
Oxidation & Reduction - Hydrogenation 
Chapter 12 

•  Oxidation results in an increase in the number of C−Z bonds  
(usually C−O bonds) or a decrease in the number of C−H bonds. 

•  Reduction results in a decrease in the number of C−Z bonds  
(usually C−O bonds) or an increase in the number of C−H bonds. 

Oxidation and Reduction of Organic Molecules 

•  The addition of H2 occurs only in the presence of a metal catalyst, and thus it is 
called catalytic hydrogenation. 

•  The catalyst consists of a metal—usually Pd, Pt, or Ni, adsorbed onto a finely 
divided inert solid, such as charcoal. 

•  H2 adds in a syn fashion. 

Catalytic Hydrogenation Catalytic Hydrogenation Mechanism 



•  The ΔHº of hydrogenation, also known as the heat of hydrogenation, can be used 
as a measure of the relative stability of two different alkenes that are hydrogenated 
to form the same alkane. 

•  Both cis and trans 2-butene are hydrogenated to butane. 

•  The heat of hydrogenation of the trans isomer is less than that of the cis isomer. 

•  Because less energy is released in converting the trans alkene to butane, it must 
be lower in energy to begin with. 

Relative Energies of Alkenes Hydrogenation: The Function of the Catalyst 

•  The catalyst provides a new reaction pathway with lower ΔG‡ (aka Ea) values. 

•  When unsaturated vegetable oil is treated with hydrogen, some or all of the π-bonds add H2, 
increasing the melting point of the oil. 

Hydrogenation of Vegetable Oil 

•  The steps in hydrogenation of fatty acids 
are reversible. 

•  H atoms are added sequentially rather 
than in a concerted step. 

•  Therefore, cis alkenes can isomerize to 
the more stable trans alkene. 

•  This is how trans fats are formed. 
•  Trans fats stimulate cholesterol synthesis 

in the liver, increasing blood cholesterol 
levels. 

•  There are three different ways in which H2 can add to the triple bond: 

Reduction of Alkynes 



Catalytic Hydrogenation of Alkynes 
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•  Platinum and palladium metal are too reactive to allow hydrogenation of an alkyne to stop 
after one equivalent of H2 adds. 

•  To stop at a cis alkene, a less active Pd catalyst (Lindlar’s catalyst) is used: 
  Pd adsorbed onto CaCO3 with added lead(II) acetate and quinoline.  

•  Compared to Pd metal, Lindlar�s catalyst is deactivated or �poisoned.� 

•  With the Lindlar catalyst, one equivalent of H2 adds to an alkyne to form the cis product.  

•  The cis alkene product is unreactive to further reduction. 

Reduction of Alkynes to Cis Alkenes 

•  In a dissolving metal reduction (such as Na in NH3), the elements of H2 are 
added in an anti fashion to form a trans alkene. 

Reduction of Alkynes to Trans Alkenes 



Summary of Alkyne Reductions Retrosynthetic Analysis:  
 

 
1)  Outline a synthesis of cis-2-pentene from alkyl halides with three or 

fewer carbons as your only source of carbon atoms in the final structure. 

2)  Outline a synthesis of the following compound from starting materials 
shown as your only source of carbon atoms in the final structure. 

 

Br

•  H2 is to added by a hydride (H¯) ion and a proton (H+).  

•  The most common hydride reducing agents contain a hydrogen atom bonded to 
boron or aluminum.  

•  Simple examples include sodium borohydride (NaBH4) and lithium aluminum 
hydride (LiAlH4).  

•  NaBH4 and LiAlH4 deliver H¯ to the substrate, and then a proton is added from 
H2O or an alcohol. 

Hydride Reduction 

Mild reducing agent. 
May be used in basic, 
aqueous conditions. 

Strong reducing 
agent. Must be used 
in an aprotic solvent. 

Reduction of Polar C-X σ Bonds with LiAlH4  


