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sectional i mages-ryhipadfethviingsoleasiviabRaty aroransPRBNIC ROk conmLefeeadl y a human

body. This technyay “%ﬁ E&g%ymgﬁ&mwg&g&gy of certain atom c nuclei

(e.g. water protons ossess a magnetic nonent [as defined by

mat hemat i cal  equations; see G M Barrow, -Physical Chem stry, 3rd Ed.

MG aw Hi || NY (1973)] Tthomneniigueoncernsdigandgshitped-praigmethilenepilyataacr@yic al i gned,
this equili br§ Uph&brvhieadue BompRxdd SridldbHviiRas /et Ikt t@ntaik agents@i igheut adi 0
frequency (RF) pil, ﬁce}/«\{}b.‘?@wﬁ@%ﬁémlJlﬁerRFr%Ré?mveJ&z%n g ils chh&gunQUrt m@fs al i gnnent

with the magnetlc pul'se I's term nat the nuclei return

to thei'r equi | i BH\'I%m the following section.
MRI s a non-invasive diagnostic technique whu:h produces well resolved cross-

secuonal images of sof_t__ tissue within an animal body, preferably a human body. Thistecnnique
10 is based upon the property of certain atomic nuclei (e.g. water protons}) which possess a
magnéticmoment [as defined by mathematical equations; see G. M. Barrow, Physical
Chemistry, 3rd £d., McGraw-Hill, NY {(1973)] to align in an applied magnetic field. Once
aligned, this equilibrium state can be perturbed by applymg an external radio frequency (RF)
~ pulse which causes the protons to be tilted out of alngnmem with the magnenc field. When the
15 RF pulse is terminated, the nuclei return to their equilibrium state and the time required for
this to.occur is known as the relaxation time. The relaxation time consists of two parameters
known as spin-lattice (T1) and spin-spin {T2) refaxation and it is these felaxation measurements
which give information on the degree of molecular organization and interaction of protons
withthe surrounding environment. |
20 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 relaxatuon
. times (T1 and T2) of protons present in tissue being examined, the greater will be the contrast
inthe obtained image {e.g.. /. Magneti¢ Resonance 33, 83-106 (1979)].
25 it is known that paramagnetic chelates posseési_ng a symmaetric electronic ground
state can dramatically affect the T1 and T2 relaxation rates of juxtapased water protons and
-that the effectiveness of the chelate in this regard is related, in part, to the number of unpaired
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
30 administered to a living animal, its effect on the T1 and T2 of various tissues can be directly
observed in the magnétic resonance (MR) images with increased contrast being observed inthe .
areas of chelate localization. it has therefore been préposed 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 1, 752-759 (1978); /. Nud. Med.
35 25, 506-513 (1984); Proc. of NMR Imaging' Symp. (Oct. 26-27, 1980); F. A.Cotton et al., Adv.
Inorg. Chem. 634-639 (1966)]. Paramagnetic metal chelates used in this manner are referred to

as 'contrast enhancement agents or contrast agents.
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(T1) and spin-spin (T2) relaxation and it is these relaxati-on.
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1, g7J52 759 ( 197@ 8 5"% ﬁﬁ"a}'m ‘Wéﬂ“%%"“%’% dg%gfa f@@ﬂ)”""gﬁs "QI"V'E’F%t\K/R | rragl ng
;'Syrrp (Cct. 26- "z?m*Vf@%'ﬂy*vc"ﬁ<°f¢9'exea@dc't5ﬁef@i“"§r and SuggRfts amng Fafouseiem  634- 639
i(1966) | . Par gsregmedunds thepbaible gsa eflapyridine ms@dydqmemle@cmrleaadau& Patefterred to as
'Cont rast enhancguss,ods (P .S, PREnt §,89317E A Gilcloses additional imaging data for liver tissue of

rats, but without any additional complexes being shown. U.S. Patent 4,980,148 discloses

gadohmum complexes for MRI which are non-cyclic compounds. C. J. Broan et al. {4 Chem.
: Soc., Chem Commun., 1739-1741 (1990)] describe some bifunctional macrocyclic phosphinic
', 20 acid compounds. C.J. Broan et al. [ J. Chem. Soc., Chem. Commun., 1738-1739 (1990)] describe
. . compounds that are triazabicyclo compounds. (. K. Adzamli et al. { J. Med. Chem. 32, 139-144
' (1989)] describe 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 diethylenetriaminepentaacetic acid (DTPA-Gd + 3 - Magnevist™
25 by Schering) and' a DO3A derivative i1 ,4,7-tris(carboxymeti\yl)-1 0-(2-hydroxypropyl)-1,4,7,10-
tetraazacyclododecanato)gadolinium (Prohance™ by Squibb). Magnevist™ and Prohance™ are
considered as non-specific/perfusion agents since they freely distribute in extracelluiar fluid
followed by efficient elimination through the renal system. Magnevist™ has proven to be
extremely valuable in the diagnosis of brain lesions since the accompanying breakdown of the
30 blood/brain barrier allows perfusion of the contrast agentinto the affected regions. in
addition to Magnevist™, Guerbet is commercially marketing a macrocyclic perfusion agent
_ {1,4,7,10-tetrakis{carboxymethyl)-1,4,7, 1o-tetfaazacyclododecanato]gadol inium {Dotarem™)
: which presently is only available in Europe. Prohance™ is shown to have fewer side effects than
( Magnevist™. A number of ather potential contrast agents are in various stages of
35 development.
The presentinvention is directed to novel ligands that are 2-pyridyl-
methylenepolyazamacrocydic compounds, and derivatives thereof, of the formula



agents. 2 There

are a nugber @f paramagnetic netal ions which can be considered-when
undertaki ng the design of an MRl contrast agent. In practice, however, the
nost useful paramagnetic netal ions are gadolinium (Gd+3), |ronT@ as Becn R
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ions exert the greatest effect on water protons by vi.ft.ue of thei

magneti ¢ nonents. In a non-conplexed form(e.g. Gdd[err]), these netal

ions are toxic to an animal, thereby precluding their use in the sinple

sal't form Therefore, a fundanental role of the organic chel ating agent

(also referred to as a ligand) is to rendep the paramagnetic¢ netal

non-toxic to the animal while preserV|ng { deS|rabIe i nfluence on T1 and

T2 relaxation rates of the fUﬁﬂ](gf protons Art in the M
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where: Ris OH, C;-Cs alkyl or -0-(C;-Cs alkyl);
R1is OH or OCHj3;
R2is NO;, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,

25 bromoacetamido or carboxyl;
- with the proviso that only one T moiety is

Rl

| ~cx @ .
f . 30 _ ' :

! CO.H -2

where R1 and R2 are defined as before; or

’ ' pharmaceutically-acceptable saits thereof.

]' ) 35 When the above ligands of Fofmu(a (1) have:

! all T equal P(O)ROH, where R is OH, or the pharmaceutically-acceptable salts
(

thereof, the ligands are referred to herein as PD3P;
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acconpanyi ng brﬁakdown Ofotﬁehﬁnammq/ggﬂﬂrgerha‘}’hfch%u@‘u‘a@%xﬁ%&t%‘tr&p of the
contrast agent I'nto the g rré %cted regions. In addition to Magnevist[err] ,

CGuerbet is comrercially ting
: _ anoverall neutral charge of 0 - when Formula (1) has one T equal to -CH2-PO3HR

where Ris -0-(Cy-Cs alkyl) or C1-Cs alkyl and twe T have a COOH group present; or
) all three T equal -CH;-PO3HR where R is -0-{Cy~Cs alkyl) or C;-Cs alkyl; or all three
20 Tequal ~CH,-COOH (PD3A), which are useful as general perfusion, blood pool,
brain or liver contrast agents.

The complexes may be formulated to be in a pharmaceutically acceptable form
-Y@dministration to an animal.

When one T term is

25

-CH
CO,H N2
30 ‘ '

t1 and R2 are defined as before, then the compound is a bifunctional ligand/compiex
*be linked through R2 to 3 biologically active molecule,

The compounds of Formula {!) are numbered for nomenciatyre purpases as

35
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One aspect of the present invention concerns development of contrast agents
having synthetic modifications to the pa'rafﬁagnetic chelate enabling site specifi¢ delivery of
the contrast agent to a desired tissue. The advantage being increased contrast in the areas of
interest based upon tissue affinity as opposed to contrast arising from non-specific perfusion
which may or may not be apparent with an extraceliular agent. The specificity of the ligand of
Formula () 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 0 as indicated above. For
example, for a'comp,lex having 3 POzH; groups (PD3P), the overall charge is highly negative and
bone uptake is expected; whereas when the overall charge of the complexis 0 (thus neutral,
PD3A, PD3(0-AIK)P, and PD3(AIK)P), the complex may have the ability to ¢ross the blood brain
barrier and normal brain uptake may be possible. Unexpectedly, fora éomplex having an
overall charge of 0 [PD3(0-Pr)P], the complex displays liver uptake.

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

Tissue specificity may also be realized by ionic or covalent attachment of the
chelate to a naturally occurring or synthetic molecule (e.g. through R2) having specificity for a
desired target tissue. One possible application of this approach is through the use of chelate
conjugated monoclonal antibodies which would transport the paramagnetic chelate to
diseased tissue enabling visualization by MRL In addition, attachment of a paramagnetic
chelate 10 a macromolecule can further increase the contrast agent efficiency resulting in
improved contrast relative 1o the unbound chelate. Recent work by Lauffer (U.S. Patents
4,880,008 and 2,899,755) has demonstrated that variations in lipophilicity can result in tissue-
specific agents and that increased lipophilic character favors non-covalent interactions with

blood proteins resulting in enhancement of relaxivity.
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wher ei n: T is independently.-CHerr]- This Sheet Has Been Replaced

[err] i wher e: Ris OH (err]- C[err] al kyl or T
-O-(derr]- Cferr] al kyl); Rerr] is OHor CCH err]; UMIH{H"HII‘ I,
NOJ err], NHerr], isothiocyanato, sem carbazido, thiosen car !

mal ei m do, brormacet am do or car boxyl with the proviso that only one T
noi ety can- be :

Typical DO3A derivatives in which non-coordinating N-substituents are presen:
generate neutral fanthanide chelates but have been found to be kineticly labile under acidic
conditions. The DO3A derivative PROHANCE™ gains added kinetic stability by virtue of 2
pendant i'\ydroxyl moiety which can coordinate to the metal ion but may alter the overall

g chelate ionic character.

In contrast, the present invention relates to a group of DO3A derivatives of
Formula (1) which possess a 2-pyridyl pendant moiety which forms a coordinate bond without
altering the overall chelate ionic character. In addition it has now been found that the 2-
pyridyl substituent adds kinetic stability to the chelate under. acidic conditions (pH below about

10 7). Chelates of this invention in which the ligation moieties are PO, HR where Ris -O-(C;-Cs

alkyl) have demonstrated potential as liver imaging agents.

The terms used in Formula (1} and for this invention are further defi'ned as

follows: ' .

“Cy-Cs alkyl”, include both straight and branched chain alkyl groups.

1s “Animal” includes a warmblooded mammal, preferably a human being.

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

“Biologically active material” referstoa dextran, peptide, or molecules that have
specxflc afflmty fora receptor, or preferably antibodies or antibody fragments.

20 "Ant:body refers to any polycional, monoclonal, chimeric antibody or
heteroantibédy. preferably a monoclonal antibody; “antibody fragment” includes Fab
fragments and F{ab"); fragments, and any portion of an antibody having specificity toward a
desired epitope or epitopeé. When using the term “radioactive metal chelate/antibody
conjugate” or “conjugate”, the "antibody” is meant to include whole antibodies and/or

25 antibody fragments, including semisynthetic or genetically engineered variants thereof.
Possible antibodies are 11 16-NS-19-9 (anti-colorectal carcinoma), 1116-NS-3d (anti-CEA), 703D4
{anti-humnan lung cancer), 704A1 (anti-human lung cancer), CC49, CC83 and 872.3. The
hybridoma cell lines 1116-NS-19-9, 1116-NS-3d, 703D4, 704A1, CC49, CC83 and B72.3 are
deposited with the American Type Culture Collection, having the accession numbers

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

and ATCC HB 8108, respectively.
The bifunctional chelating agents described herein frepresented by Formula (1))

" ¢an be used to chelate or sequester the metal ions so as to form metal ion chelates (also
referréd to herein as “complexes”™). The complexes, because of the presence of the functional-
izing moiety {represented by R2 in Formula (1)), can be covalently attached to biologically active
matefials, such as dextran, molecules that have specific affinity for a receptor, or preferabiy

covalently attached to antibodies or antibody fragments. Thus the complexes described herein

3s



[err} where R1 and R2 are defined as before; and

proviso,that at least one T moiety is -CHerr]-P(O RCH mhefﬁl Has
(derr]-d err] ‘al kyl); or phar maceuti cat | y-accept abl e i “\Hﬂ ‘\
The invention is also directed to a conpl ex which conpri ses
polyazanacroqullc

may be covalently attached 10 an antibody or antibody fragment or have specific affinity for a
receptor and are referred to herein as “conjugates”.
As used herein, “pharmaceutically-acceptable salts™ means any salt or mixtures of
salts of a compound of Formula (1) which is sufficiently non-toxic to be useful 1n diagnosis of
5  animals, preferably mammals. Thus, the saits are useful in accordance with this invention.
Representative of those salts formed by standard reactions from both argani and inorganic
‘ . sources include, for example, sulfuric, hydrochloric, phosphoric, acetic. sucanic, citric, factic,
maleic, fumaric, palmitic, cholic, palmoic, mucic, glutamic, gluconic acid, d-camphoric, glutaric,
glycolic, phthalic, tartaric, formic, lauric, sterig, salicyli¢, methanesulfonig, benzenesulfonic,
10. sorbig, picric, benzoic, cinnamic acids and other suitable acids. Also included are salts formed
by standard reactions from both organic and inorganic sources such as ammontum or 1-deoxy-
t-{methylamino)-D-glucitol, alkali metal ions, alkaline earth metal ions, and other similarions.
Particularly preferred are the salts of the compounds of For'muia (1) where the salt is potassium,
sodnum or ammonium. Alsoincluded are mixtures of the above salts.
15 The compounds of Formula () are prepared by various processes Typical general
synthetic approaches to such processes are prov:ded by the reaction schemes given below.
The starting material of Formula (if) shown in these Schemes is prepared by
-alkylation of 1,4,7,10-tetraazacyclododecane (“cyclen”) with 2-chloromethyl pyridine at room
temperature in an inert organic solvent such as chloroform.
20 InSchemé 1, the comhounds of Formula (I) are prepared wherein all T moieties
are -CH;-COOH.

25
30
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conpound of the formla | —tferr

Wwherein; 5 T is independently -CH err] - COOH, heet Has Been Replaced

C o THmI

Scheme 1

] ()
— |

10
X-CH2~COOH

aqueocus base

is  BOOC-HaC
| r—j/——kj

N

IS

HOOC-Ha¢” CH2-COOH (1I1)

20

The aqueous base is alkali metal hydroxide, such as sodium hydroxide or
potassium hydroxide. The pH of the reaction is maintained about 8-12. Temperature is
between about 50-90°C; and pressure is not critical so that ambient pressure is used.

In Scheme 2, the compounds of Formula (1) are prepared wherein all T moieties

25
are
o]
il .
-CHz—lr—OH p

R

30 where: Ris OH.

J
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wher e: Ris OH (err]-Cferr] alkyl or -O-((err]-Cerr] alkyl);
Rlerr] is Od or CCH err] - Rlerr] is NOJerr], NHerr], i 53 eplaced
sem car bazi do, thiosem carbazi do, nal ei mido, bronpacetam do . EIL
with the . proviso that only one T noiety can be [err] -
Rlerr] are defined as before; and with the-proviso that at |east one T
moiety is ~-CHerr]- ~ P(OROH where Ris -O((err]-Cerr] alkyl); or
pharmaceutical | y-acceptabl e salts thereof; conpl exed with a nmetal ion
selected from Gd+3, Mi+2 or Fe+3.

écheme 2

— ] )
l ! ~ 3P03/HC1
H H CH20

10
1) P(OR)3/CH20 _
R = CH3, C2Hg, C3HT7, CyHg
2) acid hydrolysis/A
15 . |
. W l
H203P-H2(‘\l-———| ~
N o p—
-} . (IV)
20 - .
H203P-H2C CH2-P0O3H2

The hydrolysis in Scheme 2 is done by known aqueous acid conditions, such as
25 ysing3 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 runin oné 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 ¢ritical so that
ambient pressureisused.
30 In Scheme 3, the compounds of Formula {I) are prepared wherein all T moiezies
are
fl)
- ) —CHz-li—OH : ;
| R

where: R is -0-(C1-Cs atkyl).




3b The invention is still further directed to a pharnaceutical

formul ati on conprising a conplex of the invention with a PRAGIREEN i o
acceptable carrier. The invention is further directed |
di agnosi s. usi ng nmagneti c resonance i magi ng of a di sease stafums’m&

with calcifi.c, brainy heart or liver tissue, or variations I o]
general perfusion in an aninmal which conprises adm nistering to said aninal;
an effective amount of the formulation of an effective anmount of a

pharmaceuti cal fornulation of the invention. When t he above | i gands
of Formula (1) have: all T equal P(OROH where Ris OH or the

phar maceutical | y-acceptabl e salts scheseaf, the ligands are referred to
herei n as PD3P; all T equal COOH,- or the pharnaceutically-acceptable
salts thereof, the ligands are referred to er!in as PD3A; all T
equal P(O RCH, where Ris -O efrT- yl), or the
pharmaceutically- aceptable s Nt he&ﬁgf., the ligands are referred to

herein as PD3(0-Al k)P; and all T equal Pg ROH, where Ris
Clerr]-derr] alkyl, or the pharnnceuticdlly-a ce’ptable salts thereof, the.
| igands are referred to hereigﬁé PD[Iex ] (Al k) P.

H

10
1) P(R)3/CH20
2) base hydrolysis/A
15 M NP
’ RHOzP-HzC\ |-——-l g Ny I
- —N Noe——y
: ' (V)
REO2P-H2C U CH2-PO2HR
wherein:
Ris-0-(Cy-Cs alkyl).
25 .

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

i used. ]

In Scheme 4, the compounds of Formula (1} are prepared wherein all T moieties =
_- 30 are

Q

. il

-CHZ-ID—OH .

i ' R

35 where: R is C1-Cs alkyl.
Scheme 4 shows the preparation of the compounds of Formula () when Ris

methyl.




4 ~ The conpl exes of this invention can be designed to provi
speci ficroveral l. charge which advantageously influences the | thS'SYi&tHas

bi ol ocal i zati on and i nage contrast. For exanple, when the netal
the foll owi ng can be obtai ned: an overal|l charge of -3- wh #Hﬂl I,I ,I

(1) is PD3R, which are useful as calcific tissue

Scheme Y

S
L __J (1II)
H/ H
10 | 1) H3CP(OC2H5)2/CH20/THF

2) base hydrolysis/A.

N/
5 CH3(0H)0P—CH2\\\[———1 - |

20 . (VI)

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
25 reactionis above 9. Temperature is at reflux. Pressure is not critical so that ambient pressure is
used. ' .

Scheme 5 shows the prepa}étion of the compounds of Farmula {{) when Ris ethyl.

35



contrast agents; an overall charge of -2- when Formula (1) has—fvxrﬁL—‘

~equal to -CHerr]-PgJerr]Herr] and one T has - a--COCH roup de
- which ‘aré useful as calcific tissue contrast agents; ge :
of -1- when Forrmula (I) has one T equal to -CH[err]-PC{err] “

other T has a COOH group present, which are useful as cal ci

contrast agents; an,overall neutral charge of 0O - mhen Fornula
(1) has-one T equal to -CH2- POBHR where Ris -O((err]-Cerr] alkyl)
or Jerr]-Cerr] alkyl and two T have a COOH group present; . or all
three T equal -CHerr]-PQerr]HR where Ris -O((err]-Cerr] alkyl) or
Cerr]-Cerr] alkyl; or all three T equal -CH err]-COOH (PD3A), which
are useful as general perfusion, bloo pool, brain or liver contrast
agents. The conpl exes nay Beh§®sr Iated to be in a pharnmaceutically
acceptable formfor adnlnlstratlon to an When one T termis
[err] Rl err] and R[err e deflnggJEéjﬁefore then the conpound is a
bi f uncti onals Ilgand/conplex

(11)

10
HP{0)OH~C2H5/CH20 /HC1
15 ‘L '
. Néf l
Csz(OH)OP-CHz\ l—_—l .
.' . . — N N—— :
20 —7 —— o _
-C2H5(0H)OP-CH2 ¢H>-PO(OH)C2Hs5
25 The reaction in Scheme S is under acidic conditions with a hydrochioric acid. The
pH of the reaction is below 3. Temperature is at reflux. Pressure is not critical so that ambient
pressure ns used.
Scheme 6 shows the preparatlon of the compounds of Formula ( when Thasa
bifunctional moiety.
30

35
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Iinked'thfbugh Rierr] to a biologically active nol ecul e e conpounds
of Fornula (1) are nunbered for nonmenclature purposes as gy Sheet Has Been

il |

[err] + - » T
8 9 - One aspect of the present i nventi on conce
of contrast agents having synthetic nodifications to the p

chel ate enabllng site speC|f|c delivery of the

Scheme 6  oepy

N7

‘ BrCH
“\f—"l/

/']' ]\ H\
(1I) ' B

BCH2CO2CH3 RN Y\ U g

/ C

. COzCH3
CH30C(0) CHz /__O

-OCH3

____N
— . N—] (nextpage)
CH30C{O)CH2 CH
CO2CH3 02

" 25

30

35

.13-



5 contrast agent to a desired tissue. The advantage bei ng increased
contrast, in the areas of interest based upon tissue affln“fy aS‘opﬁesed~Lo_*_
contrast arising fromnon-specific perfusion which nmay or: '
apparent with an extracellular agent. The specificity of th Replaced
Formula (1) may be controlled by adjusting the total Qharge Ji
character ‘of the conplex. The.overall range of the charge of

from-3 to O as indicated above. For exanple, for a conplex haV|ng

3PJ err]H err] groups (PD3P),. the overall charge is highly negative and

bone uptake is expected; whereas when the overall charge of the conplex is

O (thus neutral, PD3A, PD3(0- and PP3(Al k)P), the conplex nmay have
the ability to cross the bl ooﬁg"rﬁ‘eﬁ?r{s (8PFi%r and normal brajn upt ake nmay be

possi bl e. Unexpectedly, for a conpl aving an overall chayge of 0

[ PD3(0-Pr) P], tlcazocyoptex ELSﬁlays i vgr upt ake. VWil e} not wishing to
be bound by theory it Fs\ bel when a charged conpl ex of the '
invention is made (e.grpdssi 3 for_bone, - £ liver,for +1 for
heart), the variations|in that chgl at &fbnic chaﬁge can i nf| uence

bi ol ocal i zat i on. Ti-s fici}) Ay a realizied by ionic or

af urally og¢curring or synthetic

H02C-CH2\ I l /—O
' OCH;
Ha/Pd e
HO,C~CH; i i CH

coval ent attaqﬁgg ﬂ%
’R2)

nol ecul e (e.qg. hrou

COzH YO
nozc—caz r___]’//___L\::]
N—r
- OCHgjy
HO,C-CH» IH

Scheme 7 shows the praparation of the compounds of Formula (f) when one Tis
PO3HR where R is defined as in Form ila (i) and the other two T are COOH.

30

35
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desired target tissue. Cne possi bl e application of this approach |ts

t hrough «t he use; of ‘chel ate conjugat ed nonocl onal anti bodi es

transport the paramagnetic chelate to di seased tissue enabli ng |\T“\
visualization by MRI. In addition, attachment of a paranagnetrc

a macronol ecul e can further increase the contrast agent efficie

resulting in-inproved contrast-relative to the unbound chel ate. Recent work
by Lauffer (U S. ‘Patents 4,880,008 and 4, 899, 755) has denonstrated that
variations in |ipophilicity can result in tissue-specific agentd and that
increased |ipophilic character favors non-coval ent interactions with bl ood
proteins resulting in enhancenent ﬁiaxrvrty ~ Typical DXBA

derivatives in which non-coordinal substituents are present generate
neutral |anthani de chel ates bgygﬁave been found to be Kki ically labile

under acidic congiti The deri vgy £%g PROHANCE[ erjr'] [yai ns added
kinetic stability vrrgyé gig

pendant yI ch can
coordinate to th al W-enbutgopByscahd er the-dver atl—chel ate ionic
character. I n contrast t he presen |rvent|on reljates to a group of
'DOBA derivatives (1) which possé dyI pendant noi ety
which forns a c dilnat nd without alterjsg the @ I helate i onic
character. In additi 't Has now been fourd t 8%’ yrrdyl
substituent adds ki{igpic stability to the chel at under acidic conditions
(pH bel ow about 7). Chelates -off this invention i Mch the | i gation

have
rms used in
fied as fol | ows:

denonstrated potential as |ivel imaging
:Formula (1) and for this invention are furtherydef

moieties are PJ err] HyaiesgaRlis - O ( re{ir rr] al

"derr]-Cerr] alkyl", include both s{raight it and br andhed chain al kyl

:groups. : "Anin&kicﬁ?clude a r npl oo¢led |, preferably a human
bei ng. f-—W I K~ __ '
ei ng - | N .4 H'//i ]E\ —

N Ne———
e (——

o T rk " NaOH
R203P-CH; CH2-CN _
) T
- HO2C~CH3 |
l \\\i L’/,—JE;:]

HO2C~CH3
f—t L _
N.__

RHO3P-CH3 CH2~-CO2E

H303P~-CH4 CH;-CO2H

30 In Scheme 7 the hydrolysis steps are done as described in prior schemes. The

formaldehyderbisulfite addition complex reaction is done aqueous basic conditions to give
selective alkylation at the 4,10-positions. The phosphonate group is then introduced selectively
at the 7-position.
'in the above Schemes, the general process description illustrates specific steps
35 that may be used to accomplish a desired reaction step. The general description of these

process steps follows.
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6 "Conpl ex" refers to a conpl ex of the conpound of The invention, — —

dextran, peptide, or nolecul es that have specific affinity
or preferably antibodies or antibody fragnents. "Antib

e.g. Formul a,(l;), conplexed with a netal ion, where at Iea%-ﬁlm,

. : : . is
is chel ated or sequestered. "Biologically active nmat erlcj
f

any pol ycl'onal., monoclonal, chineric antibody or héteroantibody,
pref erably a nonocl onal "anti body; "anti body fragnment” includes Fab

fragnents and F(ab')2 fragnents,

specificity toward a desired epitope or epitaqpes.
metal chel at e/ anti body 'bR[PGYLtegerivayvesdessiled [fathe™e ! FefEenacg

to i nclude whol élkdation browiiuses utilizing chorqaprtbrdysepgetic pcynean basic aqueryt QeHitRYs-
sem synthetic or genet i TaéghoyphddRGlideaia ks vidlidedin Shehd txEERprepdrans inltlae
anti bodi es ar78 3k d QioNSriHedme by thatG PO RGLAY pafAd GLARIER ) resuttdghPanrgand

(anti - CEA),

10

15

20

25

30

35

soluble perester. This ester is then hydrolyzed under refluxing acid condifions to give the
desired aminophosphonic acids. Alternatively, the phosphomic acid can be prepared under
acidic conditions by employing phosphorous acid in combination with formaldehyde and
hydrochioric acid. .

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

Scheme 4 ilfustrates the methodology for synthesizing the methy! phosphinate
derivaiives using diethoxymethylphosphine és the-nucleophile and paraformaldehyde.
Condensatiori can be conducted in solvents such as tetrahydrofuran (THF), dimethylformamide
(DOMF), 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. D. Sherry et al. (Inorg. Chem., submitted 1991) using
ethylphosphonic acid generated in situ can bé used to obtain phosphinate derivatives having
increased lipophilic character. ' _ _

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

Scheme 7 shows a general procedure for the selective alkylation of the 4,10-
positions using the formaldeﬁydelbisulﬁte addition compound. The resulting intermediate is
converted to the corresponding nitrile, followed by introduction of the phosphonate moiety at
the the 7-position. Acid or base hydrolysis yields the corresponding hydrolyzed final products.

. 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 pﬁramagnetic 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.

_The complexes are prepared by methods well known in the art. Thus, for
example, see Chelating Agents and Metal Chelates, Dwyer & Mellor, Academic Press (1964),
Chapter 7. See also methods for making amino acids in Synthetic Production and Utilization of

-16-

Ty

and any portion of an antibody having

When ua%ng "radiloactive
BOE*"Y's neant

|



(anti - human Iung cancer), 704A1 '(anti-hu'man | ung canéer) ‘a°ed
B72.3. The hybridoma cell lines 1116-NS-19-9, 1116-NS-3d, 703
CC49, ‘CC83 and B72.3 are deposited with the Arerican Type Cul t

Col I ection, having the accession nunbers ATCC HB 8059, ATCC CRL 8019, ATCC
HB 8301, ATCC HB 8302, ATCC HB 9459, ATCC HB 9453 and ATCC HB 8108,
respectively. The bifunctional chel ati ng agents ‘descri bed herein
[represented by Formula (1)} can be used to chelate or sequester -the netal
ions so as to form netal ion chelates (also referred to herein -as

"conpl exes"). THaen o@a@:deaieesyxah%aaa%mwh QsQﬁs?ﬁ%\Q‘%eﬁRp&bﬁhJ unctional i zi ng

{Tgl g;[ g| E)rgle(e;ﬁs %mg‘%%lo\tr}éf %Teglerx mv?lves reactln?_la blcg d)°] %zamacroqdo;rhos ar‘\kcear:}% Ha’f a:} ta\?g hed

specific affi nittayrefbien ‘é{‘dF'é&‘@ﬁ‘t‘&"d"'ﬂ}‘a‘ﬁr”éf’@‘f“éfﬂ7y"C-’é?/%ﬂ“‘éfﬂ"f‘%}"‘a’yf ached to
anti bodi es or &hfmicldbdyd ahd agirend sablePhrarsagnéta nedidqxosptsisondes aatidsetheher ei N may
be coval ently akds@daiRdofthe RRmadAkICROMYe fRIn By fragnent or have specific

affinity for a recept Ohe & le Ecﬁﬂ{egjegwn VQHIIO(R F%Qmmas eredsazalcgrp gza\ta As
used herein, ghar nmaceut | c or m Xt ur es

of salts of a CORYBERR a‘éﬂ*“?—?ﬂ’%u‘l %f"'ffrla?'yv\ﬂ’ﬁ' bh‘°i3s @ﬁf?’F’&?@h‘H"&/‘ Hettoxi c to be
useful in di agftiedesxces offipinn kwiesirpiesines wiodnyplaved tigerd say BEIesR to thdrmminsdrt S ar e

useful in accomeasmoentirtib stk & njgdlREHiL QAvuisBRPT €sent ati ve of those salts
formed by, sygndar d 1 edgkiantlLAILRRL D LAAD ScANL 0L SaRLG, SOUT Cos

~include, for aggh ur| C , acetic, succinic,
Ccitric, lactici fal é'eff"e F'l’fr‘r’ﬁf’i%‘ f°’|B%SP"rﬁ“9 fugh f°E‘h‘iﬂ"P’2§a’e]ﬂ§| kapwn- Thauci ¢, gl utanic,
 gluconi ¢ aci d, f°f§1°@aﬁ'plmvi>eon theflount ef p susnensiinyigiedtable solpivh brakecspitablar t ari ¢, formi c,
lauric, steri Cfprrrs:aalubreymyfmuognaﬁ, Baépesbléldsgunbing mE % RNE MdhdbQijutants SRYy Bl C,

picric, benzoigeq Ccinnam c acids and other suitable acids. Also i ncl uded

are salts formed by standard reactions from both organic_and
15 An “effective amount” of the formulation is used for diagnosis. The dose will

vary depending on the disease and physical parameters of the animal, such as weight. In vivo
diagnostics are also contemplated using formulations of this invention.
Other uses of some of the chelants of the present invention may include the
removal of undesirable metals (i.e. iron) from the body, attachment to polymeric supports for
20 various purposes, e.g. as diagnostic agents, and removal of metal ions by selective extraction.

. Theligands of Formula (1) having in at least two Rterms T equal to ;CHI-P(O)R1OH may be used
for metal ion control as scale inhibitors. Some of these ligands can be used in less than
stonch:ometnc amounts. Similar uses are known for compounds described in U.S. Patents
2,609,399; 3,331,773; 3,336,221; and 3,434, 969.

25 ' The invention will be further clarified by a consideration of the following
~ examples, which are intendec_‘! to be purely exemplary of the present invention.
- Some terms used in the following examples are defined as follows:
LC = liquid chromatography, purifications were carried out at low pressure using
Dionex 2010i system fitted with a hand-packed Q-Sepharose™ anion exchange column (23 x 2

30 <m).

DMF = dimethylformamide.
AcOH = aceticacid.
g = gram(s).
mg = milligrams.
35 xg = kilogram(s).

mL = milliliter(s).

sl = microliter(s).
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i norgani c sources such as ammoni um or 1-deoxy-I|-(methyl am no) -

al kali petal ,

the salt

is potassium sodium or amoni um Al so included are

t he above salts.
The compounds of Formula (1) are prepared by the variqu$ processes,

i ens, alkaline earth nmetal ions, and other simla
Parti cul arIy preferred are the salts of the corrpounds of For mul

gI uc

#WFF

i tol,
Has Been Re laced

L]

typ| cal

syntheti c approaches to such processes are provided by the reaction

gener al

schenes given bel ow The starting material of Fornmula (11) shown in
t hese Schenes is pr pared b al kylation of 1,4,7, 10-tetraazacycl ododecane
("cyclen) with 2= WS ri di ne at roomterrperature In an inert

organic sol vent such as AsietkdP64NenSIsmCls) solpypnGedpogpered by afidies 20befdidiMs of

Formula (1) are poepas@t e AL 6f a 3l 10-4MGdtQ kLtidr @Futiak. Approgriatititahg lutlhs
were then _prepared in deionized water. The 1:1 ligana/metal compliexes were then preparea

5 by combining the ligands (dissolved in 100-500 uL of deionized water) with 2 mL of the stock
"¥GdCl3 solution, followed by through mixing 1o give an acidic solution (pH = 2). The pH of
the solution was then raised to 7.0 using 0.1N NaOH. The percent metal as a compiex was then

~ determined by passing a sample of the complex solution through a Sephadex™ G-50 column, _
eluting with 4:1 saline (85% NaCl/NH40H) and collecting 2 x 3 m{ fractions. The amount of

10 radicacuvity in the combined elutions was then compared with that left on the resin {(non-
complexed metal is retained on the resin). The pH stability profile was generated by adjusting

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

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

The Sm results are known by experimental comparison to be identical for complexation and

15 biodistribution of the ligands of this invention.
SYNTHESIS OF LIGANDS.
General Materials and Methads.

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 équipped with a multi-nuclear quad probe (1H, 13C, 31P, and 19F} at 297°K unless
otherwise indicated. 'H specifé in D;O were recorded by employing solvent suppression pufse-
sequence {"PRESAT", homo-nuclear presaturation). 'H spectra are referenced to residual
chloroform (in CDCly) at §7.26 or external dioxane (in D,0) at §3.55. 13C and 3P spectra
reported are proton decoupled (broad band). Assignments of 13C {1H} chemical shifts were

25 aided by DEPT (Distortionless Enhancement by Polarization Transfer) experiments. 13C {'H}
spectra are referenced to center peak of CDCl3 at §77.00 (in CDCl3) and external dioxane at
§66.66 (in D,0). 31P {1H} spectra were referenced to external 85% H3PO, at §0.00. Melting
points were determined by capillary meit methods and were uncorrected. Semipreparative

ion-exchange chromatographic separations were performed at low pressure { <600 psi) usinga . -

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. GU/MS spectra were performed on a Hewlett Packard 589bA Gas Chromatograph/

5970 Mass Selective Detector.
STARTING MATERIALS

35 Example A
Preparation of N-(2-pyridylmethyl)-1,4,7,10-tetraazacyclododecane.

A 2-picolyl chloride solution in chloroform was prepared by basifying 3 mLof an

aqueous solution of 1.03 g (6.3 mmol) of 2-picolyl chloride hydrochioride to pH> 14 anc
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extracting into chloroform. To a stirred chioroform solution of 2.03 g (11.8 mmol) of 1,4,7,10-

tetraazacyclododecane was added 10 mL of the prepared 2-picolyl chloride solution in

chloroform in one portion. After stirring at temperature for 30 min, the reaction mixture was

concentrated n vacuo 10 give a residue which was chromatographed on silica gel (column, 2.5
X 20 cm}, eluting with CHCI,:CH OH: NH_ OH (10:4:1), R, = 0.29 on 5i0 plate. After
concentration of eluent, the mono-alkylated product was isolated a as thick pale yellow liquid,
which upon standing solidified to give 1.17 g of an off-white powder (72%, based on 2-picolyl
chloride), and further characterized by:

H NMR (CDCi3)

§2.54-2.82 (m, 16H), 3.75(s, 2H), 7.11 - 7.14 (m, 1H), 7.42 - 7.46 (m, 1H), 7.64 - 7.65 {m, 1H), 8.46
-8.48 (m, 1H); and

13C {1H} NMR (CDCl3)

§45.02,46.31, 47.04, 51.51, 61.03, 122.04, 122.87, 136.61, 148.83, 150.53.

Example B - .

Preparation of N-(2-pyridylmethyl)-N’.N",N’"-tris(methylehediethylphpsphonateH A 7,10-
tetraazacyclododecane. '

"To 331 mg (1.27 mmol) of N-(2-pyridylmethyl)-1,4,7,10-tetraazacyclododecane,
prepared in Example A, was combined 229 mg (7.63 mmol, excess) of paraformaldehyde and
1.3mLof 1‘;27 g(7.62mmol, excess)'of triethylphosphite. After the mixture was gently stirred
for 10 min to obtain a well mixed slurry, it was heated to 90°Cfor 1 hr. The excess reagents and
the byproducts were removed in vacuo (125°C/0.01 mmHg) to give 896 mg (39%) of the desired
product as a yellow oil, and further characterized by:

TH NMR (CDCl3) _

51.25-1.39 (m, 18H), 2.66- 2.95 (m, 22H), 3.71 (s, ZH), 4.01-4.22 (m, 12H), 7.10- 7.15 (m, 1H),
7.57-7.65(m, 2H), 8.46 - 8.52 (m, 1H); '

13C {1H} NMR (CDCl3)

§16.38, 1.6.46, 50.45, 50.67, 52.41, 53.19, 53.29, 53.48, 53.58, 61.37,61.47, 61.52, 121.67, 123.28,
136.19, 148.61, 159.90; and ' '

31P {1H} NMR (CDCl3, 297°K)

826.21;

31 {1H} NMR (CDCl3, 217°K)

524.18(1P), 24.32 (2p).

Example C
Preparation of N-(2-pyridylmethyl)-N',N" ,N’*'-tris(methylenedipropylphosphonate)-1,4,7, 10-

tetraazacyclododecane.
To 445 mg {1.71 mmol) of N-(2-pyridylmethyi)-1,4,7, 10-tetraazacyclododecane,
prepared in Example A, was combined 154 mg (5.12 mmol, excess) of paraformaldehyde and

3.5mdl of 3.20 g (5.12 mmol, excess) of tripropylphosphite. After the mixture was gently suirred

-19.
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for 10 min to obtain a well mixed slurry, it was heated to 100°C for 30 min. The excess reagents
and the byproducts were removed in vacuo (4 hr. at 160°C/0.01 mmHg) to give 1.36g
{quantitative) of the desired product as a thick yellow oil, and further characterized by:

TH NMR (CDCl3)

§0.91- 1,00 (m, 18H), 1.60 - 1.76 (m, 12H), 2.67 - 2.93 (m, 22H), 3.73 (s, 2H), 3.94 - 4.08 (m, 12H),
7.12-7.15(m, 1H}), 7.46- 7.67 (m, 2H), 8.48 - 8.52 (m, 1H);

13C {*H} NMR (CDCl3)

§9.93,10.21, 23.71, 23.80, 50.17, 50.44, 52.38, 53.09, 53.44, 61 44, 66 79,66.83, 121,61, 123.23,
136.14, 148.54, 159.92; and

31p {*H} NMR (CDCl»)

5 26.20(1P), 26.23 (2P).

_FINAL PRODUCTS

Ligands: Preparation of dimethylenecarboxylic acids as shown in Scheme 1.

Example { .

Preparation of N-{2-pyridylmethy!)-N' ,N*",N’“-triacetic acid-1,4,7, 10-tetraazacyclododecane
(PD3A). .
To 2 mL of an aqueous sofution of 201.4 mg (0.51 mmol) of N-(Z-pyridy.lrﬁéthyf)'-
1,4,7.lO-tetraazacydododecane.prepared by the procedure of Example A, was added 350 mg
(2.52 mmol, 65% excess) of bromoacetic acid and the pH of the reaction mixture was
maintained above 11 by adding small portions of concentrated sodium hydroxide until no "
more caustic was needed to keep pH > 11 (~30 min). The reaction mixture was then heated
(60°C) for 1 hr. After the reaction mixture was cooled td room temperature, the pH of the

reaction mixture was adjusted to 7 and the neutral solution chromatographed on a cation

" exchange (SP-Sepharose ™) column (1.5 X 50 ¢cm) eluting first with deionized water then with

1M hydrochloric acid. The acidic fraction which contained product was evaporated to dryness,

followed by co-evaporation (azeotrope) with fresh deionized water (3 X 2 ml) to eliminate .

excess hyc.lrochloric acid. The final product was isolated as white solid upon freeze-drying of

the aqueous solution, and further characterized by:

TH NMR (D0} . -

8§2.79-4.13{m, 24H),7.88 - 8.0% (m 2H), 8.35-8.42(m, 1H), 8. 63-8. 66 (m, 1H); and

13¢C {1H} NMR (D,0)

§51.04,51.25, 53.73, 55.47, $6.00, 56.90, 57.52, 129.86, 131.21, 145.49, 150.82, 153.54, 171.61,

178.76_.Ligands: Preparation of dimethylenephosphonate half esters as shown in Scheme 3.

Exampie 2 _ .

Preparation of N-{2-pyridylmethyl)-N',N“,N"*"-tris(methylenephosphenic acid ethyl ester)-

1,4,7,10-tetraazacyclododecane (PD3EP).
N-(2-pyridylmethyl)-N',N",N"'-tris(methylenedie;hylphosphonate)-1 A8.7.10¢etra-

azacyclododecane, 102.7 mg (0.14 mmol},prepared in Example B, was combined with 1 mL of

-20-
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0.1M of potassium hydroxide and heated at 90°C for 6 hr. After cooling to room temperature,
the aqueous solution was freeze-dried to give a tan solid. which was chromatographed on an
anion exchange (Q-Sepharose ™) column (1.5 X 50 cm) eluting first with deionized water, then
-with 1M hydrochlonic acid. Following freeze-drying of the eluent, the product was isolated as a
5 brown solid and further characterized by:
TH NMR (D;0, 338°K) )
) i §1.41-1.57 (m, 9H), 3.28 - 3.89 (m, 22H), 4.09 - 4.64 (m, 8H), 8.22 - 8.26 (m, 2H), 8.70 - 8.7S (m,
1H), 9.00-9.12 {m, 1H); and ‘
13C {'K} NMR (D0, 338°K)
§19.41,19.51,52.58, 53.00, 52.31, 53.75, 53.82, 56.04, 59.53, 64.60, 64.76, 129.86, 131.41,
147.31, 149.06, 154.34; and
31p {1H} NMR (D;0, 338°K)
89.64(2p), 19.79 (1P).
Example 3
15 Preparation of N-(2-pyridylmethyl)-N',N”' N"""-trisimethylenephosphonic acid propyl ester}-
1.4,7,10-tetraazacyclododecane (PD3PP).
N-(Z-pyridylmethy!)-N',N".N"'-tri§(methylenedi propylphoéphonateM 4,7,10-
tetraazacyclododecane, 0.71 g (0.89 mmol), prepared in Example C, was combined with 3 mL of
_ 0.1M potassium hydroxide and heated atreflux for 18 hr. After cooling to room temperature,
20 the aqueou§ solution wasfiltered, and freeze-dried to give a brown residue, which was
redissolved into CH,Clo/CoHsOH (95:5) and filtered. Following evaporation of solvent and
concentration in vacuo, the product was isolated as a brown solid and further characterized by:
1H NMR (D0, 353°K)
§1.24-1.36 (m, 9H), 1.95 - 2.04 (m, 6H), 3.03 - 3.29 (m, 22H), 4.10- 4.25(m, 8H), 7.74 - 7.92 (m,
25 2H),8.23-8.29(m, 1H), 8.87-8.96 (m, 1H); and
1BC{1H} NMR (D;0,353°K) o
813,15, -27.20, 50.43, 53.89, 54.48, 54.98, 55.42, 64.33, 69.41, 126.38, 128.30, 141.24, 152.45,
161.45; and T
319 {1H} NMR (D0, 353°K) -
30 521.61(2P), 21.95(17).
Complexes: Preparation of metal/ligand complexes for biodistribution studies.

10

General Procedure

Metal ligand complexes were prepared by various methods. The methéds
included mixing of the metal and ligand in aquéeous solution and adjusting the pH to the

35 desired value. Complexation was done insolutions containing salts andfor butfers as well as
water. Sometimes heated sofutions were found to give higher complex yields than when the

complexation was done at ambient temperatures.



The hydrolysis in Scheme 2 is done by known aqueous acid condi tions, U
as using 8 o 12M hydrochloric acid. The pH of the react i s Sh&tmlBQénZﬁ
bel ow 3. Tenperature is at reflux. Pressure is not crltlc ent
pressure is used. Alternatively, when the reaction is run
phosphorous acid, hydrochloric acid and excess fornaldehyde are
pH of the reaction is below 2.~Tenperature is at reflux. Pressure |s not
critical so-that anbient pressure is used. In Scheme 3, the conpounds
of Formula (1)-are prepared wherein all T noieties are _
[err] - where: Ris -0-(Cerr]-Clerr] alkyl).
For example, a solution of the ligand is prepared by dissolving the ligand in

deionized water (aboutpH=2). A Iigandl_metal complex was then prepared by combining the

ligand solution with aqueous SmCl3-H;0 (3x10-3M in 0.0 1N HCl) containing tracer 1535m(Cl;.

‘After thorough mixing, the percent metal asa complex was determined by passing a sample of
5 the complex solution through a Sephadex™ column, eluting with 4:1 saiine (0.85%

NaCl/NH40H), and collecting 2 x 3 mL fractions. The amount of radioactivity in the combined

elutions was then compared with that left on the resin. Under these conditions, complex was

removed with the eluent and non-complexed metal is retained on the resin. By this method

complexation was determined to usually be about 85% or greater ' '
10 Using the above procedure, the complexes of samarium with

N-(2-pyridylmethyl)-N’,N* ,N"**-triacetic acid-1,4,7,10-tetraazacyclododecane
{PD3A); '
_ N-(2-pyridylmethyl)-N’, N’ N‘"-tns(methylenephosphomc acid ethyl ester)-
1, 4 7 10-tetraazacyclododecane (PD3EP);
N-(2-pyridylmethyl)-N",N” N"-tris(methylenephosphanic acid propyf ester)-

15
1,4,7,10-tetraazacyclododecane (PD3PP); and :
N-(2-pyridylmethyl)-N’,N“,N"“-tri{methylenephosphonic acid-1 ,4,7,1 0-
tetraazacyclododecane (PD3P);
were made. Complexes with gadolinium are made in a similar manner.
20 The following tabiesiﬂust’rate the kinetic inertness of the Sm complexes derived
from PD3A, PD3PP and PD3EP. -
pH Stability Profile
of 153Sm-PD3A
95 pH . - | % Complex
1 98.30
2 ) 99.38
4 99.62
7 99.86
3 9 99.86
11 99.80
14 . 99.96
35
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pH §tabi|ity Profile
of 153Sm-PD3PP
pH % Complex
1 72.52
3 87.56
5 92.99
7 95.06
9 85.22
11 92.74
14 87.65
pH Stability Profile
of 153Sm-PD3EP
pH % Complex
1 78.95
3 93.80
5 93.02
7 93.77
9 95.89 )
11 95.77
14 94.07

BIODISTRIBUTION

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

100 pl of the complex solution via a tail vein. The rats weighed between 150 and 200 g at the
time of injection. After 30 min. the rats were-killed by cervical dislocation and dissected. The
amount of radioactivity in each tissue was determined by counting in a Nal scintillation counter
coupled to a multichannel analyzer. The counts were compared to the countsin 100 pL
standards in order to determine the percentage of the dose in each tissue or organ.

The percent dose in blood was estimated assuming blood tobe 6.5% of the total
bady weight. 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 to be 43% of the total

body weight. The number of rats used in the averageisn.

-23-
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wherein: Ris

done under * known aqueous basi c conditions,

nmet al hydroxi de, such as sodi um or potassi um hydroxi de

-O(derr]-derr]

al kyl ).

such as using engss

. . Th e Replaced
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the conpou ]

reaction is above 9. Terrperature is at reflux. Pressure

t hat anbi'ent pressure is used. In Schene 4,

(1) are prepared wherein all T m)i eties are wherer Ris (err]-(err]
al kyl. ™ Schenme 4 shows the preparat|on of the compounds of Fornul a (I)

when R i's methyl.

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

" 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.

 EXAMPLE |

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

15

20

25

30

35

When the complex 153Sm[N-(2-pyridylmethyl)-N‘,N"" ,N""*-
trisimethylenephosphonic acid ethyl ester)-1,4,7,10-tetraazacyclododecane] (153Sm-PD3EP) was

evaluated, the results are given in Table { below. The numbers represent the average of a

- - TABLEL.

BIODISTRIBUTION OF 153Sm~PD3EP
% INJECTED DOSE

ORGAN AVERAGE
Bone 0.82
~ Liver 0.36
Kidney 1.24
Spleen 0.01
Muscle 0.62
Blood 0.45
Heart 0.01
‘Lung -0.02
Brain 0.01
Urine 97.00

EXAMPLE ||

When the complex 153Sm{N-(2-pyridylmethyl}-N‘,N" N~
trisimethylenephosphonic acid propyl ester)-1,4,7,10-tetraazacyclododecane] (153Sm-PD3PP)

minimum of 3 rats per data point at 2 and 24 hours post injection.

.24-
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Schenme 4 [err]

TABLE Il

BIODISTRIBUTION OF 153Sm-PD3PP

% INJECTED DOSE

oraan | AvEmaGE | avemase
Bone 5.93 12.39
Liver 20.36 2.31

Kidney 0.86 089
Spleen 1.19 0.22
Muscle 0.82 0.27
Blood 0.68 0.03
Heart 0.04 0.02
Lung 0.20 0.40
Brain 0.04 0.00
Stomach 1.39 0.04
Small Intestine 13.56 0.13
Large Intestine 0.18 0.16

Urine 50.00 83.00
Feces - 5.33

This Sheet Has Been R

A

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 disciosed herein. it is

intended that the specification and examples be considered as exemplary only, with the true

scope and spirit of the invention bei ng indicated by the following claims.

q



The hydrolysis in Scheme 4 is done unde k() a & us ndi-tians —

such as using excess al kali netal hydro um OWHMMMSBEEN

hydrOX| de. The pH of the reaction is abo i 4 at r@EPUACED
R il

Pressure is not critical so that anbi ent

shows the preparation of the corrpounds of Forrru_l a (I) V\,hen RS ethyl.
- HIIIII| 0] AV U IIII

WHAT IS CLAIMED IS: _
1. 2-Pyridyimethylenepolyazamacrocyclic compounds of the formula

N? |
T
S .
| N Nl P
— N—
T T )
10 (1)
wherein:
Tis independently -CH,-COOH,
15 f
: -CHz-f—OH
or
R
R1
20 —TH |

CO2E 2

where: Ris OH, C;-Cs alkyl or -0-(C4-Cs alkyl);
25 Rlis OHor OCH3;
R2is NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,

bromoacetamido or carboxyl;
with the proviso that only one T moiety is

- Rl
30

~CH

CO2H 2

35 where R! and R2 are defined as before; or

pharmaceutically-acceptable salts thereof.

-26-
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2 A compound of Claim1 wherem T equal -CH;-P{O)ROH, where R is OH, or

pharmaceutically-acceptable salts thereof, and is named as N-(2-pyridylmethyl)-N’,N* N""*

triimethylenephosphonic acid-1,4,7,10-tetraazacyclododecane.
3. Acompound of Claim 1 wherein T equal -CH -COOH, or pharmaceutically-

. acceptabile salts thereof, and is named as N-(Z-pyridyimethyl)—N' N7 N -triacetic acid-1,4,7,10-

S
tetraazacyclododecane.
’ 4. A compound of Claim 1 wherein T equal -CH:-P‘O)ROH, where R is -O-{C.1-C5
alkyl), or pharmaceutically-acceptable salts thereof.
S. A compound of Claim 4 wherein R is ethoxy. or cnarmaceuticatly-acceptable
fo salts thereof, and is named as N-(2-pyridylmethyl)-N’ N” N tnsl"ethylenephosphomc acd
ethyl ester)-1,4,7, 10-tetraazacyclododecane.
6. A compound of Claim 4 wherein R is propoxy, or pnarmaceutically-acceptable
saits thereof, and is named as N~(2-pyridylmethyl)-N',N",N"'-tris(: methylenephosphonic acid
_ propyl ester)-1,4,7,10-tetraazacyclododecane.
15 7. A compound of Claim 1 wherein T equal -CH-P{O)ROH, where R is C1-Cs alkyl.
8. Acompound of Claim 1 Where oneTis
Rl
-CH
20 | ;
CO3R 2

where R! and R? are defined asin Claim 1; and the other T terms are defiged asinClaim t,
9. A complex which comprises a polyazamacrocyciic compound of the formula

S \FT/_}\)
. LS

wherein:

35 Tisindependenty-CH;-COOR,

(1)

227-



The reaction in Scheme 5 is under acidic conditions with a hydrochloric
acid. The pHzof*the reaction is below 3. Tenperature is at

: re
is not critical so that anbient pressure is used. - Schene 6
preparation of the conpounds of Formula (1) when T has a blfun

_ 6

noi ety. .

15

20

25

30

3s

12 Schene

AW

0

i
-cuz—r—oa .
. or
R

Rl

~CH

CO;H 2

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

RYis OM or OCH3;

R2is NO3, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl;

with the proviso that only ane T moiety is

where R1 and R2 are defined as before; or

" pharmaceutically-acceptable saits thereof;

complexed with 2 metal ion selected from Gd +3,Mn+2or Fe+3,
10. A complexof Claim 9 wherein the metal is Gd +3.
1. A complex of Claim 9 wherein Tis -CH>-P{(O)ROH, where R is OH, and the
metal is Gd+3.
12. Acomplex of Claim 9 wherein Tis -CH;-COOH, and the metal is Gd + 3.
13. A complex of Claim 9 wherein Tis -CH»-P(O)ROH, where R is -0-(Cy-Cs alkyl), .
and the metal is Gd +3. -
14. A complex of Claim 9w_Herein Tis -CH,-P(O)ROH, where R is C1-Cg alkyl, and

the metal is Gd + 3. .
15. A pharmaceutical formulation comprising a complex of Claim 9 witha

pharmaceutically-acceptable carrier
16. 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 15.
17. A process for preparing potyazamacrocyclic compounds of the formula

.28-
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T ' , T
wherein:

Tis independently -CH,-COOH or

7

—CHz-r-OH
R

where: R is OH, C;-Cs alkyl or ~0-(C;-Cg atkyl); or

20

25

30

35

pharmaceutically-accep{éble salits thereof;
which comprises any one of the following:
{A) reacting a compound of the formula

(1)

(11)

13

i 1 ]

-

KA O O

with X-CH,-COOH, where X is cholro or bromo atom, in the presence of an aqueous alkali metal '

hydroxide, at a pH between about 8-10, at a temperature between about 60-30°C;

to provide 2 cdmpound of Formuta{l) above where T equal -CH;-COOH; or

-29-
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{B) reacting a compound of the formula I I!Illlcl "IIlLl IIIJI "IIsI " '!II

N? | ' :
— N ) [— - _
(II)
H/T__]\H

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

10

reflux temperature;
to provide a compound of Formula (I) above where T equal -CH»-PO3Hj3; or

{C) reacting a compound of the formula

— N N ——
] (11)

20 L— —

| H '/T._I\H

with P{OR); where R is C;-C4 alkyl in formaldehyde, followed by hydrolysis usmg 3to 12M

15

hydrochl oric acid, at a pH below about 3, at reflux temperature;

2
'to provide a cotmpound of Formula (i) above where T equal -CHp-PO3Hy; or |

w

(D) reacting a compound of the formula

SN P
1S,

with P(OR); where Ris C,-C4 alkyl in formaldehyde, followed by hydrolysis using excess alkali

(1)

35

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

-30-



Scheme 7 shows the prepar ation of the compounds of Formula (1) when one T

L L L ity
| _ [T

to provide a compound of Formula (1) above where T equal -CH;-PO,HR where R is -0-(C;-C5

alkyl); or
(E) reacting a compound of thé formula

o S

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

alkali metal hydro:ude, ata pH above about 12, at reflux temperature or with HP(O)OH-CyHg in
15 formaldehyde and hydrochloric acid, at a pH below about 3, at reflux temperature;

to provide a compound of Formula (1) above where T equal -CH;-PO(OH)R where Ris C3-Cs.

atkyl.

20
25
30

35
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| 2—PYRIDYLMETHYLENEPOLYAZAMACROCYCLOPHOSPHONIC ACIDS, |
COMPLEXES AND DERIVATIES THEREOF, FOR USE AS CONTRAST AGENTS

ABSTRACT

2—Pyridylmethylenepolyazamacrocyclophosphonic acid compounds and their

~ derivatives are disclosed which may form inert complexes with Gd, Mn or Fe jons.

The overall charge of the complex can be varied to alter in in vivo biolocalization. The
complexes are useful as contrast agents for diagnostic purposes.

(NALIBMIZO033:AD



Iny Schenme 7 the hydrolysis steps are done as described in pRepfa Elt?l
The fgjr%mal dehyde/ bi sul fite addition conplex reaction i's dgne aquzcﬁ'%ﬂ?%EET

conditions to give selective alkylation at the 4, 10-positi|ofge:T

phosphonate group is then introduced selectively at the 7-lpasition [

the above Schenes, the general process degcription illustrates specific
steps that may be used to acconplish a desired reaction step. The general

d t

deri vat i ves akErIpY bR EREPorY AL s ROy CIRANRPHONICAGIDS:  on
procedur es GOMPREKESCANDr DERIV ATHVES-EHEREOFaFIOR USHAS CONTRAGNAGENTS
condi ti ons. The phosphonic acid derivatives outlined in Scheme 2 can

be prepared byrhili fnbéition concerns ligands that are 2-pyridylmethylenepolyazamacrocyclophos-

| phonic acids, éomplexes 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 resolved cross- -'

- sectional images of soft tissue within an animal body, preferably a human body. This
technique is based upon the property of certain atomic nuclei (e.g. water protons) which
possess a magnetic moment [as defined by mathematical equations; see G. M. Barrow,
Physical Chemistry, 3rd Ed., McGraw-Hill NY (1973)] to align in 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 this to occur is known as the relaxation time. The relaxation
time consists of two parameters known as spin—lattice (T1) and spin-spin (T2) relaxation and
it is these relaxation measurements which give information on the degree of molecular
organization and interaction of protons with the surrounding environment.

Since the water content of living tissue is substantial and variations in content and
environment exist among tissue types, diagnostic images of biological organisms are

- obtained which reflect proton density and relaxation times. The greater the differences in
relaxation times (T1 and T2) of protons present in tissue being examined, the greater will
be the contrast in the obtained image fe.g., J. Magnetic Resonance 33, 83-106 (1979)].

It is known that paramagnetic chelates possessing a symmetric electronic ground state
can dramatically affect the T1 and T2 relaxation rates of juxtaposed water protons and that
the effectiveness of the chelate in this regard is related, in part, to the number of unpaired
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 1, 752-759
(1978); J. Nucl. Med. 25, 506-513 (1984); Proc. of NMR Imaging Symp. (Oct. 2627,
1980); F. A. Cotton et al., Adv. Inorg. Chem. 634-639 (1966)]. Paramagnetic metal

chelates used in this manner are referred to as contrast enhancement agents or contrast
agents.




al kylatjon of the amne with a trial kyl phosphite and paf.;W_

resulting in an

organi ¢ sol uble perester. This ester is then hydrol yzed
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phosphorous acid in conbination with formal dehyde and hydrochl oric acid.
Phosphonat e haJﬁLe esters are prepared as shown in Schene 3 by initial
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formati on of
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solvents  gyGhmeSt thef! Aty Hhgidit domédtsF)n a non-complexed form (e.g. GdCly), these
metal jons 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) is
to render the paramagnetic metal non-toxic to the animal while preserving its desirable
influence on T1 and T2 relaxation rates of the surrounding water protons.

Art in the MRI field is quite extensive, such that the following summary, not intended
to be exhaustive, is provided only as a review of this area and other compounds that are
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-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. Broan et al. [J. Chem. Soc.,
Chem. Commun., 1738-1739 (1990)] describe compounds that are triazabicyclo compounds.
I. K. Adzamli ef al. [J. Med. Chem. 32, 139-144 (1989)] describe 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 diethylenetriaminepentaacetic acid (DTPA-Gd*3-Magnevist™
by Schering) and a DO3A derivative [1,4,7-tris(carboxymethyl)-10-(2-hydroxypropyl)-
1,4,7,10-tetraazacyclododecanato]gadolinium (Probance™ by Squibb). Magnevist™ and
Prohance™ are considered as non-specific/perfusion agents since they freely distribute in
extracellular fluid followed by efficient elimination through the renal system. Magnevist™
has proven to be extremely valuable in the diagnosis of brain lesions since the
accompanying breakdown of the blood/brain barrier allows perfusion of the contrast agent
into the affected regions. In addition to Magnevist™, Guerbet is commercially marketing a
macrocyclic perfusion agent {1,4,7,10-tetrakis(carboxymethyl)-1,4,7,10-
tetraazacyclododecanatojgadolinium (Dotarem™) which presently is only available in
Europe. Prohance™ is shown to have fewer side effects than Magnevist™. A number of
other potential contrast agents are in various stages of development. |

The present invention is directed to novel ligands that are 2-pyridylmethylenepolyaza-

macrocyclic compounds, and derivatives thereof, of the formula



di sret hy| f or mami de (DMF), dioxane, acetonitrile, or alcoholic nedia. The

resultlng phosphi nate ester is then hydrol yzed under aci ,
(e.g. 6N HCl, 80-100[err]C) or basic conditions (excess [REPLAGEMENT SHEET)
to give the correspondl ng net hyl phosphonic acid. Alternatii vel}yg i neg

in Schene 5, the nethod devised by A D. Sherry et al. (Llr%?‘@j EFRpeeeeneeees
submi tted 1991) using ethyl phosphonic acid generated in_Srtu can_ W{T
obt ai n phosphi nate derivatives having i ncreased | i pophilic character.

Schenme 6 illustrates the preparation of bif nal co 'UllH‘BliSetHfllea{

(1) which may then be attached to_a higl ogi aII actlvema

Schene 7 shows a general procedurér\f or € tive al kyI

4,10-positions usingthefornalde /N |fite addition conp

resulting internmediate i s convert correspondi ng n|tr|Ie follomed

by introduction of the phosphonatﬁzqﬁyg i at the 7-position. Acid or base
hydr ol ysi s yields the correspondi lyzed figgl products. The
metal ions_ysed to formthe conplexes of this |nvent|on are Gd+[err],
Mh+[err], PBSEBKr] and available commercially, e.g. from Al drich Cheni cal
Conpany. THés mdiependenidy eOH,iCOOH], i de, preferably chloride, or salt free
(nmetal oxide). A "paramagnetic nucubde of this invention neans a
metal ion which displays spin angul ar nojrent um and/ or orbi tal angul ar
nmomentum The two types of noment um-ChipbiPAr®©OKMOo giore the observed
paramagnetic nmonment in a manner that degénds | argely on the-atons bearing
the unpaired electron and, to a | esser tent, upon the environnent of such
atons. The paramagnetic nucl i des found 5ﬁ be useful in the practice of the
invention are gadolinium (CGd+[err]), (Fe+[err]) and manganese (M+2),

with Gd+[err] being preferred.
-__C @ ;
] 3

COH
R2

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

R! is OH or OCHj3;

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

with the proviso that only one T moiety is

R1

—(|:H
CO2H

where R! and R2 are defined as before; or
pharmaceutically-acceptable salts thereof.

When the above ligands of Formula (I) have:

all T equal P(O)ROH, where R is OH, or the pharmaceutically-acceptable salts
thereof, the ligands are referred to herein as PD3P;

all T equal COOH, or the pharmaceutically-acceptable salts thereof, the ligands are
referred to herein as PD3A; |

all T equal P(O)ROH, where R is -O-(C{-C5 alkyl), or the pharmaceutically-
acceptable salts thereof, the ligands are referred to herein as PD3(0-Alk)P; and

all T equal P(O)ROH, where R is C;-Cs alkyl, or the pharmaceutically-acceptable
salts thereof, the ligands are referred to herein as PD3(AIk)P.



The cor‘rpl exes are prepared by nethods well known in the rﬂaPMEWENToSHEET

exanpl e, see Chelating Agents and Metal Chelates, Dwyer IVEII l

Press (1964), Chapter 7. See also nmethod for maki ng am np aci d Q gg@ ll
et

Synthetlc Production and Utilization of Anmino Acids, (ed|tf®dehy. Ka.
.) John Wley & Sons (1974). An exanple ,of the prepara% OfFOf & conpr ex

i nvoI ves reacting a bicycl opol yazanmacr ocycl ophosphonic acid with the rret al

i on under aquegus con |t|o s.at apHfrom5 to 7. The conpl ex forne

16 by a cheni Lhe commlexssaf Rus ipveation can designed p rayide & %peﬂé?emva@% charge

conposi t i owhich. gdvasitagebusly Oinfliencds IhS SACHIR | Bioloodlizatien pad alimageetomtrastic| Foe

fromthel f ntion are

adm ni stere’gﬁgﬂe wp?nm§gﬁ?@§§t1§4%sn%? Pﬁ@wﬁggﬁﬁ Q%Pfaﬂxeas,[ about 1: 1,

preferably froam mver_allthatge of -3nwhen Foonela Bl iy PD3Rmwhich are aisgfub as ¢alcificl tissye

excess of | |ga@5h&a§t5§yﬁ@ssl rabl e since unconpl exed Iigand may be toxic to
t he ani mal ’

an overall charge of -2- when Formula (I) has two T equal to -CH,-PO3H; and one T

has a COOH group present, which are useful as calcific tissue contrast agents;

an overall charge of -1- when Formula (I) has one T equal to ~-CH,-PO3H, and the

other T has a COOH group present, which are useful as calcific tissue contrast

agents;

an overall neutral charge of 0 - when Formula (I) has one T equal to -CH,-POsHR

where R is -0-(C-C5 alkyl) or C;-Cs alkyl and two T have a COOH group present;

or all three T equal -CHy-PO3HR where R is -0-(C;-Cs alkyl) or C;-C5 alkyl; or all

three T equal -CH>-COOH (PD3A), which are useful as general perfusion, blood

pool, brain or liver contrast agents.

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

When one T term is

R

_——-(|)H
CO2H
R2
R! and R? are defined as before, then the compound is a bifunctional ligand/complex to be

linked through R? to a biologically active molecule.
The compounds of Formula (I) are numbered for nomenclature purposes as

s
T N
—>—N N————12

4 1

N7 10N

— 11

/ ! l\
T T

8 9

One aspect of the present invention concerns development of contrast agents having
synthetic modifications to the paramagnetic chelate enabling site specific delivery of the

O}




) The
1 Iat -I ons aI’EEJT%.‘.qé}
L%!..@.J @i.f{pl?@ 1996

ni ah

orf may,result in cardiac arrest or hypocal cem ¢ convul s}
I nvention is used with a physiologically acceptabl e car
vehicl e therefore. The nethods for preparing such for
known. The fornul ations nmay be in the formof a suspen
solution or other suitable formul ati ons. Physi ol ogi cal I:
suspending media, with or wthout adjuvant's, may be used.

"effective amount” of the fornulation is used for diagnosis. The dose\MII

vary deperfHgsioagenho aidssised tissng. phijye pdvantage bejng; wprpasnd ¢aniraghnionthe areascof
as wei ght . intefest rouseddimrﬁme Sffindty Qs @bp@seﬁwwﬁffdsaa@ﬁngl&bﬁgnémsmifaip@ﬂmdﬁ

t hi f hel { the

vent | on YRy or e AR b Aibash ot i erapel il el To pocktHSiisR TS hgane

t he body, d‘tF@mtlnerﬂ) mmy;belopn&ollcﬂ by pdjnsting thcrtotailchmge qmdrlmzphﬂ;c ehagactersof

di t .

| Sanas: oroEasik e SHRIclel oA By SRR 41008 30 el

P(O R| err]@q"ﬁa qseem,f F arfpomplex Bavies APOsH: 650@@41’931’%&5.%?%1 closgrisof

these I gaﬁgﬁlycaégabieew&ﬁdbbﬁb P@;@aﬁ pedted; c{wn&e@é fWhen e UsNePall Shifigt a6f @ReS
|

S o SSRGS S5 Bish, Pl 5 PrALRRSRE s candhineliny .
consi fjer at the nabaliityt tve ctass | the blgode baaip| testiernand moamal bratire nupéaket majnfebeplpossﬁhle
exapl o5 g retpFioBly TEE's, LOhPRk ta0ing any qvelafTerhficr UIPRAC-EOR, e lgRlk

purifi cat i Gisplayseliveramtaleed out at |ow pressure using Dionex 2010i system
fitted with a “@ﬁl@ﬂb@%ﬁﬁn&t&ﬁ@héﬁﬂﬁﬁfz Beoty, A iscbelievad R ¥ heR b Whbrged Totplex

cn} ' %e mventlonh | forén?e g. poss1b1y -3 for bone, -1 for liver, or +1 for heart), the
variations in that chelate ionic charge can influence biolocalization.

Tissue specificity may also be realized by ionic or covalent attachment of the chelate
to a naturally occurring or synthetic molecule (e.g. through R2) having specificity for a
desired target tissue. One possible application of this approach its 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. Patents
4,880,008 and 4,899,755) has demonstrated that variations in lipophilicity can result in
tissue-specific agents and that increased lipophilic character favors non-covalent interactions
with blood proteins resulting in enhancement of relaxivity.

~ Typical DO3A derivatives in which non-coordinating N-substituents are present

generate neutral lanthanide chelates but have been found to be kinetically labile under acidic
conditions. The DO3A derivative PROHANCE™ gains added kinetic stability by virtue of
a pendant hydroxyl moiety which can coordinate to the metal ion but may alter the overall
chelate ionic character. '

In contrast, the present invention relates to a group of DO3A derivatives of Formula
() which possess a 2-pyridyl pendant moiety which forms a coordinate bond without
altering the overall chelate ionic character. In addition it has now been found that the 2-
pyridyl substituent adds kinetic stability to the chelate under acidic conditions (pH below
about 7). Chelates of this invention in which the ligation moieties are PO3HR where R is -
0-(C4-C5 alkyl) have demonstrated potential as liver imaging agents.

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

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

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




AeOH =,acetic acid. g = grams). ng = mlligr
kil ogram(s). mL = mlliliter(s). [err]L= mecr
pH STABI LI TY GENERAL PROCEDURE A stock [err] GdCL[ &or

[err]SnCi[err]) solution was prepared by adding 2 [err]|L Dafe: &DE{_:UQQ&]M
[err]GdCl[err] in 0.INHO to 2 nmL of a 3 x 10-[err] M Goererrt—carri &l
solution. Appropriate |igand sol utions werPe t hen prepared in deionized

water. The 1:1 |ligand/ netal conplexes . .
17 "Complex"” refers to a complex of the compound of the invention, e€.g. Formula (1),

complexed with a metal ion, where at least one metal atom is chelated or sequestered.

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

. "Antibody" refers to any polyclonal, monoclonal, chimeric antibody or
heteroantibody, preferably a monoclonal antibody; "antibody fragment” includes Fab
fragments and F(ab'), fragments, and any portion of an antibody having specificity toward
a desired epitope or epitopes. When using "radioactive metal chelate/antibody conjugate”
or "conjugate", the "antibody" is meant to include whole antibodies and/or antibody
fragments, including semisynthetic or genetically engineered variants thereof. Possible
antibodies are 1116-NS-19-9 (anti-colorectal carcinoma), 1116-NS-3d (anti-CEA), 703D4
(anti-human lung cancer), 704A1 (anti-human lung cancer), CC49, CC83 and B72.3. The
hybridoma cell lines 1116-NS-19-9, 1116-NS-3d, 703D4, 704D1, CC49, CC83 and B72.3
are deposited with the American Type Culture Collection, having the accession numbers
ATCC HB 8059, ATCC CRL 8019, ATCC HB 8301, ATCC HB 8302, ATCC HB 9459,
ATCC HB 9453 and ATCC HB 8108, respectively.

The bifunctional chelating agents described herein [represented by Formula (I)] can be
used to chelate or sequester the metal ions so as to form'metal ion chelates (also referred to
herein as "complexes"). The complexes, because of the presence of the functionalizing
moiety [represented by RZ in Formula (D], can be covalently attached to biologically active
materials, such as dextran, molecules that have specific affinity for a receptor, or préferably
covalently attached to antibodies or antibody fragments. Thus the complexes described
herein may be covalently attached to an antibody of antibody fragment or have specific
affinity for a receptor and are referred to herein as "conjugates".

As used herein, "pharmaceutically-acceptable salts" means any 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 include, for example, sulfuric, hydrochloric, phosphoric, acetic,
succinic, citric, lactic, maleic, fumaric, palmitic, cholic, paloic, mucic, glutamic, gluconic
acid, d-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 by standard reactions from both organic and
inorganic sources such as ammonium or 1-deoxy-1-(methylamino)-D-glucitol, alkali metal
ions, alkaline earth metal ions, and other similar ions. Particularly preferred are the salts
of the compounds of Formula (I) where the salt is potassium, sodium, or ammonium. Also
included are mixtures of the above salts. '




were then prepared by conbining the |ligands (dissolve
dei oni zed water) with 2 nmL of the stock [err]GdCl[err]lp

by through m xing to give an acidic solution (pH = 2)

solution was then raised to 7.0 using 0. 1IN NaOH The
conpl ex was then determ ned by passing a sanpl e of thé
t hrough a Sephadex[err] G50 colum, elut i7ng wth 4:1 sal i ne (85%

NaCl /NHAOH) and collecting 2 x 3 nL fractions. The amount of radioacti vi ;f/
in the conbi nebhecempamds wiFormula @oansprephred by thehearique fprocgsses htypicat gener

(non- conpl ﬂﬁtlﬁﬁbﬁoaﬂ%esrtstsﬁé}f‘%c%ei B prviied by ﬁﬁereﬂﬁﬁo%tséﬂéxhési YivéXt Béibke

using 1M ﬁégﬂ Siiies Biteriab ok RrRlg @aesum o S, &8 PEsRased by
as a conpl zﬂkylaﬁmmg:ft hd, 7,00+ rmbayghododdchns (bt@exeni')bedﬂxatnhmoﬁbmysmynaml &S
are knoun L Fhieh AR AP BEAN bl ob ydIBBlorkor cOTP! exaton anc

bi odi stri buton I nventton

SYNTHESI S OF UnGdiese 1, the compounds of Formula @ERERprepMeiinrhoneis sND meleHeDare
Al l reagenicgrpepopmbt ai ned from comercial suppliers and used as received
wi t hout fugther pur|f| cation. NWVR spectra were recorded on a Bruker AC 250
MHz spectr me 1 equi pped with a multi-nuclear quad probe ([err]H, [err]C,
[err]p, and [err]F) at 297[err] K unless otherw se indicated. [err]H spectra
in Dlerr]0 were recorded by enpl oyi ng sol vent prgssi on pul se sequence

(" PRESAT", honp-nucl ear presaturati onH\A.LH spectra @re referenced to
‘residual chloroform(in CDCl[err]) at rr xternal dioxane (in
Derr]0) at [err]3.55. [err]C and 315 Nr = reported are proton decoupl ed
(broad band). Assignnments of 13C {[er_r_NH} chinical shifks were ai ded by
DEPT (Di stortionl ess Enhancenent by Pﬂ/w&HI on Transfer)

X—CHy—COOH
aqueous base

HOOC—H2C\ ]

N —
HOOC—H.C l——l CH-COOH ()

N/l

The aqueous base is alkali metal hydroxide, such as sodium hydroxide or potassium

hydroxide. The pH of the reaction is maintained about 8-12. Temperature is between
about

60°C-90°C, and pressure is not critical so that ambient pressure is used.
In Scheme 2, the compounds of Formula (I) are prepared wherein all T moieties are

Il
——CH2—I|3——OH ;
R
where: R is OH.



experipents. [err]C {[err]H} spectra are referenced to center peak of

Derr]0). [err]p {[err]H spectra were referenced to ext rﬁﬁP'es%ﬁENTSHEET

CDCl[err] at [err]77.00 (in CDCl[err]) and external di oxgﬁﬁﬂzeﬁs 66—Ein
Herr]P( err] at [err]0.00. Melting points were determ ned by cepbtta]ggs

melt met hods and were uncorrected. Sem prgpar ative ion- e>ﬁ: Rafage .. WSR2 IV0
chromat ogr aphi c separations were perforned at | ow pressure‘(%‘-ﬁ?‘—‘“ SR
a standard gl ass colum fitted with hand- packed Q Sepharose[err] (anion
exchange) or SP--Sepharose[err] (cati8¢heechange) glass colum, and with
on-line UV detector at 263 nmfor eluent nonitgring. GO/ M5 spectra were
performed on a Hewl ett Packard 5890A Gas Chr raph/ 5970 Mass Sel ective
Det ect or . | NG{ MATERI ALS

EXAMPLE A Preparation of N (in
N-(2-pyridylmethyl)-1,4,7,10-tet raa_“Ez a[t‘,yc!ﬁI godecane A 2-picolyl

=

chloride solution in chlorof orm was dby aﬁbmg3rrLof an
aqueous solution of 1.03 g (6.3 ’}! ofl i de hydrochl oride
to pH> 14 and extracting into | orof oa Ped chl or of orm sol uti on

of 2.03 g (11.8 mml) of 1, ,7,10-tetraazacyc|odo ecane was added 10 nlL of
the prepared 2-picolyl chlojfide

1) P(OR)3/CH;0
R = CHa, C2Hs, C3H7, C4Hg
'2) acid hydrolysis/A

o, L

—N N—
—-N N___
Hy03P—HLC I—l CH—PO3H,

(IV)

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 compounds of Formula (I) are prepared wherein all T moieties are

Il
——CHz—IT—OH ;
R
where: R is -O-(C1-Cs alkyl).




18 solution in chloroformin one portion. After stirring at tenperature
for 30 mn, the reaction mxture was concentrated in {yfacto t
resi due whi ch was chromat ographed on silica gel (col nﬁEVEAg'E% 12635’?*? !
eluting with CHCl[err]: CH err]OH NHerr]OH (10:4: 1),.!R &@h&g

pl ate. After concentration of eluent, the_nono-alkyl ate@dp%la """ i
isolated as thick pale yeIIowquuid Wn?ch upon stantrng solrdified to
give 1.17 g of an off-white powder based on 2-picolyl chloride), and
further characterized by: [err]H NI\/R( @3r]) [err]2.54 - 2.82 (m 16H),
3.75 (s, 2H), 7.11 - 7.14 (m 1H), 7.42 - 7.46 1H), 7.64 - 7.65 (m
1H), 8.46 - 8.48 (m 1H); and [err]C{lH} NVR [err]) [err]45.02,

46. 31, 47.04, 51.51, 61.03, 122.04, 136. 61)] 148.83, 150.53
EXAMPLE B Preparation of N-(2-pyrid

NG
-tris(net hyl enedi et hyl phosphonat e) - 1 10— te{llr)aazacycl ododecane.
To 331 ng (1.27 mol) of N—
N-(2-pyridyl nmethyl)-1, 4,7, 10- tetraazpﬁ cI E\qdecane, prepared in Exanple A,
was conbi ned 229 ng (7.63 nmol, excess) par af or mal dehyde and 1.3 nL of

1.27 g (7.62 mol, excess) of triet hyl p O?Pﬁté)%/crﬁfd er the m xture was

2) base hydrolysis/A
N =
RHOzP—HZC\ ] |
V)

/
RHOP—HC L CHx—PO2HR

wherein:
Ris —O-(CI-CS alkyl)

The hydrolysis in Scheme 3 is done under known aqueous basic conditions, such as
using excess alkali metal hydroxide, such as sodium or potassium hydroxide. The pH of
the reaction is above 9. Temperature.is at reflux. Pressure is not critical so that ambient
pressure is used.

In Scheme 4, the compounds of Formula (I) are prepared wherein all T moieties are

il
—CHz—IID—OH ;
R .
where: R is C;-Cs alkyl.
Scheme 4 shows the preparation of the compounds of Formula (I) when R is methyl.



gently.stirred for 10 mn to obtain a well mxed slurry, it was heated to
90C for 1 hr. The excess reagents and the byproducts T _yacuo
(125C/ 0.01 rmHg) to give 896 ngy (99% of the desired [ OEHCACEMENT 3k
oil, and further characterized by: [err]H NVR (CDCl[eril]) Eg%&@gﬁu
1.39 (m 18H), 2.66 - 2.95 (m 22H), 3.71L s, 2H), 4.01| Dath 22T |
7.10 - 7.15 (m 1H), 7.57 - 7.65 (m 2.45), 8.46 - 8.5Cm 1My, [err]
{[err]H NWR (CDCl[err]) [err]16.38, 16, 46, 50.45, 50.67, 52.41, 53.19,
53.29, 53.48, 53.58, 61.37, 61.47, 61. 95%heme%] 67 123.28, 136.19, 148.61,
159.90; and [err]p {[err]H NWR (CDCl[err], 29¢(K) [err]26.21; [J[err]p

{1H NWR (CDCl[err], 217K) [err]24.18 (1P), .39 (2P).
EXAMPLE C Preparation of
N-(2-pyridylmethyl)-N , N, N"'-tri s(ﬁe{ hyi ne pyl phosphonate) 1,4, 7, -

10-t et raazacycl ododecane. T§ M5 NIE( 1. 7; grml ) of
N-(2-pyridylnmethyl)-1,4,7,10-tetra yqyododec H , prepared in Exanple A,
was conbi ned 154 ng (5.12 nmol, exc ) pfyparafornmal dehyde and 3.5 niL of
3.20 g (5.12 nmol, excess) of triprop osphite. After the m xture was

gently stirred for 10 mn to obtain a I, A f ' S heated to
100C for 30 mn. The excess reagents nh'ﬂ@ M@%@Omﬂ%\aremved in
vacuo (4 hr. at 160C/ 0.01 .

2) base hydrolysis/A

7
CHs(O H)OP—CHZ\ ] /_O '

. 7N N—
CHy(OHOP—CH” L Ny, -po(orcHs

(Vi)

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. '

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



19 mHg) to give 1.36 g (quantitative) of the desire : _ }
yellow oi |, and further characterized by: [err]H NMVR FYENT SHEED .

- 1.00 (m 18H), 1.60 - 1.76 (m 12H), 2.67 - 2.99 (m 25%—19? 3.73 (s, 2H)]f
3.94 - 4.08 (m 12H), 7.12 - 7.15 (m 1H), 7.46 - 7.6 D B e

8.52 (m 1H); [err]C {[err]H NNR (CDCl[e1rr]) [err]9.93, 10.21I 23 71, —

23.80, 50.17, 50.44, 52.38, 53.09, 53.44,''61.44, 66.79, 66.83, 121.61,

123. 23, 136.14, 148.54, 159 92; and [err]p {1H} NVR (CDCl [err]) [err]26.20

(1P), 26.23 (2P). Sc eme FI NAL PRODUCTS

Li gands: Preparation of dinethyl enecar boxyl iC a/ ds as shown i'n Schene 1.
N

]
M
Cy :— an
WL

HP(O)OH—C,Hs/CH,O/HCI

N =
CzH5(OH)0P“—CH2\ |__| l

Csz(OH)OP—CHz/ L—IN\ CH—PO(OH)CaHs

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.

Scheme 6 shows the preparation of the compounds of Formula (I) when T has a
bifunctional moiety.



EXAMPLE 1 Preparation of N-(2-pyridylnethyl)-N ijid- 1
,4,7,10-t et raazacycl odode- cane (PD3A). To 2 A%#wg%ﬁéqgj?c _
sol ution of 201. 4 ng (0.51 mol ) of N-(2- pyrldylnet Y
1,4,7,10-tetraazacycl ododecane, prepared by the proce %"ﬁF”FwﬁﬁﬁTﬁ"A was
added 350 ng (2.52 mol, 65% excess) of bronoacetic acid and the pH of the
reacti on m xture was nalntalned above 1 by adding snall portions of
concentrat ed sodi um hydroxide until no nore caustic was needed to keep pH
> 11 ([err]30 nmin). The reaction m xt $hem@6 then heated (60C) for 1 hr.
After the reaction m xture was cooled to roomtenperature, the pH of the
reacti on m xture was adjusted o 7 and the @elsral sol uti on chromat ogr aphed
on a cation exchange (SP-Sqyfiargse[err]) colum (1.5 x 50 cn) eluting
first with deionlzed thenjiwith 1M hyg loric acid. The acidic
fraction whi ch contlaine P wasBrGiapoia to dryness, followed by
co-evaporation (a No T Wi th fresh ﬂ%b ,zad—water (3 x 2 nL) to

el i m nate excess ﬂii C LQch a . T gﬁﬂ pre-'ct was isolated as white
solid upon freeze- FG In Bf t he aqu sol ution,Vafad further characterized
by: 1H NMR (E{err X——? rj2.79 - 4.13 . ], 24FD ~88 - 8.01 ([err],
2H), 8.35 - 8.42 (m éﬁ) 8.63 - 8.66 (m 1H); err” {[err]H NMR
(Dlerr]0) [err]51.04, '51.25, 53.73, 55. 47qu—_Q0 90, 57.52, 129. 86,
131. 21, 145.49, 150.82, 153.54, 171_61,_118¢76N i gans HbPreparatlon of

di met hyl enephosphonat e h as sho i n_ Schenme
EXANVPLE 2 BrbrBeosth| W‘_/N =2
L G
NO2
v l H,CO2H ™~
CH30C(O)CH BrCH,CO;
’ NI .
—N Nj QCHs (next page)
7N N i
Chsoc(O)CH” L1 CI:H
CO2CH3

NO2



Preparation of N-(2-pyridylmethyl)-N,N', N -tris(nethylenephesphanie—aehd
et hyl ester) 1,4,7, 10-tetr’aazacyc| ododecane (PD3EP).|| REPLACEMENT SHEET
N-(2-pyridylmethyl)-N , N , N '-tris(nmethyl enedi et hyl phosphonat eé m
,4,7,10- tetraazacycl ododecane 102.7 mg (0.14 nmol ), ﬂ)m&&p rﬁd,{]E npl
B was conbi ned with
20 1 nmL of 0. 1M of potassium hydroxi de'3nd heated at 90[err]C for 6 hr.
After cooling to roomtenperature, the aqueous solution was freeze-dried to
give a tan solid, which was chronmat Sghemgh@&ootidan ani on exchange
(QSepharose[err]) colum (1.5 x 50 cm) eluting first wth deionized water,

then with 1M hydrochloric acid. Foll ow eeze-drying of the ejuent, the
product was isol ated solid ghd fjrther characterized py: [err]H
NVR (D[ err]0, 338[err]‘j§’[e(rr)?m% 9H), 3.28 - 389(% 22H) ,
4.09 - 4.64 (m 8H), 8.22 - (msz) CHs HCKA .
CH;OC(O)CH; L_l CH—
COgCH3
NO2
\j
H°zc—°Hz\mr—© |
Hp/Pd H02C—CHz/ L_J ¢
COzH
NO2

HO2C—CH

N /—D
l———N N— Hs

| N N

HO,C—CH ¢H

CO-H

NH,
Scheme 7 shows the preparation of the compounds of Formula (I) when one T is
PO;HR where R is defined as in Formula (I) and the other two T are COOH.



8.40 - 8.75 (m, 1H), 9.00 - 9.12 (m, 1H); and [err]C {feH MNVR————
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EXAMPLE 3 Preparation of N-(2-pyridyl rrethxl) N, N,
N''-tris(nmethyl enephosphoni c acid propyl
ester)- 1 4,7,10-tetraazacycl ododecane (PD3PP). N-(2-pyridyl methyl)-N,
N', N''-tris(methylenedipropyl phosphbtheme)” 1, 4, 7, 10-
tetraazacycl ododecane, 0.71 g (0.89 mmol), prepared I n Exanpl e C, was
conbined with 3 nL of 0.1 M potNgsi hydr oxi de and heat eg‘,‘. eflux for 18
wa

hr. After cooling to im—i , the sol uti filtered,
and freeze-dried to gm ro i due, vﬁm?% '

into
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In Scheme 7 the hydrolysis steps are done as described in prior schemes. The
formaldehyde/bisulfite addition complex reaction is done aqueous basic conditions to give
selective alkylation at the 4,10-positions. The phosphonate group is then introduced
selectively at the 7-position.

In the above Schemes, the general process description illustrates specific steps that
may be used to accomplish a desired reaction step. The general description of these process
steps follows. '

The carboxylate derivatives described in Scheme 1 are prepared by conventional
alkylation procedures utilizing chloro- or bromo-acetic acid under basic aqueous conditions.

The phosphonic acid derivatives outlined in Scheme 2 can be prepéred by initial
alkylation of the amine with a trialkyl phosphite and paraformaldehyde, resulting in an
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give the desired aminophosphonic acids. Alternatively, the phosphonic acid can be
prepared under acidic conditions by employing phosphorous acid in combination with
formaldehyde and hydrochloric acid.

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

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

Scheme 7 shows a general procedure for the selective alkylation of the 4,10-positions
using the formaldehyde/bisulfite addition compound. The resulting intermediate is
converted to the corresponding nitrile, followed by introduction of the phosphonate moiety
at the 7-position. Acid or base hydrolysis yields the corresponding hydrolyzed final
products. | | -

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 (Gd13), iron (Fe*3) and manganese (Mn*2), with Gd+3 being preferred.

The complexes are prepared by methods well known in the art. Thus, for example,
see Chelating Agents and Metal Chelates, Dwyer & Mellor, Academic Press (1964),

Chapter 7. See also method for making amino acids in Synthetic Production and Utilization
of Amino Acids, (edited by Kameko, et al.) John Wiley & Sons (1974). An example of the

preparation of a complex involves reacting a bicyclopolyazamacrocyclophosphonic acid
with the metal ion under aqueous conditions at a pH from 5 to 7. The complex formed is
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derived from P&ﬁAefﬂé&&%naﬂntPBBEﬁé formulauon is used for diagnosis. The dose will vary
depending on the disease and physical parameters of the animal, such as weight. In vivo
diagnostics are also contemplated using formulations of this invention.

Other uses of some of the chelants of the present invention may include the removal
of undesirable metals (i.e. iron) from the body, attachment to polymeric supports for
various purposes, e.g. as diagnostic agents, and removal of metal ions by selective
extraction. The ligands of Formula (I) having in at least two R terms T equal to -CH,-
P(O)RIOH may be used for metal ion control as scale inhibitors. Some of these ligands can
be used in less than stoichiometric amounts. Similar uses are known for compounds
described in U.S. Patents 2,609,390; 3,331,773; 3,336,221; and 3,434,969.

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

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

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

DMF = dimethylformamide.

AcOH = acetic acid.

.. g = gram(s).

mg = milligrams.

kg = kilogram(s).

mL = milliliter(s).

pL = microliter(s).

pH STABILITY GENERAL PROCEDURE
A stock 15%GdCls (or 133SmCls) solution was prepaged by adding 2 pL of 3 x 104M
159GdC1; in 0.IN HCI to 2 mL of a 3 x 104 M GdCl; carrier solution. Appropriate
ligand solutions were then prepared in deionized water. The 1:1 ligand/metal complexes
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were then prepared by combining the ligands (dissolved in 100-500 pL of deionized water)
with 2 mL of the stock 159GdCl; solution, followed by through mixing to give an acidic
solution (pH = 2). The pH of the solution was then raised to 7.0 using 0.1N NaOH. The
percent metal as a complex was then determined by passing a sample of the complex
solution through a Sephadex™ G-50 column, eluting with 4:1 saline (85% NaCl/NH,OH)
and collecting 2 x 3 mL fractions. The amount of radioactivity in the combined elutions
was then compared with that left on the resin (non-complexed metal is retained on the
resin). The pH stability profile was generated by adjusting the pH of an aliquot of the
complex solution using 1M NaOH or 1M 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 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 spectrometer
equipped with a multi-nuclear quad probe (IH, 13C, 31P, and 1SF) at 297°K unless
otherwise indicated. !H spectra in D,O were recorded by employing solvent suppression
pulse sequence ("PRESAT", homo-nuclear presaturation). 1H spectra are referenced to
residual chloroform (in CDCl3) at §7.26 or external dioxane (in D,0) at §3.55. 13C and
31p spectra reported are proton decoupled (broad band). Assignments of 13C {1H}
chemical shifts were aided by DEPT (Distortionless Enhancement by Polarization Transfer)
experiments. 13C {!H} spectra are referenced to center peak of CDCl; at §77.00 (in
CDCl;) and external dioxane at 866.66 (in D,0). 31P {IH} spectra were referenced to
external 85% H3PO, at 80.00. Melting points were determined by capillary melt methods
and were uncorrected. Semipreparative ion-exchange chromatographic separations were
performed at low pressure (<600 psi) using a standard glass column fitted with hand-
packed Q-Sepharose™ (anion exchange) or SP--Sepharose™ (cation exchange) glass
column, and with on-line UV detector at 263 nm for eluent monitoring. GC/MS spectra
were performed on a Hewlett Packard 5890A Gas Chromatograph/ 5970 Mass Selective
Detector.

STARTING MATERIALS
EXAMPLE A
Preparation of N-(2-pyridylmethyl)-1,4,7 ,10—tetraazacyclddodecane.

A 2-picolyl chloride solution in chloroform was prepared by basifying 3 mL of an
aqueous solution of 1.03 g (6.3 mmol) of 2-picolyl chloride hydrochloride to pH> 14 and
extracting into chloroform. To a stirred chloroform solution of 2.03 g (11.8 mmol) of
1,4,7,10-tetraazacyclododecane was added 10 mL of the prepared 2-picolyl chloride
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pH % Conpl ex 1 78. 95

3 soluti@Bingchloroform in one portion. After stirring at temperatufe for 30 min, the gactién
Il mixtufeSway concentrated in vacuo to give a residue which was ghromatographed ?a

gel (column, 2.5 x 20 cm), eluting with CHCl3: CH30H: NH4OH (10:4:1), R, = 0.29 on
SiO plate. After concentration of eluent, the mono-alkylated product was isolated as thick
pale yellow liquid, which upon standing solidified to give 1.17 g of an off-white powder
(72%, based on 2-picolyl chloride), and further characterized by:
1H NMR (CDCly) |
62.54 - 2.82 (m, 16H), 3.75 (s, 2H), 7.11 - 7.14 (m, 1H), 7.42 - 7.46 (m, 1H), 7.64 - 7.65
(m, 1H), 8.46 - 8.48 (m, 1H); and
13C {1H} NMR (CDCly)
545.02, 46.31, 47.04, 51.51, 61.03, 122.04, 122.87, 136.61, 148.83, 150.53
EXAMPLE B

Preparation of N-(2-pyridylmethyl)-N',N" ,N"' trls(methylenedlethylphosphonate) -1,4,7,10-
tetraazacyclododecane.

To 331 mg (1.27 mmol) of N-(2-pyridylmethyl)-1,4,7,10-tetraazacyclododecane,

prepared in Example A, was combined 229 mg (7.63 mmol, excess) of paraformaldehyde

and 1.3 mL of 1.27 g (7.62 mmol, excess) of tricthylphosphite. After the mixture was
gently stirred for 10 min to obtain a well mixed slurry,iit was heated to 90°C for 1 hr. The
excess reagents and the byproducts were removed in vacuo (125°C/0.01 mmHg) to give
896 mg (99%) of the desired product as a yellow oil, and further characterized by:
IH NMR (CDCly)
51.25 - 1.39 (m, 18H), 2.66 - 2.95 (m, 22H), 3.71 (s, 2H), 4.01 - 4.22 (m, 12H), 7.10 -
7.15 (m, 1H),"7.57 - 7.65 (m, 2.45), 8.46 - 8.52 (m, 1H);
13C {IH} NMR (CDCly)
516.38, 16.46, 50.45, 50.67, 52.41, 53.19, 53.29, 53.48, 53.58, 61.37, 61.47, 61.52,
121.67, 123.28, 136.19, 148.61, 159.90; and
31p {1H} NMR (CDCl;, 297°K)
826.21;
31p {1H} NMR (CDCl;, 217°K)
524.18 (1P), 24.32 (2P).

EXAMPLE C
Preparation of N-(2-pyridylmethyl)-N',N",N"'-tris(methylenedipropylphosphonate)1,4,7,-
10-tetraazacyclododecane.

To 445 mg (1.71 mmol) of N-(2-pyridylmethyl)-1,4,7,10-tetraazacyclododecane,
prepared in Example A, was combined 154 mg (5.12 mmol, excess) of paraformaldehyde
and 3.5 mL of 3.20 g (5.12 mmol, excess) of tripropylphosphite. After the mixture was
gently stirred for 10 min to obtain a well mixed slurry, it was heated to 100°C for 30 min.
The excess reagents and the byproducts were removed in vacuo (4 hr. at 160°C/0.01
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121.61, 123.23, 136.14, 148.54, 159.92; and

31p {1H} NMR (CDCl3)

526.20 (1P), 26.23 (2P).

FINAL PRODUCTS
Ligands: Preparation of dimethylenecarboxylic acids as shown in Scheme 1.
EXAMPLE 1

Preparation of N-(2-pyridylmethyl)-N',N" ,N"'-triacetic acid-1,4,7,10-tetraazacyclodode-
cane (PD3A). '

To 2 mL of an aqueous solition of 201. 4 mg (0.51 mmol) of N-(2-pyridylmethyl)-
1,4,7,10-tetraazacyclododecane, prepared by the procedure of Example A, was added 350
mg (2.52 mmol, 65% excess) of bromoacetic acid and the pH of the reaction mixture was
maintained above 11 by adding small portions of concentrated sodium hydroxide until no

“more caustic was needed to keep pH > 11 (~30 min). The reaction mixture was then
heated (60°C) for 1 hr. After the reaction mixture was cooled to room temperature, the pH
of the reaction mixture was adjusted to 7 and the neutral solution chromatographed on a
cation exchange (SP-Sepharose™) column (1.5 x 50 cm) eluting first with deionized water
then with 1M hydrochloric acid. The acidic fraction which contained product was
evaporated to dryness, followed by co-evaporation (azetrope) with fresh deionized water (3
x 2 mL) to eliminate excess hydrochloric acid. The final product was isolated as white
solid upon freeze-drying of the aqueous solution, and further characterized by:

IH NMR (D,0)
52.79 - 4.13 (m, 24H), 7.88 - 8.01 (m, 2H), 8.35 - 8.42 (m, 1H), 8.63 - 8.66 (m, 1H); and
13C {IH} NMR (D,0)
851.04, 51.25, 53.73, 55.47, 56.00, 56.90, 57.52, 129.86, 131.21, 145.49, 150.82,
153.54, 171.61, 178.76. Ligands: Preparation of dimethylenephosphonate haif esters as
shown in Scheme 3.

EXAMPLE 2
Preparation of N-(2-pyridylmethy!l)-N',N" ,N"'-tris(methylenephosphonic acid ethyl ester)-
1,4,7,10-tetraazacyclododecane (PD3EP).

N-(2-pyridylmethyl)-N',N" ,N"'-tris(methylenediethylphosphonate)-1 ,4,7 ,10-
tetraazacyclododecane, 102.7 mg (0.14 mmol), prepared in Example B, was combined with
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1 mL of 0.1M of potassium hydroxide and heated at 90°C for 6 hr. After cooling to room
- temperature, the aqueous solution was freeze-dried to give a tan solid, which was

chromatographed on an anion exchange (Q-Sepharose™) column (1.5 x 50 cm) eluting first

with deionized water, then with 1M hydrochloric acid. Following freeze-drying of the

cluent, the product was isolated as a brown solid and further characterized by:

IH NMR (D,0,338°K) _

0 1.41 - 1.57 (m, 9H), 3.28 - 3.89 (m, 22H), 4.09 - 4.64 (m, 8H), 8.22 - 8.26 (m, 2H),

8.70 - 8.75 (m, 1H), 9.00 - 9.12 (m, 1H); and

13C {IH} NMR (D,0, 338°K)

§ 19.41, 19.51, 52.58, 53.00, 52.31, 53.75, 53.82, 56.04, 59.53, 64.60, 64.76, 129.86,

131.41, 147.31, 149.06, 154.34; and

31p {IH} NMR (D,0, 338°K)

5 9.64 (2P), 19.79 (1P).

EXAMPLE 3.

Preparation of N-(2-pyridylmethyl)-N', N'', N'''-tris(methylenephosphonic acid propyl

ester)-1,4,7,10-tetraazacyclododecane (PD3PP).

N-(2-pyridylmethyl)-N', N'', N''-tris(methylenedipropylphosphonate)-1,4,7,10-
tetraazacyclododecane, 0.71 g (0.89 mmol), prepared in Example C, was combined with 3
mL of 0.1M potassium hydroxide and heated at reflux for 18 hr. After cooling to room
temperature, the aqueous solution was filtered, and freeze-dried to give a brown residue,
which was redissolved into CH,Cl,/C,HsOH (95:5) and filtered. Following evaporation of
solvent and concentration in vacuo, the product was isolated as a brown solid and further
characterized by:

IH NMR (D0, 353°K) _

8 1.24 - 1.36 (m, 9H), 1.95 - 2.04 (m, 6H), 3.03 - 3.29 (m, 22H), 4.10 - 4.25 (m, 8H),
7.74 - 7.92 (m, 2H), 8.23 - 8.29 (m, 1H), 8.87 - 8.96 (m, 1H); and

13C {IH} NMR (D,0, 353°K)

d 13.15, 27.20, 50.43, 53.89, 54.48, 54.98, 55.42, 64.33, 69. 41 126. 38 128.30, 141.24,
152.46, 161.45; and

31p {IH} NMR (D50, 353°K)

d 21.61 2P), 21.95 (1P).

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.
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Sometimes heated solutions were found to give higher complex yields than when the
complexation was done at ambient temperatures.

For example, a solution of the ligand is prepared by dissolving the ligand in deionized
water (about pH = 2). A ligand/metal complex was then prepared by combining the ligand
solution with aqueous SmCly H,O (3 x 104M in 0.01N HCI) containing tracer 153SmCl,.
After thorough mixing, the percent metal as a complex was determined by passing a sample
of the complex solution through a Sephadex™ column, eluting with 4:1 saiine (0.85%
NaCl/NH4OH), and collecting 2 x 3 mL fractions. The amount of radioactivity in the
combined elutions was then compared with that left on the resin. Under these conditions,
complex was removed with the eluent and non-complexed metal is retained on the resin.
By this method complexaﬁén was determined to usually be about 95% or greatef.

Using the above procedure, the complexes of samarium with

N-(2-pyridylmethyl)-N', N'', N''-riacetic acid-1,4,7,10-tetraazacyclododecane
(PD3A); :

N-(2-pyridylmethyl)- N', N'', N''-tris(methylenephosphonic acid ethyl ester)-
1,4,7,10-tetraazacyclododecane (PD3EP); |

N-(2-pyridylmethyl)-N', N'', N'''-tris(methylenephosphonic acid propyl ester)-
1,4,7,10-tetraazacyclododecane (PD3PP); and

N-Q2-pyridylmethyl)-N', N'', N''-tri(methylenephosphonic acid-1,4,7,10-tetraaza-
cyclododecane (PD3P);
were made. Complexes with gadolinium are made in a similar manner.

The following tables illustrate the kinetic inertness of the Sm complexes derived from
PD3A, PD3PP and PD3EP.

pH Stability Profile
of 153Sm-PD3A
pH % Complex
1 98.30
2 99.38
4 99.62
7 99.86
9 99.86
11 99.80
14 - 99.96
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3 87.56
5 92.99
7 95.06
9 95.22
11 92.74
14 87.65
pH Stability Profile
of 1533Sm-PD3EP
pH % Complex
1 78.95
3 93.80
f 5 93.02
7 93.77
9 95.89
11 95.77
14 94.07
BIODISTRIBUTION
GENERAL PROCEDURE

- Sprague Dawley rats were allowed to acclimate for five days then injected with 100
pL of the complex solution via a tail vein. The rats weighed between 150 and 200 g at the
time of injection. After 30 min. the rats were killed by cervical dislocation and dissected.
The amount of radioactivty 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 pL standards in order to determine the percentage of the dose in each tissue or organ.

The percent dose in blood was estimated assuming blood to be 6.5% of the total body
weight. The percent dose in bone was estimated by multiplying the percent dose in the
femur by 25. The percent dose in muscle was estimated assuming muscle to be 43% of the
total body weight. The number of rats used in the average is n.

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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EXAMPLE I

When the complex 153Sm [N-(2-pryidylmethyl)-N',N'"',N'"'-tris(methylenephosphonic
acid ethyl ester)- 1,4,7,10-tetraazacyclododecane] (153Sm-PD3EP) 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 injection.

TABLE I
BIODISTRIBUTION OF 153Sm-PD3EP
' % INJECTED DOSE

ORGAN AVERAGE
Bone 0.82
Liver 0.36

Kidney 1.24
Spleen 0.01
Muscle 0.62
Blood 0.45
Heart 0.01
Lung 0.02
Brain 0.01
Urine 97.00
EXAMPLE 1

When the complex 153 Sm[N-(2-pyridylmethyl)-N',N'*,N'"'-tris(methylenephosphonic
acid propyl ester)- 1,4,7,10-tetraazacyclododecane] (153Sm-PD3PP) was evaluated, the
results are given in Table II below. The numbers represent the average of a minimum of 3
rats per data point at 2 and 24 hours post injection.
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TABLE II

BIODISTRIBUTION OF 153Sm-PD3PP
% INJECTED DOSE

ORGAN AVERAGE | AVERAGE

2 hrs 24 hrs

Bone 5.93 12.39
Liver 20.36 2.31
Kidney 0.86 0.89
Spleen 1.19 0.22
Muscle 0.82 0.27
Blood 0.68 0.03
Heart 0.04 0.02
Lung 020 0.40
Brain 0.04 0.00
Stomach 1.39 0.04
Small Intestine 13.56 0.13
Large Intestine 0.18 , 0.16
Urine 50.00 83.00
Feces .- 5.33

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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wherein:
T is independently -CH>-COOH,

7
—C Hz—IID—OH
R
or
R1
COsH
2 Re

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

R! is OH or OCHj3; _

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

with the proviso that only one T moiety is

Ry

COzH
Rz
where R! and R? are defined as before; or |
pharmaceutically-acceptable salts thereof.
2. A compound of claim 1 wherein T equal -CH,-P(O) ROH, where R is OH, or
pharmaceutically-acceptable salts thereof, and is named as N-(2-pyridylmethyl)-N', N'',
N'"'-tri(methylenephosphonic acid-1,4,7,10-tetraazacyclododecane.

O
S L)
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admini stering to said animal an effective amount of the f¢ ationgfee
claim9. 11. A method of claim 10 wgerein the fornul
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conpl ex conpr ses

pyri dyl met hyl AN' Sﬁng&!#rl sl%rlré'%'n 1I elr}%rﬁﬁlospﬁ%urﬁlc gcpgogh}%mm
ester)-1, accrepmble s@tsrtaamaﬁ,ymdommmms N-(2-pyridyBuethy riN'h &', olN' 'CHrdgaetia Bcid-
V\/nerel n ttie4 ¢ AP XaZ20980doieearR. corrpound N-(2- pyridylnmethyl)-N,N',N

"ot f Ryl hos d t
oS T e O o Gk 1" ORainF oG ety (0} KO, where R is -0-(Gys

Cs alkyl), or pharmaceutically-acceptable salts thereof.

5. A compound of claim 4 wherein R is ethoxy or pharmaceutically-acceptable
salts thereof, and is named as N-(2-pyridylmethyl)-N', N'', N'''-tris(methylenephosphonic
acid ethyl ester)- 1,4,7,10-tetraazacyclododecane.

6. A compound of claim 4 wherein R is propoxy, or pharmaceutically-acceptable
salts thereof, and is named as N-(2-pyridylmethyl)-N', N'', N'''-tris(methylenephosphonic
acid propyl ester)-1,4,7,10-tetraazacyclododecane.

7. A compound of claim 1 wherein T equal ~-CH,-P(O) ROH, where R is C;-Cs
alkyl. '

8. A compound of claim 1 where one T is

R1

—(l:H '
COoH
Ry
where R1 and R2 are defined as in claim 1; and the other T terms are defined as in claim 1.
9. A complex which comprises a polyazamacrocyclic compound of the formula

O

L

d L \T 0

wherein:
T is independently -CH,-COOH,

Il -
—CHZ—I?——OH or
R
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3.. A conpound of claim1l wherljgﬂT e uaI -CH COOH, or pharmaceutically

acceptabl e salts thereof, and ,ﬁﬁumﬂﬂllpyrl dyl WjL%Hégﬁ%!ﬁ&*%ﬁT

-triacetic acid- 1,4,7, 10- t et
claim1 wherein T equal -CH2-P(O) RO—I Whete R is -O(C[“ bﬁ%‘l@eﬂﬁﬂmﬁ

hereof, and is named as
hosphoni ¢ acid propyl
CF A conpound of claim1

al kyl'), or pharmaceutical |l y-acceptabl e sabys thereof.
of claim4 wherein Ris ethoxy or pharnmaceutically- accep.t
thereof, and is nanmed as N (2-pyridyl nethyl)-N, N',
N'' -tris(met hyl enephosphoni c acid ethyl "&ger)-
1,4,7,10-tetraazacycl ododecane. 6. ‘
propoxy, or pharnaceutically-accept-abC#l-s8
N-(2-pyridylmethyl)-N, N', N'-tris( Iim_ly 16
ester)-1,4,7, 10-tet raazacycl ododecan#.~2 7
wherein T equal -CHerr]-P(OQ ROH where Ris 8rr]-Cerr] alkyl. 8.
fegg]rmoundv/ﬁérec iR, ¢&E SalRi¥or-0-&C,-Cs alkyl);
R! is OH or OCHj;
R2 is NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl;
with the proviso that only one T moiety is
R4

COzH
Ro

where R! and R? are defined as before; or
pharmaceutiéally—acceptable salts thereof;
complexed with a metal ion selected from Gd+3, Mn+2 or Fet3,

10. A complex of claim 9 wherein the metal is Gd+3.

11- A complex of claim 9 wherein T is -CH,-P(O) ROH, where R is OH, and the
metal is Gd+3.

12. A complex of claim 9 wherein T is -CH,-COOH, and the metal is Gd+3-

13. A -complex of claim 9 wherein T is -CH,-P(O) ROH, where R is -O-(C{-Cs
alkyl), and the metal is Gd+3.

14. A complex of claim 9 wherein T is -CHy-P(O) ROH, where R is C; - Cs alky],
and the metal is Gd+3.

15. A pharmaceutical formulation comprising a complex of claim 9 with a
pharmaceutically-acceptable carrier.

16. 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 15.

17. A process for preparing polyazamacrocyclic compounds of the formula

EN N
LN

T (l)
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where: R is OH, C;-Cs alkyl or -O-(C; - Cs alkyl); or
pharmaceutically-acceptable salts thereof;,
which comprises any one of the following:

(A) reacting a compound of the formula

H_ H _{Q
QN N
— \ (I

with X-CH,-COOH, where X is cholro or bromo atom, in the presence of an aqueous alkali
metal hydroxide, at a pH between about 8-10, at a temperature between about 60-90°C;
to provide a compound of Formula (I) above where T equal -CH,-COOH; or

(B) reacting a compound of the formula

\Hf—o
I:N N__J
v LN 0

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 T equal ~-CH,-PO3H;; or
(C) reacting a compound of the formula

N
1O
Dy
H L \H (H

with P(OR)3 where R is C{-Cy4 alkyl in formaldehyde, followed by hydrolysis using 3 to
12M hydrochloric acid, at a pH below about 3, at reflux temperature;
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Cerr]

Rl err]

- wher e: Ls OH.
‘ =
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that only one T noiety is [err] wherggRl and R2 are deflﬂ@é"ﬁ"\""'ﬁijfﬁf’e """

or pharmaceutically-acceptable salts thereof;

to provide a compound of Formula (@) above where T equal —CHZ—P03H2; or
(D) reacting a compound of the formula

e "
EN - .
N N—
g \
(I
with P(OR); where R is C{-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 T equal -CH,-PO,HR where R is -O-

(Cy - G5 alkyl); or

(E) reacting a compound of the formula

EN ”] |
N N - i
v LN,
(ih
with H;C-P(OEt), 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-C,Hj; in formaldehyde and hydrochloric acid, at a pH below about 3, at reflux

temperature;
to provide a compound of Formula (I) above where T equal -CH,-PO(OH)R where R is Cy-

Cs alkyl.
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2-Pyridylmethylenepolyazamacrocyclophosphonic 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 in in vivo biolocalization. The
complexes are useful as contrast agents for diagnostic purposes. |
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] .

[err] where: Ris OH {err]-Cerr] alkyl or -O(C[er - Ckzr ‘Bgyl)
or pharmaceutically-acceptable salts thereof; which conpri:8€s .ane..of...

the fol |l ow ng: (A) reacting a conpound of the for H-a
]
INEI
T T
)
wherein:
T is independently ~-CH,-COOH,
i
—-CHg—IT-—OH or
R
R1
—-—Cl}H .
COzH

where:

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

R! is OH or OCH3;

R2is NOZ,' NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl;
with the proviso that only one T moiety can be

R1

CO2H
R2
where R! and R? are defined as before; and
with the proviso that at least one T moiety is -CH-P(O)ROH where R is -O-
(C,.Csalkyl); or |
pharmaceutically-acceptable salts thereof.
The invention is also directed to a complex which comprises a polyazamacrocyclic



[ery] i Wth X-CH2-COCH, where X is cholro or bronmb atom in the presence
of an aqueous al kali netal hydroxide, at a pH between m 3~ 10 d '

t enperature between about 60-90[err]C, to provide a cof %zf"ﬂFﬁTﬁff-ﬁT( )
above where T equal -CH err]-COOH, or (B) reacti ng ,af,_.g('_)rrp.ognﬂEﬁflgﬂ'ﬁe

fornul a 3alerr]  withl[phds) 4
hydrochl oric acid and excess fornmal dehyde, at a pH bel ow about ™2, at reftux

:phosphorous: - aci-¢-i|
tenperat Ur &mpound of the formula

N/
T ] \ |
EN N—
N N—
LT

M
wherein:
T is independently -CH,-COOH,

[
—CH2—-IT’—OH or
R

R1

where:
R is OH, C{-C5 alkyl or -O-(C;-C5 alkyl);
R! is OH or OCHj;
R? is NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl; '
with the proviso that only one T moiety can be

R

COzH
R2
where R! and R2 are defined as before; and with the proviso that at least one T moiety is
~CHj- '
P(O)ROH where R is -O-(C4-Cs5 alkyl); or
pharmaceutically-acceptable salts thereof;
complexed with a metal ion selected from Gd+3, Mn+2 or Fet3.
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The invention is still further directed to a pharmaceutical formulation comprising a
complex of the invention with a pharmaceutically acceptable carrier. |

The invention is further directed to a method for diagnosis using magnetic
resonance imaging of a disease state associated with calcific, brainy heart or liver tissue,
or variations in blood pool or general perfusion in an animal which comprises
administering to said animal an effective amount of the formulation of an effective
amount of a pharmaceutical formulation of the invention.

When the above ligands of Formula (I) have:

all T equal P(O)ROH, where R is OH, or the pharmaceutically-acceptable salts
thereof, the ligands are referred to herein as PD3P; :

all T eqﬁal COOH, or the pharmaceutically-acceptable salts thereof, the ligands are
referred to herein as PD3A;

all T equal P(O)ROH, where R is -O-(C;-C; alkyl), or the pharmaceutically-
aceptable salts thereof, the ligands are referred to herein as PD3(0O-Alk)P; and

all T equal P(O)ROH, where R is C;-Cs alkyl, or the pharmaceutically-acceptable
salts thereof, the ligands are referred to herein as PD3(Alk)P.



to provide a conpound of | " “ | where T equal
-CH err]-PO[err]H err]; i“l ﬁ Eml ng acorrpound of
[err] OR) 3 where %Qﬁl&}]'r@m]“

al kyl in formal dehyde, follomed by hydr ol ysi s usi ng. ess

hydr oxi de, at a pH above about 12, at r& | ux tenpera ‘ur._e ______________ .a :]
conpound of Fornula (1) above where T equal -CH err]- P‘CI'ér‘f';lHR thEf-ef‘R:—rS
-0- (derr] - (err] alkyl); or CIL.AMKeacting a corrpound of the
formul a 1.  2-Pyridylmethylenepolyazamacrocyclic [:ompclunds of the formula
NZ
T[N
=l
T T
)
wherein:
T is independently -CH,-COOH,
| 7
—CHz—I?’—OH or
R
R1
O .
COzH

where:

R is OH, C;-C5 alkyl or -O-(C;-C5 alkyl);

R! is OH or OCHj3;

R2 is NO,, NH,, 1sothlocyanato senncarbaz1do thiosemicarbazido, maleimido,
bromoacetamido or carboxyl;
with the proviso that only one T moiety can be

R1

—?H .
CO2H
R2

where R! and R? are defined as before; and

with the proviso that at least one T m01ety is -CH,-P(O)ROH where R is -O-
(C1.C5 alkyD); or :

pharmaceutically-acceptable salts thereof.

2. A compound of claim 1 wherein from one to three T equal -CH,-P(O)ROH,
where R is -O-(C{-C5 alkyl), or pharmaceutically-acceptable salts thereof.
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wi:th Herr]GCGP(OEt)[err] |hforfraldeh de and tetrahy H— T 0
hydrol ysi s using exces “mmm“mm‘:“ﬁ roxide, at a AERbAGEM 1E &Q‘\é%g
reflux tenperature or u IHerr] in fqp maldeh§ =
hydrochloric acid, at a pH‘bef‘om}"about 3, at reflux terlm@rat re;: to_gngwl de

a conpound of For mul a (1) above where Tzﬁaqual - CH er r=PEOFEH R where Ris
Cerr]- (Jerr] alkyl.

3. A compound of elaim 2 wherein R is ethoxy, or pharmaceutically-acceptable
salts thereof, and is named as N-(2-pyridylmethyl)-N',N",N' "-tris(methylenephosphonic
acid ethy! ester)-1,4,7,10-tetraazacyclododecane.

4. A compound of claim 2 wherein R is propoxy, or pharmaceutically-
acceptable salts thereof, and is named as N-(2-pyridylmethyl)-N',N",N'"-
tris(methylenephosphonic acid propyl ester)-1,4,7,10-tetraazacyclododecane.

5. A compound of claim 1 where one T is

R1
___CI;H )
COoH
R2
where R1 and R2 are defined as in claim 1; and the other T terms are defined as in claim
1.
6. A complex which comprises a polyazamacrocyclic compound of the formula
LN /—O
[N N—
LS
T T
)
wherein:
T is independently -CH,-COOH,
[
—-CH2—I|3—OH or
R
R1
—CIEH .
COzH :
where:

R is OH, C;-Cs alkyl or -O-(Cy-Cjs alkyl);

R! is OH or OCHj;

R2 is NO,, NH,, isothiocyanato, semicarbazido, th1osenncarba21do maleimido,
bromoacetamido or carboxyl; :
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with the proviso that orily one T moiety can be
R1

__CI;H .
COzH
R2

where R! and R? are defined as before; and with the prov1so that at least one T moiety is
-CH,. -

P(O)ROH where R is -O-(C;-Cs alkyl); or

pharmaceutically-acceptable salts thereof;

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

7. A complex of claim 6 wherein the metal is Gd+3.

8. A complex of claim 6 wherein from one to three T equal -CH,-P(O)ROH,
where R is-0-(C;-Cs alkyl), and the metal is Gd+3,

9. A pharmaceutical formulation comprising a complex of claim 6 with a
pharmaceutically-acceptable carrier.

10. A method for diagnosis using magnetic resonance imaging of a disease state
associated with calcific, brainy heart or liver tissue, or variations in blood pool or
general perfusion in an animal which cdmprises administering to said animal an effective
amount of the formulation of claim 9.

11. A method of claim 10 wherein the formulation comprises a complex as
defined in claim 8. '

12. A method of claim 11 wherein the complex comprises a compound N-(2-
pyridylmethyl)-N',N" ,N'"-tris(methylenephosphonic acid ethyl ester)-1,4,7,10-
tetraazacyclododecane.

13. A method of claim 11 wherein the complex comprises a compound N-(2-
pyridylmethyl)-N',N",N'"-tris(methylenephosphonic acid propyl ester)-1,4,7,10-
tetraazacyclododecane.
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2-PYRIDYLMETHYLENEPOLYAZAMACROCYCLOPHOSPHONIC ACIDS,
COMPLEXES AND DERIVATIVES THEREOF, FOR USE AS CONTRAST AGENTS

ABSTRACT

2-Pyridylmethylenepolyazamacrocyclophosphonic 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 in in vivo biolocalization. The
complexes are useful as contrast agents for diagnostic purposes.



