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Transition-metal hydride complexes bearing the pentamethyl-
cyclopentadienyl (C5Me5) ligand are of particular interest and
importance in organometallic chemistry and homogeneous ca-
talysis. For iridium hydride complexes bearing the C5Me5 ligand,
a number of complexes in the oxidation states of+3, +4, and
+5 have been synthesized and have had their reactivity studied
in the past three decades.1,2 However, this type of complex in the
+2 oxidation state, the lowest accessible and possibly the most
reactive one in this series of complexes, has hardly been explored.1

During our recent studies on transition-metal ketyl complexes,
we serendipitously isolated and structurally characterized a
binuclear iridium(II) dihydride complex, [(C5Me5)Ir(µ-H)]2 (1),3

which, as far as we are aware, represents the first example of a
well-defined (pentamethylcyclopentadienyl)iridium(II) hydride
complex. We have now found that this Ir(II) complex1 is a unique
metal hydride complex which shows an unprecedented versatile
reactivity toward a variety of substrates. Among its most
remarkable reactions is proton abstraction from acidic organic
compounds to yieldreVersiblythe corresponding metal-protonated
cationic species{[(C5Me5)Ir] 2(µ-H)3}+ (2). The reVersible pro-
tonation/deprotonation character makes1 a uniquecatalyst for
C-C bond cleavage of aromatic 1,2-diols and Michael additions.
Described herein are some representative results.

Although an apparent reaction between1 and MeOH was not
observed at 25°C in toluene-d8 or CD2Cl2 by 1H NMR, the
reaction of1 with MeOD (ca. 200 equiv) under similar conditions
yielded almost quantitatively the corresponding deuteride complex
3 (Scheme 1). Treatment of3 with MeOH or H2 (1 atm) at room-
temperature regenerated1 almost quantitatively (Scheme 1).4

When the mixture of1 and MeOH was cooled to-30 °C, two
new signals with the proton ratio of 30 to 3 appeared atδ 1.66
(C5Me5) and-15.38 (Ir-H) in toluene-d8 or δ 2.01 and-15.55
in CD2Cl2, respectively, in addition to the peaks for1.3 These

new signals could be compared with those previously reported
for the dimeric trihydridoiridium cation species{[(C5Me5)Ir] 2(µ-
H)3}+(PF6)- (2‚PF6) (δ 2.09, -15.33 in CDCl3),2a,5 suggesting
that a similar cationic species such as{[(C5Me5)Ir] 2(µ-H)3}+-
[(OMe)(HOMe)n]- (2‚OMe) might be formed in the present
reaction.6 The new signals assignable to the cationic species
became stronger as the temperature was decreased, but disap-
peared upon warming up to room temperature, which suggests
that the formation of the cationic species such as2‚OMe must
be reversible. Suppose that the methoxide anion in2‚OMe was
stabilized by one molecule of MeOH (n ) 1, vide infra), an
equilibrium constant ofKeq ) 1.02× 10-2 for the reaction of1
with MeOH in toluene-d8 at 25°C (eq 1) could be estimated from
the van’t Hoff equation (∆H ) -18.26 kJ mol-1, ∆S) -99.35
J mol-1 K-1).

Although isolation of the cationic species2‚OMe from 1 and
MeOH was difficult, an analogous reaction of1 with 2 equiv of
2,2′-biphenol in toluene afforded the corresponding cationic
complex2‚OAr (OAr ) 2-(2′-hydroxyphenyl)phenoxide) in 85%
isolated yield, in which the aryloxide counteranion was stabilized
by interaction with one molecule of 2,2′-biphenol as confirmed
by an X-ray diffraction study (Scheme 1).7 When 2‚OAr was
treated with 4 equiv oftBuOK in CH2Cl2, the neutral complex1
was recovered almost quantitatively, which clearly shows that
the cationic unit{[(C5Me5)Ir] 2(µ-H)3}+ in 2‚OAr is protonic and
can be deprotonated by an appropriate base.
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More remarkably, when1 was stirred with 1 equiv of
benzopinacol in toluene-d8 at room temperature for 6 h, ben-
zophenone and benzhydrol, that is, the C-C bond cleavage
products of benzopinacol, were obtained almost quantitatively,
while 1 remained unchanged as confirmed by the1H NMR
spectrum. This reaction could be achievedcatalytically. In the
presence of 1 mol % of1, benzopinacol (4a) was transformed
almost quantitatively to benzophenone (5a) and benzhydrol (6a)
at 65 °C within 18 h (Scheme 2). The use of 1,2-bis(biphenyl-
2,2′-diyl)ethane-1,2-diol (4b) in place of benzopinacol afforded
fluorenone (5b) and fluorenol (6b) analogously. Although forma-
tion of a ketyl species by deprotonation and C-C bond cleavage
of a 1,2-diol has been previously reported,8a-c,e the catalytic
separation of a 1,2-diol into a pair of ketone and alcohol is, to
the best of our knowledge, unprecedented.9 These reactions could
be explained by the mechanism shown in Scheme 3, in which
the protonation of1 by the 1,2-diol4 to give the 1,2-diolate7
and the intramolecular deprotonation of the cationic unit in9 to
release1 and the alcohol6 play a crucially important role in the
catalytic cycle.8,10

Complex1 could also reversibly abstract a proton from active
methylene compounds and act as a catalyst for Michael addition
reactions. The reaction of1 with 1 equiv of CH2(COCF3)2 in THF
gave the structurally characterizable cationic complex{[(C5Me5)-
Ir] 2(µ-H)3}+[CH(COCF3)2]- (2‚CH(COCF3)2) in 78% isolated
yield.11 In the presence of 3 mol % of1, the reaction of ethyl
acetoacetate (10a) or ethyl cyanoacetate (10b) with 2 equiv of

acrylnitrile at room temperature afforded almost quantitatively
the addition product11aor 11b, respectively (Scheme 4). These
reactions represent a rare example of catalytic Michael addition
under neutral conditions.12

In summary, we have found that the binuclear iridium(II)
hydride complex1 is a novel base forreVersibledeprotonation
of acidic organic compounds, leading to unprecedentedcatalytic
C-C bond cleavage of aromatic 1,2-diols andcatalyticMichael
addition under neutral conditions. Further studies on the reactivity
of 1 are under progress.
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