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Since the first report by Kubas et al. on the coordination of 
molecular hydrogen to a transition meta1,l such compounds have 
been intensively studied.2 A quite common property of these 
complexes seems to be that the coordinated dihydrogen ligand 
is readily depr~tonated.~ The hydridic character of this ligand 
has prompted speculation that T ~ - H ~  compounds may be key 
intermediates of the heterolytic hydrogen activation in catalytic 
hydrogenation processes. According to this, Crabtree4 has 
proposed that the ruthenium complex RuC12(PPhp)p, a highly 
effective olefin hydrogenation catalyst? could activate H2 
heterolytically via the dihydrogen complex RuC12(q2-H2) (PPh3)p; 
but, unfortunately, there is no yet direct experimental evidence 
to substantiate this proposal. 

Jensen et al. have recently reported the isolation and char- 
acterization of the neutral dihydrogen iridium compound Ir- 
CIH2(+H2)(PPrp)2 (l)? In solution, 1 establishes an equilibrium 
with IrClH2(PiPrp)2 (2) through the reversible loss of H2. We 
have now found experimental evidence for the participation of 
1 in the activation of H2, as an intermediate in the hydrogenation 
of benzylideneacetone to 4-phenylbutan-2-one catalyzed by 2. 

The hydrogenation reactions were carried out in propan-2-01 
at 60 OC.' No reduction of the organic substrate was observed 
under argon, showing that hydrogen transfer from the solvent 
does not represent an important mechanistic pathway in the 
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Reactionconditions: [2] = 3 X l e 3  M; [benzylideneacetone]/[2] = 30; 
solvent = propan-2-01; T = 60 OC; P(H2) - 1 atm. Conversion of 
benzylidencacetone was found to be 97% after 11 h (GC yield: 97% 
4-phenylbutan-2-one, 3% benzylideneacetone). 
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catalysis. In order to determine the mechanism of this catalytic 
reaction, the kinetics of the process were studied. Initial 
hydrogenation rates were obtained from gas uptake experiments 
(Figure 1). To determine the rate dependence on the various 
reaction components, hydrogenation runs were performed at 
different concentrations of 2 and benzylideneacetone and at 
different hydrogen pressures (Table I). The reaction rate is first 
order with respect to the concentrations of 2 and of substrate and 
second order with respect to hydrogen pressure.* The second- 
order dependence of the rate on the hydrogen pressure strongly 
suggests that 2 is the catalyst precursor and, under catalytic 
conditions, it is in equilibrium with the dihydrogen complex 
1rClH2(~~-H~)(P'Prp)2 (1): which subsequently loses HCl to 
generate the active species IrHp(FPr3)z (3), as shown in eqs 1 
and 2. 

IrClH2(P'Pr3)2 + H, * IrC1H2(q2-H2)(P'Pr,), (1) 
2 1 

IrC1H,(q2-H2)(P'Pr,), == 1rH3(P'Pr3), + HC1 (2) 
1 3 

In accordance with this, the hydrogenation of benzylideneacetone 
was found to be inhibited by the addition of HCl in propan-2-01, 
The initial rate was inversely proportional to the concentration 
of added HC1 (Figure 2).1° The formation of 3 is also supported 
by the reaction of 2 with molecular hydrogen in the presence of 
EtpN; this leads to IrHs(FPrp)2,12 which is known to be an efficient 
catalyst precursor via the intermediate 3.13 In light of these results, 
the following reaction steps are consistent with the catalytic cycle: 

IrH3(P'Pr3)2 + PhCH=CHCOCH, 
3 

IrH,(P'Pr,),(PhCH=CHCOCH,) (3) 
4 

IrH,(P'Pr,),(PhCH=CHCOCH,) + 
4 

slow 
H, - IrH3(P'Pr3)2 + PhCH,CH,COCH, (4) 

With regard to the kinetic data, there is no doubt that the reaction 
of 4 with H2 is the rate-determining step. 

Although numerous reports on v2-H2 complexes have appeared 
recently,14 the role of these compounds in homogeneous catalytic 
hydrogenation reactions have received relatively little attention. 
Theoretical studies on the oxidative addition of molecular 
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q2-H2 compounds contain a dihydride equilibrium fraction.16 On 
the other hand, the q2-Hz ligand may  behave as a good leaving 
group;” this weak Lewis base character permits it to stabilize 
unsaturated species in solution, without affecting the coordination 
of the substrate to the metal center. In this respect, several 
catalytic systems based upon this concept have been reported.’* 
In addition, we provide in this note experimental evidence for the 
participation of a q2-Hz complex in the activation of molecular 
hydrogen in a catalytic process. The conclusion is that the 
IrClHz(q2-H2)(FPr3)2 complex is an intermediate in theactivation 
of hydrogen on going from IrC1H2(PiPr3)2 to IrHs(FPr3)2. 

Experimental Section 
Complex 2 was prepared as described in the 1iterat~re.l~ 
Kinetic Studies. The catalytic reactions were followed, at constant 

pressure, by measuring the hydrogen consumption as a function of time 
on a gas buret (Afora 516256). The analysis of the products of the 
catalytic reactions was carried out on a Perkin-Elmer 8500 gas 
chromatograph with a flame ionization detector and an FFAP on 
Chromosorb GHP 80/100-mesh (3.6 m X l/s in.) column at 220 OC. In 
a typical procedure, a degassed solution of 2 in propan-2-01 (4 mL) was 
syringed through a silicone septum into a 25-mL flask attached to a gas 
buret, which was in turn connected to a Schlenk manifold. The system 
was evacuated and refilled with hydrogen three times, and the flask was 
then immersed in a 60 OC bath. The substrate, dissolved in deaerated 
propan-2-01 (4 mL), was subsequently introduced through the septum, 
and the mixture was vigorously shaken during the run. The reaction 
products were identified by comparison of their retention times with those 
observed for puresamples. Plotsof kineticdata were fitted by conventional 
linear regression methods. 
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Figure 1. Hz gas uptake plots for the IrC1H2(PiPr3)z-catalyzed hydro- 
genation of benzylideneacetone to 4-phenylbutan-2-one in propan-2-01 
at 60 OC (P(H2) = 1 atm, [IrCIH2(PiPr3)2] = 1.93 X lC3 M). 
[Benzylideneacetone] = 0.25 M (0), 0.30 M (U), 0.35 M (O) ,  0.40 M 
(A), 0.49 M (A). 

Table I. Kinetic Data for the Hydrogenation of Benzylideneacetone 
to 4-Phenvlbutan-2-one Catalyzed by IrCIHdPiPrM 

103[Ir], [benzylideneacetone] , P(H2), 104[HC1], 106(-dV/dt), 
M M atm M L s-’ 

1.34 0.30 1 
1.93 0.30 1 
2.59 0.30 1 
2.97 0.30 1 
1.93 0.25 1 
1.93 0.35 1 
1.93 0.40 1 
1.93 0.49 1 
1.93 0.30 0.53 
1.93 0.30 0.68 
1.93 0.30 0.78 
1.93 0.30 0.88 
1.93 0.30 1 2.47 
1.93 0.30 1 4.95 
1.93 0.30 1 7.42 
1.93 0.30 1 12.37 
1.93 0.30 1 17.32 
1.93 0.30 1 24.75 

a In 2-propanol a t  60 OC. Corrected to P = 1 atm. 
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Figure 2. Plot of the rate of hydrogenation of benzylideneacetone to 
4-phenylbutan-2-one catalyzed by IrCIH2(PiPr3)2 in propan-2-01 at 60 
OC versus [HCI] (P(H2) = 1 atm, [IrCIH2(PiPr3)2] = 1.93 X le3 M, 
[benzylideneacetone] = 0.30 M). 

hydrogen to RhCl(PPh& suggest the existence of a nondetectable 
Rh(q2-H2) intermediate.IS In agreement with this proposal, 
spectroscopic observations indicate that the solutions of some 
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