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10-Carbonylations 

The Acetic Acid process 

Approximately 60 % of the 5 million tons of acetic acid made each year is produced by the carbonylation 
of methanol. 

CH3OH  +  CO
[M(CO)2I2]-

HI
OH

O

 

1960:  Original system developed by BASF 

M = Co, 250 ûC, 680 bar CO, 90 % acetic acid based on MeOH 

1966:  Monsanto Acetic Acid process 

M = Rh, 150 - 200 ûC, 20 - 60 bar CO, > 99 % acetic acid from MeOH 

1996:  BP Cativaª process  

M = Ir, improved catalyst stability, very high rates, and good product selectivity relative to both MeOH 
and CO 

Rhodium:  The Monsanto Acetic Acid Process: 

Adv. Organomet. Chem., 1979, 17, 255 
Chemtech, 1971, 1, 600 
U.S. Patent 3,769,329, 1973 

CH3OH  +  CO (30-40 atm)

[Rh(CO)2I2]-

HI
OH

O

180 ûC
> 99 %

 

Virtually any source of Rh(I) and iodide catalysts can be used.  These are converted under the 
reaction conditions to [RhI2(CO)2]

- and CH3I 

The key steps in the catalytic cycle are:  1) anion assisted oxidative addition of MeI; 2) migratory 
insertion of CO; 3) reductive elimination of acetyl iodide. 

The use of I- is critical.  Bromide gives rates that are 10X slower than iodide. 

¥ Iodide is a good nucleophile 

¥ Iodide is a weak Br¿nsted base 

¥ Iodide is a good ligand for Rh 

Rate = k[Rh]1[I-]1[CO]0[CH3OH]0 
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The Me-Rh species can only be observed spectroscopically (J. Am. Chem. Soc., 1993, 115, 4093), 
while the acyl rhodium species has not been observed. 

Disadvantages of this system: 

¥ Iodide is corrosive 

¥ The rhodium catalyst is only stable under certain conditions (high CO pressure), so catalyst 
recycling is difficult 

¥ A heterogeneous version is unlikely 

Iridium:  The BP Cativa™ Process 

Iridium catalysts have very high rates, but can have low selectivity. 

The mechanism as determined by Forster (J. Chem. Soc., Dalton Trans., 1979, 1639; Adv. Catal., 
1986, 34, 81; J. Mol. Cat., 1982, 17, 299) showed that the iridium system is more complex 
mechanistically than the rhodium system.  There appear to be two catalytic cycles involving both 
anionic and neutral iridium complexes. 

Regime 1:  Favored at low ratios of MeI to Ir and at low [H20] and [I-]. 
Reaction rate is inversely proportional to PCO. 
Major from of Ir is Ir(CO)3I 

Regime 2:  Observed at high [I-] 
Major Ir species is [Ir(CO)2I2]

- 
Rate increases with increasing PCO and decreases with increasing [I-] 
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Regime 3:  Observed under a variety of conditions, particularly at high [H2O] or [MeOH] 
Major species is [HIr(CO)2I2]

- which catalyzes both methanol carbonylation and the water-gas shift 
reaction. 
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Comparison of the Rh and Ir systems:  Model studies in aprotic solvents (J. Chem. Soc., Dalton 
Trans. 1996, 2187): 
- The Ir-CH3 bond is stronger than the Rh-CH3 bond due to relativistic effects of the heavier Ir center.  
(Theoretical study:  Organometallics, 2000, 19, 1973-1982) 



Chapter 10:  Carbonylation:  4 

Prepared by Dr. Kevin Shaughnessy, Spring 2008 
The University of Alabama, Tuscaloosa, AL 

M
I

I CO

CO

CH3I
M

I

I CO

CO

CH3

I

L

M

I

I

CO

L

I

O

CH3

kIr/k Rh= 120 kRh/kIr
 = 105

 

Under protic conditions, migratory insertion is greatly accelerated for the Ir complex (Chem. Commun. 
1995, 1045).  Protic solvents facilitate dissociation of iodide from [MeIr(CO)2I3]

-, which occurs prior to 
migratory insertion. 

Recent studies of the catalytic cycle have shown the key intermediate to be [MeIr(CO)3I2], which 
undergoes migratory insertion much faster than [MeIr(CO)2I3]

-.  (Chem. Comm. 1998, 1023-1024) 
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L = CO is 800 times faster than L = I at 85 ˚C under 400 psi CO in chlorobenzene.

L = CO:  ! H‡ = 89 kJ/mol, ! S‡ = -36 J/mol•K

L = I-:  ! H‡ = 109 kJ/mol

Extrapolation of these results to 185 ˚C would predict that the neutral species would undergo 

migratory insertion 9 times faster than the anionic species.  

Pd-catalyzed carbonylation of aryl and vinyl halides 
J. Tsuji, Palladium Reagents and Catalysts, Wiley & Sons, Chichester, 1995, Ch. 4 
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Oxidative addition is followed by migratory insertion to give a palladium-acyl.  Nucleophilic attack by 
alcohols or amines on the carbonyl carbon results in formation of the organic product and a Pd-H that 
rapidly decomposes.  The mechanism for the nucleophilic attack is analogous to the mechanism for 
nucleophilic attack on simple carboxylic acid derivatives. 

This reaction is most commonly applied to the synthesis of esters and amides, but aldehydes and ketones 
can be made in this way as well. 
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