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Evidence for an Anionic Intermediate in the Mechanistic Pathway of the 
Oxidative Addition Reaction of [( cyclo -octadiene)IrCl(PEtPh,)l with 

Hydrochloric Acid 

By WYNAND J. Louw,* DIRK J. A. DE WAAL, and JOY E. CHAPMAN 
(A'ational Chemical Research Laboratory, Council for  Scientific and Industrial Research, Pretoria 0001, Republic of South 

Africa) 

Summary [(cod)IrCl(PEtPh,)] reacts with HCl to form the 
oxidative addition product [(cod) IrHCl,(PEtPh,)] via the 
intermediate [(cod)IrCl,(PEtPh,)]- (cod = cyclo-octa- 
diene) . 

IT has generally been found that in oxidative addition 
reactions of organometallic complexes the oxidation of the 
substrate precedes the nucleophilic attack of the anionic 
species of the addenda molecule.1 We have studied the 
oxidative addition reaction (1) kinetically and have found 

[(cod)IrCl(PEtPh,)] + HC1 -+ [(cod)IrHCl,(PEtPh,)] (1) 

the first example of the oxidizing step being preceded by the 
nucleophilic attack to form the intermediate [(cod) IrC1,- 
(PEtPh,)]- (cod = cyclo-octadiene). 

The kinetic runs were measured on a Durrum stopped- 
flow apparatus by following the disappearance of [(cod)IrCl- 
(PEtPh,) (eppZ = 907) under pseudo first-order conditions in 
dioxygen-free methanol solutions with constant ionic 
strength. Conductivity measurements showed HCl to be 
extensively dissociated (the methanol solutions contained 
ca. 2% water) thus [Hf] = [Cl-] = ca. [HCl], ([HCl], = 
hydrochloric acid concentration if dissociation is disre- 
garded). The empirical rate law found for reaction (1)  is 
shown in equation (2) where C, and C, are constants. 

MeOH 

25 "C 

LHC1l o/kobs = ( 1 / c i )  + (c2/ [HC1l 0 )  (2) 

The empirical rate law found when [Hf] was varied inde- 
pendently by addition of HClO, to a HC1 solution is shown in 
equation ( 3 )  where C, and C, are constants. 

l/kobs = c, + (C,/[H+]) (3) 

These data cannot be explained by HC1 reacting as a 
(No change in reaction rate molecule or as radical species. 

was found with addition of a radical trap, hydroquinone, to 
the reaction solutions.) The rate law shown in equation (4) 
can be derived from the reaction shown in Scheme 1 

kl 

'-' k ,  1 H+ 
[(cod) IrC1( PEtPh,)] + C1- + [(cod) IrCl,( PEtPh,) 1- 

[(cod) IrHCl,(PEtPh,)] 

SCHEME 1 

(assuming [(cod)IrCl,(PEtPh,)]- to be in a steady state 1 
which fits both empirical rate laws in equations (2) and (3). 
The k,K, value calculated from the data obtained from the 
empirical rate law in equation (2) is 4.8 x 10, s-l 1, mol-2 
and the value calculated from that from the rate law in 
equation ( 3 )  is 5.3 x 10, s-l l2 rnol-,, while k ,  is ca. 2.5 x 
102 s-l 1 mol-l. 

It is also possible to explain the empirical rate laws in 
equations (2) and (3) with a mechanism whereby the protona- 
tion step precedes the nucleophilic attack (Scheme 2) since 

K 
[(cod)IrCl(PEtPh,)] + Hf + [(cod)IrHCl(PEtPh,)]+ 

[(cod) IrHCI,( PEtPh,) 3 
k J. C1- 

SCHEME 2 

the rate law derived from this reaction scheme is as shown in 
equation ( 5 ) .  
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This implies that in order for the [H+] dependence to 
limit, the equilibrium K will have to lie far over to the r.h.s. 
a t  high [H+]. This is, however, not so since HClO, does 
not react with [(cod)IrCl(PEtPh,)] and the intermediate (Received, 24th May 1977; Corn. 508.) 
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[(cod)IrCI,(PEtPh,)]- is left to account for all the observed 
data. 




