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The coordinative properties of the "[fac-M(CO)^+" moiety (M=188Re, Re, "Tc and 99mTc) have been in-
vestigated in water and organic solvents in order to evaluate the anchor group attached to antibodies,
small peptides and biologically active molecules. The preparation of [M(OH2)3(CO)3]

+ has been improved
in a way that this complex can be prepared from a Kit formulation. The "[fac-M(CO)J+" has been trans-
formed to the "[fac-M(NO)(CO)2]

2'h" moiety to achieve higher direct labelling yields and faster incorpora-
tion kinetics.

The basic synthesis of the organometallic precursor
[M(OH2)3(CO)3]

+ (1) has been described in the last

annual report. 1 has several characteristics, which
make it superior to other precursors of rhenium and
technetium. 1 can be treated as an "aquaion" forming
very inert complexes in water with a number of li-
gands. In particular, thioether groups and aromatic
amines are able to stabilise this moiety efficiently.
Since the stability of these complexes is based on
kinetics, only mono- or bidentate systems are required
instead of large tetradentate N,S systems, as in case
of M=M(V).

[MBr(lm)2(CO)3]

[M(picamin)?(CO)3]*

[MBr(histKCO)3

\

[M3(SCH2COOMe)4(CO)g]

/

[MX3(CO)3r I [(19-aneS6){M(CO)3}jf *

\

[MBr(RS(CH2)2SR)(CO)3]

Scheme 1: Coordinative properties of 1 with different
nitrogen and sulphur ligands

To evaluate the optimal anchor, various model com-
plexes have been prepared and structurally character-
ised. It was obvious from previous direct labelling
experiment, that such a group must be based on natu-
rally occurring systems such as imidazol (im), thioeth-
ers or thiols. The model ligands were chosen under
consideration of this preamble. Beside the coordinat-
ing groups, it was of further importance that the li-
gands are easily to be derivatised or are already
available in a bifunctionalised form. Based on these
two criterias, imidazole was investigated as free li-
gand, histamine as potential anchor group and his-
tidine as a bifunctional histamine moiety, halogenated
bidentate thioethers, thioethers with carboxylic acids
and finally thiols containing an ester function for at-
tachment to proteins. A number of such complexes
will be discussed in the following sections.
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Fig. 1: ORTEP of [ReBr(im)2(CO)3]

Reactions with free im (occurring in histidine) were
performed and complex formation investigated with 1H
NMR spectroscopy. Depending on the pH value, the
stepwise formation of a mono- and bis-coordinated
complex was found. The substitution is slow and its
rate can be compared to that one found in direct pro-
tein labelling. A tris-coordinated complex is only built
when the halides are precipitated with [Ag]+ of weakly
coordinating anions. As observed with essentially all
bidentate ligands, the last position is occupied with a
halide to yield a neutral complex. All complexes oc-
curring in water have been structurally characterised.
The bidentate ligands histamin (hist) and picolinamine
(picamin) have been investigated as well. Hist con-
tains the coordination unit in histidine (his) and might
act as an advantageous anchor group for small mole-
cules. Hist was reacted with 1 in water and in organic
solvents. In both cases the product was a complex of
1:1 stochiometry thus a neutral complex of composi-
tion [ReBr(hist)(CO)3]. This complex withstand even
at pH < 1 decomposition, showing the high kinetic
stability of this ligand and its versatility as an anchor
group. Picamin has at least in organic solvents a dif-
ferent behaviour in that the bis-coordinated complex
[Re(picamin)2(CO)3]

+ is formed beside expected
[ReBr(picamin)(CO)3].



40

3 •m
N

Fig. 2: ORTEP of [ReBr(hist)(CO)3]

His was reacted with 1 on the macroscopic and the
microscopic level. One single complex is formed and
it could be shown with " m T c that the complex is sta-
ble in serum at 37° C for at least 48 h without any
decomposition. Consequently, histidine might play an
important role in antibody labelling.

Intact antibodies retain their biological activity in vitro
after being labelled with 1 (M=188Re). To extend these
findings to biologically active molecules, biotin has
been chosen as a simple model system. Biotin was
derivatised with hist to form biotin-histamid. This sys-
tem could be labelled with 1 (M=99mTc) under mild
conditions and biotin was still able to label strepta-
vidine. Since biot-hist has different coordination sites,
different complexes can be formed and the nature of
the active one is under investigation. To provide a
more selective bidentate coordination site, biotine has
been derivatised with histidine to have a bidentate
ligand attached to it. The labelling was reasonably
stable over a 24 h period of time in serum.

They coordinate bidentatly to the [M(CO)3]+ moiety,

while the third position is occupied by a halide from
saline to form a neutral complex. The bifunctional
thioethers [X(CH2)2S(CH2)]2 (where X=[CI]" COOH)
have been chosen resulting in a complex of composi-
tion [ReX(L)(CO)3].

Since the [M(CO)3]
+ moiety is believed to display a

weak coordination behaviour, it is obvious that -SH
groups were considered to play an important role as
potential anchor groups. We therefore investigated
the behaviour of the bifunctional thiol HSCH2COOMe,
thio-acetic acid-methylester. The behaviour was found
to be different than expected. Thiols up to now were
found to form exclusively bridged complexes. Depend-
ing on the pH of the solution, thiols form the same
compounds as the [OH]" group (see annual report
1995). We could isolate triply bridged dimeric com-
pounds and trimeric compounds, which structure is
depicted in the following figure. Since polymers might
not be useful in labelling antibodies or small mole-
cules, we consider -SH groups only as useful in com-
bination with other electron withdrawing ligands.
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Fig. 3: ORTEP presentation of
[ReBr{(XCH2CH2SCH2)2}(CO)3]

Beside the reactions with different amine systems, the
reactivity with thioethers has been investigated. To
achieve a neutral over all charge of the complexes,
bidentate thioethers have been chosen.

Fig. 4: ORTEP presentation of
[Re3(SCH2COOMe)4(CO)9]-

To vary the properties of the Re(l) or Tc(l) centre in
order to improve its kinetic and thermodynamic behav-
iour, a [NO]+ group has been introduced.
[TcCI3(NO)(CO)2]" has been prepared and structurally

characterised. Like the tri-carbonyl analogue, this
complex is water soluble and stable under aerobic
conditions. Preliminary investigations revealed very
high substitution inertness. From this characteristics it
is well possible, that the [M(CO)2(NO)]2+ moiety will
be applied in the labelling of proteins as well.


