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10.4: STABILITY OF THE ALLYL RADICAL - RESONANCE REVISITED

After completing this section, you should be able to

1. explain the stability of the allyl radical in terms of resonance.
2. explain the difference between resonance and tautomerism.
3. write an equation for the reaction of an unsymmetrical alkene with N-bromosuccinimide.
4. draw the structure of each of the possible products that could be obtained from the reaction of a given unsymmetrical alkene with

N-bromosuccinimide, and predict which product will predominate.
5. explain the formation of more than one product from the reaction of N-bromosuccinimide with a given unsymmetrical alkene.
6. explain the observed product ratio when a given unsymmetrical alkene is treated with N-bromosuccinimide.

Make certain that you can define, and use in context, the key terms below.
delocalized
resonance forms
resonance hybrid

You will have encountered the concept of resonance if you have taken general first-year chemistry course. You should also briefly
review Section 2.5.

When we can represent a species by two or more different Lewis or Kekulé structures, neither of which represents the true structure of
the species, these structures are referred to as resonance forms. A common example used in general chemistry courses to illustrate the
concept of resonance is ozone, O . The two resonance forms of ozone may be represented as follows:
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The concept of resonance is quite important, and will be used frequently throughout the remainder of this course. The guidelines below
may assist you in drawing resonance contributors.
1. Resonance occurs whenever a molecule, radical or ion can be represented by two or more structures differing only in the

arrangement of electrons (no atoms may be moved).
2. The true structure of a species is a hybrid of the resonance contributors and is more stable (i.e., lower in energy) than any of the

contributors.
3. The most important contributors are those containing the most covalent bonds. Another way of saying the same thing is that the

most important contributors have the least amount of charge separation.
4. Contributors in which all the atoms (except hydrogen) have a complete octet (i.e., are surrounded by eight electrons) are particularly

important.

In the previous section we discussed the allylic bromination of a symmetrical alkene with NBS such as this cyclopentene, which affords
one product.

NBS
hν, CCl4

Br

However, with an unsymmetrical alkene and the delocalized unpaired electron forming various allylic resonances, several products are
possible. For example, the NBS bromination of 4-methyl-cyclohexene leads to three products.

 OBJECTIVES

 KEY TERMS

 STUDY NOTES
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THE GEOMETRY AND RELATIVE STABILITY OF CARBON RADICALS
As organic chemists, we are particularly interested in radical intermediates in which the unpaired electron resides on a carbon atom.
Experimental evidence indicates that the three bonds in a carbon radical have trigonal planar geometry, and therefore the carbon is
considered to be sp -hybridized with the unpaired electron occupying the perpendicular, unhybridized 2p orbital. Contrast this picture with
carbocation and carbanion intermediates, which are both also trigonal planar but whose 2p  orbitals contain zero or two electrons,
respectively.

The trend in the stability of carbon radicals parallels that of carbocations (section 8.4B): tertiary radicals, for example, are more stable than
secondary radicals, followed by primary and methyl radicals. This should make intuitive sense, because radicals, like carbocations, can be
considered to be electron deficient, and thus are stabilized by the electron-donating effects of nearby alkyl groups.

Benzylic and allylic radicals are more stable than alkyl radicals due to resonance effects - an unpaired electron can be delocalized over a
system of conjugated pi bonds. An allylic radical, for example, can be pictured as a system of three parallel 2p  orbitals sharing three
electrons. With two resonance forms, the allylic radical is electronically symmetrical. Due to resonance hybrid theory, neither structure is
correct, but instead the structure lies somewhere between the two resonance forms. Another way to phrase this is that the unpaired electron
is delocalized across all the carbon atoms through the pi system and not localized on one site. The more resonance structures, the more
stable the molecule. This is why the allylic radical is more stable than the alkyl radical.

Because the allylic radical is symmetrical, a reaction can occur on either side. Therefore if reacting with bromine, the bromination could
occur on either end of the allylic radical. When the allyl radical is symmetrical, this yields the same product. However, if you have an
unsymmetrical allyl radical, it would lead to a mixture of products and not necessarily in equal amounts. This is because the intermediate
radical is unsymmetrical. The reaction will occur at the less hindered site. An example would be 1-octene as a starting material in a
bromination. The products the reaction would yield would be 3-bromo-1-octene and 1-bromo-2-octene.
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3-bromo-1-hexene 1-bromo-2-hexene
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FURTHER REACTIONS
The products from allylic bromination reactions can easily be converted into dienes by elimination using a base. If the alkyl chain is long
enough, alkenes can be converted to dienes through a two-step process: allylic bromination followed by elimination.

cyclopentene

NBS, hν
CCl4

3-bromocyclopentene

Br
KOH

1,3-cyclopentadiene

1) The following reaction shows the major product. Explain why this would be the final product and why the 2° bromo product is not
the major product.

NBS, hν
CCl4

Br

2) Predict the products of the following reactions:

NBS, hν
CCl4

NBS, hν
CCl4

Answer
1) The product (A) is a 1° halogen which is more predominant product even though the (B) had a better transition state with a 2°
radical. The 1° radical intermediate is not as sterically hindered.

 EXERCISE 10.4.1
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