alkene reaction cheat sheet

alkene reaction cheat sheet is an essential resource for any organic chemistry student or
professional. Mastering the diverse reactions of alkenes is fundamental to understanding organic
synthesis and reaction mechanisms. This comprehensive guide will break down the most important
alkene reactions, providing clear explanations, typical reagents, and expected products. We will cover
addition reactions, oxidation, reduction, and rearrangements, equipping you with the knowledge to
confidently tackle alkene chemistry problems. Whether you are preparing for an exam or designing a
synthesis, this alkene reaction cheat sheet will serve as your indispensable study companion.

Understanding Alkene Reactivity: The Foundation of
Reactions

Alkenes, characterized by their carbon-carbon double bond, are highly reactive functional groups in
organic chemistry. The pi () bond within the double bond is weaker and more accessible than the
sigma (o) bond, making it susceptible to electrophilic attack. This inherent reactivity is the driving
force behind the vast array of transformations that alkenes undergo. Understanding the electron
density distribution and the nature of the pi system is crucial for predicting the outcomes of various
reactions. The versatility of alkenes allows them to participate in addition, substitution,
polymerization, and oxidation reactions, forming the backbone of many synthetic pathways.

Key Alkene Addition Reactions: Building New Bonds

Addition reactions are the most prevalent type of reaction for alkenes, where atoms or groups are
added across the carbon-carbon double bond, converting the pi bond into sigma bonds. These
reactions typically proceed via an electrophilic addition mechanism, where an electrophile attacks the
electron-rich double bond.

Electrophilic Addition of Halogens (Halogenation)

The addition of halogens like Brz or Cl2 across the double bond of an alkene is a classic electrophilic
addition reaction. This reaction typically occurs without a catalyst and proceeds via a cyclic halonium
ion intermediate. The anti-addition of halogens is a key stereochemical outcome of this process,
leading to vicinal dihalides.

e Reagents: Brz, Clz
e Mechanism: Electrophilic addition via cyclic halonium ion

e Products: Vicinal dihalides (e.qg., 1,2-dibromopropane from propene)



Electrophilic Addition of Hydrogen Halides
(Hydrohalogenation)

The reaction of alkenes with hydrogen halides (HX, where X = Cl, Br, |) results in the addition of a
hydrogen atom to one carbon of the double bond and a halogen atom to the other. This reaction
follows Markovnikov's rule, which states that the hydrogen atom adds to the carbon of the double
bond that already has the greater number of hydrogen atoms. This regioselectivity is due to the
formation of the more stable carbocation intermediate.

e Reagents: HCI, HBr, HI
e Mechanism: Electrophilic addition, Markovnikov's rule applies

e Products: Alkyl halides (e.g., 2-chloropropane from propene)

Hydration of Alkenes: Adding Water

Hydration, the addition of water to an alkene, typically requires an acidic catalyst. The reaction
follows Markovnikov's rule, yielding an alcohol. Common methods include acid-catalyzed hydration
(using H2S04 or HsPO4) and oxymercuration-demercuration, which avoids carbocation
rearrangements. Hydroboration-oxidation provides the anti-Markovnikov addition of water, yielding a
primary alcohol.

¢ Acid-catalyzed hydration: H20, H* (e.g., H2504) -> Markovnikov alcohol

e Oxymercuration-demercuration: 1. Hg(OAc)z2, H2O/THF 2. NaBHa4 -> Markovnikov alcohol (no
rearrangement)

e Hydroboration-oxidation: 1. BH3*THF 2. H202, NaOH -> Anti-Markovnikov alcohol

Catalytic Hydrogenation: Reducing the Double Bond

The addition of hydrogen (Hz) to an alkene in the presence of a metal catalyst, such as platinum (Pt),
palladium (Pd), or nickel (Ni), results in the saturation of the double bond, forming an alkane. This is a
syn-addition reaction, meaning both hydrogen atoms add to the same face of the double bond. This
process is often referred to as reduction.

e Reagents: Hz, Metal catalyst (Pt, Pd, Ni)
e Mechanism: Syn-addition

e Products: Alkanes (e.g., propane from propene)



Dihalogenation and Halohydrin Formation

The reaction of alkenes with halogens in the presence of water leads to the formation of halohydrins,
which are compounds containing both a halogen and a hydroxyl group on adjacent carbon atoms. This
reaction involves the formation of a halonium ion intermediate, which is then attacked by water. The
regioselectivity and stereochemistry are dictated by the nucleophilic attack on the intermediate.

e Reagents: Br2 or Cl2 in H20
e Mechanism: Electrophilic addition via halonium ion, water acts as nucleophile

e Products: Halohydrins (e.g., 2-bromo-1-propanol from propene)

Oxidation Reactions of Alkenes: Introducing Oxygen

Oxidation reactions modify the double bond by introducing oxygen-containing functional groups.
These reactions are crucial for cleaving double bonds or introducing epoxides and diols.

Epoxidation: Forming Epoxides

Epoxidation involves the addition of an oxygen atom across the double bond to form a three-
membered cyclic ether, known as an epoxide or oxirane. Peroxy acids, such as peroxyacetic acid
(CH3COsH) or meta-chloroperoxybenzoic acid (m-CPBA), are commonly used as oxidizing agents. This
reaction proceeds with syn-stereochemistry.

e Reagents: Peroxy acids (e.g., m-CPBA)
e Mechanism: Concerted syn-addition of oxygen

e Products: Epoxides (e.g., 1,2-epoxypropane from propene)

Dihydroxylation: Creating Diols

Dihydroxylation introduces two hydroxyl groups across the double bond, forming vicinal diols (1,2-
diols). Two main methods are used: syn-dihydroxylation using reagents like osmium tetroxide (0s0Oa4)
followed by a reducing agent (like NaHSOs) or potassium permanganate (KMnOs) under cold, dilute,
and basic conditions. Anti-dihydroxylation can be achieved by epoxidation followed by acid-catalyzed
hydrolysis of the epoxide.

e Syn-dihydroxylation reagents: 0sOa or cold, dilute KMnOa

» Anti-dihydroxylation: Epoxidation followed by acid hydrolysis



e Products: Vicinal diols (e.g., propane-1,2-diol from propene)

Oxidative Cleavage: Breaking the Double Bond

Oxidative cleavage completely breaks the carbon-carbon double bond, yielding carbonyl compounds
such as aldehydes, ketones, or carboxylic acids, depending on the structure of the alkene and the
oxidizing agent used. Ozonolysis (using Os followed by a reductive or oxidative workup) and strong
oxidizing agents like hot, concentrated KMnO4 are common methods.

e Ozonolysis: 1. Os 2. Reductive workup (e.g., Zn/CHsCOOH or (CHs)2S) -> Aldehydes and/or
ketones

e Ozonolysis: 1. Os 2. Oxidative workup (e.g., H202) -> Carboxylic acids and/or ketones

 Strong oxidation: Hot, concentrated KMnOa -> Carboxylic acids and/or ketones

Other Important Alkene Reactions

Beyond simple addition and oxidation, alkenes participate in a variety of other significant
transformations, including rearrangements and polymerization.

Allylic Substitution and Halogenation

Under specific conditions, the allylic position (the carbon adjacent to the double bond) can undergo
substitution or halogenation. This reaction often proceeds via a radical mechanism. Reagents like N-
bromosuccinimide (NBS) in the presence of light or peroxides are used for allylic bromination,
proceeding through a resonance-stabilized allylic radical intermediate.

e Reagents: NBS (with light or peroxides)
e Mechanism: Radical substitution at the allylic position

e Products: Allylic halides (e.g., 3-bromopropene from propene)

Polymerization of Alkenes

Alkenes can undergo polymerization, a process where small monomer units (alkenes) join together to
form long polymer chains. This can occur through radical, cationic, or anionic mechanisms, often
catalyzed by specific transition metal complexes (e.g., Ziegler-Natta catalysts). The type of
polymerization dictates the structure and properties of the resulting polymer.



e Mechanisms: Radical, cationic, anionic polymerization
o Catalysts: Ziegler-Natta catalysts, transition metal complexes

e Products: Polymers (e.g., polyethylene from ethene)

Rearrangement Reactions

Under acidic conditions, carbocation intermediates formed from alkenes can rearrange to more stable
carbocations. This can lead to a mixture of products, with the major product arising from the
rearranged carbocation. Hydride shifts and alkyl shifts are common types of carbocation
rearrangements observed in alkene reactions, particularly in reactions like hydration or
hydrohalogenation where carbocations are involved.

e Driving force: Formation of more stable carbocations
e Common rearrangements: Hydride shifts, alkyl shifts

e Examples: Observed in acid-catalyzed hydration and hydrohalogenation

Frequently Asked Questions

What's the key difference between addition and substitution
reactions for alkenes?

Alkenes primarily undergo addition reactions where the pi bond breaks, and atoms/groups add across
it. Substitution reactions are more characteristic of alkanes and involve replacing an atom on a
saturated carbon.

What is Markovnikov's Rule and when does it apply?

Markovnikov's Rule predicts the regiochemistry of electrophilic addition reactions to unsymmetrical
alkenes. It states that the hydrogen atom will attach to the carbon atom with more hydrogen atoms
already attached. This applies when adding protic acids (like HBr, HCI) or water.

What are the common reagents for hydrohalogenation
(addition of HX) to alkenes?

Common reagents are hydrogen halides such as HBr, HCI, and HI. The reaction follows Markovnikov's
rule for unsymmetrical alkenes, forming alkyl halides.



How does hydration (addition of water) to alkenes occur, and
what are the conditions?

Hydration usually involves acid catalysis (e.g., H2504) and water. The mechanism is electrophilic
addition, and it follows Markovnikov's rule, producing alcohols. Alternatively, hydroboration-oxidation
achieves anti-Markovnikov hydration.

What is the product of alkene halogenation (addition of Xz)?

Addition of halogens (like Br2 or Cl2) to alkenes results in vicinal dihalides (1,2-dihalides). This reaction
proceeds via a cyclic halonium ion intermediate and is stereospecific, typically yielding an anti-
addition product.

What is the difference between syn and anti addition?

Syn addition occurs when both new groups add to the same side of the double bond. Anti addition
occurs when the new groups add to opposite sides of the double bond. Halogenation and
hydroboration-oxidation are examples of anti addition, while hydrogenation is syn addition.

What is catalytic hydrogenation, and what is its
stereochemistry?

Catalytic hydrogenation involves adding hydrogen (Hz) across the double bond in the presence of a
metal catalyst (e.g., Pt, Pd, Ni). This is a syn addition reaction, meaning both hydrogen atoms add to
the same face of the alkene.

What is the outcome of ozonolysis of alkenes?

Ozonolysis (reaction with Os followed by a reductive or oxidative workup) cleaves the carbon-carbon
double bond. A reductive workup (e.g., with Zn or DMS) yields aldehydes and/or ketones. An oxidative
workup yields carboxylic acids and/or ketones.

How can alkenes be epoxidized, and what are the typical
reagents?

Alkenes can be epoxidized using peroxycarboxylic acids (also called peracids), such as meta-
chloroperoxybenzoic acid (mCPBA) or peracetic acid. This reaction forms an epoxide (a cyclic ether
with a three-membered ring) and is stereospecific, retaining the alkene's stereochemistry.

Additional Resources

Here are 9 book titles related to alkene reactions, presented as a numbered list with short
descriptions:

1. The Alkene Almanac: A Comprehensive Guide to Electrophilic Additions
This book serves as an in-depth exploration of the most common reactions involving alkenes, focusing
heavily on electrophilic addition mechanisms. It provides detailed step-by-step explanations, reaction



profiles, and common pitfalls to avoid. Students and researchers will find this an invaluable resource
for mastering regioselectivity and stereochemistry in these fundamental transformations.

2. Radical Routes: Mastering Alkene Radical Reactions

Dedicating its pages to the often-overlooked radical chemistry of alkenes, this title unpacks the
intricacies of free radical additions and polymerizations. It covers initiation, propagation, and
termination steps with illustrative examples and practical applications. The book emphasizes the
unigue mechanistic pathways and specific reagents employed in radical alkene transformations.

3. Stereochemical Secrets of Alkenes: A Cycloaddition Compendium

This specialized volume delves into the fascinating world of alkene cycloaddition reactions, such as
Diels-Alder and [2+2] cycloadditions. It meticulously details the stereochemical outcomes of these

processes, explaining the orbital interactions and frontier molecular orbital theory that govern their
selectivity. Chemists seeking to design complex cyclic molecules will find this an essential guide.

4. Catalytic Catalysts: Modern Methods for Alkene Functionalization

Focusing on the role of catalysts in alkene reactions, this book highlights contemporary
advancements in transition metal-catalyzed transformations. It covers hydroformylation,
hydrogenation, epoxidation, and dihydroxylation with an emphasis on catalyst design and efficiency.
The text provides insights into how catalysts enable highly selective and environmentally friendly
alkene modifications.

5. Oxidation Odes: The Diverse World of Alkene Oxidation Reactions

This book comprehensively reviews the various methods for oxidizing alkenes, from simple
epoxidation and dihydroxylation to more complex cleavage reactions. It explains the mechanisms
behind reagents like osmium tetroxide, permanganate, and ozone, along with their synthetic utility.
The text is structured to help chemists quickly identify the appropriate oxidation strategy for a given
alkene substrate.

6. Reduction Revelations: Hydrogenation and Beyond for Alkenes

This title offers a thorough examination of alkene reduction strategies, primarily focusing on catalytic
hydrogenation. It explores different hydrogenation catalysts, reaction conditions, and factors
influencing stereoselectivity and chemoselectivity. Beyond hydrogenation, the book also touches
upon other reductive methods relevant to alkene transformations.

1. Hydroboration Handbook: Regio- and Stereoselective Alkene Additions

This focused guide exclusively addresses the versatile hydroboration-oxidation reaction, a
cornerstone for anti-Markovnikov hydration of alkenes. It meticulously details the mechanism,
regiochemistry, and stereochemistry of borane additions, as well as the subsequent oxidation step.
The book provides numerous examples and practical considerations for utilizing this powerful
synthetic tool.

8. Pericyclic Pathways: Understanding Alkene Concerted Reactions

This book provides a clear and accessible explanation of pericyclic reactions involving alkenes,
including electrocyclic reactions, sigmatropic rearrangements, and cycloadditions. It emphasizes the
use of Woodward-Hoffmann rules and frontier molecular orbital theory to predict the feasibility and
stereochemical outcomes of these concerted transformations. This resource is ideal for understanding
the fundamental principles governing these unique alkene reactions.

9. Alkene Alchemy: Transforming Double Bonds with Organic Reagents
This practical handbook provides a quick reference for a wide array of organic reactions that



transform alkene functional groups. It highlights common reagents, reaction conditions, and expected
products, making it an excellent "cheat sheet" for students and researchers. The book emphasizes
the synthetic utility and versatility of alkenes as starting materials for more complex organic
molecules.
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