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The first trinuclear clusters containing NHC ligands are

described; the compound [Ru3(Me2Im)(CO)11] (Me2Im 5 1,3-

dimethylimidazol-2-ylidene) is easily converted into

[Ru3(m-H)2(m3-MeImCH)(CO)9] by a process involving the

activation of two C–H bonds of a methyl group that is an

example of degradation of a metal-coordinated NHC ligand

under mild conditions.

In the last decade, N-heterocyclic carbenes (NHCs) have attracted

increasing attention as ancillary ligands1 because many of their

metal complexes, particularly those of metals belonging to Groups

8–10 of the periodic table, have been revealed as excellent

homogeneous catalysts for processes that are very useful in

organic synthesis, most notably C–C coupling reactions and olefin

metathesis.2 Despite the widely diversified research activity in this

area, which goes from early to late transition metals in low and

high oxidation states,1 no cluster complexes containing NHC

ligands have hitherto been reported.

It is generally believed that NHCs are good ancillary ligands, i.e.

strongly bound to the metal, inert to any external attack, and not

susceptible to participate in rearrangements at the metal

coordination sphere. In fact, these are key requirements for metal

complex catalysts having NHCs.2 However, recent reports have

demonstrated that the NHC–metal bond is not always inert and

that some bulky R groups attached to the NHC nitrogen atoms

can be modified under certain reaction conditions.3–5

On the other hand, metal-promoted C–H bond activation is also

a very active research area because of its great potential in organic

synthesis.6 C(sp3)–H bond activation processes by oxidative

addition are among the most interesting reactions in this field.

The present communication reports the first examples of

trinuclear cluster complexes containing NHC ligands and the

observation of an easy activation of two C–H bonds of a methyl

group attached to a nitrogen atom of an NHC ligand. Such a

reaction represents an unprecedented degradation of an NHC

ligand containing N-bonded methyl groups.

Deprotonation of 1,3-dimethylimidazolium iodide7 by potas-

sium tert-butoxide followed by addition of [Ru3(CO)12], at room

temperature in THF solvent, led to the trinuclear NHC derivative

[Ru3(Me2Im)(CO)11] (1; Me2Im 5 1,3-dimethylimidazol-2-ylidene;

Scheme 1).§

No simple di- or trisubstituted products were observed in

reactions of [Ru3(CO)12] with an excess of the NHC ligand at

higher temperatures. Although NHCs have often been compared

with phosphine ligands,1,2 it is noteworthy that the latter do not

react with [Ru3(CO)12] at room temperature and that trisubstituted

derivatives of the type [Ru3(PR3)3(CO)9] are the usual products at

higher temperatures, because the second and third substitution

processes have lower activation energies than the first substitution.8

The structure of compound 1 was determined by X-ray

diffraction methods."Fig. 1 shows that the NHC ligand occupies

an equatorial position. The structure resembles those of some

phosphane-monosubstituted derivatives of [Ru3(CO)12].
9 The

plane defined by the atoms of the NHC ligand forms an angle

of 41.65(6)u with the Ru3 plane, thus minimizing the steric

interactions between the NHC methyl groups and the CO ligands

that are attached to the same Ru atom.

The face-capped trinuclear derivative [Ru3(m-H)2(m3-

MeImCH)(CO)9] (2) was prepared by heating to reflux a THF

solution of complex 1.§ Interestingly, this process was completely

reversed when carbon monoxide was gently bubbled through a

THF solution of 2 at room temperature (Scheme 2).
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Scheme 1 Synthesis of compound 1.

Fig. 1 Molecular structure of compound 1. Selected bond distances (Å):

Ru(1)–Ru(2) 2.917(2), Ru(1)–Ru(3) 2.884(2), Ru(2)–Ru(3) 2.887(2),

Ru(1)–C(1) 2.115(4).
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The X-ray structure of 2 (Fig. 2)" shows that a bridging

MeImCH ligand is attached to three ruthenium atoms in such a

way that the CH fragment spans an Ru–Ru edge, while the carbene

carbon atom is bound to the remaining ruthenium atom. Two

Ru–Ru edges are also spanned by hydride ligands. The cluster shell

is completed by nine terminal carbonyls. The compound is

structurally related to [Os3(m-H)2{m3-HCN(Me)CEt}(CO)9], which

contains an aminocarbene ligand.10

Therefore, the transformation of 1 into complex 2 involves an

uncommon oxidative addition of two C–H bonds of a nitrogen-

bound methyl group to ruthenium.11 The fact that this reaction

can be reversed at room temperature, by exposing 2 to a low-

pressure atmosphere of carbon monoxide, implies that both C–H

bond activation steps should have small activation barriers.

We have recently reported that the reaction of [Ru3(CO)12] with

6,69-dimethyl-2,29-bipyridine (Me2bipy) gives [Ru3(m-H)2(m3-

MebipyCH)(CO)9] via the double C–H activation of a carbon-

bound methyl group.12 However, in that case, the activated methyl

group is attached to a carbon atom and the chelating ability of the

Me2bipy ligand is the driving force of the C–H activation process,

since the chelation of this ligand induces the interaction of one of

its methyl groups with the metal atoms. In agreement with this, no

reaction at all was observed when [Ru3(CO)12] was treated with an

excess of 2,6-dimethylpyridine under similar conditions.12 A

related chelation-assisted approach, but with mononuclear com-

plexes, has been used to activate C–H and C–C bonds of

appropriate chelating ligands.13 Interestingly, in the transformation

described herein, the metalation of one of the Me2Im ligand

methyl groups cannot be promoted by a previous chelation of

the ligand. Therefore, the strong basicity of the NHC ligand has

to be claimed as being responsible for the enhanced disposition of

the cluster metal atoms to undergo the oxidative addition of

C(sp3)–H bonds.

The number of reports describing the double oxidative addition

of nitrogen-bound methyl C–H bonds to metal fragments10,11,14 is

very small compared to those referring to carbon-bound methyl

C–H bonds.12,15 A few additional publications describing the

oxidative addition of two metal-bound methyl C–H bonds to

metal fragments have also been reported.16

In conclusion, we have described the first trinuclear clusters

having NHC ligands and an unusual ruthenium-mediated

activation of two C–H bonds of a nitrogen-bound methyl group.

Such a double C–H bond cleavage process represents a rare

example of degradation of a metal-coordinated NHC ligand under

mild conditions and offers a reaction pathway that should be

considered in future reactivity studies involving NHCs with

N-methyl groups.
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Notes and references

§ Selected spectroscopic data: 1: IR (CH2Cl2, cm21): nCO 5 2093 (m), 2038
(vs), 2019 (vs), 2005 (s), 1975 (m, sh), 1949 (w, sh); 1H NMR (300 MHz,
293 K, CDCl3): d 5 7.02 (s, 1 H), 3.80 (s, 3 H). 13C{1H} NMR (75 MHz,
293 K, CDCl3): d 5 204.9 (NCN), 123.6 (CH), 40.2 (Me). 2: IR (CH2Cl2,
cm21): nCO 5 2093 (m), 2063 (s), 2038 (vs), 2010 (m), 1998 (m), 1984 (m),
1965 (w, sh); 1H NMR (300 MHz, 293 K, CDCl3): d 5 6.88 (s, 1 H), 6.86
(d, J 5 1.8 Hz, 1 H), 6.41 (d, J 5 1.8 Hz, 1 H), 3.55 (s, 3 H), 212.64 (d,
J 5 2.6 Hz, 1 H), 216.63 (d, J 5 2.6 Hz, 1 H). 13C{1H} NMR (75 MHz,
293 K, CD2Cl2): d 5 170.3 (NCN), 119.9 (CH), 119.6 (CH), 104.7 (CH),
37.9 (Me).
" Selected crystallographic data: 1: C16H8N2O11Ru3, M 5 707.45,
Monoclinic, a 5 8.512(5), b 5 22.951(12), c 5 11.753(6) s, b 5
110.20(1)u, U 5 2155(2) s

3, T 5 296(2) K, space group P21/n, Z 5 4,
m(Mo-Ka) 5 2.136 mm21, 9508 reflections measured, 3108 unique
(Rint 5 0.0231) were used in the calculations. The final wR(F2) was
0.0552 (all data). CCDC 265383. 2: C14H8N2O9Ru3, M 5 651.43,
Monoclinic, a 5 10.455(8), b 5 9.915(8), c 5 18.843(15) s,
b 5 95.799(16)u, U 5 1943(3) s

3, T 5 296(2) K, space group P21/c,
Z 5 4, m(Mo-Ka) 5 2.350 mm21, 8293 reflections measured, 2793 unique
(Rint 5 0.0254) were used in the calculations. The final wR(F2) was 0.0724
(all data). CCDC 265384. See http://dx.doi.org/10.1039/b506287j for
crystallographic data in CIF or other electronic format.
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