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Hart-Davis and Mawby were the first to observe the intrinsic difference in the chemical 
reactivity of analogous transition metal complexes of the indenyl ligand (115-~H1) compared to 
the cyclopentadienyl ligand (115-CsHs) [1]. They proposed an ,,3_ indenyl intermediate to ex
plain the faster rate of associative substitution of CO by PPh3 in (11S-C9H7 )Mo(C0)3CH3, 
compared to the analogous cyclopentadienyl complex. Later, Basolo and co-workers deter
mined the rate of substitution of phosphines for one carbonyl ligand in CpRh(COh and the in
denyl analogue (115-~H7)Rh(C0)2 [2]. Again, second order kinetics were observed and the 
rate of substitution of one carbonyl ligand by PPh3 was determined to be a factor of 3.8 x 1 ()8 
faster with the indenyl complex compared to the cyclopentadienyl complex [2a]. Basolo 
termed this tremendous rate enhancement the "indenyl ligand effect," and clearly attributed it to 
a facile ring slippage in the transition state of the indenyl ligand (I) from 115 toward 113 (11), 
with the uncoordinated double bond being stabilized by conjugation within the six-membered 
ring. The final product (III) results from ligand expulsion and reformation of the 115-fonn. 
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· Due to this observed enhanced reactivity of indenyl metal complexes in ligand substitu
tion reactions the chemistry of these indenyl complexes have received increased attention, dur
ing the past ten years (3-6}. The indenyl complexes (115-C9H7)Mo(olh, where M =Co, Rh 
and ol = alkene, have been reported to be very active catalysts for intermolecular hydroacyla
tion [7], the cyclo-trimerisation of alkynes to substituted benzenes [8], the cyclo-co-trimerisa
tion of alkynes and nitriles to pyridines [9], and the hydrosilylation of phenyacetylene to give 
phenylsilyl alkenes [10]. The "indenyl ligand effect," or "indenyl effect," as we shall call it, 
has also been invoked to explain the lower barrier to ethylene rotation in indenyl ethylene 
complexes compared to cyclopentadienyl ethylene complexes of rhodium, in particular by 
Eshtiagh-Hosseini and Nixon [11] for (115-yH7)Rh('112-C2Itih, by McGlinchey and co-work
ers [12] in studies with (115-J-Me4llt;)Rh(ri2-C2Rth. and by Marder and co-workers [13] 
with ('1l5-MenC9H7_0)Rh(112-C2~h (n = 3,4,7). 

We have prepared the complexes Cplr(112-CsH14)CO and (115-yH7)lr(112-CsH14)CO 
in high yield from [(112-CsH14)2Ir(CO)Clh and thallium cyclopentadiene or potassium in
denide, respectively. The 'syn' and 'anti' stereoisomers due to rotation of the cylooctone ring, 
are shown for (11S-C9H1)Ir(112-CsH14)CO in Scheme I, and were characterized by NOE and 
two-dimensional NMR techniques. 

67 



Scheme I 
Hi ___ ./ 

I ' \ 
I 

Front View Front View 

"Syn Isomer" "Anti Isomer" 

(r15-C9H7)lr(n2-CsH14)CO was found to be more reactive than Cpir(n2-CsH14)CO in 
several circumstances, as shown in Scheme Il. The labile cyclooctene ring of(n5-C9H7)Ir(n2-
CsH14)CO was readily replaced under mild conditions by other two-electron donors such as 
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triphenylphosphine, carbon monoxide, ethylene, or phenylacetylene; Cplr(112-CgH14)CO was 
not reactive under identical or more severe conditions. The complex (115-C9H7)lr(112-CsH14)
CO readily oxidatively added C-Br and Si-H bonds, again under mild conditions, and was 
found to be a robust and long-lived catalyst for the hydrosilylation and hydrogenation of 
alkenes and alkynes. The rate of reaction of tri.phenylsilane with (115-yH1)Ir(112-CsH14)CO 
was determined to be associative in nature. This rate was found to be accelerated by the addi
tion of excess cyclooctene, and we have proposed the formation of the slipped indenyl complex 
(11LC~7)lr(112-CsH14h CO to account for this rate acceleration. This 11Lintermediate was 
not observed, but the complex (11LyH7)lr(C0)3, shown below, has been observed when (11L 
C9H7)lr(CO)i is under a CO atmosphere, and has been spectroscopically characterized. The 
reports of only a few characterized 111 and113-intermediates [3a,14,15] points to the difficulty in 
the isolation of such intermediates. 

~ 
Ir(C0)2 +CO (ca. 1 atm) 4P1z 

25°C 

For Cplr(ll2-C2~)L and (ll5-yH1)Ir(ri2-C2~)L, where L =ethylene or CO, the bar
rier to ethylene rotation about the iridium-ethylene bond axis, interchanging inner CHi) and 
outer CT-Jo) ethylene protons, as shown for (ll5-~H1)lr(112-C2~h below, was determined by 
lineshape fitting of variable-temperature lH NMR spectra. The free energies of activation were 
found to be 5-6 kcal/mole less for the indenyl complexes than for the corresponding cyclopen
tadienyl complexes (14 and 20 kcal/mole, respectively). This lowering of the barrier to ethy
lene rotation is attributed to a transition state effect, i.e., an 113-slipped indenyl intermediate 
during rotation, rather than a ground state effect, i.e., differential metal ethylene 1t-bonding. 

(a) Ground State (b) After Rotation 
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