1 ' Perfluoroal kyl - Cont ai ni ng Conpl exes, Process for their Production as
Well as Their Use Description The invention relates to the subjects that
are characterized in the clains, nanely perfluoroal kyl contai ni ng net al
conpl exes with nitrogen-containing radjcals of general formula |, process
for their production and their use in NVR and x-ray diagnosis, C
radi odi agnosi s and radi ot herapy, as well as in MRT | ynphography and in
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physi ol ogi.cal and pathophysi ol ogi cal structures and thus for inproving

di agnosti ¢ nf or mat i on, nanely the |ocation and the degree of the disease,
selection and nonitoring of the success of a targeted therapy and for
prophyl axi s. The conpounds according to the invention are suitable in a
quite special way for |ynphography, for tunor diagnosis and for infarction
and necroBeseriptisgti ng. C In the field of nuclear nmagnetic resonance, sone

fl uori ne-contai ni ng conpounds are known that can be used in the area of

i mgi ng. In nost cases, however, such conpounds are proposed only for use
in fluorine- 19 imaging and are suitable only for this application. Such

conpounds ar e TheRveERM rélates fdthe S8 at 408 cRFh@8ized 1P B cBRMs, namely
(Mal l'inckrodt), DE 4203254 ( Max-Pl anck-Gesellschaft), WO 93/07907

M P T SRS B B,
*159159* formula I, process for their production and their use in NMR and x-ray diagnosis,

< radiodiagnosis and radiotherapy, as well as in MRT lymphography and in blood-pool
imaging. The perfluoroalkyl-containing metal complexes are used in nuclear spin
resonance tomography (MRT) for visualizing different physiological and
pathophysiological structures and thus for improving diagnostic information, namely the
location and the degree of the disease, selection and monitoring of the éuccess ofa
targeted therapy and for prophylaxis.

The compounds according to the invention are suitable in a quite special way for
lymphography, for tumor diagnosis and for infarction and necrosis imaging.

C In the field of nuclear magnetic resonance, some fluorine-containing compounds
are known that can be used in the area of imaging. In most cases, however, such
compounds are proposed only for use in fluorine-19 imaging and are suitable only for this
application. Such compounds are disclosed in, for example, US Patent 4,639,364

(Mallinckrodt), DE 4203254 (Max-Planck-Gesellschaft), WO 93/07907 (Mallinckrodt),

US 4,586,511 (Children’s Hospital Medical Center), EP 307863 (Air Products), US
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L 1ttt HvVeer vl 1l ~~~~ ~li~ *@0002* 2 4,588,279 (University
of Cincinnati, Children's Hospital Research Foundation) and WO 94/22368

(Mol ecul ar Biosystens). Additional fluorine-containing conpounds that can
be used for imaging are disclosed in IS 5,362,478 (VIVORX), U.S. Patent

4,586,511, DE 4008179 (Schering), WD) 94/05335 and WO 94/ 22368 (both

nol ecul ar bi osystens), EP 292 306 (TERUMO Kabushi ki Kaisha), EP 628 316
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bet ween tHe t'wo nucl el acé 1 n conpou contaln’the el enents

fluorine [aTol Nt Nt ensive interaction does take place in conpounds
53R B Rcu PRSP

t hat contai gnetic centers (radicals, netal ions), and
said intensive,li ter?ﬁtion i s expressed i.n_a sh rtenc'}g)g,of .the rel axation
time of the flAYH} Herdieatrtainie campuRds Biat ¢3t; ke useq EF imagipeMEs on t he
nunber of unpaired electrons of the netal ion (Gd3+ > VMh2+ > Fe 3+ > Cu2+)

and on t hdisqlessd i Spetoded’ (VREORXD diddgRetentd, 386 11 aRE 408! 7DgBcherisg), The nore

unpaired el ectrons of the metal ion are present and the closer the latter
are br ougWoO 9403336 ahll Y80 9423 6hebotlr malteeular tesysteors), &M 263 306 (TERRUMO axat i on
time of the fluorine nucleus. The shortening of the relaxation tine as a

functi on Kibushigi Kaisks)VEP 628 816 (ITBRUMAr Kabaginiei Kaisha) and BEmIsepparent in al |
nucl ei with an uneven spin nunber, thus also in the case of protons, and
gadol i ni ymceenRpuUnds are therefore widely used as contrast

While no interactions between the two nuclei take place in compounds that
contain the elements fluorine and iodine, an intensive interaction does take place in
compounds that contain fluorine and paramagnetic centers (radicals, metal ions), and said
intensive interaction is expressed in a shortening of the relaxation time of the fluorine
nucleus. The extent of this effect depends on the number of unpaired electrons of the
metal ion (Gd** > Mn®* > Fe®* > Cu?*) and on the removal between the paramagnetic ion
and the '°F atom.

The more unpaired electrons of the metal ion are present and the closer the latter
are brought to the fluorine, the greater the shortening of the relaxation time of the fluorine
( nucleus.

The shortening of the relaxation time as a function of the interval from the
paramagnetic ion becomes apparent in all nuclei with an uneven spin number, thus also in
the case of protons, and gadolinium compounds are therefore widely used as contrast
media in nuclear spin tomography (Magnevist®, Prohance®, Omniscan® and Dotarem®).

In '"H-MR imaging ('"H-MRI), however, relaxation time T or T* of the protons,

i.e., primarily the protons of water, and not the relaxation time of the fluorine nuclei is



medi a in nucl ear spin tonography (Magnevist(r),
and Dotarem). In 'H M imaging ("HMI), however, relaxation time T or T2

of the protons, i
rel axation time of the fluorine nuclei
i mgi ng. The quantitative measurenent 3tor t he shortening of
time is the relaxivity [L/mmol. s].
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[L/mol -s] is thus observed for these contrast nedia in water. Both
fl uori ne doppodrremmeseiakpreparatioas isligdicsedii ng, in which the shortened
rel axation tinme of the fluorine nucleus is used, and
non-f | udri ne- cont ai ni ng conpplihRslaxivity inWater t he| TERalaaivityrin Plaseaof { he
protons jof water is neasured, are thus used sucgessfully for MR inmaging.
I'n the introduction of a perfilyRkREaEHaN-CHNTRI N| NImhddts,G3PCI 4 AT)
paramagnetic contrast nedium i.e., in the conb|nation of properties that
were pr e VISP O Do X i3

B DOTAREM® 3.5 43

" OMNISCAN® 3.8 4.4

PRO HANCE® 3.7 4.9

In these compounds, only interactions between protons and the gadolinium ion

take place. A relaxivity of about 4 [L/mmol's] is thus observed for these contrast media

in water.

Both fluorine compounds for fluorine-19 imaging, in which the shortened

relaxation time of the fluorine nucleus is used, and non-fluorine-containing compounds,

in which the relaxation time of the protons of water is measured, are thus used

successfully for MR imaging.

In the introduction of a perfluorocarbon-containing radical in a paramagnetic

contrast medium, i.e., in the combination of properties that were previously known to be

suitable only for fluorine-imaging compounds, with compounds that were used for proton

imaging, surprisingly enough, the relaxivity that relates to the protons of water also

quickly increases. It now reaches values of 10-50 [L/mmol's] in comparison to values of



suitable only for fluorine-imging conpounds, with conpounds that were used
for proton 1imaging, surprisingly enough, the relaxivity that relates to
the protons of water also quickly increases. It now reaches val ues of
10-50 [L/mml"'s] in comparison to valugs of 4 between 3.5 and 3.8
[L/mmol -s] as they were already cited Tor sone comrercial products in the
t abl e above. Perfl uoroal kyl -containing netal conpl exes are already known
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applicati.o ince the conpatibility is inadequate in nost cases. Thus,
there is 1§E$eftla§1'§a @60 for MRT contrast nedia that both have excel | ent

i mgi ng properties and are at the sane tinme excellently cqQmpatible in
obt ai ni ng t he FrsRuqraRlgicpataining metabsomplexegiasiypitsady knayst ﬁera.Drgﬁ%O? s
inmportant, for exanple, if tunors, including satellite netastases, are to
be di agnd®¥Bdl, M 99(HLel, PRI 14 S DB HMO38 hend B 1094085%e dihash over the

entire body is to be achieved. Malignant tunors netastasize in clusters in
regi onal domywlndsochesot behuseddayisfastoniby, Adwévenypthr slbaiplisstams omscedkbn al so be
i nvol ved. Thus, |ynph node netastases are found in about 50-69% of al

patients ynigatibBity BRadieqiasBrBost Badee, ThusbbRIE siihh eed oy MRIOGnEREY] , i Nn:
Fromrhol d, Stender, Thum (Eds.), Radi ol ogi sche Diagnostik in Klinik and

Praxi s [ Ragdiighp9bsdhald A00&H mhdindPropbitiad and #46lbOific 804k file Bk@BLA®Ke] . Vol une
'V, Thieme Verlag Stuttgart, 7th Ed., 434-496, 1984). The diagnosis of a
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thus a distribution of the contrast medium over the entire body is to be achieved.
Malignant tumors metastasize in clusters in regional lymph nodes, whereby
several lymph node stations can also be involved. Thus, lymph node metastases are
found in about 50-69% of all patients with malignant tumors (Elke, Lymphographie
[Lymphography], in: Frommhold, Stender, Thurn (Eds.), Radiologische Diagnostik in
Klinik und Praxis {Radiological Diagnosis in Clinical Studies and in Practice], Volume
IV, Thieme Verlag Stuttgart, 7" Ed., 434-496, 1984). The diagnosis of a metastatic
K attack of lymph nodes is of great importance with respect to the therapy and prognosis of
malignant diseases. With the modern imaging methods (CT, US and MRI),
lymphogenous evacuations of malignant tumors are only inadequately detected, since in
most cases, only the size of the lymph node can be used as a diagnostic criterion. Thus,
small metastases in non-enlarged lymph nodes (< 2 cm) cannot be distinguished from

lymph node hyperplasias without a malignant attack (Steinkamp et al., Sonographie und

Kernspintomographie: Differentialdiagnostik von reaktiver Lymphknoten-vergréfierung



nost cases, only the size of the | ynph node can be used as a di agnostic
criterion. Thus, snmall netastases in non-enlarged |ynph nodes (< 2 cm
cannot be distinguished from |ynph node hyperplasias w thout a malignant
attack (Steinkanp et al., Sonographie and Kernspintonographie:
Differential di agnosti k von reaktiver Lynphknoten-vergro(3erung 5 and
Lynphknot ennet ast asen am Hal s [ Sonogr aphy and Nucl ear Spin Tonography:
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desi rabl e .t hat .. n_usin cific nt nedi a, | h es with
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direct x-ray |ynphagraphy (injection_of an oily contrast medi um suspensi on
ina pr ed\é?téﬁa%Wﬁ‘the\}‘é%cé‘illﬁadi%- Riagivi3ad S&nl P4 asi ve met hod, used only
rarely, that can visualize only a feM/Iyngp drai nage stations.

Fl uor escence- ITaweuld de desirablertbatayhenaising spegiidc eontrestimestia, dyrnph nodeawiithal
experinments to be able to observe the |ynph drainage after their

i nt er st i trhethstagtrattacls dinrddiyiperplasé tyaph riodeecait betdistingiinhedacut aneous
adm ni stration, all commonly used markers for the visualization of |ynph

tracts and |ynmR directosrayayaphdprapymmpectioe of 8Csilt dbatradt hedias Quspershst ances

with a particulate nature ("particulates,” e.g., enulsions and nanocrystal
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descri bed arations have proven to be still not opfimally suitable for
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to be able to observe the lymph drainage after their interstitial administration. After
interstitial/intracutaneous administration, all commonly used markers for the
visualization of lymph tracts and lymph nodes have in common the fact that they are
substances with a particulate nature (“particulates,” e.g., emulsions and nanocrystal
suspensions) or large polymers (see above, WO 90/14846). The previously described
preparations have proven to be still not optimally suitable for indirect lymphography,
however, because of their deficient local and systemic compatibility as well as their small
C lymphatic passageway, which causes insufficient diagnostic efficiency.
Since the visualization of lymph nodes is of central importance for the early
detection of metastatic attack in cancer patients, a great need for lymph-specific contrast
medium preparations exists for diagnosis of corresponding changes of the lymphatic
system, which are characterized by very good compatibility. In terms of this invention,

the lymphatic system comprises both the lymph nodes and the lymph vessels. The

substances of this invention are therefore suitable for diagnosis of changes of the



detection of netastatic attack in cancer patients, a great need for

| ynph-specific contrast nedi um preparations exists for diagnosis of
correspondi ng changes of the lynphatic system which are characterized by
very good conpatibility. In terns of this invention, the |ynphatic system
conprises both the | ynph nodes and the’ | ynph vessels. The substances of
this invention are therefore suitable for diagnosis of changes of the 6

| ynphat i e - di j f t h nodes
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nodes. The hj ghest. possi bl e.contrast di um concentration and high
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uni form possi bl e | ynphati c concentration over several |ynph stations. The
burden on t he dgdvghest Rﬂsaawicgmrassﬁmfiwnb@nﬁgmmpw%@lgh a@i%@ FRIPSEBhpl et e
excretion of the contrast medium A quick start-up, if possible as early
as Wit hi rdeairgbdeasibe dingadsticallyt netevartninastamifam pessivle yowhatigseongendiation . i s

i mportant for radiological practice. Good conpatibility is necessary. Last

but not |®easievetat lyingphdegionabTe hdéraotethe pugrhl sipanisii shoeldive kagttlowdbdi a
available that allow both the primary tunor and a possible | ynph node
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that allow both the primary tumor and a possible lymph node metastasis to be visualized

in a diagnostic session.

Another important area in medicine is the detecting, locating and monitoring of
necroses or infarctions. Thus, the myocardial infarction is not a stationary process, but
rather a dynamic process that extends over a prolonged period (weeks to months). The
disease runs its course in about three phases, which are not strictly separated from one
another but rather are overlapping. The first phase, the development of the myocardial

( » infarction, comprises the 24 hours after infarction, in which the destruction progresses
like a shock wave (wave front phenomenon) from the subendocardium to the
myocardium. The second phase, the already existing infarction, comprises the
stabilization of the area in which fiber formation (fibrosis) takes place as a healing
process. The third phase, the healed infarction, begins after all destroyed tissue is

replaced by fibrous scar tissue. During this period, an extensive restructuring takes place.



| i ke a shock wave (wave front phenonenon) fromthe subendocardiumto the
myocardi um The second phase, the already existing infarction, conprises
the stabilization of the area in which fiber formation (fibrosis) takes
pl ace as a healing process. The third7phase, t he heal ed infarction, begins
after all destroyed tissue is replaced by fibrous scar tissue. During this
period, an extensive restructuring takes place. 7 Up until now, no precise

and reliable QEOGRIHONRT0 gélgfge Eﬁ@f’e\!ﬂaﬁlpgPoc%%Q%g&gtl&%wﬁ%a&%ﬁ'&bl&hﬁ@e of a

nyocardi al infarction in Iving patient to i agnosed. To evaluate a
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what point the .l ass occurred, since the type of therapy depends.on this
knowl edgdnyqedifIARRERS b s SRtV RPRPTERCS DAY SOk BHEGMeRATISN QSSYF o her
tissues, especially in the brain. Wiile the infarction can be healed to a
certai n dhatdndefindfiys)y logeinihg infasetiands ard afavhat peint the loss gecurdi sircedhgyani sm can
be prevented or at |east noderated in the case of a necrosis, locally
limted ttypsofetherapy Hependcorthissnowtedgevel op in nultiple ways: by injuries,
chem cal s, oxygen deficiency, or by radiation. As in the case of

i nfarction, tHafarkivanbeageotadnly hapemyochriiypebuphiso@cothern tissues, esppaiityant f or
further nedical treatnent. Tests to inprove the localization of infarctions
and necr ggege bint he use of contrast nedia in non-invasive processes such
as scintigraphy or nuclear spin tonography were therefore already carried

out earlier. IgnhhelihhRtigh Hﬁrpb%ﬁe%ﬁh% Qe eﬂ@rﬁtp&ifigitlﬁﬁaea\%rggﬂ ERS! S
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t he skin,

necrosis, locally limited tissue death. Necroses can develop in multiple ways: by
injuries, chemicals, oxygen deficiency, or by radiation. As in the case of infarction, the
knowledge of scope and type of necrosis is important for further medical treatment.

Tests to improve the localization of infarctions and necroses by the use of contrast
media in non-invasive processes such as scintigraphy or nuclear spin tomography were
therefore already carried out earlier. In the literature, tests to use porphyrins for necrosis
imaging occupy a large space. The results that are achieved, however, paint a

( contradictory picture. In addition, porphyrins tend to be deposited in the skin, which
leads to a photosensitization.

Contrast media, not derived from the porphyrin skeleton, for necrosis and
infarction imaging are described in DE 19744003 (Schering AG), DE 19744004
(Schering AG) and WO 99/17809 (EPIX). To date, however, there are still no
compounds that can be used satisfactorily as contrast media in infarction and necrosis

imaging and are characterized at the same time by excellent compatibility.



| eads to a photosensitization. Contrast nedia, not derived fromthe
porphyrin skeleton, for necrosis and infarction inmaging are described in
DE 19744003 (Schering AG, DE 19744004 (Schering AG and WD 99/17809
(EPIX). To date, however, there are stjll no conpounds that can be used
satisfactorily as contrast nedia in infarction and necrosis inmaging and
are characterized at the sane tine by excellent conpatibility. 8 The sane
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thronbi or arteriosclerotic plaque: there are no compounds t can be used
sati sfactporil as contrast. nedia for visualizing thronbi or.. .
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excel lent conpatibility. An object of the invention wasg therefore o nake
avai | abl &5 COMEALEETALRN istHARE Hab! OrFHOTARS SRS MEFHS Snd RtsciPeaRterz gi ng
properties as MRT contrast nedia and are suitable in particular for tunor
and necr o ihe samgdinepy exselleat conppas®dyy-aphy and/ or bl ood- pool inmagi ng and/ or
for visualizing thronbi or arteriosclerotic plaque, and at the sane | tine
are di sti ngui shredbjbgt of #reahveation wanihatefdre ko tpke Ttadaldb cettastmedihhat nvent i on
is achieved by the perfluoroal kyl -containing conplexes with a
ni t r ogen-luoetonithe ik Handkexicelidnk tdgingeproperg @B MR Ticotitast medialdnd bre- - X- - - - R,
QR (i) in which

suitable in particular for tumor and necrosis imaging, and/or lymphography and/or blood-

pool imaging and/or for visualizing thrombi or arteriosclerotic plaque, and at the same

( time are distinguished by excellent compatibility.
The object of the invention is achieved by the perfluoroalkyl-containing
complexes with a nitrogen-containing linker structure of general formula I
K— II.-*'X“' R,
Q—R
M
in which
R either represents
| a monosaccharide or oligosaccharide radical that is bonded via the 1-OH,
(

in which case Q has the meaning of a group selected from:

&-CO-(CHz)¢
3-NH-(CHa)n-€
8-(CH2)m-s

whereby
n” is an integer from 1 and 5, and

m is an integer from 1 and 6, and

whereby § indicates the binding site to linker L, and € represents the



R either represents a nonosaccharide or oligosaccharide radical that is
bonded via the 1-OH, in which case Q has the neaning of a group sel ected
from & O (CH2)'--e 8-NH(CH)" --s & (C H2),"-s whereby n" is an
integer from1l and 5, and mis an intgger froml and 6, and whereby 6
indicates the binding site to linker L7 and c represents the 9 binding
site toradical R or R has one of the foll ow ng neanings, then Q has the
meani ng of a directyinBRPGie B ri®AANR;2 Pol ar radical that is selected from
The conpl exes K of genefal fornmulas Il to V, whereby R here neans a
hydrogen atom gr a netal ion equivalent of the atomc nunbers 20-29,
31- 33, 37-39,(%2-44, 49 or 57-83, and radicals R2, R3, R4, U and U have
A car.bon ch

e e 19 1 CRaS oBEL P Bl SRR AL Bl AR 1
or branched, satur abto%g: ?{rmgarlllss aatp%{a?traed?c’al ’cahre]éj 1s selected from
e The complexes K of general formulas II to V, whereby R' here
means a hydrogen atom or a metal ion equivalent of the atomic
numbers 20-29, 31-33,37-39, 42-44, 49 or 57-83,
and radicals Rz, R3, R4, U and U' have the meaning indicated below,
or
¢ A carbon chain with 1-30 C atoms that is bonded via —CO-, -NR’-
or a direct bond to linker L,
which can be straight or branched, saturated or unsaturated, and
which
optionally is interrupted by 1-10 oxygen atoms, 1-5 -NHCO
groups, 1-5 -CONH groups, 1-2 sulfur atoms, 1-5 —NH groups or
1-2 phenylene groups, which optionally can be substituted by 1-2
( OH groups, 1-2 NH; groups, 1-2 -COOH groups, or 1-2 ~SOsH
groups, and which
optionally is substituted by 1-10 -OH groups, 1-5 COOH groups,
1-2 SOsH groups, 1-5 NH» groups, or 1-5 C;-C4-alkoxy groups,
whereby R” means H or C;-Cs-alkyl,

Rt is a perfluorinated, straight-chain or branched carbon chain with the



which optionally is interrupted by 1-10 oxygen atons, 1-5 NHCO groups, 1-5
-CONE groups, 1-2 sulfur atonms, 1-5 -NH groups or 1-2 phenyl ene groups,
whi ch optionally can be substituted by 1-2 (\ OH groups, 1-2 NH2 groups,
1-2 -COOH groups, or 1-2 -SO3H groups10 and which optionally is substituted
by 1-10 -OH groups, 1-5 -COOH groups, “1-2 SQ3H groups, 1-5 NH2 groups, or
1-5 C I -C4-al koxy groups, whereby R7 neans Hor Cl-C4-allcyl, Rf is a

perfluorinated, st r@ﬁﬁh&f@ﬁﬁﬂél@&h&ﬁ% fer e@%mgrﬁﬁ?in\éj dnlorddee, 10

formula --C ,F2,,E 1n whi represents a rm na uorine, ¢thlorine,
brom ne, iodine or hydrogen. ato and n stands far .the nunber -30, K
stands for a metal % 91)9918{5 Obg}ﬂi?%ﬁn alt?W’rﬁ.‘i‘Hé‘ Slta}nfas f%&ﬁ@“@rﬁgﬁ r R OOC ~
NO COOR in which R neans a hydrogen atom or a netal ion equival ent of
atom ¢ nunber K 21-Segds fr agnetal ppmptex of gengaal fanuds g7 g3,

‘COOR®

(.
L
ST

ROOC”
{

COOR?

‘ {n
.- in which
R' means a hydrogen atom or a metal ion equivalent of atomic numbers
21-29, 31-33, 37-39, 42-44, 49 or 57-83,
provided that at least two R' stand for metal ion equivalents,
R*and R?, independently of one another, represent hydrogen, C,-C,-alkyl,
benzyl, phenyl, -CH,OH or -CH,OCHj3, and
U stands for -CsHs-O-CH;-w-, -(CH,);.5-®, a phenylene group, a -CH,-
NHCO-CH,-CH(CH,COOH)-CgH4-w-, -CeHs-(OCH,CH)g.1-
N(CH,COOH)-CH;- or a C;-Cj,-alkylene or —(CHz)7.12-CsHs-O group
that optionally is interrupted by one or more oxygen atoms, 1 to 3 -NHCO
groups, or 1 to 3 “CONH groups and/or is substituted by 1 to 3

—(CH2)o.sCOOH groups, whereby o stands for the binding site to ~CO-,

or of general formula III



provided that at least two R stand for netal ion equivalents, R2 and RS,

i ndependently of one another, represent hydrogen, Cl-C7-alkyl, benzyl,
phenyl, -CH2OH or -CH20OCH3, and U stands for -C6H4-O CH2-w, -(CH2)1 5-w, a
phenyl ene group, a -CH2- NHCO CH2- CH( OOCH) - C6H4-w, - C6H4- (OCH2CH2) 0_1-

N( CH2OOOH) - CH2-w or a Cl- C12- al kyl ene dr _(CH2) 7_12- O6H4- O group t hat
optionally is interrupted by one or nore oxygen atons, 1 to 3 -NHCO

groups, or 1 to 3 -CONH groups and/orc(i)(?Rsubstitut ed by | to 3

-(CH2) 0_5CO0H groups, whereby w sta or the binding site to -CO, or of
general formula Il 11 COOR N U KR COOR (Ill) in which R has
t he above-nenti oned neaning, R4 ep esepfl ogen or a netal ion

equi valent that is nentioned u R, a-rlfL presents - C6H4- O CH2- (o- or
a group -{CH2)p-, whereBjOOGO ns the binding site to -CO and p' is an

i nteger between 1 and 4, or of formula IV COOR N R3

COOR’
()

in which R' has the above-mentioned meaning, R* represents hydrogen or a metal
ion equivalent that is mentioned under R', and U’ represents —CsH,-O-CH,-o- or a group
(‘ —(CH2),-, whereby o means the binding site to -CO- and p' is an integer between 1 and
4,

or of general formula IV

(
T
Riogc &/ﬁt\)/l\gw
COOR' w

(_ in which R! and R? have the above-mentioned meaning

or of general formulaV A or VB

N_——CO'\N
(\ ~-COOR"
~—N

R'COC ;’ COOR?
\’N:CO OR?

(VA)



ROOC~ Il COK (1V) in which R and R2 have the above-nenti oned neaning
or of general formula VAor VB WCO '-COOK R OOC~- \ ""COOR COX (V
A 12 -COKX 0 N'--COK' -COOR 11 ~COX' (V a) in which R has the
above-nenti oned nmeani ng, or of generallzforrrula VI ROOC-- /---\ Nr-CO- w
R OOC--~N "_COOR (V)

~—COOR"
~COQOR*

~—COOR?
~COOoR?

N
0 ¢
yo=C Q
N
(V B}

in which R' has the above-mentioned meaning,

or of general formula VI

( R‘OOC“\N/ \N = O—
RYOOC—" ~—CQOR"

v

in which R' has the above-mentioned meaning,

or of general formula VII

O
RIOOC—_
N
ROOC—" U"'u““-
R1OOC—,

ROOC—"
| vin

in which R' and U1 have the above-mentioned meaning, whereby ® means the

binding site to —-CO-,

or of general formula VIII



in which R has the above-nentioned neaning, or of general fornula VII

R O0C _Il. 0 ROOCN RO0OC-,, ROOC . (VII) inwhich R and Ul have the
above-nmenti oned neani ng, whereby w neans the binding site to -CO, or of
general formula VIII 13 N N OR C 2] OORL OOR (Vill) in which R

has t he above-nenti oned neani ng, and represents a straight-chain or

branched, saturated or unsaturated Cl-C20 al kylene group that optionally

contains imno, phenylene, p | enoxy, phenyl eni m no, am de, hydrazide,
carbonyl, ester groups? n, ’agﬁyor nitrogen aton(s) and that
optionally is substitute Y™ hydr , memgapt o, oxo, thioxo, carboxy,

car boxyal kyl , ester and? am no_brup(s), .and free acid groups,

optionally present in radi KMN<can optionally be present as salts of
organi ¢ and/ or inorgani c bhs iji?ino acids or amno acid am des,
o~ TOR, 07 TOR,
(Vify

in which R' has the above-mentioned meaning,

and U? represents a straight-chain or branched, saturated or unsaturated C;-Cxo
alkylene group that optionally contains imino, phenylene, phenylenoxy, phenylenimino,
amide, hydrazide, carbonyl, ester groups, oxygen, sulfur and/or nitrogen atom(s) and that
optionally is substituted by hydroxy, mercapto, oxo, thioxo, carboxy, carboxyalkyl, ester
and/or amino group(s),

and free acid groups, optionally present in radical K, can optionally be present as
salts of organic and/or inorganic bases or amino acids or amino acid amides,

and L represents a radical that is selected from radicals IXa) to IXc) below:

P\ W
N—(CReR®), —~W—(CR®R®),, —N
Y
, {IXe)
(
44 /,ﬁ

\ , .
/N __(CBBRB )y —W —(CR®R¥) . — ﬂ
Y



and L represents a radical that is selected fromradicals |IXa) to | Xc)
ym - H(M r IN(CRBR8')n. -W (CRBRS8
)ym -N 14 (IXb) a-NH(CH2)qg,-CHCG (31 NH(IXc) whereby n' and ni,
i ndependent|y of one anot her, represenf
+ n' > 1; preferably mM + n' is equal
i ndependently of one another, are either -H or -OH whereby with m + n
1, each group -(CR8R8')- can be different, and Wis either a direct bond,
-0- or a phenyl ene group, which optionally can be substixputed by 1 to 4
hydroxy groups, and q' is either 1, 2, 3 or 4, whereby a neans the binding
site of L to conplex K, (3 is the binding site of L to radical Q and vy
represents the binding site of L to radi cal

below. /a N -(CR$Rs )n W (CRBRS'

formula (V)

4

!
NH

l |
¥ (IXc)

whereby n’ and m’, independently of one another, represent an integer between 0
and 4, and m’ + n’ > 1; preferably m’ + n’ is equal to 1, 2, or 3, and

R¥and R?, independently of one another, are either —-H or —OH, whereby with
m’ +n’ > 1, each group —(CR®*R®)- can be different, and

w is either a direct bond, -O- or a phenylene group, which optionally can be
substituted by 1 to 4 hydroxy groups,

and q’ is either 1, 2, 3 or 4,

whereby a means the binding site of L to complex K, B is the binding site of L to
radical Q, and y represents the binding site of L to radical X,

and

X stands for a group of formula (VI)

P—Y~—(CH,), —(BG)}—(CHp), —C
(X)

whereby Y means a direct bond, a group —CO- or a group NR,

whereby R® stands for —H or a straight or branched, saturated or unsaturated
C;-C;s carbon chain, which can be interrupted by 1-4 O atoms,
1-3 =NHCO groups, 1-3 -CONH groups, 1-2 —SO, groups, 1-2 sulfur

atoms, 1-3 —-NH groups or 1-2 phenylene groups,

an integer between 0 and 4, and ni
to 1, 2, or 3, and R8 and R8',

>

X, and X stands for a group of



p-Y-(CH2)5 -(Qt-(CH2)B. --c (X) whereby Y neans a direct bond, a group
-CO or a group NR6, whereby R6 stands for -H or a straight or branched,
saturated or unsaturated Cl-Cl5 carbon chain, which can be interrupted by
1-4 0 atons, 1-3 -NHCO groups, 1-3 - H groups, 1-2 -SO2 groups, 1-2

sul fur atons, 1-3 -NH groups or 1-2 enyl ene groups, 15 which optionally
can be substituted by 1-2 OH groups, 1-2 NH2 groups, 1-2 -COCH groups or

1-2 - SQ3H gr oupg; { i IS i t Ut € B OH groups,
115 - oo gr oupmch BRSHILER ELARE Sy 1% PEREb L SR b, Tl Koy

groups, and G neans,ej H&E - (- 5 SER- nd s', independently of one
anot her, nean eithglle_bor fgmtgpsrrgl]z’aln% el flﬁgfo > or 1, and p represents the

binding site of X.tq L and. ~ represe sthqugindin Sj f Xto Rf. In a
preferred enboﬁdﬁgﬂ‘%’, Ownggywa St‘ém%f{]é%'-lgl g“b‘%ap? %E)éﬁgré’ﬁ?ﬁ’be
interrupted by 1-3 0 _atonms and which can be substituted by 1-4 -OH groups.

In an especial |y prifePPed Sewpedi-hiibk 2repsi o 1a5 Er-Caplkaxp giougs.oup. In a
preferred enbodi nent, G nmeans the group -0-. In an especially preferred
enbodi ment, t aad@ mepgs eithpr €Peomr-82enbodi nent, Wis a direct bond.
s and s’, independently of one another, mean either 1 or 2, t means either 0
or 1, and
p represents the binding site of X to L and £ represents the binding
site of X to Rs.
In a preferred embodiment, R® is H or a C;-Cg-alky] group, which can be
interrupted by 1-3 O atoms and which can be substituted by 1-4 —-OH groups.
In an especially preferred embodiment, RS is a C,-C, alkyl group.
In a preferred embodiment, G means the group —O-.
In an especially preferred embodiment, t = 0.
In a preferred embodiment, W is a direct bond.
In a preferred embodiment, radical R that is bonded to linker L via a —CO-, -NR’-
( or a direct bond is a carbon chain with 1-30 C atoms that is interrupted by 1 to 10 oxygen
atoms and/or is substituted by 1-10 OH groups.
In an especially preferred embodiment, R is a C1-C12 carbon chain that is bonded
via a —CO-, -NR’- or direct bond to L, which is interrupted by 1 to 6 oxygen atoms and/or
1s substituted by 1-6 OH groups.

If the compound according to the invention is intended for use in NMR diagnosis,

the metal ion of the signaling group must be paramagnetic. These are in particular the



In a preferred enbodi nent, radical Rthat is bonded to linker L via a -CO,
-NR7- or a direct bond is a carbon chain with 1-30 C atons that is
interrupted by Ito 10 oxygen atons and/or is substituted by 1-10 OH
groups. In an especially preferred eng dinment, Ris a C 1-C 12 carbon chain
that is bonded via a -CO, -NR7- or rect bond to L, which is interrupted
by 1 to 6 oxygen atons and/or is substituted by 1-6 OH groups. If the
Compound G SRt B LIMEALLOBr JSmldEIARD L85 4358 i P05, I agn0s! s,
the metal 1on o he si g

gr oup nust par amignetl Cc. These are in

unber . SHSEE g5 0B Y e f o ® ol &wlia@.’)mat"r"tﬁe

chromunm(111), iron(ll), cobalt (I1), nickel (Il) copper ( h

pr as eody rfoBRRT{ID) prassedy@m Gl neodymilme; sameripmy Tl Aed W%WB}( Riemst) i ons.
Because of their strong magnetic rmrrent gadol i ni un(l1 Igi t er bi unill 1),
dyspr osi UBeeRuse)of thefroitiong magndtic, m@nwm@phmym(hl})dnl(bumn()lﬂ doispresigraddse( | 1)

ions are especially preferred. For use of the conmpounds according to the
i nvent i orhotmium{8I)e erbiums(dil}; inoa(111] aralimexjaacreds) isnsard esprdialy hefaed) , t he net al
ion nmust be radioactive. For exanple, radioisotopes of elenments with

atom ¢ nunber Fo2dse @A%he mPotindSdccdRlinghd thedBverfidn i®Auclddht medidneand 77 are
suitable. Technetium gallium indium rheniumand yttrium are preferred.

If the c Pﬂ&@d&‘éﬁn@%%cﬂfaﬁ%tﬂe?aﬁyb‘%hé ﬂ\éfaﬂdn%hs‘t Be Al ABGRI HoPExdiSel N X-Tay
di agnosis, the netal ion is preferably derived froman el enent of a higher

o FRSEs i NG S B L0l 9 e U
(2:8 ' aﬁ;i gl aaglg\r;@ :a? Xsaltlit%glff 3‘5 Itgaéz}lfé%ﬂznglﬁjme lrheegﬁl% and> }]:ttrlal}rﬁ) are prefgngg? ers 25,
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
sufficient absorption of x-rays. It was found that for this purpose, diagnostic agents that
contain a physiologically compatible complex salt with metal ions of elements of atomic
numbers 25, 26 and 39 as well as 57-83 are suitable.
Manganese(I), iron(II), iron(1II), praseodymium(IIl), neodymium(III),
samarium(IIl), gadolinium(III), ytterbium(III) or bismuth(IIl) ions, in particular
{ dysprosium(III) ions and yttrium(III) ions, are preferred.
Acidic hydrogen atoms that are optionally present in R', i.e., those that have not
been substituted by the central ion, can optionally be replaced completely or partially by
cations of inorganic and/or organic bases or amino acids or amino acid amides.
Suitable inorganic cations are, for example, the lithium ion, the potassium ion, the

calcium ion and in particular the sodium ion. Suitable cations of organic bases are, i.a.,

those of primary, secondary or tertiary amines, such as, for example, ethanolamine,



Manganese(l1l), iron(ll), iron(lll), praseodymun(lll), neodymun(Illl),
samariunm(111), gadoliniun(lll), ytterbium(l1l) or bisnmuth(lll) ions, in
particular dysprosium(lll) ions and yttriunm(lIll) ions, are preferred

Aci di ¢ hydrogen atons that are option Hly present in R, i.e., those that
have not been substituted by the central ion, can optionally be repl aced
conpletely or partially by cations of inorganic and/or organic bases or

ani no aci d%thgﬁoremrﬁomapdhenwgﬂemmﬁurqtmaineethﬁghgﬁﬂme bl ARGk &  Or

exanpl e, the 1t hi umion heé pot assi um i on, calciumion and in
ltoﬁr ticul aﬁle{h%ﬁc%lﬁgn 4} b1e%h'ﬁ&@%'f?m‘ﬁl%técPda%reOffor%&%ﬁfe thQ?esoe}ﬁy L. a.,
ose of pri iar exanple

et hanol am ne, 17 di thanol h am ne

N N ot HPT A  l dah PEGLP! Mpe d&%@ﬂifﬂéﬂ%ﬁl%r e
cations of amno acids are, for example, those of |ysine, arginine and

or ni t hi ne as wesnecighy Pﬁée%ﬁllcdé@%‘?dsﬁf peeipl fernats Hare thse matirmagroyio aci ds.
Especially preferred conpounds of general forrmula | are those with

macr ocycl campawdfoofgtngrabformeladl.al formula IT. Radical Uin nmetal conplex K
preferably nmeans -CH2- or C6H4-O CH2-w, whereby co stands for the binding
site to -CO . RadiealJ @feéthladnipndxod ipreferhbly Wieahs-@HCor CHalkgHe g chai n,

whi ch optionally is interrupted by I to 2 -NHCO groups and/or | to 2 O

at ons, ang $¥3§§% ﬁygﬁaﬁggﬁggp{gy 1to 3 -0OHgroups. Radical U2 in

t
nmet al conp preferab s 1n partlcular - a linear al kylene group
wth 1to6 C ﬁta preferreg egx%odllm%gtl is a‘ C13 C?Ellkylene cﬁe}ir?,r{vsﬁichocl;ptionally is

( interrupted by 1 to 2 -NHCO groups and/or 1 to 2 O atoms, and which can be substituted
by 1 to 3 —OH groups.

Radical U? in metal complex K preferably means in particular:

- a linear alkylene group with 1 to 6 C atoms, in particular 2, 3 or 4 C

atoms, or

- a linear alkylene group with 1 to 6 C atoms, in particular 2,3 or4 C

atoms, which is interrupted by 1 O atom, or

- a linear alkylene group with 1 to 6 C atoms, in particular 2, 3 or 4 C

( atoms, which contains an -NHCO group.

In an especially preferred embodiment, U is an ethylene group.

Alkyl groups R? and R? in the macrocyclic compound of general formula II can be
straight-chain or branched. By way of example, methyl, ethyl, propyl, isopropyl, n-butyl,
1-methylpropyl, 2-methylpropyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl,
and 1,2-dimethylpropyl can be mentioned. R” and R’, independently of one another,

preferably mean hydrogen or C;-Cs4-alkyl.



a linear alkylene group wwth 1 to 6 C atons, in particular 2, 3 or 4 C
atons, which is interrupted by 10 atom or - a linear alkylene group with 1
to 6 C atons, in particular 2, 3 or 4 C atonms, which contains an - NHCO
group. In an especially preferred enbgginent, U2 is an ethyl ene group.

Al kyl groups R2 and R3 in the macrocyclic conpound of general fornula II
can be straight-chain or branched. By way of exanple, nethyl, ethyl,

D ot iyt butyt S AP RERL prer R R R SIERPRREIIN K FAREILY ! Lan be

nentlonqupﬁéfand R3, independently of one another, preferably nean

hydr ogen Yc4- al kyl. 18 In a quite especially preferred enbodi nent, R2

stands for netlyl and R3 stands for hydyogen. The benzyl gro or the
phenyl group e&ﬁnﬁg grwprpag?ed@gﬁeﬂi%%%ﬁ%dnw&focya&]mwﬂ%ﬁrﬁﬂ a ll can
al so be substituted in a ring. In another preferred enbodi ment of the

i nvent i orgenRakioamyladl easrrdspdectvbstitated inagingal with 5 or 6 C atons,
preferably glucose, nmannose, gal actose, ribose, arabinose or xylose or

t heir deoxy suganotheyrbfeasd emhbodiaeamngfltiks inGerdmoxR gadans 8 omeosatcrode) or 6-
deoxymannose (rhammose) or their peral kyl ated derivatives. Especially

pref er r edradicsl wi $1606 €, atdras) peFerably G gaba eiahfcse, gdladdese! tilsosk adrabimgzBese. | n
anot her preferred enbodi nent of this invention, Ris selected fromone of

the fol |)8M‘65@9>r frraeh &@J(y‘ﬁéug’aﬂ:(s@h%?gr @%ﬁl@g-@ﬁxygalactose (fucose) or 6-

deoxymannose (thamnose) or their peralkylated derivatives. Especially preferred are
glucose, mannose and galactose, in particular mannose.
In another preferred embodiment of this invention, R is selected from one of the

following radicals:

~C(O)CH,O[{CHZ),O)R’
—C({O)CHOCH[CH:0CH(CH;0R )
—C(O)YCHZOCHZCH[CH,OCH(CH20R )k
~R“N[(CHz)0}R”
~N{[{CH2).O} R }2
~R**NCH,CH(OH)CH,OH
—N[CHzCH(OH)CH,CHI,

, —R"NCH(CH;OH)CH(OHYCH,OH

. ~N[CH({CH;OH)CH(OH)CH20H],
~R"NCH[CH0CH(CHOR )l
~R""NCHCH[CH,OCH(CH;0R )l
~R’"NCH,CH;OCHICH:OCH(CH,0R )]z
—R*"NCHzCH,OCH,CHICH,OCH(CH:OR J2ls
~N{CH[CH,OCH(CHz0R )L
~N{CH,CH[CH,0CH(CH,OR Y2k}
~R*"NCH,CH{OH)CH{OH)GH(OH)CH(OH)CH,0H
—N[CHzCH(OH)CH(OH)CH(CH)CH(CH)CH,0H],

and a complex of formula (II), with Q in the meaning of a direct bond,



- C(0) CH2OC H[ CH, OC H(C H20 R )~J2 -C(0) C HZOC H2C H[ CH2OCH( CH20OR ) 2I 2
“R. N (CH2)20]pR -N[(CH2)20 R "h - R'NCH2CH( OH) CH2OH

- N[ CH2CH( OH) CH2OH| 2 - R " NCH( CH20H) CH( OH) C H2OH - N[ CH( CH20H) CH( OH) CH2OH]
-R "NC H[ CH2OCH( CH20R )21z -R " NCHZCE[ CH2OCH( CH2OR ) 2] z

- R' NCH2CH2OCH[ CH2OCH ( OHROR') 2] 2 - R " NCHZC HROCH2C Ht GHROC H( CHROR ) 2] 2

- N{ CH[ CH2OCH(C H20R ) 2] 2}2 - N{ CH2CH[ CH?OCH( CH2OR ) 2] 2?2 --R ' NCH2C
H(OH) C H ( OH) Gripkhyatd( R H GlHd@Hare-dififkéd4sHbOdd fFriféAilufiQH) CH( OH) CH20HI2 and

a conplex of formula (11), with Qin the nmeaning of a direct bond, 19

whereby R, R3 ;apghdl1as & def igneds gsg above for formula (11), pis
ei ther 1, 2,R§0 4, 5,76, ’7,’8(’)r9,’6rl ’d§s gither Hor CH3, and R' is either H

o oS! o0t 8 st sl P b SRy P e, 201,
p is preferably 1, 2, 3, or 4.
The polar radicals that are indicated here are commercially available products or
are produced according to the methods that are described in the literature.
Cassel et al., Eur. J. Org. Chem., 2001, 5, 875-896
Whitessides et al., JACS, 1994, 5057-5062
Voegtle et al., Liebigs Ann. Chem., 1980, 858-862
Liu et al., Chem. Commun., 2002, 594
Mitchell et al., Heterocyclic Chem., 1984, 697-699
Bartsch et al., J. Org. Chem., 1984, 4076-4078
Keana et al., J. Org. Chem., 1983, 2647-2654
In a quite especially preferred embodiment, R is a radical of formula:
-C(O)CH20O[(CH,),0]pR’ that is bonded via —CO- to L.
With p and R’ in the above-indicated meaning, R’ is especially preferably the
(" group CHs.
In another preferred embodiment, Q has the meaning of a group that is selected
from:
8-CO-(CHy)n-¢
whereby
n” is an integer from 1 and 5, and

L at the same time has the meaning of a group of formula IXa or IXb.



are produced according to the nethods that are described in the literature.
Cassel et al., Eur. J. Og. Chem, 2001, 5, 875-896 Whitessides et al.,
JACS, 1994, 5057-5062 Voegtle et al., Liebigs Ann. Chem, 1980, 858-862
Liu et al., Chem Conmun., 2002 594 %tchell et al., Heterocyclic Chem,
1984, 697-699 Bartsch et al. : Chem, 1984, 4076-4078 Keana et
al., J. Og. Chem, 1983, 2647 2654 In a quite especially preferred

enbodi nent, Ryj ' ' is
bonded via - C(I;\ aP%hEr.a&\ElgeﬁJ ﬁd g@%‘%@“ ﬁhatsﬁ}g a%ag\l?é-l ng{'< gl}aﬂzt %tp%s%{%&&}
especi al Ir%(gﬁ.ref erably the group CH3. In another preferred enbodi rrent Q
has the ing of a group that is selected from 6-CO(CH2)n"-E V\/nereby
n" is an integer froml and 5, and L at the sane tinme has the neaning of a
group of formf-¥H&Har-61 Xbo. 20 In another preferred enbodinent.. Q has
the neaning of a group that is selected from: 6-NH(CH2)n"-c V\/nereby
whereby

n” is an integer from ! and 5, and

L at the same time has the meaning of a group IXc.

Of the compounds of general formula I according to the invention, in addition
those are preferred in which R¢ means —C,Fan+1; i.€., E in the formula —C,F,,E means a
fluorine atom. n preferably stands for the numbers 4-15. Quite especially preferred are
the radicals —~C4Fg, -CgFy3, ~-CsF7, -C12F>5 and —C14F»9 as well as the radicals of the
compounds that are mentioned in the examples.

The nitrogen-containing radical L in general formula I, which represents the
“skeleton,” means the amino acid radical (Vc) in a preferred embodiment of the
invention.

In another preferred embodiment, the nitrogen-containing radical L in general
formula I represents a diamine radical of formula (IXb) or (IXa).

( The perfluoroalkyl-containing metal complexes with a nitrogen-containing linker
structure of general formula I
l’(“—ll.—)(--—Rf
Q—R
)
with K in the meaning of a metal complex of general formulas Il to IV and L, Q,

X, R, and Rrin the above-indicated meaning,



n" is an integer from1l and 5, and L at the sane tinme has the nmeaning of a
group I Xc. O the conpounds of general formula | according to the
invention, in addition those are preferred in which Rf neans --CnF2n+1;
i.e., Ein the fornmula --CnF20E neans 2 fluorine atom n preferably stands
for the nunbers 4-15. Quite espe0|aII§ preferred are the radicals -C4F9,

- C6F13, -C8F17, -Cl2F25 and -Cl4F29 as well as the radicals of the

conmpound re: ifr i ng

rad cal i&éﬁf%‘g%%grgl Pl ARG bl B PURTR £l RSP ERRRARRI D2 ¢ e
am no aci.d radical (Vc) in a preferred enbodi nent of the invention. In
anot her d ferred enbodi nent, the nitrogen-containing radical L in general
formula | represents a diam ne radical of formula (1Xb) or (I1Xa). ~,. The
per f 1 uoroal kyl - cont ai ni ng netal(xaﬁﬁg?es with a nitrogen-containing |inker
structure of general formula | K QR with Kin the neaning of a
nmetal conpl ex of general for /4 Lo IV and L, Q X R and Rf in the
above-indi cat ed neani ng, 21 ar eN \§y ced,lln way that is known in the
art, by a carboxylic acid of enerqh BHLOORS ,/__-C" RR R O

R°0OC” |
K,N\) ©
COOR® (ha)

in which R® means a metal ion equivalent of atomic numbers 21-29, 31-33, 37-39,
42-44, 49 or 57-83 or a carboxyl protective group, and R?, R? and U have the above-

mentioned meaning,

or a carboxylic acid of general formula Illa

COOR®

"°°R,?L
OH
rR*0oC” C,

( COOR (Ma)

in which R4, R’ and U' have the above-mentioned meaning,

or a carboxylic acid of general formula [Va



R50DC N <~NI OH COCRS Ita t) 1in which R5 nmeans a netal ion equival ent of
atom ¢ nunbers 21-29, 31-33, 37-39, 42-44, 49 or 57-83 or a carboxyl
protective group, and R2, R3 and U have the above- nentioned nmeaning, or a
carboxylic acid of general formula Illa COORS N rOOR4 RSOOC.,-- N U OH

N COORS (tlla ) in which R4, R5 and?UL have the above-nenti oned meani ng,
or a carboxylic acid of general formula I'vVa 22 Coops r ."N RsOOC NCH N

4 COOR
comn5

e
R"O0C {/ \)

COOR"' (IVa)
in which R® and R? have the above-mentioned meaning,
. or a carboxylic acid of general formula Va or Vb
oGO0 ~COOR?
~CO00 N_Coor®
RoOC” g
&N/—COOR HOOC —~COOR®
~CNOR® -NN_coor®
(va) (Vb)
in which R’ has the above-mentioned meaning,
or a carboxylic acid of general formula VIa
( Rsooc—\N/—“\ _—CO-0H
R*00C—" ~—COOR*
{(Via)

in which R’ has the above-mentioned meaning,

or a carboxylic acid of general formula VIla



(I'va) in which R5 and R2 have the above-nenti oned neaning, or a carboxylic
acid of general formula Va or Vb NCO- Oy -COORS ~COOR N~-COOR$ R25COC ~'N

5 HOOC -000R .-COORS rr)OR$ ! ,-CQORS (Va) (Vb) in which R5 has the
above-nmenti oned neani ng, or a carboxylic acid of general fornmula Via
R6OOC-- / .. COOH R60OQC-,N N Nom - S (Via) in which R5 has the

above- nenti oned neaning, or a carboxylic acid of general fornmula Vila 23
RIMC--' 0 R500C_" N UWH R500C F 500%~N (Vila)

R*00C—_
Rsooc—fN u‘-’U\OH
RPO0C—_ A/
rRPfOOC—
(Vha)

in which R and U' have the above-mentioned meanings,

S
C
>_/\__/

{Viila)

in which R’ and U? have the above-mentioned meanings,
being reacted in optionally activated form with an amine of general formula XI

H—L—X—R,

Q—R
(X)

in which L, R, Ry, Q and X have the above-indicated meaning, in a coupling
reaction and optionally subsequent cleavage of optionally present protective groups to
form a metal complex of general formula I

or

if R® has the meaning of a protective group, being reacted after cleavage of these
protective groups in a subsequent step in a way that is known in the art with at least one

metal oxide or metal salt of an element of atomic numbers 21-29, 31-33, 37-39, 42-44, 49



in which R5 and U have the above-nentioned neanings, ORCHOH N N O OR$ O
ORS (Villa) in which R5 and U2 have the above-nentioned neani ngs, being
reacted in optionally activated formwi th an am ne of general fornula Xl
H-L-X--RL QR (XI) inwhichlL, R , Qand X have the above-indicated
meaning, in a coupling reaction and Optionally subsequent cleavage of
optionally present protective groups to forma netal conplex of general

formul a 1,.ap_g3i %}dﬁ?ﬁrhqfsdetsﬂgd ?Eﬁ&aﬂg pPserft a@fd?é}?};a}(g%ﬁ ag)rn%%'nggs?iog’tgcu{eﬁam ed

after cleavage €se prdtective groups In-a sequen ep In a way
that is H?OMF inthe art Wgth at .l east one tal oxide or.nmetal salt of an
el ement oF BHYH 4 AURHLT SUY_ osganiGRasss aminh agls op amjnp aGaABIes o~ 5783, and
then, if desired, optignall resent aci di c hydropgen atons being
substituted  BYISRIORSHLOTSRe bR lﬂﬁlgnpﬁmmmpls* @%{ﬁwhﬁég@sa,mlg?ﬁlﬁo aci ds or
am no acid am des. This process for the production of netal conplex
car boxy| ikaogsifepnaRENSS 32386known from DE 196 52 386. The mixture that is
used in the coupling reaction and that consists of netal

The mixture that is used in the coupling reaction and that consists of metal

complex carboxylic acid IIIb, which contains optionally present carboxy and/or hydroxy
groups in protected form and at least one solubilizing substance in an amount up to 5,
preferably 0.5-2 molar equiva.lents relative to the metal complex carboxylic acid, can
both be produced in an upstream reaction stage and isolated (e.g., by concentration by
evaporation, freeze-drying or spray-drying of an aqueous or water-miscible solution of
the components or by precipitation with an organic solvent from such a solution) and then
can be reacted in DMSO with dehydrating reagent and optionally a coupling adjuvant and
can be formed by metal complex carboxylic acid, dehydrating reagent and opfionally a
coupling adjuvant in situ optionally by adding solubilizing substance(s) to the DMSO
suspension.

The reaction solution that is produced according to one of these processes is held

( for pretreatment (acid activation) for 1 to 24, preferably 3 to 12 hours, at temperatures of

0 to 50°C, preferably at room temperature.

Then, an amine of general formula X1

H—L—X—R,

Q—R
(X1}

in which radicals L, R, R, Q and X have the above-indicated meanings, is added without

solvent or in dissolved form, for example in dimethyl sulfoxide, alcohols such as, e.g.,



conpl ex carboxylic acid Illb, which contains optionally present carboxy
and/ or hydroxy groups in protected formand at |east one solubilizing
substance in an amount up to 5, preferably 0.5-2 nolar equivalents
relative to the netal conplex carboxy%'c acid, can both be produced in an
upstreamreacti on stage and isolated (e.g., by concentration by
evaporation, freeze-drying or spray-drying of an aqueous or water-m scible

sol ution n@éthanbh%t}ﬁﬁﬂg)gﬂﬁﬂbém@br Yir i@l foﬁha@mevmmat% oRh&RiL Gva& vent
fromsuch a solution) and then can be reacted in DMSO wi th dehydrati ng

reagent %thés QP He! c)/te@sc?]@ﬁm? dﬂr@fgraﬁgj M‘ﬁ%ﬂ&th?ﬂ%fgﬁﬁ@ iR %vatﬁ? pﬁldso%nge tal

conpl ex carboxylic acid rating reagen opt | ona coupl i ng

adj uvant situ t. din sub tan t he DMVSO
ispensi iR sk RinpRt ?Pa#bd% oy e Bl bR &?%ISEﬁ@ of

t hese processes is held for pretreatment (acid activation) for 1 to 24,

pr ef er ablaytempegturss ofdljos/0° Gy preferabby 2 @radsColor 1 o #Hhgoe prefeimblyr&ioi2¢ at room
tenperature. Then, an am ne of general formula XI L HL-X--RL QR (XI) in
which radiosml s L, R, Rf, Q and X have the above-indicated neanings, is
added wi thout solvent or in dissolved form for exanple in dinethyl

sul f oxi de, al @obahscaeg; it has proveadvadfagediithaiahe ainean e, foirns 0PRONRBOI  Or
their m xtures, formam de, dinmethylformam de, water or m xtures of the
cited S0|eV§rHshyﬁﬂ’o%f&‘ﬂila@bb/hydﬁocﬂildml%hﬂ{hesrbﬂcftlgff' @6 relédie Yl@ta%fmé)ra bakk, S@hvent s
that are mxed with water.” For am de coupling, the thus obtained reaction
sol ution

(

ak,se.é?,etlrigthylamme, diisopropylethylamine, N-methylmorpholine, pyridine,
tripropylamine, tributylamine, lithium hydroxide, lithium carbonate, sodium hydroxide or
sodium carbonate, is added.

The optionally still present protective groups are then cleaved off.

The isolation of the reaction product is carried out according to the methods that
are known to one skilled in the art, preferably by precipitation with organic solvents,
preferably acetone, 2-butanone, diethyl ether, ethyl acetate, methyl-t-butyl ether,
isopropanol or their mixtures. Additional purification can be carried out by, for example,
chromatography, crystallization or ultrafiltration.

{ As solubilizing substances, alkali salts, alkaline-earth salts, trialkylammonjum
salts, tetraalkylammonium salts, ureas, N-hydroxyimides, hydroxyaryl triazoles,
substituted phenols and salts of heterocyclic amines are suitable. By way of example,
there can be mentioned: lithium chloride, lithium bromide, lithium iodide, sodium
bromide, sodium iodide, lithium methanesulfonate, sodium methane sulfonate, lithium-p-
toluenesulfonate, sodium-p-toluene-sulfonate, potassium bromide, potassium iodide,

sodium chloride, magnesium bromide, magnesium chloride, magnesium iodide,



at tenperatures of 0 to 70C, preferably 30 to 60C, for | to 48 hours,
preferably 8 to 24 hours. In sone cases, it has proven advantageous to use
the amine in the formof its salts, e.g., as hydrobrom de or hydrochl oride
in the reaction. To rel ease the am ne,_ a base, such as, e.g.,

triethylam ne, diisopropylethylanm ne, X et hyl mor phol i ne, pyri di ne,
tripropylamne, tributylamne, lithium hydroxide, |ithium carbonate, sodium
hydr oxi de ' TN is.a , opt.i ona stid |l present

ot ot ot 1 vie et PR RN Sul b S AR RTR e b8 on
product is carried out according.tp the.nethods th are known to one
skilled i WHHEURFR-to 'beingﬁugﬁ’ﬁﬁtfytrlggpyg’m(?%‘i"f‘ﬁ‘t"iog’r‘?n?zﬁuffﬁn%?’&ani c sol vents,

pref erably acetone, 2-butanone, diethyl ether, ethyl acetate,

met hy| - t - BofRelingsipdsuliopicsside hamterphenol haidinigpphenele3.4-dighdoroplsmal, N-
purification can be carried out by, for exanple, chromatography,

cryst al | i kedroosueninipide; Afhydrexaphthalimpds, woh.ubtramethylgres,ubst ances, al kal i
salts, alkaline-earth salts, trial kylammonium salts, tetraal kyl anmoni um
salts, urmathylpyrlidorexformbsiéd,as lwetiras xyeicplredsr wherebeshe firs {98 mentibggd phenol s
and salts of heterocyclic amnes are suitable. By way of exanple, there
can be mesoveardrefeirtdi um chloride, lithiumbrom de, |ithiumiodide, sodium
brom de, sodiumi odide, lithium nethanesul fonate, sodi um nmethane sul fonate,

l'ithiump- tol H?Hﬁﬁﬂd}aftiﬂg%a e?t§,odqilijd§gﬁt9'tﬁa9lulé%gwgtﬂ% I)L?é}g(ﬁl?ed R iassi4m brom de,

pot assi um i odi de, “sodi um chl ori magnesi um m magnesi um chl ori de,

magnesi u n?l%egg#gﬁz?aaﬁo}q 62(%%#)1%%%%1&% %18' %1%?1;[ r.%l e%pse gul&lfao nat e,

te}framat hy uene onate, ~ pyridrnrumop- ot &ienesul f onat e,
triethyla ium

DR R QS R B8 Bhy1 - (3-dimethylaminopropyl)-carbodiimide
hydroxychloride (EDC), benzotriazol-1-yloxytris(dimethylamino)-phosphonium
hexafluorophosphate (BOP) and O-(benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU), preferably DCCI, can be mentioned.

In literature, for example, the following suitable processes are described:
¢ Aktivierung von Carbonséuren. Ubersicht in Houben-Weyl, Methoden der
Organischen Chemie [Activation of Carboxylic Acids. Survey in Houben-
Weyl, Methods of Organic Chemistry], Volume XV/2, Georg Thieme Verlag
(_ Stuttgart, 1974 (and J. Chem. Research (S) 1996, 302).
¢ Aktivierung mit Carbodiimiden [Activation with Carbodiimides]. R.
Schwyzer and H. Kappeler, Helv. 46: 1550 (1963).
¢ E. Wiinsch et al., Vol. 100: 173 (1967).
¢ Aktivierung mit Carbodiimiden/Hydroxysuccinimid [Activation with
Carbodiimides/Hydroxy Succinimide]: J. Am. Chem. Soc. 86: 1839 (1964)

as well as J. Org. Chem. 53: 3583 (1988). Synthesis 453 (1972).



nmor phol i noet hyl sul foni c acid, 4-nitrophenol, 3,5-dinitrophenol,

2, 4-di chl orophenol , N- hydroxysucci ni m de, N hydroxyphthalim de, urea,
tetramet hyl urea, N nethylpyrroli done, formam de as well as cyclic ureas,
whereby the first five nmentioned abo§9 are preferred. As dehydrating
reagents, all agents that are known td'one skilled in the art are used. By
way of exanple, carbodiim des and oni umreagents, such as, e.g.,

di | oh I cagb - et : o

T35l et hy e AB t§4%§§%)§’thq°*ﬁ‘ﬁ%mxnﬁafm-lc%Fthdfc?gh?Eﬁb |

(BCP) and O ( ben S PEIE Magh ey 3 4 PR aa P ai T Gpotnel” 1°P 2! ©
hexaf | uor ophosphat e (HBTU), preferab an be nentioned. In

literature, for Sg¢Heayesal thany. SPeBW Pty 9+OIJI1t6§.ﬂ)|((:b98|§P (ﬂ:é{s‘%‘é@ adrdntgbscri bed:

Aktivierung von Carbonsauren. Ubersicht in Houben-Wyl, Methoden der

Or gani schen ChenPept] Pot.iReat 26493 (1887 )zody| RcVNg'hdsAmSSﬁ(\‘/&ﬁi BhdHouben- Veyl ,
Met hods of Organic Chemi stry], Volune XV/2, Georg Thieme Verlag Stuttgart,
1974 (and J. Che95Rgsearch (S) 1996, 302). Aktivierung mt Carbodiim den
[ Activation w t h Carbodiimdes]. R Schwzer and H Kappeler, Helv. 46:

1550 (1963). & pWasah-Rletdbe Imv&izolléé)p[eth%a]?’ B.I9Gin, R'%(tMéihﬁélklnlg m t
Car bodi i m den/ Hydroxysucm nimd [Activation with Carbodiim des/Hydroxy

Succi nimde]: J. A 8 1964) as well as J. Og. Chem
53: 3583 (1988). Syn? AR }%& { g;_?g)}%ﬁ%? Anhydr i drret hode,
2- Ethoxy-1-et h? X%‘*’&E&‘IQX& ]\Jlethzodgrll h%%n%l(l\'ch or1 fAc1d Chloride Methods, Thionyl

(
Chloride]: Helv., 42: 1653 (1959).

¢ Oxalylchlorid [Oxalyl Chloride}: J. Org. Chem., 29: 843 (1964).

As coupling adjuvants that are optionally to be used, all that are known to one
skilled in the art are suitable (Houben-Weyl, Methoden der organischen Chemie,
Volume XV/2, Georg Thieme-Verlag, Stuttgart, 1974). By way of example, there can be
mentioned 4-nitrophenol, N-hydroxysuccinimide, 1-hydroxybenzotriazole, 1-hydroxy-7-
aza-benzotriazole, 3,5-dinitrophenol and pentafluorophenol. Preferred are 4-nitrophenol
and N-hydroxysuccinimide; especially preferred in this case is the first-mentioned

\ reagent.

The cleavage of the protective groups is carried out according to the processes
that are known to one skilled in the art, for example by hydrolysis, hydrogenolysis,
alkaline saponification of esters with alkali in aqueous-alcoholic solution at temperatures
of 0° to 50°C, acidic saponification with mineral acids or in the case of, e.g., tert-butyl

esters with the aid of trifluoroacetic acid [Protective Groups in Organic Synthesis, 2™



[ Anhydri de Met hod, 2-Ethoxy-I|-ethoxycarbonyl -1, 2-di hydroqui noline]: B.
Belleau et al., J. Am Chem Soc., 90: 1651 (1986), H Kunz et al., Int. J.
Pept. Prot. Res., 26: 493 (1985) and J. R Voughn, Am Soc. 73: 3547
(1951). Imdazolid-Methode [Im dazol '?ge Method]: B. F. Gsin, R B.
Menifield, D. C. Tosteon, Am Soc. 917 2691 (1969).

Saur echl ori d- Met hoden, Thionylchlorid [Acid Chloride Methods, Thionyl

o oneleaitglt: w ekt ¢ QIR s D6 WiR0LARInd BANE B OFdod

]1: J.
Org. Chem, 29: 843 (1964). coupl’ing adj dvants that are opti onglly to be
used, all. that are kn to on skilled .in the art are suitable
(Houben- \ABE}‘P" Caﬁfg?ﬁ)(%@ﬁ%ﬁ %ﬁ%%@%ﬁ%‘?ﬁ@%w{%f ™ol ume XV/ 2, Geor g
Thi eme- Verl ag,.. Stuttgart, . 1974). By way of exanple, there can be nentioned
4-ni t r ophenol ,ﬂﬁcﬁﬂt}’ﬁgg Qf gepargdormules Hg &V%%ﬂ%%%rFiu%r%?lther- hydr oxy- 7-
aza-benzotriazol e, 3, 5-dinitrophenol and pentafl uorophenol. Preferred are
4- ni t r opHERYN comaundsmmg@ue@mommtp peegseses diak greplesdrived édthen t hi s case
is the first-mentioned reagent. The cl eavage of the protective groups is
carri ed cuemalss,cedDhgl 006038 eand I £3(216858. t Tiats, the prddnctien dfeamorylskididsed i n
the art, for exanple by hydrolysis, hydrogenolysis, alkaline

saponi fi ceftgeadtalfbrresh @ass MWidvwh BoKDE 1961520386 Ohe catoRMN dcidsPlgbidrgn at
tenperatures of 0 to 50C, acidic saponification with mneral acids or in

the case fofmul® Villa tHaBlireubdH ¥t prodst & a3 ddidribed Hewa ok/Pigstri f1 uoroacetic acid
[Protective Goups in Organic Synthesis, 2nd 28 Edition, T. W G eene and

P. G M Wits ’Thé%ﬂ)e}{%llﬁ% ?t&qr 298Sthat a?@use%gvstXanlé’suﬂ'ﬁz%jCeJ when R is a

(
' mono- or oligosaccharide can be produced analogously to Lockhoff, Angew. Chem.

[Applied Chem.] 1998, 110 No. 24, p. 3634 ff. Thus, e.g., the production of 1-O-acetic
acid from perbenzyl glucose is carried out over 2 stages, via trichloroacetimidate and
reaction with hydroxyacetic acid ethyl ester, BF; catalysis in THF and subsequent
saponification with NaOH in MeOH/THF.

In a more advantageous process, as described in DE 10040381, the perbenzylated
sugar acids that are used as starting substances can also be produced by the perbenzylated
1-OH sugars being dissolved in an organic solvent that is not water-miscible and being

( reacted with an alkylating reagent of general formula X1
Nu-L-COO-SG (XVIID),

in which Nu means a nucleofuge, L is (CH,)-,, (whereby n = 1-5), -CH,-CHOH-

or -CH(CHOH-CH,OH)-CHOH-CHOH-, and Sg represents a protective group,
in the presence of a base and optionally a phase transfer catalyst. As a nucleofuge, for
example, the radicals —Cl, -Br, -J, -OTs, -OMs, -OSO,CF;, -OSO,C4Fg or —OSO,CgF 7

can be contained in the alkylating reagent of general formula XVTII.



in the case of benzyl ethers wth hydrogen/pall adi uni carbon. The carboxylic
acids of general fornulas Ila to VIla that are used are either known
conpounds or are produced according to processes that are described in the
exanpl es, see DE 10040381 and DE 10049@58 Thus, the production of
carboxylic acids of general fornula I'fa is knomn from DE 196 52 386. The
carboxylic acids of general fornula VIlla that are used are produced as

described in WReSpbdtdfr g3l=oup e cBﬁl'th‘n%Yd &Bf’eﬁ'ﬂ%@ﬁ 3Pieds rto%hv@é;%pyszed as

starting substances when IS nono- or ol |gosacchar|d can b duced

anal ogou Szll:% wteﬁ kjn8\9§ I‘?oo H}e’ skﬁﬂgg}{vﬂ%e%('ﬂ teclfl%g Faro e;g %ﬁ"%ﬁesesl %g ol}ll(a 24, p.

3634 ff. , e production o omper enzyl

oLucose g h‘yﬁﬁ' Gifenecice G Wi Ryl £3edh Q%%”?%al% PIE and

subsequent saponification with NaOH in NtC}VTPF In a nore advant ageous

process, as deStereaign ppcoring tthe Fentieeandscarisdpubitdemperalyess o467 ds t hat
are used as starting substances can al so be produced by the perbenzyl ated
1- OH suga¥®Chpriefrgabdy 8¥btoredmi temperatirg difiecesmiou ¢intes tateafrorn 40 mahutes to 24

wat er-m sci bl e and being reacted with an al kyl ati ng reagent of general

formul a ¥ouhy H&@YSGHQMEMO)LQ hdues.Whi ch Nu nmeans a nucl eofuge, L is
-(CH2) -, ,, wﬁereby n =1-5), -CH2-CHOH or -CH(CHOH CH2CH) - CHOH CHOH, and

Sg represents Phe¥adl ﬁ%aefoeel%pmohapo ‘Ere%r??lgnr?ﬁné)f)o@c}ep%ﬁhﬁpgs gpt' onal | g

a phase transfer catal yst nuc exanpl e e radicals -0,
ot e R Tt TS e R 5t o
used.
As an organic, non-water-miscible solvent, for example, toluene, benzene, CF;-
benzene, hexane, cyclohexane, diethyl ether, tetrahydrofuran, dichloromethane, MTB or
mixtures thereof can be used in the alkylating process according to the invention.
The quaternary ammonium or phosphonium salts that are known for this purpose
or else crown ethers, such as, e.g., [15]-crown-5 or [18]-crown-6, are used as phase
transfer catalysts in the process according to the invention. Quaternary ammonium salts
with four identical or different hydrocarbon groups on the cation, selected from methyl,
( ethyl, propyl, isopropyl, butyl or isobutyl, are preferably suitable. The hydrocarbon
groups on the cation must be large enough to ensure good solubility of the alkylating
reagent in the organic solvent. N(Butyl),"-CI', N(butyl);"-HSO,’, but also N(methy!),"-
CI" are especially preferably used according to the invention.
The corresponding terminally protected polyethylene glycolic acids can also be
produced analogously.

Compounds of general formula (XI)



The protective group is a conmon acid protective group. These protective
groups are well known to one skilled in the art (Protective Goups in
Organi ¢ Synt heses, Second Edition, T. W Geene and P. G M Wits, John
Wley & Sons, Inc., New York 1991). e reaction according to the
invention can be carried out at tenperatures of 0 50C, preferably 0OCto
roomtenperature. The reaction tinmes are from10 mnutes to 24 hours,
preferably 20 m nutes to l%*p99i§*RThe base is added either in solid form
preferably in fine powder folfm™or “as 10- 70% preferably 30-50% aqueous
solution. As preferred basesQ-MROH and KOH are wused. As an organic,
non-wat er - m sci bl e solvent, for exanple, toluene, benxgne, CF3- benzene,
hexane, cycl ohexane, diethyl ether, tetrahydrofuran, di'chl oromethane, MIB
or mxtures thereof can be used in the al kylating process according to the
i nvention. The quaternary anmmoni um or phosphonium salts that are known for
this purpgtel olfe gleapingobwn et hers, such as, e.g., [15]-crown-5 or

[ 18] -crown-6, are used as phase transfer catalysts in the process
according to the invention. Quaternary ammoniumsalts wth four identica
or different hydrocar Qn groups on t he cation, sg}@cted from net hyl ,

et hyl, propyl, isopropyN,_pypyh)gp-mﬁQQinRE%p+¢Jpreferably sui tabl e. The
hydrocarbon groups on/the cation nust be | argetenough to ensure good
solubility of the alKylating reagent in the organic solvent.
N(Butyl)4+-C1", N(butyl)4+-HSO4 , but also N(nethyl)4+{IXa}l- are especially
preferably used according to the invention. The corresponding termnally
prot ected pol yethyl ene glycolic acids can al so be produced anal ogously.
Conpounds of general formula (XI) B

\N —(CRER®),. —W—(CR®*R?¥),, —n

(1Xb)
are produced by the above-described hydrophilic carboxylic acids R being reacted
according to the methods of amide formation known to one skilled in the art with amines
of general formula (XII)

SQ"ll—"X_‘Rf

H
(i

with Sg in the meaning of a protective group and L, X and Rf in the above-indicated
meaning.

The cleavage of the protective groups is carried out according to the processes
that are known to one skilled in the art, for example by hydrolysis, hydrogenolysis,
alkaline saponification of esters with alkali in aqueous-alcoholic solution at temperatures
of 0° to 50°C, acidic saponification with mineral acids or in the case of, e.g., tert-butyl

esters with the aid of trifluoroacetic acid [Protective Groups in Organic Synthesis, 2™



30 H' -X-Rf QR (XS) wth L in the nmeaning of N(CRBRB )r. -W(CRBRe' )M
--1 Y (I Xa) a N-(CR&R8')"-W--(CRBRWmM-i Y (IXb) are produced by the
above-descri bed hydrophilic carboxylic acids R being reacted according to
t he met hods of ami de formation known to one skilled in the art wth am nes
of general formula (XI1) Sg- -X-R H3{XI1) wth Sg in the neaning of a
protective group and L, X and Rf in the above-indicated neaning. The

cl eavage of .t he tective_grou is carfied o according to the processes
that ar o BRI Tt - GREGani P Mn Wie JQWWIPW&%P@-S’M Kol¥dls,
hydr ogenol ysis, al kaline saponification of esters with alkali in

aqueous- an gsired & bsprhethers vaith kxdipranirallpdigm/carbon.

Compounds of general formula (XII) are produced by monoprotected diamines of
general formula (XIII)
Sg-—-ﬁ —(CR8R®) . —W-—(CRER¥),. —NH,
- (X
being reacted with R% R¥ n’, W and m’ in the above-indicated meaning and with Sg in
the meaning of a protective group with perfluorine-containing nucleophiles of general
formula (XIV)
Nu—Y—{CH,), —(G),—(CH,); —¢
(XIv}
with Y, G, s, s’ and £ in the above-indicated meaning, in which Nu means a nucleofuge,
in the presence of a base and optionally a phase transfer catalyst. As a nucleofuge, for
example, the radicals —Cl, -Br, -J, -OTs, -OMs, -OSO,CF;, -OS0,C4Fy or —OSO,CgF7
can be contained in the alkylating reagent of general formula XVIII.

Known perfluorine-containing nucleophiles of general formula (XIV) as well as
additional perfluoroalkyl-containing substances and their production are described in the
following publications:

J. G. Riess, Journal of Drug Targeting, 1994, Vol. 2, pp. 455-468;

J. B. Nivet et al,, Eur. J. Med. Chem., 1991, Vol. 26, pp. 953-960;

M.-P. Krafft et al., Angew. Chem., 1994, Vol. 106, No. 10, pp. 1146-1148;

M. Lanier et al., Tetrahedron Letters, 1995, Vol. 36, No. 14, pp. 2491-2492;

F. Guillod et al., Carbohydrate Research, 1994, Vol. 261, pp. 37-55;



of 0 to 50C, acidic saponification with mneral acids or in the case of,
e.g., tert-butyl esters with the aid of trifluoroacetic acid [Protective
Goups in Organic Synthesis, 2d 31 Edition, T. W Geene and P. G M
Wits, John Wley and Sons, Inc. New York, 1991], in the case of benzyl
ethers with hydrogen/pal | adi um car bon32Conpounds of general formula (XI1)
are produced by nonoprotected diam nes of general formula (XII1)

Sg-N-(CR 8R8')."., : W(CRBRB' ) m - XUl bei ng_ reac with R8, R8', n', W
and M in the Sal%bﬁ\éé"ﬁﬁgcj?‘é'ﬂalrfgﬁ‘i‘%@e%"\}ﬁtﬁyhg%%’i%ﬁ}'%s{‘@' rlrg'z;ﬁi ng of a
protective group w th perfluorine-containi Irllg nucl eophi | es of general

formul a (XIV) InGlary-et dppdegabedegn, 1995Am) 51, Nocd 1, rpap3074i18088y, G s, s' and -~
in the above-indi cated neaning, in which Nu nmeans a nucl eofuge, in the
presence of a hagenizhal.,dpurnalmd|Hlyorme hhasastity; 498 &ol. das . y8168; As a

nucl eof uge, for exanple, the radicals -d, -Br, -J, -OIs, -0, -0SQ2CF3,

- OSQ2CAF9 or -HOSUREBH] Bupaaivldealat Chtaistedld9a, Vo3 adkyrau8mg reagent of
general formula XVII1. Known perfluorine-containing nucl eophiles of general

formula (XI'V) R&GueHlt &S AngeWi Chanaloopev sl uey, 8@, k¥ ppC Pdzaisgikng subst ances
and their production are described in the following publications: J. G

TSP ok ST e s 3 WOH 1 i SsdS  B v
J. Greiner et al., Journal of Fluorine Chemistry, 1992, Vol. 56, pp. 285-293;
A. Milius et al., Carbohydrate Research, 1992, Vol. 229, pp. 323-336;
J. Riess et al., Colloids and Surfaces A, 1994, Vol. 84, pp. 33-48;
G. Merhi et al., J. Med. Chem., 1996, Vol. 39, pp. 4483-4488;
V. Cirkva et al., Journal of Fluorine Chemistry, 1997, Vol. 83, pp. 151-158;
A. Ould Amanetoullah et al., Journal of Fluorine Chemistry, 1997, Vol. 84, pp.
149-153;
J. Chen et al.,, Inorg. Chem., 1996, Vol. 35, pp. 1590-161;
L. Clary et al., Tetrahedron Letters, 1995, Vol. 36, No. 4, pp. 539-542;
M. M. Chaabouni et al., Journal of Fluorine Chemistry, 1990, Vol. 46, pp. 307-
( 315;
A. Milius et al.,, New J. Chem., 1991, Vol. 15, pp. 337-344;
M.-P. Krafft et al., New J. Chem., 1990, Vol. 14, pp. 869-875;
J.-B. Nivet et al., New J. Chem., 1994, Vol. 18, pp. 861-869;
C. Santaella et al., New J. Chem., 1991, Vol. 15, pp. 685-692;

C. Santaella et al, New J. Chem., 1992, Vol. 16, pp. 399-404;

A. Milius et al.,, New J. Chem., 1992, Vol. 16, pp. 771-773;



M-P. Krafft et al., Angew. Chem, 1994, Vol. 106, No. 10, pp. 1146-1148;
M Lanier et al., Tetrahedron Letters, 1995, Vol. 36, No. 14, pp.
2491-2492; F. @uillod et al., Carbohydrate Research, 1994, Vol. 261, pp.
37-55; 32 S. Achilefu et at, Journal _of Fluorine Chem stry, 1995, Vol. 70,
pp. 19-26; L. dary et al., TetrahedPdn, 1995, Vol. 51, No. 47, pp.
13073-13088; F. Szoni et al., Journal of Fluorine Chemstry, 1989, Vol. 42,

pp. 59-68; Hg et _al Supr | ecu 94, V 3, pp.
175-180; F. Qi F. Sor) e‘tal fourn ﬁ"?gg\/or%@em%ﬂﬁ ol. %g 14 Pp.
1583-1585; MR Krafft e Eur Chem, 1991, Vol 26, pp.
545-550: 1. GeiAERcletal., }\n%eé‘hrcrhﬁm dngI%r‘%eNehi\rﬁpsé%s 861992, Vol . 56,
pp. 285-293; A Mlius et al., Carbohydrate Research, 1992, Vol . 229, pp.
323-336; J. RiMsR Kmaffhetal, S5pewi Chemank@ISuY olates NR, 5.199483-98%;. 84, pp.
33-48; G Merhi et al., J. Med. Chem, 1996, Vol. 39, pp. 4483-4488; V.
Cirkva et al. EPIOtd&eA6 BT. Fl uori ne Chem stry, 1997, Vol. 83, pp. 151-158;
A. Quld Amanetoul |l ah et al., Journal of Fluorine Chem stry, 1997, Vol. 84,

pp. 149-153; Gbm;ﬁnﬁdils(ﬁtgeﬁéra],fohﬂ@lngg)%ﬂﬂLmtLQ%anM@'of 35, pp. 1590-161; L.
Clary et al., Tetrahedron Letters 95, Vol. 36, No. 4, pp. 539-542;, M M

Chaabouni et al., JourmafcngfcHtaprine Chem stry, 1990, Vol . 46, pp. 307-
315; A. Mlius et al., New J. Chem, 1991, Vol. 15, pp. 337-344; M-P.
Krafft et al., New J. Chem 990, Vol . 14, pp. 869-875:

¥ {IXc)

( with q, o, B and vy in the above-indicated meaning,

are produced by perfluorine-containing carboxylic acids of general formula (XV)

HO—X—R,;
(XV)
being reacted with X and Ry in the above-indicated meaning,
according to methods of amide formation, known to one skilled in the art, with amines of
general formula (XVI)
89-NH-(CH_) -CH-CO-f
II*IH (XVI)
with g, B in the above-indicated meaning and with Sg in the meaning of a protective
group.
The cleavage of the protective groups is carried out according to the processes
that are known to one skilled in the art, for example by hydrolysis, hydrogenolysis,

alkaline saponification of esters with alkali in aqueous-alcoholic solution at temperatures



J.-B. Nivet et al., New J. Chem, 1994, Vol. 18, pp. 861-869; C Santaella
et al., NewJ. Chem, 1991, Vol. 15, pp. 685-692; C Santaella et al, New
J. Chem, 1992, Vol. 16, pp. 399-404; A Mlius et al., New J. Chem,
1992, Vol. 16, pp. 771-773; 33 F. Szonyi et al., Journal of Fluorine
Chem stry, 1991, Vol. 55, pp. 85-92-- 3t Santaella et al., Angew. Chem ,
1991, Vol. 103, No. 5, pp. 584- 586 M P Krafft et al., Angew Chem ,
1993, Vol 548 09 of general
Formul a (0 tch el SR oy N3 o 1R deph et sf %ﬁ&’%ﬂ X0 i th
g, a, 0 and y in the above-indicated neaning, are roduced o
per f | uor iesErcBith tiemidef tefperaasetic acid dPrgtechye ééﬁ’@ﬁ H f&?flmﬁyatl(em2 HO X- Rt
(XV) being reacted with X and Rf in the above-indi cated nmeani ng, accordi ng
t o met hodsdigén, dniNd ésreenermtliPol; Mk iYowts Jobn Biteysikil Sbesd Inon, Ndve Yark, 19%]t h ani nes
of general formula (XVI) Sg-NH(CH,),,-CH CO NH (XVI)

in the case of benzyl ethers with hydrogen/palladium/carbon.

The production of compounds of general formula (XV) are described in the
above-indicated literature citations for the production of perfluorine-containing
compounds.

Compounds of general formula (XVI)

™

Sg-NH—{GHg,-CH -CO-B
NH (Xv1)
with g, B in the above-indicated meaning and with Sg in the meaning of a
protective group
are produced by the above-described hydrophilic amine R being reacted according to the
methods of amide formation, known to one skilled in the art, with carboxylic acids of
general formula (XVII)

$g-NH-{CH,)-CH-COOH
!

NH
|

S¢' (VXi)
with q in the above-indicated meaning and with Sg and Sg’ in the meaning of a protective
group, whereby Sg and Sg’ can be cleaved in different ways.
The cleavage of the protective groups is carried out according to the processes
that are known to one skilled in the art, for example by hydrolysis, hydrogenolysis,

alkaline saponification of esters with alkali in aqueous—alcoholic solution at temperatures



with g, (3 in the above-indicated neaning and with Sg in the meaning of a
protective group. The cleavage of the protective groups is carried out
according to the processes that are known to one skilled in the art, for
exanpl e by hydrolysis, hydrogenolysis,,. al kaline saponification of esters
wi th al kali in aqueous-al coholic solutiTon at tenperatures 34 of 0 to 50C,
acidic saponification with mneral acids or in the case of, e.g.

tert-butyhroaskees a\eadﬁéﬂs B%ﬁ§th%ltht@1neW9@@&%kﬁe %Qg;'f g’f gﬁr{fw{r’e & oups

in Organi ¢ Synt heS| S, eene an T f Johnh
Wl ey and_Sons 9 Int ecas 0 ethers wt
hydr ogen/ %sie[ f%‘P&}Fﬁ qggpglﬁﬁiuoqqqgétgraﬁﬁf]%{qtng&d}gw %Pé“‘bgyrﬁ%‘ﬁ@ fornul a
(XV) are dgscrlbed in the _above-indicated literature citations for t he

pr oduct i RGP perY | GPRHEIL - M nViE: Jobspidutmg. Soosdpe s Yerk, §¥Hdr al
formula (XVI) Sg-NH{GH+~ CHCO- NH (XVI) with g, 1 in the above-indicated
meani ng atidhekash oBbenizyl ethess wishhydrggort/palladpmgearben. ve group are produced by
the above-described hydrophilic amne R being reacted according to the
met hods of am Siehf2arpratectot amkoosits tod gereeal SerimuleX V) drb@o@bdercialiyt h
carboxylic acids of general formula (XVII) Sp-NH (CH -CH COOH NH
available products (Bachem).
The compounds according to the invention are especially suitable for use in NMR
and x-ray diagnosis, radiodiagnosis and radiotherapy, as well as in MRT lymphography
and in blood pool imaging. The perfluoroalkyl-containing metal complexes are
especially suitable for use in nuclear spin resonance tomography (MRT) for visualizing
various physiological and pathophysiological structures and thus for improving
diagnostic information, for example the location and the extent of the disease, for
selection and monitoring of the success of a targeted therapy and for prophylaxis of
diseases and disorders.
In one especially preferred embodiment, the substances according to the invention
are used for MRT lymphography.
L In another especially preferred embodiment, the substances according to the
invention are used for blood-pool imaging.
Suitable diseases and disorders comprise tumor diseases, especially detection and
characterization of primary tumors, satellite metastases, lymph node metastases as well as

necroses, cardiovascular diseases, especially changes in vessel diameter such as stenoses

and aneurisms, arteriosclerosis by detection of arteriosclerotic plaque, thromboembolic



I S99 (IVW) with g in the above-indicated nmeaning and with Sg and Sg' in
the nmeaning of a protective group, whereby Sg and Sg' can be cleaved in
di fferent ways. The cl eavage of the protective groups is carried out
according to the processes that are known to one skilled in the art, for
exanmpl e by hydrolysis, hydrogenol ysis36 al kaline saponification of esters
with al kali in aqueous-al coholic solution at tenperatures 35 of 0 to 50C,
acidic saponification with mneral acids or.in the.case of,.e. Q...

et - but viseass, Bt s Pers Tegim T o s e S SR B P Feie o oups
in Oganic Synthesis, 2"d Edition, T. W Geene and P. G M Wits, John
Wl ey andlsapsg, ag well anesivodaiage1991], in the case of benzyl ethers with
hydr ogen/ pal | adi unf car bon. Such 2x-protected am no acids of general fornula
(XVI1) are conmanchpeciayly pssferiré¢cadshendpnerdyibe subsBaedseasyordingdo B@rprntons
according to the invention are especially suitable for use in NVR and
x-ray di agraasddsfor nathssdbragmosinsagargd r adi ot herapy, as well as in MT

| ynphography and in bl ood pool inmaging. The perfluoroal kyl - cont ai ni ng

netal conpl exesubicts TIREBVAtlon asd/alt AP emb@ditittd Qgéns MBCoAGn &NE4dt sxRsonance
t onography (MRT) for visualizing various physiological and

rogr 8p: 1) us pt C . .
pat hop ysglﬁgggdg&helgg%@@f]@&nmdhwdlﬁgEo hERGRMIS opGhRU) Haithi the

i nformati e location and the extent of the di sease, for

selecticnhé?thgB%%&%Q%&gugﬁﬁﬁ ?&%g@gﬁ&ﬁ&Of a targeted therapy and for

pr ophyl axi seases a ers.” ’In one especially preferred
er’d?odi ment, t rLFheSc%tr)rls};[o%rrllgseosf s clznovrerqgi(g]ngarg aisgiggui;h%g%gteixgeqlent compatibility and
| at the same time excellent imaging properties. They are thus especially well suited for
systemic use in MRT, especially in MRT lymphography and in tumor imaging.

The production of the pharmaceutical agents according to the invention is carried
out in a way that is known in the art, by the complex compounds according to the
invention — optionally with the addition of the additives that are commonly used in
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), additions of complexing agents or

( weak complexes (such as, for example, diethylenetriaminepentaacetic 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



are used for MRT | ynphography. In another especially preferred enbodi nent,
t he substances according to the invention are used for bl ood-pool inmaging.
Sui tabl e di seases and disorders conprise tunmor diseases, especially
detection and characterization of primary tunors, satellite netastases,

| ynph node netastases as well as nec? bses, cardlovascular di seases,

especi ally changes in vessel dianeter such as stenoses and aneuri sns,

o oL oSSR O RSB0 8ot FEh ShEMh SoBheBrgh BTl 29

osteonyelitis, colitis erosa, as well as nerve danmge. In an especially
preferre&X@ﬁ%dﬁeﬁﬁwes waﬁé“és: 1alﬁefé/er HavogingsiRytange(s rfﬂﬁ\?éﬁfr%wn §% used
for necrosis or tunor inmaging. Subjects of the invention are also

phar macexpmple, ¢therpaloilshat contain at | east one physiologically conpatible
conpound according to the invention, optionally with the additives that
are comonly llspdndiplegiaiseﬂrioqmlss’blemprodombelphtsmtemtihilsagémvm'rcbmg @re

di stingui shed by excellent conpatibility and at the same tine excellent

i Magi Ng PhORPREdticASvithbieKoRties thBUsmPRREC 1A lhY cae] dpe&ibli daflinfifbe usadsbenm ¢ use
in MRT, especially in MRT |ynphography and in tunor imaging. The production

of the pgﬁfﬂ}ﬁﬁ@détdh@l%hoﬁ&?ﬂ%@th@%&ﬁﬁl@ké&%aé&dﬁ]F%o{h@\ﬁ%mlé’rpaﬂe%lrﬁﬁilgr'ﬁ%g out in
a way th is known in the art t he conplex conpounds according to the

|nvent|oQ)fn 985&@@%&1%6&5&Hsﬁﬁ?mﬁgg¢§h99a f, the additives that are comonly

used in suspen ssolved |n aqueous medi um and
Tt e e e N
xylenol orange, by control titrations during the production process. The invention
therefore also relates to processes for the production of complex compounds and salts
thereof. As a final precaution, there remains purification of the isolated complex.
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,

N preferably i.v. They can also be administered intravascularly or
interstitially/intracutaneously depending on whether bodily vessels or tissue is/are to be
examined.

The pharmaceutical agents according to the invention preferably contain
0.1 pmol - 2 mol/l of the complex and are generally dosed in amounts of 0.001-5

mmol/kg.



harm ess buffers (such as, for exanple, tronetham ne), additions of
conpl exi ng agents or weak conpl exes (such as, for exanple, di ethyl
enetri am nepentaacetic acid or the Ca conplexes that correspond to the
nmet al conpl exes according to the invention) or - if necessary -

el ectrol ytes, such as, for exanple, sd¥iumchloride or - if necessary -
anti oxi dants, such as, for exanple, ascorbic acid. |If suspensions or

sol utions of e agents according to.t i,nvention in water or. ...

Shysi of ogi cal WEREHELI GG ik Bustiadnbihemuey Bebsmess br Sty

adm ni stration or other urposes, they are mxed with one or nore

adj uvant (3§ yontragt media for Al SpinoEperarh g 7Afigaerahergarentaral sdmanistiaiios, et hyl
cellul ose, lactose, mannitol] and/or surfactant(s) [for exanple,

| eci t hi nsheyTase 8ng extremdly wet shitedhior enhanéing trei intprmaticsiabvedeq of)thé mrageast e
correction [for exanple, ethereal oils]. In principle, it is also possible
t o produaRattihebtpined Witk eietdid af a agddat spiacaasgaphtbst i@crebdigy theg@nal on wi t hout

i solating the conplexes. In any case, special care nust be used to perform

t he chel ahieRdityS ThbPatso Ky HRIIPEL ¥EEtFERS Hahl nbestdip td IOYEHeiRBY Mihl _
virtually freé of non-conplexed netal ions that have a toxic action. This

can be eQﬁéjgrﬁ;gles ssiﬁ?é%muﬁts.o\f*’iférgigh Q@os k@s ef?ltit é)é&)rdci I iclﬁ\lmi@rtﬁat i§UCh as
y u 8U

xyl enol orange, control titrations ring the pro tion-process. The
invention therefore. al so rel ates r sses. for the production of

conpl ex 5158%58% smglrrllt Raeremy Sé‘r'ee%a?l.lr Rgﬁ% Sﬁ‘.“?\eél precaution, there remains
purification t he isol ated .compl ex. | .he in-vivo adm nistration of the
agents accordi ngjWﬁ@rWHW@HDVgﬁ}mYﬁ@ngﬁbgﬁﬁkh%%ﬁnﬁécﬁﬁ 8fshEr ed t oget her
with a suitable vehicle, such as, for exanple, serumor _physiol ogical
conmon sdhvensigp allevs Hhe rapdnctioy et mehlywpaoenaaisd plptionsde keep the yelHmgs, f or

burden of the circulatory system within reasonable limits and to offset the dilution by
bodily fluid. In addition, the agents according to the invention show not only high
stability in vitro but also surprisingly high stability in vivo, such that a release or an
exchange of the ions, which are inherently toxic and bonded in the complexes, is carried
out only extremely slowly within the time in which the new contrast media are
completely excreted again.

In general, the agents according to the invention are dosed for use as NMR
diagnostic agents in amounts of 0.0001-5 mmol/kg, preferably 0.005-0.5 mmol/kg.

The complex compounds according to the invention can also be used
advantageously as susceptibility reagents and as shift reagents for in-vivo NMR
spectroscopy.

Owing to their advantageous radioactive properties and the good stability of the

complex compounds contained in them, the agents according to the invention are also



exanpl e, human serum al bumin (HSA). The agents according to the invention
are usually adm nistered parenterally, preferably i.v. They can al so be
adm nistered intravascularly or interstitially/intracutaneously depending
on whet her bodily vessels or tissue i§/9are to be exam ned. The
pharmaceuti cal agents according to thé“invention preferably contain 0.1

mol - 2 mol1] of the conplex and are generally dosed in anounts of 0.001-5
Mol / kg. (Babid AerRdIMeR o kGREME NDetalls bIRich M¥EMHd RBadelrd bdstribdatn gy
requirements for suitability as contrast nmedia for nuclear spin tonography.

After oral rak: 1.0 t | extrenely wel |
suited forRagL t%ﬁ%?%%ﬁ%caﬁ%’ﬂgp%%{oﬁgngﬁ @v%ﬁeéﬂgéfg{{ﬁgﬁ’:wnga%@ that is obtained
with the aid a nucl ear spin tonmograph .increasin he si.gnal

Mt enst by They i B oLRBnaRey: S50 L acby pufilel nafo beSsdilonar y to 1 oad
the body with the snallest possible amunts of foreign substanges and the
good conpRasitnnrgmigsiemiomogeaphyarldel Byey PPYrAREMItENS ISPIOREHBISD A% & vSCnat ure of
the studigs. ;The good water solubility and Iow osmolality of the agents
accor di ng 3o “tee” Conventandn’ Ya(Hesss, Whd.prhsdsc M. &n Resition dimkissiooncent r at ed
solutions to keep the volunme burden of the circulatory systemwthin

r easonabl EBorhograply cfBtainpSpifgseVetldpeBetiih Uiiéideibdrg, Nowdidrly 198300 d. 1 n additi on,
the agents according to the invention show not only high stability in

vitro but al soiBtlgtidasbtugiey cdtiflih Siegidhhlihitrdvascalay Byperpéiebtiinty. 2 el ease or
an exchange of the ions, which are inherently toxic and bonded in the

conpl exes, i s BRI dohfest nidla RBOMin@tb HRTRY ohtidh M HeMdrBhaRo bBGsddi BB | N Whi ch
thg- new contrast nedia are

visualizing abnormal capillary permeability.

The compounds according to the invention are primarily distinguished in that they
are completely eliminated from the body and thus are well tolerated. Thus, the excellent
imaging properties can be used, and the non-invasive nature of the diagnosis is
maintained.

Since the substances according to the invention accumulate in malignant tumors
(no diffusion in healthy tissue, but high permeability of tumor vessels), they can also
support the radiation therapy of malignant tumors. The latter is distinguished from the

( corresponding diagnosis only by the amount and type of the isotope that is used. The
purpose in this case is the destruction of tumor cells by high-energy short-wave radiation
with the smallest possible range of action. For this purpose, interactions of the metals
that are contained in the complexes (such as, e.g., iron or gadolinium) with ionizing
radiations (e.g., x-rays) or with neutron rays are used. By this effect, the local radiation
dose at the site where the metal complex is found (e.g., in tumors) is significantly

increased. To produce the same radiation dose in malignant tissue, the radiation exposure



conpletely excreted again. In general, the agents according to the
invention are dosed for use as NVR diagnhostic agents in anpunts of

0. 0001-5 moUkg, preferably 0.005-0.5 nmol/kg. The conpl ex conpounds
according to the invention can al so be,used advant ageously as
susceptibility reagents and as shift rgagents for in-vivo NVR
spectroscopy. OmMng to their advantageous radioactive properties and the

good st abyl jda)hPfissuban Eé)égﬁkﬁéraﬁﬁfr%&}é@&l SnéFANL @r%oln@ sﬁf%%gfectg & (pgent s

accordi ng to the I1nvention are a Sul ta as ra I agnosti1 c agents.
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agents accordin t he i nvention can also posi t ron-en ssi on

t onogr apﬁymumﬁgwca% (93RS PV EHIBRS ETedere g@? B‘H es%ﬁé?ﬁ‘%éensét”@“g 43sc,

44Sc, 52Fe, 55Co, 68Ga, and 86Y (Heiss, W D.; Phelps, M E.; Positron

Eni ssi on SU‘I%@PGQ? mghg ragfatipp aiqr@pygémaﬁlgeantwwrage Bewselqﬁ Masshager eféacts orNew Yor k
1983). Histol ogical studies confirma regional mcrovascul ar

hyper per rie gisi dase of neufFore capturt thesapyire Suiteblec emifiimgjionpartehfor exangie,i‘tit, can
therefore also be used for visualizing abnormal capillary perneability.

The compdigd¥sacens,diGyaridd’yhe-Em jop§thal &hibii SuabIk Yovd hatlingurghed in
that they are conpletely elimnated fromthe body and thus are well

tol erat ecILor e le, mhﬁl emﬁﬁebﬁptand Il%gbvﬂgregy opgyiL Fﬁ?e ﬁnAbﬁutHﬁl@ghot% d the

non-i nvasive nature of di'agnosi § I's mainta Since th st ances

accordi n%nzl %letclt?gn ellﬁYtSRé 10?1'15 &eﬁclij m'hl(%[ &n'vd o%?alne%% A 15'[7@&18}/ neutron capture.

(
If the agent according to the invention is intended for use in the variant of

radiation therapy that is proposed by R. L. Mills et al. [Nature Vol. 336, (1988), p. 787],
the central ion must be derived from a MéBbauer isotope, such as, for example, >'Fe or
ISIEU.

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. The dosage in this case depends on the type of cellular

( disruption, the metal ion that is used and the type of imaging method.

The agents according to the invention are usually administered parenterally,
preferably i.v. They can also — as already discussed — be administered intravascularly or
interstitially/intracutaneously depending on whether bodily vessels or tissue is/are to be
examined.

The agents according to the invention are extremely well suited as x-ray contrast

media, whereby it is especially to be emphasized that with them, no signs of the



(no diffusion in healthy tissue, but high perneability of tunor vessels),
they can also support the radiation therapy of malignant tunors. The
latter is distinguished fromthe ( corresponding diagnosis only by the
anount and type of the isotope that is used. The purpose in this case is
the destruction of tunor cells by highlenergy short-wave radiation wth
the snmal | est possible range of action. For this purpose, interactions of

the metals that e contai,ned in th such as . n or
gadol i ni Lﬁ?fPW%XﬁS [l frieastiogs AL e KPR OPbt 10 %?%Mm%Fowaﬁhl%ﬁ@af?fbn rays
are used. By this effect, the | ocal radiation dose at the site where the
metal corfisidstected i bWﬁ%Pneléalgvhanm?o{%} gydips Eheyrg ¢spasially valuabls e¥wed. To
produce the sane radiation dose in nmalignhant tissue, the radiati on exposure
40 for Hesheddyantageouealsarptioe poapesied ér wbiss afdighertibandltages forisigiténsonme si de
effects for the patients can be avoi ded when such netal conpl exes are
used. Theubridiontahpiqgess. conj ugates according to the invention are
therefore also suitable as radio-sensitizing substances in the radiation

therapy of malihgemdhl thdAPéms é&oﬂimgbt@&ﬁe AlelvRasbagRed Bfrfie€hsxedy 1 n the case
of neutron capture therapy). Suitable (3-emtting ions are, for exanpl e,

46sc, (T%ﬁtrasﬁl' ﬁﬁ?la] ngusT}Sga %Qan?@ mtdlﬁﬂzéa(?gﬁl An{tRhssSort)l 25 ¢

sui tabl e are 211B1, 212Bi, 213BI, and 214Bi,
wher eby 2128 |table photon- and electron enlttlng ion |s
158, whi ¢h d%ﬁ“%nggﬁégﬁﬂé ‘ﬁ&ﬁ1157cﬂ by neutron capture. If the agent
accordlng to t |nvent|Pn IS q ded d use fn .the variant of radiation
therapy that i eﬁ?rgbdggﬂ 18y e‘ﬂ?w{emi\/ﬁ? ¥ érfthﬁlapp iGAHER 22 GYPMOBAEM, (1988) | p.
787], the central ion nust be derived froma MBbauer isotope, such as,

for exanpmewngq pae grillediig themyt, in fherapca qf Gomples chemisHY s Aretrbian sAYivaENtagent s

according to the invention, the latter _
is an equivalent to metal ions, which can bind to, e.g., a carboxylate group instead of

hydrogen. For example, a Gd** can bind to 3 carboxylate groups, i.e., 1/3 Gd**
corresponds to the metal ion equivalent R' in formula (II), (I11), (IV) or (V) if the metal is

gadolinium.



can be adm nistered together with a suitable vehicle, such as, for exanple,
serum or physiol ogi cal commopn salt solution, and together w th anot her
protein, such as, for exanple, human serum al bum n. The dosage in this
case depends on the type of cellular disruption, the netal ion that is
used and the type of imaging nethod. PRe agents according to the invention
are usually adm ni stered parenterally, preferably i.v. They can also - as
al ready djscussed - be admi nistered intravascularly or

i nterstit¥XAMBES nt r acut aneousl y dependi ng on whet her bodily vessels or
tissue is/are to be exam ned. The agents according to the invention are
extrenely well suited as x-ray contrast nedia, whereby it is especially to
be enphasi zed that with them no signs of the 41 anaphyl axis-I|ike

react i onsExdmpledre known from the iodine-containing contrast nmedia can be
detected in biochem cal - pharmacol ogi cal studies. They are especially

val uable ow ng to the advantageous absorption properties in ranges of

hi gher tube voltages for digital subtraction techniques. In general, the
agents acgor di N§-{FRnk16xycAMRRY-AA, AL, eHDeE £ 4H0JH YBE3-8- X-ray contrast
medi a anal’ogously to,” for exanple, negium ne-diatrizoate in anounts of
0.1-5 nmmol/ k%er%cﬁ&ﬁfd@@l%ﬂeZS' 1 mmol /kg. The term "netal ion

equi val ent,"as used in tthe application, is a conmon term known to one
skilled in the_2 f

i1 the.a of .conpl.ex istry.. A petal ion

caui val ent 1 <25 e Aranet R e iRt R R N st 4 g, |
car boxyl ate group in ad_of h ogen. Fo xanpl e,. a Gd3+ can bjnd to 3
canoxyI a‘%yét}(fﬁﬁu’ggssf" %3? ﬂ)’g) @ldd%}gi,g ?@rm@ebﬁ&fgﬁ%daws a??eachF‘f?Oéﬁ" j@q&i val ent
R'informula (11), (L11), (IV) or}SVﬁ if the netal is

(100 mmol) of methanesulfonic acid-(1H,1H,2H,2H-perfluorodecyl)-ester (Bartsch et al.,

Tetrahedron, 2000, 3291-3302) in 500 ml of acetonitrile, and it is stirred for 48 hours at

60°C. Insoluble components are filtered out from the reaction solution, it is evaporated

to the dry state in a vacuum, and the residue is chromatographed on silica gel (mobile

solvent: dichloromethane/methanol 20:1).

Yield: 32.8 g (51% of theory) of a colorless wax

Elementary Analysis:
Cld.: C37.51 H2.68 N 4.37 F 50.44
\ Fnd.: C37.82 H2.74 N 4.29 F 50.27

b) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H-perfluorodecyl)-2-[1-O-
a-d-(2,3,4,6-tetra-O-benzyl)mannopyranosyl]-acetamide
8.05 g (39.04 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution
of 20 g (31.23 mmol) of the title compound of Example 1a and 18.70 g (31.23 mmol) of

1-O-a.-d-carbonylmethyl-(2,3,4,6-tetra-O-benzyl)mannopyranose (produced according to



gadol i nium 42 Exanples Exanple | a) | -N(Benzyl oxycarbonyl)-1 H 1

H, 2H, 2H, 4H, 4H, 5H, 5H 3-aza- perfluorotridecylamne 23.31 g (120 nmol ) of
N- benzyl oxycar bonyl - et hyl enedi am ne (Atwell et al., Synthesis, 1984,
1032-1033) and 10.2 g (100 mmol) of triethylam ne are added to 54.22 g
(100 mmol ) of methanesul fonic acid-(14H, 1 H, 2H, 2H perfl uor odecyl ) - est er
(Bartsch et al. Tet rahedron, 2000, 3291- 3302) in 500 n1 of acetonitrile,

and it is stirred for 48 ho | ubl e co ts re filtered
out 11 omWeE3ee rdnashi a8 el 2 prved) e Bt c T ERE By Eat e i n' a
vacuum and the residue is chronatographed on silica gel (nobile solvent:
di chl or olenéthylédrmatmdm i is Sirred) for Yihennd :at L &dgh¢rafvyd éhomm@bnoym of a
colorless wax Elenentary Analysis: Cd.: C37.51 H2.68 N 4.37 F 50.44

Fnd.: C 3dmpBetattve? PrécipitAe 2@ edisFterell dut, the filtrate is evaporated to the dry state in a
N[ 2- (Benzyl oxycar bonyl ) -am noet hyl -N- (1 H | H, 2H, 2H perfl uor odecyl ) -2-[

1-0- a- d-faduudn %n@rﬂe%glaué}sfeﬁmkag?m@@wEﬁqwgml(lmaﬁ@;@mn@e 8.05 g (39.04
mol ) of di cycl ohexyl carbodiimde i's added OCto a solution of 20 g

(31 23 | ound of Exanple 1 a and 18.70 g (31.23 nmol)
of I-ngﬁgﬁ%Q& ony/ltn l%?WBB 4,6-tetra- C)benzyl)nannopyranose (produced

according to %??'eld 29.8 g (78% of theory) of a colorless, viscous oil.
Elementary Analysis:
Cld.: C 55.09 H 4.38 N 2.29 F 2645

Fnd.: C 55.27 H 4.40 N 224 F 26.31

c) N-(2-Aminoethyl)-N-(1H,1H,2H,2H-perfluorodecyl)-2-(1-O-a-d-

mannopyranosyl)-acetamide, Methanesulfonic Acid Salt

2.29 g (23.75 mmol) of the methanesulfonic acid as well as 4.0 g of palladium
catalyst (10% Pd/C) are added to a solution of 29 g (23.75 mmol) of the title compound
of Example 1b in 500 ml of ethanol, and it is hydrogenated for 24 hours at room
temperature. Catalyst is filtered out, and the filtrate is evaporated to the dry state in a
vacuum.

Yield: 19.5 g (quantitative) of a colorless solid.

Elementary Analysis:

Cld.: C 30.67 H3.31 N 341 F 39.27

Fnd.: C 31.01 H 3.29 N 3.33 F 39.04



WD 99/01160 Al) and 3.59 g (31.23 mml) of N hydroxysuccinimde in 200 m
of dinethylformamde, it is stirred for 3 hours at OC and then for 16
hours at room tenperature. Precipitated urea is filtered out, the filtrate
is evaporated to the dry state in a vacuum and the residue is

chromat ogr aphed on silica gel (nobile4dolvent: dichl oronethane/ et hanol
20:1). Yield: 29.8 g (78% of theory) of a colorless, viscous oil.

2 U ol TR R T €50

H, 2H, 2H perf | uor odec3{ (1- O a-d- mannopyranosyl)-acet am de,

Met hanesul f oni @Ry 'éaﬁzﬁ 420x2’95 -grethys 539 Jnininoghyld i (i Hawb2aldt f oni ¢ aci d
as well as 4.0 g of palladium catalyst (10% Pd/C) are added to a sol ution
of 29 g (23. 75enfiwirpdesy]){2h@-@id-d-enanoopoamdy])-atetaxaiepGe Condplaxn 500 m  of
ethanol, and it is hydrogenated for 24 hours at room tenperature. Catalyst
is filtered outg.7 a(Eb. 12h@ndol)l Iftiied dild &n@b@ﬁ@bﬁﬁ%ﬁwléhaﬂdg(msm%ﬁol)@fa

vacuum Yield: 19.5 g (quantitative) of a colorless solid El emrent ary

Anal ysi S-N(ﬁlygsoxhgﬁc??\uﬁlﬁeﬂ §3T$|}45Nl43m§%>3 Fordthiarh chﬁﬁlﬁ)e ancfl@%ligj(zlﬁf’ 29 N 3.33

F 39.04 44 s- (car boxyl at onet

Crethyt - ST 3 A ety STRD g BED R Rovo s methyipentan-5

yl1}-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 200 ml of dimethy] sulfoxide while being heated slightly. At 10°C,
5.86 g (28.4 mmol) of dicyclohexyl carbodiimide as well as 2.30 g (22.72 mmol) of
triethylamine are added, and it is stirred for 16 hours at room temperature. The solution
is poured into 2000 ml of acetone and stirred for 10 more minutes. The precipitated solid
1s filtered off and then purified by chromatography (RP-18; mobile solvent: gradient that
consists of water/acetonitrile).

Yield: 22.3 g (68% of theory) of a colorless solid

Water content (Karl-Fischer): 7.0%

Elementary Analysis (relative to the anhydrous substance):

h Cld.: C 35.01 H 3.84 N 7.33 F 24.14 Gd 11.75
Fnd.: C 35.21 H 3.89 N 7.27 F 24.09 Gd 11.61
Example 2

a) 1-N-(Benzyloxycarbonyl)-1H,1H,2H,2H,4H,4H,5H,5H-3-N-[1,4,7-tris-
(carboxylatomethyl)-1.4,7,10-tetraazacyclododecane-10-N-(pentanoyl-3-aza-4-

0x0-5-methyl-5-yl)]-perfluorotridecylamine, Gd Complex



per fl uorodecyl)-2-(1-0 a-d-nmannopyranosyl )-acetam de, Gd Conplex 18.7 g
(22.72 mmol ) of the title conpound of Exanple 1 c, 2.61 g (22.72 mmol) of
N- hydr oxysuccinimde, 1.93 g (45.44 mmol) of lithiumchloride and 14.31 g
(22.72 mol ) of 45

1,4,7-tris-(carboxyl atonet hyl )-10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-
yI] 1,4,7,10-tetraazacycl ododecane, Gd conplex (WO 98/24775, Schering AG
(Exanple 1)) 1®eg dissi2ahmel) of the2AR onpeindibfimiafifle 54)l1 180 (d8.6Rkirhél) bEI Ng
heated slightly. At 10C, 5.86 g (28.4 mmol) of dicycl ohexyl carbodiim de

as wel | Q@-h?dl%Q#ihcélggma@ 1804 3184 mibl) @k mﬂlﬁrﬁ‘cﬂ%rlaé enPslged (18688 mholy S

stirred for ours at roomtenperature. The solution is poured Irto 2000

Fi 1 Tor od T La RS P’feﬁ%o?l@/y a?%"r?a?é%ﬁ%ﬁ;f?ﬁ?%@i&%%&?ﬂ- SSI vent:
Pheory) 52585%%3?%3@%9%% BB é?h??iﬁzﬁ 'SEI? 8- Rt Woment ar y

Anal ysis (relative to the an ydrous subst ance): C 35.01 H3.84 N7.33
F 24. 14 @i digsopeed ipd g0 mlef dmnephyy] pplfoxade whije lzemgﬂlezkpd@bgw 1At WIC, £Qanpl e 2
a) |-N-(Benzyl oxycarbonyl)-1H I H, 2H, 2H, 4H, 4H, 5H, 5H 3-N-[ 1, 4, 7-tri s-

( car boxylg1852mnmybl) oﬁdidycﬂoﬂe&ytcmtbbdﬁmmeys:hdﬂédmaniesflﬁed\fot pe hbmatyl -3-aza- 4-
ox0-5-nmet hyl -5-yl)]-perfluorotridecyl am ne, Gd Conplex 45 10.0 g (15.62

nol ) of rbha témpérauﬁeorm@tsamu@ﬁ istpoaraalifitol 2800rh] Sdieth{1léthe? andrieted f@ho
N- hydroxysuccininmde, 1.33 g (31.34 nmmol) of lithiumchloride and 9.84 g

( 15_ 62 MPérk minutes. The pre01p1tated solid is filtered off, and then the residue is
( chromatographed on silica gel (mobile solvent: dichloromethane/methanol/aqueous
ammonia 10:5:1).
Yield: 16.4 g (79% of theory) of a colorless solid
Water content (Karl-Fischer): 5.4%

Elementary Analysis (relative to the anhydrous substance):

Cld.: C 3741 H 3.62 N 7.83 F 25.80 Gd 12.56
Fnd.: C 37.69 H 3.56 N 7.91 F 25.64 Gd 12.37
& b) 1H,1H,2H,2H,4H,4H,5H,5H-3-N-[1,4,7-tris-(carboxylatomethy!)-1,4,7,10-

tetraazacyclododecane- 10-N-(pentanoyl-3-aza-4-oxo-5-methyl-5-yl)]-

perfluorotridecylamine, Gd Complex, Methanesulfonic Acid Salt

1.16 g (12.08 mmol) of methanesulfonic acid as well as 2.0 g of palladium
catalyst (10% Pd/C) are added to a solution of 16 g (12.08 mmol) of the title compound

of Example 2a in 300 ml of ethanol, and it is hydrogenated for 24 hours at room



of

1,4,7-tris-(carboxyl atonet hyl)-10-[ 1-car boxy- 3- aza- 4- oxo- 5- net hyl pent an-5-y
11- 1,4,7,10-tetraazacycl ododecane, Gd conpl ex (WD 98/24775, Schering AG
(Exanmple 1)) are dissolved in 150 m of dinmethyl sulfoxide while being
heated slightly. At 10C, 4.03 g (19.8% mmol) of dicycl ohexyl carbodiim de
is added, and it is stirred for 16 hours at roomtenperature. The sol ution

e o BRSO Al e

chr omat O?f@?‘ﬁ%d on 5| lica gel (nobile solvent:

dichloro e/ met hanol /aqueous ammonia 10:5:1). Yield: 16.4 g (79% of
theory) of a colorless solid Water content (Karl-Fi scher) 5.4% El enent ary
Anal ysi s (rel aXiplde lﬁcﬁgfv@a@ﬁﬁy‘@@ﬁ%@eﬁwé ): dd.: C37.41 H3.62 N 7.83
F 25.80 Gd 12.56 Fnd.: C 37.69 H 3.56 N 7.91 F 25.64 Gd 12.37 b)

1H, 1H, 2H, 2H, 4HVdteL ﬁiﬂ,tdﬂt-l(lgaJNF[sﬂ:het):ﬂ.O‘Vd s- (car boxyl atonmethyl )-1, 4, 7, 10

t etraazacycl ododecane- 10- N- (pent anoyl -3 -aza- 4- oxo-5-nmethyl -5-yl)] -

per fl uorotri deRlsthéianyeAnabisCestativexo thdinhadrossdubstance):Acid Salt 1.16 g (12.08
mmol ) of nethanesul fonic acid as well as 2.0 g of palladium catalyst (10%

Pd/ C) are addegigt ac a15¢% utiomy afs716 g §18.088 ™Mok )60 t he &d tibgsconpound
of Exanple 2a in 300 mMl of ethanol, and it is hydrogenated for 24 hours at

room 46 terrpq{nat Ureyp @t al ysi |5@ fil tgrg%out g fohe figgrpt® is

evaporated to the dry state in vacu

C

c) 1H,1H,2H,2H,4H,4H,5H,5H-3-N-[ 1,4,7-tris-(carboxylatomethyl)-1,4,7,10-
tetraazacyclododecane-10-N-(pentanoyl-3-aza-4-oxo-5-methyl-5-yl)]-
perfluorotridecyl-N-2-(1-O-a-d-mannopyranosyl)-acetamide, Gd Complex
1.72 g (8.33 mmol) of dicyclohexylcarbodiimide as well as 674 mg (6.66 mmol)

of triethylamine are added at 0°C to a solution of 8.9 g (6.66 mmol) of the title compound

of Example 2b and 3.99 g (6.66 mmol) of 1-O-a-d-carbonylmethyl-(2,3,4,6-tetra-O-

benzyl)mannopyranose (produced according to WO 99/01160 A1) and 767 mg (6.66

mmol) of N-hydroxysuccinimide in 100 ml of dimethylformamide, it is stirred for 3 hours

at 0°C and then for 16 hours at room temperature. Precipitated urea is filtered out, and

the filtrate is evaporated to the dry state in a vacuum. The residue is dissolved in 100 ml

of methanol, mixed with 2.0 g of palladium catalyst (10% Pd/C) and hydrogenated for 24

hours at room temperature. Catalyst is filtered out, and the filtrate is evaporated to the

dry state in a vacuum. The residue is taken up in a little water, insoluble components are
filtered out, and the filtrate is then purified by chromatography (RP-18; mobile solvent:

gradient that consists of water/acetonitrile).



Yield: 15.8 g (quantitative) of a colorless solid Water content

(Karl -Fischer): 7.0%El enentary Analysis (relative to the anhydrous
substance): dd.: C 31.66 H3.57 N8.08 F 26.60 Gd 12.95 Fnd.: C 31.88 H
3.59 N8.14 F 26.42 (d 12.69 C c) 4
IH,1H,2H,2H,4H,4H,5H,5H—3-N—[1,4,7-tr|g-(carboxylatonethyl)-1,4,7,10-

t etraazacycl ododecane- 10- N- ( pent anoyl - 3- aza- 4- oxo- 5-net hyl -5-yl )] -

perfl uorotri degyli- 5 k6o b Bnds f00Syiq) - acetam de, Gd Conplex 1.72 g
(8.33 mml) o?qﬁllldbﬁllz%@@ca%hgdl i (r)nmer 3s wel | as 674 mg (6.66 mml) of

triethylam ne . gre added at to. lution of 8.9 g (6.66 mmol) of the
title corrpoun(}ﬁata‘co@geggrg?aél'ggcgﬁd@%Q g (6.66 mol) of
1- O a-d-carbonyl nethyl - (2, 3,4, 6-tetra-Q penz mannopyr anose (produced
according to \%@W@%fé’éﬁﬂs)@%ﬁ%’e%?‘eﬁﬁhX‘gﬁ“ﬁé}/‘L’gﬁﬁfﬂz of

N- hydroxysuccinimde in 100 ml of dinmethylformamde, it is stirred for 3
hours at OC &Hd:t Ked50dr 16Hnd8As at Noba?t enpdf dtdde. Plékilpi’at ed urea
is filtered out, and the filtrate is evaporated to the dry state in a
vacuum The rdaddu@ 3523di ssoHvéd8i n 10N "7 of net2Addol, Mkdd.5®% th 2.0 ¢
of palladium catal yst (10% Pd/ C) and hydrogenated for 24 hours at room
tenperature. Catalyst is filtered out, and the filtrate is evaporated to
the dry state in a vacuum The residue is taken up in a little water,

i nsol ubl gexcaimenents are filtered out, and the filtrate is then purified
by chromat ography (RP- 18; nobile solvent: gradient that consists of

wat er/ acetonitrile). 47 Yield: 6.1 g (64% of theory) of a colorless solid

(

a) [1,3-Bis-(2-benzyloxy-1-benzyloxymethyl-ethoxy)-prop-2-yl]-acetic Acid

14.62 g (75 mmol) of bromoacetic acid-tert-buty! ester is added [to] 30.02 g (50
mmol) of 1,3-bis-(2-benzyloxy-1-benzyloxymethyl-ethoxy)-propan-2-ol (Cassel et al.,
Eur. J. Org. Chem., 2001, 5, 875-896) and 5.6 g (100 mmol) of fine-powder potassium
hydroxide as well as a catalytic amount (1 g) of tetra-n-butylammonium hydrogen sulfate
in 250 ml of toluene at 0°C, and it is stirred for 2 hours at this temperature as well as for
12 hours at room temperature. The reaction solution is mixed with 500 ml of ethyl

acetate and 300 ml of water. The organic phase is separated and washed twice with 300

N

ml each of water, then dried on magnesium sulfate and evaporated to the dry state in a
vacuum. The residue is suspended in a mixture consisting of 400 ml of methanol and 0.5
M sodium hydroxide solution at a 2:1 ratio and then heated for 12 hours to 60°C. The
reaction mixture is neutralized for working-up by mixing with Amberlite IR 120 (H"
form)-cation exchange resin, exchanger is filtered out, evaporated to the dry state, and
chromatographed on silica gel (mobile solvent: ethyl acetate/hexane 1:3).

Yield: 23.5 g (71% of theory) of a colorless wax



Water content (Karl-Fischer): 6.2% El enentary Analysis (relative to the
anhydrous substance): Cd.: C35.01 H3.84 N7.33 F 24.14 &d 11.75 Fnd.: C
35.23 H3.88 N7.27 F 24.01 &d 11.59 Exanple 3 a)
[1,3-Bis-(2-benzy|oxy-l-benzyloxynethxl-ethoxy)-prop-2-y|]-acetic Aci d
14.62 g (75 mmol ) of bronpacetic acid-§ert-butyl ester is added [to] 30.02
g (50 mol) of 1,3-bis-(2-benzyloxy-I-benzyl oxynet hyl - et hoxy) - propan- 2- ol
(Cassel et al. Eur. .J. g. Chem, 2001, 5, 875-896) and 5.6 g (100 mmol)
of fine-pomde}ﬂ%g?gggfﬁﬁbg%ydroxide as well as a catalytic amount (1 g) of

tetra-n-butyliﬁnnniu hydr ogen |fate in 250 m of toluene at 0C, and it
is stirred foll®! h&ﬂ'lét thﬁsﬁ%rrperature as well as for 12 hours at room
tenperature. The reaction solution is mxed with 500 mM of ethyl acetate
and 300 m of FRdteC 7TR® or gBnVélphase is separated and washed twice with
300 m each of water, then dried on nmagnesi um sul fate and evaporated to
the dry state in a vacuum The residue is suspended in a m xture
consisting of 400 m of nmethanol and 0.5 M sodi um hydroxi de solution at a
2: 1 rati ®)and N-[B(Bdnegbegtaftony-antimseds1-No(160) 0, 2H2H-pedmotddecyl 2 {18+ e i s
neutralized for working-up by mxing with Anrberlite IR 120 (H+

form-cation %mﬁylbﬁyﬁh%eni%ﬂ&l}?r[bﬂ%ﬂ-eih%ﬁ)‘-;%rb?&%&yﬁ%&etmﬁfd@pOrat ed to the
e

dry state, and chronatographed on si'lica ge nobi sol vent: et hyl

acet at e/ hexa”%.@sﬁ@g.ogr%’p&) af Bie9qhdclbaiBlimld330hdaed H ot B BB W 48

El ementary An
- 20 g (31.23 mmol) of the title compound of Example 1a and 20.57 g (31.23 mmol) of the

(

title compound of Example 3a and 3.59 g (31.23 mmol) of N-hydroxysuccinimide in 200
ml of dimethylformamide, and it is stirred for 3 hours at 0°C and then for 16 hours at
room tempefature. Precipitated urea is filtered out, the filtrate is evaporated to the dry
state in a vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20: 1).

Yield: 28.7 g (72% of theory) of a colorless, viscous oil.

Elementary Analysis:

Cld.: C 5532 H 4.80 N 2.19 F 25.21

( Fnd.: C 55.56 H 4.87 N 2.13 F 26.07

c) N-(2-Aminoethyl)-N-(1H,1H,2H,2H-perfluorodecyl)-2-[ 1,3-bis-(2-hydroxy-1-
hydroxymethyl-ethoxy)-prop-2-oxy]-acetamide, Methanesulfonic Acid Salt
1.96 g (20.29 mmol) of methanesulfonic acid as well as 4.0 g of palladium

catalyst (10% Pd/C) are added to a solution of 26 g (20.29 mmol) of the title compound

of Example 3b in 500 ml of ethanol, and it is hydrogenated for 24 hours at room



Fnd.: C 71.29 H 7.21 b)

N-[ 2- (Benzyl oxycar bonyl ) - am noet hyl - N- (1H, | H, 2H, 2H per f | uor odecyl )-2-[ 1, 3-
bi s- (2-benzyl oxy- | -benzyl oxymnet hyl - et hoxy) - pr op- 2- oxy] - acet am de 8.05 g
(39.04 nmmol ) of dicycl ohexyl carbodi i m'4 e is added at 0OC to a solution of
20 g (31.23 mmol) of the title conmpound of Exanple 1 a and 20.57 g (31.23
mmol) of the title conpound of Exanple 3 a and 3.59 g (31.23 mvl) of

N- hydr oXygp gEﬂaﬂiré" @ﬁal'g?t @ﬁﬁeremoupandith@?ﬂ@afé isoervgﬁcghg&to @Bdry dtatb S $tirred for

3 hours at OC and th for holrs at roomtenperature. PreC|p|tated urea
is filter % t he f||trate is evaporated to the dry state in a vacuum
and t he reS| ue i s chromat ographed on S|I|ca gel (nobile sol vent:

di chl or onet ha 20: 1 ield g (72% of theory) of a

col orl ess, Vi gﬁwﬁg?‘l@%‘ﬁ%&ﬁ)é’}( C%HQFiféPEd C55.32 H4.80 N 2.19 F
25.21 Fnd.: C55.56 H4.87 N 2.13 F 26.07 c) N—(2 Ami noethyl )-N-(1 H, 1

H, 2H, 2H perfl UBlPmERIa) Analysis: 1, 3- bi s- (2- hydr oxy- 1-

hydr oxynet hyl - et hoxy) - pr op- 2- oxy] - acet am de, Met hanesul fonic Acid Salt
1.96 g (20.29 Gidol § Bf6aret hadeshldd oni cNadild as wWEI36.5%5 4.0 g of pall adium
catal yst (10% Pd/ C) are added to a solution of 26 g (20.29 muvol) of the
title conpoundfndaf CEXR8®pl e 3IH 401600 miN afilet hanBl36.4ind it i s hydrogenat ed
for 24 hours at room49 tenperature. Catalyst is filtered out, and the
filtrate is evaporated to the dry state in a vacuum Yield: 17.9 g
(quantitative) of a colorless solid

\ d) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane- 10-N-

'C (pentanoyl-3-aza-4-oxo-5-methyl-5-y1)]-2-aminoethyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-[1,3-bis-(2-hydroxy-1-hydroxymethyl-ethoxy)-prop-2-oxy]-
acetamide, Gd Complex
16.8 g (19.07 mmol) of the title compound of Example 3¢, 2.19 g (19.07 mmol) of

N-hydroxysuccinimide, 1.62 g (38.14 mmol) of lithium chloride and 14.31 g (19.07
mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-oxo-5-methylpentan-5-
yl1]-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,
(/ 4.92 g (23.84 mmol) of dicyclohexylcarbodiimide as well as 1.93 g (19.07 mmol) of
triethylamine are added, and it is stirred for 16 hours at room temperature. The solution
is poured into 2000 ml of acetone and stirred for 10 more minutes. The precipitated solid
is filtered off and then purified by chromatography (RP-18; mobile solvent: gradient that
consists of water/acetonitrile).
Yield: 20.6 g (72% of theory) of a colorless solid

Water content (Karl-Fischer): 6.7%



El ementary Analysis: dd.: C32.66 H4.00 N3.17 F 36.59 Fnd.: C 32.89 H
4.10 N 3.11 F 36.41 d) N {[

1,4,7-Tris-(carboxylatonmethyl)-1, 4,7, 10-tetraazacycl ododecane-1 O N

(pent anoyl - 3- aza- 4- oxo- 5- net hyl -5-yl )ke2-am noethyl } -N-(1 H 1 H 2H 2H
perfl uorodecyl)-2-[ 1, 3-bis-(2-hydroxy-1-hydroxymnethyl - et hoxy) - prop- 2- oxy] -
acetam de, Gd Conplex 16.8 g (19.07 mmol) of the title conmpound of Exanple
3c, 2.19 g (1ElewentanylAnalysis (kelatindrto shesmbydroussubistance):62 g (38. 14 mol ) of
lithiumchloride and 14.31 g (19.07 mmol) of

1,4, 7-tris-(caClioxyl3stoeneHhy R} - D0-71.01- CRrasoNy - Gdaria2#- 0xo- 5- et hyl pent an- 5-
yl]-1,4,7,10-tetraazacycl ododecane, Gd conplex (WD 98/24775, Schering AG

(Exanple 1)) mde dizssy vadapn 20G.9v  pfaxdggreshy] 1 pul f oxi de while being
heated slightly. At 10C, 4.92 g (23.84 nmmol) of dicycl ohexyl carbodii m de

as well as 1.93 g (19.07 nmmol) of triethylamne are added, and it is
stirred for 16 hours at roomtenperature. The solution is poured into 2000
m of acetone .and stirred for 10 nore mnutes. The precipitated solid 1is
filtered WHAd then purified by chromatography (RP- 18; mobile sol vent:
gradient that consists of water/acetonitrile). Yield: 20.6 g (72% of
theory) of a colorless solid Water content (Karl-Fischer): 6.7%50

El ementary Analysis (relative to the anhydrous substance): Cd.: C 36.06 H
4.25 N 7.01 F 12B7{drisigarboxglatometiyy]): 10c/(3aza4-opp-hewm-yKclacidiN-22. 88 Gd 11. 17

1H,1H,2H,2H,4H,4H,5H,5H-3-N-[1,4,7-tris-(carboxylatomethyl)-1,4,7,10-
‘C- tetraazacyclododecane-10-N-(pentanoyl-3-aza-4-o0xo-5-methyl-5-yl)]-
perfluorotridecylamide}-1,4,7,10-tetraazacyclododecane, Gd Complex
8.1 g (6.31 mmol) of the title compound of Example 2b, 726 mg (6.31 mmol) of
N-hydroxysuccinimide, 535 mg (12.62 mmol) of lithium chloride and 3.97 g (6.31 mmol)
of 1,4,7-tris-(carboxylatomethyl)-10-[ 1-carboxy-3-aza-4-0xo-5-methylpentan-5-yl]-
1,4,7,10-tetraazacyclododecane, Gd Complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 100 ml of dimethyl sulfoxide while being heated slightly. At 10°C,
1.63 g (7.89 mmol) of dicyclohexylcarbodiimide as well as 693 mg (6.31 mmol) of
C \ triethylamine are added, and it is stirred for 16 hours at room temperature. The solution
is poured into 2000 m] of acetone and stirred for 10 more minutes. The precipitated solid
is filtered off and then purified by chromatography (RP-18; mobile solvent: gradient that
consists of water/acetonitrile).

Yield: 6.5 g (56% of theory) of a colorless solid

Water content (Karl-Fischer): 5.8%



Exanpl e 4 a)

1,4,7-{Tris(carboxyl atonet hyl )-10-[ (3-aza- 4- oxo- hexan-5-ylic)acid-N 1 H 1
H, 2H, 2H, 4H, 4H, 5H, 5H3-N- [ 1,4, 7-tris-(carboxylatomethyl)-1, 4,7, 10-

t etraazacycl ododecane- 10- N- ( pent anoyl - 3- aza- 4- oxo- 5-net hyl -5-yl )] -
perfluorotridecyl anmide}-1, 4,7, 10-tetrahzacycl ododecane, Gd Conplex 8.1 g
(6.31 mol) of the title corrpound of Exanpl e 2b 726 ng (6.31 nmol ) of
(I\I-Ghécir mf;‘“ﬁém”én?m Ana?ysmreia%lve ?o th%})drous su sttar}llcu)m chi orl de and 3.97 g
1,4,7-tris- (carbo | at gnet h 1 car boxy- 3- aza- 4- oxo- 5- net hyl pent an-5-y
11- 1,4, 7, 10- 44+ §é€9c|% chlng ZG(f B APl & Md89s/ 24775, Schering AG
(Exanmple 1)) are dissolved in 100 m of dinmethyl sulfoxide while being
heat ed sli ght IFpd.: At 340¢, H13.88 & O678F midP) Gd 18ilycl ohexyl car bodi i nmi de as -
well as 693 ng (6.31 mmol) of Ctriethylamne are added, and it is stirred
for 16 hours at roomtenperature. The solution is poured.into 2000 m of
acetone and stirred for 10 nore m nutes. The precipitated solid is
filteredB¥amped then purified by chromatography (RP- 18; nobile sol vent:
gradient that consists of water/acetonitrile). Yield: 6.5 g (56% of

theory) of a colorless solid Water content (Karl-Fischer): 5 8% 51

El ementary Analysis (relative to the anhydrous subst ance) : C34.72 H

5 30N 3312 P el Mg by A Ao 185 100
H ?H 2k perf | lIjr(ljert}?oglgfE::t'}llo;%y)—etl{oxyf-acetamlde
. 8.05 g (39.04 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution of

20 g (31.23 mmol) of the title compound of Example 1a and 5.57 g (31.23 mmol) of [2-
(2-methoxyethoxy)-ethoxy]-acetic acid (Aldrich) and 3.59 g (31.23 mmol) of N-
hydroxysuccinimide in 200 ml of dimethylformamide, it is stirred for 3 hours at 0°C and
then for 16 hours at room temperature. Precipitated urea is filtered out, the filtrate is
evaporated to the dry state in a vacuum, and the residue is chromatographed on silica gel

(mobile solvent: dichloromethane/methanol 20:1).

Yield: 19.8 g (79% of theory) of a colorless, viscous oil.

(N

Elementary Analysis:
Cld.: C 40.51 H 3.65 N 3.50 F 40.35

Fnd.: C 40.62 H 3.68 N 3.53 F 40.09



nmet hoxyet hoxy) - et hoxy] - acetam de 8.05 g (39.04 mmol) of

di cycl ohexyl carbodiimde is added at OCto a solution of 20 g (31.23 nmol)
of the title conpound of Exanple 1 a and 5.57 g (31.23 mmol) of [2-

(2- met hoxyet hoxy) - et hoxy] -acetic acid (Al drich) and 3.59 g (31.23 mml) of
N hydroxysuccinimide in 200 M of di mhylformanide, it is stirred for 3
hours at 0OC and then for 16 hours at roon1tenperature Precipitated urea

is filtered o the fi ted to.t tate in.a vacuum
and the. s aisG-annptat- et g fiARBr R ERatS 2 el heloRifoah-

di chl or onet hane/ met hanol 1 ld: 19.8 ¢ (7996of theory) of a

col orl ess, Vi <Sehavryl-agetamid EIMFF\)QW%%P@OT‘A%AF%EE Od.: C40.51°H3.65 N3.50 F
40.35 Fnd.: C 40.62 H 3.68 N 3.53 F 40.09 52 b) N—(2 Ami noethyl )-N-(1 H 1
H, 2H, 2H- per f | (2o?%gI@3y13)mmo]) 2f trethaneswioyistanishay Wedltas 60,8 ofpalindinmde,

Met hanesul fonic Acid Salt 2.28 g (23.73 mol ) of nethanesul fonic acid as
wel | as 4atlyst Of0%pRENCY dreatded tit aadohgion(cf A 9gHA3. T} maied) eftttetltlé compambut i on of
19 g (23.73 mvol) of the title conpound of Exanple 5a in 500 m of

et hanol , ¢fBkainbld $a ih¥00 ageRathasblf Mid iPHd hpeiekenatdd foPPIhodreamesat ur e. Cat al yst
IS flltered out, and the filtrate is evaporated to the dry state in a

vacuum \{b@;%atuil@ éatﬁggtqé’ ﬂﬁéﬂe& 8bd, %5 theilPtE Rl VRS ’thk bry sttt GENLAry
57 N'3.67 F 42. 36

Anal ysi s

vacuum.

Yield: 18.1 g (quantitative) of a colorless solid.

Elementary Analysis:
Cld.: C 31.51 H 3.57 N 3.67 F 4236
Fnd.: C 31.77 H 3.59 N 354 F 42.05

c) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane- 10-N-
. (pentanoyl-3-aza-4-oxo0-5-methyl-5-yl)]-2-aminoethyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-[2-(2-methoxyethoxy)-ethoxy]-acetamide, Gd Complex
17.2 g (22.51 mmol) of the title compound of Example 5b, 2.59 g (22.51 mmol)
_ of N-hydroxysuccinimide, 1.91 g (45.02 mmol) of lithium chloride and 14.18 g (22.51

mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-0x0-5-methylpentan-5-
yl}-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,
5.81 g (28.14 mmol) of dicyclohexylcarbodiimide as well as 2.28 g (22.51 mmol) of
triethylamine are added, and it is stirred for 16 hours at room temperature. The solution

is poured into 2000 ml of acetone and stirred for 10 more minutes. The precipitated solid



Fnd.: C31.77 H3.59 N3.54 F 42.05¢c) N { |
1,4,7-Tris-(carboxylatonethyl)- 1,4,7, 1 O-tetraazacycl ododecane- | O N
(pent anoyl - 3- aza- 4- oxo-5-net hyl -5-yl )] -2-am noethyl} -N-(1 H 1 H, 2H, 2H
per fl uorodecyl)-2-[ 2-(2- met hoxyet hoxy) - et hoxy] - acet am de, Gd Conplex 17.2 g
(22.51 mol) of the title conpound of YExanple 5b, 2.59 g (22.51 mvl) of
N- hydr oxysuccinimde, 1.91 g (45.02 nmmol) of lithiumchloride and 14.18 ¢

(22.51 f .1, 4. 7-tris-(carboxy| ato - 10- ) .

1- car boxgyg{-t%ffcgg’ﬁ%aaﬁgleﬁ%?lﬁéﬁ%&l?{f)gﬁoglapgﬁ@{,8)4F*Pf%il%-s‘?l@?r}taygbef}ﬁh%tdodecane,
Gd conplex (WD 98/24775, Schering AG (Exanple 1)) are dissolved in 200 m
of di met Iepnsigspf WateHacolitride)pei ng heated slightly. At 10C, 5.81 g (28.14
nmmol ) of dicycl ohexyl carbodiimde as well as 2.28 g (22.51 mol) of
triethyl am ne Ydeld: 2d$egl(708nef theoryksofstqolarless sadid 16 hours at room
tenperature. The solution is poured into 2000 m of acetone and stirred
for 10 nore mWwateesontehin Kmi-Fsclpr): #t48d solid 53 is filtered off and then
purified by chromatography (RP18; nobile solvent: gradient that consists

of water/acet (Eléﬁléﬂthg_)Anaﬁs%I(elélat%-t&t}ﬁ: K Pdoes subkesdey) of a colorless solid
Water content (Karl-Fischer): 6.4% El enentary Analysis (relative to the

anhydr ous sub%lﬁlp(_‘@)giﬂﬂ - 4.095\5-7.76]7 H 4508 Ngd- ©Ag- 25.72 Gd 12.30 Fnd.:
C35.79 H4.07 N7.59 F 25.63 12.27 C Exanple 6 a)

1-N-(Benzyl oxygarbeny )g 1 4 3248 SH BHy HohH By 8H 3- aza- 4- oxa-6-

C

Example 6

a) 1-N-(Benzyloxycarbonyl)-1H, 1H,2H,2H,5H,5H,7H,7H,8H,8H-3-aza-4-0xa-6-

oxo-perfluorohexadecylamine

17.8 g (140 mmol) of oxalyl chloride is added to 52.22 g (100 mmol) of
2H,2H,4H,4H,5H,5H-3-oxa-perfluorotridecanoic acid (produced according to EP
01/08498) in 500 ml of dichloromethane, and it is stirred fof 14 hours at room
temperature. It is evaporated to the dry state in a vacuum, the residue is dissolved in 400

C ml of dichloromethane, mixed at 0°C with 23.31 g (120 mmol) of N-benzyloxycarbonyl-

ethylenediamine (Atwell et al., Synthesis, 1984, 1032-1033) and 10.2 g (100 mmol) of
triethylamine, and it is stirred for 24 more hours at room temperature. The reaction
solution is mixed with 400 ml of 1N hydrochloric acid and thoroughly stirred for 15
minutes. The organic phase is separated, dried on magnesium sulfate and evaporated to
the dry state in a vacuum. The residue is chromatographed on silica gel (mobile solvent:

ethyl acetate/hexane 1:2).



oxo- per fl uor ohexadecyl am ne 17.8 g (140 mmol ) of oxalyl chloride is added
to 52.22 g (100 mmol ) of 2H, 2H, 4H, 4H, 5H, 5H 3- oxa- perfl uorotri decanoic acid
(produced according to EP 01/08498) in 500 m of dichloronethane, and it
is stirred for 14 hours at room tenpegrature. It is evaporated to the dry
state in a vacuum the residue is dissolved in 400 Cm of dichloronethane,
mxed at OCwith 23.31 g (120 nmol) of N-benzyl oxycarbonyl - et hyl enedi am ne

(Avel | et al yicRymigieg (s, 4Piidory 19820 waRd 10-2 g (100 mmol) of

triethylamne, and it is stirred 24 nore hours at roomtenperature. The

reaction sol with 400 ml of IN hydrochloric acid and
t hor oughly strjérregrl@r'&ﬂl%ﬁgsm nut es The organi c phase is separated, dried

on magnesi um Y r dry state in a vacuum The
residue is chr@ﬁaa%;'%“heﬁ %‘22 | ad ggl‘f6 bile solvent: ethyl

acet at e/ hexane_1:2 : 49.7 g (71% of theory) of a coI orl ess wax
El ementary Anaingsi 38d’7d H %7§7 8397 2FM0-N 4.01 F 46.25 Fnd.: C 38.02 H
2.76 N 3.97 F 46.12 b)

1- N- (Benzyl oxycar bonyl ) - 1H, | H, 2H, 2H, 4H, 4H, 5H, 5H, 7H, 7H, 8H, 8H- 3- aza- 6-

oxo- per fl uor ohexadecyl am ne 48.5 g (69.45 mol ) of the title conpound of
Exanpl e 63 i n tBO(Behzyddxythibony)- 1 Hi MHEAHRH,4H 880, 5H, 5Hf7HITH 8H8H-d razai6ret hy|
sulfide (in THF) and refluxed for 5 hours. It 1is cooled to OC, 100 m of
met hanol is adg@dperfludibidiRadecklamige Stirred for 1 hour at room t enperature
and then evaporated to the dry state in a vacuum The residue is taken up

i n( 48.5 g (69.45 mmol) of the title compound of Example 6a in 150 ml of THF is

AN

mixed with 50.ml of 10 M boranedimethyl sulfide (in THF) and refluxed for 5 hours. It
is cooled to 0°C, 100 ml of methanol is added in drops, it is stirred for 1 hour at room
temperature and then evaporated to the dry state in a vacuum. The residue is taken up in
a mixture that consists of 300 ml of ethanol/50 ml of 1 M hydrochloric acid, and it is
stirred for 14 hours at 40°C. It is evaporated to the dry state in a vacuum, the residue is
taken up in 300 ml of 5% sodium hydroxide solution and extracted three times with 300
ml each of dichloromethane. The combined organic phases are dried on magnesium
sulfate, evaporated to the dry state in a vacuum, and the residue is chromatographed on
- silica gel (mobile solvent: dichloromethane/methanol 10:1).

Yield: 39.8 g (84% of theory) of a colorless solid

Elementary Analysis:

Cld.: C 38,61 H 3.09 N 4.09 F 47.19

Fnd.: C 38.88 H 3.14 N 4.06 F 46.87

c) | N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H,4H,4H,5H,5H-3-oxa-



a mxture that consists of 300 m of ethanol/50 ml of 1 M hydrochloric
acid, and it is stirred for 14 hours at 40C. It is evaporated to the dry
state in a vacuum the residue is taken up in 300 m of 5% sodi um

hydr oxi de sol uti on and extracted threg: times with 300 m each of

di chl oronet hane. The conbi ned organic 5phases are dried on rmagnesi um

sul fate, evaporated to the dry state in a vacuum and the residue is

chr omat ogr aphsggggré)mdefglz&) a(zgﬁéth&gg %&) e°t9<]> {:etarﬁid%hl or onet hane/ et hanol

10:1). Yield eor a co ess solid Elenmentary

R N R e

H, 1H, 2H, 2H, 4H, 4H, 5H, 5H 3-oxa 55 perfluorotri decyl)-2-

[ 2- (2- me2h@(@2eh mnyr)l) efi thel¢ cormpamdref §aampEHbgnd é &1 232Ra8 mmejj of [2-

di cycl ohexyl carbodiimde is added at OC to a solution of 20 g (29.22 mmol)
of the tiQ2-hetraggbongd-etfoxkkarepk ecidljAkingthparRil3.36 § 229.2Z22mmoeb|of Nof [ 2-

(2- met hoxyet hoxy) - et hoxy] -acetic acid (Al drich) and 3.36 g (29.22 nmol) of

N hydroxg &lé%;slu@hmnﬁtae k00081 ¥ diabthireridmiis QhaBM freddBEs héurk 8t U rred for
3 hours a and then for 16 hoursS at roomtenperature. Precipitated urea

and the PRSHRIEr (51 %4%%%0% ?e“"pﬁi”%sﬁ"’a%?ﬂ‘%dt"??a ’Q?‘tg{%“ PE‘F ?%eq"v‘*erﬁteqs e
di chl th Y| 18. 3

Col or | eo VR AR ar e sy st Geice st oo Sphi el \ 5 3
38. 24

-

e

(mobile solvent: dichloromethane/methanol 20:1).
Yield: 18.3 g (74% of theory) of a colorless, viscous oil.
Elementary Analysis:
Cld: C 4124 H 394 N 332 F 3824

Fnd.: C 4142 H.398 N 333 F 3821

d) N-(2-Aminoethyl)-N-(1H,1H,2H,2H,4H,4H,5H,5H-3-oxa-perfluorotridecyl)-2-[2-
(2-methoxyethoxy)-ethoxy]-acetamide, Methanesulfonic Acid Salt

2.0 g (20.72 mmol) of methanesulfonic acid as well as 3.0 g of palladium catalyst

TN

- (10% Pd/C) are added to a solution of 17.5 g (20.72 mmol) of the title compound of
Example 6¢ in 300 ml of ethanol, and it is hydrogenated for 24 hours at room
temperature. Catalyst is filtered out, and the filtrate is evaporated to the dry state in a
vacuum.

Yield: 16.7 g (quantitative) of a colorless solid.

Elementary Analysis:

Cld.: C 32.76 H 3.87 N 3.47 F 40.04



Fnd.: C 41.42 H .3.98 N 3.33 F 38.21 d)

N- (2- Am noet hyl ) - N- (1H, 1H, 2H, 2H, 4H, 4H, 5H, 5H 3- oxa- perfl uorotri decyl)-2-[2-
(2- met hoxyet hoxy) - et hoxy] - acet am de, Met hanesul fonic Acid Salt 2.0 g (20.72
mol ) of nethanesul fonic acid as well as 3.0 g of palladiumcatal yst ~_.
(10% Pd/ C) are added to a solution of 587. 5 g (20.72 mmol ) of the title
conpound of Exanple 6¢c in 300 mM of ethanol, and it is hydrogenated for 24

hours at room_ te r.at.ure. yst i LLtere t,, and the filtrate is
evapor at ed toFPﬂ'er%%%a&tate ﬁﬁ%%% vacuﬁrébsi el ddp%égfl g (quantitative) of a
colorless solid. Elenentary Analysis: Cd C 32.76 H3.87 N 3.47 F 40.04

56 Fnd.: C 32.99 H3.98 N3.35 F 39.84 e) N {]
1,4,7-Tris-(carboxylatonmethyl)- 1,4,7, 1 O-tetraazacycl ododecane- | O N

( pent anoye - 3- A4L14, bAwisK carhexytarpmethyl))1}4, 2.1 Grivitraazackisipdgdecaaef 10-MN: 1

H, 2H, 2H, 4H, 4H, 5H, 5H 3- oxa- perfl uorotridecyl)-2-[ 2- (2- net hoxyet hoxy) -

et hoxy] - acet arfpahanofdi3-Gaarploan-SimetBygS{yDB2 Athinoathyl}-OF the titl e conpound of
Exanple 6d, 2.11 g (18.30 nml) of N-hydroxysuccinimde, 1.55 g (36.60

mmol ) of lit hi(mn1H,ﬁmHgim,aﬁgmma%ﬁ-ﬁ&&&&ridmmj-z-[;utz-methoxyethoxy?-
1,4,7-tris-(carboxyl atonethyl)-10-[ 1-carboxy-3-aza-4-o0xo0-5-net hyl pent an- 5-

yl']1-1,4,7, 10- talkapZReHaionfesaprx Gd conpl ex (WO 98/ 24775, Schering AG
(Example 1)) ar e9§|g§sol ved in 2 oxm of di nmethyl sulfoxide while being

neat e 511 ot iy A UiGumefoF i anBullR BipnsbE 49 P AE MGG 1 m e

as well as 1.
( of N-hydroxysuccinimide, 1.55 g (36.60 mmol) of lithium chloride and 11.52 g (18.30

. mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-0x0-5-methylpentan-5-
yl}-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,
.4.72 g (22.88 mmol) of dicyclohexylcarbodiimide as well as 1.85 g (18.30 mmol) of
| triethylamine are added, and it is stirred for 16 hours at room temperature. The solution
is poured into 2000 ml of acetone and stirred for 10 more minutes. The precipitated solid
is filtered off and then purified by chromatography (RP-18; mobile solvent: gradient that
consists of water/acetonitrile).
‘& Yield: 16.6 g (64% of theory) of a colorless solid
Water content (Karl-Fischer): 6.9%
Elementary Analysis (relative to the anhydrous substance):

Cld.: C 3634 H 419 N 742 F 2443 Gd 11.89

Fnd.: C 3649 H 427 N 736 F 2428 Gd 11.78



triethylam ne are added, and it is stirred for 16 hours at room
tenperature. The solution is poured into 2000 mMl of acetone and stirred
for 10 nore mnutes. The precipitated solid is filtered off and then
purified by chromatography (RP- 18; rm ile solvent: gradient that consists
of water/acetonitrile). Yield: 16.6 g 64% of theory) of a colorless solid
Wat er content (Karl-Fi scher): 6. 9% El enentary Analysis (relative to the
anhydroui sub tﬁlnce) C36.34 H4.19 N 7.42 F 24.43 d 11.89 Fnd.:
C 36.49 736F24 28 Gd 11.78 57 Exanple 7 a)

6- N- Benzyl oxycar bonyl - 2- N- (2H, 2H, 4H, 4H, 5H, 5H- 3- oxaper f |l uorotri decanoyl ) -
L-lysine 25 g (31.31 nmol) of

6- N- benzyl oxycar bonyl - 2- N- (2H, 2H, 4H, 4H, 5H, 5H 3

oxaper f | @dr ot ﬁrﬂ@?&ﬁd%})‘?ﬁ@ﬂnﬂﬁ “Ne(2i2 g H, %élérSHc%wzswé@wr%é@ﬁaaP% to EP
03/07274) is dissolved in 200 m of nethanol and 50 n] of 2N potassium
hydr oxi de sol dtlysmeand stirred for 18 hours at roomtenperature. It is
acidified with 2N hydrochloric acid, evaporated to the dry state, and the
residue is chRopaBOAI aphelylofd Nsbdnizglax geakbonybDiN-@H,28/4H4H,SH,5H-3-

di chl or onet hane/ met hanol 10:1). Yield: 22.4 g (91% of theory) of a

col orI es LI¥si il €5 ucdd a¢ferd F 41. 17
2o e Z)gﬁ%ﬁ;ﬂﬁbrotrfzﬁséﬂﬁgﬂ%gwls:ﬁgﬁeggﬂ &stergpfbduc thghb BP2B/0M2%4)3¢

dissolved in 200 ml of methanol and 50 ml of 2N potassium hydroxide solution and

stirred for 18 hours at room temperature. It is acidified with 2N hydrochloric acid,

N

evaporated to the dry state, and the residue is chromatographed on silica gel (mobile
solvent: dichloromethane/methanol 10:1).

Yield: 22.4 g (91% of theory) of a colorless solid.

Elementary Analysis:

Cld: C 39.81 H 321 N 357 F 41.17

Fnd.: C 40.07 H 327 N 3.49 F 41.05

b) [1-0-a-d-(2,3,4,6-Tetra-O-benzyl)mannopyranosyl]-acetamide

N

11.45 g (90 mmol) of oxalyl chloride is added to 40 g (66.81 mmol) of 1-O-a-d-
carbonylmethyl-(2,3,4,6-tetra-O-benzyl)mannopyranose (produced according to WO
. 99/01160 A1) in 300 ml of dichloromethane, and it is stirred for 14 hours at room
temperature. It is evaporated to the dry state in a vacuum, the residue is dissolved in 400
ml of dichloromethane, ammonia gas is introduced into the solution at 0°C for about 2
hours, and it is stirred for 4 more hours at room temperature. The reaction solution is

mixed with 400 ml of IN hydrochloric acid, and it is thoroughly stirred for 15 minutes.



b) [ 1-Oa-d-(2, 3,4, 6-Tetra-O benzyl ) mannopyr anosyl ] -acetam de 11.45 g (90
mmol ) of oxalyl chloride is added to 40 g (66.81 mmol) of 1-0O a-d-

carbonyl met hyl - (2, 3, 4, 6-tetra- O benzyl ) mannopyr anose (produced according to
WO 99/01160 Al) in 300 m of di chl orgpet hane, and it is stirred for 14
hours at room tenperature. IS evag%rat ed to the dry state in a vacuum
the residue is dissolved in 400 m of dichl oronethane, anmmonia gas is
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ure e reacti on so ron 1s xed with

400 m of IN dr ochl cid, and it is thorou irred fo

m nutes. S ‘éaCB‘F@a&f‘Ereﬁ%&gés qhgorg@tggpal:ge&pn sghige %ﬁi %?Pﬁﬁﬂ]ﬁé?]lé’g’? uﬁ{hé'tl fate and
evaporated to the dr state in a vacuum The residue is chronatographed on
si | i ca gdcetpiediskane IOk vent : ethyl acetate/ hexane 1:2). Yield: 34.1 g (85%
of theory) of a colorless oil Elenentary Analysis: dd.: C72.34 H6.58 N
2.34 Fnd.: CYi2ld634H $5(85% of tReB) of@ avjorlesq oil

1-0O a-d-(2, 3,4, 6-Tetra- O benzyl ) mannopyr anosyl ] -et hyl am ne 33 g (55. 21
mrol ) of the tHléhentagmpnalyaid: of Exanple 7b in 100 M of THE is mixed with
30 M of 10 M boranedi nethyl sulfide (in THF) and refluxed for 5 hours. It

is cooled to Q§q.:-Xk002M4 off ¢8g hanol34i s added in drops, it is stirred for 1
hour at room tenperature and then evaporated to the dry state in a vacuum

The resi due |sr-nhak@n721@ 'H 6@4”‘}3‘ 233'95 that consists of 200 m of

et hanol / 100 nml” of et hanol am ne, is stirred for

C

c) 2-[1-0-a-d-(2,3,4,6-Tetra-O-benzyl)mannopyranosyl]-ethylamine

33 g (55.21 mmol) of the title compound of Example 7b in 100 ml of THF is
mixed with 30 ml of 10 M boranedimethy! sulfide (in THF) and refluxed for 5 hours. It
is cooled to 0°C, 100 ml of methanol is added in drops, it is stirred for 1 hour at room
temperature and then evaporated to the dry state in a vacuum. The residue is taken up in
a mixture that consists of 200 ml of ethanol/100 m] of ethanolamine, and it is stirred for
14 hours at 60°C. It is evaporated to the dry state in a vacuum, the residue is taken up in
300 ml of 5% sodium hydroxide solution, and it is extracted three times with 300 ml each
of dichloromethane. The combined organic phases are dried on magnesium sulfate,
evaporated to the dry state in a vacuum, and the residue is chromatographed on silica gel
(mobile solvent: dichloromethane/methanol 10:1).

Yield: 26.2 g (81% of theory) of a colorless solid

Elementary Analysis:

Cld: C 7408 H 7.08 N 2.40

Fnd.: C 7455 H 7.19 N 231



14 hours at 60C. It is evaporated to the dry state in a vacuum the residue
is taken up in 300 m of 5% sodi um hydroxide solution, and it is extracted
three tines with 300 nl each of dichloronethane. The conbi ned organic
phases are dried on nmagnesi um sul fate evaporated to the dry state in a
vacuum and the residue is chromatographed on silica gel (nobile solvent:
di chl or onet hane/ net hanol 10:1). Yield: 26.2 g (81% of theory) of a
colorless solid Elenmentary Analysis: Cd.: C74.08 H7.08 N2.40 Fnd.: C
74.55 H7.19 N 2.31 59 d)
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L-1ysine-"{2- enzyl’) mannaopyr anosy

-am de 4.93 23. Xyl arbodllmd dded at 0OCto a
solutton of - JsvaEg T sl de Pty SetmpamacuT-<hufene®, a ang
11.16 g (19.12 mmol) of the title conpound of Exanple 7c and 2.20 g (19.12
mol ) of N-hydBxyQ@30iminal) @€ dicpicloiaxyloatbodiimitierie adved fab® Haaei acke]ution of s
stirred for 3 hours at OC and then for 16 hours at room tenperature.

Pr eci pi t a5qd(19112 anmel) bf iheitie dompbund ITExkinbpler Aataadil$. 16\¢aPON 20e6bl) 6f thbie dry
state in a vacuum and the residue is chromatographed on silica gel

(nobi le Qf?l'e‘é%ﬂlbouncpéf‘ﬁﬂaﬁf WM@ZU@(]@@Q%gg oEN-h \@r&lﬂucc%ﬁm?degn (2@61% of

t heory) of a colorless, viscous oil El emrentary Anal ysis: : Cb55.15 H

4.78 N3 n%ijof u%éh?l%omllzaﬂ'lqde, ltCES ?t%'re?('iQfo}_B ﬁo@rg aN)‘% a%% tﬁenzt%r Yé" hours at room

(_ temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
h vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).

Yield: 19.2 g (74% of theory) of a colorless, viscous oil.

Elementary Analysis:

Cld: C 55.15 H 478 N 3.11 F 23.92

Fnd.: C 5532 H 482 N 3.09 F 23.74

e) 2-N-(2H,2H,4H,4H,5H,5H-3-Oxaperfluorotridecanyl)-L-lysine-[2-{1-O-c.-d-
Q mannopyranosyl)-ethyl]-amide
2.0 g of palladium catalyst (10% i)d/C) is added to a solution of 18.5 g (13.70
mmol) of the title compound of Example 7d in 200 ml of ethanol, and it is hydrogenated
for 24 hours at room temperature. Catalyst is filtered out, and the filtrate is evaporated to
the dry state in a vacuum.

Yield: 11.8 g (quantitative) of a colorless solid.



e) 2-N-(2H, 2H, 4H, 4H, 5H, 5H- 3- Oxaperfl uorotri decanyl )-L-1ysine-[ 2-

1-0-(X-d- C mannopyranosyl)-ethyl]-amde 2.0 g of palladiumcatalyst (10%
Pd/C) is added to a solution of 18.5 g (13.70 mmol) of the title conpound
of Exanple 7d in 200 ml of ethanol, aggl it is hydrogenated for 24 hours at
roomtenperature. Catalyst is filtered out, and the filtrate is evaporated
to the dry state in a vacuum Yield: 11.8 g (quantitative) of a colorless
solid. 60 El dlentmary Adnabisigsis: Cd.: C 36.50 H4.01 N 4.91 F 37.75 Fnd.:
C 36.79 H3.98 N4.87 F 37.84 f)

6-N-[1, 4, 7-Trigd( cangoyyl @tooet Rykoil,#37,750- t et raazacycl ododecane-1 O N-
(pent anoyl -3 -aza- 4- oxo- 5- rret hyI 5-yl)]-2-N(2H, 2H, 4H, 4H, 5H, 5H 3-

oxaper f | uor ot rFpdec@ngyiq) - I [ 'N34 E
1- O a- d- mannopyr anosyl ) - et hy c?zl (%g Complex 11.0 g (12.86 mmol ) of

the title conpound of Exanple 7e 1.48 g (12.86 nmol) of

N- hydr oxysuccinimde, 1.09 g (25.72 nmmmol) of lithiumchloride and 8.10 g
(12. 86 1) f .

1,4, 7-tri éolg&’f/lr éTBﬁmﬂ?Fylath‘eflﬁ?'l)éb?ﬂ&)@)‘/‘e@aaéﬁcé’ch’d{%%a%e Kyl pent an-5-y
I] 1 4,7, 10 tetraazacycl ododecane mpl ex_ (WD 98/ 24775, Schering AG
(Exanpl e 1)) (Emanykaarabexen- @Gﬁbylnﬁ ya}zﬁiﬁﬁ HHAHLEBhAHE- whi | e bei ng
heated slightly. At 10C, 3.32 g (16.08 mml) of dicycl ohexyl carbodii m de

i s added, and oxaparBugoirideeadoyIpd -1y 6inerfidif & Qatr-d-memmoplymapsyid)asthyldamidee sol uti on
is poured into 2000 m of acetone and stirred for 10 nore mnutes. The
precipitated ssdCémprexfiltered off and then purified by chromatography

-

S

11.0 g (12.86 mmol) of the title compound of Example 7e, 1.48 g (12.86 mmol) of
N-hydroxysuccinimide, 1.09 g (25.72 mmol) of lithium chloride and 8.10 g (12.86 mmol)
of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-oxo-5-methylpentan-5-yl]-
1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example 1))
are dissolved in 100 ml of dimethyl sulfoxide while being heated slightly. At 10°C, 3.32
g (16.08 mmol) of dicyclohexylcarbodiimide is added, and it is stirred for 16 hours at
room temperature. The solution is poured into 2000 ml of acetone and stirred for 10
more minutes. The precipitated solid is filtered off and then purified by chromatography
( (RP-18; mobile solvent: gradient that consists of water/acetonitrile).

Yield 13.0 g (64% of theory) of a colorless solid

Water content (Karl-Fischer): 6.9%

Elementary Analysis (relative to the anhydrous substance):
Cld: C 36.84 H 426 N 764 F 2201 Gd 10.72

Fnd.: C 37.03 H 431 N 7.59 F 2195 Gd 10.62



(RP-18; nobile solvent: gradient that consists of water/acetonitrile).
Yield 13.0 g (64% of theory) of a colorless solid Witer content

(Karl -Fischer): 6.9% Elementary Analysis (relative to the anhydrous
substance): dd.: C36.84 H4.26 N7.64 F 22.01 & 10.72 Fnd.: C 37.03 H
4.31 N7.59 F 21.95 Gd 10.62 61 Exanfie 8 a)

6- N- Benzyl oxycar bonyl - 2- N- (2H, 2H, 4H, 4H, 5H, 5H 3- oxaper fl uorotri decanoyl ) -
L- I ysine- @%PN-F[%S 3R 4R, 5R) -2, 3, 4, 5, 6- pent ahydr oxyhexyl ] - N-nmet hyl } -am de
4.93 g (23. | ) of dicycl ohexylcarbodiimde is added at 0OC to a
solution of 15 g (19.12 mol) of the title conpound of Exanple 7a and 5.6 g
(28.68 mmol ) of N nethylglucam ne (Aldrich) and 2.20 g (19.12 mmol ) of

N- hydroxysuccinimde in 200 ml  _of dinethylformamde, it is stirred for 3
hour s at BC ariNe BRIy caBnybenS (4, 2H IS S Bt srapatluppeideginosbed ur oa
is filtered out, the filtrate is evaporated to the dry state in a vacuum
and t he resi ddelysiecliNd@RBBARa L3 diP,&peitatydgadyh©rpboNtmetbyll} \aanide

di chl oronet hane/ net hanol 5:1). Yield: 9.4 g (51 % of theory) of a

col orl ess, Vi seog(23.90 mmbl)&maiaoNexdMatbodiimideGk dddedGt 9C &2 $dltichdfN 4. 37 F
33.58 Fnd.: C 41.47 H 4.30 N 4,29 F'33.35 b)

2 o A NGRS AP L
methylglucamine (Aldrich) and 2.20 g (19.12 mmol) of N-hydroxysuccinimide in 200 ml
( of dimethylformamide, jt is stirred for 3 hours at 0°C and then for 16 hours at room

temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 5:1).

Yield: 9.4 g (51% of theory) of a colorless, viscous oil.

Elementary Analysis:

Cld: C 4122 H 4.19 N 437 F 33.58

Fnd.: C 4147 H 430 N 429 F 3335

V)

b) 2-N-(2H,2H,4H,4H,5H,5H-3-Oxaperfluorotridecanoyl)-L-lysine- {[N-
(2S,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl]-N-methyl} -amide
1.0 g of palladium catalyst (10% Pd/C) is added to a solution of 9.0 g (9.39 mmol)
of the title compound of Example 8a in 100 ml of ethanol, and it is hydrogenated for 24
hours at room temperature. Catalyst is filtered out, and the filtrate is evaporated to the
dry state in a vacuum.

Yield: 7.8 g (quantitative) of a colorless solid.



1.0 g of palladiumcatalyst (10% Pd/C) is added to a solution of 9.0 g
(9.39 mol) of the title conpound of Exanple 8a in 100 ml of ethanol, and
it is hydrogenated for 24 hours at roomtenperature. Catalyst is filtered
out, and the filtrate is evaporated tg the dry state in a vacuum Yield:
7.8 g (quantitative) of a colorless sétid. 62 HE enentary Analysis: dd.: C
36.29 H4.14 N5.08 F 39.03 Fnd.: C 36.44 H4.17 N 4.98 F 38.86 c)
6-N-[I,4,7-Tr iﬁén(lé:?r b?%l atonethyl)-1,4,7,10-tetraazacycl ododecane- 10- N
(pent anoy! - 3- a28 A~ 8X 688t hyl - 5-y1 )] - 2- N- (2H, 2H, 4H, 4H, 5H, 5H 3 -

oxaperfl uorotrjdec 1) - - i ne- [ , 3R, 4R, 5R)- 2, 3,4, 5, 6-

pent ahydroxth&-F ]6%8%%& H;[I‘li/f&rls(ﬁ)é lg-&gégrrpl ex 7.0 g (8.46 mmvl) of the
title conpound of Exar’g)l e 8b, 974 (8.46 Mol ) of N hydroxysuccini m de,
717 ng (16. 92 Feavl§ 36144 i Hrd-iitn Shiddsi o 389 5.33 g (8.46 mml ) of
1,4,7-tris-(carboxyl at onet hyl )-10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-y
11- 1,4,7,10-tetraazacycl ododecane, Gd conpl ex (WD 98/ 24775, Schering AG
(Exanmple 1)) are dissolved in 100 m of dinmethyl sulfoxide while being
heat ed sld)ght l6yN-[A4,7L0G5-(cArbb&ylan{etld 1 B 7,4 M0k tetradzadlickydoiehsscyd-dar bodi i m de
is added, and it is stirred for 16 hours at roomtenperature. The sol ution

i's poured int Qp&{@z@m@ym-a_@i—4fb%lsorﬂah?pﬂy%-hJN-@H{,DHM_}E@H Sepsre3m nutes. The
precipitated solid is filtered off and then purified by chromatography C..

(RP-18; nobil %gg%rg?&%wgggr@)ghg_?}_]ggigg_lt{g?_%i_,,ﬁ,t‘,{gj,?%_z\@’hsfd_acet onitrile).

Yield: 7.4 g ( I"ess so

C

pentahydroxyhexyl]-N-methyl}-amide, Gd Complex

7.0 g (8.46 mmol) of the title compound of Example 8b, 974 mg (8.46 mmol) of
N-hydroxysuccinimide, 717 mg (16.92 mmol) of lithium chloride and 5.33 g (8.46 mmol)
of 1,4,7-tris-(carboxylatomethyl)-10-[ 1-carboxy-3-aza-4-0x0-5-methylpentan-5-yl]-
1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example 1))
are dissolved in 100 ml of dimethyl sulfoxide while being heated slightly. At 10°C, 2.18
g (10.57 mmol) of dicyclohexylcarbodiimide is added, and it is stirred for 16 hours at
room temperature. The solution is poured into 2000 m] of acetone and stirred for 10
more minutes. The precipitated solid is filtered off and then purified by chromatography

(.. (RP-18; mobile solvent: gradient that consists of water/acetonitrile).

Yield: 7.4 g (57% of theory) of a colorless solid

Water content (Karl-Fischer): 6.1%

Elementary Analysis (relative to the anhydrous substance):

Cld.: C 3672 H 434 N 7.79 F 2244 Gd 10.93

Fnd.: C 36.87 H 436 N 7.72 F 2248 Gd 10.94



Water content (Karl-Fischer): 6.1%El enentary Analysis (relative to the
anhydrous substance): dd.: C36.72 H4.34 N7.79 F 22.44 &d 10.93 Fnd.:
C 36.87 H4.36 N7.72 F 22.48 Gd 10.94 63 Exanple 9 a)

6- N- Benzyl oxycar bonyl - 2- N- ( 2H, 2H, 4H, 4H, 5H, 5H- 3- oxaper fl uorotri decanoyl) -
L-lysine-(2- {2-[2-(2-nethoxyethoxy) - é?hoxy] -ethoxy} -ethyl)-amde 4.93 g
(23.90 nmmol ) of dicycl ohexyl carbodiimde is added at OC to a sol ution of
15 g (19. |9) of the title conmpound of Exanple 7a and 3.97 g (19. 12
mol ) of [ 2- (2- met hoxyet hoxy) - et hoxy] - et hoxy} -ethyl)-am ne
(Witessides et al., JACS, 1994, 5057-5062) and 2.20 g (19.12 mmol) of

N- hydroxysuccinimde in 200 mM of dinethylformamde, it is stirred for 3
hours at OC and then for 16 hours at room tenperature. Precipitated urea
is filter®dd ourN-Bangyloxyearkanyl-2-N-AFh 30441 dd. SHo H-Awxapeyflugratridesanoyl)- vacuum
and the residue is chromatographed on silica gel (nobile solvent:

di chl or onmet harelyseteHan{@H[21(Q:méthoxyethbsly)-etitox® ]-gthp8P6tby])ameder y) of a
colorless, viscous oil. Elenentary Analysis: Cd.: C43.17 H4.55 N 4.32 F

33.17 Fnd.: Q.@%@.Qﬂ Hnfoh dﬁd&g&%b&y&&ﬂiiﬁﬁde is added at 0°C to a solution of
2-N- (2H, 2H, 4H, 4H, 5H, 5H 3- Oxaper fl uorotri decanoyl )-L-1ysi ne-(2-{2-[2-(2-

e il R e e SR

{2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -ethyl)-amine (Whitessides et al., JACS, 1994,

s

5057-5062) and 2.20 g (19.12 mmoi) of N-hydroxysuccinimide in 200 ml of
dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room
temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 10:1).

Yield: 12.2 g (82% of theory) of a colorless, viscous oil.

Elementary Analysis:

Cld.: C 43.17 H 455 N 432 F 33.17

Fnd.: C 4336 H 4.61 N 427 F 33.00

b) 2-N-(2H,2H,4H,4H,5H,5H-3-Oxaperfluorotridecanoyl)-L-lysine-(2- {2-[2-(2-
methoxyethoxy)-ethoxy]-ethoxy}-ethyl)-amide
1.0 g of palladium catalyst (10% Pd/C) is added to a solution of 11.5 g (11.81
mmol) of the title compound of Example 9a in 100 ml of ethanol, and it is hydrogenated
for 24 hours at room temperature. Catalyst is filtered out, and the filtrate is evaporated to

the dry state in a vacuum.



mmol) of the title conmpound of Exanple 9a in 100 m of ethanol, and it is
hydr ogenated for 24 hours at roomtenperature. Catalyst is filtered out,
and the filtrate is evaporated to the dry state in a vacuum 64 Yield:
9.95 g (quantitative) of a colorless solid. Elenmentary Analysis: Cd.: C
38.63 H4.56 N5.00 F 38.47 Fnd.: C 3875 H 4.61 N 4.93 F 38.27 c)
6-N-[1, 4, 7-Tri s-(carboxyl atonethyl)-1,4,7, 10-tetraazacycl ododecane- 10- N
(pent anoyl - (2H, 2H, 4H, 4H, 5H, 5H 3 -

oxaper f | uor ot r?bFZ%a%§§E)(9‘EHFS?E¥$?§(IfO tohess%olia.

{2-[2-(2-net hox et hoxy %Lpet hoxy] - et hoxy} - ethyl)-am de, Gd Conplex 9.0 g
(10.72 nmol ) PWBt dY¥Snpound of Exanple 9b, 1.23 g (10.72 nmol) of

N- hydr oxysucci ni m de, 909 ng (21. 44 mol Mf l'ithium chI oride and 6.75 g
(10.72 mmol ) ©1d:1C43863 r Bs456ar®oxil afo 'hyl) 10-[

1- car boxy- 3- aza- 4- oxo- 5- net hyl pentan-5- yl]-1,4,7, 10-tetraazacycl ododecane,
Gd conpl ex (WIF®B/ 243935 FtH&1 ny A FEI&DDI e 1)) are dissolved in 100 m
of dinmethyl sulfoxide while being heated slightly. At 10C, 2.76 g (13.4
mrol ) of dicycl ohexyl carbodiimde is added, and it is stirred for 16 hours
at roomterrperature The solution is poured into 2000 m of acetone and

stirred fg  od N@W7er§%ﬁ§exﬂ£§m@ﬂh§gllm 1 @@?é?raﬁ?ic?rdo@i&iefzideﬁ%?ﬁd of f and

then puri y chr’omat ogr aphy | e solvent: gradient that
con 1% of ke Py L swisn) o
B oxaperfluorotridecanoyl)-L-lysine-(2- {2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -
L ethyl)-amide, Gd Complex
9.0 g (10.72 mmol) of the title compound of Example 9b, 1.23 g (10.72 mmol) of
N-hydroxysuccinimide, 909 mg (21.44 mmol) of lithtum chloride and 6.75 g (10.72
mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[ 1-carboxy-3-aza-4-oxo-5-methylpentan-5-
yl]-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 100 ml of dimethyl sulfoxide while being heated slightly. At 10°C,
2.76 g (13.4 mmol) of dicyclohexylcarbodiimide is added, and it is stirred for 16 hours at
room temperature. The solution is poured into 2000 ml of acetone and stirred for 10
g more minutes. The precipitated solid is filtered off and then purified by chromatography
(RP-18; mobile solvent: gradient that consists of water/acetonitrile).
Yield: 10.1 g (62% of theory) of a colorless solid
Water content (Karl-Fischer): 6.0%
Elementary Analysis (relative to the anhydrous substance):
Cld: C 3621 H 417 N 687 F 2265 Gd 11.03

Fnd.: C 3641 H 422 N6.79 F 2258 Gd 10.92



El ementary Analysis (relative to the anhydrous substance): dd.: C 36.21 H
4.17 N 6.87 F 22.65 Gd 11.03 Fnd.: C 36.41 H4.22 N6.79 F 22.58 &d 10.92
65 Exanple 10 a) 2H, 2H, 4H, 4H, - 3- Oxa- per f | uor ododecanoi ¢ Acid 64.96 g
(333.26 Mol ) of bronpacetic acid-tert<butyl ester is added at 0OCto 100 g
(222.17 mol ) of 1H, 1H perfluoro-I-nonanol (Apollo) and 24.9 g (444 mmol)

of fine- powder potassium hydroxide as well as a catalytic anmount (2 g) of
tetra-n- PrdnpRIGONI UM hydrogen sulfate in 800 m of toluene, and it is
stirred for 2 hours at this tenperature as well as for 12 hours at room
tenperature. The reaction solution is mxed wth 1500 mM of ethyl acetate
and 800 m of water. The organic phase is separated and washed twice with

500 m eagh of h it i.s drjed on esium sul fate and evaporated
to the dr@ staIgeh%ﬁ%4%éggﬁﬁﬂm¥ﬁ@“¥%§ﬁaﬂ@cggg uspended in a mixture that
consists of 1200 m of nethapol and 0.5 M sodi um hydroxi de solution in a
ratio of 2:1 & &RSA-2hanmely of brompacesisgeig-ters-bgbidestaris addedet P ¥ntoiOt ure i s
neutralized by mxing with Anberlite 1R 120 (H+ form-cati on exchange
resin forg @22Ki7mymob) of & dHapeyBuorod -fanabelr(@golloland 2419 g @4éwapa) of fack-t 0 t he
dry state, and chromatographed on silica gel (nobile solvent: ethyl

acet at e/ hsateepdtagjum Nydrbride 89wl a7 Satdliiti¢ aount )2 8 ofaetePhOr | €SS wax

El ementary Analysis: Cd.: C26.00 H0.99 F 63.56 Fnd.: C26.22 H1.01 F
63. 42 butylammonium hydrogen sulfate in 800 ml of toluene, and it is stirred for 2 hours at this
B temperature as well as for 12 hours at room temperature. The reaction solution is mixed
L with 1500 ml of ethyl acetate and 800 ml of water. The organic phase is separated and
washed twice with 500 ml each of water, then it is dried on magnesium sulfate and
evaporated to the dry state in a vacuum. The residue is suspended in a mixture that
consists of 1200 ml of methanol and 0.5 M sodium hydroxide solution in a ratio of 2:1
and then heated for 12 hours to 60°C. The reaction mixture is neutralized by mixing with
Amberlite IR 120 (H" form)-cation exchange resin for working up, exchanger is filtered
out, it is evaporated to the dry state, and chromatographed on silica gel (mobile solvent:
ethyl acetate/hexane 1:3).
C Yield: 87 g (77% of theory) of a colorless wax
Elementary Analysis:
Cld.: C 26.00 H 099 F 63.56

Fnd:: C 2622 H 1.01 F 63.42

b) I-N-(Benzyloxycarbonyl)-1H,1H,2H,2H,5H,5H,7H, 7H-3-aza-4-0xa-6-0x0-

perfluoropentyldecylamine



b) 1-N (Benzyl oxycarbonyl)-1H, 1H, 2H, 2H, 5H, 5H, 7H, 7H 3- aza- 4- oxa- 6- oxo0-

perfl uoropentyl decylamne 66 17.8 g (140 nmol) of oxalyl chloride is
added to 50.81 g (100 mmol ) of the title conpound of Exanple 10a in 500 m
of dichloronethane, and it is stirred for 14 hours at roomtenperature. It
is evaporated to the dry state in a vB8uum the residue is dissolved in
400 m of dichloronethane, mxed at OCwith 23.31 g (120 mol ) of N

1032, 105%) - and T8 G40 }prealon G ehBroE 1 ey e UBRATRRT P 88 E: 24 ror e

hours at room te@@ﬁrature The reaction solutionis mxed with 400 m of
| N hydr ocemperrd efdixamplel Qarin 580 gH 1of dishlopgmagthang, andptis stirfed £ 14-hawrs@f gani c
phase is separated, dried on nagnesium sulfate and evaporated to the dry
st at e i n reomaguperatufehdt isevipnsed to thé diyratate gr aydeuemothe sésidue as djsdolvedobi | e
solvent: ethyl acetate/hexane 1:2). Yield: 46.5 g (68% of theory) of a

col or| essnwey m! bt @itERkdHisthARAked %t 0Q with 28386 (BH0 fimd)RE N 4. 09 F 47.19
Fnd.: C 37.00 H2.52 N 4.11 F 46.97 c)

égr“? f?ﬁr” ?é‘é%?‘é‘*&%cw %9‘@%25”3% vt ?{"‘if” 184 NG AT aRE 2

su?Eip dﬁl 8 ﬁBOrdd diﬂ%ﬂ*ﬁ@ﬂ%% ap st A ol el Bden EnMRGLAARE T Y
1 , .

T Ehon tctg satien is gk wih yob fu Bt 1 NS drosBlorig A d e HoptBf Distin8TRG o L

in

C

15 minutes. The organic phase is separated, dried on magnesium sulfate and evaporated
to the dry state in a vacuum. The residue is chromatographed on silica gel (mobile
solvent: ethyl acetate/hexane 1:2).

Yield: 46.5 g (68% of theory) of a colorless wax

Elementary Analysis:

Cld: C 36.86 H 2.50 N 4.09 F 47.19

Fnd: C 37.00 H 2.52 N 4.11 F 46.97

c) 1-N-(Benzyloxycarbonyl)-1H,1H,2H,2H,4H,4H,5H,5H,7H,7H-3-aza-6-o0xo-
C perfluoropentadecylamine
45.5 g (66.40 mmol) of the title compound of Example 10b in 150 ml of THF is
mixed with 50 m] of 10 M boranedimethyl sulfide (in THF) and refluxed for 5 hours. It
is cooled to 0°C, 100 ml of methanol is added in drops, it is stirred for 1 hour at room
temperature and then evaporated to the dry state in a vacuum. The residue is taken up in
a mixture that consists of 300 ml of ethanol/50 ml of 1 M hydrochloric acid and stirred

for 14 hours at 40°C. It is evaporated to the dry state in a vacuum, the residue 1s taken up



a mxture that consists of 300 ml of ethanol/50 ml of 1 M hydrochloric acid
and stirred for 14 hours at 40C. It is evaporated to the dry state in a
vacuum the residue is taken up 67 in 300 m of 5% sodi um hydroxi de
solution and extracted three tines witg 300 nl each of dichloromethane.
The conbi ned organi ¢ phases are dried on nmagnesium sul fate, evaporated to
the dry state in a vacuum and the residue is chronatographed on silica gel

(mobi | e sil306m1of Gbesdam® ApdrbRide soTelidipaa extrictdd threé tehe:widb3 () 1@l €ath¥f of
theory) of a colorless solid Elenentary Analysis: Cd.: C37.63 H2.86 N

4.18 F 48, : - - -
N-[ 2- (Be n%’%?’&%%’%%ﬁ ?9%‘5%%?’357 ]NRﬁ?S%gﬁEfﬁg%a’Q?a 4%?“5“@“?}@52 a-

g-egfgl ;OE ge(}/%ggr%f%%%) %He(z)di}y reliR (v%ée t, an(é%égs%&ye) is @ﬁrgr%)%%féaghgé) é%éli%%‘gegt am de

i cyclohéexyP¢arbodrimade is a

sol ution of .20 29. o f the title conmpound of Exanple 10c and
6.63 g (2@‘.‘%16&9]%%“ &fC%fOZQmFt%‘%’Q%Pﬁ%%ibéb'hoxy)-et hoxy] - et hoxy] - acetic acid
(Voegtle et al., Liebigs Ann. Chem 1980, 858-862) and 3.43 g (29.83
mol ) of N hydYisidsticte (1% abtheerydobe ealorgss selidvet hyl for mani de, it is
stirred for 3 hours at OC and then for 16 hours at room tenperature.

Preci pitated uElkmentanfAbdlpsied out, the filtrate is evaporated to the dry
state in a vacuum and the residue is chronmatographed on silica gel

(nobi |l e sol venCld.: @i ¥hédr birei8bane/48 hAs.120: 1). Yield: 20.1 g (77% of

t heory) of a colorless, viscous oil.

Fnd.: C 37.87 H 290 N 4.17 F 48.00

d) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H,4H,4H-3-o0xa-

perfluorododecenyl)-2- {2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -acetamide

7.69 g (37.29 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution of
20 g (29.83 mmol) of the title compound of Example 10c and 6.63 g (29.83 mmol) of {2-
[2-(2-methoxyethoxy)-ethoxy]-ethoxy]-acetic acid (Voegtle et al., Liebigs Ann. Chem.,
1980, 858-862) and 3.43 g (29.83 mmol) of N-hydroxysuccinimide in 200 m] of
dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room

Q ' temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a

vaduum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).

Yield: 20.1 g (77% of theory) of a colorless, viscous oil.

Elementary Analysis:

Cld.: C 4120 H 4.03 N 320 F 3693

Fnd.: C 41.44 H 398 N 3.11 F 36.84



El ementary Analysis: Cd.: C41.20 H4.03 N3.20 F 36.93 Fnd.: C 41.44 H
3.98 N3.11 F 36.84 68 €e) N (2-Amnoethyl)-N(1

H, 1H, 2H, 2H, 4H, 4H- 3- oxa- per f | uor ododecyl ) - 2-{2-[2- (2

met hoxyet hoxy) - et hoxy] - et hoxy} - acet am g Met hanesul fonic Acid Salt 2.09 g
(21.72 mmol ) of nethanesul fonic acid a? well as 3.0 g of palladium
catalyst (10% Pd/C) are added to a solution of 19.0 g (21.72 nmol) of the
title conpound of Exanple I Od in 300 n] of ethanol, and it is

hydr ogenated for 24 hours at room tenperature. Catalyst is filtered out,

and the {4 1 94905 BYARATAL A% LR oA BENLELAE LB o ABYHT. Y Elfl 18,2 0

(quantitati ve) enent ar

3.98 N3.35 F 38.61 End. 396 344f

N-{[1,4,7-TrisP¢ g&m&w}ﬁtgwsﬁﬁ;}l a%tafnjﬁeﬁ%sfgf*%faaﬁ Ablicicane- 1 o N

(pent anoyl 3 -aza-4-0x0-5-neth ga@)@ - 2- am noet hy Ié q(l,

H, 1H, 2H, 2H, 4H, 4% g@b?@aﬂlﬁ@nl)qu@aﬂth?@ picjacipl aswell as3(Og pepaligdijigt hoxy) - C

et hoxy] - et hoxy}-acetam de, Gd Conplex 15.8 g (18.9 mmol) of the title

conpound efalysk 4143 EdIC) @es added ® gsolutBndf Aol 9 (2d72 nnbly of the yitlacompouridde, 1. 60
g (37.80 mmol) of lithiumchloride and 11.90 g (18.30 nmol) of

1 4, 7- t r i efExaapboiQd ia300met] oy Etharld),- dndl-itcia hbdroyerateaiAar 24 owps at-romhhy| pent an- 5-

yl]-1,4,7,10-tetraazacycl ododecane, Gd conplex (WD 98/24775, Schering AG

(Exanpl e temperature. Catalyst is filtered out, and the filtrate is evaporated to the dry state in a

vacuum.

C

Yield: 18.2 g (quantitative) of a colorless solid.

Elementary Analysis:
Cld.: C 33.02 H 3.98 N 335 F 38.61
Fnd.: C 3341 H 3.96 N 3.25 F 38.44

) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-0xo0-5-methyl-5-yl)]-2-aminoethyl} -N-
(1H,1H,2H,2H,4H,4H,-3-oxa-perfluorododecyl)-2- {2-[2-(2-methoxyethoxy)-

( ethoxy]-ethoxy}-acetamide, Gd Complex
15.8 g (18.9 mmol) of the title compound of Example 10e, 2.18 g (18.9 mmol) of

N-hydroxysuccinimide, 1.60 g (37.80 mmol) of lithium chloride and 11.90 g (18.30

mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-oxo-5-methylpentan-5-

yl]-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example

1)) are dissolved in 200 ml of dimethyl sufoxide while being heated slightly. At 10°C,

4.87 g (23.63 mmol) of dicyclohexylcarbodiimide as well as 1.91 g (18.9 mmol) of



1)) are dissolved in 200 m of dinethyl sufoxide while being heated
slightly. At 10C, 4.87 g (23.63 mol) of dicycl ohexyl carbodiimde as well
as 1.91 g (18.9 nmmol) of 69 triethylanmine are added, and it is stirred for
16 hours at roomtenperature. The solytjion is poured into 2000 mM of
acetone and stirred for 10 nore mnutes. The precipitated solid is
filtered off and then purified by chromatography (RP- 18; nobil e sol vent:

gr adi ent afllanfiR0HE SH3ed ind RSELIAS M Hohid Rhoonlebrock®, Trgedipih of

t heory) ss SO Wat er cont ent Fi'sc er) 9

Anal ysi s 5 N
7.25 F 23%’3“%3 2@@0 T RARE R i 76 %}N‘“}‘%"g Ehg?,’%g‘?%&d g
Exanmple 11 . . .

1- N ( Benz&?lf@?gfélé’rfgwmn Ryified by gheamategraphyARP7AS; g1qbdpisolveny:, gradientthat

oxo- per fl uorohexadecyl am ne 17.8 g (140 mmol ) of oxalyl chloride is added
to 52.21 ¢pneisbef N'f@fﬂréc%f’mtrﬂﬂ 2H, 4H 4H, 5H, 5H 3- oxa- perfl uorotri decanoic acid
(Exanmpl e 39g of EP 01/08498) in C 500 m of dichloronethane, and it is
stirred for 14Ytebhr.ag (¢186nf theoqyephia colerlesk solid evaporated to the dry state
in a vacuum the residue is dissolved in 400 mM of dichloronethane, m xed
at 0C wi th 23. Whteg cérteid (KaxMBischér)Neloehzyl oxycar bonyl - et hyl enedi am ne
(Atwell et al., Synthesis, 1984, 1032-1033) and 10.2 g (100 nmol) of
triethyl am ne, ERf@ntafy Agal$did (rélafvd @ithe24hhyBiols Rbdfaicedt room tenperature. The
reaction solution is mxed with 400 mMl of 1N hydrochloric acid and

thor_ough' y stigjedcf a5 Ha25 N 725 F 23.89 Gd 11.63

Fnd.: C 36.71 H 432 N 7.19 F 2367 Gd 11.51
Example 11

a) 1-N-(Benzyloxycarbonyl)-1H,1H,2H,2H,5H,5H,7H,7H,8H,8H-3-aza-4-oxa-6-
oxo-perfluorohexadecylamine
17.8 g (140 mmol) of oxalyl chloride is added to 52.21 g (100 mmol) of

2H,2H,4H,4H,5H,5H-3-oxa-perfluorotridecanoic acid (Example 39g of EP 01/08498) in

(N

500 ml of dichloromethane, and it is stirred for 14 hours at room temperature. It is
evaporated to the dry state in a vacuum, the residue is dissolved in 400 m] of
dichloromethane, mixed at 0°C with 23.31 g (120 mmol) of N-benzyloxycarbonyl-
ethylenediamine (Atwell et al., Synthesis, 1984, 1032-1033) and 10.2 g (100 mmol) of
triethylamine, and it is stirred for 24 more hours at room temperature. The reaction
solution is mixed with 400 ml of 1N hydrochloric acid and thoroughly stirred for 15

minutes. The organic phase is separated, dried on magnesium sulfate and evaporated to



m nutes. The organi c phase is separated, dried on magnesi um sul fate and
evaporated to 70 the dry state in a vacuum The residue is chromatographed
on silica gel (nobile solvent: ethyl acetate/hexane 1:2). Yield: 49.6 g
(71 % of theory) of a colorless wax Elenmentary Analysis: dd.: C 37.84 H
2.74 N4.01 F 46.25 Fnd.: C 37.99 H 2081 N 4.05 F 45.96 b)

1- N- (Benzyl oxycar bonyl ) - 1H, 1H, 2H, 2H, 4H, 4H, 5H, 5H, 7H, 7H, 8H, 8H 3- aza- 6-

oxo- per fl uor,ohexadecyl am ne, 48.0,g.(68. 73 mm] ), of .the title copmpound of
Exanpl e 1 egryisﬁg&igba %qcugxp. ﬂgrers%du%ﬁ{ tggam%ogwpg%iqﬂsﬂbqa gf&’mbd{?rsa &% net hyl
sulfide (in THF) and refluxed for 5 hours. It 1is cooled to OC, 100 m of
met hanol StRYlaedtaiehexangrleds, it is stirred for 1 hour at room tenperature
and then evaporated to the dry state in a vacuum The residue is taken up
in a mxture Yiekk 49dng(Hsoithe@pDofid cobdrless waxol /50 ml of 1 M hydrochloric
acid, and it is stirred for 14 hours at 40C It is evaporated to the dry

state in a vadilementtdyeAnabgisdue is taken up in 300 M of 5% sodi um
hydroxi de solution, and it is extracted three tinmes with C 300 m each of

di chl or onet hangd.: Thes7cganbined4 onpamyic phgsss are dried on magnesi um
sul fate, evaporated to the dry state in a vacuum and the residue is

chronat ogr apheg,yonc $idd Cf 98h (Y eps.yent : di chl or onet hane/ et hanol
10:1). Yield: 30.2 g (64% of theory) of a colorless solid Elenentary

Analysis: Cd.: C36.61 H3.09 N4.09 F 47.19

_ b) 1-N-(Benzyloxycarbonyl)-1H,1H,2H,2H,4H,4H,5H,5H,7H,7H,8H,8H-3-aza-6-
C oxo-perfluorohexadecylamine
48.0 g (68.73 mmol) of the title compound of Example 11a in 150 ml of THF is
mixed with 50 ml of 10 M boranedimethyl sulfide (in THF) and refluxed for 5 hours. It
is cooled to 0°C, 100 m! of methanol is added in drops, it is stirred for 1 hour at room
temperature and then evaporated to the dry state in a vacuum. The residue is taken up in
a mixture that consists of 300 ml of ethanol/50 ml of 1 M hydrochloric acid, and it is
stirred for 14 hours at 40°C. It is evaporated to the dry state in a vacuum, the residue is
taken up in 300 ml of 5% sodium hydroxide solution, and it is extracted three times with
C 300 ml each of dichloromethane. The combined organic phases are dried on magnesium
sulfate, evaporated to the dry state in a vacuum, and the residue is chromatographed on
silica gel (mobile solvent: dichloromethane/methanol 10:1).
Yield: 30.2 g (64% of theory) of a colorless solid
Elementary Analysis:

Cld.: C 36.61 H 3.09 N 4.09 F 47.19

Fnd.: C 3677 H 3.14 N 4.02 F 46.99



Fnd.: C 36.77 H3.14 N4.02 F 46.99 71 «¢)

N-[ 2- (Benzyl oxycar bonyl ) -am noethyl -N- (1 H, 1 H, 2H, 2H, 4H, 4H, 5H, 5H 3- oxa
perfluorotridecyl)-2- {2-[2-(2-nethoxyethoxy)-ethoxy]-ethoxy} -acetanide
7.42 g (36.59 nmmol ) of dicycl ohexyl carbodl imde is added at 0OCto a
solution of 20 g (29.22 nmmol) of the Mitle conpound of Exanple 1 Ib and
6.49 g (29.22 mmol) of {2- [2-(2-nmethoxyethoxy)-ethoxy] -ethoxy) -acetic
acid (Voegtle et al., Liebigs Ann. Chem, 1980, 858-862) and 3.29 g (29.22
mmol ) of N hydr oxysuccinimde in 200 mM of dinethylformamde, it is

stirred for hours at  0OC and then for S r e rature.

Preci pi t Hed lN &@@W‘OP‘Y@FMyb@@m?WIﬁ?{mg{{@"ﬁ@ég’g‘g%ﬁgtﬂgi@&ai he dry
state in a vacuum and the residue is chromatographed on siljca gel

(nobi | e sol vemerfluagottdecyDoint? i femetionmipxyrothexy]-ethexyd-acgtamsleg ( 78% of
theory) of a colorless, viscous oil. Elenmentary Analysis: dd.: C 41.90 H

4.20 N 3.15 F 734 g8B86.ntmol)Gf ditydlohdxyiartfddNimdeli? akfded@t 2C €6 alyolution of
N- ( 2- Am noet hyl ) - N- (1H, 1H, 2H, 2H, 4H, 4H, 5H, 5H 3- oxa- perfl uorotri decyl) - 2-

{2-12- (2-711% 92996501 VbF HRUIR S SitH N aRpRE ﬁl'E'ﬁl%M%@@Q@%&l%f%z ACI d

Salt 2.06 g (21.38 mMmmol) of nethanesulfonic acid as well as 3.0

ol ?%?%Z@%@eﬁl%%ﬁoﬁﬁé o E&Eﬁ%ﬁg 48, <9°§%?fe%%bp?a'g’$sl S Zlaﬁﬁ it
out . and RGPt it 58338 mil oo RS P B R A
C dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room
‘ temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).
Yield: 20.3 g (78% of theory) of a colorless, viscous oil.
Elementary Analysis:
Cld: C 4190 H 420 N 3.15 F 3635

Fnd.: C 42.16 H 428 N 3.12 F 36.21

( d) N-(2-Aminoethyl)-N-(1H,1H,2H,2H,4H,4H,5H, 5H-3-oxa-pérﬂuorotridecyl)-2-
{2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Methanesulfonic Acid Salt
2.06 g (21.38 mmol) of methanesulfonic acid as well as 3.0 g of palladium
catalyst (10% Pd/C) afe added to a solution of 19.0 g (21.38 mmol) of the title compound
of Example 11c in 300 m] of ethanol, and it is hydrogenated for 24 hours at room
temperature. Catalyst is filtered out, and the filtrate is evaporated to the dry state in a

vacuum.



72 Yield: 18.2 g (quantitative) of a colorless solid. Elenentary
Analysis: dd.: C33.89 H4.15 N3.29 F 37.97 Fnd.: C 34.11 H4.21 N 3.10
F 37.69 e) N {[ 1,4,7-Tris-(carboxylatonethyl)- 1,4,7, 1

O-tetraazacycl ododecane- | O N (pentanoyl-3 - aza-4-o0x0-5 -nmethyl-5 -yl)]
-2-aminoethyl } -N (1 H 1 72

H, 2H, 2H, 4H, 4H, 5H, 5H 3- oxa- perfluorotridecyl)-2-{2-[2-(2-

t hox Yet hoxY) ¢ - et hoxY}.- acet an Conpl ex 15.8 g (18.55 mmol) of
The t1tle compbii 2 kapieSRFe ol s 55 mol) of ) °

N- hydr oxysucci nj mide, 1.57 g (37.10 mmol) of lithiumchloride and 11.68 g
(18.55 mmmol) Blementary Analysis:

1,4,7-tris-(carboxyl atonet hyl)-10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-
yl]-1,4,7,10-t€ld:a@z368t| ododécale, GINFAI ex (WODBY 24775, Schering AG
(Exanmple 1)) are dissolved in 200 m of dinethyl sulfoxide while being
heat ed slight|¥nd AC 10C] 4. 18 421 23. 1N 3mdl ) of Fd3’t§xl ohexyl car bodi i m de
as well as 1.88 g (18.55 nmol) of triethylamne are added, and it is
stirred for 16 hours at roomtenperature. The solution Cis poured into
2000 mM of acetone, and it is stirred for 10 nore mnutes. The precipitated

solidis fylt 4t ki "RPN18; nobil e
R o O By AP

sol vent: ’gradient that consists o
%&ﬁ‘fﬁget(lﬁg[ﬂ}; Fi scher): 6.5%

of theory) of eﬁ&h&{l-'rﬁ -ﬁﬁé-ﬁ-getwﬁ’égé‘/%ﬂ

El ementary AnalFysis el ative ydrous stbstance): dd.: C 36.92 H
4.35 N 7.18 F ﬁ?},ﬁ‘{l,zﬁfﬁ}},hﬁ ,5H,5H-3-oxa-perfluorotridecyt)-2-{2-[2-(2-

methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Gd Complex

15.8 g (18.55 mmol) of the title compound of Example 11d, 2.14 g (18.55 mmol)
of N-hydroxysuccinimide, 1.57 g (37.10 mmol) of lithium chloride and 11.68 g (18.55
mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[ 1-carboxy-3-aza-4-oxo-5-methylpentan-5-
yl]-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,
4.78 g (23.19 mmol) of dicyclohexylcarbodiimide as well as 1.88 g (18.55 mmol) of
triethylamine are added, and it is stirred for 16 hours at room temperature. The solution

( is poured into 2000 ml of acetone, and it is stirred for 10 more minutes. The precipitated

solid is filtered off and then purified by chromatography (RP-18; mobile solvent:
gradient that consists of water/acetonitrile).

Yield: 19.8 g (73% of theory) of a colorless solid

Water content (Karl-Fischer): 6.5%

Elementary Analysis (relative to the anhydrous substance):

Cld: C 3692 H 435 N 7.18 F 23.64 Gd 11.51



73 Fnd.: C37.15 H4.30 N7.07 F 23.51 &d 11.44 Exanple 12 a)

N-[ 2- (Benzyl oxycar bonyl ) -am noet hyl -N- (1 H, 1 H, 2H, 2H perfl uor odecyl ) - 2- ( 2-
{2-[2-(2- et hoxyet hoxy) - et hoxy] - et hoxy} -ethoxy)-acetanm de 8.05 g (39.04
mol ) of dicycl ohexyl carbodiimde is added at OC to a solution of 20 g
(31.23 mol) of the title conpound of 7Bxanple 1 a and 8.32 g (31.23 mmol)
of (2- {2-[2-(2-nethoxyethoxy)-ethoxy]-ethoxy}-ethoxy)-acetic acid (Voegtle

et al., Liebi Ann 980, 858- a 459 g (31.23 nmol) of

N—hydroxysucc?ﬁ”hi e3?ﬁ?ggb43¢1§gﬁiﬁiﬁ%gﬁéﬁfogﬁéiﬁge, it is stirred for 3

hours at OC and then for 16 hours at room tenperature. Precipitated urea

is filtered out, the filtrate is evaporated to the dry state in a vacuum

and the residue is chromatographed on silica gel (nobile solvent:

di chl or onBsxémpk/I2et hanol 20:1). Yield: 22.1 g (80% of theory) of a

colorless, viscous oil. Elenmentary Analysis: Cd.: C41.90 H4.20 N 3.15 F

36.35 Fnd.: C42.14 H4.26 N 3.11 F 36.12 b) N-(2-Am noethyl)-N(1 H 1

H, 2H, 2H per fl uor odecyl )-2-(2- {2-[2-(2-

met hoxyet Xy)Nqal(géﬁ{zl?d@éybﬁwﬁyl)e&hﬁwﬂlylamuHmmm,zm&ﬂmsaacfygrﬁ-@- Acid Sal t
o]

2.28 g (23.63 nmol) met hanesul fonic acid as well as 4.0 g of pall adi um

catal yst (10% Pd{). ﬁ%ﬁg . C 5] :23.63 Mol ) of the
title conpound@gﬁzoﬁéﬁganp eyﬁlgtg%yﬁ@éﬁ(%x‘y%%ﬂfg%y)g%cﬁ%ﬁ? and it is

hydrogenated f £0s %%3&8&‘ rrn%lo%)t of £9y%]ohexy]carbodiimide is added at 0°C to a solution of
20 g (31.23 mmol) of the title compound of Example 1a and 8.32 g (31.23 mmol) of (2-
C {2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-ethoxy)-acetic acid (Voegtle et al., Liebigs
Ann. Chem., 1980, 858-862) and 3.59 g (31.23 mmol) of N-hydroxysuccinimide in 200
ml of dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room
temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).
Yield: 22.1 g (80% of theory) of a colorless, viscous oil.
Elementary Analysis:

( _ Cld: C 4190 H 420 N 3.15 F 36.35

Fnd.: C 42.14 H 426 N 3.11 F 36.12

b) N-(2-Aminoethyl)-N-(1H,1H,2H,2H-perfluorodecyl)-2-(2- {2-[2-(2-
methoxyethoxy)-ethoxy]-ethoxy}-ethoxy)-acetamide, Methanesulfonic Acid Salt
2.28 g (23.63 mmol) of methanesulfonic acid as well as 4.0 g of palladium

catalyst (10% Pd/C) are added to a solution of 21 g (23.63 mmol) of the title compound



tenperature. Catalyst is filtered out, and the filtrate is evaporated to
the dry state in a vacuum Yield: 20.1 g (quantitative) of a colorless
solid. Elenmentary Analysis: Cd.: C33.89 H4.15 N3.29 F 37.97 Fnd.: C
34.08 H4.19 N 3.17 F 37.65 C c) 4
N-{[1,4,7-Tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecane- 10- N
(pent anoyl - 3- aza- 4- oxo- 5-net hyl -5-yl)]-2-am noethyl } -N(1H 1 H 2H, 2H
perfluorodEEM*MﬂQI%ﬁmSDBnUZiéﬁmmﬁIhﬂxyﬁmb&mg&mﬁwhﬁxyih@hb@%ﬁ&m-ethOXY)-
acetam de, Gd Conplex 16.9 g (19.88 nmol) of the title conmpound of Exanple

12b, 2. 29ethperatir88C Dis filtbrelFollY dhOME HHIESE 1N Vapltated tPRhe Ur stite {Pa 0! ) Of
lithiumchloride and 12.52 g (19.88 mmol) of

1,4, 7-tri §‘°8ﬁﬁr boxyl at oret hyl ) - 10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-
yI]-1,4,7,ﬁ -tetraazacycl ododecane, Gd conpl ex (WD 98/24775, Schering AG

(Example C 1)) are 4jssol ved i.n 2?0 of dj.met hyl sul foxide while being
heat ed slightl y‘.eﬁcﬁtﬁlgé?quaggtflﬁva 9 Mgfgglemhsl. of ~di cycl ohexyl car bodi i ni de
as well as 2. Oélﬁ%lﬁélg' 88 mmol) of triethylamne are added, and it is

stirred for 16 @y A3l t enperat ure. The solution is poured into 2000
m of acetone and stirred for 10 nore mnutes. The precipitated solid is
filtered of f afll.:t Ge?B-urifi dll B chr oMaBAgr aphyF(FRH7 18; nobil e sol vent:
gradient that consists of water/acetonitrile). Yield: 18.1 g (62% of

t heory) of a chidor Ce3408o0l i d 519t er Nedrit7ent (Ka31.6Fi scher): 6.8%

C c) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-0xo0-5-methyl-5-yl)]-2-aminoethyl}-N-(1H, 1H,2H,2H-
perfluorodecyl)-2-(2-{2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -ethoxy)-
acetamide, Gd Complex
16.9 g (19.88 mmol) of the title compound of Example 12b, 2.29 g (19.88 mmol)

of N-hydroxysuccinimide, 1.68 g (39.76 mmol) of lithium chloride and 12.52 g (19.88
mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-oxo-5-methylpentan-5-
y1}-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example

C' 1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,

5.13 g (24.85 mmol) of dicyclohexylcarbodiimide as well as 2.01 g (19.88 mmol) of
triethylamine are added, and it is stirred for 16 hours at room temperature. The solution
is poured into 2000 ml of acetone and stirred for 10 more minutes. The precipitated solid
is filtered off and then purified by chromatography (RP-18; mobile solvent: gradient that
consists of water/acetonitrile).

Yield: 18.1 g (62% of theory) of a colorless solid



El ementary Analysis (relative to the anhydrous substance): dd.: C 36.92 H
4.35 N7.18 F 23.64 Gd 11.51 Fnd.: C 37.11 H4.38 N7.09 F 23.51 &d 11.44

Exanpl e 13 a) N-[2-(Benzyl oxycarbonyl)-am noethyl-N-(1 H, 1

H, 2H, 2H- per f | uor odecyl ) - 2- C net hoxyacgt ani de 8.05 g (39.04 mvl) of

di cycl ohexy] carbodiim de is added at OC to a solution of 20 g (31.23 mmol)
of the title conpound of Exanple 1 a and 2.81 g (31.23 mol) of 2-

nmet hoxyacet i c Wated comiemtr(KarhFisher)368% g (31. 23 mmol ) of _

N- hydroxysuccinimde in 200 m of dinethylformamde, it is stirred for 3

hours at OC anBlebftary Ahaljds (olfive Bithd AMFUrcu SMRALYT . Precipitated urea
is filtered out, the filtrate is evaporatfed to the dry state in a vacuum

and the residuggg.sh tograph § b ea bile sol vent:

di chl or onet hatgl Hetcﬁaﬁ'gllgﬂzx_g: 1%95? sﬁéﬁg 1?§§ gq‘%%‘(i/orggf t heory) (2)f 9(;1 N 308 F
45,34 Fnd.: OO G, 6L, BeYA0E B3) TR Mmoot hyl) M (1 K 1

H, 2H, 2H- per f | uor odecyl ) - 2- met hoxyacet ani de, Methanesul fonic Acid Salt 76
2.23 g (23.16 nmmol ) of nethanesulfonic acid as well as 4.0 g of palladium
catal yst (10% Pd/C) are added to a solution of 16.5 g (23.16 mmol) of the

title conf®mBle 1df Exanple 13a in 500 ml of ethanol, and it is hydrogenated
for 24 hours at room

a) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H-perfluorodecyl)-2-
C methoxyacetamide
8.05 g (39.04 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution of
20 g (31.23 mmol) of the title compound of Example 1a and 2.81 g (31.23 mmol) of 2-
methoxyacetic acid (Aldrich) and 3.59 g (31.23 mmol) of N-hydroxysuccinimide in 200
ml of dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room
temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichlorometﬁane/methanol 20:1).
C_ Yield: 17.1 g (77% of theory) of a colorless, viscous oil.
Elementary Analysis:
Cld.: C 3878 H 297 N 393 F 4534

Fnd.: C 3894 H 3.01 N 3.88 F 4522

b) N-(2-Aminoethyl)-N-(1H,1H,2H,2H-perfluorodecyl)-2-methoxyacetamide,

Methanesulfonic Acid Salt



t enper at ure.

Catalyst is filtered out, and the filtrate is evaporated to

the dry state in a vacuum Yield: 15.1 g (quantitative) of a colorless

solid.

El ementary Analysis: Cd.: C28.50 H2.84 N4.15 F 47.89 C Fnd.:

28.79 H 2.96 N 4.09 F 47.53 c)

N-{[1,4,7-Tris-(carboxyl atonethyl)-1,

(pent anoyl - 3- aza- 4- oxo- 5-net hyl -5-yl )] -2-am noet hyl }-N-(1H, 1H, 2H, 2H

per f | uor odecyl,)

753 LA 5 e 3 B L drbhudflafiel ) of e

title conpound’

N- hydr oxysu

(17. 29

Z? 7, 10-tetraazacycl ododecane-| O N-

%y e Bt D At ©

C

-aza- 4- oxo-5-net hyl pentan-5- yl]-1,4,7,10-tetraazacycl ododecane, Gd conpl ex
Sp ErgDal of athasivhioad it ;

(WD 98/ 24F Fxampier]
sul foxi de while being heated slightly. At 10C,

di met hyl

A ith¢0 0wl 19 hydspgenated §5120 d@uisit b i of

of di cyclterhpstgturearGatalyst s flecredsowtednd the filtrakbis gvapoiat@itonimodry safe in a
triethylam ne are added, and it is stirred for 16 hours at room
t enper at waeuunihe solution is poured into 2000 mM of acetone, and it
stirred for

then purifi ed Yaydchsargiqasttagiyg) 6fcolddsss bofd. | € sol vent: gradi ent that
consists of water/acetonitrile). 77 Yield 12.9 g (59% of theory) of

colorless sol iffemMRir$TaraRR{sent (Karl-Fischer): 6.0%

C

Cld.: C 28.50 H 2.84 N 4.15 F 47.89

Fnd.: C 28.79 H 2.96 N 4.09 F 47.53

N-{{1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-oxo-5-methyl-5-yl)]-2-aminoethyl}-N-(1H, 1H,2H,2H-
perfluorodecyl)-2-methoxyacetamide, Gd Complex

11.7 g (17.29 mmol) of the title compound of Example 13b, 1.99 g (17.29 mmol)

of N-hydroxysuccinimide, 1.46 g (34.58 mmol) of lithium chloride and 10.89 g (17.29

mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[ 1-carboxy-3-aza-4-oxo-5-methylpentan-5-

v1}-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example

1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,

4.46 g (21.6 mmol) of dicyclohexylcarbodiimide as well as 1.75 g (17.29 mmol) of

triethylamine are added, and it is stirred for 16 hours at room temperature. The solution

1s poured into 2000 ml of acetone, and it is stirred for 10 more minutes. The precipitated

solid is filtered off and then purified by chromatography (RP-18; mobile solvent:

gradient that consists of water/acetonitrile).

is

10 nore mnutes. The precipitated solid is filtered off and

a

4.46 g (21.6 mmol)



El ementary Analysis (relative to the anhydrous substance): dd.: C 34.32 H
3.64 N8.24 F 27.14 &d 13.21 Fnd.: C 34.59 H3.69 N8.18 F 26.98 (d 13. 14
Exanple 14 a) N 2- en lox carbon | -amnoeth |-N 1 H1 H 2H 2H
erfluorodec 1 -2- -2- [2-(2-nethoxyet y) - et hoxy] - et hoxy} -acetam de 8. 05
g (39.04 mol ) of dicycl ohexyl carbodii‘mide is added at OC to a sol ution of
20 g (31.23 mmol ) of the title conmpound of Exanple 1 a and 6.94 g (31.23

mol ) of {2- [ 42-1F&t Y, - z xy}-acetic acid (Voegtle et
al ., Liebigs Aﬁ#ﬁ%ﬁ?ﬁ@@%gﬂégﬁggﬁﬁ%mg59 g (31.23 mol) of

N- hydr oxysucci §i.m de i 0 of dipethylformamde, it is stirred for 3
hours at 0C ang)a?glﬁcgﬂn?%r&fg'ﬁ%fmé‘ gto%aoom tenperature. Precipitated urea
is filtered out, the filtrate is evaporated to the dry state ina C°~
vacuum and th@feF"ég'ia&Uén?l¥51%ﬁF]6H’éecf@é&'a%éméﬁs‘éhﬂap%eé: gel (nobile solvent:

di chl or onet hane/ met hanol 20:1). Yield: 22.3 g (85% of theory) of a

col orl ess, vis€ElisCo?4.32 H ipént Br §2And] 4il4: @ d321C 41.24 H3.94 N3.32 F
38.24 Fnd.: C41.37 H3.99 N 3.27 F38.11 78 b) N (2-Am noethyl)-N(1 H 1
H, 2H, 2H per f | uBndod€c§4.59 2-H 3-69- [-§.28 F 2698 Gd 13.14

met hoxyet hoxy) - et hoxy] - et hoxy} - acet am de, Methanesulfonic Acid Salt 2.40 g

(24.86 mmol ) of nethanesulfonic acid as well as 4.0 g of palladium
catal yst (10% Pd/ C) are added to a solution of 21 g (24.86 mmvl) of the

title conpgmgle 14
C a) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H-perfluorodecyl)-2- {-2-
[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -acetamide
8.05 g (39.04 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution of
20 g (31.23 mmol) of the title compound of Example 1a and 6.94 g (31.23 mmol) of {2-
[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetic acid (Voegtle et al., Liebigs Ann. Chem.,
1980, 858-862) and 3.59 g (31.23 mmol) of N-hydroxysuccinimide in 200 ml of
dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room
temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
( vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).
Yield: 22.3 g (85% of theory) of a colorless, viscous oil.
Elementary Analysis:
Cld: C 4124 H 394 N 332 F 38.24

Fnd.: C 4137 H 399 N 327 F 38.11



of Exanple 14a in 500 m of ethanol, and it is hydrogenated for 24 hours at
room tenperature. Catalyst is filtered out, and the filtrate is evaporated
to the dry state in a vacuum Yield: 20.1 g (quantitative) of a colorless
solid. Elenmentary Analysis: Cd.: C32.76 H3.87 N3.47 F 40.04 Fnd.: C
32.88 H3.91 N3.33 F39.89¢c) N { [78
1,4,7-Tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecane- 10- N-

(pent anoyl,- 3 - -4-.0X0- B = b - 2-am.noathyl-} -N- (1 H, 1 H 2H, 2H
perf|uor&aecyﬂ§§§?¥@§9%@5%§@ﬁ£¥h329§#%%?§?@Bﬁﬁaﬁy?X@%@a y}-acetanide, G&d
Complex 11.4 g (14.08 mmol ) of the title conmpound of Exanple 14b, 1.62 g
(14.08 mol ) %qth%mveﬁwi}é%&eﬂiowhé?etaf."%@qgett{%’?‘ilﬁo%‘hg@ St 1i t hi um
chloride and 8.87 g (14.08 mmol) of o i

1,4, 7-tris-( ca?r.ﬁb&&%&@mpﬁwfpwlmfsmf@w@@wwsMH@&A&&Qﬁp@ammhyl pent an- 5-
yl]-1,4,7,10-tetraazacycl ododecane, Gd conplex (WD 98/24775, Schering AG

( Exanpl e caialyst (18 PdliC3 arel added fore @0@ionof 31 gd24B¢ tyolkefl thotifleleomytiund bei ng
heated slightly. At 10C, 3.63 g (17.6 mol) of dicycl ohexyl carbodiim de as
wel | as lof4Xathplel4aGS S00Mmi bf €hanol,lané ity hadrbgepartd dorcbidatirs @améomt is stirred
for 16 hours at roomtenperature. The solution 79 is poured into 2000 m
of acet ongnaRdnst | C48YstiOfiltd8d BRY Sndhb EilteSe is EREpRAtEEidths akyedhtspid d 1S
filtered off and then purified by chromatography (RP- 18; "nobile solvent:

gr adi ent \%atag&m consists of water/acetonitrile). Yield: 13.9 g (71% of
theory) or a colorless solid

C

Yield: 20.1 g (quantitative) of a colorless solid.

Elementary Analysis:
Cld.: C 32.76 H 3.87 N 347 F 40.04
Fnd.: C 32.88 H 391 N 333 F 39.89

c) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-o0xo-5-methyl-5-yl)]-2-aminoethyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -acetamide, Gd
Complex |

C 11.4 g (14.08 mmol) of the title compound of Example 14b, 1.62 g (14.08 mmol)

of N-hydroxysuccinimide, 1.19 g (28.12 mmol) of lithium chloride and 8.87 g (14.08

mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-oxo-5-methylpentan-5-

yl]-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG (Example

1)), are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,

3.63 g (17.6 mmol) of dicyclohexylcarbodiimide as well as 1.43 g (14.08 mmol) of

triethylamine are added, and it is stirred for 16 hours at room temperature. The solution



Water content (Karl-Fischer): 5.7%El enentary Analysis (relative to the
anhydrous substance): dd.: C36.34 H4.19 N 7.42 F 24.43 &d 11.89 Fnd.:
C 36.57 H4.22 N7.44 F 24.29 &d 11.77 C Exanple 15 a)

N-[ 2- (Benzyl oxycar bonyl ) - am noet hyl - N-7Q)1H, 1H, 2H, 2H per f | uor odecyl ) - 2- ( 2-

met hoxyet hoxy) -acetam de 8.05 g (39.04 " mvol ) of dicycl ohexyl carbodiimde is
added at 0OCto a solution of 20 g (31.23 mpl) of the title conpound of

Exanpl e lisgoared ifto 200@mi 3facéBnBRd dtirRd fo£10 ARt YAMMRE NIKY predpRhted s@ifd d
(Aldrich) and 3.59 g (31.23 nmol) of N hydroxysuccinimde in 200 m of

di met hyl f QrayRddey -dtméﬁglﬁgeg§9gpéogﬁﬁt@w:®§?; QGbﬂgagﬂgéh?:? F{aﬁfe{nltﬁathour S at

roomtenperature. reci out, rate 1 s

evaporated to tr%e gr% tst.gt in a vacuum and the residue is
chr omat og?oé’ﬁﬁgc? SRLEFTeY 8 (rmobi | e solvent: dichl oronet hane/ net hanol

20:1). Yield: 17 74% of theory) of colorless, viscous oil.

El enent ary AnaY&F&qsis.%-{%gﬁ:"/?@“iiS?W&)ogrP%Qler S\S@id70 F 42.70 80 Fnd.: C 40.01
H3.42 N 3.66 F 42.54 b) N-(2-Aminoethyl)-N(1 H, 1

H, 2H, 2H- per f | u¥etss eentent (Karl FisehemkoRy# hoxy) - acet anmi de, Met hanesul f oni ¢

Acid Salt 2.17 g (22.47 mmol ) of nethanesul fonic acid as well as 3.0 g of
pal | adi um Elementary Analysis (relative to the anhydrous substance):

Cld: C 3634 H 419 N 742 F 2443 Gd 11.89

Fnd.: C 3657 H 422 N 744 F 2429 Gd 11.77
Example 15

a) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H-perfluorodecyl)-2-(2-

methoxyethoxy)-acetamide

8.05 g (39.04 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution of
20 g (31.23 mmol) of the title compound of Example la and 4.19 g (31.23 mmol) of (2-
methoxyethoxy)-acetic acid (Aldrich) and 3.59 g (31.23 mmol) of N-hydroxysuccinimide

Q in 200 ml of dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at

room temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry
state in a vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).

Yield: 17.5 g (74% of theory) of a colorless, viscous oil.

Elementary Analysis:

Cld.: C 39.70 H 3.33 N 3.70 F 42.70



catal yst (10% Pd/ C) are added to a solution of 17 g (22.47 mmol) of the
title conpound of Exanple 15a in 500 ml of ethanol, and it is hydrogenated
for 24 hours at room tenperature. Catalyst is filtered out, and the
filtrate is evaporated to the dry statgyin a C vacuum Yield: 16.2 ¢
(quantitative) of a colorless solid. Elenentary Analysis: Cd.: C 30.09 H
3.23 N3.90 F 44.96 Fnd.: C30.33 H3.25 N3.84 F 44.77 ¢c) N { [

1,4, 7-Tris-(caFhaxyl adonetiyd.)2 N, 4664, Fl4@suetraazacycl ododecane- | O N
(pent anoyl -3 -aza-4-oxo-5-nmethyl -5-yl)]-2-am noethyl } -N(1 H 1 H 2H 2H C
per fl uorodecyl)-2-(2-nmet hoxyet hoxy) - acet am de, Gd Conplex 11.5 g (16.07
nmol ) of the title conpound of Exanple 15b, 1.85 g (16.07 mmol) of

N hy dr oxyBCCT Rl Afinobda6 ({3 TGl Rhod L B SHA S ST 10 12 9

(16. 07 1)

1,4,7-tris-(carboxyl.at t hyl.).- 10-[.1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-
yl]1-1,4,7, 1o-t8?33%%‘9%8%5%‘%‘8£%%é£‘%éc&ﬁconp| ex (WD 98/ 24775, Schering AG
(Example 1)) r;; dissolved in 200 m_of dinmethyl sulfoxide while being
heated slight!y:l7&(Z48Emmal) etmethanesulfmicaid 3s well a5 19 elobpalladivemr bodi i m de
as well as 1.63 16.07 mmol ) of 81 triethylamne are added, and it is
stirred featalys (lllg%l’ /) are addedite Apelnaeniefel 7 J(22.49ohmol) ofitheititlegompedhd nt o 2000
m of acetone and stirred for 10 nore mnutes. The precipitated solid is
filtered ofExample i feeim 90mulfdfethabyl, adrioivdtydongemdted foRP4 hurs aomme sol vent :
gradient that consists of water/acetonitrile). Yield: 14.2 g (67% of
theory) ofemgpecatirer Catbysenlfildred out, and the filtrate is evaporated to the dry state in a

</ ‘vacuum.

Yield: 16.2 g (quantitative) of a colorless solid.

Elementary Analysis:
Cld.: C 30.09 H 3.23 N 3.90 F 44.96
Fnd.: C 30.33 H 3.25 N 3.84 F 4477

) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane- 10-N-
(pentanoyl-3-aza-4-oxo-5-methyl-5-y1)]-2-aminoethyl}-N-(1H, 1H,2H,2H-
( perfluorodecyl)-2-(2-methoxyethoxy)-acetamide, Gd Complex
11.5 g (16.07 mmol) of the title compound of Example 15b, 1.85 g (16.07 mmol)
of N-hydroxysuccinimide, 1.36 g (32.14 mmol) of lithium chloride and 10.12 g (16.07
mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[ 1-carboxy-3-aza-4-oxo-5-methylpentan-5-
y1]-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,

4.14 g (20.08 mmol) of dicyclohexylcarbodiimide as well as 1.63 g (16.07 mmol) of



Water content (Karl-Fischer): 6.0% El enentary Analysis (relative to the
anhydrous substance): dd.: C35.04 H3.84 N7.95 F 26.17 &(d 12.74 C
Fnd.: C 35.38 H3.88 N7.91 F 25.99 & 12.63 Exanple 16 a)

1- N- (Benzyl oxycar bonyl ) - 1H, 1H, 2H, 2H, 3H, 3H, 4H, 4H, 6H, 6H, - 4- aza-

perfl uorotetradecylamne 25.0 g (120 ) of

N- benzyl oxycar bonyl - propyl enedi am ne (Atwell et al. Synt hesi s, 1984,
1032- 103 ]ﬂ]%i dekO ) 22 g C
(100 mmol 1et?19 d %%gqsuﬂif %&q{ggacqrdé ilbﬁﬁ%ﬁ@ﬁﬂgé’ agfril%gg}(]:%/ hﬁ‘ebgt er

Bartsch I 200 02 500 I
and i ¢ 135 eofted g FOSTHEC ol sﬂéf@?on@ e T S R

t f th t | ut t the d
Vacuum - AATEIRE oGBS RUE R P AROBUSEHEN (bh 181 OB HeTCrgBIFE (ol von :
di chl or onet hane/ net hanol 20:1). Yi eI d 40. 7 g (62% of theory) of a

col or| es scongists 8P water/a¢etonitsile). Anal ysis: Cd.: C 38.55 H2.93 N 4.28 F 49. 36
Fnd.: C 38.73 H2.89 N 4.17 F 49.11 b) N-[3-(B

enzyl oxycar bonyield: ddi2no@76pyf thébry)loft, cblddedtsodid per f | uor odecyl ) - 2- {-2-
[ 2- (2- met hoxyet hoxy) - et hoxy] - et hoxy} -acetamde 7.99 g (38.74 mol ) of
di cycl ohexyl cawhegtdnténd ek s Fadaey @0%0C to a sol ution of

Elementary Analysis (relative to the anhydrous substance):

Cld.: C 3504 H 3.84 N 795 F 26.17 Gd 12.74

Fnd.: C 3538 H 3.88 N 791 F 2599 Gd 12.63

Example 16

a) 1-N-(Benzyloxycarbonyl)-1H,1H,2H,2H,3H,3H,4H,4H,6H,6H,-4-aza-

perfluorotetradecylamine

25.0 g (120 mmol) of N-benzyloxycarbonyl-propylenediamine (Atwell et al.,
Synthesis, 1984, 1032-1033) and 10.2 g (100 mmol) of triethylamine are added to 54.22 g

( (100 mmol) of methanesulfonic acid-(1H,1H,2H,2H-perfluorodecyl)-ester (Bartsch et al.,

Tetrahedron, 2000, 3291-3302) in 500 ml of acetonitrile, and it is stirred for 48 hours at
60°C. Insoluble components are filtered out from the reaction solution, it is evaporated
to the dry state in a vacuum, and the residue is chromatographed on silica gel (mobile
solvent: dichloromethane/methanol 20:1).

Yield: 40.7 g (62% of theory) of a colorless wax



20 g (30.99 mmol) of the title conpound of Exanple 16a and 6.89 g (30.99
nmml ) of {2- [2-(2-nmethoxyet hoxy)-ethoxy]-ethoxy}-acetic acid (Voegtle et
al., Liebigs Ann. Chem, 1980, 858-862) and 3.56 g (30.99 mmol) of

N- hydroxysuccinimde in 200 mMl of dinethylformamde, it is stirred for 3
hours at OC and then for 16 hours at fdom tenperature. Precipitated urea
is filtered out, the filtrate is evaporated to the dry state in a vacuum

and the rgsi i omat ographed on silica gel (nobile solvent:
di chl or or@?ﬂ%ﬁ@r‘é&a&gﬁm 20:1). Yield: 21.5 g (81% of theory) of a

col orl ess, visgqus, qil.. | epentary Analysis: Cd.: C41.97 H4.11 N 3.26 F
37.62 Fnd.: §§-2.<3z§8954.§82-§?35‘1?é-y2ﬁ &?‘éé%) N- ( 3- Ami nopropyl )-N-(1 H, 1

H, 2H, 2H per f | uor odec |.) - 2-O§<- 2-1[&2:- 32-

met hoxyet hoxy fnét Hexd8) Bet Hok§9 - ab&d Anifdd9-1iket hanesul fonic Acid Salt 2.25 g
(23.29 mmol ) of nethanesul fonic acid as well as 4.0 g of palladi um catal yst
(10% Pd/ C) are added to a solution of 20 g (23.29 mml) of the title
conpound 83 of Exanple 16b in 500 m of ethanol, and it is hydrogenated

for 24 hayrs aN-[3-@ehzylogyqaetont/])faenindprb {1 H,$H{2H, 218 eludrddecydnd- L he

filtrate is evaporated to the dry state in a vacuum Yield: 19.2 g
(quantitati Ve)[zgi-nﬂet&&&&hbﬂg%ﬂﬁ&g]-&hox lerpiady Analysis: dd.: C 33.67 H
39. 33.94 H4.09 N3

4.05 N 3.41 F 36 Fnd.: .27 F 39.11

7.99 g (38.74 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution of
20 g (30.99 mmol) of the title compound of Example 16a and 6.89 g (30.99 mmol) of {2-
[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -acetic acid (Voegtle et al., Liebigs Ann. Chem.,
1980, 858-862) and 3.56 g (30.99 mmol) of N-hydroxysuccinimide in 200 ml of
dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room
temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).

Yield: 21.5 g (81% of theory) of a colorless, viscous oil.

Elementary Analysis:

Q Cld.: C 4197 H 4.11 N 326 F 37.62

Fnd.: C 4224 H 4.18 N 3.15 F 3744

c) N-(3-Aminopropyl)-N-(1H,1H,2H,2H-perfluorodecyl)-2-{-2-[2-(2-
methoxyethoxy)-ethoxy}-ethoxy}-acetamide, Methanesulfonic Acid Salt
2.25 g(23.29 mmol) of methanesulfonic acid as well as 4.0 g of palladium

catalyst (10% Pd/C) are added to a solution of 20 g (23.29 mmol) of the title compound



d N { ]

1,4,7-Tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecane- 10- N-

(pent anoyl - 3- aza- 4- oxo-5-net hyl -5-yl )] -3-am nopropyl} -N-(1 H, 1 H, 2H, 2H
per fl uorodecyl)-2-{-2-[2-(2-nmet hoxyet hoxy) - et hoxy] - et hoxy} - acet am de, &
Conplex 11.3 g (13.80 mml) of the tit3e conpound of Exanple 16¢c, 1.59 g
(13.80 nmol ) of N hydroxysucci nlmde 1.17 g (27.60 mol ) of I|thi um
chloride a

ot S einloah ey HRad AL BSR4 bws 198y pent an-
yI] 1,4,7,10- tetraazacycl ododecane, npl.ex (WD 98/24775, Schering AG
( Exanpl e @mPPl)at‘HFe Cafalysbis fiigredpup end Fhe f&m@awwm@m%ﬂmmm fe being
heated slightly. At 10C, 3.59 g (17.4 mmol) of dicycl ohexyl carbodiim de as
wel | as lvamQugy. (13.80 mol) of triethylamne are added, and it is stirred
for 16 hours at roomtenperature. The solution is poured into 2000 m of
acetone and st VYiel&d14.Dg (ddntinriee)dfatbRelessHotidpr eci pitated solid is
filtered off and then purified by chromat ography (RP-18; nobile sol vent:
gradi ent that EpeRfiasf An@lsiat er/acetonitrile). Yield: 12.9 g (66% of
theory) of a colorless solid 84 Water content (Karl-Fi scher) 6.0%

El enentary An £ gy ativegtppd he a dfjous sub ce Cd: C36.8 H
4.30 N 7. 34 Fagy?slg gd 11.77 Fnd§ 2\2%99 H 4. g7§§N%; 31 F 24.01 Gd 11.69
Exanpl e 17 a)

1- N- ( Benzyl oxycarbony?)%lH 1Iﬁ2‘1—P92H 3H]\é|§ 4H, 4H, gH”G}-I1 7H, 7H 5- aza-
per fl uor opent adecyl am ne

C d) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-oxo-5-methyl-5-yl)]-3-aminopropyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2- {-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Gd
Complex |
11.3 g (13.80 mmol) of the title compound of Example 16¢, 1.59 g (13.80 mmol)

of N-hydroxysuccinimide, 1.17 g (27.60 mmol) of lithium chloride and 8.79 g (13.80
mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-oxo-5-methylpentan-5-
yl]-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example

C. 1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,

3.59 g (17.4 mmol) of dicyclohexylcarbodiimide as well as 1.40 g (13.80 mmol) of
triethylamine are added, and it is stirred for 16 hours at room temperature. The solution
1s poured into 2000 ml of acetone and stirred for 10 more minutes. The precipitated solid
is filtered off and then purified by chromatography (RP-18; mobile solvent: gradient that

consists of water/acetonitrile).

Yield: 12.9 g (66% of theory) of a colorless solid



26.67 g (120 mmol ) of N-benzyl oxycarbonyl - butyl enedi am ne (Atwell et al.,
Synt hesis, 1984, 1032-1033) and 10.2 g (100 mmol) of triethylamne are
added to 54.22 g (100 nmol) of nethanesul fonic acid-(1

H, 1H, 2H, 2H- perfl uor odecyl )-ester (Bartsch et al., Tetrahedron, 2000,
3291-3302) in 500 mM of acetonitrile, "and it is stirred for 48 hours at
60C. I nsoluble conponents are filtered out fromthe reaction solution, it

i s evaporated I t Kngaoyacuum and the residue is
&rfc&ﬁfﬂ (Karl P?stc?%% 6%

chr omat ogr aphed on silica gel bilTe solvent: dichloronethane/ nethanol

20:1). Yield: . 6 9% of . theory), of .a.cal ornl ess .wax El enentary

Anal ysis: C . ERpendnt Al LR OnPimrfals SRt T 105 5Y N 4. 17
F 48.17 b) N-[4-(B

enzyl oxycar bon ]d):-gn?i%%ua/f‘-?’&- (HI—?,-?L% EH?“ZH— pgrdf Fuéf odecyl )-2-{-2-

[ 2- (2- met hxoyet hoxy) - et hoxy] - et hox % -acetamde 85 7.71 g (37.4 muol) of
di cycl ohexyl ca]kafb'dF%i #9-92 i]‘z4é3&'deﬂ é 10€ 260k &8t Ut6%n of 20 g (29.92 mmmol)
of the title conpound of Exanple 17a and 6.65 g (29.92 muol) of {2-

[ 2- (2- met hoxyet hoxy) - et hoxy] - et hoxy}-acetic acid (Voegtle et al., Liebigs
Ann. Chem, 1980, 858-862) and 3.44 g (29.92 mmol) of N hydroxysuccini m de
in 200 nl EgdmpRirTet hyl formam de, it is stirred for 3 hours at OC and then
for 16 hours at room tenperature. Precipitated urea is filtered out, the
filtrate is evaporated to the dry state in a vacuum and the residue is
chr omat ographed on silica gel (nmobile solvent: dichloronethane/ nmet hanol

20:1). Yigld PR-SBdziéafontHAR, W 20121835 Q04T A6 ¥HSRLHS- 5% Za-
( perfluoropentadecylamine
26.67 g (120 mmol) of N-benzyloxycarbonyl-butylenediamine (Atwell et al.,
Synthesis, 1984, 1032-1033) and 10.2 g (100 mmol) of triethylamine are added to 54.22 g
(100 mmol) of methanesulfonic acid-(1H,1H,2H,2H-perfluorodecyl)-ester (Bartsch et al.,
Tetrahedron, 2000, 3291-3302) in 500 ml of acetonitrile, and it is stirred for 48 hours at
60°C. Insoluble components are filtered out from the reaction solution, it is evaporated
to the dry state in a vacuum, and the residue is chromatographed on silica gel (mobile
solvent: dichloromethane/methanol 20:1).
( Yield: 39.6 g (59% of theory) of a colorless wax
Elementary Analysis:
Cld.: C 39.53 H 3.17 N 4.19 F 4832

Fnd.: C 39.74 H 321 N 4.17 F 48.17

b) N-{4-(Benzyloxycarbonyl)-aminobutyl-N-(1H,1H,2H,2H-perfluorodecyl)-2-{-2-

[2-(2-methxoyethoxy)-ethoxy]-ethoxy} -acetamide



El ementary Analysis: dd.: C42.67 H4.27 N3.21 F 37.01 Fnd.: C 42.85 H
4.30 N 3.16 F 36.87 c) N (4-Anm nobutyl)-N(1

H, 1H, 2H, 2H perfl uor odecyl ) -2-{-2-[ 2-(2- net hoxyet hoxy) - et hoxy] - et hoxy}
-acetam de 4.0 g of palladiumcatal ysigs(10% Pd/C) is added to a sol ution of
20 g (22.92 mol) of the title conmpound of Exanple 17b in 500 m of
ethanol, and it is hydrogenated for 24 hours at roomtenperature. Catalyst

is filtered out71 sy .4 henol) dfidicicRhis/ 1eNERHASEH atifed dt 0eC €5 ¥ selb@dfofl N @
vacuum Yield: 17.0 g (quantitative) of a colorless solid. El enentary

Anal ysi s: X Y 7 P N 3.74

Fas o1 g8t g Ry 4 o G pimborhd chsalpiel T e £ g2 yinh B £

] R R o SRS AR A N i,
-2-[2-(2- et h - et -eth - tani de, Gd __Conpl 10

(13,54 ol SRR IV W ERF S b Lt haiprecipimde 520 Y. 54 mol) of

N- hydr oxysuccinimde, 1.14 g (26.08 mml) of lithiumchloride and 8.69 g
13. 54 nraimpthyfprmamide, it is stirred for 3 hours at 0°C and then for 16 hours at room

4

(13.
1,4, 7-tris-(carboxyl atomethyl)-10-[1-carboxy-3-aza-4- oxo- 5- net hyl pentan-5-y
1] 1,4, 7 iéfpératura dpradyitdtadiodse tdileredsht abefitere i MAFEIEN 6 the drSGERE ind AG,
(Exanmple 1)) are dissolved in 200 m of dinmethyl sulfoxide while being

heat ed slyagiirhYandAte tSiGue ﬁ-cﬁﬁ)matographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).
C Yield: 26.0 g (79% of theory) of a colorless, viscous oil.
Elementary Analysis:
Cld.: C 4267 H 427 N 321 F 37.01

Fnd.: C 4285 H 430 N 3.16 F 36.87

c) N-(4-Aminobutyl)-N-(1H,1H,2H,2H-perfluorodecyl)-2- {-2-[2-(2-
methoxyethoxy)-ethoxy]-ethoxy}-acetamide
4.0 g of palladium catalyst (10% Pd/C) is added to a solution of 20 g (22.92
C mmol) of the title compound of Example 17b in 500 ml of ethanol, and it is hydrogenated
for 24 hours at room temperature. Catalyst is filtered out, and the filtrate is evaporated to
the dry state in a vacuum.
Yield: 17.0 g (quantitative) of a colorless solid.
Elementary Analysis:
Cld: C 3741 H 423 N 379 F 4373

Fnd.: C 3759 H 429 N 3.74 F 43.61



g (17.07 mml) of dicyclohexylcarbodiimde is added, and it is stirred for
16 hours at roomtenperature. The solution is poured into 2000 m of
acetone and stirred for 10 nore mnutes. The precipitated solid is
filtered off and then purified by chrﬁgatography (RP-18; nobil e solvent:
gradi ent that consists of water/acetortrile). Yield: 11.7 g (60% of
"theory) of a colorless solid Water content (Karl-Fischer): 6.5% El enentary

726 ¢ oddos o (hedario RGN Ey DS T I Ryt ooa iRy ) 50
L 1H 241 2K a0, GRS GrE RSB -o pon ) S THAYRHRRHY ) - ot hoxy)

-acetam de 87 7.69 (37.29 mmol ) of dicycl ohexyl carbodiim de is added at
0C to a sol ut iWWO%@YQ-%b@r[éﬁwmﬁsm‘)xyghométhqxw -ethewnpesgtanids. Gdcanpl e | c
and 5.32 g (29.83 mmol ) of [2- (2-nethoxyethoxy)-ethoxy] -acetic acid

(Al drich) and Gomfley (29.83 mml) of N hydroxysuccinimde in 200 ml of
dimethyl formamde, it is stirred for 3 hours at 0OC and then for 16 hours
at room t enper g g(18.54Rneol)pif that tilk dofrpaundof Exatmmle7coUls6 gt(h®54 mntolpsfe i s
evaporated to the dry state in a vacuum and the residue is chromat ographed
on sili CaNQf?yh:oxgymlainlirﬁid%,oi.wFt(ze.de &R 0Py sTRRiBANRI R RADRl69 2Q1 454 mbh@) d: 17.9

g (72% of theory) of a colorless, viscous oil. Elenmentary Analysis: dd.:

C 40.49 |'Bf:"’l',z?,6-tﬁ‘g-?ca.lr-"’o70x§la?tf}n&}?yl)-10-[1-carboxy-3-aza-4-oxo-5-methylpentan—5-yl]-

1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example 1))

/

are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C, 3.53
g (17.07 mmol) of dicyclohexylcarbodiimide is added, and it is stirred for 16 hours at
room temperature. The solution is poured into 2000 ml of acetone and stirred for 10
more minutes. The precipitated solid is filtered off and then purified by chromatography
(RP-18; mobile solvent: gradient that consists of water/acetonitrile).

Yield: 11.7 g (60% of theory) of a colorless solid

Water content (Karl-Fischer): 6.5%

Elementary Analysis (relative to the anhydrous substance):

N

Cld: C 3736 H 440 N 726 F 2392 Gd 11.65

Fnd.: C 3751 H 444 N 722 F 2384 Gd 11.59

Example 18

a) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H,4H,4H-3-oxa-

perfluorododecyl)-2-[2-(2-methoxyethoxy)-ethoxy]-acetamide



Fnd.: C 40.62 H 3.81 N 3.38 F 38.77 b)

N- (2- Am noet hyl ) - N- (I H, 1H, 2H, 2H, 4H, 4H 3- oxa- per f | uor ododecyl ) - 2-[ 2- ( 2-

nmet hoxyet hoxy) - et hoxy] - acet am de, Met hanesul fonic Acid Salt 1.98 g (20.50
mol ) of nethanesul fonic acid as well _as 3.0 g of palladium catalyst (10%
Pd/ C) are added to a sol ution of 17. 08 (20.50 nmol) of the title conpound
of Exanple 18c in 300 m of ethanol, and it is hydrogenated for 24 hours at

room tenpera a fllter J ratelseaorated
Lo the ary st 4 § (72 iR ghiiowiohd) Ry “(aedﬁ%‘}ﬁf ﬁaﬁé G Gping &bror! ess
solid. Elenentary Analysis: Cd.: C31.83 H3 40.75 Fnd.: C
31.57 H 20232R83 mygolrofithe title ggmpeundief Example wcwdréﬁgg((a%ﬁ%mmlh?%t hyl ) -
1,4,7, 1 O-tetraazacycl ododecane- | ON

( pent anojﬂmlazaethonyoestﬁmbamcasidqur@) and héee k.83 mmal)af N4, 1

H, 2H, 2H, 4H, 4H

3- oxa- pemyltoyademasie in 204 @} (dinehlRsineiniaN ) is etiex ol 3 aoetsanuEand=d
Complex 14.75 g (18.30 mml) of the title conpound of Exanple 18d, 2.11 g

(18.30 m%\&dfoifé g@lﬁ?){?{fgﬂgﬂdﬁ&htﬂ %“quclpﬂatéﬁu:ga {s30teP SHRh fiftfatd ikt hi um

chlorid

vi] 1,4 PR Fs %ﬁ%ﬁ%ﬁ@éﬁ@[ bR BRI A SR

(Exanpl e are di ved 00, mi d| rret hyl sul f oxi de whil e being
heat ed sI(F’QRI?WV%t %Qororaet dn@(ﬂﬁ‘oh kol ) of di cycl ohexyl car bodi i mi de

as well as 1.85 % 21
(- Yield: 17. 9 g (72% of theory) of a colorless, viscous oil.

Elementary Analysis:
Cld: C 4049 H 3.76 N 337 F 38.89

Fnd.: C 40.62 H 3.81 N 338 F 3877

b) N-(2-Aminoethyl)-N-(1H,1H,2H,2H,4H,4H-3-0xa-perfluorododecyl)-2-[2-(2-

methoxyethoxy)-ethoxyl-acetamide, Methanesulfonic Acid Salt

1.98 g (20.50 mmol) of methanesulfonic acid as well as 3.0 g of palladium
catalyst (10% Pd/C) are added to a solution of 17.0 g (20.50 mmol) of the title compound

~ of Example 18c in 300 m! of ethanol, and it is hydrogenated for 24 hours at room

temperature. Catalyst is filtered out, and the filtrate is evaporated to the dry state in a
vacuum.

Yield: 16.3 g (quantitative) of a colorless solid.

Elementary Analysis:

Cld.: C 31.83 H 3.69 N 3.53 F 40.75

Fnd.: C 31.57 H 3.78 N 3.44 F 40.51



triethylam ne are added, and it is stirred for 16 hours at room
tenperature. The solution is poured into 2000 mMl of acetone and stirred
for 10 nore mnutes. The precipitated solid is filtered off and then
purified by chronmatography (RP-18; m)§)' | e solvent: gradient that consists
of water/acetonitrile). Yield: 17.6 ¢ é(69% of theory) of a colorless solid
C Water content (Karl-Fischer): 6.1 %Elenentary Analysis (relative to the
anhydrous substance): dd.: C35.81 H4.06 N7.50 F 24.69 &d 12.02 Fnd.:
C36.04 H4.11 N 7.49 F 24.52 &d 11.94 Exanple 19 a)

1-N-(tert:But ycarhonyl)-1H 1 H HAH 4H S5H 5H /H 7H ~ SH 6-aza-3 89
oxaper f | Gbr Ohi\lzgﬁ&e‘gi{%ﬁ%’aﬁ%}xgﬁ%méé]%?l%éA%@-Se%yabyclddodécané-q -

N-tert-butyl oxycarbonyl - 3- oxa- pent yl enedi am ne (Koenig et _al., Eur. J.

Og. Chem . 265PEngHokzokeyo-SetbIlsmyIg)-¢-ominast) Bl B TheHGFARAR: ar o
added to 13.56 g (25 nmol) of nethanesul fonic

aci d- (1 H, | H, 2B-aXekpsefhuioradodenyded{)-(2-msthexyqtiBa-sthiaxgtacglamider &dr ahedr on,

2000, 3291-3302) in 150 m of acetonitrile, and it is stirred for 48 hours
at 60C. I nsol @omplexonponents are filtered out fromthe reaction solution,
it is evaporated to the dry state in a vacuum and the residue is

chr omat ogr aphqdﬂsgmsfab infifol Y6t thé FO tdBp&Ml W Bkample 84,0, Dngt I38vehA®)hanol
20:1). Yield: 10.9 g (67% of theory) of a colorless wax El enentary

Anal ysi s:or R fldrodysdRifiRide, 8558 (36.60 3dndT) 6QitBfm chloride and 11.52 g (18.30
mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-oxo-5-methylpentan-5-
C' y1}-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 200 ml of dimethy] sulfoxide while being heated slightly. At 10°C,
4.72 g (22.88 mmol) of dicyclohexylcarbodiimide as well as 1.85 g (18.30 mmol) of
triethylamine are added, and it is stirred for 16 hours at room temperature. The solution
is poured into 2000 ml of acetone and stirred for 10 more minutes. The precipitated solid
is filtered off and then purified by chromatography (RP-18; mobile solvent: gradient that
consists of water/acetonitrile).
Yield: 17.6 g (69% of theory) of a colorless solid
(. Water content (Karl-Fischer): 6.1%
Elementary Analysis (relative to the anhydrous substance):
Cld.: C 3581 H 4.06 N 750 F 2469 Gd 12.02

Fnd.: C 36.04 H 4.11 N 749 F 2452 Gd11.54

Example 19

a) 1-N-(tert-Butyloxycarbonyl)-1H,1H,2H,2H,4H,4H,5H,5H,7H,7H,8H,8H-6-aza-3-



Fnd.: C 35.28 H 3.64 N 4.24 F 49.53 b)

N-[5-(tert-Butyl oxycarbonyl)-am no-3-oxapentyl-N-(1 H, 1 H 2H, 2H

per fl uorodecyl)-2- {-2-[2-(2-nethoxyethoxy)-ethoxy]-ethoxy} -acetam de 3.97
g (19.23 mml) of dicycl ohexyl carbodiidgde is added at OC to a sol ution of
~. 10 g (15.38 mmol) of the title conpound of Exanple 19a and 3.42 g (15.38
mml ) of {2- [2-(2-nmethoxyethoxy)-ethoxy]-ethoxy} -acetic acid (Voegtle et

al ., Liebigs Apn ©8-862) and 1.77 g (15.38 mmol) of
81 @g@f@hexaa&&ﬁ{}]am ? D. 3¢ _

N- hydr oxysucci ni In 200 dlnethylfornanlde it is stirred for 3

hours at OC an Preci |tated urea
is filtered ou€1§ ﬁﬂ) IP?I{ l)loqﬁ?erf g%t\%fo&‘f'a e ? r&? ﬁgﬁt?f{ 5"%%\"8 ﬁﬂ e T\/acuum
and the r c n si el ile olyent

G ehl or onforithel 968}&?6’1%9 380%99331 Mﬂé‘ﬂd%f’c @O% %f;%?/&reﬁ WHRBE §I¢ of a

col orl ess, VISCOUS oil. Elenentary Analy c d. 39.35 H4.60 N 3.28 F
37.79 Fnefded ¢ Bb36g (39 w@qﬁn@thaeem@ew%ldcw 1H.2H, 2H -perfluorodecyl)-

N- ( 5- Am no- 3- oxapentyl ) - N-(1H, 1H, 2H, 2H per fl uor odecyl ) -2-{-2-[ 2-( 2-

met hoxyet m@alé‘xCh@wl],-T@trhbedﬂn,laﬂﬂzﬁaﬂiééoadn PO oifl of adefdnitlepambitisc acid is
added at 0Cto a solution of 9.5 g (11.12 mmol) of the title conpound of

Exanpl e 18brddforll4¥hdtirs &f606C C MsoludlEdofipdfentand ffitefed dubfbighéfeactidOM .
tenperature. It is evaporated to the dry state in a vacuum and the residue

[ o5 SRR 58 ORGP kA SRR el
on silica gel (mobile solvent: dichloromethane/methanol 20:1).
C Yield: 10.9 g (67% of theory) of a colorless wax
Elementary Analysis:
Cld.: C 35.09 H 3.56 N 431 F 49.66

Fnd.: C 3528 H3.64 N 424 F 49.53

b) N-[5-(tert-Butyloxycarbonyl)-amino-3-oxapentyl-N-(1H,1H,2H,2H-

perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide

3.97 g (19.23 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution of

L 10 g (15.38 mmol) of the title compound of Example 19a and 3.42 g (15.38 mmol) of {2-

[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetic acid (Voegtle et al., Liebigs Ann. Chem.,
1980, 858-862) and 1.77 g (15.38 mmol) of N-hydroxysuccinimide in 200 ml of
dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room
temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
vacuum, and the residue is chromatographed on silica gel (mobile solvent:

dichloromethane/methanol 20:1).



El ementary Analysis: dd.: C36.62 H4.14 N3.71 F 42.81 Fnd.: C 36.88 H
4.21 N 3.55 F 43. 25 d)
N-{[1,4,7-Tris-(carboxylatonmethyl)-1,4,7,10-tetraazacycl ododecane- 10- N
(pent anoyl - 3- aza- 4- oxo- 5- net hyl - 5-yl ) Jgg5-am no- 3 -oxapentyl} -N(1 H 1

H, 2H, 2H

per fl uorodecyl)-2-{-2-[ 2-(2-net hoxyet hoxy) - et hoxy] - et hoxy} - acet am de, &d
Compl ex 7 g (9Yi2Rl: rin®E)759%6 of theoty)) bf &caonigsewistoons oiExanpl e 19c, 1.07 g (9. 28
mmol ) of N hydroxysuccinimde, 787 ng (18.56 mmol) of l|ithiumchloride and

5.84 g (9. 28 npementafy Adalgsis/-tri s- (carboxyl at onet hyl)-10-[
1- carboxy 3-aza- 4- oxo- 5- net hyl pentan-5-yl] 91

1,4,7,10-tetraggacy cdPspdacagg. N3 Lonpl L) WO 98/ 24775, Schering AG
(Exanple 1)) are dlssolved in 100 n of dinmethyl sulfoxide while being

heat ed slightl ( 6 of dicycl ohexyl carbodiimde is
added, and it I|ys s |rred ?{o q}]}o%#és g'?gg)gréoomterrperature The solution is

poured into 2000 m of acetone and stirred for 10 nore mnutes. The
precipitated solid is filtered off and then purifi ed by chronatography
(RP-18; mmbile _solvent: gradient that consists of water/acet on| tr| | e).

Yield: 8.8 g (¥sdAsninptiedrapsntyh-Ne(1dh i B2Fedd-pedluprpdesidt 2v{ -2 Bn2e

(Karl -Fischer): 6.5% El ementary Analysis (relative to the anhydrous
substance): Ghethoxyetiegypethpxy-eg®x)}-acet8nide23. 64 Gd 11.51 Fnd.: C 37.04 H
4.39 N 7.15 F 23.57 &d 11.47 Exanple 20
50 m] of trifluoroacetic acid is added at 0°C to a solutlon of 9.5 g (11.12 mmol) of
( the title compound of Example 19b in 100 ml of dichloromethane, and for 3 hours at
room temperature. It is evaporated to the dry state in a vacuum, and the residue is
chromatographed on silica gel (mobile solvent: dichloromethane/methanol 10:1).
Yield: 7.8 g (93% of theory) of a colorless solid.
Elementary Analysis:
Cld.: C 36.62 H 4.14 N 3.71 F 42.81

Fnd.:: C 36.88 H 421 N 355 F 43.25

(_ d) N-{[l,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-IO-N-
(pentanoyl-3-aza-4-ox0-5-methyl-5-yl)]-5-amino-3-oxapentyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Gd
Complex
7 g (9.28 mmol) of the title compound of Example 19¢, 1.07 g (9.28 mmol) of N-

hydroxysuccinimide, 787 mg (18.56 mmol) of lithium chloride and 5.84 g (9.28 mrﬁol) of

1,4,7-tris-(carboxylatomethyl)-10-[ I-carboxy-3-aza-4-oxo0-5-methylpentan-5-yl]-



a)

1-N-(tert-Butyl oxycarbonyl)-1H, 1H, 2H, 3H, 4H, 4H, 6H, 6H, 7H, 7H 5- aza-[ 2, 3- (2, 2-
di met hyl -[ 1, 3] -di oxol anyl )] - perfl uoropentadecylamne 7.81 g (30 nmol)

of N-tert-butyl oxycarbonyl -[ 2, 3-(2, 2- d'é{ret hyl -1, 3] -

di oxol anyl )] - butyl enedi am ne [ produced’ from

(5-am noet hyl -2, 2-di net hyl -[ 1, 3] - di oxol an-4-yl)-net hyl am ne ( ACROS)

anal ogous| ' c |

s Oxyila%’%HBt%&é@z&&&gh'&&e%é}{éé% l}l‘n}%%&gw 9824775 §chermgAEGu Examied)  onem

2002, 3004 30 4)] and ne are added to 13. 56
(25 o digrorchie RANES af ety s e minde Heimgeat SB . oy dBod §2 ect or

(Bartsch et al., Tetrahedron, 2000, 3291-3302) in 150 m of acetonitrile,

and it i sg(5111i6rmmdl)bﬁdicmolhﬂwlrcsrb@diimﬁte.is &dded) andadt g stimedtfompoheurs st ar e

filtered out fromthe reaction solution, it is evaporated to the dry state

in a vacudom tangkritee. rTdsisclutdon & pohredrimb @Q0Gmh eflacetons iahd stirrgiefor (0mobi | e
sol vent: dichl oronmet hane/ met hanol 20:1). Yield: 12.5 g (71% of theory) of

acolorl I t li¥S$d 61 f andGhed pdlfidd By SRodk 45,72
a col o gg&g\gﬁﬁutgﬁggféﬁld%@%ﬂaté&% 51M6§1§ ter@?f an pdfifidd By dRohatdg@phy

N-{4-(t L 1, 3] -di | |
LG OB BB it (1,314 v e )

{-2-[2-(2- net hpx Metg@n?@%mgd&h" t&g@%sso getam de 3.65 g (17.7 mml) of

di cycl ohexyl car Bodi IS a 0 a solution of 10 g (14.16 mmol)
of the title (\\gat rcontent EKaEﬁﬁgPllne?)z%%‘% and 3.15 g (14.16 mmol) of {2-

C

Elementary Analysis (relative to the anhydrous substance):
Cld: C 3692 H 435 N 7.18 F 23.64 Gdl11.51

Fnd.: C 37.04 H 439 N7.15 F 2357 Gd 1147
Example 20

a) 1-N-(tert-Butyloxycarbonyl)-1H,1H,2H,3H,4H,4H,6H,6 H,7H,7H-5-aza-{2,3-(2,2-
dimethyl-[1,3]-dioxolanyl)]-perfluoropentadecylamine

( 7.81 g (30 mmol) of N-tert-butyloxycarbonyl-[2,3-(2,2-dimethyl-[1,3]-
dioxolanyl)]-butylenediamine [produced from (5-aminoethyl-2,2-dimethyl-[1,3]-
dioxolan-4-yl)-methylamine (ACROS) analogously to the production of N-ters-
butyloxycarbonyl-3-oxa-pentylenediamine (Koenig et al., Eur. J. Org. Chem., 2002,
3004-3014)] and 2.55 g (25 mmol) of triethylamine are added to 13.56 g (25 mmol) of
methanesulfonic acid-(1H,1H,2H,2H-perfluorodecyl)-ester (Bartsch et al., Tetrahedron,

2000, 3291-3302) in 150 m] of acetonitrile, and it is stirred for 48 hours at 60°C.



[ 2- (2- met hoxyet hoxy) - et hoxy] - et hoxy}-acetic acid (Voegtle et al., Liebigs
Ann. Chem, 1980, 858-862) and 1.63 g (14.16 mmol) of N-hydroxysuccini m de
in 200 n] of dimethylformamde, it is stirred for 3 hours at 0C and then
for 16 hours at room C tenperature. Pggcipitated urea is filtered out, the
filtrate is evaporated to the dry staté in a vacuum and the residue is
chromat ographed on silica gel (nobile solvent: dichloronethane/ net hanol

20:1). Y'Iﬁ&djublgc@mﬂon(eﬁﬁ%@ﬁltér&?&ftﬂonﬁ){he@e&ﬂbﬁEél@@(ﬁ) 1t\'ik MU&téﬂ'tB the
El emrentary Anal ysis: Fnd.: C 40.97 H

4.85 N 3.

H, 1H, 2H, E)tztreﬁ F&glr?i%@é%fﬁ é ﬂ%L %ég%@%f%a%ﬁ%@%%@ﬁﬁl%’é oxy‘:](s’]olvetn hoxy}
-acetam d of tr oacetic acid is added at OCtoasqutlon of
8.2 g (9‘gﬁﬁWWﬂpﬁmﬂwnwbﬁﬁgqﬁrﬁe conmpound of Exanple 20b in 100 m of

di chl oronet hane, and f hours at roomtenperature. It is evaporated to

the dry state Yilda \?éo&l(]rh/" efrthearmiofiasoiarless wax chr omat ogr aphed on silica
gel (nobile solvent: dichloronethane/ methanol 10:1 to 2:1). Yield: 6.68 g
(96% of t heor ﬁlementme‘mabfslsess solid. Elenentary Analysis: Cd.: C 35.85 H

4.06 N 3.64 F 41.92 Fnd.: C36.05 H4.11 N 3.60 F 41.77 d)

N-{[I,4,7-Tri Cldcal 3640l aHo3r&5 hW B-97, 4F A4510-t et r aazacycl ododecane- 10- N-
(pent anoyl -3 -aza-4-oxo-5-nmethyl -5 -yl)] -(4-am no-2,3 -di hydroxybutyl)-N

Fnd.: C 37.66 H 3.94 N 3.88 F 4561

N

b) N-{4-(tert-Butyloxycarbonyl)-amino-[2,3-(2,2-dimethyl-[1,3]-dioxolany})]-
butyl}-N-(1H,1H,2H,2H-perfluorodecyl)-2- {-2-[2-(2-methoxyethoxy)-ethoxy]-
ethoxy}-acetamide
3.65 g (17.7 mmol) of dicyclohexylcarbodiimide is adde.d at 0°C to a solution of

10 g (14.16 mmol) of the title compound of Example 20a and 3.15 g (14.16 mmol) of {2-

[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -acetic acid (Voegtle et al., Liebigs Ann. Chem.,

1980, 858-862) and 1.63 g (14.16 mmol) of N-hydroxysuccinimide in 200 ml of

dimethylformamide, it is stirred for 3 hours at 0°C and then for 16 hours at room

Y

temperature. Precipitated urea is filtered out, the filtrate is evaporated to the dry state in a
vacuum, and the residue is chromatographed on silica gel (mobile solvent:
dichloromethane/methanol 20:1).

Yield: 8.9 g (69% of theory) of a colorless, viscous oil.

Elementary Analysis:

Cld: C 40.89 H 4.76 N 3.08 F 3547

Fnd.: C 4097 H 4.85 N 3.00 F35.37



(1 H 1 H 2H, 2H perfluorodecyl)-2- {-2-[2-(2-nmethoxyet hoxy) -ethoxy] -et hoxy}

- acetamde, Gd Conplex 6 g (7.79 mmol) of the title conpound of Exanple
20c, 897 ng (7.79 nmmol) of C N-hydroxysuccinimde, 660 ng (15.58 mmol) of
l'ithiumchloride and 4.90 g (7.79 mvolgy of

1,4,7-tris-(carboxyl atonet hyl )-10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-y
l]- 1,4,7,10-tetraazacycl ododecane, Gd conplex (WD 98/24775, Schering AG
(Exanmple 4)) Hr@d-Ammed,Y-dihydroxyB@yiN-OfH, dHPEL Pl pesflilof st @R 2vid-{B(Dei ng
heated slightly. At 10C, 2.01 g (9.74 mol ) of dicycl ohexyl carbodiimde is

added and it i methbkyetisky-ethok|-diRaxy$-adétatn@em tenperature. The solution is
poured into 2000 m of acetone and stirred for 10 nore 94 mnutes. The

preci pitated So nflof el CRARS I 2Bl ot B PHLITEDAR £ ATRERGIFONY (RP-

18; nobile solvent: gra consi sts of water/ac Yi el d:
6.9 59% of. t heor a colorless solid  Water content (Karl-Fischer):
7 7% EI( enéﬁ?’é‘?;?m?&ﬂ%‘?/‘f?s‘?%j?m&a%oqrb\}’é76%“‘§)ﬁtglahlﬁm%la@es¥ﬁsf%ﬁb@)r$ at gd.: C
36.50 H4.30 N7.09 F 23.37 &d 11.38 Fnd.: C36.71 H4.35 N 7.02 F 23.41
Gd 11.29 roerHgRpaiaRre 11t iy evgporafed to theAryrstpts. iy & ypdvany ped hewesidue)is 1,4, 7, 1
O-tetraazacycl ododecane- | O N
( but anoy| chronRpgmahesbonysikicanged (podbile-splvant: e tidrpethane/mtthanol 1l OH, 21 DH-
per fl uorodecyl)-2-{-2-[2-(2-met hoxyet hoxy) - et hoxy] - et hoxy} - acet am de, &
conpl ex nonosoWieldn 668 & (26%d oRkhedrly) 4f 7 edlorlsss 661t boxyl at onet hyl ) -1, 4, 7, 10-
t etraazacycl ododecane- 10- N- (et hano-[ 2- (R) - car boxyl at oet hyl ] -yl )} -2-
Elementary Analysis:
( Cld: C 3585 H 4.06 N 3.64 F 41.92

Fnd.: C 36.05 H 4.11 N 3.60 F 41.77

d) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-oxo-5-methyl-5-y1)]-(4-amino-2,3-dihydroxybutyl)-N-
(1H,1H,2H,2H-perfluorodecyl)-2- {-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -
acetamide, Gd Complex
6 g (7.79 mmol) of the title compound of Example 20c, 897 mg (7.79 mmol) of

C_ N-hydroxysuccinimide, 660 mg (15.58 mmol) of lithium chloride and 4.90 g (7.79 mmol)
of 1,4,7-tris-(carboxylatomethyl)-10-[1-carboxy-3-aza-4-ox0-5-methylpentan-5-yl]-

1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example 1))

are dissolved in 100 ml of dimethy] sulfoxide while being heated slightly. At 10°C, 2.01

g (9.74 mmol) of dicyclohexylcarbodiimide is added and it is stirred for 16 hours at room

temperature. The solution is poured into 2000 ml of acetone and stirred for 10 more



amnoethyl} -N-(1 H | H 2H 2H perfluorodecyl)-2- {-2-[2-(2-nethoxyethoxy)-
et hoxy] - et hoxy}-acet am de, Gd Conpl ex Monosodium Salt 2.84 g (3.52 nmmol) of
the title conpound of Exanple 14b, 448 ny (4.4 mmol) of triethylam ne and
3.51 g (4.4 mol) of 2-(R)-2-[4,7,10-tgyi s-(carboxyl at onet hyl ) -
1,4,7,10-tetraazacycl ododecan- | -yl ] pent anedi car boxyl i c acid
nonopent af | uor ophenyl ester, Gd conplex (WD 2005/0014154, EPI X

PHARMACEURlrGfds S, The Mescipitaled 301d B fil@iedEPF Gfenlfurfied)b cafmaibgsﬂiwﬁmb-i n 50 m
of dinmethyl sulfoxide, mxed with 356 ng (3.52 muvol) of triethylam ne, and

stirred fpg ndbile QK entalorddRAMHEERBIRII WRiter/AR&oSiRIIN | On IS poured into 1000
n of acetone and stirred for another 10 m nutes. 'The precipitated 95

solidis filt X refi hy omat ogr aphy (RP-18; mobile
sol vent: gr ag‘?gﬁl%%5?@@%?@?@8%\%\@?3%&@@ onitrile). The fractions that
contain the pr ct _ar C entrated by evaporation, dissolved in water,
neutral i zed wi ﬁyef).c Wéégﬁﬁ%ﬁﬁgﬁﬁoi?({% sol ution and then freeze-dried.
Yield: 2.03 g (39% of theor,y& of a colorless solid as a 3:2 regioi soneric

mxture. \Wat eFleRspERMnglyss (relpiivedtadhg anhydroys sabsigaei)ary Anal ysis (rel ative
to the anhydrous substancg}: Cd.: C35.72 H3.97 N6.25 F 24.01 &d 11.69
C Fnd.: C 36.00ldH G 365N B 280F ¥ J.680 BRI 46d Ex3wple 22 a) N { |
1,4,7-Tris-(carboxylatonmethyl)-1, 4,7, 10-tetraazacycl ododecane-1 O N

(but anoyl - 4- ( Rjrdca€bdkyl atb4485yI1N]7.22 afi 20041 hydd }120- (1 H 1 H, 2H 2H

per fl uorodecyl)-2-(1- O a-d- mannopyr anosyl ) -acet am de, Gd Conpl ex

C

Example 21

a) N-{[1 ,4,7—Tris-(carboxylatomethyl)- 1,4,7,10-tetraazacyclododecane-10-N-
(butanoyl-4-(R)-carboxylato-4-yl)]-2-aminoethyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Gd
complex monosodium salt and N-({1,4,7-tris-(carboxylatomethyl)-1,4,7,10-
tetraazacyclododecane- 10-N-(ethano-[2-(R)-carboxylatoethyl}-yl)}-2-
aminoethyl}-N-(1H,1H,2H,2H-perfluorodecyl)-2- {-2-[2-(2-methoxyethoxy)-
ethoxy]-ethoxy}-acetamide, Gd Complex Monosodium Salt
2.84 g (3.52 mmol) of the title compound of Example 14b, 448 mg (4.4 mmol) of

triethylamine and 3.51 g (4.4 mmol) of 2-(R)-2-[4,7,10-tris-(carboxylatomethyl)-

1,4,7,1 O-tetraazacyclodo.decan- 1-yl}pentanedicarboxylic acid monopentafluorophenyl

ester, Gd complex (WO 2005/0014154, EPIX PHARMACEUTICALS, INC., (Example

9: EP-2104-15-Pfp)) are dissolved in 50 m! of dimethyl sulfoxide, mixed with 356 mg

(3.52 mmol) of triethylamine, and stirred for 16 hours at room temperature. The solution

is poured into 1000 ml of acetone and stirred for another 10 minutes. The precipitated



Monosodi um Salt and N-({ 1,4,7-Tris-(carboxyl atonethyl)-1,4,7,10-

t et raazacycl ododecane- 10- N- (et hano- [ 2- (R) - car boxyl atoet hyl ] -yl )} -2-

am noethyl )-N-(1 H, 1 H, 2H, 2H perfl uor odecyl ) - 2- (1- O a- d- mannopyr anosyl ) -
acetam de, Gd Conpl ex Monosodium Salt ¢&. 83 g (3.44 mmol ) of the title
conpound of Exanple 1 c¢, 436 ng (4.3 mmvl) of triethylamne and 3.43 g
(4.3 mmol) of 2-(R)-2-[4,7,10-tris-(carboxyl at onet hyl ) -

1, 4,7, 10- $cdidrisfiterey offadd dengorified by pedinatographg dRP-A 3 yibbilegwint:

nonopent af | uor ophenyl ester, Gd conpl ex (WO 2005/0014154, EPI X
PHARVACEUaa §i8htShat! dsists G_E%at@ﬂbcﬁton%i]%.la‘[ﬂé%ctﬂoﬁs HaP tontdih Shehro@Rd Wed in 50 m
of dinmethyl sulfoxide, mxed with 348 ng 96 (3.44 mmol) of triethylam ne,

and sti rr?ﬂxc@rﬁfatéd%%ﬁ&aﬁ‘én gg&p})%oe%%aif Héu%ran;féaewiﬁpbrw BBiun] r&dgg,g&eed into

1000 m of acetone stirr nofe m nutes. The preci ed solid

is filterg ff then purified by chromatography (RP- 18; nobile
sol vent : Sgoglggqnear???%?a eez%g.ﬂ 4'st s of water/acetonitrile). The fractions

containing the d concentrate evaporation, dissolved in

wat er , negtral Y@L‘g %lljﬁ ﬁ?’{r?% %@Wﬁ:ﬁ?ﬁ@ﬁ?&y@ﬁa@ds%mﬁ:?mlcamnert%wm-
freeze-dried. Yield: 1.64 gf (32% of theory) of a colorless solid as a 3:2
regi oi someri c Water gertent (¥axldiischemit 8306 (Kar | - Fi scher): 8.8% El ementary
Anal ysis (relative to the anhydrous substance): dd.: C 34.42 H 3.63 N
6.17 F 23. 73 Gdlementafy Afalykis (r€aBve t68hd-hrhydduiNsubs@acd): 23. 78 Gd 11. 39
Exanple 23 a) N {[ 1,4,7-Tris-(carboxylatonmethyl)- 1,4,7, 1
O-tetraazacycl Odiodécan?2 H @9 N 625 F 24.01 Gd 11.69

C' Fnd.: C 36.01 H 4.06 N 629 F 23.89 Gd 11.46

Example 22

| a) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(butanoyl-4-(R)-carboxylato-4-yl)]-2-aminoethyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-(1-O-a-d-mannopyranosyl)-acetamide, Gd Complex
Monosodium Salt and N-({1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-
tetraazacyclododecane-10-N-(ethano-[2-(R)-carboxylatoethyl]-yl)}-2-
aminoethyl)-N-(1H, 1H,2H,2H-perfluorodecyl)-2-(1-O-a-d-mannopyranosyl)-
acetamide, Gd Complex Monosodium Salt
2.83 g (3.44 mmol) of the title compound of Example 1c, 436 mg (4.3 mmol) of
triethylamine and 3.43 g (4.3 mmol) of 2-(R)-2-[4,7,10-tris-(carboxylatomethyl)-
1,4,7,10-tetraazacyclododecan-1-yl]pentane dicarboxylic acid monopentafluorophenyl
ester, Gd complex (WO 2005/0014154, EPIX PHARMACEUTICALS, INC., (Example

9. EP-2104-15 Pfp)) are dissolved in 50 m! of dimethyl sulfoxide, mixed with 348 mg



(pentanoyl -3 -aza-4-oxo0-5 -nethyl-5-yl)] -2-amnoethyl } -N(1 H 1 H 2H, 2H
C perfluorodecyl)-2-{-2-[2-(2-methoxyet hoxy) - et hoxy] - et hoxy} - acet am de,
TrisodiumSalt 10 g (7.13 mmol) of the title conpound of Exanple 1l4c is

di ssolved in a mxture that consists of 100 m of water and 30 ml of

i sopropanol, mxed with 2.25 g (24.9696nnDI) of oxalic acid and heated for
5 hours to 100C. After cooling to room tenperature, precipitated solid is

and then purifie hr onat oqgr,aph RP— 8: bil e ent i ent that

consi sts f44\KB‘f“8BPg§ ‘?J?'F‘F’Iag‘fi 8’%% g%‘f’f’%ngr(foﬁb em@S O%glfm pr oduct
are concentrat eva oration, dissolved in water, %ﬁ a f 10 with
0.1N sodf @ﬁwﬁ QRS A 25108 Eagheirreddpr 1) BEsEInIfes o @(P'@F‘&]”tat?d 19y (77%

of theory) of a coI orI ess solid Water content (Karl-Fischer): 8.2%

El enent ariy filtazed\of and thesy mﬁfwé by shromeatogranhar(BEs! 8 mebtlesalugnt: gradientthat 3. 94 H
4.49 N 7.95 F 26.18 Fnd.: C 39.03 H4.44 N7.98 F 25.89 C b)

N-{[ 1, 4, 7eohsists-of mteb’aw}ér&tr'rmeﬂm;t Ifactiond contaBringethe paxlactyard cuodBtatetbyl O N-
(pent anoyl -3 -aza- 4-oxo-5-nmethyl -5-yl)]-2-am noethyl } -N(1 H 1 H, 2H, 2H
perfl uor oaapuﬂaﬁo@,d{ssavécﬂm(\aata@h&mmédwxwrm dodiiy] hedrivady Joladetadi de, Dy
Conplex 2.0 g (1.49 nmol) of the title conmpound of Exanple 23a is dissolved
in 50 m tggnfr\g@gee({neand 1 nm of acetic acid, mxed with 441 ng (1.64 mol)
of dysprosium chloride

Yield: 1.64 g (32% of theory) of a colorless solid as a 3:2 regioisomeric mixture.
Water content (Karl-Fischer): 8.8%

Elementary Analysis (relative to the anhydrous substance):

Cld: C 3442 H 3.63 N 6.17 F 23.73 Gd 11.55

Fnd: C 3466 H 3.60 N 6.09 F 23.78 Gd11.39

Example 23

a) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-oxo0-5-methyl-5-yl)]-2-aminoethyl}-N-(1H,1H,2H,2H-
(_ perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -acetamide,
Trisodium Salt
10 g (7.13 mmol) of the title compound of Example 14c¢ is dissolved in a mixture
that consists of 100 ml of water and 30 ml of isopropanol, mixed with 2.25 g (24.96
mmol) of oxalic acid and heated for 5 hours to 100°C. After cooling to room
temperature, precipitated solid is and then purified by chromatography (RP-18; mobile

solvent: gradient that consists of water/acetonitrile). The fractions that contain the



and stirred for 6 hours at 80C. It is neutralized with anmonia, evaporated
to the dry state and then purified by chromatography (RP- 18; nobile
solvent: gradient that consists of water/acetonitrile). Yield: 1.78 g (84%
of theory) of a colorless solid Wter content (Karl-Fischer): 6.2%

El enentary Analysis (relative to the &fhydrous substance): Cd.: C 36.19 H
4.18 N7.39 F 24.33 Dy 12.24 Fnd.: C36.32 H4.24 N7.30 F 24.19 Dy 12.16
98 Exanple 24 a) . . . .

N-{[ 1, 4, R4 2R eraRgied oy mutnaytions dissopverlgn water- 2552 &pH Slfigtafid™ o N
(pent anoyl - 3-aza- 4-gxo0-5 -nethyl -5-yl)]-2-am noethyl} -N-(1 H, 1 H, 2H, 2H

per f | uor o¥diyn hydroxide solytiany and thanfasege-driesky) - et hoxy] - et hoxy} -acet ani de, Yb
Complex 2.0 g (1.49 nmmol) of the title conmpound of Exanple 23a is dissol ved
in 50 mM of waiekk hittlg (77 obtheerypof acaderlags satidked with 458 ng (1.64 nmol)
of ytterbiumchloride and C stirred for 6 hours at 80C. It is neutralized
w th ammoni a, Wagposmére (Kad-Fideherdtr §.2%¢ ate and then purified by

chromat ography (RP-18; nobile solvent: gradient that consists of

wat er / acet oni tElem@itary ARdIghis Gel8dvedo (ROHMOErotHametncedf a col orl ess solid
Water content (Karl a?l scher): 6.9% El enmentary Analysis (relative to the

anhydrous subsggncg)igof i 446 397k Hpdbelg N 7.33 F 24.14 Yb 12.93

‘Fnd.: C 39.03 H 444 N 798 F 25.89

b) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-oxo-5-methyl-5-yl)]-2-aminoethyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Dy
Complex
2.0 g (1.49 mmol) of the title compound of Example 23a is dissoived in 50 mi of

water and 1 ml of acetic acid, mixed with 441 mg (1.64 mmol) of dysprosium chloride

and stirred for 6 hours at 80°C. It is neutralized with ammonia, evaporated to the dry
state and then purified by chromatography (RP-18; mobile solvent: gradient that
consists of water/acetonitrile).

Yield: 1.78 g (84% of theory) of a colorless solid

Water content (Karl-Fischer): 6.2%

Elementary Analysis (relative to the anhydrous substance):

Cld: C 36.19 H 4.18 N 739 F 2433 Dy 1224

Fnd.: C 3632 H424 N 730 F24.19 Dy 12.16



Fnd.: C 36.05 H4.19 N7.31 F 24.00 Yb 12.79 C Exanple 25 a)
N-{[1,4,7-Tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecane- 10- N-
(pent anoyl - 3- aza- 4- oxo-5-net hyl -5-yl )] -2-am noethyl } -N-(1 H, 1 H, 2H, 2H
per fl uorodecyl)-2- {-2-[2-(2-nethoxyethoxy)-ethoxy]-ethoxy} -acetam de, Y-
Complex 99 2.0 g (1.49 mml) of the #Btle compound of Exanple 23a is
dissolved in 50 M of water and 1 m of acetic acid, mxed with 320 ny
(1.64 of éatrium chloride and stirred for 6 hours at 80C. It is
neutrali MpIE 44 armroni a, evaporated to the dry state and then purified by
chromat ography (RP-18; nobile solvent: gradient that consists of

wat er/acetonitrile). Yield: 1.56 g (79% of theory) of a colorless solid

wat er cor®ent N-+KEn4.7firisdhebyxylgomohE)drehi Gntgiraagasy gledadecanst Bk Nve to the
anhydrous substance): Cd.: C38.32 H4.42 N7.82 F 25.76 Y 7.09 Fnd.: C
38.56 H 4.51 Npéht@RyF323a2-85x¥-565melyl-Eyhidtamiféetia)l}-N-(1H,1H,2H,2H-

10- (5- Oxo-tetrahydrofuran-2-ylnethyl)-1,4,7-tris(carboxynethyl)-1,4,7,10-

t et r aazacycl odrefgasic)-3- 92{ 20F-nfethorpétho:0f-etooty ethbydraveiatidd, Ybadded to
12.0 g (34.6 mmol) of 1,4,7-

tris(car boxynqt;g}ylglgx 1,4,7,10-tetraazacycl ododecane (DO3A) in 50 m of
water. A

2.0 g (1.49 mmol) of the title compound of Example 23a is dissolved in 50 ml] of

water and | ml of acetic acid, mixed with 458 mg (1.64 mmol) of ytterbium chloride and
C‘ stirred for 6 hours at 80°C. It is neutralized with ammonia, evaporated to the dry state

and then purified by chromatography (RP-18; mobile solvent: gradient that consists of
water/acetonitrile).

Yield: 1.84 g (86% of theory) of a colorless solid

Water content (Karl-Fischer): 6.9%

Elementary Analysis (relative to the anhydrous substance):

Cld: C 3591 H 414 N 733 F 24.14 Yb 1293

Fnd.: C 36.05 H 4.19 N 731 F 24.00 Yb 12.79

Example 25

a) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-oxo-5-methyl-5-yl)]-2-aminoethyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -acetamide, Y-

Complex



solution that consists of 5.02 g (43.25 mmol) of 3-oxiranyl propionic acid
(Dakoji et al., J. Am Chem Soc., 1996, 10971-10979) in 50 m of

n- but anol /50 m of 2-propanol is added in drops thereto, and the sol ution
is heated for 24 hours to 80C. The reaction solution is evaporated to the
dry state in a vacuum the residue is%ixed with 300 m of water, and a pH
of 3 is set with 3N hydrochloric acid. Then, it is extracted three tines

250, SOED Lo B AR 1 SRR e =

chromat ography (RP-18; nobile solvent: gradient that consjsts of

wat er / acevaseriandili ra) of agptéq apid, ngxe with 320angf(1 A @wngh) obytirng shlgrdeand sol i d

Water content (Karl-Fischer): 10.4% El enentary Analysis (relative to the

ighydr ogsﬁ&g?ﬁraﬂms at 80P@. It iCnéntraBAedHvith 26mhinik2evaPorated.to the dfst6® H 7. 05 N
44 .

10- (5- &%heﬁénammeefo%%n?awgraﬁrthxl Iﬁoﬁmtsblvsﬁte Aty Rt Botlsistslof4, 7, 10-

t etraazacycl ododecane; l'ex 12.0 g (24 nmol) of the title conpound
of Exanpl mé@g:&ﬁuﬂ%.50|ved |n 100 m of mater and 1 ml of acetic acid,
m xed Wt § 21 nnDI) of gadoliniumoxide and stirred for 6 hour s

at 80C. The salu ', N ed.. e ted.to the dry state, and then
p]lcjri fi ed/ by cﬁ(‘SHﬁ %eoq%otvafgog?r?ésg }d\?ent gradi ent that consists
of wat er acetonltrlle 9

Watercontent(Karl%scher 35 @yg (89% of theory) of a colorless solid
( Elementary Analysis (relative to the anhydrous substance):

Cld: C 3832 H 442 N 782 F 2576 Y 7.09

Fnd.: C 3856 H 451 N 7.88 F 2565 Y 698
Example 26

a) 10-(5-Oxo-tetrahydrofuran-2-ylmethyl)-1,4,7-tris(carboxymethyl)-1,4,7,10-

tetraazacyclododecane

8.3 g (207.6 mmol) of sodium hydroxide is added to 12.0 g (34.6 mmol) of 1,4,7-
tris(carboxymethyl)-1,4,7,10-tetraazacyclododecane (D0O3A) in 50 ml of water. A
solution that consists of 5.02 g (43.25 mmol) of 3-oxiranylpropionic acid (Dakoji et al., J.
Am. Chem. Soc., 1996, 10971-10979) in 50 ml of n-butanol/50 ml of 2-propanol is added
in drops thereto, and the solution is heated for 24 hours to 80°C. The reaction solution is
evaporated to the dry state in a vacuum, the residue is mixed with 300 ml of water, and a
pH of 3 is set with 3N hydrochloric acid. Then, it is extracted three times with 200 ml

each of n-butanol, the combined butanol phases are evaporated to the dry state in a



Water content (Karl-Fischer): 6.5%Elenentary Analysis (relative to the
anhydrous substance): dd.: C 38.12 H4.88 N 9.36 &d 26.26 Fnd.: C 38.26 H
4.89 N9.21 Gd 26.09 ¢) N {[ 1,4,7-Tris-(carboxylatonmethyl)- 1,4,7, 1
O-tetraazacycl ododecane- | O N 101

(pent anoyl - 4- hydroxy-5-yl)]-2-amnoethyl } -N-(1 H 1

H, 2H, 2H per fl uor odecyl )-2- {-2-[2-(2-nmet hoxyet hoxy) - et hoxy] - et hoxy}

- acet am decudml, andnipd exidde B4pugifiedBbpehrommaiopraphy (R 18; hoblsilecsoiqeati ngtadiéntExanpl e
14b and 3.38 g (5.28 mmol) of the title conmpound of Exanple 26b are

di ssol vednattorfsts'bf WhterBdettaitflle). M xed with 356 ng (3.52 nmol ) of
triethylamne, and stirred for 48 hours at a tenperature of 50C. It is

evapor at ed t o :hf. dr b rgﬁ&q itd egkiby chromat ography (RP-18;
mobi | e solveﬁﬁgﬁbﬁg'iéﬁ?/fﬂggg% nsi§%¥ﬁg%§§gger/acetonitriIe). C Yield:
3.27 g (66% ofy t heor ! col orl solid Water content (Karl-Fischer):
6. 9% El enent arvatﬂﬂ%ﬂrg\%’itgl(??gfsglﬁdle 'Z?)%t he anhydrous substance): dd.: C
%70 Mo 31 Mo 42E P0RT @l She EfonuBatdy 438 N 633 F 2050
1H, 1H, 2H, 2H, 4H, 4H, 5H, 5H 3- I\L-Ngl, 4, 7-Tris-(carboxyl atonethyl)-1,4,7,10- C

t et raazacycl odddecard-34 1d N2¢ p&htld®Byl - 3- aza- 4- oxo-5- et hyl - 5-yl )] -
perfluorotridecyl-N-{-2-[2-(2-nmethoxyet hoxy) - et hoxy] - et hoxy}-acet am de, &
Conmpl ex . Fnd.: C 51.63 H 7.05 N 1244

'

b) 10-(5-Oxo-tetrahydrofuran-2-ylmethyl)-1,4,7-tris(carboxymethyl)-1,4,7,10-

tetraazacyclododecane, Gd Complex

12.0 g (24.2 mmol) of the title compound of Example 26a is dissolved in 100 ml
of water and 1 ml of acetic acid, mixed with 4.39 g (12.1 mmol) of gadolinium oxide and -
stirred for 6 hours at 80°C. The solution is filtered, evaporated to the dry state, and then
purified by chromatography (RP-18; mobile solvent: gradient that consists of
water/acetonitrile).

Yield: 13.8 g (89% of theory) of a colorless solid

( Water content (Karl-Fischer): 6.5%
Elementary Analysis (relative to the anhydrous substance):
Cld.: C 38.12 H 4.88 N 936 Gd 26.26

Fnd.: C 3826 H 4.89 N 921 Gd 26.09

c) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-



2.58 g (12.5 mmol ) of dicycl ohexyl carbodiimde, as well as 1.01 g (10 nmol)
of triethylam ne are added to a solution of 12.14 g (10 mmol) of the title
conpound of Exanple 2b and 2.22 g (10 mmol) of

12-[ 2- (2- net hoxyet hoxy) - et hoxy] - et hoxyl -acetic acid (Voegtle et al.,

Li ebigs Ann. Chem, 1980, 858-862) antbll.15 g (10 mmol) of N

hydr oxysuccinimde in 100 m of dinmethylformam de at OC, it is stirred for
3 hours at 102 O0OC and._then for 16 hours at roomtenperature. Precipitated
urea is filter@entzigyl-4dydraxye-yilr3-aminoethyls -NuaHdht4Brperflprodgeyledate in a
vacuum The residue is taken up in alittle water, insoluble conponents
are filtered olR-[2-6hhethoxyéthdiy)mthoxykethory} -asatainides Sdlyomples onat ogr aphy
(RP-18; nobile solvent: gradient that consists of water/acetonitrile).

Yield 8.2 g (58% g{3.5heeidl) ofahe atlecingouas 8f Brdmple 1 ¥hamt 3.39p (228 mmol)
(Karl-Fischer): 6.2 %Elenentary analysis (relative to the anhydrous

subst ancejfhHiffe corpoafid 3AEkhrfp1d Q6taré- ddoNed th $3mC6k méth@R, hiRkdd wite 36. 55 H
4.27 N7.33 F 24.21 &d 11.70 Exanple 28 a)

1H, 1H, 2H, 24, 4H - 7-T1i.S- %qm(! = 4 10-
t et raazacyc ‘8%5%15&(:%%@-318- f\lgl I%lérﬁlﬁiaeh%lﬁg-t _egggxf -oxo%gﬁq&bﬁ%%tpge]qf;ﬁo)? -
perfluorotridecyl - N {11%2- 2- (2- et hoxyet hoxy) - et hoxy] - y} -.acetam de,
Tri sodi unit &fvep@ated toyt ﬁfﬁitat%ﬁﬁg?‘%ﬂ’uﬁﬁgpw %/l%r mf,‘@ﬁ{?éh}‘l&hg’%’éﬁg e 27a is
dissolved in a mxture that consists of 100 ml of water and 30 m of
i sopr opanwilventi sradientj that consigis of watar/astorityle). of oxalic acid and heated for 5
hours to 100C. After cooling to room
C Yield: 3.27 g (66% of theory) of a colorless solid

Water content (Karl-Fischer): 6.9%

Elementary Analysis (relative to the anhydrous substance):

Cld.: C 36.70 H 431 N 642 F 2467 Gd 12.01

Fnd.: C 36.77 H 438 N 633 F 2459 Gd 11.96

Example 27

a) 1H,1H,2H,2H,4H,4H,5H,5H-3-N-[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-
( tetraazacyclododecane-10-N-(pentanoyl-3-aza-4-oxo-5-methyl-5-yl)]-
perfluorotridecyl-N-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Gd
Complex
2.58 g (12.5 mmol) of dicyclohexylcarbodiimide, as well as 1.01 g (10 mmol) of
triethylamine are added to a solution of 12.14 g (10 mmol) of the title compound of
Ekmnple 2b and 2.22 g (10 mmol) of {2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetic
acid (Voegtle et al., Liebigs Ann. Chem., 1980, 858-862) and 1.15 g (10 mmol) of N-

hydroxysuccinimide in 100 ml of dimethylformamide at 0°C, it is stirred for 3 hours at



tenperature, precipitated solid is filtered out and then purified by
chromat ography (RP- 18; nobile solvent: gradient that consists of

wat er/ acetonitrile). The fractions that contain the product are
concentrated by evaporation, dissol vequ' n water, set at a pHof 8 wth 0.1
N sodi um hydroxi de solution and then eeze-dried. 103 Yield 8.64 g (91%
of theory) of a colorless solid Water content (Karl-Fischer): 7.5 %

o el o e g o

1H, 1H, 2H, 2H, 4H, 4H. 5H, 5H .

ez RS R TEIITE )
- n'e -

oo berelc syl L2 12 (2t onyel aon et gy - seetam o -

in 50 M of water and 1 ml of acetic acid, mxed with 320 ng (1.64 nmol)
of yttri uhrahitography G 18;smpbileslvest: GadiguirtBatzpnageof wteri/@emmﬂ% ized with
anmoni a, evaporated to the dry state and then purified by chromatography
(RP-18; nobil eYiskd 828 (58Yr efdheony) dflaablarbesiodils of water/acetonitrile).
Yield 1.43 g (72% of theory) of a colorless solid Water content

(Kar | - Fi scher )wafer O8ftérdt eKRiMF&scRernn@lYsi s (rel ative to the anhydrous
substance): Cd.: C38.32 H4.42 N7.82 F 25.76 Y 7.09

Elementary analysis (relative to the anhydrous substance):

C Cld: C36.34 H4.19 N 7.42 F24.43 Gd 11.89
‘ Fnd.: C36.55 H4.27 N 7.33 F 2421 Gd 11.70
Example 28

a) 1H,1H,2H,2H,4H,4H,5H,5H-3-N-[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-
tetraazacyclododecane-lO-N-(pentanoyl-3-aza-4-oxo-5-methy1-5-yl)]-
perfluorotridecyl-N-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -acetamide,
Trisodium Salt

C 10 g (7.11 mmol) of the title compound of Example 27a is dissolved in a mixture

fhat consists of 100 ml of water and 30 ml of isopropanol, mixed with 2.25 g

(24.96 mmo)) of oxalic acid and heated for 5 hours to 100°C. After cooling to room

temperature, precipitated solid is filtered out and then purified by chromatography (RP-

18; mobile solvent: gradient that consists of water/acetonitrile). The fractions that

contain the product are concentrated by evaporation, dissolved in water, set at a pH of 8

with 0.1 N sodium hydroxide solution and then freeze-dried.



Fnd.: C 38.48 H4.55 N7.75 F 25.66 Y 6.96 104 Exanple 29: Relaxivity The
Tl and T2 relaxation tines of water and plasnma (bovine) wth increasing
concentrations of the gadolinium conplexes of the title substances of
Exanples Id, 5c, 14c, 15c contai ned fﬂt}'er ein were determined at 40C with
use of an NMR pul se spectroneter (M Ml"spec PC 20) at 0.47 T. The results
are set forth in Table 1. Exanple 30: Acute Toxicity after One-Tine

I nt ravenous AdyinisSts atd90 4 i mhnary) After intravenous

adm ni strati o(r;lwg %séﬁeggdal %P{:tﬁleu %foarr{ﬂlﬁg%ésmé@ the title substances of
Exanpl es Id, ,, 14c, 1 in.mce (n,=3, rate of injection: 2 mM/mn), the
acute system gﬁﬁ%wq“ﬁf[%?ri'glsghﬁd)%@as deternmined prelimnarily. In Zaach
case, several _dosages with an observation period qof 7 days were exam ned.
The acute t oxill¢memaryanalysis gelativetofhe ashydrqus qubstaRcHe seen in Tabl e 1.
Exanpl e 31: Excretion After Intravenous Admnistration in Rats After

i ntravenous adiidni €23&94on ol 489 ol oN 1¥t al gaddbilBi um kg of body C

wei ght of the gadolinium conpl exes of the title substances of Exanples I|d,
5c, 1l4c, 15c FHnd..ra 38.68 = 3H 4.dbe net Al7.6ont entFBA4S7determ ned in
fractions up to 14 days after admnistration by means of atom em ssion
spectronetry (I CP-AES) in the excretion nedia of urine and feces, as well
as in the body (the rest of the body). The results are presented in Table

éé t g05 BByanpl g, P2 H IR AMRUEKS ASH- S N-AY 4 ST (4B S MRBRAJIIH, 3108t 1 on i n

C tetraazacyclododecane- 10-N-(pentanoyl-3-aza-4-oxo-5-methyl-5-y)]-
‘ perfluorotridecyl-N-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Y
Complex
2.0 g (1.50 mmol) of the title compound of Example 28a is dissolved in 50 ml of
water and 1 ml of acetic acid, mixed with 320 mg (1.64 mmol) of yttrium chloride and
stirred for 6 hours at 80°C. 1t is neutralized with ammonia, evaporated to the dry state
and then purified by chromatography (RP-18; mobile solvent: gradient that consists of
water/acetonitrile).
Yield 1.43 g (72% of theory) of a colorless solid
C Water content (Karl-Fischer): 5.0%
Elementary analysis (relative to the anhydrous substance):

Cld.: C38.32 H4.42 N 7.82 F25.76 Y 7.09

Fnd.: C38.48 H4.55 N7.75 F25.66 Y 6.96



After intravenous adm nistration of 50 nol of total gadolinium kg of body
wei ght of the gadolinium conplexes of the title substances of Exanples 1 d,
5c¢, 14c, 15c¢ in rats (n = 3), blood sanples were taken via a catheter in
the conmon carotid artery at differepg, points in time (8 hours to 24 hours
p.i.), the netal content was determ ned by neans of atom em ssion
spectronetry (I CP-AES) and converted to plasnma values via a conversion
factor (Opghnrple 20hReépddivityration half-life was cal cul ated by neans of
special software (WnNonlin) fromthe plasm concentrations. The results

are presented T%riﬁm%%%ﬁ%& HRvatM ﬁggusﬁl@%mﬂﬂwm%agﬁyﬁph Node

Met ast ases and I mary ter Intravenous Adm nistration of the

Contrast Medium.n - Tupor - _Carryin bbits The pi s, of (Figures 1
and 2 shorrrt g s d40Rhm SHintoltE aEe Sk Surhihel) S eRRR At T o s
hours after intravenous administration of 50 mol of Gd/kg of body weight
of the tit4% ! 3qgnatainsddhereinpiese determined atjdg @&B@il{sgomﬂwgmlsq npl ant ed VX2
tunmors. C The Ti-wei ghted turbo-spin-echo inages illustrate the strong

si gnal risectrométea(Minispéo/PPR0) A OdE T.i Elwaresults agaget forthondiableiln tine after
contrast mediumadmnistration (15 to 60 mnutes p.i.). Zones where there
was no signal rise within the | ynph node were di agnosed as netastases and
confirmed histologically (HE staining of the |ynph node sections) (Figure

1) . Sur prigimple308 NRMER TodRit§ altey ONR-TitEdAV e osH dfimidfition if MREi on, a
cl ear enhancenent in the primary tunor (especially in the periphery) could

al so be observed 10 rel(lﬁingp{,) 2). At later times (24 hours p.i.), this

en(ancemant al so propagates’toward the
After intravenous administration of the gadolinium complexes of the title
substances of Examples 1d, Sc, 14¢, 15¢ in mice (n = 3; rate of injection: 2 ml/min), the
acute systemic compatibility (LDso) was determined preliminarily. In each case, several

dosages with an observation period of 7 days were examined. The acute toxicities that

are to be expected can be seen in Table 1.

Example 31: Excretion After Intravenous Administration in Rats
After intravenous administration of 50 pmol of total gadolinium/kg of body
( weight of the gadolinium complexes of the title substances of Examples 1d, 5c, 14¢, 15¢
in rats (n = 3), the metal content was determined in fractions up to 14 days after
administration by means of atom emission spectrometry (ICP-AES) in the excretion
media of urine and feces, as well as in the body (the rest of the body). The results are

presented in Table 1.



center of the tunor. Exanple 34: MRT Visualization of Arteriosclerotic

Pl aque After Intravenous Admnistration of the Contrast Mediumin Rats The
pi ctures of Figure 3 show MR images of the aorta 6 or 24 hours after

i ntravenous adm nistration of 50 nmol gjs Gd/ kg of body weight of the title
substances from Exanple | d) and Exanple 14c in Watanabe rabbits (WHHL
rabbits; genetically- induced arteriosclerosis) and in control aninals

wi t hout aEtamplesS2! PlasaisKinetics Afthleintradeabanddministrdtien mlRuesi ght ed

| nver si on- Recovery-lmages (IR TFL, TR/ TE/ TI = 300/4.0/120 ns, (x 20)

illustrate a sAfi@traveAdIRladmifistrdtian bhS0 oo 8¢ LeddHhivm/RE 69[58%1|y°f WHHL
rabbits, but not in the baseline imges or in theé vascular wall of the

heal t hy r i . | Zahi t I pecially in the
aortic ar‘gﬁgltgsoq\l}\}/leﬁa#dggﬁllﬁw c-gp’ﬁleéx\glggécth% girlé %g)ss{s%%&eesg ?%ﬁgggﬁ?ﬁing%a %0 means of
Sudan- 3 st ai ni ng (th this test, the suitabjljty of the ¢ ounds

accor di ngmtr?fsf%éB?’M%Hﬁéyeﬁa?m‘é‘aPﬁ?thﬁtﬂ ’Qrt}‘%é%?@%ﬁret‘ggﬁ%% coul d be
shown. C_ Exanple 35: MRT Visualization of Inflanmatory Lesions and

Necr ot i ¢ JAffergBt painte in time(§ barsniowd hewrs i) theanetalrostent Was dstarmingdbyvedi um i n
Rats By way of exanple, the pictures of Figure 4 show MR i mages of

i nf | anmatmeans ofraton) emibsen spestremetne(ICPAES end conertad eaplasma dilidsetiaat poi nt's
intinme after intravenous adm nistration of 50 nol of Gd/ kg of body wei ght
of the tidoneersioh$ictorce.605). Bhargimenatién halif1life abscaldii@ed by measaifispevidiecr osi s
was i nduced by intravenous adm nistration of Rose 107 Bengal (20 ng/kg; 24

hour s bef gfitvatd@Viadiohi )t dnd tHeQlastfa coRBEntraG énsEthe WeBli 1t A€ presented in Table

(

- 1.

Example 33: Visualization (MRT) of Lymph Node Metastases and Primary Tumors
After Intravenous Administration of the Contrast Medium in VX2-Tumor-
Carrying Rabbits
The pictures of Figures 1 and 2 show MR images of iliac lymph nodes precontrast
as well as up to 24 hours after intravenous administration of 50 pumol of Gd/kg of body
weight of the title substance of Example 1d) in rabbits with i.m. implanted VX2 tumors.
( The T-weighted turbo-spin-echo images illustrate the strong signal rise in healthy lymph
node tissue at early points in time after contrast medium administration (15 to 60 minutes
p.1.). Zones where there was no signal rise within the lymph node were diagnosed as
metastases and confirmed histologically (H/E staining of the lymph node sections)
(Figure 1).
Surprisingly enough, as early as immediately after administration, a clear

enhancement in the primary tumor (especially in the periphery) could also be observed



subsequent 20-minute irradiation with a xenon |anp. The Ti-weighted
turbo-spin-echo imges (1.5 T; sequence: TI-TSE, TR 451 ns, TE 8.7 ns)
illustrate the strong signal rise in the inflammatorily altered tissue
early on (up to 60 mnutes p.i.) as déExas the delayed signal rise in the
central necrosis at time 24 hours p.i anpl e 36: MRT Visualization of
Lynph Nodes After Intravenous Adm nistration of the Contrast Mediumin

Rats By V@%’%u&{ @f%ﬁ%kﬁmmw&@f {i&#{ﬁ f!egh‘ﬂl ¥Rl P& pr! 8% &%{%E"td&a?&‘ thel YRR

nodes at ent pointsin ntraveno nistration of 50
nmol of Gd/ kg o wei ght of the title substance from Exanple 5c), title
substanceceflgbﬂftéﬁg'}%?e 14c) and title substance from Exanple 15c) in rats.
The T1-weighted turbo-spin-echo imges (1.5 T; sequence: T1-TSE, TR 451
ms, TE 8.7 ns) illustrate the strong signal rise in the functional |ynph
node tissue at early points in time (up to 60 mnutes p.i.). Tab. 1:

Physi cochésample 34n (MEE pésualigatioal Ofwatqloﬂéqatld Plgue A@edutraysneusubst ances.
Compound Rel axivity Body Elimnation Gd Content LD50 Mouse from

[ 1/ (nmmol *s)] Ret entAdminisahfierl offthe ChntBisodkdRn ok / kg] Exanpl e 14 days of
Blood Hours p.i. No. [ [4 1 R(w: 22.7 0.0%4.8 hours 0.7% > 10

R1(p): 25.8 R2(ha)pictddes 8f RidGre THNTROMRANTASESFItN ddttalBDst\24Bloufs afet i on Cd
Content LD50 Mouse from|[1/(mmol*s)] Retention Half-Life of Blood 24
[ ol / KQlintravenous administration of 50 pmol of Gd/kg of body weight of the title substances
(- from Example 1d) and Example 14c in Watanabe rabbits (WHHL rabbits; genetically-

N induced arteriosclerosis) and in control animals without arteriosclerosis (white New
Zealanders). The T;-weighted Inversion-Recovery-Images (IR-TFL, TR/TE/T1 =
300/4.0/120 ms, o 20°) illustrate a strong signal rise in the arteriosclerotic plaque of
WHHL rabbits, but not in the baseline images or in the vascular wall of the healthy
control animals. The localization of the plaque, especially in the aortic arch as well as in
the vascular passages, was confirmed by means of Sudan-3 staining. With this test, the

suitability of the compounds according to the invention as markers for arteriosclerotic

plaque could be shown.

Example 35: MRT Visualization of Inflammatory Lesions and Necrotic Areas After
Intravenous Administration of the Contrast Medium in Rats
By way of example, the pictures of Figure 4 show MR images of inflammatory
muscle lesions as well as necrotic areas at different points in time after intravenous
administration of 50 umol of Gd/kg of body weight of the title substance of Example 14c

inrats. The inflammation/necrosis was induced by intravenous administration of Rose



Exanpl e 14 days of Blood Hours p.i. No. [4 [4 R2(p): 29.8 5 Ri(w): 18.9
0.0%0.8 hour 0.0% Rl(p): 24.8 R2(w): 23.9 R2(p): 32.8 14 RI(w): 18.6
0.0% 1.1 hours 0.0% 7.5 Rl(p): 25.5 R2(w): 21.6 R2(p): 33.5 15 RL(W):
17.2 0.0% 4.8 hours 0.2%> 10 R 1(p):24.6 R(wW: 15.1 R(p): 33.2 Ri(w)

R1( p) :RI(W:erelamwtyln plasma; R2(w) =
R2(p) = R(w) = R2-relaxivity in plasma 109
Clains 1 Perf%#or

linker SPEE( al; g%h% pttareqhug% r%aﬁéle%lc\)@n{rgst%eﬁhﬁﬁ)o&ﬁn‘ contai ni ng

subsequent 20-minute irradiation with a xenon lamp. The T;-weighted turbo-spin-echo

= Rl-relaxivity in water;
R2- relaxivity in water;

images (1.5 T; sequence: T1-TSE; TR 451 ms, TE 8.7 ms) illustrate the strong signal rise
in the inflammatorily altered tissue early on (up to 60 minutes p.i.) as well as the delayed

signal rise in the central necrosis at time 24 hours p.i.

Example 36: MRT Visualization of Lymph Nodes After Intravenous Administration of

the Contrast Medium in Rats

M

By way of example, the pictures show MR images of popliteal lymph nodes at
different points in time after intravenous administration of 50 pmol of Gd/kg of body
weight of the title substance from Example 5c), title substance from Example 14c) and
title substance from Example 15c¢) in rats. The T;-weighted turbo-spin-echo images (1.5
T; sequence: T1-TSE; TR 451 ms, TE 8.7 ms) illustrate the strong signal rise in the

functional lymph node tissue at early points in time (up to 60 minutes p.i.).

Tab. 1: Physicochemical and Experimental Data Regarding the Example Substances.

Compound | Relaxivity Body Elimination | Gd Content { LDso Mouse
from [/(mmol*s)] | Retention Half-Life of Blood 24 | [mmol/kg]
Example 14 days of Blood Hours p.1.
No. [%] (%]
1 Ri1(w): 22.7 0.0% 4.8 hours 0.7% >10
Ri(p): 25.8
R2(w): 15.8




in which R either represents a nonosaccharide or oligosaccharide radical
that is bonded via the 1-CH, in which case Q has the neaning of a group
selected from 5-CO (CH2)r--e "H (CH2)n--s S{CH2),rrs whereby n" is an
integer from1l1l and 5, and mis an integer froml and 6, and C whereby 6

i ndicates the binding site to linker 198 and c represents the binding site
to radical R or R has one of the foll ow ng neani ngs then Q has the

1o e Copmprat et %%W@ve:{e'r'zﬁoﬁxm Eiyiaten )0 %"“tgﬁy D Lans o
hydr ogen at om or a equi val entf of th nunpers 20-29
31- 33, 37-39?{011212-44[1/(1241910&) 5)157-§,Sten%ﬂi’d - abRlAE R Rz,of 0d@24 | U nan@%@] have
t he neanjing indicated below,| or A carbon chainfwith 1-30|C atons that is
bonded vji aE@maple- NR7- or a dj r eldtdayond] t of Blaoker | LHours p.i.
No. [%] [%]
R2(p): 29.8
5 R1(w): 18.9 0.0% 0.8 hour 0.0%
R1(p): 24.8
(- . R2(w): 23.9
\' R2(p): 32.8
14 Ri(w): 18.6 0.0% 1.1 hours 0.0% 7.5
R1(p): 25.5
R2(w): 21.6
R2(p): 33.5
15 Ri(w): 17.2 0.0% 4.8 hours 0.2% >10
R1(p): 24.6
) R2(w): 15.1
C R2(p): 33.2

R1(w) = Rl-relaxivity in water; R1(p) = R1(w) = R1-relaxivity in plasma; R2(w) = R2-

relaxivity in water; R2(p) = R1(w) = R2-relaxivity in plasma



whi ch can be straight or branched, saturated or unsaturated, and which
optionally is interrupted by 1-10 oxygen atons, 1-5 NHCO groups, 1-5 - CONE
groups, 1-2 sulfur atonms, 1-5 -NH groups or 1-2 phenyl ene groups, which
optionally can be substituted by 1-2 -OH groups, 1-2 -NH2 groups, 1-2
-COOH groups, or 1-2 -SOBH groups, aH¥® which optionally is substituted by
1-10 -OH groups, 1-5 -COOH groups, 1-2 SO3H groups, 1-5 -NH2 groups, or
1-5 C 1 -C4-al koxy groups, whereby R7 nmeans Hor Cl-C4-alkyl, Rf is a
perfluorinated, straight-chain or br'aff¥d carbon chain with the fornula
-CIF2,,E, in which E represents a termnal fluorine, chlorine, brom ne,
i odi ne or hydrogen atom and n stands for the nunbers 4-30, K stands for a
nmetal conpl ex of general formula Il, IIl COOR N R2Z R3 0 R OOC COOR
(1) in whichl. Perfieaoakyd-dopthioggecomplexasorithea mitrogdn-¢ontaimnglivkdrent of atomic
nunbers 21-29, 31-33, 37-39, 42-44, 49 or 57-83,

structure of general formula I

K—L—X—R,
Q—R |
h

in which
C R either represents
a monosaccharide or oligosaccharide radical that is bonded via the 1-OH,

in which case Q has the meaning of a group selected from:

&CO-(CHz)e
S-NH~(CH2)-€
§(CHz)mrs

whereby
n” is an integer from 1 and 5, and
m is an integer from 1 and 6, and
Q whereby & indicates the binding site to linker L, and € represents the
binding site to radical R;
or
R has one of the following meanings, then Q has the meaning of a direct

bond: R means a polar radical that is selected from



provi ded that at |east
i ndependently of one an

two R stand for netal ion equivalents, R2 and R3,
ot her, represent hydrogen, C 1-C7-al kyl, benzyl,
phenyl, -CH20OH or -CH20OCH3i and U stands for-C6H4-O CH2-w, -(CH2)1 5-c , a

phenyl ene group, -CH2- NHCO CH2- CH( CH -C6H4-w, -C6H4- (OCH2CH2) 0_1-
N( CH2OOOH) - CH2-w or a Cl1-Cl2-al kyl ene "or-(CH2) 7_12- C6H4 O group that
optionally is interrupted by one or nore oxygen atons, to 3 -NHCO

groups, or 1 to 3 - COMH f{QuRs%, 1&@9@6&?@&%@%]@ (S’Vb%hkref%}?g her&O

- (CH2) 0_5COCH groups, whereby w stan

general formula Il 112
has t he above-nenti oned
equi val ent that is nent
a group -(CH2)p-, wher
i nt eger between 1 and

or

Q : whereby R’

and radicals R2

| ng SI't or of
V\:h h R
meitss Eha%‘mﬁﬁn slolst raandia S vt e, " S

P 3 3. B ARG G500 and p 1s an

4, or of ﬂgngr forrrula IV COXK
U and U' have the meaning indicated below,

A carbon chain with 1-30 C atoms that is bonded via —CO-, -NR’-
or a direct bond to linker L,

which can be straight or branched, saturated or unsaturated, and
which

optionally is interrupted by 1-10 oxygen atoms, 1-5 -NHCO
groups, 1-5 -CONH groups, 1-2 sulfur atoms, 1-5 -NH groups or
1-2 phenylene groups, which optionally can be substituted by 1-2
-OH groups, 1-2 -NH, groups, 1-2 -COOH groups, or 1-2 -SO;H
groups, and which

optionally is substituted by 1-10 -OH groups, 1-5 ~COOH groups,
1-2 SOsH groups, 1-5 -NH; groups, or 1-5 C;-C4-alkoxy groups,

means H or C,;-Cy-alkyl,

Ry is a perfluorinated, straight-chain or branched carbon chain with the

formula —C.Fy.E, in which E represents a terminal fluorine, chlorine,

bromine, iodine or hydrogen atom, and n stands for the numbers 4-30,

K stands

for a metal complex of general formula II,



NR ROOCO0O COOR (IV) inwhich R and R2 have the above-nentioned

meani ng or of general formula VA or VB NCO - -COOR R OOC .-COX

-ccOR (VA 113 -COOR O N.-COOR ,lan-C" r-COOR 11 N COOR (V B)
whi ch R has the above-nentioned maanlilr{g, or of general fornula Vi

COOR"

}J\[rnhuiu

rROOC”
kCOOR'
(Hy
in whiéh
R! means a hydrogen atom or a metal ion equivalent of atomic numbers
( 21-29, 31-33,37-39, 42-44, 49 or 57-83,

provided that at least two R' stand for metal ion equivalents,

R? and R?, independently of one another, represent hydrogen, C;-Cr-alkyl,
benzyl, phenyl, -CH,OH or -CH,OCHs, and

U stands for —C¢Hs-O-CHz-0-, -(CH>)1.s-», a phenylene group, -CH»-
NHCO-CH;-CH(CH,COOH)-C¢H4-»-, -CsHas-(OCH2CH3 )o.1-
N(CH,COOH)-CH,-w or a C;-Cy-alkylene or -(CHy)7.12-CsHs-O group
that optionally is interrupted by one or more oxygen atoms, 1 to 3 -NHCO

( groups, or 1 to 3 —CONH groups and/or is substituted by 1 to 3

—(CH2)o-sCOOH groups, whereby o stands for the binding site to —CO-,

or of general formula III

in



ROOC r~ ~--CO- ROOGC--NCOX' (V) in which R has the above-nentioned -

meani ng, or of general fornmula VII ROOC--,~0 ROOCN R OOC-,, R OOC
, ~. (M1l) inwhich R and U1l have the above-nentioned nmeani ng, whereby
co neans the binding site to -CO, or of general formula VIII 114 O/ ua

o YNN" Y OR OH OORL OORL (V1t!4) “in which R has the

above- nenti oned neani ng, and U2 represents a straight-chain or branched,
saturated or unsaturated Cl-C20 al kyd&qpe group that optionally contains
i m no, phenyl ene, phenyl enoxy, phen¥1en|nino, C am de, hydrazi de,

carbonyl, ester groups, oxygen, S and/ or nitrogen aton(s) and that
y group yg /ﬁw"}cooa‘ g n(s)

b

U
R*OOC -
N

“COOR?
)

in which R! has the above-mentioned meaning, R* represents hydrogen or a metal
ion equivalent that is mentioned under R!, and U’ represents —C¢Hs-O-CHz-0- or a group
g —(CH>),-, whereby o means the binding site to -CO- and p'is an integer between 1 and
4,
or of general formula IV
 COOR?

N R#

AR,
R*O F)C vk\ /l\gﬂ“

™)

(~ in which R' and R? have the above-mentioned meaning

or of general formulaV A or VB

N/—CO-W
(\ ~COO0R’

R'OOC Z\I COORY
\VNCCO OR?

(VA)



optionally is substituted by hydroxy, nercapto, oxo, thioxo, carboxy,

car boxyal kyl, ester and/or am no group(s), and free acid groups,
optionally present in radical K, can optionally be present as salts of
organi ¢ and/ or inorgani c bases or am ng acids or amno acid am des, and L
represents a radical that is sel ect ed! ¥ om radi cal s | Xa) to I Xc) below a
j 1--(CRsRr')n. -- W--(CR&R8'" Ym - HC (IXa) a N(CRbRS )n, WCRBR8)m -N
115 (I Xb) cvNH(CH2)qg,-CHCO 1 NH (I1Xc) whereby n' and m, independently
of one another, represent an i ﬁthObEtmeen O and 4, and M + n" >1, and
R8 and R8', independentl| ygqof e ar0DBB!, are either -H or -OH, whereby
with m +n" > 1, each gfjoup 5(CRBR8' )- can be the sane or different, and
Wis either a direct bawdC~~04 or a phenyl ene group, which optionally can
be substituted by 1 to 4 hyd erq%gO §, and q' is either 1, 2, 3 or 4,

(V B)
in which R' has the above-mentioned meaning,
or of general formula VI
(— R‘OOC“—\‘N/ \N _—C O~
R1OOC—" ~~—COOR'
Vi) .

in which R' has the above-mentioned meaning,

or of general formula VII

O
RIOOC—_
R*oo‘c—r"N u"ﬂ‘“f-
R'00C—,
R"OOCf“’

C. | Vi

in which R' and U1 have the above-mentioned meaning, whereby @ means the

binding site to -CO-,

or of general formula VIII



whereby a nmeans the binding site of L to conplex K, (3 is the binding site
of Lto radical Q and y represents the binding site of L to radical X,
and X stands for a group of formula (M) p -Y-(CH)e -(Qt -(CH2)B -c (X
whereby Y nmeans a direct bond, a group -CO or a group NRG6, whereby R6
stands for -H or a straight or branché# saturated or unsaturated Cl-Cl5
carbon chain, which can be interrupted by 1-4 0 atons, 1-3 -NHCO groups,
1-3 -CONH groups, 1-2 -SQ2 groups, 1-2 sulfur atoms, 1-3 -NH groups or 1-2
phenyl ene groups, 116 owhi opt\ | Ly be substituted by 1-2 OH
groups, 1-2 NH2 groups, J1¢2N- gfoupsyor 1-2 -SOBH groups, and which
optionally is substitutedrpy 1-10 ¥roups, 1-5 -COOH groups, 1-2 -SC3H
groups, 1-5 NH2 groups, or m -C4- al koxy groups, and G neans either
-0- or -S2-, s and s', indep ently of one another, nean either 1 or 2, t
means either O or 1, an LEPT

6€&the binding site of Xto L and ~
represents the binding Site of to . 2. Metal cor}wﬂ?xes according to

claim1l, characterized in that the netal ion

in which R' has the above-mentioned meaning,
and U? represents a straight-chain or branched, saturated or unsaturated C;-Cyg
alkylene group that optionally contains imino, phenylene, phenylenoxy, phenylenimino,
( amide, hydrazide, carbonyl, ester groups, oxygen, sulfur and/or nitrogen atom(s) and that
optionally is substituted by hydroxy, mercapto, oxo, thioxo, carboxy, carboxyalkyl, ester
and/or amino group(s),
and free acid groups, optionally present in radical K, can optionally be present as
salts of organic and/or inorganic bases or amino acids or amino acid amides,
and L represents a radical that is selected from radicals IXa) to IXc) below:
B . Ve
/4 —(CR8RE),. —W—(CR®R¥) . — ﬁ
y

¢ | (IXe)

\ —(CRERS —(CR8R® —N/ g
fN (CR' R8), —W-—(CR®R%) N
H



equivalent R is an elenent of atom c nunbers 21-29, 39, 42, 44 or 57-83.
3. Metal conplexes according to claim1l1, wherein the netal ion equival ent
R is an elenent of atom c nunbers 27, 29, 31-33, 37-39, 43, 49, 62, 64,
70, 75 and 77. 4. Metal conpl exes accqfisling to one of clains 1 to 3,
wherein R represents a nonosaccharide radical with 5 to 6 C atons or its
deoxy conpound, preferably glucose, nannose or gal actose. 5. Metal

conpl exes according to one of clains 1 to 3, wherein Ris a radical that
is selected from 117 C(O CH2 (CH2) 20 RR - C(O) CH2OCHIKBH2OCH(C H 20R ) 2h
~C(O CH2OCH2C H [C H2OCH(C H2OR }zh -R'N[(CH2) 20] pR -N([(CH6) 20 pR } 2
..-R'NC HzCH (OH) CH2OH - N CH2CH( OH) CH2OHh - R" NCH( CH20H) CH( OH) Gl OH
-N[CH(CH2ZOH)CH(OH) CH. 20H 2 -R " NCHégHZOC H(CH20 R -R "NCH 2CH CH2CCH
(CH2O R )2]2 -R' NCH2CH@NF-EhSi&Pbr )2h -R' NC H2CH2OCH2CH[ CH2 OCH
(CH20 R )z32 - N(CH C H2CCH (CHZC'Iq?"_l)Zh)z

' .
7 (IXc)

whereby n’ and m’, independently of one another, represent an integer between 0
and 4,and m’ +n’ > 1, and
( R®and RY, independently of one another, are either ~-H or -OH, whereby with
m’ +n’ > 1, each group (CR®R¥)- can be the same or different, and
w is either a direct bond, -O- or a phenylene group, which optionally can be
substituted by 1 to 4 hydroxy groups,
and q’ is either 1, 2, 3 or 4,
whereby o means the binding site of L to complex K, 3 is fhe binding site of L to
radical Q, and y represents the binding site of L to radical X,
and
C X stands for a group of formula (VI)
p—Y—(CH,),—(G),—(CH,), —&
| : (X)
whereby Y means a direct bond, a group —CO- or a group NRS,
whereby R® stands for —H or a straight or branched, saturated or unsaturated
C;-Cys carbon chain, which can be interrupted by 1-4 O atoms,
1-3 -NHCO groups, 1-3 -CONH groups, 1-2 —SO, groups, 1-2 sulfur

atoms, 1-3 —NH groups or 1-2 phenylene groups,



- 4( CH2CH[ CH2OCH( CH2OR ) 2h) - R"NCH2CH( OH) CH( OH) CH( OH) CH( OH) CH20H

-N CH2CH( OH) CH( OH) CH( OH) CH( OH) CH20H] 2 and a conplex of fornmula (I1),
whereby R, R2, R3 and U are defined as in claiml1, and p is either 1, 2,
3, 4, 5 6, 7, 8 or 9. 6. Metal conpl e%es according to one of clains | to
5, wherein K stands for a netal corrp]| x of general formula Il. 7. Metal
conpl exes according to claim6, wherein R2 and R3, independently of one

anot her, mean hydrogen . G - CA- bb SubsiBk b CRARIE QoK. ng to one
of claims | to 7, wher e%lcgoﬁegé%@yl;}é Iaolrﬂl)sne at}(p)m in ?Eepi}orrru 4 - C'F2nE.
9. Metal conpl exes according .t f clai 1 wherein L in general
formula | represents théfwgilﬁ§¢§§’|f@%ﬁ°“¥w®I’B&.)ﬁﬁ%{%s’conm exes accordi ng
to one of clains | to 8, wherein L in general ., far é | represents a
di ani ne radical (Va) or adphichppgonajly is N@F%tl“te@(?ﬁﬂl'@] g%ﬁ%r L’Sng to one of
clainms | to 10, wherein U re}E)resents -CH2- or -C6H4-O CH2-w in netal
compl ex K, whereby w st aR@OH grouphd -bi$ithgrosps, d-5 YH: gomps, 012-5 Cses-of net al
conpl exes according to claim2 for the production of contrast nedia for
use in NVMR and x-ray di alkoegpmupd3. Use of netal conplexes according to
claim12 for the production of contrast media for infarction and necrosis
I magl ng. and G means either —O- or —SO,-,
s and s’, independently of one another, mean either 1 or 2, t means either 0
( or 1, and
p represents the binding site of X to L and & represents the binding
site of X to Ry.

2. Metal complexes according to claim 1, characterized in that the metal ion
equivalent R! is an element of atomic numbers 21-29, 39, 42, 44 or 57-83.

3. Metal complexes according to claim 1, wherein the metal ion equivalent R'is
an element of atomic numbers 27, 29, 31-33, 37-39, 43, 49, 62, 64, 70, 75 and 77.

4. Metal complexes according to one of claims 1 to 3, wherein R represents a
monosaccharide radical with 5 to 6 C atoms or its deoxy compound, preferably glucose,
mannose or galactose.

5. Metal complexes according to one of claims 1 to 3, wherein R is a radical that

1s selected from:



14. Use of netal conplexes according to claim3 for the production of
contrast nedia for use in radiodi agnosis and radi ot herapy. 15. Use of
nmet al conpl exes according to claim2 for the production of contrast nedia
for |ynphography for diagnosis of changfs in the |ynphatic system 16. Use
of nmetal conpl exes according to claim® for the production of contrast
nmedia for the diagnosis of inflamatory di seases. 17. Use of netal

conpl exes accordin | Al or the production of contrast nedia for
vi sual i zi ng arterT&Q&&@@W’@P gque. 18. Use of netal conpl exes according
to claim2 for theC@COOHGROHCHARRRt C nmedia for diagnosis of

cardi ovascul ar dis ! I di t laim 2
( HiesEoefiambah,sonpl exes according to claim
for the producti oﬁ@@aﬁzzgr%gs@‘;nedf a fopzlét:um)r i mgi ng. 20. Use of netal

conpl exes accor di iy NEHAEMHh 2 for the production of contrast nedia for
bl ood- pool i magi ngn(ELP0KH} Phar maceutical agents that contain at |east

optionatly wth it SO o o comonty Cused i n gal eni cai's, 22.
Process for the prNikEHEH)CSH Q8 f | uor oal kyl - cont ai ni ng conpl exes with a
ni trogen-cont ai ni ng-NEAkELORIOHOHIOIGORAT general formula | K-L-X-Ff QR
(1) —N[CH({CH,OH)CH({OH)CH2OH}:
~R""NCH[CH,OCH{CH:OR )2k
—R''NCH,GH[CH,OCH(CHzOR )2l
( —R’’NCHz:CH20CH[CH,0CH(CH:0R ")zl
' —R’"NCHzCH,OCH;CH[CH:OCH(CH20R )2)z
~N{CH[CH20OCH(CHOR )2k}
~N{CHZCH[CH,OCH{CH:0R "}alz}2
-R*“NCHzCH(OH)CH({OH)CH{OH)CH(CH)CH;OH
~N[CH,CH{OH)YGH(OH)CH(OH)CH{OH)CH,OH].

and a complex of formula (II), whereby R!, R% R? and U are defined as in claim
l,and pis either 1,2,3,4,5,6,7,8 0or9.

6. Metal complexes according to one of claims 1 to 5, wherein K stands for a
metal complex of general formula I

7. Metal complexes according to claim 6, wherein R? and R?, independently of

5

one another, mean hydrogen or C;-Cs-alkyl.

8. Metal complexes according to one of claims 1 to 7, wherein E means a fluorine
atom in the formula —C,F>,E.

9. Metal complexes according to one of claims 1 to 8, wherein L in general
formula I represents the lysine radicai (Ve).

10. Metal complexes according to one of claims 1 to 8, wherein L in general

formula I represents a diamine radical (Va) or (Vb).



with Kin the neaning of a netal conplex of general fornulas Il to IV
according toclaiml, and L, Q X R and Rf in the neaning according to
claim1, wherein a carboxylic acid of general formula Ila CCORR RO
N'"~CIl ~ R00CNNOH COCRS Ila Tl ich RS neans a netal ion

equi val ent of atom c nunmbers 21-29, 31-33, 37-39, 42-44, 49 or 57-83 or a
carboxyl protective group, and R2, R3 and U have the above- nentioned

meani ng, or a plarmeav&dxﬁplé&@qc&frdlggﬂﬁ&ﬁloffc%ﬂy ?oi(%]lv@lefle% Ur g COOR

R500C - O OH COORS in which R4, R5 and Ul have the a ove mantloned

gﬁam ng, —(EHZ o?%bl%xél éﬁz-% %e?al cgmlrall%x?% \A];hce)F ym stflj.n\{ia for%ding siteR§o SO0G
~CO-.

12. Use of metal complexes according to claim 2 for the production of contrast

media for use in NMR and x-ray diagnosis.

13. Use of metal complexes according to claim 12 for the production of contrast

media for infarction and necrosis imaging.

14. Use of metal complexes according to claim 3 for the production of contrast

M

media for use in radiodiagnosis and radiotherapy.

15. Use of metal complexes according to claim 2 for the production of contrast
media for lymphography for diagnosis of changes in the lymphatic system.

16. Use of metal complexes according to claim 2 for the production of contrast
media for the diagnosis of inflammatory diseases.

17. Use of metal complexes according to claim 2 for the production of contrast
media for visualizing arteriosclerotic plaque.

18. Use of metal complexes according to claim 2 for the production of contrast

( . media for diagnosis of cardiovascular diseases.

19. Use of metal complexes according to claim 2 for the production of contrast
media for tumor imaging,.

20. Use of metal complexes according to claim 2 for the production of contrast

media for blood-pool imaging.



NO COOR$ (Iva) in which RS and R2 have the above-nenti oned nmeani ng, or a
carboxylic acid of general fornmula Va or Vb N CO - COORS - COOK RSOOC s HOCC
.-COOR -COORS nOR5 N--COORS (Va) (Wb) in which R5 has the above-nentioned
meani ng, or a carboxylic acid of gena?al formula Via 121 R6OOC m [/ _\
f--COOH RSOOC-_N N'-.COOKX' Ma) in Ich R5 has the above-nentioned

meani ng, or a carboxylic acid of general fornula Vila R60OCC-. R$OOOC--"'

UOH FeQOC - 7109 maceutical agents that contain at least one physiologically compatible
compound according to claims 1 to 11, optionally with the additives that are commonly
used in galenicals.

22. Process for the production of perfluoroalkyl-containing complexes with a
nitrogen-containing linker structure of general formula I
K—L—X—R,

Q—R
(

with K in the meaning of a metal complex of general formulas II to IV according
to claim 1, and L, Q, X, R, and R¢in the meaning according to claim 1,
wherein

a carboxylic acid of general formula Ila

COOR®

COOR® (ta)

in which R® means a metal ion equivalent of atomic numbers 21-29, 31-33, 37-39,
42-44, 49 or 57-83 or a carboxyl protective group, and R?, R’ and U have the above-

mentioned meaning,

or a carboxylic acid of general formula Illa



(Vila)

U2 OK Ca OHNNO ORB O ORB (Villa)
meani ngs,

in which RS and U have the above-nentioned nmeanings, O oY r' _
Cin which R5 has the above-nentioned
and U2 is defined as in claiml, are reacted in optionally

'~ N

activated formw th an am ne of gener formula X HL-X--R QR (Xl) 122
inwhich L, RR Rf, Qand X have the %ing i ndi cated above in the claim

in a coupling reaction and optionally subsequent cleavage of optionally
present protective groups to forr& @t al conpl ex of general fornula I
if R5 has the neaning of a prote
protective groups in a ugt
art with at |east one N

t hese

il
$ OH

r%00C C/ > v

| NL\

COOR® (Na)

in which R*, R® and U' have the above-mentioned meaning,

or a carboxylic acid of general formula IVa

COOR’®
(\N/S R?
CH
R*00C” /j\ﬂ’
| TL o
COOR? (va)
in which R® and R? have the above-mentioned meaning,
~ or a carboxylic acid of general formula Va or Vb
n-—CO-0 ~COOR?
~—CO N_COOR®
R*o0C . g HOOC™
N-—COOR? —~COCR?
~C00R NNcoor®
(Va) (\Vh)

in which R® has the above-mentioned meaning,

or a carboxylic acid of general formula VIa

or

group, are reacted after cleavage of
§g%;ent step in away that is known in the



nmetal oxide or netal salt of an elenent of atom c nunbers 21-29, 31-33,
37-39, 42-44, 49 or 57-83, and then, if desired, optionally present acidic
hydrogen atons are substituted by cations of inorganic and/or organic
bases, am no acids or am no acid am’d?fI C

R*'00C— /"~ \ _—CO-OH

N
R*00C—" ~—COOR®
(Via)
in which R has the above-mentioned meaning,
or a carboxylic acid of general formula VIIa
RE00C— Q
s N LJ'L
_ R*00C—" u OH
C R‘ooc—\N
rRfooC—
(Viia}

in which R® and U" have the above-mentioned meanings,

OR OH
N N

/J/i J\

0% ™orR, 0% TOR,

Mila)

in which R’ has the above-mentioned meanings,
and U? is defined as in claim 1,
are reacted in optionally activated form with an amine of general formula X

H—II-_X_R'

Q—R
Xn



122

in which L, R, R, Q and X have the meaning indicated above in the claim, in a
coupling reaction and optionally subsequent cleavage of optionally present protective
groups to form a metal complex of general formula I

or

if R® has the meaning of a protective group, are reacted after cleavage of these
protective groups in a subsequent step in a way that is known in the art with at least one
metal oxide or metal salt of an element of atomic numbers 21-29, 31-33, 37-39, 42-44, 49
or 57-83, and then, if desired, optionally present acidic hydrogen atoms are substituted by

cations of inorganic and/or organic bases, amino acids or amino acid amides.



