
Addition and elimination
The addition and its counterpart, the elimination, are 

reactions which change the number of substituents on the 
carbon atom, and form or cleave multiple bonds. Double

and triple bonds can be produced by eliminating a suitable 
leaving group. Similar to the nucleophilic substitution, 

there are several possible reaction mechanisms which are 
named after the respective reaction order. In the E1 

mechanism, the leaving group is ejected first, forming a 
carbocation. The next step, formation of the double bond, 
takes place with elimination of a proton (deprotonation). 
The leaving order is reversed in the E1cb mechanism, that 

is the proton is split off first. This mechanism requires 
participation of a base.[42] Because of the similar 

conditions, both reactions in the E1 or E1cb elimination 
always compete with the SN1 substitution.[43]

E1 elimination
E1cb elimination
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E1cb 
elimination



 The E2 mechanism also requires a base, but there the 
attack of the base and the elimination of the leaving 
group proceed simultaneously and produce no ionic 
intermediate. In contrast to the E1 eliminations, 
different stereochemical configurations are possible 
for the reaction product in the E2 mechanism, because 
the attack of the base preferentially occurs in the anti-
position with respect to the leaving group. Because of 
the similar conditions and reagents, the E2 elimination 
is always in competition with the SN2-substitution.[44]
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E2 
elimination

Electrophilic addition of hydrogen 
bromide



 The counterpart of elimination is the addition where double or triple 
bonds are converted into single bonds. Similar to the substitution 
reactions, there are several types of additions distinguished by the type 
of the attacking particle. For example, in the electrophilic addition of 
hydrogen bromide, an electrophile (proton) attacks the double bond 
forming a carbocation, which then reacts with the nucleophile
(bromine). The carbocation can be formed on either side of the double 
bond depending on the groups attached to its ends, and the preferred 
configuration can be predicted with the Markovnikov's rule.[45] This 
rule states that "In the heterolytic addition of a polar molecule to an 
alkene or alkyne, the more electronegative (nucleophilic) atom (or 
part) of the polar molecule becomes attached to the carbon atom 
bearing the smaller number of hydrogen atoms."[46]

 If the addition of a functional group takes place at the less substituted 
carbon atom of the double bond, then the electrophilic substitution 
with acids is not possible. In this case, one has to use the 
hydroboration–oxidation reaction, where in the first step, the boron
atom acts as electrophile and adds to the less substituted carbon atom. 
At the second step, the nucleophilic hydroperoxide or halogen anion
attacks the boron atom.[47]
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 While the addition to the electron-rich alkenes and 
alkynes is mainly electrophilic, the nucleophilic
addition plays an important role for the carbon-
heteroatom multiple bonds, and especially its most 
important representative, the carbonyl group. This 
process is often associated with an elimination, so that 
after the reaction the carbonyl group is present again. 
It is therefore called addition-elimination reaction and 
may occur in carboxylic acid derivatives such as 
chlorides, esters or anhydrides. This reaction is often 
catalyzed by acids or bases, where the acids increase by 
the electrophilicity of the carbonyl group by binding to 
the oxygen atom, whereas the bases enhance the 
nucleophilicity of the attacking nucleophile.[48]
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Acid-catalyzed addition-elimination 
mechanism



 Nucleophilic addition of a carbanion or another 
nucleophile to the double bond of an alpha, beta 
unsaturated carbonyl compound can proceed via the 
Michael reaction, which belongs to the larger class of 
conjugate additions. This is one of the most useful 
methods for the mild formation of C–C bonds.[49][50][51]

 Some additions which can not be executed with 
nucleophiles and electrophiles, can be succeeded with free 
radicals. As with the free-radical substitution, the radical 
addition proceeds as a chain reaction, and such reactions 
are the basis of the free-radical polymerization.[52]

 O
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