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Alkene reactions are fundamental transformations in organic chemistry
involving alkenes, which are hydrocarbons characterized by at least one
carbon-carbon double bond (C=C). These reactions are crucial for the
synthesis of complex organic molecules and play a vital role in various
industrial processes. This article will explore the various types of
reactions that alkenes undergo, the mechanisms behind these reactions, and
their applications in organic synthesis.

Types of Alkene Reactions

Alkenes participate in a range of chemical reactions due to their reactivity
associated with the double bond. The primary types of alkene reactions
include:

1. Electrophilic Addition Reactions
2. Hydrogenation Reactions
3. Hydroboration-Oxidation Reactions
4. Elimination Reactions
5. Polymerization Reactions

Electrophilic Addition Reactions

Electrophilic addition is one of the most common types of reactions for
alkenes. In this reaction, an electrophile attacks the electron-rich double
bond, leading to the formation of a more stable carbocation intermediate. The
general steps can be summarized as follows:

1. Electrophile Attack: The electrophile (E+) approaches the double bond and
forms a bond with one of the carbon atoms.
2. Carbocation Formation: This step generates a positively charged
carbocation on the adjacent carbon.
3. Nucleophile Attack: A nucleophile (Nu−) then attacks the carbocation,
resulting in the formation of a saturated product.

Common Electrophiles:
- Hydrogen halides (HCl, HBr, HI)
- Sulfuric acid (H2SO4)
- Halogens (Cl2, Br2)

Example Reaction:
The addition of HBr to propene (CH3-CH=CH2) leads to the formation of 2-
bromopropane:



\[ \text{CH}_3\text{CH}=\text{CH}_2 + \text{HBr} \rightarrow
\text{CH}_3\text{CHBrCH}_3 \]

Regioselectivity and Markovnikov's Rule

In electrophilic addition reactions, the regioselectivity is often determined
by Markovnikov's Rule, which states that when HX adds to an alkene, the
hydrogen atom will attach to the carbon with the greater number of hydrogen
atoms already attached. This results in the more stable carbocation
formation.

Example:
In the addition of HBr to propene, the more stable secondary carbocation is
formed, leading to the major product being 2-bromopropane rather than 1-
bromopropane.

Hydrogenation Reactions

Hydrogenation of alkenes involves the addition of hydrogen (H2) across the
double bond, converting the alkene into an alkane. This reaction is typically
carried out in the presence of a metal catalyst such as palladium (Pd),
platinum (Pt), or nickel (Ni).

Mechanism of Hydrogenation:
1. Adsorption: The alkene and hydrogen gas adsorb onto the catalyst's
surface.
2. Formation of Alkane: The H-H bond is broken, and hydrogen atoms are added
to the alkene, resulting in the formation of an alkane.

Equation:
For the hydrogenation of ethene, the reaction can be represented as follows:

\[ \text{C}_2\text{H}_4 + \text{H}_2 \xrightarrow{\text{Pd/Pt/Ni} }
\text{C}_2\text{H}_6 \]

Hydroboration-Oxidation Reactions

The hydroboration-oxidation reaction is a two-step process that converts
alkenes into alcohols. This method is notable for producing alcohols with
anti-Markovnikov regioselectivity.

Step 1: Hydroboration
- Borane (BH3) reacts with the alkene to form a trialkylborane intermediate.
The addition occurs in a syn manner, where both the boron and hydrogen add
from the same side of the double bond.



Step 2: Oxidation
- The trialkylborane is then oxidized using hydrogen peroxide (H2O2) in a
basic solution, leading to the formation of an alcohol.

Overall Reaction:
For the hydroboration-oxidation of propene:

\[ \text{CH}_3\text{CH}=\text{CH}_2 \xrightarrow{\text{BH}_3}
\text{CH}_3\text{CH}_2\text{CH}_2\text{B}
\xrightarrow{\text{H}_2\text{O}_2/\text{NaOH}}
\text{CH}_3\text{CH}_2\text{CH}_2\text{OH} \]

Elimination Reactions

Elimination reactions involve the removal of atoms or groups from adjacent
carbons in an alkene, usually resulting in the formation of a double bond.
The most common type of elimination reaction is the E1 and E2 mechanisms.

E1 Mechanism:
1. Formation of Carbocation: The leaving group departs, forming a
carbocation.
2. Deprotonation: A base abstracts a proton from the adjacent carbon, leading
to the formation of a double bond.

E2 Mechanism:
1. Concerted Mechanism: The base abstracts a proton while the leaving group
departs simultaneously, forming a double bond.

Example:
When 2-bromopropane undergoes elimination, it can form propene:

E2 Reaction:
\[ \text{CH}_3\text{CHBrCH}_3 + \text{Base} \rightarrow
\text{CH}_3\text{CH}=\text{CH}_2 + \text{Br}^- + \text{Base-H} \]

Polymerization Reactions

Polymerization involves the formation of long-chain polymers from small
alkene monomers. This process can occur through different mechanisms
including free radical polymerization, ionic polymerization, and coordination
polymerization.

Free Radical Polymerization:
1. Initiation: A radical initiator generates free radicals.
2. Propagation: The radicals add to the double bonds of alkenes, creating new
radicals that can further react.
3. Termination: Two radicals combine to terminate the chain reaction.



Example:
The polymerization of ethylene (C2H4) leads to polyethylene, a widely used
plastic:

\[ n \text{C}_2\text{H}_4 \rightarrow [\text{C}_2\text{H}_4]_n \]

Applications of Alkene Reactions

Alkene reactions have significant applications in both academic and
industrial settings, including:

1. Synthesis of Pharmaceuticals: Alkene reactions are frequently used in the
synthesis of complex pharmaceutical compounds.
2. Production of Polymers: Many common plastics, such as polyethylene and
polystyrene, are produced through the polymerization of alkenes.
3. Fuel Production: Alkene reactions are involved in refining processes and
the production of various fuels.
4. Natural Product Synthesis: Many natural products contain alkene functional
groups, and their reactions are critical for synthesizing these compounds.

Conclusion

Alkene reactions are a cornerstone of organic chemistry, offering diverse
pathways for the synthesis of various chemical compounds. From electrophilic
addition to polymerization, these reactions are characterized by their
mechanisms, regioselectivity, and applications. Understanding these reactions
is crucial for advancing synthetic methods and developing new materials in
both research and industrial contexts. As we continue to explore the
chemistry of alkenes, the potential for innovation in organic synthesis
remains vast.

Frequently Asked Questions

What are the main types of reactions that alkenes
undergo?
Alkenes primarily undergo addition reactions, such as electrophilic addition,
hydrogenation, hydrohalogenation, and hydration.

What is the mechanism of electrophilic addition to
alkenes?
The mechanism involves the formation of a carbocation intermediate after the



alkene attacks an electrophile, followed by nucleophilic attack by a species
on the carbocation.

How does Markovnikov's rule apply to alkene
reactions?
Markovnikov's rule states that in the addition of HX to an alkene, the
hydrogen atom will attach to the carbon with the greater number of hydrogen
atoms already, leading to the formation of the more stable carbocation.

What is the difference between syn and anti addition
in alkene reactions?
Syn addition refers to the addition of two groups on the same side of the
double bond, while anti addition refers to the addition of two groups on
opposite sides, affecting the stereochemistry of the product.

What role does the catalyst play in the
hydrogenation of alkenes?
In the hydrogenation of alkenes, a catalyst such as palladium, platinum, or
nickel is used to facilitate the addition of hydrogen across the double bond,
converting it into an alkane.

What is the significance of the Diels-Alder reaction
involving alkenes?
The Diels-Alder reaction is a cycloaddition reaction where a diene reacts
with an alkene (dienophile) to form a six-membered ring, important for
synthesizing complex cyclic compounds.

How do temperature and pressure affect alkene
polymerization reactions?
Higher temperatures and pressures can increase the rate of alkene
polymerization reactions, influencing the molecular weight and properties of
the resulting polymer.
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