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Ligand Substitution

LyM
nX + :Nu ���� LyM

n(Nu) + :X

Associative Mechanism (Associative Mechanism (““QuasiQuasi--SSNN22””))

Dissociative Mechanism (Dissociative Mechanism (““QuasiQuasi--SSNN11””))



Mechanism and Kinetics of Dissociative Substitutions

ML5X + Y = ML5Y + X



An Example of Dissociative Substitution at Ni(II)

f



r = k[ML2TX][Y]r = k[ML2TX][Y]

Mechanisms and Kinetics of Associative Substitutions

ML2TX + Y = ML2TY + X



geometry retained

isomerization possible

Stereochemistry of Dissociative Substitutions

spy

tbp



geometry retained

isomerization possible

Stereochemistry of Associative Substitutions





The ‘Trans Effect’

Partial explanation:                    

σσσσ donation by T weakens
the M-X bond



The ‘Trans Effect’ in Inorganic Synthesis



A Few Thermodynamic & Kinetic Remarks

The rate and extent of the substitution
of X with Y are critically related to the 
strength of the M-X and M-Y bond

The inherent components can be
modulated by means of ‘ancillary / 
spectator’ ligands featuring proper
steric and/or electronic effects

Tolman’s Cone Angle ConceptTolman’s Cone Angle Concept



‘Inert’ vs ‘Labile’



Oxidative Addition / Reductive Elimination

LyM
n + AB ���� LyM

n+2(A)(B)

• Availability of non-bonding electrons
• Accessibility of TWO coordination sites

• Similarly good stability of Oxidation Numbers n & (n+2)

RequisitesRequisites forfor M:M:

MainMain examplesexamples ofof MMnn/M/Mn+2n+2 pairspairs::

• Fe0/Fe2+ ; Ru0/Ru2+; Os0/Os2+

• Rh+/Rh3+ ; Ir+/Ir3+

• Ni0/Ni2+ ; Pd0/Pd2+ ; Pt0/Pt2+

• Pd2+/Pd4+ ; Pt2+/Pt4+

MainMain examplesexamples ofof ABAB: 

• (with separation of A & B) H2 ; X2 (X = halogen) ; HX ; RX ; ArX

• (without separation of A & B)   O2



Mechanisms of Oxidative Addition

i) Concerted



Oxidative Addition of H2



Mechanisms of Oxidative Addition (ctd)

i) Concerted

ii) Stepwise (SN2-Type) [typically for polar A-B]



• If a certain series of steps constitutes the mechanism of a forward reaction, 
the mechanism of the reverse reaction (under the same conditions) is given
by the same steps traversed backwards – or …

• The sequence of transition states and reactive intermediates in the 
mechanism of a reversible reaction must be the same, but in reverse order, 
for the backward reaction as for the forward reaction – or …

• If the mechanism in one direction is known, then the mechanism in the 
opposite direction is known – or …

• The lowest-energy pathway in the forward direction will be the lowest-energy
pathway in the reverse direction

Principle of Microscopic Reversibility

…as Applied to Oxidative Addition / 
Reductive Elimination



Insertion / Elimination

LyM
n-X + AB ���� LyM

n-AB-X

AB M-X M-AB-X

C≡≡≡≡O M-OH M-(C=O)OH

M-R M-(C=O)R

M-NR(R’) M-(C=O)NR(R’)

CH2=CH2 M-H M-CH2-CH2-H

M-R M-CH2-CH2-R

CH2=CHR M-H M-CH2-CHR-H

M-CHR-CH2-H

M-R’ M-CH2-CHR-R’

Important Examples:

M-CHR-CH2-R’



Insertion of Ethene into M-R

M
R

M
R

M

R

M
R

One vacant coordination
site at M is needed

δδδδ-

δδδδ+

δδδδ-

δδδδ+

The C=C double bond is
activated due to polarization
and back-donation from M

4-Centre TS

The insertion is
‘migratory’ due to
the principle of the 
least nuclear motion



Insertion of Ethene into M-H

�

β-agostic ethyl

A B

Crystallographic
evidence of the

β-agostic interaction



Insertion of CO into M-CH3



Sigma-Bond Metathesis

LyM
n-X + AB ���� LyM

n-A + B-X

M X

A B

#

vs

M

X

A

B

#

Mechanism :


