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Dissociative mechanism 
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Associative mechanism 



Photolysis 

W(CO)6 + sol → W(CO)5(sol) + CO 

W(CO)5(sol) + L → W(CO)5L + sol 3 



Substitution promoted by a redox process 
addition of a catalytic amount of a mono-reducing agent 
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Effect of  the Lewis basicity of the ligand 

The presence of more basic ligands coordinated to the metal center 

reduces the rate of CO substitution. 

The introduction of 2 or 3 phosphines represent the limit of the 

susbtitution. 
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[Ir(CO)Cl(PPh3)2] + PEt3 → [Ir(CO)Cl(PPh3)2(PEt3)]  → 

 

 [Ir(CO)Cl(PPh3)(PEt3)] + PPh3 

16e: associative mechanism 
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[V(CO)5(NO)] + PPh3 → [V(CO)4(NO)(PPh3)] + CO 

[Re(h5-Cp)(CO)3] + PPh3 → [Re(h5-Cp)(CO)2(PPh3)] + CO 

Substitutions for 18 electron compounds with 

associative mechanism  
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Steric considerations 

The bulk of other ligands on the metal affects the rate of the substitution 

reaction: 

 

 

• Large ligands INCREASE the rate of dissociative processes 

• Large ligands DECREASE the rate of associative processes 
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Oxidative Addition 
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Concerted mechanism 

SN2 mechanism 



Irregular oxidative addition 

Oxidative addition of imidazolium salts from zero-valent precursors 

Polar solvents favour polar transition states, therefore a SN2 mechanism. 
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Reductive Elimination 
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Examples 
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s-bond metathesis 
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1,1 Migratory Insertion 
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[Mn(CH3)(CO)5] + PPh3 → [Mn(CH3CO)(CO)4(PPh3)] 

X = H, R, Ar 

Migration of X on C or insertion of CO in the M‒X bond? 
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Mechanism of the 1,1 Migratory Insertion 

Decarbonylation of [Mn(*COCH3)(CO)5]: only cis-[MnCH3(
*CO)(CO)4] 

Principle of microscopic reversibility! 

 

Study of the decarbonylation of cis-[Mn(CH3CO)(CO)4(
*CO)] to demonstrate 

the mechanism: 

 

trans-[Mn(CH3)(CO)4(
*CO)] and cis-[Mn(CH3)(CO)4(

*CO)] in 1/2 ratio: 

 

METHYL MIGRATION! 

no isomerization 
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1,2 Insertion with h2 ligands 
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Polyethylene and Polypropylene formation 

X = H, R, Ar 
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Isomerization of alkenes 
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-elimination reaction 
Typical for early transition metals. There must be an alkyl group with an H 

on the C (with respect to the metal), normally there are no H on C. 

Usually there are two cis alkyl groups. 

- and -eliminations are also frequent  formation of metallacycles 

«cyclometallations»  

Described as Oxidative Addition  of a remote -CH group 
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Fluxional Behaviour 

Characterized by two intense νCO bands in the IR 

spectrum at 2034 and 2014 cm−1 22 
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Fluxional means that the carbonyl groups exchange their 

positions with one another rapidly.  

The capability to detect the molecule in a fixed position is 

related to the timescale of the applied analytical technique 

with respect of the rate of the exchange process. 

 

IR has a short time scale (~10-12 s) 

NMR has a much longer time scale  
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Given that the temperature at which the NMR 

spectra are recorded can be easily varied, often the 

samples are cooled down at a temperature at which 

the rate of interconversion becomes slow enough to 

observe separate resonances. For example in the 

Figure the ideal 31P NMR spectra of [RhMe(PMe3)4] 

at rT and at 80 C are shown. At low T the spectrum 

consists of a doublet of doublets of relative 

integration 3 ( = 24), corresponding to the 

equatorial P (that couples with the axial 31P and 
103Rh), plus a quartet of doublets of relative 

integration 1, from the axial P (that couples with 
103Rh and the three equatorial 31P). At rT the 

exchange between the PMe3 groups makes them 

equivalent and only a doublet is observed (from the 

coupling with 103Rh). 

roomT 
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← → 
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Fluxionality of the h2-alkene bond 
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Fluxionality of the h2-alkene bond 
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Fluxionality of the h5-Cp bond 

35 



h1-Cp Ring-Whizzing 
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Fluxionality of Cp 
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NMR: JHD = 34 Hz NMR: JHD < 2 Hz 
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