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Abstract 

(PheAs)* [TcN(dto),] can be prepared starting 
from TcNCL- or TcNC12(PhsP)2. The compound 
crystallizes in at least two modifications: as well as 
a triclinic form (S. F. Colmanet and M. F. Mackay, 
Znorg. Chim. Acta, 147 (1988) 173) a monoclinic one 
has been found (space group C2/c, Z = 4, a = 
19.424(3), b = 11.254(2), c = 24.958(3) A, fi = 
107.68(l)“; R = 0.048). Distances and angles in the 
complex anions in both modifications are almost 
identical within experimental error. Oxidation of 
[TcN(dto),]‘- by Cl2 produces the Tc(VI) complex 
TcNC14 exclusively, whereas during the Brz oxida- 
tion technetium(VI) intermediates are generated con- 
taining mixed Br/dto coordination spheres which can 
be monitored easily by EPR spectroscopy. 

Introduction 

Stimulated by the wide use of 99mT~ radiophar- 
maceuticals (99m Tc: y-emitter with E, = 140 keV, 
half-lifetime f1,2 = 6 h) in diagnostic nuclear medicine 
[2,3] the coordination chemistry of this first man- 
made element entered the centre of interest [4-61. 
The availability of the long-lived nuclide 99Tc 
(P--energy of about 0.3 MeV, ~r,~ = 2.1 X IO5 years) 
from fission products enables conventional chemical 
studies. 

Since the first preparation of a nitrido complex of 
technetium, bis(diethyldithiocarbamato)nitridotech- 
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netium(V), which was published in 1981 [7,8], a 
large number of TcQ and Tc(V1) compounds with 
central TczN units have been prepared and charac- 
terized [9, 10-121. The TcQ complexes can be 
oxidized by excess chlorine or bromine yielding 
finally TcV1NC14 and TcVrNBr4, respectively [ 10, 
13-151. These Tc(V1) products can be detected 
easily by EPR spectroscopy (Tc6+: 4 d’configuration 
with S = i). 

In this paper the preparation and X-ray structure 
of a monoclinic modification of bis(tetraphenyl- 
arsonium)bis(dithiooxalato)nitridotechnetate(V) is 
described as well as its ligand exchange behaviour 
when reacting with Brz and Cl*. 

Experimental 

Health Precautions 
All manipulations were carried out in a fume 

cupboard with gloves. EPR spectra were measured in 
sealed glass tubes to avoid contamination. 

99Tc is only a weak p-emitter and normal glass- 
ware gives adequate protection against the low energy 
/I--radiation. Secondary X-rays (bremsstrahlung) must 
be taken into consideration only if working with 
99Tc on a larger scale (>20 mg). 

Preparation 
(a) (Ph,As)z [TcN(dto)z] can be prepared follow- 

ing the route of Colmanet and Mackay [16] from 
(Ph4As)[TcNC14], Ph4AsC1 and potassium dithio- 
oxalate. 

(b) Another synthesis has been performed via 
ligand exchange starting from TcNCl,(PhsP), [7]. 
Seventy mg (0.1 mmol) of TcNCla(PhaP), were 
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suspended in 5 ml acetone and 200 mg of K,dto 
dissolved in 2 ml Hz0 were added followed by 1 ml 
of a saturated aqueous Ph,AsCl solution. Overnight 
deep purple crystals were precipitated. The product 
was isolated by suction filtration, washed successively 
with water, methanol and ether, and dried. Yield 
92 mg (81% based on Tc). Melting point: 142- 
144 “C. Anal. Found: C, 54.7;H, 3.1;N, 0.9; S, 12.3; 
Tc, 8.8. Calc. for Cs2H40N04S4T~: C, 55.8; H, 3.6; 
N, 1.3; S, 11.5; Tc, 8.8%. IR: TcrN 1045 cm-‘, 
C=O 1620 cm-‘. UV-Vis (X,,,(lg E)): 528 nm sh 
(2.7) 485 (2.8) 312 (4.0) 272 (4.2) 265 (4.2), 
260 (4.2). 

Oxidation of (Ph4As)J TcN(dto)J 
Samples of 11 mg of (Ph,As),[TcN(dto),] were 

dissolved in 0.5 ml CHCla and mixed with 0.5, 1, 2, 
3 and 5 equivalents of Br2 in 0.5 ml CHCls, respec- 
tively. The reaction mixtures were studied by EPR 
immediately after mixing the reactants, after 3 min 
and 30 min. 

Similar experiments as outlined for Br, were 
carried out using CHCla solutions of Cl*. 

Physical Measurements 
W-Vis spectra were recorded at ambient tem- 

perature on a Specord M 40 (Carl-Zeiss-Jena). JR 
measurements were carried out for KBr pellets on a 
UR 20 instrument. EPR spectra were recorded at 
room temperature and at T = 130 K in the X-band on 
an E-l 12 spectrometer (Varian). 

The technetium content of the complex was deter- 
mined by liquid scintillation measurements. 

X-ray Structure Determination 
Crystals suitable for diffraction studies were grown 

by slow evaporation of an acetone/2-propanol solu- 
tion. 

A prismatic crystal with the approximate dimen- 
sions 0.18 X 0.20 X 0.44 mm was used for data 
collection on an Enraf-Nonius CAD-4 diffractometer 
with graphite monochromatized MO Ka radiation. 
Lattice parameters were determined by a least-squares 
treatment of 75 .9 values in the range 10 < 0 < 15” 
using the MO Kar wave length with a value of 
0.70926 A. A hemisphere of data with k < 0 was 
measured at room temperature (293(l) K). Crystal 
stability was monitored by periodic measuring of 
three standard reflections every 10000 s of scanning 
time; there was no evidence of crystal deterioration. 
A change of intensities of standard reflections was 
observed and a correction applied. Owing to the low 
value of the linear absorption coefficient no absorp- 
tion correction was applied. 

The technetium atom position was determined by 
a Patterson map. All remaining non-hydrogen atoms 
were located from successive Fourier maps. The 
hydrogen atoms were placed at calculated positions 

with isotropic temperature factors of the attached 
atoms and included as fixed atom contributions in 
the structure factor calculations. Two blocks matrix 
least-squares refinement on F magnitudes with 
anisotropic temperature factors for all non-hydrogen 
atoms, using the empirical weighting function w = 
0.5 X W, X W, where W&F,,/ < 42.0) = IF,J/42.0, 
W,(lFJ > 75.0) = (75.0/lF,I)‘.5, W,(42.0 < IF,1 < 
75.0) = 1.0 and W,(sin 0 < 0.34) = (sin 0/O.34)3, 
IV,(sin 0 > 0.36) = (0.36/sin e)“, W,(O.34 < sin 0 < 
0.36) = 1.0 to keep xw(aF)* uniform. 

Atomic scattering factors for hydrogen atoms were 
taken from Stewart et al. [ 171, for other neutral 
atoms from Cromer and Mann [18] and dispersion 
corrections from Cromer and Liberman [ 191. All 
calculations were performed on a DEC-10 computer 
at RCU-Ljubljana using the XRAY76 [20] system 
of crystallographic programs. 

A summary of the crystal data, data collection and 
refinement parameters is given in Table 1. 

Results and Discussion 

The title compound can be prepared from TcNClz- 
(PhsP)* by ligand exchange. This is an alternative 
way to the synthesis from TcNCL- described by 
Colmanet and Mackay [9]. Recrystallization from 
acetone/2-propanol gives deep purple crystals with a 
melting point which differs significantly from that of 
the pale purple crystals which were obtained by the 
Australian group (215 “C, recrystallized from aceto- 
&rile/ethanol). The reasons for this unusual behav- 
iour are different crystal modifications. Investigation 
of the pale purple crystals reveals a triclinic space 
group PI with 2 = 2 (unit cell parameters: a = 

14.225(5), b = 17.778(2), c = 10.993(3) A, cr = 
101.52(2), 0 = 111.74(2), y = 100.68(2)3, whereas 
the unit cell found for the deep purple modification 
is monoclinic (space group G?/c). The unit cell 
parameters are given in Table 1. Figure 1 shows a 
stereo view of the monoclinic unit cell containing 
four (Ph,As)z [TcN(dto),] molecules. 

The bonding parameters of the roughly square 
pyramidal complex anion are summarized in Table 2 
(the atom numbering scheme is given in Fig. 2). The 
bond distances and angles show no significant devia- 
tions from those in the triclinic modification but in 
our case only two different Tc-S bond lengths were 
detected. The technetium-sulphur distances 
(2.389(l) and 2.398(2) A) are somewhat longer than 
found for the triclinic case [9] (2.391(2), 2.390(2), 
2.387(2) and 2.378(2) A) and agree very well with 
the values for TcN(et*dtc)* (2.392(2)-2.405(2) A 
[S]) having also a TcNS, coordination sphere. The 
Tc-S bond lengths measured for [TcN(dto),]*- 
contradict the assumption that the Tc-S distances 
in complexes with R-S-“* ligands as dithiocar- 
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Fig. 1. Unit cell of the monoclinic modification of (Ph4As)2[TcN(dto)2] 

TABLE 2. Selected bond lengths and angles in (PhJAs)z- 

[TcN(dto)z] 

Bond lengths (A) 

Tc-N 1.606(7) S(2)-C(2) 1.745(5) 

Tc-S(1) 2.390(l) C(1 )-C(2) 1.558(g) 

Tc-S(2) 2.398(2) C(1 )-O(l) 1.211(7) 

S(l)-C(1) 1.735(7) C(2)-O(2) 1.210(9) 

Bond angles (“) 

S(l)-Tc-N 104.94(5) S(l)-Tc-S(2’) 86.34(5) 

S(2)--Tc-N 104.58(5) S(2)-Tc-S(1’) 86.22(5) 

S(l)-Tc-S(2) 86.22(5) Tc-S(l)-C(1) 106.4(2) 

S(l)-Tc-S(1 ‘) 150.13(7) Tc-S(2)-C(2) 106.7(2) 

S(2)-Tc-S(2’) 150.85(7) 

Fig. 2. Complex anion of (PhbAs)z[TcN(dto)2]. 

mixed-ligand species of Tc(VI) with dto/halide 
coordination sphere could be detected by EPR. The 
number of individual species and their intensities 
depend (i) on the Br2/[TcN(dto),]“- ratio used and 
(ii) the reaction time. Figure 4 shows a typical frozen 
solution EPR spectrum with the signals of five 
individual species as can clearly be derived from their 
parallel part lines in the high-field region of the 
spectrum. The perpendicular part is very complex 
due to many line overlappings and should not be 
evaluated. 

Table 3 summarizes the spin Hamiltonian param- 
eters of all complexes observed. Species with low g 
values dominate at short reaction times and low 
Br2/[TcN(dto),]‘- ratios. The main product which is 
obtained with a large Br2 excess as well as at longer 
reaction times (30-60 min) is TcNBrJ (indicated 

b) 

Fig. 3. EPR spectra of an oxidation mixture of (Ph.+As)*- 

[TcN(dto)z] with Cl*; (a) at room temperature, (b) at T= 
130 K (solvent: CHCl$. Only the signals of TcNC14 can be 

observed. 

with ‘o’), the EPR parameters of which are well 
known [ 15,23,26]. The signals of the main products 
at low Br2/complex ratios are labelled with (0) and 
(x) and should be assigned to complexes containing 
mainly sulphur in the coordination sphere as 
expected from the spin Hamiltonian parameters. 
Surprisingly, a nearly linear dependence of the g and 
ATC values on the number of coordinated halide ions 
has been found despite the fact that chelating ligands 
are also present in the coordination sphere. This 
should mainly be due to the large XL difference 
between bromine (2460 cm-‘) and sulphur (382 
cm-‘). Thus, the EPR parameters of the mixed-ligand 
complexes appear to be dominated by the Br- 
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40 mT 

Fig. 4. Frozen solution EPR spectrum of the oxidation products of (Ph4As)r[TcN(dto)a] with Bra (molar ratio 1:l; reaction time 
3 min) in CHCls. 

TABLE 3. EPR spectral parameters of the Tc(VI) compounds 
observed for the reaction of [TcN(dto)a12- with Bra 

(coupling constants in lo+ cm-Qa 

Coordination sphere (sign) gll 

s4 (0) 2.031 
SsBr (X) 2.013 
SzBrz @) 2.097 
SBrs to) 2.111 
Br4 (0) 2.151 

aExperimentalerror: 811 -t 0.003,AllTC f; 1.5. 

AllTC 

206.0 
206.4 
224.4 
234.4 
249 5 

contributions. The influence of the chelating ligands, 
which has been found to be important for the EPR 

values of products generated by Cl2 oxidation of 
TcN(i-prop,dtp), (i-prop2dtp- = O,O’-diisopropyldi- 
thiophosphate) [24], is not significant in bromine 
oxidation reactions under study. 

Finally, it should be noted that all attempts failed 
to isolate any crystalline mixed-ligand Tc(VI) 
complex. 

Supplementary Material 

Atom coordinates, anisotropic thermal parameters, 
hydrogen atom coordinates and short intermolecular 
contacts are available from author L.G. (University of 
Ljubljana) on request. 
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