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Regioselective Reactions

These Markovnikov additions are examples of regioselective 
reactions.  When a reaction can potentially give two or more 
constitutional isomers, but yields one, or predominantly only one, 
it is regioselective.

An Apparent Exception to Markovnikov's Rule

.

The ionic addition of HX (HCl, HBr, HI) follows the Markovnikov
rule. But for many years, HBr seemed to be an exception in some 
reactions.  Finally, in the 1930s, it was demonstrated that the 
exceptions that gave anti-Markovnikov additions were due to the 
presence of peroxides (R-O-O-R) that initiated a different reaction. 
This free radical addition of HBr to alkenes will be discussed later

CH3CH=CH2   +   HBr
R-O-O-R

anti-Markovnikov product

CH3CH2CH2Br
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Radical Reactions

• When a single hydrogen atom on a carbon has been replaced 
by a halogen atom, monohalogenation has taken place.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

• Monohalogenation can be achieved experimentally by adding 
halogen X2 to an excess of alkane.

• When asked to draw the products of halogenation of an 
alkane, draw the products of monohalogenation only, unless 
specifically directed to do otherwise.

Halogenation of Alkanes

Figure 15.2
Complete halogenation of

CH4 using excess Cl2
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Radical Reactions

• Three facts about halogenation suggest that the mechanism 
involves radical, not ionic, intermediates:

Halogenation of Alkanes—Reaction Mechanism
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Radical Reactions—Mechanism 
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Radical Reactions

Halogenation of Alkanes—Reaction Mechanism
Figure 15.3

Energy changes in the
propagation steps during the

chlorination of ethane
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Radical Reactions

• Since the observed ratio between CH3CH2CH2Cl and 
(CH3)2CHCl is 1:1, the 2° C—H bonds must be more reactive 
than the 1° C—H bonds.

Halogenation of Alkanes

• Thus, when alkanes react with Cl2, a mixture of products 
results, with more product formed by cleavage of the weaker 
C—H bond than you would expect on statistical grounds.
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Radical Reactions

• Although alkanes undergo radical substitutions with both 
Cl2 and Br2, chlorination and bromination exhibit two 
important differences.
1. Chlorination is faster than bromination.
2. Chlorination is unselective, yielding a mixture of 

products, but bromination is often selective, yielding 
one major product.

Chlorination versus Bromination
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Radical Reactions

• The differences in chlorination and bromination can be 
explained by considering the energetics of each type of 
reaction.

• Calculating the ΔH0 using bond dissociation energies reveals 
that abstraction of a 1° or 2° hydrogen by Br• is endothermic, 
but it takes less energy to form the more stable 2° radical.

Chlorination versus Bromination
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Radical Reactions
Chlorination versus Bromination

Conclusion: Because the rate-determining step is endothermic, 
the more stable radical is formed faster, and often a single radical 
halogenation product predominates.

Figure 15.5
Energy diagram for the
endothermic reaction:
CH3CH2CH3 + Br• →

CH3CH2CH2
• or (CH3)2CH• + HBr
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Radical Reactions

• Calculating the ΔH° using bond dissociation energies for 
chlorination reveals that abstraction of a 1° or 2° hydrogen by 
Cl• is exothermic.

Chlorination versus Bromination

• Since chlorination has an exothermic rate-determining step, 
the transition state to form both radicals resembles the same 
starting material, CH3CH2CH3. Thus, the relative stability of the 
two radicals is much less important, and both radicals are 
formed.
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Radical Reactions
Chlorination versus Bromination

Conclusion: Because the rate-determining step in chlorination is 
exothermic, the transition state resembles the starting material, 
both radicals are formed, and a mixture of products results.

Figure 15.6
Energy diagram for the

exothermic reaction:
CH3CH2CH3 + CI• →

CH3CH2CH2
• or (CH3)2CH• + HCI
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Radical Reactions

Stereochemistry of Halogenation
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Radical Reactions

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

Stereochemistry of Halogenation

• 1-Chlorobutane has no stereogenic centers and is thus achiral.
• 2-Chlorobutane has a new stereogenic center, and so an equal 

amount of two enantiomers must form—a racemic mixture.
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Radical Reactions

• A racemic mixture results because the first propagation 
step generates a planar sp2 hybridized radical. Cl2 then 
reacts with it from either side to form an equal amount of 
two enantiomers.

Stereochemistry of Halogenation
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Radical Reactions

• Suppose we were to chlorinate the chiral starting material (R)-2-
bromobutane at C2 and C3.

Stereochemistry of Halogenation

• Chlorination at C2 occurs at the stereogenic center.

• Radical halogenation reactions at a stereogenic center occur 
with racemization.
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Radical Reactions

• Chlorination at C3 does not occur at the stereogenic center, but
forms a new stereogenic center.

• Since no bond is broken to the stereogenic center at C2, its 
configuration is retained during the reaction.

• The trigonal planar sp2 hybridized radical is attacked from either 
side by Cl2, forming a new stereogenic center.

• A pair of diastereomers is formed.

Stereochemistry of Halogenation
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Radical Reactions

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

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

Radical Additions to Double Bonds

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

• Note that 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.

Radical Additions to Double Bonds

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



20

Radical Reactions

• The radical mechanism illustrates why the regio-
selectivity of HBr addition is different depending on the 
reaction conditions.

Radical Additions to Double Bonds



21

Radical Reactions

• The radical mechanism illustrates why the regio-
selectivity of HBr addition is different depending on the 
reaction conditions.

Radical Additions to Double Bonds


