- 1 - Physialogically tolerable metal conplex salts for use in dia@FF§ﬂ55341
The invention relates to physiologically tolerable netal conplex salts an

t he usé thereof 'in diagnosis. 5 Conpl ex conpounds and their salts
haye been used for a long time in medicine, for exanple as auxiliaries for
the administration of sparingly soluble ions (for exanple iron) and as

anti dotes (cal ciPusdbldigicaldyphelies abdienhauafl eromgd axn sdlits dase )judeor
detoxication in the. 10 case of inadvertent ‘incorporation of heavy netals

or their radi oadn ddaignoisdises. The present application and rel ated
application No. . ' ' vist

852998+ pubt+eattor—No—2—+69—598)—=are—drvisromat—
applications from pa t | i 0 : I1GAaty 137.
612). We have now fotul‘rfl:l tlﬁlg’!t% ngg'?%la%rnélg%yess?gﬁoogjp%ﬁ%%%la@feﬂdggén% elxe2

sal ts’ contai ni ng, Q09 UorPlek AW Rlard ARNLShaMdIEdhe R gndulpers of .
from?21 to 29, 42, 44 and from57 to 83 can be used for the manufacture of

20 preparati ons that 194 Ridnpdiiids UHE ki M A 53l AR der uEsed i n
NVR, ultra-sound, and X-ray diagnostics. The present invention provides a
physi ol ogi cal | y figl &r aldn®y diede riadingaiid Mee C OGN coxample fay aiveilimmiewt hod

of diagnosis of the human or ani mal body by NWR '
for the administration of sparingly soluble ions (for

example iron) and as. antidotes (calcium or zinc comple#es
being preferred in this case) for detoxication in the.

10 case of inadvertent incorporation of heavy métals or
their radioactive isotopes.

The present application and related application
No. 85.29901.(publication No. 2 169 598) are divisional
applications from patent application No. 84.01486

15 (publiéation_No. 2 137 612).

We have now found that certain physiologically
tolerable.qomplex salts containing one or more central
elements having the atomic numbers of from 21 to 29, 42,

Ly; 44 and from 57 to 83 can be used for.th; manufacture of
20 preparations that are surprisingly outstandingly suitable
for use in NMR, ultra-sound, and X-ray diagnostics.

The present invention provides a physiologically
tolerable,'nonjradioactive complex salt for use in a
method of diagnosis of the human or animal body by NMR

25 diagnosis, X-ray diagnosis or ultra-sound diagnosis

having the general formula I



25 -di agnosi s, X-ray diagnosis or ultra-sound diagnosis having the. general

formula I

net al be

- 2 - in which Xrepresents the radicals -COOY, [err] or'[err]
wherein each Y represents a hydrogen atom a netal 5 equi vafent, the”

z

g sel ected fromelenents having atom ¢ nunbers of from21'to 29,
Rd from57 to 83, or a physiologically tolerable cation of an

yJor organic base or amno acid,-zand in which either 10 a) [err]
¥4 in each case a hydrogen atomor nethyl group, A represents the

or [err] in which 15 [err] and [err] together
a trinmethyl ene group or a-tetramethyl ene group, - 3-
X-CHZ\\\\ CH,-X
/. —A-N\ ' (1)
V--CHRl CHRl-V
in which

X represents the radicals -CO0Y, -PO3HY or -CONHOY

wherein each Y represents a hydrogen atom, a metal

5  equivalent, the metal being selected from elements

having atomic numbers of from 21 to'29, 42, 44 and from
57 to 83, or a physiologically tolerable cation of an

inorganic or organic base or amino acid,
and in which either

10 a) R; represents in each case a hydrogen atom or
methyl group, |
A represents the group -CHR,~CHR,- or
'-CHZ-Cﬁz—(ZCHz-Cﬂz)m- 7

in which

‘15 R2 and R3 together represent a trimethylene group

or a tetramethylene group,

N

s,

-



or each represents a phenyl radical or benzyl- radical, m :

represent’s the integer 1, 2 or 3, and 5 Z ‘represents
an oxygen atom of a sul phur atom and each V has the sane neaning as X,
WiNH the proYiso that, at least two of the3substituents 10 Y are netal
equi val ents sel ect ed: from el enent s hamrngaahonepraeabessaobhénph1Q&dioazg
42, 44 and from57 to 83, and with the further proviso that when R2 and
represent a tetranethyl ene group at IeasbeoanYraQineibher an iron -
equi val ent nor a hydrogen atom 15 or errL represents in each cgse
a hydrogen atom A repBesents the groﬁEPr€HERGH21 gndnbegAr\As 2o9et her
‘represent the group [err] in which X has the-freanings given above and 2
w represents the |ntegéP 1, 2 or 3, with the proviso that at |east two
t he substltuegts

2 represents an oxygen atom or a
| sulphur atom,
and o
"each V has the same meaning as X,
with the proviso that at least two of the substituents

10 Y are metal equivalents selected from elements having

~ atomic numbers of from 21 to 29, 42, 44 and from 57 to
83, and with the further proviso that when Ry and
R3 :epresent a tetramethylene group at least one Y is
neither an iron equivalent nor a hydrogen atom,
15 or | | | |
i b) Ry represehﬁs in each'case a hydtogen atom,
A reptesehte_the'gteup ~CHo~CHp- |
and | | |
both V's together fepreeent the group
§4 _ _
20 | CH X .. <I:t12x
-(cazﬁ' -N-CHZ-CHz-N-(CHZQ -
in which

X has the meanings given above
and
25 W represents the integer 1, 2 or 3,

with tha proviso rthat at l2a3t *wo of the substituents



-4- Y are netal equivalents sel ected from el ements havi ng atoniclnunbers of
from21-to 29, 42, 44 and from57 to 83. The present invention further
[ 5 dlagnostlc preparatiag-for use in a nethod of diagnosisof

r a“Y”ﬁkebQQXaQY=QNBvQ1@HEQSbéiaét%%yf@b%QQQ%h§nQ% walfiagsound o/
conpr|5|ng (1) physi ol ogi cal Iy tol erable, non- radloactlve

Y,[err] or -CONHOY 15 - wherein each.Y represents a hydrogen
al eggi.val ent, the netal being selected fromelenments having
nbers of from21 to 29, 42, 44 and from57 to 83, or a .
physi ol ogi cal | y tol eFasl presensn ioveat ionofyatheroprovgdesc abase or amino
acid, 20" and in which either a) [err] represents in each case a hydrogen
atom or net Ryl giagposAireprepanasicnefgroyse- dARA @akBodoef diagnosis

of the human or animal body by NMR diagnosis, X-ray
diagnosis or ultra-sound diagnosis, comprising (i) a
physiologically tolerable, non-radioactive complex salt

of the general formula I

10 | x-cn2 ”//,,,cnz-x

N—A—N (1)
V-CHR1 | \\\\\‘\can-v
in which _
X represents the radicalé -CO0Y, -PO3HY or -CONEOY
15 wher ﬂ each Y represen ts a hydrogen atom, a metal o
equivalent, the metal belng selected from elements
' having atomic numbefs of'from 21 to 22, 42, 44 and
from 37 to 83, or a physiologically tolerable cation of
an inorganic'or organic base or amino acid,
20 and in which either
a) R} represents in each casé a hydrogen atom or
methyl group, -
A represents the group -CHR3-CHR3~ or
-»Hz-c‘lz-(15c1a2—..32).n '
25 '1* which
R2 and R3 together ra2present a trimethylene

group or a tat.azmethylene group,



[err] 25 « in which [err]'and [err] together represent a trinethylene

group or a tetranethyl ene group, -5 or each represents a phenyl radical
or benzyl radical, m . represents the integer 1, 2 or 3, and 5
zZ ~ . represents an oxygen atom or a-s«l phur atom and each_V has thg

sane neaning as X, with the provi2b 23Gh EePTERRtsvd RRenrvik 53hEEdi uentf.
10 Y are netal equivalents selected fro elﬁnngis havi ng atom c nunbef s
of from21 to 29, 42, 44 and fronP57P¢RZ%8 “2HYC¥Hth the further provisp

that when R2 and R3 reppesent a tﬁ%é@ggéyyéepﬁegﬁﬁygg%% %?aftngf]Y S

neither an-iron equivalent nor a rogen atom
‘represents in each case gpjydrogen atom A represents the group [err]

5 z . represents an oxygen atom or a
sulphﬁr atom,
and
each V has the same meaning as ¥,
with the proviso that at least two of the substituents

10 Y are metal equivalents selected from elements having

~ atomic numbers of from 21 to 29, 42, 44 and from 57 to
83, and with the further proviso that when Rz and
R3 represent a tetramethylene group at least one Y is
neither an iron equivalent nor a hydrogen atom,
15 or
N\ c b) Ry represents in each case a hydrogen atom,
A represents the group -CHy-CHjy-
and
both V's together represent the group
AN
20 o CHZX cﬁzx

-(Cﬂzﬁ.—N-CthCHz—Né(CHQ&.-

in which
X has the meanings givan above
' ané.
25 W represents the integer 1, 2 or 3,

with the proviso that at leask two of cthe substituents



and both V's together represent the group [err] in which X has the neanings
gi ven above and 25 _ w represents the integer 1, 2.or 3, with
-the proviso that at |east two of the §H£§tituents. - 6 - Yare netal” .
equi valents sel ected from el enents havi % atoni c.nunbers of from21l to 29,
Jand frof 57t Bessl gAY ivalepts) sglerfedoifsgrc silepenssehaBiadcarrier.

The/presdnt i nventi.on al so proyi es a hysi ql.ogi,cal ly. tal erabl )

no EQDO i | vETaB aRnDars OF tremh Alots 00T ainn 4 poR: FIOR ORI R
Nts| thegpadicals - COOY,. -PGBHY or -CONHOY wherein each Y represents

a Ywydrogey atonj 'a netal 15 - equi val ent, the netal being selected from

and

(ii) a physi§ldgica11y tolerable carrier.

w

The present invention also provides a
physiologically tolerable, non-radiocactive complex salt

of the general formula I

| X-CH> _~CH=X
H | _:f\\“N—A-N”///f’= | (1) .
,,/”” \\\\\\\ | - "ol

V-CHRy CHR;-V
in which '
-.X represents thé radicals —COOY,.;PO3HY-or ~CONHOY
wherein.each Y represgnts a hydrogen atom, a metal

equivalent, the metal being selected from elements

-
w

having atomic numbers of from 21 to 29,42, 44 and from \,/'
57 to 83, or a physiologically-tolerable cation of an
ingrganic or organic base or amino acid,
aﬁd in which either
20 a) Ry repre;énts in each case a nydrogen atom or W
methyl group,'
A represents the.group ~CHR2~-CHR3~ or
-CH2—CH2-(ZCH2-CH2)m‘r
in which -
25 Rz and R3 together represent a trimethylene
group ©or a tetramethylene group,
with the proviso that when Ry and

Ry kegether represent a



havi ng atom c. nunbers of from21 to 29,42, 44 and from57 to 83, or a
physi ol-ogi cal by tol erabl e cation of an inorganic or organic base or aming
acid, anhd in which either 20 a) [err] represents in each case a -
hydrogen at orh or nethyl group,. A represents the group -CHR2-CHR3- or [er
I n which 25 + R2 and R3 togeeheameehydeaet gaoupi,nathykané gneup or
"tetramethyl ene group, with. the proviso that when R2 and [err] together
represent a t et ramet hyl ene gr c@presentsast pbysivlpgpcaddits a ST
physi ol ogically tol erabl e cation of ‘an organi ¢c ‘base or am no_ acjd, or each

represents a 5 toerpbleagatdrno Pfhénz PrIpgdFcaRSem
-represents the integer 1, 2 or 3, and Z ] represents _an oxggen atom or
a sul phur at om or amino acid, or each represen a
| 5 phenyl radical or benzyl radical,
m represents the integer 1, 2 or 3,
and
Z represents én oxygen atom or a

:sulphur atom,
10 and |
each V has the same meéning as X,
with the proviso that at least two of the substituents
b4 aré metal equivaients selected from elemeﬁts having
atomic number of from 21 to 29, 42, 44 and from 57 to
15 g3,
g or
b) Ry represents in each case a hydrogen atom,
A represents the group ~CHy-CHg-
and

\_/ 20 both V's together represent the group

?HZX CHZX

- (CHy), -N-CH,-CH,~N- (CH,) -

in which
X has the meanings given above
25 and

w repreéents the integer Y}, 2 or 3,



ant\ each V has the sane neaning as X, with the proviso that -at |east
t he substituents Y are netal eqU|vaIents selected fromel enent’s "
om ¢ nunber of from21 to 29, 4 42. 44 and from57 to 15 83, or b)

epf esen é??y reor o/
- CH2-ACH2-/ and %emlﬁ%ﬁﬁgg r%%ggre%tssgn wt%héﬁgrtg’use;e)ry'[u:,\orgr‘jlqzl'XEIér I ch X

ani Ngs Fev @R tAlO\RATalents RGN JEF T HIendid HRG8g 1 2 or
-#- with the proviso that at |east two of the subsitiuents Y are

équi val erttomsiel entmd rfs @fi dremertls Hoa\diong 42 ,0M4 andrbfirran &7 froom 21
to 29, 42, 44 and from 57 to 83. 5 Mor eqgver;, the present invention
further prOV|d@§ o :

5 : Moreove?,ithe present inventioﬁ further provides a
diagnostic_p;epgration gomp;ising.(i) a physiologically
tolerable, non-fadioactive complex:salt of the géneral
formula I, as d°f1ned 1n the prﬁcedlng paragraph, and
(ii) a phy51ologlca11y tolerable carrier.

10 Thus, the physiologically tolerable cdmglex salt

of the generalﬁformula I may be regarded as containing A



di agnostic preparation conprising (i) a physiologically tolerable,
non-radi.oacti ve conplex salt of the general forrmula |, as defined in the,
precedi ng paragraph, and.(ii) a physiologically tolerable carrier. 10 .
Thdsf the physiol ogically tol erable conplex salt of the general formula | -
may be regarded as contai ning 9 (a) a ntral el enent selected from '
el enents having atom c nunbers of from21~o 29 inclusive, 42, 44 and fro
57 to 83 inclusive, and (b) a radical of a physiologically tolerable
conplex-formng acid and, if 5 desired, (c) a radical selected from

radi cal s of inorganic and organic bases and am no acids. The
physi ol ogi cal | y t ol dragblae cemrtrladx edaheatokelbetg@néten &bemshts!| hawing
contain nore than one such central elenment (a) and nore than one such
radical (c). 10 atonEgr numbenst efidédoms@lotot B8 dnatmssvee &Zent4 and
according to the invention, the elenent or el enments having an atom c nunber
menti oned above, whif&enf Srind-or 88 .dasdusiveleandt (B) 2l BaehEal oPftde

physi ol ogi cal ly tol erabl e _conpl ex salt, nust not,_of course, be, 15 .
r adi oacti ve. physiologically tolerable complex-forming acid and, if

5 desired, (c) a radical_selected from radicals of
inorganic and organic bases and amiho acids.
The physiologically tolerable complex salts of the
_gengral formula I may contain more thah one such central
élement (a) and more than one such radical (c).
10 Fof the intended use of the aiagnostic agent
| . according tb the.invéntion; the element or elements
having an_atomic number mentigﬁed abbve, wﬂich forms
o/ the.céntral élement or elemenﬁs of.the physioclogically
to;erable cdmpiex salt,.must not, of.course} be
15 radioacfive. |
In the case ﬁhefe a.preparatioh of the invention
Kj is to be used in:NMR.diaQnostics (see European Patent
Application 71 564), fhe cenﬁrai-element df the complex

" salt must be paramagnetic. Such elements are



In the case where a preparatlon of the invention is to be used in NWVR -
di agng cs (see European Patent Application 71 564), the central elenent

of tle coppl ex salt. nust be paramagnetic. Such elenents are espeC|aIIy
- the [di vakPyt and trival.ent el enents having. an atom c nunber of.from 21: té"
29, MZN\4¢ land from 58 to ?0. Suitabl € elements are, for- exanple
- chroxd ggt M1/l ), nmanganese(ll), iron(lll)‘ gi-+on(l1), 5 cobalt(ll), .
ni ckeNT: copper (11), praseodym unm(lII'), neodyniun(lll) samariun(l11)
and ytterbiun(l11). Especially preferred, owing to their strong magnetic

monent, are gadespﬁcaﬁ(lllm Fhet ddvakeny |a)nd dyrsipradestni(@ Jemento awing.| | )
and erblun(lll) 10 - If the preparation of the invention is to be
used in X-ray dP&gﬁGgf"llenuﬂl?@rcé’nfp £Hom | dmdift - JRrstd e HheanthvisRM 58
relatively high at unber rder to obtain sufficient absorption of
the X-rays. It I"’r&sggeengf‘ an e ans SEARRNR t hat 15 conpri se
a physiologlcall toler ?&ﬁd Iex sal ntainin cenIraIEE#enent or

el ements havi ng °5‘t18m @faq‘erso% y olrtf? )s’uﬁt%ﬁﬂ ¥ this
pur pose; SUCQ e%%%EﬁEﬁI%r,’nf@ké?%?fw‘%copper(II), praseodymlum(III),

neodymlum(III). samarlum(III) ‘and ytterb1um(III).
Especlally preferred, owing to thelr strong magnetic
moment, are gadolinium(III), terblum(III), | .&_)
dyspros1um(III), holm1um(III) and erbium(III).
10 If the preparation of the. 1nvent1on is to
be used in X-ray dlagnostlcs, the central element must
be one hav1ng a relatively high atomic number in order

to obtaln suff1c1ent absorption of the X-rays. It has -
: _ : : W

been found thet diagnostic preparetions that
15 comprise a physiologically tolerable EOmpiex salt
containing a central element or elements having an
atomic number of from 57.to 83 are suitable for this
A

purpose; such elements are, for.eXample,
lanthanum(III)} the above-mentioned elements of the
20 lanthanide series, gold(III), lead(II) or, especially,
bismuth (III).
The preparations of the invention that are to be
used in NMR diagnostics and those that.ere to be used
in X-ray diagnostics are also suitable for use in

25 ultra-sound diagnostics.



| ant hanun(111), the above-nentioned el enents of the 20 | anthani de series,
gold(Illl), lead(ll) or, especially, bismuth (I1l1). The preparations of "t he
i nvention that are to be.used in NMVR diagnostics and those that are to bg
used i n X-ray diagnostics are also suitable for use in 25 ultra-sound-
di agnosti cs. The conpl ex-forning acids from which the physiol ogi cal
tol erabl e conplex salts of the general forAﬁLa | may be derived are, °
especially, those containing carboxynet hyl ene groups. The conpl ex-for
acids carry optionally two central elenents, and especially one central
el ement. Suitable conplex salts of the general forrmula | for use in
"accordance with the presdite icompitexofioximdng acddsf droexaihnilch, thkose of the
general formula la [err] in which [err] represents in each case a hydrogen
atom or net hyl grouph¥sic ogilead lyh&odgrabdeasonglex Radks XL Rheagereradve
t he neani ngs given above. The foll ow _ng conplex-formng acids, inter alia,
15 are suitabl e %W ardndrYc s Segivere akGrpréPesipldy , those

containing carboxymethylene groups. The complex-forming

5 acids carry optionally two central elements, and
especially one central element.
‘ Suitable complex salts of the general formula.I
N for use in accordance with the present invention above

are, for example, those of the general formula Ia

X-CH CHZ-X

2

N

10 N-CHR,~CHR;-N ' -~ (1a)
'V-CHR, _ _ CHR, -V

in which R, represents in each case a hydrogen atom
or methyl group, each V has the same meaning as X and
- X, R2 and R3 have the meanings given above.

The following complex-forming acids, inter alia,

15 are suitabfe fo? the manufaéture of the gomplex salts
of the general formula Ia:-
55325-1,2-cyclohexy1enediaminetetréacetic acid and
l,2-dipﬁénylethylenediaminetetraacetic acid.

Other suitaﬁle complex salts of the general

20 formula I are, for example, those of the general



of. the geperal formula Ia - trans-1, 2- cyclohexylenedlan1netetraacetlc acid
N henylethylenedlan1netetraacetlc acid. O her suitable conplex

salts general 20 forrmula | are, for exanple, , those of the general

f ormu rr] in which [err] represents in each case a hydr ogen aton1oH\J
met hyl : each V has the sanme neaning as X and 5 X,*z and m have the
meani N\g¥ gi vgn above. O the conplex salts of the general formula Ib-

t hose N\ i h mrepresents: 1 or 2 are aeierred "The follow ng

conplex- M ng acids, inter _alia, are suitable for the manufacture of t he

conpl ex salts 1 orfls Ehe general formula Ib: :

1, 10-di aza-4, 7- |oxa&ecane 1.1, 10, 10-tetraaceti.c-aci d and

|, 10- di aza- 4, 7- di t hi adecane- 1,1,10, 10-tetraaceti ¢ acid. Suitable conplex
salts of the gener al fornula I 15 are al so those of the general fornula Ic

X-CH, | -

.N-§H2—CHZ-(Z-CHZ—CH2)EF (Ib)

v-CHR, . CHR. -~V -

in which Ry represents in each caee a'hydroqen atom
or methyl group, each V has the same meaning as X and

5 X, %2 and m have the meanings given above. Of the <
complex salts of the general formula Ib those in which
E_represents llor 2 are preferred.

The following complex~forming ac1ds,'1nter alia,

are suitable for the manufacture of the complex salts
10 of the general formula Ib-
1, lo-dlaza-4 7-dloxadecane-1 1 10, 10 tetraacetic acid
and 1,lo—diaza-4,7-dith1adecane-1,l,lo,lo-tetraacetlc
acid. o
Suitable complex salts of the_genefal formula I

15 are also those of the general formula Ic

e e e ; . o _ —



[err] i.n whi'ch X and w have the neani ngs given above. The follow ng .
conpl ex-form ng, acids, inter alia, are suitable for the manufacture g
conplex salts 5 of the general fornula Ic: s
fTﬁ.;8,11-tetmaazacyc|otetradecanetetraachic-acid and, especially, | -
1,4,7,10-tetraazacycl ododecanetetraaceticlacid. If not all of the acyd*
hydrogen atons of the 10 conplex-formng atid are substituted by the
central elenment or elenments, it is advantageous, for the purpose of
increasing the solubility -of the conplex salt, to substitute the remaining
hydrogen atons by physiologigglly tolerable c ﬁogi of inorganic and/or 15
organi ¢ bases -or am no acids. &uitable inorgafirc2cati ons are for exanple,
lithium potassium or, especiaF$N_cﬁodéHn1N uitabl e cations of organic
bases are, inter alia, those of prindry,2secondary or tertiary am nes, such
as, for exanple, ethanolam ne, c¢cygdiethanotgm ne, norpholine, glucam ne,

N, N- di net hyl - gl ucam ne or, espeFi Ty, N ?hylglucanine. Sui t abl e

N-CHZ-CHz-N
X-CHZ H,-X

~in which X and w have the meanings given above.

. The following complex-forming acids, inter alia,

are suitable for the manufacture of the complex salts
5 of the general formula Ic:
1,4,8,11-tetraazacyclotetradecanetetraacetic acid and,
especially, 1,4,7,10-tetraazacyclododecanetetraacetic
acid.
| If not all of the acid hydrogen ‘atoms of the
\JT . 10 'complex-forming:acid are substituted by the central
element or elements, it is~advantagequs, for the
purpose of increasing the solubility of the complex
v salt, to substitute the remaining hydrogen atoms by
physiologically tolerable cations of inorganic and/or
15 organic basgs 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,



cations of amno acids are, for exanple, those of lysine, arginine or .,
K The conpl ex-form ng acids required for the formation
6 cmnp ex salts-of the general formula | are known or can be ,
’ : in a manner known per se. The manufacture of the conprex-salts\‘j
neral formula t-"can |ikewi se carri‘éd out in“a manner known
yVdifssol ving or suspending the ne | oxide-or metal .salt (for
exan e- the/nitrate, chlori.de or sul phate) of the el enént havi ng an atonic

| r0”121di9t39mof@m1ﬁé OhotpROL Prle | OgBichfihe, Wehed imadheyl-a
| ower alTohol (such as nethanaol, ethanol or |sopropanl) and adding a -

sol ution or SUSpe@Em@amQﬁetbe,eqypdaienlyannumétnirlgnecen&nbex Sarindang eaci d
In water and/or a |ower alcohol, and stirring,. i:f necessary while warn ng
or heating to boiééﬂgopsiof;aﬁﬂnouaéiﬂsthee;eﬁothenahgleonmm@se.oflf t he
conplex salt formed is insoluble in the solvent used, it is isolated by
filtration. If itlysiselubtgininecan benitbineed by concentrating the

sol ution to dryness by evaperation, for exanple by.means of spray-drying.

25 | acid grouBbearempilektforningt arhdshsesudaed f9rcdMe ex salt,

it is often advantageous to convert the acid_conplex salt |nt% % neut.ra
conpl ex salt or sfprmation of the complex salts of the genera ormula I

are known:qr}can be manufactured,1n a manner known
per se. : _
The-@aﬁufacture of the complex salts of the
10 general fofmpla I can likewise béﬁcarried out in a
manner known:per se by dissolvinq or suspending the
metal oxide or metal salt (for example the nitrate,
chloride of sulphate) of the element having an atomic
number of-from;Zl to 29, 42, 44 or from 57 to 83 in o/
15 water and/or-a lower alcohol (such as methanol, ethanol
or isopropanb;) and adding a solution or suspension of
the equivélent amount of the complex-forming acid in
. water and/or a lower alcohol, and stirring, if . W
necessary wﬂile warming or heafing to boiling point,
20 until the.reéction is complete. TIf the complex salt
formed is insoluble in the solvent used, it is isolated
by filtrationt If it is soluble, it can be isolated by
_concentrating the solution to dryness by evaporation,
for example by means of spray-drying.
25 : 1f acid groups are stili present in the resulting
complex salt, it is often advantageous to convert the

acid complex salt into a neutral complex salt or salts



by means of inorganic and/or organic bases or amno acids that form .

phyS|oIog|caIry tolerable cations and to isolate the neutral salt. In"
cases, this is indeed unavoi dabl e since the dissociation of the 5 co
sakt’ i's so suppressed by the shift-in the pH value to neutral that only’
that manner can uniform products be at all jgolated or at |east purified;
The manufacture is advantageously carried ob¥ with the aid of organic byses
or basic amno acids. 10 It can, however, also be advantageous if the

¢ _amno . .
Car bonat e, or - bi caPRoRSB8) 351 THSADANL opaPALSF LRFIAREE: RRERS For
~manufacture of the, E%HEr%ha%ak%§pugﬁggl$§o ¥a1h9r £812FRETe B3 F?%%%d ha the

acid conpl ex salts i'n aqueous so n-or s andi SR &S miuch Cof the desired

base as is necessagy EQOQQE@'QhShﬂeG EEiaEa@@'ntInTﬂ§n§e§HE %ngt%qguglon

.can subsequently be concentrate ryness In vacuo. it 1s frequently of

20 advantage to prQ%BBbBah%abBQdE§§H|Ehﬂgenﬁﬁbréhs%éh&%t@%naﬁﬁ'Qﬂe
wat er-m sci bl e sol vents, such as, for exanple, |ower alcohols (nethanol

et hanol , 'SOprpanQbmp&bQ-halt is ‘so suppressed by the shift in the p#®

value to neutral that only in that manner can uniform
products be at all isolated or at least purified.

o The manufacture is advantageously carried out

> with the aid of organic béses or basic amino acids.

10 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.

‘For the manufacture of the neutral salts there

15 may, for example, be added to the acid compléx salts
in agueous solution or suspension .as much of the
desired base as is necessary to obtain the neutral

O\ ' point.: The resulting solution can subsequently be

concentrated to dryness in vacuc. It is frequently of
20 advantage to precipitate the resulting neutral salts by
adding water-miscible solvents, such as, for example,
lower alcohols (methanol, ethanol, isopropanol, etc.},
lower ketones (acetdne, etc.), and polar ethers (tetra-
- hydrofuran, dioxane, 1,2-dimethoxyethane, etc.), and
25 thus obtain crystallisates that are easily isolated and
readily purified. It has been found especially

-advantageous to add the desired base to the reaction



| ower ketones (acetone, etc.), and polar ethers (tetra- hydrofuran, .
di oxane, 1, 2-di net hoxyethane, etc.), and 25 thus obtain crystallisates that

are easi i sol ated and readily purified. It has been.found especially
advantége to add the desired base to the redction ° mxture.duri-ng t haw/
conpl tion and thereby dispense wi,th one process step.”. |If the acid

conpl tjs contain severat: free acidldoups, it is often advantageous to
produge 5 /neutral mxed..salts that contain both inorganic and organic

DY st 7o Intfhrte a5 Eak AR o 2ometas SheRERaBH Rytuchitemvanucone
, ; Tet 10 ueou
suspensi on or ggl %io mﬁfFafhe ogide or [t of ‘the element 10 qsupplying
t he centraf_elen%% € %ﬁ Vf;%ﬁﬂgffpfﬁgeﬁﬁngﬁF of organic'base requireq for
S on 1501 2kE L NEcEABLR183: Lal 8L BN el nlBaLREd1PUEREY 10 1L,

I
and then adding to it the anoun norgani ¢ base rée uireq ror compl ete

Tever sed. The. DT A BB SR PR o Lo the
invention is |ikewtsglemiRescdalbsathat contain both inorganic and
_ organic ph?ﬁiologically tolerable cations as ions of
opposite chéége. This can be effected, for example, by
reacting-thé-gomplex-forming.acid in agqueous suspension QJ
or solutioniﬁifh the oxide or salt of the element
. 10 supplying thé.central-element and with half the amount
of organic_bééé.required for neutralisation, isolating

the complex-éait formed, if desired purifying it, and

o .

then adding to it the amount of inorganic base requifed
.-for complete neutralisation. Thé order in whiéh the
15 Dbases are~aaded can also be reversed.
The manufacture of the'diégdostic preparations
according to-thé invention is likewise effected in a
manner known.éggigg_by suspen&ing or dissolving the \/
coﬁplex salts in an agueous medium, for example water
20 or physiological salt solution, optionally with the
addition of the additives customary in galenical
pharmacy, and .subsequently sterilising the solution or
suspension. Suitable additives are, for example,
physiologically tolerable buffers (such as, for
25 . ekample, tromethamine hydrochloride), small additions
of complex formers (such as, for example,

diethylenetriaminepentaacetic acid) or, if necessary,



manner- known: r se by suspending or dissolving the conplex salts in an
aqueous nedi um for exanple water 20 or physiol ogical salt solution,
optiondlly with the addi.tion of the additives customary in gal enical -
pharmacy, :'and. subsequent |y sterilising the solution or-suspension. Suitalfle
additives are, for exanple, physiologically tolerable buffers (such a$, a
25 exanpl e, tronmetham ne hydrochloride), s ~additions * of conpl ex
formers (such as, for exanple, diethylenetriigdm nepentaacetic acid) or, i
necessary, el ectrol ytes (such as, for exanple, sodiumchloride). In
principle, it is alele@ossiPtest psudtnuisict 662 ékbempll @pnesdiemperpor fdépns
-of the invention even without isolating the conplex salts. In each case, 5
particul ar care nust be thkeprimcipIectithbscabsatpossibhéi o nansfisbtare
manner that the salts and salt solutions according to the invention are
virtually free of nthme chigpdmoetic oprepatytbons ngt nkhel investidhi evenn be
ensured, for exanple, with the aid of colour 10 indicators, such as

xyl enol orange, by Withouttiselabinguthegcemplennstbtsuri iy prebesase, The

i nvention al so therefore provides processes for the mapufacture of _the
5 particular care must be taken to effect the chelate

formation in such a manner that the salts.énd salt
solutions according'to the invention are virtualli free
U ' of non-complexed toxically actiﬁg metal ions. This can
be ensured, for example, with the aid of colour
10 indicators, such as xylenoi ofahge,'by Eest titrations
during the mahufacturinq 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 always
15 purification of the isolated complex salt.
" 'If suspensions of the complex salts in water or
physiological salt solution are desired for oral

/e , _ _ L
. administration or other purposes, a sparingly soluble

' complex salt is mixed with one or more auxiliaries
20 customary in galenical'pharmacy and/or surfactants
and/or aromatic substances for taste correction.
The diagnostic preparations of'the invention
contain'preferably from l'umoi to 1 moi pei litre of
- the complex salt and are, as a ruie, admiﬁiétered in
25 doses of from 0.001 to 5 mmol/kg., They are intended
for oral, and especially patenterai, administration.

1f desired,. they may be in a doséqe'form suitable for



alts and of the aforesaid preparations containing them - As g, final

) there is always 15 purification of the isolated conplex salt.

I f fuspershons of the conplex salts in water or physiological salt sol uti on

arg-. ed\for oral administration or .ot her .purposes, a- sparlngly solublé"

conpl i is mxed with one or nore auxjliariés 20 custondry in

galleni c phar macy and/ or »surfactants anq r aromati ¢ substances for taste

[ he di agnosti ¢ preparations of the.invention contain preferably
i'tre of .the conp 'salt, and are, as a rule,

adni ni Stereéd |n é§186§g§aﬁﬁ°ﬂr8ﬁP61601“F8r§l Rﬁkdntﬂﬂ%?§ﬁ%9¥TnéWH%H for

oral, and espec % garegggral adn&nlstr ti.on; t q§§|¢? %%

in a dosaqe f or FESUPESRREASPPS 24&nilh & Qtrf"oﬁud‘r zflq e‘hr’a{ﬂef Jrom'

i ntravasal |y pReEp e\l ar.e, | suitable for injection,

t hey may be contgl?'ﬁ’eg‘g nb§ %b aqg hé daaghoégfg]preparatlons of the .

i nvention meet 5 th%h@a'axa %‘é'tr%rr%}te%f%rtl%'ﬂst?alﬁlﬂﬂé’ B iR Shedgent s

for nucl ear spin tonography..”For exarple, after ‘or parentera
admi ni stratd on, thgeha%&erequinements for suitability as contrast

agents_for_nﬁélear spin tomograpby: For example, after
oral or parenteral administration, they are
outstanaing}y suitab1e for imprdv}ng the information %‘j
that can betpfovided by the imagé obtained with the aid

.10 of ﬁuclearZSPin tomography, asia-tésult of increasing
the signal inﬁensity. They aléd exhibit the high
activity negéééary to keep to a minimum the. amount of

foreign substances introduced into the body and the

good tolerapility necessary to méiﬂtain the non-
15 invasive chéraéter.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 ﬁq.:484 M (1960) are, for example, too A

- toxic). The ready water-solubility of the complex
20 Salts used in the preparations of the invention enables
the preparation . of highly concentrated solutions,
so that the volume iﬁtroduced_into_the circulation can
be kept within.teasonable limits and the dilution by
body_fluid can be compensatgd,_that is to say the NMR
25 diagnostic preparations must be 100 to 1000 times more
water-sdluble than is necessary fbr NMR spectroscopy.

Furthermore, the diagnostic preparations of the



outstandingly suitable for inproving the information that can be provided. .
by the |nage ‘obtained with the aid - 10 of nuclear spin tonmography, asca
result ‘of increasing the signal intensity. They also exhibit the hig
adtivity necessary to keep to a mininumthe anount of foreign substan e

I ntroduced into the body and the good tolergilllty necessary to maint

the non- 15 invasive character of the exam @t on (the conpounds nentloned
in J. Comput. Tonography 5,6: 543-46 (1981), in Radiol ogy 144, 343 (19
and in Brevet Special de Medicanment No. .484 M (1960) are, for'exanple, t oo
toxic). The ready Jvawantignistde tnotofonle kimiplestblesdln sitged but t he
-preparations of the invention enables the preparation of hlghly
concentrated sol utiagkBe exhihidy a reunpy imingly g et abitld thdrnciviMg at i on
can be kept within reasonable limts and the dllutlon by body fluid can be
conpensat ed, that i%° t'd&ay-hhLWMEEFOREAGRRT i a}:ﬁfeapfeﬁa‘tqfor@‘fﬁ}sqn@é’ 100

to 1000 tines nore water-soluhle than is necessar f or ctrosgco
Furt her mor e, t he _d.émﬁ%q %:ﬁ% DraRg F el aﬁﬁf’erﬂﬁ Hchandsd Gy,

C: \glgl y stable igh VI _ reb Sloow 5Plgo‘lretr A wdr I 'hsolu ymhlvgll*i %[ ab| I ity in

pharmacological studies have shown, the novel contrast
agents are completely eliminated.

_Theldiagnostic preparations of the invention,
particularly those in whiéh the physiologically

10 tolerable complex salt contains an element having a
relatively high atomic number that is from 57 to 83,
for example 71 to 83, are also outstandingly suitable
as_x-ray.contrast agents; it should be especially
.emphasised that, with these, none of the symptoﬁs of

.15 anaphylaxy-type reactions known in the case of
iodine~containing contrast agents can be detected in
biochemicalfpharmacological tests. They are especially
' valuable by virtue of their advantageous absorption
properties in regions of relatively high tube voltages

20 for digital substraction techniques.

Further, the diagnostic oreparations of the
invention are also suitable as ultra-sound diagnostics
owing to their property of favourably influencing the
ultra-sound speed.

25 In contrast to conventional X~ray diagnostics
with shadow-producing X-ray contrast agents, in NMR

diagnostics with paramagnetic contrast agents there is



so that the per se toxic ions that are not covalently bonded in the _ .
conpl exes are rel eased or exchanged only 5 extrenely slowy over the 24
hours in which, as pharmacol ogi cal studies have shown, the novel contrast
agents e conpletely el i minated. The di agnostic:-preparations of 't he LN
[ [ particularly those in which the physi ol ogically 10 tol erable

alt contains an ef ement havi ngy@ rel atively high atom c nunber-
romb57 to 83, for-.exanple 71 83, are al so outstandingly

s X-ray contrast-agents; it shoul d be especially enphasised that,

, nong ofidd PEMHBhgHip brvadkyy | ey -s¥PraT €actions known in

f 1 odne-containing contrast agents can:be detected in

yYcal - phaimeer ifii el i dre drid tﬂ'@}'cc%@e@ﬁp@@i@n“ﬂsd@l uals ecdbyty¥bit ue
of their advantageous absarption properties in regions of relatively high
t ube vol tages 20uddiresilgivted|strmrs, rixodt eas 1reg hehéudsse Fadmbristéhed
di agnostic preparations of--the invention are also suitable as ultra-sound
di agnosti cs owdaes matheiecgesgily mésdbtvoln athe- sbdhaknbeingt he
ul tra-sound speed. 25 . I'n contrast to conventional X-ray di agnosti cs
Wi th shadoS pr denksng Sdedy arshi rigstthRyerass ofh aVRighadeeetpEs with

paramagnetic contrast agents there is
paramaqnetlc contrast agent, tbe signal can even be

extlngulshed.f.It was, for that reason, surprising
that some pa€hological ptocessés‘become visible only '@J
after the adﬁihistration of doses ﬁighér than those
" 10 specified in EP 71 564 (which may be from
0.1001 mmol/kg to 5 mmol/kg) of a- preparation of the
- invention containing a strongly paramagnetlc contrast

‘agent. Thus, for example, a defective blood-brain

- barrier in the:region of a cranial abscess can be
15 demonstratéd:only'after giving 0.05 to 2.5 mmol/kg,
preferably 0.1 - 0.5 mmol/kg, of paramagnetic coﬁplex
-salts.such as, for example, manganese 1l,2-cyclohexy- QJ

1enediaminetgtraacetic acid in the form of its readily
water-soluble.salts. For a dose of more than 0.1

20 mmol/kg, solﬁtions of higher concenf;ations of up éo 1
mol/1l, preferably from 0.25 to 0.75 mol/1l, are required
since only in this way is the volume reduced and the
ease of handling the injection solution ensured.

Especially low doses (under 1 mg/kg) and
' 25 therewith solutions of lower concentrations (1 pmol/l
. to 5 mm&l/l) than are specified in ﬁP 71 564 are

required for organ~-specific NMR diagnostics, for



no linear relationship between the signal intensification and the
concentration used. As control studies have shown, increasing the dos
admi ni stered does not necessarily result in the signal being 5
i nténsified,” and, in.the case of a high2iese of paramagnetic contrastf
agent, the signal exanpheerfdre detisatduigs auhourist ands coromairiyati nf@acss,
surprising that some pathol ogi cal processes beconme visible only after\the
admi ni stration of dosesf gH& 1t°r=]-z§ﬁ$ﬁé§é’ f@’“é-’ﬁ'@élefn a@n§ adpoprtige

may be from 0. 001 nnDI kg)_ of prepar n of thg in entlon
contai ning a strorff 4%%:5?&951" Eﬁg ntgreé"?tra&gér? %3 \f‘[i

- def ective bl ood-br bar r t.he Se |o a absces e 15
denonstrated only géot 5t n{a &8 o 1/9153 %d ?foér abla§/n % 8

mol / kg, of paramagy Saaéo‘xﬁcs &'Pnbae%s ¥ f‘?&%{ml'le’to”%%qa”%e

1, 2-cycl ohexy-" | ene an1netetra cetic acid in the formof its readily

'vvat er-sol ubl e sal tyfay ¥ BVIHIQ U Rt AN 1@k 2@ neMyH /tla@ sol utions of

hi gher concentratlons of up to nmol /I, preferably fromO0.25 to 0.75 nol/lI,
are required sincesubdtitdeddy ¥ WY beS al phyedloly iceduged andehdle

cation of an organic base or amino acid.
The present invention further provides the use of

10 a physiologically tolerable, non-radioactive complex

salt of the general formula I,
) X~CHq : CHo~X :
| Pe .
. V-CHR; CHR} -V
N 15 in which
X represents the radicals -COOY, PO3HY or ~CONHOY
wherein each Y represents a hydrogen atom, a metal
equivalent, the metal being seleéted from 2lements
W having atomic numbers of from 21 to 29, 42, 44 and from

; 20 57 to 83, or a physiologically tolerable cation of an
inorganic o% organic base or amino acid,
and in which either |
a) R; represents in each case a hydrogen atom or
methyl group,
25 & represénts the.group -CHRy~-CHR3-or

uﬂ"‘bHO (2CH-CH3 )m ’

in whxc



ease of handling the injection solution ensured. Especially |ow doses

~t\o/ kg) and 25 therewith solutions of |ower concentrations (1
5 mml /1) ‘than are specified in EP 71 564 are required for )
ec{fic NVR diagnostics, for =—2221- * exanple for. detecting tunmour'se/
naly i nRarsnd Rijetphgthekogepakbgntohetalimethpbanéagdroapti ve
npl sallts of the general -fornmula |, as defi‘ned above, may contain a
tel’sel e¢ted, for exanpPg, af tekrsmethidapat grhdPi-ng at oni ¢ nunbers of
71 tof 83. It may be advantageous for at | east _one of the substituents
Y to physi ol ogi cal | yor £8FbBr ABPEeE8RFEn20PhaRYSr §AALEABARE or anino
aci d. e present inventi-anuither,pr vides the use of 10 -a
physi ol ogi cal I'y tol erabl ePeRgK3r 2858 Fve conpl ex salt of the general
formula I, %err] 15 in whigh X rggrﬁ ents, the radigals ;COOY, PCBHY or

BEX £ e

- CONHOY whePein e&ch Y refFREERE 8r 68&RI&F o BBt &r equuival ent, the

nmetal being selectgd fromelenments
7 represents an oxygen épomior a sulphur
atom,
and |
10 each V has tﬁe same meaning as X,
with the proviso that at least two of the substituents
Y are metal éqgivalents selected.frém elements having

atomic numbers: of from 21 to 29, 42, 44 and from 57 to
a3, o .

15 or
b) R3 repreSents in each case a hydrogen atom, o/ -?
A represents the group -CHo-CHjp
and |

both V's together represent the group

oo
20 .
CH2X ?Hzx
- (CH,) 1.-t‘z--cnz—cnz-n- (CH,) v
in which

X has the meanings given above"
-and
25 W represents the integer 1, 2 or 3,

wita the proviso that at l=22s5t two of the substituents



having atom ¢ nunbers of from21 to 29, 42, 44 and from 20 57 to 83, or a/
physi ol ogically tol erable cation of an inorganic or organic base or am'n _
acid, and jn which either a) [err] represents in each case a hydrogen atpm

or\pet-hyl -group, 25 .A represents the Eoup [err]-or [err] in which -R2-
[err] and [err] tggeiher represent fg'ﬁeth | en roup _or a,tetranethylene
group, or each regragﬁn?ggagpﬁgﬂﬁVaiﬁﬂ 8aFe6¥cg%ﬁzgfowadﬁﬁa?}e%?nt' m

represents the ingggiég ;géggévﬁﬁggggﬁgof fromrﬁﬁr@8e9§§x?9hf¥ﬁq%ﬁ%§%$%%iSO

a sul phur atom an Saite neani ng as

that at |east twosoftphgsjubsti tHENha&nYfaERuPBt 8F gapt¥pheat Sogetect£d. from
- el ements having _ '
method of diagnosis of the human or animal body by NMR,

5 X-ray or ultra-sound diagnosis.

s



atom ¢ nunbers of from21 to 29, 42, 44 and from57 to 83, 15 or b), [err]
represents in each case a hydrogen atom A represents the group -CH2-CH2
and both V's together represent the group [err] i-n which X has the meani n S,
above and 25 w.represents the integer 1,:2 or 3, witn the provis

{ least two of the substituents =~ -23- Y- are met al® equi val ent s
fromthe el enents: havi ng atom-cnunmbers. of from21 to 29, 42, 44
57 to 83, for theznanufacture Ta preparatton for a nethod of

of the human or animal body by NVR 5 .. X-ray or ultra-sound

The fqllpﬁing Examples illustrate the invention:-

Example 1

The sélﬁé listed below are obtained in a manner
analogous tof:he manufacﬁure déescribed below of the
5 N-methylglu¢amine salt of the iﬁpﬁ(iII) complex of %J
diethglenetfiaminepentaaéetic aqid, using the
appropriate %éid in place of the diethylenetriamine—
pentaacetic.écid and using sodium hydroxide solution in '
place of the N-ﬁethylglucamine when manufacturing the

10 sodium saltsg-_ L o .

the sodium salt of the iron(III) complex of trans-1l,2-

cyclohexylenediaminetetraacetic acid, C14318FeN20 . Na;

the sodium salt of the iron{III) complex of 1,10~
15 diaza-4,7-dioxadecane-1,1,10,10~-tetraacetic acid,

C14H20FeN2010 .- Na, and

the N-methylglucamine salt of the iron(III) complex of
" trans~1l,2-cyclohexylenediamine-¥N ,N,N' N'-tetraacetic

acid, C21H36FeN3013.



The follow ng Exanples illustrate the invention:- ExanDle 1 The salts
li sted bel ow are obtained in a manner anal ogous to the manufacture
descri bed bel ow of the 5 N-net hyl gl ucam ne salt of the iron(lIl) ]
oﬂ\dlethylenetrlan1nepentaacetlc acid., using the appropriate acid/in pl
of the diethylenetriam ne- pentaacetlc acid and usi ng sodi um hydrdxi de

solution in place of the N-nethylglucam ne ywaen manufacturing the {10
sodiumsalts:- the sodiumsalt of the iron(l'r1) conpl ex of trans-1\ 2-
cycl ohexyl enedi am net etraacetic acid, [err] t he sodiun1sa|t of the

' 1Pl f Q- /

52?3("[Lirf°2:;d:?h iR ok 358, SRR b B S
1 2 NI

ane L 2 cyel onext eRiSha! Ml orl e B ARG R ag.%%pe[n%ra deetic

dlethylenetrlan1neg%qhaantHp %%Ndo gerr] 35.4 g ( = 90 mmol ) of
di et hyl enetri ami nepent a- 471

35.4 g ( = 90 mmol) of diethylenétriaminepenta-
5° acetic acid are suspended in 100 ml of water, and
Lﬂ - 24,3 g ( = 90 mmol) of iron(III) chloride hexahydrate
(FeCl, . G'Hzo); diésolvéd in 100 ml of water, are
added thgreto. The initially dark brown suspension is
heated to 959C. After approximately 1 hour, the
10  colour changes to a light yellow. 270 ml of 1W sodium
U . ~ hydroxide solution are added to neutralise the
hydrochloric acid formed and the whole is heated for a
further 3 hours at 95°C. The resulting light yellow
precipitate is suction-filtered, washed free of
O .15 _chloride with water and dried at 60°C ig.ggggg.
17.85 g (45 % of the theoretical yield) of a light
vyellow powder is obtained the melting point of which
is >300°c.
17.85 g ( = 40 mmol) Of the iron(III) complex
20. salt obtained are suspended'in'zoo'ml of water, and
7.8 g ( = 40 mmol) of solid N-methylglucamine are added
in portions. The whole is heated for approximately 3
hours at 50°C and an almost clear, red-brown solution
is obtained which is filtered and then concentrated to

25 dryness in vacuo. The residue is dried at 50°C in



5. acetic acid are susbended i'n 100 m of mater' and 24.3 g ( ="90 nnol)
of iron(lll).chloride hexahydrate (FeCl3 . 6 0), dissolved i,n 100 nm of
wat ér, are added thereto. The initially dark brown suspension is heated to

Lerr}: After approxi mat-el y-1: -hour, the 10 colour changes to a Ilght ‘ \J
yel |l gv. 270 m of IN sod|un1hydrOX|de sol ution are added to neutralise the
hy ic acid formed and:the whole jssheated for a further 3 hours at

[ efrk esulting |ight- yelIOW/preC|p e i's suction-filtered, washed
free d chloride withwater and dried at :[err] in vacuo. 17.85 g (45 %
of \t he \ heo et'&&&udWeiﬂ)30§ PQ$'9“6EY€héOEhEQEG€Ech§ QQEQHPlePEe nel ting
poi i ch TS5 >STerr] -17-. - mrol ) - of the iron(ll1) conplex 20-
sal t i fed aféaémmmwanQQﬂwdQIZQQ ﬂtlaingapeintamd121339c(are40 mol ) of

t hyl gl ucam ne are added in portions: ‘The whole is heated for
approxi mately oltoaiwedt 50C and an al nost clear;, .red-brown solution is
obtained which is filtered and then concentrated-to 25 dryness in vacuo.
The residue is dried at SOOC |n vacuo. 24.3..g (95 % of the theoretical

yield) of a :
Example 2

5 Manufacture'offthe N-methylglucamine salt of the
gadolinium(III) conmplex of trans—i,z-cvclohexylene- Hnj

s 2 - ' " . '- ' X .
diamine N,N,Nj,N tetraacetic agld, 021H36G6N3013

20,75 g_( = 60 mmol) of trans-1,2-cyclohexylene-
diamineeN,N,N')Nf—tetraacetic acid are suspended in ‘\):
10 150 ml of watet. After the addition of 11.7 g
( = 60 mmol) of N-methylglucamine, an almost clear
solution is obtained to which 10.88 g ( = 30 mmol) of
gadolinium oxide (66203) are added. The suspension
again obtained is heated for 6 hours at 95°C; The
15 small amount of undissolved materigi is filtered off
and the filtrate is concentrated to dryness ig_gggﬁg.
. The residue is dried in vacuo at 606c and pulverised.
38.6 g (92 % OF the theoretical yield) of a white

powder of melting point 258-261°C are obtained.

.20 Analys1s-
(calculated) € 36,25 B 5,22 N 6,04 Gd 22,A0

(found) C 36.40 g 5.50 . N 5,98 Gd 22.52



red- brown powder of melting point 131-[err]- are obtained.. Exanple 2 5.
Manuf acture of the N-methyl gl ucam ne salt of the gadolinium(l11) conplex
trans-1I, 2- cyclohexylenev diamine-N,NJN ,N -tetraacetic acid, [err] 20 8 g
( 60 nnnl) of trans-1, 2-cycl ohexyl ene- diamne-N,N, N, N -tetraaceti fa
are suspended in 10 150 nml of water. After the addi tion of 11.7 g (
nmol ) of N-nethyl gl ucam ne, an al nost crear_-obutlon Is obtained to
10.88 g ( = 30 nmol) of gadolini um oxi de [erﬁ} are added. The suspe si off’
again obtained is heated for 6 hours at [err].The 15 small anmount of
undi ssolved material is filtered off and the filtrate is concentrated t
-dryness in vacuo. The residue is dried in vacuo at 600C and pul veri sed.
38.6 g (92 % of the theormtismdlodals)ma@Xindr My cuPDNG esodiumehyd pgx Pde Nt
258- 2610C are obtai ned. 20 Analysis: (cal cul at ed) C 36.25 H 5.22 N
6. 04 Gd 22.60 (fselufiion in pladé.clf) N-méthybflucamihe P8the &dd2dmS8alt
I n anal ogous manner, by using sodi um hydroxi de

of the gadolinium(III) complex of trans-1 y2=-cyclo-

hexylenediamine-N,N,N' ,N'-tetraacetic acid,

5 CMHmGszO8 . Na, is obtained.

K;. ' Example 3
Preparation of the disodium salt of the manganese(II)
complex of trans-1,2-cyclohexylenediamine-N,N,N' N'-

tetraacetic aciqg, C14H16MnN208 . 2 Na

~ 10 Under nitrogen, 34.6 g ( = 100 mmol) of
trans-1l,2-cyclohexylenediamine-¥,N,N' , N'~tetraacetic
acid are suspended in 100 ml of water; and 11.5 g

. ( - 100 mmol) of manganese (II) carbonate, MnCO3, are

N

added. The whole is heated to 959C and 200 ml of 1N
15 sodium hydfoxide'solution are added dropwise thereto.
The clear solution is concentrated in vacuo and the
residue is dried in vacuo at 409C. 40.8 g (92 % of
the theoretical yield) of a pink-coloured powder are

obtained.

20 Analysis:
({calculated) C 37.94 H 4,09 N 6.32 Mn 12.40

(found) c 37.78 H 4.12 N 6.20 Mn 12.31



solution in place of N nethylglucam ne, the sodiumsalt of the
gadolinium(1I'l1) conplex of trans-1,2-cyclo- S .
hexyl enedi am ne-N, N, N , N -tetraacetic acid, 5 .- [err].is obtained. Exanple |,
3 Preparation of the di-sodiumsalt of-the manganese(ll) conplex.of - -\
tr a4fS- 1)\2- cycl ohexyl enedi amipe-N, N, N , N - tetraacetic acid,[err] 10
*"Mjtrogen, 34.6 g . 7.100 nmol) - T :

2- cycl ohexyl enedi afii ne-N, NN, N -tetraacetic acid are suspended. in

_ water, and 11.5.g 100 nmol) of manganese(l1) carbonate,[err] are
added_The whol e is heated:to. 950C and 200 m . of I N 15 sodi um hydr oxi de

sdl utionfare added dropw se_t.hereto. The clear sol.ution is concentrated in
vacuQ_add the resi dueIPs2B2i@8ONE Papnerat there) axe. gb§adoeds, of the
theoretical yield) of a pink-coloured powder are obtained. 20 Analysis:

(cal cul at ed) C 37.94 H.4:09 N 6. 32 Mh 12.40 (found) C

3778 H 412 uN8uB2r (11)MchBbdhace HReAA50U0US TRI00e LR C A0

copper(II)_coﬁplex of trans-1,2-cyclohexylenediamine-

- 2.Na:

tetraacetiq:ag;d, C14818CuN208 .

5 trom cobalt(iI) carbonate the disodium salt of the

W,
cobalt(II)-comglex of trans-l,2#cvclohexy1enediamine-
tetraacetigzaéid, C14H18C0N2 8;.¢2-Na;
from nickel(II) carbonate the disodium salt of the
nickel(II) complex of trans-l,z-éyclohexylenediamine- o

(N

10 tetraacetic acid, C;,H,gNiN,05 . 2 Wa.
By using N-methyiglucamine in'place of sodium
hydroxide solution there is obtained: : |
' o/

the di-N-methyiglucamine salt of the manganese(ITI)
complex of trahs-l,2-cyclohexy1enediaminetetraacetic

15 acid, C28H54Hnn4018.

Example 4 - ;

Each of the two salts listed below are obtained
in a mahner analogous to the preparation described

below of the N-methylglucamine salt of the



from copper (I'l') carbonate the di sodiumsalt-of the copper(ll) conplex . of
trans-1,2-cycl ohexyl enedi am ne- tetraacetic acid, [err] 5 from
cobal t (I'l1); carbonate the disodiumsalt of the cobalt(ll) conplex of
trans-—-1, 2~-cycl ohexyl enedi ami ne- tetraacetic acid, [err} fromnickel (11). ./ Kt
carbonate the di sodiumsalt of the nickel (11) conplex of FAN
trans-1, 2-cycl ohexyl enedi am ne- 10 tetraacaggF acid,[err] By using ALY,
N- net hyl gl ucami ne in place of sodi um hydroxi solution there is obtaireg»»
t he di - N-net hyl gl ucam ne salt of the manganese(ll) conpl ex of '
trans-1, 2-cycl ohexybaaediafungretr) asefbliexlaraeity1bakll afX ABRNE N4 NG _Of
the two salts |listed below are obtained in a manner anal ogous to the P
preparation describedtbakewief achd,Nusthbylighiocaiara-23htd9bxhhecane-
gadolinium(111) conplex of ethylenediamne-N, NN ,N - tetracetic acid,
using 1, 10-di aza- 4, ¥:3i,203d0esetrabeti®, heifetinaptaciecoficetthylepkdéamihe~
ethyl enediamne- NN, N ,N -tetraacetic acid when preparing the

N,N,N' ,N'-tetraacetic acid when preparing the

5 first—listed salt and, similarly, using 1,2-diphenyl-
ethylenediaminetetraacetic acid when preparing the

second-listed salt:-

the N-methylglucamine salt of the gadolinium(III)

complex of 1,10-diaza-4,7-dioxadecane-1,1,10,10-tetra~-
10 acetic acigd, Cy1H4gGAN,0, -, and

the N-methylglucamine salt of the gadolinium(ITI)

-complex'Of.1,2-dipheny1ethy1ehediaminetetraacetic acid,

Co9H3gN30,364.

. Preparation of the N-methylglucamine salt of the
15 gadolinium(III) complex of ethylenediamine-¥,N,N', N'-~

- tetraacetic acid, C17H30G6N3013

29.2 g ( = 100 mmol) of ethylenediamine-N,N,N',N'-
tetraacetic acid are suspended in 100 ml of water and
‘heated to 95°C with 18.1 g ( = 50 mmol) of

20  gadolinium(III) oxide, Gdzoé. During the-heating-up
process, 19,5 g ( = 100 mmol) of W-methylglucamine are

added in po:tions.- After-apprpximately 3 hours, a



5. first-listed salt and, simlarly, using 1,2- drphenyl - ,

.ethylenedranrnetetraacetrc aci d when preparing the second-Ilisted salt - the
yl gl ucam ne salt of the gadoliniun(lll) conplex:of T

dilaza- 4, 7- di oxadecane-1;1, 10, 10-tetr a- 10. -acetic acid, [err],:and’the)

v‘Iqucanrne salt -of-. the gadolrnrun(lll)'cdnplex of ~

p enerthernedranrnetetraacetrc a , [err] Preparation of the

fdlanrne N, N, N N“ tetraacetlc aci d, [err] 29.2 g ( = 100 mol) of

ghd heat ed to 950C mnth 18 1 g ( =50 nnDI) ‘of 20 gadolrnrun(lll)

- d203. mnqeglttrrae:eldeam Iip-vone S aces_,gcukﬁ. Sre residie niwl ) of
N-net hyl gl ucam ne are added.in portions. After approximtely 3 hours, a
clear solution iOFiget #Hthd&®%hiimh vagug. t5dr.éd %n@i:oho@rttlae ed to dryness in
vacuo. The residuye is dried at [err] I n vacuo. 61.3 (95 % of the
theoretical vyi eltdﬁe%fe%%% Ve &3S &F r?a\ﬂ"’rid'-%ri’m'der aving an

5 xndetermlnate melting p01nt are obtained

Analysis:

(calculated) € 31.82 H 4.71 N 6.55  GA 24.51

(found) .~ C 31.65 H 4.59 - W 6.52 G4 24.56
Example 5
10 Preparation of the sodium salt of the gadolinium(III) g‘J‘
complex of 1,4,7,10-tetraazacyclododecane-N,N', N" N"'
tetraacetic acid, C,.H,,GdN,0, . Na
-

4.0 g ( = 10 mmol) of 1,4,7,io-tetraazacyclo¥ '
dodecane-N,N',N",N"‘-tetraacetic ac¢id are suspended in
15 20 m1 of water, and 10 ml of 1N sodium hydroxide
solution are added. 1.8 g ( =5 mmol) of
gadolinium(III) oxide, G6203, are added and the
suspension is heated for 2 hours at 50°C. The clear
solution is filtered and concentrated in wvacuo. The
20 residue:is dried and pulverised. 5.5 g (95 % of the

theoretical yield) of a white powder are obtained.



5 I ndeterm*nate nelting point are obtained. Analysis: (calculated) C
31.82 " H4.71, NG6.55 Gd 24.51 (found) C31.65 ° H4.59
6. 52 Gd, 24.56 Exanple. 5 10 Preparation of the sodiumsalt of the
qd&allnlun(lll) conpl.ex of 1,4,7,10-tetraazacycl ododecane-N, N, N', N'" -
tetraacetic acid;[err] 4.0 g ( = 10 mmol)_of 1,4,7, 10- tetraazacyclo-
dodecane-N,N ,N', N'' -tetraacetic acid ar wsuspended in 15 20 m of water,
and 10 m of I N sodiun1hydroxide solution' are added. 1.8 g ( = 5 mmol \of
gadolinium(111) oxide, GJ203, are added and the suspension is heated for 2
hours at [err]. The clear solution is filtered and concentrated in vacuo.
The 20 residue 32HF§¥%% and pul verised. 5.5 g (95 % of the theoreti cal

1) of e e Bl B SRS 9L oY SUA )op,© 33,10

27.16 I n anal ogo er ther bt aijngd:, a5 e metay bgl an1ne
salt of the gado&n@lll) ecaﬁe(ﬁ H' 4220 Ntlg s bla 29.4%6

In analogous manner there are obtained:

5 the N-methylglucamine salt of the gadolinium(III)
. complex of 1,4,7,10-tetraazacyclododecane~N,N',N",N""'-
tet?aacetiq a?ld, 23H42GdN5013,
the sodium salt of the gadolinium(III) complex of
1,4,8,11-tetraazacyclotetradecane~N,N',N",N""'-tetra-

U 10 acetic acid, C18H28GdN4O8 . Na.

Example 6

Preparatlon of a solutlon of the N-methylglucamlne salt
of the gadolinium(III) complex of 1,4,7,10-tetraaza-

cyclododecanetetraacetic acid

15 370.9 g_( = 500 mmol) of the complex salt
described in Exampie 5 are made.into a paste in 500 ml of
water p.i. (pro injectione) and dissolved by making up
the Volumé to 1000 ml with water p.i.. The solution is

introduced into ampoules and heat-sterilised.

y .
(2




conplex of 1,4,7,10-tetraazacycl ododecane-N,N ,N', N'' - tetraaceti'c aci d,
herr] the sodlunlsalt of the gadoliniun(lIl) conplex of . .
1}4 1-tetraazacycl ot etradecane-N, N, N', N'' -tetra- 10 acetic acid,
' anple'6 Preparation of a solut|0ﬁ=of t he N—nethylglucan1ne salt’ OFJ
niunm(111) conplex of 1,4,7, 10‘% Rtraaza- cyclododecanetetraacetlc
h

370.9 g ( 500 nnDI) of e conplex salt described in

5/are made into a paste in 500 m of water p.i. (pro i nj ectione)
and ved by making up the volume to 1000 M with water p.i.
The solution is introduced into anpoul es and heat-sterilised. Exanmple 7

Preparati on of mksmb1g ipn. of the di-N-nethyl glucanmine salt of the
nanganese(ll) conpr ex_of trans-1,2- cycl ohexyl enedi am netetraacetic acid 5
395.9 g ( = 50(repdgation hef canpd byt S6ht oflethei 8edNi-neEhenBlacdmane
suspended in 500 m of water p.i.. 1.3 g of ascorbic acid are added and the
suspensi on i s dakblovdtly mahganese (IDe gonphext of1808nal-1yREh

cyclohexylenediaminetetraacetic acid

5 o 395.9‘§”( = 500 mmol) of the complex salt J
described in Example 3 are suspendéd in 500 ml of water

p.i.. 1.3 g.oflascdrbic acid are added and the suspension

is dissolved by making up the volume to 1000 ml with

water p.i.. The solution is sterile-filtered and

10 placed in ampoules.

Example 8

Preparation of a solution of the N-methylglﬁcamine salt

of the gadoliﬁium(III) complex of 5535571,2-cyc;o—
'hexylenediaminetetraacetic acid | o/

15 ' '555.8 g ( = 0.8 mol) of the salt described in
. Example 2 are dissolved in water p.i. to a volume of
1000 ml. After filtration over a pyrogen filter, the

solution is placed in ampoules and heat-sterilised.



water p.i.. The solution is sterile-filtered and 10 placed in anpoul es.
Exanpl e 8 Prepar ation of a solution of the N-nethylglucam ne salt of the
gadollnluq(lll) conpl ex .of trans-1,2-cycl o- hexyl enedi ani net etraacetic aci
15/ - .555.8 g ( = 0.8 nol) of'the salt described in Exanple 2 are : /
di ssolved in water p.i. to a volune of 1000 m . After filtration over &
pyrogen filter, the solution is placed in aEgggles and heat-sterilised. Y
Exanpl e 9 Preparation of a solution of the t hyl gl ucam ne salt of the
rutheniun(l11) conplex of |, 10-di aza-4, 7- _

di t hi adecane- |, | g & rgalacetlc acid 5 15.6 g ( 0.03 mmmol ) of
-t he ruthenlun(lll)‘tUﬂpTEX‘Df 1,1 0-diaza-4, 7-di t hi adecane-1, 1, 10, 10-tetra-
acetic acid are suspespiachd oo b fMla oo 1ek £6n Pof - t RO N LhSERY VETuSam Dk 7sHLOY
adding 5.9 g ( - 0.03 nol) of N-nethylglucam ne. The solution is made up to

1000 Im 10 with watef tthe .rutherciyh ( TT BYPOSEEe 2NGIE hBate-aiszast
Exanpl e 10

dithiadecane-1,1,10,10~-tetraacetic acid

5 15.6 g ( = 0.03 mmol) of the ruthenium(III)

: Q; complex of 1,10-diaza-4,7-dithiadecane-1,1,10,10-tetra-
acetic acid are suspended in 50 ml of water p.i. and
dissolved at pH 7.5 by adding 5.9 g ( = 0.03 mol) of
N-methylglucamine. The solution is made up to 1000 ml

10 with water p.i., placed in ampoules and heat-

f sterilised.
N~/

Example 10

Preparation of a solution of the sodium salt of the
, . gadolinium(III) complex of trans-1,2-cyclohexylene-
S '

15 diaminetetraacetic acid

558.6 g ( = 1 mol) of the sodium salt of the
complex salt listed in Example 2 are dissolved in water
pP.i. and made up to 1000 ml.. The solution is placed

in bottles and heat~sterilised.



Preparation of a solution of the sodium salt of the gadol i niunm(1I'l') conpl ex

of ATaRs- 1, 2- cycl ohexyl ene- 15 di am netetraacetic acid 558.6° g ("= 1, mol )

of the spdiumsalt of the conplex salt listed in Exanple 2 are dlssolved i n
d \. and made up to 1000 m. The solution is placed in bottl es and

2rli |1 sed. Exanpi e 11 Preparation of a sol ution of the

Jl ucam ne salt of the gadoliniu ) conpl ex of .

enyl et hyl ene- dlan1netetraacet|g£ﬁf|d 5 : 396.9 g ( = 500

nnDI) of the N-methyl glucanine salt of the conplex salt containing

gadol i nium and the P phenyl et hyl enedi am net etraaceti c aci d radi cal
listed in Exanﬁé@ia—%ie—Lade i.nto a paste in-600 nm of water pi. and

di ssol ved by I 1000 T pl din
anpoul es and heat - s %F%$§ség QE§°i8F}9&ZQgrEg%rgtﬁgﬁﬁg#a&hgg &?Foﬁ%g t he

di sodium salt of¢tpRe @Méﬂfﬁ?ﬁhki:??@&ﬂﬁ&& ch’aﬂszlﬂpﬁ&ﬁb@@%’ﬁ%%%- 15

di am netetraacetic acid
diaminetetraacetic acid

5 396.9 9'( = 500 mmol) of-the N-methylglucamine
salt of the'¢omp1ex salt containing-gadolinium and the 3)
1,2-diphenylétﬁylgnediaminetetraacetic acid radical
listed in Exahple-4 are made into a paste in 600 ml of
water p.i. and dissolved by making up the volume to
10 1000 ml. The-solution'is placed in ampoules.and heat-

sterilised. ' \_):

Examole 12

Preparation of a solution of the disodium salt of the
manganese (II) complex of trans-1,2-cyclochexylene- "

15 diaminetetraacetic acid

Under nitrogen, 44.3 g ( = 100 mmol) of thé
complex salt déscribed in Example 3 are made into a
paste in 60 ml of water p.i. and dissolved by making
up the volume to 100 ml with water p.i.. The solution

20 1is placed in ampoules and heat-stefilised.



Under nitrogen, 44.3 g ( = 100 nmol) of the conplex salt described in.
Exanpl e 3 are nmade into a paste in 60 nl of water p.i. and dissolved by
making up the volune to.100 m with water p.i.. The solution 20 is plag

|n~anpoules ‘and heat-sterilised. Exanpl e 13 Preparation of a solutio
the sodiumsalt of the gadoliniun(lll) conplex of
1,4,8,11-tetraazacycl otetra- decane-N,N, N’ '-tetraacetic acid 5

552.6 g ( = 1 nol) of the conplex salt conta$§gng gadol i nium and the
1,4,8,11-tetraazacycl ot et radecane- tetraacet acid radical listed in
Exanple 5 are dissolved in water p.i. and nmade up to 1000 ml. The sol ution
.is placed in bottl| egxamglbeas-sterilised. Caint 1. A physiol ogical ly

tol erabl e, non-radi oactive conplex salt for use in a nmethod of diagnosis of
t he human or ani nal PoegarbyibivRofli ageodusioN- pfiy teagoddum Sadk olft thesound
di agnosi s having the general fornula I

ga 011n1um(III) complex of 1,4,8,11- tetraazacvclotetra-

decane-N N',N" N"'-tetraacetic acid

5 552.6 g ( = 1 mol) of the cﬁmplex salt containing
gadolinium.and thg 1,4,8,ll;tetfaazacyclotetradecane-
tetraacetic acid radicél listed in Examble 5 are
dissolved in water p.i. and made up to 1000 ml; The

solution is placed in bottles and heat-sterilised.



[err] in which 10 X represents the radicals -COOY, [err] or -CONHQY wherein
each Y represents a hydrogen atom a netal equivalent, the netal being

57Bg. or & physol 0gi cally tol e e cal fﬁﬂlﬂlllﬂlillllﬂll IIIK || N

organifc Joase \or ami no aci d+and in which either a) [err]° réprtsehts in each

case rogen atom or nethyl group, A represents the group [err] or [err]
I n-whi together represent a trlnethylene group or a
tetra 37 - or each represents’ a phenyl radical or-
benzyl , , represents t he |nteger 1 2 or 3, and 5 Z
represen .

an oxygen atontor a sul phur G

1. a physi?}béically to;eiable;indn-radioactive
complex saltffot use in a method offdiagnpsis of the

human or animaltbody by NMR diagnosis, X-ray diagnosis

81}

or ultra-sound'éiagnosis having the general formula I

x-caz caz-x N

..-VfGHRl CHRI-V_ _ '
'1n wh1ch

10 X r presents the radicals -COOY, PO3HY or -CONHOY

wherein aach Y'represents a hydrogen atom, 2 metal

eguivalent, the metal being selected from elements
having atomic_humbers of from 21 to 29, 42, 44 and from
57 to 83, or a physiologically tolerahle cation of an
15 inorganic or organic base or amino acid, QJ

2nd in which either
a) Rj represents in each case a hydrogen atom or
methyl group,
R represents the group -CBR,-CER3- or
20 -CHo~CHp-(ZCHo=CHy )y~
in which N
Ry &@nd R,y together represent a trimethylene group

or & retramethvizne aToe,



atom and each V has the sane neaning as X, with | at | east
two of the substituents 10 Y are netal equival eniﬂmﬁﬂwwﬁmﬂ@@“a ement s
havi ng ‘atomi ¢ nunbers of . from21 to 29, 42, 44 a N . and wt
t he—~further proviso that when [err] and-R3-represent a.tetramethylene gr
at least one Y is nei'ther a} igaQR ¢9pirvakaRt Bokhﬁng}ldrr%ﬁfi@a@t em 15 or
[err] represents in each case a hydrogen atom represents the group.[erk]
and both V's together represeaylt Raageaan [err] in which X has the nmeanfA
gi ven above and 25 w represents the integer 1, 2 or 3, with the proviso
that at |east twm of the repireisehtenthe int38erYlgre wet dl, equi val ents

- sel ected from.el enents :

and
5 z . represents an oxygen atom or ‘a sulphur
atom, . '
and

‘each V has the same meaning as X,

with the proviso that at least two of the substituents
!;i 10 ¥ are metal egquivalents selected from elements having

atomic numbers of from 21 to 29, 42, 44 and from 57 to

83, and with the further proviso that when R, and

Ry represent a tetramethylene group at least one Y is

neither an iron eguivalent nor a hydrogen atom,

15 or
o/ . _
' b) Ry represents in each case a hydrogen atom,
4 represents the group -CH;-CH,-
..and
both V's together represent the group
./

20 S CH2X ' CH2X .

—(CHZ)!fN—CHZ_CH2-N-(CHZ)!f

in which
X hes the meanings given ébove
and

25 W represents rthe integer 1, 2 or 3,

with the previso that at least two of the suhstitiznts



havi ng atom ¢ nunbers of from 21 to 29, 42, 44 an
physi ol ogically tol erabl e, non-radi oactive 5 corrp’Lm l |"l]| ﬂlt
met hod of diagnosis of the human or aninal body by

ShS or ultra-sound di agnosi s havggg t he general fornula I [err] |n
epr es@nisget R taadiceil iv 1A% drdde & e AN bmdMrarei n at Ieast
tRe substituents Y is a physiologically tolerable cation of an
Se Ohalfing AGMIAGUhbarY EraE NIt 29, 123 Rdeedet amom a
equival ent, the netal. belng sel ected fron1elenents havi ng atom c
froﬁﬂztot@329 42, 4 and from57 to 83, or a physiologically
an i norgani c base, 20 and in which either a) [err] represents

i n each case a hydrogen atom or nethyl group, A represents the group [err]

or [err] in whi_ ch - X B . '
2. A phy51919g1cally tolerable, non-radiocactive

S complex salt for use in a method of diagnosis of the
human or animal body by NMR diagnosis, X-ray diagnosis

or ultra-sound diagnosis having the general formula I

-X4CH2- . CHz—X . -
~~ o

N-A-N _ (I)

10 - o V~CHRy . CHR} -V

in which

X represents the radicals -COOY, -PO3HY or ~CONHCY,

wherein at least one of the substituents ¥ is a ~
physiologically tolerable cation of an organic base or
15  amino acid, and any remaining Y is a hydrogen atom, a
metal equivalent, the metal-being-sglected from
elements having atomic numbers of from 21 to 29, 42, 44 KJ

+O\QY0~\D\9
and from 57 to 83, or a phy51ologlcally catlon cf an

inorganic base,
20 and in which either
a) Ry represents in each case a hydrogen atom or
methyl group,
A representé the group -CHR-CHR3-OT

~CHa~CHg- (2CH~CHy} -

in which

I
CF



R2 and R3 together represent a trimethylene grouﬁ | ene
group, .or each represents a phenyl radical or be Wmmmmwm l‘ :
represents the integer 1, 2 or 3, and_Z repr éseft st amm oxygen atofr
“sul phur- at om and‘lg ech Vv has.ﬁﬁ ssane neaning as X, _Wth the prow /
that at |east two of 2t fi%s BstPPGERRE YoRFESAREaR BGIPSEIENTR® sel ected Trom
el emrents having atom c nunbsgéu fo%rgnlggréﬁegﬁ%lége fﬁbggg J{cgggg'to 83,

C ydrogen atom

15 or b) [err] represents®in each case a roge A Tepresents the
group [err] and both V's togggpggeﬁggrgsgg;n§pergapg§h[5grgediyiMnlch X has
t he meani ngs gi ven above and 25 W represents the integer 1, 2 or 3,
with the proviso that at | eaggitwp,of the substituents '

5 m - represents the integer 1, 2 or 3,
and
2 ‘represents an oxygen atom or a sulphur
atom;
and

10 each V has the same meaning as X,

. with the proviso that 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 57 to
83,
15 'or
N b) él represents in.each case a hydrogen atom,
A represents the group -CHy-CHy-
and
both V's together represent the group
Qw/
20 - CHX ?Hzx
—(CHz)w—N—CHz-CHz-N-(CHZ)W‘
in which - B

X has the meanings given above
and
25 w representé the integer 1, 2 or 3,
with the proviso that at least +wo c¢f the substituents

¥ are mekal equivalsnts selected from etements having



Yare: metal equivalents . selected from elerents PZ‘ \ﬂﬂ]}t\mm\n\l\l“\II\rhe |
use. of ~anphysi ol ogi cally toIerabIe conplf sal t e cmanuf Act éir €' of a.

prepgratNon for g umthod &ooaf B! 51 Sﬁndtéfagnom £ragdl |yl Rogy, by

NVR dIaQ‘tSIS, X-ray d’agn05|s or sal d conpl ex

sal VANg the geper al formula | [err] in which X.represents the radicals
- COD FORHY or CCNF[N’mhereln each Y represents a hydrogen atom a net al
equiyva , the netal being" -s€] ected from el ement s 15 haV|ng atom c

nunmbey s from21 to 29, 42,744 and from57 t90.83,;,0or a physiologically
t ol erabt’e cation ®f anl‘hmcummf: mrpkwsgmﬁogimhlprtmmbe:; dcomglex n
whi ch either a) [err] represents in each case a:hydrogen atomor 20
met hyl group, re@leséwnstm¢mm§pqiap$mw310ﬁna[Ryeqaratlon for a method
5 of dlagnOSLe_of the human or anlma; body by NMR
diagnosis, X-ray diagnosis oriu;ﬁra-sound diagnosis,

the said coﬁplex salt having thé,éeneral formula I

: 'X—CH2 ' . HZ;X
. N-A-N_ . (1)
in whlch S -
X represents the radicals -CooY, PO3HY or -CONEOY
wherein eecb Y represents a hydrogen atom, a mezal
equivalent, the metal'being selected from elemeﬂts
15 bhaving atomic numbers of from 21 to 29, 42, 44 and from
57 to 83, or a physioiogically telerable cation‘cf an
inorganic-or organic base or amino acid,
and in whieh either
a) Ry repreéents in each case a hydrogen atom or
20 methyl group,' |
a represehtS'the group -CHR;-CHR3-or
~CH2-CHa- (3CH2~CHa) -+ '
in which
Ry and R3'toga£her represent a trimethylene group
23 - or a tetramethylene 3roup,

or each presant8 @& phenvl radical or



in which R2 and R3 together represent:a trlnethylene grou

or a tetrarrethylene group, or each rapresents a Hmmu"“)mnﬂm ull
benzyl radical, m . represents,;he i nt ege Z:
represents an oxygen catom or a sul phut 541~ “atm® afid eag

has the sane neaning as X, W tbddwrprmadiseihat at | east two of the
substituents Y are netal eqU|vaIents sel ected fron1e|enents havi ng 10 °

represents in each case a hydrogen atom A represents the group [err] TI5
and both V' s toget herandpresent the group [err]

‘2 ' ‘represents an oxygen atom or'a sulphur
5 ' atom, '
and
each V has the same meaning as X,
with the proviso that at least two of the substituents
Y are metal equivalents éelected from elements having

10 atomic numbers of from 21 to 29, 42, 44 and from 57 to

83,
or
' b) Ry represents in each case a hydrogen atom,
A represents the group -CHy-CHyp—-
15 and
—/ .y - o .
both V's together represent the group
CHZX '?HZX
| -(CHZ) —N-CHZ-CHZ-N-(CH )_L
3; _ in which
20 X has the meanings given above
and

. ‘W represents the integer 1, 2 or 3,
with the proviso that at least two of the
‘substituents Y are metal equivalents
25 E ' selected from elements having atomic

numbers of from 21 to 29, 42, 44 and fcom




in which 20" . X has the neanings—g%veﬁ—abeve—aﬁGAW" .
represents the integer 1, 2 or 3, with the pro st two of the
substituents Y are netal equiyvalents imu ﬁ ed from )

el ements having atom c nunbers of fyom om57t08$J
-42- 4. A diagnostic preparafion for use |n a “rmet hod of dlagn05|s of the
NVR dla nosi s, X-ray diagngsis or. ultra-sound

NQr ani mal  bod
\ S, conﬁriélﬁbagpfsﬁlﬁh? PBPG@P&&PI§°FOP§FaBPea RSkheddPdact i ve 5

.22!2 RipRo55hR 508 Bl i aram e BoA o BB 225" =R zar ogen
X Om a jret al agsyahegéﬁoyﬂszg%t B} 0878059 A36GRLHAT SoalRItIngav! N

unbers o rom rom
phySIO Og'Ca||¥1§0Eebﬁ95?qﬁﬁ§hﬁglﬁ§ %Blerable;'non+radloact1ve

5 complex salfipff;he general formila. I

N-A-N

'- / (1)
\\\\\

V-CHR CHR1~-V :
_1 | 1 ‘vt

in which B
10 X represents .the radicals -COOY, -PO3HY or -CONHOY
wherein each'§ represents a.hydregéﬁnatom, a metal
equivalent, *he metal being selected from elements
having atomic numbers of from 21 to 29, 42, 44 and from )
57 to 83, or a physiologically tolerable cation of an
15 inorganic or o;ganic base or amino aeid, and in which
either |
a) Ry represente in each case a hydrogen atom or et
methyl group,
A represents the group -CHR2~-CHR3- or
20 ~CHg-CHjp- (zcaz-caz)m ’
in which
Rz and R3 together_rep;esent a trimethylene group
Or a tetramethylene group, or each
represents a phenyl radical or benzyl

radiczl,

N
N



15 i norgantc or organic base or amno acid, a “‘B‘m ‘“ﬁ\\“ \' a) [e
represents in each case a hydrogen atom or netha €present s
group [err] or [err] in-which R2 and R3 t ether Tepresent atrineth

gredp ‘or a tetranethylene Or ipr 4§é4¥§ﬂ1& S 13 pheyyls,radical
benzyl radicl, -~ m™ represents the |nteger 1, 2 o
and z representén&n1 oxygen atom or a sul phur atom 5 and each

the sane neaning as X, with the proviso that at |east tw of the
substituents Y are ned al equinefmegentselacteydermtsremantas havi ng atomic -,
nunbers of from21 to 29, 42, 44 and from57 to 10 83, and with the
-further proviso that when R2 SH®PIRF @gemsent a tetramet hyl ene group at

| east one Y is
5 and

each V has the same meaning as X,
with the proviso that at least two of the substituents
Y are metal equivalents selected from elements having
atomic numbars of from 21 to 29, 42, 44 and from 57 to
10 83, and with the further proviso that when Ry and

ka’ R3 represent a tetramethylene group at least one Y is
neither an iron equivalent nor a hydrogen atom,
or |

b) PR3 represents in sach case a hydrogen atom,



neither an iron equi val ent nor a hydrogen atom or: b) [err] represents in
each case a hydrogen atom A represents the group [err] and both V §

together represent the group [err] 5 °* aninQS*
gi ven above and w represents the.integer 1, 2 owunmmmuwﬂ I SO t hat-
at least two of the substltuents 10 Y are netal equi val lentss se ected from
el enents havi ng atom ¢ nunbers of fron121 to 29 42, 44 and from 57 to 83,
and AN ) a physiol ogically tolerable car tilr . 5. A dlagnostlc

: ation as klaepedsemtslahetgrouﬁmnen ¢ﬁ?gconplex salt (i) is the
[ salt of the manganese (I1) conmplex of trans-1,2- -
cyicl ‘«ernedlenﬁnetetraacetlc acid. 6. A dlagnostlc preparation as

both V's together represent the group

CHZX -:f32¥

- (cH, ):E ~N-CH,,~CH,-N~(CH, ) w

5 in whlch
X has the meanings given above
ahd' _ _
-gﬁrepresents the integer 1,-2 or 3,
with the pro;ise that at least two .of the substituents
10 Y are metal equivalents selected from elements having
atomic numbere_ef from 21 to 29,.42, 44 and from 57 to
83,
and

(ii) a physiqlogically tolerable carrier.

1. 5. A diagnostie preparation as claimed in claim 4,
wherein the complex salt (i) is the disodium salt of
the manganese (II) complex of trans-i,2-

cyclohexylenediaminetetraacetic acid.

6. A diagnostic preparation as claimed in claim 4,
20 substantially as described in any one of Examples 6 to

13 herein.



20 substantially as described in any one of Exédbréé 6 to I3 herein. 45

7. A process for .the manufacture of a diagnostikﬂ!ﬂ' | cl ai ned
claim4, conducted substantially as descritbed i Emmnmﬂyﬂ | es

*

13Mferein.- 5 8. A di agnostic preparation which congri $esu(l
physi ol ogi cal ly tol erabl e, non-radi oactive,c | ex salt of the genera
formula | [err] in which 10 X represents tﬁ# adi cal s - COOY, -PQBHY or
- CONHOY wherei n edth B memesssntfora thed mapaifazttare afnat diagnosvitent,
nmetal being selected fromel enents having atom ¢ nunbers of from21 to 29,
42, 44 and from S5PrepaBRtion asphisiigledgiicaklpimoder abhductedon of an 15 ¥
-inorgani c or organic base or amno acid, and in which either a) [err] T
represents in eactuhidant ialdvoqen desemnibedminhphygpoapof AExapple i ste he'

- CHR2- CHR3-
group fg herein.

5 8. A‘diagnostic preparation which comprises
(i) a physiologically tolerable, non-radioactive

complex salt of the_gene:al formula I

W

X-CHZ\\\\~ ’//,caz-x
. . . >N-A-N (1)
v-cunl/ \cunl -V
~ in which |
10 X represents the radicals -COOY, -PO3HY or -CONHOY
wherein each Y represents a hydrogen atom, a metal
equivaleht, the metal being selected from elements
o having atomic numbers of from 21 to 29, 42, 44 and from

57 to 83, or a physiologically tolerable cation of an
15 inorganic or organic base or amino acid,

and in which either

a) Ry represents in each case a hydrogen atom or

methyl group,

A represents the group ~-CHR7-CHR3- or
20  =CHa-CHg-(ZCHp~CH2)n-,

in which | -

Rg and R3 together represent a trimethylene group



[err] in which [err] and [err] together represent

or a tetranethyl eene group, with the proviso that when ther
represent a tetranethyl ene group, at 1east one Y re ﬂ ‘3 um‘
physi ol ogi cal Iy tol erable cation of an organlc base or each\_/

represents a phenyl radical. or. benzyl radjcal, represents 't he
integer 1, 2 or 3, 10 .. ~and Z epresents an oxygen atomor a

atom -and each V has 't _§§ §£ with the proviso
| east two of the substituents are ? ulval ents sel ected from

s having atonic nunberswéﬂ&m&kﬁs@%né‘@ wtfé’nalfii ddPRPp7 tO 83,

';together represent a :tetramethylene

”zgroup, at least ohe Y represents a
5 " physiologically tolereble cation of an
organic base or amiﬁq'acid,
or each :epresen;s a phenyl radical or

- benzyl radical,

m - represents the iptéger 1, 2 or 3, ;;J
10 and -
Z o represents an oxygen atom or a sulphur
_‘atom,

and

each V has the same meaning as X,

15. with the proviso that at least two.of the substituents -
'Y are metal equivalents selected from elements having
"atomic numbqu of from 21 to 29, 42, 44 and from 57 to
83, _ :
or _ ! _ . W

20 b) R; represents in each case a hydrogen atom,
A represents the group. ~-CH-CHp-~
and

both V's together represent the group

CHZX IHZX
-CH

-(CHZ)!_ -N—CHz 2~ -(CHZ)!.-

25 in which



20 Db) [err] represents in each case a hydro sents t he
gr oup. - GH2- CH2-. and both V's toget her repres Eﬂl[ EEHAM r]. 25
W@LCh -47. X has the meani ngs gi ven ‘above a

27or 3, with-the proviso that at |east two of the substltuents 5
met al eqU|vaIents selected fromel enents having atom c nunbers of |fr
to 29, 42, 44 and from57 to 83, and (ii)qggphy5|olog|cally tol er
carrier. 10 9. A diagnoithc pr Earatlon Jn claim4 or
wherein the carrier (ii) ﬁ eﬁﬁ@nb%ﬁﬁl%&veQIF X% agnostic
preparation as clained ingglkaim9, wherein the carrier (ii) is water or
physi ol ogi cal salt 15 solution, and the conplex salt (i) is dissolved or -

W represents the integer 1, 2 or 3,

-with the proviso that at least two of the substituents
5 Y are metal equivalents selected from elementé having

atomic numbers of from 21 to 29, 42, 44 and from 57 to

83;

and

Yoo
7

W (ii) a physiologically tolerable carrier.

10 9. A diagnostic preparation as claimed in claim 4 or
claim 8, wherein the carrier (ii) ié an agueous

carrier,

— :
' . 10. A diagnostic preparation as claimed in claim 9,
wherein the carrier (ii) is water or physiological salt
15 solution, and the complek salt (i) is dissolved or
suspended in it,
(\“J‘

11. A diagnostic preparation as claimed in claim 9 or
claim 10, wherein the cqmplex salt (i) is present in a

coﬁcentration of from | umol to I_mol per litre.

20 12, A diagnostic preparation aé claimed in anylone of
claim 4 and claims 8 to 11, wherein the complex salt
(i) is de:ivgd from trans-1,2-cyclohexylene- -
diaminetetraacetic_acid, l,4;7,10-tetraazaqyclododecane-
tetraacetic acid or I,4,8,1l-tetraazacyclotepra-

25 decanetetraacetic acid.



suspended in it. 11. A diagnostic preparation as claimed in claim9 or
claim 10, wherein the conplex salt (i) is present in a concentration of

from1 [err] to 1 nol ‘per litre. 20 12. A diagnosti : -
clainmed in any one of claim+4 and claims 8-to 11, whmllﬁﬂm aﬂmn salt: \J
(i) is derived fromtrans-1,2- ‘€ycl ohexyl ene- dlan1netetraadetmc acl
1,4,7,10- tetraazacyclododecane- tetraacet acid-or
1,4,8,11-tetraazacycl otetra--25 decanetef’ acetlc qaci d. 48 13. A
diegmpstic preparation as clained in any one of claim 4 and clalns 8 to 12,
ernthe conpl £x sa t ﬁg@
ndangse (I11) c{o%blﬁexé%?éégr%égc 1{9@3{9 f/;c\#%xyé enedr-am ne'faaH'Y n,oe acet I C
cidg,, 4. A d 2080S1h C4 PASP3E B 1,08 @Stflﬁin%é&ﬁpytwecﬁﬁpﬂ@'ég 4 and
5 18 to 12, wherein the conplex salt (|) I's the N-nethylglucam ne salt
f the gadol i ni umX|1§)tl@@@i-&l—r@étﬂyléﬂﬂc&ﬂrﬂ@tﬂmwcﬁwm ra- 10
acid. 15. A diagnostic preparation as clainmed in any one of
(II) complex of trans-1,2-cyclohexylenediaminetetra-
5 acetic ac1d.~_'
14. A diagnoétic preparation as claimed in any one of
claim 4 and claims 8 to 12, wherein the complex salt ;;J
(1) is the N-methylglucamine salt of the gadolinium
(II1) compléx df 1,4,7,10-tetraaianclododecanetetra-
10 acetic acid.
15. A diagnostic preparation as claimed in any one of \“J~
claim 4 and claims 8 to 12, wherein the complex .
salt (i) is the sodium salt of the gadolinium (III)
complex of l,4,7,IO-tetraazacYclododecanetetraacetic
15 acid. _
“/

_16. A diagnostic preparation as claimed in any one of
claim 4 and_claihs 8 to 12,'wherein the complex
salt (i) is the sodium salt of the gadolinium (III)
complex of I,4,8,11-tetraazacyclotetradecaneﬁetraacetic

20' acid.

17. A diagnostic preparation as claimed in claim 8,
substéntially as described in any one of Examples 6 to

13 hetein;, .



claim 4 and clalns 8 to 12, wherein the conplex he sodium s
of the.gadolihni'um(111) corrpl ex of ‘ ﬁm mm ‘!g = ;
1,4,7, 10- tetraazacyclododecanetetraacetic 15 s nosti c ...
préﬂhratlon as- clainmed in any one of tlaim4 and clalns 8 to 12, wherfein l;
the conplex salt (i) is the sodiumsalt of the gadolinium (I11) conpliex of

1,4,8,11-tetraazacyc|otetradecanetetraacetLp 20 acid. 17. A diagnosti
preparation as clainmed in claima8, substantially as described in any oRe of .

Exanpl 6 13 A d I d
e 8 e 57 BB eh"gtpanddes & FLARER {60 AERAEY 8 AR
adm ni stration orehhyms ngur gl byg of &;\t {eVagpidy i@ #P-a Ad ule

contai ning a diagnostic preparation as clalned in any one of ¢l ai ms 4, 5
and 8 to 16, in afé@ﬁrrswtwpéefépradﬁ&pé&mm’fp oA INOL U raAN v b2

manuf acture of a di agnostic-preparation as clainmed in any one of “cl ains 4

5 and 8 10 to 16, inkeaeasmallye. conplex salt (i) is dissolved or

5 19. An ampoule containing a diagnostic preparation as
claimed in ‘any one of claims 4, 5 and 8 to 16,

. in a form suitable for injection.

.20; A process for the manufacture of a diagnbstic
preparation as claimed in any one of claims 4, 5 and 8
10 to 16, wherein the complex salt (i) is dissolved or
suspended in.water or physiolOgicai sait solution, and
N~ _ ' is made up, if desired with the incorporation of oné or
more physiologically tolerable adjuncts, in a form that

is suitable for intravasal or oral administration.

N, 15 21. A process for the manufacture of a diagnostic
'p:épération és claimed in claim 8, coﬂducted
substantially as described in any one of Examples 6 to

13 herein.

22. A physiologicaliy tolerable, non-radioactive

29 complex salt of the general formula I



suspended in. water or physiological salt solutiog%ﬁgggﬂLg,nnde—ﬂpf'Tf_
desired with the incqrporation of oné or nore physiologically to bl e
adj uncts, in a formthat is suitable for  int ravasal !‘m bmir ation.
15 21. A process for the manufacture of a di agnostlﬁi“m W
clainmed in claim8, conducted- substantially as deser in any one of
Exapples 6 to 13 herein. 22. A physiologically tol erable, non-radioactive

Bl ex salt of the general formula | Skb[err] in which X represents the
£y § - COOY, -PO3HY or - CONHOY wherei n“each Y represents a hydrogen
atijo a jnetal 5 eqU|vaIent the netal being selected fromel enents having
at\ umbers of from31€ ?@ 29, 42, 44 37%m 57 to 83, or
a- plysi gl ogi cal l'y tolerable ca on of i norgani c -or. organlc base or am no
epresents._.in each (Blase a hydrogen

aton1or met hyl group, r -esents the R2-.CHR3- or
AL e_'_,__, Yk ‘%*

in which -
X represents thé radicals -COOY, -PO3HY or -CONHOY
wherein each Y rep:esents a hydrogen atom, a metal
5 equivalent, the metal being selected from elements 'LJ
hav;ng atomlg.numbers of from 21 to.29, 42, 44 and from
57 to 83, or a{bhysiologically Eolerable cation of an
inorgapic or.ofganic base or amino aéid,l
and in which either
10 a) Ry repreSents;in each case a-hydfogen atom or g;)
methyl group,
A represents the group -CHRz-CHR3- or
~CHy~CHp~ (zcnz-cuz)m ’
in which
15 .R2 and Rj toéether represent a trime:hylene group
or a tetramethylene group,
with the pfoviso that ‘when Ry and Rj
7together represent a Eetraﬁethylene
group,_at leaét one Y represents a
20 phyéiologically tolerable cétion of an
| organic base or amino acid,

or each represents a phenyl radical or

benzyl radical,

E

represents the integer 1, 2 or 3,



[err] in whith 15 [err] and [err] together resent a trlnethylene
group. or a tetramethylene group, with the brof"ﬂﬂuli and R3

t oget her represent a tetramethyl ene group; esents a
ph§s1olog|cally t ol er.abl e cation of an organic "base ‘or anlno acid, or

represents a phenyl radical or benzyl radical, m represents th
I nteger 1, 2 or 3, 51 and Z represents a pxygen atom or a sul phur

atom and 5 each V has thg sane nmeaning as X, with the proviso that at
| east two of the substituents Y are netal equival ents sel ected from
el ements having atomc ngnbers of r@p@%&ﬁthoaagoxﬁeth@mdof r®revlpH e 83

atom,
and
5 each V has the same meaning as X,
with the proviso that at lgast two of the substituents
Y are metal equivalents selected from elements having
atomic numbers of from 21 to 29, 42, 44 and from 57 tb

\ N 83’

10 or
b) Ry represents in each case a hydrogen atom,
A represents the group -CHz-CHj~
and
. both V's together répresent the group
| | CH,X i:azx_ |
. 15 _ -(Cl_iz)w —N-CHZ_-.-CHZ-N-(CHZ)w -
. - LA

in which’
X has the.méaﬁings given above
and
. W represents the integer 1, 2 or 3,
20 with the proviso that at least two of the substituents
Y are metal equivalgnts selected from elements having
atomic numbers of from 21 to 29, 42, 44 and from 57 to

83.



10 or b) [err] répresents in each case a hydrogen atom A represents the

group [err] and both V' s together represent the group [err] in whi ch X has

the meanings given above and w represents the int ' uﬂB with’

t he 4oTQui so that at |east ‘two of the substltuentsem‘llli“lu“m m al.ents \J/
( from el enents haV|ng atom ¢ nunbers of fr.om21 to 29,°47 44 and

o 83. 23. A physiologically pés%rable conplex sal t as cl ai med
"355122 wherein at |edst -one of the stituents is a

i cal | y23 ol Rrabyeielagigally delntabie comalex %ﬁrﬁhoaaacqban@d 24.
ijol ogical ly_tol erabl:e conplex salt as .clained in claim?22 specified

ofe of tHe | %% TR “2%‘: lﬁﬂa‘“ﬂﬂ?@rﬁeﬁkﬁh%l%ﬁ’ﬁé‘%% %f the
(1) 69 Gy BlodE3h8s e EXFAIEY SDERL AT L A

base or amlno acxd

5 24. Any phyéibiogiéally tolérablg.complex salt as claimed
in claim 22:sp§cified in any oﬁefof the Examples herein.
25. The di-Néﬁethylglucamine salt_oﬁ the manganese (II) -t
complex of-ﬁ;ahs-l,2-cyclohexy1enediaminetetraacetic

acid.

10 26. The N-methylglucamine salt of the gadoiinidm.(III)
complex of~1;4,7,10-tetraazacyclodOJecanetehraacetic RN

acid.

27. The sodium salt of the gadolinium (III) complex of

1,4.7,IO-tetraazacyclodbdecanetetra%cetic acid.

15 28. The sodium salt of the gadoiiniﬁm (I1I) complex of

1,4,8,11-tetraazacyclotetradecanetetraacetic acid.

29, A process for the manufacture of a physiologically
tolerable complex salt as ciaimed in any one of claims

22 to 28, substantially as described'hetein.

'20 30. The use of a physiologically.tolerable complex salt

as claimed in any one of claims 24 to 28, for the



acid. 10- 26. The N-nethyl glucam ne salt of the gﬁﬁﬁrrﬁ‘un1(|||) ctonpl ex of
1, 4,7,10-tetraazacycl ododecanet et raaceti c aci d. 2 of the
gadnllnlun1(lll) conplex-of 1,4,7,10-tetraazacycl Hﬂﬂﬂ@ﬂﬂ ﬂlﬁﬂntlc aci go
15°28.  The sodium salt of the gadollnlun1(|||) conpl ex OL

1,4,8,11- tetraazacyclotetradecanetetraacetlc aci d. 29 A process for th
nanufacture of a physiologically tolerable conplex salt as clainmed in an
one of clainms 22 to 28, substantially as degfbibed herein. 20 30. The u
of a physi ol ogi caldanufidctnatel efcanmprepasakhioasfokaanmethodanf dbaguésisai ns
24 to 28, for the manuf acture of a preparation for a nethod of diagnosis

-of the human or amfivethebdaymamy oxVRndimadnbody, bX- NMR diagnesis,oX-ray

uItra sound di agnhosi s.
diagnosis or ultra-sound diagnosis.




