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We present herein the first synthesis of the water and air stable
organometallic aqua complex [99mTc(OH2)3(CO)3]+ directly from
[99mTcO4]- in saline under 1 atm of CO. Subsequent substitution
of the labile water ligands by a bifunctional ligand attachable to
biomolecules enables the introduction of carbonyl complexes in
life sciences in general and in nuclear medicine in particular.

The application of organometallic complexes in nuclear
medicine (i.e. for the labeling of receptor binding biomolecules
like steroid hormones, brain tracers, and others) has been proposed
in the literature.1-4 Those approaches, however, were based on
classical organometallic syntheses, and thus, the routine use
suffered from the lack of practical preparations of precursors. The
radionuclide99mTc is important in diagnostic nuclear medicine.
It is inexpensive and readily available in any hospital. Conse-
quently, it is of high priority to develop efficient labeling methods
(in terms of yield and ligand/metal ratio) for biomolecules,
derivatized with a chelating function for the99mTc center. To
date, the published methods mostly rely on the stabilization of
Tc(V) with tetradentate N and S ligands.5-8 Besides nonpredict-
able retention of biological activity of such conjugates, the
methods entailed in most cases purification either from cold,
unlabeled material (receptor saturation) or from decomposition
products such as99mTcO2.

We recently presented the synthesis of [99TcCl3(CO)3]2- (1)
directly from [99TcO4]- under 1 atm of CO in THF.9 In water,

complete substitution of the [Cl]- by H2O was observed and the
organometallic aqua ion [99Tc(OH2)3(CO)3]+ (2) formed. Starting
from 2, highly inert complexes (d6 electron configuration) of
composition [99TcXL(CO)3] became accessible in water.10,11

Introduction of organometallics in nuclear medicine, however,
must be based on quantitative aqueous synthesis.

We found that2 (99mTc) can be prepared not only in THF, but
also directly from saline (0.9% NaCl/H2O) in a closed vial and
in yields>95%. Small amounts of NaBH4 were used as reducing
agents, and the vial was flushed with CO and heated to 75°C for
30 min.12 A HPLC trace is shown in Figure 1 and the reaction
in Scheme 1. The therapeutically interesting homologue [188ReO4]-

reacted similarly but at pH 7.4 within minutes. Considering the
low stability of NaBH4 even at high pH and the low solubility of
CO in water, quantitative formation of the carbonyl complex2
is not obvious. Although the99mTc concentration is low (µM in
a typical generator eluate), one could expect the+I valency to
be formed in small steady state concentrations only, before being
reoxidized to oxo or hydroxo species. This is not the case, and
the Tc(I) center must be captured very efficiently by three CO
molecules. This is supported by the observation that, in the
absence of CO, exclusively small amounts of99mTcO2 were found
which readily reoxidized to [99mTcO4]-. No other intermediate
such as a hypothetical hexaqua complex “[99mTc(OH2)6]+” could
be observed. The fact that NaBH4 is an excellent reducing agent
to achieve complexes in the valencies+IV and +V implies a
synergistic action of CO and NaBH4 to form Tc(I). The presence
of large amounts of ligands (tartrate, citrate), known to trap Tc(IV)
or Tc(V), did not seriously suppress the formation of2. On the
other hand, the reducing agent [S2O4]2- as used in the preparation
of the heart perfusion agent [99mTc(CNR)6]+ gave no yield at all.13

2 is stable from pH 1 to pH 13 for hours. Serum stability
could not be tested, since2 labeled the proteins very efficiently.
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(3) Krämer, R.Angew. Chem.1996, 108, 1287-1289.
(4) Jaouen, G.; Vessie´res, A.; Butler, I. S.Acc. Chem. Res.1993, 26, 361.
(5) Jurisson, S.; Berning, D.; Jia, W.; Ma, D.Chem. Res.1993, 93, 1137-

1156.
(6) Fischman, A. J.; Babich, J. W.; Strauss, H. W.J. Nucl. Med.1993, 34,

2253-2263.
(7) Vanbilloen, H. P.; De Roo, M. J.; Verbruggen, A. M.Eur. J. Nucl.

Med.1996, 23, 40-48.
(8) Kung, M. P.; Stevenson, D. A.; Plo¨ssl, K.; Meegalla, S. K.; Beckwidth,

A.; Essman, W. D.; Mu, M.; Lucki, I.; Kung, H. F.Eur. J. Nucl. Med.1997,
24, 372-380.

(9) Alberto, R.; Schibli, R.; Egli, A.; Schubiger, P. A.; Herrmann, W. A.;
Artus, G.; Abram, U.; Kaden, Th. A.J. Organomet. Chem.1995, 493, 119-
127. Alberto, R.; Schibli, R.; Schubiger, P. A.; Abram, U.; Kaden, Th. A.
Polyhedron1996, 15, 1079-1089. Alberto, R.; Schibli, R.; Schubiger, P. A.;
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Figure 1. HPLC trace of2 (99mTc) on RP-18 column.

Scheme 1
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However, no [99mTcO4]- was detected after 48 h, showing the
stability of the labeled conjugate.

Owing to this convenient method, we emphasize the unique
possibility of introducing a second class of organometallic
complexes in routine nuclear medicine.2 is principally different
from [99mTc(CN-R)6]+ or [99mTc(η6-C6H6)2]+ 14 due to the substitu-
tion labile H2O ligands. As is obvious from the reaction with
serum proteins, they exchange easily with ligand groups from
biomolecules.

To exemplify the potential of2 as an efficient label for
derivatized biomolecules, we studied the reaction with the
bifunctional ligand picolinamine-N,N-diacetic acid (PADA).
PADA can be considered as a model since it provides three
coordinating sites and one group for the covalent attachment to
a biomolecule (Scheme 2). In methanol or water, PADA
coordinated readily to2 (99Tc). Neutralization of protons was
not required, demonstrating the high stability of [Tc(PADA)(CO)3]
(3).15 The structure of3 was elucidated (Figure 2).16 The pyridine
nitrogen, the tertiary amine, and one carboxylic acid are facially
coordinated to Tc. To our knowledge,3 is the first example of
a structurally characterized Tc(I) or Re(I) complex, where this
combination of ligand atoms is encountered. Although Tc(I) is
considered to be “soft” and ligands like PADA (aminopolycar-
boxylic acid) are rather expected to form stable complexes with
harder metal centers,3 exhibited high stability (presumably of
kinetic origin) and endured refluxing in 1 M HCl for hours. The
second carboxylic acid points outward and is well accessible for
covalent linking to a biomolecule. Steric interaction between
biomolecule and complex, diminishing complex formation or
bioactivity, might not be expected.

Quantitative formation of3 (99mTc) was achieved in phosphate
buffer after 30-60 min. Only µM solutions of PADA were
necessary (ligand/metal ratio about 5/1). Comparing the HPLC

trace of the isolated99Tc complex to that of the solution prepared
with 99mTc proved their identity.3 is stable in serum for 48 h at
37 °C.

Besides the successive synthesis of3 from 2, it is highly
desirable to prepare3 in one step, again directly from [99mTcO4]-.
Thus, PADA was added to the reaction vial, containing CO and
the reducing agent. Applying the same reaction conditions as
for 2, 3 was formed in one step from [99mTcO4]- in saline.
Although PADA could stabilize intermediate oxidation states (as
found with its fragment imino-N,N-diacetic acid17 or pyridine18),
such behavior was not observed and3 (99mTc) formed in
quantitative yield. The analogues labeling of biomolecules with
2 in the described one-step procedure from [99mTcO4]- should be
possible.

The major profit for nuclear medical research and practice will
originate in the high kinetic stability of d6 complexes prepared
in that way. For instance, [ReX(L)(CO)3], where L is a DNA
intercalating ligand, revealed a potential as probes for nucleic
acids.19 It can be anticipated that2 as a direct precursor of such
intercalating complexes can induce the use of186Re or 99mTc
complexes in cancer diagnosis or therapy involving DNA-DNA
pretargeting.20 Additionally, the high tendency of complex
formation of 2 should allow a much more flexible choice of
ligand, adapted to the properties of the biomolecule, than in
published procedures.

Supporting Information Available: X-ray data for3 (10 pages, print/
PDF). See any current masthead page for ordering information and Web
access instructions.
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Scheme 2

Figure 2. ORTEP presentation of [Tc(PADA)(CO)3]. Ellipsoids are
drawn at 30% probability.
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