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The study of intermolecular C-H bond activation reactions of
hydrocarbons with transition-metal compounds is an active area
of research.! Wereported recently that the Ir(III) complex Tp*Ir-
(CH=CH;)(H)(C,H,) (1) (Tp* = HB(3,5-Me;-pz);), generated
thermally or photochemically from the bis(ethylene) isomer
Tp*1Ir(C,H,),, regioselectively activates the two a-C—~H bonds of
cyclic ethers (e.g., THF) with formation of complexes containing
a hydride, an alkyl, and an oxycarbene functionality.2 Now we
report that 1 is also able to activate two molecules of C4Hg and
that this unusual transformation involves, in addition, the
coordination of N, with formation of the thermally stable
complexes Tp*Ir(C¢Hs)2(N3) (2) and [Tp*Ir(CeHs)z]a2(u-No)
(3), the latter of which has been structurally authenticated by
X-ray crystallography.

Heating a solution of 1 in C¢Hg (see Scheme 1 for reaction
conditions) affords high yields of the white crystalline complex
2,3 together with small amounts of the sparingly soluble 3 and
a volatile mixture of C;Hg and C,H, (1:1 ratio by NMR). The
presence of the coordinated N ligand in 2 and 3 is evidenced by
a strong absorption at 2190 cm! in the IR spectrum of 2 and at
2130 cm! in the Raman spectrum of the binuclear derivative 3.
These compounds are remarkable for two reasons: first, they
constitute very rare examples of thermally robust Ir(III)-N,
complexes,* and second, their formation involves the activation
of two molecules of CsHj by a single metal site. Benzene C-H
bond activation is well documented,!-* but the transformation
reported here has only very rarely been observed in related Cp’
systems® (Cp’ = any cyclopentadienyl ligand).

Under the conditions stated in Scheme 1, an equilibrium
between 2 and 3 that allows the preparation of larger quantites
of the latter complex can be established. Single crystals of 3
have been obtained; Figure 1 shows a partial ORTEP represen-
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tation of its molecules including the atom labeling scheme and
some relevant bonding parameters.” The two Tp*Ir(C¢Hs),
moieties, which are not related by symmetry, are almost linearly
bridged by the N, ligand (Ir-N-N = 174(2)°), which exhibits
a very short N-N separation (1.13(3) A), close to that of free
N, (1.097 A). To our knowledge, this is the first Ir~N, complex
structurally characterized by X-ray methods.

The N, ligand in 2 is labile and can be thermally replaced by
other ligands like PMe; or CO with formation of the bis(aryl)
adducts 4 and 5, respectively (Scheme 1). Complex 2 is also
capable of activating arenes: treatment with C¢Dg affords the
fully deuterated complex 2-djo. An interesting reaction ensues
in the presence of THF to give the Fischer-type Ir(III) alkylidene
complex 6.8 That this reaction does not proceed through the
intermediacy of a lower-valence benzyne complex, as in other
bis(aryl) systems capable of C-H activation,’h6259 js demonstrated
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Figure 1, Partial view of the structure of 3 showing only a Tp*Ir(CsHjs),-
(u-N3) fragment (the other Tp*Ir(C¢Hs): entity has been omitted for
clarity. Selected bond distances (A) and angles (deg) within the Ir-
(1)-N(1)-N(2)-Ir(2) unit: Ir(1)-N(1), 1.93(2); N(1)-N(2), 1.13(3);
1r(2)-N(2), 1.94(2); Ir(1)-N(1)-N(2), 174(2).

by isotopic labeling experiments: the reaction of 2-d, with THF-
ds provides the deuteride complex 6-d; plus C¢H;sD.

Although a detailed kinetic and mechanistic study is still under
way, some relevantinformation about the course of thisinteresting
transformation can be deduced from trapping experiments carried
out with variable amounts of PMe; and a ca. 0.09 M benzene
solution of 1. This has demonstrated the formation of three
intermediate species, namely “Tp*Ir(C,H;)(CH==CH,)” (A),
“Tp*Ir(CH=CH,)(CsHs)” (B) (both likely containing a coor-
dinated #2-C¢Hg ligand), and “Tp*Ir(C¢Hs),(C2H4)” (C), which
can be trapped in the form of the corresponding PMe; adducts
in the cases of A and B and in the form of the sparingly soluble
ylidic species Tp*Ir(C¢H;s)2,(CH,;CH,PMes) (7)10 in the case of
C. It is worth mentioning at this point that in order to trap
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intermediate A (or B) as efficiently as C, a very high concentration
of PMe; (ca. 1:1 C¢Hg:PMejs solvent mixture) is needed. Since,
in the absence of the aromatic hydrocarbon, A can be readily
trapped by Lewis bases (PMe;, donor solvents like CH;CN,
DMSO0211), this proves the high efficiency of this system for the
activation of the C-H bonds of C¢Hg. Whether or not the
transformations reported in this paper involve Ir(V) intermedi-
ates!? resulting from C-H oxidative additions to the Ir(III)
center,!3 as opposed to concerted H transfers without change in
the oxidation state of the metal, cannot be presently ascertained
and requires more experimental studies that will be developed in
the near future.
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