
GENERAL

chapter 6 reactions of alkenes addition reactions
Published: September 27, 2026  |  Index ID: #-

Introduction

Alkenes are unsaturated hydrocarbons that contain at least one carbon–carbon double bond. Because of the high

electron density within the <���&öæBÀ alkenes are highly reactive and serve as versatile building blocks in organic

synthesis. Chapter 6 of many organic chemistry texts is dedicated to the addition reactions of alkenes, a

foundational topic that bridges basic theory with practical applications in pharmaceuticals, polymers, and fine

chemicals. This article provides a thorough exploration of the addition mechanisms, key examples, stereochemical

outcomes, and real �world implications of alkene chemistry. Whether you are a student preparing for exams or a

practitioner seeking a refresher, the following discussion will illuminate the core concepts and highlight the nuances

that make alkene addition reactions both fascinating and indispensable.

Chapter /6 Overview: Why Addition Reactions Matter

In the context of organic chemistry, addition reactions are those in which two reactants combine to form a single

product, effectively “adding” to the alkene skeleton. Unlike substitution or elimination reactions, which modify or

remove functional groups, addition reactions increase the molecular size and complexity of the alkene. This is

crucial for:

•  Functionalization: Introducing new functional groups (e.g., hydroxyl, halogen, or carboxyl) onto the carbon 

framework.

•  Stereochemical control: Generating chiral centers or defined stereochemistry that is vital in drug development.

•  Polymerization: Building long chains of repeating units, the basis for many plastics and materials.

•  Mechanistic insight: Understanding electron flow and intermediate stability, which informs the design of novel 

reagents.

Chapter 6 typically begins by establishing the fundamental principles—such as the conservation of atoms, the role

of the <���&öæ@ as a nucleophile, and the importance of reaction conditions—before delving into specific reaction

classes. The chapter is structured to guide the reader from simple electrophilic additions to more complex radical

and nucleophilic processes, culminating in a discussion of stereochemistry and real �world applications.

Electrophilic Addition Reactions

Electrophilic addition is the most common category of alkene addition reactions. In these processes, the alkene

acts as a nucleophile, donating its <���VÆV7G&öç0 to an electrophile, which then attaches to one of the carbon atoms.

The reaction typically proceeds through a carbocation intermediate, whose stability governs the reaction pathway

and product distribution.

1. Halogenation (Br ‚, Cl ‚)

Halogens add across the double bond in a classic electrophilic fashion. The reaction proceeds via a cyclic halonium

ion intermediate, leading to anti addition:

1.  <���&öæB�Föæ�FW2�Fò�†�ÆövVâÂ�`orming a three �membered halonium ring.

2.  The halogen’s lone pair opens the ring, resulting in a secondary carbocation.



3.  Halide ion attacks the carbocation from the side opposite the halonium, yielding a vicinal dihalo compound.

The product distribution follows the Markovnikov rule, with the halogen attaching to the more substituted carbon to

stabilize the carbocation intermediate.

2. Hydration (H ‚O, H ‚SO „ or Pt/H ‚O)

Water adds to alkenes under acidic conditions, producing alcohols. The reaction mechanism is similar to

halogenation:

1.  The alkene forms a carbocation after protonation.

2.  Water attacks the carbocation, forming an oxonium ion.

3.  Deprotonation yields the alcohol.

Again, the Markovnikov orientation is observed, and the reaction is often catalyzed by Lewis acids (e.g., FeCl ƒ) or

metal catalysts (Pt, Pd) to increase rate and selectivity.

3. Hydrohalogenation (HX, HBr, HI, HCl)

Hydrohalogenation adds a hydrogen and a halogen across the double bond. The mechanism involves the formation

of a carbocation intermediate, with the hydrogen attaching to the less substituted carbon and the halogen to the

more substituted carbon:

1.  Protonation of the double bond generates a carbocation.

2.  The halide ion attacks the carbocation, forming the alkyl halide.

Hydrohalogenation is widely used in the synthesis of alkyl halides, which are versatile intermediates for further

transformations.

4. Hydrosilylation (R ƒSi–H)

Hydrosilylation adds a silicon–hydrogen bond across the double bond, producing organosilicon compounds. The

reaction can proceed via a platinum catalyst (Karstedt’s catalyst) or a palladium catalyst (Tsuji–Trost). The

mechanism typically involves:

•  Oxidative addition of the Si–H bond to the metal center.

•  Coordination of the alkene to the metal.

•  Insertion of the alkene into the metal–silicon bond.

•  Reductive elimination to release the product.

Hydrosilylation is valuable for creating silyl ethers, which are protective groups in organic synthesis.

5. Hydration with H ‚O ‚ (Oxidative Hydroxylation)

Peroxide reagents can add hydroxyl groups to alkenes in a process that often proceeds via a radical mechanism,

leading to anti-Markovnikov products. This method is employed in the synthesis of vicinal diols and is a key step in

the industrial production of certain fine chemicals.

Radical Addition Reactions

Radical addition reactions involve the generation of a carbon-centered radical that adds to the alkene. These

reactions are typically initiated by heat, light, or radical initiators such as AIBN or benzoyl peroxide. Radical addition

offers unique selectivity, often producing anti-Markovnikov products where electrophilic additions would not.

1. Hydrohalogenation (Anti-Markovnikov) with HBr in the Presence of TEMPO

When HBr is added to alkenes in the presence of a radical scavenger like TEMPO, the reaction proceeds via a



radical chain mechanism. The bromine radical adds to the less substituted carbon, generating a more stable

secondary radical that then abstracts a hydrogen from HBr, yielding an anti-Markovnikov alkyl bromide.

2. Hydroperoxidation (Addition of H ‚O ‚)

Alkenes can react with hydrogen peroxide in the presence of a catalyst (e.g., MnO ‚) to form hydroperoxides.

Subsequent reduction or rearrangement can produce alcohols or ketones. The radical mechanism ensures that the

addition occurs at the less substituted carbon.

3. Atom Transfer Radical Addition (ATRA)

ATRA involves the addition of a halogen atom to an alkene via a radical chain. A typical ATRA sequence includes:

•  Initiation: Generation of a halogen radical.

•  Propagation: Radical adds to alkene, forming a new carbon radical.

•  Halogen abstraction: The new radical abstracts a halogen atom from a haloalkane, forming the addition 

product and regenerating the halogen radical.

ATRA is employed in the synthesis of complex molecules, including natural products and pharmaceuticals.

Nucleophilic Addition Reactions

Unlike electrophilic additions, nucleophilic addition reactions involve the attack of a nucleophile on an electrophilic

carbon center. In alkenes, nucleophilic addition typically occurs in the presence of a Lewis acid or a metal catalyst

that activates the alkene toward nucleophilic attack.

1. Organometallic Additions (Grignard, Organozinc)

Alkenes can undergo addition of organometallic reagents (RMgX, RZnX) in the presence of Lewis acids (e.g., AlCl ƒ).

The reaction proceeds via a concerted mechanism where the metal–carbon bond adds across the double bond,

forming a new C–C bond and a metal-alkoxide complex that is hydrolyzed to give a tertiary alcohol.

2. Hydride Additions (NaBH „, LiAlH „) to Activated Alkenes

Highly activated alkenes, such as those bearing electron-withdrawing groups (e.g., ;�Ã² �unsaturated carbonyls), can

undergo conjugate addition of hydride reagents. The hydride adds to the ;"��6�&&öâÀ and the resulting enolate is

protonated to yield a saturated alcohol.

3. Cyanide Addition (Prins Reaction)

The Prins reaction involves the addition of a nucleophilic cyanide ion to a protonated alkene, forming a ;"��€ydroxy

nitrile. This reaction is often catalyzed by Lewis acids and is a valuable route to synthesize complex, chiral

molecules.

Stereochemistry of Alkene Addition Reactions

Alkene addition reactions are notorious for generating stereoisomers. Understanding the stereochemical outcome

is essential for designing reactions that produce the desired configuration, especially in the synthesis of biologically

active compounds.

1. Anti vs. Syn Addition

•  Anti addition occurs when the two new substituents add to opposite faces of the alkene. This is typical in 

halogenation, where the halonium intermediate forces anti addition.

•  Syn addition involves the addition of both groups to the same face, often seen in radical additions where the 



radical intermediate can rotate before capturing a new atom.

2. E/Z (cis/trans) Isomerism

When a double bond is substituted with two different groups on each carbon, the addition products can be E (trans)

or Z (cis). The stereochemistry is determined by the relative orientation of the larger substituents after the addition.

For example, in the addition of HBr to 2-butene, the product is predominantly a mixture of E and Z isomers, with the

E isomer being slightly favored due to lower steric strain.

3. Diastereoselectivity in Multi-Functionalized Systems

When multiple chiral centers are present, the addition can lead to diastereomeric mixtures. Catalytic systems that

provide a chiral environment (e.g., chiral Lewis acids) can bias the reaction toward a single diastereomer, which is

particularly useful in pharmaceutical synthesis.

Practical Applications of Alkene Addition Chemistry

The principles covered in Chapter 6 extend far beyond academic exercises. Here are several real-world scenarios

where alkene addition reactions play a pivotal role.

1. Polymer Production

Ethylene and propylene undergo radical addition polymerization to yield polyethylene and polypropylene,

respectively. The control of stereochemistry during polymerization determines the material properties such as

crystallinity and melting point.

2. Pharmaceutical Intermediates

Many drug molecules contain chiral alcohols, amines, or halides that are introduced via alkene addition. For

instance, the synthesis of propranolol involves a Markovnikov hydrohalogenation followed by nucleophilic

substitution.

3. Fine Chemical Synthesis

Alkene hydrosilylation is employed to produce organosilicon intermediates that serve as protective groups or as

building blocks for silicon-based materials.

4. Agrochemical Development

Selective addition reactions are used to functionalize alkenes present in natural products, enabling the synthesis of

herbicides and insecticides with improved potency and environmental profiles
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