), with Gd *2 being

10 preferred. .

The complexes are prepared by methodswelf known in the art.

Thus, for example, see Chelating Agentsand Metal Chelates, Dwyer & Mellor,
Academic Press (1964), Chapter 7. See also methads for making amino acids in
Synthetic Production and Utilization of Amino Acids, (edited by Kameko, et al.)

15 John Wiley & Sons (1874). An example of the preparation of a complex involves
reacting a bicyclopolyazamacrocyclophosphonic acid with the metal ion under
aqueous conditions at a pH from 5 to 7. The complex formed is by a chemical
bond and results in a'stable paramagnetic nuclide composition, e.g. stable to
the disassociation of the paramagnetic nuclide from the ligand.

20 The complexes of the presentinvention are administered ata ligand
to metal molar ratio of at least about 1:1, preferably from 1:1to0 3:1, more
preferably from 1:1to 1.5:1. Alarge excess of ligand is undesirable since
uncomplexed ligand may be toxic to the animal or may result in cardiac arrest
or hypocalcemic convulsions.

25 The antibodies or antibody fragments which may be used in the
conjugates described herein can be 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,
256, 495-497 (1975); and Eur. J. Immunol., §, 511-519 (1976)]. Such antibodies

30 normally have a highly specificreactivity. In the antibody targeted conjugates,

- antibodies directed against any desired antigen or hapten may be used.

Preferably the antibodies which are used in the conjugates are monoclonal
antibodies, or fragments thereof having high specificity for a desired
epitope(s). Antibodies used in the presentinvention may be directgd against,

35 Tor example, tumors, bacteria, 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 antibody fragraments are 1116-NS-19-9, 1116-NS-3d,

-



Patent 4,193,983. The conj
preferred for the di agn03|

pr esent [ nvent i on ar.e _partisat-arl Yy

ldepositea I n AT,CC A ;mr IQJIEH%]? stl odf antigens can be found in U S.

ancers. Thi g=Fh Eenuhs BEERU\wi t h
a physi ol ogi cal |y accepta ' R eNo
nmet hods for preparing such fornul atlons are well knoy e FrEFat T ons
may be in the formof a suspension, injectable solution or ot her sui tabl e
formul ati ons. -Physi ol ogi cal |y acceptabl e suspending nedia, with or wthout
adj uvants, may be used. An "effective angint " of the fornulation is used
for diagnosis. The

703D4, 704A1, CC49, CC83 and B72.3. All of these antibodies have been
deposited in ATCC. A more complete list of antigens can be found in U.S.
Patent 4,193,983. The conjugates of the presentinvention are particularly
preferred for the diagnosis of various cancers.

5 . This invention is used with a physiologically acceptable carrier,
excipient or vehicle therefore. The methods for preparing such formulations
are well known. The formulations may be in the form of a suspension,
injectable solution or other suitable formulations. Physiologically acceptable
suspending media, with or without adjuvants, may be used.

10 An "effective amount” of the formulation is used for diagnosis. The
dose will vary depending on the disease and physical parameters of the animal,
such as weight. In vivo diagnostics are also contemplated using formulations of
this invention.

Other uses of some of the chelants of the present invention may

15 include the removal of undesirable metals (i.e. iron) from the body, attachment
to polymeric supports for various purposes, e.g. as diagnostic agents, and
removal of metal ions by selective extraction. The ligands of Formula (1) having
in at least two R terms T equal to P{(O)R'OH may be used for metal ion control as
scale inhibitors. Some of these ligands can be used in less than stoichiometric

20 amounts. Similar uses are known for compoundsdescribed in U.S. Patents
2,609,390; 3,331,773; 3,336,221; and 3,434,969.

The invention will be further clarified by a consideration of the
following examples, which are intended to be purely exemplary of the present
invention.

25 Some terms used in the following examples are defined as follows:

LC = ligiiid chromatrography, purifications were carried out at low

pressure using Dionex 2010i system fitted with a hand-packed Q-

Sepharose™ anion exchange column (23 x2 ¢cm).

- DMF = dimethylforamide.

30 © AcOH = acetic acid.

* ICP = inductively coupled plasma.

g = gram(s).

mg = milligrams.

kg = kilogram(s).

35 mL = milliliter(s).

- IL = microliter(s).
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WHAT IS CLAIMED iS:

1. Bl'cyclopolyazamacrocydophosphonicacid compounds of the formula

~ )ﬁ
N
R~N
|
10 . - N \/
N I
R
wherein:

-T;

15 R =-(C),
¥

where:
X and Y areindependently f-!, OH, C.-C, alkyl or COOH;
20 ® isanintegerof1,2or3;
with the proviso that: when n is 2, then the sum of X and Y must equal two or more H; and
whennis3, then -
the sum of X and Y must equal three or more H; :
TisH, CC,, alkyl, COOH, OH, SO H, ' ‘



T "ef ai ms defi ni ng the invention are as follows: 1.
Bi cycl opol yazamacr ocycl ophosphoni ¢ acid conpounds of the formula [err]

wherei n: -where: X and Y are OH, derr]-Cerr] alkyl or
COOH; n is an integer of 1, ”I imp ml 'H proviso that: when n is 2,
then the sum of X and Y rrus *eqma nor e M —
: - _ | THIS SHEET HAS BEEN ;
is Sheet Has Bflen Replaced : %
MR

where: R'is-OH, C,-C, alkyl or -O-(C-C alkyl);
* R'isH, NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,

bromoacetamido or carboxyl;

Ris H or OH; with the proviso that when R?is OH, then the R term containing the R* must have
5 allXandYequaltoH; '

with the proviso that at least one T must be P(O)R'OH, and with the proviso that when one T'is

<::> R4
¢

1 . .
then one X or Y of that R term may be CQOH and all other X and Y terms of that R term must be
H; '
Ais CH, N, C-Br, C-Cl, C-OR?%, C-OR®, N*-R* X,

! c—csc-—@— R

R'is H, C-C, alkyl, benzyl, or benzyl substituted with at least one R°;
R‘is defined as above;
R¥is C -C_ alkyl, benzyl, or benzyl substituted with at least one R;

20 t Bt |
R*is C-C_alkylamino; |

115
XisCl,Br, "or H,CCO;:
Qand Zindependently are CH, N, N*-R® X, C-CH,-OR® or C-C(0)-R®;
R¥is defined as above; ’
R®is-O-(C,-C, alkyl), OH or NHR’;
R’is C,-C; aikyl or a biologically active material;
Xis defined as above; or
pharmaceutically-acceptable salts thereof;

25

with the proviso that:
' a)when Q, A or Zis N or N*-R* X, then the other two §roups must be CH;
b) when A is C-Br, C-Cl, C-OR?® or C-OR®, then both Q and Z must be CH;
¢) the sum of the R*, R” and R® terms, when present, may notexceed one; and
d) only one of Q or Z can be C-C(0)-R® and when one of Q or Z is C-C(0)-R®, then A
* must be CH.
2.  Acompound of Claim 1 wherein at least two R terms have T equal to
* 35 P(OJR'OH where R is OH and the third T equal H, COOH or C-C,, alkyl; A, Qand Zare CH; nis -
1; and X and Y independently are H or C -C, alkyl.

30
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S ) . :
H, and when n is 3, then the sumof X and Y nust equal three or nore H T

is H (err]-(err] alkyl, COOH, OH SOerr]H [err] [err] where: Rerr] is
-O(derr]-Cerr] alkyl); R2 |s-H—%&Lw_mM0viso t hat when R[err]
is OH, then the R term containi ng the R2 nust have all nd Y equal to H,

ﬁ]?(r)gaml iarbaglgaii;eiliwmr : Jcedblr 2 !?ﬂﬂmfmmm gg; | *ftﬁmeqspé?fso
r

that at |east ﬂ"mﬂlnﬂ m r(O)R[er OH ard With the

. _ - 3. A compound of (laim 2 wherein three R terms have T equal to P(O)R'OH
* where RV isOH; and X and Y are H, and named as 3,6,9, 15-tetraazabicycio[9.3.1]pentadeca-
1(15),11,13-triene-3,6,9-trimethylenephosphanic acid or pharmacautically-acceptable salts

68

thereof. _
5 4. A compound of Claim 2 wherein in two R terms Tis P(O)R'OH, where R'is
OH, in thethird Rterm Tis COOH, and nis 1.
5.  Acompound of Claim 2 wherein in two R terms Tis P(O)R'OH, where R' is .
OH, in thethird R term Tis P(O)R'OH, where R'isC -C_alkyl, and nis 1.
6. Acompound ofClaim 2wherein intwo RtermsTis P(OJR'OH, where R'is
10 OH, in the third R term Tis P{O)R'OH, where R'is-0-(C -C_ alkyl), and nis 1.
7. A compound of Claim 1 wherein in the R term atleastone T equal
P(O)R'OH, where R'is OH, and in the other two Rterms, T is COOH or P(O)R'OH, and n, R', X, Y,
A, Qand 2Zare defined asin Claim 1.
8.  Acompound of Claim 7 wherein in one Rterm Tis P(O)R'OH, where R’ is
15 OH, andinthe othertwo R terms T isP(O)R'OH, where R is-0-(C-C, alkyl), and nis 1.
8.  Acompound of Claim 7 wherein in one Rterm Tis P(O)R'OH, where R’ is
OH, and inthe other two R terms T is P(O)R'OH, where R'is C-C  alkyl, and nis 1.
10. Acompound of Claim 7 wherein in one Rterm Tis P{O)R'OH, wheré R'is
. OH, and in the other two R terms T is COOH, and nis 1.
20 11.  Acompound of Claim 1 wherein in the R term three T equal P(O)R'OH,
where R'is C -C, alkyl or-0-(C,-C_ alkyl), and n, R', X, Y, A, Q and Z are defined as in Claim 1.
2. A compound of Claim 11 wherein in the three Rterms T is P(O)R'OH, where
Rlis -O-(C-C alkyl), andnis 1. y
13.  Acompound of Claim 11 wherein in the three Rterms Tis P(O)R'OH, where
25 R'isC-C.alkyl,andnis1.
14. Acompound of Claim 1 wherein X and Y are H. .
15.  Acompound ofClaim 1 whereinnis 1.
16.  Acompound of Claim 1 whérein A,Qand ZareCH.
17.  Acompound of Claim 1 wherein Q, A and Z are CH; and in the three R
30 termsX,Yand nare defined asin Claim 1, and one Tterm is

R
R4

35 where R2and R are defined asin Claim 1, and the other two T terms are defined asin Claim 1.
- 18. A compound of Claim 17 whereinnis 1. *

19.  Acompound of Claim 18 wherein in the R term that contains a T moiety
which has the R* group present, also has one of_x orY of that R term equal to COOH.



S .
when one T is [err] then one X or. Y of that Rtermmay be COCH and all
ot her X and Yterms of that Rtermnust be HL Ais CH N, CBr, CGd,

CORerr], GORerr], N+Rerr]X-, [err] Rerr] is H, C[err] derr]
al kyl, benzyl, or benzyl subsH—‘t-uL&dMlﬂﬁt one Rlerr]; Rerr] is
C[err]?C[err] _al kyl, benzyl, or  benzyl substi d wth at Ieast one
Rlerr]: | L T ice

This Shegt Has Been Repiaced
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20. Acompound of Claim 19 wherein in the two R terms not containing an R*

\_.___‘
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term, all remaining X and Y terms are H.
21, Acompound of Claim 20 wherein in the two R terms not containing an R*
term, both T terms are P(O)R'OH, where R’ is defined as in Claim 1 and is the same moiety.
5 22. Acompound of Claim 20 wherein in the two R terms not containing an R*
term, one Tterm is a COOH and the other T term is P(O)R'OH, where R' is defined as in Claim 1.
23. Acompound of Claim 15 wherein X and Y are H; Tis COOH
or "?"'OH :
‘Rl
where: R'is -OH, C-C, alkyi or -O-(C -C, afkyl).
24.  Acompound of Claim 23 wherein Q and Z are CH.
25. Acompound of Claim 24 wherein A is C-OR?, C-OR®, where R® and R8 are
15 definedasinClaim 1, or

where R*is defined as in Claim 1.
20 26. Acompound of Claim 23 wherein A is CH, and one ofQor Z is CH and the
other is C-C(O)-R®, where Réis defined asin Claim 1. :
27. Acompound of Claim 26 wherein R®is NHR?, where R is a biologically

10

-.

active material.
= - 28. Acompound of Claim 15 wherein one of A, Q or Zis N*-R* X", where R® and
X are defined asin Claim 1; and in one R term, the T moiety is P(O)R'OH, where R’ is C -C_ alkyl
or-0-{C-C, alkyl); and in the other two R terms, the T moiety is P{O)R'OH, where R'is ¢-<
alkyl, -0-{C-C, alkyl) or COOH; and all X and Y terms are H.
29. Acompound of Claim 28 wherein in all three R terms, the T moietyis
P(OJR'OH, where R'is C ~C, alky! or -0-(C -C, alkyl). '
30 ' 30. A complex which comprises a bicyclopolyazamacrecycdophosphonic acid
compo.und asclaimed in any one of Claims 1-29;

complexed with a metal ion sefected from Gd *3, Mn*2or Fe*>.

* 31.  Acomplexof Claim 30 wherein three R terms have T equal to P(O)R'OH
35 whereRlis OH; and X and Y are H, and named as 3,6,9,15-tetraazabicyclo[9.3.1]pentadeca-
* ' 1(15),11,13-triene-3,6,9-trimethylenephosphonic acid. )

32.  Acomplexasclaimed in Claim 30 or 31 wherein the metal is Gd**.



Rlerr] is err]-Cerr] alkylamino; X- is -, Br-, |- or Herr]CCQerr]; Q
and Z independently are CH, N, N+-Rlerr]X-, C-CH[err] OR[err] or
C(O-Rerr], Rerr] is -O(C[err] 'aIkyI) OH or NHR['err]; Rlerr] is
Cerr]-Cerr] alkyl or a dextran, tlde cule with a specific
affinity for a receptor or phar mac ’iﬂ,ﬂ able salts thereof; with
the proviso that.—a) _when Q Ao or J rr]X-'-{,zf—-L-hemthe ot her

present, may not

! mo e
two groups nust when ATs C B ) § errli opGORLer TS«
then both Q and wmﬂi’ epl,@n}d t he sum of t he R4 R7 ¢ d Rgsi LY A,z—\ﬁﬁéﬁ l
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33. Aconjugate comprising a bicyclopolyazamacracyclophosphonic acid
compound as claimed in any one of Claims 1-29, with the proviso thatone of R4, R? or R must
be present; '
complexed with a metal ion selected from Gd *3, Mn*2or Fe*?; and

5 covalently attached to a biolagically active material.

34. Aconjugate of Claim 34 wherein the bioclogically active material isa
dextran, a peptide or polypeptide, a molecule that has specific affinity for a receptor, or an .
antibody or antibody fragment.

35. Aconjugate ofClaim34 wherein the antibody or anti body fragmentisa

10 monacional antibody or fragment thereof. '

36.  Aconjugate of Claim 33 wherein A is CH, and one of Q or Zis CH and the
other is C-C(0)-R%, where R®is NHR?, where R’ is a biologically active material.

. 37. Aconjugate of (aim 36 wherein three Rterms have T equal to P(O)R'OH
where R1is OH; and X and Y are H or pharmaceutically-scceptable saits thereof.
15 ) 38. Aconjugate of any one of Claims 33-37 wherein the metal ion is Gd .

39. ‘Apharmaceutical formulation comprising a complex of Claim 30 witha
pharmaceutically-acceptable carrier. .

40.  Apharmaceutical formulation r.ompnsmg acomplex of Claim 3twitha
pharmaceutically-acceptable carrier. .

20 . 41.  Apharmaceutical formulation comprising a conjugate as claimed in any
one of Claims 33-38 with a pharmaceutically-acceptable carrier. .

42. Amethod forthe diagnosis of a disease state in an animal which comprises
administering to said animal an effective amount of the formulation of Claim 39.

43. A method for thediagnosis ofa disease state in an animal which comprises

25 administering to said animal an effective amount of the formulation of Claim 40.

44, A method for the diagnosis of a disease state in an animal which comprises
administering to said animal an effective amountof the formulation of Claim 41.

45. The complex as claimed in any one of Claims 30-32 foruse asa

pharmaceutical.
30 46. The conjugate asclaimed in any one of Claims 33-38 foruse asa

pharmaceutical.
47.  Akitforuse as a diagnostic agent having as an ingredient a ligand as

claimed in any one of €laims 1-29.
48. Aprocess for preparing a complex as claimed in Claim 30 which comprises

L}

35 reactinga bicyclopolyazamacrocyclophosphonic acid compound as claimed in Claim 1 witha
metal ion selected from Gd *%, Mn *2 or Fe*? under aqueous conditionsata pHfromSto 7.

“»
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d) only one of Qor Z can be C—C(O) R6 and when one of Qor Zis
C-C(O-R6, then A nust be CH 2. A corrpound of claim1l wherein X and Y are
H 3. A conpound of claim1l or claim?2 1 4. A conpound of

any one of clainms. 1 to 3 wherein A, Q a e conmpound of any
one of “the precedi ng cl ai n5__wherein in Dﬁ m Tis P(ORerr] OH,
wher e R[errmfl aim1l. 6+ lm cla,4m5 wherein n

ﬁuﬂﬂascﬁfe lage of clainms 1 to 4 whidrein Q / Tgmj*iﬁr.e\ﬂ—l

1s 1.
andlnthethr “Y and n are defined as in cIa|m/1 Srref-
termis [err] N

71

49,  The process of Claim 48 wherein the bicyclopolyazamacrocyclophoesphonic
acid compound is 3,6,9,1 5-tetraazébicyclo[9.3.1]pentadeca-1 {15),11,13-triene-3,6,9-tri-
methylenephosphonic acid. )

50.  Aprocessfor preparing. a bicydopolyazamacrocyclophosphonic acid

5 compound as claimed in Claim 1 which comprises reacting:
. _ (A) a compound of the Formula (i) wherein at least 1 R group is H, witha
phosphonating agent; or .
(B) acompound of Formula {1) wherein Q, A or Z has a protecting group present,
after step (A), removing the blocking group by catalytic hydrogenation or acid.
10 - $1.  The process of Claim S0 wherein the phosphonating agent has the formula
P(OR), where Ris defined as in Claim 1.
52. The processof Claim 50 wherein the phosphonating agent has the formula
P(OR), where R is defined as in Claim 1, and formaldehyde in a solvent.

15

20

25
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35



or wheré R2 and R4 are defined as in claiml, and the other two T terns are
A conpound of claim7 wherein

defined as in claim1. 8.

termthat contains a T noiety which has the R4 group pres

of X or Y of that Rtermequal to COOH 9.72-A conmpound o
in the two R terns not containing an R4 term aII

are H 10. A co ound of
are H Tis

any one of cl

I’E,‘ITB.I n

n-is.1.and.the R

f

2
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claim8 wherein

I Y._.and

ihte. 0. NOVeIE

CROCYCLOPHOSPHONIC ACID, 'CONJUGATES,
CONTRAST AGENTS AND PREPARATION

ABSTRACT

Bicyclopolyazamacrocyclophosphonic acid compounds are disclosed which
may form inert complexes with Gd, Mn or Fe ions. The overall charge of the complex
can be varied to alter the in vivo biolocalization. Such complexes can be covalently

10  attached to an antibody, antibody fragment or other biologically active molecule to form
conjugates. The complexes and conjugates are useful as contrast agents for diagnostic
purposes. Processes for the preparation of the ligand, complex and conjugate are also

disclosed.
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b4
[esr] where: Rerr] is -O((err]-Clerr] alkyl). 11. A conpound of claim 10
wherein (a) Qand Z are CH, Ais CGORlerr], COR erfi=—nhere Rerr] and
Rlerr] are defined as in claim1, or [err] where R[{ rEPUeS EdefnNageSs (||
.claiml or (b) Ais CH and one of Qor3Z is CH an theozré]er I S
CGCO-R6, where R6 is defined as in claim1l. 12. Al Carpofuél Wi 94fe

claim1l wherein-Rerr] is NHRerr], where Rerr] i
contrast agentinto the affected regions. In addition to MAGNEVIST™, Guerbet is commercially

marketing a macrocyclic perfusion agent (DOTAREM™) which presently is only available in
Europe. A number of other potential contrast agents are in various stages of development.

Surprisingly, it has now been found that various bicyclopolyazamacrocyclo-
phosphonic acid ligands can be contrast agents. Furthermore, these ligands may have their
charge modified, i.e. by the structure of the ligand and metal seleéted, which can effect their
ability to be more site specific. Specifically, the present invention is directed to novel ligands
that are bicyclopolyazamacrocyclophosphonic acid compounds of the formula

R
N /\
K

l

R
wherein:
R = ={C), -T;
(. -
Y

where:

XandY are mdependently H, OH, C C alkyl or COOH;

nisanintegerof1,2or3;

with the proviso that: when nis 2, then the sum of X and Y must equal two or more H; and
when n is 3, then the sum of X and Y must equal three or more H;

TisH, C-C,, alkyl, COOH, OH, SO H,

- 0
. R i
4
. . _ R rl
- where: R'is’ ~-0-(C,-C, alkyl);
R*is H, NO,, NH, , isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
brom oacetamido or carboxyl;
R?is H Sr OH; with the proviso that when R?is OH then the Rterm contammg the R? must have

allXand Y equal to H; -
with the proviso that at least one T must be P(O)R'OH, and with the proviso that when.one Tis



b N

a peptide, or a nolecule with a specific affinity for a treceptor. 13 A

conpound of claim4 wherein one of AL Qor Z is N+ R ernl ¥epLi R
and X- are defined as in claiml1l; and in all three termg| th %%ngfqety Fg

P(O RLOH, where Rerr] is -O(Jerr]-(errg alkyl) and Ibtgaﬁdz 1997
are H 14. A conpl ex which conprises a bicycl opol yazana o 8 S
acid conpound as claimed in any one of claims 1°to 13 conplexed with a
nmetal ion selected from Gd+3, M+2 or Fe+3. 15. A conplex of claim14

wherein. the netal yS Gd[err]. 16. A conplex of claim 14 having an overall
negative charge—i ofpl ex. of claim 14 having an overal | _neutral
charge. 18. ‘A conpkex/of claim 14 having an overal | charge of +1.

then one X ar Y of that R term may be COOH and all other X and Y terms of that R term must be

H;
AisCH, N, C-Br, C-Cl, C-OR®, C-OR®, N*-R° X,

c—Csn‘

R¥isH, C-C, alkyl, benzyl, or benzyl substituted with atleast one RY;
R*is defined as above;
R¥is C-C, alkyl, benzyl, or benzyl substituted with at least one RY;

~e

. R*isC-C  alkylamino;
X-isCl, Br, I"or H,CCO,;
_ Qand Zindependentlyare CH, N, N*-R* X, GCH -OR or G-C(0)-RS;
" Reisdefined as above; : .
i RSis-0-{C-C, alkyl), OH or NHR;
R7is C,-C, alkyl ora biologically active material;
X-is defined as above; or - -
pharmaceutically-acceptable salts thereof;

with the proviso that:
a) when Q, A orZis N or N*-R°X;, then the other two groups must be CH;

b) when A is G-Br, C-Cl, C-OR* or C-OR?®, then both Q and Zmust be CH;
¢)the sum ofthe R?, R” and R® terms, when present, may not exceed one; and
d) only one of Q or Z can be C-C(0)-R® and when cne of Qor Zis C-C(O)-R®, then'A

must be CH.
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195 A conjugate conprising a bi cycl opol yazamacr ocycl opho -
conmplex as claimed in claim14 or claimi15, with the proJj BEPLAGEMENE SHEET
R4, R7 or R8 nust be present, and coval ently attached to dextran

2 JECHT. A

pol ypepti de or | ecyl e that has.specific affinity for |aPriecdpd
conj ugate as cl &’ﬂ%ﬁm © ?F%@Eﬁe%vﬁg'ﬁiipﬁofﬁﬁl@%l ecule With a Specifrc
affinity fothen thetighhdy areuisefnl antomedyagehtsant i body fragnent. 21. A
conjugate of cl g rein.the antibod antib fragment is a
nonocl onal anti ?S@C%gafwfrgg‘%%ﬁa‘f’ﬁﬁ?%dﬁmé&%f&’ C u?ﬁﬁ ézthgreof any one of
claims 19 to 21Xt ¥iareM;is CH and one of Qor Zis CH and the other is
C-E(O)-:Q[err] , m§r1§oﬁ[err] Is NHR[err], where R7 is a biologically active
mat eri al .

A, Qand Z are CH.

Bifunctional ligands of Formula (I) are desirable to prepare the conjugates of this

invention. Such ligands must have:
one R term where the T moiety is

R2
O~ -0
R4

where R2 and R4 are defined as above, .especially where (a) in the two R terms not
containing an R4 term, both T terms are P(O)R10H, where R! is defined as above, or (b)
where in the two R terms not containing an R4 term, one T term is a COOH and the other
T term is P(O)R1OH, where R! is defined as above, preferably that moiety of the above T
term containing R% where one of X or Y of that term is COOH; and

; also preferred are those ligands where n is 1 and/or the remaining X and Y terms
are H; or

A is C-OR3 or C-OR8, where R3 and R8 are defined as above or

C—CEC-@-R"

where R# is defined as above; or

A is CH, and one of Q or Z is CH and the other is C-C(0)-R9, where RS is defined
as above;

especially those ligands where RS is NHR7, where R7 is a biologically active
material.

The ligands of Formula (I) may be complexed with various metal ions, such as-
gadolinium (Gd*3), iron (Fe*3), and manganese (Mn+2), with Gd+3 being preferred.
The complexes so formed can be used by themselves or can be attached, by being
covalently bonded to a large molecule such as a dextran, a polypeptide or a biologically
active molecule,

=)




23. °A pharmaceutical fornulation conprising a conplex of §

gneOf _Craf b
17 to 21 with a pharoaceutical | y-acceptable carrier. 56 éEPLACEMENTSHEET
pharmaceutical fornulation conprising a conjugate of any c ;2 Ec;@
to 25 with a pharnaceutically-acceptable carrier. 25. The % gl -----------------

claimed in any one of clains 17 to 21 for uUse as a pharmaceutlca1. Z6. The
conj ugate as clained in any one of clainms 22 to 25 for use as a

including an antibody or fragment thereof, and used for diagnostic purposes. Such conjugates
and complexes are useful as contrast agents. ‘

The complexes and conjugates of this invention can be designed to provide a
specific overall charge which advantageously influences the in vivo biolocalization and image
contrast. For example, when the metalionis + 3 the following can be obtained:

- anoverall neutral charge - when
in the three R terms Tis P{O)R'OH, where R is-0-(C,-C_ alkyl), and nis 1; or
in the three Rterms Tis P{O)R'OH, where R'is C -C_alkyl, and nis 1; or
anoverall charge of +1-when
one of A, Q or Z is N*-R¥ X" where R® and X" are defined as above; and inone R

term, the T moiety is P(O)R'OH, -and in the othertwo R
terms, the T mbiety is COOH or P(O)R'OH. ;andallXand Y
terms are H. _

‘ Both the complexes and conjugates may be formulated tobeina

pharmaceutically acceptable form for administration to an animal.
Use of the ligands of Formula (1) with other metal ions for dlagnOS|s of disease
states such as cancer is possible. The use of those complexes and conjugates s discussed in

another copending application.



>

P

pharmaceutical. 27. A kit for use as a diagnostic agent
ingredient a tigand _as clainmed in any one of clains 1 tqf REPLAGEMENDSHEESS
for preparing a conplex as clainmed in claim.J7 which conprise e gnl a
bi cycl opol yazamacr ocycl ophosphoni ¢ aci d conpound as cIainB@3F2~2+g§- ----- Wit
a netal ion selected from Gd+3, M+2 or Fe+3 under aqueoUS conartrons at a

=

bi cycl opol yazanmacr ocycl ophos nic aci oun s clai e
whi ch conprises r®dewsng: (A) a conmpound of the Formula (1) wherein at
least 1 Rgroup is H wth a phosphonating agent; or

1

pH from 5 to 7. 29. A pr OC‘L&S cFS)arr_lr{?%Lno%L$ &gr%%lgﬂbaq‘fe n\Hn%ered for nomeacllatrt]:rec LgF?ﬁeias

A
M Q7 Sz

N Iﬂ
(‘ RREEII (1)
15
6

1
R-N 3 9 N-R

la N 8|
N, N

One aspect of the present invention concerns development of contrast agents
having synthetic modifications to thé paramagnetic chelate enabling site specific delivery of
the contrast agent to a desired tissue. The advantage being increased contrast in the areas of-
interest based Opon tissue affinity as opposed to contrast arising from non-specific perfusion
which may or rhay not be apparent with an extracellular agent. The specificity of the ligand of
Formula (I) may be controlied by adjusting the total charge and lipophilic character of the |
complex. . For example.-

-when the overall charge of the complex is 0 (thus neutral), the complex
may have the ability to cross the blood brain barrier-and normal brain uptake may be possible.

Tissue specificity may also be realized by ionic or covalent attachment of the
chelate to a naturally occurring or synthetic molecule having specificity for a desired target
tissue. One possible application of this approach is through the use of chelate conjugated
monoclonal antibodies which would transport the paramagnetic chelate to diseased tissue
enabling visualization by MRL. In addition, attachment of a paramagnetic chelate toa
macromolecule can further increase the contrast agent efficiency resulting inimproved
contrast relative to the unbound chelate. Recent work by Lauffer (.U.S. Patents 4,880,008 and
4,899,755) has demonstrated that variations in lipophilicity can result in tissue-specific agents
and that increased lipophilic character favors non-covalent interactions with blood proteins
resulting in enhancement of relaxivity. '

- Additionally, the present contrast agents of Formula (1) which are neutral in
charge are particularly preferred for forming the conjugates of this invention since undesirable
ionic interactions between the chelate and protein are minimized which preserves the antibody
immunoreactivity. Also the present neutral com plexes reduce the osmolarity relative to DTPA-

Gd*?, which may alleviate the discomfort of injection.



(B)*a conpound of Formula (I) wherein Q A or Z has a pr it BEPLAGEMENTSHEET |
present, after step (A), renoving the bl ocking group by d¢atal ytic
hydr ogenati on or acid. 30. A process of cl&i m29 wherein tbﬂep%ﬁpiﬂ&ﬁaﬂﬂﬁg {,

agent has the forhpd (e e [
process of claim 29 \?\l/(r)\P g%%%‘ﬁgaﬁfﬁ% bg%:ﬁg aglgﬁf’ l%ﬁ%

t
where R is SRIPPISEJS Juade;, %gapﬂﬁsl Y an P | by gb Tpx hé’e’éo‘l”i/é"nlt for he /8

[err] variations in that chelate ionic charge can influence biolocalization. Thus, if the anubody
or other directing moiety is also specific for the same site, then the conjugate displays two

I
|

|

portions to aid in site speciﬁcadelivery.

The terms used in Formula (I) are further defined as follows. "C4-C3 alkyl", "C;-Cs
alkyl”, "C;-Cyg alkyl", include both straight and branched chain alkyl groups. An
"animal" includes a warmblooded mammal, preferably a human being.

"Biologically active material" refers to a dextran, peptide, or molecules that have
specific affinity for a receptor, or preferably antibodies or antibody fragments.

"Antibody" refers to any polyclonal, monoclonal, chimeric antibody or
heteroantibody, preferably a monoclonal antibody; "antibody fragment" includes Fab
fragments and F(ab'), fragments, and any portion of an antibody having specificity
toward a desired epitope or epitopes. When using the term "radioactive metal
chelaté/antibody conjugate” or "conjugate", the "antibody" is meant to include whole
antibodies and/or antibody fragments, including semisynthetic or genetically engineered
variants thereof. Possible antibodies are 1116-NS-19-9 (anti-colorectal carcinoma), 1116-
NS-3d, (anti-CEA), 703D4 '(anti-human lung cancer), 704A1 (anti-human lung cancer),
CC49 (anti-TAG-72), CC83 (anti-TAG-72) and B72.3. The hybridoma cell lines 1116-
NS-19-9, 1116-NS-3d, 703D4, 704A1, CC49, CC83 and B72.3 are deposited with the
American Type Culture Collection, having the accession pumbers ATCC HB 8059,
ATCC CRL 8019, ATCC HB 8301, ATCC HB 8302, ATCC HB 9459, ATCC HB 9453
and ATCC HB 8108, respectively.

As used herein, "complex" refers to a complex of the compound of Formula (I)
complexed with a metal ion, where at least one metal atom is chelated or sequestered;
"conjugate” refers to a metal ion chelate that is covalently attached to a biologically active
agent especially an antibody or antibody fragment. The terms "bifunctional coordinator”,
"bifunctional chelating agent" and "functionalized chelant” are used interchangeably and
refer to compounds that have a chelant moiety capable of chelating a metal ion and a
moiety covalently bonded to the chelant moiety that is capable of serving as a means to
covalently attach to an antibody or antibody fragment. .

The bifunctional chelating agents described herein (represented by Formula I) can
be used to chelate or sequester the metal ions so as to form metal ion chelates (also
referred to herein as "complexes"). The complexes, because of the presence of the
functionalizing moiety (represented by R4 or R8 in Formula I), can be covalently attached
to biologically active materials, such as dextran, molecules that have specific affinity for a
receptor, or preferably covalently attached to antibodies or antibody fragments. Thus the
complexes described herein may be covalently attached to an antibody or antibody
fragment or have specific affinity for a receptor and are referred to herein as
“conjugates”.
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58*Schenme 17 prepares the conpounds of Formula (1) wherei
also apply if n =2 _or 3 with the correspondi ng change i
Rtermat the 6 position has T = [err] where R err] = -CH Q)éﬁ& B&Y‘rﬁaﬂ
the Rtermat the 3 and 9 positions have B = COOH and 1( Aate d Ui e

As used herein, “pharmaceutically-acceptable salts* means any salt or mixtures of
salts of a compound of formula () which is sufficiently non-toxic to be useful in therépy or
diagnosis o'f animals, preferably mammals. Thus, the salts are useful in accordance with this
invention. Representative of those salts formed by standard reactions from both organic and
inorganic sources include, for example, sulfuric, hydrochloric, phosphoric, acetic, succinic, citric,
lactic, maleic, fumaric, palmitic, chalic, palmoic, mucic, glutamic, gluconic acid, d-camphoric,
glutaric, glycolic, phthalic, tartaric, formic, lauric, steric, salicylic, methanesulfonic,
benzenesulfonic, sorbic, bicric, benzoic, cinnamic acids and other suitable acids. Also inciuded
are salts formed by standard reactions from both organic and inorganic sources such as
ammonium or 1 ~deoxy-1-(methylamino}-D-glucitol, alkali metal ions, alkaline earth r.netal ions,
and othersimilarions. Particularly preferred are the saits of the compounds of formula (1)
where the salt is potassium, sodidm, ammonium. Also included are mixtures of the above salts,

Detailed Description of the Process

The compounds of Formula (I} are prepared by various processes. Typical general
synthetic approaches to such processes are provided by the reaction schemes given below.

inScheme 1, compounds- are prepared whereinXand¥Y = H,n
= 1 (but would also apply if n = 2 or 3 with the corresponding change in the reagent), T =
PO3Hz,and Q,AandZ = CH. :
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60 In the above Schenes, the general process discriptiond
specific steps that_nmay be used to acconplish a desired ﬁL&E%
general description of these process steps follows. The et
begins with a hal ogenation of comerciallyg 5 available Hi tQ)a QdﬁECalgslhol
(1) usingthionyl chloride. Similar procedures for conver ti-ag—an &1

an el ectrophilic-substrate, such as treatnentw th tol uenesul f onyl chlorlde,
HBr or HCI, should also result in a simlarily reactive productwhich woul d

work well in subsequent ring closure reactions.
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Macr ocycl i zation procedures are numerous in the liter aff L%r;.g: %ﬁfeb
;. 10 tetraazanmacrocycle (3) was prepared according to thg rret T etter

et al., Tetrahedron 37, 767-772 (1981). Mre general p er\gijeg DEQ 387 ndle
been published which give good yields of simlar nmacro Cleg RUSrag
m | derconditions [A. D. Sherry et al.13 J. Og. Chem 54 2990- 2992 (1989)].
Det osyl ation of the internediate macrocycle [(3) to yield é%i_\/\@s -
acconpl i shed under aC| di ¢ 315pr ltﬁécamsoudmgmdmy?@l“‘d‘er%ﬁ Etive ™

det osyl ati on procedur¥8 ihtkp s doRdihgenahbd iere rergentinti=can be
adapt ed t ot he(qmnwehdtalsPéBf&I‘FBrr %%’? Yénce. osphonorret hyl ati on to obtain the
tris-am nophosphonic acid derativeg (5 PCITMP) was conducted under typical
Manni ch base conditions using pho éﬂbqf ous acid and fornal dehyde.

b

| = C-Br,and Qand Z = CH.
where R! = -0-(C-C,alkyl) C-Br
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.20 In addition to phosphonic acid derivativeg—phasphanate esters
“[e.g. of formula (6)] can al so be prepared under orgapiREFILAOEMENNSHEET

al cohol s or aproticsolvents (e.g. acetonitrile, benzefpe,tol uene

t etrahydrof uran) and using the desired dial kyl phosphi exms;éhQHDEGJSSZ"
nucl eophi | i cspeci es (see Schene 2). Depending upon th =

am ne, these reactions may be conducted 25 at a tenperature between about
-10 to about 100[err]C In addition, tri®dkyl phosphites can be enpl oyed
under simlar Mannich conditions to give the phosphonate ester via

oxi dation of phosphorous (l11l) to phosphorous (V) w th sinultaneous
expul si on of one nole of alcohol (Arbuzov reaction). These reactions can be
conducted with orw thoutthe presence of a solvent Wen 30 al cohols are

enpl oyed as the solventfor either dialkyl ortrialkyl phosphite

o m
? J5\ §
L — R'ﬂ
5 wu : ~g 8
O m = gug
™ > 8": N
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reactions, it is beneficial to use the alcohol from whi
phosphonate ester is derived in order to avoid aIternatlv%E%M%Hﬁ%EMTaHEET
fromtransesterification. Esters of thi stype are also p e areé ZJE
N-al kyl ati on of [err]-hal odial kyl phosphonat es' i n sol ven{{sP3ee C.1981..
acetonitrile, chloroform 35 dinethylfornmang de,tetrahydrofuramn or

1, 4-di oxanewith orwi thoutthe addition of a non-nucl eophilic base such as

ot assi um car bonate at roomte erature or above. .U rest
|pnt ernmediate is t hehchendi f;y pgggrfsthe compoundsofFormulan?w{:leremk(taan -pﬁ =
{butwould also applyifn = 2 or 3with the corresponding change inthe reagent), T =

f

-P-0H;
b
where R* = -0-(C-C, alkyl} A=
4
C-C=

.
~e

R* = H, NO,, NH, or 5CN; andQandZ = CH.



b
hydrol yzed under basic conditions (aqueous hydroxide, —8-1%
80-110[err]C).to give the corresponding hal f-acid der {|\VBERLACEMENTGEHERE
macrocycl i.c et hyl-phosphinic acids (10 and 11) are pr paredZHQdﬂEC1997
conditions simlar to those described in Scheme 2. Usijng®
di et hoxynet hyl phosphi ne as the nucl eophijlgi ¢ speci es and paraTornaIdehyde
condensati on can be conducted in solvents such as tetrahydrofuran,
di met hyl f or mamide, di oxane, acetonitrile or alcholic nmedia. The resulting
phosphi nate ester isthen hydrolyzed under acid (6N HCl., 80-100[err]C) or
basic (stoichionmetric quantities of base, 40-100[err]C) conditions to give
the 10 correspondi ng net hyl phosphonic acid. Alternatively, the nethod

devised by A D. Sherry et al. (lnorg. Chem, submtted 1991) using
~et hyl phosphoni ¢ aci d

|
(23)

©-—=- (= _2)-’-“

Na/Hg amalgam

gcheme 4
il '
7
< |
N
N
|
Ts
(22)

pd(PPh3)2Cl2,

(16)
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gener ated in situ can be used to obtain phosphl nate derivatives haV| ng
i ncreased lipophilic character. Schene 4 illustrates an
i ncorporate ‘additional 15 functionality into the pyridi

12-nmenbered tertaazanmacrocycle. Thus, chelidamc acid (S g}ma Chem cal
Conpany; 12) can be converted to the bis-hal omethyl deri ﬁTG/eZ(Z.HJEﬂ)Mg

appropriate substitution at the pyridyl ;4- position. Transtornations—=

| eading to this internmediate are general in nature and its preparation is
descri bed by Takalo et al. [Acta Chem ca Scandi navica 20 B 42, 373-377
(1988)]. Subsequent macrocyclization using this internediate (15) can be
acconpl i shed bythe standard DMF reaction at 100C with the sodiotritosylated
triamne, or at roomtenperature with the tritosylated free

I UUL\.:

eﬂiﬁuAcaMENmSHEET
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base and potassi um carbonate, sodi um carbonate, or cesi Uf
to give products sifmlarto those previously described. $ &E%QEMENEWmn
25 | eadi ng to phosphonate hal f-aci ds and phosphinate fu él on?{%?a\rﬁm
identical to those transformations and conditions descrijREdCi - Fhet? Y37 |
preceedi ng Schenmes. In Schene 4, 4-hal opgwridyl substituted macrocy

are descri bed which tan undergo substitution at the 4-position of the
pyridyl noiety as riked in Sch I Pd{,l1)

conpl exes can be 3 ?%ﬁr‘plg fegarfeé%elmnt’p Ciu"dst%':wmm%ﬂgnggﬂé(laaé? i’ onﬁbij‘et fween
phenyl acet yl erﬂ@ta'mﬁl"dpﬁi@r??P‘é{tfé‘t'yPéh%WBBT‘Te\Farﬁsm "ﬁﬁ g‘ b§/‘i’aia€ﬁﬂ T&cr ocycl e.
Typi cal reaction conditions forthigtransformation ut| i ze anhydrous
conditions with triethylanm ne as slbl vent and at reaction tenperature

bet ween about 10 to "Il"‘OB;

rl

whereR' = -0-(C -C_alkyl)
A = C-OR®, where R® = C -C, alkylamino; and
QandZ = CH.
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about 30C for optimumyields. The identical product can @l Eﬂﬂaﬁll
u3|ng Cu(l) phenylacetylide in anhydrous pyridine at at npe#g$hre e mé%n
about 80 to about 110C. In addition, standard anionic alfyaiZoR pqugg'pre
can bé enployed to affect substitution on the pyri di ne niteleus—with ~Tor"

exanpl e, sodi oal koxi des in DVF or dioxane at from about 80 to about
100[err] C 62 using basessuch as pot addi um carbonate or sodium hydr oxi de.

Macrocyclic tetraazanmacrocycl es (24, 25, 26, 27,28) dervatized in this manner
are '

(31)
OEt
NaBH4/EtOH
VAVAN
I
(32)

HO

(33)

* NaH/Br (CH2)nCN

Scheme 5
H

. . NH2
AN




gonpatible with transformations described in previous Sc féﬁb
anal ogous phosphonate chelants. 5 A variation pf 4- p§$§%§ﬁ ET
substitution is described in Scheme 6 whereby the 4-hydr it I

(29) is alkylated with a bromoal kylnitrile yielding an i @é@’z(ﬁ’ : m
linked nitrile (31) which is subsequently incorporated into t he macrocyc
structure. Thistype of alkylation procediye is best acconplished under
anhydrous conditions in an aproticsolventsuch as 10 tetrahydrofuran (THF)
and using a non-nucl eophilic base such as sodi um hydride or butyllithium at
t enper at ures between from about -30gt ¢q about 80[err]C. The generality of

t hi s approach has been descd£bed byCCfaubet et al., for acyclic analogs

[ Tetrahedron Letters 31 (40) 5729- SZ 61990)] mThe macrocyclic .
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nitrile prepared in this manner can be reduced to the fF ' py
15 standard procedures foll owed by protection of the pfiRERLACEMENT Sk

2- (t- butoxycarbonyl oxyi m no) - 2- phenyl acetonitrile (B

C- ON; a’:)}) Eune ht -
functionalization of the macrocyclic secondary anines (3%i3 ;-GpE W3- 4:3)
can then be acconplished by the procedures discussed Tt the addi tional
requi rement that the BOC protecting groyp be renpved using trifluoroacetic
20 acid as described in Schene 6. Functionalization can also be carried out
on the 3-position ofthe pyridine ring within the macrocyclic structure

asillusatrated in Schenme 7. Newkone et al. [Tetrahedron 39(12), 2001-2008
(1983)] has previously described the synthesis of ethyl

2, 6- hal onet hyl ni cotinate (45) which serves as
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25%the inital starting material in this synthetic routd—thus,—the.
tris-tosylated macrocycle intermediate (46) can be det dsRERLAGEMENT SHEETH||c
conditions (HBr/AcOH, 25-115[err]C) with sinmultaneous hydrol yzii mmzl d
the nicotinic acid derivative (48), or rgduction of thg et r® it et -Pixi-ng-
et hanol prior to detosylation wll resul®®* in the 3- hydr oxXymet hyT
internediate (47). The ni co%i nic 30 acid nmacrocycle can then be substituted
into the general schefBeP8r seB’SH‘H&?‘?e%ﬁﬁﬂ?é"‘?slﬁ’ﬁg‘trﬂ‘ﬁﬁé'PWbaﬂeif@'fﬁnﬂcY yitehd: 1 he
various types ofibyivssisiriseapely fhed 2nt Bwidf thE esrraspand(ng)hdrd® in th@realdnt), 72. 53) .
In contrast, the 3-hydroxynethyl anqi og i s advantageously protected prior
to functionalization of the macrocyqglic am nes. The benzyl (Bz) 35
protecting group is shown in Scheme-BB-GH nge it mnmust be resistant to the
severe Rl :

whereR' = ~0-(C-C, alkyl).
Z = C-C{O)-R®, where R6 = OH; and Qand A = CH.



actd conditions encountered in thedetosylation step. Aftr
functionalization of the secondary am nes has been accorn
described - 63 in previous Schenes, the benzyl group isjrenmoved under
catal yti c hydrogenation conditions (58). Mcrocyclic der
be prepared as in Schenmes 12-14 where bobh carboxyl at e ate=phn
chelating fuctionalities are present 5 in the sanme nol ecul e. Thus varylng
degrees of carboxylate fuctionality can be

o
<
w  ©
o
¥ T 9 o
= L
m R -
e 5o} o
2] [
Q ]
9 Y
= = = U
] mao
i P ;o
& ~
(u T —
2 1] -
. P.
ik
—z—H | S
L, &
— -
= 2 i
= o
. n
=
oy
8
(Vo) B{ i
Q
= —~
g —_ wn
o = s
)] \/
a‘ 3
4
o~
<7
’o: A gg‘
o:'ilJ N
A ® o
~ 32 ~
- o 5
g | ¢ 3
3 v
: .5
oo m ~
m o & "
o ]
- Un z_
O m
o=( /° - 0
= \Z o
o—— Land [
- 3 \
\ / -

H3C/
Tg~N



4
i ntroduced under typical aqueous al kylation procedures _usi : }
acid. Following this step, the remaining am nes can be|j ﬂﬂ?ﬁ@ﬂtﬁméd
by procedures discussed in previous Schenmes using forntl dehyde and '

phosphorous acid, dialkyl phosphonates ortrialkyl phosphites.2 20DEC.1997...
Schenes 15 and 16 delineate a synthetic approach whi ch{iptreduces—an———"
aromatic nitrobenzyl substitutent at one of the macrocyclic nitrogen
positions. Typically, the macrogcyclic gi ne i's nono-N-functionalized in an
organi ¢ solvent such as acetonitrile or DVF at roomtenperature using a

" non- nucl eophilic base such as potassi um carbonate. Additional
functionalization of 15 the renmai ning nitrogen positions is then perforned
by met hods and conditions described in previous Schenes. After the

i ntroduction of the desired chelating

a compound of Formula (1)

(OEt)2
P(OEt)3

§ -
L

HP(O‘)'(OEt )Ncnz‘o, EtOH
p
I
0
-oH
HO
. AN
EtO-P

~P(0) (OEt)2
c1)

X~-CH2a

(x = Br, I,
{48) CH3CN, K2CO03

Scheme 6 Cont'd |



L4

nbi eties, the nitro group is reduced using platinum oxjfe=an hyvdr 0g
water. In this form the chelating agent is conpatihle vﬁiEH’LAnBugm;agy

techni ques which will enable attachnment to |arger synthetic or natural 2 l'
mol ecul es. Scheme 17 illustrates the synghesis of the [riatod2l, DE[:qggrp.gu ]
(4) where the amnes at positions 3 and 9 are reacted W g '_JJ

nol es of the sodium salt of hydroxynethanesulfonic acid in water at a pH of

about 9 to provide tsh_e\e(ﬁwr7esp?,qgg,,ggthgg&,q&gygslo\epor,gggﬂgug@e,mhg RO !frgl Lans 3
e sulfonic

and 9 are 25 th buﬁQ%l

acid group is tﬁen %%gélyum g ?’hﬁe?r&eﬁm&e"% +8?'r?2t?ﬁ?a%%?)rﬁgpondl ng
cyanonet hane derivati ve (120). The d-lYano group i s hydrol yzed to the
carboxylic acid either: —~P-OH _

Ly
whereR' = ~0-(C-C, alkyl). g
Z= C—CH.Z-OR3 where R? = benzyl; and
QandA = CH.
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S nmul taneously with the addition of phosphorous acid and formal dehyde; or
by sequential reaction with a derivative of phosphorousg and '
f or mal dehyde to 30 formthe phosphonic acid at the 6 p IHEFQAGEH/&M‘SHEET
foll owed by acid hydrolysis, at an el evated tenperatur of t C ﬁato
groups and any derivative noiety of the phosphorous aci JID[afees .........................
resulting conpound is a macrocycle with two carboxylic ‘eeFd—grotps—at
positions 3 and 9 and a phosphonic aci ¢ roup at position 6. The
phosphononet hyl ati on can al so be preforned by the nethods 35 di scussed
above. The nmetal ions used to formthe conplexes of this invention are &d

[err], M [err], Fe [err] an%t:‘avaiL_abIe comercially, e.g. fromAldrich
Chem cal <

O
{
\ s
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BzCl, CHCl3/K2C03

(47)
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64 Cbnpany. The anion present is halide, preferrably clFfordge o Et—frpe

(metal oxide).

manner that depends |argely on the atons bearing the u

to a | esser

extent,

A "paramagnetic nuclide" of this invent | oREMLGRME
whi ch di splrays spi nh angul ar noment um and/ or orbital ang

upon the environnmenjyof such atoms. The paramagnetic

nucl i des found to be useful in the practice of the invention are
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Scheme 7 Cont'd
~0H (3 eq)
N N
N\V/J
< ﬁ—OH

o’/\‘Ph
/\R(OEt)z
0
EtO\‘/\
HO-P

N
I
g Lﬁzflqag;iz

(OEt) 2P

|
HP(OEt)2
P{OEt)3
i
X-CH2-P(OEt)2
(x = Br, 1, C1)
CH3CN, K2CO3

' CH20, EtOH

(55)
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gddol i nium (Gd[err]), iron (Fe[err]) and nmanganese (M ¢
bei ng 10 preferred.. The conpl exes are prepared by mnethof
art. Thus, for exanple, see Chelating Agents and Met al
Mel I or, Academ c Press (1964), Chapter 7.,¢ee al so nmet he .
acids in Synthetic Production and Utilization of Am no Acids,

Kaneko, etal.) 15 0 ley & 197 Ie of th preparation
of a conpl ex invol¥ th IIt‘ee\aggztl r?éePzi’quWéWB?)‘U?dflﬁzFQ%‘t? (?glhcefem)ﬁ Cf:]\ﬁon}l?c a?ll d
with the netal (bvbwo'qmdleqammmas?mﬁmwmmmomd#@mﬂa"f*‘t?*’?ageméf =

conpl exfornmed is bya chem cal bondsand results in a stable paramagnetic

nucl i de conposition, e.g. stable tf the disassociation of the paranmagnetic

nuclide fromthe ligand. -II?-OH H
R

whereR' = -0-(C -C, alkyl) H
A = NorN-R%; R® = C-C, alkyl halide; and
QandZ = CH.
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20° The conpl exes of the presentinvention are adm ni stered ata
ligand to nmetal nolar ratio of at |east about 1:1, prefe aoig??ﬁﬁ?%?l =
3:1, nore preferably from1:1 to 1.5:1. A large excess o ??gkﬂﬁﬁ%%NTSHEET
undesi rabl e si nce unconpl exed |ligand may be toxic to thejfani m?zornfga
result in cardiac arrest or hypocal cem c _convul sions. 25 Date :£.£.. aéginu
anti bodi es or anti body fragnments which nﬁ?be used in the conjugates =
descri bed herein can be prepared bytechniques well known in the art. Highly
speci fi c nonocl onal anti bodi es can be produced by hybridization techniques
wel |l known in the art, see for exanple, Kohler and M| stein [Nature,

256, 495-497 (1975); and Eur.J. lmungt.,6, 511-519 (1976)]. Such antibodies
30 normal Iy have a highly specifi$ reactivity. In the antibody targeted
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ant ibodi es di rected agai nst any desired'antigen or hapy REFBNCEMENISSHEET
Preferably the anti bodies which are used in the conjugftes

nal||
anti bodi es, orfragnments thereof having high specificit Dmﬂiéihzgiigh ......
epitope(s). Antibodies used in the presentinvention m H =t

agai nst, 35 for exanple, tunors, bacteria, fungi, viruses,
mycopl asma, differentiation and ot her
surface antigens, toxins, enzynes, allergens, drugs and any biologically

active nol ecul es. Some exanpl es of antibodies or antibody fragranments are
1116- NS-19-9," 1116- NS- 3d,

s, parasites,
?Sell menbr ane anti gens, pathogen
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65 703D4, 704Al1, CC49, CC83 and B72.3. Al of these antijp 85 _Nave. peen
deposited in ATCC. A nore conplete list of antigens can lbgg?kf%:iﬁmi:ﬂ'r%ﬁg.m
Patent 4,193,983. The conjugates of the present inventi lnDatre_ & pECusaT | y
preferred for the diagnosis of various cancers. 5 A THI S i mventi-on|}

is used with a physiologically acceptabl3 carrier, excipient or vehicle
therefore. The nethods for preparing such formulations are well known. The
formul ati ons may "be in_the form of a suspensiaon, injectabl e, solution, or
ot her suitabl e for mulS&tiedifs.? pryeraiestre campsrndaf & (é“g‘ﬁ?ﬁb’ﬁwdn\@"r%di R
with or wthout tdiwwddeise apnipifie 2rgaekithile corresponding dhandedhtimmgeageat)aisunt
of the fornul-ation is used for di agnﬁsi s. The

i

~-P-0H ;
b
whereR' = .~0-(C,-C, alkyl) 5
Q = N-R%; R® = C-C, alkyl halide; and
AandZ = CH.
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bé further clarified by a consideration of the follomnng

The invention mjlf
which are intended to be purely exenpl ary of the p
P

exanpl es,

i nvention.

follows: LC = liquid chromatrography, purificatjions were car
pressure using D onex 2010i systemfitted with a hand-packe
Sepharose[err] anion exchange colum (23 x 2 cn). DV = di

30 AcOH = acetic acid. ICP = inductively coupl ed plasna g
gran(s).
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mg = milligrams. kg = kilogran(s). 35 e m =
= mcroliter(s). 66 WHAT | S CLAIMED | S: 1.

34

Scheme 10 preparesthe compounds of Formula () whereinXand ¥ = H,n = 1

(butwould also apply ifn = 2 or 3 with the corresponding change inthe reagent), T =

O

il

-P-0H ;

b
whereR' = -0-(C -C_alkyl)
Q = NorN-R®, R® = C-C_ alkyl halide; and

AandZ = CH.
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10 wherein: 15 R=-(Oferr] -T; where: X and Y ar gﬁ@ '__EHTF‘“H77
OH derr]-(Jerr] alkyl or COOH 20 n is an integerof ,é Qﬁ%f %%E
proviso that: when nis 2, then the sumof X and Ynust: egugl t
and when n is 3,then the sum of Xand Ymfstequal three or . nonil ME?@

Cerr]-Cerr] alkyl, COOH OH SOerr]H, [err]
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Thi s Sheet Has Been Repl aced . _ where: R .
Cerr]-Cferr] alkyl or-O(Cferr]-Clerr] alKkyl ): Rerr] |§EPLA(L\ﬁzenthEET_'
NH[ err], isothiocyanato, sem carbazi do, thiosem carbazijdo, | ei m do,
br onobacet am do or carboxyl; Rerr] is H or OH, with thg @enav
Rlerr] is OH then the R term containi n& the R2 nust have= X
equal to H with the proviso that at |east one T nust be P(O R[err]O—| “and
with the proviso tS‘kﬁteﬂME‘lehl ON@repaieS tHe@6mpounds of Formula (I) whereinXand Y = H,n = 1

(but would also applyifn = 2 or 3 with the corresponding change in the reagent), R at the 3

positionhas T =

whereR' = ' -0-(C-C, alkyl); and the other two R terms haveT = COOH; and '
A,QandZ = CH. '



t € orY of thatRtermmay be COCH and all oth

FEPLACEMENT SHEET ||
r X and Y terns offi t hat

Rtermnmust be H Ais CH N CBr, ¢d, CORerr], @m_z_[z_lﬂﬂl\_lm"er‘gr] X,
[err] Rlerr] is H Cerr]-Clerr]al kyd7 benzyl, or béazy—stbstituted=mith
at least one Rerr]; Rerr] is defined as above; Rlerr] is Cerr]-Clerr]
al kyl, benzyl, or benzyl substituted with at |east one Rerr]; Rerr] is
Cerr]-Cerr] alkylamno; Xis d, Br, | or Herr]J]CCOerr]; Qand Z
i ndependently are CH, N, Nerr]-Rerr]X, CGCHerr]-ORlerr] or
CC(O-Rerr]; Rerr] is defined as above;
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Rerr] is -O(derr]-derr] alkyl), OHor NHRlerr]; 2 L e
Cerr]-Clerr] alkyl or a biologically active materi al ;|| REPLAGEMENTSHEST i'
above; or pharnaceutical |l y-acceptable sajgs thereof;

thtz |sotht
a) when Q Aor Zis Nor N-Rerr] X, then the othertwd?§r £
m

b) when Ais CBr, GO, CGORerr] or GORerr],then b6
CH, ¢) thg sum, of&t;HS;R[eerlrz] prﬂﬁsmkcmu%@fpgrmmgr(mem r\/esg_gpﬁvvnqmy
not exceed ON@itw&sld £,.00 Z can err] . an en one
of Qor Zis & Itgl;oé?ﬁ'ly&f th?r?qiwghgrgecﬁms&??cpr?cga%% FIsa-Sratthed m 1
wherei n at Ieasttwo' t have T equal to

0
i
-P-0H ;
L

whereR' = -O-(CI-Cs alkyl); and the other R term at the 9 position has T = COOH; and |
A,QandZ = CH.



P(ORerr]OH where Rlerr] is OH and the third Tequal H, -COCH or
Jerr]-Cerr].alkyl; AL Qand Z are CH nis 1; and X a dﬁéﬁ“
are Hor Cerr]-Cerr] alkyl. 68 3. Aconmpound of aim
Rterms have T equal to P(IOR err]OH wheBd® R err] is OH
and nanmed as 3,6,9, 15-tetraazabi ycl o[ 9. 3. 1] pent adeca- e "% VbIgdL. ...
1(15), 11, 13-triene-3,6,9-tri met hyl enephosphoni ¢ acid or
pharmaceutical | y-acceptabl e salts thereof. 5 4, A conpound
of Caim2 whereinintw Rternms Tis P(ORerr]OH where Rerr] is

NT SHERT

P-OH
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CH inthe third RtermT is COOH, and nis 1. 5. Aco qmpq_q{c
wherein intwo Rterns Tis P(ORerr]OH where Rerr] is u inth
termTis PCOR ert]OH where Rerr] is C[err]-C[err]aIk
Acompound of Caim2 wherein in tw RernsTis P(OR err]'es
10 OH, in the third RtermT is P(O)R[err]%mhere R err]
is-O(Cerr]-Clerr] alkyl), and nis 1. 7. A conmpound of Claim 1l wherein
in the Rterm atl| east osehtwequUal ReFIR18E Efdoundslaercemith @ywijeréis XGhid Yand, m & 1
the other two Rt COCH
and Zare defined (E‘étvimr‘l"ddl”aﬁf "8—5°r%0)tﬂhec°r1?£ '}dﬁ‘%qg%%eg[t%é%g%ﬁ) ;éﬁe@rfég
RiermT is P(C))R[tbqu]ir@-MméP@“R['%TE] is 15 OH, and in the other two R terns
Tis P(ORerr]OH, where Rerr] is-OLCerr]-Cerr]alkyl), and nis 1. 9.
A conpound of Claim7 whereininonelRtermT is P(ORerr]OH where R err]
is -P-0OH ;

L

ﬂ’"% ‘

whereR! =
A,QandZ = CH.

-0-(C -C, alkyl); and the other R term at the 6 positionhas T = COOH; and



OH, and in the other two RternsT is P(O R err] OH, where R|
Clerr]-(err] "alkyl, and nis 1. 10.
termTis P(O)R[err]C]—I where Rerr] is pi and in the oth
is COOH, andn is 1. 20 11. [
Rtermthree T equal P(ORerr]OH, where Rlerr] is Jerr]- i
-O(derr]-Cerr]alkyl), and n, Rerr], X Y, A Qand Z are defined as in “'
Claim1. 12. A conpound of Claim 11 wherein in thethree RiernsTis
P(ORerr]OH, where Rerr] is -O(derr]-Cerr] alkyl), and nis 1. 13.
Aconpound of O aim 11 wherein in thethree RtermsTis P(O R err] OH where 25
Rlerr] is (Jerr]-Cerr]Jalkyl, and nis 1. 14. A conpound of Cdaim1l

wherein X and Y are H. 15. A conmpound of Claim1 vvher@n nis 1s-
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16. A conpound of Cdaim1 wherein A, Qand Zare CH 1
Claiml wherein Q A and Z are CH, and in the three R HAGE Eﬁ’TzﬂhtEEm'
are defined asin Glaiml, and one Ttergpis [err] [err]

. , . , , a an
med a5 0 Oaim 1. P Rl ?
in daiml. 18. A corrpound of Claim1l7 wherein nis 1. 19. A™COmnpo

Rlerr] are defined as in Claiml, and the other two T
Claim 18 wherein i

t rmthat cntalns et i ch ha the Rerr]
group present, ‘al s% §§‘eo & ofreReTEY V°HTP°PTFEPIPD lraryW‘é' TE "D | Eyouid also

. apply if n = 2 or 3 with the corresponding change in the reagent), R terms at the 3 and 9

positionshave T =

whare R! = -0-(C-C, alkyl); and Xand Y = H;
the Rterm atthe 6 position hasT = )

R4
7

where R* = NO,or NH,; and oneofXorY = Hand the other = COOH; and
A,QandZ = CH.



A4

69 20. . A conmpound of Claim 19 wherein in the two R ter fﬂ%?al
Rlerr] term all remaining X and Y terns are H 21. A
wherein inmthe two R terns not containin% an Rlerr] ter
WQRMH]GMmmeRMH]|sdﬁ|mda5|ﬁ0awn1MM|' H nmm;~_

22. Aconpound of C aim 20 wherein in the two R terns not
contalnl ng an Rlerr] term one Ttermis a COOH and the otherT termis
P(ORerr]OH, where Rerr] is defined as in daim1l. 23. A conpound of
Claim 15 wherein X and Y are H T is COOH [err] 10

.Hﬂ@tﬁggﬁhﬁvg
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Wher e: Rlerr] is -OH derr]-Cerr] alkyl or -O((err] BEQ[_M;E@,
A conmpound of .Claim 23 wherein Qand Z are CH 25. A orrpou
wherein Ais GOR[err], CORerr], where Rerr] and R

e ﬁé @Eﬂ 5/

asin Claim1,or [err] where Rlerr] is d ined as in C armmE=—20-26."""A"--
compound of Claim23 wherein Ais CH, ané‘ one of. Qor Zis CHand the Yer
is GC(O-Rerr], where Rerr] is defined as in Caim1. 27. A conpound of
Cl aim 26 vvhereln Rlerr] is NHR[err], where R err] is a biologically active
mat eri al .
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78. A corrpound of Claim15 wherein one of A, Qor Zis Nerr] -Rlerr] X

where Rlerr] and X are defined as in aim1; and in ol |%Fh8EmENIF%EET§

noiety is P(ORerr]OH where Rerr] is (Jerr]-Cerr]

or-O'(Cerr]-Cerr] alkyl); and in the othe¥ two R ter _t'_I%ezTDEgl K
P(ORerr]OH, where Rerr] is (Jerr]-Cerr] alkyl, -Ol hlﬁ"r;‘-‘(’:'ﬁr"r'.";'fr'k,l)
or COOH, and all X and Y ternms are H 29. A conpound of C aim 28 wherein

inall three Rternmgnddhe s noiety, | e Rerr] s
Cerr]-Clerr] alkyl ,gr -Q (Jerr tye :gsrérﬁ aﬁ?@lﬁs]o%%m%% Xh%'r%‘l 'le} (Wi"‘(ﬁﬁ"d also
conprises a bi cyBfROHO FAARMESRSOrEIBLpHBRANES iathedeagsmpirnsatthelBanted in
any one of C ai nposlticA9have®drrpl exed with a netal ion selected fromGd [err],
WMh [err] or Fe[err]. 31. A conplex_ of Claim30 wherein three R terns have

T equal to P(ORerr] OH ﬁ

-P-0H ;
b
whereR! = -0-(C,-C,alkyl); and Xand Y = H;
the R term atthe 9 positionhas T =

R4
’

where R* = NO,or NH_; and one of X or Y = H and the other = COOH,
A,QandZ = CH.



whére Rlerr] is OH and X and Y are H, and named as

Ti&;&;ﬂ,l
w.5-tetraazabicycl o[ 9. 3. 1] pent adeca- 35 1(15), 11, . REPLACEMENT SHEET
13-triene-3,6,9-trimethyl enephosphonic acid. 32.

co e in
d aim30-or 31 wherein the netal is Go“[ err]. 7 Bﬁﬂ?ggéﬂﬁéﬁte
conprising a bicycl opol yazamacrocycl ophosphoni ¢ "aci i

mmed in
anyone of Clains 1-29, with the proviso thatone of Rerr], Rerr] or Rerr]
nmust be present;
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conpl exed with a netal ion sel ected fromG [err], M [pee
con] Lgate of G aim 84 wherel n the biofogi cally active faterr soiENT Seer
dextran, a peptide or polypeptide, a nolecule that has sqm@lfz aﬂﬁ IQg?y
for a receptor, or an antibody or antibpgy fragnent. 35==A-=eenii{
Cl aim 34 wherein the anti body or antibody fragnent is a 10 nonocl ona
anti body or. fragnent thereof. 36. A conjugate of Caim33 wherein Ais CH,
and one of Qor z i $ncHrerkpuerichemes thegeneqi@rorsss descripey HlIpgtEates i s
N]IjR[Ger rl, 3Whetisﬁcl§_taﬁsrﬂ1at fay el Wwedgb@rtdmpHst a }deiigaipﬁ(é%b%[bg rsf’e]bo_‘fh\%h g ? 21’ té?gﬁ tre]
?s C]—I(;il ?nd%s%%éhgﬁgrﬁ gﬁ%grﬁgﬁgs\égﬁbﬁ@g\gﬁ‘t abl esal t st her eof .

The syntgetic Scheme 1 begins with a halogenation of commerciaily
available bis-pyridyl alcohol (1) using thionyl! chloride. Similar procedufes for
converting an alcohol to an electrophilic substrate, such as treatment with
toluenesulfonyl chloride, HBr or HCl, should also resultin a similarily reactive
product which would work well in subsequent ring closure reactions.

Macrocyclization procedures are numerous in the literature and the desired
tetraazamacrocycle (3) was prepared according to the method of Stetter et al.,
Tetrahedron 37, 767-772 (1981). More general procedures have since been
published which give good yields of similar macrocycles using milder conditions
[A. D. Sherry etal., J. Org. Chem. 54, 2990-2992 (1989)]. Detosylation of the
intermediate macrocycle [(3) to yield (4)] was accomplished under acidic
conditions in good yield. Reductive detosylation procedures are also well
known in the literature and can be adapted to the present reaction sequence.
Phosphonomethylation to abtain the tris-aminophosphonic acid derative (5,
PCTMP) was conducted under typical Mannich base conditions using )
phosphorous acid and formaldehyde. -

In addition to phosphonic acid derivatives, phosphonate esters [e.g.
of formula (6)] can also be prepared under organic conditions in alcohals or
aproticsolvents (e.g. acetonitrile, benzene, toluene, tetrahydrofurah) and
using the desired dialkylphosphite as the nucleophilicspecies (see Scheme 2).
Depending upon the reactivity of the amine, these reactions may be conducted
at a temperature between -10to 100°C. in addition,
trialkylphosphites can be employed under similar Mannich conditions to give
the phosphonate ester via oxidation of phosphorous ({il) to phosphorous (V)
with simultaneous expulsion of one mole of alcohol (Arbuzov reaction). These
reactions can be conducted with or without the presence of a solvent. When

~alcohols are employed as the solvent for either dialkyl! or trialky! phosphite
rea'r':tions, it is beneficial to use the alcohol from which the corresponding
phosphonate ester is derived in order to avoid alternative products arising from
transesterification. Esters of this type are also prepared via N-alkylation of
f-halodialkylphosphonates in solvents such as acetonitrile, chloroform,
dimethylformamide, tetrahydrofuran or 1,4-dioxane with orwithoutthe
addition of a non-nucleophilic hase such as potassium carbonate at room
temperature or above. The resulting peresterintermediate is then readily




- 38. A conjugate of any one of Cains 33-37 ARy RN
lon is Gd[err]. 39. A pharmaceutical fornmulation conpri si \3&?@8%4
Claim 30 with a pharnaceutically-acceptable carrier. 40. h =]
formul ati on conprising a conplex of Claim31l with a 6‘?% ?fzi‘ﬂfﬁtfsgi
pharmaceutical | y-acceptable carrier. 20,4 41. A pharnmaceutical
formul ati on conprising a conjugate as clainmed in any one of Cains 33-38

wi th a pharnmaceutically-acceptable carrier. 42. A nmethod for the diagnosis
of a di sease Bydnalyied underhasii conditdnc@umuebashydbxide, JiHEBA, 30-$ 80%¢) to

ani mal an_ef f giiithe cBAYSndihg Nitr-baHBY-Rikge, of Caim39. 43. A method

for the diagnosis of a diseasé state in an aninmal .which canprises .25

adm nistering to said aninmal an effective anount ofthe fornmulation of Caim

40.

Scheme 3 illustratesan approach to incorporate additional
functionality into the pyridine unit of the 12-membered tertaazamacrocycle.
Thus, chelidamic acid (Sigma Chemical Company; 12) can be converted to the
bis-halomethyl derivative (13) having appropriate substitution at the pyridyl 4-
position. Transformations leading to this intermediate are general in nature
and its preparation is described by Takalo et al. [Acta Chemica Scandinavica
B 42, 373-377 (1988)]. Subsequent macrocydlization using this intermediate
(15) can be accomplished by the standard DMF reaction at 100°C with the
sodiotritosylated triamine, or at room temperature with the tritosylated free
base and potassium carbonate, sodiumrcarbonate, or cesium carbonate as base
to give products similar to those previously described. Subsequent reactions
leading to phosphonate half-acids and phosphinate functionality are identical
to those transformations and conditions described in the - preceding Schemes.

In Scheme 4, 4-halopyridyl substituted macrocycles (16) are

described which can undergo substitution at the 4-position of the pyridyl
moiety as described in Scheme 4. Thus, organometallic Pd(ll) complexes can be -
employed to facilitate the coupling reaction between phenylacetylene and
'bhenylacety!ene derivatives and the pyridyl macrocycle. Typical reaction
conditions for this transformation utilize anhydrous conditions with
triethylamine as solvent and at reaction temperature between 10 to

.30°C for optimum yields. The identical product can also be obtained
using Cu(l) phenylacetylide in anhydrous pyridine at a temperature between

80 to 110°C. In addition, standard anionic alkylation procedures
can be employed to affect substitution on the pyridine nucleus with, for
example, sodioalkoxides in DMF or dioxane at from ‘80to 100°C
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A variation of 4-pyridyl substitution isdescribed in Scheme 5
whereby the 4-hydroxypyridy!l moiety (29) is alkylated with a bromoalkylmtnle
yielding an intermediate ether linked nitrile (31) which is subsequently
incorporated into the macrocyclic structure. Thistype of alkylation procedure
is best accomplished under anhydrous conditions in an aprotic solventsuch as
tetrahydrofuran (THF) and using a non-nucleophilic base such as sodium
hydride or butyllithium at temperatures between from =~ --30to

80°C. The generality of this approach has been described by Chaubet et al., for
acyclic analogs [Tetrahedron Letters 31 (40), 5729-5732 (1990)]. The macrocyclic
nitrile prepared in this manner can be reduced to the primary amine (36) by .
standard procedures followed by protection of the primary amine with 2-{t-
butoxycarbonyloxyimino)-2-phenylacetonitrile (BOC-ON; 37) . Subsequent
functionalization of the macrocyclic secondary amines (38, 39, 40, 41,42, 43)
can then be accomplished by the procedures discussed with the additional
requirement that the BOC protecting gfoup be removed using trifluoroacetic
acid as described in Scheme 5. :

Functionalization can also be carried out on the §-position ofthe -
pyridine ring within the macrocyclic structure as’illustrated: in Scheme 6.
Newkome et al. [Tetrahedron 39(12), 2001-2008 (1983}] has previously
described the synthesis of ethyl 2,6-halomethylnicotinate (45) which serves as
the inital starting material in this synthetic route. Thus, the tris-tosylated
macrocycle intermediate {46) can be detosylated under acidic conditions
(HBr/AcOH, 25-115°C) with simultaneous hydrolysis to yield the nicotinic acid
derivative (48), or reduction of the ester in refluxing ethanol prior to
detosylation will result in the 3-hydroxymethyl intermediate (47). The nicotinic
acid macrocycle can then be substituted into the general scheme for secondary

“amine functionalization to yield the various types of phosphonate chelants of
Formula (1) (49, 50, 51, 52, 53).

In contrast, the 3-hydroxymethyl analog is advantageously
protected priorto functionalization of the macrocyclicamines. The benzyl (B2)
protecting group is shown in Scheme 7 since it must be resistantto thesevere .
acid conditions encountered in the detosylation step. After appropriate
functionalization of the secondary amines has been accomplished as described
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Macrocyclicderivatives can also be prepared asin Schemes 11-13
where both carboxylate and phosphonate chelating functionalitiesare present
in the same molecule. Thus, varying degrees of carboxylate: functionality can be .
introduced under typical aqueous alkylation procedures using bromoacetic
acid. Following this step, the remaining amines can be phosphonomethylated
by procedures discussed in previous Schemes using formaldehyde and
phosphorous acid, dialkyl phosphonates or trialkyl phosphites.

Schemes 14 and 15 delineate a synthetic approach which introduces
an aromatic nitrobenzyl substituent  atone of the macrocyclic nitrogen
positions. Typically, the macrocyclic amine is mono-N-functionalized in an
organic solvent such as acetonitrile or DMF at room temperature using a non-
nucleophilic base such as potassium carbonate. Additional functionalization of
the remaining nitrogen positions is then performed by methods and conditions
described in previous Schemes. After the introduction of the desired chelating
moieties, the nitro group is reduced using platinum oxide and hydrogen in
water. In this form, the chelating agent is compatible with conjugation

techniques which will enable attachment to larger synthetic or natural
molecules. '

The metal ions used to form the complexes of this invention are
Gd*3, Mn*2, Fe*3 and available commetcially, e.g. from Aldrich Chemical
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Company. The anion presentis halide, preferably chlioride, or salt free (metal
oxide).

A "paramagnetic nuclide” of this invention means a metal ion
which displays spin angular momentum and/or orbital angular momentum.
The two types of momentum combine to give the observed paramagnetic
momentin a manner that depends largely on the atoms bearing the unpaired
electron and, to a lesser extent, upon the environment of such atoms. The
paramagnetic nuclides found to be useful in the practice of the invention are
gadolinium (Gd +3), iron (Fe*3) and manganese (Mn+*2), with Gd*2 being
preferred. .
The complexes are prepared by methodswell known in the art.

Thus, for example, see Chelating Agents and Metal Chelates, Dwyer & Mellor,
Academic Press (1964), Chapter 7. See also methods for making amino acids in
Synthetic Production and Utilization of Amino Acids, (edited by Kameko, et al.)
John Wiley & Sons (1974). Anexample ofthe preparation of a complex involves
reacting a bicyclopolyazamacrocyclophosphonic acid with the metal jon under
aqueous conditions ata pH from 5 to 7. The complex formed is by a chemical
bond and results in a'stable paramagnetic nuclide composition, e.g. stable to
the disassociation of the paramagnetic nuclide from the ligand.

The complexes of the presentinvention are administered at a ligand
fo metal molarratio of at least :1:1, preferably from 1:1to 3:1, more
preferably from 1:1to 1.5:1. Alarge excess of ligand is undesirable since
uncomplexed ligand may be toxic to the animal or may resultin cardiac arrest
or hypocalcemic convulsions.

The antibodies or antibody fragments which may be used in the
conjugates described herein can be prepared by techniques well known in the
art. Highly specific monaclonal antibodies can be produced by hybridization
techniques well known in the art, see for example, Kohler and Milstein [Naturé°
256, 495-497 (1975); and Eur. J. Immunol., 6, 511-519 (1976)]. Such antibodies
normally have a highly specificreactivity. In.the antibody targeted conjugates,

- antibodies directed against any desired antigen or hapten may be used.
Preferably the antibodies which are used in the conjugates are monoclonal
antibodies, or fragments thereof having high specificity for a desired
epitope(s). Antibodies used in the presentinvention may be directed against,
for example, tumors; bacteria, 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 antibody ‘fragments :are 1116-NS-19-9, 1116-NS-3d,
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703D4, 704A1, CC49, CC83 and B72.3. All of these antibodies have been
deposited in ATCC. A more complete list of antigens can be found in U.S.
Patent 4,193,983. The conjugates of the present invention are particularly
preferred for the diagnosis of various cancers.

- Thisinvention is used with a physiolagically acceptable carrier,
excipient or vehicle therefore. The methods for preparing such formulations
are well known. The formulations may be in the form of a 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 diagnosis. The
dose will vary depending on the disease and physical parameters of the animal,
such as weight. In vivo diagnostics are also contemplated using formulations of
this invention.

Other uses of some of the chelants of the present invention may
include the removal of undesirable metals (i.e. iron) from the body, attachment
to polymeric supports for various purposes, e.g. as diagnostic agents, and
removal of metal ions by selective extraction. The ligands of Formula (I) having
in at least two R terms T equal to P(O)R'OH may be used for metal ion control as
scale inhibitors. Some of these ligands can be used in less than stoichiometric
amounts Similar uses are known for compounds described i in U.S. Patents
2,609,390; 3,331 ,773; 3,336,221; and 3,434,969.
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The claims defining the invention are as follows:
1.  Bicyclopolyazamacrocyclophosphonic acid compounds of the formula

Oz
N
R—N N—R @
N
R
wherein:
X
R= ——((:2)n—T
Y ;
where:

X and Y are independently H, OH, C;-C; alkyl or COOH;

n is an integer of 1, 2 or 3;

with the proviso that: when n is 2, then the sum of X and Y must equal two or more
H; and when n is 3, then the sum of X and Y must equal three or more H;

T is H, Cl_Cls alkyl, COOH, OH, SO3H,

R2

i
—P—OH
R* |
R R!
s or .
where:

R! is -O~(C¢-Cj5 alkyl);

R? is H or OH; with the proviso that when R? is OH, then the R term containing the
R2 must have all X and Y equal to H;

R4 is H, NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl;

" with the proviso that at least one T must be P(O)R!OH and with the proviso that

when one T is

then one X or Y of that R term may be COOH and all other X and Y terms of that R term
must be H;
Ais CH, N C-Br, C-Cl, C-OR3, C-OR8, N+-R5X-,
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R3 is H, C;-Cs alkyl, benzyl, or benzyl substituted with at least one R%;

R is C1-Cy¢ alkyl, benzyl, or benzyl substituted with at least one R%;

R8 is C;-Cy¢ alkylamino;

X-is CI, Br, I or H3CCO,;

Q and Z independently are CH, N, N+-R5X-, C-CH,-OR3 or C-(0)-RS,

R6 is -O-(C;-C; alkyl), OH or NHR7;

R7 is C{-C5 alkyl or a dextran, a peptide, or a molecule with a specific affinity for a
receptor; or '

pharmaceutically-acceptable salts thereof;
with the proviso that: ‘

a) whenQ, A or Z is N or N+-R5X-, then the other two groups must be CH;

b) when A is C-Br, C-Cl, C-OR3 or C-ORS, then both Q and Z must be CH;

¢)  the sum of the R4, R7 and R8 terms, when present, may not exceed one; and

d) only one of Q or Z can be C-C(0)-R5 and when one of Q or Z is C-C(0)-RS,
then A must be CH.

2. A compound of claim 1 wherein X and Y are H.

3. A compound of claim 1 or claim 2 wherein nis 1.

4. A compound of any one of claims 1 to 3 wherein A, Q and Z are CH.

. 5. A compound of any one of the preceding claims wherein in the three R terms

T is P(O)RIOH, where R! is as defined in claim 1.

6. A compound of claim 5 wherein n is 1.

7. A compound of any one of claims 1 to 4 wherein Q, A and Z are CH; and in
the three R terms X, Y and n are defined as in claim 1, and one T term is

R2
or R

" where R2 and R? are defined as in claim 1, and the other two T terms are defined as

in claim 1.

8. A compound of claim 7 wherein n is 1 and the R term that contains a T moiety
which has the R4 group present, also has one of X or Y of that R term equal to COOH.

9. A compound of claim 8 wherein in the two R terms not containing an R4 term,
all remaining X and Y terms are H. '

10. A compound of any one of claims 1 to 4 whereinnis 1, X and Y are H; T is
COOH
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where: Rl is -O-(C;-Cs alkyl).
11. A compound of claim 10 wherein
() Qand Z are CH, A is C-OR3, C-OR8, where R3 and R8 are defined as

in claim 1, or

where R4 is defined as in claim 1 or
(b) A is CH, and one of Q or Z is CH and the other is C-C(0)-RS, where
R6 is defined as in claim 1.

12. A compound of type (b) claim 11 wherein RS is NHR7, where R7 is a dextran,
a peptide, or a molecule with a specific affinity for a receptor.

13. A compound of claim 4 wherein one of A, Q or Z is N+-R5X-, where RS and
X- are defined as in claim 1; and in all three terms, the T moiety is P(O)R10H, where R1
is -O-(C4-Cs alkyl) and all.X and Y terms are H.

14. A complex which comprises a bicyclopolyazamacrocyclophosphonic acid
compound as claimed in any one of claims 1 to 13 complexed with a metal ion selected
from Gd+3, Mn*2 or Fe+3.

15. A complex of claim 14 wherein the metal is Gd+3.

16. A complex of claim 14 having an overall negative charge.

17. A complex of claim 14 having an overall neutral charge.

18. A complex of claim 14 having an overall charge of +1.

19. A conjugate comprising a bicyclopolyazamacrocyclophosphonic acid complex
as claimed in claim 14 or claim 15, with the proviso that one of R4, R7 or R8 must be
present, and covalently attached to a dextran, a polypeptide or a molecule that has specific
affinity for a receptor.

20. A conjugate as claimed in claim 19, wherein the molecule with a specific
afﬁmty for a receptor is an antibody or antibody fragment.

21. A conjugate of claim 20 wherein the antibody or antibody fragment is a
monoclonal antibody or fragment thereof.

22. A conjugate of any one of claims 19 to 21 wherein A is CH, and one of Q or
Z is CH and the other is C-C(0)-RS, where R is NHR?, where R7 is a biologically active
material. _

23. A pharmaceutical formulation comprising a complex of any one of claims 17
to 21 with a pharmaceutically-acceptable carrier.
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24. A pharmaceutical formulation comprising a conjugate of any one of claims 27
to 25 with a pharmaceutically-acceptable carrier.
25. The complex as claimed in any one of claims 17 to 21 for use as a

pharmaceutical. -

26. The conjugate as claimed in any one of claims 22 to 25 for use as a
pharmaceutical. '

27. A kit for use as a diagnostic agent having as an ingredient a ligand as claimed
in any one of claims 1 to 16.

28. A process for preparing a complex as claimed in claim 17 which comprises

_ reacting a bicyclopolyazamacrocyclophosphonic acid compound as claimed in claim 1

with a metal ion selected from Gd+3, Mn12 or Fe+3 under aqueous conditions at a pH
from 5to 7.
29. A process for preparing a bicyclopolyazamacrocyclophosphonic acid
compound as claimed in claim 1 which comprises reacting:
(A) a compound of the Formula (I) wherein at least 1 R group is H, with a
phosphonating agent; or
(B) a compound of Formula (I) wherein Q, A or Z has a protecting group
present, after step (A), removing the blocking group by catalytic hydrogenation or acid.
30. A process of claim 29 wherein the phosphonating agent has the formula
P(OR); where R is defined as in claim 1.
' 31. A process of claim 29 wherein the pbosphonating agent has the formula
P(OR)3 where R is defined as in claim 1, and formaldehyde is a solvent.



