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9.1: ELECTROPHILIC ADDITION REACTIONS (EARS)

Learning Objective

e draw the general Electrophilic Addition Reaction (EAR) mechanism for an alkene

INTRODUCTION

We are going to start by looking at ethene, because it is the simplest molecule containing a carbon-carbon double bond. What is true of C=C
in ethene will be equally true of C=C in more complicated alkenes.
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Ethene , CoHy, is often modeled as shown above. The double bond between the carbon atoms is, of course, two pairs of shared electrons.
What the diagram doesn't show is that the two pairs aren't the same as each other. One of the pairs of electrons is held on the line between
the two carbon nuclei as you would expect, but the other is held in a molecular orbital above and below the plane of the molecule. A
molecular orbital is a region of space within the molecule where there is a high probability of finding a particular pair of electrons.

In this diagram, the line between the two carbon atoms represents a normal sigma bond - the pair of shared electrons lies in a molecular
orbital on the line between the two nuclei where you would expect them to be. The other pair of electrons is found somewhere in the shaded
part above and below the plane of the molecule. This bond is called a pi bond. The electrons in the pi bond are free to move around
anywhere in this shaded region and can move freely from one half to the other. The pi electrons are not as fully under the control of the
carbon nuclei as the electrons in the sigma bond. Because the pi bond electrons lie exposed above and below the rest of the molecule, they
are relatively open to reaction with other compounds.

ELECTROPHILIC ADDITION REACTIONS (EARS)

In a sense, the pi bond is an unnecessary bond. The structure would hold together perfectly well with a single bond rather than a double
bond. The pi bond often breaks and the electrons in it are used to join other atoms (or groups of atoms) onto the alkene molecule. To
continue with our example, ethene undergoes addition reactions. An addition reaction is a reaction in which two molecules join together to
make a bigger one. Nothing is lost in the process. All the atoms in the original molecules are found in the bigger one. The pi bond is
electron rich and takes the role of the nucleophile seeking out an electrophile with its full or partial positive charge.

Using a general molecule X-Y as the electrophile reacting with ethene, the atoms 'X"' and 'Y" are added to the carbon chain across the vinylic
carbons as shown below.
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UNDERSTANDING THE ELECTROPHILIC ADDITION MECHANISM
The mechanism for the reaction between ethene and a molecule X-Y begins by recognizing the electrophilic nature of X-Y. Trends in

relative electronegativity help identify bonds to create partial positives within polar compounds. As shown below, w€ are going to
assume that Y is more electronegative than X, so that the pair of electrons is pulled slightly
towards the Y end of the bond. This polarity means that the X atom carries a slight positive
charge (partial positive).
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The slightly positive X atom is an electrophile and attracts the exposed pi electrons in the ethene. Now imagine what happens as they
approach each other. The electrons in the half of the pi bond nearest the XY are attracted to the partial positive charge as shown below.
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The two electrons in the pi bond move closer towards the X until a covalent bond is made. Simultaneously, the electrons in the X-Y bond
are pushed entirely onto the Y to form the anion Y~ ion and a carbocation as shown below.
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IN THE FINAL STEP, THE LONE PAIR ON Y" IS ATTRACTED TO THE POSITIVELY CHARGED CARBOCATION AND
THEY REACT TO FORM A SECOND COVALENT BOND AND THE PRODUCT BELOW.

EAR MECHANISM
The movements of the electrons for the EAR mechanism are shown with curved arrows.

Step 2:

The carbocation is the electrophile
and attracts nucleophilic Y-

to form the addition product.

Step 1:
Alkene takes role of nucleophile.

Hi=—=CH, ———=~ HZKT EZH - H2(|2 C|H2
. { X 5 X Y
Electrophile ¥ Y- o
accepts electrons. ‘ addition
Y accepts /1 product
electrons -

and acts like a leaving group.

REGIOCHEMISTRY AND REGIOSELECTIVE REACTIONS

Regiochemistry is the orientation of the electrophile relative to the pi bond of the alkene. Electrophilic addition reactions of alkenes can be
regioselective depending on the symmetry and structure of the alkene. The details will be discussed in a later sections of this chapter.

Stereoselective Reactions

Different stereoisomeric reactants produce different stereoisomeric products. Electrophilic addition reactions of alkenes can be
stereoselective depending on the symmetry and structure of the alkene. The details will be discussed in a later sections of this chapter.

Exercise 9.1.1

1. In the next section, we will apply the Electrophilic Addition mechanism to actual compounds. Draw the complete mechanism when
hydrogen bromide gas is bubbled through a solution of cyclopentene.

Answer
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