
The cationic iridium(I) complex having a heterochelate lig-
and, [Ir(cod)(PN/CH3)]PF6 {PN/CH3 = o-Ph2PC6H4CH(CH3)-
OCH2(C5H4N-2)} (3) was prepared and characterized.  Complex
3 underwent stereoselective facile activation of the benzylic C–H
bond in CH3CN at 50 °C to produce the oxidative addition prod-
uct, a hydrido alkyl complex fac-4 after displacement of COD by
2 molecules of CH3CN.  The initially generated fac-4 isomerized
gradually to give the geometrical isomer selectively mer-4 in
CH3CN.  

Efficient and capable ligands for metal-mediated or -cat-
alyzed stereoselective organic syntheses are considered to be able
to coordinate strongly to a central metal supplying a rigid reac-
tion environment.1 If the ligand has too much flexibility in the
coordination to the metal, the rigid environment collapsed and
satisfactory stereoselectivity in the reaction could not be attained.
Intentional introduction of flexibility to the metal complexes by
using a hemilabile ligand, however, can lead to disclose new
remarkable features.2 We have recently paid much attention to
flexibility of a ligand which could stabilize different types of
coordination modes for its organometallic complexes.  For exam-
ple, we designed the hemilabile PN hybrid ligand (1) which was
able to act as a P-N bidentate, a P-O-N tridentate or a P-C-N tri-
dentate ligand3 and showed that the flexibility of the PN ligand
was an important factor for isolation of both Ir(I) and Ir(III) com-
plexes before and after C–H bond activation.4 Herein, we pre-
pare another hemilabile ligand, a methyl-substituted PN ligand
(PN/CH3 ligand) (2),5 and show interesting behavior, acetonitrile
accelerated stereoselective C–H bond activation of its iridium
complex.

Reaction of [IrCl(cod)]2 with two equiv of ligand 2 in the
presence of excess AgPF6 in ethanol gave the cationic complex
[Ir(cod)(PN/CH3)]PF6 (3) as orange powders in 86% yield.6 The
31P NMR spectrum in CD2Cl2 showed that complex 3 was com-
prised of two diastereomers (major : minor = 67 : 33).  Air-stable
orange crystals of one diastereomer suitable for an X-ray analysis
were obtained directly from the reaction mixture.  An ORTEP
drawing of complex 3a having a S*c,S*pl configuration is shown
in Figure 1.7 Different from [Ir(cod)(PNn=1)]PF6, previously
reported by us,4 no obvious interaction between the iridium and
the oxygen atom [Ir···O = 4.152 Å] exists in a solid state.  The
crystals of complex 3a used for the X-ray analysis gave again the
same equilibrium mixture of the two diastereomers in CD2Cl2
(major : minor = 67 : 33).  Complex 3 was stable in CDCl3 or
CD2Cl2 at room temperature or even at 50 °C for 18 h in CDCl3,

but after 69 h at 60 °C in CDCl3 complex 3 decomposed com-
pletely to give a complex mixture.   

The 1H NMR of complex 3 in CD3CN at 30 °C showed very
broad signals different from that in CD2Cl2, though the spectrum
at –20 °C showed sharp signals assignable to the two diastere-
omers of complex 3 (67 : 33), indicating that rapid interconversion
between the two diastereomers was occurring without dissociation
of COD at 30 °C (Scheme 1).8 At 50 °C, the color of the CD3CN
solution of complex 3 gradually changed from orange to pale yel-
low.  The reaction was monitored by 1H NMR as well as 31P
NMR in CD3CN.   Sharp signals in the 1H NMR assignable to the
C–H bond activation product 4 and free COD appeared accompa-
nying several signals for small amounts of unidentified products.
After 1 day at 50 °C, complex 3 disappeared completely and the
Ir(III) hydrido alkyl complex 4 was produced as a mixture of two
geometrical isomers (major-4 : minor-4 = 94 : 6).  The structure of
the major isomer was fully characterized to be fac-4 by elemental
analysis as well as spectral data and was confirmed by an X-ray
analysis  (Figure 2).9 The PN/CH3 ligand acts as a P-C-N triden-
tate ligand and coordinates to the Ir center with a facial manner.
The 1H NMR signal of the proton at the 6-position of the pyridine
ring in the PCN/CH3 ligand10 of fac-4 showed a characteristic
shape for that of the cis-coordinated PN ligand,3 which is con-
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sistent with the facial coordination of the PCN/CH3 ligand.  The
1H and 31P NMR indicated that fac-4 was gradually converted fur-
ther to minor-4, which can be tentatively assigned to a geometrical
isomer mer-4.11 After 17 days at 50 °C mer-4 became the major
isomer (fac-4 : mer-4 = 10 : 90).  From the stereochemical consid-
eration, fac-4 and mer-4 were exclusively derived from the isomer
3a.  We could not obtain the concrete evidence that the C–H bond
activation of the diastereomer 3b proceeded under these condi-
tions.  

The 1H NMR of complex 3 in the presence of CH3CN (ca.
1.7 equiv) in CD2Cl2 indicated a new signal at δ 1.99 due to the Ir-
coordinated CH3CN of an intermediate complex in addition to the
signals of complex 3 and free CH3CN (δ 1.98), but did not show
any signals for free-COD.  After 5 days at room temperature (ca.
20 °C), the C–H bond activation products 4 appeared (major-3 :
minor-3 : fac-4 : mer-4 = 48 : 26 : 20 : 6).  The C–H bond activa-
tion, however, did not proceed at all in the absence of CH3CN
under the same conditions.  Complex 3 was stable in a mixed sol-
vent of CD2Cl2 and CD3OD and deuterium incorporation into
complex 3 could not be detected; a plausible reversible C–H bond
activation did not occur in these solvent systems.  The hypothesis
that dissociation of COD from complex 3 is the driving force for
this C–H bond activation is inconsistent with the fact that the rate
of the C–H bond activation in CD3CN was not affected by the
presence of excess COD.  Coordination of CH3CN renders the
metal center more electron rich, which causes facile C–H bond
activation in only complex 3a.12
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