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TRICYCLOPOLYAZAMACROCYCLOPHOSPHONIC ACIDS, COMPLEXES AND DERIVATIVES
THEREOF, FOR USE AS CONTRAST AGENTS

This invenuon concerns ligands that are tncyclopolyazamacrbcyclophosphonuc_
aads, complexes and derivauves thereof, for use as contrast agents in magnetic resonance
imaging (MRI}. To better understand this invenuon, a brief backaround on MRI is provided 1n
the following section. _

MRI is a non-Invasive diagnostic technique which produces well resolved cross-
sectional images of soft tissue within an animal body, preferanty a human body. This technique
15 based upon the property of certain atomic nuclei (e.g. water orotons) which possess a
magnetic moment [as defined by mathematical equations; see G M Barrow. Physical
Chemistry, 3rd Ed., McGraw-Hill, NY {1973)) to alignn an applied magnetic field. Once
aligned, this equilibrium state can be perturbed by applying an external radio frequency (RF)
pulse which causes the piotons 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 ume required for
this to occur is known as the relaxation time. The relaxation time consists of two parameters
known as spin-lattice (T1) and spin-spin {T2) relaxation and it is these relaxation measurements
which give information on the degree of molecular organization and 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, diagnosticimages of biological organisms are obtained
whiéh reflect proton density and relaxation times. The greater the differencesin relaxation
times (Tt and T2) of protons presént in tissue being examined, the greater will be the contrast
in the obtained image [e.g., J. Magnetic Resonance 33, 83-106 {1979)].

it is 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, to the number of unpairea
electrons producing the magnetic moment {e.g., Magnetic Resonance Annual, 231-266, Raven
Press, NY (1985)). It has also been shown that when a paramagnetic chelate of this type is
administered to a living animal, its effect on the T1 and T2 of various tissues can be directly
observed in the magnetic resonance (MR} images with increased contrast being observed in the
areas of chelate localization. It has therefore been proposed that stable, non-toxic
paramagnetic chelates be administered to animals in order to increase the diagnostic
information obtained by MRI {e.g., Frantiers of Biol. Energetics |, 752-759 (1978); J. Nucl. Med.
25, 506-513 (1984); Proc. of NMR imaqging Symp. (Oct. 26-27, 1980); F. A. Cotton et al., Adv.

Inorg. Chem. 634-639 (1966)). Paramagnetic metal chelates used in.this manner are referred to

as contrast enhancement agents or, contrast agents.
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There are a number of paramagneuc metal ions which can pe considered when
undertaking the design of an MRI contrast agent. In practice, however, the most usefui
paramagnetic metal ions are gadolinium (Gd + 3), iron (Fe - 3}, hanganese (Mn - 2) and (Mn + 3),
and chrormium (Cr - 3), because these ions exert the greatest effect on water protons by virtue
of thetr large magnetic moments. In a non-complexed form (e.g. GdCl;}, these metai tons are
toxic to an arimal, thereby preciuding their use in the simple salt form. Therefore, a
funoamental role of the organic chelaung agent (also referred 1o as aligand) 1s to render the
paramagnetic metal non-toxic to the anmimal while preservingits desiraple inifluenceon T1 and
T2 relaxation rates of the surrounding water orotons.

Artin the MRI field is auite extensive, such that the following summary, not
intended to be exhaustive, is providea only as a review of this area and other compounds that
are possibly similar in structure. U.S. Patent 4,899,755 discloses a method of alternating the
proton NMR relaxation timesin the liver or bile duct of an animal using Fe - 3-ethylene-bis(2-
hydroxypnenyiglycine) complexes and its derivatives, and suggests among various other

compounds the possible use of a pyridine macrocyclomethylenecarboxylic aad. 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 discloses
gadolinium complexes for MR! which are non-cyclic compounds. C. J. Broanetal. [J. Cherﬁ.
Soc., Chem. Commun., 1739-1741 (1990)] describe some bifuncuonal macrocyclic phosphinic
acid compounds. C. ). Broanetal. | J. Chem. Soc., Chem. Commun., 1738-1739 (1990)] describe
compounds that are triazabicyclo compounds. . K. Adzamli et al. [ J. Med. Chern. 32, 139-144
(1989)] describes acyclic phosphonate derivatives of gadolinium complexes for NMR imaging.
At the present time, the only commercial contrast agents available in the U.S. are
the compiex of gadolinium with diethylenetriaminepentaacetic acid (DTPA-Gd +3.
Magnevist™ by Schering) and a DO3A derivative [l,4,7-tris(carboxym@athyl)-10-(2~
hydroxypropyl)-1,4,7,10-tetraazacyclododecanatolgadolinium (Proh.;nce ™ by Squibb).
Magnevist™ and Prohance™ are considered as non-specific/perfusion agents since they freely
distribute in extracellular fluid followed by efficient elimination through the renal system.
Magnevist™ has proven to be extremely valuable in the diagnosis of brain lesions since the
accompanying breakdown of the blood/brain barrier allows perfusion of the contrast agent
into the affected regions. In addition 1o Magnevist™, Guerbet is commercially marketing a
macrocyclic perfusion agent (1,4,7,10-tetrakis(carboxymethyl)-1,4,7,10-tetraazacyclo- 1
dodecanato]gadolinium {Dotarem ™) which presently is only available in Europe. Prohance™ is
shown to have fewer side effects than Magnevist™. A number of other potential contrast

agents are in various stages of development.
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The presentinvention s directed to novel ligands that are tri- and tetra-

cyclopotyazamacrocyclic compounds, and derivatives thereof, of the formula:

/
\l
o
T-N N-T
1
Py [

~——" (1)

wherein:
Y is either
d °
] o I /l\
or _ |
; ,//T\\\/// X
(A) T i

Tis-CH,-COOH, or '

i
-CHz-r—OH

R

where: R is OH, Cy-Cs alkyl or -O-(Cy-Cs alkyl);

with the proviso that both T moieties are the same or

oneTis

R1

-CH

CO,H 2

-3
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R®is OH or OCH3;

R< is NO;, NHj, isothiocyanato, semicarbazido, thiosemicarbazido. maleimido.
bromoacetamido or carboxyl; or
onarmaceutically-acceptable salts thereof.

5 When the above ligands of Formuia (i) have:

all T equal -CH,-P(O)ROH, where R is OH, or the pharmaceutically-acceptable salts
thereof, the ligands are referred 1o herein as 8P2P for (A)and TP3P for (B);

all T equal -CH,-COOH, or the pharmaceutically-acéeptable salts thereof, the
ligands are referred to herein as 8P2A (A) and TP3A for (8);

10 all T equal -CH,-P(O)ROH, where R is-0-{Cy-Cg alkyl), or the pharmaceutically-
acceptable salts thereof, the ligands are referred to herein as BP2(0-Alk)P for (A) and TP3(O-
AIKk)P for (B); and

all T equal -CH;-P{O)ROH, where R is Cy-Cs alkyl, or the pharmaceutically-
acceptable salts thereof, the ligands are referred to herein as BP2{AIk)P for (A) and TP3(Alk)P

15 for(B).

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

an overall charge of -3 - when Formula (1) is TP3P, which are useful as calcific

20 tissue contrast agents;

an overall charge of -1 - when Formula (1) is BP2P, which are useful as calcific tissue

contrast agents;

an overall charge of 0 - when Formula (1) is TP3A, TP3(O-AIK)P, or TP3(AIK)P, which

are useful as general perfusion contrast agents; and

25 an overall charge of + t -when Formula (1) is BP2A, BP2(0-Alk)P, or BP2(AlK)P,

"~ which are useful as calcific tissue contrast agents.

The complexes may be formulated to be in 4 pharmaceutically acceptable form
for administration to an animal. B :

When one T term is other than -CH;-COOH or -CH>-PO;HR, then the compound is

30 a bifunctional ligand/complex and may be linked through R2 to a biologicélly active molecule.

The compounds of Formula (1) are numbered for nomenciature purposes as
follows:

35

.
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.One aspect of the presentinvention concerns deveiopment of contrast agents
having synthetic madifications to the paramagnetic chelate enabling site specific delivery of
the contrast agent to a desired tissué. The advantage being increased contrast in the areas of .
interest based upon tissue affinity as opposed to contrast arising from non-specific perfusion
30 which may or may not be apparent with an extracellular agent. The specificity of the ligand of
Formula (1) may be controlled by adjusting the total charge and lipophilic character of the
complex. The overall range of the charge of the complex is from -3 to + 1 as indicated above
For'example, for a complex having 2 or 3 PO3H; groups (BP2P and TP3P), the overall charge 15
highly negative and bone uptake is expected; whereas when the overalt charge of the complex
35 is @ {thus neutral, TP3A, TP3(0-AIk)P, and TP3(AIk)P); the complex may have the ability 10 cross

the blood brain barrier and normal brain uptake may be possible. Unexpectedly, for a compiex
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' having an overall charge of + 1 [BP2A, BPZ(O-AIk)P_. and BP2(AIk)P], the complex displays bone

uptake,

While not wishing to be bound by theory, itis believed that when a charged
complex of the invention is made (e.g; possibly -3 for ':bone, -1 forliver, or + 1 for heart), the
variations in that chelate ionic charge can influence biolocalization.

Tissue specificity may also be realized by ionic or covalent attachment of the
chelate to a naturally occurring or syrithetic molecuie {(e.g. through R2) having specificity for a
desired target tissue. One possiblé application of this approach is through the use of chelate
conjugated monocional antibodies which would transport the paramagnetic chelate 1o
diseased tissue enabling visualization by MRI. In addition, attachment of a paramagnetic
chelate to a macromolecule can further increase the contrast agent efficiency resultingin
improved contrast relative to the unbound chelate. Recent work by Lauffer (U.S. Patents
4,880,008 and 4,899,755) has demonstrated that va}iations in lipophilicity can resultin tissue-
specific agents and thatincreased lipophilic character favors_ non-covalent interactions with
blood proteins resulting in enhancement of relaxivity.

fhe terms used in Formula (1} and for this invention are further defined as
follows:

"Cy-Cs alkyl” includes bothstraight and branched chain atkyl groubs.

"Animal” includes a warmblooded mammal, preferably a human being.

“Complex” refers to a complex of the compound of the invention, e;g. Formula
(), complexed with a metal ion, where at least one metal atom is chelated or sequestered.

"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, monocional, chimeric antibody or
hetero—;ntibody, preferably a monocional antibody; "antibody fragment” includes Fab
fragments and F(ab’), fragments, and any poruion of an antibody having specificity toward a
desired epitope or epitopes. When using the term “radioactive metal chelate/antibody
conjugate” or “conjugate”, the “antibody” is meant to include whole antibodies and/or
antibody fragments, including semisynthetic or genetically engineered vanants thereof.
Possible antibodies are 1116-N5-19-9 (anti-colorectal carcinoma), 1116-NS-3d (anti-CEA), 703D4
(anti-human lung cancer), 704A1 (anti-human lung cancer), CC49, CC83 and B72.3. The
hybridoma cell lines 1116-N5-19-9, 1116-NS-3d, 703D4, 704A1, CC49, CC83 and B72.3 are
deposited with the American Type Culture Collection, having the _,accession numbers
ATCC HB 8059, ATCC CRL 8019, A'fCC HB 8301, ATCC HB 8302, AT¢C HB 9459, ATCC HB 9453
and ATCC HB 8108, respectively, '

T
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The bifunctional chelating agents described herein {represented by Formula (1)]
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 functionai-
1zing morety [represented by R2in Formula (1}], can be covalently attached to biciogicaily acuve
materials, such as dextran, molecules that have specific affinity for a receptor, or preferably
covaiently attached to antibodies or anubody fragments. Thus the compiexes described herein
may be covalently attached to an antibody or antibody fragment or have specific affinity for a
receptor and are re'ferred to herein as “conjugates”

As used herein, "pharmaceutically-acceptabie salts” means any salt or mixtures of
salts of a compound of Formula {)) which is sufficiently non-toxic to be useful in diagnosis of
animals, preferably mammals. Thus, the saits 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, hydrochioric, phosphoric, acetic, succinic, citrig, lactic,

maleic, fumaric, palmitic, cholic, palmoic, mucic, glutamic, gluconic acid, d-camphoric, glutaric,

glycolic, phthalic, tartaric, formic, laurie, steric, salicylic, methanesuifonic, benzenesulfonic,
sorbic, picric, benzoic, cinnamic acids and other suitable acids. Also included are salts formed
by standard reactions from both organic and inorganic sources such as ammonium or 1-deoxy-
1-(methylamino)-D-glucitol, alkali metal ions, alkaline earth metal ions, and other similar ions.
Particularly preferred are the salts of the compounds of Formula (1) where the salt is potassium,
sodium, or amn'_|onium. Also included are mixtures of the above salts.

The compounds of For_mu!a (1) 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 (1) are prepared wherein Y is {A) or (B),
and all T moieues are -CH2-COOH.
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Scheme 1

d

H-N N-H (II)

L

X-CHp2-COOH

aqueous base

g

HOOC~-HoC-N N-CH2-COOH

L\Yz/l (III)

wherein: Y1 is defined as before for Y when (A) and when (B) the nitrogen atom Is substituted
with hydrogen; and

X is chloro or bromo atom; and Y2 is defined as before for Y when (A) and when (8) the
nitrogen atom is substituted with -CH,-COOH.

The aqueous base is alkali metal hydroxide, such as sodium hydroxide or
potassium hydroxide. The pH of the reaction is maintained about 8-10. Temperature is
between about 50—9b°c. and pressure is not critical so that ambient pressure is used.

in Scheme 2, the compounds of Formula (1) are prepared Whereih Y is (A) or (B),
and all T moieties are

O
Il
-CHz-T—OH

R

where: Ris OH.

-8-
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Scheme 2 .

d

H-N ‘
| i
.\ H3POz FHCL
vl CH20

1) P(OR)3/CH20
R = CH3, C2Hs, C3H7., CuyHg

2) hydrolysis/A

g

H203P~-H2C~-N N-CH2-PO3H?

kw/L (IV)

wherein: Yi is defined as before for Y when (A) and when (B) the nitrogen atom is substituted
with hydrogen; Y3 is defined as before for Y when (A) and when (B) the nitrocjen atom s
subsututed with -CH3-PO3H,. '

The hydrolysis in Scheme 2 is done by known aqueous acid conditions, such as
using 3 to 12M hydrochloric acid. The pH of the reaction is maintained below 3. Temperature
is at reflux. Pressure is not critical so that ambient pressure is used. Alternatively, when the
reaction is run in one step, phosphorous acid, hydrochioric acid and excess formaldehyde are
used. The pH of the reaction is below 2, Temperéture is at reflux. Pressure is not critical so that
ambient pressure is used.

In Scheme 3, the compounds of Formula (1) are prepared wherein Y is (A) or (8), all

T moieties are

’
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where: Ris -0-(Cy-Cs alkyl)

Scheme 3

1) P(R)3/CH20

2) base hydrolysis/A

\ 4
RHO2P-H2C-N N~CH2~PO2HR
~ y4s — (V)

!
{
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wherein: Y is defined as before for Y when (A) and when (B) the nitrogen atom s substituted

with hydrogen; Y4 is defined as before for Y when (A) and when (B) the nitrogen atom is
substituted with -CH,-PO;,HR; and

R is -0-(C1-Cs alkyl).

The hydrolysis in Scheme 3 is done under known aqueous basic conditions, such as

using excess alkali metal hydroxide, such as sodium or potassium hydroxide. The pH of the

reaction is above 9. Temperature is at reflux. Pressure is not critical so that ambient pressure is

used.

in Scheme 4, the compounds of Formuia (1) are prepared wherein Y is (A) or (8), all

T moieties are

-10-
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s, oy

where: Ris Cy-Cs alkyl,
Schéme 4 shows the preparation of the compounas of Formula (I} when R s
methyl.

Scheme 4

p

H~N N-H

L

1) H3CP(0C2H5)2/CH20/THF

(II)

2) base hydrolysis/A

4

CH3(OH)OP-CH2-N N-CH2-PO(OH)CH3

wherein: Y\ is defined as béfore for Y when (A) ana when (B) the nitrogen atom is substituted
with hydrogen; YS is defined as before for Y when (A) and when (8) the nitrogen atom is
substituted with -CH,-PO(OH)CH3.

The hydrolysis in Scheme 4 is done undgr known aqueous basic conditions, such as
using excess alkali metal hydroxide, such as sodium or potassium hydroxide. The pH of the
reaction is above 9. Temperature is at reflux. Pressure’is not critical so that ambient pressure is

used

-11-
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In Scheme 5, the compounds of Formula (1) are prepared wherein Y is (A) or (B), all
T moieties are _
0
1l
~CH2-P-0H
|
R

wiere: Ris C1-Cs alkyl.

Scheme S shows the preparation of the compounds of Formula (1) wnen R is ethyt.

Scheme 5

d

. H-N N-H

L\ ) (11)
yi '

HP(0)OH~C2H5/CH20/HC1

4

C2H5(0H)0P-CE2-N N-CH2-PO(OH)C2H5

L\ya/_l (vII)

wherein: Y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted
with hydrogen; Y6is defined as before for Y when (A) and when (B) the nitrogen atom is
substituted with -CH;-PO(OH)C2Hs.

The reaction in Scheme 5 is under acidic conditions with a hydrochlonc acid. The
pH of the reaction is below 3. Temperature is atreflux. Pressure is not critical so that ambient

pressure is used.
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Scheme 6 shows the preparation of the compounds of Formula {I) whenone Tisa

bifunctional maiety; and the other T is defined above for Formula .

Scheme b OChj
( Br H-——; )

cozcm \,02

\ /
: OCH3
(1) (
‘ COzCHg

L

BrCH,;CO,CH3 \\\‘;Yl

OCHj3
' (
CH30C(0O) CHz—‘—N N"‘" CH
COzCH3
. \ Y')
HC1/A _ OCH3

HO;C—CHz——N - CH
|
CO2H

Hy/Pd Y’
( OCH3
(VIII)
COzH

'"T

e

HO,C~CH> -—N

\Y7

35 wherein: Y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted
with hydrogen; Y7 is defined as before for Y when (A} and when (B) the nitrogen atom 1s

substituted with -CH-CO2H.
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In the above Schemes, the general process description illustrates specific steps
that may be used to accomplish a desired reaction step. The general descripuon of these
process steps follows.

The generai synthetic methodology for preparing the 2:2 and 3:3 macrocyclic

‘precursors outfined in Schemes 1-6 1s described by Pappalerdo et al., J. Org. Chem. 53. 3521-

3529(1988). The carboxyiate derivatives described in Scheme 1 are prepared by conventional
alkylation procedures uutlizing chloro- or bromo-acetic acio under basic aqueous conditions
and utilizing the appropriate secondary amine macrocyclic stahing material.

The phosphomc acid derivatives outlined in Scheme 2 can be prepared by initial
alkylation of the amine with a trialkyl phosphite and paraformaldehyde, resulung in an organic
soluble perester. This ester 15 then hydrolyzea under refluxing acid conditions to give the
desired aminophosphonic acids. Alternatively, the phosphonic acid can be prepared under
acidic conditions by employing phosphorous acid in combination with formaldehyde and
hydrochloric acid.

Phosphonate half esters are prepared as shown in Scheme 3 by initial formation
of the dialkyl phosphonate ester, followed by hydrolysis under basic conditions. Base hydrolysis
gives exclusive conversion to the half ester.

Scheme 4 illustrates the metﬁodology for synthesizing the methyl phosphinate
derivatives using diethoxymethyiphosphine as the nucleophile and paraformaldehyde.
Condensation can be conducted in solvents such as tetrahydrofuran (THF), dimethylformamide
(DMF), dioxane, acetonitrile, or alcoholic media. The resulting phosphinate ester is then
hydrolyzed under acidic conditions (e.g. 6N HCl, 80-100°C) or basic conditions (excess base, 40-
100°C) to give the corresponding methylphosphonic acid. .Alternatively, as outlined in Scheme
S, the method devised by A. D. Sherry et al. {Inorg. Chem., submitted 1991) using
ethylpﬂbsphonic acid generated in situ can be used 1o obtain phosphinate derivatives having
increased lipophilic character.

Scheme 6 illustrates the preparation of bifunctional compounds of Formula (i)
which may then be attached to a biologically active material.

The metal ions used to form the complexes of this invention are Gd + 3, Mn 2,

Fe +3 and available commercially, e.g. from Aldrich Chemical Company. The anion present is
halide, preferably chloride, 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 moment in 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 usefui in the pra:r.uce of the invention are gadolinium

{Gd +3), iron (Fe + 3) and manganese (Mn + 2), with Gd + 3 being preferred.

-14-
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The complexes are prepared by methods well known in the art. Thus, for
example, see Chelating Agents and Metal Cheiates, Dwyer & Meilor, Academic Press (1964),
Chapter 7. See also methods for making amino acids in Syntheuc Production and Utilization of

Amuno Acids, {edited by Kamexo. et al.) lohn Wiley & Sons (1974). An exampte of the
preparation of a compiex invotves reacting a bicyclonalyazamacrocyctaphosphonic acid with
the metal 1on under aqueous congitions at a pH from 5to 7. The complex formedisby a
chemical bond and results in a stable paramagneuc nuchde composition, e.g. stable to the
disassociation of the paramagnetuc nuclide from the ligana

The comptexes of the presentinvention are adm:~stered at aiigand to metat
molar rauo of atleast about 1:1, preferably from 1:1 to 3:1. more preierably from 1:1 10 1.5:1.
Alarge excess of iiga_ndlis unaesirable since uncomplexeo iigana may be tox:¢ to the animal or
may result in cardiac arrest or hypocalcemic convuisions.

This invention is used with a physiologically acceptable carrier, excipient or
vehicle therefore. The methods for preparing such formulations are well known. The formula-
tions 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. /nvivo
diagnostics are also contemplated using formulations of this invention.

Other uses of some of the chelants of the presentinvention 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 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.

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

LC = liquid chromatography, purifications were carried out at low pressure using
Dionex 2010i system fitted with a hand-packed Q-Sepharose™ anion exchange coiumn (23 x 2

cm). .

DMF = dimethyiformamide.
- AcOH = acetic acid.

g = gram(s).

mg = milligrams.

kg = kilogram(s).

mL = milliliter(s).

pl = microliter(s).

-15-
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pH Stability General Procedure

A stock 159GdCly (or 153SmCl3) solution was preparec by adding 2 pl of 3x10-3A?
'S9GdCiz 1n 0.1N HCl to 2 mt of a 3x10-4M GdCl; carrier solution. Approoriate Ii'gano solutiors
were then prepared in deronized water. The 1:1 ligand/metal comolexes were then preparec
by combining the igands (dissolved in 100-500 uL of aeiomzeo water) with 2 mL of the sto<-
159GdCli3 soluuon, followed by through mixing to give an acidic salution (pH = 2)}. The pH o
tne soiution was then raised to 7.0 using 0.1N NaOH. The percentmetal as a complex was 1re~

aetermined by passing a sample of the compiex solution througn a Sepnagex  G-50 column
eluung with 4:1 saline (85% NaCI/NH,0H) and collecting 2 x 3 mLtracuons The amount of
radioactivity 1n the combined elutions was then compared w!th that ieft on the resin tnon-
complexed metal is retained on the resin). The pH stab'hity profile was'genera'ted by adjustung
the pH of an aliquot of the complex solution using 1M NaOH or 1M HC) and determining the
percent of the metal existing as a complex using the ion.exchange method described above.
The Sm results are known by experimental comparison to be identicaf for complexation and
biodistribution of the ligands of this invention. |

SYNTHESIS OF LIGANDS.

General Materials and Methods. s :

All reagents were obtained from commercial suppliers and used as received
without further purification. NMR spectra were recorded on a Bruker AC-250 MHz
spectrometer equipbed with a muiti-nuclear quad probe ('H, 13C, 21P, and 19F) at 297°K unless
otherwise indicate_d . 'Hspectra in D;0 were recorded by empioying solvent suppression pulse
sequence ("PRESAT", homo-nuclear presaturation). 'H spectra are referencéd to residual
chloroform (in CDCl3) at 57.26 or external dioxane (in D>0) at §3.55. !3C and 3'P spectra
reported are proton decoupled (broad band). Assignments of '3C {1H} chemical shifts were
aided by DEPT (Distortioniess Enhancement by Polarization Transfer) expenments. "3C {1H}
spectra are referenced tocenter peak of CDCl3 at §77.00 (in CDCl3} and external dioxane at
§66.66 (in D;0). 31P {1H} spectra were referenced to external 85% H3PQ4 at §0.00. Melting
points were determined by capillary melt methods— and were uncarrected. Semipreparative
ion-exchange chromatographic separations were performed at low pressure { <600 psi) using a
standard glass column fitted with hand-packed Q-Sepharose ™ (anion exchange) or SP--
Sepharose ™ (cation exchange) glass column, and with on-line UV detector at 263 nm for eluent
monitoring. GU/MS spectra were performed on a Hewlett Packard 5830A Gas Chromatograph/
5970 Mass Selective Detector.

STARTING MATERIALS
Example A
Preparation of N,N'-ditosyl-2, 1 1-diaza[3.3}(2,6)pydinophane.

To a stirred solution of tosylamide, sodium salt (TsNHNa), (13.52 g, 70 mmol) in

anhydrous DMF (1.3 L) at 80°C was added dropwise {1.5 hr) under a N; atmosphere a solution of

-16-
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2,6-bis(chloromethyl)pyridine (12.32 g, 70 mmol) 1n DMF (200 mt). After ! hr, solid TsSNHNa
{13.52 g, 70 mmol) was added all at once, and the mixture was surred at 80°C for additional

16 hr. The reaction mixture was then cooled to room temperature and decanted. The solvent
was removed in vacuo and tne resulung residue was combined wttn acetone and filtered to
give a waxy solid which was conunuously extracted (Soxiet) witn acetone (300 mL) for 48 hr
The product was isolated as the precipitate at the bottom of the heaung flask. Upon drying, -
the product was isolated as white powaer (5.24 g, 27%): mp = 246 - 248°C and further
characterized by:

*H NMR (DMSO-d6)

62.42 (s, 6H), 4.38 (s, 8H), 6.99 (d, 4H), 7.40-7.49 (m, 6H), 7.88 (d, 4H); and

13C {11} NMR (DMSO-d6)

§20.91, 55.55, 122.12, 126.92, 129.88, 135,99, 137.03, 143.30, 154.71; and is illustrated by the

formula

g

Ts-N . N-Ts
~ | )
N

Example B
Preparation of 2,11-diaza(3.3](2,6)pydinophane.

B N,N'-ditosyl-2,1 I-diaza(3.3](2,6)pydino§hane (5.24 g, 9.5 mmol), prepared in
Example A, was dissolved in 90% H,504 (48 mL) and heated at 110°C with stirring for 2 hr.
After the solution was cooled to room temperature, it was slowly diluted with deionized water
{50 mL) while chilling in an ice bath. The resulting solution was then poured into a 25% NaOH
solution {200 mL) which was cooled in an ice bath. The resulting white solid was extracted with
CHCl3 (3 X 100 mL), dried over anhydrous Mg50a, filtered, and concentrated in vacuo to
dryness to give the titied product as a waxy white solid (1.69 g, 74%) ana further characterized
by: . ' '

TH NMR (CDCl3)

83.91(s, 8 H), 6.47 {d, 4H), 7.06 (t, 2H); and

13C {1H} NMR (CDCl3)

§55.89, 119.73, 135.71, 159.36;

CG/mass spectra m/z M + 240; and is illustrated by the formuta
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Example C
Preparation of N,N‘,N"-tritosyl-2, 1 1,20-triaza[3.3.3](2,6)pydihophane.

Isolated as a by-product from the reaction used for preparation of N,N’-ditosyl-
2,11-diazal3.3)(2,6)pydinophane, prepared in Example A, (remaining part on the extractor
thimble after Soxlet extraction) mp 260 - 262°C; and further characterized by:

TH NMR (DMSO-d6)

§2.31 (s, 9H), 4.08 (s, 12H), 7.01 (d, 4H), 7.30 (d, 6H), 7.52 (t, 3H), 7.67 (d, 6H); and

13C {1H} NMR (DMS0-d6) '

§20.92, 54.03, 120.55, 127.13, 129.83, 135.12, 136.83, 143.45, 155.47; and is illustrated by the

formula:

g

Ts-N . N-Ts

Example D S

Preparation of 2,1 1,2§-triaza[3.3.3}(2,6)ﬁvdinophane.
N.N',N“<tritosyl-2,11,20-triaza(3.3.3]{2,6)pydinophane (0.5 g, 0.6 1 mmol),

prepared in Example Cwas dissolved in 90% H;504 (5 mL) and heated at 110°C with stirring for

2 hr. The solution was then cooled to room temperature and slowly diluted with deionized

water (6 mL) while chilling in a ice bath. The resulting solution was then poured into a 25%

- NaOH solution (22 ml) which was cold in an ice bath. The resulting white solid was extracted

-18-
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with CHCI3 (2 X 30 mL), dried over annydrous MgSOy, filtered, and concentrated n vacuo to
dryness to give the titled product as a waxy winte solid {0.167 g, 76%): and further
characterized by:

‘H NMR (CDCl3)

§3.03 (s, 3H), 3.93 (s, 12H), 7.08 (d, 6H), 7.54 {t, 3H). and

13C{'H} NMR (CDCl3)

8 54.58, 120.72, 136.50, 158.64;

GC/mass spectra m/z M+ 360; and s itlustrated by the formula:

N
AN
H-N N-H
pd
I
N I
|
H

Example E .

Preparation of N,N’-bis(methylenedimethylphosphonate)-2,1 1-diaza[3.3](2,6)pydinophane.
The product prepared in Example B, 2,11-diaza{3.3](2,6)pydinophane (276.4 mg,

1.15 mmol) was combined with paraformaldehyde (138 mg, 4.60 mmol, excess) and

trimethylphosphite (0.814 mL, 855 mg, 4.60 mmol, excess). After the mixture was gently stirred

for IOTnin 1o obtain a well mixed slurry, it was heated to 85°C and maintained for 1 hr. After

the excess reagents and byproducts were removed in vacuo (1 hr at 110°C/0.01 mmHg). the dark

brown residue was dissolved in CHCl3 (20 mL) and washed wifh deionized water (5 X 15 mL).

The organic layer was dried over anhydrous MgSOy, filtered, and the sotvent was removed in

vacuo to give the product as a yellow waxy solid (363 mg, 65%); and further characterized by:

1H NMR (CDCl3)

§3.39(d, 4H), 3.88(d, 12H), 4.08 (s, 8H), 6.84 (d, 4H), 7.13 (t, 2H); and

13C {1H} NMR (CDCl3) ’

§52.75 (d), 54.88(d), 65.21 (d), 122.71, 135.69, 157.14; and

31P NMR (CDCl3) '

§27.22; and isillustrated by the formula

-19-
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(H3CO)2(0)P~H2C-N N~CH2~-P{0O) (OCH3)2

d

Example F
Preparation of N,N'-bis(methylenediethyiphosphonate)-2,11-diaza(3.3}(2,6)pydinophane.

The product prepared in Exémple B, 2,11-diazal3.3](2,6)pydinophane (0.47 g, 1.96
mmol) was combined with paraformaldehyde (235 mg, 7.84 mmol, excess) and triethyl- :
phosphite (1.34 mL, 1.30 g, 7.84 mmol, excess) After the mixture was gently stirred for 10 min
to obtain a well mixed slurry, it was heated to 90°C for 1 hr. After the excess reagents and
byproducts were removed in vacuo (1 hr at 125°C/0.01mmHg), the resulting dark brown residue
was dissolved in CHCl3 (20 mL) and washed with deionized water (5 X 15 mL). The organic layer
wasdried over anhydrbus MgS0,, filtered, and the solvent was removed in vacuo to give the
product as a yellow waxy solid {957 mg, 91%); and further characterized by:

THNMR (COCly)

§1.24 (1, 12H), 3. 20 (d.4H), 3.94 (s, 8H), 4.07 {q, 8H), 6.71 (d, 4H), 6. 98 (t, 2H); and
13C{'H} NMR (CDCl3)

5§16.48,55.36 (d), 61.75 (d), 65.14 {d), 122.52, 135.41, 157.04; and

3P {1H} NMR (CDCl3) '

&8 24.60; and is illustrated by the formula

(

(H5C20) 2(0)P-H2C-N N-CH2-P(0) (OC2Hs) 2

e

=
~ I
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FINAL PRODUCTS

Ligands: Preparation of tri- and aimethylenecarboxylic acids as shown in Scheme i
Exampie 1

Preparation of N,N'-diaéeuc aad-2 1 1-diaza[3.3](2,6)py0|hopnane (BP2A).

To a surred aquecus solution {1 mL) of 2,11-a1aza{3.3}(2.6)pydinoonane, prearea
in Example B, (82.4 mg. 0.58 mmo1) was added bromoacetic acid (275 mg, 1.98 mmoi, excess}
and the pH of the reaction mixture was maintained above 10 by ada:ng smail poruons of conc.
NaOH until no more caustic was needed to keep pH>11{~30 min) :The reaction mixture was
then heated (60°C) for 2 hr, then the reaction rmixture was cooled 1o room temperature, the pr
of the reaction mixture adjusted to 7. The solution was then chromatogr'apned on cation
exchange (SP-Sepharose ™) column (1.5 X 50 em) eiuung frst 'v.th geronized water then with
IM HCl. The acidic fraction containing product was evaporated to dryn‘ess, followed by co-
evaporation with fresh deionized water (3 X 2 mL) to eliminate excess HCl. The final product
was isolated as a white solid upon freeze drying of the cancentrated aqueous solution from
above; and characterized by:

'H NMR (D,0)

§4.17 (s, 4H), 4.43 (s, 8H), 7.15(d, 4H), 7.66 {t, 2H); and

13C {1H} NMR (D,0)

§61.44,61.70, 127 46, 146.84, 154.37, 175.62.

Example 2

Preparation of N,N’,N"-triacetic acid-2,11,20-diaza(3.3.3](2,6)pydinophane (TP3A}.

To a stirred agueous solution {1 mL) of 2,11,20-triaza{3.3.3](2,6)pydinopnane,
prepared in Example D, {(54.5 mg, 0.15 mmol) was added bramoacetic acid (100 mg, 0.72 mmol,
excess) and the pH of the reaction mixture was maintained above 10 by adding small poruons
of conc. NaOH until no more caustic was needed to keep the final pH> 11 (~30 min). The
reaction mixture was then heated {(60°C) for 2 hr, cooled to room temperature, and pH adjusted
to 7. The aqueous solution was then chromatographed on a cation exchange (SP-Sepharose ™)
column (1.5 X 50 ¢m) eluting first with deionized water then with IM HCl The acidic fraction
containing product was evapofated to dryness, followed by coevaporation with fresh
deionized water (3 X 2 mL) to eliminate excess H_Cl. The final product was isolated as white
solid upon freeze drying of the concentrated aqueous solution from above; and characterized
by: }

TH NMR (D;0)

54.12 (s, 6H), 4.68 (s, 12H), 7.41 (d, 6H), 7.81 (t, 3H); and
13C {iH} NMR(D,0)

557.32,60.53, 128.57, 143.42,152.42, 171.17.

This Sheet Has Been Replaced
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Lgands: Preparauon of dimethylenepnosphonic acids as shown in Scheme 2
Example 3
Preparation of N,N'-bisimethylenephosphonic acid)-2, 11-diaza{3.3)(2,6)pydinophane (BP2P).

A conc. HCl solution (3725.4 mL) of N,N -bis(metnyieneaimethyipnosphonate)-
2,11-diaza{3.3/(2,6)pydinophane, prepared in Example E, (255 mg, 0.53 mmol} was heated at
reflux for 2.5 hr. After cooling, the solution was evaporated to dryness, followed by co-
evaporation with fresh delonized water (3 X 2 mL) to eliminate excess HCl. The final prédur:t
was isolated as a hydroscopic brown solid upon freeze-drying of the concentrated aaueous
solution; and characterized by: '

'H NMR {D;0)

§3.55(d, 4H), 4.46 {br s, 8H), 6.90 (d, 4H), 7.37 (t, 2H); and

13C {1H} NMR (D,0) '

§57.80 (d), 63.74 (d), 127.02, 144.18, 152.96; and

3P {1H} NMR (D;0)

§ 11.71.Ligands: Preparation of dimethylenephosphonate half esters as shown in Scheme 3.
Example 4 -
Preparation of N,N"-bis(methylenephosphonic acid ethyl ester)-2,11-
diaza([3.3)(2,6)pydinophane (BP2EP).

The product prepared in Example F, N,N'-bis(methylenediethylphosphonate)-
2,11-diaza{3.3](2,6)pydinophane, (357 mg, 1.77 mmol) was combined with 0.1M KOH (7.2' mL)
and heated at 60°C for 16 hr. The solution was then cooled and freeze-dried to give a residue
which was dissolved into CHCI3/C;HgOH (95/5), and filtered. Upon evaporation of solvent and
concentration in vacuo, the product was isolated as a pale yellow powder (657 mg, 66%); and
characterized by: '

H NMR (D,0)

8 1.10(t, 6H), 2.97 (d, 4H), 3.81 {q, 4H}, 3.84 (s, 8H), 6.73 (d, aH), 7.09 (t, 2H); and
13C {'H} NMR (D;0)

5 18.98, 58.76 (d), 63.69 (d}, 66.53 (d), 126.35,:140.09, 159.37; and

31p {1H} NMR (D,0)

8§ 20.65.

Complexes: Preparation of metallligand complexes for biodistribution studies.

General Procedure

Metal ligand complexes were prepared by various methods. The methods
included mixing of the metal and ligand in aqueous solution and adjusting the pH to the
desired value. Compliexation was done in solutions containing saits and/or buffers as well as
water. Sometimes heated solutions were f_ound to give higher complex yields than when the

complexation was done at ambient temperatures

is Sheet Has Been Replaced

T




10

15

20

25

30

35

For example, a solution of the ligand 15 prepared by dissolving the ligand in
deionized water (about pH = 2). A ligand/metal comolex was then prepared by comoining the
tigand solution with aqueous SmClz H;0 (3x10-3M in 0.0 1N HCI) contatning tracer 1335mCi;
After thorough mixing, tne percent metal as a complex was determined by passing a sampie of
the complex solution through a Seohadex ™ column, eluting with 4: 1 saline (0.85%
NaCl/NHsOH), and collecung 2 x 3 mt fractions. The amount oi radioactivity in the comoined
elutions was then compared with that left onthe resin. Unger tnese conditions, comoiex was
removeo with the eluent and non-complexéd metai 1S retainea on the resin. By this methoc
comoiexation was determined to usually be about 95% or greater.

Jsing the above procedure, the compiexes of samarnum with

N, N'-diaceuc acid-2,1 II-diaza[3.3](2,6)pyalnonnane (BP2A), ligand:metal ratio of'
4:1,99%;

N,N,N"-triacetic acid-2,11,20-diaza(3.3.3](2,6)pydinophane (TP3A), ligand:metal
ratioof 3:1, 98.6%;

N,N'-bis{(methylenephosphonic acid)-2, 1 1-diazfa(3.3](2,6)pydinophane {8P2P),
ligand:metal ratio of 3:1,95%; and .

N,N-bis{imethylenephosphonic acid ethyl' ester)-2,11-diaza[3.3](2,6)pydinophane
(BPiEP), ligand:metal ratio of 4:1,98%;
were made. However, in an analogous manner the corresponding gadolinium complexes may
be prepared.

BIODISTRIBUTION
General Procedure .

Sprague Dawley rats were allowed to acclimate for five days then injected with
100 pL of the complex sofution via a tail vein. The rats weighed between 150 and 250 g at the
ume of injection. After 30 min. the rats were killed by cervical dislocation and dissected The
amount of radioacuvity in each tissue was determined by counting in a Nal scintillation counter
coupled to a multichannel analyzer. The counts were compared to the countsin 100 pL
standards in order to determine the percentage of the dose in each tissue or organ.

The percent dose in blood was estimated éssuming blood to be 6.5% of the total
bodyweight. The percent dose in bone was estimated by multiplying the percent dose in the
femur by 25. The percent dose in muscle was estimated assurning muscle to be 43% of the total -
body weight. ‘

in addition to organ biodistribution, chelates of the compounds of Formuia (1)
were evaluated for efficiency of bone localization since phosphonates are known for their

ability to bind to hydroxyapitite. The results of these tests are given below.

-23-
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EXAMPLE !}
When the complex 1535m{N,N'-diacetic acid-2,11-01a22a(3.3](2,6)pyainophane|
{'53Sm-BP2A) was evaluated, the results are givenin Table | below The numbers represent the

average of a minimum of 2 rats per data point at 2 hours post injection.

TABLEI
> BIODISTRIBUTION OF 153Sm-BP2A
% INJECTED DOSE
ORGAN’ AVERAGE
Bone 27.98
o Liver 0.68
Kidney 0.95
Spleen 0.01
Muscle 0.80
Blood 0.43
15 Heart 0.02
Lung , 0.06
Brain 0.01
Stomach 0.05
20 Small Intestine 0.80
Large Intestine 0.04
TABLE |

RATIOS FOR 153Sm-BP2A  *
AVERAGE % INJECTED DOSE

" = FOR T590d-BP2EFP
25 | Bone/Blood | Bone/Muscle | Bone/liver Bone/Spleen

| 65 35 | M 2,798

30

35
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EXAMPLE I

When the complex '535m|N,N",N"-triacetic acid-2.11,20-

§ Y8 SHEET HAS BEEN
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diaza(3.3.3){2,6)pydinophane] {1535m-TP3A) was evaluated, the results are given 1n Table !t

pelow. The numbers represent 1 rat per data point at 2 hours postinjectior.

TABLE (I

BIODISTRIBUTION OF 153Sm~TP3A

% INJECTED DOSE

ORGAN % N ED |
Bone 1.495
Liver 0.570
Kidney . 0.639
Spleen 0.068
Muscle 0.833
Blood 0.437.
Heart 0.016
Lung 0.047
Stomach 0.036
Small Intestine 1.426
Large Intestine 0.156

TABLE !l
RATIOS FOR 153Sm-TP3A
_AVERAGE % INJECTED DOSE

Bone/Blood Bone/Muscle Bone/Liver | Bone/Spleen
3 2 3 22
.25-
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EXAMPLE Il

When the complex 1535m(N,N'-bistmethylenephosphonic acid)-2.11-
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diaza{3.3)(2,6)pydinophane] (1535m-BP2P) was evaluated, the results are given in Table Il

beiow. The numbers represent 3 rats per data point at 2 hours post injection

TABLE Ill

BIODISTRIBUTION OF 133Sm~BP2P

% INJECTED DOSE

ORGAN AVERAGE
Bone 60.08
Liver 3.

Kidney .21

Spieen 0.05

Muscle 1.53.

Blood 0.87

- Heart 0.07
Lung 0.17
Brain 0.01
Stomach 0.20
‘Small Intestine 0.39
Large Intestine 0.13

TABLE Il
RATIOS FOR 153Sm-BP2P
AVERAGE % INJECTED DOSE

Bone/Blood Boné/Mu'scle Bone/lLiver | Bone/Spleen -
69 39 16 1,201
.26-
T
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EXAMPLE IV
When the complex :53Sm(N,N -bis(methyieneonosphonic acid ethyl ester)-2,11-
diaza[3.3](2,6)pydinophane] (**'Sm-BP2EP) was evaluated, the results are given in Table IV

below. The numbers represent 3 rats per data point at 2 hours postinjection.

TABLE IV
> BIODISTRIBUTION OF 153Sm-BP2EP
% INJECTED DOSE
ORGAN AVERAGE
Bone 39.82 -
10 Liver 5.97
Kidney 0.74
Spleen 0.32
Muscle 1.21
Blood 0.45
15 . Heart 0.04
Lung 0.19
Brain 0.01
Stomach 0.36
20 Small Intestine 0.33
Large Intestine 0.25
TABLE IV
RATIOS FOR 153Sm-BP2E
AVERAGE % INJECTED DOSE
25 Bone/Blood { Bone/Muscle Bone/Liver Bone/Spieen
88 33 7 124
30 Other embodiments of the invention will be apparent to those skilled in the art
from a consideration of this specification or practice of the invention disclosed herein. Itis
intended that the speciﬁcation and examples be considered as exemplary only, with the true
scope and spirit of the invention being indicated by the following claims.
35
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WHAT IS CLAIMED IS:

1. Tri- and tetra-cyclopolyazamacrocychic compounds of the formuia

T-N
N— v

10 : : (I)

wherein:

Y is either
1< PY °

[ ] [ ] l /l\
or |
/T\/ NS
T
2( (A)
(B)
Tis -CH,-COOH or
- 0
—Cﬂz-r—OH ;
R

where: R is OH, C4-Cs alkyl or -O-(C4-Cs alkyl);

with the proviso that both T moieties are the same or
30 oneTis

R1
-CH

35 CO.H 2

* i
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R'is OH or OCHj3;
R2is NO;, NH;, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or cirbioxyl: or

pharmaceutically'-acceptable salts tnereof.

THIS SHEET HAS B‘:EN
"REPLACED

2. Acompound of Claim 1 wherein all T equal to -CH1-P(O)ROH, where R is OH.

3. Acompound of Claim 2 wherein the compound is of formula (lA) hastwo T

equal to -CH,-P(O)ROH, where Ris OH, or pharmaceutically-acceptable salts thereof, and is

named as N,N'"-bis(methylenephosphonic acid)-2,11-diaza{3.31(2,6)pydinophane.

4. A compound of Claim 1 wherein all T equal -CH>-COOH.

5. A compound of Claim 4 wherein the compound is of Formula (!A) hastwo T

equal to -CH;-COOH, or pharmaceutically-acceptable salts thereoi, and 1s named as N,N’-

diacetic acid-2,11-diaza[3.3){2,6)pydinophane.

6. A compound of Claim 4 wherein the compound is of Formula (IB) has three T

equal to -CH3-COOH, or pharmaceutically-acceptable salts thereof, and is named as N,N’,N"-

triacetic acid-2,11,20-diaza(3.3.3){(2,6)pydinophane.

7. A compound of Claim 1 wherein all T equal -CH3-P{O)ROH, where R is -O-(C-Cs

alkyl).

8. A compound of Claim 7 wherein the Eumpound is of Formula (1A) hastwo T

equal to -CH;-P(O)ROH, where R is -0-(Cy-Cs alkyl), or pharmaceutically-acceptable saits

thereof.

9. A compound of Claim 8 wherein R is ethoxy, or pharmaceutically-acceptable

diaza(3.3)(2,6)pydinophane.

‘salts thereof, and is named as N,N'-bis(methylenephosphonic acid ethyl ester)-2,11-

10. A compound of Claim 1 wherein all T equal -CH,-P(O)ROH, where R is Cy-Cg

alkyl.

11. A compound of Claim 1 where one T is

Rl

-CH

CO2H 2

where R! and R? are defined as in Claim 1; and all the other T terms are -CH»-COOH.

HER 0 AR A
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“12. A complex which comprises a tn- and tetra-cyclopolyazamacrocychc

compound of the formula

-NI/ N-T
.

(I)

wherein:
Y is either
® [ ]
or
(a) T
(B)
Tis-CH»-COOH or
_ 0
i
-CH;—I;-OH ;
R

where: Ris OH, C,-Cs alkyl or -O-(C;-Cs alkyl);

with the proviso that both T moieties are the same; or

oneTis

R1

-CH

COzH 2

HI|||II L II||| Il IIIl
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R*is OH or OCH3;

Ré is NO2, NHj, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or cérboxyl; or

pnarmaceuticaliy-acceptable salts thereof;

complexed with a metal ion selected fromGd -3, Mn+Zorfe-3.

13. A complex of Claim 12 wherein the metal is Gd +3.

14. A complex of Claim 12 wherein all T equal to -CH,-P(O)ROH, where Ris OH,
and the metal is Gd + 3,

15. A complex of Claim 14 wherein the compound is of Formula (1A) hastwo T
equal to -CH-P(OYROH, where R is OH, or pharmaceutically-acceptable salts thereof, and is
named as N,N'-bis(methylenephosphonic acid)-2,11-diaza{3.3}(2,6)pydinophane.

16. A cdmplex of Claim 12 wherein all T equal -CH,-COOH, and the metal is
Gd+3.

17. A complex of Claim 16 wherein the compound is of Formula (lA)hastwo T
equal to -CH,-COOH, or pharmaceutically-acceptable salts thereof, and is named as N,N'-
diacetic acid-2,11-diaza(3.3)(2,6)pydinophane. .

18. A complex of Claim 16 wherein the compound is of Formula (I1B) has three T
equal to-CH;-COOH, or pharmaceutically-acceptable salts thereof, and is named as NN, N~
tnacetic acid-2,11,20-diaza(3.3.3)(2,6)pydinophane.

19. A complex of Claim 12 wherein all T equal -CH,-P(O)ROH, where R is -O-(C-Cy
alkyl), and the metal is Gd +3. ' )

20. A complex of Claim 19 wherein the compdund isof Formula (IA) hastwo T
equal to -CH,-P(O)ROH, where Ris -0-(C;-Cs alkyl), or pharmaceutically-acceptable saits '
thereof.

21. A complex of Claim 20 wherein R is ethoxy, or pharmaceutically-acceptable
salts thereof, and is named as N,N'-bis(methylenephosphoni¢ acid ethyl ester)-2,11-
diaza(3.3](2,6)pydinophane.

22. A complex of Claim 12 wherein all T equal -CH;-P(O)ROH, where Ris C;-Cs
alkyl, and the metal is Gd +3.
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23. A conjugate which comprises a compound of the formula

-N( N-T
A

(1)

wherein:
Y is either
[ ]
* hd /J\
or |
I N
(A) T
(B)
one T is-CH,-COOH or
o]
i
- -CH z-F—OH ;
R
where: Ris OH, Cy-Cs alkyl or -0-{C;-Cs alkyl);
and the other Tis
Rl
-CH
CO2H 2

R'is OH or OCH3;
R21s NO,, NHj,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,

bromoacetamido or carboxyl; or

oharmaceuticaliy-acceptable salts thereof;

This Sheet Has Been
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compiexed with a metal ion selected from Gd+ 3, Mn - Z or Fe - 3; and
covaiently attached to a biologically active material

24. A pharmaceutical formulation comprising a complex of of any one of Claims
'12-22 with a pharmaéeuticalIy-acceptable carrier .

25. A methad for the diagnosis of a disease state in an amimal which comprises
administering to said animal an effective amount of the formulation of Claim 23.

26. A process for preparing tri- or tetra-cyclopolyazamacrocyclic compounds of

the formula
T-N N-T
¥ (1)
wherein:
Y is either
® : ) ’
[ ) [ ] l )\
or 1 |
_ /T\/ \
(A) T
(B)
Tis-CH-COOH or
0 .
I -
-CH2~-P-OH ;
R

where: Ris OH, C1-Cs alkyl or -0-(C;-Cs alkyl);
with the proviso that both T moieties are the same; or
pharmaceutically-acceptable salts thereof;

which comprises any one of the following:

This Sheet Has Been Replaced
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(A) reacting a compound of the formula

)' (1'1)
l\w

wherein: Y1isdefined as in Formula (1) for Y when (A) and when (B) the nitrogen atom Is
substituted with hydrogen; and

with X-CH;-COOH, where X is cholro or bromo atom, in the presence of an aqueous alkali metal
hydroxide, at a pH between about 8-10, at a temperature between about 60-90°C;

to provide a compound of Formula (1) above where (A) has two T equal -CH,-COOH and where
(B) has three T equal -CH,-COOH; or

(B) reacting a compound of the formula

H~-N fl—H (II)
.,

wherein: Y1 isdefined asin Formula (}) for Y when (A} and when (B) the nitrogen atom 15
substituted with hydrogen; and

with phosphorous acid in hydrochioric acid and excess formaldehyde, at a pH below about 2, at
reflux temperature; \

1o provide a compound of Formula (I) above where (A} has two T equal -CH3-PO3H; and where
(B) has three T equal -CH3-PO3H3; or '

This Sheet Has Been Replaced
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(C) reacting a compound of the formula

wherein: Y!isdefined asin Formula (I) for Y when {A) and when (B) the mtrogen atom is
substituted with hydrogen; and )

with P(OR)3 where R is C1-C4 alkyl in formaldehyde, followed by hydrolysis using 3 to 12M
hydrochloric acid, at'a pH below about 3, at reflux temperature;

to provide a compouhd of Formula (1} above where (A) has two T equal -CH,-PO3H; and where
(B) has three T equal -CH,-PO3H;3; or

(D) reacting a compound of the formuia

d

H-N N-H

/l (II)
",

wherein: Y1 is defined asin Formula (1) for Y when (A) and when (B) the nitrogen atom is
substituted with hydrogen; and
with P(OR)3 where R is C-Ca alkyl in formaldehyde. followed by hydrolysis using excess alkali

‘metal hydroxide, at a pH above about 12, at reflux temperature;

to provide a compound of Formula (i) above where (A) has two T equal -CH.z-POZHR where R1s -
0-(Cy-Cyq alkyl) and where (B) has three T equal -CH;-PO;HR where R is -0-(C;-Cs alkyl); or

Sheet Has Been RTlaced
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(E) reacting a compound of the formula

( |

H-N N~-H

/l (II)

L
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wherein: Y is defined as in Formula (1) for Y when (A) and when (B) the nitrogen atom is

substituted with hydrogen; and

- with H3C-P(OEt); in formaldehyde and tetrahydrofuran, followed by hydrolysis using excess

15

20

25

30

35

.alkali metal hydroxide, at a pH above about 12, at reflux temperature or with HP(O)OH-CyHs in

formaldehyde and hydrochloric acid, at a pH below about 3, at reflux temperature;

to provide a compound of Formula {I) above where (A) has two T equal -CH;-PO(OH)ﬁ where R
is C1-Cs alkyl and where (B) has three T equal -CH»-PO{OH)R where R is C;-Cg alkyl

.36-

* [+ L M H *
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TRICYCLOPOLYAZAMACROCYCLOPHOSPHONIC ACIDS, COMPLEXES AND DERIVATIVES
THEREOF, FOR USE AS CONTRAST AGENTS

This invention concerns ligands that are tricyclopolyazamacrocyciophosphonic
acids, complexes and derivatives thereof, for use as contrast agents in magneuc resonance
imaging (MRI). To better understand this invenuon, a brief background on MRI is provided in
the folloWing section.

MRI is a non-invasive diagnostic techmque which produces well resolved cross-
sectional'images of soft tissue within an animal body, preferabiy 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)] to alignin an applied magneti._: field. Once
aligned, this 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-lattice (T1) and spin-spin (T2) relaxation and it is thiese relaxation measurements
which give information on the degree of molecular organization.and 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 biological organisms are obtained .
which reflect proton density and relaxation times. The greater the differences in relaxation
times (T1 and T2) of protons present in tissue being examined, the greater will be the contrast
in the obtained image {e.g., J. 'Magnetic Resonance 33, 83-106( 1979)}.

It is known that pérama_ghetic chelates possessing a symmetric electronic ground
state can drarﬁatically affect th_é T1 and T2 relaxation rates of juxtaposed water protons and
that the effectiQeness of the chelate in this regard is related, in part, to the number of unpaireg
electrons producing the magnetic moment {e.g., Magnetic Resonance Annual, 231-266, Raven
Press, NY ( 1985)]. It has also been shown that when a paramagnetic chelate of this type is

. édministered to a living animal, its effect on the T1 and T2 of various tissues can be directly
observed in the magnetic resonance (MR) images with increased contrast being observed in the
areas of chelate localization. it has therefore been proposed that stable, non-toxic
paramagnetic chelates be administered to animals in order to increase the diagnostic
information obtained by MRI {e.q., Frontiers of Biol. Energetics |, 752-759 (1978); J. Nucl. Med.
25, 506-513 (1984); Proc. of NMR Imaging Symp. (Oct. 26-27, 1980); F. A. Cotton et al., Adv.

Inorg. Chem. 634-639 (1966)]. Paramagnetic metal chelates used in.this manner are referred to

as contrast enhancement agents or contrast agents.
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There are a number of paramagnetic metal ions which can be considered when
undertaking the design of an MRI contrast agent. In practice, however, the most usefui
paramagnetic metal ions are gadolinium (Gd + 3), iron (Fe - 3), manganese (Mn - 2y and (Mn + 3),
and chromium (Cr + 3), because these ions exert the greatest effect on water protons by virtue
of ther large magnetic moments. In a non-complexed form (e.g. GdCl;), these metai tons are
toxic to an animal, thereby precluding their use in the simple salt form. Therefore, a
fundamental role of the organic chelating agent (also referred 10-as a ligand) 1s to render the
paramagnetic meial non-toxic to the animal while preserving its desiraole influenceon T1 and
T2 relaxation rates of the surrounding water orotons. |

Artin the MR field is guite 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 possibly similar in structure. U.S. Patent 4,899,755 discloseé a method of alternating the
proton NMR relaxation times in thé liver or bile duct of an animal using Fe +3-ethylene-bis(2-
hydroxyphenylglycine) complexes and its derivatives, and suggests among various other
compounds the possible use of a pyridine macrocyclomethyienecarboxylic 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 discloses
gadolinium complexes for MRI which are non-cyclic compounds. C. J. Broan et al. [ J. Chem.
Soc., Chem. Commun., 1739-1741 (1990)] describe some bifunctional macrocyclic phosphinic
acid compounds. C. J. Broan et al. [ J. Chem. Soc., Chem. Commun., 1738-1739 (1990)] describe
compounds that are triazabicyclo comp’bunds. I K. Adzamli et al..[ J. Med. Chem. 32, 139-144

.(1989)] describes acyclic phosphonate derivatives of gadolinium complexes for NMR imaging.

Atthe presénttime, the only commercial contrast agents availabie in the U.5. are
the complex of gadolinium with diethylenetriaminepentaacetic acid (DTPA-Gd + 3-
Magnevist™ by Schering) and a DO3A derivative [1,4,7-tris{carboxymethyi)-10-(2-
hydroxypropyl)-1,4,7,1 O-tetraazacyclododecanato]gadolinium (Prohance™ by Squibb).
Magnevist™ and Prohance ™ are considered as non-specific/perfusion agents since they freely
distribute in extracellular fluid followea by efficient elimination through the renal system.
Mégnevist"' has proven to be extremely valuable in the diagnosis of brain lesions since the
accompanying breakdown of the blood/brain barrier allows perfusion of the contrast agent
into the affected regions. in addition to Magnevist ™, Guerbet is commercially marketing a
macrocyclic perfusion agent [1,4,7,10-tetrakis(carboxymethyl)-1,4,7,10-tetraazacyclo-
dodecanato]gadolinium (Dotarem ™) which presently is only available in Europe. Prohance™ is
shown to have fewer side effects than Magnevist™. A number of other potential contrast

agents are in various stages of development.
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The presentinvention is directed to novel ligands that are tri- and tetra-

cyclopolyazamacrocyclic compounds, and derivatives thereof, of the formula:

/
~ I
o
T-N N-T

]
~—" (I)

wherein: _
Y is either
® ® :
@ @ . _ )\
i l \
(A) T
(B)
Tis-CH,-COOH, or ¢
_ : - 0
1l
-CHz—'F-OH .
R

.-where: R is OH, C4-Cs alkyl or -O-(C4-Cs alkyl);

with the proviso that both T moieties are the same or

oneTis

R1

-CH
This Sheet Has B
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R*is OH or OCHj;

R:is NOy, NHy, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido.
bromoacetamido or carboxyl; or '

pharmaceutically-acceptable salts thereof.

When the above ligands of Formula () have:

all T equal -CH,-P(O)ROH, where R is OH, or the pharmaceutically-acceptable salts
thereof, the ligands are referred to herein as BP2P for (A) and TP3P for (B); '

all T equal -CH;»-COOH, or the pharmaceutically-acceptable salts thereor;, the
ligands are referred to herein as BP2A (A) and TP3A for (B);

alt T equal -CH,-P(O)ROH, where R is -0-(Cy-Cs alkyl), or the pharmaceutically-
acceptable salts thereof, the ligands are referred to herein as BP2(0-Alk)P for (A) and TP3(O-
Alk)P for (B); and

all T equal -CH2-P(O)ROH, where Ris C1-Cs alkyl, or the pharmaceutical!y-
acceptable salts thereof, the ligands are referred to herein as BP2(Alk)P for (A) and TP3(Alk)P
for (B). '

The complexes 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 metal ionis + 3 the following can be obtained: _ .

' an overall charge of -3 - when Formula (1) is TP3P, which are useful as calcific .
tissue contrast agents; ' |

an overall charge of -1 - when Formula (1) is BP2P, which are useful as calcific tissue

contrast agents; _

an overall charge of 0 - when Formula (1) is TP3A, TP3(0-AIK)P, or TP3(AIK)P, which

are useful as general perfusion contrast agents; and

an overall charge of + 1-when Formula(l) is BF’ZA, BP2(O-Alk)P, or BP2(AlK)P,

which are useful as caicific tissue contrast agents. '

The complexes may be formulated to be in a pharmaceutically acceptable form
for administration to an animal. '

When one T term is other than -CH,-COOH or -CH»-PO;HR, then the compound is
a bifunctional ligand/complex and may be linked through R2 to a biciogically active molecule.

The compounds of Formula (l) are numbered for nomenclature purposes as

foliows:

This Sheet Has Been R
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One aspect of the present invention concerns deveiopment 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

interest based upon tissue affinity as opposed to contrast arising from non-specific perfusion

which may or may not be apparent with an extraceliular agent. The specificity of the ligand of
Formula (I) may be controlled by adjusting the total charge and lipophilic character of the

complex. The overall range of the charge of the complex is from -3 to + 1 asindicated above.

For example, for a complek having 2 or 3 PO3H; groups (BP2P and TP3P), the overall charge 1s _

 highly negative and bone uptake is expected; whereas when the overall charge of the complex

is 0 (thus neutral, TP3A, TP3(0O-Alk)P, and TP3(Alk)P), the complex may have the ability to cross

the blood brain barrier and normal brain uptake may be possible. Unexpectedly, for a complex
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having an overall charge of +1[BP2A, BP2(0-Alk)P, and BP2(Alk)P], the complex displays bone

uptake. .
While not wishing to be bound by theory, it is believed that when a charged

complex of the invention is made (e.g. possibly -3 for bone, -1 for liver, or + 1 for heart), the
variations in that chelate ionic charge can influence biolocalization.

Tissue specificity may also be realized by ionic or covalent attachment of the
chelate to a naturally occurring or synthetic molecule (e.g. through R2)-having specificity for a
desired target tissue. One possible application of this approach is through the use of chelate
conjugated monocional antibodies which would transport the paramaagnetic chelate to |
diseased tissue enabling visualization by MRI. in addition, attachment of a paramagnetic
chelate to a macromolecule can further increase the contrast agent efficiency resulting in
improved contrast relative to the unbound chelate. Recent work by Lauffer (U.S. Patents
4,880,008 an:i 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.

_ The terms used in Formula (I) and for this invention are further defined as

follclows:

"C4-Cs alkyl” includes both straight and branched chain alkyl groups.

"Animal” includes a warmblooded mammal, preferably a human being.

“Compliex” referstoa complex of the compound of the invention, e.g. Formula
{1), complexéd with a niet_al ion, where at least one metal atom is chelated or sequestered.

'Bidlogically active material” refers to a dextran, peptide, or moiecules that have
specific affinity for a receptor, or preferably antibodies or antibody fragments.

~ "Antibody"” refers to any poly'clonal, monoclonal, chimeric antibody or

hetero;ntibody, preferably a monoclonal antibody; “antibody fragment” includes Fab
fragments and F(ab’), fragments, and any poruon of an antibody having specificity toward a

" desired epitope or epitopes. When using the term “radioactive metal chelate/antibody

conjugate” or “conjugate”, the “antibody” is meant to incilude whole antibodies and/or
éﬁtibody fragments, including semisynthetic or genetically engineered variants thereof.
Possible antibodies are 1116-NS-19-9 (anti-colorectal carcinbma), 1116-NS-3d (anti-CEA), 703D4
(anti-human lung cancer), 704A1 (anti-human lung cancér), CC49, CC83 and B72.3. The
hybridoma cell lines 1 16-NS-19-9, 1116-NS-3d, 703D4, 704A1, CC49, CC83 and B72.3 are
deposited with the American Type Culture Collection, having the accession numbers

ATCC HB 8059, ATCC CRL 8019, ATCC HB 8301, ATCCHB 8302, ATCC HB 9459, ATCC HB 9453

and ATCC HB 8108, respectively. '
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The bifunctional chelating agents described herein [represented by Formula (1)]
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 funcuonat-
1zing moiety [represented by R2 in Formula (1)}, can be covalently attached to biociogically acuve
materials, such as dextran, molecules that have specific affinity for-a receptor, or preferably
covaiently attached to antibodies or antibody fragments. Thus the compiexes 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”

As used herein, “pharmaceutically-acceptabie salts” means any salt or mixtures of
salts of a compound of Formula (1) which is sufficiently non-toxic to be useful in diagnosis of
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, cholic, palmoic, mucic, glutamic, gluconic acid, d-camphoric, glutaric,

glycolic, phthalic, tartaric, formic, lauric, steric, salicylic, methanesulfonic, benzenesuifonic,

sorbic, picric, benzoic, cinnamic acids and other suitable acids. Also included are salts formed
by standard reactions from both organic and inorganic sources such as ammonium or l-deoxy’-
1-(methylamino)-D-glucitol, alkali metal ions, alkaline earth metal ions, and other similar ions.
Particularly preferred are the salts of the compounds of Formula (1) where the salt is potassium,
sodium, or ammonium. Also included are mixtures of the above salts.

The compounds of Formula (1) 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 qumula (1) are prepared wherein Y is (A} or (B),

and all T moieties are -CH,-COOH.
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Scheme 1

X-~-CH2~-COOH

- aqueous base

HOOC-H2C-N ; N-CH2~COOH

L\Yz ) | (III)

wherein: Y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted
with hydrogen; and

X is chloro or bromo atom; and Y2 is defined as before for Y when (A) and when (B.) the
nitrogen atom is substituted with -CH>-COOH.

The aqueous base is alkali metal hydroxide, such as sodium hydroxide or
potassium hydroxide. The pH of the reaction is maintained about 8-10. Temperature is
between about 60-90°C, and pressure is not critical so that ambient pressure is used.

In Scheme 2, the compounds of Formula (I) are prepared wherein Y is (A) or (B),
and all T moieties are

i
—CHz—T-OH

R

where: Ris OH.
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Scheme 2

( (I1)

=N
L\\‘- ////l H3P0z/HC1
Yl CH20 .

H

1) P(OR)3/CH20
R = CH3, C2Hs5, C3H7, CuHg

2) hydrolysis/A

AN

H203P-H2C-N N-CH2-PO3H?

J'\m'/l (1V)

wherein: Y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted
with 'n?drogen; Y3is deffned as before for Y when (A) and when (B) the nitrogeh atomis
. substituted-with -CH3-PO3H,;. |

The hydrolysis in Scheme 2 is done by known aqueous acid conditions, such as
using 3 to 12M hydrochloric acid. The pH of the reaction is maintained below 3. Temperature
is-atreflux. Pressure is not ¢ritical so that ambient pressure is used. Alternat.ively, when the
reaction is run in one step, phbsphorous acid, hydrochloric acid and excess formaldehyde are
used. The pH of the reaction is below 2. Temperature is at reflux. Pressure is not critical so that
ambient pressure is used.

In Scheme 3, the compounds of Formula (1) are prepared wherein Y is (A) or (8), all

T moieties are

Q
~CH,~P-OH ;

|

R
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where: Ris -O-(C,-Cg alkyl).

Scheme 3

g

H-N N-H (II)

N

1) P(R)3/CH20

2) base hydrolysis/A

v
i
REHO2P-H2C-N ' T-CHz-POzHR

—

wherein: Y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted

with hydrogen; Y4 is defined as before for Y when (A) and when (B) the nitrogen atom is

substituted with -CH,-PO;HR; and
Ris -0-(C1-C5 alkyl).

The hydrolysis in Scheme 3 is done under known aqueous basic conditions, such as

using excess alkali metal hydroxide, such as sodium or potassium hydroxide. The pH of the

reaction is above 9. Temperature is at reflux. Pressure is not critical so that ambient pressure is

used.

in Scheme 4, the compounds of Formula (1) are prepared wherein Y is (A) or (B), ail

T moieties are
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i
-CH,~-P-OH

where: Ris Cy-Cg alkyl.

Scheme 4 shows the preparation of the compounds of Formula (1) when R s

methyl.

Scheme 4

0

H-N N-H

1) H3CP(OC2Hs5)2/CH20/THF

(II)

~2) base hydrolysis/A

CH3(OH)OP-CH2-N N-CH2-PO(OH)CH3

wherein: Y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted
with hydrogen; Y5 is defined as before for Y when (A) and when (B) the nitrogen atom is
substituted with -CH-PO(OH)CH3. |

The hydrolysis in Scheme 4 is done under known aqueous basic conditions, such as

using excess alkali metal hydroxide, such as sodium or potassium hydroxide. The pH of the

reaction is above 9. Temperature is atreflux. Pressure is not critical so that ambient pressure is
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In Scheme 5, the compounds of Formula (i) are prepared wnerein Y is (A) or (B), all

. T moieties are

0
i

-CH,2~P-0H
f

where: Ris Cy1-Cs alkyl.

Scheme 5 shows the preparation of the compounds of Formula (1) when Ris ethyi.

Scheme 5

d

H-N : N-H

L\ ) (1)
Yl

HP (0)0H~C2H5/CH20/HCL

( L

C2H5(OH)0P-CH2-N N-CH2-PO(OH)C2Hs

L\ Y6 /l (VII)

wherein: Y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted
with hydrogen; Y& is defined as before for Y when (A) and when (B) the nitrogen atom is
substituted with -CH3-PO{OH)C;Hs. :

The reaction in Schem@ 5 is under acidic conditions with a hydrochloric acid. The

pH of the reaction is below 3. Temperature is at reflux. Pressure is not critical so that ambient

Pru—
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pressure is used.
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Scheme 6 shows the preparation of the compounds of Formula (1) when one Tis a

bifunctional moiety; and the other T is definea above for Farmula (1).

Sche_me 6 OCHj3 REPLACEMENT SHEET
\ , 11 At 1997
( BrTH O

COzCH3

02

\ /
OCH3
(II) K
| | O
2CH3 0,

BrCH2C02CH3 N vl /

' CO2CH3 02
N - -
HC1/A ( OCHj
HO2C-CH» ——N N— CH O
L 5 l o
CO2H 0
7
Hy/Pd v

HO,C-CH> -——N N—— CH (VIII)

CO2H '

\Y7/

wherein: Y1 is defined as before for Y when (A} and when (B) the nitrogen atom is substituted
with hydrogen; Y7 is defined as before for Y when (A) and when (B) the nitrogen atom s
substituted with -CH,-COH.
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In the above Schemes, the general process aescription illustrates snecific steps
that may be used to accompiish a desired reaction step. The general descript.on of these
process steps follows.

The generai synthetic methodblogy for preparing the 2:2 and 3:3 macrocyclic
precursors outiined in Schemes 1-61s described by Pappalerdo etal., J. Org. Chem. 33, 3521-
3529 (1988). The carboxyiate derivativés described in Scheme 1 are prepared by conventional
alkylation procedures utilizing chloro- or bromo-acetic acid under basic aqueous conditions
and utilizing the appropriate secondary amine macrocyclic starting materiai. |

The phosphonic acid derivatives outlined in Scheme 2 can be prepared by 1nitial
alkylation of the amine with a trialkyl phosphite and paraformaldehyde, resuiung in an organic
soluble perester. This ester is then hydrolyzea under refluxing acid conditions to give the
desired aminophosphenic acids. Alternatively, the phosphonic acid can be prepared under
acidic conditions by employing phosphor:ous acid in combination with formaidehyde and
hydrochloric acid.

Phosphonate half esters are prepared as shown in Scheme 3 by initial formation
of the diatkyl phosphonate ester, followed by hydrolysis under basic conditions. Base hydrolysis
gives exclusive conversion to the haif ester. |

Scheme 4 illustrates the methodology for synthesizing the methyl phosphinate
derivatives using diethoxyméthyiphosphing as the nucleophile and paraformaldehyde.
Condensation can be conducted in solvents such as tetrahydrofuran (THF), dimethylformamide
(DMF), dioxane, acetonitrile, or alcoholic media. The resulting phosphinate ester is then
hydrolyzed under acidic conditions (e.g. 6N HCl, 80-100°C) or basic conditions (excess base, 40-
100°C) to give the corresponding methylphosphonic acid. ,Alternatively, as outlined in Scheme
5, the method devised by A. D. Sherry ét_al. {/Inorg. Chem., submitted 1991) using
ethylphosphonic acid generated in situ can be used to obtain phosphinate derivatives having
increased lipophilic character. |

Scheme 6 illustrates the preparation of bifunctional compounds of Formula (1)
which may then be attached to a biologically active material.

The metal ions dsed to form the complexes of thisinvention are Gd +3, Mn + 2,
Fe+3 and available commercially, e.q. from Aldrich ChemicaI'Company. The anion present is
halide, preferably chioride, or sait 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 moment in 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 + 3 being preferred.



e ot _ EE L S

REPLACEMENT SHEET

11 ius 1997

15

The complexes are prepared by metnods well known in the art. Thus, for
exampie, see Chelating Agents and Metal Cheiates. Dwyer & Metlor, Academic Press (1964),

Chapter 7. See aiso methods for making amino acids in Synthetic Production and Utiiization of -

Amino Acids, (edited by Kameko, et al.) John Wiley & Sons {(1974). An exampie of the
preparation of a complex invoives reacting a bicyclonolyazamacrocyclophosphonic acid with
the metal ton under aqueous conditions ata pH from 5 to 7. The complex formedisby a
chemicai 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 present invention are adm:nistered at a ligand to mefai
molar rauo of atleast about 1:1, preferably from 1:1to 3:1, more preferably from 1:1to0 1.5:1.
A large excess 6i iigand is undesirable since uncomplexed ligana may be tox:c 10 the arimal or
~ may resultin cardiac arrest or hypocalcemic convuisions.

This invention is used with a physiologically acceptable carnier, excipient or

'vehicle therefore. The methods for preparing such formulations are well known. The formula-
tions 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. /n 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 métals (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 amounts. Similar uses are known for compounds described in U.S. Patents
2,609,390: 3,331,773; 3,336,221; and 3,434,968. _

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

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

LC = liquid chromatography, purifications were carried out at low pressure using
Dionex 2010i system fitted with a hand-packed Q-Sepharose ™ anion exchange column (23 x 2

cm).
DMF = dimethylformamide.
AcOH = acetic acid.
g = gram(s). -
mg = milligrams.
kg = kilogram(s).
mL = milliliter(s).
pL = microliter(s).
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pH Stability Generai Procedure

A stock 159GdCij (or '53SmCl3) solution was preparec by adding 2 pl of 3x10-2A"
159GdCl; in 0.1N HCl to 2 mL of a 3x10-4M GdCl; carrier soiution. Appropriate ligang soiutiors
were then prepared in detonized water. The 1:1 ligand/metal compiexes were then preparec
by combinuing the iigands (dissolved in 100-500 uL of deionized water) with 2 mL of the sio<-
159GdCl3 solution, followed by through mixing to give an acidic solution (pH = 2). The pH o
tne soiution was then raised to 7.0 using 0. 1N NaQOH. The percent metal as a complex was tne~
aetermined by passing a sample of the compiex solution through a Sephadex ™ G-50 cotumn
eluting with 4:1 saline (85% NaCl/NHJOH) and coliecting 2 x 3 mL fractions. The amount of
radioactivity in the combined elutions was then comparea w:th that ieft on the resin inon-
complexed metal is retained on the resin). The pH stabrl:ty profile was generated by adjustng
the pH of an aliquot of the complex solution using 1M NaOH or 1M HCl and determining the
percent of the metal existing as a complex using the ion exchange method described above.
The Sm results are known by experimental comparison to be identical for complexation and
biodistribution of the ligands of this invention.

SYNTHESIS OF LIGANDS.
General Materials and Methods.
All reagents were obtained from commercial suppliers and used as received

without further purification. NMR spectra were recgrded on a Bruker AC-250 MHz
spectrometer equipped with a multi-nuclear quad probe (1H, 13C, 3P, and 19F) at 297°K uniess
otherwise indicated. 1H spectra in D;0 were recorded by employing soIQent suppression pulse
sequence ("PRESAT", homo-nuclear presaturation). H spectra are referenced to residuai
chloroform (in CDCl3) at §7.26 or external dioxane (in D,0) at §3.55. '3Cand 31P spectra
reported are proton decoupled (broad band). Assignments of '3C {1H} chemical shifts were
aided b; DEPT {Distortionless Enhancement by Polarization Transfer) experiments. “3C {1H}
spectra are referenced to center peak of CDCl3 at 677.00 (in CDCl3) and external dioxane at |
866.66 (in D,0). 3P {1H} spectra weré referenced to external 85% H3PO,4 at §0.00. Melting
points were determined by capillary melt methods and were uncorrected. Semipreparativé
ion-exchange chromatographic separations were performed at low pressure (<600 psi) using a
standard glass column fitted with hand_-packed Q-Sepharose ™ (anion exchange) or SP--
Sepharose ™ (cation exchange) glass column, and with on-line UV detector at 263 nm for eluent
monitoring. GC/MS spectra were performed on a Hewlett Packard 5890A Gas Chromatograph/
5970 Mass Seléctive Detector.
STARTING MATERIALS
Exampie A
Preparation of N,N'-ditosyl-2,11-diaza(3.3](2,6)pydinophane.

To a stirred solution of tosylamide, sodium salt (TsNHNa), {13.52 g. 70 mmoi) in

anhydrous DMF (1.3 L) at 80°C was added dropwise (1.5 hr) under a N, atmosphere a solution of
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2,6-bis(chloromethyl)pyridine (12.32 g, 70 mmoi) in DMF (200 mL). After | hr, solid TsNHNa '
(13.52 g, 70 mmol) was added all at once, and the mixture was stirred at 80°C for additional

16 hr. The reaction mixture was then cooled to room temperature and decanted. The solvent
was removed in vacuo and tne resulting residue was comoined witn acetone and filtered to
give a waxy solid which was continuously extracted (Soxlet) with acetone (300 mL) for 48 hr
The product was isolated as the precipitate at the bottom of the heating flask. Upon drying,
the product was isolated as white powder (5.24 g, 27%): mp = 246.- 248°C and further
characterized by: '

iH NMR (DMSd—dG)

62.42 (s, 6H), 4.38 (s, 8H), 6.99(d, 4H), 7.40-7.49 (m, 6H), 7.88 (d, 4H); and

13C {TH} NMR (DMSO-d6)

§20.91; 55.55, 122.12, 126.92, 129.88, 135.99, 137.03, 143.30, 154.71; and is iliustrated by the

formula

Example B
Preparation of 2,11-diaza(3.3](2,6)pydinophane.

N,N'-dit'gsyl-z.1'1-diaza[3.3](2,6)pydinophane (5.24 g, 9.5 mmol), prepared in

' Example A, was dissolved in 90% H350, (48 mL) and heated at 110°C with stirring for 2 hr.
After the solution was cooled to room temperature, it was slowly diluted with deionized water
(50 mL) while chilling in anice bath. The resuiting solution was then poured into a 25% NaOH
solution {200 mL) which was cooled in an ice bath. The resulting white solid was extracted with
CHCl3 (3 X 100 mL), dried over anhydrous MgSOy, filtered, and concentrated in vacuo to
dryness to give the titled product as a waxy white solid {(1.69 g, 74%) and further characterized
by:

TH NMR (CDCl3)

§3.91 (s, 8 H), 6.47 (d, 4H), 7.06 {t, 2H); and

13C {1H} NMR (CDCl3)

855.89, 119.73, 135.71, 159.36;

CG/mass spectra m/z M + 240; and is illustrated by the formula
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Example C
Preparation of N,N',N"“-tritosyl-2,11,20-triaza[3.3.3](2,6)pydinophane.

Isolated as a'by-product from the reaction used for preparation of N,N'-ditosyl-
2,11-diaza(3.3)(2,6)pydinophane, prepared in Example A, {remaining part on the extractor
thimble after.SoxIet extraction) mp 260 - 262°C; and further characterized by:

TH NMR (DMSO-d6)
§2.31 (s, 9H), 4.08 (s, 12H), 7.01 (d, 4H), 7.30(d, 6H), 7.52 (t, 3H)}, 7.67 (d, 6H); and
13C {1H} NMR {DMSO-d6) '
620.92, 54.03, 120.55, 127.13, 129.83, 135.12, 136.83, 143.45, "155.47; and isillustrated by the
formula;
Ts-N N-Ts
N |

|

Ts
Example D

Preparation of 2,11,20-triaza[3.3.3]}(2,6)pydinophane.
N,N',N"-tritosyl-2,11,20-triaza(3.3.3](2,6)pydinophane (0.5 g, 0.6 1 mmol),
prepared in Exampie C was dissolved in 90% H;50, (§ mL) and heated at 110°C with stirring for
2 hr. The solution was then cooled to room temperature and slowly diluted with deionized
water (6 mL) while chilling in a ice bath. The resulting solution was then poured into a2 25%

NaOH solution (22 mi) which was cold in an ice bath. The resulting white solid was extracted
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with CHCI3 (2 X 30 mL), dried bver annydrous MgSQy, filtered, and concentrated in vacuo to
dryness to give the titled product as a waxy white solid (0.167 g, 76%): and further
characterized by: |

'H NMR (CDCl3)

§3.03 (s, 3H), 3.93 (s, 12H), 7.08(d, 6H), 7.54 (t, 3H); and

13C{'H} NMR (CDCl3)

6 54.58, 120.72, 136.50, 158.64;

GC/mass spectra m/z M+ 360; and is illustrated by the formula:

o'
S
H-N N-H
pd
|
1 |
/ ’!“ X
B

Example E
Preparation of N,N’-bis(methylenedimethylphosphonate)-2,11-diaza[3.3](2,6)pydinophane.

The product prepared in Example B, 2,11-diaza[3.3)(2,6)pydinophane (276.4 mq,

1.15 mmol) was combined with paraformaldehyde (138 mg, 4.60 mmol, excess) and
trimethylphosphite (0.814 mL, 855 hg, 4.60 mmol, excess). After the mixture was gently stirred
for 10 min to obtain a well mixed slurry, it was heated to 85°C and maintained for 1 hr. After
the excess reagents and byproducts were removed in vacuo {1 hr at 110°C/0.01 mmHg), the dark
brown residue was dissolved in CHCl3 (20 mL) and washed with deionized water (5 X 15 mL).
The organic layer was dried over anhydrous MQSOa, filtered, and the solvent was removed in
‘vacuo to give the product as a yellow waxy solid (363 mg, 65%); and further characterized by:
'H NMR (CDCl3)

83.39(d, 4H), 3.88(d, 12H), 4.08 (s, 8H), 6.84 (d, 4H), 7.13 (t, 2H); and

13C {1H} NMR (CDCl3)

§52.75 (d), 54.88(d), 65.21 (d), 122.71, 135.69, 157.14; and

31P NMR (CDCl3)

§ 27.22; and is illustrated by the formula
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(H3CO) 2 (0)P-HoC~N N-CH-P(0) (OCH3)2

d

~d
& I

Example F

Preparation of N,N'-bis(methylenediethylphosphonate)-2,11-diaza[3.3](2,6)pydinophane.

] The product prepared in Example B, 2,11-diaza(3.3](2,6)pydinophane (0.47 g, 1.96
mmol) was combined with paraformaldehyde (235 mg, 7.84 mmol, excess) and triethyl-
phosphite (1.34 mL, 1.30 g, 7.84 mmol, excess). After the mixture was gently stirred for 10 min
to obtain a well mixed slurry, it was heated to 90°C for 1 hr. After the excess reagents and '
byproducts were removed in vacuo (1 hr at 125°C/0.01mmHag), the resulting dark brown residue_;
was dissolved in CHCl3 (20 mL) and washed with deionized water (S X 15 mL). The organic layer
was dried over anhydrous MgSO,, filtered, and the solvent was removed in vacuo to give the

product as a yeliow waxy solid (957 mg, 91%); and further characterized by:

H NMR (CDCl3)

§1.24 (t, 12H), 3.20 (d, 4H), 3.94 (s, 8H), 4.07 (q, 8H), 6.71 (d, 4H), 6.98 (t, 2H); and
13¢ {1H} NMR (CDCl3)

§16.48, 55.36(d), 61.75 {d), 65.14 (d), 122.52, 135.41, 157.04; and

31p {‘ﬁ} NMR (CDCl3)

8 24.60; and isiliustrated by the formula

(H5C20) 2 (0)P-H2C—-N N-CH2-P(0) (OC2Hs) 2

Z
~ )
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FINAL PRODUCTS

Ligands: Preparation of tri- and dimethylenecarboxylic acids as shownn Scheme '
Example 1

Preparation of N,N'-diacetc acid-2. 1 1-diaza{3.3)(2,6)pydinopnane (BP2A).

To a stirred aauecus solution (1 .mL) of 2,11-aiaza{3.3/{2,6)pyginophane, preparea
in Example B, (82.4 mg, 0.58 mmol) was added bromoacetic acid (275 mg, 1.8 mmoi, excess;
and the pH of the reaction mixture was maintained above 10 by ada:ng smail poruons o7 conc.
NaOH until no more caustic was needed to keep pH> 11 {~30 min). The reacuon m:xture'\'/vas
then heated (60°C) for 2 hr, then the reaction mixture was cooled to room temperature, the pr
of the reaction mixture adjusted to 7. The solution was tnen chromatograpned on cation
exchange (SP-Sepharose ™) column (1.5 X 50 ¢m) eiuting f:rs1 w.th deronized water then with
1M HCl. The acidic fraction containing product was evaporaied to dryness, followed by co-
evaporat'ion with fresh deionized water (3 X 2 mL) to eliminate excess HCl. The final product
was isolated as a white solid upon freeze drying of the concentrated aqueous solution from
_ above; and characterized by: '

" 1H NMR (D;0) .

1 84.17 (s, 4H), 4.43 (s, 8H), 7.15(d, 4H), 7.66 (t, 2H); and

3C {TH} NMR (D,0)

561.44,61.70, 127 46, 146.84, 154.37, 175.62.

Example 2

Preparation of N,N',N"-triacetic acid-2,11,20-diaza[3.3.3](2,6)pydinophane (TP3A).

To a stirred aqueous solution (1 mL) of 2,11,20-triaza[3.3.3](2,6)pydinopnane,
prepared- in Example D, (54.5 fng, 0.15 mmol) was added bramoacetic acid (100 mg, 0.72 mmol,
excess) and the pH of the reaction mixture was maintained above 10 by adding smail poruons
of conc. NaOH until no more caustic was needed to keep the final pH>11(~30 mun). The
reaction mixture was then heated (60°C) for 2 hr, cooled to room temperature, and pH adjusted
to 7. The aqueous sclution was thé_n chromatographed on a cation exchange (SP-Sepharose ™)
column (1.5 X'50 cm) eluting first with deionized water then with IMHCl  The acidic fraction
containing product was evaporated to dryness, followed by coevaporation with fresh
deionized water (3 X 2 mL) to eliminate excess HCl. The final product was isolated as white
solid upon freeze drying of the concentrated aqueous solution from above; and characterized
by:

'H NMR (D,0)

§4.12(s, 6H), 4.68 (s, 12H), 7.41 (d, 6H), 7.81 (t, 3H); and
13C {iH} NMR (D,0)

§57.32,60.53, 128.57, 143.42, 152,42, 171.17.
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Liganas: Preparation of dimetnyienepnosphon:c acids as shown in Scheme 2
Exampie 3
Preparation of N,N'-bis(methylenephosphonic acid)-2,11-diaza(3.3}{2,6)pydinophane (BP2P).

A conc. HCl solution {37%.4 mL) of N,N -bis(metnyieneaimethyipnosphonate)-
2,11-diaza[3.3)(2,6)pydinophane, prepared in Example E, (255 mg, 0.53 mmol) was heated at
reflux for 2.5 hr. After cooling, the solution was evaporated to dryness, followed by co-
evaporation with fresh deionized water (3 X 2 mL) to eliminate excess HCl. The final product
was isolated as a hydroscopic brown solid upon freeze-drying of the concentrated aqueous
solution; and characterized by:

'H NMR (D,0)

8 3.55(d, 4H), 4.46 (br s, 8H}, 6.90(d, 4H), 7.37 (t, 2H); and

13¢ {1H} NMR (D,0)

857.80(d), 63.74 (d), 127.02, 144.18, 152.96; and

31 {1H} NMR (D;0)

§ 11.71.Ligands: Preparation of dimethylenephosphonate half esters as shown in Scheme 3
Exampile 4

Preparation of N,N"-bis(methylenephosphonic acid ethyl ester)-2,11-
diaza(3.3)(2,6)pydinophane (BP2EP). . ,

The product prepared in Example F, N,N"-bis(methylenediethyiphosphonate)-
2,11-diaza{3.31(2,6)pydinophane, (957 mg, 1.77 mmol) was combined with 0.1M KOH (7.2 mL)
and heated at 60°C for 16 hr. The solution was then cooled énd' freeze-dried to give a residue
which was dissolved into CHCl3/C;HsOH (35/5), and filtered. Upon evaporation of solvent and
concentration in vacuo, the product was isolated as a pale yellow powder (657 mg, 66%); and-
characterized by:

"H NMR (D»0) _ ,

5 1.10 (t, 6H), 2.97 (d, 4H), 3.81 (q, 4H), 3.84 (s, 8H), 6.73 (d, 4H), 7.09 (t, 2H); and
13C {1H} NMR (D,0) |

§ 18.98, 58.76 (d), 63.69 (d), 66.53 (d), 126.35, 140.09, 159.37; and

31P {1H} NMR (D,0) |

6 20.65.

Compiexes: Preparation of metal/ligand complexes for biodistribution studies.
General Procedure '

Metal ligand complexes were prepared by various methods. The methods
included mixing of the metal and ligand in aqueous solution and adjusting the pH to the
desired value. Complexation was done in solutions containing salts and/or buffers as well as
water. Sometirﬁes heated solutions were found to give higher complex yields than when the

compiexation was done at ambient temperatures.
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For example, a solution of the iigand 1s prepared by dissolving the iigand :n
deionized water (about pH = 2). A figand/metal comolex was tnen prepared by compining ine
ligand solution with aqueous SmCi3 H,0 (3x10-3M in 0.01N HCl) containing tracer 1335mCi:
After thorough mixing, tne percent metal as a compiex was determined by passing a sampie of
the compiex solution through 2 Seohadex ™ column, eluting with 4:1 saline (0.85%
NaCl/NH10H), and collecting 2 x 3 mL fractions. The amount of radioactivity in the comoined
elutions was then compared with that left on the resin. Under tnese conditions, comoi'ex.was
removed with the eluent and non-compiexed metal 1s retained on the resin. By this methoc
compiexation was determined to usually be about 95% or greater.

Jsing the above procedure, the compiexes of samarium with

N.N’-diacetic acid-2,11-diaza[3.3)(2,6)pydinopnane (BP2A), ligand:metal ratio of -
4:1,99%;

N,N’,N"-triacetic acid-2,11,20-diaza[3.3.3}(2,6)pydinophane (TP3A), ligand:metal
ratioof 3:1,98.6%;

N,N'-bisi(methylenephosphonic acid)-2,1 1-diaza[3.3](2,6)pydinophane (BP2P),
ligand:metal ratio of 3:1,95%; and

N,N'-bis(methylenephosphonic acid ethyl ester)-2,11-diaza(3.3](2,6)pydinophane
{BP2EP), ligand:metal ratio of 4:1,98%;
were made. quever, in an analogous manner the 'corr_'e_sponqi'r'\g gadolinium compiexes may
be prepared. o - '

BIODISTRIBUTION

General Procedure
Sprague Dawley rats were ailowed to acclimate for five days then injected with

100 pt of the complex solution via a tail vein. The rats weighed between 150 and 250 g at the
time of injection. After 30 min. the rats were killed by cervical dislocation and dissected The
amount of radioactivity in each tissue was determined by counting in a Nal scintillation counter
coupled to a multichannel analyzer. The counts were compared to the countsin 100 pL
standards in order to determine the percentage of the dose in each tissue or organ.

) The percent dose in blood was estimated assuming blood to be 6.5% of the total
body weight. The percent dose in bone was estimated by multiplying the percent dose in the
femur by 25. The percent dose in muscie was estimated assuming muscie to be 43% of the total
body weight.

In addition to organ biodistribution, chelates of the compounds of Formuia (1)
were evaluated for efficiency of bone localization since phosphonates are known for their

ability to bind to hydroxyapitite. The results of these tests are given below.
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XAMPLE |
When the complex 153Sm{N,N’'-diacetc acid-2,11-diaza{3.3}(2,6)oyainopnane] -
('33Sm-BP2A) was evaluated, the results are givenin Table | below The numbers represent the

average of a minimum of 2 rats per data point at 2 hours post injection.
TABLE |
BIODISTRIBUTION OF 153Sm-BP2A
% INJECTED DOSE

ORGAN AVERAGE
Bone 27.98
Liver 0.68

Kidney 0.95

Spleen 0.01

Muscle 0.80

Biood 0.43
Heart 0.02
Lung 0.06
Brain 0.01
Stomach 0.05
Small Intestine 0.80
Large Intestine 0.04

TABLE |

RATIOS FOR 153Sm-BP2A  °
AVERAGE % INJECTED DOSE

! - FOR 155Gd~BP2EP
| Bone/Blood | Bone/Muscle | Bone/Liver | Bone/Spleen

i 65 35 41 2,798
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When the compiex 153Sm[N,N",N"-triaceuc acid-2,11,20-

diaza(3.3.3)(2,6)pydinophane] (1535m-TP3A) was evaluated, the results are given in Table !l

pelow. The numbers represent 1 rat per data point at 2 hours post injectior.

TABLE I

BIODISTRIBUTION OF 153Sm~TP3A

% INJECTED DOSE

% INJECTED

ORGAN DOSE
Bone 1.495 i
Liver 0.570
Kidney 0.639
Spleen 0.068
Muscle 0.833
Blood 0.437
Heart 0.016
Lung 0.047
Stomach - 0.036 -
Small intestine 1.426
Large Intestine 0.156

TABLE !l
RATIOS FOR 153Sm-TP3A
AVERAGE % INJECTED DOSE

Bone/Blood

Bone/Muscle

Bone/Liver

Bone/Spieen

3

2

3

22
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EXAMPLE I )
When the complex 153Sm({N,N"-bis(methyienephosphonic acid)-2,11-

diaza[3.3](2,6)pydinophane] (153Sm-BP2P) was evaluated, the results are given in Table Ili

beiow. The numbers represent 3 rats per data point at 2 hours post injection
TABLE Il
BIODISTRIBUTION OF 153Sm-BP2P
- % INJECTED DOSE

ORGAN AVERAGE
Bone 60.08
Liver 3.7

Kidney 1.21

Spleen - 0.05

Muscle 1.53

Blood 0.87
Heart 0.07
Lung 0.17
Brain 0.01
Stomach 0.20
Small Intestine 0.39
Large Intestine 0.13

TABLE lll

RATIOS FOR 153Sm-BP2P
- AVERAGE % INJECTED DOSE

Bone/Blood Boné/Musde Bone/Liver Bone/Spleen -

69 39 16 1,201
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EXAMPLE IV
When the complex 53Sm(N,N -bis(methyienepnosphonic acid ethyi ester)-2,11-
diaza[3.3)(2,6)pydinophane] (***Sm-BP2EP) was evaluated, the results are givenin Table IV

neiow. The numbers represent 3 rats per data point at 2 hours postinjecuon.
TABLE IV
BIODISTRIBUTION OF 153Sm-BP2EP
% INJECTED DOSE

ORGAN AVERAGE
Bone 39.82
Liver 5.97
Kidney 0.74
Spleen 0.32
Muscle 1.21"
Blood 0.45
Heart 0.04 _
Lung 0.19 ;
Brain 0.01
Stomach 0.36
Small intestine 0.33
Large Intestine 0.25
" TABLEIV

RATIOS FOR 153Sm-BP2E
_ AVERAGE % INJECTED DOSE

Bone/Blood | Bone/Muscle | Bone/lLiver | Bone/Spieen

38 33 7 124

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

scope and spirit of the invention being indicated by the following claims.
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WHAT IS CLAIMED iS:
1. Tri- and tetra-cyclooolyazamacrocycl|c compounds of the formuta

AN

b

(I)

wherein:

Y is either

g °
) i | A
@ or |
/'T\/ N
(a) T

(B)

Tis-CH-COOH or

- ﬁ |
—CHz-r-OH ;

R

where: Ris OH, Cy-Cs alkyl or -O-(C;-Cs alkyl);
with the proviso that both T moieties are the same or

oneTis

R1

~-CH

CO2H 2

l lllllll IHIH lllll lllll H llll
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R"is OH or OCHj;
RZis NO;, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
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bromoacetamido or carboxyl; or

pharmaceutically-acceptable salts thereof.
2. Acompound of Claim t wherein all T equal to -CH2-P(OJROH, where R is OH.

3. Acompound of Claim 2 wherein the compound is of Formula (IA) hastwo T
equal to -CH-P(O)ROH, where R is OH, or pharmaceutically-acceptable salts thereof, and 1s
named as N,N';bis(methylenephosphonic acid)-2,11-diaza[3.3)(2,6)pydinophane.

4. A compound of Claim 1 wherein all T equal -CH>-COOH.

5. A compound of Claim 4 wherein the compound is of Formula (1A) hastwo T
equal to -CH,-COOH, or pharmaceutically-acceptable salts thereof, and i1s named as N,N'-
diacetic acid-2,11-diaza[3.3}(2,6)pydinophane.

6. A compound of Claim 4 wherein the compound is of Formula (IB) has three T
equal to -CH;-COOH, or pharmaceutically-acceptablg salts thereof, and is named as N,N’,N"-
triacetic acid-2,11,20-diaza(3.3.3}(2,6)pydinophane.

| 7. Acompound of Claim 1 wherein all,T equal -CH;-P(O)ROH, where R is -O-(C;-Cs
alkyl). |
i 8. A compound of Claim 7 wherein the compound is of Formula (IA) hastwo T
equal to -CH,-P(O)ROH, where Ris -0-(C;-Cs alkyl), or pharmaceutically-acceptable salts

.: thereof. _
9. A compound of Claim 8 wherein R is ethoxy, or pharmaceutically-acceptable

salts thereof, and is named as N,N'-bis{(methylenephosphonic acid ethyl ester)-2,11-

diaza[3.3](2,6)pydinophane. _ .
10. A compound of Claim 1 wherein all T equal -CH;-P(O)ROH, where R is C;-C5

-—

alkyl.
’ 11. A compound of Claim 1 where one Tis

Rl
-CH
COzH 2

where R! and RZ are defined as in Claim 1; and all the other T terms are -CH,-COOH.

* c L M S *
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12. A compiex which comprises a tri- and tetra-cyciopolyazamacrocyciic

compound of the formuta -

-N( N-T
L,

(1)
wherein:
Y is either
b ®
) ® /L\
or |
I \!
(A) T

Tis-CH;-COOH or

- 0
: . i
-CHZ—T—OH ;

R

where: R is OH, C;-Cs alkyl or -0-(C4-Cs alkyl);
‘with the proviso that both T moieties are the same; or

oneTis
R1
~-CH

CO2H 2

\\Il\ll\ \\\I\\ 1) \ll\l \\ \II\
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" This Sheet Has Been Re ﬂ

R

R*is OH or OCHj3;
RZis NO,, NH», isothiocyanatd, semicarbazido, thiosemicarbazido, maleimido,

bromoacetamido or carboxyi; or
pharmaceutically-acceptable salts thereof;
complexed with a metal ion selected from Gd -3, Mn +2 or fFe ~ 3.

13. A complex of Claim 12 wherein the metal is Gd +3.

14. A complex of Claim 12 wherein all T equal to -CH,-P(O)ROH, where R is OH,
and the metal is Gd + 3.

15. A complex of Claim 14 wherein the compound is of Formula {IA) hastwo T
equal to -CH-P(O)ROH, where R is OH, or pharmaceutically-acceptable salts thereof, and is
named as N,N'-bis(methylenephosphonic acid)-2,11-diaza(3.3](2,6)pydinophane.

16. A complex of Claim 12 wherein all T equal -CH»-COOH, and the metal is
Gd+3, |

17. A complex of Claim 16 wherein the compound is of Formula (lIA)hastwo T
equal to -CH,-COOH, or pharmaceutically-acceptable salts thereof, and.is named as N,N'-
diacetic acid-2,11-diaza{3.3](2,6)pydinophane.

18. A complex of Claim 16 wherein the compound is of Fdrmula (1B) has three T
equal to -CH-COOH, o;,pharmaceutically-acceptable salts thereof, _gnd is named as N,N',N"-
triacetic acid-2,1 1,20-diéza[3.3.3](2,6)pydinophane.

19. A complex of Claim 12 wherein all T equal -CH,-P(O)ROH, where R is -0-(Cy-Cs
alkyl), and the metal is Gd +3.

20. A complex of Claim 19 wherein the compound is of Formula {IA) hastwo T
equal to -CH,-P(O)ROH, where R is -O-(Cy-Cs alkyl), or pharmaceutically-acceptable salts
thereof.

21. A compiex of Claim 20 wherein R is ethoxy, or pharmaceutically-acceptable
salts thereof, and is named as N,N'-bis(methylenephosphonic acid ethyl ester)-2,11-
diaza[3.3}(2,6)pydinophane. '

22. A complex of Claim 12 wherein all T equal -CH;-P(O)ROH, where R is C;-Cs

alkyl, and the metal is Gd +3.

* c L L] s *
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23. A conjugate which comprises a compound of the formula

HIS SHEET HAS BEEN
REPLACED

T-N( N-T
",

(1)

wherein:
Y is either
® ®
) ’ | A
or |
(p) T

(B)
one T is-CH,-COOH or
0
i
- —CHz—f’—OH ;
R
where: Ris OH, C4-Cs alkyl or -O-(Cy-Cs alkyl);
and the other T is
Rl
-CH
COH 2

R'is OH or OCH3;
R2s NOZ,'NHZ, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,

bromoacetamido or carboxyl; or

e,

pharmaceutically-acceptable salts thereof:
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compiexed with a metai ion seiectea from Gd - 3, Min - £ or Fé - 3; and

33

‘covaiently attached to a biologically active materai

24. A pharmaceuticai formulation comprising a complex of of any one of Claims

12-22 with a pharmaceutically-acceptabile carrier.
25. A method for the diagnosis of a disease state in an amimal which comprises
administering to said animal an effective amount of the formulation of Claim 23.

26. A process for preparing tri- or tetra-cyclopolyazamacrocyclic compounds of

the formuia
T-N N-T
Y (1)
wherein: ;
Y is either
® ®
° e I /J\
_ /‘T\/ \
(B)
Tis-CH,-COOH or
0]
il
-CHz-T—OH :
R

where: R is OH, C1-Cs alkyl or -0-(C;-Cs alkyl); .
with the proviso that both T moieties are the same; or

pharmaceutically-acceptable salts thereof;

which comprises any one of the following:

* c L L] S * '
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(A) reacting a compounc o e .
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=

Y
H~-N

L

l

5 an

wherein: Y1 isdefined asin Formula (1) for Y when (A) and when (B) the nitrogen atom is
substituted with hydrogen; and

with X-CH3-COOH, where X is cholro or bromo atom, in the presence of an aqueous alkali metal :
hydroxide, at a pH between about 8-10, at a temperature between about 60-90°C;

to provide a compound of Formula {I) above where (A) has two T equal -CH,-COOH and where

(8) has three T equal -CH,-COOH; or

(B) reacting a compound of the formula

yl/

wherein: Y1 is defined as in Formula (I) for Y when (A) and when (B) the nitrogen atom is ..
substituted with hydrogen; and _

with phosphorous acid in hydrochloric acid and excess formaldehyde, at a pH below about 2, at

reflux temperature;

10 provide a compound of Formula (1) above where (A) has two T equal -CH>-PO3H> and where

(B) has three T equal -CH-PO3H;; or

* [ L M H *
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(I1)
4

wherein: Y1 is defined asin Formula (1) for Y when (A) and wﬁen {B) the nitrogen atom is
substituted with hydrogen; and -

with P(OR)3 where R is C;-C4 alkyl in formaldehyde, followed by hydrolysis usirig 3 to 12M
hydrochloric acid, at a pH below about 3, at reflux temperature;

to provide a compound of Formula (1) above where (A) has two T equal -CH»-PO3H; and where
(B) has three T equal -CH,-PO3H;3; or

(D) reacﬁ'ng a compound of the formula

l/

H-N - N-H

L

(II)

wherein: Y is defined as in Formula (I) for Y when (A) and wHen (B) the nitrogen atom is
substituted with hydrogen; and

with P(OR)3; where R is C;-Cq alkyl in formaldehyde, followed by hydrolysis using excess alkali
metal hydroxide, at a pH above about 12, atreflux temperature;

to provide a compound of Formula (1) above where (A) has two T equal -CH;-PO>HR where R 1s -

O-(C:-Cs5 alkyl) and where (B) has three T equal -CHz-PO>HR where R is -0-(Cy-Cs alkyl); or

T
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(E) reacting @ compound of the formula

THIS SHEET HAS BEEN
REPLACED

/l (I1)

wherein: Y1 is defined as in Formula (1) for Y when (A) and when (B) the nitrogen atom is
substituted with hydrogen; and

with H3C-P(OEt); in formaldehyde and tetrahydrofuran, followed by hydrolysis using excess
alkali metal hydroiide, at a pH above about 12, at reflux temperature or with HP(O)OH-CyHs in
formaldehyde and hydrochloric acid, at a pH below about 3, at reflux temperature;

to provide a compound of Formula (I) above where (A) has two T equal -CHZ-PO(OH)é where R
is C4-Cs alkyl and where (B) has three T equal -CH,-PO(OH)R'where R is Cy-Cs alkyl. '

Sheet Has Been Re(ilaced
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TRICYCLOPOLYAZAMACROCYCLOPHOSPHONIC ACIDS, COMPLEXES AND
DERIVATIVES THEREOF, FOR USE AS CONTRAST AGENTS

ABSTRACT

Tri- and tetra-cyclopolyazamacrocyclophosphonic acid compounds and. their
derivatives 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. The

complexes are useful as contrast agents for diagnostic purposes.

Sheet Has Been RTlaced
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The present invention is directed to novel ligands that are tri- and tetra-| ~—

cyclopolyazamacrocyclic compounds, and derivatives thereof, of the formula:

@
wherein:
Y is either _
) "N o (A)
]
- or
* ®
i N
]
T is -CH,-COOH, or
]
-—Cl{z—-!"—OH-,
R

where:
R is OH, C{-Cs alkyl or -O-(C;-Cj alkyl); with the proviso that both T moieties are the

same or one T moiety is

Rl is OH or OCHj;

R? is NO,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido



bromoacetamido or carboxyl; or

pharmaceutically-acceptable salts thereof.

The invention is also directed to a complex which comprises a tri- and tetra-

cyclopolyazamacrocyclic compound of the formula:

o
wherein:
Y is either
o _N . ' &)
]
x
i or
[ ] ' Py (B)
N N~
N |
}
T
T is -CH,-COOH or
5
"'CHZ"’I"-OH;
R

where: .
R is OH, C;-Cj5 alkyl or -O-(C-Cs alkyl); with the proviso that all T moieties are the

same: or one T moiety is
rl

9
- COH

RZ
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R! is OH or OCHj;

R2 is NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl; or

pharmaceutically-ac'r_;eptable salts thereof;

complexed with a metal ion selected from Gd+3, Mn+2 or Fe+3,

When the above ligands of formula (I) have:

all T equal ~-CH,-P(O)ROH, where R is OH, or the pharmaceutically-acceptable
salts thereof, the ligands are referred to herein as BP2P for (A) and TP3P for (B);

all T equal -CH,-COOH, or the pharmaceutically-acceptable salts thereof, the
ligands are referred to herein as BP2A(A) and TP3A for (B);

all T equal -CH,-P(O)ROH, where R is -0-(C;-C; alkyl), or the pharmaceutically-
acceptable salts thereof, the ligands are referred to herein as BP2(0O-Alk)P for (A) and
TP30-AIk)P for (B); and

all T equal -CH,-P(O)ROH, where R is C;4-C;5 alkyl, or the pharmaceutically-
acceptable salts thereof, the ligands are referred to herein as BP2(AIK)P for (A) and
TP3(AIK)P for (B).. |

The complexes 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 metal ion is + 3 the following can be obtained:

an overall charge of -3- when Formula (I) is TP3P, which are useful as calcific
tissue contrast agents;

an overall charge of -1- when Formula (I) is BP2P, which are useful as calcific
tissue contrast agents;

an overall charge of 0 - when Formula (I) is TP3A, TP3(0-Alk)P, or TP3(AIK)P,
which are useful as general perfusion contrast agents; and

an overall charge of +1- when Formula (I) is BP2A, BP2(O-Alk)P, or BP2(AIK)P,
which are useful as calcific tissue contrast agents.

The complexes may be formulated to be in a pharmaceutically acceptable form for
administration to an animal. '

When one T term is other than -CH,-COOH or -CH,-PO,HR, then the compound
is a bifunctional ligand/complex and may be linked through R2 to a biologically active
molecule.

The compounds of Formula (I) are numbered for nomenclature purposes as
follows:
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CLAIMS

1. Tri- and tetra-cyclopolyazamacrocyclic compounds of the formula
' - ®

wherein;

Y is either : o 'j.N o a)

T is -CH,-COOH or

where: R is OH, Cy-Cs alkyl or -O-(C;-C5 alkyl); with the proviso that all T moieties

are the same or one T moiety is
rl

R! is OH or OCHj;
R? is NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,

bromoacetamido or carboxyl; or

T
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pharmaceutically-acceptable salts thereof.

2. A compound of claim 1 wherein all T moieties are equal to -CH,-P(O)ROH,
where R is OH. _ )

3. A compound of claim 2 wherein the compound is a compound of Formula
(IA) which has two T moieties equal to -CH,-P(O)ROH, where R is OH, or
pharmaceutically-acceptable salts thereof, and which compound is named N,N'-
bis(methylenephosphonic acid)-2,1 1-dia;za[3 .312,6)pyridinophane.

4. A compound of claim 1 wherein all T moieties equal -CH,-COOH.

5. A compound of claim 4 wherein the compound is a compound of Formula
(IA) which has two T moieties equal to -CH,-COOH, or pharmaceutically-acceptable
salts thereof, and which compound is named N,N'-diacetic acid-2,11-
diaza[3.3](2,6)pyridinophane.

6. A compound of claim 4 wherein the compound is a compound of Formula
(IB) which has three T moieties equal to -CH,-COOH, or pharmaceutically-acceptable
salts thereof, and which compound is named N,N',N"-triacetic acid-2,11,20-
diaza[3.3.3](2,6)pyridinophane. '

7. A compound of claim 1 wherein all T equal -CH,-P(O)ROH, where R is -O-
(C4-Cs alkyl).

8. A compound of claim 7 wherein the compound is a compound of Formula
(TA) which has two T moieties equal to -CH,-P(O)ROH, where R is -O-(C4-C5 alkyl), or
pharmaceutically-acceptable salts thereof.

9. A compound of claim 8 wherein R is ethoxy, or pharmaceutically-acceptable
salts thereof, and the compound is named N,N '-bis(methylenephosphonié acid ethyl
ester)-2,11-diaza[3.3](2,6)pyridinophane. '

10. A compound of claixh 1 wherein all T moieties equal -CH,-P(O)ROH, where
R is C{-C5 alkyl.

T

" (N:LIBSG\CLAIMS]5385893:ayl
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11. A compound of claim 1 where one T moieties is

Rl
- CoH
where R! and R? are defined as in claim 1; and all the other T moieties are -CH,-

COOH.

12. A complex which comprises a tri- and tetra-cyclopolyazamacrocyclic

compound of the formula
& '
" N
TN N~T
wherein:
Y is either
@ N ®
U
or
g .
/ N ' N el I
!
T
T is -CH,-COOH or '
O
il
- z‘-ll’—OH;
R

]
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where: R is OH, C;-Cs-alkyl or -O-(C;-Cs alkyl); with the proviso that all T moieties

are the same: or one T moiety is

ri

Rl is OH or OCHj3;

R2 is NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,

" bromoacetamido or carboxyl; or

pharmaceutically-acceptable salts thereof;
complexed with a metal ion selected from Gd+3, Mn+2 or Fe+3.
13. A complex of claim 12 wherein the metal is Gd*3,
14. A complex of claim 12 wherein all T moieties are equal to -CH,-P(O)ROH,
where R is OH, and the metal is Gd+3,

15. A complex of claim 14 wherein the compound is a compound of Formula

_ (IA) which has two T moieties equal to -CH,-P(O)ROH, where R is OH, or

pha;‘maceutically-acceptable salts thereof, and which compound is named N,N'-
bis(methylenephosphonic acid)-2,11-diaza[3 .3](2,6)pyridin6phane.

16. A complex of claim 12 wherein all T moieties equal -CH,-COOH, and the
metal is Gd+3.

17. A complex of claim 16 wherein the compound is a compound of Formula
(TA) which has two T moieties equal to -CHy-COOH, or pharmaceutically-acceptable
salts thereof, and which compound is named N,N'-diacetic acid-2,11- |
diaza[3.3](2,6)pyridinophane.

18. A complex of claim 16 wherein the compound is a compound of Formula
(IB) which has three T moieties equal to -CH,-COOH, or pharmaceutically-acceptable
salts thereof, and which compound is named N,N' ,N"-triacetic acid-2,11,20-

diaza[3.3.3](2,6)pyridinophane.
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19. A complex of claim 12 wherein all T moieties equal -CHZ-P(O)ROH, where
R is -O-(C;-Cs alkyl), and the metal is Gd+3. |

20. A complex of claim 19 wherein the cor_npbund is a compound of Formula
(IA) which has two T moieties equal to -CH2-P(0)ROH, where R is -O-(C4-C5 alkyl), or
pharmaceutically-acceptable salts thereof.

21. A complex of claim 20 wherein R is ethoxy, or pharmaceutically-acceptable
salts thereof, and the compound is named N, N'-bis(methylenephosphonic acid ethyl
ester)-2,11-diaza[3.3](2,6)pyridinophane.

22. A complex of claim 12 wherein all T moieties equal -CH,-P(O)ROH, where
R is C;-Cs alkyl, and the metal is Gd+3.

23. A pharmaceutical formulation comprising a complex of claim 12 with a
pharmaceﬁtically-acceptable carrier.

24. A pharmaceutical formulation comprising a complex of claim 14 with a
pharmaceutically-acceptable carrier. |

25. A pharmaceutical formulation comprising a complex of claim 16 with a
pharmaceutically-acceptable carrier. ‘

26. A pharmaceutical formulation comprising a complex of claim 19 with a
pharmaceutically-acceptable carrier.

27. A pharmaceutical formulation comprising a complex of claim 22 with a

pharmaceutically—acceptable carrier.
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TRICYCLOPOLYAZAMACROCYCLOPHOSPHONIC ACIDS, COMPLEXES AND
DERIVATIVES THEREOF, FOR USE AS CONTRAST AGENTS

ABSTRACT
Tri- and tetra-cyclopolyazamacrocyclophosphonic acid compounds and their
- derivatives 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. The

complexes are useful as contrast agents for diagnostic purposes.



