WO 2004/ 074267 PCT/ EP2003/ 014149 Trineric, Macrocyclically-Substituted
Benzene Derivatives The invention relates to the subjects that are
characterized in the clains: new trinmeric macrocyclically-substituted
triiodine and tribronobenzene derivatives, their production and use as
contrast nedia in x-ray diagnosis and MRT diagnosis. During the |ast decade,
i npressi ve advances were achieved in imging diagnosis. The imaging

t echni ques, such as DAS, CT and MRT, have devel oped into standard and

i ndi spensabl e |.s I i.agnosi s and interventional radj ol nd now of fer
a spati al regéﬁgpﬁﬁhgﬁﬂh?ess than 1 nun. In additioﬁﬁgbﬁggﬁééﬁigvg
applications of these techniques are increased decisively by the use of
contrast media. This now wide distribution and acceptance of the contrast

media in x-ray diagnosis can be attributed to the introduction of non-ionic

monomeri c triiodoaromati TrimeRaMasotytlichly-S8BQitatedBenyht DRSivhtites
i soosnol ar dineric iodoaromatic conpounds that were introduced in the

1990's. By these two conpound cl asses, the frequency of contrast
medi um i nduced side effects was reduced to 2-4% (Bush, W H., Swanson, D
P.: Acute Reactions, to Intravascul ar Contrast dia; Types | sk Factors,
Recogni tion and Spilﬁ‘? ‘F‘IVEntW’erﬁngéﬁ?. eRYPICqE hat agey Ilaf?@f%/‘i) iaaﬁﬁ}ﬁb’éer"b, J.,
Charles, J., Aspelin, P.: Frequency of Late Allergy-Li ke Adverse Reactions
Fol | owi ng | nj egedrisrmarrogdyslicallyasbetitated Novedingand trfyamobenzenedérivatipes, their
Radi ol gi ca 39, 219-222, 1998). The use of contrast nedia in connection with

nmodern i magi p@dh@ihninduss anesmtaxt el i X-ey diflghodigtage MRT d@dfgnbsisror s, for
hi gh-resol ution vascular visualization, to the quantitative determ nation
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The imaging techniques, such as DAS, CT and MRT, have developed into standard and
indispensable tools in diagnosis and interventional radiology and now offer a spatial
resolution of less than 1 mm. In addition, the possible applications of these techniques
are increased decisively by the use of contrast media. This now wide distribution and
acceptance of the contrast media in x-ray diagnosis can be attributed to the introduction
of non-ionic monomeric triitodoaromatic compounds in the 1980’s, as well as the
isoosmolar dimeric iodoaromatic compounds that were introduced in the 1990’s. By
these two compound classes, the frequency of contrast medium-induced side effects was
reduced to 2-4% (Bush, W. H., Swanson, D. P.: Acute Reactions to Intravascular
Contrast Media: Types, Risk Factors, Recognition a.pd Specific Treatment. AJR 157,
1153-1161, 1991. Rydberg, J., Charles, J., Aspelin, P.: Frequency of Late Allergy-Like
Adverse Reactions Following Injection of Intravascular Non-ionic Contrast Media. Acta
Radioldgica 39, 219-222, 1998). The use of contrast media in connection with modem
imaging techniques now extends from the detection of tumors, for high-resolution

vascular visualization, to the quantitative determination of physiological factors such as

- permeability or perfusion of organs. The concentration of the x-ray contrast medium



(here the iodine atom) is decisive for the contrast and the detection
sensitivity. Despite further devel opnent of the technology, it was not

possi ble to reduce the concentration or the dose to be adm nistered that is
necessary for a nedical diagnosis. Thus, in a standard CT study, 100 g of
substance or nore is injected per patient. Although the conpatibility of the
X-ray contrast nedia has been inproved by the introduction of non-ionic
triiodobenzenes, the nunber of side effects is still always high. Because
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up to reactions such as shock or even death. Fortunately, these severe
cases are ver {herdgsetodirordatinisisbiethgtas negessary fosgueerisal diagnons.y Thys200; ga@giard
(Morcos, S. K., Thonsen, H S.: Adverse Reactions to lodinated Contrast
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(Suppl 1), 1-1Becameoof vernbiaheindy ymbsrs ofseygsal malion pirgisaOnriolag diagnesis, ten
Low Gsnol ar Contrast Media. An Update on Frequency of Adverse Drug

Reactions. ActiuRadipatierd4 are2Bis aRted19%8se déatraytan@iiutkinduc¥avilg efbits eiend
Kozuka, T., Takashima, T., Seez, P., Matsuura, K.: Adverse Reactions to

:—IO n iSC and NonghANGHRALESRS Sudtbdl RAusd3adl,Ah oYy dnl®ing ik 198 upk8 WWyerd NOMTBEN,

reactions such as bronchiospasms, or renal failure up to reactions such as shock or even
death. Fortunately, these severe cases are very rare and are observed at a frequency of
only 1/200,000 (Morcos, S. K., Thomsen, H. S.: Adverse Reactions to lodinated
Contrast Media. Eur Radiol 11, 1267-1275, 2001).

The frequency of these side effects, which are also observed as pseudoallergic
contrast medium-induced side effects, is, however, increased by about a factor of 3 in
atopic patients and by a factor of 5 in patients with a previous history of contrast
medium-induced side effects. Asthma increases the risk of severe contrast medium-
induced side effects by a factor of 6 in non-ionic contrast media (Thomsen, H. S.,
Morcos, S. K.: Radiographic Contrast Media. BJU 86 (Suppll), 1-10, 2000. Thomsen,
H. S., Dorph, S.: High-Osmolar and Low-Osmolar Contrast Media. An Update on
Frequency of Adverse Drug Reactions. Acta Radiol 34, 205-209, 1993. Katayama, H.,
Yamaguchi, K., Kozuka, T., Takashima, T., Seez, P., Matsuura, K.: Adverse Reactions
to Ionic and Non-ionic Contrast Media. Radiology 175, 621-628, 1990. Thomsen, H. S.,

‘Bush, Jr., W. H.: Adverse Effects on Contrast Media. Incidence, Prevention and



Bush, Jr., W H.: Adverse Effects on Contrast Media. Incidence, Prevention
and Managenent. Drug Safety 19: 313-324, 1998). In these situations for
Xx-ray diagnosis, the exam ners in recent years nost frequently use

non-i odi ne-cont ai ni ng Gd-chel ates instead of the standard triiodoaronatic
conpounds in conputer topography but also in interventional radiology as
well as DSA (Gerada, D. S., Bae, K T.: Gadoliniumas CT Contrast Agent:
Assessnent in a Porcine Mdel. Radiol ogy 210 829- 834, 1999. Spinosa D.

J., I\/atsurmto
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lodinated Contrast Media for Angiography. Radiology 223, 319-325, 2002). This is, on
the one hand, substantiated by the very good compatibility of the metal chelates that are
used in MRT, but also by the known fact that lanthanides are also x-ray-opaque. In
comparison to iodine, gadolinium and other lanthanides show a greater absorption than
iodine especially at higher voltages/energies of the x-ray radiation, such that, in
principle, they are suitable as opacifying elements for x-ray diagnosis (Schmitz, S.,
Wagner, S., Schuhmann-Giampieri, G., Wolf, K. J.: Evaluation of Gadobutrol in a
Rabbit Model as a New Lanthanide Contrast Agent for Computer Tomography. Invest.
Radiol. 30(11): 644-649, 1995).

The above-mentioned Gd-containing chelate compounds originally used in the
MRT are also readily water-soluble and are distinguished by an excellent compatibility.
Compared to the iodine-containing/non-ionic contrast media, the rate of light
pseudoallergenic reactions is greatly reduced, the rate of fatal reactions is extremely rare
and 1s indicated with 1/1,000,000 (Runge, V. M.: Safety of Approved MR Contrast

"Media for Intravenous Injection. J. Magn Reson Imaging 12, 205-213, 2000). In contrast



and is indicated wth 1/1,000,000 (Runge, V. M: Safety of Approved MR
Contrast Media for Intravenous Injection. J. Magn Reson | nmaging 12,

205- 213, 2000). In contrast 4 to other comtrast nediuminduced side
effects, such as, e.g., the renal conpatibility, pseudoallergic reactions
are nore likely independent of the adm nistered dose. Also, the snallest
dosages can accordingly already trigger a pseudoallergic reaction. Desired
are substances that conbine the advantages of the two chemically entirely

di fferent classemepéont@ppaedits-indivedsidecfostd Sak b, . di tBH rdibERRibilgy Of the
metal chel ates suggests a low inconpatibility rate. |odoaromatic conpounds
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di agnosis are not optimal (Al brecht, T., Dawson, P.: Gadolini um DTPA as
X-Ray Contrast Medleamed are Ghbstincad thet eoitene thB2RvaIBge8 BEHB8R chGOBRlly Mor e
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conpl ex conj ugafiRE; differenbtiases bf ¢dngstRadoMati ¢ conpounds are coval ently
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hydrophilia - conparable to that of Gd-chelates -- and in addition exhibit a
hi gh concent r a00-@A0 @larger distribution coefficient between butanol/water) than metal chelates.

Based on the low substance concentration and the low specific proportion of the
imaging metal in the entire molecule, the previously known metal chelates for x-ray
diagnosis are not optimal (Albrecht, T., Dawson, P.: Gadolinium-DTPA as X-Ray
Contrast Medium in Clinical Studies. BJR 73, 878-882, 2000). More recent attempts to
solve this problem describe the production of metal complex conjugates, in which
trilodoaromatic compounds are covalently bonded to an open-chain or macrocyclic metal
complex (US 5,324,503, US 5,403,576, WO 93/16375, WO 00/75141, WO 97/01359,

WO 00/71526, US 5,660,814). Because of their low hydrophilia and high viscosity, the
latter cannot be administered in adequate concentration and reasonable volumes,
however.

The purpose is to produce compounds that have an adequate hydrophilia -
comparable to that of Gd-chelates -- and in addition exhibit a high concentration of
opacifying elements. Values that are significantly higher than those in metal chelates,

which are approximately 25% (g/g), were desirable. In addition, at a higher

concentration, a very good water solubility must be provided. In addition to their good



opaci fying elements. Values that are significantly higher than those in
netal chelates, which are approximtely 25% (g/g), were desirable. In
addition, at a higher concentration, a very good water solubility nust be
provided. In addition to their good 5 pharmacol ogi cal properties, the

hi ghly concentrated solutions nust also indicate a practical viscosity and
a low osnotic pressure. This object is achieved by this invention. The netal
conpl exes of general fornmula | according to the invention Hal A A  Hal

Hal 2 M A j S< fed hild ' IQdi ' : r the
el 2 A gt L BT Bt s pfy gt

(CONR2CH2) m CHOH- CH2-.K, . - 20 (CH2) P CHOH CH2- K1 - CHZ O (CH2)
NR - ( CO- CHZ' -ﬂlﬁc,tl%dlﬁ%ﬂ%é@gﬂ&ﬁ@&%r?%* -NH CO m CHZZ-K , A2 has the
same neaning as A or in the case that A has the neaning first nmentioned

above can al so st arldif @reqtheachiyed hy thinRvemon. NiE)metelciammexes of general

formula I according to the invention

Hal Hal

in which

Hal stands for bromine or iodine,

Al stands for the radicals
—CONR'-(CH,) -NR*-(CO-CHZ'-NH)_-CO-CHZ’ K,
—CONR'~(CH,) -(CONR’CH,) -CHOH-CH,K,
—CH,0-(CH,),-CHOH-CH,K,

—CH,-0-(CH,) -NR'-(CO-CHZ'-NH)_-CO-CHZ*-K
—CH,-NR'-CO-(CHZ'-NH-C0O)_-CHZ*-K ,

A’ has the same meaning as A' or in the case that A' has the meaning first
mentioned above can also stand for the radical —NRI-CO-(NRl)m-(CHz)p-
NR*-(CO-CHZ'-NH),-CO-CHZ*K,
in which R! and R, independently of one another, mean a hydrogen atom,
a C;-Cy-alkyl group or a monohydroxy-C;-C,-alkyl group,

7' and 7%, independently of one another, mean a hydrogen atom or a methyl

group,



NR2- (CO-CHZ' - NH)m CO- CHZZ- K, in which Rl and R2, independently of one

anot her, nean a hydrogen atom a Ci-C2-alkyl group or a
m)nohydroxy-Cl-CZ-aI kyl group, Z' and Z2, iendependently of one another, nean
a hydrogen atomor a nethyl group, 6 n neans the nunbers 2-4, in neans the
nunbers O or | and p neans the nunbers 1-4, K stands for a macrocyclic
conpound of fornmula A r COOXN~ CN_Coax Coax (IA) wth X in the neaning
of a hydrogen atomor a netal ion equivalent of atom c nunbers 20-29, 39,
42, 44 or 57-83, phovi de@akdw@t naibéeass, two X stand for netal ion

equi valents and optionally present free carboxy groups optionally are
present as salts of org innQr i c bases or am no acids or am no
acid am des, show a ver%{&u(ES HQ B%rlsloncf? Iga%gnd a distribution coefficient
that is conparable to that of Gd hel ates. In addition, the new conpounds
have a hi gh specifPc coficantthgfug, g%trél t%i ng el enents, a | ow viscosity and
osnolality and thus good tol erance/conpatibility, so that they are extrenely
wel | suited as colit r asstandsdiona frocroey elaycoanauRof fomgiilaga

COOX

i

COOX
Nk\>
COOX

(Ia)

with X in the meaning of a hydrogen atom or a metal ion equivalent of atomic numbers
20-29, 39, 42, 44 or 57-83, provided that at least two X stand for metal ion equivalents
and optionally present free carboxy groups optionally are present as salts of organic
and/or inorganic bases or amino acids or amino acid amides, show a very good solubility
and a distribution coefficient that is comparable to that of Gd-chelates. In addition, the
new compounds have a high specific content of opaeifying elements, a low viscosity and
osmolality and thus good tolerance/compatibility, so that they are extremely well suited
as contrast media for x-ray and MR imaging.

Hal preferably stands for iodine, R' and R? stand for hydrogen and the methy]
group, n stands for the number 2, and p stands for the number 1.

By way of example, radicals Al are mentioned:



Hal preferably stands for iodine, RI and R2 stand for hydrogen and the

met hyl group, n stands for the nunber 2, and p stands for the nunber 1. By
way of exanple, radicals At are nmentioned: 7 -C ONH(CH2) 2;

3NHOOOH2NHCOCH( CH3) -, - C ONH( CH2) 2; 3NHCOCH2NHOOOH2-, -C

ONH( CH2) 2, 3NHOOOH2-, -C ONH(CH2) 2-3NH C OCH (CH3)-, - CONHCH2CH( CH) CH2-,

- CON( CH3) CH2CH( OH) CH2-, - CH2OCH2CH( OH) CH2-, - C ONHCH2C ONHCH2CH( CH) CHz2-,

- CH2ZNHCOCH2-,. - CH2NHCOCH( CH3) -, - CH2ZNHCOCH2NHCOCH2-, - CH2NH COCH2NHC O

CH(CIE) - - 02O CRpRMETERZ N CO ORI RRRGH 12) 2NHOOCH2-

- CH2Q( CH2) 2N( CH2CH20H) C . By way of exanple, radicals A2 are nentioned:
- NHCOCH2 NHCOCH2 qugﬁ&%zml\fmﬂﬁ 7@ NHCOCH2-, - NHCOCH2NHCOCHZ-

-CONH(CH;),sNHCOCH,-,
-CONH(CH,)2:sNHCOCH(CH3)-,
-CONHCH,CH(OH)CH,-,
-CON(CH;3)CH;CH(OH)CH;-,

- CH,OCH,CH(OH)CH,-,
-CONHCH,CONHCH,CH(OH)CHa-,
-CH,NHCOCH,-,
-CH,NHCOCH(CH;)-,
-CH,NHCOCH,NHCOCH,-,
-CH,NHCOCH,NHCOCH(CH)-,
-CH,0(CH,);NHCOCHj-,
-CON(CH,CH,0H(CH,),NHCOCH;-,

_CH,0(CH,),N(CH,CH,0H)COCH,-.

By way of example, radicals A” are mentioned:
-NHCOCH-NHCOCH,NHCOCH(CH3)-,
~NHCOCH;NHCOCH,NHCOCH,-,
-NHCOCH,;NHCOCH,-,
-NHCOCH,;NHCOCH(CHj3)-,
-N(CH3)COCH,NHCOCH,-,
-NHCONH(CH,),NHCONH;-,

-NHCOCH,N(CH,CH,OH)COCH-,



- NHCOCH2NHCOCH( CH3) -, - N( CH3) 000H2NHCOCH2-, - NHC ONH( CH2) 2NHCONH2-, NHC
OCH2N( CH2CH20OH) COCH2-, 8 - N(CH3) 000H2N( CH2CH20OH) CQCH2-.  The conpounds of
general formula | according to the inventiosh can be produced according to
the.process that is known by one skilled in the art, by, for exanple, a) a
triiodo- or tribronoaromatic conpound of general formula Il Y -NHR Hal Hal
ORNHY Y -NHR (Il) Hal being reacted in a way that is known in the art
with a macrocyclic conmpound of general WN OGCGB - NNW N (up fornula

L1l in which -N(CH;3)COCH;N(CH,CH,OH)COCH;-.

The compounds of general formula I according to the invention can be produced

according to the process that is known by one skilled in the art, by, for example,

a) a triiodo- or tribromoaromatic compound of general formula II
Y'-NHR'
Hal Hal
R'NH-Y' Y2-NHR'
(i
Hal

being reacted in a way that is known in the art with a macrocyclic compound of general

(I1h)

formula III

in which
C*O stands for a—COOH- or activated carboxyl group,
W stands for a protective group or a “CH,COOX" group with X in the meaning
of X or a protective group and —Y'-NR'-CO-B'- stands for the radical A' in the meaning
“of =CO-NR'-(CH,)»-NR?-(CO-CHZ'-NH),-CO-CHZ?- or —CH;-0-(CHa),-NR'-(CO-

CHZ'-NH)p-CO-CHZ?- and Y-NR'-CO-B! for Y'-NR'-CO-B! or for the case that Y'-



CxO stands for a -COOH or activated carboxyl group, Wstands for a
protective group or a -CH2COOX' group with X in the neaning of X or a
protective group and -Y' -NR -CO-B 1- stands? for the radical A in the
meaning of-CONR -(CH2)"-NR2-(CO-CHZ' -NHm CO-CHZ' ' - or
-CH2-O- (CH2)"-NR - (CO CHZ' - NH) mCO- CHZ2- and Y2-NR -CO-B' for Y -NR -CO B
or for the case that YI 9 NR1-CO Bl has the neaning first nentioned above,
the latter also stands for-NR -CO (NR)m(CH2) p NR2- (CO CHZ' - NHy m CO CHzZ2-,
wher eby B neais'-CoeBY laditkaieating fisst nfehtisiedaibose aonBttbval sonaahdsrfornNg! -CO-
carbonyl group between -CO and K, and Yl or y2 stands for the deficient
radical of th it i1 d (N4 vrad; n
optionally pr glﬁgcﬁkggz)grl}ggg(éﬁgg{lzng\nﬁgmng\@/):gH%dgﬁ%reéb%?%%ﬁg){é%f%%gg?%g
introduced in_a way that .is 0 {n the art or, the tecgtjve gnoupa.t hat
opt | onal Iy st 4ReieT SpespaieNed RO Shvheih firup e B st Batit 450 o Rar s
known in the art with a netal oxide or netal salt of an elenent of atomc
nunbers 20- 29 stapds fog she deficinnt gri@Boighe hnker areyn beois resuced by posivaine SeauiPe
conpound of general fornmula IV C O Hal Hal CXOOCXO (IV) Hal being reacted
in a way that ahd tHen@priondllyt greteatite gbhh Wabding faanyretiaad deradicaldCBiC QOResealg
coox CoOx!

introduced in a way that is known in the art or the protective group that optionally stands

for X* being removed and then reacted in a way that is known in the art with a metal

oxide or metal salt of an element of atomic numbers 20-29, 39, 42, 44 or 57-83 or

b) a triiodo- or tribromoaromatic compound of general formula [V
co
Hal Hal
c’o c’o
v
Hal V)

being reacted in a way that is known in the art with a macrocyclic compound of general

COoOoX'

R'NH-Y? N N —
Q»LQ
COooxX' V)

formula V



RNHY3 NN NI COOx (V) formula V10 in which -C O and X have the
above- nenti oned neaning, and -CO NR -Y3 stands for radical A in the

meani ng of -CONRL - (CH2)p (CONR2CH2) mCH( OHyH2- and thus Y3 is in the
meani ng of -NR - (CH2) p- (CONR2CH2) m CH( OH) CH2-, and then the protective
group that optionally stands for X being renoved and then being reacted in
a way that is known in the art with a netal oxide or netal salt of an

el enent of atom c nunmbers 20-29, 39. 42. 44 or 57-83 or c) a triiodo- or

tribronoar Omi‘iﬂ Gzhf‘cﬁ@@%d@i }Q‘%@ﬁ{eaébo%’ﬁﬁﬁh&e\d'meaﬁ Hiad —EBINR! - YOs@indd B
(M) 1in which O A' ur ei nen Rest - C|§-C|'|Z st eht [A' st ands

for a radical reacte h 2 wn art A

cycl ene of geﬁaélrl%?}l 4 613 |"8e4Pe © WRV\@(H’)D %ON?{ &)ﬁ ChnOhS]&{ ha "y
is in the meaning of —NRI-(CHz)p-(CONRZCHz)m-CH(OH)CHZ—, and then the protective
group that optionally stands for X‘ being removed and then being reacted in a way that is

known in the art with a metal oxide or metal salt of an element of atomic numbers 20-29,

39,42, 44 or 57-83 or

c) a triiodo- or tribromoaromatic compound of general formula VI
A1
Hal Hal
A' Al
Hal (Vh
in which
/ O\

A’ fur einen Rest —CH,-0-(CH,) -CH-CH,-  steht,

[A stands for a radical ...]

being reacted in a way that is known in the art with a cyclene of general formula VII

S0

H—N N—w

N

Vi)



NNW HCNS (VII) W Il in which W stands for a hydrogen atomor a
protective group, (after the optionally present protective groups have been
renmoved and then radi cal -CH2COOX has beeniintroduced in a way that is
known in the art) to forma nmetal conplex of general fornmula | with Ain
the neaning of radical -CH2-O (CH2)P CHOH CH2- or d) a triiodo- or
tribronmoaronmati c conpound of general fornmula VIII CH2 Nucleofug Hal Hal J
Nucl eof ug-CH2 CH2 Nucl eofug Hal (M 11) [Nucleofug = nucl eofuge] in which

nucl eof uge stands fofnRpnWebeRIUGE, 8)@YPen REING TRAELETE dBuR (B thdat i s
known in the art wwth a macrocyclic conpound of general "W N~ " 2 NW
RAN-CO-B N W %ngl(g)nallfyoprrgsuelnfa prlo%éctive groups have been removed and then radical -CH,COOX

has been introduced in a way that is known in the art) to form a metal complex of

general formula I with A in the meaning of radical —CH;-O-(CH3),-CHOH-CHo- or

d) a triiodo- or tribromoaromatic compound of general formula VIII

CH,-Nucleofug
Hal Hal

Nucleofug-CH; CH,-Nucleofug
(Vi
Hal

[Nucleofug = nucleofuge]
in which nucleofuge stands for a nucleofuge group,

being reacted in a way that is known in the art with a macrocyclic compound of general

(1X)

formula IX

in which
R' and W have the above-mentioned meanings, and B? stands for the radical
—~(CHZ'-NHCO)n-CHZ?- and then being further processed as indicated under ), such
- that metal complexes of general formula I are obtained with A' in the meaning of radical

~CH;-NR'-CO-(CHZ'-NHCO)y,-CHZ?, whereby then optionally in the metal complexes,



in which RL and W have the above-nenti oned neani ngs, and B2 stands for the
radi cal CHZ - NHCO m CHZ2- and then being further processed as indicated
under a), such that nmetal conplexes of geriegral fornula | are obtained with
A" in the neaning of radical -CH2-NR -CO (CHZ -NHCO m CHZ2, whereby then
optionally in the netal conplexes, 12 obtained according to a)-d), of
general fornmula I, still present acid hydrogen atons are substituted by
cations of inorganic or organic bases, am no acids or amno acid am des. As

am no pr ot ect iovgigdeikpsdig tb Apdhef gylepad Yoanbonwktill preseht it Bydregandos are
trifluoroacetyl, fluorenyl net hoxycar bonyl, benzyl, fornyl, 4-nethoxybenzyl,

2,2,2- trichl %I:lgs%ttlﬁﬁt?(ﬁf %tﬁﬂl@%% inol? anié‘bgs'egxﬁéﬂé) b88&s o %%F racid amides.

di t hi asucci no yl oxycar bony enecar

2- chl or oacet oxynet et h J benz t etrachl ht hal o

al kyl oxycar bonyl %tﬁﬁi‘n? ﬁé‘{te WaﬂneP k’é‘%ﬁfﬁ ﬁn‘eﬂra}?uf%‘éfcars Plcan be
ment i oned [ Th. G eene, P. G M Wits, Protective Goups in Organic

Synt heses, anlﬁebroamnﬂwfbwmaﬁéxﬂ@wnm%@yl topnyl3émeth@@gbenzgl, 2,2,2-
Mei nj ohanns et al, J. Chem Soc. Perkin Trans 1, 1995, 405; U. Ellensik et

al , Car bohydr aﬁ@ﬂdﬂ@smaf(mrli?cﬁ@l, phiR8f], I%anzainévwlge,rdimtasadc,inoM, Org. Chem
60, 1995, 7920; R R Schmdt, Tetrahedron Letters 1995, 5343]. The

Chepvage o Ry RAOLAE Yeﬁ“ﬁég”ﬁé“'hienﬁ‘?a?‘gd@gez%l‘?‘%%q@ﬁj o1 Ron A PRABET
o't on 1074, rcBpepH ey GRS Ep oy r%?gpéﬁgat aﬁ%@@ﬁ8l°§?§>ﬁ\§‘/“e%‘k’£ﬁ| ne

saponi fication of esters with alkali in ueous-al coholic solution at
t enper at ur es fartoun dementisnd [TRe Vﬂl(&remﬁanﬁf - dytarProfeetive Groups in Organic

Syntheses, 2nd Ed., John Wiley and Sons (1991), pp. 309 - 385; E. Meinjohanns et al, J.
Chem. Soc. Perkin Trans 1, 1995, 405; U. Ellensik et al, Carbohydrate Research 280,
1996, 251; R. Madsen et al, J. Org. Chem. 60, 1995, 7920; R. R. Schmidt, Tetrahedron
Letters 1995, 5343].

The cleavage of the protective groups is carried out according to the process that
is known to one skilled in the art (see, e.g., Wiinsch, Methoden der Org. Chemie
[Methods of Organic Chemistry], Houben-Weyl, Vol. XV/1, 4™ Edition 1974, p. 315),
for example by hydrolysis, hydrogenolysis, alkaline saponification of esters with alkali in
aqueous-alcoholic solution at temperatures from 0°C to 50°C, acidic saponification with
mineral acids, or in the case of Boc groups with the aid of trifluoroacetic acid.

Activated carboxyl groups are defined above as those carboxyl groups that are
derivatized, such that they facilitate the reaction with an amine. Which groups can be
used for activation is known, and reference can be made to, for example, M. and A.
Bodanszky, "The Practice of Peptide Synthesis," Springerverlag 1984. Examples are
aducts of carboxylic acid with carbodiimides or activated esters, such as, e.g.,

" hydroxybenzotriazole ester, acid chloride, N-hydroxysuccinimide ester,



m neral acids, or in the case of Boc groups with the aid of trifluoroacetic
acid. Activated carboxyl groups are defined above as those carboxyl groups
that are derivatized, such that they facilistate the reaction with an am ne.
Whi ch groups can be wused for activation is known, and reference can be nade
to, for exanple, M and A. Bodanszky, "The Practice of Peptide Synthesis,"
Springerverlag 1984. Exanples are aducts of carboxylic acid with

carbodii m des or activated esters, such as, e.g., hydroxybenzotriazole
ester, acid chloride, N hydroxysuccininmde ester, 13 F F O N02 _CO2 NO2
-C02 F ,-C02 N-CO2 F F N2 and -cot N~ N 1IN [and] 4-Nitrophenyl ester
and N-hydroxysuccini m de ester are q;referrf ed. The acdivated esters t he
above-descri bed conmpounds are producs g j %2 art.

d ag known to ne skilled in
Al so, the reaction w correspondi ng derivati zed rs of N,
hydr oxysucci ni n@d@@a‘mogo‘r— @ &t ", 00,0 O , i-sCO3S§ (Hal =
hal ogen). I n general) comonl y usedactivation ds for oa xyI iC

acids that are
F (0] NO,

und

—COZ—'N\N,/N

[and]
4-Nitropheny! ester and N-hydroxysuccinimide ester are preferred.
The activated esters of the above-described compounds are produced as known to
one skilled in the art. Also, the reaction with correspondingly derivatized esters of N-

hydroxysuccinimide, such as, for example:

o
O\
HaI/Y N
o)
0

is possible (Hal = halogen).

In general, all commonly used activation methods for carboxylic acids that are
known in the prior art can be used for this purpose. The activation of carboxylic acid is
carried out according to commonly used methods. Examples of suitable activating
reagents are dicyclohexylcarbodiimide (DCC), 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide-hydrochloride (EDC), benzotriazol-1-yloxytris(dimethylamino)-
phosphoniumhexafluorophosphate (BOP) and O-(benzotriazol-1-y1)-1,1,3,3-

' tetramethyluroniumhexafluorophosphate (HBTU), preferably DCC. Also, the addition



known in the prior an can be used for this purpose. The activation of
carboxylic acid is carried out according to comonly used net hods. Exanpl es
of suitable activating reagents are dicychehexyl carbodiim de (DCC),

1- et hyl - 3- (3-di net hyl ami nopropyl )- carbodii m de- hydrochl ori de (EDC),

benzotri azol -1 -yl oxytris(di net hyl am no} phosphoni unhexaf| uor ophosphat e
(BOP) and O (benzotriazol-1-yl)-1,1, 3, 3-

t et ramet hyl ur oni unhexaf | uor ophosphate (HBTU), preferably DCC. Al so, the
addition 14  of DniidpBARNatdlFsts shicH #45¢.5., NSRo:8Sucnithide (NHS) or N-

N- hydr oxysucci ni mde (NHS) or N hydroxybenZotriazole, is possible.

Advant ageousl H%H of re the radicals: F, d, Br, |, -0OIs
-OM, HF F ¥5H%§9% %m'ﬂﬁ?sﬁbl N2 0 -0 ON N2 0 If X stands for an
acid protective group, |lower alkyl, aryl and aral kyl groups, for exanple
the nmethyl, et hy|,A@%VE?O%UWF%(%W@%%@F@ aenyl met hyl ,

tri phenyl nmet hyl, and bis-(p-nitrophenyl)-nethyl group, as well as
trialkylsilyl groups,FackBrslitabO&s ,The-OMwt YHgroup and the benzyl group

are preferred.
F F
N
s
_O F | —O-@Noz | N/
AN
N
F F :
NO, ©
_OQ e
NO, ©

o
|

If X stands for an acid protective group, lower alkyl, aryl and aralkyl groups, for
example the methyl, ethyl, propyl, butyl, phenyl, benzyl, diphenylmethyl,
triphenylmethyl, and bis-(p-nitrophenyl)-methyl group, as well as trialkylsilyl groups, are
suitable.

The t-butyl group and the benzyl group are preferred.

The cleavage of the protective groups is carried out according to the process that
is known to one skilled in the art (see, e.g., Wl'insch,’ Methoden der Org. Chemie,
Houben-Weyl, Volume XV/1, 4" Edition 1974, p- 315), for example, by hydrolysis,
hydrogenolysis, alkaline saponification of esters in aqueous-alcoholic solution at
temperatures of 0°C to 50°C, acidic saponification with mineral acids or in the case of

tert-butyl esters with the aid of trifluoroacetic acid (Protective Groups in Organic



The cl eavage of the protective groups is carried out according to the
process that is known to one skilled in the art (see, e.g., Winsch,

Met hoden der Org. Chemie, Houben-Wyl, Voligne XV/ 1, 4 th Edition 1974, p.
315), for exanple, by hydrolysis, hydrogenolysis, alkaline saponification
of esters in aqueous-al coholic solution at tenperatures of 0C to 50C,
acidic saponification with mneral acids or in the case of tert-butyl
esters with the aid of trifluoroacetic acid (Protective Goups in Organic 15

Synthesis, 2ndEeekik 0 EditiolY T Gveen&ndlfd F. GO WMiWitshn \1@1@? a%‘M k6¥s mBINSANS

Inc., New York, 1991). The introduction of the desired ne ions can be
carried out as{mﬁ Hg ﬁclosed in Patents EP 71564, EP 130934 and DE-CS 34
01052. To this' Bfd, H e netal oxide or a netal salt (for exanple, a
chloride, nitrate, acetate, carbonate or sulfate) of the desired elenent is
di ssol ved or susperdedntrofugtere! hadesiedanstehiens endsivsmiedst s was diselpsedan |

et hanol or isopropanol) and reacted with the solution or suspension of the
equi val ent  arhatmts BF 71 56el, EBnB0e3d agl 2B€8 34 The5heTb tidk ez theomeaf oxipé bonal | y
still present free carboxy groups is carried out wth the aid of inorganic

bases (e.g., hydnoxitdes exﬁﬁﬁlteoen@ﬁl@ﬁd&hltmecaéé?&{gaéa?@naféfor sﬁ}f&e) oftEQQééﬁféﬂ

potaSS|un1 I|th|un1 magnesi um or cal C|un1and/or organi ¢ bases, such

i.a., prlnary on nd tert n ch a eth oI nlne,
nmor phol i ne, %SSOKY- ﬁé)f ﬁ?ﬁpenéﬁdx We& |aﬁé/oﬁ§r°@1' ﬂ@zq%hﬂle@ug]sas\/%? B > basi c
am no aci ds, such as, g. ysi ne, glnlne and ornithine or am des of
ori gi nal neut reghangk oraéqmmana}haﬁé reaﬁ%ﬁdd@ thg solutian pr Bisnensiagreidhe pruyaent
conpl ex conpounds, for exanple in acidic

amount of the complexing agent.

The neutralization of optionally still present free carboxy groups is carried out
with the aid of inorganic bases (e.g., hydroxides, carbonates or bicarbonates) of, e.g.,
sodium, potassium, lithium, magnesium or calcium and/or organic bases, such as, i.a.,
primary, secondary and tertiary amines, such as, e.g., ethanolamine, morpholine,
glucamine, N-methyl- and N,N-dimethylglucamine, as well as basic amino acids, such
as, e.g., lysine, arginine, and ornithine or amides of original neutral or acidic amino
acids.

For the production of neutral complex compounds, for example in acidic
complex salts in aqueous solution or suspension, enough of the desired base can be
added to reach the neutral point. The solution that i; obtained can then be evaporated to
the dry state in a vacuum. It is frequently advantageous to precipitate the neutral salts
that are formed by adding water-miscible solvents, such as, €.g., lower alcohols
(methanol, ethanol, isopropanol, etc.), lower ketones (acetone, etc.), polar ethers
(tetrahydrofuran, dioxane, 1,2-dimethoxyethane, etc.), and thus to obtain easily isolated

and readily purified crystallizates. It has proven especially advantageous to add the



conplex salts in aqueous solution or suspension, enough of the desired base
can be added to reach the neutral point. The solution that is obtained can
then be evaporated to the dry state in a vidcuum It is frequently

advant ageous to precipitate the neutral salts that are fornmed by adding
wat er-m sci bl e solvents, such as, e.g., |lower alcohols (nethanol, ethanol

i sopropanol, etc.), |lower ketones (acetone, etc.), polar ethers
(tetrahydrofuran, dioxane, 1,2-dinethoxyethane, etc.), and thus to obtain

easi |y isol at edsireiihsé @aehrlyyashiuring kietcosipieding bf @ tr&stion ik AIAM@IYo save a
especi ally advantageous to add the 16 esired base as early as during the

conpl exi ng of %gﬁ g&gﬁtlon m xture and thus to save a process step. The
purification A ius obt ai ned conpl exes is carried out, optionally after
the pHis set to to 8,. preferably apout .7, by adding.an acid or
preferably by wultr ér.nurlﬁaﬁrwf ‘%ﬁ%ﬁﬁ%al“ﬁﬁéema exgs gnttisg)owt ﬁarl@naély eréle
Am con(r)YM, Amcon(r) YM3), gel filtration on, e.g., suitable Sephadex(r)
gel s or by HPIpH srsestola o, gesiferably abewtel, i agtiag en maider ibase, prefgrablyiycat i on can
al so be carried out by crystallization fronrsolvents such as nmet hanol,

ethanol . | - b 9Ranl AP RNR AL SH RITLES LD WBCSEL, 6 0yt gasgest

neutr al conplex conpoun requen vant eous
ol i goner conpl exes via an anlon exchanger for exanple IRA 67 (OH form,

and optional Iy aqdHiiQ dﬁi,@ 2 sGiMdbI OFe rﬁ%r odugar 1or59?{1ﬁ3@6@£iﬁcé p0 (H

form, to separaf€ “ionic conpo énts. tion t he conpounds of
general formula | according to the |nvent|on can be carried out as
i ndi cat ed aboveverse-phase material.

A purification can also be carried out by crystallization from solvents such as
methanol, ethanol, i-propanol, acetone or their mixtures with water.

In the case of neutral complex compounds, it is frequently advantageous to add
the oligomer complexes via an anion exchanger, for example IRA 67 (OH form), and
optionally in addition via a cation exchanger, for example IRC 50 (H' form), to scparate
ionic components.

The production of the compounds of general formula I according to the invention
can be carried out as indicated above:

a) The reaction of triiodo- or tribromoaromatic compounds of general formula II
with compounds of general formula I1I is carried out according to the process of
amide formation that is known to one skilled in the art.

In this connection, either a direct coupling of the free acid of III with the
free amine of Il can be performed with dehydrating reagents, such as
dicyclohexylcarbodiimide, diisopropylcarbodiimide, EDC, EEDQ, TBTU, or
HATU in aprotic solvents such as DMF, DMA, THF, dioxane, toluene,
chloroform or methylene chloride at temperatures of 0° - 50°C, or else the acid

group is activated in the compound of general formula III, by its first being



a) The reaction of triiodo- or tribronoaromatic conpounds of general formula

Il wth conpounds of general fornmula Ill is carried out according to the
process of amde formation that is known ti@ one skilled in the art. In this
connection, either a direct coupling of the free acid of IIl with the free
am ne of Il can be perforned with dehydrating reagents, such as

di cycl ohexyl carbodi i m de, diisopropyl carbodiimde, EDC, EEDQ TBTU, or HATU
in aprotic solvents such as DM, DVA, THF, dioxane, toluene, chloroformor

met hyl ene chl ori de cahvdredpgioanucase eterQsee Pa@€] 1 dndeh&ethedeeested 6 a @laup i S
activated in the conpound of general forrmula Ill, by its first being 17

converted into an | &5t S 1 1] . kS
solvent, such as, %ﬁ)ﬂr Xiiam?@?feﬁgﬂ%é’ ﬁ:ga %ﬁ%ﬁ%r@é&lﬁlﬁ@ﬁﬁgéﬁﬁ%{%%?r
i-ProOH, or toluene, optionally wth e addition .of an organic or

i norgani ¢ base, suéﬁuﬁ%‘g’) ORE‘P%“I,HYW\F,H %‘F ﬁé‘g}“ﬁﬁ/ﬁ N PRgARMG opFwLea uchyps cacos
being reacted at tenperatures of -10 to +70 C with the am ne of general
formula Il1. In sonmNEagwsidine; DNVAAP gignig hasedarti@ug enteCOq beingdeasted die net al
conpl exes of general fornmula Il directly and to couple their term nal

carboxylic acid ungfperhfigespfogess +10aIC wih ARdmiaoeflgédera\@R8/128775. The
production of the nmetal conplexes is described in WO 98/24774. The

roducti on of conpounds l: r i i i e case
p mp 105048 PEEa!it fR AR ahlz%]{stégg éég {eo Hgggﬁéétthé ﬁﬁefag

when Y2 stands for Y' by reactions of ‘conpoun fornmu IV CO

Hal - Hal complexes of general formula III directly and to couple their terminal carboxylic
acid under the process that is mentioned in WO 98/24775.
The production of the metal complexes is described in WO 98/24774.
The production of compounds of general formula II is carried out in the

case when Y? stands for Y' by reactions of compounds of general formula IV

co’
Hal Hal
co’ : co
Hal V)
with diamines of general formula A
HNR'-(CH,)n-NR*H (A)

in which Hal, CO¥*, Rl, Rz, and m are in the above-indicated meaning,
according to the methods of amide formation known to one skilled in the art (see
above) in an aprotic solvent such as DMF, DMA, THF, dioxane, 1,2-

dichloroethane, chloroform, dichloromethane or toluene, optionally with the



CO OCO (IV) Hal with diam nes of general formula A HNR -(CH2) m NR2H (A) in
which Hal, CO*, R, R2, and mare in the above-indicated neaning, according
to the nethods of anmide formation known to 8ne skilled in the art (see
above) in an aprotic solvent such as DVF, DVA, THF, dioxane, 1, 2-

di chl or oet hane, chloroform dichloronethane or toluene, optionally with the
18 addition of an organic or inorganic base, such as NEt3, pyridine, DVAP,
Hiinig base, Na2CO3, K2CO3, or CaCO3, at tenperatures of OC - 100C. In many
cases, it has proveddaduaftagemur dronarganicdbasti niehias M, pasdiae, BMARAfinid/aNny
times, it may be advantageous to use one of the two termnal am no groups

in protected form (Hs€.Na,VONA IS, oMOROOL)at RitEherAie bt C@UPIDORT.1 S
conpleted, to cleave this protective group according to the nmethods known to

one skilled in the art (I. e .. Th diqp@n .or
nmono- pr ot ect ed dianinesIﬁpgm&ﬁ%%ﬁ”?ﬁavﬁgﬁ?ﬁ$§¥§% ?gsg%gw éanﬁ%égﬁﬁﬁﬁﬁased
(e.g., Aldrich, Fluka). The acid chlorjde of the conmpound of general

formula IV is prefesehishly Masytimehdt Hayaeedyapiiestusitn ascoridhttwaionningl

amino groups in protected form (e.g., Mono-Boc, Mono-Z) and, after coupling is
completed, to cleave this protective group according to the methods known to
one skilled in the art (T. W. Greene, see above).

The diamines or mono-protected diamines are known in the literature and
can be purchased (e.g., Aldrich, Fluka). The acid chloride of the compound of
general formula IV is preferably used.

The production of the compound

COCl!

CioC COCI

is described in DE 3001292,

The production of the corresponding tri-bromine compound is carried
out analogously from tribromoaminoisophthalic acid by Sandmeyer reaction
(introduction of CN and subsequent saponification) as described in EP 0073715.

In the case that Y” is not equal to Y', the following procedure has proven

worthwhile:



ClOCOCOCl | is described in DE 3001292. The production of the
corresponding tri-brom ne conpound is carried out anal ogously from

tri bronoam noi sophthalic acid by Sandneyer 1peaction (introduction of CN and
subsequent saponification) as described in EP 0073715. In the case that Y2
is not equal to Y', the follow ng procedure has proven worthwhile: 19 The
conpounds of general fornmula B Co. Hal Hal 0 OC NH2 Hal (B) in which CO*
and Hal are in the above-nentioned neaning, are first reacted wth

conpounds of general fomiylcampodsof SEiEefHih3gB(C) i n which CO° and Z' have
t he above-nentioned neaning, and Sg stands for an am no protective group.
The reaction is carried out according to the nethods of am de formation

that are already indicated above (Neher G& al, Helv. Chim Acta, 1946,
1815.) Then, as already descri beﬂ aboveg, it s reacted with conpounds of
gener al a Hal

*0C NH,
Hal ®)

in which CO* and Hal are in the above-mentioned meaning, are first reacted
with compounds of general formula C

CO*-(CHZ"-NH-Sg (C)
in which CO* and Z! have the above-mentioned meaning, and Sg stands for an
amino protective group.

The reaction is carried out according to the methods of amide formation
that are already indicated above (Neher et al, Helv. Chim. Acta, 1946, 1815.)

Then, as already described above, it is reacted with compounds of general
formula A and then optionally present amino protective groups are cleaved (see
T. W. Greene).

It has proven advantageous to use the acid chlorides of general formula C.

If Sg represents a trifluoroacetyl protective group, the latter is cleaved
directly in a single-pot process with excess diamine of general formula A.

Compounds of general formula C can be obtained according to methods
that are known in the literature.

For the production of urea derivatives, compounds of general formula B

are first reacted with isocyanates of general formula D

1

R
|
0=C=N-~(CH,)m-N-Sg (D)



formula A and then optionally present am no protective groups are cl eaved
(see T. W Geene). It has proven advantageous to use the acid chlorides of
general formula C. If Sg represents a tri#?uoroacetyl protective group, the
latter is cleaved directly in a single-pot process with excess di am ne of
general formula A Conpounds of general fornula C can be obtained according
to methods that are known in the literature. For the production of urea
derivatives, conmpounds of general fornmula B are first reacted with

i socyanates of general formula DR 1 O=C=N-(CH2)m N-Sg (D) 20 and then
further reacted as described above with the diam nes of the general

fornula. The react htheh fhriRr kGRRY ADAERBbEFaBAE WiBAhO HlaniRes IR b&nedd| vVent s
as described above for anmide formation. The reaction tenperature is 0Cto

100C. IsocyanatesESD} are produced as described in, e.g., Quichard et al.,
J. Og. Chem, 1999, 5?02. Compounds of general formula B are described in
DE 3001292. b) The reaction of Con'ﬁounds of general formula IV with
compounds of general f &ARTAAGHAR ¢ishe BPFYABACH it CaFRIR U ihEPIPBC ECTHEENOds Of
am de formation that are known to one skilled in the art, as were already
previ ously descri bdescrihedlgicaielfor amide formation. The reaction temperature is 0°C to 100°C.

Isocyanates (D) are produced as described in, e.g., Guichard et al., J. Org.
Chem., 1999, 8702.

Compounds of general formula B are described in DE 3001292.

b) The reaction of compounds of general formula IV with compounds of general
formula V is carried out according to the methods of amide formation that are
known to one skilled in the art, as were already previously described in detail
under a).

Also here, the acid chloride of compounds IV is preferably used.

Compounds of general formula V are obtained from compounds of

COOX'

@b
COOX'
HN N——7
COOX' (B) |
general formula E

in which X is in the above-mentioned meaning, by reaction with primary



under a). Al so here, the acid chloride of conpounds IV is preferably used.
Compounds of general formula V are obtained from conpounds of COOK COOX
HN NI NIJ COX (E) general formula E in2hhich X is in the

above- nenti oned neaning, by reaction with primary 21 epoxi des of general
formula FO R N-(CH2)P (CONR2)mCHCH2 (F) | Sg in which R, Sg, p, m
and R2 are in the above-nentioned neanings. The reaction is carried out in
protic or aprotic solvents, such as nethanol, ethanol, butanol, propanol,
DVF, tol uene, CHCl8poxidesiiiefioplfoomalally in each case with the addition of
water) at tenperatures of OC to 15C. In sone cases, the addition of a Lew s
acid, such as LiCl, LiBr, LiJ, LICIO or Y(triflate)3, has proven

wort hwhi | e. Conpounds of general formula F_are accessible according to

met hods t hat /O\

R' N—=(CH,),—(CONR?),-CH—CH, (F)
1
Sg

in which R', Sg, p, m, and R” are in the above-mentioned meanings. The
reaction is carried out in protic or aprotic solvents, such as methanol, ethanol,
butanol, propanol, DMF, toluene, CHCls, or DMA (optionally in each case with
the addition of water) at temperatures of 0°C to 15°C. In some cases, the
addition of a Lewis acid, such as LiCl, LiBr, LiJ, LiClO4 or Y(triflate)s, has
proven worthwhile.

Compounds of general formula F are accessible according to methods that
are known in the literature (Krawiecka et al., J. Chem. Soc. Perkin Trans. 1,
2001, 1086) or can be purchased.

Compounds of general formula E are so-called DO3A derivatives and are

described in the literature (Chatal et al., Tetrahedron Lett., 1996, 7515).

¢) The reaction of epoxides of general formula VI with compounds of general
formula VII is carried out according to the m’ethods of the reaction of epoxides
with amines that are described under b).

In some cases, it has proven advantageous to use the method described in

EP 0545511 with use of the compound



are known in the literature (Krawi ecka et al., J. Chem Soc. Perkin Trans.

1, 2001, 1086) or can be purchased. Conpounds of general formula E are
so-cal | ed DOBA derivatives and are descriféd in the literature (Chatal et
al ., Tetrahedron Lett., 1996, 7515). c) The reaction of epoxides of general
formula VI with conmpounds of general fornula VII is carried out according
to the nmethods of the reaction of epoxides wth am nes that are descri bed
under b). In some cases, it has proven advantageous to use the nethod
described in EP 0545511 with use of the conpound 22 NH (Action can also be
t aken, however, according to EP 0643705, or the lithium process that is

descri bed under WD 98/55467 can be uses, production of conpounds VIl in
the case of the W-protective grougy” s b),/is known in the literature.
The TriBoc-cycl ene conpound is descN bed|{in Kinmura et al., J. Am Chem

Soc., 1997, 3068, and the tri Z-cyclHd onp¥dnd i s described in Delaney et
al., J. Chem Soc., Perkin Trans., 1891, {332 Conmpounds of general formula
VI are accessible by reaction of triols eral formula G Hal HO "™ OH
Hal tv) Hal

Action can also be taken, however, according to EP 0643705, or the lithium
process that is described under WO 98/55467 can be used.

The production of compounds VII in the case of the W*-protective group,
see b), is known in the literature.

The TriBoc-cyclene compound is described in Kimura et al., J. Am.
Chem. Soc., 1997, 3068, and the tr1 Z-cyclene compound is described in Delaney
et al., J. Chem. Soc., Perkin Trans., 1991, 3329.

Compounds of general formula VI are accessible by reaction of triols of

general formula G

HO OH

Hal Hal
OH



(GO OH 23 wth epoxides of general formula HO Z -(CH )P-CHCH2 (H with p
in the above-nentioned neaning and in which Z stands for d, Br, |, or OQI5.
The reaction is carried out according to méthods of glycide ether formation
(p=1) or etherification that are known in the literature, Muzin et al.,
Synt hesis, 1983, 117. Conpounds of general formula H are known in the
literature, e.g., Sharpless et al., J. Og. Chem, and DE 935433 or can be
purchased (e.g., epichlorohydrin, Fluka, Al drich). Conpounds of general
formula G in the casth epbxidat of gutiersd famaladdscri bed in US 6,310, 243. The
production of the brom ne conmpound is carried out anal ogously. d) The
reaction is carried out such that first the am de of the conpounds of

general formula | X is deprotonated acc§|rdi ng to the method that is known to
one skilled inthe art, e.g., with in DM, THF, DMA, di oxane, tol uene
(tenperatures of 0C - 100 O ubi s LDA ~Li - HVDR, Na-HVDS in THF, MIB at
tenperatures of-70 to OC gnd tﬂgh r%tjict edCl\L/rﬁthNB?r)rpounds of general formula
VIIl (preferred tenperatures of-70 to 70C).

with p in the above-mentioned meaning and in which Z stands for Cl, Br, I, or
OT,.

The reaction is carried out according to methods of glycide ether
formation (p=1) or etherification that are known in the literature, Mouzin et al.,
Synthesis, 1983, 117.

Compounds of general formula H are known in the literature, e.g.,
Sharpless et al., J. Org. Chem., and DE 935433 or can be purchased (e.g.,
epichlorohydrin, Fluka, Aldrich).

Compounds of general formula G in the case of Hal=iodine are described
in US 6,310,243. The production of the bromine compound is carriéd out

analogously.

d) The reaction is carried out such that first the amide of the compounds of
general formula IX is deprotonated according to the method that is known to c')ne
skilled in the art, e.g., with NaH in DMF, THF, DMA, dioxane, toluene
(temperatures of 0°C — 100°C) or BuLi, LDA, Li-HMDS, Na-HMDS in THF,
MTB at temperatures of —70° to 0°C and then reacted with compounds of general
formula VIII (preferred temperatures of =70 to 70°C).

Compounds of general formula VIII are obtained from compounds of

general formula G



Conpounds of general formula VIII are obtained from conpounds of general
formula G24 Hal HO *11H OH H(G according to the nethods that are known
to one skilled in the art for converting aZ*primary OH group into a halide
or tosylate, triflate, etc. Conpounds of general forrmula | X are obtai ned
from conpounds of general formula I Xa W N *COB2-N NWN,~> | X a Whby
am de formation with amnes of fornula RINH2 (am des of the fornmula are
comercially available or known in the literature) according to the nethods
of am de coupling already nentioned under a). , Conpounds of general
formula | Xa are described in, e.g., WO 97/02051, WO 99/16757 or can be
produced sinply fromtri-Boc cyclene oggtri-Z-cyclene according to nethods
that are known in the literature. The fonmpounds according to the invention
can be used both in x-ray

according to the methods that are known to one skilled in the art for converting a
primary OH group into a halide or tosylate, triflate, etc.
Compounds of general formula IX are obtained from compounds of

general formula [Xa

Y

*CO _82 — N N—W

e

by amide formation with amines of formula RINHZ (amides of the formula are

IXa

commercially available or known in the literature) according to the methods of
amide coupling already mentioned under a).

Compounds of general formula [Xa are described in, e.g., WO 97/02051,
WO 99/16757 or can be produced simply from tri-Boc cyclene or tri-Z-cyclene
according to methods that are known in the literature.

The compounds according to the invention can be used both in x-ray
diagnosis and in MR diagnosis.

The high x-ray opacity paired with the good water-solubility of the



di agnosis and in MR diagnosis. The high x-ray opacity paired with the good
wat er-solubility of the 25 iodized x-ray contrast nedia is conbined with
the intense hydrophilia of netal chel ates2and good conpatibility in a

nol ecul e that is inherent in them The very high hydrophilia of the new
conpounds results in that the side-effect profile corresponds to that of
the very well-tolerated Gd conpounds, as they are used in MR imaging. This
property therefore makes it especially suitable for use in patients with a
proven al | er gydizzdixediyzedtrast mediaid sombined withehe agesehydoopbiliang at opy. | n
particular, the incidence of severe side effects such as bronchi ospasns and

shock or evenpdeathelbtes aﬁ@g@&p&nspaﬁbhﬁy ironmbegle tRAt i§ RBeMR BAREhast nedi um
The low osnolality of the forrmulations is an indication of a generally very

good conpati kil i f. th e Th re ther re. e | a
suitable for IEINih(rel t’ %‘i’vhgg% %ﬁ“ﬁ?‘%@%gg{g}? glrléglldc)%m S glgé/s r%%“gtéﬁ :rahr?f1 g{ho nsm%eﬁ%?e%gpmﬁlley
phar maceuti cal formulation, the contrast nedia can be used exclusively for
x-ray di agnosFTesPPRisIgithat of Gispreex wellviplertadi Gohaoyraynds.psithgysare uprdiin MR o
simul taneously for x-ray diagnosis and MRT di agnosis (triiodine conpl exes
with par amagmesgiog.aTbivprogertyfteerafore/ mékis. it dipecielbnpotahsforase iu@atents with a
advant ageously be used in, e.g., urography, conputer tonography,

angi ogr aphy, ?ae%ﬁ QRERP RY iodRATTBEPBRRE or 1€ BHeba®d STOXiARE aftPy! O pattichiagYhe Even
in the case of radiation therapy, the conplexes that are used are

d .. Th : [ for.:al l [ . A
i1 1oronti at i Uk arooDEdOd ral APkl B TR o6 ERAR RN ¢

areas i s possible after intravascular injectiaqn. ite generally, these
conpounds pC an rqjiélc?‘é‘@dhia }pw ievel ot the M cont%ast medium. Q 9 y

The low osmolality of the formulations is an indication of a generally very good
compatibility of the new compounds. They are therefore especially suitable for
intravascular (parenteral) uses.

Depending on the pharmaceutical formulation, the contrast media can be used
exclusively for x-ray diagnosis (triiodine complexes with diamagnetic metals), but also
simultaneously for x-ray diagnosis and MRT diagnosis (triiodine complexes with
paramagnetic atoms, preferably Gd). The compounds can very advantageously be used
in, e.g., urography, computer tomography, angiography, gastrography, mammography,
cardiology and neuroradiology. Even in the case of radiation therapy, the complexes that
are used are advantageous. The compounds are suitgble for all perfusion measurements.
A differentiation of areas that are well supplied with blood and ischemic areas is
possible after intravascular injection. Quite generally, these compounds can be used in
all indications where conventional contrast media are used in x-ray diagnosis or MR

diagnosis.



al |- indications where conventional contrast nmedia are used in x-ray

di agnosis or MR diagnosis. 26 The new contrast nedia can al so be used for
t he magneti zation-transfer techni que (see, %@.g., Journ. Chem Phys. 39(11),
2892 (1963), as well as WD 03/013616), if they contain nobile protons in
their chemcal structure. This is the case, for exanple, in the hydroxyl
gr oup- cont ai ni ng conpounds, as they are described in Exanple 5 (page 41),
Exanpl e 6 (page 44), Exanple 7 (page 47) and Exanple 8 (page 50). This
appl i cation docun@ht ntWisnaiss medmmaniale demoett foa e meghetizdtlvattrans fer sachhight e
in principle for this special M technique. The contrasting of cerebral

infarctions apgetapDicurRfCldne Hh ZE’%(HT) P2GE9E CAPRYINGS WY 058 5A%), '1f‘th'%?e
liver as well as’ of tunors of the abdomen (|nclud|ng t he ki dneys) “and

muscl e- skel et %Qntﬁ%sx%gme OE%P%C @fr 'chIM%LlPs%r%' dipgoes tlﬁq %S‘s' | Y%r BA35d m'%ht ne
| ow osnotic pressure, VEsSel'd Tan be visdaltzed > @spect %F1
advantageouslmﬂafter |ntraarter|al or el se intravenous injection. If t he
conpound accoryfiiegyt owmeontapmgGoBworads, at BRY K desrriisddn Frampled @g%rb@i)s
the netal ion of the signaling group nmust be paramagnetic. These are in
particul ar th&xantpleat grge afhyl Examplal 7epagd 6¥hHsndExtinpled @apnt®). dthisdpphication
nunbers 21-29, 42, 44 and 58-70. Suitable ions are, for exanple, the
chrom un(111) ,dol:lirﬁé}(t |t}hﬁs,al§é%%{ﬁriséﬁ ()ontlﬁét(iﬁé:‘du{ ihlaﬁ are sGRAMEN(fr] r)c:iple for this

praseodym unm(111), nwdymum(1I'l), samariun(l11) and ytterbiun(I11l) ion.
Because of th?ga:ﬁ%ﬂﬁf%d%? etlc nmonent , gadollnlun(lll) terblun(lll),

dysprosi un(l 11 erblun(lll) iron(l11) and manganese(l1l)
ions are preferred adol i |u III apd nganese( | | ns are especi al
preferr edp Thg contras?mg ) cerebral in arct{g?ls gnd tumo(rs o% the? Ver Or space- occupylnc y

processes in the liver as well as of tumors of the abdomen (including the kidneys) and
the muscle-skeleton system is especially valuable diagnostically. Based on the low
osmotic pressure, the blood vessels can be visualized especially advantageously after
intraarterial or else intravenous injection.

If the compound according to the invention is intended for use in MR diagnosis,
the metal ion of the signaling group must be paramagnetic. These are in particular the
divalent and trivalent ions of the elements of atomic numbers 21-29, 42. 44 and 58-70.
Suitable ions are, for example, the chromium(III), iron(Il), cobalt(Il), nickel(II),
copper(Il), praseodymium(I1Il), neodymium(III), samarium(III) and ytterbium(III) ion.
Because of their strong magnetic moment, gadolinium(III), terbium(III), dysprosium(III),
holmium(III), erbium(III), iron(IIl) and manganese(I) ions are preferred; gadolinium(III)
and manganese(1l) ions are especially preferred.

If the compound according to the invention is intended for use in x-ray diagnosis,
the metal ion is preferably derived from an element of a higher atomic number to achieve

an adequate absorption of the x-rays. It was found that for this purpose, diagnostic



| f-the conpound according to the invention is intended for use in x-ray

di agnosis, the netal ion is preferably derived froman elenent of a higher
atom ¢ nunber to achieve an adequate absoeption of the x-rays. It was found
that for this purpose, diagnostic 27 agents that contain a physiologically
conpati ble conplex salt wwth nmetal ions of elenents of atom c nunbers 25,
26 and 39 as well as 57-83 are suitable. Preferred are nanganese(ll),
iron(ll), iron(lll), praseodymun(lll), neodymun(lll), samariun(lll),

gadol i ni un( 1 | lagentytHaEditain lphy 3iokokicailp Bathpdtibld JorhS1BS salt REREKtAlidns of
dysprosiunm(lI1) ions and yttriun(lll) ions. The production of the

phar maceut | caliGeR st AGRRT AL, bignd BYENLLOY, 5550t LidicoUt [ @ vay

that is known I'n the art ex conmpounds according to the

invention - optionall th t he additi.on dditivyes. t are commonl y
used in gal enical fgfﬁ%& ?fﬁ“éaﬁ‘%‘éeﬁ%@é 169‘“ 5%@8 ’oPrFW“i"dﬁ’é‘BEﬁ Jredi um and
then the suspension or solutjon optionally being sterilized. Suitable

addi tives ar e nep@migrahpl @meWHlbg@@ll@alrm@ﬂhaﬁﬁﬂbm(mmlf epmuhgllibonss, f or
exanpl e, tronetham ne), additives of conplexing agents or weak conplexes

(such as, for espeamplelysstogtmyllenaisrand yitriemENtdonsaceti ¢ acid or the Ca
conpl exes that correspond to the netal conpl exes according to the

| nvention) or - if T'B@‘g?&ﬁ@ﬁyn oftﬁl: | OXI Eé’&tf%ﬁl ity ABSordin go %%Hpé mn%é)SHrHEHbI .

chloride, or - if essary - ants, such as, , ascor
acid. If suspenSJOns or, solutlons of the. agent accorq%ggﬁto the i.nvention

in water SHY 5 DM BGINELK KEGTR 12 Bie s Brine oS CPRao st rerrdingio ghe
parenteral adnlnlstratlon or other purposes, they are mxed with one or
more adj uvant (RYentipat oatenatlyrghihy addisan phthegdiiives hatare commaninipied in net hy!
cellul ose, lactose, mannitol] and/or surfactant(s) [for
galenicals — being suspended or dissolved in aqueous medium and then the suspension
or solution optionally being sterilized. Suitable additives are, for example,
physiologically harmless buffers (such as, for example, tromethamine), additives of
complexing agents or weak complexes (such as, for example, diethylenetriaminepenta-
acetic acid or the Ca complexes that correspond to the metal complexes according to the
invention) or — if necessary — electrolytes such as, for example, sodium chloride, or — if
necessary — antioxidants, such as, for example, ascorbic acid.

If suspensions or solutions of the agents according to the invention in water or
physiological salt solution are desired for enteral or parenteral administration or other
purposes, they are mixed with one or more adjuvant’(s) that are commonly used in
galenicals [for example, methyl cellulose, lactose, mannitol] and/or surfactant(s) [for
example, lecithins, Tween®, Myrj®] and/or flavoring substance(s) for taste correction
[for example, ethereal oils].

In principle, it is also possible to produce the pharmaceutical agents according to

the invention without isolating the complexes. In any case, special care must be taken to



exanple, lecithins, Tween(r), Mrj(r)] and/or flavoring substance(s) for
taste correction [for exanple, ethereal oils]. In principle, it is also
possi bl e to produce the pharnmaceutical agers according to the invention
wi thout isolating the conplexes. In any case, special care nust be taken to
28 performthe chelation so that the conpl exes according to the invention
are virtually free of nonconplexed netal ions that have a toxic effect.
This can be ensured, for exanple, with the aid of color indicators such as
xyl enol  or angerfbym thenthebitioniso thet herromplaxien gcdohding taotdha ¢t vieatiop reodswally Tree
invention therefore also relates to the process for the production of

conpl ex conpowfasnemhlénaihetdlbibhSthatave a thkibaffe@r ecauti on, there remains
purification of the isolated conplex. In the in-vivo admnistration of the

agents accor di ng t &y ceaniﬂéve%ﬁlﬁge&rfmf' é)@?@l@%lﬁ{ the %f’anotbc%loq'qm.igitgrts r&dastﬁ%%[oper
with a suitable vehicle, such as, for exdnmple, serumor p y5|oPog|c

comon salt solution, and together w th another protein, .such as, for

exanpl e, hunar?rwg’%cﬁpﬁﬂlrﬁtff‘%@ﬂss ringrihe PERHQR @@E?ﬁsdﬂiﬁ invsntiprstherpferelsen
are usual ly adm nistered parenterally, preferably i.v. They can also be
admi ni st er ed irelareadr therpredesy fopthe prodectiontof adthplex comppaistand dwirsdajts. dependi ng
on whether a vessel/organ is to be visualized selectively contrasted (e.g.,

vi sual i zati on fifa] ple€aERhOMBFSredals PufificAlohet thdikslartemipllx. | nj ection) or
ti ssue or pathologies (e.g., diagnosis of cerebral tunors after intravenous

ti ssue or pat hol og ] . ! uror's af t _
preforably 0,001 1 b ApaRiRli BARAR S Bt B B SO |

dosed in anounts_ of (0,001- 5 |/ kg. . )
can be admln?stered togryt%r wigt% a suitable vehicle, such as, for example, serum or

physiological common salt solution, and together with another protein, such as, for
example, human serum albumin (HSA).

The agents according to the invention are usually administered parenterally,
preferably 1.v. They can also be administered intraarterially or interstitially/
intracutaneously, depending on whether a vessel/organ is to be visualized selectively
contrasted (e.g., visualization of the coronary arteries after intraarterial injection) or
tissue or pathologies (e.g., diagnosis of cerebral tumors after intravenous injection).

The pharmaceutical agents according to the invention contain preferably 0.001 —
1 mol/l of the above-mentioned compound and are generally dosed in amounts of 0.001-
5 mmol/kg.

The agents according to the invention meet the many requirements for suitability
as contrast media for magnetic resonance tomography. After oral or parenteral
administration by increasing the signal intensity, they are extremely well suited for
enhancing the informational value of the image that is obtained with the aid of an MR
tomograph. They also show the high effectiveness that is necessary to load the body

- with the minimum possible amounts of foreign substances and the good compatibility



The agents according to the invention neet the many requirenents for
suitability as contrast nedia for nmagnetic resonance tonography. After oral
or parenteral admnistration by increasing’the signal intensity, they are
extrenely well suited for enhancing the informational val ue of the inmage
that is obtained with the aid of an MR tonograph. They al so show t he high
effectiveness that is necessary to |load the body wth the m ninmum possible
anounts of foreign substances and the good conpatibility 29 that is
necessary to it zdcassanetomuiniamthe nom invasive natofe afliee sindidé.eEhe Aigk hi gh
effectiveness (relaxivity) of the paramagneti c conpounds according to the

invention is eéfbctprefads (Bnavitd@e tedfardtiinetc SRGNRINGS adcRsRR@CHBe IIVRRA6RRNY .
Thus, the relaxivity (L/mmol-'sec ' of gadoliniumcontaining conpounds is

general ly 2 tﬁi}ﬁgfﬂsa% Bke {130 brtllﬁlﬁgféﬁ}{?& h@g%k%@%ﬁw'%%@ﬁg&%gts

gadobutrol). good water so Ly an ty of 't a

according to t i hvenfi an kes it possible to produce highly concentrated
sol uti ons, so(ﬂgmf%ﬂkﬁép Oghc:’é‘ Ba's w111 H%HOIBPOWEISCL%@E@III?:{@%W}%%% &t hin
reasonable limts and to offset the dilution by bodily fluids. In addition,
t he agents acdmreiviegtionsl Geecomplexss (%@ gadebbirel).not  only high stability
in-vitro, but also surprisingly high stability in-vivo, so that a rel ease or

an exchange of theThe gsw whteg Rolabgity atelo@ndshivldly bEthandeas ecdapiifieth the t he
conplexes, is carried out only extrenely slowy within the tinme that it

takes for the;new;cOMABSE H0RMIE 1(51@%1? Ohg%g?%ﬁc%h%at%(%lw;%%%tg%&g e the

agent S f'icéor di ng to the 1 nventi on use as agnostl C
aég/eﬂés 'n aml{/giusmeogurgérg) gtl t-hg c{;ylﬁgtogj sy%%{nkgithi%rrggs%rrlaab% Mm?ts ggg to ot%etSthreT:Tml of

dilution by bodily fluids. In addition, the agents according to the invention exhibit not

only high stability in-vitro, but also surprisingly high stability in-vivo, so that a release or
an exchange of the ions, which are inherently toxic and are bonded in the complexes, is
carried out only extremely slowly within the time that it takes for the new contrast media
to be completely excreted.

In general, the agents according to the invention are dosed for use as MRT
diagnostic agents in amounts of 0.001-5 mmol of Gd/kg, preferably 0.005 — 0.5 mmol of
Gd/kg.

The agents according to the invention are extremely well suited as x-ray contrast
media, whereby it is especially to be emphasized tha}t with them, no signs of the
anaphylaxis-like reactions that are known from the iodine-containing contrast media can
be detected in biochemical-pharmacological studies. In the case of strong x-ray
absorption, they are especially effective in areas of higher tube voltages (e.g., CT and
DSA).

In general, the agents according to the invention are dosed for administration as

- x-ray contrast media analogously to, for example, meglumine-diatrizoate, in amounts of



The agents according to the invention are extrenely well suited as x-ray
contrast nedia, whereby it is especially é be enphasi zed that with them
no signs of the anaphylaxis-like reactions that are known fromthe

i odi ne-containing contrast nedia can be detected in

bi ochem cal - phar macol ogi cal studies. In the case of strong x-ray
absorption, they are especially effective in areas of higher tube voltages
(e.g., CIT and_ DSA). In general, the agents according to the invention are
dosed for adnPriilstymmogkecrreierabing 08 ohmrmeh of rebsiencatkas whishsryesronds r0.06
exanpl e, meglum ne-diatrizoate, in anounts of 30 0.01 - 5 mol/kg,
preferably 0.GZxnnmlﬁﬁﬁwyhghs&bshanﬁbiggkﬁmmﬂahc@mpomsbonds to 0.06 - 6
mml (I1+Dy)/kg in the case of, e.g., iodine-Dy conpounds. Depending on the

di agnostic requir emgéndlﬁgaémleaﬁag%&lmam%&@If@ﬁﬁﬁgln&rﬁa&an%a@erea@d #agghnbot h
in x-ray diagnosis and in MR diagnhosis. To achi eve opti nal resu ts for both

| T201 19 OAAT {680 R PR AN AIE RSB 3P O A UL PRSI Ch

the proportion o |ons isre si nce

di agnostic ap Ircatrons a point of dimnishing returns is reached with too
hi gh a propor H@@%&P%ﬁ?@&ﬁ%t“i 1pay peprdvaniagpoud i peled dermulgiong mvhishdhecan be
used in which the proportion, in percent, of paramagnetic substances (e.g.
Gd) is reducegrdportor0d famniEneir ehe rsabdiqced,miﬂ:e%f’/ﬁqaﬁgsl\/ﬁhdiagn@mip lapplications, di ac
di agnostic application can be mentioned. For the exam nation, a fornulation

that consists aQbidt %?dﬁﬁih%hﬁh GESirAGS Rlabhda0n 11Ptb N ABRPLHIA d ?baf’arﬁa‘gh&ic
concentration of, e.g., 0.25 nol/l is used. The proportion of Gd-containing

conpl exes is g%@b t he’ remai ni ng 80% of the netals are, e.g., Dy atonms. In
an x-ray coronary

For dual uses, formulations can be used in which the proportion, in percent, of
paramagnetic substances (e.g., Gd) is reduced to 0.05 to 50, preferably to 2-20%. As an
example, a cardiac diagnostic application can be mentioned. For the examination, a
formulation that consists of the substances according to the invention in a total
concentration of, e.g., 0.25 mol/l is used. The proportion of Gd-containing complexes is
20%, the remaining 80% of the metals are, e.g., Dy atoms. In an x-ray coronary
angiography after intra—arterial or intravenous administration, e.g., 50 ml is used, i.e.,
0.18 mmol of substance per kg of body weight in a patient who weighs 70 kg. Shortly
after x-ray visualization of the coronary vessels has taken place, an MR diagnosis of the
heart is followed to be able to differentiate vital myocardial areas from necrotic
myocardial areas. The amount of about 110 pmol of Gd/kg previously administered for

the test is optimal for this purpose.



angi ography after intra-arterial or intravenous adm nistration, e.g., 50 ni
is used, i.e., 0.18 mml of substance per kg of body weight in a patient
who wei ghs 70 kg. Shortly after x-ray visadhlization of the coronary vessels
has taken place, an MR diagnosis of the heart is followed to be able to
differentiate vital myocardial areas fromnecrotic nyocardial areas. The
anount of about 110 nol of Gd/ kg previously admnistered for the test is
optimal for this purpose. 31 Exanple 1 a) 1,3,5-Triiodotrinesic

aci d- NN, N- t r i ¥xaahpderi noet hyl ) am de A solution of 10 g (15.5 nmol) of
|,3,5-triiodotrinesic acid trichloride (DE 3001292, Schering AG priority:

1/11/1980) i nal00 i3 DritlofAdGH REANAT N-§isadd@dinbdhyifingRs to 24 g (400
nmmol ) of ethylenediam ne for 1 hour at roomtenperature and stl rred for 14

more hours. The sol,i %1‘%6)%} %C“(% samx%%l) o? %ruo &rlofefsm CRA 1ch “dm@ﬁced i s

et hanol, taken up in wat er, €S0
set at a pH of wth 1 lithium hydrOX| de sol ution. After concentration

by evapor at i oﬁOW9§ %ﬁ@éﬂﬂﬁﬁ@tpri%ty rlébly YA80Ain 100! of tsipkyidrefien is sidedan 7.8 ¢

(70% of theory) of a colorless solid Elenentary analysis: Od.: C 25.23 H
2.96 N 11. 77 dr@gB.t324 gRAW mn®l P&, eyl éhediadtnd\fct 1. 168 ht Iﬁﬁmgﬂmlpﬁature and stirred
1,3,5-Triiodotrinesic

aci d- N, NN-t ri g5(i3, fodi sy 4rhé-Bli@Xat &cﬁﬁfuﬁﬁféﬁ@ tRRdofB rewashed with ethanol,
diyl-{10-[1,4,7-tris-(carboxyl at onet hyl ) - , 10-t et raazacycl ododecanyl ,
Gd- conpl eX] } )[;ﬁ( S in 100 ml of water, and the solutlon that 1s produced is set at a pH of 8.0 with 1
M lithium hydroxide solution. After concentration by evaporation in a vacuum, it is
recrystallized from ethanol.
Yield: 7.8 g (70% of theory) of a colorless solid
Elementary analysis:

Cld.: C 25.23 H 2.96 N 11.77 I 5331

Fnd.: C 2546 H 2.99 N 11.68 I 52.98

b) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(3,6-diaza-4,7-dioxo-8-methyloctane-1,8-
diyl-{10-[1,4,7-tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl, Gd-
complex]})amide
48.5 g (77.09 mmol) of the Gd complex of 1Q-[4-carboxy-1-methyl-2-oxo-3-

azabutyl]-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic acid (WO 98/24775, Schering

AG, (Example 1)) is suspended in 400 ml of DMSO and mixed with 9.8 g (84.8 mmol)

of N-hydroxysuccinimide and 16.7 g (81 mmol) of dicyclohexylcarbodiimide and

preactivated for 1 hour. Then, it is mixed with 12.3 g (17.12 mmol) of 1,3,5-

trilodotrimesic acid-N, N, N-tris-(2-aminoethyl)-amide and stirred for 3 days at room

“temperature under nitrogen. Insoluble components are filtered out, and the solution is



48.5 g (77.09 mol ) of the Gd conpl ex of 10-[4-carboxy-I|-nethyl-2-oxo- 3-
azabutyl]-1,4,7,10-tetraazacycl ododecane-1,4,7-triacetic acid (WD 98/ 24775,
Schering AG (Exanple 1)) is suspended in3400 nl of DMSO and mixed with 9.8
g (84.8 mmol) of N-hydroxysuccinimde and 16.7 g (81 nmol) of

di cycl ohexyl carbodiim de and preactivated for 1 hour. Then, it is m xed
with 12.3 g (17.12 mml) of 1,3,5- triiodotrinesic

acid-N,NN-tris-(2-am noethyl)-am de and stirred for 3 days at room

t enper at ur e umpdered pitor260ge ml of asdneb | hesohp e atcymalates inlthie cast ip litteredoff t he
solution is 32 poured into 2000 m of acetone. The solid that accunul ates

in this case fdhaklicarig@ofiohs wathdl 008 sh1ed atdlomOdrd wifls 500 i oL @ethytthed BRet one
and with 500 ml of diethyl ether. The residue is taken up in 500 m of

wat er and abs Y Sl UV i ger
(I RA 67 Gt ofes s tEiakeP HE L 00,8 BFyhaF art R By phechilBug Py nbR SAAETRY
for 2 hours with.30 of 1| e er (I 67 H ,.filtered off, m xed
wih 2 o aeidtich eingssn IR HETE TRy el i St ghet inabpdEREd of 1 Tand
the solution is concentrated by evaporation to 100 m. To renove the

resi dual di merseipigiddiiox? dewrstwith 3G plitonsnchangerdR @47 iHafoom).0d®red offfmixed
acetone, and the precipitate that accunulates is filtered off. The residue

i s dissolved iwith2b@ offhctDiatedaiafion, BeattdWot D haursitd b0, ifigRerexsTh an@ee soldttohas m
and OHforn), the conductivity is set at a value of 0.005 nS (pH = 7.0),

AR L S e G R S R
Elementary analysis (relafive i the aohydrous substance): . Gt & 3392 H
filtered off. The residue is dissolved in 250 ml of water, and with a little ion exchanger
(H-form and OH-form), the conductivity is set at a value of 0.005 mS (pH = 7.0), filtered
off and concentrated by evaporation in a vacuum.
Yield: 33.9 g (73% of theory) of a colorless solid
Water content (Karl-Fischer): 5.9%
Elementary analysis (relative to the anhydrous substance):

Cld..: C3392 H4.15 N11.54 11493 Gd18.51

Fnd: C33.99 H4.17 N1149 11488 Gd18.37

Example 2
1,3,5-Triiodotrimesic acid-N, N, N-tris-(3,6-diaza-4,7-dioxooctane-1,8-diyl-{10-[1,4,7-
tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl, Gd complex]})amide

9.4 g (15.3 mmol) of the Gd complex of 10-[4-carboxy-2-0x0-3-azabutyl}-
1,4,7,10-tetraazacyclododecane-1,4,7-triacetic acid (WO 98/24775, Schering AG,
(Example 11)) is suspended in 100 ml of DMSO and mixed with 1.96 g (17 mmol) of N-

“hydroxysuccinimide and 3.3 g (16 mmol) of dicyclohexylcarbodiimide and preactivated



Fnd.: C 33.99 H4.17 N 11.49 114.89 d 18.37 Exanple 2

1, 3, 5 Triiodotrinesic

acid-NN, N-tris-(3,6-diaza-4. 7-di oxooct ane- P38- diyl-{10-[1,4,7-
iris-(carboxylatonethyl)-1,4,7, 10-tetraazacycl ododecanyl, Gd conpl ex]
})amde 9.4 g (15.3 mol) of the Gd conpl ex of

10-[ 4- car boxy- 2- oxo- 3-azabutyl ] -

1,4,7,10-tetraazacycl ododecane- -triacetic acid éjV\O 98/ 24775, Schering
AG  (Exanpl e fam) hoyrs Téleépéﬁd@de‘ﬁ wum@m #1386 MBI R &, SriFixesie trimnesic acide g (17
mmol ) of N hydroxysuccinimde and 3 .3 g (16 mmol ) of

di cycl ohexyl cav Nodtrisn{2denanethpl)-eatidd aait stigred Jorf Ddayh ahmsin tefiperaturetunda m xed
with 2.4 g (3.36 nmmol) of 1,3,5-triiodotrinesic acid-

N, N Ntris-( 2'n?t%%@9€th®6mb'1@56 n@ﬁ'tq aﬁitﬁllferrgcgo toﬁn @31%’[1@1111 O;Q)Ql dtlﬁfg)ﬁfO@ter e

under nitrogen nsol ubl e conponents are fere out, e sol utlon i's

i1 orod of f QRGN GUP R pOr P Ollq@ééaﬁﬁl SRR RS

of diethyl ether. The residue is taken up in 200 m _of water and
absorptively prifcidi mheleasetone apd wehrl80 wltah dzthy] edter. The exichartfeker wRa 269
OHform and filtered off. Then, it is absorptively precipitated for 2 hours
with 10 g of mlwf v@XﬂhﬁdgegorpﬂiRIQﬁrEcilﬂitmdlﬁc)r,z fidurs edted 0qf df iomexddngdr (IRL269 of
activated carbon, heated for 2 hours to 60C, filtered off, and the solution

i's concentrat v t 0 |
sul f oxi de, t hgﬁggﬁﬁ %ﬁqﬁ?éﬁ?&f eghel’hng 55 Sog-mery?mgtattg@f& Q%Oq%blﬂg “@Eto?y

et one,

250 of - vat 4P SR (R g Hipry) ?’@ﬁf@@f@%gﬂ@e@%ﬁo i %&rﬁoﬁi fted e

conductivity is set to a value of 0.005 nS (pH =7 filtered off and
concent rat ed BYr 2heisined én filtareg offy apd thgysolution is concentrated by evaporation to 100

ml. To remove the residual dimethyl sulfoxide, the solution is poured into 1000 ml of
acetone, and the precipitate that accumulates is filtered off. The residue is dissolved in
250 ml of water, and with a little ion exchanger (H-form and OH-form), the conductivity
is set to a value of 0.005 mS (pH = 7.0), filtered off and concentrated by evaporation in a
vacuum.

Yield: 6.0 g (68% of theory) of a colorless solid

Water content (Karl-Fischer): 5.4%

Elementary analysis (relative to the anhydrous substance):

Cld.. C33.06 H3.98 N11.73 115.18 Qd 18.82

Fnd.: C33.31 H4.02 N11.70 115.09 Gd 18.74



Yield: 6.0 g (68% of theory) of a colorless solid Water content

(Karl - Fi scher): 5 4% El enentary analysis (relative to the anhydrous
substance): Cd.: C33.06 H3.98 N 11.73 345.18 Gd 18.82 Fnd.: C 33.31 H
4.02 N 11.70 1 15.09 Gd 18.74 34 Exanpl e 3 a)
1,4,7-Tris-(benzyl oxycarbonyl)-10- (et hoxycar bonyl net hyl ) 1, 4, 7, 10-
tetrazacycl ododecane 68.2 g (118.6 nmol) of

1,4,7-tris-(benzyl oxycarbonyl)-1,4,7,10- tetrazacycl ododecane (Del aney et
al. , J. Chenﬁksauﬂeéerkin Trans. 1991, 3329) is dissolved in 700 m of
acetonitrile and mxed with 75.4 g (545.5 mmol ) of sodium carbonate. Then,

39.6 g (355.5apmol )Y 407-Tht-Gbmagekyraaiyth t iHoxesdrbonylmedsad WMol e bei ng

stirred vigorously, and it is heated for 20 hours to 40C. Insoluble

conponents are flkéﬁ&ggcgﬁgdaﬁﬂgporated to the dry state and
chromat ographed on silic¢a gel (nobile solvent ethyl acet at e/ hexane 20 :

1). The fractions taln r concentrated by
evaporation. Yiel dt6§%2g @?g (15?5}(&)8%9‘ ’P% y(%q 8?3?123 Fq El ement ary
analysis: Cd.: C65.44 H6.71 N8.48 Fnd.: C 65 51 H6.78 N 8.43 D)

1,4,7-Tris-( bé@ﬁwaqyfékﬂ@admm{@eﬂmw@aalbo&ﬁ%étrhﬁpq PerignTrap. 1991, 3329) is
tetrazacyclododecane
dissolved in 700 ml of acetonitrile and mixed with 75.4 g (545.5 mmol) of sodium
carbonate. Then, 39.6 g (355.5 mmol) of bromoacetic acid ethyl ester is added while
being stirred vigorously, and it is heated for 20 hours to 40°C. Insoluble components are
filtered out, evaporated to the dry state and chromatographed on silica gel (mobile
solvent: ethyl acetate/hexane 20 : 1). The fractions that contain the product are
combined and concentrated by evaporation.
Yield: 72.3 g (92% of theory) of a colorless oil
Elementary analysis:

Cld.: C6544 H6.71 N8.48

Fnd.: C65.51 H6.78 N 843

b) 1,4,7-Tris-(benzyloxycarbonyl10-(carboxymethyl)-1,4,7,10-
tetrazacyclododecane
34 g (51.4 mmol) of 1,4,7-tris-(benzyloxycarbonyl}10-(ethoxycarbonylmethyl)-
1,4,7,10-tetrazacyclododecane is dissolved in 300 ml of dioxane and mixed with 144 ml
of 5% aqueous NaOH solution and stirred for 24 hours at room temperature. After
neutralization with concentrated HCI, it is evaporated to the dry state. The residue is

taken up in 250 ml of ethyl acetate and extracted twice with 250 ml each of 1N HCl



34 g (51.4 mmol ) of 1,4,7-tris-(benzyl oxycarbonyl}10- (et hoxycarbonyl net hyl) -
1,4,7,10-tetrazacycl ododecane is dissolved in 300 mM of dioxane and m xed
with 144 mi  of 5% aqueous NaOH solution ard stirred for 24 hours at room
tenperature. After neutralization with concentrated HCl, it is evaporated
to the dry state. The residue is taken up in 250 ml of ethyl acetate and
extracted twice with 250 ml each of IN HCO 35 solution. The organi c phase
is dried on sodiumsul fate, and the solvent is evaporated to the dry state.
Yield: 27.8 gsoBBon.0fMTh¢ heganig)phafe ia dded on kabemsolfatd, andl thersrivent ys aapdbpsidso
Cld.: C64.54 H6.37 N8.86 Fnd.: C64.47 H6.41 N 8.79 ¢)
1,3,5-Trii odotd (ﬁfg%itg@e_aci d-N, N, N-tris-(3-aza-4-oxopentane-1,5-diyl-{
10-[1,4, 7- tris-(benzyl oxycarbonyl)-1,4,7,10-tetrazacycl ododecanyl] })-am de
6 g (70.6 mml) b k! 0- (carboxynet hyl) -
1 4 7,10-tetrazacycl o Elgog‘e}cga%égrs/‘gﬁﬁ%ﬁ@%&f)ﬁ(éf&gﬁﬁ%@@% riethylamne, 14.6 g
(70 5 mmol) of dic¢yclohexylcarbodiimde and 8.1 g (70.5 mmol)
of N- hydr oxysucci ni MU 2BYY8F to a suspension of 16.8 g (23.5 mol) of
1,3,5-triiodotrinmesic acid-N,N,N-tris-(2- am noethyl)amde in 446 nl of DV,
and it is stirred fdd.: 20 Hddr 1 837r dO8B6enperature. | nsol ubl e conponent s
are filtered out, and it is evaporated to the dry state. The residue is
taken up in 500 m Fafl.-ethad 4Acekatie Naggoextracted twice with 500 nl each of
water. The organic phase is dried on sodiumsulfate, the solvent is
evaporated to the dry state, and the residue is chromatographed on silica
gel (nobile solvent: dichloromethane/

c) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-

tris-(benzyloxycarbonyl)-1,4,7,10-tetrazacyclododecanyl]} )-amide

44.6 g (70.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)10-(carboxymethyl)-
1,4,7,10-tetrazacyclododecane, 21 ml (164 mmol) of triethylamine, 14.6 g (70.5 mmol)
of dicyclohexylcarbodiimide and 8.1 g (70.5 mmol) of N-hydroxysuccinimide are added
to a suspension of 16.8 g (23.5 mmol) of 1,3,5-triiodotrimesic acid-N, N, N-tris-(2-
aminoethyl)amide in 446 ml of DMF, and it is stirred for 20 hours at room temperature.
Insoluble components are filtered out, and it is evaporated to the dry state. The residue
is taken up in 500 ml of ethyl acetate and extracted twice with 500 ml each of water.
The organic phase is dried on sodium sulfate, the solvent is evaporated to the dry state,
and the residue is chromatographed on silica gel (mqbile solvent: dichloromethane/
methanol 20 : 1). The fractions that contain the prodﬁct are combined and concentrated
by evaporation.

Yield: 23.3 g (39% of theory) of a colorless solid

Elementary analysis:

Cld: C54.93 H532 N9.86 114.88

Fnd: C55.11 HS537 N981 114.76



met hanol 20 : 1). The fractions that contain the product are conbi ned and
concentrated by evaporation. Yield: 23.3 g (39% of theory) of a colorless
solid Elenmentary analysis: Cd.: C54.93 845,32 N 9.86 114.88 Fnd.: C
55.11 H5.37 N 9.81 114.76 36 d) 1,3,5-Triiodotrinesic

acid-N, N, N-tris-(3-aza-4-oxopentane-1,5-diyl-{1-[1,4,7, 10-

tetrazacycl ododecanyl] } )-amde 20 g (7.8 mmol) of 1,3,5-triiodotrinesic
acid-N, N, N-tris-(3-aza-4-oxopent ane-
1,5-diyl-{10-[1,4,7-tris-(benzyl oxycarbonyl }1, 4,7, 10-tetrazacycl ododecanyl ]}
)-amide is mxed at 0-5C carefully [with] 140 m of HBr/AcOH (33% and

stirred for 3 ghour Trii QR - @UKe kN8, th L on_M Xt UF€4 bS0-
poured into 8(51 m 916335 girlét hylﬁlgﬁg@y éﬁ?trigxrbszglt‘*i ({pﬁgt%%g’?u%ﬁ(g{]@s’dr’?%ot hi s

case is suctioned off and reﬁgsheﬁ several times with diethyl ether. The
residue is dissol vEd Y EREORFBY ™I and 100 M of  di chl or onet hane and,
whil e being stirred vigorously, 32% NaOH solution is added until a pH of 10
i s reached. The oréﬁrﬁ&-gpfﬁa@@ qfd B epraipdetamesic el daf el ugs-phazetiozopsitanget ed
three tines with 50 ml each of dichl oronet hane, the conbi ned organi c phases

are dried on lpkgiyesi wm,saHiiad(eenanidx eosalpory it 1941 7110-tetiezaclf Jodiidatamy1]Yj-@hidle isL0. 3
g (97% of theory) of a colorless solid Elenentary analysis: Cd.: C40.01 H

6.04 N 18.66 12848 0-Ftdcaref1¢Pwitf] 108l ME8c6% 338 Ldd stirred for 3 hours at

room temperature. Then, the reaction mixture is poured into 800 ml of diethyl ether, and
the solid that accumulates in this case is suctioned off and rewashed several times with
diethyl ether. The residue is dissolved in 100 ml of water and 100 ml of
dichloromethane and, while being stirred vigorously, 32% NaOH solution is added until
a pH of 10 is reached. The organic phase is separated, the aqueous phase is extracted
three times with 50 ml each of dichloromethane, the combined organic phases are dried
on magnesium sulfate and evaporated to the dry state.

Yield: 10.3 g (97% of theory) of a colorless solid

Elementary analysis:

Cld.: C40.01 H6.04 N18.66 128.18

Fnd.: C40.19 H6.07 N 18.60 128.11

e) 2,4,6-Triiodotrimesic acid-N, N, N-tris-(3 -aza—4-6xopentane- 1,5-diyl-{10-[1,4,7-
tris-(carboxymethyl)-1,4,7,10-tetrazacyclododecanyl]} )-amide
18.6 g (13.7 mmol) of 1,3,5-triiodotrimesic acid-N,N, N-tris-(3-aza-4-oxopentane-
1,5-diyl-{1-[1,4,7,10-tetrazacyclododecanyl]})-amide is dissolved in 75 ml of water,
19.5 g (206.5 mmol) of chloroacetic acid is added, and a pH of 9.5 is set at 60°C with

32% NaOH. It is heated for 10 hours to 70°C, whereby the pH of the reaction mixture is



e) 2,4,6-Triiodotrinesic

acid-N, N, N-tris-(3-aza-4-oxopentane-1,5-diyl-{10-[1, 4, 7-
tris-(carboxynethyl)-1,4,7,10-tetrazacycl odédecanyl] })-amde 18.6 g (13.7
mol) of 1,3,5-triiodotrinmesic acid-N, N, Ntris-(3-aza-4-oxopentane-
1,5-diyl-{ 1-[1,4,7,10-tetrazacycl ododecanyl]})-amde is dissolved in 75 ni
of water, 19.5 g (206.5 mmol) of chloroacetic acid is added, and a pH of
9.5 is set at 60Cwith 32% NaCOH. It is heated for 10 hours to 70C, whereby
t he pH of t he resihctddoonnimndustyetoi %5.3X fter @atipg st wdrctemiperatioe,sd pH b6 1 & &t witht er
cooling to roomtenperature, a pHof 1 is set wwth concentrated HCl, and
the sol ution ign&ARGRAHEAL 8icH ¥ sEBPR IstohShtraftdd V@ﬁw%ormea VAR UG S
absorptively precipitated vvlth 250 m of net hanol i nsol ubl e conponents are
filtered out, t.he, fil te IS nce t va ora The residue
5 d seol ved {Rau ShierpVel, fs%lpgg%dwtﬁe%m i PR R IE oMb
m, IR 120, H-form. Then is washed with 2 1 of water, and the acidic
eluate is con(féﬁfqdeft%cﬁnﬁﬁh%ﬁﬁﬁéﬁr@@PWHU%ébY Pé@?oﬂ‘ﬂ@nr JIhgiresignevisdisselvedion]  of
met hanol and added in drops in 900 ml of diethyl ether; the solid that
accunul at es i d00misofowse dnd addst toaneaoh- eﬁﬁdhangeemﬂamhﬁéﬁ(menbﬁﬁlum eformi)t Ahen,
diethyl ether and dried in a vacuum Yield: 13.8 g (54% of theory) of a

col orl ess sol ijs vSREPRIEDY o7 RAAleY Snd thecl&idm efaaftls 3ShdenRat3d bNedabofRich2@h32
Fnd.: C 40.51 H5.39 N 13.38 120.36 f) 2,4,6-Triiodotri mesic
aC|dNNN-tr|s 3-.aza 0X0

tris-(car boxyl 35(1% ﬁlifrséllve(i rpﬁgm? FIBeq%?Osgg 8@%3%68%1&6@5%390 “&8@8% 55%1]’3’}
yamde 13 g (6.9 mmpl) of 2,4,6-triiodotrinesic

acid-N, N, N-tr ,tge g@ﬁéb@.@c@g@lﬁ@ﬁg%}b@ case 1s suctioned off rewashed several times with

diethyl ether and dried in a vacuum.
Yield: 13.8 g (54% of theory) of a colorless solid
Elementary analysis:
Cld.: C40.39 HS33 N13.46 12032

Fnd.: C40.51 H539 N13.38 120.36

1) 2,4,6-Triiodotrimesic acid-N, NV, N-tris-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-
tris-(carboxylatomethyl)-1,4,7,10-tetrazacyclododecanyl, Gd complex]})amide
13 g (6.9 mmol) of 2,4,6-triiodotrimesic acid-N, N, N-tris-(3-aza-4-oxopentane-
1,5-diyl-{10-[1,4,7-tris-(carboxymethyl}-1,4,7,10-tetrazacyclododecanyl]} )-amide is
dissolved in 100 ml of water and acidified by adding 3 ml of acetic acid. 3.7 g (10.4
mmol) of gadolinium oxide is added, and it is refluxed for 6 hours. After complexing is
completed, a pH of 7.4 is set with ammonia and chromatographed on silica gel (mobile
solvent: dichloromethane/methanol/ammonia: 10/10/1). The fractions that contain the
product are combined and absorptively precipitated with 10 g of ion exchanger (IR 267

- H-form) for 2 hours and filtered off, then absorptively precipitated with 10 g of ion



1,5-diyl-{ 10-[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetrazacycl ododecanyl ]
})-amde is dissolved in 100 M of water and acidified by adding 3 m of
acetic acid. 3.7 g (10.4 mmol) of gadolini?ém oxide is added, and it is
refluxed for 6 hours. After conplexing is conpleted, a pHof 7.4 is set

wi th ammoni a and chromat ogr aphed on silica gel (nobile solvent:

di chl or onet hane/ net hanol / ammoni a: 10/ 10/ 1). The fractions that contain the
product are conbi ned and absorptively precipitated with 10 g of ion
exchanger (| Re2dangétARA G Gldrfon)Houl hoamdfiltdred eff adixeflfwitht hewnf adibategdt i vel y
precipitated with 10 g of ion 38 exchanger (IRA 67 OHfornm) for 2 hours,

filtered of f, chib¥Btheateifor2 Bo@h tR6#CY Eltekkd oERdad e br8AEEd for 2 hours to
60C, filtered off and freeze-dried. Yield: 6.2 g (36% of theory) of a

colorless solid .ar. t - Fi [)...0.2% El enentary anal ysi s
(relative to the m§8r ek %&%%ﬁéﬁ?_f%@@@“&?%&gg H 3.88 N 10.79 116.30
Gd 20.20 Fnd.: C 32.44 H 3. ?9 mlo. 71 116.33 Gd 20.07 g)

2, 4,6-Triiodot ri mesY#eu@niEnf(rNEsFR): 0%z a- 4- oxopent ane- 1, 5-di yl - f
10-[1,4,7- tris-(carboxylatomethyl)-1,4,7,10-tetrazacycl ododecanyl, Dy
conpl ex] }) am de 1ZlgngnBar9 ansipsi} (refati2es & e anlyidoolst substemsdied:

acid-N, N, N-tris-(3-aza-4-oxopentane 1,5-diyl-{

10-[1, 4, 7-tris- (carchexyasbhyl ) 184, K 1074 et rez@Rcgghodgdecanyl]})-am de is
di ssolved in 100 mM of water and acidified by adding 3 m of acetic acid.

3.88 g (10.4 nnnl%hgﬁ @Mﬁﬁﬁﬁﬁﬁgﬁbo¥iﬂfgLZIﬂﬂ??d6d36$7it is refluxed for 6

hours. After conplexing i's et ed, pHi1s sét at 7.4 with amoni a,
and it is chromatographed on silica gel (nobile solvent:
di chl or onet hane/ net hanol / amoni a: 10/ 10/ 1). The fractions that

g) 2,4,6-Triiodotrimesic acid-N, N, N-tris-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-

tris-(carboxylatomethyl)-1,4,7,10-tetrazacyclododecanyl, Dy complex]})amide

13 g (6.9 mmol) of 2,4,6-triiodotrimesic acid-N, N, N-tris-(3-aza-4-oxopentane-
1,5-diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetrazacyclododecanyl]} )-amide is
dissolved in 100 ml of water and acidified by adding 3 ml of acetic acid. 3.88 g (10.4
mmol) of dysprosium oxide is added, and it is refluxed for 6 hours. After complexing is
completed, the pH is set at 7.4 with ammonia, and it is chromatographed on silica gel
(mobile solvent: dichloromethane/methanol/ammonia: 10/10/1). The fractions that
contain the product are combined and absorptively precipitated with 10 g of ion
exchanger (IR 267 H-form) for 2 hours and filtered off, then absorptively precipitated
with 10 g of ion exchanger (IRA 67 OH-form) for 2 hours, filtered off, mixed with 2 g of
activated carbon, heated for 2 hours to 60°C, filtered off and freeze-dried.

Yield: 7.0 g (41% of theory) of a colorless solid

Water content (Karl-Fischer): 5.9%



contain the product are conbined and absorptively precipitated with 10 g of
ion exchanger (IR 267 Hfornm) for 2 hours and filtered off, then
absorptively precipitated with 10 g of iorf%exchanger (1 RA 67 OHforn) for 2
hours, filtered off, mxed with 2 g of activated carbon, heated for 2 hours
to 60C, filtered off and freeze-dried. Yield: 7.0 g (41% of theory) of a
colorless solid Witer content (Karl-Fischer): 5.9% 39 Elenentary anal ysis
(relative to the anhydrous substance): dd.: C 32.18 H 3.86 N 10.72 116.19
Dy 20.73 Fnd.: C FlegentpryanglysiN (tedats7 td th ahhyddgu@ibsi@nés):
2,4,6-Triiodotrinmesic acid-N, N, N-tris-(3-aza-4-oxopentane-1,5-diyl-{

10-[1,4,7- tris-(capoxylmt ®edysd -9,14.72, 106t16t Rz2EyT ododecanyl, Y
conplex] })am de 13 g (6 9 mmol ) of 2,4,6-triiodotrinesic

acid-N, N, N-tris- (3 I
10-[1,4,7-tris- (carboxy ?%Q?)@§§2F7ﬁf®(ggﬁggggcJ%X%%ggecanyl]}) amde is

dlssolved in 100 M of water and acidified by adding 3 ml of acetic acid.
3.72 g (10.4 nmol) of yttriumcarbonate is added, and it is refluxed for 6
hours. After the conplexing is conpleted, it is set at pH 7.4 with amoni a
and chr omat ogriaphed,46-Trsoddtomesjelacidmoli V-&is@azem-oxopentane-1,5-diyl-{10-[1,4,7-
di chl or onet hane/ net hanol / ammoni a: 10/ 10/1). The fractions that contain the

product are conbi neds-adeh l%%rﬂ&thy 1%, RIGedtRiZAGE RAoddchRy1 19 @niplex] PAmide
exchanger (IR 267 H-fggh;ﬁg hoﬁis and fllfgred offﬂythenngbgg?ptlvely

pr eci pi t at ed W' t hdll\?% ([%h&%lrﬁow?fef&@qg%%@r# car 97?1 1@&3 9% 4%} Eg ntgrie-

filtered off, m xe activa
60C, flltered of f_and freeze dried. Yiel (4296of theor % of a
ﬁ -amide 1S

col orl ess sol jlgo-diyl-110-[1,4,7-tris- (carboxymethyl) 1 4 7 10-8:trazacyclod0decanyl

dissolved in 100 ml of water and acidified by adding 3 ml of acetic acid. 3.72 g (10.4
mmol) of yttrium carbonate is added, and it is refluxed for 6 hours. After the
complexing is completed, it is set at pH 7.4 with ammonia and chromatographed on
silica gel (mobile solvent: dichloromethane/methanol/ammonia: 10/10/1). The fractions
that contain the product are combined and absorptively precipitated with 10 g of ion
exchanger (IR 267 H-form) for 2 hours and filtered off, then absorptively precipitated
with 10 g of ion exchanger (IRA 67 OH-form) for 2 hours, filtered off, mixed with 2 g of
activated carbon, heated for 2 hours to 60°C, filtered off and freeze-dried.

Yield: 6.5 g (42% of theory) of a colorless solid

Water content (Karl-Fischer): 4.8%

Elementary analysis (relative to the anhydrous substance):

Cld.: C35.51 H4.26 N11.38 11787 Y 12.52

Fnd.: C35.73 H431 N11.31 117.79 Y 12.60



Wat er content (KarI-Fischer): 4. 8% El enentary analysis (relative to the
anhydrous substance): dd.: C35.51 H4.26 N11.38 1 17.87 Y 12.52 Fnd.: C
35.73 H 4.31 N 11.31 117.79 Y 12.60 40 Exdfiple 4 a)

1,4,7-Tris-(benzyl oxycarbonyl)-10-(1- et hoxycar bonyl ethyl)-1,4,7, 10-
tetrazacyclododecane 50.1 g (87.0 nmol ) of

1,4,7-tris-(benzyl oxycarbonyl)-1,4,7,10- tetrazacycl ododecane (Del aney et

al. , J. Chem Soc. Perkin Trans. 1991, 3329) is dissolved in 500 m of
acetonitrile ddmmlgdd with 55.5 g (400 mol) of sodium carbonate. Then,
while being stirred vigorously, 54.3 g (300 nmol) of 1- bronopropionic acid

et hyl ester i30addadLlamﬁ{b&uw&mbeﬁhﬁdiﬁHﬁazahhgum&thRﬁﬂﬂ}L4ﬁn®0|uble
conponents are filtered out, evaporated to the dry state and chronmat ographed
on silica gel (mobike. salysidbecaft hy! acetate/hexane 20 : 1). The fractions
that contain the proé t are combi ned and concentrated by evaporation.

\C/:i gl{)défﬁﬁ 878?\1/0 gfsghheg%d l)g%fclgjgf?rl eaggm I)éyogg)oﬁ?ﬁ_qtfpfoanal ysis: dd.:

1,4,7-Tris- (benzyloxycarbonylé 10- (I -carboxyethyl)-1,4,7,10-
t et razacycl oddéetezasisl@®dgcage (Belangyoit pl. 0. Chem. Soc. Perkin Trans. 1991, 3329) is
1,4,7-tris-(benzyl oxycarbonyl }10- (I -et hoxycarbonyl et hyl }
dissolved in 500 ml of acetonitrile and mixed with 55.5 g (400 mmol) of sodium
carbonate. Then, while being stirred vigorously, 54.3 g (300 mmol) of 1-
bromopropionic acid ethyl ester is added, and it is heated for 20 hours to 60°C.
Insoluble components are filtered out, evaporated to the dry state and chromatographed
on silica gel (mobile solvent: ethyl acetate/hexane 20 : 1). The fractions that contain the
product are combined and concentrated by evaporation.
Yield: 46 g (78% of theory) of a colorless oil.
Elementary analysis:

Cld.. C65.86 H6.87 N&30

Fnd.: C6599 H6.88 N 823

b) 1,4,7-Tris-(benzyloxycarbonyl)-10-(1-carboxyethyl)-1,4,7,10-
tetrazacyclododecane
33.7 g (50 mmol) of 1,4,7-tris-(benzyloxycarbonyl)-10-(1-ethoxycarbonylethyl)-
1,4,7,10-tetrazacyclododecane is dissolved [in] 300 ml of dioxane and mixed with 140
ml of 5% aqueous NaOH solution and stirred for 24 hours at room temperature. After
neutralization with concentrated HC, it is evaporated to the dry state. The residue is

taken up in 250 ml of ethyl acetate and extracted twice with 250 ml each of 1IN HCL



1,4,7,1 O-tetrazacycl ododecane is dissolved [in] 300 mM of dioxane and m xed
with 140 m of 5% aqueous NaOH solution and stirred for 24 hours at room
tenperature. After neutralization with corfdentrated HCQl, it is evapor at ed
to the dry state. The residue is taken up in 250 ml of ethyl acetate and
extracted twce with 250 nml each of IN HCL 41 solution. The organi c phase
is dried on sodiumsulfate, and the solvent is evaporated to the dry state.
Yield: 28.2 g (87% of theory) of a colorless solid Elenentary analysis:
Cd.: C 65.00 Hwioss The @rgwic phage is daedonzodimmesubfgtepargl &g selvent is evaporated to
1,3,5-Triiodotrinmesic acid-N, NN-tris-(3-aza-I|-nethyl -4-oxopentane-1, 5-diyl-
{ 10-[ 1,4, 7-tthe¢ dry(dvmazyl oxycarbony |y 1,4,7,10-tetrazacycl ododecanyl ]
})-amde 45.6 g (70.6 nunol) of

1,4,7-tris-(benzyl oxyeRrizonyl§a0of ﬁfe&??@?%‘ﬁ&%hyés)solid _ _
1,4,7,10-tetrazacycl ododecane, 21 ml 64 mmol) of triethylamne, 14.6 g (
70.5 mmol) of dicygl ohexyl carbhodiimde and 8.1 g (70.5 mmol)

of N- hydr oxysucci ni ey 3518@8]&‘ to a suspension of 16.8 g (23.5 mol) of
1,3,5-triiodotrinmesic acid-NN,N-tris-(2- am noethyl)am de in 450 m DWW, and
it is stirred for Xdhor® &t Héon MEAPErature. 1nsol ubl e conponents are
filtered out and evaporated to the dry state. The residue is taken up in
500 mM of ethyl acdtmit:e G6%I22xHrea®X ed 8tafi ce with 500 ml each of water. The
organi ¢ phase is dried on sodiumsulfate, the solvent is evaporated to the
dry state, and the residue is chromatographed on silica gel (nobile

sol vent: dichl oronet hane/ nethanol 20 : 1). The fractions that contain the

product are cogbined; and;concent.r at.ady RYy iris-(3-aza-1-methyl-4-oxopentane-1,5-diyl-
{10-[1,4,7-tris-(benzyloxycarbonyl)1,4,7,10-tetrazacyclododecanyl]})-amide
45.6 g (70.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)-10-(1-carboxyethyl)-
1,4,7,10-tetrazacyclododecane, 21 ml (164 mmol) of triethylamine, 14.6 g ( 70.5 mmol)
of dicyclohexylcarbodiimide and 8.1 g (70.5 mmol) of N-hydroxysuccinimide are added
to a suspension of 16.8 g (23.5 mmol) of 1,3,5-triiodotrimesic acid-N, N, N-tris-(2-
aminoethyl)amide in 450 ml DMF, and it is stirred for 20 hours at room temperature.
Insoluble components are filtered out and evaporated to the dry state. The residue is
- taken up in 500 ml of ethyl acetate.and extracted twice with 500 ﬁﬂ each of water. The
organic phase is dried on sodium sulfate, the solvent is evaporated to the dry state, and
the residue is chromatographed on silica gel (mobilg solvent: dichloromethane/methanol
20 :1). The fractions that contain the product are combined and concentrated by
evaporation.
Yield: 24.5 g (40% of theory) of a colorless solid
Elementary analysis:
Cld.: C5543 HS5.47 NS.70 114.64

Fnd.: C5549 H543 N9.66 114.60



evapor at i on. Yi eld: 24.5 g (40% of theory) of a coI orless solid Elenentary
analysis: Cd.: C55.43 H5.47 N 9.70 114. 64 Fnd.: C 55.49 H5.43 N 9.66
114.60 42 d) 1 3,5-Triiodotrinesic

acid-N,N,N-tris-(3-aza-I|-nethyl -4-oxopentane-1,5-diyl-{1
[1,4,7,10-tetrazacycl ododecanyl] })-am de 23 g (8.85 nmol) of
1,3,5-triiodotrinesic acid-N, N, N-tris-(3-aza-4-oxopent ane-
1,5-diyl-{10-[1,4,7-tris-(benzyl oxycarbonyl }1,4,7,10-tetrazacycl ododecanyl ]}
)-amde is mxed carefully at 0-5C with 140 ml of HBr/AcOH (33% and
stirred for 3 hours at roomtenperature. Then, the reaction mxture is
poured into 8Q@9 mM 1¢H S-Jirieddoylimedibadid-N NeV-trigol3i atatlhabthgt ¢ wixopaitar-1,H-diyh {3 -
case is suctioned off and rewashed several tines with diethyl ether. The

residue is dissolv p4|7r1101@9 QbdYRLEl1BNGmifR0 m of dichloronmethane while
being stirred vi go ousfy, %%JC%ZA) NaOH ]gP]ut ?(%n is added until a pH of 10

is reached. The organ hase,.i e t.he aqg s extracted
three times with %ﬁgn@ 85 Qfosfdl’sseﬁfrBP%%B’Enr‘?ﬁﬂﬁ@C%tjﬁzpjyiﬂgﬁﬁéﬁ%Pé%l?ﬁn@nﬁhases
are dried on gnem um sul fate and evaporated to the dry state. Yield: 11.7

g (95% of thedsy ybﬁ193[bﬂ»ﬁdﬂséb@zwwwb@wrﬂeﬁﬁéB;xetaazapwwde@ndl]}) an¢ 189 H
6.29 N 18.10 127.33 Fnd.: C 41.51 H6.32 N 18.01 127.26 e)
2,4,6-Trii Odo'ﬁ]ﬁikéﬂaszirefuﬂsziadG)Nf’(NWiHlt1r4iOSm](c3°-}$BﬁAbG)HE(BBI%) add exicoqaefot ameurk,ab- di yl -

room temperature. Then, the reaction mixture is poured into 800 ml of diethyl ether; the
solid that accumulates in this case is suctioned off and rewashed several times with
diethyl ether. The residue is dissolved in 100 ml of water and 100 ml of
dichloromethane while being stirred vigorously, and 32% NaOH solution is added until a
pH of 10 is reached. The organic phase is separated, the aqueous phase is extracted three
times with 50 ml each of dichloromethane, the combined organic phases are dried on
magnesium sulfate and evaporated to the dry state.

Yield: 11.7 g (95% of theory) of a colorless solid

Elementary analysis:

Cld.: C4139 H6.29 N18.10 127.33

Fnd.: C41.51 H6.32 N18.01 12726

e) 2,4 6-Triiodotrimesic acid-N, N, N-tris-(3-aza-1-methyl-4-oxopentane-1,5-diyl-
{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetrazacyclododecanyl}} )-amide
18.8 g (13.5 mmol) of 1,3,5-triiodotrimesic acid-N, N, N-tris-(3-aza-1-methyl-4-
oxopentane-1,5-diyl-{1-[1,4,7,10-tetrazacyclododecanyl]} }-amide is dissolved in 75 ml
of water, 19.5 g (206.5 mmol) of chloroacetic acid is added, and a pH of 9.5 is set at

-60°C with 32% NaOH. 1t is heated for 10 hours to 70°C, whereby the pH of the reaction



{ 10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetrazacycl ododecanyl]})-am de
18.8 g (13.5 mmol ) of 1,3,5-triiodotrimesic

acid-NN, N-tris-(3-aza-|-nethyl -4- 43
oxopentane-1,5-diyl-{I-[1,4,7,10-tetrazacycl ododecanyl]})-am de is dissol ved
in 75 mMm of water, 19.5 g (206.5 mml) of chloroacetic acid is added, and a
pH of 9.5 is set at 60C with 32% NaCOH. It is heated for 10 hours to 70C,
whereby the pH of the reaction 43 mxture is continuously readjusted to
9.5. After coohixtgetipcansionrusbisediastad & 9.4. pHteorodlingte rewn temperatgrene ohk ofdt ed
HCl, and the solution is concentrated by evaporation in a vacuum The

residue is absieggtwitetoncpiiteaedHChtaad thd JohutidnQs sdncettrared bpe@lpordtiogadh ubl e
conponents are filtered out, and the filtrate is concentrated by

evaporation. T %uﬁrﬁfs'zf‘ggges;é@ i?%@s’%%ﬁ@ @%@%%ﬁ%ﬁ%&%&&%@ﬂgxgs%l&b?%a“

i on- exchange col um It 1s was wth 2 1

of water, and the acidic gluate is concentrated b aporation. The r.esidue
' di ssol ved | SPRRSTRPS R FHAHANG! SAae SUTEH eAnCAIBEa O COPep i SHheCHe SR |
ether; the solid that accunulates in this case is suctioned off, rewashed
several tines idtssolgp@irhid0 ml ¢fewateranddddedito) an ian-gachangs coliaind600 B1,dRgl 2058%
of theory) of a colorless solid Elenentary analysis: dd.: C41.39 H5.53 N
13.16 119.88 Wndorin)CAherd 6t iswasBet WitB21bf WaRr, Zdfthe Ridic 6huhitel ik octRichiraes be
acid-N,NN-tris-(3-aza-I-nethyl -4-oxopentane-1,5-diyl- {

comolext 1) i eieH8EY FR BIRLENdhshiup JOrHS! ERERRNEL RIRHRFAIMLps oo

aci d-N, N\-tri Sr-nf gf- %%t%gll étHg[; H%lsbﬁa that accumulates in this case is suctioned off, rewashed

several times with diethyl ether and dried in a vacuum.
Yield: 15.0 g (58% of theory) of a colorless solid
Elementary analysis:
Cld.: C41.39 HS5.53 N13.16 119.88

Fnd.: C41.46 HS5.537 N13.11 119.79

f) 2,4,6-Triiodotrimesic acid-N, N, N-tris-(3-aza- 1 -methyl-4-oxopentane-1,5-diyl-
{10-[1,4,7-tris-(carboxylatomethyl)-1,4,7,10-tetrazacyclododecanyl, Gd
complex]})amide
13.2 g (6.9 mmol) of 2,4,6-triiodotrimesic aqid-]\/,]\/,N-tris-(3-aza-l-methyl-4-

oxopentane-1,5-diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,1 0-tetrazacyclododecanyl]} -

amide is dissolved in 100 ml of water and acidified by adding 3 ml of acetic acid. 3.7 g

(10.4 mmol) of gadolinium oxide is added, and it is refluxed for 6 hours. After

complexing is completed, the pH is set at 7.4 with ammonia and chromatographed on

silica gel (mobile solvent: dichloromethane/methanol/ammonia: 10/10/1). The

" fractions that contain the product are combined and absorptively precipitated with 10 g



oxopentane-1,5-diyl- { 10-]

1,4,7-tris-(carboxynmethyl)-1,4,7,10-tetrazacycl ododecanyl] } )- amde is

di ssolved in 100 m of water and acidified By adding 3 nl of acetic acid.
3.7 g (10.4 mml) of gadoliniumoxide is added, and it is refluxed for 6
hours. After conplexing is conpleted, the pHis set at 7.4 wth amoni a and
chromat ographed on silica gel (nobile solvent:

di chl or onet hane/ met hanol / ammoni a: 10/ 10/ 1). The fractions that contain the
product are cowbimedharasr AFsHrplifomp)fop? beupiand fididredioffy thed itjisgbsorpiivalpn
exchanger (IR 267 Hform for 2 hours and filtered off. then it is
absorptively mpéggitgid aited0w dffior &cfader (IRA €X ORRRGRY) féd Rhowld, flldrddasfy) for 2
hours, filtered off, mxed with 2 g of activated carbon, heated for 2 hours

to 60C, fil terrgﬂe%{ngfwgof 5&%@? bk heatthigh :h%urégf%(fc’@l ARl JEGAMY O @

colorless soli ontent (Karl-Fischer efentary anal'ysi's
(relative to t(pe anhydrous substance): dd.: C 33-14 H 4.07 N 10.60 116.01
Gd 19.84 Fnd.%"®€ 33.51 H 4.14 N 10.53 115.98 Gd 19.76 Exanple 5 a)

Di benzyl oxi ranyl nmet hyl am ne 98. 6 (0.5 mol ) of dibenzylam ne and 55.5 ¢
(0.6 mol) of epichlGelghyldl gt ke ef thepyg of ¢ edlorlasssotidm  of net hanol and heat ed
for 6 hours to 80C. The solution is evaporated to the dry state and m xed
with 500 m of tertWhet estdnt (RaS@listheryrs.6% 36.4 g (0.65 nol) of potassium

hydroxide in 50 m of water is now added while being stirred, and it is
heated for 2 hoursglgngfgg;y a%%fﬁ{s (&%f&@&tkﬁ%mﬁ?&%éﬁfﬁ?ﬁﬁ@é}yr e, the potassium
Cld.: C33.34 H4.07 N10.60 116.01 Gd19.84

Fnd.: C33.51 H4.14 N10.53 11598 Gd19.76

Example §
a) Dibenzyloxiranylmethylamine

98.6 g (0.5 mol) of dibenzylamine and 55.5 g (0.6 mol) of epichlorohydrin are
dissolved in 500 ml of methanol and heated for 6 hours to 80°C. The solution is
evaporated to the dry state and mixed with 500 ml of ferf-butanol. A solution of 36.4 g
(0.65 mol) of potassium hydroxide in 50 ml of water is now added while being stirred,
and it is heated for 2 hours to 80°C. After cooling to room temperature, the potassium
chloride that is formed is filtered out, the filtrate is eyaporated to the dry state and
chromatographed on silica gel (mobile solvent: hexane/ethyl acetate 10 : 1). The
fractions that contain the product are combined and concentrated by evaporation.

Yield: 126 g (99% of theory) of a colorless oil

Elementary analysis:

Cld.: C80.60 H7.56 N5.53

Fnd.: C80.72 H7.59 NS5.5I



chloride that is formed is filtered out, the filtrate is evaporated to the
dry state and chromatographed on S|I|ca gel (nobi | e sol vent: hexane/ et hyl
acetate 10 : 1). The fractions that cont ai‘d t he product are conbi ned and
concentrated by evaporation. Yield: 126 g (99% of theory) of a colorless oi
El emrentary analysis: COd.: C80.60 H7.56 N5.53 Fnd.: C80.72 H7.59 N
5.51 45 D)

[1-(3-Di benzylanlno - hydroxypropyl }1, 4,7, 10- tetraazacyclododecane]

pent ahydr ochl i de (16 Th enzy BIITOr 2 e foxy BropK L 4T A tieitparasy phedpdrsansi] met hy !
acetal is added to 100 g (580.48 mmol) of 1,4,7, 1 O-tetraazacycl ododecane,
di ssol ved in 700 mipenhhydbeidoidde and it is heated for 2 hours to 120C under
nitrogen. In this case, a nethanol/toluene azeotrope is distilled off

continuously. Then,jobhg (7§27 hf?ﬁbl)"beN W @inie‘%hﬁfb%%ﬁcfeaélﬁgthwace?a‘{@@Qfd@& 'tcP” at
70C in a vacuum 157 g (620 mol benzyl oxi ranyl net hyl am ne 1's added,

Cemper atur o, 100 AR B0 ST 3680#9 %ﬁﬁi‘a‘%é%ciﬁoﬁﬁ%ﬁ%gipf»s@ i 0 o S tfero

m each of ethyl acetate. The aqueous phase is m xed with 250 m of
concentrat ed HaH itdpHeatedpr 2Hwardg 1287C wndanpitrageno IIBHE cae, o methanghdoluensd t o
the dry state, mxed with 200 mMl of ethanol and 200 ml of nethanol and

evapor at ed agaizéotiapetihéistied et adr@inudbsdy r Ehérgue resctiodinsisalry 8cdtontert@fedly of
et hanol whil e being heated, and then it is slowy cooled to 0OC, whereby a

whi te solid i g,erorsta dizaed uPh'Lacul'lHﬁ%@UdS’zd Sirdol) $tedi6hzPlokirayAs B aMihdis

et hanol and then dried at 50C in a vacl

added, and it is heated under nitrogen for 24 hours to 110°C. After cooling to room
temperature, it is mixed with 500 ml of water and extracted twice with 200 ml each of
ethyl acetate. The aqueous phase is mixed with 250 ml of concentrated HCI and then
heated for 12 hours to 80°C. It is évaporated to the dry state, mixed with 200 ml of
ethanol and 200 ml of methanol and evaporated again to the dry state. The residue is
dissolved in 600 ml of ethanol while being heated, and then it is slowly cooled to 0°C,
whereby a white solid is crystallized out. The solid is filtered off, washed with ethanol
and then dried at 50°C in a vacuum.

Yield: 280 g (79% of theory) of a colorless solid

Elementary analysis:

Cld.: C4939 H729 N11.52 Cl129.16 ,

Fnd.: C49.67 H7.44 N11.56 Cl128.22

c) 10-(3-Dibenzylamino-2-hydroxypropyl)-1,4,7-tris-(fert-butoxycarbonylmethyl)
1,4,7,10-tetraazacyclododecane
32% NaOH solution is added to 250 g (411.2 mmol) of [1-(3-dibenzylamino-2-

“hydroxypropyl}1,4,7,10-tetraazacyclododecane] pentahydrochloride, dissolved in



YieId: 280 g (79% of theory) of a colorless solid Elenmentary analysis:

Cd.: C49.39 H7.29 N11.52 d 29.16 Fnd.: C 49.67 H 7.44 N 11.56 C128. 22
c) 10- (3- Di benzyl am no- 2- hydr oxypr opyl } 6

1,4, 7-tris-(tert- but oxycar bonyl nethyl)- 1,4,7,10-tetraazacycl ododecane
3290aCH sol ution i s added to 250 g (411.2 mmol) of [1-(3-dibenzyl am no-2-
hydr oxypropyl }1, 4,7, 10-tetraazacycl ododecane] pentahydrochloride, dissolved
in 46 500 m of water and 500 m of dichloromethane, while being stirred

vi gorousl y untSPP md of syatestand 609 sl o dichisgomathanep Pihilaibeing litied vigormslyrutiéd, t he
aqueous phase is extracted three tines with 250 ml each of dichl oronet hane,
t he conbi ned eipahilcisplieias Hiecordiniedhan is sepgiaed| thnagudduapRaserisleavapdrthted
to the dry state. The residue is dissolved in 1200 mM of acetonitrile and

mxed W th 176nds giv1{h125g)71§1 ERhbf chhwéﬁ%hMMom%r ghasgsﬂ'ﬁ'e fridd 611: 275
nol ) of bronpacetic aci -tert-buty ester I's added mhl Ing stirred

I dit ted.fo | bI
fifrered out - mentsinayiBRs sEeErhs B JTr o TGS F STt SOV agR A0 bA
silica gel (nnblle solvent di chl or onet hane/ net hanol 20 : 1). The fractions
that contain ohacgierstileandmixedonth hid2 géha%m@&)e}ftpmﬁ@amtgar@mﬁsoﬂélﬁn,on

Yield: 262 g (83% of theory) of a colorless solid Elenentary anal ysis:
Cd.: C 67.252489.08 .2N5%mAd12 of bioechoacdticlid3BrAbuldylQ2telNishdiibd while being stirred

vigorously, and it is heated for 3 hours to 60°C. Insoluble components are filtered out, it
is evaporated to the dry state and chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20 : 1). The fractions that contain the product are combined
and concentrated by evaporation.

Yield: 262 g (83% of theory) of a colorless solid

Elementary analysis:

Cld.: C67.25 H9.05 NO.12

Fnd.: C6733 H9.02 N9.15

d) 10-(3-Amino-2-hydroxypropyl)1,4,7-tris-(fert-butoxycarbonylmethyl}acyclo-
dodecane
76.8 g (100 mmol) of 10-(3—dibenzylamino-2’-hydroxypropyl)—1,4,7-tris-(z‘err-
butoxycarbonylmethyl)-1,4,7,10-tetraazacyclododecane is dissolved in 500 ml of
methanol, mixed with 40 ml of water, and 10 g of palladium catalyst (20% Pd/C) is
added. It is hydrogenated for 8 hours at 50°C under normal pressure. Catalyst is filtered
out, and the filtrate is evaporated to the dry state in a vacuum.

Yield: 58.5 g (quantitative) of a colorless powder



d)

10- ( 3- Am no- 2- hydr oxypropyl }1,4, 7-tris-(tert-butoxycarbonyl net hyl)-acycl o-
dodecane 76.8 g (100 nmol) of 47

10- ( 3- di benzyl am no- 2- hydroxypropyl }1,4,7-tris-(tert-

but oxycar bonyl net hyl }1, 4,7, 10-tetraazacycl ododecane is di ssolved in 500 m

of methanol, mxed with 40 ml of water, and 10 g of pall adium catal yst (20%
Pd/C) is added. It is hydrogenated for 8 hours at 50C under nor nal

pressure. Catal yst Hlsménthtyermalysisout, and the filtrate is evaporated to the
dry state in a vacuum Yield: 58.5 g (quantitative) of a colorless powder 47

El ementary anal ysi s¢1gQ e 5946 999260 H; 9167 N 11.91 Fnd.: C 59.48 H 9.86 N
11. 67 e) 1,3,5-Triiog6tHln£§c aéid-N,N,L—tris-(2-hydroxypropane-1,3-diyI-{

10-[1,4,7- tris-(tert-butp onyl 1)-1,4,7,10-tetraazacycl ododecanyl ]
})amide 12.2 g (12?%ﬁa%¥§f£{itbe§%ﬁﬁﬁ%ﬁe and then 38.8 g (66 mmol) of

10- (3-am no-2- hydroxypropyl)-1,4,7-tris-(tert-butoxycarbonyl nethyl)-1,
1,4,7,1 O-tetraazacycl ododeca are added to 12.86 g (20 nmol) of
1,3,5-triiodotrinesic acid Iris chloride (DE 3001292, Schering AG

priority: 1/114)1980),3,5dirisd@dtMedsic acidd) MWV-t0d-(2-Bf drakpilosiner 1831 diyan ﬁ)-; L47s
stirred for 6 hours at roomtenperature. Insoluble conponents are filtered

CULbi 1L L) SRS Syt i 0 SLOmASUISRIEL o Bhae 0o
contai n the productare canbl ned  and iconcent gl e by & BRNF s amhd.
hydroxypropyl})-1,4,7-tris-(fert-butoxycarbonylmethyl)-1,4,7,10-tetraazacyclododecane
are added to 12.86 g (20 mmol) of 1,3,5-triiodotrimesic acid tris chloride (DE 3001292,
Schering AG, priority: 1/11/1980), dissolved in 400 ml of tetrahydrofiiran, and it is
stirred for 6 hours at room temperature. Insoluble components are filtered out, it is
evaporated to the dry state, and chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20 : 1). The fractions that contain the product are combined
and concentrated by evaporation.
Yield: 32.7 g (71% of theory) of a colorless solid
Elementary analysis:
Cld.: C50.19 H7.37 N9.15 116.57

Fnd.: C5033 H740 NO9.11 11643

) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(2-hydroxypropane-1,3-diyl-{10-[1,4,7-
tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl}} )amide
34.5 g (15 mmol) of 1,3,5-triiodotrimesic acid-N, N, N-tris-(2-hydroxypropane-
1,3-diyl-{10-[1 ,4,7—tris—(tert-butoxycarbonylmethy1)— 1,4,7,10-tetraazacyclo-

" dodecanyl}})amide is dissolved in 100 ml of dichloromethane, mixed at 0°C with 100 ml



El ementary analysis: dd.: C50.19 H7.37 N 9.15 116.57 Fnd.: C 50.33 H
7.40 N 9.11 116.43 f) 1,3,5-Triiodotrinesic

acid-N, N, N-tris-(2-hydroxypropane-1,3-diyl #f 10-[1, 4, 7-
tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl] })amde 34.5 g (15
mml ) of 1,3,5-triiodotrinmesic acid-N NN-tris-(2-hydroxypropane- 1, 3-diyl-{
10-[1,4,7-tris-(tert-butoxycarbonyl nethyl)-1,4,7,10-tetraazacycl o-
dodecanyl]})am de is dissolved in 100 m of dichloronethane, mxed at 0C
with 100 m 48f trffuoredctliciand avestirceddor 8 hawd as07¢.r €bk baseh 3 pooredsntat500@ni ofhe
batch is poured into 500 M of diethyl ether; the solid that accunulates is

filtered off, dietiwashed thbsaRl thitwsumilates 1001tertd ofaeivasieddi@t iydes &litherooand
dried in a vacuum Yield: 25.3 g (94% of theory) of a colorless solid

El ementary an 1S4 ; 27 N 11.72 121.24 Fnd.: C40.44 H5.49
NL1.67 121. 11@%%{‘%1@:%?@% ? fif?;aﬁ? Plgcr}r{e{% gaCﬂQm'

acid-N,NN-tris-(2- rLOXYRr o -1,3-diyl-{ 10-[1, 4 7-
tris-(carboxylaton3¥ﬂ’1?gfﬁ@&%gﬁ@hngygééﬁé§@%§g3@%%anyI]}, Gd conpl ex) ani de
21.5 g (12 mol ) of 1,3,5-triiodotrinmesic acid-N N N-tris-(2-hydroxypropane
1, 3-diyl -{10-[ 1, 4, Elaméndary @azlgoisynet hyl ) - 1, 4, 7, 10-t et r aazacycl ododecanyl ] }) a
mde is dissolved in 250 m of water and acidified by adding 5 ml of acetic

acid. 13 g (36.2 wm!)Cah.2gadpbi4ni WM oXl de2i. 34 added and refluxed for 3
hours. After conmplexing is conpleted, the pHis set at 7.4 with amoni a and

chromat ogr aphed ongsjli gay098] {3201 he11.67 121.11

g) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(2-hydroxypropane-1,3-diyl-{10-[1,4,7-

tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl]}, Gd complex)amide

21.5 g (12 mmol) of 1,3,5-triiodotrimesic acid-N, N, N-tris-(2-hydroxypropane-
1,3-diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} )amide is
dissolved in 250 ml of water and acidified by adding 5 ml of acetic acid. 13 g (36.2
mmol) of gadolinium oxide is added and refluxed for 3 hours. After complexing is
completed, the pH is set at 7.4 with ammonia and chromatographed on silica gel (mobile
solvent: dichloromethane/methanol/ammonia: 20/20/1). The fractions that contain the
product are combined and absorptively precipitated with 10 g of ion exchanger (IR 267
H-form) for 2 hours and filtered off, then absorptivelly precipitated with 10 g of 1on
exchanger (IRA 67 OH-form) for 2 hours, filtered off, mixed with 2 g of activated
carbon, heated for 2 hours to 60°C, filtered off and freeze-dried.

Yield: 19.4 g (68% of theory) of a colorless solid

Water content (Karl-Fischer): 5.3%



sol vent: di chl or onet hane/ net hanol / ammoni a: 20/ 20/ 1). The fractions that
contain the product are conbi ned and absorgtl vely precipitated with 10 g of
i on exchanger (IR 267 Hforn) for 2 hours“and filtered off, then
absorptively precipitated with 10 g of ion exchanger (IRA 67 OHform for 2
hours, filtered off, mxed with 2 g of activated carbon, heated for 2 hours
to 60C, filtered off and freeze-dried. Yield: 19.4 g (68% of theory) of a
colorless solid Water content (Karl-Fischer): 5.3%49 Elenentary anal ysis
(relative to anhy dEbamsenéarh soalrigerelativs th, anhgrious eebstange)s9 N 932 116. 88 Gd
20.92 Fnd.: C 32.11 H 3.94 N 9.28 116.77 Gd 20.79 Exanple 6 a)

1- Benzyl -1 - met hyl ( axd.r apyl pet By s BaniNe3B0I 66.88 (Gd30%0l ) of benzyl met hyl am ne
and 55.5 g (0.6 m)l) of epichlorohydrin are dissolved in 500 mM of nethanol

and heated for heyss £3,80CHThe Wéggl Pghs cAVWARR ated to the dry state
and m xed with 500 n? ?tert utano A solution of 36.4 g (0.65 nol) of

pot assi um hydroxide in 50 mM of water is now added while being stirred, and
it is heated for 2 hours to 80C. After cooling to roomtenperature,
potassium chloride that has fornmed is filtered out, the filtrate is
evaporated tolxample ¢ state and chromatographed on silica gel (nobile

sol vent: hexane/ethyl acetate 10 : 1). The fractions that contain the

product are cayhiBadybnnabylgaidanahethydpymmeapor ation. Yiel d: 85 g (96% of
theory) of a colorless oil El enentary analysis:
60.6 g (0.5 mol) of benzylmethylamine and 55.5 g (0.6 mol) of epichlorohydrin
are dissolved in 500 ml of methanol and heated for 6 hours to 80°C. The solution is
evaporated to the dry state and mixed with 500 ml of fert-butanol. A solution of 36.4 g
(0.65 mol) of potassium hydroxide in 50 ml of water is now added while being stirred,
and it is heated for 2 hours to 80°C. After cooling to room temperature, potassium
chloride that has formed is filtered out, the filtrate is evaporated to the dry state and
chromatographed on silica gel (mobile solvent: hexane/ethyl acetate 10: 1). The
fractions that contain the product are combined and concentrated by evaporation.
Yield: 85 g (96% of theory) of a colorless oil
Elementary analysis:

Cld.: C74.54 H853 N7.90

Fnd.: C74.68 H8.55 N7.82

b) [1-(3-Benzylmethylamino-2-hydroxypropyl)1,4,7,10-tetraazacyclododecane]
pentahydrochloride
100 ml (752.77 mmol) of N, N-dimethylformamide dimethy] acetal is added to
100 g (580.48 mmol) of 1,4,7,10-tetraazacyclododecane, dissolved in 700 ml of toluene,

-and it is heated for 2 hours to 120°C under nitrogen. In this case, a methanol/toluene



Cd.: C74.54 H8.53 N7.90 Fnd.: C74.68 H8.55 N7.82 h) |
1- (3-Benzyl net hyl am no- 2- hydr oxypropyl)-1,4,7,10-tetraazacycl ododecane]
pent ahydrochl ori de 100 ml (752.77 mml) of 3RAN-di met hyl f or nami de di et hyl
acetal is added to 100 g (580.48 nmol) of 1,4,7,10-tetraazacycl ododecane,
di ssolved in 700 m of toluene, and it is heated for 2 hours to 120C under
nitrogen. In this case, a nethanol/toluene 50 azeotrope is continuously
distilled off. Then, the reaction mxture is concentrated by evaporation at
70C i n a vacu@agotope igequergoystsodiptilisd off. hEeny the|reaotion myik{uox isrcangdntratedyoly) ani ne
is added, and it is heated under nitrogen for 24 hours to 110C. After
cooling to roeRupRaRer At70f€ in & Yaduam)ll Xed (§10 MO MMlbakywat er and  extract ed
twice with 200 mMl each of ethyl acetate. The aqueous phase is m xed with 250
m of concentr ; : [ rat ed
to the dry stngéttg}?l(dn%gf ggﬁ\%ﬂjtiwlgée%agg?i g‘?%%ﬁsoﬁq&%jﬁgbﬁ%%%}i Forrrgtﬁ rlllgﬁlgﬁgand
agai n evaporated to,the dry state, The residue is dissalved. in 60Q m of
et hanol while lﬁgi@g%ﬁ‘f@ Pgé%EP%Téﬁlﬂefat‘i“& 115 1BRe Wd@oﬁ)gdnlt‘gf‘ﬁ@r ereby a
white solid crystallizes out. The solid is filtered off, washed with
et hanol and t sahaded pricawit@00 i eachyelcaibirhacetitel dhe 2@8:oys pdwoivmitadevitlyISbf a
colorless solid Elenentary analysis: dd.: C42.91 H7.58 N 13.17 d 33.33
Fnd.: C 4334 hhl/ofGOnddnirdied Y and tHeh Hehted for 12 hours to 80°C. It is evaporated to the dry
10- ( 3- Benzyl net hyl am no- 2- hydroxypropyl } 1,4, 7-tris-(tert-

state, mixed with 200 ml of ethanol and 200 ml of methanol and again evaporated to the

dry state. The residue is dissolved in 600 ml of ethanol while being heated, and then it is
slowly cooled to 0°C, whereby a white solid crystallizes out. The solid is filtered off,
washed with ethanol and then dried at 50°C in a vacuum.

Yield: 235 g (76% of theory) of a colorless solid

Elementary analysis:

Cld.: C4291 H7.58 N13.17 Cl133.33

Fnd.: C43.34 H7.60 N13.29 Cl32.78

c) 10-(3-Benzylmethylamino-2-hydroxypropyl)-1,4,7-tris-(tert-

butoxycarbonylmethyl)-1,4,7,10-tetraazacyclododecane

32% NaOH solution is added to 212.7 g (400 mmol) of [1-(3-
benzylmethylamino-2-hydroxypropyl)1,4,7,10-tetraazacyclododecane]
pentahydrochloride, dissolved in 500 ml of water and 500 ml of dichloromethane, while
being stirred vigorously until a pH of 10 is reached. The organic phase is separated, the
aqueous phase is extracted three times with 250 ml each of dichloromethane, the
combined organic phases are dried on magnesium sulfate and evaporated to the dry state.

- The residue is dissolved in 1200 ml of acetonitrile and mixed with 176.2 g (1.275 mol)



but oxycar bonyl net hyl )-1,4,7,10-tetraazacycl ododecane 32% NaOH solution is
added to 212.7 g (400 mml) of [1-(3

benzyl met hyl am no- 2- hydr oxypropyl)-1, 4, 7, 10t et raazacycl ododecane]

pent ahydr ochl ori de, dissolved in 500 m of water and 500 m of

di chl oronet hane, while being stirred vigorously until a pHof 10 is
reached. The organi c phase is separated, the aqueous phase is extracted
three tines with 250 nl each of dichloromethane, the conbined organic
phases are dridgotassimagiaezinate Sliiehal4d. hg . X apol) atf brbreact ieadd-yersbatlybesterThe
residue is dissolved in 1200 ml of acetonitrile and mxed with 176.2 g

(1.275 nol ) 51s a@edpRhidsisdingtirddbapabesly, e is Rddted 1@ (Houdy® 41PL) 1@fluble
bronoacetic acid-tert-butyl ester "is added whil e bei ng stirred vigorously,

and it is heat 64 onen f|| dout,
i(t |b sI evaplor at tegliog&itﬁ a@&ﬂ’ie}?j Q%thgedéggr%reg?réﬁl og&gqﬁhdgﬁiaﬂ?@g t tpilgﬁfg

nobi | e sol ven [ or.onet hane hang e fractions a
contain the pﬁ’M IB?lé‘ he@l %ﬁ’ﬁ?@gﬁ‘?g 19d 28y | Evg?foﬁ%tﬁoﬁﬁthatﬁ@}t%}n
219 g (79% of theory) of a colorl ess solid Elenentary analysis: dd.

64. 23 H 9. 47 Nhd proidct #FadombiBed 4nB8ordedr B By dGrpOtich.
10- ( 3- Met hyl am no- 2- hydr oxypropyl }1, 4, 7-tri s-(tent-but oxycar bonyl net hyl ) -

1, 4,7, 10- t et r aazacygieRH ot@CATOYHEE tBedty| 00y sOlfd
10- ( 3- benzyl net hyl am no- 2- hydr oxypropyl }1,4, 7-tri s-

(tert-butoxycarbon 7, 10- tetraazacyclododecane is dissolved in
500 M of net hanoﬁlgﬁ%ﬁéé)aﬁ %’1540 m of water, and 10 g of pall adi um

0,
catalyst (20%Pd/ Q1S 2 wou7 N10.12

Fnd.: C64.38 H9.50 N 10.07

d) 10-(3-Methylamino-2-hydroxypropyl)-1,4,7-tris-(tert-butoxycarbonylmethyl)

1,4,7,10-tetraazacyclododecane

69.2 g (100 mmol) of 10-(3-benzylmethylamino-2-hydroxypropyl)-1,4,7-tris-
(tert-butoxycarbonylmethyl)-1,4,7,10-tetraazacyclododecane is dissolved in 500 ml of
methanol, mixed with 40 ml of water, and 10 g of palladium catalyst (20% Pd/C) is
added. It is hydrogenated for 8 hours at 50°C under normal pressure. Catalyst is filtered
out, and the filtrate is evaporated to the dry state in a vacuum.

Yield: 60 g (quantitative) of a colorless powder

Elementary analysis:

Cld.: C59.67 H9.88 N 11.64

Fnd.: C59.80 H9.81 N11.52



added. It is hydrogenated for 8 hours at 50C under normal pressure. Catal yst
is filtered out, and the filtrate is evaporated to the dry state in a
vacuum Yield: 60 g (quantitative) of a coldrless powder Elenentary
analysis: Cd.: C59.67 H9.88 N11.64 Fnd.: C59.89 H9.81 N 11.52 52 ¢e)
1,3,5-Triiodotrinesic acid-NNN-tris-(2-hydroxypropane-1,3-diyl-{ 10-[1,4,7
tris-(tert-butoxycarbonylnethyl} 1,4,7, 1
O-tetraazacycl ododecanyl ]})nethylam de 12.2 g (120 mml) of triethyl am ne
and then 39.7¢ey (66, nfdkodvtrirhesi¢ 3eid-N, N, N-tris-(2-hydroxypropane-1,3-diyl-{10-[1,4,7-

met hyl am no- 2- hydr oxypropyl )-1,4,7-tris-(tert-butoxycarbonyl nmethyl)-1,4,7,10

- tetraazacycl ododeﬁ@n@rf%ﬁ;x@eﬁgslnﬂﬁle&ggﬁ%g,102&5@2@& tlo@bdecanyl]})methylamide
1,3,5-triiodotrinmesic acid tris chloride (DE 300129%, Schering "AG

Stirred for 18 noure’d UPBomEnspbidtrEeRhe sleBabe Y BnnbkDRrPa0e 111 Ter oo
out,.it is evaporated to the dry state and chromat ographed on silica gel
(nobi | e sol vertethypaHioo-BRECKEREP AL Hehnbis-(2-butexy carypay imetbxl)-dds/. that

contain the product are conbined and concentrated by evaporation. Yield:
31.4 g (67% oftettdaemyylododecancak addeiste 1@ 6i gd(20haok nf a3ys5-afiadotaimesic Gtid.tiis C
50.83 H7.50 N 8.98 116.41 End.: C50.99 H7.5, N8.90 | 16.22 f)

1,3, 5-Tri i odotdhigime i BEaG0 d2dINSbhdrHeSa & Zsrtbi iy oY 1 9RB NG sdoladh Mbo fn1 18- [ 1, 4, 7-
tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl’] })nethyl am de
tetrahydrofuran, and it is stirred for 18 hours at room temperature. Insoluble
components are filtered out, it is evaporated to the dry state and chromatographed on
silica gel (mobile solvent: dichloromethane/methanol 20 : 1). The fractions that contain
the product are combined and concentrated by evaporation.
Yield: 31.4 g (67% of theory) of a colorless solid
Elementary analysis:

Cld.: C50.83 H7.50 N898 116.41

Fnd.: C50.99 H7.57 N890 116.22

) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(2-hydroxypropane-1,3-diyl-{10-[1,4,7-

tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} )methylamide

35.1 g (15 mmol) of 1,3,5-triiodotrimesic aci,d-N,N,N—tris-(2-hydroxypropane—
1,3-diyl-{10-[1,4,7-tris-(fert-butoxycarbonylmethyl)}1,4,7,1 0-tetraazacyclododecanyl]} )-
methylamide is dissolved in 100 ml of dichloromethane, mixed at 0°C with 100 ml of
trifluoroacetic acid and stirred for 3 hours at 0°C. The batch is poured into 500 ml of
diethyl ether; the solid that accumulates is filtered off, it is rewashed three times with
100 ml each of diethyl ether and dried in a vacuum.

Yield: 26.4 g (96% of theory) of a colorless solid



35.1 g (15 mol ) of 1,3,5-triiodotrinesic acid-N N, N-tris-(2-hydroxypropane-
1,3-diyl-{ 10-[1,4,7-tris-(tert-butoxycarbonyl net hyl }

1,4,7,10-tetraazacycl ododecanyl] })- nethyldnide is dissolved in 100 m of
di chl oronet hane, mxed at OCwith 100 ml of trifluoroacetic acid and
stirred for 3 hours at OC. The batch is poured into 500 ml of diethyl
ether; the solid that accunulates is filtered off, it is rewashed three
times with 100 ml each of diethyl ether and dried in a vacuum Yield: 26.4
g (96% of theory) dlememtatyomiabss: solid 53 Elenentary analysis: dd.: C
40.25 H5.60 N 11.45 120.75 Fnd.: C 40.17 H5.69 N 11.51 120.58 Q)

1,3,5-Triiodotrinmesig.-aei4r2 N1N-dor ing1(.45hydg oxypropane-|, 3-di yl -{
10-[1,4,7- tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecanyl] }, &d

conpl ex) net hyl am'I_dnglr:Z% QO.HZHE@:@ ?')N?Iljéél-i ?ﬁ_—shri i odot ri nmesi c

aci d-NN, N-tris-(2-hydi'oxypropan
10-[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl]}) net hyl am de
is dissolved in 250 mM of water and acidified by adding 5 m of acetic
acid. 13 g (36.2 nmol) of gadoliniumoxide is added, and it is refluxed for
3 hours. Afterg)conmpl,2fiTrgodsrimesinptidtéd, Ntime(2pky drexygpedpaat-13-diywi t 0+ Baffoni a
and chromat ographed on silica gel (nobile solvent:

di chl or omet hane/ mttﬂ@-’(‘&%@m&h&hyg—lq/,@ﬂ’i@-}etralfh‘?:gft:l%é@&éc%ﬂ?gg GRtcosHM:gi N the

product are conbi ned and absorptively precipitated wth g of ion
exchanger (IR 267 HétL?lr def or 2 hours and filtered off, then absorptively
precipitated with fBgS ion exchanger (IRA 67 OHform for 2 hours,

filtered off, mxed with 2 g of activated . ) )
22 g (12 mmol) of 1,3,5-triiodotrimesic acid-N, N, N-tris-(2-hydroxypropane-1,3-

diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} )ymethylamide is
dissolved in 250 ml of water and acidified by adding 5 ml of acetic acid. 13 g (36.2
mmol) of gadolinium oxide is added, and it is refluxed for 3 hours. After complexing is
completed, the pH is set at 7.4 with ammonia and chromatographed on silica gel (mobile
solvent: dichloromethane/methanol/ammonia: 20/20/1). The fractions that contain the
product are combined and absorptively precipitated with 10 g of ion exchanger (IR 267
H-form) for 2 hours and filtered off, then absorptively precipitated with 10 g of ion
exchanger (IRA 67 OH-form) for 2 hours, filtered off, mixed with 2 g of activated
carbon, heated for 2 hours to 60°C, filtered off and freeze-dried.

Yield: 18.2 g (62% of theory) of a colorless §olid

Water content (Karl-Fischer): 6.1%

Elementary analysis (relative to the anhydrous substance):

Cld.: C32.94 H4.08 NO9.15 116.57 Gd20.54

Fnd.: C3321 H4.13 N9.10 11643 Gd20.22



carbon, heated for 2 hours to 60C, filtered off and freeze-dried. Yield:
18.2 g (62% of theory) of a colorless solid Wter content (Karl-Fischer):
6.1 %El enentary analysis (relative to the 4nhydrous substance): dd.: C
32.94 H4.08 N 9.15 116.57 Gd 20.54 Fnd.: C 33.21 H4.13 N 9.10 116.43 &d
20.22 54 Exanple 7 a)

1,3,5-Triiodo-2,4,6-tris-(oxiranyl met hoxynet hyl)benzene 55 m of a 32% NaCOH
solution is added in drops at roomtenperature to a mxture that consists
of 11.0 g (20.Hxample)7 of 1,3,5-triiodo-2,4,6- trishydroxynethylbenzene, 55.5
g (0.6 nmol) of epichlorohydrin and 1.1 g (3.2 mmol) of tetrabutyl anmoni um

hydrogen sul f gfje m@smﬁomgms@@ctoilhﬁmméthb@rﬁéthm&qzé&r 12 hours. It is
m xed with 150'm of water and extracted twi ce w th 200 each of tol uene.

The conbi ned or gan C?C p&aas A)‘Ng)}fi#l&tgo ag&)%hggr%télf ngtetngpe orlr%gglt eIS

evaporated to the ry Stat e’ an roma
sol vent: hexane/ et hgh acetate 10 : %dj ractions that contain the
product are combfHedahRensitheleHt? a(¥hl B‘}n‘)lbﬁ’/%béééfli%iﬁ 2 ‘Vi6el d: 10.5 g (73% of
theory) of a colorless solid Elenentary analysis: dd.: C 30.28 H 2.96
153. 32 Fnd.: tGsi8@redntdtiRy1Bhzane3 52D gop.6 mol) of epichlorohydrin and 1.1 g (3.2 mmol) of
1,3,5-Triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7,10-tetraazacycl ododecan-| -
tetrabutylammonium hydrogen sulfate within 1 hour, and then it is stirred for 12 hours.
It is mixed with 150 ml of water and extracted twice with 200 ml each of toluene. The
combined organic phases are dried on sodium sulfate, the solvent is evaporated to the
dry state and chromatographed on silica gel (mobile solvent: hexane/ethyl acetate
10 : 1). The fractions that contain the product are combined and concentrated by
evaporation.
Yield: 10.5 g (73% of theory) of a colorless solid
Elementary analysis:

Cld.: C30.28 H2.96 153.32

Fnd.: C30.44 H299 15321

b) 1,3,5-Triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7,10-tetraazacyclododecan-1-
yl)propyloxy-methyl]}benzene
10 ml (75.28 mmol) of N,N-dimethylformamide dimethyl acetal is added to 10 g
(58.05 mmol) of 1,4,7,10-tetraazacyclododecane, dissolved in 100 ml of toluene, and it
is heated for 2 hours to 120°C under nitrogen. In this case, a methanol/toluene azeotrope
is distilled off continuously. Then, the reaction mixture is concentrated by evaporation
at 70°C in a vacuum, 13.6 g (19.1 mmol) of 1,3,5-triiodo-2,4,6-tris-

- (oxiranylmethoxymethyl)benzene is added, and it is heated under nitrogen for 24 hours



yl ) propyl oxy-nmethyl] }benzene 10 ml (75.28 nmmol) of N, N-di net hyl f or mam de

di net hyl acetal is added to 10 g (58.05 mmol) of

1,4,7,10-tetraazacycl ododecane, dissolved i3 100 nl of toluene, and it is
heated for 2 hours to 120C under nitrogen. In this case, a nethanol/tol uene
azeotrope 1is distilled off continuously. Then, the reaction mxture is
concentrated by evaporation at 70C in a vacuum 13.6 g (19.1 mmol) of
1,3,5-triiodo-2,4,6-tris (oxiranyl methoxymet hyl)benzene is added, and it is
heat ed under nbtinoyenAfier codfingaufodnbempeanikd AGs riike withAQDInfiH X HOD AR
tenperature, it is mxed with 100 m of 2N HCO and then heated for 12 hours

to 80C. It is gy Hé%tegltﬁfjli BolrB% 869C. St ?steg SPatt8 % Welddy égte%n&fd witth %&?bfand

50 m of nethano evaporated to the state agail n s i due |

di ssolved in 1 a ol .whi.l e being h d, and t hen cooled to
0C. winer eby &Rt exb3 PUSE R Lt aRg 85 tede G o it ESIF: TharlivgeT
washed wi th et hanol and then dried at 50C in a vacuum The solid is

di ssol ved i n 1dgokieddn 10méef ethand gdileibeing heatied andrtheret ralyecookaddo 8206 NaOH
solution is added while being stirred vigorously until a pHof 10 is

reached: The owlgaethyca phassolidscrgepilivat@d, Théeolrioy e dpiifsashe veixi saictdnd
three tinmes with 100 m each of dichl oronethane, the conbi ned organic

phases are dr lt%@? dftt%gse% g%atatﬁ af £ pé lseeﬁeswegtlﬁ%t altota%vatttxnéteé Bl of

Yield: 19.0 g t heory a co ess sol | enentary anal ysi s:
5 5. Tri | odo-JotarcEE Baag SRO ol ion iaddE S Gi g iepraish il
pH of 10 1s reached: The organic phase is separated, the aqueous phase is extracted three
times with 100 ml each of dichloromethane, the combined organic phases are dried on
magnesium sulfate and evaporated to the dry state.
Yield: 19.0 g (81% of theory) of a colorless solid
Elementary analysis:
Cld.: C40.98 H6.63 N13.66 130.93

Fnd.: C4132 H6.71 N13.54 130.77

c) 1,3,5-Triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7-triscarboxymethyl-1,4,7,10-

tetraazacyclododecan-1-yl)propyloxymethyl]} benzene

16.6 g (13.5 mmol) of l,3,5-triiodo-{2,4,6-trts[2-hydroxy-3-(1,4,7,10-
tetraazacyclododecan-1-yl)propyloxy-methyl]} benzene is dissolved in 75 ml of water,
19.5 g (206.5 mmol) of chloroacetic acid is added, and a pH of 9.5 is set at 60°C with
32% NaOH. It is heated for 10 hours to 70°C, whereby the pH of the reaction mixture is
continuously readjusted to 9.5. After cooling to room temperature, a pH of 1 is set with
concentrated HCI, and the solution is concentrated by evaporation in a vacuum. The

“ residue is absorptively precipitated with 250 ml of methanol, insoluble components are



tetraazacycl ododecan- | -yl ) propyl oxynet hyl ]} benzene 16.6 g (13.5 mmol) of
1,3,5-triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7,10

t et raazacycl ododecan- 1-yl ) propyl oxy- net hyl ] benzene is dissolved in 75 n
of water, 19.5 g (206.5 nmol) of chloroacetic acid is added, and a pH of
9.5 is set at 60Cwith 32% NaCOH It is heated for 10 hours to 70C, whereby
the pH of the reaction mxture is continuously readjusted to 9.5. After
cooling to roomtenperature, a pHof 1 is set with concentrated HCl, and

t he sol uti on ifgtecashosdndahe dlthye s\apanabicd by iemaporatau Uhe réddidue is dissolved irs
absorptively precipitated with 250 m of nethanol, insoluble conponents are

56 filtered quhmladfdvdtéreantiailiéPdotniion-eMaRHH sdiBH (600 BYARANE HQbrmh N hen,
residue is dissolved in 100 m of water and added to an ion-exchange colum

(600 M, IR 120, f or T [ty 4 with 2 f.wat er. .and-the
acidic eluate 1?155 V‘(’:Fiog?‘1‘?’:‘1((;‘?{@1 gtlé)z%{%/er’e%/ngﬁ%e?%ét{\?%%ﬁl 8 00?058%%1%% bygv%ﬁoga%)lni/e “in
70 M of methanagl and_ added.in drops in 900 m_ _of diethyl ether; the solid
that accunul at'e¥dieisdisselved /) ml eﬁ@ﬁhéwé&néfa@@edﬂ@méa 90@ yd pariethyrghesi ¢ h
di ethyl ether and dried in a vacuum Yield: 14.4 g (61 % of theory) of a
col orl ess sol ithe sdidethetracanmulatrealy tiscas€iscuctiaéd .off] rd¥gasBd Meddtib2d with Fnd. :
C41.34 H5.56 N 9.62 121.45 d)

1, 3,5-Trii odo-didhdl, hdrlahd HAedWd Cacvus: (1, 4, 7-tri scarboxyl atomet hyl -1, 4, 7, 10-
tetraazacycl ododecan-| -yl ) propyl oxynet hyl] Gd conpl ex} benzene 12.1 g (6.9

mmol) of 1,3,5-trili -{ 2, 51 - OXY-.3e , 7-
tri scarboxynet hyl - 1391%%7{1%6%@? ﬁa%fi[{éé‘/—@yog(&o%éé%ﬁg gqlfé yl ) propyl oxynet hyl ] }
benzene is i

Elementary analysis:

Cld.: C41.11 H5.69 N959 121.71

Fnd.: C4134 HS5.56 N9.62 12145

d) 1,3,5-Triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7-triscarboxylatomethyl-1,4,7,10-

tetraazacyclododecan-1-yl)propyloxymethyl] Gd complex}benzene

12.1 g (6.9 mmol) of 1,3,5-triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7-
triscarboxymethyl-1,4,7,10-tetraazacyclododecan-1-yl)propyloxymethyl]} benzene is
dissolved in 100 ml of water and acidified by adding 3 ml of acetic acid. 3.7 g (10.4
mmol) of gadolinium oxide is added, and it is refluxed for 6 hours. After complexing is
completed, the pH is set at 7.4 with ammonia, and it is chromatographed on silica gel
(mobile solvent: dichloromethane/methanol/ammonia: 10/10/1). The fractions that
contain the product are combined and absorptively precipitated with 10 g of ion
exchanger (IR 267 H-form) for 2 hours and filtered off, then absorptively precipitated
with 10 g of ion exchanger (IRA 67 OH-form) for 2 hours, filtered off, mixed with 2 g of
activated carbon, heated for 2 hours to 60°C, filtered off and freeze-dried.

Yield: 7.0 g (43% of theory) of a colorless solid



di ssolved in 100 mM of water and acidified by adding 3 ml of acetic acid.
3.7 g (10.4 mol) of gadoliniumoxide is added, and it is refluxed for 6
hours. After conplexing is conpleted, the3pH is set at 7.4 with ammoni a,
and it is chromatographed on silica gel (nobile solvent:

di chl or onet hane/ net hanol / ammoni a: 10/ 10/ 1). The fractions that contain the
product are conbi ned and absorptively precipitated with 10 g of ion
exchanger (IR 267 Hfornm) for 2 hours and filtered off, then absorptively
precipitated w th Wegcatent Rark¥caherger 4%l RA 67 OH-form for 2 hours,
filtered off, mxed with 2 g of activated carbon, heated for 2 hours to

60C, filtered off qdhidi&9Z8al éih?félaﬁ%%ﬂtb aKhyCthus(ﬁ%g{OaQJel):t heory) of a

colorless solid 57 Wter "con (Karl -Fischer): 5.4% Elenmentary anal ysi s

(relative to the a dr gu, u ce)- 1o C . H4.09 N7.59 117.18
o0 58 End. + e a3e’ B2 P IRHBIES 159 PE 14 5% Exanpl e 8 a)

10-[ 4- Aza- 6- (benzyl oxycar bonyl am no) - 5- oxo- 2- hydr oxyhexyl ]1-1,4, 7-tris-(tert-
but oxycar bonyl net hyiny: 1,C43,27§%dif‘e1t9r %Zé@yéllz)@@dg@a?r%% 21.97 g (105 nmmol) of
Z-glycine is dissolved in 400 M of DW, mxed with 12.1 g (105 mmol)

of N- hydr oxysucci nimide and 21.7 g (105 nmol ) of dicycl ohexyl carbodii m de
whi |l e being cooled with ice and preactivated for 1 hour in ice. Then, 58.8
g (100 mmol) qfxaq,pplég- am no- 2- hydroxypropyl }1,4,7-tris-(tert-

but oxycar bonyl net hyl }1, 4,7, 10-tetraazacycl ododecane and 15.4 m (120 nmol)

of tri et hyl anyne qug,added and, i3t Lhed OYSHAI AL, 3, LOUTLESHPER 3L Sror.

“butoxycarbonylmethyl)-1,4,7,10-tetraazacyclododecane

21.97 g (105 mmol) of Z-glycine is dissolved in 400 ml of DMF, mixed with
12.1 g (105 mmol) of N-hydroxysuccinimide and 21.7 g (105 mmol) of
dicyclohexylcarbodiimide while being cooled with ice and preactivated for 1 hour in
ice. Then, 58.8 g (100 mmol) of 10-(3-amino-2-hydroxypropyl)}1,4,7-tris-(tert-
butoxycarbonylmethyl)-1,4,7,10-tetraazacyclododecane and 15.4 ml (120 mmol) of
triethylamine are added and stirred overnight at room temperature. Insoluble
components are filtered out and evaporated to the dry state. The residue is taken up in
500 ml of ethyl acetate and extracted twice with 500 ml each of water. The organic
phase is dried on sodium sulfate, the solvent is evaporated to the dry state, and the
residue is chromatographed on silica gel (mobile solvent: dichloromethane/methanol
20 : 1). The fractions that contain the product are combined and concentrated by
evaporation.

Yield: 63.2 g (81% of theory) of a colorless solid

Elementary analysis:

Cld.: C60.13 HR.54 N10.79

Fnd.: C60.32 H&8.561 N 10.59



conponents are filtered out and evaporated to the dry state. The residue is
taken up in 500 m of ethyl acetate and extracted twice with 500 mM each of
wat er. The organic phase is dried on sodi uvh sulfate, the solvent is
evaporated to the dry state, and the residue is chromatographed on silica
gel (nobile solvent: dichloronethane/ methanol 20 : 1). The fractions that
contain the product are conbined and concentrated by evaporation. Yield:
63.2 g (81% of theory) of a colorless solid Elenmentary analysis: Cd.: C
60. 13 H 8. 54 N)10. 19-(4FAuth-6-afiif05-3R03-18/,dbédyhdkylP1 8T -0B-(1dp)-

10- (4- Aza- 6- am no- 5- oxo- 2- hydroxyhexyl} 1,4,7-tris-(tert

but oxycar bony! met hddodedpduyheliyhald 238a0%6}a9eda6AENE0 9 (77 mmol) of

10-[ 4- aza- 6- (benzyl oxycar bonyl ani o} 5-'oxo- 2-

hydr oxyhexyl]-1,4, 7-tris-(tert - xycarpbonyl net hyl 4. 7,10-tetraazacycl odo
decane is dissol véd 3(?%%%6&:5}1“ wt[%é%/%gr(\%einzy W%@ﬂgﬁyiﬂnlﬂﬁ}%ﬁox%% wat er, and
10 g of palladium catal f/st (10% Pd/C) is added. It is hydrogenated for 8
hours at 50C didexyhexyidal.4,7gried%rr mitoxggedoygimetly Ix | #{7elleigtreazacy chodededase is

filtrate is evaporated to the dry state. Yield: 48.8 g (98% of theory) of a

col orl ess sol idissoFké iefiGmny ofunalhysdlsmikeddvith 40 MY of 4atdr, 2nd8 0N cfPpal@iumind. : C
57.68 H9.44 N 13.11 c) 1,3,5-Triiodotrinesic

aci d- N, N, N- t ricgea( 37 8985 BaR¥ s atday QX key aiitell 87 8h¥brs at 50°C under normal
pressure. Catalyst is filtered out, and the filtrate is evaporated to the dry state.
Yield: 48.8 g (98% of theory) of a colorless solid
Elementary analysis:
Cld.: C57.74 H9.38 N 13.03

Fnd.: C57.68 H944 N 13.11

c) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(3-aza-2-0x0-5-hydroxyhexane-1,6-diyl-
{10-[1,4,7-tris-(fert-butoxycarbonylmethyl)-1,4,7,10-tetraazacyclododecanyl]} )
amide
12.2 g (120 mmol) of triethylamine and then 42.6 g (66 mmol) of 10-(4-aza-6-

amino-5-oxo-2-hydroxyhexyl)}1,4,7-tris-(fert-butoxycarbonylmethyl}1,4,7,10-

tetraazacyclododecane are added to 12.86 g (20 mmpl) of 1,3,5-triiodotrimesic acid tris
chloride (DE 3001292, Schering AG, priority: 1/11/1980), dissolved in 400 ml of
tetrahydrofuran, and it is stirred for 6 hours at room temperature. Insoluble components
are filtered out, evaporated to the dry state and chromatographed on silica gel (mobile
solvent: dichloromethane/methanol 20 : 1). The fractions that contain the product are
combined and concentrated by evaporation.

Yield: 36.5 g (74% of theory) of a colorless solid



{ 10-]

1,4,7-tris-(tert-butoxycarbonyl nethyl)-1,4,7,10-tetraazacycl ododecanyl ] }
)- amde 12.2 g (120 mmol ) of trlethylanlné and then 42.6 g (66 nunol) of
10- (4- aza- 6-

am no- 5- oxo- 2- hydroxyhexyl } 1,4, 7-tris-(tert-butoxycarbonyl nethyl)-1,4,7,10-
tetraazacycl ododecane are added to 12.86 g (20 nmol ) of
1,3,5-triiodotrinmesic acid tris chloride (DE 3001292, Schering AG
priority: 1/11/198@ ementawainglysisi n 400 m of tetrahydrofuran, and it is
stirred for 6 hours at roomtenperature. |Insoluble conponents are filtered
out, evaporated toQlbe Grap.6xt dié.28nN tchebnht Hg2 aphed on silica gel (nobile
sol vent: dichl oronet hane/ net hanol 20 : 1). The fractions that contain the

product are conbingg . aQq“;@pquqnaQ@qOQZ eyapgration. Yield: 36.5 g (74% of
theory) of a colorless solid 59 Elenentary analysis: Cd.: C49.63 H7.2] N

10.21 115.42 Fnd.: C 49.97 H7.31 N 10.12 115.26 d) 1,3,5-Triiodotrinesic
acid-NN, N-tris-(3- aza- 2- 0X0- 5- hydr oxyhexane-1, 6-diyl - { 10-]
1,4,7-tris-(carboxymethyl)-1,4,7, 10-tetraazacycl ododecanyl] })am de 34.6 ¢
(14 mol) of )3, 54} 5{ladedatiimes eciddY ¥ Nme-(-az8i250X@S dydroxy &1,6-diyl-
hydr oxyhexane- 1, 6-di yl -{ 10-]

1,4, 7-tris-(tert-Dbytloxydar-hnyhiethiwdthyl)-14, 7] (-Ctraazacyclododecanyl]})amide
tetraazacycl ododecanyl]})am de is dissolved in 100 m of dichl oronethane,

mxed at 0C with QG %‘814%[)‘ Jel1sms %686thﬁle§1‘€'agldaﬁqllﬁtthﬁr(‘}‘gzé( -3 8X§ shours at

0C. The batch is pour into dieth et her e sol

Slcg? LT;': ate? ﬁ elr Hjayxa ig%ge ?‘;}é glyilzﬁﬁ]mé? C} tr1t ?tré%%u%xqf%asrb\(l)mn}glgle%}g’?)-l,4,7ﬁ%9h Of
tetraazacyclododecanyl]})amide is dissolved in 100 ml of dichloromethane, mixed at
0°C with 100 ml of trifluoroacetic acid and stirred for 3 hours at 0°C. The batch is
poured into 500 ml of diethyl ether; the solid that accumulates is filtered off, rewashed
three times with 100 ml each of diethyl ether and dried in a vacuum.

Yield: 26.0 g (95% of theory) of a colorless solid
Elementary analysis:
Cld.: C40.38 HS5.39 N12.84 119.39

Fnd.: C40.56 HS5.45 N12.78 119.17

e) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(3 -azaj2-0x0-5 -hydroxyhexane-1,6-diyl-
{10-[1,4,7-tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl]}, Gd
complex)amide
23.6 g (12 mmol) of 1,3,5-triiodotrimesic acid-N, N, N-tris-(3-aza-2-0xo0-5-

hydroxyhexane-1,6-diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclo-

dodecanyl]})amide is dissolved in 250 ml of water and acidified by adding 5 ml of acetic

“acid. 13 g (36.2 mmol) of gadolinium oxide is added, and it is refluxed for 3 hours.



Yield: 26.0 g (95% of theory) of a colorless solid Elenentary analysis:

e

d.: C40.38 H5.39 N 12.84 119.39 Fnd.: C 40.56 H 5.45 N 12.78 119.17 e)
1,3,5-Triiodotrinmesic acid-N, N, N-tris-(3- a?- 2- oxo- 5- hydr oxyhexane- 1, 6-di yl -
{ 10-[ 1,4,7-tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecanyl] }, d
conplex)amde 23.6 g (12 nmmol) of 1,3,5-triiodotrinesic

aci d-NNN-tris-(3-aza-2-oxo-5- hydroxyhexane- 1,6-diyl-{
10-[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl o- dodecanyl]})am de is
di ssol ved i n 28Br gpmplkexingtieeorapigtedcthaipt is getlsy 7 dcdiinigvah pinmemisgeed jids aci d. 13
g (36.2 mmol) of gadoliniumoxide is added, and it is refluxed for 3 hours.
60 After conphexiatgraghedonpllehed] (nidbélepblvest: skthlatométhnagaitianed/aAmaaimoni a,
and it is chromatographed on silica gel (nobile solvent:

i chl or oret hang/ s hane kel fion @R B0bkicThecaRE P st epntal n the

product are conbi néd and absorptively precipitated wth 10 Iron

exchanger (IR 267 .H-f.or. or .2 hours ang,fJ red.of f t hen sorpti vel y
precipitated \ertcfpl%dgw légr‘?fé%%ﬁh rﬁﬁéﬁbﬁfmgﬁwoqrwﬁﬁﬁmﬂg?ﬂ
filtered off, mxed with 2 g of activated carbon, heated for 2 hours to 60C
filtered of f thanchbsorpbiyey @rdcamtatedvaltkyl0 gof ®ngxchanpofiRANEPfoah) Bradlogrs ess

solid Wter content (Karl-Fischer): 6.4%Elenentary analysis (relative to
t he anhydr ous fdtelltcdf) @eiked with@. g ofGcBRatéBcdrbGh, B8atbl 1dd. 23butslfe. @OICHtdr8d 48

and freeze-dried.
Yield: 20.8 g (67% of theory) of a colorless solid
Water content (Karl-Fischer): 6.4%
Elementary analysis (relative to the anhydrous substance):
Cld.: C32.68 H3.99 N10.39 11569 Gd19.45

Fnd.: C32.99 H4.07 N10.35 11553 Gd19.22

Example 9
a) 1,3,5-Triiodo-2,4,6-tris-(toluenesulfonyloxy)methylbenzene

76.3 g (400 mmol) of toluenesulfonic acid chloride is added in drops to a mixture
that consists of 50.0 g (91.4 mmol) of 1,3,5-triiodo-2,4,6-tris-hydroxymethylbenzene
and 3 g (8.7 mmol) of tetrabutylammonium hydrogen sulfate in 200 ml of 32% NaOH
solution and 300 ml of toluene at room temperature, and then it is stirred for 12 hours. It
is mixed with 300 ml of water and extracted twice with 200 ml each of toluene. The
combined organic phases are dried on sodium sulfate, the solvent is evaporated to the
dry state and chromatographed on silica gel (mobile solvent: hexane/ethyl acetate
10 :1). The fractions that contain the product are combined and concentrated by

- evaporation.



Fnd.: C 32.99 H 4.07 N 10.35 115.53 Gd 19.22 Exanple 9 a)
1,3,5-Triiodo-2,4,6-tris-(toluenesul fonyl oxy) net hyl benzene 76.3 g (400 mmol )
of toluenesul fonic acid chloride is added i6¥ drops to a m xture that
consists of 50.0 g (91.4 mmol ) of

1,3,5-triiodo-2,4,6-tris-hydroxynethyl benzene and 3 g (8.7 mmol) of

t et rabut yl anmoni um hydrogen sulfate in 200 m of 32% NaCOH sol ution and 300
m of toluene at roomtenperature, and then it is stirred for 12 hours. It
is mxed with 300 nfielf 4ek&f>1dnal dremhet eplotpssolith 200 M each of

tol uene. The conbi ned organi c phases are dried on sodiumsulfate, the

sol vent is evapor atHeimtmatytemalydisy state and chronmat ographed on silica gel
(rmobi | e sol vent: hexane/ ethyl acetate 10 : 1). The fractions that contain

t he product are corjjneg ank gpnegntnat;ed by evaporation. 61 Yield: 47.2 g
(51% of theory) of a colorless solid Elenentary analysis: dd.: C35. 73 H

14,7701 & (beneyl STFcaroRky! 140 edroa domet hyl)-1, 4, 7, 10-

tetrazacycl ododecane 17.8 g (130.5 mml ) of isobutyl chloroformate i s added
in drops at -20Cto a solution of 75 g (118.7 mmol) of
1,4,7-tris-(benzyl oxycarbonyl } 10- (car boxynet hyl ) -
1, 4,7, 10-t et r ayacydl . 4ddadsgboaeyingcdbory gl (-(cathamidomtthy )il ,4,7,10-
di i sopropylethylamne in 500 ml of THF. Then, it is stirred for 1 hour at
-20C and m xed car Q@ﬂ,gzgyycmc{@aeége m
17.8 g (130.5 mmol) of isobutyl chloroformate is added in drops at —20°C to a
solution of 75 g (118.7 mmol) of 1,4,7-tris-(benzyloxycarbonyl)-10-(carboxymethyl)-
1,4,7,10-tetrazacyclododecane and 16.9 g (130.5 mmol) of diisopropylethylamine in
500 ml of THF. Then, it is stirred for 1 hour at —20°C and mixed carefully with 20 ml
of 25% aqueous ammonia solution. It is stirred for 2 more hours at 0°C, then the solvent
is distilled off in a vacuum and the residue is chromatographed on silica gel (mobile
solvent: ethyl acetate/hexane 10 : 1). The fractions that contain the product are
combined and concentrated by evaporation.
Yield: 60.7 g (81% of theory) of a colorless solid
Elementary analysis:

Cld.: C64.64 H6.54 N11.09

Fnd.: C64.81 H6.549 N 11.00

c) 1,3,5-Triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{10-[1,4,7-tris-
(benzyloxycarbonyl}1,4,7,10-tetraazacyclododecanyl]} )benzene
44.6 g (70.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)-10-(carbamidomethyl)-

- 1,4,7,10-tetrazacyclododecane is dissolved in 500 ml of THF and mixed at 0°C under



of 25% aqueous ammoni a solution. It is stirred for 2 nore hours at 0C, then
the solvent is distilled off in a vacuum and the residue is chronmat ographed
on silica gel (nobile solvent: ethyl acet &e/ hexane 10 : 1). The fractions
that contain the product are conbined and concentrated by evaporati on.
Yield 60.7 g (81% of theory) of a colorless solid Elenentary analy5|s

cad.: C 64. 64 H6.54 N11.09 Fnd.: C 64.81 H 6.549 N 11 00 c¢)

1, 3, 5-Trii odo- 2,4,6-tris-(2-aza- 3- oxobutane 1,4-diyl- 1 4, 7-tris-
(benzyl oxycar begsp yith 1712, (i(l)mre@laaﬁiqﬁewlhad@@mrwmpp @ﬁ@t ropm 6 g (70.6
mmol ) of 1,4,7-tris-(benzyl oxycarbonyl }10-(carbam donet hyl)
1,4,7,10-tetraaapymh&ﬂdﬂ&mamaﬂhﬁoﬂbﬁSOQ@g@OMnn&QGfnﬁjbﬁﬁ&hFQAﬂﬁuﬁixed at 0C
under 62 argon with 1.71 g (71 mml) of sodium hydride and stirred for 1

hour at room (%o‘PLEHﬂ%@fo‘ﬁS'R)xzrim&Hylb@nz%Hé Hf mr}npéfﬁ% & didedth MRy )mcplfeﬂm(ed for o

1,3,5-triiodo-2,4,6-tri5- ol uenesul f onyl oxy) met hyl benzen

is added in d S and eflu ed.fo 20 hours. ool | i Nso

component s ar SOMTPRL A SO ndn BULAETomEterts offr g SR ardbuaporrigd 1R dpe | <
taken up in 500 m of ethyl acetate and extracted twice with 500 i each of
wat er. The or giaie.cTighigsidu¢ & taleanaup igrp 08 gl of wihyl Rgetnte and ¢rdrastsidvieine wish 500 ml
evaporated to the dry state, and the residue is chromatographed on silica

gel (nobil e schyieot watedi THY crpariephae éd ditdd@neldidd sulfaly, theldudvdnt acdviapsratet hat
contain the product are combined and concentrated by evaporation. Yield:
29.4 g (62% ofind BEUM, a9 1R K10 [s&BFor8Rbibphed on silica gel (mobile solvent:
dichloromethane/methanol 20 : 1). The fractions that contain the product are combined
and concentrated by evaporation.
Yield: 29.4 g (62% of theory) of a colorless solid
Elementary analysis:

Cld.: C55.85 H532 N880 I15.95

Fnd.: C56.07 H539 NB8.67 11576

d) 1,3,5-Triiodo-2,4,6-tris-{2-aza-3-oxobutane-1,4-diyl-[10-(1,4,7,10-

tetraazacyclododecanyl)]}benzene

20 g (8.4 mmol) of 1,3,5-triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{10-
[1,4,7-tris-(benzyloxycarbonyl)1,4,7,1 O—tetraazacyqlododecanyl] })benzene is carefully
mixed at 0-5°C [with] 140 ml of HBr/AcOH (33%) and stirred for 3 hours at room
temperature. Then, the reaction mixture is poured into 800 ml of diethy] ether; the solid
that accumulates in this case is suctioned off, and it is rewashed several times with
diethyl ether. The residue is dissolved in 100 m! of water and 100 ml of
dichloromethane while being stirred vigorously, and 32% NaOH solution is added until a

-pH of 10 is reached. The organic phase is separated, the aqueous phase is extracted three



El enentary analysis: dd.: C55.85 H5.32 N8.80 115.95 Fnd.: C 56.07 H
5.39 N 8.67 115.76 d) .
1,3,5-Triiodo-2,4,6-tris-{2-aza-3-oxobutand?1, 4-diyl-[10-(1, 4, 7, 10-
tetraazacycl ododecanyl )] } benzene 20 g (8.4 mol) of
1,3,5-triiodo-2,4,6-tris-(2-aza-3-oxobutane-1|,4-diyl-{10-

[1,4,7-tris-(benzyl oxycarbonyl)-1,4,7,10-tetraazacycl ododecanyl]})benzene is
carefully mxed at 0-5C [with] 140 nml of HBr/AcOH (33% and stirred for 3
hours at roomtimesipiét 8 ol eacimfahchlemmethans thoepmbinediprganis phases et drisdeng00 m
of diethyl ether; the solid that accunulates in this case is suctioned off,

and it is rewasigdsiagvwaifale dntd Resporatedito e eiyngtateet her. The residue is
di ssolved in 100 mM of water and 100 m of dichl oronet hane whil e bei ng

stirred vigorously.yighd 63234 0bbr bt kPRclisnaddgdqunt i | a  pH of 10 s

reached. The organi c phase”i's separa e aqueous phase is extracted
three 63 tinmes wth 50 nl each. of dichloronethane, the conbined organic
phases are dried o “HEYHEAGNSul fate and evaporated to the dry state.
Yield: 9.1 g (91 % of theop%? of a colorless solid Elenentary analysis:
Cd.: C39.70 H 6. 1HdN €B%0 130.127 N Fr8l:18.2H. 91 H 6.22 N 17.75 132.09 e)
1,3,5-Triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{10-[1,4,7-tris-
(carboxymet hyl ) -1, 4nd,:1Q-3%9T ads2y N o7lgsletamyd] } ) benzene 17.7 g (15 mmol)
of 1,3,5-triiodo-2,4,6-tris-{2-aza-3-oxobutane-1, 4-diyl-[10-
e) 1,3,5-Triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{10-[1,4,7-tris-
(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} )benzene
17.7 g (15 mmol) of 1,3,5-triiodo-2,4,6-tris-{ 2-aza-3-oxobutane-1,4-diyl-[10-
(1,4,7,10-tetraazacyclododecanyl)]}benzene is dissolved in 75 ml of water, 19.5 g (206.5
mmol) of chloroacetic acid is added, and a pH of 9.5 is set at 60°C with 32% NaOH. It
is heated for 10 hours to 70°C, whereby the pH of the reaction mixture is readjusted
continuously to 9.5. After cooling to room temperature, the pH is set at 1 with
concentrated HCI, and the solution is concentrated by evaporation in a vacuum. The
residue is absorptively precipitated with 250 ml of methanol, insoluble components are
filtered out, and the filtrate is concentrated by evaporation. The residue is dissolved in
100 ml of water and added to an ion-exchange column (600 ml, IR 120, H'-form). Then,
it is washed with 2 1 of water, and the acidic eluate is concentrated by evaporation. The
residue is dissolved in 70 ml of methanol and added in drops in 900 ml of diethyl ether;
the solid that accumnulates in this case is suctioned off, rewashed several times with

diethyl ether and dried in a vacuum.

Yield: 13.8 g (54% of theory) of a colorless solid



(1,4,7,10-tetraazacycl ododecanyl )] }benzene is dissolved in 75 ml of water,
19.5 g (206.5 nmol) of chloroacetic acid is added, and a pH of 9.5 is set
at 60C with 32% NaOH. It is heated for 10 %fours to 70C, whereby the pH of
the reaction mxture is readjusted continuously to 9.5. After cooling to
roomtenperature, the pHis set at 1 wwth concentrated HC, and the
solution is concentrated by evaporation in a vacuum The residue is
absorptively precipitated with 250 ml of methanol, insoluble conmponents are
filtered out, and tHementayraaelesiss concentrated by evaporati on. The residue
is dissolved in 100 m of water and added to an ion-exchange colum (600
m, IR 120, H -formid.: TGew,22 iH 533 washead M@237 2 1 of water, and the acidic
eluate is concentrated by evaporation. The residue is dissolved in 70 m of
nmet hanol and added @y .dgofsad g9 ﬁtl?? die3 hyl ether; the solid that
accurmul ates in this case Is suctioned o ?, rewashed several tinmes with
diethyl ether and dried in a vacuum Yield: 13.8 g (54% of theory) of a
colorless solid 64 Elenentary analysis: dd.: C 40.22 H 5.33 N1234 122. 37
Fnd.: C 40.43 H5.37 N 12.25 122.19 f)

1, 3,5-Trii odo2, 4, 6-3,piIsu¢do-22 R-1Bis X ebud @rebutane-4idydiyE 410-[124, Ztfs-t r i s-
(carboxyl atonmethyl )-1,4,7,10-tetraazacycl ododecanyl ]}, Gd conpl ex) benzene
11.7 g (6.9 mmol) @éarboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl]}, Gd complex)benzene
1,3,5-triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{1

0
[ 1,4, 7-tris-(carboxyres g )Ifn}ol)“oﬁl,,i,@.:tgﬁdﬁ@%,@ﬁ%ﬁ&%ﬁ%@%@gﬁ%pR&%ﬂ% ol S

di ssolved in 100 ni cﬁ wat er and ‘aci I ed acetic acid.
37 9104 L), of, GRSl LI 99 5. 2098 o RN R L S, ©
100 ml of water and acidified by adding 3 ml of acetic acid. 3.7 g (10.4 mmol) of
gadolinium oxide is added, and it is refluxed for 6 hours. After complexing is
completed, the pH is set at 7.4 with ammonia, and it is chromatographed on silica gel
(mobile solvent: dichloromethane/methanol/ammonia: 10/10/1). The fractions that
contain the product are combined and absorptively precipitated with 10 g of ion
exchanger (IR 267 H-form) for 2 hours and filtered off, then absorptively precipitated
with 10 g of ion exchanger (IRA 67 OH-form) for 2 hours, filtered off, mixed with 2 g of
activated carbon, heated for 2 hours to 60°C, filtered off and freeze-dried.
Yield: 8.4 g (53% of theory) of a colorless solid
Water content (Karl-Fischer): 6.1%
Elementary analysis (relative to the anhydrous substance):

Cld.: C31.63 H3.77 N9.71 11759 Gd21.79

Fnd.: C31.77 H3.72 N9.76 117.45 Gd21.63



conpleted, the pHis set at 7.4 with amonia, and it is chromatographed on
silica gel (nobile solvent: dichloronethane/nethanol/ammoni a: 10/10/1). The
fractions that contain the product are corfbi ned and absorptively
precipitated with 10 g of ion exchanger (IR 267 Hform for 2 hours and
filtered off, then absorptively precipitated with 10 g of ion exchanger
(IRA 67 OHform for 2 hours, filtered off, mxed with 2 g of activated
carbon, heated for 2 hours to 60C, filtered off and freeze-dried. Yield: 8.4
g (53% of thea)y) df,3,amd)dlf-iz,égéstrtsqmadaa\M;bbutan@mMediyl-(]Karll,zlr,ﬁtﬁyher): 6. 1%
El ementary analysis (relative to the anhydrous substance): dd.: C 31.63 H

3.77 N9.71 1 17. 5?0&90)%4&31%6&1@9 1,4 ¢1@iet?aazﬁy%loagdéﬂagylrﬁ{D}'égo[n%ﬁz)ggen%gn@3 65

g 1,3,5-Triiodo-2,4 (2-aza-'3- oxobut ane- | 7-tris

197775 (6.9 mmol ) Z}fl 5367%%%1%1?8%@??3 s Yf(lf*}%»l RSB oty -

1,4,7,10-tetraazacycl ododecan | -yl acetyl am no% rret h }benzene i s dissol ved
in 100 M of M dP-teffezawicladpdesandyylacedilaging rﬁpth&sﬁ}l&e@rﬁees diss}vedzing§0gnl
(10.4 mmol) of dysprosium oxide is added, and it is refluxed for 6 hours.

Af t er conpl exiofgvats andapildeiseldyy dddmg@Hni of acetit acitl, 7.8 il 04 mnwbrifalysgosdumt 1S
chromat ographed on silica gel (nobile solvent:

di chl or omet hang/4mt hanal LN Yeuxebol 8hddrs, -ﬂf%rt:&ﬂﬁfekfﬂ 3s E&ﬁ{alefé@%@'pﬁ ithe
product are conbi ned and absor pt| vely precipitated wt o)

SELCINILE A R
filtered off, drlrzzh)igr%mvc\eﬂt}}arrlle/%ne?ha%gl/ggyo\rllgt ?(()j/ 1(():/6} 5 blqtr;e frgcei\%gg(tjhat contain the product
are combined and absorptively precipitated with 10 g of ion exchanger (IR 267 H-form)
for 2 hours and filtered off, then absorpt’ively precipitated with 10 g of ion exchanger
(IRA 67 OH-form) for 2 hours, filtered off, mixed with 2 g of activated carbon, heated
for 2 hours to 60°C, filtered off and freeze-dried.
Yield: 7.5 g (47% of theory) of a colorless solid
Water content (Karl-Fischer): 5.9%
Elementary analysis (relative to the anhydrous substance):

Cld.: C31.40 H3.74 N9.64 11746 Dy22.36

Fnd.: C31.65 H3.79 N9.67 11725 Dy22.11

h) 1,3,5-Triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{ 10-{1,4,7-tris-
(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl]},Y complex)benzene
11.7 g (6.9 mmol) of 1,3,5-triiodo-{2,4,6-tris-[2-(4,7,10-triscarboxymethyl-
1,4,7,10-tetraazacyclododecan-1-ylacetylamino)methyl]}benzene is dissolved in 100 ml
of water and acidified by adding 3 ml of acetic acid. 3.72 g (10.4 mmol) of yttrium

- carbonate is added, and it is refluxed for 6 hours. After complexing is completed, the



for 2 hours to 60C, filtered off and freeze-dried. Yield: 7.5 g (47% of
theory) of a colorless solid Water content (KarI-Flscher) 5.9% El enent ary
anal ysis (relative to t he anhydrous substafte): dd.: C 31.40 H 3.74 N 9.64
117.46 Dy 22.36 Fnd.: C 31.65 H3.79 N9.67 1 17.25 Dy 22.11 h)
1,3,5-Triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyI-{ 10-[1,4,7-tris-
(carboxyl atonmet hyl)-1,4,7, 10- tetraazacyclododecanyl]} Y conpl ex) benzene

11.7 g (6.9 mmol ) of 1,3,5-triiodo-{2,4,6-tris-[2-(4,7,10-triscarboxymet hyl
1,4,7,10-tet r@élzlaéytcatdcﬂonrébammonya a@éttys @lﬁvmﬁpmhﬂ P bilinz geldmobilebelsaity ed
in 100 m of water and acidified by adding 3 ml of acetic acid. 3.72 ¢

(10. 4 nmol ) ofdigtldrbinethan€/alelianalanmsniad B t)/1 pribhd fradtions eat coten @y prédieur s.
After conplexing-s conpleted, the 66 pHis set at 7.4 with amonia, and it

i's chronat ogr %fg‘ceo‘iin‘tﬁﬂeé d eﬁ)@o ﬁ]velgl %ggé'iﬂlﬁ e%l%‘(t? of ion exchangtei‘| é R 267 H-form)

dlchloronethane/net ano /T 0 1). fractlons t contain the

product are ned a |tated W, 10 i,on
B xchanger - (1 RIGoThaTH o7 ﬂterF@ P%fgh’ﬁB G oriina et @i B | G efloRpxdBesvel y
precipitated wth 1CM§ i on exchanger | RA 67.CH-forn).for 2 hours,
filtered of f, (R4A&d Qifornp for dhowrsfiliesecheffoaibdwithiiea pbertiviigd carbhnhestedo
60C, filtered off and freeze-dried. Yield: 8.7 g (61%of theory) of a
col orl ess sol ifer 2 M&ireto 600 dntred K&f AndHrezedraridd. 5. 4% El enentary anal ysi s
(relative to the anhydrous substance): dd.: C 34.93 H4.17 N 10.72 | 19.43
Y 13.61 Yield: 8.7 g (61% of theory) of a colorless solid

Water content (Karl-Fischer): 5.4%

Elementary analysis (relative to the anhydrous substance):

Cld.: C3493 H4.17 N10.72 11943 Y 13.61

Fnd.: C35.12 H4.11 N10.79 11934 Y 13.52

Example 10
a) 1,4,7-Tris-(benzyloxycarbonyl)10-(1-carbamidoethyl)-1,4,7,10-
tetrazacyclododecane
17.8 g (130.5 mmol) of isobuty! chloroformate is added in drops to a solution of
76.8 g (118.7 mmol) of 1,4,7-tris-(benzyloxycarbonyl)-10-(1-carboxyethyl)-1,4,7,10-
tetrazacyclododecane and 16.9 g (130.5 mmol) of diisopropylethylamine in 500 ml of
THEF at —20°C. Then, it is stirred for 1 hour at —20°C and carefully mixed with 20 ml of
25% aqueous ammonia solution. It is stirred for 2 more hours at 0°C, then the solvent is
distilled off in a vacuum, and the residue is chromatographed on silica gel (mobile
solvent: ethyl acetate/hexane 10 : 1). The fractions that contain the product are
combined and concentrated by evaporation.

Yield: 59.8 g (78% of theory) of a colorless solid



Fnd.: C 35.12 H 4.11 N 10.79 119.34 Y 13.52 Exanple 10 a)
1,4,7-Tris-(benzyl oxycarbonyl } 10- (1- car bam doethyl )-1, 4,7, 10-

t et razacycl ododecane 17.8 g (130.5 mmol) off’i sobutyl chloroformate i s added
in drops to a solution of 76.8 g (118.7 mmol) of
1,4,7-tris-(benzyl oxycarbonyl } 10- (1-car boxyet hyl)-1, 4,7, 10-

tetrazacycl ododecane and 16.9 g (130.5 mmol) of diisopropyl ethylamne in 500
m of THE at -20C. Then, it is stirred for 1 hour at -20C and carefully
mxed with 20 m oﬁﬂﬂQQW@a@@@69§ anmoni a solution. It is stirred for 2 nore
hours at OC, then the solvent is distilled off in a vacuum and the residue
i s chromat ogr aphed Gid.: sClascl® ge&b.7(nmdbid.85 sol vent: ethyl acetate/ hexane 10
1). The fractions that contain the product are conbined and concentrated by

evaporation. Yieldp,9. gfg:QJQQ%q% tNe@gy) of a colorless solid 67
El ementary anal ysi s: 10 H6.71 N 10.85 Fnd.: C65.34 H6.86 N

10.67 b) 1,3, 5- Tr||odo 2,4,6-tris-(2-aza-4-nethyl - 3- oxobutane 1,4-diyl-{
10-[1,4,7-tris-
(benzyl oxycar bonyl) - 7, 10- tetraazacyclododecan |]})benzene 45.6 g (70.6

mol ) of 1,4, ®trids 3( b& mlzqd%%’efréatrlbz@naza} i@nf(thylc:aqumia@@elﬂrw}’)l {10-[1,4,7-tris-
1,4,7,10- tetrazacyclododecane is dissolved in 500 mM of THF and m xed at 0OC
under argon with ZIbehkyl@xycatbanyblti),4,0f1 Ostemtiaanoyliododeangfberidens ed for 1 hour
at room tenperature. Then, a solution of 20.2 g (20 nmol) of
1,3,5-triiodo-2,4, @stgd 870.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)-10-(1-carbamidoethyl)-
1,4,7,10-tetrazacyclododecane is dissolved in 500 ml of THF and mixed at 0°C under
argon with 1.71 g (71 mmol) of sodium hydride and stirred for 1 hour at room
temperature. Then, a solution of 20.2 g (20 mmol) of 1,3,5-triiodo-2,4,6-tris-
(toluenesulfonyloxy)methylbenzene in 150 ml of THF is added in drops and stirred for
20 hours under reflux. After cooling, insoluble components are filtered out and
evaporated to the dry state. The residue is taken up in 500 ml of ethyl acetate and
extracted twice with 500 ml each of water. The organic phase is dried on sodium
sulfate, the solvent is evaporated to the dry state, and the residue is chromatographed on
silica gel (mobile solvent: dichloromethane/methanol 20 : 1). The fractions that contain
the product are combined and concentrated by evaporation.
Yield: 27.7 g (57% of theory) of a colorless solid
Elementary analysis:

Cld.: C56.37 H548 N8.65 115.67

Fnd.: C56.56 H5.39 N873 115.46



(tol uenesul f onyl oxy) net hyl benzene in 150 i of THE is added in drops and
stirred for 20 hours under reflux. After cooling, insoluble conponents are
filtered out and evaporated to the dry st&fe. The residue is taken up in
500 mM of ethyl acetate and extracted twice with 500 mMl each of water. The
organi c phase is dried on sodium sulfate, the solvent is evaporated to the
dry state, and the residue is chromatographed on silica gel (nobile

sol vent: dichl oronet hane/ net hanol 20 : 1). The fractions that contain the
product are cenbi ndd,aidiatyndébtiriaticziby-mothpbl-axdlpraney] ,éidiyl-[20-(7,44,(057% of
theory) of a colorless solid Elenentary analysis: Od.: C56.37 H5.48 N

8.65 115.67 Fnd.: té&rdafachblobbdecadylN}Senténel 15.46 68 )
1,3,5-Triiodo-2,4,6-tris-{2-aza-4-nethyl - 3-oxobut ane-1, 4-diyl-[10-(1, 4,7, 10-

tetraazacycl ododecanyl ) hhBeRzENE 1205 &iibdQo3 AR D-Bh-4-methyl-3-oxobutane-1,4-
1,3,5-triiodo-2,4,6-t (]S-( -a a-zl-r’nsthy -%-oxo u(tane-l,ﬁ-

diyl-{10-[1,4, 7-tris- nzyl oxycarbonyl )-1,4 7 10-tetraazacycl decanyl ]1})b
enzenei s car @FX}T{IIQ'S[%&%HIS&I(M g‘t’fy\ﬁfr%“%)jé"ﬁ’l%?etr%afﬁ@é?%fé@wgﬁg%‘mz@ﬁ@red
for 3 hours at roomtenperature. Then, the reaction mxture is poured into
800 m of di etchsefullytiixed at fe°C gothi I Otrhlaef HBY 4pHAB8%) iand stirred foas dois at

suctioned off, and it is rewashed several tines wwth diethyl ether. The

residue is di $66h\@apdrauid)OrtEh, OF réwtien matdrelid Qotied dito 800 edlloB Bl RaRe théi | e
being stirred vigorously, and 32% NaOH solution is added until a pH of 10

I's reached. TQSliﬁ’E}%gQ%%mglga{gﬁﬁgkﬁiéi%gsﬁ% Q&c%@n%& b8 AQYERYSy | %Z gexjeﬁal ¥l AGied

three tinmes wt | or onet hane, the co organi ¢ phases

are dried on vl ether. The residue is dissolved in 100 ml of water and 100 ml of

dichloromethane while being stirred vigorously, and 32% NaOH solution is added until a
pH of 10 is reached. The organic phase is separated, the aqueous phase is extracted three
times with 50 ml each of dichloromethane, the combined organic phases are dried on
magnesium sulfate and evaporated to the dry state.

Yield: 11.4 g (90% of theory) of a colorless solid

Elementary analysis:

Cld.. C4129 H6.43 N17.19 131.16

Fnd.: C4144 H6.49 N17.07 131.00

d) 1,3,5-Triiodo-2,4,6-tris-(2-aza-4-methyl-3-oxobutane-1,4-diyl-{10-[1,4,7-tris-
(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl] } )benzene
18.3 g (15 mmol) of 1,3,5-triiodo-2,4,6-tris-{2-aza-4-methyl-3-oxobutane-1,4-
diyl-[10-(1,4,7,10-tetraazacyclododecanyl)]} benzene is dissolved in 75 ml of water, 19.5
g (206.5 mmol) of chloroacetic acid is added, and a pH of 9.5 is set at 60°C with 32%
NaOH. It is heated for 10 hours to 70°C, whereby the pH of the reaction mixture is

- continuously readjusted to 9.5. After cooling to room temperature, a pH of 1 is set with



magnesi um sul fate and evaporated to the dry state. Yield: 11.4 g (90% of
theory) of a colorless solid Elenentary a%gl ysis: dd.: C41.29 H6.43 N
17.19 1 31.16 Fnd.: C 41.44 H6.49 N 17.0 31.00 d)
1,3,5-Triiodo-2,4,6-tris-(2-aza-4-nethyl -3-oxobutane-1,4-diyl-{10-[1,4,7-tri
s- (carboxynmethyl)-1,4,7,10-tetraazacycl ododecanyl]})benzene 18.3 g (15
mml) of 1,3,5-triiodo-2,4,6-tris-{2-aza-4-nethyl-3-oxobutane-1, 4
diyl-[10-(1, 4,7, 10- tetraaza cl ododecanyl)]}benzene is dissolved in 75 m of
water, 19.5 §opoogatdiiol % AlE PR HOnFEtEtsddy wanergien inghyacupH e 9. 5
is set at 60C with 32% NaO-l It is heated for 10 hours to 70C, whereby the
pH of the reactdiidume inakiouptevelspreciprtsted withsA59 mleddpatbimed ihwlghlsdcompdrentsapol | ng
to roomtenperature, a pHof 1 is set with 69 concentrated HC, and the

solution is CQﬂﬁ:?é?ltdtﬁltﬁﬁtHé/ﬁﬁié@@Qrc@ﬁdeﬁﬂaﬂeHb eVARHMBN, TIR redi@®d JuRsbFed in
absorptively precipitated with 250 of nmet hanol, insoluble conponents are

filtered out, lﬁa%lld)gﬁvrﬁftérl#d%ﬁgdt% agge%gxgphaﬁg £y B PYAPRT 3k1100: 11T TR ihihe

is dissolved in 0 an n exchange
m, IR 120, H,-_fornz1 is washed with 2 1 of water, and the acidic
eluate is condEityas @dww 2é\9>£m@léeaﬂnéﬁhe fm@c eluals g Gengeatrafed by evaperationydhgl  of
nmet hanol and added in drops in 900 m of diethyl ether; the solid that
accumrul at es i nedithiesis daselved irsTtmil ofwacthafidl ,and addﬁdheaﬂrqe\m@éd) ntlioffdsethyil tther;
diethyl ether and dried in a vacuum Yield: 15.5 g (59%of theory) of a
col orl ess sol ige sdHdaRBHcBEMuIRRA Y BiiSéase is suctioned off, rewashed several times with
diethyl ether and dried in a vacuum.

Yield: 15.5 g (59% of theory) of a colorless solid

Elementary analysis:

Cld.: C41.32 HS5.55 N12.05 121.83

Fnd.: C41.56 HS5.62 N12.01 121.73

e) 1,3,5-Triiodo-2,4,6-tris-(2-aza-4-methyl-3-oxobutane-1,4-diyl-{ 10-[1,4,7-tris-
(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl]}, Gd complex)benzene
12.0 g (6.9 mmol) of 1,3,5-triiodo-2,4,6-tris-(2-aza-4-methyl-3-oxobutane-1,4-
diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} )benzene is
dissolved in 100 ml of water and acidified by adding 3 ml of acetic acid. 3.7 g (10.4
mmol) of gadolinium oxide is added, and it is refluxed for 6 hours. After complexing is
completed, a pH of 7.4 is set with ammonia, and it is chromatographed on silica gel
(mobile solvent: dichloromethane/methanol/ammonia: 10/10/1). The fractions that
contain the product are combined and absorptively precipitated with 10 g of ion
exchanger (IR 267 H-form) for 2 hours and filtered off, then it is absorptively

- precipitated with 10 g of ion exchanger (IRA 67 OH-form) for 2 hours, filtered off,



Gd.: C41.32 H5.55 N12.05 1 21.83 Fnd.: C41.56 H5.62 N 12.01 121.73 e)
3

1,3,5-Triiodo-2,4,6-tris-(2-aza-4-nethyl -3-oxobutane-1,4-diyl-{10-[1,4, 7-tri
s-,(carboxylatonethyl)-1,4,7,10-tetraazacy&?ododecanyl] }, &d
conpl ex) benzene 12.0 g (6.9 mml) of
1,3,5-triiodo-2,4,6-tris-(2-aza-4-nethyl-3-oxobutane-1,4 diyl-{ 10-]
1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl] } )benzene is

di ssolved in 100 m of water and acidified by adding 3 nmnl of acetic acid.
3.7 g (10.4 mintd wih 2gaefciivatehsasRor dested faddpuraiadOr e, filkkered pifgrd dretzsr 6
hours. After conplexing is conpleted, a pHof 7.4 is set with amonia, and

it is chromat dgedphed on silica gel (nobile solvent:
di chl or onet hane/ net hanol / amoni a: 10/ 10/ 1). The fractions that contain the

product are conbi n%deland.@%)@@wsmeéry) Bf £ 1pidsabeih Wi th 10 g of ion
exchanger (IR 267 Hform tor 2 hour5 and filtered off, then it is

absorptively prec%@&%%%%%wx' thgﬁgﬁﬁgi%?n exchanger (IRA 67 OHform for 2

hours, filtered off, activated carbon, heated for 2
hours to 60C, filtered off and freeze- dried. Yield: 7.6 g (47% of theory)
of a colorless sol EéEmapansandlyHs aplatiygierthe priydrs)subsammey:El enent ary anal ysi s
(relative to the anhydrous substance): dd.: C 32.66 H 3.97 N 9.52 117.25
Gd 21.38 Fnd.: C 82d.78CH2369H N9D. AH.3A 7] P123=dG221 88 Exanple 11 a)

10-[ 4- Car bam do- | - net hyl - 2- oxo- 3- azabutyl]-1,4,7,10-tetraazacycl ododecane-

Fnd.: C32.78 H3.99 N945 11721 Gd21.19

Example 11
a) 10-[4-Carbamido-1-methyl-2-ox0-3-azabutyl]-1,4,7,10-tetraazacyclododecane-

1,4,7-triacetic acid-tert-butyl ester

17.8 g (130.5 mmol) of isobutyl chloroformate is added in drops at —20°C to a
solution of 76.5 g (118.7 mmol) of 10-[4-carboxy-1-methyl-2-ox0-3-azabutyl]1,4,7,10-
tetraazacyclododecane-1,4,7-triacetic acid-fert-butyl ester (DE 19549286 A1, Schering
AG, (Example 2d)) and 16.9 g (130.5 mmol) of diisopropylethylamine in 500 ml of
THF. Then, it is stirred for 1 hour at —20°C and carefully mixed with 20 ml of 25%
aqueous ammonia solution. It is stirred for 2 more hours at 0°C, then, the solvent is
distilled off in a vacuum, and the residue is chromatggraphed on silica gel (mobile
solvent: dichloromethane/methanol 20 : 1). The fractions that contain the product are
combined and concentrated by evaporation.

Yield: 61.1 g (80% of theory) of a colorless solid

Elementary analysis:

Cld.: C57.92 H9.09 N 13.07

Fnd.: C58.11 H9.12 N 1299



1,4,7-triacetic acid-tert-butyl ester 17.8 g (130.5 mmol) of isobutyl
chloroformate is added in drops at-20C to a solution of 76.5 g (118.7 mmol)
of 10-[4-carboxy-1-net hyl - 2- oxo- 3-azabutyl]1, 4, 7, 10-

t etraazacycl ododecane-1, 4, 7-triacetic acid-fért-butyl ester (DE 19549286 Al,
Schering AG (Exanple 2d)) and 16.9 g (130.5 mml ) of diisopropyl ethyl am ne
in 500 M of THE Then, it is stirred for 1 hour at -20C and carefully
mxed with 20 mM of 25% aqueous amonia solution. It is stirred for 2 nore
hours at OC, then, the solvent is distilled off in a vacuum and the

resi due is chr biat ogr3apheiddor,4biiis-62,§eliaze Bobiliogo-smkthgiiteptane-1,7-diyl-{10-

di chl or onet hane/ net hanol 20 : 1). The fractions that contain the product are

conbi ned and concen{y atyadshoyeaRekatidny Imdt 1,40110Lic@adRBOV610f theory) of a
colorless solid E lémsnt ar?ﬁéanal ysi%fa d 5 : %h}ij 92 H 9?09% 13.07 Fnd.: C

58.11 H 9.12 N 12.9
1,3,5-Triiodo-2, 4, 6-%?(?(?%%93?9,)%@&?%2& 3, 6-di oxo- 7- net hyl heptane-1, 7-di yl -{10

[1 ,4,7-tris-(tert-butyl oxycarbgonylnethyi)- 1,4,7,1 0-tetraazacycl o-
dodecanyl] }) benzené4-A4£ @Oé rpm@})g)fr}ﬁt{ﬁ)ca@[amldo-l-methyl-2-0xo-3-azabutyl]-1,4,7,10-
10-[ 4- car bam do- 1- net hyl - 2- oxo- 3- azabutyl ]-1, 4,7, 10-

t et raazacycl odotdeezavgelbdddecane 1, aFetrincetizcicsl-eariutydiester isslisseiveld sn A0&sd bV EHFI n
500 M of THE and m xed at OC under argon with 1.71 g (71 mml) of sodium

hydride, and ityd fhitdd 41080 unf@rardo@HE 134 o @PMhEIYBEERSh Sy dANEAnd & 1§ Qirtdd on
of 20.2 g (20 nmmol) of 1,3,5-trilodo-

(er g pg- ;rnids- (toluengsyl.l oyl {%%(x%)era %07 ‘rggx{] 288fbl of %iﬁg (ﬁ m-ln_1|5"lE) Afsl,fi,gl-qgi%dé-n
2,4,6-tris-(toluenesulfonyloxy)methylbenzene in 150 ml of THF is added in drops and
stirred under reflux for 20 hours. After cooling, insoluble components are filtered out
and evaporated to the dry state. The residue is taken up in 500 ml of ethyl acetate and
extracted twice with 500 ml each of water. The organic phase is dried on sodium
sulfate, the solvent is evaporated to the dry state, and the residue is chromatographed on
silica gel (mobile solvent: dichloromethane/methanol 20 : 1). The fractions that contain
the product are combined and concentrated by evaporation.

Yield: 15.1 g (31% of theory) of a colorless solid
Elementary analysis:

Cld.: C50.62 H7.37 N1042 11573

Fnd.: C50.79 H741 N1044 115.64

C) 1,3,5-Triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxo-7-methylheptane-1,7-diyl-{ 10-
[1,4,7-tris-(carboxymethy!)-1,4,7,10-tetraazacyclododecanyl]} )benzene
18.2 g (7.5 mmol) of 1,3,5-triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxo-7-
methylheptane-1,7-diyl-{10-[1,4,7-tris-(tert-butyloxycarbonylmethyl)1,4,7,10-

tetraazacyclododecanyl}})benzene is dissolved in 75 ml of dichloromethane, mixed at



stirred under reflux for 20 hours. After cooling, insoluble conponents are
filtered out and evaporated to the dry state. The residue is taken up in
500 mM of ethyl acetate and extracted twid@ with 500 mMl each of water. The
organi ¢ phase is dried on sodium sulfate, the solvent is evaporated to the
dry state, and the residue is chromatographed on silica gel (nobile

sol vent: di chl oronet hane/ net hanol 20 : 1). The fractions that contain the
product are conbi ned and concentrated by evaporation. Yield: 15.1 g (31 % of
t heory) of a (ﬂSC(WiIt}e%Snﬁof trifluokdbaeatbnicad yndsiatedsos3 hahrd at 0CT. 50heGzatdh i€ purelll
10.42 115.73 Fnd.: C50.79 H 7.41 N 10.44 115.64 c)

1,3,5-Tri | 0d0Riob0BrhrdridiR 1%1}5&%33611&1@ KX L ER UM ER b AN RwhsHeddhéet - { 10-
[1 ,4,7-tris-(car boxynet y% ., 7,10-tetraazacycl ododecanyi] } )benzene

rln8at ﬁy?hé;t gnem@fll‘)f @%O(fm?eacﬁlof% ?hy%eﬁ'ie atd bifed Braadh§ga- 3, 6- di oxo-7-

10-[1,4,7-tris-(tert-but carbonyl nmet hyl)-1,4,7,10-

t et raazacycl ododecafi§id] }; Rireofithcony)af gicptaalesisoi m of di chl or onet hane,
mxed at 72 0Cwith 75 m of trifluoroacetic acid and stirred for 3 hours
at 0C. The batch i €lgoente analysie: 500 Ml of diethyl ether; the solid that
accunul ates is filtered off, rewashed three tinmes wth 100 m each of

diethyl ether and drjedcifl. ® RGUBMN ¥3.¢4 di 191g81 g (98% of theory) of a
col orI ess solid Elenentary analysis: Od.: C 4139 H 5.53 N 13.16 119.88

End.: C 4151 HS5 84N Baitd 'g3%A N 13.11 119.67

d) 1,3,5-Triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxo-7-methylheptane-1,7-diyl-{10-
[1,4,7-tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl]}, Gd
complex)benzene
13.2 g (6.9 mmol) of 1,3,5-triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxo-7-

methylheptane-1,7-diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclo-

dodecanyl]})benzene is dissolved in 100 ml of water and acidified by adding 3 ml of

acetic acid. 3.7 g (10.4 mmol) of gadolinium oxide is added, and it is refluxed for 6

hours. After complexing is completed, the pH is set at 7.4 with ammonia, and it is

chromatographed on silica gel (mobile solvent: dichloromethane/methanol/ammonia:

10/10/1). The fractions that contain the product are pombined and absorptively

precipitated with 10 g of ion exchanger (IR 267 H-form) for 2 hours and filtered off,

then it is absorptively precipitated with 10 g of ion exchanger (IRA 67 OH-form) for 2

hours, filtered off, mixed with 2 g of activated carbon, heated for 2 hours to 60°C,

filtered off and freeze-dried.
Yield: 10.2 g (58% of theory) of a colorless solid

Water content (Karl-Fischer): 6.2%



d)
1,3,5-Triiodo-2,4,6-tris-(2,5-di aza- 3, 6-di oxo-7-net hyl hept ane-1, 7-di yl - { 10-
[1,4,7-tris-(carboxylatonethyl)-1,4,7,10-té&8raazacycl ododecanyl ]},
conpl ex) benzene 13.2 g (6.9 mmol) of
1,3,5-triiodo-2,4,6-tris-(2,5-diaza-3, 6-di oxo-7- nethyl heptane-1, 7-diyl -{
10-[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl o- dodecanyl]})benzene
is dissolved in 100 mM of water and acidified by adding 3 ml of acetic
acid. 3.7 g (10.4 rHBlahgntedy apalysisi(relative oxihdenhygireubomtstameedt it 1s refl uxed for
6 hours. After conplexing is conpleted, the pHis set at 7.4 with amoni a,

and it is chromat quaapes on gulo7cay gebo (MPHD| ecaqbwant : ,
di chl or onet hane/ net hanol / amoni a: 10/ 10/1). The fractions that contain the

product are conbin an rptvel eck pibta i+ h 10 g of ion
exchanger (IR 267 ﬁgwdrgiﬁﬁgf g4ﬁ'ur lgﬁg ????%rgﬁiﬁﬁé then it is
absorptively precipitated with 10 g of ion exchanger (IRA 67 OHform for 2
hours, filtered off, mxed with 2 g of activated carbon, heated for 2 hours
to 60C, filtered off and freeze-dried. Yield: 10.2 g (58% of theory) of a

col orl ess sol ikkanygled2 content (Karl-Fischer): 6.2% 73 El enentary anal ysis
(relative to the anhydrous substance): Cd.: C 33.34 H4.07 N 10.60 116.01

Gd 19.84 Fnd.z) C 33.@2Cdiodmkd-Nodd)3 G3athtiR1 397, [#ltehBadyclbaaiephrR- 12 72)
10- ( 4- Car bani do- 2- oxo- 3-azabutyl )-1, 4, 7, 10-t e raazacycl ododecane- 1,4, 7-

triacetic acid-tert buty laci%§tte;§rbutyl ester

17.8 g (130.5 mmol) of isobutyl chloroformate is added in drops at —20°C to a
solution of 74.8 g (118.7 mmol) of 10-(4-carboxy-2-ox0-3-azabutyl)-1,4,7,10-tetraaza-
cyclododecane-1,4,7-triacetic acid-tert-butyl ester (DE 19549286 Al, Schering AG,
(Example 1i)) and 16.9 g (130.5 mmol) of diisopropylethylamine in 500 ml of THF.
Then, it is stirred for 1 hour at —20°C and carefully mixed with 20 ml of 25% aqueous
ammonia solution. It is stirred for 2 more hours at 0°C, and then the solvent is distilled
off in a vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20 : 1). The fractions that contain the product are combined
and concentrated by evaporation.

Yield: 55.9 g (75% of theory) of a colorless solid

Elementary analysis:

Cld..: C57.30 H8.98 N13.36

Fnd.: C57.45 H8.99 N13.3]



17.8 g (130.5 nmmol ) of isobutyl chloroformate is added in drops at-20C to a
solution of 74.8 g (118.7 mmol) of

10- (4- car boxy- 2- oxo- 3-azabutyl )-1,4,7, 10- t éfr aaza-

cycl ododecane-1,4,7-triacetic acid-tert-butyl ester (DE 19549286 Al,
Schering AG (Exarrple li)) and 16.9 g (130.5 mml ) of diisopropyl ethyl am ne
in 500 mM of THE Then, it is stirred for 1 hour at -20C and carefully m xed

with 20 m of 25%a%eous ammoni a sol uti tirred for 2 nore hours
at 0C, and theén thd beilyeedo- 2§6d‘ir1§t(?45r<€%|za %@ﬁlth%ptmbﬂrﬁlylaﬂ& I e/ -tréssi due
i s chromat ographed on silica gel (nobile solvent: dichloronethane/ nethanol

20 : 1). The fract i(eznsbithlakyadrmngimethile 1 gy Htlretraazaey dodddenad 1] } siredzene
concentrated by evaporation. Yield: 55.9 g (75%of theory) of a colorless

lid E t 45 H
3095 N 13eg§n72r yb;maxl ¥ 81056 miA o) of 10450 Renilh3- 3B -Nadebudf)- 1 BV 0-teframhi-

S (Lot~ butyl SSSRIMRIT ke B el R RE R A58 ave&cgra %H%f DEHShne
44.4 g (70.6 m*rnl()1 of 10-(4-carbam do-2- oxo- 3-azabuty 10-tetraaza-

cycl ododecane-mixad 2 §5G ‘H@éf P%Oﬁﬁlﬁkk@g(MWOl)ééftSéﬁluﬁs )dir§]§04f\¢ébllslsﬁrr5@@)fm
of THE and m xed at OC under argon with 1.71 g (71 mmol) of sodi um hydri de,

and it is stirlrleghrhoroomltehparatae. Thanatsehpen af 20.2.g (Z6 @ennola of dBifttridetdos?,4,80. 2
g (20 mml) of 1,3,5-triiodo-2,4,6- tris-(toluenesulfonyloxy)methylbenzene

in 150 m of THE, ﬂoﬁleﬁ@lﬁ%nymx@hmmﬁeﬁalhrlrse@hl Jfnaar israbtdin drops 2 shewds.

After cooling, |nsol ubl e conponent’'s are filtered out, and it is evaporat ed

to the dry st at er reﬁﬁx lforsioch%%rg SAigté’J}i%%Qhr&tD 1ﬂsolu%9 ompo%entes\tapey hltéa &§ E)@tt and 1?

evaporated to the dry state. The residue is taken up in 500 ml of ethyl acetate and
extracted twice with 500 ml each of water. The organic phase is dried on sodium
sulfate, the solvent is evaporated to the dry state, and the residue is chromatographed on
silica gel (mobile solvent: dichloromethane/methanol 20 : 1). The fractions that contain
the product are combined and concentrated by evaporation.

Yield: 16.2 g (34% of theory) of a colorless solid

Elementary analysis:

Cld.: C50.00 H7.25 N10.60 116.01

Fnd.: C50.17 H728 N10.55 115.89

¢) 1,3,5-Triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxoheptane-1,7-diyl-{ 10-[1,4,7-tris-
(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} )benzene
- 17.9 g (7.5 mmol) of 1,3,5-triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxoheptane-1,7-
diyl-{10-[1,4,7-tris-(tert-butyloxycarbonylmethyl)1,4,7,10-tetraazacyclo-
dodecanyl]})benzene is dissolved in 75 ml of dichloromethane, mixed at 0°C with 75 ml

- of trifluoroacetic acid and stirred for 3 hours at 0°C. The batch is poured into 500 ml of



extracted twice with 500 M each of water. The organic phase is dried on
sodium sulfate, the solvent is evaporated to the dry state, and the residue
i s_chromat ographed on silica gel (nobile g6lvent: dichloromnethane/ net hanol
20 : 1). The fractions that contain the product are conbi ned and
concentrated by evaporation. Yield: 16.2 g (34% of theory) of a colorless
solid Elenentary analysis: Cd.: C50.00 H7.25 N10.60 1 16.01 Fnd.: C
50.17 H 7.28 N 10.55 115. 89 c)

1, 3, 5- Tri i odo-dZstlylGther; the 6@jbthdi /zam8latesds ﬁka’eépffafwv‘alsheﬂ-tdiey|t'rn{e’h®vi[hll(3@, mEtri
s- (car boxyrret hyl)-1,4,7,10-tetraazacycl ododecanyl] | )benzene 17.9 g (7.5

mol ) of 1,3, %a&Hbfd&E’(? lzetﬂeraanﬁrdhéd(rga\r?ac%hﬁxza 3, 6-di oxohept ane- 1, 7-
diyl-{10- [1 4,7-1ris %]ert- but yl oxycar bonyl net hyl } 1, 4, 7, 10-t et raazacycl o-

dodecanyl ] }) benzen e i chl orret hane, m xed at O C
with 75 ml~ of trlﬁﬁlgr 322”2& kgéggtg‘e%bnt? 1?‘2%“1’58 3 hours at OC. The batch
is poured into 500 Ml of 75 diethyl ether; the solid that accunul ates is
filtered of f, rewadheEcntay@ealypifes with 100 m  each of diethyl ether and
dried in a vacuum Yield: 13.5 g (96% of theory) of a colorless solid

El enentary anal ysi €£1d.€ 6.40.38 40539 N 5.38 N03246 120.32 Fnd.: C 40.21 H
5.27 N 13.57 120.22 d)

i_ 3( ga;rlrolo;ofjo 2,4, Gy @402215 fdisaza- g 56 p?gg§pt ane-1,7-diyl-{10-[1,4,7-tri
yl at onet hyl) , 10-tetraazacycl ododecanyl ]}, Gd conpl ex) benzene
d) 1,3,5-Triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxoheptane-1,7-diyl-{10-[1,4,7-tris-

(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl]}, Gd complex)benzene

12.9 g (6.9 mmol) of 1,3,5-triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxoheptane-1,7-
diyl-{10-{1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]})benzene is
dissolved in 100 ml of water and acidified by adding 3 ml of acetic acid. 3.7 g (10.4
mmol) of gadolinium oxide 1is added, and it is refluxed for 6 hours. After complexing is
completed, the pH is set at 7.4 with ammonia, and it is chromatographed on silica gel
(mobile solvent: dichloromethane/methanol/ammonia: 10/10/1). The fractions that
contain the product are combined and absorptively precipitated with 10 g of ion
exchanger (IR 267 H-form) for 2 hours and filtered off, then it is absorptively
precipitated with 10 g of ion exchanger (IRA 67 OH—forrn) for 2 hours, filtered off,
mixed with 2 g of activated carbon, heated for 2 hours to 60°C, filtered off and freeze-
dried.

Yield: 10.6 g (61% of theory) of a colorless solid

Water content (Karl-Fischer): 6.5%



12.9 g (6.9 mmol) of
1,3,5-triiodo-2,4,6-tris-(2,5-di aza- 3, 6-di oxoheptane-1,7 diyl- { 10-[

1,4, 7-tris-(carboxynethyl)-1,4,7, 10-tetraaZdcycl ododecanyl] } )benzene is
di ssolved in 100 mM of water and acidified by adding 3 m of acetic acid.
3.7 g (10.4 nmml) of gadoliniumoxide is added, and it is refluxed for 6

hours. After conplexing is conpleted, the pHis set at 7.4 with anmmoni a,
and it is chromatographed on silica gel (nobile solvent:

di chl or onet hane/ netHemettagyramlyisa:(rel@ive 8¢ the anfiydrohy substaness: t hat  contain the
product are conbi ned and absorptively precipitated with 10 g of ion

exchanger (IR 267 Htfior 0323y R 3tgunsi@ngd fid.sered2offy, then it is
absorptively precipitated with 10 g of ion exchanger (IRA 67 OHform for 2

hours, filtered ofﬁ?@azggﬁgéggggjﬁr9ggbj$p§pgqgegq?ﬁdywn heated for 2 hours

to 60C, filtered of iefd "1 g (61% of theory) of a
colorless solid Witer content (Karl-Fischer): 6.5% 76 Elenentary anal ysis
(relative to the anhydrous substance): dd.: C 32.39 H 3.88 N 10.79 116. 30
Gd 20.19 Fnd.: C 32.51 H 3.91 N 10.75 116.16 Gd 20.01 Exanple 13 a)
2,4,6-Triiodo-Hx@npetldi s- (2-tert-but oxycarbonyl am noet hoxynet hyl ) benzene
142 g (450 mmol ) of toluenesul fonic acid-2-tert-butoxycarbonyl am noet hyl

ester (Canne gt alp4 6Tefis@hedrLhiskettebatox3&rbdiBPmindeBdryméthgisnvas i n 250

m of toluene, is added in drops to a mxture that consists of 50.0 g (91.4

ol ) of 13511 §10d: G e SANAE QYRR DRy AP ety UL
(Canne et al., Tetrahedron Letters, 38,1997, 3361), dissolved in 250 ml of toluene, is
added in drops to a mixture that consists of 50.0 g (91.4 mmol) of 1,3,5-triiodo-2,4,6-
trishydroxymethylbenzene, and 3 g (8.7 mmol) of tetrabutylammonium hydrogen sulfate
in 200 ml of 32% NaOH solution and 300 ml of toluene at room temperature, and then it
is stirred for 12 hours. It is mixed with water and extracted twice with 300 ml each of
toluene. The combined organic phases are dried on sodium sulfate, the solvent is
evaporated to the dry state and chromatographed on silica gel (mobile solvent:
hexane/ethyl acetate 10 : 1). The fractions that contain the product are combined and
concentrated by evaporation.

Yield: 28.6 g (32% of theory) of a colorless solid
Elementary analysis:

Cld.: C3694 H496 N431 137.75

Fnd.: C3698 H490 N427 137.64

b) 2,4,6-Triiodo-1,3,5-tris-(aminoethoxymethyl)benzene
24.4 g (25 mmol) of 2,4,6-triiodo-1,3,5-tris-(2-fert-butoxycarbonylaminoethoxy-

"methyl)benzene is dissolved in 100 ml of dichloromethane, mixed at 0°C- with 100 ml of



in 200 mM of 32% NaCOH sol ution and 300 m of toluene at room tenperature,
and then it is stirred for 12 hours. It is mxed with water and extracted
twice with 300 Ml each of toluene. The corfii ned organi c phases are dried on
sodium sul fate, the solvent is evaporated to the dry state and

chr omat ogr aphed on silica gel (nobile solvent: hexane/ethyl acetate 10 :

1). The fractions that contain the product are conbi ned and concentrated by
evaporation. Yield: 28.6 g (32% of theory) of a colorless solid Elenmentary
anal ysi s: C d.ttiflGodacdié akiddardGtiNed @B Hdirs atH°CFithe batch3Sp&Bedindo 900 M1 4f 27
137.64 b) 2,4,6-Triiodo-1,3,5-tris-(am noet hoxynet hyl )benzene 24.4 g (25

mol ) of 2,4, Qﬁéth&l‘é@ﬁ‘& ﬂqe%of?d fHat §cc(1%ula%stm%§ @3‘5%9@5&981\{4@6% ARG ed

met hyl )benzene i s”dissolved in 100 | oronet hane, m xed at OC with

100 M of 77 trif]uoroa dstlrredfo 0C.

is poured intd® 3]l t?ﬁle%‘f’ﬁﬁ ie&yﬁﬁ{heét erreSLfiHeelssddﬁsf)[i' %I‘fh?&; tﬂfnﬁf %%‘P beIPLi s
case is suctioned off and rewashed several tines with diethyl ether. The
residue is di s¥¢icheromsthroe wiile beingatiged wgarongly, ad 323 NeiOHh sdlnidoreisiaderd whi | e
being stirred vigorously, and 32% NaOH solution is added wuntil a pH of 10

i s reached. Theatiba@aivfclOpbasehdds Hepagatephast eseparardlihe phas@s ipBaseéxt r act ed
three tines with 50 ml each of dichl oronethane, the conbi ned organi c phases

are dried on nBgnesh WRSHIEaHRHh30MEUAREF AERErdnthdiR, Bk ¥oribfed orgdn®! Shasdd- 7
g (87% of theory) of a colorless solid Elementary analysis:

are dried on magnesium sulfate and evaporated to the dry state.
Yield: 14.7 g (87% of theory) of a colorless solid
Elementary analysis:
Cld.: C26.69 H3.58 N6.22 156.39

Fnd.: C26.78 H3.55 N6.16 156.27

c) 2,4,6-Triiodo-1,3,5-tris-{10-[1,4,7-tris-(benzyloxycarbonyl}1,4,7,10-
tetraazacyclododecanyljaminoethoxymethyl} benzene
44.6 g (70.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)10-(carboxymethyl)-
1,4,7,10-tetrazacyclododecane, 21 ml (164 mmol) of triethylamine, 14.6 g (70.5 mmol)
of dicyclohexylcarbodiimide and 8.1 g (70.5 mmol) of N-hydroxysuccinimide are added
to a solution of 15.9 g (23.5 mmol) of 2,4,6-triiodo-1,3,5-tris-
(aminoethoxymethyl)benzene in 400 ml DMF, and it is stirred for 20 hours at room
temperature. Insoluble components are filtered out and evaporated to the dry state. The
residue is taken up in 500 ml of ethyl acetate and extracted twice with 500 ml each of
~ water. The organic phase is dried on sodium sulfate, the solvent is evaporated to the dry

state, and the residue is chromatographed on silica gel (mobile solvent:



Cd.: C26.69 H3.58 N622 156.39 Fnd.: C 26.78 H 3.55 N 6.16 15 6.27 c)
2,4,6-Triiodo-1,3,5-tris-{10-[1,4,7-tris-(benzyl oxycarbonyl)-1,4,7,10-
tetraazacyc | odod ecany 1] am no ethoxynet’hy 1 }benzene 44.6 g (70.6 nmol)
of 1,4,7-tris-(benzyl oxycarbonyl}10-(carboxymnethyl) -

1,4,7,10-tetrazacycl ododecane, 21 m (164 mol) of triethylamne, 14.6 g
(70.5 mmol ) of dicycl ohexyl carbodiimde and 8.1 g (70.5 muol)

of N- hydr oxysuccinim de are added to a solution of 15.9 g (23.5 mmol) of

2, 4, 6-trii ododichBrbmethase/fnathianaeX0hdyy ke fiyttjdisnize rentain 40 PraducDvEcorabided t i S
stirred for 20 hours at room tenperature. Insoluble conponents are filtered

out and evaponad eshdRirdiBevHEVappiabs; The residue is taken up in 500 m of
ethyl acetate and extracted twice wth 500 mMl each of water. The organic

phase is dried on Luysul, fat th ol vent is.evaporated to the dry
state, and the resﬁﬁ%g'?2gﬁﬂé%ﬁﬁ@ﬁﬁﬁéﬁﬁ@&ogﬂﬁﬁﬁ%%@a gel (nobile solvent: 78
di chl or onet hane/ net hanol 20 : 1). The fractions that contain the product are
conbi ned and conc§%$¥%¥%ﬂaBQY@Vaporation. Yield: 29 g (49% of theory) of a
colorless solid Elementary analysis: Cd.: C55.78 H5.52 N9.34 | 15.11
Fnd.: C 55.91 H 5. 6€2d.N ©5368| HL8589Nd).34 115.11
2,4,6-Triiodo-1,3,5-tris-[10-(1,4,7,10-tetraazacycl ododecanyl )am no-

et hoxymet hyl ] benzempgq20cG5(94- 91 80! N ©bg 2] #4 Qotrii odo-1, 3, 5-tris-{

10-[1,4,7-tris-(benzyl oxycarbonyl) -

d) 2,4,6-Triiodo-1,3,5-tris-[10-(1,4,7,10-tetraazacyclododecanyl)amino-

ethoxymethyl]benzene

20 g (7.9 mmol) of 2,4,6-tritodo-1,3,5-tris-{10-[1,4,7-tris-(benzyloxycarbonyl)-
1,4,7,10-tetraazacyclododecanyl]aminoethoxymethyl} benzene is carefully mixed at 0-
5°C with 140 ml of HBr/AcOH (33%) and stirred for 3 hours at room temperature.
Then, the reaction mixture is poured into 800 ml of diethyl ether; the solid that
accumulates in this case is suctioned off and rewashed several times with diethyl ether.
The residue is dissolved in 100 ml of water and 100 ml of dichloromethane while being
stirred vigorously, and 32% NaOH solution is added until a pH of 10 is reached. The
organic phase is separated, the aqueous phase is extracted three times with 50 ml each of
dichloromethane, the combined organic phases are dried on magnesium sulfate and
evaporated to the dry state.

Yield: 10.1 g (97% of theory) of a colorless solid

Elementary analysis:

Cld.: C41.20 H6.45 N 16.01 129.02

Fnd.: C41.09 H6.42 N 1598 128.87



1,4,7,10-tetraazacycl ododecanyl ] am noet hoxynet hyl } benzene is carefully m xed
at 0- 5Cwith 140 m of HBr/AcCOH (33% and stirred for 3 hours at room
tenperature. Then, the reaction mxture i 8 poured into 800 m of diethyl
ether; the solid that accunulates in this case is suctioned off and
rewashed several tinmes with diethyl ether. The residue is dissolved in 100
m of water and 100 ml of dichloronethane while being stirred vigorously,
and 32% NaOH solution is added until a pH of 10 is reached. The organic
phase is sepafkat ed2 4 hEridgisenBS-tbdse-[ 1,8, 7exis{erbed nidiliyde | 1] 7YEB tewaidac odo-n
each of dichl oronethane, the conbi ned organi c phases are dried on nagnesium

sul fate and evapo@@g&gn}tlﬁ)atﬁlggetgé,yyn%g};c?oen}@lﬁl d: 10.1 g (97% of theory) of a
colorless solid Elenentary analysis C 41.20 H 6.45 N 16.01 129.02

Fnd.: C 41.09 H 6.

2,4,6-Triiodo-1, 3, g% £ éé{ fﬁmf’i) %271?}51 d?ﬁe%r%gyy[r]r&(ﬁfl’z’lqteﬁra?zafﬁdf’etraazacy
cI o dodecanyl ] am noethoxymethyl } benzene 17.7 5 mmol ) of

2, 4, 6-tri i ododed@aByljamigoqthoxyretaylibengeneds ¢1é$i>i%R§yél éml of water, 19.5 g (206.5
dodecanyl ) am noet hoxynet hyl ] benzene is dissolved in 75 m of water, 19.5 g
(206.5 mol ) ngholgbf ciloaedticaacatisdddal, astept odAd @ sgHt 60°(9m5thi3§‘V&HhOHt 160C
wth 3220 NaOH. It is heated for 10 hours to 70C, whereby the pH of the

reaction m xt H'{]ﬁea'te%l PN h&ﬁ&@%&?b@hc mfbbx%ﬁ bPihe- réactl'g‘flhﬁ%tu?eﬁ@lcb o5ty 00M

t enper at ur e, e pHis set at 1 wth co rated HCl ution is
CONCent 1l o4 b S1BRSL] L AT e ael e SbepLa Vel
concentrated HCI, and the solution is concentrated by evaporation in a vacuum. The
residue is absorptively precipitated with 250 ml of methanol, insoluble components are
filtered out, and the filtrate is concentrated by evaporation. The residue is dissolved in
100 ml of water and added to an ion-exchange column (600 ml, IR 120, H'-form). Then,
it is washed with 2 1 of water, and the acidic eluate is concentrated by evaporation. The
residue is dissolved in 70 ml of methanol and added in drops in 900 ml of diethyl ether;
the solid that accumulates in this case is suctioned off, rewashed several times with
diethyl ether and dried in a vacuum.
- Yield: 14.4 g (58% of theory) of a colorless solid
Elementary analysis:
Cld.: C41.25 H5.60 N11.45 120.76

Fnd.: C41.20 H5.48 N11.51 120.59

i) 2,4,6-Triiodo-1,3,5-tris-{10-[1,4,7-tris-(carboxylatomethyl)-1,4,7,10-
tetraazacyclododecanyl, Gd complex]aminoethoxymethyl} benzene
12.7 g (6.9 mmol) of 2,4,6-triiodo-1,3,5-tris-{ 10-[ 1,4, 7-tris-(carboxymethyl)-

"1,4,7,10-tetraazacyclododecanyl]aminoethoxymethyl } benzene is dissolved in 100 ml of



filtered out, and the filtrate is concentrated by evaporation. The residue
is dissolved in 100 m of water and added to an ion-exchange col um (600
m, IR 120, H+-form). Then, it is washed #Wth 2 1 of water, and the acidic
eluate is concentrated by evaporation. The residue is dissolved in 70 m of
met hanol and added in drops in 900 m of diethyl ether; the solid that
accunul ates in this case is suctioned off, rewashed several tinmes with

di ethyl ether and dried in a vacuum Yield: 14.4 g (58% of theory) of a

col orI ess sol wcterBhépeidifed\byaddingsd m! ofClcdtic adid 41.725(1bL45m601 )N fhdethid@0. 76
Fnd.: C41.20 H5.48 N11.51 120.59 f) 2,4,6-Triiodo-1,3,5-tris-{

10-[ 1,4, 7-t i $x{deas hated! BldarBtBEked ¥ords Hodkd- Aﬁ@i‘ &&ﬁﬂ%ﬁgh%ﬂﬁ@@@%@ pl3ds
conpl ex] am noet hoxymet hyl } benzene 12.7 g (6.9

2,4,6-triiodo- tris 1 tris

1, 4,7, 10- tetrﬁ%zagg?c It}a%ﬁ%}%ﬁa %’]‘aﬁn’lsncohé ato% yﬁ/ %gﬁ %er%émlogll%lfoégﬁtVed in
100 n1 of 80 water and aci dlfled by addi n of acetic acid. 3.7 g (10.4
mol ) of gadoMishiarpmedrpeigethanelfarmonianky/ lq%) sThedFactiQsitbpiorongaim Bigrsodust t er
conplexing is conpleted, the pHis set at 7.4 with ammonia, and it is

chr omat ogr aphett @mtsndd awl apsdrp(ivalbipteeistatederith 10 g of ion exchanger (IR 267 H-form)

di chl or onet hane/ net hanol / ammoni a: 10/ 10/ 1). The fractions that contain the

product are ?&f@h&ﬁgaﬁﬁlt@@@@ffgﬂh&ﬂ%s\érﬁf\@% pedipaed Withn 0100 foRExdHaRger

exchanger (IR 267 H-forn) hours "and fil tered of f, then absor pflvely
precipitated i for 2. hour
prectpLtated il gh Oy EXFUTATL of WEREL LB N[ 2D Boliglen,

60C, fil tered of f and freeze dr ed.
for 2 hours to 60°C, ﬁltered off and freeze-dried.

Yield: 7.4 g (44% of theory) of a colorless solid

Water content (Karl-Fischer): 5.9%

Elementary analysis (relative to the anhydrous substance):
Cld.: C32.94 H4.08 N9.15 116.57 Gd20.54

Fnd.: C33.21 H4.12 N9.17 116.35 Gd20.31

Example 14
a) 2,4,6-Triiodo-5-[2-(2,2,2-trifluoroacetylamino)-acetylamino j-isophthalic acid
dichloride
14.5 ml (200 mmol) of thionyl chloride is ad’ded in drops at 0°C within 1 hour to
a solution of 34.2 g (200 mmol) of glycine trifluoroacetate in 200 ml of
dimethylacetamide. Then, 23.8 g (40 mmol) of 5-amino-2,4,6-triiodoisophthalic acid
dichloride (DE 2943777, Schering AG, (priority: 10/26/79)) is added at 0°C and stirred
for 4 days at room temperature. The reaction mixture is poured into 5 liters of ice water,
and the solid that accumulates is filtered off. For further purification, the filter residue is

“dissolved in 1000 ml of ethyl acetate, shaken out twice with saturated sodium



Yield: 74 g (44% of theory) of a colorless solid Wter content

(Karl -Fischer): 5.9%El enentary analysis (relative to the anhydrous
substance): dd.: C32.94 H4.08 N9.15 13.57 Gd 20.54 Fnd.: C 33.21 H
4.12 N 9.17 116.35 Gd 20.31 Exanple 14 a)
2,4,6-Triiodo-5-[2-(2,2,2-trifluoroacetyl am no)-acetyl am no] -i sophthalic
acid dichloride 14.5 m (200 mmol) of thionyl chloride is added in drops at
OCwithin 1 hour to a solution of 34.2 g (200 nmol) of glycine

trifl uoroacet aiiearbonaOsblutiongthe clganid phasaseiradiotesodilinesulfa?s3 afd the(sévenmiel ) of
5-am no-2,4,6-triiodoi sophthalic acid dichloride (DE 2943777, Schering AG

(priority: 10/28¢hRled vy AQP&AHM il RMEmStirred for 4 days at room

tenperature. The reaction mxture is poured into 5 liters of ice water, and
the solid that accupul g is-filtere f. ,For furtfher purification, the
filter residue is U%L@%?@&@M’ ﬂfg‘gfprg%&joafcoé‘frﬁeﬁf S‘gbdtet ate, shaken out twice
Wi th saturated sodium 81 bicarbonate solution, the organic phase is dried
on sodi um sul f at e, EHa@cRtAy a8lysent is concentrated by evaporation in a
vacuum Yield: 29.3 g (97% of theory) of a colorless solid El enentary
analysis: dd.: C Qd25CHIMNH4HN.53. ™M3.78nd.: C 19.39 H 0.57 N 3.72 b)
5- (2- Am noacet yl am no) - NN- bi s- (2-am noethyl)-2,4,6-triiodoi sophthalic acid
Fnd.: C19.39 HO0.57 N3.72

b) 5-(2-Aminoacetylamino)-N, N-bis-(2-aminoethyl)-2,4,6-triiodoisophthalic acid

amide

A solution 0of 10 g (13.3 mmol) of 2,4,6-triiodo-5-[2-(2,2,2-trifluoroacetylamino)-
acetylamino]-isophthalic acid dichloride in 100 ml of tetrahydrofuran is added in drops
to 26.7 ml (399 mmol) of ethylenediamine over 1 hour at room temperature, and it is
stirred for 14 more hours. The solid that accumulates is filtered off, rewashed with
ethanol, taken up in 100 ml of water, and the pH is set at 8.0 with 1 M lithium hydroxide
solution. After concentration by evaporation in a vacuum, it is recrystallized from
ethanol.

Yield: 6.4 g (68% of theory) of a colorless solid

Elementary analysis:

Cld.: C24.02 H2.74 N 12.01 154.38

Fnd.: C24276 H2.79 N 11.98 154.25



am de A solution of 10 g (13.3 nunol) of
2,4,6-triiodo-5-[2-(2,2,2-trifluoroacetylam no)- acetyl am no]-isophthalic
acid dichloride in 100 m of tetrahydrofura is added in drops to 26.7 n
(399 nmmol ) of ethyl enediam ne over 1 hour at roomtenperature, and it is
stirred for 14 nore hours. The solid that accunulates is filtered off,
rewashed with ethanol, taken up in 100 mM of water, and the pHis set at
8.0 with 1 MIlithiumhydroxide solution. After concentration by evaporation
in a vacuum id) is 2,43,6@1@0@&-5*}(2éetiiazae}m,Mtihm}&metijlebtdne-6,84digl-(16)8%407-tris-
theory) of a colorless solid Elenentary analysis: Cd.: C24.02 H2.74 N

12.01 154.38 Fnd. (Cngﬁylgtzﬁle{‘ﬂly%}l?Q 7N 0lidtr&FadofoddaeB4yl, thomplex]})ammmso-
2,4,6-Triiodo-5-(3,6-diaza-1,4, trloxo8rrethyloctane 8-diyl-{10-[1,4,7-t

ris (carboxylat thp*h)(@% a]‘c‘fd?N}\Qﬁfsf?‘ 6aRZACY 9Jd(i)oq<%gﬁe-%1%w10ctane-l 8-diyl-{10-[1,4,7-

conpl ex] }) am noi so-

aC|dNN-b|s(36d|aza47 methgloctane 8- diyl & 4, 7-
tris-(carboxyl at onéflwﬂfb‘lxyﬁat?fni@y}c)é'@‘? 4AVAetiperasyeiadedssonyl. C@’@ﬁ{?ﬁwﬂmlde
})amde 9.6 g (15.2 nmmol) of the Gd conplex of 10-[4-carboxy-2-o0xo0-3-aza-1
met hyl but yl ] 1, 4, 7,9.4 g@15.2turmelz af thelGodeden of 1[4 ¢catboxnyi-2ordi3eazacl-d (WO

98/ 24775, Schering AG (Exanple 1)) is suspended in 100 m of DWVMSO and

mxed with 1. 98e® Kblﬂymmmm)tafaaﬁkcpm@aw@ewpu mtmaéﬂe%caa@m VS 98/44%65,nmol )  of
di cycl ohexyl car bod| i mde and preactivated for hour. Then, it is mxed

& noacet y1 an Y IRE RCBIETEAE D s stwgpiedn J0Ry of PAARD aBbtneg vith 1064 U o

and ~ mmol) of N-hydroxysuccinimide and 3.3 g (16 mmol) of dicyclohexylcarbodiimide and
preactivated for 1 hour. Then, it is mixed with 2.4 g (3.4 mmol) of 5-(2-
aminoacetylamino)-N, N-bis-(2-aminoethyl)-2,4,6-triiodoisophthalic acid amide and
stirred for 3 days at room temperature under nitrogen. Insoluble components are filtered
out, and the solution is poured into 1000 ml of acetone. The solid that accumulates in
this case is filtered off and washed in portions with 300 ml of acetone and with 100 ml
of diethyl ether. The residue is taken up in 200 ml of water and absorptively precipitated
for 2 hours with 30 g of ion exchanger (IRA 67 OH-form) and filtered off. Then, it is

. absorptively precipitated for 2 hours with 10 g of ion exchanger (IR 267 H-form),

filtered off, mixed with 2 g of activated carbon, heated for.2 hours to 60°C, filtered off,
and the solution is concentrated by evaporation to IQO ml. To remove the residual
dimethyl sulfoxide, the solution is poured into 1000 ml of acetone, and the precipitate
that accumulates is filtered off. The residue is dissolved in 250 ml of water, the
conductivity is set at a value of 0.005 mS (pH = 7.0) with a little ion exchanger (H-form
and OH-form), it is filtered off and concentrated by evaporation in a vacuum.

Yield: 5.7 g (62% of theory) of a colorless solid

Water content (Karl-Fischer): 5.7%



stirred for 3 days at roomtenperature under nitrogen. |nsoluble conponents
are filtered out, and the solution is poured into 1000 mM of acetone. The
solid that accunulates in this case is fil%ered off and washed in portions
with 300 M of acetone and with 100 m of diethyl ether. The residue is
taken up in 200 m of water and absorpLively precipitated for 2 hours with
30 g of ion exchanger (IRA 67 OHform and filtered off. Then, it is
absorptively precipitated for 2 hours with 10 g of ion exchanger (IR 267
Hform, filtered Réhentmyxadlysist(telivg totheanhydratedibsantzyn, heated for 2
hours to 60C, filtered off, and the solution is concentrated by evaporation

to 100 M. To rennwgdth@;QQ§QQqqm9 q5mpg@y11§gtfgangﬂ the solution is
poured into 1000 m of acetone, and the precipitate that accunulates is

filtered off. The resji d I er, the conductivity
is set at a val ue &%ﬁ' gg%§2%%% J% %gqbfgmf?gog1fﬁik% i on exchanger (Hform
and OHform, it is filtered off and concentrated by evaporation in a
vacuum Yield: 5.7 g (62% of theory) of a colorless solid Wter content
(Karl -Fischer): 5.7% 83 Elenentary analysis (relative to the anhydrous

substance): Qixhmple133.64 H4.09 N 11.60 115.02 Gd 18.61 Fnd.: C33.77 H4.13
N 11.54 115.00 Gd 18.53 Exanple 15 a)

2,4,6-Triiodo-§- (3,5 @'ﬁﬁ@dols‘b%&1£2a01X4?‘?5%f1§9EH%ct1an§ -1%H- Mﬂéd{{ %4,74 id-tris-

(carboxylatone hyl )~ , 10-t'etraazadycl ododecanyl,

) am noi so- phthalic

aci d- N, N- bi s- (3, 6- dF42R4a9mgINgReeE( e etiaagaca.ciﬂdoﬁcam(h?ﬂ compjexd))aminoiso-

(carboxyl atonet hyl )-1,4,7,10-t et raazacycl ododecanyl, Gd c Ieég I'yam de
phthahc acid-N, N-bis-(3,6-diaza-4,7-dioxooctane-1,8- d1yl {10-[1,4,7-tris-

(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl, Gd complex]})amide

9.4 g (15.2 mmol) of the Gd complex of 10-[4-carboxy-2-0x0-3-azabutyl]-
1,4,7,10-tetraazacyclododecane-1,4,7-triacetic acid (WO 98/24775, Schering AG,
(Example 11)) is suspended in 100 ml of DMSO and mixed with 1.96 g (17 mmol) of N-
hydroxysuccinimide and 3.3 g (16 mmol) of dicyclohexylcarbodiimide and preactivated
for 1 hour. Then, it is mixed with 2.4 g (3.4 mmol) of 5-(2-aminoacetylamino)-V, N-bis-
(2-aminoethyl)-2,4,6-triiodoisophthalic acid amide, and it is stirred for 3 days at room
témperature under nitrogen. Insoluble components are filtered out, and the solution is
poured into 1000 ml of acetone. The solid that accumulates in this case is filtered off
and washed in portions with 300 ml of acetone and With 100 ml of diethyl ether. The
residue is taken up in 200 ml of water and absorptively precipitated for 2 hours with 30 g
of ion exchanger (IRA 67 OH-form) and filtered off. Then, it is absorptively
precipitated for 2 hours with 10 g of ion exchanger (IR 267 H-form), filtered off, mixed
with 2 g of activated carbon, heated for 2 hours to 60°C, filtered off, and the solution is
concentrated by evaporation to 100 ml. To remove the residual dimethyl sulfoxide, the

“solution is poured into 1000 ml of acetone, and the precipitate that accumulates is



9.4 g (152 mol) of the G conpl ex of 10-[4-carboxy-2-oxo 3-azabutyl]-
1,4,7,10-tetraazacycl ododecane-1,4, 7-triacetic acid (WO 98/24775, Schering
AG (Exanple 11)) is suspended in 100 m & DMSO and mixed with 1.96 g (17
mmol ) of N hydroxysuccinimde and 3.3 g (16 mmol) of

di cycl ohexyl carbodiim de and preactivated for 1 hour. Then, it is m xed
wth 2.4 g (3.4 mmol) of 5-(2-am noacetyl am no)-N, N-bi s-

(2-am noethyl)-2,4,6-triiodoi sophthalic acid amde, and it is stirred for 3
days at room fitteepeffatTheaecuduaters drisolvodjari50lmkd] wistr thearopdnanty iasa af 4 Vales ed
out, and the solution is poured into 1000 mM of acetone. The solid that

accunul ates i Bf ¢.00s o+ s.o? ithed 1etle @rf exchatGer@sieieh hdil OPL folaNst MWiflitared00 N
of acetone and with 100 m of diethyl ether. The residue is taken up in 200

m of water a i i.0i Qa2 hours with 30 g of ion
exchanger (I RQ\H@?Q%%#%{#%%éﬁg(lﬁﬁr#gﬁggggﬁ hen, it is absorptively
precipitated for 2_hours w 810 of 1on exchanger (IR 267 Hform,
filtered of f, nixe 16%1\;1' ?’H gZJ6 Yeftt %QWb%tfae?P??f&rsﬁﬁ(ﬂ}J heated for 2 hours to
60C, filtered off, and the solution is concentrated by evaporation to 100

m . To renove the Metérdaatent(Kesk-higthes)l6f4dki de, the solution is poured into
1000 m of acetone, and the precipitate that accunulates is 84 filtered

of f. The residue i Bledienty uedydin(rdafivato (i andgtiffus shligareepduct i vity is set at
a value of 0.005 n5 (pH=7.0) with alittle ion exchanger (H form and

OHform, it is fi }:;(f'reé@zg%f}?ygz CRNGE rlq%% _t%dfz%;\g@or ation in a vacuum
0 i

Yield: 6.1 g (67% of 'theory a colorless sol ter content

(Ko orsererl o B STt BFa S APl b gl by oo

Example 16
a) 2,4,6-Triiodo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{ 10-[1,4,7-tris-
(benzyloxycarbonyl)-1,4,7,10-tetraazacyclododecanyl}} )aminoisophthalic acid-
N, N-bis-(3-aza-4-oxopentane- 1,5-diyl-{ 10-[1,4,7-tris-(benzyloxycarbonyl)
1,4,7,10-tetraazacyclododecanyl}})amide
44.6 g (70.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)}10-(carboxymethyl)-
1,4,7,10-tetrazacyclododecane, 21 ml (164 mmol) of triethylamine, 14.6 g (70.5 mmol)
of dicyclohexylcarbodiimide and 8.1 g (70.5 mmol) of N-hydroxysuccinimide are added
to a suspension of 16.5 g (23.5 mmol) of 5-(2-aminoacetylamino)-N, N-bis-(2-
aminoethyl)-2,4,6-triiodoisophthalic acid amide in 446 ml DMF, and it isstirred for 20
hours at room temperature. Insoluble components are filtered out, and it is evaporated to
the dry state. The residue is taken up in 500 ml of ethyl acetate and extracted twice with
500 ml each of water. The organic phase is dried on sodium sulfate, the solvent is

evaporated to the dry state, and the residue is chromatographed on silica gel (mobile



Fnd.: C 32.91 H 3.98 N 11.81 115.11 Gd 18.67 Exanple 16 a)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1,4,7-tris-

(benzyl oxycarbonyl)- 1,4,7,10-tetraazacycl 8dodecanyl]}) ani noi sophthalic
aci d-

N, N- bi s- ( 3-aza- 4- oxopentane-1,5-diyl-{10-[1,4, 7-tris-(benzyl oxycar bonyl }
,4,7,10-tetraazacycl ododecanyl] } )amde 44.6 g (70.6 mmol) of

4, 7-tris-(benzyl oxycarbonyl } 10- (car boxynet hyl ) -

4,7, 10-t et r sdseytc ldodbdemathene/ethahol(2D6:41 ynhibk ¥racfiortsrtha&tchyfaanthe @rodiidt e g
0.5 nmmol ) of dicycl ohexyl carbodiimde and 8.1 g (70.5 nmol)

N- hydr oxysugghBintdl 98 Reef&iby tparatiggpensi on of 16.5 g (23.5 nmmml) of
5- (2-am noacetyl am no) - N, N- bi s- (gam noethyl) 2,4,6-triiodoisophthalic acid

amde in 446 m n 0,S f rs at roomtenperature.
I nsol ubl e corrpom[a)m%gelgr eOngI(ItSzr/e%ftﬁé% foadm rles%S()Leivd;por ated to the dry
state. The residue_is taken yp.in 500 ml of ethyl acetate and extracted
twice with 500 m E&RINEY 20#¥¥8. The organic phase is dried on sodi um
sulfate, the solvent is evaporated to the dry state, and the residue is
chromat ogr aphed onC&d.l iCa4gél H mdbi NH.85 I Bbd&ent: di chl or onet hane/ net hanol
20 : 1). The fractions that contain the product are conbined and
concentrated by evap@ratisamo Y shd: }3@85 9145§@60f t heory) of a coIorIess
solid Elenentary analysis: dd.: H5.27 N9.91 1 14.96 Fnd.: C

54.99 H5.35 N 9.87 114.65 b)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1, 4,7, 10-tetraazacyclo

b) 2,4,6-Triiodo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{10-[1,4,7,1 0-tetraazacyclo-

1
1,
1,
(7
of

dodecanyl]})aminoisophthalic acid-N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-

[1,4,7,10-tetraazacyclododecanyl]})amide

20 g (7.9 mmol) of 2,4,6-triiodo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{10-[1,4,7-
tris-(benzyloxycarbonyl)1,4,7,10-tetraazacyclododecanyl]} Jaminoisophthalic acid-N, N-
bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(benzyloxycarbonyl)-1,4,7,1 0-tetraaza-
cyclododecanyl]})amide is carefully mixed at 0-5°C [with] 140 ml of HBr/AcOH (33%)
and stirred for 3 hours at room temperature. Then, the reaction mixture is poured into
800 ml of diethyl ether; the solid that accumulates in this case is suctioned off, and it is
rewashed several times with diethyl ether. The residue is dissolved in 100 ml of water
and 100 ml of dichloromethane while being stirred Yigorously, and 32% NaOH solution
is added until a pH of 10 is reached. The organic phase is separated, the aqueous phase
is extracted three times with 50 ml each of dichloromethane, the combined organic
phases are dried on magnesium sulfate, and it is.evaporated to the dry state.

Yield: 10.1 g (96% of theory) of a colorless solid



dodecanyl ] })am noi sophthalic aci d- NN bis-(3-aza-4-oxopentane-1,5-diyl-f 10-
[1,4,7,10-tetraazacycl ododecanyl]})amde 20 g (7.9 mmol) of
2,4,6-triiodo-5-(3-aza-1, 4-di oxopentane-1, $6diyl -{ 10-[1,4,7

tris-(benzyl oxycarbonyl}1,4,7,10-tetraazacycl ododecanyl]})am noi sophthalic
aci d-N, N- bi s-(3-aza-4-oxopentane-1,5-diyl-{

10-[1,4,7-tris-(benzyl oxycarbonyl)-1,4,7,10-tetraaza- cycl ododecanyl]})am de
is carefully mxed at 0-5C [with] 140 ml of HBr/AcOH (33% and stirred for
3 hours at room t efibepentegyenalypién, the reaction mxture is poured into 800
m of diethyl ether; the solid that accunulates in this case is suctioned
off, and it is rewdghed 3¥3ertab.obi Mes8.86 t h2gldget hyl ether. The residue is
dissolved in 100 mM of water and 100 m of dichioronethane whil e being

stirred vigorouslypandc3aNapd gohuiggn 1hgsadded until a pH of 10 is
reached. The organi c phase is separated, tLe aqueous phase is extracted

three tines with 50 ml each of dichl oronethane, the conbi ned organic phases
are dried on magnesium sulfate, and it is evaporated to the dry state.
Yield: 10.1 g (96% of thgoryg of a colorless solid 86 Elenentary anal ysis:
ad.: C 39.53¢H 5. 3¢t TTgoded-{D8zar B 4-dmowppentana d. 544y B)-dot. Ritris. 91 128, 51 c¢)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1,4,7-tris-

(car boxymet hyl ) - 1, 4cafbd:Bmiceliyl pdAdcytcadadepdodddE¢dnait) yagiisaipdphitalic acidaV,d~ N, N-
bi s- (3-aza- 4- oxopentane-1,5-diyl- { 10-

[
o (15,5t of 2, Feci P S A ARG AR PRSI A - °
tetraazacyclododecanyl]})amide
18.0 g (13.5 mmol) of 2,4,6-triiodo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{10-
[1,4,7,10-tetraazacyclododecanyl}})aminoisophthalic acid-N, N-bis-(3-aza-4-oxopentane-
1,5-diyl-{10-[1,4,7,10-tetraazacyclododecanyl}} )amide is dissolved in 75 ml of water,
19.5 g (206.5 mmol) of chloroacetic acid is added, and a pH of 9.5 1s set at 60°C with
32% NaOH. It is heated for 10 hours to 70°C, whereby the pH of the reaction mixture is
readjusted continuously to 9.5. After cooling to room temperature, the pH is set at 1
with concentrated HCI, and the solution is concentrated by evaporation in a vacuum.
The residue is absorptively precipitated with 250 ml of methanol, insoluble components
are filtered out, and the filtrate is concentrated by evaporation. The residue is dissolved
in 100 m] of water and added to an ion-exchange column (600 ml, IR 120, H'-form).
Then, it is washed with 2 1 of water, and the acidic eluaté is concentrated by evaporation.
The residue is dissolved in 70 ml of methanol and added in drops to 900 ml of diethyl
ether; the solid that accumulates in this case is suctioned off, rewashed several times

with diethyl ether and dried in a vacuum.

Yield: 15.3 g (61% of theory) of a colorless solid



[1,4,7,10-tetraazacycl ododecanyl ] })am noi sophthalic

aci d- N, N- bi s- (3- aza- 4- oxopent ane-
1,5-diyl-{10-[1, 4, 7,10-tetraazacycl ododecanyl]})am de is dissolved in 75 m
of water, 19.5 g (206.5 nmol) of chloroacetic acid is added, and a pH of
9.5 is set at 60Cwith 32% NaCOH It is heated for 10 hours to 70C, whereby
the pH of the reaction mxture is readjusted continuously to 9.5. After
cooling to roomtenperature, the pHis set at 1 wth concentrated HCl, and
the solution is comggndnial @dalbyisevaporation in a vacuum The residue is
absorptively precipitated with 250 m of nethanol, insoluble conponents are

filtered out, and ggg_f&h@&gtg{5§6cgpﬁ§%;Qg%ﬁgsby evaporation. The residue
1 C 8P . e ;

is dissolved in 1 wat er “and a 0 an ion-exchange colum (600
m, IR 120, VVforn%. Then, it _is shed with 2 1 of water, and the acidic
eluate i s concentrafed QY“%@%H%?&@i 13.4% 12} &&i due is dissolved in 70 n of
nmet hanol and added in drops to 900 ml of diethyl ether; the solid that
accurul ates in this case is suctioned off, rewashed several tinmes wth

di ethyl ether and dried in a vacuum Yield: 15.3 g (61% of theory) of a

col orl ess solidy 872 454 grpidoas-y3-anal ¥slickopbhtshe-1,6HA- 09-H £746-N 13. 56 120. 65
Fnd.: C 40.22 5.29 N 13.49 120.56 d)

(cal boxyl at onet nyl 157 e BFPRE0L R0 Eebaactitiodetduh ol edpbl Mamingises o
PRI 2000 S SRS b AT v
12.8 g (6.9 mmvol ) of2,4,6-triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10
(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl, Gd complex]})amide
12.8 g (6.9 mmol) of 2,4,6-triiodo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{10-
{1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} )aminoisophthalic acid-
N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraaza-
cyclododecanyl]})amide is dissolved in 100 ml of water and acidified by adding 3 ml of
acetic acid. 3.7 g (10.4 mmol) of gadolinium oxide is added, and it is refluxed for 6
hours. After complexing is completed, the pH is set at 7.4 with ammonia, and it is
chromatographed on silica gel (mobile solvent: dichloromethane/methanol/ammonia:
10/10/1). The fractions that contain the product are combined and absorptively
precipitated with 10 g of ion exchanger (IR 267 H-form) for 2 hours and filtered off,
then absorptively precipitated with 10 g of ion exchgnger (IRA 67 OH-form) for 2 hours,
filtered off, mixed with 2 g of activated carbon, heated for 2 hours to 60°C, filtered off
and freeze-dried.

Yield: 8.3 g (48% of theory) of a colorless solid

Water content (Karl-Fischer): 6.9%



[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl]}) am no
|sophthaI|c aci d-

N, N- bi s- (3-aza- 4- oxopent ane-1, 5-di yl - { 10- [ B84, 7-tris-(carboxymethyl)-1,4,7,1

O-tetraaza- cycl ododecanyl]})am de is dissolved in 100 m of water and

acidified by adding 3 m of acetic acid. 3.7 g (10.4 mol) of gadolinium

oxide is added, and it is refluxed for 6 hours. After conplexing is

conpleted, the pHis set at 7.4 with anmonia, and it is chromatographed on

silica gel (nobile Hohewdary:andiysls|(tstasive thiwahhedrhangibsanemoni a: 10/ 10/ 1) .
The fractions that contain the product are conbined and absorptively
precipitated with 10dg of32.0m K3@Ranye0.8¢ | RIZ6F Bdor3p) for 2 hours and
filtered off, then absorptively precipitated with 10 g of ion exchanger
(IRA 67 Otform faq142 . pfal ff, Xeg g 2 g of activated
carbon, heated for homg%lo déStfq‘F??gr@eglg?‘? #reeze dried. Yield:
8.3 g (48% of theory) of a colorless solid Wter content (Karl - Fi scher):

6,9% 88 Elenentary analysis (relative to the anhydr ous substance): dd.:

C

32.07 H 182 N 10.86 | 16.40 Gd 20.32 Fnd.: C 32.21 H 3.85 N 10.89 116.25 Gd

20.19 Exanpl éixamply 17

2,4,6-Triiodo-5-(3-aza-1, 4-di oxo-5-net hyl pentane-1,5-diyl-{10-[1,4,7-tris-
(benzyl oxycar kony| 114 6-THiddb-§ €8-aaaz acdicko oty pyitide) BFidd S oghuimatrisc aci d-

N, N- bi s- ( 3-aza- 5- rrethyl 4 oxopentane-1,5-diyl-{ 10-[1,4,7-tris-

(verey oryoer bon ey o Bk FEA IO ROBHETARUUL T e 025
N,N-bis-(3-aza-5-methyl-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-
(benzyloxycarbonyl)1,4,7,10-tetraazacyclododecanyl}} Jamide
45.7 g (70.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)}10-(1-carboxyethyl)-
1,4,7,10—tetrazacyclododecane, 21 ml (164 mmol) of triethylamine, 14.6 g (70.5 mmol)
of dicyclohexylcarbodiimide and 8.1 g (70.5 mmol) of N-hydroxysuccinimide are added
to a suspension of 16.5 g (23.5 mmol) of 5-(2-aminoacetylamino)-N, N-bis-(2-
aminoethyl)-2,4,6-triiodoisophthalic acid amide in 446 ml DMF, and it is stirred for 20
hours at room temperature. Insoluble components are filtered out, and it is evaporated to
the dry state. The residue is taken up in 500 ml of ethyl acetate and extracted twice with
500 ml each of water. The organic phase is dried on sodium sulfate, the solvent is
evaporated to the dry state, and the residue is chromatographed on silica gel (mobile
solvent: dichloromethane/methanol 20 : 1). The fractions that contain the product are
combined and concentrated by evaporation.

Yield: 28.6 g (47% of theory) of a colorless solid

Elementary analysis:

Cld.: C5527 H542 N9.75 114.72

Fnd.: C5534 H544 NO9.79 114.65



1,4,7,10-tetrazacycl ododecane, 21 m (164 mol) of triethylamne, 14.6 g
(70.5 mmol ) of dicycl ohexyl carbodiimde and 8.1 g (70.5 mol ) of

N- hydr oxysucci ni mi de are added to a susperfSion of 16.5 g (23.5 nmol) of

5- (2-am noacetyl am no)-N, N-bi s-(2- am noethyl)-2,4,6-triiodoisophthalic acid
amde in 446 ml DWF, and it is stirred for 20 hours at room tenperature.

I nsol ubl e conponents are filtered out, and it is evaporated to the dry
state. The residue is taken up in 500 nl of ethyl acetate and extracted
twice with 500 m ZehéHroedandt(Erza-THedioxqgamahyhesene 55 dliyled Odh.4soti-um
sulfate, the solvent is evaporated to the dry state, and the residue is
chromat ogr aphed on tetrdazed cpdbddcanyi ) emindtogkhhlic sbid-M Bbovesthanemegtyhanol 20
. 1). The fractions that contain the product are conbined and concentrated
by evaporation. Yi ' 61 9. £-A7YMah 4-hep al.i d
El ementary anal ysi §Xg€f’§§?e lc:gsdg1 2{3{%@éiﬂgp{ﬁ)%?%y‘%oﬁde%ﬁﬁﬁaﬁgéc 55.34 H
5.44 N 9.79 114.65 89 . A . .
2,4,6-Triiodo-5-( 3-@2%@% AL S ORI 1P s e At oo H hethy Ipegtang-1o-4ivk g

t etraazacycl ododecanyl ] }) am noi sopht hal i c aci d- N, N- bi s- (3-aza-5- net hyl - 4-
oxopent ane- 1, S 14 1-rislpnzyioxs cabondi dafs Hoiroraaidedisr i) Aymisosephghal 7. 7
nmml ) of 2,4,6-triiodo-5-(3-aza-1, 4-di oxo-5-net hyl pentane-1, 5-di vyl -

{10-[1, 4, 7-t r ifid-Nenbil Oxiedciethyl-3-bxdpentahe-1t pUlyagdzagy,gl7ogiedecanyl ] } ) am noi s
ophthalic acid-N, N bis-(3-aza-5-nethyl -4-oxopent ane-1, 5-diyl -{

1oL 8 ! S s oy e g prgye L sdndas o an o
3 hours at ooggbt[%%ﬂ% 1 6f HBr/AcOH (33%) and stirred for 3 hours at room temperature.
Then, the reaction mixture is poured into 800 ml of diethyl ether; the solid that
accumulates in this case is suctioned off and rewashed several times with diethyl ether.
The residue is dissolved in 100 ml of water and 100 ml of dichloromethane while being
stirred vigorously, and 32% NaOH solution is added until a pH of 10 is reached. The
organic phase is separated, the aqueous phase is extracted three times with 50 ml each of
dichloromethane, the combined organic phases are dried on magnesium sulfate and
evaporated to the dry state.
Yield: 10.2 g (96% of theory) of a colorless solid
Elementary analysis:
Cld.: C40.94 H621 N 1828 127.61

Fnd.: C41.13 H6.17 N 1832 12747



Then, the reaction m xture is poured into 800 mM of diethyl ether; the solid
that accunulates in this case is suctioned off and rewashed several tines
with diethyl ether. The residue is dissolwed in 100 mM of water and 100 m
of dichl oronmethane while being stirred vigorously, and 32% NaOH solution is
added until a pH of 10 is reached. The organic phase is separated, the
aqueous phase is extracted three tines with 50 ml each of dichl oronethane,

t he conbi ned organi ¢ phases are dried on nagnesium sul fate and evaporated

to the dry stape. \aﬁbnrrlla&b %gaésa@%cnéx&mném &tarR- ICQJdWllé%S[lﬂoﬁ ~rfd-
El ementary anal ysis: 0.94 H6.21 N1 58 127.61 € 41.13 H

6.17 N 18.32 127.47

2,4,6-Triiodo-5-(3- 8%5810)1}%1&%12)161 7510n{§£trﬁa%ac %ﬁgc%lyg}gmqu%ﬂtachcgl tris
(carboxynethyl) 1,4,7,10- tetraazacyclodode ]})anl oi sopht hal i c_aci d-N, N
bi s- ( 3- aza- 5- met hy|tislb¥@parmetiydAroxgpentge: {iﬁ’y Iyla{14:[F 4s7rtr§-(g&r§f>bwa9th’é bhyl ) -
1,4,7,10-tetraazacycl ododecanyl] } )amde 18.6 g (13.5 mmol) of
2,4,6-triiodo-5-(SJazaAmﬂdﬁd&mxmkﬁomﬂaMMMpankhne-1,5- diyl-{ 10-]
1,4,7,10-tetraazacycl ododecanyl ] })am noi sopht hal i ¢ aci d- N\- bi s- ( 3-aza- 5-

met hyl - 4- oxopent anergly é(pb yhnndl)éf§4ktﬁloﬂo 57(3%1164 Hﬁéaﬁﬁl@h@%@lﬁﬁéﬂ 4.]

)yamde is dissolved in of water, 19.5 of chloroacetlc
acid i s added,

for 10 hours t%alggleﬁ\’/ﬁﬁ E@ﬁ%}fsatﬁ%%tycﬁiif’%?a’i@”?‘céllg%‘ﬁ’%ﬁh%%% Bfg}y bis r@é’&?ggg tegd

continuously to 9.5. After COO|IH? to room tenperature, ?H of 1 is set
wi t h concent r aneilly MepxopgataneHed-diyT-di - 61n4,|7é069tm8éwcquedeq@9yl })amide is

dissolved in 75 ml of water, 19.5 g (206.5 mmol) of chloroacetic acid is added, and the
pH is set at 9.5 at 60°C with 32% NaOH. It is heated for 10 hours to 70°C, whereby the
pH of the reaction mixture is readjusted continuously to 9.5. After cooling to room
temperature, a pH of 1 is set with concentrated HCI, and the solution is concentrated by
evaporation in a vacuum. The residue is absorptively precipitated with 250 ml of
methanol, insoluble components are filtered out, and the filtrate is concentrated by
evaporation. The residue is dissolved in 100 ml of water and added to an ion-exchange
column (600 ml, IR 120, H'-form). Then, it is washed with 2 1 of water, and the acidic
eluate is concentrated by evaporation. ‘The residue is dissolved in 70 ml of methanol and
added in drops in 900 ml of diethyl ether; the solid that accumulates in this case is
suctioned off, rewashed several times with diethyl e'Fher, and dried in a vacuum.

Yield: 14.1 g (55%) of a colorless solid

Elementary analysis:

Cld.: C41.06 H546 N 1326 120.02

Fnd.: C41.34 HS5.52 N 1331 119.69



evaporation in a vacuum The residue is absorptively precipitated with 250
m of nethanol, insoluble conponents are filtered out, and the filtrate is
concentrated by evaporation. The residue 9% dissolved in 100 m of water
and added to an ion-exchange colum (600 m, IR 120, H+-fornm). Then, it is
washed with 2 1 of water, and the acidic eluate is concentrated by
evaporation. The residue is dissolved in 70 mMl of nethanol and added in
drops in 900 m of diethyl ether; the solid that accunmulates in this case is

suctioned of f q)r ewashedrigRies- -aid-rmsamothn@trgnlbeﬁlta@t1h%1qumgt duizegisi n a
vacuum Yield: "14.1 g (55% of a colorless SO|Id El ementary ana1y5|s Cld

C41.06 H5.46 N1 6 0 2N1 31 1 69. 91
2,4,6-Triiodo-5- (3%%13%% ﬁgo%%h;gg']dm lé:té BN Qﬁé@ °%nydi C?TBIGF% )?fmfofsﬂ s
(carboxylatonethyl) 1,4,7,10- tetraazacgclododecanyl Gd conp pd?zé;anln0|so-
pht hal i ¢ aci d- NN- bipBtheBe agid=rsNrhis- éﬂt@@@ema@-mydlyl{{l 4 /-Iise-tri s-
(carboxyl atonmethyl }1,4,7, 1 O- tetraazacyclododecanyl Gd conpl ex] })am de
13.1 g (6.9 nmol) Q(Earboxylatomethyl)—l,4,7,IO-tetraazacyclododecanyl, Gd complex]})amide
2,4,6-triiodo-5-(3-aza-1|, 4-di oxo-5-net hyl pent ane- 1, 5-di yl -

10-[1, 4, 7-tris-(can '@qxngaé Hﬁ&l&l;é{ﬁ &tﬁ%db%t 36&%610181094@931%@@ ellta}he 13- dl{yl-

)an1n0|sophthallc aci d-N, N-bi's-(3-aza-5- 4 oxopenta 1,5-d

di'ssol ved in %éé—‘iﬁﬁ?’%%ys%ﬁ%rﬁ%fﬁmﬁ&’léf f,?oeif?%%%zﬁa%@df“ @%&%ﬁﬂ%ﬁ. o

3.7 g (10.4 nnDI of gadoliniumoxide is added, and it is refluxed for 6
hours. After @kbing3iaga-8 ongshulteaxopenishe-af5-diyk { | [ 6 f-tvis-(¢arbmmyowsthy]- and
it is chronatographed on silica gel (nobile solvent:

di chl or omet hanef mebhan@bdcyclododecanyl]})amide is dissolved in 100 ml of water and acidified
by adding 3 ml of acetic acid. 3.7 g (10.4 mmol) of gadolinium oxide is added, and it is
refluxed for 6 hours. After complexing is completed, a pH of 7.4 is set with ammonia,
and it is chromatographed on silica gel (mobile solvent: dichloromethane/methanol/
ammonia: 10/10/1). The fractions that contain the product are combined and
absorptively precipitated with 10 g of ion exchanger (IR 267 H-form) for 2 hours and
filtered off, then absorptively precipitated with 10 g of ion exchanger (IRA 67 OH-form)
for 2 hours, filtered off, mixed with 2 g of activated carbon, heated for 2 hours to 60°C,
filtered off and freeze-dried.

Yield: 7.6 g (44% of theory) of a colorless solid
Water content (Karl-Fischer): 5.3%
Elementary analysis (relative to the anhydrous substance):

Cld.: C33.02 H4.01 N10.66 116.10 Gd 19.96

Fnd.: C33.34 H4.08 N10.62 116.01 Gd19.82



amoni a: 10/10/1). The fractions that contain the product are conbi ned and
absorptively precipitated with 10g of ion exchanger (IR 267 Hform for 2
hours and filtered off, then absorptivelygprecipitated with 10 g of ion
exchanger (IRA 67 OHform for 2 hours, filtered off, mxed with 2 g of
activated carbon, heated for 2 hours to 60C, filtered off and freeze-dri ed.
Yield: 7.6 g (44% of theory) of a colorless solid Witer content

(Karl -Fischer): 5.3%Elenmentary analysis (relative to the anhydrous

subst ance): %‘% C;$3-02 H4.01 N 10.66 116. 10 Gd 19.96 Fnd.: C 33.34 H
2.08 N 10.62 TT8"PI°t 19.82 92 Exanpl e 18 a)

2,4,6-Triiodo-5-{ | [.2-(2 if rogcetyl am no) - acet yl ] am no} -
i sopht hal i ¢ ad d di é‘lfﬁ/ dFifQde- %ﬁ Sthﬁf{[ ‘((ég P5036?ty]taﬁl”69?§ﬂce‘é’ﬁﬁ@f‘rme i s added
in drops at OCwithin 1 hour to a solution of 34.2 g (200 mmol ) of gl ycine

trifluoroacetate imopbthaht aod dicllareiehy| acet ami de. Then, 24.4 g (40 mol) of
5-am no-2,4,6-triiodoi sophthalic acid dichloride (EP 0033426, Sovak, 1/80

US) is added at 0C143n4l 200 nfmsth bf{h%inyi SloAdERY%AdA in drOR R ICORANRS Yhur txhe
reaction mxture is poured into liters of ice water, and the solid that

accumul at es 'sfg@gto%?g?aff@oﬁg{m&ysﬁg\% AL 6RLIRN A fJl ter resi due is

e figdl
di ssolved in ace en out tw ce vmt sat ur at ed

sodi um bi car bonat e sol ut|j the organic g) e%se is dried on sodi um sul fate,
and the sol verimeiaylaeraider 5@%2&%%&9&5&0 19t SrAiRO - adiigpisophthalic acid

dichloride (EP 0033426, Sovak, 1/80 US) is added at 0°C, and it is stirred for 4 days at
room temperature. The reaction mixture is poured into S liters of ice water, and the solid
that accumulates is filtered off. For further purification, the filter residue is dissolved in
1000 ml of ethyl acetate, shaken out twice with saturated sodium bicarbonate solution,
the organic phase is dried on sodium sulfate, and the solvent is concentrated by
evaporation in a vacuum.

Yield: 28.7 g (94% of theory) of a colorless solid

Elementary analysis:

Cld.: C2047 HO0.79 N3.67

Fnd.: C20.52 HO0.77 N3.71

b) 5-[(2-Aminoacety1)—methylamino]-N,N—bis—(?-aminoethyl)—2,4,6-
triiodoisophthalic acid amide
A solution of 10 g (13.1 mmol) of 2,4,6-triiodo-5-{methyl-[2-(2,2,2-
trifluoroacetylamino)-acetyl}-amino} -isophthalic acid dichloride in 100 ml of
tetrahydrofuran is added in drops to 26.7 ml (399 mmol) of ethylenediamine over 1 hour
at room temperature, and it is stirred for 14 more hours. The precipitated solid is

filtered off, rewashed with ethanol, taken up in 100 ml of water, and a pH of 8.0 is set



Yield: 28.7 g (94% of theory) of a colorless solid Elenentary analysis:
Cd.: C20.47 HO0.79 N3.67 Fnd.: C20.52 HO.77 N 3.71 b)

5-[(2- Am noacet yl ) - net hyl am no] - N, N- bi s- (2-%4m noet hyl ) -2, 4, 6-

triiodoi sophthalic acid am de A solution of 10 g (13.1 nmol) of
2,4,6-triiodo-5-{nmethyl-[2-(2, 2, 2-
trifluoroacetyl am no)-acetyl]-am no}-isophthalic acid dichloride in 100 n
of tetrahydrofuran is added in drops to 26.7 m (399 nmol) of

et hyl enedi am neittoV & lithitvatydrexidersobrioh e dyfer edricestratiomcyi dvapaagon inredhchom, it4
nore hours. The precipitated solid is filtered off, rewashed w th ethanol,
taken up in 1Q0dxlyefiiMAtEIm edafdold PH of 8.0 is set 93 with I MIithium
hydr oxi de sol ution. After concentration by evaporation in a vacuum it is

recrystallized fromg.eth 7. 3 7 @6of heory) of a colorless
solid Elenentary S nggaél/?j"étg‘(‘?%%"%wf‘ﬂ"rge Sid 1507 18 2310 Pnas e
25.44 H 2.98 N 11.81 151 09 cé.

2,4, 6-Triiodo- 5- (3-Heomentaagplysispent ane- 1, 5-di yl - {10-[1, 4, 7-tri s-

(benzyl oxycarbonyl )-1,4,7,10-tetraazacycl ododecanyl ]

}) - met hyl am noi soph@lial C25.23 H2.96 N11.77 153.31

aci d- N, N- bi s- (3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(benzyl oxycar bonyl

)- 1,4,7,10-tetr aazggy-clcognglecanydd N)i13m ds3 6é 6 g (70.6 nmol ) of
1,4,7-tris-(benzyl oxycarbonyl } 10- (car boxymnet hyl ) -

c) 2,4,6-Triiedo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{10-[1,4,7-tris-
(benzyloxycarbonyl)-1,4,7,10-tetraazacyclododecanyl]} )-methylaminoisophthalic
acid-N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(benzyloxycarbonyl)-
1,4,7,10-tetraazacyclododecanyl]} )-amide
44.6 g (70.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)10-(carboxymethyl)-

1,4,7,10-tetrazacyclododecane, 21 ml (164 mmol) of triethylamine, 14.6 g (70.5 mmol)

of dicyclohexylcarbodiimide and 8.1 g (70.5 mmol) of N-hydroxysuccinimide are added
to a suspension of 16.8 g (23.5 mmol) of 5-[(2-aminoacetyl)-methylamino]-&, N-bis-(2-
aminoethyl)-2,4,6-triiodoisophthalic acid amide in 446 ml of DMF, and it is stirred for

20 hours at room temperature. Insoluble components are filtered out, and it is

evaporated to the dry state. The residue is taken up @n 500 ml of ethyl acetate, and it is

extracted twice with 500 ml each of water. The organic phase is dried on sodium
sulfate, the solvent is evaporated to the dry state, and the residue is chromatographed on
silica gel (mobile solvent: dichloromethane/methanol 20 : 1). The fractions that

contain the product are combined and concentrated by evaporation.

Yield: 34.9 g (58% of theory) of a colorless solid



1,4,7,10-tetrazacycl ododecane, 21 m (164 nmmol) oftriethylamne, 14.6 g
(70.5 mmol ) of dicycl ohexyl carbodiimde a 8.1 g (70.5 mmul)

of N- hydr oxysuccinim de are added to a susg nsion of 16.8 g (23.5 nmol) of
5-[(2-am no acetyl)-methyl am no] - N, N-bi s-(2-

am noethyl )-2,4,6-triiodoisophthalic acid amde in 446 ml of DWF, and it is
stirred for 20 hours at roomtenperature. |Insoluble conponents are filtered
out, and it is evaporated to the dry state. The residue is taken up in 500
m of ethyl acetatgﬁméﬁﬁmﬁﬁn@§$séxtracted twice with 500 M each of water.
The organic phase is dried on sodium sulfate, the solvent is evaporated to
the dry state, and Glde £64iBudlPS2cN Diat byt.8phed on silica gel (nobile

sol vent: dichl oronet hane/ net hanol 20 : 1). The fractions that contain the
product are conbi nggidand spcemirdt edolly evagoration. Yield: 34.9 g (58% of
theory) of a colorless solid 94 Elenentary analysis: Cd.: C54.93 H 532 N
9.86 114.88 Fnd.: C55.12 H5.39 N 9.81 114.72 d)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1, 4,7, 10-tetraazacyclo

- dodecanyl ]})-neth i noj sopht hal i c_.aci d- N, NV- bi s- (3-aza- 4- oxopent ane- 1, 5-
diyl- { 10-] B4, 7,3/ %ggétl?éé)ag- '9@'58%%’@&’!????‘)')1»5{&4}?’5&02@"87(197t§r4%%ﬂy)7100f
2,4,6-triiodo-5-(3-aza-1, 4-di oxopentane-|,5-diyl-{10-[1, 4, 7-

tris-(benzyl oxycar lodgdanyli} dmgthylemimtiscphthaby e¢iddbdeu afd-ha-4-oxopentane-1,5-

) met hyl ami noi sopht hal i c

aci d-N, N-bi s- ( 3- azatijl-{Qpqp et BNetrhabefdlydodeddyl]l)-4midet r i s- (benzyl oxycar bonyl
} 1,4,7,10-tetraazacycl ododecanyl]})-amde is carefully m xed at 0-5C

[with] 140 m of 'dt%[ge@?s%rﬁoﬁgo‘r’]@z,z?}@-qrii%%-rsf(%9’az£9[4-§io§18b€n%an%§1,5-%%511{10-[1,4,7-

t enperature. Then, i eact

tris-(benzyloxycarbonyl)-1,4,7,10-tetraazacyclododecanyl] } )ymethylaminoisophthalic
acid-N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(benzyloxycarbonyl )
1,4,7,10-tetraazacyclododecanyl]})-amide is carefully mixed at 0-5°C [with] 140 ml of
HBr/AcOH (33%) and stirred for 3 hours at room temperature. Then, the reaction
mixture is poured into 800 ml of diethyl ether; the solid that accumulates in this case is
suctioned off and rewashed several times with diethyl ether. The residue is dissolved in
100 ml of water and 100 ml of dichloromethane while being stirred vigorously, and 32%
NaOH solution is added until a pH of 10 is reached. The organic phase is separated, the
aqueous phase is extracted three times with 50 ml each of dichloromethane, the
combined organic phases are dried on magnesium sulfate, and it is evaporated to the dry
state.

Yield: 10.0 g (95% of theory) of a colorless solid

Elementary analysis:

Cld.: C40.01 H6.04 N 18.66 128.18

Fnd.: C40.19 H6.07 N 18.62 128.03



m xture is poured into 800 m of diethyl ether; the solid that accunul ates
inthis case is suctioned off and rewashed several tinmes wth diethyl
ether. The residue is dissolved in 100 m %6f water and 100 m of

di chl oronet hane while being stirred vigorously, and 32% NaOH solution is
added until a pH of 10 is reached. The organi c phase is separated, the
aqueous phase is extracted three tines with 50 ml each of dichl oronet hane,
the conbined organic [}h_ases are dried on magnesiumsulfate, and it is
evapor at ed t o€l he dyo-Tstogoed-Grazat h4-digxopenjanesbopdasl- ¢ 19ed -t a col orl ess
solid Elenentary analysis: Cdd.: C40.01 H6.04 N 18.66 128.18 Fnd.: C
40.19 H 6. 07 N 18. 62rtcZ3methy9dbl,4,8)10-tetraazacyclododecanyl]})-methylaminoisophthalic
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{ 10-[1,4,7-tris

(car boxymet hyl ) -1, ﬂeiaép;é@r.ﬁi9&;@%%}45%@%@33{,:@?%—]{14[))[1,w-t?i>él(@ﬁ5&gin§émhj-ha' ic

aci d- N, N- bi s- (3-aza- 4- oxopent ane- 1,

1,4,7-tris- b - 14,7, 1 0- | odod 1] 1)-anide 18.2
5 (18,5 ol ) of 2, 46| gk fds I TR Chentane 1. 5. al yi {10.

[1,4,7,10-tet raazacgcl ododecan Ir?}f})- met hyl am noi sopht hal i c .

aci d-N, N- bi s- (3- aza84-g (dﬁég@mpﬁ 214, G1gpge-5{(3-aza-1,4-dioxopentane-1,5-diyl-{10-
10-[1,4,7,10-tetraazacycl ododecanyl]})-amde is dissolved in 75 mM of water,
19.5 g (206. 5[yl )0-tefrathtywl@dedang]] Reinthy Bnadsesphttad agidaV\obis 93-2z4-8- set

at 60C with 32% NaOH. It is heated for 10 hours to 70C, whereby the pH of

the reaction. g _1 S qlvgadp. C | y_m@d Do AL & E4: isng to
room t enper at 8?6 z%agngplfglf’ﬁi{q? EEE’ZQIOgm@?%dzgoncer?%ﬁﬁga%@}iaé?@fegﬁa Sétbﬁ%ds}gl ution

I's concentrat 9? mlof Watk r?{&g Ig(wOé.glmmol) of chloroacetic acid is added, and a pH of 9.5 is set

at 60°C with 32% NaOH. It is heated for 10 hours to 70°C, whereby the pH of the
reaction mixture is readjusted continuously to 9.5. After cooling to room temperature, a
pH of 1 is set with concentrated HCI, and the solution is concentrated by evaporation in
a vacuum. The residue is absorptively precipitated with 250 ml of methanol, insoluble
components are filtered out, and the filtrate is concentrated by evaporation. The residue
is dissolved in 100 ml of water and added to an 1on-exchange column (600 ml, IR 120,
H'-form). Then, it is washed with 2 1 of water, and the acidic eluate is concentrated by
‘evaporation. The residue is dissolved in 70 ml of methanol and added in drops in 900
ml of diethyl ether; the solid that accumulates in this case is suctioned off, rewashed
several times with diethyl ether and dried in a vacuum.

Yield: 15.0 g (59% of theory) of a colorless solid

Elementary analysis:

Cld.: C40.39 HS5.33 N1346 12032

Fnd.: C40.53 HS5.37 N13.41 120.17



a vacuum The residue is absorptively precipitated with 250 m of nethanol,

i nsol ubl e conponents are filtered out, and the filtrate is concentrated by
evaporation. The residue is dissolved in 2600 m of water and added to an

i on- exchange colum (600 m, IR 120, H+forn). Then, it is washed with 2 1
of water, and the acidic eluate is concentrated by evaporation. The residue
is dissolved in 70 ml of nethanol and added in drops in 900 nl of diethyl
ether; the solid that accunulates in this case is suctioned off, rewashed
several tines fh th 2, elnyodoetKerzaahd-diedopantame-b,Svdigh{id-[1¥, éitds- 15.0 g (59%
of theory) of a colorless solid Elenentary analysis: Cd.: C40.39 H5.33 N

13.46 120.32 Fnd. (ca@odkg}-lzﬁ&nb‘th@)aﬂ,wla&t%zébgeloagd&ﬁnylf &d complex]})-
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1,4,7-tris

(car boxyl at onet hyl ) - - 10- Qdodecany Jege'l % : )

met hyl am noi sopht h)é?ﬁ]d}ﬁ%%}“?ﬁﬁkﬁ%‘%@@%‘%&é?g gs-gx%%gyn{”éoﬁjggtfggﬁ @'\‘fﬂ ?%‘H 4, 7-
tom! éiﬁ f?g{n! Ste"”ﬁ%ﬁé‘%&&ﬁ@%ﬁ,ﬁ}?g;ffoz.?e%%é’z'a‘é’?ag&é’d%&yrlyl, & complex]})-amide
2,4,6-triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{ 10 .

[1,4, 7-tris-(carboXieg (9 JnnigInet7,46-trimdp sfaPazzpcl, ddodkepenisie} 1,5-diyl-{10-

}) - met hyl am noi sophthalic acid-N, Nbis-(3-aza-4-oxopentane-1,5-diyl-{ 10-]

1, 4, 7-tri s- (cqy RoxyRatipbrymetdyl¥-1 Y07, 1 0-edtaanz aclyEdded ametylamiaviseghthAic
di ssolved in ?00 m of water and acidified by addi nélgm"/(I m oyf acetignaci d.

nour o- A or  Colbl Ak R e O AT AR NPy, SR Cab S BT 48 ang
o o O e o 18 is dTR0lveS ird PO b water and acidified by adding
3 ml of acetic acid. 3.7 g (10.4 mmol) of gadolinium oxide is added, and it is refluxed
for 6 hours. After complexing is completed, a pH of 7.4 is set with ammonia, and it is
chromatographed on silica gel (mobile solvent: dichloromethane/methanol/ammonia:
10/10/1). The fractions that contain the product are combined and absorptively
precipitated with 10 g of ion exchanger (IR 267 H-form) for 2 hours and filtered off,
then absorptively precipitated with 10 g of ion exchanger (IRA 67 OH-form) for 2 hours,
filtered off, mixed with 2 g of activated carbon, heated for 2 hours to 60°C, filtered off
and freeze-dried.
Yield: 8.7 g (51% of theory) of a colorless solid
Water content (Karl-Fischer): 5.8%
Elementary analysis (relative to the anhydrous substance):
Cld.: C32.39 H3.88 N10.79 116.30 Gd20.19

Fnd.: C32.48 H391 N10.76 11621 Gd20.08



10/ 10/1). The fractions that contain the product are conbi ned and
absorptively precipitated with 10 g of ion_exchanger (IR 267 Hform for 2
hours and filtered off, then absorptively Breci pitated with 10 g of ion
exchanger (IRA 67 OHform for 2 hours, filtered off, mxed with 2 g of
activated carbon, heated for 2 hours to 60C, filtered off and freeze-dri ed.
Yield: 8.7 g (51%of theory) of a colorless solid Witer content

(Karl -Fischer): 5.8%Elenmentary analysis (relative to the anhydrous
substance): dxpmplel82 39 H 3.88 N 10.79 | 16.30 Gd 20.19 Fnd.: C 32.48
113.91 N 10.76 116.21 Gd 20.08 97 Exanple 19 a)

5- (13- (2- Ami noed)hyl )5 [B-&- Aalind¥tiyH istdo 2-NaMibixo@t- iy inp etBy B, 264, btiiod divbsinidlichal i ¢
acid amde 100 mM of a 2 Msolution of phosgene in toluene is carefully
added to a sol ution.ofnmid9.- 8 g (50 nmol) of

5-am no-2,4,6-triiodoi sophthalic acid dichloride (DE 2943777, Schering AG

(priority: 10/26/79)) in f dioxane, and,it is h ed rr 24 hours to
50C. Then the_ ol JPaH 92 oabrefiory 2R ne FhRbiehe t-GwMasidsd o & aitghe
whereby the gases are directed through a 20% aqueous NaCH sol ution. The
resi due is di s¥adves(50 mmebeiramninot.¢-ampdeiseritaalicasd deldedds (PRI 71 o
66.9 mM (1.0 nol) of ethylenediamne for over 1 hour at roomtenperature,
and it is stirSchdrih®@AG4primite: HER6/39)) Thzssml otdibkaie, araicic isrheh@t dsr 24shdurd foer ed
of f, rewashed with ethanol, taken up in 200 m of water, and a pH of 8.0 is

iSﬁt with 1 MIddhi dRAVEE 03L6h SRHENR I ed B @ipLANTERL AELRR P¥02Y 3RRFRY 1 ON
the gases are directed through a 20% aqueous NaOH solution. The residue is dissolved
in 200 ml of tetrahydrofuran and added in drops to 66.9 ml (1.0 mol) of ethylenediamine
for over 1 hour at room temperature, and it is stirred for 24 more hours. The solid that
accumulates is filtered off, rewashed with ethanol, taken up in 200 ml of water, and a pH
of 8.0 is set with 1 M lithium hydroxide solution. After concentration by evaporation in
a vacuum, it is recrystallized from ethanol.

Yield: 19.4 g (53% of theory) of a colorless solid

Elementary analysis:

Cld.: C24.71 H3.04 N 13.45 15222

Fnd.: C2491 H3.09 N1336 151.97

b) 2,4,6-Triiodo-5-(2,5-diaza-1,6-dioxoheptane-1,7-diyl-{10-[1,4,7-tris-
(benzyloxycarbonyl)-1,4,7,10-tetraazacyclododecanyl]} )-aminoisophthalic acid-
N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(benzyloxycarbonyl)
1,4,7,10-tetraazacyclododecanyl]} )-amide
44.6 g (70.6 mmol) of 1,4,7-tris-(benzyloxycarbonyl)-10-(carboxymethyl)- |

-1,4,7,10-tetrazacyclododecane, 21 ml (164 mmol) of triethylamine, 14.6 g ( 70.5 mmol)



a vacuum it is recrystallized fromethanol. Yield: 19.4 g (53% of theory)
of a colorless solid Elenentary analysis: Cld.: C24.71 H 3.04 N 13.45
152,22 Fnd.: C 24.91 H 3.09 N 13.36 151. 978 b)
2,4,6-Triiodo 5- (2, 5-di aza- 1, 6-di oxoheptane-1, 7-diyl -{10-(1, 4, 7-tri s-
(benzyloxycarbonyl}1,4,7,10-tetraazacyc|ododecanyl}))-aninoisophthalic aci d-
N, N- bi s- (3-aza- 4- oxopentane-1,5-diyl-{10-(1, 4, 7- tris (benzyloxycarbonyl)-
1,4,7,10-tetraazacycl ododecanyl} })-am de 44. 6 mol ) of
4,7-tris-( b@fﬂqy@@@@flg@hgqun@ga(x@gﬂ [gd]g)ﬁg{nmyg) N-hydroxysuccmlmlde are added
4,7 10-tetrazacycl ododecane, 21 m (164 mmol) oftriethylamne, 14.6 g (
5 nunol ) 980 acghisptnsiyn bd hex gl (23S hadol) ot d43 {Rdnindetlgy | -if2ido [NV bis-(H-
hydr oxysucci ni mi de are added to a suspension of 17.1 g (23.5 mvl) of

[3-(2-ami noegrmbémﬂwd@lmmh\élslgpﬁﬂ{aac aamagﬁgé ﬁyziz% rﬁ BV, bhd 1 99iRRRBE h@l i c

acid amde in is stirre ours at room

t enperature. Il.nsol bIe ent filtered, out evapor a

the dry st at e IORReA PP JURPFae, R FomBSTs ar%ﬁlt%rfﬁwt ardiH Sgpgleddo ©
extracted twice with 500 n1_each of water. The organic phase is dried on
sodi um sul f at ehe frvestae] Yoptesidye istalgrorrmne@Otmel afteghy guagﬁt@tﬁ ané extastdithecerwigh due
is chromat ographed on silica gel (nobile solvent: dichloronmethane/ nethanol
20 : 1). The f508ahi 0B of tvater.cOid arghnit pRaseriodtied orasw@liurg culfateate sdldent is
concentrated by evaporation. Yield: 32.7 g (54% of theory) of a colorless

solid E ementghy,analy&ieiry state, and the residue is chromatographed on silica gel (mobile

1,
1,
70.
N-
5-

solvent: dichloromethane/methanol 20 : 1). The fractions that contain the product are
combined and concentrated by evaporation.

Yield: 32.7 g (54% of theory) of a colorless solid

Elementary analysis:

Cld.: C54.61 HS533 N10.24 114.80

Fnd.: C54.81 HS535 N10.13 114.72

c) 2,4,6-Triiodo-5-(2,5-diaza-1,6-dioxoheptane-1,7-diyl-{10-[1,4,7,10-
tetraazacyclododecanyl]})-aminoisophthalic acid-N, N-bis-(3-aza-4-oxopentane-
1,5-diyl-{10-[1,4,7,10-tetraazacyclododecanyl]} }amide
25.7 g (10 mmol) of 2,4,6-triiodo-5-(2,5-diaza-1,6-dioxoheptane-1,7-diyl-{10-

[1,4,7-tris-(benzyloxycarbonyl)-1,4,7,10-tetraazacyclododecanyl]})-aminoisophthalic

acid-N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(benzyloxycarbonyl)

1,4,7,10-tetraazacyclododecanyl]})-amide is carefully mixed at 0-5°C [with] 140 ml of

HB1r/AcOH (33%) and stirred for 3 hours at room temperature. Then, the reaction

mixture is poured into 800 ml of diethyl ether; the solid that accumulates in this case is

-suctioned off and rewashed several times with diethyl ether. The residue is dissolved in



Cld.: C54.61 H5.33 N 10.24 114.80 Fnd.: C 54.81 H5.35 N 10.13 114.72 c)
2,4,6-Triiodo-5-(2,5-diaza-1, 6-di oxoheptane;1, 7-diyl-{10-[1, 4,7, 10-
tetraazacycl ododecanyl ] }) - am noi sopht hal i ¢ "aci d- NN- bi s- ( 3- aza- 4- oxopent ane-
1,5-diyl-{ 10-[1,4,7,10-tetraazacycl ododecanyl] } )-amde 25.7 g (10 mmol)
of 2,4,6-triiodo-5-(2,5-diaza-1, 6-di oxoheptane-I|,7-diyl-{ 10-
[1,4,7-tris-(benzyl oxycarbonyl)-1,4,7,10-tetraazacycl ododecanyl] }

) - am noi sopht [ . . . . . S
aci d- N, N- bi s- ?@bgﬁ&f 22ty ape AP Qe of dishlerqmethans. whilepeing stireed vigaioyilnyapd defony |
)- 1,4,7,10-tetraazacycl ododecanyl]})-amde is carefully m xed at 0-5C

[with] 140 m NeOH pButioxcicrddaBentil ampdl eff 14 iseehched. Theygarsc phase ooseparated, the
tenperature. Then, the reaction mxture is poured into 800 m of diethyl

ether; the solhgkoub@hasacEemiticriiahret findehiwvithcASAL ¢a8h o8 dichicdnaethadd, tirnd
rewashed several tinmes with diethyl ether. The residue is dissolved in 99

100 M of wat IS Bl; &p@ I i el

vi gorously, aﬁé‘“@ﬁ%%ﬂgﬂﬁ %%Feusﬁroﬁ l?({s a g%%qﬁlrﬁﬂﬁage%ﬁ%%p%{e%g%ee& 8 ).[e' The
organi ¢ phase is s r.at ed, e ueous. phase is extracted three tines with
50 nml each of di chﬁgaenégga&@?/‘tﬂ@ﬁe%mﬁ@zorge%%} phases are dried on
magnesi um sul fate and evaporated to the dry state. Yield: 12.8 g (94% of

theory) of a col or [Eégeentayiadalyfibenent ary analysis: Cd.: C 39.57 H 6.05 N
19.48 127.87 Fnd.: C39.71 H5.99 N 19.56 127.61 d)

2,4,6-Triiodo-5-(23d.di @za=sy, 61 dooxohgpaganed.87-diyl -{10-[1,4,7-tris-
(carboxynethyl }1,4,7,10-tetraazacycl ododecanyl ]})-am noi sopht halic acid-N, N-

Fnd.: C39.71 H5.99 N19.56 127.61

d) 2,4,6-Triiodo-5-(2,5-diaza-1,6-dioxoheptane-1,7-diyl-{ 10-[1,4,7-tris-
(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} )-aminoisophthalic acid-N, N-
bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-
tetraazacyclododecanyl]})-amide
18.4 g (13.5 mmol) of 2,4,6-triiodo-5-(2,5-diaza-1,6-dioxoheptane-1,7-diyl-{10-

[1,4,7,10-tetraazacyclododecanyl]} )-aminoisophthalic acid-N,N-bis-(3-aza-4-

oxopentane-1,5-diyl-{10-[1,4,7,10-tetraazacyclododecanyl]} }-amide is dissolved in

75 ml of water, 19.5 g (206.5 mmol) of chloroacetic acid is added, and a pH of 9.5 is set

at 60°C with 32% NaOH. It is heated for 10 hours tp 70°C, whereby the pH of the

reaction mixture is readjusted continuously to 9.5. After cooling to room temperature, a

pH of 1 is set with concentrated HCI, and the solution is concentrated by evaporation in

a vacuum. The residue is absorptively precipitated with 250 ml of methanol, insoluble

components are filtered out, and the filtrate is concentrated by evaporation. The residue

is dissolved in 100 ml of water and added to an ion-exchange column (600 ml, IR 120,

“H'-form). Then, it is washed with 2 | of water, and the acidic eluate is concentrated by



bi s- (3-aza- 4- oxopentane-1,5-diyl- { 10-]

1,4,7-tris-(carboxynethyl)-1,4,7, 10- tetragﬁacyclododecanyl] } )-amde 18.4
g (13.5 mmol) of 2,4,6-triiodo-5-(2,5-diaza-1, 6-di oxoheptane-1, 7-di yl -{10-
[1,4,7,10-tetraazacycl ododecanyl ]})-am noi sopht halic acid-N, Nbi s-(3-aza- 4-
oxopentane-1,5-diyl-{10-[1, 4,7, 10-tetraazacycl ododecanyl]})-amde is
dissolved in 75 m of water, 19.5 g (206.5 mmol) of chloroacetic acid is

added, and a pH of 9.5 is set at 60C with 32% NaCH. is heated for 10
hours to 70C, SYHREFEIR- (ke rpvfusris éﬁéolwfdelac7t0|16hofrﬁl%mrr0é an% aqddeddp deapedn 900
continuously to 9.5. After cooling to roomtenperature, a pHof | is set

wi t h concent r atled did@ly]l ethed thdeolgiathattacormulstes onthéndasatsestctiyned i oavaashah in  a
vacuum The residue is absorptively precipitated with 250 m of nethanol,

insol ubl e coupRRARTesatith dielhlBERe, ol it isaitdling vhdddiate is concentrated by
evaporation. The residue is di ssol ved in 100 mM of water and added to an

i on- exchange col um%égoqlb sk8% 128s0 c%l eésg&?dzoolt is washed with 2 1

of water, and the acidic 8% te i's ' co evaporation. The
residue is dissolved in 70 m_of net hanol and added indrops in 900 m of
diethyl ether: theEsosHpY RERYH cunul ates in this case is suctioned off,
rewashed several tinmes with diethyl ether, and it is dried in a vacuum
Yield: 143 g (56% €fid.t hedOywy &f5.34cdl Gh0%g20siA i d  El ement ary anal ysi s:
Cld.: C40.07 H5.34 N 14.09 120,16 Fnd.: C 40.24 H5.31 N 13.99 119.98 e)

2,4,6-Triiodo-5-(2fFaddi ez@-24 G3dizaxohepvanetdlog-diyl -{10-[1,4, 7-tri s-
(carboxyl atonmethyl )-1,4,7,10-tetraazacycl ododecanyl, Gd conpl ex]})-am noi so-
e) 2,4,6-Triiodo-5-(2,5-diaza-1,6-dioxoheptane-1,7-diyl-{10-[1,4,7-tris-
(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl, Gd complex}})-aminoiso-
phthalic acid-N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-
(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanyl, Gd complex}})-amide
13.0 g (6.9 mmol) of 2,4,6-triiodo-5-(2,5-diaza-1,6-dioxoheptane-1,7-diyl-{ 10-
{1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl}})-aminoisophthalic acid-
N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(carboxymethyl}-1,4,7,10-tetraaza-
cyclododecanyl}})-amide is dissolved in 100 ml of water and acidified by adding 3 ml of
acetic acid. 3.7 g (10.4 mmol) of gadolinium oxide is added, and it is refluxed for 6
hours. After complexing is completed, the pH is set at 7.4 with ammonia, and it is
chromatographed on silica gel (mobile solvent: dichloromethane/methanol/ammonia:
10/10/1). The fractions that contain the product are combined and absorptively
precipitated with 10 g of ion exchanger (IR 267 H-form) for 2 hours and filtered off,
then, it is absorptively precipitated with 10 g of ion exchanger (IRA 67 OH-form) for
2 hours, filtered off, mixed with 2 g of activated carbon, heated for 2 hours to 60°C,

-filtered off and freeze-dried.



pht hal i ¢ aci d-N, N-bi s-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-

(carboxyl atonethyl )-1,4,7,10-tetraazacycl ododecanyl, Gd conpl ex]})-am de
13.0 g (6.9 mml) of2,4,6-triiodo-5-(2,5-di%za-1, 6-di oxoheptane-1, 7-diyl-{10
[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl]})-am noi sopht ha
lic acid-

N, N- bi s- (3-aza- 4- oxopentane-1,5-diyl-{10-[1,4,7-tris-(carboxynethyl)-
1,4,7,10-tetraaza- cycl ododecanyl]})-anm de is dissolved in 100 ml of water
and aci dified by addé¢ldg73 s{4186 of theew) ef aedlerlesssgligy (10.4 nmol ) of
gadol i nium oxide is added, and it is refluxed for 6 hours. After conpl exing
is conpleted, the pWhteisconint ark-Fkchdry:Ib.30monNni a, and it is chromatographed
on silica gel (nobile solvent: dichloronethane/ nethanol/ammonia: 10/10/1).

The fractions that i : ﬁgqg' bsorptively
precipitated with f%gg&g?pf%%?%ggﬁ%ﬁgéﬁﬁ?gﬁ 6 &Eﬁgggégﬁior 2 hours and
filtered off, the it b i y.precipit ith 10 g of ion
exchanger (1 RA 67 l'fdpﬁélgoifégho rLg3#Hﬁ¥%ﬁ%d§é§899Lixed with 2 g of
activated carbon, heated for 2 hours to 60C, -filtered off and

freeze-dried. 101 Fwilel §:32341 H3041 N4 b8 t hEwvY) Gafl9&6col orl ess solid Water
content (Karl-Fischer): 6.3%Elenentary analysis (relative to the anhydrous
substance): dd.: C 32.19 H 3.90 N 11.32 116.19 &d 20.07 Fnd.: C 32.34 H
3.91 N 11.28 116.07 &d 19.96 Pharnacol ogi cal Exanples CT Studies with
Exanmpl e 113 By way of exanple, the suitability of the described conpound

cl ass was

Pharmacological Examples

CT Studies with Example 1B

By way of example, the suitability of the described compound class was
examined in Example 1B with the aid of computer tomography (CT) of rats. For the CT
studies, a Siemens Somatom CR was available. The 5-second image was prepared with
a layer thickness of 2 mm and a tube voltage of 125 kV. Substance 1B was formulated
as an aqueous solution at a concentration of 0.17 mol/l (corresponds to 145 mg
(1+Gd)/ml.

Male Wistar rats (400 g of body weight) were scanned before (Fig. 1a) and after
intravenous injection (Fig. 1) of 1B in a dose of 0.15 mmol/kg (corresponds to 127 mg

of (I+Gd)/kg).



examned in Exanple 1 B wth the aid of conmputer tonography (CT) of rats
For the CT studies, a Sienens Sonmatom CR was avail able. The 5-second i nmage
was prepared with a layer thickness of 2 nh and a tube vol tage of 125 kV.
Substance 1B was fornulated as an aqueous solution at a concentration of
0.17 nol/1 (corresponds to 145 ng (1+G&d)/m . Male Wstar rats (400 g of
body wei ght) were scanned bef ore (F| g. 1 a) and after intravenous
injection (Fig Q ! ponds to 127 ny
of (I1+&d)/kq) . N ¢ : : e the small
size of the a A V6 C t he

bl ood- conveyi ke el f be
observed with i { | FET bhase
reflects the [ 15 m nutes

|ater to the j , Which can
be attri buted . L). Cnge

of a Rat 15 M Exanple | B

The sane subs esonance

t onogr aphy ( rformed on a
1.5 1 device (| g Wstar

rats were examrhneo Wt — FL=V grited TeQg€ CquUence NgTogt phy TR 2.54
ins, 11. 1.12 nms fed cr 40 or_ (organ V|suaI|zat|on FR 54rrs TE 4.8 rns
and o. = 40), Fréel angi ogr aphya@ﬂ%lmeﬁfl g, 3) was fr8fldss-i.)

Despite the small size of the animal being examined, a very clear contrasting of
the blood-conveying vessels (A) and the renal cortex (N) could itself be observed with
the low dose of 127 mg of (I+Gd). This early phase reflects the blood perfusion of the
renal cortex. As early as 15 minutes later in the parenchyma phase, the renal pelvis was

contrasted, which can be attributed to a quick renal excretion of the substance (Fig. 2).

Fig. 2 CT Image of a Rat 15 Minutes after I.V. Injection of 1B

MRT Studies with Example 1B
The same substance (IB) was examined with the aid of magnetic resonance

tomography (MRT) as a contrast medium.



Seconds p.i., and: the organ visualization (Figs. 4a and h) was prepared 15
m nutes after the injection. Substance 113 gas formul ated as an aqueous
solution at a concentration of 0.11 noll orresponds to 0.5 nol of Gd/I)
and was intravenously injected in a dose of 0.03 muvl of substance or 0.1
mol of Gd/ku. Pig'. 3 MRA 7.5 Seconds After. IIN injection of iBin Rats
1 he ° RA has an excellent ability to visualize the Iarge arteries (aorta,
femoral artery) as.ire' :l as the hear 104 S N 4 a (Baseline) h 15
n-linpi.) Inthel MM%TBWHVS.%@W? gd ony!; SEdeveaI(Sl&@ﬁ@%%gﬂm?@%wth ver
(1) as well as kidneys (renal pelvis =N) can he detected. The ureter (U
coul d al so he4¥inslial graéidntsiwhithg Wabtsorasmphraskaneded hethdui-ekighedamage
elimnation of tine substance. This conbined CT and MR study denonstrates

the dual uses Qfieptdd é&m@gyaprgomoywnﬁlﬁes 12Exe@ld ent 4 Gosdrgst vientibansement
was denonstrated in i'n Mk, The clinical use of these conmpounds is

concei vabl e, in a hig ol ution

(vi sual i zati oﬁ%ﬁf nﬂjégr’g AP Gés fefhe %Qigfoegrrapg]ﬁwgpﬂ‘g %‘81 Qy‘gb“ fzr 069
performed to evaluate the V|taI|ty of the myocardium To this end, a second
i njection of secopdnpiastd tredigamvisiahotionétigssarapd bPhan popesdudi iUt Bfier
Exanple IF in Conparison to Gadovist and | oprom de The relative X-ray

attenuation ofihExpepbe Shswase dBteikTbnadatad aCaNERBbEANQRS at lofcB¥atidh df
and 32 rnol /| of substance, equivalent to 0.3, 0.6 and 1.2nvol /I, of

OpaCi f yi ng Oel%ﬂslﬁ ((‘,@esﬁagﬁidsqg)o 15 &8%(@6 2h8 \\?agH'ﬁtme%usﬁpfﬂfe%&tdrlﬁ‘%ldggegoto f

i oprom de and

0.03 mmol of substance or 0.1 mmol of Gd/kg.

Fig. 3 MRA 7.5 Seconds After [.V. Injection of IB in Rats

The MRA has an excellent ability to visualize the large arteries (aorta, femoral

artery) as well as the heart.



105 gadobutrol. To this end, a phantom was used, in which dilutions of the
starting formulations (Exanple 3F - 0.27M,, Utravist(l. 500 ng of I/m
equivalent to 0"1788 nolt of ioprcm de and gadobutrol | moU) in distilled
water were pipetted into well-plates (Caster 35 N, Amlliliter of each
dilution was pipetted in each case into a well-plate, which corresponded
to a height of 0.5 cm The f|n|sh pi pe red dmell-plate was posit iorlcd on
the horizontal patient ppe D6,
General Electric) int tainer with
a 17-cmwater colum tissue
absorption and radiati g der in-vivo
conditions. 'Me x-ray i pdal ity ;
with th- DSM x-ray de h a cesium
filter/iodine intensifi W th
various voltages of thg ter manua
sel ection of the anode mA to
optim ze the inmago cont e i mages of
stenoscope D6 were the ce
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in conmpensating lilies
straight |lines between

b | ncrease
of

Fig. 4 a (Baseline) b (15 minp.1.)

In the whole-body image (Fig. 4b), a clear contrasting of liver (L) as well as
kidneys (renal pelvis=N) can be detected. The ureter (U) could also be visualized, which
also emphasized the quick renal elimination of the substance.

This combined CT and MR study demonstrates the dual uses of this new
compound class. Excellent contrast enhancement was demonstrated in CT and in MR.
The clinical use of these compounds is conceivable, for example, in a high-resolution
MultiSlice CT (visualization of the coronary vessels). Afier that, a delayed MRT 1s
performed to evaluate the vitality of the myocardiurﬁ. To this end, a second injection of

a contrast medium is not necessary.

Phantom Studies with Example 3F in Comparison to Gadovist and [opromide
The relative X-ray attenuation of Example 3F was determined at concentrations
of 0.05, 0.1 and 0.2 mol/] of substance, equivalent to 0.3, 0.6 and 1.2 mol/l of opacifying

elements (Gd+iodine), compared to equimolar concentrations of iopromide and



Representative x-ray images of the shove-described phantom are visualized
in Figure 5. -\ \ M ~~\~ 6RISFfEl 1F .., & } _J I._i MII, 56 ki T wx~
1IWKkV Figure 5 Conparison of.)(-ray Absorption of Exanple 3F, Gadobutrol
and topron-mde X-ray inmages of the phantomat 60 and 110 kV anode voltage
are recorded with the G arm device stencscape D6 (General Electric). [Key
to Fig. 5:] Beispicl 3F = Exanple 3F The rati o between the concentrations

o JSCaTPl e S hSRGET 600,099 o YBF LSRR e ST, o,
than i opromi de and gadobutr I at equi ol ar copcentrations (Figure ). 107
of iopromide and gadobutrol 1 mol/l) in distilled water were pipetted into well-plates
(Oster 3524). A milliliter of each dilution was pipetted in each case into a well-plate,
which corresponded to a height of 0.5 em. The finish-pipetted well-plate was positioned
on the horizontal patient table of the C-arm x-ray device (stenoscope D6, General
Electric) in the beam path, and above it, a plastic container with a 1 7-cm water column
was set on the well-plate to simulate soft-tissue absorption and radiation-hardening of
the x-ray radiation as under /n-vivo conditions.

The x-ray images were recorded in the “high pulse” modality with the DSM x-ray
device stenoscope D6 (General Electric) with a cesium filter/iodine intensifier of 16 cm
and a 2 mm aluminum filter with various voltages of the x-ray anode.

All images were recorded after manual selection of the anode voltage of x-ray
tubes and variation of mA to optimize the image contrast in the respective anode voltage.

The images of stenoscope D6 were then transferred into an image-analyzing
device (Quantimet 500+, Leica) and visualized on a scale of 256 gray-scale values. For
quantitative gray-scale determination, a circular ROI (region of interest) for each well
was analyzed, and the background was subtracted in the respective anode voltage.

The measured gray values of Example 3F, iopromide and gadobutrol, were
applied against the respective concentration and a linear regional analysis was
performed. The increase in compensating lines was calculated in this case, and the ratio
of straight lines between the various contrast media was determined.

Representative x-ray images of the above-described phantom are visualized in

‘Figure 5.



60 kV 65 kV 76 kV 80 kV 90 kV 110 kV kV Beispiel 3F/ |oprom de M Beispi el
3F/ Gadobutrol  Gadobutrol |l oprom d Fi gurcejogs Rel ative X-ray Absorption of
Exanpl e 3F in Conparison to Gadobutrol | oprom de at Various Anode
Vol t ages of X-Ray Tubes (St enoscope D6, General Electric). [Key to Fig.
6:] Beispiel = Exanple Ipromid = lopromde In the evaluation of x-ray

i mages, Exanple 3F showed a 3 08 x-higher x-ray absorption than iopronide
and a 3. 77x- hj rol with 110 kV and
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Figure 5: Comparison of X-ray Absorption of Example 3F, Gadobutrol and Iopromide
X-ray images of the phantom at 60 and 110 kV anode voltage are recorded with the C-

arm device stenoscope D6 (General Electric).

[Key to Fig. 5:]

Beispiel 3F = Example 3F

The ratio between the concentrations of Example 3F, iopromide and gadobutrol
was linear in all cases. The evaluation showed a significantly higher x-ray absorption of

Example 3F than iopromide and gadobutrol at equimolar concentrations (Figure 5).



Gadovi st, iopromde and iotrolan in 1-butanol and tris-HCl buffer at pH 7.6.
The contrast media were dissolved in the @yffer at a final concentration of
0.1 mol of Gd/1, and the iodine-containing contrast nedia were used with a
starting concentration of 1 ng of I/m. Table 1: Distribution Coefficient

of Exanple 3F in Conparison to Cormercially Available MR and X-Ray
Contrast Media Distribution Coefficient of Substance Butanol/Water Exanple
3F 0.0002 0.0001 Gadobutrol 0.006 0.0007 |opromde 0.051 0.003

lotrolan 0.0065 t 0.002 The data in Table 1 confirmthat Exanple 3F is a
very hydrophilic substance with a low distribution coefficient of

but anol /water and Bkas gven better values than the very well-tolerated

MR- contrast medi um G [ In conparison to this, the comercially 109
avai | abl e i odi ne-caon
with up to a 255x4R;
vs. 0.0002). | & 50A
red test was us&l BH
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[ Beispiel 3F/lopromide

Il Beispiel 3F/Gadobutrol

1 Gadobutrol/lopromid

Figure 6: Relative X-ray Absorption of Example 3F in Comparison to Gadobutrol and
Iopromide at Various Anode Voltages of X-Ray Tubes (Stenoscope D6, General
Electric).

[Key to Fig. 6:]

Beispiel = Example

Ipromid = Iopromide

In the evaluation of x-ray images, Example 3F showed a 3.08 x-higher x-ray
absorption than iopromide and a 3.77x-higher x-ray absorption than gadobutrol with 110
kV and equimolar concentrations. Still higher differences in the x-ray absorption of
Example 3F can be expected for higher anode voltages, as they are used in modern x-ray

CT-processes (helicoidal and multi-line CT). Radiation hardening that occurs in



Epithelial cell line MDCK of the renal distal renal tubule of a canine

ki dney (ECACC No. 85011435) was incubated from 10,000 cells/well in Alpha
MEM Eagle (10% fetal bovine serum) at 37¢%nd 5% CO2, 95% at nospheric

hum dity for 20 hours wth various Exanples 1 B, 3F and 5F. Neutral red was
used as an indicator for cell wviability and for measuring |ysosonal
integrity and enployed to determ ne those contrast nedium concentrations in
whi ch a 50% reduction of cell viability (1C50) occurred after 24 hours.
Four i ndependadititioreyldec atwso warditidme pradottoad daatal eleneenst suehiasare.of G dpy,r ast
medium The results are summarized in Table 2. Conpared to the reference
compound foryNBrgentrast nedia, Gadovi st showed a strong increase in
conpatibility. The latter is a reference conmpound in clinical practice and

a contrast medi umw t ven . exceld en KPhLity.. The.highest ..
conpatibility was oeuﬂ‘c?gﬁog? gtﬁ%%ﬁ%?%ﬂrgﬁ%% gﬁaﬁgﬁp#ﬁ a%?xcle &7 .angBtlonTabl e
2: Conparison of, 1C50 Val ues, of Different Exanples According to the

I nvention wi &K iesuéRlg fopuse mgdem oA 3 ¢ bepegadllyembli-lie Ekpected in M ce.
"Expected” LD50 of |1C50 Substance Mce (r-2: 0.93) nol of I eq/m mmol ofl
eq/ kg Gadovist 153 32 Exanple | B 930 165

Distribution Coefficient

The distribution coefficient of Example 3F was determined in comparison to
Gadovist, iopromide and iotrolan in 1-butanol and tris-HCI buffer at pH 7.6. The
contrast media were dissolved in the buffer at a final concentration of 0.1 mmol of Gd/l,
and the iodine-containing contrast media were used with a starting concentration of 1 mg

of /ml.

Table 1: Distribution Coefficient of Example 3F in Comparison to Commercially

Available MR- and X-Ray Contrast Media

Distribution Coefficient of
Substance
Butanol/Water
Example 3F 0.0002 = 0.0001
Gadobutrol 0.006 £ 0.0007
Iopromide 0.051 * 0.003
lotrolan 0.0065 £ 0.002

The data in Table 1 confirm that Example 3F is a very hydrophilic substance with
a low distribution coefficient of butanol/water and has even better values than the very

well-tolerated MR-contrast medium Gadovist. In comparison to this, the commercially



Exanmpl e 3F 1170 195 Exanple 5G 788 143 111 dCdains 1. A nmetal conplex of
formula | Hal KA A K Hal Hal A2 K (I),199i n which Hal stands for brom ne
or iodine, A stands for -CONR -(CH2) NR2-(CO CHZ' - NHy m CO CHZ2- - .
-CONR - (CH2) P (CONR2CH2) m CHOH- CH2", -C H20-(CH2 )o-CH O+ CH2 - CH20- (CH2),
NR -(COCHZ -NHHm CO- CHZ2 -, or -CH2-NR -CO (CHZ' -NH CO m CHZ? A2

i ndependently has the sane nmeaning as A' or in the case that A has the

i (SIS e RS

and R2 mean, df Sher d¥str1but1%?1%oe c of butarPOXRNa?eq(?B 0? 0.(?00%[. - alkyl

1C-50/LD-50 Correlation

To determine the I1C-50, the neutral red test was used in epithelial cells of the
distal renal tubule. In addition, this test is very helpful for predicting with high accuracy
the LD-50 values of newly synthesized compounds.

Epithelial cell line MDCK of the renal distal renal tubule of a canine kidney
(ECACC No. 85011435) was incubated from 10,000 cells/well in Alpha MEM Eagle
(10% fetal bovine serum) at 37°C and 5% CO,, 95% atmospheric humidity for 20 hours
with various Examples 1B, 3F and 5F. Neutral red was used as an indicator for cell
viability and for measuring lysosomal integrity and employed to determine those contrast
medium concentrations in which a 50% reduction of cell viability (IC-50) occurred after
24 hours.

Four independent replicates were tested for each concentration of contrast
medium. The results are summarized in Table 2. Compared to the reference compound
for MR contrast media, Gadovist showed a strong increase in compatibility. The latter is
a reference compound in clinical practice and a contrast medium with proven excellent
compatibility. The highest compatibility was found for Example 3F with 1170 pmol of 1

eq/ml.



group or a nonohydroxy-C | -C2-al kyl group, Z' and Z2 nean, independently of
one another, a hydrogen atomor a nethyl grgup, n neans the nunmber 2-4, 112
m neans the nunber 0 or | and p neans the nunber 1-4, K stands for a
macrocyclic conpound of formula A COOX "WN N~ cOOXx COX (IA) wth X
meani ng a hydrogen atomor a netal ion equivalent of atom c nunbers 20-29,
39, 42, 44 or 57-83, provided that at least two X stand for netal ion

equi val ent s, pti onal | fre u opt. ona
present as saﬁngle%f doné%ansé §f §¢ n\;ahiler?oo ﬁ%rengﬁ;sagnqu Soggcrﬁo %18%%} n%@%g% no
acid amdes. 2. A nmetal conplex accordlng to claim1, wherein A stands for
- CONH( CH2) 2: 3RiHHbIadabNiteicsras)the ﬁéNH@ i xpegRiIDBIENHOOCHR- , - C ONH(C
H2) 2: 3NHOOOH2-,  OONH( CH2) 2; 3NHOO00H( CHS) - CONHCH2 CH( OH) CH2- ,

“Expected” LDsg of
ICso
Substance Mice (rzz 0.93)
nmol of I eq/ml
mmol of I eq/kg

Gadovist 153 32
Example 1B 930 165
Example 3F 1170 195

Example 5G 788 143




- CON( CH3) CH2CH( OH) CH2-, - CH2OCH2CH( OH) CH2-, 113 - CONHC

H2 CONHCH2CH( OH) CH2-, - CH2NHOOOH2-, - CH2NHOOOH( CH3) -, - CH2NHOOCH2NHCOCHZ2-
- CH2ZNHOOCH2NHCOCH( CH3) -, - CH2Q( CH2) 2NHCOCH2-

- CON( CH2CH2OH) CH2CH2NHCOCH2-, or - CH2Q( CH2) 2N( CH2CH2OH) OOCH2- . 3. A netal
conpl-ex aecording to claim11, wherein M stands for

- NHCOCH2 NHCOCH2NHCOCH( CH3) -, - NHCOCH2NHCOCH2NHCOCH2-,  NHCOCH2 NHCOCH2- ,

- NHCOCH2NHCOCH( CH3) -, - N( CH3) COCH2NHOOCH2 - NHCONH( CH2) 2NHOOCH2-

- NHCOCH2N( CH2CH20H) COCH2-, or - N(C H3) OOCH2N( CH2CH2CH) COCH2-. 4. A net al
conpl ex according to claim1l, wherein at |least one X stands for a netal ion
equi val ent of atom c nunbers 21-29, 42, 44, or 58-70.

Claims

1. A metal complex of formula I

Hal

Hal Hal
A’K

m.

in which
Hal stands for bromine or iodine,

Al stands for

-CONR'-(CH,) -NR?-(CO-CHZ-NH)_-CO-CHZ*-*,
-CONR'-(CH,) -(CONR’CH,) .-CHOH-CH,-*,
-CH,0-(CH,),-CHOH-CH,-*,

-CH,-O~(CH,),-NR'-(CO-CHZ'-NH),_-CO-CHZ*-*, or

-CH,-NR'-CO-(CHZ'-NH-CO)_-CHZ*-*,

A independently has the same meaning as A' or in the case that A! has the
meaning first mentioned above can also stand for the radical-NR'-CO-(NR")n-
(CHz)p-NRz-(CO-CHZ' -NH),,-CO-CHZ2-*,

* designates the binding site to K,

R' and R? mean, independently of one another, a hydrogen atom, a C,-C,-alkyl
group or a monohydroxy-C,-C,-alkyl group,

Z' and 7? mean, independently of one another, a hydrogen atom or a methyl group,

n means the number 2-4,



5. A netal conplex according to claim4, wherein at |least one X stands for
a netal ion equivalent of gadoliniun(lll), dysprosiunm(lIl), europiun(llIl),
114 iron(lll1) or manganese(ll). 6. A pharnaceutical conposition that
contains at |east one netal conplex according to claim1l and one or nore
addi tives suitable for use in a galenigg fornmulation. 7. Use of at |east
one netal conplex according to claiml1l for performng x-ray diagnhosis. 8.
Use of at |east one netal corrpl ex according to claim4 for perform ng MRT
di agnosis. 9. A phar mac%uti C conposition that contains a netal conplex
accordi nd"to cl ai rn"!lf”‘”i‘ﬁwt a"vs roc?ra{tai“ of 2000:1 to 1:1. 10. A pharnaceuti cal
conmposi ti on accordin cl aL wherein said at |east one netal conplex
i s dissolfed or suffs 8" ‘?K/df%r or in a phy5| ol ogi cal | y acceptabl e salt

solution . at a concent(# i on of 010 l1to [ /1 11. Use of at | east one
net al ng ex accordPtig®t HTRFEFYSIF SPYPOPE L Pkdax-ray diagnosis or MR

di agn05| s of a cerebral infarction, a tunor of the liver, a space- occupying
process in the liver, a tunor of t 8 §bdoman, a ki dney, a nuscl e-skel eton
system or a bl ood vessel. 115 PXA process for preparing a netal

conpl ex according to claim 1, y%i si ng
N

W ———oN N——
COOX
Nk
CcCOOX
(1)
with X meaning a hydrogen atom or a metal ion equivalent of atomic numbers 20-29, 39, 42,
44 or 57-83, provided that at least two X stand for metal ion equivalents, and

‘optionally present free carboxy groups optionally are present as salts of organic and/or

inorganic bases or amino acids or amino acid amides.

2. A metal complex according to claim 1, wherein A'
stands for

-CONH(CH;)2,;;NHCOCH,NHCOCH(CH3)-,

-CONH(CH),;;NHCOCH,NHCOCH;-,

-CONH(CH;),,3NHCOCH;-,

-CONH(CH3;),,;3NHCOCH(CH3)-,

-CONHCH,CH(OH)CH,-,

-CON(CH3)CH,CH(OH)CH;-,

- CH,OCH,;CH(OH)CH:-,



a) reacting a triiodo- or tribronoaromatic conpound of formula Il -NHR Hal
Hal O RNHY '2-NHR Hal (I1) wth a macrocyclic conpound of fornula I1]
W N OC8 NNW-~N | (IIl) in which CO stands for a -COOH or activated
car boxyl group, Wstands for a protective group or a -CH2COOX group with X
in the meaning of X as defined in clgm1l or a protective group and
-Y-NR -CO-B -, which fornms upon reaction of a Y NHR group of a conpound
of formula Il Wth the O'CB - group of a conpound of forrmula Ill, stands

]E(();[)t(]rji; rﬁ"C_iil) %WCQW%@%)@ ?SR-NR'( cé}uaa)z mghﬁo CHzZ2- and -Y2 116

NR -COB' -, \/\h@ﬁ&}&@é@ upon reaction of the Y2NHR group of a conpound of

formula Il group of a conpound of forrmula Ill, stands for
Y -NR-COB -Cl%rNﬁé’(Sch?&{;)-,

-CH,NHCOCH,;NHCOCH,-~,

-CH,NHCOCH,;NHCOCH(CH3)-,

-CH,O(CH,);NHCOCHj;-,

-CON(CH,CH,OH)CH,CH>NHCOCH;-, or

-CH,0(CH,);N(CH,CH;O0H)COCHj-.

3. A metal complex according to claim 1, wherein A?
stands for
—NHCOCH,NHCOCH;NHCOCH(CH3)-,
~NHCOCH;NHCOCH,NHCOCH,-,
~NHCOCH,;NHCOCH>-,
| —-NHCOCH,NHCOCH(CH3)-,
-N(CH3)COCH,NHCOCH;-,
-NHCONH(CH;):NHCOCH,-,
-NHCOCH,N(CH>CH,OH)COCH;-, or

N(CH3)COCH,N(CH,CH;OH)COCHj-.

4, A metal complex according to claim 1, wherein at least

one X stands for a metal ion equivalent of atomic numbers 21-29, 42, 44, or 58-70.

S. A metal complex according to claim 4, wherein at least

one X stands for a metal ion equivalent of gadolinium(III), dysprosium(1II), europium(III),



case that -Y'-NR -CO- B - has the neaning first nentioned above, the latter

al so stands for - NR -CO (NR ) nm(CH2) pNR2- (CO- CHZ' - NH) m CO- CHZ2-, and then
optionally renoving protective group Wand introducing the radical CH2COOX,
or.optionally renoving the protective group that stands for X and then
reacting’' with a netal oxide or netal jpplt of an elenent of atom c nunbers
20-29, 39, 42, 44 or 57-83, or b) reacting a triiodo- or tribronoaronatic
conmpound of formula IV ClO Hal Hal 0 G OC10 (IV) Hal with a macrocyclic
conpound, of(H[Ioor%ul 2.0 X' COOX' R NHY NN>-/ NCOOx' 0/) in which -CIO

and X hér\(}n iti oned neani ng and- CO-NR -Y3-, which forns upon

reaction of the Y3NHR group of a conpound of fornula V with the O C group
of a

6. _ A pharmaceutical composition that contains at least one
metal complex according to claim 1 and one or more additives suitable for use in a galenical

formulation.

7. Use of at least one metal complex according to claim 1 for performing x-ray

diagnosis.

8. Use of at least one metal complex according to claim 4 for performing MRT

diagnosis.

9, A pharmaceutical composition that contains a metal

complex according to claim 1 in a molar ratio of 2000:1 to 1:1.

10. A pharmaceutical composition according to claim 6,
wherein said at least one metal complex is dissolved or suspended in water or in a

physiologically acceptable salt solution at a concentration of 0.001 to 1 mol/l.

11.  Use of at least one metal complex according to claim 1 for performing x-ray
diagnosis or MR diagnosis of a cerebral infarction, a tumor of the liver, a space-

occupying process in the liver, a tumor of the abdomen, a kidney, a muscle-skeleton

system, or a blood vessel.



117 conpound of fornula IV, stands for radical A in the neaning

of -CONR - (CH2) P (CONR2CH2) m CH( OH) CHZ-, and then optionally renoving the
protective group that stands for X and then reacting wth a netal oxide or
netal salt of an elenment of atom c nunbers 20-29, 39, 42, 44 or 57-83, or
c) reacting a triiodo- or tribronoarongtsi ¢ conpound of fornmula VI A Hal
Hal A OA Hal (M) in which qq@ A' stands for a radical -CH2 O (CH2)P
CHCH2 wth a cyclene of formula VII W HNNW NJ (VII) in which W
stands for a hydrogen atomor a protective group, renoving the optionally

present protective groups and then introducing radical - CHOOOX to forma
nmetal conplex of formula | with Ain the neaning of radical -CH2-O _(CH2)p
CHOH- CH2-, or 12, A process rprepanngametal complex accordmg to claim

1, comprising

a) reacting a triiodo- or tribromoaromatic compound of formula II
Y'-NHR'
Hal Hal
R'NH-Y' Y’-NHR'
(m
Hal

with a macrocyclic compound of formula

I

W ()

in which

C*O stands for a -COOH or activated carboxyl group,

W stands for a protective group or a —CH,;COOX* group with X° in the meaning
of X as defined in claim 1 or a protective group and -Y'-NR'-CO-B'-, which forms upon
reaction of a Y'NHR' group of a compound of formula II with the O*CB'- group of a'
compound of formula III, stands for the radical A' in the meaning of -CO-NR'-(CH,)o-NR?-

(CO-CHZ'-NH)»-CO-CHZ?- or -CH,-O-(CH2),-NR'-(CO-CHZ'-NH)n-CO-CHZ%- and -Y2-



118 d) reacting a triiodo- or tribronmoaromatic conmpound of formula VIII
CH2- Nucl eof uge Hal Hal O Nucl eofuge-CHZ CH= Nucl eofuge (VI11) Hal in which
Nucl eof uge stands for a nucl eofuge group, wth a macrocyclic conpound of
formuladX W N RHNCOBZ NNWVN (IX) in which R and Whave the
above- nenti oned neani ngs, and B2 standgeéfor the radical -(CHZ -NHCO m
CHz2-, and then further processing as indicated under a), such that netal
conpl exes of fornmula | are obtained with At in the neaning of radical

:31((:]: gr SI :?n g]gﬂ)&gg liil’) w}ll\llglfcp‘%%‘nf %ﬁj‘fz'gfe?‘%tﬂ’gtr‘]’ f H‘]’ 4zgﬁgge§%$lpa°§i%”g'|ﬁ§§'l’e®’g"é S are
ggf hgnglr | %ﬁﬁ ﬂ"g%a)f?bg't g(eighlpg%fsa?c%tnipggﬁd g)tf fori'nr1]u al; ﬁigia%dsotror % ‘gﬁﬁi-ﬁo-g‘?‘%?fdr tha‘.%rri no
case that -Y'-NR'-CO-B'- has the meaning first mentioned above, the latter also stands for —
NR'-CO-(NR")n(CHz),-NR%-(CO-CHZ'-NH),-CO-CHZ -,
and then optionally removing protective group W and introducing the radical
CH,COOZX, or optionally removing the protective group that stands for X‘and then reacting

with a metal oxide or metal salt of an element of atomic numbers 20-29, 39, 42, 44 or 57-83,

or

b) reacting a triiodo- or tribromoaromatic compound of formula IV
c’o
Hal Hal
c’o co
|
Hal "

with a macrocyclic compound of formula

A%

cooxX!

Q/NKQ

coox' V)

R'NH-Y>

in which ~C*O and X* have the above-mentioned meaning and—CO-NR'-Y>-, which forms

upon reaction of the Y*NHR' group of a compound of formula V with the O*C- group of a



13. A process for preparing a pharmaceutical conposition according to claim
6, conprising bringing into a conposition said at |east one netal conplex
and the one or nore additives suitable for use in a galenical fornulation.

117

compound of formula IV, stands for radical A' in the meaning of —CONR'-(CHz)p-
(CONR’CH;)-CH(OH)CHp-,

and then optionally removing the protective group that stands for X‘ and then reacting
with a metal oxide or metal salt of an element of atomic numbers 20-29, 39, 42, 44 or 57-83,

or

c) reacting a triiodo- or tribromoaromatic compound of formula VI
A1
Hal Hal
A A’
Hal (V)
in which

/A

Al stands for a radical —CH,-O-(CH,),-CH-CH,

with a cyclene of formula VII

N (Vi)

in which W* stands for a hydrogen atom or a protective group,
removing the optionally present protective groups and then introducing radical —
CH,COOX to form a metal complex of formula I with A in the meaning of radical —CH,-O-

(CH),-CHOH-CHo-, or
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d) reacting a triiodo- or tribromoaromatic compound of formula VIII
CH,-Nucleofuge

Hal Hal

Nucleofuge-CHjy CH,-Nucleofuge

Nal (VI

in which Nucleofuge stands for a nucleofuge group,

with a macrocyclic compound of formula IX

w

<Y
R'HN-CO-B2 N N—w

()

w

(1X)
in which

R' and W have the above-mentioned meanings, and B? stands for the radical
—~(CHZ'-NHCO),-CHZ?2-, and then further processing as indicated under a), such that metal
complexes of formula I are obtained with A' in the meaning of radical -CH,-NR'-CO-(CHZ!-
NHCO),-CHZ?,

then in the metal complexes, obtained according to a)-d), of formula I, still
present acid hydrogen atoms are optionally substituted by cations of inorganic or organic

bases, amino acids or amino acid amides.

13. A process for preparing a pharmaceutical composition
according to claim 6, comprising bringing into a composition said at least one metal complex

and the one or more additives suitable for use in a galenical formulation.





