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Illustration from page 178 

Ligand Substitution Reactions  



Associative Process for Ligand Substitution  
      in Square Planar Complex 

Question:   What properties of Td,  X,  Y facilitate this reaction?? 
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Figure 7-1 Spectral and Structural Characteristics of Pt(II) Complexes 

Thermodynamic Trans Influence 
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Kinetic Trans Effect 



Trans Effect:   Applications in Synthesis 

(weak) F–, HO–, H2O <NH3 < py < Cl– < Br– < I–, SCN–, NO2
–, SC(NH2)2, Ph– < 

SO3
2– < PR3 < AsR3, SR2, H3C– < H–, NO, CO, NC–, C2H4 (strong) 



Figure 7-2 Activation Energy and the trans Effect The depth of the energy 
curve for the intermediate and the relative heights of the two maxima will vary 

with the specific reactants. 

Trans Effect and Influence:  
                    Reaction Profiles 



Trans Effect and Influence:  
Two Ways to affect rates as 
shown by Reaction Profiles 

Destabilize 
Ground state 

Stabilize the 
Transition state 



Figure 7- 5 Intermediates in the Dissociative Substitution of 
M(CO)5X Complexes:   cis- labilizing effect of X ligands 

Favored! 

Dis-favored! 



Favored! 

Dis-favored! 

The importance of the transition state in H2 oxidative addition  

What are the factors that favor the cis vs.  trans- L2Ir(CO)(Cl)(H)2 isomers?  



Associative Ligand Substitution Reactions in 1 8-
electron complexes:   Does not use 20- e intermediates 
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cis-Mo(CO)4(PR3)2     +      CO                Mo(CO)5(PR3) +  PR3                  

Dissociative Reactions:   rate = k[M- CO]1  

Classic Dissociative Reaction 
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Competing Dissociative and Interchange- Dissoc.  Reaction Pathways 



Vaska’s complex 
 

trans-IrCl(CO)[P(C6H5)3]2 

Synthesis might be trans-effect directed:  Ir(PR3)4
+    +    ? 

 
 
 
Problems:  PPh3 ligand is too large; CONE ANGLE = 145° 



Space-filling model of Vaska’s Complex 



Inorganic Chemistry Chapter 1: Figure 21.12 

© 2009 W.H. Freeman 



Inorganic Chemistry Chapter 1: Table 21.7 

© 2009 W.H. Freeman 



Vaska’s complex 
 

trans-IrCl(CO)[P(C6H5)3]2 

Alternate way: 
 
IrCl3(H2O)3 + 3 P(C6H5)3 + HCON(CH3)2 + C6H5NH2  
 
IrCl(CO)[P(C6H5)3]2 + [(CH3)2NH2]Cl + OP(C6H5)3 + [C6H5NH3]Cl + 
2 H2O  
 
Why 3 PPh3?   

Synthesis might be trans-effect directed:  Ir(PR3)4
+    +    ? 

 
 
 
Problems:  PPh3 ligand is too large; CONE ANGLE = 145° 



Vaska’s complex  trans-IrCl(CO)[P(C6H5)3]2 

Vaska's complex helped provide the 
conceptual framework for homogeneous 
catalysis. 



Vaska’s complex  trans-IrCl(CO)[P(C6H5)3]2 

Vaska's complex helped provide the conceptual 
framework for homogeneous catalysis. 



Organometallic Chemistry Spessard                               Copyright © 2010 
by Oxford University Press, Inc. 



Organometallic Chemistry Spessard                               Copyright © 2010 
by Oxford University Press, Inc. 

Scheme 7.7 Stereospecific Reactions of Palladium Complexes 

John Stille:  Oxidative Addition to Pd° Complexes 
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