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(57) Abrégée/Abstract:

The Invention provides a molecule for attaching germanium-68 as a parent nuclide to an inert support of silica gel. The molecule for
attaching the parent nuclide comprises one of pyrogallol and catechol, and a hydrophobic molecular moiety capable of forming a
non-polar bond to the support. The thus-functionalized support may then be used as a stationary phase In a radionuclide
generator, to generate a daughter radionuclide, gallum-68. The invention also provides a process for preparing galium-68 from
germanium-68 with a high degree of purity, as the molecule attaching the parent nuclide germanium-68 prevents its detachment

and elution from the support. It is thus possible to avoid contamination of the daughter radionuclide in the eluate, and to extend the
ifespan of the generator for subsequent elutions.
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ABSTRACT

The invention provides a molecule for attaching germanium-
68 as a parent nuclide to an inert support of silica gel. The
molecule for attaching the parent nuclide comprises one of
pyrogallol and catechol, and a hydrophobic molecular moiety
capable of forming a non-polar bond to the support. The thus-
functionalized support may then be used as a stationary phase in
a radionuclide generator, to generate a daughter radionuclide,
gallium-68. The invention also provides a process for preparing
gallium-68 from germanium-68 with a high degree of purity, as
the molecule attaching the parent nuclide germanium-68 prevents
its detachment and eiution from the support. It 1s thus possible
to avoid contamination of the daughter radionuclide 1in the

eluate, and to extend the lifespan of the generator for
subsequent elutions.
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Gallium-68 Generator Comprising Aromatic Polyhydroxyl Molecules

Coated on Silica Gel

The invention relates to a molecule for functionalizing the
surface of an inert support and to the use 1n the preparation of
a radionuclide of high purity in a generator. The invention
relates in particular to a molecule for attaching a radioactive

parent nuclide, in particular germaniuvm-68, to a support.

Radionuclides, 1n particular positron emitters, are used 1in

positron emigssion tomography (PET). In the PET examination of a
patient, the distribution of a weakly radioactive, positron
emitter-labelled substance such as, for example, a biomolecule 1s
visualized in an organism via the radiocactive disintegration of

the position emitter, using a detector.

Since biomolecules participate in the normal metabolism of the
organicsm, accumulating in the process inter alia 1n tumour cells,

PET can be utilized for identifying tumour cells.

One example of a radicnuclide preferred for PET is gallium-68,
which can  be obtained using a  germanium-68/gallium-68,
radionuclide generator system (1,2). With a half-life of 67.63
minutes, the isotope gallim-¢8 disintegrates with emission of a
positron. By virtue of 1its physical and chemical properties,
gallium-68 1s highly suitable for nuclear medical examinations.
Owing to 1its short half-life, 1t is particularly suitable for

radiolabelling biomolecules.

Gallium-68 can be gerervated by iradicactive disintegration from
the parent nuclide Jermanium-68 which disintegrates with a half-

life of 270.8 dayg.
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In the generator, the germanium-68 15 attached to an
insoluble matrix of an inert support, where, by
continuous disintegration of the germanium, gallium-68
is constantly formed and may be extracted from the
generator by elution with a se¢lvent.

The radionuclides used for labelling the radio-
pharmaceutics have to mest high quality standards. In
particular, the radionuclides generated have to have a
high degree of purity angd must be free from metallic
impuritias since these may, owing to competing
reactions, have an adverse effect on the lahelling of

the radiopharmaceutics, and may reduce the technically
achievable yield (3-5).

As support for the stationary phase, known
germanivm-68/gallium-68 generator systems use inorganic
ion exchange substances, such as, for example, TiQs,
5n0z, Al (OH);. However, in a disadvantageous manner, the
gallium-68  extracted therewith contains metallic
impurities, such that the original eluate has to be
purified prior to use in a radiopharmaceutic (4, S).

As an alternative to inorganic ion exchange substances,
generators use, as supports, organic polymers to which,
with the aid of functional groups, individual molecules
having a high affinity for germanium are attached. Such

molecules may, for example, be pyrogallol or catechol

which, via phenolic hydroxyl groups, form stable
complexes with germanium (Fig. 1A) (6).

In a known germanium-68/gallium-68 generator, the

Support used is a resin prepared from pyrogallol and
formaldehyde (4=7). During the preparation of the
germanium-specific resin, pyrogallol is immobilized on
the support by copolymerization with formaldehyde.

However, the applicability of these materials and
generator systems is limited.
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Thus, with the germanium-68/gallium-68 generators mentioned above
based on organic polymer, gallium-68 can be obtained only in
concentrated acid solutions (3-6M). This requires reprocessing of the

eluate prior to use as radiopharmaceutic.

In addition, the process for synthesizing the pyrogallol/formaldehyde
resin 1is technically very demanding and expensive. In addition, the
main component of the formaldehyde matrix 1is toxic, such that the

preparation of an 1injectable radiopharmaceutic requires additional

purification steps.

It was an object of the present invention to provide a substance for
preparing a radionuclide using a generator, where a radionuclide can
be attached to a support which can be used as stationary phase in the
generator, and which allows the radionuclide to be prepared with a

high degree of purity and without impurities, and also a corresponding

generator and a preparation process.

The object 1s achieved by a molecule for attaching germanium-68 to a
support, comprising: cne of pyrogallol and catechol for attaching the
germanium-68; and a molecular mwmoiety suitable for establishing a
nonpolar bond to the support, where the hydrophobic molecular moiety
is selcted from the group consisting of: an aromatic or
hetercaromataic moiety; a saturated or unsaturated fatty acid having
more than 3 carbon atoms; and a branched or straight-chain alkyl chain

having more than 3 carbon atoms.

According to the invention, a molecule for attaching a radioactive
parent nuclide to a support is provided which comprises at least one
functiocnal group for attaching the radicactive parent nuclide and a

molecular moiety suitable for establishing nonpolar bonds to the

support.

By virtue of the nonpolar bond to the support, 1in an agueous
solution which can be used for eluting the daughter nuclide in a
generator, the radiocactive parent nuclide cannot be detached from
the support wmaterial. It is thus possible to avoid contamination

of the eluate, and to extend the lifegpan of the generator for
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subsequent elutions.

The radicactive parent nuclide may comprise germanium-
68 which disintegrates to g@allium-68. It 1is thus
possible to provide a support for a germanium-
5 68/gallium-68 generator which allows the preparation of
highly pure gallium-68 substantially without
impurities, in particular metallic impurities, and with
a high degree of purity and preferably without further
preparation steps prior to use in a radiopharmaceutic,
10 The degree of purity that can be achieved is preferably
less than 1 ppm, with preference less than 100 ppb,
particularly preferably less than 10 ppb or even less

than 1 ppb of impurities.

15 According to one embodiment, the functional group for
attaching the parent nuclide comprises a hydroxyl group
and preferably a phenclic hydroxyl group. The molecule
may also comprise a plurality of functional groups such
as, for example, two, three or more functional groups.

20  With the aid of the functional group, which has a high
affinity to g¢germanium, thus allowing quantitative
adsorption of the germanjum from the liquid phase, it

1s possible to form stable complexes with germanium
molecules.

25

According to a preferred embodiment, the parent nuclide

1s germanium-68 and the functional group is pyrogallol
or catechol.

30 According to a further preferred embodimant, the
molecular moiety suitable for establishing a nonpolar

bond to the support is hydrophobic. Using a hydrophobic
molecular moiety, the molecule can be attached via a

35 thereon, preventing inter alia a dissolution of the

molecule and the parent nuclide attached thereto in an
agueocus solution.
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In contrast, known compounds having one or more
germanium-specific \functional groups such as, for
example, catechol and pyrogallol, are highly soluble in
agueous solutions. It 1is not possible to attach

- catechol and pyrogallol directly to an inert support
gsuch that the bond withstands extraction of the
daughter nuclide from the generator using an agqueous
solution. The solubility in water of catechol and
pyrogallol is 450 g/l and 400 g/l, respectively.

10
Using derivatives of molecules which, in addition to at
least one germanium-specific functional group,
additionally have a hydrophobic molecular moiety, it is

possible to achieve insolubility in water.
15

According to a further preferred embodiment, the hydro-
phobic molecular moiety is selected from the group
consisting of:
(1) arcmatic and hetercaromatic meleties, such as,
20 for example, benzene, naphthalene, guinoline;
(11) saturated or unsaturated fatty acids having more
than 3 carbon atoms, preferably from 3 to
20 carbon atoms:;
(11i) branched oxr straight-chain alkyl c¢hains having
23 more than 3 carbon atoms, such as, for example,

octyl, decyl, or octadecyl groups, preferably
naving from 3 to 20 carbon atoms.

According to a preferred embodiment, the molecule is an
30 organic molecule selected from the group consisting of

2, 3-dihydroxynaphthalene ang dodecyl 3,4,5-trihydroxy-
benzoate.

According to a further preferred embodiment, the
35 support is selected from the group consisting of an

organic support and an inorganic support, such as, for
example, silica gel.
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The invention furthermore provides a suppert for use as
gtationary phase, comprising at least one molecule
according to the inventjion according to any of the
embodiments described above and which is attached to
the support via a nonpolar bond.

The invention furthermore provides a generator for a
radiocactive daughter nuclide, inp particular gallium-68,
comprising a molecule according to the invention
according to any of the embodiments described above, a
support, the molecule being attached to the support via
a nonpolar bond, and a parent nuclide, in particular
germanium~68, which i8 attached to the molecule via the
functional group.

The inventicon furthermore provides a process for

preparing a radiocactive daughter nuclide which
comprises the following steps: providing a generator
comprising a support and a parent nuclide to which a
molecule according to the invention according to any of
the embodiments described above is attached, where the
molecule 1is attached to the support via a nonpolar
bond, and eluting the daughter nuclide.

Using the generator according to the invention, it is
possible to prepare gallium~68 with a particularly high
degree of purity, metallic impurities and other
residues from the generator being substantially
avoidable. The generator can be prepared with low
expense and in a cost-effective manner.

According to a further preferred embodiment, the
process comprises charging the generator with silica

gel as support, to which silica gel the molecule is
applied.

According to yet another embodiment, the process
comprises bringing the support into contact with the
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parent nuclide 1in a solution. Suitable solvents are the
following substances: water, aqueous acids, solutions, salt
solutions, such as, for example, buffer solutions, organic

solutions based on alcohol, ether, etc.

According to a further preferred embodiment, the parent

nuclide may comprise germanium-68 which disintegrates to
gallium-68.

Finally, the 1invention comprises the use of a molecule

according to any of the embodiments indicated above for

preparing pure gallim-68.

Figs. la, b show the structural formulae of catechol (Figqg.
la) and pyrogallol as compounds having
germanium-specific functional groups;

Figs. 2a, b show the structural formulae of examples of
noleculles according to the invention such as
2,-dihydroxynaphthalere (Fig. 2a) and dodecyl
1,4,5-trihydroxybenzoate.

Example

A germanium-specific resin was prepered by coating inert
silica gel with dodecyl 3,4,5-trihydroxybenzoate having the
structural formula shown in Fig. 2b. The resin was used for
preparing small chromatocraphic columns. An  aqueous
solution comprising the radionuclide germanium-68 having an
activity 1in the rance between 20 and 1250 MBg was then
pumped through the c¢olumns. During this step, the

germanium-68 was adsorbed quartitatively on the columns.

The columns charced with germanium-68 were then used to
prepare the short-lived gallium-68. It was possible to
repeatedly eluat=2 the gallium-68 generated by the

germanium-68 absorbed on thz gsupport. The eluttion of
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gallium-68 was effected using weak hydrochlorie acid
solutions (0.05 M HCl) having a low volume of up to
2.3 ml. Leakage of the parent nuclide germanium=-68 was
in the range 1 x 10°% - 3 x 107°%. The gallium-68 could
S be used directly and without  further chemical

reprocessing for preparing injectable gallium-68 radio-
rharmaceuntics.
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Claims

1. A linker molecule for attaching germanium-68 to a support, comprising:
one of pyrogallol and catcchol for attaching the germanium-68; and a hydrophobic
molecular moiety for c¢stablishing a nonpolar bond to the support, wherein the support
1s stlica gel and the hydrophobic molecular motety is selected from the group
consisting of:
- an aromatic or heteroaromatic moiety;
- saturated or unsaturated fatty acid having more than 3 carbon atoms; and

- a branched or straight-chain alkyl chain having more than 3 carbon atoms.

2. The linker molecule according to Claim 1, wherein the branched or straight-chain alkyl
chain 1s selected from the group consisting of an octyl group, a decyl group and an
octadecyl group.

3. The linker molecule according to Claim 1 or Claim 2, where the linker molecule is an
organic molecule selected from the group consisting of 2,3- dihydroxynaphthalene and
dodecyl 3,4,5- trihydroxybenzoate.

4. A support for use as stationary phase, comprising a linker molecule according to any one
of Claims | to 3 which is attached to silica gel via a nonpolar bond.

5. A generator for galllum-68 as a radioactive daughter nuclide comprising:

- a linker molecule according to any one of Claims 1 to 3;
- a support consisting of silica gel, the linker molecule being attached to the
support via a nonpolar bond; and

- germanium-68 as a parent nuclide, which is attached to the linker molecule.

6. A process for preparing gallium-68 as a radioactive daughter nuclide which comprises
the following steps:
- providing a generator comprising a support consisting of silica gel and
germanium-68 as a parent nuclide to which a linker molecule according to any

one of Claims 1 to 3 is attached, where the linker molecule is attached to the

support via a nonpolar bond; and

10
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- eluting the daughter nuclide gallium-68 using a weak acidic solution as the

eluent.

7. The process according to Claim 6, which comprises charging the generator with silica
gcl, which silica gel is coated with the linker molecule.

8. The process according to Claim 6 or Claim 7, which comprises bringing the silica gel
coated with the linker molecule into contact with the germanium-68 in a solution.

9. The process according to any one of Claims 6 to 8, where germanium-68 disintegrates to
galllum-68.

10. Use of a molecule according to any one of Claims 1 to 3 for preparing gallium-68.

11



CA 02692093 2010-02-05

M W~ - e e

FIG. 1b

¥IG. 1a

FIG. 2a
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