Per f | uor oal kyl - Cont ai ni ng Conpl exes, Process for their Production as Wll as
Their Use Description The invention relates to the subjects that are
characterized in the clains, nanmely perfluoroal kyl-containing netal

conpl exes with nitrogen-containing radicals of general fornula I, process
for their production and their use in NVR and x-ray di agnosi s,
radi odi agnosi s and radi ot herapy, as well as in MRT | ynphography and in

bl ood- pool imagi ng. The perfl uoroal kyl -contai ning netal conpl exes are used
i n nucl eglerfigirdalkyREoRMHMIfg CONIEARVrocdETor iir Plod&idas"Well sk TVt
physi ol ogi cal and® pat hophysi ol'ogi cal structures and thus for inproving
diagnost&%einfornation, nanely the |ocation and the degree of the disease,
selectionand 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 necrosis imaging. In the field of nuclear nagnetic resonance, sone

f 1 uori neleseniptioni 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 are disclosed in, for exanple, US Patent 4,639, 364

(Mal I'i nckr odt )rhe BRef@BRhfestd/e-sithReS irabRe @hhraseazdd)in ISR AfRRT
(Mall'inckrodt), US 4,586,511 (Children's Hospital Medical Cent erg, EP

207509 BBl A ARl D RS o
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
pathophysiclogical structures and thus for improving diagnostic information, namely the
location and the degree of the disease, selection and monitoring of the success of a
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.

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



Addi ti onal fluorine-containing conpounds that can be used for inaging are

di sclosed in US 5, 362,478 (VIVORX), U. S. Patent 4,586,511, DE 4008179
(Schering), WD 94/05335 and WD 94/22368 (both nol ecul ar bi osystens), EP 292
306 (TERUMO Kabushi ki Kaisha), EP 628 316 ( TERUMO Kabushi ki Kai sha) and DE
4317588 (Schering). Wile no interacki ons between the two nuclei take place
in conpounds that contain the elenents fluorine and iodine, an intensive
interaction does take place in conpounds that contain fluorine and
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fromthe paramagnetic ion becones apparent in all nuclei with an uneven
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therefore widely used as contrast nmedia in nuclear spin tonography

( Magnevi KadbhshikiFK AN EP 628014 (FERUMO Kabedhaiti KHishh) and DE Lbit¥88i magi ng
("H MR), however, relaxation time T1 or T2 of the protons, i.e., primarily

t he protczg‘a1 Rh water and not the relaxation tine of the fluorine nuclei is
3 neasure ‘used for the imaging. The quantitative neasurenent for the

shortening of 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 jon
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
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tinmes,
bel ow,
Rel axi vi
s, 39C,

HANCE 3.7 4.9 In these conpounds,

gadol i ni

conpl exes of paranmagnetic ions are successfully used.
the relaxivity

ty in Water T
0.47 T]

umion take place.

[L/

To shorten the rel
mol s, 39C, 0.47 T]

s]

axation

i In the table
of several commercial preparations is indicated: T
Rel axivity in Plasma
MAGNEVI ST 3.8 4.8 DQ@IARE 3.5 4.3 OWI SCA 3.8 4.4 PRO

only interactions between protons and the
A relaxivity of about 4 [L/mol

[ L/ nmol

is thus

obser ved nicasuredhariused firitisSimagh@i Theiglantitble. mdaeiBmebhtUfor iheghareemrgustds f or

fluorine-19 i magi ng,

nucl eus
rel axati
successf

ontine o

_ in which phe short ened
ke ﬂéﬁ&ﬁion}ﬁﬁ?ehﬁ% IfeldiWiﬂy(';[gf

e protons

wat er

are thus used

relaxation tinme of the fluorine

Iﬁx%lt.sf}.i o RBorf R RO ion fifdeddhi Ch the
i'S nmeasured,

per fl uor gé@%gﬁ{g{gg}%ﬁﬁgﬁggp %S:ﬁr}ggﬁ%%f’gﬁ H}Afyggﬁﬁrfggﬁ%@;?%e?%tﬂrlea%{axé*r\% ium i.e.,

in the conbination of properties that were previously known to be suitable
only for of peYsHal pEmskeil ppPashpsUsddicalfdi h compounds that were used for
proton _imaging, surprisingly enough, the rel axi viltv that relates to the
protons{of water also qui ckIT RelavivfsmsWater now T dRelémisity il Blasmaf 1/0- 50
[L/mmol 4s] in conparison to|values of 4 betweer) 3.5 and 3.8 [L/mml| s] as
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MAGNEVIST® 3.8 4.8

DOTAREM® 3.5 43

OMNISCAN® 3.8 44

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 [I./mmol's] in comparison to values of



in the table above. Perfl uoroal kyl -containing netal conplexes are already
known from DE 196 03 033.1, WD 99/01161, DE 19914101, DE 10040381, and DE
10040858. These conmpounds cannot be used satisfactorily, however, for al
applications, since the conpatibility is inadequate in nost cases. Thus,
there is still a need for MRT contrasty nedia that both have excel | ent

i magi ng properties and are at the sane tinme excellently conpatible in
obtai ning the non-invasive nature of the diagnostic nethod. This is

| mpor t antetwlet 3 aAAB L ol 4] iifey vien€ b git&Pofbdrhd SoriBER S pfRGctsare to be
di agnosed and thus a distribution of the contrast mediumover the entire

body is t thg?a\i,bﬁecgﬂo%ed' Mal i gnant tunors netastasize in clusters in regional
| ynph nodes, ereby several |ynph node stations can al so be invol ved.
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St ender, Thum Eds.f)‘, Radi ol ogi sche Di agnostik in Klinik and Praxis

[ Radi ol 0§3E3 WO ¥y0blil sDEA 9814181l cRE lwﬁiSé@é&EﬂW@Bé%tT@f, Vol une 1V,
Thiene Verlag Stuttgart, 7th Ed., 434-496, 1984). The diagnosis of a

nmet ast at cempairdacénnof bd gsep katisGdesily,hosfevgr fomtall iapploations; einvd thh r espect to the
t herapy and prognosis of nalignant diseases. Wth the nodem i nagi ng net hods
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Lynphk notuggc;r\t/a%[, cr>r6e(x§1%;3ije?% tEmors, including satellite metastases, are to be diagnosed and
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: Frommbhold, Stender, Thurn (Eds.), Radiologische Diagnostik in
Klinik und Praxis [Radiological Diagnosis in Clinical Studies and in Practice], Volume
1V, Thieme Verlag Stuttgart, 7" Ed., 434-496, 1984). The diagnosis of a metastatic
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 criterton. 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-vergréferung



and Lynphknot ennet astasen am Hal s [ Sonography and Nucl ear Spin Tonography:
Differential Diagnosis of Reactive Lynph Node Enl argenent and Lynph Node
Met ast ases on the Neck], Radiol. Diagn. 33: 158, 1992). It would be
desirabl e that when using specific contrast nmedia, |ynph nodes with
nmetastatic attack and hyperplastic | ygph nodes can be distingui shed. The
direct x-ray |ynphography (injection of an oily contrast nmedi um suspensi on
in a prepared | ynph vessel) is known as an invasive nethod, used only
rarely, uhdLy@plknottnsieedsiageh am Hulsd Sbeogrdphgrahd tualearSsn Tombaphy:
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descri bed preparations have proven to be still not optinally suitable for
i ndi r ect mejasisto gitagktand hyprsplesterlympb sadeseap be disdnguishedi ci ent | ocal and
system c conpatibility as well as their small |ynphatic passageway, which

causes i nsuf f The éindct diraglyagthographiy {igeetivnyof afiolly eorttast mediuml sugehsiom of | ynph
nodes is of central inportance for the early detection of metastatic attack
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preparations exists for di'agnosis of correspondi ng changes of the |ynphatic

system \oﬁhaﬁqg’hﬁ,y%ﬁg%@ﬁg@%eg%ﬁgﬁy good conpatibility. In ternms of this

i nvention, m conpri ses both the | ynph nodes and the

| yroh vessel sg The o SURRLANGER 0L s, LY BT R0, RS 5t DSl Qreapuganl e for

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
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 correspending 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



6 lynphatic system preferably for diagnosis of changes of the | ynph nodes
and/or the |ynph vesels, in particular diagnoses of netastases in |ynph
nodes. The hi ghest possible contrast nmedi um concentration and high stability
are just as desirable as the diagnostically relevant, nost uniform possible
| ynphatic concentration over several 4 ynph stations. The burden on the
overal l organi smshould be kept |low by quick and conpl ete excretion of the
contrast medium A quick start-up, if possible as early as within a few

hour s af ti@hpHdfe s?s‘iiéﬁl,rﬂr&tei‘a%}jyi P dREnEAdTchatgeBBHihe MmpISnddEP afd/aithe T OF
r adi ol ogi ca? practice. Good conpatibility 1s necessary. Last but not |east,

it is desj o = FL ﬁﬁﬁl ia available that allow
bot h the?%ﬁ?lpn{ée‘:s?/l%t13%%#{?031%@%@%%22?{){%&?@%%# 0 g%ngéfsast asis to be visualized
in a diagnosti ession. .Anot her inportant area | digi.ne is.the
detecting, I odbe Prees ReSSIRIA Pomiat g bRm RucenBaleh ey Mgk PRl €IS, ¢ ne
nyocardi al infarction is not a stationary process, but rather a dynamc
process tdnsirabloasdhridiagnpstically selsyansgeest peiforapasibisd¥mplaticopuemfratione  di sease
runs its course in about three phases, which are not strictly separated from

one anotolersebertl lymphetatians Theduideppinrte ovena] drigarssm phadd be képe laebel opnent  of
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Last but not least, it is desirable to have lymph-specific contrast media available
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.



7 Up until now, no precise and reliable process has been known that enabl es
the current phase of a nyocardial infarction in a living patient to be

di agnosed. To evaluate a nyocardial infarction, it is of decisive

i nportance to know how | arge the portion of tissue that is definitively
lost in the infarction is and at what 7point the | oss occurred, since the
type of therapy depends on this know edge. Infarctions occur not only in the
nyocardi um but also in other tissues, especially in the brain. Wile the

i nfarction calpamtiheayaw precise andirelédble preanhas wah novirethatenables theequel ae  for
the rest of the organismcan be prevented or at |east noderated in the case

of a ne@mait@hadecwalnhyo(;hﬂdim irffgkctiors Bilelivig@pdtieniNe Ge df@Rowdn Tdevalugp ai n
mul ti pl e ways: injuries, chem cals, oxygen deficiency, or by radiation.
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IS inportadnt urther medi ca at nent Tests to I nprove
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t herefore already rried out earller In the literature, tests to use

por phyr i HPerf therapydspends op{ligkAQIse&upy a | arge space. The results that are
achi eved, however, paint a contradictory picture. In addition or phyrins
tend to be demfsnctiw doqurt fivé osknmathwmyqphrdluméutsalmna)ﬂm@smswqucrailat| on.
Contrast nedia, not derived fromthe porphyrin skeleton, for necrosis and

i nfarcti égnthesegih.ng are described in DE 19744003 (Schering AG, DE 19744004
(Schering AG and WD 99/17809 (EPI X). To date, however, there are still no

conpounds  t hatyiGRRhOMIHERch @GRtk hEAEd Rd devtaRSextl iohBsthe ARl defudlayf ar ction
and necrosis
for the rest of the organism can be prevented or at least moderated in the case of a
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.



i mgi ng and are characterized at the sane tinme by excellent conpatibility. 8
The sanme problemexists in the area of conpounds that can be used to

di agnose thronbi or arteriosclerotic plaque: there are no conpounds that can
be used satisfactorily as contrast nedia for visualizing thronbi or
arteriosclerotic plague and are charagterized at the sane tinme by excellent
conpatibility. An object of the invention was therefore to make avail abl e
contrast media that have, on the one hand, excellent imaging properties as
MRT contrast Mhesanaprdblemeexisuintthdbirea ohcqngroundsuthatrcah be usadiodiagnosenecr osi s

i magi ng, and/or |ynphography and/or bl ood- pool imaging and/or for

vi sual i zigiigmbhéraifetiosleratid SIAqQRS ¢heRé Bleind ddinpauels thdl dadbe tied sapfRtorily Me are
di stingui shed by excellent conpatibility. The object of the invention is

achi eved .y kiie REiE Fdi BN e Adhsc KRR RERE ol b chayacterize

ni t rogen-cont al ni ng er structure genera K- 1 -X—g QR (1)
i n which eit hef sgr ese@ﬁ aﬁ?accharl de or oli gosaccharl de radi cal
that is Borg&d v HEerH&EXE COMPAUReh case Q has the nmeaning of a group
selected from s-CO (CH2)n--C 8- NH-(CHZ? -7E &QCHZ)*
An object of the invention was therefore fo make available contrast media that

have, on the one hand, excellent imaging properties as MRT contrast media and are

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 1

K— II.——X-'* R,
Q—R
th
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-(CHa}-e
SNH-CH2e
S-(CH2)mre

whereby
n” is an integer from 1 and 5, and
m is an integer from 1 and 6, and

whereby 8 indicates the binding site to linker L, and € represents the



whereby n" is an integer from1l and 5, and mis an integer from1l and 6,
and whereby 6 indicates the binding site to linker L, and 6 represents the 9
binding site to radical R, or R has one of the follow ng neanings, then Q
has the meaning of a direct bond: R neans a polar radical that is selected
from The conplexes K of general formgas Il to V, whereby Rl here neans a
hydr ogen atomor a netal ion equivalent of the atomc nunbers 20-29, 31-33,
37-39, 42-44, 49 or 57-83, and radicals R2, R3, R4, U and U have the
meani ng i ndi cat ed taidivg sitedo radicat Rt bon chain with 1-30 C atons 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 atons, 1-5 NHCO groups, 1-5 -CONH groups, 1-2 sulfur atons,

1-5 - NH groupsg or 5 i substi t ut ed
oy 1.2 Ot o cups, 1S SREE ARSI Qegmes O R MARGIIG AR P oupe.

and whi ch bond: R means a polar radical that is selected from

o 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 R%, R?, R*, U and U" have the meaning indicated below,

or

e 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 —SO3;H
groups, and which
optionally is substituted by 1-10 -OH groups, 1-5 —COOH groups,
1-2 SO;H groups, 1-5 NH; groups, or 1-5 C;-Cs-alkoxy groups,
whereby R’ means H or C;-Cq-alkyl,

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



optionally is substituted by 1-10 -CH groups, 1-5 -COCH groups, 1-2 SO3H
groups, 1-5 NH2 groups, or 1-5 Cl-C4-al koxy groups, whereby R7 neans H or
Cl-C4-al kyl, Rf is a perfluorinated, straight-chain or branched carbon chain
with the 10 forrmula - C F2"E, in which E represents a termnal fluorine,
chlorine, Dbrom ne, iodine or hydrogem atom and n stands for the nunbers
4-30, K stands for a netal conplex of general formula Il, COOR NR R'O
Il RVOC ( COOR (Il1) in which R nmeans a hydrogen atomor a netal ion

equi val ent of at onfamnlaaFsE, diwiieh E3dprédnts 3erBonal 4lorine, chdripe, 57- 83,
provided that at |least two Rl1 stand for netal ion equivalents, R2 and RS,

i ndependent |y of ob®ningtiddie ortamdropse aton) yuad ngands for thehumiblsla-30,benzy] ,
phenyl, -CH20OH or -CH20CH3, and U stands for -C6H4-O CH2-w, -(CH2)1 5-w, a

phenyl ene gt oy, asafdior NER) KHRoICEOEEROAPHI GBI - 06H4- ( OOH2CHD) 0_1-
N( CH2000H) - CH2-0) or a Cl1-Cl12-al kyI ene or-(CH2) 7_T2- C6H4 O group that

optionally is interrupted by one or nore oxygen atons, 1 to 3 -NHCO
COOR®

r @ R 0
(LA

ROOC” / Q/NL \) |

COOR?
(th

in which

R' means a hydrogen atom or 2 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,OCH3, and

U stands for —C4Hs-O-CHs-w-, -(CHa);5-, a phenylene group, a -CHs-
NHCO-CH,-CH(CH,COOH)-CsHs-»-, -CsHy-(OCH2CHa)p. 1~
N(CH,COOH)-CHs-® or a C,-Cj;-alkylene or (CH5)7.12-C¢H4-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

—CHa)-sCOOH groups, whereby ® stands for the binding site to —-CO-,

or of general formula 111



groups, or 1 to 3 -CONH groups and/or is substituted by I to 3
-(CH2) 0- 5C00H gr oups, whereby co stands for the binding site to -CO, or of
general formula Il 11 COOR N COORe Q R OOC COOX' (Ill) in which R has
t he above-nentioned neani ng, R4 represents hydrogen or a netal ion

equi valent that is nentioned under R J1and U represents -C6H4- O CH2-0)- or
a group -(CH2)p , whereby co neans the binding site to -CO and p' is an

i nteger between | and 4, or of general formula IVCOOR N 2" CR R OOC
0 COOR (IV) in which R and R2 ha®¢&ORhe above-nentioned neani ng or of
general formula VAor VB rCOw ?

s
RYQOC Q/Nk\)

COOR!
(1))

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-CHa-@- or a group
—(CH3,),-, whereby ® means the binding site to -CO- and p' is an integer between 1 and
4,

or of general formula IV

COCR?

<\N/> R?
) ST
) ~
k*SODR’
™)

in which R' and R? have the above-mentioned meaning

or of general formula V A or VB

— O
~COOR"

&

R'COC
NFCO OR?
~—COOR?

(VA)



N_COOR R OOC'" rCOOR N COOR (VA 12 rCOOR N -000R .-COOR N COX
(V B) in which R has the above-nentioned neaning, or of general fornula Vi
R OOCs, /-'"\ x-00-NROOC-~ N -COX (VI) in which R has the
above-nenti oned neani ng, or of general formula VII ROOC--, 0 R OOC' U
ROOC, N ROCC-"~ (VIl) in which ® and U have the above-nenti oned
meani ng, whereby co neans the

(V8)

in which R' has the above-mentioned meaning,

or of general formula VI

R‘OOC—-\N /*“\N e C Qe
R1WOOC—" ~—COOR’

vh

in which R! has the above-mentioned meaning,

or of general formula VI

R'OOC ~_ o
R‘OGC—"’N u"ﬂ*‘*
R'OOC—

R'OOC—"
' vin

in which R’ and U1 have the above-mentioned meaning, whereby » means the

binding site to —CO-,

or of general formula VIII



bi nding site to -CO, or of general formula VIII 13 Or~ 2 <ONN 1" S =
1~-NJI1 0 ORL OOR, (b'114 in which R has the above-nenti oned neani ng, and
U2 represents a straight-chain or branched, saturated or unsaturated G -C20
al kyl ene group that optionally contains imno, phenylene, phenyl enoxy,
phenyl eni m no, am de, hydrazide, carfponyl, ester groups, oxygen, sulfur
and/or nitrogen aton(s) and that optionally is substituted by hydroxy,
nmercapt o, oxo, thioxo, carboxy, carboxyalkyl, ester and/or anino group(s),
and free acid groups, opti oan\é resent n radi cal K, can optionally be
an

present as salts of 8 nlc bases or am no acids or am no
acid am des, and L repr nts a r hat is selected fromradical s | Xa)
to I Xc) bel ow )m 11 - (1X(r)) a ,N(CReR8),;
-W(CRR8')m-NR ;\
OR O OR,
(Ve

in which R has the above-mentioned meaning,

and U? represents a straight-chain or branched, saturated or unsaturated C;-Cyo
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 1Xc) below:

B\ Y
7

{IXe)
o . B

\ . .
ﬁmmgm%“w—wmm%wﬁ



14 (1 Xb) a-NH(CH2)Q -CHC4A I NH (IXo) whereby n' and ml, independently
of one another, represent an integer between O and 4, and M + n' ? 1,
preferably m + n' is equal to 1, 2, or 3, and R8 and R8 , independently of
one another, are either -H or -OH whereby with m + n' > 1, each group
A4CRBR8' )- can be different, and Wis egither a direct bond, -0- or a
phenyl ene group, which optionally can be substituted by 1 to 4 hydroxy
groups, and ' is either 1, 2, 3 or 4, whereby a neans the binding site of L
to conplex K, O 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 grd®® of formula (V)
p-Y-(CH2),-(Qt-(CH2); -~ (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 atonms, 1-3 - NHCO gNtrfeH)¢CH-C@BNH groups, 1-2 -S2 groups, 1-2 sul fur
I

NH
|

Y | (IXc)

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

R¥and RY, independently of one another, are either -H or —-OH, whereby with
m’ +n’ > |, each group —{CRSRS’)- 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, f3 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,), —(G),—(CHp), —§
(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;;5 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,



atons, 1-3 -NH groups or 1-2 phenyl ene groups, 15 which optionally can be
substituted by 1-2 OH groups, 1-2 NH2 groups, 1-2 -COOH groups or 1-2 -SQO3H
groups, and which optionally is substituted by 1-10 OH groups, 1-5 - COCH
groups, 1-2 -SOG3H groups, 1-5 NH2 groups, or 1-5 G -C4-al koxy groups, and
G nmeans either -0- or -S2-, s and s']5independently of one another, nean
either | or 2, t neans either O or 1, and p represents the binding site of
Xto L and ~ represents the binding site of Xto Rf. In a preferred

enmbodi ment, Revhich aptignally a@h besubstikuped by bid $OH arviuph lcalNHo@roupst er rupt ed by 1-3
0 atons and which can be substituted by 1-4 -OH groups. In an especially
preferred enbodi ment2 FBOHgreupsSlor CL -B80uH gronpeip. I n a preferred enbodi nent,

G means the group -0-. In an especially preferred enbodinment, t = 0. In a
preferred enmbggd fBith.opMéhadlyds ﬁjb&ﬁtﬁied%rldlo OH Fo@s,efgrmbﬁw,@nt, radi cal
R that is bonded to linker L via a - , -NR7- or a direct bond is a carbon

chain with 1-30 C at 1Sl r &0 n atons and/or
is substituted by ?%M@E}%spéﬂﬁlﬁz éﬁgésggreg'i\sa 1I(;4 ?)%%ngpg[%’ enbodi nent, R

is a Cl-Cl2 carban chai tfl%t i s.honded via a -CO, -NR - or direct bond to
L, which is it rlﬂiﬁnéa{&w "Pb~8-“Bxygen atoms and/or is substituted by 1-6
OH groups.

J P 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 Re.

In a preferred embodiment, RéisHora C1-Ce-alkyl 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, R®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
is 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



I f the conpound according to the invention is intended for use in NWR

di agnosis, the netal ion of the signaling group nust be paranagnetic. These
are in particular the 16 divalent and trivalent ions of elenments of atomc
nunbers 21-29, 42, 44 and 58-70. Suitable ions are, for exanple, the
chromun(111), iron(ll), cobalt (I1),14ickel(lIl), copper(ll),

praseodym un(Il11), neodymunm(l11), samarium(l11) and ytterbiun(lIl) ions.
Because of their strong nagnetic nonent, gadolinium(lIl), terbiun(lll),

dyspr osi divalehi dnd trikabutiions(dflelementsrdfiatongit htunbers 20420 43, B4and 58dAAganese( | 1)
ions are especially preferred. For use of the conmpounds according to the

i nvent i oRuitabld1ieak %[foﬁeﬁﬂr@ilé\,&he HraMies(TRY frea(1y, ebdlt (Al nkbIENRPY) , the metal

i on nmust be radioactive. For exanple, radiolsotopes of elenments with atomc

nunber s ; - . : . ; Fb?mﬁ sui tabl e.
Technet i é%ﬁpeg@l)’l I?%S%g%@%ﬂgnﬂ rr’%é%?lﬁl?nn(g% S?/I?#}l}du@nlzﬁne%tr%e er @elz.{ﬁls'f t he
conpound_according to the invention is.inten f or LN X-ra i agnosi s,
Che’ ot aPRrgRe PuBEr sPaieTmgretiePeyea: erHPLTE R, e b,
nunber to achieve sufficient _absorption of x-rays. It was found that for
this pur pesuumgisrbum(dDseilib and smangansse(H) ions PR GARTeRITES: conpati bl e
conplex salt with netal ions of elenents of atomc nunbers 25, 26 and 39 as
wel | as 57- 83Farusesfitheabimpoundsagentdiog (d the inventier( inl nuclear madicing) |

praseodym unm(111), neodymun(ll11), samariunm(l1l), gadoliniun(lll),

yt t er bi uratioljagessisung radibthérapy), themsetaliion mastteaadiadctively Borexaimphe 1 1 ) i ons and
yttrium(ll1) ions, are preferred. Acidic hydrogen atons that are optionally

present ifiidisotofes Bf eleBe Sith@dmidavmbeR D7, Been-Bubstotn ¢d gyed e central
ion, can optionally be replaced conpletely or partially by cations of

i nor gani 65 angh oL Q9N CTRARERun oa il S ith Rerlm AT YoriBH o HThERS

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(I1), iron(TT), iron(I11), praseodymium(III), neodymium(TIII),
samarium(III), gadolinium(III), ytterbium(IIl) or bismuth(1Il) ions, in particular
dysprosium(I1l} ions and yttrium(Ill) 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,



Sui tabl e inorganic cations are, for exanple, the lithiumion, the potassium
ion, the calciumion and in particular the sodiumion. Suitable cations of
organi c bases are, i.a., those of primary, secondary or tertiary am nes,
such as, for exanple, ethanolam ne, 17 diethanol am ne, norpholi ne,

gl ucam ne, N, N-di net hyl gl ucam ne and In particular N- nethyl gl ucam ne.
Suitable cations of amno acids are, for exanple, those of |ysine, arginine
and ornithine as well as the am des of otherw se acidic or neutral am no

aci ds. Espetinaldming mefrphaline, glacapuoe i Nedimgeytplwdamfingr and|im partigeler Nhose wit h
macrocyclic conpound K of general formula IT. Radical Uin netal conplex K

pr ef er ablryethifghsamitk? SuitabldEatiods 6 dokio Weids M eloebyantle, sicasdslykine, t he bi ndi ng
siteto -CO. In a preferred enbodinent, U2 is a C-C6 al kyl ene chain, which

opti onal |a}‘%hfﬁe %@Bﬁﬁtﬁﬁ‘l@é?@eﬁlﬁs &1eta9113es dﬁ'ﬂﬁﬁ@rﬁ’%@h@&c%?ﬁél.ﬁfal ami a8idd. atons, and

whi ch can stitute groups. Radical U2 1 n netal corrpl ex
K preferably tJq%eans cul ar : tt)gl,gglgraaffolk?él ene grou with 1 Lo 6 C

ators, 1 par Cragia bt o Sunaly PSS Bt wich 1
to 6 C at ons, grtl cazl ar 2, 3 or 4 C atons, Whl ch is interrupted by 10
atom or C&“’IPPWE%JI‘: dp with 1 to 6 C atoms, in particular 2, 3 or
4 C atonms, which contains an -NHCO group. In an especially preferred
enbodi ment, URadgahld iemietal eoreplgx Kupeferdbkymeansoliil- R2CdheORIG 0, t he
macrocyclic conpound of general fornula Il can be
whereby @ stands for the binding site to —CO-.
In a preferred embodiment, U” is a C;-Cs alkylene chain, which optionally 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 or4 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 11 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;-Cs-alkyl.



straight-chain or branched. By way of exanple, nethyl, ethyl, propyl,

| sopropyl, n-butyl, 1-nethylpropyl, 2-nethylpropyl, n-pentyl,
1-net hyl butyl, 2-methyl butyl, 3-nmethylbutyl, and 1,2-dinethylpropyl can be
mentioned. R2 and R3, independently of one another, preferably mean
hydrogen or Cl-C4-alkyl. 18 1In a quijg especially preferred enbodi nent, R2
stands for nethyl and R3 stands for hydrogen. The benzyl group or the
phenyl group R2 or R3 in macrocyclic conmpound K of general forrmula Il can
al so be subst i atyeict dspedallyi preferred emboditent, BF etrds forimethiydatid R tard forhe

I nvention, R neans a nonosaccharide radical with 5 or 6 C atons, preferably
glucose,hgmﬁgaﬁe, gal actose, ribose, arabinose or xylose or their deoxy
sugar, such as, for exanple, 6-deoxygal actose (fucose) or 6- deoxymannose

(rharmose) of 150BklPSGRb VAELRABIANICIRS in FAOSCIAL imBERE 0T e

gl ucose, mannose an I"n®parti cular nmann ntanot her preferred
enbodi ment of thig invention, R.is selected fromone of the follow ng
radi cal s8¢l @@%}16@12559%6&“’5'1@&%?&4%[ CH20CH( CH2OR ) 42 - C(O) C H2OCH2C
H(C H2OCH( CH20R ) 212 -R 'N (CH2) 201?R' - N{{_( CH2)20] R h -R'NCH2CH( OH) CH2OH
- N[ CH2CH( OH) Clipagther preferred embodiment of the invention, R means a monosaccharide

radical with 5 or 6 C atoms, preferably glucose, mannose, galactose, ribose, arabinose or

xylose or their deoxy sugar, such as, for example, 6-deoxygalactose (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)YCH,O[{CHz)20LR’
~C(O)CHOCHICH0CH(CH0R Yz)e
~C{O)YCHOCHZCH[CH,OCH({CHZ0R Y2l

=R N[{CHz):0],R’

~N{{CH2):O},R 12

~R"“NCHzCH(CH)CH,0H
~NICH,CH{OH)CH,CH],
—R"‘NCH(CH;OH)CH(OH)YCH,OH
—N[CH{CH;OH)CH(OH)CH2OHJ
~R"NCH[CH0CH(CH0R Y]
~R""NCH;CH[CH;OCH(CH;0R ol

~R’ ‘NCH;CH,OCHICH:OCH(CH,0R )22
—R*"NCHCH:OCHZCHICHOCH(CH,OR Y2k
~N{CH|[CHZOCH(CH;0R Y2k}
—N{CH,CH[CH,OCH(CH:OR Yzhh

~R’‘NCHZ H{OH)CH(OH)GH(OH)CH(OH)CH,0H
—NICHCH(OHICH{OH)CH(CH)CH(OH)CH-OH};

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



-R" " NCH(CH2OH) CH(OH) C H2OH -N[ CH(CH2OH) CH(OH) C H20H[ 2 -R -NC

H CH2OCH( CH20R ) 212 -R NCH2CH GH2OCH(CH2QR ) 2] 2

- R "NCHZCH2OGH[ CH2OCH(CH2OR ) 2] 2 - R "NCH7CH20OCH2C H CH20C H(CH2OR ) 2] 2
-N{CH(CH2OCH(C HzOR ) 2] 2)2 - N{ CH2CH CH2OCH( CH2OR) $} - R "NCH2C H( OH) CH
(HCHOHCHOHCHOH -N[CH2CHO HZH (OHCHOHC HO HCHOH) 2 and a
conplex of formula (I1), with Qin the neaning of a direct bond, 19 whereby
Rl, R2, R3 and U are defined as above for formula (Ilﬁ, pis either 1, 2,
3, 4, 5, 6, 7verbyRyR}&’ and Here defred@rgbovarier iermyls (Blhther Hor a C, to
C4-al kyl radical. pis preferably 1, 2, 3, or 4. The polar radicals that
are i ndi cat edpher eisgitaechri@r4isab) % 8aw&i | abl e products or are produced
according to the nmethods that are described in the literature. Cassel et

al ., EBur. J. @'g. eiies HAPCH;, &nd B7 & 306 HVObR RssCelakyPfadithl. , JAGS, 1994,
5057-5062 Voegtle et al., Li ebi gs Ann. Chem, 1980, 858-862 Liu et al.,

Chem Commrun. pigﬂrg?eratﬁgi i\/l3t ghell et al., Heterocyclic Chem, 1984, 697-699

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., JA4CS, 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)CH,0[(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 CHj.

In another preferred embodiment, Q has the meaning of a group that is selected
from:

5-CO-(CHp)p-¢

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.



Bartsch et al., J. Og. Chem, 1984, 4076-4078 Keana et al., J. Org. Chem,
1983, 2647-2654 In a quite especially preferred enbodinent, Ris a radical
of formula: -C(OCH2 (CH2)20 pR that is bonded via -CO to L. Wth p and
R in the above-indicated neaning, R is especially preferably the group
CH3. In another preferred enbodi nent, > has the nmeaning of a group that is
selected from 6-CO (CH2)" -c whereby n" is an integer from1 and 5, and
L at the sane tinme has the neaning of a group of formula I Xa or I Xb. 20 In
anot her pr ef el sbtisrpedemaidmbdimeas, Qheas e ardangg of a graypakp i dekicteds sel ect ed
from 8-NH(CH2)" -s whereby n" is an integer from1l and 5, and L at the
sane timgdpps the neaning of a group I Xc. O the conpounds of general
formula | according to the invention, in addition those are preferred in
whi ch Rf n'eanrso_-"_%azjg;,_ i.e., Einthe fornula -"F2" E neans a fluorine
atom n prefe a%]l{% hds for the nunbers 4-15. Quite especially preferred
are the radicals -C4F9, -C6F13, -C8F17, -Cl12F25 and -Cl4F29 as well as the
radi cal s of t [féereby

n” is an integer from 1 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 Re means —C,Fan+i; 1.€., E in the formula —C,F2,E means a
fluorine atom. n preferably stands for the numbers 4-15. Quite especially preferred are
the radicals —CFs, -CgF13, -CsF17, -C12F25 and -C,4F25 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 1. 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

f
-—r-
|
o7

P

{0

with K in the meaning of a metal complex of general formulas lIto IV and L, Q,

X, R, and Ry in the above-indicated meaning,



conmpounds that are nentioned in the exanples. The nitrogen-containing
radical L in general fornmula I, which represents the "skeleton," neans the
amno acid radical (Vc) in a preferred enbodi nent of the invention. In

anot her preferred enbodi ment, the nitrogen-containing radical L in general
formula | represents a diamne radicaj of fornula (1Xb) or (l1Xa). The

per fl uoroal kyl -contai ni ng netal conplexes with a nitrogen-containing |inker
structure of general formula |l K- i -XR QR (l) wth Kin the nmeaning of
a netal aemppbddexed)fin gengthadt isfloommliahel drt, by alcatbaxdiclaciddf gederaHoranld Rf in the
above-indi cated neaning, 21 are produced, in a way that is known in the
art, by gacarboxylic acid of general fornmula Ila COORS R2 R3 0 85000 U'L' OH
v ,,CCCCOOORS (Ila) in which RS neans a netal ion equivalent of atomc
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 @bord- menti oned meani ng,

S

cooa’ (a)

R°00C
&/u

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 IITa

COOR‘

r*ooc” EN/E OOR/&OH

COOR (e

in which R*, R® and U" have the above-mentioned meaning,

or a carboxylic acid of general formula IVa



or a carboxylic acid of general formula Illa COORS //''N COOR, NN ~CH
RSOOCN . COORS (lila) in which R4, R5 and U have the above-nentioned

meani ng, or a carboxylic acid of general fornula IVa 22 COORS OH RSOOC 0
COOR$ (lva) in which R5 and R2 have the above-nenti oned neani ng, or a
carboxylic acid of general fornula Vajzor Vb r-CO OH .-COOR N~-COOR
N-CO(c) RS RSOOC J NOORS HOOCr N-~ COOP, COORS Na) (Vb) in which R5 has the
above-nenti oned neani ng, or a carboxylic acid of general formula Vla

| (\N’x R?
R Doc/_Cle

COOR“ V)
in which R® and R? have the above-mentioned meaning,
or a carboxylic acid of general formula Va or Vb
~—~CC-0 n~COOR?
N"'----C?OOI; N _CooR®
rRfooc” 4 HOOC”
&N,-cooas —~COOR,
~~C0OOR NNCoors
(Va) {Vb)
in which R’ has the above-mentioned meaning,
or a carboxylic acid of general formula VIa
R°00C —~ N’ _—CO-0H
R*00C—" ~—COOR
{(Via)

in which R’ has the above-mentioned meaning,

or a carboxylic acid of general formula Vila



R600C-. / .-COOH RSOOC--~ NN ''--COORS (Via) in which R5 has the

above- nenti oned neaning, or a carboxylic acid of general fornmula Vila 23
R600C--~ 0 RSQOC- I1tOH RsoOC--,, RSQCC N (VAa) in which RS and U have

t he above-nentioned neanings, 0 U= Yr NOH CANNDOCHC" OR 0 OR6
(IM1la) in which R5 and U2 have the @bove-nenti oned neani ngs, being reacted
In optionally activated formw th an am ne of general fornmula XI HL-X-R+

QR (XI)

4

RO0C — @
R*00C—" u‘-JL- OH

RP00C—..

R"’OOC—/N
(Vi)

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

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'—!I.‘—X'—'Rf

Q—R
xi)

in which L, R, R¢, 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 L, RR Rf, Q and X have the above-indicated neaning, in a coupling
reaction and optionally subsequent cl eavage of optionally present protective
groups to forma nmetal conplex of general forrmula | or if R5 has the
meani ng of a protective group, being reacted after cleavage of these
protective groups in a subsequent stepgin a way that is known in the art
with at |l east one netal oxide or netal salt of an elenment of atom c nunbers
21-29, 31-33, 37-39, 42-44, 49 24 or 57-83, and then, if desired,

opt i onal by5p8gsmditheacifdesirddy ostivgelly pricssie adidic hgdogasitbingbeitlg stbystiaaéd ons of

i norgani c and/ or organi c bases, am no acids or amno acid am des. This

process Bg'éaﬁd?l@ onrféggléﬁicia‘?nﬂ/o?%r,@iﬁfc%as&?ﬁﬁih@éciﬁ_@b%ﬁbia@id%ﬁiiﬂ'esam des is known
fromDE 196 52 386. The m xture that 1s used in the coupling reaction and

that consi st 4 R o RTAKSSPLBRNK LB kbl bRt a1 s

optionally préese car boxy "an oxy ‘grou n form and at
| east one sol ybiljizi tance in an anmount up to 5, preferably 0.5-2
mol ar eq Wﬁﬂ@ééggéfgg{?to the metal conplex carboxylic acid, can both
be produced in an upstreamreaction stage and isolated (e.g., by
concent r at i onThymixymgshatas used in the sepmingredctign and Spt copsigis pf Agtadf an aqueous
or water-m scible solution of the conponents or by precipitation with an

or gani ¢ sahplertarboxylicaonllk, wbichcomwains aptibrialie preserapatboxy aatidérdgydraxyDVSO wi t h
dehydrating reagent and optionally a coupling adjuvant and can be fornmed by

et al  coBRIupXirCrblRensy fdrfh A A leaStainy ﬁélﬂbiliﬁﬁg_rsﬁml&é irp@taraqint apad 5y a
coupling adjuvant in situ optionally by addi ng sol ubilizing substance(s) to
the DVMBO,5415H§ 8.2 Rrolar equivalents 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 optionally 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— Il.-- X—R,

Q=R
(X

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.,



The reaction solution that is produced according to one of these processes
Is held for pretreatnent (acid activation) for 1 to 24, preferably 3 to 12
hours, at tenperatures of O to 50C, preferably at roomtenperature. Then,
an am ne of general formula XI.T HL-X-R, . QR (XI) in which radicals L
R, Rf, Q and X have the above-indi catzd neani ngs, is added w thout solvent
or in dissolved form for exanple in dinethyl sulfoxide, alcohols such as,
e.g., 25 nethanol, ethanol, isopropanol or their mxtures, formam de,

di met hy| fnsthanol etbanohasapropans! eritheinmesures, fomnudc,ddn@b}'lﬁvmamu#ﬁr afaterably in
di met hyl sulfoxide, in water or in solvents that are mxed with water. For
am de cougphixngres bfthe tiedssoblzhqiprefictable &t tinmthyd ehlfdxide) il wathedrdn seliveritenper at ur es
of 0 to 70C, preferably 30 to 60C, for 1 to 48 hours, preferably 8 to 24

hours. | thafQ@®nikébRith water"BSr dﬂﬁl@é’@&hlpﬁﬁg‘%ﬂé &gﬁeb'tﬁmb@réééﬁoﬁ%‘Futﬁﬁhﬁﬁew“ the
formof its salts, e.g., as hydrobronide or ydroc Iorlde In the reaction.

R e e Ry R B

tributylam ne, Iithium hydroxide, |ithium carbonate, sodium hydroxide or
sodlun1chW5@nate I s added. The optionally still present protective groups
are then cleaved off. The isolation of the reaction product is carried out
accordi ng to Isenrsdabesdis his@bvencadeaitageons tocuse fie akiné inettle fornt dfetsanlts,
preferably by precipitation with organic solvents,
e.g., as hydrobromide or hydrochloride in the reaction. To release the amine, a base, such
as, e.g., triethylamine, 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,
1sopropano] or their mixtures. Additional purification can be carried out by, for example,
chromatography, crystallization or ultrafiltration.
As solubilizing substances, alkali salts, alkaline-earth salts, trialkylammonium
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,



preferably acetone, 2-butanone, diethyl ether, ethyl acetate, nethyl-t-butyl
ether, isopropanol or their m xtures. Additional purification can be
carried out by, for exanple, chromatography, crystallization or
ultrafiltration. As solubilizing substances, alkali salts, alkaline-earth
salts, trial kylammonium salts, tetraagkyl anmoni um salts, ureas,

N- hydr oxyi m des, hydroxyaryl triazoles, substituted phenols and salts of
het erocyclic am nes are suitable. By way of exanple, there can be

nent i onedetriethytanmmomibinep-tadegnesul fonata ntetramethylemmonivm-proviuemtsoléonagndi um

brom de, sodiumiodide, |ithium nethanesul fonate, sodi um nmethane sul f onate,

it hi um ryridalisepes ehaFbmate, $06th d}dﬁﬂnﬁmhﬁ'rrﬂﬁﬂ@ln@dblsﬁlﬁﬂﬂieez pot assi um br oni de,
pot assi um’i odi de, sodi um chl ori magnesi um bronm de, magnesi um chl ori de,

magnesi U%?@ﬁblﬂﬁethﬁgulf{a Faa&%x@ggg{aﬁ W3 Bt G SHL. ‘hf&ﬂfotr henol

t et ranet hy uenesu pyr 1 di ni uny p- nesur]fvbnat e,

triethyl ni un ul f 2- nor phol et hyl sul foni ¢ aci d,
4-nitrop mﬁfﬂﬂ%“@“&ﬁﬁ:ﬁ%ﬁ%x@rq algmge dir%f‘% hlé’ﬁgf ¢ hydroxysucci ni ni de,
N- hydr oxypht hal i m de, urea, tetranethyl urea, met hyl_pyrrolidone, formam de
as wel | agethylpyrrelidgngfermagpide anyeld h%cyfqhmeaﬁ .wwma gﬁve meRilanedr e
preferred. As dehydrating reagents, all agents that are known to one skilled
in the arabowe @e ptefertkd. By way of exanple, carbodiin des and oni um reagents,
such as, e.g., dicyclohexylcarbodiimde (DCCl),

1- et hyl - 3- ( 3- digdhhyratiing reagen®dyll heedy thackré Rhalen tohgndrsRillge i Beafdard EDC) ,
benzotri azol - 1-yl oxytri s(di met hyl am no) - phosphoni um hexaf | uor ophosphat e

(200), Ry henirr gl by o AT
dicyclohexylcarbodiimide (DCCI}, 1-ethyl-3-(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 Carbons#uren. 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).



In literature, for exanple, the follow ng suitable processes are descri bed:
Aktivierung von Carbons8uren. Ubersicht in Houben-Wyl, Mthoden der

Organi schen Chemie [Activation of Carboxylic Acids. Survey in Houben- Wyl ,
Met hods of Organic Chemi stry], Volune XV/2, Georg Thieme Verlag Stuttgart,
1974 (and J. Chem Research (S) 1996,2802). Aktivierung mt Carbodiim den
[Activation with Carbodiimdes]. R Schwzer and H Kappeler, Helv. 46:
1550 (1963). E. Winsch et al., Vol. 100: 173 (1967). Aktivierung m't

Car bodi i mi den/ol—lyzdn]g»dyiﬂmembdé,mﬂhbﬂcniemwmbo:dyt n,2-ddeydvochinoiindes/ Hy dr oxy
Succinimde]: J. Am Chem Soc. 86: 1839 (1964) as well as J. Og. Chem

53: 3583 (1988) . ARMPArIRNIEthE®D-Eh8 )ett%?cycar (4l 4APdrb@dfoline]: B.
2- Et hoxy-| - et hoxycar bonyl - 1, 2-di hydr OChI nolin Anhydrl de Met hod,

2- Et hox I-ethox upety al., J. Am

%gm( 1§ég) d ﬁ%g&l?g%‘%)]m%lﬁh%%&g?' ?651”@5%6)52151(@@ étea? ?oJfl (I?e:/e ; hzg:
an o zol i ode

[ 1 m dazol i de I\/EtII)‘FtPH]Pmt gﬁB%Gﬁgbrq%) mﬁj e rtiop é‘ @oc é rgI'5q‘§t eon, Am Soc.

91: 2691 (1969). Saurechl orid-Methoden, Thi onyI chlorid [Acid Chloride

Met hods, Thionyl(198hi oride]: Helv., 42: 1653 (1959). Oxalylchlorid [Oxalyl

Chloride]: J. Og. Chem, 29: 843 (1964). As coupling adjuvants that are
optionally to obdnudﬂxdlidaﬂéthddee[hnﬁamlidemhad}: BnE. Gisin, R. B. Menifield, D.

C. Tosteon, Am. Soc. 91: 2691 (1969).
¢ Siurechlorid-Methoden, Thionylchlorid [Acid 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™



skilled in the art are suitable (Houben-Wyl, Methoden der organi schen
Chem e, Volune XV/2, Georg Thiene-Verlag, Stuttgart, 1974). By way of
exanpl e, there can be nentioned 4-nitrophenol, N-hydroxysuccinim de,

1- hydroxybenzotri azol e, 1-hydroxy-7- aza-benzotriazole, 3,5-dinitrophenol
and pent af | uorophenol. Preferred are #gnitrophenol and

N- hydr oxysucci ni m de; especially preferred in this case is the
first-nentioned reagent. The cleavage of the protective groups is carried
out accorkditivg, ToW Gecepe andBs@sM. Whed, JelreWklapamd Sansphme. New Yoeki 1981}, he art,
for exanple by hydrolysis, hydrogenolysis, alkaline saponification of

est ers Wi theadthdeafibenzy] etieROHET IRldesilpaladi@hiéhiben. at tenperatures of 0 to
50C, acidic saponification with mhneral acids or in the case of, e.g.,

tert-butyl esf, Eérb&‘k}ﬁ% a,EQi@ gg&égﬁ érﬁiuﬁés%tgdrtgaﬁgthﬁ a?&hé%g[agé é]I&%F“ ve G oups

in Oganic Synt esi s tron eene an M Wits, John

W | S | | h h
nar bgenBaVT SBATSs PER Prﬁsedimr&ldﬂ PSR R B S§ RSTE PdPhul as 11 1o
VIla that are used_are ej own conmpounds or are pr.oduced according to
pr ocesseS$XHRRIES, é?f‘eDEéQQ‘F@@ééU‘ii PEt HI040858, nihug ghe EYQQU%E’HP@G@F@SMIC%@S DE

10040858. Thus, the production of carboxylic acids of general fornula Ila
i s known of generadiforngga B2 is3@ewnTen D&r 1596:621386. dbe darboxyligenisls af gereoalnul a VIl 1 a
that are used are produced as described in WO 95/1745 1. The perbenzyl at ed

sugar acifesnilh¥iIl2ehet 418 eskdape prodidedng desckibédinows IMEMSR is a nono- or
ol i gosacchari de can be produced anal ogously to Lockhoff, Angew. Chem

00150, ey O Mo e A g sl et o of
trichlor AR bmlfk%gfccﬁﬁ%e 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 {CHz)-y, (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, -], -OTs, -OMs, -0OSO0,CF;, -0S0,C4Fg or —OSO,CsF7

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



reaction with hydroxyacetic acid ethyl ester, BF3 catalysis in THE and
subsequent saponification with NaOH in McOH THF. In a nore advant ageous
process, as described in DE 10040381, the perbenzylated sugar acids that
are used as starting substances can al so be produced by the perbenzyl ated

| -OH sugars being dissolved in an orgahic solvent that is not water-m scible
and being reacted with an al kyl ati ng reagent of general fornula Xl
Nu-L-COO-SG (XVII1), in which Nu nmeans a nucl eofuge, L is -(CH2)-,,,

(wher eby n = Th&protecGh2 gObis a commAHAGHIBHtCHR OppouEHDRe CHithectivarpioBy
represents a protective group, in the presence of a base and optionally a

phase tr arskel kifodiredo)at skifed & thelait €Rrbotegeve Gvups Bx@rgahe Syhthesdsgsicoad s - d ,
-Br, -J, -OTIs, -QOvs, -0OSORCF3, -0SO2C4AF9 or -0OS2C8F17 can be contained in

the al ky g AIT! 6268&ne 2hd BEBEVRWHQTMH WilkY! Sons2fhic., NG PHRUGG|). Ve group is
a common aclid protective group. These protective groups are well” known to

Baitron, T wint Rl sttt i Pt el o RUBRRES R0 ORI

1991). The reaction according to the invention can be carried out at

t enper at ¥Pds ne¢terablydBC tg reqma teameratee 8e Feahien Whpeara figrel O mHRitGsdadti on ti nes
are from10 mnutes to 24 hours, preferably 20 mnutes to 12 hours. The
base i s addadprefetdbéy 20 mimxdsitd 12 bowes. preferably in fine powder form or as
10- 70% preferably 30-50% aqueous solution. As preferred bases, NaOH and

KOH are usedThéBasfls fdddaRitker il S6lid kR prefefblyindinePowaer forthOér 8%80P! €,
t ol uene, benzene, CF3-

70%, preferably 30-50%, agueous solution. As preferred bases, NaOH and KOH are

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, €.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(methyl),"-
Cl  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)



benzene, hexane, cycl ohexane, diethyl ether, tetrahydrofuran,

di chl oronet hane, MIB or m xtures thereof can be used in the al kyl ati ng
process according to the invention. The quaternary amoni um or phosphoni um
salts that are known for this purpose or else crown ethers, such as, e.g.
[15]-crown-5 or [18]-crown-6, are useld as phase transfer catalysts in the
process according to the invention. Quaternary ammoniumsalts wth four
identical or different hydrocarbon groups on the cation, selected from
methyl, ethyl, propyl, igefr-ep-Rbutyl or i sobutyl, are preferably

sui tabl e. The hydrocar bon %£o§fs on the cation nust be | arge enough to
ensure good solubility of the & kylating reagent in the organic solvent.
N(Butyl)4+-C F, N(butyl)4'-HSO4 , but also N(nethyl )4 d-are especially
preferably used according to the invention. The corresponding termnally
protected pol yethyl ene glycolic acids can al so be produced anal ogously.

Conpounda,fitﬂ{{r@?@%%l%ﬁwul a(Xl) 30 Hi--XRlL QR (X1) wth L in the

meani ng o -W(CRBRS' )m-H (1Xa) a /R\N(CRBR$'),;
-W(CR$R$' )m -1 r
N ‘ /%
/N-—(CR’R"),,~ —W—(CR*R"),, N
Y
(IXa)
a\ BRE) . —W (CR“R“'i /B
N——(CRER¥),. —W— o
/ b
Y
{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 (X1I)

sg—L—X—F,
H

Xy

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 triflucroacetic acid [Protective Groups in Organic Synthesis, 2™



(LXb) are produced by the above-described hydrophilic carboxylic acids R
being reacted according to the nethods of am de fornation known to one
skilled in the art with amines of general formula (XIl) Sg- L -X-Rf H
(XI'1) wth Sg in the nmeaning of a protective group and L, X and Rf in the
above-indi cated neaning. The cleavagg of the protective groups is carried
out according to the processes that are known to one skilled in the art,
for exanple by hydrolysis, hydrogenolysis, alkaline saponification of

est ers WEditioal KaWi GteanaguER WG -M! vaholéte WakyiaddoSons! Int exN@evatk)nesi], of 0 to
50C, acidic saponification with mneral acids or in the case of, e.g.,

tert- bUtﬁlthe%%e%’f%eﬂy‘&h%ﬁ%vﬂi‘l%’dﬂjgeﬁ hilddsipheaesii ¢ acid [ Prot ective G oups
in Organi c Synt hesi 2n T. W Geene and P. G M Wit s, John

e oo es P et o B S Rl el eE, il

by m)noprotected (?q_(a es of general formula (XII1) Sg--(CRBR(r)'),
- W ( CReR&enes3! fogmm being reacted with R8, R8', n', Wand mi in the
above-i ndi cat ed neani ng and with Sg in the nmeaning of a protective group

w th perfluorine- cogéaiﬂli_n@w'l)neep)wi-l-eeRma')ge-nﬂHgl
- pan
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 (XTV)
Nu—Y—{(CHp), (G}, —(CHy)y —§
(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;, -0S0,C4Fg or —0SO,CsF7
can be contained in the alkylating reagent of general formula XVTIIL.

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;



formula (XIV) Nu-Y-(CH2),-(Qj-(CH2)6 -~ (XIV) with Y, G s, s'" andi; in
t he above-indi cated neaning, in which Nu neans a nucl eofuge, in the
presence of a base and optionally a phase transfer catalyst. As a
nucl eof uge, for exanple, the radicals -d, -Br, -J, -OIs, -0V, -0SQ2CF3,
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a-NH-{CH,}CH-CO-p

N

'

¥ {1%e)

with q, a, B and y in the above-indicated meaning,

are produced by perfluorine-containing carboxylic acids of general formula (XV)
HO—X—R,

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)
8-NH-{CHy)-CH-CO-8
TLH XV
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



I NH T (IXC with q, a, (3 and y in the above-indicated neaning, are
produced by perfl uorine-containing carboxylic acids of general formula (XV)
HO X-R1 ((V) being reacted with X and Rf in the above-indi cated neaning,
according to nethods of am de formation, known to one skilled in the art,

w th am nes of general formula (XVI)345gNH (CHp)y-CH- OO NH (XVI) with q, (3
in the above-indicated neaning and with Sg in the nmeaning of a protective
group. The cl eavage of the protective groups is carried out according to the

processesf 4 fa @) Ridid pdnifRatiewRKinineesl abids bPR tAE tase bfle.geXaBLE DY _
hydr ol ysis, hydrogenol ysis, alkaline saponification of esters with alkali
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saponi fi ga fon"w m neral aci ds o he ca - but yl
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Sons, Inc., New York, 1991], in the case of benzy] ethers with
hydr ogenitptie icasgiof berzat pfoers Withdygraggn/eellasinnytarboipounds of general formul a
(XV) are described in the

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 (XVT)

8g-NH-{CH,),-CH-CO-f
' NH 0oovI)

with q, 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)

SE-NH‘{%)"?H'OOOH

NH
|

8¢ (VX
with  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



above-in
perfl uor

hydr ophi
formatio
gener al

dicated literature citations for the production of

| ne-contai ni ng conpounds. Conpounds of general fornmula (XVlI) Sg
NH{CH -CHCO. 4 NH (XVI) with q,1 in the above-indicated nmeaning and with Sg
in the neaning of a protective group are produced by the above-descri bed

lic am ne R being reacted accdsding to the nethods of amd

e

n, known to one skilled in the art, with carboxylic acids of

formula (XVI1) Sg-NH (CHg)doH-O00H NH | () wth g in the

above- i ndif 6ateet)°Ceanidin gaponificatiothw Bly nanatalSgidsion irt the caseanfi eng), toft-baitydr ot ect i ve

group, whereby Sg and Sg' can be cleaved in different ways. The cleavage of
t he prot eGelsWeRitHhe dRSofitaflGdtbideBE aH [ ProfeeSV<IG Atipé B OfpEniR S9RMESED™ that are
known to one skilled in the art, for exanple by hydrol ysis, hydrogenolysis,
al kal i ne bf 4 | est | t o b q - k€ sol ution
at tenpera Edr}lgg %@r%e?l@gﬂ{lop ﬁ()@r %@%’&Wﬁ%ﬁ#‘? ?%Igf ?‘gﬁﬂ%"’%&%ﬁ%@ acids or
I n the case of, ., tert-butyl. esters.wth the aid of trifluoroacetic
nci d [ Pr gt Berirstatuaneer L oSt RIAuEp 98" Eaition, T. W G eene and
P. G M Wts, John WIley and Sons, Inc. New Yor 1991

Such 2x-protectéd amino acids of general formula (Xl{fII) are conlrhercially
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.

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



in the case of benzyl ethers w th hydrogen/pall adi uni carbon. Such
2x-protected am no acids of general formula (XVIl) are commercially
avai |l abl e products (Bachen). The conmpounds according to the invention are
especially suitable for use in NVR and x-ray diagnosis, radiodi agnosis and
radi ot herapy, as well as in MRT | ynphggraphy and in blood pool inmaging. The
per fl uoroal kyl -contai ni ng netal conpl exes are especially suitable for use in
nucl ear spin resonance tonography (MRT) for visualizing various

physi ol ogiigades dnfirdpiahd) aBEssds Onflameationst sepetitlleartanid, ddtettnyelitis,icBntioVvi ng
di agnostic information, for exanple the location and the extent of the

di sease, f&Qf sa%'v@e@ltajs%rvg%n fitoring of the success of a targeted therapy
and for prop%y’l axl s of i seaSes and disorders. In one especially preferred

Yoo aphy. AT et AL Paaed SPpBMhE ple Vo R BRI S BEAR ces

accordi n%ée:]o é?e invention are .used for bl ood-pool imaging. Suitable
di seases EnifFet Y ICErOPIS OF B 188E WM& npr di seases, especially detection and
characterization of primary tunors, satellite netastases, |ynph node
met ast ases as Subjefts aEthenre‘@nb@le@,e abbaphronagewicpbagents shay seainat [segtioak | y changes
in vessel dianeter such as stenoses and aneurisns, arteriosclerosis by
det ect i orphgdiolagicelly asepatibletdompplimbateordigrto tioiawdtioncopdionaltli wilades,
infarctions, necroses, inflammuations, especially arthritis, osteonyelitis,
colitis a'elhi‘f»i%ﬂﬁébm@&ﬂﬁbﬁ]y%&d‘iﬁ?ﬁﬁnﬁ@l@ﬁge- In an especially preferred

|

enbodi nent, the substances according to the invention

The compounds of this invention are distinguished by excellent 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 exampie, 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 commeonly used in



are used for necrosis or tunor imaging. Subjects of the invention are also
phar maceuti cal agents that contain at |east one physiologically conpatible
conpound according to the invention, optionally with the additives that are
commonly used in gal enicals. The conpounds of this invention are

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

i magi ng properties. They are thus especially well suited for system c use
in MRT, especially in MRT | ynphography and in tunor inmaging. The production
of the phaediedle[for @amphgartis| adhissd) lagotep maheital harelfdrisorfadtantGiffor ed out in a
way that is known in the art, by the conpl ex conpounds according to the

i nvent i oBxamPRléas! Yw¥in®hMyHE) ﬁ@%rtﬂaoamg subbt@ncefkd ifbr RS cérhtiom [fer cormonl y
used in galenicals - being Suspended or dissolved in aqueous nedi um and

t hen the SRR sol ution optionally being sterilized. Suitable
addi tiveS ar e;g’%ﬁc??&}a%gs' | e, physiologically harmess buffers (such as, for

examml oM BRIE s e R GH R B0RD! Bl SRR

conpl exes that correspond to the netal conpl exes according to the invention)
or - if thedevestian yithow|igalating|the complexeshIngay cags: seegiahpire musblr wsedéhl ori de or
- if necessary - antioxidants, such as, for exanple, ascorbic acid. If
suspensi perfororthe chalationrss tirdt thehnemplpxes sccaniing toithgyinventionere vivteally free i N wat er
or physiological salt solution are desired for enteral or parenteral

adm ni st bhfidnogontlexet istal ipsrtha$ass a tdR@yactibe M xed with one or nore
adj uvant (s) that are commonly used in 37 galenicals [for exanple, nethyl

b %y FTF R Ao chRdierymnt schont(a) obistor gl | o6 1 s
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 commeon salt solution, and together with another protein, such as, for
example, human serum albumin (HSA).

The agents according to the invention are usually administered parenterally,
preferably i.v. They can also be administered 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 umol - 2 mol/l of the complex and are generally dosed in amounts of 0.001-5

mmol/kg.



exanpl e, ethereal oils]. In principle, it is also possible to produce the
phar maceuti cal agents according to the invention w thout isolating the
conpl exes. I n any case, special care nust be used to performthe chel ation
so that the conpl exes according to the invention are virtually free of
non-conpl exed netal ions that have a {pxic action. This can be ensured, for
exanple, with the help of color indicators, such as xylenol orange, by
control titrations during the production process. The invention therefore

al so rel at es trhe REMELREGTinQ6 thdivation ATl Ok @inyCrefliteneOFP QLiABRIANd salts
thereof. As a final precaution, there remains purification of the isol ated

conpl ex. gl Borhlte'e&@tl théktiy Fof AuledH sPinSihnd ;ag%fégéﬂlﬁal%%ﬁﬁeﬁteﬁﬁﬁ%ﬁiiﬁﬁtib t he

i nvention, t atter can be adm together wth a suitable vehicle,
such as, for e e [ i 0l.00} | t |.uti on, and
t oget her thvﬁ th éﬁgg tree;mey‘év?fg&%edsfgg%‘%%@fﬁﬁg Ec})l?% %fgﬁ%ﬁg, N rfgiﬁesﬁe&lra&?n al bum n
(I-1SA). The ents accordj to, the. inventi are usually adm ni stered
par ent er &1at4s ﬁ’%ﬂ“‘é‘f‘@lﬁhﬁf’?d (?f\%n“ﬂ?éﬂlsl’é‘éwméﬂg&"@ﬁg’é( I%HFHSH}%LL%%G&EF i ntravascul arly
or interstitially/intracutaneously depending on whether bodily vessels or
tissue i dutemsityt dhejealsaestam the greatreféecymenesstbats necgbsanyorioad he bodxiwith to t he
invention preferably contain 0.1 nol - 2 nol/|l of the conplex and are
gener al | yhaknsadidstipossitsie ambante bf forfd substanemlahé the 28d cdmpatibdkégttisat &ccording to
the invention fulfill the many requirenents for suitability as contrast
nedi a f oheftd6dr@ Ry maikiath the ABGIHPRNE natiré 6f 1hek@biedr parenteral adm nistration,
The good water solubility and low osmolality of the agents according to the
invention allow the production of highly concentrated solutions to keep the volume
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



they are thus extrenely well suited for enhancing the informational val ue of
the inage that is obtained wwth the aid of a nuclear spin tonograph by
increasing the signal intensity. They al so show the great effectiveness
that is necessary to |load the body with the smallest possible amunts of
forei gn substances and the good conpaid bility that is necessary to maintain
t he noni nvasi ve nature of the studies. The good water solubility and | ow
osnmolality of the agents according to the invention allow the production of
hi ghl y céwitable asgadigdisglogtic egestst defailspf surb upe puthdosagrizrg dpscobed Weegi.r cul at ory
systemw thin reasonable [imts and to offset the dilution by bodily fluid.
| n addi t i"BadiotrdversdfgeMedicalcAppldtatianst”"cCR G €rdss\Baek Ratons Rlovidmot onl y hi gh
stability in vitro but also surprisingly high stability in vivo, such that a

rel ease or anThe¥&hpaags Aid ddeftsiabEtvdinphd 6B idVetibmERrBdtHelust®i ¢ and bonded
in the conplexes, is carried out only extrenely slowy within the tinme in

whi ch the.ng -Eﬁ%%%;ﬂt? %ﬁﬂé’l@h%ﬁh u%%g%gﬁ}o‘ﬁl i@f?@i?&t@&s@%}éﬁ; %émﬁe”era" the

agent s accordi ng tion ar ose use ‘as ‘agnosti c
agents i mamnpunts, oz 0. 000, 5. .mol .wpreferably 0.005-0.5 mol /kg. The
conpl ex cﬁpoﬁ%dgjoac ﬂ}dﬁé‘(?@e‘?%é}(f ikﬁvgﬁ?]%ﬁ"?gny%sl‘t%’ 54'98d advant ageousl y
as susceptibility reagents and as shift reag}gnts for in-vivo NMR

spect r osdSPyErapiy GBI, SREnger Ysvlaa Bsgweo Hisidelgreo Aewi YerkdP8Per ti es and t he

good stability of the conplex conmpounds contained in them the agents
accordi ng to thsologiedrstudies canfimah segi®@] maudaabiler lypempadiaatiilyynost i ¢ agent s.
Details of such use and dosage are described in, e.g., "Radiotracers for
Medi cal Appl i Taé cemsst' méRCaddonting toBbe mvBaionrtan Bepsfbdaalso be used for
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



The conpounds and agents according to the invention can also be used in

posi tron-em ssion tonography, which uses positron-emtting isotopes such as,
e.g.,43Sc, 44Sc, 52Fe, 55Co, 68Ga, and 86Y (Reiss, W D.; Phelps, M E
Positron Em ssion Tonography of Brain, Springer Verlag Berlin, Heidelberg,
New York 1983). Histol ogical studies 4pnfirma regional mcrovascul ar
hyperperneability. The contrast nedia according to the invention can
therefore also be used for visualizing abnornmal capillary perneability. The
conpounddordealthntiissee tan betvensideraly resuced andghushurddngorde side né itsfeethe n t hat
they are conpletely elimnated fromthe body and thus are well tol erated.
Thus, t heatéenesadah @ tavoidedghérgsueh apedl compleseraraseds alie neered cbiapleron- i nvasi ve
nature of the diagnosis is maintained. Since the substances according to

the inveggj; Q%ht@s%%}’df#gtt@tﬁerin%hbﬂ hRNhertfOPOA1S0 suﬁtﬁ@le% f‘afd‘lbiké%@ltﬂzﬂl heal t hy
tissue, but high perneability of tunor vessels), they can al so support the
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action. For this pur.pose, | nteractions of the netals that are contained in
t he conpf‘é)@es&(sﬁzh & and ., oiRmittingriongabiatlexhibitisyitabile lowi hmifi-ivesgre, r adi at i ons
(e.g., x-rays) or with neutron rays are used. By this effect, the | ocal
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tunors) is significantly i ncreased To produce the sane radi ation dose in

I L R R RGeS T R e
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 Mdfbauer isotope, such as, for example, *TFe or

lSIEu.

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 1s/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



patients can be avoi ded when such netal conpl exes are used. The netal

conpl ex conjugates according to the invention are therefore also suitable
as radio-sensitizing substances in the radiation therapy of malignant
tunmors (e.g., use of Mossbauer effects or in the case of neutron capture
therapy). Suitable p-emtting ions arg, for exanple, 46Sc, 47Sc, 48Sc,
72G, 73G and 90Y. a-Emtting ions that exhibit suitable | ow half-1lives
are, for exanple, 211Bi, 212Bi, 213Bi, and 214Bi, whereby 212Bi is

pr ef er r ednaphyhtist el reacpibnd et areknbved f6inrtbtoditietdohtaghingeontrastbditicanwhi ch can
be obtained from 157Gd by neutron capture. |If the agent according to the
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proposed by R L. MIls et al. [Nature Vol. 336, (1988), p. 787], the

central i ehl . Mol i .-for exanpl e,
Sore or QipRvyReRSisK ol ERRH DR I ieE BRE VB P EBlY, TUTTE The
invention, the latter can be adm nistered together with a suitable vehicle,
such as, SPYFeCHQLISHMUGUeSer um or  physi ol ogi cal conmon salt sol ution, and
together with _another protein, such as, for, exanple, human serum al bum n.
The dosage i nlt &ensraldbeageapeaserrding te fe inyaption Arecioned forHse a§ixsialipt i on, t he
netal ion that is used and the type of imaging nethod. The agents according
to the i mortrdsi madiamsalogavalylty, fadextanide, eneethnpiae-diutrezoatel iy amopnteo€fdl y i . v.
They can also - as already discussed - be adm nistered intravascularly or

i ntersti @by, prfdratdybaseiomaloykgependi ng on whet her bodily vessels or
tissue is/are to be exam ned. The agents according to the invention are

extrenely vel s yirk0¢heda i dRWaFARb4astd inrﬂ%'ﬂ E@plicﬁﬁtﬁf; WcdnimébsteRapeci al ly to
be enphasi zed that with the no signs of the 41

known to one skilled in the art, in the area of complex chemistry. A metal ion equivalent

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 (1), (11D), (IV) or (V) if the metal is

gadolinium.



anaphyl axi s-1i ke reactions that are known fromthe iodine-containing
contrast nedia can be detected in biochem cal -pharmacol ogi cal studies. They
are especially valuable owing to the advantageous absorption properties in
ranges of higher tube voltages for digital subtraction techniques. In
general, the agents according to the jmvention are dosed for use as x-ray
cont rast nmedi a anal ogously to, for exanple, nmeglumne-diatrizoate in anounts
of 0.1-5 nmmol/kg, preferably 0.25-1 mml/kg. The term "netal ion

equi val ergxan@iflesused in the application, is a conmon term known to one
skilled in the art, in the area of conplex chemstry. A netal ion equival ent
is an equivalent to netal ions, which can bind to, e.g., a carboxylate group
instead of hydrogen. For exanple, a Gd3+ can bind to 3 carboxyl ate groups,
i.e., %Gdngﬁ corresponds to the netal ion equivalent R in formula (I1),
(rery, if the netal is gadolinium 42 Exanples Exanple 1 a)
1-N-( Benzyl oxycar bonyl )-1H, 1H, 2H, 2H, 4H, 4H, 5H, 5H- 3- aza-

perfluorotridecylam ne 23.31 g (120 nmol ) of

N- benzyl oxycar bonyl - et hyl enedi ami ne (Atwell et al., Synthesis, 1984,

1032- 1033) and-NdaBenzylqxyc@bemu)- )HIH, 2R, 2Hia4B5H81-drazaadded to 54.22 g (100
nmol ) of i net hanesul fonic acid-(IH I H 2H, 2H perfl uorodecyl )-ester (Bartsch et
al ., Tetrahegetluoradf@itylagd®kl- 3302) in 500 m of acetonitrile, and it is
stirred for 48 hours at 60C. Insol uble conmponents are filtered out fromthe

reaction sol utisan,g (120 indlY #RVLRARMxycarbonyl-ethylenediamine (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: 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-
o-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



to the dry state in a vacuum and the residue is chromatographed on silica
gel (nobile solvent: dichloronethane/ nethanol 20:1). Yield: 32.8 g (51 % of
theory) of a colorless wax Elenentary Analysis: Od.: C37.51 H2.68 N 4.37
F 50.44 Fnd.: C37.82 H2.74 N 4.29 F 50.27 b)

N-[ 2- (Benzyl oxycar bonyl ) - am noet hyl -Ng4 1 H, | H, 2H, 2H- per fl uor odecyl ) - 2-[ 1- 0-
a-d-(2, 3,4,6-tetra- O benzyl ) mannopyranosyl]-acetamde 8.05 g (39.04 mol)

of dicycl ohexyl carbodiim de is added at OC to a solution of 20 g (31.23

nol ) of Woe9iit be AQpamDd3Ing o 0F 1. Exami fof N-hy@ogyshSeifihige (n310023] gfmol )  of

1- 0- a-d-carbonyl net hyl - (2, 3,4, 6-tetra- O benzyl ) mannopyr anose (produced
accordi ngy; : 99/ . gl

I\l-hydrox?/ié%%}g' nim é&?}ltqéz%grpeﬁo%? ﬁﬁ&?%e?%y#gl?%na%?ée |r% a%orgti rred for 3
hours at OC and then.f.or 16 houyrs at roo tenperature. Precipitated urea is
{11t or od 'BORCFafe MFrRiERdrpR IS a8t ot &6F HFoteHReYAPOratatip 44 41y lateiduum  and
the residue is chromatographed on silica _?el (lm)bi le solvent:

di chl or orveewan eéndtheresidue ip ohrematographed o siliea gel (mgbdesoltaitory) of a
colorless, viscous oil. Elementary Analysis: Cd.: C55.09 H4.38 N2.29 F
26. 45 FniichlorGmBtha®/methdnal@0N).2. 24 F 26.31 ¢) N-(2-Ami noethyl)-N-(1 H, |

H, 2H, 2H per fl uor odecyl ) - 2- (1- O a-d- nmannopyr anosyl ) - acet am de,

Met hanesul f oniygeldc 29 89a178% of theory) of a colorless, viscous oil.

Elementary Analysis:
Cld.: C 55.09 H 438 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 3927

Fnd.: C 31.01 H 329 N 3.33 F 39.04



2.29 g (23.75 mmol ) of the nethanesul fonic acid as well as 4.0 g of

pal | adium catalyst (10% Pd/ C) are added to a solution of 29 g (23.75 nmol)
of the title conmpound of Exanple Ib in 500 mM of ethanol, and it is

hydr ogenated for 24 hours at room tenperature. Catalyst is filtered out,
and the filtrate is evaporated to thedry state in a vacuum Yield: 19.5 ¢
(quantitative) of a colorless solid. Elenentary Analysis: dd.: C 30.67 H
3.31 N3.41 F 39.27 Fnd.: C31.01 H3.29 N3.33 F 39.04 44 d)

N-{[1,4, a? Tri 8= {[¢ArD0HY (Al Iamﬁ'léthy]l 4477, (DetretycrRApedanodgsane- 1 O N
(pentanoy 3-aza- 4- oxo- - 5- ylgl 2-am noethyl }-N-(1 H 1 H 2H, 2H

erfl uorodec JaTelnY ex 18.7
?22 72 mmol )ykﬁen%ﬁ&ﬂ-%egc%@ngoun l%nﬁ@xi hﬁﬁ%{i@g‘ ﬁgngi dﬁ?’ggf 72 mmol )gof
(hkzgyc?irzoxyr/rrsrg?:)c IpnI ITOI% ecy?)-29-?1-8-&f}l§m§ndfxo?y§%llgsy?)face{a}n? e, &n%l' de and 14.31 g

1,4,7-tris-(carboxyl atonet hyl )-10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-
yl]1-1, 4,7, 10- 1 &7 12442 32 yundpioicbe tifle commpound wf EaxmpldegBs ba 17572 Sotedrdfng AG,
(Exanmple 1)) are dissolved in 200 m of dinmethyl sulfoxide while being

heat ed sN-igdrdyysuddinithide, 1.93.865.94 qiddolfofbithium ciloritiecand| 1di3e 22 Far bodi i m de as
well as 2.30 g (22.72 mmol) of triethylamne are added, and it is stirred

for 16 haid)ét1,4,09Mm t&mﬁmtdﬁﬁ&hylﬂ\@[ﬁ@wbx)ogtaza-a oszelstlﬁekhymmma@oo n of
acetone and stirred for 10 nore mnutes. The precipitated solid is filtered

o " U RYOHL BB, S (8 TN AG ) o
1)) are dissolved in 200 ml of dimethyl sulfoxide while being heated slightly. At 10°C,
5.86 g (28.4 mmol) of dicyclohexy! 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 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: 22.3 g (68% of theory) of a colorless solid

Water content (Karl-Fischer): 7.0%

Elementary Analysis (relative to the anhydrous substance):

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-

ox0-5-methyl-5-yl)]-perfluorotridecylamine, Gd Complex



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

(Karl -Fischer): 7.0%El enentary Analysis (relative to the anhydrous
substance): Od.: C35.01 H3.84 N7.33 F 24.14 &d 11.75 Fnd.: C 35.21 H
3.89 N7.27 F 24.09 &d 11.61 Exanple 2 a) 1-N-(Benzyl oxycarbonyl)-1H,

1H, 2H, 2H, 4H, 4H, 5H, 5H 3-N-[ 1, 4, 7-tri s-4Y car boxyl at onet hyl ) - 1, 4,
7,10-tetraazacycl ododecane- 10- N- (pent anoyl -3 -aza- 4-

0x0- 5- et hyl - 5- vyl )]l- perfluorotridecylam ne, Gd Conplex 45 10.0 (15.62
ol ) of the 19011 ExpERpltobhe Elarpmaoind of EXmpg 1615568 (hed i) of

N- hydroxysuccinimde, 1.33 g (31.34 mmol) of lithiumchloride and 9.84 ¢
(15. 62 nbhydroxyfsuccinimide, 1.33 g (31.34 mmol) of lithium chloride and 9.84 g (15.62 mmol)

1,4,7-tris-(carboxyl atonet hyl )-10-[ 1- car boxy- 3- aza- 4- oxo- 5- met hyl pent an- 5- yl

1- 1,4, 7ot 04176k Ao bedytdt el et 104 04 1 - caboR P BRIzeX - (VB -A8thtbétan-55dher i ng AG,
(Exanmple 1)) are dissolved in 150 m of dinmethyl sulfoxide while being

heat ed- shigghtd JerablacyQioakedd, GBckRANTM 475, sk AbesahpIoRgi i m de i s

added, and it Is stitred for 16 hours at roomtenperature. The solution is
pour ed into,.2000 di & l..eth nd.stirred for .1 I ] es. The
pr eci pi t AHsSQ Vleiqig’ stso IFI ?ftcﬁ%g%‘yt?@{ox@ﬁav Wlﬁgﬁmlgﬂ’satféglf%ﬂg%%%%ﬂ%at ogr aphed
on silica ?el (nobi I e sol vent: di chl oronet hane/ met hanol / aqueous anmoni a
10: 5: 1) . eYi2fymma) of dicycihwxdearboitnids isgdded, apd Kris gyredden jghowdter cont ent
(Karl -Fischer): 5.4%Elenmentary Analysis (relative to the anhydrous
subst ancejam temperature. The solution is poured into 2000ml of diethyl ether and stirred for 10
more minutes. The precipitated 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-yI)]-
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 m] of ethanol, and it is hydrogenated for 24 hours at room



Cd.: C37.41 H3.62 N7.83 F 25.80 &d 12.56 Fnd.: C 37.69 H3.56 N7.91 F
25.64 &d 12.37 b)

1H, I H, 2H, 2H, 4H, 4H, 5H, 5H 3-N-[ 1, 4, 7-tri s- (car boxyl at omet hyl )-1, 4, 7, 10

t etraazacycl ododecane- 10- N- ( pent anoyl - 3- aza- 4- oxo- 5- net hyl - 5-yl )] -
perfluorotridecyl am ne, Gd Conpl ex, Mhanesulfonic Acid Salt 1.16 g (12.08
nmmol ) of nethanesul fonic acid as well as 2.0 g of palladium catalyst (10%
Pd/ C) are added to a solution of 16 g (12.08 mml) of the title conpound of

Exanmpl e ZénperatdR0 CHealst icilfadbut, MAdhe filtlake 16 ¥eHpaeapbakk d9fstalediniour s at room
46 tenperature. Catalyst is filtered out, and the filtrate is evaporated to

the dry stahg,in @ vacuum Yield: 15.8 g (quantitative) of a colorless
solid Water content (Karl-Fischer): 7.0%Elenentary Analysis (relative to

th hyd : . 31.66 H3.57 N8.08 F 26.60 & 12.95
mng. 2" S %8s HE s SN i) St acagerbsdli™ ) Thy

1H, 2H, 2H, 4H, 4H, 5H, 5H 3-N-[ 1,4, 7-tri s-(carboxyl atonet hyl )-1, 4,7, 10

t et r aazacycl odbaercsntent 0<ay-Fiseherarode- 3- aza- 4- oxo- 5- et hyl -5-yl1) ] -
perfluorotridecyl -N 2-(1- O (x-d-mannopyr anosyl)-acetanm de, Gd Conplex 1.72 g
(8.33 mmol ) ofElemenyary dnekyyis deeldbivdité thie dehydsowssbstarse74 ng (6. 66 mmol )  of
triethylamne are added at OC to a solution of 8.9 g (6.66 nmol) of the

title conpoundld.ofC Bx&6pl e 2H a5d 3. 99N0g8.0$. 66 nmak)oof  Gd 12.95
1- O a-d-carbonyl nethyl -(2, 3,4,6-tetra-O benzyl ) mannopyr anose (produced

according to YR 9% GYR0 Al ) yando767 ng £6466 F 26.42 Gd 12.69

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-c-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).



mmol ) of N-hydroxysuccinimde in 100 mM of dinmethylformamde, it is stirred
for 3 hours at OC and then for 16 hours at roomtenperature. Precipitated
urea is filtered out, and the filtrate is evaporated to the dry state in a
vacuum The residue is dissolved in 100 mM of nmethanol, m xed with 2.0 g of
pal | adi um catal yst (10% Pd/ C) and hydgpgenated 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, insoluble
conponent s ar &ielfli biley @d%waftthecayicbftatveldiiebst sotile i s then purified by

chromat ogr aphy (RP-18; nobile solvent: gradient that consists of

wat er / acet oni WdtérQ‘)onteﬁt7(Ka}‘iLﬁEéher)6 6hog (64% of theory) of a colorless solid
Wat er content (Karl-Fischer) . 2% El ementary Analysis (relative to the

anhydr ous sub 24.14 d 11.75 Fnd.: C
35.23 H 3.88 %ﬁ%%@ﬁ(@ﬁ?i%ﬁba@ﬁ ‘#ISZ?%)J)

[1,3-Bis-(2-b I benz nmet hyl oxy) 2- c Acid

14.62 g (75 n?rﬁ‘iy g(g%bbmac t?éxam d- erﬁ:pbutylpoégtqér ]C%iﬁggzk[to] 30.02 g
(50 nmol) of 1 3- bi s- 32 benzyl oxy | - benz onyrreth | - et ho>§1d)5- gropan 2- ol
(Cassel et al Fnd:g3523. o gH &R&m , Mok’ s, 8#52888) an 5% (100 mmol)
of fine- povvder pot assi um hydroxi de as well as a catalytic anount (1 g) of

t etra- n-butyl ammoni um hydrogen sulfate in 250 m of toluene at 0C, and it
is stirred for 2 hours at this tenperature as well as for 12 hours at room
t enper at qzrxg pr@;; reaction solution is mxed with 500 mMl of ethyl acetate

and 300 wat er. The organi c phase is separated and washed twice with
300

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

14.62 g (75 mmol) of bromoacetic acid-tert-butyl ester is added [to] 30.02 g (50
mmol) of 1,3-bis-(2-benzyloxy-1-benzyloxymethyl-ethoxy)-propan-2-0l (Cassel et al.,
Eur. J. Org. Chem., 2001, 5, §75-896) 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 ethy!
acetate and 300 ml of water. The organic phase is separated and washed twice with 300
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



m each of water, then dried on magnesi 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 methanol and 0.5 M sodi um hydroxide solution at a 2:1 ratio and then
heated for 12 hours to 60C. The reaction mxture is neutralized for

wor ki ng-up by mixing with Arberlite I/ 120 (H+ forn)-cation exchange resin,
exchanger is filtered out, evaporated to the dry state, and chronmatographed
on silica gel (nobile solvent: ethyl acetate/hexane 1:3). Yield: 23.5 g (71%
of theory) OfE&nQ@ﬁ@yhﬁﬂﬁfmaX 48 Elenentary Analysis: Cd.: C71.10 H 7.04
Fnd.: C 71.29 H 7.21 b) [ 2- (Benzyl oxycar bonyl ) -am noet hyl - N- (1

H, 1H, 2H, 2H- pe UOFO ) - 2] - bis-(2-benzyl oxy- | -benzyl
oxynethyl-ethg%£)-grggﬁ¥-OXYT %gfetanide 8.05 g (39.04 nmol) of

di cycl ohexyl car bodj.i m is at 0OCto a solution of 20 g (31.23 mmol)
of the title ﬁgﬁpo nﬂl%f Exéﬁgﬂgpl a and 20.57 g (31.23 nmol) of the title
conpound of Exanple 3a and 3.59 g (31.23 nmmol) of N hydroxysuccinimde in
200 m of dimethylformam de, and it is stirred for 3 hours at 0C and then
for 16 hours at roomtenperature. Precipitated urea is filtered out, the
filtrateb)s eWelpelBanzdoxysarbheyliaminosthat-N-(1H, H,3HQHperfluergdedyd-2-Bls3-due i s
chromat ographed on silica gel (nobile solvent: dichloronethane/ net hanol
20:1) . Yiel d: bR§2-beazylcidV-bénzyhagmythybéthax0rop-D @%s]-acctamtidels oi | .

El ementary Analysis: Od.: C55.32 H4.80 N 2.19 F 25.21

8.05 g (39.04 mmol) of dicyclohexylcarbodiimide is added at 0°C to a solution of
20 g (31.23 mmo}) 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 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: 28.7 g (72% of theory) of a colorless, viscous oil.

Elementary Analysis:
Cld.: C 55.32 H 4.80 N 2.19 F 2521
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 55.56 H4.87 N 2.13 F 26.07 c) N-(2-Am noethyl)-N(1

H | H 2H, 2H perfl uorodecyl )-2-[1, 3-bi s-(2- hydroxy-1 -

hydr oxynet hyl - et hoxy) - pr op- 2- oxy] - acet am de, Met hanesul fonic Acid Salt 1.96
g (20.29 mmol) of nethanesulfonic acid as well as 4.0 g of palladium

catal yst (10% Pd/ C) are added to a sojation of 26 g (20.29 mml) of the
title conpound of Exanple 3b in 500 m of ethanol, and it is hydrogenated
for 24 hours at room49 tenperature. Catalyst is filtered out, and the
filtrat e térspeeatareo Catabykt isdfiltehe @lityandttled Bltrate inevaparatado thé drly dtatelii.ad ¢
(quantitative) of a colorless solid Elenentary Analysis: dd.: C 32.66 H
4.00 N 3vadium.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- 10- N

(pent anoyl - 3- %9343?‘9%'@11%@%7@?%% eg?]ﬁgfdnoet hyl } - N- (1H, 1H, 2H, 2H

perfluorodecyl) oxy roxymet hyl - et hoxy) - pr op- 2- oxy] -
acet am de, %%gplex 16 8 9 (19.07 mmol ) of the title conmpound of Exanple
3c, 2.19 g (15 F N—hydroxysu00|n|n1de 1.62 g (38.14 muol) of
I|th|un1chlor|de and 14 31 g (19.07 nnDIL of

1,4, 7-tris-(ckl® o%&ﬁ&ﬁ@nethyH)4Q@-[1-d§r% %y- 3- dza64%0x0- 5- net hyl pent an- 5-
yI] 1,4,7,10-tetraazacycl ododecane, Gd conplex (WO 98/24775, Schering AG
(Exanpl e 1)) Fade @i38$88| ved Hn4.200 n Wf3.41 net hyl 364lf oxi de whil e being
heated slightly. At 10C, 4.92 g (23.84 mml) of dicycl ohexyl carbodiim de as
well as 1.93 g (19.07 nmmol ) of

d) 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-{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 3c, 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-4-0x0-5-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,

4.92 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%



triethylamne are added, and it is stirred for 16 hours at room tenperature.
The solution is poured into 2000 mM of acetone and stirred for 10 nore

m nutes. The precipitated solid is filtered off and then purified by
chromat ography (RP-18; nobile solvent: gradient that consists of

wat er/ acetonitrile). Yield: 20.6 g (7@@60f theory) of a colorless solid

Wat er content (Karl-Fischer): 6.7%50 Elenentary Analysis (relative to the
anhydr ous sub ance 4.25 N 7. 01 F 23.10 (d 11.25 Fnd.: C
36.34 H 4.32 ‘7’@@%@8@ Uiitolg ﬁ@b’é‘%‘ﬁé bptany

1,4,7- {Trls(carbox Iatonetolé 3 aza- 4- oxo- hexan 5- yllc)a0|d N 1 H,
1H, 2H, 2H, 4H, 4M]6HC5R6.86 NI 42 s Ré&{laoﬁd dd@dfet hyl ) -1, 4, 7, 10-
tetraazacyclododecane-10-N—(pentanoy| 3-aza- 4- oxo- 5- net hyl - 5- yI)]-

perfl uorotri dEogt dhidd8) -H,43%7, NO69et rad288ydiddddécane, Gd Conplex 8.1 g
(6.31 mmol ) of the title conpound of Exanple 2b, 726 ng (6.31 nmmol) of

N- hydr oxysucci ni mde, 535 ng (12.62 nmol) of lithiumchloride and 3.97 ¢
(6.31 mol ) of

1 4, 7- trm% ﬁﬁﬁ{ poxyl atonet hyl) - 10- [ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-yl
- 1 4,7,18 raazacycl ododecane, Gd Conpl ex (WO 98/24775, Schering AG
(Exanple 1)) are dissolved in 100 mM of dinethyl sulfoxide while being
heated slightly. At 10C, 1.63 g (7.89 nmol) of dicycl ohexyl carbodiim de as

wel | as 693 ng (6.31 mMmo of triet amne are added, and it is stirred

for 16 haurs adh zfwm(@a@ma@aaa«emtayl)«rﬂ@wawfmhe)qag SpdiEasiNnt 0 2000 i of

acetone and stirred for 10 nore m nutes. The Brem pitated solid
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-ox0-5-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 lithtum chloride and 3.97 g (6.31 mmol)
of 1,4,7-tris-(carboxylatomethyl)-10-| I-carboxy-3-aza-4-oxo-5-methyipentan-5-yl}-
1,4,7,10-tetraazacyclododecane, Gd Complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 100 mt 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
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%



is filtered off and then purified by chromatography (RP-18; nobile solvent:
gradient that consists of water/acetonitrile). Yield: 6.5 g (56% of theory)
of a colorless solid Wter content (Karl-Fischer): 5.8%51 Elenmentary

Anal ysis (relative to the anhydrous substance): dd.: C34.72 H3.90 N9.72
F 18.67 Gd 18.18 Fnd.: C 34.94 H 3. N 9.67 F 18.59 G&d 18.01 Exanple 5 a)
N-[ 2- (Benzyl oxycar bonyl ) - am noet hyl - N- (I H, 1H, 2H, 2H per f | uor odecyl ) - 2-[ 2- ( 2-
nmet hoxyet hoxy) - et hoxy] - acet am de 8.05 g (39.04 mmol) of

di cycl ohexyl calehefliatyTAfflydis (raldfi@skoahe &byliRuasiRtadtdyon of 20 g (31.23 mmol)
of the title conpound of Exanple |la and 5.57 (31.23 mmol ) of [2-

g
(2- met hoxyet hgjgy.) Cej@%y?o%%et%?‘ irrgt Eﬁ-ﬂrmh)s_@gld 3.59 g (31.23 mmol ) of

N hydr oxysuccinimde in I formamde, it is stirred for 3

i1 oroa out  FidheCr ot ot 3d 86T & B o WREEE Y Ciare in a vacuum and

the residue is chromatographed on silica gel (nobile solvent:

di chl or onet hane/ net hanol 20:1). Yield: 19.8 g (79% of theory) of a
colorless, viscous oil. Elenentary Analysis: Cd.: C40.51 H3.65 N 3.50 F
40.35 FRdample 40.62 H 3.68 N 3.53 F 40.09 52

a) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H-perfluorodecyl)-2-[2-(2-

methoxyethoxy)-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 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 m] 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.

Elementary Analysis:

Cld: C 40.51 H 3.65 N 350 F 4035

Fnd.: C 40.62 H 368 N 3.53 F 40.09



b) N-(2-Am noethyl)-N(1 H, 1 H, 2H, 2H perfl uorodecyl)-2-[2-(2- et hoxyet hoxy)
et hoxy] - acet am de, Met hanesulfonic Acid Salt 2.28 g (23.73 mmol) of

nmet hanesul fonic acid as well as 4.0 g of palladium catalyst (10% Pd/ C) are
added to a solution of 19 g (23.73 muvol) of the title conpound of Exanple
5a in 500 mM of ethanol, and it is hydsogenated for 24 hours at room
tenperature. Catalyst is filtered out; and the filtrate is evaporated to the
dry state in a vacuum Yield: 18.1 g (quantitative) of a colorless solid.

g' ggerl\llt gr A”q‘j gﬁhﬁnn&hﬂfl)-NQlﬁjl}ﬁH PBp&fludoded§B-F{24@-B6thokRthoxyfs 31. 77 H

N-([1,4,7- Tr| %ﬂ;()ﬁz]r&%f%{é W&@foﬁ 4A§dggﬁtetraazacycl ododecane- 10- N-

(pent anoyl - 3- aza- 4- 0X0- am noet hyl } -N-(1H, 1H, 2H, 2H

e b R U B e 7

N- hydr oxysucci ni mde, 1.91 (45.02 n’m)lg lithiumchloride and 14.18 g
(22.51 reawslyst @P% Pd/C) are added toasolutlon of 19 g (23.73 mmol) of the title compound
1,4,7-tris-(carboxyl atonet hyl )-10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-
yl1-1, 4, Bf FRamplersaar 5e/ml ofidhewsned itGihydvogsneted FMQ4IRE/T Téam Scher i ng AG,
(Example 1)) are dissolved in 200 m of dinmethyl sulfoxide while being

heat ed S|térﬁ}b'6rbtﬁre Aatal(Cis filkeré&dlod, nd8hel Aitarank pvapbraiddoscheodrexiaeciarabodi i mi de as
well as 2.28 g (22.51 nmol) of trlethyl am ne are added, and it is stirred
for 16 hQ}d&ﬁm@t room tenperature. The solution is poured into 2000 m of
acetone and stirred for 10 nore mnutes. The precipitated solid 53

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 3.54 F 42.05

c) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane- 10-N-
(pentanoyl-3-aza-4-0x0-5-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-ox0-5-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,

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



is filtered off and then purified by chromatography (RPI 8; nobile sol vent:
gradient that consists of water/acetonitrile). Yield: 21.5 g (70% of
theory) of a colorless solid Water content (Karl-Fischer): 6.4% El enentary
Anal ysis (relative to the anhydrous substance): dd.: C35.71 H4.02 N 7.67
F 25.72 &Gd 12.30 Fnd.: C 35.79 H4.04;, N 7.59 F 25.63 Gd 12.27 Exanple 6 a)
1- N- (Benzyl oxycar bonyl ) -1 H, 1H, 2H, 2H, 5H, 5H, 7H, 7H, 8H, 8H 3- aza- 4- oxa- 6-

oxo- per fl uor ohexadecyl amine 17.8 g (140 mmol ) of oxalyl chloride is added to

52.22 g (4 ARersd®Bif hn@ihen SlkiBEL By titbingo 1@; BRbIE Svait baakan@hCc acid
(produced ac%rordi ng tgnéP 01]/4%%498) F%bhggg@r; of dichl orogrrlgt hane, and it is

stirred fqor..14 tenperature. It is evaporated to the dry state
in a vac&gférsllgt§ ﬂﬂ:ewé{élzqc%g{tﬁ%mdi ssolved in 400 nj of dichloronethane, m xed

t OCwith 23 20 ol of - benzyl bonyl - et hyl enedi ani
(vl I ot ai Va2l RadrbToordudiry w850 iy 20”2 (100 mmol ) of

triethylamne, and it is stirred for 24 nore hours at roomtenperature. The
reaction sol WaterrongnhiKesiFiggheR): 4680 ni of I N hydrochloric acid and
thoroughly stirred for 15 mnutes. The organic phase is separated, dried on
magnesi um sul fEddneentarg Amabypio (@iatide tothe ahlgyddous ssbsidree):n a vacuum The resi due
is chromat ographed on silica gel (nobile solvent: ethyl acetate/hexane
1:2). 54 YieldWd: 493379 (Hu40f Nt heor ) 26f72a Gdlienpess wax

Fnd.: C 3579 H 407 N 759 F 2563 Gd 12.27
Example 6

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 52.22 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 for 14 hours at room
temperature. It is evaporated to the dry state in a vacuum, the residue is dissolved in 400
mi 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).



El ementary Analysis: dd.: C37.84 H2.74 N4.01 F 46.25 Fnd.: C 38.02 H
2.76 N 3.97 F 46.12 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 ami ne 48.5 g (69.45 mol ) of the title conpound of
Exanple 6a in 150 m of THE is mxedssmth 50 ml of 10 M boranedi net hyl
sulfide (in THF) and refluxed for 5 hours. It 1is cooled to OC, 100 m of
nmet hanol is added in drops, it is stirred for 1 hour at room tenperature
and then evapdiidded9.g (7He aitheost)al e colorlasswaaxuum The residue is taken up in
a mxture that consists of 300 m of ethanol/50 m of 1 M hydrochloric acid,
and it is stmgn%ﬁtgrpp\n&ﬁsﬁours at 40C. It is evaporated to the dry state in
a vacuum the residue is taken up in 300 m of 5% sodi um hydroxi de sol ution

and extractedcgfir gesbighesy W idh {0901 Mg Qé?? of dichl oronmet hane. The conbi ned
organi c phases are dried on nmagnesi um ate, evaporated to the dry state

in a vacuum Si phed on silica gel (nobile

sol vent: di ch?B&'o}?gsﬁé) ellﬂeﬂfﬂanﬁgfgﬁ% %\}?el d: 39.8 g (84% of theory) of a

col orI ess solid Elenentary Analysis: Cd.: C38.61 H3.09 N4.09 F 47.19

Fnd.: C 38.88 H 3.14 N 4.06 F 46.87 c)

N-[2 (Benzyl oxycar bonyl ) -am noet hyl - N-(1 H | H 2H 2H, 4H, 4H, 5H, 5H 3- oxa 55

perfluorddri déd\}{}?emf/ ¥(32b0m’i)hﬁﬂrﬂt%3@)4}le4}héﬂy5]}i A IHSH.8H-3-1ze6% g (36. 53

mrol ) of dicycl ohexyl carbodiimde is added at 0OC to a sol ution of
oxo-perfluorchexadecylamine

48.5 g (69.45 mmol) of the title compound of Example 6a in 150 ml of THF is
mixed with 50 ml of 10 M boranedimethyl sulfide (in THF) and refluxed for S 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 m] 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 3861 H 3.09 N 4.09 F 47.19

Fnd.: C 3888 H 3.14 N 4.06 F 46.87

c) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H,4H 4H,5H,5H-3-0xa-



20 g (29.22 mmol) of the title conmpound of Exanple 6b and 5.21 g (29.22
nmml ) of [2- (2-nethoxyethoxy)-ethoxy] -acetic acid (Al drich) and 3.36 ¢
(29.22 mmol) of N hydroxysuccinimde in 200 mM of dinethylforman de, and it
is stirred for 3 hours at OC and then for 16 hours at room tenperature.
Precipitated urea is filtered out, thgs filtrate is evaporated to the dry
state in a vacuum and the residue is chromatographed on silica gel (nobile
sol vent: dichl oronet hane/ net hanol 20:1). Yield: 18.3 g (74% of theory) of a
col orl ess, vipafiusrotidecyl)-E{21{Rmethroryéthatyetloxychattamid@e 41. 24 H 3.94 N 3.32 F
38.24 Fnd.: C 41.42 H3.98 N 3.33 F 38.21 d)

N- (2- Am noet hyls) kB4 3midd] 26t ddciile e abbdiihide RadRPati0e0es Rksludacyf ) - 2- [ 2-
(2- met hoxyet hoxy%- et hoxy] -‘acet am de,” Met hanesul fonic Acid Salt 2.0 g (20.72

mol ) of o i | I i yst  (10%
Pd/ C) ar %&E&%@Z@fﬁ? 029 @ﬁeuﬁ‘fféo%“g‘?’“@@??’gﬁ?éﬁ&}%‘%%@ (%?9% ﬁgl C’ﬁf‘%ﬁg conpound
of Exanmple 6¢c in 300 m aof ethanol, a it i s hydragenated for 24 hours at
room te '@F’g‘f’ﬁ}( .Oxég'teg’f)i?ﬁfacﬁgc‘T“i'&‘@tdﬂggc?&fi,&%rﬁjégﬁgq?m&bf’ Me is evaporat ed
to the dry state in a vacuum Yield: 16.7 g (quantitative) of a colorless
solid. Bydsoxysueniyimigeainy?€0 snl ofdimethytf@mamelelugi i85 skrred fior Sthones 849°66  Fnd.: C
32.99 H3.98 N 3.35 F 39.84 ¢)
N-{[ 1, 4, Zndlthess fdr a8Mams\at adoaiip¥talure., Predipkbled aich dnARGYE badhd etaneis10- N-
evaporated to the dry state in a vacuum, and the residue is chromatographed on silica gel
(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
(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 fiitered 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 3276 H 3.87 N 3.47 F 40.04



(pent anoyl - 3- aza- 4- oxo- 5- net hyl -5-yl )] -2-am noet hyl } -N

(1H, 1H, 2H, 2H, 4H, 4H, 5H, 5H 3- oxa- perfl uorotri decyl)-2-[ 2- ( 2- net hoxyet hoxy) -
et hoxy] - acetam de, Gd Conplex 14.8 g (18.30 mvl) of the title conpound of
Exanple 6d, 2.11 g (18.30 nmol) of N hydroxysuccinimde, 1.55 g (36.60
nol ) of lithiumchloride and 11.52 g¢d 18.30 nmol) of
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-tetraazacycl ododecane, Gd conpl ex (WO 98/24775, Schering AG

(Exanple 1))radecdnssgl ved ym 290 m 1f3 1§ nmet hyd 3¢ghf oxi de whil e being
heated slightly. At 10C, 4.72 g (22.88 mmol) of dicyclohexyl carbodiimde as

well as 1.85 g (18.30 mml) of triethylamne are added, and it is stirred
for 16 hours at roomtenperature. The solution is poured into 2000 m of

acetone apd sti or .10 no m.n : e precipifate lhd is filtered
of f and fhen gﬁ{[iﬁgﬁéﬁnﬁﬁ a&?ﬁ%@ﬁ%e&yi%ﬁ‘aﬁ( @PE%B%E?qtoge?g?@@?ﬁ': gr adi ent
that consists of water/acetonitrile). Yield: %g 6. g (64% of theory) of a
col orl ess sol (R§ntapgylsl-azachexme-medyl -l pumpe M El enent ary Anal ysis
(relative to the anhydrous substance): Cd.: C 36.34 H4.19 N 7.42 F 24.43
Gd 11.89 Fnd(lH,0128,209,4H,4H,5H, 5K -7-03& perflaaropiddecyl]) L1278 -Bathoxsethopy)e 7 a)
6- N- Benzyl oxycar bonyl - 2- N- (2H, 2H, 4H, 4H, 5H, 5H 3- oxaper fl uor otri decanoyl ) -
L-1ysine 25 gethddy]atetaittide) GAComplex
6- N- benzyl oxycar bonyl - 2- N- (2H, 2H, 4H, 4H, 5H, 5H 3-
14.8 g (18.30 mmol) of the title compound of Example 6d, 2.11 g (18.30 mmol)
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-oxo-5-methylpentan-5-
yl]-1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example
1)) are dissolved in 200 mi 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 4.19 N 742 F 2443 Gd 11.89

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



oxaper fluorotridecanoyl)-L-lysine nethyl ester (produced according to EP
03/07274) is dissolved in 200 M of nethanol and 50 n] of 2N potassium
hydr oxi de solution and stirred for 18 hours at roomtenperature. It is
acidified with 2N hydrochloric acid, evaporated to the dry state, and the
residue is chromatographed on silica gel (nobile solvent:

di chl or onet hane/ net hanol 10:1). Yield: 22.4 g (91% of theory) of a colorless
solid. Elenmentary Analysis: Cd.: C39.81 H3.21 N3.57 F 41.17 Fnd.: C
40. 07 H Exampht 8. 49 F 41.05 b)

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

car bonyl net hyl - (2, 3, 4, 6-tetra- O benzyl ) mannopyr anose (produced according to

nours.at ¥ oot ¥ BrpRIaR co i AN SRBPEAL s Rl SRR

t he residue ii di.ssolved in 400 m of dichloronetharie, anmonia gas is
i ntroduced i ntdY¥R% sol ution at OC for about 2 hours, and it is stirred for
4 nmore hours at roomtenperature. The reaction solution is mxed with 400

M of I N hydr 85 BI(bF3 bmmaiiof GNcbeneylpxycatbonyety N (RHs3HAHAH F3SH S ni nutes. 58

The organi c phase is separated, dried on nagnesium sul fate and evaporated to
the dry os#gtftudrotridecaacyl)inlysinemethyl ehitsr (produded anetrdigp &apBR O30A231)lis ca gel
(nobile solvent: ethyl acetate/hexane 1:2). Yield: 34.1 g (85% of theory)
of a col qisk&%&d RiA00 il of FRMaAbYand BB ISIFEN potassium hydroxide solution and
stirred for 18 hours at room temperature. It is acidified with 2N hydrochloric acid,
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 3.21 N 3.57 F 41.17

Fnd.: C 40.07 H 327 N 349 F 41.05

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

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
m! 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 m] of IN hydrochloric acid, and it is thoroughly stirred for 15 minutes.



Cd.: C72.34 H6.58 N2.34 Fnd.: C72.69 H6.54 N 2.39 c)
2-[1-0Ca-d-(2, 3,4, 6-Tetra- O benzyl ) mannopyr anosyl ] -et hyl am ne 33 g (55.21
mol ) of the title conmpound of Exanple 7b in 100 mM of THE is mxed with 30
m of 10 M boranedi methyl sulfide (in THF) and refluxed for 5 hours. It is
cooled to OC, 100 nl of nethanol is agged in drops, 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 that consists of 200 ml of ethanol/100 m

of et handhaatdagic phast is bepafated, Hfié®6h fmagnesivth fidfatesandtev@idfated to thédgvaporated to
the dry state in a vacuum the residue is taken up in 300 ml of 5% sodi um

hydr oxi dgtafGh 4ivaihm 2Kk ﬂc,&idh@is%dn?&ég%’pﬂeﬁbﬁ%ilich BESmtbl18sclPéhtmbthgach - of
di chl oronet hane. The conbi ned organi ¢ phases are dried on nagnesi um sul f at e,

evapor at [y{ state in a vacuum and the residue is chromatographed
on sili c%g%}’et?/hg’fhaﬁsgi e solvent: dichloromethan e/ nmethanol 10:1). Yield: 26.2
g (81% of thegry), of .a | orl ess salid Elenentary Analysis: Cd.: C74.08 H
708 N 2. 40 igid: 31 2488% o theong olasolgrlessgi d)

6- N- Benzyl oxycar bonyl - 2- N- (2H, 2H, 4H, 4H, 5H, 5H- 3- oxaper f | uorotri decanoyl)

L- 1 ysi ne-{2- [ Elen®ntary Ap2lysis4, 6-t et r a- O- benzyl ) mannopyr anosyl ] - et hyl } - ani de
4.93 g (23.90 nmmol ) of dicycl ohexyl carbodiimde is added at 0OC to a sol ution
of 15 g (19. Txd.mgol7}2.36f H he5& | Nl 234onpound of Exanple 7a and 11.16 g (19.12
mmol ) of the title compound of Exanple 7c and 2.20 g (19.12 nmol) of

N- hydr oxysuccippi mcde2igs 290,54 N 2.39

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 m] of 10 M boranedimethyl sulfide (in THF) and refluxed for 5 hours. Tt
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 200 ml of ethanol/100 ml 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 74.08 H 7.08 N 240

Fnd: C 7455 H 7.19 N 231



m of dinmethylformamde, 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 (nobile solvent: dichloronethane/ nethanol
20:1). Yield: 19.2 g (74% of theory) sf a colorless, viscous oil.

El enentary Analysis: Cd.: C55.15 H4.78 N3.11 F 23.92 Fnd.: C55.32 H
4.82 N 3.09 F 23.74 e)

2-N- (2H, 2H, 4H, 4H, 5H, 5H 3- Oxaperfl uorotri decanyl)-L-lysine-[2-{1-0O a-d-
mannopyr anosyl )-ethyl]-amde 2.0 g of palladiumcatalyst (10% Pd/C) is added
to a sol dj i on6Q{-Béfizydoxycirbonyl Q-NADH|2H, 44 4HEH FHt3-exaperflwotnddatndytanpl e 7d in
200 m of ethanol, and it is hydrogenated for 24 hours at roomtenperature.

Catal yst is filjtgredh o _;ﬂ[tg { e idilOIRbA TS YRR AR B L .ahlyg dry state
in a vacuum %i gﬁﬁ @%ﬁg%% ( i}’éri?i teiritél)veglgyojf a c@?orl g@s% f‘rh 60
El ementary Analysis: dd.: C 36. H4.01 .91 F 37.7 Fnd. ;. C 36.79 H
3 98 N 4. )é7 F4.§¥ 2da3 99 mmol) of cﬁcyc?cﬁlexylcargodi%i e 195 adde(f’ at 0°8 to a solution 0t3
6-N-[1,4,7-Tris-(carboxylatonethyl)-1,4,7, 10-tetraazacycl ododecane-10-N- (p
ent anoy| 13 g4 12 moad) &-thetitky tontpopnyl pf Exdwhigle fp 2k UH] 6 &I B Siane]) of the
oxaper fl uorotridecanoyl)-L-1ysine-[2- - O a- d- mannopyr anos - et -am de,
perf | id yl)-L-lysi [2-{ 1-Oa-d py yl) hyl ] i d
Gd Conpl €iMe compound of Example 7c and 2.20 g (19.12 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: 19.2 g (74% of theory) of a colorless, viscous oil.
Elementary Analysis:
Cld: C 55.15 H 478 N 3.11 F 2392

Fnd.: C 5532 H 482 N 3.09 F 2374

e) 2-N-(2H,2H,4H,4H,5H,5H-3-Oxaperfluorotridecanyl)-L-lysine-[2-{ 1-O-u-d-
mannopyranosyl)-ethyl]-amide
2.0 g of palladium catalyst (10% Pd/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.



11.0 g (12.86 mml) of the title conpound of Exanple 7e, 1.48 g (12.86 nmol)
of N-hydroxysuccinimde, 1.09 g (25.72 mmo]) of lithiumchloride and 8.10 g
(12.86 nmol) of

1,4,7-tris-(carboxyl atonet hyl )-10-[ 1- car boxy- 3- aza- 4- oxo- 5- met hyl pent an- 5-yl
]- 1,4,7,10-tetraazacycl ododecane, Gdéonpl ex (WD 98/ 24775, Schering AG
(Exanple 1)) are dissolved in 100 m of dinethyl sulfoxide while being
heated slightly. At 10C, 3.32 g (16.08 mml) of dicycl ohexylcarbodiimde is
added, and it @@tﬁryﬁ@él}’ﬁlér 16 hours at roomtenperature. The solution is
poured into 2000 m of acetone and stirred for 10 nore m nutes. The
precipitated €id.i € 36501 IHd®®d Bf4.9and& 8hém purified by chronmat ography
(RP-18; nobile solvent: gradient that consists of water/acetonitrile). Yield

13.0 g (64% ofpg heonyglroofa ol sr hg@ss psahigd Vater content (Karl-Fischer):
6.9% El enentary Analysis (relative to the anhydrous substance): dd.: C

36.84 H 4.26 N 7.64 F 22.01 &d 10.72 Fnd.: C37.03 H4.31 N7.59 F 21.95 d
10. 62 61 Exanple 8 a)

6- N- B 2H, 4 H 3- f j.d l) -
U lysined {1 RANSEME il Samprymamgliy et £ L1 b RS PR As it N Py ) s e
4.93 g (23.90 nmml) of dicycl oghexylcarbodiimde is added at OC to a sol ution

of 15 g (19. 1sHappyl- %Pzar‘hexq pipehdonydohd-GH. 4B SHatadd 5.6 g (28. 68
mmol ) of N nethyl glucam ne (Aldrich) and 2.20 g (19.12 nmol ) of

N- hydr oxysuccioraperftieratrid&@toyi}-L-ledind| 27 €l-Oyd ddemamopgranodyl)-dtisyl bamideed for 3
hours at OC and then for 16 hours at room tenperature. Precipitated urea is
filtered out, dgGmjibt rate is evaporated to the dry state in a

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-[ I-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 759 F 2195 Gd 10.62



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

di chl or onet hane/ net hanol 5:1). Yield: 9.4 g (51 % of theory) of a colorless,
viscous oil. Elenentary Analysis: dd.: C41.22 H4.19 N 4.37 F 33.58
Fnd.: C 41.47 H 4.30 N 4.29 F 33.35 b)

2-N-(2H, 2H, 4H, 4H, 5H, 5H 3- Oxaper f | uor o§yri decanoyl ) -L-1ysine- {[N

(2S, 3R 4R, 5R) - 2, 3,4, 5, 6-pentahydroxyhexyl]-N-nethyl } -amde 1.0 g of

pal | adi um catal yst (10% Pd/C) is added to a solution of 9.0 g (9.39 mmuol)

of the tipxhmptogpound of Exanple 8a in 100 nj of ethanol, and it is
hydrogenated for 24 hours at roomtenperature. Catalyst is filtered out,
and the filtrate is evaporated to the dry state in a vacuum Yi eId: 7.8 ¢
(quantitative) of a coI orI ess solid. 62 Elenentary Anal ysis: C 36.29

H4. 14 N 08
6-N-[ 1, 4% Tr PN ? ’%9 g?‘@ﬂu%ﬁa?’f{dzfﬁﬁﬁ#@y o7 QX%@%F%&%% oaYn)e 10- N-
(pent anoyl 3-aza-4- - g SH- 3-
oxaper f | uor ot FIjERe ﬁif‘@s—’ﬁf’f‘ sisﬁ%a{f %,Pmepgahg?rg]gfzk@ﬁyg%—n@?ylha@dg
pent ahydr oxyhexyl ] -N-nmethyl }-am de, Gd Conplex 7.0 (8.46 mol ) of the
title conpound.93fg (EX&bpineolBof digyeloheyylc@bddiimide is)addeéd atN°Rytd e ssiptioeof ni mi de,
717 nmg (16.92 mmol) of lithiumchloride and 5.33 g (8.46 muol)
15 g (19.12 mmol) of the title compound of Example 7a and 5.6 g (28.68 mmol) of N-
methylglucamine (Aldrich) and 2.20 g (19.12 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
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 419 N 437 F 33.58

Fnd.: C 4147 H 430 N 429 F 3335

b) 2-N-(2H,2H,4H,4H,5H,5H-3-Oxaperflucrotridecanoyl)-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 0f 9.0 g (9.39 mmol)
of the title compound of Example 8a in 100 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: 7.8 g (quantitative) of a colorless solid.



of

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-tetraazacycl ododecane, Gd conpl ex (WD 98/24775, Schering AG
(Exanmple 1)) are dissolved in 100 nm of dinmethyl sulfoxide while being
heated slightly. At 10C, 2.18 g (10.57 nmmol) of dicycl ohexyl carbodiinide 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 m nutes. The
precipitated smedtaryAhbldiered of f and then purified by chromatography
(RP-18; nobile solvent: gradient that consists of water/acetonitrile).

Yield: 7.4 g t@g?/to&/ﬁg?eq{mmofrqaljg Iqrrgge?§ solid Wter content
5189 ) : . 3%

(Karl - Fi scher): 6. enentary Analysis (relative to the anhydrous

bst : . . 4,34 N.7.79.E.22. 44 Gd 10.93 Fnd.: C 36.87 H
2.36 ﬁlnge)n F%‘gi Eeg'égglé.g s§‘zFL"763Isf %gﬁmﬁ 385%) "

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)-ethoxy]-ethoxy} -ethyl)-am de 4.93 g
(23.90 nmol ) of dicycl ohexylcarbodiimde is added at OC to a solution of 15
g (19. 12cimol $-M{1 4, AdrisH{carboxdatpmethy]) off 4, Bt Bitgstagzacacladetlegar@7l(gN¢ 19. 12 mmol )

of (2- {2-[2-(2-nethoxyethoxy)-ethoxy]-ethoxy}-ethyl)-am ne (Witessides et
al ., JACS, 19@skntanb{lSafa0b8y0-amiktiR:120y1y-2-NO2HOHWHI4H,OH,5N-hydr oxysucci ni m de
in 200 M of dinmethylformamde, it is stirred for 3 hours at OC and then for

IF o oL SRR LA N Ak ety e sk et o L
chronat ogr aphgeh QY ardxyh &SRR mEARP ahfaed W Ethptex
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-oxo-5-methylpentan-5-yl]-
1,4,7,10-tetraazacyclododecane, Gd complex (WO 98/24775, Schering AG, (Example 1))
are dissolved in 100 mli 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 779 F 2244 Gd 10.93

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



di chl or onet hane/ met hanol 10:1). Yield: 12.2 g (82% of theory) of a
colorless, viscous oil. Elenentary Analysis: Cd.: C43.17 H4.55 N4.32 F
33.17 Fnd.: C 43.36 H4.61 N 4.27 F 33.00 b)

2-N-(2H, 2H, 4H, 4H, 5H, 5H 3- Oxaper f [ uor ot ri decanoyl ) - L- 1 ysi ne- (2-{2-[ 2- ( 2-

met hoxyet hoxy) - et hoxy] - et hoxy} -ethylgyanide 1.0 g of palladium catalyst
(10% Pd/C) is added to a solution of IT:L 59 (11.81 mol) of the title
conpound of Exanple 9a in 100 mM of ethanol, and it is hydrogenated for 24
hours at pyq g,?etgarrperature. Catalyst is filtered out, and the filtrate is
evaporated t the dry state in a vacuum 64 Yi eI d: 9.95 g (quantitative)
of a col orl ess solid. Elenentary Analysis: COd.: C38.63 H4.56 N5.00 F
38.47 Fnd. 03875H461N493F3827c

e

oxaperfluorotri decano % L-1ysine-(2- ; - et hoxYet hoxy) - et hoxy] - et hoxy}
- et hyl) - ani d&;lysge- @oﬁy Zle-methoyyethay chmqﬂrgﬂlw}teﬁy xamide” conpound of
Exanple 9b, 1.23 g (10.72 mmol) of N hydroxysuccini mde, 909 ng (21.44
mmol ) of lit hi419mgc(I2B.90 naeolpofdibycidhegyltdrBodiinidenisaddiedt 0°C to a solution of
1,4,7-tris-(carboxyl atonet hyl)-10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-
- 15 g (19.12 mmol) of the title compound of Example 7a and 3.97 g (19.12 mmol) of (2-
{2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -ethyl)}-amine (Whitessides et al., JACS, 1994,
5057-5062) and 2.20 g (19.12 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
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 461 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.



yl]-1,4,7,10-tetraazacycl ododecane, Gd conplex (WD 98/24775, Schering AG
(Exanple 1)) are dissolved in 100 m of dinethyl sulfoxide while being
heated slightly. At 10C, 2.76 g (13.4 mol) of dicycl ohexyl carbodiimde is
added, and it is stirred for 16 hours at roomtenperature. The solution is
poured into 2000 mM of acetone and stiggred for 10 nore mnutes. The
precipitated solid is filtered off and then purified by chromatography
(RP-18; nobile solvent: gradient that consists of water/acetonitrile).

Yield: 10.1 g ¥i€ld%o0fs %d&;ﬁﬁﬁt&éﬁv@ﬁ ofa €0b10sh 681l sol i d  Water content
(Karl -Fischer): 6.0%Elenmentary Analysis (relative to the anhydrous

substance):  Giithnentioy36RkisH 4. 17 N 6.87 F 22.65 Gd 11.03 Fnd.: C 36.41 H
25 N6 v £ EmeyiratnBlicl! 2 Exanpl e 10 a)

2H, 2H, 4H, 4H, - 35,0x 3= pert,| uQr d [ i,d 64.96 g (333.26 nmol) of

br onpaceti c ac%}lgfceggl%uﬁlfggtgfg{@ g%l?é‘éqat 0OCto 100 g (222.17 mol ) of

1H, 1H perfl uoro-I| - nonanol (Agol l.o) and 2%. 9 g (444 mmol ) of fine- powder

pot assi um hydr@ﬂih‘é B well| 498 & éabal §/t3i & Tamount (2 g of tetra-n-

but yl ammoni um hydrogen sulfate in 800 mM of toluene, and it is stirred for 2
hours at this tenperature as well as for 12 hours at roomtenperature. The

reaction solution is mxed wth 1500 m of ethyl acetate and 800 m of

wat er. Th® or gaNi[¢,4phBss(datbosplatnatied)- AR, 1 (veshadcyiciidodecané-h0-BBO m  each of

water, then it is dried on magnesium sulfate and evaporated to the dry

i tzgge n1| n-ava 0 h?—aﬁaﬁ&joﬂ%-ﬂ'n§t_h§lu§-2BPQQﬂ(iH‘QH,Am,KH}é}ES_HJBat consi st S of
of nmethanol "and 0.5 M sodi um hydroxide solution in a ratio of 2:1
oxaperfluorotridecanoyl)-L-lysine-(2-{2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy} -

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 lithium chloride and 6.75 g (10.72
mmol) of 1,4,7-tris-(carboxylatomethyl)-10-[ 1-carboxy-3-aza-4-0x0-5-methylpentan-5-
y1]-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
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 1092



and then heated for 12 hours to 60C. The reaction mxture is neutralized by
mxing with Anberlite IR 120 (H form-cation exchange resin for working
up, exchanger is filtered out, it is evaporated to the dry state, and
chromat ographed on silica gel (nmobile solvent: ethyl acetate/hexane 1:3).
Yield: 87 g (77% of theory) of a col o8 ess wax Elenmentary Analysis: dd.: C
26.00 HO0.99 F 63.56 Fnd.: C 26.22 H1.01 F 63.42 b)

| - N- (Benzyl oxycar bonyl ) - 1H, 1H, 2H, 2H, 5H, 5H, 7H, 7H 3- aza- 4- oxa- 6- 0x0-

perfl uor dxampd Hecyl amine 66 17.8 g (140 mmol ) of oxalyl chloride is added
to 50.81 g (100 mmol) of the title conpound of Exanple I Ga in 500 m of

di chl oronethane, and it is stirred for 14 hours at roomtenperature. It is
evaporated to the dry state in a vacuum the residue is dissolved in 400 m

of di chl gy onebhanesH AEABLpdTudbidieéioflAdid( 120 mmol) of N
benzyl oxycar bonyl - et hyl enediam ne (Atwel| et al., Synthesis, 1984,

1032-1033) an rlo 24 nore
hour s at roomgét1 éﬁﬁi?%ﬂf; %'%%Jl)m% %r%é)‘ag tlrlé(’)%c(?i(t)wu@r%l e%ter %%(agé%étvq’ ?qo i@% m of IN
hydrochlorjc aC| d and thoroughly stirred for  nutes. The organi c phase

i s separ &(&8- 1mmed) S Hibldm “Gfﬁ'éﬂpl‘ﬁloé(%bé%‘&jp%ﬂ'%gé‘lﬂ“ pEoDieé ey state in

a vacuum The residue is chromatographed on silica gel (nobile solvent:
et hyl acebvate/totssine hydfxideyis avedl: as 48alyic @6®UIAE g) bEwtrgn-of a col orl ess wax
El emrentary Anal ysis:
butylammonium hydrogen sulfate in 800 ml of toluene, 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 1500 ml of ethy! 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 TR 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).
Yield: 87 g (77% of theory) of a colorless wax
Elementary Analysis:

Cld.: € 2600 H 099 F 63.56

Fnd: C 2622 H 1.01 F 63.42

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

perfluoropentyldecylamine



Cd.: C36.86 H2.50 N4.09 F 47.19 Fnd.: C 37.00 H 2.52 N 4.11 F 46.97 c)
1- N-(Benzyl oxycar bonyl) - 1H, 1H, 2H, 2H, 4H, 4H 5H, 5H, 7H, 7TH 3- aza- 6- oxo-

per fl uor opent adecyl am ne 45.5 g (66.40 mMmmvl) of the title conpound of
Exanple 10b in 150 mM of THE is mxed with 50 mM of 10 M bor anedi net hyl

sul fide (in THF) and refluxed for 5 hgurs. It is cooled to 0C, 100 nl of
met hanol is added in drops, 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 thaj78@NsiGEmmolf of IR glf&hlléﬁdeeits hadaltb 50.8 g(@(ﬁo snMYOfdROGiE ori c acid

and stirred for 14 hours at 4 is evaporated to the dry state in a

vacuum i t 0 e

sol uti onlé% 6@%@%@@%@?2&%@%}[]%r%&'ggm'n? %&%@éﬁ oﬁpé dﬁmgélg%%t hane. The
combi ned or nlc hases are d d..on, magnesi um sul f.at e d to the
oL ot s R rrRiE s gbomle i e SRR SR BB oP e BARSPFEES oo
(nobi l e sol vent: dichl oronet hane/ net hanol 10: 1). Yield: 35.2 g (79% of

t heory) m4(wmb¢fd}1¢té@9mthan@ migedatdi€arith 23l g 626 mrapli of NE 37. 63 H 2. 86 N
4.18 F 48.18 Fnd.: C 37.87 H 2.90 N 4.17 F 48.00 d)

N-[ 2- (Be Ba)ﬂywky%bmwihﬂeﬁéﬂimﬁb ibwdlt éthH, Sis/2kls 20984 H 03BE 1338 Xaand 10.2
per fl uorododecenyl ) - 2-{2-[ 2- (2- net hoxyet hoxy) - et hoxy] - et hoxy) -acetam de

7.69 g ( é;( H%Blo)f u@éthﬂhrﬁifﬁ' Qweg %r@@%ér%gﬁrs 'a§ro%ﬁﬂ%91p@1fan9§ Tl‘Pe a sol ution
of 20 29.83 rimol ) of the’title conpound of Exanple | Cc and 6.63 g
(29.83 % gonogohit?on is mixed with 400 ml of IN 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).
Yield: 46.5 g (68% of theory) of a colorless wax
Elementary Analysis:

Cld: C 3686 H 250 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-oxo0-
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 m! 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 is taken up



[ 2- (2- met hoxyet hoxy) - et hoxy] - et hoxy] -acetic acid (Voegtle et al., Liebigs
Ann. Chem, 1980, 858-862) and 3.43 g (29.83 mmol) of N-hydroxysuccini m de
in 200 M of dinethylformam de, it is stirred for 3 hours at 0OC and then
for 16 hours at room tenperature. Precipitated urea is filtered out, the
filtrate is evaporated to the dry staé® in a vacuum and the residue is
chromat ographed on silica gel (nobile solvent: dichloronethane/ net hanol
20:1). Yield: 20.1 g éﬁg% of theory) of a color]less, viscous ail.

El ement ary 3@hai 953% soding hydroxide spbition anggxticwd hyeetings with 3pQmleach of1 44 H
3.98 N3.11 F 36.84 68 €) N (2-Am noethyl)-N(1

H, 1H, 2H, Zithiddpmbth8reo xidhepeombingd noghnttgdpics-afe drizd[d-ridnesium sulfate,

nmet hoxyet hoxy) - et hoxy] - et hoxy}-acet am de, Mt hanesul fonic Acid Salt 2.09 g

(21. 72 mgwiporféd RhO AR iV uda] shdabe weidhe ASchrorfat@er@fhed@hlsaitagsl cat al yst
(10% Pd/ C) are added to a solution of 19.0 g (21.72 mvol) of the title

conpound (m?fail@b%gﬂ{:edil:hl%n{e%aﬁg&e@a@fl(f?f)han()" and it is hydrogenated for
a

24 hours room tenperature. alyst 1's filtered out, and the filtrate is

evapor ated to.t.he S e dn a. vacu Yield: 18.2 g (quantitative) of a
col orl ess sol ﬁ’é@ﬁ- gﬁ'ér?e(h%’r%fﬂﬁ?mf\é‘ia@%geﬁ.S.DEQ: 33.02 H 3.98 N 3.35 F 38.61
Fnd.: C 33.41 H 3.96 N 3,25 F 38.44 f)

N-{[ 1,4, 7-Tri $4qmentasy dppyeisiet hyl ) - 1, 4, 7, 10- t et r aazacycl ododecane- 10- N-

Cld: C 3763 H 2.8 N 4.18 F 48.18

Fnd.: C 37.87 H 290 N 4.17 F 48.00

d) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H,4H,4H-3-0xa-

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

Elementary Analysis:

Cld: C 4120 H 4.03 N 320 F 36.93

Fnd: C 4144 H 398 N 3.11 F 3684



(pentan oyl -3 - aza-4-oxo- 5-nethyl-5-yl)]-2-amnoethyl} -N (1 H,

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

et hoxy] - et hoxy}-acetam de, Gd Conplex 15.8 g (18.9 mmol) of the title
conpound of Exanple I Ce, 2.18 g (18.9 mml) of N hydroxysuccinimde, 1.60
g (37.80 mml) of lithiumchloride angg 11.90 g (18.30 nmol) of
1,4,7-tris-(carboxylatonethyl)- 10-[ 1 -carboxy-3

-aza- 4- oxo- 5- et hyl pentan-5- yl]-1,4,7,10-tetraazacycl ododecane, Gd conpl ex
(WD 98/ 24775, Schering AG (Exanple 1)) are dissolved in 200 n] of dinethyl
suf oxi de while being heated slightly. At 10C, 4.87 g (23.63 mmvl) of

di cycl ohexy! car{osimitethe)as-( V) 1H, 218, 21,431 419- 3 8- erMitrbdodatyl - {2t[2i(@t hyl am ne
are added, and It is stirred for 16 hours at roomtenperature. The sol ution

|5 pour ed i nt G0 0eibuglerBSFT ORG A Meiidd Rt BbeulBafi( Gy Bhput es. The

precipitated so en pur|f| e by chr omat ogr aphy

Vield: 16,7 o083 féﬁﬁm{ﬂ?}i’%ﬁ%ﬁ%s&i‘fﬁ%@ R T

(Karl - Fi scher (VEIe tary nal S ativ o .t he anh dro
subst ancé&fta IYSQIQ%P tw Roo é‘:-? @gg%l Jé?emwﬁ)lof le,%tl? 36.71 H

4.32 N 7.19 F 23. 67 Gd 11.51 Exanpl e 11 a)

1- N- ( Ben2{ Essyplad Béin/300-mipfethanpl, and % i isidropenated m2d hogrsap epom oxa- 6-

oxo- per fl uor ohexadecyl amine 17.8 g (140 mmol ) of oxalyl chloride is added to
52.21 g tdhteratomel Catdlyst is filtered out, and the filtrate is evaporated to the dry state in a

vacuum.

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

Elementary Analysis:
Cld.: C 33.02 H 3.98 N 3.35 F 38.61
Fnd.: C 3341 H 3.96 N 3.25 F 38.44

f) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-0x0-5-methyl-5-y1)]-2-aminoethyl}-N-
(1H,1H,2H,2H,4H,4H,-3-0xa-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-ox0-5-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



2H, 2H, 4H, 4H, 5H, 5H 3- oxa- perfl uorotri decanoi ¢ acid (Exanple 39g of EP
01/08498) in 500 m of dichloronethane, and it is stirred for 14 hours at
roomtenperature. It is evaporated to the dry state in a vacuum the
residue is dissolved in 400 M of dichloronmethane, mxed at OCwith 23.31 g
(120 nmmol ) of N benzyl oxycarbonyl - ethyl enedi am ne (Atwell et al.,

Synt hesis, 1984, 1032-1033) and 10.2 g (100 mml) of triethylamne, and it
is stirred for 24 nore hours at roomtenperature. The reaction solutionis
m xed wi tthHethgi@mirie apé addeld handritis latimed for 46 hduraatrobindemperatuye. sthersobdiohor 15

m nutes. The organi c phase is separated, dried on magnesi um sul fate and

evapor at gglphiRed’ Rto 2009 ralr of 284tBA aridn tifred FFUOHorE RAnS | recipidieddpriiogr aphed
on silica gel (nobile solvent: ethyl acetate/hexane 1:2). Yield: 49.6 g

SOty Sl sl e
- N-( Ben rbo lg H H 2H, 2H, 4H, 4H, 5H, 5H, 7H, 7H: 8H, 8H 3- aza- 6-

0XO0- perfl %Kgﬁ agl%ﬁ IIH 48 0 g (68.73 muol) of the title conpound of
Exanpl e 11 a in 150 is_mxed wwth 50 m of 10 M boranedi net hyl

sul fide (in Tﬁﬁﬁ"ldaﬂé7r£’e(l6llt./f5<‘gdhff°&‘)‘§ar?8lﬂﬂ§ssSloﬂld is cooled to OC, 100 m of

nmet hanol is added in drops, it is stirred for 1 hour at room tenperature
and then evap&v’@tcle@nteot(Ifml-Bisyhes)te&.%’/oi n a vacuum The residue is taken up in
a mxture that consists of 300 m of ethanol/50 m of 1 M hydrochloric acid,
and it is st iBlee¢htdroAnklysidrelfivato he@nhydroussubstape)y.ated to the dry state in
a vacuum the residue is

Cld: C 3642 H425 N 725 F 2389 Gd 11.63

Fnd.: C 36.71 H 432 N 7.19 F 23.67 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-o0xa-perfluorotridecanoic acid (Example 39g of EP 01/08498) in
500 m! 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, 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 mi of 1N hydrochloric acid and thoroughly stirred for 15

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



taken up in 300 m of 5% sodi um hydroxi de solution, and it is extracted
three tines with 300 m each of dichloronethane. The conbi ned organic
phases are dried on nagnesium sulfate, evaporated to the dry state in a
vacuum and the residue is chromatographed on silica gel (nobile solvent:

di chl or onet hane/ met hanol 10:1). Yieldy330.2 g (64% of theory) of a colorless
solid Elenentary Analysis: Cd.: C36.61 H3.09 N4.09 F 47.19 Fnd.: C
36.77 H3.14 N4.02 F 46.99 71 «c¢)

N- [ 2- ( Bengy igxygemeonéhumamhe esiduy is dirérddlodrabldd, odHilidd gd Hnddik sofe@x a
perfluorotridecyl)-2- {2-[2-(2-nethoxyethoxy)-ethoxy]-ethoxy}-acetam de 7.42

g (36.59 LdetpEmeim¥Glghexyl carbodiimde is added at OC to a solution of
20 g (29.2 %ﬁ) g# theﬂtitle conpound of Exanple | Ib and 6.49 g (29.22

mol ) of {2- [Z-{;2- haxyet hoxy) - et ho - et hoxy}-acetic acid (Voegtle et
al ., Liebigs Aﬁﬁﬂd éﬁ?ﬁ%ﬁ@fgge%aégﬁie Sn‘ﬁmg. 29 g (29.22 mmol) of
N- hydr oxysuccini m de in fOO m of dinethylformamde, it is stirred for 3

hours at OC arklePHEHYHGRIYSE hours at room tenperature. Precipitated urea is
filtered out, the filtrate is evaporated to the dry state in a vacuum and

the residue i LldhroRdi8dgrdphétl dhadill ik#6gsl (nobile sol vent:
di chl or onet hane/ net hanol 20:1). Yield: 20.3 g (78% of theory) of a
col orl ess, vi dadusCd71.99 HI 28entNary05AnRI4sst6s: Cld.: C 41.90 H4.20 N 3.15 F
36.35 Fnd.: C 42.16 H4.28 N 3.12 F 36.21
b) I-N-(Benzyloxycarbonyl)- 1H,1H,2H,2H 4H,4H,5H,5H,7H,7H,8H,8H-3-aza-6-
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 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 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: 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 402 T 4699



d) N (2-Am noethyl)-N (1H | H 2H, 2H, 4H, 4H, 5H, 5H 3- oxa- perfl uorotri decyl) - 2-
{2-]2-(2-nmet hoxyet hoxy) - et hoxy] - et hoxy}-acet am de, Methanesul fonic Acid Salt
2.06 g (21.38 nmmol) of nethanesul fonic acid as well as 3.0 g of palladium
catal yst (10% Pd/ C) are added to a solution of 19.0 g (21.38 mmol) of the
title conpound of Exanple | Ic in 30§ 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 72 Yield: 18.2 g
(quantitative) of a col orI ess solid. Elenentary Analysis: dd.: C 33.89 H
4.15 N 3.29 F 37.97 Fnd.: C34.11 H4.21 N 3.10 F 37.69 e)

N (L1 4 G ﬁ(ﬁ@eaemwwp%ﬁn&t@ Ke-&i6r, rmnam?nm odsfesage 10- N

(pent anoyl - 3- aza- 4- 0x0- - am noet

?\s\t2 Eoi?efﬁoi?})g’%lﬁ ?ecg)p%o@e 2UI8 tﬁa{igg)%%&ét%r%{eﬁl&ﬁgéetamlfi 78. 55 mol ) of

the title corrpound of n'5> 2.14

N- hydr oxysucci’/iérd @é. 591’"5?1 81?@193?/‘31‘1 b?g‘éﬁl |‘9c?‘qd6ﬁir?tc(¥1pdf’iac§81“§ﬁﬂ°§1. 68 g
(18.55 mmol) of

1, 4, 7-t r i26-g((Ca2D anydlpobire tity cymp@umd bf Eaabpheyl18 and 649 £q29 25 mmealhefl {Zent an- 5-
yl]-1,4,7,10-tetraazacycl ododecane, Gd conpl ex (WD 98/24775, Schering AG

(Exanpl e [242 “metoRy€th&8/0lewtely]-ethdBA -dtktiOcidl | Vadgtly bt 8YLioxdsdnbhde, bei ng
heated slightly. Xt 6)% 4.78 g (23.19 mmol) of di cycliogﬁexyl car bodi i m de as

vell as Yo8§ 33(sk3) arl 1P l2902‘2mh{o Slrh AR AR finAdldRB00 &1dri t is stirred

for 16 hours at room tenperature. he SO Ii uti1on

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 3621

d) N-(2-Aminoethyl)-N-(1H,1H,2H,2H,4H,4H,5H,5H-3-oxa-perfluorotridecyl)-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) are added to a solution of 19.0 g (21.38 mmol) of the title compound
of Example 11¢ 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.



is poured into 2000 mM of acetone, and it is stirred for 10 nore m nutes.
The precipitated solid is filtered off and then purified by chromatography
(RP-18; nobile solvent: gradient that consists of water/acetonitrile).
Yield: 19.8 g (73% of theory) of a colorless solid Wter content

(Karl -Fischer): 6.5% El enentary Analyshs (relative to the anhydrous
substance): dd.: C36.92 H4.35 N7.18 F 23.64 &d 11.51 73 Fnd.: C 37.15
H4.30 N7.07 F 23.51 &d 11.44 Exanple 12 a)

N-[ 2- ( Benzyl oxyierr QQIRyg (quantitxdel bfi cdlbridsksdid. 2H, 2H- per f | uor odecyl ) - 2- ( 2-
{2-[2- (2- et hoxyet hoxy) - et hoxy] - et hoxy} -ethoxy)-acetani de 8.05 g (39.04
mol ) of di cy@]aﬁamﬁ#,g@{ Bagii mde is added at OC to a solution of 20 g
(31.23 nmol) of the fitl€ conmpound of Exanple 1 a and 8.32 g (31.23 nmol) of

2- {2-[2-(2- h t t th t d (Voegtl t
ar Ui cbige nC an 1086 ML 560) Taba s 20 0 51, 25 mol) of

nours atoC atddtrentlr 16 Kot at roenlo SLp"ZI?"aWe' “preci pitated urea is
filtered out, the fil trate IS 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 20:1). Yield: 22.1 g (80% of theory) of a
col orl essg) vi d4lisd,diTris-(cibexpatdomethyiad, V), $0-setratadyclodddédan@OlOMN4. 20 N 3. 15 F
3 (pentanoyl-3-aza-4-oxo-5-methyl-5-yl)}-2-aminoethyl }-N-
(1H,1H,2H,2H,4H,4H,5H,5H- 3-oxa-perfluorotridecyl)-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-[ I -carboxy-3-aza-4-0x0-5-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,
4.78 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 2364 Gd 11.51



Fnd.: C 42.14 H4.26 N 3.11 F 36.12 b)

N- (2- Am noet hyl ) - N- (I H, 1H, 2H, 2H perfl uor odecyl )-2-(2-{2-[2- (2-

met hoxyet hoxy) - et hoxy] - et hoxy} - et hoxy) - acet anmi de, Met hanesul fonic Acid Salt
2.28 g (23.63 mmol ) of nethanesulfonic acid as well as 4.0 g of palladium
catal yst (10% Pd/C) are added to a sohytion of 21 g (23.63 mmol) of the
title conpound 74 of Exanple 12a in 500 m of ethanol, and it is
hydrogenated for 24 hours at room tenperature. Catalyst is filtered out,

and the filtrat@:16 Bvepq at®d No7hhe mpy sst agei1ima vacuum Yield: 20.1 g
(quantitative) of a colorless solid. Elenentary Analysis: Cd.: C 33.89 H

4.15 N 3.29 F 37.97 Fnd.: C 34.08 H4.19 N 3.17 F 37.65 c¢)
N-{[1,4,7-Tris-(carboxylatonmethyl)-1,4,7,10-tetraazacycl ododecane- 10- N
(pent anoyy, - 3- 4233 4- oxo- 5-net hyl -5-yl)]-2-am noet hyl }- N (1H, 1H, 2H, 2H

per fl uor % (2- { 2-[2-(2-nethoxyet hoxy)-ethoxy] -ethoxy) -ethoxy)-
acetam de, Gd Conplex 16.9 g (19.88 mmpl) of the title conpound of Exanple
12b, 2.29 g (19.88 mmol) -of N hydroxysuccinimde, 1.68 g (39.76 mmol) of
lithiumchloride and 12.52 g (19.88 mol) of

1, 4, 7- t r i ®- ( c Ao KEerayonptanydnyl)amipdetiydMNb oMy B;:25k 2H pedhwraiead)-By(Rpent an- 5-
yl]-1,4,7,10-tetraazacycl ododecane, Gd conpl ex (WD 98/24775, Schering AG
(Exanple 1)) fare-disahdetoky)-dldkyiHethoky dethetdcetamideoxi de whi |l e bei ng
heated slightly. At 10C, 5.13 g (24.85 mml) of dicycl ohexyl carbodiim de as

wel I as 2.01 g ¢sL9R%aWRb)) oPlicyclohexylcarbodiimide 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-
{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-perfluoredecyl)-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



triethylamne are added, and it is stirred for 16 hours at room tenperature.
The solution is poured into 2000 m of acetone and stirred for 10 nore

m nutes. The precipitated solid is filtered off and then purified by
chromat ography (RP- 18; nobile solvent: gradient that consists of

wat er/ acetonitrile). Yield: 18.1 g (6246 of theory) of a colorless solid 75
Wat er content (Karl-Fischer): 6.8%Elenentary Analysis (relative to the
anhydrous substance): Cdd.. C36.92 H4.35 N7.18 F 23.64 &d 11.51 Fnd.: C
37.11 H 2f¥zanple 189 5 mEaf atapneh and;it iguirpgenated fory24 hours at room

N-[ 2- (Benzyl oxycar bonyl ) -am noet hyl - N- (| H, 1H, 2H, 2H- per f | uor odecyl ) - 2-

met hoxyadempératize. @y iy Bloerediouinand)the lltmedyévftliﬁ@t@dp todhdralisiatd e | s added at
OCto a solution of 20 g (31.23 mmol) of the title conpound of Exanple 1 a
and 2. 81 wgeofud.. 23 mmol ) of 2- nethoxyacetic acid (Aldrich) and 3.59 g (31.23
mmol ) of N-hydroxysuccinimde in 200 m of dinmethylformamde, it is stirred

f or 3_ houys aty;OE Qoq%@g&tftﬁfveigfﬁw&ﬂ;es@golfcpom tenperature. Pr ec! pitated
urea is filtered out, e filtrate is evaporated to the dry state in a

vacuum and ”ﬁrﬁ&ﬁ%{g%&&aiy%chr omat ogr aphed on silica gel (nmobile solvent:

di chl or omet hane/ et h: t1). Yield: 17.1 g (77%of theory) of a
Zgl ngl ess, Vi sctigusc %I3.|8'9 El eﬁeH‘tlgry Anﬁl 3’%5 CIPd'37.99 38.78 H2.97 N 3.93 F
Fnd.: C 34.08 H 4.19 N 3.17 F 37.65

) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane- 1 0-N-
(pentanoyl-3-aza-4-oxo-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-[ [ -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,

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



Fnd.: C 38.94 H 3.01 N 3.88 F 45.22 b)

N- (2- Am noet hyl ) - N- (1H, 1H, 2H, 2H per f| uor odecyl ) - 2- met hoxyacet am de,

Met hanesul fonic Acid Salt 76 2.23 g (23.16 nmol) of nethanesul fonic acid as
well as 4.0 g of palladiumcatalyst (10% Pd/C) are added to a sol ution of
16.5 g (23.16 mmol) of the title compdund of Exanple 13a 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 Yi el d:Water congent Kashbisehsty Vve8%0of a col orl ess solid. Elenentary
Analysis: dd.: C28.50 H2.84 N4.15 F 47.89 Fnd.: C 28.79 H2.96 N4.09 F
47.53 c¢) Elementary Analysis (relative to the anhydrous substance):

N-{[1,4,7-Tris-(carboxylatonmethyl)-1,4,7,10-tetraazacycl ododecane- 10- N
(pent anoyl - 3- @& 4€ BEHD- et Byl ¥5-7yig) | F 2364 naat iyt - N- (1H, 1H, 2H, 2H
per fl uorodecyl) - 2- net hoxyacet am de, Gd Conplex 11.7 g (17.29 mol) of the

title conpoungygf ampl eglehs W9 €15 209 mali)aq of N-hydroxysucci ni m de,
1.46 g (34.58 mmol) of lithiumchloride and 10.89 g (17.29 muol) of

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-tetraazacycl ododecane, Gd conplex (WD 98/24775, Schering AG
(Exanpl e 1)H{ arf di ssolved in 200 m of dinmethyl sulfoxide while being
heated sIHRMRIG I3 At 10C, 4.46 g (21.6 mmol) of dicycl ohexyl carbodii ni de as
well as 1.75 g (17.29 mmol) of triethylamne are added, and it is stirred
for 16 hours at roomtenperature. The sol ution

a) N-[2-(Benzyloxycarbonyl)-aminoethyl-N-(1H,1H,2H,2H-perfluorodecyl)-2-

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
mli 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: 17.1 g (77% of theory) of a colorless, viscous oil.

Elementary Analysis:

Cld.: C 38.78 H 297 N 393 F 4534

Fnd.: C 3894 H 301 N 3.88 F 4522

b) N-(2-Aminoethyl)-N-(1H,1H,2H,2H-perfluorodecyl)-2-methoxyacetamide,

Methanesulfonic Acid Salt



is poured into 2000 mM of acetone, and it is stirred for 10 nore m nutes.
The precipitated solid is filtered off and then purified by chromatography
(RP- 18; nobile solvent: gradient that consists of water/acetonitrile). 77
Yield 12.9 g (59% of theory) of a colorless solid Water content

(Karl -Fischer): 6.0%El enmentary Analyg s (relative to the anhydrous
substance): dd.: C34.32 H3.64 N8.24 F 27.14 &d 13.21 Fnd.: C 34.59 H
3.69 N 8.18 F 26.98 Gd 13.14 Exanple 14 a)

N-[ 2- (Benzyl 0228 ar(Rsny mmaenofaehmdsulibnidatid i W] 29-4.0 @rof peitadadecyl ) - 2- { -

[ 2- (2- met hoxyet hoxy) - et hoxy] - et hoxy} -acetam de 8.05 g (39.04 mmol) of

di cycl ohexylved ﬁ@‘%qid/? aﬁ@a&&d@@%@iuﬁén 9@695323%& Mﬁfogrbf‘ﬂfe tit%ocoﬂl;{o?jﬂd 23 mmol )
of thetltle compoun Exanple l'a and 6 {2-

[ 2-(2- rret ] , Liebigs
Ann. Cher% &{ﬁ@%gﬁ’@@bg@%‘ eth%h&?)%t %qk?gﬁ%ﬁ%%djfo }/Qﬁg&ﬁlgw%ér oxysucm ni m de
in 200 m of mg: | f oryam de, BIS stirred for H‘gusat .0C and t hen
for 16 héfiﬁlFP&r%Wer yst irfdtered auhan ﬁ‘ree@F’b‘Ft’%‘%VéH“&WQéo PEEARA out, the
filtrate is evaporated to the dry state in a vacuum and the reS|due IS
chr omat o§f&Red on silica gel (nmobile solvent: dichloronethane/ nmet hanol
20:1). Yield: 22.3 g (85% of theory) of a colorless, viscous oil.

El ement ary An3ligidi $5.1 €l(quantifdtidd) 4 ddldiBleSsoNd3. 32 F 38. 24

Elementary Analysis:
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-a2a—4-oxo-5-methyl-S-yl)]-2-aminoethy1} -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 mmot) of lithium chloride and 10.89 g (17.29

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 dimethy] suifoxide 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

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).



Fnd.: C 41.37 H3.99 N3.27 F 38.11 78 b)

N- (2- Am noet hyl ) - N- (1H, 1H, 2H, 2H per fl uorodecyl )-2-{-2-[2-(2

nmet hoxyet hoxy) - et hoxy] - et hoxy}-acet am de, Mt hanesul fonic Acid Salt 2.40 g
(24.86 mmol) of nethanesul fonic acid as well as 4.0 g of palladium catalyst
(10% Pd/ C) are added to a solution of 721 g (24.86 muvol ) of the title
conpound of Exanple 14a in 500 n] of ethanol, and it is hydrogenated for 24
hours at room tenperature. Catalyst is filtered out, and the filtrate is
evapor at ed to Yibld t2.9gf¥befiheony) ofaceionessYoledd d: 20.1 g (quantitative) of a
col orI ess solid. Elenentary Analysis: Cd.: C32.76 H3.87 N 3.47 F 40.04

Fnd.: C 32. 88 Whtdr &htdit EKABFisci?): 820%)
N-{[l 4, 7- Tr| s- (carboxyl atonet hyl )-1, 4,7, 10-t etraazacycl ododecane- 10- N-

(pent anoyl - ??334%%%@1)%%%@& ety h)e] 6‘&5@98& Clej N-(1H 1 H, 2H, 2H

per fl uor odecy oxyet - et hoxy]| -et hoxy}-acetam de, d

Conmplex 11.4 1 ) t Exanple 14b, 1.62 g
(14. 08 rmol ) q% &ﬁ?&%g’u@{ %%1 i:%Cg“moatfizg"?’fz mol) of Iithium
chloride and 8. 87 (14. I%

1,4,7-tris-(cé@gé%§F¥ﬁ%%eHh§ﬁ? 818 ckB 2638y -Gd d3d44- oxo- 5- net hyl pent an- 5-
yl]-1,4,7,10-tetraazacycl ododecane, Gd conpl ex (WD 98/24775, Schering AG
(Exanmple 1)), are dissolved in 200 mM of dinmethyl sulfoxide while being
heated slightly. At 10C, 3.63 g (17.6 mol ) of dicycl ohexyl carbodiim de as
wel | as IExhine(44. 08 mmol ) of

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 3824

Fnd.: C 41.37 H 399 N 327 F 3811



triethylamne are added, and it is stirred for 16 hours at room tenperature.
The solution 79 is poured into 2000 m of acetone and stirred for 10 nore
m nutes. The precipitated solid is filtered off and then purified by
chromat ography (RP-18; nobile solvent: gradient that consists of

wat er/ acetonitrile). Yield: 13.9 g (74960 of theory) of a colorless solid

Wat er content (Karl-Fischer): 5 7%El enentary Analysis (relative to the
anhydrous substance): Cdd.: C36.34 H4.19 N7.42 F 24.43 &d 11.89 Fnd.: C
36.57 H 4)22 N-R-Athitoetd])29-(Gd, 1HI2H, ZH-fexfui@bdecih-2a)-2-[2-(2-

N-[ 2- (Benzyl oxycar bonyl ) - am noet hyl - N- (1H, 1H, 2H, 2H per f | uor odecyl ) - 2- ( 2-

met hoxyet hoxy bRy ARbES-chdlh]-Sh6a9- Léraim, Metfandiuiteslcoh@y shiar bodi i mi de i's
added at 0OC to a solution of "~ 20 g (31.23 mmol ) of the title conpound of
Exanple 1 a and4. (2= 0 ic acid

(Al drich) and534.0%53-8?ﬁ@%g%m%@?*%%‘%%%‘# g;g%@)é%@%nﬁ’}émﬁﬁkzoo M of

di et hyl f or jde, j1.1s irred far 3 _hours 0C.and then for 16 hours at
room tenﬁéﬁagg{zla% W@Wsiaaéadéa agpiyton of 31 ¢ {74 B‘GD,O?tt 1t qopapRd | s
evaporated to the dry state in a vacuum_ and the residue is chromatographed
on sili ca&f§aampledda ineSonlefrethanokprdit éyfoneagenated fs2Adaws apwom) . Yiel d: 17.5
g (74% of theory) of a colorless, viscous oil. Elenentary Analysis: dd.: C
39. 70 H Jerd@eratuce. (tdlysd . filtered out, and the filtrate is evaporated to the dry state in a

vacuum.

Yield: 20.1 g (quantitative) of a colorless solid.

FElementary Analysis:
Cld.: C 32.76 H 3.87 N 3.47 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-oxo-5-methyl-5-yl)]-2-aminoethyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Gd
Complex
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-4-0xo-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,

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



80 Fnd.: C40.01 H3.42 N 3.66 F 42.54 b)

N- (2- Am noet hyl )-N- (1H, | H, 2H, 2H per f | uor odecyl ) - 2- ( 2- net hoxyet hoxy) -

acet am de, Methanesulfonic Acid Salt 2.17 g (22.47 mol ) of met hanesul fonic
acid as well as 3.0 g of palladium catalyst (10% Pd/C) are added to a
solution of 17 g (22.47 mol) of the t9tle conpound of Exanple 15a 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 vacuurfs pored ato AB0lpf(agetems andstirred ford 0 more olinwtese sEheguédipitateddodident ar y
Analysis: Cd.: C30.09 H3.23 N3.90 F 44.96 Fnd.: C 30.33 H3.25 N3.84 F
44.77 c) is filtered off and then purified by chromatography (RP-18; mobile solvent: gradient that
N-{[1,4,7-Tris-(carboxylatonmethyl)-1,4,7,10-tetraazacycl ododecane- 10- N-

( pent anoydondsta ewheRaRtonitARY.NY! - 5-yl ) ] - 2- ami noet hyl } - N- (1H, |H 2H 2H
per fl uorodecyl) - 2-(2-nmet hoxyet hoxy) - acet am de, Gd Conplex 11.5 g (16.07

nmol ) of the tj.1e I e85 g (16.07 mmol )  of

N- hydr oxysucci*llgqui &ggwg%%gﬁ?%ﬁgﬁﬁg’%}?&oﬁoﬁﬁl thiumchloride and 10.12 g
(16. 07 mml)\?f ) P

1,4, 7-tri s- (ca¥ pepsprErbHAkbisshedy 3 1%car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-
yl]1-1,4,7,10-tetraazacyc| ododecane, Gd complex (WO 98/24775, Schering AG
(Exanpl e 1)) Heneendgrs Adjalysig (refptiveto thie aplydipusesubsiancslil f oxi de whi | e bei ng
heated slightly. At 10C, 4.14 g (20.08 mml) of dicycl ohexyl carbodiim de as
well as 1.63 §1{16& 08340l )4.1F Bl17.42 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 1a and 4.19 g (31.23 mmol) of (2-
methoxyethoxy)-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 vacuumni, 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 3970 H 333 N 3.70 F 42,70



triethylamne are added, and it is stirred for 16 hours at room tenperature.
The solution is poured into 2000 m of acetone and stirred for 10 nore

m nutes. The precipitated solid is filtered off and then purified by
chromat ography (RP-18; nobile solvent: gradient that consists of

wat er/ acetonitrile). Yield: 14.2 g (68% of theory) of a colorless solid

Wat er 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 Fnd.: C
35.38 H 3.88 Nnd.. 93 40.005. HO3 43 1936®% BEdfd e 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 nmol ) of

N- benzyl oxycar bonyl - pr opyl enedi am ne (ﬁuwell et al. Synt hesi s, 1984,
1032-1033) ancy{f%ifod KIANGTRY 1 0f ALhaNINLALENE- @ﬁeﬁ@ﬂf‘éﬂh&x@ )54.22 g (100

mmwol ) of nethanesul foni ¢ acid-(1H, 1H, 2434 2H-p I"'uor odecyl ster (Bartsch et
al . Tet rahe 0 500 M of acetonitrile, and it is
stirred for 4% ?0{(9)‘6‘%% g@thag%%ﬂfﬁz:fg@ %‘?e corrponents are filtered out fromthe
reaction sol ut] is e ted o th [ racuum and the
oot due i o chro G REa o methanesuifga ap o mel 35 39 afhellad i

di chl or onet hane/ met hanol 20: 1). Yield: 40.7 %;62% of theory) of a col orl ess
wax 82 Hatahsht 1Py PR rsegidded tgjagolution 8158 (.47 maol) of thetitie epgnrgwnd

of Example 15a in 500 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: 16.2 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

c) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-o0xo-5-methyi-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-

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

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



Fnd.: C 38.73 H 2.89 N 4.17 F 49.11 b)

N-[ 3- (Benzyl oxycar bonyl ) - am nopropyl - N- (1H, 1H, 2H, 2H- per fl uor odecyl ) - 2-{- 2-

[ 2- (2- met hoxyet hoxy) - et hoxy] - et hoxy} -acetamide 7.99 g (38.74 nmmol) of

di cycl ohexyl carbodiimde is added at OCto a solution of 20 g (30.99 mmuol)
of the title conpound of Exanple 16a gnd 6.89 g (30.99 mml) of {2-

[ 2- ( 2- met hoxyet hoxy) - et hoxy] - et hoxy}-acetic acid (Voegtle et al., Liebigs
Ann. Chem, 1980, 858-862) and 3.56 g (30.99 mmol) of N hydroxysuccinim de
in 200 mitri@hylaknie tabyddided, raadiitde stirrdd fios 16hours edrobmanerBpdraures Bie sOlitiand t hen for
16 hours at room tenperature. Precipitated urea is filtered out, the

filtratejd SoueaBRR F00th1to? abdiehetind sifred Rori10 nfbre MG THRMedigiRtddasiidue i s
chromat ographed on silica gel (nobile solvent: dichloronethane/ nethanol

20:1). Vi , O 0 | [ ,SGO '
El enent ar‘siﬁ%ﬁ% ‘%fsf?%‘gth%:%‘{ﬁﬁéél tbggg%ﬁog‘raﬁy %@3?%&@@?&6’%& %ﬁ%“?‘%ﬂtg‘a}tz. 24 H
4.18 N 3.15.F 37.44 c .
N- ( 3- Ami HBW%?)?/{‘)'@?\W-/Z(C)F@P’IWF%H, 2H per f | uor odecyl ) - 2-{-2-[ 2- ( 2-
nmet hoxyet hoxy?y—_et hoxi] - et hoxy} - acet am de, Methanesulfonic Acid Salt 2.25 g
(23.29 mmol )~ felded hdsd8Tierod theeraof @ calgrigsisplids 4.0 g of pal | adi um cat al yst
(10% Pd/ C) are added to a solution of 20 g (23.29 mmol) of the title
conpound 83 dYatébcanhe(KagleFischeH0®.0% of et hanol, and it is hydrogenated for
24 hours at room tenperature. Catalyst is filtered out, and the filtrate is
evapor at ed t o Eldngenchiy Anhakie (delatigte tothe @hlifdrous substance):

Cld: C 3504 H 384 N 795 F 26.17 Gd 12.74

Fnd: C 3538 H 388 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



Yield: 19.2 g (quantitative) of a colorless solid. Elenentary Analysis:
Cd.: C33.67 H4.05 N3.41 F 39.36 Fnd.: C33.94 H4.09 N 3.27 F 39.11 d)
N-{[1,4,7-Tris-(carboxylatonmethyl)-1,4,7,10-tetraazacycl ododecane-10-N- (p
ent anoyl - 3- aza- 4- oxo- 5-nmet hyl -5-yl )] -3-am nopropyl }-N- (1 H, 1H, 2H, 2H-
periluorodecyl)-2-{-2-[2-(2-net hoxyetdyoxy) - et hoxy] - et hoxy} - acet am de, d
Conmplex 11.3 g (13.80 nmol) of the title conpound of Exanple 16c, 1.59 g
(13.80 nmol) of N-hydroxysuccinimde, 1.17 g (27.60 nmol) of |ithium

chl ori de Egbnéhry Anfly€id:3. 80 mmol ) of
1,4,7-tris-(car boxyFat onet hyl ) - 10-[ 1- car boxy- 3- aza- 4- oxo- 5- net hyl pent an- 5-

yl]-1,4,7,10- I ga C ec | ex (WO 98/24775, Schering AG
(Example 1)) bg{r"eed?%g%l \ﬁg%ﬁn %%2%%0%Qg?net hyl sul foxi de whil e being

heat ed sli ght ) : a9 (7. | ) of dicycl ohexyl carbodiim de as
well as 1.40 t&h?t é%gﬁ'nH?@f ﬁt‘tl']]7et ﬁy am ne 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 filtered
of f and then purified by chromat ography (RP- 18; nobile solvent: gradient
that cohsi st N-[3f#(Baatydevysabonyl)-aminoplopy MNe(1H; 1H,2HZHypgréasiodécylhz¢1dy) of a
colorless solid 84 Water content (Karl-Fischer): 6.0% El enentary Anal ysis
(relative to [he-asthydyethokypehstyjrutiexy} -atdtainideC 36.86 H 4.30 N 7.34 F 24. 17

&l 11.77

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:

Cld: C 4197 H 411 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



Fnd.: C 36.99 H4.37 N7.31 F 24.01 G&d 11.69 Exanple 17 a)

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

per fl uor opent adecyl am ne 26.67 g (120 nmol ) of

N- benzyl oxycar bonyl - but yl enedi ami ne (Atwell et al., Synthesis, 1984,
1032-1033) and 10.2 g (100 nmol ) of tghethylam ne are added to 54.22 g (100
nmol ) of i net hanesul fonic acid-(l H, 1H, 2H, 2H perfl uorodecyl )-ester (Bartsch
et al. Tetrahedron, 2000, 3291-3302) in 500 mM of acetonitrile, and it is

stirred fenExa® MwbSnaoon@@ﬁethm%ubd@hwmaﬁatfsrﬂrlamfrs dttresred out fromthe
reaction sol utlon it is evaporated to the dry state in a vacuum and the

(oo e EpARGR RARRNENIOR: syl AN ORR Lo aplaifeley e o col or | ess

wax El emsntary Anal ysi s: CId C 39 53 H3.17 N4.19 F 48.32 Fnd.: C 39.74
H 3.21 N2Y"F 48.17 b) N—[4 (Benzyl oxycar bonyl ) - ami nobut yl - N-(1 H, 1

H, 2H, 2H perfluorodecyl [ 2- ( 2- met hxpyet hoxy) - et hoxy] - et hoxy}

-acet ami de 85 Yigl 7119&3@171&‘4“%9 ?f%F"lB‘i ‘?,S?é‘l’lb?\ﬁexyl carbodiinide is added at 0C
to a solution of 20 g (29.92 muvol) of the title conpound of Exanple 17a and

6.65 g (29.92 EleméntaryfAradysisf 2- ( 2- met hoxyet hoxy) - et hoxyl - et hoxy}-acetic acid

(Voegtle et al., Liebigs Ann. Chem, 1980, 858-862) and 3.44 g (29.92 mmol)
of N-hydroxysugldi:nC rB3d i n 20D4m@s5 of i pa@thyl f oF re@@ede, it is stirred for 3
hours at OC and then for 16 hours at room

Fnd.: C 33.94 H 4.09 N 3.27 F 39.11

d) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-oxo-5-methyl-5-y1)]-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-ox0-5-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,

3.59 g (17.4 mmol) of dicyclohexyicarbodiimide 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

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: 12.9 g (66% of theory) of a colorless solid



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: dichloronethane/ nethanol 20:1). Yield: 26.0 g (79% of
theory) of a colorless, viscous oil. Elenmentary Analysis: dd.: C 42.67 H

4.27 N3.21 F 37.01 Fnd.: C 42.85 H ¢430 N 3.16 F 36.87 c)

N- (4- Am nobutyl)-N-(1 H, I H, 2H, 2H perfl uorodecyl)-2-{-2-[2-(2-

met hoxyet hoxy) - et hoxy] - et hoxy} -acetam de 4.0 g of palladiumcatal yst (10%

Pd/ C) is addedviter contedt (KdrPRisefer¥®.@4(22. 92 mol) of the title conpound of
Exanple 17b in 500 m of ethanol, and it is hydrogenated for 24 hours at

00 t enper at i Gnerta Ank lsl(l%lsftfvlet@fh@qx@&@us%?gstm% filtrate i s evaporated

to the dry state 1n"a vacuum Yield uantitative) of a col orless

solid. EHE erre@gr #4,%\&%5 s%s %{g gi 37352 3,;25}1”H (ﬁld 21§7I§| 3.79 F 43.73 Fnd.: C

37.59 H 4.29

(pent anbyl - 3. 24 4 obeds e Ayl K515 1 24k rGBATgP 1 N (1 F I H ?H,NZH

per fl uor odecyl) 2-{-2-[2-(2-nmet hoxyet hoxy) - et hoxy] - et hoxy}-acet am de,
Conplex 10 g (13.54 mol ) of the title conpound of Exanmple 17c, 1.56 g
(13.54 mmol ) of

Example 17

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

perfluoropentadecylamine

26.67 g (120 mmol) of N-benzyloxycarbonyl-butylenediamine (Atwell et al.,
Synthesis, 1984, 1032-1033) and 10.2 g (100 mmot) 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 48.32

Fnd.: C 39.74 H 3.21 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



N- hydroxysuccinimde, 1.14 g (26.08 mmol) of lithiumchloride and 8.69 g
(13.54 nmol ) of

1,4,7-tris-(carboxyl atonmet hyl )-10-[ 1- car boxy- 3- aza- 4- oxo- 5- et hyl pent an- 5- yl
]- 1,4,7,10-tetraazacycl ododecane, Gd conpl ex (WD 98/24775, Schering AG
(Exanple 1)) are dissolved in 200 nl 88f dinethyl sulfoxide while being
heated slightly. At 10C, 3.53 g (17.07 mmol) of dicycl ohexylcarbodiimde is
added, and it is stirred for 16 hours at roomtenperature. The solution is
poured into 2000 gi37¢f mmobtoddicyalebexyidartrodiimideris addedrab 0¥ t mschwizon 6fhe
precipitated solid is filtered off and then purified by chromatography
(RP-18; my d29.9§9ﬂ1rﬁ61?bfth@"ti@l@'c@1ﬂ?oﬁﬂﬂl&if Bxamplesit7a afd 6%{%;{2999%@61) bf {d-e) .
Yield: 11.7 g (60% of theory) of a colorless solid ter content

gL( gglt aﬁlc j? Q?%ﬁﬁyéﬁ%@%@%&ﬁ%ﬂﬁﬁﬁr}ﬁﬁ%ﬁg gCIﬁ@J%@%% ¥l %i%% ,gﬁ%ﬂg,ggs 37.51 H
N[ 2- ( BerOBP BTt 1 44 R SO RPD. R Bebrpsuss mimide in 200 .

per fl uor ododecyl ) - 2-[ 2- (2- met hoxyet hoxy) - et hoxy] -acetam de 87 7.69 g (37.29
mmol ) of dam@w%@my Qsatrlbéfd‘ﬁdﬂldg hpers abiefédangithendor 46 hows pltobEn of 20 g
(29.83 nmmmol ) of the title conpound of Exanple I Oc and 5.32 g (29.83 muol)
of [2- (Zempéranrey rbgpiatedirbdr\lteredianit,ithe Alkiatk i§ A aporatdt) toalddrd sthle i@ a( 29. 83
mmol ) of N hydroxysuccinimde in 200 m of dinmethylformamde, it is stirred
for 3 houpsuah, A& udsidideRhioflatdePaphdbf siika EAbEIREVAL:Ur €. Preci pi tated

urea is filtered out, the filtrate 1s evaporated to the dry state in a

vacuum ad?&lérﬁ%e{hgﬁé/%gﬁaﬁ(ﬁZ%W).O”at ographed on silica gel

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 pailadium catalyst (10% Pd/C) is added to a solution of 20 g (22.92
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 3.79 F 43.73

Fnd.: C 37.59 H 429 N 3.74 F 43.61



(rmobi | e sol vent: dichl oronet hane/ met hanol 20:1). Yield: 17.9 g (72% of
theory) of a colorless, viscous oil. Elenentary Analysis: Cd.: C 40.49 H
3.76 N3.37 F 38.89 Fnd.: C 40.62 H 3.81 N 3.38 F 38.77 b)

N (2- Ami noet hyl ) - N- (1H, 1H, 2H, 2H, 4H, 4H 3- oxa- per f | uor ododecyl ) - 2-[ 2- ( 2-

met hoxyet hoxy) - et hoxy] - acet ami de, Met ganesul fonic Acid Salt 1.98 g (20.50
nmol ) of nethanesul fonic acid as well as 3.0 g of palladium catalyst (10%
Pd/ C) are added to a solution of 17.0 g (20.50 mmvl) of the title conpound

of Exanplg 18avi(n £09+id(cabogidigmnethy)and7 i 6-tduaahikgéilo@rRadRA 0ty 24 hours at
room tenperature. Catalyst is filtered out, and the filtrate is evaporated

to the dry st i A3 NAGUUMs YLalde A6 4. xR inMeyah. a colorless
ol i d B erenp a3 E RO AV ES-yhPnth BN LML S CR 0" 2
31.57 H 3.78 N 44 5 C .
N {1, 7 Tri SRR At Gt iy PR gy b s BRI G- 10- N
(pent anoyl - 3- aza- 4- oxo- 5-net hyl -5-yl )] -2-am noet hyl }-N-(1H, 1H, 2H, 2H, 4H, 4H
3- oxa- perfl uor%éiﬂ‘é’tyl ) - 2-[ 2- (2- net hoxyet hoxy) - et hoxy] - acet am de, d
Conpl ex 14.75 g (18.30 mol ) of the title conpound of Exanple 18d, 2.11 g
(18.30 mol ) 16fg (B¢ anrosdy sfibe ititle eomipound. c§ Exgmpled. 7601 . fnp (3. B mmiodifum
chloride and 11.52 g (18.30
N-hydroxysuccinimide, 1.14 g (26.08 mmol) of lithium chloride and 8.69 g (13.54 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 m] 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):
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
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1,4,7-tris-(carboxyl atonmet hyl)-10-[
y- 3-aza- 4- oxo- 5-net hyl pentan-5- yl]-1,4,7,10-tetraazacycl ododecane,
ex (WO 98/24775, Schering AG (Exanple 1)) are dissolved in 200 m
hy] sul foxide while being heated slightly. At 10C, 4.72 g (22.88

di cycl ohexyl carbodiimde as gell as 1.85 g (18.30 mmol ) of

am ne are added, and it is stirred for 16 hours at room tenperature.
tion is poured into 2000 M of acetone and stirred for 10 nore

The p.r69gFgm.!zahﬁ@blf@ﬂ diéycldhexyltdrbediRtideisfadasdattdreno RYblutibe 6f by
graphy (RP-18; nobile solvent: gradient that consists of

AP B Bl o comyryf b Ex e O 8 Y EOPBIANTTR 5 e

b IR SRSh s  Shiele 150 o B a5 et 1202 P C
t - Butyl oxycarbonyl )-1H, | H, 2H, 2H, 4H, 4H, 5H, 5H, 7H, 7H, 8H, 8H- 6- aza-3 89
bpdronexedniands mACAanlef dgneghylfymamide) itag stirred for 3 hours at 0°C and

ut yl oxycar bonyl - 3- oxa- pentyl enedi am ne (Koenig et al., Eur. J. Og

BB, foBbuRN 400 tah Rrired Pledipitaredlueads filterc@ ol tirilnsteas e added to
(25 mmol ) ofi net hanesul foni ¢ aci d-(1H, 1H, 2H, 2H per fl uor odecyl ) -

rile, an s stirred for 48 hours at 60C.~ I'nsol ub onponent s
CaShclrett AR O AR % onat ogr aphea o o oY
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 38.77

b) N-(2-Aminoethyl)-N-(1H,1H,2H,2H,4H,4H-3-oxa-perfluorododecyl)-2-[2-(2-

methoxyethoxy)-ethoxy]-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 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: 16.3 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



on silica gel (nobile solvent: dichloronethane/ nmethanol 20:1). Yield: 10.9 g
(67% of theory) of a colorless wax Elenentary Analysis: dd.: C 35.09 H
3.56 N4.31 F 49.66 Fnd.: C 35.28 H 3.64 N 4.24 F 49.53 b)

N-[5-(tert-Butyl oxycarbonyl)-am no- 3-oxapentyl -N- (I H, | H, 2H, 2H
perfluorodecyl)-2- {-2-[2-(2-nethoxyegfoxy)-ethoxy]-ethoxy} -acetam de 3. 97
g (19.23 mmol ) of dicycl ohexylcarbodiimde is added at OC to a sol ution of
10 g (15.38 Mol ) of the title conpound of Exanple 19a and 3.42 g (15.38
mol ) of {2- [2-(2-methoxyet hoxy)-ethoxy]-ethoxy}-acetic acid (Voegtle et
al., Liebigs Ann. Chem, 1980, 858-862) and 1.77 g (15.38 mmvl) of

N- hydr OX)éguccND{['I”4dﬁTh§l(c?a%x21atc9ﬁethﬁ) TR eR5 B Rlodbdané-30.i T ed for 3

hours at 0C and thén for 16 hours at room tenperature. PreC| pitated urea is
the resi due. | SRra b Sk ARG R PR i P G apc . and
Col or [ egs. v Sggapegprodo cabé?n-{% -mghﬁ#mogy? @%8}8715%%%1%58% 360 N 3. 28 F
37.79 Fnd.: C 39.57 H4.66 N 3.16 F 36.55 c)
N- (5- Ani no- 3- 6%EPEXRt y| ) - N- (1H, 1H, 2H, 2H- per f | uor odecyl ) - 2-{ - 2-[ 2- ( 2-
nmet hoxyet hoxy) - et hoxy] - et hoxy} -acetam de 50 ml of trifluoroacetic acid is
added at OC t ¢4.35 gdl 8130 omadyf of3h&tide {dnipabAd ofibkgmmié 18d, 2.11 g (18.30 mmol)
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-
yi]-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: 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 7.50 F 2469 Gd 12.02

Fnd.: C 3604 H 411 N 749 F 2452 Gd11.94

Example 19

a) I-N-(tert-Butyloxycarbonyl)-1H,1H,2H,2H,4H,4H,5H,5H,7H,7H,8H,8H-6-aza-3-



the title conpound of Exanple 19b in 100 m of dichl oronethane, and for 3
hours at roomtenperature. It is 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: 7.8 g (93% of theory) of a colorless
solid. Elenentary Analysis: Cd.: C8%.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- axapetflgorchéxandechlgmit®- yl ) ] - 5- ami no- 3- oxapentyl }-N- (1H, | H, 2H, 2H
perfl uorodecyl)-2-{-2-[2-(2-nmethoxyet hoxy) - et hoxy] - et hoxy} - acetam de, &

Conpl ex 7 g (%.B38 (Rahtholof NAerthutylexyeampaylridoxd-pdoxdempdeanife (Kdenlk/etg (9. 28
mol ) of N hydroxysuccinimde, 787 ng (18.56 nmol) of |ithiumchloride and

5.84 g (9. 2§zmvb>g @:fhem aﬁeiabm §o(ﬁ%ﬁ@@ﬁ'ﬁé@ﬂﬁﬁ&ywméﬁaﬂamme are

I-carboxy 3-aza- 4-0xo0- 5- met Ryl pent an- 5-yI']

1 4 7 10 t AG,

o Hd BYRA S ARHE B featiefifOR: ‘ﬁé.d-&m RS DE D) ng
heat ed sI i 0 11. 6 0 cycl ohe rrbodiimde is
added, arﬁﬁgf Eé%"%?tq} gﬁf"f%@ ’%699{&’11%%913%5 %bﬁotrﬁ é‘tcealf’ﬁ‘?rég &Faé ti§olution is
poured into 2000 nl of acetone and stirred for 10 nore mnutes. The
preci pi t stierdd fasl4i8dhoines at H0Cerlosplulfle cemponehtsrarglittéred ewt frym dierreactingr aphy
(RP-18; nobile solvent: gradient that consists of water/acetonitrile).
Yield: 8.s8hgiohGbibevipdrite®@tofthe @iy state @l DVdcatM, &1 thélres)dat & chedmidteraphed

(Karl -Fischer): 6.5%
on silica gel (mobile solvent: dichloromethane/methanol 20:1).
Yield: 10.9 g (67% of theory) of a colorless wax
Elementary Analysis:
Cld: C 3509 H 3.56 N 431 F 49.66

Fnd.: C 3528 H3.64 N 424 F 4953

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
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 (relative to the anhydrous substance): Cld.: C 36.92 H
4.35 N7.18 F 23.64 &d 11.51 Fnd.: C37.04 H4.39 N7.15 F 23.57 (d 11.47
Exanpl e 20 a)

1-N-(tert-Butyl oxycarbonyl)-1H, 1H, 2H, 3H, 4H, 4H, 6H, 6H, 7H, 7H 5- aza-[ 2, 3-( 2, 2-
di net hyl - [ 1, 3] - di oxol anyl )] - per f | uor opént adecyl amine 7.81 g (30 mvl) of
N-tert-butyl oxycarbonyl-[2,3-(2,2-dinethyl-[1, 3]

BAERAIEE T R AL SRR —

anal ogously to the production of N-tert-

but yl oxycar bori¢mentay Angbistsy| enedi ani ne (Koenig et al., Eur. J. Og. Chem,
2002, 3004-3014)] and 2.55 g (25 mml) of triethylamne are added to 13.56
g (25 mmol) ofCldmdt Bardés i foélh cNadi28- (F 3791 H, 2H, 2H per fl uor odecyl ) - ester

(Bartsch et al., Tetrahedron, 2000, 3291-3302) in 150 M of acetonitrile,

and it is stirpngd ¢ @9 A48 Hops Al 36@C. F 33.55 nsol ubl e conponents are filtered
out fromthe reaction solution, it is evaporated to the dry state in a

vacuum and the residue is chromatographed on silica gel (nobile solvent:
di chl or onet hane/ met hanol 20:1). Yield: 12.5 g (71% of theory) of a colorless

nex 6 ergnt any Aglue ki N AT e publodeD £ (T3 P ¢ C 3766

H 3.94 N
R AR et £ T R o)
50 ml of trifluoroacetic acid is added at 0°C to a solution 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 4281

Fnd.: C 36.88 H 421 N 355 F 4325

d) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-0xo-5-methyl-5-y1)]-5-amino-3-oxapentyl}-N-(1H,1H,2H,2H-
perfluorodecyl)-2-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide, Gd
Complex
7 £ (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 mmol) of

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



et hoxy}-acetamde 3.65 g (17.7 muol ) of dicycl ohexyl carbodiimde is added at
OCto a solution of 10 g (14.16 mml) of the title conpound of Exanple 20a
and 3.15 g (14.16 mmol) of {2- [2-(2-nmethoxyethoxy)-ethoxy]-ethoxy}-acetic
acid (Voegtle et al., Liebigs Ann. Chem, 1980, 858-862) and 1.63 g (14.16
mmol ) of N-hydroxysuccinimde in 200 gyl 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 a[d, thetraeatcblielodscanl r@drednag e;xaOMedb 8 785, Soherime AG( (Exainipde BOI vent :
di chl or onet hane/ net hanol 20:1). Yield: 8.9 g (69% of theory) of a colorless,

vi scous Qfe'dlssoﬁk&memo%womﬂbt}igl Sifolddd whilEbéig §Sarkd ﬂigﬁﬁyNA% 18% B.335. 47
Fnd.: C 40.97 85 N 3. 00 5.37 93 )

N-(4-Amin 0X {1H 1H, 2H; erflu {-2-[2-(2
met hoxyelgﬁ5&95‘1%‘?11%%)?1%%%%#'“%&%@%% 8@'—55 sftlrf ﬁb‘:g&% étl c acid is
added at OCtoasqutgéjn of 8.2 49 00 mmLo thetltlﬁcorrpound of
Exanpl e 306" [SHPEBONF | Soltichh o peed i e00am ffaa?w@e prstatigred for Woom
tenperature. It is evaporated to the dry state in a vacuum and the residue

i s chromeroninttse dhe presipitaied sejed IS(fﬂ@deOéf angl thespurifigd biylchramasegiaphe/ met hanol
10:1 to 2:1). Yield: 6.68 g (96% of theory) of a colorless solid.
El ement a(BP-ABahyisilesolvehtd . gradierd Shaf Dordists dfovdterZicbibnfrild). 92

Yield: 8.8 g (65% 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 2364 Gd11.51

Fnd.: C 37.04 H 439 N7.15 F 2357 Gd 11.47
Example 20

a) 1-N-(tert-Butyloxycarbonyl)-1H,1H,2H,3H,4H 4H,6H,6H,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)j-butylenediamine [produced from (5-aminoethyl-2,2-dimethyl-[1,3]-
dioxolan-4-yl)-methylamine (ACROS) analogously to the production of N-zert-
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 ml of acetonitrile, and it is stirred for 48 hours at 60°C.



Fnd.: C 36.05 H4.11 N 3.60 F 41.77 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 )] - (4-am no- 2, 3-di hydroxybutyl)-N (1H,

| H, 2H, 2H per fl uor odecyl ) - 2-{-2-[ 2- (2- met hoxyet hoxy) - et hoxy] - et hoxy} -
acetam de, Gd Conplex 6 g (7.79 nmol )9Dbf the title conpound of Exanple 20c,
897 nmg (7.79 mmol ) of N-hydroxysucci nimde, 660 ng (15.58 mmol) of lithium
chloride and 4.90 g (7.79 mmol) of

1,4, 7-tr |h§otttb@r@mmn@nts)w@tfﬂtyre)iﬂyofrpm—tbmeb@msshé@armlscﬁzfépcsatﬁétmsbp pent an- 5-yl
]- 1 4,7,10-tetraazacycl ododecane, Gd conpl ex (WO 98/24775, Schering AG

( Exarrpl e dit)) gtate ar 2vatuemohndattie Fasidii® B ciiromﬂ’ttoglhphﬁd]ml silgaal gebémcdﬁle\sh]vbm: bei ng
heated slightly. At 10C, 2.01 g (9.74 mol) of dicycl ohexyl carbodiimde is
added andijchlorérfethhrelh@Harfop20:1$ hours at room tenperature. The solution is
poured into 2000 m of acetone and stirred for 10 nore 94 mnutes. The

preci pitated Wélhdli§ f(|7 %%rf%ﬁg{) ofﬁ'@&'loﬂ@s%'%a?}““ fied by chromatography (RP-

18; nobile solvent: adl ent consi sts wat er/ acetonitrile). Yield:
6.9 g (59% of of, a colorless solid Witer content (Karl-Fi scher)
7. 7% El errenta iF %éin flﬁel ative to the anhydr ous substance): dd.: C
36.50 H 4.30 N 7. 2337Gd1138 Fnd.: C 36.71 H 4.35 N 7.02 F 23.41 Gd

09
11.29 Exanpl gl@l(_“a?'/‘i() 3.85 N'3.97 F 4572

N-{[1,4,7-Tris-(carboxylatonmethyl)-1,4,7,10-tetraazacycl ododecane- 10- N
(but anoyl - 4- ( Rnd.c & Boxg| &l 6% yN)§32 -fadpadet hyl } -N-(1 H, 1 H, 2H, 2H

b) N-{4-(tert-Butyloxycarbonyl)-amino-[2,3-(2,2-dimethyl-{1,3]-dioxolanyl)]-
butyl}-N-(1H,1H,2H,2H-perflucrodecyl)-2- {-2-[2-(2-methoxyethoxy)-ethoxy]-
ethoxy}-acetamide
3.65 g (17.7 mmol) of dicyclohexylcarbodiimide is added 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

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 40.97 H 485 N 3.00 F3537



per fl uorodecyl)-2-{-2-[2-(2-nmethoxyet hoxy) - et hoxy] - et hoxy} - acetam de, &
conpl ex nonosodiumsalt and N-( { 1,4,7-tris-(carboxylatonethyl)-1,4,7,10-
tetraazacycl ododecane- | O N-(ethano-[2-(R)-carboxylatoethyl] -yl)} -2-

am noet hyl }-N-(1H, 1 H, 2H, 2H perf | uor odecyl) 2- {-2-[2-(2-nethoxyet hoxy) -

et hoxy] - et hoxy}-acet am de, Gd Conpl ex 9%bnosodi um Salt 2. 84 g (3.52 mml) of
the title conmpound of Exanpl e 14b, 448 mg (4.4 mmol ) of triethylam ne and

D REACT A S Wi Tt eSS CAT o € ALY\ B R eReS

rmnopent af | uor ophenyl ester, d corrpl ex (WD 2005/0014154, EPI X

PHARMACEUTI CALBsthexyethoxy esthewyll sthony} -gretamida- 15- Pfp)) are di ssolved in 50

of dinethyl sulfoxide, mxed with 356 ng (3.52 mmol) of triethylamne, and
stirred for 160musfarifiiorpametit hediesdaed ate)°Clibe sslukioh bb8.2 g (9.00auneld of Nt o 1000
m of acetone and stirred for another 10 m nutes. The precipitated 95 solid

S i L el EorpAntlbP BB ODSth [0 GhERBIOSRADN, GRS ngiRbid e sol vent:

gradi ent that consists of water/acetonitrile). The fractions that contain

the produgt, at. o £8RCSPLIahed by SYaRar @ o vallanolyegle Iaidle

neutral i Ze ydrox eze dri ed.
Yield: 2.Q3 g (39% of theory a col orl e ol |0| soneric
m xture. © @PgréBhﬂdéWts (%&F? («nmbéﬁﬁ%li"?m QI%&F Ml&?@%ip ¢Wrelative
to the anhydrous substance C35.72 H3.97 N6.25 F 24 01 &d 11.69

Fnd.: C 36.01 Yiehl: (b8 @6 eoﬁ'-thgcsy)a@fmlqrh_esmthxarrp| e 22

Elementary Analysis:
Cld: C 3585 H 4.06 N 3.64 F 41.92

Fnd: C 36.05 H 411 N 3.60 F 41.77

d) N-{[1,4,7-Tris-(carboxylatomethyl)-1,4,7,10-tetraazacyclododecane-10-N-
(pentanoyl-3-aza-4-0x0-5-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

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-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, 2.01

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



a) N{[1,4,7-Tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecane- 10-N-
(but anoyl - 4- (R) - car boxyl ato-4-yl )] -2-am noethyl }-N-(IH, 1 H, 2H, 2H

per fl uorodecyl ) -2- (1- O a- d- mannopyr anosyl ) - acet am de, Gd Conpl ex Monosodi um
Salt and N-({ 1,4,7-Tris-(carboxylatonethyl)-1,4,7, 10-

t et raazacycl ododecane- 10- N- (et hano- [ 294 R) - car boxyl at oet hyl ] -yl ) }- 2-

am noet hyl ) - N-(1H, 1H, 2H, 2H per fl uor odecyl ) - 2- (1- O ( X- d- mannopyr anosyl ) -
acet am de, Gd Conpl ex Monosodium Salt 2.83 g (3.44 mmol) of the title
conpound TONUES a R @e@p@atemwdn@ﬁttereéomd;he@ﬂmrlfledbyHypﬁlmqs&aphﬁ&l% 43 g (4.3
mmol ) of 2-(R)-2-[4,7,10-tris-(carboxyl atonet hyl ) -

1,4,7, 10-ItSemohﬁszmdwt:ogiadﬁemahatroySiStpeﬁwaméaa&t(ma’xrilnoxyI ic acid

nonopent af | uor ophenyl ester, Gd conplex (WO 2005/0014154, EPI X

PHARMACEUTI CARSeld! l};l@g(s@Ea(@ﬂmé@y) &Fa oRrkidMlid5> Pfp)) are dissolved in 50 m
of dinmethyl sulfoxide, mxed with 348 ng 96 (3.44 nmol) of triethylam ne,

and stirred f%at@cﬁ&gfg%ﬂﬁrsg%?%r 2k erature. The solution 1is poured into

1000 mM of acetone an irre nore mnutes. The precipitated solid
is filtered of uriftied by chromato hy,.(RP-18; nobile sol vent:
gradi ent that Efl%?{garrg[‘l@ BP]S\XEﬁ Wé%%f@ﬁ%"@a Séﬁf’ﬁ%) fractions containing the
product are concentrated gforatl on, dissolved in water, neutralized

with 0. I'N sod! @tm%?érsgxﬂélé‘%%l 798 dnd33thdid filedze-dried. Yield: 1.64 g

(32% of theory) of a colorless solid as a 3:2 regioisonmeric mxture. Water

content (Karl Fadsdheé6)71 SHatEEl dh@dlark 2Adl ySdsl1(3%l ati ve to t he anhydrous
substance): Cdd.: C34.42 H3.63 N6.17 F 23.73 &d 11.55

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-(carboxylatomethyi)-1,4,7,10-
tetraazacyclododecane-10-N-(ethano-[2-(R)-carboxylatoethyl]-y1)}-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)-

1,4,7,10-tetraazacyclododecan-1-yl]pentanedicarboxylic acid monopentafluorophenyl
ester, Gd complex (WO 2005/0014154, EPIX PHARMACEUTICALS, INC., (Example

9: EP-2104-15-Pfp)) are dissolved in 50 ml 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



Fnd.: C 34.66 H3.60 N6.09 F 23.78 &d 11.39 Exanple 23 a)
N-{[1,4,7-Tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecane-| O N

(pent anoyl - 3- aza- 4- oxo- 5- net hyl -5-yl )] -2-am noet hyl }-N- (1H, 1H, 2H, 2H
perfluorodecyl)-2- {-2-[2-(2-nethoxyethoxy)-ethoxy]-ethoxy} -acetani de,
TrisodiumSalt 10 g (7.13 mmol) of th&title conpound of Exanple 14c is
dissolved in a mxture that consists of 100 mMl of water and 30 m of

i sopropanol,, .mxed with 2.25 g (24.96 muol) of oxal ic.acid and heated for 5

hours t o Sebidis filjeredentt @M%@W%@W&W%ﬁéﬁf@%l ;prabile spveitted solid is and

then purified by chromatography (RP-18;, nobile solvent: gradient that

consi st s anddiewithat tensistsofiwaterlagtonimile). f Fedractions thatnontagnthaiprodupleare7  pr oduct

are concentrated by evaporation, dissolved in water, set at a pH of 10 with

0. 1IN sodiouseniru@d by iedeposadiow] diimlmddn tvaeen renesized d/ﬁﬁhemllN Yoddhrd hydroXRleg (77% of
theory) of a colorless solid Wter content (Karl-Fischer): 8.2% El ementary

Anal ysi s S@{ﬁbﬁtahd/ﬁleﬁ@regiéedr%hydrous substance): Cdd.: C38.94 H4.49 N 7.95
F 26.18 Fnd.: C 39.03 H4.44 N 7.98 F 25.89 b)

ML T Sy oI ok el o R AR, o0,
gg”): ggrodecyla’atgr éonten EKarFFlsc L oxglft hoxy) - et hoxy] - et hoxy) - acet am de, Dy

Elementary Analysis (relative to the anhydrous substance):
Cld: C 3572 H 397 N 625 F 2401 Gd 11.69

Fnd: C 36.01 H 4.06 N 629 F 2389 Gd 1146

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]-y1)}-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



2.0 g (1.49 mol) of the title conmpound of Exanple 23a is dissolved in 50 ni
of water and | m of acetic acid, mxed with 441 ng (1.64 mol) of
dysprosiumchloride and stirred for 6 hours at 80C. It is neutralized with
amoni a, evaporated to the dry state and then purified by chronat ography
(RP- 18; nobile solvent: gradient thatg consists of water/acetonitrile).
Yield: 1.78 g (84% of theory) of a colorless solid Wter content

(Karl -Fischer): 6.2% Elenmentary Analysis (relative to the anhydrous

subst anc&} .44 nfthél) of tGeth§lahfind; add dtdrdd fér BOhdurd 4t rdomympetadide. Firrdolution36. 32 H
4.24 N 7.30 F 24.19 Dy 12.16 98 Exanple 24 a)

N-{[1, 4, 45 fhnirsd &%fd%ﬂ' @a@&gﬁéqéﬂd)sn;re&fgr 1h3néreifipgEacyitd peapesan@lio- N (p
ent anoyl - 3- aza- 4- oxo- 5-net hyl -5-yl )] -2-am noet hyl }-N- (1 'H, 1" H, 2H, 2H

perfl uoraq X e,

Conpl ex ﬁggﬁée%ﬁgkéaﬁ%%%Tﬁ ?&?%a% %? ?ﬁ%g%%ngx%¥bi ﬁ%¥% etn?{Ha'élilssolved
in 50 m of acetjc acid,. ed with 458 .64 mmol ) of
ytterbi urﬁoﬁﬂftBPij%tefz?’FGtongﬂeﬂ %E‘#CT@)‘F‘OBS H‘Bl!i?“ém&ttﬁ(%@ Guqt are; @nﬁ%‘g“@&él bYzed with
anmoni a, evaporated to the dry state and then purified by chromatography
(RP- 18; evapsirationsdisspdyed:in yaget nentralized wididh EN sediumfhydugxidersolgienend tri | e) .

Yield: 1.84 g (86% of theory) of a colorless solid Wter content
(Kar | - Fi ghérefrdeze-driedo

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 363 N 6.17 F 2373 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-oxo-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 mi 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



El ementary Analysis (relative to the anhydrous substance): dd.: C 35.91 H
4.14 N 7.33 F 24.14 Yb 12.93 Fnd.: C 36.05 H4.19 N 7.31 F 24.00 Yb 12.79
Exanpl e 25 a)

N-{[1,4,7-Tris-(carboxylatonmethyl)-1,4,7,10-tetraazacycl ododecane- 10- N
(pent anoyl - 3- aza- 4- oxo- 5- met hyl - 5-yl') 47 2-am noet hyl }-N-(1 H, 1H, 2H, 2H

perfl uorodecyl)-2- {-2-[2-(2-nmethoxyet hoxy) - et hoxy] - et hoxy}-acet am de, Y-
Complex 99 2.0 g (1.49 mmol ) of the title conpound of Exanple 23a is

di ssol vegréducbite Gbncehitraed By evapbrationdinblvad &i waeeét@t a pioFd 0with0.BR0 ng (1. 64
mml ) of yttriumchloride and stirred for 6 hours at 80C. It is neutralized

wth a e and then purified by
MRH4; ¥ ?%)%?Hcas%ﬁﬁ‘lo &ﬁﬁn ‘f}tre¥ze$&r?éd

chr omat ogr ap e so vent: gradient that consists of

wat er/acetonl |Ie Yi 79%.0f theory) of a colorless solid
Wat er cont ent (?%gr 32%@k2°r3fjfh g}’fécgmlﬁfsﬁ’sgmal ysis (relative to the
anhydr ous substance) 32 H4.42 N7.82 F 25.76 Y 7.09 Fnd.: C
38.56 H 4.51 N"aiersf@nte@@@elsﬁw@ﬂgs‘f D%y anpl e 26 a)

10- (5- Oxo-tetrahydrofuran-2-ylnethyl)-1,4,7-tris(carboxynethyl)-1,4,7, 10-
t et r aazacycl odfdetesntane ABalysig (l(emivceﬁﬁhnﬁnl)ydmuswbﬁtmhydr oxide is added to

12.0 g (34.6 mol ) of 1,4,7-
Cld: C 3894 H 449 N 795 F 26.18

‘Fnd: C 3903 H 444 N 798 F 2589

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)-ethoxyl]-ethoxy} -acetamide, Dy
Complex
2.0 g (1.49 mmol) of the title compound of Example 23a is dissolved in 50 ml of

water and 1 m] 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 12.24

Fnd.: C 36.32 H424 N 730 F24.19 Dy 12.16



tris(carboxymethyl)-1,4,7,10-tetraazacycl ododecane (DO3A) in 50 m of water.
A solution that consists of 5.02 g (43.25 muvol) of 3-oxiranyl propionic acid
(Dakoji et al., J. Am Chem Soc., 1996, 10971-10979) in 50 m of

n- butanol /50 m of 2-propanol is added in drops thereto, and the sol ution
is heated for 24 hours to 80C. The reggtion solution is evaporated to the
dry state in a vacuum the residue is mxed with 300 M of water, and a pH
of 3 is set with 3N hydrochloric acid. Then, it is extracted three tines
with 200 pamflegd of n-butanol, the conbined butanol phases are evaporated
to the dry state in a 100 vacuum and the residue is purified by

chromat ography (RP-18; nobile solvent: gradient that consists of

vat or content AT HE b Syndel By ary%ﬁﬁ%%% dPTve To the

?ghzgr g;J S SUbS([tJ%?a%%ng—S aza-t(li -0X0- -r?léLth):;’145-3l_f‘l)]72 ammoe yl}-%-f ElldIH 2ﬁ2 .63 H7.05N
10- (5- Oxo-t et r ahydr of ur an- | met h tris(carboxynet 1,4,7,10-
t et raazacycl odsdberdecylza- {6% (?emegll@xrﬁﬂg)xo’?&thxzxﬂrﬁihqx)’éfacﬁtﬁ@lgleb %[Pe conpound

of Exanple 26a is dissolved in 100 M of water and 1 nml of acetic acid,
mxed with 4. $»npléxl2. 1 nmol ) of gadolinium oxide and stirred for 6 hours
at 80C. The solution is filtered, evaporated to the dry state, and then

b o acet o L1 1) el a1 8 5 SboA or U HeorY) ol & color 658 sol 1d
water and 1 ml of acetic acid, mixed with 458 mg (1.64 mmol) of ytterbium 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: 1.84 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 2414 Yb 12.93

Fnd.: C 36.05 H 419 N 731 F 2400 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



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 N 9.21 &d 26.09 c)
N-{[1,4,7-Tris-(carboxylatonethyl)-1,4,7,10-tetraazacycl ododecane-10-N 101
(pent anoyl - 4- hydroxy-5-yl )] -2-am noetdyl }-N-(1 H, 1

H, 2H, 2H per f | uor odecyl ) - 2-

{-2-[2-(2-net hoxyet hoxy) - et hoxy] - et hoxy}-acetam de, Gd Conplex 2.84 g (3.52

nmol ) of the tiotd @ sanmeypdteftitranpbenddiEanmle32338s disidvedBinmoBh)of of the

title conpound of Exanple 26b are dissolved in 50 mMl of methanol, m xed with
356 ng ( a?a*rqs) rle 1LA&, t & f 14k hda

t enper at S’vragé%o @&.0?%%&??%@%%%?5{@52??% ﬁéaﬁgggtgﬁégwg%ﬁgiﬁ%puri fied by
chromat ogr.a P- 18; ile solvent:. gradient that consists, of

nt or 1 ac S tor ey BRIt B nesezeanim Hriorib ey iopted BBt BERE sol o
Vater content (Karl-Fischer): 6.9% Elenentary Analysis (relative to the
anhydr ougné thies paried) by chopmiatograplne(RE3 1§41 mobie sohe:ny 2grdipnt that cggsiste 061 Fnd. : C
36.77 H4.38 N6.33 F 24.59 G&d 11.96 Exanple 27 a) 1H,

1H, 2H, 2Hwhtdrédtetodikrde). 3- N-[ 1, 4, 7- Tri s- (car boxyl atonet hyl ) -1, 4, 7, 10-

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

per f1 uorotri degyl- Ns§5379% of BilB) 0% ¥STbheskb@t hoxy] - et hoxy} - acet ami de, &d

Conmpl ex
Water content (Karl-Fischer): 5.5%
Elementary Analysis (relative to the anhydrous substance):
Cld: C 3832 H442 N 782 F 2576 Y 7.09

Fnd: C 3856 H 451 N 788 F 2565 Y 6.98
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 (D03A) 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 mi 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 m]

each of n-butanol, the combined butanol phases are evaporated to the dry state ina



2.58 g (12.5 mmol ) of dicycl ohexyl carbodiimde, as well as 1.01 g (10 nmol)
of triethylamne 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 hoxyl - et hoxyl -acetic acid (Voegtle et al.,

Li ebi gs Ann. Chem, 1980, 858-862) aré01.15 g (10 nmol) of N

hydr oxysuccinimde in 100 m of dinmethylformamde at OC, it is stirred for 3
hours at 102 O0C and then for_16 hours at room tenperature. Precipitated
urea i s AfuwE)apd teresidisds pwifiedihy ehrematography ot meabile solvert: @Fadiadtate in a
vacuum The residue is taken up in a little water, insoluble conponents are
filtered tlaconsamtedofiviraterfacttonitrile).i s t hen purified by chronmatography (RP-18;
nobi |l e sol vent: gradient that consists of water/acetonitrile). Yield 8.2 g
(58% of theor Wielaf 136¢q9%|Esteopldfd coMiegrsoi@nt ent (Karl -Fischer): 6.2 %

El ementary analysis (relative to the anhydrous substance): Cd.: C 36.34 H
4.19 N 7.42 FyedeAdnfeh: (k]arlsﬁscﬂéﬂq'm.él% 36.55 H4.27 N7.33 F 24.21 (d 11.70
Exanpl e 28 a)
| H, 1H, 2H, 2H, 4H, 4H, 5H, 5H- 3-.N- A 7-Jris-(carb | atonet hyl )-1,4,7, 10-
tetraazacycl o?&e%%'%ﬁ%gnﬂggs &%@%Z%%B@@%ﬁ%ﬁ& 5-met hyl -5-yl)]-
perfluorotridecyl - N % -2- %’l%?;ﬁ( 2- met hoxyet hoxy) - et hoxy] - et hoxy} -acetam de,
Tri sodi um Sal €1 -ch5é- 41H )Nop‘@@le title conpound of Exanple 27a is

di ssolved in a mxture that consists of 100 m of water and 30 m of

i sopropanol , #iged Bilh 2780 MN24296 mol) of oxalic acid and heated for 5
hours to 100C. After cooling to room

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 m] 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
watet/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 489 N 921 Gd 26.09

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



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, dissolved in water, set at a pHof 8 wth 0.1
N sodi um hydroxi de solution and then '20’ eeze-dried. 103 Yield 8.64 g (91% of
theory) of a colorless solid Wter c r‘}tent (Karl -Fischer): 7.5 % El enentary
analysis (relative to the anhydrous substance): Cd.: C38.94 H4.49 N 7.95

F 26.18 Fnd.: 38. 1Q_NMiA_B5: A . I

1H 2H 2H, aH, aif @ﬁ?}% ?—'th z‘-h[%’f?}?f 3%5]% ?@‘."5 & a?%?ﬁy(f)%#?f?e‘?’ﬁ‘yﬂ gerfjuojodecyly-2
tetraazacycl o e- 1 10- n Vit 3-aza-4- oxo-5-41et hyl -5-yl )] -
perfluorotri dg{%ff@?‘e %%f&%%%@ﬁ%%}f%giya)cf’%lph%k9?-de}r)etrwg%y} -acetamde, Y
Conplex 2.0 g (1.5 |) . of the title c und of Ex le 28a is dissolved
in 50 n of B CAmoROt e Hlesomponed of EAmall 4h 4 Bbe ﬁ@(&ln@ mol ) of
yttriumchloride and stirred for 6 hours at 80C. It is neutralized with
ammoni a, diilenoapornd ehexample gotaare disagided néh mlofinisteanobynized witht ogr aphy

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

Yield 1. 436Gnd B29% imol)vE@ietlyl@hine, 4l seifrbe S 48%oust at ¥éngerat aretog50°C.
(Karl -Fischer): 5.0%Elenentary analysis (relative to the anhydrous

subst ancq} is e%&réte(i:tostﬁe 31%1 dihté adkEthbh Bm%edl:byz&rgtﬁatggrzplgg(RP- 18; mobile
solvent: gradient that consists of water/acetonitrile).
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 12.0]

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-4-0x0-5-methyl-5-y1)]-
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

Example 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



Fnd.: C 38.48 H4.55 N7.75 F 25.66 Y 6.96 104 Exanple 29: Relaxivity The
Tl and 72 relaxation tines of water and plasnma (bovine) with increasing
concentrations of the gadolinium conplexes of the title substances of
Examples Id, 5c, 14c, 15c contained therein were determ ned at 40C with use
of an NWMR pul se spectroneter (Mnispgg PC 20) at 0.47 T. The results are
set forth in Table 1. Exanple 30: Acute Toxicity after One-Tine |Intravenous
Adm nistration in Mce (Prelimnary) After intravenous adm nistration of

t he gadoloP@rndnhen figrl 1€ earsait rddnetetripetature S Blesipiated sreafis fikanpbesarddthe 5¢c, 14c,
15c in mice (n = 3; rate of injection: 2 mM/mn), the acute systemc

conpat i biflitdty is(ehERPatedBSthe BFyestate Bedvauel Mheadsidue is faRere@sh Liage, sever al
dosages with an observation period of 7 days were exam ned The acute

toxici ti %})\%{lggol .%Solhgon%ﬁts%}‘egﬁ?ér?&’ G2hdfe ﬁﬁx% is 'fhe£ e? py Exanpl e 31:

Excretion ravenous m ni S ration In ntravenous

adm ni str t|on of .5 |, of .total gadol,ni od i ght, of the
gadol i ni GH° @nggt F?E’btﬂFlsﬁ?l '8 &ﬂ’g}?ﬂ% 'E’&é’ﬁb"[ ég/a? :%Erge) 14c, 15c
inrats (n = g,) the netal content was determned in fractlons up to 14 days
after adnmi ni Jtelat8.Ha (e pbleerydrf acdmilessselid on spectrometry (1 CP-AES) in
the excretion nedia of urine and feces, as well as in the body (the rest of
t he body). ThéVatesohtest (ael-Fipthepetx® in Table 1. 105 Exanple 32: Plasma
Kinetics After Intravenous Adm nistration in Rats

Elementary analysis (relative to the anhydrous substance):

Cld.: C36.34 H4.19 N 7.42 F24.43 Gd 11.89
Fnd.: C36.55 H4.27 N 733 F2421 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-10-N-(pentanoyl-3 -aza-4-oxo-5~methyl-5-yl)] -
perfluorotridecyl-N-{-2-[2-(2-methoxyethoxy)-ethoxy]-ethoxy}-acetamide,
Trisodium Salt
10 g (7.11 mmol) of the title compound of Example 27a 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 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.



After intravenous adm nistration of 50.tnol of total gadoliniunm kg of body
wei ght of the gadolinium conplexes of the title substances of Exanples 1d,
5c¢, 14c, 15c¢ in rats (n = 3), blood sanples were taken via a catheter in
the conmmon carotid artery at different points in tine (8 hours to 24 hours
p.i.), the netal content was determ ngg by neans of atom em ssion
spectronetry (I CP-AES) and converted to plasnma values via a conversion
factor (0.625). The elimnation half-life was cal cul ated by neans of speci al
sof twar e (W nNgsid 86} gf (P o¥h dftilesopf)af aeolodlasaptid at i ons. The results are
presented in Table 1. Exanple 33: Visualization (MRT) of Lynph Node

Met ast ases angy ¥l caftedt @I_qmqri&heﬂf’g_g%l ntravenous Adm nistration of the
Contrast Mediumin VX2-Tunor- Carrying Rabbits The pictures of Figures 1 and

2 show MR i na i Ll ac: as well as up to 24 hours
after intrave%%&egg%%a?@%ér%%gﬁqggﬁégﬂﬁﬁgﬁ&%ﬁ?' of body weight of the
title substan of le |, ..d),Jn rahbi wth.j i npl anted VX2 tunors.
The Ti -wei ght gﬁdt UP%%& n- eald™ mageg?htgsust ratF]ezc{Tir?e strong signal rise in
heal thy |ynph_ node tissue at early points in tine after contrast nmedi um

adni ni strati ofind15C38-880 ni ndtte® p.i N 7-6Fones WX ¥ there was no signal
rise wthin the | ynph node were di agnosed as netastases and confirned

hi stologically (H E staining of the | ynph node sections) (Figure 1).
Surprisingly enough, as early as imrediately after adm nistration, a clear

enhancenmgnt i MH{IME2I92HEH YHI SHYPH- 38 pECi-Bhd-ftatboxt lasoniliyiphe7yDo-coul d al so be
observed 106 (Figure 2). At later tines (24 hours p.i.), this enhancenent
al so propagat gsrahA8ddB&ne-10-N-(pentanoyl-3-aza-4-oxo-5-methyl-5-yl)]-
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 m] 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. 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 1.43 g (72% of theory) of a colorless solid
Water content (Karl-Fischer): 5.0%
Elementary analysis (relative to the anhydrous substance):

Cld.: C3832 H4.42 N 7.82 F25.76 Y 7.09

Fnd.: C3848 H4.55 N7.75 F 25.66 Y 6.96



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 i mages of the aorta 6 or 24 hours after

i ntravenous adm ni stration of 50 nol of Gd/ kg of body weight of the title
substances from Exanple |d) and Exanifde 14c in WAt anabe rabbits (VWHHL
rabbits; genetically- induced arteriosclerosis) and in control aninals

Wi thout arteriosclerosis (white New Zeal anders). The Ti-wei ghted

| nver si ofEsRemde 29:yRelagiyés (I R-TFL, TR/TE/ TI = 300/4.0/120 ns, a 20)
illustrate a strong signal rise in the arteriosclerotic plagque of WHHL
rabbits, but bt Tilrand AR relasation nimes whgawr end plastdhébovmspwithinongasingof t he
healthy control aninmals. The | ocalization of the plaque, especially in the

aortic argheepfratitislof & dafolidille cHRABIeNEAS tROSSAE®Stan e of ERithplesTed sby neans of
Sudan-3 staining. Wth this test, the suitability of the conpounds

accordin I tl I o i 0§<%| i pl aque coul d be
shown. E%g%sé%ggtgﬂﬁ%ebﬁlg&vgﬁdz%nﬁg%ﬁﬁ% ﬁ%}%toryﬁesipgl}lsg and Necrotic
Areas After Intravenous Admi nistration of the Contyas iumin Rats By
way of eXBFRyoBete “B?R?FIE’F@B? 8’11’7 3urT§eaeS§H%wer€/ﬁ fBﬁBg@iﬂ%ﬁ nf | ammat ory
muscle lesions as well as necrotic areas at different points in tine after
i ntravenous administration of 50 Itnol of Gd/ kg of body weight of the title
substance of Exanple 14c in rats. The inflammation/ necrosis was induced by
i nt raven@&xangdedi Acatt Taxiciof afkr@néTime Betngano(LAdminisratia ilmbdlices bef or e
the adm nistration of contrast nmedium and subsequent 20-m nute irradiation
with a xenon | anp. (Fh@iminaMg! 9ht ed turbo- spin-echo
After intravenous administration of the gadolinium complexes of the title
substances of Examples 1d, 5c, 14c, 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, 5¢, 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.



imges (1.5 T, sequence: TI-TSE, TR 451 ns, TE 8.7 ns) illustrate the strong
signal rise inthe inflammatorily altered tissue early on (up to 60 m nutes
p.i.) as well as the delayed signal rise in the central necrosis at tine 24
hours p.i. Exanple 36: MRT Visualization of Lynph Nodes After |ntravenous
Administration of the Contrast Medi U8%in Rats By way of exanple, the

pi ctures show MR i mages of popliteal |ynph nodes at different points in

time aft i Nt ravenous m ni stration of 50 pol . of Gd/k f body weight of
Lhe t1 11 Exampls i cBapng Kinsts AT nfaverqus o LEmiteatton ib R exanyl e 140) and
title substance from Exanple 15c) in rats. The Ti-weighted turbo-spin-echo
i mages (1.5 Hftesinraeenous adminiegationef N9melof totd gdolimsiy/kg afbedy at e t he

strong signal rise in the functional |ynph node tissue at early points in

time (UupweiphOf fife gd®@miun compledalof the titRhybitaaehenEcalplenid, Expae) rsent al Dat a
Regar di ng the Exanpl e Substances. Conpound Rel axivity Body Elimnation Gd

Content LPh Eblobd Sd1dd WEERAKeR Ma RohRAd iR th 'é%hﬁﬁ%nicf tRfarfehegad 24
[ ol / kg Ex(g{?ru})?)’e 4 gdghs of Bl o§§ Four s p.ril. NO. [ © [a% 1 R(w: 22.7
0.0%4.8 urs 0. 7% > 1 Rl : . (W ; 8.1 ng, Rel axi vity
Body & i ATArT sl Egte bl g RS e B mee pie S PREBENRE PN P 1 L e
Ho i .
of Bl ood mzegn 0 atcl)nll Iéglllssiolr_:l)égégrt)rlo?ne%ré (@iE%S anBéJ c(;)o%gerteduti)splagmla values via a
conversion factor (0.625). The elimination half-life was calculated by means of special

software (WinNonlin) from the plasma concentrations. The results are presented in Table

L.

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 pmol 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-i.). 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



No. [ [ R2(p): 29.8 5 R(w: 18.9 0.0% 0.8 hour 0.0% R1(p): 24.8
R2(w): 23.9 R2(p): 32.8 14 R1(w): 18.6 0.0% 1.1 hours 0.0% 7.5 Rl(p): 25.5
R(w): 21.6 R2(p): 33.5 15 RI(w: 17.2 0.0% 4.8 hours 0.2% > 10 R (p):
24.6 R2(w): 15.1 R2(p): 33.2 R (w = R -relaxivity in water; R1(p) = RL(w
= R -relaxivity in plasma; R2(w) = Riggrelaxivity in water; R2(p) = RL(w) =
R2-relaxivity in plasma 109 dains 1. Perfluoroal kyl -contai ni ng conpl exes
with a nitrogen-containing linker structure of general formula | K- -X---R1L
QR (1) (Figure2). Atlater times (24 hours p.i.), this enhancement also propagates toward the

center of the tumor.

Example 34: MRT Visualization of Arteriosclerotic Plaque After Intravenous
Administration of the Contrast Medium in Rats

The pictures of Figure 3 show MR images of the aorta 6 or 24 hours after
intravenous administration of 50 pmol of Gd/kg of body weight of the title substances
from Example 1d) and Example 14¢ in Watanabe rabbits (WHHL rabbits; geneticaily-
induced arteriosclerosis) and in control animals without arteriosclerosis (white New
Zealanders). The Ti-weighted Inversion-Recovery-Images (IR-TFL, TR/TE/TI =
300/4.0/120 ms, o 20°) iilustrate 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 14¢

in rats. The inflammation/necrosis was induced by intravenous administration of Rose



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 6-CO (CH2)4--6 B-14H(CH2)n--s S-(CH2)ws whereby n" is an
integer from1l and 5, and mis an integer from1l and 6, and whereby S

i ndicates the binding site to linker jp7 and s represents the binding site
to radical R or R has one of the foll ow ng neanings, then Q has the
meani ng of a direct bond: R neans a polar radical that is selected from 110

The conpBexgs (20 mf/kgeklicirs beformithasdnihistratiod, ofdoaresdyneBiunt)end neans a
hydrogen atom or a netal ion equivalent of the atomc nunbers 20-29, 31-33,

37-39, 4Zaukdyq ueﬂazmmlﬁﬁe Bhdiatiof Wil %eabs 1afd. TR T, Réeighde@fiibdspiavie t he

rreanlnglnd|cated below, or A carbon chain with 1-30 Catomsthat S

bonded V'nﬁage??[j T, Nﬁ?xenc%r ﬂﬁé,eﬁi 4?101?19, 1‘]98}7 n%?l'iuslfrate 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

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 | LDs; Mouse
from [/(mmol*s)] | Retention Half-Life of Blood 24 | [mmol/kg]
Example 14 days of Blood Hours p.i.
No. [%6] [%]
1 Rl(w): 22.7 0.0% 4.8 hours 0.7% >10
Rl(p): 25.8
R2(w): 15.8




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 - CONH
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 -COON
groups, or 1-2 -SO3H groups, and whigl optionally is substituted by 1-10
-OH groups, 1-5 -COOH groups, 1-2 SGSH groups, 1-5 -NH2 groups, or 1-5

C, - C4-al koxy groups, whereby R7 means Hor C-C4-alkyl, Rf is a

D or2 b Ot s e er oy P oarl e, e or]i et ot no -
o0 1 PHghOO AR, AL || e TpRARfaAS ofhahEr% o'
gtoc?r: C(LLL@@TQPIW ch R neans %t&yl)c(isr ogenofaé]%mior aH(r)LE}E S.li. ilon equivalent of
No. [%] [%]
R2(p): 29.8
5 RI(w): 18.9 0.0% 0.8 hour 0.0%
RI(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
R2(p): 332

R1{w) = Rl-relaxivity in water; R1(p) = RI(w) = Rl-relaxivity in plasma; R2(w) = R2-

relaxivity in water; R2(p) = R1(w) = R2-relaxivity in plasma



21-29, 31-33, 37-39, 42-44, 49 or 57-83, provided that at least two R stand
for metal ion equivalents, R2 and R3, independently of one anot her,

represent hydrogen, C -C7-al kyl, benzyl, phenyl, -CH2OH or -CH2OCH3, and U
stands for -C6H4-O CH2-co-, -(CH2)1 5-w, a phenyl ene group, -CH2-

NHCO- CH2- CH( CH200C0H) - C61 44- w, - C6l - (@gH2CH2) oai - N( CH200CH) - CH2-w or a
Ct-Cl2-al kylene or-(CH2)7_12- CGH4 O group that optionally is interrupted by
one or nore oxygen atons, 1 to 3 -NHCO groups, or 1 to 3 -CONH groups
and/or is substituted by 1 to 3 - (@gits 5000H groups, whereby w stands for

the binding site to -CO, or of general forrmula Il 112 COOR NV COX
R OOC COOK' (ul) in which R has the above-nentioned neaning, R4 represents
hydrogen or a netal ion equival ent that is nentioned under R, and U

represents W, Or a. u )L.P.. whereby.co.neans the binding
site to -CO CjHi’ &uofc’fllﬁﬂc Bﬁ’ll%g%(}t% adyiteeey- Cogﬁa%érfgolb‘{é%&r al formula IV
COOR

structure of general formula I

K—L—X—R,

Q—R
(’)

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:

5-CO-(CHaz}€
SNH-(CHy )y
8{CHo)wre

whereby
n” is an integer from 1 and 5, and
m is an integer from 1 and 6, and
whereby 6 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



1r N3 R ROQX O COOR (IV) in which R and R2 have the above-nenti oned
meani ng or of general formula VA or VB NCOW N-COOR R OOCr .-000R
_CQOR (VA 113 rCOOR NCOOR vw.-C .-000R NCOOR (Vin which R
has t he above-nenti oned neaning, or of general formula VI ROOC-., /-\

/- CO - w 110

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, R}, R*, 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;-Cs-alkoxy groups,

whereby R’  means Hor C,-C;-alkyl,
Rt is a perfluorinated, straight-chain or branched carbon chain with the
formula —C,F,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 11,



ROOC " N-CO-~w (VI) in which RL has the above-nentioned neani ng, or of
general formula VI ROOC-, 0~ ROOC--"NROQC-. N ROOC.r (VII) in
which R and U 1 have the above-nentioned neani ng, whereby co neans the
binding site to -CO, or of general forrmula VIIl 114 O y(~~., NNa o OR (~
DOH ,N O0ORL 0 OR (M(1) in whightR has the above-nenti oned neani ng,
and U2 represents a straight-chain or branched, saturated or unsaturated
Cl-C20 al kyl ene group that optionally contains imno, phenylene,

phenyl enoxy, phenyl eni m r}f am de, hydrazide, carbonyl, ester groups,
oxygen, sul fur and/or ni % n atom(s) and that optionally is substituted
by hydroxy, nercapto, o>{§) t hi oxo, carboxy, carboxyal kyl, ester

ST
RO0OC Q/Nk\)—J\g(

COOR?
M

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;-Cs-alkyl,
benzyl, phenyl, -CH,OH or ~CH,;OCHj3;, and

U stands for —C¢Hs-O-CHz-w0-, -(CH2)1.5-®, a phenylene group, -CHa-
NHCO-CH,-CH(CH,COOH)-C¢Hy-@-, -CsHa-(OCH,CH2)o.1-
N(CH,COOH)-CH;-o or a C,-Cz-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

—(CHa)osCOOH groups, whereby o stands for the binding site to ~CO-,

or of general formula IiI



and/ or am no group(s), and free acid groups, optionally present in radical

K, can optionally be present as salts of organic and/or inorganic bases or
am no acids or amno acid am des, and L represents a radical that is
selected fromradicals I Xa) to I Xc) below c¢cx J 1-(CRSRO')e-W(CRBR8')m -N
Y (0(a) NN (CReR$' )n -W(CReRB').-N2 Y 115 (I Xb) % NH(CH2) 44-CH CO- S |
NH | (IXe) whereby n' and m, independently of one another, represent an

i nteger between 0 and 4, and M + n' - 1, and R8 and R8', independently of
one another, are either -H or -OH wi&d¥y with m + n' > 1, each group
-(CR8BR8')- can be the sane or diffefent, and Wis either a direct bond, -0-

or a phenyl ene group, which opti C@@oﬁe
S

e

COOR?
(1

in which R' has the above-mentioned meaning, R* represents hydrogen or a metal
jon equivalent that is mentioned under R', and U' represents —C¢H,-O-CHa-o- or a group
—(CH3y),-, whereby © means the binding site to -CO- and p is an integer between 1 and
4

3

or of general formula IV

([
A
R*OF)C Q/Nk\)J\gJ*

COOR?
™

in which R' and R? have the above-mentioned meaning

or of general formulaV Aor VB

e S0 v
(\ N-coor'
—

R'0O0C
{N.«-—COOR‘
~—COOR"

VA



substituted 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 y represents the binding site of L to radical X, and X
stands for a group of formula (M) p-Y-(CH)5-(Qt-(CH2): -c (X) whereby Y
means a direct bond, a group -CO or @g3group NR6, whereby R6 stands for -H
or a straight or branched, saturated or unsaturated Cl1-C 5 carbon chai n,
whi ch can be interrupted by 1-4 0 atons, 1-3 -NHCO groups, 1-3 -CONH groups,
1-2 -S2 groups, 1-2 sulfur atons NH groups or 1-2 phenyl ene groups,
116 which opti onaIIy can be ggéd 1-2 OH groups, 1-2 NH2 groups,
1-2 -COOH groups or 1-2 -QSCB grou nd WhICh optionally is substituted by
1-10 OH groups, 1-5 - 1-2 -SG3H groups, 1-5 NH2 groups, or 1-5
C, - C4- al koxy groups, a‘h‘oCG ans -0- or -S2-, s ands',

i ndependently of one anot her, "%@ér 1 or 2, t means either O or 1,
and p represents the binding site o to L and 4 re&rﬁsents t he bi ndi ng

in which R' has the above-mentioned meaning,

or of general formula VI

R‘OOC-—\N/' \N =0~
R'OOC—" ~—COOR"
(V1)
in which R has the above-mentioned meaning,
or of general formula VII
ROOC— 9
ROOC—" U‘J‘“ﬁ
R'QOC—,
R'OOC—"
' Vi

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

binding site to —CO-,

or of general formula VIII



site of Xto Rf. 2. Metal conplexes according to claim1, characterized in
that the netal ion equivalent R is an elenent of atom c nunbers 21-29, 39,
42, 44 or 57-83. 3. Metal conplexes according to claim11, wherein the netal
ion equivalent R is an elenment of atom c nunbers 27, 29, 31-33, 37-39, 43,
49, 62, 64, 70, 75 and 77. 4. Metal cpmpl exes according to one of clains 1
to 3, wherein Rrepresents a nonosaccharide radical with 5 to 6 C atons or
its deoxy conpound, preferably glucose, mannose or gal actose. 5. Metal

conpl exes accordi ng to,one of aims [to 3 wherein Ris a radical that s
selected from 117 CR ( J‘EF<-C(O)CI—|20CJ—|[CJ—|20CJ—|(CJ—|2CR‘)2]2
-C( O CH2OCH2CH [ C H2OCH( G [HROR 2} z} L R'N¥ CH2) 20W - N(I (CH2) 20] pR ) 2

OH) b

- R'NCHaCH( OH) CH2OH - N[ - R" *NCH( CH20H) CH( OH) CHz OH

- N( CH( CH2OH) CH( OH) CH2OH12 (= R [ CH2OCH( CH2OR ) 2j 2
- R'NCH2CH[ CH2OCH( CH2OR ) ZLP - R' NCH2CH2 OCH[ CH2OCH( CH20R ) 2) 2
0¥ TOR, 07 TOR,
(Vi

in which R' has the above-mentioned meaning,

and U? represents a straight-chain or branched, saturated or unsaturated C;-Cag
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 [Xa) to IXc) below:

B . /“'
/\' —(CRE®R¥),. —W—(CRRE). _ﬁ
y
{Xe)
o y B

\ , .
,/N-(CR.BRS Yo —W—(CRPRE), . —ﬁ
¥



- R'NC H2CH2OCH2CH CH2OCH( CH2OR ) 2) 2 - N{ CH[ CH2OCH( CH2OR' } b) 2

- N{ CH2CH CHZOCH( CH2OR' ) 212} 2 - R'NCH2CH( OH) CH( OH) CH( OH) CH ( OH) CH
- N[ CH2CH( OH) CH( OH) CH( OH) CH( OH) CH2OH] 2 and a conplex of fornmula (11), whereby
R, R, R3 and U are defined as inclaim 1, and pis either 1, 2, 3, 4, 5
6, 7, 8 or 9. 6. Metal conplexes accotfing to one of claims 1 to 5, wherein
K stands for a netal conplex of general formula Il. 7. Metal conpl exes
according to claim6, wherein Rz and R3, independently of one another, nean
hydrogen or G -C4-al kyl. 8. Metal conpl exes according t ne of clainms 1 to
7, wherein E neans a fluorine atomin the fornula -C F2Z"'E. 9. Metal

conpl exes according to one of clains 1 to 8 wherein L in general fornulal
represents the lysine radical (Vc). 10. Metal conpl exes according to one of
clains 1 to 8, wherein L_j el niprmula | represents a di am ne radical
(va) or (Vb). 118 11. Pgﬁegg'ﬁeggépaccordi ng to one of clains | to 10,
wherein U represents -CH2- or - -OCH2-win netal conplex K, whereby w
stands for the binding site to - 12. Use of netal conpl exes according
to claim2 for the production of .fcontrast medi a for us? in NMR and x-ray

di agnosi s. (IXc)

2 OH
I
2

whereby n’ and m’, independently of one another, represent an integer between 0
and4,andm’ +n’ > 1, and
R¥and R¥ independently of one another, are either =H or —OH, whereby with
m’ +1n’ > 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 a means the binding site of L to complex K, B3 is fhe 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,), (G}, —(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,



13. Use of netal conplexes according to claim12 for the production of
contrast nedia for infarction and necrosis imaging. 14. Use of netal

conpl exes according to claim3 for the production of contrast nedia for use
i n radi odi agnosi s and radi ot herapy. 15. Use of netal conplexes according to
claim2 for the production of contrasitig nmedia for |ynphography for diagnosis
of changes in the lynphatic system 16. Use of netal conpl exes according to
claim?2 for the production of contrast nedia for the diagnhosis of

i nfl ammat ory di seases. %Richldptomdllyrvet bt substijmkeeidys] -2Edbgupg 1#DNEkai m 2 f or

t he production of contrast nedia for visualizing arteriosclerotic plaque.

18. Use of netal conpl EXR9p giqch(da)(;g{ l§i_;|@l]n2%(baq-lg;bhps producti on of
contrast nedia for diagnosis of cardiovascul ar di seases. 19. Use of netal

conpl exes according to g:#cﬁ/mcgoﬁﬁénaHP% Relieh bon- oA ng,sf-s medi a f or

tunmor inmagi ng. 20. Use met al corrp exes accor |ng to c for the

duct i f f
Phar maceut i cal agent ot RPOEOHORP 20 T BEEobto BrYg: BN 86113  eSitpat i bl o

conpound according to clainms 1 to 11, optionally with the additives that are
commonly used in gal enpkaxsgropps, Process for the production of

per fl uoroal kyl -contai ni ng conpl exes with a nitrogen-containing |inker
structure of geh6rméans eithan-&- or KSO:-X- R

s and s’, independently of one another, mean either ! 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 jon 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

is selected from:



QR (1) with Kin the neaning of a netal conplex of general fornmulas Il to
IV according toclaiml, and L, Q X, R and Rf in the neaning according to
claim1l1, wherein a carboxylic acid of general formula Ila COORS N 111~ R2
R 0 RSOOCN U-JL-OH COORS (Na) in which R5 neans a netal ion equival ent of
atom c nunbers 21-29, 31-33, 37-39, 44444, 49 or 57-83 or a carboxyl
protective group, and R2, R3 and U have the above- nentioned neaning, or a
carboxylic acid of general formula I'lla 120 COORS N COOK" RSOCC zZ1 CUH
COORS (lila) in o jﬁylmd U have the above-nenti oned neani ng, or a

carboxylic acid o (8?5?—&5814 zEJEHlGasz}ﬁalz COORS M Ra
~C{0)YCH,OCH,;CHICHOCH{CHOR Y2l
~R""N[{CHz)z0],R’
~N{[{CH2)20):R }2
~R""NCH;CH({OH)CH,OH
~N[CHCH{OH)CH;OH)k
—R"NCH{CHzOH)CH(OH)CH;OH
—N[CH{CH.OHYCH(OH)CHOHL
-R"NCH[CHOCH(CH:CR "}zl
-R " NCHCH[CH,OCH(CHzOR )2l
~R"’"NCHCH20CH[CH0CH(CH;OR )2k
~R*’NCH2CHOCH;CH[CHCCH{CH:OR )2}z
—N{CHICH0CH{CHOR k)2
—N{CH;CH[CH;OCH{CH,OR \2l2}
—R""NCHzCH(OH)CH{OH)CH{OH)CH{CH)CH;OH
~N[CHCH(OH)YCH{OH)CH(OH)CH{OH)CH,OH]:

and a complex of formula (IT), whereby R', R?, R’ and U are defined as in claim
1,and p is either 1,2, 3,4,5,6,7,8 or 9.

6. Metal complexes according to one of claims 1 to 5, wherein K stands for a
metal complex of general formula TI.

7. Metal complexes according to claim 6, wherein R? and R?, independently of
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,F2,E.

9. Metal complexes according to one of claims 1 to 8, wherein L in general
formula I represents the lysine radical (Vc).

10. Metal complexes according to one of claims 1 to 8, wherein L in general

formula I represents a diamine radical (Va) or (Vb).



..-L,rOH RSOOG N O COCRS (Iva) in which RS and R2 have the above-nentioned
nmeani ng, or a carboxylic acid of general formula Va or Vb N._CO di -COORS

-COOK' N-COORS RS00C/ (COOK 5 HOOCH rCOOR'™" N -r ()ORS N ---COORS NO (Vb)
in which R5 has the above-nenti oned neani ng, or a carboxylic acid of general

formula Vla 121 R6000--~, \ ,y--CO CH8 R5O0C--,, N N "--COCRS (via) in
whi ch R5 has the above-nenti oned neaning, or a carboxylic acid of general
formula VIla R600C-,, R500C-" NUIL_ OH Rto0C . J

11. Metal complexes according to one of claims 1 to 10, wherein U represents
~CHj,- or -CgH4-O-CH;-o in metal complex K, whereby o stands for the binding site to
—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 fdr infarction and necrosis imaging.

14. Use of metal complexes according to claim 3 for the production of contrast
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.



R500C~-N (Vila) in which R5 and U have the above-nentioned neanings, p N
U?,1~-0 ei OH N5~0IMOOR5 0 OR6 (mls) in which R5 has the

above-nenti oned neanings, and U2 is defined as in claiml, are reacted in
optionally activated formwi th an am ne of general formula X HL-X--Rf QR
(XI) 122 in which L, R Rf, Qand X jhgve the neaning indicated above in the
claim in a coupling reaction and optionally subsequent cleavage of
optionally present protective groups to forma netal conplex of general
formula | or 2if PRomhesitichieagematiangomdin at leaswbee physelogically, competibbleact ed after
cl eavage of these protective groups in a subsequent step in a way that is

known i n ching. oﬁfdtac%lﬁﬂlg% cla@ast tPne ogﬁ@iaﬁ% wathi tHE aditiveR et afedoinn@dnl@n el ement
of atom c nunmbers 21 31- 33, 37 44, 49 or 57-83, and then, if

desired, ugg&fncgmh]cxlspr esent acidic hyar ogen atons are substituted by

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
0

with K in the meaning of a metal complex of general formulas II to IV according
toclaim 1, and L, Q, X, R, and R¢in the meaning according to claim 1,
wherein

a carboxylic acid of general formula Ila

COOR®

. ooc*"_q/ }Jﬁr"‘”u

cooae’ (a}

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 I1la
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(:ocms

R*00C” ENIE PooR/iOH

COOR (Nla)

in which R*, R® and U’ have the above-mentioned meaning,

or a carboxylic acid of general formula IVa

COOR®
(
CHNE o
RsOOC/_C/N}A\g’

kcooR5

(lva)

in which R® and R have the above-mentioned meaning,

* or a carboxylic acid of general formula Va or Vb
~CO-0 N—COOR?
NMCOO& N_COoORS
R°00OC” -

&N,-cooas Ho0C ~COOR;
~—CNOR NN _CooRS

{Va)

in which R’ has the above-mentioned meaning,

or a carboxylic acid of general formula Via

am no acid am des.

(Vb)
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R‘oocw\Nf*“\N'f—-co-OH
rRfpoc—~ “—COOR®

in which R® has the above-mentioned meaning,

or a carboxylic acid of general formula VIla

R*00C— O
] N L-lL
RYOOC—" Y OH

n‘oczrc——\N
rRPo0Cc—"
(Vila)

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

{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—L—X—R,

Q—R
(X



122

in which L, R, Rg, 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.





