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Cationic dioxorhenium and dioxotechnetium complexes of the
composition [MO2(L1)4]+ (L1 ) 1,3-diisopropyl-4,5-dimethylimidazol-
2-ylidene) have been prepared from various starting materials and
studied spectroscopically and by X-ray crystallography. The metal−
carbon distances range from 2.216(4) to 2.232(4) Å indicating
mainly σ-bonding.

N-Heterocyclic carbenes have been established as universal
ligands in the coordination and organometallic chemistry of
many metals.1,2 Transition metal complexes with these
ligands possess a marked catalytic potential for various types
of reactions.3-9 Accordingly, the coordination chemistry of
these highly nucleophilic species has been studied during
recent years.3,10,11 This research, however, mainly focused
on compounds containing transition metals in low formal
oxidation states. Only a few reports are available which refer
to carbene complexes containing transition metals in high
formal oxidation states,11-13 and there is only one oxo

compound, [VOCl3L] where L is 1,3-dimesitylimidazol-2-
ylidene, which has been characterized by X-ray diffraction.12

Rhenium complexes with this type of ligand, which exhibits
bonding properties that do not resemble with those of
“classical” Fischer-type or Schrock-type carbenes, are rare,11,14

and complexes with technetium are hitherto unknown. In the
present communication we describe synthesis and charac-
terization of the complex cations [ReO2(L1)4]+ and [TcO2-
(L1)4]+, where L1 ) 1,3-diisopropyl-4,5-dimethylimidazol-
2-ylidene.

[ReO2(L1)4]+ is formed by reactions of an excess of L1

(which has been prepared from the corresponding imidazol-
2-thione and potassium following a standard procedure)15

with various rhenium(V) oxo complexes such as [ReOCl3-
(PPh3)2], [NBu4][ReOCl4], or [Re2O3Cl4(py)4] in THF (Scheme
1). The complex has been isolated as PF6

- or ReO4
- salts

depending on the conditions applied. A typical reaction starts
from 1 equiv each of [ReOCl3(PPh3)2] and KPF6 and a 6-fold
excess of L1. The deposited yellow plates have a composition
of [ReO2(L1)4][PF6].16 The second oxygen atom is abstracted
from traces of water in the solvent, and colorless blocks of
HL1 have been isolated as a side-product and characterized
by elemental analysis, IR and NMR spectroscopy, and its
X-ray crystal structure.17 Traces of water (and the ready
protonation of L1) are also the driving force for the formation
of perrhenate when the reaction is performed in air. [ReO2-
(L1)4][ReO4] precipitates from the reaction mixture at
prolonged reaction times when no PF6

- is added. Similar
reactions in carefully dried solvents give dark-green solutions
from which we could not yet isolate the product in crystalline
form. Traces of water lead to an immediate change of the
color and the formation of [ReO2(L1)4]+, and HL1 is
precipitated as a side product.

[ReO2(L1)4][PF6] crystallizes as yellow plates. The com-
pound is stable as a solid and in solution. The RedO
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vibration of the central dioxorhenium(V) unit can be detected
at 775 cm-1. The FAB+ mass spectrum shows intense peaks
for the complex cation atm/z ) 940 and fragments which
are formed by abstraction of one or two carbene ligands.
The obtained NMR spectra agree with the proposed structure,
and the presence of two doublets at 0.80 and 1.22 ppm in
the proton spectrum indicates a hindered rotation of the
methyl groups of the isopropyl substituents. The13C NMR
signal of the carbene carbon atoms is found at 173.5 ppm,
which is in the typical range for coordinated N-heterocyclic
carbenes.9

The X-ray crystal structure of [ReO2(L1)4][PF6] consists
of well-separated complex cations and [PF6]- anions.19 The

structure of the [ReO2(L1)4]+ cation is shown in Figure 1.
The coordination environment is a truncated octahedron with
the oxo oxygen atoms in axial positions. Four L1 ligands
are bonded axially in a paddle-wheel-like arrangement. The
angles between the planes of the heterocyclic rings and the
least-squares plane formed from the carbene carbon atoms
and Re1 range between 52.4(2)° and 57.5(2)°. These values
reflect the high steric requirements of the carbene ligands
and are lower by approximately 10° in the comparable
ruthenium(II) complex [RuCl2(L2)4], where L2 is the less
bulky carbene 1,3-diethylimidazolidin-2-ylidene.20aSelected
bond lengths and angles of the [ReO2(L1)4]+ cation are
summarized in Table 1. The Re-O bonds are in the normal
range for rhenium(V) dioxo units. The rhenium-carbon bond
lengths between 2.216(4) and 2.225(4) Å are too long to
suggest significant double-bond character, and, thus,σ-bond-
ing dominates the bonding properties of the N-heterocyclic
carbene in the rhenium complex under study, which allows
the stabilization of the electron-deficient d2 metal center. The
extent of contributions of the structural trans influence to
the weakening of the Re-C bonds cannot yet be evaluated
due to the lack of complexes for comparison.

The structure of [ReO2(L1)4]+ is remarkable from two
different points of view: (i) the coordination of four of the

(16) [ReO2(L1)4][PF6]: ReOCl3(PPh3)2 (0.925 g, 1.1 mmol) is added to a
solution of L1 (1.19 g, 6.6 mmol) in THF (20 mL) and stirred at room
temperature for 2 h. The reaction mixture is filtered, and the precipitate
is extracted with MeOH and filtered. To the filtrate is given a
stoichiometric amount of NH4PF6. Concentration of the solution yields
orange crystals (0.576 g, 48%). Products of the same purity and with
comparable yields have been obtained from [NBu4][ReOCl4] or
[Re2O3Cl4(py)4] applying the same protocol. Elemental analysis.
Found: C 48.35, H 7.21, N 10.18. Calcd for C44H80N8PF6Re: C 48.68,
H 7.43, N 10.33. IR: 3425 (w), 2974 (s), 2939 (s), 1647 (w), 1462
(m), 1385 (m), 1346 (s), 1288 (s), 1200 (m), 1134 (m), 1107 (m), 841
(s), 775 (s), 752 (w), 710 (m), 555 (m) cm-1. 1H NMR: δ ) 6.09 (m,
8 H, iPrCH,J ) 7 Hz), 2.27 (s, 24H, CH3), 1.22 (d, 24 H,iPrCH3, J
) 7 Hz), 0.80 (d, 12 H,iPrCH3, J ) 7.3 Hz) ppm.13C NMR: δ )
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(NCH(CH3)2), 20.4 (NCH(CH3)2), 10.7 (NC(CH3)C(CH3)N) ppm.
MS: m/z ) 940 (M+), 759 (M+ - L1), 579 (M+ - 2L1), 181 (L1).
[TcO2(L1)4][TcO4]: [NBu4][TcOCl4] (50 mg, 0.1 mmol) is dissolved
in 5 mL of THF, and a solution of L1 (0.11 g, 0.6 mmol) in THF is
added. The mixture is filtered after stirring for 2 h atroom temperature
and reduced in volume to about 1 mL. Yellow plates of [TcO2(L1)4]-
[TcO4] deposit upon standing overnight at 4°C. Yield: 25 mg (25%
calculated for Tc). IR: 3441 (w), 2978 (s), 2939 (s), 1643 (w), 1462
(m), 1381 (m), 1346 (s), 1285 (w), 1200 (w), 1107 (m), 895 (s), 783
(s), 750 (w), 702 (w) cm-1.

(17) [HL1]Cl: colorless blocks, monoclinic, space groupP21/n, a ) 11.5267
Å, b ) 7.6452 Å,c ) 15.0247 Å,â ) 105.455°, Z ) 4. Bond lengths
and angles in the cation are essentially the same as in previously
described X-ray crystal structures for which imidazolium cations are
discussed.18
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Scheme 1

Figure 1. Molecular structure of the [ReO2(L1)4]+ cation together with
the atomic labeling scheme.
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bulky ligands to one rhenium atom and (ii) the stabilization
of the dioxorhenium(V) core by four carbon atoms. Both
structural features are without precedence (the latter with
the exception of [ReO2(cp){OB(C6F5)3}] which contains a
η5-bonded cyclopentadienyl ligand).21 There are only a few
structural reports of complexes where four monodentate
N-heterocyclic carbenes are bonded to one metal ion, and
most of them refer to electron-rich metal centers such as
Pd2+, Au3+, Pt2+, or Ru2+.20 A remarkable exception is a
paramagnetic vanadium(III) complex which contains four of
the anionic 3-boryl-1,4,5-trimethylimidazol-2-ylidene ligands
in a distorted tetrahedral arrangement,22 which minimizes
steric restraints due to the bulky ligands.

The high formation tendency and the high stability of
[ReO2(L1)4]+ underlines the special position of this class of
ligands in the family of carbenes. Although they should
formally be regarded as Fischer-type carbenes and, thus,
preferably form complexes with metals in their low formal
oxidation states, they show a behavior which resembles that
of Schrock-type carbenes as is demonstrated with the
isolation of stable rhenium(V) dioxo complexes.

The diisopropyl substituents of L1 provide a high nucleo-
philic power to the carbene carbon atom, which enables the
ligand to activate nitridorhenium(V) complexes. Reactions
of L1 with the common nitrido precursors [ReNCl2(PPh3)2]
or [ReNCl2(PMe2Ph)3] in refluxing THF on air lead to a
cleavage of the rhenium-nitrogen triple bond and to the
formation of [ReO2(L1)4]+ under release of NH3. This
behavior is unusual for rhenium and contrasts with the results
obtained for reactions of the same nitridorhenium precursors
with 1,3,4-triphenyl-1,2,4-triazol-5-ylidene (L3) which give
[ReNCl2(L3)(PMe2Ph)2] and [ReNCl(L3)(L3-H)2], respec-
tively.23

Carbene complexes of technetium are rare, and to the best
of our knowledge there are only two examples of structurally

characterized compounds: [Tc(dCdCHPh)Cl(DPPE)2]24 and
[Tc(cp*)(CO)2(dCPhOEt)]25 (DPPE ) bis(diphenylphos-
phino)ethane, cp*) hexamethylcyclopentadienyl anion),
which belong to the vinylidene and Fischer-carbene types.
Thus, [TcO2(L1)4][TcO4], which can be prepared similarly
to its rhenium analogue from [NBu4][TcOCl4] and an excess
of L1, is the first representative with N-heterocyclic carbenes.
The yellow crystals of the pertechnetate salt are stable in
dry air. Unlike its rhenium analogue, [TcO2(L1)4]+ decom-
poses in solution under formation of TcO4

-. An X-ray
diffraction study of [TcO2(L1)4][TcO4]‚2.5 THF shows that
the structure of the complex cation is similar to that of [ReO2-
(L1)4]+.19 Selected bond lengths and angles are compared in
Table 1. There are no significant differences between the
Re-C and Tc-C bond lengths. This contrasts with the
situation in [M(dCdCHPh)Cl(DPPE)2] (M ) Tc, Re), where
the Re-C (carbene) bond is longer than that in the techne-
tium complex by about 0.2 Å.24 The metal atom in the [TcO2-
(L1)4]+ cation, as in the Re analogue, is effectively shielded
by the isopropyl substituents. This is illustrated in Figure 2
and may explain the remarkable stability of both complexes
and the fact that high oxidation states of the transition metals
are effectively stabilized.

Acknowledgment. We gratefully acknowledge the dona-
tion of rhenium metal by the Hermann-Starck AG, Goslar,
and thank Prof. W. Preetz, Kiel, for the supply of ammonium
pertechnetate.

Supporting Information Available: Crystallographic data in
CIF format. This material is available free of charge via the Internet
at http://pubs.acs.org.

IC0348345
(21) Barrado, G.; Doerrer, L.; Green, M. L. H.; Leech, M. A.J. Chem.

Soc., Dalton Trans.1999, 1061.
(22) Wacker, A.; Chao Guo Yan; Kaltenpoth, G.; Ginsberg, A.; Arif, A.

M.; Ernst, R. D.; Pritzkow, H.; Siebert, W.J. Organomet. Chem. 2002,
641, 195.

(23) Braband, H.; Abram, U.Chem. Commun., in press.

(24) Burrell, A. K.; Bryan, J. C.; Kubas, G. J.Organometallics1994, 13,
1067.

(25) Fischer, E. O.; Apostolidis, C.; Dornberger, E.; Filippou, A. C.;
Kanellakopulos, B.; Lungwitz, B.; Mu¨ller, J.; Powietzka, B.; Rebizant,
J.; Roth, W.Z. Naturforsch. 1995, 50b, 1382.

Table 1. Selected Bond Lengths (Å) and Angles (deg) for the Complex
Cations in [ReO2(L1)4][PF6] and [TcO2(L1)4][TcO4]

[ReO2(L1)4]+ [TcO2(L1)4]+

M-O1, M-O2 1.778(3), 1.782(3) 1.765(2), 1.760(3)
M-C1, M-C21 2.225(4), 2.216(4) 2.227(4), 2.232(3)
M-C41, M-C61 2.224(4), 2.231(4) 2.226(4), 2.220(3)

O1-M-O2 179.5(1) 179.8(1)
O1-M-C1, O2-M-C1 89.3(1), 91.1(2) 90.4(1), 89.5(1)
O1-M-C21, O2-M-C21 90.7(1), 89.3(1) 90.0(1), 90.0(1)
O1-M-C41, O2-M-C41 88.7(2), 90.8)1) 90.7(1), 90.6(1)
O1-M-C61, O2-M-C61 89.8(2), 90.1(1) 90.5(1), 89.5(1)

Figure 2. Space-filling model of the [TcO2(L1)4]+ cation illustrating the
shielding of the{TcO2}+ core (balls represent van der Waals radii of the
atoms).
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