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1. A physiologically acceptable compound of the

formula:

HOOC—k /'—\ )——C N—-— CHZ) f*ll-—A !

[ ] .4 : !

1

(1 ;

. | (1) .

HOOC—-( \__/ w—COOH
R, R,

wherein n is an integer of 1 to 6; R; is a C;_, alkyl [
] group, R, 1is a hydrogen atom or a Ci.4 alkyl group (the

same as or different from the alkyl of R,); A 1is a
! hydrogen atom or a reactive functional residue which is a
saturated or unsaturated, straight or branched C
alkylene group having a terminal reactive group and which
_, may be interrupted by a carbonyl group, or a salt
thereof. i
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(11) AU-B-35519/93 -2- {
(10) 663572
7. A physiologically acceptable complex compound

of the formula:-

—

Hooc—L /——\ )—C—N— (CHy)—N—(AYn——2

CE @
HOOC-( \__/ ﬁ—-coor—; i

wherein n is an integer of 1 to 6; R; is a C;_, alkyl
group, R, is a hydrogen atom or a C;_, alkyl group (the
same as or different from the alkyl of R;); m is 0 or 1
and, when m is 1, A' is a reactive functional residue
which is a saturated or unsaturated, straight or branched
C,.4 @alkylene group having a terminal reactive group
selected from the group consisting of thiol group,
hydrazine group or its derivative, -NCO, -COOR; (wherein
Ry is a C;_, alkyl group), aldehyde group, -COX" (wherein
X" 1is a halogen atom) and N-hydroxysuccinimide ester
group and which may be interrupted by a carbonyl group; 2
is a functional material, or a physiologically acceptable

salt thereof. _
9. A metal complex compound according to claim 8,

S ap—— L RS

wherein the metal ion is Gd, Dy, Ho, Bi, Os, In, Ga, Tc, Y or

rtien . e

Sm.
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COMPLETE SPECIFICATION
STANDARD PATENT

Invention Title: TETRAAZACYCLODODECANE DERIVATIVE AND

ITS USE

The following statement is a full description of this invention, including

the best method of performing it known to us:
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TETRAAZACYCLODODECANE DERIVATIVE AND ITS USE

FIELD OF THE INVENTION

The present invention relates to a tetraaza-
cyclododecane derivative and its use. More particularly, the
tetraazacyclododecane derivative of the present invention is
a novel bifunctional complexing agent having 1, 4, 7, 10-
tetraazacyclododecane-4, 7, l0-triacetic acid (herein after
abbreviated as DO3A) skeleton, which has ability to form
stable complexes with various metal ions and is useful as a
carrier for metals to be applied to a living body in medical

imaging diagnosis and treatment, and the like.

BACKGROUND OF THE INVENTION

In the field of medical imaging diagnosis and
treatment, usefulness of safe introduction of various metal
ions into a living body has been gradually established. 1In
addition, recently, attempts have been rapidly developed to
combine these metal ions with biological materials, or
materials which interact with a biological system, such as
proteins, peptides, antibodies, sugars, lipids and the like
(herein after generally referred to as functional materials)
to obtain physiological information of a living body such as
reactions in a living body, for example, metabolism, enzyme

reactions, receptor binding, antigen-antibody reactions and
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the like, or characteristic behavioral properties in a living
body and the like. Then, as a technical means for coupling
a metal ion to a functional material, it has been expected to
use a bifunctional complexing agent as a coupling agent.
Desirable properties required for such a
bifunctional complexing agent from the medical point of view
vary according to a particular diagnosis and treatment.
However, commonly required properties for all application are
high stability of a metal ion complexed with a complexing
agent and maintenance of the activity of a functional material
after coupling of a complexing agent and the functional
material. High stability of a complex inhibits release of the
metal ion from the complexing agent and thereby minimizes side
effects due to toxicity of the metal. In particular, when the
metal has a long retention time in a 1living body, this
toxicity due to the metal causes trouble. Good maintenance
of the activity of a functional material can control the
behavior of a metal complex compound composed of metal-
bifunctional complexing agent-functional material in a living
body according to a particular purpose. And, in the case of
using a metal complex as an imaging agent in nuclear magnetic
resonance imaging (hereinafter abbreviated as MRI) diagnosis
and X-ray diagnosis, more severe properties are required for
a bifunctional complexing agent. Namely, since an increased

dosage in human being is needed, high water-solubility,
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osmotic pressure of the resulting complex near to that of body
fluid of human being and ease of synthesis are required. High
water-solubility make the production of a solution preparation
having a high concentration possible (e.g., in the case of an
imaging agent to be used for MRI diagnosis, about 0.5M). Low
osmotic pressure reduces the volume of the circulatory system
or the load on the body fluid balance upon administration.
And, entire synthesis steps can be carried out very efficient-
ly due to ease of synthesis, which reduces the production
cost. Thus, in view of these requirements, new bifunctional
complexing agents have been developed and have been variously
elaborated.

As typical classic bifunctional complexing agents,
so-called linear bifunctional complexing agents such as
diethylenetriaminepentaacetic acid (hereinafter abbreviated
as DTPA) type [JP-T 2-501385 ; Brechbiel M.V. et al., Inorg.
Chem., 25, 2772 (1986); Esteban J.M. et al., J. Nucl. Med.,
28, 861 (1987); and Westerberg D.A. et al., J. Med. Chem., 32,
236 (1989)], ethylenediaminetetraacetic acid (hereinafter
abbreviated as EDTA) type [Goodwin D.A. et al., J. Med. Chem.,
17, 1304 (1974); Yeh S.M. et al., Anal. Biochem., 100, 152
(1979)] and the like have been firstly developed. However,
metal complex compounds obtained by using such bifunctional
complexing agents tend to become instable because of acid

catalytic type decomposition of complexing in serum or
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competitive complexing with ca® and Zn“, or competition with
transferrin in a living body [Moerlein S.M. et al., Int. J.
Nucl. Med. Biol., 8, 277 (1981)]. The lowering of stability
of a complex compound promotes release of a free metal ion
from the complex compound, which becomes a cause of side
effects due to toxicity of the free metal ion. And, in
imaging diagnosis, disordered behavior of the free metal ion
causes remarkable lowering of a signal/noise ratio and an
accurate information can hardly be obtained. Further, when
metal ions which are apt to become trivalent ions are
romplexed with these complexing agents (many metal ions which
are useful for medical imaging diagnosis and treatment are
trivalent ions), the resulting complex compounds per se have
mono- or bivalent negative charge, which results in harmful
factors for a living body such as increase in osmotic pressure
and the like. And, they are not always readily synthesized
[Westerberg D.A. et al., J. Med. Chem., 32, 236 (1989)].
Then, recently, cyclic complexing agents,
bifunctional 1, 4, 7, l0-tetraazacyclododecane-
aminopolyacetic acids, have been noted as next generation
compounds of the above linear bifunctional complexing agents.
These complexing agents have been developed with mainly aiming
at improvement of stability of complex compounds and it has
been said that, in comparison with conventional linear

bifunctional complexing agents, formation of more kinetiéally
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inactive complexes with metal ions are possible. For example,
A metal complex formed by gadolinium (hereinafter abbreviated
as Gd) ion (III) which has been noted as a metal ion useful
for MR diagnosis with 1, 4, 7, l10-tetraazacylcododecane-1, 4,
7, l0-tetraacetic acid (hereinafter abbreviated as DOTA) has
much higher stability than Gd-DTPA or Gd-EDTA [Moi M.K. et
al., Cancer. Res. (Suppl.), 50, 789s (1990)] and thereby
acceptability to a living body is clearly improved. There-
fore, the use of a bifunctional complexing agent which
contains a 1, 4, 7, l0-tetraazacyclododecane-aminopolyacetic
acid as its metal complexing site have a bright prospect.

1, 4, 7, l0-Tetraazacyclododecane-aminopolyacetic
acid type bifunctional complexing agents which have been found
to be useful for medical use are generally divided into three
groups. The first group is 1, 4, 7, 1l0-tetraacetic acid
derivatives wherein a reactive side chain for participating
in coupling to a functional material is bound to a ring carbon
atom of the tetraazacyclododecane ring [JP-T 2-501141 ; Moi
M.K. et al., J. Am. Chem. Soc., 110, 6266 (1988); and
Deshpande S.V. et al., J. Nucl. Med., 31, 473 (1990)]. The
second group is 1, 4, 7, 1l0-tetraacetic acid derivatives
wherein carboxyl group and a reactive functional side chain
for participating in coupling to a functional material are
bound to the exocyclic a-carbon atom attached to l-nitrogen

of the tetraazacyclododecane ring (EP-A 0 353 450). They are
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derivatives of the above DOTA and therefore they are expected
to have strong complex stability with Gd ion and the like.
However, due to negative charge of the resulting complex per
se, increase in osmotic pressure or addition of an unnecessary
counter ion in the production of a solution preparation having
a high concentration are unavoidable. Further, the synthesis
of the agent of the first group is geneially troublesome and
efficiént synthesis is hardly realized because of intermolecu-
lar or intramolecular cyclization reaction. The third group
is DO3A type bifunctional complexing agents which are 4, 7,
l10-triacetic acid derivatives whexein 1-nitrogen of the
tetraazacyclododeacne is substituted with a reaétive side
chain. In general, these derivatives can be readily synthe-
sized and are advantageous in that they can form complexes
having no chaxrge. However, in comparison with DOTA type
bifunctional complexing agents, complex stability is lowered
and is almost the same as that of tﬁe above linear
bifunctional complexing agents, DTPA derivatives. The
derivatives of this third group are described in JP-A 63

41468, JP-A 64-52764 and the like. However, no special
attention is paid to lowering of complex stability due to .loss
of one carboxyl group froma 1, 4, 7, l0-tetraacetic acid type
derivative. Further, it cannot be said that the reactive
functional terminal participating in coupling to a functional

material is sufficiently active.
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OBJECTS OF THE INVENTION

One object of the present invention is to solve the
above problems found in conventional DO3A type bifunctional
complexing agents to provide a novel cyclic bifunctional
complexing agent which can form a physiologically acceptable
metal complex having high stability, good solubility due to
no charge and a reactive functional terminal which is active
and can be readily coupled to functional materials.

 Another object of the present invention is to
provide a novel complex compound wherein said cyclic
bifunctional complexing agent is coupled to a functional
material and a metal complex compound therefrom. The metal
complex compound can be used as a drug in MRI diagnosis, X-ray
diagnosis, radiodiagnosis or radiotherapeutics.

These objects as well as other objects and advantag-
es of the present invention will become apparent to those
skilled in the art from the following description with

reference to the accompanying drawings.

BRIEF EXPLANATION OF THE DRAWINGS

Fig. 1 is a photograph of MRI as described hereinaf-
ter showing a traverse view of the abdominal region including
the liver of a mouse before administration of the compound of

the present invention.
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Fig. 2 is a photograph of MRI as described hereinaf-
ter showing a traverse view of the abdominal region including
the liver of a mouse at about 55 minutes after administration

of DNS-DOGMA-Gd solution.

SUMMARY OF THE INVENTION

In the present invention, the bifunctional
complexing agent has a reactive functional side chain bound
to l—nitrbgen of DO3A as a part of its chemical structure and
this side chain advantageously acts as steric hindrance to
conformation cleavage of the structure of a metal complex
which 1is required for release of a metal ion from a
bifunctional complexing agent. In this regaxrd, although there
are various reactive functional side chains, any of them
cannct necessarily be used for this purpose.

The present inventors have intensively studied to
minimize release of a metal ion from such a bifunctional
complexing agent. As a result, it has been found that, when
an amide bond moiety to which a carbonyl group is bound is
present in a reactive functional side chain located at B-
position with respect to the l-nitrogen atom, +“he desired
advantageous action can be realized. Further, it has also
been found that the reactive functional side chain should be
have a reactive terminal functional group having sufficient

activity for directly and readily reacting with a functional
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material to form a covalent bond. As such a reactive
funcitional group, there can be used an active group which can
readily react with a reactive group of a functional material
such as thiol ‘group, amino group, carboxyl group, hydroxyl
group, aldehyde group, an aromatic group (e.g., phenyl group,
etc.) or a heterocyclic group (e.g., imidazolyl group, etc.),

i.e., can be readily react with a functional material without

any special reagent.

Further, as described above, many metal ions which are useful
for medical imaging diagnosis and treatment are trivalent ions
(e.g.,‘Gd, Dy, Ho, Bi, Os, In, Ga, Tc, ¥, Sm, etc.) and
therefore the bifunctional complexing agent of the present
invention and such a metal ion can form a complex having no
charge. Thereby, it is possible to prepare a solution having
a high concentration with great physiological acceptability
due to low osmotic pressure. The present invention has been
completed based on the above finding.

Thus, according to the present invention, there is

provided a physiologically acceptable compound of the formula:

HOOC~i\ /T \ /L—C—N—%CHZ——T—A
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wherein n is an integer of 1 to 6; R, and R, are the same and
different and are independently an hydrogen atom or a C,.,

alkyl gr-vp; and A is an hydrogen atom or a reactive function-

.¥ al group having a terminal reactive group which is bound to
5 a saturated or unsaturated, straight or branched C, , alkylene
B TR group optionally interrupted with a carbonyl

mree group [hereinafter referred to as the compound (1)], or a salt

-

thereof.
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The present invention also provides a physiologi-
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10 cally acceptable complex compound of the formul. .
. Hooe—\/\ e—(CHrN—(AIn——2 s
: ¢ H '

o EN N:l I . )
o N N

Hooc—" \—/ "y—COOH
R, Ry a

wherein n is an integer of 1 to 6; R, is a C;_, alkyl
%e%0u group, R, is a hydrogen atom or a C,;_, alkyl group (the iy
same as or different from the alkyl of R;); m is 0 or 1
and, when m is 1, A' 1is a reactive functional residue
which is a saturated or unsaturated, straight or branched
C,.4, alkylene group having a terminal reactive group 4¢
1 15 selected from the group consisting of thiol group,
hydrazine group or its derivative, -NCO, -COOR; (wherein
R; is a C;_, alkyl group), aldehyde group, -COX" (wherein
X" 1is a halogen atom such as chlorine or bromine atom)
and N-hydroxysuccinimide ester group and which may be
interrupted by a carbonyl group; Z is a functional

A . S

material, or a physiologically acceptable salt thereof.
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The present invention further provides a metal

complex compound wherein the compound (2) is chelated with
at least one metal ion selected from the group consisting of
ions of the elements having atomic number of 31, 39, 43, 44,
49, 57 to 71, 76, 77, 79, 81 and 83.

Further, the present invention also provides a drug
for MRI radiodiagnosis or

diagnosis, X-ray diagnosis,

radiotherapeutics comprising at least one metal complex

compound of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In the compound (1), R, and R, are the same or
different and are independently a hydrogen atom or a C,_, alkyl
group. Preferably, R, is methyl group and R, is a hydrogen
atom, or both R, and R, are methyl groups.

The integer of n represents the length of the
methylene chain between the two nitrogen atoms shown and may
be any number in so far as usefulness of a functional material
to be coupled and the resulting metal complex compound is not
in order to maintain

substantially influenced. However,

water-solubility, n should be not so large. 1In particular,
n is 1 to 6 and, preferably 1 to 3.
The terminal reactive group of A is a group which

can readily react with a reactive group in a functional

material such as thiol group, amino group, carboxyl group,
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carbonyl group, hydroxyl group, aldehyde group, an aromatic
group (e.g., phenyl, etc.) or a heterocyclic group (e.g.,
imidazolyl group, etc.). Examples of the terminal reactive

group of A include a hydrogen atom (i.e., the terminal group
of the reactive side chain is an amino group); a halogen atom

such as chlorine atom, bromine atom or iodine atom; a group

selected from thiol group, hydrazine group (-NHNH;) and its

derivative (e.g., -NH(CH,;)NH,, -NHCONHNH,, -NHCSNHNH,, etc.];

-NCO; —-COR, [R; is azide (N,) group, C,, alkoxy (e.g., methoxy,
etc.), imidyloxy group (e.g., succinimidyloxy group, etc.) or

imidazoyloxy group]; -COX" (X" is a halogen atom such as

chlorine atom or bromine atom); N-hydroxysuccinimide ester and
the like.
The reactive functional group represented by A has
Cl—4 alkylene group optionally interrupted with a carbonyl
group between the terminal reactive group and the nitrogen
group to which the group A is attacﬁéd (e.g., —COCHz—,
-CH,CH.-, etc).

—COCHZCHZCHz— ' —CHZCOCHZCHZ— P —CH2CH2CH2— ’ oCH,

The alkylene group may be saturated or unsaturated and straight or branched

and the alkylene chain may be substituted or interrupted by

the carbonyl group at any position of the alkylene chain.

Thereby,
when the resulting metal complex compound of the present
invention is decomposed and metabolized in a living body, the

metal complex can be rapidly excreted in a urine.

s ..
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Examples of A include —COCHZCl, -COCH2CH2CH2C1,

-CH,,COCH

-CH -C CH,SH.
2 2CH2C1, CH CH2CH2C1, H,CH,COCl and CH2 2

2 2772
Preferably, A is a hydrogen atom or a haloacetyl
group such as chloroacetyl or the like.

Examples of the salt of the compound (1) include
neutral salts having inorganic or organic physiologically
acceptable cations as counter ions of the carboxylic acids.
Examples of the counter ion include inorganic catiocns such as
sodium, potassium, lithium and the like, and organic cations
such as those derived from megulmine, dimegulmine, ethanol-
amine, diéthanolamine, morpholine, lysine, arginine, ornithine
ana the like.

The groups R,, R,, n and A’ of the compound (2) are
the same as those described with respect to the compound (1)
and examples the salts thereof include the same salts as those
described with respect to the compound (1).

Z is a functional material. The functional material
to be used in the present invention is not specifically
limited and, according to a particular purpose in medical
imaging diagnosis and treatment, the desired functional
material can be selected for synthesis of the desired compound
(2) and metal complex compound. As described above, the
functional material is a biological material or a material
which can interact with a kiological system. Examples of the
preferred functional material include low molecular weight
materials such as amino acids, peptides, sugars, fatty acids,

steroids, porphyrins, organ-specific functional groups and the
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like, and high molecular weight materials such as proteins,
antibodies, antibody fragments, enzymes, polysaccharides and
the like.

Thus, the reactive terminal A’ is coupled to the
functional material Z by means of a covalent bond.

The complex compound (2) and its metal complex of
the present invention can contain at least one molecular of
the compourd (1) coupled with one molecular of any functional
material, and its metal complex.

The metal ion which forms the complex with the
compound (2) of the present invention is selected from the
group consisting of ions of the elements having atomic number
of 31, 39, 43, 44, 49, 57-71, 76, 77, 79, 81 and 83 according
to a particular imaging diagnosis or radiotherapeutics.
Normally, a trivalent (+3) metal ion is preferred.

When using the metal complex compound of the present
invention is used in MRI diagnosis, the metal ion should be
paramagnetic and it is selected from the group consisting of
ions of lanthanide elements having atomic number of 50-70.
Preferably, the metal ion is Gd, Dy or Ho ion.

In the case of using it in X-ray diagnosis, the
metal ion is selected from the group consisting of ions of
lanthanide elements having atomic number of 50-70 and ions of
the elements having atomic number of 76 and 83. Preferably,

the metal ion is Bi or Os ion.
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Further, in the case of using it in radodiagnosis,
the metal ion should be radiéactive and, suitably, it is ions
of In, Ga, Tc, Y, Ge or Sm. In the case of using it in
radiotherapeutics, the radioactive metal ion of Y, Sm or Bi

is selected.

W et ] et y3im |t




|

%95 22037E/28.2.95

- 16 -
The compound (1) o©of the present invention

wherein A is hydrogen, ie 1l-substituted-1,4,7,10-

tetraaza-cyclododecane-4,7,10-triacetic acid type
bifunctional complexing agent, can be produced as follows:

Namely, the reactive functional side chain moiety

of the compound (3) is reacted with a known compound, 1, 4,

7, l0-tetraazacyclododecane (hereinafter abbreviated as DOT)

of the formula:

HN NH
L] (4
HN NH

to obtain the desired l-substituted-DOT. Then, carboxylic

acid moieties are introduced to the remaining three nitrogen
atoms to obtain the desired intermediate compound (3) which
is also the bifunctional complexing agent.

Although a commercially available DOT is generally
in the form of a salt, it is desirable to subject it to
desalting treatment. Normally, the desalting treatment is
carried out by using an ion exchange resin.

The reactive functional side chain moiety of the
compound (3) can be produced, for example, by reacting a
reactive carboxylic acid derivative of the formula:

Fl‘z
X—CH—C—Y (5)
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wherein R, are as defined above; X is a halogen atom; and Y is
a halogen atom, a hydroxyl group or a C,, alkoxy group
(hereinafter referred to as the compound (5)], with a diamine

compound of the formula:

H2N_(CH2)H—"NH2 ( 6 )

wherein n is as defined above [hereinafter referred to as the
compound k6)], in the presence of a base such as triethylamine
or the like. This reaction can be carried out by a per se
known process. For example, the reaction of the compound (5)
wherein Y is a halogen atom or an alkoxy group with the
compound (6) can be carried out according to a process
disclosed in the literature [when Y of the compound (5) is a
halogen atom, Fourie, P.J. et al., Eur. J. Nucl. Med., 4, 445
(1979); when Y of the compound (5) is an alkoxy group,
Washburn, L.C., Nucl. Med. Biol., 18, 313 (1991)]. In
addition, one of the amino groups of the diamine compound (6)
may be protected with a known amino protecting group. The
protecting group is finally deprotected, for example, with an
acid catalyst to obtain the desired compound (3).

The introduction of the reactive functional side
chain moiety thus obtained to the nitrogen atom of the DOT

ring can be carried out according to a known technique.

e b b it .~
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The introduction of the carboxylic acid moiety to
the remaining three nitrogen atoms in the DOT ring can be
carried out by alkylation with a halocarboxylic acid derive-

tive of the formula:

X'——CH—E:C‘)—Y' (7)
wherein R, as defined above; X’ is a halogen atom; and Y’ is
hydroxyl éroup or a Cy_, alkoxy group [hereinafter referred to
as the compound (7)]. When the compound (7) wherein Y’ is
hydroxyl group is used, preferably, the alkylation is carried
out in water at pH about 9-10. The pH can be adjusted and
maintained with an inorganic base such as an alkali metal

hydroxide or the like and the reaction system is warmed at

about 50-80°C. When the compound (7) wherein Y’ is a C,,

alkoxy group is used, preferably, the alkylation is carried
out in an organic solvent such as acetonitrile,
tetrahydrofuran, dimethylformamide or the like at a high
temperature, for example, at reflux temperature (EP-A 0 353
450). However, in this case, saponification is required.
The introduction of the carboxylic acid moieties to
the nitrogen atoms of the DOT ring may be carried out prior
to the introduction of the reactive Iunctional side chain

moiety. In this case, the nitrogen atom to which the reactive
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functional side chain is introduced is suitably protected, for
example, with benzyl group or the like (JP-A 63-41468).

For example, the compound (1) wherein R; is CH;, R,
is H, n is 2 and A is H can be produced as follows:

Firstly, one amino group of ethylenediamine is
protected with t-butoxy carbonate according to a per se known
technique and then reacted with chloroacetyl chloride in ether
with ice-cooling to obtain (l-butoxycarbonyl)-aminoethyl-
carbamoylhethyl chloride. Then, (1l-butoxycarbonyl)-
aminoethylcarbamoylmethyl chloride is reacted with DOT which
has been subjected to desalting treatment in acetonitrile
under reflux to introduce the reactive functional side chain
moiety. Finally, the resultant is reacted with ethyl 2-
buromopropionate in acetonitrile in the presence of potassium
carbonate to obtain the corresponding triester compound and
the triester compound is subjected to deprotection of the
protecting group, t-butoxycarbonyl and hydrolysis of the ester
groups with an acid solvent to obtain the desired bifunctional
complexing agent of the compound (1).

Likewise, when the compound (1) wherein R, is a
hydrogen atom or an alkyl group other than methyl is required,
the desired compound can be obtained by using monobromoacetic
acid, 2-bromobutanoic acid, 2-bromovaleric acid or an ester
derivative thereof instead of ethyl 2-bromopropionate (in the

case of the ester derivative, saponification is required).
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When the compound (1) wherein R, is a C,, alkyl gioup is
required, the desired compound can be obtained by using 2-
chloropropionyl chloride, 2-bromobutylyl bromide, ethyl 2-
bromovalerate, bromohexanoyl bromide or the like instead of
chloroacetyl chloride.

The compound (1) wherein A is a hydrogen atom itself
is useful as a bifunctional complexing agent. However, as
described above, it can be used as an intermediate for
produciné the other bifunctional complexing agents of the
present invention having wvarious reactive terminal groups.
For example, the terminal amino group of the reactive
functional side chain moiety of the compound (1) wherein A is
a hydrogen atom can be reacted with chloroacetyl chloride in
anhydrous dimethylformamide at room temperature to obtain the
compound (1) wherein R, is CH;, R, is H, n is 2 and A is
COCH,Cl. According to the same manner, the desired compounds
(1) having various terminal reactive groups in the side chain
moieties A such as a halogen atom, thiol group, hydrazine
group and a derivative thereof, -NCO, -COOR; (wherein R; is a
C,., alkyl group), aldehyde group, -COX (wherein X is a halogen
atom such as chlorine, bromine, etc.) and N-hydroxysuccinimice
ester group can be obtained.

Coupling of the bifunctional complexing agent, the
compound (1), with the desired functional material can be

carried out by reaction of the terminal reactive group in the
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side chain moiety of the compound (1) with a nucleophilic
group of the functional material such as thiol group, amino
group, carboxyl group, carbonyl group, hydroxyl group,
aldehyde group, an aromatic group (e.g., phenyl, etc.), a
heterocyclic group (e.g., imidazolyl group, etc.) or the like.
For example, the reaction of the compound (1) with an antibody
can be carried out in an aqueous solvent such as a phosphate
buffer solution or the like under cooling to gentle warming
(e.g., at room temperature) with stirring for several minutes
to several hours (e.g., for 30-60 minutes). If necessary,
prior to the coupling reaction, the functional material can
e subjected to a suitable treatment in order to form a
suitable reactive group for the reaction with the compound
(1). For example, in the case of a sugar, it can be firstly
activated with cyanogen bromide and then reacted with the
compound (1) having an amino group as the reactive group to
obtain the desired complex compound (2).

The salt of the compound (1) or (2) can be prepared
according to a per se known technique, for example, a reaction
with a suitable base or acid in a suitable aqueous solvent.

A metal corresponding to the desired metal ion is
not specifically limited and can be suitably selected by a
person skilled in the art. Such a metal may be the metal

itself oxr an inorganic compound thereof (e.g., a chloride, an

oxide, etc.).
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Complexing can be carried out in a weak acidic to
weak basic aqueous solution at, preferably, pH about 4-9. The
reaction temperature is suitably selected from the temperature
range of 0 to 100°C. The amount of the metal ion to be used
is from a trace amount to equimolar amount of the bifunctional
complexing agent or more. The complexing can be carried out
prior to or after the coupling of the compound (1). This
order can be suitably selected so that denaturation of the
functional material to be coupled is avoided.

The physiologically acceptable metal complex
compound of the present invention thus obtained can be mixed
with any pharmaceutically acceptable additives according to
a conventional manner +o prepare an imaging agent for
diagnosis in any suitable form. Preferably, it can be
formulated in the form of a solution drug for diagnosis or
treatment by dissolviﬁg it in a physiologically acceptable
aqueous solvent.

For using the metal complex compound of the present
invention as a drug for MRI diagnosis, in general, the metal
complex compound can be administered in an amount of 0.0001-10
mmol/kg, preferably 0.005-0.5 mmol/kg in terms of the amount
of metal ion. For using the metal complex compound of the
present invention as a drug for X-ray diagnosis, the metal
complex compound can be administered in an amouﬁt of 0.01-20

mmol/kg, preferably 0.1-10 mmol/kg in terms of the amount of
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metal ion. Further, for using the metal complex compound of
the present invention as a drug for radiodiagnosis or
radiotherapeutics, it can be administered in an amount of 370-
18500 MBg in terms of radioactivity. Normally, the metal
complex compound is administered intravenously. However,
depending upon a particular situaticn, it can be administered
orally or intraarterially.

The following Examples and Test further illustrate
the presént invention in detail but are not to be construed
to limit the scope thereof. The abbreviations used hereinaf-
ter have the following meaning:

DO3MA: 1, 4, 7, 10-tetraazacyclododecane-1-
aminoethylcarbamoylmethyl-4, 7, 10-tris[(R,S)-methylacetic
acid]

ClDO3MA: 1, 4, 7, 1l0-tetraazacyclododecane-[ (N-
chloroacetyl)aminoethylcarbamoylmethyl]-4, 7, 10-tris[(R,S)-
methylacetic acid]

DNS-DO3MA: 1, 4, 7, l0-tetraazacyclododecane-[ (N-
dansyl)aminoethylcarbamoylmethyl]-4, 7, 10-tris[(R,S)-
methylacetic acid]

DOT: 1, 4, 7, l0-tetraazacyclododecane

Example 1

Synthesis of DO3MA

a) Synthesis of N-(t-botoxycarbonyl)ethylenediamine
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Ethylenediamine (270 ml, 4.04 mol) was slowly added
dropwise to methanol (500 ml) with cooling in ice-water. To
the mixture was added a solution of di-t-butyl-dicarbonate
(100 g, 0.46 mol) in methanol (140 ml) dropwise by portions
over 2 hours and the mixture was stirred at room temperature
overnight. Insoluble materials were filtered off and the
filtrate was concentrated. To the residue was added water and
the mixture was stirred at room temperature for 30 minutes.
Insoluble materials were filtered off and the filtrate was
concentrated and extracted twice with acetic acid. The
organic phases were combined, dried over anhydrous sodium
sulfate, concentrated and distilled off under reduced pressure
to obtain oil of the desired product (56.5g, yield: 77%).

b) Synthesis of (t-butoxycarbonyl)aminoethyl-
carbamoylmethyl chloride .

N-(t-Butoxycarbonyl)ethylenediamine (56.5 g, 0.35
mol) was dissolved in ether (300 ml). Under cooling with ice-
water, triechylamine (70l8 g, 0.70 mol) was added and then to
the mixture was added chloroacetyl chloride (39.6 g, 0.35 mol)
dissolved in ether (300 ml) dropwise by portions over 3.5
hours. The mixture was stirred at room temperature for 2
hours. The precipitated crystals were filtered off. Water
(300 ml) was added and the mixture was stirred at xroom
temperature. Again, the crystals were filtered off, dissolved

in methylene chloride (600 ml) and washed twice with water.
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The organic phases were combined, dried over anhydrous sodium
sulfate, concentrated under reduced pressure to obtain
crystals of the desired product (50.2 g, yield: 61%).

c) Synthesis of 1-[(t-butoxycarbonyl)aminoethyl-
carbamoylmethyl]-1, 4, 7, l0-tetraazacyclododecane

DOT tetrahydrochloride (23 g) was subjected to
desalting by passing it through an ion exchange column (strong

basic resin: DIAION SA20A) to obtain DOT (13 g, 75.5 mmol).

To DOT was added acetonitrile (720 ml) and the mixture was

dissolved under reflux. To the solution was added (t-
butoxycarbonyl)aminoethylcarbamoylymethyl chloride (8.€ g,
36.3 mmol) dissolved in acetonitrile (180 ml) dropwise by
portions over 3 hours and the mixture was stirred under
reflux for 3 hours and further stirred at room temperature

overnight. The precipitated materials were

filtered off and the filtrate was concentrated and dried under
reduced pressure to obtain oil (20.6 g). The resultant was
subjected to desalting treatment by passing it through an ion
exchange column (strong basic resin: DIAION SA20A) and the
eluate was concentrated. The residue was purified by silica
gel column chromatography (eluent: chloroform:methanol:
aqueous ammonia-8:4:1) to obtain crystals of the desired
product (10.0 g, yield: 74%).

d) Synthesis of 1, 4, 7, 10-tetraazacyclododecane-
1—aminoethylcarbamoylmethyl—4, 7, 10-tris[(R,S)-methylacetic

acid] triethyl ester
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1-[ (t-Butoxycarbonyl)aminoethylcarbamoylmethyl]-1,
4, 7, 1l0-tetraazacyclododecane (8.2 g, 22.0 mmol) was
dissolved in acetonitrile (800 ml) and potassium carbonate
32.8 g, 0.237 mol) was suspended in the solution. Then, ethyl
2-bromopropionate (47.6 g, 0.263 mol) was added and the
mixture was stirred under reflux for 7 hours. Insoluble
materials were filtered off and the filﬁrate was concentrated.
The residue was purified by silica gel column chromatography
(eluent:. methylene chloride:methanol=9:1) to obtain the
desired product (12.0 g, yield: 81%).

e) Synthesis of DO3MA hydrochloride

To 1, 4, 7, 10-tetraazacyclododecane-1-
aminoethylcarbamoylmethyl-4, 7, 10-tris[(R,S)-methylacetice
acid] triethylester (12.0 g, 17.8 mmol) was added acetic acid
(100 ml) and the mixture was stirred at room temperature.
Conc. hydrochloric acid (50 ml) was added by portions thereto
and the mixture was stirred at room temperature for 1 hour.
Then, water (100 ml) was added and the mixture was refluxed
for 4 hours and then concentrated. The residue was dissolved
in water (100 ml) and the solution was treated with active
charcoal and filtered off. The filtrate was concentrated and
dried under reduced pressure to obtain pale yellow crystals
of the desired product (9.4 g, yield: 100%).

'H-NMR spectrum (D,0, 270 MHz, & ppm): 1.2-1.7 (9H,

m), 2.8-3.7 (22H, m), 4.2-4.6 (3H, m).
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FAB-mass spectrum (', m/z): 489.5[ (M+H)'], 511.5

[(M+Na)*], 533.5 [(M+2Na-H)'].

IR spectrum (KBr): 1400 (CH,), 1480(CONH), 1620
(NH,), 1680 (COOH) cm’

Example 2

Synthesis of C1DO3MA

DO3MA (2.0 g, 4 mmol) was dissolved in anhydrous
dimethylformamide (20 ml) and triethylamine (1.67 ml, 12 mmol)
was added thereto. To the mixture was added chloroacetyl
chloride (0.64 ml, 8 mmol) and the reaction was carried out
at room temperature for 24 hours. The precipitate was
filtered off and the filtrate was distilled off. The
resulting oil was dissolved in water and the solution was
stirred at room temperature for 1 hour. This solution was
concentrated and passed through an ion exchange column (strong
basic resin: AGl-X4, eluent: water). The eluate was concen-
trated and, again, passed through an ion exchange column
(strong acidic resin: AG50W-X8, eluent: water). The eluate
was evaporated to dryness to obtain pale yellow semi-crystals
of the desired product (1.24 g, yield: 505).

'H-NMR spectrum (D,0, 270 MHz, § ppm): 1.2-1.7 (9H,
m), 2.8 (2H, s), 3.0 (2H, s), 3.1-3.7 (18H, m), 4.2 (2H, s),
4.3 (3H, s).

FAB-mass spectrum (', m/z): 565 [ ((M+H)'].
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IR spectrum (KBr): 1240 (CH,Cl), 1400 (CH;), 1460
and 1550 (CONH), 1660 (COOH) cm.

Synthesis of DO3MA-Gd

DO3MA (1.49 g, 2.8 mmol) was dissolved in water (15
ml) and gadolinium oxide (506.5 mg, 1.4 mmol) was added
thereto. The mixture was adjusted to pH 8.0-9.0 by addition
of a suitable amount of an aqueous sodium oxide solution and
the solution was reacted at 60°C for 24 hours. The precipi-
tate formed was filtered off and the filtrate was concentrat-
ed. The residue was dissolved in water and passed through an
ion exchange column (strong acidic resin: AGS50W-X8, eluent:
1M aqueous ammonia). The eluate was concentrated to obtain
pale yellow crystals of the desired product (1.04 g, yield:
57%) .

FAB-mass spectrum (', m/z): 644 [ (M+H)'].

IR spectrum (KBr): 1390 (CH,), 1452 (CONH), 1601
(NH,, COO") cm™.

Example 4

Synthesis of Cl1-DO3MA-Gd

DO3MA-Gd (642.9 mg, 1 mmol) was suspended in
anhydrous dimethylformamide (20 ml) and triethylamine (0.14
ml, 1 mmol) was added thereto. To the mixture was added
dropwise chloroacetyl chloride (0.4 ml, 5 mmol) and the

mixture was reacted with stirring at room temperature for 24
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hours. The reaction mixture was concentrated and the residue
was dissolved in water. Active charcoal was added to the
solution and the mixture was stirred overnight and then
filtered off. The filtrate was concentrated and passed
through an ion exchange column (strong basic resin: AGl-X4,
eluent: water). The eluate was concentrated to obtain white
crystals of the desired product (767 mg, yield: 100%).

FAB-mass spectrum (+, m/z): 720 [(M+H)+].

. IR spectrum (KBr): 1300 (CH,Cl), 1360 (CH,;), 1450

and 1490 (CONH), 1600 (COO’) cm™'.

Example 5

Synthesis of DO3MA-In-111

DO3MA (20 mg, 0.038 mmol) was dissolved in water and
pH was adjusted to 8.5 by addition of 0.5N sodium hydroxide
solution. One ml portion of this solution was taken and to
this were added indium chloride solution (In-111, 1280 MBq,
0.1 ml) and then 1N sodium hydroxide solution (0.1 ml) and the
mixture was reacted under pressurized steam (1 kg/cmﬂ for 10
minutes. The resulting reaction mixture was passed through
a cation exchange cartridge (Seppack, eluent: water) to obtain
DO3MA-In-111.

Radiochemical purity (TLC): 96.2% (Rf: 0.40).

Example 6
Synthesis of DO3MA-Bi

e S R P
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100%).

m), 4.1 (5H, m).

+

T

‘15 (NH,, CO0") cm™.

Example 7
Synthesis of DNS-DO3MA-Gd

DO3MA-Gd (1.323 g, 2.1 mmol) was

20 added dropwise dansyl chloride (2.832 g, 10.5 mmol) dissolved

in anhydrous dimethylformamide (5 ml). Further, triethylamine

25 and the mixture was washed with ethyl acetate.

DO3MA (105 mg, 0.2 mmol) was dissolved in water and

to the solution was added bismuth chloride (69mg, 0.22 mmol).

The mixture was adjusted to pH 8.0 by addition of a suitable
amount of sodium hydroxide solution. The resulting solution

5 was reacted with stirring at 60°C for 24 hours. Insoluble

materials were filtered off and the filtrate was concentrated

to obtain white powder of the desired product (156 mg, yield

. " 'H-NMR spectrum (Dzo, 270 MHz, § ppm): 1.4 (6H, m),

¢ 90 1.7 (3H, m), 2.9 (2H, m), 3.2 (6H, m), 3.5 (8H, m), 3.8 (4H,
FAB-mass spectrum (', m/z): 695 [(M+H)'], 717[ (M+Na-

4 IR- spectrum (KBr): 1387 (CH,), 1450 (CONH), 1593

suspended in

anhydrous dimethylformamide (20 ml) and to the suspension was

(0.32 ml, 2.3 mmol) was added and the mixture was reacted at
room temperature for 24 hours. The reaction mixture was
filtered and the filtrate was concentrated. Water was added

Aqueous phases
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were combined, adjusted to pH 8, treated with active charcoal
and concentrated. The residue was purified by subjecting to
silica gel column chromatography (silica gel 60, eluent:
chloroform:methanol:aqueous ammonia=2:2:1) to obtain fluores-
cent orange powdery crystals of the desired product (72.5 mg,
yield: 4%).

IR spectrum (KBr): 795 (Ar-H), 1144 and 1389
(SO,NH), 1456 (CH,), 1620 (CO0") cm™.

. FAB-mass spectrum (°, m/z): 877 [ (M+H)'].

Example 8

Hepatic MRI by using DNS-DO3MA-Gd

DNS-DO3MA-Gd solution (Gd concentration: 10 mmol)
was administered to. ICR female mouse (30 g, 7 week old)
anesthetized with thiopental through the tail vein at a dose
of 50 mmol/kg. Immediately after administration, the mouse
was fixed in the prone position in the magnetic field of a MRI
apparatus and imaging of a traverse view of the abdominal
region including the liver was carried out. As a control,
before administration of the compound of the present inven-
tion, the same animal was subjected to the MRI of the same
region to obtain a control image.

The apparatus used was CSI Omega (General Electric)
and imaging was carried out under the following conditions:
magnetic field intensity: 2T; imaging coil: 4.5 cm¢ bird-cage

type coil; spin echo technique with a slice thickness of 4
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mm, integrating 4 times and a resolving power of 256 x 256;
and Tl weighted (TR/TE: 500/100 msec).

Fig. 1 is a photograph showing the traversal view
of the control, i.e., before administration of the compound
of the present invention. Fig. 2 is a photograph showing the
same traversal view at 55 minutes after administration of the
DNS-DO3MA-Gd solution. Dansyl group is a functional group
having directional characteristics toward the liver
(Japanese Patent Application No. 291260) and is

excreted from blood <circulatory system through

the liver to the intestines. Signal intensity of the mouse
liver is enhanced by the compound of the present invention and
it has been found that the behavior of the bifunctional
complexing agent of the present invention in a living body is
clearly controlled by the functional material.

Test 1

Stability of DO3Ma-Gd in serum

DO3MA-Gd (24.0 mg, 37 mmol) was made up to 10 ml
with H,0, accurately to obtain 3.7 mM solution. Serum (0.18
ml) obtained from Sprague-Dawley female rat (14 week old) was
added thereto to obtain a sample solution. As a control, the
rat serum (0.18 mi) was addnd to H,0 (0.02 ml) to obtain a
control solution.

Immediately after preparation, the above sample and
control solutibns were incubated in a water bath at 37°C. T1

relaxation time of each solution was determined at 37°C using
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NMR (0.5T, FSE-60 pulse NMR apparatus, manufactured by
Nihondenshi K.K., Japan) at 5 minutes and 1, 3, 6 and 24 hours
after preparation of the solutions.

As a result, in the case of the sample solution, T1
relaxation times were 363 msec. and 343 msec. at 5 minutes and
24 hours after the preparation, respectively and the relax-
ation time was somewhat shortened. On the other hand, in the
case of the control sovlutio, Tl relaxation times were 1970
msec. and 1870 msec. at 5 minutes and 24 hours after the
preparation, respectively and the relaxation time was
shortened by 100 msec. The results are shown in Table 1.

Table 1

Relaxation time of DO3MA-Gd (T1l, msec.)

Time (hrs.) Sample sol. Control sol.
0.083 363.1 1970
1 363.2 1930
3 356.4 1920
6 343.2 1860
24 342.6 1870

Then, the ratio of the sample and the control (S/C,
%) at each determination time was calculated. As a result,
S/C at 5 minutes after preparation was 18.4% and S/C at 24

hours after preparation was 18.3% and no substantial differ-
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ence was observed. The results of this calculation are shown

in Table 2.

Table 2

Ratio of relaxation times of DO3MA-Gd and control
(S/C)

Time (hrs.) S/C(%)

0.083 18.4
1 18.8

3 18.5

6 18.4

24 18.3

If DO3MA-Gd were instable in serum and Gd were
readily released, great shortening of the relaxation time due
to free Gd should be caused. However, even if 24 hours had
been lapsed, no substaritial shortening of the relaxation time
of DO3MA-Gd was observed. Thus, it is clear that complex
stability of the compound of the present invention in serum
is very high.

As described hereinabove, the present invention
provides the novel DO3A type cyclic bifunctional complexing
agent which can form the metal complex having high stability,
good solubility due to no charge, great physiological
acceptability and the reactive functional terminal group which

can readily be coupled with the functional material. Further,
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the present invention provides the complex compound wherein
the novel bifunctional complexing agent is coupled to the
functional material as well as the metal complex wherein the
complex compound is coupled to the metal ion. The metal
complex of the present invention can be used as a drug for MRI

diagnosis, X-ray diagnosis, radiodiagnosis and radiothera-

peutics.
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What is claimed is:

A physiologically acceptable compound of the

1.

formula:

HOOC—J\ /-—\\/L—O~N—%CH2——7—A

. .H
[ j (1)
—T/&L_Jﬁ\r—COOH '
HOOC
R, R,

wherein n is an integer of 1 to 6; R, is a C,_, alkyl
group, R, is a hydrogen atom or a C;_, alkyl group (the
same as or different from the alkyl of Ry); A is a
hydrogen atom or a reactive functional residue which is a
saturated or unsaturated, straight or branched Ci.a
alkylene group having a terminal reactive group and which
may be interrupted by a carbonyl group, or a salt

thereof.

2. A compound according to claim 1, wherein the

terminal reactive group is a halogen atom, thiol group,

hydrazine group or a derivative thereof, -NCO, -COOR, (wherein

R, is C,, alkyl), aldehyde group, -COX" (wherein X" is a

halogen atom) or N-hydroxysuccinimide ester group.

3. A compound according to claim 1, wherein R, is

methyl, R, is hydrogen and n is an integer of 1-3.
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4. A compound according to claim 1, wherein R, and

R, are methyl and n is 1-3.

5. 2 compound according to claim 1, wherein A is

hydrogen.

6. A compound according to claim 1, wherein A is

haloacetyl.
7. A physiologically acceptable complex compound

of the formula:"

—

R1 Rz
C—N—(CH,)m—N—(A)n—1—2
Hooc——kN/‘“\N C—N—(CHL)a—h m

[ jOH H : (2)

wherein n is an integer of I to 6; R, is a C;_, alkyl
group, R, is a hydrogen atom or a C;_, alkyl group (the

same as or different from the alkyl of R;); m is 0 or 1

and, when m is 1, A' is a reactive functional residue

which is a saturated or unsaturated, straight or branched
alkylene group having a terminal reactive group
thiol group,

Ci-q
selected from the group consisting of
hydrazine group or its derivative, -NCO, -COOR; (wherein
R, is a C;_, alkyl group), aldehyde group, -COX" (wherein
X" 1s a halogen atom) and N-hydroxysuccinimide ester
group and which may be interrupted by a carbonyl group; 2

is a functional material, or a physiologically acceptable

salt thereof.

.
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8. A physiologically acceptable metal complex
compound comprising the physiologically acceptable
complex compound according to claim 1 or 7 chelated with
a least one metal ion selected from the group consisting
of iomns of the element having atomic number of 31, 39,
43, 4, 49, 57 to 71, 76. 77, 79, 81 and 83.

9. A metal complex compound according to claim 8,
wherein the metal ion is Gd, Dy, Ho, Bi, Os, In, Ga, Tc, Y or

Sm.

10. A drug for nuclear magnetic resonance imaging
diagnosis, X-raywiiagnoéis,radiodiagnosisfn:radiotherapeutics
comprising at least one metal complex compounr, according to

claim 8.

11. A drug according to claim 10, wherein the metal

complex compound is that according to claim §S.

12. A physiologically acceptable compound of
formula (I) or a functional derivative or salt thereof
substantially as herein described with reference to any
one of the Examples.

13. A metal complex of a physiologically
acceptable compound of formula (I) or a functional
derivative or salt thereof substantially as herein

described with reference to any one of the Examples.
14. A process of preparing a metal complex of a

physiologically acceptable compound of formula (I) or a
functional derivative or salt thereof substantially as
herein described with reference to any one of the

Examples.
Dated this 28th day of February 1995
NIHON MEDI-PHYSICS CO., LTD.

By their Patent Attorney
GRIFFITH HACK & CO
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Abstract of the disclosure:

There is disclosed a compound of the formula:

HOOC—k 7\ )—c —N—(CH)r—N—A

O H H
b
Hooc—R( \__/ E—COOH
1 1

The compound (1) is a bifunctional complexing agent and forms
a metal complex with a metal ion and a biologically functional

material. The metal complex is useful for medical imaging

diagnosis and treatment.
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