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Abstract 

The nucleophilic cyclocarbene 1,3-dimethylimidaxolin-2-ylidene (1) 
reveals universal ligand properties in metal coordination chemistry: 
in addition to the well-known stabilization of low oxidation-state 
transition metal fragments, this particular class of carbenes also 
coordinates with metal halides and metal oxides thus resembling the 
properties of conventional ether (01, amine (NI, and phosphane (P) 
ligands. Complexes of titanium(IV), zirconium(IV), hafnium(IV), 
vanadium(R), niobium(IV), tantalum(IV) of general formula MX,L, 
(3a-0 and the rhenium(VII) of formula CHsReOsL, (38) are re- 
ported (L = 1,3-dimethylimidaxolin-2-ylidene). 

Key wor& Hafnium; Niobium; Rhenium; Tantalum; Titanium; 
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1. Introduction 

Cyclocarbenes derived from imidazolium and pyra- 
zolium salts have been well-known ligands in organo- 
metallic chemistry, represented particularly by low-va- 
lent transition metal complexes [2,3]. Thus the nucle- 
ophilic carbene 1,3-dimethylimidazolin-3-ylidene (1) 
can be introduced into metal carbonyl complexes from 
both the (indefinitely stable) imidazolium precursor 
salts according to the work of 6fele et al. [3] and the 
(less stable) free carbenes (Eq. (1)) 141. These latter 
compounds have become available through the work of 
Arduengo et al. 151. 

Corresponding author: Professor Dr. W.A. Herrmann. 
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We have recently shown that this class of hetero- 
cyclic carbenes has ligand properties comparable to 
those of electron-rich phosphanes [4]. This similarity 
suggests future applications of such ligands in 
organometallic homogeneous catalysis. We have in the 
meantime observed a much broader application of 
imidazolium-derived carbenes, for which reason we 
now disclose typical examples of high oxidation-state 
metal complexes containing carbene ligands of type 1. 

Treatment of metal halides such as TiCl, * (thf), 
(Za>, ZrCl, * (thf), (2b), HfCl, - (thf), (2~1, VCl, - 
(tmeda), @d), NbCl, . (PY), W, TaCl, * (PY), (2f), and 
of the oxide CH,ReO, (2g) dissolved in completely dry 
tetrahydrofuran, with the free carbene 1 in the proper 
molar ratio yields precipitates 3a-g that constitute 
simple substitution products (Scheme 1). The com- 
pounds are of poor solubility in unpolar solvents. They 
dissolve well in polar solvents like CH,CN or CHzCl,. 
3a-g contain the C-coordinated carbene in place of 
the previous tetrahydrofuran (thf), pyridine (py) or 
N,N,N’,N’-tetramethyl-ethylendiamine (tmeda) li- 
gands. Elemental analyses and spectra clearly prove 
the simple composition and the conventional structures 
of this easily available new classes of coordination 
compounds that derive from well-known metal halides 
and metal oxides (Tables 1 and 2). 

We particularly note that the free carbene 1 dis- 
places 0- and N-donor ligands (thf, py, and tmeda, 
resp.) that are normally used to prevent the corre- 
sponding metal halides and oxides from further nucle- 
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TABLE 1. Elemental analyses of the carbene complexes 3a-f 

Calculated Found 

C H N Cl C H N Cl 

3a a 31.45 4.22 14.67 37.13 31.22 4.32 14.20 36.52 
3b 28.24 3.79 13.17 33.34 27.68 3.99 12.61 32.94 
3c 23.43 3.15 10.93 27.67 24.15 3.39 10.99 27.17 
3d 47.44 6.37 22.13 14.00 47.15 6.52 21.92 13.66 
3e 28.13 3.78 13.12 33.21 28.46 3.63 12.86 32.87 
3f 23.32 3.13 10.88 27.53 23.72 3.31 10.38 27.13 

’ Found: Ti, 12.05, talc.: 12.54. 

TABLE 2. NMR data of the carbene complexes 3a-c at 25°C 

NMR 

3a a 
3b 
3c 

*H(S, ppm, CD&N) %6, ppm, CD&N) 

N-CH, Imid.-H N-CHs Imid.-C Carbene-C 

3.85 s 7.34 s 36.6 124.2 180.7 
3.82 s 7.32 s 36.3 124.6 178.2 
3.83 s 7.33 s 36.6 124.3 176.2 

a Addition of water generates the imidazolium cation (6CH = 140.30 ppm, CD&N). 

ation (e.g. oligomerization) and to enhance their stabil- 
ity for hydrolysis. 

The new compounds 3a-f ’ very much resemble the 
precursor compounds 2a-f in colour, thermal stability 
and molecular structures [6]. They are very sensitive to 
air and moisture. Dissociation occurs under the condi- 
tions of electron-impact mass spectrometry. 

In the case of 2g (Scheme 11, the nucleophilic free 
carbene 1 adds to the electron-deficient, coordinatively 
unsaturated metal center without displacing another 
ligand. 3g forms as a yellow solid which is sensitive to 
air and temperature. If the compound is warmed to 
-20°C methane eliminates (GC/MS). The methane 
originates from the metal-coordinated methyl groups 
as shown by deuterium labeling experiments. Elemen- 
tal analyses as well as IR- and NMR data give suffi- 
cient evidence for a hexacoordinate bisccarbene) com- 
plex very much ressembling amine complexes of the 
type CH,ReO, . L, (I.& = bipyridine [lO,ll]). The 13C 
signal of the “carbenoid”, metal-coordinated carbon 
atom shows up at 6 = 176.7 ppm (CD,CN) which 
chemical shift compares well with conventional car- 
bene complexes, e.g. Re(L),I(CO), (6C = 175.1 ppm 
[7]). While the starting compound CH,ReO, 2g ex- 
hibits a “0 signal at S = 829 ppm (CDCl,), the new 
carbene-“adduct” (a-donor coordination) is recorded 

1 Meanwhile carbene complexes of Au(I) and Cu(I) of general 
formula Cl-ML have been synthesized (M. Elison, Ph.D. Thesis, 
in preparation). The Cu(I) complex is related to the ionic deriva- 
tive [L’zCu][CF,SO,] with L’ = 1,3-dimesitylimidazolyl-2-ylidene 
[%?I. 

at 6 = 728 ppm. Comparison of the pronounced high- 
field shift of the “0 resonance of 3g with the data of 
related adducts (pyridine [8], quinuclidine [9], 2,2’-bi- 
pyridine [lo]) once again gives evidence of the exten- 
sive a-donor of type-l carbenes [4]. 

Re,O, reacts instantaneously with 1. However, re- 

duction of Re(VI1) occurs in this particular case. The 
violet, insoluble product has so far escaped characteri- 
zation. A cyclovoltammetric study confirmed that 
Re,O, and 1 undergo a redox reaction with concomi- 
tant formation Re(V1) [12]. 

Our results show that nucleophilic carbenes of type 
1 are sufficiently flexible in their electronic structure 
for them to adopt metal species ranging from 
electron-rich fragments, e.g. metal carbonyls, to 
Lewis-acidic high oxidation-state compounds such as 
metal halides and metal oxides. The carbene ligand 
seems to have a low tendency to react with the halide 
and oxide ligands. By way of contrast, standard phos- 
phanes (such as triphenylphosphane) eliminate an oxy- 
gen ligand from CH,ReO, (2g) to yield phosphane 
oxides; reduction of the metal (Rev” + Rev) occurs at 
the same time [13]. Further work is in progress to 
explore applications and advantages of carbenes in 
comparison to conventional donor ligands in high-va- 
lent metal complexes. 
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2. Experimental details 

All experiments have been carried out by using 
standard Schlenk techniques and completely dry sol- 
vents (water content < 1 ppm; Karl-Fischer titrations). 
Infrared spectra were recorded on a Perkin-Elmer 
1600 series FTIR spectrometer, the NMR spectra on a 
FT-Jeol GX 400 instrument. All NMR solvents were 
“freeze-pump-thaw” degassed and stored over molec- 
ular sieves before use. Elemental analyses were per- 
formed in the Microanalytical Laboratory of our Insti- 
tute. The starting materials 2a-g were prepared ac- 
cording to published procedures [6,11]. b-values (NMR) 
are given in ppm. The standard for 170 NMR spectra 
was 6(H,O) = 0.0 ppm. 

2.1. Carbene complaes 3a-f 
Two (four) equivalents of 1 (20 mm00 are added 

successively to a stirred solution of 10 mm01 of MCl,D, 
(M = Ti, Zr, Hf, Nb, Ta; D = thf, py) or VCl, (tmeda), 
in thf (20 ml). Coloured precipitates of 3a-f are formed 
after a few seconds. They are successively washed with 
30 ml of thf, 30 ml of Et,0 and 30 ml of n-hexane. The 
products are finally dried in an oil-pump vacuum. 
3a-3f are brown or yellow, air- and moisture sensitive 
powders. Elemental analyses and NMR spectra are 
summarized in Tables 1 and 2 respectively. 

2.2. Bis(Z,3-dimethylimidazolyl-2-ylidene)methyltrioxo- 
rhenium (VIZ) (3g) 

0.60 g (2.41 mm00 of 2g are dissolved in 10 ml of 
thf. The solution is cooled to -60°C. 0.46 g (4.81 
mmol) of 1 are then added. A yellow precipitate 3g 
forms after a few seconds. It is washed with 30 ml of 
thf and 30 ml of Et,O. The yellow residue is finally 
dried in an oil-pump vacuum. Yield: 0.86 g (81%). The 
compound decomposes slowly at -35°C in the solid 
state. 

IR (CH,CN): 1664 m, 1653 m &C-N), 935 s v(Re- 
01, 3104 m, 2949m v(Re-CH,). - ‘H NMR (CD&N, 
- 60°C): 6 = 6.90 s (imid. - H, 4H), 3.52 s (CH,, 12H), 
2.40 s (Re-CH,, 3H). - 13C NMR (CD,CN, -60°C): 
6 = 176.7 (carbene-0, 122.71 (NCHCHN), 37.05 
(CH,-N), 25.81 (Re-CH,). -I70 NMR (CDCl,, 

- 60°C): 6 = 728. Elemental analysis: talc.: C, 29.93, H, 
4.34, Re, 42.17, found: C, 30.44, H, 4.29, Re, 42.16. 
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