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13.10: Radical Halogenation at an Allylic Carbon

When halogens are in the presence of unsaturated molecules such as alkenes, the expected reaction is addition to the double bond
carbons resulting in a vicinal dihalide (halogens on adjacent carbons). However, when the halogen concentration is low enough,
alkenes containing allylic hydrogens undergo substitution at the allylic position rather than addition at the double bond. The
product is an allylic halide (halogen on carbon next to double bond carbons), which is acquired through a radical chain mechanism.

CH,=CHCH; + X, (eweone) === CH,=CHCH,X + HX

Why Substitution of Allylic Hydrogens?

As the table below shows, the dissociation energy for the allylic C-H bond is lower than the dissociation energies for the C-H bonds
at the vinylic and alkylic positions. This is because the radical formed when the allylic hydrogen is removed is resonance-
stabilized. Hence, given that the halogen concentration is low, substitution at the allylic position is favored over competing
reactions. However, when the halogen concentration is high, addition at the double bond is favored because a polar reaction
outcompetes the radical chain reaction.
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Radical Allylic Bromination (Wohl-Ziegler Reaction)

Preparation of Bromine (low concentration)

NBS (N-bromosuccinimide) is the most commonly used reagent to produce low concentrations of bromine. When suspended in
tetrachloride (CCly), NBS reacts with trace amounts of HBr to produce a low enough concentration of bromine to facilitate the
allylic bromination reaction.
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N-Br + HBr —= N-H + Br,
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Allylic Bromination Mechanism

Step 1: Initiation

Once the pre-initiation step involving NBS produces small quantities of Br,, the bromine molecules are homolytically cleaved by
light to produce bromine radicals.

By = B = 2 B

Step 2: Propagation

One bromine radical produced by homolytic cleavage in the initiation step removes an allylic hydrogen of the alkene molecule. A
radical intermediate is generated, which is stabilized by resonance. The stability provided by delocalization of the radical in the

https://chem.libretexts.org/@go/page/30632



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/30632?pdf
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Map%3A_Organic_Chemistry_(Smith)/13%3A_Radical_Reactions/13.10%3A_Radical_Halogenation_at_an_Allylic_Carbon
https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Supplemental_Modules_and_Websites_(Inorganic_Chemistry)/Descriptive_Chemistry/Elements_Organized_by_Block/2_p-Block_Elements/Group_17%3A_The_Halogens
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Alkenes/Properties_of_Alkenes/Degree_of_Unsaturation
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Reactions/Addition_Reactions/Electrophilic_Addition_Reactions/The_Generalized_Electrophilic_Addition
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Fundamentals/Resonance_Forms
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Conjugation/Overlap_of_Adjacent_p_Orbitals-Electron_Delocalization

LibreTextsw

alkene intermediate is the reason that substitution at the allylic position is favored over competing reactions such as addition at the
double bond.

FAVAN)

§|\/’ 5
R-CH=CH-CH-R" + Br- —— |R-CH=CH=CH-R <= R-CH-CH=CH-R

+ HBr

The intermediate radical then reacts with a Br, molecule to generate the allylic bromide product and regenerate the bromine radical,
which continues the radical chain mechanism. If the alkene reactant is asymmetric, two distinct product isomers are formed.

Br

R-CH=CH-CH-R + 'Br == Br. =™ R-CH=CH-CH-R + Br-

allylic bromide

Step 3: Termination

The radical chain mechanism of allylic bromination can be terminated by any of the possible steps shown below.

.

ZB:_r- + Bl —— Br,
R-CH=CH-CH, + -Br ~—> R-CH=CH-CH,Br

AN

R-CH=CH-CH, + CH,-CH=CH-R — R-CH=CH-CH,-CH,-CH=CH-R

Radical Allylic Chlorination

Like bromination, chlorination at the allylic position of an alkene is achieved when low concentrations of Cl, are present. The
reaction is run at high temperatures to achieve the desired results.

Industrial Uses

Allylic chlorination has important practical applications in industry. Since chlorine is inexpensive, allylic chlorinations of alkenes
have been used in the industrial production of valuable products. For example, 3-chloropropene, which is necessary for the
synthesis of products such as epoxy resin, is acquired through radical allylic chlorination (shown below).

400°C

CH,CH=CH, + Cl,~—— CICH,CH=CH, + HCl

Problems (Answers are attached as a file)

1. Cyclooctene undergoes radical allylic bromination. Write out the complete mechanism including reactants, intermediates and
products.

2. Predict the two products of the allylic chlorination reaction of 1-heptene.

3. What conditions are required for allylic halogenation to occur? Why does this reaction outcompete other possible reactions such
as addition when these conditions are met?

4. Predict the product of the allylic bromination reaction of 2-benzylheptane. (Hint: How are benzylic hydrogens similar to allylic
hydrogens?)

5. The reactant 5-isopropyl-1-hexene generates the products 3-bromo-5-isopropyl-1-hexene and 1-bromo-5-isopropyl-2-hexene.
What reagents were used in this reaction?
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Outside Links

¢ http://en.wikipedia.org/wiki/N-Bromo...de#Preparation
e http://en.wikipedia.org/wiki/Wohl-Ziegler_reaction

o http://www.mhhe.com/physsci/chemistr...10allylic.html
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