
•  A small but significant 
group of reactions 
involve radical 
intermediates. 

•  A radical is a reactive 
intermediate with a 
single unpaired 
electron, formed by 
homolysis of a 
covalent bond. 

•  Half-headed arrows 
are used to show the 
movement of 
electrons in radical 
processes. 
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•  Radicals are formed from covalent bonds by adding energy in the form of 
heat (Δ) or light (hν). 

•  Some radical reactions are carried out in the presence of a radical 
initiator.  

•  Radical initiators, such as peroxides of general structure,  RO–OR, 
contain an especially weak bond that serves as a source of radicals. 

•  Heating a peroxide readily causes homolysis of the weak O–O bond, 
forming two RO• radicals. 

•  Radicals undergo two main types of reactions—they react with σ bonds, 
and they add to π bonds. 

General Features of Radical Reactions 



Reaction of a Radical X• with C-H & C=C Bonds 

Radical 
Inhibition 



•  Halogenation of alkanes is only useful with Cl2 or Br2. Reaction with F2 is too 
violent, and reaction with I2 is too slow to be useful. 

•  When a single hydrogen atom on a carbon has been replaced by a halogen atom, 
monohalogenation has taken place. 

•  When excess halogen is used, it is possible to replace more than one hydrogen 
atom on a single carbon with halogen atoms. 

Radical Halogenation of Alkanes 

monohalogenations 

1:1 ratio 

multiple halogenations 



Common Steps of Radical Reactions 

•  Radical halogenation has three distinct steps: 

These are the chain reaction steps of a radical mechanism. 
 





1.  Chlorination is faster than bromination. 

2.  Chlorination is unselective, yielding a mixture of products 

3.  Bromination is more selective, often yielding one major product. 

Chlorination vs Bromination 



•  Halogenation of an achiral starting material such as CH3CH2CH2CH3 forms two 
constitutional isomers by replacement of either a 1° or 2° hydrogen. 

Stereochemistry from Achiral Starting Material 

formation of the 
racemic mixture 



CFCs and the Destruction of the Ozone Layer 

•  CFC’s have been used as 
refrigerants and propellants. 

Alternative to CFC’s 
and its less harmful 
decomposition: 



•  An allylic carbon is a carbon adjacent to a double bond. 

•  Homolysis of the allylic C–H bond in propene generates an allylic radical 
which has an unpaired electron on the carbon adjacent to the double bond. 

•  The allyl radical is more stable than other radicals because the π bond and 
the unpaired electron are delocalized. 

Radical Halogenation at an Allylic Carbon 



NBS – a Radical 
Bromination Reagent 

Note: The reaction and conditions are very important. 
However, you will not be responsible for this mechanism. 

•  The HBr formed in Step [2] reacts with NBS to form a low 
concentration of Br2. This is then used for halogenation in 
Step [3] of the mechanism. 



•  A mixture results because the reaction proceeds by way of a resonance-stabilized 
radical. 

Regiochemistry & Stereochemistry of Allylic Halogenation 

•  Halogenation at an allylic carbon often results in a mixture of products.  

(both enantiomers  
in a 1:1 ratio) 



Oils are 
susceptible to 
allylic free radical 
oxidation. 

Oxidation of Unsaturated Lipids 



•  An antioxidant is a compound that stops an oxidation reaction from occurring. 

•  Naturally occurring antioxidants such as vitamin E prevent radical reactions that 
can cause cell damage. 

•  Synthetic antioxidants such as BHT—butylated hydroxy toluene—are added to 
packaged and prepared foods to prevent oxidation and spoilage. 

•  Vitamin E and BHT are radical inhibitors, which terminate radical chain 
mechanisms by reacting with the radical. 

Antioxidants 



•  To trap free radicals, both vitamin E and BHT use a hydroxy group bonded to a 
benzene ring—a general structure called a phenol. 

•  Radicals (R•) abstract a hydrogen atom from the OH group of an antioxidant, 
forming a new resonance-stabilized radical.  

•  This new radical does not participate in chain propagation, but rather terminates 
the chain and halts the oxidation process. 

•  Because oxidative damage to lipids in cells is thought to play a role in the aging 
process, many antiaging formulations contain antioxidants. 

Mechanism of Antioxidant Behavior 



•  Electron rich alkenes react with electron deficient radicals. 

•  Radicals react with alkenes via radical chain mechanisms consisting of: 

•  Initiation, propagation and termination steps 

•  HBr adds to alkenes to form alkyl bromides in the presence of heat, light, 
or peroxides. 

Radical Additions to Alkenes 



•  The regioselectivity of the addition to unsymmetrical alkenes is different 
from that for addition of HBr in the absence of heat, light, or peroxides. 

•  The addition of HBr to alkenes in the presence of heat, light, or peroxides 
proceeds via a radical mechanism. 

Radical Additions to Alkenes 





•  In the first propagation step, the addition of Br• to the double bond, there 
are two possible paths: 

1.  Path [A] forms the less stable 1° radical. 

2.  Path [B] forms the more stable 2° radical.  
(The more stable 2° radical forms faster, so Path [B] is preferred.) 

 

Regiochemistry of Radical Addition to Alkenes 



•  Depending on the reaction conditions, a different species initially reacts 
with the p bond accounting for the difference in regioselectivity. 

•  Radical addition involves initial attack by a bromine radical. 

•  Ionic addition involves initial attack on a proton. 

Radical vs Ionic Addition of HBr 



•  Polymers are large molecules made up of repeating units of smaller molecules 
called monomers.  

•  They include biologically important compounds such as proteins and 
carbohydrates, as well as synthetic plastics such as polyethylene, polyvinyl 
chloride (PVC) and polystyrene. 

•  Polymerization is the process of joining together of monomers to make polymers.  

•  For example, joining ethylene monomers together forms the polymer 
polyethylene, a plastic used in milk containers and plastic bags. 

Polymers and Polymerization 



•  Many ethylene derivatives 
having the general 
structure CH2=CHZ are 
also used as monomers for 
polymerization. 

•  The identity of Z affects the 
physical properties of the 
resulting polymer. 

•  Polymerization of 
CH2=CHZ usually affords 
polymers with Z groups on 
every other carbon atom in 
the chain. 

Polymers from 
Ethylene Derivatives 



The new radical is always 
located on the C bonded to Z. 

•  This process called head-to-tail polymerization. 


