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Coordination chemistry of technetium and rhen-
ium attracts a considerable interest due to the
nuclear medicine applications of their radionu-
clides. Inert, so-called “3+1” [1] or “4+1” [2] tech-
netium/rhenium mixed-ligand complexes open a
new way to application of 99mTc/188Re labeled com-
pounds in tumor diagnosis and therapy. The “4+1”
complexes of trivalent technetium and rhenium
with tetradentate, NS3, 2,2’,2’’-nitrilotris(ethane-
thiol) and monodentate isocyanide ligands have
been proved to be more stable than “3+1” com-
plexes [3]. In addition, they do not undergo sub-
stitution reaction in vivo with SH-group-contain-
ing molecules such as cysteine or glutathione [4].

In the present paper, we describe the synthesis
and study of novel 99mTc/188Re complexes with den-
dritically functionalized tetradentate or mono-
dentate ligands (Fig.1). To verify the identity of the
prepared n.c.a. complexes, non-radioactive anal-
ogous “4+1” Re compounds were synthesized.

The tetradentate ligands: tripodal chelator
2,2’,2’’-nitrilotris(ethanethiol), NS3, [2] and car-
boxyl group-bearing ligand, NS3(COOH)3 [5,6],
have been synthesized already in the Forschungs-
zentrum Rossendorf e.V. (Germany). The mo-
nodentate isocyanide ligands: dendritically mo-
dified isocyanide, CN-R(COOMe)3, and iso-
cyanide-modified peptide, CN-GGY, were syn-
thesized in the reaction of the aliphatic linker
(CN-BFCA) and the dendritically functionalized
amine H2N-C(-CH2-O-CH2-CH2-COO-Me)3 (first
generation “Newkome” type dendritic branch [5])
or model peptide Gly-Gly-Tyr, respectively.

The reference “4+1” Re compound Re(NS3)
(CN-R(COOMe)3) has been obtained in the ligand

exchange reaction with Re(NS3)(PMe2Ph) and den-
dritically modified isocyanide CN-R(COOMe)3.
For a convenient synthesis of the reference “4+1”
Re compound, Re(NS3(COOH)3)(CN-GGY), the
active ester Re(NS3(COOMe)3)(CN-BFCA)
shown in Fig.1 was prepared starting from
NS3(COOH)3, [Re(tu-S)6]Cl3 and PMe2Ph fol-
lowed by ligand exchange with CN-BFCA. Reac-
tion of Re(NS3(COOMe)3)(CN-BFCA) with the
model peptide and hydrolysis of the methyl ester
gave the desired peptide derivative. The non-ra-
dioactive rhenium(III) reference compounds have
been characterized by MS (mass spectrometry) and
1H-NMR (nuclear magnetic resonance).

The n.c.a. synthesis of the “4+1” technetium/
rhenium complex was carried out in two steps [6].
In the first step, a 99mTc- 188ReEDTA-mannitol
complex was formed (room temperature – 20 min)
and the reaction progress was checked by the
TLC (thin layer chromatography) analyses (Fig.2).
In the second step the 99mTc-/188ReEDTA-manni-
tol complex reacted with NS3/NS3(COOH)3 and
CN-R(COOMe)3/CN-GGY ligands (50oC, 1 h)
forming the desired “4+1” complex (Fig.1). Iden-
tification of the preparations obtained, as well as
their stability and radiochemical purity studies
were carried out by HPLC – high pressure liquid
chromatography (Figs.3 and 4). To prepare the
99mTc/188ReEDTA-mannitol complexes the kits for-
mulation were used.

The experimental data show that a dendritic mo-
dification of the tetradentate/monodentate ligands
changes the complex lipophilicity and does not influ-
ence its stability. The increase in hydrophilicity of
99mTc(NS3(COOH)3)(CN-GGY) complex in relation
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Fig.1. Technetium(III)/rhenium(III) ”4+1” complexes used in this study.
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to that of 99mTc(NS3)(CN-GGY) has been shown
by HPLC (Fig.4) and by determination of their
partition coefficients, D. The logD values (n-oc-

tanol/PBS, pH 7.4) of the 99mTc(NS3(COOH)3)
(CN-GGY) and 99mTc(NS3)(CN-GGY) complexes
are equal to -2.6±0.3 and -1.5±0.2, respectively.

Fig.2. TLC chromatograms of 99mTc/188ReEDTA-mannitol complex developed in acetone (a) and in water (b) (mobile
phase; the strips, Silufol, Kavalier, were scanned with a Raytest Rita radioanalyzer).

Fig.4. HPLC chromatograms of the complexes: a –
Re(NS3(COOH)3)(CN-GGY), RT=10.60, UV-VIS
detection at 220 nm; b – 99mTc(NS3)(CN-GGY),
RT=11.70, gamma detection; c – 99mTc(NS3(COOH)3)
(CN-GGY), RT=10.39, gamma detection; column –
Jupiter 4u Proteo 90A, 250x4.6.

Fig.3. HPLC chromatograms of the complexes: a – Re(NS3)
(CN-R(COOMe)3), RT=9.17, UV-VIS detection at
220 nm; b – 99mTc(NS3)(CN-R(COOMe)3), RT=9.41,
gamma detection; c – 188Re(NS3)(CN-R(COOMe)3),
RT=9.55, gamma detection; column – PRP 1, Hamil-
ton, 250x4.1.
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The conjugates of the 99mTc complexes with pep-
tides exhibit a high stability in vitro (>90% in PBS
after 24 h). As a next step, the new peptide-bear-
ing “4+1” compounds will be evaluated in animal
experiments.

The experiments have been done during the
research stay of Ewa Gniazdowska at the Institute
of Bioinorganic and Radiopharmaceutical Chem-
istry, Forschungszentrum Rossendorf e.V. in the
frame of the project “Chemical Studies for Design
and Production of New Radiopharmaceuticals” (No.
MTKD-CT-2004-509224 (POL-RAD-PHARM)),
supported by the European Community within the
6th Frame Programme Marie Curie: Host Fellow-
ships for Transfer of Knowledge (ToK).

with the heavy metals and radioactive substances.
Several attempts have been made to apply the CA
as the human body remediation agent when the
heavy or radioactive metal contamination oc-
curred.

In general, process of biosorption of heavy me-
tals can be explained by considering different kinds
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Alginate is one of the most extensively investigated
biopolymers for metal ion removal from dilute
aqueous solution [1-3]. It is a viscous gum present
in the cell walls of brown algae. This linear copoly-
mer contains homopolymeric blocks of covalently
(1-4)-linked β-D-mannuronate (M) and its C-5
epimer α-L-guluronate (G) residues [4-7]. The
length of each block and the total content of G
and M residues depend on the source of the algi-
nate.

Modern alginate biosorbents are usually pre-
pared as calcium alginate-based ion-exchange resin
(abbreviated as CA or CABIER) [1,8]. They ex-
hibit extremely high sorption capacity and favor-
able kinetics for binding of heavy metal ions, and
have been proven to be stable under various chemi-
cal and physical conditions. Adsorption capacity of
the CA in relation to heavy metals can be as high
as 3 mmol(M2+)/g(CA) [9,10], which is by one or
two orders of magnitude more than that of acti-
vated carbons (being 0.05 to 0.15 mmol-metal per
1 g of carbon). Because the CA cannot be broken
down by bile or saliva and cannot be absorbed
by the body, it is excreted from the body together
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Fig.1. Vibrational spectra of the selected transition me-
tal(II)-alginate complexes.

* Previously published data [16].

Table 1. Assignments of main IR absorption bands for calcium alginate and selected metal complexes.


