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PD CATALYZED AEROBIC OXIDATION 

REACTIONS 

 Pd catalysts widely 

used for oxidation 

reactions 

 Alcoholketone 

 Oxidative coupling 

 

 

 What is the 

mechanism of Pd 

oxidation? 

 



PREVIOUS STUDIES OF PD-H OXIDATION 

 Path A (HAA) 

 H atom abstraction by O2 

 Path B (HXRE) 

 H-X Reductive elimination 

 

 Experimental evidence for 

HXRE but not for HAA. 

 

 Is HAA actually viable? 
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SPECIFICALLY SPARTEINE  

External base higher energy than HAA 

Determine mechanism based on rate dependence on 

[O2] 

 

 

 



SYNTHESIS: 

Goal:  Conversion to (Sp)Pd(H)Cl 

 

 

 



Β-ELIMINATION: 

 



OXIDATIVE ADDITION 

 

 

 

 

 Pd0 oxidized to Pd+2 

 Alkene and phosphine ligands 



HYDRIDE DONORS 

 Sn, Si and B reagents 

Hydride donor 



(ETO)3SIH WORKS BEST  

 

 

 

 

 Dark brown product 

 40% yield 

10 equiv 

(EtO)3SiH 

 

CD2Cl2, -10°C  



NMR EVIDENCE 

δ= -25.97 ppm 



DEGRADATION: 



KINETIC STUDIES 

 Need rate dependence of [O2] to 

determine mechanism 

 Caveats: 

 Cant be purified 

 Catalyst not characterized 

 Follow reaction by NMR (-30°C) 

 Vary [O2] 



RESULTS 

 O2 concentration had no effect on reaction 

rate 

 Zero order 

 Can’t be HAA mechanism 



THERMODYNAMIC CALCULATIONS: 

  

 Calculate energy of intermediates 

 

 Density functional theory 

 Use for calculations of many-body systems 

 Use particle density to get wavefunction  

 Alternative to Slater determinants 

 Calculations done with Gaussian 

 

 



•Pd-NB bond is longer than Pd-NA  

•Weaker bond is more easily broken  
 



HLRE 



DOES IT WORK WITH OTHER LIGANDS? 





CONCLUSION 

 Kinetic studies show that HAA mechanism does not 

occur 

 

 HLRE has zero-order rate dependence on oxygen and 

is thermodynamically favorable over HAA  

 

 “Ancillary” ligands aren’t really ancillary! 

 

 


