Transl ator's Notes: The words "hergestellt werden [are produced]” on Gernan

page 16, line 18, seem to be extraneous and so were left out in the

transl ation (English page 18, in the sentence beginning on line 5 fromthe
botton). The word "mit" is presumably m ssing before "140 mM HBr/AcOH..." in
Exanpl e 3d) on German page 31, line 6. The translation, nanmely "with," was
consequently inserted in brackets in the translation (English page 36, |ine
5). Likewise, the word "mt" is presumably m ssing before "140 m

HBr/ AcOH..." in Exanple 9d), Exanple 16b), Exanple 18d), Exanple 19c), etc.

In all of these cases, the word "[with]" was inserted on the appropriate
Engl i sh page..The word "in" is presumably m ssing before "300 m Dioxan" in
Exanpl e 4b) &{amg%?rrﬁaﬁoﬁége 34, line 29. The English version, nanely "in,"
was consequently inserted in brackets in the translation (Engl[sh age 40,
line 4 fromthe bdiheorgrds Ther@sighpiverdsy Jarg emdiesd] peyeeBsnan pagads, e ayeem he
conpound cited is lacking "1,4,7,10-tetraaz" as appeared in the original

version (see t&EBgkkipdhepadanddd, wdre Rt ¢t i dntrah$letidaotBngtidh pNOTE; inkhé sentence
application differs fromthe original application as follows: 1) New PCT

cover page 2 ved: ti i ght change to Abstract (and new | ocati on,
pag gebf};glgn% Xglgiln%e.stﬁ&n?fﬂ%@t{gg@. g (

on cover pag ion of PCT nunbers on top of first page of

Egﬁran?)aggl Stl Fln Lz%ré?%@?ggérgguﬁabﬁyh%gss%% % orree QIAOnmE ﬁ%rﬁ\lc%l-i/.?r”sulqon 6)

Example 3d) on German page 31, line 6. The translation, namely “with,” was
consequently inserted in brackets in the translation (English page 36, line 5). Likewise,
the word “mit” is presumably missing before “140 ml HBr/AcOH...” in Example 9d),
Example 16b), Example 18d), Example 19¢), etc. In all of these cases, the word
“[with]” was inserted on the appropriate English page.

The word “in” is presumably missing before “300 ml Dioxan” in Example 4b) on
German page 34, line 29. The English version, namely “in,” was consequently inserted
in brackets in the translation (English page 40, line 4 from the bottom).

In Example 5d) (German page 39, lines 21-22), the compound cited is lacking
“1,4,7,10-tetraaz” as appeared in the original version (see English page 46, line 8 from

the bottom).

NOTE: This application differs from the original application as follows:
1) New PCT cover page
2) Improved title
3) Slight change to Abstract (and new location, on cover page)
4) Addition of WO and PCT numbers on top of first page of text
5) Deletion of first sentence that appeared in the old version

6) German page 2, line 24 altered



7) The conpound cited in Exanple 5d) is mssing the section
"1;4,7,10-tetraaz" in conparison to the original text. 8) The sentence
begi nning on Gernman page 69, line 19 with "Der dabei ausfallende Feststoff
wird... [The solid that accunulates in this case ... ]" (English page 83,
i ne 8 fromthe bottom has one less verb (nanmely "m xed") than the or|g| nal
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Feststoff wird... [The solid that accumulates in this case...]” (English page 83,

line 8 from the bottom) has one less verb (namely “mixed”) than the original text.



[ DE/DE]; MJ lerstrasse 178,13353 Berlin (DE). (72) Inventors: PLATZEK,
Johannes; Gottkauer Strasse 55, 12621 Berlin (DE). WEI NMANN, Hanns-Joachi m
West hof ener Weg 23, 14129 Berlin (DE). SCH RMER, Hel ko; Hechel strasse 11, H
)403 Berlin (DE). MARTIN, Jose, Luis; Las Huertas 53, 29220 Maj adahonda
(Madrid) (ES). HARTO, Juan, R ; Valdelasierra 102C, 28005 Madrid (ES).

Rl EFKE, Bj 6rn; O wenstrasse 36a, 13465 Berlin (DE). (81) Designated
countries (National): AE, AG AL, AM AT, AU, AZ, BA BB, BG BR, BY, BZ
CA, CH CN, CO CrR CU Cz DK, DM Dz, EC, EE, EG ES, FI, GB G CE H
GM HR, HU, JP, KE,__KG KP, KR Kz 1C LK LR LS LT, LU,

ID, 1L, IN_ IS
LV, VA, MWD, NED MENTRRNAKIOMAL APPLICATNEN REBLISHEDACEPRIING 59 THE Ry,
SC, SD, SE, SG S S , T T, T Uz, VC, WN, YU,
ZA, ZM ZW (84) E@éﬁ%ﬁi&o&h}%& @Bﬁ%ﬂ‘iﬂﬂ%@@ﬁ@@m GM  KE,
v R0 T, () S Jesslcpthronthey tishusliingy °c (&) 0E ok EE ES
FI, FR & &R Iil%, IER}FI‘@L@?LU’ MC, NL, PT, RO SE, SI, SK, TR), QAPI Patent
(BF, BJ, CF, CG ¢~H BN, GQ GW M, MR NE, SN, TD, TG). Published:
Wth international search report To clarifysvgfha | etter code, and the

ot her abbreviations, reference is made to tgIeteR
on Codes and Abbreviations') at the begi nni nghMe'&sfeach regul ar edition of the

PCT Gazette. (43) [International Publication Date

September 2, 2004 (9/2/2004) PCT

(10) International Publication Number
WO 2004/074267 Al

(51) International Patent Classification’: CO07D 257/02,
A61K 49/04, 49/06, 51/04, 49/08

(21) International File Number: PCT/EP2003/014149

(22) International Application Date: December 12, 2003 (12/12/2003)

(25) Filing Language: German

(26) Publication Language: German

(30) Priority Data:

103 07 759.6 February 19, 2003 (2/19/2003) DE

(71)  Applicant: SCHERING AKTIENGESELLSCHAFT
[DE/DE]; Miillerstrasse 178, 13353 Berlin (DE).

(72) Inventors: PLATZEK, Johannes; Grottkauer Strasse 55, 12621 Berlin (DE).
WEINMANN, Hanns-Joachim; Westhofener Weg 23, 14129 Berlin (DE).
SCHIRMER, Helko; Hechelstrasse 11, 13403 Berlin (DE). MARTIN, Jose,
Luis; Las Huertas 53, 28220 Majadahonda (Madrid) (ES). HARTO, Juan, R.;
Valdelasierra 102C, 28005 Madrid (ES). RIEFKE, Bjorn; Olwenstrasse 36a,
13465 Berlin (DE).



(54) Title: TRIMERI C, MACROCYCLI CALLY- SUBSTI TUTED BENZENE DERI VATI VES in (57)
Abstract: The netal conpl exes of general fornmula (1), in which Hal stands for
brom ne or iodine and Al and A2 have different neanings, are suitable as
contrast nmedia. WO 2004/ 074267 PCT/ EP2003/ 014149 Tri neric,
Macrocyclical | y-Substituted Benzene Derivatives The invention relates to the
subjects that are characterized in the clains: new trineric
macrocyclically-substituted triiodine and tribronobenzene derivatives, their
production and use as contrast nedia in x-ray diagnosis and MRT di agnosi s.
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(54) Title:  TRIMERIC, MACROCYCLICALLY-SUBSTITUTED BENZENE
DERIVATIVES
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M

(57) Abstract: The metal complexes of general formula (I), in which Hal stands for

“bromine or jodine and A' and A” have different meanings, are suitable as contrast media.



Radi ol ogi ca 39, 219-222, 1998). The use of contrast media in connection with
nodem 1 magi ng techni ques now extends fromthe detection of tunors, for

hi gh-resol ution vascular visualization, to the quantitative determ nation of
physi ol ogi cal factors such as perneability or perfusion of organs. The
concentration of the x-ray contrast nmedium9 (here the iodine aton) is
decisive for the contrast and the detection sensitivity. Despite further
devel opnent of the technology, it was not possible to reduce the
concentration or the dose to be adm nistered that is necessary for a nedi cal
di agnosi s. T, 2004/042¢%ndard CT study, 100 g of JBEAEIREB3IBL4IGre 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 of very high study

nunbers of several mll irleel,gbgﬁ% Mﬁ@?oc%ﬂicﬁﬂf-%géiﬁwg%ﬁen sfi Lhousand

patients are thus affect ese contras um 1 nduce e effects extend
fromslight reactions such as nausea, dizziness, vomting, and hives up to
severe reactions such as bronchiospasns, or renal failure up to reactions
such as shock or even death. Fortunately, these severe cases are very rare
and are observed dhe ivenepurshaiss tofthe syhjeptsthar@ee domciavaed vsthe Slairks: nePhonsen,

H S.: Adverse Reactions to lodinated Contrast Media. Eur Radiol 11,

1267- 1275, 20@dheridmacrotpdicgine yubsfitutddasit died@d efibregicbenieht dérivarieentieer obser ved
as pseudoal l ergic contrast nmediuminduced side effects, is, however,

 nereased by ARAUoPad AR AL ol iz 8 PRLCIRAIIENGE MIRY dBByLactor of 5 in
st ne uc

. . a§t1:ln
patients Wltﬁa previ ous history o?dcontr iumind side effects.
Ast hma i ncreases bhe ri sk1 of . severe contras ced side.effects by

t medi um, i ndp .
a factor of 6 in KSHDNE lastdseade umpressiye 2 (aﬂqgwgrﬁ,acp_evgf 10 imaging diagnosis.
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 triiodoaromatic 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 apd 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
Radiologica 39, 219-222, 1998). The use of contrast media in connection with modemn
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



Morcos, S. K : Radiographic Contrast Media. BJU 86 (Suppll), 1-10, 2000.
Thenmsen, H S., Dorph, S.: H gh-Osnolar and Low Gsnol ar 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.,

Mat suura, K. : Adverse Reactions to lonic and Non-ionic Contrast Media.

Radi ol ogy 175, 621-628, 1990. Thonsen, H S., Bush, Jr., W H.: Adverse
Effects on Contrast Media. Incidence, Prevention and Managenent. Drug Safety
19: 313-324, 1998). |n these situations for x-ray djagnosis, . the exam ners

in recent ye&hee thsdedipg agmant fspisielonifcopurshane tdateﬁvwgseeéwaﬁm Reapite

instead of the standard triiodoaronmatic conpounds in conputer topography but
al so in int durtentiewbgimaenadf tieogphnalegyat aasot[PSssiflStereddes thDcosentridam, orK. T. :
Gadol i niumas CT Contrast Agent: Assessnent in a Porcine Mdel. Radiol ogy

210, 829-834ihelfR910 besmn'i‘iﬁﬁsféred:}hat]ls neé\é%aﬁ»‘fﬂ?ta%ed%al diagnbB8SPR! in dStarddard
Angle, J. F., Hartwel Gadol i ni um based Contrast Agents in

Angi ogr aphy t n Radi ql o 1403-1409; 1999. Spi nosa,
%:tdstugy ?Q\ I%é? V%IF? or [&Loreég}/n‘]e d%qr p ‘H}% : :

D. J., Kaufmann Chel ates in Angi ogr aphy
and I nterventional Radiol ogy: A Useful Alternative to |odinated Cont rast

Medi a for Angi Ogrééqh9ugh:\t§e|cgm§g§,bﬂztzg)ftlgalkgragzpntrgqjmeﬂla hasibgen unpreyed hyrge one
hand, substantiated by the very good conpatibility of the nmetal chel ates that
are used i ninRHuctiert ofalomeotiy ttilodobemaswes.fthe humbatoflsaietelifants desilloal wayd lsgh.
X-ray-opaque. In conparison to iodine, gadoliniumand other |anthani des show

a greater ab$Reflskenvdrhaibh d@di ﬂlﬁ‘n‘&?@&%’e%rhb&nﬁhoﬁ‘bé}%ﬁr valhpe ?ﬁ@s‘i‘ﬁ"téﬂ es of
the x-ray radi atlon such that, in pr|n0|p e they "are suitable as

oD S Rt e e SRRt S oy OO s g,
\bdel as a N‘%r"cYmLS{‘g%??eE&?o%s Sodh £sansa5se’§9§12£m£s‘§rvocrﬁlrtﬂ?égffnﬁ hiverug to severe | e
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 [odinated
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 cogtrast 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



Radi ol . 3001): 644-649, 1995). The above-nenti oned Gd-containing chel ate
corpounds originally used in the MRT are also readily water-soluble and are
di stingui shed by an excellent conpatibility. Conpared to the

i odi ne-cont ai ni ng/ non-ionic contrast medi& the rate of |ight

pseudoal | ergenic reactions is greatly reduced, the rate of fatal reactions is
extrenely rare and is indicated wwth 1/1,000,000 (Runge, V. M: Safety of
Approved MR Contrast 'Media for Intravenous Injection. J. Magn Reson | nmagi ng
12, 205-213, 2000). In contrast 4 to other contrast nedi uminduced side

ef fects, sucMamgemeny. Drughvafetgifl 313eiddal $98)! In these peuasdbt eray dagmaist | ons
are nore likely independent of the adm nistered dose. Also, the snallest

dosages can algCexagiimngs jh Rtdne febrs HosUejueatlpeRUdaabdie-gbtaindR0Gd-ehelaesi 1 ed
are substances that conbine the advantages of the two chemcally entirely

different classes phnL %ﬁ?odomﬁlaﬁ%tc[)%?fng{dg% l:(gﬁ{plﬂ 9@85%' ltlalsg 19T the

net al chel at es suggests a I nconpati Ity rate. tic corrpounds

Coetf1ci ent BREBEIPBL ARG ) SASh (GEFE. DSt Baeds. Todato BRI AECT,

substance concentration and the | ow specific proportion of the inagi ng rret al
in the entir&onthec\gdest: Ashespeavin elorgndModel. Redialogy 8088208 pk 998 r ay
di agnosi s an not optinmal (Al brecht, T., Dawson, P.: Gadolinium DTPA as X-Ray

Contrast MediSgfoka) A, niaalmSbudi BS HaBsHRe17R, D8 32, F.200@)ell \BIB.: r ecent
attenpts to solve this pr obl em describe the pro uction of metal conpl ex

convaeies, ok PR RTBLL 5, SAABBHPES 1 ULy SO 0 =

93/ 16375, VO 09/ 14 %41]409 %987/8103%1%%9 D. J.,, Kaufmann, J. A., Hartwell, G. D. : Gadolinium
Chelates in Angiography and Interventional Radiology: A Useful Alternative to
Iodinated 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 is 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



WO 00/ 71526, US 5, 660, 814). Because of their |ow hydrophilia and high
viscosity, the latter cannot be adm nistered in adequate concentration and
reasonabl e vol unes, however. The purpose is to produce conpounds that have
an adequate hydrophilia - conparable to that of Gd-chelates -- and in
addition exhibit a high concentration of opacifying elenments. Val ues that
aré significantly higher than those in netal chelates, which are
approximately 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 pharnmacol ogi cal properties,.the highly cpncentrated, sol utions
must al'so i ndf SqeEcanta e pradndised S eeauch B - BB LI, Thi o
object is achieved by this invention. The nmetal conplexes of general fornula
| accordi ng theeudeall¢raigapadtions daimara litgly didependest able adminisieredidass. oklsq,dkli ne,

A" stands for the radicals --CONRL-(CH2),-NR2-(CO CHZ' - NHym CO CHZ' - K,

- CONK' - ( CH. ) ,str@DMR d6k4g) o1 45HRkh 1O Yalread CHRRet SpBduRoSHekHe Ghiétifn. - CH
2-0O-(CH2), -NR - (CO- CHZ' - NHym CO- CHZ' - K, - CH2-NR - CO- (CHZ' - NH- CO), CHZ' - K , A2

has the same meanifgirafare sublarcls thifcdrdbife hBkv4tadd@St iR ewIEADRAY | 1 St

entirely different classes of compounds.

The extraordinarily high hydrophilia of the metal chelates suggests a low
incompatibility rate. Iodoaromatic compounds have a higher lipophilia by a factor of
100-200 (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 arc not optimal (Albrecht, T., Dawson, P.: Gadolinium-DTPA as X-Ray
Contrast Medium in Clinical Studies. BJR 73, 8§78-882, 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



menti oned above can also stand for the radical -NR-CO(NR)m (CH )P

NRZ- (CO-CHZ' -NH),,,-CO CHZ2-K, in which R and R2, independently of one

anot her, mean a hydrogen atom a C -C2-alkyl group or a
nmonohydr oxy- G - C2-al kyl group, Z' and Z2, 1 ndependently of one another, nean
a hydrogen atomor a nethyl group, 6 n nmeans the nunbers 2-4, in nmeans the
nunmbers O or 1 and p neans the nunbers 1-4, K stands for a nmacrocyclic
conmpound of forrmula 1A COOX ("'~ N - NN~ Z"'N Coax Coox with X in the
meani ng of a hydrogen_atomor a nmetal ion equivalent of atom.c nunbers
20-29, 39, 4Phammacglogival propertes fhefaighlycanceatrated sehutippiomyst {sgiadicde anet al i on
equi valents and optionally present free carboxy groups optionally are
present as salricicalfvismogignaml a lmmddsooticrpoesgari ¢ bases or am no acids or am no
acid am des, show a very good solubility

This object is achieved by this invention. The metal complexes of general

formula I according to the invention

Hal

Hal Hal

in which

Hal  stands for bromine or iodine,

Al stands for the radicals
—CONR'-(CH,) -NR*~(CO-CHZ'-NH)_-CO-CHZ’K,
—CONR1—(CH2)p-(CONRZCHZ)m-CHOH-CH;-K,
——CHZO—(CHZ)p-CHOH—CHz-K,

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

A’ has the same meaning as Al 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-CHZ2-K,
in which R! and R?, independently of one another, mean a hydrogen atom,
a Cj-Cz-alkyl group or a monohydroxy-C;-C,-alkyl group,

z! and 7, independently of one another, mean a hydrogen atom or a methyl

group,



and a distribution coefficient that is conparable to that of Gd-chelates. In
addition, the new conpounds have a high specific content of opacifying

el enents, a |ow viscosity and osnDIaIityténd t hus good

tol erance/ conpatibility, so that they are extrenely well suited as contrast
media for x-ray and MR i maging. Hal preferably stands for iodine, R and R2
stand for hydrogen and the methyl group, n stands for the nunber 2, and p
stands for the nunber 1. By way of exanple, radicals Al are nentioned: 7 -C

ONH( CH2) 2; 3NHCOCH2NHCOCH( C H3) -, . - H( CH2) 2; 3NHCOCH2NHCOCH2-, - CONH( CH2) 2;
3NHCOCH2-, - CONHAICHR) Deanbe oembess®4, - CONHCH2 CH( OH) CH2-
- CON( CH3) CH2CH( OH) CH2-, - CH2OCH2CH( OH) CH2-, - CONHCH2C ONHCH2CH( OH) CH2- ,
- CH2NHCOCH2-, - CH2NHCOGIdaitHBE numbeGigaiHl adOC H2NHC OC H2-,
- CH2NHCOCH2NHCOCH( CH3) -, - CH2Q( CH2) 2NHCOCH2-, - CON( CH2CH20OH( CH2) 2NHCOCH2-
CH2Q( CH2) 2N( CH2 CHAOH) CiXehids the numbers 1-4,

K stands for a macrocyclic compound of formula I

COOX

i

Avw——N N—\
COOX
Nk\>

COOX
(1a)
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 methyl

group, n stands for the number 2, and p stands for the number 1.

By way of example, radicals A' are mentioned:



By way of exanple, radicals A2 are nentioned: -NHOOO H/NHC O C H2ZN HC O CH(C
H3) -, NHC OCH, NHOOOH2NHCOCH2-, - NHCOCH2NHCOCH2-, - NHCOCH2NHCOCH( CH3) -,
-N(CH3 )C OC H2ZNHC O C H2-, - NHCONH( CH2) 2NHCONH2-, - NHC

OCH2N( CH2CH2COH) COCH2-, 8 -N(CI—B)COCI—IZN(CI—TZCI—I?O—I)COCI—IZ-. The compounds of
general formula | according to the invention can be produced according to the
process that is known by one skilled in the art, by, for exanple, a) a
triiodo- or tribronmoaronmatic conpound of general fornula Il Hal Y -NHR O Hal
R NHY ' Yz-NHR Hal being reacted in that is known in the art with a

a wa
macrocycl i c conpoohtNGHCEkhe NACOGHMNHGOGHCH)whi ch CXO stands for a - COOH

or activated carboxyl group,
-CONH(CH;):.:NHCOCH,NHCOCH,-,

-CONH(CH,):sNHCOCHx-,
-CONH(CH,),sNHCOCH(CHj)-,
-CONHCH,CH(OH)CHy-,
-CON(CH3)CH;CH(OH)CH>-,

- CH,0CH,CH(OH)CHy-,
-CONHCH,CONHCH,CH(OH)CH-,
-CH,NHCOCHj-,
-CH,NHCOCH(CH;)-,
-CH,NHCOCH;NHCOCH;-,
-CH;NHCOCH,NHCOCH(CHs)-,
-CH,0(CH,);NHCOCHj-,
-CON(CH,;CH,0H(CH,),NHCOCH-,

-CH,O(CH,),N(CH,CH,OH)COCH;-.

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

-NHCOCH;N(CH,CH,OH)COCHz-,



Wstands for a protective group or a -CH2COOX' group with X in the neaning
of -X or a protective group and -Y' -NR -CO Bl - stands for the radical A in
the neaning of-CONR -(CH2), - NR2-(CO CHZ' - NH) m CO CHZ2-

or-CH2- O (CH2),-NR - (CO CHZ'-NH)mCOCHZZB- and Y2-NRI -CO-B' for YL-NR -CO B
or for the case that YI 9 NR -CO B has the neaning first nentioned above,
the latter also stands for-NRI-CO (NRI) m(CH2), - NRz- ( CO- CHZI - NH) m CO- CHz2-,
whereby Bl neans the radical on the first or second (viewed from K) carbonyl -
group between-CO and K, and Yl or_y2 stands for the deficient radical of
the |inker group tNEtHDSOQEENEHBIGHE PR group, and then optional ly
protective group Whbeing renoved and the radical CH2COOX being introduced in
a way that is known in the art or the protective group that optionally stands
for X being renoved and then reacted in a way that is knowm in the art with

a metal oxide or mReLamps@lds 0P el SbRARAT aQordh O the MRRESScADbeqRodRBd 42,

44 or 57-83 or b) a triiodo- or tribronoaromatic conpound of general formula

' I ' I J d.i ies K [ h
S et e AR A1) S s 0 11

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

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

.0

o*c-B—— N N—w

()

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'-(CH2)-NR?-(CO-CHZ'-NH),-CO-CHZ2- or -CH,-0-(CHz),-NR'-(CO-

CHZ'-NH)p-CO-CHZ2- and Y*-NR'-CO-B! for Y!-NR!-CO-B! or for the case that Y'-



COOX, N (V) formula V 10 in which -C'O and X have the above-nenti oned

meani ng, and -CO NR -Y3 stands for radical A in the neaning of - CONRI-(CH2)P
(CONRZCH2) m CH( OH) CH2- and thus Y3 is in the neaning of

NRl - (CHI ) P- (CONRZCH2) 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 wth a nmetal oxide or netal salt of an elenent of atomc
nunbers 20-29, 39, 42, 44 or 57-83 or c) a triiodo- or tribrormarorratic
conpound of gener al forrrula VI. A1 Hal-1" ~ n whi fur_ei nen Rest
-CHZ O (CHI )31 ereor 2 phe @Fmﬁ%meat%é.awe the 1fﬂ%rtaéwtstan&éff9fg BE&Q ed in a
way that is known I n the art vmth a cycl ene of general formula VI W HN
NW W (VI )(NR )m(CHz)p-NR -(CO- CcHZ' -NH),-CO- CHZ?-, whereby B' means the radical on the

first or second (viewed from K) carbonyl group between ~CO- and K, and Y'or Y?
stands for the deficient radical of the linker group that is reduced by one imino group,
and then optionally protective group W being removed and the radical CH;COOX being
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
c’o
Hal Hal
c’o c’o
v
Hal )

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

COOX'

( /7
Q/NKJ

CcooxX' %

R'NH-Y?

formula V



11 in which W stands for a hydrogen atomor a protective group, (after the
optionally present protective groups have been renpoved and then radi cal
-CH2COOX has been introduced in a way th is known in the art) to forma
nmetal conplex of general fornmula | with in the neaning of radical
-CH2-O- (CH )P CHOH-CH2- or d) a triiodo- or tribronmoaromatic conpound of
general fornmula VII1 CH2 Nucl eofug Hal Hal Nucl eof ug- CHZCH2- Hal Nucl ecf ug
(VIT1) [Nucleofug = nucl eofuge] in which nucl eofuge stands for a nucl eof uge
group, being.reacted,n a way that is know in the art wth crocyclie
conpound of geHBIAI-GBrand i heye iy AR ReROTSH A REy 1 HeO Ao RS Bhed
nmeani ngs, and B2 stands for the radical -~CHZ -NHCO n,-CHZ2- and then _being
further procestedAdsn thedneairecbfuGEBYR ajGHAuEONRAGH: ae B(O - exd thusfy”
general fornula | are obtained with A" in the neaning of radical

- CH NR - CO- ( GHE'th&Nesding 6H24R '-vdig)p blyONREOHIRLC HIGH)OH]-NaddBed @k plote@iRl exes,
12 obtained according to a)-d), of general formula I, still present acid

o ; 2 el ! . . |
oot 8O BRou iat gf)gg;f%fy as‘tnlningg g&& Gl Ao 9Ld AAhGRBLifig Rlach $P0 Way AR &

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

¢) - a trilodo- or tribromoaromatic compound of general formula VI
A1
Hal Hal
Al Al
Hal (V1)
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

(Vi)



As am no protective groups W the benzyl oxycarbonyl, tert-butoxycarbonyl,
trifluoroacetyl, fluorenyl nethoxycarbonyl, benzyl, fornyl, 4-nmethoxybenzvl,
2,2,2- trichloroethoxycarbonyl, phthal oyl, 1,2-oxazoline, tosyl,

di t hi asucci noyl, allyl oxycarbonyl, sulfaté, pent - 4- enecar bonyl ,

2-chl or oacet oxynet hyl (or ethyl) benzoyl, tetrachl oropht hal oyl, and

al kyl oxycar bonyl groups that are famliar to one skilled in the art can be
mentioned [Th. W Geene, P. G M Wits, Protective Goups in Organic

Synt heses, 2nd Ed., John Wley and Sons (1991), pp. 309 - 385, E. Meinjohanns
et al, J. Chem %owhicheVk ﬁmnilsrfahg hydrogegomomn 3. protectisel gspia, Kafter the] |

Car bohydrate Research 280, 1996, 251; R Madsen et al, J. Og. Chen1 60,
1995, 7920; RptibhallSghededt profbetivagredpoimye bedrt renmvid Sind thEBﬁa’ii]ical F6H,CO8&vage of
the protective groups is carried out according to the process that is known

to one skilledsbientiRGodlcbd (r?@%ay ?hagls kny)\wﬂﬁﬁ Ihe d}/ﬁtt@ﬁgﬁfh ﬁil@fal grgple%?m e
[ Met hods of Organl ¢ Chem st ry Houben- Wyl | tion 1974, p.

csters with 2ERar rRuiaREE B amraid 4%@. @Pa@k@éh%&é@%f EEer §m oG ©o

50C, acidic saponificatlon with mneral aC|ds or in the case of Boc groups
with the aid of trifluoroacetic acid. Activated car boxyl groups are defined
above as those carboxyl groups that are derivatized, such that they
facilitate the reaatiiodo- wi ttibrcamasomate. coifpoahd gf genesl camubeVIlised f or
activation is known, and reference can be nmade to, for exanple, M and A
Bodanszky, The Practice of Peptide Synbﬁeghgmﬁﬁﬁpringerverlag 1984. Exanpl es
are aducts of carboxylic acid with carbbdiimdes or activated esters, such
as, e.g., hydroxybenzotriazole Hslke :ci dHghl ori de, N hydroxysuccini m de

ester, 13

Nucleofug-CH; CH,-Nucleofug

(V1)

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

R'HN-CO-BL——N N—W

()

(1X)

formula [X 7

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

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

R R



, -Co NO2 and [and] 4-N trophenyl ester and N hydroxysuccinim de ester are
preferred. The activated esters of the above-descri bed conpounds are produced
as known to one skilled in the art. Also, the reaction with correspondingly
derivatized esters of N hydroxysuccini ni 88, such as, for exanple: is

possi ble (Hal = halogen). In general, all comonly used activation net hods
for carboxylic acids that are known in the prior art can be used for this
pur pose. The activation of carboxylic acid is <carried out according to
commonl y used net hods. Exanples of suitable activating reagents are

di cycl ohexy! @h?awduapwr@@g(t@@o)l),, ofi ganerqy forgual, giilkbrengnt apiddydragey pioms are

car bodi i m de- hydrochl ori de (EDC), benzotriazol-I-yloxytris(dinmethylam no}
phosphoni umhextfikuted bpbaipb af mofdE6kR)or apghn:- {aves) amind @ idsl orlamihg acld AmRes-

t et r amet hyl ur oni unhexaf | uor ophosphate (HBTU), preferably DCC. Al so, the

ST NSRS SRt et g v
nucl eof uges ?rriﬁuc;[rgaei:e{y?,%uorenylmetﬁbxycafbogyl’, berzyl, %rnnﬂ, 4—%okybenzy1, 2,9,2-
trichloroethoxycarbonyl, phthaloyl, 1,2-oxazoline, tosyl, dithiasuccinoyl,
allyloxycarbonyl, sulfate, pent-4-enecarbonyl, 2-chloroacetoxymethyl (or ethyl) benzoyl,
tetrachlorophthaloyl, and alkyloxycarbonyl groups that are familiar to one skilled in the
art can be mentioned [Th. W. Greene, P. G. M. Wuts, Protective 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,



0 OIf X stands for an acid protective group, |ower alkyl, aryl and aral kyl
groups, for exanple the nethyl, ethyl, propyl, butyl, phenyl, benzyl,

di phenyl net hyl, triphenyl methyl, and bis-(p-nitrophenyl)-nethyl group, as
well as trialkylsilyl groups, are sui tabl'd. The t-butyl group and the benzyl
group are preferred. 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, Methoden der Org. Chem e, Houben-Weyl, Volune XV/ 1, 4r' Edition
1974, p. 315), for exanple, by hydrolysis, hydrogenolysis, alkaline
saponification of esters in aqueous-al coholic solution at tenperatures of 0OC
to 50C, acidic saponification with mneral acids or in the case of

tert-butyl esters with the aid of Fri fl jor oacetic id (ProtectiveNQ,oups in
Organi ¢ 15 Synt hesi G eene and\P. G M Wit ohn Wl ey

and Sons Inc., New 91) T uct etal ions
can be carried ote @- 'ﬂi‘SSCI ggé PaFent gﬁg 4 and DE-CS
34 01052. To this end; the netal oxydeypr a netal Rl e, a

chloride, nitrate, acetate, carbon&te off sul fate) the desired Rogment is
di ssol ved or suspended in water and/or a | ower alcohol (such as nethanol,

et hanol or isopropanol) and reacted with the solution or suspension of the
equi val ent anount of the conpl exi ng_agent. The neutralization of optionally

still present free carboxy groups |j ar ri ed out
und
——CO,:,—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:

Q
0\
Hal/Y N
o)
o}

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-yl1)-1,1,3,3-

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



with the aid of inorganic bases (e.g., hydroxides, carbonates or

bi carbonates) of, e.g., sodium potassium Ilithium nagnesiumor calcium
and/ or organi c bases, such as, i.a., pri mRry, secondary and tertiary am nes,
such as, e.g., ethanol am ne, norpholine, “glucamne, N-nethyl- and

N, N- di net hyl gl ucami ne, as well as basic amino acids, such as, e.g., |ysine,

arginine, and ornithine or am des of original neutral or acidic amno acids.
For the production of neutral conplex conpounds, for exanple in acidic
conpl ex salts_in aquepys sol ution or suspensi on, enou he_ desired base
can be addeﬂfpomi‘:%‘%ﬁ“ﬂ‘fétakém Fugh a&cﬁ'%\tﬁﬁ*}‘a@xﬁ}cﬁﬂ‘% et(ﬁi{ssioé obt ai ned can
then be evaporated to the dry state in a vacuum It is frequently

advant ageous hydropyleanizpiirinadle, is hessiidait ral salts that are formed by addi ng

wat er-m sci bl e solvents, such as, e.g., |lower alcohols (nethanol, ethanol

i sopropanol, etc. pdvhi@ouketents HuakefipBeare thicCrallicagol ar et hers
(tetrahydrofuran, dioxane, 1,2-dinethoxyethane, etc.), and thus to obtain
easily isolated and readilly purh+ied _cr al higates. It has proven

especial ly advantagggég'gglédd §%t$16 dé%?&édbE§Se as early as during the
conpl exing of the reaction m xture and thus to save a process step. The
purification of the thus &btairfed conplexes is carried out, optionally after

the pHis set to 6 to 8, preferably about 7, by—adding an acid %Nbase
preferably by ultrafiltra wi th nmenbranes uir&@ble porﬁzs’l'ze,

Ani con(r)YM , Anmi con(Ff ger Ffiltratio ui t abl e Sephadex(r)
gels or by HPLC on silica gel{or reverse-phase-material. A purifi i OR-Ctan
al so be carried out by Cry t al Ijzation from sol vents such as I

0
NO, \

NO,

If X stands for an acid protective group, lower alkyl, aryl and aralkyl groups, for
example the methyl, ethyl, propyl, butyl, phenyl, benzyl, diphenylmethy]l,
triphenylmethyl, and bis-(p-nitrophenyl)-methyl group, as well aé trialkylsilyl gfoups, 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., Wiinsch; 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



met hanol , et hanol, i-propanol, acetone or their mxtures with water. In the
case of neutral conplex conpounds, it is frequently advantageous to add the
ol i goner conpl exes via an ani on exchanger, for exanple IRA 67 (OH form, and
optionally in addition via a cation exchanger, for exanple IRC 50 (H form,
to separate ionic conponents. The production of the conpounds of general
formula | according to the invention can be carried out as indicated above:
a) The reaction of triiodo- or tribronmoaromatic conpounds of general formula
Il with compounds of general fornmula Ill is carried out according to the

process of  @yhthesit,a"Baition, T.hRE Gieenk Rl G.MONEtsSkihhIVeleyi ahdt s id. Néw t hi s
connection, either a direct coupling of the free acid of IIl with the free
am ne of 11 rforrred wi th dehydrating reagents, such as
dlcyclohexylcar%ogl de, diisopropyl carbodiimde, EDC, EEDQ TBTU, or HATU
in aprotic solven suc THF, .di oxape, t.ol uene, | or of or m or
met hyl ene chl ori dgﬁlﬁ tfogﬁf)té?ng‘i‘\%ﬁh"e esypd gretal igpe c2p pe Gazigd Pﬂteaséﬁsdih SCB?SS‘BJH‘ is
activated in the conpound of ‘general formula Ill, by its first being 17
converted i ntPateats ERT150d, BB 11809 dsmd s 31101 @i "Fehidsis anidethe negalenidei an aa
solvent, such as, for exanple, DW, DVA, THF, dioxane, di chloro nethane,

I-PFOO'| or n’ﬁé@él@@l'@@for JQ@%'dHi(orYﬂet ﬁtrht*éeao%dﬁé tch®Bn&t oPEul Y dN kK REiréd10r gani ¢
base, such as NEt3, pyri DIVAP Hunlg base, Na2CO3, or CaCCB, bei ng

reacted ot LERRET RIHLRRCRLE 10p 01 ol M0 4 16 PILOR I A0SRl 0T MU 2

I1. I'n sone cases, geous

ethanol or isopropanol) and reacted with the solution or suspension of the equivalent
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 Is 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, e.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



conpl exes of general fornmula Il directly and to couple their term nal
carboxylic acid under the process that is nentioned in WO 98/ 24775, The
production of the netal conplexes is described in WO 98/24774. The
production of conpounds of general fornuld®Il is carried out in the case
when Y2 stands for Y' by reactions of conpounds of general formula IV CO Hal
Hal CO OCOilk Hal with diamnes of general fornula A HNR -(CH2) m NR2H (A)
in which Hal, CO", R, R2, and mare in the above-indicated neaning,
according to the nethods of am de formation known to one skilled in the art
(see above) depiraginbaaprotarly asclutingthesuoiplexsngBiithe RivptoMHikturdiapg dns to $3v2-a

di chi or oet hane, chl orof orm dichl oronethane or toluene, optionally with the
18 addition gocss f€@ani ¢ or inorgani c base, such as Net3, pyridine, DVAP,
Huni g base, Na2CO8, K2CO8, or CaCC8, at tenperatures of OC - 1OOC I n many
cases, 1t has proven AKERIAIEMSILOobEFed AT BEe ik 8L B BpridiRliy Gk mbBNY.

tines, it may be ageous to use one o rm na O groups in
protected form(e.qg., no- Boc, no- , after uplin corrpl eted, to
cleave this rl’lﬁ)’tséﬁtttf’\ﬁet"\)%r B{??ers@xg/g%t@x 6&%%@185@ w%r%bivb

ultrafiltration with membranes of a suitable pore size (e.g., Amicon®YMI, Amicon®

YM3), gel filtration on, e.g., suitable Sephadex® gels or by HPLC on silica gel or

reverse-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 separate
lonic 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 IT
with compounds of general formula III 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 II 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



one skilled in the art (T. W G eene, see above). The di am nes or

nono- protected diam nes are known in the literature and can be purchased
(e.g., Aldrich, Fluka). The acid chloride of the conpound of general fornula
|V is preferably used. The production of fthe compound COCl | | ClococoC |
IS described in DE 3001292. The production of the corresponding tri-brom ne
conpound is carried out anal ogously fromtribronoam noi sophthalic acid by
Sandneyer reaction (introduction of CN and subsequent saponification) as
described in EP 0073715. In the case that Y2 is not equal to Y1, the

fol | owi ng pr ocedurcenteatsd prtowr actiwsrastentrict pageld ) The theonipesarsisrsof a gelvental
formula B Co. Hal Hal 0 ' OC NH2 Hal (B) in which CO* and Hal are in the
above-nenti oned mga¢i igfor dkAmplel BMF, EAEAETHF, dioxane, dichloromethane, i-ProOH, or

toluene, optionally with the addition of an organic or inorganic base, such as
NEt;, pyridine, DMAP, Hiinig base, Na,COj3, or CaCO;, being reacted at
temperatures of —10° to +70° C with the amine of general formula II.

In some cases, it has proven advantagéous to produce the metal
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’
v
Hal V)
with diamines of general formula A
HNR'-(CHy)m-NR*H (A)

in which Hal, CO*, R, 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



wi t h conpounds of general formula C CO*-(CHZ1)-NH-Sg (C) in which CO* and Z
have the 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 abol® (Neher et al, Helv. Chim Acta,
1946, 1815.) Then, as already described above, it is reacted with conpounds
of general fornmula A and then optionally present am no protective groups are
cleaved (see T. W Geene). It has proven advantageous to use the acid
chlorides of general formula C. If Sg represents a trifluoroacetyl
protective group, addion eff aneqrgdyc of iwargaic babs, seah as NEG.apysidingl PMydE, Bhiimg ess
with excess diam ne of general forrmula A Conpounds of general fornula C can

be obtai ned accor BasegNaA PeKROOS, or a0, pdt@eri@avardsvf OPE -iopaT.at ure. For the
production of urea derivatives, conpounds of general formula B are first

reacted wth isocyanat ?ﬂgﬁsyc%g%%g@{g&&rvgywva&%go%gﬁ%gig;{ erm%l[fgga( D) 20 and

then further reacted a ve wmtht am nes of the general

formul a. The reacti,on ohthe. i socyanates is carried out Hﬁ averotic ?ol vent s
as solvent.” Many times, 1t may be advantageous to use one of the two termina

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 [V is preferably used.

The production of the compound

- COC!

CloC COcCl

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:



descri bed above for am de formation. The reaction tenperature is 0C to 100C
| socyanates (D) are produced as described in, e.g., GQuichard et al., J. Og.
Chem, 1999, 8702. Conpounds of general forrmula B are described in DE
3001292. b) The reaction of conpounds of %Eneral formula IV with conpounds of
general fornula Vis carried out according to the nmethods of am de 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 conpounds |V
is preferably used. Conpounds of general formula V are obtained from
conmpounds of r general fornula E C?OX' (1'~ N.'_ ") COOK HN N -~ COOX (E) in
which X is in the aboVétR¥RPPBIEA! Bl HFMUA/Br eaction with primary 21

epoxi des of general fornula F O RL N-(CH 2)P ( CONRZ) m CHCH2

cO
Hal 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 (©)
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 triflucroacetyl protective group, the latter is cleaved
directly in a singlefpot 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)



Il Sg (F) in which R, Sg, p, m and Rz are in the above-nentioned neani ngs.
The reaction is carried out in protic or aprotic solvents, such as nethanol,
et hanol, butanol, propanol, DWF, toluene, CHC13, or DVA (optionally in each
case with the addition of water) at terrp%?atures of OCto 15C. In sone
cases, the addition of a Lewis acid, such as LiCl, LiBr, LiJ, LiClOQ or
Y(triflate)3, has proven worthwhile. Conpounds of general fornmula F are
accessi bl e according to nmethods that are known in the literature (Kraw ecka
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).
c) The reaction ohnéperifatsrofactpdrae dadcribed shdva with the tiamioespd uligenefal gener al
formula VIl is carried out according to the nethods of the reaction of

epoxi des w th amfgasidi hat are described under b). In sone cases, it has
proven advant ageous to use the nethod described in EP 0545511 wth use of

t he conpound 22 Action gﬁzﬁi 0643705,
or the lithium pr ocesgﬁtélﬁ a%;&go gggsr%l telglﬁ)S\c,]er {M@%ﬁ%ﬁ%&}%&%ﬁﬁ & used. The
roduction of conmpounds VII in the case of rotective,
product | TRescnbed abovelfor amide fornation. IFEe reactlo% tempera!tu\ée isT°C 1b°100°C.
[socyanates (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'

(\ /ﬁ _ foox
CoOoX' (E) |
general formula E

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



see b), is known in the literature. The Tri Boc-cycl ene conpound is descri bed
in Kinura et al., J. AmM Chem Soc., 1997, 3068, and the tri Z-cycl ene

conpound is described in Delaney et al., J. Chem Soc., Perkin Trans., 1991,
3329. Conpounds of general fornula Vi arezipcessible by reaction of triols of

general formula G Hal ~~ HOB Y~Y OH Hal' -Hal (G OH 23 with epoxides of
general formula HO Z -(CH 2)P-CHCHs (H with p in the above-nentioned
meani ng and in which Z stands for C, Br, I, or OIS. The reaction is carried
out according to nmethods of glycide ether formation (p=1) or etherification
that are known in the literature, Mb inet al., Synthesis, 1983, 117.
Cormpounds of genefBPXfGY e%“?—lé?’r@uﬁ own inthe literature, e.g., Sharpless

et al., J. Og. Chem, and DE 935433 or can be purchased (e.qg.,
epi chl orohydrin, Fluka, Aldrich).

0
| VA
R' N—(CH,),—(CONR"), -CH—CH, (F)
I
39

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, CHCl3, 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, LiClO, 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 DO3 A derivatives and are

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

c¢) 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



Compounds of general formula Gin the case of Hal-iodine are described in US
6, 310, 243. The production of the brom ne conpound is carried out

anal ogously. d) The reaction is carried out such that first the anide of the
conpounds of general formula I X is deprotonated according to the nmethod that
is knowmn to one skilled in the art, e.g., with NaH in DVF, THF, DMA,

di oxane, toluene (tenperatures of 0C - 100C) or BuLi, LDA, Li-HVMDS, Na-HVDS
in THF, MIB at tenperatures of -70 to OC and then reacted with conpounds of
general fornmula VII1 (preferred tenperatures of-70 to 70C). Conpounds of
general formula VIII are obtained from conpounds of general fornmula G 24 Hal
HO O OH Hal Hal (G according to the nethods that are known to one skilled in
the art for converting a primary OH group into a halide or tosylate,

triflate, etc. Conpounds of general | X are obtained from conpounds of
general formula I Xa I X a by amdedormaiion/with am nes of fornula R NH2
(am des of the fornmula are commerc¢ially avgilable or known in the

literature) according to the mathozo/
>

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 tri Z-cyclene compound is described in Delaney
et al., J. Chem. Soc., Perkin Trans., ﬂ, 3329.

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

general formula G

Hal
HO OH

Hal Hal
OH

(G)



am de coupling already nentioned under a)., Conpounds of general fornula | Xa
are described in, e.g., WO 97/02051, WD 99/16757 or can be produced sinply "
fromtri-Boc cyclene or tri-Z-cyclene according to nethods that are known in
the literature. The conpounds according t& 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 25 iodized x-ray contrast nmedia is conbined with
the intense hydrophilia of netal chelates and good conpatibility in a

nol ecul e that is inherent in them The very high hydrophilia of the new
conpounds resul t s With epRaides plecangbleempledd profile corresponds to that of the
very well-tolerated Gd conpounds, as they are used in MR inmaging. This
property therefore makes it especially suitable for use in patients with a
proven allergy to iodized conpounds of in the case of existing atopy. In
particular, the incidence of severe/shde effects such as bronchi ospasns and
shock or even death is Zed%@%ﬂ-libﬁ e Ievqh)of the MR contrast nedi um
The low osnolality of the formilations is ‘an indication of a generally very
good conpatibility of the new conpounds. They are therefore especially
suitable for intravascular (parenteral) uses. Depending on the

phar maceuti cal f omithl @minitheabdveenanohedsieaniegaed manhible Zuseds feXd] Bsilyel y f or
x-ray diagnosis (triiodine conplexes with dianmagnetic netals), but also

si mul t aneously fogyx-ray diagnosis and MRT diagnosis (triiodine conplexes

Wi th paramagnetic atons, preferably Gd). The conpounds can very

advant ageously be usedThe 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 [X 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,
MTRB 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



in, e.g., urography, conputer tonography, angiography, gastrography,

mammogr aphy, cardi ol ogy and neuroradi ol ogy. Even in the case of radiation

t herapy, the conplexes that are used are_advantageous. The compounds are
suitable for all perfusion neasurenents. 2% differentiation of areas that are
wel | supplied with bl ood and ischem c areas is possible after intravascul ar
injection. Quite generally, these conpounds can be used in all indications
where conventional contrast nedia are used in x-ray diagnosis or MR

di agnosis. 26 The new contrast nedia can al so be used for the
magneti zati on-transfer technique (see, e.g., Journ. Chem Phys. 39(11), 2892
(1963), as well as WD 03/013616), if they <contain nobile protons in their
chem cal structure. This is the case,Hd or exanple, in the hydroxyl
group-cont ai ni ng conpounds, as they are described in Exanple 5 (page 41),
Exanpl e 6 (page 44); Exanple [fo{Pa hifxanpl e 8 (page 50). This
application docunent thus also co $€s contrast nedia that are suitable in
principle for this special MItechQegle. The contrasting of cerebral
infarctions and tunors of the IMaer of sp&k-occupygpg processes in the
liver as well as of tunors of the abdowewy (i ncluding the kidneys) and the
nmuscl e- skel eton systemis especially val uabl e diagnostically. Based on tle

| ow osnotic pressure, the blood vessels can be visualized especially

advant ageously after _intraarterial or else intravepous injection. If the
conpound accor di ngceElinskE thameiRqds that are; kpopmde gng é‘fluﬁfg@ e aROTFORYFERR &,  the
netal ion of the signaling group nust be paranagnetic. These are in

particul ar the dipuslagn®Hagroun intovahdide drdosylatd, tifige.aftenent s of atoni ¢ nunbers
21-29, 4144 and 58-70.

Compounds of general formula IX are obtained from compounds of

general formula [Xa

20

*c0—B*—N N—W

e

by amide formation with amines of formula RlNHz (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 knpwn 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



Suitable ions are, for example, the chromun(lIl), iron(ll), cobalt(ll),

nickel (11), copper(ll), praseodymun(lll), neodymun(lll), samariun(lll) and
ytterbiunm(I11l) ion. Because of their strong magnetic nonent,

gadoliniunm(111), terbium(111), dysprosiunfiil), holmun{lIl), erbiun{lll),
iron(111) and manganese(l1) ions are preferred; gadoliniun(lll) and
manganese(l1l) ions are especially preferred. If the conpound according to the
invention is intended for use in x-ray diagnosis, the netal ion is
preferably derived froman el enent of a her atom c nunber to achieve an
adequat e absavdizddonrayfeontiest medinyis Comblnﬁégﬂgdhmmltqlﬁahyfirephlilhi0§ pur pose,

di agnostic 27 agents that contain a physiologically conpatible conplex salt

wi th nmetal i ongalehelarhandpi®l @mpatibiliteinimbRedle 2mt iiheomt id%heas. wel | as 57- 83
are suitable. Preferred are manganese(ll), iron(ll), iron(lll),

praseudym um| lv):ry h1§l‘?ﬂ?§ﬂiﬂ§ bt th ne@r% gbﬁiﬁsl Félﬁta ;fgﬁ‘q%'e @lr#lEFiieH ;%roﬁle

ytterbiun(lIl) I ons, eci al prosi u ons and

yttriunm(I11) |ons ction of naceutlcal ents ing to
Yhe' i nvent | boreready e it veRy a%cg}e&ar?ﬁr&{ Sriins n et reedig R
conpl ex compounds according to the invention - optionally with the addition
of the addi t imegingnhahisprepess ihaseliore maleas if especiailyerviteble dor ussen pgfientsspiéihded or
di ssol ved in aqueous nedium and then the suspension or solution optionally
bei ng steril ipzadn alergy ablwdiwddbmbuasisat & the @iseax@RrBligg atopPy & pdrogilaathey

harm ess buffers (such as, for exanple, tronmetham ne), additives of

conpl exi ng ageniccObr Woad shRHPlENSSC J( S {91[1'@1?0 ng as'HB&I@er even death is

dlethylenetrlanlnepenta- acetic acl conp exes that correspond to
e ) SO R KSR MR o7 | Tecessery

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.



necessary - antioxidants, such as, for exanple, ascorbic acid. If suspensions
or solutions of the agents according to the invention in water or
physi ol ogi cal salt solution are desired ﬂ%r enteral or parenteral

adm ni stration or other purposes, they are mxed with one or nore
adjuvant (s) that are commonly used in galenicals [for exanple, nethyl

cellul ose, lactose, marmtol] and/or surfactant(s) [for exanple, |ecithins,
Tweene, Myrjc] and/or flavoring substance(s) for taste correction [for '

exanple, ethereal_oils]. In pripciple, jt is _also possible to produce the
phar maceut i cal agbhft &VaeHhagh mefie an ?%Fﬂe{“i H‘R‘?érﬁ?ﬁt ﬁ“‘%ﬁ?ﬁgﬁElO’?'géqlsg?ritﬁ‘dmf%
conpl exes. In any case, special care nust be taken to 28 performthe

chel ati on so(sehatg.tloarnc SpneRexs. 3%d o), dBHY (11963}, ke wichwe NW© O3/0dB6l6)i if thesl |y free
of nonconpl exed netal ions that have a toxic effect. This can be ensured, for

exanpl e, Wi t bortdie najbile pfot6m iafthdineheaad D kGuctieh Tas i¥ YeaAd, foraixam@R, lytheont r ol
titrations during the production process. The invention therefore also

relates to t ) -1 i f . eir
salts. As a fn&ﬁépr@é%ﬁpwgﬁgcﬁﬁgggﬁgéﬁgﬁr5“%%%?#?%%@ion gﬂgfﬁggggg’ated
conplex. In fhe in-vivo L nistration of t agen accqording tq.the

i nventi on, ¢ hmalf Bupoce B, o] ege é?bﬂldt%tfélpﬁ%é%ng‘%)adtlﬂgf‘%ig}cé“%hi cle,
such as, for exanple, serumor physiological comon salt solution, and

t oget her wi t docamsnhibs plsocemprises wonirass mefliothat ereasviteble 1hprisgipls dontmsal buni n
(HSA). The agents according to the invention are usually adm ni stered

parenterall yspecj@[pﬁﬁrtadhmquie, v. They can also be admnistered intraarterially
or interstitially/ intracutaneously, depending on whether a vessel/organ is

to be visualized $gl (?o%rtrjaéltﬁlgyof cerebral infarctions and tumors of the liver or space-occupying
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(IT), cobalt(Il), nickel(II),
copper(1l), praseodymium(III}, neodymium(IIl), samarium(IIl) and ytterbium(III) ion.
Because of their strong magnetic moment, gadolinium(IIl), terbium(lIII), dysprosium(IIl},
holmium(III), erbium(III}, iron(1IT) and manganese(II) ions are preferred; gadolinium(III)
and manganese(l]) 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



contrasted (e.g., visualization of the coronary arteries after intraarteri al

i hjection) or tissue or pathologies (e.g., diagnosis of cerebral tunors
after intravenous injection). The pharnaceutical agents according to the
invention contain preferably 0.001- 1 mol 21 of the above-nentioned conpound
and are generally dosed in anmounts of 0.00 1- 5 mmol/kg. The agents according
to the invention neet the nmany requirenents for suitability as contrast
medi a for magnetic resonance tonography. After oral or parenteral

adm ni stration by increasing the signal intensity, they are extrenmely well
suited for emmmbbh‘g)rm&ileaipgimlnaimlibhmmpﬂéﬂbbecoumhmwﬁ wittymetahms o§ obt ai ned
with the aid of an MR tonograph. They al so show the high effectiveness that

i s necessary etetnehtiad atdheic Bashpers\Bist 26 keI MasnieILEs PO hRlsaitag@unt s of foreign
substances and the good conpatibility 29 that is necessary to naintain the

non-invasi ve nat upgQf.d gnﬁ%g%kgauéfgﬁamkggP%@L&?%%%MﬁgﬁﬁggéreIaxivity) of

t he paranagneti c conpounds acctording to't great advant age

for use in magneti.c resonance taonography. us, the | axi.vit .

(ot - " seateaniphiS PR Ry AR RR e BB B g myions, 4
greater than in conventional Gd conplexes (e.g., gadobutrol). The good water
sol ubi ity amsbeciolly dssmopsabmélil) wins ahe ydriem(ls) imsor ding to the invention makes
it possible to produce highly concentrated solutions, so as to keep the

vol unme burden of tfhepfﬂdh@ﬁdrﬁdfﬁhé/f}%fﬁlbﬁimiﬂlta@hﬂs aeRsding B @e linv@htion Bremied
offset the dilution by bodily fluids. In addition, the agents according to

the inventio BH%*H vgz%fattl;?ﬁg tk?&% h ﬁﬁle ah bggﬁ%%de{%ﬁléx F%}Fg(glfnrdg ac&ﬁ‘ﬁingﬂ{ost%

surprisingly high I n-vivo, ase or an excﬁange of the
ions, which are inherently taxic and.are.bonded in the conpl exes, . is
mvention — optlonaYly Wlé’] the ag ition of t?le ag(%tlves that are cour;rjlr)lonl))(f used 1n

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



carried out only extrenely slowly within the tinme that it takes for the new
contrast media to be conpletely excreted. In general, the agents according
to the invention are dosed for use as I\/RT2 di agnostic agents in amounts of
0.001-5 mmol of Gd/ kg, preferably 0.005 - .5 mmol of Gd/ kg. The agents
according to the invention are extrenely well suited as x-ray contrast

nmedi a, whereby it is especially to be enphasized that wwth them no signs of
t he anaphyl axis-like reactions that are known fromthe i odi ne-containing
contrast media can_ be detected in biochem cal - pharmacol ogi cal studies. In
the case of 8eHHYythg Ch%@tloraﬁgfaatﬁb? swplphwcaqréméstgél& IV ERfOBRFRRETLAY fT7F ar eas
of higher tube voltages (e.g., CT and DSA). In general, the agents according
to the invenbfmncanmla:teéenbtdldmsahhﬁhai/esaroexideffecas X-ray contrast nedia

anal ogously to, for exanple, nmeglum ne-diatrizoate, in amunts of 30 0.01 - 5

mol / kg, pref er abiryisQafBe enshrédT®dr eﬂ&nﬁlébﬁitﬁﬂfe%&%cdl@f ﬁBlcﬁ@Hs‘%%HQ@Qﬂeﬁcﬁ 0. 06

- 6 mol (1+Dv)/kg in the case of, i odi ne- Dy conpounds. Dependlng on

t he dlagnostlc re UI or | ati ons be sel ted tha used
both | nox-r o SN ERE Ao nafﬂag%%?%‘l%n%ocs&%. 590 st PR ostfed *F or
both imaging nodalities, it may be advantageous to select formulations in

whi ch t he pf%ﬁé?@|tB%P@Fe%§P%tﬁﬁ@FF@PF%oq frrompdex cuposgds andiibeir palfs. derdy MR

di agnostic applications, a point of dimnishing returns is reached with too
hi gh a pr opofinalgneciitipa theragmedincpurifeaton &Hothe doddtedismsplest.or nul at i ons can be
used in which the proportion, in percent, of
In the in-vivo administration of the agents according to the invention, the latter
* can be administered together with 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 i.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 corohary 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



par amagneti ¢ substances (e.g., Gd) is reduced to 0.05 to 50, preferably to
2-20% As an exanple, a cardiac diagnostic application can be nentioned. For
the exam nation, a fornulation that consists of the substances according to
the invention in a total concentration of] e.g., 0.25 moll is used. The
proportion of Gd-containing conplexes is 20% the renmaining 80% of the
netals are, e.g., Dy atons. In an x-ray coronary angi ography after
intra-arterial or intravenous adm nistration, e.g., 50 m is used, i.e.,

0. 18 mol of substance per kg of body weight in a patient who weighs 70 kg.
Shortly af t dhatjs peggsseiysio Adintaimn thenQsF invRBve pates Hf yhossudied. sThedugh aken pl ace,
an MR diagnosis of the heart is followed to be able to differentiate vital
nyocar di al aréasivienesn(reéodivityl) of thRypacatagnetic @ngasindsTiveorlivpmotthoinvealtauitis 110 nol
of Gdfkg previously adm nistered for the test is optimal for this purpose.

31 Exanple 1 qabrehs fivanthbd fRded [ rHE‘%ieﬁc AGHARE Ml dridhy: (FudthORELVE) am de A
g (15.5 mmol) of I

sol ution of 10 1,3,5-triiodotrimesic acid trichloride (DE

T R T NPT RS

tenperature and stirred for 14 nore hours. The solid that accunul ates is
filtered of f InpeysBtenl Girmplarghrg. sadak@rliyp in 100 M of water, and the
solution that is produced is set at a pH of 8.0 with 1 MIithium hydroxide
solution. After cdhegobd ehicosolblilipvagdoatosmplality af thaagmnmg accbrdirg to the
recrystallized fromethanol. Yield: 7.8 g (70% of theory) of a colorless
sol i d El ementafyigMalaksy i possible to produce highly concentrated solutions, so as to keep the

volume burden of the circulatory system within reasonable limits and to offset the

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 1ons, 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 thgt 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



Cd.: C25.23H 2.96N 11.771 53.31 Fnd.: C 25.46H 2. 99N 11. 68l 52.98 b)
1,/3,5-Triiodotrinesic

acid-N, N, Ntris-(3,6-diaza-4, 7-di oxo-8-ne 0hyI oct ane- 1, 8-
diyl-{10-[1,4,7-tris-(carboxylatonmethyl)-71,4,7, 10-tetraazacycl ododecanyl, Gd-
conpl ex] })amide 48.5 g (77.09 nmol) of the Gd conpl ex of

10-[ 4- car boxy- | - net hyl - 2- oxo- 3- '
azabutyl]-1,4,7,10-tetraazacycl ododecane-1, 4, 7-triacetic acid (WD 98/24775,
Schering A anple 1)) is ended in_ 400 m of O and m xed with 9.8
o (84, 8 rmol 101 of B {se-sksfeaeBi e HEmitbf st R Mhro ot ponds 1 085

di cycl ohexyl carbodii mi de and preactivated for 1 hour. Then, it is mxed with
12.3 g (17. 12 Srmmb) (oPyrkginghe £aseiofded-ripdmeilly compounds.

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

t enper at ur e under Dependgesh. thé ARQhosNL @ediePRAE firfhuddt®nt tar Iy Ribcaudtthatand t he
solution is 32 poured into 2000 mM of acetone. The solid that accunulates in

this case isyfj - d"f‘z{é‘ﬂq ' LQn e et one and
with 500 mi 8% b ihg{oﬁg'lnq{fe{aﬁer. ﬂgﬁﬁt?glsmguog%ntgh{tgéEg\r?c%lgv%g&gl&?r?ﬁm% wat er and
absorptively ecipitated.for.2 hqurs with 100 of _ion _.excha r (IRA 67
O form  andbRhiafing Hpalitigismey e Ruiliioroin el gl g ACRITWE 5 hour s
with 30 g of ion exchanger (IR 267 Hform, filtered off, mxed wth 2 g of
activat ed capispartionsdpa@magnetz ipriis sedugeds 0mce farimanyddRafisgnostianphieatingbut i on
is concentrated by evaporation to 100 nil. To renove the residual dinethyl
sul f oxi de, theoinsof ditiigishing rgdork &ckeadhied withQBo Aighef pragstionef pameagiaec
precipitate that accunulates is filtered off. The residue is dissolved in

250 m of wajgg, and with a little ion exchanger (Hformand O4form, the
conductivity 1s set at a value of 0.005 nS (pH = 7.0), filtered

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 umol of Gd/kg previously administered for

the test is optimal for this purpose.



of f and concentrated by evaporation in a vacuum Yield: 33.9 g (73% of
theory) of a colorless solid Water content (Karl-Fischer): 5.9% El ementary
anal ysis (relative to the anhydrous substance): dd..: C33.92 H4.15 N
11.54 114.93 Gd 18.51 Fnd.: C 33.99 H 4.1F N 11.49 114.88 Gd 18.37 Exanple 2
1,3,5-Triiodotrinesic acid- hﬂv N-tris-(3,6-diaza-4, 7-di oxooct ane-1, 8-diyl -f
10 [1,4,7- tris-(carboxylatonethyl}1, 4,7, 10- tetraazacycl ododecanyl,
conplex] })amde 9.4 g (15.3 mmol ) of the Gd conpl ex of 10-[4-car boxy- 2- 0X0
3-azabutyl]- 1,4,7,10-tetraazacycl ododecane-1,4,7-triacetic acid (WD

98/ 24775, Schigampde AG (Exanple 11)) is suspended in 100 nl of DMSO and
mxed with 1.96 g (17 mol) of N hydroxysuccinimde and 3 .3 g (16 mmol ) of

di cycl ohexyl ggar bodj3i svireiedatiméy casd-Mmahegis33-ahfficethyautide Then, it is mxed
with 2.4 g (3.36 nnDI) of 1,3,5-triiodotrinesic acid-

NN N-tris-(2-am nSOlF}Y(Jb) Ogggs%’lﬁmﬁf) o1 k. frHBdo:"t 91%%’1? aaht@&@g% E‘@?ﬁr?‘t“r?

under nitrogen. onents‘ar e’ fl tiron 1s

poured into of. acet one. id that accu sint case is
filtered off%’g&@%%ﬁ@&ngﬁ%d}rko%yng% 1%0%8@ Qb@%rﬂﬂﬁﬁ %@g@f‘f@f fﬁf‘i f 100 m
of diethyl ether. The residue is taken up in 200 m of water and

absor pti vel y dmpedo p¢ gd#@tminer) of eftfpilgrsdiaimtiie 0 1 droof atiropmésroparatyesr andisRrxed 7
OHform and filtered off. Then, it is absorptively precipitated for 2 hours

with 10 g of for @médibangefhe(sbRi A7 addumlamds,is filtkiee LEL refdkhedWiteethwhdlh 2 g of
activated carbon, heated for 2 hours to 60C, filtered off, and the sol ution

I's concentraigd, tﬂ}ﬁ if YGP R 8F {ngf%r t8d H:%olution that is 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 coloriess solid
Elementary analysis:
Cld.: C 2523 H 2.96 N 11.77 I 53.31

Fnd.: C 25.46 H 2.99 N 11.68 I 52.98

b) 1,3,5-Triiodotrimesic acid-V, 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]-l,4,7,10-tetraazacyclédodecane-l,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-

triiodotrimesic 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



m . To renove the residual dinethyl sulfoxide, the solution is poured into
1000 m of acetone, and the precipitate that accunulates is filtered off.
The residue is dissolved in 250 ml of water, and with a little ion exchanger
(Hformand OHform, the conductivity i¢®set to a value of 0.005 nS (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%

El ementary analysis (relative to the anhydrous substance): C d.:C 33. 06H

3.98N 11.73115.18 Gd 18.82 Fnd.: C 33.31H 4. 02N 11.701 15.09 Gd 18.74 34
Exanpl e 3 a) poured into 2000 ml of acetone. The solid that accumulates in this case is filtered off

1.4.7-Tris-(benzyl oxycar bonyl } 10- (et hoxycar bonyl net hyl )-1.4, 7, 10-

tetrazacycl odediaastred idBoriofs (ith8 000 mMIoF dce®ine and with 500 ml of diethyl ether. The
1,4,7-tris-(benzyl oxycarbonyl)-1,4,7,10- tetrazacycl ododecane (Del aney et al.

, J Chem SoC.qid q&aﬂ%J g\f?ﬁw}%ﬁg&féw%%i%h gib%o%ﬁ%e?% ?}e\ségj ; {8 £80Pn s Qfith loQ’hen,

acetonitrile and m xe um carbonat e.
39.6 g (355.5 nmol f br a ic.acld hyl , est i s, .added while being
stirred vi gosanaryorcfinset ARACE HOLE AR bt Theb JoeSbutiebr e
conponents are filtered out, evaporated to the dry state and chromatographed
on silica gelbreciadisteddor 2bowremiith 38tthefi lomexshanegr {Bk aheHorm), fijterediodl, vt i ons
that contain the product are conbined and concentrated by evaporation.
Yield: 72.3 @vithP8wbictivhrdyrbonfheated dbro h&@ss tood(°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
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..: C33.92 H4.15 N11.54 11493 Gd18.51

Fnd.: C33.99 H4.17 N11.49 114.88 Gd 1837 °

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



El ementary analysis: Cd.: C65.44 H6.71 N8.48 Fnd.: C65.51 H6.78 N 8.43
by 1,4,7-Tris-(benzyl oxycar bonyl }10- (car boxynet hyl)-1, 4,7, 10-

tetrazacycl ododecane 34 g (51.4 mol ) of

1,4,7-tris-(benzyl oxycarbonyl)-10- (et hoxye—“ar bonyl met hyl ) -

1,4,7,10-tetrazacycl ododecane is dissolved in 300 nl of dioxane and ni xed
vmth 144 m  of 5% aqueous NaCH solution and 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 m of ethyl acetate and
extract ed twifael kourh TR&Q inks meaahwih 214N @CH Bod)aifutd, riiodbeinesiganide phase is
dried on sodiumsulfate, and the solvent is evaporated to the dry state.

Yield: 27.8 oy {/8hfhsobh-dnli8stiyI)-Binide &@'sﬁfré@ﬁ 3SR ssltmﬁnetai%g&@{uye_ angkysis:
Cld.:C 64.54H 6.37N 8.86 Fnd.:C 64.47H 6.4IN'8.79 ¢) 1,3 Triiodotrinesic

aCIdNNN-tI‘lS opent an
tris-(benzyl 8§<t§/0 r b%ﬁyllu@e Coﬁrp %l% ? é:'gﬂrlg%egfc%ué’l aog igee‘léoi%til l-']IS }P?llrggnug% gf
(70.6 Mol ) of 1,4,7-tris- benzylgﬁlcar bonyl } car boxynet hy
1, 4,7, 10- t et PARessret Jhsgelidithat acsu ate(smblnwrf }s ered PERRY Mﬁheﬁién Perios g
(70 5 mol) of dicycl ohexylcarbodiimde and 8.1 g (70.5 mol ) of
N- hydr oxysucexiithi 360del @raectadead with 180 slispdiethybethed THe. r8siduy i 3aken npih POMF
1,3,5-triiodotrinesic acid-NNN-tris-(2-
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 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 Gd18.82

Fnd.: C3331 H4.02 N11.70 11509 Gd18.74



am noethyl)amde in 446 ml of DWF, and it is stirred for 20 hours at room
tenperature. Insoluble conponents are filtered out, and it is evaporated to
the dry state. The residue is taken up in 500 m of ethyl acetate and
extracted twice with 500 Ml each of water,, The organic phase is dried on
sodi um sul fate, the solvent is evaporat ed to the dry state, and the residue
i s chromat ographed on silica gel (nobile solvent: dichloronethane/ nethanol
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

El enentary aﬁalgﬁgl l © Cld.:C 54.93H 5.32N 9.86114. 88 Fnd.: C 55.11H 5. 37N 9. 811
14.76 36 d) Beﬁ’IIOdOtI’IrTESIC

acid-N, N, N-tris-(3-aza-4-oxopent ane- {1-[1,4,7, 10-

tetrazacycl o@i)odecbﬁyl-]'rl%(b)?n@f‘vﬁﬂ@a@@n@)-(lf) (@ Wm)boaylng_eﬂgzl);]. #/7ili0odot ri mesi c
acid-.";NN-tris-(3-aza-4-oxopent ane-

1, 5-di yI -{10-[ 1, 4effatacy Soddrean¢l oxycar bonyl } 1, 4,7, 10-tetrazacycl ododecanyl ]})
-amide iis mxed at 0-5C carefully [with] 140 ml of HBr/AcOH (33% and

St rred_ for 3 hoﬁéé%gt(“gé)ﬁﬂ%& égriqttHggoenIﬂngc gbglyf)_elaépgl 16N m xture is

poured into 800 di et e so hat’ ’accunul ates in this

case i s suctjoned qf nd r shed ev t Y. ther. The
residue is dfegg%ﬂCW@Bg?‘ﬁC%d angy © ge&g% %Oﬁ‘fﬁw’bf a"ﬂl@hpogrg'gﬁ%‘rshane and,
while being stirred vi gorousl y, 32% NaO—I solution is added until a pH of 10
i s reached. dikwlwdgandl Hﬁt@é@@etmtré@mdrm@d witth®d. 4 quatus mpmel el sodiuaxt r act ed

three tines with 50 ml each of dichl oronethane, the conbi ned organi c phases
are dried 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 ahd concentrated by evaporation.

Yield: 72.3 g (92% of theory) of a colorless oil

Elementary analysis:

Cld.: C65.44 H6.71 N8.48

Fnd.: C6551 H6.78 N843

b) 1,4,7-Tris-(benzyloxycarbonyl)10-(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 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 1N HCl



on magnesi um sul fate and evaporated to the dry state. Yield: 10.3 g (97% of
theory) of a colorless solid Elenentary analysis: Cd.:C 40.01H 6. 04N
18.66128. 18 Fnd.: C 40. 19H 6. 07N 18.60128.11 €) 2,4,6-Triiodotrinesic

aci d-N, N, N-tri s- (3-aza-4-oxopent ane-1, 5-di¥yl -{ 10-[1, 4, 7-
tris-(carboxynethyl)-1,4,7,10-tetrazacycl ododecanyl] })-amde 18.6 g (13.7
nmml ) of 1,3,5-triiodotrinmesic acid-NNN-tris-(3-aza-4-oxopentane- 1,5-diyl-{
1-[1,4,7,10-tetrazacycl 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%plMeaM, The origanipphtseds drind drpsodsime sulfate, podtheihbieably evemorged f t he
reaction mxture is 37 readjusted continuously to 9.5. After cooling to room
t enperature, tig dgiFlstafe.!| is set with concentrated HO, and the solution is
concentrated by evaporation in a vacuum The residue is absorptively

precipitated w thy230. gjg%f(gg%tdgqg%lryé) ijréscg[d{fggsesoq@rrponent s are filtered out,
i ermnt y

and the filtrate is conc rate vaporation. The residue is dissolved in
100 m of water agf adgedg;ﬁpg an ion-exchange colum (600 m, IR 120,

H -form. Then, cmeg ¥ith 2 1 of water, and the acidic eluate is
concentrated by evaporation. The residue is dissolved in 70 m of nethanol
and added in drop€§ld-n ©6654 Hof.34i W88 ether; the solid that accunulates in
this case is suctioned off, rewashed several tines with diethyl ether and
dried in a vacuunFndt eC@4.4¥3 8691 (548G Pf theory) of a colorless solid

El emrentary anal ysi s:

c) 1,3,5-Triiodotrimesic acid;]\/',]\f, 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-(carboxymethy!l)-
1,4,7,10-tetrazacyclododecane, 21 m! (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 m] 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 (m(?bile solvent: dichloromethane/
methanol 20 : 1). The fractions that contain the product are combined and concentrated
by evaporation.

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

Elementary analysis:

Cld: C5493 HS532 N9.86 [14.88

Fnd.: C55.11 HS537 N9381 114.76



Cl d.: C 40.39H 5. 33N 13.46120. 32 Fnd.: C 40.51H 5. 39N 13. 38120. 36 f)
2,4,6-Triiodotrinesic

acid-N, N, N-tris-(3-aza-4-oxopentane-1,5-diyl-{10-[1, 4, 7-
tris-(carboxylatonethyl)-1,4,7,10-tetrazacycl ododecanyl, Gd conpl ex]})am de
13 g (6.9 mol) of 2,4,6-triiodotrinesic acid-N,N,N-tris-(3-aza-4-oxopentane
1, 5-diyl-

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

di ssolved in 100 mM of water and acidified by adding 3 m of acetic acid. 3.7
g (10.4 mmol) of gadoliniumoxide is added, and it is refluxed for 6 hours.
After conplexing is conpleted, a pHof 7.4 is set with ammonia and

chromat ogr apldgd on,3s3-Trikalogehesiamtd-VeV, Ns@is\(@4alza-4-oxopentane-1,5-diyl-{1-[1,4,7,10-

di chl or onet hane/ net hanol / ammoni a: 10/ 10/ 1). The fractions that contain the

product are conbi ped. aRdARSQLRIMEINMdPr eci pitated with 10 g of ion exchanger
(IR 267 Hform for 2yh5hrs gﬁ%“% ltered off, then absorptlvely preci pitated

with 10 g of ion anger far iltered off,
L 10, 9,00 L o0 38 Sglangslo L Sl S Lol fon £ ho sy, [LiSered o
and freeze-dried. Yield: 6.2 g (36% of theor é of a colorless solid Water
content (Kar |17-:Fd1§b'|{|w11 4.8- t@%@ﬂéﬁemcarhpna}}dlffjl 1 8-tgtragpeyrclogdedecgny lhis-aamidly 8r ous
substance); dd.:C 32.39H 3.88N 10. 79116. 30Gd 20.20 Fnd.: C 32. 44H 3. 89N

10. 71116. 33GahiRéd £0-8C ardtuby TWwith]0d0tnili gTeEB¢ACOH (33%) and stirred for 3 hours at
acid-N, N, N-tris-(3-aza-4-oxopentane-|,5-diyl-{10-[1, 4, 7-

L1 5 o Dot gh s oy ok gl aRoRE R Py Suml enb S
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 isreached. 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 N 18.66 [28.18

Fnd.: C40.19 H6.07 N 18.60 I128.11

€) 2,4,6-Tritodotrimesic acid-N,N,N—tris-(3-aza-4-6xopentane-1 ,3-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-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



1, 5-diyl-{

10 [1,4,7-tris-(carboxynethyl)-1,4,7,10- tetrazacyclododecanyl]}) amde is
dissolved in 100 m of water and acidified by adding 3 m of acetic acid,
3.88 g (10.4 nmol) of dysprosium oxide i $7added, and it is refluxed for 6
hours. After conplexing is conpleted, the pl-1 is set at 7.4 with amoni a,
and it is chromatographed on silica gel (nobi l e sol vent:

di chl or onet hane/ net hanol / amoni a: 10/ 10/ 1). The fractions that contain the
product are conbi ned and absorptively precipitated with 10 ion
exchanger (| Reagpstad-qoaHRyouslyyto2- 1ot capbing 1o roemdgmpgraturg, Hé’g{ abk gt Vise| y
precipitated with 10 g of ion exchanger (IRA 67 O4fornm) for 2 hours,
filtered of f comexadtediH(l, 2ndythefcluaat isvcahedtretad bypryagreaicndnfaomc@inholihs t o 60C,
filtered off and freeze-dried. Yield: 7.0 g (41% of theory) of a colorless

solid Water r&@dﬁquhbioﬁﬁweg:p@ﬁgﬁé&d with 2%0 38 JELRARALRINsoRBA mp%néﬁt@mtl ve to
t he anhydrous substanc 18H 3. 86N 10. 72116 19Dy 20.73 Fnd.

32.32H 3. 91N f‘hef %7%%Gmi%@%%raﬁgﬁ@ﬁen%ﬁ%&; E{fafg%’a?}fﬁh 8 ré¥idue is dissolved in

aci d- N, NN-trits

tris-(car boxyl atonethyl }1, 4,7, 10-tetrazacycl ododecanyl, Y ¢ ex]i) am de 13
g (6.9 ol ) 189 ngl of wsiteriapg aeindrip ge dancexsbateengolpmp (ﬁopgngﬁié%(b ehtne
5-diyl-{

10- [ 1, 4, 7-t riisis (xaahdaowiyin i lof vpted, ,add Thelidie tluae ac yarlceadtedatisngiapdhatiami dike i s
di ssolved in 100 mM of water and acidified by adding 3 ml of acetic acid.

3.72 g (10. 4 redimli) a@bolvdd {n'M%P@FrH&Hﬁ{o@ahcﬁadﬂéé%ﬂdro?Q% 930 Ihi;oﬂ' cﬁEt’h%‘P‘&H’erf or
hours. After the corrpl eX| ng is conpleted, it is set at pH 7 h arrm)nla

d ch ;
G ch or omet naPCR ISk Haer PGS EFls oS o U eapheg sgvere s with

diethyl ether and dried in a vacuum.
Yield: 13.8 g (54% of theory) of a colorless solid
Elementary analysis:
Cld.: C4039 H533 N13.46 12032

Fnd.: C40.51 H5.39 N13.38 120.36

) 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, 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



that 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 wth 10 g of ign exchanger (IRA 67 Otform for 2
hours, filtered off, mxed with 2 g of activated carbon, heated for 2 hours
to 60C, filtered off and freeze-dried. Yield: 6.5 g (42% of theory) of a
colorless solid Witer content (Karl-Fi scher): 4. 8% El enentary anal ysi s
(relative to the anhydrous substance) Cld.: C35.51 H4.26 N11.38 117.87 Y

14 7T (B %%Pgmw’@ et 73&39@5&5@ s ) T et

tetrazacyclododecane 50.1 (87.0

mm )
1,4,7-tris- (b@h@yl%&@é&ﬂ%ﬁyﬁ%@@ @, ﬁbﬁred @fftﬂaii&@?@l-d)“mﬁdecane (Del aney et al.
, J Chem Soc. Perkin Trans. 1991, 3329) is dissolved in 500 m of

acetonitrile and Nigl€d6ig B6%5ofaher) i dvtmlcks aflidsodi um car bonate. Then,
whil e being stirred vigorously, 54.3 g (300 mmol) of 1- bronopropionic acid

ethyl ester is ad@@a@ercgﬂt‘énﬂ(tl(a'rlsF@ﬁf%{-e@ bor 20 hours to 60C. Insoluble
conmponents are filtered out evapor 07[ to the dry state and chromat ogr aphed

on silica gel (rm ol vent : at e/ hexane 20 1). The fractions
that contain the ff’?pf anglysis, ?‘}‘Bﬁf‘eta %ﬂ’&ggﬁ?&%ﬁ 3\1189 by evaporati on.

Yield: 46 g (78% of theor)jlg of a colorless oil. Elenentary analysis:
d:. C32 H3.88 N10.79 11630 Gd20.20

Fnd.: C3244 H3.89 N10.71 116.33 Gd20.07

2) 2,4,6-Triiodotrimesic acid-V, NV, 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]} Famide 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%



C d.:C 65.86H 6.87N 8.30 Fnd.: C 65.99H 6. 88N 8. 23 b)

1,4,7-Tris-(benzyl oxycarbonyl)-10-(1-carboxyethyl)-1,4,7, 10-

tetrazacycl ododecane 33.7 g (50 mmol ) of

1,4, 7-iris-(benzyl oxycarbonyl } 10- ( 1- et hoxytar bonyl et hyl ) -
1,4,7,10-tetrazacycl ododecane is dissolved [in] 300 m of dioxane and m xed

with 140 m of 5% aqueous NaOH solution and 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 m of ethyl acetate and
extracted tw ce wE4mEgyghalgsie frelative 1 thiopnbyfirens|sybstante): The or gani ¢ phase is
dried on sodiumsulfate, and the solvent is evaporated to the dry state.

Yield: 28.2 g (87%léef €heagy)Hasi86a X o0.02l $6180Dy@0. Bl enentary anal ysi s:
Cld.: C65.00 H6.55 N8.66 Fnd.: C65.22 H6.59 N 8.60 c)

1,3,5-Triiodotri I inCkN, Y, Pyt M - - 4- t -1, 5-diyl -
riiodotri [T?EH_(_: @CrdmN, N i r%lqggz ???‘8@tQMég oxopent ane Iy

{ 10-[1,4,7-tris enzyl oxvcar bonyl azacycl ododecanyl] })-am de
45.6 g (70.6 mml) of 1,4,7-tris-(benzyl oxycarbonyl}10-(1-carboxyethyl}
1,4,7,10-tetrazacycl ododecane, 21 m (164 mmol) of triethylamne, 14.6 g (
70.5 mmol ) of dicyclohexyl carbodiimde and 8.1 g (70.5 nmol )
of N hydr oxysiéci nQrﬂ@@r@%traﬁ@ﬁe@awﬂ-&M%@@ﬂé‘r@g@-&rpx@t?em&l@l:é- W3 18-[ltol-) of
1,3,5-triiodotrinmesic acid-N,N,Ntris-(2- am noethyl)amde in 450 mM DM, and
it is stirred for t29(catiokglatimatipdpl b anmdetkahiaceclododecanyl, Y 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. 3.72 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.: C3551 H4.26 N11.38 11787 Y 12.52

Fnd.: C3573 H431 N11.31 117.79 Y 12.60



| nsol ubl e 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
rril each of water. The organic phase is dried on sodiumsulfate, the
solvent is evaporated to the dry state, ap the residue is chronmatographed
on silica gel (nobile solvent: dichloronethane/ nethanol 20 : 1). The
fractions that contain the product are conbi ned and concentrated by
evaporation. Yield: 24.5 g (40% of theory) of a colorless solid Elenmentary
anal ysis: Cd.:C 55.43H 5.47N 9.70114. 64 Fnd.: C 55.49H 5. 43N 9. 661 14.60 42
d 1,3,5-Trii dotrli pesi c
aci d-NNN-tri -Xegl-pa'ig- 1- met hyl - 4- oxopent ane-1,5-divl-{ 1- [
1,4,7,10-tetrazacycl ododecanyl] 1)-am.de 23 g (8.85 mm}lé&_ of
1,3,5-triioddtri rriﬁiﬁcT’éﬁ('Ean,OKﬂ‘{aﬂ?%‘yk)ame(ﬂﬁ%ﬁ@ﬁ%ﬁ@h 1,4,7,10-
1,5-diyl-{10-[1,4,7-tris-(benzyl oxvcarbonyl }1, 4,7, 10-tetrazacycl ododecanyl]})
-amde is mxed camedayklogoddcafls 5C with 140 m of HBr/ AcOH (33% and stirred
for 3 hours at roomtenperature. Then, the reaction mxture is poured into
800 m of diethyl sgy 7.0th80l) 9211 1407 -trhatbe A5 LOTABD 1qAhj.s case is
suctioned off and rev%z(ghed se\2erai ti tr?e?(? with™ di e?’ﬁg/-l ether. The residue is
di ssolved in_ 100 m , of te d 1 f e r.opet h i{£.bei ng
stirred vi goroarsy clodhr oy SR T ers MGt TR 190 19
reached. The organic phase is separated, the aqueous phase is extracted three
times with 50isa9lvedhion M9rmipfasetopismeand raxed With 6971y (ﬁggﬂﬁ’ﬁ%}éﬁf PdyiRses are
dried on nmagnesium sulfate and evaporated to the dry state.

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 N8.30

Fnd.: C6599 H6.88 N8.23

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 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 IN HCL



Yield: 11.7 g (95% of theory) of a colorless solid Elenentary analysis:
Cld.:C 41.39H 6. 29N 18. 10127.33 Fnd.; C 41.51H 6. 32N 18. 01127. 26 e)
2,4,6-Triiodotrinesic acid-NNN-tris-(3-aza-I|-nethyl-4-oxopentane-1,5-diyl- {
10-[1,4,7-tris-(carboxymethyl)-1,4,7,10-tgjrazacycl ododecanyl] })- anlde 18 8
g-(13.5 mmol ) of 1, 3, 5- tr||odotr|ne5|c acid .V,N Ntris-(3-aza-|-nethyl -
oxopent ane-1, 5- dlyI {1-11,4,7,10- tetrazacyclododecanyl]}) amde is dlssolved
in 75 mM of water, 19.5 g (206.5 mol ) of chloroacetic acid is added, and a
pH of 9.5 is set at 60Cwith 32% NaOH. It is heated for 10 hours to 70C,

wher eby th t t t t ed
A ter Lol | ngolgoPodh PRt ok phrariT SRR B U o LSRR RRAl i

and the solution is concentrated by evaporation in a vacuum The residue is
absorptivel y the é@isgit¢-at ed with 250 m of methanol, insoluble conponents are
filtered out, and the filtrate is concentrated by evaporation. The residue

i s dissolved in 10Qeldt 2812 gé7es ofthebrapofedcdlarlaan solah- exchange col um (600 m
IR 120, Hamform. Then, it is washed with 2 1 of water, and the acidic
eluate is concentqg&ggugyangyggoratlon The residue is dissolved in 70 nml of
met hanol and added in drops in 900 m of di ethyl ether; the solid that

apcumjl ates in th'@?fgﬁeﬁén@aﬁ@ﬁ%ﬁ W rewashed several tines with

di et hyl ether and eId 15.0 g (58% of theory) of a

colorless solid Elenentary anagy C41.39 H5.53 N 13.16 | 19.88
nd.: C 65722 9 N860

c) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(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)r 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 ‘m‘l 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 H547 N9.70 114.64

Fnd.: C5549 HS543 N9.66 114.60



Fnd.: C41.46 H5.537 N 13.11 119.79 fl 2,4,6-Triiodotrinesic acid-.w
NN-tris-(3-aza-|-net hyl -4-oxopentane-1,5-diyl- { 10-]
1,4,7-tris-(carboxylatonethyl)-1, 4,7, 10-t%t razacycl ododecanyl, d
conplex]))amde 13.2 g (6.9 mml) of 2,4,0-triiodotrimesic
acid-NNN-tris-(3-aza-|-nethyl-4 oxopentane- | ,5-diyl- { 10-[ 1,4,7-tri
S-(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
mrol ) of gadoliniumoxide is added, and it is refluxed for 6 hours. After
conplexing is conpleted, the pHis set at 7.4 wth ammoni a and

chromat ographed on_silica gel (nobile solvent:

di chl or omet hdhe/ mb815adiofaimmesicacidrM7tiy-(3-Tee | -nathad th-ormpentaae-1 Setivla{ In t he
product are conbi ned and absorptively precipitated with 10 g 44 of ion
exchanger (IR 267[1k4,700mtrdzacychdodedagylchniidé t ered of f, then it is
absorptively precipitated with 10 g of ion exchanger (IRA 67 OHform for

PS:‘%E;C Kt reregdoof TR §rt?1e°3‘°“®%s RS W‘?’ﬁ% 2 atfﬂ@%fﬁﬁy’sez of S
Ki % E
(Telative toleHiaioiE et ifspboRar e, BB 0r o

19.84 Fnd.: C 33.51 H 4.14 N 10.53 115.98 CGd 19.76 Exanple 5
" mixed carefully 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: 11.7 g (95% of theory) of a colorless solid

Elementary analysis:

Cld.: C41.39 H629 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, V-tris-(3-aza-1-methyl-4-
oxopentane-1,5-diyl-{1-[1,4,7,1 O-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



a) Dibenzyl oxi ranyl nethylamne 98.6 g (0.5 nol) of di benzylam ne and 55.5 g
(0.6 nmol) of epichlorohydrin are dissolved in 500 mM of methanol and heated
for 6 hours to 80C. The solution is evaporated to the dry state and m xed
with 500 M of tert-butanol. A solution of336.4 g (0.65 nol) of potassium
hydroxide in 50 ml of water is now added while being stirred, and it is
heated for 2 hours to 80C. After cooling to roomtenperature, the potassium
chloride that is forned is filtered out, the filtrate is evaporated to the
dry state and chronmat ographed on silica gel (nobile solvent: hexane/ethyl
acetate 10 : migturdieconfingmsiygasdutied tO&oixtgftnr ¢aeEnP BT teamperagwersi M af And
concentrated by evaporation. Yield: 126 g (99% of theory) of a colorless oi

El enentary arigibet stith cobbehtrated HOL, Gfd tHe dolaboMNisscondentfated. by éSafétatich ida7. 59 N 5. 51
45 b) [1-(3-Di benzyl am no- 2- hydroxypropyl }1, 4,7, 10-tetraazacycl ododecane]

pent ahydr ochl.ggi gde ’%QQre@?du% ?éa%sixétig]%]rg :pgecg{cita{\é’dl\l&iq{ 555 Y bf ﬁéﬂﬁﬁﬂéldﬁ ﬂgﬁ‘%‘t hy|

acetal is added to 100 g (580. 1,4,7,610-tetraazacyc 8 ecane,
di ssolved in 700 M .of tol uene d it is heated f 2 hours tq, 120C under
ity ogen 1 n CORPeteSre et ik for Acohliraiods COpBarHBEY Febiron| TBarEIue

continuously. Then, the reaction mxture is concentrated by evaporation at
70C i n a vacuuissalwd ig 10820 ofwsiter apd adidddn 2y ok erchanderaetuiyn €690mel, I 12@dded,
and it is heated under nitrogen for 24 hours to 110C. After cooling to room
t enper at ur e, Htform).nThkeeglitié hsHzQ@vith 2 Df wekre andaithd aeidia deite b dont@gravidtly 200 m

each of
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 (58% of theory) of a colorless solid
Elementary analysis:

Cld.: C4139 H553 N13.16 119.88

Fnd.: C41.46 H5.537 N13.11 119.79

f) 2,4,6-Triiodotrimesic acid-V, 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-MMN-tris-(B-aza—l-rnethyl—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, 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



ethyl acetate. The aqueous phase is mxed wth 250 ml of concentrated HCl and
then heated for 12 hours to 80C. It is evaporated to the dry state, mixed
with 200 Ml of ethanol and 200 m of nethanol and evaporated again to the
dry state. The residue is dissolved in 60D m of ethanol while bei ng heat ed,
and then it is slowy cooled to 0C, whereby a white solid is crystallized
out. The solid is filtered off, washed with ethanol and then dried at 50C in
a vacuum Yield: 280 g (79% of theory) of a colorless solid Elenmentary

anal ysis: Cld.;C 49, 39H 7.29N 11.52C 29.16 Fnd.: C 49.67H 7. 44N 11.56C 28.22
c) 10-(3-Di b&h | e&ﬁlpamgclz(lﬁféﬂ &W@;ﬁ}hours and filtered off, then it is absorptively

1,4, 7-tris-(tert-butoxycarbonylnethyl)- 1,4,7,10-tetraazacycl ododecane 32%
NaCH sol ut i opracepiathdettt b0 250ioy ekdiahger (MRAIG7 @FH-fpdm) 8r dihberszfiltand ofi; 2-

hydr oxypropyl }1, 4,7, 10-tetraazacycl ododecane] pentahydrochl oride, dissolved

in 46 500 M pgkedvaitRD cBPedarbin, dei R ORURAB B0 O YilkPed 6l BAd BhéA! ed
vigorously until a pHof 10 is reached. The organi c phase is separated, the

aqueous phas%ﬁgé extracted three tinmes with 250 m each of dichl oronet hane,

t he conbi ned "organi c phases are dried on nmagnesium sulfate and evaporated to
the dry state. The.residue is dissolved in 1200 nj of acetonitrile and m xed
with 176.2 g (1. Z%SEISrbI'])I &3@41p’b?1§§§9fﬁ}ﬁf@a%‘eﬁﬁi§é9hdrhen, 248.7 g (1.275 nol) of
bronpbacetic acid-tert-butyl ester is added while being stirred vigorously,
and it is heated MaterTohtsnt KarbFBAEr): 5riédol ubl e conponents are filtered out,

it is evaporated to the dry state and chronat ographed on silica gel (nobile
sol vent: Elementary analysis (relative to the anhydrous substance):

Cld.: C33.34 H4.07 N10.60 116.01 Gd 19.84

Fnd.: C33.51 H4.14 N 10.53 11598 Gd 19.76

Example 5
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 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, the potassium
chloride that is formed is filtered out, the filtrate is gvaporated to the dry state and
chromatographed on silica gel (mobile soivent: 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 NS5.53

Fnd.: C80.72 H7.59 NS5.51



di chl or onet hane/ met hanol 20 : 1). The fractions that contain the product are
conbi ned and concentrated by evaporation. Yield: 262 g (83% of theory) of a
colorless solid Elenentary anal ysis: Clda; C67.25 H9.05 N9.12 Fnd.: C
67.33 H 9.02 N 9.15 d) >

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

10- ( 3-di benzyl am no- 2- hydroxypropyl }1,4,7-tris-(tert-
butoxycarbon£Ineth¥hglb4,7,107tetraazacyclododecane is dissolved in 500 m of
met hanol , mi ¥ed witf-Reberpylamingsg-bydrogyond)rb4os L histraamrysiodosdeeanstt  (20%

Pd/C) is added. It is hydrogenated for 8 hours at 50C under normal pressure.
Catal yst is filtepetahysinechlan the filtrate is evaporated to the dry state in
a vacuum Yield: 58.5 g (quantitative) of a colorless powder 47 El enentary

anal ysis: Cd.:C 580 gtk 2. 77 Mimbl) WV, Milimefhy HE8rdfhld® d868h 1ilacbiél B)added to
1,3,5-Triiodotrinmesic acid-N, NN-tris-(2-hydroxypropane-1,3-diyl-(10-[1,4,7-

tris-(tert-b Y a7 - ] de
125 § (120 MoSECEI AR b S Ak ARG SARER TR or bhah,

10- (3-am no-2- . . o : .

hydr oxypr opyPd i isjheated for 2 hpwisto b2 Gxyndsr BEResheliis rase, a methpnolelyens z acycl od
odecane are added to 12.86 g (20 nmol) of 1,3,5-triiodotrinmesic acid tris
chl ori de ( DEa3®0rbp@ s distilled off continuously. Then, the reaction mixture is concentrated by

evaporation at 70°C in a vacuum, 157 g (620 mmol) of dibenzyloxiranylmethylamine is
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 m] 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.: C49.39 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 soluticn is added to 250 g (411.2 mmol) of [1-(3-dibenzylamino-2-

" hydroxypropyl)1,4,7,10-tetraazacyclododecane] pentahydrochloride, dissolved in



Schering AG priority: 1/11/1980), dissolved in 400 m of tetrahydrofuran,
and it is stirred for 6 hours at roomtenperature. |Insoluble conponents are
filtered out, it is evaporated to the dry state, and chronat ographed on
si.lica gel (nobile solvent: dichloronethane/ methanol 20 : 1). The fractions
that contain the product are conbined and concentrated by evaporation.
Yield: 32.7 g (71 % of theory) of a colorless solid Elenentary analysis:
Cd.:C 50.19H 7. 37N 9.15116. 57 Fnd.: C 5033H 7. 40N 9.11116. 43 f)

1,3,5-Triiod [ ic acid-N N Iis-(2-hydroxypsropane-1, 3-diyl - 0-[1,4,7-
tris-(car box%@%ﬁ)‘@ff&? 5%“4 gﬁl QQQ&F&W%‘BOHE%%{W% St}ﬁérﬁ‘@l%roé anél 415

mmol ) of 1,3,5-triiodotrinesic acid-N N, N-tris-(2-hydroxypropane- 1, 3-diyl-{
10-[ 1, 4, 7- t pHsef(10a reaphipdo Xyhe @ train/Phase Myseparated, the aquepes plwas seytrecddaescany| |
})am de is dissolved in 100 mM of dichloronethane, mxed at OCwith 100 ml 48

of trifl uoroaartiwithadsi0dnlasadh 6f dichletbnickiand, the dombiied Ofganiyshabatagdiial grour ed
into 500 mM of diethyl ether; the solid that accunulates is filtered off,

Vacaum i o] AeE T SRS R R By e oo a LA IR R0 8
15 BT ool iRl iR R B R CET sl b s OR T 10, (1 4 7
248.7 g (1.275 mol) of bromoacetic acid-fert-butyl ester is added while being stirred
vigorously, and it is heated for 3 hours to 60°C. [nsolubie 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 NO9.12

Fnd.: C67.33 H9.02 NOI.15

d) 10-(3-Amino-2-hydroxypropyl)-1,4,7-tris-{tert-butoxycarbonylmethyl)-acyclo-
dodecane
76.8 g (100 mmol) of 10-(3-dibenzylamin0-2,-hydroxypr0pyl)-1,4,7—tris-(terr—
butoxycarbonylmethyi)-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



tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecanyl ]}, Gd conpl ex)am de
21.5 g (12 mmol) of 1,3, 5- tr||odotr|nES|c acid-l1v; N, Ntris-(2-hydroxypropane
1,3-diyl-{10-[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl]})am
ide is dissolved in 250 mM of water and cidified by adding 5 m of acetic
acid. 13 g (36.2 nmmol) of gadoliniumoxide is added and refluxed for 3
hours. After conplexing is conpleted, the pHis set at 7.4 with ammoni a and
chromat ographed on silica gel (nobile solvent:

di chl or onet hane/ ngnollgggnnya: 20/ 20/1). The fractions that contain the
product are conbi Btively precipitated with 10 g of ion exchanger
(IR 267 Hform for 2 hours and filtered off, then absorptively precipitated
with 10 g of ion Cékchaldgedb HRAI6R Id%form) for 2 hours, filtered off, nixed
with 2 g of activated carbon, heated for 2 hours to 60C, filtered off and
freeze-dried. Yieldd.: 10.54.43 (68%soN tiheory) of a colorless solid Water

cont ent (KarI-Fischer): 5.3% 49 El enentary anal ysi s (relative t o anhydrous
substance): dd.:C 31.96H 3. 89N 9321 16. 886d 20.92 Fnd.: C 32. 11H 3. 94N
9.28116. 77 20 79 Exanple 6 a) 1 -Benzyl - nethyI(OX|ranyInethyl)anlne

are dssol vel i n S05-H &Fﬁé«%‘%ﬁ?@%@ﬁ@gd%&pr@pmlé b @l ke

solution is evaporated to the dry state and mixed with 500 m of
tert-butanol. A stixfférebuoky@sbanygmethp)-d3, hibd-Jetrapzaspeladedeganyhly tanosle de i n 50
m of water is now added while being stirred,
12.2 g (120 mmol) of triethylamine and then 38.8 g (66 mmol) of 10~(3-amino-2-
hydroxypropyl})-1,4,7-tris-(tert-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 tetrahydrofuran, 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 H7.40 NO.I1 116.43

f) 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-bﬁtoxycarbonylmethyl)— 1,4,7,10-tetraazacyclo-

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



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 to the dry state and chronatq&raphed on silica gel (nobile

sol vent: hexane/ethyl acetate 10: 1). The'™ fractions that contain the product
are conbi ned and concentrated by evaporation. Yield: 85 g (96% of theory) of
a colorless oil Elenentary analysis: dd.:C 74.54H 8.53N 7.90 Fnd.: C 74. 68H
8.55N 7.82 b) [

1- (3- Benzyl net hyl am no- 2- hydr oxypraopyl )-1, 4, 7, 10-t et r aazacyc| ododecane

pent ahydr och?ldFiflyeroaeriic aeidang stied farsh houst atiQ° & dihgbptsly iy eusehingeS Yl mhohy |
acetal is added to 100 g (580.48 mml) of 1,4,7,10-tetraazacycl ododecane,

di ssol ved i ndig@@! etherpfhetsolid € accuamidhted is fifteted af e de viashe Pthieeuitsestvoit PACmlnder
nitrogen. In this case, a nethanol/toluene 50 azeotrope is continuously

distilled oféach bRgRthyl BBef fRCdric@Nn Biviéddne IS concentrated by evaporation at
70C in a vacuum 110 g (620 nmol ) of 1-benzyl-I|- nethyl (oxiranyl nethyl)am ne

is added, and it {(%1&?%.?%943%?%fﬂgbwggggem%ﬂﬁssé%gours to 1 10C. After

cooling to roomtenperatu m of water and extracted
twice with 200 m_each of %lh | acetate. The aqueous phase is mxed with 250
m of concentraté%kFE?mﬁhﬂl3ﬁéh heated for 12 hours to 80C. It is evaporated
to the dry state, mxed with 200 i of ethanol and 200 ml of methanol and
agai n evapor at ed ¢ld.:t ke40.3r yHSt 4k &N 1THe Fék2due is dissolved in 600 m of
et hanol while being heated, and then it is

Fnd.: C40.44 H549 N11.67 121.11

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]} yamide 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 absorptive}y 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: 19.4 g (68% of theory) of a colorless solid

Water content (Karl-Fischer): 5.3%



slowy cooled to OC, whereby a white solid crystallizes out. The solid is
filtered off, washed with ethanol and then dried at 50C in a vacuum Yield:
235 g (76% of theory) of a colorless solid Elenentary analysis: dd.: C
42.91 H7.58 N 13.17 d 33.33 Fnd.: C 43,434 117.60 N 13.29 d 32.78 c)

10- ( 3- Benzyl net hyl am no- 2- hydr oxypropyl } 1.4, 7-tris-(tert-

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

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

pent ahyr ochi or . GSPL RS S0 SRl IRLEE g0d SO0 ' of

di chl or onet hane, mﬁ e irre or ous unt a pll of 10 is

reached. The organjc phase iS.S rated, -t egus phase is extracted
three tines with é@é ﬁ%?kgiﬂﬁéﬁgﬁﬁﬁﬁPgrgﬁéggaﬁgﬁﬂ}%% conbi ned organi ¢ phases
are dried on magnesi um sul fate and evaporated to the dry state. The residue
is dissolved in 1200 M 3211 adet bhiNGi28e Id0d7miGe2D. ¥ th 176.2 g (1.275 nol) 51
of potassium carbonate. Then, 248.7 g (1.275 nol) of bronpacetic
acid-tert-butyl ester is added while being stirred vigorously, and it is
heated for 3 hours to 60C. Insoluble conponents are filtered out, it is
evaporated t Jxﬁﬁleq{y state, and chromatographed on silica gel (nobile

sol vent: dichl met hane/ met hanol 20 : 1). The fractions that contain the

prodie are SO e SRS, CRRSERLIAURh ey aporalion. Vel o 218 g (79 o

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 fers-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 dimethyl 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.:C 64.23H9. 47N 10. 12 Fnd.: C 64. 38H 9. 50N 10. 07 d)

10- ( 3- Met hyl am no- 2- hydr oxypropyl} 1,4,7-tris-(tert-butoxycarbonyl nethyl)-
1,4,7,10-tetraazacycl ododecane 69.2 g (100 mmol ) of

10- (3- benzyl met hyl am no- 2- hydr oxypropyl } 1,4, 7-tris-

(tert-butoxycarbonyl nethyl)-1,4,7,10-tetraazacycl ododecane is dissolved in
500 M of nethanol, mxed with 40 mMl of water, and 10 g of palladi um

catal yst (20% Pd/C) is added. It is hydrogenated for 8 hours at 50C under
normal pressure. Catalyst is filtered out, and the filtrate is evaporated to
the dry state in a.vacuum Yield: 60.9 ugntitative) of.a colorless powder

H enent ary  aarguted? Seftopls §isGibosarheh Mesention e sReRITY. B2 55 o)
1,3,5-Triiodotrimesic acid-N, hP\Ltris-&Z-hydrox propane-1, 3-diyl-{10-[1, 4, 7-
tris-(tert- bvepsypden toldyCreepeuum 140 ( mmqlh@élabmbbﬂdecanyl 1}) net hyl ani d
e 12.2 g (120 mmol) oftriethylam ne and then 39.7 g (66 mml) of 10-(3

met hyl am no-Rethydscirxanp oty )andind is/adided, and tes hedwad @xi¢e aittogery foret hylstd, 4, 7, 10-
tetraazacycl ododecane are added to 12.86 g (20 mmol ) of 1,3,5-triiodotrinesic

acid tris  cfyog! %%ﬁgg&olﬁl%%?@&n te(?r?&%‘?ithr@?itﬁ%ix%giv@gfnr%{}gn#ﬁ%térga%@’ di'ssol ved

in 400 M of tetra ran, and it 1s’ stirre 18 hours at room
eTmer e UL SRR 2P AL Bt SHERT Bt 0 (1
di chl or onet hane/ net hanol 20 : 1). The fractions that contain
ml of concentrated HC! and then heated for 12 hours to 80°C. It is evaporated to the dry
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 1s 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 C133.33

Fnd.: C4334 H7.60 N13.29 C132.78

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 m! 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)



the product are conmbi ned and concentrated by evaporation. Yield: 31.4 g (67%
of theory) of a colorless solid Elenmentary analysis: Cd.: C50.83 H7.50 N
8.98 116.41 Fnd.: C 50.99 H7.57 N 8.90 116.22 f) 1,3,5-Triiodotrinesic
acid-N, N, N-tris-(2-hydroxypropane-1.3-diyfL{ 10-[1, 4, 7-
tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl]})nethylamde 35.1 g
(15 mmol ) of 1,3,5-triiodotrinmesic acid-NNN-tris-(2-hydroxypropane 1, 3-diyl-{
10-[ 1,4,7-tris-(tert-butoxycarbonylnmethyl)-1,4,7,10-tetraazacycl ododecanyl ]
} )- methylam de is dissolved in 100 m of dichloronethane, m xed at OC with
100 m of tofpdtagivvacabotatacTltenad4B. kit 228 nfody ofdrivavacstiatciQCers-bhg] batich i s
poured into 500 mMl of diethyl ether; the solid that accunulates is filtered

off, 1t is remasbednhibbes fsf'-ﬁ@@vig?}ohﬁly}m iftls HRaRh faf3 flhued Rydooet hﬁgowqw dried
in a vacuum Yield: 26.4 6 (96% theory) of a colorless solid 53 Elenentary
analysis: dd.:C 40, 25H_5. 60N 11..45120. 75, Fnd. : C 40. 17 . 69N 11.51120. 58 Q)
S LoTE | odBUTPHSBISCUS BTSRRI (it gYB@ﬁtﬁ?W&@%W&gﬁ@ﬁ CHORPALITEORT 4, 7-
tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecan%{{l] % Gd conpl ex)
met hyl ani de Sthicgeglimoptipbylvett: dicBlaomethprpdwethpral 206 1). The Iractions that contain
acid-N, N, N-tris-(2-hydroxypropane-1, 3- diyl-{
10-[1, 4, 7- t r tge-froduchai\caribined)and céncéntited By Eodpoaivnl ododecanyl] }) met hyl am de
is

Yield: 219 g (79% of theory) of a colorless solid

Elementary analysis:

Cld: C64.23 H947 N10.12

Fnd.: C 6438 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 H9.83 N 11.64

Fnd.: C59.89 H9.81 NI11.52



di ssolved in 250 m of water and acidified by adding 5 ml of acetic acid. 13
g (36.2 mmol) of gadoliniumoxide is added, and it is refluxed for 3 hours.
After conplexing is conpleted, the pHis_set at 7.4 with amonia and
chromat ogr aphed on silica gel (nobile FVent

di chl or onet hane/ nmet hanol / amoni a: 20/20/1). 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 precipitated
with 10 g of jon excha er. (I RA 67 CH-forg} f or filtered off, m xed

with 2 g of &ttivaded modpBwpesiqasst-&dv Mofis ﬁ&s@%yr@r@pwd 3dnflvidPdddorf and
freeze-dried. Yield: 18.2 g (62% of theory) of a colorless solid Water

content (Karl-Fi strise(rtérr-bﬁtoiky@,ﬁrlﬁirgtmahplb-y,%m-masza(:ycﬂbdndevmyﬂ]())méthylmmmwr ous
substance): dd.:C 32.94H 4. 08N 9. 15116. 57Gd 20.54 Fnd.: C 33. 21H 4. 13N

9.10116. 43Gd 20. 222% (@M &) 4f Fikthylamine and then 39.7 g (66 mmol) of10¥3-
1,3.5-Triiodo-2,4,6-tris-(oxiranyl met hoxyrret hyl)benzene 55'm of a 32% NaCH

uion < 0SSy 00, T

(0.6 nol) of epichl or cﬁlydrln and 1 g% % of tetrabutyl ammnl um
hydr ogen sul fétazagyeladadesanscing addgddo { A& 2i(20 F%nosl ol .ad-tripdorimésirgcdd tris ¢ j s
mxed with 150 ml of water and extracted twice with 200 m each of toluene.

The conbi nedhloriga(E 3phESRsSarang AiCe ¢rioritys ddilviH8syldiadked irh400sml sfent 1 s
evaporated to the dry state and chromatographed on silica gel (nobile
sol vent: hexan@h@dBnlra @8 Ali€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.: €50.99 H757 N890 I116.22

1) 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] } Y methylamide

35.1 g (15 mmol) of 1,3,5-triiodotrimesic ac%d-MMN-tris-(2—hydroxypropane—
1,3-diyl-{10-[1,4,7-tris-(fert-butoxycarbonylmethyl)}-1,4,7,10-tetraazacyclododecanyl]} )-
methylamide is dissolved in 100 ml of dichioromethane, 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



10 : 1). The fractions that contain the product are conbined and concentrated
by evaporation. Yield: 10.5 g (73% of theory) of a colorless solid

El ementary analysis: Ad.: C30.28 H 2.96_153.32 Fnd.: C 30.44 H 2.99 153.21
b) 1,3,5-Triiodo-{2,4,6-tris[2-hydroxy-3-?ﬂ,4,7,10-tetraazacyc|ododecan-l-

yl ) propyl oxy-nmethyl] } benzene 10 M (75.28 mml) of N, N-di nethylformam de

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

1,4,7,10-tetraazacycl ododecane, dissolved in 100 mM of toluene, and it is
heated for 2 hours to 120C under nitrogen. In this case, a methanol/tol uene
azeotrope is di stlameatprppfialysanit i nuously. Then, the reaction mixture is
concentrated by evaporation at 70C in a vacuum 13.6 g (19.1 mmol) of
1,3,5-triiodo-2, 4C6& .t r¢ 806X pay!| Nat hioxyrmetAsyl ) benzene is added, and it is
heat ed under nitrogen for 24 hours 55 to 110C. After cooling to room

tenperature, it ig 40 Xedowht iy 409 /i 110f; 4MoH@ and then heated for 12 hours
to 80C. It is evaggrate to ?%e dr&istate, mxed with 50 mM of ethanol and

50 m of methanol and evaporated to the dry state again. The residue is

di ssolved in 100 mM of ethanol while being heated, and then slowly cooled to
0C, whereby a white solid crystallizes out. The solid is filtered off,
washed wi th @ handpB,%shdiodptenesigracetiNaY NSO & (2-hydrovprrapanc- IThdiyddil 0-d 1A -

di ssolved in 100 m of water and 100 m of dichl oronmethane, and 32% NaCH
sol ution is addedtrisichibokhtoghetiyl ¥ 1,4, 10HEPI0S cYoddBédahyld}, GadtaRiipldd) 1S

reached. The organic phase is separated, the agueous phase is extracted three

methylamide

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]} )methylamide 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/ammeonia: 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 solid

Water content (Karl-Fischer): 6.1%

Elementary analysis (relative to the anhydrous substance):

Cld.: C32.94 H4.08 N9.15 116.57 Gd20.54

Fnd.: C3321 H4.13 N9.10 116.43 Gd?20.22



times with 100 m each of dichloronethane, the conbi ned organi c phases are
dried on nmagnesium sulfate and evaporated to the dry state. Yield: 19.0 g
(81 % of theory) of a colorless solid EI%gentary anal ysis: Cdd.:C 40.98H
6..63N 13.66130.9"' Fnd.:C 41.32H6. 71N 13.54130. 77 c)
1,3,5-Triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7-triscarboxyneth),l-1,4,7, 10-

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

tetraazacycl od an 1-yl) propyl oxy- nethyl]}benzene is dissolved in 75 m of
water, 19.5 75 mol ) of chloroacetic acid is added, and a pH of 9.5 1is
set at 60C with 32%)NaCH It is heated for 10 hours to 70C, whereby the pH
of the reactiabn mnilxtulgiade-2,461ms-frxonasynethoapjngdiyblienzen®. 5. After cooling to
roomtenperature, a pHof 1 is set with concentrated HCl, and the sol ution

is concentrated byselapanatd 9a0HRoRt WA IAGREd Thérops a&b@lm&exhperams@fom ively
precipitated with 250 ml of nethanol, insoluble conponents are 56 filtered

out, and theHL%J%@@c@s&%@q%@%@ggg&@x )S¥2ROL alibaRo ghe residue is

di ssol ved in wat er a o ah I on- exchange colum (600 m, IR
120, H-form. The i S was it h ter the |d| el uat e

i s concent r at&ly xé@‘ﬁ%]fbéfl?eé‘ﬁ gﬁﬂ%\%%é@i é’pi ngsdﬁln\ﬁé‘g |]ng (ﬁ? tl

nmet hanol and added in drops in 900 ml of diethyl ether; the soI id that
accurul at es iqtrabhiyianoaes uindiydungen swiéae vithin T bovastedhereit ér stirredifaek burh

di ethyl ether and dried in a vacuum Yield: 14.4 g (61 % of theory) of a

col orl ess sollf il 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
gvaporation.

Yield: 10.5 g (73% of theory) of a colorless solid

Elementary analysis:

Cld.: C30.28 H2956 15332

Fnd.: C3044 H2.99 153.21

b) 1,3,5-Triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7,1 O-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



El enentary analysis: Cd.: C41.11 H5.69 N 9.59 121.71 Fnd.: CA41.34 H5.56
N9. 62 121.45 d)
1,3,5-Triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7-triscarboxylatonmethyl-1,4,7,10-
t et raazacycl ododecan- 1-yl ) pr opyl oxynet hyl $> Gd conpl ex} benzene 12.1 g (6.9
mmol ) of 1,3,5-triiodo-{2,4,6-tris[2-hydroxy-3-(1,4,7-
triscarboxynethyl-1,4,7,10-tetraazacycl ododecan-1-yl) propyl oxynethyl] }
benzene is dissolved in 100 mMl of water and acidified by adding 3 m of
acetic acid. 3.7 g (10.4 mmol) of gadoliniumoxide is added, and it is
refluxed for 6l HEG: sAfiesfcoelingiompimt¢mperatsre, gosrplixadewith { lempef 2N Fdtandt 7. 4
wth ammonia, and it is chromatographed on silica gel (nobile solvent:

di chl or onmet hatiegy/Heeteb dsrol 2 lvwediai §8°C 1 0/id 84 abbratdd® the atstasmikbaivithGonkadn t he
product are conbi ned and absorptively precipitated with 10 g of ion

exchanger (I f@r { i r ively
preci pitat ed%%ﬁglhﬂ_fg@ éﬂgﬁf I?%%&gg%%gg@qke[dl&%%ﬁ%iﬁ%aﬁ#'h %quaﬁ%eﬁ%s,
filtered of f,. m xed. wth of —activated carbo heated fqr, 2 urs to 60C,
1 tered of f dimer el aferdhfangl Sfie bShoherted, 58 ten SRt 55016t 0 Eol or | ase
solid 57 Water content (Karl-Fischer): 5. 4% El enentary analysis (relative to
t he anhydr ousvhstebs eamtt)solidicrystall@es guts Ahesobd N fAtesed aff, yshalwith effongland: C
32.88H 4. 19N 7.62117.00 Gd 20.99 Exanple 8 a) 10- [4-Aza-6-(benzyl oxycarbony
| am i no) - 5- oxtenZiried dr S0 Fdcuurh, Fhe sélld is d{sk@lktd in 100 ml of water and 100 ml of
dichloromethane, and 32% NaOH solution is added while being stirred \}igorously until a
pH of 10 is 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 [30.93

Fnd.: C41.32 H6.71 N13.54 130.77

C) 1,3,5-Triiodo-{2,4,6-tris [2:hydr6xy-3 -(1,4,7-triscarboxymethyl-1,4,7,10-

tetraazacyclododecan-1-yl)propyloxymethyl]} benzene

16.6 g (13.5 mmol) of 1,3,5-triiodo-{2,4,6-tr’is[2-hydroxy-3-(l,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



but oxycar bonyl net hyl } 1, 4, 7, 10-t et r aazacycl ododecane 21.97 g (105 mmol) of
Z-glycine is dissolved in 400 m of DV, mxed with 12.1 g (105 nmol)

of N- hydr oxysuccinim de and 21.7 g (105 ) of dicycl ohexyl carbodiim de
whil e being cooled with ice and preactivated for 1 hour in ice. Then, 58.8 g
(100 mmol ) of 10-(3-am no-2-hydroxypropyl}1,4,7-tris-(tert-

but oxycar bonyl net hyl } 1, 4,7, 10-t etraazacycl ododecane and 15.4 m (120 mmol ) of
triethylam ne are added and stirred overni ght at roomtenperature. |nsoluble
conponents are filtered out and evaporated to the dry state. The residue is
taken up in fberdeut.gpd herfiifraigdpeoncentaaied BieereEaANt WheEsifue s ol ikach of
wat er. The organic phase is dried on sodiumsulfate, the solvent is

evapor at ed t 406 he oflwptes aiad ajdedialat hom-exchaigd welumm ©A6 artpltRobz(a piddmon HBichj ca
gel (nobile solvent: dichloronethane/ methanol 20 : 1). The fractions that

contain the pri9gdstcdatich £ooPWALH aAMtheGRIIEEALARELLNBYNtra®IRROHAbbrRieon. YTIR! d:
63.2 g (81 % of theory) of a colorless solid Elenentary analysis: Cdd.: C

60.13 H 8.54 NgQd %_5?105‘2‘% i 7& englgcit?%t}%ngl %Gdlad}%% gr}, ?r_%ps5 f b r%péf(cﬁethyl ether;

. Aza- 6- anm no- 5-0X0- I OXYy r's-
but oxycar bonyl net.hyl }1, 4, 7, 10-t ef raazacycl ododecane 60 77. mol ) of
10- [ 4}laz a- 6- %/}599‘9;19%{%’3}2 GBS s 5}1@_15%(/15:112ned off, rewashed sgve(ral times w1%h
hydr oxyhexyl]-1,4,7-tris-(tort-butoxycarbonyl nethyl}1,4,7,10-tetraazacycl odod
ecane i s di dsthyether sndbdxednh aofacuren.hanol , mixed with 40 ml of water, and 10
g of palladium

Yield: 14.4 g (61% of theory) of a colorless solid

Elementary analysis:

Cld.: C41.11 HS5.69 N9.59 [21.71

Fnd.: C41.34 H5.56 N9.62 121.45

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/ammeonia: 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 ibn 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



catalyst (10% Pd/C) is added. It is hydrogenated for 8 hours at 50C under
normal pressure. Catalyst is filtered out, and the filtrate is evaporated to
the dry state. Yield: 48.8 g (98% of theog:y) of a colorless solid El enentary
anal ysis: dd.:C 57.74H 9. 38N 13. 03 Fnd 57.68H 9. 44N 13. 11 c)
1,3,5-Triiodotrinesic acid-N N Ntris-(3-aza-2-0xo-5-hydroxyhexane-1, 6-diyl -
{10-[1,4,7-tris-(tert-butoxycarbonyl nmethyl)-1,4,7,10-tetraazacycl ododecanyl ]}
)- amde 12.2 g (120 nmol) of triethylam ne and then 42.6 g (66 rrm)l) of

10- (4- aza- 6- am ng- 5- oxo- 2- droxyhexy[%y

1,4, 7-tris-(tert- Hﬁﬁ@%@é@ﬁb@%v -histhep): P-4 4, 7, 10- tetraazacycl ododecane are
added to 12.86 g (20 mmol ) of 1, 3, 5- tI’IIOdOtI’IrTESIC acid tris chloride (DE
3001292, Scheri ngERGenpary andlysis (rdlafidd ©IBOInhydims shibsechceyn 400 ml  of
tetrahydrofuran, and it is stirred for 6 hours at roomtenperature. Insol uble

conponents are fld ered28ut { £yapRrased 17014 hed df yostate and chronat ogr aphed
on silica gel (nobile solvent: dichloronethane/ nethanol 20 : 1). The

evaporation, i ol AnacCa gsl Fibi & ey, (SR "BO2BPE Tece sol 1d 50 b ementary
analysis: Cd.:C 49.63H 7. 23N 10 211 15.42 Fnd.:C 49.97H 7. 31N 10. 12115. 26 d)
1,3,5-Triiodotrinmesic acid-N, N, Ntris-(3-aza-2-o0x0-5-hydroxyhexane-1, 6-diyl -
Example 8
a) 10-[4-Aza-6-(benzyloxycarbonylamino)5-oxo0-2-hydroxyhexyl}-1,4,7-tris-(tert-
“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-(ter?-
butoxycarbonylmethyi)-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 H8.54 N10.79

Fnd.: C60.32 H8.561 N 10.59



N

{ 10-[ 1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl] } )am de
34.6 g (14 nmml) of 1,3,5-triiodotrimesic acid-N,N,N-tris-(3-aza-2-0xo0-5-
hydr oxyhexane- | ,6-diyl-{ 10-]

1.4, 7-tris-(tert-butoxycarbonyl methyl)-1,% 7, 10-

tetraazacycl ododecanyl]})am de is dissolved in 100 m of dichloronethane,
mxed at OC with 100 ml of trifluoroacetic acid and stirred for 3 hours at
OC. The batch is poured into 500 M of diethyl ether; the solid that '
accunul ates is filtered off, rewashed three tines with 100 m each of

di et hyl et heP) andl®tf4-Ada-OramanQacrdm-hydrexyhexplylgh GirinBeof t heory) of a
colorless solid Elenentary analysis: dd.:C 40.38H 5. 39N 12.84119. 39 Fnd.: C
40. 56H 5. 45N 12. 78itd®ychrboeayiniettd;] bt 4)7i liletdvhazheyebidodecane

acid-N, N, N-tris-(3-aza-2-oxo-5-hydroxyhexane-1|, 6-diyl -

{10-[1, 4, 7-tris-(60g W&hﬁaﬁ)‘lﬁ’t‘)ﬁbf{%la}lzabl,&(g_eizy}cﬁykﬁbéﬁ’ﬁéxﬁﬁ%ﬁBQRQ%Cany| 1}, «

conplex)amde 23.6 g (12 nol) o tritodotrinesic

acid-N,N, Ntyis-(3-aza-2-0x0-5- dr oxyhexane: -diyl - .
ot 7 PR O A Pl e B HR R AP b P W lrarmessigopesaRitie i s
di ssolved in 250 nl_ of water and acidified by adding 5 nl of acetic acid. 13
g (36.2 nmol §isgivedadasOp mlwhmsshanel. imyxedhwilh 40 a6 @f watdrsandgli0) gisderpllpdinm3  hour s.
60 After conplexing is conpleted, the pHis set at 7.4 again with ammoni a,

and it is clataypmi(0ofrodai@ris addesl. |1t Baydeigedarmbior 8 heatsvae 50°C under normal
di chl or onet hane/ net hanol / ammoni a: 20/ 2011). The fractions that contain the

product are %@E’%&é‘.e@aﬁl@Q i§§ﬁ9ﬁe8foht{%d/theﬁﬂﬁ§tk@§éﬁb@ﬂté@t&'ﬁ]&&ygtaﬁﬁ ion
exchanger (IR 267 Hfofnm) for 2 hours and filtered off,

Yield: 48.8 g (98% of theory) of a colorless solid

Elementary analysis:

Cld.: C57.74 H9.38 N 13.03

Fnd.: C57.68 H9.44 N13.11

c) 1,3,5-Triiodotrimesic acid-N, N, N-tris-(3-aza-2-0x0-5-hydroxyhexane-1,6-diyl-
{10-{1,4,7-tris-(tert-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-5-0x0-2-hydroxyhexyl)}1,4,7-tris-(tert-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



t hen absorptively precipitated with 10 g of ion exchanger (IRA 67 OHform
for 2 hours, filtered off, mxed wwth 2 g of activated carbon, heated for 2
hours to 60C, filtered off and freeze- drlgd Yield: 20.8 g (67% of theory)
of a colorless solid Wter content (Karl- ischer): 6.4% El ementary anal ysis
(relative to the anhydrous substance): dd.:C 32.68H 3. 99N 10. 39115.69 d
19.45 Fnd.: C 32.99H 4. 07N 10. 35T 15.53 &d 19.22 Exanple 9 a)
1,3,5-Triiodo-2,4,6-tris-(toluenesul fonyl oxy)methyl benzene 76.3 g (400 nmol)
of toluenesulfonlc acid chloride is added in drops to a m xture that
consists of 50.0 &lqmentaryapplyyisof
1,3,5-triiodo-2,4,6-tris-hydroxynet hyl benzene and 3 g (8.7 nmol) of

t et rabut yl ammoni uldy dCdgeénd $UTRAt & 121200152 of 32% NaCOH sol uti on and 300
m of toluene at roomtenperature, and then it is stirred for 12 hours. It

is mxed wth 300rp}.:oC aedergand exigacteds ted ce with 200 nl each of
t ol uene. The conbi ned organi ¢ phases are dried on sodiumsulfate, the

solvent is evaporated to the dry state and chromatographed on silica gel
(rmobi | e sol vent: hexane/ ethyl acetate 10 : 1). The fractions that contain the

product are conbined and concentrat ed %g evaporation. 61 Yield: 47.2 g (51%
of theory) ofa cdietlasdokynssic agd-Grilat hisy3 palyosd- hﬂrﬁxy}@xﬂ@ 8idiyl-

2.70137.75

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

34.6 g (14 mmol) of 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 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 H539 N12.84 119.39

Fnd.: C40.56 H5.45 N 1278 119.17

€) 1,3,5-Triiodotrimesic acid-N, NN—tris—(3-aza?2—ox0-5 -hydroxyhexane-1,6-diyl-
{10-[1,4,7-tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecanylj}, Gd
complex)amide
23.6 g (12 mmol) of 1,3,5-triiodotrimesic acid-N, N, N-tris-(3-aza-2-0x0-5-
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 reﬂuxéd for 3 hours.



Fnd.: C 36.03H 2. 77137. 56 b)

1,4,7-Tris-(benzyl oxycarbonyl)-10- (car bami donet hyl )-1, 4, 7, 10-

tetrazacycl ododecane 17.8 g (130.5 nmol) gf i sobutyl chlorofornate i s added
in drops at -20Cto a solution of 75 g (118.7 mmol) of

1,4,7-tris-(benzyl oxycarbonyl)- 10-(carboxynethyl}

1,4,7,10-tetrazacycl ododecane and 16.9 g (130.5 nmol ) of

di i sopropylethylamne in 500 mM of THF. Then, it is stirred for 1 hour at
-20C and m xed carefully with 20 nl of 25% aqueoqus .anmoni g solutjon. It is
stirred for AlprumHatpg issgongrteted. AP Aeses al {eagan hAERARRCRAGEE | a
vacuum and the residue is chromatographed on silica gel (nobile solvent:

et hyl acet at eirhewtgeapbed on §ijica gHdmiobde salevers: tiivhioromethanaimtthenqfanduatia:ar e
conbi ned and concentrated by evaporation. Yield: 60.7 g (81% of theory) of a

goISZB INeﬁ Sghwmﬁ ERERhAONs R4S thdrddudbaRiectiihd dANbddp@kiynd. : C 64. 81H
C

1,3,5-Triiodg [
(benzyloxycaP%gﬁﬂF%d%&g?gfgﬂﬁtef§g§§§§3I?odo%gégﬁ;%Tff%§ﬁ¥%ﬁgﬂ%ﬂf(g? (70.6
mmol ) of 1,4,7-tris-(benzyl oxycarhonyl}10-(carbam donet hy
1, 4, 7, 10- t et thsp abspeptoesbupicaintated withslO4 Qldan Pﬁcf@e@%rﬂ%ﬁﬂ%f%ma for ZbePrat  ocC
under 62 argon with 1.71 g (71 nmol) of sodium hydride and stirred for 1 hour
at room t enfiberad offemiEdewith 2 godhctiviatad cafboROheatayl o0 hommslty 60FC, filtered off
1,3,5-triiodo-2,4,6-tris- (toluenesulfonyl oxy)nethyl benzene in 150 m of THE
i s added i n gkdpszatadicgef | uxed for

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 N1039 11569 Gd19.45

Fnd.: C32.99 H4.07 N 1035 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.



20 hours. After cooling, insoluble conponents are filtered out and evapor at ed
to the dry state. The residue is taken up in 500 ml of ethyl acetate and
extracted twice with 500 i each of water., The organic phase is dried on
sodium sul fate, the solvent is evaporated6¥o the dry state, and the residue
i s chromat ographed on silica gel (nobile solvent: dichloronethane/ methanol 20
: 1). The fractions that contain the product are conbined and concentrated
by evaporation. Yield: 29. 4 g (62% of theory) of a colorless solid

El ementary anal ysis: dd.:C_ 55 85H 5.32N 8,801 15.95 Fnd.: C 56.07H 5. 39N
8.671 15.76 d) Yield: 472g(51% of theory) of a colorless solid

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

t et raazacycl odode€E&mydnjdry bealyene 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-(benzgipxycashonyl 340 41 ¥7.19-t et raazacycl ododecanyl ] }) benzene is
carefully mxed at 0-5C [with] 140 m of HBr/AcOH (33% and stirred for 3

hours at room [ ag eaction mxture is poured into 800 m
of diethyl et her ﬁ?ﬁe soF%a Hjﬁr’? ggﬁuérul ates in this case is suctioned off,

and it is rewashed several tines with diethyl ether. The residue is
dissolved in 100 mM of water and 100 m of dichl oronethane whil e being
stirred vigorously, and 32% NaOH solution is added until a pH of 10 is
reached. Thebpr gahitd-phasenzgosepehoaybd(-(tarbamyivesthyphdsellrs extracted three
63 tines with 50 m each of dichl oronethane, the conbined organic phases are
dried on nagnesi tymagdthtlatigicanet evaporated to the dry state.

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 | hour at —20°C and mixed éaxefully 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.: Co64.64 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-(carbamidomethy!)-

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



Yield: 9.1 g (91% of theory) of a colorless solid Elenentary analysis:
Cld.:C 39.70H 6. 15N 17.81132. 27 Fnd.: C 39.91H 6. 22N 17. 75132. 09 e)
1,3,5-Triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{10-[1,4,7-tris-
(carboxynethyl)-1, 4,7, 10-tetraazacycl odod&canyl ] } )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-tetraazacycl ododecanyl )] } benzene is dissolved in 75 m of water,
19.5 g (206.5 mmmol) of chloroacetic acid is added, and a pH of 9.5 is set at
60C with 32% NaCH. It is heated for 10 hours to 70C, whereby the pH of the
reaction mxture i adjusted. con | sl er cool ing to room
t enper at ur e, %H%“ﬁ% 1.2 13fn0)) Qfjspeiu ﬁe@%fﬂﬂ&tgbﬂdﬁe{ WAL sol ution is
concentrated by evaporatl on in a vacuum The residue is absorptively

pr eci pi t at edtempehat@s0 Thin,afsohsichan dl0,2 & (¥onmohe{d ghiptmiede-8,46-&1s-fil tered out,
and the filtrate is concentrated by evaporation. The residue is dissolved in

100 m  of Wﬂ(t@[ueﬁé%dlf@@d@@)ﬁz@tk@[beh.@éﬁre@%QS@ﬂﬂJ@f“)HFliéfﬁdde@QQdeps ahRrebRfed for
H -form. Then, is washed with 21 of water, and the acidic eluate is

concentrat ed a V. anol
and added i n2§¥%%\é ?‘%{eg{)%f(m 15?&3?%? ﬁhﬂg Ssargh 1% Oﬁp?dd(f vzgor?{eggéh tes in
this case is suctjoned, off, rewash raI t| rres et hyl
dried in a vEgGurhheyesdus: 18%6@%%%@@ %éFV?te&PdSXfé%ﬂt q“é%eswglaﬁg
El ementary analysis: COd.:C 40.22H 5. 33N 12. 34122. 37

each of water. The organic phase is dried on sodium sulfate, the solvent is evaporated to

and

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: 29.4 g (62% of theory) of a colorless solid

Elementary analysis:

Cld.: C55.85 H5.32 N&880 115.95

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}1,4,7,10-tetraazacyclododecanyl]} )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 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 vigorously, and 32% NaQH solution is added until a

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



Fnd.: C 40. 43H 5. 37N 12. 25122. 19 f)
1,3,5-Triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{10-[1,4,7-tris-
(carboxyl atonet hyl )-1, 4,7, 10-tetraazacycl ododecanyl ]}, Gd conpl ex) benzene
11.7 g (6.9 mol) of 1,3,5-triiodo-2,4,6-%is-(2-aza-3-oxobutane-1,4-diyl-{10
[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl]})benzene is
dissolved in 100 m 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 complexing is conpleted, the pHis set at 7.4 wth anmmoni a, and
it is chronatings #phed naleash bf dighlgeametitangbihe sombingd wrganic phases are dried on

di chl or onet hane/ net hanol / ammoni a: 10/ 10/1). The fractions that contain the
product are aRpkdsned seliile abomnpbraied|ty tHerdgsiaiet ated with 10 g of ion

exchanger (IR 267 Hforn) for 2 hours and filtered off, then absorptively

precipitated wt#; & r 4OHform) for 2 hours,
¥ Wi ?’%%rz(ggggg?fQHac i vatC((a)gJ rlegs %(q)lrﬁl

filtered off, m xe car heated for 2 hours to 60C,
filtered off and eeze-dried. Yield: 8.4 g (53% of theory) of a colorless
solid Water cont eg@pna% “her): 6.1 % Elementary analysis (relative to

t he anhydrous substance): dd.: C 31.63H 3. 77N 9.71117.59 &d 21.79 Fnd.: C
31. 77H 3. 72N 9. 76€ldz. 453%d0 2. 615 65 1g)81 132.27
1,3,5-Triiodo-2,4,6-tris-(2-aza-3-oxobutane-1,4-diyl-{ 10-[1,4,7-tris-

(car boxyl at omet hyFpd.1,@339.910H @22 amzgciscligdagecanyl ] }, Dy conpl ex) benzene
11.7 g (6.9 muol ) of 1,3,5-triiodo-{2,4,6-tris-[2-(4,7,10-triscarboxynethyl
1,4,7,10-tetraazacycl ododecan-| -yl acetyl am no) net hyl ] } benzene is di ssolved in
100 m

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

(carboxymethyl)1,4,7,1 O-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 colurpn (600 ml, TR 120, H'-form). Then,
it is washed with 2 | 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: 13.8 g (54% of theory) of a colorless solid



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 conpl exing
is conpleted, the pHis set at 7.4 vvithn%{moni a, and it is chromatographed
on silica gel (nmobile solvent: dichloro hane/ met hanol / anmoni a: 10/ 10/ 1).
The fractions that contain the product are conbined 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 houF¥metaEnenaly§iytered off and freeze-dried. Yield: 7.5 g (47%
of theory) of a colorless solid Water content (Karl-Fischer): 5.9%

El ementary anal ysCil.( réhaf2ve 183 tRd2adhyad23ds substance): dd.:C 31. 40H
3.74N 9.64 117.46Dy 22.36 Fnd.:C 31.65H 3. 79N 9.67 | 17.25Dy 22.11 h)
1,3,5-Triiodo-2, 4rRdt rc 90(42- a3 3- Xt gme-1b, 4-diyl -{10-[1,4, 7-tris-
(carboxyl atonmethyl }1, 4,7, 10-tetraazacycl ododecanyl ]}, Y conpl ex) benzene 11.7
g (6.9 mol) of 1,3,5-triiodo-{2,4,6-tris-[2-(4,7, 10-triscarboxynethyl
1,4,7,10-tetraazacycl ododecan- 1-yl acet yl am no) net hyl ] } benzene is di ssolved in
100 m  of ter and acjdified by adding m of acetic acid. 3.72 g (10.4
mmol ) of ytt#ium ,éér’ggwgg-@,4,€-tr%%@a-3aﬂrgpiufanp31,4—@3/ -GX&H-#rtE hours. After
conplexing is conpleted, the 66 pHis set at 7.4 with ammonia, and it is

chr omat ogr aphed ofrasioky ntongehy 1 b 3,1 (etetradzaeyriododecanyl]}, Gd complex)benzene

di chl or onet hane/ net hanol / ammoni a: 10/ 10/ 1). The fractions that contain the
product are conbune% (890N RMBH T ALY, S ivddD BX-Rist(@La28l 3xoButhRe-¥,4diy - O1D-
exchanger (IR 267 Hform

[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, the pH is set at 7.4 with ammonia, and it is chromatographed on silica gel
(mobile solvent: dichloromethane/methanol/ammeonia: 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 N971 117.59 Gd21.79

Fnd.: C31.77 H3.72 NG6.76 11745 Gd21.63



for 2 hours and filtered off, then absorptively precipitated wwith 10 g of ion
exchanger (IRA 67 OHfornm) 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 (61% of theory) of a colorle%s solid Water content

(Karl -Fischer): 5.4%Elenmentary analysis (relative to the anhydrous
substance): dd.:C 34.93H 4. 17N 10. 72119, 41Y 13.61 Fnd.: C 35.12144. 11N

10. 79119. 34Y 13.52 Exanple 10 a)

1,4,7-Tris-(benzyl ox caybonyl%lo- 1- car bam doet hyl )-1, 4, 7, 10-

tetrazacycl oabdecb,ﬁeef"im.ogop}’,ﬂ(, 8- -@ﬂ&nﬁ-?xqwtﬂ@db%ﬂwl-{l:@rl[bﬁﬂftﬁﬁ'rrat e is added
in drops to a solution of 76.8 g (118.7 mmol) of

1,4, 7-tris- ( benzylcarbogalatummsthy}l 0.4 (716 etrbapaywi ddoldieahy 4}, M1 Oemplex)benzene
tetrazacycl ododecane and 16.9 g (130.5 nmol) of diisopropylethylamne in 500 .

m of THE at -209.7E2{G.@,nﬂnbl)io$1%23-Er{i8&’o-f{?,ﬁ 6%9—2%-%4,?{10;&9&&{}?5%&{)?Ul ly

mxed with 20 m of 5% aqueous’ ammoni a sol ut | is sti r 2 nore

hours at OC, .t he solvent. is ~djisti]led. off in a vacuum .and.t resi due
o Chromate. drabetareey s gy Pl e tet iR SReefi i (BARe 10°
1). The fractions that contain the product are conbi ned and concentrated by
evapor at i on. ofweaterandswidiied by adding 3 rHebpseticarida 3ci ©f 10k mmad) oiflysprogiuenent ary
anal ysis: Cd.:C 65.10H 6. 71N 10. 85

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 ﬁactioﬁs 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 absorptvively 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 Dy?22.11

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



Fnd. : C 65. 34H 6. 86N 10. 67 b)
1,3,5-Triiodo-2,4,6-tris-(2-aza-4-nethyl -3-oxobut ane-1, 4-di yl -f

10- [1 4,7-tris- (benzyl oxycarbonyl)-1,4,7,10-tetraazacycl ododecanyl]})benzene
45.6 g (70.6 mml) of 1,4, 7-tris-(benzyl cvcarbonyl}10-(1- car bami doet hyl )

1, 4, 7 10- tetrazacyclododecane is dissolved in 500 M of THE and m xed at OC
under argon with 1.71 g (71 mml) of sodium hydride and stirred for 1 hour
at room tenperature. Then, a solution of 20.2 g (20 mmol) of '
1,3,5-triiodo-2,4,6-tris- (toIuenesulfonyloxy)nethylbenzene in, 150 mM of THE
i s added in Bt ahh4 tithgremoniarandat s shfognaie@anhed omysilica gaf renbile seiverty,

i nsol ubl e conponents are filtered out and evaporated to the dry state. The
resi due is tdkbloramethmef0Ghadol/amnetiay 104681 albe fractiomsxhat aotteinh thevpoduati t h 500
m each of water. The organic phase is dried on sodium sulfate, the sol vent

i's evapor at egtetcBmbiid dhy a§§o@ﬁtﬁfcly%i‘@c1;)ﬁﬁed @&hqg%oéf}io& Bt AR QAR BRI féﬂn?}s' lica

gel (nobile solvent: dichloronethane/ met hanol The fractions t

contain theg 2 e m@rfq‘%e?e%% Y, G @?gpechafaﬁe% \9¥h roghe o%te&%né? | el d

27.7 g (57% 0 eor col or1 e85 Psd ntar Si's
5637H548N86 Fnd 8731154668c
1,3,5-Trii odgR& &7 éHrémél fo 2&?&“@#@@&9? @l’eﬁéc}&h agef fctavaéﬁdﬁaﬂ[%he(aie% 7, 10-

tetraazacycl ododecanyl )] }benzene 25 g (10.3 mol ) of
1, 3, 5-trii odfor2 hus-tb60SC (Bteaeholf andfregre-dsiedx obut ane- 1, 4-
diyl-{10-[1, 4, 7-tris-(benzyl oxycarbonyl)-1,4,7,10-tetraazacycl ododecanyl]}) be
nzene 1S 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 isobutyl 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
THF 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
distilied 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



carefully mxed at 0-5C with 150 m of HBr/AcOH (33% and stirred for 3 hours
at roomtenperature. Then, the reaction mxture is poured into 800 ni of

di ethyl ether; the solid that accumulates.in this case is suctioned of f, and
it is rewashed several tinmes with diet hyf3 ether. The residue is dissol ved in
100 M of water and 100 ml of dichl oronmethane while being stirred

vi gorously, and 32% NaCH solution is added until a pH of 10 is reached. The
organi ¢ phase is separated, the agueous phase is extracted three tinmes with
50 m each of dichl oronet hane t he conbi ned organi ¢ phases are dried on
magnesi um sul f at e Eﬂ@%ﬁ%ﬁ%d to the dry state. Yield: 11.4 g (90% of
theory) of a colorless solid Elenentary analysis: dd.:C 41. 29H 6. 43N
17.19131. 16 Fnd.: Cldi1.@4516. 4D/ 1L 7NADISL. 00 d)
1,3,5-Triiodo-2,4,6-tris-(2-aza-4-nethyl -3-oxobutane-1,4-diyl-{10-[1,4,7-tris

- (carboxynet hyI )fgd4 @ 6534t et s 3gzacycéododecanyl ] } )benzene 18.3 ¢ (15
nmml) of 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 )] } benzene is dissolved in 75 m of
water, 19.5 ¢ (206 5 mol) of chloroacetic acid is added, and a pH of 9.5 is
set at 60C with 32% is heated f 10 hours to 70C, . whereby the pH
of the reactPén mlag’tquglgggzéé $Hoerist yleaa&éyqa@%@n%‘bglsl— U leh 78851 i ng to

roomtenperature, a pHof 1 is set with 69 concentrated HCl, and the sol ution
i s concentrated b{beaz)dpmjrcathooml)ilm,alO-a@mamcydlhéodmawilbﬂimniz&eabsor ptively
precipitated with 250 m of nethanol, insoluble conponents are filtered out,
and the filtrate u4s6GQrognhmehed 1 ay7-ekapenzaldx9barbdiig)- | ®81-8aBarhRloeih§Bol ved in
1,4,7,10-tetrazacyclododecane is dissolved in 500 ml bf 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 H>48 N8.65 115.67

Fnd.: C56.56 HS539 N8.73 11546



100 m of water and added to an ion-exchange colum (600 m, IR 120,
|-17-form. Then, it is washed with 2 1 of water, and the acidic eluate is
concentrated by evaporation. The residuejs dissolved in 70 m of nethanol
and added in drops in 900 m of diethyl et er; the solid that accunulates in
this case is suctioned off, rewashed several tinmes with diethyl ether and
dried in a vacuum Yield: 15.5 g (59% of theory) of a colorless solid

El ementary analysis: COd.:C 41. 32H 5. 55N 12. 05121.83 Fnd.: C 41.56H 5. 62N
12.01121.73 g{ . : .

1,3, 5-Trii odbl 2, 4.8 Tiide2:A0-tini Fraqandrmetbdamnebuizae 1, 42dig-(10-@ F0L1 % 4, 7-tri s
- (carboxyl atonethyl)-1,4,7, 10-tetraazacycl ododecanyl]}, Gd conpl ex) benzene
12.0 g (6.9 nmol ) teghazacylGlode¢angibbenzené-t ri s- ( 2- aza- 4- net hyl - 3- oxobut ane- 1, 4
diyl-{

10-[1, 4, 7-tris- (c2s poxyIainil) of 1,3 4-thickd-2 £blidarneych atasecamobhfahapzene i s
dissolved in 100 mM of water and acidified by adding 3 ml of acetic acid. 3.7

g (10.4 mmhi)yl-gfq-gﬁﬂ,ggﬁg{(gﬁtﬁgglfékg&{)ﬂ@%gqgﬂqoﬁ&flaa&éc\x}:ﬁadwéﬁ%ygﬁg?éng%n hours.

After conpl exi'n _ .4 1s set th a It is
chr omat ogr aphed. an siljc . ile | vent.: .. )
i ohi or oret nERERNE TR ot T8 o SeRBASHIL ciomand stred ford b8t itai n ¢ he
product are conbi ned and absorptively precipitated with 1’2@9 of ion
exchanger (| Rometemperayira) Ther, e 1gaciios migtire js poaFaesdntst §00 mhefigthyl esher; the
absorptively precipitated with 10 g of ion exchanger (IRA 67 OHform for 2
hours, filtesaid thitfaccuifulaiex adthid dabe B sgctidned offl, wiad # 6 eantird sevealttitlsfwith 2
hours to 60C, filtered off and freeze dried. ‘
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: 11.4 g (90% of theory) of a colorless solid
Elementary analysis:

Cld.: C41.29 H643 N17.19 131.16

Fnd.: C41.44 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 chloroacefic 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



Yield: 7.6 g (47% of theory) of a colorless solid Water content

(Karl -Fischer); 5. 2%Elenentary analysis (relative to the anhydrous
substance): dd.:C 32.66H 3.97N 9.52117. Zg)ng 21.38 Fnd.: C 32. 78H 3. 99N
9.45117. 21Gd 21. 19 Exanpl e 11 a)

10-[ 4- Car bam do- | - net hyl - 2- oxo- 3- azabutyl ]-1,4,7,10-tetraazacycl ododecane-
1,4, 7-triacetic acid-tert-butyl ester 17.8 g (130.5 mmol) of isobutyl

chl oroformate is added in drops at-20C to a sol ution of 76.5 g (118.7 mmul)
of 10-[ 4-carboxy-| - 0X0- 3:azabutyl] 1,4, 7,

t et r aazacycl 6%8%%%{%@@ e oo s Concbatted b smpyra“@ge%? Ve 9B%¥9286 Al
Schering AG (Exanple 2d)) and 16.9 g §130 5 mmol ) of diisopropylethylam ne
in 500 m of resifMEis aiserptively preciptatadreith 2} mi ohmgthagel, ing@lablardmpanentudrky ni xed
with 20 m of 25% aqueous anmmonia solution. It is stirred for 2 nore hours

at 0C, then, fitthred 90i, udithei fHtratdiSédnkérethte By dvapéaraviag. ulhg regidde ishiissoBgi e i s
chromat ographed on silica gel (nobile solvent: dichl ororret hane/ nmet hanol 20 :

cvaporat i Lﬁc“)‘? @‘? am?ff R R A R R S T e e
13 L5771 1 outh i AN §of waidh e B e %slcf?a?q{%q%%gé%@?{%po}%tw% Tie (10-
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 1n a vacuum.
Yield: 15.5 g (59% of theory) of a colorless solid
Elementary analysis:

Cld.: C4132 H555 N12.05 I21.83

Fnd.: C41.56 H5.62 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,



[ 1,4,7-tris-(tert-butyl oxycarbonylnmethyl)-1,4,7,10-tetraazacycl o dodecanyl ]
}) benzene 44.6 g (70.6 nmol) of

10-[ 4- car bam do- | - net hyl - 2- oxo- 3- azabut yl ; -1,4,7, 10-

tetraazacycl ododecane-1,4, 7-tri acetic aci d-tert- butyl ester is dissolved in
500 M of THE and m xed at OC under argon with 1.71 g (71 mmol) of sodium
hydride, and it is stirred for | hour at roomtenperature. Then, a solution
of 20.2 g (20 nmml) of 1,3,5-triiodo-

2,4,6-tris-(tol uenesul f anyl oxy) net hy] benzene.in 15 f THE.i s, added in
drops and sH¥ e"ﬂ‘%hﬁﬁé’? a&éﬁ%@%’ %tq%o@Zhoﬁﬁf%goﬁ&?ﬁe’ﬁf‘&,(’%?@oﬁ%?'e
conponents are filtered out and evaporated to the dry state. The residue is
taken up in &08l.n1 of ethyl acetate and extracted twice with 500 m each of
wat er. The organic phase is dried on sodium sulfate, the solvent is

evaporated to theywd 3bat(@7%utdhdone dfabitbesd slidhr omat ogr aphed on  silica
gel (nobile solvent: dichloronethane/ nethanol 20 : 1). The fractions that

contain the prodygt br dsegncentrated by evaporation. Yield:
15.1 g (31 % of tﬁgoerr?/gﬁg g@cgﬁgcrh?gs% ZJSI id Elenmentary analysis: dd.:C

50.62H 7. 37N 10. 42115, 73 FEnd. : 0.79H.7. 41N 10. 44115. 64 c)

1,3,5-Triiodo-2, 41,%%!”??1?@ i"é’? lsgiffgité‘ieé?éhedﬁ}f%‘%i%@?@ ﬁ‘gJFWF%ept ane-1, 7-diyl -{10- [
1,4,7-tris-(carboxynmethyl)-1,4,7,10-tetraazacycl ododecanyl] } )benzene 18.2 g
(7.5 ninol) of 1,8lds-tG$7.660HB.% NOS2s1(12,25- §idaZla3B, 6- di oxo- 7-

met hyl hept ane-1, 7-diyl -{ 10-[

1,4, 7-tris-(tert-budyl©3y08r BOhg$ Mty )I-17, 24, GdDE.19

tetraazacycl ododecanyl]})benzene is dissolved in 75 nml of dichl oronethane,

m xed at 72

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-oxo0-3-azabutyl]1,4,7,10-
tetraazacyclododecane-1,4,7-triacetic acid-tert-butyl ester (DE 19549286 Al, Schering
AG, (Example 2d)) and 16.9 g (130.5 mmol) of diisopropylethylamine in 500 ml of
THEF. Then, it s 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 chromatf)graphed 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.: C38.11 H9.12 N 12.99



OCwith 75 m of trifluoroacetic acid and stirred for 3 hours at 0C. The
batch is poured into 500 mM of diethyl ether; the solid that accunul ates is
filtered off, rewashed three tines with 100 nl each of diethyl ether and
dried.in a vacuum Yield: 14.1 g (98% of theory) of a colorless solid

El emrentary analysis: Cd.: C41.39 H5.53 N 13.16 119.88 Fnd.: C 41.51 H
5.57 N 13.11 119.67 d) 71
1,3,5-Triiodo-2,4,6-tris-(2,5-diaza-3, 6-di oxo-7-net hyl heptane-1, 7-diyl -{ 10-
[1,4,7-tris-(carboxylatonethyl}1, 4,7, 10-tetraazacycl ododecanyl ]}, d
conpl ex) benzene 13.2 g (6.9 mmol ) of
1,3,5-triiodo-2,4,6-tris-(2,5-di aza-3, 6-di oxo-7-

met hyl hept ane- @y 7- dj ¥ls-¥4i8dd-2,4%-fist @I §di(a£a33,@%vam@tﬁﬁhépuzae_lﬁ-ﬁgﬁf{@@z acycl o-
dodecanyl ]}) benzene i's dissolved in 100 M 'of water and acidified by adding 3

m of acetic acid.; 3, 10,4 niml ) of | ni xi.de is added, and it
is refluxed for 6 O%i’s&‘ﬁ?r?g?wgoo%?é%yﬁaglﬁ%?éo%ﬁQ)ttee AP E ObH is set at 7.4

with anmonia, and it is chromatographed on silica gel (nobile solvent:

di chl or onet hane/ metdpdserAmbsaTeae 10/ 10/ 1). The fractions that contain the
product are conbi ned and absorptively precipitated wth 10 g of ion
exchanger (IR 267 H4.6g(j0.6 orm@) hHL0-pi-carblarhidbilemetty bR foxo-tdwmbutiyt]-1i,47,10-
absorptively precipitated with 10 g of ion exchanger (IRA 67 OHfornm) for 2

o 1115 uathoy sai Pl astvod cxonp et g g
colorless sol | egnd n\{\&% b GR1 Ltlr?cg% 5161l Ighlfit-hlzli.ﬂcg ?fl)ﬁlmgl)zc%sodium hydride, and it is 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 m!l 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: dichlorometﬁane/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.: €50.62 H737 N1042 11573

Fnd.: C50.79 H741 N1044 115.64

c) 1,3,5-Tritodo-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-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-butyloxycarbonylmethy!)1,4,7,10-

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



73 Elenentary anal ysis (relative to the anhydrous substance): Cd.:C 33. 34H
4. 07N 10.60116.01 Gd 19.84 Fnd.:C 33.52H 4. 12N 10. 63115.89 &d 19. 72 Exanpl e
12 a) 10-(4-Carbam do- 2- oxo- 3- azabutyl) 1,4,7,10-tetraazacycl ododecane-1, 4, 7-
triacetic acid-tert-butyl ester 17.8 g (1§b 5 mol ) of isobutyl chlorofornmate
is added in drops at -20Cto a solution of 74.8 g (118.7 nmmol ) of

10- (4- car boxy- 2- oxo- 3-azabutyl )-1,4,7,10-tetraaza-

cycl ododecane-1,4,7-triacetic acid-tert-butyl ester (DE 19549286 Al, Schering
AG (Exanple |li)) and 16.9 g (130.5 mmol ) of dllsopropglethylanlne in 500 n
of THF. TheRC withi% rsk@frtrlﬂuommetlsz apidand gtirre@ e 3dvedrsoa0e€ ulThy barck éscpanrach 20

m of 25% aqueous ammonia solution. It is stirred for 2 nore hours at 0OC

and t hen t heimgebo@nil of Siethys ethed; @t sotill that ABccmmidaeimfil@ered dff) gewshedltieed S
chromat ographed on silica gel (nobile solvent: dichloronethane/ met hanol 20 :

1). The fraChhﬁE‘%n&ﬂgﬁS) ngl%E@bf‘dlE ?l &B&%Ghr1@§%§9£9ﬁhﬂl¢d and concentrated by

evaporation. Yiel 75% of theory) colorless solid Elenentary

anal ysi s: 8 36, Fnd. 57.45H 8. 99N 13.31 74 b)

135Tr||od024 iﬁ %W&%éﬁ%&o%%ﬁlﬂﬁﬁéﬁ ne-1, 7-di yl -{10-[1, 4, 7-tri s

- (tert-butyl oxycarbonyl nethyl)-1,4,7,10-tetraazacycl ododecanyl]})benzene
Elementary analysis:

Cld.: C41.39 HS5.53 N13.16 119.88

Fnd.: C41.51 H5.57 N13.11 119.67

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 f:ornbined 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%



44.4 g (70.6 mmol ) of 10-(4-carbam do-2-oxo0-3-azabutyl)-1,4,7,10-tetraaza
cycl ododecane-1,4,7-triacetic acid-tert-butyl ester is dissolved in 500 m of
THE and mixed at OC under argon with 1.71 g (71 nmol) of sodium hydride, and
it is stirred for 1 hour at roon1tenpera?%re Then, a solution of 20.2 g (20
mml) of 1,3,5-triiodo-2,4,6- tris- (toIuenesulfonvloxy)nethylbenzene in 150
m of THE is added in drops and stirred wunder reflux for 20 hours. After
cooling, insoluble conponents are filtered out, and it is evaporated to the
dry state. The residue is taken up in 500 m of eth acetate and extracted
twi ce with 500 mi Elementasy aggdy sy (relytiee t@ﬁ’g%%%ﬁ%@%@@ﬂ ed on sodi um

sulfate, the solvent is evaporated to the dry state, and the residue is
chr omat ogr aphed o€ld.siC B8.d4 gél 4.0ThoNil0es0s dlléent Gdicsd or omet hane/ net hanol 20 :
1). The fractions that contain the product are conbi ned and concentrated by

evapor ation. Yiel Plnd16(:%392(%3/01@th1@%¥>1)15€§9 e 93l ess solid El ementary
anal ysis: Cd.:C 50.00H 7. 25N 10. 60116.01 Fnd.:C 50.17H 7. 28N 10.55115. 89 c)

1,3,5-Triiodo- 2,4,6 tris- (2 5-di aza- 3, 6- dloxoheptane |, 7-diyl-{10-[1,4,7-tris
- (carboxynethyl) 1,4,7,10- tetraazacyclododecanyl]})benzene 17.9 g (7.5
mol ) of 5- tr||odo 2 4,6-tris-(2,5-diaza-3, 6-di oxoheptane-1,7 divl-{ 1
0-[ 1,4,7- trﬁé ampig 12 butyloxycarbonylnethy |} 1,4,7,10-tetraazacycl o
dodecanyl] })benzene is dissolved in 75 m of dichloronethane, m xed at 0C
with 75 M af trid{4+Oudaceds-2-oxoiddazabatyBili, 4,7 40-téteaaz@& yhlododecate-0,€,7- The bat ch
is poured into 500 M of 75 diethyl ether; the solid that accunulates is
filtered off, rewgshas gcliu_ge@t_gﬁtgpétéﬂ th 100 mi
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-2-0x0-3-azabutyl)-1,4,7,10-tetraaza-
cyclododecane-1,4,7-triacetic acid-fert-butyl ester (DE 19549286 A1, Schering AG,
(Example 11)) 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:
dichioromethane/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... €5730 H8.98 N 13.36

Fnd.: C57.45 H8.99 N 1331



each of diethyl ether and dried in a vacuum Yield: 13.5 g (96% of theory) of
a colorless solid Elenentary analysis: Cd.:C 40.39H 5. 33N 13. 4612032 Fnd.: C
40. 21H 5. 27N 13.57120. 22 d)

1,3,5-Triiodo-2,4,6-tris-(2,5-diaza-3, 6- dloxoheptane 1, 7-diyl-{

10 [1,4,7-tris- (carboxylatonethyl}l 4,7,10- tetraazacyclododecanyl]}, Gd
conplex)benzene 12.9 g (6.9 nmmol ) of

1,3,5-triiodo-2,4,6-tris-(2,5-diaza-3, 6-di oxoheptane-1,7

diyl-{10-[1,4,7-tris carb neth 1)-1,4,7,10-tetraa nyl]})benzen
e is dissolbbd itk fbg“ @éﬁ%&ziﬂﬁz%ép IP¥§Hpﬁ9eigh%ﬁh?g)ﬁi f35cetic
acid. 3.7 g (10.4 nmol) of gadolinium oxide is added, and it is refluxed for
6 hours. After co(‘mll‘@atyrh@(yicyboc)dmﬂefﬂ)eldé}ﬂﬂﬁéetpﬂﬂZil@CkéDd@Bny?l]}Z)btWithlhﬁ anmoni a,
and it is chromatographed on silica gel (nobile solvent:

di chl or onet hane/ ne4 hanoeh baneol) o ] 0-44ABarhido-Xb20-B rasthitdns 4 Nad-tev@@nt ai n the
product are conbi ned and absorptively precipitated with 10 g of ion

exchanger (1R 484,4EEL01M 7 ftr(?e{ceﬁ %Hﬂe’?t—?ﬂgl Lddyt 1?&&9019@&‘ i Isﬁ&%@#f J_f:[f and

absorptively ™~ precipitatéd wt on exchanger orm for
rours, 111 ens Py At 28 o6, SEL el coroen, nepte Lon 2 o S
colorless solid Water content (Karl-Fischer): 6.5% 76 El enentary anal ysi s
(rel ative tolthher aimbyrd tenperatutes theoed sol@io. of 2032z GOHNnBOBYIK 1 BOS-HEed®2 IFEd
2010 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 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: 16.2 g (34% of theory) of a colorless solid
Elementary analysis:

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

Fnd.: C50.17 H7.28 N 1055 115.89

C) 1,3,5-Triiodo-2,4,6-tris-(2,5-diaza-3,6-dioxoheptane- 1,7-diyl-{ 10-[ 1 ,4,7-tris-
(carboxymethyl)-1,4,7,1 O-tetraazacyclododc_ecanyl] })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 m] of



Fnd.: C 32.51H 3. 91N 10. 75116. 16Gd 20.01 Exanmple 13 a) 2,4,6-Triiodo- 1,3,5
-tri s-(2-tert-butoxycarbonyl anli noet hoxynet hyl) benzene 142 g (450 mmol) of
t ol uenesul foni ¢ aci d-2-tert-but oxycarbonyl am noet hyl ester (Canne et al.,
Tetrahedron Letters, 38, 1997, 3361), di séblved in 250 nl of toluene, is
added in drops to a m xture that consists of 50.0 g (91.4 nmol ) of
1,3,5-triiodo-2,4,6- trishydroxynethyl benzene, and 3 g (8.7 nmol) of

t et rabut yl ammoni um hydrogen sulfate in 200 mM of 32% NaOH sol ution and 300
m of toluene at roomtenperature, and then it _is stirred for 12 hours. It

is mixed w tBloflad ether e whdthatpennulptesisdilicre 3D revashgd Hres timepwithd80 mine

conbi ned organi c phases are dried on sodiumsulfate, the solvent is
evapor at ed t eadhhd dikthylstlet endaddedcinraormatwgr aphed on silica gel (nobile
solvent: hexane/ethyl acetate 10 : 1). The fractions that contain the

product are combi ygddangs ;qopGRITRRObIRARRBOIA on. Yield: 28.6 g (32% of
theory) of a colorless solid Elenentary analysis: dd.:C 36.94H 4. 96N

4.31137.75 Fnd.: 6. 98H 4 N ,4.27137. 64 b)
2,4,6-Triiodo-1, ??Ege ern?agz f‘%aﬁg%jet hoxymnet hyl ) benzene 24.4 g (25 mmol ) of

2,4,6-triiodo-1,3,5-tris-(2-tert-but oxycarbonyl am noet hoxy- nethyl)benzene is
di ssol ved in 100 fid-ofC 4PeR| Brvdet Ndde!d hi2léd at oC with 100 nl of 77
trifluoroacetic acid and stirred for 3 hours at 0OC. The batch is poured into

500 m of diethyl Fed.he€ 402he DRV dNt3ai7 dcxOiful ates in this case is suctioned
of f and rewashed
d) 1,3,5-Trilodo-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 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.
Yield: 10.6 g (61% of theory) of a colorless solid

Water content (Karl-Fischer): 6.5%



several tinmes with diethyl ether. The residue is dissolved in 100 ml of water
and 100 m  of dichl oronethane while being stirred vigorously, and 32% NaCOH
solution is added wuntil a pH of 10 is reached. The organic phase is
separated, the aqueous phase is extracteg.three tines with 50 ml each of
di chl or onet hane, the conbi ned organi c phases are dried on magnesi um sulfate
and evaporated to the dry state. Yield: 14.7 g (87% of theory) of a colorless
solid Elenentary analysis: dd.:C 26.69H 3. 58N 6. 2215639 Fnd.: C 26. 78H 3. 55N
6. 16156. 27 c)
2,4,6-Triiodo-1,3.5-tri1s-{10-[.1 Z-tris-(henzyl oxycarbonyl)-1,4,7, 10-
tetraazacyclododegEW@?+n%%?%8%?gg@9ﬁ%@ﬁ§?&?ngﬁﬁéﬁ%ﬁﬂﬁ?% g (70.6 mmol) of
1,4, 7-tris-(benzyl oxycarbaonyl } 10- (car boxymet hyl ) -
1, 4,7, 10-t et r azac¥¥d-ododéddnkl 388 HﬂOC@Gﬁlﬁﬁ@If&%@ai?iethylanine, 14.6 g
(70.5 mmol ) of dicycl ohexylcarbodiimde and 8.1 g (70.5 mmol)
of N- hydr oxysucci nfFnd.deCé2eladtia@l Nolla/5sdl bt icorGad20.25.9 g (23.5 mol ) of
2,4,6-triiodo-1,3,5-tris (am noet hoxynet hyl)benzene in 400 M DWF, and it is
stirred for 20 hours at room tenperature. Insoluble conponents are filtered
out and evaporated to the dry state. The residue is taken up in 500 m of
et hyl acetat ¢ ggplgfgracted twce with 500 mMl each of water. The organic
phase is dri ed*8W'S60i um sul fate, the solvent is evaporated to the dry
state, and the residue .is chromatographed on silica gel (nobile solvent: 78
di chl or onet hahe/ n%i“lrﬁaﬁBlOde=3?:5iﬁ‘@'(z?'ﬁéﬁl?‘-}*%’t‘:?@ﬁgylﬁﬁﬂoeg&’ﬁ/@i@ﬁyi)H"eﬂzﬁ'ﬁ%duct are
conbi ned and concentrated by evaporation.

142 g (450 mmol) of toluenesulfonic acid-2-fert-butoxycarbonylaminoethyl ester

(Canne et al., Tetrahedron Letters, 38, 1997, 3361), dissolved in 250 m] 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 scdium 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 N4.31 137.75

Fnd.: C3698 H4.90 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-tert-butoxycarbonylaminoethoxy-

"methyl)benzene is dissolved in 100 ml of dichloromethane, mixed at 0°C with 100 ml of



Yield: 29 g (49% of theory) of a colorless solid Elenentary analysis: Cd.:C
55. 78H 5. 52N 9, 34115. 11 End.: C 55.91H 5. 62N 9. 26114. 89 d)
2,4,6-Triiodo-1,3,5-tris-[10-(1,4,7,10- tetraazacyclododecanyl)am no-
ethoxynethyl]benzene 20 g (7.9 nnDI) of 27%4,6-triiodo-1,3,5-tris-{
10-[1,4,7-tris-(benzyl oxycar bonyl) -

1,4,7, 10-tet raazacycl ododecanyl ] am noet hoxynet hyl } benzene is carefully m xed
at 0- 5Cwith 140 m of HBr/AcOH (33% and stirred for 3 hours at room
tenperature. Then, the reaction mxture is poured into 800 m of diethyl

et her; the suiflwredeatic acad enthsilreeddsr 3 hourhas0°€askhe mtauis ppoare thto 500 araf r ewashed
several tinmes with diethyl ether. The residue is dissolved in 100 m of

wat er and 10@iefHy] efhed it 4ol AR bb@meul Nl iInehRQh&ds sedtoht€6ffuhg viddBéd/, and 32%
NaCOH sol ution |s added until a pH of 10 is reached. The organic phase is

separ at ed, Qe%e%g#ﬁ\%g %ﬁﬁ%&ﬁ&l e%he‘l;‘xLffl@?esﬁﬂegpélgsech\;engSI86\‘ L3l € ?&d]mf fate

di chl or onet hane mag neS| um su
and evapor at eii to the dry state, Yield: 10.1 g (97% of theor of a colorless

solid El emeft deflommgtiare whilebgingstiged Z(ﬂqr‘BlSh’B R0d 820 TyaseH e@lu 1s.added]  09H
6. 42N 15. 98128. 87 79 e)
2,4, 6-Trii odontil,aptbef t0 s-rfddhed.1THs drghmic phiseas fapasanel thelagueous phase is
1,4,7,10-tetraazacycl o- dodecanyl ] am noet hoxymet hyl } benzene
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: 14.7 g (87% of theory) of a colorless solid
Elementary analysis:

Cld.: C26.69 H3.58 N&6.22 156.39

Fnd.: C26.78 H3.55 N6.16 15627

c) 2,4,6-Triiodo-1,3,5-tris-{10-[1,4,7-tris-(benzyloxycarbonyl}1,4,7,10-
tetraazacyclododecanyl]aminoethoxymethyl } 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,S-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 ethy! 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:



17.7 g (13.5 mmol) of2,4,6-triiodo-1,3,5-tris-[10-(1,4,7,10-tetraazacyclo
dodecanyl ) am noet hoxynet hyl | benzene 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
wi.th 32% NaOH It is heated for 10 hours’® o 70C, whereby the pH of the
reaction mxture is continuously readjusted to 9.5. After cooling to room
tenperature, the pHis set at 1 with concentrated HCl, and the solution is
concentrated by evaporation in a vacuum The residue is absorptively
precipitated with 250 m of nethanol, insoluble conponents are filtered out,
and t he fil tdighleransetbanednethanmt 86l : by Ehedpwtiang that cofiten thegirddist ars cdinbgwdved i n
100 M of water and added to an ion-exchange colum (600 m, IR 120,
Ht-form . Thaf conténtiafediyshiegordiéh 2 1 of water, and the acidic eluate is
concentrated by evaporation. The residue is dissolved in 70 m of nethanol

and added in dro??g%gdgggf,’ﬁgfﬂgﬁ§%9y4C£5H%EEMk}he solid that accurul ates in

this case is suc r ewas several tinmes with diethyl ether and
dried in a vacuu Yield: 14.4 g (58% of theory) of a colorless solid

El ementary anal yrs%@meeﬁaaf. anglysis: 251 5. 60N 11.45120. 76 Fnd.: C 41.20H 5. 48N
11.51120.59 f)

2,4,6-Triiodo-1, 3CE-:t (G 55.78 OH[51524 N 93¢ $16dar boxyl at onet hyl )-1, 4, 7, 10-
tetraazacycl ododecanyl, Gd conpl ex] am noet hoxymet hyl | benzene 12.7 g (6.9
mrol ) of 2.4, 6-triiddda 3581 SHI9.65- 9L [114497-tris-(carboxynet hyl) -
1,4,7,10-tetraazacycl ododecanyl ] am noet hoxynet hyl } benzene is di ssolved in 100
m of 80 water and acidified by adding 3 ml of acetic acid. 3.7 g (10.4 nmol)
of gadol i ni um

d) 2,4,6-Triiodo-1,3,5-tris-[10-(1 ,4,7,10-tetraazacyclododecanyl)arnin0-

ethoxymethyl]benzene

20 g (7.9 mmol) of 2,4,6-triiodo-1,3,5-tris-{ 10-[1,4,7-tris-(benzyloxycarbonyl >
l,4,7,10-tetraazacyclododecanyl]arninoethoxymethyl}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 diethy] ether.
The resi'due 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: C4120 H6.45 N16.01 129.02

Fnd.: C41.09 H6.42 N 1598 128.87



oxide is added, and it is refluxed for 6 hours. After conplexing is
conpleted, the pHis set at 7.4 with amonia, and it is chromatographed on
silica gel (nobile solvent: dichloronethane/ net hanol /amoni a: 10/10/1). The
fractions that contain the product are c6hbined 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 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: 7.4 g (44%
of theory) of) a cd¥drTemdodal,i-trisahtlef!,4 e rarboramithilslchérlP:tetiaaggéyEloement ar y
analysis (relative to the anhydrous substance): dd.:C 32.94H 4. 08N

9.15116. 57CGd 20. 54odedshyl famdsoeiddy thefhyN b9nzkrd 16. 35Gd 20. 31 Exanple 14 a)
2,4,6-Triiodo-5-[2-(2,2,2-trifluoroacetvl am no)-acetyl am no]-i sophthalic acid

dichloride 14.5 t4hd l-Qr i I | s at 0C
within 1 hour to”ﬁg@?ﬁ%?}?@h&gg ff%ﬁlmz'&fg?éqgéBg’s%gﬁsﬁ?0'%];4’3;:&9%?%%&?%{0&9uoroacet ate
in 200 mM of i met hyl acet am de. Then, 23 8 40 | ). of

5- ani no- 2, 4, 80 ercwilya}feavg??&mxmg%eﬂwl];ewne i dissp Fé&é'fﬁoéy&@%ﬂ?ﬁ s08r3 ng AG,
(priority: 10/26/79)) is added at OC and stirred for 4 days at room

t enper at ur e. nifingd) ocderoasetimiagitus added, gpdiarpdtiof hib as &t hi 6ECswitl 32%Naktlelt, and
the solid that accunulates is filtered off. For further purification, the

filter residueeated foil HEiured T109C1AAE P} thefpHestlt reabBdPinetue hakaminQsiislt W ce
with saturated sodi um 81 _

readjusted 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 | 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 diethy! 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 H560 N11.45 120.76

Fnd.: C41.20 H548 N11.51 12059

f) 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-tetraazacyclododecanylJaminoethoxymethyl } benzene is dissolved in 100 ml of



bi carbonate solution, the organic phase is dried on sodiumsulfate, and the
solvent is concentrated by evaporation in a vacuum Yield: 293 g (97% of
theory) of a colorless solid Elenentary analysis: dd.: C 19.25H 0.54N 3.74
Fnd.: C 19.39H 0.57N 3.72 b) 80

5- (2- Am noacetyl am no) - N, N- bi s-(2-am noethyl )-2,4,6-triiodoi sophthalic acid
am de A solution of 10 g (13.3 nmmol) of
2,4,6-triiodo-5-[2-(2,2,2-trifluoroacetylam no)- acetylam no]-isophthalic
acid dichloride in 100 m of tetrahydrofuran is added in drops to 26.7 m
(399 nmmol ) ofvaet yd snddedby addioy 8 mlbflactic aatd. rlodm(tEapend) of gadobindni t 1 s
stirred for 14 nore hours. The solid that accunulates is filtered off,

rewashed wit fyii@tsha00d, anl A4ERfRed RrWiufl AherWBhSleximd cbiifleRY, k3 piek at 8.0

with 1 MIlithiumhydroxide solution. After concentration by evaporation in a
Yi,el d:;- 6. 4

vacuum it is.reerystallized fr.o t hanol , . 68%.0f theory) of a
ol o 655 sofdtal” EXAeERG B GerenayPagich s Gri® B30 Toa ks
Fnd.: C 24.276, H 2. 79 N 11.98154.25 82 g/) . ,
2, 4, 6- Tri i odéichlopgnghayiejnethanol/ammanias,l 818 Ine TRy fraetens dhat contginythe produgts 4, 7-tr
i s- (carboxyl atonethyl)-1,4,7,10-tetraazacycl ododecanyl, &
conpl ex] }) anima@bmibinep hhf absocptively precipitated with 10 g of ion exchanger (IR 267 H-form)
aci d- N\- bi s- (3, 6-di aza- 4, 7- di oxo- 8- et hyl oct ane-1,8-diyl-(10-[1, 4, 7-
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: 7.4 g (44% of theory) of a colorless solid
Water content (Karl-Fischer): 5.9%
Elementary analysis (relative to the anhydrous substance):

Cld.: C3294 H4.08 N9.15 11657 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]-isophthalic acid
dichloride
14.5 ml (200 mmol) of thionyl chloride is added 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)) 1s 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



tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecanyl, Gd conpl ex]})am de
9.6 g (15.2 mol) of the Gd conpl ex of 10-[4-carboxy-2-oxo-3-aza-1

met hyl butyl ]1, 4,7, 10-tetraazacycl ododecane-1,4, 7-triacetic acid (WO 98/ 24775,
Schering AG (Exanple 1)) is suspended in8100 m of DMSO and nmixed with 1.96
g (17 rmmol) of N-hydroxysuccinimde and 3.3 g (16 mmol ) of

di cycl ohexyl carbodii m de and preactivated for 1 hour. "T' hen, it is m xed
with 2.4 g (3.4 mol) of 5-(2-

am noacetyl am no) - N, N-bi s-(2-am noethyl )-2,4,6-triiodoi sophthalic acid am de
and sti rred bicarboBadaykitiat, tho orgahigphaseds dried omstsliumistlfggemd thexgdvanbise
conponents are filtered out, and the solution is poured into 1000 m of

acetone. The cgflehflatt 8} eRgforifiohah @vabdum.this case is filtered off and washed
in portions with 300 of acetone and with 100 m  of diethyl ether. The

residue is taken WEIM@Q@F’%%%%E@‘@%&@P&Wi vely precipitated for 2
or

hours with 30 g of 'Ton éxéhanger and filtered off. Then, it
is absorptively precipitated.for 2 hours with 10 g of ion exchanger (IR 267
Hform, filtereﬁl%lﬁﬁfn,ta"ﬁia%’zlﬁs‘%th 2 g of activated carbon, heated for .2
hours to 60C, filtered off, and the solution is concentrated by evaporation
to 100 m. To rentlek: tBé%26siHiuad Ndi.7et hyl sul foxi de, the solution is poured
into 1000 mM of acetone, and the precipitate that accunulates is filtered
of f. The residue Fgqdi 699lwedipR72803.m of water, the conductivity is set at
a value of 0.005 nS (pH=7.0) with alittle ion 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, El enentary analysis (relative to the anh)(,dr ous
subst ance) : 5-(2-Aminoacetylamino)-V, N-bis-(2-aminoethyl)-2,4,6-triiodoisophtha

ic acid

amide

A solution of 10 g (13.3 mmol) of 2,4,6-triiodo-5-{2-(2,2,2-trifluoroacetylamino)-
acetylamino]-isophthalic acid dichloride in 100 ml of tetrahyd:oﬁiran 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 §.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 H274 N12.01 15438

Fnd.: C24276H2.79 N11.98 15425



Cd.: C33.64 H4.09 N 11.60 115.02 &d 18.61 Fnd.: C 33.77 H 4.13 N 11.54
115.00 Gd 18.53 Exanple 15 a) '
2,4,6-Triiodo-5-(3,6-diaza-1,4,7-trioxooctane-1,8-diyl-{10-[1,4,7-tris-
(carboxylatonethyl) 1,4,7,10-tetraazacycl gdodecanyl, Gd conpl ex]})am noi so-
pht hal i ¢ aci d- NN- bi s- (3 6- di aza- 4, 7-di oxooctane-1,8-diyl-{10-[1,4,7-tris-
(carboxyl atonmet hyl)-1,4,7, 10- tetraazacyclododecanyl Gd conplex]})amde 9.4 ¢
(15.2 mol ) of the & conplex of 10-[4-carboxy-2-oxo-3-azabuty|]-
1,4,7,10-tetraazacycl ododecane-1,4,7-triacetic acid (WD 98/24775, Schering

e S B S SRR 590 Bl TRt S N & 28,9 (17

di cycl ohexyl carbodiim de and preactivated for 1 hour. '"T hen, it is m xed
with 2.4 g (3.4 nmtbpxmt@q@dhhﬂﬂdéb@trmeﬁdﬁﬁpdwmbC@Lcomplex}})ammmSO-

(2-am noethyl)-2,4,6-triiodoisophthalic acid amde, and it is stirred for 3
days at room tenpt&hatdxfcﬁi-Nn‘d-Brs-(Bi&-diﬁgﬁ417-dlim&>0$-uﬁltkﬁ/lmm91r]@rﬂtﬁ-{a0¢1,ﬂj7l-tered
out, and the solution is poured into 1000 mM of acetone. The solid that

accunul ates in th{rﬁ1 (Eﬁ'g&r%ﬁto;n é&g 4’7%‘1 ra%%jc %ﬁ@@&a yQﬁ%Eh?l%EQﬁérhﬂewo i

of acetone and wt residue is up in 200

m of water and r |veI tat rs th 30 of ion
exchanger (IRA 678%%@% éi’f el(t% 8¥PP{OI'E"E ‘i”fy' XapsHRPLi vel v
precipitated for 2 hours mnth 10 g of ion exchanger (IR 267 Hform, filtered
of f, mxed wethyltuty] 1047d@tt¢tv@tzw6béﬁdﬂ§ﬁne-hée?tteldcﬁt@raczi QO8/243760C, filtered

off, and the solution is concentrated by evaporation to 100 m. To renpbve
the resi dual Setiemg MG, (Euhhpieilgeis stidpendesidh UdO @l of DMSO ad niikdowitk 00618 (10f

acetone, and the precipitate that accunulates is 84
mmol) of N-hydroxysuccinimide and 3.3 g (16 mmol) of dicyclohexylcarbodiimide and
preactivated for | 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
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
dimethy} 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%



RO

filtered off. The residue is dissolved in 250 mM of water, the conductivity
is set at a value of 0.005 n5 (pH = 7.0) with alittle ion exchanger (Hform
and OHform, it is filtered off and concentrated by evaporation in a
vacuum Yield: 6.1 g (67%of theory) of acol orl ess solid Water content
(Karl - Fi scher): 6.4%)Elenentary analysis (relative to the anhydrous
substance):- dd.:C 32.76H 3.92N 11.80115.27CGd 18.92 Fnd.: C 32. 91H 3. 98N
11.81115.11Gd 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 oxycar bonyElementary7aralysisairel ataeao yiod andipdiwaasytisiange)) ami noi sopht hal i ¢
aci d-

N, N- bi s- (3- aza- 4- griopent noe- 4,00 N1116001[13.04, Gdt 18.61 ( benzyl oxycar bonyl ) -

7, 10-tetraazacycl ododecanyl] } )am de 44.6 g (70.6 nmol) of

7-tris-(benzyfoxy y (wwarnhgx vyl

7,10- tetrazac#(r gggggznkﬁ4g%‘ﬁﬂl?%Gﬁq%%ﬁlfi% 8. %lethylanlne 14.6 ¢

5 mol) of dlcyclohexylcarbodllnlde and 8.1 g (70.5 mmol)

f N- hydr oxysucci nimi de are added to a suspension of 16.5 g (23.5 mmol) of
-(2-am noacetylam no)-N, N-bis-(2 am noethyl)-2,4,6-triiodoisophthalic acid
am de in 446EmhmpMHS and it is stirred for 20 hours at roomtenperature.

I nsol ubl e conmponents are filtered out, and it is evaporated to the dry

state. The rgsi dug4issThiales- (?ﬁs -diRz204, 7%0960&411@;/1! 8-@@@-3@@-‘?1 andriextracted tw ce
with 500 m ‘each of water. organlc phase is dri on sodi um sul fate, the

solvent is  evaporahed §uldif f1 Y, 5iok e RIS Re 51, eh%oh IS R aphed

on silica gel (nobi
phthalic acid-N, N-bis-(3,6-diaza-4,7-dioxooctane-1,8-diyl-{10-[1,4,7-tris-

1,4,
1,4,
1, 4,
(70.
of N-
5

(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)-N, 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 ébsorptively 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



sol vent: dichl oronet hane/ net hanol 20 : 1). The fractions that contain the
product are conbined and concentrated by evaporation. Yield: 30.5 g (51% of
theory) of a colorless solid Elenentary analysis: Cd.: C54.76 H5.27 N
9.91 114,96 Fnd.: C 54.99 H 5.35 N 9.87 14.65 b)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1,4,7,10-tetraazacycl o-
dodecanyl ] }) am noi sopht hal i ¢ aci d- N\- bi s-( 3-aza- 4- oxopent ane-1, 5-diyl -{ 10-
[1,4,7,1 O-tetraazacycl ododecanyl] } )amde 20 g (7.9 mmol) of
2,4,6-triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1, 4, 7-

tris-(benzyl pryeat ROMhLhdadte fs Hsdifd BAA0 A Br RIS %%ch]JcLi‘}{Py NS ARNGAR! T ©

aci d- N, N-
bi s- (3-aza- 4- oxo&intane 1 | -{10-[1,4,7-tris-(benzyl oxycarbonyl}1, 4,7, 10-

tetraaza- cyef®e¥uesdnllg ‘}’})h é@ litde @areéﬁhamgs}r (Fi-fosen apd QHA@mwitisnfiltrad

HBr/ AcOH (33% and stirred for 3 hours at roomtenperature. Then, the
reacti on m xbffiaed cencpotatediby ataporaBion imh vafuudi. et hyl et her; the sol i d t hat
accurul ates in this case is suctioned off, and it is rewashed several tines

w th diethyl et heyleldl'hgzlr(gquq,qgthe%‘ﬂlgﬁ%}bggsg ;400 M of water and 100 m
of dichl oronmet hane whil e being stirred vigorously, and 32% NaOH solution is

added until a pH .S rganl c phase is separated, the
aqueous phase Isﬁfgﬁpg%tg%té%{%ﬂﬁﬁghpﬁéé With 50 M each of dichl oronet hane,
t he conbi ned organic ases are dried on magnesiumsulfate, and it is
evaporated to theE bmngtnawlysw(&lawemt@ agih('%e%‘aﬁ bstaRediry) of a col orl ess
solid 86 Elenentary anal ysis:

Cld.: C32.76 H3.92 N11.80 11527 Gd18.92

Fnd.: C3291 H398 N11.81 I15.11 Gd 18.67

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]} Jaminoisophthalic acid-
N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(benzyloxycarbonyl}
1,4,7,10-tetraazacyclododecanyl]} Jamide
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-aminqacetylamino)-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



Cld.:C 39.53H 5. 96N 18. 86128.48 Fnd.: C 39.44H 5. 99N 18.91128. 51 c¢)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1,4,7-tris-
(carboxynethyl)-1, 4,7, 10-tetraazacycl ododecanyl ]}) am noi sopht hali ¢ aci d-N, N-
bis-(3-aza-4-oxopentane-1,5-diy|-{10-[1,4-;-tris-(carboxynethyl)-1,4,7,10-
tetraazacycl ododecanyl] } )am de 18.0 g (§3.5 nmol )

of 2,4,6-triiodo-5-(3-aza-1, 4-di oxopent ane-1, 5-di yl - {10-
[1,4,7,10-tetraazacycl ododecanyl ]})am noi sopht halic acid-A

N bi s- ( 3- aza- 4- oxopent ane-

1,5-diyl-{10-[1,4,7, 10-tetraazacycl decanyl ]l})amde is dissolved in 75 m
of water, 1§f£.13€r§' Eifé .r%mﬁtﬁﬁtl‘ém %aﬁggr:décgg‘? %!a%ana ag coppfadhe BIRAYY 3pH of 9.5
is set at 60Cwith 32% NaOH. It is heated for 10 hours to 70C, whereby the

pH of the reewnbioed andkeamcentiated byevdporstiend conti nuously to 9.5. After cooling
to roomtenperature, the pHis set at 1 wth concentrated HCl, and the

sol ution i s concewidi@t &5y s exageheadiy)l aicBlofleyPlidm  The residue is
absorptively precipitated with 250 m of nethanol, insoluble conponents are

filtered out, and i .I's concentrated by evaporation. The residue is
di ssolved in 100Ef§1g%8{alr¥/\él§ays%nd added to an ion-exchange colum (600 m, IR

120, H-form. Then, it I ed with 2 of water, and the acidic eluate
is concentrated bQ}%«;\/é%%‘i-Zlgi g%s% 'ﬁﬂggrleslil&r]?é is dissolved in 70 m of

met hanol and added in drops to 900 m of diethyl ether; the solid that
accunul ates in thFsd.cadsé4i98 kB oNX8DfIf [4.6%ewashed several tinmes with
diethyl ether and dried in a vacuum Yield: 15.3 g (61% of theory) of a
colorless solid 87 Elenentary anal ysis:

b) 2,4,6-Triiodo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{10-[1,4,7,10-tetraazacyclo-
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



Cl d.: C 40. 05H 5. 26N 13.56120. 65 Fnd.: C 40. 22H 5. 29N 13. 49120. 56 d)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-1,5-diyl-{10-[1,4,7-tris-
(carboxylatonethyl}l 4,7,10- tetraazacyclododecanyl Gd conpl ex] })am noi so-
pht hal i c acid-N, N-bis- (3 aza- 4- oxopent ane®®1, 5-diyl -{10-[1, 4, 7-tri s-
(carboxyl atonethyl )-1, 4,7, 10-tetraazacycl ododecanyl, Gd conpl ex] })am de
12.8 g (6.9 nmmol ) of 2,4,6-triiodo-5-(3-aza-1,4-dioxopentane-1,5-diyl-f 10
[1,4,7-tris-(carboxynethyl)-1,4,7,10-tetraazacycl ododecanyl]})am noi sopht hal
c acid- N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{

10-[1, 4, 7-tri s- ( cBlemerippeaasisy, 4, 7, 10 tetraaza- cycl ododecanyl]})amde is
dlssolved in 100 mM of water and aC|d|f|ed by adding 3 ml of acetic acid.
3.7 g (10.4 mvol )Clif: @gadhil nHEmeoXN d8.8ss1aslded, and it is refluxed for 6
hours. After conplexing is conpleted, the pHis set at 7.4 with amonia, and

it is chromatographed ?@4@ Hi €69 gl glojohbkesol vent:

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 H-forn) for 2 hours and filtered off, then absorptively
precipitated wth 10ﬁ? i on exchanger (IRA 67 C}+forn) for 2 hours,
filtered of f¢) m xbfhominindeSq3era-ddrdipnensataperl bodiy -iat bt 7fto8- 2 hours to 60C,
filtered off and freeze-dried. Yield: 83 g (48% of theory) of a colorless
solid Water cont@abokyasthyllHlSiched-tetrabzal0i8&odetavt)) jamiivioBopHtyicacid-ElMat | ve to
t he anhydrous substance): dd.:C 32.07H 3. 82N 10. 861 16.40 Gd 20. 32
bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-(carboxymethyi)}-1,4,7,10-
tetraazacyclododecanyl]})amide
18.0 g (13.5 mmol) of 2,4,6-triicdo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{ 1 0-
[1,4,7,10-tetraazacyclododecanyl]} )aminoisophthalic acid-N, N-bis-(3-aza-4-oxopentane-
1,5-diyl-{10-[1,4,7,10-tetraazacyclododecanyl] } )Jamide 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 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



Fnd.: C 32.21H 3. 85N 10. 891 16.25 Gd 20.19 Exanple 17 a)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxo-5-net hyl pentane-1,5-diyl-(10-[1,4,7-tris-
(benzyl oxycarbonyl)-1,4,7,10-tetraazacycl ododecanyl ]})am noi sopht hal i ¢ aci d-
N, N- bi s- ( 3- aza- 5- net hyl - 4- oxopent ane-1, 5-&iyl - { 10-[ 1,4,7-tris-

(benzyl oxycarbonyl)-1,4,7,10-tetraazacycl ododecanyl] })amde 45.7 g (70.6
mmol ) of 1,4,7-tris-(benzyl oxycarbonyl} 10-(1-carboxyethyl)-
1,4,7,10-tetrazacycl ododecane, 21 m (164 nmol) of triethylamne, 14.6 g
(70.5 mmol ) of dicycl ohexyl carbodiimde and 8.1 g (70.5 mmol)

of N- hydr oxysucci nEleigetagy analidited to a suspension of 16.5 g (23.5 mmol) of
5-(2-am noacetyl am no)-N, N-bi s-(2 am noethyl)-2,4,6-triiodoi sophthalic acid
amde in 446 m DK angoDs HS. 3 iNnedesf onod8 hours at room tenperature.

I nsol ubl e conmponents are filtered out, and it is evaporated to the dry

state. The residug.js ) of) sgt hyl acetate and extracted tw ce
with 500 mi eachﬁo4 é%@ #ﬁet%rﬁg%ﬁc@ ghgs% is dried on sodiumsulfate, the

solvent is evaporat ed t o the dr y state, and the residue is chronatographed
on silica gel (nobile solvent: dichloronethane/ nethanol 20 : 1). The
fractions that contain the product are conbined and concentrated by
evapor at i on. dyi el 44,62Bi6derS¢(4776 df4-diosopepjanefl , adiybl b0 k4S-s81 i d El enentary
analysis: Cd.:C 55.27H 5. 42N 9. 75114. 72 Fnd.: C 55. 34H 5. 44N 9. 79114. 65 89 b)
2,4.6-Triiodo- 5- (@adodyldiofnedhyQX D47 IEfehivdzRe/t Ad8ecdhnPt, ddvdondplék] | amAnolsol O-
phthalic acid-¥, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-
(carboxylatomethyl}-1,4,7,10-tetraazacyclododecanyl, Gd complex]})amide
12.8 g (6.9 mmol) of 2,4,6-triicdo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{ 10-
[1,4,7-tris-(carboxymethyl)}1,4,7,10-tetraazacyclododecanyl] } Jaminoisophthalic 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/ammeonia:
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: 8.3 g (48% of theory) of a colorless solid

Water content (Karl-Fischer): 6.9%



tetraazacycl ododecanyl ] })am noi sophthalis acid-N, Whbis-(3-aza-5-nethyl -4-
oxopentane-1,5-diyl-{ 10-[ 1,4,7,10-tetraazacycl ododecanyl] } )am de 20 g
(7.7 mol) of 2,4,6-triiodo-5-(3-aza-1, 4-gj oxo-5-net hyl pentane-1, 5-diyl {
10-[1,4,7-tris-(benzyl oxycarbonyl)-1, 4,7, 10-tetraazacycl ododecanyl] }

)am noi sophthalic acid-N, N-bis-(3-aza-5-nethyl-4-oxopentane-1,5-diyl-{ 10-[
1,4,7-tris- (benzyl oxycarbonyl)-1,4,7,10-tetraazacycl ododecanyl]})amde is
carefully mxed at 0- 5C [with] 140 ml of HBr/AcCH (33% and stirred for 3
hours at roomtenperature. Then, the reactiqon mxture is poured into 800 m
of diethyl ether: Eterisniasy prplysinrelativeto iy aphedraus sebsfance)ase i s suctioned of f
and rewashed several tines with diethyl ether. The residue is dissolved in
100 Ml of water a@tl. 1003207 oH HBZhNdOBGetHad® Whil®k3being stirred

vi gorously, and 32% NaOH solution is added until a pH of 10 is reached. The

organi ¢ phase is pgpar@ted, HegaINaIOES IhESS iGdexligacted three tines with
50 m each of dichl oronethane, the conbined organi c phases are dried on

magnesi um sul fate and evaporated to the dry state. Yield: 10.2 g (96% of
theory) of a colorless solid Elenentary analysis: Cd.:C 40.94H 6. 21N
18.28127.61 End.: C 41. 13H 6. 17N 18. 32127.47 90 c)
2,4,6-Triiodkxsmple b7 a_1 4- di oxo- 5- met hyl pentane-1, 5-diyl -{10-[1, 4, 7-tris-
(carboxynethyl)-1, 4,7, 10-tetraazacycl ododecanyl ] })am noi sopht hal i ¢ aci d- N\
bi s- ( 3- aza- 5anet hy#:4ToivdpSnaaze-114-8icd bt methy bOnfads-4,57diy F { 19-[(1 g brasey et hyl ) -
1,4,7,10-tetraazacycl ododecanyl ]})am de
(benzyloxycarbonyl)1,4,7,10-tetraazacyclododecanyl]} Jaminocisophthalic acid-
N, N-bis-(3-aza-5-methyl-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-
(benzyloxycarbonyl)}-1,4,7,10-tetraazacyclododecanyl] } yJamide
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-amincacetylamino)-N, N-bis-(2~
aminoethyl)-2,4,6-trilodoisophthalic 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
gvaporated 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 H5.42 NO9.75 114.72

Fnd.: C5534 H344 N9.79 114.65



18.6 g (13.5 nmml) of 2,4,6-triiodo-5-(3 -aza- 1, 4-di oxo-5-nethyl pentane- 1,5
diyl- { 10-[ 1,4,7,10-tetraazacycl ododecanyl] } )am noi sophthalic

aci d- N\- bi s- (3-aza-5- met hyl - 4- oxopent ane-1, 5-di yl -{

10-[1,4,7,10-tetraazacycl ododecanyl] } )agjde is dissolved in 75 m of

water, 19.5 g (206.5 mmol ) of chloroacetiC acid is added, and the pHis set
at 9.5 at 60Cwith 32% NaOH. It is heated for 10 hours to 70C, whereby the
pH of the reaction mxture is readjusted continuously to 9.5. After cooling
to room tenperature, a pHof 1 is set with concentrated HC, and the
solution is goncentra ed evaporation in _a vacuum_ The re5|due IS

absor pt i vel y®hr ec?fit Ii“é’eg\%n“@f?z?‘éﬁf" oxgp-methyipaptane- Lo iy U0 ld -4 6hponent s are

filtered out, and the filtrate is concentrated by evaporation. The residue
i s dissolved in 1G0amdacyflodedeemy § hdmamtdsphthaliaaciddnVeieiaageS-nethyldn (600, m
IR 120, H -forn). Then, it is washed with 21 of water, and the acidic eluate

i's concentrated baxcq)\éaﬂaﬁé-qttstdaw—i{mh[a 4%0%&&3@1&)&5@0@ (} hdni@@ nl of nethanol
and added in drops in 900 of di et hyl ether’ the solid that accunul ates in

t hi I h d
30T Skt WAL R SR S,
analysis: dd,:C 41. 065%% 46N 13.26120. 02 Fnd.:C 4134115. 52N 13.31119.69 91

d) 2, 4, 6-Tri i Bable7astheazslonyarioryld . 4rbi fyatpamepiedadesanylfpanpingispphthalie_ ¢ j 5.
(car boxy | atonmethyl)- 1,4,7, 1 O-tetraazacycl ododecanyl, Gd
conpl ex] }) arriicrid)if\éN-bisph’:t—hml-i-methyl-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-
aci d-N, N-bi s- (3-aza-5-net hyl - 4-oxopent ane-1, 5-diyl-{ 10-[1,4,7-tris-
(car boxyl at opgehipblychrtfbnytyt & 1, 86-kdazaRY AbASRESHN midSh @RI EHlted200 de
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: 10.2 g (96% of theory) of a colorless solid
Elementary analysis:

Cld.: C4094 Ho6.21 N18.28 127.61

Fnd.: C41.13 H6.17 N 1832 12747



13.1 g (6.9 nmmol ) of

2,4, 6- triiodo-5-(3-aza-1,4-dioxo-5-nethy|pentane-1,5-diyl- { 10-[
1,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacycl ododecanyl] }

) am noi sophthalic acid-N, Nbis- (3-aza-5-%bthyl-4-oxopentane-1, 5-diyl -{
10-[1,4,7-tris-(carboxynethyl)- 1,4,7,10-tetraazacycl ododecanyl]})amde is
di ssolved in 100 mM of water and aC|d|f|ed by adding 3 ml of acetic acid.
3.7 g (10.4 nmol) of gadoliniumoxide is added, and it is refluxed for 6
hours. After conmplexing is conpleted, a pHof 7.4 is set wth ammonia, and

it is chronmathbgr aphédlrdedtPrgadet dipxerdrmethylpptang: 1,5-diyl-{10-[1,4,7-tris-
di chl or onet hane/ net hanol! ammoni a: 10/10/1). The fractions that contain the

product are conbi eadboandethal)dor, hil (-vettayzqeyeodg@ietatyd)d )aminbisdfhtigal@facidaM N-
exchanger (IR 267 Hform for 2 hours and filtered off, then absorptively

preci pitated w thyl039,0f nllé?nylﬁPﬁ RiGhe-1 5By 10671 0G4, ﬂﬂ;( ?f

filtered off, mxed wth of activated carbon, heéated sto 60C,
filtered off and ri ed. (44%of t heory) of acolorless
solid Water cont Lﬁ el%)@gf‘azﬁyscé@%ca%ﬁ@@/m% Cenentary analysis (relative to
t he anhydrous subst ancg . ad,.:C33.02 H4.01 N 10.66116. 10&d 19.96 Fnd.:C
J3.34 H 4.08 N 10!%62163.6 el of B4.6gpiiq@eahfi-ezaiB4-aljoxp- ¥nwthyipentane-1,5-
i odo-5-{nmethyl[2-(2,2,2-trilluoroacetyl am no)-acetyl]am no! - isophthalic
aci d di chl or dige { 164 54,1 0¢teefdzaoy@lododdcaitl| }gamitinoBbplsthaliteadid Naddd 3iazadr ops at
OCwithin 1 hour to a solution of 34.2 g (200 nmol) of glycine
trifluoroacel ). hRxoRhidHe- 05-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 the

pH is set at 9.5 at 60°C with 32% NaOH. {t 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 HC, 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: 14.1 g (55%) of a colorless solid
Elementary analysis:

Cld.: C41.06 H5.46 N13.26 120.02

Fnd.: C41.34 H352 N 1331 119.69



di met hyl acetam de. Then, 24.4 g (40 nmmol) of 5-am no-2,4,6-triiodoisophthalic
acid dichloride (EP 0033426, Sovak, 1/80 US) is added at 0C, and it is
stirred for 4 days at roomtenperature. The reaction mxture is poured into
5 1liters of ice water, and the solid th accunul ates is filtered off. For
further purification, the filter residue 1s dissolved in 1000 m of ethyl
acetate, shaken out twice with saturated sodi um bi carbonate solution, the
organi ¢ phase is dried on sodiumsulfate, and the solvent is concentrated by
evaporation in a vacuum Yield: 28.7 g (94@6of theory) of a colorless solid

El t al 0. 4 7Fd 20.52H 0.77N.3.71 b
5- [ (2- Ari noat etxyns% iﬁe"&gwfi%mﬁ&faﬁ%m (Bt hlpﬁrﬁmﬁﬁ)dlﬂ Goglains P

triiodoi sophthalic acid amde A solution of 10 g (13.1 rnnol)
of 2, 4, 6-t ri i odo- Scrpextigtonfethyl)?],2,720-tetraazacyclododecanyl, Gd complex]})aminoiso-
trlfluoroacetylanlno}acetyl] am no}-isophthalic acid dichloride in 100 m of

t et rahydr of ur an | phtiedlidedid-N, MbiRfS-ak@ 53hetiyM-oX siRAtafem | 5)-di9f- { BI-f1y4 @ngdi am ne
over 1 hour roomtenperature and it 1s stirred for 14 nore hours. The

M “of vt er Zﬁb' (ertByplople L 82,1055 FRAT RO Bt AN RNERE, L1 on.
thanol - viel o: 75 §g oy of naorihodrs ”L4Tdé@go-§-ariq?“ bt Gt any
analysts; {10-] 1 ,4,7-tris-(carboxymethyl)-1,4,7,10-tetraazacyclododecanyl]} Jaminoisophthalic
acid-N, N-bis-(3-aza-5-methyl-4-oxopentane-1,5-diyl-{10-{1,4,7-tris-(carboxymethyl }
1,4,7,10-tetraazacyclododecanyl] } Jamide 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



Cd.: C25.23 H2.96 N 11.77 153.31 End.: C25.44 H2.98 N 11.81 153.09 c¢)
2,4,6-Triiodo-5-(3-aza-1, 4-di oxopentane-|,5-diyl-{10-[1,4,7-tris-

(benzyl oxycarbonyl } 1, 4,7, 10-t et raazacycl ododecanyl ] }) - met hyl am noi sopht hal i c
aci d- N, N- bi s- (3-aza- 4- oxopent ane-1, 5-di yl (10 [1 4,7-tris-(benzyl oxycarbonyl)
- 1,4,7,10-tetraazacycl ododecanyl]) }am 6 g (70 6 mol ) of
1,4,7-tris-(benzyl oxycarbonyl }10-(car boxyrret hyI ) -

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 mmol)

of hydroxys ccinjm de are added to a suspension of 16.8 g (23.5 mol) of

5-[ (2- ani noa Q?Pg"lﬁethyl amno] .V, N-bis-(2-

am noet hyl )-2,4,6-triiodoi sophthallc acid amde in 446 m of DV, and it is
stirred for 220 HbtubsItipde- -Sometsipelal irtrifluarercetyldshisokeanepolienngt-are filtered

out, and it is evaporated to the dry state. The residue is taken up in 500 m
of et hyl acet at e, isgghhdlic ackl diebridect ed twice with 500 ml each of water. The
organi c phase is dried on sodium sulfate, the solvent is evaporated to the

dry state, and he £ B3 ol SIRER HIARRSLAN aﬁobgat@@'wﬁrggqiﬂoﬁr ol vent :

di chl or onet hane/ rret ractions t contain e product are
corbined,anc, f,oance“ﬁsznzsa@ YRR bR el SR AP X S B 8
Fnd“C5512H539N98111472d& ]
2, 4, 6- Tri i ocdinsthydacatamide. AThfinoXbparit@menoal) o ghpinor 2.6,6ptnjalosoplgthales acdhizacycl o
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 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 bicarbonate solution,
the organic phase is dried on sodium sulfate, and the solvent 1s 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-[(Z-Aminoacetyl)-methylamino]-N, N-bis-(2-aminoethyl)-2,4,6-
trilodoisophthalic 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



dodecanyl ] }) - nmet hyl am noi sophthalic acid .?; N-bis-(3-aza-4-oxopentane-1, 5-
diyl-{ 10-[1,4,7,10-tetraazaeycl ododecanyl] } )-amde 20 g (7.8 nmmol)

of 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-tetraaZdcycl ododecanyl ]

}) met hyl am noi sophthalic acid-N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{ I 0O-[
1,4,7-tris-(benzyl oxycarbonyl)- 1,4,7,10-tetraazacycl ododecanyl]}}amde is
carefully m xed at 0-5C [with] 140 ml of HBr/AcCH (33% and stirred for 3
hours at roomtenperature. Then, the reaction mxture is poured into 800 m
of diethyl ewvhel M ithusdlydobxidesolwiooumilcatesentmationity evaperafien insuciciveneid  of f
and rewashed several tines with diethyl ether. The residue is dissolved in

100 M of waik egcrpidlizQ0rdth e@anéli chl or omet hane whil e being stirred vigorously,
and 32% NaOH solution is added until a pH of 10 is reached. The organic

phase is separateg, i bg’?%%%ﬁ?ﬁ?ﬂ% Ifofl LARf ed three tinmes with 50 m

each of dichl oronethan organi ¢ phases are dried on nagnesi um
sulfate, and it is evaporated.to the dry state. Yield: 10,0 g (95% of

t heory) of a col dp"rleIé‘g%ta’gfo‘”lnia SISEl ementary analysis: Cd.: C 40.01 H6.04 N
18.66 128.18 Fnd.: C 40.19 H 6.07 N 18.62 128.03 95 e)
2,4,6-Triiodo-5-(3daz&25.28 dila¥spehi hire-1353Hi yl -{10-[ 1,4, 7-tris-
(carboxynmethyl} 1,4,7, 1 O-tetraazacycl ododecanyl] 1)-nethyl am noi sophthalic
aci d- N, N- bi s- ( 3- ga:4-Oxpenygass N 3181yl s5§80-[1, 4, 7-tris- (carboxymet hyl }

1,4,7, 1 O-tetraazacycl ododecany |] } ) -am de
¢} 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-V, 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, 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/methancl 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



18.2 g (13.5 mmol ) of 2,4,6-triiodo-5-(3-aza-1, 4-di oxopent ane-1, 5-diyl-{10-
[1,4,7,10-tetraazacycl ododecanyl ]})-net hyl am noi sopht halic

aci d-N, N- bi s-(3-aza- 4- 04

oxopentane-1,5-diyl-{10-[1, 4,7, 10-tetraazacycl ododecanyl]})-amde is
dissolved in 75 m of water, 19.5 g (206.5 nmol) of chloroacetic acid is
added, and a pHof 9.5 1is set at 60Cwith 32% NaOH. It is heated for 10
hours to 70C, whereby the pH of the reaction mxture is readjusted '
continuously to 5. After cooling to roomtenperature, a pHof 1 is set
with concentrate lFIéF‘,“aﬁ’rﬁ?afyﬁ’é" solution is concentrated by evaporation in a
vacuum The residue is absorptively precipitated wwth 250 m of nethanol,

i nsol ubl e conporfeldt:s Car4e9F il teXledN 886, 1dh88the filtrate is concentrated by
evaporation. The residue is dissolved in 100 M of water and added to an

i on-exchange col upd.:( €085.02 , HISRIL209.81H]-1Bgen) . Then, it is washed with 2 1
of water, and the acidic eluate is concentrated by evaporation. The residue
is dissolved in 70 m of nethanol and added in drops in 900 m of diethyl
ether; the solid that accunulates in this case is suctioned off, rewashed

several tinmes wt i-et.hyl her _and dried in.,av u ield: 15.0 g (59% of
t heory) of a¥col £f’géﬁllg%q'§%£'aﬁ'égécﬁ%%?méﬂ%ﬂlfé‘ihgf'l f@'@"?’%lﬁﬁ?%@%?l@SN
13.46120. 32 Fnd.: C 40.53H 5. 37N 13.41120. 17 96

f
2,4, 6-Triiodo- 5- (®deceay ]} ¥meihglaopeeisephihalic Bcid'rlw)-l{is_@-paa,-a-,oxommasw-1,5-
(carboxylatonethyl} 1,4,7,1 O-tetraazacycl ododecanyl, Gd conplex]})-

gez h>7/I ami noi sophtcngalL11@-[&19@,@!1(D»l:d&abia&yﬂad@kaaxfﬁmc@mmt ane-1,5-diyl-{ 10-[
,4,7- tris-(carboxylatonmethyl}1,4,7,10-tetraazacycl ododecanyl, Gd
conpl ex] }) - ami de 5 g (7.8 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] } ) methylaminoisophthalic
acid-N, N-bis-(3-aza-4-oxopentane-1,5-diyl-{10-[1 ,4,7-tris—(benzyloxycarbpnyl)—
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 N18.66 128.18

Fnd.: C40.19 H6.07 N 18.62 128.03



12.9 g (6.9 mml) of 2,4,6-t r i i odo-5-(3-aza-1, 4-di oxopentane-|,5-diyl-{10 [
1,4,7-iris- (carboxynethy )-1,4,7, 10- tetraazacyclododecanyl] }

) - met hyl am noi sopht hal i c

aci d- N, N- bi s- (3- aza- 4- oxopent ane- 1, 5-di yI®?{10-[ 1, 4, 7-tri s- (car boxynet hyl ) - 1, 4
, 7, 10- tetraazacyclododecanyl]}}anide is dissolved in 100 mM of water and
acidified by adding 3 m of acetic acid. 3.7 g (10.4 mml) of gadolinium
oxide is added, and it is refluxed for 6 hours. After conplexing is '
conmpleted, a pHof 7.4 is set with amonia, and it is chromatographed on
silica gel (9obilk4sdriedi-5-(SHazhl dedioatphniasd-totdiahol0-Hyhdiis: 10/ 10/ 1). The

fractions that contain the product are conbi ned and absorptively

precipitated W t hcdBogyredthy1pm X DR aneiactdldiodedankt]h p%hyie@ﬁm&smﬁmand

filtered off, then absorptively preC|p|tated mnth 0 g of ion exchanger (IRA
67 OHform f or r r X4 car bon,
heated for 2 hour2asC HAZBI& ak{i?eorg(gggt% -3 Qé%drgise@ar%&ﬂ{%hﬁg 749 (51%
of theory) of a col rless sol |&) ter cont nt (KarI-Fischer). 5.8%

El enentary anal ysli‘é {PerimaryyclogodsrandhingBidfus subst ance): dd.: C 32. 39H

3. 88N 10. 79116. 30&d 20.19 Fnd.:C 32.48H 3 91N 10. 76116, 21Gd 20. 08 97 Exanpl e
19 a) 18.2 g (13.5 mmol) of 2.,4,6-triiodo-5-(3-aza-1,4-dioxopentane-1,5-diyl-{ 10-

5-[3-(2- Am noet hyl ) - ur ei do] - NN- bi s- (2-am noethyl )-2,4,6-triiodoi sophthalic

acid am de 19Q 1o @Jtraaza%y&rbmeuédy@]r}) ﬁlfeti@mg&@gpﬂtﬁhik%uﬁﬁw bR-(sarehul Iy added
to a solution of 29.8 g (50 am no- 6-triiodoi sophthalic acid

di chl ori de (o[))(%pg % ?,g-dlyl-{10-[1,4,7,10-tetraazacyclododecanyl]})-amlde 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, a
pH of 1 is set with concentrated HC], 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: 15.0 g (59% of theory) of a colorless solid

Elementary analysis:

Cld.: C40.39 HS5.33 N13.46 120.32

Fnd.: C40.53 HS5.37 N 1341 120.17



Schering AG (priority: 10/26/79)) in 250 ml of dioxane, and it is heated for
24 hours to 60C. Then, the solution is concentrated by evaporation in a
vacuum at 80C, whereby the gases are directed through a 20% aqueous NaCH
solution. The residue is dissolved in 208 m of tetrahydrofuran and added in
drops to 66.9 m (1.0 nol) of ethylenediamne for over 1 hour at room
tenperature, and it is stirred for 24 nore hours. The solid that accunul ates
is filtered off, rewashed with ethanol, taken up in 200 M of water, and a pH
of 8.0 is set with 1 MIithium hydroxide solution. After concentration by
evaporation fjn &.4,aclriiogo-b4(34aga-1 dediyeipehtana-¢d-digbfeflRatis- Yiel d: 19.4 ¢
(53% of theory) of a colorless solid Elenentary analysis: dd.:C 24. 71H

3. 04N 13. 45152. 2 ; : z -
> 4,6 Tri1odo. 5. (3o g Aeacng L PTION Rt aeint) odsoppesl 1 .

(benzyl oxycarbonyl ).: 1, 4. 7..10:1et.raa . ododecanyl - amNei halic aci d-
NN b S (3 ava. 4 BYbHaRiEPhElE RO AN TIPSR e BT SRR RE B ) |
1,4,7,10-tetraazacycl ododecanyl ] }é‘;- am de 44.6 g d(70. 6 mol ) of )

1, 4, 7-tri s- ( benzyFiekspEbeybrigmethplHl daf: boigjisatasy¢lpdodecanyl, Gd complex]})-amide
-1,4,7,10-tetrazacycl ododecane, 21 m (164 mol) of triethylamne, 14.6 g
(70.5 mml) 98 ofl2d gy&d ahrexly bf2ad badiddot HE -aaadl , 8-dloxgpéntbnes] Grddyl) { 16f

N- hydr oxysucci ni m de are added to a suspension of 17.1 g (23.5 nmol) of

5-[3-(2-am naef ﬂﬂ%qcﬂxfglgkﬁghh}wz@?ﬁo-@&fwﬁé&ﬂ@@é&&é@%ﬁa-ﬁe@iytlirhiineg%lﬁ%{&t halic

acid anide in 446 viIF, and it is s_tlrredfor hogrs_at room
tenperature. . N3Ok 4RI 3 S2PORGAET S-di HB1TS, Pl BRI hety FUARR6A €0 Lo

> 72"

tetraazacyclododecanyl]} »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: 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



the dry state. The residue is taken up in 500 ml of ethyl acetate and
extracted twice wwth 500 ml each of water. The organic phase is dried on
sodiumsul fate, the solvent is evaporated to the dry state, and the residue
i s chromat ographed on silica gel (nnbile97solvent: di chl or onet hane/ met hanol
20 : 1). The fractions that contain the product are conbined and
concentrated by evaporation. Yield: 32.7 g (54% of theory) of a colorless
solid Elenentary analysis: Odd.: C54.61 H5.33 N10.24 1 14.80 Fnd.: C
54.81 H5.35 N 10.13 1 14.72 ¢)

2,4,6-Triiodexmnple 18_di aza- 1, 6- di oxohept ane-1, 7-diyl -{10-[ 1, 4, 7, 10-

t etraazacycl ododecanyl ]})-am noi sophthali c aci d-N, N-bi s-(3-aza-4-oxopent ane-
1, 5-diyl-{10)[ 1, 4-[B-(PoAMm&icedyDacyidbpNodesaBydniihpetayl)-dg,6-Bhodoigpphialionol ) of
2,4,6-Tiiodo-5-(2,5-diaza-1, 6-di oxoheptane-1, 7-diyl-{ 10
[1,4,7-tris-(benzyjoxygarbonyl)-1,4,7,10-tetraazacycl ododecanyl]})-am noi soph
thalic

aci d- PV, N bi s- (3-,aza-4-.0 nt ane- -diyl-{10-[1, 4, 7-tris- nzyl oxycar bonyl
)- 1,47, 10-tet ré@?é‘@f&%&%@@‘ﬁ%# ?S?Q%ﬁ‘?edl@ P%le%ea%?rﬁfwl{r ar‘é’nd§‘£ Solgione [with]
140 M of HBr/AcOH (33% and stirred for 3 hours at roomtenperature. Then,
t he reacti orPf 298 (#H0eninel) pé drastineAteh-Boodaisonbthalir e¢iddichdanide(DE 3043461.i d t hat
accunul ates in this case is suctioned off and rewashed several tinmes with

di et hyl et heScherlieAGe Sribiiy i 19/26/ZHPINESO rhinofWoxkAe, amtd ik heaedforandodfiQom of
di chl oronet hane while being stirred vigorously, and 32% NaOH solution is

added until ghopHTRky e écﬁut'icﬁﬁi@ R6&kenthtEd \% tgﬁdﬂggati% Eg vh&gﬁ?ﬂcﬁ&@ﬁi enerbB

aqueous phase I's extracted three tinmes eac or onet’hane,

the 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: C2471 H3.04 N13.45 [5222

Fnd.: C2491 H3.09 N13.36 15197

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-(benzyloxycarbony!)-
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)



conbi ned organi c phases are dried on magnesi um sul fate and evaporated to the
dry state. Yield: 12.8 g (94% of theory) of a colorless solid Elenentary
analysis: Cdd,: C 39.57H 6. 05N 19.48127.87 End.: C 39.71H 5.99N 19.56127.61
d) 2,4,6-Triiodo-5-(2,5-diaza-I, 6-di oxohdptane-1, 7-diyl-{10-[1, 4, 7-tris-
(carboxynethyl }1,4,7,10-tetraazacycl ododecanyl ] }}am noi sophthalic acid-N, N
bi s- (3-aza- 4- oxopentane-1,5-diyl-{10-[1,4,7-tris-(carboxynethyl)-1,4,7, 10-
tetraazacycl ododecanyl]) )-am de 18.4 g (13.5 mml) of
2,4,6-triiodo-5-(2,5-diaza1!h6-dioxohegtane-l,?-diyl-{ 10-

[1, 4, 7, 10- t eafrdseyzlobyxylodtbertizeidy kd §.1 2r(/ BSinsoph oh At hyslreryisdconnmidesar¢ 3ddeda- 4-
oxopentane-1,5-diyl-{ 10-[1,4,7,10-tetraazacycl ododecanyl]})-amde is

di ssol ved i nodsusfensibn vl B g (29.5@ol) 306-[5-(PuEmilinoety cilk@bpatEbis(2aci d i s
added, and a pHof 9.5 is set at 60C with 32% NaOH. It is heated for 10

hours to 70Qmi}%‘gﬁ)g?%,ﬂé‘-ﬁii@&ﬂ)ig{phﬁﬂﬁc alif 3fhde 4T XI5 §I(}id f %ﬁtfg@& T&I 20

conti nuously to After cool'ing to roomtenperature; S set
with concentrated HCl, and the sol‘yjtlion is concentrated by, eva oratign in a

vacuum The HOUE} HEROH Lempseaipss: iI0saluple fumpasents fE G e O s eridhif 1563V apRiptsd 1 |

insoluble conponents are filtered out, and the filtrate is concentrated by
evapor at i on.thTHe staiei Gheresidye o tekanl wpaid S0A mied etiy! adetaip ard exiradted deisd with an
i on-exchange colum (600 m, IR 120, H -forn). Then, it is washed with 2 1

of water, ambotrhiecadk oflivateg! Tiad @rfghl‘ic pRAve eNdricl @sodyind O f8y aAlododédn0s. The
residue is dissolved in 70 m of nmethanol and added in drops in 900 ml of

di ethyl et hefynbiliRd $9IHUr) Ble, AREHEM:RIESs dRohBograpASFor SiliSHEH (ABGEL Of T

r ewashed

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.: C5461 HS533 N1024 114.80

Fnd.: C354.81 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-tetraazacyclociodecanyl] } ramide
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}} Famide 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



several tinmes with diethyl ether, and it is dried in a vacuum Yield: 14.3 ¢
(56% of theory) of a colorless solid Elenentary analysis: dd.:C 40.07H

5. 34N 14.09120. 16 End.: C 40.24H 5. 31N 13.99119.98 e)
2,4,6-Triiodo-5-(2,5-di aza-1, 6-di oxohept dRe-1, 7-di yl -{10-[1, 4, 7-tri s-
(carboxyl atomet hyl )-1, 4,7, 10-tetraazacycl ododecanyl, Gd conpl ex] })-am noi so-
phthalic acid-N, N-bi s-(3-aza-4-oxopentane-1,5-diyl-{10-[1,4,7-tris-

(carboxyl atonmet hyl )-1, 4,7, 10-t et raazacycl ododecanyl, Gd conpl ex]})-am de
13.0 g (6.9 nmol) of 2,4,6-triiodo-5-(2,5-diaza-1, 6-di oxoheptane-1, 7-diyl -{
10 [ 1, 4, 7- t rli08mlcafrirtsryamd tl A9 ml-of dichloromethane while being stirred vigorously, and 32%
1,4,7,10-tetraazacycl ododecanyl | })-am noi sopht hal i c aci d-

N, N- bi s- ( 3- a¥4#04 seixtipe Rtadded dntB-adity bf {019 r¢abhéd. 7TTHe drgaric phdzexyseparaed) thd, 4, 7, 10
-tetraaza- cyclododecanyl]})-amde is dissolved in 100 m of water and

acidified by i : I I g il . f wgadol i ni um
oxide is ad&gwg%ga%tlg%gpjrcgdﬁgﬁgIctilﬁ}eg?l% 50%8{1‘?&2}1%;? %Cglrogézygén% e>’<|th%g IS
conpleted, the pH,js set at 7.4 with anmoni a, dit,is chromtographed on
ST ca gel (BT CoRephEsefire A PR LR HEL i 1Y ARYAIA 0 DGR OFE) . The
fractions that contain the product are conbi ned and absorptively

preci pitated w thigld: d 28 g (Yo efibpemipelra ¢al@leagyolid form) for 2 hours and
filtered off, then, it is absorptively precipitated with 10 g of ion
exchanger (1 RA 6E|&hkdtafmhalyes: 2 hours, filtered off, mxed with 2 g of
activated carbon, heated for 2 hours to 60C, filtered off and freeze-dri ed.

101 Yield: 7.1 g §41%0b Magkyl &f 194§0l prdpss solid

Fnd.: C3971 H599 N 1956 12761

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 tg 70°C, whereby the pH of the

reaction mixture is readjusted continucusly 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 éSO 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



Water content (Karl-Fischer): 6.3%El enentary analysis (relative to the
anhydrous substance): Cd.:C 32.19H 3. 90N 11. 32116.19 & 20.07 Fnd.: C 32. 34H
3.91N 11.28116.07 Gd 19.96 Pharmacol ogi cal Exanples CT Studies with Exanple
113 By way of exanple, the suitability of,the described conpound class was
examned in Exanple IBwith the aid of conputer tonography (CT) of rats. For
the CT studies, a Sienens Sonmatom CR was avail able. The 5-second i mage was
prepared with a layer thickness of 2 nmand a tube voltage of 125 kV.
Substance I B was fornulated as an aqueous solution at a concentration of

0.17 nol/1 (corresponds to,145 1+ . | e /W st rats (40 of body
wei gty wer 6V DErRd BegRoledR Wl afmeenyt gpd alsafiRoniintefon (Fg
1) of IBin a dose of 0.15 moL' kg (corresponds to 127 nmg of (1+Gd)/kg). 102
Fig. 1 a (Baslfidigthylistierghe selidihpt accuaulgies én thifecagerisl suctsined off ravrasheshi mal
bei ng exam ned, a very clear contrasting of the bl ood-conveying vessels (A

and the renakveartingss Wit diethiyl ethed sl it iddricdisardedimyi th  the | ow dose of 127
ng of (I1+Gd). This early phase reflects the blood perfusion of the renal

cortex. As early wg§ql34m Neesof BESGY) 6fh LiGIRAEARChy M phase, the renal

pel vis was

Elementary analysis:
Cld.: C40.07 H534 N14.09 120.16

Fnd.: C40.24 HS5.31 N13.99 11998

e) 2,4,6-Trilodo-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-(carb0xymethy1)- 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.



contrasted, which can be attributed to a quick renal excretion of the
substance (Fig. 2). Fig. 2 CT Image of a Rat 15 Mnutes after |.V. Injection
of IB MRT Studies with Exanple 1B The sane substance (IB) was exam ned with
the aid of magnetic resonance tonograph’!(MRT) as a contrast medium 103 The
MRT studies were perforned on a 1.5 T device (Sienens Synphonic with 40 nil/m
gradients). 400 g Wstar rats were examned with T1l-wei ghted i mage sequences
(angi ography TR 2.54 nms, TE 1.12 nms and a = 40 or organ visualization - TR 54
nms, TE 4.8 ns and a = 40). The angi ography (MRA, Fig. 3) was from 0-60
seconds p.i., andielde 7dr gt %y pEthadryyafd ororfdss gelid 4a and b) was prepared 15

m nutes after the injection. Substance | B was fornul ated as an aqueous

solution at a conggstdoatdn® (K&f-Fisohety 6m9k/ | (corresponds to 0.5 nol of G&l)
and was intravenously injected in a dose of 0.03 muvl of substance or 0.1

mmol of Gd/ kg. Fi@em%é%?ﬁnéyégﬁgﬁﬂogﬁ)ﬁ%ﬁ{ydgoq\g.sutamgizi on of IBin Rats The

MRA has an excel | ent visual1ze tthe Targe arteries (aorta, fenoral

artery) as well th ear 4 Fig B ine) b (15 mn p.i.) In the
whol e- body i rragea‘ii—"r g& ﬁb@ tHdl%Begr:f lc%?ntdjr]%slggl ?Fg‘?ééﬂﬁl ver (L) as well as

ki dneys (renal pelvis=N) can be detected. The ureter (U) could al so be

vi sual i zed, whi clindal €32eipHagdi%edN t ha8 gul&®7 readP.9€!1 i m nati on of the

subst ance.

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 O.lSﬁ mmol/kg (corresponds to 127 mg

of (I+Gd)/kg).



This conbined CT and MR study denonstrates the dual uses of this new
conpound cl ass. Excellent contrast enhancenent was denonstrated in CT and in
MR. The clinical use of these conpounds.i,s conceivable, for exanple, in a

hi gh-resolution MiltiSlice CT (visualization of the coronary vessels). After
that, a delayed MRT is perforned to evaluate the vitality of the nyocardi um
To this end, a second injection of a contrast nediumis not necessary. ,
Phant om St udi es mnth Exanple 3F in Cowparlson to Gadovist and lopronide The
relative X-y | o oncentrations of
0.05, 0.1 a and 1.2 nol/1 of
opaci fyi ng entrations of

i oprom de a d, in which

di l utions of Utravist(r) 300

ng of I/m jutrol 1 mol/l) in
distilled w . Amlliliter of
each diluti whi ch
corresponded -pl ate was

posi ti oned ay device

(stenoscope
cont ai ner w

)ve it, a plastic
ite to simulate
soft-tissue apso radi ati on as
under in- VIVQ COﬂdItIOﬂS |nages wer e corded in the "high pul se”
modal ity wi tth8tlhe DSM x- raf— gﬂWE st enoscope ﬂB Io@Eneitdl Electric) with a
cesiumfilter/iodine intensifier of 16 cm and a 2 mmalumnumfilter with
various voltages of the x-ray anode.

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 IB

MRT Studies with Example 1B
The same substance (IB) was examined with the aid of magnetic resonance

tomography (MRT) as a contrast medium.



Al'l images were recorded after manual selection of the anode vol tage of x-ray
tubes and variation of mA to optimze the inmage contrast in the respective
anode voltage. The inmages of stenoscope D6 were then transferred into an

i mage- anal yzi ng devi ce (Quantinet 500+, I%ica) and visualized on a scale of
256 gray-scal e values. For quantitative gray-scale determnation, a circular
RO (region of interest) for each well was anal yzed, and the background was
subtracted in the respective anode voltage. The neasured gray val ues of
Exanpl e 3F, ioprom de and gadobutrol, were applied against the respective
concentration andba MREetmdiasegsroperformediopgi IsS %alsvaéﬁhﬁmﬁmaﬁbfmn‘rm& wihease in
conpensating lines was calculated in this case, and the ratio of straight

| i nes bet weed rhihen yadieatsy 400 Mastar Pedivére vREmitied evith Tiedeighearimagnt ati ve x-ray
i mages of the above-described phantom are visualized in Figure 5. 106 60 kV

0. oM 0wt i g skes tedkiean® AR FBLRs PE L ORROMER. 30ec) il 0L

and loprom de X-ray images of the phantomat 60 and 110 kV anode voltage are
recorded wi tIR phasClE 4.8 ms and a = 40°).” The angiography (MRA, Fig. 3) was from 0-60

seconds p.1., and the organ visualization (Figs. 4a and b) was prepared 15 minutes after
the injection. Substance 1B was formulated as an aqueous solution at a concentration of
0.17 mol/l {corresponds to 0.5 mol of Gd/l) and was intravenously injected in a dose of

0.03 mmo! of substance or 0.1 mmol of Gd/kg.

Fig. 3 MRA 7.5 Seconds After I.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.



arm devi ce stenoscope D6 (Ceneral Electric). [Key to Fig. 5:] Beispiel 3F =
Exanpl e 3F The rati o between the concentrations of Exanple 3F, ioprom de and
gadobutrol was linear in all cases. The evaluation showed a significantly

hi gher x-ray absorption of Exanple 3F tH4n ioproni de and gadobutrol at

equi nol ar concentrations (Figure 5). 107 60 kV 65 kV 76 kV 80 kV 90 kV kV

Bei spi el 3F/1oprom de M Beispiel 3F Gadobutrol Gadobutrol/lopromd 110 kV
Figure 6: Relative X—ray Absorptlon of Exanple 3F in Conparison to Gadobutro
and | oprom de at Varg Anade
General Electric). [
In the eval uation of
absorption than ioprd
with 110 kV and equi
X-ray absorption of
they are used in nodg

bm d = | oprom de
hi gher x-ray
t han gadobutr ol
ences in the
pde vol tages, as

Fig. 4 a (Baseline) b (15 min p.i.)

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). After that, a delayed MRT is
performed to evaluate the vitality of the myocardiuni. To this end, a second injection of

a contrast medium is not necessary.

Phantom Studies with Example 3F in Comparison to Gadovist and Iopromide
The relative X-ray attenuation of Example 3F was determined at concentrations
of 0.05, 0.1 and 0.2 mol/l of substance, equivalent to 0.3, 0.6 and 1.2 mol/] of opacifying

elements (Gd+iodine), compared to equimolar concentrations of iopromide and



CT-processes (helicoidal and nulti-line CT). Radiation hardening that occurs
in 108 addition under in-vivo conditions pronotes additional elenents, such
as, e.g., G, Dy, Yb or Bi. The phanton]§tud|es confirmthat Exanple 3F has
an excellent x-ray absorption and is suitable for use in modem DSA and CT,
especially multi-line CT. Distribution Coefficient The distribution
coefficient of Exanple 3F was determi ned in conparison to Gadovist,

i oprom de and iotrolan in 1-butanol and tris HCL buffer at pH 7.6. The

contr ast nedl ? ﬂ ﬁf0|%ﬁ bn t he buff L g(flnal centration of 0.1
mol of Gd/ |ga & Hoeh 8P YHOR RS HGE 6‘?11” 18y l%a?sao ¢ HAHLEd with a
starting concentratlon of 1 of I/m. Table 1: Distribution Coefficient of
Exanpl e 3F mm@d@fmm@wnlwﬁoﬁﬁé%ﬂéurwstw ingloff ¥myRquizalgnito RaiB 8aoeltlr ast

Media F Distribution Coefficient of SubstanceButanol/Water Exanple 3F0.0002
0. 0001 Gadolbfiidpedide@ad ghdd¥aftdl 1 apt/Drih ddllebhated weftpiparteddhdikiDplest 0. 002

The data in Table | confirmthat Exanple 3F is a very hydrophilic substance
with (Oster 3524). A milliliter of each dilution was pipetted in each case into a well-plate,

which corresponded to a height of 0.5 cm. 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 17-cm water column

was set on the well-plate to simulate soft-tissue absorption and radiation-hardening of

the x-ray radiation as under in-vive 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.



| ow di stribution coefficient of butanol/water and has even better val ues
than the very well-tolerated MR-contrast nmedium Gadovist. In conparison to
this, the commercially 109 avail abl e iod@ pe-contai ni ng conpound i oprom de has
a nmuch | ower hydrophilia with up to a 255x-hi gher distribution coefficient of
but anol /water (0.051 vs. 0.0002). IC50/LD-50 Correlation To determ ne the.
| G50, the neutral red test was used in epithelial cells of the distal renal
tubule. In addition, this test is very hel pful for predicting with high
accuracy the f ' conmpounds. Epithelial cel

i ne MDCK of cani ne kw%& dESCAEib
- . AbiobeaINEM E2 %f et al

85011435)
gglplel3§=y .. 0 hQ W th

bovi ne seru

vari ous Exa n;to or cel
anmbp.e.mpd oy e é?m ne

50% r educetv OR &M Cceld

viability a

those contr @

viability (I§ i ndependent replicates were
tested for 5 m The results are sunmari zed
in Table 2. Conpared to the reference conpound for MR contrast nedia,
Gadovi st showed a strong |nGWEase in conpatibility. The latter is a

ref erence cq g ntrast nmediumw th proven
excel | ent ity was found for Exanple 3F
with 1170 p

110 kV

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).



Tabl e 2: Conparison of 1C50 Values of Different Exanples According to the

I nvention with Gadobutrol as well as the LD50 Value to be Expected in M ce.
"Expected” LD50 of IC50 SubstanceMce (r2; 0.93) nol of I eq/m mmol of I
eq/ kg Gadovi st 15332 Exanpl e |1 B930165 Exa‘r‘?f")l e 3F1170195 Exanple 5Gr88143 111
Claims 1. Metal conplexes of general fornmula | Hal Hal' 'Hal in which Hal
stands for bromne or iodine, Al stands for the radicals

-CONR - (CH2),-NR2-(CO- CHZ' -NH)m CO CHZ2- K, -CONR -(CH2)P (CONR2CH2) m

CHOH CH2- K, -CH2O (CH2)P CHOH CH2-K, -CHz O (CH2).-NR -(CO- CHZ' -NH) m

CO CHz2-K

Slope ratios
i
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] Beispiel 3F/lopromide
I Beispie! 3F/Gadobutrol
B 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 df 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



- CH2- NR1CO (CHZ' -NH- CO m CHZ2-K , A2 has the sane neaning as Al or, in the
case that A has the neaning first nentioned above, can also stand for the
radi cal -NR1-CO (NR5)m (CH2) p- NR2-(CO CHZ' - NH) nCO- CHz2- K, in which Rl and
R2, independently of one another, nean a ydrogen atom a Cl-C2-al kyl group
or a nonohydroxy- Cl- C2-al kyl group, Z1 and Z2, independently of one another,
nmean a hydrogen atomor a nethyl group, n neans the nunbers 2-4, mneans the
nunbers 0 or 1 and p neans the nunbers 1-4, 112 K stands for a macrocyclic
compound of formula I A COOX CoOX COOX with X in the nmeaning of a hydrogen
atomor a netal. i on, equival ent. .of atom c nbers 20-29, 39, 42, 44 or 57-83,
provi ded t héfi‘%&{m PRI P8 Ckni‘flﬁ?ﬁprf)’a‘f)teﬁﬁg‘gépo?%ﬁleé%ﬁﬁlfs\’/é‘?%‘rﬁsse'g'aﬁd’ B¥tionally
present free carboxy groups optionally are present as salts of organic

and/ or i nor gdnérBibases or anmino acids or amino acid ami des. 2. Metal

conpl exes according to claim1l1, characterized in that Al stands for a group:

CONH( CH2) 2; 3NHOOQHe izebshi(stdddsconfirm that Example 3F has an excellent x-ray absorption

and is suitable for use in modern DSA and CT, especially multi-line CT.

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/I,
and the iodine-containing contrast media were used with a starting concentration of 1 mg

of I/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
[opromide 0_.051 + 0.003
Iotrolan 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



~ - CONH( CH2) 2; 3NHC OCH2NHOOOH2-, - CONH(CH2) 2; 3NHOOOH2-, - CONH( CH2) 2;
3NHOOOH( CH3) -, - CONHCH2CH( OH) CH2-, - CON( CH3) CH2CH( OH) CH2-, -
CH2OCH2CH( OH) CH2-, - CONHCH2CONHCH2CH( OH) CH2-, - CH2NHOOOH2-, 113

- CH2NHOOOH( CH3) -, - CH2NHOOOHZNHCOC H2- ,109 - CH2 NHCOCH2 NHCOCH( CH3) -,

- CH2Q( CH2) 2NHCOCH2-, - CON( C H2CHZOH( CH2) 2NHC OCH2-

- CH2Q( CH2) 2N( CH2CH2OH) COCH2-. 3. Metal conpl exes according to claim1,
wherein A2 stands for a NHCOCH2NHCOCH2NHC OCH( CH3) -,

- NHCOCH2NHCOCH2NHCOCH2-, - NHCOCH2NHCOCH2-, - NHCOCH2NHCO CH(CH3) -, -N(CH3 )C
OC H2NH CO a¥fdlaple ioNhECONNAGHEE) @NHOANHRDpromidhHE OTHRIN{OHE hgHROh)IEOGHRun

to a 255x-higher distribution coefficient of butanol/water (0.051 vs. 0.0002).

IC-50/L.D-50 Correlation

To determine the [C-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. 85011433) 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. Neﬁtral 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 I

eq/ml.



L]
- N( CH3) OOCH2N( CH2CH20OH) COCH2- . 4. Metal conpl exes according to claiml,
wherein X stands for a netal ion equivalent of atom c nunbers 21-29, 42, 44,
or 58-70. 5. Metal conplexes according to claim4, wherein X stands for a
metal ion equivalent of the ions gadoliHPun(I11), dysprosiun(llIl),
europium(1l1), iron(lll1) or manganese(ll). 114 6. Pharmaceutical agents that
contain at |east one netal conplex of general fornula | according to claim
1, optionally with the additives that are conmonly used in galenicals. 7.
Use of at |east one netal conplex according to claiml for the production of
agents for xabky:dCempatsios of §Csodduestof DifferatExamplesdredrdingipthednentiondi ng to
claim4 for the production of agents for MRT diagnosis. 9. Pharnaceuti cal
agent s t hat vagcGadudtral 43 Wwelh@ttaé LDy Tpalex toascipdiag i Migd.ainse 1 and 4 in a
nolar ratio of 2000:1 to 1:1, preferably 49:1 to 4:1. 10. Pharnmaceuti cal
agents according to claim6, wherein the netal conpl ex(es) dissolved or
suspended in water or physiological salt solution is (are) present at a

concentr at i gi—ef—0-06+—t¢g—t—metH—It—sg-of—at_least—gne nmetal conpl ex
according tq claim11 for |the production O}Exﬁfﬁgﬁté‘ SBPfx-ray di agnosi s and MR
di agnosi s of| cerebral inflarcti d&so and tlnors of the |livler or space-occupying

processes i tHubstanse ag wel | as tumorp ofMidedraB®den | (i ncl udi ng the
ki dneys) and the nuscl e- $kaimdélarf Isgahken] and especi al | y advant ageously,

mmol of I eq/kg
Gadovist | 153 32
Example 1B 930 165.
Example 3F 1170 195
Example 5G 788 143




t he conpounds can be used for the visualization of blood vessels after
intraarterial and also intravenous injection. 12. Process for the production

of the metal conplexes of general formula, l according to claiml1, wherein a)
a triiodo- or tribronmoaronmatic conmpound o% general formula Il 115 RNHY "' 7
YZ-NHR (11} Hal is reacted in a way that is known in the art with a

macrocyclic conpound of general fornmula IlIl in which C O stands for a - COOH

or activated carboxyl group, Wstands for a protective group or a - CH2COOX
group with >$H in the neaning of X or a protective group and -Y' -NR -CO-B' -
stands for tH®"P&dical A in the neaning of

-CONR -(CH2)n-NRZ- (CO-CHZ' -NH) n, - CO- CHZ2- or -CH2-O (CH2)n-NR - (CO

CHZ' - NH) n, - CO- CHA2 -Matabicoppplmms ofgegraliformua INR - CO-B' or for the case that
Y- NR-COB has the neaning first nentioned above, the latter al so stands
for-NR -CO (NR ), n(CH2) PNR2- (CO- CHZZ- NH) , n- CO- CHZ2-, whereby B' neans the
radical on the first or second (viewed from K) carbonyl group between-CO
and K, and Y' or YZ stands for the deficient radical of the |inker group
that is reduced by one imino group, #8nd then optionally protective group W
is renoved and the radical CH2LE00X iis i ptroduced in a way that is known in
the art or the protective group at ~dptional |l y stands

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,
~CH2-O-(CH2)H~NR'-(éO-CHZ’-NH)m-CO-CHZZ-K ,
—CH,-NR'-CO-(CHZ'-NH-CO)_-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 —NRl-CO-(NR’_)m-(CHz)p_
NR?-(CO-CHZ'-NH),,-CO-CHZ?K,
in which R! and Rz, independently of one another, mean a hydrogen atom,
a Cy-Cz-alky! group or a monohydroxy-C;-C;-alkyl group,

Z! and 7%, independently of one another, mean a hydrogen atom or a

methyl group,
n means the numbers 2-4,
m means the numbers 0 or 1 and

P means the numbers 1-4,



116 for X is renoved and then reacted in a way that is known in the art with
a netal oxide or netal salt of an elenent of atom c nunbers 20-29, 39, 42, 44
or 57-83 or b) a triiodo- or tribronoaropgtic conpound of general fornula IV
CXO Hal Hal C OOCXO Hal is reacted in 1way that is known in the art with a
macrocyclic conpound of general r COOX, coon R NHY NN-J COOX! fornmula V
(V) in which -CXO and X' have the above-nentioned neani ng and - CO NR -Y3
stands for radical A in the neaning of-CONR -(CH2) p- ( CONR2CH2) m CH( OH) CH2-
and thus Y3 is in the nea of -NR - (CH2) P (CONR2CH2) m CH( OH) CH2-, and t hen
the protective groupkihatS%ﬁ%ﬂBﬁéFPﬁ“@Y%Hﬁ?nﬂﬁwniofg”?@ﬁﬂﬁed and then is

reacted in a way that is known in the art with a netal oxide or netal salt
of an el ement of atom c nunbers 20-29, 39, 42, 44 or 57-83 or 117

COOX

(\ﬁ
Q/C>

COOX
(1a)
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.
2. Metal complexes according to claim 1, characterized in that A' stands for a
group:
-CONH(CH;),sNHCOCH,NHCOCH(CH3)-,
-CONH(CHz); :NHCOCH;NHCOCH>-,
-CONH(CHz);sNHCOCH-,
-CONH(CH3),sNHCOCH(CHj3)-,
-CONHCH,CH(OH)CHa-,
-CON(CH3)CH,CH(OH)CH;-,
- CH,OCH,CH(OH)CH;-,
-CONHCH,CONHCH,CH(CH)CH,-,

-CH,NHCOCH;-,



c) atriiodo- or tribronoaromatic conpound of general fornmula VI A" Hak Hal
in which O At stands for a radical -CHz O-(CH2)P CHCHz is reacted in a way
that is known in the art with a cyclene of; general formula VII W HNNW
W (VII) in which W stands for a hydrogen atomor a protective group, after
the optionally present protective groups have been renoved and then radi cal
-CH2COOX has been introduced in a way that is known in the art, to forma

nmetal conpl ex of general formula | with Al in the neaning of radical
-CH2-O (CH2) P - d) a triiodo- -or tribronoaromatic conpound of
general fornmula V rﬁé@%@%&?ug Hal Hal Yn Y Nucl eof ug-CH CH2 Nucl eof ug
VI Hal

( ) -CH,NHCOCH;NHCOCHj5-,

-CH,NHCOCH;NHCOCH(CHj3)-,
-CH,O(CH;),NHCOCH;-,
-CON(CH,CH;0H(CH;);NHCOCHj-,

-CH,O(CH;,),N(CH,CH,OH)COCHj,-.

3. Metal complexes according to claim 1, wherein A” stands for a
~NHCOCH,;NHCOCH,NHCOCH(CHjs)-,
-NHCOCH,;NHCOCH,;NHCOCH;-, |
-NHCOCH,NHCOCH;-,

-NHCOCH,NHCOCH(CHs)-,

-N(CH3)COCH;NHCOCH-,

-NHCONH(CHz);NHCONHS,-,
-NHCOCH,N(CH,;CH;OH)COCH;-,

-N(CH3)COCH,;N(CH,CH,OH)COCHj;-.

4. Metal complexes according to claim 1, wherein X stands for a metal ion
equivalent of atomic numbers 21-29, 42, 44, or 58-70.

5. Metal complexes according to claim 4, wherein X stands for a metal ion
equivalent of the ions gadolinium(III), dysprosium(III), europium(III), iron(Iil) or

manganese(I]).



[ Nucl eof ug = nucl eof uge] in which nucl eof uge stands for a nucl eofuge group,
is reacted in a way that is known in the art wth a nmacrocyclic conpound of
general formula I X in which RlL and W havej4t he above-nenti oned neani ngs, and
B2 stands for the radical -(CHZ -NHCO m CHZ2- and then is further processed
as indicated under a), such that netal conplexes of general fornmula I are
obtained with A" in the neaning of radical -CH -NR -CO (CHZ' - NHCO) n, - CHZ2,
whereby then optionally in the netal conplexes, obtained according to a)-d),

of general for rrul6a Iihmrﬁédeuwaq) Ege%g%a%h%ﬁ‘é{t%ﬁ% I%tef?i[rgo 1€x o?é{%%}zﬂt ut ed by

cations of |nor ganl c OI’ OI’ ganl ases, am no acl or am 0 ac am des.

Process for oduct. har ut i c ents accordi cl ai m 6,
whorern t e BRRE S eRne i deiph hromang Pet st E Bt a camm bt ity

physi ol ogi cal 119 salt solution, opt| onally w t h the additives that are
comonl y us@@einwabial enicals, is brought into a suitable formfor enteral or
parenteral adm nistration.

7. Use of at least one metal complex according to claim 1 for the production of
agents for x-ray diagnosis.

8. Use of at least one metal complex according to claim 4 for the production of
agents for MRT diagnosirs.

9. Pharmaceutical agents that each contain a metal complex according to claims
1 and 4 in a molar ratio of 2000:1 to 1:1, preferably 49:1 to 4:1.

10. Pharmaceutical agents according to claim 6, wherein the metal complex(es)
dissolved or suspended in water or physiological salt solution is (are) present at a
concentration of 0.001 to 1 mol/l.

11. Use of at least one metal éomplex according to claim | for the production of
agents for x-ray diagnosis and MR diagnosis of cerebral infarctions and tumors of the
liver or space-occupying processes in the liver as well as tumors of the abdomen
(including the kidneys) and the muscle-skeleton system and especially advantageously,
the compounds can be used for the visualization of blood vessels after intraarterial and
also intravenous injection.

12. Process for the production of the metal complexes of general formula I
according to claim 1, wherein

a) a triiodo- or tribromoaromatic compound of general formula II
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Y'-NHR'
Hal Hal

R'NH-Y' Y°-NHR'

Hal (”)

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

w
|
<Y
o*c-B— N N—w
Q/T

W o
formula 111
in which

C*O stands for a —-COOH- or activated carboxyl group,

W stands for a protective group or a —CH,COOQX" 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'~(CHy)-NR?*<(CO-CHZ'-NH)»-CO-CHZ’- or -CH:-0-(CHz)»-NR'-(CO-
CHZ'-NH)-CO-CHZ?- and Y>-NR'-CO-B! for Y'-NR'-CO-B! or for the case that Y'-
NR'-CO-B' has the meaning first mentioned above, the latter also stands for-NR'-CO-
(NR ") CH2),-NR*-(CO-CHZ'-NH),,-CO-CHZ?-, whereby B' means the radical on the
first or second (viewed from K) carbonyl group between —CO- and K, and Y'or Y2
stands for the deficient radical of the linker group that is reduced by one imino group,

~and then optionally protective group W is removed and the radical CH;COOX is

introduced in a way that is known in the art or the protective group that optionally stands
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for X* is 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 IV
c'o
Hal Hal
c’o c’o
v
Hal (V)

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

Ay

coox

R'NH-Y: N N-—rw/
Q/Nk)
COOX' 9]

formula V

in which -C*O and X* have the above-mentioned meaning and —CO-NR'-Y? stands for
radical A' in the meaning of ~<CONR!-(CH,),-(CONR*CH;)n-CH(OH)CH,- and thus Y
is in the meaning of -NR'-(CHa),-(CONR*CH;),-CH(OH)CHj-, and then the protective
group that optionally stands for X‘is removed and then is 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



117

c) a triiodo- or tribromoaromatic compound of general formula VI

A1

Hal Hai
Al Al

Hal (VD)

in which
0]
7 N

Al stands for a radical —CH,-O-(CH,) -CH-CH,-

1s reacted in a way that is known in the art with a cyclene of general formula VII

w
|
N/w
H—N N—w
4/?\)
W (Vi)

in which W* stands for a hydrogen atom or a protective group, after the optionally
present protective 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-(CHy),-CHOH-CH,- or
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d) a triiodo- or tribromoaromatic compound of general formula VIII

CH,-Nucleofug
Hal Hal

Nucieofug-CH; CH,-Nucleofug
(Vi)
Hal

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

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

formula IX

in which

R! and W have the above-mentioned meanings, and B? stands for the radical
—(CHZI-NHCO)m-Csz- and then is further processed as indicated under a), such that
metal complexes of general formula I are obtained with A' in the meaning of radical
—CH,-NR'-CO-(CHZ'-NHCO)n-CHZ?, Whereby then optionally in the metal complexes,
obtained according to a)-d), of general formula I, still present acid hydrogen atoms are
substituted by cations of inorganic or organic bases, amino acids or amino acid amides.

13. Process for the production of the pharmaceutical agents according to claim 6,

wherein the complex compound that is dissolved or suspended in water or physiological
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salt solution, optionally with the additives that are commonly used in galenicals, 1s

brought into a suitable form for enteral or parenteral administration.



