USE OF CHELATE COVPLEXES

USE OF CHELATE COMPLEXES‘//

The present invention relates to improvements in
the enhancing of nuclear magnetic resonance (NMR) imaging
of animal tissues, especially cardiac and liver.

X-rays have long been used to produce images of
animal tissue, e.g. the internal organs of a patient, the
patient being positioned between a source of X-rays and a
film sensitive to the rays. Where organs interfere with
the passage of the rays, the film is less exposed and the

resulting developed film is indicative of the state of the
organ.
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obtain a good image it is desirable that the time after the
taking of enhancer be kept to a minimum. .On the other hand
there is a decrease in effectiveness with time, so
desirably the decay should be relatively slow so as to
provide a substantial time -interval during which imaging
can be done. The present invention relates to enhancers
for NMR imaging.

In the NMR imagihg process protons in the water
of the body relax via two mechanisms referred to as T, and

_ 1
T,. The rate at which the relaxation process occurs may be

2
altered for some water molecules by giving values that
contrast with the norm,.
Chemicals that enhance NMR images, referred to as

contrast agents, are gencrally paramagnetic in nature.
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it be stable so as to prevent the loss of the metal and its
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raised to the sixth power.

U.S. Patent 4,647,447 discloses use of an NMR
image enhancer consisting of the salt of an anion of a
complexing acid and a paramagnetic metal ion. A preferred
embodiment is the gadolinium chelate of diethylene-
triamine-pentaacetic acid (Gd DTPA). From the data
reported therein these appear to perform well. Howeyver,
this compound is rapidly excreted by the kidneys, making
the timing of the injection extremely critical.
Furthermore, there is virtually no uptake by any solid
organ, such as the heart, pancreas or liver.

However, while a number of gadolinium contrast
agents are known to work well, there remains the
possibility that small amounts of free lanthanides are
being released, by decomposition of the agent, into the
body. ~Not being a natufally existing metal in the body,
little is known about long term effects.

It is accordingly an object of the present
invention to provide. alternative image enhancers which
avoid one or more of_the aforementioned disadvantages.

It is another object of the invention to provide

an NMR-image enhancer which does not release lanthanides
into the body.

SUMMARY OF THE INVENTION

These and other objects and advantages are

realized in accordance with one aspect of the present
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or

N(CHZX)3, . (II)
wherein

X is -COO0Y, —PO3HY or -CONHOY;. .

Y is a hydrogen atom, a metal ion equivalent
or a physiologically biocompatible cation

of an inorganic or organic base or amino

acid; .
A 1s —CHRZ—CHR3—, -CH2°CH2-(ZC—H2—CH2)m—,
/N
-é—~0-,
[§ 1
BOR
_I:I(CHX)2 ?H2~CH2-N(CH2X)2

-CH2—CH~CH2— or —CHZ—CHZ—N-CHZ—CHZ—

each Rl is a hydrdégen atom or methyl;

R2 and R3 together represent a trimethylene
group or a tetramethylene group or
individually are hydrogen, C -alkyl,

phenyl or benzyl,

W is -NN-, -NHCOCH. or -NHCS-;
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These may be organic free—F%ﬁFégﬁﬁ)oﬁ’transition/Ianthanide metal s which
have from one to seven onpai aedusbect faesn 1 to 12; A necessary
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extrenely critical. Furthernore, there is virtua g no uptake by any solid
to 29, 42, 44 or 57 to 83,
and at least one 1is cal;ium or magnesium.
Alternatively the calcium or magnesium salt may be
a complex of an ion and a ligand, the complexed being an ion
of a lanthanide element of atomic numbers 57-70, or of a
transition metal of atomic numbers 21-29, 42, or 44; and the
ligand being that of a calcium or magnesium salt of an
organic complexing agent which is acyclic or cyclic and
contains organic nitrogen, phosphorus, oxygen or sulfur. In
this embodiment, advantageously the complexing agent which
forms a'ligand is
(a) an aminopolycarboxylic acid which is
nitrilotriacetic acid, N-hydroxyethyl-N,N',6N'-ethylene-
diaminetriacetic acid, N,N,N',N", N"'-diethylenetriaminepenta-
acetic acid or N-hydroxyethyliminodiacetic acid;’
' (b) of the formula

Ry Ry Ry
\:>N*H2C Hzc-N—C?Z H2“N<::
Rl' ' p Rll

whercein Rl and Rl‘ are identical or different and each is
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CH A——(CH ,~N-CH 3—(CH ) _ _
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one aspect of the present
alkyl, C4_12—cycloalkenyl, C7_12—hydrocarbon

aralkylf Ca_lz—hydrocarbon alkenyl, C6—12_

hydroc§rbon aryl or -CH2COOH.

Such salts are especially useful in the NMR
diagnosis of patients to whom they are administered followed
by imaging.

The acid moiety of the chelate is advantageously
carboxy and phosphono, sulpho being less advantageous. The
acid groups are joined to the amino nitrogen by an alkyl,
i.e. alkylene, radical of up to 4 carbon atoms. Preferably
they are acetic acid radicals, i.e. di-carboxymethyl-amino
radicals, or phosphonic acid radicals as in U.S. Patent
3,738,937.

Preferably there are two amino groups on adjacent
carbon atoms and preferably still they are in the trans-
configuration, e.g. trans-N,N,N',N'-tetra- carboxymethyl-
1,2~ dlamlnocyclohexane _

If deSLred, up to two of the carboxylic acid groups
may be reacted to form an amide, a lower alkyl ester and/or
an anhydride.

The polyvalent paramagnetic metal may be any of
those heretofore used in NMR image enhancement, e.g. iron,
chrpmium, cohalt, nickel, neodynium, promethium, samarium,

eurepium, terbium, dysprosiumm, holmium, erbium, thorium,
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the formation of oxide products during the course of the
reaction. The final pH is adjusted to between 5 and 8 and
the solution is passed through a 0.2 micron filter for
sterilization.

The osmolarity of the resulting solution can be
lowered to a physiologically acceptable value by removal of
the unnecessary but physiologically acceptable sodium
chloride by product. This can be achieved by crystalli-
iation, filtering, dialysis or ion exchange. ‘

The sﬁperiority of ring-based contrast agents
over other contrast agents which have straight alkane chain
backbones, e.g. EDTA (ethylene diamine tetraacetic acid) or
DTPA (diethylenetriamine pentaacetic acid) apparently
resides in the cyclohexane backbone which imparts more
rigidity to the molecule and sterically hinders the
coordination of water into the nitrogen-metal bond
position. While EDTA divalent metal compounds tend to
first break the metal nitrogen bonds by water coordiﬁation,
the instant system loses the oxygen donors first. This is
reflected in the proton nuclear magnetic resonance spectrum
of the respective molecules. For example, the manganese
salt of trans-N,N,N',N'-tetra~carboxymethyl-1,2-diamino-
cyclohexane (DCTA) has a manganese-nitrogen bond which is
considerably more stable than its EDTA analogue. This is
reflected in the stability constant (binding ability)
towards manganese which is several thousand times better
for DCTA thanm the LEDUA chelaute.  Even though the stability

constant of the novel gadolinium complex is approximately the
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Lerr] 10 to 100% based on the moles of paramagnetic polyvalent
metal. It can be an inorganic salt such as the chloride or
sulfate, but organic salts, e.g. the gluconate, lactate,
ascorbate, etc., are preferred.

A calcium or magnesium salt can simply be added to
the complex in solution and so administered or the solution
can be dried and the dry material later re-dissolved.

- The addition of the calcium or magnesium to the
chelate salt surprisingly serves to increase the safety, i.e.
to raise the LD50 based on the amount of paramagneti;
polyvalent metal present.

For example, the MnEDTP chelate without calcium
has an LD50 of 200 umol/kg, a toxic level. The LD50 of the
same complex into which 40 mol % of calcium has been
incorporated, via calcium gluconate, is in excess of 850
umol/kg, a relatively safe level for human use.

In accordance with another aspect of the
invention the acid group is a phosphono moiety. This
aspect is applicable even to compounds which are not
cyclic, e.g. linear alkylene polyamines such as
poly-nitrogen-substituted phosphono-alkyl _
alkylenepolyamines, and to compositions not containing a
calcium or magnesium salt.

As the poly-phosphono alkylated alkylene
polyamine there are preferably employed compounds wherein
the alkyl and alkylene radicals each contain up to four-
carbon atoms. The alkylene-polyamine could be
diethylenetrviamine, for erzumple, but ethylenediamine is
preferrcd. Advantageously the phosphono groups are joined

to the nitrogen atoms through a methyl group, i.e. actually a



be bound as salts with non-paramagnetic cations, e.g.
N( CHX) [ err : %ﬁ{ ]= %K %f% I 1t
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nunber 1ar% %&é%ady partially in calcium salt form, for example.
One preferred complexing or chelating agent of
this type is N,N,N',N'-tetraphosphono-methyl-ethylene-
diamine (EDTP) of the structural formula

0 0

" n

HO~P~H ,C CH,,~P~OH
OH OH
N-CH_-CH._~N
OH 2/// 2 72 \\\\ o .
’ ”
HO-P-H ,C CH ,~P~OH

0 OH

which is commercially available in the form of its sodium
salt and free acid.

While lanthanides and particularly gadolinium are
highly paramagnetic andiusgful_in accordance with the
invention, it is surprising that other less paramagnetic
metals perform well, e.g., iron, manganese, copper, cobalt,
chromium and nickel,

| The complex can be prepared by dissolving a salt
of EDTP in water or other solvent and adding a salt of the
desired metal, e.g., managanese chloride, in from about half
to twice the stoichiometric amount. Additional salts, such
as calcium chloride, can be added to tie up additional
binding sites in the compound. The solution can then be

dialyzed or ion exchanged to remove chloride ions or an
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The Mn-EDTP complcx distributes sub°tantially to
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| ant hani de el enent_of atom c nupbers 57-70, ar_ of .a . . .
samarium, europium, terbium, dyspr'osium, holmium, erbium,
thulium, ytterbium and lutetium may also be used.

This invention may be used in conjunctibn with
any magnetic resonance machine currently available and is
compatible with any of the current known imaging
techniques, e.g. a machine such as that of Siemens AG of
"Erlanger, Federal Republic of Germany.

Further details of imaging systems are described
in the prior art, e.g. "NMR A Primer for Medical Ima&ing“
by Wolf and Popp Slack Book Division (ISBN 0-943432-19-7)
and Scientific American, May 1982, pages 78-88.

The solution of complex may be sterilized .and made up
into ampules or may be lyophilized into a powder for
dissolution when ready to be used. The solutién may be
mixed with conventional additives such as saline solution,
albumin, buffers and the like, If desired; ampules may be
made up containing lyophilized powder of the complex in one
compartment and a solution of additives imn another separated
from the first by a frangible barrier. When ready to use,
the barrier is broken and the ampule shaken to form a
solution suitable for use.

Immediately prior to actual administration of the
contrast agent, the reconstituted solution is further.

diluted by addition of a suitable diluent such as:
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(a) an

The manner and dosage of administration and the
manner of scanning are substantially the same as in the
prior art. With solutions containing about 50 to 500
nmoles of the complex per liter, sufficient solution should
be administered orally or parenterally to provide about 1 |

to 100 umols/kg, corresponding to about 1 to 20 mmol for an

adult human patient.
For smaller patients or animals, the dosage
should be varied accordingly. The particular complex and
organ to be imaged will determine the waiting period between
administration and imaging.
It will generally be at least about 15 minutes
but less than about an hour. During the first few hours
the complex is execreted by the liver into the bile.
The invention will be further described in the
following illustrative examples wherein all parts are by
weight unless otherwise expressed.

Example 1
Synthesis of DCTP (trans-1,2-diaminocyclohexane-N,N,N,N-
tetramethylenephosphonic acid hydrate).

28.5 g (0.25 mole) of trans-1,2-diaminocyclo-

hexane oand 82 g ()l mole) of phosphorous acid are dissolved
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product is isolated via filtration and washed with acetone
(3 x 100 ml). The DCTP is recrystallized from a minimum of
water, isolated by filtration, washed with acetone and

air-dried. 64 g (52% yield) of pure product are obtained.

Characterization of DCTP

The melting point is 228-232°C (decomposition)
with slight darkening observed above 220°C.

The positive ion mass spectrum shows a parent ion
at 491 mass units (theoretical: 491). Elemental analysis
for DCTP H20 (ClO 28 2 13 4), Calculated:

C, 23.63; H, 5.55; N, 5.51; P, 24.38. Found: C, 23.87; H,
5.41; N, 5.48; P, 24.49. Water, 3.71% by Karl-Fischer
titration.

Spectrophotometric complexation analysis of DCTP
with standardized copper chloride yields percentages of

100.1, 100.6 and 101.2 (average 100.6) assuming a molecular
weight of DCTP-H,O of 508.22.

2
Nuclear Magnetic Resonance Spectra of DCTP

The proton (400.13 MHz), carbon (100.61 MHz) and
phosphorous (161.94 HMz) NMR spectra of trans-1,2~diamino-
cyclohexane-N,N,N,N-tetramethylenephosphonic acid in

dimethyl sulfoxide-d6 do not provide structural and peak
assignments through standard NMR techniques. Because of
the number of overlapping peaks, 2-dimensional 1H-13C
chemical shift correlation NMR techniques are required to

make unequivocal peak assignments. The 2D NMR results and
analygip of a moleccular model indicate an axis of symmetry

creating two sets of non-equivalent phosphorous atoms and
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The NMR results indicate that the DCTP ligand is
relatively rigid on the NMR time-scale; in fact no
interconversion is observed up to 60°C. This is in
contrast to DCTA, the acetic acid analogue, which 1is,

rapidly interconverting on the NMR time-scale at 25°C.

Example 2
Formation of Calcium Salt of Manganese Complex of DCTA
and DCTP

a) To 60 ml of degassed water, 1.6 g {0.04 mole)
of sodium hydroxide is added. After the alkali is
dissolved, 3.6436 g (0.0l mole) of trans-N,N,N',N'-tetra-
carboxymethyl-1,2 diaminocyclohexane monohydrate (Aldrich
Chemical Co., Milwaukee, WI) is added to the stirring -
solution. 1.979 g (0.01 mole) of manganese chloride
tetrahydrate is dissdlved in 10 ml of degassed water and is
added dropwise to the previous solution. After 30 minutes
of stirring, 0.1 mole equivalent of calcium chloride is
added to the mixture. The pH of the solution is adjusted

to 6.5, and water added to bring the final volume to 100
ml, resulting in a final concentration of 100 mM. The

clear or faint yellow solution is filtered through a 0.2



_Example 1 in a manner analogous to (a).
If desired, up to two of the carboxylic acid groups may be reacted to form
an ani de, a | ower Chl R§fagdtdy1dAGFoPt Rfofitydrbkesent in water Thpd
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i mge eng pgenent,. 19; iron, chronium cobalt, nickel, neodynium
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t horium Substitute sheet - 20
Decenber 1996 ytterbiumand | utegtjyn , Preferably, however, the netal is
from manganese, or gadolinium ———— The netal containing conplex is

made by adding the cyclic conpound to water and adding four nole
equi val g9 8r concentration T '

21 L2 S L2
(moles/liter) Water Water Plasma Plasma
(a) (b) (a) (b) (a) (b) (a) (b)

1x10 2 32 16 22 8 25 15 50.5 10

221073 55 28 43 20 39 34 33.3 27
2.5x107° 95 54 69 36 74 51 16.9 45
1.25x10° 171 88 126 69 121 91 9.7 74
6.25x10 " 322 172 223 142
3.12x10" 4 599 310 336 212
1.56x10" 4 371 555 513 269
7.80x107° 1390 987 765 372

d) LD50 values for 40 mice with the complex of
(a) :
Table 2
Dose (mmole/kqg) Sex Fatalities Survivors

1.5 Male 0 5
1.5 ‘Female 0 )
2.5 Male 1 4
2.5 Female 0 5
4.5 Male 2 3
4.5 Female 3 2
5.5 Male 4 1
5.5 Female 3 2



e) Organ distribution of (a) and (b) in male

or an alkal].suchras sedbyrshydraxide AreJmthyled-0l Micadd ngod @ dissol ve
the conpound. A 1 nolar equival ent. of nanganese  chl oride or gadolinium
chl ori denjechboni feFodatednfnd§ MHEWEISUAOST 1Ak ks Ufer of Bt hanehel at e

formati oRe pPetBh OF1kREtSBNULIAQMH e dur DO nbi 1l Weroi@agapase
chloride is used, rigor oys degazsiotrﬁg t?{{? all_water used and conpound

for mat i GhtTRAdRF AR PRErt IRFt F85&n BT aifet’ ForbtheIE B event the formati on
of oxide products during the course of the reaction. The final pHis

adj usted to between 5 and 8 and the,sq Wion is passed through a 0.2 mcron
filter for sterilization. ——jrihegosrmlarity of the resulting

sol ution can be | over edylbenma 1PIsR0gi cal |y apcept abl e val ugppy renoval of

t he unngggsgary but physikologrealty acTepgabl € Sofl um chiofl 0e Dy product .
This cambeachi eved by cdystalid - zatiomlfilterthg, dialyiis or ioR
exchanggrain Thenguperingfity of rdgng-basedggontrasgiagents gger

ot her cppirast agents whiggh havegstrai ghtzgt kane sh@i n backbones, e4g9. EOTA
(ethylepgngdiam ne tetragostic acix) or DIPf (di et hylenetriapBne penBaacetic
acid) apparently resideg7iin thasoycl ohexares backbpng whi chigmparts os6re

rigiditygkeénethe molsecul @2and steyically hyglers the2 395 34

Renal Cortex 338 .85 123 42 109 51

- Renal Medulla 672 149 232 71 103 47
Liver 252 64 182/137 28/37 82/66 27724

Pancreas 464 86 201 49 NA' NA

Stomach 349 69 226 52 199 42

Small Intest 352 79 115 46 269 60

Large Intest 349 . 77 - 219 44 248 58

Testis NA NA 623 123 294 79

Urine NA NA 17 11 NA NA

NA = Not Available

Example 3
Formation of Calcium Salt of Gadolinium Complex of DCTA
and DCTP

a) 18.218 g (0.05 mole) of trans-N,N,N',N'-tetra-
carboxymethyl-1,2 diaminocyclohexane is added to 100 ml of
water and 8 g (0.2 mdle) of sodium hydroxide is added.
18.585 g (0.05 mole) of gadolinium chloride is then added
slowly while stirring. The solution is then stirred for an
additional 30 minutes. A 0.1 molar equivalent of calcium
chloride is added at this point and the pH of the solution
adjusted to 6.5. The volume of the solution is brought to
200 ml resulting in a final concentration of 250 mM. The



filter. . . - .
coordinatl%nt%? water into the_nltrogen-netal bond position. Wile EDTA
di val ent netal conpdlnBietepdciynf Frdt Bledber HE IR YR GORNEDIMs by
materffxxﬂﬁﬁﬁguipﬁrd1aﬂihasbgagoa¥&haakmqsem'Lme43eaxamdtnyMéhé}rsL. Thi s
is reflected in the proton nucl ear neti ¢.resonance s rum e
respect i VR PP el Bs2CY ofsegﬁﬁBFé?g?%§°Wa%€ né?@ﬁgﬁfg %ﬁﬁgxampfg i
trans-N, NiIN a Nnaheéraasabbgruysetbyl(al,.2- di am no- cycl ohexane (DCTA) has a
manganese- ni trogen bon i ¢ch.i.s_considerabl e st.abl e [ EDTA
anal ogue. This is ?gf R%@?éa"%ﬁlfa eogt é’%ﬂ%"t@% %es e;}n% i‘$n ?ér% % Fity)

t owar ds mehgsmesexphisell ke deveral t(ldusdnd & imies 0¥ t&r Iror OCTA than the

EDTA chel af £, ; Evggnbough the stability constant of the novel gadolinium
conpl ex is approximately the 8

Substitute sheet - 6 August 1999

Table 4
Molar Concentration T, I, I, T,
(moles/liter) Watex Water Plasma Plasma
(a) (b) (a) (b) (a) (b) (a) (b)
1x1072 22 15 14 8 25 14 20 7
5x1073 29 25 25 17 39 20 30 16
2.5%1073 55 49 47 35 74 36 59 26
1.25x%1073 104 70 89 65 121 60 103 42
6.25x10 183 126 161 114 223 95
3.12x107° 367 257 336 149
1.56x107% 562 468 513 263
7.80x107° 983 762 765 447

d) For comparison purposes and to highlight the
superior performance of the invention, there follows a
table of relaxation values for water and plasma using the
N-methyl glucamine salt of G4 DTPA:



' T T T T
same as the stability constant & Gd DTP2 it is inpoktant to Bote that the
novel conplex is a tetraacidic ligund while DTPA is pentaacidic.
Consequesnt kg, xi nner3s sphere wat er4ccoordi na33on is greaser and thel

correspogdhggxrqbqgation valuesiﬂge consiferably bettgg. This %Hprovenent
al l ows a“décrease i'n dosage and hence a decreased posSible toxicCity through
degr adat Lo bard O0ei3ease of fred @hdol i ni Ly 134The addidion of

calcium 5 g1 « 10-4 to the comyexes reduces their pgyicity. The cal ci um
shoul d be present in about 0.1 to 200% and preferabIX about 10 to 100%
based on3tRé rol'ds %f paramagnet$% pol yval ent netal . *PP can be an inorganic
salt such .a% &khgocdy oride or swgisate, but organic sakBs, e.g. the

gl uconat ,7Iactqﬁe ascorbate, etc., are preferred. 8 A cal ci um
salt can si&pﬁy ¢ “added to the conplex in solution 4dd so administered or
the solution can be dried and the dry material |ater re-dissolved.

Th ddi ti f th | Ci i
£ 750 of U ieg vy v Pl TE IR TR ) e

surprisingly serves o 3 ncrease
on the awout tdfe peraragretdapot yvamphexeet akeppppearimately the For
exanple,sggg %@EQH%(Ugﬁ5ﬁfhﬂﬂﬁrgﬁgtgaiﬁ'ﬁgble 5, even though Table

1 employs a metal with two less unpaired electrons and
which i1s naturally occurring in the body. The gadolinium

salts of this invention in Table 4 are still superior.

Example 4.
Preparation of 100 mM manganese EDTP Complex

containing 40 mM calcium,

(1) To 300 ml of water containing 0.2 mol of
sodium hydroxide, 21.81 g (0.05 mol) of N,N,N',N'-tetra-
phosphono-methylene-ethylenediamine (referred to as EDTP)
is added. The mixture is stirred with a magnetic stirrer
until a clear solution is obtained. The pH of the
resulting solution is approximatel& 5.8.

{(2) 9.90 g (0.05 mol) of manganese chloride
tetrahydrate is dissolved in approximately 15 ml of water
and added to the stirring mixture. A precipitate is
developed which dissolves on further stirring.

{2) 10 m} of 5 M solution of sodium hydroxide is
added to the stirring mixture to bring the pH to 5.8.



of 5 M sodium hydroxide.
has an LD err] of(G%OO,Iq

| { .
conpl ex into which 40 Hg?ﬁ%%ﬂtggﬁ

gfl%uﬁ’til cg‘x\sle%roua-ng l:g)[ g 'f].:.ng

I ncor por at ed,

een

the same
via cal ci um

gl uconapéiimies o A esls s\ 8BOLN@UND / krorcertapkienyofafl80] aVelfokor hunan
USE.  the Mn-EDTH) QEEOrLancgs W hmgnpther, aspept of the
acid group is a phosphono nojety.
conpounds whi ch af® nothe Sritkior s reneht lipkefe

pol y- nisne@ers sulistdddt@d phosphnaos alkybutph kKyhiBBEROkYaFHReS..
As the poly-phosphono

enpl oyed conpoun

diethykgwﬁri

m.ne, . | X I
Advantageoﬁ%tyq%ﬁgtﬁwggéﬁgngggrgag

supra.

for both T

The following results are obtained,

1

{transverse relaxation mechanism) and T

kyl ated a
et et Nt ht® a

to fouplacarabam atanging Tdreowh ky| @né- pot yael aricdtiid sbemeasured in
§Q£i§&QYL?@§d
| ol ne

v

This aspect

HheRseBChy?

are

1S

i nvention the
agplicable even to
KBTRYBNRaRi-Fed™such as

m ne there ar

¥R&SFaditalt®

referably
Tcontain up

kgg&gefb§ t%%eferred.
0 the nitrogen atons
t hr ougkadostrhijdm grouple . @f sdlteuatNymathylglucamine salt of

diethylene-triaminepenta-acetic acid shown in Table 5,

2

(longitudinal relaxation mechanism) being preferred:

Table 6

low values

Relaxivity of the compound in water and in human plasma
in milliseconds at 10 MHz (37°C).

Concentration
molar El
1x107 2 31
5%1073 a1
2.5%1073 83
1.25%x107 3 159
6.25x10 1 298
3.125x10” ¢ 537
1.56x10 * 884
7.81x107° 1326
3.91x107°
1.95x107°
9.77210"0
4.88x10"°

Water

19
37
74
123

Plasma

T

18
31
50
85
112
160
253
353
478
585
653
797

13
24
38
61
87
116
160



values in plasma. For example, at a concentration oOf

Subst i tgu.tifzgpgeﬁ_ i, 20nDegerier £L99%in-pp@i-d esiipis E88h phosphono
group has two acid'noieties soin a co oqu avi.ng four ni%rggfg at ons
there amelkightondbd AOFeSRBIPAVAIY &I1d TR L IMANSE ngPnoentration

desi redé19 up, L 9ohal §;) of t hasg7acind B0 aties, cay bie hidginelr as sal es with

non- par amagnetic cations, e.g., alkali nmetal, alkaline ne earth netal or
anmoni um salts, or they may be combined as |ower alkyl esters, am des
and/ or anhydrides. The calcium added as the calciumsalt has a beneficial

ef f ect even E_e_ygnd that realized if the acid noieties of the poly-phosphono
al kyl at e polyam ne are already partial I¥ in calciumsalt form
e

for examphemacokineticsQed pihef erqmerp ExErgoBtechel Bt Pn§U4Fent of this
type is N QPN'b,elglg-lteetdroagphosphono- met hyl - et hyl ene- di ami ne (EDTP) of the
ornul’a

structura
Male dogs are injected with the solution of
Example 4 and the comparison compound at 350 umol/kg.
Blood is drawn at the indicated times. The plasmas are

separated and the T1 relaxivities in milliseconds measured.

A3

Table 7 R
Time T1 T1
min. Mn-EDTP-Ca Gd DTPA

Pre-inj 1102 1427
10 90 440
20 108 444
30 ; 113 551
45 153 580
60 _ 222 687
90 404 860
180 777 1282
360 968 '

Plasma clearance of Gd DTPA is much faster than
the Mn-EDTP-Ca Complex. By 180 minutes post-injection,
most of the GA DTPA is cleared from the plasma. Mn-EDTP-Ca
is not cleared until 360 minutes post-injection. This

gives Mn-EDTP-Ca a larger time "window" for imaging.

This Sheet Bas Been Replaced
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The compouna 1s injected 1nto male rabbits at 50

[err] umol/kg. Wited ﬁébl@btme&ﬁéaiéyraﬂabbabhe s irhexuftm‘smpmfsti ts sodium
salt and .fr.ee acid. e. |l apt hani and ,p rtlc arI d I|n|um
are hi ghlly ﬁartd“r%{lgnerf  ct and Luse?% )‘ng%corgdan%grvr?natlh%t ani nvention, é)

sur pri si ag tviatr otdters Iz pak bhbgaetnds et alhepaesolswade as g. , |ron
manganesg,, j1GQRRAEr, cobalt, chrom um and ni ckel . The conpl ex can
be prepared by dissolving a salt of EDIP in water or other solvent and
adding a salt of the desired netal, e.g., managanese chloride, in from
about half;H1@ tgM ce the stoichi orret ric amount. Additional salts, such

Organ T, : T,
Mn-EDTP-~Ca normdl organs
Heart 240 482
Lung 413 585
Fat 161 180
Skeletal Muscle 260 411
Renal Coster : 101 342
Renal Medulla 77 782
Liver 43 260 .
Spleen 200 473
Pancreas 146 265
Bladder 199 511
Stomach 130 305
Small Intestine 155 317
Large Intestine 133 328

By comparison according to Amer.J.Roentol. 14

—

1226, the distribution of GAd DTPA in man at 30 minutes
post-injection in milliseconds is:

Table 9

Organ Pre Post

. T1 T1

Fat 220 185
Muscle 460 335
Liver 350 195
Spleen 560 285
Kidneys 820 205

The organ distribution pattern of Mn-EDTP-Ca is
subgtantially different from CGA-DTPA. It enters the

hepatobiliary system resulting in a substantial decrease in

Sheet Has Been Replaced
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1NterdCti wWilli Ul it paluviJilidly ofyortitt. 1dd1 lols LA

as cal ciumtahlbortiede, taarmhd e eabded t%}«ﬁiétuéiaadiimiéﬁalt'ebutﬁaitngitsi tes in the

conpound, The, ol W ib Cée L AP bR BEYERE Raken exchanged 1o remove

chl oridé ions or Substitute sheet - 20 Decenber 1996
al kali such as NaCH can be added to neutralize the chloride ions, the

by- product NaCl being renoved or left in solution since it is

phyS|oIo%|9aII{_ﬁcceptable.. The M- EDTP conpl ex distributes

subst an he foll ow ng organs: liver, heart, kidneys, spleen
pancreas, bl adder, stonmach, snmall and | arge intestines. As not ed,

manganese is the pf&ffdrn*?ﬁ St @k eePUboRthShiRG! ¥vahents RananRaNald ¢ metal s

may be used, e.q.
hydlox1de is added 2.0 g (5 mmoles) of 1,4,7,70-tetra-

azacyclododecane - N,N',N'' N'''-tetraacetic acid. 1.3 g
{5 mmoles) of GdCl3 is added and the suspension heated to
50°C for 2 hours. Calcium chloride (1 mmole) is added and

the pH of the solution adjusted with 1 N sodium hydroxide
to 6.5. The clear solution is filtered through a 0.2

micron filter for sterilization.

.

Example 8.

To 100 ml of water containing 10 g (100 mmoles)
of N-methylglucamine is added 19.7 g (50 mmoles) of
diethylene-triamine-N,N',N'' ,N'''-pentaacetic acid. 13 g
(50 mmoles) of GdCl3 is added and the slurxy stirred for 1
hour at room temperature. Calcium ascorbate (3.9 g, 10
mmoles) is added and the pH adjusted to 6.5 with 1 N sodium
hydroxide. The clear 500 mM solution is filtered through a

0.2 micron filter for sterilization prior to use.

It will be understood that the specification and
examples are illustrative but not limitative of the present
invention and that other embodiments within the spirit and

scope of the invention will suggest themselves to those
skilled in the art.

heet Has Been Replaced
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in the range o»/7 to /U 0L 0L d tldlloliilll ticial

iron, chronium cobaling Rincleglomicoppe e mrk kdrted kerom The pe e?rréd

| ant hani de 1 s gad%'n'd.r“z;%man*&“tof"tah‘?{o%—?ﬁﬁtb@d@ﬁ@a&% Bn £ETEHR ium
praseodynm um neodym um pronethium sanarium europium terbium
dysprosi um hol ni gmltefigicurhhet IpREnARa tYAQrerdfi AnTBAENS bt @t TPPRRAYCAl so be
used. - Thigg giRVe Hdn@T 48R i e by NPl Ed | 60 Yaid adwpragnetic
resonance machine currently available and is conpatible wth any of the
current known i magifRy SPEEhIPTGRESC S8t a machi ne such as that of Sienmens AG

of Erlanger, Federal Republic of Gernany. Further details of
i mgi ng_systens are described in .the prior art, e.g. "NVR A Pri for
Medi cal 2t magi ng" HﬁevﬁﬁfC&ﬁ&“ﬁ@p&Ha%%ﬁ&ﬁ&ﬁnyﬂiﬁﬁégo%a%#@%ﬁf%ﬂ%ﬁ%ﬁ%kelg-7)
and Scientific Amelit@an,iokh\isl @82, iqrages 8- 838 or Gd. The sol ution of

conpl ex may be sterilized and made up into ampul es or may be |yophilized
into a powder for dissolution when ready to be used. _The solution may be
m xed wBth conventUisenals sddiimedesins ittty sof imkatns ul i apd &l WadF@inbuffers

and the like. If desiy e 13MRHETIMONR MBS dile £O8d 2 ARIEDYPPNDE TR S
powder of the conplex in one conpartnent and a solution of additives in

anot her separ at ed DGTdm ORE A jangt BRPAr frangi bl e barrier. \WWen ready to use,
the barrier is broken and the anpul e shaken to forma

4. Use as claimed in any one of claims 1 to 3 wherein
said organic salt is selected from calcium

gluconate, calcium lactate and calcium ascorbate.

This Sheet Has Beep Replaceqd
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sol uti onggli L3RIt tfi0h PI®vides the uddTEfli Athys Po1o§icQ1E¢t U
adm nistration of the contrast agent, _the reconstituted so&ug]ingnai s further

di | ut ed BPMRAFIHHIEN e La teyiGomR ke Pucht CRULHT LRI compoun

§u3§titu %r%ﬁ%@hﬁtjzﬂjﬁﬁﬂeﬂbaf 18%hanide element hawWingeansatapmécti on, USP
odi um oride |Injection, U xtrose.lnj Lon >
(5 perceﬁt”mﬁ@ftrlé‘sé?ﬁen TS I%Elvk? e7r(3 or of a%ranSlgb%Ql metal 8?9351(3

h
trose So
Chl ori de ahnjegetiien nudBkRr selected from 21 t¢52Peré2nende4drosd PA Sodi um

Chl ori de o b e | .S | egLl.0 i

. - tic iﬁﬁéﬁ é’éﬁi@&ﬁ éff £6+ Pne eparat f

Protein I)%)&r a}}:s?g}agnlenjlectl * ms UéP paration o
a magnetic resonance imaging contrast medium by admixture of
said complex and said organic salt. The admixed calcium
serves to enhance the biotolerability of the paramagnetic

chelate containing MRI contrast medium.



l i

Low Sodi um USP 5 percent - 5 percént with Dextrose
per cent 5 percent with Invert Suger—to—percent .
Water for Injection, USP. The manner and dosage of

adm nistration and the manner of scanning are substantially the sane as in
the prior art. Wth sol utions FCSEEE@ gg&%ﬁ)gg@ to 500 nmml es of the
conplex per liter, suffi adm ni stered orally or

parenterally to provide about 1 to 100 unol s/ kg, corresponding to about 1

to 20 mmol for an adult hunan patient. For smaller patients or
animal s, the dosage should be varied accordingly. The particul ar conpl ex
and organ to be inaged will determ ne the waiting period between

adm ni stration and i magi ng. It will generally be at |east about
15 mnutes but |ess than about an hour. During the first few hours the
conplex is execreted by the liver into the bile. The invention
wi Il be further described in the following illustrative exanples wherein

all parts are by weight unless otherw se expressed.

The present invention relates to improvements in-
the enhancing of nuclear magnetic resonance (NMR) imaging
of animel tissues, especially cardiac and liver.

X-rays have long been used to produce images of
animal tissue, e.g. the internal organs of a patient, the
patient being positioned between a source of X-rays and a
film sensitive to the rays. Where organs interfere with
the passage of the rays, the film is less exposed and the
resulting developed film is indicative of the state of the

organ.



' nl a ea .z
Exanpl e 1.%?ﬁfhe§|§ of * Wﬁl T qufe L§n1§5€§% Shexane. kthKRFds the
tetranethy?@ﬁép%esﬁﬁeﬁFcSaéﬁ@%W}@ﬁété}uﬁﬂd NG X-ray mBKEPH{O. 25Fapl e) of

trans-1, 2- di aph NOgYy ehag ihgxananand 8% 59 Gk MRhe)s Qxfaxfm()&é’@ﬁ?rQU\?eﬁc' d are
di ssol ved Substitut e’ sheet- 20
Decenber 1dYprncers prior to imaging, eitherporaliv Qr Wapeneerdbhyrat ed

hydrochl ori gz aei 8. prile ceahiitiedn dismehaatad via refd Wi s{A10bersh Qprapde 162 ¢
(2.1 nDleS)nnancef through the patient, the image is taken. To
obtain a good image it is desirable that the time after the
taking of enhancer be kept to a minimum. On the other hand
there is a decrease in éffectiveness with time, so
desirably the decay should be relatively slow so as to
provide a substantial time interval during which imaging
can be done. The present invention relates to enhancers
for NMR imaging.

In the NMR imaqihq process protons in the water
the body relax via two mechanisms referred to as T. and

1
The rate at which the relaxation process occurs may be

h

=~

tered for some water molecules by giving values that
ntrast with the norm.

Chemicals that enhance NMR images, referred to as
contrast agents, are gencrally paramagnetic in nature.



cnelaces (LDilildo) 4 lltlds LU LULI @ WWiltheRad =2o=2"2 =%

formalin (4@%becaguedle SOl s 68 8feFenfmkhenhyass afethBdBACAve? " hk Sour se

of 90 m nutes. . Thed aERemLULEcdr @RSche 84korr] Gcard tbasieéacatdonss

mai ntained"at” this tenperature for 3,hOUQS %nd theg-allgweght01c olnto

25[ err] C owecivgtf .2rCaPR Y 9 FEHeFS PRVt Pal8d“F 8 <cratEhi hg thE " walls

. of the fl askcAfdsrs siandiontasenbightyt kadpdecirpiatsasednpr ddaet Leselsol at ed
via filtration and washed wth acetqne,c3 X . 19Q M2 nEheiREEPehs

recryst al | iZE 78 a mlﬁsl Yrgubﬁ]qdf“"métge(ra,l“i:ié?dljagg‘g@by af—mi.l tration, washed with

acet one andiraigzalrtiozh bedvapn 5% el @R Cdfe 3puse ifSo FiEcPughe SBBESI ned.

Char act eri zation R rat 1The eld id iptidtall © 22%e2dlkeaREE
(deconposi ?%)An')'?mgt%qui%h;a dearel?élr?i ng observed Lgg:love 220[err] C

The positi ve2ioad N st et it Rk a parent ion at 491 mass units
(theoretical: 491) .y.& evmrded el 7ySies fdirscAGERsH2Ge of an NMR

(derr]Herr]Nerr]Olerr]Plerr]),;. Cal cul gt ed Sadtorrox0a N 5. 51;
SR TARE L) SR s (N e .34.3";“& ﬁ.éﬁg.aﬁﬁgﬁ 3. 719% by
Kar | - Fi schetotptemtnpnacid and a pamgmagnapimteeiel i tonpt S&bestednal ysi s

of DCTP wi tfy sta0dandi 26de £OPPEI0 CIN QU deh /1 £t dlo Pef Kt Pgate -Of
triamine-pentaacetic acid (Gd DTPA). From the data
reported therein these appear to perform well. However,
this compound is rapidly excreted by the kidneys, making
the timing of the injection extremely critical.
Furthermore, there is virtually no uptake by any solid
organ, such as the heart, pancreas or liver.

However, while a number of gadolinium contrast
agents are known to work well, there remains the
possibility that small amounts of free lanthanides are
being released, by decomposition of the agent, into the
body. " Not being a naturally existing metal in the body,
little is known about long term effects.

It is accordingly an object of the present
invention to provide. alternative image erhancers which
avoid one or more of the aforementioned disadvantages.

It is another object of the invention to provide

an NMR-image enhancer which does not reledse lanthanides
into the body.

SUMMARY OF THE INVENTION
thuse and other objecets and advantages are
realized in accordance with one aspect _of the present
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100.1, 100.62an®r0%42 (average 100.6) assuming a nol ecul ar wei ght of

DCTP. H err] O of 508. 22ygvaMisd £ils INagNald G Ras ymnas: Smcid e oIk

The proton (400. 13 N+tg, cay bop é;dp,Gl MHz) and phosphorous (161.94 Hw)
NMR spectra & F arie 15950 afi h2~ L*

cycl ohexane- N, N, N, N-t et r anet hyl enephosphoni ¢ acid in di nmethyl sulfoxide-d6.
do not provide structural afeCippak assign $~4 hrough st @hldard NWVR

techni ques. Because of the nunbex of ovetrlappi ng peaks, 2-di nensional

1H 13C chem cal shift correlation 1%&inques are required to nake
unequi vocal peak assignnents. The”2D NVR Kesults and anal ysis of a

mol ecul ar nodel indicate ah~@4Rs” of symmet r$HRydhting two sets of
non- equi val ent phosphorous at ons and

or

N(CHZX)3, (II)
wherein

X is =-C00Y, -POJHY or -CONHOY;.

¥ is a hydrogen atom, a metal ion equivalent
or a physiologically'biocompatible cation
of an inorganic or oréanic base or amino
acid;

A is -CHR,-CHR,-, =-CH

2 3 -CHZ-(ZC~H

2 2~CHol =

2-CH2-N(CH2

-CHZ-CH-CHZ- or -CHZ—CHZ-N-Cﬁz-CHZ-

each Rl is a hydrogen atom or methyl;

N (CHX) 2 Cliﬂ 5

%

R2 and R3 together represent a trimethylene
group or a tetramethylene group or

individually are hydrogen, -alkyl,

1 B
,I.] . S] p h z \ ] I ,

T



V is one of the X groups or is ~CH,OhR, or

Substitute sheet - 20 Decenbeouikgeﬁ,) X, _ ‘ 13
o e e Pt F eno ke B HEREE FRBhodr Bonfadnont ooy 1o ProsPhorous
oAt ive [0 THS) 63,2 (81 nalphentet g nt CYELaheRyl) \ 5072 (doubl o
eyt rmiape sel ST Bhosplofatef HFTo (oinlel, epeten s
cpeieteni) 249, (g, game ftallons of el oreny ) Lerrit conn
3.27, 2.88 (nethylene of phdé%ﬁbﬁafgfgggfgﬁz*fffgﬁégefé-n%t%yiene of | ,

cycl ohexyl), 2.10, 1.26 ( TR- |.ene of cl.,ghexyl ). 31P (ppmrelative
to H3P04) -19.2, -19.8 gﬁ@aﬂ%ﬂ‘ée%l\/g’rezs%%tg’i ndi cate that the DCTP

ligand is relatively rigi dauyided MRt Bfe-leasite twion offadheno

interconversion is observed 49 6@/’ kCarEind vla3 11dnCRALIAIZL eh@sOCTA,
the acetic acid anal ogue, which iIs rapidly,interconventin% on the

to 29,‘42, 44 or S7 to 83,
and at least one is calcium or magnesium.

Alternatively the calcium or magnesium salt may be
a complex of an ion and a ligand, the complexed being an ion
of a lanthanide element of atomic¢ numbers 57-70, or of a '
transition metal of atomic numbers 21-29, 42, or 44; and the
ligand being that of a calcium or magnesium salt of an
organic complexing agent which is acyclic or cyclic and
contains organic nitrogen, phosphorus, oxygen or sulfur. In
this embodiment, advantageously the complexing agent which
forms a'ligand is _ '

(a) an aminopolycarboxylic acid which is
nitrilotriacetic acid, N-hydroxyethyl-N,N', N'-ethylene-
diaminetriacetic acid, N,N,N',N",N“'—diethylenetriaminepenta—
acetic acid or N-hydroxyethyliminodiacetic acid;’

(b} of the formula

Ry . Ty Ry
N N=H,C ‘{HZC-N':CHZ ' HZ—N<
/ o

Rl' : Rl,

wharcein Rl and Rl' are ldentical or different 'and each is
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Exanpl e 2 Formation of Cal ch HL—qtnggm )ex-\yf DCTA and DCT9
a) To 60 m of degassed er, 1.%6"y (0.4 nol%)" of sodi umN\aydroxide is
added. After the aldcddd j4s dissolved, 3.6436 g (0.01 nole) ofCH,COOH
trans-N, N, N , N -tetra-- carboxynet hyl -1, 2 di am nocycl ohexane nonohydr at e
(Aldrich Chem cal Co., MI|waukee, W) is added to the stirring solution.
1.979 g (O~®Ea®pire) of nmanganese chloride tetrahydrate is dissolved in 10
m of degassed water and is added dropw se to the previous solution. After
30 minutes of stirring, 0.M ¥ol& eqiitfa%ef: df al%iumchloride is added to

the m xture. The pH of the sol utni an is adj u;stedtto%G.Sdand wat er added to
bring the final volunme to Moo ,"W:eesqtﬂ“tiormqnoa ﬁnaarf concentration of

100 "M The clear or fai yel low sol utjaon is filter rqugh a_ _
rﬁs 1.4 ('.04_12_ aul.léyq., qu_12 ael)?eq'z)}f', OC.U4_12 é)ygzlo

alkyl, C4_12-cycloalkenyl, C7_12—hyd;ocarbon

aralkyl, Cg-yp-fiydrocarbon alkenyl, C._

12°

hydrocarbon aryl or -CH,COOH.

2

Such salts are especially useful in the NMR
diagnosis of patients to whom they are administered ‘followed
by imaging. '

The acid moiety of the chelate is advahtageously
carboxy and phosphono, sulpho being less advantageous. The
acid groups are joined to the amino nitrogen by an alkyl,
i.e. alkylene, radical of up to 4 carbon atoms. Preferably
they are acetic acid radicals, i.e. di-carboxymethyl-amino
radicals, or phosphonic acid radicals as in U.S. Patent
3,738,937.

Preferably there are two amino groups-on adjacent
carbon atoms and preferably still they are in the trans-
configuration, e.q. trans-N,N,N',N'-tetra—cafboxymethyl-

1, 2-diaminocyclohexane.

If desired, up to two of the carboxylic acid groups
may be reacted to form an amide, a lower alkyl ester and/or
an anhydride.

The polyvalent paramagnetic metal may be any of
those heretofore used in NMR image enhancement, e.g. iron,
chromium, cohalt, nickel, neodynium, promethium, samarium, .

europium, terbium, dysprosiuwm, holmium, erbium, thorium,



of an alkali such as sodium hydroxide or N-methyl-d-glucamine
Substitute sheet. : 20, Degesis LA%0 | @ £ Gall@heSberadddaid .
b) The calcTﬁH?é%T?“oTD?Hg naﬁbaneée éQE%ISgaéfbaFQIa - : s
trans- 1, 2- diahd nEc e yef dFrS@bELINMINCRLoRidee tEafBrhPERRSHRSL o C“Rti d

ED)CTP) i s prepatednfromytherpsodiicic afeExaaphatel fiorma ciannethansd agbus to
a

xposed 1o FHE SBRRFERBCHIET 20 ARP LD} (alnE0 BRp (50 crho s PLEdohas.
Table 1  Mbac¢, Congentuatdesrssing e pll watef[ eysef and corpewnrd

Tlerr] Edrmation under an inert nitrogen blanket combine to prevent
| the formation of oxide products during the course of the
reaction. The final pH is adjusted to between 5 and 8 and
the solution is passed through a 0.2 micron filter for
sterilization.

The osmolarity of the resulting solution can be
lowered to a physiologically acceptable value by removal of
the unnecessary but physiologically acceptable sodium
chloride by product. This can be achieved by crystalli-
zation, filtering} dialysis or ion exchange. '

The superiority of ring-based contrast agents
over other contrast agents which have straight alkane chain
backbones, e.g. EDTA (ethylene diamine tetraacetic acid) or
DTPA (diethylenetriamine pentaacetic acid) apparently
resides in the cyclohexane backbone which imparts more
rigidity to the molecule and sterically hinders the
coordination of water into the nitrogen-metal bond
position. While EDTA divalent metal compounds tend to
first break the metal nitrogen bonds by water coordination,
the instant system loses the oxygen donors first. This is
reflected in the proton nuclear magnetic resonance spectrum
of the respective molecules. For example, the manganese
salt of trans-N,N,N',N'~tetra-carboxymethyl-1,2-diamino-
cyclohexane (DCTA) has a manganese-nitrogen bond which is
considerably more stable than its EDTA analogue. This is
reflected in the stability constant (binding ability)
towards manganese which is several thousand times better
for OCTA tham the KA chelutc.  kHven though the stability

constant of the novel gadolinium complex is apéroximacely the
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-

. i2cre in dosage ang, hence a decrgased possyble toxicit
(ol es/ | iter)d2crease yd qosage angupgpce a decifaseq, POSY OIS L 4

(a) (b) (@ roydd) degrauatioihpnd f(a)eagd)ot Erdeigfdakinium. 32 16
22 8 25 15 Sthe adUl'Lon 8xX: éQ[@IuA or magnesﬁﬁﬁ éggthe 43 20
39 34 33.3 27 2. 5X1(£err 54 74 51

16.9 45 1.9%%abpert]educes thejg LSB‘C“Y:LzesT"%g“lC“Tfo gpgnesigmy 74
6. 25xl O[err] should be 3detdk in about 0.1 to228044&nd Srefbdailgr mpout

T ] i =

d) LDerr] vegtreb. okt 4Rhik& A LRCEA_RNEBNPR EX BHCh (39 the chloride or
Table 2 Dosef{upA€d KBPut organieXalts, e.dratahd tgBSconate, Sthrdtla.\l:Ql’S

1.5 Mal e Q 5
Fenal e ascofpate, etc., are pret ferred.

A calcium or magnesium salt can simply be added to
the complex in solution and so administered or the solution
can he dried and the dry material later re-dissolved.

The addition of the calcium or magnesium to the
chelate salt surprisingly serves to increase the safety, i.e.
to raise the LD50 based on the amount of paramagnetié
polyvalent metal present.

' For example, the MnEDTP chelate without calcium
has an LD50 of 200 umol/kg, a toxic level. The LD50 of ;he
same complex into which 40 mol % of calcium has been
incorporated, via calcium gluconate, is in excess of 850
umol/kg, a relatively safe level for human use.

In accordance with another aspect of the
invention the acid group is a phosphono moiety. This
aspect is applicable even to'compounds which are not
cyclic, e.q. lineér alkylene polyamines such as
poly-nitrogen-substituted phosphono-alkyl
alkylenepolyamines, and to compositions not containing a
calcium or magnesium salt.

As the poly-phosphono alkylated alkylene
polyamine there are preferably employed compounds wherein
the alkyl and alkylene radicals each contain up to four
carbon atoms. The alkylene-polyamine could be
diethylenetriamine, (or ezumple, but ethylenediawmine is
peeferred.  Advantageously the phosphono groups are joined
Lo the nitrogen atoms through a methyl group,'i.e. actually a
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2.5 be bound g Ealts with nom-parcamagnetic cayionsp §.9.,

Fenmal e 1LValL(%cta~, alkaline darth4mdtal or ammonium dBLes, oc

2 4.5

2 5.5 they mav be cqppiged as lower ﬁxﬁvl esters, amx%es apdfor

Fermal e anhydyidles. m.ﬂ calcium added as the calc1um salt has a
Substltute.sheet 2? el he LPlerr ) s, degerm ned
to be 4.9 MY he‘a“g % T co(;n?gb %%‘Ir é‘ﬁag 5%? 85 ﬁ? ng B! S&mmllkg.

The LD[erﬁhertxqs %% Hiehed bnephesporo nbky kyted alkylene polyamine
are already partially in calcium salt form, for example.

One preferred complexing or chelating agent of
this type is N,N,N',N'-tetraphosphono-methyl-ethylene-

diamine (EDT®?) of the structural formula

o C

HO—?-HZC CHz—?-OH
OH OH

N-CH.,~CH,-N

OH / 2 2 \ o) -
HO=P-H,C | CH,~P-OH

o) _ OH

which is commercially available in the form of its sodium
salt and free acid. '

while lanthanides and particularly qadoiinium are
highly paramagnetic and usgful in accordance with the
invention, it i1s surprising that other less paramagnetic
metals perform well, e.g., iron, manganese, copper, cobalt,
chromium and nickel.

The complex can be prepared by dissolving a salt
of EDTP in water or other solvent and adding a salt of the
desired metal, e.g., managanese chloride, in from about half
to twice the stoichiometric amount. Additional salts, such
as calcium chloride, can be added to tie up additional
binding sites in the compéund.' The solution can then be

dialyzed ocr ion exchanged to remove chloride ions or an



since Lt LS PhysSlOLOgLCAlly acceptabie.

e) Organ distributtes of- (:a)paa@lmgabam ﬂLB’ﬁk‘Qbhabbl tsatb s thime: radlilyi tto wer e
sacrificed at_ 69  m nutes ost LeCtIO for and 15 @ nut es

post - i nj e€t$ ofP FoP¥ DY BRI Re grﬁrbn Féiatf A7 %Sues heEUred in
mllisecoiiscrédsyi blodaer 10smbinachor seath ahdt he rgar i iouws sorigerss

Table 3

~Normal _Values. =~ . a. . N Ti ssue
T[err] T[err] %fe??f°°'Tﬁg??¥ncg$[éFrth pT%eLFfedBmecal Y T uNA

NA 687ner po8Pvalent Ba7amagne§icHmagrils may be usygy e.g.70

367 518 n, ch:égium, coﬂQlE?ngickel cooper59§nd bk 1ike. TheZ

71 32 4" Fat , 171777154 176 113

157 @oe SReFegalanfganidesss gadojgnium, bugzg@thers guch as 395

34 Renal Epﬁéﬁ%num, 838Lum, 85aseodymv&%3 neodyﬁ&um, probfdthium, 51 Renal
Medul | a 672 32 47 LI%;F

252 ﬂa‘“a“uTszPEé?PLE@f3’7"“‘““@2/ 8659“2’#‘2‘4 PHHSYL, erblum, 45
86 t20Lium, yéferbium hlAd lutﬁtNAmSmawaahso be used349 69

326 ggg Gggxs ané%t§galmayn es%sed in 5%on]uné%10n w1t§15

any magnetic resonance machine currently available and is
compatible with any of the current known imaging
techniques, e.g. a machine such as that of Siemens AG of
"Erlanger, Federal Republic of Germany.

Further details of imaging systems are described
in the prior art, e.g. “"NMR A Primer for Medical Imaéing“
by Wolf and Popp Slack Book Division (ISBN 0-943432-19-7)
and Scientific American, May 1982, pages 78-88.

The solution of complex may be sterilized and made up
into ampules or may be lyophilized into a powder for |
dissolution when ready to be used. The solution may be
mixed with conventional additives such as saline solution,
albumin, buffers and the like. If desired, ampules may be
made up containing lyophilized powder of the complex in one
compartment and a solution of additives in another separated
from the first by a frangible barrier. When ready to use,
the barrier is broken and the ampule shaken to form a
solution suitable for use.

Immediately prior to actual administration of the
contrast agent, the reconstituted solution is further

diluted by addition of a suitable diluent such as:



Dextrose Sodium Chloride Injection, USP

Large Intest 349 7 . 219 044__ ; 2458di o C?ﬁ. res i)s
NA NA . 623 123 (> PHGPNE DelrqRq pt Sociur N&de N
17 11 NA Nfactated Ringer's InNceidiof USmi |l able Exanpl e

3 Formation of Calcium Salt Gﬁﬂ | A and mTP
a) 18.218 g (0.05 nole) of ’?r%ns- qh‘&lm%n%ra‘ﬁ calrxgcl)-xyrret hyl -
di am nocycl ohexane is added to 1@ nfjodfummaie? aneeB8°¢r%0.2 nol e) of

sodi um hydroxi de is added. 18. 5§359.gr<(4)n95,,g@d, ede,@{rmoi igdtgBhl oride is

then added slowly while stirrin he solution_is t irred for an
additional 30 minutes. A 0.1 ngl%‘?rcé%fu?v‘éi"étht%‘fe'cal %‘l“{ﬁﬁ ngil%?’ﬁfe“rs

added at thi.s point and thewpkkof fehelsipdation, @8fusted to 6.5. The vol une

of the solution is brought to 200 m resulting in a final concentration of
250 MM The

The manner and dosage of administration and the
manner of scanning are substantially the same as in the
prior art. With solutions containing about 50 to 500
nmoles of the complex per‘liter, sufficient solution should
be administered orally or parenterally to provide about 1
to 100 umols/kg, corresponding to about 1 to 20 mmol for an
adult human patient. '

For smaller patients or animals, the dosage
should be varied accordingly. The particular complex and
organ to be imaged will determine the waiting period between
administration and imaging.

It will generally be at least about 15 minutes
but less than about an hour. During the first few hours
the complex is execreted by the liver into the bile.

The invention will be Ffurther described in the
following illustrative examples wherein all parts are by
weight unless otherwise expressed. '

Example 1
Synthesis of DCTP (trans-1,2-diaminocyclohexane-N,N,N,N-
tetramethylenephosphonic acid hydrate].

28.5 g (0.25 mole) of trans-1l,2-~diaminocyclo-
haxane ond 82 g {1 molc) of phosphorous acid are dissolved



g g - a £ othi rat
16 sof it FoR*f's sfere F%é nb§sﬁadgl%bl? rough a . Eem %r%nu e
b) The cal cbunvsakt 208 thengadbpved ukre compl efo 035°C overnight.

trans-1, 2-diapi anQX%LQhexane N-.N;Nm% § 611 8ERL Bk ERG th@soQQnsCOétCI dis
prepared fron t he product _of gégg i n a manner analo ous to

a)
c) Rel axi vi €Pés “éP 5prot HRE2Hr & LR %bﬁ%?i%ﬁﬂ bﬁ%sﬂﬁ?%x%bS%de?o (a) and
(b) at 10 nHlzck8¢cClsi nswilklkedecondgileration and washed with acetone

(3 x 100 ml). The DCTP is recrystallized from a minimum of

e

wataer, isolated by filtration, washed with acetone and

1]

ir-driad. 64 g (52% yield) of pure product are obtained.

Characterization of OCTP
The melting point is 228-232°C (decomposition)
with slight darkening observed above 220°C.

The positive ion mass spectrum shows a parent ion
&t 491 mass units (theoretical: 491). Elemental analysis
for DOCTP H20 (Clo g% 2 13 4), Calculated:
C, 23.63; H, $5.55; N, 5.51; P, 24.138. Eound:lC, 23.87; H,
5.41; N, 5.48; P, 24.49. Water, 3.71% by Karl-Fischer
titration.

épectrophotometric complexation analysis of DCTP
with standardized copper chloride yields percentages of

100.1, 1i00.6 and 101.2 (average 100.6) assuming a molecular .
weight of DCTP-HZO of 508.22.

Nuclear Magnetic Resonance Spectra of DCTP

The proton (400.13 MHz), carbon (100.61 MHz) and
phosphorous (161.94 HMz) NMR spectra of trans-1,2-diamino-
cyclohexane-N,ii,N,N~tetramethylenephosphonic acid in
dimethyl sulforxide~d§ do not provide structural and peak
assignments through standard NMR techniques. Because of
the number of overlapping peaks, 2-dimensional 1H-13C

chemical shift correlation NMR techniques are required to

make unequivocal peak assignments. The 20 NMR results and
Gdmalyegis of a moulcculor model indicatce an axis of symmetry

creating -two sets of non-equivalent phosphorous atoms and
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Table 4  MsPafGoricit RatliSdRgles, meépipe ofrrériphexy¥ arpf 72 Tlerr]
(moles/literhounias, Jchalas.7 H: WakehylenePka@8MR of pRbaphanate),

(a) (b)) (3 ,.b), . Ga) (B _,.3), (P, L ax10lerr P 22 15
14 8 35 10 feoubzFt. ff)i"“(o ‘B (G efPf iy Lene e“zb %25 25 17
39 20 Iosphonaced,, 52109 rislingler, betB5meth9leneddf 8Fcloheryl) .36
59 26 P2 ;&0 2Kk e h v 9cBionextqd . 6% (SRS 42
6. 25x O[err]J”‘%X]T%" s ) gammadibchyline é’%sf/ 9?3’“3’,“3.3'12x10[e(r9r1-°]

367 257 relative33s TMEJ : 8.RG56PrGHerr3.55 (metBgpe oy 513

263 7.80xlQUddvvl), 3.5B33.702 3.27, 2.88/GRethdlene of d) For
Cventi on, PR TRNAGRs o 101 c > r OSBRI A 8o f 6 ARERER YA pl asma
usi ng the N-aretdy!1 gdeucayunee swd thydfe dad d¥TRAC Lohexyl) .

J1? (ppm relative to H3PO4): -19.2, -19.8

The NMR results indicate that the DCTP ligand is

relatively rigid on the NMR time-scale; in fact no

intercoaversion is observed up to 60°C. This is in

contrast to DCTA, the acetic acid analogue, which is,

rapidly interconverting on the NMR time-scale at 25°C.

Example 2
formation of Calcium Salt of Manganese Complex of DCTA -
and OCTP

a) To 60 ml of degassed water, 1.6 g (0.04 mole)
of sodium hydroxide is added. After the alkali is _
dissolved, 3.6436 g (0.0l mole) of trans-N,N,N',N'-tetra-
carboxymethyl~-1l,2 diaminocyclohexane monohydrate {(Aldrich
Chemical Co., Milwaukee, WI) is added to the stirring -
solution. 1.979 g (0.0l mole) of manganese chloride
tetranydrate is dissolved in 10 ml of degassed water and is
added dropwise to the previous solution. After 30 minutes
of stirring, 0.1 mole equivalent of calcium chloride is
added to the mixture. The pH of the solution is adjusted
to 6.5, and water added to bring the final volume to 100
ml, resultiny in a Cinal concentration of 100 mM. The
clear or faint yellow solution is filtered through a 0.2



Tabl e 5

moles/liter”

phosphenic

6.25 x 10[err]

83
134

acid (DCTP) Ls prepared Erom the product of

h@Qﬂr‘gbncentaﬁéﬁmbr anal?gouﬁ Mt

T err
ci Rplexitivigms of protony® greseqt 0 e, aixﬁ'.[

7€i%5ﬂ1 2x2089d to the &lmghdbex éfﬂﬁﬁY]and (b)

Table 1

. I

o Water
(b) (a) (b)
16 22 8
28 43 20
S4 69 36
88 126 69
172

310

5SS

987

for 40 mice with the

Table 2

{37°C) ia milliseconds:

Molar Concentration 21
(moles/licer) Wate

(2)

11072 32
211073 55
2.5x107° 95
1.25x107° 171
6.25x10" " 322
3.12x10"¢ 599
1.56x10”" 971
7.80x107° 1390
d) LD50 values

(a) :

Dose (mmole/kg) Sex
1.5 Male
1.5 ‘Female
2.5 Male
2.5 Female
4.5 Male
4.5 Female
5.5 Male
5.5 Female

Fatalities

Ww S W N O+ O O

T[err]

31
Plasma

(a) (b)

25 15

39 34
74 S1
121 91
223 142
336 212
S13 269
765 372

Pl asma

)

Plasma
(a)
$0.5
33.3
16.9

9.7

complex of

Survivors

N R W N e D

T[err]

err]

(alb310 mHz) 155

(b)
10
27
45
74



7.81 x 10[err] e) 3M9an distribution of 240 3ndl (k) 10pemale 582
405 1.95 x 1glge[£1 2015 wers sactificed 2636 QiAbexs1068kr]

877 senb?ed tha f%e rel'axation tines in “Tablfe 1T with the
novel nangamese~€©on@¥eéabr%ﬂ%ukﬁ(Bﬁﬁhﬂ%ﬁ3PQQQ§l§éﬁéta§“tﬁ€‘géBblPﬁFum
salts in Tah&eo%cswenemwgm ald Ruels &mlsﬁy:&da inetadlL \Wiskkohds ,| &8s

unpai red el ectrons a nqtura Qccurrin | the body The
gadol i ni unt’ $5FPs2bf * Fh‘f@ fng%‘htef e i ﬂé U RS 59 Igl superi or.

Exanpl e 4. Preparation of 100 nmM nanganese EDTP Conpl ex containing 40 mv

cal ci um - (1) To 300 mMpafivef er containing 0.2 nol of sodium

hydroxide, 21.81 g (0.05 nol) of N, NTN"TN™=-tetra-

phosphono- et hyl ene- ethylen@dman1w&n(d£ferred tpnas EDTP) (b)
"Tissue —l I} —l _2 gl 23
Brain NA Na 637 . B2 537 85
Heart 504 70 367 Sis8 191 40
Lung 595 112 472 71 323 84
Fat 171 154 176 113 157 95
Skeletal Musc 423 47 - S39 62 395 34
Renal Cortex J3g .85 1213 42 109 51
Renal Medulla 672 149 232 71 103 47
Liver 252 64 182/137 28737 82/66 27724
Pancreas 464 86 201 49 Na’ NA
Stomach 349 69 226 52 199 42
Small Intest 352 79 1135 46 269 60
Large Intest 349 77 219 44 248 S8
‘Testis NA NA 623 123 294 79
Urine NA NA 17 11 NA NA

MA = Not Available

Example 3
Formation of Calcium Salt of Gadolinium Complex of DCTA
and DCTP

a) 18.218 g (0.0S mole) of trans-N,N,N',N'-tetra-.
carboxymethyl~1,2 diaminocyclohexane is added to 100 ml of
water and 8 g (0.2 mole) of sodium hydroxide is added.
18.585 g (0.05 mole) of gadolinium chloride is then added
slowly while stirring. The solution is then stirred for an
additional 30 minutes. A 0.1 molar equivalent of calcium
chloride is added at this point and the pH of the solution

adjusted to 6.5. The volume of the solution is brought to
200 ml resulting in a final concentration of 250 mM. The



£l b thr h 0.2 cro

I s added. %%eun1§?u%§ Fgeé%%%%% W t %assﬁg nefﬁgu tlfrer uﬁﬁlf g cl ear
solution isiobtarned. The pH of the resulting solution is approxi mately
. (2) »9. QQegcsecoémr@letoB bmeRgangas 1o Lcwl%l ¢8mpli@ld fydrate
is dissolved in approximately 1 of wat er to the stlrrlng

i xt ure. A—pPéérﬁv@a?éamé“°d€VEFBBGHaﬁﬁrEh“stsylve§toﬁmF&PﬁH§Pest|rr|ng

(3) 10 n1opé,§n3%$elu&tanlafos@§AHaahid6QXtae beodadaed &t g al@ 1t irrring
m xture to bring the pH to

Substitute shedtM2n3§¢~ Dé@éﬁﬁgPui9§8 (a). (4) 2.94 g (0.02 nol) of

calciumchloride is adfedetaxtibg: nhxtuEepLvoﬂ@e@ﬂéﬂﬁmﬁihh&huﬂﬁNNMKB

di ssol ves aé&ermgbgg%olgdnkguag? of s Esrgggioa% th%7p@)dE%ps to 5.6.

milliseconds:

Table 4
Molar Concentration T, T, T, T,
(moles/liter) Water Water Plasma Plasma
(a) (b) (a) (b) (a) (b} (a) (b)
1x10"2 22 15 14 8 25 14 20 7
5x107° 29 25 25 17 33 20 30 16
2.52107° 55 49 47 35 74 36 59 26
1.25x107° 104 70 89 65 121 60 103 42
6.25x10" 4 183 126 161 114 223 95
3.12x107¢ 367 257 336 149
1.56x107* 562 468 513 263
7.80x10"S 983 762 765 447

d) For comparison purposes and to highlight the
superior performance of the inventicn, there follows a
table of relaxation values for water and plasma using the
N-methyl glucamine salt of Gd DTPA:



moles/liter .
(5) The pHis brought back to 5.§ with a golution of. 5 M sodi gm

hydr oxi de. _ (5) The sofition i s~®hen broughrito a final vol ume
of 500 m resulting in a concentration of 100 mMfor the M- EDTP conpl ex
and 40 mM fog. gl €i Lol 3 @6) The galution is new filterad through

0.2 umfilters and stored in vials wth butyl. rubber stggpers.

The solutionfig?t%eﬁﬁa%ded-to mateﬁwgnd to ﬁgnan plasna%?n varyi ng anounts
and the rel aki ¥§ t¥esOnkasured in déventi odd3 manner fadrd4conpari 388 with
those for the gadel {giym conpl ex afggt he 2- N-net hyl gl ucamigne salt of
diethylene-trianinefenta-acetic a i%lshomn'in Tabl e 5, pra.

The follomﬁnﬁ'?ésﬁl %-4re obtained®4 ow val ues for bot # [err] (transverse
rel axati on nechsnk spd-and T[err] 101sngi t udi nal rel axatiéd® nechani sm bei ng

preferred: Tableg 6,_ Rel axivity of the conpound i ter and in human
pl asma ?h?gifllge%onds at 10 MHz (37[err] Q). CRia '

It 1s noted that the relaxation times in Table 1
with the novel manganese complexes are approximately the
same as the gadolinium salts in Table S5, even though Table
1 employs a metal with two less unpaired electrons and
wnich is natﬁrally occurring in the body. The qadoLlnium
salts of this invention in Table 4 are still superior.

Example 4.

Preparation of 100 mM manganese EDTP Complex
containing 40 mM calcium.’

(1) To 300 ml of water containing 0.2 mol of
sodium hydroxide, 21.81 g (0.05 mol) of N,N,N' ,N'-tetra-
phosphono-methylene~-ethylenediamine (referred to as EDTP)
is added. The mixture is stirred with a magnetic stirrer
until a clear solution is obtained. The pH of the
resulting solution is approximately 5.8.

(2) 9.90 g (0.05 mol) of manganese chloride
tetrahydrate is dissolved in approximately 15 ml of water
and added to the stirring mixture. A precipitate is
developed which dissolves on further stirring.

3) 10 ml of .5 M solution of sodium hydroxide is
added to the stirring mixture to bring the pH .to 5.8.



(2

I tag o 1ls orougint back to >.9 withl & solucion
Concentratd dn 8 sodium hydiderde.

Pl asma

nol ar

Tlerr] Tlerr] 51 VR Mdotueiol & line NI A Ry 31

19 . 1 (3) 130 u‘J.o5xX.10% et.rwﬁn br:oja)§ : °4f inal

31 vo Ryme2 oQ_ngorér¢qsulthq in agxoncentratjigpn of 100 gyt for 38
1. 25x10[ erfd mn-207P cd®Plex and dRFIM for calciumdd - 61 '
6. 25xI J err] . 29%‘ N . g%ﬁ_‘_ 87 3.125xI J err]
537 (7) 1ghhe soluyion is oy d Lﬁ..ed throughgds 2 um

253

Eillbdrs 7a8Ax40fetd | in vials «1i320 butyl rubber stopp#d.

3.91x1 err]
4.80xl 0 err]

585

The solution is then .addelh?q:o ]v:-/agfgg;tlQned’ rJo human

plasma in varying amounts and the relaxivities measured in

conventional manner for comparison with those for the

gadolinium complex of the 2-¥-methylglucamine salt of

diethylene-triaminepenta-acetic acid shown in Table §,
supra. '

for both T

Table 6

Cencentration

L
6
3.

a2 90 —~ W~

Relaxivity of the compound in water and in human plasma
in milliseconds at 10 MHz (37°C).

molar

1x10"2

5%10 3
2.5%x10"3
.25% 1073
.25x10” ¢
125x10" 4
.56x10°
.81x107°
.91x10°

-
.95x10 °
77x10”0
-6
.88x10

q4

(V2]

The following results are obtained,

1

(cransverse relaxation mechanism) and T
{longitudinal relaxation mechanism) being preferred:

T

Il

a1

83
159
298
537
884

1326

Water

T

19
37

- 74

123

Plasma

T

18

3l

50
‘85
112
160
253
353
478
585
653
797

2

13
24
38
61
87
116
160

low values



suoe:ior to Gd DTPA. This is especially evident in the T

1
19 yalue g FL\QX' Veb¥ Qkah ‘?.e, aEDEP-R deth el BBy sgiperior to &d
DTPA. Thi%%i's esp C aF evident 1 n T[err] values in Iasna For

exanpl e, at7é*¢6ncehbra ?oHaéPEQL?FxMGWHQﬂﬁw & KOMPAafe ¥oré Mh- EDTP- Ca

conpl ex ig§; @f.@ sgkl:'nti%eC@BQS GabephaGdRTRA 13- & 1k igjnk mlcghecrem@memﬁ ation
(9.77x10[ err I nsec, i.e., still higher Exanpl e 5.

Phar nacok|(ﬁef/|76§°of f“he Lc-oﬁ‘ﬁmﬁﬁd B etxranpl®e 4 s\":n“zal' St eed beagl e dog.
Mal e dogs are injected with the solution of Exanple 4 and the conparison

conpound at 350 unol /kg.
Zxample 5.
Pharmacokinetics of the compound of Example 4 in a pure
breed beagle dog. '

Male dogs are injected with the solution of
Example 4 and the comparison compound at 350 umol/kg.
8lood is drawn at the indicated times. The plasmas are

separated and the Tl relaxivities in milliseconds measured.

Table 7 .

Time i Tl Tl
min. Mn-EDTP-Ca Gd 0TPA

Pre-inj 1102 ' 1427
10 90 440
20 108 444
30 ' . 113 551
45 153 580
60 222 687
30 . 404 860
180 ' 777 1282
360 968

Plasma clearance of Gd DTPA is much faster than
the Mn-EDTP-Ca Complex. By 180 minutes post-injection, _
most of the Gd DTPA is cleared from the plasma. Mn-EDTP-Ca
is not cleared until 360 minutes post-injection. This

gives Mn-EOTP-Ca a larger time "window" for imaging.



Bl ood i s drawn at thehéncernpdet tiseisnjdbeepl astasmale sepaiasedtasd t he
Tlerr] relaxivitlies in.nllisecond ueed, abLe Ti me
AEYIELSS bR babbpegones TEAPLESLeq afaR5 a nuces post

Tlerr] Gd DTPA
Pre-inj injection13ag® the Tl relaxivyy of internali@rgans measured 90
440 ~ in vi®Po at 5 Miz (millfPeconds). The r#éfles are as 30

113 . T 551 45 153 : 580

60 followsygoo 687 | 90 404

860 180 777 . 1282 360

968 | asma cl earance of Gd DTPA is nuch faster than the
Nh-EDTP—CéfﬁbH%Lg;. By 180 m nutes post-injection, nost of the Gd DITPA is

cleared fromthe pl aspganWh-EDIP-Ca is npt cleared until 360 mi nutes
post-injection. TEIS gi ves Nh-EDIP—CEEm—EaTgecatlne "wopslaW okGhanlsnagi ng.

Heart 240 482
Lung 413 585
Fat 161 180
Skeletal Muscle 260 411
Renal Coster : : 101 342
Renal Medulla 77 . 7182
Liver 43 260
Spleen 200 473
Pancreas 146 265
Bladder 199 511
Stomach : 130 3405
Small Intestine 155 317
Large Intestine : 133 328

By comparison according to Amer.J.Roentol. 143,

1226, the distribution of Gd OTPA in man at 30 minutes
post-injection in milliseconds is:

Table 9
Organ Pre Post
. Ty Ty
Fat 220 185
Muscle _ 460 335
Liver : 350 o 195
Spleen 560 - 285

Kidneys _ 820 20S

The organ distribution pattern of Mn-EDTP-Ca is
subgtantiolly different from GA-DIPA. It enters the
hepatubiliucry system resulting in a substantial decrease in
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20 Exanpliet@raOtgan ti s BEPadebdfl tary offifdifhd J1" BRNPTE2 421 5% mal e

rabbits. 4. g..j es’ tNEHOHRUW | Edd) £alftkd N @A € rewbit geat 50
unol / kg. dTﬁé’“r’é’ﬁbﬁ tss t-'are sacrificed at 15 mnutes post injection and the '

T[err] reHlagisvinoy ofL5twey fdie dugdfstafeiirdt® ittaftro at 5 Mtz
(mlliseconds). The results are as foll ows:

Example 7.

To 10 ml of water. containing 5 ml of 1 N sodium
hydroxide is added 2.0 g (S5 mmoles) of 1,4,7,70-tetra~
azacvclododecane - N,N',N'',N'''-tetraacetic acid. 1.3 g
(5 mmoles) of GdCl3 is added and the suspension heated to
S0°C for 2 hours. Calcium chloride (1 mmole} is added and
the pH of the solution adjusted with 1 N sodium hydroxide
to 6.5. The clear solution is filtered through a 0.2
micron filter for sterilization.

Example 8.

To 100 ml of water containing 10 g (100 mmoles)
of ¥N-methylglucamine is added 19.7 g (50 mmoles) of
diethylene-triamine-N,N',N'' ,N'''-pentaacetic acid. 13 ¢
(SO mmoles) of GdCl3 is added and the slurry stirred for 1
hour at room temperature. Calcium ascorbate (3.9'g, 10
mmoles) is added and the pH adjusted to 6.5 with 1 N sodium
hydroxide. The clear 500 mM solution is filtered through a
0.2 micron filter for sterilization prior to use. '

It will be understood that the specification and.
examples are illustrative but not limitative of the present
invention and that other embodiments within the spirit and

scope of the invention will suggest themselves to those
skilled in the art.



iR WA W "MWt eitmiIt AV W AWiITTwete ¥TW T TS T TR o wmAemSTEsEe T/ T F EEEE e TR

Tabl e 8 Cﬁaaﬁhe range 57 to 70-ﬂ%”qq a transitiOf[gFFFl

Vh- EDTP- Ca nor Aal ie4 gamsa tdieiat tnumber selected from 21 to 2924@2

igi Lung 180a§ﬁefét%Td (ﬁeaSgg%aramagnetic-orgggigagalcium 411
Renal Coster salt for the dffparation of a m@4gheRagalrefbdahka

égleen 782 Ehgging concr%ﬁﬁ)medlum by adm¥z%§r%§ﬁgrggéd comple§60

146 2652PR 8@t organic salt. 199 511
St omach 130 305 Smal | Intestine

155 317 L | I . . 13 . 328
By conparidon accordpﬁar %gifﬁﬂdFéhnﬁ%ﬂlm:f:?heffiﬁ sﬁﬁg 8REEPPBOESR of

Gd OTPA in man at 30m€t&lUtB:Sn pistad njeactdOrFd N M lolri Seconds i s:

3. Use as claimed in either of claims 1 and 2 wherein
said chelating compound is selected from EDTP, DCTP,
DCTA, DOTA and DTPA.

4. Use as claimed in any one of claims 1 to 3 wherein

said organic salt is selected from calcium
gluconate, calcium lactate and calcium ascorbate.

(T

This Sheet Has Been R

T



Tabl e 9
T[err]

185 Muscl e
350

Ki dneys

number selected from 21 to 29,

42 and 44 and of a non-

parﬁT%$?§L1q%ﬂ;gan1c calclug)salt for the prepaé%Flon of
a magnetic resonance imagitmy contrast mediuwmsbyi ver

admiROufp| e Baid complex and said organicb584lt.

820

285

205 , .. The
organ distribution pattetd BrAWROEDEP- A2 s substantlépﬁyad?f?%ﬂ%§ﬁ¥'from

Gd- DTPA.
decrease in

It enkers the hepatlebiil paryt systemresulting in a substantial

x-c4?\\ //CH ,~X (1)
V-CHR, /// \\\caa -v

or

N(CHZXIB,
wherein

X 5.5 -COOY I

(rr)

-PO_HY or -CONHOY;
¥ is a hydrogen atom,

a metal ion equivalent

or a physiologically.biocompatible cation

of a2n inorganic

or organic base or amino

acid;
A is -CHRZ-CHRJ-, -CHZ-CHZ—(ZC~H2-CH2)m~,
4
/R\
~C——C-~,
Ry &
.?(CHX)Z ?HZ-CHZ-N(Cﬁzx)Z
-CHZ-CH-CHZ- or -CHZ—CHZ-N—CHZ-CHZ-

cach R
R, and R

\ is a hydrdgen atom or methyl;

3 J'toqether represent a trimethylene
group or a tetramethylene group or

individually are hydrogen, Cl_a-alkyl,
phenyl or benzyl,

W iy —-NN-,

~NHCOCH

2 or ~NHCS-;



V is one of the X groups or is -CH,OH, or
T[err] values of the Iiver,_éayﬁyéq,,ancreas, and small and- | arge
intestines. Gd DTPA, being a vasculZar agent, is mainly cleared by the
ki dneys and does not subs? akt i%alVPbest EE&Bt LwisPhl€he hepatobiliary system
Mh- EDTP- Ca al so distributes #.0, the ah@aRrl. aEkGhstindiea andnsatwotthat'd t does
not disturb the Function of_the feart  :, Bxanple 7. To 10 m
of water, containing 5 m of TN §o5runﬁh§dﬁoxi3e Is added 2.0 g (5 nmol es)
of 1,4,7,10 -tetra- azacycLododecane - NN ,N' N ''-tetraacetic acid. 1.3
g (5 nmmles) of GdCl[err] is added <& the s&&pénsion heated to 50[err]C
for 2 hours. Calciumchloride.(1 mupl I S, aqded,.and the pH of the solution.
adj usted with 1 N sodiun1hyaf%é;%ka'daz'é%ZJg'(%Hz)w-’ ,

w is a number 1, 2 or 3:

provided that at least two of the
substituents Y are metal ion equivalents
of an element with an atomic number of 21
to 29, 42, 44 or S7 to 83,

Alternatively the chelate corplex may be
| a'complex of an'ion and a ligand, the cdmplexed being an ion
of a lanthanide element of atomic numbers S7-70, or of a
tradsition metal of atomic numbers 21-29, 42, or 44; and. the
ligand being x ' } an
organic complexing agent which is acyclic or cYclic and
— contains organic nitrogen, phosphorus, oxygen or sulfur. In
this embodiment, advantageously the complexing agent which
forms a ligand is
(a) an aminopolycarboxylic acid which is
nitrilotriacetic acid, N-hydroxyethyl-N,N',N'-ethylene-
diaminet:iacetic acid, N,N,N*,N",N"'~-diethylenetriaminepenta-
acetic acid or N-hydroxyethyliminodiacetic acid;
(b) of the formula
R

1 Ry

N—HZC H,C-N-CH

H_~-N ,
2 2 2
o \Rl'

Rl\\\
/

l 1

whacein Rl and Rl' are identical or different 'and each is



RS CHJ ank.yun
to 6.5. The clear soluti}w'_ i hter threug 142 m'_réfilter'for
sterilization. Exanpl e 4. S(CfHZ'}T(eQZ t‘}T%‘ U n(1Q:H(?f) "\I\gt r containing 10
g (100 nmmol es) ofydddmi ! gl ucam ne is added 19.7 g (50 mmt:ai):ook
di ethyl ene-triamine-N, N2 N ', N"''-pentaacetic acid. 13 g (50“mvles) of
GdCl[err] is added and the slurry stirred for 1 hour at roomtenperature.
Cal ci um ascdverdie» (3.9 g, 10 nmoles) is added and the pH adjusted to 6.5
with 1 N sodium hydroxide. The cl.ear 500 solutjion is filtered through a

0.2 micron filter for ster“i‘l‘isze?t‘ﬁdﬁ‘tﬁrgle&rqr%/llusté? 40 It will be
under st ood that the specifjcali I re i strative but not
peci T cal a@{‘.fi@e egxt%[?;toe}cﬁezre, ealri)dJ

limtative of the present invention odi nents within the

sptrit and scope of the igivepd icon widd; gest themseinias, to th clo-
-skilled inthe art. 3 4~-12 M, 4-12 e, 10 Py

alkyl, C4_12—cycloalkenyl, C7_12—hydrocarbon

aralkyl, Ca_lz-hydrocarbon alkenyl, C6

-12"

hydrocarbon aryl or ~CH,COOH.

2

Such cowplexes are especially useful- in the NMR
diagnosis of patients to whom they are administered followed
by imaging. _

The acid moiety of the chelate is advantageously
carboxy and phosphono, sulpho being‘less advantageous. The
acid groups are joined to the amino nitrogen by an alkyl,
i.e. alkylene, radical of up to 4 carbon atoms. Preferably

'they are acetic acid radicals, i.e. di-carboxymethyl-amino
radicals, or phosphonic acid radicals as in U.S. Patent
3,738,937.

Preferably there are two amino groups on adjacent
carbon atoms and preferably still they are in the trans-
configuration, e.g. trans-N,N,N',N'-tetra-carboxymethyl-
1,2-diaminocyclohexéne.

If desired, up to two of the carboxylic acid groups

may be reacted to form an amide, a lower alkyl ester and/or
an anhydride.

The polyvalent paramagnetic metal may be any of
those heretofore used in.NMR image enhancement, e.g. iron,
chromium, ecohalt, nickel, neodynium, promethium, samarium,

eurepium, terbium, dysprosiuvm, holmium, erbium, thorium,
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1. The use GFS4%ffifsiB1 3YF X4l I“Vdcgﬁﬁﬁfl‘bl%e‘c‘heéﬁsé‘td p@éﬁ’bf’éx B?Mac’ctﬁ’el ating

conpound and ahpaughagdnetadatiom @indackam s fel e pado Lhavbmg an atomic

nunber in the range 57 &Qe70a®f i @:t ransithon nmetal havi gg ageatomc

nunber sel ected from 21 tg 29 2 .and 44 and of_a non- aramagnetlc organic
cal ci um sal t O PHFESSr BpAPEET o'%dF & RATHEY i ¢ ?‘b%ocr‘?gﬁ’ " magi ng contr ast
medi um by adnisttawld ok gakdeconl eboandlshi do o?tniands giceferably about

10 to 100% basec on the moles of paramagnetic polyvalent
mektal. It can be an inorganic salt such as the chloride or

“— sulfate, but organic salts, e.g. the gluconate, lactate,
ascorbate, etc., are preferred. '

A calcium salt can simply be added to
the complex in solution and so administered or the solution
can be dried and the dry material later re-dissolved.

The addition of the calcium : to the

chelate complex surprisingly’ serves to increase the safety, i.e.
" to raise the LD50 based on the amount of paramagnetlc
polyvalent metal present.

For example, the MnEOTP chelate without calcium
has an LDSO of 200 umol/kg, a toxic level. The LDSo of  the
same complex into which 40 mol % of calcium has been
incorporated, via calcium gluconate, is in excess of 850
umol/kg, a relatively safe level for human use.

In accordance with another aspect of the
invention the acid group is a phosphono moiety. This
aspect is applicable even to compounds which are not
cyclic, e.g. linear alkylene polyamines such as
poly-nitrogen-substituted phosphono-alkyl
alkylenepolyamines.

As the poly-phosphono alkylated alkylene
polyamine there are preferably employed compounds wherein
the alkyl and alkylene radicals each contain up to four
carbon atoms. The alkylene-polyamine could be
diegthylancetriomine, for ezumple, but ethylenediamine is
peclfercred.  Advantageously the phosphono groups are joined
to the nitrogen atoms thrquh.a methyl qroup,'i.e. actually a



mainly CiEdicld Uy Lile ARIMINSYsS Gl MYE=S Y= smFsesmrememesd

2. Use aSLmt@rmed wntblahﬁ1Qemhéﬂbihl§£VdSwéﬁ@ﬁagmﬂq E0R 2 dhSPs an

i on of Fe, & USReasC! akiRd dchcliddhalndfcSlai emad avd 2
th Lk (%
wherein sald che Fﬁa ggngoundels selected %}onlEDTP DCTP, DCTA,
&

1, 4,7, 10-t edo@szaepciododspasBeNINNCRLOR: of by &EAX5 - aci d and DTPA. 4.
Use as clainmed in any one of clains 1 to 3 wherein said organic salt is
sel ected from cal ci um gl uconate, calciumlactate and cal cium ascor bat e.

Etxample 7.

~— To 10 ml of water containing 5 ml of 1L N sodium
hydroxide is added 2.0 g (5 mmoles) of 1,4,7,10 -tetra-.
azacvclododecane - N,N',N'', N'''~tetraacetic acid. 1.3 g
_(S mmoles) of GdC].3 is added and the suspension heated to
50°C for 2 hours. Calcium chloride (1 mmole) is added and
the pH of the solution adjusted with 1 N sodium hydroxide
to 6.5. The clear solufion is filtered through a 0.2
micron filter for sterilization. |

Example 8.

To 100 ml of water containing 10 g (100 mmoles)
of N-methylglucamine is added 19.7 g (S0 mmoles) of
diethylene-triamine-N,N' ,N'', N'''~-pentaacetic acid. 13 g
(S0 mmoles) of GdCl3 is added and the slgrry stirred for 1
hour at room temperature. Calcium ascorbate (3.9°g, 10
mmoles) is added and the pH adjusted to 6.5 with 1 ¥ sodium

. hydroxide. The clear 500 mM solution is filtered through a
0.2 micron filter for sterilization prior to use.

S

It will be understood that the specification and
examples are illustrative but not limitative of the present
invention and that other embodiments within the spirit and

scope of the invention will suggest themselves to those
skilled in the art.



complex of a chelating compound and a paramagnetic ion
of a lanthanide element having an atomic number in the
range 57 to 70 or of a transition metal having an atomic
numbef selected from 21 to 29, 42 and 44 and of a non-
paramagnetic organic calcium salt for the preparation of
a magnetic resonance imaging contrast medium by
admixture of said complex and said organic salt.

2. Use as claimed in claim 1 wherein said paramagnetic
metal ion is an ion of Fe, Mn or Gd.

3. Use as claimed in either of claims 1 and 2 wherein
said chelating compound is selected from EDTP, DCTP,
DCTA, 1,4,7,10-tetraazacyclododecane-N,N' N" N"'-
tetracetic acid and DTPA.

4. Use as claimed in any one of claims 1 to 3 wherein
said organic salt is selected from calcium gluconate,
calcium lactate and calcium ascorbate.



