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16.3: ELECTROPHILIC ADDITIONS TO CONJUGATED DIENES

After completing this section, you should be able to
write an equation for the addition of one or two mole equivalents of a halogen or a hydrogen halide to a nonconjugated diene.
write an equation for the addition of one or two mole equivalents of a halogen or a hydrogen halide to a conjugated diene.
write the mechanism for the addition of one mole equivalent of hydrogen halide to a conjugated diene, and hence account for the
formation of 1,2- and 1,4-addition products.
explain the stability of allylic carbocations in terms of resonance.
draw the resonance contributors for a given allylic carbocation.
predict the products formed from the reaction of a given conjugated diene with one mole equivalent of halogen or hydrogen halide.
predict which of the possible 1,2- and 1,4-addition products is likely to predominate when one mole equivalent of a hydrogen halide
is reacted with a given conjugated diene.
use the concept of carbocation stability to explain the ratio of the products obtained when a given conjugated diene is reacted with
one mole equivalent of hydrogen halide.

Make certain that you can define, and use in context, the key terms below.
1,2-addition
1,4-addition

Notice that the numbers used in the expressions 1,2-addition and 1,4-addition do not refer to the positions of the carbon atoms in the
diene molecule. Here, 1,2 indicates two neighbouring carbon atoms, while 1,4 indicates two carbon atoms which are separated in the
carbon chain by two additional carbon atoms. Thus in 1,2- and 1,4-additions to 2,4-hexadiene, the additions actually occur at carbons 2
and 3, and 2 and 5, respectively.
The term “monoadduct” should be interpreted as meaning the product or products formed when one mole of reagent adds to one mole
of substrate. In the objectives above, this process is referred to as the addition of one mole equivalent (or one mol equiv).

In Section 7.9 we saw that electrophilic addition to a simple alkene would follow Markovnikov’s rule, where the stability of the
carbocation intermediate would increase: primary < secondary < tertiary. With conjugated dienes the allylic carbocation intermediately
generated has different resonance forms. The following scheme represents the mechanism for the addition of HBr to 1,3-butadiene (at
0°C). Note the resonance contributors for the allylic carbocation intermediate and that the product resulting from the secondary cation
is generated in higher yield than from the primary cation as you might expect from our discussions until now. However, in the next
section you will see that the resulting product ratio can be drastically affected by a number of reaction conditions, including
temperature.

The reactions of 1,3-butadiene are reasonably typical of conjugated dienes. The compound undergoes the usual reactions of alkenes, such as
catalytic hydrogenation or radical and polar additions, but it does so more readily than most alkenes or dienes that have isolated double
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bonds. Furthermore, the products frequently are those of 1,2 and 1,4 addition:

Formation of both 1,2- and 1,4-addition products occurs not only with halogens, but also with other electrophiles such as the hydrogen
halides. The mechanistic course of the reaction of 1,3-butadiene with hydrogen chloride is shown in Equation 13-1. The first step, as with
alkenes, is formation of a carbocation. However, with 1,3-butadiene, if the proton is added to C1C1 (but not C2C2), the resulting cation has
a substantial delocalization energy, with the charge distributed over two carbons (review Sections 6-5 and 6-5C if this is not clear to you).
Attack of Cl⊖Cl⊖ as a nucleophile at one or the other of the positive carbons yields the 1,2- or the 1,4- addition product:

An important feature of reactions in which 1,2 and 1,4 additions occur in competition with one another is that the ratio of the products can
depend on the temperature, the solvent, and also on the total time of reaction.

DIRECT VS CONJUGATE ADDITION 
The description of direct versus conjugate addition uses numbers localized within the conjugate system and have nothing to do with the
numbering system used to determine the IUPAC name for a conjugated diene. The reactions of 1,3-butadiene are reasonably typical of
conjugated dienes and illustrate the difference in the numbering system to describe the reaction versus the IUPAC nomenclature numbers.
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MECHANISM FOR THE ELECTROPHILIC ADDITION TO CONJUGATE DIENES 
The mechanism below explains the formation and distribution of addition products to conjugated dienes using 1,3-butadiene as an example.
The first step, as with isolated alkenes, is the formation of a carbocation. For 1,3-butadiene, the proton is added to form the allylic,
resonance stabilized carbocation intermediate. The resulting cation has a substantial delocalization energy, with the charge distributed over
two carbons. The nucleophile reacts with both carbons, but favors the carbon bearing the larger partial positive charge. The reaction yields
both the 1,2- or the 1,4- addition products. The more stable the intermediate produces the greater the percentage of the final products as
shown in the mechanism below.

Formation of both 1,2- and 1,4-addition products occurs not only with hydrohalic acids, but with halogens, catalytic hydrogenation or
radical, and other polar additions associated with the electrophilic addition reactions of isolated alkenes.

In a tertiary (3°) alcohol, the carbon atom holding the -OH group is attached directly to three alkyl groups, which may be any combination
of same or different. Examples:

3. Give the 1,2 and the 1,4 products of the addition of one equivalent of HBr to 1,3-hexa-diene.

4. Look at the previous addition reaction of HBr with a diene. Consider the transition states, predict which of them would be the major
products and which will be the minor.

Answer
3.

Exercise
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4. The products i-iii all show a secondary cation intermediate which is more stable than primary. Therefore those would be major
products and the iv product would be the minor product.
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