REPLACENENI SHEETS SG [err] Description : paged [err] to paged ?#???’T%rr]
d aj,m(s)-:.paged [err], to paged . [err] Drawi ng(s) : paged [err] to paged
[err] Abstract : paged .... to paged [err] DATE OF RECEIPT [err]

+ REPLACEMENT SHEET  'NOVEL MAGNETI C RESONANCE | MAG NG AGENTS 2 3 JUL 1999

[err] 5 Thistinvention relates to nuclear nmagnetic resonance (NWVR)

I mging and, nore particularly, tg nethods—ane—T oS1 i ons for enhancing
NMR i magi ng. The recently eveUﬂﬂdﬂﬂﬂééﬁﬁ? 5, 0 #agi ng enconpasses
the detection of certain bgriptial epaged--- ‘&PF?ﬁzT”Q'nagnetic fields and
radi o-frequency radiati on{o Erabi(spi paged i- - d8RBEPedhEdt s to x-ray conputed
t onography (CT) in providi Egmﬁﬁg§§1§ﬂ¢ﬂLendPPB$ Iay lof the body organ
anatony wi'th excellent redqphuli@ktOf :padetl .tisOP8Edet-aiT] As currently used,
15 . the images produced ”fén'dﬂ"t[&‘:,(ﬁilﬁkl...Qf...'.r..he.-di--stj‘-_ bution density of
protons and/or their rel axidd4 H-es—T1rorgans and tissues. The techni que
of NMR i magi ng i s advant ageously non-i?vasive as it avoids the

NOVEL MAGNETIC RESONANCE IMAGING AGENTS

Background of the Invention

This application is a continuation-in-part of
serial number 221,425, filed July 19, 1988.

This invention relates to nuclear magnetic
resonance (NMR) imaging and, more particularly, to
methods and compositions for enhancing NMR_imaging.

The recently developed technigue of NMR.imaging

- encompasses the. detection of certain atomic nuclei
utilizing magnetic fields and radio-frequency
radiation. It is similar in some respects to x-ray

-.computed tomography (CT) in providing a cross-sectional
display of the body organ anatomy with excellent
resolution of soft tissue detail. As currently usgd,
the images produced constitute a map of'phe _
distribution density of protons and/or their relaxation
times in organs and tissues. The technique of NMR
-imaging is advantageously non-invasive as it avoids the
use: of ionizing radiation.

While the phenomenon of NMR was discovered in
1945, it is only relatively recently that it has found
application as a means of mapping the internal -
structure of the body as a result of the original
suggestion of Lauterbur (Nature, 242, 190-191 (1973})).
The fundamental lack of any known hazard associated

with the level of the magnetic and radio-frequency
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use of ionizing radiation. 20 Whi | e t he phenonenon of NWR was

di scovered in 1945, it is only relatively recently that it has found
application as a nmeans of mapping the internal structure of the body as a
result of the original suggestion of Lauterbur (Nature, 242, 190-191
(1973)). 25 The fundanental |ack of gny known hazard associated with the
| evel of the magnetic and radi o-frequency AVMENDED SHEET 2 fields that
are enpl oyed renders it possible to nake repeated scans on vul nerabl e

i ndi vidual s. Additionally, any scan plane can readily be sel ected,

i ncl udi ng t FARIGY Yha tC H AN HmpPIy ST bhak rgeGid PsssiwiantBVRaryperi ment,
the nuclei under study in a sa ie ge é.protons re irradiated with the
appropri at erﬁé’(ﬁa&#évﬁMﬁff( F?g;) & ?Bg i Ang Y é@%m form magnetic field.
These nucl eiaddas idral Tg] any SsbsqpRanky cani trddd dly abshaep eceeanance
frequency. including transverse, coronal and sagittal sections.

In an NMR experiment, the nuclei under study in a
sample (e.g. protons) are irradiated with the
appropriate radio-frequency (RF) energy in a highly
uniform magnetic field. These nuclei, "as they relax,
subsequently emit RF at a sharp resonance frequency.

The resonance frequency of the nuclei depends on the
" applied magnetic field.

According to known principles, nuclei with
appropriate spin, when placed in an applied magnetic
field (B, expressed generally in units of gauss or
Tesla (10' gauss)) align in the direction of the field.
In the case of protans, these nuclei precess at a
frequency, £, of 42.6 MHz at a field strength of 1
Tesla. At this frequency, an RF pulse of radiation
will excite the nuclei and can be considered to tip the
net magnetization out of the field direction, the
extent of this rotation being determined by the pulse
duration and energy. After the RF pulse, the niclei
"relax" or return to equilibrium with the magnetic
field, emitting radiation at the resonant frequency.

The decay of the emitted radiation is characterized by
two relaxation times, i.e., T,, the spin-lattice
relaxition time or longitudinal relaxation time, that
is, the time taken by the nuclei to return to

~ equilibrium along the direction of the externally
applied magnetic field, and T;, the spin-spin relaxation
time associated with the dephasing of the initially
coherent precession of individual proton spins. These
relaxation times have been established for various



The resonance frequency of the nuclei depends on the applied magnetic
field.” According to known principles, nuclei wth appropriate spin, when

pl aced in an applied magnetic field (B, expressed generally in units of .
gauss or Tesla [err] gauss)) align in the direction of the field. In the
case of protons, these nuclei precess ay a frequency, f, of 42.6 MHz at a
field strength of 1 Tesla. At this frequency, an RF pulse of radiation wll
excite the nuclei and can be considered to tip the net magnetizati on out of
the field direction, the extent of this rotation being determ ned by the
pul se durat ifdmiaizd eneffys HhdeeitbeeRFiAUHIE f ddenthugpetiésedbix” or return

to equilibriwmﬁgtr1the magnetic field, emtting radiation at the resonant
frequency. Ti5e ééhy of the emtted radiation is characterized by two

rel axation times,In.MMR {e&glngthecapningaiplliacrees edmdasl boetime or
retarn to el LA ShE Phc diPEteton OT the ShTerrar Houpstred
magneti c fi dligh aquik IRtyt heaspiverse,n cozlomedt icond t sagittadcimbgeswitich t he
dEphaSing(ﬁbérgbiéiﬁééthrectly. The absence of any moving parts
 in NMR imaging equipment promotes a high reliability.
It is believed that NMR imaging has a greater potential
than CT for the selective examination of tissue
characteristics in view of the fact that in CT, x-ray
attenuation coefficients alone determine image
contrast, whereas at least four separate variables (T,,
T,, proton density and flow) may contribute to the NMR
signal.” For example, it has been shown (Damadian,
Science, 171, 1151 (1971)) that the values of the T, and
T, rélaxation in tissues are generally longer by about a
factor of 2 in excised specimens of neoplastic tissue
compared with the host tissue. '

By reason of its sensitivity to subtle
physicochemical differences between organs and/or
tissues, it is believed that NMR may be capable of
differentiating different tissue types and in detecting
diseases which induce physicochemical chanées-that'may'
not be detected by x-ray or CT which are only sensitive
to-differences in the electron density of tissue.

As noted above, two of the principal imaging
parameters are the relaxation times, T, and T,. For
protons (or other appropriate nuclei), these relaxation
times are influenced by the environment of the nuclei
(e.g., viscosity, temperature, and the like). These
tyo relaxation phenomena are essentially mechanisms
whereby the initially imparted radiofrequency energy is
dissipated to the surrounding environment:

The rate of
this energy loss or relaxation can be influenced by



coherent precession of individual proton spins.
been established for various 3 fluids, organs and tissues in different
species of mamuals. In NMR i magi ng, scanni ng planes and slice thicknesses
can be selected. This selection permts high quality transverse, corona
and sagittal inages to be obtained dire%tly. The absence of any noving
parts in NVR i magi ng equi pnment pronotes a high reliability. It is believed
that NVR i nagi ng has a greater potential than CT for the selective

exam nation of tissue characteristics in view of the fact that in CT, x-ray
att enuat i on LQ&ffii Ci et,el N igﬁg%dagﬁ .. Mg, t | east
four separate vgffgﬁﬁgggfgégff%guhg%gkoﬁr efsity a dé€ﬁgd0 nafﬁgﬁﬁfﬁﬁbute
to the NVR SifRgundsringarprsatinghibesee pastmonebiidinaeledci®gite, 171,

1151 (1971))suaddiea YR USS B &R k§r 8haadd V§1hbs HoaidLibyn tissues
are generallgilonger b¥hgbout :

otons., extent of the paramagnetic effect of a
given chemical compound is a function of the
environment within which it finds itself.

These rel axation ti nes have

In general, paramagnetic divalent or trivalent
 ions of elements with an atomic number of 21 to 29, 42
to 44 and 58 to 70 have been found effective as NMR
image contrasting agents. Suitable such ions include
chromium (III), manganese (II), manganese (III), iron
(111), iron (II), cobalt (II), nickel (II), copper
(I1), praseodymium (III), neodymium (III), samarium
(II1) and ytterbium (III). -Because of their ver&'
strong magnetic moments, gadolinium (IIXI), terbium
XIIIS, dysprosium (IIi), holmium (III) and erbium (IXI)
are preferred. Gadolinium (III) ions have been’ -
particularly preferred as NMR imagé coﬁtrasting agents.
- Typically, the divalent and trivalent paramagnetic
ions have been administered in the form of camplexes
with organic complexing agents. Such complgkes'provide
the paramagnetic ions in a soluble, non-toxic form, and
facilitate their rapid clearance from the body
following the imaging procedure. Gries et al., U.S.
patent 4,647,447, disclose complexes of various

paramagnetic ions with conventional aminocarboxylic

acid complexing agents. A preferred complex disclosed

by Gries et al. is the complex of gadolinium (IXII) with
diethylenetriaminepentaacetic acid (“DTPA"). This
complex may be represented by the formula:
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factor of 2 in excised specinens of neoplastic tissue conpared with the
host tissue. By reason of its sensitivity to subtle physicochem cal

di fferences between organs and/or tissues, it is believed that NWVR nay be
capable of differentiating different tissue types and in detecting di seases
whi ch i nduce physicochem cal changes that ymay not be detected by x-ray or
CT which.are only sensitive to differences in the electron density of

ti ssue. As noted above, two of the principal imging paraneters are the
relaxation times, [err] and [err] For protons (or other appropriate

nucl ei), these relaxation times are influenced by the environnment of the
nuclei (e.g., visco§ity, tenperature, and the like). These two relhxation

phenonena are essenfially mechani sns whereby the initially inpartef
radi of requency energy is dissipated to the sur*BunfP®y environment| The
rate of this energy|loss or relaxatign can be i nfl uenced by REPLACENMENT
SHEET CH,-CH, -N\
| / CH, ~COO"
“00C-CH,~N : “lea®?
: \\\\ CH,~C00"
/ .
CH,;-CH, -N
CH, -CO0"

Paramagnetic ions, such as gadolinium (III),.have'
been found to form strong complexes with DTPA. These
complexes do not dissociate substantially in -
physiological aqueous fluids. The complexes have a net
cﬂérge of -2, and‘generally are administered as soluble
salts. Typical such salts are the sodium and N-
methylglucamlne salts.

The administration of ionizable salts is attended
by certain disadvantages. These salts can raise the in
vivo ion concentration and cause localized disturbances
in osmolallty, which in turn, can lead to edema and
other undesirable reactlons.f}

Efforts have been made to desxgn non-ionic
paramagnetic jion complexes. In general, this goal has
been achieved by converting one or moxe of the free
carboxylic acid groups of the complexing agent to
neutral, non-ionizable groups. For example, S.C. Quay,
in U.S. patents 4,687,658 and 4,687,659, discloses
alkylestexr and alkylamide derivatives, respectively, of
-DTPA cémplexes. Similarly, published West German
applications P 33 24 235.6 and P 33 24 236.4 disclose

\
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2 3 JUL 1999 4 certain other nuclei which are paramagnetic. Chem cal
conpounds incorporating these paramagnetic nuclei may substantially alter
the [err] and T2 values for nearby protons. The extent of the paramagnetic
effect of a 5 gi ven chem cal conpound is a function of the environnent
within which it finds itself. In general, ﬁaranagnetic di val ent or
trivalent ions of elenents with an atom c nunber of 21 to 29, 42 to 44 and
58 to 70 have been found effective as NVR 10 - inmge contrasting agents.
Sui tabl e such ions include chroniunl(lll) manganese (I1), manganese (111),

iron (111), Irnm&' 'andcgpg%ﬁ b%( a i&é)defppao@{vésla,f Brasegayni um
(ren), neodyn1um Y ? ytterblun1( ). Because of
their very 15% e%ﬁr%ﬁ@ ﬁﬁgﬁ@@?éemmﬂﬁﬂéﬂeﬁﬁ@of@ﬁ|Bﬁ??ﬂ?gyet%ﬁrbPﬂﬁl(HI)

dysprosium (111), hphgi Héft{:l—é' bfa%eer&émétibé @584 Peaf ephredrtGadol i ni um
(I'11) 1ons have been gartlcu arly preferred as NVR i rage cont astln

g
agents. Typi caf35PO¥Y; lﬂléﬁFénﬂﬁﬁﬂP%rQQwN%%Tlﬁaﬁﬁnﬂﬁﬂé fcC3h NaV€fs have
been admi ni st es gni piEbALl nPaeic GHMiEKEBility. For example,

derivatizing the carboxyiic acid groups with
hydrophobic alkylamide groups substantially decreases
the water solubility of the complex. The solubility of
the complexes in physiological fluids can, in tuzrn,
affect the tissue selectivity of the complex.
Hydrophilic complexes tend to concentrate in the
interstitial fluids, whereas hydrophobic complexes tend
to associate with cells. Thus, differences in
hydrophilicity can lead to different applications of
the compounds. See, for example, Weinmann et al., AJR,
142, 679 (Mar. 1984) and Brasch et al., AJR, 142, 625
(Har. 1984). '

Thus, a need’ continues to exlst for new and
structurally diverse non-ionic complexes of
paramagnetic ions for use as NMR imagingnagents.

Summary of the Invention

The present invention provides novel complexing
agents and complexes of complexing agents with

paramagnetic ions. The complexes are represented by
.the following formula:



wi th organi c conpl exing agents. Such conpl exes provide the paranmagnetic
ions in a soluble, non-toxic form and - facilitate their rapid clearance
fromthe body follow ng the i magi ng procedure. Giies et al., 25 Us- A-
4,647,447, disclose conpl exes of various paranmagnetic ions with
conventional am nocarboxylic acid conplexing agents. A preferred conpl ex
disclosed by Gies et al. is the conplex of gadolinium (Ill) wth
. di ethyl enetri am nepentaacetic acid ("DTPA" ). This 30 conpl ex may be
represented by the fornula: AVENDED SHEET 5 [err] 5
CH2-CH2 -N 15 Paranmagnetic ions, such as gadolinium (I111), have been found
to formstrong conpl exes with DTPA. These conpl exes do not dissocefate
substantially in Ehysiological aquedus fluids. The conpl exes haveja net

R! -C-CH, CH,-C-R!"
/
O N-A-N o M
0 AU W R
R'- C-CH, CH, -C-R

L

wherein A is -CH,CH,~ or

0
l

<I:az -C-Rr!

~CH,CH, NCH,CH,-

and M'* is a paramagnetic ion of an element with an
atonfic number of 21-29, 42-44 or 58-70, and a wvalence,
%2, of +2 or +3; the R' groups may be the same or

different and are selected from thé grdup éonsisting of
-0" and

wherein R? is -{CH,CH,0),~R‘ wherein n is 1-10 and R® is
H, alkyl having 1 to 8 carbon atoms or an aryl group
which is unsubstituted or substituted with hydroxy and
R® is H, R?, alkyl having from 1 to 8 carbon atoms,
hydroxy, alkoxy having from 1-8 carbon atoms,
cycloalkyl with up to 10 carbon atoms or an aryl .group
which is unsubstituted or substituted with hydroxy,
carboxyl, halogen, alkoxy having from 1 to 8 carbon
atoms or alkyl having from 1 to 8 caibon atoms, wherein

2 of the R' groups are -0" and the remainder of -the R!
groups are
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20 charge of -2, and generally are adm ni stered as sol uble salts.
Typi cal such salts are the sodiumand N nethyl glucam ne salts. The

admi ni stration of ionizable salts is attended by certain di sadvant ages.
These salts can raise the in 25 vivo ion concentration and cause

| ocal i zed di sturbances in osnolality, mhigh in turn, can | ead to edema and
ot her undesirable reactions. Efforts have”been nade to design non-ionic
par amagnetic i on conplexes. In general, this goal has 30 been achieved
by converting one or nore of the free carboxylic acid groups of the

conpl exi ng agent to neutral, non-ionizable groups. For exanple, S.C. Quay,
I n 4,687,658 and 4, 687, 659, discl oses al kyl ester and

al kyl am de derivati ves, respectivel?f of 35 DTPA conpl exes, Simlarly,
DE- A- 3324235 and 3324236 di scl osx%/AI\/ENDED SHEET 6 _ .

\R3
groups. -

Alsc disclosed is a method of performing an NMR
diagnéstic procedure which involves administeriné to a
warm-blooded -animal an effective amount of the above-
described complex and then exposing the warm-blooded
animal to an NMR imaging procedure, thereby imaging at
least a portion of the body of the warm-blooded animal.

Detailed Description of the Invention

The complexing agents employed in this invention
are derivatives of the well-known chelating agents,
DTPA and ethylenediaminetetraacetic acid ("EDTA"). 1In
these derivatives, free carboxylic acid groups of DTPA
(those not involved in the formation of coordination
bonds with the paramagnetic ion) are converted to amide
groups. Thus, if the paramagnetic ion is -trivalent,
two of the carboxylic acid groups of DTPX or one of the

carboxylic acid groups of EDTA will be derivatized to

the amide form. Likewise, if the paramagnetic ion is

divalent, three of the carboxylic acid groups of DTPA

or two of the carboxylic acid groups of EDTA will be

derivatized to the amide form. When reacted with a

divalent or trivalent paramagnetic ion, the resulting
complexes are substantially non-ionic and neutral.
The emide derivatives of DTPA and EDTA are

prepared in a conventional manner. In general, they

are prepared by reacting a stoichiometric amount of an
amine having the general’ formula
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nmono- and pol yhydr oxyal kyl am de derivatives of DITPA and their use as
conpl exi ng agents for paranmagnetic ions. The nature of the derivative used
to convert carboxylic acid groups to non-ionic groups can have a
significant inpact on solubility. For exanple, derivatizing the carboxylic
acid groups with hydrophobic al kyl am de groups substantially decreases the
wat er solubility of the conplex. The solubility of the conplexes in
physi ol ogi cal fluids can, in turn, affect the tissue selectivity of the
conpl ex. Hydrophilic conplexes tend to concentrate in the interstitial
fluids, whereas hydrophobic conplexes tend to associate with cells. Thus,

differences in hydrophilicity canBwead to different applications of the
conpounds. See, for exanple, Wifnann et al., [err] [err], 679 (Mar. 1984)
and Brasch et al., [err], 625HNhr. 1984). Thus,

a need continues to exi st
for new and structurally diverse

on-ionic conpl exes of paramagnetic ions
for use as NMVR i magi ng agents. [er® The present invention provides novel
conpl exi ng

wherein R, and R; are as defined above, with a reactive

derivative of DTPA or EDTA under amide-forming

conditions. Such reactive derivatives include, for

example, anhydrides, mixed anhydrides and acid

chlorides. 1In one embodiment, the reactions are

conducted in an organic solvent at an elevated
temperature. Suitable solvents include those in which
the reactants are sufficiently soluble and which .are
substantially unreactive with the reactants and
products. Lower aliphatic alcohols, ketones,.ethers,
esters, chlorinated hydrocarbons, benzene, toluene,

.-xylene, lower aliphatic hydrocarbons, and the like may

'advantageously be used as reaction solvents. Exémples
of such solvents are methanol, ethanol, propanol,

. butanol, pentanol, acetone, methjlethyl keﬁone,

' diethylketone, methyl acetate, ethyl acetate,
chloroform, methylene chloride, dichloroethane, hexane,
heptane, octane,.decane, and the like. 1If.a DTPA or
EDTA acid chloride is used as the stafﬁing material,
then the reaction solvent advantagéously is one which
does not contain reactive functional groups, such as
hydroxyl groups, as these solvents can react with the
acid chlorides, thus producing unwanted by-products.

The reaction t: mperature may vary widely,
depending upon the starting materials employed, the

nature of the reaction solvent and other reaction

conditions. Such reaction temperatures may range, for

. example, from about 0° C to about 150° C, preferably
from about 30° C to about 70° C.



agents and conpl exes of conpl exing agents with paramagnetic ions. The

conpl exes are represented by the foll ow ng fornul a: [ err] REPLACENMENT
SHEET 0 10

2 3 JUL 1999 and M
Is a paramagnetic ion of an elenent with an atom c nunber of 21-29, 42-44

or 58-70, and a valence, Z, of +2 or 15 +3; the [err] groups may be the
sane or different and are selected fromthg group consisting of [err] and N
wherein R2 is al koxyal kyl in which the al koxy portion contains 1 or 2
carbon atons and the al kyl portion contains [err] from2 to 5 carbon atons
is [err] wherein is 1-10 and R4 is H (except when.n = 1), alkyl having 1 to
8 25 carbon atons, RﬁlkﬁwfﬂqlrgéeuﬂomhbﬁhﬂﬁélﬁﬁﬂdﬁﬂdéLmEHAOOrSMmmRtuted

W th hydroxy %& Fadsd wf@h @kaadyﬁgﬂnég§(§emaxnlng anhydrlde or

acid chloride groups can be hydrolyzed to the
carboxylate groups by adding a stoichiometric excess of
water to the reaction mixture and heating for a short
time.

The alkoxyalkylamine advantageously contains from

about 2 to about 6 carbon atoms. In preferred amines,

the alkoxy portion contains about 1-2 carbon atoms and
the alkyl portion contains from about 2 to about 5
carbon atoms. Such amines include, for example,
methoxyethylamine, methoxypropylamine,
methoxybutylamine, methoxypentylamine,
ethoxyethylamine, ethoxypropylamlne, ethoxybutylamlne,
and mixtures thereof.

partleularly preferred amine
' is methoxyethylamine. '

Preferred secondary amine compounds for reaction
include amines with repeating“alkoxy units such as
-(CH,CH,0). In the formula given above, preferred
compounds are produced when R? is -(CH,CH,0),-R‘, R' is as
defined above and R, is an aryl group optionally
substituted with hydroxy, carboxyl, alkoxy having 1 to
8 carbons, alkyl having 1 to 8 carbons or ﬁalégen.
Preferably, n = 1, 2 or 3 and R' is H or an alkyl group
having from 1 to about S carbon atoms. Also
preferably, R® is R?*, H, hydroxy, or an alkyl or alkoxy
group having frdm 1 to about 8 carbon atoms.

The resulting DTPA or EDTA alkoxyalkylamide is
recovered from the reaction mixture by conventional
procedures. For exampie, the product may be
precipitated by adding a precipitating solvent to the

reaction mixture, and recovered by filtration or
centrifugation.

. This Sheet Has Been Reilaced




1 to 8 carbon atons, hydroxy, al koxy having from 1-8 carbon atons,
cycloal kyl with up to 10 carbon atons, or an aryl group which is
unsubstituted or substituted with hydroxy, 30 carboxyl, hal ogen, al koxy
having from1 to 8 carbon atons or al kyl having from1 to 8 carbon atons,

wherein 2 or 3 of the [err] groups are [err],.an the remai nder of the [err].
groups are [err] groups. The fornula-of the "conpl exing agents is set forth
in Claiml. AMENDED SHEET REPLACEMENT SHEET 8 Al so disclosed is a

nmet hod of perform ng an NWR diagnostic procedure which invol ves
adm ni stering to a wag

b -
descri bed conpl ex and ﬁhehgggﬁg ﬁﬁ?% ﬁ&nEIéee&&ygnaavygghokhkth@@@w@L

e warm bl ooded animal to an
i mgi ng procedur € Fﬁéﬁéb?xwﬁéﬁwﬁgﬂﬁﬁd¢e%§tEBT@OW?FBn 8F the body of t he

war m bl ooded ani gghjxb&yalxylamide under complex-forming conditions.

In general, any of the paramagnetic ions referred to

above can be employed in making the complexes of this

invention. The complexe$§ can convéniently be prepared

by mixing a suitable oxide or salt of the paramagnetic
ion with the complexing agent in agueous solution. To
assure complete complex formation, a slight
stoichiometric excess of the complexing agent may be
used. In addition, an elevated temperature, e.qg.,
ranging from about 20° C to about 100° C, preferably
from about 40° C to about 80° C, may be employed to

insure complete complex formation. Generally, complete

complex formation will occur within a period from a few

minutes to a few.hours after mixing. The complex may

be recovered by precipitation using a precipitating

solvent such as acetone, and further purified by
crystallization, if desired.

The novel complexes of this invention can be

formulated into diagnostic compositions for enteral or

parenteral administration. These compositions contain

an effective amount of the paramagnetic ion complex
along with conventional pharmaceutical carriers and
excipients appropriate for the type of administration
contemplated. For example, parenteral formulations
advantageously contain a sterile agueous solution or
suspension of from about 0.05 to 1.0M of a paramagnetic

ion complex according to this invention. Preferred

parenteral formulations have a concentration of
paramagnetic ion complex of 0.1M to 0.5M. Such

solutions also may contain pharmaceutically acceptable

buffers and, optionally, electrolytes such as sodium

chloride. Advantageously, the compositions may further

T
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The conpl exi ng agents enployed in this invention are derivatives of the
wel | - known chel ati ng agents, DTPA and et hyl enedi am netetraacetic acid
("EDTA"). In these derivatives, free carboxylic acid groups of DIPA (those
not involved in the formation of coordination bonds with the paramagnetic
ion) are. converted to am de groups. Thus, if the paramagnetic ion is

trivalent, two of the carboxylic acid groupd%f DTPA or one of the
carboxylic acid groups of EDTA will be derivatized to the am de form

Li kewi se, if the paramagnetic ion is divalent, three of the carboxylic acid
deri vati zed 1o CRE SR BePPYRIOL BHATA + BT EEP R EHLE BOPATams orc T3t it
par amagnet i ¢ i onthéhformsolft iangy lnommiexes ankosiiist amt icdiNer roni-taple and
neutral. The a”ig§?Q§$EV3Ei&%ﬁfﬁﬁ&ggm%ffgsED!@C@&QiQ@F@%f%Lbeasoluble
conventional manner. Th genéral,”they are pfeparéd by *reacting a
st oi chi onetri c agonplesesawidh e thelangt! héggedets erdvante SMBEED SHEET
chelant/ligand desirably is derived from DTPA or EDTA.
Such ligands include the ligands set forth above used
to complex the paramagnetic and/or heavy metals to
provide the complex formulations of this invention.
Advantageously, the cation-ligand complex is provided
in amounts ranging from about 0.1 mole % to about 15°
mole % of the ligand-metal complex. Such
physiologically acceptable, non-toxic cations include
calcium ions, magnesium ions, copper ions, zinc ‘ions
and the like including'mixtures thereto. Calcium ions
are preferred. A typical single dosage formulation for
ﬁhrenteral administration has the folloving

composition:

Gadolinium.DTPA-di(methoxyethylamide) 330mg/ml
Calcium DTPA-di(methoxyethylamide) -14mg/ml
. Distilled Water ' g.s. to 1 ml
pH

700

Parenteral compositions may be injected directly

or mixed with a large volume parenteral composition for
systemic administration.

Formulations for enteral administration may vary

widely, as is well-known in the art. In general, such

formulations are liquids which include an effective

amount of the paramagnetic ion complex in agueous

solution or suspension. Such enteral compositions may

optionally include buffers, surfactants, thixotropic
agents, and the like. Compositions for oral

administration may also contain flavoring agents and



9 R2 HN wherein [err]

DTPA or
i ncl ude,

one enbodi nent,
el evat ed t enperature:

reactants are sufficiently soluble and whith
with the reactants and products.

et hers,
allphatl
sol vent s.
but anol ,
acet at e,
hexane,

are as defined above, wth a reactive derivative of
EDTA under am de-form ng conditions. Such reactive derivatives

for exanpl e, anhydrides, m xed anhydrides and acid chl ori des.

' the reactions are conducted in an organic solvent at an
Sui tabl e sol vents include those in which the

.are substantially unreactive

Lower aliphatic al cohols, ketones,.
esters, chlorinated hydrocarbons, benzene, tol uene, xylene, |ower

C hydrocarbons and the |ike nay advantageously be used as reaction
ExaRphes dnaxrdientsehos arbapsingnsheiat pasanolppbifiol |

pentagghiggggone nmet hyl et hyl ketone, diethyl ket one, nethy
et hyl” acetate, chloroform nethylene chloride, dlchlorgethane
heptane, ofNMliagnanticafEMPRELLiREE ane AdFpp gtere

doses effective to achieve the desired enhancement of
‘the NMR image. Such doses may vary widely, depending
upon the particular paramagnetic ion complex ‘employed,
the organs or tissues which are the subject of the

In

imaging procedure, the NMR imaging equipment being
used, etc. In general, parenteral dosages will range
from about 0.01 to about 1.0 MMol of paramagnetic ion
complex per kg of patient body weight. Preferred
parenterél dosages range from about 0.05 to about 0.5
MMol of paramagnetic ion complex per kg of patient body
weight. Enteral dosages generally range from-about 0.5
to gbout'lbo MMol, preferably from about 1.0 to about
20 MMol of paramagnetic ion complex' per kg of patient
body weight.

The novel NMR Lmage contrastxng agents of this
invention possess a unique combination of desirable
features. The paramagnetic ion complexes exhibit an
unexpectedly high solublllty in physxologlcal flulds,

_notwithstanding their substantlally non-xonic

character. This high solubility allows the preparation

of concentrated solutions, thus minimizing the amount
of fluid requiréd to be administered. The non-ionic
character of the complexes also reduces the osmolarity
of the diagnostic compositions, thus preventing
undesired edema and other side effects. As illustrated
by the data presented below, the compositions of this
invention have very low toxicities, as reflected by
theixr high LDs, values.

The diagnostic compositions of this invention are

used in the conventional manner. The compositions may

be adininistered to a warm-blooded animal either

i
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EDTA acid chloride is used as the starting material, then the reaction

sol vent advant ageously is one which does not contain reactive functional
groups, such as hydroxyl groups, as these solvents can react with the acid
chlorides, thus produci ng unwanted by-products. The reaction t: nperature
may vary w dely, depending upon the starting materials enployed, the nature
of the reaction solvent and other reactiopsconditions. Such reaction
tenmperatures may range, for exanple, fromabout [err] Cto about 150 C,. .
preferably fromabout 30 C to about [err] C REPLACEMENT SHEET 2 3 JUL
1999 10 Fol |l owi ng-reaction of the reactive DITPA or EDTA derivative with the

amine, any rensystiagieabydrodelocaddiyd whlvrd dergrroups €agshe bydpel yzed to
he react!on riMARE aRRinEar: AG AL AL Jecedd ES eRe fon MLET 1O
imaging procedure. The cozpositions have been found to
enhance the magnetic resonznce images obtained by these
procedures. In addition to their utility in magnetic
resonance imaging procedures, the complexing agents of
this invention may also be employed for delivery of
fadiopharmaceuticals or heavy metals for x-ray contrast
into the body. '
The infention is further illustrated by the

following examples, which are not intended to be
limiting. '

Exanple I

Preparation of N,N"-Bis{N-(2-methoxyethyl)-

carbamoylmethyl jdiethylenetriamine-N,N’,N"-triacetic
acid. ' '

A stirred suspension of DTPA-dianhydride (10.8 q,
0.030 mole) in 100 ml. of isopropanol was treated with
2-methoxyethylamine (5.0 g, 0.067 mole). The entire
mixture was heated at 50° C for 4 hours in a water
bath. The pale yellow solution was filtered through a
medium porosity sintered glass funnel to remove
undissolved impurities, and the filtrate was taken to
dryness undexr reduced pressure. The resulting
amorphous foam was dried (vacuum desiccator) at ambient
temperature for 18 hours. The yield of the bis(2-
methoxyethylamide) of DTPA was 14.4 g (93.5%). !copun
(22.49 MIlz, D,0, ref. p-dicxane at § §7.4): § 173.5,
172.3, 170.4, 71.0, S8.8, 57.9, 57.5, 55.9, 52.4, S52.1,
39.6. Analysis calculated for CyHy;;N;0,0-0.4H,0: C,
46.67%; H, 7.25%; N, 13.61%. Found: C, 47.15%; H,
7.42%; N, 13.35%.



time. The al koxyal kyl am ne advant ageously contains from about 2 to about 6
carbon atoms. In preferred am nes, the al koxy portion contains about 1-2
carbon atonms and 10 the al kyl portion contains fromabout 2 to about 5
carbon atonms. Such am nes include, for exanple, nethoxyethylam ne,

met hoxypr opyl am ne, net hoxybutyl am ne, nethqﬁypentylanine,

et hoxyet hyl am ne, et hoxypropyl am ne, ethoxybutylam ne,- 15 and m xtures
thereof. A particularly preferred amne is methoxyethylam ne. Preferred
secondary am-ne conpounds for reaction include am nes with repeating al koxy

units such as [err]. In the fornula given above, preferred 20 conpounds
are produced when [err] is [err] is as defined above and [err] is an aryl

group optionally substituted with hydroBxammkeokyl , al koxy having 1 to 8
carbons, alkyl haypRg lehRnd SFrGENE 08 SRt OpeimekRrehgkaltlyt) N = 1, 2 or 3
and [err] i S H Of.aB,abklimcdhGHR it hy T@Ne 881 RORel N, X -AOULE 5 a8 oD
atoms. Al'so [erghdeigh %gbuﬁn Is [err], H hydroxy, or an alkyl or

al koxy

A mixture of gadolinium (III) oxide (3.3 g, 0.0091
mole) and bis(2-methoxyethylamide) of DTPA produced by
the procedure described in Example I (10.2 g, 0.020
mole) in H,0 (100 ml.) was heated at 60-65° C for 3
hours in. a water bath. The pale yellow homogeneous
solution was filtered through a fine porosity sintered
‘glass funnel to remove undissolved impurities and the
clear filtrate was poured into acetone (2L). The
heterogeneous mixture was stirred for 5 minutes and
3llowed to stand at ambient temperature for 30 minutes.

.+ - Aqueous acetone was decanted off and the resulting
gunmy residue was dissolved with methanol (150 ml.).
The solution was concentrated uhder‘redﬁced pressure.

-.and -the complex was precipitated from the solution by
adding it to more acetone (1lL). The amorphous
precipitate was collected, washed with acetone (2 X 100
ml.) and dried. The yield was 11.2 g (80.7%). The
pale cream solid was crystalliiéd'ffoﬁ a mixture of-
methanol and tetrahydrofuran to give a colorless solid.
It was 97.4% pure by HPLC. Analysis calculated for
CaoH3NsO;Gd-1.4 H,0: C, 34.95%; H, 5.41%; N, 10.19%; Gd,

22.88%. Found: C, 35.20%; H, 5.42%;, N, 10.27%; Gd,
22.52%.
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group having from1l to about 8 carbon atons. The resulting DITPA or EDTA

al koxyal kyl am de is recovered fromthe reaction m xture by conventional 30
procedures. For exanple, the product nay be precipitated by adding a
precipitating solvent to the reaction m xture, and recovered by filtration
or centrifugati on. AVENDED SHEET | The paranmagnetic ion is conbi ned
with the DTPA di- or trial koxyal'kyl am de or EDTA nono- or

di al koxyal kyl am de under conpl ex-form ng conditions. In general, any of the

par amagneti c i ons referred to above g@gmgeeemm&oyed in making the conpl exes
of this invention. conp exes can convenlent ﬁ ﬁ ared by, m xi ng a
sui tabl e oxi dBr® ai &°§h§ ﬁar BhNY I% %g agent in
aqueous sol ut PgRhY+4338& %ﬂ%ﬁ? fFSﬁ

stoichionetric excess of the conplexrng agent nay be used In addltion,

an
el evated tenperatu&%é %ﬁ%dedure of Example I is repeated in all

essential details, except that ethoxyethylamine (5.97
g, 0.067 mole) is substituted for methoxyethylamine.

The procedure produces the title compound in good
yield.

Example IV

Preparation of (N, N“-Bxs[N—(Z-ethoxyethyl)-
carbamoylmethyl]dlethylenetrlam;ne-N N',N“-trlaceto}
gadolinium (IIXI)

The procedure of Bxample II is repeated in all
‘essential details, excepp'thet the bisrz-
-ethoxyethylamide) of DTPA produced by the procedure
described in Example III is substituted ln equimolar
amount for the bls(2-methoxyethy1am1de) of DTPA. The
procedure produces the title compound in good yield.

Example V

Preparation of {N,N"-Bis(N-(2-methoxyethyl)-

carbamoylmethyl]dlethylenetrlamlne-N ‘N’ ,N"-triaceto}
iron (III)

The procedure of Example II is repeated in all
essential details, except that iron (III)
acetylacetonate is substituted in equimolar amount for

gadolinium (III) oxide. The procedure produces the
title compound in good yield.



ranging fromabout [err] Cto about [err] C, preferably fromabout [err] C
to about 80 C, may be enployed to insure conplete conplex formation.
Generally, conplete conplex formation will occur within a period froma few
mnutes to a few hours after m xing. The iconplex nmay be recovered by
precipitation using a precipitating solvent such as acetone, and further
purified by crystallization, if desired. The novel conplexes of this

i nvention can be fornulated into diagnostic conpositions for enteral or
parenteral adninistration. These conpqggym@hajtbntain an effective anmount

of the par e grse@oaom' iy 3 905 8t ki 50 EAbkgaRhyahar maceut i cal

carriers and e R dfé@hg REnbie; hiPReON AdIVH-Sirrial ¢ o)
cont enpl at ed. 8i rentera or mu atlons advantageously contain a
sterile aqueous so ut| n or suspensi on of fromabout 0.05 to 1.OM of. a

paramagnetic ion conplex according to this invention. Preferred parenteral

fornul ations have argNGUsi L BF RILAFASNG G %p‘éau:é@xlﬂf alllMto
0.5M Such solutions also nmay. contain pharnaceutlcakny afff t abl, buffers
and, optlonalIFS56ﬂ&ﬁ@kﬂ§%%%l%ﬁcheé§39£MQEﬁ olm ( oxide

substituted in equimolar amount. for gadolinium (III)

oxide. . .The procedure produces the title compound in
good yield.

Exanple VII

Preparation of N,N’ , N"-Tris(N- (2—methoxyethyl)
_ carbamoylmethyl]-dxethylenetrlamlne-n N"-diacetic Acid

DTPA (1 mol) is dissolved in acetonitrile by add-

ing triethylamine (5 mol) and heating. The solution is
‘ coSled'to room temperature. While stirring,

isobutylchloroformate (3 mol) is added dropwise to this
solution. .An excess of 2-methoxyethylamine (7 mol) is
added immediately and the reactibn mixture is stirred
until the reaction is complete. The solution is taken
to dryness under .reduced pressure. The crude product
is purified by chromatography on an anion exchange
column.

Example VIII
. Preparation of {N,N’,N"-Tris{N-(2-

methoxyethyl)carbamoylmethyl]-dlethylenetrlamlne -N,N"~
diaceto} manganese(II)

An excess of the tris(2-methoxyethylamide) of DTPA
produced by the procedure described in Example VII is
dissolved in water and MnCO, is added. The mixture is
stirred and heated until the solution becomes
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chl ori de. Advant ageously, the conpositions may further 12 contain
physi ol ogi cally acceptable non-toxic cations in the formof a gluconate,
chl oride or other suitable organic or inorganic salts, including suitable
sol ubl e conplexes with a chelant/ligand to enhance safety. The
chelant/ligand desirably is derived from DTPA or EDTA. Such |igands include
the ligands set forth above used to conpl es the paramagnetic and/ or heavy
nmetals to provide the conplex fornulations of this invention.

Advant ageously, the cation-ligand conplex is provided in anmobunts rangi ng
fromabout 0.1 nole %to about 15 nole % of the |igand-netal conplex. Such
physi ol ogi cal | jomegepeabke, Fbe- tsodiuticen iighstdken utie dxYBREM NAKET
magnesi um i ons rl i [ t ' j kng m xtures

t her et o. Calciﬁﬁgﬁgﬁg gFgg%Pe eﬁ%%d£ﬁ§$f¥§%ﬂ{Eﬁigéﬁg#gsggggge formul ati on
for parenteral adm nistration has the follow ng conposition:

Example IX

Preparation of N,N’-Bis[N-(2-methoxyethyl)carbamoyl-
methyl) ethylenediamine-N,N’-diacetic Acid

2-Methoxyethylamine (3.0 g, 0.02 mol) in 100 ml of
methanol was treated with EDTA-dianhydride (5.12 g,
0.02 mol). The reaction mixture was stirred for 5
hours and the solids dissolved. The solution was taken
to dryness under reduced pressure. The'residue was
dried under high vacuum to give 8.5 g of glassy solid.

Its ’C-NMR spectrum was consistent with the desired
structure.

Example X

Preparation of {N,N’'-Bis[N-{2-methoxyethyl) carbamoyl-
methyl)-ethylenediamine-N,N‘-diaceto}manganese(II)

A 15% excess of the bis(2-methoxyethylamide) of
EDTA .produced by the procedure described in Example IX
(1.1 g, 0.0026 mol) was dissolved in water (10 ml) and
MnCO; (0.27 g, 0.0023 mol) was added. Upon warming for
30 minutes, the solution became homogeneous. The solu-
tion was taken to dryness under reduced pressure. The
' resulting glassy solid was very soluble in water.

Bxample XI

The acute intravenous toxicity of the compound of

Example II was determined as follows: ICR mice, at 1

to 4 per dose level, received single intravenous injec-

tions of the test substance via a lateral tail vein at

—

eet Has Been Re{zlaced _

" T



Gadol i ni m . DTPA- di (et hoxyet hyl am de) - 330ng/ M Cal ci um

DTPA- di ( met hoxyet hyl am de) .14mg/m Distilled Water
g.s. tol m pH ' 7.0

Parenteral conpositions may be injected directly or mxed with a |arge

vol une parenteral conposition for system c adm nistration. Formulations for
enteral administration may vary widely, asSis well-known in the art. In
general, such fornulations are |iquids which include an effective anount of
t he paramagnetic ion conplex in aqueous sol ution or suspension. Such
enteral conpositions may optionally include buffers, surfactants,

t hi xot ropi ¢ adetft sra‘é?ldotfhéPPFRél“‘e&ﬁﬂdm t IS Dr ol TRANFRESt 380N nay
al so contain fdeapcédowagenas aaﬂcentBEEhA(ﬁVElﬁB&iEEa’oZrasdth: 199 UdSe

Ot. her ingredi e\pé ux];\gg ggh%n%iong I/rk 0 ecl'ﬂpl eegfght Dosing began at
' a volume of 10 ml/kg. Dose adjustments up or down were
made to closely bracket the estimated LDs, with 4 ani-
mals per group {2 males and 2 females). Observations
of the mice were recorded at times 0, 0.5, 1,2,4 and 24
hours and once daily thereafter for up to 7 days post
injection. On the 7th day post injection, the mice

were euthanized, weighed and necropsied. Abnormal

tissues were noted. At this time a decision was made

as to whether any histopathology was to be perforﬁed
and whether or not the tissues should be retained.
Necropsies were also performed on mice expiring after
24 hours post-injection, except for dead mice found on
the weekends. The LDy, values, along with 95% CI were
calculated using a modified Behrens-Reed-Meunch method.
The results for the complex of Example II are reported
below:

LDsp: 22.5 mmol/kg 95% Confidence Limits:
17.4 - 29.0 mmol/kg

‘Sex and Weight Range of Mice: Males(18.0-20.3 q)
Females (19.0-21.7 g) .
The details of the test results are shown in Table
I below. The data demonstrate that the complex of
Example II was characterized by & iow initial I.v.
toxicity (LDy - 27mmol/kg) within the first 24 hours
post injection. Two delayed deaths at 27.2 mmol/kg
resulted in lowering the LDs, to 22.5 mmol/kqg.
viving mice, in general,

Sur-
failed to gain weight during
the 7-day post-injection period.

Only one gross oxgan
abnormality was noted at necropsy: a "pale" colored

liver in a female dosed with 20.4 mﬁol/kg, No other

mmice at 20.4 mmol/kg or lower showed similar abnormali-



qualities. The diagnostic conpositions are adm nistered in doses effective
to achi eve the desired enhancenent of 5 the NVR i mage. Such doses may
vary w dely, dependi ng upon the particul ar paranmagnetic ion conpl ex

enpl oyed, the organs or tissues which are the subject of the inmaging
procedure, the NWVR i magi ng equi pnent being used, etc. In general,

parenteral dosages will range 10 fromab®¥t 0.01 to about 1.0 of
par amagnetic i on conplex per kg of patient body weight. Preferred

par ent er al dosages range from about 0.05 to about 0.5 of paranmagnetic ion

about 0.5 i 5587 | BRusou oher Rt bpare: ST romansht Heb B bont

20 'of paranngnebmddnnhaxnaﬂbawperdkg GE[IHV£HﬂO*mMytyelght. The
novel NMR image contrasting agents of this invention possess a unique
conbi nation of desirable 20 features. The paramagnetic ion conpl exes

exhi bit an unexpectedly high solubility in physiological fluids,
notwi t hstandi ng their substantially non-ionic .



character. This high solubility allows the preparation of concentrated
solutions, thus mnimzing the anount. 25 of fluid required to be
admi ni stered. The non-ionic character of the conpl exes al so reduces the
osnolarity of the diagnostic conmpositions, thus preventing undesired edena
and other side effects. As illustrated by the data presented bel ow, the
conpositions of this 30 i nvention have very lowtoxicities, as reflected
by their high [err] values. The diagnostic conpositions of this invention
are used in the conventional manner. The conpositions may be adm ni stered
to a warm bl ooded ani nal either AMENDED SHEET 14 systemcally or locally
to the organ or tissue to be imged, and the animal then subjected to the
NMR i magi ng procedure. The conpositions have been found to enhance the

magneti c resonance i nages obtai ned by these procedures. In addition to
their utility in magnetic
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‘resonance i magi ng procedures, the conpl exing agents of this invention may
al so be enpl oyed for delivery of radi opharmaceuticals or heavy netals for
X-ray contrast into the body. The invention is further illustrated by the
foll owi ng exanpl es, which are not intended to be limting. Exanple |
Preparation of N, N'-Bis[N (2-nethoxyethyl )%2 car banoyl net hyl
diethylenetriamne-NN ,N -triacetic acid. A stirred suspension of
DTPA- di anhydride (10.8 g, 0.030 nole) in 100 m . of isopropanol was treated

wi th 2-nmet hoxyet hyl amine (5.0 g, 0.067 nnlel QQ entire mxture was heated
at [err] Cfor 4 hours in a water bath——#ﬁg—%age~yelIOM/squtlon was
filtered through a nedlun1por05|ty sintered glass funnel to renove

undi ssol ved | mpur | Ll 1944y ebecuasolakenche dodisns, uppicp Lgduced

pressure. The resultln annrg ous mas drie vacuum ESICC or
anbi ent tenperB%ﬁrEIfb?rEBOH a#gednnsyneld %ADKhélﬁlmegahertZ) NMR

met hoxyet hyl anafigl y2ér DTPANMARADK hrkh{PFeras tRELhally stabilized
at 37° C before performing any T, or T, measurements.

- Overall range tuning and mid-range calibration were
performed on a 37° C warmed T, standard at the beginning
of the experiment, according to manufacturer’s
instructions. - Subsequent to calibration, T, standards
were tested to verify calibration and linearity.

Ten millimolar solutions of the complex were pre-
pared in sterile water for injection ("SWFI") and in 4%
human serum albumin (*HSA")/0.9% NaCl. -A series of
lower concentrations (0.25, 0.50, 1.0, 2.5 and 5.0 mM)
wexe prepared to form a concentration curve. A sample
of each prepared céncentration was warmed to 37° C in
an NMR sample tube prior to assa& Triplicate T, and T,
values were obtained on each dllutlon
Separate linear regressions were determined using
the reciprocal T, and T, mean values for the complex
diluted in SWFI and 4% HSA. Thé.relaxivity curves were

generated by plotting the reciprocal T, or T, value-

against concentration. The following relaxation rates

were determined for the complex of Example II:

Relaxation Rate (mM !'sec™!)

T T,
H,0 HSA H,0 HSA
4.69 4.40 4.81 6.38




(22.49 WHz, [err], ref. p-dicxane at [err] 67.4): 6 173.5, 172.3, 170. 4,
71.0, 58.8, 57..9, 57.5, 55.9, 52.4, 52.1, 39.6. Analysis calculated for
[err] 46.67% H, 7.25% N, 13.61% Found: C, 47.15% H, 7.42% N, 13.35%
15 Exanple Il Preparation of {N, N'-Bis[N (2-nethoxyethyl)-

car banoyl met hyl ] di et hyl enetriam ne-N, N, [err] gadolinium (lll) 5 A
m xture of gadolinium (I1I1l) oxide (3.3 g, 0.0091 nole) and

bi s(2- met hoxyet hyl am de) of DTPA produced3by the procedure described in
Exanmple | (10.2 g, 0.020 nole) in [err] (100 mM.) was heated at [err] C
for 3 hours in a water bath. The pal e yell ow honogeneous 10 sol ution was
filtered through a fine porosity sintered glass funnel to renove

undi ssol ved inpurities and the cl eaExkimpleaXd Mas poured into acetone (21).
The het er ogengoys, Pl ¢ 4 Co¥eR , RELE G } Of 2 nd il Fsc Py me thoxy -

carbamoylmethyl]diethylenetriamine -N,N’ ,N"-triacetic
acid.

The procedure of Example I is repeated in all
essential details, except that N-methoxy-2- |
methoxyethylamine (7.04 g, 0.067 mole) is substituted

for methoxyethylamine. The procedure produces the
title compound in good yield.

Example XIV
Preparation of (N,N"-Bis[N-(2-methoxyethyl)methoxy-
carbamoylmethyl Jdiethylenetriamine-N,N’,N"~
triaceto)}gadolinium(III)

The procedure of Bxample II is repeated in all
essential details, except that the bis(n-methoxy-2-
methoxyethylamide) of DTPA produced by the procedure
described in Example XIII is substituted in equimolar
amount . for the bis(2-methoxyethylamide) of DTPA. - The
procedure produces the title compound in good yield.

Example XV
Preparation of N,N"-Bis(N,N-di 2-

methoxyethylcarbomoylmethy1)dxethylenetr;amxne-u N’ ,N"-
triacetic acid.

The procedure of Example I is repeated in all
essential details, except that N,N-di-2-

methexyethylamine (8./91 gr, 0.067 mole) is substituted

for methoxyethylamine. The procedure produces the

title compound in good yield.
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allowed to stand at anbient tenperature for 30 m nutes. 15 Aqueous
acetone was decanted off and the resul.ting gumry residue was di ssolved with
met hanol (150 m .). The solution was concentrated under reduced pressure
and the conplex was precipitated fromthe solution by adding it to nore
acetone. [err] The anorphous 20 precipitate was coll ected, washed with
acetone (2 X 100 m.) and dried. The yield WAs 11.2 g (80.7% . The pale
creamsolid was crystallized froma m xture of nethanol and tetrahydrofuran
to give a colorless solid. It.,was 97.4% pure by HPLC. Analysis cal cul ated

for 25 [err] C, 34.95% H, 5.41% N, 10.%@96ggg, 22.88% Found: C,
35.20% H, 5.42%, N, 10.27% Gd, 22.528%§2 NT SHEET 2 3 JUL 1999
AMENDED SHEET Prebadataigpheof!| [N,N"-Bis(N,N-di 2- -

methoxyethylcarbamoylmethyl)diethylenetriamine-N,N’,N"~
triaceto)gadolinium(III)

The procedure of Example II is repeated in all
essential details, except that the bis(N,N~di 2-
methoxyethylamide) of DTPA produced by the procedure
described in Example XV is substituted in equimolar

- amount for the bis(2-methoxyethylamide) of DTPA. The
procedure produces the title compound in good yield.

Example XVII
Preparation of N,N'éBis[N-Z-(2-methoxyethoxy)ethyl—

methylcarbamoylmethyl jdiethylnetriamine-N,N’ ,N"-
triacetic acid.

The procedure of Example I is repeated in all
essential details, except that N-2-(2-méthoxyethoxy)-
ethylmethylamine (8.91 g, 0.067 mole) is substituted
for methoxyethylamine. The procedure produces the
title compound in good yield.

Example XVIIT

Preparation of {N,N"-Bis[N-2-{2-methoxyethoxy)ethyl
methoxycarbamoylmethyl]diethylenetriamine~N,N'N"-
triaceto} gadolinium (III).

The procedure of Example II is repeated in all
essential details, except that the bis[N-2-{2-
methoxyethoxy)ethylmethylamide) of DTPA produced by the
procedure described in Example XVII is substituted in
equimolar amount for the bis(2-methoxyethylamide) of -

DTPA. The procedure produces the title compound in
good -yield.
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Preparation of [err] nethyl]diethylenetriamne-N,N ,Ntriacetic acid. The
procedure of Exanple | is repeated in.all essential details, except that.

et hoxyet hyl am ne (5.97 g, 0.067 nole) is substituted for methoxyethyl am ne.
The procedure produces the title conmpound in good yield. [err] Preparation

of {N, N'-Bi s[ N-(2-ethoxyethyl)- carbamoyl mgishyl ] di ethyl-enetriamne-NN
, N'-triaceto} gadolinium (lI11) The procedure of Exanple Il is repeated in

all essential details, except that the bis(2- et hoxyﬂmmmmﬂmuMIPA
produced by the pr ocedure described in Exanple I11

equi mol ar amount for the bis(2-nethoxyet ytlamgle) of BTPA. 'The" prrocédur e
produces the title conmpound in good yield. [err] Preparation of

{N, N'-Bi s N-(2-nmet hoxyet hyl ) - carbanoyl net hyl ] di et hyl enetri am ne-N, N
,N'-triaceto} iron (fLLl) ATkonpleedideing txanpbe liowiingg rfepeaile: i n- al |

o o) : ]
|

R-C-CH, CH, -C-R

\ /

O N-A-N 0 M
| \

R-C-CH, CH,- C-R

L—-— ———

wherein A is selected from the group consisting of

-CH,CH,- and
o
! 1
CH, -C-R
“CH,CH, NCH,CH,~
and M'

is a paramagnetic ion of an element with an
atomic number of 21-29, 42-44 or 58-70, and a valence,
Z2, of +2 or +3; the R' groups may be the same or dif-

ferent and are selected from the group consxstxng of -
0" and

wherein R? is -(CH,CH,0),-R' wherein n is 1-10 and R‘ is
H, alkyl having 1 to 8 carbon atoms or aryl, unsub-
stituted or substituted with hydroxy and R® is H, R?,
alkyl having from 1 to 8 carbon atoms, hydroxy, alkoxy
having 1-8 carbon atoms, cycloalkyl with up to 10
carbon atoms or an aryl group which is optionally

substituted with hydroxy, carboxyl, halogen, alkoxy

—_—
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essential. details, except that iron (l111) acetylacetonate is substituted in
equi nol ar anount for gadolinium (111) oxide. The proceduré‘bTﬁdUE§§”TTT—_

title conpound in good yield. REPLACENENT SHEET 17 ]
Preparation of {N, N'- Bi s[ N (2-nethoxyet h%/ - car barmyl“ﬁi“i"‘hl“ﬂﬂﬂl ml
]diethylenetriamne-N, N ,N'-triaceto} hotbium (111) 5

procedure of Exanple Il is repeated in all essential details, except that

hol mum (I'11) oxide is substituted in equinolar anmount for gadoliniun1(|||)
oxi de. The pr cedure prod ces the ti Ie conmpound 0 i el d. rrl, .
Preparati on 08 KRS, e o} sﬁ%+€2cﬁ§ REx F&CRVI T §L¥¥1CL¥ bEhG kB
car banoyl et hytlo] 8d|cetrfndrerzetmmam whelelh @i @cfetukre Aid DTPA (1 nol) is

dissolved in acef QU thid € §¥afddtne remainder of the R' groups are

groups.

2. The complex of claim 1, wherein A is
0
CH, -C-R!

~-CH,CH, NCH,CH,~ .

3. The complex of claim 1, wherein A is -CH,CH,-.

4. ‘The complex of claim 1 or 2, wherein R! is an
alkoxyalkyl amino group wherein the alkoxy portion
conzains 1 or 2 carbon atoms and the alkyl po:tion
contains from about 2 to about 5 carbon atoms.

5. The complex of claim.l or 2, wherein R' is
methoxyethylamino, methoxypropylamino, methoxy-
butylamino, methoxypentylamino, ethoxyethylamino,
ethoxypropylamino or ethoxybutylamino. :

6. The complex of claim 1 wherein n' =1, 2 or 3
and R' is H or alkyl having 1-5 carbon atoms.

7. The complex of claim 6 wherein R} is H..

8. The complex of claim 6 wherein R’ is Rz, alkyl
having from 1-8 carbon atoms, hydroxy, alkoxy having
from 1-8 carbon atoms.

9. The complex of claim 1, wherein M’ is chromium
(III), manganese (II), manganese (III), iron (iII),
iron (II), cobalt (Il), nickel (II), copper (II);fp-
raseodymium (III), neodymium (III), samarium (IIX),
ytterbium (YXII), gadolinium (III), terbium (IXI1), dys=
prosium (III), holmium (III) or erbium (III). '
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ing triethylamne (5 nol) and heating: The solution is 15 cool ed to room
tenperature. Wiile stirring, isobutylchloroformate (3 nol) is added

dropwi se.to this solution. An excess of 2-methoxyethylamne (7 nmol) is
added imedi ately and the reaction mxture is stirred until the reaction.is
conplete. The solution is taken 20 to dryness under u_ .
The crude product is. purified by chromat2agraphy on an z“n ’mﬂﬂ“ﬂmﬂ["“ﬂ
colum. [err] Preparation of {NN ,N'-Tris[N( 2- 25 * ¢ t * =5 * =
met hoxyet hyl ) car banoyl met hyl ] - di et hyl enetri am ne-N, N'- di acet o}

manganese(l 1) An excess of the tris(2-nmethoxyethylam de) of DTPA pr oduced
by the procedur el@escrhieedompl@wmnpf eclaimi 3 dics8ol whexieindt eriand [err]

LicﬁﬂSEdANER%EMEﬁ.éE# i L R

holmium (II1I) or erbium (III).
11. The complex of claim 2, wherein R' is
‘methoxyethylamino and M'* is gadolinium (III).

12, A diagnostic composition suitable for enteral
or parenteral administration to a warm-blooded animal,
which comprises an NMR imaging-effective amount of a

complex of a paramagnetic ion having the following
formula:

0] ¢ ~T
1 l l 3
R!- C-CH, CH,~ C-R
\ / +2
i 0 N-A-~-N 0 M
VAR
R!- C~CH, CH,- C~R

wherein A is selected from the group consisting of
-CH;CHz— or
0
|

CH, -C-R!

~CH,CH, NCH,CH,-

wherein M'* is a paramagnetic ion of an element with an
atomic number of 21-29, 42-44 or 58-70, and a valence,
Z, of +2 or +3; the R groups may be the same or dif-

ferent and are selected from the group consisting of -
0" and
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honogeneous. The solution is taken .to dryness under reduced pressure to
gi ve the desired product. REPLACEMENT. SHEET 23 JUL Exanple | X Preparation
of N, N -Bi s[ N(2-net hoxyet hyl ) carbanoyl - 5 nmet hyl

et hyl enedi am ne-N, N -di acetic acid 2-Met hoxyet hyl am ne (3.

. ) ) in
100 M of methanol was treated with EDTA-dlzgnhydrl de (\ﬂ“ﬂﬁﬂ“ﬁ&i\jﬂ‘
The reaction mxture was stirred for 5 hours and the i » The
solution was taken 10 to dryness under reduced pressure The residue
was dried under high vacuumto give 8.5 g of glassy solid. Its [err]

spectrum was consistent with the desired structure. Exanple X 15
Preparation of,wrﬁé\meRS[bb(Z 0} eLhYlyhePe bANAYlis 1-10 and R is

met hyl ] - et hyl enedi ani ne- N, N dlace nganese(ll% A 15% excess of the
bi s( 2- nethoxyet%yl%ﬁkﬁé)h@WLEBTA-ﬁFb CRF RN thECBF0LEd & descri bed i n

Exampl e | X (1 1095u800&h vl Joesush s5olved w0cnahgtrbldy md Rl 308,
[err] (0.27 g, RzooszgY %aﬂﬁﬁga %%% 1 RO @y gtoms, hydroxy,

alkoxy having 1 to 8 carbon atoms, cycloalkyl with up
to 10 carbon atoms or aryl, unsubstltutgd or sub-
stituted with hydroxy, carboxyl, halogen, alkoxy having
from 1 to 8 carbon atoms or alkyl having from 1 to ‘8

carbon atoms, wherein Z of the R' groups are -0~ and the
remainder of the R! groups are

g?oups and a pharmaceutically acceptable carrier.
13. The composition of claim 12, wherein A is
18]

‘ 13
CH, -C-R
-CH,CH, NCH,CH,-
14. The composition of claim 12, wherein A is
~CH,CH,~. - ' _

15. The composition of claim 13 or 14, which is
suitable for parenteral administration, wherein R' is an
alkoxyalkyl, amino group, in which the alkoxy portion
contains 1 or 2 carbon atoms and the alkyl portion
contains from about 2 to about 5 carbon atoms, and the
complex is dissolved or suspended in a sterile agueous
pharmaceutically acceptable carrier aﬁ a concentration
of from about 0.05 to 1.0M.

16. The composition of claim 15, wherein R'
methoxypropylemino, methoxybutylamino,
methoxyethylamino, ethoxyethylamino,

is

———
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30 m nutes, the solution became honogeneous. The sol u- tfon was taken to
dryness under reduced pressure. The resulting glassy solid was" vefy—seLubJe

in water. [err] 25 The acute intravenous tOXICI ound
of Exanple Il was determned as follows: |ICR mce, ,H
| evel , received single intravenous injec?3tions of the tes

| ateral tail vein at AVENDED SHEET 19 the rate of apprOX|nater 1

m/mnute. The test sub- stances were at concentrations chosen to result

in dose volunes of 5 to 75 m/k D05| egan at a vol une of
10 ml /'kg. Dos‘%e%?b‘?’ﬁ%?%‘ii(?'ﬂbn& E%Wépﬁac?emt% gsely bracket the
esti mat ed [eréth@uyhuéynmmxnaalan@emnynmqm(ﬁhmm¢escanar2tﬂQMMQ&nthe

e one Rbuhle RSB B bl [on0anu, ohob bl hour
post. injectioh.0Khe m ce

17. The composition of claim 12 wherxein n = l, 2
or 3 and R' is H or alkyl having 1-5 carbon atoms.

18. The composition of claim 12 wherein R’ is
hydrogen.

19. The composition of claim 17, wherein R3 is Rz,
alkyl having from 1-8 carbon atoms, hydroxy, or alkoxy
having from 1-8 carbon atoms.

20. The composition of claim 12, wherein M is
chromium (I1I), manganese (II), manganese (III), iron
(111), iron (1I), cobalt (II), nickel (II), copper
(I11), praseodymium (III), neodymium (III), samarium
«(II¥), ytterbium (III), gadolinium (III), terbium
(I1I-), dysprosium (I;I),-holﬁium (III) or erbium
(I1I). L

21. The composition of claim 20, wherein M'? is
gadolinium (III), terbium (I1I), dysprosium (IIX),
holmium (IIXI) or erbium'(III).

22. The composition of claim 21, wherein R' is
methoxyethylamino and M'? is gadolinium (III).

23. The composition of claim 12, which further
contains a pharmaceutically acceptable buffer.

24. The composition of claim 12, which further

contains a pharmaceutically acceptable electrolyﬁe.
25. The composition of claim 12, which further
comprises a complexing agent of the formula

0 0
1 ‘ l 1
R'- C-CH, CH,- C-R
\ /
O N-A-N 0
L/ \ -
R!- C-CH, CH,- C-R
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wer e eut hani zed, -wei ghed and necropsi ed. Abnormal tissues were noted. At
this tine a deC|S|on was made as to whether any histopathol ogy was to be

performed and whether or not the tissues should be retarmed—Necropsies-
were also performed on nice expiring after 24 hours p i on except .

Ct
for dead mice found on the weekends. The [&Pr] val uesﬂlﬂmm Hs"llE
were cal cul ated using a nodified Behrens- Reed- Meunch
for the conplex of Exanple Il are reported below. [err]: 22.5 nnDI/kg 9596
Confidence Limts: 17.4 - 29.0 nmol/kg Sex and Wei ght Range of M ce:

Mal es(18.0-20.3 g) Females (19.0-21.7-g) The details of the test results

are shown in Tailexdibel Qi/hd Tie di@éaaﬁleﬂﬁﬁshéat gst h.axt ctlhﬁr@OITDleKnﬁf
Exanple Il was ¢ 4ader

by a low.initial V rr] -
27nmol / kg) wi t K13 h%°’?i?i%’f“}‘i Agan ﬁ&st”“}ﬁ‘ee@‘t% élg’f Ueht hs at
27.2 mol / kg re;shysxadlégud:am\kyl agcielpe ghdre | xtcm-Ztﬁo;Sn.mhtkgngSur- Vi vi ng

moe. i ngeneral. fayked P 9RbRO Ao LA NR 35 nRRR] LgEAT on

complexlng agent is employed in an amount ranging from
about 0.1 to about 15 mole % of the paramagnetic ion
containing complex, and is complexed with one or more
cations selected from the group consisting of sodium
ions, calcium ions, magnesium ions, copper ions, zinc
ions and mixtures thereto. .

27. The composition of claim 25,- whereln said
complexing agent is complexed with calcium ions.

28. A method of performing an NMR diagnostic
procedure, which comprises administering to a warm-
bldoded animal an.effective amount of a complex of the

formula
provms : —y
0] 10)
1 l | 1
R'~- C-CH, CH,~ C-R
\ /
O N-A-N o Mt
1 L/ l !
R~ C-CH, CH,- C-R
L -
wherein A is selected from the group consisting of
-CHzCHz- and
0
CH,- C-R!

~CH,CH, NCH,CH,~

wherein M'’ is a paramagnetic ion of an element with an
atomic number pf 21-29, 42-44 or 58-70, and a valence,

2, of +2 or +3; the R! grxoups may be the same or

_—
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abnormality was noted at necropsy: a "pale" colored liver
with 20.4 mmol/kg. No other mce at 20.4 nmmol / kg or Iomer
abnornmal i - 20 ties. Thus, these prelimnary tests stggest—that—th
formul ation has a | ow order of i.v. toxicity. [err]

err] [err]
and T2 relaxivity curves of the conplex of;fExam pI e | | jﬂlu ﬂ h ﬁh”mllng
a RADX (10 nmegahertz) NMR anal yzer. The RAEX anal yzer wa
stabilized

in a femal e dosed
showed sinilar

different and are selected from the group consisting of
-0" and

wherein R? is -(CH,CH,0),-R' wherein n is 1-10 and R® is
H, alkyl having 1 to 8 carbon atoms or an aryl group
optionally substituted with hydroxy and R’ is H, R?,
alkyl having from 1 to 8 carbon atoms, hydroxy, alkoxy
having 1-8 carbon atoms, cycloalkyl with up to 10
carbon atoms or an aryl group optionally substituted
with hydroxy, carboxyl, halogen, alkoxy having from 1-
to 8 carbon atoms or alkyl having from 1 to 8 carbon
atoms, wherein 2 of the R! groups are -0" and the
- remainder, of the R! groups are
R?
/
N

RJ

groups and then exposing the animal to an NMR imaging

procedure, thereby imaging at least a portion of the
body of the warm~-blooded animal.

29. The method of claim 28, wherein A is

o
]

CH,~- C-R}
-CH,CH, NCH,CH,-

The method of claim 28, wherein A is ~CH,CH,-
The method of claim 29 or 30, wherein the

30.
31.

complex is administered parenterally and wherein R! is
an alkoxyalkyl amino grxoup in which the alkoxy portion
contains 1 or 2 carbon atoms and the alkyl pdrtion

contains from about 2 to about 5 carbon atoms, and the

I ——
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at [err] C before performng any [err] or T2 neasurenents. Overall range
tuning and md-range calibration were perforned on a [err] C warned [err]
standard at the beginning of the experinent, according to marufacturer’ s

i nstructions. Subsequent to calibration, [err] standards were 0
verify calibration and linearity. Ten mllispolar sol utumm‘\mnaﬂmi‘“ex
were pre- pared in sterile water for injection ("SWI" it man

serum al bumn ("HSA")/0.9% NaCl. A series of |ower con&entrations (0. 25,

0.50, 1.0, 2.5 and 5.0 nmM) were prepared to forma concentration curve. A
sanpl e of each @smpesRdi §0AGERLNMID B Maf PEMBEdt @n3d Gtieridre MR sanpl e

. ) 3 .

AP SN U I EONI AN o R EIE R O R e

[err] and T2 neafi ¥abieabbart theonplex0i luted in SWF and- 4% HSA. The

Val e aga net comcentPatt G THETE ohi PLAFD da FHSERER I medingis

for. the conpl expobpilanyiine | ImetRedexbn tphaRane ,[ eerdhdegreghylamino,
ethoxyethylamino, methoxypentylamino, ethoxypropylamino
or ethoxybutylamino, and wherein the concentration of
the complex in the pharmaceutically acceptable carrier
i's frem about 0.05 to about 1.0M.

33. The method of claim 28 wherein n = 1, 2, or 3
and R* is H or alkyl having 1-5 carbon atoms.

34. The method of claim 28 wherein R’ is H.

35. The method of claim 33,.where R® is R?, alkyl-
having from 1-8 carbon atoms, hydroxy, or alkoxy having
from 1-8 carbon atoms. : '

36. The method of claim 28, wherein M'? is chro-
mium (III), manganese (II), manganese (III), iron
(III-), iron (II), cobalt (II), nickel (II), copper
(I1), praseodymium (III), neodymium (III), samarium
(IIT), ytterbium (III), gadolinium (III), terbium
(III), dysprosium (III), holmium (III) or erbium (III).

" 37. The method of claim 36, wheérein M is gado-
linjum (III), terbium (III), dysprosium (IXII), holmium
(III) or erbium (III).

38. The method of claim 37, wherein R!' is methoxy-
ethylamino and M'? is gadolinium (III).

39. The method of claim 28, wherein the
pharmaceutically acceptable carrier contains a
pharmaceutically acceptable buffer.

40. The method of claim 28, wherein the
pﬁarmaéeutically acceptable carrier contains a
pharmaceutically acceptable electrolyte.
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[ 4.69 4.40 4.81 6.38 2 3 [err] Preparation of

N, N'- Bi s[ N- (2- met hoxyet hyl ) net hoxy- car banoyl net hyl ] di et hyl enetri am ne-N, N
,N'-triacetic acid. 5 The procedure of Exanpl e 115 repeated in
all essential details, except that N-nethoxy-2- nethoxyet '

0.067 nole) is substituted for nethoxyethyl g ne. The prowm’mﬂiﬁ“ﬁmm‘
the title conmpound in good yield. [err] Preparation of c L M S *
{N, N“- Bi s[ N-(2-nethoxyet hyl ) net hoxy- carbanoyl net hyl
di ethylenetriamne-N, N ,N'- triaceto}gadoliniunm(lll) The procedure of
Exanple Il is repeated.i nTéld midbthod oesseatimal2sjetdidr® i xaptplidmtathe
bi s(n- met hoxy- 2; .t Nexye! i A i), o DTCABr lissr by 4 he R nsedg e
agent of the formula

*

0 )
1 I l 1
R'- C-CH, CH,- C-R
\ /
0 N-A-N 0
1 I / l 1
R'- C-CH, CH,- C-R

wherein A and R! are as defined as in claim 28, and said
complexing agent is complexed with one or more
physiologically acceptable, non-toxic cations.

42. The method of claim 41, wherein said
complexing agent is employed in an amount ranging from’
about 0.1 to about 15 mole % of the paramagnetic ion-
-containing complex and is complexed with one oxr more
cation selected from the group consisting of sodium
ions, calcium ions, magnesium ions, copper ions, zinc'
ions, and mixtures thereof. ) )

43. The method of claim 42, wherein said
complexing agent is complexed with calcium ions.

44. A complexing agent of the formula:

0 )
1 l 1 1°
R!- C-CH, CH,- C-R
\ /
0 N-A-N 0o
1 |/ | 1
R!- C-CH, CH,~ C-R
wherein A is selected from the group consisting of
"CHzCHz- and
0
] .
CH,- C-R

-CH,CH, NCH,CH,~-

-

[T
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described in Exanple XIIl is substituted in equinolar anount for the

bi s(2- met hoxyet hyl am de) of DTPA. The procedure produces the title conpound
in good yield. [err] Preparation of N, N'-Bis(N N-di-
met hoxyet hyl car banoyl nmet hyl ) di et hyl enetriam ne-N, N ,N'- triacetic acid.
The procedure of Exanple | is repeated in a

except that N, N-di-2- methoxyethyl am ne [erH" gr2 0. 067erSTIS;TM\|“m‘wmmm‘s“\“‘
substituted for '

met hoxyet hyl ami ne. The procedure produces the tithte
conpound i n good yi el d AMENDED SHEET REPLACEMENT SHEEt 24

23
JUL 1999 Exanpl g, aﬁu cﬂf A\# EéSQNeN's@'mez or different and
nmet hoxyet hyl car bam) )d| enet am ne- N
tri acet o] gadol i rﬁwqqlgcted from the group cons:.st.mg "of -0 and
RZ
/
N
RJ

wherein R? is —(CHZCHZO)',-R‘ wherein n is 1-10 and R' is

H, alkyl having 1 to 8 carbon atoms or aryl, unsubstit-
uted or substituted with hydroxy and R® is H, R?, alkyl
having from 1 to 8 carbon atoms, hydroxy, alkoxy having
1-8 carbon atoms, cycloalkyl with up to 10 carbon atoms
or an aryl, group which is optionally substituted with
hydroxy, carboxyl, halogen, alkoxy having from 1 to.-8

carbon atoms or alkyl having from 1 to 8 carbon atoms,

wherein Z of the R' groups are -0" and the remainder of
the R' groups are.

Rz’
-/
N
\R,
45. The complexing agent of claim 44, wherein A
is '
0
| 1
CH,~ C-R
-CH,CH, NCH,CH;~ |
46. The complexing agent of claim 44, wherein A
is ~CH,CH,-.

47. The complexing agent of claim 45 or 46,
wherein R' is an alkoxyalkyl amino group in which the
alkoxy portion contains 1 or 2 carbon atoms and the

alkyl portica contains from about 2 to about 5 carbon
atoms.

-
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5 The procedure -of Exanple Il is repeated i%
details, except that the bis(N N-di-2- methoxyethylam de) of DIPAp

by the procedure descri bed in Exanple XV is substitut ed 'm unt
for the bis(2-nethoxyethyl am de) of DTPA. Thgsgl0 HM%’@”W
the title compound in good yield. [err] Preparation of N, N¢Bis '
(2- met hoxyet hoxy) et hyl - net hyl car banoyl net hyl Jdi ethy netriam ne-N, N
triacetic acid. 15 The procedure of Exanple | is repeated in aI
essential details, exoﬂpt tired déﬁpiaxmnghexyﬂhhmxyk1aehhyhmehhyéﬁeineR

(8.91 g, 0.067 erJ e) substlt ted for et am.ne. The procedure
produces the title d‘b ‘?}%e"r’rr BBy 9|'e t’.[o %&pg\l’é}lon of

{N, N'-Bi s[ N 2- ( 2- m&ﬁﬁm»ghﬂtm&w@embylmethoxypentylamxno, o
(S Fhe ot ot edts BIGHR A PMENED! | SRS dpiangd get o} 9300 U
details, except tathoxpRubybtiminoe2- nethoxyet hoxy) et hyl met hyl amide] of
DTPA produced by the 49. The complexing agent of claim 44, wherein n =
| 1, 2 or 3 and R* is H or alkyl group having 1-5 carxbon
atoms. .

50. The complexing agent of claim 44, wherein R’
is H.

51. The complexing agent of claim 49, wherein R?
is R?, alkyl having from 1-8 carbon atoms, hydroxy, or
an alkoxy group having from 1-8 carbon atoms.

52. The complexing agent of claim 49 wherxein R’ is
an aryl group optionally substituted with hydroxy,-
garboxyl,'halogen, alkoxy having from 1 to 8 carbon
atoms or alkyl héving from'l to 8 carbon atoms.
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procedure described in Exanple XVII is substituted in equinolar anmount for
t he bi s(2-nmethoxyet hyl am de) of DTPA. The procedure produces the title
conmpound in 30 good yi el d. AMENDEDD SHEET REPLACEMENT SHEET 2 3 JUL
.1999 25 CLAIMs: 1. A conpl exi ng agent of the formula: [err] 10 wherein A
I's selected fromthe group consisting of [err] and wherein the [err] groups
may be the sane.or different and are sel%gted fromthe group consisting of
-OH and [err] wherein [err] is alkoxyalkfl in which the al koxy portion
contains 1 or 2 carbon atons and the al kyl portion contains

ABSTRACT
NOVEL MAGNETIC RESONANCE IMAGING AGENTS

Novel magnetic resonance imaging agents comprise complexes
of paramagnetic ions with alkoxyalkylamide derivatives of
diethylenetriaminepentaacetic acid ("DTPA") or
ethylenediaminetetyraacetic acid ("EDTA"). These novel
imaging agents are characterized by excellent NMR image-
contrasting properties and by high solubilities in
physioclogical solutions. A novel method of performing an
NMR diagnostic procedure involves administering to a warm-
blooded animal an effective amount of a complex as
described above and then exposing the warm-blooded animal
to an NMR imaging procedure, thereby imaging at least a
portion of the body of the warm-blooded animal.



and [err] is

Po5703-4 IFOS
[err] 25 Hom2tnﬁga$&%ﬁaﬁﬂﬁw]vaMnr1m

1-10 and R4 is H (except v/nenTMPtAwﬁ\dmkyﬁF%@;,,gggaLﬂ@ 8 carbon atons, or

aryl_unsubstituted or substﬁfﬁ&ﬁdﬁﬂpnhphyﬁrox

[err] is H [err], alkyl

havi'ng from1 to 8 carbon a@ﬁﬂﬁmqﬂﬁydrpﬁ?d.makkﬁﬁyﬂ Having 1 to 8
carbon atons, 30 cycl oal Kyl wriding@) t pagd .catbpagedt-ons| or an aryl group
which is optionally substiftyf eghsidih hpdgﬂky,ungmgdny hal ogen, al koxy
having from1 to 8 carbon jatonms or al kyl having from1 {o 8 carbon atons,

wherein 2 or 3 of the R orpugsar e (Ghoafih Uamuremmi ndey of the [err]

groups are 35

R N-ANVENDED SHEET

REPLACENMENT SHEET 2. A conpl exi ng agentlaccor to claim1 wherein

[err] S

met hoxyet hyl ani no, met hoxypr opyl am no, net hoxybutyl am no,

met hoxypent yl am no, et hoxyet hyl am no, et hoxypropyl am no or

eth(REPEAeENE%nPSHEET NOVEL MAGNETIC RESONANCE IMAGING AGENTS

2 3 JUL 1999 Background of the Invention

10

15

20

25

This invention relates to nuclear magnetic
resonance (NMR) imaging and, more particularly, to
methods and compositions for enhancing NMR imaging.

The recently developed technique of NMR imaging
encompasses the detection of certain atomic nuclei
utilizing magnetic fields and radio-frequency
radiation. It is similar in some respects to x-ray
computed tomography (CT) in providing a cross-sectional
display of the body organ anatomy with excellent
resolution of soft tissue detail. As currently used,
the images produced constitute a map of the
distribution density of protons and/or their relaxation
times in organs and tissues. The technique of NMR
imaging is advantageously non-invasive as it avoids the
use of ionizing radiation.

While the phenomenon of NMR was discovered in
1945, it is only relatively recently that it has found
application as a means of mapping the internal

‘structure of the body as a result of the original

suggestion of Lauterbur (Nature, 242, 190-191 (1973)).
The fundamental lack of any known hazard associated
with the level of the magnetic and radio-frequency
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.5 3. A conpl exi ng agent according to claim1 wherein [err] is [err], n
is 1, 2 or 3 and R4 is H (except vhen:n = 1) or an alkyl group having 1 to
5 carbon atons.” 10 4. A’ conpl exi ng age Eﬁi é” one of
claims 1 to 3, wherein Ris H 5. A conpl exi ng ~ﬂu g 0 any one
of claimse 1 to 3, wherein R3 is R2, alkyl having ffrom1l to 8 cafbpn 15
atons, hydroxy, or an al koxy group having from 3 tjo 33cjuUib®pyat . 6. A
conpl exi ng agent according to any one of clginmsiljto 3, wherein is an
aryl group optionally substituted 20 with hydrojy, carpoxyr, nal ogen,

al koxy having from1l to 8 carbon atons or alkyl thaving from1 to 8 carbon
atons. 7. A conpl ex of a conpl exi ng agent accordlng to any one of clains

11to 6 and a ”%Eillta&n diHdd rﬁf@l@ﬁVdaﬂﬂchhﬁrg5gfa(¥érﬁ‘@r{!Q:if@r”Ubﬁemﬁ%rafﬂ

wherein A has the nmeaning ascribed to it in cl and Jerr] is
R2 as defined cAmppaingds] mcq@cpéaﬂngaﬁbeperp]aragnaeewleﬁm@%%eé RMNDED

SHEET substantially alter the T, and T, values for nearby

7

protons. The extent of the paramagnetic effect of a
5 given chemical compound is a function of the
environment within which it finds itself.
In general, paramagnetic divalent or trivalent
ions of elements with an atomic number of 21 to 29, 42
to 44 and 58 to 70 have been found effective as NMR

10 image contrasting agents. Suitable such ions include
chromium (III), manganese (II), manganese (III), iron
(1I1), iron (I1I), cobalt (II), nickel (II), copper
(IT), praseodymium (III), neodymium (III}), samarium
(II1) and ytterbium (III). -Because of their very

15 strong magnetic moments, gadolinium (III), terbium
(I11), dysprosium (III), holmium (III) and erbium (III)
are preferfed. Gadolinium (III) ions have been
particularly preferred as NMR image contrasting agents.

Typically, the divalent and trivalent paramagnetic

20 ions have been administered in the form of camplexes
with organic complexing agents. Such complexes provide
the paramagnetic ions in a solubie, non-toxic form, and

— facilitate their rapid clearance from the body
following the imaging procedure. Gries et ai.}

25 US-A—ﬂ 4,647,447, disclose complexes of various
paramagnetic ions with conventional aminocarboxylic
acid complexing agents. A preferred complex disclosed
by Gries et al. is the complex of gadolinium (III) with
diethylenetriaminepentaacetic acid (“DTPA"). This

30 complex may be represented by the formula:
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REPLACEMENT SHEET 2 3 JUL 1999 ion of an elenent with an atom ¢ nunber of

21-29, 42-44 or 58-
according to claim
manganese (l111), ir

copper  (11), praseodym um (|
ytterbium (111), gadolinium (

(rrr) or erbium (11

70, and a valence, Z, of +2 or +3_.8 A 4°4?Iex
7, wherein [err] is 5 chronifiy |Wsme(||),
on (Il1l), iron (I1), coball™ mdtge—rrecketl |(II]),
1), neodym u$n (11§)} samar LI} N,
111), terbium (111}, d?ébﬂygu@hé ), hol m um
). 10 9. A conpl ex accord{np to_clalm.z cl aim 8,
wherein Rl is nethoxyethylamno and [err] is gan inium (111). 10} A
di agnostic conposition suitable for enteral or ] nistration

to a warm bl ooded apimal, which conprises an NVR i nagi ng-effecti ws,

of a conpl ex accord
according to claim
wherein the conpl ex

5

10

15

been
compl

physiological aqueous fluids.

ng to any one of clainms 7 to 9. 11. A conposit
L0, mhich is 20 suitable fe, pepgnteral adm ni

CH,-CH, -N

\ i
CH, -CO0
"00C-CH,-N
\ CH,-CO0"
/

CH,-CH, =N

CH, -CO0"

anount
on
5t ration,

cd*?

S e

Paramagnetic ions, such as gadolinium (III), have

found to form strong complexes with DTPA. These

exes do not dissociate substantially in -

The complexes have a net

20 charge of -2, and generally are administered as soluble

salts
methy

by ce

. Typical such salts are the sodium and N-
lglucamine salts.

The administration of ionizable salts is attended

rtain disadvantages. These salts can raise the in

25 vivo ion concentration and cause localized disturbances

in osmolality, which in turn, can lead to edema and
‘other undesirable reactions.

Efforts have been made to design non-ionic

paramagnetic ion complexes. In general, this goal

has

30 been ‘achieved by converting one or more of the free

carboxylic acid groups of the complexing agent to

neutral, non-ionizable groups.

in @3585centy 4,687,658 and 4,687,659, discloses

alkylester and alkylamide derivatives, respectively, of

complexes, Similarly, jpublished-West—Germn

35 DTPA

For example, S.C. Quay,

DE

_A. 3324235 and 3324236 disclose
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S di ssol ved or suspended . in a sterile aqueous pharnmaceutically
acceptable carrier at a concentration of fromabout 0.05 to 1.OM 25
12. A conposition according to claim110 or claim 11, which further
contains a pharmaceutically acceptable buffer. 13. A conposition according
to any one of clains 10 to 12, which further contains a pharnmaceutically
acceptable 30 electrolyte. 14. A conpositipn according to any one of clains
10 to 13, which further conprises a salt of a conpl exi ng agent according to
~any one of clains 1 to @ the catian(s) of said 3@ salt bging one or nore
physi ol ogi cal | y acceptabl e, non-tox]| c cations. 15§ A conposi ti on according
to claim 14, wherein saild ANENDEd%SHEEHQ co@B eﬁhﬁ& agentj i s enpl oyed in
an anount ranging from dbout 0.1 to ab®ut 15/nole % of the jpara netic ion
contai ning conplex, and|is conpl exe@ w HhAeNe or Rore cations safetted from
the group c®nsisting of |sodi umiopsf cdlci um\ions)]

Rl-c-cH, CcH,-C-R!
wherein A is ~CH,CH,- or REPLACENE%”‘SHEET
ﬁ 25 J Lg
I JUL 19y#
10 cH,-C-R'
-CHZCHzNC32CHz"

and M'? is a paramagnetic ion of an element with an atomic
number of 21-29, 42-44 or 58-70, and a valence, 72, of +2 or
15 +3; the RY groups may be the same or different and are

selected from the group consisting of -0~ and

/
N
20 R’
wherein R? is alkoxyalkyl in which the alkoxy portion
contains 1 or 2 carbon.atoms and t alkyl portion contains
from 2 to 5 carbogggtgmségagLngr%tH2CH20)n-R4 wherein n is
1-10 and R? is H (except when n = 1), alkyl having 1 to 8
25 carbon atoms, or an aryl group which is unsubstituted or
substituted with hydroxy and R® is H, R2, alkyl having from
1 to 8 carbon atoms, hydroxy, alkoxy having from 1-8 carbon
atoms, cycloalkyl with up to 10 carbon atoms, or an aryl
group which is unsubstituted or substituted with hydroxy,
30 carboxyl, halogen, alkoxy having from 1 to 8 carbon atoms or
alkyl having from 1 to 8 carbon atoms, wherein 2 or 3 of the
R groups are -0~ anéif%mainder of the R! groups are

35 | \

groups. The formula of the complexing agents is set forth
in Claim 1.
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5 magnesiumions, zinc ions and m xtures thereof. AVENDED  SHEET 29
met hoxypentyl am no, ethoxypropylam no or ethoxybutylam no, and wherein the
concentration of the conplex in the conposition is fromabout 0.05 to about

1.0M 17. The conposition of claim12 wherei

_ = P o1 [err] is H
or al'’kyl having 1-5 carbon atons. 18. The com Eﬂﬁimﬂ$¢ﬁ§ﬂ ﬁflz wherein .

[err] is hydrogen. 19. The conposition of clajm 17, wherein [

al Kyl havi ng
carbon atons.

(11'1), manganese (I1), manganese (l11), iron

ni ckel (11),

(rrr)y, ytterbium (I11), gadolinium (lI11), terbium

rf] is [err],
from 1-8 carbon atons, hydroxy, pr alZx® Ly ngl firom 1-8
20. The conposition of clg m 12] pherein [err] chrom um

I [T),1ron (117J, jcobalt (I1),
copper (I1), praseodymum (I111), tneadymdum (JI11), Jsamarium

Also disclosed is a method of performing an NMR
diagnéstic procedure which involves administering to a
warm-blocded animal an effective amount of the above-
described complex and then exposing the warm-blooded
animal to an NMR imaging procedure, thereby imaging at
least a portion of-the body of the warm-blooded animal.

Detailed Description of the Invention

The complexing agents employed in this invention

" are derivatives of the well-known chelating agents,

DTPA and ethylenediaminetetraaéetic acid ("EDTA"). In
these derivatives, free carboxylic acid groupé of DTPA
(those not involved in the formation'of coordination
bonds with the paramagnetic ion) are.converted to amide
groups. Thus, if the paramagnetic ion is trivalent,
two of the carboxylic acid groups of DTPA or one of the
carboxyiic acid groups of EDTA will be derivatized to
the amide form. Likewise, if the paramagnetic ion is

divalent, three of the carboxylic acid groups of DTPA

‘or two of the carboxylic acid groups of EDTA will be

derivatized to the amide form. When reacted with a

divalent or trivalent paramagnetic ion, the resulting

compiexes are substantially non-ionic and neutral.
The zmide derivatives of DTPA and EDTA are
prepared in a conventional wmanner. In general, they

are preparad by reacting a stoichiometric amount of an
amine having the general formula

AMENDED SHEET I




(rrr-), dysprosium (I11), holmum (lll) or erbium(Il1l1). 21. The
canposi.tion of claim20, wherein [err] is gadoli ‘W*UHI(III)
dyspr05|un1(lll) hol mum (I'11) or erbium (I11) REBDA£ﬁ$ﬁﬁir i on of
claim 21, wherein [err] is nethoxyethyl ami no and err} is gadol {nfum (I111).
23. The conposition of claim 12, which further ¢ofta 3siUl. par nhcputically
acceptabl e buffer. 24. The conposition 30 clai m{12, which furthpr{contains
a pharmaceutically acceptable electrolyte. 25. The conposition ofjclaim12,
which further conprises a conplexing agent of the~tarmila [arr] This Sheet
Has Been Repl aced wherein A and [err] are as defined as in claim12, and
sai d conpl exi ng &Rpeltowing ongaekdonniath tdiee rgactoivwe MEBRODUgERRNAY -
accept abl e, YV Pife SR Ehe 2Bmie, SHPTUAd YR LARYALERe T o N

sai d

acid chloride groups can be hydrolyzed to the
carboxylate groups by adding a stoichiometric excess of

5 water to the reaction mixture and heating for a short
time.

The alkoxyalkylamine advantageously contains from
about 2 to about 6§ carbon atoms. In preferred amines,
the alkoxy portion contains about 1-2 carbon atoms and

10 the alkyl portion contains from about 2 to about §
carbon atoms. Such amines include, for example,
methoxyethylamine, methoxypropylamine,
methoxybutylamine, methoxypentylamine,
ethoxyethylamine, ethoxypropylamine, ethoxybutylamine,

15 and mixtures thereof. A particularly preferred amine
is methoxyethylamine. . ‘

Preferred secondary amine compounds for reaction
include amines with repeating alkoxy units such as
-(CH,CH,0). In the formula given above, preferred ,

20 compounds are produced when R? is - (CH,CH,0).-R*, R! is as
defined above and %%’is an aryl group optionally
substltuted with hydroxy, carboxyl, alkoxy having 1 to
8 carbons, alkyl having 1 to 8 carbons or haloqqu
Preferably, n = 1, 2 or 3 and R 15“%7?¥ﬂ3§h§%§§f—group

25 having from 1 to #®ewt; S carbon atoms. Also
preferably, R® is R?, H, hydroxy, or an alkyl or alkoxy
group having from 1 to about 8 carbon atoms.

‘The resulting DTPA or EDTA alkoxyalkylamide is
recovered from the reaction mixture by conventional

30 procedures. For example, the product may be
precipitated by adding a precipitating solvent to the
reaction mixture, and recovered by filtration or
centrifugation.
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conpl exi ng agent is enployed in an anount r
15 nol e % of the paranagnetic ion containing d ;
orie or ‘nore cations selected fromthe group cons?;iﬂg ggg s@difum i ons,

cal ciumions, magnesiumions, copper ions, Zirfc é H m Xt dres thereto.
27. The conposition of claim 25, mherein1§aid;' ' ny is conpl exed
with calciumions. 28. A nethod of performrg an NMR di agnostijc procedure,
whi ch conprises adm nistering to a warm bl oodedamrmet—=an—eff ecti ve anount
of a conplex of the fornula [err] wherein Ais selected fromthe group

consisting of [err] and [err] wherein [err] ig,a.paramagnefic, _ion of an
el enent mﬁthoﬁ%eﬁtémqugkﬁﬁésof°§192§,“52L§4ibﬁﬁﬁ}QRﬁéhﬁiF8;§§Ience, Z,
of +2 or +3;q59§ib@@g. groups may be the same or This Sheet Has Beed

The diagnostic compositions are administered in

PAACEMENEISHEETY- 1 to about

onpl exed with

doses effective to achieve the desired enhancement of
5 the NMR image. Such doses may vary widely, dependiﬁg
upon the particular paramagnetic ion complex employed,
the organs or tissues which are the subject of the
imaging procedure, the NMR imaging equipment being
used, etc. In general, parenteral dosages will range
10 from about 0.01 to about 1.0 %5%% of paramagnetic ion
complex per kg of patient body weight. Preferred
pa;eﬁteral dosages range from about 0.05 to about 0.5
—Eﬁg% of paramagnetic ion complex pef kg of patient body
weight. Enteﬁaéldosages generally range from-about 0.5
15 to about 100 ¥ef, preferably from about 1.0 to about
20-&5%& of paramagnetic ion complex per kg of patient
body weight. ' .
The novel NMR image contrasting agents of this
invention possess a unique combination of desirable
20 features. The paramagnetic ion complexes exhibit an
unexpectedly high solubility in physiological fluids,
notwithstanding their subétantially non-ionic
character. This high solubility allows the preparation
of concentrated solutions, thus minimizing the amount
25 of fluid required to be administered. The non-ionic
' éharaéter of the complexes also reduces the osmolarity
of the diagnostic compositions, thus preventing .
undesired edema and other side effects. As illustrated
by the data presented below, the compositions of this
30 invention have very low toxicities, as reflected by
their high LDs, values.
The diagnostic compositions of this invention arxe
used in the conventional manner. The compositions may
be administered to a warm-blooded animal either

ﬁAMENDED SHEET |




31 * C L M S * different and are selected fromthe group
consisting of -0 and R2 / N wherein [err] s [err] wherein nis 1-10 and
[err] is H alkyl having 1 to 8 carbon atons or an aryl. group optionally
substituted with hydroxy and [err] is H, [ers] alkyl having from1l to 8
carbon atons, hydroxy, al koxy having 1-8 carbon atons, cycloal kyl wth up
to 10 carbon atons or an aryl group optionally substituted wi th hydroxy,
car boxyl, hal ogen, al koxy having from1l tjg 8 carbon atons or al kyl having
from1l to 8 carbon atons, wherein Z of the R groups are [err] and the
remai nder of the [err] groups are [err] groups and then exposing the ani nal
to an NMR i nagi ng procedure, thereby inmaging at |east a portion of the body
of the warm bl ooded ani nmal .

Example II

Preparation of (N,N"-Bis(N-(2-methoxyethyl)-
carbamoylmethyl]dlethylenetrlamlne-u N‘,N"-triacetof}
gadolinium (III)

5 A mixture of gadolinium (III) oxide (3.3 g, 0.0091
mole) and bis(2-methoxyethylamide) of DTPA produced by
the procedure described in Example I (10.2 g, 0.020
mole) in H,0 (100 ml.) was heated at 60-65° C for 3
hours in a water bath. The pale yellow homogeneous
10 solution was filtered through a fine porosity sintered
glass funnel to remove undissolved impurities and the
clear filtrate was poured into acetone (zih. The
heterogeneous mixture was stirred for 5 minutes and
allowed to stand at ambient temperature for 30 minutes.
15 Aqueous acetone was decanted off and the resulting
gummy residue was dissolved with methanol (150 ml.).
The solution was concentrated under reduced pressure
and the complex was precipitated from the solution by
adding it to more acetone.(ﬁbﬁ. - The amorphous
20  precipitate was collected, washed with acetone (2 X 100
' ml.) and dried. The yield was 11.2 g (80.7%). The
pale cream solid was crystallized from a mixture of
. methanol and tetrahydrofuran to give a colorless solid.
It was 97.4% pure by HPLC. Analysis calculated for
25 CaoH3NsO;Gd 1.4 H0: C, 34.95%; H, 5.41%; N, 10.19%; Gd,
22.88%. Found: C, 35.20%; H, 5.42%;, N, 10.27%; Gd,
22.52%,
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29. The nethod of claim28, wherein Ais. O [err] 30. The nmethod of claim
28, wherein Ais -CH2CH2-. 31. The nmethod of claim 29 or 30, wherein the
conplex is adm nistered parenterally and wherein [ dgaky] - - Kyl
am'nﬁo group in which the al koxy portion contains 13&“@ ?ﬂg E'i and
t he al kyl portion contains fromabout 2 tqQ_about 5 |cgrbon atons, apdjthe
Thi s Sheet Has Been Repl aced conpl ex i $7di ssol vdd fnja
steril e agueous. pharnaceutically acceptable carriqgr on of
fromabout 0.05 to |.0OM 32. The nethod of claim 31,

met hoxy- propyl am no, nethoxybutyl am no, nethoxyetHyl am.no.
et hoxyet hyl am no, nethoxypentylanino,Eé@EEE&hﬂH%ylanino or

ethoxybuty!an¥@% @g{ &g n ﬁhﬁug%& I3l 5 PRl ex in the
phar maceut i cald;Y raeapt rﬁzf%ﬁib%ﬂgg@gﬁ%%-gé@: ﬁogmtcétw

.holmium (III)

P

5 The procedure of Example II is repeated in all
essential details, except that holmium (III) oxide is
substituted in equimolar amount for gadolinium (III)‘
oxide. The procedure prodhces the title compound in
good yield.

10 : ' Exanple VI

Preparation of N,N’,N"-Tris[N-{2-methoxyethyl) a
carbamoylmethyl]—diethylepetriamine-N,N"-diacetic7Kcid

DTPA (1 mol) is dissolved in acetonitrile by add-
ing triethylamine (5 mol) and heating. The solution is
15 cooled to room temperature; While stirring,
isobutylchloroformate (3 mol) is added dropwise to this
solution. An excess of 2-methoxyethylamine (7 mol) is
added immediately and the reaction mixture is stirred
until the reaction is complete. The solution is taken

20 to dryness under reduced preséure. The crude product
is purified by chromatography on an anion exchange
column.

Example VIII
Preparation of {N,N’ , N"-Tris{N-(-2-
25 methoxyethyl)carbamoylmethyl]-diethylenetriamine-N,N"-
diaceto} manganese(II) '

An excess of the tris(2-methoxyethylamide) of DTPA
produced by the procedure described in Example VII is
dissolved in water and MnCO; is added. The mixture is

3Q stirred and heated until the solution becomes
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33. The nethod of claim 28 wherein n =1, 2, or tddosH or al kyl
having 1-5 carbon atons. 34. The nethod of cl ammnsmﬂ is H
35. The method of claim 33, where [err] is R2,]a ' 1-8
carbon atons, hydroxy, or al koxy having from 1-B ,a?Q?UHEt gﬁ. . The
met hod of claim 28, wherein [err] is chrqg mung (§ 1 O)Y H@ ege {(11),
manganese (II11), iron (IIl-), iron (I1), %balt (! ——_ )}, copper
(rr), praseodymum (111), neodymum (lI11), sana}iun1(|||), ytterdium (I111),
gadolinium (l111), terbium (I11), dysprosium (IIT), normrorr+t+=-or erbi um
(rrr)y. 37. The nethod of C|?{ﬁ]3 . where|n LeﬁrL IS gado- linium (111),
terbi um (I11)POBOSBRBSHEmM (ITNY SHHHIEM +51 F3keR EPpAEan@sad )Unds8r The
met hod of cl aiédddedWpeesihidertd ;f»véem@xaesﬁkaw g%a%étn.d [err] is
gadolinium (I'11). 39."The nethod of claim 28, whereln the pharmaceutically
acceptabl e carrier contains a pharnmaceutically acceptable buffer. 40. The

met hod of claim 28, wherein the phar n@gﬁﬁi&aﬁy acceptabl e carrier
contains a

Preparation of N,N'-Bis[N-(2-methoxyethyl)carbamoyl;
S methyl) ethylenediamine-N,N’-diacetic acid

2-Methoxyethylamine (3.0 g, 0.02 mol) in 100 ml of

methanol was treated with EDTA~dianhydride (5.12 g,
0.02 mol). The reaction mixture was stirred for 5
hours and the solids dissolved. The solution was taken

10 to dryness under reduced pressure. The residue was
dried under high vacuum to give 8.5 g of glassy solid.
Its '’C-NMR spectrum was consistent with the desired
structure. '

Example X

15 Preparation of {N,N'-Bis{N-(2-methoxyethyl) carbamoyl-
methyl]-ethylenediamine-N,N’-diaceto}manganese(II)

A 15% excess of the bis(2-methoxyethylamide) of
EDTA produced by the procedure described in Example IX
(1.1 g, 0.0026 mol) was dissolved in water (10 ml) and
20 - MnCO, (0.27 g, 0.0023 mol) was added. Upon warming for
30 minutes, the solution became homogeneous. The solu-
_ tion was taken to dryness under reduced pressure. The
resulting glassy solid was very soluble in water.

Examgle XX

25 The acute intravenous toxicity of the compound of
Example IT was determined as follows: ICR mice, at 1
to 4 per dose level, received single intravenous injec-
tions of the test substance via a lateral tail vein at
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pharnacéutically acceptabl e el ectrol yte. 33*
41. The nmet hod of claim 28, wherein the phatna- ceuti

C L M S *
cal ly acceptabl e

carrier contains a conplexing agent of the fornula [err] mhereln A and Rl

are as defined as in claim28, and said conpl exing a
one or nore physiol ogically acceptable, non-toxic ca
of claim4l, wherein said conplexing agent is enploy

rangi ng fromabout 0.1 to about 15 nole % of the parpnpges iy 8L 12??
I e

contai ning conplex and is conplexed with 028 or nore
the group consisting of sodiumions, calciumions, na
lons, zinc ions, and m xtures thereof. 43. The neth

i th

e in an a

qatlon se firom
gﬁESTunrreﬁs~_jo per

sai d conpl exi ng agent is conplexed with cal ciumions.

of claim42, wheé¢rein

10

1S

20

25

Example XIII.

Preparation of N,N"-Bis(N-(2-methoxyethyl)methoxy-
carbamoylmethyl]diethylenetriamine-u N’ ,N"-triacetic
acid.

~ The procedure of Bxample I ls repeated in all
essential details, except that N-methoxy-2-
methoxyethylamine (7.04 g, 0.067 mole) is substituted
for methoxyethylamine. The procedure produces the
title compound in good yield. |

Example X1V

'Preparation of {N,N"-Big[N-(2-methoxyethyl)methoxy-

carbamoylmethyl Jdiethylenetriamine-N,N’ ,N" =
triaceto}gadolinium(III)

The procedure of Example II is repeated in all
essential details, except that the bis(n-methoxy-2-
methoxyethylamide) of DTPA produced by the procedure
described in Example XIII is substituted in equimolar
amount for the bis(2-methoxyethylamide) of DTPA. The

- procedure produces the title compound in good yield.

Example XV
Preparation of N,N"-Bis(N,N-di-2-

methoxyethylcarbamoylmethyl)diethylenetriamine-N,N' ,N"-

triacetic acid.

The procedure of Example I is repeated in all
essential details, except that N,N-di-2-

meﬁhoxyethylamine (84t§1 gr, 0.067 mole) is substituted

for methoxyethylamine. The procedure produces the
title compound in good yield.

T AMENDED  SHEET |
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44. A conpl exing agent of the formula: [err] wherein Ais selected from
the group consisting of -CH2CH2- and This Sheef Has Been Repl aced
~wherein, the [err] groups may be the sanme or different

the group consisting of [err] and R2 N wherein R2 is

1-10 and [err] is H, alkyl having 1 to 8 carbon. atonsjol aryl, unsubsfig-
uted or substituted with hydroxy and [err] 3& H, [err aI2<3IJUIa\'mﬁg rpm1l
to 8 carbon atons, hydroxy, al koxy having 1-8 carbon cycl oal k Mt h

up to 10 carbon atonms or an aryl, group which is opti Yy substituted

wi t h hydroxy, carboxyl, hal ogen, al koxy having from 1ito 8 carban-atess or

al kyl having from1 to 8 carbon atonB,EwgﬁquanIof the R groups are [err]

and the remnai nder of '
Preparation of [N,N"-Bis(N,N-di-2- ' _
methoxyethylcarbamoylmethyl)diethylenetriamine-N,N’,N"-
triaceto}gadolinium(III)

5 The procedure of Example II is repeated in all
essential details, except that the bis(N,N-di-2-
methoxyethylamide) of DTPA produced by the procedure
described in Example XV is substituted in equimolar
amount for the bis(2-methoxyethylamide) of DTPA. The

10 procedure produces the title compound in good yield.

Example XVII

- Preparation of N,N'-Bis{N-2-(2-methoxyethoxy)ethyl-
methylcarbamoylmethyl]diethylfietriamine-N,N’, N"=-
triacetic acid.

15 The procedure.of Example I is repeated in all
essential details, except that N-2-(2-methoxyethoxy)-
ethylmethylamine (8.91 g, 0.067 mole) is substituted

. for methoxyethylamine. The procedure produces the
title compound in good yield. .

20 Example XVIIT

Preparation of {N,N"-Bis[N-2-{2-methoxyethoxy)ethyl
methoxycarbamoylmethylldiethylenetriamine~N,N'N"~
. triaceto} gadolinium (IIT}).

The procedure of Example II is repeated in all
25 - essential details, except that the bis(N-2-(2-
metho%yethoxy)ethylmethylamide] of DTPA produced by the
procedure described in Example XVII is substituted in
equimolar amount for the bis(2-methoxyethylamide) of
DTPA. The procedure produces the title compound in
30 good yield.
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the R groups are. fer+}—-N-45_The conpl exing ' ., Wherein A
is [err] 46. The conpl exi ng agent of claim 44 EEMENT SHEETI1 47. The

conpl exi ng agent of ﬂﬂmmi ,‘ B/nerel n | yl amino
group in WhIChthell m“l 1" ntalns‘ and the

al kyl portion contains frof about 2 to gﬁ s Sheet Has
Been Repl aced 35 48. The coaneX|ng t n R, is

net hoxyet hyl af=A&MS5et hoxypr opyl ani no, rret hox
met hoxypent yl am no, net hoxyet hyl am no, et hoxypropyranTo=or

1. A complexing agent of the formula:

10

wherein A is selected from the group consisting of —-CH,CH,~

and o

o
CH,-C-R*

15 ~CH,CH,NCH,CH,-

wherein the R} groups may be the same.or different and are
selected from the group consisting of -OH and

20 /

wherein R? is alkoxyalkyl in which the alkoxy portion
contains 1 or 2 carbon a%%ms Ra}ni Sthe alkyl portion contains
25 from 2 to 5 carbon atomséfnf-is -(gHg%hgg)n-R4 wherein n is
1-10 and R? is H (except when n = 1), alkyl having 1 to 8
carbon atoms, or aryl unsubstituted or substituted with
hydroxy and R} is H, Rz, alkyl having from 1 to 8 carbon
atoms, hydroxy, alkoxy having 1 to 8 carbon atoms,
30 cycloalkyl with up to 10 carbon-atoms, or an aryl group
"~ which is optionally substituted with hjidroxy, carboxyl,
halogen, alkoxy having from 1 to 8 carbon atoms or alkyl
having from 1 to 8 carbon atoms, wherein 2 or 3 of the Rr!
groups are -OH and the remainder of the R? groups are
35 | 2
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et hoxybutyl ami no. 49. The coaneX|ng agent of

3 and Jerr] is Hor aIkyI group 1-5 carb@iﬁghgﬁgun@gSﬁEEK
coaneX|ng agent of in R3is H |51. "The conpl efi

cl ai.m 49, wherein [Hmmnmmm having frdml|l- 8 FJUbAMIHRL ¢

or an al koxy group having.f arbomeatons. 52. The conpl ¢xilng agent

of claim49 wherein [err] is an aryl group optijonarTy substitute
hydroxy, carboxyl, hal ogen, al koxy having fromil to 8 c

havi ng from |
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to 8 2arboA srvRiexThysa@hrietadeny tRefladedl wherein
R is methoxyethylamino, methoxypropylamino,

methoxybutylamino, methoxypentylamino, ethoxyethylamino,
ethoxypropylamino or ethoxybutylamino.

3. A complexing agent according to claim 1 wherein
R? is -(CHZCHZO)n-R4, n is 1, 2 or 3 and R is H (except when

n = 1) or an alkyl group having 1 to 5 carbon atoms.

4. A complexing agent according to any one of claims
1 to 3, wherein R? is H.

5. A complexing agent according to any one of claims
1 to 3, wherein R} is R2, alkyl having from 1 to 8 carbon

atoms, hydroxy, or an alkoxy group having from 1 to 8 carbon
atoms.

6. A complexing agent according to any one of claims
1 to 3, wherein R? is an aryl group optionally substituted
with hydroxy, carboxyl, halogen, alkoxy having from 1 to 8
carbon atoms or alkyl having from 1 to 8 carbon atoms.

7. A complex of a complexing agent according to any
one of claims 1 to 6 and a.metal ion M** and having the
following formula:

- o o) -
)
Rl-c—c€2 CH,-C-rl
/
O N-A-N 0 w+z
BN
- rl-c-cE, CH,-C-Rrl -

wherein A has the meaning ascribed to it in claim 1 and R}
is RZ

as defined in claim 1 or is -0~, and M*?* is a paramagnetic

s e Pt NS = ST
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ion of an element with an atomic number of 21-29, 42-44 or
58-70, and a valence, 72, of +2 or +3.

8. A complex according to claim 7, wherein M*? is
chromium (III), manganese (II1), manganese (III), i;on (I11),
iron " (II), cobalt (II), nickel (II), copper (II),
praseodymium (III), neodymium (III), samarium (III),
ytterbium (III), gadolinium (III), terbium (III), dysprosium
(III), holmium (III) or erbium (III). )

9. A complex according to claim 7 or claim g,
wherein R! is methoxyethylamino and M'? is gadolinium (TIII).

10. A diagnostic composition suitable for enteral or
parenteral administration. to a warm-blooded animal, which
comprises an NMR imaging-effective amount of a complex

_according to any-one of claims 7 to 9.

11. A composition according to claim 10, which is
suitable for parenteral administration, wherein the complex
is dissolved or suspended in a sterile aqueous
pharmaceutically acceptable carrier at a concentration of
from about 0.05 to 1.0M.

12. A composition according to claim 10 or claim 11,
which further contains a pharmaceutically acceptable buffer.

13. A composition according to any one of claims 10
to 12, which further contains a pharmaceutically acceptable
electrolyte.

14. A composition according to any one of claims 10
to 13, which further comprises a salt of a complexing agent
according to any one of claims 1 to 6, the cation(s) of said

salt being one or more physiologically acceptable, non-toxic

cations.

15. A composition according to claim 14, wherein said
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complexing agent is employed in an amount ranging from about
0.1 to about 15 mole % of the paramagnetic ion céntaining
complex, and is complexed with one or more cations selected
from the group consisting of sodium ions, calcium ions,
magnesium ions, zinc ions and mixtures thereof.
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