
alkene and alkyne reactions practice
problems
Alkene and alkyne reactions practice problems are crucial for mastering organic chemistry. This
article delves into the diverse reactivity of unsaturated hydrocarbons, providing a comprehensive
guide to understanding and solving problems related to addition reactions, oxidation, reduction, and
more. We'll explore common reaction mechanisms, regioselectivity, and stereochemistry, equipping
you with the knowledge to tackle a wide range of alkene and alkyne transformations. Whether you're
a student preparing for exams or a chemist seeking to solidify your understanding, this resource will
offer valuable insights and practice opportunities.
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Understanding Alkene and Alkyne Reactivity: A
Foundation for Practice

Alkenes, characterized by a carbon-carbon double bond, and alkynes, with a carbon-carbon triple
bond, are fundamental functional groups in organic chemistry. Their reactivity stems from the
presence of pi (π) electrons, which are more accessible and less tightly held than sigma (σ)
electrons. This makes them susceptible to attack by electrophiles, leading to a variety of addition
reactions. Understanding the fundamental differences in bond strength and electron density
between double and triple bonds is key to predicting the outcomes of reactions involving these
unsaturated hydrocarbons.

Electrophilic Addition Reactions of Alkenes: Building
Blocks of Reactivity

Electrophilic addition is the hallmark reaction of alkenes. The electron-rich pi bond acts as a
nucleophile, attacking an electrophile. This process typically involves a two-step mechanism, often
proceeding through a carbocation intermediate. The regioselectivity of these additions, governed by
Markovnikov's rule or its anti-Markovnikov counterpart, is a critical aspect to master. Markovnikov's
rule states that in the addition of a protic acid to an alkene, the hydrogen atom attaches to the
carbon atom that already has the greater number of hydrogen atoms. This is explained by the
greater stability of the more substituted carbocation intermediate.

Hydrohalogenation of Alkenes

The addition of hydrogen halides (HX, where X is a halogen like Cl, Br, or I) to alkenes is a classic
example of electrophilic addition. The reaction follows Markovnikov's rule, yielding a haloalkane.
The mechanism involves the pi electrons attacking the electrophilic hydrogen, forming a
carbocation. The halide ion then attacks the carbocation, leading to the final product. For
unsymmetrical alkenes, the carbocation stability dictates the product distribution, with the more



stable tertiary or secondary carbocation being favored over a primary carbocation.

Hydration of Alkenes

The addition of water to alkenes, known as hydration, produces alcohols. This reaction is typically
catalyzed by a strong acid, such as sulfuric acid. Similar to hydrohalogenation, hydration follows
Markovnikov's rule, leading to the formation of the more substituted alcohol. The mechanism
involves protonation of the alkene to form a carbocation, followed by attack of water on the
carbocation. Deprotonation of the resulting oxonium ion yields the alcohol. Acid-catalyzed hydration
can sometimes lead to carbocation rearrangements, so careful consideration of potential skeletal
changes is important.

Halogenation of Alkenes

The addition of halogens (X2, where X is Cl or Br) to alkenes results in vicinal dihalides, where the
two halogen atoms are attached to adjacent carbon atoms. This reaction proceeds via a cyclic
halonium ion intermediate, which prevents carbocation rearrangements. The attack of the halide ion
on the halonium ion occurs from the side opposite to the bridging halogen, leading to anti-
stereochemistry of the addition. This stereochemical outcome is a key feature of halogenation
reactions and is crucial for predicting product configurations.

Halohydrin Formation

When an alkene reacts with a halogen (X2) in the presence of water, a halohydrin is formed. This
reaction combines the features of halogenation and hydration. The mechanism again involves a
cyclic halonium ion intermediate. However, in this case, water acts as the nucleophile, attacking the
halonium ion from the opposite side of the halogen bridge. This leads to the addition of a halogen
atom to one carbon and a hydroxyl group to the adjacent carbon. The regiochemistry favors the
addition of the hydroxyl group to the more substituted carbon due to the partial positive charge
developing on that carbon during the nucleophilic attack on the halonium ion.

Hydroboration-Oxidation of Alkenes

Hydroboration-oxidation is a two-step process that results in the anti-Markovnikov addition of water
across a double bond, yielding an alcohol. In the first step, hydroboration, a boron hydride reagent
(like BH3) adds to the alkene in a concerted, syn addition. The boron atom, being the electrophilic
part of the reagent, attaches to the less substituted carbon of the double bond, while the hydrogen
attaches to the more substituted carbon. This anti-Markovnikov regioselectivity is a direct
consequence of the steric and electronic factors governing the addition. The second step, oxidation
with hydrogen peroxide in basic conditions, replaces the boron-carbon bond with a carbon-oxygen
bond, preserving the stereochemistry of the initial addition.



Electrophilic Addition Reactions of Alkynes: Expanding
the Scope

Alkynes, with their triple bond, are also susceptible to electrophilic addition reactions. However, the
presence of two pi bonds allows for the addition of two equivalents of electrophiles. The reactivity of
alkynes is generally lower than that of alkenes due to the stronger and shorter triple bond.
Nonetheless, they undergo similar types of electrophilic additions, often with distinct regiochemical
and stereochemical outcomes.

Hydrohalogenation of Alkynes

The addition of hydrogen halides to alkynes can occur twice. The first addition follows
Markovnikov's rule, producing a vinyl halide. If excess hydrogen halide is present, a second addition
can occur to the vinyl halide, leading to a geminal dihalide, where both halogens are attached to the
same carbon atom. The regioselectivity of the first addition is dictated by carbocation stability, with
the positive charge forming on the more substituted carbon. The second addition also follows
Markovnikov's rule, adding the hydrogen to the carbon with more hydrogens and the halogen to the
carbon with fewer hydrogens (which now bears the other halogen).

Hydration of Alkynes

The acid-catalyzed hydration of alkynes is a crucial reaction for synthesizing carbonyl compounds.
Terminal alkynes (those with the triple bond at the end of a carbon chain) primarily yield methyl
ketones after tautomerization of the initial enol product. Internal alkynes produce a mixture of
ketones. The hydration proceeds through a vinyl carbocation intermediate. For terminal alkynes, this
vinyl carbocation is less stable than a typical carbocation, leading to alternative reaction pathways
or requiring specific catalysts for efficient hydration. The enol intermediate formed is unstable and
quickly tautomerizes to the more stable carbonyl compound.

Halogenation of Alkynes

Similar to alkenes, alkynes undergo addition of halogens. The addition of one equivalent of a halogen
to an alkyne results in a dihaloalkene, typically with a trans configuration if conducted under specific
conditions or a mixture of cis and trans isomers. Further addition of a second equivalent of halogen
leads to a tetrahaloalkane, where all four potential bonding positions on the triple bond carbons are
saturated with halogens. The stereochemistry of the first addition is important and can be controlled
by reaction conditions.



Reduction Reactions: Saturating the Unsaturation

Reduction reactions of alkenes and alkynes convert the pi bonds into sigma bonds, leading to
saturated alkanes or partially saturated compounds. These reactions are essential for modifying the
degree of unsaturation and for synthesizing specific molecular structures.

Catalytic Hydrogenation

Catalytic hydrogenation is a widely used method for reducing alkenes and alkynes using hydrogen
gas (H2) in the presence of a metal catalyst, such as palladium (Pd), platinum (Pt), or nickel (Ni).
Alkenes are readily hydrogenated to alkanes. Alkynes can be reduced to alkanes in a single step.
However, by using poisoned catalysts, such as Lindlar's catalyst (palladium poisoned with lead
acetate and quinoline), alkynes can be selectively reduced to cis-alkenes. This stereospecific
reduction is invaluable for synthesizing compounds with defined geometry.

Dissolving Metal Reduction

Dissolving metal reduction, typically using an alkali metal (like sodium or lithium) dissolved in liquid
ammonia, provides an alternative method for reducing alkynes. This method is particularly useful for
the anti-addition of hydrogen to alkynes, yielding trans-alkenes. The mechanism involves the
formation of radical anions and then vinyl radicals, which abstract hydrogen atoms from ammonia.
This leads to the stereoselective formation of the trans isomer, contrasting with the cis selectivity of
catalytic hydrogenation with Lindlar's catalyst.

Oxidation Reactions: Modifying the Pi Bonds

Oxidation reactions involve the cleavage or functionalization of the pi bonds in alkenes and alkynes,
leading to a variety of oxygen-containing functional groups.

Ozonolysis

Ozonolysis is a powerful method for cleaving carbon-carbon double or triple bonds. The reaction
with ozone (O3) followed by a reductive or oxidative workup can lead to the formation of aldehydes,
ketones, or carboxylic acids. Reductive workup (e.g., with dimethyl sulfide or zinc) cleaves the
intermediate ozonide to form aldehydes and/or ketones. Oxidative workup (e.g., with hydrogen
peroxide) converts any aldehydes formed into carboxylic acids. This reaction is particularly useful
for determining the position of double or triple bonds within a molecule by analyzing the
fragmentation products.



Epoxidation

Epoxidation involves the reaction of an alkene with a peroxyacid (like m-chloroperoxybenzoic acid,
mCPBA) to form an epoxide, also known as an oxirane. Epoxides are three-membered cyclic ethers
containing an oxygen atom. The epoxidation reaction is stereospecific, meaning that the
stereochemistry of the alkene is retained in the epoxide. Epoxides are highly reactive intermediates
that can be opened by nucleophiles under acidic or basic conditions, leading to the formation of diols
or haloalcohols.

Dihydroxylation

Dihydroxylation involves the addition of two hydroxyl groups across a double bond to form a vicinal
diol (a 1,2-diol). This can be achieved through several methods. A common method is using osmium
tetroxide (OsO4) followed by a mild reducing agent like sodium bisulfite. This reaction proceeds via a
syn addition, meaning both hydroxyl groups are added to the same face of the double bond. Another
method involves epoxidation followed by acid-catalyzed hydrolysis, which results in anti-
dihydroxylation.

Radical Addition Reactions: A Different Mechanism

While electrophilic addition is the dominant pathway for alkenes and alkynes, radical addition is also
possible under specific conditions. The addition of hydrogen halides to alkenes in the presence of
peroxides provides an example of anti-Markovnikov addition via a radical mechanism. The peroxide
initiates a chain reaction involving halogen radicals, which add to the alkene to form a carbon
radical. This carbon radical then abstracts a hydrogen atom from HBr, regenerating a bromine
radical and propagating the chain. This mechanism contrasts with the ionic electrophilic addition
that occurs in the absence of peroxides.

Practice Problems and Solutions: Applying Your
Knowledge

To solidify your understanding of alkene and alkyne reactions, working through practice problems is
essential. These problems will test your ability to predict reaction products, determine reagents, and
understand reaction mechanisms. For example, a typical problem might involve a given starting
material and a set of reagents, asking you to draw the major organic product. Conversely, you might
be given a product and asked to identify the starting material and necessary reagents. Pay close
attention to regioselectivity (e.g., Markovnikov vs. anti-Markovnikov) and stereochemistry (e.g., syn
vs. anti addition, cis vs. trans isomers). Analyzing the functional groups present and the typical
reactivity patterns associated with alkenes and alkynes will guide you towards the correct solution.
When presented with a multi-step synthesis problem, break it down into individual transformations,
considering the functional group interconversions at each stage. Understanding the limitations and
specific applications of each reaction type will be crucial for successfully solving a variety of alkene



and alkyne reactions practice problems.

Frequently Asked Questions

What is the major product of the hydroboration-oxidation of 1-
hexene, and why is it the major product?
The major product is 1-hexanol. Hydroboration-oxidation follows anti-Markovnikov addition. The
boron atom (electron-deficient) attacks the less substituted carbon (C1) of the alkene, and the
hydrogen atom adds to the more substituted carbon (C2). This is due to steric and electronic factors
of the borane reagent and the subsequent oxidation step replaces the boron with a hydroxyl group,
resulting in the alcohol on the terminal carbon.

How can you differentiate between an alkene and an alkyne
using a simple chemical test?
You can differentiate using bromine water (aqueous bromine). Alkenes will decolorize bromine water
rapidly as they undergo addition across the double bond. Alkynes will also decolorize bromine water,
but they can undergo further addition to form dibromoalkanes or even tetrabromoalkanes. A more
specific test for terminal alkynes is reaction with ammoniacal silver nitrate or ammoniacal cuprous
chloride, which forms insoluble precipitates.

Predict the product(s) of ozonolysis of cyclohexene followed by
a reductive workup.
Ozonolysis of cyclohexene followed by a reductive workup (e.g., with Zn/acetic acid or dimethyl
sulfide) cleaves the double bond and oxidizes the carbons to aldehydes. Since cyclohexene is cyclic,
cleaving the double bond will open the ring, forming a dialdehyde: hexane-1,6-dial.

What is the role of the electrophile and nucleophile in
electrophilic addition reactions of alkenes?
In electrophilic addition reactions of alkenes, the alkene acts as a nucleophile due to its electron-rich
pi bond. The electrophile is an electron-deficient species that attacks the alkene's pi bond. This
initial attack forms a carbocation intermediate, which is then attacked by a nucleophile in the
subsequent step.

Explain the regioselectivity and stereochemistry of the
addition of HBr to propene in the presence of peroxides.
In the presence of peroxides, the addition of HBr to propene proceeds via a free radical mechanism,
following anti-Markovnikov addition. The bromine radical adds to the less substituted carbon (C1) to
form a more stable secondary radical intermediate. The hydrogen atom then adds to the more
substituted carbon (C2). This results in 1-bromopropane as the major product. The addition is
typically not stereoselective, meaning both syn and anti addition can occur, leading to a racemic



mixture if a chiral center is formed.

What are the products when 1-butyne reacts with excess HBr?
When 1-butyne reacts with excess HBr, it undergoes two successive electrophilic addition reactions.
The first addition follows Markovnikov's rule, forming 2,2-dibromobutane (a geminal dibromide) as
the major product. The triple bond is converted to a double bond, and then the double bond reacts
with the second equivalent of HBr, again following Markovnikov's rule.

Describe the mechanism of acid-catalyzed hydration of
alkenes.
Acid-catalyzed hydration involves the protonation of the alkene by a strong acid (e.g., H2SO4) to
form a carbocation intermediate. The water molecule then acts as a nucleophile and attacks the
carbocation. Finally, a deprotonation step by the conjugate base of the acid regenerates the acid
catalyst and forms the alcohol product, following Markovnikov's rule.

What is the product of the catalytic hydrogenation of 2-butyne
using Lindlar's catalyst?
Catalytic hydrogenation of 2-butyne using Lindlar's catalyst (palladium poisoned with lead acetate
and quinoline) results in the syn addition of hydrogen, stopping at the alkene stage. This produces
cis-2-butene. Lindlar's catalyst prevents further reduction to the alkane.

How does the reactivity of alkynes compare to alkenes in
electrophilic addition reactions, and why?
Alkynes are generally more reactive than alkenes in electrophilic addition reactions. This is because
alkynes have a higher electron density in their pi systems due to the presence of two pi bonds. The
additional pi bond can stabilize the intermediate carbocation more effectively, leading to faster
reaction rates, especially in the first addition step.

Additional Resources
Here are 9 book titles related to alkene and alkyne reactions practice problems, along with their
descriptions:

1. Mastering Alkene & Alkyne Synthesis: A Problem-Solving Approach
This book offers a comprehensive collection of practice problems designed to hone your skills in
alkene and alkyne synthesis. It progresses from foundational mechanisms to more complex multi-
step reactions, providing detailed solutions and insightful explanations for each challenge. The focus
is on building intuitive understanding and strategic problem-solving abilities crucial for organic
chemistry mastery.

2. The Alkyne Enigma: Unlocking Reaction Pathways with Practice
Dive deep into the fascinating world of alkyne chemistry with this dedicated practice volume. It
presents a wealth of problems covering addition reactions, cycloadditions, and specialized



transformations of alkynes. Each problem is crafted to test your comprehension of regiochemistry,
stereochemistry, and reaction conditions.

3. Alkene Transformations: Your Guide to Advanced Practice Problems
This resource is tailored for students seeking to elevate their understanding of alkene reactions
through rigorous practice. It includes challenging problems involving electrophilic additions,
oxidation, reduction, and rearrangements. The detailed answer keys are designed not just to provide
the solution but to illuminate the underlying principles.

4. Organic Reaction Mechanisms: Alkene & Alkyne Drills
Focusing on the mechanistic underpinnings of alkene and alkyne reactivity, this book offers targeted
practice exercises. Each problem requires the student to draw reaction arrows and predict
intermediates, thereby reinforcing their grasp of fundamental principles. It's an ideal companion for
solidifying mechanistic understanding through active problem-solving.

5. The Complete Alkene & Alkyne Problem Solver
This comprehensive guide provides an extensive array of practice problems spanning all common
alkene and alkyne reactions. It covers a broad spectrum of difficulty levels, making it suitable for
introductory organic chemistry courses up to advanced undergraduate studies. Each problem comes
with a step-by-step solution to ensure thorough learning.

6. Spectroscopy Meets Synthesis: Alkene & Alkyne Challenges
This unique book integrates spectroscopic techniques with synthetic problems involving alkenes and
alkynes. You'll be tasked with not only predicting reaction outcomes but also interpreting spectral
data to identify products. It's an excellent way to develop a holistic understanding of how structure
and reactivity are probed in organic chemistry.

7. Strategic Synthesis with Alkenes & Alkynes: A Workbook
This workbook emphasizes strategic thinking in alkene and alkyne synthesis. The problems are
designed to encourage students to consider multiple synthetic routes and choose the most efficient
one. It focuses on problem-solving methodologies and offers diverse scenarios to build confidence in
designing synthetic pathways.

8. Advanced Alkene & Alkyne Reactions: Targeted Practice for Success
Designed for students tackling more complex organic chemistry curricula, this book offers advanced
practice problems in alkene and alkyne chemistry. It delves into less common reactions,
stereoselective transformations, and challenging synthesis sequences. The solutions are detailed and
emphasize the reasoning behind the correct approach.

9. Your First 100 Alkene & Alkyne Problems: Building Confidence
This introductory practice book provides a foundational set of problems focused on common alkene
and alkyne reactions. It's perfect for students just beginning to explore these functional groups and
their transformations. The clear, straightforward problems and solutions aim to build initial
confidence and a solid understanding of basic concepts.
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