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Tetrameric complexes of the composition [MO(L1)]4 (M=Tc, Re), where (L1)3– represents an asymmetric,
trianionic cyclisation product with thiocarbamoylbenzamidinato and mercaptotriazolato donor sites, were
formed during reactions of [TcOCl4]– or [ReOCl4]– with a potentially multidentate ligand derived from
thiocarbohydrazide and N-[N',N'-diethylamino(thiocarbonyl)]benzimidoyl chloride.
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N-[(Dialkylamino)(thiocarbonyl)]benzamidines can readily be
prepared from N-[(dialkylamino)(thiocarbonyl)]benzimidoyl chlo-
rides and amines [1,2]. Recently, we extended the well-known
coordination chemistry of bidentate ligands of this type [3] to novel
tridentate N-[(dialkylamino)(thiocarbonyl)]benzamidines and studied
their coordination behavior towards oxorhenium(V) and oxotechne-
tium(V) cores [3–7]. This also includes benzamidines derived from 4,
4-dialkylthiosemicarbazides, which form surprisingly stable techne-
tium(V) and rhenium(V) complexes [5,7].

In the present communication, we extend our studies to a
thiocarbamoylbenzamidine, which has been derived from thiocarbohy-
drazide (H4L0), and its reaction products with common technetium(V)
and rhenium(V) precursors. H4L0 can readily be prepared as a yellow
solid from thiocarbohydrazide and N-[N′,N′-diethylamino (thiocarbo-
nyl)]benzimidoyl chloride according to Scheme 1. The identity of the
compound was proven by elemental analysis and its IR, NMR and mass
spectra [8].

H4L0 readily reacts with (NBu4)[TcOCl4] or (NBu4)[ReOCl4] under
formation of reddish brown, microcrystalline solids, which are almost
insoluble in common organic solvents (Scheme 2) [9,10]. Their low
solubility prevented mass and NMR spectroscopic studies. But the
infrared spectra of the complexes suggest coordination of the thiocarba-
moylbenzamidine units of the organic ligand by a strong shift of the CN
vibrationsofH4L0 from1643 cm−1 to1531 (Tc complex)and1539 cm−1

(rhenium compound), respectively. Such a bathochromic shift is
characteristic for thiocarbamoylbenzamidinato complexes and normally
goes along with an extended transfer of π-electron density between the
CN bonds of the ligand backbone in such compounds [3–7,11]. The
crystallization of the products succeeded either from an extremely
diluted CH2Cl2 solution (CH2Cl2 solvate of the rhenium complex) or
directly from two-phase reactionmixtures (solvent-free single crystals of
the Tc complex and aqua solvate of the Re compound) [10,11].

The results of the X-ray structural determinations [12,13] on [TcO-
(L1)]4, and the pseudopolymorphs [ReO(L1)]4 · H2O and [ReO(L1)]4 ·
H2O·CH2Cl2 confirm theconclusions drawn from the IR spectra, but also
show that a more complicate ongoing reaction appeared during the
complex formation. The central {TcO}3+ or {ReO}3+ units form five- and
six-membered chelate rings with one half of the organic ligand, while a
ring closure is observed in the remaining part, which yields a
triazolethiolato unit. Fig. 1a shows an ellipsoid representation of the
asymmetric unit of the technetium complex, while Fig. 1b contains a
representation of the complete tetrameric compound. The rhenium
complex is isostructural and is therefore not depicted in this commu-
nication. Both compounds are tetramers and possess four subunits with
each five-coordinate oxotechnetium(V) or oxorhenium(V) cores, the
equatorial coordination spheres ofwhichareoccupiedby theS,N,Sdonor
atom set of the organic ligand, while the remaining fourth position
accommodates the sulfur atom of the triazolthiolato moiety of an
adjacent asymmetric unit generated from cyclisation of the second half
of H4L0 during the complex formation.

The bonding situation inside themonomeric units is unexceptional
with TcO and ReO double bond lengths between 1.6 and 1.7 Å and
M―S andM―N bonds in the expected range (Table 1). A slight double
bond character may be discussed for the relatively short M―N5
bonds, which are 2.011(5)Å ([TcO(L1)]4) and 2.029(5)Å ([ReO(L1)]4).
Similar values are observed in rhenium and technetium complexes
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Scheme 1. Formation of H4L0.

Fig. 1. a) Ellipsoid representation of the asymmetric unit of the molecular structure of
[TcO(L1)]4 with the molecular labelling scheme. Structure determinations were done
with SHELX [16] b) Molecular structure of the tetrameric complex [TcO(L1)]4 [17].
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with mixed thiocarbamoylbenzamidinate/thiosemicarbazide coordi-
nation spheres [5,7]. The metal atoms in the [MO(L1)]4 (M=Tc, Re)
complexes are situated above the mean planes formed by the donor
atoms of the equatorial coordination spheres by 0.741(2)Å (Tc
compound) and 0.721(2)Å (Re complex). Such values are normally
observed for five-coordinate oxotechnetium(V) and oxorhenium(V)
complexes and are commonly explained by the steric bulk of the double
bonded oxo ligand [14]. While the five-membered chelate rings are
almostplanarwithmaximumdeviationsof 0.127(3)Å (Tc complex) and
0.126(4)Å (Re complex), the six-membered thiocarbamoylbenzamidi-
nate chelate rings show very strong deviations from planarity.
Nevertheless, the C―N bonds inside the rings are all between 1.31
and 1.38 Å, which supports a delocalization of the electron density
inside the chelate rings.

The formation of N-heterocyclic ring systems is an occasionally
observed reaction pattern in the coordination chemistry of thiosemi-
carbazones and related ligand systems and is normally related to a
metal-induced mechanism [15]. This is also highly probable for the
reaction under study, since prolonged heating of H4L0 in various
solvents does not show any evidence for the cyclisation observed in the
presence of the rhenium compound. A possible mechanism is given in
Scheme3. As a consequence of the coordination of a {ReO}3+ core to one
side of H4L0, the nucleophilicity of the remaining hydrazinic nitrogen
atoms is increased, which results in a ring closure reaction and the
abstraction of diethylamine. Thefinal formation of a tetrameric complex
is obtained by coordination of the mercaptotriazolato unit to the fourth
equatorial coordination site of an adjacent oxotechnetium unit.
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Scheme 2. Reaction of H4L0 with (NBu4)[MOCl4] complexes (M=Tc, Re).
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Scheme 3. Proposed mechanism of the formation of the [MO(L1)]4 complexes.

Table 1
Selected bond lengths (Å) and angles (°) in [TcO(L1)]4 and [ReO(L1)]4 · H2O.a).

[TcO(L1)]4/[ReO(L1)]4 [TcO(L1)]4/[ReO(L1)]4

Tc/Re―O10 1.639(5)/1.663(7) N3―C4 1.314(9)/1.31(1)
Tc/Re―S1 2.304(2)/2.304(2) C4―N5 1.386(8)/1.377(9)
Tc/Re―N5 2.011(5)/2.029(5) N5―N6 1.419(7)/1.407(8)
Tc/Re―S8 2.287(2)/2.291(2) N6―C7 1.277(8)/1.245(9)
Tc/Re―S36′ 2.361(2)/2.357(2) C7―S8 1.744(7)/1.760(7)
S1―C2 1.743(7)/1.741(9) C33―S36 1.734(6)/1.752(7)
C2―N3 1.348(9)/1.34(1)
O10―Tc/Re―S8 114.6(2)/114.6(2) C4―N3―C2 125.8(6)/124.3(7)
O10―Tc/Re―N5 103.5(2)/103.5(2) N3―C2―S1 1232.6(5)/124.1(7)
O10―Tc/Re―S1 113.8(2)/111.8(2) Tc/Re―S1―C2 108.0(3)/108.1(3)
O10―Tc/Re―S36′ 105.3(2)/105.0(2) S1―Tc/Re―N5 89.1(2)/89.4(2)
Tc/Re―S8―C7 97.3(2)/97.1(2) S1―Tc/Re―S36′ 85.46(6)/85.93(7)
S8―C7―N6 124.9(5)/124.6(6) N5―Tc/Re―S8 80.6(2)/80.2(2)
C7―N6―N5 111.0(5)/112.6(6) S8―Tc/Re―S36′ 81.48(6)/82.25(7)
Tc/Re―N5―N6 123.4(4)/122.7(4) S1―Tc―S8 131.53(8)/133.59(9)
Tc/Re―N5―C4 121.4(4)/120.9(5) N5―Tc―S36′ 150.4(2)/150.8(2)
N5―C4―N3 123.0(6)/124.3(7)

a)Intramolecular bond lengths and angles in the CH2Cl2 solvate of [ReO(L1)]4 do not significantly differ and are therefore not given separately.
Symmetry operation: (′) y−1, 1−x, 2−z.
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All four oxo ligands direct to the center of the voids (distances
between neighboring metal atoms: 5.2671(2)Å (Tc complex) and
5.2945(2)Å (Re complex); distances between diagonal metal atoms:
7.2303(3)Å (Tc complex) and 7.2779(3)Å (Re complex)), which are
formed between the four metal atoms (Fig. 1b). Consequently, the
empty sixth coordination sides point to the outer sphere of the complex
and may be matter for the coordination of additional ligands. With a
careful selection of bifunctional linker ligands, the tetrameric com-
pound under study can be used as building blocks for supramolecular
assemblies.
Appendix A. Supplementary material

Supplementary data to this article can be found online at
doi:10.1016/j.inoche.2011.04.037.
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