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C—H/C—C Activation

Activation of All Bonds of a Methyl Group
Attached to an Organic Fragment**

Javier A. Cabeza,* Ivdin da Silva, Ignacio del Rio,
Lorena Martinez-Méndez, Daniel Miguel, and
Victor Riera

Activation of C—HY and C—C® bonds promoted by tran-
sition-metal complexes has increasingly attracted the atten-
tion of researchers over the last two decades. The use of these
processes in chemoselective organic synthesis!'~! with atom
economy!” is the final goal of this intense research activity. In
the case of sp® carbon atoms, examples of C—H bond
activation by oxidative addition processes in solution are
still scarce,* and the number of processes in which C—C
bonds are activated is even smaller.”3! Therefore, the search
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for new systems capable of activating C—H and C—C bonds
involving sp® carbon atoms under mild conditions and under-
standing the factors that control such processes are currently
highly active research fields.

During our study of the reactivity of transition metal
carbonyl compounds with 2-aminopyridines in solution we
discovered that [Ru;(CO),,] can promote the oxidative
addition of both N—H bonds of the amino group and
transform it into a p,-imido fragment.®! Such an uncommon
reaction prompted us to attempt the activation of the methyl
C—H bonds of a series of 2-methylpyridines under analogous
conditions.

We now report the transformation of an organic methyl
group into bridging methylene, carbyne, and carbide ligands
by using [Ru;(CO);,] as the transition metal complex
promoter and 6,6’-dimethyl-2,2'-bipyridine (Me,bipy) as the
organic precursor.

The trinuclear cluster [Rus(u-H),(u;-HCbipyMe)(CO);]
(1) was prepared by treating [Ru;(CO),,] with 2.5 equivalents
of Me,bipy in THF at reflux temperature (Scheme 1). Its X-
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Scheme 1. Synthesis of 1-4 from [Ru;(CO),,] and 6,6'-dimethyl-2,2'-
bipyridine. @ =CO.

ray structure (Figure 1) shows that a bridging HCbipyMe
ligand is attached to three ruthenium atoms in such a way that
the CH fragment spans an Ru—Ru edge and the bipy fragment
chelates the remaining Ru atom. The cluster shell is
completed by eight terminal CO ligands and two edge-
bridging hydride ligands.’

The reaction of [Ru;(CO),,] with bipy has been reported
to give [Rus(bipy)(p-CO),(CO);], in which the bipy ligand
chelates a ruthenium atom.”! Careful inspection of its X-ray
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Figure 1. Molecular structure of 1.

structure reveals that such a structure would not be possible
for Me,bipy, because there is not enough room to accom-
modate the methyl groups without their interacting with the
carbonyl ligands. Thus, in the reaction of [Ru;(CO),,] with
Me,bipy, chelation of the ligand should be accompanied by
the release of at least three CO ligands. The unsaturation of
the thus-formed intermediate (46e) would promote the
activation of a methyl C—H bond. However, such a mono-
hydrido nonacarbonyl intermediate has not been observed,
probably because it is thermodynamically less stable than 1,
which arises from a double C—H activation process. As no
reaction was observed between 2,6-dimethylpyridine and
[Rus(CO),,] in refluxing chlorobenzene, it is clear that the
chelating ability of Me,bipy is probably the driving force for
the metalation of one of its methyl groups. A related
chelation-assisted approach, but with mononuclear com-
plexes, was used to activate methyl C—H and C—C bonds of
appropriate bidentate ligands.® There are very few published
reports describing the oxidative addition of two C—H bonds of
a methyl group to a metal fragment, and none of them deals
with organic methyl groups, but with methyl groups already
attached to metal atoms.”) The activation of both methylene
C—H bonds of a metal-bound ethyl group has also been
reported.!"”]

The compounds [Rug(s-H)(ps-CbipyMe)(n-CO);(CO);5]
(2), [Ruy(ps-H) (us-CbipyMe) (1-CO)5(CO)ye] (3), and [Rus(p-
H)(ps-C)(pu-bipyMe)(CO),5] (4; Scheme 1) were prepared by
heating equimolar amounts of 1 and [Ru;(CO),,] in chloro-
benzene under reflux. In addition, these clusters were also
obtained in similar yields when [Ru;(CO);,] was treated with
Me,bipy in a 2:1 ratio in refluxing chlorobenzene. Their
structures were determined by single-crystal X-ray diffrac-
tion.[

Compounds 2 and 3 contain a carbyne-type carbon atom
that was originally bound to three hydrogen atoms in
Me,bipy. The structure of hexanuclear 2 (Figure2a) is
comparable to that of [Rug(u-H);(us-NpyCsH,)(u-
CO0);(CO),5].”! in which the ligand NpyCg¢H, is attached to
the metal skeleton in the same way as the CbipyMe ligand in
2, but with exchanged positions of an N and a C atom. The
structure of heptanuclear cluster 3 (Figure 2b) is reminiscent
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Figure 2. Molecular structures of 2 (a), 3 (b), and 4 (c).

of that of 2, but now an additional Ru atom caps a triangular
face of the square-pyramidal fragment of the metal skeleton.

Activation of the three C—H bonds of a metal-bound
methyl group has been reported.''! However, to our knowl-
edge, the oxidative addition of all three C—H bonds of an
organic methyl group is unprecedented. Carbyne ligands
bridging four metal atoms are also scarce,”>!? and none of
them arose from an organic methyl group.

The structure of 4 (Figure 2¢) clearly shows the presence
of a carbide ligand surrounded by five Ru atoms in a distorted
trigonal-bipyramidal environment and a bipyMe ligand
attached to a Ru atom through both N atoms and to another
Ru atom through the carbon atom which was originally bound
to the activated methyl group. The cluster shell is completed
by 13 CO ligands and a bridging hydride ligand. Many
transition-metal clusters containing carbide ligands have been
reported, but no such ligands arose from an organic methyl
group. A few C—C bond-activation reactions involving methyl
groups have been reported,>*" but the products contain
methyl groups that do not undergo further C—H activation.

Clearly 1 is an intermediate in the synthesis of 2-4. We
have checked that the hexanuclear complex 2 is not trans-
formed into a mixture of 3 and 4 when it is heated in refluxing
chlorobenzene. Therefore, the formation of 2-4 should take
place through the condensation of compound 1 with
[Ru,(CO),] (n=1, 3) species, which are available in hot
solutions of [Ru;(CO)y,].

In conclusion, we have described the ruthenium-cluster-
mediated transformation of an organic methyl group into a
carbide ligand. Such a process involves the unprecedented
activation of all bonds (three C—H and one C—C) associated
with the carbon atom of an organic methyl group. In addition,
1-3 are unique examples of activation of two and three C-H
bonds of an organic methyl group.
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