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CHEMISTRY AND STRUCTURE OF TECHNETIUM COMPLEXES 

J Baldas, J F Boas, J Bonnyman and G A Williams 

Technetium-99m complexes are widely used as functional and imaging agents in 
nuclear medicine. Knowledge of the structure of these radiopharmaceuticals is 
important to the study of the mechanisms of in vivo localisation, 
structure-distribution relationships and to enable the design of better 
radiopharmaceuticals. We have continued our studies of the structure and 
fundamental chemistry of technetium complexes with these objectives in mind. 
The use of the long-lived technetium-99 nuclide (t,,^ 2.12 x 10 years) 
allows these studies to be performed by conventional chemical and 
spectroscopic techniques. Full references to previous publications in this 

1 2 3 area are given. ' ' 

The structures of trisi2-aminobenzenethiolato)technetium(VI), [Tc(abt)3J, and 
dichlorobis(dJethyldithiocarbamato)thionitrosyltechnet.ium(V), [TcClp(dtc)2NS], 
have been determined by single-crystal X-ray diffraction analysis. ORTEP 
drawings of Tc(abt) 3 are shown in Figures 1 and 2. The coordinated N and S 
atoms in Tc(abt)-, are arranged about the central technetium atom in a 
slightly distorted trigoi.al prism. This is the first example where this 
uncommon coordination geometry has been shown for technetium. Attempts to 
prepare tris(l,2-benzenedithiolato)technetium(VI), in which the bonding of 
each ligand is through two S atoms, appear to have been successful. 

The structure of LTcCUidtckNSj is at present being refined by a 
least-squares process. An initial data set was collected from a crystal grown 
by slow evaporation from an ethyl acetate/dichloromethane mixture and the 
attempted structure solution showed the crystal to be disordered with a 
non-crystallographic mirror plane present. A second bat- set was collected 
from a crystal grown from a benzene/acetone mixture. This crystal had 
slightly different unit cell dimensions to the first, but was of similar space 
group with no evidence of the disorder problem. The structure solution shows 
two chemically similar seven-coordinate [TcClpldtc) JIS] molecules in the 
asymmetric un s , with Tc-N distances of 1.74(3) and 1.71(3) A indicating \/ery 
considerable multiple-bond character in those bonds. The Tc-N-S portion is 
linear in each molecule. 
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Figure 1. An ORTEP drawing of the Tc(abt), molecule. The thermal 
ellipsoids are constructed at the 50°/ probability 
level. Hydrogen atoms are omitted for clarity. 

The preparation ano chemistry of thiocyanato complexes of technetium are being 
investigateo. This ligand (NCS'j is of particular interest since it may 
bind to technetium either through the N or S atom. Crystals suitable for 
X-ray analysis have been obtained for [^AsLl.TcNCKSCN),.], a 
i.bis(diphenylphosphino)ethanejthiocyanatotechnetium and a nitridothiocyanato-
technetium complex. The structure determinations of these compounds are in 
progress. 
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Figure 2. An ORTEP view of the Tc(abt) 3 molecule along the pseudo 
C~ axis. Hydrogen atoms are omitted for clarity. 

The study of ligand substitution and ligand modification has continued. A 
nitrosyloxalatotechnetium and a bromonitrosyltechnetium complex have been 
prepared where the oxalato and bromo ligands are labile to substitution. 
These compounds are being investigated as a route to a variety of 
nitrosyltechnetium complexes. 



7b 
tiectron spin resonance (fc:>K) is a technique capable of giving aetailed 
information about the structural irra electronic bonding properties of the 
technetium, ion. Very few ESR studies of technetium complexes have been 
reported, even though three of the valence states found with technetiua are 
paramagnetic, namely Tc (outer shell configuration 4a ), Tc (4d ) 
and Tc 6 +(4d 1). 

The ESR spectrum of the low spin 4c technetium(II) ion in 
L$.Asj?LTc(N0)(SCN)5j has been measured in a number of non-aqueous 
solvents. Analysis of the spectrum indicates that the thiocyanato ligands 
are bonded to technetium through the S atoms. The spectra of the d* 
technetium (VI) ions in the trigonal prismatic Tc(abt), and Re(abtK 
complexes are being investigated. Detailed experimental work indicates that 
previous interpretations of the spectra in terms of localisation of the 
unpairea electron on the ligarni aromatic ring systems may be incorrect. 
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