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wherein the R, R, R2, R and R groups have the meanings 
defined in the disclosure, are useful chelants for metal ions. 
The complexes of compounds (I) and (II) with paramagnetic 
ions are useful as contrast agents for M.R.I. imaging. 

8 Claims, No Drawings 
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(I) 

HOOC 

HOOC 

/ R 

N ) 
N N 

\ / y-on 
R R1 1. 

wherein: 
R is a (C-C) straight or branched alkyl chain, option 

ally interrupted by one or more oxygen, nitrogen, Sulfur 
atoms, as well as by -CO-, -CONH-, 
NHCO-, -SO-, -SO-, -SO2NH-groups, 

or optionally substituted by one or more NH, OH, 
halogen, COOH groupS and corresponding ester or 
amide derivatives, Said chain being optionally inter 
rupted and/or substituted by one or more 5- or 
6-membered cyclic, Saturated, carbocyclic or heterocy 
clic groups, in which said cyclic groups are optionally 
Substituted by one or more X groups, which can be the 
same or different, in which 

X is -OH, halogen, -NH, -NHRs, -N (Rs), 
-O-Rs, -S-Rs, -CO-Rs, wherein Rs, which 
can be the same or different, are a (C-C) straight or 
branched alkyl, optionally Substituted by one or more 
hydroxy, alkoxy, carboxy groups, or X is a COOH 
group, or an ester or amide derivative thereof, or a 
-SOH group or an amide derivative thereof, 

R, which can be the same or different, are a hydrogen 
atom or a -CH-OH group, 

with the provisos that: 
R is different from: unsubstituted alkyl, -CHCOOH, 

- CH-COOH 

CH-OH 

at least two of the R. Substituents are -CH2OH. 
The invention also relates to the compounds of formula 

(II), both in the racemic and optically active forms: 

R. R3 R3 

Hooc-Q l R2 / 

wherein: 
R is a hydrogen atom, or a (C-C) straight or branched 

alkyl chain, Saturated or unsaturated, optionally inter 
rupted by one or more oxygen, nitrogen, Sulfur atoms, 
as well as by -CO-, -CONH-, -NHCO-, 
-SO-, -SO, -SONH- groups, or optionally 
Substituted by one or more NH, OH, halogen, COOH 
groupS and corresponding ester or amide derivatives, 
Said chain being optionally interrupted and/or Substi 
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4 
tuted by one or more 5- or 6-membered cyclic, car 
bocyclic or heterocyclic groups, in which said cyclic 
groups are optionally Substituted by one or more X 
groups, which can be the Same or different, in which 

X is -OH, halogen, -NH, -NHRs, -N (Rs), 
-O-Rs, -S-Rs, -CO-Rs, wherein Rs, which 
can be the same or different, are a (C-C) straight or 
branched alkyl, optionally Substituted by one or more 
hydroxy, alkoxy, carboxy groups, or X is a COOH 
group, or an ester or amide derivative thereof, or a 
group -SOH or an amide derivative thereof, 

R, which can be the Same or different, are a hydrogen 
atom or a -CH-OH group, 

R, which can be the same or different, have the same 
meanings as described for R or are CH or CH5, 

with the proviso that at least two R are -CH2OH. 
Within formula (II), a class of particularly preferred 

compounds comprises those of formula (III): 

(III) 

wherein: 

Y is a -OH group or a -N(R) group, in which Re 
groups, which can be the same or different, are a 
hydrogen atom or a (C-C) straight or branched alkyl 
chain, optionally interrupted by one or more oxygen, 
nitrogen atoms, as well as by -CO-, -CONH-, 
NHCO-, -SO-, -SO-, -SO2NH-groups, 

or optionally substituted by one or more NH, OH, 
COOH groups and corresponding ester or amide 
derivatives, or the two Re groups, taken together, form 
a cyclic unit, comprising the amide nitrogen atom, 
being Said cyclic unit optionally interrupted by one or 
more oxygen and/or nitrogen atoms and optionally 
Substituted by one or more X groups, which can be the 
Same or different, wherein X has the same meanings as 
described for the compounds of formula (II); 

R, which can be the Same or different, are a hydrogen 
atom or a -CH-OH group; 

with the proviso that at least two R are -CH2OH. 
Objects of the invention also are: 
the optically active forms of the compounds of formulae 

(I), (II) and (III), when chiral centres are present; 
chelated complexes of the compounds of formulae (I), (II) 

and (III) with the ions of metallic elements having 
atomic numbers ranging from 20 to 31, 39, from 42 to 
44, 49 and from 57 to 83, among which particularly 
preferred are: Gd(III), Mn(II), Fe(II), Fe(III), Cu(II), 
Cr(III), Eu(III), Dy(III), La(III), Yb(III); 

the Salts thereof with physiologically acceptable organic 
bases Selected from primary, Secondary, tertiary amines 
or basic amino acids, or with inorganic bases the 
cations of which are Sodium, potassium, magnesium, 
calcium, or mixtures thereof, or with anions of physi 
ologically acceptable organic acids, or with anions of 
inorganic acids Such as hydrogen halides. 
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It is also an object of the invention the use of the 
compounds of formula (I), (II) and (III) and of the complex 
Salts thereof for the preparation of pharmaceutical compo 
Sitions for the diagnostic use, as well as the formulations 
themselves. 

In compounds of formula (I), particularly preferred mean 
ings for R are the following: 

~"-1-N-OH, 
O 

O 

| / V 
-CH-C-N O, 

OH 

1. NH OH, 
O OH 

9H 
O S 

-CH-C-N OH, 

OH 

9H 
O s 

-CH-C-N OH, 

oH 
CH, OH OH 

1n-OH, --" ~~" 
OH OH 

OH, 

OH OH 
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HO OH 

OH. 

OH 

In compounds of formula (II), particularly preferred 
meanings for R are the following: 

COOH 

-CH-COOH, s 

OH 

O 
O 

| / V 
-CH-C-N O, 

OH 

1. NH OH, 
O OH 

9H 
O S 

-CH-C-N OH, 

OH 

9H 
O s 

-CH-C-N OH, 

oH 
CH, OH OH 

O OH OH 

1N-OH, --" 
OH 

OH 

~~" -- OH, 
OH OH 

OH OH 

HO 

OH, ~~~~ 
OH OH OH 
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-continued 
OH OH OH 

OH, HO OH, 

OH OH 
OH 

OH 

In compound of formula (III), particularly preferred 
meanings for Y are the following: 

-OH, -NH-CH-CH-O-CH-CH-OH, 

OH 

-N O, -NH OH, 

OH 

9H 9H 

-N OH, -N OH, 

OH OH 

t OH, OH 
N 

1. OH. 

OH, OH 

The compounds of the invention are valuable for use in a 
number of different fields. Non limiting examples of the uses 
thereof are: recovery, Separation, Selective extraction of 
metal ions, use in therapy as detoxifying or radiotherapy 
agents, use as contrast agents for the in Vivo or in vitro 
diagnosis through magnetic resonance, X-rays, ultrasounds 
or Scintigraphy. 
AS M.R.I. contrast agents, preferably used are the che 

lated complexes of the chelating agents of general formulae 
(I) to (III) with divalent or trivalent ions of elements having 
atomic numbers ranging from 21 to 29, 39, 42, 44, or from 
57 to 71; Fe2+), Fe3+, Cu2+, Cr3+, Gd3+, Eu3+), Dy3+) 
or Mn( being preferred; Gd(*), Mn, Dy' and Fe 
being particularly preferred. 

For use in X-ray or ultrasound imaging, the chelated metal 
Species is preferably a heavy metal, for example a non 
radioactive metal with atomic number higher than 37. 

For use in Scintigraphy and radiotherapy, the chelated 
metal species is a radioisotope, such as Cr, Ga., 111 In, 
99mTc, 140La, 168Yb. 

For use in the detoxication from heavy metals, the ligands 
of the invention can be administered in the form of salts with 
physiologically acceptable ions, such as Na', Ca", NH4+, 
Zn", or as meglumine salts. 

For the uses mentioned above, the compounds of the 
invention can be used as Such, or they can be conjugated 
with macromolecules or incorporated in Structures which 
carry them to Specific body sites. 
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8 
In case the chelated complex has a total charge, this is 

preferably neutralized with a physiologically acceptable 
counter-ion. Among the Substances Suitable for Salifying the 
compounds of the invention and/or their chelated 
complexes, the following can be cited: 

anions of physiologically acceptable inorganic acids, Such 
as hydrogen halides (chlorides, bromides, iodides) or 
other ions Such as Sulfate; 

anions of organic acids commonly used in the pharma 
ceutical technique for the Salification of basic 
Substances, Such as acetate, Succinate, citrate, fumarate, 
maleate, oxalate; 

cations of inorganic baseS Such as ions of alkali or 
alkaline-earth metals Selected from Sodium, potassium, 
magnesium, calcium, and/or mixtures thereof; 

cations of physiologically acceptable organic bases 
Selected from primary, Secondary and tertiary amines 
Such as ethanolamine, diethanolamine, morpholine, 
glucamine, N-methylglucamine, N,N-dimethylgluca 
mine; 

cations and anions of amino acids Such as lysine, arginine 
and ornithine, or of aspartic and glutamic acids. 

Particularly preferred are N-methylglucamine Salts. 
AS far as the administration route is concerned, the 

compounds of the present invention can be administered by 
the intravasal (for example intravenous, intraarterial, 
intracoronaric, in traventricular etc.), intrathecal, 
intraperitoneal, intralymphatic, intracavital and intraparen 
chymal routes. They are also Suitable for the oral or enteral 
administration (specifically for the imaging of the gas 
trointestinal tract) or for the direct injection into a body 
cavity having a canal communicating with the outside (for 
example uterus, bladder). 

Particularly preferred are anyway the intravasal and, 
above all, the intrathecal routes, thanks to the unique char 
acteristics of tolerability of the compounds of the invention. 
They can be formulated with additives conventionally 

used for the pharmaceutical or veterinary formulations, for 
example Stabilizers, antioxidants, osmolality and pH 
adjusters, buffers and the like. 

For the parenteral administration, they are preferably 
formulated as Sterile aqueous Solutions or Suspensions, 
whose pH can range from 6.0 to 8.5. Said aqueous Solutions 
or Suspensions can be administered in concentrations rang 
ing from 0.002 to 1.0 M. 

These formulations can also be lyophilized and Supplied 
as Such, or for reconstitution before use. For the gastrointes 
tinal use or for the injection into body cavities, these agents 
can be formulated as a Solution or Suspension containing 
Suitable additives in order to, for example, control Viscosity. 

For the oral administration they can be formulated accord 
ing to preparation methods routinely used in the pharma 
ceutical technique, optionally also as coated formulations to 
gain extra protection from the acid pH of Stomach, thereby 
inhibiting the release of the chelated metal ion, which 
usually occurs at the typical pH values of gastric juices. 

Other excipients, Such as Sweeteners and/or flavours, can 
also be added according to known techniques of pharma 
ceutical technique. 
The Solutions or Suspensions of the compounds of this 

invention can also be formulated as aerosol for use in 
aeroSol-bronchography. 
The compounds of formula (I) can preferably be prepared 

according to the following general Synthetic Scheme: 
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SCHEME 1 

COOH COOH 

- / \ - / \ . 
N NH N N 

R-X 

(a1) 
N N N N 

to- V / y-cool to- \ / y-cool 
R1 R1 R1 R1 

N N 

y-cool to- V / y-on 
(5) (8) (3) 

Compounds of Formula (I) 

2 o es 
COOH COOH R" COO i 

R R - / \ ( - / \ ( - / N-R N N N N N N 
OH OH 

Ment pB7' 

N N N N N N 

to- V / y-on to- V / y-co ox- \ / y-to 
R1 R1 R1 R1 R1 R1 

(6) (9) (4) 

es \ 
COO i. COO R" i. 

R1 ( R1 N N N N 
OH OH 

Ment pB7' Ment pB7' 

N N N N 

ox- V / y-to- ox- V / y-to 
R1 R1 R1 R1 

(7) (10) 

60 

wherein: The starting product is a compound of formula (1), 
prepared according to what described in WO 89/05802, 
wherein the hydroxy groups are protected by a Suitable 
group, for example (in the described case) benzyl. In step: 

R, R are as defined above for the compounds of formula 65 (a1) said product is reacted with compound R-X, wherein 
(I); R is the group to be Substituted at the tetraazacy 

X=Cl, Br, I; clododecane nitrogen and X is an appropriate leaving 

R'=H or -CH-OPg, wherein Pg is a protective group, 
for example benzyl, 
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group, for example Cl, Br; the reaction is preferably 
carried out in HO or DMF, at temperatures from 20 to 
100° C., thereby obtaining compound of formula (2) 
which, in Step 

(a2) is deprotected by catalytic hydrogenation, which can 
be carried out in water with Pd/C at room temperature, 
to give the desired ligand (3), which, in Step 

(a3) is reacted with the Stoichiometric amount of metal, in 
the form of Salt or oxide, optionally in the presence of 
the amount of acid or base necessary for the neutral 
ization; the reaction being preferably effected in water 
or in a Suitable water-alcohol mixture, at temperatures 
from 25 to 100° C., preferably from 40 to 80° C.; 
thereby obtaining the chelated complex (4), in which: 

Me'=ion of the metallic element having atomic number 
ranging from 20 to 31, 39, from 42 to 44, 49 and from 
57 to 83 (for ex. Gd); 

n=number of the positive charges of Said ion; 
m=number of the total charges of the chelated complex; 
B=substance able to salify the chelated complex (for 

example Na", K, Mg", Ca" or mixtures thereof, 
meglumine, etc.); 

Z=number of the charges of B; 
p is a number So that the product; p Z=m. 
In case the product of formula (I) is a compound in which 

R is a mono- or polyhydroxyalkyl chain unsubstituted at the 
carbon atom adjacent to the macrocycle nitrogen, a different 
Synthetic route can be followed, in which, in Step 

(b1) compound (1) is reacted in basic medium (for ex. 
KOH) with a suitable epoxide, in which R' can be, for 
example: H, -CH, -CHOH, -CH-CHOH, 
–CHOH-CHOH, -CHOH-CHOH-CHOH, 

O 

NH Ph. ~~ ph1Nii n1 
C (2) 

(1) 

15 

35 

12 

CH 

1N->CH3, ~~OH, 
OH 

OH OH 

OH: 

OH 

to obtain a compound (5) which, in Step 
(b2) is deprotected at the hydroxyls according to what 

described in Step (a2); the resulting compound (6) is 
reacted in Step 

(b3) with the suitable salt or oxide of the desired metal, 
according to the general procedure described above, to 
give the corresponding chelated complex (7). 

On the other hand, in case compound of formula (I) is a 
compound in which R is a mono- or polyhydroxyalkyl chain 
Substituted at the carbon atom adjacent to the macrocycle 
nitrogen, in Step 

(c1) compound (1) is reacted in basic medium (for ex. 
KOH) with a suitable epoxide, in which R" and R" have 
independently the meanings described above for R', 
except for H, to obtain compound (8) which, after 
deprotection and complexation, gives the final com 
pound (10). 

Concerning the preparation of the compounds of formulae 
(II) and (III), the synthetic route differs depending on the 
positions on the ring at which the hydroxymethyl Substitu 
ents are to be introduced. The following Synthetic routes can 
be used: 

1) Synthesis known as "crab-like” (Tetrahedron Letters, 
31, 1077–1080, 1990; Synlett, 611-620, 1993). 
The general Scheme for the Synthesis of the ligand 

described in example 3 and of the its analogues is reported 
in the following: 

SCHEME 2 

1) H2O/CHCl2K2COs 
25°C. 
He 

2) NaI(CH3COCH 
under reflux 

Ph Ph 

ls A M u NH Ph 
O N N O p1Nii n1 

Na2CO3/CH3CN 
der reflux Ph O O Ph 

N1 I I N1 

(3) 

Ph / 
O N. N O 

O Red-Al He Toluene O-80 C. Ph O O Ph 

N1 N N N1 
Ph Ph 

(4) 



The Starting compound is 2-chloro-3-hydroxy-propionic 
acid chloride (1), wherein the hydroxyl is protected by a 
Suitable group, preferably benzyl. This compound is reacted 
with bis(phenylmethyl)ethylene-diamine (2) and NaI, to 
give the intermediate (3) which, by reaction with bis 
(phenylmethyl)ethylenediamine, cyclizes, yielding the inter 
mediate (4). This is reduced at the carbonyl groups, to give 
compound (5) which, upon deprotection of the hydroxyls, 
gives intermediate (6). 

Intermediate (6) is then alkylated with the C-halo deriva 
tive of a Suitable carboxylic acid, to obtain the desired ligand 
(7), which is Subsequently Subjected to complexation with 

13 
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Ph 

the Suitable metal and optionally to Salification: 

(6) 

SCHEME 3. 

He 

s 
X 

COOH 

14 
-continued 

COOH 

BZO~ 
NH2 

(1) 

(4) 

25 

35 

H.Pd(OH)2 on C 20% 
- - - - 
EOH/PhCH 30° C. HO OH 

N 

(6) 

-continued 
R4 R4 

co- / \ 2-co 
N N 

wherein R is as defined above for the compounds of 
formula (II). 

2) Tetramerization of a suitably substituted 
N-benzylaziridine. 

The general Scheme for the Synthesis of the ligand 
described in example 4 and of the derivatives thereof is 
reported below: 

SCHEME 4 

1. NaBH4/12, THF, 
O C. to reflux BZO OH --- 

2. H2O, O. C. Z. 
3. KOH (aq) under reflux NH2 

(2) 

1. PhCHO/MgSO4, THF, r.t. 
2. NaBH4, EtOH, O C. to r.t. 

PPh3, 
diisopropylazodicarboxylate 
-- 

THF, -5° to r.t. BZO OH 

HN 
n BZ 

(3) 
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-continued 

O 

O 
9,10-dicyanoanthracene, bv. 
air. p-toluenesulfonic acid N N 

CHCN, 45° C. 
(4) ---> 

N N 

O 

O 

(5) 

H2, Pd(OH)2/C 
MeOH, r.t. 

OH 

HO 

HN NH 

HN NH 

OH 

HO 

(6) 

45 

wherein BZ=benzyl. 
SCHEME5 

The cyclotetramerization of (R)-2-(phenylmethoxy) 
methyl-1-(phenylmethyl)aziridine (4) to give compound (5) 
is based on a photoinduced electron transfer mechanism by 
means of light emitted by a high-pressure mercury-vapor 
lamp, shielded from radiations of wavelength below 300 nm 
by a Pyrex filter, the reaction takes place in the presence of 
an oxidizing photochemical Sensitizer, Such as 9,10 
dicyanoanthracene, and of catalytic amounts of an acid, Such 
as 4-toluenesulfonic acid, at a temperature from room tem 
perature to 60° C. The reaction is preferably carried out in 
acetonitrile, alternatively, methanol or, preferably, an 
acetonitrile/methanol mixture, can be used. 

The resulting compound (5) is debenzylated by catalytic 
hydrogenation in the Subsequent Step, to give intermediate 
(6), which is alkylated with the C-halo derivative of a 
Suitable carboxylic acid, to obtain the desired ligand (7), 
which is Subsequently complexed with the Suitable metal 
and, optionally, Salified: 

50 

HO 

R4 

Hooc-Q 
R4 

Visco 
N N 

Me4NOH, H2O 
6 ss (9) R4 of HO HO 
N N N 
X los? y- COOH 

R4 R4 
60 

OH 

(7) 

wherein R is as defined above for compounds of formula 
65 (II). 

Examples of cyclotetramerization of N-benzylaziridine 
exist in literature. 
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1.WO95/31444, Example 7(C), discloses the synthesis of 
2S-(2O.5C,8C, 11C)-2,5,8,11-tetramethyl-1,4,7,10- Compound 1 (Example 1) 
tetra-(phenylmethyl)-1,4,7,10-tetraazacyclododecane OH 

by cyclotetramerization of (S)-N-benzyl-2-methyl- 5 COOH /N/ 
aZiridine with p-toluenesulfonic acid in ethanol as HO NH-MO 
catalyst, at room temperature for 64-48 hours, followed / V ^{ 
by purification through column chromatography and N N 
alkalinization with NHOH. D 2. 1,4,7,10-Tetrabenzyl-1,4,7,10-tetraazacyclododecane 10 C 
was obtained by refluxing a mixture of HOOC w w COOH 
N-benzylaziridine and p-toluenesulfonic acid in 95% s 
ethanol for 6 hours (J. Heterocycl. Chem., 5(2), 305, 
1968). 15 HO OH 

3. 1-Benzyl-2-(R)-ethylaziridine, by treatment with Compound 2 (Example 2) 
BFEtO for 20 hours at r.t., gave 1,4,7,10-tetrabenzyl- COOH 
2,5,8,11-tetra-(R)-ethyl-1,4,7,10-tetraazacyclodo- "N-Q / \ NH 
decane; the same compound was obtained refluxing N ({ 
1-benzyl-2-(R)-ethylaziridine in benzene or ethanol, 20 
for 24 hours, with the same catalyst (Tetrahedron C 
Letters, 16, 1367–1370, 1970). 

4. N-(Phenylethyl)aziridine, p-toluenesulfonic acid and HOOC N / COOH 
aqueous ethanol heated to reflux for 25 hours gave 1,4,7, 
10-tetra(phenylethyl)-1,4,7,10-tetraazacyclododecane (U.S. 
Pat. No. 4,093,615). HO OH 
On the other hand, the process for the cyclotetrameriza- Compound 3 (Example 3) 

tion of a suitably substituted N-benzylaziridine used for the COOH 
preparation of 2S-(2R*,5R*,8R*,11R*)-2,5,8,11-tetra 30 Q / 
(phenylmethoxy)methyl-1,4,7,10-tetra(phenylmethyl)-1, N /Scoot: 
4,7,10-tetraazacyclododecane, an intermediate for the Syn 
thesis of the ligand described in example 4 of the present HO OH 
application, comprises a preliminary photochemical activa- N N 
tion which unexpectedly provides a highly Sterically hin- 35 K \ / y 
dered compound (Compound (5), Scheme 4). AS far as the 
Applicant knows, this is the first example of cyclotetramer 
ization of an N-benzyl-aziridine substituted with a hindered Compound 4 (Example 4) 
functionalized group (benzyloxymethyl) at one of the two 40 OH 
ring carbon atoms. 

Furthermore, and as much unexpectedly, all of the four 
asymmetric carbon atoms of the macrocyclic ring of the HOOC-N -COOH 
debenzylated compound (THM-Cyclen) have the same ste- N N 
reochemical configuration, as described in greater detail in OH 
the experimental Section (Example 4E), therefore, the con- HO 

N figuration of the Stereogenic centre of the Starting aziridine N 
has been completely retained. HOOC-1 Y-COOH 

The gadolinium complexes the ligand described in 
example 4 (2,5,8,11-tetra(hydroxymethyl)-1,4,7,10 
tetraazacyclododecane-1,4,7,10-tetraacetic acid (THM- HO 
DOTA)), in its four isomeric forms RRRR, RRRS, RRSS 
and RSRS, were the object of a recent article of molecular 
modelling, concerning theoretical calculations of molecular ss 
mechanics and molecular dynamic simulations (Eur. J. Med. CH 
Chem., 30, 539-546, 1995). This article deals with purely HON-7 \ 

25 

COOH COOH 

50 

Compound 5 (Example 1) 

OH 
OH OH 

theoretical calculations: Said compounds have never been OH 
Synthesized actually. Thus, the compound is novel and its N ({ OH 
preparation is particularly original, both for its applicability 60 O 
and the possibility of obtaining compounds with controlled 
Stereochemistry, although highly Sterically hindered. 
A non-limiting list of preferred ligands of the invention HOOC V M COOH 

(which complexes with paramagnetic ions for use as M.R.I. 
contrast agents are described in the Experimental Section) is 65 
reported in the following, to better exemplify the wide HO OH 
applicative potential of the present invention. 
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-continued 
Compound 6 (Example 2) 

OH 

COOH 

N N 

HOOC 5. \ / 

/-/ 
OH 

HOOC -N V - CONH 
N N 

OH 

HO 
N N 

OH 

OH 

D COOH 

OH 
Compound 7 (Example 4) 

/ ol O 

HOOC-1 N- COOH 

HO 
Compound 8 (Example 4) 

O 

OH ( ) 

N 
HOOC-N - CO 

N N 
OH 

HO 
N N 

HOOC-1 N- COOH 

HO 

The following examples illustrate the best experimental 
conditions determined by the Applicant to obtain the com 
pounds of the invention. 

EXAMPLE 1. 
Gadolinium complex of 10-2-2-(2-hydroxyethoxy)ethyl 
amino-2-oxoethyl-O.C.'.C." -tris(hydroxymethyl)-1,4,7,10 
tetraazacyclododecane-1,4,7-triacetic acid 

O OH 

O /N/ 
NH-/O HOOC 

HO O 
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A) 2-Chloro-N-2-(2-hydroxyethoxy)ethyl)acetamide 
52.6 g of 2-(2-aminoethoxy)ethanol (commercial 

product) (0.5 mol) were added drop by drop to a solution of 
2N HCl (20 mL; 0.04 mol), HO (50 mL) and dioxane (50 
mL) at 10+15° C. When pH 9 was reached, a solution of 
chloroacetyl chloride (commercial product) (67.8 g; 0.6 
mol) in dioxane (100 mL) was added. The amine and 
chloride Solutions were added at the same time, So as to keep 
the pH of the mixture at 9. When the addition of amine was 
completed, 10N NaOH (72 mL; 0.072 mol) was added by a 
pH-stat so as to keep the mixture at pH 9. Dioxane was 
evaporated off and the residue was dissolved in HO (400 
mL); the Solution was eluted on two columns of resin 
Duolite(R) A30B (700 mL) (OH- form) and Duolite(R) 
C20MB (700 mL) (H" form). The eluate was evaporated and 
the residue was purified by chromatography on Silica gel: 

Stationary phase: silica gel 230-400 mesh E. Merck 
cod. 9385 (150 g) 

Eluent: AcOEt (4 L) 

The desired compound was obtained (71 g; 0.39 mol). 
Yield 78%. 
m.p.: 130–132° C. at 7 Pa 
TLC: Rf O.22 

Stationary phase: silica gel plates 60 F254 (E. Merck 
art. 5715) 

Eluent: EtOAC 
Detection: 1% KMnO, in 1N NaOH 

H-NMR, C-NMR and MS spectra are consistent with 
the Structure. 

Elemental analysis: 

C H C N 

Calc. 2% 39.68 6.66 1952 7.71 
Found % 40.25 6.92 1935 7.82 

B) 10-2-2-(2-Hydroxyethoxy)ethylamino-2-oxoeth 
yl-O.C.'.O."-tris(phenylmethoxy)methyl-1,4,7,10-tetraaza 
cyclododecane-1,4,7-triacetic acid 

62.4 g (0.08 mol) of O.C.'.O."-tris(phenylmethoxy) 
methyl-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic acid 
bis hydrochloride (obtained as described in WO 89/05802, 
Example 2) were dissolved in 400 ml of HO and 8N KOH 
(46.2 mL, 0.37 mol). The solution was added with 58.1 g of 
2-chloro-N-2-(2-hydroxyethoxy)ethyl)acetamide (0.32 
mol). The mixture was heated at 50° C. for 68 hours, keeping 
pH 10 by addition of 26 mL (0.21 mol) of 5N KOH by a 
pH-stat. The solution was acidified to pH 1.5 with 37% HC1. 
The precipitate was filtered, dried (50° C.; POs, 2 kPa) and 
purified by preparative HPLC: 

Stationary phase: Lichiroprep RP-8 25-40 um; 
column 250 x 50 mm: 
room temperature; 
stepped gradient elution; 
A = waterfacetonitrile 73:27 
B = waterfacetonitrile 60:40 

Temperature 
Mobile phase: 
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dried. After further drying (POs, 2 kPa), the desired com 
pound was obtained (15.3 g; 0.0208 mol). 

Yield: 79% 
m.p.: >250° C. 
Free ligand (HPLC): <0.01% (Method L/303, Example 5 

1C) 
TLC: Rf O.42 

1O 
Stationary phase: plates RP-8 Fiss (Merck KGaA art. 

15424) 
Eluent: HO 
Detection: 1% KMnO, in 1N NaOH 
HPLC: 99.5% (area %) (Method L303, Example 1C) 
K.F.: 3.62% 

15 

The mass Spectrum is consistent with the Structure. 
Elemental analysis: 

2O 

C H Gd N 

Calc. 2% 37.54 5.48 21.36 9.51 
Found % 37.40 5.70 21.16 9.51 on anhydrous 

25 

The following compounds were obtained analogously: 
Dysprosium complex of 10-2-2-(2-hydroxyethoxy)ethyl 

amino-2-oxoethyl-O.C.'.O."-tris(hydroxymethyl)-1,4,7, 
10-tetraazacyclododecane-1,4,7-triacetic acid 

Gadolinium complex of 1-deoxy-1-methyl1-oxo-2-4.7, 
10-tris(1-carboxy-2-hydroxyeth-1-yl)-1,4,7,10 
tetraazacyclododec-1-yl)ethylamino)-D-glucitol 

Dysprosium complex of 1-deoxy-1-methyl1-oxo-2-4,7, 
10-tris(1-carboxy-2-hydroxyeth-1-yl)-1,4,7,10 

3O 

tetraazacyclododec-1-yl)ethylamino)-D-glucitol. 35 

EXAMPLE 2 

Gadolinium complex of C.O.".C."-Tris(hydroxymethyl)-10 
(2-hydroxypropyl)-1,4,7,10-tetraazacyclododecane-1,4,7- 40 
triacetic acid 

O 
O 

HO CH 45 

N N 
OH 

Gd3+ 
O 

N N 50 

O OH 

O 
HO O 

55 
A) 10-(2-Hydroxypropyl)-C.O.".C."-tris(phenylmethoxy) 

methyl-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic acid 
bis hydrochloride. 

4.7 g (0.08 mol) of propylene oxide were added drop by 
drop, in 15 minutes, to a Solution of C.O.",C.."-tris 60 
(phenylmethoxy)methyl-1,4,7,10-tetraazacyclododecane 
1,4,7-triacetic acid bis hydrochloride (obtained as described 
in WO 89/05802, Example 2) (31.2 g; 0.04 mol) in 2N KOH 
(160 mL, 0.32 mol). After 18 hours at room temperature (20 
C.), the reaction mixture was diluted with HO (250 mL). 65 
The solution was acidified with 37% HCl (60 mL), to obtain 
a precipitate which, after 18 hours, was filtered, washed with 

24 
2N HCl (50 mL) and dried (P-O-NaOH: 50° C.; 2 kPa) to 
obtain the desired compound (31.7 g dry; 0.037 mol). 

Yield: 92%. 

m.p.: 165° C. (synt.) 171° C. (dec.) 
Acidic titer (0.1N NaOH): 100.2% 
Argentometric titer (0.1N AgNO): 98% 
HPLC: 97% (area'76)–Method L/247 

Stationary phase: Column E. Merck Lichrosorb RP-2: 
5 um: 250 x 5 mm 

Mobile phase: Isocratic elution A/B 4:1 
A = 0.005 MTBAHSO in water 
B = CHCN 

Flow: 2 mL min' 
Temperature: 45° C. 
Injection: 10 uL 
Sample concentr.: 1 mg mL' 
Detection: UV 210 mm 
K.F.: 2.75% 

'C-NMR and MS spectra are consistent with the struc 
ture. 

Elemental analysis: 

C H N Cl 

Calc. 2% 58.78 6.98 6.69 8.46 
Found % 58.16 6.96 6.52 8.22 on anhydrous 

B) O.C.'.C."-tris(hydroxymethyl)-10-(2-hydroxypropyl)-1, 
4,7,10-tetraazacyclododecane-1,4,7-triacetic acid 
A Solution of the compound obtained at the previous Step 

(83.8 g; 0.0985 mol) in MeOH/HO 2:1 (v/v) (300 mL), 
adjusted to pH 7.5 with 10N NaOH (40 mL, 0.4 mol), was 
added with 5% Pd/C (84 g) and the resulting suspension was 
hydrogenated in a Parr bomb (mod. 4561, 600 mL) 
(hydrogen theoretical amount 6.6 L; 0.295 mol), under 107 
Pa (100 bar) and at 75-80° C. for 24 h. The mixture was 
cooled, filtered by Suction and then through Millipore(RHA 
0.45 um. The filtrate was concentrated to 250 mL under 
reduced pressure and, after adjusting to pH 4 with 2N HCl 
(180 mL, 0.36 mol), was loaded onto an Amberlite(R) XAD 
1600 column (1.8 L). The resin was eluted with HO, the 
fractions containing the ligand were combined and the 
compound was freeze-dried, to obtain the desired compound 
Salified with 0.23 HCl molar equivalents. 

Yield: 58%. 

m.p.: 130–135° C. 
Acidic titer (0.1N NaOH): 124.5%; equivalent point at pH 

6.03 

Complexometric titer (0.1N ZnSO): 97% 
TLC: Two spots at R, 0.65 and R? 0.7 Stationary phase: 

plates RP-8 Fs (Merck KGaA art. 15424) 
Eluent: HO 
Detection: 1% KMnO in 1N NaOH 
Note: The compound consists of a couple of 

diastereomers, each being a racemic mixture. 
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HPLC: 99.9% (area %)–Method L/324 

Stationary phase: Lichrosorb RP-2 5 um; 
column 250 x 4 mm Alltech: 
45° C.; 
isocratic elution: 0.005M 
tetrabutylammonium hydrogen sulfate; 

Temperature: 
Mobile phase: 

Flow rate: 1 mL min"; 
Detection (UV): 210 mm: 
Injection: 10 itL: 
Sample concentr.: 5-10 mg ml"; 
Instrumentation: Merck KGaA-Hitachi L6000 low 

pressure gradient pump system, Merck 
KGaA - Hitachi AS 2000 autosampler, 
Merck KGaAT 6300 column thermostat, 
Merck KGaA - Hitachi L 3000 diode 
array detector. 

K.F.: 2.86% 

H-NMR, C-NMR and MS spectra are consistent with 
the Structure. 

Elemental analysis: 

C H N Cl 

Calc. 2% 47.76 7.66 11.14 1.62 
Found % 48.15 7.82 11.13 1.78 on anhydrous 

C) Gadolinium complex of C.O.".C."-tris(hydroxymethyl)- 
10-(2-hydroxypropyl)-1,4,7,10-tetraazacyclododecane-1,4, 
7-triacetic acid 

A Solution of the compound obtained at the previous Step 
(32.85 g; 0.05 mol) in HO (300 mL) was added with Gd-O 
(9.06 g; 0.025 mol) and the resulting suspension was stirred 
at r.t. for 66 hours. The pH of the solution was adjusted to 
6.5 with 1N HCl (7.5 mL; 7.5 mmol) and the insoluble 
residue was filtered off through Millipore HA 0.45 um. The 
filtrate was concentrated under reduced pressure to 250 mL 
(bath temperature 30° C.) and then electrodyalised for 25 
hours: 

Apparatus: HARED 0.004 (Hydro Air Research); 
Electrode solution: 2% NaSO (w/v) buffered at pH 3 

with 1M H-SO, 0.2% NaCl (w/v); 
Voltage: 12 V 
The retentate was concentrated under reduced pressure to 

100 mL (bath temperature ~30° C) and then loaded onto a 
Relite(E) column 3AS/FB (170 mL; HCO form) followed 
by a DoweX(R) CCR-3 LB column (170 mL; H form). The 
resin was washed with HO until all the compound was 
eluted (4 L) (flow: 5 mL/min). After drying (POs, 2 kPa), 
the desired compound was obtained (28.4 g; 0.044 mol). 

Yield: 88%. 
m.p.: >250° C. 
Free ligand: 0.01% (HPLC) (method L/303, Example 

1C); 0.01% (complexometric titration) 
TLC: Rf O.32 

TLC: plates RP-8 Fs (Merck KGaA art. 15424) 
Eluent: HO 
Detection: 1% KMnO, in 1N NaOH 
HPLC: two peaks at Rt 3.64 min (56%) and Rt 3.85 min 

(44%) (area %) 
Method: L/303, Example 1C 
Injection: 20 u, 

1O 
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Sample concentr.: 10 mg mL'; 
K.F.: 4.33% 
The mass Spectrum is consistent with the Structure. 
Elemental analysis: 

C H Gd N 

Calc. 2% 37.02 5.43 24.23 8.63 
Found % 37.10 5.60 23.88 8.49 on anhydrous 

The following compounds were obtained analogously: 
Dysprosium complex of C.O.".C."-tris(hydroxymethyl)-10-(2- 

hydroxypropyl)-1,4,7,10-tetraazacyclododecane-1,4,7- 
triacetic acid 

Gadolinium complex of C.O.'.O."-tris(hydroxymethyl)-10-2, 
3-dihydroxy-1-(hydroxymethyl)propyl-1,4,7,10 
tetraazacyclododecane-1,4,7-triacetic acid 

Dysprosium complex of O.C.'.O."-tris(hydroxymethyl)-10-2, 
3-dihydroxy-1-(hydroxymethyl)propyl-1,4,7,10 
tetraazacyclododecane-1,4,7-triacetic acid. 

EXAMPLE 3 
Gadolinium complex of 2.9-bis(hydroxymethyl)-1,4,7,10 
tetraazacyclododecane-1,4,7,10-tetraacetic acid Salified with 
1-deoxy-1-(methylamino)-D-glucitol (1:1) 

COO 

Q / \ / COO 
N N 

Gd3+ 
OH 

N N 

to- V / 
COO- COO 

OH OH 

H C 
1 N H 2 

w we x-Y O H 

A) 3-Benzyloxy-2-chloropropionic acid 
The compound was prepared as reported in WO 

89/05802. 
B) 3-Benzyloxy-2-chloropropionyl chloride 
250 g of thionyl chloride (2.1 mol) were added drop by 

drop to 107.3 g of acid obtained at the previous step (0.5 
mol), keeping the mixture at 30° C. by heating. At the end 
of the addition, the resulting solution was refluxed for two 
hours (65-80 C.). The thionyl chloride excess was distilled 
off (15 mbar), then the desired compound (110 g; 0.472 mol) 
was distilled (0.05 mbar) from the residue. 

Yield: 94.4%. 
b.p.: 119–120° C. (0.2 mbar) 
Argentometric titer (after Zn reduction): 98.7% 
Argentometric titer (after NaOH hydrolysis): 100.7% 
Elemental analysis: 

C H Cl 

Calc. 2% 51.53 4.32 3O42 
Found % 58.46 437 29.50 

"H-NMR, C-NMR and IR spectra are consistent with 
the Structure. 
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C) N,N'-ethylenebis(2-iodo-3-(phenylmethoxy)-N- 
(phenylmethyl)propanamide 
A solution of 2-chloro-3-benzyloxypropionyl chloride 

(140 g; 0.6 mol) and KCO (91.2 g; 0.66 mol) in CHCl/ 
HO(1:1) (1000 mL) at -5°C. was slowly added, in an hour, 
with 48.1 g of N,N'-dibenzylethylenediamine (0.2 mol). 
After 1 hour at 0°C., the mixture was stirred for a further 4 
hours at room temperature. The phases were partitioned, the 
organic phase was washed with HO (500 mL), dried over 
Na2SO and evaporated to dryness. The crude was purified 
by flash chromatography (Silica gel; n-hexane/ethyl acetate, 
8:2 v/v). The resulting oil was dissolved in acetone (500 
mL), then NaI (60 g; 0.4 mol) was added. The solution was 
refluxed for 30 hours. After cooling at 5 C., the mixture was 
filtered and the Solvent evaporated off under reduced pres 
sure. The oil was dissolved in CHCl (300 mL) and washed 
with HO (300 mL). The phases were partitioned, the 
organic phase was dried over NaSO and evaporated to 
dryness, to obtain the desired compound (157 g; 0.19 mol). 

Yield: 96%. 

HPLC titre: 96.4% (area)-Method L 241 

Stationary phase: E. Merck Lichrospher 100 RP-185 um; 
column 250 x 4 mm E. Merck; 
gradient elution; 
A = 0.01M KHPO and 0.017M HPO in 

Mobile phase: 

water 

B = CHCN: 
Gradient timetable: min % A % B 

O 95 5 

Flow rate: 1 mL min"; 
Temperature: 45° C.; 
Injection: 10 it.L.; 
Sample concentr.: 1 mg ml"; 
Detection (UV): 210 nm. 

"H-NMR, C-NMR, MS and IR spectra are consistent 
with the structure. 

D) 3,8-Bis(phenylmethoxy)methyl-1,4,7,10-tetra 
(phenylmethyl)-1,4,7,10-tetraazacyclododecane-2,9-dione 
A Suspension of the compound obtained at the previous 

step (200 g; 0.24 mol) and NaCO (424 g; 4.0 mol) in 
CHCN (5000 mL) was added, at r.t., with N,N'- 
dibenzylethylenediamine (58.9 g, 0.24 mol). The reaction 
was stirred at 81 C. under inert atmosphere for 16 days, 
monitoring its progress by HPLC (method L 241, Example 
3C). After cooling at 5 C., the solid was filtered off and the 
Solution evaporated to dryneSS. The oily residue was dis 
solved in CHCl (500 mL) and washed with HO (500 mL); 
the organic phase was dried over Na-SO and evaporated, 
thereby obtaining a crude (200 g) which was purified by 
flash chromatography (silica gel, n-hexane/ethyl acetate, 9:1 
v/v). The solvent was evaporated off and the solid residue 
(61 g) was recrystallized from 2-propanol (200 mL), to 
obtain the desired compound (56 g; 0.07 mol). 

Yield: 29%. 

HPLC titre: 100% (area)-Method L 241, Example 3C 
m.p.: 86–87 C. 
H-NMR, C-NMR, MS and IR spectra are consistent 

with the structure. 
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Elemental analysis: 

C H N 

Calc. 2% 77.97 7.05 6.99 
Found % 77.94 7.06 6.96 

E) 2.9-Bis(phenylmethoxy)methyl-1,4,7,10-tetra 
(phenylmethyl)-1,4,7,10-tetraazacyclododecane 
A Solution of the compound obtained at the previous Step 

(37 g; 46.2 mmol) in toluene (300 mL) kept at 5° C. under 
inert atmosphere was added, in 30 min., with a Solution of 
sodium bis(2-methoxyethoxy)aluminium hydride (RED 
Al(R) in toluene (100 mL, 0.35 mol). The reaction mixture 
was heated at 80° C. for 1 hour. After cooling at -15°C., the 
RED-Al(R) excess was carefully destroyed by addition of 
HO (25 mL) to the reaction mixture. After 2 hours at 0°C., 
the colloid was filtered through a G3 Septum filled with a 
two-layer bed of sand (top) and silica gel (230–400 mesh) 
(bottom). The organic phase was dried over Na2SO and 
evaporated to dryness, to obtain the desired compound (32 
g; 41.4 mmol). 

Yield: 90%. 
HPLC titre: 98.2% (area) 

Stationary phase: E. Merck Lichrosorb RP-Select-B 5 um; 
column 250 x 4 mm E. Merck; 
45° C.; 
gradient elution; 
A = 0.01 M KHPO and 0.017M HPO in 

Temperature: 
Mobile phase: 

Water 

B = CHCN 
Gradient timetable: min % A % B 

O 95 5 
3O 2O 8O 
45 2O 8O 

Flow rate: 1 mL min"; 
Detection (UV): 210 mm, 280 nm: 
Injection: 10 itL: 
Sample concentr.: 1 mg mL'; 
Instrumentation: E. Merck - Hitachi (L6200 and L6000) 

high pressure gradient pump system, 
E. Merck - Hitachi AS 2000 
autosampler, E. Merck T 6300 column 
thermostat, E. Merck - Hitachi L. 
4250 UV detector. 

H-NMR, C-NMR, MS and IR spectra are consistent 
with the structure. 

F) 2.9-Bis(hydroxymethyl)-1,4,7,10-tetraazacyclodo 
decane 

HQ M: M H 
N N 

- OH 

A Solution of the compound obtained at the previous Step 
(12.3 g; 15.9 mmol) in EtOH/toluene (10:1; v/v) (400 mL) 
was added with 12 g of 20% Pd(OH)/C. The mixture was 
hydrogenated at 35 C. and under atmosphere pressure for 
24 hours. The catalyst was filtered off through a paper filter 
and washed with HO/EtOH (1:1; v/v) (200 mL). The 
solvent was evaporated off, the crude was dissolved in HO 
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(20 mL) and percolated on an IRA 400 ion exchange resin 
column (200 mL, OH form). The solvent was evaporated 
off to obtain the desired compound (3.1 g; 13.3 mmol). 

Yield: 84%. 
HPLC titre: 100% (area)-Method L/270 B 

Stationary phase: E. Merck Superspher RP-18 endcapped; 
column 250 x 4 mm Lichrocart E. 
Merck; 
40° C.; 
isocratic elution: 
A = 0.005M tetrabutylammonium 
hydrogen sulfate in water; 

Temperature: 
Mobile phase: 

Flow rate: 1 mL min"; 
Detection (UV): 210; 280 nm: 
Injection: 10 itL: 
Sample preparat.: dissolve 10 mg of the substance to 

analyze in 1 mL of a 0.1M CuSO 
solution, then dilute to 10 mL with 
the eluent; 
E. Merck - Hitachi L. 6200 low 
pressure gradient pump system, E. 
Merck - Hitachi AS 2000 autosampler, 
E. Merck T6300 column thermostat, E. 
Merck - Hitachi L 4000 UV detector, 
E. Merck - Hitachi L 3000 diode 
array detector. 

Instrumentation: 

m.p.: 175–176° C. 
H-NMR, C-NMR, MS and IR spectra are consistent 

with the structure. 
G) Gadolinium complex of 2.9-bis(hydroxymethyl)-1,4, 

7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid Sali 
fied with 1-deoxy-1-(methylamino)-D-glucitol (1:1) 
A Solution of the compound obtained at the previous step 

(3.5 g; 0.015 mol) in HO (25 mL) was added with bro 
moacetic acid (8.34 g; 0.06 mol) in HO (25 mL), then 
adjusted to pH 10 with 6N NaOH (12 mL). The reaction 
mixture was stirred at 40 C., keeping the pH at 10 with 2N 
NaOH. After 24 hours, bromoacetic acid (8.34 g; 0.06 mol) 
was added and the solution was stirred at 40 C. and pH 10 
for a further 24 hours. After cooling at 20° C., the reaction 
mixture was concentrated (20 mL) and pH adjusted to 3.5 
with 6NHCl. The Solution was loaded onto an Amberlite(E) 
C 20 MB column (H" form; 600 mL), eluted with HO to 
neutrality and then with 2N NHOH until complete elution 
of the compound. The Solution was concentrated to 20 mL, 
then acidified to pH 1.5 with 6NHCl, loaded onto a column 
of Duolite(R) XAD 1600 resin (1200 mL) and eluted with 
HO. After concentration to 10 mL, EtOH (100 mL) was 
added; the resulting precipitate was filtered and washed with 
EtOH (20 mL), to obtain the ligand, 2,9-bis 
(hydroxymethyl)-1,4,7,10-tetraazacyclododecane-1,4,7,10 
tetraacetic acid (3.91 g; 6.9 mmol). 
HPLC titre: 100% (area %)—Method L/270 B, Example 

3F 
NMR and MS spectra are consistent with the structure. 
A solution of the ligand (3.91 g; 6.9 mmol) in HO (25 

mL) was slowly added with GdClax6 HO (2.56 g; 6.9 
mmol) keeping pH 7 by addition of 1-deoxy-1- 
(methylamino)-D-glucitol (5.39 g; 27.6 mmol) in HO (30 
mL). The solution was stirred for 48 hours at r.t. and filtered 
through Millipore(R) (HA-0.22 um). The solution was con 
centrated and the residue purified on Amberlite(R) XAD 1600 
resin (1200 mL). The solvent was evaporated off to obtain 
the gadolinium complex of 2.9-bis(hydroxymethyl)-1,4,7, 
10-tetraazacyclododecane-1,4,7,10-tetraacetic acid Salified 
with 1-deoxy-1-(methylamino)-D-glucitol (1:1) (3.0 g; 3.69 
mmol). 
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Yield: 25%. 
m.p.: >250° C. (dec.) 
Free ligand (0.001 M GdCl): <0.1% 
HPLC titre: 99.8% (area %) 

Stationary phase: E. Merck Lichrospher 100 RP-185 um; 
column 250 x 4 mm E. Merck; 
40° C.; 
isocratic elution with premixed 
mobile phase: 1 g of n-octylamine is 
added to 200 ml of acetonitrile 
mixed with 800 ml of water. The 
solution is buffered to pH 6 with 

Temperature: 
Mobile phase: 

HPO : 
Flow rate: 1 mL min"; 
Detection (UV): 210 mm: 
(FL): ex = 275 mm; em = 310 mm: 
Injection: 10 itL: 
Sample concentr.: 1 mg mL'; 
Instrumentation: E. Merck - Hitachi (L6200 and L6000) 

high pressure gradient pump system, 
E. Merck - Hitachi AS 2000 
autosampler, E. Merck T 6300 column 
thermostat, E. Merck - Hitachi L. 
4250 UV detector, E. Merck - Hitachi 
F 1080 fluorescence detector. 

MS and IR spectra are consistent with the structure. 
K.F.: 9.71% 
Elemental analysis: 

C H N Gd 

Calc.9% 36.89 5.70 8.60 19.32 
Found % 35.74 5.28 8.60 20.70 on anhydrous 

The dysprosium complex of 2.9-bis(hydroxymethyl)-1,4, 
7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid Sali 
fied with 1-deoxy-1-(methylamino)-D-glucitol (1:1) was 
obtained analogously. 

EXAMPLE 4 
Gadolinium complex of 2S-(2R*.5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-1,4,7,10-tetraazacyclododecane-1, 
4,7,10-tetraacetic acid sodium salt (1:1) (Na"GdTHM 
DOTA) 

OH 

-OOC-N y \ -coo 
N N wn 

OH 
Gd3+ 

HO s 
Ny' N N Nat 

-OOC-1 \ / N-coo 

/ 
HO 

A) (R)-2-Amino-3-(phenylmethoxy)propanol 
A mixture of O-(phenylmethyl)-L-serine (commercial 

product) (139.0 g; 0.712 mol) and NaBH (96%; 75 g; 1.9 
mol) in dry THF (700 mL, distilled on sodium/ 
benzophenone), under N2 atmosphere, was slowly added 
(1.5 hours) with a solution of I2 (181.0 g; 0.713 mol) in dry 
THF (350 mL) at a temperature of 0 to 15° C. When the 
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addition was completed and the dark color had disappeared, 
the mixture was refluxed for 18 hours, then cooled at 0° C. 
and the NaBH excess was destroyed with cold water (30 
mL), followed by 15N KOH (320 mL). When bubble 
evolution was no longer observed, the mixture was heated, 
distilling most of the organic solvent (THF). The aqueous 
mixture was refluxed for 6 hours, then stirred at r,t. for a 
further 18 hours. CHCl (700 mL) and EtO (300 mL) were 
added thereto under Strong Stirring; after 15 minutes the 
diphasic mixture was filtered through Celite(E) and the Sepa 
rated solid was repeatedly washed with CHCl/EtO 3:1 (4 
L). The filtered Solution was concentrated, removing water 
by repeated azeotropical distillations with CHCN. The 
crude oil (130 g) was purified twice by flash chromatogra 

5 

32 
then added with NaBH (96%; 40.35 g; 1.02 mol) in small 
portions. After 20 hours, the excess of reducing agent was 
carefully destroyed with 20% HCl (w/v) (800 mL). Most 
ethanol was evaporated off in rotary evaporator; solid KOH 
and subsequently NaCO were added to pH about 10. The 
aqueous mixture was extracted with CH2Cl2. The combined 
organic phases were concentrated under vacuum and Sub 
jected to repeated azeotropical distillations with CHCN, 
thereby obtaining the desired compound (296.7 g; 1.093 
mol). 

Yield: 98%. 

TLC: R-0.45 

Stationary phase: silica gel 
Eluent: CHCH/CHCOOEti-ProH 50:45:5 

(v/v) 
Detection: 254 nm: 0.5% KMnO, in 1N NaOH: O.2% 

ninhydrin (w/v) in EtOH: 
HPLC: 85% (area) - Method L/153. A 
Stationary phase: 

Temperature: 
Mobile phase: 

Lichrosorb RP-Select B 5 um: 
column 250 x 4 mm Merck KGaA. 
40° C.; 
gradient elution; 
A = 0.017M KHPO in water 
B = CHCN 

Gradient timetable: % A % B 

O 90 1O 
5 90 1O 

3O 2O 8O 
50 2O 8O 

Flow rate: 1 mL min"; 
Detection (UV): 210 mm: 
Injection: 10 it; 
Sample concentr.: 1 mg ml"; 
Instrumentation: Merck KGaA - Hitachi (L6200) high 

phy (CHC1/CHOH/NHOH 25% (wlw) 54:40:6 to 15 
90:9:1), thereby obtaining the desired compound (92.63 g; 
0.511 mol). 

Yield: 72%. 
TLC: R, 0.57 

2O 

Stationary phase: silica gel. 
Eluent: CH.Cl/CHOH/25% NHOH (w?w) 82:15:3 

(v/v). 
Detection: 254 nm: 0.5% KMnO, in 1N NaOH: O.2% 25 

ninhydrin (w/v) in EtOH: 2% 
Ce(SO4)2.4H2O (w/v), 4.2% 
(NH)Mo,O (w/v), 6% HSO (w/v) 
in water. 

HPLC titre: 98% (area) - Method L/242 B 
Stationary phase: Lichrosorb RP-Select B 5 um: 3O 

column 250 x 4 mm Merck KGaA. 
Temperature: 50° C.; 
Mobile phase: gradient elution; 

A = 0.01M KHPO in water 
B = CHCN 

Gradient timetable: min % A % B 35 

O 90 1O 
1O 90 1O 
3O 3O 70 

Flow rate: 1 mL min"; 
Detection (UV): 220 mm: 
Injection: 10 it; 40 
Sample concentr.: 2 mg ml"; 
Instrumentation: Merck KGaA - Hitachi L. 6200 low 

pressure gradient pump system, Merck 
KGaA - Hitachi AS 2000 autosampler, 
Merck KGaAT6300 column thermostat, 
Merck KGaA - Hitachi L 4000 UV 45 
detector. 

"H-NMR, C-NMR, MS and IR spectra are consistent 
with the structure. 

Rotary power: 

Classiss'=+9, 7; 
Cozzs'=+11, 5(c 1,85; THF). 
B) (R)-3-(Phenylmethoxy)-2-(phenylmethyl)amino 

propanol 
A Solution of aminoalcohol obtained at the previous Step 

(201.7 g; 1.113 mol) in dry THF (4 L, distilled on sodium/ 
benzophenone) under N atmosphere, was added with ben 
Zaldehyde (purified by distillation under reduced pressure: 
120 mL, 1.19 mol), anhydrous MgSO, (120 g) and 4 A 
molecular sieves (dried in oven under vacuum, 70° C); the 
mixture was stirred for 2 hours, then filtered and the solvent 
was evaporated off; the residual oil was dissolved in absolute 
ethanol (4 L), the reaction mixture was cooled on ice bath, 

50 

55 

60 

65 

pressure gradient pump system, Merck 
KGaA - Hitachi AS 2000 autosampler, 
Merck KGaAT 6300 column thermostat, 
Merck KGaA - Hitachi L 4250 UV detector. 

H-NMR, C-NMR, MS and IR spectra are consistent 
with the structure. 

C) (R)-2-(Phenylmethoxy)methyl)-1-(phenylmethyl) 
aZiridine 

A solution of the N-benzyl-aminoalcohol obtained at the 
previous step (47.34g, 0.175 mol), and PPh (50.86 g; 0.194 
mol) in dry THF (800 mL; distilled on sodium/ 
benzophenone) cooled on ice bath, under N2 atmosphere, 
was added with diisopropylazodicarboxylate (product Fluka 
art. 11626) (39.5 mL, 0.18–0.20 mol) during 2 hours with a 
Syringe pump. The reaction temperature was kept at 5 C. for 
16 h. The mixture was then concentrated under vacuum, the 
crude dissolved in n-hexane/CH2Cl 3:1 and the precipitate 
filtered. This procedure was carried out repeatedly to remove 
most PhPO (72.85g). The resulting crude oil was purified 
twice by flash chromatography (n-hexane/CH.Cl/i-ProH 
55:40:5; CHCH/CHCOOEt/i-ProH 9:1:0.05 to 
8:2:0.05) to obtain the desired compound (39.78 g; 0.157 
mol). 

Yield: 90%. 

TLC: R, 0.70 

Stationary phase: silica gel 
Eluent: CHCH/CHCOOEti-ProH 60:35:5 

(v/v) 
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Detection: 254 nm: 0.5% KMnO, in 1N NaOH: 2% 
Ce(SO4)2.4H2O (w/v), 4.2% 
(NH)Mo,O (w/v), 6% HO (w/v) 
in water 

GC: 95% (area) 
Stationary phase: HP 5: 
Film thickness: 2.65 um; 
Column (WCOT): 10 m x 0.53 mm: 

"H-NMR, C-NMR, MS and IR spectra are consistent 
with the structure. 

Enantiomeric purity: >99.5% 
K.F.: <0.1% 
Elemental analysis: 

C H N 

Calc. 2% 80.60 7.56 5.53 
Found % 80.53 7.75 6.05 

D) 2S-(2R*,5R*,8R*,11R)-2,5,8,11-tetra (phenyl 
methoxy)methyl-1,4,7,10-tetra(phenylmethyl)-1,4,7,10 
tetraazacyclododecane 
A Six-necked flask was equipped with the following 

instrumentation: a mechanical Stirrer; a 150W high-pressure 
mercury-vapor lamp, inserted in a refrigerated Pyrex filter; 
a capillary through which dry air is bubbled into the reaction 
mixture; a Syringe pump; a thermometer; a Graham 
condenser, connected with a gentle N Stream. The flask was 
immersed in a water bath maintained at about 50 C. 

/s of a 4-toluenesulfonic acid solution (PTSAHO, 43.28 
g; 0.228 mol) in CHCN (400 mL) was added to a solution 
of the aziridine obtained at the previous step (229.13 g; GC 
89%; 0.805 mol) and 9,10-dicyanoanthracene (DCA) (1.69 
g; 7.40 mmol) in CHCN (4.5L). After 45 min, the remain 
ing acid catalyst was added drop by drop to the reaction 
mixture in 6 hours, by means of the Syringe pump. After 7.5 
hours, heating and lighting were Stopped. After 18 hours, 
water (0.5 L) and solid KCO (40 g) were added with strong 
Stirring. The organic Solvent was evaporated off and the 
aqueous phase was extracted with CHCls. The combined 
organic phases were washed with buffer 0.1M KHPO/ 
KHPO at pH 7 (0.5 L), then dried over MgSO. The crude 
oil resulting from the evaporation of the solvent (272.5 g) 
was purified by flash chromatography (CHC1/CH-OH/25% 
NHOH (w/w) 1000:13:3 (v/v)), thereby obtaining the 
desired compound (51.64 g; 51.0 mmol). 

Yield: 25%. 
TLC: R-0.50 

Stationary phase: silica gel 
Eluent: CH.Cl/CHOH/25% NHOH (w?w) 

1000:17:3 (v/v) 
Detection: 254 nm: 0.5% KMnO, in 1N NaOH. 
HPLC: 97% (area) - Method L/282 A 

Lichrosorb RP-Select B 5 um; 
column 250 x 4 mm Merck KGaA. 
35° C.; 
gradient elution; 
A = 0.017M HPO, in water 
B = CHCN 
min 

Stationary phase: 

Temperature: 
Mobile phase: 

Gradient timetable: % A % B 

O 70 3O 

1O 
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-continued 

50 2O 8O 
Flow rate: 1 mL min"; 
Detection (UV): 210 mm: 
Injection: 10 itL: 
Sample concentr.: 1 mg ml"; 
Instrumentation: Merck KGaA - Hitachi (L6200) high 

pressure gradient pump system, Merck 
KGaA - Hitachi AS 2000 autosampler, 
Merck KGaAT 6300 column thermostat, 
Merck KGaA - Hitachi L 4500 
developer. 

"H-NMR, C-NMR and MS spectra are consistent with 
the Structure. 

E) 2S-(2R*,5R*,8R*,11R*)-2,5,8,11-tetra(hydroxy 
methyl)-1,4,7,10-tetraazacyclododecane (THM-Cyclen) 

HO 

HO 

OH 

OH 

6.17 g (6.09 mmol) of the compound of the previous step 
were dissolved in dry MeOH (250 mL) and glacial 
CHCOOH (6 mL) in the presence of dry Pearlman catalyst 
Pd(OH)/C (commercial product) (9 g). The hydrogenation 
was then carried out under N2 atmosphere with the aid of a 
Venturistirrer, in 24 h. Water (200 mL) was added and the 
mixture was stirred for 24 h, then filtered through paper, then 
through a Millipore(R) 0.45 um filter. Water and acetic acid 
were distilled off azeotropically with toluene. The resulting 
crude was dissolved in water (18 mL), loaded onto an 
Amberlite(RIRA400 ion exchange resin column (OH form, 
33 mL) and eluted with water. Water was removed to obtain 
the desired compound (1.37 g; 4.69 mmol). 

Yield: 77%. 
m.p.: 160–225 C. (dec.) 
H-NMR, C-NMR, IR and MS SPECTRA are consis 

tent with the structure. 
K.F.: 0.76% 
Elemental analysis 

C H N 

Calc. 2% 49.30 9.65 1916 
Found % 49.42 9.73 18.95 sulthe anhydrous 

Structure at the Solid State: Single crystals were obtained, 
which could be used for X-ray crystallography, by diffusion 
of acetone vapors in a THM-Cyclen concentrated aqueous 
Solution. Crystal System: monoclinic, spacial group: C2; the 
molecule admits a two-fold Symmetry axis, therefore the 
four Stereogenic centres have the same absolute configura 
tion. 
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al b C C. B y Z. 

|A) |A) |A) 
18.217C 4.659C 10.262C 90.0 123.36C 90.O 2 

R 

O.042 

methyl)-1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraace- 1O 
tic acid (THM-DOTA) 

HO 

CO2H 

l - CO2H 
N N 

HO 

OH 
N N 

HO.C-1 Y 
COH 

OH 

A solution of THM-Cyclen (12.38 g; 42.37 mmol) in 
water (500 mL), kept at 65° C., was added with 
BrCHCOOH (23.55 g; 169.5 mmol) in small portions 
during 2 h, dropping continuously 1.4 M MeNOH (aq) by 
means of an Impulsomat-Dosimat apparatus, So as to keep a 
constant pH value of about 10. Further BrCHCOOH (20.28 
g; 146.0 mmol) was added in decreasing amounts and the 
reaction was prolonged for a further 3 dayS. 

The mixture was cooled on ice bath and pH was adjusted 
to 1.7 with 6NHCl (70 mL). The solution was concentrated 
to 350 mL, most tetramethylammonium salts were removed 
by repeated extractions with CHCN (100 mL). 
A content of 172 med of undesired anions was calculated 

in the residual crude. A NaHCO saturated solution (0.9N, 
256 mL) was added until neutral pH; the mixture was 
concentrated (160 mL), loaded onto a Relite(R) 3AS/fb 
column (HCOs from; 165 mL) and eluted with water (flow: 
220 mL/h). The homogeneous fractions were combined and 
concentrated (200 mL), then the solution (pH 9) was stirred 
in a beaker with DoweX(R) CCR3LB (H' form; 140 mL) for 
1 h in a steam bath at 45 C. The resin was then filtered and 
washed with water, then regenerated (160 ml of resin were 
saturated with 1N HCl (1 L)), washed with water, then with 
1N NaOH (200 mL) and again with water; finally regener 
ated with 1N HCl (1 L) (flow: 300 mL/h)). The treatment 
with the resin was repeated for a further 3 times, until 
Me N" cations were no longer detected by TLC 
(Dragendorff reagent, prepared according to: Stahl, E. D 
innschicht Chromatographie-Ein Laboratoriumshandbuch 
Springler-Verlag, Berlin-Göttingen-Heidelberg, 1962, page 
504, n. 60) and a steady pH of about 3.6 was reached. Water 
was distilled off azeotropically with CHCN, to obtain the 
desired compound (11.98 g, 22.8 mmol). 

Yield: 54%. 

HPLC: 91% (area)-Method L/330 A 
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36 

O.12 

Stationary phase: Lichrospher 100 RP-185 um; 
column 250 x 4 mm Merck KGaA. 
40° C.; 
isocratic elution with premixed 
mobile phase: 1 g of n-octylamine 
was added to 181 mL of acetonitrile 
mixed with 819 mL of water. The 
solution is buffered to pH 6.0 with 

Temperature: 
Mobile phase: 

HPO : 
Flow rate: 1.3 mL min': 
Detection (UV): 200 and 205 mm; 
Injection: 10 it; 
Sample concentr.: 1 mg ml"; 
Instrumentation: Merck KGaA - Hitachi (L6200 and L6000) 

high pressure gradient pump system, 
Merck KGaA - Hitachi AS 2000 
autosampler, Merck KGaAT 6300 
column thermostat, Merck KGaA - 
Hitachi L 4250 UV detector. 

"H-NMR, C-NMR, IR and MS spectra are consistent 
with the structure. 

K.F.: 5.17% 

Elemental analysis 

C H N 

Calc. 2% 46.13 6.89 10.76 
Found % 45.56 6.91 10.81 on anhydrous 

G) Gadolinium complex of 2S-(2R,5R*,8R*,11R)-2, 
5,8,11-tetra(hydroxymethyl)-1,4,7,10-tetraazacyclodo 
decane-1,4,7,10-tetraacetic acid Sodium salt (1:1) 
A solution of THM-DOTA (7.44 g; 14.29 mmol) in water 

(250 mL) was added with 14.37 mmol of Gd(OAc). The 
mixture was heated at 60° C. for 20 h, then acetic acid and 
water were removed by repeated azeotropical distillations, 
first with toluene, then with CHCN. The residue was 
dissolved in water and pH was adjusted to 6.95 with 1N 
NaOH. This solution was slowly percolated (flow 22 mL/h) 
on a DoweX(R) CCR3LB column (Na" form; 18 mL). The 
eluates were collected and dried by azeotropical distillations 
with absolute EtOH, toluene, CH-OH to obtain the desired 
compound (9.45 g, 13.49 mmol). 

Yield: 94%. 

m.p.: 320–340°C. (dec) 

HPLC: 89% (area)-Method L/330 A, Example 4F 

IR and MS spectra are consistent with the structure. 
K.F.: 9.09% 

Loss weight (130° c): 9.39% 
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Elemental analysis: 

C H Gd N Na 

Calc. 2% 34.28 4.60 22.44 8.00 3.28ts 
Found % 33.79 4.82 21.38 7.64 3.46 

The following compounds were obtained analogously: 

dysprosium complex of 2S-(2R*.5R*,8R*,11R)-2,5,8, 
11-tetra (hydroxymethyl)-1,4,7,10-tetraazacyclodo 
decane-1,4,7,10-tetraacetic acid Sodium Salt (1:1) 

Gadolinium complex of 2S-(2R,5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-10-2-2-(2-hydroxyethoxy) 
ethylamino-2-oxoethyl-1,4,7,10-tetraazacyclodo 
decane-1,4,7-triacetic acid 

Dysprosium complex of 2S-(2R,5R*.8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-10-2-2-(2-hydroxyethoxy) 
ethylamino-2-oxoethyl-1,4,7,10-tetraazacyclodo 
decane-1,4,7-triacetic acid 

Gadolinium complex of 2S-(2R,5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-10-2-(4-morpholinyl)-2- 
oxoethyl-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic 
acid 

Dysprosium complex of 2S-(2R,5R*.8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-10-2-(4-morpholinyl)-2- 
oxoethyl-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic 
acid. 
What is claimed is: 

1. A compound of formula (I), in the racemic or in the 
optically active forms: 

(I) 

wherein: 

R is 

~">1-N-OH, 
O 

O 

-CH-C-N O, 

OH 

1. NH C 
O OH 
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38 
-continued 

OH 

-CH-C-N OH, 

OH 

OH 
s 

-CH-C- O)- OH, 
OH 

th OH OH 
N 

1. OH, 
O OH OH 

1n-OH, --" ~~" 
OH OH 

OH CH 

OH, -N s 
~~O CH 

OH OH 

OH 

and each R, which can be the same or different, is a 
hydrogen atom or a -CH-OH group, provided at least 
two of the R. Substituents are -CH-OH groups, 

as well as the chelated complexes of Said compounds of 
formula (I) with the di- and trivalentions of the metallic 
elements having atomic numbers ranging from 20 to 
31, 39, from 42 to 44, 49 and from 57 to 83 and the 
physiologically acceptable Salts thereof with organic 
bases Selected from primary, Secondary, tertiary amines 
or basic amino acids, or with inorganic bases the 
cations of which are Sodium, potassium, magnesium, 
calcium, or mixtures thereof, or with anions of physi 
ologically acceptable organic acids, Selected from 
acetate, Succinate, citrate, fumarate, maleate, oxalate, 
or with anions of physiologically acceptable inorganic 
acids Selected from the anions of the hydrogen halides 
or the Sulfate ions. 

2. A compound of formula (II), in the racemic or the 
optically active form: 
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(II) 

wherein: 

R is 

COOH 

OH, 

OH 

-CH-C-N OH, 

-CH-C-N OH, 

OH O 

OH 

1N-OH, --" ~~" 
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-continued 
OH OH 

OH, 

OH OH 
OH 

HO OH 

OH, 

OH 

each R, which can be the same or different, is a hydrogen 
atom or a -CH-OH group, provided at least two of the 
R. Substituents are -CH-OH groups, and 

and R, which can be the same or different, has the same 
meanings, as described for R or is CH or CH5, 

as well as the chelated complexes of Said compounds of 
formula (II) with the di- and trivalent ions of the 
metallic elements having atomic numbers ranging from 
20 to 31, 39, from 42 to 44, 49 and from 57 to 83 and 
the physiologically acceptable Salts thereof with 
organic bases Selected from primary, Secondary, tertiary 
amines or basic amino acids, or with inorganic bases 
the cations of which are Sodium, potassium, 
magnesium, calcium, or mixtures thereof, or with 
anions of physiologically acceptable organic acids, 
Selected from acetate, Succinate, citrate, fumarate, 
maleate, oxalate, or with anions of physiologically 
acceptable inorganic acids selected from the anions of 
the halo acids or the Sulfate ions. 

3. A compound of formula (III), in the racemic or the 
optically active form: 

(III) 
R3 R3 

HOOC COY -N - 
N N 

R R 

R R 
N N 

HOOC-1 N- COOH 

R R 

wherein: 

Y is -OH, -NH-CH-CH-O-CH-CH-OH, 

OH 

-NH OH, 

OH 

OH OH 

-N OH, -N OH, 

OH oH 
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CH, OH OH 

M N 1. N 

OH OH 

and each R, which can be the Same or different, is a 
hydrogen atom or a -CH-OH group, provided at least 
two of the R groups are -CH-OH groups; 

as well as the chelated complexes of Said compounds of 
formula (III) with the di- and trivalent ions of the 
metallic elements having atomic numbers ranging from 
20 to 31, 39, from 42 to 44, 49 and from 57 to 83 and 
the physiologically acceptable Salts thereof with 
organic bases Selected from primary, Secondary, tertiary 
amines or basic amino acids, or with inorganic bases 
the cations of which are Sodium, potassium, 
magnesium, calcium, or mixtures thereof, or with 
anions of physiologically acceptable organic acids, 
Selected from acetate, Succinate, citrate, fumarate, 
maleate, oxalate, or with anions of physiologically 
acceptable inorganic acids Selected from the anions of 
the halo acids or the Sulfate ions. 

4. A method of magnetic resonance imaging the organs or 
tissueS of a human or animal body using a chelated complex 
of a compound of claim 1, 2 or 3. 

5. Compounds according to claim 1, 2, or 3, in which the 
complexed di- or trivalent metal ion is Selected from: 

Fe(*), Fe3+), Gd3+, Eu3+, Dy3+), La3+, Yb) and 
Mn(2+). 

6. Compounds according to claim 1, 2, or 3, Selected from 
the following group: 

10-2-2-(2-hydroxyethoxy)ethylamino)-2-oxoethyl-C, 
C'.C."-tris(hydroxymethyl)-1,4,7,10- tetraazacyclodo 
decane-1,4,7-triacetic acid; 

C.O.".C."-tris(hydroxymethyl)-10-(2-hydroxypropyl)-1,4, 
7,10-tetraazacyclododecane-1,4,7-triacetic acid; 

2.9-bis(hydroxymethyl)-1,4,7,10-tetraazacyclododecane 
1,4,7,10-tetraacetic acid; 

2S-(2R*,5R*,8R*,11R*)-2,5,8,11-tetra (hydroxy 
methyl)-1,4,7,10-tetraazacyclododecane-1,4,7,10 
tetraacetic acid; 

1-deoxy-1-methyl-1-oxo-2-4,7,10-tris(1-carboxy-2- 
hydroxy-eth-1-yl)-1,4,7,10-tetraazacyclododec-1-yl) 
ethylamino-D-glucitol; 

C.C.'.O."-tris(hydroxymethyl)-10-2,3-dihydroxy-1- 
(hydroxymethyl)propyl-1,4,7,10-tetraazacyclodo 
decane-1,4,7-triacetic acid; 

2S-(2R*,5R*,8R*,11R*)-2,5,8,11-tetra (hydroxy 
methyl)-10-2-2-(2-hydroxyethoxy)-ethylamino-2- 
oxoethyl-1,4,7,10-tetraazacyclododecane-1,4,7- 
triacetic acid; 

2S-(2R*,5R*,8R*,11R*)-2,5,8,11-tetra (hydroxy 
methyl)-10-2-(4-morpholinyl)-2-oxoethyl-1,4,7,10 
tetraazacyclododecane-1,4,7-triacetic acid. 

7. A paramagnetic chelate, Selected from the following 
group: 

gadolinium complex of 10-2-2-(2-hydroxyethoxy) 
ethylamino-2-oxoethyl-O.C.",.O."-tris (hydroxy 
methyl)-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic 
acid; 

1O 
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42 
gadolinium complex of C.O.".C."-tris(hydroxymethyl)-10 

(2-hydroxypropyl)-1,4,7,10-tetraazacyclododecane-1, 
4,7-triacetic acid; 

gadolinium complex of 2.9-bis(hydroxymethyl)-1,4,7,10 
tetraazacyclododecane-1,4,7,10-tetraacetic acid Sali 
fied with 1-deoxy-1-(methylamino)-D-glucitol (1:1); 

gadolinium complex of 2S-(2R*,5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-1,4,7,10-tetraazacyclodo 
decane-1,4,7,10-tetraacetic acid Sodium Salt (1:1); 

gadolinium complex of 1-deoxy-1-methyl-1-oxo-2-4, 
7,10-tris(1-carboxy-2-hydroxy-eth-1-yl)-1,4,7,10 
tetraazacyclododec-1-yl)ethylamino-D-glucitol; 

gadolinium complex of C.O.".C."-tris(hydroxymethyl)-10 
2,3-dihydroxy-1-(hydroxymethyl)propyl-1,4,7,10 
tetraazacyclododecane-1,4,7-triacetic acid; 

gadolinium complex of 2S-(2R*,5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-10-2-2-(2-hydroxyethoxy) 
ethylamino-2-oxoethyl-1,4,7,10-tetraazacyclodo 
decane-1,4,7-triacetic acid; 

gadolinium complex of 2S-(2R*,5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-10-2-(4-morpholinyl)-2- 
oxoethyl-1,4,7,10-tetraazacyclododecane-1,4,7- 
triacetic acid; 

dysprosium complex of 10-2-2-(2-hydroxyethoxy) 
ethylamino-2-oxoethyl-O.C.', C." -tris (hydroxy 
methyl)-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic 
acid; 

dysprosium complex of C.O.".C."-tris(hydroxymethyl)-10 
(2-hydroxypropyl)-1,4,7,10-tetraazacyclododecane-1, 
4,7-triacetic acid; 

dysprosium complex of 2.9-bis(hydroxymethyl)-1,4,7,10 
tetraazacyclododecane-1,4,7,10-tetraacetic acid Sali 
fied with 1-deoxy-1-(methylamino)-D-glucitol (1:1); 

dysprosium complex of 2S-(2R*,5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-1,4,7,10-tetraazacyclodo 
decane-1,4,7,10-tetraacetic acid Sodium Salt (1:1); 

dysprosium complex of 1-deoxy-1-methyl-1-oxo-2-4, 
7,10-tris(1-carboxy-2-hydroxy-eth-1-yl)-1,4,7,10 
tetraazacyclododec-1-yl)ethylamino-D-glucitol; 

dysprosium complex of C.O.".C."-tris(hydroxymethyl)-10 
2,3-dihydroxy-1-(hydroxymethyl)propyl-1,4,7,10 
tetraazacyclododecane-1,4,7-triacetic acid; 

dysprosium complex of 2S-(2R*,5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-10-2-2-(2-hydroxyethoxy) 
ethylamino-2-oxoethyl-1,4,7,10-tetraazacyclodo 
decane-1,4,7-triacetic acid; 

dysprosium complex of 2S-(2R*,5R*,8R*,11R)-2,5,8, 
11-tetra(hydroxymethyl)-10-2-(4-morpholinyl)-2- 
oxoethyl-1,4,7,10-tetraazacyclododecane-1,4,7- 
triacetic acid. 

8. Diagnostic pharmaceutical composition for M.R.I., 
comprising at least one of the chelated complexes according 
to claim 1, 2 or 3 or a physiologically acceptable Salt thereof. 
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