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"Bicycle-Polyazamacrocyclocarboxlic Acid Complexes, Conjugates,
Preparation and Use as Contrast Agents"

This invention concerns complexes that contain as the ligand bicyclopolyaza-
macrocyclocarboxylic acids, and conjugates thereof, for use as contrast agents in magnetic
resonance imaging (MR!). Processes for preparing these complexes and conjugates are also
provided. To better understand this invention, a brief béckground on MRlis provided in the
following section. ’ ) .

Backaround
' MR! 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 techmque
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 magne' ¢ 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 (Tl) and spin-spin (T2) relaxation and lt is these relaxation measurements
which give information on the degree of molecular orgamzatlon and interaction of protons
with the surrounding environment.

Since 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 presentin tissue bei ng examined, the greater will be the contrast
inthe obtained image [J. Magnetic Resonance 33, 83-106 (1979)}.

Itis known that paramagnetic chelates possessing a symmetric electronic ground
state can dramatically affect the T1 and T2 relaxation rates of juxtaposed water protons and
that the effectiveness of the chelate in this regard is related in part, to the number of unpe-red

electrons producing the magnetic moment [Magnetic Resonance Annual 231-266 (Raver Press
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This invention concerns conpl exes that contain as the |igand
bi cycl opol yaza- macrocycl ocarboxylic acids, and conjugates thereof, for. use
as contrast agents i n nagnetic resonance inmaging (MRl). Processesfor
Prepari ng these conpl exes and conjugatesare al so provided. To better
understand this invention, a brief background on MRl is provided in the

fol 1 owi ng secti onyy BaghOi R44BIEb been shown that when a PARdmighetR Al drtiARdeYE
diagnostic techni gug uhlel Rhoduces ekl ranghver of Qss. useeLi.onal. | mges
of soft tissue wifhin an ani e body,Jefteﬁ" rab[’?‘/. 4 hGRan "Boay" "Thi*S™Y
t echni que i s basePseprsin hp@agnetieserapciMREmpges Wih InerepEcontzast keing plsenyed inthe er
prot ons) whi ch poss8stchaatdbgdlicition. R tHatefdrélseet propaierthirytabie inbeterit i cal
equations; see:G 9 | | : L SThEiYin orfelto Mdrease Me &: a1, NY
(1973)] to align _Ju’\gr'n%n pﬁ?%fcf?%g%ﬁﬂ"éé}%uﬁg}ﬁ. Once . oease a6
information obtained by MRI [Frontiers of Biol. Energetics |, 752-759 (1978); J. Nucl. Med. 25,
'506-513 (1984); Proc. of NMR imaging Symp. {Oct. 26-27, 1980); F. A. Cotton et al., Adv. inorg.

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

contrast enhancement agents or contrast agents.

10 There are 2 number of paramagnetic metal ions which can be considered wher;' :
undertaking the design of an MR| contrast agent. In practice, however, the most useful
paramagnetic metal ions are gadolinium (Gd *3), iron (Fe*?), manganese (Mn *%) and (Mn*3),
and chromium (Cr*3), because these ions exert the greatest effect on water protons by virtue of
their Iarg_e magnetic moments. In a non-complexed form (e.g. GdCl,), these metal ions are toxic

15 toananimal, thereby precluding their use in the simple salt form. Therefore, a fundamental
role of the arganic chelating agent (also referred to as a ligand) is to render the para\magnetic
metal non-toxic to the animal while preserving its desirable influence on 1:1 and T2 relaxation

- rates of the surrounding water protons. |
Artin the MRI field is quite extensive, such that the following summary, not

20 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 macrocyclomethyienecar.'boxylic acid. U.S.Patent

25 4,880,008 (a CiP of U.S. Patent 4,899,755) discloses additional imaging data for liver tissue of
rats, but without any additional complexes being shown. U.S. Patent 4,980,148 disclose
gadolinium complexes for MRI which are'non-cyclic.compounds. C J.Broanetal., J. Chem. Soc,,
Chem. Commun., 1739-1741 (1990) describe some bifunctional macrocyclic phosphinic acid
comppunds. C. J.8roan et al., J. Chem. Soc., Chem. Commun., 17384739 (1990) describe

30 compounds that are triazabicycio compounds. 1. K. Adzamli et al., J. Med. Chem. 32, 139-144
{1989) describes acyclic phosphonate derivatives of gadolinium complexes for NMR imaging.

At the present time, the only commercial contrast agent available in the U.S. is the

complex of gadolinium withdiethyleneti'iahinepentaacetic acid (DTPA-Gd **- MAGNEVIST™
by Sheri ng). MAGNEVIST™ is considered as a non-specific/perfusion agent since it freely

35 distributes in extracellular fluid followed by efficient elimination through the renal system
MAGNEVIST™ has proven to be extremely valuable in the d-iagnosis of brain lesions since the
accompanying breakdown of the blood/brain barrier aliows perfusion of the contrast agent
into the affected regions. in addition to MAGNEVIST™, Guerbet is commercially marketing a

-2-

This Sheet Has Been Replaced

MR




.
al ii gned, this equilibriumstate can be perturbed by applying an external
radi o frequency (RF) pul se which causes the protons to be tilted out of
alignnment with the magnetic field. Wien the RF pulse is term nated, the
nuclei return to their equilibriumstate and the tinme required for this to
loccur is known as the relaxation tine. The relaxation tinme consists of two
paraneters known as spin-lattice (T1l) and spin-spin (T2) relaxation and it
is these rel axation nmeasurenents which give information on the degree of
‘nol ecul ar or gani madrpayelic pertbsiomicentdRPTABEM BF wiichpresensly isiotinaveiipdledn furapendli ng
‘envi ronment . number of other SAtéHiB! cUitiaftlagdn@idt iR Varials stag¥sion@eviibgaferie 1S
substantial and variati opge) . alheRle, G0N LADIRA RS nATORILL 55U

it ypes, diagnostic inmag es 0 ﬁg efl ect |
proton density awaﬂf*@vffkmevéheqerl o bejrrge r’%‘ﬁf'é'?‘"t"ﬁ'@sPd‘i‘ffcfPéFf'ér?eé%e""snThe

rel axat.i on ti sesSpreskitineatiohdsdirédted1s futtouth nwee&enptexa,fr +Hprissd edighrei thay isaapaded,
the greater will, anIiL%ro Ea;%},,cbghgf%f%gl ned image [J. Magnetic
Resonance 33, 83- 1 6 (197 %2:']8 is known that paranagnetic
chel at es possessing a symetric el ectr%{u C gr ound state .can dramatically
affect the T1 and T2 relaxation rates=0f~ gxtaposed water protons and that

the effectiveness of the chelate in |slregard is related in part, to the
nunber of unpqgt ed el ectrons prod gnhetic nmonment [ Magnetic
Resonance Annu 231- 266 (Raver es (1)
R-N | TI-R
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\/ '
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wherein:
Ris
X X -
I I h
20 ~C-CO.H ' .--c—@>>~R4 or
| 1
vt y2 '
, H
. | R
-C :
25 | R4
y2
where: -

X and Y' are independently H, OH or c,-C, achyl;
30 YZ?isHorCOOH;
R’is H, OH or OCH_; and .
R*isH, NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyi . with the proviso that atleast two R terms must be
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NY (1985)]. It has al so been shown thatwhen a paramagnetic chel ate of
type is adm nistered to a living animal, its effect on the Tl and T2
arious tissues can be directly observed in the nagnetic resonance

I mages with increased contrast being observed in the

areas of

ate localization. It has therefore been proposed that stable, non-toxic
par amagnetic chel ates be administered to aninmals in order to increase the

nosti c i nformati on obtained by MRI[Frontiers of Biol.

2-759 (1978); J. Nucl. Med. 25,  506-513 (1984); Proc.

(CQct. 26-27, 1980); F.A. Cotton etal.,Adv. Inorg.
X
I
-C-CO,H ;
|
5 41

A = CH, N, C-Br, C-Cl, C-OR’, C-OR?, N*-R¥ X, or

< c—cEc——@—— R* ;

R'=H, C,-C, alkyl, benzyl, or benzyl substituted with atleast one R%;
R?isC -C  alkylamino; _
R3is C,-C . alkyl, benzyl, or benzyl substituted with at least one R¥;

15 R*isdefined as before;

" XisCl,Br,lor H,CCO;

Q and Zindependently are CH, N, N*-R* X', C-CH,-OR" or C-C(O)-R®;
R' and R? are defined as above; l
R®is-0-(C,-C, alkyl), OH or NHR%;

20 R®isC -C, alkyl or a biclogically active material;
X'is defined as above; and

with the provisos that:

Energetics
of NWVR | magi ng

a) when Q, A or Zis N or N°-R*X, then the other two groups must be CH;
b) when Ais C-Br, C-Cl, C-OR'or C-OR?, then both Q and Z must be CH;
25 ¢) the sum of the R, R® and Réterms, when present, may not exceed one; and
d) only one of Q or Z can be C-C(0Q)-R® and when one of Q or Z is C-C(0)-R%, then A

must be CH; and
complexed with a metal ion selected from Gd*%Mn*?orFe*?; or

pharmaceutically-acceptable salts thereof.

30 Bifunctional complexes of Formula (1) are desirable to prepare the conjugates of

thisinvention. Such ligands must have at least one of R?, R*or R® present:

oneRtermis

35
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Chem 634-639(1966)]. Paramagnetic netal chelates used in this nmanner are
referred to as contrast enhancenent agents or contrast agents.

Therie are a nunber of paramagnetic netal -ions which can be consi dered when
undertaki ng the design of an MRl contrast agent. In practice, however, the
nost useful paramagnetic netal ions are gadolinium (CGd [err]), iron
(Fe[err]), manganese (Wnh [err]) and (Mf[err]), and chromum (Cr[err]),
because these ions exert the greatest effect on water protons by virtue of
their. |l arge magnetic nonents. In a non-conplexed form(e.g. GdCl[err]),
these netal ions are toxic_to an animal, thereby precluding their use in
the sinple salt form Ther & ore, a fundanent al 3&§ﬁ of the organic

chel ati ng agent (al so ref erlr ed s a ligand) ik 0y ender, t he

paramagneti c netal non-toxd-e o®1 ol nair whi -I- ng its desirable
infl uence on Tl and T2 reliaxat NQ0./ rates of thej surkg ndiRfg wat er protons.
Art in the MRl field is quiyke extensive, such thg the follow ng sumary,
not intended to be exhaustive, is provided only as a review of this area
and other conpounds that arg.008Sj:k VgRt 0 defhedlalbndle: Yt ure. U. S, Patent
4,899, 755 di scl oses a method of al‘ternating the profon NMR rel axation
timesinthe liver or bile ductof an aninmal using Fe[err]-ethyl ene-bis(2-
hydr oxyphenyl gl yc1|°ne) conpl &jaSOREOR (vhed @ dny R aradefinedangbosarggest s anong

vari ous ot her conmpounds the possible use a pyridine
nacrocyglonethylenecarboxyl|c aELgéCU' ents )
15 " where R*is defined as above; or

A is CH, and one of Qor Zis CH and the other is C-C(0)-R° or C.-CHz-OR‘,\where R
and R® are defined as above; especially perferred are those ligands where RSis
NHR®, where R®is a biologically active material.

26 ~ Theligands of Formula (f) are complexed with various metal ions, such as
gadolinium (Gd *3), iron (Fe*%), and manganese (Mn*3), and Gd*? being preferred The
complexes so formed can be used by themselves or can be attached, by being covalently
bonded, to a larger molecule, such as a dextran, a polypeptide or a biologically active molecule,
including an antibody or fragment thereof, and used for diagnostic purposes. Such conjugates

25 and complexes are useful as contrast agents.

The complexes and conjugates of this invention can be modified to provide a
specific overall charge. For example, when the metal ionis + 3 the following can be obtained:

(A) an overali neutral charge - when -

Ris
30 ’ X
l
-C-CO0,H ,
|
Yl
35 and X and Y' are all equal to H;

(B) anoverall + 1 charge - when

This Sheey '
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4,880,008 (a CIP of US. Patent 4,899, 755) discloses additional inaging
data for liver tissue of rats, but w thout any additional conpl exes being
shown.- U.S. Patent 4,980, 148 di scl ose gadoliniunlconplexes for MRl which
are non-cyclic conmpounds. CJ. Broan et al., J. Chem Soc., Chem Commun.,
1739- 1741 (1990) describe some bifunctional nacrocyclic phosphinic acid
conpounds.- C. J. Broan et al., J. Chem Soc., Chem Commun., 1738-1739
(1990) describe conpounds t hat aretriazabi cycl o conpounds. |.K Adzami

etal.,J. Med. Chem 32 133ofdl6 o 198U xdRA&E RIAS x ARVEHided 203BAR PN BRUEree R

derlvatlves of gadollnlunlconplexes for NWR i magi ng. At the
ter .
present tine, the only c6mercial contrast agent avai-lable in the U S is

t he conpl ex of gadol i ni &n wit hdi et hyl enetri am nepentaacetic acid
(DTPA-CGd[err] - -. MAGNEVI ST[err] by Shering). MAGNEVI ST[err] is considered as
a non-specifig/perfusioq}aggnt since it freely distributes in extracellular
fluid foll owed by efficignt el i mi nati on t hrough the renal system

MAGNEVI ST[err] has proven to be extrenely valuable in the diagnosis of

brain | esions since the acconpanyi ng breakdown of the bl ood/brain barrier -.
all ows perfusion of the contrast agent into the affected regions. In
addition to MAGNEVI ST, @aeKpetY'preafessitititi al ly nmarketing a

10 Both the complexes and conjugates may be formulated tobeina

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

another copending application.

15
) The complex has the ligand of Formula (l) numbered for nomenclature purposes

as follows: . ~
13

14 Q/ \212 ' ' ~

20 NS //k\]
X

R-N 3 9 N-—R
[
N | \7/
25 ’ R
The present invention concerns development of contrast agents having a neutral
or + 1 charge wh:ch enables site specific delivery of the contrast agent 10 a desired ussue The
advantage bemg increased contrast in the areas of interest based upon T.ISSUE affinity as
opposed to contrast arising from non-specific perfusion which may or may not be apparent
30 with an extracellular agent. The specificity of the ligand of Formula (I) may be controlled by
adjusting the total charge and lipophilic character of the complex. The overall range of the
charge of the complexis from + 1t00. For example, for acomplex having a + 1 overall charge
has heart uptake ex.pected; whereas when the overall charge of the complex is 0 (thus neutral), T
the'complex may have the ability to cross the blood brain barrier and normal brain uptake may
35 be possible. :
Tissue specificity may also be realized by ionic or covalent attachment of the
chelate to a naturally occurring or synthetic macromolecule having specificity for a desired
target tissue. One possible application of this approach is through the use of chelate

-6-
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3 macrocyclic perfusion agent (DOTAREM err]) which presently is only
avai l able in Europe. A nunber of other potential contrast agents are in
vari ous stages of devel opnent. It woul d be advant ageous if
contrast agents were devel oped that could have site specificity for the

ti ssue desired to be inmaged, rather then non-specific/perfusion agents. The
present invention is directed tojust such novel .conptexes conprising a ’
ligand that is a bicyclo- polyazamacrocycl.ocarboxylic acid of the fornula

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 ¢an further increase the contrast age;lt efficiency resulting in
improved contrast relative to the unbound chelate. Recent work by Lauffer (U.S. Patents

5 4,880,008 and 4,899,755) has demonstrated that variations in lipophilicity can result in tissue-
specific agents and that increased lipophilic character favars nan-covalent interactions with
blood proteins resulting in enhancement of relaxivity.

Additionally, the present contrast agents of Formula (1) which are neutral in
charge are particularly preferred for forming the conjugates of this invention since undesirable

10 ionicinteractions between the chelate and protein are minimized which preserves the antibody
immunoreactivity. Also the present neutral complexes reduce the osmolarity relative to DTPA-
Gd *?, which may alleviate the discomfort of injection.

While not wishing to be bound by theory, it is believed that when a charged
complex of the invention is made (e.g. + 1 for heart}, the variations in that chelate ionic charge

15 can inﬂuénce biolocalization. Thus, if the antibody or other directing moiety is also specific for
the same site, then the conjugate displays two portions to aid in site specific delivery.

The terms used in Formula (1) and for this invention are furthér deﬁned\as follows.
"C,-C,alkyl”, "C-C  alkyl”, “C -C  alkyl", include both straight and branched chain alkyl
groups. An “animal” includes a warmblooded mammal, preferably a human being.

20 “Biologically active material " refers to, for example, 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 2 monocional antibody; “antibody fragment” includes Fab

25 fragmentsand F(ab’), fragments, and any portion of an antibody having specificity toward a
desired epitope or epitopes. When using the term “radioactive metal chelate/antibody
conjugate” or “conjugate”, the “antibody” is meant to include whole antibodies and/or
antibody fragments, including semisynthetic or genetically engineered variants thereof.
Possible antibodies are 1116-NS-19-9 (anti-colorectal carcinoma), 1116-NS-3d (anti-CEA), 703D4

30 (anti-human lung cancer), 704A1 (anti-human lung cancer}, CC49 (anti-TAG-72}, CC83 {anti-
TAG-72) and B72.3. The hybridoma cell lines 1116-NS-19-9, 1116-NS-3d, 70304, 704A1, CC45,
C€C83 and B72.3 are deposited with the American Type Culture Collection, having the accession
numbers ATCC HB 3059, ATCC CRL 8019, ATCC HB 8301, ATCC HB 8302, ATCC HB 9459, ATCC HB
9453 and ATCC HB 8108, respectively.

35 As used herein, “complex” refers to a complex of the compound of the invention,
e.g. Formula (I), complexed with a metal ion, where at [east one metal atom is chelated or
sequestered; “conjugate” refers to ametal ion chelate that is covalently attached to an
antibody or antibody fragment. The terms “bifunctional coordinator”. "bifunctional chelaung

. ._._ o
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[err] wherein:

Ris

10

15

agent” and “functionalized chelant” are used interchangeably and refer to compounds that
have a chelant moiety capable of chelating a metal ion and a moiety covalently bonded to the
chelant moiety that is capable of serving as a means to covalently .attach to an antibody or
antibody fragment. '

The bifunctional chelating agents described herein (represented by Formula 1) can
be used to chelate or sequester the metal ions so as to form metal ion chelates (also referred to
herein as “complexes”). The complexes, because of the presence of the functionalizing moiety
{represented by R2, R4 or Ré in Formula I}, can be covalently attached to biologically active
materials, such as dextran, molecules that have specific affinity for a receptor, or preferably
covalently attached to antibodies or antibody fragments. Thus the complexes described herein
may be covalently attached to an antibody or antibody fragment or have specific affinity for a
receptor and are referred to herein as “conjugates”. .

As used herein, “pharmaceutically-acceptable salt™ means any salt or mixtures of
salts of a complex or conjugate of formula (1) which is sufficiently non-toxic to be useful in

therapy or diagnosis of animals, preferably mammals. Thus, the salts are useful in accordance

" with thisinvention. Representative of those salts formed by standard reactlons from both

20

30

35

organic and inorganic sources include, for example, sulfuric, hydrochioric, phosphonc, acetic,
succinic, citric, lactic, maleic, fumaric, palmitic, cholic, palmoic, mucic, glutamic, gluconic, d-
camphoric, glutaric, glycolic, phthalic, tartaric, f_ormic, laufic, steric, salicytic, methanesulfonic,™
benzenesulfonic, sorbic, picric, benzoit. cinnarﬁic acids and other suitable acids. Alsoincluded
are salts formed by standard reactions from both organic and inorganic sources such as
ammonium or t-deoxy-1-{methylamino)-D-glucitol, alkali metal ions, alkaline earth metal ions,
and othersimilarions. Particularly preferred are the salts of the complexes or conjugates of
formula (1) where the salt is potassium, sodium or ammonium. Alsoincluded are mixtures of
the above salts. .

The complexes or conjugates of the present invention contain a ligand of Formula -
(1). The ligands are prepared by various processes. Typical general synthetic approaches to such
processes are provided by the reactibn schemes given below.

In Scheme 1, the compounds of Formula () are prepared wherein Q, Aand Z =

CH, and all threeR =

' -8-
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V\A‘{EI’EZ TX and Y are I ndependently H, OH or (ferr]-Cferr] alkyl; Y[err] is H
or COOH, Rferr] is H OHor OCHerr]; and Rlerr] is H NJerr], NHerr]
i sot hi ocyanat o, sem carbazi do, thiosem carbazi do, malein do,
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br'ompacet ani do or car boxyl ; with the proviso that at |least two R terns nust
be _ 4 [err] wher e

Scheme 2 brepares the compounds of Formula () wherein A = C-Br, andQandZ

= CH.

10
1-?
20
25
30

35
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X and Y[err] are defined as before; A=CH, N, C Br, Gd, GXRerr],
CORerr], N+-Rerr] X, or . : [err] wher e:
Rlerr] =H, Cerr]-Cferr] alkyl, benzyl, or benzyl substituted with at |east .
one Rlerr]: Rerr] is (err]-Cerr] alkylamno; Rerr] is (err]-Cerr]

al kyl , benzyl, or benzyl substituted with at |east one Rerr]; R4 is
defined as before; X- is d-, Br, I- or Herr] CCQerr]; Qand Z -

i ndependently are CH, N, N-Rerr] X-, GCHerr]-ORlerr] or CGC(O-Rerr];
Rlerr] and Rlerr] are defined as above: Rerr] is -O((err]-Clerr] alkyl),
OH or NHRG; Rlerr] is Cferr]-Cferr] alkyl; X- is defined as above; and

fos}
/—Z
- > 3
@ z Z-m= Z
A \ /
" z !
o~ = e
8 o~ A
(@]
2] 6 .
° 6 %
s 23 _
£l
[ ¥ Q
- m | ¥]
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—

Scheme 2
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wi'th tHe proviso that: (a) when Q Aor Zis Nor Nv-Rlerr] X-, then

the other two groups nust be CH; (b) when Ais CGBr, CGd, C-CR[err]
or COR2 then both Q and Z nust be CH (c) the sum of the R2 and R4
terms may.not exceed one, and one of R2 or R4 nust be present; and (d)

only one of Qor Z can be GC(O-Rerr] and when one of Q or z IS
CC(O-Rerr], then A nust be CH and conplexed with a netal ion selected
fromGd[err], Mdierr] or Fe+3; or pharmaceutically-acceptable salts

t her eof . Bi functi onal conplexes of Formula (1) are desirable to
prepare the conjugates of this invention. Such |igands nust have at | east
one of Rerr], Rerr] or Rerr] present: one Rtermis

H

Br

\\‘l
NH
'~ N~
(11)

HN

rU Pyt
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[err]
above;

or

[

10

15

20

30

35

where X, Y[err], Rerr] and R[érr] are defined as

Scheme 3 prepares the compounds of Formula (I) wherein A = .

c—ch—@--— RS | ;

R*=H, NO,, NH, or SCN; and Q andZ = CH.

. -13-
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Alis CG'OR ,.C-ORZ, where R err] and R err] are defined as above or

[err] where R err] is defined as above; or_ - A
is CH and one of Qor Zis CHand the other is CGC(O-Rerr] or . .
CCHerr]-ORlerr], where Rlerr] and Rlerr] are defined as
‘above; especially perferred are those |ligands where R err] is

NHR[ err], where Rlerr] is a biologically active material. - The

| i gands of Forrmula (I) are conplexed with various netal ions, such as
gadolinium (Gd [err]), iron (Fe[err]), and manganese (Mjferr]), and d
[err] being preferred The. conpl exes so fornmed can be used by thensel ves or’
can be attached, by being covalently bonded, to a | arger nol ecule, such as
a dextran, a polypeptide or a biologically active nol ecul e,
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i ncl udi‘ng ananti bodyorfragnentthereof, and used fordi agnostic purposes.
Such conjugates and conpl exes are useful as contrast agents.

‘The conpl exes and conjugates of this invention can be nodified to provi de a
speci ficoveral |l charge. Forexanple, when themetal ionis +3thefollow ng can

be obt ai ned: (A) an overall neutral charge - when
Ri s [err] and X-and Y[err] are all equal to
H, :
N
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(B) an ‘overal | + 1 charge - when

6 one of A, Qor Zis N-Rerr] X, where Rerr] and X are
defi ned as above; and the three R terns are
[err]

Scheme 4 prepares the compounds of Formula (i) wherein A = C-OR?, where R’ =
C -C, alkylamino; and .
QandZ = CH.
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and X and Y[err] are all equal to H Bot h t he conpl exes
and conjugates may be fornulated to be in a pharnaceutically acceptable
formforadm nistration to an ani mal . Use of the |igands of
this invention with other nmetal ions for diagnosis of disease states such
as cancer is possible. The use of those conpl exes and conjugates is .
di scussed in another copendi ng application. The conpl ex has
the ligand of Fornula (1) nunbered for nonencl ature purposes as follows:
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[err] The present invention concerns devel opnment of contrast
agents having a neutral or + 1 charge which enables site specific delivery
of the contrast agent to a desired tissue. The advantage being increased
~contrast in the areas of interest based upon tissue affinity as opposed to

contrast arising fromnon-specific _perfusion which may or may not be
apparent with an extracellular agent. The specificity of the |igand of :
Formula (1) may be controlled by adjusting the total charge and |ipophilic
character of the conplex. The overall range of the
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charge of the conplex is from+ 1 to 0. For exanple, for a conplex having a
+ 1 overall charge has heart uptake expected; whereas when the overal
charge of the conplex is O (thus neutral), the conplex may have the
abilityto cross the blood brain barrier and nornal brain uptake may be
possi bl e. Ti ssue specificity may also be realized by ionic or
coval ent attachnent of the chelate to a naturally occurring orsynthetic
macr onol ecul e having specificity for a desired target tissue. One possible
application of this approach is through the use of chel ate ' :
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conj ugat ed nonocl onal anti bodi es which woul d transportthe paranagnetic

chelate to di seased tissue-enabling visualization by MRI. In addition,
attachment of a paramagnetic -chelate to a macronol ecul e can further
i ncrease the contrast agent efficiency resulting in i nproved 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 lipophilicity

can result in tissue- SB@ﬁhﬁssreag&meioﬁ&wn&sb%rmmnmdAenammubh@ofo
character favors 'nozl g Vail’{ emherncgoer act, LB oVe. ‘Iihg{ wperg dQFr?etdQHL%éeSU' ting

in enhancenent of ¥ 7 T y, the présent
contrast agents of Formula (I) whi ch are neutral in charge are
particularly preferred for form ng the conjugates of this invention since

undesi rabl e ipnic interactions between the chelate and protein are

m nim zed whi ch” preserves the anti body i mmunoreactivity. Also the present
neutral conpl exes reduce the osnolarity relative to DITPA- &d [err], which
may all eviate the disconfort of injection. Wil e not wi shing

to be bound by theory, it is believed that when a charged conplex of the
invention is made (e.g. + 1 for heart), the variations in that chelate
ionic charge
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can influence biolocalization. Thus, if the antibody or other directing
noi ety is also specific for the sanme site, then the conjugate displays two

portions to aid in site specific delivery. The terns used in
Formula (1) and for this invention are further defined as foll ows.
"Cerr]-Cerr] alkyl", "Clerr]-Cferr] alkyl", "Cferr]-Cerr] alkyl",_

i ncl ude both straight and branched chain alkyl groups. An "animal" -

i ncl udes a war nbl ooded nannal, preferably a human bei ng.

"Biologically active material"™ refers to, for exanple, a dextran, peptide,
or nolecules that have specific affinity for a receptor, or preferably
anti bodi es or antibody fragnents. "Ehtlbody",ﬁefers to any
pol ycl onal , nonocl onal, chineri,c anti body or heter dy,Cpreferably a
nonocl onal anti body; "antlbodyEﬁragnenL" i ncl ud fragnents and
F(ab')[err] fragnents, and anyoporglodﬂof an antib - hay, ng specificity
toward a desi red epitope or .~When usi ng \h radi oactive
net al chel at e/ anti body conj tg or \ conjugai e", "anpi body" is meant
to include whol e anti bodi es anior anftidody. ﬁiagnent --0cl udi ng

sem synthetic or genetically PneeRed vari &hts thered . Possible
antibodies are 1116-NS-19-9 (ant{ - col prectal z£arci noma), 1[L16-NS-3d
(anti-CEA), 703D4 (anti-human lu #4A1 (anti-hufran | ung cancer),

C49 (anti-TAG 72), CC83 (anti-4TAEG 72) an 2.3. The hybtidoma cell lines
1116-NS-19-9, 1116- NS- 3d, 70gD4, 7p4Ax, CCA9,
. r%——g °() ::?
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CC83 and B72.3 are deposited with the American Type Culture Coll ecti on,
havi ng the accession nunbers ATCCHB8059, ATCC CRL 8019, ATCC HB8301, ATCC
HR8302. ATCC HB 9459, ATCC HB 9453 and ATCC HB 8108, respectively.

As used herein, "conplex" refers to a conplex of the conpound of the
invention, e.g. Fornula (1), conplexed with a netal ion, where at |east one
nmetal atomis chel ated or sequestered; "conjugate' refers to a netal fon
chelate that is covalently attached to an anti body or antibody fragnent.
The terns "bifunctional coordinator” "bifunctional chelating
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cdnjugéted nmonocl onal anti bodi es which woul d transportthe paranmagnetic

chelate to di seased tissue enabling visualization by M. In addition,
attachment of a paramagnetic chelate to a macronol ecul e can further
i ncrease the contrast agent efficiency resulting in i nproved contrast

relative to the unbound chel ate. Recentwork by Lauffer (U. S. Patents
4,880, 008 and 4,899, 755) has denonstrated thatvariationsin |ipophilicity
can resultin tissue- speci fic agents and that increased |ipophilic

[ enhancement of 1ol TS Prees el iy (R e O O e

Addj t.1i ..fye present
contrast agent scCiol-RiderBl a -0 CyatyBiPrar NHR TR Je%?]e(a- g@%zlfi&r‘egj gm;r e
particularly prefgikedsf orform ng the conjugates of this invention since
undesirable ionic interactions between the chelate and protein are
‘'m nimzed which preserves the antibody imunoreactivity. Al so the present
neutral "conpl®exes reduce the osnolarity relative to DTPA- Gd [err], which
may all eviate the disconfort of ‘injection. Wil e not wi shing
to be bound by theory, it is believed that when a charged conplex of the

invention is made (e.g. + 1 for heart), the variations in that chel ate
i oni ¢ charge ' ' :
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can influence biolocalization. Thus, if the antibody or other directing

moi ety is also specific for zthe same site, then the conjugate displays two

portions to aid in site specific delivery. : The ternms used in

Formula (I) and for this invention are further defined as follows.

"Clerr]-Cferr] alkyl™, "Clerr]-Cerr] alkyl", "Cerr]-Clerr] alkyl",

i ncl ude bot h- strai ght and branched .chain al kyl groups. An "ani mal"

i ncl udes a war nbl ooded mammal , preferably a human bei ng. ~

"Biologically active material" refers to, for exanple, a dextran, peptide,
or preferably

nol ecul es that have specific akfinity for a receptor,
"Anti body" .refers to any

or
anti bodi es or antibody fragnents™ hoo
q;antibpdy or heteroantibody, preferably a

pol ycl onal , nonocl onal , chineri

nonocl onal anti body; "antibody fxagnent™ includes Fab fragnments and

F(ab')[err] fragnents, and any portizon of an anti body having specificity

toward a desired epitope or epi When using the term"radi oactive

chel at e/ anti body conj ugat the "anti body" is neant
i ncl udi ng

oges.
“\ or "Jconjugate",

nmet al

to include whol e anti bodi es an amt+ hody fragnents,

sem synthetic or genetically en \?eer d variants thereof. Possible
golorectdl carcinomm), 1116-NS-3d

antipodies are 1116-NS-19-9 (anti

(anti - CEA); 703D4 (anti-human | ung®cancer),{ 704A1 (anti-human | ung cancer),
CC49 (anti-TAG 72), CC83 (anti- TAG 72) and B72.3. The hybridoma cell I|ines
1116-NS-19-9, 1116-NS-3d, 703D4 4A1, CC49, - B
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CC83 and B72.3 are deposited with the Amrerican Type Culture Collection,
havi ng the accessi on nunber sATCC HB 8059, ATCCCRL8019, ATCC HB 8301, ATCC HB
8302, ATCC HB9459, ATCC HB 9453 and ATCC HB 8108, respectively.

As used herein, "conplex" refers to a conplex of the conpound of the
'invention, e.g. Formula (1), conplexed with a netal ion, where at _|east one
metal atomis chel ated or sequestered; "conjugate" refers to a netal ion

chelate that is covalently attached to an anti body or antibody fragnent.
The ternms "bifunctional coordinator”. "bifunctional chelating
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8 ' .agent” and "functionalized chelant" are used interchangeably and referto
~conpounds that have a chelant npiety capable of chelating a nmetal ion and
-a noi ety covalently bonded to the chelant noietythat is capable of serving
asa neansto covalently attach to an antibody or anti bodyfragnent.

The bifunctional chelating agents described herein (represented by . Fornula
1) can be used to chelate or sequester the nmetal ions so as to form netal
ion chelates (also referred to- herein as conpl exes"). The cogg gXEes,
because of t he presence sgq‘emt,hgreﬁumﬁelca-ﬁﬁdundsmﬂgrmm@@Were@pe-pyg ,-ﬁédﬂ
-Rerr], Rerr] ordgﬁ ldsi% gggMJa 1), can be covalently attached to
blologlcally act & ., such as dextran, nol écul es that have
specific afflnthaWﬁ? 5Hreceptor, or preferably covalently attached to

anti bodi es or antibody fragnents. Thus the conpl exes described herein may
be covalently _attached to an anti body or antibody fragnment orhave specific -
affinity for & receptor and are referred to herein as "conj ugates":

As used herein, "pharnaceutically-acceptable salt” nmeans any salt or

m xtures of salts of a conplex or conjugate of formula (1) which is
sufficiently non-toxic to be useful in therapy or diagnosis of aninals,
preferably mammal s. Thus, the salts are useful in accordance with this
invention. Representative of those salts forned by standard reactions from
bot h 10
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organi c and inorgani c sources include, for exanple, sulfuric, hydrochloric,
phosphoric, acetic, succinic, citric, lactic, maleic, fumaric, palmtic,
cholic, palnoic, nmucic, glutamc, gluconic, d- camphoric, glutaric,
glycolic, phthalic, tartaric, formc, lauric, steric, salicylic,

‘met hanesul foni ¢. benzenesul fonic, sorbic, picric, benzoic, cinnam c acids
and other suitable acids. Also includes are salts forned by standard
reactions fromboth organic and i norgani c sources such as anmoni um or

1- deoxy- 1- (et hyl am no)-D-glucitol, alkali nmetal ions, alkaline earth netal
ions, and other simlar ions. Particularly preferred are the salts of the
conpl exes or conjugates of fornmula (1) where the salt is potassium sodium
or anmonium Al so included are m xtures of the above salts.

The conpl exes or conjugates of tig .present invention contain a |igand of
Formula (I). The ligands are reQared by various processes. Typical general
synthetic approaches to suc cesses are provided by the reaction schenes
gi ven bel ow. fgﬂ Schgnme 1, the conpounds of Forrmula (I) are
prepared wherein Q A and ,_and all three R =

\z_ T~
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Scheme 8 prepares the compounds of Formuia (1) wherein

Q = N*-R*X, whereR® =

AandZ = CH. -

C-C,;alkyl and X' = halide; and
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10 Scheme 2 prepares the conpounds of For nul a (I') wherein A =
C-Br, and Q and Z = CH. :

N
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{ X"
=
<
N
< CO5H
a compound of Formula (1)

/\N
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Scheme 8 Cont'd
X-CH2-CO2H )
(X=Br or Cl
(48) NaOH/T120 ’
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Scheme 9 prepares the compounds of Formula (1) wherein

Q = NorN+-R*X,where R® =

X = halide; and
AandZ = CH.

C,-Calkyl and
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position is

where R* = NO,or NH,;

Y? = CO,H (or with achange of reagent Y? = H); and

A,QandZ = CH.
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13 " Scheme 3 prepares the conpounds of Fornmula (1) wherein A = [err]
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10 _ Y? = CO,H (orwitha change of reagent Y? = H); and
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Scheme 11 prepares the compounds of Formula (|) wherein

the Rterm atthe 9 position is

where R* = NO,or NH,;

A,QandZ = CH.
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Scheme 12 prepares the compounds of Formula () whereinn = 1 {but would also
applyifn = 2 or 3 with the corresponding change in the reagent), the R term at the 6 position

hasT =

whereR' = -OH; and Xand Y = H;
the R term at the 3 and 9 positions have T = COOH; '
- 10 R’ = OHor OCH; and
A,QandZ = CH.
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in the above Schemes, the general process description illustrates specific steps
that may be used to accomplish a desired reaction step. The general description of these
pracess steps follows. . .

Tﬁe synthetic Scheme 1 begins with a halogenation of commercially available bis-
pyridyl alcohol (1) using thionyl chloride. Similar procedures for converting an alcohol to an
electrophilic substrate, such as treatment with toluenesulfonyl chioride, HBr or HCl, should also
result in a similarly reactive product which would work well in subsequent ring closure
reactions. Macrocyclization procedures are numerous in the literature and the desired
tetraazamacrocycle (3) was prepared according to the method of Stetter et al., Tetrahedron 37,
?67-772 (1981). More general procedures have since been published which give good yields of
similar macrocycles using milder conditions [A. D. Sherry etal., J. Org. Chem. 54, 2990-2992
(1989)]. Detosylation of the intermediate macrocycle [(3) to yield (4)] was accomplished under .
acidic conditions in good yield. Reductive detosylation procedures are also well known in the
literature and can be adapted to the present reaction sequence.

. _ Schemes 10, 11 and 12 delineate a synthetic approach which introduces an
aromatic nitrobenzyl substituent at one of the macrocyclic nitrogen positions. Typically, the
macrocyclic amine is mono—N—fun&iona}ized in an organic solvent such as acetonitrile or DMF
at room temperature using a non-nucleophilic base such as potassium carbonate. Additional ~
functionalization of the remaining nitrogen positions is then preformed by methods and
conditions described in previous Schemes. After the introduction of the desired chelating
moieties, the nitro group is reduced using platinum oxide and hydrogen in water. In this form,-
the chelating agent is compatible with conjugation techniques which will enable attachment
to larger synthetic or natural molecules.

The metal ions used to form the complexes of this invention are Gd*3, Mn*?, Fe*?
and available commercially, e.g. from Aldrich Chemical Company. The anion present s halide,
preferébly chloride, or salt free (metal oxide).

X 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 dbserved paramagnetic moment in a manner that depends largely on the atoms '
bearing the unpaired electron and, to a lesser extent, upon the environment of such atoms.

The paramagnetic nuclides found to be useful in the practice of the invention are gadolinium -
"(Gd*3), iron (Fe*3) and manganese (Mn*3), with Gd *? being preferred.

The complexes are prepared by methods well known in the art. Thus, for
example, see Chelating Agenté and Metal Chelates, Dwyer & Mellor, Academic Press {1964),
Chapter 7. See also methods for making amino' acids in Synthetic Production and Utilization of
Amino Acids, (edited by Kameko, et al.) John Wiley & Sons (1974). An example of the
preparation of a complex involves reacting a bicyclopolyazamacrocyclophosphonic acid with
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the metal ion under aquéous conditions at a pH from 5 t0 7. The complexformedisbya
chemical bond and results in a stable paramagnetic nuclide composition, e.g. stable to the
disassociation of the paramagnetic nuclide from the ligand.

The complexes of the present invention are administered at a ligand to metal
molar ratio of at Jeast about 1:1, preferably from 1:1103: 1, more preferably from 1:110 1.5:1.
A large excess of ligand is undesirable since uncomplexed {igand may be toxic to the animal or
may result in cardiac arrest or hypocalcemic convulsions.

The antibodies or antibody fragments which may be used in the conjugates
described herein can be prepared by techniques well known in the art. Highly specific
monoclonal antibodies can be produced by hybridization techniques well known in the art, see
for example, Kohler and Milstein [Nature, 256, 495-497 (1975); and Eur. J. Immunal.,6,511-519
(1976)]. Such antibodies normally have a highly specific reactivity. in the antibody targeted
canjugates, antibodies directed against any desired antigen or hapten fnay be used. Preferably
the antibodies whi;:h are used in the conjugates are monoclonal antibodies, or fragments
thereaf having high specificity for a desired epitope(s). Antibodies used in the present
invention may be directed against, for example, tumors, bacteria, fungi, viruses, parasites,
mycoplasma, differentiation and other cell membrane antigens, pathogen surface antigens,
toxins, enzymes, allergens, drugs and any biologically active molecules. Some examples of
antibodies or antibody fragments are 1116-NS-19-8, 1116-NS-3d, 703D4, 704A1, CC49, CC83
and B72.3. All of these antibodies have been deposited in ATCC. A more corﬁpl ete list of
antigens can be found in U.S. Patent 4,193,983. The conjugates of the present invention are
particularly preferred for the diagnosis of various cancers.

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

-~

vehicle therefor. The methods for preparing such formulations are well known. The
formulations may be in the formofa suspension, injectable sofution or other suitable
formulations. Physiologically acceptable suspending media, with or without adjuvants, may be
used.

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

Other uses of some of the chelants of the present invention may include the
removal of undesirable metals (i.e. iron) from the body, attachment to polymeric supports for

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

The ligands of Formula {}) having in at least two R terms T equal to P(O)R'OH may be used for
metal ion control as scale inhibitors. 1t is likely that these ligands could 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.
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The invention will be further clarified by a consideration of the following

examples, which are intended to be purely exemplary of the present invention.
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WHAT IS CLAIMED IS:

1. A complex which comprises a bicyclopolyazamacrocyclocarboxylic acid

compound of the formula

5 ’ ]
A
Qz >z
_ S : .
N
(I)
R"N N-R -
10 l . I
R
wherein:
15 Ris
X X
l . I
_C-‘COZH R -C _@_ R4 or
l - ]
y! ¥2? .
20
H
| RS
—C ) ’
t R
¥? '
25
-45-
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where:
X and Y' are independently H, OH or C -C, alkyt;
Y?is H or COOH;
R’is H, OH or OCH,; and
5 R'isH,NO, NH,, isothiocyanatd,'semicarb'azido, thiosemicarbazido, maleimido,”
bromoacetamido or carboxyl;
with the proviso that at least two R terms must be

X .
10 ’
-C-CO,H h )
|
Yl
A = CH, N, C-Br, C-Ci, C-OR', C-OR?, N*-R3 X, or
c-c=c—@— R? ; >
where: R' = H, C -C, alkyl, benzyl, or benzyl substituted with atleast one RY; ~
20 R*is C -C  alkylamino;
R*is C-C,. alkyl, benzyl, or benzyl substituted with atleast one R';
R*is defined as before;
XisCl, Br, I'or H,CCO,;
Qand Zindependently are CH, N, N*-R? X', C-CH -OR" or C-C(O)-R’;
25 R'and R® are defined as above;
Réis -0+{C,-C, alkyl), OH or NHRS;
Réis C,-C, alkyl or a biologically active material;
X'is defined as above; and
with the proviso that: B
30 a)when Q, Aor Zis N or N*-R*X’, then the other two groups must be CH;
b) when A is C-Br, C-Cl, C-OR' or C-OR?, then both Q and Z must be CH;
) the sum of the R?, R“and R®terms, when present, may not exceed one; and
d) only one of Q or Z can be C-C(0)-R® and when one of Q or Zis C-C(0)-R%, then A
must be CH; and
35 complexed with a metal ion selected from Gd*3, Mn*2or Fe*3; or )

pharmaceutically-acceptable salts thereof.
2.  Acomplex of Claim 1 wherein the metal is Gd "3,

-
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20‘ Scheme 5 prepares the conpounds of Fornula (T) wherein A = —
CH, and one of Qor Z = CH and the other Qor Z = C-C(O) R[@ﬂlﬁkhthHasBe

i ] 1)

3. A complex of Claim 1 wherein A,QandZareCH; andXand Y are H,

4 A complex of Claim 1 whereinXand Y are H.

5.  Acomplex of Claim 1 wherein A, Q and Z are CH.

6. A complexof Claim 1 wherein Q, Aand Z are CH; and one R term is
5

}; : . T RL_
| 1 R4

0 CO.H | | COo,H

where: X, Y, R*and R* are defined asin Claim 1.
7.  Acomplex of Claim 1 wherein Ais C-OR', C-OR?, where R' and R2 are

defined asin Claim 1 or

where R is defined as in Claim 1.
8.  Acomplexof Claim 1 wherein A is CH, and one of Q or Zis CH and the

~-

20 Otheris G-C(O)-R* or C-CH,-OR', where R' and R® are defined asin Claim 1.
9.  Acomplex of Claim 8 wherein R® is NHRS, where R®is a biologically active

material.
10. - A conjugate comprising a bicyclopolyazamacrocycocarbaxylic acid

compound of the formula

25 : *
- \ N ﬁ
o
30 R"N N-R ’
\/ \/
R
35
o -47-
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wherein;
Ris
X
I
—C-C02H .
|
Yl
|
-C -
l
Yz
where:

X and Y' areindependently H, OH or C-C, alkyl;

Y?is H or COOH;
R’is H, OH or OCH,; and

R*isH, NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,

bromoacetamido or carboxyl;

with the proviso that at feast two R terms are

X
|
-C-CO,H ;

I
vl

A = CH, N, C-Br, C-Cl, C-OR', C-OR?, N*-R} X, or

R' = H, C-C alkyl, benzyl, or benzy! substituted with at least one R%;

R*is C -C  alkylamino;

R¥isC Cl alkyl,-benzyl, or benzyl substituted.with at least one R:

* R*is defined as before;
XisCl,Br,tor H3CCOZ’:

Q and Z independently are CH, N, N*-R*X, C-CHZ-OR' or C-C(0)-R%;

R' and R? are defined as above;
R is -0-(C ~C, alkyl), OH or NHR;

I
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RéisC -C_alkylora biologically active material;
Xisdefined asabove; and '

with the proviso that:
a)when Q,AorZis N or N*-RX, then the other two groups must be CH;

b) when A is C-Br, C-Cl, C-OR" or C-OR?, then bath Q and Z must be CH;
) the sum of the R?, R*and R°terms may not exceed one, and one of R, R*or R®

must be present; and _
d) only one of Q or Z can be C-C(0)-R® and when one of Q or Z is C-C(0)-R%, then A

must be CH;

complexed with a metal ion selected from Gd*3, Mn*?or Fe*%; and
covalently attached to a biologically active material.

11.

A conjugate of Claim 10 wherein the biologically active material is a

dextran, a peptide, a molecule that has specific affinity for a receptor, or an antibody or

antibody 'fragment.
12

A conjugate of Claim 11 wherein the antibody or antibody fragment is a

~

monocional antibody or fragment thereof.

i3.

872.3.

14.

Gd-3.

15.
16.
17.

A conjugate of Claim 12 wherein the antlbody or antibody fragment is

-

A conjugate as claimed in any one of Claims 10-13 wherein the metal ion is

A conjugate of Claim 10 wherein X and Y are H.
A conjugate o £ aim 10 wherein A, Q and Z are CH.
A conjugate of liaim 10 wherein Q, A and Z are CH; and one Rterm is

I
’ - -

CO,E

where: X and R® are defined as in Claim 10.

18.

A conjugate of Claim 10 wherein Q, A and Z are CH; and ane Rterm is

-49-
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where: R* and R’ are defined asin Claim 10.
19.  Aconjugate of Claim 10 wherein A is C-OR', C-OR?, where R' and R2 are

defined as in Claim 10, or

where R% is defined as in Claim 10.
20. Aconjugate of Claim 10 wherein A is CH, and one of Q or Zis CH and the

~e

other is C-C(0)-R®, where R®is defined asin Claim 10.
21. A conjugate of Claim 20 wherein R®is NHR’, whereR’isa blolcglcaﬂy active

material.
' 22.  Apharmaceutical formulation comprising a complex as claimed in any one
of Claims 1-9 with a pharmaceutically-acceptable carrier.
23.  Apharmaceutical formulation comprising a conjugate as claimed in any

one of Claims 10-21 with a pharmaceutically-acceptable carrier.
24.  Amethod for the diagnosis of a disease state in an animal which comprises

administering to said animal an effective amount of the formulation of Claim 22,

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

26. The complex as claimed in any one of Claims 1-9 foruse as a
pharmaceutical.

27. The conjugate as claimed in any one of Claims 10-21 for use as a
pharmaceutical.

) 28. Akitforuseasa diagnostic agent having as an ingredient a ligand as

claimed in any one of Claims 1-9..

29.  Aprocess for preparing a complex as claimed in Claim 1 which comprises
reacting a bicyclopolyazamacrocyclocarboxylic acid compound as claimed in Claim 1 with a
metal ion selected from Gd *3, Mn "% or Fe*? under aqueous conditions at a:pH from 5 to 7.

30. The process of Claim 29 wherein the bicyclopolyazamacrocyclocarboxylic '
acid compound is 3,6,9, 1 5-tetraazabicyclo[9.3.1)pentadeca-1(15),11, 13-triene-3,6,9-tri-

methylenecarboxylic acid.
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"Bicycle~Polyazamacrocyclocarboxlic Acid Complexes, Conjugates,
Preparation and Use as Contrast Agents"

This invention concerns complexeﬁ that contain as the ligand bicyciopolyaza-
macrocyclocarboxylic acids, and conjugates thereof, for use as contrast agents in magnetic
resonance imaging (M RI). Processes for preparing these complexes and conjugates are also
provided. To better understand this invention, a brief background on MRI is provided in the

' following section.

Background

~

a

Mﬁl 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 magne’.¢ 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) relaxatibn and it is these relaxation measurements
which give information on the degree of molecular organiz;tion and interaction of protons

-with the surrounding environment.

Since 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 bei ng examined, the greater will be the contrast
in ihe obtained image [J. Magnetic Resonance 33, 83-106 (1979)].

Itis known that paramagnetic chelates possessing a symmetricelectronic ground
state can dramatically affect the T1 and T2 relaxation ratés of juxtaposed water protons and
that the effectiveness of the chelate in this regard is related in part, to the number of unpa-red

electrons producing the magnetic moment {Magnetic Resonance Annual 231-266 (Raver Press
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C(O-Rerr] where Rerr]--O((err]-Cferr] alkyl), OHor NHR err], where is
defi ned as bef ore; and QandA = CH. 24 )

~ .
-

2

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 animais in order to increase the diagnostic
information obtained by MRI [Frontiers of Biol. Energetics |, 752-759 (1978); J. Nuc!. Med. 25,

~ 506-513 (1984); Proc. of NMR imaging Symp. {Oct. 26-27, 1980); F. A. Cotton et al., Adv. lnbrg.
Chem. 634-639 (1966)]. Paramagnetic metal chelates used in thismanner are referred to as
contrast enhancement agents or contrast agents. S

There are a number of parafnagnetic metal ions which can be considered when
“undertaking the design of an MR! contrast agent. In practice, however, the most useful

paramagnetic metal ions are gadolinium (Gd *3), iron (Fe*3), manganese (Mn*?) and (Mn*3),
and chromium (Cr*?), because these ions exert the greatest effect on water protons by virtue of
their Iarg_e magnetic moments. in a non-complexed form (e.g. GdCl,), these metal ions are toxic
to an animal, thereby precluding theiruse in the simple salt form. Therefore, a fundamental
role of the organic chelating agent (also referred to as a ligand}) is to render the para\magnetic
metal non-toxic to the animal while preserving its desirable influence on 1"1 and T2 relaxation
rates of the surrounding water protons. _

Art in the MR 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 similarin 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 disclose
gadolinium complexes for MRl which are non-cyclic'compounds. C J. Broanetal., 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 thai are triazabicyclo compounds. 1. K. Adzamli et al., J. Med. Chem. 32, 139-144
(1989) describes acyclic phosphonate derivatives of gadolinium complexes for NMRimaging.

At the present time, the anly commercial contrast agent available in the U.S. isthe
complex of gadolinium with diethylenet?ia}ninepentaacetic acid (DTPA-Gd *? - MAGNEVIST™
by Shering). MAGNEVIST™ is considered as a non-specific/perfusion agent since it freely
distributes in extracellular fiuid 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 region.s. in addition to MAGNEVIST™, Guerbet is commercially'ma'rketmg a
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3
macrocyclic perfusion agent (DOTAREM ™) which presently is only available in Europe. A
number of other potential contrast agents are in various stages of development.
it would be advantageous if contrast agents were &eveloped that could have site
specificity for the tissue desired to be imaged, rather then non—sbecificlperfusion agents. The
present invention is directed to just such novel complexe. ¢ nprising a ligand that is a bicyclo-
polyazamacrocyciocarboxylic acid of the formula

I/\ (1)

QﬁA
' N
. ( N
R-N
]

\/T\/

N-R

R
wherein:
Ris
X X
| [ -
-C-CO,H , -c <:> RY o
l I .
Yl YZ :
H
| RS |
-C ‘
! rY
Yz
where: -

Xand Y' are independently H, OH or C.-C, alkyl;

Y?is H or COOH;

R’isH,OHor OCH,; and

R%isH, NO,, NH,, isathiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl; with the proviso that at least two R terms must be

This is the replacement sheet
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~C-CO,H ;

A = CH, N, C-Br, C-Cl, C-OR", C-OR?, N*-R* X, or

R' = H, C-C, alkyl, benzyl, or benzyl substituted with at least one R%;

~e

R?isC -C  alkylamino;
R3is C,-C , alkyl, benzyl, or benzyl substituted with at least one R?;
Ris def_ir:ned as before;
XisCl,8r,lI'or HSCCOZ‘;
Q and Z independently are CH, N, N*-R? X', C-CH,-OR' or C-C(O)-R’;
R and R? are defined as above;
R®is-O-(C-C, alkyl), OH or NHR?;
R®is C -C, alkyl or a biologically active material;
Xis defined as above; and
with the provisos that:
~a)whenQ,AorZ is N or N *-R*X, then the other two groups must be CH;

b) when A is C-Br, C-Cl, C-OR' or C-OR?, then bothQand Z must be CH;

¢) the sum of the R, R®and R®terms, when present, may not exceed one; and

d) only one of Q or Z can be C-C(0)-R® and when one of Q or Z is C-C(0)-R°®, then A
must be CH; and
complexed with a metal ion selected from -Gd *3 Mn*%orFe*? or
pharmaceutically-acceptable salts thereof.

Bifunctional complexes of Formula (1) are desirable to prepare the conjugates of
thisinvention. Such ligands must have at least one of R?, R*or R® present:

L)

oneRtermis
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X H
| | BN
I i R4
Y2 Y2

where X, Y?, R* and R’ are defined as above; or

Ais C-OR’, C-OR? where R' andR2 are defined as above or

c—cs@ RY ;

~ where Ris defined as above; or

A is CH, and one of Q or Zis CH and the other i§ C-C(O)-R’or é—CHz-OR‘: where R'
and R® are defined as above; especially perferred are those ligands where R®is
NH.R‘, where R®is a biologically active material. _ =~
The ligands of Formula (l) are complexed with various metal ions, such as
gadolinium (Gd*?), iron (Fe*?), and manganese (Mn*2), and Gd *? being preferred The
complexes so formed can be used by themselves or can be attached, by being covalently
bonded, to alarger molecule, such as a dextran, a polypeptide or a biologically active molecule,
including an antibody or fragment thereof, and used for diagnostic purposes. Such conjugates
and complexes are useful as contrast agents.
' The complexes and conjugates of this invention can be modified to provide a
specific overall charge. For example, when the metal ion is + 3 the following can be obtained:
(A) an overall neutral charge - when =
Ris
X

I

-C-CO,H ,
| . e
yl

and X and Y'are all equal to H;

(B) an overall + 1 charge - when
This is the replacemant sheet
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oneof A, QorZis N*-R¥ X', where R? and X are defined as above; and the threeR-
terms are .
X

|

—C-CO,H ;
[
Yl

and X and Y' are all equal to H.

Both the complexes and conjugates may be formulated tobeina
pharmaceutically acceptable form for.administration to an animal.

Use of the ligands of this invention with other metal ions for diagnosis of disease
states such as cancer is possible. The use of those complexes and conjugates is discussed in
another copending application.

The complex has the ligand of Formula (1) numbered for nomenclature purposes

~

as follows:
13

_A
14 Q2 Sz 12 ’ -

|
Ny
2 10
1s (I)

R-N 3 6 9 N-R
«  y g

The present invention concerns development of contrast agents having a neutral
or + 1 charge which enables site specific delivery of the contrast agent to a desired tissue. The
advantage being increased contrast in the areas of interest based upon tissue affinity as
opposed to contrast arising from non-specific perfusion which may or may not be apparent
with an extracellular agent. The specificity of the ligand of Formula (I) may be controlied by
adjusting the total charge and lipophilic character of the complex. The overall range of the
charge of the complexis from +1t00. For example, fora complex having a + 1 overall charge
has heart uptake ex.pected: whereas when the overall charge of the complex is 0 (thus neutral), T
the complex may have the ability to cross the blood brain barrier and normal brain uptake may
be possible. ' .
Tissue specificity may also be realized by ionic or covalent attachment of the
chelate to a naturally occurring orsyﬁthetic macromolecule having specificity for a desired

target tissue. One possible application of this approach is through the use of chelate
This is the replacemant sheet
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conjugated monoclonal antibodies wi'xich would transport the paramaghnetic chelate to
diseased tissue-enabling visualization by MRI. in addition, attachfnent 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 variationsin lipophilicity can result in tissue-
specific agents and that increased lipophilic character favors non-covalent interactions with
blood proteins resulting in enhancement of relaxivity.

Additionally, the present contrast agents of Formula (i) which are neutral in
charge are particularly preferred for forming the conjugates of this invention since undesirable -

ionic interactions between the chelate and protein are minimized which preserves the antibody

immunoreactivity. Also the present neutral complexes reduce the osmolarity relative to DTPA-

Gd *?, which may alleviate the discomfort of injection.
While not wishing to be bound by theory, it is believed that when a charged

complex of the invention is made (e.g. + 1 for heart), the variations in that chelate ionic charge

' can influence biolocalization. Thus, if the antibody or other directing moiety is also specific for

the same ssite, then the conjugate d ispléys two portions to aid in site specific delivery.
The terms used in Formula (I) and for this invention are furthér defined‘as follows.
“C,-C, alkyl”, “C-C_alkyl®, “C,-C , alkyl", include both straight and branched chain alkyl
groups. An “animal” includes é warmblooded mammal, preferably a human being.
“Biologically active material” refers to, for example, a dextran, peptide, or e

molecules that have specific affinity for a receptor, or preferably antibodies or antibody

-

fragments. .
"Antibody_" refers to any polyclonal, monoclonal, chimeric antibody or

hetéroantibody, preferably a monoclonal antibody; “antibody fragment” includes Fab
fragments and F(ab), fragments, and any portion of an antibody having specificity toward a
desired epitope or epitopes. When using the term “radioactive metal 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 11 16—NS-1 9-9 (anti-colorectal carcinoma), 1116-NS-3d (anti-CEA), 703D4
{anti-human lung cancer), 704A1 (anti-human lung cancer), CC49 (anti-TAG-72), CC83 (anti-
TAG-72) and B72.3. The hybridoma cell lines 1116-NS-19-9, 1116-NS-3d, 70304, 704A1, CC49,
CC83andB72.3 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.

As used herein, "complex” referstoa complex of the compound of the invention,
e.g. Formula (I}, complexed with a metal ion, where at least one metal atom is chelated or
sequestered; "conjugaté"- refers to a metal ion chelate that is covalently attached to an
antibody or antibody fragment. The terms “bifunctional coordinator”. "bifunctional chelating
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26 Schene7pr epar est heconpounds of Fornul a(l)wherein A = N or
Nerr]-Rerr]X, Rerr] = derr]-Cerr] alkyl and is X halide; and Qand Z = -
CH = 27

- . -

7

conjugated monodional 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 age;lt efficiency resulting in
improved contrast relative to the unbound chelate. Recentwork by Lauffer (U.S. Patents
4,880,008 and 4,899,755) has demonstrated that variationsin lipophilicity can result in tissue-
specific agents and that increased lipophilic character favors non-covalent interactions with
blood proteins resulting in enhancement of relaxivity.

Additionally, the present contrast agents of Formula (1) which are neutral in
charge are particularly preferred for forming the conjugates of this invention since undesirable
ionic interactions between the chelate and protein are minimized which preserves the antibody
immunoreactivity. Also the present neutral complexes reduce the osmolarity relative to DTPA-
Gd *3, which may alleviate the discomfort of injection.

While not wishing to be bound by theory, it is believed that when a charged
complex of the invention is made (e.g. + 1 for heart), the variations in that chelate jonic charge

“can inﬂuénce biolocalization. Thus, if the antibody or other directing moiety is also specific for
the same site, then the conjugate displéys two portions to aid in site specific delivery.

The terms used in Formula (1) and for this invention are furthér deﬁned\ as follows.
“C-C, alkyl”, "C -C_ alkyl®, “C-C , alkyl", include both straight and branched chain alkyl
groups. An “animat” includes a warmblooded mammal, preferably a human being.

“Biologically active material” refers to, for example, 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
hetéroantibody, preferably a monoclonal antibody; “antibady fragment” includes Fab
fragments and F(ab'), fragments, and any portion of an antibody having specificity toward a
desired epitope or epitopes. When using the term “radioactive metal chelaté/antibody :
conjugate” or “conjugate”, the “antibody” is meant to indude whole antibodies and/or L.
anti body fragments, including semisynthetic or genetically engineered variants thereof.
Possible antibodies are 1116-NS-19-9 (anti-colorectal carcinoma), 1116-NS-3d (anti-CEA), 703D4
(anti-human lung cancer), 704A1 (anti-human lung cancer), CC49 (anti-TAG-72), CC83 {anti-
TAG-72) and 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
numl')ers ATCC HB 8059, ATCCCRL: 8019, ATCCHB 5301, ATCCHB 8302, ATCC HB 9459, ATCCHB
9453 and ATCC HB 8108, respectively. . o

As used herein, “complex” referstoa comblex of the compound of the invention,
e.g. Formulia (I), complexed with a metal ion, where at least one metal atom is chelated or
sequestered; “conj ugaté", refers to a metal ion chelate thatis covalently attached to an
antibody or antibody fragment. The terms “bifunctional coordinator”. "bifunctional chelaung
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8
agent” and “functionalized chelant” are used interchangeably and refer to compounds that
havea chelani moiety capable of chelating a metal ion and a moiety covalently bonded to the
chelant moiety that is capable of serving as a means to covalently%ttach to an antibody or
antibody fragrﬁent.

) The bifunctional chelating agents described herein {represented by Formula ) can
be used to chelate or sequester the metal ions 5o as to form metal ion chelates (also referred to
herein as “complexes”). The complexes, because of the presence of the functi onalizing moiety
(represented by R2, R4 or RS in Farmula i), can be covalently attached to biclogically active
materials, such as dextran, molecules that have specific affinity for a receptor, or preferably
covalently attached to antibodies or antibody fragments. Thus the compliexes described herein
may be covalently attached to an antibody or antibody fragment or have specific affinity for a
receptor and are referred to herein as “conjugates”: .

As used herein, “pharmaceutically-acceptable salt” means any salt or mixtures of
salts of a complex or conjugate of formula (1) which is sufficiently non-toxic to be useful in
therapy o; diagnosis of animals, preferably mammals. Thus, the salts are useful in accordancs
with this invention. Representative of those salts formed by standard reactions from both
organic and inorganic sources include, for example, sulfuric, hydrochioric, ;;hosphori::, acetic,
succinic, citric, lactic, maleic, fumaric, palmitic, cholic, palmoic, mucic, glutamic, glucanic, d-
camphoric, glutaric, glycolic, phthalic, tartaric, formic, lauric, steric, salicylic, methanesulfonic,™
benzenesulfonic, sorbic, picric, benzoic, cinnamic acids and other suitable acids. Alsoincludec
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 metél iors,
and other similarions. Particularly preferred are the salts of the complexes or conjugates of
formula () where the saltis potassium, sodium or ammonium. Alsoincluded are mixtures of
the above salts. '

The complexes or conjugates of the present invention contain a ligand of Formuia
(1). The ligands are prepared by various pro{:esses. Typical general synthetic approaches to such
processes are provided by the reaction schemes given below.

In Scheme 1, the compounds of Formula (1) are prepared wherein Q, A anc Z=

CH, and all threeR =

This is the replacement sheet
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[err] | 29
Schene 8 prepares the conpounds of Forrmula (1) wherein Q= Nerr] -Rerr]
X, where Rlerr] = Cferr]-Cferr] alkyl and X = halide; and

10
Scheme 2 prepares the compounds of Formula () wherein A = C-Br, and Q and Z
CH.
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13

Scheme 3 prepares the compounds of Formula () whereinA = -

R* = H,NO,, NH, or SCN; and Qand Z = CH.

This is the replacement sheet

pate: 25 SEP 1996



32 °

Schenme 9 prepares the conmpounds of Fornula (1) wherein Q =

N or N+-Rerr])X where Rlerr] = Clerr]-Cerr] alkyl and X = halide; and A

and Z = CH.
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_ Scheme 4 prepares the compounds of Formula (I) wherein A = C-OR% where R? =
C.-C al_kylamino; and . . .
QandZ = CH. ' '
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34 " - Schenme 10 prepares the conmpounds of Fornula (1) wherein Rterm
at ‘'the 6 positionis [err] where Rlerr] = NJerr] or NHerr]; N
Y[err] = CJerr]H (or with a change of reagent Y[err] = H); and A, Qand Z

— G_l‘ - . - . ~ :

17
i z
oo
o S £ z
5]
2 2 é _
g =3
2 \
; m .
3=t
8 &
R
8 | «
m .
-
Q
-]
Q
vm
o
(9]
o
]
2 o)
<r ]—Z—'E‘g -
al =
g pay —Z—t
h -
Q = L al &
% t Z—E|S
w o o
Z v
m
B ~
z—_ — P

(16)

This is the replacement sheet

Dé;e: 25 SEP 19%



35

18

- (ge)
I : G

| g (ve) }
(s2) . \/_.\/_ HN © NH  xnygeax

. . NH _
HZ0D | BN N A ()
o~ W/ O%H/HO®EN S HOOY/ 18H
% 1 ozon — =

HZOD N/ H°0DO“HDId J

i \_ Uommv\/\/\ va\/\/\

pP,3uo) p 2wWayods

This is the replacement sheet

25 SEP 1336

- Date



19

(1) ernwaog jo punodwod e

(92)

P,3U0D p Swaydg

(s2)

ot v

This is the replacement sheet

25 SEP 2%

Dats:



[err]

20

Scheme 5 prepares the compounds of Formula (l) wherein A = CH; and one ofQ
orZ = CH and the other Qor Z = C-C(0)-R® or C-CH RS, where R® is defined as before.
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37 ° Schenme 11 prepares the conpounds of Formula (1) wherein the
Rtermat the 9 position is
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_[erF] where R err] = qurr]"or NH[ err]; Y[err] = CJerr]H (or with a
. change of reagent Y[err] = H); and AQandZ = CH.

23

Scheme 6 prépares the compounds of Formula (1) wherein Z = C-CH,-OBz or C-
C(0)-R*where R® = ;O-(C,-Ca alkyl), OH or NHR®, where is defined_ as before; and
Qand A = CH.
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39 Schenme 12 prepares the conpounds of Formula (1) wherein n =1
(but would also apply if n 2 or 3 with the correspondi ng change in the
‘reagent), the Rtermat the 6 position has T = [err] where Rerr] =
-0OHd;, and X and .Y = H the Rtermat the 3 and 9 positions - have T COCH,
Rlerr] = OHor OCHerr]; and A Q and Z = CH.

B 26

Scheme 7 prepares the compounds of Formula () wherein A = Nor N*-R*X; R® =
C,-C,, alkyl and is X'halide; and
QandZ = CH.

~
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Scheme 8 prepares the compounds of Formula (1) wherein
Q = N*-R*X’, where R® = C,-C, alkyl and X" = halide; and |
AandZ = CH.
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In the above Schenes, the general process description illustrates specific
steps that may be used to acconplish a desired reaction step. The general
descri ption of these process steps follows. : The synthetic
Schene 1 begins with a hal ogenation of comrercially available bis- pyridyl
al cohol (1) using thionyl chloride. Simlar procedures for converting an

al cohol to an electrophilic substrate, such as treatnment w t'h

t ol uenesul fonyl chloride, HBr or HC, should also result in a simlarly
reactive product which would work well 32 subsequent ring closure
reactions. Macrocycli zghbfB9pfpsReiHeeompSURdOSIFBFRME (1 Wndrli | i terature and
the desired tetraazamacr oc cle-(3) _was prepared according to the nethod of
Stetter et al Q=TNarMNaBu¥omheseR’ = G AkyPapdog1). More general procedures
have since begn=[pdivdd; sh@d whi ch give good yields of simlar macrocycles
usi ng m | der congitiﬁgs [A. D. Sherry et al., J. Og. Chem 54, 2990-2992
(1989)]. Deto§\?|" £ioMof the internediate macrocycl e[ (3) to yield (4)] was
acconpl i shed under acidic conditions in good yield. Reductive detosylation
procedures are also well known in the literature and can be adapted to the
present reaction sequence. Schenmes 10, 11 and 12 delineate a
synt heti c approach which introduces an aronmatic nitrobenzyl substituent at
one of the macrocyclic nitrogen positions. Typically, the

This is the replacemant sheet
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macrocyclic amne is nono-N-functionalized in an organic solvent such as
acetonitrile or DVF at room tenperature using a non-nucl eophilic base such
as potassi'um carbonate. Additional functionalization of the remaining
nitrogen positions is then preforned by nethods and condi'tions described
in previous Schenes. After the introduction of the desired chel ating
"noieties, the nitro group is reduced W3 ng pl ati num oxi de and hydrogen in
water. In this form the chelating agent is conpatible with conjugation

t echni ques which will enable attachment _to |larger synthetic or natural

nol ecul es. The nmesal ions @sed to formthe conplexes of this
invention are Gd[err], MJerr], SFe[err] and avai l able comercially, e.g.
from Al dri ch Chenical Conpany. ,%he ani on,;oresent is halide, preferably
chloride, or salt free (netal %;i deq. A "paramagnetic
nuclide" of this invention neans a netal g on whi ch di splays spin angul ar
nmonment um and/ or orbital angulfa ment ume= The two pes of nonentum conbi ne

to give the observed para etic fentui N a mann t hat depends | argely
on the atons bearing the azred e::tré‘n and, to~a | esser extent, upon
the environnment of such agpmg. \zé'r ngnetl ¢ nudi des found to be useful
in the practice of the ™ ona gad |nium(Gﬁ 3), iron (Fe[err]) and
manganese (M[err]), wi Yh Gd[‘ersl-/bei ng eferre_g The
corrpl exesare prepared. by met ho(swell kno@] in the B grt, Thus, for
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) « } o
8 g | g
_ e o
v
A
i o S B
- o
. o " < 2
. T |38 -
2 = | ex - i
. o
5 \ °
wm z—-/ \/
e o} \_
o _ <
~ —
- %
~ o
4 '3 o
- @B
o) €
\ L E © o
P AV
\ w“
o O
< o
g =
2 g = O
2 £ 0O
. 0o oowN
O (] =
O £ SN
] £ mn
Ouo
154 @
S

This is the replacement sheet

‘Date: 95 SEPI%6



exanpl e, see Chel ati ngAgents and Metal Chel ates, Dwer & Mellor, Academc
Press (1964), Chapter 7. See al so nethods for making am no adds in
Synthetic Production and WUilization of Amno Acids, (edited by Kameko, et
al.) John Wley & Sons (1974). An exanple of the preparation of a conplex-

i nvolves reacting a bicycl opol yazamacr ocycl ophosphonic acid with

43 the nmetal ion under aqueous conditi g§ at a pHfrom5 to- 7. The
conplex formed is by a chem cal. bond a results in a stabl e paranagnetic

nucl i de conposition, hgme ?t%ér%’:greg t%a poungé SABRGL (?)Rovh%pe RktdfiGtthe 6

par amagneti c nucllde romt
4
_c_—@-n '
i

position is
¥2

where R = Ndzor NH,;
Y? = CO,H (or with a change of reagent Y? = H}; and
A,QandZ = CH.
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The Eonplexes of the present invention are admnistered at a ligand to

met al molar ratio of at |east about 1:1, preferably from1l:1 to 3: 1,
nore_preferably from1:1 to 1.5: 1. A large excess of ligand is

undesi rabl e since unconpl exed ligand may be toxic to the animal or. nmay
‘result in cardiac arrest or hypocal cem ¢ convul sions. The

“anti bodi es or antibody fragnments which may be used in the conjugates

descri bed herein tan be prepared bytechni queswell known in the art.

Hi ghl yspecific nonocl onal antibodies 88n be produced by hybridi zation
techni ques well known in the art, see for exanple, Kohlerand

M I stein[Nature, 256,495-497 (1975); and Eur. J. |Imunol.6,511-519

(1976)]. Such antibodi es normally have a highlyspecific reactivity. In the
anti body targeted conjugates, antibodies directed agai nst any desired
antigen or hapten may be used. Preferably the antibodies which are used in
the conjugates are nonoclonal antibodies, or fragnents thereof having high
specificity for a desired epitope(s). Antibodies used in the present
invention may be directed against, for exanple, tunors, bacteria, fungi,
viruses, parasites, nycoplasma, differentiation and other cell nenbrane
anti'gens, pathogen surface antigens, toxins,. enzynes, allergens, drugs and
any biologically active nol ecul es. Sonme exanples of antibodies or antibody
fragnents are 1116-NS-19-9, 1116- NS-3d,. 703D4, 704Al1, CC49, CC83 and B72. 3.
Al'l of these antibodi es have been deposited in ATCC. A nore conplete |ist
of
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antigens can be found in U S. Patent 4,193,983, The conjugates of the
present invention are particularly preferred forthe di agnosi s of various
cancgers. This invention is used with a physiologically
-acceptabl e carrier, excipient or vehicle therefor. The nethods for
preparing such fornulatrons are well known. The fornulations may be in the
form of a suspension, injectable solution or other suitable fornulations.
Physi ol ogi cal | y acceptabl e suspending nmedia, with or without adjuvants, nay
be used.- An "effectiv&ilrmunt " of the formulation is used for
di agnosis. The dose will vary depen g on the di sease and physi cal
paraneters of the animal, such as weight In vivo diagnostics are al so
contenpl ated using fornufations of this invention. Q her uses
of sonme of the chelants of the present invention may include the renoval of
undesirable netals (i.e. iron) fromthe body, attachnent to polyneric
supports for various purposes, -e.g..as diagnostic agents, and renoval of

metal ion by selective extraction. fhe |igands of Fornula (1) having in at
| east two Rterns T equal to P(OR may [be usedHfor nmetal ion control as
scale inhibitors. It is Iikelytha t hese /&ogands coul d be used in |ess than

stoichionmetric anounts. Siml
US. Patents 2,609, 390; 3,

ES\§ wn fd§ conpounds described in
, 773;

1, ancE 3,434, 969.
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44 ‘The invention will be further clarified by a consideration
of the follow ng exanples, which are intended to be purely exenplary of the
present invention.

37
Scheme 11 prepares the compounds of Formula (1) wherein

the Rterm at the 9 positionis _

where R* = NO,or NH,;
Y = COH {or with a change of reagent Y? = H); and

A,QandZ = CH.
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46 where: X and Y[err] are independently H OH or Cerr]-Cerr] alkyl;
Y[err] is Hor COOH Rerr] is H.OHdor OCHerr]; and Rerr] is H NJerr],
NH[ ecr], isothiocyanato, sem carbazi do, thiosem carbazi do, naleim do,

br onbacet am do or carboxyl; with the proviso that at |east two R terns nust
be

CO,H W
\¢/y E%E:] ;
NH,

N
(58)
a compound of Formula (I)

>

/F_N
0,C . l\/
HO2C /‘
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[err] where X and Y[err] are defined as before; A=CH, N, CBr, Cd,
CORerr], CGORerr], N+-Rerr] X-, or )
[err]« where: Rerr] =H, derr]-Cerr] alkyl, benzyl, or benzyl substituted
with at least one Rerr] Rerr] is (Jerr]-Cferr] alkylamno; Rerr] is
Cerr]-Cerr] alkyl, benzyl, or benzyl substituted with at |east one
Rlerr]; R4 is defined as before; X- is d-, Br, I- or Herr] CCOerr]-; Q
and Z independently are CH, N, N+-Rerr] Xg9 CCHerr]-ORerr] or
CC(O-Rerr]; Rerr] and R err] are defined as above:

- Scheme 12 prepares the compounds of Formula () wherein n = 1 (but would also

applyif n = 2 or 3 with the corresponding change in the reagent)(the R term at the 6 position
hasT =

where R! = -OH; and Xand Y = H;

the R term at the 3 and 9 positions h;'-.we T = COOH;
R’ = OH or OCH,; and )
A,QandZ = CH.
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Rlerr].is -O(derr]-Cerr] alkyl), OHor NHRG; Rerr] is err]-(err]

al kyl; X- is defined as above; and with the proviso that: g (a) when Q
Aor_Zis Nor N-Rerr] X-, then the other two groups nust be CH, - (b)
when Ais CGBr, GO, CGORL or CGOR2 then both Q and Z nust be CH, (c)
.the sumof the R2 and R4 ternms may not exceed one, and one :0of R2 or R4 nust
be present; and (d) only one of Qor Z can be CGC(O-Rerr] -and when
one of Qor Zis CGC(O-Rerr], then A nust be CH and. conplexed with a
nmetal ion selected from Gd+3, M+2 or Egy3 ; or pharmaceutical |l y-acceptabl e
salts thereof. 2. A complex of claiml1 wherein the netal is Gd[err].
3. A conplex of claiml wherein A; Qand Z are CH, and X and Y are H.

4. A conplex of claim1 wherein X and Y are H.

“
\N
(59)

N

|
N
l N \/I - 803Na
I .

NaO3S
aCN
/

Scheme 12
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CN
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47 . 5. Aconplex of claiml wherein A, Q and Z are CH. 6. A
conplex of claiml wherein Q A and Z are CH, and one Rtermis

X . H [err] wher e:
X, Y, Rerr] and Rlerr] are defined as in claim1. 7. A compl ex of
.claim1 wherein Ais CGCORerr], CGORerr] where Rlerr] and R err] are:
defined as in claim1l or '
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[err]“ ‘where Rlerr] is defined as in claiml. 8. A conplex of claiml
wherein A.i's CH and one of Qor Zis CH and the other is CGC(O-Rerr] or

C-CHerr]-OR errn], where Rlerr] and Rlerr] are defined as in claim1.
9. A conpl ex of - cIa|m8 wherein Rerr] is NHRlerr], where R6'is a
bi ol ogi cal l'y active material . 10. A cd@plex of claim1 wherein one of

A Qor Zis N+-R3 X-, where R3 and X- are defined as abgve; and the three
Rterns are In the above Schemes, the general process descnqﬂ@? lrll}xstrates specific stapsd X

and Y[err] are ahd\tn&gbahseamdctompdshta_msumueiaaiudnscdpangegeoéraltdlaenmmmplfmsel s + 1.
11. A conpl ex Ofpr&Je&'s{ébéfo:YM&EFe' n Ris

The synthetic Scheme 1 begins with a halogenation of commercially available bis-
pyridyl alcohol (1) using thionyl chloride. Similar procedures for converting an alcohol to an
electrophilic substrate, such as treatment with toluenesulfony! chloride, HBr or HC, should also
result in a similarly reactive product which would work well in subsequent ring closure
reactions. Macrocyclization ;}rocedures are numerous in the literature and the desired
tetraazamacrocycle (3) was prepared according to the method of Stetter et al., Tetrahedron 37,
767-772 (1981). More general procedures have since been published which give good yields of
similar macrocycles using milder conditions [A. D.Sherry et al., J. Org. Chem. 54, 29580-2992
(1989)]. Detosylation of the intermediate macrocycle [(3) to yield (4)] was accomplished under '
acidic conditions in good yield. Reductive detosylation procedures are also well known in the
literature and can be adapted to the present reaction sequence.

. Schemes 10, 11 and 12 delineate a synthetic approach which introducesan
aromatic nitrobenzyl substituent atone ofthe macrocychc nitrogen positions. Typically, the
macrocyclic amine is mono—N-functl onalized in an organic solvent such as acetonitrile or DMF
at room temperature using a non-nudeophilic base such as potassium carbonate. Additional ~
functionalization of the remaining nitrogen positions is then preformed by methods and
conditions described in previous Schemes. After the introduction of the desired chelating

| r;ioieties, the nitro group is reduced using platinum oxide and hydrogen in water. in this form,
the chelating agent is compatible with conjugation techniques which will enable attachment
to larger synthetic or natural molecules.
| The metal ions used to form the complexes of this invention are Gd*?, Mn*?, Fe*?
and available commercially, e.g. from Aldrich Chemical Company. The anion present is halide,

preferably chioride, 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 aﬁd, to a lesser extent, upon the environment of such atoms.
The paramagnetic nuclides found to be useful in the practice of the invention are gadolinium

“(Gd %), iron (Fe *3) and manganese (Mn *3), with Gd * 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 Syﬁthetic Production and Utilization of
Amino Acids, (edited by Kameko, et al.} John Wiley & Sons {(1974). An example of the
preparation 6f a complex involves reacting a bicycdopolyazamacrocyclophosphonic acid with
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[err] and X and Y[err] are all equal to H and the overall charge
of the conplex .is neutral.
47 . - §
| | 43
the metal ion under aqueous conditions at a pH from 5 to 7. The complex formed is bya .
chemical bond and results in a stable paramagnetic nuclide comppsi'tion, e.g. stableto the -
disassociation of the paramagnetic nuclide from the ligand.
The complexes of the present invention are administered at a ligand to metal
molar ratio of at least about 1:1, preferably from 1:1 to 3:1, more preferably from 1:1to0 1.5:1.
| A large excess of ligand is undesirable since uncomplexed ligand may be toxic to the animal or
may resuit in cardiac arrest or hypocalcemic convulsions.
The antibodies or anti body fragments which may be used in the conjugates
described herein can be prepared by techniques well knownin the art. Highly specific
monodonal antibodies can be produced by hybridization techniques well known in the art, see
for example, Kohler and Milstein [Nature, 256, 495-497 (1975); and Eur. J. Immunol.,6,511-519
(1976)]. Such antibodies normally have a highly spec_ific reactivity. In the antibody targeted
conjugates, antibodies directed against any desired antigen or hapten may be used. Preferably
the antibodies which are used in the conjugates are monoclonal antibodies, or fragments
thereof having high specificity for a desired epitope(s). Antibodies used inthe present
invention may be directed against, for example, tumors, bacteria, fungi, viruses, parasites,
mycoplasma, differentiation and other cell membrane antigens, pathogen surface antigens,
toxins, enzymes, allergens, drugs and any biologically active molecules. Some examples of
antibodies or antibody fragments are 1116-NS-19-9, 1116-N5-3d, 703D4, 704A1, CC49, CC83
and B72.3. All of these antibodies have been deposited in ATCC. A more cocﬁplete list of
antigens can be found in U.S. Patent 4,193,983. The conjugates of the present invention are
_ particularly preferred for the diagnosis of various cancers.
This invention is used with a physiologically acceptable carrier, excipient or
vehicle therefor. The methods for preparing such formulations are well known. The
formulations may be in the form of a suspension, injectable solution or other suitable
formulations. Physiologically acceptable suspending media, with or without adjuvants, may be
used. )
An "effective amount” of the formulation is used for diagnasis. The dose will
vary depending on the disease and physical parameters of the animal, such as weight. /n vivo
diagnostics are also contemplated using formulations of this invention.
Other uses of some of the chelants of the present invention may include the
removal of undesirable metals (i.e. iron) from the body, attachment to polymeric supports for
various purposes, e.é. as diagnostic agents, and removal of metal ion by selective extraction.
_ The ligands of Formula (I) having in at least two R terms T equal to P(O)R'OH may be used for
metal ion control as scale inhibitors. Itis likely that these ligands could 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.
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3. A conplex of daim1l wherein A, Qand Z are CH, and X and Y are H.

4, A conplex of daiml wherein X and Y are H. 5. A
conplex of Claim1 wherein A, Qand Z are CH. 6. A
conplex of Claim1 wherein Q A and Z are CH; and one R termis .
X _ [err] where: X, Y, Rerr]
and Rl err] are defined as in Claiml. 7.. A conpl ex of

Claim1l wherein Ais CGORerr], C—CR[érr], widr e Rlerr] and Rlerr] are

defined as in Claim1l or ) . .
The invention will be further clarified by a consideration of the following

examples, which are intended to be purely exemplary of the present invention.
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[err] . .where Rerr] is defined as in Caiml. 8. A
conpl ex of Claim1 wherein Ais CH and one of Qor Zis CH and the other
is GCO-Rerr] or GCHerr]-ORlerr], where Rlerr] and Rlerr]. are defined

as in Caima1l. 9. AcorrplexofCIalm8where|n Rerr] is
NHR[err], where Rlerr] is a biologically active naterial. 10.
- A conjugate conpri si ng a bi cycl opol yazamacr ocycl ocar boxylic .acid conpound
of the fornula .~ lerr]

| 45

WHAT IS CLAIMED (S:

1. A complex which comprises a bicyciopolyazamacrocyclocarboxylic acid
compound of the formula

K
R-N N-R = -
\/ \/
R
wherein:
Ris
X X

!
—_— )
i
Q
o
N
m
[l
!
— ) ——
a
S
o
H
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48 - wherein: Ri s
/
~ HasBeenReﬁaced

o W

X and Y'are independently H, OH or C -C, alkyt; | .

Y?is H or COOH;

R’is H, OH or OCH,; and

RisH, NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,’
bromoacetamido or carboxyl;

with the proviso that at least two R terms must be

x .
|
—C-COE ;-
I
Yl

A = CH, N, C-Br, C-Cl, C-OR', C-OR?, N*-R* X, or

where: R' = H, C -C, alkyl, benzyl, or benzyl substituted with at least one R ~

-8

R?is C,-C  alkylamino;

R3is C,-C,, alkyl, benzyl, or benzyl substituted with at least one R’;
R*is defined as before;

X-isCl, Br, I'or H,CCO,

Q and Zindependently are CH, N, N*-R® X’ C-CH,-OR' or C-C(0)-R";
R!and R? are defined as above;

R®is-O-(C -C, alkyl), OH or NHR®;

R®is C -C, alkyl or a biologically active material;

X'is defined as above; and

with the proviso that:
a)when Q, AorZis N or N*-R3X’, then the other two groups must be CH;

b) when A is C-8r, C-Cl, C-OR* or C-OR?, then both Q and Z must be CH;

¢) the sum of the R?, R*and R°terms, when present, may not exceed one; and

d) only one of Q or Z can be C-C(0)-R® and when one of Q or Zis C-C(O)-R®, then.A
must be CH; and
complexed with a metal ion selected from Gd*}, Mn*?or Fe*?; or

pharmaceutically-acceptable salts thereof.
2. Acomplex of Claim 1 wherein the metal is Gd .
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[err]g where: X and Y[err] aré | ndependently H, OH or Cerr]-Cerr] alkyl;
Y[err] is Hor COOH, Rlerr] is H OHor OCHerr]; and Rlerr] is H NJerr],
NH ers], isothiocyanato, sem carbazido, thiosenicarbazido, maleinido,

_ 47
3. A complex of Claim 1 wherein A, Qand Zare CH; and X and Y are H.
4.  AcomplexofClaim 1 whereinXandY areH. _ '
A complex of Claim 1 wherein A, Qand Z are CH.
A complex of Claim 1 wherein Q, Aand Z are CH; and one R term is

X "
! [ BS
| | | R*
o Co,H

where: X, Y, R? and R* are defined asin Claim 1.
7.  Acomplexof Claim 1 wherein Ais C-OR’, C-OR?, where R' and R2 are

defined asin Claim 1 or

where R*is defined asin Claim 1.

8  Acomplexof Claim 1 wherein Ais CH, and one of Q or Z is CH and the
other is C-C(O)-R® or C-CH_-OR', where R" and R® are defined asin Claim 1. .

9. A complex of Claim 8 wherein R® is NHR®, where R is a biologically active

-~

material. .
10. - A conjugate comprising a bicyclopolyazamacrocyclocarboxylic acid

compound of the formula

| z /\
( (1)
R-N N—R

\/\/

R
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br ompacet am do or carboxyl; wth the proviso that at

A=CH N GB, ¢d, GOR, GORerr], N e&ﬁils@&%i;eeﬁ(keﬂ?arced

. |l

wherein:
Ris .
X ' X
| l
-C-CO,H , -C _@-— R* or
| !
¥l y2
—c o
1 —@ rR*
Y2
where:
XandY! are independently H, OH or C,-C, alkyl;
Y2is H or COOH;

R’is H, OH or OCH,; and

RisH, NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, malei;nido,_
bromoacetamido or carboxyl; |

with the proviso that at least two R terms are

X

l
-C-CO,H ;
I
yl

A = CH, N, C-Br, C-Cl, C-OR', C-OR? N*-R* X", or

R' = H, C,-C, alkyl, benzyl, or benzyl substituted with at least one R%;

-e

R?is C -C,_alkylamino; .
Riis C,-C,; alkyl, benzyl, or benzyl substituted.yvith atleast one R‘;
R*is defined as before;
XisCl,8r, l'or H3CC02';
Qand Zindependently are CH, N, N*-R X, C-CH,-OR' or C-C(0)-R%;
R' and R? are defined as above;
R¥ is-O-(C -C, alkyl), OH or NHRS;

| east—t wo Rterns—are—

~
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Rlertr]=H (err]-Clerr] alkyl, benzyl, or benzyl substituted wth at |east
one Rlerr]; Rerr] is (Jerr]-Clerr] alkylamino; Rerr] is Cerrj-Cerrj—
al ky]l , benzyl, or benzyl substituted with at |east one R[ er rrhis siet HizS Been Replaced
~defined as before; Xis d, Br, | or Herr]CCJerr]; Qand Z

are CH N, N-Rerr] X GCHerr]-ORerr] or CGCC(O-Rerr]; 4lwmm”|““
"R[err] are defined as above; Rlerr] is -O(CA8r]-err] al kyl"t"

NHR[ err]; R°isC -C, alkylora biologically active material;

X'is defined as above; and

with the proviso that:
a)when Q, AorZis N or N*-R*X, then the other two groups must be CH;
b) when A is C-Br, C-Cl, C-OR! or C-OR? then both Q and Z must be CH;
<) the sum of the R?, R*and R®terms may not exceed one, and one of R?, R*or R®

must be present; and
d) only ene of Q or Z can be C-C(0)-R® and when one of Q or Z is C-C(0)-R5, then A

must be CH;

complexed with a metal ion selected from Gd*3, Mn*?or Fe*3; and
covalently attached to a biologically active matéria_l. _

11. A conjugate of Claim 10 wherein the biologically active material is a
dextran, a peptide, a molecule that has specific affinity for a receptor, or an antibody or
antibody fragment.

12.  Aconjugate of Claim 11 wherein the antibody or antibody fragment is a

~

monocional antibody or fragment thereof.
13. A conjugate of Claim 12 wherein the antibody or antibody fragment is

~

B72.3.
14. A conjugate as claimed in any one of Claims 10-13 wherein the metal ion s

Gd-3,
15. A conjﬁgate of Claim 10 wherein X and Y are H.
16. A conjugate of C:aim 10 wherein A, Q and Z are CH.
17.  Aconjugate of Jiaim 10 wherein Q, A and Z are CH; and one Rterm is

CO,E

where: X and R* are defined asin Claim 10.
18.  Aconjugate of Claim 10 wherein Q, A and Z are CH; and one R term is
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Thi s“Sheet Has Been Repl aced

49 Rlerr] is (Jerr]-(Jerr] alkyl or a biologically active gﬁ laced
defi med as above; and wth the proviso that:
Zis Nor Nerr]-Rerr]X, then the other two groups nust be

b) when Ais CBr,Cd,CORerr] or C—CR[@'Or], then both Q an
CH; c) the sumof the Rerr], Rerr] and R err] terms may not

exceed one, m n@a ‘{frf'l‘f?%'glg'h[‘err% must .be present; and

d) only one o and when one of Qor Zis
C-C(O-Rerr], then A19ws6¢W%°anE‘b1ﬁWWWCtQF'§%t"ﬂre’?%ﬁnéé?%eted

fromGd WMn[ era}f,@aaﬁatgr"sig,o,and covalently attached to a biologically
active materi al . 11. A conjugate of Caim 10 wherein the

bi ol og| cally active material is a
C-CE R4 : o

where R* is defined as in Claim 10.

20. Aconjugate of Claim 10 wherein A is CH, and one of Qor Zis CH and the
other is C-C(0)-R®, where R® is defined asin Claim 10.

21.  Aconjugate of Claim 20 wherein R® is NHR’, where R’ is a biologically active
material. ;

-22.  Apharmaceutical formulation comprising a complex as claimed in any one
of Claims 1-9 with a pharmaceutically-acceptable carrier.
" 23 Apharmaceutical formulation comprising a conjugate as claimed in any

one of Claims 10-21 with a pharmaceutically-acceptable carrier. .

24.  Amethod for the diagnosis of a disease state in an animal which comprises
administering to said animal an effective amount of the formulation of Claim 22.

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

26. The complex as claimed in any one of Claims 1-9 foruse as a
pharmaceutical. _ .
27. The conjugate as claimed in any one of Claims 10-21 foruse as a
pharmaceutical. '

28.  Akit for use as a diagnostic agent having as an ingredient a ligand as

claimed in any one of Claims 1-9.
29.  Aprocess for preparing a complex as claimed in Claim 1 which comprises

reacting a bicyciopolyazamacrocyciocarboxylic acid compound as claimed in Claim 1 witha
metal ion selected from Gd *3, Mn "2 or Fe*3 under aqueous conditions ata pH from 5to 7. _

30. The process of Claim 29 wherein the bicyclopolyazarﬁacrocyc! ocarboxylic '
acid compound is 3,6,9, 15-tetraazabicyclo[9.3.1)pentadeca-1(15), 11, 13-triene-3,6,9-tri-
methylenecarboxylic acid.
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dextran, a peptide, a nolecule that has specific affinity for a receptor,

or an anti body or antibody fragnent. 12. A conjugate of

Cl ai m 11 wherein the antibody or antibody fragment is a nonoclonal antibody
or fragment thereof. 13. A conjugate of Claim12 wherein the
anti body or antibody fragnent is B72.3. 14. A conjugate as
.claimed in any one of Clainms 10-13 wherein the netal ion is Gd[err].

- 15. A conjugate of Claim10 wherein X angiY are H. 16. A
conjugate of Claim110 wherein A, Q and Z are CH. 17. A

conjugate of Claim10 wherein Q A and Z are CH, and one Rtermis
Lerr] BICYCLE-POLYAZAMACROCYCLOCARBOXYLIC ACID COMPLEXES,

CONJUGATES, PREPARATION AND USE AS CONTRAST AGENTS

ABSTRACT

Complexes of bicyclopolyazamacrocyclocarboxylic acid with Gd, Mn or Fe ions are
disblosed. The complexes can be covalently attached to a biologically active molecule, e.g.
an antibody or antibody_ fragment, to form conjugates. The complexes and conjugates are
useful as contrast agents for diagnoétic i)urposes. Proceéses for prepaﬁng both the complex

~ and conjugate are disclosed.

This Sheet Has Been Re ﬂ

AN

This is the replacement sheet

Date: o5 SEP 338



where: X and Rlerr] are defined as in O aim10. 18. Awgsrst
conjugat'e of Claim10 wherein Q A and Z are CH, and one Rtermis
[err]

where
"~ X and Y1 are defined as before;
A=CH, N, C-Br, C-Cl, C-OR 1, C-OR2, N+—R3 x- or

C_CEC@R4;
where:

Rl =H, C;-Cs alkyl, benzyl, or benzyl substituted with at least one R4 :
R2 is C-Cy¢ alkylamino;
R3 is C1-C¢ alkyl, benzyl, or benzyl substituted with at least one R4 ;
R# is defined as before;
X- is CI, Br-, I or H3 CCO5" ;
Q and Z independently ar¢ CH, N, N+—R3 X-, C-CH,-OR! or C-C(0)-R5;
R! and R3 are defined as above:
RS is -O-(C1-C; alkyl), OH or NHRS ;
R6 is C;-Cs alkyl;
X~ is defined as above; and
with the proviso that:
(@ whenQ, AorZisNor N*—R3 X, then the other two groups must be CH;
(b) when"A is C-Br, C-Cl, C-OR! or C-OR2 then both Q and Z must be CH;
(c) the sum of the R2 and R4 terms may not exceed one, and one of R2 or R4 must be
present; and :
(d) only one of Q or Z can be C-C(0O)-R3 and when one of Q or Z is C-C(0)-R5, then
A must be CH; and complexed with a metal ion selected from Gd+3, Mn+2 or Fe+3; or
pharmaceutically-acceptable salts thereof.
Bifunctional complexes of Formula (I) are des1rab1e to prepare the conjugates of this
invention. Such ligands miust have at least one of R2: R4 or RS present:
one R term is
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s

50 where: Rerr] and R err] are defined as in O aim 10.
19.° A’conjugate of Claim 10 wherein Ais COR, CGORerr], where R err]

and R err] are defined as in Caim10, or [err]
46
where:
X and Y! are independently H, OH or C;-Cj alkyl;
- Y2 is H or COOH;

R7 is H, OH or OCH3; and
R4 is H, NO,, NH,, isothiocyanato, semicarbazido, thiosemicarbazido, maleimido,
bromoacetamido or carboxyl;
with the proviso that at least two R terms must be

1

—C—CO5H;

P
where .
X and Y1 are defined as before;
A=CH, N, C-Br, C-Cl, C-OR!, C-OR2, N+—R3 X-, or

C—CEC—©>—R4;
wherg:

R! =H, C;-Cs alkyl, benzyl, or benzyl substituted with at least one R4 :
R2 is C;-C;4 alkylamino;
R3 is C;-Cy¢ alkyl, benzyl, or benzyl substituted with at least one R4 ;
R4 is defined as before;
X-is CI-, Br-, I or H3; CCO57;
Q and Z independently are CH, N, N+—R3 X-, C-CH,-OR! or C-C(0)-R5;
R! and R3 are defined as above: ' .
RS is -O~(C;-C5 alkyl), OH or NHRS;
R6 is C;-Cs alkyl;
X- is defined as above; and
with the proviso that:
(@ whenQ, A or Z is N or N+—R3 X-, then the other two groups must be CH;
(b) when A is C-Br, C-Cl, C-OR! or C-OR? then both Q and Z must be CH;
(c) the sum of the R2 and R4 terms may not exceed one, and one of R2Z or R4 must be
present; and _
(d) only one of Q or Z can be C-C(0)-R5 and when one of Q or Z is C-C(0)-R5, then
A must be CH; and complexed with a metal jon selected from Gd+3, Mn+2 or Fe+3 ; or
pharmaceutically-acceptable salts thereof.
2. A complex of claim 1 wherein the metal is Gd+3.
3. - A complex of claim 1 wherein A, Q and Z are CH; and X and Y are H.
4. A complex of claim 1 wherein X and Y are H.
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where R err] is defined as in O aim 10. 20. A conjugate of
Claim 10 wherein Ais CH and one of Qor Zis CHand the other is

CCO-Rerr], where Rierr] is defined as in Caim 10. 21. A
conj ugat e of C ai m 20 wherein Rlerr] is BEHR[err], where Rerr] is a

bi ol ogically active material. 22. A pharnmaceuti cal

formul ati on corrprlsm a conplex as clainmed in any one of Cains 1-9 with a
phar maceut i cal | y & % 9f glaug 1 wherein A, Q and Z are CHp3. A phar naceut i cal

fornul ation eorrmemeﬁoeommgawnemelAlachmcaHyawen@Rtar@ﬁm 10-21
wi th a pharnmaceutically-acceptable carrier. 24. A net hod
forthe diagnosis of a disease state in an ani npl I ch conpri ses

admini stering to said ani gl ' qe formul ati on of
Claim 22. 5yof a di sease state

in an ani mal which conpri ses Z stering to $ai Anifye ﬁn effective
amount of the formul ati on @D,I4! he conpl ex as

~claimed in an oneXon QA PRA ée?rme}f%semaslaun phar maceut i cal .
7. A complex of claim 1 wherein A is C-OR!1, C-OR? where R! and R2 are defined as

in claim 1 or
C—CECR4

where R4 is defined as in claim 1.

8. A complex of claim 1 wherein A is CH, and one of Q or Z is CH and the other is
C-C(0)-R5 or C-CH,-OR!, where R! and RS are defined as in claim 1.

9. A complex of claim 8 wherein RS is NHRS, where RS is a biologically active
material. :
10. A complex of claim 1 wherein one of A, Q or Z is N+—R3 X-, where R3 and X~ |
are defined as above; and the three R terms are

1
—C—CO.H;
f
and X and Y! are all equal to H and the overall charge of the complex is +1.
11. A complex of claim 1 wherein R is
X

I
—C—CO2H;
l 1
Y
and X and Y1 are all equal to H and the overall charge of the complex is neutral.
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27. The conjugate as clainmed in any one of Clains 10-21 for use as a
pharnaéeutlcal 28. A kit for use as a diagnostic agent
having as an ingredient a ligand as clained in any one of Clains 1-9.

29. A process for preparing a conplex as claimed in Caim1 which.
conprises reacting a bicycl opol yazamacr ocycl ocar boxylic acid conpound as
claimed in daiml with a netal ion selected fromGd[err], Mj[err] or
Fe[err] under aqueous conditions at a pHfrom5 to 7. 30. The
process of Caim 29 wherein the bicycl opol yazanacrocycl ocarboxylic acid
conpound is

3,6,9, 15- tetBH&Y@DJEPOLQ[AEZ&MAGR&@M@EGCM{BDXYLIGMBD ECOMBLEXES, I i -
met hyl enecar boxylic aci d.

CONJUGATES, PREPARATION AND USE AS CONTRAST AGENTS

ABSTRACT

Complexes of bicyclopolyazamacrocyclocarboxylic acid with Gd, Mn or Fe ions are
disclosed. The complexes can be covalently attached to a biologically active molecule, e.g.
an antibody or antibody fragment, to form conjugates. The complexes and conjugates are _
useful as contrast agents for diagnostic purposes. Processes for preparing both the complex

and conjugate are disclosed.
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