Office de la Propriete Canadian CA 2053478 C 2002/04/30

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 053 478
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aa;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1991/10/15 (51) CL.Int.>/Int.CI.° C07D 257/02, A61K 49/00
(41) Mise a la disp. pub./Open to Public Insp.: 1992/04/17 (72) Inventeurs/Inventors:
ol _ lwal, Kumiko, JP;
(45) Date de delivrance/lssue Date: 2002/04/30 Azuma Makoto JP:
(30) Priorité/Priority: 1990/10/16 (2/78661/1990) JP Seri, Shigemi, JP

(73) Proprietaire/Owner:
Nihon Medi-Physics Co., Ltd., JP

(74) Agent: KIRBY EADES GALE BAKER

(54) Titre : AGENT D'IMAGERIE A RESONANCE MAGNETIQUE
(54) Title: MAGNETIC RESONANCE IMAGING AGENT

(57) Abregée/Abstract:
The present Invention Is directed to gadolinium complex of 1,4,7,10-tetraazacyclododecane-1,4,7,10-aa',a" a"-
tetrakis(methylacetic acid) or its salt. Such a complex is useful as a nuclear magnetic resonance imaging agent.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




= 2053478

e

Abstract

The present invention is directed to gadolinium complex
of 1,4,7,lo—tetraazacyclododecane-l,4,7,10—a,a',a",a'"-
tetrakis (methylacetic acid) or its salt. Such a complex 1is

5 useful as a nuclear magnetic resonance imaging agent.
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MAGNETIC RESONANCE IMAGING AGENT

The present invention relates to a magnetic resonance
imaging agent. More particularly, it relates to a gadolinium
(hereinafter referred to as "Gd") complex and 1its use as a
nuclear magnetic resonance (MR) imagling agent.

Of known paramagnetic ions, Gd i1on has a strong
relaxation property and is advantageously used for MR 1magilng.
Since, however, it frequently produces considerable toxicity
at such concentrations as required for MR imaging, utmost care
must be paid on administration to a living body. G4 ion is
therefore normally employed as a complex coordinated with a
suitable chelating agent. While there are reported various Gd
complexes, the dimeglumine salt of the Gd complex of
diethylenetriaminepentaacetic acid (Gd-DTPA) 1s the only
complex presently available on the market (H.J. Welnmann et
al: Am.J.Roentgenology, 142, 619-624 and 625-630 (1984)).
Gd-DTPA or its salt has a stability constant of 10' at a
physiological pH and is still not sufficiently acceptable to a
living body (C.F. Meares et al: Can.Res. (Suppl.), 30,

7895-793s (1990)).
As a result of extensive study, it has been found that a

Gd complex of 1,4,7,1l0-tetraazacyclododecane-1,4,7,10-
a,a’,a",a’"-tetrakis(methylacetic acid) (hereinafter referred
to as "Gd-DOTMAY") or its salt shows a significantly higher
stability constant than Gd-DTPA or 1its salt. Thus, Gd-DOTMA
or its salt is more stable and less toxic than GA-DTPA or 1its
salt. It has also been found that Gd-DOTMA or 1ts salt has a
relatively strong contrast enhancement and can be used
advantageously as an MR imaging agent. This invention 1s

based on the above findings.
Accordingly, a main object of the present invention 1s to

provide a chemically stable Gd complex, of which the stability
constant of the complex at a physiological pH is suppressed to
a minimum degree and which is useful as an MR imagilng agent

with high safety to a 1living body.
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The Gd complex of the invention may be a Gd complex of
DOTMA or its salt. Gd to be complexed with DOTMA may be Gd
itself or as a chloride and oxide.
DOTMA can be synthesized in a conventional method, for
5 instance, by reacting 1,4,7,10-tetraazacyclododecane with
2-halopropionic acid according to the following scheme (J.F.
Desreux et al: Inorg.Chem., 23, 4459-4466 (1984)):

COOH
COQOH

[:NH NH:] H3 X [:N N COQOH
NH NH DH, 9-12 HOOC N N:]
¢ ¢ = ¢ Y

COOH

wherein X is halogen (e.g. chlorine, bromine).

In the above reaction, 2-halopropionic acid may take any

10 optically active or inactive form. It 1s also possible to use

2-halopropionate ester. When 2-haloproplonate ester is used,

however, saponification must be carried out after the above
reaction.

Production of GAd-DOTMA may also be accomplished using a

15 conventional method. For example, when the Gd compound 1is

used in the form of a hydrochloride, the reaction proceeds as

follows:
COQOH CH3
HBé//L\\ﬁ/_—\N COOH GdCl3
HOOC\\rE;Q\_J/gle//CH3 pH, 6, temp., 80°C
CH3 COOH
COO CH,
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The G4 complex of the invention covers any neutral salt
comprising a physiologically acceptable organic or i1norganic
cation as a counter-ion. Gd-DOTMA has one free acid group,
and its neutralization with a counter-ion increases the
solubility and decreases the osmotic pressure, whereby its
applicability to a living body 1s advantageous. Examples of
the counter-ion are those originating from sodium, potassium,
lithium, lysine, arginine, ornithine, meglumine,
diethanolamine, etc.

The representative Gd complex according to the invention

has the following formula:

COO

)\/—\/\ _

oo G,
Y d \{/

wherein Ci 1s an organic or inorganic cation as a counter-ion.

As is clear from the above formula, four asymmetric
carbon atoms are present in the DOTMA molecule, and theilr
optical rotations may be optionally selected. The above
formula covers any steric configuration.

The Gd complex of the invention may be admixed with any
pharmaceutically acceptable carrier or diluent to prepare an
MR imaging agent in any appropriate preparation form. While
no specific limitation is present on the preparation form, the
MR imaging agent is preferred to be in an aqueous solution,
particularly in a physiologically acceptable aqueous solution
so as to make it intravenously injectionable.

Gd-DOTMA or its salt as the essential component 1n the MR
imaging agent of the invention has, at a physiological pH, a
stability constant significantly higher than that of the Gd
complex of 1,4,7,10-tetraazacyclododecane-N,N’ , N" N’"-
tetraacetic acid (GA-DOTA), which has so far been acknowledged
as the most stable Gd complex (C.F. Meares et al:
Can.Res. (Suppl.), 50, 789s-793s (1990)). Such a high

——— ¥
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stability constant assures high 1in vivo stability, and the in
vivo toxicity due to Gd ion 1is much lower. In fact, a minimal
lethal dose of GA-DOTMA in mice 1s higher than a lethal dose

50 (LD.,) of Gd-DTPA.
Also, GA-DOTMA or its salt provides an enhanced 1maging

effect in an MR imaging apparatus with a magnetic strength
(0.5 to 2 T) as conventionally used as compared to GA-DTPA or
its salt. Accordingly, it is advantageous to use Gd-DOTMA or
its salt instead of GA-DTPA or its salt, since the former
achieves substantially the same imaging effect as the latter
at a lower dose and the production of the toxicity 1s much
suppressed. Conversely, so long as the same dose 1s used,
Gd-DOTMA or its salt affords much more information than
cd-DTPA or its salt does, which leads to enhancement of its
clinical utility. As is apparent in the Test Examples which
will hereinafter follow, the imaging effect of GA-DOTMA or 1its
salt is superior to that obtained by GAd-DTPA or 1its salt.
Further, since '»’Gd-DOTMA is rapidly excreted into urine
(W.C. Eckelman et al: The 8th SMRM, Abstract, 801 (1989) ),

the biodistribution pattern of GA-DOTMA or 1ts salt may be
considered to be identical to that of a urinary blood vessel
imaging agent as used in X-ray diagnosis. Yet, 1t should be
noted that said Abstract discloses only the distribution of
153c4-DOTMA in mice and is entirely silent on its use as an MR
imaging agent.

After all, GA-DOTMA or its salt is low in in vivo

toxicity and yet shows a strong imaging effect. Accordingly,

an MR imaging agent comprising Gd-DOTMA or its salt is quite

advantageous.
Practical and preferred embodiments of the present

invention are explained in detail in the following Reference

Examples, Examples and Test Examples, to which the invention
is not limited 1in any way.

Reference Example 1
Preparation of DOTMA:-

1,4,7,10-Tetraazacyclododecane tetrahydrochloride
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(2.639 g; 8.29 mmol) was neutralized, and (S)-2-chloro-
propionic acid (8.65 g; 79.0 mmol) neutralized under 1ice-
cooling was gradually added thereto, followed by stirring 1n a
water bath of 50°C for 18 hours. To the resultant mixture,
(S)-2-chloropropionic acid (3.946 g; 36.4 mmol) was added, and
stirring was continued in the same bath for 30 hours, during
which time the pH was kept at 9 to 10. The reaction mixture
was cooled to room temperature and adjusted to pH 11 with the
addition of an aqueous sodium hydroxide solution.
Precipitated crystals were collected by filtration, dissolved
in water and made acidic (pH, 2) with the addition of
hydrochloric acid, followed by concentration. Crude crystals
thus obtained were recrystallized from ethanol and water (1
1) to give DOTMA in the form of hydrochloride (2.982 g, yvield,
63%)

'H-NMR spectrum (D,0, ppm/TMS): 1.3 (d, 12H), 2.8
(bs, 8H), 3.1 (bs, 8H), 3.6 (q, 4H).

FAB-mass spectrum (anion, m/z): 459 [(M-H) ].
Elemental analysis for C,,H,.N,0,,Cl (%):
caled.: ¢C, 42.2; H, 8.0; N, 9.8; C1, 6.2. Found: C, 41.6;
H, 8.9; N, 9.8; Cl, 7.1.
Example 1

Preparation of Gd-DOTMA: -

DOTMA.HC1l (1.60 g; 3.2 mmol) was dissolved 1n an
appropriate amount of water, and gadolinium chloride
hexahydrate (1.43 g; 3.8 mmol) was added thereto. The mixture
was transferred to a water bath of 80°C and adjusted to pH 6,
followed by stirring for 3 hours. The reaction mixture was
cooled to room temperature and concentrated. The residue was
combined with an appropriate amount of water, and insoluble
materials were removed by filtration. The filtrate was

purified by cation exchange resin chromatography (resin:

AG50W-X4*, eluting solvent: water) to give Gd-DOTMA (2.06 g,

yvield, 30%).
FAB-mass spectrum (anion, m/z): 614 [(M-H) ].

*Trade mark
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Elemental analysis for C,H,,N,0,,Gd (%):

calcd.: C, 35.0; H, 6.0; N, 8.2; Gd, 22.9. Found: C, 34.7;
H, 6.5; N, 8.1; Gd, 22.8.
Example 2
5 Preparation of Gd-DOTMA dimeglumine salt:-

Gd-DOTMA (0.247 g; 0.35 mmol) obtained in Example 1 was
dissolved in water (0.7 ml), and meglumine (0.137 g; 0.70
mmol) was added thereto to give a pale yellow solution of
Gd-DOTMA dimeglumine salt (concentration, 0.5 mol/l; pH,

10 about 7).

Gd concentration (ICP spectrometry) (per 1 ml):

Calcd.: 39.25 mg. Found: 37.50 mg.

Test Example 1

Measurement of stability constant of the complex

15 (chelation stability constant) for Gd-DOTMA: -

DOTMA.HCl1 (31.2 mg; 0.06 mmol) was dissolved 1n water
(0.5 ml), and aqueous 15:"GdCl3 solution (0.2 ml, 2.2 MBg) and a
solution of gadolinium chloride hexahydrate (27.3 mg;

0.073 mmol) in water (0.5 ml) were added. The mixture was

20 adjusted to pH 6 with the addition of 1N aqueous sodlium
hydroxide solution and allowed to react at 80°C for 3 hours.
The reaction mixture was purified by cation exchange resin
chromatography (resin: AG50W-X4*, eluting solutlion: water)
and concentrated. The residue was dissolved 1n ethanol,

25 insoluble materials were filtered off, and the filtrate was
concentrated to give Gd-DOTMA containing GA-DOTMA (13.93 mg;
yield, 38%).

The thus obtained '”’Gd-DOTMA containing Gd-DOTMA (6.43
mg; 0.01 mmol) was dissolved in 0.1M aqueous potassium nitrate

30 solution (2.0 ml), and DOTA (4.19 mg; 0.01 mmol) in 0.1M

appropriate amount of 1N sodium hydroxide and subjected to
incubation at 80°C for 910 hours. The Gd-DOTMA and GAd-DOTA

35 *Trade mark
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ratio in the reaction mixture was measured on the basis of the
radiocactivity concentration by thin layer chromatography (thin
layer: silica gel 60; developing solvent: ethyl
acetate/methanol/aqueous ammonia = 2/2/1).

The amounts of GA-DOTMA and Gd-DOTA in the mixture were
respectively 98.8 and 1.2 %, from which the stabillity constant
of Gd-DOTMA was calculated and shown 1in Table 1 below:

Table 1

Stability constant (pH, 7)

Gd-DOTMA
Gd-DOTA
Gd-DTPA

* ) C.F. Meares et al: Can.Res. (Suppl.),
50, 789s-793s (1990).

Test Example 2
Acute toxicity of GAd-DOTMA dimeglumine salt:-

ICR strain female mice each weighing 30.8 + 1.4 g
(8-weeks old; 5 animals/group) were intravenously injected
with 6 mmol/kg of GA-DOTMA dimeglumine salt (0.5M) obtained in
Example 2. To determine a minimum lethal dose (MLD) the
number of deaths occurring up to 14 days after the injection
was measured. For comparison, the MLD value was also
determined on GA-DTPA dimeglumine salt in mice injected with
the Gd-DTPA in the same manner as above. The results are

shown 1n Table 2.

Table 2

Complex salt MLD (mmol/kg)
GA-DOTMA dimeglumine salt | more than 6
GAd-DTPA dimeglumine salt more than 4.8

Test Example 3
Relaxation of GAd-DOTMA: -

Gd-DOTMA obtained in Example 1 was dissolved in deionized

water, and the proton relaxation time (T, and T,, msec) at 39°C

v
-
€

nala
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for this complex solution at different concentrations was
measured on an NMR spectrometer at 6.36 T (JEOL, LTD.). The

results are shown 1in Table 3.

Table 3
Concentration (mM)
4.7 76 60
2.4 164 127
0.5 711 571
0 4393 1420

It is understood from the above results that
GA-DOTMA at a concentration of 4.7 mM shortened the T,
relaxation time of water about 58 times and the T, relaxation
time about 24 times.
on the basis of the results in Table 3, the relaxation
degrees (R, and R,, (mM+S) ") on the T, and T, were calculated,

and the results are shown 1in Table 4.

Table 4

Gd-DOTMA
Gd-DTPA

As can be understood from the above, GA-DOTMA shows a
good in vitro relaxation effect, which 1is nearly equal to that
of Gd-DTPA measured in the same manner. Thus, GA-DOTMA 1s

effective as an imaging agent.

Test Example 4

Apparent relaxation degree measured by a phantom system: -

As the phantom system, there was used a cylindrical
plastic bottle filled with water, in which an MR tube was
fixed. An aqueous solution of GA-DOTMA dimeglumine salt at a
concentration of 0.05, 0.1, 0.2, 0.5, 1.0, 2.5 or 5.0 mM was
filled into the MR tube and sealed, and imaging was performed
by a spin echo technique with a repetition time (TR) of 600,
1000, 1500, 2000 or 2400 msec and an echo time (TE) of 30 or
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100 msec. From the signal intensity, the apparent relaxation
degree was calculated. In the same manner, imaging was
performed using GAd-DTPA dimeglumine salt.

For imaging, CSI Omega* (General Electric) was used, and
the following conditions were adopted: magnetic field
intensity, 2T; imaging coil, 6 cm® bird-cage type coil; spin
echo technique with slice thickness of 4 mm and resolving

power of 256 x 128.
The apparent relaxation degree (R), or R,, ((mM-S)")

calculated from the signal intensity is shown 1n Table 5.

Table 5
R/ (mM-S)” | R} (mM:S)]
Gd~-DOTMA 3.4 4.8
Gd-DTPA 1.8 2.4

Gd-DOTMA shows good relaxation, which is about 1.8 times
that of GA-DTPA. Thus, GA-DOTMA unexpectedly provides a
stronger imaging effect than GA-DTPA.

Test Example 5
Relaxation effect of GA-DOTMA on blood and organs 1n rat

(ex vivo study) :-

SD strain female rats each weighing 197 g or 202 g
(11-weeks old) were anesthetized with thiopental, and an
aqueous solution (0.5 M) of GA-DOTMA dimeglumine salt was
injected into a tail vein at a dose of 0.1 mmol/kg. About 5
minutes thereafter, the animals were sacrificed, and the
relaxation time (T, and T,, msec) was measured on blood, heart,
kidney and liver at room temperature by the use of NMR 6.35T7
(JEOL, LTD.).

As the control, SD strain female rats each weighing 200 g

(l11-weeks old) were anesthetized with thiopental, sacrificed

and subjected to measurement of the relaxation time 1in the
same manner as above. The results are shown in Tables 6 and
7.

*Trade mark
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Table 6

Control rat T, (msec) | Treated rat T, (msec)

Table 7
Control rat T, (msec) | Treated rat T, (msecC)
70 55
36 33
41 31
19 18

In comparison with the relaxation time 1in the control
animals, the relaxation time in the treated animals could be
shortened effectively, for instance, about 2.5 times in blood
and about 4 times in kidney.

Test Example 6
Imaging effect of GA-DOTMA dimeglumine salt on rat heart

(1in

vivo study) :-

Thiopental-anesthetized SD strain female rats each
weighing 198 g (9-weeks old) were fixed 1in the magnetic field
of an MRI apparatus and injected with an aqueous solution of
Gd-DOTMA dimeglumine salt (0.5M) at a dose of 0.2 mmol/Kg
through a cannula fixed at the femoral vein. After about 0.5
minute, the animals were killed by administration of an
aqueous solution of pentabarbital through the cannula, and MR
measurement (longitudinal view) of the chest region including

the heart was performed.
As the control, SD strain female rats each weighing 186 g
(9-weeks old) were killed by administration of an aqueous

solution of pentabarbital and subjected to MR measurement.
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Imaging was performed using CSI Omega* (General Electric)
under the following conditions: magnetic field intensity, 2T;
imaging coil, 6 cm@ bird-cage type coil; spin echo technique
with a slice thickness of 4 mm and a resolving power of
256 X 2567 Ty*weighted (TR/TE, 600/30 msec). The accompanying
drawings will be referred to in the test examples below. They
will now be introduced briefly as follows:

Fig. 1 in the accompanying drawings is an MR 1mage
showing a sectional view of the chest region including the
heart in a normal rat.

Fig. 2 is an MR image showing a sectional view of the
chest region including the heart in a rat given GAd-DOTMA
dimeglumine salt.

Fig. 3 is an MR image showing a sectional view of the
abdominal region including the kidneys prior to
administration.

Fig. 4 is an MR image showing a sectional view of the
abdominal region including the kidneys 30 minutes after
administration of GA-DOTMA dimeglumine salt.

Fig. 5 is an MR image showing a sectional view of the
abdominal region including the bladder prior to
administration.

Fig. 6 is an MR image showing a sectional view of the
abdominal region including the bladder 125 minutes after the
administration with GA-DOTMA dimeglumine salt.

From Figures 1 and 2, the Gd-DOTMA dimeglumline salt can

be seen to significantly enhance the signal intensity 1in the

and provides clear contrast with the cardiomuscles. Thus,
Gd-DOTMA dimeglumine salt would be distributed promptly to the
blood circulation system and would give a strongly enhanced

signal in these regions.

Test Example 7
Contrast enhancement of Gd-DOTMA dimeglumine salt on rat

kidneys (in vivo study):-

*Trade mark
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Thiopental-anesthetized SD strain female rats each
weighing 184 g (9-weeks o0ld) were pronely fixed 1n the
magnetic field of an MRI apparatus and given an agueous
solution of GA-DOTMA dimeglumine salt (0.5 M) at a dose of 0.5
mmol/kg through a cannula fixed at the femoral vein. After 30
minutes, MR measurement (longitudinal view) of the abdominal
region including the kidneys was performed.

As the control, the animals were subjected to imaging of
the same part prior to administration of Gd-DOTMA dimeglumine
salt.

Imaging was performed under the same conditions as 1n
Test Example 6.

As can be seen from Fig. 3 the kidneys were 1maged
slightly as the low intensity area enclosed with fat tissue of
high signal intensity.

Gd-DOTMA dimeglumine salt is promptly excreted into the
urine through the blood circulation system and the kidneys.
Figs. 3 and 4 show that the signal intensity 1in the kidneys 1s
increased by the administration of Gd-DOTMA dimeglumine salt
and becomes nearly equal to that in the surrounding fat
tissue. In this instance, the signal intensity in said region
of the kidney (i.e. around the enpelvis renalls at the left
kidney) after the administration is increased twice that
before the administration. The micro-structure in the kidney
is imaged very well.

Test Example 8

Contrast enhancement of Gd-DOTMA dimeglumine salt on rat

urinary system (in vivo study) :-

Thiopental-anesthetized SD strain female rats each
weighing 195 g (13-weeks old) were pronely fixed in the
magnetic field of an MRI apparatus and given an aqueous
solution of GA-DOTMA dimeglumine salt (0.5 M) at a dose of 0.1
mmol/kg through a cannula fixed at the femoral vein, and MR
image (longitudinal view) of the abdominal region including
the bladder was acquired 125 minutes after the administration.
As the control, the animals were subjected to imaging of the

same region prior to administration.
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Imaging was performed under the same conditions as 1n

Test Example 6.
As can be seen from Figs. 5 and 6 elimination of the

complex by renal excretion to the ladder is clearly imaged.




10

15

CA 02053478 2001-10-10

-1 4 —

Claims:

1. A nuclear magnetic resonance 1magling composition
which comprises a gadolinium complex of 1,4,7,10-
tetraazacyclo-dodecane-1,4,7,10-o,a',a",a'"-
tetrakis (methylacetic acid), or 1ts salt, and a

pharmaceutically acceptable inert carrier or diluent.

2. The composition according to claim 1, wherein the

complex 1s contained i1n a concentration of 1 x 107 to
1 x 10 mol/1l.

3. The composition according to claim 1, wherein the
gadolinium complex 1s a salt comprising sodium, potassium,
lithium, lysine, arginine, ornithine, meglumine or

diethanolamine.

4. The composition according to claim 1, wherein the
gadolinium complex 1s dissolved 1n a physiologically

acceptable aqueous solution.
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