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TRICYCLOPOLYAZAMACROCYCLOPHOSPHONIC ACIDS, COMPLEXES AND DERIVATIVES 

THEREOF, FOR USE AS CONTRAST AGENTS 

This invention concerns ligands that are tricyclopolyazamacrocyclophosphon1c 

acids, complexes and derivatives thereof, for use as contrast agents in magnetic resonance 

5 imaging (MRI). To better understand this invention. a onef back.ground on MRI is provided in 

the following section. 

MRI is a non-invasive diagnostic technique which produces well reso1ved cross­

sectional images of soft tissue within an animal bo_dy, preierao1y a human body. This technique 

1s based upon the property of certain atomic nuclei (e.g. wate• orotons) which possess a 

IO magnetic moment [as defined by mathematical equations; see G M Barrow. Physical 

Chemistry, 3rd Ed., McGraw-Hill, NY (1973)} to align·m an applied magnetic 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 

15 this to occur is known as the relaxation time. The relaxation time consists of two parameters 

known as spin-lattice (T\) 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 env.ironment. 

Since the water content of living tissue is substantial and variations in content and 

20 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 (Tt 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 paramagnetic chelates possessing a symmetric electronic grou"d 

25 state can dramatically affect the Tl 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 unpa1rea 

electrons producing the magnetic moment [e.g., Magnetic Resonance Annual. 231-266, Raven 

Press, NY (1985)1. 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 

30 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 admi"nistered to animals in order to increase the diagnostic 

information obtained by MRI [e.g., 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 etal., Adv. 

35 lnorg. Chem. 634-639 (1966)). Paramagnetic metal i:helates 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 1onswh1ch canoe considered when 

under:taking the design of an MRI contrast agent. In practice. howeve•, the most usefui 

paramagnetic metal ions are gadolinium (Gd+ l), iron (Fe· l), manganese (Mn·~) and (Mn+ 3), 

and chr?m•um (Cr· 3), because these ions exert the greatest effect on water proton~ oy virtue 

5 of their large magnetic moments. In a non-complexed form (e.g. GdCl!l. these metai rons are 

toxic to an anrmal, thereby precluding their use in the simple salt form. Therefore. a 

funoamental role of the organic chelating agent (also referred to as a ligand) is to r~nder the 

paramagnetic metal non-toxic to the an1ma1 while preserving its desiraole influence on TI and 

T2 relaxation rates of the surrounding water orotons. 

1 o Art rn the MRI field is quite extensive, such that the following summary, not 

intended to be exhaustive, is provideo 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 times in the liver or bile duct of an animal using Fe· 3-ethylene-bis(2· 

hydroxypnenylglycine) complexes and its derivatives, and suggests among various other 

1 s compounds the possible use of a pyridine macrocyclomethylenecarboxylic acid. U.S. Patent 

4,880,008 (a CIP of U.S. Patent 4,899,755) discloses additional imaging data for liver tissue of 

rats, but without any additional complexes being shown. U S Patent 4,980.148 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 bifunctronal macrocyclic phosphinic 

20 acid compounds. C. J. Broan et al. I J. Chem. Soc., Chem. Commun., I 738-1739 ( 1990)) describe 

compounds that a~e triazabicyclo compounds. I. K. Adzamli et al. [ J. Med. Chem. 32, 139~ 144 

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

At the present time, the only commercial contrast agents available in the U.S. are 

the complex of gadolinium with diet~ylenetriaminepentaaceuc acid (DTPA-Gd .. 3 -

25 Magnevi'St •M by Schering) and a D03A derivative I 1,4,7-tris(carboxymethyl)· 10-(2· 

hydro.xypropyl)-1.4,7, 10-tetraazacyclododecanato}gadolinium (Proh~nce 1 " by Squibb). 

Magnevist •u and Prohance"' are considered as non-specifidperfusion agents since they freely 

distribute in extracellular fluid followed by efficient elimination through the renal system. 

Magnevist ru has proven to be extremely valuable in .the diagnosis of brain lesions since the 

30 accompanying breakdown of the blood/brain barrier allows perfusion of the contrast agent 

into the affected regions. In addition to Mag nevi st'", 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 ru is 

shown to have fewer side effects than Magnevist •u. A number of other potential contrast 

35 agents are in various stages of development. 
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The present invention 1s directed to novel ligands that are tn- and tetra­

cyclopolyazamacrocyclic compounds, and derivatives thereof, of the formula: 

T-N N-T 

(I) 

wherein: 

Yiseither 

• • 
·~···· . I 
. ~ or 

I ~ 

~v 
(A) T 

(B) 

Tis -CH 2-COOH, or 

where: R is OH, C,-Cs alkyl or -O-(C1-C5 alkyl); 

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

one Tis 

35 
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R' is OH ~rOCH3; 

R.: is N02. NH2• isothiocyanato, semicarbazido. th1osem1carbazido. male1mido. 

bromoacetamido or carboxyl; or 

onarmaceutically-acceptable salts thereof. 

s When the above ligands of Formula (IJ have: 

all T equal -CHi-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 2-COOH, or the pharmaceutically-acceptable salts thereof. the 

ligands are referred to herein as BP2A (A) and TP3A for (Bl; 

10 all T equal -CHi-P(O)ROH, where R is-O-(C1-C5 alkyl), or the pharmaceutically-

acceptable salts thereof, the ligands are referred to herein as BP2(0-Alk)P for (A) and TP3(0-

Alk)P for (B); and 

all T equal -CH2-P(O)ROH, where R is Ci-Cs alkyl, or the pharmaceutically­

acceptable salts thereof, the ligands are referred to herein as BP2(Alk)P for (A) and TP3(Alk)P 

15 for (B). 

20 

25 

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; 

~n 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(Alk)P, which 

are useful as general perfusion contrast agents; and 

an overall charge of + 1 -when Formula (I) 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 a pharmaceutically acceptable form 

for administration to an animal. 

When one T term is other than -CH2-COOH or -CH2-P02HR, then the compound is 

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

The compounds of Formula (I) are numbered for nom~nclature purposes as 

follows: 

35 
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. One aspect of the present invention concerns development of contrast agents 

having synthetic modifications to the paramagnetic chelate enabling site specific delivery of 

the contrast agent to a desired tissue. The advantage being increased contrast in the areas of : 

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 (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 as indicated above 

For·example, for a complex having 2 or 3 P03H2 groups (BP2P and TP3P), the overall charge is 

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

35 is 0 (thus neutral, TP3A, TP3(0·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 

.5. 
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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 .. I for heart), the 

5 variations in that chelate ionic charge can influence biolocalizat1on. 

Tissue specificity may also be realized by ionic or covalent attachment of the 

chelate to a naturally occurring or synthetic molecule (e.g. through Rll having spet1i1c1ty for a 

desired target tissue. One possible application of this approach is through the use of chelate 

conjugated monoclonal antibodies which would transport the paramagneuc chelate to 

1 o diseased tissue enabling visualization by MRI. In addition. attachment of a paramagnetic 

chelate to a macromolecule can funher increase the contrast agent efficiency resulting· in 

improved contrast relative to the unbound chelate. Recent work by Lauffer (U.S. Patents 

4,880,008 and 4,899,755) has demonstrated that variations in lipophilicity can result in tissue· 

specific agents and that increased lipophilic character favors non-covalent interactions with 

1 s blood proteins resulting in enhancement of relaxivity. 

20 

follows: 

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

"C1·C5 alkyl" includes both straight and branched chain alkyl groups. 

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

"Complex" refers to a complex of the compound of the invention, e.g. Formula 

(I), complexed with a metal ion, where at least orie 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, monoclonal, chimeric antibody or 

25 heteroantibody, preferably a monoclonal antibody; "antibody fragment" includes Fab 

fragments and F(ab')
2 

fragments, and any portion of an an~ibody having specificity toward a 

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

conjugate" or "conjugate", the "anti body" is meant to include whole antibodies and/or 

antibody fragments, including semisynthetic or genetically engineered variants thereof. 

30 Possible antibodies are 1116-NS-19·9 (anti-colorectal carcinoma), 11t6-NS-3d (anti-CEA), 70304 

(anti-human lung cancer), 704A 1 (anti-human lung cancer), CC49, CC83 and 872.3. The 

hybridoma cell lines 1116-NS-19-9, 1116-NS-3d, 70304, 704A 1, CC49, CC83 and 872.3 arli! 

deposited with the America'! Type Culture Collection, having the accession numbers 

ATCC HB 8059,ATCC CRL8019,ATCC HB 8301, ATCC HB 8302, ATCC HB 9459, ATCC HB 9453 

35 and ATCC HB 8108, respectively. 
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The bi functional chelating agents described herein (represented by Formula (I)) 

can be used to chelate or sequester the metal ions so as t() form metal ion chelates (also 

referred to herein as "complexes"). The complexes, because of the presence of the iunct1ona1-

S 1zing morety {represented by R.? in Formula (I)). can be covalently attached to bioiog1cally acuve 

materials, such as dextran, molecules that have specific affinity for a receptor, or preierably 

covaiently attached to antibodies or antibody fragments. ihus the compiexes described herein 

may be covalently i!'ttached to an antibody or antibody fragment or have specific affinity for a 

receptor and are re.ferred to herein as "con1ugatesd 

1 o As used herein, "pharmaceutrcally-acceptaole salts" means any salt or mixture<; of 

salts oi a compound of Formula (I) which is sufficiently non-toxic to be useful in d1agnos1s 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, 

15 maleic, fumaric, palmitic, cholic, palmoic, mucic, glutamic, gluconic acid, Q.-camphorrc, glutar1c, 

glycolic, phthalic, tartaric, formic, lauric, steric, salicylic, methanesulfonic, 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 l-deoxy-

1-(methylamino)·D-glucitol, alkali metal ions, alkaline earth metal ions, and other similar ions. 

20 Particularly preferred are the salts of the compounds of Formula (I) whe(e the salt is potassium, 

sodium, or ammonium. Also included are mixtures of the above salts. 

The compounds of Formula (I) are prepared by various processes. Typical general 

synthetic approaches to such processes are provided by the reaction schemes given below. 

In Scheme 1, the compounds of Formula (I) are prepared wherein Y is (A) or (B). 

25 and all T moieties are -CH2-COOH. 

30 

35 
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Scheme 1 

(°'1 
H-N N-H (II) 

l___Yl~ 

l X-CH2-COOH 

aqueous base 

(°'1 
HOOC-H2C-L y2 ~-CH2-COOH 

(III) 

THIS SHEET H.f,S BEEN 
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wherein: y1 is defined as before for Y when (A) and when (BJ the nitrogen atom 1s substituted 

with hydrogen; and 

Xis chloro or bromo atom; and Y2 is defined as before for Y when (A) and when (BJ the 

nitrogen atom is substituted with -CHrCOOH. 

The aqueous base is alkali metal hydroxide, such as sociium 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 

where: R is OH. 
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H-N N-H 

10 

I 
~yl _) 

1) P(OR)3/CH20 
R = CH3, C2H5, C3H7, C4H9 

hydrolysis/il 
15 

20 

(I I) 
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wherein: y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted 

25 wrth hydrogen; Y3 is defined as before for Y when (A) and when (8) the nitrogen atom is 

substituted with -CH2·P03H2. 

The hydrolysis in Scheme 2 is done by known aqueous acid conditions, such as 

using 3 to 12M hydrochloric acid. The pH ofthe reaction is maintained below 3. Temperature 

is at reflux. Pressure is not critical so that ambient pressure is used. Alternatively, when the 

30 reaction is run in one step, phosphorous 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. 

35 

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

T moieties are 

.9. 
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where: R is -O-(C1-C5 alkyl) 

Scheme 3 

H-N N-H (II) 

~yl_,) 

2) base hydrolysis/d 

wherein: Y 1 is defined as before for Y when (A) and when (8) the nitrogen atom 1s substituted 

with hydrogen; Y4 is defined as before for Y when (A) and when (8) the nitrogen atom is 

substituted with-CH2-P02HR; and 

R is -O-(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 ~pat ambient pressure is 

used. 

In Scheme 4, the compounds of Formula (I) are prepared wherein Y is (A) or (B). all 

35 T moieties are 
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where: R is C1-Cs alkyl. 

Scheme 4 shows the preparation of the comoounas of Formula (l)·when R 1s 

methyl. 

Scheme ll 

(II} 

2) base hydrolysis/~ 

CH3{0H)OP-CH2-N N-CH2-PO(OH)CH3 

l____ys~ 
(VI) 

wherein: Y 1 is defined as before 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 (B) the nitrogen atom is 

substituted with -CH 2-PO(OH)CH3. 

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

3S 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 
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Jn Scheme S. the comoouncss of Formula (I) are prepared wherein Vis (A) or (B), all 

T moieties are 

where: R is C1-C5 alkyl. 

Scheme S shows the preparation of the compounds of Formula (I) wnen R is ethyl. 

Scheme 5 

(II) 

(VII) 

wherein: y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted 

with hydrogen; Y6 is defined as before for Y when (A) and when (B) the nitrogen atom is 

substituted with -CH2-PO(OH)C2H5. 

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

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

pressure is used. 
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Scheme 6 shows the preparation of-the comcounds of Formula (I) when one Tis a 

bifunctional moiety; and the other Tis defined above ior Formula (I) 

(VIII) 

35 wherein: y1 is defined as before for Y when (A) and when (Bl the nitrogen atom is substituted 

with hydrogen; y1 is defined as before for Y when (A) and when (B) the nitrogen atom 1s 

substituted with -CH2-C02H. 
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In the above Schemes. the general process description illustrates soecific steps 

that may be used to accomolish a desired reaction step. The general description oi these 

process steps follows. 

The generai synthetic methodology for preoarmg the 2:2 and 3: 3 macrocyc11c 

s precursors outlined in Schemes 1-6 1s described by Pappalerdo er al., J. Org. Chem. 53. 3521 · 

3529 { 1988). The carboxy1ate derivatives described in Scheme 1 are prepared by conventional 

alkylation procedures uulmng chloro- or bromo-acetic ac1a under basic aqueous conditions 

and utilizing the appropriate secondary amine macrocyclic starting material. 

The phosphonic acid derivatives outlined in Scheme 2 can be preoared by initial 

10 alkylation of the amine with a trralkyl phosphrte and para formaldehyde, resultrng in an organic 

soluble perester. This ester 1s 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. 

1 s Phosphonate half esters are prepared as shown in Scheme 3 by initial formation 

of the di alkyl phosphonate ester, followed by hydrolysis under basic conditions. Base hydrolysis 

gives exclusive conversion to the half ester. 

Scheme 4 illustrates the methodology for synthesizing the methyl phosphinate 

derivatives using diethoxymethylphosphine as the nucleophile and paraformaldehyde. 

20 Condensation can be conducted in solvents such as tetrahydrofuran (THF), dimethylformamide 

(DMF), dioxane, ~cetonitrile, or alcoholic media. The resulting phosphinate ester is then 

hydrolyzed under acidic conditions (e.g. 6N HCI, 80-100°C) or basic conditions (excess base, 40-

1000C) to give the corresponding methylphosphonic acid. ,Alternatively, as outlined in Scheme 

5, the method devised by A. D. Sherry et al. (lnorg. Chem .• submitted 1991) using 

25 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 (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, 

30 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 

35 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. 

-14-, 
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The complexes are preoared by metnods well known 1n the art. Thus, for 

example, see Chelating Agents and Metal Cheiates. Dwyer & Mellor, Academic Press ( 19641. 

Chapter 7. See also methods for making amino acids in Svntheuc Production and Utihzauon oi 

Ammo Acids, (edited by KameKo. et al.) John Wiley & Sons ( 1974). An example of the 

5 preoarat1on of a comprex 1nvotves reacting a brcyclooolyazamacrocyclophosphomc acrd with 

the metal ron under aqueous conaiuons ata pH from 5 to 7. The complex formed is by a 

chemical bond and results in a stable paramagnetic nuchae comoos1tion, e.g. stable to the 

disassoc1at1on oi the pai"amagneuc nuclide from the ligana 

The complexes of tne oresen1.1nvent1on are aa·m!,.,1sterea at a iigand to meta1 

JO mo1arrat10 of at least about 1: 1, preferably from I: I to 3: !. more preierably from 1: 1 to 1.5: 1. 

A large excess oi iigand is unoesirable since uncomplexeo iigana rnay be tOX•C 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-

1 s t1ons may be in the form of a suspension, injectable solution or other swtable formulations. 

20 

Physiologically acceptable suspending media. with or without adjuvants. may _be used. 

An "effective amount" of the formulation is used for diagnosis. The dose will 

vary depending on the disease and physical parameters of the animal, such as weight. In vivo 

diagnostics are also contemplated using formulations of this invention. 

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

removal of undesir~ble 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 10H may be used for 

metal ion control as scale inhibitors. Some of these ligands can be used in less than 

25 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: 

30 LC = liquid chromatography, purifications were carried out at low pressure using 

35 

Dion ex 201 Oi system fitted with a hand-packed Q-Sepharose '" anion exchange coiumn (23 x 2 

cm). 
DMF = dimethylformamide. 
AcOH = acetic acid. 
g = gram(s). 
mg = milligrams. 
kg = kilogram(s). 
ml = milliliter(s). 
µL = microliter(s). 

-15-
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A stock 159GdCl3 (O( 153SmCl3) solution was preoarec by adding 2 µLoi 3x 10-.!IV 

'59GdCl 3 in 0.1 N HCI to 2 mL of a 3x 1 O·AM GdCl 3 carrier solution. Aoproonate ligano so1ut1ors 

were then prepared 1n de1onizeo water. The I: 1 ligand/metal comolexes were then preoarec 

5 by combining the ligands (dissolved in 100-500 µl of oe1onizeo water) with 2 ml of the sto.:· 

159GdCl3 solution, followed by through mixing to give an acidic solution (pH = 2). The pH o: 

tne soiut1on wasthen raised to 7.0 using O. lN NaOH. _ihe percent metal as a compl~x was :!"'e·· 

oetermined by passing a sample of the com pi ex solution througn a Seonaoex"' G-50 co1um ~ 

eluting with 4: 1 saline (85% NaCl/NH40H) and collecting 2 x 3 ml tractions The amount. o• 

10 rad1oact1vity in the combined elutions was then comoarea llV•tn that :eft on the resin lnon­

complexed metal is retained on the resin). The pH stab•l:ty profile was generated by ad1ust1ng 

the pH of an aliquot ofthe complex solution using IM NaOH or lM HCI 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 

15 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 recorded on a Bruker AC-250 MHz 

20 spectrometer equipped with a multi-nuclear quad probe (IH, 13C, l1P, and 19F) at297°K unless 

otherwise indicat~d. 1 H spectra in 0 20 were recorded by employing solvent suppression pulse 

sequence (" PRESAT", homo-nuclear presaturation). 1 H spectra are referenced to residual 

chloroform (in CDCJ3) at 67.26 or external dioxane (in 0 20) at 63.55. nc and l tp spectra 

reported are proton decoupled (broad band). Assignments of 1 JC{' H} chemical shifts were 

2S aided by.DEPT (D1stort1onless Enhancement by Polarization Transfer) experiments. · 3C { 1 H} 

spectra are referenced to center peak of COCJ 3 at on.oo (in CDCl 3} and external dioxane at 

666.66 (in 020). 31p {'H} spectra were referenced to external 85% H3P04 ato0.00. Melting 

points were determined by capillary melt methods and were uncorrected. Semi preparative 

ion-exchange chromatographic separations were performed at low pressure ( <600 psi) using a 

30 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. GGMS spectra were performed on a Hewlett Packard 5890A Gas Chromatograph/ 

5970 Mass Selective Deteetor. 

STARTING MATERIALS 

35 Examole 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 mmol) in 

anhydrous OMF ( 1.3 L) at 80°C was added dropwise (1.5 hr) under a Ni atmosphere a solution of 

-16· 
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2,6-bis(chloromethyl)pyridine ( 12.32 g, 70 mmol) in DMF (200 mll After I hr, solid TsNHNa 

( 13.S2 g, 70 mmol) was added all at once, and the mixture was stirred at so•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 como1ned w1tn acetone and filtered to 

5 give a waxy solid which was continuously extracted (Soxletl wun 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 powoer (5.24 g, 27%): mp = 246. 248uc and further 

characterized by: 

1 H NMR (DM50-d6) 

lO o 2.42 (s, 6H), 4.38 (s, SH}, 6.99 (d, 4H}, 7.40-7.49 (m, 6H), 7.88 (d, 4Hl; and 

: 3C (1 H} NMR (DMSO-d6) 

15 

20 

25 

6 20.91, SS.SS, 122.12, 126.92, 129.88, 135.99, 137.03, 143.30, 154.71; and is illustrated by the 

formula 

((\ 
Ts-~-Ts 

Example B 

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

N,N'-ditosyl-2, 11-diaza[3.3l(2,6)pydinophane (S.24 g, 9.5 mmol}, prepared in 

Example A,' was dissolved in 90% H2S04 (48 ml) and heated at 110°Cwith stirring for 2 hr. 

REPLACiD 

After the solution was cooled to room temperature, it was slowly diluted with deionized water 

(SO 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 

30 CHCl 3 (3 X 100 mL), dried over anhydrous MgS04, filtered, and concentrated in vacuo to 

dryness to give the titled product as a wax_y white solid (1.69 g, 74%) and further characterized 

by: 

1H NMR (CDCl3) 

6 3.91 (s, 8 H), 6.47 (d, 4H), 7.06 (t, 2H); and 

35 IJC (1H} NMR (CDCl3) 

6 55.89, 119.73, 135.71, 159.36; 

CG/mass spectra mlz M + 240; and is illustrated by the formula 

-17-
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10 Example C 

Preparation of N,N',N" -tmosyl-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{3.3l(2,6)pydinophane, prepared in Example A, (remaining part on the extractor 

thimble after Soxlet extraction) mp 260- 262"C; and further characterized by: 

I 5 1 H NMR (DMSO-d6) 

20 

25 

30 

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

13( {1 H} NMR (DMSO-d6) 

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

formula: 

Examole D 

Preparation of 2, 11,2{>-triaza[3.3.3J(2,6)pydinophane. 

N,N',N"~tritosyl-2, 11,20-triaza[3.3.3)(2,6)pydinophane (0.5 g, 0.61 mmol), 

prepared rn Example Cwas dissolved in 90% H2S04 (6 ml) and heated at 110"Cwith stirring for 

35 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 CHCl 3 (2 X 30 ml), dried over annydrous MgS04, filtered, and concentrated rn vacuo to 

dryness to give the titled product as a waxy white solid (0. 167 g. 76%); and further 

characterized by: 

;H NMR(CDCl3) 

s 8 3.03 (s. 3H), 3.93 (s, 12H). 7.08 (d, 6Hl. 7 .54 (t. 3H); and 

13C {I H} NMR (CDCI 3) 

0 54.58 •. 120.72, 136.50, 158.64; 

GOmass spectra mlz M • 360; and rs illustrated by the formula: 

10 °' (1V I 
H-N N-H 

( ~ 
~NJ0) 

I 

15 

H 

20 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 mg, 

I. 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 
-25 for 10 min to obtain a well mixed slurry, it was heated to 85°C and main.tained for 1 hr. After 

the excess·reagents and byproducts were removed in vacuo (1 hr at 110°00.01 mmHg). the dark 

brown residue was dissolved in CHCl 3 (20 ml) and washed with deionized water (5 X 15 ml). 

The organic layer was dried over anhydrous MgS04, filtered, and the solvent was removed in 

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

30 IH NMR (COCl3) 

o 3.39 (d, 4H), 3.88 (d, 12H), 4.08 (s, SH), 6.84 (d, 4H), 7. 13 (t. 2H); and 

13C {1H} NMR (CDCl3) 

o 52.75 (d), 54.88 (d), 65.21 (d), 122.71, 135.69, 157 :14; and 

3lp NMR (CDCl3) 

35 6 27.22; and is illustrated by the formula 

-19-
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10 
Examole F 

Preparation of N,N"-bis(methylenediethylphosphonate)-2, l 1-diaza(3.3)(2,6)pydinophane. 

The product prepared in Example 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 tnethyl- ~-

15 phosphite (1.34 ml, 1.30 g, 7.84 mmol, excess). After the mixture was gently stirred for 10 mm 

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/0.01 mm Hg), the resulting 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 Mg504, filtered, and the solvent was removed in vacuo to give the 

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

IH NMR (COCl3) 

li 1.24 (t, 12H), 3.20 (d, 4H), 3.94 (s, SH), 4.07 (q, 8H), 6.71 (d, 4H), 6.98 (t, 2H); and 

13C{l H} NMR (CDC1 3) 

li 16.48, 55.36 (d), 61. 75 (d), 65. 14 (d), 122.52, 135.41, 15'7.04; and 

25 
31P{1R°}NMR(CDC1 3) 

Ii 24.60; and is illustrated by the formula 

30 

35 

-20-
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FINAL PRODUCTS 

Ligands: Preparation of tr1- and 01methylenecarboxyhc acids as shown in Scheme i 

Example 1, 

Preparation of N,N'-diaceuc acid-2 11-ciiaza[3.3)(2,6)pyo1nopnane IBP2A). 

,.~-SHEET Hl\S BEEN I 
REPLACED 

To a stirred aouecus soluuon ( 1 ml) of 2. 11-01aza!3.3}(2.6}pyoinoohane, oreoareo 

in Example B, (82.4 mg, 0.58 mmo1) was added bromoacet1c acid (275 mg, 1.98 mmoi. excess> 

and the pH of the reac;:1on mixture was ma1 ntai ned above ! 0 oy ado.:ng smai I ooruons of cor.c. 

NaOH until no more caustic was needed to keep pH> 1 1 !- 30 niinJ Jhe reaction mixture was 

then heated (60"C) for 2 hr, then the reaction mixture was cooled to room temperature. !he or' 

1 o of the reaction mixture ad1usted to 7. The solution was tnen chromatogr&Jpned on cation 

exchange (SP-Sepharose "')column (1.5 X 50 cm) eiuung •·rst w.th ae1onized water then with 

IM HCJ. The acidic fraclion containing product was evaporated to dryness. followed by co­

evaporation with fresh deionized water(3 X 2 ml) to eliminate excess HCJ. The final product 

was isolated as a white solid upon freeze drying of the concentrated aqueous solution from 

1 s above; and characterized by: 

'H NMR(D20) 

8 4. t 7 (s, 4H), 4.43 {s, SH), 7.1 S (d, 4H}, 7.66 (t, 2H); and 

!JC{lH} NMR(D20) 

0 61.44, 61.70, '27 46, 146.84, 154.37, 175.62. 

20 Example 2 

Preparation of N,N·~NH -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(3.3.3J{2,6)pydinopnane, 

prepared in Example 0, (54.5 mg, 0. 15 mmol) was added bromoacetic acid (lOO mg, 0.72 mmol, 

excess) and the pH of the reaction mixture was maintained above 10 by adding small portions 

25 of cone. -NaOH until no more caustic was needed to keeo the final pH> 1 \ (-30 mm). The 

reaction mixture was then heated (60"C) for 2 hr, cooled to room temperature, and oH adjusted 

to 7. The aqueous solution was then chromatographed on a cation exchange (SP-Sepharose , .. ) 

column (1.5 X 50 cm) eluting first with deionized water then with 1M HCI The acidic fraction 

containing product was evaporated to dryness. followed by coevaporation with fresh 

30. deionized water (3 X 2 ml) to eliminate excess HCI. The final product was isolated as white 

solid upon freeze drying of the concentrated aqueous soll.1t1on from above; and characterized 

by: 

1H NMR(D20) 

o 4.12 (s, 6H), 4.68 {s, 12H), 7.41 (d, 6H), 7.81 (t, 3H); and 

35 13C{iH} NMR(D20l 

0 57.32. 60.53, 128.57. 143.42, 152.42, 171.17. 

-21· 
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Ligands: Preparation of dimethylenepnosphonic acids as shown in Scheme 2 

E><amole 3 

Preparation of N,N'-bis(methylenephosohomc ac1d)-2, 11-d1aza(3.3)(2,6)pydinophane (BP2P) 

A cone. HCI solution (37%.4 mll of N.N -b1s(memy1eneaimethyipnosohonate1-

5 2, 11-diaza(3.3l(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

evaparation with fresh deionized water (3 X 2 ml) to eliminate excess HCI. The final product 

was isolated as a hydroscopic brown solid upon freeze-drying of the concentrated aaueous 

solution; and characterized by: 

10 1H NMR (020) 

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

13C {IH} NMR (020) 

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

31p {IH} NMR (020) 

15 o 11.71.Ligands: Preparation of dimethylenephosphonate half esters as shown in Scheme 3. 

Example4 

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)-

20 2, 11-diaza(3.3](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 and freeze-dried to give a residue 

which was dissolved into CHCl3tC2H50H (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: · 

25 1H NMR (020) 

o 1.10 (t, 6H), 2.97 (d, 4H), 3.81(q,4H}, 3.84 (s, SH), 6.73 (d. 4H), 7.09 (t, 2H); and 

13C {1H} NMR (DzO) 

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

31p {1H} NMR(D20) 

30 0 20.65. 

Complexes: 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 adiusting the pH to the 

35 desired value. Compfexat1on was done in solutions containing salts and/or buffers as well as 

water. Sometimes heated solutions were found to give higher complex yields than when the 

complexation was done at ambient temoeratures 

-22· 
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For example, a solution of the hganci 1s prepared by dissolving the ligand in 

deionized water (about pH= 21. A ligand/metal comolex was tnen prepared by combining tne 

ligand solution with aqueous SmCl3 H20 (3xl0-olM in O.OIN HCI) containing tracer 153SmCi:; 

After thorougn mixing, me percent metal as a complex was determined by passing a samp1e oi 

5 _the complex solution through a Seohadex !M column, eluting With 4: 1 saline (0.8S% 

NaCllNH.iOHl. and collecting 2 x 3 ml fractions. The amount of radioactivity in the comoineo 

elutions was then compared with that left on the resin. Unoer tnese conditions. comoiex was 

removeo with the eluent and non-complexed meta1 is retameo on the resin. By this metnoc 

como1exauon was determined to usually be about 9Si:11 or greater . 

10 

ts 

.Jstng the above procedure, the comoiexes of samarium with 

l\J,N'·diacet1c acid·2.11-diaza[3.3)(2,6)pyo1noof'lane (8?2A). ligand:metal ratio oi 

4:1, 99%; 

N,N',N" ·triacetic acid-2, 1 I ,20-diaza[3.3.3)(2,6)pydinophane (TP3A), ligand:metal 

ratio of 3: 1, 98.6%; 

N,N'-bis(methylen.ephosphonic acid)·2, 11-diaz,a(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. However, in an analogous manner the corresponding gadolinium complexes may 

20 be prepared. 

BIOOISTRIBUTION 

General Procedure 

Sprague Dawley rats were allowed to acclimate for five days then injected with 

100 µ~of the complex solution via a tail vein.· The rats weighed between 1 SO and 250 g at the 

25 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 counts in 100 µL 

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 

30 bodyweight. The percent dose in bor:ie was estimated by multiplying the percent dose in the 

femur by 25. The percent dose in muscle was estimated assuming muscle to be 43% of the total 

bodyweight. 

In addition to organ biodistribution, chelates of the compounds of Formula (I) 

were evaluated for efficiency of bone localization since phosphonates are known for their 

35 ability to bind to hydr6xyapitite. The results of these tests are given belqw. 

-23-
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cXAMPLE I 

I THIS SHEET HAS BEEN 
·REPLACED 

When the complex t 53Sm(N,N'-d1acet1C ac1d-2, l I ·d1aza(3.3J(2,6)oyoinophanel 

('53Sm-BP2A) was evaluated, the results are given in Table I below The numbers represent the 

average of a minimum of 2 rats per data point at 2 hours post in1ect1on. 
TABLE I . 

BIODISTRIBUTION OF 153Sm-BP2A 

Bone/Blood 

65 

% INJECTED DOSE 

ORGAN. I AVERAGE 

Bone l 27.98 

Liver I 0.68 

Kidney 0.95 

Spleen I 0.01 

Muscle 0.80 

Blood I 0.43 

Heart I 0.02 

Lung 0.06 

Brain 0.01 

Stomach 0.05 

Small Intestine 0.80 

Large Intestine 0.04 

TABLE I 
RATIOS FOR t53Sm-BP2A 

AVERAGE% INJECTED DOSE 

35 41 

~-

-24-

2,798 

1iHiiilDr 



., ' 

5 

10 

15 

20 

25 

30 

35 

EXAMPLE II 

: ·: >iS SHEET HA.S BEEN 
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When the complex 153Sm!N.N",N" -triacet1c acid-2.11.20-

diaza(3.3.3](2,6)pydinophane) (153Sm-TP3A) was evaluated, the results are given rn Table !I 

below. The numbers represent 1 rat per data point at 2 hours cost m1ectror.. 
TABLE II 

BIODISTRIBUTION OF 153Sm-TP3A 
% INJECTED DOSE 

ORGAN % INJECTED 
DOSE 

Bone I 1.495 I 
I 

Liver I 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 11 
RATIOS FOR 153Sm-TP3A 

AVERAGE% INJECTED DOSE 

Bone/Blood Bone/Muscle Bone/liver 

3 2 3 

-25-
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EXAMPLE Ill 

When the complex IS3Sm[N,N'-bis(methylenephosphonic acid)·2.11-

diaza(3.31(2,6)pydinophane) (I 53Sm-BP2P) was evaluated, the results are given in Table Ill 

beiow. The numbers represent 3 rats per data point at 2 hours post m1ect1ol" 
TABLE Ill 

5 BIODISTRIBUTION OF 153Sm-BP2P 
% INJECTED DOSE 

ORGAN AVERAGE 

Bone I 60.08 

10 
Liver I 3.71 

Kidney 1.21 

Spleen 0.05 

Muscle 1.53. 

Blood 0.87 
15 Heart 0.07 

Lung 0.17 

Brain 0.01 

Stomach 0.20 

20 
Small Intestine 0.39 

Large Intestine 0.13 

TABLE 111 
RATIOS FOR 153Sm-BP2P 

AVERAGE% INJECTED DOSE 
25 

Bone/~lood Bone/Muscle I Bone/liver Bone/Spleen · 

69 39 I 16 1,201 

30 

35 
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When the complex lS3Sm(N,N--b1s(methyleneonosphomc acid ethyl ester)·2.11-

diaza{3.3](2,6)pydinophane] ('~lSm-BP2EP) was evaluated, the results are given in Table IV 

below. The numbers represent 3 rats per data point at 2 hours post m1ernon. 

.. 

TABLE IV 
BIODISTRIBUTION OF t53Sm-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 

TABLE IV 
RATIOS FOR 153Sm-BP2"E 

AVERAGE% INJECTED DOSE 

Bone(Blood Bone/Muscle Bone/Liver I 
88 33 7 I 

Bone/Spleen 

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 di~closed herein. It is 

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. 

-27-
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WHAT IS CLAIMED IS: 

up.,S BEEN 
THIS SHEET n 

f\EPLACiD 

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

5 

T-N .N-T 

L'--Y__) 
<.I) 10 

wherein: 

Y is either 

1~ • • 
·~· 

I . 

~o 0- I or 

(A) T 
2( 

( B) 

T is-CH2-COOH or 

0 
25 II 

-CH2-r-OH 

R 

where: R is OH, C1-C5 alkyl or-0-(Ci-Cs alkyl); 

with the proviso that both T moieties are the same or 

30 oneTis 

35 
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R' is OH orOCH3; 

RZ is N02, NH2, isothiocyanato. semicarbazido, th1osem1carbaz1do, maleimido, 

bromoacetamido or carboxyl; or 

pharmaceutically~acceptabl e salts tnereof. 

THIS SHEET HAS BEEN 
:REPLACliD 

2. A compound of Claim 1 wherein all T equal to -CH~-P(O)ROH, where R is OH. 

3. A compound of Claim 2 wherein the compound is of Formula (IA) has two T 

equal to -CHrP(O)ROH, where R is OH, or pharmaceutically-acceptable salts thereof. and 1s 

named as N,N'-bis(methylenephosphonic add)-2, 11-diaza[3.3IC2,6)pydinophane. 

4. A compound of Claim 1 wherein all T equal -CH2-COOH 

5. A compound of Claim 4 wherein the compound is of Formula (IA) has two T 

equal to -CH2·COOH, or pharmaceutically-acceptable salts thereoi, and 1s named as N,N'­

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

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

equal to ·CHrCOOH, or pharmaceutically-acceptable salts thereof, and is named as N,N",N"-

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

7. A compound of Claim 1 wherein all T equal -CH2·P(O)ROH, where R is -O-(C1-C5 

alkyl). 

8. A compound of Claim 7 wherein the -compound i!> of Formula (IA) has two T 

equal to -CH2-P(O)ROH, where R is -O-(C1-Cs alkyl), or pharmaceutically-acceptable salts 

20 thereof. 

9. A compound of Claim Bwherein R is ethoxy, ~>r 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 Oaim 1 wherein all T equal -CH2-P(O)ROH, where R is C1-Co; 

25 alkyl. 

11. A compound of Claim 1 where one Tis 

30 

where RI and R2 are defined as in Claim 1; and all the other T terms are -CH2-COOH. 

35 
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THIS S,HEET HAS BEEN 
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' 12. A complex which comprises a tn· and tetra·cyclopolyazamacrocycllc 

compound of the formula 

wherein: 

Y is either 

.1(0. 
~' 
(A) 

Tis ·CH2-COOH or 

• 
I 

or 

0 
II 

-CHrP-OH 
I 

R 

where: R is OH, C1-Cs alkyl or -O-(C1-Cs alkyl}; 

(I} 

• 

0 
T ·. 

( B} 

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

30 oneTis 

35 

·30· 1ii~1Hf 
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R; is OH or OCH3; 

R< is N02, NH2, isothiocyanato, semicarbazido, thiosemicarbazido. male1mido. 

bromoacetamido or carboxyl; or 

pnarmaceutically-acceptable salts thereof; 

THIS SHEET HAS BEEN 
'REPLACED 

5 complexed with a metal ion selected from Gd - 3. Mn .. < or Fe· 3. 

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

14. A complex of Claim 12 wherein all T equal to -CHi-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) has two T 

1 o equal to -CH2-P(OiROH, where R is OH, or pharmaceutically-acceptable salts thereof. and is 

named as ~.N'-bis(methylenephosphonic ac1d}-2, 11-d1aza(3.3)(2,6)pydinophane. 

16. A complex of Claim 12wherein all Tequal-CHrCOOH, and the metal is 

Gd+l. 

17. A complex of Claim 16wherein the compound is of Formula (IA) has two T 

1 s equal to-CH2-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 (18) has three T 

equal to-CH2·COOH, or pharmaceutically-acceptable salts thereof, and is named as N,N',N"­

tnacetic acid-2, 11,20-diaza(3.3.3](2,6)pydinophane. 

20 19. A complex of Claim 12 wherein all T equal ·CHz-P(O)ROH, where R is -O-(C1-Cs 

25 

30 

35 

alkyl), and the m~tal is Gd+ 3, 

20. A complex of Claim 19 wherein the compound is of Formula (IA) has two T 

equal to -CH 2-P(O)ROH, where R is -O-(C1-C5 alkyl), or pharmaceutically-acceptable salts 

thereof. 

21. A complex of Claim 20 wherein R is ethoxy, or pharmaceutically-acceptable 

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

diaza(3.3)(2,6)pydinophane. 

22. A complex of Claim 12 wherein all T equal -CH2-P(O)ROH, where R is C1-Cs 

alkyl, and the metal is Gd+ 3. 

-31- iiiiOr 
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23. A conjugate which comprises a comoound of the formula 

5 

(I) 

10 

wherein: 

Y is either 

• • 
1~ "'(Jr" I ~ 

0.- I or v 
(A) T 

2( 
(B) 

one Tis -CH2-COOH or 

0 
II 

25 
-CH2-r-OH 

R 

where: R is OH, C1-C5 alkyl or -0-(C,-Cs alkyl); 

and the other Tis 

30 

35 
R1 is OH or OCH3; · 

R2 1s N02. NH2, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido, 
bromoacetamido or carboxyl; or 

pharmaceutically-acceptable salts thereof; 

-32-
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10 

15 

2( 

30 

compiexed with a metal ion selected from Gd• l, Mn - •or Fe - J; and 

covaiently attached to a biologically active material 

THIS_.SHEET HAS BEEN 
REPLACED 

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

12-22 with a pharmaceutically-acceptable earner 

25. A method for the diagnosis oi a disease state 1n an animal which comprises 

administering to said animal an effective amount of the formulation of Claim 23. 

26. A process for preparing tn- or tetra-cyclopofyazamacrocyclic compounds of 

the formula 

(Q\ 
T-N N-T 

l_,__) 
(I) 

wherein: 

Y is either 

• • 
·~· V or 

I . ~ 

~v 
(A) T 

( B) 

0 
II 

-CH2-t>-QH 
1 
R 

where: R is OH, c,-c5 alkyl or-0-(C;-Cs alkyl); 

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

pharmaceutically-acceptable salts thereof; 

whicn comorrses any one of the following: 

-33-
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10 

(A) reacting a compound of the formula 

((\ 
H-N N-H 

~yl_,J 
(II) 

E~HEET Hf.\S BEEN -, 
Rf PLACED _I 

wherein: y1 is defined as in Formula (I) for Y when (A) and when (8) the nitrogen atom 1s 

substituted with hydrogen; and 

with X-CH2-COOH, where Xis cholro or bromo atom, in the presence of an aqueous alkali metal 
15 

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 -CH2-COOH and where 

(B) has three T equal -CHrCOOH; or 

(B) reacting a compound of the formula 

20 

25 H-N N-H 

~yl_,) 
(II) 

30 wherein: Yl 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; 

to provide a compound of Formula (I) above where (A) has two I equal ·CHi·P03H2 and where 

35 (B) has three T equal -CH2-P03H2; or 

-----· -- ----·- --·-
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10 

(C) reacting a compound of the formula 

(~ 
_)-H (II) 

THIS SHEET HP.S BEEN 
REPLACED 

wherein: y1 is defined as in Formula (I) for Y when (A) and when (B) the nitrogen atom is 

substituted with hydrogen; and 

with P(ORh where R is C1-C4 alkyl in formaldehyde, followed by hydrolysis usmg 3 to 12M 
15 

20 

25 

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 -CH2-P03H2 and where 

(B) has three T equal -CH2-P03H2; or 

(D) reacting a compound of the formula 

(~ 
H-N N-H 

~yl~ 
(II) 

30 wherein: y1 is defined as in Formula (I) for Y when (A) and when (B) the nitrogen atom is 

substituted with hydrogen; and 

with P(ORh where R is C1-C4 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) aoove where {A) has two T equal -CHi-P02HR where R 1s • 

35 O-(C1-C~ alkyl) and where (B) has three T eauaf -CH 2-P02HR where R is -0-(C,-C5 alkyl); or 

-35- 1iiDiftf 
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(E) reacting a compound of the formula 

(II) 

THIS SHEET H.'l.S BEEN 
REPLACED 

wherein: y1 is defined as in Formula (I) for Y when (A) and when (B) the nitrogen atom is 

substituted with hydrogen; and 

with H3C-P(OEt)2 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-C2Hs 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 2-PO(OH)R where R 

is C,-C5 alkyl and where (B) has three T equal -CH2-PO(OH)R where R is C,-C5 alkyl 

-36-
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TRICYCLOPOL YAZAMACROCYCLOPHOSPHONIC ACIDS, COMPLEXES AND DERIVATIVES 

THEREOF, FOR USE AS CONTRAST AGENTS 

This invention concerns ligands that are mcyclopolyazamacrocyclophosphon1c 

acids, complexes and derivatives thereof, for use as contrast agents in magnetic resonance 

imaging (MRI). To better understand this invention, a brief background on MRI is provided in 

the following section. 

MRI is a non-invasive diagnostic technique which produces well resoived·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. wate,. orotons) which possess a 

magnetic moment (as defined by mathematical equations; see G M. Barrow. Physical 

Chemistry. 3rd Ed., McGraw-Hill, NY (1973)) to align in an applied magnetic field. Once 

aligned, th~_ 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 (Tl) and spin-spin (T2) relaxation and it is tt,ese relaxation measurements 
. . ' 

which give information on the degree of molecular organization and interaction of protons 

with the surrounding enyjronment. 

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 

inthe obtained image(e.g., J. Magnetic Resonance33, 83-106(1979)). 

It is known that paramagnetic chelates possessing a symmetric electronic grou"d 

state can dra~atically affect the T1 and T2 relaxatron rates of juxtaposed water protons and 

that the effectiveness of the chelate in this regard is related, in part, to the number of unpa1 rea 

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., Frontiers of Biol. Energetics !, 752-759 (1978); J. Nucl. Med. 

~ 506-513 (1984); Proc. of NMR Imaging Symo. (Oct. 26-27, 1980); F. A. Cotton et al., Adv. 

lnorg. 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 paramagnetJC metal ions which canoe considered when 

undertaking the design of an MRI contrast ag_ent. In practice. however, the most usefui 

paramagnetic metal ions are gadolinium (Gd .. 3), iron (Fe· 3), manganese (Mn - ~)and (Mn+ 3), 

and chromium (Cr .. 3), because these ions exert the greatest effect on water protons by virtue 

of the!r large magnetic moments. In a non-complexed form (e.g. GdCI 3), these metai ions 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 to· as a ligand) 1s to render.the 

paramagnetic metal non-toxic to the an1ma1 while preserving its desiraole influence on T 1 and 

T2 relaxation rates of the surrounding water orotons. 
. . 

Art in the MRI field is quite 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 si~_ilar in structure. U.S. Patent 4,899,755 discloses a method of alternating the 

proton NMR relaxation times in the liver or bile duc't 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 macrocyclomethylenecarboxylic acid. U.S. Patent 

4,880,008 (a CIP of U.S. Patent 4,899,755) discloses additional imaging data for liver tissue of 

rats, but without any additional complexes being shown. U S Patent 4,980, 148 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. Brean et al. ( J. Chem. Soc., Chem. Commun., 1738-1739 ( 1990)] describe 

compounds that are triazabicyclo compounds. I. K. Adzamli et al .. ( J. Med. Chem. ~ 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 complex of gadolinium with diet~ylenetriaminepentaacetic acid (DTPA-Gd + 3 -

Magnevlst TM by Schering) and a 003A derivative [ 1,4, 7-tris(carboxymethyl)-10-(2-

hydroxypropyl)-1,4, 7, 10-tetraazacyclododecanato]gadolinium (Prohance ™by Squibb). 

Magnevist 
711 

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 Tll 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 711
, Guerbet is commercially marketing a 

macrocyclic perfusion agent [1,4,7, 10-tetrakis(carboxymethyl)-1,4,7, 10-tetraazacyclo­

dodecanato}gadolinium (Ootarem Tll) which presently is only available in Europe. Prohance TM is 

shown to have fewer side effects than Magnevist Tll. A number of other potential contrast 

agents are in various stages of development. 
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The present invention is directed to novel ligands that are tn- and tetra­

cyclopolyazamacrocyclic compounds, and derivatives thereof, of the formula: 

T-N N-T 

• • 
~ (I) 

-
~ :. -·· wherein: _ 

Yiseither 

• 
I 

or 

(A) T 

(B) 

Tis -CHi-COOH, or 

0 
II 

-CH2-r-OH 

R 

.·where: R is OH, C1-C5 al~yl or-0-(C,-Cs alkyl); 

with the proviso that both T moieties are the same or 

one Tis 

Rl 

2 

• 
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R: is OH orOCH3; 

R-' is N02. NH2. isothiocyanato, semicarbazido. th1osemics.rbazido. maleimido. 

bromoacetamido or carboxyl; or 

oharmaceutically-acceptable salts thereof. 

When the above ligands of Formula (I) have: 

all T equal -CH 2-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-CH2-COOH, or the pharmaceutically-acceptable salts thereof, the 

ligands are referred to herein as BP2A (A) and TP3A for (B); 

all T equal ·CH2-P(O)ROH, where R is-O-(C1-C5 alkyl), or the pharmaceutically­

acceptable salts thereof, the ligands are referred to herein as BP2(0-Alk)P for (A) and TP3(0-

Alk)P fot (B); and 

all T equal-CH2-P{O)ROH, where R is C1-C5 alkyl, or the pharmaceutically­

acceptable salts thereof, the ligands are referred to herein as BP2(Alk)P for (A) and TP3(AI k)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 ag.ents; 

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(Alk)P, which 

are useful as general perfusion contrast agents; and 

an overall charge of + 1 -when Formula (I) 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 a pharmaceutically acceptable form 

for administration to an animal. 

When one T term is other than -CH2-COOH or -CH2-P02HR, 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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6 

15 

(IA) 

6 

(IB) 

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 extracel I ular agent. The specificity of the ligand of 

Formula (I) may be controlled by adjusting the total charge and lipophilic character ofthe 

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 P03H2 groups (BP2P and TP3P), the overall charge is 

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

is 0 (thus neutral, TP3A, TP3(0-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 SP2(Alk)P], the comolex d1soiays 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 biolocalizatton. 

Tissue specificity may also be realized by ionic or covalent attachment of the 

chelate to a naturally occurring or synthetic molecule (e.g. through Rl)-having specif1ciw for a 

desired target ti.ssue. One possible application of this approach is through the use of chelate 

conjugated monoclonal antibodies which would transport the paramagnetic chelate to 

diseased tissue enabling visualization by 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. Patent_s 

4,880,008 and 4,899,755) has demonstrated that variations in lipophilicity can result in tissue-· 

specific agents and that increased lipophilic character favors non-covalent interactions with 

blooa proteins resulting in enhancement of relaxivity. 

i 

follows: 

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

"C,-Cs alkyl" includes both straight and branched chain alkyl groups. 

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

"Complex" refers to a complex of the compound of the invention, e.g. Formula 

(I), 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 polydonal, monoclonal, chimeric antibody or 

heteroantibody, preferably a monoclonal antibody; "antibody fragment" includes Fab 

fragments and F(ab')
2 

fragments, and any portion of an antibody having specificity toward a 

desired epitope or epitopes. When using the term "radioactive metal chelate/anti body 

conjugate" or "conjugate", the "antibody• is meant to inciude whole antibodies and/or 

antibody fragments, including semisynthetic or genetically engineered variants thereof. 

Possible antibodies are 1116-NS-19-9 (anti-colorectal carcinoma), 1116-NS-3d (anti-CEA), 70304 

(anti-human lung cancer), 704A 1 (anti-human lung cancer), CC49, CC83 and 872.3. The 

hybridoma cell lines 1116-NS-19-9, 11 t6-NS-3d, 70304, 704A 1, CC49, CC83 and 872.3 are 

deposited with the American Type Culture Collection, having the accession numbers 

ATCC HB 8059, ATCCCRL8019,ATCC HB 8301, ATCC HB8302, ATCC HB 9459, ATCC HB 9453 

andATCC HB 8108, respectively. 
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The bifunctional chelating agents described herein {represented by Formula (I)) 

can be used to chelate or sequester the metal ions so as to form metal ion chelates (also 

referred to herein as "complexes"). The complex~s. because of the presence of the functrona1-

1zing moiety [represented by R2 in Formula (I)}, can be covalently attached to bioiogteally active 

materials, such as dextran, molecules that have specific affinity for a receptor, or preferably 

covalently 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-acceptaoie salts" means C)ny salt or mixtures of 

salts of a compound of Formula (I) 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 inclu~e. for example, sulfuric, hydrochloric, phosphoric, acetic, succinic, citric, lactic, 

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

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

sorbic, picric, benzoic, cinnamic acids and other suitable acids. Also included are salts formed 
j 

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 io":s. 

1 Particularly preferred are the salts of the compounds of Formula (I) where the salt is potassium, 

sodium, or ammonium. Also included are mixtures of the above salts. 

The compounds of Formula (I) are prepared by various processes. Typical general 

synthetic approaches to such processes are provided by the reaction schemes given below. 

In Scheme 1, the compounds of Fo.rmula (I) are prepared wherein Y is (A) or (B). 

and all T moieties are -CH2-COOH. 
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Scheme 

(II) 

X-CH2-COOH 

aqueous base 

(III} 

wherein: y1 is defined as before for Y when (A) and when (B) the nitrogen atom is substituted 

with hydrogen; and 

Xis chloro o.r bromo atom; and Y2 is defined as before for Y when (A) and when (B) the 

nitrogen atom is substituted with -CHi-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 (8), 

and all T moieties are 

where: RisOH. 
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Scheme 2 

H-N N-H 

l__Yl __,) 

_ 1) P(OR)3/CH20 
R = CH3, C2ff5, C3H7, C4H9 

hydrolysis/A 

(I I·) 
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wherein: y1 is defined as before for Y when (A) and when {8) the nitrogen atom is substituted 

with hydrogen; Y3 is defined as before for Y when (A) and when (B) the nitrogen atom is 

. subst1tuted·with -CH2-P03H2. 

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, 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 comp~unds of Formula {I) are prepared wherein Y is (A) or (B), all 

T moieties are 
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where: R is -O-(C1-Cs alkyl) 

Scheme 3 

(~ 
H-N N-H (I!) 

~Yl_,) 
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2) base.hydrolysis/a 

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 2-P02HR; and 

R is -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 (I) are prepared wherein Y is (A) or (B). all 

T moieties are 
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where: R is C1-Cs alkyl. 

Scheme 4 shows the preparation of the comoounds of Formula (I) when R is 

methyl. 

Scheme 4 

(~ 

H-r _)~H 
'---y1 

(II) 

2) base hydrolysis/d 

(VI) 

wherein: y1 is defined as before for Y when (A) anci when {B) the nitrogen atom is substituted 

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

substituted with-CHi-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 at reflux. Pressure is not critical so that ambient pressure is 

used 
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In Scheme 5, the comoounas of Formula (I) are orepared wherein Y is (A) or (B). all 

T moieties are 

where: R is Ci-Cs alkyl. 

0 
II 

-CH2-P-OH 
I 

R 

Scheme 5 shows the preparation of the compounds of Formula (I) when R is ethyl. 

Scheme 5 

(~ 
H-N N-H 

L 1 (II) 
~yl_,/ 

(VII) 

wherein: y1 is defined as before for Y when (A) and when {B) the nitrogen atom is substituted 

with hydrogen; Y6 is defined as before for Y when (A} and when (B) the nitrogen atom is 

substituted with-CHrPO{OH)C2H5. 

The reaction in Scheme 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 

pressure is used. 
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Scheme 6 shows the preparauon of the comoounds of Formula (I) when one Tis a 

bifunctional moiety; and the other Tis defined above for formula (I). 

Scheme .6 
REPLACEMENT SHEET 
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H-N N-H 

l ~ 

(II) 

H-N 

i 

HCl/Ll OCH3 

N--CH 

I I 
• C02H 

'-...._y7 __./ 

I 

N--CH (VIII} 

i 
'-....._ 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 1s 

substituted with-CHrC02H. 



.,_ . REPLACEMENT SHEET 

14 

In the above Schemes, the general process oescript1on illustrates soeci fie steps 

that may be used to accomoiish a desired reaction step. The generai descriotaon of these 

- process steps follows. 

The generai synthetic methodology for preparing the 2:2 and 3: 3 macrocyc11c 

precursors outlined in Schemes 1-6 is described by Pappalerdo et al., J. Org. Chem. 53. 3521-

3529 (1988). The carboxylate derivatives described in Scheme 1 are prepared by conventional 

alkylation procedures utilmng chloro- or bromo-acetic ac1a under basic aqueous conditions 

and utilizing the appropriate secondary amine macrocyclic starting material. 

The phosphonic acid derivatives outlined in Scheme 2 can be preoared by initial 

alkylation of the amine with a trialkyl phosphite and para formaldehyde, resulting in an organic 

soluble perester. This ester is 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 ar~ prepared as shown in Scheme 3 by initial formation 

of the di alkyl phosphonate ester, followed by hydrolysis under basic conditions. Base hydrolysis 

gives exclusive conversion to the half ester. 

Scheme 4 illustrates the methodology for synthesizing the methyl phosphinate 

derivatives using diethoxymethylphosphin~ as the nucleophile and paraformaldehyde. 

. Condensation can be conducted in solvents such as tetrahydrofuran (THF), dimethylformamide 

(OMF), dioxane, acetonitrile, or alcoholic media. The resulting phosphinate ester is then 

hydrolyzed under acidic conditions (e.g. 6N HCI, 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. 0. Sherry et al. (lnorg. 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 {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 useful in the practice of the invention are gadolinium 

(Gd+ 3), iron (Fe+ 3) and manganese (Mn+ 2), with Gd+ 3 being preferred. 
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The complexes are preoared by metnods well known in the art. Thus, for 

exam pie. see Chelating Agents and Metal Cheiates. Dwyer & Metler, Academic Press ( 1964). 

Chapter 7. See also methods for making amino acids in Svnthetic Production and Utilization of 

Amr no Acids, (edited by KameKo. et al.) John Wiley & Sons ( 1974). An example of the 

preparation of a comp1ex involves reacting a b1cyclooolyazamacrocyclophosphon1c acid wtth 

the metal ron under aqueous conditions at a pH from 5 to 7. The complex formed is by a 

chemicai bond and results in a stable paramagnetJC nuclide comoosition, e.g. stable to the 

ciisassoc1ation of the paramagnetic nuclide from the ligand 

The complexes of the oresent invention are adm!ri1stered at a iigand to metai 

molar ratio.of at least about 1: 1, preferably from 1: 1 to 3: 1. more preferably from 1: 1 to 1.5: 1. 

A large excess oi iigand is undesirable since uncomplexed ligano may be toxic to the animal or 

may result in cardiac arrest or hypocalcemic convulsions. 

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

-vehicle therefore. The methods fo.r prep~r-ing such formulations are well known. The formula­

tions may be in the form of a suspension, injectable solution or other suitable formulations. 

Physiologically acceptable suspendin_g media, with or without adjuvants. may _be used. 

An "effective amount" of the formulation is used for diagnosis. The dose wi 11 

vary depending on the disease and physical parameters ofthe animal, such as weight. In vivo 

diagnostics are also contemplated using formulations ofthis invention. 

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

removal of undesirable metals (i.e. iron) from the body. attachment to polymeric supports for 

various purposes, e.g. as diagnostic agents, and removal of metal ions by selective extraction. 

The ligands of Formula (I) having in at least two R terms T equal to P(O)R 'OH may be used for 

metal ion control as scale inhibitors. Some of these ligands can be used in less than 

stoichiometric amounts. Similar uses are known for compounds described 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_c~nsideration 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 foll~ws: 

LC = liquid chromatography, purifications were carried out at low pressure using 

Dionex 2010i system fitted with a hand-packed Q-Sepharose TU anion exchange column (23 x 2 

cm). 
DMF = dimethylformamide. 
AcOH = acetic acid. 
g = gram(s). 
mg = milligrams. 
kg = kilogram(s). 
ml = milliliter(s). 
µL = microliter(s). 
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oH Stabilitv General Procedure 

A stock 159GdCi 3 (or ?53SmCJ 3} solution was oreparec oy adding 2 µL of 3x 10-.!:\." 

,59GdCl 3 in 0. 1-~ HCI to 2 mL of a 3x 1Q-4M GdCl 3 carrier soiut1on. Approonate ligano so1ut1ors 

were then prepared in deionized water. The· 1: 1 ligand/metal com pi exes were then preoarec 

by combrnmg the i1gands (dissolved in 100-500 µl of deionized water) with 2 ml of the 5-.0( • 

t59GdCl 3 solution, followed by through mixing to give an acidic solution (pH = 2). The pH o: 

tne soiut1on was then raised to 7.0 using 0.1 N NaOH. The oercent metal as a complex was :~e·· 

aeterm1ned by passing a sample of thecompiex solution through a Seohadex ... G-50 cotumr-: 

eluting with 4: 1 saline (85% NaCl/NH40H) and collecting 2 x 3 ml fractions. The amount. of 
radioactivity in the combined elutions was then comparea with that :eft on the resin cnon­

complexed metal is retained on the resin). The pH stab•l:ty profile was generated by ad1ust1r.g 

the pH of an aliquot of the complex solution using 1M NaOH or lM HCI and determining the 

percent of the metal existing as a complex using the ion exchange meth_od described above. 

The Sm results are known by experimental comparison to be identical for compl"exation 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 recorded on a B_ruker AC-250 MHz 

spectrometer equipped with a multi-nuclear quad probe (1 H, 13C, 31P, and 19f) at 297°K unless 

otherwise indicated. 1 H spectra in o2o were recorded by employing solvent suppression pulse 

sequence ("PRESAT", homo-nuclear presaturation). 'H spectra are referenced to residual 

chloroform (in COCl3) atc57.26 or external dioxane (in 0 20) atc53.55. ~JC and 3tp spectra 

reported are proton decoupled (broad band). Assignments of 13C {1 H} chemical shifts were 

aided by DEPT {Distortionless Enhancement by Polarization Transfer) experiments. '.3C {' H} 

spectra are referenced to center peak of COCl3 at 877.00 (in COCl3) and external dioxane at 

S66.66 (in D20). 31P {1H} spectra were referenced to external 85% H3P04 ato0.00. Melting 

points were determined by capillary melt methods and were uncorrected. Semi preparative 

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 Tll (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 Selective Detector. 

STARTING MATERIALS 

ExamoieA 

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 mmol) in 

anhydrous DMF ( 1 .3 L) at 80°C was added dropwise (1.5 hr) under a N2 atmosphere a solution of 
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2,.6-bis(chloromethyl)pyridine ( 12.32 g. 70 mmof) in DMF (200 ml). Aher I 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 res1aue was como1ned wrtn 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 powaer (5.24 g, 27%): mp = 246- 248uc and further 

characteriz.ed by: 

i H NMR (DMSO-d6) 

o 2.42 (s, 6H), 4.38 (s, SH), 6.99 (d, 4H), 7.40-7.49 (m, 6H), 7.88 (d, 4H); and 

13( {tH} NMR (DMSO-d6) 

o 20. 91-; SS.SS, 122. 12, 126.92, 129.88, 135.9? •. 137 .03, 1 ~3.30, 154. 71; and is i I lustrated by the 

formula 

Ts-N N-Ts 

) 

Example B 

Preparation of 2, 11-diaza[3.3J(2,6)pydinophane. 

N,N'-ditosyl-2, 11-diaza[3.3)(2,6)pydinophane (5.24 g, 9.5 mmol), prepared in 

Example A," was dissolved in 90% H2S04 (48 ml) and heated at 110°Cwith 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 

s.olution (200 mL) which was cooled in an ice bath. The resulting white solid was extracted with 

CHCl3 (3 X 100 mL), dried over anhydrous MgS04, 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: 

1 H NMR (CDCl3) 

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

l3C{1H} NMR(CDCl3) 

0 55.89, 119.73, 135.71, 159.36; 

CG/mass spectra mlz M + 240; and is illustrated by the formula 
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N-H 

) 
H-N 

ExampleC 

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 Soxlet extraction) mp 260- 262°C; and further characterized by: 

1 H NMR (DMSO-d6) 

0 2.31(s,9_H), 4.08 (s, 12H), 7.01(d,4H), 7.30 (d, 6H), 7.52 (t, 3H), 7.67 (d, 6H); and 

13( {1H} NMR (DMSO-d6) 
f 

820.92, 54.03, 120.55, 127.13, 129.83, 135.12, 136.83; 143.45, 155.47; and is illustrated bythe 

formula: 

Examole 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, 0.61 mmol), 

prepared in Example C was dissolved in 90% HiS04 (6 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 
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with CHCl 3 (2 X 30 ml), dried over annydrous MgS04, filtered, and concentrated tn vacuo to 

dryness to give the titled product as a waxy white solid (0.167 g, 76% ); and further 

characterized by: 

'H NMR (CDCl3) 

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

13( {1 H} NMR (CDCl3) 

0 54.58, 120. 72, 136.50, 1 58.64; 

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

H-N N-H 

( '~ 
~i_A} 

H 

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 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 10 min to obtain a well mixed slurry, it was heated to 85°Cand 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 CHCJ 3 (20 ml) and washed with deionized water (5 X 15 ml). 

The organic layer was dried over anhydrous MgS04, filtered, and the solvent was removed in 

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

1 H NMR (CDCl3) 

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

13( {1 H} NMR (CDCl3) 

B 52. 75 (d), 54.88 (d), 65.21 (d), 122. 71, 135.69, 157. 14; and 

31p NMR (CDCl3) 

o 27.22; and is illustrated by the formula 
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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 tnethyl­

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 

was dried over anhydrous MgS04 , filtered, and the solvent was removed in vacuo to give the 

product as a yellow waxy sol id (957 mg, 91 % ); and further characterized by: 

'H NMR (CDCl3) 

81.24 (t, 12H), 3.20 (d, 4H), 3.94 (s, SH), 4.07 (q, SH), 6.71 (d, 4H), 6.98 (t, 2H); and 

t3C {t H} NMR (COCl3) 

8 16.48, 55.36 (d), 61.75 (d), 65. 14 (d), 122.52, 135.41, 157.04; and 

3tp {1H} NMR(CDCl3) 

8 24.60; and is illustrated by the formula 
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FINAL PRODUCTS 

Ligands: Preparation of tri- and d1methylenecarboxylic acids as shown.!n Scheme i 

Example 1 

Preparation of N,N'-diacet1c acid-2. 11-diaza[3.3)(2,6)pydinopnane (8P2Al. 

11 Auli 1997 

To a stirred aauecus solution (1 ml) of 2, 11-oiaza[3.3J(2,6)pyainoohane, oreoarea 

in Example B, (82.4 mg, 0.58 mmol) was added bromoacet1c acid C275 mg, 1.98 mmoi, excess; 

and the pH of the reaction mixture was maintained above 10 by ado:ng smail oort1ons of cone. 

NaOH until no more caustic was needed to keep pH> i 1 !-30 min;. The reaction mixture was 

then heated (60°() for 2 hr, then the reaction mixture was cooled to room temperature. !he or. 

of the reaction mixture adjusted to 7. The solution was tnen chromatograpned on cation 

exchange (SP-Sepharose T") column (1.5 X SO cm) eiuting f:rst w.th deionized water then with 

1 M HCl. The acidic fraction containing product was evaporated to dryness, followed by co­

evaporation with fresh deionized water(3 X 2 ml) to eliminate excess HCI. The final product 

was isolated as a white solid upon freeze drying of the concentrated aqueous solution from 

. above; and characterized by: 

1H NMR(D20) 

6 4.17 (s, 4H), 4.43 (s, SH), 7.15 (d, 4H), 7.66 (t, 2H); and 

13C {1H} NMR (020) 

661.44, 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 O, (54.5 mg, 0.15 mmol) was added bromoacetic acid (100 mg, 0.72 mmol, 

excess) and the pH of the reaction mixture was maintained above 10 by adding small portions 

of cone. -NaOH until no more caustic was needed to keep the final pH> 11 ( ..... 30 mm). The 

reaction mixture was then heated (60°0 for 2 hr, cooled to room temperature, and oH adjusted 

to 7. The aqueous solution was then chromatographed on a cation exchange (SP-Sepharose '") 

column (1.5 X-50 cm) eluting first with deionized water then with 1M HCI The acidic fraction 

containing product was evaporated to dryness, followed by coevaporation with fresh 

deionized water (3 X 2 ml) to eliminate excess HCI. The final product was isolated as white 

solid upon freeze drying of the concentrated aqueous soltJt1on from above; and characterized 

by: 

lH NMR (020) 

B 4.12 (s, 6H). 4.68 (s, 12H), 7.41 (d, 6H), 7.81(t,3H); and 

13C {i H} NMR (020) 

0 57.32, 60.53, 128.57, 143.42, 152.42, 171.17. 



22 

Llganas: Preparation of dimetnyienepnospho:;:c acids as snown in Scheme 2 

Examole 3 

REPLACEMENT SHEET 

11 AUG 1997 

Preparation of N,N'-bis(methylenephosohonic acid)-2, 11-d1aza[3.3)(2,6)pydinophane (BP2P). 

A cone. HCI solution (37~·o.4 mll of N,N -b1s(memy1eneaimethyipnosohonate1-

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 HCI. The final product 

was isolated as a hydroscopic brown solid upon freeze-drying of the concentrated aqueous 

solution; and characterized by: 

lH NMR(D20) 

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

13C {lH} NMR {020) 

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

31p {'H} NMR (020) 

o 11. 71.Ligands: Preparation of dimethylenephosphonate half esters as shown in Scheme 3. 

Example4 

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(n{ethylenediethylphosphonate)-

2, 11-diaza{3.3J(2,6)pydinophane, (957 mg, 1.77 mmol) was ~ombined 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 CHCl3tc2H50H (9515), 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: 

1H NMR(D20) 

o 1. 10 (t, 6H), 2.97 (d, 4H), 3.81 (q, 4H), 3.84 (s. SH), 6. 73 (d, 4H), 7.09 (t, 2H); and 

nc {'H} NMR (020) 

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

3.1P{1H} NMR(020) 

s 20.65. 

Complexes: 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. Sometimes heated solutions were found to give higher complex yields than when the 

complexation was done at ambient temperatures 



REPLACEMENT SHEET 

23 

[ i 1 l\Uli 1997 I 
For exampie. a solution of the ilganci 1s prepared by dissolving the iigand !n 

deionized water-(about pH= 2). A ligand/metal comolex was tnen prepared by como1ning t!1e 

ligand solution with aqueous SmCl 3 H20 (3x10--lM in O.OlN HCI) containing tracer 153SmCi; 

After thorougn mixing, me percent metal as a comoiex was determined by passing a samp1e oi 

the comoiex solution through a Seohadex •M column. eluting with 4: 1 saline (0.85% 

NaCl/NH JOH), and collecting 2 x 3 ml fractions. The amount of radioactivity in the comoinea 

elutions was then compared with that left on the resin. Under tnese conditions, comoiex.was 

removed with the eluent and non-complexed meta1 is retainea on the resin. By this metnoc 

comp1exauon was determined to usually be about 95~·o or greater. 

Jsmg the above procedure, the comoiexes of samarium with 

N,N'-diacetic acid-2, 11-diaza[3.3](2,6)pydinophane (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 

ratio of 3: 1, 98.6%; 

N,N'-bis(methylenephosphonic acid)-2, 11-diaza[3.3}(2,6)pydinophane (8P2P), 

ligand:metal ratio of 3: 1, 95%; and 

N,N'-bis(methylenephosphonicacid ethyl ester)-2, 11-diaza(3.3](2,6)pydinophane 

(BP2EP), ligand:metal ratio of 4: 1, 98%; 

were made. However, in an analogous manner the corresponding gadolinium complexes may 

be prepared. 

BIOOISTRIBUTION 

General Procedure 

. . . . . . . 

Sprague Dawley rats were allowed to acclimate for five days then injected with 

100 µLofthe complex soiution via a tail vein. The rats weighed between 150 and 250 g at tne 

time of injection. After 30 min. th~ 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 counts in 100 µL 

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 

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 assuming muscle tQ be 43% of the total 

body weight. 

In addition to organ biodistribution, chelates of the compounds of Formula (I) 

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 I 

When the complex 153Sm(N.N'-diacet1c acid-2, 11-diazai3.3IC2.6)oyainopnanej 

(' 53Sm-BP2A) was evaluated, the results are given in Table I below The numbers represent the 

average of a minimum of 2 rats per data point at 2 hours post in1ect1on. 

-· 
Bone/Blood 

65 

TABLE I 
BIODISTRIBUTION OF 153Sm-BP2A 

% INJECTED DOSE 

ORGAN I AVERAG.E 

Bone I 27.98 

Liver I 0.68 

Kidney 0.95 

Spleen 0.01 

Muscle 0.80 

Blood I 0.43 

Heart I 0.02 

Lunc;;i 0.06 

Brain 0.01 

Stomach 0.05 

Small Intestine 0.80 

Large Intestine 0.04 

TABLE I 
RATIOS FOR 153Sm-BP2A 

AVERAGE% INJECTED DOSE 

35 41 2,798 
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When the complex 153Sm[N,N",N"-triacet1c acid-2. l 1.20-

diaza[3.3.3)(2,6)pydinophane] (153Sm-TP3A) was evaluated, the results are given 1n Table !I 

oelow. The numbers represent l rat per data point at 2 hours post in1ect1or.. 

I Borie/Blood 

I 3 

TABLE II 
BIODISTRIBUTION OF 153Sm-TP3A 

% INJECTED DOSE 

ORGAN % INJECTED 
DOSE 

Bone I 1_495 I 
I 

Liver I 0-570 

Kidney 0.639 

Spleen 0.068 

Muscle I 0.833 

Blood 0.437 

Heart 0.016 

Lung 0.047 

Stomach .. 0.036 . 

Small Intestine 1.426 

Large Intestine 0.156 

TABLE II 
RATIOS FOR 153Sm-TP3A 

AVERAGE% INJECTED DOSE 

Bone/Muscle Bone/Liver 

I 2 I 3 I 

i 

i 
j 

Bone/Spleen 

22 
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When the complex t53Sm(N,N"-bis(methylenephosphonic acid)-2.11-

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

beiow. The numbers represent 3 rats per data point at 2 hours post iniect1ori 

TABLE Ill 
BIODISTRIBUTION OF 153Sm-BP2P 

· % INJECTED DOSE 

ORGAN AVERAGE 

Bone 60.08 

Liver 3.71 ' 

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 Ill 
RATIOS FOR 153Sm-BP2P 

AVERAGE% INJECTED DOSE 

Bone/~lood Bone/Muscle I Bone/Liver Bone/Spleen · 

69 I 39 I 16 1,201 I 
I 
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EXAMPLE IV 

When the complex i53Sm[N_.N -bis(methyienepnosphonic acid ethyl ester)-2.11-

diaza[3.3](2,6)pydinophane] C~ 3Sni-BP2EP) was evaluated, the results are given in Table IV 

below. The numbers represent 3 rats per data point at 2 hours post in1ect1on. 

-·· 

Bone/Blood 

88 

TABLE IV 
BIODISTRIBUTJON 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 

TABLE IV 
RATIOS FOR 153Sm-BP2E 

AVERAGE% INJECTED DOSE 

Bone/Muscle Bone/Liver B_one/Spleen 

33 7 I 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. It is 

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. Jri- and tetra-cyclopolyazamacrocycl1c compounds of the formu1a 

(~ 
T-N N-T 

~ ___) 
y 

(I) 

wherein: 

Y is either 

or 

• • 
I ~ 

~v 
(A) T 

(B) 

T is-CH2-COOH or 

where: R is OH, C1-C5 alkyl or-O-{C1-C5 alkyl); 

with the proviso that both T moieties are the same or 

· oneTis 

Rl 

2 

11111111111111 11111 11111 II 1111 
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R: is OH or OCH3; 

R2 is N02, NH2, isothiocyanato, semicarbazido, throsem1carbaz1do, maleimido, 

bromoacetamido or carboxyl; or 

pharmaceutically-acceptable salts thereof. 

2. A compound of Claim 1 wherein all T equal to -CH2-P(O)ROH, where R is OH. 

3. A compound of Claim 2 wherein the compound is of Formula (IA) has two T 

equal to -CH2-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. 

4. A compound of Claim 1 wherein all T equal -CH2-COOH. 

5. A compound of Claim 4 wherein the compound is of Form..rla (IA) has two T 

equal to -CH2-COOH, or pharmaceutically-acceptable salts t,hereof, and rs 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 -CHz-COOH, or pharmaceutically-acceptable salts thereof, and is named as N ,N' ,NH -

triacetic acid-2, 11,20-diaza[3.3.3](2;6)pydinophane. · 

7. A compound of Claim 1 wherein all;T equal -CH2-P(O)ROH, where R is -O-(C 1-C5 

alkyl). 

8. A compound of Claim 7 wherein the compound is of Formula (IA) has two T 

equal to-CHi-P(O)ROH, where R is -0-(C1-C5 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 -CH2-P(O)ROH, where R is C1-C5 

alkyl. 

11. A compound of Claim 1 where one Tis 

Rl 

2 

where Rl and R2 are defined as in Claim 1; and all the other T terms are-CH2-COOH. 

111111111111111111111111111111 
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12. A compiex which comprises a tn- and tetra-cyciopolyazamacrocyrnc 

compound of the formula 

wherein: 

Y is either 

or 

(A) T 

(B) 

Tis -CH2-COOH or 

where: R is OH, C1-C5 alkyl or -O-(C1-C5 alkyl); 

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

oneT is 

Rl 

2 

( I ) 

• 

- - - --- ------

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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R'. is OH or OCH3; 

R< is N02, NH2, isothiocyanat6, semicarbazido. thiosemicarbazido, maleimido. 

bromoacetamido or carboxyl; or 

pnarmaceutically-acceptable salts thereof; 

complexed with a metal ion selected from Gd - 3, Mn .. i or Fe - 3. 

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

14. A complex of Claim 12 wherein all T equal to -CH2-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) has two T 

equal to -CHi-P(O}ROH, where R is OH, or pharmaceutically-acceptable salts thereof. and is 

named as N,N'-bis(methylenephosphonrc acid)-2, 11-diaza[3.3)(2,6)pydinophane. 

16. A complex of Claim 12 wherein all T equal-CHi-COOH, and the metal is 

Gd+3. 

17. A complex of Claim 16 wherein the compound is of Formula (IA) has two T 

equal to -CHi-COOH, or pharmaceutically-acceptable salts thereof, and:is named as N,N'-· 

di acetic acid-2, 11-diaza[3.3](2,6)pydinophane. 

18. A complex of Claim 16whereinthe ~ompound is of Fdrm~la (IB) has three T 

equal to-CH2-COOH, o~.pharmaceutically-acceptable salts thereof, .~nd is named as N,N',W­

triacetic acid-2, 11,20-diaza[3.3.3J(2,6}pydinophane. 

19. A complex of Claim 12wherein all T equal-CHi-P(O)ROH, where R is-O-{C1-C5 

alkyl), and the metal is Gd +3. 

20. A complex of Claim 19 wherein the compound is of Formula (IA) has two T 

equal to -CHi-P(O)ROH, where R is -O-(C1-C5 alkyl), or pharmaceutically-acceptable salts 

thereof. 

21. A complex 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[3.3J(2,6)pydinophane. 

22. A complex of Claim 12 wherein all T equal -CH 2-P(O)ROH! where R is C1-Cs 

alkyl, and the metal is Gd+3. 

111111111111111111111111111111 
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23. A conjugate which comprises a comoound of the formula 

(~ 
T-N N-T 

l__y~ 

wherein: 

Yis either 

or 

(A) 

(B) 

one T is-CH2-COOH or 

where: R is OH, C1-C5 alkyl or -O-(C1-C5 alkyl); 

and the other T is 

2 

R1 is OH or OCH3; 

I THIS SHEET HAS BEEN 
· REPLACED -·· 

(I) 

R2 1s N02, NH2, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido, 

bromoacetamido or carboxyl; or 

pharmaceutically-acceptable salts thereof; 

11111111111111 11111 1111111 Jiii 
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compiexed with a metai ion seiectea from Gd - ;, Mn - 2 or Fe· 3; and 

·covaiently attached to a biologica1ly active matena! 

'EPLACEMENT SHEET 

11 AUG 1997 

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

12-22 with a pharmaceutically-acceptable earner. 

25. A method for the diagnosis of a disease state in an animal 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 

(0-
T-N N-T 

l_y~ 
(I) 

wherein: 

Y is either 

• • 
r k 

or ~v 
(A) T 

(B) 

T is-CHrCOOH or 

0 
II 

-CH2-r-OH 

R 

where: R is OH, C1-C5 alkyl or-0-(C;-Cs alkyl); 

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

pharmaceutically-acceptable salts thereof; 

whicn comonses any one of the following: 

111111111111111111111111111111 
* C L M S * 



3-t 

(A) reacting a compounc oft";: formula 

H-N N-H 

l_yl __,) 
(II) 

REPLACEMENT SHEET 

I \ \ AUG 1997 I 
THIS SHEET HP..S BEEN 

REPLACE.0 

wherein: y1 is defined as in Formula (I) for Y when (A) and when (B) the nitrogen atom is 

substituted with hydrogen; and 

with X-CHrCOOH, where Xis 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 -CHi-COOH and where 

(B) has three T equal -CHi-COOH; or 

{B) reacting a compound ofth.e formula 

(0. 
H-N N-H 

l_yl~ 
(II) 

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 forn:aldehyde, at a pH below about 2. at 

reflux temperature; 

to provide a compound of Formula (I) above where (A) has two T equal -CH 2-P03H2 and where 

(B) has three T equal -CH2-P03H2; or 

111111111111111111111111111111 
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(C) reacting a compound of the formula 

H-N N-H 

l 
---yl 

___) 
(I I) 

REPLACEMENT SHEET 

11 AUG 1991 

THIS SHEET H.!\S BE.EN 
REPLACED 

wherein: y1 is defined as in Formula (I) for Y when (A) and when (8) the nitrogen atom is 

substituted with hydrogen; and 

with P(OR)] where R is C,-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 compound of Formula (I) above where {A) has two T equal -CH 2-P03H2 and where 

(8) has three T equal -CH2-P03H2; or 

(D) reacting a compound of the formula 

(~ 
H-N N-H 

~yl___) 
(II) 

wherein: y1 is defined as in Formula (I) for Y when (A) and when (8) the nitrogen atom is 

substituted with hydrogen; and 

with P(ORh where R is C1-C4 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 -CHi-P02HR where R 1s -

0-(C:-C5 alkyl) and where (8) has three T eaual -CH2-P02HR where R is -O-(C1-C5 alkyl); or 

111111111111111111111111111111 
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(E) reacting a compound of the formula 

(II) 

THIS SHEET H!~S BEEN 
REPLACED 

wherein: Yl is defined as in Formula (I) for Y when (A) and when (8) the nitrogen atom is 

substituted with hydrogen; and 

with ~3C-P(0Et)i in formaldehyde and tetrahydrofuran, followed by hydrolysis using excess 

alkali metal hydroxide, at a pH above about 12, at reflux temperature or with HP(O)OH-C2Hs in 

formijldehyde 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 -CH2-PO(OH)R where R 

is C1-Cs alkyl and where (B) has three T equal -CHi-PO(OH)R1where R is C1-Cs alkyl. 

.. ----------- ---·----· ·-----·-· 

111111111111111111111111111111 
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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. 

-·· -------------···· 

lii11iii1nr . 
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The present invention is directed to novel ligands that are tri- and tetra-L------
cyclopolyazamacrocyclic compounds, and derivatives thereof, of the formula: 

(I) 

T-N N-T 

wherein: 

Y is either 
(A) 

. or 

• (B) 

Tis -CH2-COOH, or 

where: 

R is OH, c1-C5 alkyl or -0-(Ci-Cs alkyl); with the proviso that both T moieties are the 

same or one T moiety is 

R 1 is OH or OCH3; 

R2 is N02, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido 



4 

bromoacetamido or carboxyl; or 

pharmaceutically-acceptable salts thereof. 

REPLACEMENT SHEET 
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I 

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

cyclopolyazamacrocyclic compound of the formula: 

T-N N-T 

wherein: 

Y is either 
(A) 

or 

• (B) 

T is -CH2-COOH or 

where: 

R is OH, C1-C5 alkyl or -O-(C1-C5 alkyl); with the proviso that all T moieties are the 

same: or one T moiety is 
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Rl is OH or OCH3; 

R2 is N02, NH2, isothiocyanato, semicarbazido, thioseinicarbazido, maleimido, 

bromoacetamido or carboxyl; or 

pharmaceutically-acceptable salts thereof; 

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

When the above ligands of formula (I) have: 

all T equal -CH2-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 -CHz-COOH, or the pharmaceutically-acceptable salts thereof, the 

ligands are referred to herein as BP2A(A) and TP3A for (B); 

all T equal -CH2.:.P(O)ROH, where R is -0-(Ci-Cs alkyl), or the pharmaceutically­

acceptable salts thereof, the ligands are referred to herein as BP2(0-Alk)P for (A) and 

TP30-Alk)P for (B); and 

all T equal -CH2-P(O)ROH, where R is Ci-Cs alkyl, or the pharmaceutically­

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 ion is + 3 the following can be obtained: 

an overallcharge 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(Alk)P, 

which are useful as general perfusion contrast agents; and 

an overall charge of + 1- when Formula (I) 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 a pharmaceutically acceptable form for 

administration to an animal. 

When one T term is other than -CHrCOOH or -CHrP02HR, 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 

(I) 

T-N N-T 

.· 

wherein: 

Y is either (A) 

or 

• • (B) 

T is -CH2-COOH or 

where: R is OH, C1-C5 alkyl or -0-(C1-C5 alkyl); with the proviso that all T moieties 

are the same or one T moiety is 

Rl is OH or OCH3; 

R2 is N02, NH2, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido, 

bromoacetamido or carboxyl; or 
- ----- - ------- - --- - --- -·-

I lllflll llllfl 1111111111111111 
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pharmaceutically-acceptable salts thereof. 

2. A compound of claim 1 wherein all T moieties are equal to -CHi-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 -CH2-P(O)ROH, where R is OH, or 

pharmaceutically-acceptable salts thereof, and which compound is named N,N'­

bis(methylenephosphonic acid)-2, 1l-diaza[3.3](2,6)pyridinophane. 

4. A compound of claim 1 wherein all T moieties equal -CH2-COOH. 

5. A compound of claim 4 wherein the compound is a compound of Formula 

(IA) which has two T moieties equal to -CHi-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 -CHi-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 -CHz-P(O)ROH, where R is -O­

(C1-C5 alkyl). 

8. A compound of claim 7 wherein the compound is a compound of Formula 

(IA) which has two T moieties equal to -CH2-P(O)ROH, where R is -0-(Ci-Cs 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(methylenephosphonic acid ethyl 

ester)-2,ll-diaza[3.3](2,6)pyridinophane. 

10. A compound of claim 1 wherein all T moieties equal -CHz-P(O)ROH, where 

R is C i-C5 alkyl. 

111111111111111111111111111111 
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11. A compound of claim 1 where one T moieties is 

Rl' 

REPLACEMENT SHEET 

18 DEC 1997 

where Rl and R2 are defined as in claim 1; and all the other T moieties are -CHi-

COOH. 

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

compound of the formula 

wherein: 

Y is either 

T is -CH2-COOH or 

---··--

• 
or 

N 
I 
T 

··-- --··· ---··-·---

11111111 m111 "'" l1111111111 · * C L M S * 
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where: R is OH, Ci-Cs-alkyl or -O-(C1-C5 alkyl); with the proviso that all T moieties 

are the same: or one_ T moiety is 

Rl is OH or OCH3; 

R2 is N02, NH2, 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 Qd+3. 

14. A complex of claim 12 wherein all T moieties are equal to -CH2-P(O)ROH, 

where R is OH, and the metal is Qd+3. 

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

. (IA) which has two T moieties equal to -CH2-P(O)ROH, where R is OH, or 

pha~ceutically-acceptable salts thereof, and which compound is named N ,N' -

bis(methylenephosphonic acid)-2, l 1-diaza[3 .3](2,6)pyridinophane. 

16. A complex of claim 12 wherein all T moieties equal -CHrCOOH, and the 

metal is Gd+3. 

17. A complex of claim 16 wherein the compound is a compound of Formula 

(IA) which has two T moieties equal to -CHrCOOH, 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 -CH2-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. 

--------------

111111111111111111111111111111 
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19. A complex of claim 12 wherein all T moieties equal -CHi-P(O)ROH, where 

R is -O-(C1-C5 alkyl), and the metal is Gd+3. 

20. A complex of claim 19 wherein the compound is a compound of Formula 

(IA) which has two T moieties equal to -CHi-P(O)ROH, where R is -0-(Ci-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, 1l-diaza[3.3](2,6)pyridinophane. 

22. A complex of claim 12 wherein all T moieties equal -CH2-P(O)ROH, where 

R is C1-C5 alkyl, and the metal is Gd+3. 

23. A pharmaceutical formulation comprising a complex of claim 12 with a 

pharmaceutically-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. 

111111111111111111111111111111 
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TRfCYCLOPOLY AZAMACROCYCLOPHOSPHONIC 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. 


