- 1- Physiologically tolerable,netal conplex salts for use in NMR diagnosis
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grovides a_di agnostic preparation
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long time inh medicine, for example as auxiliaries

for the administration of spéringly soluble ions (for

example iron) and as ‘antidotes (calcium or zinc complexes

being preferred in this case) for detoxication in the

case c¢f inadvertent incorporation of heavy metals or their

radicactive isotopes.

The present agplication and éopenging application

No. 85.29903 (publication No. 2 169 599) are divisional

applications from application No. 84.01486 (publication

No. 2 137 612).

We have now found that certain physiologically

tolerable complex salts containing one or more central

elements having the atomic numbers of from 21 te 29, 42,

44 and from 58 to 70 can be used for the manufaczure of

preparations that are surprisingly outstandingly suitable

for use in NMR diagnostics.

The present invention provides a diagnostic

preparation which comprises

(i) a physiologicaily tolerable, non-radicactive complex

salt of the genera. formula I

(I

C.




gJyIn whi ch X represents t he radical s -COOY, - PG3HY or -CONHOY wherein
each;Y represents a hydrogen atom a metal equival ent, the retal being - 90
QJ«e/cted fromelenments 5 havi ng atom ¢ nunbers of from21 to 29, 42, '
44 and from58 to 70, or a physiologically tolerable cation of an inorganic

or organi ¢ base or amno acid, RL represents in each case a hydrogen atom
or a 10 met hyl group and in which eith a) A represents the group

[err] [err] 15 “in which X as the meani.ngs given above, R2
and R3 together represent a trinethylene group or a tetranethyl ene group,
or each represent g yg{iQ¥en atom 20 an al kyl radi cal
containing. up to 6 carbon atons, a phenyl radical or a benzyl radical, m

represents the integelrebreetits tiitadicals -COOY, -PO;HY or -CONHOY
wherein each ¥ repfesents a hydrogen atom, a metal
equivalent, the metal being selected from elements
5 having atomic numbers of from 21 to 29, 42, 44 and
from 58 to 70, or a physiologically tolerable

cation of an inorganic or organic base or amino

. acid,
N _ .
Rl represents in each case a hydrogen atom or a
.10 methyl group |
and in"which either
a) A represents the group -CHRZQCHRB-,
“—CHZ—CHZ-(ZCHz-CHZ)Ef .
or
-CHZ—CH-Cﬂz— -CHzcnz-N-Caz-CHz- ’
— 15 in which
X has the meanings given above,

R2 and R3 together represent a trimethylene group
or a tetramethylene group,
or each represent a hydrogen atom,

20 ' an alkyl radical containing.up to 6

4

carbon atoms, a phenyl radical
or a benzyl radical,

represents the integer 1, 2 or 3,

2.

and



-3- 2

[err] in which 5 . X has the neanings given above and R4 !

represents an oxygen atomor a sul phur atomor the group =%~

Id

represents an al kyl radical containing up to 6 carbon atons,- and 10 * each~\
V has the sanme neaning as X or represents the group [err] in whi.ch B
represents a protein or lipid radical' or an [err] radical, 15}

in which X

has the meani ngs gi ven abadye and n represents an integer from

1to 12, with the proviso that at |east one of the synbols V 20
represents a -COB group, as defined above, and at |east two of the
substituents Y are netal equi vakponesestkseancdxigem atemerirs shawdIphwat oni
nunbers of from21 to 29, 42, 44 and from58 to 70,
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atom or the group

>'NCHZX or NCH,CH,OR,

\/

in which

X has the meanings given above

and -
L
R, represents an alkyl radical
containing up to 6 carbon atoms,
and -t |
each V has the same meaning as X or represénts the
group -C520H_or -COB,
in which |
B represents a protein or lipid radical or an
~NH (CH9) nX radical,
in which
X has the meanings given above s

and
. .gqrepresents an inﬁeger from 1 to 12,
_with the proviso that at least one of the symbols V
represents a -COB group, as defined above, and at least
two of the substituents Y are metal eqﬁivalents
selected from elements having atomic numbers of from 21
to 29, 42, 44 and from 58 to 70,
or

b) A represents the group -CHR7-CHR3~



or~25 b) A represents the group -CHR2- CHR3- -4- in which R2 represents
‘a; hydrogen atom and R3 represents the group [err]-protein 5 n:
|nrwh|ch represents 0 or 1, W represents -NN-, [err] or.-NHCS- and -10 ¢927
‘-proteln repcesents a protein radical, and each V has the sane neaning as

X or represents the group [err] with the provi so that at |east two of the
substituents 45 Y are netal equivalents selected from el enents having
atomi c nunbers of from2l to 29, 42, 44 and4rom58 to 70, and (ii) a
phyS|oIog|caIIy tolerable carrier. 20 Thus, the physiol ogically

t ol erabl e conpl ex salt of th% %%neral formula | may be regarded as

cont ai ni ng.

R2 represents a hydrogen atom

and
'Ry represents the group A(Cﬂz)EfC5H4-W-prot§in
5 in which '
B represents 0 or 1,
W represents -NN-, -NHCOCHZ-
W or -NHCS-
and
'-10 _ -protein represents a protéin radical,
and
" each V has the same méaning as X or represents the
group -CH20H, | |
with the proviso that at 1eaét two of the substituents
15 Y are metal equivalents selected from elements having
atomic numbers of from 21 to 29, 42, 44 and from 58 to
o 70,
s and

(ii) a physiologically tolerable carrier. |

20 Thus, the physiologically tolerable complex salt
of the general formula I may be regarded as containing-
(a) a central ‘element selected from elements having
atomic numbers of from 21 to 29 inclusive, 42, 44 and
from 58 to 70 inclusive, and (b) a radical of a

25 physiologically tolerable complex-forming écia and, if-
desired, (c) a radical selected from radicals of

inorganic and organic bases and amino acids.



(a) a central elenent selected from el enents having atom c nunbers of frowrr
21 to 29 inclusive, 42, 44 and from58 to 70 inclusive, and (b) a radlcaL\Hﬁ
of .a 25 physiologlcally tol erabl e conpl ex-formng acid and, if desired,

(c) a radical selected fromradicals of inorganic and organic bases and

am no aci ds. The physiol ogically tolerable conplex salt of _the general
formula | may contain nore than one such_central elenent (a) ¢ nore than

. one such radical (c). For the intended use of the diagnostic agent 5
according to the invention, the el enent or elenents having an atom c nunber
mentioned above, whi @Ref ehyelbhegqeetmql t@l@f%’btleorcd%{;ﬁ.@{‘ts%ﬂ df'ehe
physi ol ogically tol erable conplex salt, nust not, of course,

radi oactive. l@eneral foBmada a magpmtuadm afo cleh & Haty &itd QB”hdl‘S to be used
in NVR di agnostics (see European Patent Application 71 564), the central

el enent of theceokphdxedeamentudia)bandamsregrthanc onfucduod awiicalrec).
especially the divalent and trival ent el enents having 15 an atom c nunber
of from21 to 29, 42Fon4thed intemdsd wuse7®f Shie dilagnsistiiantagente, for
exanpl e, chromun(lLlL), anese(l1), |ronglll) iron(l1), cobalt(ll),

ni ckel (11)% coeseefﬁws ﬁpageedymvmlpm)v e element or ‘elements

having an atomic number mentloned above, which forms
the central element or elements of the physiologically

tolerable complex salt, must not, of course, be

radioactive. | :
io Since a_preparation of the invention is to be
ﬁsed in NMR diagnostics (see European Patent
Application 71 564), the central element of the complex
salt must be paramagnetic. Such elements are
especially the divalent and trivalent elements having
15 an atomic number of from 21 to 29, 42, 44 and from 58
~to 70. Suitable elements are, for example,
.chromium(III), manganese(II), iron(III), iron(II), B
-/

' cobalt(II), nickel(II), copper(II), praseodymium(III),
neodymium(III), samarium(III) and ytterbium(III).

20 Especially preferred, owing to their strong maénetic
moment, are gadolinium(III), terbium(III),
dysprosium(III), hoimium(III) and erbium(III).

The complex-forming acids from which the
physiologically tolerable complex salts of the general

-25 formula I may be derived are, especially,'those
containing carboxymethylene groups.

The complex-forminé acids from which the



neodym un(I11), samariun(I11) and ytterbiun(lIl). 20 Especial ly
ptgjerred owing to their strong magnetic nonent, are gadoliniun(lll), P
t & bi un(I-11), dysprosiun(llil), holmun(lll) and erbiun(l11). The Q#
conpl ex-form ng aci ds from which the physiologically t ol erabl e conpl ex
salts of the general 25 formula | may be derived are, especially, those
cont ai ni ng car boxynet hyl ene groups. The conglex-forning aci ds from which
t he -6- physiologically tolerable conpl 8R%salts of the general fornula l
are derived can, as conjugates, be bonded to bionDIecuIes that are known to
becone especially c ncenﬁrated &n %h? orgd n or

$1%, &o1epp

exam nati on. SuchP ¥8ﬁ8 REHFE ?aﬁﬁpg 5rBgzgﬁsogrgﬁfpﬁﬂger?ﬁere
come into CO”S'der§Bk8918°EJHgétﬁgﬁY%%E RLAL LD EgthBﬁ%es ugl %%nh?@”"”

and nore especially conjugatées w mend, “suc Sérum a

anti bodi es, such aﬁlOﬁQie@ﬁiHE'%ha%oare”QHBQ OEg'b@EBhQ°@§$§c§Q§§ ficto

t umour - associ ated ant| gens, oOr ant | nMyosl n. | agnost I C prepara i ons
formed therefrom aggngdhtalted §Ar cA¥2BRLEN BQro‘r.‘%%n' Bak#NBrEednd infarct

di agnosis. For exam nations of the liver there aré suitable, for exanple,

conj ugates or g examination. Such biomolecules are, for example,
proteins or lipids. There come into consideration
conjugates with proteiﬁ hormones, such as insulin,_and

&j more especially conjugates with albumens, such as human .
serum albumen, antibodies, such as, for example,

-10 monoclonal antibodies specific to tumour-—-associated
antigens, or antimyosin. The diagnostic_preparations
formed therefrom are suitable, for example, for use in
tumour and infarct diégnosis. For examinations of the
liver there are suitable, for example, conjugates or

15 inclusion compounds with liposomes, which are used, for
example, as unilamellar or multilamellar
phosphatidyicholinecholesterol vesicles. The conjugates
are formed either by way of a carboxy group of the
complex-forming acid or, in the case of proteins, also

- 20 by way of a -(CHz)EfC534-W- group as defined above
under R3. In the conjugate formation of some complex-
forming acids-with proteins or lipids, several acid
radicals may be bonded to the macromolecular
biomolecule. In that case, each complex-forming acid

25 radical may carry one central elément.

‘Suitable complex salts of the general formula I

above are, for example, those of the general formula Ia
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15 inclusion conpounds with |iposonmes, which are used, for exanple, as _.::
uni larmel tar or multilanellar phosphatidyl cholinechol esterol vesicles. Thes_®
conjugates are fornmed either by way of a carboxy group of the ’ e
conplex-formng acid or, in the case of proteins, also 20 way of a

[err] group as defined above under R3. In the conjugate formation of sone
conplex- formng acids with proteins or |ipids, several acid radicals may

. be bonded to the nmacronol ecul ar bionolecld e. In that case, each

‘DL-2, 3- butylenedlan1netetr acetic 10 aci d,

conpl ex-form ng acid 25 radical may carry one central element. Suitable
complex salts of the general fornula | above are, for exanple, those of the
general formula la -7- [err] in which X, V, [err]-and [err] have the
meani ngs gi ven above. The follow ng conplex-form ng acids, inter alia, 5
are suitable for the manuf acture of the conplex salts of t he gener al
formula la:- ethylen%p netetraacetic acid, ethyl enedi am netetra-

acet ohydroxam c acid”~ t s-1, 2- cyclohexylenedla ' tetraacetic acid,

DL- 1, 2- butyl enedi am netetraasetic acid, DL-1,
N-CHR.,,-CHR,~-N - (Ia)

=<

V-CHR, - : CHR, -V

in which X, Vv, Ry, R, and R4 have the meanings given
above. '

The following complex-forming acids, inter alia,

5 are suitable for the manufacture of the coﬁplex salts
of the general formula Ia:- |
ethylenediaminetetraacetic acid, ethylenediaminetetra-
acetohydroxamic acid, Eggggyl,é-cyclohexyienédiamine-

- tetraacetic acid, DL-2,3-butylenediaminetetraacetic S

10 acid, DL-1,2-butylenediaminetetraacetic acid; DL-1,2-
-propyle#ediaminetetraacetic acid, 1,2-diphenylethylene-
diaminetetraacetic acid, ethylenedinitrolotetrakis-
(methane-phosphonic acid) and N-(z-hydroxyethyl)-
ethylenediaminetriacetic acid.

15 - Other suitable complex salts of the génerél .
'ﬁormula-I are, for example, those of the general | .

formula Ib



prapylenedlan1netetraacetlc acid, 1,2-diphenylethyl ene- diam netetraacetic
aqkd et hyl enedi ni trol ot etraki s- (methane-phosphoni c acid) and

N-{2-.hydroxyet hyl )-- et hyl enedi ami netriacetic acid. 15 . - Other %?.Jﬁ

sui tabl e conplex salts of the general formula I are, for exanple, those o
t he general fornula Ib -8- [err] in which X, V, Z, Rl and m have the
meani ngs gi ven above. |f Z represents an oxygen atomor a sul phur atom
compl:ex salts in which mrepresents 1 or 2 aFé 5 preferred. The

foll owi ng conplex-fornmng acids, inter alia, are suitable for the

manuf acture of the conpl ex salts of the general fornula Ib:

diethylenetrianinepentaacetic acid, triethylenete- 10  tram nehexaacetic
acid, tetraethyl enepentgogehepta- acetic acid, CH.-X
13, 23- di oxo- 15, 18, 21-tri s- ?Earboxynethyl) 2

12, 15, 18, 21, 24- pent aazapent a\ri acont anoi ¢ di acid, 3, 9-
bis-(I-carboxyethyl)-6-carbox thyl-3,6,9-triaza- undgCanoi c diacid,

di et hyl enetri am nepent aki s- 15 N-cﬁge éL@ge@h?sghgpLg acid), (Ib)
1, 10-di aza- 4, 7- di oxadecane- ///K 0-tétraace and 1, 10-di aza-4, 7-

V—CHRl . CHRl-V

in which X, Vv, Z, Rl-and'g_have the meanings given

above. If Z represents an oxygen atom or a sulphur

atom, complex salts in which m represents 1 or 2 are
5 preferred. |

The following gomplex-forming acids, inter élia,

" are suitable for the manufacture of the complex salts
of the general formula Ib: |
diethylenetriaminepentaacetic acid, triethylenete-

10 traminehexaacetic acig, tetraethylenepentaminehgpta-
acetié acid, 13,23-§ioxo-15,18,21-tris-(carboxymethyl)-
12{15,18,21,24-pentaazapentatriacontanoic diacid, 3,9~
bis-(l-carboxyethyl)~-6-carboxymethyl-3,6,9~-triaza-
undecanoic diacid, diethylenetriaminepentakisf

15 (methylenephosphonic acid), 1,10-diaza-4,7-dioxadecane~

. 1,1,10,10-tetraacetic acid and 1,10-diaza-4,7~

dithiadecane-1,1,10,10-tetraacetic acid.
Other COmplex-forming-acids that ére suitable for
the manufacture of the complex salts of the general

20 formula I are, for example:



formula | are,

for exanple:. -9-

0 1,2,3-tris-[bis- (carboxynethyl) am no] - propane and .
nitrolotris- (et hyl eneni trol 0) - hexaacetic acid. If not all of.the acid
hydrogen atoms of the conplex-formng acid are substituted by the central

- element or el enents,
solubility of the conplex salt,

: dfthiadecane 1,1,10,10-tetraacetic acid. O her conplex-form ng acids that

are suitable for t he manufacture of the conplex salts of the general 20

by phy5|olog|c | 6$olerab e, ca |on 9 ni c,and/ or ani ¢ bases or
Bogime BREYET pbe

am no aci ds.
pot assi um or,

et 5 Hor +ﬁc q@r Lo Famipp e?éﬁﬁ? BGhi um

"nter alia, thﬁiﬁt Rosier [EtilLanehi SPaFof Shefaisshafnatiasuch as,
exanpl e, ethanol am ney¢ chg%hgffhﬁﬁ%gﬁ ighﬁ#%gggeguggggkngf Ny dlnethy
The

15 glucan1ne or, espeC|

uca e catlons of

. ' d I
ami no aci ds ar god o oFs £ fng %%r 2 £e ¥§b§€1tﬁ‘{:9§n%agetﬁé QFB‘ttrQ'lne

conpl ex-f ormi ng aci

t he gener ak
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e formation o e conplex salts
element or elements, it is advantageous, for the

purpose of increasing the solubility of the complex
salt, to substitute the remaining hydrogen atoms by
physiologicaily tolerable cations of inorganic and/dr
organic bases or amino acids. Suitable inorganic
cations are for example, lithium, potassium or,
especially, sodium. Suitable cations of organic bases

are, inter alia, those of primary, secondary or

tertiary amines, such as, for example, ethanolamine,

' diethanolamine, morpholine, glucamine, N,N-dimethyl-

glucamine or, especially, N-methylglucamine. Suitable

cations of amino acids are, for example, those of

" lysine, arginine or ornithine.

The complex~-forming acids required for the
formation of the complex-salts of the general
formula I are known or can be manufactured in a manner
known per se.

For example, 13,23-dioxo-15,18,21-tris-(carboxy-
methyl)-12,15,18,21-24-pentaazapentatriacontanoic
diacid is manufactured in the following manner, which

is an improvement to the method proposed by

e,
or

of

R. A. Bulman et al. in Naturwissenschaften 68, (1981)'483:

-

s

5

it is advantageousT?for the purpose of increasing the
to substitute the renalnlng hydr ogen at ons

Q}



20 . formula | are known or can be nmanufactured in a manner known per se.
FQ_dexaane 13, 23-di oxo- 15, 18,21-tris-(carboxy- X
met-hyl ) - 12, 15, 18, 21- 24- pent aazapent atri acontanoic diacid is nanufactured
in. the follomnng .manner, which 25 is an inprovenent to the nethod
proposed by R A Bulman et al. in Naturw ssenschaften 68, (1981) 483:

-10- 17.85 g ( = 50 nmol) of 1, 5-bis-(2,6-dLpxonor- _
phol’i no) - 3- azapent ane- 3-acetic acid are suspended in 400 m of dry

di met hyl f ormam de and, after the addition of 20.13 g ( = 100 mmol ) of

11- am noundecanoi ¢ aC|d 07.83 he phol 50 i smdERt & B 57996~ {2} 653 Do¥bMR0r -
The clear solution is concentrated I n vacuo. The yellow oily residue 1s°

stirred with 500 nipidlived e+3-edzapemtimerad+atet bc 401i60aoi 9spanaad Npat
white, volum nous solid precipitates which is suction-filtered and washed -
10 several tines 4@ mlhvaerdry Riméthyhformamide cand pnaftée tksudddhgion
product is introduced into 200 mMl of acetone .and the whole is stirred for
30 minutes at roomQﬁﬂﬂﬁxkﬁlﬂeﬂ A8 mnell oof f1ltamimoundecangicgacidyacuo
at 50[err], 36. 9 = 97 % of the theoretical 15 yield) of a white
powder of meltiong pﬁﬂ%twrﬂﬂfﬁ 1’8%6(9%&"%5 ot aT02Q. for 6 hours. The clear

solution is concentrated in vacuo. The yellow oily
residue is stirred with 500 ml of water at room
temperature. 1In so doing, an almost white, voluminous
solid precipitates which is suction-filtered and washed
_-10 several times with water. For further purification,
the resulting product is introduced into 200 ml of
acetone and the whole is stirred for 30 minutes at room
temperature. ‘after suction-filtering and drying in
vacuo at 509C, 36.9 g ( = 97 % of the theoretical
15 yield) of a white powder of melting point 134-138°C
are obtained.
Conjugation of the complex-~forming acids with
K—)_ biomolecules is likewise effected according to methods
known per se, for example by reacting the
20 nucleophiliclgroups of the biomolecule, such as, for
example, amino, hydroxy, thio or imidazole groups, with
én activated de:ivative of the complex-forming acid.
Activated derivatives of the complex-forming acid
which come into consideration are, for example, acid
25 chlorides,. acid anhydrides, activated esters, nitrenes
or isothiocyanates. Conversely, it is alsolpossible to

react an activated biomolecule with the complex-forming



Conj.ugation of the conplex-formng acids with bionolecules is |ikew se .
effpcted according to nethods known per se, for exanple by reacti.ng the ZO&Q
nucl eophilic groups, of the bionolecule, such as, for exanple, amno, L
hydroxy, thio or imdazole groups, with an activated derivatyye of the
conpl ex-forming acid. Activated derivatives of the conpl ex-fOfni ng acid

whi ch cone into consideration are, for exanple, acid 25 chlorides, acid
. anhydrides, activated esters, nitrenes -okl+sothi ocyanates. Conversely, it
is also possible to react an activated bionolecule with the conpl ex-form ng
acid. For conjugation with proteins, substituents of the structure [err] or
[err]-hal ogen ﬁﬁ}dalso be considered. 5 The manufacture of the
conpl ex salts of theﬁgfneral,formula . can |likew se be carried out in a

manner known per se BYIdiSBIUEaHd Bt WiidpRrR R 1Se FHbetibueaEsoPfet al |
salt (for exanple the nitrate,. chloride g ) of the el enent having |
an atomc 10 & nﬁgFWﬁtqﬁ%nﬁQ£§Lé§23f 7é5§1&ég§%é3?ﬂﬁ%ﬁﬂ?ﬁ BRY | ALlSRAt er f
and/or a | ower  alc | as net hanol ethanol or isopropanol) and

addi ng a solth%ncgggggg%%%Qion of the equival ent anpbunt of the

conpl ex-fogmng aci dypy manufacture of the complex salts of the

P

general formula I can likewise be carried out in a
manner known ng_gg by dissolving or Suspehding the
metal oxide or metal salt (for example the nitrate, U
 chloride or sulphaté) of the element having an atomic
10 number of from 21 to 29, 42, 44 or from 58 to 70 in
yatér and/or a lower alcohol (such as methanol, ethanoll
or isopropanol) and adding a solution or suspension of
the'equivalent amount of the complex-forming acid in
water and/or a loﬁer alcohol, and stirring, if
15 necessary while wafming or heating to boiling point,
until the reaétion is complete. If the complex salt
" formed is insoluble in' the solvent used, it is isolated
by filtration. If it is soluble, it can be isolated by
concentrating the solution to dryness by evaporation,
20 ' for example by means of spray-drying.
| If acid groups are still present in the resulting
‘complex salt, it is often advantageous to COnvért the
acid complek.salt into a neutral complex salt or salts -
by means of inorganic and/or organic bases or amino .
25 acids that form phyéiolbgically tolerable cations and
to isolate the neutral salt. In many cases, this is

indeed unavoidable since the dissociation of the



wat.er and/or a | ower alcohol, and stirring, if 15 necessary while
ma;gang or heating to b0|I|ng point, until the reaction is conplete. If the
cohpl.ex salt forned is insoluble in the solvent used, it is isolated by

filtration. Ifs i.s soluble, it can be isolated.by concentrating the
solution to dryness by evaporation, 20 - for exanple by neans of
spray- drylng | f acid groups are still present In the resulting conpl ex

salt, it is often advantageous to convert thé2acid conplex salt into a
neutral conpl ex salt or salts by neans of |norgan|c and/ or organi c bases or

amno 25 “aci ds taghof gk mRiksLgl ggl cablyolgbe Catha@%.iﬁﬂrbespﬁce

| sol ate the neutral many ca

the di ssoci ati on ofy4Dge to: feutES Lﬁétsghgyl§nseh§upﬂg33 b LS el |

in the pH value to neutra at on manner —can um

at all isolated or ﬁfoé@é‘éé Beraélsﬂl 1861 8e04f aEtaieléésedgaQTii‘gaaus' y

.carried out 5 the aid of organic bases or basic am nd® aci It can,
however, al so be advant ageRésmahutaetapdt L8l aa%heagééusﬁyrbsdr@% Bﬁtmeans

of inorgani c bases (hydroxi des, carbonates or bicarbonates) of sodium
potassiumor |iSthi wnith the aid of organic bases or basic amino ‘acids.
| It can, however, also be advantageous if the
neutralisation is carried out by means of inorganic
-&/; bases (hydroxides, carbonates or bicarbonates) of
sodium, potassium or lithium.

_-10 For the manufacture of the neutral salts there
may, for example, be added to the acid complex salts ~
in agueous solution or suspension as much of the
desired base as is necessary to obtain the neutral’
point. The resulting solution can subseguently be

15 concentrated to dryness in vacuo. It is frequently of
advantage to ﬁrecipitate the resulting neutral salts by
adding water-miscible solvents, such as, for example,
lower alcohols (methanol, ethanol, isopropanol,'etc.),
lower ketones (acetone, etc.), and polar ethers (tetra-

20 hydrofuran, dioxane, 1,2-dimethoxyethane, etc.), and
thus obtain crystallisates that are easily isolated and
readily purified. It has been found especially

s advantageous to add the desired base to the reaction

| mixture during the complex formation and thereby
25 dispense with one process step. |
If the acid cdmplex salts contain several free

acid groups, it is often advantageous to produce



.10 For the manufacture of the neutral salts there may, for exaaneL;

bé added.to the acid conplex salts in agueous sol ution or suspension as <%
much of the desired. base as is necessary to obtain the neutral point.. The ™
resulting solution can subsequently be 15 concentrated to erness in

vacuo. It is frequently of advantage to precipitate the res&?ting neutr al

salts by addi ng water-m scible solvents,  such as, for exanple, |eower .
al cohol s (net hanol, ethanol, isopropandT%3?ﬂ(L), | ower ket ones (acetone, i
etc.), and polar ethers (tetra- 20 hydr of ur an, di oxane,

1, 2- di met hoxye 1€ 1 Ce. gﬂﬁ t al . |Jisates that_ate easily
| sol ated and rté‘%gﬁ%flphlﬁ%ﬁde . %g“rghsﬁge%é]&%%gn?%tsﬂbeﬁ? W?nhﬁvaolﬂéageous to
add the desired a8 d YHNE JERAFIdLM P S 1L S i c f Qemati on
ispeﬁsel;]%th one prig]cess stlg%ojé.£ ??dfﬂﬁs 8BRSk B

and thereby 25 e acrd conmplrex salts

~ contain severabppoRd taCichdlddiPs THis | FaP B&Ne SEVARE Q0ERYS éQaﬁ%PQ‘,JCSy

-13- neutral m xed salts that contain both inorganic and organ
physi ol ogi cal | ¥ da@itdmap|tthes aidniplse0sf o ibnd T a@PPObh t SgebStgesusph§isan be

effected, for exanple, by reacting the conplex-formng acid in agueous
suspensions 5 oar ssduttiiom with the onide o salt of the element
supplying the central element and with half the amount
of organic base required fo:.neutralisaiion,-isolating
the complex salt formed, if desired purifying it, and i)
then adding to it the amount of inorganic base required
10 for complete neutralisation. The order in which the
. bases are added can also be reversed. |
The manufacture of the diagnostic preparations
according to the invention is-likeyise effected in a
manner known ng_gé_by suspending or dissolving the
15 domplex salts in an aqueous medium, for example water
- or physiological salt solution, optionally with the
- addition of the additives customary in galenical e
-'pharmacy, and.subsequently sterilising the solution or ~
suspension. Suitable additives are, for example,

20 .physioiogically tolerable buffers (suqh as, for
"example, tromethamine hydréchloride), small additions
of complex formers (such as, for example,-
-diethylenetriaminepentaacetic acid) or, if necessary,
electrdlytes (such'as, for example, sodium chloride).

25 In principle, it is also possible to manufacture

the diagnostic preparations of the invention even

without isolating the complex salts. 1In each case,



supplying the central elenent and with half the amount of organic base
reguired for neutralisation, isolating the conplex salt forned, if
desired-purifying-it, and then adding to it the anopunt of jnorganic base
required 10 -:for
are added can al so be reversed. The manufacture of the diagnostic
preparations according to the invention is |ikew se effected in a manner
known per se by suspending or dissolving t 415 conplex salts in an
agueous nedium for exanple water or physiol ogical salt solution,

opt fonal Iy W (h {hga0dLbhgp BcbhuBldhel VERORUSLOTREL AN gl st e

phar nacy,

and subs

conpl ete neutralisation. The order in which the bases

y sterilisin e solutron-or

| ori , smal " "additions of-co

addi {1 ves are, for gtaaplen 20 oylhy3l AhAREETkhke! She BRhEDULLEL (such

as, for exanple, t

formers (such as, §g1uexanB! 8ccoialhy! EBeEhEa'ih%Bi%ﬁaﬁi%Ei 9&;&)%%%? £rlele

necessary,

el ectrolytes (such as, for exanple, sodiumch

romet ham ne hydro

ori

In principle, it isfahén-pompilbkedt eopelagt HeRihGenditadNedhisc This can
preparations of the invention even without 1solating the conplex salts. In

each case, .-

5 14-

10

15

20

25

bpaehsankd;, €ercerumplle wikanthe afificof tlaaogkel ate
indicators, such as xylenol orange, by test titrations
during the manufacturing process. The invention also
therefore provides processes for the manufacture of the
complex salts and of the aforesaid preparations
containing them. As a final safeguard, there is a;ways
purification of the isolated complex salt.

If suspensions of the complex salts in water or
physiological salt solution are desired for oral
administration or other purposes, a sparingly soluble
complex salt is mixed with one or more auxiliaries
customary in galenical pharmacy and/or surfactants
and/or aromatic substances for taste correction.

The diagnostic preparations of the invention
contain'preferably from 1 pmol to 1 mol per litre of
the complex salt and are, as a rule, administered 'in
doses of from 0.001 to 5 mmol/kg. They are intended
for oral, and- especially parenteral, administration.
If desired, they maj be in a dosage form suitable for
administration orally, neurally or intravasally. When
the preparations are in a form suitable for injections,
they méy be contained in ampoules.

The diagnostic preparations of the invention meet

22



. formation in such a manner that the salts and salt solutions according to

the invention are virtually free of non-conplexed. toxically acting netal gg\

ions. This can 5 be ensured, for exanple, with the aid of ,cgl our g A
i ndi cators, such as xylenol orange, by test titrations duri t he

manuf acturing process. The invention also therefore provides ,processes .for
the manufacture of the conplex salts and,  of the aforesaid preparations 10
containing them As a final safeguard,'} ere is always purification of the

i sol ated conplex salt. If suspensions of the conplex salts in water or

hysi ol ogi cal | t t] | for. I QL ' th

U poses. & spatithdirL ot € & SnsiteL LEGr £LASRRLLTET, SRTORAEKEBRS or rore
poSeS:, ; o ‘

romt fo subst SRR 4ok HMEINLE BIR CBAYaPOANT: (olbkCehAbTeS et

the invention yiRidy B&tEhedty1 T4@MAis€ratBh, { PndyMakeper litre of 20

the conplex salt and are, as a rule, admnistered in doses of from0.001 to

5 nmmol /kg. Thepdgrddd igey S@0itabBé, fePdinpPe¢iag! ¥neaiakbemnakion
adm nistration. If desired, they may be in a dosage formsuitable for

admi ni strabi on whad | oan reeirpt dyided i By reh@sbhhye YHeaindd withethe aid
preparations are in a.-formsuitable for injections, they may be contai ned
i n anpoul es. Thef divapesst | spim cpemegr aphy pf as he tesehbti of imereasing

the signal intensity. They also exhibit the high
activity.necessary to keep to a minimum the amount of t)
foreign substances introduced into the body and the
10 good tolerability necessary to maintain th; non-
invasive character of the_examination (the compounds
mentioned in J. Comput. Tomography 5,6: 543-46 (1981),
in Radiology 144, 343 (1982) and in Brevet Special de
" Medicament No. 484 M (1960) are, for example, too
15 toxic). The.ready water—solubiliﬁy of the complex
salts used in the preparations of the invention enables
the preparation of highly concentrated solutiqns,
- so that the volume introduced into the circulation can
-be kept within reasonable limits and the diluﬁion by
20 body fluid can be compensated, that is to say the NMR
‘diagnostic preparations must be 100 to 1000 times more
water-solubie than is necessary for NMR spectroscopy.
Furthermore, the diagnostic preparations of the
invention are not only highly stable in vitro but
25 also exhibit a surprisingly high stability in vivo,
so that the ggg_gg toxic ions that are not covalently

bonded in the complexes are released or exchanged only



the many requirenents for suitability as contrast agents for nuclear spin
tiopography. For exanple, after oral or parenteral adm nistration, they g
out standi ngly suitable for inproving the information 5 f hat can be Q?
provi ded by the i'mage obtained with the aid of nuclear spin tonography, -as
a result of increasing the signal intensity. They also exhibit the high
activity necessary to keep to a mninumthe anount of foreign substances

i ntroduced into the body and the 10 good tolerability necessary to

mai ntai n the non- invasive character of 4lfe- exam nation (the conpounds
mentioned in J. Conput. Tonography 5,6: 543-46 (1981), in Radiol ogy 144,
343 (1982) and in Brevet Special de Medicanent No. 484 M (1960) are, for
exanple, too 15 toxic). The ready water-solubility of the conplex salts
used in the preparations of the invention enables the preparation of highly
concentrated solutions, so that the volune introduced into the circulation

can be kept withigtrapsignadlgyily mts mrd theGiugaitedn Ry +20 body fluid
can be conpensated, that is to say the NVR di agnostic preparations nust be

100 to 1000 ti Endedfd - 50 d Fi ddaih i ch NACESEAEY, Tir MRmple,
spectroscopy. Furthernore, the diagnostic preparations of the invention are

not only highly g&dabitfe ididdddPidWE 2umoidt s bredtly kibowt sursuppy imging Iy gh
stability in vivo, -
high intensification of the signal at such a low dosage
5 that it is possible to use in this case solutions of
~ correspondingly.léw concentration.

Especially low doses (under 1 mé/kg) and
therewith solutions of lower concengrations (1 pmol/1
to 5 mmbl/l) than are specified in EP 71 564 are

10 required for organ-specific NMR diagnostics, for
~example for detecting tumourg and coronary infarcts.

The invention also provides physiologically
tolerable, non—radioacfive comp%ex salts of the general
formula I, as defined above. 1In those complex salts of

W, 15 the general formuia I containing more than twb of the
radicals represented by'x, it may be ad?antageous for
at least one of the substituents Y to be a
physiologically tolérable cation of an orgénic'base or
amino acid. |

.20 The present.invention further provides the use of

a physiologically"toierablé, non-radioactive complex
salt of the general formula I, as defined above, for

the manufacture of a preparation for a method of NMR

diagnosis of the human or'anima; body.'



so that the per :
conpl exes are rel eased or exchanged only -16- extrenely slowy. - The
conjugates. with proteins and antibodies which are used, for exanple, for
the diagnosis of tumours bring about a surprisingly hlgh I nt

se toxic ions that are not covalently bonded in the

i

fication of

the signal at such a | ow dosage 5 that it is possible to us n this case

sol utions of correspondingly |ow concentr
1 ng/kg) and therewith solutions of |ower
mmol /1) than are specified in EP 71 564 are 10 required for organ-specific

NMR di agnosti cs,

oncentrations (1 pmol/l to 5

for exanple for detecting tunours and coronary infarcts.

The invention al so provides physiol ogically tol erabl e,- non-radi oactive
conplex salts of the general fornula |, as defined above. |In those conpl ex
salts of 15 the general formula I containing nore than two of the radicals

represented by X, it npyebfonliowbhggEREmplies allbetghtenehel inR@ntion:-

substituents Y to be a physiologically tolerable cation of an organi c base
or amino acid. 20 The present invention further provides the use of

a physiologically tol erable, non-radioactive conpl ex

10

Example 1

Preparation of the disodium salt of the gadolinium(III)
complex of 13,23-dioxo-15,18,21-tris-(carboxymethy1)-
12,15, 18-21 24-pentaazapentatriacontanoic diacid,

C3GHGOGdN5012 . 2 ﬁa.

15.2 g ( = 20 mmol) of 13,23-diox0~-15,18,21-tris~

(carboxymethyl)-12,15,18,21,24-pentaaza§entatriacontanoic

diacid are suspended in 400 ml of water and the
suspension is heated to 95°C. " 7.43 g ( = 20 mmol) of

gadolinium(III) chloride hexahydrate, dissolved in 60 ml

" of water, are slowly added dropﬁise. The whole is

15

20

maintained at this temperature for 2 hours and then, in
order to neutralise the hydrochloric acid forned, 60 ml
of 1N sodium hydroxide solution are added.

When the reaction is complete (testing with
xylenol orange) the precipitate obtained is filtered
and washed free nf sodium chloride with water. 17.60 g
(96 3 of the theoretical yield) of a water-insoluble,

white powder of melting point 290-292°C are obtained.

gélon Especi ally | ow doses (under

O

-



galt of the general fornula I, as defined above,
pLeparation for a nethod of NMR diagnosis of the human or ani nal
=17- The following Exanples illustrate the invention:- Exanple 1
Preparation .of the disodiumsalt of the gadoliniun(ILI) conpl ex of
13, 23-di oxo- 15, 18, 21-tri s- (car boxynet hyl ) -

12, 15, 18, 21,:24- pent aazapent at ri acont anoi c dIaCId
[errr]nDI) of 13, 23-di oxo- 15,18, 21-tris- —18-
(carboxynet hyl )-12, 15, 18, 21, 24- pentaazapentatrlacontan0|c dIaCId are

body.

[err] 15.2 g ( 20

for the manufacture of a

4

?92%1630'?':' 20 36%11*3%%*@ TRk PRe oo By FRe2Redangar Lo ol o iig?e? Sr.rh]n
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acid forned, 60 rd;jddig

reaction is conp
is filtered and
the theoretical

poi nt 290-2920C
5
U
10
:\,«’
15
20

,of 1IN sodlun1hydrOX|de solution are added. Wen the
lete (testing with xylenol orange) the precipitate obtained
washed free of sodiumchloride with water. 17.60 g (96 % of

yield) of a water-insoluble, 20 white powder of nelting

aRrea Dps bé ned. .

(calculated) C 47.30 H 6.84 N 7.66 Gd 17.20

(found) C 47.13 H 6.83 N 7.60 G4 17.06
14.6 g ( = 16 mmol) of the gadolinium(III)

complex so obtained are suspénded in 200 ml of watér,
and 31.4 1 of 1N sodium hydroxide solution are added

dropwise thereto. After 1 hour a clear solutlon is

obta1ned whlch is filtered and then concentrated in

vacuo. After drying in vacuo at 80°C 13.2 g (87 % of
the theoretical yield) of a readily water-soluble,

white powder of melting point 279-285°C are obtained.

Analysis:
{calculated) C 45.13 H 6.31 N 7.31 'Gd 16.41 Na 4.80

(found) C 45.20 H 6.12 N 7.28 G4 16.26 Na 4.75

In analogous manner there is obtained, using
N-methylglucamine in place of sodium hydroxide
solution,

the di-N-methylglucamine salt of the gadolinium(III)



-18- Gadoliniun(ll1l) conplex of 13,23-dioxo-15, 18, 21-tris-

(carboxynet hyl )-12, 15, 18, 21, 24- pent aazapent atri acont anoi ¢ di acid. Anal ysis: \..,x
5 (cal cul at ed) C.47. 30 H 6. 84 N 7. 66 Gd 17.20 (f d) ' (8
47.13 H 6. 83 N 7.60 Gd 17.06 14.6 g ( = 16 nmol) of%ﬁ%}'
gadol i niun(111) conplex so obtained are suspended in 200 ml of water, and
31.4 1 of 1N sodi um hydroxi de solution are added 10 dr opw se thereto.

After 1 hour a clear solution is obtained mhlch is filtered and then
concentrated in vacuo. After drying in vacid?at 800C 13.2. g (87 %of the
theoretical yield) of a readily water-soluble, white powder of nelting

N7 81 Gl 16,41 RONRLGE PFotnars-STOxE)E 18t gk b e Cobfgalodt.
Na 4.75 In anal ogous, 18ppey, zhhgéstaszapteataeémHéhegnB&EBH*ixb%ucam ne in
pl ace of sodlun1hydrOX|de 20 sol ution, the di-Nnethylglucamie salt of

t he gadollnlum(lll()50 96GdN50,,.

Example 2

'5 Preparation of a solution of the disodium salt of the
gadolinium(III) complex of 13,23-dioxo-15,18,21-tris-
(carboxymethyl)flz,15,18,21,24~pentaazapentatria-' MJ

contanoic diacid

392.0 g ( = 400 mmol) of the salt described in

10 Example 1 are made into a paste in 500 ml of water

p-i. (pro injectione) and dissolved by making up

the volume to 1000 ml with water p.i. while heatlng

sllghtly. The solution is placed in bottles and

heat-sterilised. ' ' k;/
15 Example 3 .

Preparation of a solution of the di-N-methylglucamine

salt of the gadolinium(III) complex of 13,23-dioxo-15,

18,21-tris-(carboxymethyl)-12,15,18,21;24-pentaazapenta-

triacontanoic diacid

20 | -+ .130.4 g ( = 100 mmol) of the di-N-methylglucamine

complex salt listed in Example 1 are made into a paste



- 19-

conpl ex of

| 3, 23-di oxo- 15, 18, 21-tri s-(car boxynet hyl) - 12

15118 21, 24- pent aazapent atri acontanoic diacid, [err] Exanple 2 5
Preparat|on of a solution of the disodiumsalt of the gadol inium(111)
conpl ex of 13,.23-di oxo-15, 18, 21-tris-

(carboxynethyl) 12,15, 18, 21, 24- pent aazapentatria- contanoic diacid 392.0 g
400 mmol ) of the salt descrlbed in 10
in 500 m of water

(

p.i.- (pro’injectione) andﬁglssolved by maki ng up the

volume to 1000 M with water p.i. while heatlng slightly. The solution is
placed in bottles afyl IERimBSF ik e anéx&fpé&&e&’wgi@thggt%
é%rr-

solution of the di-

N- et hyl gl ucam ne

13, 23- di oxo- 15, 18,7He tgd Duf e bix ymaddvip - €62, 960 181 231 &4 -pepépagapent a-
triacontanoic diacid 20 130.4 g ( = 100 mml) of the

di -
-2

5
o
10
o . 15
20

N- et hyl gl ucani risytomodiieed skito |ampaillés dndiripeet-isteei hbsledi nt o a paste

Example 4

Preparation of a solution of the gadolinium(III)
complex of the conjugate of diethylenetriaminepenta-

acetic acid with human serum albumen

anple 1 are nade into a paste

of the gadoliniun(lll) conp?ex of

10 mg of 1,5—bis-(2,6-dioxomorpholino)-é-azapen-
tane~3-acetic acid (that is the anhydride of
diethylenetriaminepentaacetic acid) are added to 20 ml
of a solution of 3 mg of the prdtein in 2 0.05 molar
sodium bicarbonate buffer (pH 7-8). The whole is
stirred for 30 minutes at room temperature and is then
dialysed against a 0.3 molar sodium phosphate buffer.
50 mg of gadolinium(III) acetate are then added and
purificatioﬂ is effected by gel chromatography ober a
Sephadex G25 column; Sephadex is a Registered Trade
Mark. The fraction obtained is sterile-filtered and
placed in multi-dose phials. Freeze-drying produces a
dry preparation that can be stored. |

In an analogous manner, there is obtained with
immunoglobulin a solution of the corresponding complex

conjugéte.

58



in 250 ml of water p.i. and dissolved while heating. The solution is nade _
up to 500 mM with water [err] introduced into anpoul es and heat-sterilisedéé

Exanple 4 5 Preparation of a solution of the gadoliniun(lll) .conplex of = -

»

t he conjugate of diethylenetriam nepenta- acetic acid with man, serum
al bunren 10 ng of 1, 5-bi's-(2,6-di oxonor phol i no) - 3-azapen- tane-3-acetic acid:
(that is the anhydride of 10 di et hylegelri am nepentaacetic acid) are

- added to 20 ml of a solution of 3 ng of the protein in a 0.05 nolar sodium

bi carbonate buffer (pH 7-8). The whole is stirred for 30 mnutes at room

tenperature arBkdmpldied) di al ysed against a 0.3 nolar sodi um phosphate
buffer. 15 50 ng of gadoliniun(lll) acetate are then added and '

.purification iBxeddmxtionh byf gl seclubien ogf aphg gadolanSephadex G25 col um;

Sephadex is a Registered Trade Mark. The fraction obtained is
sterile-filtercamkRk Phckhe isomitgateost dhebhylemebeiamingpagtproduces a
20 dry preparation that can be stored. In an anal ogous nmanner, there is
obt ai ned wit h 3SRRAFHOADHI (FTRALITLER o BPneatoralraspbhedrg conpl ex

conj ugat e. -21-

5 1l mg of a mixed DTPA anhydride (obtained, for
example, from DTPA and isobutyl chloroformate) is added t;
to 20 pl of a solution of 0.3 mg of a monoclohal anti- :

body in a 0.05 molar sodium bicarbonate buffer (pH 7-8)
and the whole is stirred for 30 minutes at room

10 temperature. Dialysis is carried out against a 0.3

molar sodium phosphate buffer, and 2 mg of the
gadolinium(IJI) complex of ethylenediaminetetraacetic
acid (EDTA) are added to the antibody fraction
obtained. After purification by gel chromatography

15 over Sephadex G25, the sterile~filtered solution is
| placed in multi-dose phials and freeze-dried. \~

Using the mixed anhydride of trans-1,2-diamino-
cyclohexanetetraacetic acid (CDTA) there is obtained,
in analogous manner, a solution of the corresponding

20 gadolinium(III) complex of the'CDTA_antibody.

Using the manganese(II) compiex of ethylene-
diaminetetraacetic acid there is obtained in an
analogous manner the manganese(II) complexes oflthe

antibodies coupled with DTPA or CDTA.



Exanpl e 5 Preparation of a solution of the gadoliniun(l11) conplex of the
copjugate of diethyl enetriam nepenta- acetic acid (DTPA) wi th a nonocl onal - uﬁ
anft | body -5 . 1 ng of a m xed DTPA anhydri de (obtained, for exanple, '
-from DTPA and.i sobutyl chloroformate) is added to 20 pl of a solution of
0.3 ng of a nonoclonal anti- body in a 0.05 nolar sodi um bi carbonate buffer
(pH 7-8) and the whole is stirred for 30 mnutes at room 10 t enperat ure.
Dialysis is carried out against a 0.3 nolaf%ﬁﬂﬁun1phosphate buffer, and 2-
ng of the gadolinium(l11) conplex of ethyl enediam netetraacetic acid (EDTA)
are added to the antibody fraction obtained. After purification by gel
chromat ography 15. over Sephadex &5, the sterile-filtered solution is-
placed in multi-dose phials and freeze-dried. Using the m xed anhydri de of
trans-1, 2-di am no- cycl ohexanetetraacetic acid (CDTA) there is obtained, in
anal ogous manner, a solution of the corresponding 20 gadoliniun(lll)
conpl ex- of the CDTA antibody. Using the manganese(ll) conplex of ethyl ene-
dianinetetraacetichagtﬂduyeais obtai ned i n an anal ogous nmanner the
manganese(l 1) conpleExes o he anti bodi es coupl ed with DTPA or CDTA.
Preparation of a solution of the gadolinium(III)

complex of the conjugate of l-phenyl-ethylenediamine-~

tetraacetic acid with immunoglobulin

5 According to the procedure described in J. Med.
Chem. 1974, vol. 17, p. 1307, a 2 % solution of the
protein in a 0.12 molar sodium bicarbonate solution
containing 0.01 mol of ethylenediaminetetraacetic acid
is cooled to +4°C and there is added dropwise the

10 proportion, equivalent to the'proteiﬁ,'of a freshly
prepared ice-cold diazonium salt solution of 1-(p-
aminophenyl)-ethylenediamiﬁetetraacetic acid. The
whole is stirred overnight (pH 8.1) at +4°C and is
then dialysed against a 0.1 molar sodium citrate

15 solution. When dialysis is complete, an excess of
gadolinium(III) chloride is added to the solution of
the conjugate' and ultra-filtration is carried out to
remove ions. Finally, the sterile-filtered solution is

placed in multi-dose phials and freeze-dried.



- dropwi se the 10 proportion, equival en

-22 Exanpl e 6 Preparation -of a sol ution.of the gadollnlun(lll) conplex of,.
t he conjugate of 1-phenyl-ethylenediam ne- tetraacetic acid with- ;

‘irmmunogl obulin 5 According to the procedure descrlﬁed in J. Med.

Chem 1974, vol. 17, p. 1307, a 2 %solution. of the protein bn a 0. 12 nDIar
sodi um bi car bonat e solutlon contai ning 0.01 nol of
et hyl enedi ami netetraacetic acid is cooI?q to +40C and there I s added

to the protein, of a freshly
prepared ice-cold diazoniumsalt solution of 1-(p-
anm nophenyl ) - eg gymgpedyam netetraacetic acid. The whol e is stirred
over ni ght (pkiEFTTE'T‘¢40C and is then dialysed against a 0.1 nolar sodium

citrate 15  sptepapatioihes di aby3bidad darpletisd ond b £E5C #mS( 19f) -CDTA-
gadolinium(1I11) chloride is added to the solution of the conjugate and
ultra-filtratibipid canuugdteut to renpove ions. Finally, the
sterile-filtered solution is placed in multi-dose phials and freeze-dri ed.
-23- Exanple 7 Preparation of a colloidal dispersion of a M(lI)-CDTA-

i pid conjugate

“0;1 mmol of distearoylphosphatidylethanolamine
5 and 0.1 mmol of the bisanhydride of trans-1,2-diamino-
cyclohexanetetfaacetic acid in 50 ml of water are 1)
stirred at room temperature for 24 hours. 0.1 mmol of
manganese (II) carbonate is added and stirring is again
- carried out at room temperaturé for 6 hours. After
10  purification over a Sephadex G50 column, the sterile-
fi}tered solution is placed in multi-dose phials and
freeze~-dried.
A colleoidal dispersion of the gadolinium-DTPA-
lipid conjugate can be obtained analogously with

15 gadolinium(III) oxide.

Example 8

Preparation of liposomes charged with gadolinium(III)-

DTPA

According to the procedure described. in Proc.
20 Natl. Acad. Sci. U.S.A. 75, 4194, a lipid mixture
comprising 75 mol % of egg phosphatidylcholine and

25 mol & of cholesterol is prepared as a dry substance.



0.1 mml of distearoyl phosphati dyl et hanol am ne' 5 and 0.1 mml of the
biégnhydride of trans-1,2-diam no- cycl ohexanetetraacetic acid in 50 ni of.ﬂz,
wat er, are stirred-at roomtenperature for 24 hours. 0.1 mmol of
manganese(l1) .carbonate is added and stirrig is again carried out at room
tenperature for 6.hours. After 10 purification over a Sephadex Gb0 '
colum, . the sterile- filtered solution is placed in multi-dose phials and
freeze-dried. A colloidal dispersion of the2gadolinium DIPA- |ipid
conjugate can be obtai ned anal ogously with 15 gadol i niun(I11) oxide.
Exanpl e 8 Preparati-on of |iposones charged w th gadoliniun(lIl)- DTPA
According to the prBBeldr &haEeeti pea AiSppdvedodn 3Raml ofcddethyil. ethsrA
75, 4194, a lipid mxture co ising 75 | . % of egg _phosphati dyl chol i ne
and 25 nol @6of.“cﬂBéeSFBrSpnﬁitﬁFégaiﬁdgg§ha grylsgﬁsﬁaﬁcé.m°13124- 500 g

et eot are drosolYagl RoRopt! Rk, LS Her Bl ISt 20 530 Uk BRI D2t D
gadol i niun(I 1) cogphgX; Rl uflizrRY! &BRb1L3 HE Rt By1enetr iaminepenta-
5 acetic acid in water E;i; are added dropwise
thereto. When the addition of the solution is.
complete, the exposure to ultrasonic waves is continued
(/: for 10 minutes and then concentration is carried out in
a rotary evaporator. The gel-like residue is suspeﬁded
. '10 in a 0.125 molar sodium chloride solution and, at
0°9C, repeatedly freed of non-encapsulated contrast
agent portions by centrifugation (20000 g/29 minutes).
'Finally, the liposomes so obtained are freeze-dried in
multi-dose phials. The preparation is administered as
15 a colloidal dispersion in a 0.9 & by weigﬁt sodium

chloride solution.



5.aceticracid in water p.i. - are added—dropwse thereto. \Wen the addition_.

of the solution is conplete, the expos maves |s contlnuedhh
for 10 minutes and then concentration Bmﬁﬁlmm |ﬂmm ’ ‘
evaporator. The gel-like residue i$ su *a 0 1 nnlar sodi um
chloride solution and, at [err], repeatedly freed of non- encapsul ated -
contrast agent portions by centri f ugat i_%_( 20000 g/ 29 mnutes). Finally,

the |iposones so obtained are freeze-dri"éd in nmulti-dose phials. The
preparation is admnistered as 15 a colloidal dispersionina 0.9 % by

wei ght sodi um chl ori de1aQlghgt i on. -25- Cains 1. A di agnostic
preparation which conmprises (i) a physiologically tol erable,

non-radi oactive conplex salt of the general forrmula | [err] in which X
represents the radicals -COOY, -POBHY or -CONHOY wherein each Y represents

a hydrogen atom. a AReddlaghqitial @ileparia Ihi athilvd nibnisd Beded from el enents
10 havi ng atom ¢ nunbers of from21 to 29, 42, 44 and from58 to 70,

or a physiol ogi(¢al | ¢ phliysialllogically tolerable, non-radiocactive

complex salt of the general formula I

X--CH2 CHz-x
o/
5 -A-N \ (1) '
V- HRl CHR -V
in which _
X represents the radicals -COOY, -P03HY or -CONHOY
wherein each Y represents a hydrogen atom, a metal
equivalent, the metal being selected from elements .
N

10 ha&ing,atomic'numbers of from 21 to 29, 42, 44 and
from 58 to 70, or a physiologically tolerable
cation of an inorganic or organic baéé or amino
acid, : _ - %

Rl represents in each case a hydrogen atom or a

15 methyl group

and in which either



catlon of an |norgan|c or organic base or am no aC|d~—R$—FepFesean_Ln_each
ca&, a hydrogen atomor a 15 - ‘et hyl group and ei t her
a)-A.represents the group -CHR2-CHR3-, [err] in whi mmi“m' " #ML

has t he meani ngs gi ven -above, [err] together repres gr oup
or a tetranethylene group, or each represent a hydrogen aton1 an aI

radi cal contai-ning up-to 6 10 _ carbon atons, a phenyl
radi-cal or a benzyl radical, m . repr26ents the integer 1, 2 or 3,
and Z represents an oxygen atomor a sul phur 15
atom or the group [errA in which X has the nmeani ngs gi ven above and
_ a) represents the group -CH 2= HR3—,
-caz-cnz-(zcaz-caz)gf .
N(CHZX)2 CHZ—CHZ-N(CHZX)2
or
in which
ij 5 X has the meanings given above,

R2 and R3 together represent a trimethylene group
or a tetramethylene group, '
or each represent a hydrogen atom,
an alkyl radical containing up to 6

10 carbon atoms, a phenyl radical
or a benzyl radical,

represents the integer 1, 2 or 3,

and
4 represents an oxygen"atom or a sulphur
15 atom or the group
N .
NCH, X or :::Ncnzcnzon4 ,
in which
L. _ X has the meanings given above
and '
20 R, represents an élkyl radical
containing up to 6 carbon atoms,

and

A



20
carbon atons

| , and - -27- each V ha mmm
the group [err] in which B represa

[err] radical,

as X or represents -+ i
lipid ragadical or an 57

R4 represents an aJk I uﬁﬂ contalnlng up to 6
in which X has thé nbadinds gi ven above an&t represents

an integer from1 to 12, 10 wth the proviso that at |east. one of the
synbols V represents a -COB group, as d ned above, and at |east two of

.the substituents Y are netal equival ent- selected from el enents havi ng

atomi ¢ nunbers of from2l1 to 29, 42, 44 and from58 15 to 70, or b) A

and

10

15

20

25

represents the grquy ngERANEHEind hellily T ERSSUE S tvs agen atom20 |

group -CHZOH or -COB,
in which
B represents a protein or lipid radical or an
-NH (CH3) nX radical,
in which
X has the meanings given above

and _ '
n represents an integer from 1 to 12,

with the proviso that at least one of the symbols V

represents a ~COB group, as defined above, and
at least two of the substituents Y are metal
equivalents selected from elements having étomic
numbers of from 21 to 29, 42, 44 and from 58

to 70,

- Or

b) A represents the group -CHR3-CHR3-
in which
R2 répresents a hydrogen atom
and | |
R3 represents thg group -(CHziefC6H4-W-protein
in which
P repreéents 0 or 1,
1] represents -NN-, -NHCOCHZ— |
dr ~NHCS~ i
and

-protein represents a protein radical,



R3, represents the group [err]-protein in which [err] represents 0 or 1,

Y\:);\St re?ﬁr(razgptege;l{\"s\l-a ;)L\Igmzratzj?cal -28 and 4““'“"'":"" Iﬂww%and .. 6

.meani ng as X or represents-the group [err] t he provi $o0 thas | east
two of the substituents 5 Y are netal equlvalents sel ected from el enents
havi ng atomi c -nunbers of from21 to 29, 42, 44 and from58 to 70, and (ii)
a physiologically tolerable carrier. 10 728 p di agnostic preparation as-
claimed in claim1, wherein the carrier (ii) is an aqueous carrier. 3. A
di agnostic preparatjon as clainmed in claim2, wherein the carrier (ii) is
wat er or physiological salt soluti.on, and the conplex salt (i) is dissolved

or 15 suspended ighd v has thdll SHHIOShd dn FUFPR 3 198 Aol ALABY LRl @i m
' group -CH,0H,
with the proviso that at least two of the substituents
5 Y are metal equivalents-selected:from elements having
atomic numbers of from 21 to 29, 42, 44 and from 58 to
70,
R}' and

(ii) a physiologically tolerable carrier.

10 2. A diagnostic preparation as claimed in claim 1,

wherein the carrier (ii) is an agueous carrier.

3. A diagnostic preparation as claimed in claim 2,
wherein the carrier (ii) is water or physiological salt
solution, and the complex salt (i) is dissolved or

15 suspended in it.

4. A diagnostic preparation as claimed in claim 2 or
claim 3, wherein the complex salt (i) is present in a

concentration of from 1 umol to 1 mol per litre.
E_ _ - 5, A diagnostic preparation as claimed in any one of
- 20 claims 1 to 4, wherein the complex salt (i) is derived

from diethylenetriaminepentaacetic acid.

. 6. A diagnostic preparation as claimed in any one of



. preparation as clained in any one of c

claim3, wherein the conplex salt (1) T's present in a concentration of from

1 prol to 1 nol per litre. 5. A di ag ' tion as clained in any4
one of 20 clainms 1 to 4, wherein Jﬂmﬂ%mﬁ“ﬁﬁm (i) is derived from , "
. C | -

di et hyl enetri ani nepent aacetic acid. |greostt c prepa i on as
claimed in any one of -29- clains 1 to 4, wherein the conplex salt (i)
I s derived fron1ethy|enedianinetetraaceg'g acid. 7. A di agnosti c

[&'ns 1 to 4, wherein .the conplex
salt (i) is derived 5 fromtrans-1, 2-cycl ohexyl enedi am netetraacetic acid

or 13, 23-di Oxoéféiﬁé’fltylﬁ'Gﬁ@iggl‘xy'fﬁfehl%l)ngg.ieg salt (i) is derived

12, 15, 18, 21, 24- pent aazapent atri acont anoi c _ di agnostic
preparation asggebgi 8BHyl8nadYafifelbtehdicetit @@i§. Wherein the conpl ex
salt (i) is derived 10 froma conplex-formng acid |inked as a conjugate
wi th a bionol ecule. 9. A di agnostic preparation as clained in claimS§,
wherein the bionolecule is a lipid. 10. A diagnostic preparation as clained
in claim8, 157. whkré@iaghbsthcopekeparktion asprizdmed lih ahyicagnasiic
preparation as clainmed in claim210, wherein the protein is insulin. '
claims 1 to 4, wherein the complex salt (i) is derived

5  from trans-l,2-cyclohexylenediaminetetraacetic acid

or 13,23-dioxo-~15,18,21-tris~(carboxymethyl)-

N
-+

12,15,18,21,24-pentaazapentatriacontanocic diacid. ;}

8. A diagnostic preparation as claimed in any one of
- claims 1 to 7, wherein the complex salt (i) is derived
10 from a complex~forming -acid linked as a conjugate with

a biomolecule.

9. A diagnostic preparation as claimed in claim 8,

wherein the biomolecule is a lipid.

10. A diagnostic preparation as claimed in claim 8,

15 wherein the biomolecule is a protein.

11. A diagnostic preparation as claimed in claim 10,

 wherein the protein is insulin.

12. A diagnostic preparation as claimed in claim 10,

wherein the protein is an albumen.

20 .13. A diagnostic preparation as claimed in claim 10,



12. A diagnostic preparation as clained in claim 0;—wherein the protein
i ssan al bumen. 20 13. A diagnostic preparation as clainmed in claiml10, .RV

-30- . wherein the protein is a nonoclonal anti body.'J uﬁmnﬁﬂﬂﬂwl _
~preparation as clained in e¢laim13, wherein the no 5 (u”is
specific to tunobur- associ ated antigens. '5 .15. A diagfiosti cSpreparation

as clainmed in>any one of clains 1 to 7, mhg&iLn the conplex salt (i) is
deri.ved froma conpl ex-formng acid form ng conj ugat e or inclusion
compound with a |iposone. 16. A diagnostic preparation as clained in any

one of 10  clainsyhet@ith tW@e?‘%b'Eetilﬂe_i%QEPln@ﬁo%qlo%a(]]' Jant3 gy .
di - N-net hyl gl ucam ne salt of the gadoliniun(ll}l) conplex o

13, 23-di oxo-15, 18, 21-tri s-(car boxynet hyl ) -

12, 15, 18, 21, 24- pent aazapent atri acontanoic diacid. . 17. A diagnostic
preparation as ol alded Anddagnostief pteparaltdions at cladmedhdreicidie 13,
conplex salt (i) is the gadoliniun(lll) conplex of the conjugate of

di et hyl enet ri am nepbrredoetthe amondclionali amtibgdybllsi mpetd fik dicaPuaiuirc
preparation as clainmed in any one of claims 1 to 4, wherein the conplex
salt (i) is the 20assggdatedi antigepssonpl ex of the conjugate of

5 -15. A diagnostic preparation as claimed in any one of
P claims 1 to 7, wherein the complex salt (i) is derived
from a complex-forming acid forming a conjugate or
inclusion compound with a liposome.
16, A diagnosﬁic preparation as claimed in any one of
10 claims 1 to 4, wherein the complex salt (i) is the
di-N-methylglucamine salt of the éadolinium(III)
complex of 13,23-dioxo-15,18,21-tris-(carboxymethyl)~

12,15,18,21,24~-pentaazapentatriacontanoic diaciad.

> 17. A diagnostic preparation as claimed in any one of
15 claims 1 to 4, wherein the complex salt (i) is the
gadolinium(III) complex of the conjugate of

diethylenetriaminepentaacetic acid with immunoglobulin.

* 18. A diagnostic preparation as claimed in any one of
claims 1 to 4, wherein the complex salt (i) is the
20 gadolinium(III) complex of the conjugate of
diethyienetriaminepentaacetic acid with human serum

albumen.



‘di et hyl enetri ani nepent aacetic acid wth hunén serum al bunen. * C
M S * -31- 19. A diagnostic pr ' gired i n any one of ;j
clainms-1 to 4, wherein the conpl ex saimmmmﬂ)l“ﬂﬂunm ol iniun(l11) conplex ™
of the conjugate of diethylenetriani negenfaateth c faci*d with

anti body. ' 20. A diagnostic preparation as clainmed in any o# :
to 4, wherein the conplex salt (i) is ttyaﬂnanganese(ll) conpl ex of the

eonjugate of trans-1,2- cycl ohexyl enedi amnetetraacetic acid with a

nonocl onal 10

anti body. 21. A diagnostic preparation as clained in any

one of clainms 1150 4a WISk tike grUPd it iH tad 1d1d Sndd1e) MBLYR

conplex of a lipid conjugate of trans-

ngRe(bt)

1, 2-cycl ohexyl enedi am net etraacetic

L

nonocl onal
of clains 1

5

e

acid. 15 22. Acdaa@gsoltitd Mremietidion tife daipksk ishBOY(Dneiofegbains 1 to
4, wherein the conplex salt (i) is the gadoliniunm(l1l) conplex of an

i ncl usi on conpogadodfl ndiuet(ITyIIen etomipdrexn epfe s asdn jugectel ofth a | i posone.
23. A diagnostic preparation as clainmed in any one of 20
wherein the congpgxhyépneGKyamimﬂngntaacetic acid with a monoclonal

5

10 .

15

20

antibody.

‘ 20. A diagnostic preparation as claimed in any one of

claims 1 to 4, wherein the complex salt (i) is the
manganese (1I) complex of the conjugate of trans-1,2-
cyclohexylenediaminetetraacetic acid with a monoclonal

antibody.

21. A diagnostic preparation as claimed in any one of
claims 1 to-4, wherein the complex salt (i) is the
manganese (II) complex of a lipid conjugate of

trans-~1l,2-cyclohexylenediaminetetraacetic acid.

*22. A diagnostic preparation as claimed in any one of

claims 1 to 4, wherein the complex salt (i) is the
gadolinium(III) complex of an inclusion compound of

diethylenetriaminepentaacetic acid with a 1ipo$ome.

23. A diagnostic preparation aS'claimed in.any one of
claims 1 to 4, wherein the complex salt (i) is the
disodium salt of the gadolinihm(III) complex of
13,23-dioxo-15,18,21-tris- (carboxymethyl)-12,15,18,21,

24-pentaazapentatriacontanoic diacid. -

clains 1 to 4,

Zy
»



dlsodlun1salt of the gadoliniun(lll) conplex_QL///””/”’//////’

.13, 23-di oxo- 15, 18, 21-tri s- (car boxymet hyl ) - 12 15 1 \\]m !\ l}fv
Q‘ZJ pentaazapent at ri acont anoi ¢ di aci d. m preparation

as clainmed in claim1l, substantially as descrl any“one of Exanples 2
to 8 herein. 25.. A diagnoestic preparation as clalned in any one of ‘5
clainse 1 to 23, which is in a dosage formguitable for adm nistration
orally, neurally or intravasally.. 26. An éﬁ%ﬁule cont aj ning a diagnostic-
preparation as clainmed in any one of clainms 1 to 23, in a formsuitable for

njection. 10 27, A\Papgesssies #PS?QPQHIQRW&Z%%MSQ' anel %iﬁom o

preparation as clained in a y one o
salt (i) is di SsoénYlS‘@tQﬁtﬁé@anQ@ddéQcY‘@B@é ok Qnyswéogf%kaﬁ?i& sgl ypion,
and is made up, if desired I ncor poration”of one or 5
physi ol ogically t®liggadig. adj uncts, in a formthat is suitable for
I ntravasal or oral adm nistration. 28. A process for the manufacture of a
di agnostic preparation as clainmed in claiml, conducted substantially as
described in any one of Exanples 2 to 20 8 herein.

25. A diagnostic preparation as claimed in any one of

5 claims 1 to 23, which is in a dosage form suitable for

administration orally, neurally or intravasally.

C

26. An ampoule containing a diagnostic preparation as
claimed in any one of claims 1 to 23, in a form

suitable for injection.

10 27. A process for the manufacture of a diagnostic
" preparation as.claimed in any one of claims 1 to 23,
wherein thé complex salt (i) is dissolved or suspended
-in water or physiological salt solution, and is made
up, if desired with the incorpofation of one or more
15 physiologically tolérable adjuncts, in a form that is

suitable for intravasal or oral administration.

28. A process for the manufacture of a diagnostic
preparation as claimed in claim 1, conducted
substantially as described in any one of Examples 2 to

20 8 herein.

29. A physiologically tolerable, non-radioactive

complex salt of the general formula I



i

.29, A physi ol ogically tol erable, non-radiocactive conplex salt of the

general formula | -33- [err] in which X represents the radicals - COOY, ;{}
[err] or -CONHOY wherein each Y represents a hydrogen atomg.a netal 5° .
equi val ent, the nmetal being selected from el ements having m ¢ nunbers of

from21 to 29, 42, 44 and from58 to 70, or a physiologically: tolerable
cation of an inorganic or organic base g amno acid, 10 [err] represents
in each case a hydrogen atomor a nethyl Sroup and in which either a) A
represents the group [err] [err] -34- in which X has t he
meani ngs gi ven above, [err] and [err] together represent a trinethylene
group '

X-CH2 CH,-X

N\

V-CHR

N-A-N | '- (1)

CHR, -V

in which
X represents the radicals -CO0OY, fPO3EYlor -CONHOY
wherein each Y represents a hydrogen atom, a metal
5 equivalent, the metai being selected from elements
having atomic numbers of from 21 to 29, 42, 44 and
from 58 to 70, or a physiologically tolerable
cation of an inorganic or organic base or amino
acid,
10 R1 represents in each case a hydrogen atom or a
methyl group

and in which either

a) A represents the group —CHRZ-CHR3-,
15 _ N(C32X)2 CH2—CH2-N(CH2X)2
or

-CH,~-CH-CH,,~ -CH CHZ-N-CH -CH,- ,

2 2 2 2 2



or a tetranethylene group, 5 e%—each‘réﬁT€§€ﬁf—5f

wdr ogen atom an.al kyl radical containing up to 6 ' phenyl .
redical ror a benzyl radical, m represent’sUM‘“ﬁ}ﬂW“ or 3,
10 ' and Z represents .an oxygen at SW prsur *at om or
the group [err] i.n which 15 : . X has the neani ngs given
above and R4 -represents an al kyl radical containing up to 6 carbon atons,
and. 20 each V has'the sanme neani-ng as X of Tepresents the group - CH2OH or
-COB, in which B represents a protein or lipid radical or an [err]

radi cal , -35- in whici, Xhidigs the neanings given above

X has the meanings given above,
R2 and R3 together represent a trimethylene group
or a tetramethylene group,
5 : or each represent a hydrogen atom,
an alkyl radical containing up to 6
carbon atoms, a phenyl radical

or a benzyl radical,

C
- .4

m represents the integer 1, 2 or 3,
‘10 and

z . represents an oxygen atom or a sulphur

atom or the group
-\~NcH2x or ::::NCH2C320R4 ’
in which
. 15 X has the meanings given above
N

and

R4 represents an alkylhradical
containing up to 6 carbon atoms,
and
20 each V has the same meaning as X or represents the
group -CHZOH or -COB, |
in which
B represents a protéin or 'lipid radical or an

-NH (CH9) nX radical,

by



-and n represents an integer froml to 12, 5 wth the proviso that at o~
| east one of the synbols V represents arrul fi ned above, and 1 "
at | east two of- the substituents Y are i m‘mnwmn sel %t ed from Nk

el ements having atom ¢ nunbers of from 21*to 29, 42, s44*and fTom-58 to 70,
10 or b) Arepresents the group [err] in which R2 representss a hydrogen
atom and 15 R3 represents the_group [err]-protein in which
represents 0 or 1, W represents -NN—,?grr] 2 or -NHCS- 20

and -protein represents a protein radical, and each V has the sane neani ng

~as X or represents the group -CyR0MLi2R W th the proviso that at |east

two of the substituents Y are netal equival ents selected fromel enents
havi ng . ' X has the meanings given above

and
2 represents an integer from 1 to 12,

5 with the proviso that at least one of the symbols V
represents a -COB group, as defined above, and at least
two of the substituents Y are metal equivalents
selected from elements having atomic numbers-of from 21
to 29, 42, 44 and from 58 to 70, |

10 or |

b) A represents the group -CHR3-CHR3-

in which
R2 represents a hydrogen atom
and
15 R3 represents the group -(CHZ)EfC6H4-w-protein
in which
P represents 0 or 1,
W represents -NN-, -NHCOCsz
.or -NHCS-
20 | and

-protein represents a protein radical,
and-
each V has the same meaning as X or represents the
~ group -CH,OH,
25 with the proviso that at least two of the substituents

Y are metal equivalents selected from elements having

PR

U



~

-36-, atom ¢ nunbers of from21 to 29, 42, 44 and from58 to 70. 30. A b
thslologlcally tol,erabl e conplex salt as.clainmed in claim29, which : 4

contai ns nore thantwo of 5 t he radi cal s represented-by X—and—+n—which at

| east one of .the substituents Y is a physi‘ol ogically tol erable cation of an
organi c base or amino acid. 31. Any one of the phy%ﬁlmum(l““llmmltbl e
complex salts as clainmed in claim?29, speciifg-ed in

Exanpl es herein. 32. A process fofr the manufacture of th5|oIog|caIIy
tolerable conplex salt as clained in any one of clains 29 to 31,
substantially as @&omiicheumbersi of F3om Rlphywsi2el,0dialddy and erradu & el ex
salt as 15 clained in claim?29, for use in a nethod of NMR di agnosi s of

t he human or aninﬂp°body. 34. A physiologically tolerable conplex salt as
claimed in claim30, for use in a nethod of NWVR diagnosis of the human or
ani mal body. 20 35. A physiologically tolerable conplex salt as clained

in claim3l, for 49¢ i% phy51OQOglca¥¥§ tolé%gble complex salt as
claimed in claim 29, which contains more than two of
5 the radicals rep;eéented by.x and in which at least one
of the substituents 2 is a physiologically tolerable

e cation of an organic base or amino acid.

31. Any one of the physiologically tolerable complex
saltg as claimed in claim 29, specified in any one of

10 the Examples herein.

32. A process for the manufacturg of a physiologically
tolerable complex salt as claimed in any one of claims

29 to 31, substantially as described herein.

&“jj ' 33. A physiologically tolerable complex salt as
15 claimed in claim 29, for use in a method of NMR

diagnosis of the human or animal body.

34. A physiologically tolerable complex salt as
claimed in claim 30, for use in a method of NMR

diagnosis of the human or animal body.

20 35. A physiologically tolerable complex salt as

claimed in claim 31, for use in a method of NMR



di agnosi s of the human or ani'nal- body. 36 The use of a physiologically

tol erabl e conplex salt as clained in e nan ture of a {*é?
““preparation for a nmethod of NWR di ag ’mﬁ""m%% <ani mal body. . ~
37. The use of a physiologically tolera e 1comp It as clainmed in clalm
30, for the manufacture of a preparatlon for a nethod of NWR di agnosis of

t he human or ani mal body. 10 The u? _of a physiologically tol erabl e
conplex salt as clainmed in cIa|n131 for the manufacture of a preparation

for a nmethod of NWVR di agnosis of the human or ani mal body.
diagnosis of the human or animal body.

36. The use of a physiologically tolerable complex
salt as claimed in claim 29, for the manufacture of a
preparation for a method of NMR diagnosis of the human

5 or animal body.

37. The use of a physiologiéally tolerable complex Q,F
salt as claimed in claim 30, for the manufacture
of a preparation for a method of NMR diagnosis of the

human or animal body.

10 38. The use of a physiologically tolerable complex
salt as claimed in claim 31, for the manufacture
of a preparation for a method of NMR diagnosis of the

human or animal body.




